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THE SYNTHESIS OF 1,5-DIARYL-4-ARYLTHIOPYRROLIDIN-
2-ONES BY ARYLSULFENYLATION OF STYRYL ACETIC ACID
N-ARYLAMIDES

N.M.Tsyzoryk, I.Yu.Danyliuk, A.I.Vaskevych*, R.1.Vaskevych, M.V.Vovk
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Key words: styryl acetic acid amides; electrophilic intramolecular cyclization; arylsulfenyl chlorides;
pyrrolidin-2-ones

The role of the electrophilic inframolecular cyclization (EIC) reaction of unsaturated carboxylic acid amides has been
described for the design of arylthio-containing lactams and lactones. In order to identify the effect of the styryl moiety
on regioselectivity of the electrophilic intramolecular cyclization process styryl acetic acid amides with electron-donating
substituents in para-position of the styryl moiety have been studied. It has been found that these compounds react with
phenyl and p-tolylsulfenylchlorides in nitromethane in the presence of lithium perchlorate as a “doping additive” to
form 1,5-diaryl-4-arylthiopyrrolidin-2-ones with the yield of 60-66%. It is most likely that the reaction found includes
the formation of the episulfonium cation stabilized by the perchlorate-anion followed by 5-endo-cyclization onto
the nitrogen atom of the amide group. The structure of the compounds synthesized has been confirmed by their
spectral parameters. In particular, the IR-spectra contain strong absorption bands C=0 at 1703-1703 cm™, and '"H
NMR-spectra of the compounds obtained are characterized by two protons multiple shifts of the H® pyrrolidine ring
at 2.52-2.64 and 3.08-3.22 ppm, respectively, H* proton multiple shifts at 3.61-3.76 ppm and H° at 4.99-5.09 ppm.
Formation of the pyrrolidine ring as a result of cyclization has been reliably proven by *C NMR-spectra with the
typical signals of carbon atoms: C® (37 ppm), C* (48 ppm), C® (69 ppm) and C? (172 ppm).

CUHTES3 1,5-0IAPUI1-4-APUITTIONIPOJIIQNH-2-OHIB PEAKLJIEIO APUIICYTIb®EHIITOBAHHS N-APUTTAMIAIB
CTUPUIIOLTOBOI KUCIIOTU

H.M.l4u3opuk, I.FO.anunok, A.l.Bacbkeeudy, P.l.Bacbkeeu4, M.B.Boek

Knrovoei crioea: amiou cmupunoymoegoi Kucriomu; ennekmpogbiribHa HympiluHbOMOIEKYISPHA UUKITi3auis; apurl-
cynbgheHinxnopudu; niposiOuH-2-oHU

idkpecreHa porib peakuii eneKkmpobiribHoOI HympiluHLOMONEKyspHOT Yuknisauii (EBLI) amidie HeHacu4eHUX KapboHo8UX
Kucriom 0715 nobydosu cyrnbghaHinnosMiCHUX TaKmaMHUX ma J1IaKMOHHUX CMPYKMYyp. 3 Memoto 8USI8NEHHS 811Uy
CMUPUITbHO20 (hpacMeHma Ha pegioceneKmusHICmMb Mpouecy ernekmpogbiribHOI 8HymMpilUHbOMOMEKYITAPHOI UUKi3auii
docrixkeHo psi0 aHinidie cmupunoymosux Kucom i3 OOHOPHUMU 3aMiCHUKaMU 8 rapa-rosioXXeHHi apusibHO20
si0pa. BcmaHoerneHo, w0 ekasaHi Crioflyku pea2ytome i3 ¢beHirn- ma napa-morincybgheHinxnopudamu e cepedosuiui
HimpoMemaHy 8 NpucymHoCMi eK8IMONAPHOT KilbKocmi nepxnopamy fimito K «0orniHa-006asKu» i3 ymeopeHHIM
1,5-0iapur-4-apunmioniponiouH-2-oHie i3 suxodamu 60-66%. HaligipoeidHiwe, wo 3HalideHa peakuis pearnizyemscsi
3a CXeMoK ymeopeHHs1 cmabinizoeaHo20 nepxsopam-aHiOHOM enicybhoHieg020 KamioHa i3 nodasbWor
5-eHOO-yuKrizaujero Ha amom a3omy amioHoi 2pyru. CmpyKkmypa CUHIMe308aHUX CriornyK niomeepdeHa ix criekmpasibHUMU
napamempamu. 3okpema, 8 I4-criekmpax npucymHi iHmeHcusHi cMyau rnoanuHaHHs 2pyn C=0 npu 1703-1705 cm’.
Cnekmpu 5IMP "H xapakmepu3ytombcsi dgoma Mysibmuriiiemamu rpomoHie H? niponiduHoeoz2o Yuksy eidnogioHo
npu 2.52-2.64 ma 3.08-3.22 m.4., @ makox Mynbmurnnemamu rnpomotie H* npu 3.61-3.76 m.4. ma H° npu 4.99-
5.09 m.4u. ®opmysaHHs 8 pe3yribmami yukmizayii niponiouHoso2o ssdpa HadiliHo dosedeHo cnekmpamu SAMP 3C
i3 munosumu cueHanamu amowmie gyaneyro: C* (37 m.4.), C* (48 m.4.), C® (69 m.u.) ma C? (172 m.u.).

CUHTE3 1,5-ANAPWII-4-APUJTTUOINNPPOJINANH-2-OHOB PEAKLMEW APUIICYJIb®EHUITUPOBAHUS
N-APUITAMULOB CTUPUITYKCYCHOU KUCJTOTbI

H.M.lu3opuk, WU.FO0.fanunok, A.U.Bacbkesuy, P.U.Bacbkesu4, M.B.Bosk

Knroueenie crioea: amulbl cmupusiyKCyCHOU KUCIIOMbI; 311eKmMpoghuribHasi 8HyMpPUMONEKYTSPHOS YUKIU3ayus;
apurscynbheHunxmaopudbi; MUPPOMUOUH-2-OHbI

lModyepkHyma porsb peakyuu anekmpoguibHOU 8HymMpuMorneKynsapHoU yuknudayuu (3BL]) amudos Henpederb-
HbIX KapboHO8bIX Kuc/10m Ol MOCMPOEHUS CyrbghaHucooepauux JaKkmamMHbIX U JTaKMOHHbLIX CMPYyKmyp.
C yenbto 8bisiBNIeHUs 8MIUSHUS CMUPUIbHO20 hpaeMeHma Ha peauoceniekmusHocme rnpouecca 9BL| uccrnedo-
8aH psid aHUIUAO8 CMUPUITYKCYCHbIX KUCITIOmM ¢ OOHOPHbIMU 3aMecmumerisiMu 8 rnapa-rofioxXeHuu apuibHO20
A0pa. YcmaHoerneHo, Ymo yKkasaHHblIe COeOUHEHUS peacupytom ¢ ¢heHus- U rnapa-monuscynsgeHunxmnopudamu
8 cpede HUMpPOMemaHa 8 MPUCYMCcmMauUU 9K8UMO/ISPHO20 Konuyecmea repxriopama fumus Kak «0onuHe-0obas-
Kux» ¢ obpasosaHuem 1,5-duapur-4-apunmuonupponuduH-2-0Hoe ¢ 8bixodamu 60-66%. Haubonee eeposimHo, 4mo
Hali0eHHasi peaKyusi peasnu3yemcsi o cxeme obpasogaHusi cmabusu3upo8aHHO20 repxopam-aHUOHOM 3rUCy lb-
¢poHUEeB8020 KamuoHa ¢ rocnedyrouieli 5-aHA0-yuknu3ayuel Ha amom azoma amudHoU epynrkl. Cmpykmypa CuH-
me3uposaHHbIX coeOuHeHUU nodmeepxoeHa ux criekmparbHbIMU napamempamu. B yacmrocmu, 8 MIK-criekmpax
rpucymemeyrom UHmMeHcUsHbIe nosnock! noanoweHusi epynn C=0 npu 1703-1705 cm'. Cnekmpebl SIMP 'H xa-
pakmepu3ytomcsi 08yMsi Mynibmursiemamu npomoHo8 H° nupponuduHoeo20 yukna coomeemcmeeHHo npu
2.52-2.64 u 3.08-3.22 m.4., a makxe mynbmurnemamu npomoHos H* npu 3.61-3.76 m.0. u H° npu 4.99-5.09 m.0.
®opmuposaHue 8 pesyribmame Yukiu3ayuu nupuduHo8o2o sidpa HadexHo dokasaHo criekmpamu SIMP C ¢ mu-
MUYHbIMU cu2Hanamu amomoe yanepooda: C° (37 m.d.), C* (48 m.0.), C° (69 m.0.) u C? (172 m.0.).
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4-Thio-functionalized y-lactams (pyrrolidine-2-ones)
are important building blocks in the synthesis of car-
bapenems - 3-lactam antibiotics with a wide spectrum
of action. Obtaining compounds of this type described
in literature is based on multistage transformations
of methyl aspargate [1] or dimethyl 3-hydroxygluta-
rate [2]. Taking into consideration the biological and
synthetic potential of pyrrolidine-2-one compounds
[3-6] the problem of developing effective ways to ob-
tain new derivatives, in particular, suitable to vari-
ous modifications of arylsulfanyl groups is urgent to-
day. The results of our previous studies indicate that
the electrophilic intramolecular cyclization of unsatura-
ted carboxylic acids amides using arylsulfenyl chlorides
is a convenient method for designing arylthio-con-
taining lactam and lactone compounds [7-9]. The elec-
trophilic intramolecular cyclization reaction of styryl
acetic acid amides containing substituents of a diffe-
rent electronic nature in the amide moiety shows the
possibility of formation of benzazepin-2-one, lactam and
lactone products [10, 11]. It seemed quite reasonable
to study the effect of electron-donating groups in the
aryl ring of the alkenyl moiety on regioselectivity of
this process. Thanks to this purpose, a number of styryl
acetic acid amides 1a-d containing electron-donating
substituents (Me, i-Pr, or tert-Bu) in p-position of the
aryl ring have been synthesized. It has been determined
that these anilides react with phenyl- or p-tolyl sulfe-
nyl chlorides 2a,b in nitromethane in the presence
of an equimolar amount of lithium perchlorate as a
“doping additive” [11, 12] to form 1,5-diaryl-4-aryl-
thiopyrrolidin-2-ones 3a-fin a good (60-66%) yield.
The results obtained indicate regioselectivity of the
intramolecular cyclization on the nitrogen atom of the
amide moiety. It is logical to assume that the process
isimplemented under the scheme, which contains the pre-
dominant formation of the episulfonium intermedi-
ate A stabilized by the perchlorate-anion followed by
5-endo-cyclization onto the nitrogen atom of the amide
group. It should be noted that electron-donating aryl
substituents better stabilize intermediate A and cre-
ate favourable conditions for a nitrogen atom to at-
tack a soft episulfonium cation (Scheme).

The structures of compounds 3a-f have been con-
firmed by spectral data. In particular, IR-spectra con-
tain the intense absorption band of C=0 groups in
1703-1705 cm™. In *H NMR-spectra of two protons
the multiple shifts of the H? pyrrolidine ring were
observed at 2.52-2.64 and 3.08-3.22 ppm, respecti-
vely, and H* proton multiple shifts at 3.61-3.76 ppm
and H® at 4.99-5.09 ppm. Formation of the pyrroli-
dine ring as a result of cyclization has been reliably
proven by *C NMR-spectra with the typical signals of
carbon atoms: C* (37 ppm), C* (48 ppm), C° (69 ppm),
C? (172 ppm).

Experimental Part

IR-spectra were recorded on a Vertex 70 spectro-
photometer in KBr tablets. 'H and *C NMR-spectra
were registered on a Varian VXR-400 spectrometer
(399.97 and 125.74 MHz, respectively); TMC was used
as an internal standard. HPLC-MS measurements were
performed on an Agilent 1100\DAD\HSD\VLG 119562
instrument.

The general method for the synthesis of 1,5-aryl-
4-arylthiopyrrolidin-2-ones 3a-f. To the mixture of
2 mmol of amide 1a-1d and 2 mmol of lithium per-
chlorate in 10 mL of nitromethane add dropwise the
solution of 2 mmol of arylsulfenyl chloride 2a-2b in
6 mL of nitromethane while stirring at room tem-
perature. Stir the reaction mixture for 10 h and evapo-
rate under vacuum. Crystallize the solid residue from
ethanol.

5-(4-Methylphenyl)-1-phenyl-4-(phenylthio)
pyrrolidin-2-one 3a. Yield - 64%, oil. '"H NMR-spec-
trum (CDCl,), §, ppm.: 2.27 s (3H, CH,), 2.54-2.64 m
(1H, CH), 3.10-3.21 m (1H, CH), 3.66-3.72 m (1H, CH),
5.04 d (1H, CH,J 2 Hz), 6.92-7.45 m (14HAr). 3C NMR-
spectrum (CDCL,), §, ppm.: 21.07 (CH,), 37.52 (C?), 48.30
(CH,69.82(C%),122.13,125.22,125.71,128.17,128.78,
129.35,129.85,132.95,133.16, 136.15,138.07, 138.18
(C,), 172.36 (C?). Mass spectrum: m/z 360.0 [M+1]*.
Found, %: C 76.88; H 5.85; N 3.93. C,,H,,NOS. Calcu-
lated, %: C 76.84; H 5.89; N 3.90. M 359.5.

5-(4-Methylphenyl)-4-[(4-methylphenyl)thio]-
1-phenylpyrrolidin-2-one 3b. Yield - 60%. M.p. -

Ar'S
\WNHAr LiCIO4 (\NHAr
R 2a,b | cio; Ar' ‘
1a-e |4 sol B R Ar
A 3a-f

1: Ar = Ph, 4-Me (a), 4-i-Pr (b), 4-tert-Bu (c); Ar = 4-MeCH,, R =4-tert-Bu (d); 2: Ar’ = Ph (a), 4-MeC6H4 (b);
3: R = 4-Me, Ar = Ph, Ar’ = Ph (a), 4-MeCB6H4 (b); R = 4-i-Pr, Ar = Ph, Ar'= Ph (c), 4-MeC6H4 (d);
R = 4-tert-Bu, Ar = Ph, Ar'= Ph (e), 4-MeCH, ().

Scheme
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116-117°C. IR-spectrum, v, cm*: 1705 (C=0). 'H NMR-
spectrum (CDCl,), §, ppm.: 2.29 s (3H, CH,), 2.36 s (3H,
CH,), 2.54-2.64 m (1H, CH), 3.08-3.19 m (1H, CH), 3.61-
3.66 m (1H, CH), 4.99-5.04 m (1H, CH), 6.95d (2H,,,
J7.8Hz),7.04-7.40 m (11H, ). *C NMR-spectrum (CDCL,),
&, ppm.: 21.09 (CH,), 21.20 (CH,), 37.50 (C?), 48.63 (C%),
69.65 (C°),122.02,125.09,125.73,128.73,129.27,129.81,
130.12,133.61,136.27,137.98, 138.28, 138.59 (C,,),
172.51 (C?). Mass spectrum: m/z 374.2 [M+1]*. Found,
%:C77.22; H 6.24; N 3.72. C,,H,;NOS. Calculated, %:
C77.17; H6.21; N 3.75. M 373.5.
5-(4-Isopropylphenyl)-1-phenyl-4-(phenylthio)
pyrrolidin-2-one 3c. Yield - 66%. M.p. - 114-115°C.
[R-spectrum, v, cm™: 1703 (C=0). 'H NMR-spectrum
(CDCL), 8, ppm.: 1.18 d (6H, 2CH,, ] 3.6 Hz), 2.55-2.60 m
(1H, CH), 2.75-2.90 m (1H, CH), 3.09-3.22 m (1H, CH),
3.66-3.76 m (1H, CH), 5.00-5.09 m (1H, CH), 6.93-7.47 m
(14H,,). ®CNMR-spectrum (CDCL), §, ppm.: 23.86 (CH,),
23.92 (CH,), 33.69 (C7), 37.41 (C), 48.28 (C*), 69.68
(C%),121.97,125.10,125.66,127.20,128.12,128.82,
129.31, 132.89, 133.25, 136.38, 138.31, 148.92 (C,,),
172.36 (C?). Mass spectrum: m/z 388.2 [M+1]*. Found,
%: C77.54; H6.47; N 3.62. C,.H,.NOS. Calculated, %:
C77.48;H6.50; N 3.61. M 387.5.
5-(4-Isopropylphenyl)-4-[(4-methylphenyl)
thio]-1-phenylpyrrolidin-2-one 3d. Yield - 63%.
M.p.-99-100°C. IR-spectrum, v, cm™: 1704 (C=0). 'H
NMR-spectrum (CDCl,), §, ppm.: 1.18 d (6H, 2CH,, J
6.8 Hz), 2.34 s (3H, CH3), 2.52-2.60 m (1H, CH), 2.77-
2.89m (1H, CH),3.09-3.15m (1H, CH), 3.63-3.65m (1H,
CH), 5.02-5.07 m (1H, CH), 6.93-7.42 m (13H,,). ©3C
NMR-spectrum (CDCl,), §, ppm.: 21.23 (CH;), 23.80
(CH,), 23.89 (CH,), 33.77 (€™, 37.39 (C°), 48.58 (CY),
69.58(C%),121.92,125.02,125.59,127.15,128.69,129.37,
130.07,133.56,136.49, 138.37, 138.55, 148.84 (C,,),
172.46 (C?). Mass spectrum: m/z 402.2 [M+1]*. Found,
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%: C77.80; H6.72; N 3.50. C,.H,,NOS. Calculated, %:
C77.77; H6.78; N 3.49. M 401.5.
5-(4-tert-Butylphenyl)-1-(4-methylphenyl)-
4-(phenylthio)pyrrolidin-2-one 3e. Yield - 66%. M.p. -
162-163°C. IR-spectrum, v,cm*: 1703 (C=0).'H NMR-
spectrum (CDCL,), §, ppm.: 1.25 s (9H, 3CH,), 2.24 s
(3H, CH,), 2.54-2.58 m (1H, CH), 3.10-3.19 m (1H, CH),
3.69-3.71 m (1H, CH), 5.00-5.04 m (1H, CH), 6.96 d
(2H,,J8Hz),7.04d (2H,,, J 8Hz), 7.23-7.35m (7H, ),
7.41-7.45m (2H,). *C NMR-spectrum (CDCL), §, ppm.:
20.82 (CH,), 31.23 (CH,5ur), 34.56 (CrBut), 37.34
(C), 48.23 (C%, 69.74 (C°), 122.14, 125.38, 126.03,
128.11,129.31,129.37,132.89,133.35,134.93,135.72,
136.11, 151.14 (C,), 172.30 (C?). Mass spectrum: m/z
416.2 [M+1]*.Found, %: C 78.05; H 7.01; N 3.40.C,,H,,NOS.
Calculated, %: C 78.03; H 7.03; N 3.37. M 415.5.
5-(4-tert-Butylphenyl)-4-[(4-methylphenyl)
thio]-1-phenylpyrrolidin-2-one 3f. Yield - 62%.
M.p. - 149-150°C. IR-spectrum, v, cm’: 1704 (C=0).
'H NMR-spectrum (CDCL,), §, ppm.: 1.25 s (9H, 3CH.,),
2.34s(3H,CH,), 2.53-2.62 m (1H, CH), 3.09-3.20 m (1H,
CH),3.61-3.68 m (1H, CH), 5.03-5.07 m (1H, CH), 6.92-
7.41 m (13H,). 3C NMR-spectrum (CDCL,), 8, ppm.:
21.15 (CH,;), 31.27 (CH,™7), 34.55 (Crrt54), 37.39 (C9),
48.55 (€%, 69.68 (C°), 122.03,125.14,125.36, 126.01,
128.80, 129.34, 130.07, 133.54, 135.95, 138.26, 138.55,
151.17 (C,), 172.72 (C?). Mass spectrum: m/z 416.2
[M+1]*. Found, %: C 78.08; H 7.00; N 3.34. C,,H,,NOS.
Calculated, %: C 78.03; H 7.03; N 3.37. M 415.5.
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METHYLATION OF POSITION 8 IN THE PYRIDINE MOIETY
OF THE N-(BENZYL)-2-HYDROXY-4-0X0-4H-PYRIDO
[1,2-a]PYRIMIDINE-3-CARBOXAMIDE MOLECULE AS AN
ATTEMPT TO ENHANCE THEIR ANALGESIC PROPERTIES

[.V.Ukrainets, 0.V.Gorokhova, L.V.Sydorenko, S.G.Taran

National University of Pharmacy, Kharkiv, Ukraine
53, Pushkinska Str., Kharkiv, 61002. E-mail: uiv-2@mail.ru

Key words: amidation; tricarbonylmethane heterocyclic derivatives; 2-hydroxy-4-oxo-4H-pyrido[1,2-a]
pyrimidine-3-carboxamides; synthesis; chemical modification; analgesic activity

The chemical modification of the pyridine moiety of the molecule — displacement of the methyl group in position 8 of
pyrido[1,2-apyrimidine nucleus has been considered as one of the possible versions to optimize the biological proper-
ties of N-(benzyl)-2-hydroxy-4-oxo-4H-pyrido[1,2-aJpyrimidine-3-carboxamides. The synthesis of the research targets
was carried out by the reaction of the corresponding benzylamines and ethyl 2-hydroxy-8-methyl-4-oxo-4H-pyrido[1,2-a]
pyrimidine-3-carboxylate, in its turn obtained by condensation of 2-amino-4-methylpyridine (i.e. the product with the
methyl group in the intentionally required position) and triethyl methanetricarboxylate. The structure of the compounds
obtained has been confirmed by the data of elemental analysis and NMR "H spectroscopy, and in the case of optically
active 1-phenylethylamides additionally by polarimetry. The study of the analgesic properties of all N-(benzyl)-2-hydroxy-
8-methyl-4-oxo-4H-pyrido[1,2-aJpyrimidine-3-carboxamides was performed on the standard experimental “acetic acid
writhing” model. At the same time, it has been found that our modification is accompanied with the increased biological
activity of exclusively para-substituted derivatives. For profound research 4-fluorobenzylamide exceeding Piroxicam and
Nabumetone by the level of the specific effect has been recommended as a potential new analgesic.

METWUIIFOBAHHS MNOJIOXKEHHS 8 MIPUANUHOBOI YACTUHU MOJIEKYIIN N-(BEH3UJ)-2-INGPOKCU-4-OKCO-
4H-MIPUAOO[1,2-a]lTIPUMIOQNH-3-KAPEOKCAMILZIB SIK CITPOBA MOCUIIEHHS IX AHAJITETUYHNX BJIA-
CTUBOCTEMN

I.B.Ykpaineub, O.B.opoxoea, JI.B.CudopeHko, C.I.TapaH

Knro4voei crioea: amiOysaHHsi; 2emepoyuKIivyHi MoxioHi mpukapboHimemaHy,; 2-2idpokcu-4-okco-4H-nipudo[1,2-a]
nipumiduH-3-kapbokcamiou; cuHme3; ximiyHa Modudbikauisi; aHarneemu4yHa akmueHiCmab

Sk 00UH 3 MoXnugux eapiaHmis onmumisauii 6ionoziyHux enacmusocmed N-(6eH3un)-2-2idpokcu-4-okco-4H-
nipudo[1,2-ajnipumiouH-3-kapbokcamioie po3enssHymo XxiMiuHy MoOugbikauyito nipuOUHOBOI YaCMUHU iX MOMEKYy-
U — nepemileHHsT MemuJsibHOI epyrnu y nonoxeHHs1 8 nipudof1,2-ajnipumiouHoso2o sidpa. CuHme3s uinbosux
06°ekmis docnidxeHHs1 30ilicHEHO peaKuieto 8i0rnogidHUX beH3unamiHie 3 emur-2-2i0pokcu-8-memur-4-okco-4H-
nipudo[1,2-aJnipumiouH-3-kapboKcunamom, y C8oK Yepey, o0epxxaHUM KOHOeHcauyjieto 2-amMiHO-4-MemurnmnipuduHy
(mobmo rpodyKmy 3 MEMUIILHOK 2Pyrio 8 3a8i00MO HEOBXIOHOMY MOMOXEHHI) 3 mpuemunMemaHmpukapboKcu-
niamom. bydosy cuHme308aHUX pe4o8UH MidmeepOxeHo GaHUMU erleMeHmMHO20 aHanisy ma criekmpockonii 'H SIMP,
a y sunadky onmu4yHo akmusHux 1-¢heHinemunamidie doGamkoeo we U rnonspuMempuyHo. BusyeHHs1 aHarn-
eemuyHux enacmusocmeli ycix N-(6eH3ur)-2-eidpokcu-8-memuri-4-okco-4H-nipudo[1, 2-ajnipumiouH-3-kapbokcami-
die nposedeHO Ha cmaHOapmHil ekcriepumeHmarbHilt Modesii oymoegokucux Kopyis. lpu ybomy 3HaliOeHo,
wo 3diticHeHa Hamu Moougbikayisi cyrnpoeodxyembcs nocuneHHsam biono2i4Hoi akmueHOCMi 8UKITHYHO rnapa-
3amiweHux noxioHux. ns noanubneHux surnpobosysaHb SIK HO8UU MOMeHUitHUlU aHam2emuK pekoMeHO08aHO
4-comopobeH3unamid, skul nepesuwsye 3a pisHem crieyughiyHo2o egpekmy [lipokcukam ma Habymemo-.

METUIIMPOBAHME MOJIOXXEHWS 8 MUPUONHOBOU YACTU MOJIEKYJ1bI N-(BEH3MUIT)-2-Fr'MGPOKCU-4-
OKCO-4H-ITNPUAO[1,2-a]J[TMPUMUONH-3-KAPEOKCAMULOB KAK IMOINbITKA YCUIIEHUA UX AHATIb-
FETUYECKNX CBOUCTB

WU.B.YkpauHeu, O.B.lopoxoea, J1.B.CudopeHko, C.I.TapaH

Knroyeenie criosa: amuduposaHue; 2emepoyukiudeckue rnpoussooHslie mpukapboHuimemaHa; 2-audpokcu-4-
okco-4H-nupudo[1,2-ajnupumuduH-3-kapbokcamudbl; cuHMe3; xumudeckass Mooughukayusi;, aHarb2emuyeckas
aKkmueHoOCmb

B kauecmee 00HO20 U3 803MOXHbIX 8apuaHmMos ornmumu3ayuu buonoaudyeckux ceoticme N-(6eH3ur)-2-2udpokcu-
4-okco-4H-nupudo[1,2-ajnupumuduH-3-kapbokcamudos paccmMompeHa Xxumudeckasi Moougukayusi nupuduHo-
80U yacmu ux MOJIEKyrbl — repemewjeHue MemurbHOU epynnbl 8 rnonoxeHue 8 nupudo[1,2-ajnupumuduHO8020
sA0pa. CuHme3 yenesbix 06bekmos uccriedosaHusi ocyuiecmsrieH peakyuel coomeememasyrowux 6eH3unamuHo8
¢ amun-2-audpokcu-8-memun-4-okco-4H-nupudo[1, 2-ajnupumuduH-3-kapbokcunamom, 8 ceor o4epedsb, rosy-
YeHHbIM KOHOeHcayuel 2-aMuHo-4-memunnupuduHa (m. e. npodykma ¢ MemursibHoU epyrnnol e 3aeedomo mpeby-
eMOM [10/I0XKeHUU) ¢ mpusmunMemaHmpukapbokcunamom. CmpoeHue CUHMe3upo8aHHbIX 8eWecms nodmeepx-
0eHo OaHHbIMU 31eMEeHMHO20 aHanu3a u criekmpockornuu 'H SIMP, a 8 criydae onmuyecku akmusHbix 1-¢beHurn-
amuniamudo8 O0MoSIHUMENbHO ewe U rnonspuMempuyecku. MsyyeHue aHarbeemu4veckux ceoticma ecex N-(beH-
3ur)-2-2udpokcu-8-memun-4-okco-4H-nupudof1, 2-aJnupumuduH-3-kapbokcamudos rnposedeHo Ha cmaHOapmHou
aKcrepumeHmarsbHoU MOOenu yKCYyCHOKUCIIbIX Kopdel. [Mpu amom HaltdeHo, Ymo rnpednpuHsimasi Hamu MoOu-
ukayusi conposoxdaemcsi ycuneHueMm buornoauyeckoll akmueHOCMU UCKTIOYUMENbHO napasamMeueHHbIX rMpo-
U3B00HbIX. [ns yanybrneHHbIX ucrbimaHull 8 Kayecmee HOB020 MoMeHyuanbHo20 aHallbeemuka pekoMeHA08aH
4-gpmopbeH3unamud, npesocxodawuli o yposHio crneyuguydeckozo achgpekma lNupokcukam u HabymemoH.
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Different versions of the chemical modification
of biologically active substances and auxiliary mate-
rials used in medicine up to now remain one of the
most effective and, most importantly, almost easily
feasible methods to improve their pharmacological
and/or pharmaceutical properties [1]. This methodo-
logy has long been successfully used by medicinal
chemists to intensify the specific action [2, 3], in-
crease selectivity towards a particular receptor [4-6],
improve the thermal stability [7], biocompatibility
[8], bioavailability [9], safety [10], correction of taste
[11], as well as to solve many other problems [11-
15] associated with optimization of both the known
and newly developed drugs.

Taking into account these data and continuing
our extensive research in searching new promising
analgesics among amide derivatives of 4-hydroxy-2-
ox0-1,2-dihydroquinoline-3-carboxylic acids [16] and
structurally-related heterocyclic systems [17, 18] the
present communication is devoted to N-(benzyl)-2-
hydroxy-4-oxo-4H-pyrido[1,2-a]pyrimidine-3-carb-
oxamides methylated in position 8 of the pyridopy-
rimidine nucleus. The relatively high analgesic pro-
perties recently discovered in N-(benzyl)-2-hydroxy-
9-methyl-4-ox0-4H-pyrido[1,2-a]pyrimidine-3-carb-
oxamides [19] were the theoretical background to
involvement of these compounds to the range of the
objects studied. A detailed analysis of the structure
of these substances indicates that the attempt can
be made to intensify their biological effect by the
chemical modification of the pyridine moiety of the
molecule bicyclic base, namely by displacement of
the methyl group to another position, for example
position 8.

[t is clear that it is advisable to start the prac-
tical implementation of such a transformation with
a product containing the methyl group in the inten-
tionally required position - in this case it is a com-

I 0
/@ . EtO)rOEt
=
NH, Et0” SO

1 2

Me

215-220°C
—_—>

mercially available 2-amino-4-methylpyridine (1).
Condensation of this amine with triethyl methanetri-
carboxylate (2) through the intermediate monoamide
(3) gives ethyl 2-hydroxy-8-methyl-4-ox0-4H-pyrido
[1,2-a]pyrimidine-3-carboxylate (4) [20] (see Sche-
me), the subsequent amidation of it leads to the tar-
get N-(benzyl)-2-hydroxy-8-methyl-4-oxo-4H-pyrido
[1,2-a]pyrimidine-3-carboxamides (5a-n) with high
yields and purity.

All of the N-(benzyl)-2-hydroxy-8-methyl-4-oxo-
4H-pyrido[1,2-a]pyrimidine-3-carboxamides (5a-n)
obtained are colourless crystalline substances with
the narrow intervals of melting points (Table 1).
At room temperature they are sparingly soluble in
DMF and DMSO, slightly soluble in low alcohols and
insoluble in water.

The structure of the compounds obtained has been
confirmed by elemental analysis (Table 1) and 'H NMR
spectroscopy (Table 2). The signals of protons of 2-OH
groups in the 'H NMR spectra resonate in the weak
field that is characteristic for enols — 15.91-15.63 ppm.
The terminal amide groups are present in triplets
common for them (or doublets in the case of 1-phe-
nylethylamides 51-n) in the region of 9.98-9.82 ppm.
The proximity of the proton in position 6 with an elect-
ronegative cyclic nitrogen atom causes its strong pa-
ramagnetic shift with respect to the other protons of
the pyridine moiety (see Fig.). Interestingly, the reso-
nance signals of protons of H-7 and H-9 in all N-(ben-
zyl)-2-hydroxy-8-methyl-4-oxo-4H-pyrido[1,2-a]py-
rimidine-3-carboxamides (5a-n) change places com-
pared to those in the 'H NMR spectrum of the start-
ing ester (4) [20]. It is ratter difficult to give an un-
ambiguous explanation for this fact without more re-
search since this effect was not observed in 9-methyl
substituted isomers previously studied [19]. The sig-
nals of aromatic protons of arylalkylamide fragments,
as a rule, are markedly shifted upfield and focused

~N (0] (0]
@ JlA —
Me N OEt
H
(@) OEt
3

R
O O O O R
I N - I
~ "N OEt =~ "N N ,
N | WP | H R
Me N OH Me N OH

EtOH, 80°C, 48h

4

5a-n

2.R=H-aR =H;bR =4-F; cR =2-Cl; d R = 4-Cl; e R' = 2-Me; f R’ = 3-Me; g R’ = 4-Me; h R’ = 2-OMg;
iR"=4-OMe; jR’ = 3,4-(OMe),; k R'=3-O-CH,-0-4. R=Me - IR’ =H, () mR =H, S(-); n R"=H, R(+)

Scheme
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Table 1
Characteristics of benzylamides 5a-n
y Found, %

Compound Ef?rﬂr:ﬁ:l - CaIcuI;ted, % . M.p., °C Yield, %
5a CHNO; sz e 1222 222-224 83
5b CHLFN;O, o228 23 1292 196-198 %
5c CH,,CINO, T T = 203-205 %
5d CoH, CINO, T R 1228 244-246 90
s CooHioN,O, o3l 236 122 210212 87
sf CogHNO; Selt 223 et 199-201 84
>9 CigHi N5, % % % 191-193 88
sh CeHoN,0, 063 2 1248 186-188 89
5i CoHiN,O, o3 212 129 225-227 86
5; CioHisN:0 oL88 22 o 202-204 89
5k CooHisN;O, o 223 e 238-240 95
5| CogHiN;O, o 22 20 170172 80

5m* CoHoN,O, Selt 242 22 175177 81
5 CooHNO; so82 23 1228 175177 83

* [a]?, = + 18.6; ¢ = 5; DMF.
** [a]®, = - 18.6; ¢ = 5; DMF.

on the narrow segments of spectra appearing often
in the spectra by complex multiplets. Therefore, as-
signment of these signals to any particular benzyl-
amide proton becomes difficult, if not impossible (Ta-
ble 2). However, the need for such assignments is not
obligatory - the total integrated intensity of these sig-
nals is enough to confirm the structure of the N-(ben-
zyl)-2-hydroxy-8-methyl-4-oxo-4H-pyrido[1,2-a] pyri-
midine-3-carboxamides (5a-n) studied.

As one should expect, chiral 1-phenylethylami-
des (5m and 5n) have absolutely identical *H NMR
spectra with the racemate (51) and the same values
of specific rotation differing only by signs (see Ta-
ble 1 and 2). Since the total chemical individuality of
enantiomeric substances is not a guarantee for their
purity in the sense of stereochemistry, then in the
case of 1-phenylethylamides (5m and 5n) there is
also a need to determine the optical purity. This is
despite the fact that in their synthesis the optically

8

pure S (-) - and R(+)-1-phenylethylamines (see Ex-
perimental Part) having a high optical stability and
being not susceptible to racemization during acyla-
tion were used [21]. It is due to the large number of
diverse external factors that can cause racemization
of chiral substances.

We tried to determine the enantiomeric purity
of 1-phenylethylamides (5m and 5n) using *"H NMR
spectroscopy and chiral lanthanide shift reagents
(LSR). Depending on the purity of the sample under
study their addition results in formation of one or
two diastereomers, in which protons become mag-
netically nonequivalent. In its turn, it is easily deter-
mined by doubling of some signals in the 'H NMR
spectrum [22]. Unfortunately, our experiments have
failed. Adding tris[3-(heptafluoropropylhydroxyme-
thylene)-(+)-camphorato]europium(III) to the solu-
tions of chiral 1-phenylethylamides (5m and 5n) and
even to their optically inactive racemic mixture (51)
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Fig. A fragment of the '"H NMR spectra (signals of aromatic protons) of amide 5k.

is not accompanied with duplication of any signals, As it is known [21], obtaining of both antipodes
it leads only to broadening of the majority of the with the same absolute value of the optical rotation
spectral signals. This result is obviously caused by can serve as a fairly reliable characteristic of the com-
the strongly expressed acidic properties of the sub- plete optical purity, especially if both enantiomers

stances analyzed due to their 2-OH groups. are obtained independently by using a variety of asym-
Table 2
"H NMR Spectra of benzylamides 5a-n
Compound Chemical shifts, 6, ppm (J, Hz)

5 15.86 (1H, s, 2-OH); 9.93 (1H, t, J = 6.0, NH); 8.80 (1H, d, J = 7.1, H-6); 7.38-7.19 (7H, m, H-7.9 + Ph);
4.57 (2H,d, J=6.1, CONHCH,); 2.42 (3H, s, 8-Me)

5p 15.82 (1H, s, 2-OH); 9.92 (1H, t, J=6.1, NH); 8.79 (1H, d, /] = 6.9, H-6); 7.45-7.09 (6H, m, H-7.9 + H-3!5"+
H-2/6"); 4.55 (2H, d, J = 6.0, CONHCH,); 2.42 (3H, 5, 8-Me)

5 15.63 (1H, s, 2-OH); 9.98 (1H, t, J = 6.0, NH); 8.82 (1H, d, J = 7.2, H-6); 7.50-7.21 (6H, m, H-7. 9 + H-3/4/5,6);
4.65 (2H,d, J=6.1, CONHCH,); 2.43 (3H, 5, 8-Me)

5q 15.79 (1H, s, 2-OH); 9.95 (1H, t, J = 6.0, NH); 8.81 (1H, d, J = 7.1, H-6); 7.43-7.33 (5H, m, H-9 + H-2/3,5/6");
7.22(1H,d,J=7.1,H-7); 456 (2H, d, /= 6.2, CONHCH,); 2.41 (3H, 5, 8-Me)

5e 15.81 (1H, s, 2-OH); 9.82 (1H, t, J= 5.6, NH); 8.79 (1H, d, J = 7.1, H-6); 7.35 (1H, s, H-9); 7.28-7.13 (5H, m,
H-7 + H-3/4/5,6"); 4.55 (2H, d, J = 5.6, CONHCH,); 2.42 (3H, s, 8-Me); 2.31 (3H, 5, 2"-Me)

5 15.85 (1H, s, 2-OH); 9.88 (1H, t, J = 5.9, NH); 8.79 (1H, d, J = 7.3, H-6); 7.35 (1H, 5, H-9); 7.25-7.03 (5H, m,
H-7 + H-2/456'); 4.53 (2H, d, J = 6.0, CONHCH,); 2.43 (3H, s, 8-Me); 2.27 (3H, s, 3'-Me)

5 15.89 (1H, s, 2-OH); 9.89 (1H, t, J = 5.5, NH); 8.79 (1H, d, /= 7.0, H-6); 7.35 (1H, s, H-9); 7.22 (2H, d, J = 7.7,

9 H-2,6"); 7.12 (2H, d, J=7.7,H-3,5"); 4.52 (2H, d, J = 5.5, CONHCH,); 2.41 (3H, s, 8-Me); 2.26 (3H, s, 4'-Me)

5h 15.86 (1H, s, 2-OH); 9.89 (1H, t, J=6.1, NH); 8.81 (1H, d, J = 7.3, H-6); 7.34 (1H, s, H-9); 7.29-6.86 (5H, m,
H-7 + H-3,4,5'6"); 4.53 (2H, d, J = 6.0, CONHCH,); 3.85 (3H, s, OMe); 2.42 (3H, s, 8-Me)
15.91 (1H, s, 2-OH); 9.83 (1H, t, J= 5.7, NH); 8.77 (1H, d, J = 7.3, H-6); 7.33 (1H, s, H-9); 7.27 (2H, d, J = 8.9,

5i H-35); 7.20 (1H, d, J=7.1,H-7); 6.88 (2H, d, = 8.9, H-2,6"); 4.49 (2H, d, J = 5.7, CONHCH,); 3.71 (3H, s,
OMe); 2.42 (3H, s, 8-Me)
15.93 (1H, s, 2-OH); 9.84 (1H, t, /= 5.6, NH); 8.79 (1H, d, /= 7.0, H-6); 7.36 (1H, s, H-9); 7.22 (1H, d, J = 7.2,

5j H-7); 6.98 (1H, s, H-2'); 6.94-6.83 (2H, m, H-5/6"); 4.49 (2H, d, J = 5.6, CONHCH,); 3.72 (6H, s, OMe x 2);
2.41 (3H, s, 8-Me)
15.87 (1H, s, 2-OH); 9.85 (1H, t, J = 5.4, NH); 8.78 (1H, d, /] = 6.8, H-6); 7.35 (1H, s, H-9); 7.21 (1H, d, J = 6.8,

5k H-7);6.92 (1H, s, H-2'); 6.86-6,82 (2H, m, H-5/6"); 5.97 (2H, s, O-CH,-0); 4.46 (2H, d, J = 4 CONHCH,);
2.43 (3H, s, 8-Me)

5| 15.70 (1H, s, 2-OH); 9.93 (1H, d, J = 7.0, NH); 8.81 (1H, d, J= 7.1, H-6); 7.45-7.19 (7H, m, H-7.9 + Ph);
5.17 (1H, g, J= 7.0, CONHCH); 2.42 (3H, s, 8-Me); 1.51 (3H, d, J= 7.0, CH-Me)

5m 15.70 (1H, s, 2-OH); 9.93 (1H, d, J=7.0, NH); 8 1(1H,dJ= .1, H-6); 7.45-7.19 (7H, m, H-7.9 + Ph);
5.17 (1H, q, J= 7.0, CONHCH); 2.42 (3H, s, 8- Me),1 .51 (3H, d,J=7.0, CH-Me)

50 15.70 (1H, s, 2-OH); 9.93 (1H, d, J = 7.0, NH); 8.81 (1H, d, J = 7.1, H-6); 7.45-7.19 (7H, m, H-7, 9 + Ph);
5.17 (1H, q,J=7.0, CONHCH); 2.42 (3H, s, 8- Me),1 .51 (3H, d, J=7.0, CH-Me)
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metric reagents. Both the characteristics of 1-phenyl-
ethylamides themselves (5m and 5n) and the con-
ditions for their synthesis correspond to all these
criteria. Therefore, there is every reason to consider
these substances to be optically pure enantiomers.

In principle, the true spatial configuration of the
substance and direction of rotation of the polariza-
tion plane are unrelated characteristics [21]. There-
fore, rotation of the polarization plane by amides
(5m and 5n) in the opposite direction compared to
the starting amines should be considered only as an
interesting fact. Moreover, rotation of the configura-
tion (especially the complete one) when acylating
chiral 1-phenylethylamines is not observed [23].

The analgesic properties of the compounds syn-
thesized were studied in full compliance with the pro-
visions of the European Convention for the Protection
of Vertebrate Animals used for Experimental and other
Scientific Purposes, and the Law of Ukraine No. 3447=IV
“On protection of animals from cruel behaviour” (2006).
During the study the experimental animals were kept
on a standard diet with free access to food and water.

Screening tests were performed on nonlinear white
male mice weighing 18-23 g on the standard experi-
mental model of “acetic acid writhing” [24]. The no-
ciceptive effect was reproduced by intraperitoneal
injection of 0.6% solution of AcOH (0.1 ml per 10 g
of the body weight) in 1 h after oral administration
of the test sample. Observations of the animals were
within 20 min by counting the number of “writhings”.
The assessment of the analgesic effect was carried
out by the ability of test substances to reduce the
number of “writhings” in comparison with the un-
treated control and expressed as a percentage (Ta-
ble 3). The well-known non-narcotic analgesics Piroxi-
cam and Nabumetone were used as the reference
drugs. All N-(benzyl)-2-hydroxy-8-methyl-4-oxo-4H-
pyrido[1,2-a]pyrimidine-3-carboxamides (5a-n) under
study were introduced as a fine aqueous suspension
stabilized with Tween-80 (20 mg/kg, orally). The re-
ference drugs were introduced in the doses similar
to their corresponding ED,, for the experimental mo-
del used [25]. The control animals received an equi-
valent amount of water and Tween-80. Seven expe-
rimental animals were involved to obtain statistical-
ly reliable results (in this work the significance level
of the confidence interval is taken as p < 0.05) in
testing each of the compounds synthesized, reference
drugs and control. Data from all biological tests were
processed using the t-Student’s test [26].

A detailed analysis of our experimental data (Ta-
ble 3) shows a very interesting structural and bio-
logical regularity: displacement of the methyl group
from position 9 of the pyrido [1,2-a] pyrimidine nu-
cleus to position 8 is accompanied with a marked
increase of the analgesic properties of exclusively
para-substituted N-(benzyl)-2-hydroxy-8-methyl-4-
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Table 3
The analgesic properties of benzylamides 5a-n
Analgesic activity
Compound | Average amount of ops
“acetic acid writhing” &
5a 38.9+1.7 51.1(52.3)
5b 29.9+1.2 62.4 (31.5)
5¢ 57.5+£3.3 27.6 (32.7)
5d 351114 55.8(51.2)
Se 71.2+3.8 10.3(11.8)
5f 69.5+3.4 12.5(17.1)
59 53.0+2.6 33.2(16.4)
5h 65.9+3.1 16.9 (26.7)
5i 40.7£1.9 48.7 (25.6)
5§ 51.2+2.2 35.5 (42.4)
5k 61.7+£3.0 22.3(29.1)
51 67.0£3.5 15.6 (18.2)
5m 66.5+3.3 16.3 (16.9)
5n 64.8+£3.0 18.4(17.5)
(P;rzor):;a/g) 393+1.9 50.5
'(\é%bn‘i’;/it;”e 40.6+2.1 489
Control 79.4+2.7 -

* Figures in parentheses are the analgesic activity of the corresponding
isomeric N-(benzyl)-2-hydroxy-9-methyl-4-oxo-4H-pyrido[1,2-a]
pyrimidine-3-carboxamides studied under the same conditions [19].

ox0-4H-pyrido[1,2-a]pyrimidine-3-carboxamides (5b,
5d, 5g and 5i). Thus, the analgesic effect of the ortho-
and meta-substituted derivatives remains nearly at
the same level. There is also no effect of this modifi-
cation on the activity of 1-phenylethylamides (51-n),
i.e. the presence of the methyl group in the methylene
bridge separating the aromatic ring and the amide
nitrogen atom should be clearly recognized as an
undesirable factor.

Of the whole group N-(4-fluorobenzyl)-2-hydroxy-
8-methyl-4-ox0-4H-pyrido[1,2-a]pyrimidine-3-carb-
oxamide (5b) is of particular interest; by the level
of its analgesic action it substantially exceeds Piroxi-
cam and Nabumetone in much lower dose. On this
basis it can be recommended for profound pharma-
cological trials as a potential new analgesic.

Experimental Part

The 'H NMR spectra were recorded on a Varian
Mercury-400 spectrometer (400 MHz) in DMSO-d,
solution, the internal standard was TMS. Elemental
analysis was carried out on a EuroVector EA-3000
microanalyzer. Melting points were determined in
capillaries on a SMP10 Stuart digital melting point
analyzer. The specific rotation of the optically active
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amides 3m,n was determined on a Polamat A po-
larimeter. These syntheses use commercially S(-)-
and R(+)-1-phenylethylamines from Fluka with an
optical purity of at least 99.5%. The starting ethyl
2-hydroxy-8-methyl-4-oxo-4H-pyrido[1,2-a]pyrimi-
dine-3-carboxylate (4) was synthesized according to
the literature procedure [20].

The general procedure of obtaining N-(ben-
zyl)-2-hydroxy-8-methyl-4-oxo0-4H-pyrido[1,2-a]
pyrimidine-3-carboxamides (5a-n). Add 0.02 Mol
of the corresponding benzylamine to the solution
of 2.48 g (0.01 Mol) of ethyl 2-hydroxy-8-methyl-
4-0x0-4H-pyrido[1,2-a]pyrimidine-3-carboxylate
(2) in 10-15 ml of EtOH and reflux for 30 h. Stop
heating the reaction mixture, then cool and allow to
stand at a temperature of about 0°C for 10-12 h. Fil-
ter the precipitate of benzylamide (5a-n) isolated,

first wash with a cold hexane, then with water and
dry in the air. Crystallize from the mixture of DMF -
ethanol (1:1).

