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Bearvmuwmanoesni koneecu!

lupo BiTato Bac 3 nmpodeciiinum cBaToM —
JlHem ¢apMarnieBTUYHOTO MpaliBHUKA!

CroromHi y hokyci ocoonuBoi yBaru I[Ipesu-
nenra 1 [Ipem’ep-minicTpa YKpaiHu 3HAXOAUTHCS

MMUTaHHA 3a0e31eYeHHs HaceJICHHS JOCTYIIHUMH,

SIKICHUMU Ta O€3MeYHUMU JIKApChKUMU 3ac00aMHu.
Monus nonan 350 Tucsy npoBi3zopis, (hapMaleBTiB, TUCTPUO IOTOPIB, MpalliB-
HUKIB (papMalleBTUYHUX BUPOOHUYMX MIJIPUEMCTB CTOAThH IUIIY-O-TUIIY 3 Ipa-
IBHUKAMHM MEIMYHOI Taly3i Ha BapTi 30pOB’s TpoMalsiH YKpaiHu. 3aBIsKu
YCIIITHUM pe3yJibTaTaM NUISXETHOI Ta CaMOBIIIaHOT TIpalll yCiX MPaIiBHUKIB
(dbapmaneBTUUHOI Taily31 YKpaiHu BAA€THCSA MPOTUCTOSATH 0araTboM 3aXBOPIO-
Ba"HsAM. lllogHs, oTpuMyroun JikapchbKui 3aci0, a OTHOYACHO M Halto Tepe-
MOTTH XBOPOOY, MUTbHOHHM YKPAiHCHKUX JIFOJEH BiUYBAIOTh, 110 Y BaXKKY XBHU-
JUHY MPO HUX MIKIYIOThCS.

CroroaHi, y3arajJbHIOIOUH HaJ0aHHS BITYU3HSAHOI (papMarieBTUIHOT ramy3i,
3 TOPAICTIO 3alE€BHAEMO: YKPATHCHKUIA HApOJl MOXKE pPO3PaXOBYBaTH Ha JOMOMOTY
(hapmarieBTiB — mpodecioHaTiB, JIFOACH, K1 Yy CBOIO MPAIl0 BKIAJAIOTh HE JINIIE
3HAHHS Ta BMIHHS, ajie i, 6e3 mepeOuIbIeHHs, T0OpOTy Y1 Ta CBITI JyMKH.

[IpuemMHO BIA3ZHAYUTH, 1110 32 KOPOTKUI Yac BITUYM3HSIHA (papMalieBTHUHA T'aTy3b
3a3Haia MOJIEpHi3allii, HACUYYy€ YKpailHCHbKUN PUHOK CyYaCHUM acOPTHUMEHTOM
JKapChKUX 3aC001B, T1THO BUXOJUTh HA €BPONEHUCHKHUI PUHOK 1 CTa€ KOHKYPEH-
TOCIIPOMOKHOIO.

Tox y 11e¥l CBATKOBHIA JIeHb CepIeYHO Oa)karo BaM, BalllUM CiM’sIM Ta OJIU3b-
KM MIITHOTO 37I0pOB’s, IacTs, JoOpa Ta Oiaromonaydus, a BASYHICTD 1 I1aHa
HapoAy Hexal 1 HajJal HaJAUuXalTh BaC Ha TOJabIIIl YCIiXu Ta podeciitHi 310-
OyTKH.

3 nosacoro,
pexmop Hayionanvnozo ¢papmayesmuunoco
YHIeepcumemy

axademix HAH Vkpainu B.I1. Yeprux
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CHUHTE3 TA BIOJIOT'TYHA AKTUBHICTD A30JIVITIOOLTOBHUX
KHUCJ0T

B.0.YopHoyc, A.O.Ilanamap, A.M.I'po3as, M.B.BoBk*

Bumuii fep>kaBHUM HaBYaJIbHUM 3aK1a/, YKpaiHu « ByKOBUHCBKUU Jlep:KaBHUM MeIMYHUH YHiBepcUTeT»
58000, m. YepHiBwj, 1. TeaTpasbHa, 2. E-mail: alinagrozav@gmail.com
*[HcTuTyT opraniyHoi ximil HAH Ykpainu

Karouogi cnoea: azosninmiooymosi kucaomu; kKapbokcumemuamionvHull ppazmenm; cunmes; 6io102ivHa
aKkmueHicms

B o2ns10i cucmemamu3soeaHi nimepamypHi 0aHi wodo memodie cuHme3sy asoriie (imida3orie, okcasosie, mia3o-
nie, nipasonis, mpua3osnie ma mempa3sornis), hyHKUiOHanizoeaHux kapbokcuMmemuamionbHUM gopacMeHmom,
a makox npoaHarizosaHi pe3yrnbmamu 8us4eHHs1 bionoaiyHoi akmusHocmi daHoeo Kracy crionyK. OCHO8HUMU
HanpsiMKamMu CUHMe3y a3oJ/1iimiooymosux KUCc/10m ma ix noxiOHux Ha cb0200HI € peakuyii asornie, Wo Micmsims
mionbHy epyny, i3 2ar02eHooYMoO8UMU KUciomamu ma ix noxiOHUMu, HyKneo@inbHe 3amilyeHHs 2arioeeHy 8
earnoeeHoasonax npu Oii mioanikonesoi kucriomu. OKpiM U4b020 3HalWIu 3acmocy8aHHs npuedHaHHs miosie 00
KpamHux 36’a3Kig, akimueosaHuX eIeKmpOoHOaKUernmopHUMU yepyrnogaHHSIMU, a MaKkoxX ¢hOpMy8aHHS a30/IbHO20
UUKITy 3 2emepOoqhyHKUiOHaNbHUX cucmem, siki e Micmsime ¢hpacMmeHm miooymosoi kucnomu. [ns ompumaH-
HS1 ronighyHKUjoHanbHUX MOXiOHUX a3o/1inmiooymosux Kucrom iHoOi sukopucmosyemscsi 8apiaHm mModugpikauil
OYHKUIOHarbHUX 2pyI a3011i8 i3 exe Hassi8HUM ¢hpacMeHmoM miooymoesoi Kucriomu. Y3aearbHeHHs fiimepamyp-
Hux daHux dae sci nidcmasu cmeepdxysamu, W0 MOXiOHUM a30s1ifImiooymo8ux KUC/I0m eriacmuea pi3HomnaaHo-
8a bionoeiyHa 0is. 3okpema, Onsi HUX XxapakmepHa aHmuokcuOaHmHa, 2ifnoasnikemiyHa, npomumybepKynb03Ha,
aHalieemuyHa, rpomuesipycHa, aHmumikpobHa ma rpomuzpubkosa akmusHicme. [MpoaHanizoeaHuli Mamepian
3aceifyye nepcrnekmusHicmb rowyKy Hogux bioakmueHUX pe4yo8UH 8 PsAdy a3o/1iImiooymosux KUCiom.

THE SYNTHESIS AND THE BIOLOGICAL ACTIVITY OF AZOLYLTHIOACETIC ACIDS

V.0.Chornous, A.O.Palamar, A.M.Grozav, M.V.Vovk

Key words: azolylthioacetic acids; carboxymethyl thiol fragment; synthesis; biological activity

The review systematizes the published data concerning the methods of synthesis of azoles (imidazoles, oxa-
zoles, thiazoles, pyrazoles, triazoles, and tetrazoles) functionalized by the carboxymethyl thiol fragment; the
results of studies of the biological activity of this class of compounds have been also analysed. Today the main
directions for the synthesis of azolylthioacetic acids and their derivatives are reactions of azoles that contain the
thiol group with haloacetic acids and their derivatives, and the nucleophilic substitution of halogen in the halo-
azoles under the action of thioglycolic acid. Moreover, the addition of thioles to multiple bonds, activated with
electron withdrawing groups has found its application together with formation of the azole cycle from hetero-
functional systems that already contain the component of thioacetic acid. To obtain polyfunctional derivatives of
azolylthioacetic acids the modification of azole functional groups that already contain the fragment of thioacetic
acid is sometimes used. The summary of the published data gives strong reasons to assert that the derivatives
of azolylthioacetic acids are characterized by diverse biological effects. For instance, they are characterized by
the antioxidant, hypoglycemic, antitubercular, analgesic, antiviral, antimicrobial, and antifungal activity. The ma-
terial analysed indicates that the search for new bioactive compounds among the azolylthioacetic acids is very
promising.

CUHTE3 U BUOJIOrMYECKASI AKTUBHOCTb A3O0JIUIITTUOYKCYCHbIX KUCJIOT

B.A.YopHoyc, A.A.llanamap, A.H.po3ae, M.B.Boek

Krnroyesnle crioea: a3onunmuoyKCyCHble KUCIOMbI;, KapboKcuMemuamuosbHbIl ¢hpaemeHm; cuHme3s; buoro-
euyeckasi akmueHOCMb

B 0630pe cucmemamu3upogaHbi iumepamypHbie 0aHHble o memodaM cuHmesa a3oros (umudasorna, okca-
3ona, muasona, nupasosna, mpua3ornos U mempasorna), OyHKUUOHanu3uposaHHbIX KapboKcuMemuamuoibHbIM
hpazmeHmomM, a makxe rnpoaHanu3upo8aHbl pe3yribmambl U3y4eHusi buonoaudeckol akmugHocmu OaHHO20
knacca coeOuHeHul. OCHOBHbIMU HarpaeneHUs MU CuHmMe3a a3orusimuUOYKCYCHbIX KUC/IOM U UX MPOU3BOOHbIX
Ha ce200Hs S8/1s10mcsl peakyuu a3osnos, cooepxxauwjux muorbHYyH 2pyrny, ¢ 2ar02eHyKCyCHbIMU Kucromamu u
UX rpou3800HbIMU, HYKIIeohuibHOE 3aMeueHue 2afo2eHa 8 2afio2eHasonax rnpu 8o3delicmauu muoasukore-
8ol kucriomsl. Kpome moeao, Hawnu npumMeHeHuUe rnpucoeduUHeHUs1 mUorios K KpamHbIM C8s135IM, akmueupo8aH-
HbIM 371€KMPOHOaKUEeNmMOoOpHbLIMU 2pynnuposKamMu, a makxe ¢hopMuUpOo8aHUsi a3o/ibHO20 YuKa ¢ 2emepohyHK-
UUOHalbHbIMU cucmemMamu, Komophble yxxe codepxam ¢hpasMeHm MuUOyKCyCHOU Kuciomsl. [nis nonydYyeHusi
MOMUGYHKYUOHAIbHBIX MPOU3BOOHbIX a30/IUIMUOYKCYCHbBIX KUCIIOm uHo20a ucrornb3yemcsi eapuaHm Moougu-
Kayuu ¢hyHKUUOHaIbHbIX 2PYIi a307/108 C yXKe UMEULUMCS chpagMeHmom muoyKcycHol kucrnomsbi. ObobujeHue
JniumepamypHbix OaHHbIX 0aem 8ce 0CHOBaHUSI ymeepxdamb, 4Ymo rpou3800HbIM a30/1UTIMUOYKCYCHbIX KUCIOmM
ceolicmgeHHO pa3HoriaHoeoe buonoaudeckoe Oelicmgue. B yacmHocmu, 0ns HUX XxapakmepHa aHmMuoOKcuU-
OaHmHasi, 2uroeaiuKkeMu4YecKas, npomuesomybepKyne3Has, aHallbeemu4eckas, IPomMueo8UpPYCHas, MPomueo-
MUKPOBHasi u npomugoepubkosasi akmusHocma. [NpoaHanu3uposaHHbIl Mamepuarn caudemernbcmeayem o rnep-
CrieKmugHOCMU roucka Hosblx buOaKmMuUBHbIX 8eulecms 8 psidy a3osuImuUOyKCYCHbIX KUCIOM.
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OpHUM i3 6a30BUX MPUHIIUIIIB MOJIEKYISIPHOTO
JM3aiiHy ¢papMaKo/IoriyHO aKTUBHUX PEYOBUH € CTBO-
peHHs MoJIeKys i3 3aiaH010 6ioJioriyHO0 Ji€lo 3a
NPUHIMIIOM «yClIaJKyBaHHS» — BBeJIeHHs B 6a30BY
CTPYKTYpy PpapmakopopHux pparMeHTiB i3 BijoMOI0
6ioJIOTiYHOI0 aKTUBHICTIO /1J151 TOKPaIlleHHS TUX ab0
IHIIKX IKOCTeH JlikapCcbKOT0 npenapary. AHaJis Ji-
TepaTypPHUX JyKepeJ 0Ka3as, 0 HITPOreHOBMICHI
reTePOLUKJIM € OCHOBOIO 6araTbox Npenaparis, aKi
nepebyBalOTh Ha eTalli JOKJIIHIYHUX JJ0C/Ii/PKeHb, 260
B2Ke BIIPOBA/I)KEHUX B JIiIKapCbKy MPaKTUKY [1, 2].
[lepcrieKTUBHICTD MOLIYKY HOBUX JIiIKAPCbKUX 3aC0O-
6iB cepe/i mpe/iCTaBHUKIB BJIaCHE I[bOTO CiMeNlCTBa
OpraHiYHUX CIIOJIYK MIATBEPLKYETHCA IIMPOKUM CIIEKT-
poM iX ¢papMaKoJIoriyHOi aKTUBHOCTI.