Conclusions

1. For the purpose of the possible increase in anal-
gesic properties the chemical modification of the
compounds previously studied has been performed;
as a result, the synthesis of a series of N-(benzyl)-
2-hydroxy-8-methyl-4-o0x0-4H-pyrido[1,2-a]pyrimi-
dine- 3-carboxamides has been carried out.

2. According to the results of the pharmacologi-
cal trials it has been found that in some cases dis-
placement of the methyl group from position 9 of the
pyridopyrimidine nucleus to position 8 is accompa-
nied with a noticeable increase in the analgesic ac-

tivity.
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The syntheses of 3-fluoro-1,8-naphthalimide and 3-fluoro-1,8-naphthalic anhydride from 3-nitro-1,8-naphthalimide
have been described. 3-Nitro-1,8-naphthalimide can be obtained by nitration of naphthalimide with sodium nitrate in
sulfuric acid. Stability of naphthalimides under acidic and alkaline conditions makes 3-substituted naphthalimides
more suitable synthones for further functionalization compared to the corresponding 3-substituted naphthalic
anhydrides. The best yield of 3-fluoro-1,8-naphthalimide was achieved through the following sequence: 1) nitra-
tion of naphthalic anhydride to 3-nitronaphthalic anhydride by sodium nitrate in the concentrated sulfuric acid;
2) ammonolysis of 3-nitronaphthalic anhydride to 3-nitronaphthalimide with aqueous ammonia; 3) reduction of
3-nitronaphthalimide to 3-amino-naphthalimide with sodium dithionite solution in aqueous ethanol; 4) prepara-
tion of 3-fluoronaphthalimide by diazotization of 3-aminonaphthalimide and subsequent thermal decomposition
of the corresponding tetrafluoroborate. Nitration of naphthalic anhydride makes it possible to avoid the problem
of poor solubility of naphthalimide in sulfuric acid. Subsequent reactions are conveniently carried out with naph-
thalimide derivatives, thus avoiding the difficulties encountered in isolating of 3-aminonaphthalic anhydride that
can undergo a polymerization reaction. The new protocol is more efficient than the preparation route previously
described leading to 3-substituted naphthalic anhydrides and naphthalimides by virtue of the substitution reac-
tion at C-4 of acenaphthene followed by oxidation.

3PYYHWU LLUTISIX CUHTE3Y IMIGY 3-@TOPO-1,8-HA®TAJIIHOUKAPEOHOBOI KUCIIOTH

H.®.®edbko, B.®.AHIiKiH

Knrowoei cnoea: 3-comopoHaghmanimio; 3-ctbmopoHaghmanesuli aH2iopud; aueHagpmeH; peakuisi LLlumarHa
OmpumaHo aHeidpud ma imid 3-gpmopo-1,8-HagpmarniHOukapbOHOB0I KUCIOMU 3 BUKOPUCMAHHSIM 5IK 8UXIOHUX
crionyk Hagpmanegoeo aH2idpudy ma Hagpmanimidy. [NokaszaHo, wo 3-HimpoHaghmanimio moxe 6ymu ompumaHull
HimpyeaHHsiM Hagbmarimidy Himpamom Hampito 8 cyrbchamHiti kucriomi. Cmitikicme iMidOHO20 yuky 0o Oii Kucriom
i nyeie pobume 3-3amiweHi imidu 6inbw UiHHUMU 8UXIOHUMU Criofykamu rnpu nodanbuwili ix goyHKUioHanisayii e no-
pigHsIHHI 3 8i0M08IOHUMU 3-3amiweHumMu Hagbmanesumu aHzidpudamu. BcmaHoeneHo, wo Halkpawum Wiisixom
CcuHmMe3sy 3-gpmopoHachmanimioy, skuti npueodums 00 MakcuMaribHo20 8Ux00y Uillb08020 NPodyKmy, € HacmyrHa
rnocnidosHicms: 1) HimpysaHHs1 Haghmarnegozo aHziOpudy 0o 3-HimpoHaghmanimidy Himpamom Hampito 8 KOHUEH-
mposaHiti cynbcghamHiti kKucromi; 2) aMoHorni3 3-HimpoHaghmanego2o aH2idpudy 0o 3-HimpoHaghmanimidy 600HUM
pO34UHOM amoHiaKy; 3) 8idHoeneHHs1 3-HimpoHagbmanimidy 0o 3-amiHoHaghmanimioy dumioHimom Hampito 8 800-
Ho-criupmosgomy cepedosui; 4) ompumarHs 3-gpmopoHachmanimioy 3 3-amiHoHaghmanimidy 4epesz mempagmo-
pobopam 8i0rnosidHoI cori Oia3oHito i Aani mepmiyHUM po3knadaHHSIU ocmaHHbOI. HimpysaHHsM Haghmanegozo
aHaiopudy e0aembCsi yHUKHymU rpobriemu HU3bKoi po34uHHOCMI Hagbmarnimidy 8 cyribghamHiti kucriomi. HacmyrHi
peakuii 3py4Hiwe nposodumu 3 HaghmarnimiOHUM I0POM, YHUKa4YU makum YUHOM mpyOHOW,i8, siKi BUHUKarmb
rpu sudineHHi 3-amiHoHacghmarnegozo aHziopudy, 30amHo2o 00 20MOKOHOeHcaujl. 3arnpornoHosaHull wnsix € 6inbw
8URIOHUM 8 rOPIBHSIHHI 3 8I0OMUM LUIISIXOM OmpuUMaHHs 3-3aMileHux Hagbmarnegux aHeidpudie ma Haghmarnimioie
88e0eHHAM 3aMiCHUKa 8 rO/I0KeHHs 4 aueHathmeHy ma nodanbuio20 OKUCHEHHS.

YOOBHbIA NYTb CUHTE3A UMUAA 3-®TOPO-1,8-HA®TANIMHONKAPEOHOBOW KUCJIOThI
H.®.®edbko, B.®.AHUKUH

Knroueenie cnoea: 3-gpmopoHagbmanumud; 3-gpmopoHaghmanessbili aHaudpud; aueHaghmeH; peakyusi LLlumarHa
CuHme3uposaHbl aH2udpud u umud 3-gpmopo-1,8-HaghmanuHOUKapbOOHOBOU KUCIOMbI C UCMOMb308aHUEM 8 Kade-
cmee UcxodHbIX sewecms Haghmarnegoz2o aHaudpuda u Hagbmanumuda. lNokazaHo, ymo 3-HumpoHaghmanumud
Moxem 6bImb rosy4eH HUmMposaHueM Hachmanumuda HUmpamom Hampusi 8 CepHol Kucrome. Ycmoudusocmb
UMUOHO20 Korbya K Oelicmeuro Kucriom u wjernodel 0ernaem 3-3ameueHHble UMuObl 6oree UeHHbIMU UCXOOHbIMU
gseuwecmesamu ripu danbHelwel ux yHKYUOHanu3ayuu rno cpasHeHUo ¢ coomeememsyowumu 3-3amewEHHbIMU
HagbmanesbiMu aHaudpudamu. YCmaHoB8IeHO, YMO Hauly4wumM rnymem cuHme3sa 3-gpmopoHachmanumuda, npu-
8005WUM K MaKcuMaslbHOMY 8bIX00y Uueriegoeo rnpodykma, sienssemcsi crnedyroujasi nocrnedosameribHocms: 1) HUM-
posaHue Haghmarnegoeo aHaudpuda 00 3-HumpoHaghmanumuda HUMPamMoM Hampusi 8 KOHUEHMPUPOBaHHOU cep-
Hol kucriome; 2) ammoHomnu3 3-HumpoHaghmarnegoeo aHaudpuda 0o 3-HumpoHaghmanumuda 800HbIM PacmeopoM
ammuaka; 3) soccmaHoeneHue 3-HumpoHaghmanumuda 0o 3-amuHoHaghmaumuda OUMUOHUMOM Hampusi 8 0OHO-
criupmosol cpede; 4) nonydeHue 3-gpmopoHagpmanumuda u3 3-amuHoHaghmanumuda Yepe3 mempacghmopobopam
coomeemcmeyroujell conu 0ual3oHusi u dariee mepMuYeCcKUM pasroxxeHuem rnocrnedHel. HumposaHuem Hagpma-
J1egoeo aHeudpuda ydaemcsi usbexampb npobremsi MIoxo20 pacmeopeHusi Hagpmanumuda 8 cepHol Kucsiome.
lNocnedyrowue peakyuu ydobHee Mposodums ¢ HaghmanumudHbIM 0poM, u3bexas makum obpa3om mpyoHocmel,
B03HUKarOWUX rpu ebifeneHuuU 3-amuHoHaghmanesozo aHaudpuda, criocobHO20 K 20MOKOHOeHcayuu. [pednoxeH-
HbIl ymb 60siee 8b1200€H M0 CPasBHEHUIO C U38ECMHbLIM Mymém MoryyYeHus 3-3amMmewéHHbIX Haghmaresbix aHau-
Opudos u Hagpmanumudos egedeHuUeM 3aMecmumerisi 8 rofioxxeHue 4 aueHagpmeHa u darnbHelUWUM OKUCIIEHUEM.
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Many derivatives of naphthalene-1,8-dicarboxylic
acid imide are used as efficient fluorophores and bio-
logically active substances. It is well known that some
3-substituted 1,8-naphthalimides possess a signifi-
cant biological activity. Due to the high cytotoxic acti-
vity against various tumour cells and viruses, a num-
ber of these compounds are used as anticancer and
antiviral agents [1-5].

Apparently, there are two ways to obtain 3-sub-
stituted 1,8-naphthalic anhydrides either by oxida-
tion of the corresponding 4-substituted acenaphthe-
ne derivatives or by direct introduction of the sub-
stituent in position 3 of 1,8-naphthalic anhydride.
The subsequent ammonolysis in both cases leads to
the target 3-substituted 1,8-naphthalimides.

Surprisingly, there are no reports on the synthe-
sis of 3-substituted naphthalimides from naphthal-
imide 1b as the starting material though the imide
and anhydride groups have the same labilizing effect
on the substituents of the naphthalene ring. Yet, im-
portantly, the robustness of naphthalimides under acidic
and alkaline conditions makes 3-substituted imides
more suitable synthones for further functionalization.

3-Fluoro-, 4-fluoro- and 5-fluoroacenaphthenes
were obtained by Yagupolskii & Ivanova [6]. 4-Fluoro-
acenaphthene, the least accessible of three isomers,
could be envisioned as the starting material for pre-
paration of the unknown 3-fluoro-1,8-naphthalic an-
hydride and the corresponding imide. Therefore, the
aim of the present work was to synthesize 3-fluoro-
1,8-naphthalimide from readily available 1,8-naph-
thalic anhydride 1a and 1,8-naphthalimide 1b.

The conceivable way of 3-fluoro-1,8-naphthalimi-
de 4a preparation consists of the following steps:
1) nitration of 1,8-naphthalic anhydride 1a; 2) reduc-
tion of 3-nitro-1,8-naphthalic anhydride 2a; 3) fluo-
rination by the Balz-Schiemann reaction; 4) ammono-
lysis of 3-fluoro-1,8-naphthalic anhydride.

Alternatively, anhydrides 1a, 2a, 3a can be con-
verted into the corresponding imides 1b, 2b, 3b via

O. _0O._0O 1. NaNO,, HCI, 0°C; O. O._0O

2. HBF,, 0°C;
L > 9@
3a NH2 4a F

NH, NHsl

H H
Os_N._O 1.NaNO, HClI, 0°C;0.__N__O
2. HBF,, 0°C;
L 2 9%
NH
3b 2 4b F

the ammonolysis reaction, and subsequent transfor-
mations towards 4b can be carried out with imides
as follows from the scheme below (Scheme).

The nitration of 1,8-naphthalic anhydride and
1,8-naphthalimide was carried out by sodium nitrate
in the concentrated sulfuric acid at elevated tempera-
ture. It was detected that naphthalimide (1b) had
lower solubility in sulfuric acid comparing with naph-
thalic anhydride (1a). The yield of anhydride 2a was
78%, the yield of imide 2b - 70%. 3-Nitro-1,8-naph-
thalimide 2b was also obtained by ammonolysis of
3-nitro-1,8-naphthalic anhydride 2a with 93% yield.

3-Amino-1,8-naphthalic anhydride 3a (as hydro-
chloride) and 3-amino-1,8-naphthalimide 3b were
prepared by reduction of 3-nitro-1,8-naphthalic an-
hydride (2a) and 3-nitro-1,8-naphthalimide (2b) with
sodium dithionite solution in aqueous ethanol. The
reaction yielded 64% and 71% of anhydride and imi-
de 3a and 3b, respectively.

Since amino anhydride 3a is a bifunctional com-
pound that can undergo the polymerization reaction,
it needs to be converted into more stable hydrochlo-
ride. In contrast, the polymerization for 3-aminonaph-
thalimide is not a problem as transamination does not
occur easily because of the lower reactivity of the imide
carbonyl group in A, reactions. 3-Amino-1,8-naphthal-
imide 3b was also obtained by ammonolysis of 3-ami-
no-1,8-naphthalic anhydride (3a) with 89% yield.

3-Fluoro-1,8-naphthalic anhydride 4a and 3-fluo-
ro-1,8-naphthalimide 4b were synthesized with 19%
and 24% yield, respectively, by diazotization of 3-amino-
1,8-naphthalic anhydride and 3-amino-1,8-naphthalimi-
de and subsequent thermal decomposition of the cor-
responding tetrafluoroborates. 3-Fluoronaphthalimide
4b was also obtained by ammonolysis of 3-fluoro-
naphthalic anhydride 4a with the yield of 90%.

3-Fluoro-1,8-naphthalic anhydride and 3-fluoro-
1,8-naphthalimide are light yellow crystalline sub-
stances with melting points of 221-222°C and 305-
307°C, respectively.

13
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The structure of 3-fluoronaphthalic anhydride and
3-fluoronaphthalimide was determined by IR and
'H NMR spectroscopy.

The IR spectrum of anhydride 4a exhibits intense
absorption bands at 1780 cm™ and 1734 cm™ cor-
responding to the stretching vibrations of carbonyl
groups of the anhydride moiety. In the IR spectrum
of imide 4b two absorption bands at 1698 cm™ and
1674 cm™ are observed corresponding to the charac-
teristic stretching vibrations of the imide carbonyl groups.
The presence of the N-H bond in 3-fluoronaphthal-
imide is confirmed by absorption at 3170 cm™. The
absorption band at 1095-1100 cm™ in the IR spectra
of anhydride 4a and imide 4b corresponds to the
stretching vibrations of the C-F bond.

In the 'H NMR spectra of compounds 4a and 4b
the signals of aromatic protons resonate up-field in
the range of 8.0-8.7 ppm. The signals from H? and H*
protons are split by °F nucleus into doublets with
the coupling constant J,, . = 12.4 Hz. The signal of pro-
ton H¢ is observed as a doublet of doublets due to
coupling with the magnetically inequivalent H> and
H” protons, which give rise to doublets. The signal
of the imide proton in compound 4b appears as a
singlet at 11.62 ppm (d,-DMSO).

According to our results the best synthetic route to
3-fluoro-1,8-naphthalimide is as follows: 1,8-naph-
thalic anhydride (1a) — 3-nitro-1,8-naphthalic an-
hydride (2a) — 3-nitro-1,8-naphthalimide (2b) —
3-amino-1,8-naphthalimide (3b) — 3-fluoro-1,8-naph-
thalimide (4b).

Experimental Part

The'H NMR spectra were recorded at ambient
temperature on a BRUKER WM 400 spectrometer with
an operating frequency of 400 MHz, in DMSO-d, as
a solvent and TMS as the internal standard. The IR
spectra (in KBr) were recorded on a Perkin Elmer
Frontier FT-IR spectrometer. The reaction course and
purity of the compounds synthesized were monitored
by thin layer chromatography on Silicagel 60 F254
plates (Merck) with chloroform as an eluent, followed
by exposure to UV light. 1,8-Naphthalic anhydride
and 1,8-naphthalimide were prepared from acenaph-
thene according to the known procedure [7].

3-Nitro-1,8-naphthalic anhydride (5-nitrobenzo[de]iso-
chromene-1,3-dione) (2a). Add sodium nitrate (1.30 g,
15 mmol) portion wise to the solution of 1,8-naph-
thalic anhydride (3.00 g, 15 mmol) in 30 ml of the
concentrated sulfuric acid. Heat the reaction mix-
ture for 2 h on a water bath, then pour onto ice, filter
the precipitate, wash with water and dry at 110°C.
Purify the crude product by crystallization from ace-
tic acid to obtain 3-nitronaphthalic anhydride as a
yellow solid (2.85 g, 78%). M.p. - 242-244°C [7].

3-Nitro-1,8-naphthalimide (5-nitro-1H-benzo[de]
isoquinoline-1,3(2H)-dione) (2b). Compound 2b was
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prepared analogously to compound 2a using naph-
thalimide (2.00 g) in 50 ml of concentrated sulfu-
ric acid and sodium nitrate (1.30 g). Crystallization
from acetic acid yields title compound (1.70 g, 70%)
as a yellow solid. M.p. - 311-312°C [7].
3-Amino-1,8-naphthalic anhydride (5-aminobenzo
[de]isochromene-1,3-dione) (3a). Dissolve 3-nitro-1,8-
naphthalic anhydride (1.00 g, 4 mmol) in ethanol
(100 ml) and hot water (50 ml). Add sodium dithionite
(0.55 g) portion wise while stirring. Reflux the re-
action mixture for 3 h and concentrate on a water
bath. Add hydrochloric acid (10 ml) to the residue,
filter the precipitate and dry to obtain 3-amino-1,8-
naphthalic anhydride hydrochloride (0.65 g, 64%)
as an orange solid. M.p. - 290-292°C [7].
3-Amino-1,8-naphthalimide (5-amino-1H-benzo[de]
isoquinoline-1,3(2H)-dione) (3b). Compound 3b was
prepared analogously to compound 3a using 3-nit-
ronaphthalimide (1 g, 4 mmol) in ethanol (100 ml)/
hot water (50 ml) and sodium dithionite (0.55 g).
The title compound (0.7x g, 71%) was obtained as
an orange solid. M.p. - 333-335°C [7].
3-Fluoro-1,8-naphthalic anhydride (5-aminoben-
zo[delisochromene-1,3-dione) (4a). Heat 3-amino-1,8-
naphthalic anhydride (0.5 g, 2 mmol) and hydrochlo-
ric acid (2 ml) in 10 ml of water to reflux, then cool
the mixture to 0°C. Add the solution of sodium ni-
trite (0.14 g, 0.002 mol) in 10 ml of water dropwise
at 0 while stirring vigorously. Stir the reaction mix-
ture for 30 min at 0°C and filter under ice cooling.
Cool the filtrate to -5°C, add tetrafluoroboric acid (2 ml)
to the filtrate, leave the reaction mixture at -5°C for
30 min, filter the precipitate and wash with cold me-
thanol. Dry the resulting diazonium tetrafluoroborate
salt over sulfuric acid. The diazonium salt was ther-
mally decomposed, the residue in the distillation flask
was crystallized from acetic acid. 3-Fluoro-1,8-naph-
thalic anhydride (0.09 g, 19%) was obtained as pale
yellow solid. M.p. - 221-222°C. IR (KBr, cm™): 852,
1016, 1095, 1228,1300, 1338, 1504, 1564, 1590, 1734,
1780,3030.'H NMR (400 MHz, DMSO-d,, §, ppm, J, Hz):
8.62d (1H),J,,=12.4 (H*;8.69d (1H), ], = 12.4 (HY;
8.09d (1H),/,, = 8.0 (H®); 8.06 dd (1H),/,,=8.0, ], =
8.4 (H®); 8.47 d (1H), J,, = 8.4 (H’). Found, %: C 66.72;
H 2.31; F 8.75; 0 22.17. C,,H.FO,. Calculated, %: C
66.68; H 2.33; F 8.79; 0 22.20.
3-Fluoro-1,8-naphthalimide (5-amino-1H-benzo[de]
isoquinoline-1,3(2H)-dione) (4b). Compound 3b was
prepared analogously to compound 3a using 3-ami-
nonaphthalimide (0.50 g, 2 mmol) and sodium nitrite
(0.10 g, 2 mmol). The title compound (0.10 g, 24%)
was obtained as a pale yellow solid. M.p. - 305-307°C.
IR (KBr, cm™): 850,968, 1015,1100, 1266, 1350, 1574,
1592, 1680, 1728, 3032, 3170. 'H NMR (400 MHz,
DMSO0-d,, 8, ppm, J, Hz): 8.50 d (1H), J,.» = 8.8 (H?);
8.56d (1H), /= 8.8 (H*); 8.00 d (1H), J,, = 8.0 (H®);
7.98 dd (1H), J,, = 8.0, J,, = 8.4 (H®); 8.35d (1H), J,,
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=8.4 (H"); 11.62 s (NH)). Found, %: C 67.04; H 2.76;
F 8.75; N 6.50; O 14.82. C;,H,FNO,. Calculated, %: C
66.98; H 2.81; F8.83; N 6.51; 0 14.87.

Synthesis of 3-substituted 1,8-naphthalimides (2b-4b)
by ammonolysis of naphthalic anhydrides (2a-4a). Heat
the corresponding naphthalic anhydride (2 mmol)
on a water bath in 20 ml of 16% aqueous ammonia
for 3 h. Dilute the reaction mixture with 10 ml of wa-
ter. Filter the precipitate, wash with water, and dry
at 110°C. Purify the crude product by crystallization
from acetic acid to obtain the corresponding naph-
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with a high yield.

2. 3-Fluoronaphthalimide can be synthesized with
an optimal yield by the following sequence: naph-
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3-nitronaphthalimide — 3-fluoronaphthalimide.
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A new scoring function H1 recently developed for molecular docking has been tested on the complexes of protein
tyrosine phosphatase 1B (PTP1B) from the PDB data bank and using docking of a set of inhibitors from the NIH
database. The function is based on the scoring functions of AutoDock and AutoDock Vina and is implemented in
the modified version of the AutoDock. The function performed well both in the case of the complexes from the PDB
databank and in a real docking process. Calculation of pKi for the complexes from the PDB databank was very ac-
curate. The molecular docking has been done with a modified version of AutoDock that uses spatial constraints and
a new search engine. Energies of complexes were minimized, and pKi values of the resulting complexes were es-
timated by the new scoring function. As shown previously, conformations of PTP1B in complexes with ligands can
be divided into five clusters. All five typical conformations of PTP1B binding pocket were used for docking. Better
docking results were obtained on the clusters with open WPD loop though some compounds could not be docked
well to such conformations of the enzyme. The function has shown a good “scoring power” (i. e. the ability to predict
pKi values) and “screening power” (the ability to enrich top 10 or 20% of predictions by real active compounds) thus
proving to be suitable for the virtual screening of potential PTP1B inhibitors. The performance of the new scoring
function H1 was much better than that of the original scoring function of AutoDock tested earlier.

TECTYBAHHS HOBOI OLJIHOYHOI ®YHKLIT 47151 MOJIEKYJISIPHOI O [JOKIHI'Y HA MPUKIIALI IHTIBITO-
PIB [TPOTEIHOTUPO3UH®OCPATA3N 1B

B.FO.TaHuyyk, B.O.TaHiH

Kmnroyoei crioea: npomeiHomupo3uHgocghamasa 1B; PTP1B; iHeibimopu; MmoneKynsapHuUl OOKiHe

Hoea Hew,00asHo po3pobrieHa oujiHo4YHa QoyHKyiss H1 Onisi MonekynsipHo20 QOKiHay mecmyeariacsi Ha KOMIIeKcax
rpomeiHomupo3uHgocghamasu 1B (PTP1B) 3 6aHKy daHux PDB i 3a doriomozoro dokiHay Habopy iHeibimopie 3 6a3u
OaHux NIH. ®yHkuia 6a3yembcs Ha oyjiHoYHUX ¢hyHKUisix AutoDock i AutoDock Vina i peanizogaHa e moducgbikosaHiti
sepcii AutoDock. ®yHkuisi nokasasna cebe 0obpe sik y sunadky komrinekcie 3 baHky daHux PDB, mak i 8 peanbHoMmy
OokiHey. Po3paxyHok pKi Onsi komrinekcie 3 baHKy daHux PDB susisuscsi dyxe moyHum. MornekynspHutli OoKiHe rpo-
s8oduscsi ModugbikosaHoro eepcieto AutoDock, sika sukopucmosye npocmoposi 0bMeXeHHsI i Hosul criocib MowykKy.
EHepeii komrinexcie MiHimi3ysanucs, i pKi 0551 ompumMaHUx KOMIIIEKCI8 oujHIoeanuck 3a 00roMo20oto Ho8oi ¢hyHKUi H1.
Sk 6yr10 nokasaHo paHiwe, koHghopmauii PTP1B e komrinekcax 3 fizaHdamu nodinsrombCsi Ha m’samb 2pyn. Bei mame
murnosux KoHghopmay,ili 38’a3ysanbHoi kuweHi PTP1B 6ynu sukopucmaHi 05151 dokiHay. Halikpaw,i pe3ynsmamu
ompumanHi rpu GoKiHay Ha kinacmepax 3 8iokpumoro nemneto WPD, xoua desiki crionyku He 30amHi ymeoprosamu 0o-
cmamHb0 006pi KOMIIIEKCU 3 (hepMEeHMOM y maKux KOHgbopmauisix. DYHKUIS roKa3arna 8UCOKUU « OUIHOYHUU MOmeH-
uian» (mobmo 30amHicme rpozHo3ysamu 3HaqeHHs1 pKi) i «cKkpuHiHeosull nomeHujany (30amHicmpe 36a2adysamu
sepxHi 10 abo 20% 6i0 nNpoeHO3y8aHHs pearibHO aKmueHUMU Crioflykamu). Takum YUHOM, OUiHOYHa QoyHKuUis H1 eu-
seunack rnpudamHoro 0715 8ipmyarnibHO20 CKPUHIH2y MomeHyitiHuUX iHaibimopie PTP1B. Pe3yrnsmamu HO80i OUiHOYHOI
yHKUii H1 6yrnu Habazamo Kpauwumu, Hix y 8UXiOHOI ouiHO4YHOI ghyHKuiT AutoDock, sika 6yra sunpobysaHa paHiwie.

TECTUPOBAHUE HOBOMW OLIEHOYHOWU ®YHKLMN 41151 MOJIEKYJISIPHOIO JOKUHIA HA TPUMEPE
UHMMBUTOPOB NMPOTEUHTUPO3UH®OCPATA3bI 1B

B.lO.TaHuyk, B.A.TaHuUH

Knrodesnie cnoea: npomeuHmuposuHgocgpamasa 1B; PTP1B; uHeubumopsl; MOeKynspHbil OOKUHE

Hoeasi HedasHO paspabomaHHas oueHo4YHass yHkuusi H1 Ona monekynspHoeo 0okuHea bbina npomecmupo-
8aHa Ha Komriekcax rnpomeuHmupo3duHgocghamasbl 1B (PTP1B) u3 6aHka daHHbIx PDB u npu nomowu 0o-
KuHea Habopa uHaubumopos u3 ba3sbi 0aHHbIX NIH. @yHKyusi ocHoBaHa Ha OUeHOYHbIX ¢hyHKkUyusx AutoDock u
AutoDock Vina u peanu3ogaHa 8 modugpuyuposaHHol sepcuu AutoDock. @yHKyusi nokasana cebsi Xopowlo Kak
8 c/lyyae Komriekcos u3 baHka aHHbix PDB, mak u e peanbHom ripouecce 0oKkuHea. Pacdem 3HadeHul pKi 0ns
Komrnekcos u3 baHka 0aHHbIX PDB 6bin1 o4eHb moYHbIM. MonekynspHbit OKuHe npoeodursicss Moougduyupo-
s8aHHoU sepcueli AutoDock, komopasi ucrornb3yem rnpocmpaHCmMeeHHbIe 02paHUYeHUs U HoBbIl criocob rnoucka.
OHepauu Komnnekcos MUHUMU3UPOBanuch, U pKi Orisi Nony4YeHHbIX KOMIIIEKCO8 OUEeHUBANUCh C MOMOWbH HO80U
yHkuyuu H1. Kak 6b1r10 nokazaHo paHee, koHpopmayuu PTP1B e komnnekcax ¢ nuzaH0amu MOXHO pa3denump
Ha nsme epynn. Bce nsme munu4Hbix KOHgbopMayul cessbigarou,e2o kapmaHa PTP1B ucnonb3osanuck 0nsi
OokuHea. Jlyqwue pe3ynbmamsl rony4YyeHbl npu 0oKuHee Ha krnacmepax ¢ omkpbimolt WPD-nemned, xoms
Hekomopable coeQUHeHUs1 He Moaym 0bpa3oebieamb A0CMamoOYHO XOPOoWUe KOMIMMIEKChl C MakuMu KOHQop-
Mayusmu ghepmeHma. OyHKYUS rokasarna 8bICOKUU «OUEHOYHbIU nomeHyuany» (m. e. criocobHocms rpedcka-
3bigamb 3HavyeHus1 pKi) u «CKpUHUH208bIl nomeHyuasn» (cnocobHocms obozawams eepxHue 10 unu 20% om
npedckasaHull peanbHO akmugHbIMU coeduHeHUaMU). Takum obpa3om, oyeHodHas thyHkyus H1 nodxodum ons
8upmyarnbH020 CKpUHUH2a nomeHyuasbHbIX uHaubumopos PTP1B. Pe3ynbmamsi HO80U OUeHOYHOU ¢hyHKUUU
H1 6binu HamHoeo ny4qwe, Yem y ucxodHol oueHoYHoU ¢hyHKuuU AutoDock, komopasi ucrbimbsleanach paHee.
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Multiple biochemical processes, which depend
on dephosphorylation of phosphotyrosine residues
in proteins, are regulated by protein tyrosine phos-
phatases, including cell-signaling and metabolism
pathways [1-3]. Being known to be involved in in-
sulin receptor dephosphorylation, the intracellular
protein tyrosine phosphatase 1B (PTP1B) is consi-
dered to be a negative regulator of insulin signal trans-
duction [4]. For potential treatment of type 2 diabe-
tes and obesity PTP1B is considered to be one of the
most promising therapeutic targets [5]. The develop-
ment of potent and selective inhibitors of this enzy-
me engages constantly growing interest. Derivatives
of carboxylic, phosphonic, sulfonic acids, heterocyclic
and other compounds have been tested as PTP1B in-
hibitors [6].

Computer simulations are known to play a con-
siderable role in drug design studies, and such me-
thods have been already applied in the case of PTP1B.
Specified active compounds have been studied using
computer-based approaches, including molecular do-
cking [7, 8], an important tool used to understand a
detailed mechanisms of the inhibitor binding to an
enzyme. PTP1B is one or rare cases when the enzyme
is represented by a large amount of data in the PDB
data bank [9]. This is another evidence of the sig-
nificance of the enzyme, but it is also an issue for the
investigator. Computer simulations usually rely on
multi-dimensional optimization, which makes them
heavily dependent on starting conditions since the
energy surfaces are very complicated with a great
number of local minima. We have already studied
conformations of PTP1B and found that they can
be divided into 5 clusters. Each cluster is a group of
similar PTP1b conformations in protein-ligand com-
plexes representing a typical way of ligand binding
[10]. A cluster centroid is the most typical represen-
tative of the cluster that may be used for computer
simulations as a representative of its binding type.
Conformations of two clusters have the so-called
WPD-loop (an important moving part of the enzyme
at the entrance to the catalytic centre with WPD
(Tryptophan-Proline-Aspartic acid) sequence in the
middle) in an open position and three other ones in
a closed position. The WPD-loop plays an important
role in the enzyme functioning. It interacts with a
substrate during the catalysis of dephosphorylation.
There are many inhibitors that bind to the enzyme
with the open or closed WPD-loop. Using centroids
of all clusters we have already performed molecu-
lar docking with a modified version of the AutoDock
[11]. Unfortunately, we have not found the cluster
providing the best docking results. We have not also

found the dependence between the chemical struc-
ture and the kind of the cluster that gives the best
result for the compound. Despite that there were do-
ckings that gave results very close to the experimen-
tal ones.

The authors have recently developed a new sco-
ring function for molecular docking [12]. The func-
tion is based on the scoring functions of the well-known
docking packages AutoDock [13] and AutoDock Vina
[14]. The scoring functions used are very different in
nature, but share the same input and output format
making their combination practical. A new scoring
function H1 includes all terms of both scoring func-
tions. New weights for them are fitted by MLRA (Mul-
tiple Regression Analysis). The training set of protein-
ligand complexes was obtained from the refined set of
PDBbind (www.pdbbind.org.cn, version 2012) [15]
and included 2,412 complexes (some complexes were
excluded because of their incompatible format). A test
set consisted of 313 complexes that appeared in the
2013 edition of PDBbind!. The new function H1 out-
performed both old scoring functions on both sets.

The aim of the present work was to study the new
scoring function on the example of PTP1B inhibitors.
First of all, we tested H1 on the known complexes of
PTP1B with inhibitors. The refined set of the PDBbind
database included 26 complexes. The results are sum-
marized in Table 1. The AutoDock Vina performs slight-
ly better on PTP1B compared to the H1 function. This
can be explained by the fact that 20 complexes were
included in the core set of the PDBbind already in 2007
version and used to train the AutoDock Vina scoring
function. As an additional validation, we have added
28 additional complexes from other sources, which
we consider reliable enough to be used. The perfor-
mance of our hybrid scoring function is much better
for this test set and for a combined set of 54 comple-
xes as well. It is also interesting to note that AutoDock
performs better than AutoDock Vina, which is not
usually the case.

The result of the H1 scoring function seems extra-
ordinary taking into account that the experimental
error of pK; determination is about 0.6 [16]. Unfor-
tunately, this is not sufficient. The results of docking
depend much on both the accurate scoring function
and the docking algorithms. The scoring function must
be tested in real docking, and it should provide at
least enrichment of results by active compounds.

That is why the new scoring function was tested
in conditions similar to our previous work [11]. The
same set of phosphorus containing inhibitors? from
the NIH database [17] was docked to the same PDB
structures representing five typical conformations

! The core set had 2,959 complexes in releases in 2013, and 2,897 complexes (2,412 of which were in the training set) in 2012. 313 new
complexes have been added, and 251 complexes have been removed from the core set.
2 Some of 208 compounds appeared to be redundant. The new set consists of 203 structures.

17



ISSN 2308-8303

Journal of Organic and Pharmaceutical Chemistry. — 2015. — Vol. 13, Iss. 4 (52)

Table 1

Comparison of the prediction power of the scoring functions on the known complexes
of PTP1B with the inhibitors where R is the non-parametric Pearson correlation coefficient,
RMSE is the root mean square error, and MAE is the mean absolute error

. . PDBBind*, 26 complexes Additional Set**, 28 complexes Both Sets, 54 complexes
Scoring Function
R RMSE MAE R RMSE MAE R RMSE MAE
H1 0.45 1.15 1.0 0.47 1.09 0.84 0.50 1.12 0.91
AutoDock Vina 0.39 1.16 0.92 0.15 2.58 2.25 0.05 2.03 1.61
AutoDock 0.23 2.89 2.58 0.39 1.83 1.38 0.21 2.41 1.96
* — 26 structures of PTP1B derived from PDBbind (refined set); ** — 28 structures of PTP1B outside of PDBbind (test set).
Table 2
Comparison of the docking results
. Cluster centroids
Parameter FScorlng open WPD loop closed WPD loop
unction
1NL9 1PHO 1Q6M 2CM8 2CNF
R AutoDock 0.15 0.29 0.23 0.24 0.17
H1 0.58 0.53 0.56 0.41 0.49
AutoDock 1.92 1.99 2.79 2.03 1.97
RMSE
H1 1.59 1.56 2.05 1.91 1.80

of PTP1B [11]. It is assumed that the inhibitors with
phosphonic groups are competitive inhibitors and
bind near the catalytic Cys215. Docking was per-
formed by a modified version of AutoDock using a
new search algorithm [18]. Positions of the atoms of
phosphorus were limited to the region around the
position of phosphorus (or sometimes sulfur) in the

10

y = 1.7055x - 4.8939
R%=0.3346

Experimental pKi

original PDB files of the cluster centroids. There is
also a substantial difference. The previous versions
of AutoDock use the same function for docking and
scoring. In this version docking is performed by mi-
nimizing the energy of the ligand-enzyme complex,
and the scoring function is calculated later (the post-
processing stage). This was done because there were

Predicted pKi

Fig. The docking results for phosphorus-containing inhibitors in the active site of PTP1B (PDB code 1NL9). Round dots depict
outliers which can not be predicted well with the open WPD loop. The closed loop gives better results for them.
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some doubts about the suitability of H1 for docking.
There were also some technical difficulties. Never-
theless, such combination of docking (energy mini-
mization by more or less standard force field) and
scoring (estimation of the complex by the new scor-
ing function H1) proved to be workable.

As it follows from Table 2, the new scoring func-
tion and the new docking scheme provide a substan-
tial improvement. There is practically no correlation
between the predicted and calculated binding con-
stants [11]. Now the correlation is much better. The
values of Pearson’s correlation coefficient (R) being
of 0.5-0.6 are not bad for docking. For example, the
authors [19] compared more than 20 scoring func-
tions from different sources and their best function
gave R of 0.61 and RMSE of 1.78 for the test set of
195 complexes. This is very similar to our results.
They called this testing of ability to predict pK, value
a “scoring power” test.

The clusters with the open WPD look seem to be
preferable for docking phosphorus-containing inhi-
bitors. Correlation coefficients are higher and errors
are lower by using such clusters. Nevertheless, it is
hard to obtain good results for all ligands using only
one cluster (see Fig.).

In addition to the “scoring power” test, we decided
to test the “screening power”. In this case we selected
top 10% (21) and top 20% (42) predictions for each
cluster and checked how many true activities (expe-
rimental pKi>6.0) are among these ligands (Table 3).

As it can be seen from Table 3, the function H1
provides much better enrichment on all clusters.
Besides, the results are almost identical for all the
clusters (used, studied). Only 1NL9, being the best at
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“scoring power”, is the worst one here. 1PHO, another
cluster with the open WDP-loop, seems to be the
best in the both tests (good correlation, R = 0.53, the
smallest RMSE = 1.56). Though the old AutoDock’s
function is far from ideal, it gives better results for
the clusters with the open WPD-loop.

Conclusions

The new scoring function for molecular docking and
the new docking algorithm of the modified AutoDock
have been tested on the complexes of PTP1B with
inhibitors. The new approach has shown much bet-
ter results than our previous attempts. The scoring
function H1 and the new docking approach based on
the modified search engine and optimization of the
energy of the enzyme-ligand complex have proven
to be suitable for the virtual screening of potential
PTP1B inhibitors.
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In order to reveal the possible regularities of the structure—activity relationship the derivatives of 3-(2-methyl-4-
oxo-1,4-dihydroquinoline-3-yl)propanoic acid having various substituents in a-position of the acidic moiety of
propanoic acid such as alkyl, carboxyl, acyl and acetamide substituents have been synthesized. The synthesis of
the target compounds has been carried out using 3-dimethylaminomethyl-2-methyl-1,4-dihydroquinoline-4-one as a
versatile alkylating reagent. Its interaction with methylene active substances allowed to obtain monoalkyldicarbonyl!
compounds, which further hydrolysis gave the derivatives of 3-(2-methyl-4-oxo-1,4-dihydroquinoline-3yl)propanoic
acid. The structures of the compounds obtained have been confirmed by the data of 'H NMR and elemental
analysis. The results of the screening performed by the agar diffusion method have shown different levels of
the antimicrobial activity. For two compounds — 1,3-diethoxy-2-[(2-methyl-4-oxo-1,4-dihydroquinolin-3-yl)methyl]-
1,3-dioxopropan-2-yl-carbamic acid and 3-(2-methyl-4-oxo-1,4-dihydroquinolin-3-yl)propanoic acid a moderate
broad-spectrum activity has been found in the screening method. The results of the research have shown the
perspectiveness of further search for novel antibacterial agents based on 4-quinolon-3-yl-propanoic acids, therefore, it
is necessary to expand the range of the compounds with this scaffold.

CUHTE3 TA AHTUMIKPOBHA AKTUBHICTb 3-(2-METWUI1-4-OKCO-1,4-OUIMAPOXIHOJIIH-3-/1)[TPOIMAHOBUX
Kucisiior

B.0.3y6koe, T.[1.0conodveHko, H.I.Pywak, O.J1.KameHeynka, O.B.Ki3b

Knrovoei cnoga: 2idpoxiHoniH-4-0H; 3-(2-memui-4-okco-1,4-0ueidpoxiHoniH-3-ir)nponaHosa Kucioma, 368’30k
cmpykmypa — 0isi; aHmuMiKpobHa akmueHicmb

3 Memoto susigneHHs1 MOXIUBUX 3aKOHOMIpHOCMeU 38’a3Ky cmpykmypa — 0is 6yriu cuHmesoeaHi noxioHi 3-(2-memur-
4-okco-1,4-0uzidpoxiHomniH-3-ir1)IponaHo8oi KUCIIOMU 3 PISHUMU 3aMiCHUKaMU 8 Q-MOTOXKEHHI 3aruuKy rnpornaHosoi
Kucriomu — ankinbHuUMu, KapboKcunbHUMU, ayunbHUMU ma auemamioHumu. CuHmMe3 yiribo8ux CrioryK rnpoeodurnu 3
8UKOpUCMaHHAM 3-0umemuiiamiHomemur-2-memuri-1,4-0u2iOpoxiHoniH-4-0Hy 8 SKOCmi 3py4HO20 ailKiflyo4o20o
peazeHma. Moeo e3aemoliero 3 MemuieHakKmusHUMU pedyosuHamu Bynu odepxxaHi MOHoarKindukapOOHInbHiI
crionyku, nodanbwiull 2i0porni3 skux rnpueodus 0o rnoxiOHUX 3-(2-memurn-4-okco-1,4-0u2iOpoxiHoniH-3-in)nponaHo8or
Kucriomu. Cmpykmypu ompumaHux crionyk 6ynu niomeepdxeHi Ha ocHosi daHux 'H IMP ma enemeHmHozo
aHarni3y. 3a pesynibmamamu CKpUHIH2Y, BUKOHaHO20 Memodom Ouqby3ii 8 azap, 8UsIBIEHI Pi3Hi pieHi aHMUMIKPOBOHOI
akmueHocmi 0151 0ocridxysaHUX pedosuH. [pome desi crionyku: 1,3-0iemokcu-2-[(2-memuri-4-okco-1,4-0u2idpoXiHoriH-
3-in)memun]-1,3-OiokconponaH-2-in kapbamiHosa kucrioma ma 3-(2-memuri-4-okco-1,4-0u2iopoxiHoniH-3-i)nponaHosa
Kucrioma riokasarsiu roMipHy akmueHICImb WUPOKo20 criekmpa Oil. [posedeHi O0CidxeHHS oKa3asiu repcrieKmueaHicmb
nodarnbwoeo rnowyKy nomeHyiiHux aHmubaxkmepianbHUX a2eHmi8 Ha OCHO8I 4-XiHOMOH-3-in-rponaHoe8oi Kucnomu,
01151 4o2o HeobxiOHo po3wupumu diarnasoH CromnykK, Wo micmsame daHul ckaghgoro.

CUHTE3 U AHTUMUKPOBHAST AKTUBHOCTbD 3-(2-METWUJ1-4-OKCO-1,4-OUIr4QPOXUHOJINH-3-UIT)IMTPO-
MAHOBbIX KNUCJIOT

B.A.3y6koe, T.I[1.0conodyeHko, H.U.Pywak, O.J1.KameHeykas, O.B.Ku3b

Knroyeenle cnoea: XuUHOMUH-4-0H; 3-(2-memun-4-okco-1,4-0ueudpoxXuHONUH-3-urn)nponaHos8asi Kucioma; cesisb
cmpykmypa — delicmeue; aHMUMUKPOBHasi akmueHOCMb

C uenblo 8bisieneHUsT B03MOXHbIX 3aKOHOMEPHOCMeU ces3u cmpykmypa — 0elicmeue bbiiu CUHMEe3UpPOo8aHbI MPoU3-
800HbIe 3-(2-memuri-4-okco-1,4-0uaudpOoxXuHOnuUH-3-u)nponaHoeoli KUCIIOMbI C pasfuyHbIMU 3aMecmumensmu
8 Q-MoNIoXKeHUU ocmamka nponaqHoeoll KUCIOMbI — ankumbHbIMU, KapbOKCUNbHbLIMU, auulbHbIMU U auemamud-
Hbivu. CuHme3 yernesbix coeOuHeHUl BblrT OCyu,ecmerieH ¢ UCMonb308aHUueM 3-0uMemunaMmuHOMemuri-2-Memuri-
1,4-OuaudpoxuHonuH-4-oHa 8 kayecmee ydobHO20 ankunupyrue2o0 peaceHma. E2o ezaumodelicmsaue ¢ Memu-
JleHaKmMUBHbIMU 8eLecmaamu rno3601UII0 MO1y4YUMb MOHOAIKUIOUKapbOHUTbHbIE COeOUHEHUS, nocredyrouwudi
2udporu3 Komophbix 0asar rnpPou3eooHble 3-(2-memusi-4-okco-1,4-0uaudpoxXuHONUH-3-U)ponaHoeol KUCIombl.
Cmpykmypab! romny4eHHbIx coeduHeHuUl bbiru nodmeepx0eHbl Ha ocHose OaHHbIx 'H SIMP u anemeHmHoz0 aHa-
nus3a. o pesynibmamam CKpUHUH2a, 8bINOoTHEHHO20 Memodom Ouhgby3uu 6 azap, 8bIsiereHb! PasfuYyHbIe YPOBHU
aHMUMUKpPObHOU akmusHocmu 05151 uccriedyembix seujecms. OOHako dea coeduHeHus: 1,3-0uamokcu-2-[(2-memur-
4-okco-1,4-0uaudpoxuHonuH-3-un)memunj-1,3-0uokconponaH-2-un kapbamuHosasi kKucrioma u 3-(2-memuri-4-okco-
1,4-0ueudpoxuHonuH-3-un)nponaHosasl Kucioma fnokasasnau yMepeHHY akmueHOCMb WUPOKo20 criekmpa Oel-
cmeusi. [lposedeHHble uccriedo8aHusi nokasasnu nepcrnekmueHocms danbHelwez0 noucka nomeHyuasbHbIX aH-
mubakmepuarsibHbIX a2eHmMo8 Ha OCHO8e 4-XUHOMOH-3-U-ponaHo8ol Kuciomsl, 0511 4e2o Heobxodumo pac-
wupumsb duanasoH coeduHeHul, codepxxawux 0aHHbIU ckaghghosno.
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The discovery of antibiotics was one of the most
significant events in the history of medicine which had
led to significantly increase of the human life expec-
tancy. Together with vaccination and public health
measures, antibiotics have played an important role
in the drastic reduction of the mortality rate from in-
fectious diseases [1]. However, from the first applica-
tion of penicillin in practical medicine, humanity was
faced with the serious problem of the antimicrobial
resistance (AMR) occurrence. In consequence, after
using any new antibiotics for the first time cases of
clinically significant resistance to these drugs deve-
loped by microorganisms in a relatively short period
of time were identified (Fig. 1) [2].

In recent decades, the problem of AMR has rapid-
ly escalated and became global. The number of regi-
stered cases of AMR increased in hundreds of times.
In addition to the natural ability of microorganisms
to acquire antibiotics resistance, anthropogenic fac-
tors such as the irrational and uncontrolled overuse
of antibiotics in medicine and agriculture, as well as
the absence of introduction of new drugs in the last
30 years have been added [3]. The World Health Organi-
zation (WHO) emphasizes that “the antimicrobial re-

Antibiotic deployment

Vancomycin
Chloramphenicol
Methicillin
| 1Ampicitin
Erythromycin

Tetracyclin
Sulfonamides

/\

Streptomycin

Penicillin

sistance is no longer a prediction for the future; it is
happening right now, across the world, and is putting
at risk the ability to treat common infections in the
community and hospitals. Without urgent, coordina-
ted action, the world is heading towards a post-anti-
biotic era, in which common infections and minor
injuries, which have been treatable for decades, can
once again kill” [4]. Therefore, the research aimed at
finding new antimicrobial agents is a priority task of
modern medicinal chemistry.

Fluoroquinolones are broad-spectrum antibac-
terials based on the structure of nalidixic acid - the
first active agent in this class of compounds [5]. The
fluoroquinolone antibiotic class has evolved through
four subsequent generations, each loosely defined by
either structural modifications, ability to overcome
resistant mutant bacteria, or the type of bacterial in-
fection targeted [6, 7]. However, it should be noted
that the bacterial resistance exists currently in the
fourth-generation fluoroquinolone antibiotics, inclu-
ding moxifloxacin [8].

The general mechanism of action of the fluoroqui-
nolone class is inhibition of type II topoisomerases
DNA gyrase or topoisomerase IV (topolV). Quinolo-
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Fig. 1. The timeline showing the year of discovery of antibiotics (upper scale) and the year when resistance to antibiotics was revealed

(lower scale).
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Fig. 2. The structure—activity relationship for fluoroquinolone antibiotics.
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Fig. 3. (a) The structure of moxifloxacin with Mg?* ion. (b) Moxifloxacin in the complex with ParE28-ParC58 and DNA at 3.27 A.
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Scheme 1

nes are capable to inhibit DNA synthesis that results
in fragmented DNA and leads to the rapid bacterial cell
death [9, 10]. For a long time the mechanism of action
of fluoroquinolone antibiotics has not been well un-
derstood. In the middle of the 90s of the last century
the structure-activity relationship was determined
based upon experimental data. It has become a firm
foundation for all subsequent modifications of the qui-
noline scaffold (Fig. 2) [11].

It is suggested that the carbonyl group in posi-
tion 4 of the quinolone cycle and the carboxyl group
at C-3 play the key role in the mechanism of action of
fluoroquinolones; moreover, in SAR it has been stated
that no modifications are possible without loosing of
the pharmacological effect. In addition, the X-ray study
of the complex moxifloxacin with topoisomerase and
DNA has shown that binding of fluoroquinolones oc-
curs in a more complicated way with the participa-
tion of Mg®* cation, which coordinates the carbonyl
and carboxyl groups of quinolone and four water mo-
lecules (Fig. 3) [12].

Taking into account the latest data of the key role
of magnesium in the cation complex forming quinolone-

22

topoisomerase-DNA the molecular modelling (force
field MMFF94) for 3-(2-methyl-4-oxo-1,4-dihydroquino-
line-3-yl)propanoic acid with cation Mg?* was carried
out. The possibility of forming a strong complex bet-
ween them was shown. Thus, the aim of this study was
to elucidate the structure-antimicrobial activity rela-
tionship of various derivatives of quinolone-3-propa-
noic acid with the structures different from the gene-
rally accepted model of SAR quinolone antibiotics.

In order to reveal the possible regularities of the
structure-activity relationship, within our assumed
hypothesis on likelihood of the antimicrobial activi-
ty of quinolones with the carboxyl group bonded to
the cycle via an alkyl linker our task was to synthe-
size derivatives of 3-(2-methyl-4-oxo-1, 4-dihydroqui-
noline-3-yl) propanoic acid having various substi-
tuents in a-position of the carboxylic group.

The synthesis of the target compounds was carried
out according to Schemes 1 and 2. As the starting ma-
terial 3-dimethylaminomethyl-2-methyl-1,4-dihydroqui-
noline-4-one 1 was used, its quaternization with me-
thyl iodide allowed to obtain an effective alkylating
agent [13, 14].
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The alkylation of malonic (ii) and acetoacetic es-
ter (vii) was performed to form compounds 2a-c and
7 without further isolation 1 from the reaction me-
dium. Compounds 3a-c and 4-a-c were obtained
using the procedure previously known [13]. Mono-
acid 5 was obtained using the reaction of dimethyl
2-((2-methyl-4-oxo0-1,4-dihydroquinolin-3-yl)methyl)
malonate 2a with the equimolar amount of potas-
sium hydroxide, followed by acidification of the re-
action medium with acetic acid. For the synthesis of
2-((2-methyl-4-oxo-1,4-dihydroquinolin-3-yl)methyl)-
3-0x0-3-(phenylamino)propanoic acid 6 there were
the following successive stages: obtaining of anilide
monoacid 5 using thionyl chloride, and the alkaline
hydrolysis of the ester group. Esters 8a-c were pre-
pared by reaction of acid 4a with the 3-fold excess
of the corresponding alcohols in the presence of thi-
onyl chloride.

The structures of all compounds obtained were
confirmed by the data of 'H NMR spectroscopy and
elemental analysis.

The antimicrobial activity of the compounds ob-
tained was evaluated by the agar diffusion screening
method (“well method”) (Table 1) [15, 16].

The results obtained showed that the compounds
synthesized had different levels of the antimicrobial
activity, but two compounds 2b and 4a in the screening
method showed a moderate activity against all micro-
organisms, including Candida albicans. Notably, 3- (2-me-
thyl-4-oxo-1,4-dihydroquinoline-3-yl)propanoic acid 4a
was the compound that showed the best spectrum
of the antimicrobial activity of the sample. This fact
agrees with our hypothesis of probability of antimic-
robial active compounds, which are not related to
the fluoroquinolone scaffold, but have the structural
similarity with them and capable of forming a com-
plex with Mg?®* cation.

For the most promising compounds 2b and 4a
the minimum inhibitory concentration (MIC) was de-
termined by the serial dilution method (Table 2).

The results have shown the low level of the an-
timicrobial activity of the test compounds, which is
not quite consistent with the screening data. Thus,
in order to completely confirm or refute the hypoth-
esis of development of new antibiotics on the basis
of 3-(4-quinolone-yl)propanoic acid it is necessary to
expand the range of the compounds with this scaffold.

Experimental Part

Chemistry

Melting points were determined in open capil-
lary tubes and were uncorrected. The proton nuclear
magnetic resonance (*H NMR) spectra were recor-
ded on Varian Mercury VX-200 (200 MHz) in DMSO-D,
using tetramethylsilane [(CH;),Si] as an internal standard.
Elemental analysis was performed on an Elementar
Vario EI elemental analyzer.

o

)R =Me; b)R=Pr;c)R=i-Pr

Scheme 2

3-Dimethylaminomethyl-2-methyl-1,4-dihydro-
quinoline-4-one 1, diethyl 2-((2-methyl-4-oxo-1,4-
dihydroquinolin-3-yl)methyl)malonate 2a, diethyl
2-benzyl-2-((2-methyl-4-oxo-1,4-dihydroquinolin-3-yl)
methyl)malonate 2c¢, 2-((2-methyl-4-oxo0-1,4-dihydro-
quinolin-3-yl)methyl)malonic acid 3a, 3-(2-methyl-
4-ox0-1,4-dihydroquinolin-3-yl)propanoic acid 4a and
2-benzyl-3-(2-methyl-4-oxo-1,4-dihydroquinolin-3-yl)
propanoic acid 4c were obtained using the method pre-
viously described [13]. Ethyl 2-((2-methyl-4-o0xo0-1,4-
dihydroquinolin-3-yl)methyl)-3-oxobutanoate 7 was
obtained using the method previously described [14].

Diethyl 2-acetamido-2-((2-methyl-4-o0xo-1,4-
dihydroquinolin-3-yl)methyl)malonate 2b. To 1.08 g
(5 mmol) of 3-dimethylaminomethyl-2-methyl-1,4-
dihydroquinoline-4-one in 20 ml in absolute ethanol
add 0.5 ml (8 mmol) of methyl iodide, and stir the
mixture at room temperature for 7 h. Then raise the tem-
perature to 60°C, and keep the mixture under this tem-
perature for an hour. Cool the solution to room tem-
perature, then add 1.09 g (5 mmol) of 1,3-diethyl-2-acet-
amidopropanedioate, and with vigorous stirring by por-
tions the solution of sodium ethylate prepared from
0.12 g of metal sodium (5.3 mmol) and 10 ml of ab-
solute ethanol. Reflux the reaction mixture until dis-
appearance of trimethylamine. Add water to the mix-
ture, and acidify the solution to pH 5. Filter the resul-
ting precipitate, wash and recrystallize from ethanol.
Yield - 1.67 g (86%). M.p. - 264-266°C. 'H NMR - §,
ppm - 11.45 (s, 1H), 8.28 (s, 1H), 7.98 (dd, J = 8.1,
1.5 Hz, 1H), 7.66-7.37 (m, 2H), 7.22 (ddd, J = 8.1,
6.8, 1.2 Hz, 1H), 4.09 (q,/ = 7.1 Hz, 4H), 2.24 (s, 3H),
1.83 (s, 3H), 1.14 (t, / = 7.1 Hz, 6H). Anal. Calcd for
C,H,,N,0,; C, 61.85; H, 6.23; N, 7.21; found: C, 61.74;
H, 6.24; N, 7.23.

2-Acetamido-3-(2-methyl-4-oxo-1,4-dihydroqui-
nolin-3-yl)propanoic acid 4b. Heat 1.0 g (2.6 mmol)
of diethyl 2-acetamido-2-((2-methyl-4-oxo-1,4-dihy-
droquinolin-3-yl)methyl)malonate 2b in 15 ml 50%
solution of H2S04 with 2 ml of THF at 110-120°C for 6 h.
To the reaction mixture add the solution of NaOH
to adjust the alkaline medium (pH 4). Filter the re-
sulting precipitate, wash and recrystallize from DMF.
Yield - 0.52 g (70%). M.p - 285-287°C. 1H NMR - §,
ppm - 12.49 (s, 1H), 11.60 (s, 1H), 8.32 (d, ] = 7.0 Hz,
1H), 8.06 (dd, ] = 8.1, 1.5 Hz, 1H), 7.69-7.41 (m, 2H),
7.27 (ddd,] =8.1, 6.7, 1.3 Hz, 1H), 4.41-4.20 (m, 1H),
3.02-2.72 (m, 2H), 2.39 (s, 3H), 1.76 (s, 3H). Anal. Calcd
for C,;H,(N,O,; C,62.49; H, 5.59; N, 9.72; found: C, 62.37;
H, 5.60; N, 9.75.
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Table 1
o] Diameter of the growth inhibition zone in mm
S The number of the repeated experiments n = 3
o)
g— Structure Staphylococcus | Escherichia Proteus Pseudomonas Basillus Candida
o aureus coli Vulgaris aeruginosa Subtilis aibicans
v ATCC 25923 ATCC 25922 | ATCC 4636 ATCC 27853 ATCC 6633 | ATCC 653/885
[e] [¢]
o
2a . | . 14,14,15 15,14,13 growth growth 21,22,20 growth
N
2
2b MOO\/ 18,17,18 18,17,18 15,14,14 15,14,15 25,24, 25 18,17,17
N ):00
3a M oK 15,14,15 14,15, 14 growth growth 22,21,22 growth
N I OH
4a WO 17,18,17 16,18,17 15,14,15 14,15,14 25,24, 26 17,16,17
o o
4b M ° 15,15,16 15,15,14 | growth growth 20,21,22 growth
Pl
4c O ‘ on 16,15,17 15,16, 15 growth growth 20, 21,20 growth
N o
o O)
5 Mo 14,13, 14 14,14,15 growth growth 22,23,22 growth
N o
HO
3.0
6 i N 14,15,15 14,14, 14 growth growth 23,23,22 14,13,14
N HO °
o (o]
7 \ o™ 15,15, 14 14,15, 14 growth growth 22,21,22 growth
N o
(o) o
8a WO/ 13,14,14 14,15, 14 12,12,13 13,14,13 21,21,22 growth
N
(o] o
8b WON 13,14,15 14,14,13 12,13,12 12,13,12 22,20, 20 growth
N
o o] J\
8c WO 15,15,14 14,14,13 growth growth 21,21,22 growth
N
Table 2
The antibacterial activity of the samples (MIC, mg/ml) by the serial dilution method
Compound | Staphylococcus - ; Proteus Pseudomonas Basillus o
P aureus Es;?ggcziggzcg I Vulgaris aeruginosa Subtilis chnglgg %%Cg Sn 5
ATCC 25923 ATCC 4636 ATCC 27853 ATCC 6633
2b 100-150 125-175 > 500 > 500 50-100 150-200
4a 100-125 125-150 > 500 > 500 50-100 150-200
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3-Ethoxy-2-((2-methyl-4-0xo0-1,4-dihydroqui-
nolin-3-yl)methyl)-3-oxopropanoic acid 5. To 0.67 g
(2 mmol) of diethyl 2-((2-methyl-4-oxo-1,4-dihydroqui-
nolin-3-yl)methyl)malonate 2a add 0.12 g of potas-
sium hydroxide dissolved in 15 ml of ethanol. Stir the
reaction mixture at room temperature for 3 h. Eva-
porate the solvent under the pressure, acidify the resi-
due with 1M acetic acid. Filter the resulting precipitate,
wash and recrystallize from ethanol. Yield - 0.36 g
(60%). M.p. - 263-265°C decomp. 'H NMR - §, ppm -
11.49 (s, 1H),8.02 (dd, ] =8.1,1.5 Hz, 1H), 7.67-7.38
(m, 2H), 7.25 (ddd, ] = 8.0, 6.8, 1.3 Hz, 1H), 4.14-3.80
(m, 3H), 2.93 (dd, ] = 7.4, 5.6 Hz, 2H), 2.39 (s, 3H),
1.15 (t, ] = 7.1 Hz, 3H). Anal. Calcd for C,;H,,NO; C,
63.36; H, 5.65; N,4.62; found: C, 63.26; H, 5.66; N, 4.57.

2-((2-Methyl-4-0x0-1,4-dihydroquinolin-3-yl)

methyl)-3-oxo-3-(phenylamino)propanoic acid 6. To
0.3 g (1 mmol) of 3-ethoxy-2-((2-methyl-4-oxo0-1,4-
dihydroquinolin-3-yl)methyl)-3-oxopropanoic acid 5
in 20 ml chloroform add 0.18 g (1.5 mmol) of thio-
nyl chloride while cooling and stirring. Stir the reac-
tion mixture for 4 h at room temperature, and then
add dropwise 0.23 g (2.5 mmol) of aniline, leave the
mixture overnight. Evaporate the solvent under the
pressure until dryness. To the residue add 20 ml of
5M NaOH and reflux for 1 h. After acidification with
dilute HCI solution filter the precipitate formed and
recrystallize from butanol-1. Yield - 0.52 g (70%). M.p. -
294-296°C decomp. *H NMR - 11.41 (s, 1H), 10.13 (s,
1H), 8.06 (d, ] = 8.1 Hz, 1H), 7.65-7.36 (m, 4H), 7.24
(td, ] = 7.7, 2.6 Hz, 3H), 6.99 (t, ] = 7.3 Hz, 1H), 4.05
(m, 3H), 3.28-2.82 (m, 2H), 2.39 (s, 3H), 1.12 (t,] = 7.1
Hz, 3H). Anal. Calcd for C,,H ;N,0,; C,68.56; H, 5.18;
N,8.00; found: C, 68.70; H, 5.19; N, 8.02.

Methyl 3-(2-methyl-4-0xo0-1,4-dihydroquino-
lin-3-yl)propanoate 8a. To 0.46 g (2 mmol) of 3-(2-me-
thyl-4-oxo0-1,4-dihydroquinolin-3-yl)propanoic acid 4a
in 20 ml chloroform add 0.48 g (4 mmol) of thionyl
chloride while cooling and stirring. Stir the reaction
mixture for 2 h at room temperature, and then add
0.2 g of methanol, boil the mixture for 3 h. Evaporate
the solvent under the pressure until dryness. Treat
the residue with 10% solution of NaHCO.,. Filter the
precipitate formed and recrystallize from methanol.
Yield - 0.52 g (88%). M.p - 258-259°C."H NMR - 11.43
(s,1H),8.02 (dd,] =8.1, 1.5 Hz, 1H), 7.65-7.38 (m, 2H),
7.23 (ddd, ] = 8.1, 6.8, 1.3 Hz, 1H), 3.56 (s, 3H), 2.72
(dd, ] = 8.6, 6.7 Hz, 2H), 2.48 (m, 2H), 2.39 (s, 3H).
Anal. Calcd for C,,H,:NO;; C, 68.56; H, 6.16; N,5.71;
found: C, 68.45; H, 6.17; N, 5.72.

Compounds 8b, ¢ were synthesized by the same
procedure.

Propyl 3-(2-methyl-4-0xo0-1,4-dihydroquino-
lin-3-yl)propanoate 8b. Crystd. from n-propanol.
Yield - 0.41 g (76%). M.p. - 246-247°C.'"H NMR - 11.41
(s,1H),8.03 (dd,] =8.0,1.4 Hz, 1H), 7.66-7.38 (m, 2H),
7.23 (ddd, ] = 8.0, 6.6, 1.3 Hz, 1H), 3.94 (t,] = 6.6 Hz,

2H), 2.73 (dd, ] = 8.6, 6.6 Hz, 2H), 2.49 (m, 2H), 2.40
(s,3H),1.53 (h,] =7.2 Hz, 2H), 0.82 (t,] = 7.4 Hz, 3H).
Anal. Calcd for C,;H,,NO,; C, 70.31; H, 7.01; N,5.12;
found: C, 70.18; H, 7.02; N, 5.14.

Isopropyl 3-(2-methyl-4-o0xo0-1,4-dihydroqui-
nolin-3-yl)propanoate 8c. Crystd. from propanol-2.
Yield - 0.39 g (71%). M.p. - 240-242°C.'"H NMR - 11.41
(s,1H),8.03 (dd,] =8.1, 1.5 Hz, 1H), 7.66-7.38 (m, 2H),
7.24 (t,] = 7.4 Hz, 1H), 4.85 (p, ] = 6.2 Hz, 1H), 2.71
(dd,]=8.9, 6.5 Hz, 2H), 2.49 (m, 2H), 2.40 (s, 3H), 1.13
(d,] = 6.3 Hz, 6H). Anal. Calcd for C,;H,,NO,; C, 70.31;
H, 7.01; N,5.12; found: C, 70.13; H, 7.00; N, 5.09.

The study of the antimicrobial activity

According the WHO recommendations such test
strains as Staphylococcusaureus ATCC 25923, Esche-
richia coli ATCC 25922, Pseudomonasaeruginosa ATCC
27853, Basillussubtilis ATCC 6633, Proteusvulgaris ATCC
4636, Candidaalbicans ATCC 885/653 were used [15, 16].

The microbial suspension was prepared using a Den-
si-La-Meter device (PLIVA-Lachema, CzechRepublic;
wavelenght 540 nm) according to the instructions to
the device and news letters about innovations in the
Healthcare system (No.163-2006 “Standardization of
preparation of microbial suspensions”, Kiev). Synchro-
nization of cultures was carried out using a low tem-
perature (4°C). The 18-24-hour old culture of the
microorganisms tested was used. The bacterial sus-
pension was inoculated onto the entire surface of
Mueller-Hinton agar (“HIMediaLaboratories Pvt. Ltd
India”). For Candida albicans agar Saburo (“HIMedia-
Laboratories Pvt. Ltd India”) was used. The bacte-
rial concentration was 107 CFU/ml (determined by
McFarland standard).

The compounds were introduced to the wells in
the form of DMSO solution in the concentrations of
100 pg/ml; the open wells were filled with 0.3 ml of
the solution.

Conclusions

Based upon latest data about the mechanism of
action of antibacterial fluoroquinolones and occu-
rrence of the antimicrobial resistance the synthesis of
various derivatives of quinolone-3-propanoic acid with
the structures that are different from the generally
accepted model of SAR quinolone antibiotics has been
performed, and their structure-antimicrobial activi-
ty relationship has been elucidated. Taking into ac-
count the latest data of the key role of magnesium in
the cation complex forming quinolone-topoisome-
rase-DNA the molecular modelling for 3-(2-methyl-
4-0x0-1,4-dihydroquinoline-3-yl)propanoic acid with
Mg?* cation has been carried out.

The derivatives of 3-(2-methyl-4-oxo-1,4-dihydro-
quinoline-3-yl)propanoic acid having substituents
in a-position of the acidic moiety of propanoic acid
such as alkyl, carboxyl, acyl and acetamide substitu-
ents have been synthesized using 3-dimethylaminome-
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thyl-2-methyl-1,4-dihydroquinoline-4-one as a versa-  2-[(2-methyl-4-0x0-1,4-dihydroquinolin-3-yl)me-
tile alkylating agent. thyl]-1,3-dioxopropan-2-ylcarbamic acid and 3-(2-me-

The results of the antimicrobial activity screen-  thyl-4-oxo-1,4-dihydroquinolin-3-yl)propanoic acid have

ing have shown that two compounds - 1,3-diethoxy- a moderate broad-spectrum activity.
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THE SYNTHESIS AND ANTICANCER PROPERTIES OF
2-(4-AMINO-5-METHYL-4H-[1,2,4]TRIAZOL-3-YLSULFANYL)-
N-(5-R-BENZYLTHIAZOL-2-YL)-ACETAMIDES

Yu.V.Ostapiuk, V.S.Matiychuk, M.D.Obushak

Ivan Franko National University, Lviv
6, Kyryla i Mefodia Str., Lviv, 79005, Ukraine. E-mail: obushak@in.lviv.ua

Key words: 2-aminothiazole; 1,2,4-triazole derivatives; chloroacetamides; arylation; Meerwein reaction;

4-amino-1,2,4-triazole-3-thiole; anticancer activity

3-Aryl-2-chloropropanals 2a-h have been prepared by the reaction of arenediazonium chlorides 1a-h with acrolein
in the conditions of Meerwein arylation (water-acetone, CuCl, as a catalyst). These aldehydes react with thiourea
by refluxing in ethanol to obtain 2-amino-5-R-benzyl-1,3-thiazoles 3a-h (R = 2-Cl, 3-Cl, 4-Cl, 3-CF,, 2,4-Cl,, 2,5-Cl,,
3,4-Cl,, 3-Cl-4-Me) with high yields. The resulting 2-aminothiazoles were acylated with chloroacetic acid chlorides
to form 2-chloro-N-(5-aryl-1,3-thiazol-2-yl)acetamides 4a-h with the yields of 68-91%. By the reaction of compounds
4a-h with 4-amino-5-methyl-4H-1,2,4-triazole-3-thiole 5 a series of novel 2-(4-amino-5-methyl-4H-[1,2,4]triazol-
3-ylsulfanyl)-N-(5-R-benzyithiazol-2-yl)-acetamides 6a-h (71-86%) have been synthesized. These compounds have
been evaluated for their anticancer activity against 60 cancer lines in the concentration of 10 uM. The human tumour
cell lines were derived from nine different cancer types: leukemia, melanoma, lung, colon, CNS, ovarian, renal, pros-
tate, and breast cancers. Among all the derivatives, compounds 6a-c, 6e,f (R = 2-Cl, 3-Cl, 4-Cl, 2,4-Cl,, 2,5-Cl,) have
been found to be active and have a high selectivity in relation to melanoma, while 2-(4-amino-5-methyl-4H-[1,2,4]
triazol-3-ylsulfanyl)-N-[5-(2-chlorobenzyl)-thiazol-2-yl]-acetamide (6a) and 2-(4-amino-5-methyl-4H-[1,2,4]triazol-3-yl-
sulfanyl)-N-[5-(3,4-dichlorobenzyl)-thiazol-2-yl]-acetamide (6g) are active in relation to breast cancer.

CUHTE3 | NTIPOTUINYXITUHHA AKTUBHICTb 2-(4-AMIHO-5-METWI1-4H-[1,2,4]TPUA30J1-3-1/ICYJIb ®AHII)-
N-(5-R-BEH3UIITIA301J1-2-111)-ALIETAMIZIB

H0.B.Ocman’iok, B.C.Mamituyk, M.[J.O6ywak

Knroyoei cnioea: 2-amiHomiason,; noxioHi 1,2,4-mpua3ony; xnopauemamiou, apusitoeaHHsi; peakuis MeepeeliHa;
4-amiHo-[1,2,4]mpua3sorn-3-miosn; npomunyxiauHHa akmueHicmb

Bsaemodieto apeHdiasoHiesux conel 1a-h 3 akponeiHom y 800HO-auemoHO80MYy cepedosulli 3a HassBHOCMI Kama-
nizamopa xnopudy midi(ll) (ymosu peakuii MeepseliHa) cuHme3osaHo 3-apurn-2-xnoponponaHarni 2a-h. Li anbde-
2i0u peazyromb 3 MIOCEYOBUHOK MPU HagpieaHHI y criupmi, ymeoprorodu 2-amiHo-5-R-6eH3un-1,3-mia3zonu 3a-h
(R =2-Cl, 3-Cl, 4-Cl, 3-CF,, 2,4-Cl,, 2,5-Cl,, 3,4-Cl,, 3-Cl-4-Me) 3 sucokumu suxodamu. AyurosaHHsIM amiHomia3o-
nig 3a-h xnopaHeaidpudom x10poumMoeoi Kucriomu 3a HasseHocmi mpuemurnamidy o0epxaHo 2-xnop-N-(5-apun-1,3-
miazosn-2-in)auemamiou 4a-h 3 suxodamu 68-91%. Kurr’'smiHHaM yux xrinopauemamioie 3 eK8iMOIISIPHO KiflbKiCImio
4-amiHo-5-memun-4H-[1,2,4]Jmpua3on-3-miony 5 npomsizom 4 200uH y npucymHocmi mpuemuramiHy cuHme3sysa-
11U cepito Hosux 2-(4-amiHo-5-memurn-4H-[1,2,4]Jmpua3on-3-incynsganin)-N-(5-R-6eH3unmiasorn-2-in)-auemamioie
6a-h, suxodu sikux ckrnadaromb 71-86%. BusyeHa npomupakoga akmuegHicmb o0epxaHux crionyk. [ocnioxysanu
pPoOMuUNyxXnuHHy akmueHicms wodo 60 pakosux niHiti 8 koHUeHmpauii 10 MkM. JTiHii myxmuHHUX KAimuH 1oOuHU
6ynu ompumaHi 3 0es’ssmu pi3HUX murie paky: nelkemil, MernaHomu, paKky neaeHie, moscmoi kuwku, LIHC, sey-
HUKI8, HUPOK, npocmamu, MOJI04HOI 3ario3u. BemaHoeneHo, wo crionyku 6a-c, 6e,f (R = 2-Cl, 3-Cl, 4-Cl, 2,4-Cl,,
2,5-Cl,) HaliakmugHiwi 8i0HOCHO 1liHit MenaHomu, a 2-(4-amiHo-5-memun-4H-[1,2,4]mpua3on-3-incynbgaHin)-
N-[5-(2-xnopobeHsurn)miasorn-2-injauemamio (6a) i 2-(4-amiHo-5-memun-4H-[1,2,4]Jmpuason-3-incynsghanin)-N-[5-
(3,4-0uxnopobeH3ur)miazon-2-injauemamio (6g) — 8iOHOCHO iHili paKy MOJI0YHOI 3a5103U.

CUHTE3 U NMTPOTUBOOITYXOJIEBASAI AKTUBHOCTb 2-(4-AMUHO-5-METUI1-4H-[1,2,4]TPUA30J1-3-UJ1-
CYIIb®AHUII)-N-(5-R-BEH3UITTUA30J1-2-UT)-ALLETAMU4OB

F0.B.Ocmantok, B.C.Mamuii4yk, M.[.O6ywak

Knroyeenle cnoea: 2 amuHomuason; npousgodHsie 1,2,4-mpua3ona; xnopauemamudbl; apunuposaHue; peak-
uust MeepeetiHa; 4-amuHo-[1,2,4]mpua3orn-3-muori; npomugoonyxosesasl akmugHOCMb

B3zaumodeticmeuem apeHOua3oHuesbIx conell 1a-h ¢ akponeuHom 8 B0OHO-auemoHo8oL cpede 8 npucymcmeuu Kama-
nuzamopa xrnopuda medu(ll) (ycriosusi peakyuu MeepseliHa) cuHme3uposaHb! 3-apuri-2-xroponponaHanu 2a-h. 3mu
anb0eaudbl peasupyrom ¢ MUOMOYE8UHOU NpU HagpesaHuU 8 criupme, obpasysi 2-aMuHo-5-R-6eH3un-1,3-muasoribi
3a-h (R = 2-Cl, 3-Cl, 4-Cl, 3-CF;, 2,4-Cl,, 2,5-Cl,, 3,4-Cl,, 3-Cl-4-Me) ¢ 8bicokumu 8bixo0amu. AyunuposaHuem amu-
Homuasoros 3a-h xnopaHaudpuUAOM XITOPYKCYCHOU KUCIOMbI 8 MPpUCymcmeuu mpuamunamuHa rosyqeHbl 2-xiop-
N-(5-apun-1,3-muasorn-2-un)auemamudb! 4a-h ¢ ebixodamu 68-91%. KunsadeHuem nocrnedHUX ¢ 3K8UMOISIPHbLIM KO-
nudecmeom 4-amuHo-5-memurn-4H-[1,2,4Jmpuason-3-muona 5 Ha npomsixeHuu 4 4acoe 8 Mpucymcmeuu mpusamuri-
amMuHa cuHme3uposarsu cepuro HosbIx 2-(4-amuHo-5-memun-4H-[1,2,4Jmpuason-3-uncynsaHurn)-N-(5-R-6eH3un-
muason-2-urn)-auemamudos 6a—h, ebixodbl Komopbix cocmaensitom 71-86%. U3yyeHa npomueopakosas akmus-
HOCMb M0MTy4YeHHbIX coeduHeHul. MccriedosaHue rnpomugooriyxoneeol akmueHocmu coeduHeHul npoeoousu Ha
60 nuHUsIX paKosbIX KIiemok 8 KoHueHmpauuu 10 MkM. JTuHuu oryxornesbix Kemok Yeroseka Obiiu rnosyYeHs! U3
Oessamu pa3fuYHbIX MUro8 paka: fnelKeMuu, MerlaHOMbI, paka fneaskux, morcmol Kuwku, LJHC, su4HuKos, rnoyex,
rpocmamsi, MOJIOYHOU Xerle3bl. YemaHosneHo, 4ymo coeduHeHust 6a-c, 6e.f (R = 2-Cl, 3-Cl, 4-Cl, 2,4-Cl,, 2,5-Cl,) Ha-
uboriee akmugHbl OMHOCUMESILHO NIUHUU MenaHoMbI, a 2-(4-amuHo-5-memurn-4H-[1,2,4]mpuason-3-uncynschaHurn)-
N-[5-(2-xnopbeH3un)muason-2-unjauemamud (6a) u 2-(4-amuHo-5-memun-4H-[1,2,4]mpua3son-3-uncynsghaHurn)-
N-[5-(3,4-0uxnopbeHsun)muason-2-unjayemamud (6g) — OMmHOCUMEbHO NTUHUU paka MOSIOYHOU XXeresbl.
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2-Aminothiazole is regarded as a privileged struc-
ture motif in medicinal chemistry due to its presence
in the numerous pharmaceuticals and agrochemi-
cals [1]. Their anti-inflammatory activity, as well as
antiparasitic and antimicrobic action have led to three
classes of these compounds with the trade names:
Sudoxicam, Nitridazole and Sulfadimethoxine.

2-Aminothiazole derivatives possess the antimy-
cobacterial [2] antiplasmodial [3], antifungal [4], anti-
platelet [5], antiviral [6], hypoglycemic [7] and other
activities. The anticancer studies of different 2-acyl-
aminothiazole derivatives exhibited their potent in-
hibitory activity against a wide range of human can-
cerous cell lines [8-14]. Here we describe the syn-
thesis and the anticancer evaluation of some novel
2-acylamino-5-arylmetylthiazole derivatives 6a-h,
several of which exhibited good activities.

Chemistry

Our syntheses of the corresponding 2-(4-amino-
5-methyl-4H-[1,2,4]triazol-3-ylsulfanyl)-N-(5-R-ben-
zylthiazol-2-yl)-acetamides 6 are illustrated in Sche-
mes 1 and 2. At the first stage acrolein was chloro-
arylated by diazonium salts in the presence of cop-
per(II) chloride under Meerwein arylation conditions.
Refluxing of 3-aryl-2-chloropropanals 2a-h and thio-
urea in ethanol gave 5-substituted 2-aminothiazoles
3a-h [15, 16],

To obtain chloroacetamides 4a-h the correspon-
ding 5-substituted 2-aminothiazoles 3a-h were acy-
lated with chloroacetyl chloride in a dry dioxane in
the presence of triethylamine [10]. By the interaction
of thiocarbonohydrazide with acetic acid 4-amino-
5-methyl-4H-[1,2,4]triazole-3-thiole 5 was obtained.

N.CI /\/O
R
©/ CuCI

1a-h 2a-h

1,2, 3 R = 2-Cl (a), 3-Cl(b), 4-Cl (c), 3-CF, (d), 2,4-Cl, (e), 2,5-Cl, (f), 3,4-Cl,

Scheme 1. Preparation of 2-amino-5-arylmethylthiazoles 2.

CICH,COCI 0

A S 8

N\
N
N
YSUs ol e
S H H.N

2

6a-h

The treatment of 4a-h with 4-amino-5-methyl-4H-
[1,2,4]triazole-3-thiole 5 gave the target compounds
6a-h in the yields of 70-86%.

The composition and structure of the compounds
synthesized were elucidated by *H NMR and micro-
analyses. In 'H NMR spectrum, all protons were seen
according to expected chemical shifts and integral
values. The protons of the CH, and NH, group were
observed at 6 2.29-2.30 and 5.78-5.79 ppm, respec-
tively, while two methylene groups at § 4.03-4.18 ppm.

Biological Activity

The 2-(4-amino-5-methyl-4H-[1,2,4]triazol-3-yl-
sulfanyl)-N-(5-R-benzylthiazol-2-yl)-acetamides 5 syn-
thesized were selected by the National Cancer Insti-
tute (NCI) Developmental Therapeutic Programme
(www.dtp.nci.nih.gov) for the in vitro cell line scree-
ning to investigate their anticancer activity. Antican-
cer assays were performed according to the NCI pro-
tocol [17-20]. The compounds were evaluated for the
antitumor activity against 60 cancer lines in the con-
centration of 10 pM. The human tumour cell lines
were derived from nine different cancer types: leu-
kemia, melanoma, lung, colon, CNS, ovarian, renal,
prostate, and breast cancers. The screening results
are shown in Table.

The compounds tested showed different levels
of activity on various cancer cell lines. Compounds
5a-c, 3e,f have a selective effect on the growth of
MDA-MB-435 (Melanoma) cancer cell lines and 5a,g
on MCF7 (breast cancer) in comparison with others.

Thus, the preparative method for obtaining of
2-chloro-N-(5-aryl-1,3-thiazol-2-yl) acetamides was
developed, and 2-(4-amino-5-methyl-4H-[1,2,4]tri-

m (NH,),CS R«@\/E S nh,

3a-h
(9), 3-Cl-4-CHj, (h)

Cl

4a-h
N

HS\(/ /N

N
CH, 5

4,6 R = 2-Cl (a), 3-CI(b), 4-Cl (¢), 3-CF, (d), 2,4-Cl, (e),

2,5-Cl, (f), 3,4-Cl,

(g), 3-Cl-4-CH 5 (h).

Scheme 2. Preparation of 2-(4-amino-5-methyl-4H-[1,2,4]triazol-3-ylsulfanyl)-N-(5-R-benzylthiazol-2-yl)-acetamides 6.
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Table

The cytotoxic activity of the compounds tested in the concentration of 10> M against 60 cancer cell lines

Test
compounds

Average
growth, %

Range
of growth, %

Most sensitive cell
line growth, % (cancer line/type)

5a 76 19.36-110.14

KM12 54.45/Colon Cancer
MDA-MB-435 37.22/Melanoma
IGROV1 47.62/0Ovarian Cancer
OVCAR-5 51.68/Ovarian Cancer
MCF7 19.36/Breast Cancer
786-0 3.81/Renal Cancer

5b 81 25.33-126.56

CCRF-CEM 51.42/Leukemia
MOLT-4 58.84/Leukemia
MDA-MB-435 25.33/Melanoma
HCT-15 44.27/Colon Cancer

5c 79 22.21-108.95

CCRF-CEM 41.44/Leukemia

HOP-62 54.14/Non-Small Cell Lung Cancer
MDA-MB-435 22.21/Melanoma

SF-268 70.84/CNS Cancer

4d 102 62.38-133.44

MALME-3M 62.38/ Melanoma

5e 88 35.77-126.56

RPMI-8226 59.22/Leukemia
SR 58.21/Leukemia
MDA-MB-435 35.67/Melanoma

5f 89 13.89-121.78

RPMI-8226 49.26/Leukemia

SR 48.12/Leukemia

NCI-H226 40.37/Non-Small Cell Lung Cancer
MDA-MB-435 13.89/Melanoma

59 91 24.75-110.99

PC-3 49.15/Prostate Cancer
MCF7 24.75/Breast Cancer
MDA-MB-231/ATCC 42.44/Breast Cancer

5h 110 42.27-146.81

MALME-3M 42.27/Melanoma

azol-3-ylsulfanyl)-N-(5-R-benzylthiazol-2-yl)-acetami-
des with the anticancer activity were synthesized.

Experimental Part

All starting materials were purchased from the
commercial sources and used without purification.
Melting points were uncorrected and were measured
in open capillary tubes. The 'H-NMR spectra were
recorded on a Varian Gemini (400 MHz) in DMSO-d,,
TMS was the internal standard.

The general procedure for the synthesis of
3-aryl-2-chloropropanals 2. Charge a three-necked
flask equipped with a stirrer, a dropping funnel, and
a gas-outlet tube (attached to a bubble counter) with
0.2 Mol (13.5 ml) of acrolein, 10 g of CuCl, - 2H,0,
and 50 ml of acetone. Add dropwise a cold aqueous
solution of arenediazonium chloride 1 (prepared by
diazotization of 0.2 Mol of the corresponding aroma-
tic amine) with vigorous stirring. Maintain the tem-
perature in the range of 10-30°C. When the reaction
is complete, the organic layer is separated. Extract
the aqueous layer with chloroform. Combine the ex-
tract with the organic phase, dry over MgSO,, evapo-
rate, and distill the residue under reduced pressure.
Compounds 2a, c-g were described earlier [15, 16].

2-Chloro-3-(3-chlorophenyl)propanal 2b. Yield -
38%. B.p. - 114°C/3 mm Hg. n,?° 1.5500.

2-Chloro-3-(3-chloro-4-methylphenyl)propa-
nal 2h. Yield - 45%. B.p. - 119°C/3 mm Hg. n,?° 1.5380.

The general procedure for the synthesis of
2-amino-5-arylmetylthiazoles (3a-h). Heat the mix-
ture of 0.8 g of thiourea and 0.01 Mol of aldehyde 2
in 10 ml of ethanol for 1.5-2 h under reflux. Cool the
mixture, dilute with 100 ml of water, and make alka-
line by adding aqueous ammonia. Filter the precipi-
tate and recrystallize from CCl, or C,H,-CCl,. Com-
pounds 3a, c-g were described earlier [15, 16].

5-(3-Chlorobenzyl)-1,3-thiazol-2-ylamine 3b.
Yield - 86%. M.p. - 99-101°C.'H-NMR, d, ppm, (], Hz):
3.89 (s, 2H, CH,), 6.68 (s, 1H, H,,.,.1), 6.55 (s, 2H, NH,),
7.02-7.12 (m, 3H, C,H,), 7.13-7.16 (m, 1H, C,H,).
Calculated, %: C 53.45, H 4.04, N 12.47. C,,H,CIN,S.
Found: C 53.10, H 3.98, N 12.32.

5-(3-Chloro-4-methylbenzyl)-1,3-thiazol-2-
ylamine 3h. Yield - 80%. M.p. - 115-117°C. 'H-NMR,
d, ppm, (], Hz): 2.28 (s, 3H, CH,), 3.85 (s, 2H, CH,),
6.67 (s, 1H, H,..,.), 6.54 (s, 2H, NH,), 6.98-7.11 (m,
2H, C,H,), 7.17 (s, 1H, C,H,). Calculated, %: C 55.34,
H 4.64,N 11.73. C,;H,,CIN,S. Found: C 55.07, H 4.49,
N 11.68.
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The general procedure for the synthesis of N-(5-
(R-benzyl)-1,3-thiazol-2-yl)-2-chloroacetamides
(4a-h). To the mixture of appropriate 2-amino-5-ar-
ylmethylthiazole 3 (10 mmol) and 1.4 ml triethyl-
amine in dioxane (25 ml) add dropwise chloroacetyl
chloride (0.8 ml, 10 mmol) at 20-25°C. Dilute the mix-
ture with 100 ml of water. Collect by filtration the so-
lid product obtained, wash with water (10-20 ml) and
recrystallize from the mixture of ethanol-DMF.

2-Chloro-N-[5-(2-chlorobenzyl)-1,3-thiazol-2-yl]
acetamide 4a. Yield - 85%. M.p. - 175°C. 'H-NMR,
d, ppm, (J, Hz): 4.17 (s, 4H, 2CH,), 7.08 (s, 1H, H,,..,.1)
7.14-7.21 (m, 2H, C,H,), 7.28-7.35 (m, 2H, C,H,), 12.19
(s, 1H, NH). Calculated, %: C 47.85, H 3.35, N 9.30.
C,,H,,CL,N,0S. Found: C 47.54, H 3.18, N 9.07.

2-Chloro-N-[5-(3-chlorobenzyl)-1,3-thiazol-
2-yl]acetamide 4b. Yield - 80%. M.p. - 158°C. 'H-NMR,
d, ppm, (J, Hz): 4.11 (s, 2H, CH,), 4.17 (s, 2H, CH,),
7.25-7.36 (m, 5H, H,,,.,., CcH,), 12.17 (s, 1H, NH).
Calculated, %: C47.85,H 3.35,N 9.30. C,,H,,CL,N,0S.
Found: C 47.80, H 3.29, N 9.29.

2-Chloro-N-[5-(4-chlorobenzyl)-1,3-thiazol-2-yl]
acetamide 4c. Yield - 87%. M.p. - 159°C. *H-NMR, d,
ppm, (J, Hz): 4.13 (s, 2H, CH,), 4.17 (s, 2H, CH,), 7.10-
7.22 (m, 3H, H,,..,., CcH,), 7.35 (d, 2H, ] = 7.8, C,H,),
12.19 (s, 1H, NH). Calculated, %: C 47.85, H 3.35, N
9.30. C,,H,,Cl,N,0S. Found: C 47.48, H 3.13, N 9.09.

2-Chloro-N-[5-(3-trifluoromethylbenzyl)-1,3-
thiazol-2-yl]acetamide 4d. Yield - 75%. M.p. - 146°C.
'H-NMR, d, ppm, (J, Hz): 4.20 (s, 2H, CH,), 4.23 (s, 2H,
CH,), 7.19 (s, 1H, H,,,..,.,), 7.48-7.63 (m, 4H, C,H,), 12.15
(br.s, 1H, NH). Calculated, %: C 46.65, H 3.01, N 8.37.
C,5H,,CIF,N,0S. Found: C 46.30, H 2.90, N 8.08.

2-Chloro-N-[5-(2,4-dichlorobenzyl)-1,3-thiazol-
2-yl]acetamide 4e. Yield - 90%. M.p. - 180°C. H-NMR,
d, ppm, (J, Hz): 4.19 (s, 2H, CH,), 4.23 (s, 2H, CH,),
7.18 (s, 1H, H,.,.), 7-24 (d.d, 1H, % =8.8,*] = 2.0, 4-H
CH,), 7.40 (d, 1H, 3] = 8.8, 3-H C,H,), 7.44 (d, 1H, Y
= 2.0, 6-H C,H,), 12.19 (s, 1H, NH). Calculated, %: C
42.94,H 2.70, N 8.35. C,,H,CL;N,0S. Found: C 42.74,
H 2.58, N 8.11.

2-Chloro-N-[5-(2,5-dichlorobenzyl)-1,3-thiazol-
2-ylJacetamide 4f. Yield - 91%. M.p. - 207°C. *H-NMR,
d, ppm, (J, Hz): 4.20 (s, 2H, CH,), 4.23 (s, 2H, CH,),
7.19 (s, 1H, H,,.,.), 7-25 (d.d, 1H, %] = 8.8, %] = 2.0, 4-H
CH,), 7.41 (d, 1H, ] = 8.8, 3-H C,H,), 7.44 (d, 1H, *]
= 2.0, 6-H C(H,), 12.19 (s, 1H, NH). Calculated, %: C
42.94,H 2.70, N 8.35. C;,H,CL;N,0S. Found: C 42.60,
H 2.50, N 8.05.

2-Chloro-N-[5-(3,4-dichlorobenzyl)-1,3-thiazol-
2-yl]acetamide 4g. Yield - 80%. M.p. - 200°C. 'H-NMR,
d, ppm, (], Hz): 4.19 (s, 2H, CH,), 4.22 (s, 2H, CH,),
7.16 (s, 1H, H,.,.), 7.21 (d.d, 1H, 3] = 8.8, 1] = 2.0,
6-HC,H,), 7.41 (d, 1H, 3] = 8.8, 5-H C,H,), 7.48 (d, 1H,
*1=2.0,2-HCH,), 12.19 (s, 1H, NH). Calculated, %: C
42.94,H 2.70, N 8.35. C,;,H,CL;N,0S. Found: C 42.65,
H 2.53, N 8.09.
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2-Chloro-N-[5-(3-chloro-4-methylbenzyl)-1,3-
thiazol-2-yl]lacetamide 4h. Yield - 68%. M.p. - 148°C.
IH-NMR, d, ppm, (J, Hz): 4.16 (s, 2H, CH,), 4.20 (s, 2H,
CH,), 7.05-7.20 (m, 4H, H,.,.,, C,H,), 12.16 (brs,
1H, NH). Calculated, %: C 49.53, H 3.84, N 8.89.
C,53H,,CLN,0S. Found: C 49.24, H 3.50, N 8.61.

The general procedure for the synthesis of 2-(4-
amino-5-methyl-4H-[1,2,4]triazol-3-ylsulfanyl)-
N-(5-R-benzylthiazol-2-yl)-acetamides (6a-h).
Reflux the mixture of the corresponding N-(5-ben-
zyl-1,3-thiazol-2-yl)-2-chloroacetamide 4 (5 mmol),
0.84 g of (5.5 mmol) of 4-amino-5-methyl-4H-[1,2,4]
triazole-3-thiole 5, and 1.2 ml of triethylamine for
4h in ethanol (25 ml). Collect by filtration the solid
products obtained, wash with ethanol (5-10 ml) and
recrystallize from the mixture of ethanol-DMF.

2-(4-Amino-5-methyl-4H-[1,2,4]triazol-3-yl-
sulfanyl)-N-[5-(2-chloro-benzyl)-thiazol-2-yl]-
acetamide (6a). Yield - 73%. M.p. - 205-207°C. *H-
NMR, d, ppm, (J, Hz): 2.30 (s, 3H, CHy;), 4.06 (s, 2H,
CH,), 4.17 (s, 2H, CH,), 5.79 (s, 2H, NH,), 7.15 (s, 1H,
Hiiaol)s 7-24-7.28 (m, 2H, C,H,), 7.35 (d, /] = 7.2 Hz,
1H, CH,), 7.39 (d,J = 7.6 Hz, 1H, C,H,), 12.22 (brs,
1H, NHCO). Calculated, %: C 45.62, H 3.83, N 21.28.
C,sH,;CIN,OS,. Found: C 45.34, H 3.65, N 20.97.