Came TOMy Ha 0C06JIMBY yBary 3ac/iyroBylOTb re-
TEPOLMKJIIUHI CIOTyKHU psiZLy a30J1iB (iMiza30.1iB, okca-
30J1iB, Tia30J1iB, ipa30.1iB, TPHUA30J1iB Ta TETPA30JIiB),
dyHKLiOHAI30BaHUX KAPOOKCUMETHITIONBHUM ¢par-
MEHTOM, IKMH OKpiM onTUMaJIbHOI 6i010CTYMHOCTI
BiJI3HAYAETHCA Lie U psAoM GpapMaKoJIOTIYHUX BJIaC-
THUBOCTEH, 30KpeMa, aHTUOKCHAAHTHOI aKTUBHIcC-
Ti0 [3, 4].

1. Metoaun cuHTE3y

OcHOBHUMH crIocO6AMU CHHTE3Y HaBeIeHUX BULIE
THUIIIB a30JITIOOLTOBUX KUCJIOT Ta iX NOXiHUX € pe-
aKLil a30J1iB, L0 MICTATH TiOJbHY IpyIy 3 rajaore-
HOOLITOBMMU KUCJIOTaMHU Ta IX NOXIAHUMH, HYKJI€O-
¢disibHe 3aMillleHHS raJIoTeHY B raJloreH0a30J1ax Mpu
il TioT/IiKOJIeBOI KUCJAOTH. [HIII TUNIM B3aEMOJI,
30KpeMa, MPUEIHAHHS TiOJIiB 10 KpaTHHUX 3B’SI3KiB,
AKTHMBOBAHUX €JIEKTPOHOAKLENTOPHUMH YTrPyIHOBaH-
HAMH, Ta GOPMyBaHHS a30JIbHOTO [JUKJIY i3 reTepo-
GYHKITIOHAJIbHUX CUCTEM, SIKi BXKe MiCTATh GparMeHT
TIOOLTOBOI KUCJIOTH, CTOCYIOTHCSA HE3HAYHOI KiJb-
KOCTi po6iT. /ljis oTpuMaHHS noyipyHKIioOHAIbHUX
NOXIIHUX a30J1IJITIOONTOBUX KUCJAOT MOXKJIUBUM €
BapiaHT Moaudikauii pyHKIiOHATbHUX IPYT a30J1iB
i3 BxKe HassBHUM pparMeHTOM TiOOITOBOI KUCJIOTH
(cxema 1).

1.1. AnKiJlyBaHHS raJIoreHo- Ta HiTpo3amilie-
HHUX a30J1iB NOXiJHMMH TiOIVIiKOJIEBOI KUCJIOTH

BpaxoByo4u JOCTYIHICTb raJIOreHOIOXIAHUX a30-
JIiB, IKi MOy Tb 6y TH OTPUMaHi NPSIMUM TrajloreHy-
BaHHSIM reTepPOIMKJIIYHOTO S/1pa, B3AEMO/Iisl XJI0pO
(dTopo, 6pomo)3amilieHux iMizazonis, mipa3oJiB Ta
OKCa30J1iB 3 TiOTJIIKOJIEBOIO KUCJIOTOK a60 K JesIKU-
MU ii MOXiIHUMHU € HAaNNEPCNEeKTUBHIIINUM UIJISIXOM
CUHTE3Y HITPOreHOBMICHUX I'eTePUITIOOLTOBUX KUC-
JIOT. lJiHHICTBh TaKOro MmigxoAy MoJiira€ B TOMY, 1110
aTOMHU TraJIOTEeHIB y MOJIOXKEHHI 2 iMiZJa30/1bHOTO, Tia-
30JIbHOTO Ta OKCA30JIbHOTO LIMKJIIiB, @ TAKOXK Y 110J10-
»keHHi 4 a60 5 1,2,3-TpUa30bHOr0 LUKJIY 3HAYHO
Jieriie BCTYMAIOTh y peaklii Hyk/aeodinbHOro 3ami-
IIeHHS MOPIBHAHO 3 aTOMaMHU raJIOTeHiB B iHIIUX
MOJIOKEHHSX, 1110 103BOJISIE CEJIEKTUBHO BBOJUTH

dparMeHT TiOIJIiKOJIEBOI KUCIOTH 6e3nocepeHbO B
AJ1po TeTepouuKay [5].

ExcneprMeHTa/IbHUM MiATBEPKEHHAM CKa3a-
HOTO0 BUIIIE € JOCJIiPKEeHHS aBTOPIB [6], 1Ki BUBYa/IU
peakuiiiHy 3AaTHIicTh 2,4,5-Tpubpomoimigazonis 1.
BcTaHOBJIEHO, 1110 IPY B3aEMOJII OCTaHHIX HaBiTb 3
Ha/IJIMIIKOM aJIKLI- 260 apUIITIOJB 3 BUXoAaMH 55-65%
YTBOPIOKOTHCA TIIBKU 2-MepKarToiMiziazosnu 2 (cxeMa 2).

[IpoTe BxKe IpyU HAABHOCTI €JIEKTPOHOAKLENITOP-
HUX 3aMiCHUKIB (aJibJeriiHoi abo HiTporpyn) pyx-
JIUBICTh aTOMIB rajioreHy B I0JI03KeHHi 4 a6o 5 imifa-
30JIbHOTO s1/Ipa 3HAYHO MiABUINYEThCSA [6-8]. Lle 703-
BOJIWJIO ofZiepkaTu noxizaHi [(imigazon-4(5)-ia)Tio]
OLITOBOI KUCJIOTH, AKi € I[iIHHUMU 06’'€KTaMH B CHH-
Te3l pi3HOMaHITHHUX KOH/IEHCOBAaHUX MOXiJAHUX iMi-
Jla30J1y.

Hanpukiag, peakuis 4-HiTpo-5-x/10poiMifasony
3 3 eTUJIOBUM eCTepOM TiOIJIIKOJIEBOI KUCJIOTH, IKa
€ KJIDYOBUM €TaloM y CUHTEe3i HOBUX reTepoluK-
JIIYHUX CUCTEM 3 IMYHOCYIIPECUBHUM edEeKTOM, Ie-
pebirae y npyucyTHOCTI KaJlito KapOoHaTy B alleTOHi
i IpUBOAUTD JI0 LIJIbOBOTO NPOAYKTY 4 3 BUXO,0M
75% [8, 9] (cxema 3).

3 MeTo10 36i/blIeHHS BUXOAY LiJIbOBUX POAYK-
TiB 6ysiu [10] onTUMi30BaHi yMOBU peakLii HyKJieo-
¢bisnbHOrO 3aMillleHHsI aTOMa rajioreHy B 5 MOJI0XKeH-
Hi iIMiZ1a30/IbHOTO AZpa, 0 MiCTUTH €JIeKTPOHOAK-
1enTopHi 3aMicHUKH (cxema 4). 30kpeMa, IpH Ha-
rpiBaHHi 5-6pomMo-4-HiTpoimizasosy 5 B i3ompomna-
HOJIi BIIPOJOBX 4 roj, y MPpUCYTHOCTI HAaTPito rifpo-
KCHUAY BJAJI0CH OTPUMAaTH iMiZla30yiM 6 3 BUXOJaMH
80-85%.

AnasioriyHu# niaxiz 6yB B/1a/10 BAKOPUCTAHUH i
JJ1s1 cuHTe3y [(iMigazou-5-i1)Tio]oTOBOI KUCAOTH
8, sika € BUXiZIHOIO CIIOJIYKOIO JIJ151 OlePKaHHS MOJTi-
dyHKIioHa/MbHOTO iMifia3oTiazuny 9 [6]. B nbomy
BUMNA/IKY Jiuille 15-TH XB HarpiBaHHs 5-6poMo-4-HiTpo-
iMiziazosty 7 3 TiOIJIiKOJIEBOK KHUCJIOTOK B MPUCYT-
HOCTi HaTpilo riipokcuy 3abesneyye yTBOpeHHs
[(imizazon-5-in)Tio]onTOBOI KUCIOTH 8 3 BUXOZ0M
65% (cxema 5), sika B JIY?)KHUX YMOBaX CXUJIbHA /10
BHYTPILIHBOMOJIEKYIApHOI LIMKJIi3allil, {0 NIpUBO-
JUTD J10 OiLMKJIIYHOI cucTeMu 9.

3a HagBHOCTI B iMiZJa30JIbHOMY LIMKJIi IOPYY i3
aTOMOM rajIoTeHy aJb/leTiAHOI IPyNy B yMOBax OC-
HOBHOTO KaTasisy i3 1-apu-5-dopmin-4-xaop-1H-
imizazoniB 10 orpumati [ (1 H-iMifja301-4-i1)Tio]o1rToOBI
kuciaotu 11 3 Buxogamu 60-72% [7] (cxema 6).

[Ipu npoBeJeHHi peakllil i3oMmepHOT0 5-X/10pO-
imiziazosi-4-kapbanb/eriy 12 3 TiorikoJsieBo0 KuC-
JIOTO10 B GiJIbII M'SIKHUX YMOBAX BJIAETHCS BUAIIUTU
[(imimazo.s1-5-i1)Tio]orrTOBY KHCOTYy 13, siKa BxKe mpu
HarpiBaHHI B cucteMi MeOH-MeONa 3a3Ha€e BHY-
TPIIIHBOMOJIEKYJIAPHOI LIMKJIi3aLil 3 yTBOPEHHAM
noxinHoi Tieno[2,3-d]imizazony 14 (cxema 7).

Ha BigMiHy BiJ rasoreHoiMiziazosis pyx/auBicTb
ATOMIB rajlIoreHy y Nipas3oJbHOMY AApi Mae CTporo

5
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Cxema 2

Cxema 3

Cxema 4
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PN
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Hal”~ >COX Y
l 3 npuknagm
/Q N/Q\Q HS/\COX N/Q\Q
W\ N -
~LASH YJ\ Q—Q S COX \Q—S/\Hal
AN COX/ 15 npuknagis
4 npuknagm
Br

N

Br/Q,\Tg\Br

R

1

R = CH,Ome, CH,Oet, CH,Oph; R'=

|
R

55-65%
2

Br
s
+ RLSH — R1S/<N Br

Me, Et, CH,COOH, CH,Ph, Ph

1 /\(O‘Et

K,COy N
410 + HS/Y “Et aLl,eTOH<
o T=20

e
3
NO,
/&\l& NaOH
Et— N~ "B i-PrOH
60-80C
4 ron

of

75%

6

R = CH,OH, COOH, CONH,, COOMe, COOEt

j\ + HS /O NaOH 4
4 Br 15x3

Cxema 5

CHZCOPh

7

i

CH COPh

O NaOH
H 1roq

4“1

HO Ph OH
9
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o
E&O
N
|

Ar

KOH

11

Ar = Ph, 2'MeC6H4, 3‘MeC6H4, 4'C|CGH4, 4'FC6H4, 4'MeC6H4, 4'M€OC§H4

Cl
N o)
QLO tHsT Y
’l\l OH
Ar
10
Cxema 6
CH=0
N HS/YO N‘S\
U \ OH
N~ Cl .
12 13
Cxema 7

BU3HAYEHE CIPSIMYBAaHHS HABITh Y BUNIAAKY IPUCYT-
HOCTIi eJIEeKTPOHOAKIIENITOPHUX YTPyIyBaHb. Taka 0co6-
JIUBICTh MOBE/IIHKH 3,5-UrajioreHonipasosiB 6ysia
BUKOpHCTaHa aBTopaMu [11] aJis cesieKTUBHOrO 3a-
MillleHHS TaJIOTeHY B MOJIOKEHHi 5 mipa3o/ibHOro
UKJy. 30KpeMa, B3aEMO/Iifl eTUJI0BOTO ecTepy 1-me-
THJI-3-6poMo(#o0)-5-6pomoiMigazos-4-kap6oHO-

QN\ s g

CH=0 QP

N
o N OH
oH — N

Ph
62% 14

BOI KUCJIOTH 15 3 eTUJI0BUM eCTepPOM TioIJ1iKoJ1eBoi
KHCJIOTH, OTPUMAHOI In situ 3 BiJIIOBIHOT'0 e THUJIXJI0P-
aunertary i cynbdigy HaTpito, IPUBOAUTH 10 YTBO-
peHHd TiJIbKY 5-3aMileHux noxigHux 16 (cxema 8).

[lopganbiue BUBYEHHS i€l peakuii 03BosuI10 [12]
Ha OCHOBI croJiyku 17 po3po6UTH MeTO/ OJlepKaH-
He [(mipa3os-5-in)Tio]onToBoi KucioTu 18 3 BUXO-

Q Et
Q Et '
, Hal
Hi, G Na,S — ©
_—
M e Y ' Keo, Ny
N Br o) OM®A Ve O~
T=100°C
Me 76%, 60% O
15 16
Hal=1, Br
Cxema 8
H
0. _N 0 §
H
ey LT
Me>—fN N Me =N N
T o  NaH >/—£ 0
N, /=i + Hs/\f von. Ny g1
OH 1 ron OH
Cxema 9



ISSN 2308-8303

Journal of Organic and Pharmaceutical Chemistry. — 2016. — Vol. 14, Iss. 3 (55)

Me =0 Me =0
+ N
N\ e 0 OMOA N S/\g
| o -
Me 80°C Me 28%  C
19 20
Cxema 10
Me =0
'V'e/ \ ‘O + HSWO\Et Lt R ©
N~ cl ) aLeToHITpUr N‘N S/\g\
4 ron Et
70%
21 22
Cxema 11

oM 60% (cxema 9), sika, BiMOBiAHO J10 pe3y/IbTaTIB
MOJIEKYJISIPHOTO JOKIHTY, MOXKe BiZjl3HaYaTUCh BUCO-
KUM UTOTOKCUYHUM e(PEKTOM.

Pa3oM 3 TUM, BUKOPUCTAHHSA B pOJii OCHOBH Kap-
6oHaTy KaJiito B cepenoBuilli JIM®PA 3Ha4YHO 3HIKYE
BUXi/ 1IiIbOBUX ecTepiB 1,3-aumMeTni-4-dopminmipa-
30J1-5-inTiorsikosieBux kucsaot 20 [13] (cxema 10).

[Tomyk onTUMabHUX YMOB NPOBEJEHHS peak-
I[il TAKOTO THUIY MOKAa3aB, [0 HAWOI/IbII ePeKTUB-
HUM JIJISI [TUX OG'EKTIB € BUKOPUCTAHHS KapboOHATY
KaJlito y aneToHiTpuii (cxema 11). Takuii migxia 6yB
3peaJsiizoBaHMU HA MPOMIXKHIH cTaZil CHHTE3Y OTeH-
niiHux iHri6iTopiB PDE 7 penenTtopiB 22 [14].

3asHaveHi 6ipyHKIiOHAMbHI OXiAHI ipa3oJy €
Ha/I3BUYalHO BaXKJIMBUMU 00'€KTaMU B CUHTe3i 3a
peakii€ro Yri KOH/JIeHCOBAaHUX reTEPOLMKIIYHUX CHC-
TeM - 3-0Kco-1,4-TiazeniH-5-kap6okcamiziB 25 - mo-
TeHIiHHUX iHri6iTopiB BlJI-1 eH3uM inTerpas [15].
3anpomnoHoOBaHa y 1iiil po60oTi MeToAMKa Nepe/oadae
NpoBeJleHHS peaklil npu HarpiBaHHi BUXiHOTO 5-
xJ10pomnipa3osy 23 B METAHOJIi 3 BAKOPUCTAHHSM SIK
Cy/bGYPOBMiICHOT KOMITIOHEHTHU JUHATPiI0 MepKar-
ToaneTaTy. Lle B cBOIO yepry, J03BOJIUJIO 3 BUXOZ,0M
80% oTpumaru [(mipasosi-5-i1)Tio]oTOBY KUCIOTY

4 ron

Me =0 Me =0
] \ ONa MeOH >/{
iad MeOH
NGl NaST "N S/\E

@)

23

Cxema 12

24, sika B oJja/IbIIOMY 6yJia TepeTBOpPeHa Ha I[iJibo-
BUM mipa3oJioTiasenid 25 (cxema 12).

Cepis po6iT [16, 17], npucBsiYeHa AOCJiIKEHHIO
MOBE/[iIHKY TPUHITPONipa30J1iB y peakllisix i3 Tiori-
KOJIEBOIO KHUCJIOTOIO, 03BOJIMJIa BUSIBUTH IIeBHI 3a-
KOHOMIipPHOCTI HallpsIMKY HYKJIeoQpisibHOr0 3aMilljeH-
Hf HITPOrPYNHU y Nipa3oJibHOMY APl Ha 3a/JUII0K
TiOIVIiK0JIEBOI KUCJIOTH. 30KpeMa BCTAaHOBJIEHO, 1110
B3aeMozis 1-H-3,4,5-TpuHiTpornipaszoJiiB 26 3 Tiori-
KO0JIEBOIO KMCJIOTOIO Y BOZI B IPUCYTHOCTI 2 eKBiBa-
JIEHTiB HaTpilo riipokcuay npuBoguTh fo 1H-3,5-
JUHITpo(nipa3oJi-4-i1) MepKanTOOLTOBOI KUCJIOTH
28 3 Buxonom 78%. Hatomicts 1-meTu-3,4,5-tpu-
HiTpomnipa3oJs 29 y BOAHOMY alleTOHITPpUJII B IpHU-
cyTHOCTI 1 eKBiBaJIeHTy HATpil0 TripoOKCUy yTBO-
proe 1-meTu-3,4-auHiTpo(mipasos-5-in) MmepkanTo-
onrtoBy Kucsaoty 30 (cxema 13).

LikaBo, mo i y BunagKy 1,4-auniTponipasonay 31
peaxLis 3 eTUJI-2-MepKanToaleTaToM y IPUCYTHOCTI
eTHJIAaTy HaTpilo TaKOX BiZiOYBa€THCSA 10 MOJIOKEH-
HIO 5 reTepoLMKJly 3 YTBOPEeHHSM (4-HiTponipa3oJ-
5-intio)aneraTty 32 3 BuxozioM 92% [18] (cxema 14).

Jns TiodyHkuionanizanii 5-dropookcasony 33
[19], wo MicTuTh papmakodopHYy TPUPTOPOMETUb-

H,N
o Me N _o
\
H N~ S
80%
24 25
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Q
OH
Hs™r© O,N S\)\\

ON  NO, ON  NO,
NaOH
m MNeOH_ | o
‘N~ NO, ‘N NO,| NaoH N “~No,
H H
26 27 08
O,N NO, HS -0 O.N NO
Me,SO, ? ? OH 2 2
A\ - = s / -\ (@)
N~ ~No, NaOH N, >~g
N 2 N OH
| |
Me Me
29 30
Cxema 13
Me  NO, e NO,
>/_§ HS P EtONa >/—§\ o)
NS ! goH . N ~s"{
,'\102 Et 2 rog H O~k
31 32
Cxema 14

HYy IpyIy, AKa TaKOX BiZirpae poJib akLenTopa, mno-
Kpallylo4yd pyXxJUBicTb aToMa GTOpPY, BUKOPHUCTaHa
peaxuisa 3 MeTUJIOBUM eCTepOM TIOIVIIKOJIeBOI KUC-
JgoTH (cxema 15).