2-(4-Amino-5-methyl-4H-[1,2,4]triazol-3-yl-
sulfanyl)-N-[5-(3-chloro-benzyl)-thiazol-2-yl]-
acetamide (6b). Yield - 78%. M.p. - 212-214°C.
'H-NMR, d, ppm, (J, Hz): 2.30 (s, 3H, CH,), 4.06 (s, 2H,
CH,), 4.08 (s, 2H, CH,), 5.80 (s, 2H, NH,), 7.18-7.26 (m,
3H, H,,.,.. + C,H,), 7.27 (d,] = 6.8 Hz, 1H, C,H,), 7.31
(d,J=8.0 Hz, 1H, C,H,), 12.25 (brs, 1H, NHCO). Cal-
culated, %: C 45.62, H 3.83, N 21.28. C,;H,;CIN,OS,.
Found: C 45.28, H 3.61, N 21.05.
2-(4-Amino-5-methyl-4H-[1,2,4]triazol-3-yl-
sulfanyl)-N-[5-(4-chloro-benzyl)-thiazol-2-yl]-
acetamide (6c¢). Yield - 80%. M.p. - 224-225°C.
'H-NMR, d, ppm, (J, Hz): 2.30 (s, 3H, CH,), 4.05 (s, 2H,
CH,), 4.06 (s, 2H, CH,), 5.78 (s, 2H, NH,), 7.15 (s, 1H,
Hy,ipo)s 7-24 (d, ] = 8.0 Hz, 2H, C,H,), 7.29 (d,/ = 8.8 Hz,
2H,CH,), 12.22 (s, 1H, NHCO). Calculated, %: C 45.62,
H 3.83,N 21.28. C,.H,;CIN,OS,. Found: C 45.41, H 3.70,
N 20.99.
2-(4-Amino-5-methyl-4H-[1,2,4]triazol-3-yl-
sulfanyl)-N-[5-(3-trifluoromethylbenzyl)-thiazol-
2-yl]-acetamide (6d). Yield - 83%. M.p. - 192-193°C.
'H-NMR, d, ppm, (J, Hz): 2.28 (s, 3H, CH,), 4.05 (s, 2H,
CH,), 4.17 (s, 2H, CH,), 5.78 (s, 2H, NH,), 7.19 (s, 1H,
Hyiomo), 7-50-7.55 (m, 3H, C,H,), 7.56-7.58 (m, 1H,
C4H,), 12.23 (s, 1H, NHCO). Calculated, %: C 44.85, H
3.53,N 19.61. C,,H,.F.N,0S,. Found: C 44.54, H 3.29,
N 19.34.
2-(4-Amino-5-methyl-4H-[1,2,4]triazol-3-yl-
sulfanyl)-N-[5-(2,4-dichlorobenzyl)-thiazol-2-yl]-
acetamide (6e). Yield - 75%. M.p. - 253-254°C.
'H-NMR, d, ppm, (J, Hz): 2.30 (s, 3H, CH;), 4.05 (s,
2H, CH,), 4.15 (s, 2H, CH,), 5.78 (s, 2H, NH,), 7.14 (s,
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1H, H,,.,.), 7.30 (dd, ;= 8.4 Hz,J,= 1.6 Hz, 1H, C,H,),
7.37 (d,] = 8.4 Hz, 1H, C,H,), 7.45 (d, ], = 2.4 Hz, 1H,
C¢H,), 12.25 (s, 1H, NHCO). Calculated, %: C 41.96,
H 3.29, N 19.57. C,.H,,CL,N,0S,. Found: C 41.66, H
3.18,N 19.35.
2-(4-Amino-5-methyl-4H-[1,2,4]triazol-3-yl-
sulfanyl)-N-[5-(2,5-dichlorobenzyl)-thiazol-2-
yl]-acetamide (6f). Yield - 85.7%. M.p. — 235-236°C.
'H-NMR, d, ppm, (J, Hz): 2.30 (s, 3H, CH;), 4.06 (s, 2H,
CH,), 4.17 (s, 2H, CH,), 5.78 (s, 2H, NH,), 7.18 (s, 1H,
Hiiwod)» 7-27 (dd, J,=8.2 Hz,J,= 2.9 Hz, 1H, C,H,), 7.41
(d,J=2.8Hz 1H,CH,), 7.42 (d,] = 8.2 Hz, 1H, C,H,),
12.27 (s, 1H, NHCO). Calculated, %: C 41.96, H 3.29,
N 19.57.C,H,,CLLN,OS,. Found: C41.60,H 3.16, N 19.63.
2-(4-Amino-5-methyl-4H-[1,2,4]triazol-3-yl-
sulfanyl)-N-[5-(3,4-dichlorobenzyl)-thiazol-2-

References

yl]-acetamide (6g). Yield - 78%. M.p. - 225-227°C.
'H-NMR, d, ppm, (J, Hz): 2.30 (s, 3H, CH,), 4.06 (s, 2H,
CH,), 4.08 (s, 2H, CH,), 5.78 (s, 2H, NH,), 7.18 (s, 1H,
Hyiwod, 7.21 (dd, J, = 8.4 Hz, J, = 1.6 Hz, 1H, C,H,),
7.43-7.48 (m, 2H, C,H,), 12.25 (s, 1H, NHCO). Calcu-
lated, %: C 41.96, H 3.29, N 19.57. C,;H,,CL,N,OS,.
Found: C 42.03, H 3.38, N 19.40.

2-(4-Amino-5-methyl-4H-[1,2,4]triazol-3-yl-
sulfanyl)-N-[5-(3-chloro-4-methylbenzyl)thiazol-
2-yl]-acetamide (6h). Yield - 71%. M.p. - 204-206°C.
'H-NMR, d, ppm, (J, Hz): 2.29 (s, 3H, CH,), 2.31 (s, 3H,
CH,), 4.03 (s, 2H, CH,), 4.05 (s, 2H, CH,), 5.78 (s, 2H,
NH,), 7.07 (d, ] = 6.8 Hz, 1H, C,H,), 7.15 (s, 1H, H,,,..
o) 7-19-7.23 (m, 2H, C,H,), 12.22 (s, 1H, NHCO). Cal-
culated, %: C 46.99, H 4.19, N 20.55. C,,H,,CIN,OS,,.
Found: C 46.75, H 3.98, N 20.85.

1. Muller G. Drug Discov. Today, 2003, Vol. 8, pp.681-691. Doi: 10.1016/51359-6446(03)02781-8.
2. Mjambili E, Njoroge M., Naran K., De Kock C., Smith P. ], Mizrahi V,, Warner D., Chibale K. Bioorg. Med. Chem. Lett., 2014, Vol. 24, pp.560-564. Doi:

10.1016/j.bmcl.2013.12.022.

3. Makam P, Kannan Th. Eur. ]. Med. Chem., 2014, Vol. 87, pp.643-656. Doi: 10.1016/j.ejmech.2014.09.086.
4. Khalil A, Edwards J. A.,, Rappleye C. A., Tjarks W. Bioorg. Med. Chem., 2015, Vol. 23, pp.532-547. D0i:10.1016/j.bmc.2014.12.006.
5. PiZ, Sutton ], Lloyd J., Hua ], Price L., Wu Q.,, Chang M., Zheng J., Rehfuss R, Huang C. S., Wexler R. R, Lam P. Y. S. Bioorg. Med. Chem. Lett., 2013, Vol.

23, pp.4206-4209. Doi: 10.1016/j.bmcl.2013.05.025.

6. Dicor A., Grand-Maotre C., Hucke O., 0'Meara J., Kuhn C. et al. Bioorg. Med. Chem. Lett,, 2013, Vol. 23, pp.3841-3847. doi:10.1016/j.bmcl.2013.04.077.
7. Mokale S. N., Elgire R. D., Sakle N., Shinde D. B. Bioorg. Med. Chem. Lett., 2011, Vol. 21, pp.682-685. Doi: 10.1016/j.bmcl.2010.12.011.

8. Pattan S. R, Dighe N. S., Nirmal S. A. Merekar A. N., Musmade D. S., Laware R. B. Asian J. Research Chem., 2009, Vol. 2, pp.196-201.

9. El-Subbagh H. I, EI-Naccar W. A., Badria E A. Qatar Univ. Sci. J., 1994, Vol. 14, pp.55-60.

10. Kim K. S., Kimball S. D., Misra R. N., Rawlins D. B, Hunt J. T et al. ]. Med. Chem., 2002, Vol. 45, pp.3905-3927. Doi: 10.1021/jm0201520.

11. El-Subbagh H. I, Abadi A. H., Lehmann J. Arch. Pharm. Med. Chem., 1999, Vol. 332, pp.137-142.

12. Magd-El-Din A. A., Abd-EI-All A. S., Roaiah M. F, El-Baroudy M. S. ]. Am. Sci., 2010, Vol. 6(5), pp.251-256. Doi: 10.7537 /j.issn. 1545-1003.

13. Coel D., Armer R, Ratcliffe A. Drugs Future, 2009, Vol. 34, pp.247-254.

14. Shao L., Zhou X, Hu Y, Jin Z,, Liu J., Fang J. Synth. React. Inorg. Met.-Org. Chem., 2006, Vol. 36, pp.325-330. Doi: 10.1080/15533170600651405.
15. Obushak N. D., Matiichuk V. S., Ganushchak N.I. Russ. J. Org. Chem. 1997. Vol. 33. No.7. pp.1010-1013 389 (English transl. from Zh. Org. Khim., 1997,

Vol. 33, pp.1081-1083).

16. Obushak N. D., Matiichuk V. S., Vasylyshin R.Ya., Ostapyuk Yu. V. Russ. J. Org. Chem. 2004, Vol. 40, pp.383-389 (English transl. from Zh. Org. Khim., 2004,

Vol. 40, pp.412-417). Doi: 10.1023/B:RUJ0.0000034976.75646.85.

17. Boyd M. R., Paull K. D. Drug Dev. Res., 1995, Vol. 34, pp.91-109. Doi: 10.1002/ddr.430340203.

18. Boyd M. R. In: Cancer Drug Discovery and Development. Teicher B. A., Ed.; Totowa, NJ, USA: Humana Press, 1997, Vol. 2, pp.23-43.

19. Shoemaker R. H. Nat. Rev. Cancer, 2006, pp.813-823. Doi: 10.1038/nrc1951.

20. Monks A., Scudiero D., Skehan P, Shoemaker R., Paull K, Vistica D., Hose C., Langley ], Cronise P, Vaigro-Wolff A., Gray-Goodrich M., Campbell H., Mayo
J, Boyd M. . Nat. Cancer. Inst., 1991, pp. 757-766. Doi: 10.1093/jnci/83.11.757.

Hapiimna go pegakunii 05.11.2015 p.

31



ISSN 2308-8303 Journal of Organic and Pharmaceutical Chemistry. — 2015. — Vol. 13, Iss. 4 (52)

UDC 547.854.83

THE SYNTHESIS, REACTIVITY AND THE ANTIMICROBIAL
ACTIVITY OF SUBSTITUTED THIENO[Z2,3-d]PYRIMIDINE-
4(3H)-THIO(SELENO)NES

D.0.Kolomieitsev?, V..Markov?!, V.0.Astakhina?, S.I.LKovalenko?, S.A.Varenichenko?,
0.V.Kharchenko!

!Ukrainian State University of Chemical Technology

8, av. Gagarina, Dnepropetrovsk, 49005, Ukraine. E-mail: dimakolomeicev@gmail.com

2Zaporozhye State Medical University

Key words: thieno[2,3-d]pyrimidine-4(3H)-thio(seleno)nes; alkylation; antibacterial activity

A new series of R1,R2-thieno[2,3-d]pyrimidine-4(3H)-one, thione and selenone derivatives have been synthesized;
the reaction of alkylation of the compounds obtained has been studied. Their structures have been confirmed
by the NMR "H and mass spectra, and elemental analysis. The antibacterial and antifungal activities in vitro
against three bacterial and two fungal pathogens have been revealed using the stiff plate agar diffusion method
and the serial dilution method. The minimal bactericidal, fungicidal and bacteriostatic concentrations have been
obtained. The pharmacological screening has shown that some of the compounds obtained possess a good
antimicrobial activity. The culture of S.aureus. appeared to be the most sensitive to compound 10a. The best
fungistatic indicators against A.niger have been found for compounds 4a and 9a.

CUHTE3, PEAKLIINHA 30ATHICTb TA AHTUMIKPOBHA AKTUBHICTb 3AMILLEHWX TIEHO[2,3-d]IMIPUMILNH-
4(3H)-TIO(CEJIEHO)HIB

A.0.Konowmitiyes, B.l.Mapkoe, B.O.AcmaxiHa, C.l.KoeaneHko, C.A.BapeHu4yeHko, O.B.Xap4yeHKo
Knrovoei cnosa: mieHo[2,3-d]nipumiduH-4(3H)-mio(ceneHo)Hu; ankinysaHHs1;, aHmubakmepiasbHa aKmueHicmb
CuHmesosaHo psd Hosux noxioHux R1,R2-mieHo[2,3-d]nipumiduH-4(3H)-0oHis, mioHig i ceneHoHie ma 8ug4eHo
peakuito arnkinysaHHsI ompumaHux rnpodykmie. Cmpykmypu ompumaHux rnpodykmie ecmaHoereHi 3a 00rnomMo-
2ot OaHux SIMP '"H ma mac-crnekmpig i OaHuUx enemeHmHo20 aHanizy. AHmubakmepianbHy i chyHaicmamuyHy
akmueHicmb in vitro npomu 3 kynbmyp 6akmepili i 0sox sudie epubie 6ysi0 ecmaHoeeHo 3a O0MOMO20 Me-
mody ducbysii peyosuHu 8 a2ap i Memody cepiliHux po3eedeHb. bynu susHavyeHi MiHiMarbHi KOHUeHmpauii 6ak-
mepianbHoI, chyHaicmamuyHoi i bakmepiocmamuyHoi akmugHocmi. ®apmakorioaidyHe 00cioxXeHHs1 nidmeepou-
110, Wo OesiKi 3 ompumaHux npodykmig nposensoms 006py aHmMuMikpobHy akmueHicmb. Kynbmypa 6akmepii
S.aureus. Halbinbw vyymnusa do cronyku 10a. Halikpauwi gpyHaicmamuyHi MoKasHUKU Mpomu Uginibogozo epuba
A.niger susieneHri 0n1a crionyk 4a i 9a.

CUHTE3, PEAKLUMOHHAS CITOCOBHOCTb U AHTUMUKPOBHAS AKTUBHOCTb 3AMELLIEHHbIX TUEHO([2,3-d]
NMAPUMULNH-4(3H)-TUO(CEJIEHO)HOB

A.0.Konomeliyee, B.U.Mapkoe, B.O.AcmaxuHa, C.U.KoeaneHko, C.A.BapeHu4yeHko, A.B.XapyeHko
Knroyeenbie cnoea: mueHo[2,3-dJnupumuduH-4(3H)-muo(ceneHo)Hbl; ankunuposaHue, aHmubakmepuarbHas
aKkmueHocmb

CuHme3suposaH psid HoBbIxX MPou3800HbIX R1,R2-mueHo[2, 3-dlnupumuduH-4(3H)-0Ho8, MUOHO8 U CENTEHOHO8, U3yde-
Ha peaKkyusi ankuauposaHusl rosy4eHHbIX coeOuHeHul. CmpyKmypbl noyYeHHbIX COEOUHEHUU ycmaHOo81eHb!
¢ romouwbro 0aHHbIX SIMP "H u macc-criekmpos, a makxxe 0aHHbIX 3lIeMeHMHOo20 aHanu3a. AHmubakmepuarbsHasi u
yHeucmamuyeckas akmusHocms in vitro npomus mpéx eudos bakmeputl u d8yx sudos epubos bbina obHapy-
JKeHa ¢ rnomowibto Memoda dughpy3uu seujecmesa 8 azap u Memoda ceputiHo2o passedeHusi. OnpederneHbl Mu-
HUMarsbHble KOHUeHmpauuu 6akmepuarnbHol, ¢hyHauyudHoU u bakmepuocmamu4yeckol akmusHocmu. @apma-
Koroau4yeckoe uccriedogaHue noomeepoursio, Ymo HEKOMOPbIE U3 MOMyHYeHHbIX MPoOyKMOo8 Mposisisiiom XopouwlyH
aHmMuUMuKpobHyro akmusHocmb. Kynbmypa bakmepuu S.aureus Hauboree yyscmeumeribHa K coeduHeHuro 10a.
Hauny4ywue gyHaucmamuueckue rnokasamernu rnpomus ygenegozo epuba A.niger ornpedeneHsbl 0nsi coeduHe-
Hul 4a u 9a.

Thieno|[2,3-d]pyrimidines are of great interest in
pharmaceutical industry due to the potent physiologi-
cal properties such as blood platelet aggregation in-
hibition, the antiviral and anti-inflammatory activity
[1-3]. Molecular docking also shows that thieno[2,3-d]
pyrimidines reveal the increased activity as inhibi-
tors for PARP-1 (poly(ADP-ribose)-polymerase-1) [4].
Although the synthesis of thieno[2,3-d]pyrimidines
has attracted much attention in organic synthesis, so far
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only few methods have been reported for the synthesis
of benzothieno[2,3-d|pyrimidines [5, 6]. Moreover,
thieno[2,3-d]pyrimidines containing active functio-
nal groups are especially of great interest. The pres-
ence of different groups (R=0, S, Se) in position 4
of thieno[2,3-d]pyrimidine causes the possibility of
further structural modification by different reagents.
Thus, as part of our ongoing research in discovery
of new biologically active thienopyrimidine deriva-
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tives the aim of this work was to develop several simp-
le and highly efficient methods of the synthesis of
R,,R,-thieno[2,3-d]pyrimidines 3a-c and 4a-c, the
study their alkylation and antibacterial properties
depending on atom in position 4 of the heterocycle.

The synthesis strategy of the starting thieno[2,3-d]
pyrimidin-4(3H)-ones 1a-c was based on the classical
Hewald reaction reported in the literature [7, 8]. Treat-
ment of ketones with ethyl 2-cyanoacetate gave the
corresponding 2-aminothiophene carboxylic esters
that, in turn, gave compounds 1a-c upon refluxing
in formamide. Further compounds 1a-c were con-
verted into the corresponding 4-chlorothieno[2.3-d]
pyrimidines 2a-c under the action of phosphorus
oxychloride and dimethylaniline. Thieno[2,3-d]py-
rimidine-4(3H)-thiones 3a-c and benzothieno|[2,3-d]
pyrimidine-4(3H)-selenones 4a-c were obtained
upon treatment with such nucleophile compounds
as NaHS(NaHSe) and Lawsan reagent, respectively
(Scheme 1).

The presence of different reaction centres in thieno-
[2,3-d]pyrimidines 1a-c and 3,4a-c made possible
to obtain a number of new potential biologically ac-
tive compounds. The alkylation of the starting com-
pounds 1a-c was studied at 50-70°C in the presence
of alkali (Scheme 2). The acidity of the NH group un-
der these conditions provided the easy formation of
the anion, which underwent alkylation.

Since substance 3a-c can exist in the form of thi-
ole and thione, the formation of both S- and N- deri-
vatives could be expected depending on the reaction
conditions. Thus, when pyrimidine-4(3H)-thiones 3a-c
are refluxed with NaOH and the corresponding deriva-
tives of chloroacetic acid in ethanol, S-substituted de-
rivatives are supposed to be obtained. However, the
use of NaHCO, and DMF as a solvent did not lead to
formation of N-substituted derivatives as it was ex-
pected. It was found that the alkylation occurred at
the more nucleophilic sulphur atom in both cas-
es (Scheme 3). All the final products were isolated
as crystalline substances with a high melting point
(Table 4). The structures of the compounds obtained
were confirmed by IR- and NMR 'H spectroscopy
(Table 5).

The formation of the energetically preferable ar-
omatic system was confirmed by the chemical shift
of the signal of protons of the -CH group (8.7-8.9 ppm)
in 'H NMR spectra compared to the basic values. In
the case of N-alkylation such an effect could not be
observed.

All the compounds synthesized were screened for
their antimicrobial and antifungal activities. The re-
sults of the antimicrobial screening by the stiff plate
agar diffusion method are given in Table 1. The re-
sults of the antimicrobial and antifungal screening
by the serial dilution method are presented in Table 2
and 3. Substances that did not reveal the antimicro-
bial and antifungal activity were not included in Tab-
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Scheme 1. The synthesis of key precursors 1a-c-4a-b.
When: a - R-R"=-(CH,),-; b — R-R”= -(CH,),-; c — R’=R”=CH,.

(@]
R’ \ R
/ 1)
R" S N
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5a-c - 8a-b

R"'CI
EtOH NaOH

Scheme 2. Alkylation of compounds 1a-c.

When: 1a — R'=R”= -(CH,),-; 1b — R'=R”= -(CH,),-; 1c — R'=R"=CH;
5a - R'=R"= -(CH,),-, R”’= -CH,-CO-OC,H;; 5b — R'=R"= -(CH,)-,
R™”=-CH,-CO-0OC,H,; 5¢ — R'=R”=CH,, -CH,-CO-OC,H;;

6a — R'=R"= -(CH,),-, R”’= -CH,-CO-NH-S0,-C¢H,-CI;

6b — R'=R”= -(CH,),-, R”= -CH,-CO-NH-SO,-C4H,-ClI;

6¢c — R'=R”"=CH,, -CH,-CO-NH-SO,-C,H,-Cl; 7a — R=R"=-(CH,),-,
R= (5-isopropyl-1,3,4-thiadiazol-2-yl)-2-oxoethyl; 7b — R'=R"= -(CH,),-,
R=(5-isopropyl-1,3,4-thiadiazol-2-yl)-2-oxoethyl; 7¢ — R'=R”=CHj,
R”’=(5-isopropyl-1,3,4-thiadiazol-2-yl)-2-oxoethyl; 8a — R'=R”=

-(CH,);-, R"'= -CH,"NH-CO-Ph; 8b — R'=R"= -(CH,),",
R"'= -CH,"NH-CO-Ph; 8¢ — R'=R"=CHj, R"'= -CH,"NH-CO-Ph.
X
R | XR
— N+ __RvCl ﬁ\
R s N) 1. E{OH, NaOH, 1 g

2. K2CO3, DMF, 40°C R"

3a-c; 4a 9a-c - 12a,b

Scheme 3. Alkylation of compounds 3a-c-4a.

When: 3a — R'=R”= -(CH,),-, X=S; 3b — R'=R"= -(CH,);-, X=S;

3c - R'=R”"=CH,, X=S; 4a — R'=R”= -(CH,),-, X=Se;

9a - R'=R"= -(CH,),-, R”= -CH,-CO-OC,H;, X=S; 9b — R'=R"= -(CH,);-,
R™=-CH,-CO-0OC,H;, X=S; 9¢ — R'=R"=CHj,, -CH,-CO-OC,H;, X=S;
10a - R'=R”= -(CH,),-, R”’= -CH,-CO-NH-SO,-C,H,-Cl, X=S;

10b - R'=R"= -(CH,),-, R”’= -CH,-CO-NH-SO,-C;H,-Cl, X=S;

10c — R'=R”=CH,, -CH,-CO-NH-SO,-C;H,-Cl, X=S;

11a — R'=R"=-(CH,),-, R”’=(5-isopropyl-1,3,4-thiadiazol-2-yl)-
2-oxoethyl, X=S; 11b — R'’=R”=-(CH,),-, R”’=(5-isopropyl-1,3,4-
thiadiazol-2-yl)-2-oxoethyl, X=S; 11¢ — R’'=R”=CH,, R™’=(5-isopropyl-
1,3,4-thiadiazol-2-yl)-2-oxoethyl, X=S; 12a — R'=R”= -(CH,),-, X=Se;
R™=-CH,-CO-NH-SO,-C4H,-Cl; 12b — R'=R"= -(CH,),-, X=Se,
R’=(5-isopropyl-1,3,4-thiadiazol-2-yl)-2-oxoethyl.

les. According to the stiff plate agar diffusion method
compounds 4a and 4c revealed a significant activity
against E. coli, S. aureus, and M. luteum appeared to
be sensitive only to compound 10a.

The best fungistatic indicators against A. niger
were estimated for substances 4a and 9a. The diame-
ter of the inhibition zones of the microbial growth for
compound 4a was 22.0 and 12.0 mm in the concen-
trations of 0.5 and 0.1%, respectively. MIC of 4a and
9a were 31.2 pg/mL.

33



ISSN 2308-8303

Journal of Organic and Pharmaceutical Chemistry. — 2015. — Vol. 13, Iss. 4 (52)

Table 1

The antimicrobial activity of the compounds synthesized (the stiff plate agar diffusion method)

The inhibition zones of the compounds studied (mm)

Compound? Concentration, % - -
E. coli S.aureus M. luteum A. niger
1c 0.5 - - 7.0
2c 0.5 - - 8.0
4 0.5 14.0 (b/a) - 22.0 (f/a)
a
0.1 - - - 12.0 (f/a)
0.5 14.7 - - -
4c
0.1 10.0 - - -
7c 0.5 - - - -
10a 0.5 - 12.0 17.0 -

aCompounds 1a, 4b, 5a-7b, 8a-12b in the concentration of 0.5 and 1.0 % did not inhibit bacteria and fungi selected; b/a — bacteriostatic
action; f/a — fungistatic action; — have not been found.

Table 2

The minimal inhibitory concentration (MIC) and the minimal bactericidal concentration (MBC)
of the compounds synthesized (serial dilution method)

E. coli S. aureus M. luteum
Compound?
MIC (ug/mL) | MBC (ug/mL) | MIC (ug/mL) | MBC (ug/mL) | MIC (ug/mL) | MBC (ug/mL)
1c + + + + 250.0 500.0
4c 500.0 * + + + +
5c + + + + 500.0 *
6¢ + + + + 500.0 *
7c + + + + 31.2 125.0
10a + + 31.2 125.0 31.2 125.0
11a + + 31.2 62.5 + +

aCompounds 1a-b, 2a-4b, 5a-b, 6a-b, 7a-b, 8a-9c, 10b-c, 11b-12b did not reveal the antibacterial activity in the concentrations tested;
9 4+ The antibacterial activity was not observed in the concentrations tested; © * The antibacterial activity was not determined in the

concentrations tested.

Table 3

The minimal inhibitory concentration (MIC) and the minimal fungicidal concentration (MFC) of the
compounds synthesized (serial dilution method)

Candida tenus Aspergillus niger
Compound?
MIC (ug/mL) MFC (ug/mL) MIC (pug/mL) MFC (ug/mL)
1c 125.0 250.0 125.0 *
3c + + 62.5 250.0
4a + + 31.2 *
5b + + 250.0 500.0
5¢c + + 500.0 *
6¢ 125.0 * 500.0 *
8a 250.0 * 500.0 *
9a + + 31.2 *

aCompounds 1a-b, 2a-3b, 4b-c, 5a, 6a-b, 7a-c, 8b-c, 9b-c, 10a-12b did not reveal the antifungal activity in the concentrations tested;
5 * The antifungal activity was not determined in the concentrations tested; © + The antifungal activity was not observed in the concentrations

tested.
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Table 4
Physicochemical properties of alkylation compounds 5a-12b
Colilnpd Yield. % | Mp,°C Found, % Mol. formula Calc, %

o C H N M.w C H N
5a 77 276 5752 | 5.56 9.58 C,.H,N,0,S 5752 | 552 | 958
5b 87 236 56.12 | 5.10 | 10.09 C,;H,.N,0,S 56.10 | 5.07 | 10.06
5¢ 83 281 5412 | 527 | 1050 C,,H,.N,0.5 5412 | 530 | 10.52
6a 81 297 49.36 3.66 9.58 C,sH,,CIN,O,S 49.37 3.68 9.60
6b 59 251 49.71 3.69 6.82 C,,H,,CIN,0,S 4969 | 368 | 6.82
6¢ 79 312 4821 3.36 9.89 C,.H,CIN,0,S 4817 | 333 | 991
7a 71 307 5568 | 5.19 | 1443 C,sH,oN,0.,5S, 5565 | 519 | 1442
7b 67 257 5452 | 485 14.96 C,,H,:N,0,S, 5453 | 484 | 14.96
7¢ 86 327 53.05 | 5.02 | 1547 C,H,sN,0.,5, 53.02 | 501 | 1546
8a 68 286 6374 | 507 | 1241 C,:H,;N,0,5 6370 | 5.05 | 1238
8b 92 298 6136 | 485 | 1341 C,H,sN;0,5 6132 | 4.82 | 1341
%a 57 231 5457 | 523 9.11 C,.H,N,0.5, 5452 | 523 | 9.08
9%b 72 245 6374 | 507 | 1241 C,;H..N,0.,5, 6370 | 5.05 | 12.38
9 65 261 51.09 | 5.07 9.93 C,,H,.N,0,5, 51.04 | 500 | 992
10a 77 279 4643 | 3.14 9.59 C,,H,,CIN,0.S, 4641 | 3.21 9.55
11a 69 277 5320 | 548 | 13.80 C,sH,,N,0S, 53.17 | 545 | 13.78
11b 83 289 5204 | 5.14 14.30 C,,H,N,0S, 5201 | 5.14 | 1427
11c 75 269 50.55 5.34 14.75 CieH,oN,0S, 50.50 5.30 14.72
12a 68 286 60.82 | 482 | 11.82 C,H,CIN,0,5,Se 60.82 | 482 | 11.82
12b 52 256 4794 | 445 | 1238 C,H,,CIN,0S,5e 47.89 | 447 | 1241

Table 5
The data of IR and "H NMR spectral of alkylation compounds 5a-12b
Compd IR ATR, cm’™ NH Pyrimidine CH Aliphatic protons Aromatic protons
1 2 3 4 5 6
4.77 (2H, s, CH,); 4.17-4.22 (2H, g,
5a 83 (1H,s5,CH) |J=6.95 Hz, CH,); 2.9-2.5 (8H, m,
4CH,); 1.3 (3H, t, J=6.95 Hz, CH,)
4.7 (2H,s,CH,); 4.11-4.12 (2H, g,
sb B3OHSCH 5010 2423 (b m. Chy 117
1.24 (3H, t, J/=6.94 Hz, CH,)
4.7 (2H,s,CH,); 4.14-4.18 (2H, g,
5¢ 8.3 (1H,5,CH) |J=7.0 Hz, CH,); 2.37 (6H, s, 2CH,);
1.18-1.24 (3H, t, J=6.97 Hz, CH,)
791 (2H, d,J=8.78 Hz,
6a 126 (1H, 5, NH) | 8.17 (1H,5, CH) | #0121 & Cllai 270 2266 il st eyl
PSSR LA T EETR) =8.42 Hz, Ar-H)
7.92 (2H,d, J=8.74
6b 12,6 (1H,5,NH) | 8.3 (1H, s, CH) ‘z‘féz)'ﬂésé_cﬁ){zﬁi; 2'C9H(‘;H' m, Hzg, A(r-H);d7.; (§H, d,
e R J=8.79 Hz, Ar-H)
6c 12.6 (1, 5, NH) | 8.17 (H, 5, CH) ‘2‘C7F§2)H 5 CHy); 2.31-2.33 (6H, s, Z{zg,1A(r2-:S;d7'.J708('27:, d,
3 J=8.74 Hz, Ar-H)
4.94 (2H, s, CH,); 2.75-2.82 (5H,
7a 12.95 (1H, s, NH)| 8.3 (1H,s, CH) |m, 2CH,); 1.76-1.64 (4H, m, 2CH,);

1.3 (6H, d, J=6.4 Hz, 2CH,)
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Continuation Table 5

1 2 3 4 5 6
4.96 (2H, s, CH,); 2.72-2.88 (5H,
7b 12,96 (1H,s,NH)| 83 (TH,s,CH) |m, 2CH,); 2.35-2.4 (2H, m, CH,):
131 (6H, d, J=6.49 Hz, 2CH,)
4.94 (2H, 5, CH,); 2.35 (6H, 5,
7c 12,94 (1H,5,NH)| 8.3 (TH,s,CH) |2CH,); 1.32 (6H, d, J=6.51 Hz,
2CH.)
5.4 (2H, d, J=6.58 Hz, CH,); 2.72- N
8a 9.6 (1H, brs, NH)| 8.48 (TH, s, CH) | 2.88 (4H, m, 2CH,); 1.7-1.83 (4H, | 288 (2H, m, Ar-H);
7.5 (3H, m, Ar-H)
m, 2CH,)
4.7 (2H, d, J=6.56 Hz, CH,); 234 | 7.8 (2H, m, Ar-H);
8b 939 (1H,brs, NH)| 7.98 (1H,5, CH) | /5" .5 7.5 (3H, m, Ar-H)
2985, 2037, 2857, 4.16-4.14 (4H, m, 2CH,); 2.8-3.0
2751,2674, 1413, (4H, m, 2CH,): 1.6-1.83 (4H, m,
9a | 1257,1071, 809, 8.65(TH, 5, CH) 15y} ),'1.14-1.21 (3H, £, J=6.99 Hz,
732 CH,)
2999, 2974, 2908, 479 (2H, s, CH.); 4.14-4.19 (2H, q,
2853, 1744, 1667, |J=7.12 Hz, CH,); 2.9-3.07 (4H, m,
b | 14521175, 1086, 8.3 (TH, s CH): 151 ), 2.37-2.42 (2H, m, CH,): 1.1
853,781, 742 (3H, t, J=6.95 Hz, CH,)
2978, 2908, 2860, 4.03-4.13 (4H, m, 2CH,); 2.44 (6H,
9c | 1738, 1535, 1166, 8.63 (TH, s, CH) |5, 2CH,); 1.11-1.18 (3H, £, J=6.99
882, 629 Hz, CH,)
41 (2H,s,CH,);3.0-32 (4H,m,  |7.8(3H, m, CH,);
10a 123 (1H, s, NH) | 8.5 (TH, s, CH) 15y 5123 (2H, m, CH,) 7.4 (2H, m, CH.)
437 (2H,5, CH,); 2.77-2.88 (4H,
11a 12.6 (1H, 5, NH) | 7.94 (TH, 5, CH) | m, 2CH,); 2.0-2.06 (5H, m, 2CH.);
1.3 (6H, d, J=6.99 Hz, 2CH,)
2964, 2931, 2901, 4.4 (2H, s, CH,); 3.04-3.10 (7H,
11b | 2858, 1461, 1235, | 12.9 (1H, s, NH) | 8.66 (1H, s, CH) | m, 3CH,); 1.3 (6H, d, J=6.59 Hz,
829,749 2CH,)
3047, 2984, 2821, 4.38 (2H,, CH,); 2.55 (6H, 5,
11c | 2705, 1518, 1236, | 128 (1H, brs,NH)| 8.38 (1H, s, CH) | 2CH,); 1.3 (6H, d, J=6.99 Hz,
924, 838 2CH))
o 7.9 (2H, d, /=8.78 Hz,
12a 125 (1H,5,NH) | 84 (1H,5,CH) [#0) 12t & Ol 28 292 O | | Ak 75 @A,
P 2CH); 1.74-1.83 (4H, m, 2CH,) | g 45 1z, Ar-H)
gzgz' fﬁgé' fg?g' 436 (2H, 5, CH,); 2.82-2.98 (5H,
12b [ 2000 1408 1319 112,75 (1H, 5, NH)| 8.6 (1H, 5, CH) | m, 2CH,); 1.8-1.7 (4H, m, 2CH);
ron 7o 1.1 (6H, d, J=6.62 Hz, 2CH,)

According to the serial dilution method the growth

of S. aureus was mostly inhibited by compounds 10a and
11ain the concentrations of 31.2 ug/mL. E. coli appeared
to be almost insensitive to the compounds synthesized in
the concentrations tested. Only compounds 4c revealed
aweak inhibitory activity against it (MIC = 500.0 pg/mL).
Compounds 7c¢ and 10a had the moderate antibacterial
activity against M. luteum (MIC = 31.2 pg/mL).

Experimental Part

Chemical Part

The 'H NMR spectra were recorded in DMSO-d, on
a Varian Mercury VX-200 instrument (200 MHz). The
internal standard for the NMR spectra was TMS. IR spec-
tra (4000-600 cm™) were recorded on a Bruker ALPHA
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FTIR spectrometer using a module for measuring at-
tenuated total reflection (ATR) on a Bruker Tensor 27
spectrometer (KBr) and expressed in cm™. The mass
spectra were recorded on a Varian 1200L instrument
with direct injection of the sample at 250°C and 70eV
ionizing electrons. Elemental analysis was performed
on an LECO CHNS-900 instrument. Melting points were
determined in open capillary tubes and were uncor-
rected. The reaction and the purity of the compounds
obtained were monitored by TLC on Merck Silicagel
60 F-254 plates with 10:1 CHCI;-2-PrOH as an eluent.
Compounds 1a-c and 2a-c were synthesized by the
method described in the literature [7, 8].
5,6-Dimethylthieno[2,3-d]pyrimidin-4(3H)-
one 1c: A white powder. M.p. -268°C. yield - 90%;
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'HNMR: 12.3 (1H, brs, N-H). 8.0 (1H, br's, =C-H), 2.31
(3H, s, CH3), 2.34 (3H, s, CH3); Found, %: C 53.33; H
4.47; N 15.54. CBH8N20S. Calculated, %: C 53.31; H
4.47; N 15.54.

The general procedure of the synthesis of com-
pounds 2a-c: Dissolve compounds 1a-c (12 g) in
phosphorus oxychloride, and then add gradually di-
methylaniline 14 ml (0.11 Mol). Heat the reaction
mixture for 4 h, evaporate the excess of phosphorous
oxychloride under reduced pressure, neutralize the
solid residue was with 5% aq Na,CO, solution. Filter
the precipitate formed and recrystallize from toluene.

4-Chloro-5,6-dimethylthieno[2,3-d]pyrimidi-
ne 2c: a light yellow powder, yield - 96%, calculated
for the structure proposed. M.p. - 117°C. This inter-
mediate chlorpyrimidine was used at the next step
without purification.

The general procedure of the synthesis of com-
pound 3a-c - method A: Dissolve compounds 2a-c
(0.0084 Mol) in DMF, add the solution of sodium hydro-
sulfide (1 g, 0.0179 Mol). Stir the mixture obtained
for 24 h at room temperature, adjust pH to ~7.0 with
aq NaOH solution (15 mL). Add hydrochloric acid to
the filtrate and recrystallize the white precipitate ob-
tained from CH,CN.

Method B: Reflux the mixture of compounds 2a-c
(0.0084 Mol) and the Lawsan reagent (0.0084 Mol)
in 15 mL of 1,4-dioxan for 6 h and filter hot. Recrys-
tallize the precipitate obtained from CH,CN.

5,6,7,8-Tetrahydro[1]benzothieno|2,3-d]pyri-
midine-4(3H)-thione (3a): A yellow powder. Yield
-75%. M.p.-213°C; '"H NMR: 13.5 (1H, brs, NH). 8.0
(1H, brs, CH), 2.8-2.9 (4H, m, 2CH,), 1.6-1.9 (4H, m,
2CH,). MS: m/z (1, %) - 222 (96%) [M]*. Found, %: C
54.05; H 4.52; N 12.60. C,,H,,N,S,. Calculated, %: C
54.02; H4.53; N 12.60.

3,5,6,7-Tetrahydro-4H-cyclopenta[4,5]thie-
no[2,3-d]pyrimidine-4-thione (3b): A yellow powder.
Yield - 60%. M.p. - 223-224°C; 'H NMR: 12.6 (1H,
br s, N-H). 7.9 (1H, br s, C-H), 2.9-3.0 (2H, m, CH,),
2.0-2.2 (4H, m, 2CH,); MS: m/z (1,%) - 208 (77%)
[M]*. Found, %: C 51.91; H 3.87; N 13.45. C,HgN,S,.
Calculated, %: C 51.90; H 3.87; N 13.45;

5,6-Dimethylthieno[2,3-d]pyrimidine-4(3H)-
thione (3c¢): A yellow powder. Yield - 62%. M.p. - 239-
240°C; 'HNMR: 13.0 (1H, brs,NH). 8.4 (1H, brs,CH), 2.1
(3H,s,CH,), 2.4 (3H, 5, CH,). MS: m/z (1,%) - 208 (77%)
[M]*. Found, %: C 48.95; H 4.11; N 14.25. CBH8N2S2. Cal-
culated, %: C 48.95; H 4.11; N 14.27.

The general procedure of the synthesis of com-
pound 4a-c: Add selenium (0.0012 Mol) gradually
to absolute ethanol (50 mL) with stirring on an ice
bath. After that gradually add sodium hydroborate 0.4 g
(0.0032 Mol) to the solution for 15 min. Stir the re-
sulting mixture for 1.5 h until selenium is complete-
ly dissolved. Dissolve compounds 2a-c in ethanol,
cool and add to the solution of sodium hydroselenide.

Stir the reaction mixture under nitrogen for 3 h. Then
pour the solution into the mixture of hydrochloric
acid (100 mL) and ice (50 mL). Filter the precipitate
formed and recrystallize from aq MeOH.

5,6,7,8-Tetrahydro[1]benzothieno|2,3-d]pyri-
midine-4(3H)-selenone (4a): A yellow powder.
Yield - 65%. M.p. - 190°C; 'H NMR: 12.9 (1H, s, NH);
8.1 (1H, s, CH); 4.6 (2H, s, CH,); 2.8-3.0 (4H, m, 2CH,).
Found, %: C 44.62; H 3.76; N 10.42. C,,H,,N,SSe. Cal-
culated, %: C 44.61; H 3.74; N 10.41.

5,6-Dimethylthieno[2,3-d]pyrimidine-4(3H)-se-
lenone (4c): A yellow powder. Yield - 55%. M.p. - 200°C;
IR (ATR, cm™): 3116, 3036, 2965, 2910, 2840, 2766,
1679,1563,1485,1406,1352,1294,1212,1144,1040,
925, 812, 705, 604. 1H NMR: 13.1 (1H, s, NH); 8.0
(1H,s,CH); 2.9 (3H, s, CH;); 2.2 (3H, s, CH3). MS: m/z
(L,%) - 243 (85%) [M]". Found, %: C 39.51; H 3.34;
N 11.54. CgHgN,SSe. Calculated, %: C 39.51; H 3.32;
N 11.52.

The general procedure of alkylation of com-
pounds 1a-c: To the suspension of compound 1a-c
(0.0044 Mol) in ethanol (5 ml) add 0.1 g (0.0044 Mol)
of sodium hydroxide and heat for 10 min. When com-
pounds are dissolved, add the corresponding alkyla-
ting agent (0.0044 Mol), and reflux the mixture for
30-40 min at 70°C. Filter the precipitate formed and
recrystallize from aqg MeOH.

The general procedure of alkylation of compounds
3a-c - method A: Heat the mixture of compounds
3a-c (0.0044 Mol) and potassium carbonate 0.8 g
(0.0061 Mol) in DMF (5 ml) at 40°C for 5 min. Then
add the corresponding alkylhalogenide (0.0044 Mol).
Stir the reaction mixture at 40°C for 24 h and pour
into water. Filter the precipitate formed, dry and re-
crystallize from EtOH.

Method B: Add while stirring the solution of com-
pounds 3a-c (0.0044 Mol) in ethanol (5ml)to 0.2 g
(0.0057 Mol) of the solution of sodium hydroxide in
ethanol (3 ml). Then add the corresponding alkylhaloge-
nide (0.0044 Mol) and reflux at 70°C for 30 min. Cool
the reaction mixture, filter the precipitate formed, dry
and recrystallize from CH,CN.

The general procedure of alkylation of com-
pounds 4a-b: Add while stirring the solution of com-
pounds 4a-c (0.0044 Mol) in ethanol (5 ml) to the so-
lution of sodium hydroxide (0.0057 Mol) in ethanol
(3 ml). Then add the corresponding alkylhalogenide
(0.0044 Mol) and reflux at 70°C for 30 min. Cool the
reaction mixture, filter the precipitate formed, dry and
recrystallize from CH,CN.

Biological Assay

Antimicrobial and antifungal test

1) Stiff plate agar diffusion method. The study
of the antimicrobial and antifungal activity of the com-
pounds synthesized was carried out using the stiff
plate agar diffusion method against E. colj, S. aureus,
M. luteum, C. tenuis and A. niger [6]. The amount of
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microbial cells was 109 c.fu./mL. The incubation pe-
riod for bacteria was 24 h at 35°C, for fungi — 48-72 h
at 28-30°C. Antibiotics vancomicin, oxacillin, nysta-
tin were used as standards. The bacterial cultures,
standards and the substances obtained were applied
across grooves in the concentration of 5 mg/mL, and
then allowed to diffuse in the agar nutrient plate. The
antimicrobial effect and the degree of activity of the
compounds tested were evaluated by measuring of
diameters of the inhibition zones (insensitive: 11-15 mm;
sensitive: 16-25 mm; highly sensitive >25 mm). All
experiments were repeated three times.

2) Serial dilution method. The minimal inhibi-
tory concentration (MIC) was determined using serial
dilutions in the liquid nutrient medium by the classical
method [7]. Innoculations were made in the meat infu-
sion broth at pH 7.0 for bacteria or in the wort agar for
fungi with different concentrations of the compounds
tested. The amount of microbial cells was 109 c.fu./mL.

Results were calculated after storing the control
and test tubes for 24-72 h (at 37°C for bacteria and
at 30°C for fungi) by determining the presence or ab-
sence of microbial growth in the medium contain-
ing various dilutions of the compound tested. The last
tube with growth inhibition (transparent broth) was
considered to be the MIC of the compound against
the given strain.

In the test tubes 0.02 mL of the transparent me-
dium was innoculated in the sterilized meat infusion
broth (for bacteria) or the wort agar (for fungi) in a
stiff plate. The incubation period for bacteria was 24 h
at 35°C, for fungi - 48-72 h at 28-30°C. The minimal
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bactericidal concentration (MBC) and the minimal
fungicidal concentration (MFC) were calculated by
the absence of the colony growth. All experiments
were repeated three times.

Conclusions

The aim of the present study was to synthesize
and investigate the antibacterial and antifungal activi-
ties of some new thienopyrimidine derivatives. The
starting material 1 (R,,R,-thieno[2,3-d]pyrimidine-
4(3H)-one) was used to synthesize the correspond-
ing thiones and selenones. The reaction of alkylation
of the compounds obtained was studied. In the case
of thieno|[2,3-d]pyrimidine-4(3H)-ones the products
of N-alkylation were obtained. When thieno|[2,3-d]
pyrimidine-4(3H)-thio(seleno)nes were alkylated,
S- and Se- derivatives were obtained. Changing of the
reaction conditions did not lead to N-alkylated pro-
ducts as it was expected.

The antibacterial and antifungal activities of the
compounds obtained in vitro have been screened using
the stiff plate agar diffusion method and the serial di-
lution method. According to the stiff plate agar dif-
fusion method compounds 4a and 4c have revealed
a significant activity against Escherichia coli, S. au-
reus, and M. luteum appeared to be the most sensi-
tive to compound 10a in the concentration of 0.5%,
it has also been confirmed by the serial dilution
method (MIC 1=31.2 pg/mL; MBC =125 pg/mL for
M. luteum). The best fungistatic indicators against
A.niger have been found for compounds 4a and 9a
(MIC =31.2 pg/mL).
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THE STUDY OF REGULARITIES OF THE STRUCTURE -
ANALGESIC ACTIVITY RELATIONSHIP IN A SERIES
OF 4-HYDROXY-N-(PYRIDIN-2-YL)-2,2-DIOXO-
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Continuing the search for new analgesics and with the purpose of revealing the structural-biological regularities,
which are important for further studies, the synthesis of a series of 4-hydroxy-N-(pyridin-2-yl)-2, 2-dioxo-1H-2A8, 1-
benzothiazine-3-carboxamides unsubstituted in position 1 has been carried out. The structure of all compounds
synthesized has been confirmed by elemental analysis, "H NMR spectra and mass spectra. Based on a detailed
analysis of the mass spectra it has been concluded that 4-hydroxy-N-(pyridin-2-yl)-2, 2-dioxo-1H-2A%, 1-benzothiazine-
3-carboxamides in crystals are inner salts — 3-{[(pyridinium-2-yl)amino]carbonyl}-2, 2-dioxo-1H-2, 1-benzothiazin-
4-olates. It has been noted that spectroscopy of 'TH NMR does not allow either to confirm or disprove that in DMSO
solution the substances studied exist in the form of inner salts since the signals of the active protons of OH and NH-
groups that are important do not appear. According to the results of the pharmacological screening the substances — for
example, 3-{[(6-methyipyridinium-2-ylJamino]jcarbonyl}-2, 2-dioxo-1H-2, 1-benzothiazin-4-olate — exceeding Piroxicam
by the analgesic activity have been found. It has been unequivocally determined that removal of the 1-N-methyl group
from the structure of 4-hydroxy-1-methyl-N-(pyridin-2-yl)-2, 2-dioxo-1H-2A%, 1-benzothiazine-3-carboxamides in gene-
ral leads to a marked decrease in analgesic properties and may be considered inappropriate.