1.2. AZKizlyBaHHA reTepuJITioJIiB rajoreHo-
OLTOBUMU KMCJIOTAaMH Ta IX NOXiJHUMHU

Ha BigMiHy BiJ pOo3I/IAHYTOI BUllle IPYIIX peak-
1[Il Ha aJIKiJlyBaHHS reTepPUJITIONIB raJoreHoo1To-
BUMH KHCJIOTAaMH B 3HAYHO MeHLIIN Mipi BIJIMBa€
THII FeTEPOLIMKJ/IIYHOI CHCTEeMH, IT0J10’KeHHsT HS-byHK-
1[ii B LIMKJIi Ta eJIeKTpOHHA NPUPOJa 3aMiCHHUKIB. Y Jii-
TepaTypi HasiBHA I0CTATHbO BeJIMKA KiJIbKICTb My6-
Jlikallifl 1[0Jl0 TepeTBOPEeHb TAKOT'0 THUIY, B IKUX
BUBYEHI MOXKJIMBOCTI JOCAATHEHHA KPaL0T0 BUXOAY
[[iIbOBUX NPOJAYKTIB LIJISIXOM MiJI60pPY YMOB IpOBe-
JEeHHd peaklil: TUNy aJIKIJIyI0Yoro peareHra, TeM-
nepaTypHOro pexumy, 4yacy nepebiry peaxiiii, pos-
YUHHUKA TOI0. 30KpeMa, B poJii cepeoBUIIA OYIU
BUKOpHCTaHi sik mosisipHi (JIM®PA, MeOH, EtOH, i-PrOH),
Tak i HenoJisipHi (6eH3eH, TeTparigpodypaH) pos-
YUHHUKH, @ HAWKpAIlUMHU aJIKIIYIOUMMU areHTaMU
BUSIBUJIMCS XJIOPO- 260 GPOMOOITOBI KUCJIOTH Ta iX

noxizxi. Hait6inbim epeKTHBHUMU OCHOBAMH B Ta-
KUX [IepeTBOPEHHSX 3apeKOMeH/IyBa/iu cebe Kasito
ripokcu/ Ta Kasito KapboHaT, a TAKOX HATPi0 aJi-
KoroJsisATH. [Ipu 1boMy pe3y/ibTaTUBHUM Yac nepe-
6iry peakiiii B 3a/1e2KHOCTI Bij] cepe/ioBHIla, TeMIle-
paTypy Ta TUILy TaJOreHy B aJKiJyl04YOMy areHTi
KoJsinBaBcs Big 0,5 1o 24 rog.

ApTopu [20] nokasaJy, o xiHosiH-8-i1[(imiza-
30J1-2-in1)TiolaueTtat 37, AKUM POSIBJISIE BUCOKY aK-
THUBHICTb [IPOTH JieKHUX [IaTOT€HHUX LITaMiB MiKkpo-
opraHismiB, Moxke 6YTH OTPUMaHUH peakIjieo 2-mep-
Kanroimiziazosy 35 i3 (xiHosiH-8-i1)-xs10poaneraTom
36, sika nepebirae mpu HarpiBaHHi B 6eH3eHi (cxeMa 16).

Jlns cunrtesy [(iMigasos-2-ia)Tio]olrToBol KHUCIOTH
39 BUMKOpHCTaHa peaklisi MepKanTaHy 38 i3 XJ10pooti-
TOBOIO KMCJIOTOIO, iKa Nepebirae 3a KiIMHaTHOI TeM-
nepatypu B IM®A B npuUCyTHOCTI KaJito TiJJpoKcH-
Jy Bxke 3a 30 XB i IPUBOAUTD /A0 L[iJIbOBOTO MPOAYK-
Ty 39 3 BUxozoM 42% [21] (cxema 17).

JocuTb 106pi pe3ysbTaTH MoKa3aJio 3aCTOCyBaH-
HA i€l MeTOAUKY 1y Bunagky 1,3,4-tpuasos-2-Tio-
HiB 40 (cxema 18). BukopucTaHHs KaJIbLIUHOBaHOI

CF CF
’7&3 + HS Y OM " Y 0
e &
@AO F o M%?Cl:\l O/(O S/\(\
° 73% M
33 34

Cxema 15
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6eHseH, 80°C,

8 rog
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36 37
Cxema 16
/J?i§ e OH___KoH Q}/“\/J?i§
HS™ N /A\W/ OMOA o O N
F 20°C, 0,5 ron F
F F
38 39
Cxema 17

COAY SIK OCHOBH [,03BOJINJIO OTpUMaTH (1-deHin-
1,3,4-Tpuazoi-2-in)TioouToBY KUCAOTY 41 3 BUXO-
oM 82% [22].

BrKOpHCTaHHSA B TAaKOTO POAY peakLiii K po34rH-
HUKa i3onponaHoJy y Bunaaky 1,3,4-tpuasos-2-Tio-
HiB 42 6isbI HiX ¥ 8 pasiB 36i/b1ye yac nepebiry
peakiiii, mpoTe 3a6e3neyye Aelno 6ibIMNN BUXi/ 11i-
JboBoro npoaykty 43 (85%) [23] (cxema 19).

Bisb1ll pe3y/IbTaTUBHUM BUABUJIOCA BUKOPUCTAH-
Hfl B [JMX IIEPETBOPEHHAX GPOMOOLTOBOI KUCIOTH.
3o0kpeMa, B po60oTi [24] onrcaHo anKisyBaHHS 2-Mep-
KanToiMizgasosy 35 6poMOOITOBOIO KHUCIOTOIO, IKE
€ OJIHi€I0 3 MPOMIXKHHUX CTa/[iil B 6ioMiMEeTUYHOMY
CUHTe3i ranTeHiB aHTUTUPEeOiJHOTr0 Npenapary. /s
3abe3nedeHHs1 75%-BOro BUX0OAY Li/IbOBOTO NPOJYK-

N-N

«N\A\S + Cl/\lgOH

Ty 44 peakliito MPOBOAWJIH B TeTparigpodypani npu
KiMHaTHi¥ TeMnepaTypi Biponosx 1 rox (cxema 20).

Takuii miaxia BUSBUBCS eDEKTHBHUM iy CHHTE3]
MOJIIreTEPOLIMKJIIYHUX cucTeM 47, dKi MiCTATH 0O/fI-
pasy 3 papmakodopHi pparMmeHTH - sApa nipazouy,
nipuuHy Ta iMigasony (cxema 21). 3a ocTaHHIMU
JaHUMU [25] ne ksac crnoayk € iHriéitopom P-38
Ta COX-2 KiHa3 i xapaKTepu3yeThCs pOTU3analb-
HOIO aKTUBHICTIO.

Ha npuknazi 2-mepkanTtoimizasoiiB 48 BcTaHOB-
JIEHO, 1[0 BUKOPUCTAHHA fK aJIKIJIyI04OT0 peareHTy
JUO6POOMOLTOBOI KUCJIOTH [J03BOJISIE OTPUMATH 6ic
[(imiga3ous-2-in)Tio]aneraT 49 3 BuxozoM 75% (cxe-
Ma 22). OcTaHHil 3apekoMeH/1yBaB cebe 1K epeKTUB-
Hu#t S,N-sirang tuny (CH,), (SAz),, Akuil 3HaUIOB

Na,CO, N—
\
OMOA N gﬁ\g

<

OH

/b

40 41
Cxema 18
PN H 0
N-N OH /«7 N-N
R Mo P o Ton &NJ ) ~¢°
N o) 4 ropn OH
R R
42 43
R=H, Mg, Et Ph
Cxema 19
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N
HS/Q,} + BrWOH
H

@)
35
Cxema 20
Cl
+ 43\)\‘\//
N
H
45 46
Cxema 21
N Br
/N OH
N
| r 0
48
Cxema 22

3aCTOCYBaHHA B CUHTE3i 0JIOBOBMiCHUX KOOPAWHA-
LiHHUX COJIYK - eQeKTUBHUX KaTasli3aTopiB Ta cTa-
6isizaTopiB pi3HOro posy XiMiuHUX TepeTBOPeHb [26].
3a HeoOXiIHOCTi 36epeKeHHST eCTEPHOI TPYIH IPU
aJIKIJ[yBaHHI B YMOBax OCHOBHOTI'O KaTaJ/li3y 3py4HUM
€ BUKOPUCTAHHA fIK OCHOB OpPraHiYHUX aMiHiB. 30-
KpeMa, METUJIOBUM ecTep iMia30.1is-2-TiooLTOBOI
kuca0Tu 50 6yB oTpUMaHUii 3 BUXojioM 75% [27-29]
B pe3y/bTaTi B3aeEMO/ii MeTHU6poMoaleTary i3 2-
MepKanToiMifiazosioM 35 BriposioBxk 1 rof (cxema 23).
AnasoriuHa peakliisg MepkanTonoxigHoi 51 i3
6pomMoecTepoM 32 6y/1a BUKOPHUCTaHA /1Sl CUHTE3Y
NepCrIeKTUBHUX CUHTOHIB Ta NOTEHLIMHUX TPOTU-
IPpUOKOBUX CIOJYK - GTOPOBMICHUX MOXiJHUX 3-Hi-
Tpoimiznasony 53 [30] (cxema 24).
3acTocyBaHHs y BUNIQJIKY 5-MepKalToIipasoy
54 B poJii 0CHOBM Kap60HATYy KaJlilo BUMarae 36i/b-
IIeHHs yacy nepebiry npouecy fo 16 roa i npuso-
IUTh 10 69%-Boro BuxoAy crosyky 55 [31] (cxema 25).
PasoMm 3 THUM, He3BaXKal04U Ha BiJTHOCHO HU3bKI
BUXO/H, BUKOPUCTAHHA KaJlilo KapOOHATYy SIK OCHO-

NaH 0 N
N 1\
V/\S/QN_)
HO H
44
1 roa, 70° C%
1%
Na 0__O
NaOH 1 N
;o\
T EtOH ()\ S/L,:)
12 rog, | 75% |
20°C

49

BU B cepepoBuili JM®A 6yso 3 ycnixoM BUKOpHUC-
TaHO JJI51 OJlep>KaHHs HU3KU N1epClIeKTUBHUX IOXiJ-
Hux nipasonay 57 [32, 33] (cxema 26), Tiazony 59
[34, 35] (cxema 27) Ta Tpuazony 61 [32] (cxema 28).
3aMiHa B peakuigx Takoro tTuny JM®A Ha are-
TOH, He3Ba)Kal4M Ha 36i/blIeHHs Yacy ix nepebi-
ry Big 15 1o 24 roj, no3BoJinia i3 1-MeTus-2-mMmep-
kKanTto-1,3,4-Tpuasosy 62 3 106pUMH BUXOAAMU OT-
puMaTu eTus0BUH ectep (1-metui-1,3,4-Tpuasol-
2-in)TioonToBoi kucsiotu 63 [36, 37] (cxema 29).
[IpoTe BXe y BUNAJIKy CKJIaQJHILIIO] GireTepOoIUK-
JIIYHOI cucTeMHr 64 BUXiJ L[iJIbOBOTO NPOAYKTY pe-
akuii 65 3HmkyeThes 10 48% [38] (cxema 30).
3a3HayeHUH NijxiJi 6YB BUKOPUCTAHUN Y TPU-
CTaZlilHOMY CUHTe3i NoXiHUX Tprasoay 68 - none-
peJHUKIB HOBOrO IIOKOJIIHHA [TpenapariB 3 LMPOKMM
BaHHAM 2,4-purigpo-3H-1,2,4- TpI/IaBOJI 3- TlOHy 66
NOXiITHUMHU 6POMOOLITOBOI KUCJIOTH OYJIN OTPUMaHi
noxizHi [(4H-1,2,4-Tpua3zo1-3-i1)Tio] oL TOBOI KUCJI0TH
67, 5IKi B 1oJja/1bILIOMY GyJIU IIEpeTBOPEHI Ha CIIOIyKH 68.