BUBYEHHST 3AKOHOMIPHOCTEW 3B’SI3KY CTPYKTYPA — AHAJIFTETUYMHA AKTUBHICTb Y CEPII
4-rigPOKCHU-N-(MIPULONH-2-111)-2,2-0I0KCO-1H-2A%,1-BEH30TIA3UH-3-KAPEOKCAMIAIB

I.B.Ykpaineusb, J1.0.llempywoea, O.B.lopoxoea, O.0.[JasudeHko

Knroyoei crnoea: amidysaHHs; 2-amiHomnipuduHu,; 4-eidpokcu-2,2-0iokco-1H-2A%, 1-6eH3omia3uH-3-kapbokcamiou;
CUHMe3; aHanzemuy4yHa akmueHicmb

TpodoeXyroHU MOLYK HOBUX aHari2emuKig ma 3 Memor 8USIENEHHS 8aXUBUX Or1s Modaribuiux OOCITIOXKEHb CIMPYKMYpPHO-
bioroaiyHuUX 3aKoHOMIpHOCMeU, Mu 30iUCHUNIU CUHME3 Cepii He3aMilueHUX y noroxeHHi 1 4-eidpokcu-N-(nipuduH-2-in)-
2,2-0iokco-1H-2A%, 1-6eH3omia3uH-3-kapbokcamioie. bydosy ycix cuHme3so8aHuUXx peyosuH nidmeepdxeHo OaHUMU
erleMeHImHo20 aHarizy, criekmpamu "H SMP ma mac-cnekmpamu. Ha nidcmasi emaribHO20 aHarizy Mac-criekmpie 3po-
6r1eHO 8UCHOBOK, WO 8 Kpucmarax 4-eidpokcu-N-(nipuduH-2-in)-2, 2-0iokco-1H-2A%, 1-6eH3omia3uH-3-kapbokcamiou rpeo-
cmaersiomes coboro 8HympiwwHi cori — 3-{[(nipuduHiym-2-in)amiHoJkapboHin}-2, 2-0iokco-1H-2, 1-beH3omia3uH-4-onamu.
BasHaqveHo, ujo cnekmpockonis 'H SIMP He do3eorisie Hi nidmeepdumu, Hi cripocmysamu me, wo i 8 po3quHi JMCO docrii-
OXKyB8aHI peHO8UHU ICHYHOMb Y 8U2r110i HYMPILWHIX corel, OCKirbKU 8axiiusi Orisi MOOIOHUX 8IOHECEHb CUeHarU aKmueHUX
rpomonie OH ma NH-2pyn y criekmpax He rpossnsomscs. 3a pesyribmamamu hapMaKornogidHo20 CKPUHIH2Y 8USINEHI
peqo8UHU, Harpukrad, 3-{[(6-memunnipuduHiym-2-in)amiHolkapboHin}-2, 2-Oiokco-1H-2, 1-6eH3omia3uH-4-oram, siki nepe-
8uLLyrOMb 3a aHarreemu4Hoo akmueHicmio ipokcukam. OOHO3Ha4YHO 8CMaHOBEHO, W0 sudarneHHsT 1-N-memurbHOI
epyru 3i cmpykmypu 4-2idpokcu-1-memurt-N-(ripuduH-2-in)-2, 2-0iokco-1H-2A%, 1-6eH3omia3uH-3-kapbokcamiois y uinomy
rpu3800UMb A0 MOMIMHOZ0 3HUXEHHS aHarneemu4HUX ernacmusocmel i Moxe 6ymu guaHaHe HeOoUibHUM.

U3YYEHUE 3AKOHOMEPHOCTEW CBSI3U CTPYKTYPA — AHAJIbIFETUYECKASI AKTUBHOCTb B CEPUMN
4-rMgPOKCH-N-(NMTUPULNH-2-UIT)-2,2-JNOKCO-1H-2A°,1-6EH30TUA3NH-3-KAPEOKCAMWU/OB
WN.B.YkpauHeu, J1.A.lMMempywoea, O.B.lopoxoea, A.A.[JasudeHko

Knroyeenie cnoea: amuduposaHue; 2-aMUHOMUPUOUHbI; 4-2udpokcu-2,2-0uokco-1H-2A° 1-6eHsomua3uH-3-
Kapbokcamulbl; CUHMe3; aHarbaemuyecKkas akmueHOCMb

[Mpodomkas MoUCK HOBbIX aHaIb2eMUKO8 U C UEJbH 8bISIBNIEHUST 8aXHbIX 07151 nocrnedyouwux uccriedosaHull
CMpYKMypPHO-bUOI02UYECKUX 3aKOHOMEPHOCMEU, Mbl OCYWECMB8UIU CUHMEe3 cepuu He3aMeuweHHbIX 8 Mooxe-
Huu 1. CmpoeHue 8cex cuHmMe3upo8aHHbIX coeduHeHUl nodmeepx0eHo OaHHbIMU 3IIeMEeHMHO20 aHanu3a, Crek-
mpamu "H SIMP u macc-cnekmpamu. Ha ocHosaHuu OemarnbHO20 aHanu3a mMacc-crieKmpos coernaH 61800, Ymo
8 kpucmarnnax 4-a2udpokcu-N-(nupuduH-2-un)-2,2-duokco-1H-2A%, 1-beHsomuasuH-3-kapbokcamudsi npedcmas-
nsarom cobol eHympeHHue conu — 3-{[(nupuduHuym-2-usn)amuHo]kapboHun}-2, 2-0uokco-1H-2, 1-6eH30-mua3uH-4-
onamel. OmmeyeHo, Ymo criekmpockonusi 'H SIMP He no3sonsiem HU nodmeepduma, HU OrpPO8eP2HyMb MO, YMOo
u 8 pacmeope [MCO uccnedyembie coeOUHeHUs cyuecmayom 8 8ude 8HYmMpeHHUX corel, MOCKOMbKY 8aXHble
05 MoO0bHbIX OMHeceHul cueHarbl akmueHbix npomoHos OH u NH-2pynn e criekmpax He nposensaomces. [1o
pesyrnbmamam ghapMakoio2u4ecko20 CKpUHUH2a 8bisierneHbl sewjecmaa, Harnpumep, 3-{[(6-memunnupuduHuym-2-
urn)amuHoj-kapboHurn}-2, 2-0uokco-1H-2, 1-6eH3omua3uH-4-ornam, Komopble npesocxodsim o aHanbaemuyeckol
akmueHocmu lNupokcukam. OOHO3Ha4YHO ycmaHoerieHo, Yymo ydaneHue 1-N-memuribHOU epynrbl U3 CmpyKmypbi
4-2udpokcu-1-memun-N-(nupuduH-2-ur)-2, 2-0uokco-1H-2A%, 1-6eH3o0mua3uH-3-kapbokcamudoe 8 UesioM rpueo-
Aum K 3aMemHOMy CHUXEHUIO aHallb2emu4ecKux ceolicme U Moxem bbimb MpusHaHo HeuenecoobpasHbiM.
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By now a chemical modification (both reversible
and irreversible) has become such a powerful tool
for identification of promising compounds and opti-
mization of lead compounds obtained earlier, and it
is impossible to imagine practical work of medicinal
chemists engaged in the search for new biologically
active substances without it. Using these methodol-
ogies a variety of problems - pharmacological, phar-
maceutical, technological, etc., - faced by researchers
on the long and arduous road from substance to me-
dication are being successfully solved [1-6]. Essen-
tially, guided by these principles we have recently
begun to study derivatives of 4-hydroxy-2,2-dioxo-
1H-22%1-benzothiazine-3-carboxylic acids. As one
of the first objects of our research N-R-amides with
the general formula I have been chosen. Being isomers
of highly effective pain killers of oxicam series II (e.g.,
Piroxicam R = pyridin-2-yl or Meloxicam R = 5-me-
thyl-1,3-thiazol-2-yl) [7], these compounds are of in-
terest as potential new analgesics. Their main and,
at first glance, a very simple structural difference -
atoms of nitrogen and sulphur in the benzothiazino-
ne cycle changed places, thanks to it this methodo-
logy actually got the name of “flip-flop drugs” [8] -
appeared to be quite difficult task for practical im-
plementation. However, a solution was found among
hetarylamides [9-10] and anilides [11-12] of 4-hy-
droxy-1-methyl-2,2-dioxo-1H-2A%1-benzothiazine-
3-carboxylic acid I, highly active analgesics were re-
ally found.

The next stage of our research was an obvious,
easily done removal of the N-methyl substituent from
the base molecule carried out on the example of the
series of 4-hydroxy-N-(pyridin-2-yl)-2,2-dioxo-1H-
21 1-benzothiazine-3-carboxamides 3a-g. The pre-
sent work aims to clarify the impact of this trans-
formation on the structure, physico-chemical and, most

i
OMe 5
—
NH,
1 2

importantly, the biological properties of the com-
pounds of the series studied. It is clear that obtain-
ing the target products only looks like N-demethyla-
tion. In reality, from the synthetic scheme the stage
of alkylation of the initial methyl anthranilate 1 is
simply excluded. Based on it, ethyl 4-hydroxy-2,2-
dioxo-1H-22%1-benzothiazine-3-carboxylate (2) un-
substituted in position 1 was synthesized according
the method previously described [13]. The target ami-
des 3a-g were obtained with good yields by inter-
action of this ester with equimolar amounts of the
corresponding 2-aminopyridines in boiling xylene.

After recrystallization from DMF amides 3a-g syn-
thesized are colourless or white with a yellowish tint
crystalline substances with narrow intervals of mel-
ting points, when heating they are soluble in DMF
and DMSO and insoluble in ethanol and water. To con-
firm their structure the elemental analysis, spectro-
scopy *H NMR, mass spectrometry were used, and in
the case of 6-methylpyridine-2-ylamide 3d the X-ray
analysis was also applied. Unfortunately, the low solu-
bility of all amides 3a-g in DMSO-d, at room tempera-
ture did not allow to record *C NMR spectra.

A distinctive feature of 1-N-methylsubstituted py-
ridine-2-ylamides with the general formula I is their
existence in the form of inner salts (at least in the
crystal phase) [10]. However, the question whether
such a structure preserves in solution is still open.
One fails to solve it in the case of 4-hydroxy-N-(py-
ridin-2-yl)-2,2-dioxo-1H-2A%1-benzothiazine-3-carb-
oxamides 3a-g as well. The 'H NMR spectra give im-
portant and useful information about their structure.
However, they do not allow either confirm or dis-
prove that in DMSO solution the substances studied
exist in the form of inner salts since the signals of
the active protons OH and NH-groups that are impor-
tant do not appear (obviously, due to the rapid deu-
terium exchange).

But in the gas phase the salt forms of amides 3a-g
are obviously preserved as evidenced by their mass
spectrometric behaviour. Unlike existing conventional
and therefore quite stable 4-OH forms of 4-hydroxy-
1-methyl-N-(1,3-thiazol-2-yl)-2,2-dioxo-1H-2A%1-
benzothiazine-3-carboxamides [9], here by electron
impact ionization the molecular ion peak was mana-
ged to be fixed in one case only and in extremely low
intensity (see Scheme 2). And if the main pathway of

R R
I Mg ]
S- H
Xylene, 150°C, 1 h N O
H O
3a-g

3:aR=H;bR=4-Me; cR =5-Me; dR =6-Me; e R=5-Cl; fR = 3,5-Cl,; g R = 5-Br.
Scheme 1. The synthesis of 4-hydroxy-N-(pyridin-2-yl)-2,2-dioxo-1H-2A®,1-benzothiazine-3-carboxamides 3.
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Scheme 2. The mass spectrometric fragmentation of amide 3d molecular ion.

the primary decomposition of molecular radical ca-
tions of thiazolyl-2-amides was breaking of the bond of
the benzothiazine-carbamide fragment (pathway A),
but with transition to inner salts 3a-g the probabi-
lity of such direction is considerably lost. As a result,
the intensity of peaks of the corresponding fragment
ions of isocyanate 4, benzothiazine 5 and hydroxy-
indole 6 does not exceed 2-7%. The primary de-
struction of the CO-NHHet bond (pathway B) comes
to the fore, as a rule, it leads to appearance of high-
intensity fragment ion peaks of the corresponding
2-aminopyridines 7, as well as ketene 8 and oxoin-
dole 9 that are common to all samples under research.
However, the main distinctive feature of the mass
spectra of amides 3a-g conditioned by their exis-
tence in the form of inner salts is an easy elimina-
tion of SO, from molecular ions (pathway C). It is of
interest that in this case two types of products are
formed: 3-hydroxyindole-2-carboxamide 10 (main)
and its 3-oxo analogue 11 (minor). Apparently, their
sources are different zwitterionic forms of amide 3d.

The analgesic activity of the compounds synthe-
sized was studied compared to Piroxicam being simi-
lar by its structure on the model of the thermal tail-
flick procedure in white male rats weighing180-200 g
(Tail Immersion Test) [14]. For this purpose the rat’s

tail tip was immersed in a water bath heated to 54°C,
and the latent period of the tail withdrawal (immer-
sion) expressed in seconds was determined. The anal-
gesic effect (in %) was assessed by the change of the
latent period in 1 h after introduction of the test sub-
stances and the reference drug. Seven experimental
animals were involved to obtain statistically reliable
results (the significance level of the confidence in-
terval accepted in this work was p<0.05) in testing
each of amides 3a-g, the reference drug and control.
All substances under research and Piroxicam were
introduced orally in the form of fine aqueous suspen-
sions stabilized with Tween-80 in a screening dose of
20 mg/kg. The animals of the control group received
an equivalent amount of water with Tween-80.

All biological experiments were carried out in full
accordance with the European Convention on the Pro-
tection of Vertebrate Animals Used for Experimen-
tal and Other Scientific Purposes and the Ukrainian
Law No. 3447-1V “On protection of animals from se-
vere treatment” (2006).

The results of our pharmacological experiments
presented in Table show that removal of the 1-N-me-
thyl group reflects ambiguously on the analgesic pro-
perties of 4-hydroxy-N-(pyridin-2-yl)-2,2-dioxo-1H-
2A°%1-benzothiazine-3-carboxamides. In some cases -
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Table

Analgesic activities of 4-hydroxy-N-(pyridin-2-yl)-
2,2-dioxo-1H-2)\%,1-benzothiazine-
3-carboxamides (3a-g) and Piroxicam

The latent period | Change of the
Compound R ' in1h after latent period
introduction of compared to
the compounds, s control, %?
3a H 3.52+0.11 +12.0 (+5.8)
3b 4-Me 3.46+0.10 +10.1 (+42.3)
3c 5-Me 4.08+0.12° +29.9 (+3.6)
3d 6-Me 4.63+0.14° +47.6 (+76.2)
3e 5-Cl 3.61+0.10 +15.0 (+96.7)
3f 3,5-Cl, 3.92+0.11° +24.7 (+25.1)
39 5-Br 4.25+0.16° +35.3 (+7.0)
Piroxicam 3.96+0.15° +26.1
Control 3.14+£0.14 -

@ — The data on the analgesic activity of the corresponding 1-N-methyl-
substituted 4-hydroxy-N-(pyridin-2-yl)-2,2-dioxo-1H-2A%,1-benzothiazine-
3-carboxamides (I) are given in parentheses [10]; * — Significantly
different from control, p<0.05

3a,famides - such chemical modification has almost
no effect on the biological properties, and in other
cases - 3b,d,e amides - it causes a significant de-
cline. At the same time there are positive examples
of a substantial increase in activity - 3c,g amides
significantly exceed not only their 1-N-methyl-sub-
stituted analogues, but Piroxicam as well by the level
of the analgesic effect.

Experimental Part

'H NMR spectra (400 MHz) were received on a
Varian Mercury-400 instrument (USA) in DMSO-d,
solution with TMS as an internal standard. The elec-
tron impact mass spectra were recorded on a Varian
1200L mass spectrometer (USA) with complete scan-
ning in the m/z range from 35 to 700 and direct
sample inlet. The electron impact ionization was at
70 eV. Elemental analysis was performed on a Euro
Vector EA-3000 microanalyzer (Great Britain). Melt-
ing points were determined in a capillary using a
Stuart SMP10 digital melting point apparatus (Great
Britain). The starting ethyl 4-hydroxy-2,2-dioxo-1H-
2A°%1-benzothiazine-3-carboxylate (2) was prepared
by our previous procedure [13]. The commercially
available o-xylene was dried over anhydrous granu-
lar CaCl, before use and distilled.

The general procedure for the synthesis of 4-
hydroxy-N-(pyridin-2-yl)-2,2-dioxo-1H-22%1-ben-
zothiazine-3-carboxamides (3a-g). Keep the mixtu-
re of ethyl ester 2 (2.69 g, 0.01 Mol), the corresponding
2-aminopyridine (0.01 Mol), and dry o-xylene (5 mL)
for 1 h at 150°C on a liquid metal bath using a suitable
air-cooled distilling column that allows to distill off
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the ethanol formed without removing the o-xylene
solvent. Cool the reaction mixture, add EtOH (15 mL),
and leave the mixture for several hours at room tem-
perature. Filter the crystalline amide 3 precipitated,
wash with cold EtOH, dry, and recrystallize from DMF.
Pyridin-2-ylamides 3a-g were colourless crystals or
white crystals with a yellowish tint.
4-Hydroxy-N-(pyridin-2-yl)-2,2-dioxo-1H-2A%,
1-benzothiazine-3-carboxamide (3a). Yield - 92%.
M. p. - 271-272°C (decomp.); 'H NMR, 6: 8.23 (d, ] =
4.7 Hz, 1H, H-6"); 7.96-7.90 (m, 2H, H-4’, 5), 7.70 (d,
]=7.2Hz, 1H,H-3"); 7.49 (t,] = 7.7 Hz, 1H, H-7), 7.29
(t,] = 6.6 Hz, 1H, H-5"), 7.12 (t, ] = 7.4 Hz, 1H, H-6),
7.06 (d, ] = 8.1 Hz, H-8); MS, m/z (1., %): 253 [M -
SO,]* (15), 252 (2), 223 (3), 197 (5), 133 (14), 132
(6),120(2),106 (100),104 (39), 77 (87); Anal. Calcd.
for C,,H,;N,0,S: C, 52.99; H, 3.49; N, 13.24; §, 10.10.
Found: C, 53.06; H, 3.55; N, 13.17; S, 10.03.
4-Hydroxy-N-(4-methylpyridin-2-yl)-2,2-di-
oxo-1H-2A%1-benzothiazine-3-carboxamide (3b).
Yield - 90%. M. p. - 297-299°C (decomp.); 'H NMR,
6:8.12 (d,] =5.7 Hz, 1H,H-6"),7.99 (d,] = 7.8 Hz, 1H,
H-5), 7.52-7.47 (m, 2H, H-7, 3’), 7.20-7.11 (m, 3H,
H-6,8,5), 2.35 (s, 3H, 4-CH,); MS, m/z (I.,, %): 267
[M -S0,]* (17), 266 (3), 223 (30), 197 (12), 159 (5),
148 (13),134(29),133 (12),132 (14),120(33), 119
(95),108 (100), 104 (62), 92 (81), 81 (36), 80 (57),
77 (53); Anal. Calcd. for C,;H;N,0,S: C,54.37; H, 3.95;
N, 12.68; S, 9.68. Found: C, 54.43; H, 4.02; N, 12.62;
S, 9.59.
4-Hydroxy-N-(5-methylpyridin-2-yl)-2,2-di-
oxo-1H-2A%1-benzothiazine-3-carboxamide (3c).
Yield - 91%. M. p. - 290-292°C (decomp.); 'H NMR,
6:8.16 (s, 1H, H-6), 7.98 (d,] = 7.6 Hz, 1H, H-5), 7.88-
7.75 (m, 2H, H-4',3"), 7.53 (t,] = 7.6 Hz, 1H, H-7), 7.21-
7.08 (m, 2H, H-6, 8), 2.35 (s, 3H, 5’-CH.); MS, m/z (I,
%): 267 [M - SO,]* (49), 266 (7), 223 (2), 197 (3),
159 (3), 148 (17), 134 (10), 133 (16), 132 (8), 120
(32),108 (100), 104 (18), 92 (47), 81 (25), 80 (40),
77 (22); Anal. Calcd. for C,;H;N,0,S: C,54.37; H, 3.95;
N, 12.68; S, 9.68. Found: C, 54.44; H, 4.01; N, 12.60;
S,9.62.
4-Hydroxy-N-(6-methylpyridin-2-yl)-2,2-di-
oxo-1H-2A%1-benzothiazine-3-carboxamide (3d).
Yield - 95%. M. p. - 266-268°C (decomp.); 'H NMR,
6:8.02-7.85 (m, 3H, H-5,4",3"),7.51 (t,] = 7.4 Hz, 1H,
H-7),7.27-7.04 (m, 3H, H-6, 8,5"), 2.50 (s, 3H, 6’-CH,
coincides with the signals of the residual protons in
DMSO-d,); MS, m/z (I, %): 331 [M]* (2), 267 [M -
SO,]* (34), 266 (3), 223 (22), 197 (2), 159 (2), 148
(39),134 (7),133(10),132(6),120(100), 108 (67),
104 (4), 92 (84), 91 (62), 81 (88), 80 (58), 77 (17);
Anal. Calcd. for C,;H,,N,0,S: C,54.37; H, 3.95; N, 12.68;
S, 9.68. Found: C, 54.40; H, 4.00; N, 12.59; §, 9.61.
N-(5-Chloropyridin-2-yl)-4-hydroxy-2,2-dioxo-
1H-2A51-benzothiazine-3-carboxamide (3e). Yield -
93%. M. p. - 285-287°C (decomp.); '"H NMR, &: 8.35
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(s,1H, H-6"),8.17 (d,] = 8.4 Hz, 1H, H-4"),8.00 (d,] =
7.6 Hz, 1H, H-5), 7.90 (d, ] = 8.8 Hz, 1H, H-3’), 7.63 (t,
] =7.6 Hz, 1H, H-7), 7.27 (t,] = 7.2 Hz, 1H, H-6), 7.20
(d, ] = 8.1 Hz, 1H, H-8); MS, m/z (1., %): 287/289
[M-S0,]* (34/14),286/288 (5/7), 197 (24), 159 (6),
154/156 (48/13),133 (22), 132 (12),128/130 (97/43),
119 (59), 104 (70), 101 (100), 92 (58), 91 (19), 77
(79); Anal. Calcd. for C,,H,,CIN,0,S: C,47.80; H, 2.87;
N, 11.95; S, 9.12. Found: C, 47.74; H, 2.80; N, 11.88;
S, 9.04.
N-(3,5-Dichloropyridin-2-yl)-4-hydroxy-2,2-di-
oxo-1H-21%1-benzothiazine-3-carboxamide (3f).
Yield - 86%. M. p. - 256-258°C (decomp.); 'H NMR,
0:8.43 (s, 1H,H-6"),8.20 (s, 1H,H-4"),7.98 (d,] = 7.6 Hz,
1H, H-5),7.60 (t,]=7.6 Hz,1H,H-7),7.24 (t,] = 7.2 Hz,
1H, H-6),7.20 (d,] = 8.0 Hz, 1H, H-8); MS, m/z (I, %):
312/323/325 [M - S0O,]* (14/10/2), 197 (18), 188/
190/192 (36/24/4),162/164/166 (98/74/14), 159
(7), 133 (15), 132 (4), 127 (60), 104 (45), 92 (61),
91 (24), 77 (38), 73 (63), 64 (100); Anal. Calcd. for
C.,H,Cl,N.0,S: C, 43.54; H, 2.35; N, 10.88; S, 8.30.
Found: C, 43.46; H, 2.41; N, 10.96; S, 8.23.
N-(5-Bromopyridin-2-yl)-4-hydroxy-2,2-di-
oxo-1H-21%1-benzothiazine-3-carboxamide (3g).
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Yield - 92%. M. p. - 291-292°C (decomp.); *H NMR, &:
8.41 (s, 1H, H-6"), 8.12 (d, ] = 8.3 Hz, 1H, H-4"), 8.03-
7.96 (m, 2H, H-5,3"),7.61 (t,] = 7.5 Hz, 1H, H-7), 7.25
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Anal. Calcd. for C,,H,,BrN,0,S: C, 42.44; H, 2.54; N,
10.61; S, 8.09. Found: C, 42.49; H, 2.61; N, 10.68; S,
8.01.

Conclusions

1. The article presents a new series of 4-hydroxy-
N-(pyridin-2-yl)-2,2-dioxo-1H-21%1-benzothiazine-
3-carboxamides without substituents at the nitro-
gen atom of the benzothiazine cycle. The analgesic
properties of all substances synthesized have been
studied.

2. It has been observed that position 1 readily sub-
jected to modification can be used for purposeful im-
provement of pharmaceutical or pharmacological pro-
perties of N-substituted 4-hydroxy-2,2-dioxo-1H-2A°,
1-benzothiazine-3-carboxamides.
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The complexation reactions of N-substituted thiourea derivatives with PdCl, have been investigated in the present
work. The functionally substituted thiourea derivatives are found to be effective chelating agents, in which the nature of
substituents has a significant impact to the compositions and structures of complexes. Thus, (N-pyridine-2-yl)thioureas
in the interaction with PdCl, form two types of complexes in the molar ratio of M:L 1:1 and 1:2, in which they act as
S,N-bidentate ligands coordinated to the palladium ion by thione sulphur and the nitrogen atom of the pyridine ring. The
reaction of N-allylthioureas with PdCl, in the equimolar ratio results in formation of the r-complexes where the ligands
are coordinated by the thione sulphur and the C=C double bond of the allylic moiety. The preparative methods for the
synthesis of this type of complexes have been developed. The composition of the products synthesized and the ligands
coordination mode have been determined by elemental analysis and '"H NMR spectroscopy. Furthermore, the structure
of compounds 4, 5 has been confirmed by the X-ray diffraction study. The biomedical studies have proven that the
complex compounds 5 and 6 in vitro have the cytostatic and cytotoxic activity against tumour HelLa cells.

KOMIT/IEKCOYTBOPHKOBAJIbHA 3ATHICTb N-3AMILYEHUX NMOXIQHUX TIOCEYOBUHU 5IK XEJTATYHOYUX
JUIFAHLIB Y PEAKLIT 3 PD(II)

HO.J1.360posckkull, B.B.Opucuk, [.0.MensHu4eHko, C.I.Opucuk, I.I".Peniy, J1.B.'apmaHuyk, J1.1.[Mans4ukoeckkKa,
B.l.lMexHbO, M.B.Boek

Knroyoei croea: C=C nodsiliHuli 38’a30K; KoopOuHaujilHi crionyku nanadito; mioce4o8uHa; peHmaeHoCmpyK-
mypHUU aHani3; TT-KOMIIIEKCU; MPOMUIyX/IUHHa aKmueHiCmb

HocnidxeHi peakuyji komnnexkcoymeopeHHsi N-3amiujeHux rnoxioHux mioce4osuHu 3 PdCl,. BcmaHoerneHo, wo yHK-
uioHanbHO 3amilieHi noxioHi Mioce4o8UHU € eqheKmMUBHUMU Xenamyr4umMu azeHmamu, rpu UsoMy rpupooda 3a-
MiCHUKI8 cymmeego eriueae Ha cknad i 6ydosy KomrnekcHux crionyk. Tak, (N-nipuduH-2-in)miocedosuHu rpu e3a-
emodii 3 PACl, ymeoproroms 08a murniu Komrinekcie y criigsioHowerHi M:L 1:1 ma 1:2, do cknady sKkux ui peaceHmu
8x005mb 5K S,N-0oHOpHI 6i0eHmamHi nieaHOu, KOOPOUHYHUCh OO0 iOHa nanadito amoMOoM CipKU MIOHHOI epynu
ma amomom a3omy nipuduHog8oeo sidpa. Peakuis N-aninmiocevosuH i3 PACI, npu exeiMonspHoMy crie8iOHOWEHHI pe-
azeHmig npusodumes 00 ymeOopeHHS TT-KOMITIIEKCIB, 8 SIKUX KOOPOUHay,isi 30iiICHIEMbCS 3a y4acmio amoma Cipku
mioHHoiI epynu ma C=C rnodsiliHo2o 38’a3Ky arninbHo20 hpazsmeHma. Po3pobrieHi npenapamugHi Memoou CUH-
me3y maKko20 murly KOMIeKcHUX crionyk. Cknad cUHme308aHuUX peqyosuH ma criocié koopOuHauii nieaHoie ecma-
HoerneHi memodamu eneMeHmMHoeo aHanisy ma 'H SIMP cnekmpockonii. Okpim moeo, 6ydoea komnnekcie 4, 5
0dosedeHa peHmaeHocmpyKmypHUM memooom. Meduko-6ionoaidyHuUMU OOCTIOKEHHSIMU 8CMaHOBITIEHO, W0 KOMIIEK-
CcHi crionyku 5 i 6 in vitro Mposiensome yumocmamuyHy ma yumomoKkcuyHy Oito Ha MyXuHHI KmimuHu siHil HelLa.

KOMIT/IEKCOOBPA3YKOLASI C[TOCOBHOCTb N-3AMELYEHHbLIX MTPON3BOAHbIX THOMOYEBUHbLI KAK
XEJIATUPYROLUNX JINFTAHOOB B PEAKLINU C Pd(ll)

HO.J1.360poeckutl, B.B.Opbicbik, [.A.MenbHu4eHko, C.U.Opbickik, I Penud, J1.B.FapmaH4yk, J1.U.Mans4yukoeckasi,
B.W.lNexHb0, M.B.Boek

Knroueenie croea: C=C 0soliHas cesi3b; KOOPOUHAUUOHHbIe COeOUHEHUSsI nannadusi; MUOMOYe8UHa, PeHMaeHOo-
CMpYKMYypHbIU aHanus; T-KOMI/IeKChI; MPOMUB0O0ITyxoseeast akmugHOCMb

UccnedosaHb! peakyuu KomrriekcoobpasosaHusi N-3aMeuleHHbIX Mpou3soOHbIX muomoqesuHbi ¢ PdCl, YcmaHosneHo,
4Ymo GbYHKUUOHAIIbHO 3aMeWEHHbIE MPOU3BOOHbIE MUOMOYEBUHbI S8MSOMCS 3¢bheKMUBHbIMU Xeramupyrowumu
azeHmamu, rpu 3mMom rpupoda 3amecmumeriell CyueCmeeHHO 8/USIEM Ha COCMas U CMPOEHUE KOMIT/IEKCHBIX CO-
eduHeHul. Tak, (N-nupuduH-2-un)muomoyesuHs rpu e3aumodeticmeuu ¢ PdCl, obpa3yrom dea mura KOMIMIEeKco8
6 coomHoweHuu M:L 1:1 u 1:2, 8 cocmag Komopbix amu peageHmbl 8x005m Kak S,N-0oHOpHble budeHmamHbie
Ju2aHObI, KOOPOUHUPYSICh K UOHY nasnadusi amoMoM cepbl MUOHHOU epyrrsl U amoMOoM a3oma rnupuduHo8020 sidpa.
Peakuyusi N-annunmuomodyesuH ¢ PdCl, npu 3K8UMOIISIPHOM COOMHOWEHUU peazeHmos npusooum K 0b6pa3o8aHuro
TT-KOMIT/IEKCOB, 8 KOMOPbIX KOOPOUHAUUST OCYLECMBIIemCs C yYacmuem amoma cepbl muoHHoU epyrirbsi u C=C dgou-
HOUl €8513U annuribHo20 ¢hpasmeHma. Pa3pabomaHs! rpenapamuegHsie MemoObl CUHMEe3a 3Mo20 muria KOMI/IEKCHbBIX
coeduHeHul. Cocmae cuHme3uposaHHbIX 8euiecms U criocob KoopOuHayuu u2aHo08 yCmaHo8MeHb! ATeMEHMHbBIM
aHanuzom u memodom "H SIMP cnekmpockonuu. Kpome moeo, crmpoeHue KOMIeKcoe 4, 5 00kazaHO peHmeeHoCMpyK-
mypHbIM Memodom. Meduko-buonoaudeckumu uccriedo8aHUsIMU yCmaHO8IEeHO, YMO KOMIIEKCHbIE COeOUHEHUsT 5 U 6
in vitro okasblgatom yumocmamu4yecKoe U YUmOoImoKcu4eckoe 0elicmeue Ha oryxoriesble Knemku fuHuu Hel a.
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Thiourea and its N-substituted derivatives are
efficient complexing agents for metal ions, which are
widely used as ligands in coordination chemistry [1-3].
The presence of unshared electron pairs in the sul-
phur atom and two nitrogen atoms allows to form
the complex compounds with transition metal salts
of the different type, many of which possess valuable
applied properties (optical, semiconductor, biologi-
cal, etc.) and are employed in various fields of sci-
ence and technology [4-7]. Thioureas are of prime
importance as anticancer drugs due to their ability
to inhibit the enzymes that are involved in the malig-
nant tumour formation processes (tyrosine kinase,
protein tyrosine kinase and NADH oxidase) [8-10].

In recent 15-20 years much attention has been
given to the study of the biological activity of com-
plex compounds of transition and platinum metals
[11-15]. Many of them exhibit a high pharmacologi-
cal activity, and as therapeutic agents are often su-
perior to starting metal salts because the complex
formation prevents hydrolysis in the physiologic me-
dium, reduces toxicity and facilitates penetration of
medicines through the cell membrane. Moreover, the
use of biologically active ligands, an additive or syn-
ergistic effect manifests itself between the constitu-
ents of complexes [16, 17]. Therefore, development
of methods for the synthesis of different types of
complexes based on thiourea derivatives is a promi-

sing trend in creating novel therapeutic and diagno-
stic agents [3, 18-21].

The introduction of additional functional groups
into the structure of thioureas (such as allyl, pyridi-
ne, morpholine) allows to expand the range of their
biological activity and to increase the denticity of
these ligand systems, it leads to their competitive
coordination to metal ions. On the other hand, pal-
ladium as a “soft Lewis acid” has also the competing
ability in the interaction with ambidentate ligands
by the «soft-soft» type thereby resulting in forma-
tion of complexes with different structures depend-
ing on the synthetic conditions and the geometrical
arrangement of donor atoms in the ligands.

In this work, the effect of synthetic conditions and
the denticity of N-allyl-N*-(2-pyridinyl)thiourea (HL?),
N-allylmorpholine-4-carbothioamide (HL?) and N-
allyl-N’-tert-butylthiourea (HL*) as ligands on form
N-(2-pyridinyl)morpholine-4-carbothioamide (HL?),
ation of mononuclear coordination compounds with
PdCl, has been studied. In addition, the cytotoxic and
proapoptotic activities of Pd(II) complexes based on
HL3** (5, 6) were determined.

Results and Discussion

The complexation reactions were carried out in
the acidic medium according to the Scheme. Thiou-
reas (HL?, HL?) contain nucleophilic pyridine nitro-

l AN NH
RN /pl 3 /N\*Rf//’NH
+PdCly M:L 1:1 4| N2 S +PdCl, MiL 1:2 HN. g TSNF Cl,
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[Pd(HU)Clz] (1) HL' 7\ [PA(HL"),ICl, (2)
c. ¢l s <”‘0
\pd/ +PdCl, M:L 1:1 477 Ny2 S N‘)
1 \ - S 7 _8 +PdCl, M:L=1:2 I N
Z N PH2,EIOH  55\Z N7 N/\B'—>
N/\}) H \\/ pH 3,NaClOy, \ NH (CIOy),
7 .
H \\/ HL2 8 HN / é
[PA(HL?)CI,] (3)
C'\ ¢ oj [PA(HL?),](CIO,), (4)

+PdCl, M:L 1:1 \/3\

/’
Cha

[PA(HL3)CI,] (5)

HL3 ®

1
N
2

HL4

Scheme. The schematic synthesis of complexes 1-6.
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Fig. The molecular structure of complexes 4 (a) and 5 (b).

gen and sulphur atoms of the carbothioamide group
at the stoichiometrically advantageous positions for
formation of metallochelates; it results in their co-
ordination to the central metal ion as S,N-bidentate
ligands thereby forming complexes 1-4. At the same
time the acid medium contributes to their stay in
thionic tautomeric form. Changing the reaction con-
ditions such as temperature, the heating time and
the molar ratio affect the number of coordinated li-
gand molecules and chlorine anions.

Unlike HL!, HL?, thioureas HL3, HL* contain only
one nucleophilic atom (sulphur) capable to coordina-
tion, which makes them potential monodentate rea-
gents. However, the ability of palladium to the “soft-
soft” interaction leads to formation of n,m-chelate
complexes 5, 6. All attempts to synthesize complexes
with the molar ratio of 1:2 under the same conditions
were unsuccessful. [t may be due to the antisymbio-
sis effect of “soft” allyl and thiourea groups, which
makes unfavourable further substitution of “hard” Cl-
ions to “soft” donor atoms of another ligand molecule [22].

All the complexes are soluble in DMSO and DMEF,
whereas complexes 2, 4-6 are also soluble in water
and alcohols.

Single crystal X-ray diffraction study of complexes
4, 5. One molecule of complex 4 per unit cell is ob-
served, and the atom Pd1 occupies a special position at
the centre of inversion. The palladium atom is bound
by two S and two N atoms with bond angles N1a-Pd1-N1
180.0°, S1a-Pd1-S1 180.0°, N1a-Pd1-S1a 85.74(7)°
and N1a-Pd1-S1 94.26(7)° in a square-planar coor-
dination geometry (Fig. a). The Pd1-Sl and Pd1-N1
bond lengths are 2.315(8) and 2.029(2) A, respective-
ly. The bonding parameters agree with the coordinate
patterns in [23-25].

The fragment N2C6N3 has a planar configura-
tion (the sum of bond angles is 360°) and C6-N2 and
C6-N3 bond lengths are shorter than that for a stan-
dard single C-N bond because of conjugation of the
lone pair electrons for the nitrogen atoms N2 and
N3 with the double C(6)=S(1) bond (1.731(3) A). The
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pyridine ring is planar: the mean deviation from the
least-square plane does not exceed 0.011 A. The bond
angles Pd1-S1-C6 92.98(10)°, S1-C6-N2 120.1(2)°,
C6-N2-C1 127.4(3)°, N2-C1-N1 120.2(3)°, C1-N1-
Pd1 123.13(18)° N1-Pd1-S1 85.74(7)° of the six mem-
ber chelate ring is similar to the corresponding angles
in [24] and illustrate that the metallocycle is signifi-
cantly distorted and has a bath form. The symmetric
cycle Pd1/S1a/C6a/N2a/Cla/N1a is analogous.
The asymmetric unit also contains a solvate molecule
of acetone, which is bonded to the complex by the N2-
HNH...06 hydrogen bond, with the following para-
meters: N2...H2N, 0.73(3); HNH...06, 2.15(3); N2H...
06, 2.864(4) A; N2-H2N-06 166(3)°. Two perchlorate
anions occupy the free space around the palladium
atom, and the shortest Pd1-02 distance of the per-
chlorate anion is 3.747 A.

The asymmetric unit of compound 5 involves one
solvation water molecule (Fig. b). The central palladium
ion forms a square planar coordination unit Pd(C=C)
SCl, by atom S1, two chloride ions Cl1, CI2 and double
bond C1=C2 of the allyl fragment. The midpoint of
the C1=C2 double bond is considered as the point
ligand with the distance of 2.0451(3) A to the central
metal ion. The average deviation from the absolute
planar configuration is 0.0325 A. The angle between
the polyhedral plane and C1-C2 bond is 1792. The
bond length C4-S1 (1.741(4) A) indicates to the thione
tautomeric form of the coordinated thiourea HL.
The bonds Pd-Cl (2.322, 2.329 A) in complex 5 are
equivalent. The analysis of the crystal packing shows
a layered structure of complex molecules along the
crystallographic axis [010] by the “head-to-tail”
type with the extensive system of hydrogen bonds
0-H..0 2.897(4) A, N-H...0 2.759(4) A and 0-H...Cl
3.278(3), 3.350(3) A.

IH NMR spectra. In the *H NMR spectra of complexes
1, 2, the signals for CH=CH, (allyl) and N?H (thioure-
ate group) are shifted upfield by A§ = 0.104-0.135
and 1.239 ppm, respectively, compared to those in
the spectrum of HL'. The considerable upfield shift
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Table
The cytostatic/cytotoxic activity of complex compounds 5, 6
i Cell cycle phases (%), (Coympoiex = 1Cso/ 10
Compound ICo M Apopt%tlc ycle p (%), (Ceompi 50/ 10)
level, % G,/G, G,/M S

Control - 11.8 43.45+1.30 22.28+1.40 34.26+1.80
Complex 5 1.5-10* 80.7 67.40+1.12 6.67+0.41 25.93+1.29
Complex 6 2-10° 31.3 48.85+0.22 29.51+1.14 21.64+1.13

of the signal for N?H is due to its participation in
forming the six-membered chelate ring Pd-N!-C!-
N2H-C®-S (Scheme). The fairly substantial downfield shifts
of the signals for the pyridine protons can also be
attributed to the coordination of HL! by the pyri-
dine N atom. It should be noted that the protons C°H,,
(A8=0.766), C*H,, (A5=0.296), C°*H,, (A6=0.266) and
C*Hp, (A8=0.192 ppm), which are in ortho and para
position to the coordination bond (N,,—Pd) are most
sensitive to the complexation. This is in full agreement
with the current approach to location of the coordi-
nation bond using the heteronuclear NMR method [26].

The 'H NMR spectrum of the HL? shows the sig-
nals at 7.05, 7.60, 7.70 and 8.28 ppm, which are as-
signed to the pyridine ring protons. A broad singlet
corresponding to one proton at 9.85 ppm is assigned to
the NH group. The morpholine protons give two tri-
plets at 3.64 and 3.89 ppm, which correspond to -N-
CH, and -O-CH, groups, respectively.

In the spectra of complexes 3, 4 all multiplets
of the pyridine ring are shifted downfield and ob-
served at 7.42-8.97 ppm, wherein the doublet H° lo-
cated near the nitrogen atom undergoes significantly
more downfield shift (A§=0.69 ppm); it indicates the
participation of the pyridine ring in the coordination
to the metal ion. The N?H group is included in the six
membered metallocycle, and it causes a significant
downfield shift of a broad singlet of this proton by
1.56/1.53 ppm and indicates inclusion of the car-
bothioamide group in the coordination to the metal. The
morpholine proton signals are observed at 3.77/3.75
(-N-CH,) and 4.03/4.00 ppm (-O-CH,).

The comparison of the 1H NMR spectra of thio-
ureas HL,, HL, and complexes 5, 6 shows that the pro-
ton signals of NH (the thioureate group) and =C2Hallyl
by A6=+1.289/+1.648,+0.301/+0.332 ppm undergo
the most significant downfield shifts while the mul-
tiplet of the allyl fragment =C1H2 is significant up-
field by -0.544/-0.824 ppm. The most characteristic
for the 1H NMR spectra of these complexes is split-
ting of the C3H2 signal to the two doublets.

Cytostatic/cytotoxic screening of complex compounds
5, 6. Being the structural analogues of cisplatin the
complex compounds 5, 6 were tested in the MTT-
assay and possessed the cytostatic/cytotoxic activity
with IC,, index of 10-10* M, (Table) compared to cis-
platin IC,,=1.3-10°M index for HeLa cells [27].

The highest index IC,, (1.5-10* M) was determined
for the palladium complex with HL? (5). Both com-
pounds studied had the proapoptotic effect, but in con-
trast to the highest IC,, index, cytostatic and proa-
poptotic effects for complex compound 5 were more
pronounced. For complexes 5, 6 the apoptotic indexes
exceeded the control rate sevenfold and 2.5 times,
respectively.

Both compounds possessed the cytostatic and
antisynthetic effect. The highest inhibition of cells in
both synthetic and mitotic phases (G,/M) was found
for compound 5: the growth of the cell subpopulation
in the G,/G,-phase (1.5 times) was accompanied with
reduction of the cell subpopulation in synthetic (1.3
times) and G,/M phases (in 3.3 times). The effect of
compounds 6 on the cell cycle phases in the concen-
tration of C,,,,,,,=1C5,/10 does not differ significant-
ly from the control.

Experimental Part

The 'H NMR spectra were recorded on a Varian
VXR-300 (300 MHz, for HL!, HL?, complexes 1-4) and
a Bruker Advance DRX-500 spectrometer (500.13 MHz
for HL3, HL* complexes 5, 6) in DMSO-d, solution
using TMS as an internal standard. The PdCl, (Pd con-
tent 59%, Merck) was used as the starting metal salt.
The X-ray structure data of complexes 4, 5 were col-
lected at room temperature on a SMART APEX II dif-
fractometer. The thioureas HL'-HL* were prepared as
described in [28-32].

[Pd(HL")CL,] (1). The synthesis of the complex
was carried out in an acidic medium (pH 2.0-2.5) upon
moderate (55°C) heating and constant stirring. Acidify
the solution of PdCl, in ethanol with 4N HCl and add
to the solution of thiourea HL'in ethanol (Pd:L=1:1).
Reflux the reaction mixture for 10 min. While coo-
ling filter the yellow precipitate formed, wash with
diethyl ether, and dry over CaCl,. Yield - 81%. M.p. 2
250°Cecomp. 'HNMR 8, ppm: 4.18 brs (2H, C’H,), 5.28
dd (2H, =C°H,, J=10.5 Hz and 17.4 Hz), 5.91 m (1H,
=C°H), 7.24-7.47 m (2H, 2C**H,,), 8.05 t (1H, C*H,,,
J=8.1 Hz), 9.00 d (1H, C°H,,, J=6.0 Hz), 9.44 br.s (1H,
N2H), 11.90 br:s (1H, N3H). Found, %: C 29.35, H 3.05,
C119.34, N 11.37, S 8.82. C,H,,C1,N,SPd. Calculated,
%: C29.19,H 2.97,Cl 19.14, N 11.35, S 8.65.

[PA(HL'),]Cl, (2). The synthesis was carried out
in the molar ratio of Pd:L=1:2 in a similar way to the
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previous complex. Yield - 55%. M.p. > 230°C,..,,,, ‘H
NMR §, ppm: 4.18 brs (2H, C’H,), 5.27 dd (2H, =C°H,,
J=10.5 and 17.4 Hz), 5.86-5.95 m (1H, =C®H), 7.23-
7.47 m (2H, 2C>*H,,), 8.05 t (1H, C*H,,, J=8.1 Hz), 9.00
d (1H, C°H,,, J=6.0 Hz), 9.42 br:s (1H, N*H), 11.87 brs
(1H, N*H). Found, %: C 38.35,H4.0,C1 12.12, N 14.95,
S 11.22. C,¢H,,Cl,N,S,Pd. Calculated, %: C 38.37, H
3.91,C112.61,N 14.92,S 11.37.

[Pd(HL?),CL,]-2H,0 (3). Dissolve the powder of
PdCl, (2 mmol, 0.194 g) in 0.5 ml of 6N HCl by heating at
60°C, then dilute to 25 mL with ethanol. Add drop-
wise the solution (25 mL) of thiourea HL? (2 mmol,
0.223 g) in ethanol to the PdCl, solution in the molar
ratio of M:L=1:1. Stir the reaction mixture and heat
at 80°C for about 30 min. Isolate immediately a bright
yellow precipitate. Filter the product and wash with
small portions of ethanol, Et,0 and dry in vacuum over
CaCl,. Yield - 65%. M.p. - 236°C,.om»- ‘H NMR 8, ppm:
3.77 t(4H,2C""H,,J=4.8 Hz), 4.03 t (4H, 2C®%H,, ]=4.7 Hz),
742 t(1H, C*H,,, J=7.7 Hz), 7.52 d (1H, C*H,,, J]=8.1 Hz),
8.09 t (1H, C*H,,, J=7.9 Hz), 8.97 d (1H, C°*H,,, J=4.1 Hz),
11.42br:s (1H, N*H). Found, %: C 27.34,H 4.32,C1 16.13,
N9.95,S7.47.C,H,,Cl,N,0,SPd. Calculated, %: C 27.52,
H 3.90,Cl 16.28, N 9.63, S 7.34.

[Pd(HL?),](C10,),2C,H,O (4). Dissolve the pow-
der of PdCl, (1 mmol, 0.097 g) in 0.1 mL of 6N HCI
by heating at 60 °C, then dilute with acetone to 25 mL.
Add dropwise the solution (25 mL) of thiourea HL?
(2 mmol, 0.223 g) in acetone to the PdCl, solution. Af-
ter that add NaClO, (0.2 g) to the mixture obtained.
Stir the reaction mixture and heat at 55°C for about
30 min, and then place into a desiccator with diethyl
ether. After a few days of standing, yellow crystals
are grown. Yield - 36% (0.123 g). M.p. - 207°C,comp.
'H NMR §, ppm: 3.75 t (4H, 2C”"H,, J=4.9 Hz), 4.00 t
(4H, 2C**H,,J=4.8 Hz), 7.41dd (1H, C*H,,, /=3.8and 7.5
Hz), 7.51 d (1H, C*H,,, J=8.2 Hz), 8.09 dd (1H, C*H,,,
J=2.1and 7.8 Hz), 8.98 d (1H, C°H,,, J=3.9 Hz), 11.48
br.s (1 H, N2H). Found, %: C 35.84, H 5.63, Cl 8.04,
N 9.81, S 7.44. C,,H,,Cl,N,0,,S,Pd. Calculated, %: C
35.97,H 4.41,C1 8.19,N 9.68, S 7.39.

[Pd(HL?*)CL,]-H,O0 (5). Dissolve the powder of
PdCl, (44.2 mg, 0.25 mmol) in the mixture of 10 ml EtOH
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20.22,N 8.16,S9.25. C4gH,C1,N,PdS. Calculated, %: C
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Conclusions

1. (N-pyridine-2-yl)thioureas react with PdCl,
thereby forming the chelate-type complex compounds,
in which ligands bind the metal ion by the sulphur atom
of the thione group and the nitrogen atom of the pyri-
dine ring.

2. An analogous reaction of N-allylthioureas re-
sults in formation of m-complexes involving the thione
sulphur atom and the C=C double bond of the allylic
moiety in coordination to palladium(II) ions.

3. The biological screening for Pd(II) m-complexes
of the N-allylthiourea derivatives has exhibited in
vitro their pronounced antitumor activity.
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5,6-DIHYDRO-[1,2,4]TRIAZOLO[1,5-c]QUINAZOLINES.
MESSAGE 1. FEATURES OF INTERACTIONS BETWEEN
[2-(3-ARYL-1H-1,2,4-TRIAZOLE-5-YL)PHENYL]JAMINES, ALIPHATIC

AND AROMATIC ALDEHYDES

S.V.Kholodnyak, K.P.Schabelnyk, O.Yu.Voskoboynik, G.G.Berest, S.I.Kovalenko

Zaporizhzhia State Medical University
26, Mayakovsky av., Zaporizhzhia, 69035, Ukraine

Key words: 5-[2-(3-aryl-1H-1,2,4-triazol-5-yl)phenyl]Jamines; [5+1]cyclocondensation;

spectral characteristics

Reactions of [6+1]-cyclocondensation of [2-(3-aryl-1H-1,2,4-triazol-5-yl)phenyllamines with aliphatic and aroma-
tic aldehydes produce the corresponding 5-R-2-aryl-5,6-dihydro- or 5-R-2-aryl-[1,2,4]triazolo[1,5-c]quinazolines
depending on the conditions. The optimal conditions of the reaction have been found, and factors contributing
to oxidation of 5-R-2-aryl-5,6-dihydro-[1,2,4]triazolo[1,5-c]quinazolines have been determined. The alterna-
tive synthetic approaches for 5-R-2-aryl-[1,2,4]triazolo[1,5-c]quinazolines, namely oxidation of their reduced
analogues and interaction of [2-(3-aryl-1H-1,2,4-triazol-5-yl)phenyllamines with acylhalides of aliphatic or aro-
matic carboxylic acid have been proposed. Purity and the structure of the compounds synthesized have been
confirmed by the complex of physicochemical methods, including LC-MS, 'H-, *C NMR, mass-spectrometry and
elemental analysis. The peculiarities and differences of 'H- and "*C-NMR spectral patterns of 5-R-2-aryl-5,6-
dihydro-[1,2,4]triazolo[1,5-c]quinazolines and their aromatic analogues have been described.

5,6-OMrigPO-[1,2,4]TPUA30J10[1,5-c]XIHA3OJIIHU. rOBIOMIIEHHS 1. OCOBJINBOCTI IMOBELIHKM [2-(3-APWIT-
1H-1,2,4-TPUA3OIJ1-5-IT)PEHIITJAMIHIB B PEAKLISIX 3 AJIbAEAAMU AJTI®ATUHHOI O TA APOMATUYHOIO PSiAY
C.B.XonodHsik, K.MN.la6enbHuk, O.F0.BockobolHik, I.I.Bepecm, C.l.KoeaneHko

Knrouoei cnoea: [2-(3-apun-1H-1,2,4-mpua3son-5-in)gpeHinjamiHu; [5+1]-yuknokoHOeHcauyisi; criekmparibHi Xxapak-
mepucmuku

Peakuii [5+1]-yuknokoHdeHcauii [2-(3-apun-1H-1,2,4-mpua3son-5-in)eHinjaminie 3 anbdezidamu anichamuyHo-
20 ma apomamu4Ho20 psidy 8 3anexHocmi 8i0 ymoe rposedeHHs1 nepebiearomb 3 ymeopeHHsIM 5-R-2-apuri-
5,6-0ueiopo- abo 5-R-2-apun-[1,2,4Jmpua3sono[1,5-c]xiHasoniHig. BusdHa4yeHi onmumarnbHi ymosu peakuii ma
8CMaHo8IeHi OCHOBHI ghakmopu, siKi Cripusiomb OKUCHEHHI0 5-R-2-apun-5,6-dueiopo-[1,2,4]mpua3sono[1,5-c]
XiHa3orniHig. Po3pobneHi Memodu 3ycmpidHo2o cuHmesy 5-R-2-apun-[1,2,4Jmpua3sono[1,5-c]xiHa3oriHi8: oKuc-
HEeHHsIM ix eidposaHux aHarnoeie abo esaemodieto [2-(3-apurn-1H-1,2,4-mpua3son-5-in)gpeHinjaminie 3 xnopaHai-
Opudamu 8idnoesidHux ankin(apun)kapboHosux kuciom. IHOugidyanbHicmb ma 6ydoea CUHMe308aHUX CrOyK
niomeepoxxeHa xpomamomac-, 'H-, SC-5MP-cnekmpamu ma enemeHmHUM aHanizom. [MokasaHi ocobnueocmi
ma 8iOMIHHOCMI Pe30HY8aHHS Xxapakmepucmu4YHUX npomoHie 5-R-2-apur-5,6-0ueiopo-[1,2,4Jmpuasonof1,5-c]xi-
Ha3osiHie ma ix apoMamu4YHUX aHaoais.

5,6-0UIrnaPO-[1,2,4]TPUA30J10[1,5-cIXMHA30JTINHbI. COOBLUYEHUE 1. OCOGEHHOCTHU INOBEAEHUS [2-(3-APUIT-1H-
1,2,4-TPUA30J1-5-UITN)QEHUITIAMUHOB B PEAKUUSIX C AJTIBAEMOAMU AJTAGATUHECKOIO U APOMATUYECKOIO P5sIA
C.B.XonodHsik, K.IN.lLlabenbHuk, A.KO.Bocko6oliHuk, I.I.bepecm, C.h.KoeaneHko

Knroyesnie cnoea: [2-(3-apurn-1H-1,2,4-mpuason-5-un)peHun]amuHel; [5+1]-4uknokoHOeHcayus, crnekmparb-
Hble Xapakmepucmuku

Peakyuu [5+1]-yuknokoHdeHcayuu [2-(3-apun-1H-1,2,4-mpua3on-5-un)geHunlamuHos ¢ anugamudeckumu U
apomMamuyecKuMu anbeeaudamu 8 3agucuMocmu om ycrosuti nposedeHusi obpasytom 5-R-2-apur-5,6-0ueudpo-
unu 5-R-2-apun-[1,2,4]Jmpua3sono[1,5-c]xuHa3onuHbl. OnpedeneHbl onMuMalbHbIe yC/108Usi peakyuu U ycma-
HOo8IeHbl OCHOBHbIE (hakmopkl, criocobemeyroujue okucneHuro 5-R-2-apun-5,6-duaudpo-[1,2,4Jmpuasono[1,5-c]
XUHa3onuHoe. PaspabomaH ecmpeyHbili cuHmes 5-R-2-apurn-[1,2,4]Jmpua3sono[1,5-c]xuHa3onuHo8: oKucieHuem
ux a2udpuposaHHbIX aHai0208 unu gzaumodeticmauem [2-(3-apun-1H-1,2,4-mpuason-5-un)geHunjamuHos
C xriopaHaudpudamu coomeemcemeyruux ankun(apusin)kapboHosbix kucraom. MHOusudyanbHOCMb U CmMpoeHue
CUHME3UpPO8aHHbIX COeQUHeHUU nodmeepx0eHbl Xpomamomac-, 'H-, *C-SAMP-cnekmpamu, 31eMeHmMHbIM aHa-
nu3om. NokazaHbl 0CO6eHHOCMU U omiu4ue pe3oHUpPO8aHUsI Xapakmepucmu4eckux rnpomoHos 5-R-2-apur-
5,6-0uzudpo-[1,2,4]mpuasono[1,5-c]xuHa3onuHo8 U Ux apomMamu4yecKuXx aHa0208e.

Ever-growing interest in quinazoline derivatives
[1, 2] as potential bioactive agents also attracts at-
tention of the specialists in medicinal chemistry, espe-
cially to the condensed derivatives of the heterocy-
clic system mentioned above, in particular to [1,2,4]
triazolo[c]quinazolines. It should be noted that ac-
cording to the published papers the potential of hete-
roannelated quinazolines is not limited by their high
biologic activity [3-5]. Moreover, these compounds
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are also the study objects in chemistry of materials
[6, 7] and chemistry of complex compounds [7]. Among
the known methods suitable for the synthesis of the
[1,2,4]triazolo[c]quinazoline system, the most used
are: domino-reactions that leading to the simultane-
ous formation of quinazoline and triazole cycles, annu-
lation of the triazole fragment to the quinazoline sys-
tem and formation of the pyrimidine fragment based
on modification of 2-(1H-1,2,4-triazol-5-yl)anilines
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[1, 8]. It is important that the last-mentioned ap-
proach has advantages when it is necessary to vary
the nature of a substituent in position 5 and satura-
tion of the pyrimidine fragment. In spite of the fact
that methods of the synthesis for [1,2,4]triazolo[c]
quinazoline systems via interaction of substituted
2-(1H-1,2,4-triazol-5-yl)anilines with electrophiles
are known [7, 9], the objects of most studies pub-
lished are target compounds and their properties,
but not the [5+1]-cyclocondensation process and its
peculiarities.

Considering the abovementioned facts we deci-
ded to study the interaction of [2-(3-aryl-1H-1,2,4-
triazole-5-yl)phenyl]amines with carbonyl-contain-
ing compounds, as well as to determine the influence
of their structure, the nature of solvents and the re-
action conditions on the products’ structure.

Results and Discussion

To improve the role of [5+1]-cyclocondensation
processes in the synthesis of the triazolo[c]quinazo-
line system, [2-(3-aryl-1H-1,2,4-triazole-5-yl)phenyl]
amines [10, 11] as 1,5-binucleophiles were used
(1.1-1.9). It was found that interaction of these ami-
nes with aromatic and aliphatic aldehydes in the ace-
tic acid medium for 3-6 h led to formation of the mix-
ture of products. According to spectral data the com-
ponents of this mixture were 5-R-2-aryl-5,6-dihyd-
ro-[1,2,4]triazolo[1,5-c]quinazolines (2) and their aro-
matic analogues (3) in the ratio of 2:1. Further in-
crease in the reaction duration more than 8 h in most
cases led to the quantitative oxidation of the corre-
sponding dihydroderivatives into 2-aryl-5-R-[1,2,4]
triazolo[1,5-c]quinazolines (3.1-3.14) [10]. The most
significant factors contributing to oxidation of com-

pounds 2 are a significant duration of the reaction
and high temperature.

The experimental data has shown that compounds
2.1-2.18 may be obtained with excellent yields via
refluxing the initial compounds mentioned above for
2-4 h in alcohols in the presence of an acidic cata-
lyst, as well as with stirring in the same solvent at
ambient temperature and under the atmosphere of
for 24 h. It should be noted that this reaction may be
performed in other solvents that are inert in rela-
tion to the initial substances (methanol, propanol-2,
propanol-2, dioxane, acetic acid), but the inert atmo-
sphere is the necessary condition.

Considering formation of compounds 2 it pro-
ceeded as double nucleophilic addition, wherein the
corresponding Schiff base played the role of an in-
termediate. Further cyclisation progressed as a non-
stereoselective transformation and yielded the race-
mic mixture of 5-R(S)-(alkyl-, cycloalkyl-, aryl-)-2-aryl-
5,6-dihydro[1,2,4]triazolo[1,5-c]quinazolines (2.1-2.18).

For unequivocal evidence of the oxidation pro-
cess 2-aryl-5-R-[1,2,4]triazolo[1,5-c]quinazolines were
prepared according to two alternative protocols. The
first approach was based on oxidation of compounds
2.1, 2.2, 2.4, 2.8 and 2.10 with bromine or potas-
sium permanganate (Scheme). Compounds 3.8, 3.9
and 3.12 were obtained via reflux of anilines 1.1 and
1.8, acylhalides of the corresponding aliphatic and
aromatic carboxylic acid and the equimolar quantity
of sodium acetate in acetic acid (Scheme). The reac-
tion proceeded as a phased reaction that included
acylation followed by cyclisation of the N-acyl de-
rivative formed.

Purity and the structure of the compounds syn-
thesized were confirmed by the complex of physico-
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chemical methods, including LC-MS, *H NMR, 3C NMR-,
mass-spectrometry and elemental analysis. In LC-MS
spectra of all compounds synthesized the high-inten-
sive signals of quasi-molecular ions with the proper
molecular weight were detected.

The formation of compounds 2.1-2.18 was pro-
ven by the presence of H-6 signals in '"H NMR - spec-
tra at the 7.65-6.90 ppm. For compounds 2.6-2.18
the signals mentioned overlapped with multiplets of
the aryl moiety in position 5. Signals of H-5 in 'H NMR
spectra of compounds formed as a result of interaction
between the initial anilines and aliphatic aldehydes
2.1-2.5 were observed as broad triplets or multi-
plets at 5.79-5.60 ppm. At the same time compounds
containing the aromatic moiety in position 5 were
characterized by the H-5 singlet at 7.16-6.93 ppm.
Additionally '"H NMR-spectra in CDCl, were registe-
red for compounds 2.6 and 2.10. It was shown that
signals of H-5 and H-6 were observed as singlets at
5.48 ppm and the 4.76 ppm, respectively.

The protons of heterocyclic fragments were reg-
istered as sequentially located doublets H-10 (7.99-
7.72 ppm) and H-7 (6.92-6.76 ppm) and triplets of
H-8 (7.83-7.16 ppm), H-9 (6.98-6.72 ppm). Signals of
substituents at positions 2 and 5 had chemical shifts
that were in compliance with their structure [12].

At the same time 'H NMR-spectra of compounds
3.1-3.14 differed significantly from spectra of the re-
duced analogues. The signals of H-10, H-9, H-8 and
H-7 were observed in much more lower field. The
signals of H-10 registered at 8.58-8.49 ppm were the
most shifted in low field.

In 3C NMR-spectra of compounds 2.10, 3.13,
3.14 the signals of C5 were the most characteristic.
Thus, for compound 2.10 the signal mentioned was
registered at 67.11 ppm, but for 3.13 and 3.14 - at
147.26 ppm and 148.15 ppm, respectively, indicating
the different hybridization state of carbon.

The spectral characteristics definitely proved the
structure of both 6,7-dihydro-[1,2,4]triazolo[1,5-c]
quinazoline system and their aromatic analogues.

Experimental Part

Melting points were determined in open capillary
tubes and were uncorrected. The elemental analyses
(C, H, N, S) were performed using an ELEMENTAR
vario EL Cube analyzer (USA). Analyses were indica-
ted by the symbols of the elements or functions
within +0.3% of the theoretical values. 'H NMR spec-
tra (400 MHz) and *C NMR spectra (100 MHz) were
recorded on a Varian-Mercury 400 (Varian Inc., Palo
Alto, CA, USA) spectrometer with TMS as an internal
standard in DMSO-d6 solution. LC-MS were recor-
ded using the chromatography/mass spectrometric
system consisting of an “Agilent 1100 Series” high per-
formance liquid chromatograph (Agilent, Palo Alto,
CA, USA) equipped with a diode-matrix and an “Agi-
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lent LC/MSD SL” mass-selective detector (atmosphe-
ric pressure chemical ionization - APCI).

Synthetic procedures were conducted according
to the commonly used approaches for the synthesis of
prospective bioactive agents. All reagents were com-
mercially available (“Sigma-Aldrich”, Missouri, USA
and “Enamine”, Kiev, Ukraine) and used without ad-
dition purification. 2-(3-Aryl-1H-1,2,4-triazole-5-yl)
phenyl]amines (1.1-1.9) were obtained according to
the synthetic protocols described [10, 11].

The general method for the synthesis of 5-R*-
2-aryl-5,6-dihydro[1,2,4]triazolo[1,5-c]quinazo-
lines (2.1-2.18). Add 10 mmol of aromatic or alipha-
tic aldehyde to the solution of 10 mmol of the corre-
sponding {2-[3-aryl-1H-1,2,4-triazolo-5-yl|phenyl}ami-
ne (1.1-1.9) in 10 ml of glacial acetic acid or 10 ml
of propanol-2. When using propanol-2 as a solvent
add two drops of sulphuric or hydrochloric acid. Re-
flux the mixture obtained for 2 h or stir at ambient
temperature for 24 h in the atmosphere of nitrogen.
Then cool the mixture and pour into the saturated
solution of sodium acetate. Filter the precipitate for-
med and dry. In case of insufficient purity recrystal-
lize the compounds obtained from methanol.

The compounds (2.1-2.18) synthesized are white
crystalline powders, insoluble in water, soluble in al-
cohols, dioxane and DMF.

5-Isopropyl-2-(3-methoxyphenyl)-5,6-dihydro
[1,2,4]triazolo[1,5-c]quinazoline (2.1). Yield — 40.9%.
M.p. - 184-186°C; '"H NMR (400 MHz, dmso_d,) 6 7.99
(d,J=8.2 Hz,1H,H-10),7.83 (t,/= 7.9 Hz, 1H, H-8), 7.32-
7.12 (m, 2H, H-5 PhOCH,-3, H-6), 7.16 (m, 2H, H-2,6
PhOCH,-3), 6.91 (d, J = 9.9 Hz, 1H, H-4 PhOCH,-3),
6.86 (d, /] = 8.0 Hz, 1H, H-7), 6.71 (t,] = 7.4 Hz, 1H,
H-9),5.71 (m,] = 3.5 Hz, 1H, H-5), 3.88 (s, 3H, -OCH,),
240 (m, 1H,- CH(CH,),), 1.03 (d,/=6.9 Hz,3H,- CH(CH,),),
0.90 (d,J=6.8 Hz, 3H, - CH(CH,),); LC-MS, m/z = 321
[M+1], 322 [M+2]; Anal. calcd. for C,,H,,N,0: C, 71.23;
H, 6.29; N, 17.49; Found: C, 71.26; H, 6.31; N, 17.52.

5-Isobutyl-2-(3-fluorophenyl)-5,6-dihydro[1,2,4]
triazolo[1,5-c]quinazoline (2.2). Yield - 40.9%. M.p. -
129-131°C; 'H NMR (400 MHz, dmso_d,+CCl,) 6 7.92
(d,J=7.3 Hz, 1H, H-10), 7.79 (t,] = 7.5 Hz, 1H, H-8),
7.45 (m, 2H, H-2,6 PhF-3), 7.19 (m, 1H, H-5 PhF-3),
7.11 (t, ] = 7.8 Hz, 1H, H-9), 6.92 (s, 1H, H-6), 6.87
(d,J=7.8 Hz, 1H, H-7), 6.78 (m, 1H, H-4 PhF-3), 5.79
(m, 1H, H-5), 2.02 (m, 1H, -CH,CH(CH,),), 1.57 (d,J
= 6.0 Hz, 1H, -CH,CH(CH,),), 1.13 (d, J = 5.3 Hz, 6H,
-CH,CH(CH,),); LC-MS, m/z = 323 [M+1], 324 [M+2];
Anal. calcd. for C,;H,,FN,: C, 70.79; H, 5.94; N, 17.38;
Found: C, 70.76; H, 5.91; N, 17.33.

5-Cyclopropyl-2-phenyl-5,6-dihydro[1,2,4]triazolo
[1,5-c]quinazoline (2.3). Yield - 41.6%. M.p. - 157-
159°C; '"H NMR (400 MHz, dmso_d+CCl,) 6§ 8.11 (d,
=7.5 Hz, 2H, H-2,6 Ph), 7.87 (d,] = 7.3 Hz, 1H, H-10),
7.53-7.49 (m, 1H, H-8), 7.49-7.36 (m, 3H, H-3, 5 Ph,
H-6), 7.36-7.29 (m, 1H, H-4 Ph), 6.91 (t,/ = 7.5 Hz,
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1H, H-9), 6.80 (d, / = 7.9 Hz, 1H, H-7), 5.60 (m, J =
5.8 Hz, 1H, H-5), 3.69-3.60 (m, 1H, H-2 cyclopropyl),
3.60-3.51 (m, 1H, H-3 cyclopropyl), 2.83-2.71 (m,
1H, H-1 cyclopropyl), 2.30-2.13 (m, 2H, H-2, 3 cyclo-
propyl); LC-MS, m/z = 289 [M+1], 290 [M+2]; Anal.
calcd. for C;;H,(N,: C, 74.98; H, 5.59; N, 19.43; Found:
C,75.01; H, 5.62; N, 19.45.
5-Cyclohexyl-2-phenyl-5,6-dihydro[1,2,4]triazolo
[1,5-c]quinazoline (2.4). Yield - 61.8%. M.p. - 196-
198°C; 'H NMR (400 MHz, dmso_d+CCl,) §8.12 (d,
=7.5Hz, 2H, H-2,6 Ph), 7.72 (d,] = 7.8 Hz, 1H, H-10),
7.48-7.36 (m, 4H, H-3, 4,5 Ph, H-6), 7.16 (t,/ = 7.5 Hz,
1H, H-8), 6.84 (t,/=7.8 Hz,1H,H-9),6.76 (d,/=7.9 Hz,
1H, H-7), 5.66 (bs. t, 1H H-5), 2.38 (d,/ = 12.7 Hz, 2H,
H-3,5 cyclohexyl), 2.22 (d, ]/ = 12.7 Hz, 2H, H-3,5 cyc-
lohexyl),), 1.98-1.75 (m, 4H, H-2,6 cyclohexyl), 1.70-
1.75 (m, 1H, H-1 cyclohexyl), 1.24-1.11 (m, 3H, H-4
cyclohexyl); LC-MS, m/z =331 [M+1]; Anal. calcd. for
C,,H,,N,: C,76.33; H,6.71; N, 16.96; Found: C, 76.35;
H, 6.74; N, 17.01.
2-(3-Methoxyphenyl)-5-cyclohexyl-5,6-dihydro
[1,2,4]triazolo[1,5-c]quinazoline (2.5). Yield - 71.3%.
M.p.-176-177°C; '"H NMR (400 MHz, dmso_d,) 6 7.82
(d,J=7.8 Hz, 1H, H-10), 7.66 (d, ] = 7.2 Hz, 1H, H-6
PhOCH,-3), 7.60 (s, 1H, H-2 PhOCH;-3), 7.32 (t,] =
8.1 Hz, 1H, H-5 PhOCH,-3), 7.16 (t,] = 7.5 Hz, 1H, H-8),
6.90 (m, 2H, H-6, H-9), 6.85 (d, /] = 7.9 Hz, 1H, H-7),
6.72 (t,] = 7.3 Hz, 1H, H-9), 5.69 (m, 1H, H-5), 3.94
(s, 3H, -0OCH,), 1.71-1.51 (m, 4H, H-3,5 cyclohexyl),
1.53-1.34 (m, 4H, H-2,6 cyclohexyl), 1.24 (m, 3H, H-1,
4 cyclohexyl); LC-MS, m/z = 361 [M+1]; Anal. calcd.
for C,,H,,N,O: C, 73.31; H, 6.71; N, 15.54; Found: C,
73.34; H, 6.74; N, 15.57.
2,5-Diphenyl-5,6-dihydro-[1,2,4[triazolo[1,5-c]quina-
zoline (2.6). Yield - 98.7%. M.p. - 175-177°C; NMR
(400 MHz, dmso_d+CCl,) 6 8.05 (d, ] = 7.3 Hz, 2H,
H-2,6 2-Ph), 7.80 (d,/=7.5 Hz, 1H, H-10), 7.65 (t, 1H,
H-4 2-Ph), 7.52 (t, 1H, H-4 5-Ph), 7.47-7.31 (m, 7H,
H-3,5 2-Ph, H-2,3,5,6 5-Ph, H-6,), 7.21 (t,/ = 7.1 Hz, 1H,
H-8), 6.93-6.75 (m, 3H, H-5,7,9); 'H NMR (400 MHz,
CDCl;) 6 8.20 (d,/ = 6.8 Hz, 2H, H-2,6 Ph), 8.01 (d, ] =
7.6 Hz, 1H, H-10), 7.53 (m, 2H, H-4 2-Ph, H-4 5-Ph),
7.45-7.40 (m, 6H, H-3,5 2-Ph, H-2,3,5,6 5-Ph), 7.34
(t,J=7.4 Hz, 1H, H-8), 6.98 (t,/ = 7.4 Hz, 1H, H-9),
6.84 (d,J=7.9 Hz, 1H, H-7), 6.35 (s, 1H, H-5), 5.48 (5,
1H, H-6); LC-MS, m/z = 325 [M+1]; Anal. calcd. for
C,,H(N,:C,77.76; H,4.97; N, 17.27; Found: C, 77.73;
H, 4.94; N, 17.24.
2-Phenyl-5-(2-hydroxyphenyl)-5,6-dihydro-
[1,2,4]triazolo[1,5-c]quinazoline (2.7).Yield - 98.2%.
M.p.-170-172°C; '"H NMR (400 MHz, dmso_d,+CCl,)
§8.01 (t,J=6.3 Hz, 1H,H-2,6 Ph), 7.81 (d,/ = 7.3 Hz,
1H, H-10), 7.44-7.30 (m, 3H, H-3,4,5 Ph), 7.30-7.09
(m, 6H, H-3,4,5,6 2-HOPh, H-6, H-8), 7.02 (s, 1H, H-5),
6.85 (d,J = 7.6 Hz, 1H, H-7), 6.80 (t, 7.4 Hz 1H, H-9),
2.50 (d,/=1.1 Hz, 1H, -OH); LC-MS, m/z=341 [M+1];
Anal. calcd. for C, H;(N,0: C, 74.10; H, 4.74; N, 16.46;
Found: C, 74.07; H, 4.70; N, 16.42.

2-Phenyl-5-(2-(trifluoromethyl)phenyl)-5,6-dihydro-
[1,2,4]triazolo[1,5-c]quinazoline (2.8). Yield - 96.9%.
M.p.-190-191°C; '"H NMR (400 MHz, dmso_d,+CCl,)
§8.00(d,J=7.5 Hz 2H, H-2,6 Ph),7.86 (d,/ = 7.5 Hz,
1H, H-3 2-CF,;Ph), 7.80 (d,] = 7.3 Hz, 1H, H-10), 7.69-
7.53 (m, 3H, H-3,4,5 Ph), 7.36 (m, 4H, H-4,5,6 2-CF.Ph,
H-6), 7.23 (t, ] = 7.6 Hz, 1H, H-8), 7.11 (s, 1H, H-5),
6.94-6.79 (m, 2H, H-7,9); LC-MS, m/z = 393 [M+1];
Anal. calcd. for C,,H,.F;N,: C, 67.34; H, 3.85; N, 14.28;
Found: C, 67.36; H, 3.90; N, 14.31.
2-Phenyl-5-(3-(trifluoromethyl)phenyl-5,6-dihydro-
[1,2,4]triazolo[1,5-c]quinazoline (2.9). Yield - 86.7%.
M.p.-168-170°C; '"H NMR (400 MHz, dmso_d,+CCl,)
§8.06 (d,/ = 6.7 Hz, 1H, H-2,6 Ph), 7.84 (m, 1H, H-2
3-CF,Ph, H-10), 7.65 (s, 1H, H-6), 7.57 (m, 3H, H-4,6
3-CF;Ph, H-4 Ph), 7.46-7.32 (m, 2H, H-5 3-CF,Ph,
H-3,5 Ph), 7.24 (t,] = 7.1 Hz, 1H, H-8), 7.00 (s, 1H,
H-5), 6.91 (d,/ = 7.9 Hz, 1H, H-7), 6.84 (t,] = 7.4 Hz,
1H, H-9); LC-MS, m/z = 393 [M+1]; Anal. calcd. for
C,,H,:F;N,: C 67.34; H, 3.85; N, 14.28; Found: C, 67.33;
H, 3.87; N, 14.26.
2-Phenyl-5-(4-(trifluoromethyl)phenyl)-5,6-dihyd-
ro-[1,2,4]triazolo[1,5-c]quinazoline (2.10). Yield - 55.1%.
M.p.-166-168°C; '"H NMR (400 MHz, dmso_d,+CCl,)
§8.05 (d,J = 7.0 Hz, 2H, H-2,6 Ph), 7.81 (d, ] = 7.6 Hz,
1H, H-10), 7.66 (d,] = 7.8 Hz, 1H, H-2,6 4-CF,Ph), 7.62-
7.53 (m, J = 8.5 Hz, 3H, H-3,5 4-CF,Ph, H-6), 7.46-
7.32 (m, 3H, H-3,4,5 Ph), 7.23 (t,/ = 7.5 Hz, 1H, H-8),
6.99 (s, 1H, H-5),6.89 (d,/=7.9 Hz, 1H, H-7), 6.83 (t,
] =7.4 Hz, 1H, H-9); 'H NMR (400 MHz, CDCl,) & 8.09
(d,J = 6.4 Hz, 2H, H-2,6 Ph), 8.00 (d, J = 7.6 Hz, 1H,
H-10), 7.59 (d,/ = 7.7 Hz, 2H, H-2,6 PhCF,;), 7.49 (d,]
=7.9 Hz, 2H, H-3,5 PhCF,), 7.44-7.34 (m, 3H, H-3,4,5
Ph), 7.27 (m, 2H, H-8, CHCL,), 6.97 (t, ] = 7.4 Hz, 1H,
H-9), 6.78-6.73 (m, 2H, H-7, H-5), 4.76 (s, 1H, H-6);
13C NMR (100 MHz, CDCl,) 6 158.12 (C-2), 145.47
(C-6a),137.48 (C-1, PhCF3),136.21 (C-10b), 127.19,
126.01, 124.66, 123.76,122.46,121.79,121.21, 120.32,
115.74,110.17,106.80 (C-10a), 67.11 (C-5); LC-MS,
m/z =393 [M+1]; Anal. calcd. for C,,H,.F;N,: C, 67.34;
H, 3.85; N, 14.28; Found: C, 67.34; H, 3.85; N, 14.28.
2-Phenyl-5-(2-chlorophenyl)-5,6-dihydro-[1,2,4]tri-
azolo[1,5-c]quinazoline (2.11). Yield - 92.7%. M.p. -
204-206°C; '"H NMR (400 MHz, DMSO_D6+CCl4) 6
8.04 (t, ] = 7.1 Hz, 1H, H-2,6 Ph), 7.84 (d, ] = 7.5 Hz,
1H, H-10), 7.49 (d, ] = 7.8 Hz, 1H, H-3 2-CIPh), 7.45-
7.31 (m, 5H, H-3,4,5 Ph, H-5 2-CIPh, H-6,), 7.28 (t, ] =
7.6 Hz, 1H, H-8), 7.25-7.16 (m, 3H, H-4,6 2-CIPh, H-5),
6.92-6.78 (m, 2H, H-7, 9); LC-MS, m/z = 359 [M+1],
361 [M+3]; Anal. calcd. for C,,H,;CIN,: C, 70.29; H, 4.21;
N, 15.61; Found: C, 70.33; H, 4.24; N, 15.63.
2-Phenyl-5-(3-chlorophenyl)-5,6-dihydro-[1,2,4]tri-
azolo[1,5-c]quinazoline (2.12). Yield - 94.9%. M.p. -
150-152°C; 'H NMR (400 MHz, dmso_d,+CCl,) 6 8.07
(d,]J = 7.0 Hz, 1H, H-2,6 Ph), 7.82 (d, ] = 7.4 Hz, 1H,
H-10), 7.54 (s, 1H, H-6), 7.47 (s, 1H, H-2 3-CIPh), 7.45-
7.31 (m, 4H, H-3,5 Ph, H-4,5 3-CIPh), 7.31-7.17 (m,
3H, H-4 Ph, H-6 3-CIPh, H-8), 6.94-6.86 (m, 2H, H-5, 7),
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6.83 (t,/=7.5 Hz, 1H, H-9); LC-MS, m/z = 359 [M+1],
361 [M+3]; Anal. calcd. for C,,H,.CIN,: C,70.29; H, 4.21;
N, 15.61; Found: C, 70.26; H, 4.19; N, 15.59.
2-Phenyl-5-(4-chlorophenyl)-5,6-dihydro-[1,2,4]tri-
azolo[1,5-cquinazoline (2.13). Yield - 84.3%. M.p. -
172-174°C; '"H NMR (400 MHz, dmso_d,+CCl,) 6 8.05
(d,J=7.3 Hz, 1H, H-2,6 Ph), 7.80 (d, J = 7.3 Hz, 1H,
H-10), 7.48 (s, 1H, H-6), 7.46-7.26 (m, 7H, H-2,3,5,6
4-CIPh, H-3,4,5 Ph), 7.22 (t,] = 7.5 Hz, 1H, H-8), 6.93-
6.86 (m, 2H, H-5, 7), 6.82 (t, ] = 7.4 Hz, 1H, H-9);
LC-MS, m/z = 359 [M+1], 361 [M+3]; Anal. calcd.
for C,,H,;CIN,: C, 70.29; H, 4.21; N, 15.61; Found: C,
70.31; H, 4.23; N, 15.60.
5-(2-Bromophenyl)-2-phenyl-5,6-dihydro-[1,2,4]tri-
azolo[1,5-c]quinazoline (2.14). Yield - 93.0%. M.p. -
209-210°C; 'H NMR (400 MHz, dmso_d+CCl,) & 8.04
(d,J= 6.6 Hz, 2H, P-2,6 Ph), 7.84 (d, /] = 7.0 Hz, 1H,
H-10),7.67 (d,] = 6.7 Hz, 1H, H-3 2-BrPh), 7.47-7.16
(m, 5H, H-6, H-3,4,5 Ph, H-4,5,6 2-BrPh, H-5), 6.95-
6.79 (m, 2H, H-7, 9); LC-MS, m/z = 404 [M+1]; Anal.
caled. for C,;H,;BrN,: C, 62.54; H, 3.75; N, 13.89;
Found: C, 62.56; H, 3.78; N, 13.90.
5-(3-Bromophenyl)-2-phenyl-5,6-dihydro-[1,2,4]tri-
azolo[1,5-c]quinazoline (2.15). Yield - 84.6%. M.p. -
174-176; LC-MS, m/z = 404 [M+1]; Anal. calcd. for
C,,H,sBrN,: C,62.54; H, 3.75; N, 13.89; Found: C, 62.52;
H, 3.73; N, 13.87.
2-(2-Chlorophenyl)-5-(2-fluorophenyl)-5,6-dihydro-
[1,2,4]triazolo[1,5-c]quinazoline (2.16). Yield - 93.3%.
M.p.-128-130°C; '"H NMR (400 MHz, dmso_d,+CCl,)
6 7.89 (m, 1H, H-6 2-CIPh), 7.81 (d, ] = 7.2 Hz, 1H,
H-10), 7.51-7.31 (m, 5H, H-3,5 2-FPh, H-3,5 2-CIPh,
H-6),7.29-7.06 (m, 5H, H-4 2-CIPh, H-4,6 2-FPh, H-5,
H-8), 6.94-6.76 (m, 2H, H-7, H-9); LC-MS, m/z = 377
[M+1], 379 [M+3]; Anal. calcd. for C,,H,,CIFN,: C, 66.94;
H, 3.74; N, 14.87; Found: C, 66.92; H, 3.70; N, 14.84.
2-(2-Chlorophenyl)-5-(2-methylphenyl)-5,6-di-
hydro-[1,2,4]triazolo[1,5-c]quinazolines (2.17). Yield -
93.9%. M.p. - 197-199°C; 'H NMR (400 MHz, dmso_
d.+CCl,) 6 7.89-7.82 (m, 1H, H-6 2-CIPh), 7.79 (d, ]
= 7.3 Hz, 1H, H-10), 7.49-7.40 (m, 1H, H-3 2-CIPh),
7.40-7.14 (m, 8H, H-6, H-3,4,5,6 2-CH,Ph, H-4,5 2CIPh,
H-8), 7.05 (s, 1H, H-5), 6.88 (d, /] = 7.9 Hz, 1H, H-7),
6.80 (t,/=7.2 Hz, 1H, H-9), 2.50 (s, 3H, -CH,); LC-MS,
m/z =373 [M+1],375 [M+3] Anal. calcd. for C,,H,,CIN,:
C, 70.87; H, 4.60; N, 15.03; Found: C, 70.91; H, 4.63;
N, 15.05.
5-(2-Methylphenyl)-2-(3-fluorophenyl)-5,6-dihyd-
ro-[1,2,4]triazolo[1,5-c]quinazoline (2.18). Yield - 62.1%.
M.p. - 225-227°C; '"H NMR (400 MHz, dmso_d,+CCl,)
87.83 (m, 2H, H-2,6 3-FPh), 7.71 (d,] = 9.4 Hz, 1H, H-10),
7.53 (m, 1H, H-6), 7.49-7.34 (m, 2H, H-4,5 3-FPh),
7.34-7.14 (m, 2H), 7.14-7.05 (t, 1H, H-8), 7.03 (s, 1H,
H-5), 6.86 (d,/ = 7.8 Hz, 1H, H-7), 6.81 (t, ] = 7.3 Hz,
1H, H-9), 2.52 (s, 1H, -CH,); Anal. calcd. for C,,H,,FN,:
C, 74.14; H, 4.81; N, 15.72; Found: C, 74.16; H, 4.84;
N, 15.73.
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The general method for the synthesis of 5-R*-
2-aryl-[1,2,4]triazolo[1,5-c]quinazolines (3.1-3.14)

Method A. To the solution of 10 mmol of the cor-
responding {2-[3-aryl-1H-1,2,4-triazol-5-yl]|phenyl}
amine (1.1-1.9) in 10 ml of glacial acetic acid add
10 mmol of aliphatic or aromatic aldehyde. Reflux
the mixture obtained for 8 h. Then cool the mixture
and pour into the saturated solution of sodium ace-
tate. Filter the precipitate formed and dry. In case of
insufficient purity recrystallize the compounds ob-
tained from methanol.

Method B. To the solution of 10 mmol of the cor-
responding 5-R!-2-aryl-5,6-dihydro[1,2,4]triazolo
[1,5-c]quinazoline (2.2, 2.4, 2.8,2.10) in 10 ml of wa-
ter - dioxane mixture (1:3) add dropwise 11 mmol
of bromine or potassium permanganate at 40°C. Re-
flux the mixture obtained for 8 h. Then cool the mix-
ture and pour into the saturated solution of sodium
acetate. Filter the precipitate formed and dry. In case
of insufficient purity recrystallize the compounds ob-
tained from propanol-1.

Method C. To the solution of 10 mmol of {2-[3-
phenyl-1H-1,2,4-triazol-5-yl]phenyl}amine (5.1) in
10 ml of glacial acetic acid add 0.9 g. (11 mmol) of
sodium acetate. Cool the mixture obtained to 3-5°C
and add dropwise 11 mmol of the corresponding acyl
halide while stirring. Then reflux the reaction mixtu-
re for 6 h. After refluxing cool the mixture, and evap-
orate the solvent under vacuum. Then add 10 ml of
methanol, filter the precipitate and dry. Compounds
3.1-3.14 that were obtained according to methods
A, B, C had the same physicochemical constants and
spectral characteristics.

The compounds (3.1-3.14) synthesized are white
crystalline powders, insoluble in water, soluble in
alcohols, dioxane and DMF.

5-Isopropyl-2-(4-methoxyphenyl)-[1,2,4]triazolo
[1,5-c]quinazoline (3.1). Yield- 48.7 (Method A), 86.8%
(Method B). M.p. - 150-152°C; 'H NMR (400 MHz,
dmso_d,+CCl,) 6 8.50 (d, J = 7.9 Hz, 1H, H-10), 8.24
(d,J=6.9 Hz, 2H, H-2,6 PhOCH,-4),8.01 (d,/ = 7.8 Hz,
1H, H-7),7.83 (t, 1H,H-9),7.73 (d,/ = 7.6 Hz, 1H, H-8),
7.04 (d, ] = 7.0 Hz, 2H, H-3,5 PhOCH,-4 ), 4.04 (dt,
J=14.7,7.4 Hz, 1H, (CH,),CH-), 3.89 (s, 1H, OCH,),
1.56 (s, 6H, (CH;),CH-); LC-MS, m/z = 319 [M+1];
Anal. calcd. for C,4H,;N,0: C, 71.68; H, 5.70; N, 17.69;
Found: C, 71.69; H, 5.75; N, 17.67.