(i-Pr)2NH

N
;o\ O.
HS/QN_> + Br [ Me

35
Cxema 23

Tr®, 1 rog, 20°C

e N
e
Me~© H

50

11
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1 o e
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Cxema 24

) \ M Me
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+
“l ] I BT IMoA, 16 rog, 20°C N
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Cxema 25
/ O. /i O~p(.
S T L N () WP
ol o [IM®A, 20°C N 0
49 %
Me Me
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Cxema 26
Ar
S oo I
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96-97 %
58 59
R=H, OMe, Ar = 4MeCgH,, 4MeOC4H,
Cxema 27
N N O-
1\ O. 4 \ Bu-t
N\N SH + BF/Y Bu-t K2CO3 > N‘N S/\«
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Cl Cl
100 %
Me Me
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Cxema 28
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N-N O-
/A Et
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Cxema 29
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6
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Cxema 30
N-N
HN/< )§S Br RHN/4 )\S/\« Br/Q »\S/\\g
CuBrz, KNO,
r ,EI,MCDA
66
R=H,alkyl
Cxema 31

Y neskyx BUINa/iKax Jelo Kpalli pe3ysbTaTh Mo-
»KyTb OYTH OTPUMaHi IpU BUKOPHUCTAHHI B poJii oc-
HOBU eTWJIaTy HaTpito. 30KpeMa, caMe TaKUH BapiaHT
JI03BOJIUB OTPUMATH eTUI0BUH ecTep (4-deHin-4H-
[1,2,4]Tpuazon-3-incynbdania)onToBoi KUCJIOTH 69
3 BUX0/I0M 66% [40] (cxema 32).

[Ipu ofep>kanHi iHribiTopa 6iocuHTE3y NypUHIB
71 [41] 3peasiizoBaHO iHILY CXeMy, sIKa MOJISTAE Y

HarpiBaHHi B MeTaHOJIi aMoHiHHOi coui 4(5)-Mep-
KanTo-5(4)-HiTpoiMizaszony 70 3 METUJI0BUM ecTe-
poM 6pPOMOOLITOBOI KMCJIOTH i [J03BOJISIE OTPUMATH
MeTWI10BUM ectep [(imMifgazos-4(5)-in)tio]orrToBoi Kuc-
jgotu 71 (cxema 33).

JlocuThb nepcrneKTUBHO MoAudikalieo 11boro
nepeTBOPEHHS € BUKOPUCTAHHS KpeMHiMopraHiyHoi
noxijiHoi retepouukJiyHoro tiosy 72 [31, 33] (cxe-

H
EtONa N-N
-N 0 O-
~ /T \ Et
/)QS By B TEoR - L g
e 17 ron 0]
69
Cxema 32
O
— + S}Q
N> NH, o MeOH Me
7\ + Br ~
H "Me
70 71
Cxema 33
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Cxema 34
O Me o
FJOMWN\Rz RO Me 1)MeOH  Me  SHet
75 < 2) MeONa _
NaOH Het-S N 3)CRCOH  pyn. o
+ HN o |
85.95% R 1 roa, 0-5°C R
Het—SH
74 76 77
N Y
\
R'= Me, Et; R?= CONH,, CONHPh, COOMe; Het = N)\ , 4N)\
|
I\I/Ie Me
Cxema 35

Ma 34), 1110 /103BOJINJIO CKOPOTHUTH 4ac Iepebiry pe-
akuil 7o 30 xB i NiABUIUTH BUXiJ, 1[iJIbOBOTO MPO-
aykTy 73 1o 84%.

1.3. [IpueaHaHHS TioJIiB 0 KpaTHUX 3B’ S3KiB,
AKTUBOBAHUX e€JIEKTPOHOAKLLeNTOPHUMM yIrpyno-
BaHHSAMU

Peakuisi rerepuiitiosiB 74 i3 HeHaCU4EHUMH CIIO-
JiyKaMH, pYHKIIOHA/Ti30BAHUMU KAapOOKCUIBLHOIO TPy-
noto 75, € nepcrneKTUBHUM HANPSIMKOM OTPHUMaHH:A
NOXiTHUX reTepHUJITIOOLTOBUX KUCJIOT 76, AKi 3aB-
JSKU J0JJaTKOBiM QYHKLII MOXKyTb 6YTH BUKOPHUCTA-
Hi B cuHTe3i 6ireTepoyukaiyHux cynbdiaiB 77 [42]
(cxema 35).

AmnasoriyHu# migxig 6yB 3aCTOCOBAaHHUM aBTOpa-
MU npanb [42-45] naa onepkaHHS HU3KKW MOHO3a-
MillleHUX MOXiJHUX a30JIi/ITiIOOLTOBUX KMCJIOT.

B po6oTi [44] onucaHo npenapaTUBHO 3pyYHUM
MeTO/i O/lep>KaHHsI MOHO3aMillleHUX MoXigHuX [ (imi-
Jla3oJ1-2-in)Tio]- Ta [(TeTpa3os-5-i1)Tio] oI TOBUX KUC-
JIOT 79, aKUH NoJisiTa€e y S-BiHiJIlOBaHHI MepKamnTo-
BMiCHMX a30J1iB 74 ecTepaMHu alleTHJIeHJUKapOOHO-
BOI KMCJIOTH 78 y XJIOpPUCTOMY MeTUJIEHI B IPUCYT-
HOCTI mipuiNHy SIK KaTaJizaTopa (cxeMa 36). Peak-
11isl € CTEpeoCceIeKTUBHOIO | NIPUBOAUTD /10 YTBOPEH-
HA Tisibku E-i3omepa.

3’sicoBaHo, 1110 Ha Mepebir B3aEMO/IiN TAKOTO TUITY
CyTTEBO BIVINBAIOTh YMOBH iX IpOBe/IeHHs, 30KpeMa
npupoia po3dynuHHUKA. Tak, fumMmeTua-2-{[4-(amino-
Kap6oHoTioHN)-1,2,3-Tpraso.-5-in]Tio}6yT-2-eHaioat
82, AK1i € NPOMIXKHUM NPOAYKTOM Y CUHTE3i KOH-
JIeHCOBAaHUX 6ireTepoLUKIiYHUX CUCTEM 3 BUpaXKe-
HOI0 papMakoPOPHOIO aKTUBHICTIO [43], MoXke Oy TH

o 5 B OR
- o) H
Het—SH + p—X " - —
RO OR GC,H.LCI, 2ron Het—S o
OR g0
74 78 79

RN
R =Me, Et, Bu; Het= . No
H

Cxema 36
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OTPUMaHHUM 3 BifjIOBiAHOrO MepKanToTpuasoay 80
i ecTepy aneTuIeHAMKapOOHOBOI KUCJ0TH 81 B Me-
TaHoJi Jinie 3 BUxozoM 43% (cxema 37).

Jlns cunTesy pochopoBMicHuX [(iMimasos-2-in)
Tio]ouToBUX KHCAOT 83 3anMponoHOBaHA OJHOCTA-
JlifiHa B3aEMO/Iis1 2-MepKanToiMizazosy 35 i3 ecrepa-
MU aleTUJIeHJMKapOOHOBOI KUCJA0TH 78 B eTUallE-
TaTi B npucyTHOCTI TpudeHinidpocdiny [45] (cxema 38).

1.4. TeTepouMKIi3aLis MOXiJHUX TioaLeTaMiay
Ta TiOOITOBUX KHUCJIOT

Taku#t niaxiz 10 CHHTE3y a30/10BMiCHUX MOXiJ-
HUX TiOOITOBOI KUCJIOTH MEHII JIOCTiPKEHUH B CUITY
GaraTocTa/lilHOCTi OTpUMaHHs 6a30BUX reTepodPyHK-
[ioHaJbHUX cucTeM. [IpoTe B psZi BUNaJKiB BiH €
6isbIl epeKTUBHUM, HiXK KJIaCU4HI MiIX011. 30KpeMa,
aBTopaMu [46] 6yB 3alpONIOHOBAHUIN METOJ, CUHTE3y
3amimenux 4(5)-cysnbdanin-1H-imigazonis 87 Tpu-
KOMIIOHEHTHOIO reTePOIMKJIi3alli€lo JOCTYHUX apo-
MaTHUYHUX a/IbJerifiB 84, 2-okcoTioaneTamiay 85 ta
O6poMoKeTOHIB 86. PeakIiisi BiiOyBaeTbCs B IPUCYT-

2
Ao+ Sm - m R MeCOONH,
o

86

HOCTI aneTaTy aMOHil0 B YyMOBaX MiKpOXBUJIbOBOI
akTHUBalii (cxema 39).

151 oTpUMaHHA Nipa30JI0BMiCHUX TiOOLTOBUX
KUCI0T 90, SIKi € NPOMIXKHUMHU CIIOJIYKaMU B CUHTE3I
inri6iTopis IlI-ro KoMmIEKCY AUXaJbHOIO JIAHIIIOTA
MIiTOXOHAPIN [47], BUKOPUCTAHO B3aEMO/iI0 €TUJI-
6poMomnipyBaTy 88 i3 eTusTiOaneTaTOM y NPUCYT-
HOCTi luMeTUIaneTa o JuMetundopmamigy (AMA
AM®A), ssxa npuBoAUTH [0 eHaMiHy 89. OcTaHHiN
pearye i3 riipox/J10puioM ripasuHy 3 yTBOPEHHAM
eTHUJIOBOTO ecTepy 4-eTOKCMKapOOHiIMeTUICYIbGa-
Hisl-2 H-nipa3oJ1-3-Kap6oHOoBOI KUCI0TU 90, BHY TPILLIHBO-
MoOJIeKYyJsIpHA LUKJi3allig AKOro mij iero mpem-
O6yTUIaTy KaJlilo B TeTparijpodypaHi fae TieHomi-
pazos 91 (cxeMma 40).

3a3HayeHa cxeMa O6y/1a BUKOPUCTaHa i B CUHTe3i
O0KCa30JI0BMiCHOI TioOIITOBOI KUCJIOTH 94, sIKa BUSIB-
JISIE aKTUBHICTh NpoTHU wTtaMiB BLJI-1 aukoro tuny
[32]. CuHTe3 11iZ1bOBOTO NPOAYKTY 3/1iiCHIOBABCS
IIJIAXOM IIepeTBOPEHHA KeTOHY 92 Ha BiANIOBIAHUHA

3
sz

N\
Ar/<N
H

87 78%

Ar =4-FGH,, 4-MeOCH,, 4-NO,CsH,; R = OH, Ome, Oet, NH;,

Cxema 39
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ectep 93, AKHUU B pe3y/IbTATi CeJIEKTUBHOT'O GPOMY-
BaHHS | HACTyNMHOI reTeponyKJisanii 6yB nepeTso-
peHu# Ha okcasou 94 i3 BuxogoM 97% (cxema 41).

1.5. dyHKIioHa/Ti3a1is a30J1iB, IKi B2Ke MiCTATb
dparmeHT TioouTOBOI KUC/IOTH

[lle ogHKUM MiIX0A0M [0 CUHTE3y PYHKIIiOHAJIb-
HUX MMOXITHUX a30JIITIOONTOBUX KUCJIOT € MoArdika-
it PyHKILIOHAJIbHUX TPy MOXiTHUX a30J1iB, IKi BxKe
MiCTATb GparMeHT TioouTOBOI KMCAOTH. Llel cnoci6
BUKOPHUCTOBYETHCS Y 6IbIIOCTI BUMA/KIB AJIs pea-
Jli3anii ocHOBHOI cTpaTerii cMHTe3y NoTeHIlilHO 6io-
JIOTIYHO aKTUBHHUX CIIOJIYK — IIOEAHAHHA LeKIJIBKOX
dapmakopopHUX GparMeHTiB B OHIN MoJIeKYIII.

O
5o
S

N Me_ _Ar’
4&40 g

ll\l O

Ar’

10 95

Y npoMy KOHTeKCTi aBTopaMu [48] 3anponoHo-
BaHO METO/| CUHTE3Y MOXiAHUX iMiZla3os1y 96, 1110 Mic-
TATb 3aJIMIIOK TiOIVIIKOJIEBOI KUCJIOTH Ta MPOII-2-eH-
1-0Hy SIK CIIOJIYK 3 IOTEHIiHHO aHTUOKCUAAHTHOLO,
AHTUMIKPOOHOIO Ta TPOTUT'PHUOKOBOIO aKTHUBHICTIO.
Tak, kongeHcariemw [(1-apui-5-dopminimigasosn-4-
in)Tio]onToBUx KKcaoT 10 i3 apUIMeTUIKETOHAMHU
95 B KMILITUOMY eTaHoJIi B pucyTHOCTI 20%-Horo
PO34MHY HaTpilo TiApoKkcuay 3 BuxogamMu 68-78% ot-
puMaHi [5-(3-okco-1-mponenin)-1H-imigazon-4-i1]tio-
OLITOBI KUCJIOTHU 96 (cxeMa 42).

J1s1 oTpUMaHHSA ri6pUAHUX CUCTEM i3 iMi1a30J1b-
HUM Ta Tia30JIiJUHOBUM LIMKJIOM SIK 00’'EKTIB i3 1o-

96

Ar1 = Ph, 4"FCGH4, 4'MeC5H4, 1'C10 H7,
Ar? =3-CIC¢H,, 4-FCgH,, 4-CICqH,, 4MeCgH,, 4-MeOCgH,

Cxema 42
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TEeHLIMHOI0 Tinor/IiKeMiYHO0 aKTUBHICTIO po3pobJie-
Ha IpenapaTUBHO 3py4yHa OAHOCTa/jilHa cxeMa [49],
sika 6a3yeThCs Ha CTPYKTYpHiK Mogudikauii (5-¢op-
Min-1H-imigazon-4-in)tioonroBux kucaot 10. [Toka-
3aHO, 10 pH IX HarpiBaHHI 3 2-Tiokco-1,3-Tiazoui-
JUH-4-0HOM (poZilaHiHOM) BIIPOJIOBK 2 I'0J1 B KUILJIS-
YOMY eTaHOJ1i B IPUCYTHOCTI KaTaJlITUYHUX KIJIBKOC-
Tel ninepujyHy yTBoprooThes BignosigHi ({5-[(4-
OKCO-2-Tiokco-1,3-Tia3oniguH-5-inigeH)metnn]-1H-
imizazos-4-in}rio)oyToBi KUcA0TH 97 3 BUXOAAMU
66-78% (cxema 43).

3 MeTo10 1n3aiHy HOBUX 6i0aKTHUBHUX CUCTEM JIJISI
JLOCJTi/KEHHS TPOTUTYOEPKY/IbO3HOI aKTUBHOCT] BH-
KopucTaHa [50, 51] npenapaTUBHO 3py4YHa CXeMa, siKa
I'PYHTYETbCA Ha Moaudikauii [(1-apui-5-popmimimi-
nasoJsi-4-i1)TioJouToBux KucjaoT 10 i3oHiKOTHHOTII-
Pa30HHUM Ta TioceMikap6a30HHUM PpparMeHTaMH.
[Ipu ix HarpiBaHHI 3 riipa3auOM i30HIKOTUHOBOI KUC-
JIOTU abo TioceMikap6a3u/ioM B OLITOBIM KUCIOTI yT-
BOPIOIOTHCA BiZIIOBIIHO i30HIKOTHHOTrIApasuau 98 ta
TioceMikap6a3oHu 99 3 Buxoaamu 75-85% (cxema 44).

JlJis cMHTe3y HOBUX NMOTEHIIHO 6i0aKTUBHUX bi-
reTepOLMK/IIYHUX CIIONYK, B AKUX iMiZ1a30/1bHI Ta Tia-
30JIIHOBI LIMKJIY € eJleMeHTaMU riipa3oHOBOI CUCTe-
MU, aBTOpaMHu [51] po3pobiieHui niaxia, skuii 6a3y-

€TbCSl HA BUKOPUCTAHHI peakLiil [UK/JI0KOHAeH calii
TioceMikap6a30HiB 99 i3 esiekTpodibHUMU peareH-
TaMu (cxeMa 45). 30kpeMa, iX B3aEMOZisi 3 MOHOXJIOPO-
OLTOBOI KHCJIOTOIO B CepPeOBUILL KUIJIAYO0I OLITOBOI
KHCJIOTH BIIPOJIOBXK 2 roJi MpUBOAUTH 10 (1,3-Tiazou1-
2-im)rigpasoHiB [(1-apui-5-popminimigazosn-4-ia)Tio]
onrToBux kucaoT 100 3 Buxogamu 65-72%. [lnis ogep-
>KaHH4 CII0JIYK i3 4-Tia3o1iz0H0BUM nukaoM 101, aki
MiCTSITh 3a/JIUIIOK OIL[TOBOI KMCJIOTH B MOJIOKEHHI 5,
B poJii e1eKTpodiJibHOTO peareHTy 6yB BUKOPUCTA-
HUU MaJIeIHOBUU aHTiApU/L.

Pe3ysibTaTu aHasi3y aiTepaTypHUX axepe [52,
53] 3acBiguy0Th 0CO6/IMBY 3alliKaBJIEHICTb JTOCTi/I-
HUKIB Y pO3IIUPEHH] clieKTpa 6i0aKTUBHUX MOXiJI-
HUX iMiZ]a30J1y, CKpUHIHTOBi# OLiHIIi X 6ioJIOriYHUX
BJIACTUBOCTEM, BCTAaHOBJIEHHI 3B’I3KY «CTPYKTypa-
AKTUBHICTB» Ta MexaHi3My Ail. locTaTHbO IIUPOKI
MOXKJIMBOCTI XiMiuHOi Moaudikanii iMmigazonbHOro
L[MKJIy CTBOPIOIOTh Baromi nepeiyMmoBH AJisl AU3AUHY
HOBUX IOTEHI[IHHUX JIIKapCbKUX 3aC00iB. 3 11i€t0 Me-
TOI CUHTe30BaHi noxijaHi [(imMigaszos-4-in)Tio]onTo-
BUX KHUCJIOT 3 aMiHOMEeTUJIbHUMH 3aMiCHMKaMHU. JlJis
ix ofep>kaHHS 3anponoHoBaHUM [54] ebeKTUBHUN
O/IHOPEaKTOPHUN METO/I, IKUH I'PYHTYEThCSA Ha Ie-
peTBOpeHHsIX 3a y4acTio [(1-apui-5-popminimigazo-

'c N =
2 AR/ N~
o) HN-HN 4N 7 H \ N
|
OH Ar 98
N O
N Sf S
N
A
' NH,NHC(S)NH, (\ N~ "NH,
|
Ar
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Ar =Ph, 2-MeC¢H,, 3-MeCgH,, 4-FCgH,, 4-CICeH,4, 4-MeCeH,4, 1-CooH7

Cxema 44
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4-in)TioJouToBux KucaoT 10. 3HalieHO, 1110 OCTaHHI
IpU B3a€EMOJII 3 NepBUHHUMHU aMiHaMu 102 B KUII-
JIAYOMY eTaHOJIi [VIaZIKO IepeTBOPIOIOThLCA Ha iIMiHU
103, aKi 6e3 BUAiJIeHHA Ta J04aTKOBOI OYHCTKH Ji€l0
HaTpito 6oporigpuy BiiHOBIOBAIKCH A0 {[5-(ankin
(apus)aminomeTun)-1-apuni-1H-imigason-4-in]tio}
ouToBUX KUCIOT 104 i3 Buxogamu 72-80% (cxema 46).

Juia nomyky ¢papMaKo/IOTiYHO aKTHBHUX PeYo-
BUH CepeJi OXiJHUX 5-TiapokcuMeTunPpyHKIioHaTi-
30BaHUX iMi/]a30J1iB 3aIPOIIOHOBAHUM NpenapaTUBHO
3py4yHU# BapiaHT cuHTe3y [(5-rizpokcumeTu-1H-
imimazos-4-in)Tio]ouroBux Kucaot 105. /s oxep-

»KaHH# OCTaHHIX [(1-apui-5-popminimigazosn-4-in)
TioJouToBi KHMcaoTH 10 BifHOBJIIOBaIU GOpOTipU-
JIOM HaTpil0 y BOAHOMY PO34HMHI B IPUCYTHOCTI HAT-
pito rizgpokcuay [55] (cxema 47).

2. biosioriyHa aKTUBHICTb a30/I/ITIOOLITOBUX KUCJIOT

2.1. AHTHOKCHJAHTHA aKTUBHICTHb

[Tonaz 20 pokiB ToMy y 3anopi3sbKOMy Jiep>KaB-
HOMY MeJJUYHOMY YHiBepCUTEeTI MiJ KepiBHULTBOM
npodecopa [.A.Masypa 6y/10 CHHTE€30BaHO BiTYM3HS-
HUH JIIKapCbKHUH Npenapar i3 MIUPOKUM CIEKTPOM
Jii - Tiorpuasostin 106 (cxema 48).