5-Isobutyl-2-(3-fluorophenyl)-[1,2,4]triazolo[1,5-c]
quinazoline (3.2). Yield - 60.3% (Method A), 91.8%
(Method B). M.p. - 129-131°C; 'H NMR (400 MHz,
dmso_d,+CCl,) 6 8.50 (d, /= 7.6 Hz, 1H, H-10), 8.15
(d,J=7.6 Hz, 1H, H-7), 8.03-7.97 (m, 2H, H-2,6 PhF-
3),7.87 (m, 1H, H-9), 7.75 (m, 1H, H-8), 7.56 (m, 1H,
H-5 PhF-3), 7.26 (t, ] = 8.1 Hz, 1H, H-4 PhF-3), 3.27
(d, J = 6.0 Hz, 1H, -CH,CH(CH,),), 2.69-2.56 (m, 1H,
-CH,CH(CH,),), 1.14 (s, / = 5.3 Hz, 6H, -CH,CH(CH,),);
LC-MS, m/z = 321 [M+1], 323 [M+3]; Anal. calcd.
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for C,,H,,FN,: C, 71.23; H, 5.35; N, 17.49; Found: C,
71.20; H, 5.31; N, 17.46.
5-Cyclopentyl-2-(4-fluorophenyl)-[1,2,4]triazolo
[1,5-c]quinazoline (3.3). Yield - 39.5% (Method A).
M.p. - 196-198°C; '"H NMR (400 MHz, dmso_d,+CCl,)
6 849 (d, J = 7.7 Hz, 1H, H-10), 8.40-8.31 (m, 2H,
H-2,6 PhF-4), 7.96 (d, ] = 7.7 Hz, 1H, H-7), 7.87 (t, ]
=7.3 Hz,1H, H-9), 7.72 (t,] = 6.9 Hz, 1H, H-8), 7.33-
7.22 (m, 2H, H-3,5 PhF-4), 4.13 (dt, J = 13.7, 6.7 Hz,
1H, H-1 cyclopenthyl), 2.32 (dd, / = 17.0, 9.4 Hz, 2H,
H-2,5 cyclopenthyl), 2.23-2.11 (m, 2H, H-2,5 cyclo-
penthyl), 2.02-1.88 (m, 2H, H-3,4 cyclopenthyl), 1.83
(dd,J=13.7,12.0 Hz, 2H, H-3,4 cyclopenthyl); LC-MS,
m/z =333 [M+1],335 [M+3]; Anal. calcd. for C,,H,,FN,:
C, 72.27; H, 5.16; N, 16.86; Found: C, 72.31; H, 5.19;
N, 16.88.
2-(3-(Trifluoromethyl)phenyl)-5-cyclopentyl-
[1,2,4]triazolo[1,5-c]quinazoline (3.4). Yield - 49.9%
(Method A). M.p. - 138-140°C; *H NMR (400 MHz,
dmso_d,+CCl,) 6 8.58 (m, 2H, H-2, 6 PhCF,-3),8.53 (d,
J=8.0 Hz, 1H, H-10), 7.98 (d, ] = 8.0 Hz, 1H, H-7), 7.87
(t, 1H, H-9), 7.84-7.71 (m, 3H, H-8, H-4, 5 PhCF,-3),
4.22 (qun,J=15.9, 7.8 Hz, 1H, H-1 cyclopenthyl), 2.39-
2.25 (m, 2H, H-2,5 cyclopenthyl), 2.25 - 2.12 (m, 2H,
H-2,5 cyclopenthyl), 2.02-1.90 (m, 2H, H-3,4 cyclo-
penthyl), 1.90-1.79 (m, 2H, H-3,4 cyclopenthyl); Anal.
calcd. for C,;H,,F,N,: C, 65.96; H, 4.48; N, 14.65; Found:
C,66.01; H, 4.53; N, 14.68.
2-(3-Methoxyphenyl)-5-cyclopentyl-[1,2,4]triazolo
[1,5-c]quinazoline (3.5). Yield - 70.1% (Method A).
M.p. - 149-151°C; 'H NMR (400 MHz, dmso_d,)
8.52 (d,J=7.8 Hz, 1H, H-10), 7.96 (d, ] = 8.2 Hz, 1H,
H-6 PhOCH,-3),7.90 (d,/ = 7.6 Hz, 1H, H-7), 7.88-7.79
(m, 2H, H-2, 5 PhOCH,-3),7.72 (t,/ = 7.5 Hz, 1H, H-9),
7.42 (t,] =79 Hz, 1H, H-8), 7.04 (d, J = 8.0 Hz, 1H,
H-4 PhOCH;-3), 4.22-4.08 (m, 1H, H-1 cyclopenthyl),
3.93 (s,3H,0CH,), 2.31 (dt,J=11.9,8.1 Hz, 2H, H-2,5
cyclopenthyl), 2.19 (dt, J = 20.2, 7.3 Hz, 2H, H-2,5 cy-
clopenthyl), 2.01-1.90 (m, 2H, H-3,4 cyclopenthyl),
1.90-1.76 (m, 2H, H-3,4 cyclopenthyl); LC-MS, m/z=
345 [M+1], 347 [M+3]; Anal. calcd. for C,,H,,N,O: C,
73.23;H,5.85; N, 16.27; Found: C, 73.20; H, 5.83; N, 16.24.
5-Cyclohexyl-2-phenyl-[1,2,4]triazolo[1,5-c]quinazo-
line (3.6). Yield - 85.4% (Method B). M.p. - 196-198°C;
'H NMR (400 MHz, dmso_d+CCl,) § 8.51 (d,/ = 7.8 Hz,
1H, H-10), 8.34 (d, / = 6.5 Hz, 2H, H-2,6 Ph), 7.96 (d,
J=7.8Hz,1H,H-7),7.85 (t,J = 7.3 Hz, 1H, H-9), 7.72
(t,J=7.0 Hz, 1H, H-8), 7.53 (m, 3H, H-3,4,5 Ph), 3.77
(t, 1H, H-1 cyclohexyl), 2.22 (d, ] = 12.7 Hz, 2H, H-2,
6 cyclohexyl), 2.00 (d, 2H, H-2, 6 cyclohexyl), 1.93-1.78
(m, 4H, H-3, 5 cyclohexyl), 1.70-1.55 (m, 2H, H-4 cyc-
lohexyl) ; LC-MS, m/z = 329 [M+1], 331 [M+3]; Anal.
calcd. for C,,H,,N,: C, 76.80; H, 6.14; N, 17.06; Found:
C,76.78; H, 6.12; N, 17.04.
2-(3-Methoxyphenyl)-5-cyclohexyl-[1,2,4]triazolo
[1,5-c]quinazoline (3.7). Yield - 43.0% (Method A).
M.p. - 176-177°C; 'H NMR (400 MHz, dmso_d,) 6

8.52 (d,J=7.8 Hz, 1H, H-10), 7.96 (d,J = 8.1 Hz, 1H,
H-7),7.90 (d, ] = 7.5 Hz, 1H, H-6 PhOCH,-3), 7.88-
7.77 (m, 2H, H-9, H-2 PhOCH,-3), 7.72 (t, ] = 7.4 Hz,
1H, H-8), 7.42 (t,/ = 7.9 Hz, 1H, H-5 PhOCH,-3), 7.04
(d,J=8.0 Hz, 1H, H-4 PhOCH;-3), 3.94 (s, 3H, -OCH,),
3.76 (t, ] = 8.0 Hz, 1H, H-1 cyclohexyl), 2.22 (dd, J =
12.0, 2H, H-2, 6 cyclohexyl), 1.99 (d, 2H, H-2, 6 cy-
clohexyl), 1.84-1.80 (m, 2H, H-3, 5 cyclohexyl), 1.71-
1.51 (m, 2H, H-3, 5 cyclohexyl), 1.42 (m, 2H, H-4 cyc-
lohexyl) ; LC-MS, m/z = 359 [M+1], 361 [M+3]; Anal.
calcd. for C,,H,,N,0: C, 73.72; H, 6.19; N, 15.63; Found:
C,73.74; H, 6.21; N, 15.65.
5-(4-Methylphenyl)-2-phenyl-[1,2,4]triazolo[1,5-c]
quinazoline (3.8). Yield - 94.6% (Method A), 67.8%
(Method C). M.p. - 183-185°C; 'H NMR (400 MHz,
dmso_d,+CCl,) 6 8.61-8.51 (m, 3H, H-2,6 PhCH,-4,
H-10), 8.33 (d, ] = 6.1 Hz, 2H, H-2,6 Ph), 8.05 (d, J =
7.9 Hz, 1H, H-7), 7.88 (t,] = 7.1 Hz, 1H, H-9), 7.75 (t,
J=7.1 Hz, 1H, H-8), 7.52 (m, 3H, H-3, 4, 5 Ph), 7.41
(d,J=7.4 Hz, 2H, H-3,5 PhCH;-4), 2.50 (s, 1H, -CH,) ;
LC-MS, m/z = 337 [M+1], 339 [M+3]; Anal. calcd. for
C,,H,(N,: C,78.55; H, 4.79; N, 16.66; Found: C, 78.56;
H, 4.81; N, 16.67.
5-(4-Bromophenyl)-2-phenyl-[1,2,4]triazolo[1,5-c]
quinazoline (3.9). Yield - 41.8% (Method A), 78.3%
(Method C). M.p. - 217-219°C; 'H NMR (400 MHz,
dmso_d,+CCl,) & 8.65 (d, / = 7.8 Hz, 2H, H-2,6 Ph),
8.59 (d,J=7.8 Hz, 1H, H-10), 8.35 (d,J = 7.0 Hz, 2H,
H-2,6 PhBr-4), 8.10 (d, J = 7.8 Hz, 1H, H-7), 7.92 (t,
J = 7.7 Hz, 1H, H-9), 7.85-7.77 (m, 3H, H-8, H-3,5
PhBr-4), 7.60-7.48 (m, 3H, H-3,4,5 Ph); Anal. calcd.
for C,,H,3BrN,: C, 62.86; H, 3.27; N, 13.96; Found: C,
62.88; H, 3.31; N, 14.01.
2-(3-(Trifluoromethyl)phenyl)-5-(3-fluorophenyl)-
[1,2,4]triazolo[1,5-c]quinazoline (3.10). Yield - 39.7%
(Method A). M.p. - 148-150°C; 'H NMR (400 MHz,
dmso_d,+CCl,) 6 8.65-8.50 (m, 5H, H-2,6 PhF-3,
H-2,6 PhCF;-3, H-10), 8.42 (d, J = 7.8 Hz, 1H, H-7),
8.10 (m, 1H, H-9), 7.94 (dd, J = 15.6, 7.8 Hz, 1H, H-5
PhCF,-3), 7.88-7.73 (m, 2H, H-8, H-4 PhCF,-3), 7.68
(dd,j=14.6,7.2 Hz, 1H, H-5, PhF-3),7.44 (t,] = 7.9 Hz,
1H, H-4 PhF-3); LC-MS, m/z = 409 [M+1], 411 [M+3];
Anal. calcd. for C,,H,,F,N,: C, 64.71; H, 2.96; N, 13.72;
Found: C, 64.72; H, 2.99; N, 13.75.
2-(3-Methylphenyl)-5-(3-fluorophenyl)-[1,2,4]tri-
azolo[1,5-c]quinazoline (3.11). Yield - 41.6% (Me-
thod A). M.p. - 141-143°C; '"H NMR (400 MHz, dmso_
d,+CCl,) 6 8.99 (m, 2H, H-2 PhCF,-3, H-10), 8.60 (d, ] =
7.3 Hz, 1H, H-7),8.22 (d,/ = 7.5 Hz, 2H, H-4, 6 PhCF,-3),
8.14 (d,J = 7.8 Hz, 1H, H-6 PhCH,-3), 8.03-7.78 (m,
3H, H-9, H-5 PhCF,-3, H-5 PhCH,-3), 7.35 (m, 2H, H-8,
H-4 PhCH,-3), 2.47 (s, 2H) ; LC-MS, m/z = 405 [M+1],
406 [M+2]; Anal. calcd. for C,;H,F;N,: C, 68.31; H,
3.74; N, 13.85; Found: C, 68.29; H, 3.72; N, 13.81.
2-(3-Methoxyphenyl)-5-(4-chlorophenyl)-[1,2,4]tri-
azolo[1,5-c]quinazoline (3.12). Yield - 37.9% (Method A),
61.6% (Method C). M.p. - 217-219°C; "H NMR (400 MHz,
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dmso_d,+CCl,) 6 8.68 (d, J = 8.0 Hz, 2H, H-2,6 PhCl-
4),8.57 (d,J=7.7 Hz, 1H, H-10), 8.07 (d, ] = 8.0 Hz,
1H, H-7), 7.91-7.87 (m, 2H, H-9, H-6 PhOCH,-3),
7.85-7.76 (m, 2H, H-8, H-2 PhOCH,-3), 7.64 (d, ] =
8.2 Hz, 2H, H-3,5 PhCl-4), 7.47 (t,] = 7.4 Hz, 1H, H-5
PhOCH,-3), 7.04 (d, / = 7.4 Hz, 1H, H-4 PhOCH,-3),
3.92 (s, 3H, -OCH,); LC-MS, m/z = 387 [M+1], 389
[M+3]; Anal. calcd. for C,,H,;CIN,O: C, 68.31; H, 3.91;
N, 14.48; Found: C, 68.34; H, 3.93; N, 14.51.
2-Phenyl-5-(2-(trifluoromethyl)phenyl)-[1,2,4]tri-
azolo[1,5-c]quinazoline (3.13). Yield - 43.8% (Method B).
M.p. - 192-194°C; 'H NMR (400 MHz, CDCl,) & 8.66
(d,J=7.9 Hz, 1H, H-10), 8.26 (u.p. d, 2H, H-2,6 Ph),
8.10 (d,J = 8.2 Hz, 1H, H-7), 7.94-7.83 (m, 2H, H-9,
H-6 PhCF,-2), 7.82-7.71 (m, 4H, H-8, H-3,4,5 PhCF,-2),
7.48-7.36 (m, 3H, H-3,4,5 Ph); *C NMR (100 MHz,
CDCl;) 6 159.60 (C-2), 147.26 (C-5), 137.95 (C-6a),
127.39 (C-10b), 127.08,126.26, 125.95, 125.65, 125.33,
124.16,124.14,123.87,123.71,122.93,122.39, 121.85,
120.22,119.10,112.93 (C-10a); Anal. calcd. for C,,H,,F;N,:
C, 67.69; H, 3.36; N, 14.35; Found: C, 67.71; H, 3.39;
N, 14.36.
2-Phenyl-5-(4-(trifluoromethyl)phenyl)-[1,2,4]tri-
azolo[1,5-c]Jquinazoline (3.14). Yield - 57.3% (Method B).
M.p. - 205-207°C; 'H NMR (400 MHz, CDCL,) & 8.80
(d,J=8.1 Hz, 2H, H-2,6 PhCF;-4), 8.64 (d, /= 7.9 Hz,
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Conclusions

The reaction of [2-(3-aryl-1H-1,2,4-triazole-5-yl)
phenyl]amines with aliphatic and aromatic aldehy-
des is a suitable method for the synthesis of 5-(al-
kyl-, cycloalkyl-, aryl-)-2-aryl-5,6-dihydro[1,2,4]triazolo
[1,5-c]quinazolines. These compounds are oxidizable;
therefore, the inert gas atmosphere is the necessary
condition for the [5+1]-cyclocondensation process.
On the other hand, this property allows to use 5- (al-
kyl-, cycloalkyl-, aryl-)-2-aryl-5,6-dihydro[1,2,4]tri-
azolo[1,5-c]quinazolines as the initial compounds for
the synthesis of their aromatic analogues. The con-
venient synthetic procedures for compounds 2 and
3 have been proposed, and the mechanism of these
transformations has been discussed.
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CHUHTE3 TA OLIIHKA BAKTEPULIUJHOI AKTUBHOCTI
4-(4-XJIOPO-1H-IMIJA30J1-5-1J1)-2-0OKCO-
1,2-JUT'TAPOINIPU/IUH-3-KAPBOHITPUJIIB

0.1.MenbHuk, B.0.Hopuoyc*, H./l.AkoBuuyk*, H.B.MenbHnuenko™*, M.B.BoBk**

IBaHO-PpaHKiBCbKUI HaLliOHAJIbHUN MeJUUHUN YHIBepCUTET
76018, M. [BaHo-PpaHkiBChK, ByJI. [anuibkKa, 2

* ByKOBUHCbKUI JilepKaBHUU MeJUYHUU yHIBEpCUTET

** [HcTuTyT opraHiyHoi ximii HAH Ykpainu

Karouosi caosa: 5-gpopmin-4-xaopoimioazonu; ayemogeHoHu; emuay yiaHoayemam; ayemaim amoHiro;

4-(4-xn0poimidazon-5-in)nipuduH-3-kapb6oHIimpuaU; YuKA0KOHAeHcayisl; aHmumikpoOHa
ma npomuzpubko8a akKmugHicmb

BanpornoHosaHo cuHmemuy4Hul nioxi0 0o ompumMaHHsI psidy HO8UX 4-imida3onin3amileHux noxiOHUX Himpunie
nipuduH-3-kapboHO8UX KUCIOM | 8UBYEHI IX aHMUMIKPOOHIi ma npomuzpubkosi enacmusocmi. BcmaHosneHo,
wo 4-(4-xnopo-1H-imidason-5-in)-2-okco-1,2-0ueidponipuduH-3-kapboHimpurnu ompumyroms i3 auxodamu 41-51%
YOMUPUKOMITOHEHMHOK UUKITOKOHOeHcaujeto 4-xmopoimidasorn-5-kapbansOeeioie i3 auemogheHoHamu ma emurty
uiaHoauemamom y npucymHocmi 10-kpamHo2o HadnuwKky auemamy aMoHito rnpu 15-30 200UHHOMY KUM'SIMIHHI 8
emaHorni. [JemanbHul MOHImopuHe nepebiey peakyii Memodom xpomamomac-criekmpomempii mokasas, w0
peakuyisi cyrnpogodxyemscsi NOBIHHUM MPOUECOM YMBOPEHHS 8I0N0BIOHUX XarlKOHI8, He CXUIMbHUX UUKIT3ysamuch
y uinbosi npodykmu. Cmpykmypa CuHme308aHux criosnyk dogedeHa KOMIIEKCOM Di3UKO-XiMiYHUX Memodig: I4-,
SAMP "H i *C cnekmpockonieto ma xpomamomac-criekmpomempieto. Ceped Hux HalidoKkalosiwumu € criekmpu
SAMP 3C 3 xapakmepHuUMU cueHanamu nipudoHosoi cucmemu 8 diana3zoHax: C3(90-92 m.y.), C°(115-116 m.u.),
C4(127-129 m.4.), C5(144-146 m.4.) ma C?3(159-161 m.4.). Pesynbmamu docnidxeHb bakmepuyudHoi akmusHocmi
HU3KU CUHMe308aHUX Cr1o/1yK nepeKkoHIu8o rnomeepdursnu ix 8UCOKy aHmMumMikpobHy ma npomuepubkosy dito. BoHu
MPUZHIYyroMb PO38UMOK 8e2emamueHUX ¢hopM MiKpoopaaHiamie y KoHUeHmpauisx 7,8-125 mka/min.

THE SYNTHESIS AND EVALUATION OF THE BACTERICIDAL ACTIVITY OF 4-(4-CHLORO-1H-IMIDAZOL-
5-YL)-2-OX0-1,2-DIHYDROPYRIDIN-3-CARBONITRILES

O.Ya.Mel’nyk, V.O.Chornous, N.D.Yakovychuk, N.V.Mel’nichenko, M.V.Vovk

Key words: 5-formyl-4-chloroimidazoles; acetophenones; ethyl cyanoacetate; ammonium acetate; 4-(4-chloro-
imidazol-5-yl)pyridin-3-carbonitriles; cyclocondensation; antimicrobial and fungicidal activity

The synthetic approach to preparation of some new 4-imidazolyl substituted derivatives of pyridine-3-carboxylic acid
nitriles has been proposed, and their antimicrobial and antifungal properties have been studied in the article. It has been
found that 4-(4-chloro-1H-imidazol-5-yl)-2-oxo-1,2-dihydropyridin-3-carbonitriles are prepared with 41-51% yields by
four component cyclocondensation of 4-chloroimidazol-5-carbaldehydes with acetophenones and ethyl cyanoacetate
in the presence of the 10-fold excess of ammonium acetate when boiling in ethanol for 15-30 h. A detailed monitoring
of the reaction by liquid chromatography—mass spectrometry has shown that the reaction is accompanied with the
by-process forming the corresponding chalcones that do not tend to undergo cyclization to the target products. The
structure of the compounds synthesized has been proven by the complex of physical and chemical methods: IR, 'H
and C NMR spectroscopy and liquid chromatography—mass spectrometry. The most evidential among them are *C
NMR spectra with characteristic signals for the pyridone system in such ranges as C° (90-92 ppm), C° (115-116 ppm),
C* (127-129 ppm), C® (144-146 ppm) and C? (159-161 ppm). The results of the bactericidal activity study of a number
of the compounds synthesized have convincingly confirmed their high antimicrobial and antifungal action. They inhibit
the growth of microorganism vegetative forms in the concentrations of 7.8-125 mg/ml.

CUHTE3 U OLIEHKA BAKTEPULIUOHOW AKTUBHOCTU 4-(4-XITOP-1H-UMWOA30J1-5-U1)-2-OKCO-1,2-N-
rmgpPoriMPuanH-3-KAP6OHUTPUIIOB

O.A.MenbHuk, B.A.YopHoyc, H.[].5slkosuyyk, H.B.MenbHuyeHko, M.B.Bosgk

Knroueenie cnoea: 5-¢popmurn-4-xnopumudasonsl; ayemogeHoHbl; smuiyuaHoayemam, ayemam aMMOHUS;
4-(4-xnopumuda3son-5-un)nupuduH-3-kapboHUMpPUIbI; UUKITOKOHOeHcayus; npomueoMUKpobHas u rnpomuego-
2pubkosasi akmugHOCMb

lpednoxeH cuHmemuyeckuli Mo0xod K fory4yeHuro psida Ho8bIX 4-umMuda3onun3ameweHHbIX npou3800HbIX HUM-
punos nupuduH-3-kapboHO8bIX KUCIOM U U3yHYeHbl UX MPpOmu8OMUKPObHbIe u npomugozpubkosslie ceolicmea.
YcemaHoeneHo, ymo 4-(4-xnopo-1H-umudazon-5-ur)-2-okco-1,2-0uaudpo-nupuduH-3-kapboHUMpPUIIbI NOTyHarmcs
¢ ebixodamu 41-51% dembipexkoMnoHeHmMHoU yukriokoHOeHcayuel 4-xnopumudasorn-5-kapbarnb0eaudos u3 aue-
mogbeHoHaMu u amunyuaHoauemamom 8 npucymcmeuu 10-kpamHo20 usbbimka ayemama ammoHusi rpu 15-30 va-
COB80M KUMsiHeHUU 8 amaHorie. [100pobHbIU MOHUMOPUH2 X00a peakyuu MemodoM XpOMamoMacc-CrieKmpomempuu
rokasari, Ymo peakuyusi cornposoxoaemcs Mob0YHbIM POYECCoM 06pa3o8aHUss COOMEEMCMEYWUX XalKOHOS,
KOmophble He CKITOHHbI M1008epaambCs YUKIu3ayuu 8 yenesabie npodykmsi. CmpyKmypa CUHmMe3upo8aHHbIX coedu-
HeHul 0okasaHa KOMIIIEKCOM (hu3uKo-xumuyeckux memodos: VK-, SIMP 'H i *C cnekmpockonuel u xpomamo-
macc-criekmpomempuell. Cpedu Hux Haubornee dokaszameribHbIMU siensitomesi criekmpbs! AMP 3C ¢ xapakmepHbiMu
cueHanamu rnupudoHoeol cucmenmbl 8 QuanasoHax: C3(90-92 m.0.), C5(115-116 m.0.), C*(127-129 m.0.), C%(144-146
M.0.) u C¥(159-161 m.0.). Pe3yrnbmamai uccriedosaHuti bakmepuyudHoU akmueHocmu psida CUHME3UpPO8aHHbIX CO-
eduHeHul ybedumeribHO nodmeepduriu Ux 8bICOKOe pomueoMuKpobHoe u npomusoepubkosoe deticmaue. OHU
rodaesisitom passumue eeeemamueHbIX ¢hopM MUKPOOP2aHU3MO8 8 KOHUeHmpauusix 7,8-125 mka/mr.
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Cepef; pi3HOMaHITHUX NOXIAHUX NIPUAUHY, AKI
Bi/I3Ha4Yal0ThCsl Pi3HOGIYHUMHU 6i0JIOTIYHUMHU BJIACTH-
BOCTSIMU, 0COOJIMBA POJIb HAJIEXKHUTD 4,6-113aMilie-
HUM 3-1iaHo-2-nipuioHaM [1]. CnoJiyKHy 1ibOTO THITY
XapaKTepU3YyIThCA LIUPOKUM Jjiala30HOM XeMOTe-
paneBTHUYHOI /il aHTUPiOPOITHYHOI [2], MPOTHUITYX-
JIMHHOI [3, 4], npoTumanspiiinoi [5], kapaioToHiy-
HoI [6], 6akTepuLMAHOI [6, 7]. He MeHII BaXK/IMBUM
€ BUKOpHUCTaHHA 3-1iaHo0-2-nipUJ0HOBUX cKadoJI-
JliB [J11 AM3aiiHy Ha IX OCHOBI MOTeHIiliHO 6ioak-
TUBHUX KOHJIeHCOBaHUX [8-11] Ta ribpugnux [12,
13] ctpykTyp. Po3po6sieHi Ha TenepiliHii yac cuH-
TeTUYHI NiIX0AU A0 3-1iaHO-2-MipU/I0HIB 3a3BUYal
CTOCYIOThCH iX 4,6-/liapyi3aMillieHUxX NoxigHux i 6a-
3Y€EThCsI HA 6araTOKOMIIOHEHTHIN KOH/eHcallil apo-
MaTUYHUX aJIbJIEeTi/IiB, anleTopeHOHIB, €THIY I[iaHO-
aleTaTy Ta alleTaTy aMOHir abo LiaHoaneTaMiay [3,
5, 14-18]. Ix 4-reTepubHi aHas0TH 06MeXKeHi pH-
KJIaZlaMU CNONYK i3 GypuibHUM [4], TieHibHUM [4,
15], nipoaibHuM [19] Ta nipasosbHuM [7, 8] 3amic-
HUKaMU. 3 ypaxXyBaHHSAM HeI0/laBHO BUSBJEHOI O
BIIMBY NPUPO/IU aJIbJIETIY HA Tepebir Takoro TUIY
UKJIOKOH/IeHcallil [5], a TakoxkK 3aMiCHUKA B I0JI0-
»KeHHi 4 mipUJJOHOBUX CUCTEM Ha JlesiKi BUJu 6ioak-
TUBHOCTI [4] AOUiIbHUM BUJABABCS CUHTE3 iX HO-
BUX NpeACTaBHUKIB i3 ¢papmakopopHUM 4-XJi0po-
imifazosnbHUM dparmMeHToM [20] K LikaBUX 06’€K-
TiB A1 6ioMeJUuUHOTO CKpUHiHTY. Came ToMy B poui
aJIbJIeTiTHOI CKJ1a/I0BOI B OCiXKYBaHil MyJIbTUKOM-
NOHEHTHIH peaklii 0y/11 BUIIpo6yBaHi 5-popMi-4-
xjopoimizazonu 1la-g [21, 22].

BcraHoBJeHO, 1o anbgeriay la-g pearylors i3
anerodpeHoHamu 2a-fi ety LiaHOAlETATOM Y CITiB-
BifHOweHHi 1:1.2:1.2 B npucyTHOCTi 10-KpaTHOrO Ha -
JIMILIKY alleTaTy aMOHi0 IPU JOBroTpUBaioMy (BIpo-
JoBx 15-30 rox) KUII'ATIHHI B €TaHOJIi 3 yTBOPEHHSM
4-(4-xs0poiMizgazo-5-in)-2-okco-1,2-gurigpo-3-mi-
puauH-3-kap6oHiTpuiis 3a-h i3 Buxogamu 41-51%.

Bigomo [15, 16], ujo nogi6HOr0 TUMY peakKiiii, K
MpaBUJIO, peasli3yloThCsl Yepes epBUHHE YTBOPEH-
HA NPOAYKTIB KOHJEHCalil aJbJerify i3 eTUy Ljia-

HoaleTaToM abo aneTodpeHOHOM, KOXKeH i3 IKUX i/
Ji€ro iHIIOI MEeTUJIEHAKTUBHOI KOMIIOHEHTH Y NIpU-
CYTHOCTI alleTaTy aMOHII0 LIUKJII3YETHCA [0 OAHIE]
i Ti€l  LiNIbOBOI cloNyKH. /leTaJbHUMA MOHITOPUHT
nepeo6iry peakiii asnbgerigy 1ais aneropeHoHom 2a,
eTUJIy 11ilaHoalleTOHOM | alleTaTOM aMOHil0 METO0M
XpOMaTOMac-CIeKTPOMETpii I0Ka3as, 110 Yyepes 8 roz
HarpiBaHHA B peakLiiiHil cyMilli nopsj i3 BUXiiHU-
MU peareHTaMHu i IPOAYKTOM peaklil 3a MiCTUTbCA
XaJIKOH 4, IKUH mic/is 3aKiH4eHHs npoiiecy 6yB BU-
JineHud i3 BuxonoM 23%. OTpruMaHuM pe3yJbTarT €
CBifueHHSIM TOTO, 1110 POPMYBaAHHS MiPUJOHOBOTO
LUKJIy HaWBiporiJiHille 3/jiHCHIOETbCS Yepes3 CTa/lito
MPOMDKHHUX aKpUJIaMiZiB A, B3aEMOJid AKUX i3 alle-
TodpeHoHamH 2a-f 3a MixaesieM i mojasnpiia BHyT-
pIlIHBOMOJIEKY/IIPHA [TMKJIOKOH/eH callii IPUBOAUTH
Jl0 1iJIboBUX cronyK 3a-h (Ta6.1. 1).

Hai6isbi gocToBipHO, 110 4-X/10p0oiMifga30/ib-
HUI 3aMiCHUK 32 paXyHOK IIPOCTOPOBUX MTapaMeT-
piB (HasiBHiCTb y moJioxkeHHi 1 apuibHUX pparMeH-
TiB, a B [TOJIOXKEHHI 4 aTOMiB XJI0pYy) 3HUXKYE eJleK-
Tpodi/bHICT NEPBUHHUX MPOJYKTIB KOHJIeHcallii A
Ta 4, X04a /151 IPOMIKHHUX CIOJIYK A BHACJIIZIOK BILJIU-
BY aKI[eNITOPHUX I[iaHO- i Kap6aMOiIbHOI IPyT BOHA
3a/IMIIAETHCA AOCTATHBOIO JJI NOAAJbIIOr0 NpHU-
€/JHAaHHS B yMOBax peaklil aueTodpeHoHy.

®opMyBaHHS B AOCTiKEHIH KOH/IeH callil moJti-
(dYHKIiOHAIBHOTO MiPUAWMHOBOTO LIUKJY MiATBEPKE-
HO KOMIIJIEKCOM CIIEKTpaJIbHUX JaHuX (TabJ. 2, 3).
3okpeMma, B [Y-crieKTpax MiCTATBCA CMyT'y IOTJIMHAHH S
rpyn C=0 (1646-1655 cm?), C=N (2225-2234 cm!)
Ta N-H (3386-3395 cm!). Ciektpu SIMP 'H xapaktepu-
3YIOThCSI CUHIVIETaMU MpoToHiB H® mpu 6.40-6.66 M.u.
Ta N-H npu 12.53-13.07 m.u. ¥ cniektpax SMP 3C Ha-
ABHI CUTHaJIU NIPULOHOBOI CUCTEMH B Jiana3oHax:
C3(90-92 m.u.), C5(115-116 m.u.), C*(127-129 m.4.),
C%(144-146 m.u.) Ta C*(159-161 m.4.).

PesysibTaTH OCTIPKEeHb aHTHUMIKPOOHOI Ta mpo-
TUTPUOKOBOI aKTUBHOCTI (TabJ1. 4) HEpeKOHIUBO MiJi-
TBepAUJIH, 10 cronyku 3a,c,d,f-h BusBasaoTh BU-
COKy GaKTepHUIU/AHY [iI0 HAa TEeCT KyJbTypHu 6aKTe-

Ta6nuua 1

Buxoan, Temnepatypu NnaBieHHA, Mac-CNeKTpu Ta pe3yNibTaTh efIeMEHTHOTO aHanisy
CUHTE30BaHKX cnonyk 3a-h

Cnonyka | Buxig,% | T.nn,°C | [M+1]* SHavfieto, % ®opmyna Bupaxysario, %
C N C H N
3a 44 250253 | 408 | 6224 | 281 | 1351 | C,H.,CIN,O | 6193 | 297 | 1376
3b 51 250261 | 455 | 6049 | 304 | 1251 | C,H,CIFNO | 6074 | 3.10 | 1232
3¢ 41 >270 403 | 6536 | 384 | 1407 | C,H.CINO, | 6560 | 3.75 | 13.91
3d 48 260263 | 422 | 6292 | 354 | 13.09 | C,H.CIN,O | 6272 | 335 | 13.30
3e 43 254256 | 437 | 7171 | 406 | 1261 | CH,CINO | 7148 | 392 | 1282
3f 46 270 408 | 6220 | 3.4 | 1387 | C,H,CIN,O | 6193 | 297 | 1376
39 42 250261 | 426 | 59.14 | 283 | 1292 | C,H,CLFN,O | 5931 | 261 | 13.17
3h 47 251254 | 456 | 57.90 | 297 | 1353 | C,H,CLFN,O, | 5804 | 2.88 | 1231
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1, R=H, Ar=4-CIC,H,(a), 2-MeCgH,(b), 3-MeC4H,(c), 4-MeC,H,(d), 1-C oH,(e); R=CI, Ar=Ph(f), 4-FC4H,(q);
2, Ar'=Ph(a), 4-CIC,H,(b), 4-MeCgH,(c), 4-CF,CH,(d), 4-HOCH,(e), 4-CH,OCH,();
3, R=H, Ar=4-CIC4H,, Ar'=Ph(a); Ar=2-MeCH,, Ar'=4-CF,C.H,(b); Ar=3-MeC,H,, Ar'=4-HOCH,(c); Ar=4-MeCH,,
Ar'=4-CF,C¢H,(d); Ar=1-C,,H,, Ar'=4-MeC¢H,(e); R=CI, Ar=Ar'=Ph(f); Ar=4-FC,H,, Ar'=Ph(g), 4-CH,0C,H,(h).

Cxema

piit S. aureus 25923, E. faecalis 6783, E. coli 25922,
B. Subtilis P. aeruginosa 27853 Ta rpu6iB C. albicans 815.
BoHU npUrHiYyI0Th PO3BUTOK BereTaTUBHUX GOpM
MiKpooprasiamiB y KoHIeHTpanisax 7,8-125 Mkr/mi,
110 CIIBPO3MIpHO, a Y IeAKUX BUNIaJKaxX HaBiTh BUILlE
3a OaKTepUIUAHUN ePeKT BUKOPUCTAHOTO B POJIi
TecT-00’eKTy aHTHGioTHKa JlopakcoHy. [Ipu bomy
criosiyku 3a,c,d, siki He MiCTSITh aTOMIB XJIOPY B 10JIO-
»KeHHi 2 iMizjla30/IbHOr0 3aMiCHHKa, BUSIBUJIMCh Hak-
AKTHUBHIIIKMMM 110 BiJHOIIEHHIO JIo ITaMiB B. subtilis.
IxHa MiHiMa/bHa 6aKTepiocTaTUYHA KOHLEHTpallis
3HaxoAuaach y AianasoHi 7,8-31,3 mkr/mJa. Ckpu-
HiHT IPOTUTPUOKOBUX BJIACTUBOCTEMN JOCTIKEHUX
cnoJIyk 1o BigHoueHHw Ao C. albicans 815 nokasas,
110 BCi BOHU € aKTUBHHUMU Y KOHI[eHTpaljisax 15,6-

62,5 MKr/mJ1, X04a ix BUpaxkeHa QyHrilU/IHA [iist mpo-
ABJIAETHCA Y [Bi4l BUIIMX KOHLleHTpayifax. Takum 4u-
HOM, OTpHUMaHi 6iosioriyHi XxapakTepucTuku 4-imi-
Jla30JIIJIBMiICHUX 2-0KC0-1,2-aurigponipujuH-3-Kap-
GOHITPHUJIIB I03BOJITIOTH CTBEP/IKYBATH ITPO TEepCIeK-
THUBHICTb IX NOJaJIbIIUX MOTJIMOJEHUX JOCTiKEHD
3 METOIO MOIIYKY HOBUX ePeKTUBHUX GAKTEPUIIU/]-
HMX MIpenapariB.

ExcnepuMmeHTasbHa XiMidyHa YyacTuHa

[Y-crieKTpy CUHTE30BaHUX CIIOJIYK 3allMCaHi Ha
cnektpodotomeTpi Bruker Vertex 70 B Tab6.1. KBr.
Cnexktpu AMP 'H ta *C B po3unnax /IMCO-d, 3apee-
cTpoBaHi Ha cnekTpoMeTpi Varian VXR-400 (399.97
i 125.74 MTI'y BignoBigHO), BHYTpilIHIN cTaHAAPT -

Ta6bnuya 2
IY- Ta AMP 'H cnekTtpu cnonyk 3a-h
IY-cnekTp, KBr, v, cm™
Cnonyka Cnektpu AMP 'H, §, m.u.
C=C | C=N | N-H
3a | 1652 | 2229 | 3394 |6.57 c (1H, H°nipuanh), 7.42-7.63 M (9H,,,,,), 8.33 ¢ (H2,...0,), 12.98 ¢ (TH, NH)
2.06 c (3H, CH,), 6.64 c (1H, H*nipngwuH), 7.39-7.87 m (8H,_,,.), 821 ¢ (H?,,;,.500)s
3b 1649 | 2233 | 3390 13.07 ¢ (1H, NH) P A
2.31 ¢ (3H, CH,), 6.43 ¢ (1H, Honipuaw+), 6.82 g (2H, ., J 7.8 Tw), 7.10-7.49 m (7H,_.),
3¢ | 1655 | 2230 1 3393 g 53 ¢ (1H, K2y, 10.28 1. € (1H, OH), 12.67 w. ¢ (1H, NH) ”
2.35c(3H, CH,), 6.66 c (1H, H°nipnguH), 7.23-7.28 m (4H,_,,.), 7.55-7.65 m (4H,_..),
3d | 1651 | 2227 1 3395 1§57 C(1H, He,.,,..), 13.03 € (TH, NH) ’ ”
2.21 ¢ (3H, CH,), 6.40 c (1H, H*nipngwun), 7.19-8.09 m (11H,,.,.), 8.28 c (TH, H? ;. ....),
3e 1646 | 2234 | 3390 12.53 ¢ (1H, NH) P A
3f | 1650 | 2225 | 3388 [6.50 c (1H, H*nipuawh), 7.44-7.57 m (10H,,,,,), 12.97 ¢ (1H, NH)
39 1648 | 2229 | 3391 |6.57 c (1H, HnipngwnH), 7.22-7.53 m (9Hap0M,), 12.93 c (1H, NH)
3.81 ¢ (3H, CH,0), 6.45 c (1H, H°nipnawnH), 7.02 g (2H, ), 7.49-7.58 m (7H,...),
3h 1653 | 2232 | 3386 12.82 w.c (1H, NH) P P
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Ta6bnuua 3

Cnektpu AMP *C cnonyk 3a-h

S, M.

3 = 5 4 5 4 2
C nipnavH C=N C nipnavH C nipuanH C imigason C imigason C

imigason

6 2 ,
C nipnanH C nipuanH Ar, Ar

90.88 | 115.26 | 116.03 | 127.55 | 130.75 | 131.49

139.19

121.83,125.73, 126.86, 128.31,

144.01 129.02, 129.73, 13343, 133.95

159.82

92.17 | 11541 | 115.63 | 128.17 | 130.18 | 131.05

139.68

20.74,122.68, 122.85, 123.47 (CF,,
Jr 253.20 T), 124.84, 125.72, 126.90,
128.32, 130.79, 132.26, 134.66

145.78 | 159.63

3c| 90.21 | 115.59 | 115.73 | 129.32 | 130.23 | 132.12

138.74

20.55,122.17,123.45, 124.59, 125.57,
125.89, 126.81, 129.32, 130.65,
135.11,161.49

145.33 | 160.35

3d| 91.25 [ 115.13 | 116.31 | 128.35 | 130.33 | 132.65

138.89

121.83,124.83, 128.96, 129.42,

144.72 129.77,130.07, 136.27, 138.65

160.13

3e| 9244 | 11541 | 115.53 | 128.47 | 130.39 | 131.26

140.39

120.83, 124.19, 125.32, 126.59,
126.97,127.21,128.63, 129.31,
129.50, 131.88, 132.04, 133.42,
134.51,141.67

145.29 | 160.53

3f | 90.30 | 115.06 | 116.20 | 128.36 | 130.28 | 133.30

135.47

124.27,125.89,127.27,127.77,

145.30 128,99, 129.71,131.36, 133.62

161.27

90.47 | 115.04 | 115.49 | 129.88 | 131.05 | 133.31

39

136.53

121.43,122.57, 125.36, 127.30,
128.93,130.20, 131.53, 162.44 g
(Jer 282.5 )

144.88 | 160.31

3h| 92.18 | 115.34 | 115.88 | 129.07 | 130.49 | 133.21

135.43

58.44,123.52,124.14,125.43,127.69,

146.70 128.25,129.69, 133.68, 160.51

161.86

TMC. XpoMaToMac-cieKTpy OTPUMaHi Ha npuJaji
Agilent 1100/DAD/HSD/V-G 119562.
4-(1-Apwi-4-xyaopo-1H-imiga3osi-5-i1)-2-0kco-
6-apwi-1,2-guriaponipuauH-3-kapooHiTpuwm (3a-h).
Cymim 2 MMoJib 4-xy10po-5-dpopminimigazony 1a-g,
2,4 mmosb antetodpenony 2a-f, 0,27 r (2,4 MmMoJib)
eTuy LiaHoaneTtaty Ta 1,54 r (20 MmmoJib) anera-
Ty aMOHiI0 B 25 MJI eTaHOJIy KUIT'ITUJIA BIIPOA0BIK
15 rog (cionyku 1a, f, g), 18 rog (ciosiyka 1b), 20 rog,
(cmonyka 1c), 26 rog (cnosiyka 1e) Tta 30 rog (cro-
ayka 1d). YTBopeHuit ocaj (crnosayku 3a, d-h) Biz-
bINBTPOBYBAIH, TIPOMUBAJIN €TAHOJIOM i BUCYIIIyBa-

Ji1 Ha noBiTpi. @inbTpaT nicas BiAisieHHS cionyKy
3a ynaproBaJiy, 10 3a/IMLIKY J0JaBald 7 MJI eTHUJIaLie-
TaTy, 0ca/j, BiAdiIbTpoBYBau i KpUcTaIi3yBau 3 eTa-
HoJty. OTpuMyBanu cnoayky 4a. Buxin - 23%. T. i -
227-229°C [23].

Jlns ciosiyk 3b, € peakiiiiHy cymii ynaproBasiy, /10
3a/IMUIKY fofaBaay 10 MJI alleTOHITPUITY, YTBOPEHU I
oca/1 Bi/IGiIbTPOBYBaJIY i BUCYIIIYBaJ/IM Ha MOBITPI.

ExkcnepuMmeHTanbHa 6ionoriyuHa yacTtuHa

AHTUMIKPOGHY Ta IPOTUTPUOKOBY aKTUBHICTh
BU3HAYa/I1 MiKpOMETO/0M [IBOPA30BUX CEPIHUX pO3-

Ta6bnuuya 4
AHTMMIKpOOHa Ta NpoTUrpubKoBa akTUBHICTb cnonyk 3a,c,d, f-h
TecT-KynbTypu MiKpOOpPraHi3mis
S.aureus E. faecalis E. coli B. subtilis P. aeruginosa C. albicans
Cnonyka 25923 6783 25922 27853 815
KoHueHTpauis npenapatis (MKr/mn)
MBcK | MBuK | MBbcK | MBbuK | MBcK | MBuK | MBcK | MBuK | MBcK | MBcK | MOcK | MOuK

3a 62.5 125 62.5 125 62.5 125 15.6 313 313 62.5 31.3 62.5
3¢ 62.5 125 62.5 125 313 62.5 313 62.5 62.5 125 15.6 31.3
3d 62.5 125 62.5 125 62.5 125 7.8 15.6 62.5 125 31.3 62.5
3f 62.5 125 62.5 125 62.5 125 31.3 62.5 62.5 125 31.3 62.5
39 62.5 125 62.5 125 62.5 125 313 62.5 62.5 125 62.5 125
3h 62.5 125 125 250 62.5 125 125 250 125 250 31.3 62.5

JlopakcoH | 62.5 125 62.5 125 62.5 125 62.5 125 125 250 - -
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BeJlIEHb B O/ITHOPA30BUX MOJIICTUPOIOBUX 96-JIyHKO-
BUX IJIaHILIeTaxX i3 BUKOPUCTAaHHAM 8-KaHaJIbHOTO
TUTpaTopa [24]. Ak TecT-Ky/AbTypH MiKpoopraHisamis
BUKOPUCTOBYBA/IM KJiHIYHI ITaMU 6aKkTepiit S. au-
reus 25923, E. faecalis 6783, E. coli 25922, B. Subtilis
P. aeruginosa 27853 ta rpu6iB C. albicans 815, siki
4aCTO BUKJIMKAIOTh IHBa3UMBHI IPOLIECU B OpPraHis-
Mi JIIoAMHU. YUCTI KyAbTYpH 6aKTepill iHKyOyBasiu
BIPO/IOBX 24 roji y M’'siCO-IeNTOHHOMY OyJIbOHI IPU
Temnepartypi 37+1°C, oTpuMyBaJu cycrneH3ito 6aKTe-
piaJIbHUX KJIITHH /10 KiH1leBoi KisibkocTi 10° KYO/MJ1.
Bunineny uucty kynbtypy C. albicans 815 KynbTu-
ByBaJ/IM Ha noxkuBHOMY arapi Cabypo npu 30+1°C o
7 [i6, OTpUMYBaJIM CyCHeH3i10 TpUOKOBUX KJIITUH Y
6ysibioHi Cabypo A0 KiHleBoi KiibkocTi 10° KYO /M.
KonneHTpauiwo goBoauau BiamosigHo a0 0.5 ctaH-
Japty McFarlang 3a Bisya/ibHHUM KOHTpOJIEM.

[3 mocaifKyBaHUX CIIOJIYK FOTYBaJIv JBOPa30Bi
cepiiiHi po3BeaeHHs (Big 500 MKr/Ma 10 7,8 MKT /M),

JlitepaTtypa

BusHayeHHs MiHiMaJ/bHOI iHTi6YI04Y01 KOHIIEHTpa-
1ii crmoJiyk CTOCOBHO GaKTepill oliHIOBaIX 4yepe3
24 rop inky6aii, a moxo rpubis C. albicans 815 — ye-
pe3 48-72 rog. MiHiManbHy 6aKkTepiocTaTUYHY KOH-
nedTtpaniro (MbcK) i miHiManbHy ¢yHTricTaTU4YHY
koHIeHTpali (MPcK) oniHoBamM 32 HAUMEHITUM
pO3BeJleHHSAM CII0JIyKH, 3a HassBHOCTI s1KO] BiZj0yBa-
JIOCh IPUTHIYE€HHS POCTY TECT-KYJbTYPU MIKpPOOP-
raHi3Mmy.
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Riboxin (inosine) is used in medicine for treating cardiovascular diseases, so the number of dosage forms containing
this substance as an active ingredient is constantly increasing at the Ukrainian pharmaceutical market. When
developing quality control methods for a dosage form containing one active substance it is advisable to carry
out tests on the presence of related impurities besides identification and assay tests. The article presents the
data concerning development of the method for determination of related impurities (hypoxanthine, guanosine) in
riboxine tablets using HPLC. The analysis was carried out using a HPLC column (125%x4 mm i.d., 5 um patrticles)
filled with “Lichrospher 60 RP select B”sorbent. The mobile phase adjusted with the phosphate buffer to pH 3.5
was used. The UV detection was performed at 250 nm. The validation characteristics have been studied using
the acceptance criteria for the tolerances of the content not more than 0.5% for each impurity, and they confirm
specificity (the absence of the effect of excipients), linearity, precision (convergence), accuracy (A, = 0.79smax
A,=5.0,0=0.21smax 6 = 0.26, a = 0.48, r = 0.99997>0.9976 for hypoxanthine, and A, = 0.83<max A, = 5.0,
0=0.177<smax 6 = 0.28, a = 0.21, r = 0.99997>0.9976 for guanosine), and the application range for the method
proposed.

PO3POBKA TA BAJIIQALISI METOOUKU BUSHAYEHHS CYTIPOBIQHUX JOMILLIOK Y TABJIETKAX PUBOKCUH
M.B.Pocada, H.FO.bees, B.A.[eopzisiHy,

Knroyoei crioea: cmaHdapmu3auisi; pubokcuH; mabnemku; cynpogioHi domiwku; memod BEPX

PuboKcuH (iHO3UH) 3acmocosytomb y MeOUYHIl rnpakmuui 05151 7liKy8aHHS1 cepue8o-CyOUHHUX 3ax80pto8aHb, MomMy
KinibKicmb 20mosux fikapCbKux ¢hopM, Wo Micmame K akmusHull ¢hapmayesmuyHuli iHepedieHm came Ut
PeqyoBUHY, Ha hapmayesmuyHOMy pPUHKY YkpaiHu nocmiliHo 3pocmae. [pu po3pobui MemoduK KOHMPOIIO
sKocmi Ha 20mosy nikapcbKy hopMy, WO Micmumbs 00HY Qitody pedo8uHYy, AOUiNlbHO OKPIM 8urnpobysaHb Ha
ideHmudbikayito ma KiribKicHe 8U3SHa4eHHs maKkoX nposooumu surnpobysaHHs1 Ha eMmicm CyrnymHix OOMIUWOK.
Y 3anpornoHosaHili pobomi HagoO0simbcs 0aHi o po3pobui MemoOUKU 8U3HAYEHHST CyrpPOBIOHUX OOMIWOK (2iro-
KCaHMUH, 2yaHo3UH) pubokcuHy 8 mabremkax 3 8UKOPUCMAaHHSIM MemoQdy 8UCOKOeheKmMUBHOI PiOUHHOI Xpo-
Mamoepadpii. BusHa4yeHHs1 pogodusiu Ha KoroHUi poamipom 125x4 mm, 3arnosHeHiti copbeHmom «Lichrospher 60 RP
select B» 3 po3mipom yacmok 5 MKM, sukopucmosysasu pyxoMmy ¢ha3y Ha ocHosi chocchamHozo byghepHozo
posquHy 3 pH 3,5 ma Y®-0emekmyesaHHs1 3a 0oexuHuU xeurni 250 HM. BugyeHi eanidauiltiHi xapakmepucmuku
3 8UKOpUCMaHHAM Kpumepiige npuliHamHocmi 0ns donyckie emicmy He b6inbwe 0,5% 0nsi KOXHOI 3 dOMIlLOK
niomeepdxyromp crieyugidyHicms (8i0cymHicmb anugy O0MOMIKHUX PEYO8UH), MiHIIHicmb, npeyu3itiHicmb
(36ixHicmb), npasunbHicmb (A, = 0.79<max A, = 5.0, 6 = 0.21smax 6 = 0.26, a = 0.48, r = 0.99997>0.9976
einokcaHmuHy ma A, = 0.83smax A, = 5.0, 6 = 0.17<smax 6 = 0.28, a = 0.21, r = 0.99997>0.9976 eyaHO3UHy) ma
diana3oH 3acmocyeaHHs1 3arporoHO8aHOI MEMOOUKU.

PA3PABOTKA U BAJTIMOALMSI METOLQUKN OINMPELEJIEHUST COMYTCTBYIOLLMX MPUMECEW B TABJIETKAX
PUBOKCUH

H.B.Pocada, H.KO.bees, B.A.leopausiHy,

Knrodesnie cnoea: cmaHOapmusayusi; pubokcuH;, mabnemku, conymcemeyrouue npumecu; memod BOXKX
PuboKcuH (UHO3UH) MPUMEHSIIOM 8 MeOUUUHCKOU rpakmuke 011 fiedyeHusi cepOeqyHo-cocyoucmbix 3aboresaHud,
[103MOMY KO/TUYECMBO 20MOBbIX JTEKapPCMBEHHbIX (hOPM, COOEPKaLUX 8 Ka4ecmee akmueHo20 hapMmauesmude-
CK020 UHepedueHma UMEeHHO 3Mmo 8euw,ecmeo, Ha hapMalyeemuyeCcKOM PbIHKE YKpauHbl MOCMOSHHO pacmem.
lpu paspabomke MemoOUK KOHMPOJIS Ka4ecmea Ha 20moe8yr JIeKapCmMeeHHY hopmMy, codepxaulyto 0OHO
delicmesyrowiee 8ew,ecmeo, UuernecoobpasHo KpoMe ucrbimaHull Ha uGeHmugbuKayuro U KOU4eCcmeeHHoe orpe-
deneHue makxe rnpoeodumb UcfbimaHusi Ha codepxaHue cornymemeyruwux npumeced. B npednazaemol pa-
6ome npusodsimcsi aHHbIe 110 pa3pabomke MemoduKu ornpederieHUs: conymemsyowux npumecell (2unokcaH-
MUuH, 2yaHo3UH) pubokcuHa 8 mabremkax ¢ ucrnonb3o08aHUeM Memoda 8bICOKO3hheKmMuBHOU XKUOKOCMHOU
xpomamoepachuu. OnpedeneHue npoeodusiu Ha KOrnoHKe pa3mepom 125x4 mm, 3anonHeHHoU copbeHmom
«Lichrospher 60 RP select B» ¢ paamepom yacmuy, 5 MKM, ucrosib308asu rnodsuxHyro ¢hasy Ha ocHose ¢hoccham-
Ho2o byghepHoeo pacmeopa ¢ pH 3,5 u Y®-0emekmuposaHue ripu OnuHe 80s1HbI 250 HM. U3yyeHHble sanuda-
UUOHHbIE Xapakmepucmuku C UCMOMb308aHUEM Kpumepues npuemnemocmu 05151 00rycKo8 coOepxaHusi He
6onee 0,5% 0na kaxdol u3 npumeceli nodmeepxdatom crieyuguyHoCcmb (omcymcmeue 8usiHUSI 8crioMoza-
merbHbIX 8ewecms), MUHeUHOCMb, MPEeYU3UOHHOCMb (CX00uMocmb), npasunsHocms (A, = 0.79<max A, = 5.0,
0=0.21smax 6=0.26, a = 0.48, r = 0.99997 eurtokcaHmuHa u A, = 0.83smax A,=5.0,6 =0.17smax 6 =0.28,a=0.21,
r=0.99997 eyaHo3uHa) u duana3oH npumMeHeHus rnpednazaemoli MEMOOUKU.
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Riboxin is used for improvement of the functional
recovery after craniocerebral traumas; it affects res-
toration of the level of the associated protein GAP-43
growth in the hippocampus [1], and has good indica-
tions for treating patients suffered a stroke [2]. Re-
cently, a lot of dosage forms containing riboxin appear
at the domestic pharmaceutical market. The State
Pharmacopoeia of Ukraine (SPhU) recommends to de-
termine related impurities both in dosage forms and
in substances.