S\/CozH S Lo
\ NaBH, N
¢ {
N CHO NaOH Il\l
Ar Ar OH
10 105

Ar = Ph, 4-CICsH,, 2MeGH,4, 3MeCgH,, 4-MeCgH,, 1-CioH;

Cxema 47
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Horo papmMakosoriyHuii epeKT 3yMOB/IEHH aHTH-
OKCUJAHTHHMHU, IPOTUIlIEMIYHUMH, MEMOPaHOCTa-
611i3yt04MMH, aHTUAPUTMIUHUMH, TPOTU3aNATbHUMH,
NPOTUBIPYCHUMH Ta IMyHOMOAY/II0I0YMMU BJIACTH-
BoCTSIMU. TioTpUa3oJIiH € KJIaCUYHUM aHTHOKCUJaH-
ToM, epeKT sIKOTo MOB’si3aHUH i3 HAasiBHICTIO B HioT0
CTPYKTYpi cynbdigHOI rpyny, ika 3a6e31ne4yye BUCO-
Ki BiJHOBJIIOI04i BJ1aCTUBOCTI. OKpiM L[bOTO, HASIB-
HICTb 3aJIMLIKY OLITOBOI KUCJIOTH B POJIi 3aMiCHUKA,
3B’s1I3aHOr0 i3 aTOMOM cy/bdypy B II'ITOMY MOJIO-
>KeHHI, 3yMOBJIIOE IPOTHUIilIEMIYHI BJIaCTUBOCTI IIpe-
napary [56-58]. [lisHime B IbOMY X YHiBepCHUTETI
CHHTE30BaHO HOBY CHOJYKY — 3-MeTuJa-1,2,4-Tpu-
azoJtisi-5-tioanerat nisuHio 107 («AHriosin»), iKa
MIiCTUTb CTPYKTYpPHi GparMeHTH TioTpUa30JiiHy Ta
L-nizuny [59]. Y nocaipxeHHsx in vitro Ta in vivo npo-
JIeMOHCTPOBAHO 3/IaTHICTb AHTIOJIIHY IPOSABJIATH aHTH-
OKCU/IAHTHY, EHEPTOTPOIIHY, MiTOIPOTEKTHUBHY, EH/I0-
TeJI0TPOINHY, IPOTHIIIEMIYHY, KapAIONIPOTEKTOPHY,
HeNUpONpPOTEKTOPHY Ta MPOTU3aNalbHY aKTUBHICTh
[60, 61].

BuBUYEHHIO aHTHOKCU/IAaHTHUX BJIACTUBOCTEN I10-
xigHux iMmizazony npucssiueHi po6otu [7, 48, 51, 54,
55], npeAMeTOM JOCTIXKEHHS SIKUX CTAIU QYHKLi0-
HasbHi noxigHi [(1-apuu-5-dopminimMizgazon-4-in)
Tio]ouToBux kucaot 10,96-101, 104-105. B excne-
PUMeEHTaX in vitro BCi AOCIIIKyBaHIi CIIOJIyKH B Jiamna-
30Hi koHIeHTpanii 10-103 Mosb//1 TPUTHIYYIOTH
Fe**-ackop6aTiHiykoBaHe BiJIbHOpaJUKaJbHE OKHC-
HeHH4 jinigiB (BPOJT). 3riaHo 3 oTpyuMaHUMU pe3ysib-
TaTaMu B paAAy [(1l-apun-5-dopwminimigazon-4-in)
Tio]louToBUX KUCI0T 10 B eKciepuMeHTax in vitro
B ZIJaHOMY /Jiiana30Hi KOHLleHTpaL il HasgBHI OKpeMi
CIOJIYKH, SIKi € epeKTUBHIIINMHY aHTUOKCHAAHTaMHU
MOPIBHAHO 3 TIOTPUA30JIIHOM.
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Cxema 49
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2.2.TinomwtikeMiyHa aKTMBHICTb

ExcrniepuMeHTa/IbHe AocaimkeHHs [49] rinori-
keMiuHoi fii {5-[(1,3-Tia3oaiauH-5-i1i1eH)MeTH|iMi-
1a30J1-4-1J1}TIOOLTOBUX KHUCJAOT 97 MOKasaJo, 110 ce-
pel HUX € CIOJIYKH, SIKi 3HUXKYIOTh KOHLeHTpallito
[JIIOKO3U B KpOBi Mulllelt ebeKTUBHIllle, HiXK BiloMUI
aHTHU/iabeTUYHUH NpenaparT mioriTa3oH. 30KpeMa,
({1-5 (3-meTundenin)-5-[(4-okco-2-tiokco-1,3-Tia-
30J1iAUH-5-in1igeH)-mMetu]-1H-imizgazoun-4-in}Tio)
OLITOBA KUCJIOTA B 1031 1 MI'/KI 3HAa4UHO NepeBepILye
Jiro mioryiTazoHy B fo3ax 1 Ta 10 Mr/Kr. 3HMKeHHS
KOHIleHTpalii IVIIOKO3U B KPOBi MUILEN Mic/s1 BBe-
JIEHHSI XapaKTepH3Ye JOCUTb IIBU/IKE HACTAHHS ePeKTy
i ioro TpuBasicTh. Tak, yepes 3 roJ; piBeHb IJIIOKO3HU
3HIKYBaBCs B cepeIHbOMYy Ha 26,3%, yepe3 5 rof -
Ha 35%, i 1el edbeKT TpUBaB BIPOJOBK 8 rof i J0B-
1ie, B TOW 4ac K MioryiTa3oH YMHUB 3HAYHO MEH-
MU BIJIMB Ha piBEHb IJIIOKO3W B KPOBi MulleH, a
TPUBAJICTb KOro Ail 6y/a KOPOTILOIO.

Y po6oTi [62] BUBUEHO ps/J CIOJYK, SIKi € aKTH-
BaTOpaMH IVIIOKOKiHA3Y, i, 1K HaCJIOK, 3HUKYIOTb
piBeHb IVIIOKO3U Y KpOBi. BU3HaueHa lIBU/KICTh aK-
THBaLil IIroKoKiHasu (y %) A (S)-2-{[2-(5-6pomo-
1’-(MeTokcukap6oHi)cnipo[iHzoin-3,3"-nipoaiguH]-
1-i1kap60oKCcaMiIo) TpUa30.1-5-i/1] Ti0}oITOBOI KUC/IOTU
108, sixa ckJasa 451 npu KoHLeHTpaLii BUTPO6OBY-
BaHO{ croJiyK1 1 MKMOJIb/J1 32 YMOBH KOHLeHTpaLii
IJII0K03H 2,5 MMoJib/J1 (cxeMa 49).

Binomo, o {2-[3-uuknorekcui-3-{mpamc-4-npom-
OKCUITMKJIOTEeKCHJT) ypeigo]Tiazon-5-incynbdoHin}
orToBa KMcsoTa 109 TakoXK € aKTUBATOPOM IVIIOKOKi-
Hasu [63]. Y naTeHTi [64] onrcaHO BUKOPUCTAHHS LIi€l
K CITOJIYKHU B KOMGiHaLii 3 MeTGOpMiHOM A1 6isbIl
edeKTUBHOTO JIiIKyBaHHS LIyKPOBOTO AiabeTy, 110 NpU-
BOJVTD [10 3HU>KEeHHA PIBHA IVIIOKO3U B KPOBI, 1i/iBU-
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R =4-nipngun, 2-ypun;

R' = Ph, 2-MeOCgH4; X = CH,, O
Cxema 50
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IeHHS Yy TJIMBOCTI J10 iHCYJiHY, 361/1b1IeHHSA eDEeKTY
dochopuoBaHHSA IVIIOKO3U Ta MiJIBUILEHHS Tepa-
MeBTUYHOI epeKTUBHOCTI MeTdOpPMiHYy.

BuBYeHHIO rinornikeMiyHUX BJIaCTUBOCTEH I0-
XiIHUX TpHUa30J/1y NpHCcBsiYeHa poboTa [65], mpeame-
TOM JI0CJIi/[PKEHHS siKoi cTasy coJii [2-(5-reTepus-4-
apwi-1,2,4-tpuaso-3-ia)tio]ornroBoi kucaotu 110,
AKI 3HWKYIOTb piBeHb IVIIOKO3Y B KPOBI IpyA MoJe-
JIIDBaHHI iyKpoBoro giabety 1 Tuny (cxema 50).

2.3. AHTUMiIKpPOGHA, NPOTUTrPUGKOBA Ta MPO-
TUTYOEepPKy/IbO3HAa aKTUBHICTh

BUBYEHHIO0 aHTUMIKpPOOHOI Ta MPOTUTPUOKOBOI
aKTHUBHOCTI QyHKIiOHAZIbHUX NOXiIHUX [(iMifa301-
4-in)Tio]oLTOBUX KUCJAOT NpUCBSYEHA cepisd my6.i-
Kali#t [48, 51, 55]. 3a pe3sy/ibTaTaMu A0CAiKEHHS
6akTepuUAHOI Ta QYHTiILIMAHOT aKTUBHOCTI BCTa-
HOBJIEHO, 10 noxi/fHi [(iMiga3ou-4-in)Tio]onTOBUX
KUCI0T 96,99-101, 105 ynHATH NOMipHY 6ioJsioriuHy
Ji10 Ha TeCT-KYJIbTypHU Pi3HUX BU/IB i poAiB rpaMmo-
3UTHUBHUX | rpaMHeraTUBHUX 6aKTepiil Ta rpubis.
Ha3BaHi pe40BHMHU NPUTHIYYIOTh PO3BUTOK BereTa-
TUBHUX $OPM MiKpOOpraHiamiB y KOHIIeHTpaLisfix
15,60-1000 mMkr/mJ. Jloc/iiHUKaMX BCTaHOBJIeHA
BHCOKa Yy TJIUBICTb MiKpOOPraHi3MiB J0 LOCIiIXKY-
BaHUX CIOJIYK 3 Tpynu [5-(3-okco-1-nponeHin)-
1H-imigasoun-4-in]tioonroBux kucaor 96 (MbcK =
15,60 MKr/mJ1), B TOHM 4ac IK Kpally NpOoTUTPUOKO-
BY aKTUBHICTb nposiBuJM [(5-rizpokcumMmeTtun-1H-
imifgazosi-4-in)TioJouTtoBi kucaotu 105 (MPcK =

31,25 Mkr/ma).
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Cepen noxigHuX [ (iMizga30s1-4-i1)Tio]olTOBHUX KUC-
JIOT 3Hal/IeHi TaK0XX peYOBHUHU 3 TPOTUTYOEPKYIbO3-
HOI0 aKTUBHicTI0. 30KpeMa, aBTopamu [50] mocifa-
»KeHa NPOTUTYyOepKynbo3Ha Aid ({1-apui-5-[(i3oHi-
KOTHUHOLITi/Ipa3oHo)MeTu]-1H-imMizazo1-4-i1}Tio)
OLTOBUX KUCJIOT 98. PesysnbraTu gociaigxeHHs 3a-
cBigumay, 0 octaHHi B KoH1eHTparlii 0,05 Mkr/ma
BUSIBJISIIOTh BUCOKY iHTi0YI04y aKTUBHICTb O Bij-
HOIIEHHIO JI0 TaMiB M. tuberculosis, BUAiIeHUX BiJ
BIIepIlle J{iarHOCTOBaHUX XBOPUX Ha TYOepKyJIbo3 Jie-
reHb, 51Ka JIell0 MepeBULIYE Jil0 IPOTUTYOEPKYIbO3-
HOTO IIpernapary i30Hiasuay.

Pe3ynbTaToOM MOIIYyKYy HOBUX aHTUMIKPOOHUX 3a-
co6iB cepex noxigHux [(imMigazos-2-i1)Tio]ouToBUX
KHCJIOT CTaB CUHTe3 XiHoJ/liHOBOTO ecTepy 37, IKUU
N0Ka3aB 3HAYHO BUILY, TOPiBHAHO 3 TETPALUKJIIHOM,
aHTUOaKTepiaJlbHy aKTUBHICTb BiITHOCHO NaTOTeH-
HUX IITaMiB Escherichia coli Ta Staphylococcus aureus.
[Ipu uboMy MiHiMaJsibHa iHriGy04Ya KOHLIEHTpallis
JOCJIiI>KYBaHOI CITOJIYKH IPOTH KULIKOBOI [1aJIOYKHU
ckJiana 1,4 MKr/mi, a IpoTH 30J10TUCTOrO0 cTadisio-
Koka — 1,9 MKr/muJ1, ToAi K 4y TJIMBICTb in Vitro uux
Ke MIKpoopraHi3MiB [0 TeTpalUuKJIiHy CKJazajaa
3,6 Mkr/ma Ta 4,1 mxr/mi BignosigHo [20].