The inosine substance is obtained by microbiologi-
cal synthesis, and hypoxanthine and guanosine can be
by-products of this synthesis [3]. Their certain amount
(not more than 0.5%) is regulated in the substance
[4, 5, 6]. For the further substantiation for either in-
clusion or exclusion of impurities in the specification
it is advisable to determine these related impurities
in the finished dosage form.

Nowadays, there are three requirements for drug sub-
stances and medicines: efficacy, safety, and quality. Re-
cently, in drug quality control the attention is paid to
determination of related impurities [7, 8, 9], which
may have a significant impact on the human health
due to potential teratogenic, mutagenic or carcinogenic
effects. Therefore, control and monitoring of impuri-
ties is a pressing question when developing and pro-
ducing drugs. In accordance with the Pharmacopoeia
of the People’s Republic of China [5], the manufacturer
[4] and the State Pharmacopoeia of the Russian Fede-
ration [6] the HPLC method is used for the assay of ri-
boxin and determination of related impurities. The
equipment change and technological peculiarities of
tablet production need improvement of the existing
method or development of the new one.

The aim of our research was to develop the method
for determination of related impurities in riboxin tablets
by HPLC, and validate it in accordance with the SPhU re-
quirements to drugs in the form of tablets [10, 11, 12].

The study object was “Riboxin” tablets with the con-
tent of 200 mg of the active substance (excipients -
potato starch, sugar, hypromellose, sodium croscar-
mellose, povidone K25 and magnesium stearate). The

_DAD1A, Sig = 250,4 Ref = 360,100 (RIBOKSIN\RD_000064.D)
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Fig. 1. The chromatogram of the placebo solution.

reference samples of 9-f-D-ribofuranosyl hypoxan-
thine (riboxin (inosine), batch 1 from 20.04.2012 (RS,
SPhU)); guanine-9-B-hypoxanthine (guanosine), batch
0B006736 from 09.08.2010; 6-hydroxypurine (hypoxan-
thine), batch 0L006460 from 09.07.2010 were used.
Analytical studies were performed by the HPLC me-
thod on an Agilent 1200 chromatograph (“Agilent Tech-
nologies”, Germany) using OHAUS AP 250D laboratory
balances (“Ohaus Corporation”, USA), and the mea-
suring glassware of class A.

Determination of related impurities of riboxin
in tablets was carried out by the HPLC method. To
determine related impurities in the test solution the
diluted solution of riboxin impurities was used as the
reference solution. Since the method for determina-
tion of related impurities must be validated according
to the SPhU requirements, the main validation charac-
teristics were studied: specificity, linearity, precision
(convergence), accuracy, and the application range.

The tolerances of the content of related impurities
of riboxin in the finished dosage form is not more than
0.5%. Therefore, during validation the parameters for
B =0.5%, i.e. the maximum uncertainty of the analy-
sis (A,,) must be not more than 5.0%, were the eva-
luation criteria of this method [8, 13, 14, 15].

The specificity of the method is confirmed by the
absence of the effect of excipients. The chromatogram
of the placebo solution shows it (Fig. 1).

The suitability of the chromatographic system is per-
formed since the peaks of related substances (hypo-
xanthine and guanosine) and the peak of the basic sub-
stance (riboxin) are completely separated (Fig. 2).

The linearity, precision, accuracy, and the appli-
cation range of the given method were determined on
the model mixtures with the known content of rela-
ted impurities in the range from 25% to 125% rela-
tive to the maximum permissible value. Both the re-
ference solution and model solutions were prepared
according to the same method; the actual values X,
from the ratio of X = S,/S,-100% were equal in rela-
tion to the actual weights of the riboxin substance
taken for preparation of the model solution and the

DAD1 A, Sig = 250,4 Ref = 360,100 (RIBOKSIN\RD_000010.D)
mAU
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Fig. 2. The chromatogram of the chromatographic system suitability.
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Fig. 3. The linear dependence of the peak area on the hypoxanthine
concentration.

reference solution. The working concentration of the
test solution and the reference solution was approxi-
mately 10 ug/ml. The linearity of dependence of the
peak areas of hypoxanthine and guanosine solutions
on the concentration in the range of approximately
2.5 pg/ml to 12.5 pg/ml was determined. The linear
dependence of the peak area on the concentration of
related impurities of hypoxanthine and guanosine in
the normalized coordinates is presented in Fig. 3 and
Fig. 4, respectively.

Calculation of parameters of the linear depen-

| 2
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Fig. 4. The linear dependence of the peak area on the guanosine
concentration.

the relative confidence interval of value Z found is less
than the critical value for convergence of results (5.00%).
The tests for the tablets studied showed that in
the chromatograms of the test solution for “Riboxin”
drug only one impurity (guanosine) in the amount of
approximately 0.12% was determined (Fig. 5).
Therefore, it has been found that the amount of
related impurities in “Riboxin” tablets does not increase
compared to the riboxin substance, i.e. the impurity
identified is the technological impurity of the sub-

DAD1 A, Sig = 250,4 Ref = 360,100 (RIBOKSIN\RD_000008.D)

dence Y; = bxX; + a for related impurities of riboxin (hy-  Ay7 2
po-xanthine and guanosine) was performed by the least ] 8
squares method (Tab. 1). 40 @

As can be seen from Table 1, all requirements for ] g
the linear dependence parameters are met, i.e. the 30 § o
linearity of the method for determination of related ] §
impurities is confirmed within the whole range of con- 20 5
centrations (25-125%). The high value of the corre- ] 3
lation coefficient also meets the requirements of the 107 o
acceptance criteria (r = 0.9976) and confirms the line- ] v
arity of dependence between the “introduced” and 0 —n SN
“found” amount of the substance. 1

The data of Tab. 2 and 3 show that for both hypoxan- Mo+ I et
thine and guanosine the method of analysis is characte- 0 5 10 15 20 25 min
rized by sufficient precision (convergence). The value of  Fig. 5. The chromatogram of the test solution.

Table 1
Metrological characteristics of the linear dependence for riboxin
b S, a S, S, r
Hypoxanthine 0.9925 0.0028 0.4834 0.2252 0.3028 0.99997
<1.8946*
Criteria 0.2252=0.43 >0.9976
<2.1
Guanosine 0.9941 0.0027 0.2110 0.2191 0.2946 0.99997
<1.8946*
Criteria 0.2191 =042 >0.9976
<2.1
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Table 2
The results of analysis of the model mixtures and their statistical processing for hypoxanthine determination
No. of the ;hﬁy?omxgrlﬁr‘ﬂﬁégg, Foqnd in % to the The area mean cgssgr?t:gtciﬁrgoomﬁe Foqnd in % to the
modgl mg introduced values (S) reference solution introduced
solution m, =9.9mg (X, =C/C,, %) (S, =259.80) (Y=S5/5., %) Z,=100-(Y/X) %
1 2.5 25.25 66.50 25.60 101.39
2 25 25.25 66.50 25.60 101.39
3 5.0 50.51 131.50 50.62 100.22
4 5.0 50.51 132.10 50.85 100.67
5 7.5 75.76 195.90 75.40 99.52
6 7.5 75.76 196.50 75.64 99.84
7 10.0 101.01 260.20 100.15 99.15
8 125 126.26 327.80 126.17 99.93
9 12.5 126.26 327.20 125.94 99.75
Mean, % 99.59
Relative standard deviation, RSDz,%
5\2
RSDz(%) = L,,Z ! -12) : 1%) .
Relative confidence interval, 0.79
A,(%) = t(95,n — 1)XRSD, = 1,860xRSD,, %
Critical value for convergence of resuI'Fs A, % 50
(limit uncertainty) 5.0
Systematic error § = |Z - 100| 0.21
Criterion of the systematic error insignificance
8% = Az _Az &4= 0.26 (0.21<0.26) if not satisfied 1), Is not satisfied
Vn o3
then 6<0.32x5.0 =1.6% (0.26<1.6) Satisfied
The overall conclusion of the method Correct

stance. Due to this fact we consider it is possible to
include the limitation for impurities in the speci-
fications for tablets, which is similar to the manufac-
turer’s Analytical Normative Documents for the sub-
stance: not more than 0.5% of guanosine and not
more than 0.5% of hypoxanthine.

Experimental Part

The method for determination of related impurities:

Test solution. Place approximately 68.7 mg (accurate
weight) of the powdered tablets into a 250 ml flask,
add 150 ml of water, stir the solution obtained for
10-15 min, or place in an ultrasonic bath for 10 min,
and cool. Then dilute the solution to the volume with
the same solvent, mix, and filter through a 0.45 mi-
crons membrane filter rejecting the first 5 ml of the
filtrate.

Reference solution (a). Place 10.0 mg of guano-
sine into a 100 ml flask, dissolve in warm water, cool,
dilute the solution obtained to the volume with the
same solvent, and mix.

Reference solution (b). Place 10.0 mg of hypo-
xanthine into a 100 ml flask, dissolve in warm water,

cool, dilute the solution obtained to the volume with

the same solvent, and mix.

Reference solution (c). Place 1.0 ml of the Refe-
rence solution (a) and 1.0 ml of the Reference solution
(b) into a 100 ml flask, dilute the solution obtained
to the volume with water, and mix.

Reference solution (d). Place 20.0 mg of riboxin into
a 100 ml flask, dissolve in water, dilute the solution ob-
tained to the volume with the same solvent, and mix.

Reference solution (e). Mix the Reference solution
(c) with the Reference solution (d).

Chromatography is carried out in the conditions
described below:

e Column - 125%4 mm i.d, filled with “Lichrospher
60 RP select B” sorbent (5 pm particles) or simi-
lar, for which the requirements of the “Chroma-
tographic system suitability” test are met;

e The flow rate of the mobile phase - 0.2 ml/min;

e Detection - at the wavelength of 250 nm;

e Column temperature - 35°C.

For chromatography 20 pl of the Test solution, the
Reference solution (c) and the Reference solution (e) were
used, at least 3 chromatograms should be obtained.
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Table 3

The results of analysis of the model mixtures and their statistical processing for guanosine determination

ino
No. of the | The sample weight | Found in % to the The area mean Found in ./° to the Found in % to the
. . concentration of the .
model |of guanosine RS, mg introduced values (S) reference solution introduced
solution m,, = 9.9 mg (X;=C/C,, %) (S,=147.70) - Z.=100-(Y/X) %
s i i S B (YI — Si/Sstl %) i i i
1 2.5 25.25 37.30 25.25 100.00
2 2.5 25.25 37.50 25.39 100.55
3 5.0 50.51 74.70 50.58 100.14
4 5.0 50.51 74.70 50.58 100.14
5 7.5 75.76 111.40 75.42 99.55
6 7.5 75.76 111.40 75.42 99.55
7 10.0 101.01 147.70 100.00 99.00
8 12.5 126.26 185.90 125.86 99.68
9 12.5 126.26 186.20 126.07 99.85
Mean, % 99.83
Relative standard deviation, RSDz,%
. _/ >i1Z- 27 100 0.45
RSD (%)= =" 5 5
Relative confidence interval, 0.83
A,(%) = t(95,n - 1)xRSD, = 1.860x RSD,, % '
Critical value for convergence of results A,,, % 50
(limit uncertainty) 5.0 ’
Systematic error § = |Z - 100| 0.17
Criterion of the systematic error insignificance
A A 0.8337
§% =% ="%2="""""-(28 (0.17<0.28) if not satisfied 1), Is not satisfied
vno 3 3
then §<0.32x5.0 = 1.6% (0.28<1.6) Satisfied
The overall conclusion of the method Correct

The system suitability test: The chromatography
system is considered to be suitable if the following
conditions are performed:
resolution of hypoxanthine and riboxin should be
at least 4.0;
resolution of guanosine and riboxin should be at
least 2.0.

Preparation of the mobile phase:

Place 4.80 g of potassium dihydrogen phosphate,
0.24 g of sodium heptanesulfonate into a 1000 ml flask,
dissolve in 700 ml of water, add 0.20 g of triethylamine
and 20 ml of methanol, and mix the solution obtained.
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Then, adjust pH to 3.5 with the concentrated phos-
phoric acid by potentiometry. Dilute the solution ob-
tained to the volume of 1000 ml with water and mix.
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1. The method for determination of related im-
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[MoxidHi 1,2,4-mpua3ory € MomeHUitHUMU JTIKapCbKUMU PeHO8UHaMU 3 Pi3HOMAaHIMHOK 6iofioeidHO aKmueHICmio.
KoHmpornb cmadili ompumaHHs makux cronyk Ha 0ocrmiOHOMY i eupObHUYOMY emarli € 8aXnueuM 3a80aHHAM
cy4acHoi ghapmayesmuyHol Hayku. Halbinbw yHisepcanbHUM i cenekmueHUM MemodoM, U0 00380r1s€ nidmeepo-
XKysamu cmpyKmypy sk OCHOBHUX PEY0BUH, makK i OOMIWOK ma eu3HadYamu KinbKicHUl emicm aHanimie, € BEPX/
AMO-MC. Memotro docridxeHHsI € 8UBYEHHS 3ariexXHOCmi napamempie ympumyeaHHsi psdy 1,2,4-mpuason-3-
inmioayemammHux Kucriom ma ix conet, wo € KiHuesumu rnpodykmamu y CUHMe3i 3apeecmposaHux i MomeH-
UiGHUX JTiKapCbKUX PeYO8UH 3a 8 cxeMamu cuHmesy, 8id eMicmy auemoHimpusly 8 pyxomit ¢hasi 3a ymoe BEPX/
AMO-MC-susHadyeHHs1. BcmaHoeneHo 3anexHicmb KoegiyieHma emHocmi k 8id emicmy auyemoHimpury 0ns
psdy 1,2,4-mpuasorn-3-inmioayemamHux Kucrnom ma ix coned. Noka3saHi Moxnusocmi eubopy ymos xpoma-
moepaghiyHO20 8U3HAYEHHST UUX CrOMYK SIK OKPEMO, mak i 8 cymiwax. BcmaHosneHo, wo 0151 00CnioxysaHuUx
1,2,4-mpuason-3-inmioayemamHux kucriom 0o 65% emicmy auemoHimpusy 8 enrveHmi criocmepizaemscsi 0bep-
HeHOo-hba308uUll MEXaHI3M ympuMy8aHHsi, a nomim ioHoOOMIHHUU MexaHi3M 83aeMOo0ii 3 cunaHoNbHUMU 2pynamu.
lMNoka3aHO ekcrioHeHUuiliHUlU xapakmep 83aemMo38’s13Ky Mix logD ma koegpiyieHmamu eMHocmi docnioxysaHuUx
crionyk npu 15% emicmi auemoimpury 8 cknadi pyxomoi gpa3u. BcmaHoerneHo, wo 83aemo38’sa30Kk Mix logD ma
decssmkosuMU fl02apuchmamu KoegbiuieHmis eMHocmi docioxysaHux crionyk npu 15% emicmi auemoHimpury 8
cknadi pyxomoi ghazu Hocums fiHIUHUG xapakmep.

THE STUDY OF RETENTION REGULARITIES FOR THE POTENTIAL DRUG SUBSTANCES OF 1,2,4-TRIAZOL-
3-YLTHIOACETIC ACIDS AND THEIR SALTS SERIES BY THE METHOD OF HPLC/DAD-MS
B.O.Varynskyi, Ye.G.Knysh, V.V.Parchenko, O.l.Panasenko, A.G.Kaplaushenko

Key words: retention characteristics; 1,2,4-triazol-3-ylthioacetic acids;, HPLC/DMD-MS

The derivatives of 1,2,4-triazole are potential drug substances with various biological activity. The control of stages
for obtaining such compounds at the research and production phase is an important task of modern pharmaceu-
tical science. HPLC/DAD-MS is the most universal and selective method, which allows to confirm the structure
both of active substances and impurities and determine the content of analytes. The aim of the research is to
study the dependence of the retention characteristic for the series of 1,2,4-triazol-3-ylthioacetic acids and their
salts, which are the target products in the synthesis of the registered and potential drug substances by 8 syn-
thetic schemes, on the content of acetonitrile in the mobile phase under the conditions of HPLC/DAD-MS deter-
mination. The dependence of the capacity factor k on the content of acetonitrile for 1,2,4-triazol-3-ylthioacetic
acids and their salts has been determined. The possibilities of choice of conditions for determining these com-
pounds both individually and in mixtures have been shown. It has been found that the reversed-phase retention
mechanism for 1,2,4-triazol-3-ylthioacetic acids under study up to 65% content of acetonitrile in the eluent, and
then the ion-exchange mechanism of interaction with silanol groups are observed. The exponential character of
correlation between logD and capacity factors for the compounds tested has been determined for 15% content
of acetonitrile in the mobile phase. It has been determined that correlation between logD and decimal logarithms
of capacity factors for the compounds to be investigated has the linear character for 15% content of acetonitrile
in the mobile phase.

U3YYEHUE 3AKOHOMEPHOCTEW YOEP>XUBAHWSI MOTEHLUATIbHbIX JIEKAPCTBEHHbIX CYECTAHLNA
PSIOA 1,2,4-TPUA30JI-3-UITTUOALIETATHbBIX KUCJIOT U UX COJIEA METOQOM B3aXXX/AMAG-MC
B.0.BapuHckull, E.IKubiw, B.B.lMap4yeHko, O.U.MaHaceHko, A.I.KannayweHko

Knroyesnle crnosa: xapakmepucmuku yoepxusaHus; 1,2,4-mpua3on-3-unmuoayemamHbie Kuciomsi; BOXKX/
AMO-MC

lMpoussodHbie 1,2,4-mpua3ona sensomcs MomeHyuanbHbIMU 1eKapCmMeeHHbIMU seujecmeamu ¢ pa3nuyHol 6uo-
noeuyveckol akmugHocmbr. KoHmponbs cmadud nonyyYeHusi makux coeQuHeHul Ha uccriedoeamesibCKOM U rpo-
u3800cmMeeHHOM amarie s18r15iemcsi 8axHol 3adaqell cospeMeHHoU hapmauesmuyeckol Hayku. Haubonee yHu-
8epcarsibHbIM U CesieKmuaHbIM MemoOoM, rMo380/soWuUM nodmeepxdams CmMpyKmypy Kak OCHOBHbIX 8eU,ecms,
mak u npumecel u onpedensimpb Koriu4ecmeeHHoe codepxaHue aHanumos, siensemcsi BOXKX/AMO-MC. Lienbto
uccriedosaHUs S18MSIemcs U3ydeHue 3a8UCUMOCU rapamempos yoepkueaHusi psida 1,2,4-mpuasorn-3-unmuoauemamHbix
Kucriom u ux cosel, S18/IiUUXCS KOHEYHBIMU NMPOodyKmamMu 8 CUHMe3e 3apeaucmpuposaHHbIX U nomeHyuars-
HbIX JleKapCmeeHHbIX 8ewecms no 8 cxemam cuHme3a, om codepxxaHusi ayemoHumpursna 8 nodsuxHol ¢hase
8 ycnosusix BOXXX/AMO-MC-onpedeneHus. YcmaHoeneHa 3agucumMocme KoaghgpuyueHma emMkocmu kK om co-
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OepxaHus auemoHumpuna 0ns psida 1,2,4-mpua3son-3-unmuoayemamHbiX KUcom u ux coned. [Noka3aHbl 803-
MOXHOCMU 8blbopa ycrioguli xpoMamozpaghudecko20 onpedesieHUss 3mux coeOUHeHUU Kak omoOesibHO, makK U 8
cmecsix. YecmaHoerneHo, Yymo 0ns uccriedyembix 1,2,4-mpua3on-3-unmuoayemamHbix kucriom 0o 65% codep-
JKaHusi ayemoHumpura 8 aneHme Habrnodaemcsi obpaujeHHO-ha308bIl MexaHu3M yoepxKueaHus, a 3amem
UOHHO-0O6MEeHHbIU MexaHu3Mm 83aumodelicmeus ¢ CUnaHobHbIMU 2pyrnamu. YecmaHoseneH 3KCroHeHyuanbHbIl
Xapakmep g3aumoces3u mexady logD u koaghcpuyueHmamu emkocmu uccriedyembix coeduHeHut npu 15% co-
depxXaHuUU ayemoHumpursa 8 cocmase mnod8uXHol hasbl. YecmaHoeneHo, 4mo g3aumocesdb mexoy logD u Oe-
CAMUYHBIMU 5i02apuchmamu KoaghguyueHmos emkocmu uccredyembix coeduHeHul npu 15% codepxxaHuu aye-
moHuUmpuJsia 8 cocmase nodsuXxHol ¢hasbl HOCUM fIUHEUHbIU Xapakmep.

[loxigHi 1,2,4-Tpua3sosy € NOTEHLIMHUMHU JIiKap-
CbKUMH pe4OBHMHAMHU 3 Pi3HOMaHITHO 6i0/10T4YHO0
aKTHBHicTI0. KOHTpOJIb CTalill OTpUMaHHSA TaKUX CIO-
JIYK Ha JOCJIITHUITBKOMY i BUPOGHUYOMY eTalli € BaXK-
JIMBUM 3aBJJaHHSIM Cy4acHol papMaleBTUYHOI HAyKH.
Haii6isibiil yHiBepcaJIbHUM i CeJIEKTUBHUM METO/IOM, 1110
J03BOJISIE NIATBEPIXKYBATU CTPYKTYPY AK OCHOBHUX
peYoBHH, TaK i JOMIIIOK Ta BU3HAYATH KiJIbKiCHUHN
BMICT aHaJIiTiB, € BUCOKOepeKTHBHA piJHHHA XPO-
MaTorpadis 3 iogHo-MatpuyHuUM (BEPX-/IM/I) Ta Mac-
CIEKTpOMeTPUYHUM JeTekTyBaHHsM (BEPX-MC).

Heo6xinHoto BuMoromw po3po6ku BEPX-mMeTonuk
3/IM/I- Ta MC-zeTekKui€lo € onTUMi3alist Mac-CIEKTPO-
MEeTPUYHOTO JleTeKTyBaHHs i XxpoMaTorpadiuHoro
posziienHs. Jlis Toro o6 niZiépaTy onTHMaIbHi yMoO-
BU XpoMaTorpapiuyHoro BUsHa4eHHs HaliBOPOJYK-
TiB Ta CHpOBUHMU NPU CUHTE3I cosielt 1,2,4-Tpuasoi-
3-inTioaneTaTHUX KUCJIOT, 3 IKUX JIedKi BXKe 3apeecTpo-
BaHi i BUKOPHUCTOBYIOThCA B Cy4acHill BeTepuHapii
(Tpudysou, aBecTiM), a Aeski (Tiokc) 3HAXOAATHCS
Ha cTa/iil peecTpaliii i BNpoBa/XKeHHS Y BUPOOHUIITBO,
HeobXiHO 6YJI0 JOCTIUTH 3a/IeXKHICTh IX XpOMaTO-
rpadiuHoOro yTpuMyBaHHS BiJ| pi3sHUX paKTOPiB.

IcHye 6araTo pob6iT, B AKUX ONMHCAHO AOCTiKEH-
HA YTPUMYBAHHA Pi3HUX CIIOJYK BiJ CTPYKTYPHU Ta
BJIaCTUBOCTeM copbaTiB. Hanpuknag, e Mmoxxe 6yTH
Koedil[ieHT po3MoAiTy Mi?>k OKTaHOJIOM Ta BOZ,010:

HeIOHI3

[cronyralzzes.., (1)
[C I'IOﬂyKa] HeioHi3 *

g0da

IOgIDoKmaHon/eoaa = IOg

JliHiliHy 3a/1eXkHiCTh Mixk JlorapupMamu koedilli-
€HTA pPO3MOAiny Ta KoedillieHTa EMHOCTI MOXKHa 3HAM-
TH B MoHorpadii [1]:

lgk=a+ lgPU., (2)

Ae P; - xoedilieHT po3no/isy pe4oBUH Mix pazamu
iTaj.

Psan ny6.tikaniii mpyucBsAYeHUH AOCTIIPKEHHIO B3a-
€EMO3B’SI3Ky MiX XapaKTepUCTUKAMH YyTPUMYBaHH
Ta KoedilieHTaMH po3Mo/iay, AKi HalW4acTille BU-
KOPUCTOBYIOTBCA /IJI1 BU3HAYEHHA XapaKTepPUCTUK
JIinoiNbHOCTI 3a pe3y/ibTaTaMU yTPUMYyBaHHS B 00ep-
HeHo-¢a30Bil BEPX (0® BEPX) [2-9]. ABTopamu [10] Ha-
BeJleHi aHi 110/10 BU3HAUYeHHs JinodibHOCTI HO-
BUX TioceMikap6a3u/iB Ta noxigjuux 1,2,4-TpuasoJ-
3-TioHiB Ha mificTaBi pe3yabraTiB 0P BEPX Ta Teope-
TUYHUX PO3PAXYHKIB.

F.Lombardo i3 ciBaBT. [11] ocaimpKyBaiy 3a1ex-
HOCTi yTpuMyBaHHs Ta logD /151 i0HOTeHHUX CIOJYK:

[cnonyKa] ioHi3 + [cnonyl(a] HeioHiz "

go0a 6oda

logD,

okmaronlgoda —

Bu3HavyeHi 3a/1e)KHOCTI B OiJIbIIOCTI pobiT mpo-
NIOHYETbCA BUKOPUCTOBYBATH [iJIsl eKCIIepUMEHTallb-
Horo BU3HaueHHs logP TalogD, siKi € BaXK/IMBUMM I10-
Ka3HuKaMu npu BuB4eHHi ADME (azcop6uii, auctpu-
6yuii, MeTa60/1i3My Ta eKcKperii).

YTpHUMyBaHHA CIIOJIYK TaKOX 3aJ1€XKUTb BiJ BJac-
TUBOCTeN pyxoMoi ¢pa3u, 30KpeMa BiJj KOHLIEHTpa-
il opraniyHoro Mmogudikatopa. Tak, icHye JiiHiliHa
3aJiexkHicTh Mix siorapudmMoM KoedinieHTa eMHOC-
Ti Ta BMiCTOM Opra”i4yHOro po34yMHHHUKA [12]:

lgk=a-b-%B, (4)

Jie: %B - npoleHTHUM BMIiCT opraHiyHoro Mogudi-
KaTopa; a Ta b — KOHCTaHTH. IcHY€E AekinbKka poobiT,
Jle HaBe/leHi pe3y/IbTaTU JOC/IiHKeHb 3aJIeXKHOCTI Yy TpU-
MyBaHHS Bij BMicTy aneToHiTpuay [13-15].

3 MeTOo A0C/i/XKEHHS XapaKTePy B3aEMO3B’I3KY
yacy yTpYMMyBaHHs Ta CK1afy pyxoMoi ¢pasu st BEPX-
JAM/] tTa BEPX-MC Bu3HaueHHs psaay 1,2,4-tpuaso-
3-inTioaneTaTHUX KUCIOT (crostyku 1-8) Ta ix coseit
(cmoniyku 9-15) Hamu 6yJ10 eKCIEPUMEHTAbLHO BUB-
YeHO 3aJIeXKHICTh KoedirieHTa eMHocCTi k 14 ziof-
HO-MaTPUYHOTIO Ta Mac-ClIeKTPOMETPUYHOTO IETEKTO-
pa BiJl BMiCTy alleTOHITpuUAY B pyxoMii ¢asi, akui
€ HAWOINbLI CYyTTEBUM i ciequiyHUM /15 PiSHUX
CHoJyK ¢paKTOPOM YTPUMYBaHHS.

Mac-criekTpoMeTpUYHe JIeTEKTYBaHHS MPOBOJH-
JIY B pexXuMi ioHi3auil B esiekTpocnpel, OITUMaJbHi
YMOBH SIKOI 6y/I BCTAHOBJIEHI HAMU eKCIIEPUMEHTaJlb-
Ho [16] (Tabsnus).

Paniue aBTopamu [17-19] 6ysiu onvcaHi yMoBU
BEPX-Brn3HayeHHd noxifjHux pagy 1,2,4-tiotpuaso-
JiB. fIk opraniyHui Mo/iMdiKkaToOp 3aCTOCOBYBAJIH alle-
TOHITPUJI. ABTOPH 3aIPONIOHYBaJ/Id IPOBOAUTHU BU-
3HaYeHHs B KUCJIoMy cepenoBuiii (pH<3,0); mpu ribomy
JIJ1s1 Horo CTBOpeHHs o6pasiu ochaTHY KUCIOTY.

Mu 3anponoHyBaii BAKOPHUCTOBYBATH GOpMiaTHY
KUCJIOTY SIK OUIBLI JIETKY i Gi/IbIL 3pyYHY [1J1s1 BUKOPHC-
TaHHS NPU MacC-CIEKTPOMETPUYHOMY JleTEKTYBaHHI.

1,2,4-Tpuaszosn-3-iaTioaleTaTHi KUC/JI0TH Ta BiANOBIA-
Hi COJIi eJIIOKI0THCA IPAKTUYHO OHAKOBO, TOMY 11O B
KHUCJIOMY Cepe/IOBUILL eTIF0eHTY COJIi TepeXoAAaTh y KUC-

69



ISSN 2308-8303

Journal of Organic and Pharmaceutical Chemistry. — 2015. — Vol. 13, Iss. 4 (52)

OnTnmanbHi yMOBWM iOHi3aUil 4OCNIAXKYBaHUX CNONYK B eneKkTpocnpei

Tabnuua

(T - TemnepaTypa rasy-ocywysada, U — Hanpyra Ha ¢parmeHTaTopi, P — TUCK Ha Hebynai3epi)

SIM OnTrMManbHi yMoBHr . SIM OntumanbHi ymoBu
Kncnotun ! Coni !
m/z T V) P m/z T U P
1 343 300 142 48 9 343 300 142 53
2 302 100 138 10 10 302 247 149 46
3 237 300 144 51 11 237 300 144 50
4 335 300 139 51 12 335 300 141 52
5 273 224 135 48 14 273 228 138 57
6 287 234 137 49 13 287 300 144 10
7 259 300 140 53
8 266 201 0 56 15 266 300 145 60
k a °
40 =4
35 —A=5
30 —— 7
25 —%— 3
20 —o— 1
15 o 2
10
—a— 8
5
0 o » oéﬁ
5 D 20 40 60 80 100 120
%CH3CN
6 —— 6
k
40 =
35 —A=5
30 —e— 7
25 —%— 3
20 —o— 1
15 e
10
—a— 8
5
0 7o} » .é—
5 D 20 40 60 80 100 120
%CH3CN

Puc. 1. 3anexHicTb koediuieHTa eMHOCTI k 1,2,4-Tpnason-3-inTioaueTaTHnx KUcnoT 7-8 Bif KOHLEHTpaLii aueToHITpuny B CKnagi pyxomoi
hasu: a — AiogHO-MaTpUYHUIA OETEKTOP; 6 — Mac-CNEeKTPOMETPUYHUIN AETEKTOP.
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K a
40 —e— 13
35 —a— 14
30
—%— 11
25
20 ——9
15 —e— 10
10 —a— 15
° .é—
0 0
5 D 20 40 60 80 100 120
%CH,CN
K 6 12
+
40
35 —e— 13
30 —h— 14
25 —%— 11
20 —o— 9
10 @ 15
° .é—
0 £
5 D 20 40 60 80 100 120
%CH,CN

Puc. 2. 3anexHicTb koediuieHTa eMHOCTI k conen 1,2,4-Tpuason-3-inTioauetaTHux kucnot 9-15 Big KOHUEHTpaLii aueToRiTpuny B cknagi
pyxomoi asu: a — [ioAHO-MaTPUYHUIA ETEKTOP; 6 — MaC-CNIEKTPOMETPUYHUIA AETEKTOP.

JoTHY dopmy (puc. 1, 2). MoxkHa 3a3HAYUTH, 1110 A5
JOCTiKyBaHUX 1,2,4-Tpra3oJ1-3-UITioalleTaTHUX KUC-
JI0T 1-8 cioyaTKy crocTepiraeTbcs 3MeHLIeHHs Koedi-
LJiEHTA EMHOCTI 31 3pOCTaHHAM BMICTY alleTOHITpU-
sy (o6epHeHO-da30BUIN MeXaHi3M yTpUMYyBaHH:). B
06epHeHO0-Pa30Bil xpoMaTorpadii yTprMyBaHHs € MEH-
IIMM /IJIs1 MEeHUI MOJIAPHUX PyXOMHUX a3, 3i 3pocTaH-
HSM KOHIeHTpallil alleTOHITPU/IYy NOJIIPHICTh PyXO-
Mol pa3y 3HUKYETHCS, TOMY YTPUMYBaHHS TaKOX
3MeHWyeTheA [1, 12, 20].

Ha puc. 3 nokasaHo 3a/1exHicTb Jiorapudmy Ko-
edinieHnTa eMHOCTI Big 1orapudmy BMicTy aneTo-
HITpUJIY AJI9 Mac-CIeKTPOMETPUYHOT0 JleTeKTopa
JJIS1 IOCJIiKYBaHUX KUCJIOT Ta CoJler BiAnoBiAHO. st
6i/IbIIOCTI aHAUIITIB CIOCTEPIra€eThCsl Taka 3aKOHOMIp-
HIiCTb — MPAKTUYHO JIiHiKHe 3HIKEHHS JIorapudMy Ko-
ediuieHTa EMHOCTI i3 3pocTaHHsAM Jiorapudmy BMIcTy

aleToHITpUIIY npu Horo 3MiHi Big 5 no 65%. Jas
KUCJI0TH 8 Ta BiAnoBigHOI coJii 15 ciocTepiraerbces
NPaKTUYHO JIiHIHe 3HMKEHHH [IPOTATOM BChOTO Jjia-
Na30HY KOHLeHTPaLiil aleTOHITPUITY.

Ha puc. 4 HaBeieHi rpadiku 3aexxHOCTi Jiorapud-
My KoedillieHTa EMHOCTI BiJ] BMICTY alleTOHITPHJIY AJ1sI
Mac-ClIeKTPOMEeTPHUYHOI0 eTeKTopa.

[Ipu KoHUeHTpalii aneToHiTpUY Gisbile 65%
¢bikcyeTbcs 3pocTaHHs Koedil[iEHTa EMHOCTI 3i 361/1b-
IIeHHSIM BMICTY aleTOHITpuay (ilo0HHO-0OMiIHHUHI
MexaHi3M B3aeMOJii 3 culaHOJIbHUMU rpynaMi). [1o-
BijloMJIsIEThCA [1], 1110 MoAiGHA 3a/1eXKHICTh criocTepi-
ra€eThbCs AJ1s LIMPOKOIo KoJla IPONOHOBAaHUX JiKap-
CbKHX PEYOBUH OCHOBHOI'0O XapakTepy. B po6oTi [1]
TaKOX CTBEPKYETHCS, 1110 MiIBUILIEHHS YTPUMYBaH-
HSI TP Gi/IbILMX KOHLIEHTPALisIX OPraHiyHOro MOJU-
¢dikaTopa 06yMoBJIeHEe MOISIPHOIO B3AEMOJIEI0 PEYO-
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Igk = j
2 —A— §
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1 —e— 1
—a— 2
0,5 e 3
05 0,5 1.5 2 25
0,5
-1
%CH,CN
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2 —
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+
—a— 15
- \
06 05 5 2,5
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%CH,CN

Puc. 3. 3anexHictb norapndmy koediuieHTa eMHOCTI Igk Big norapndmy KOHUEHTPaLi aLueToHITpWY B cknagi pyxomoi gasu:
a - 1,2,4-tpuaszon-3-intioaueTatHi kucrnotu 1-8; 6 — coni 1,2,4-tpnason-3-intioauetatHux kucnot 9-15.

BUH i3 cTalnioHapHo $a3010; Halb6iIbIT UMOBIpHUM
MeXaHi3MOM TaKoi B3aEMOo/Iii € iOHHUH 06MiH.

Ha mificTaBi oTpYMaHMX 3a/1€KHOCTEN MOXKHA 06-
paTy yMOBU xpoMaTorpadiqyHoro JoC/IiPKeHHs 3 He-
06XiZITHUM YacoM aHaJTi3y OKPEMHUX CIOJIYK, 2 TAKOXK Ii-
Ji6paTy yMOBY BU3HAUYEHHS TAKUX CIOJIYK y CyMillIax,
BU3HAYMBIIM MaKCHMaJ/IbHY Pi3HUII0 B KoedillieHTax
yTPUMYBaHHS IrpadiyHUM CIIOCO60M J1Jis1 PO3POOKHU
MEeTO/JMK IX KiJIbKICHOTO BU3HAYEHHS fIK B IHAUBIAY-
aJIbHUX MpenapaTax, Tak i B KoM6iHOBaHUX 3aC00aX.

Panimie HamMu 6yJv foc/imkeHi i onucaHi 3aKoHO-
MipHOCTi yTpUMYBaHHS Ti/ipa3uiiB Ta KapboTioaMi/iB
1,2,4-Tpuasou-3-TioayeTaTHUX KUCJAOT Ta BiAMOBIJ-
HUX 1,2,4-Tpuasosn-3-Tionis [21], 10 € BUXiJHUMU
pe4YOBUHAMM [JI CUHTE3Y JLOCHIJPKYBAaHUX KUCIOT
Ta ix coJyiel, i TOMy MOXyTb 6YTH IPUCYTHIMHU K
JOMIIIKY B TOTEHLiMHUX JIiIKapChKUX CyOCTaHIisIX.

72

[HdopMaliis 11010 XapaKTepy 3aJeXHOCTEN mapa-
MeTpiB XxpoMaTorpadiyHoro yrpuMyBaHHs Bif BMi-
CTy aleTOHITPUIY B ckJaAi pyxoMmoi pasu sk Ajs
JII0YMX PEYOBUH, TAK i JJd MOXJIUBUX LOMILIOK
MO’Ke CTaTH TEOPETUYHUM NiAIPYHTAM [/ CTBO-
pPEeHHA KOMIJIEKCHUX METOJAUK iX BU3HAYEHHA Y Cy-
Milax.

Jlist TOrO 11106 OXapaKTEpPU3yBaTH JiModibHI BJiac-
THUBOCTI Ta BpaxXyBaTH i0Hi3aLlil0 CIIOJYK IPU Pi3HUX
pH, 6ys10 po3paxoBaHo 3HaueHHs logD. Jlanuii nokas-
HUK 3 6i/b11010, HiX AJ1s1 logP, 0CTOBIpHICTIO MOXKe
O6yTH BUKOPUCTAHUH Ji1 XapaKTEPUCTUKH YTPU-
MYBaHHs CHOJIYK, OCKIJIbKHY BiH 3a/1eXuTh Big pH
cepe/i0BHILA | BpaXxOBYE IX IOHOreHHUM XapaKTep.
JocaigxeHHa yTpUMYBaHHA IPOBOAWJIU 3 BUKOPUC-
TaHHSM KUCJIOTHOTO 6ydepa (bopmiaTHA KucaoTa)
3 MeTOI 3MeHIIeHH B3aEMOJII HITPOreHOBMiCHUX
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Puc. 4. 3anexHictb norapndmy koediuieHTa eMHOCTI Igk Bi KOHLEHTpaLii aueToHITpuny B CKNagi pyxomoi gasu:
a - 1,2,4-tpnazon-3-intioauetatHi kucrnotu 1-8; 6 — coni 1,2,4-Tpnason-3-intioaueratHux kucnot 9-15.

CTIOJIYK 3 CUJIAaHOJIbHUMHU I'PyNaMU Ta 36i/bIIeHHS
yTPUMyBaHHS 32 06epHeH0-$a30BUM MeXaHi3MOM
3a paXyHOK IPOTOHYBaHHS Kap6OKCUJIbHUX T'PYII;
pH 6ydepnoro posuuny (0,1% popmiaTHOI KHCTO-
TH) CTAaHOBHUTbD (SIKILO BBAXKATH, L0 €JIIOEHT CKJIa-
JIAETHCS TiJIbKY 3 BO/IU) HACTYIHY BEJIUYUHY:

pH=1/2pK, - 1/2lgCa= (5)
1/2-3,75-1/2 -1g0,0265 = 2,66.
OTpuMaHe eKciepuMeHTaJibHe 3HaYeHHs pH
ckJagae 2,76.
Hamu 6ys10 po3paxoBano logD A/1s1 JOCTiPKYBaHUX
CroJyK; KoedilliEHTH EMHOCTI IPH [IbOMY CHHXPOHHO
(excrioHeHLia/IbHA 3aJIEXKHICTD) 3MiHIOIOThCS 3 pO3pa-

XOBaHUMM 3HaueHHSAMU logD (puc. 5). B3aemMo3B’s130k
lgk Ta logD HOCHUTB J1iHIKHUI XapakTep (puc. 6).

ExcnepuMeHTasibHa YaCTUHA

B po6oTi fociigkeHo 2 rpynu cy6CcTaHIid HOBUX
CIIOJIYK, CAHTe30BaHUX Ha Kape pax Ppizko10ifHOI Xi-
Mii (3aB. kad. - A. papm. H., Aou. Kamiaymenko A.l%),
TOKCUKOJIOTIYHOI Ta HeopraHiuHoi xiMii (3aB. kad.
- a. dapm. H., npod. [lanacenko 0O.1.) 3anopisbkoro
JlepKaBHOT'0 MeJJUUHOTI'0 YHiBEPCUTETY, CTPYKTY-
py AKHX 6yJI0 IonepeHbO JJOBeLeHO MeTogaMu 'H
AMP-cniekTpockoImii:

rpyna I: 2-((R-4H-1,2,4-tpuason-3-iyn)Tio)ane-
TaTHIi KUCJIOTH, e R:

1 - 4-(2-meTokcudeHin)-5-(nipuaun-4-in);
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y = 2,20370,8709x
R?=0,8943
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Puc. 5. 3anexHicTb koediuieHTa eMHocTi k 1,2,4-Tpnason-3-inTioauetatHux kucnot 71-8 (npu 15% CH3CN) Big logD.

y = 0,3562x + 0,2733
R2=0,7481

2
lgk

—

logD

Puc. 6. 3anexHicTb norapudmy koediuieHta emHocTi Igk 1,2,4-Tpuason-3-intioauetatHux kucnot 1-8 (npn 15% CH3CN) Big logD.
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2 - 4-penin-5-(dypan-2-in);

3 - 5-(nipuaun-4-in);

4 - 4-denin-5-(mopdoninomeTu);
5 - 4-metun-5-(MopdoaiHomeTu);
6 - 4-eTun-5-(MopdosiHOMETH);
7 - 5-(MmopdosiHomMeTH);

8 - 5-(2-meTokcudeHnin);

rpyna II: cousi kucaot rpynu I:

9 - mopdoJtin-4-iii kucsaoTu 1;

10 - ninepuguH-1-ii kuca0TH 2;
11 - mopdounin-4-iit kucaoru 3;

12 - mopdouniH-4-iit KucaoTu 4;

13 - mopdosiH-4-ii KUCa0TH 6;

14 - ninepuauH-1-iit KUca0TH 5;

15 - nMHKOBA CiJIb KMCJI0TH 8.
1 KucaoTH 7 coJli He A0CiIKyBaU y 3B’ A3Ky
3 IX BUCOKOIO TIIpOCKONIYHICTIO.
[ jocaiipKyBaHUX CIOJYK FOTYBaIM PO3YUHU
3 KOHIleHTpalie 1 Mr/mJ B cymini aneToHITpUIy
3 Bogoto (1:1); i cosiyk 3 Ta 15 Ik pO3YMHHUK BU-
KOPHUCTOBYBAJIU IUMETUICYTbPOKCHU/.
JloctipKeHHST MeTO/I0M BUCOKOEPEKTUBHOI PiJUHHOT
xpomarorpadil mpoBoAUIM 32 TAKUX YMOB:
o npwan - Agilent 1260 Infinity HPLC System (ze-
rasatop, 6iHapHUK HAcocC, aBTOCAMILIED);
e nporpamMmHe 3a6e3nedeHHs — OpenLAB CDS;
e KoJIOHKA - ¥4,6x30 MM, o6epHeHa ¢paza Zorbax
SB C18, 1,8 MKM;
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e TeMIlepaTypa KOoJIOHKH — 409C;

e emoeHT A - H,0-0,1% HCOOH;

¢ emoeHT B - CH,CN - 0,1% HCOOH;

¢ noTik - 400 MKJ1/XB;

¢ i3okpaTuyHi pexxumu - 5, 15, 30, 50, 65, 80, 98
Ta 100% B;

JnetekTop: 1) giogHo-MaTpuyHui (A = 254 HM);
2) OIHOKBaIPyNOJbHUN Mac-cieKTpoMeTp Agi-
lent 6120: mxepeno ioHiB - API-ES; mosasp-
HICTb — NIO3UTUBHA; pexxuM SIM; ras-ocyuysad
- a30T (wBHUAKICTb - 10 J1/XB); CKaHYBaHHS B
Jliarma3oHi m/z BiinoBiHO 10 MOJIEKYAPHOL
MacH CIOJIYK; TeMIlepaTypy ra3y-ocyuryBada,
Hanpyry Ha ¢parmeHTaTOpi Ta TUCK HA HEOY-
Jlan3epi /19 KOXKHOI 3 OCTIPKYBaHUX CIIOJIYK
HaBeJIeHO B TAaOJIHUII.

B po60Ti BUKOPUCTAHO alleTOHITPUJI KBaJlidika-
1ii «u1s1 BEPX» Ta popmiaTHa kucsora 100% (Merck
KGaA, Darmstadt, Germany). BucokoouuineHy Boza
(18 M) 3a TemnepaTypu 25°C) 6y/10 BUTOTOBJIEHO 3
BUKOPHCTAHHSAM CUCTEMHU o4HLeHHS BoAu Direct Q

BUCHOBKM

BcTaHoBJIEHO 3a/IEXKHICTh KoedilliEHTa EMHOCTI
k Bim BMicTy aueToHiTpuy i psaay 1,2,4-tpuasoi-
3-isTioameTaTHUX KMCJIOT Ta iX coJsieH, 110 € KiHIle-
BUMM NIPOJyKTaMHU B CUHTe31 psAAYy NOTEeHI[iMHUX JIi-
KapCbKUX pedyoBUH. [loka3zaHO MOXJIMBOCTi BUGODY
yMOB XpoMaTorpadiuHOro BU3HAUYEHHS [[UX CIIOJIYK
AK OKpeMo, TaK i B cyMiLlax.

BcraHoBJ1eHo, 10 1151 A0CRKyBaHUX 1,2,4-Tprazout-
3-irTicaneTaTHUX KUCIOT 10 65% BMICTY aLleTOHITPH-
JIy B eJIIOEHTI criocTepiraeTbcst 06epHeHo-(pa30BUi Me-
XaHi3M yTPUMyBaHHs], a OTiM iI0HOOOMIHHMI MeXaHi3M
B3a€EMO/il 3 CUJIAaHOJIbBHUMH I'PyTIaMHU.

[loka3aHO eKCIIOHEeHLiIHHNUI XapaKTep B3aEMO-
3B’a3Ky Mix logD Ta koedinieHTaMu EMHOCTI A0CTi-
JPKYBaHMX criosiyk npu 15% BMicTi aneToHITpuUy B
ckJ1ajii pyxomoi dpasu.

BcTaHoBJIeHO, 1110 B3aEM03B’s130K Mixk logD Ta sie-
CATKOBUMM Jiorapudmamu KoedillieHTiB EMHOCTI Jj0-
CJIPKYBaHUX CHOJIYK py 15% BMicTi aleToHITpUIy B

30UV (Millipore, Molsheim, France).

ckJ1azi pyxomoi ¢pasu HOCUTD JIiHINHUH XapaKTep.
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