ABTopamu [66] BUBUeHa aHTHOaKTepiaJbHa aK-
THUBHICTb reTepodyHKLiOHaNi30BaHUX MEPKANTO-
BMiCHHUX IOXi/IHUX a30J1iB POTH Pi3HUX GaKTepiaib-
HUX IITaMIB, 10 HAJIEXaTh JI0 TPaMNO3UTUBHUX (Sta-
phylococcus aureus, Bacillus subtilis, Streptococcus ha-
emolytius) i rpaMHeraTUBHUX 6aKTepik (Salmonella
typhi, Escherichia coli, Pseudomonas aeruginosa, Kleb-
siella pneumonia). CIOJyKY TeCTYBa/IU PU KOHLEHT-
pauii 40 MKr/mJ, B poJii CTaHZapTHOTO MpenapaTy
JlJ1s1 TOPiBHSIHHSA 6YB BUKOPHUCTAHUM CTPENTOMIIIUH.
Pe3ynbTaTu A0CII>)KeHb TOKAa3aJIH, 1110 MaKCUMaJlb-
Ha aKTUBHICTb IPOTH BCiX 6aKTepill 6ysia BUsBJIEHA
cepeJi noxiHUX 4-rigpokcu-3-[imifiazosi/TeTpaso-
2-in)Tio]-2H-xpoMeH-2-oHiB 111-114, 1110 CBiIYUTH
PO BaXKJIMBY 6iOJIOTIYHY POJIb Y CTPYKTYpi rete-
POLMKJY iMiZIa30JIbHOTO Ta TETPA30JbHOTO ALep
(cxema 51).
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2.4. IIpoTUBipyCHA aKTUBHICTh

Cepe/, pi3HUX I'pyll NPOTUBIPYCHUX NpenaparTiB
BaXKJIMBe Miclle ocifaThb noxigHi 1,2,4-tpuasoJy.
BcTaHoBeHO, 1110 BifoMuii ikapcbkuit mpenapat «Tio-
TPUA30JIIH» COPUAE NMOJIINIIEHHIO KJIIHIYHOI KapTHu-
HU xBopux Ha renatut B ta C. [IpoTuBipycHa akTHB-
HICTb 1IbOTO NpenapaTy MoB’si3aHa, B Meplly Yepry,
3 IOro iMyHOMOAY/IIOKYHMMHU BJIACTUBOCTSMHU.

[IpoTuBipycHu# npenapatT «MUTHCA30HY», AKAT
B opraHismi MeTa6o.1i3ye 10 noxigHoi 1,2,4-Tpuaso-
J1y, BUAIBJIIE BUPQXKEHY NIPOTUBIpyCcHY Aito. PazoM 3
THUM BiH MaJIOPO3YMHHUH y BOJI Ta TOKCUYHUU. [ng
OJlep>KaHHsI HOBUX PEYOBHH, 1036aBJEHUX IUX He-
JOJTiKiB, IK BUXiHI CIIOJIYKH 6y/1d 06paHi moxijHi
1,2,4-Tpurazoy, AKi MiCTATb y CBOiM CTPYKTYypi re-
TEePOLMKJ/IIYHI 3aMiCHUKH 3 aTOMaMH HITPOTeHY, OK-
cureny Ta cynbdypy. CHHTe30BaHi pe4oBUHU OyIU
MeHUI TOKCUYHUMH, ajie pobJieMa po3YUHHOCTI 3a-
JiMIaJjach HeBUpilleHo1o. [[/1d KiHI[eBOT0 BUPIillleH-
Hsl Ip0o6JIeMU GYJIM CUHTE30BaHi CIOJIYKH KaTiOHHO-
AHIOHHOI Al JIErKOPO34YMHHI Y BOJI, NPaKTUYHO He
TOKCUYHI Ta B JeKiJibKa pa3iB aKTUBHILII 328 MUTHU-
Ca30H. 3a pe3yJbTaTaMU [0C/iPKEHHSI BCTAaHOBJIEHO,
110 MiNepUAUHIN 2—[5—((1)ypa1-1—2-i11)-2H—1,2,4—Tp1/1—
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Cxema 54
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azoJi-3-irtio]aneraTt 115 npurHidye penpoAykuito Bi-
pycCy Mpu 3aCTOCYBaHHI OJTHOYACHO 3 iHQiKyBaHHAM
KJIITUHHMX MOHOLIAPIB BIpyCOM, KOJIY CIIOJIyKa HasiB-
Ha B cepe/i0BULi KyJIbTUBYBaHHS BIPOJOBXK 72 rof,.
[Ipu nboMy iHQeKIiiHa aKTUBHICTb BipyCy B MMOPiB-
HSIHHI 3 KOHTPOJIEM 3MeHIIyBaJiach OiJbII HiXK Ha
6,51g T/ 50/Mu. OfHOYACHO CIIOJIYKA MOPiBHAHHSA
TIOTPUA30JIiH IIPX aHAJIOTIYHOMY PeXUMi 3aCTOCyBaH-
Hf NIPUTHiYyBasia penpo/yKiiito Bipycy 6iab1 Hixk Ha
3,5 1g TU/A50/™Mu, 110 CBiAYMTH NPO GijbLIY NPOTH-
BipycHy aito cnonyku 115 y nopiBHsAHHI 3 TioTpua-
30J1iHOM IPH JIAHOMY PEeXXHMi 3aCcTOCyBaHHA [67, 68].

Y nJiaHi nouyKy NpOTUBIPYCHUX NpernapariB 6yB
cuHTe30BaHUM rigpasuy [(1,2,4-Tpuasosn-3-ia)Tio]
onToBOI KMC/0TH 116, mpoBejeHO Moro NOPiBHANbHI
JocaimxeHHs i3 o3espramiBipom (Tamiduio) i BcTa-
HOBJIEHA Kpallla aKTUBHICTb BiZITHOCHO 4 Cy4acHUX Bi-
pyciB rpuny [69] (cxema 52).

B noganbiux nparngx [32, 33] 6y/1a BUBYEHa Mpo-
THUBIPYCHAa aKTUBHICTb aMiJly TeTPa30JIiJITiOOLTOBOI
kucaoTu 117, IKuit € Jo0CTaTHBO eEKTUBHUM MPO-
TH wtamis BIJI-1 gukoro Tuny Ta € iHri6iTopom 3Bo-
POTHOI TPAaHCKPUIITa3X MyTaHTHOI'O LITaMy 3 JBOMaA
MyTauissMu peaucreHTHOCTI K103N/Y181C (cxema 53).

2.5. AHa/ITreTHYHa i

Cepen a3o0.1iB, pyHKIiOHATI30BaHUX 3aJIUILIKAMU
TiOOLITOBOI KMCJIOTH, Oy 3HAW/IeHi i moxifHi 3 aHa-
reTUYHOI aKTUBHICTIO. Y naTeHTi [70] 3aKLeHTOBaHa
yBara Ha aMifii 4-penin-5-(3’-MeTunkcaHTHHII-7 ) Me-
TU-1,2,4-Tpuasoisi-3-tiooytoBoi kucaotu 118, akun
pas3oM i3 npoTu3anaJbHUMHU BJIACTUBOCTAMHU XapakK-
TEPU3YETHCS aHAJITeTUYHUM edeKTOM, piBHO3HAY-
HOTO0 33 CUJIOKO il IperapaTaM NOPiBHAHHA aHaJb-
riHy Ta AukiodeHaky HaTpito (cxema 54).

J1J1s1 OIiIHKY aHa/IFreTUYHOI aKTUBHOCTI MOXiHUX
4-rigpokcu-3-(deHinrTio)-2H-XxpoMeH-2-0HIB Ta 4-TiIpoKcy-
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3-[imizazos/TeTpaszon-2-in)Tio]-2H-xpoMeH-2-0HiB
111 ta 114 npoBe/JieHO AOC/IiIKEeHHS Ha 6i/TUX MU-
1ax, y sKUX BUKJIMKa/Id KOpPYi OL[TOBOI KUCJIOTOIO.
BusiBsieHo, 1110 60J1€3aCNOKIHJIMBI BJJaCTUBOCTI BUITPO-
O6yBaHUX CMOJIYK OY/IM PiBHOCUJIBHUMU Y MOPiBHSAHHI
i3 cTaHZAPTHUM NpernapaToM aclipuHOM [66].

Y marenTi [71] onrcaHo BuKopucTaHHs 2-(5-6poM-
4-(4-nuknonpomisHadTua-1-in)-4H-1,2,4-Tpuasosn-
3-inTio)anetraty 119 y noegHaHHi 3 KOJXiLIMUHOM Y
cKJIaZii 3aco6iB Teparii mogarpu s 3MeHIleHHs iH-
TEHCUBHOCTI 60.110.

BUCHOBKM

Y3arasibHeHi JiiTepaTypHi AaHi 1100 MeTO/iB
CUHTe3y Ta 6i0J10riYHOI aKTUBHOCTI a30.1iB, PyHK-
1[ioHa/1i30BaHUX PparMeHTOM TiOOILTOBOI KUCJIOTH.
BcTaHOBJI€HO, 1110 TAKOTO THITY CIIOJIYKH BiZj3Ha4a-
I0ThCSl UIMPOKUM CIIEKTPOM papMaKoJIoTiuHoi il i
€ OCHOBOIO 6araThoX JiikapcbKuX 3aco6iB. HaBeieHi
dakTH cBilYaTh NPO NEPCIEKTUBHICTh MOIIYKY HO-
BUX 6i0AaKTHBHUX PEYOBHH cepe/] MOXiJHUX a30J1iJ-
TIOOLTOBUX KUCJIOT.
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5,6-DIHYDRO-[1,2,4] TRIAZOLO[1,5-c]QUINAZOLINES.
MESSAGE 4. SPIROCOMPOUNDS WITH [1,2,4]TRIAZOLO|[1,5-c]
QUINAZOLINES MOIETIES. THE SYNTHESIS AND SPECTRAL
CHARACTERISTICS
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The present article describes the synthesis of novel spiro-condensed [1,2,4]triazolo[1,5-c]quinazolines. [2-(3-Aryl-
1H-1,2,4-triazol-5-yl)phenylJamines were used as effective precursors for the synthesis of the compounds men-
tioned above. The experimental data have shown that the reaction of the initial anilines with cycloalkanones
(cyclopentanone, cyclohexanone) allowed to obtain products of binucleophilic addition, namely spiro-condensed
compounds with [1,2,4]triazolo[1,5-c]quinazolines moieties. The initial anilines also readily react with a confor-
mationally rigid bicyclo[2.2.1]heptan-2-one yielding the corresponding spiroderivatives, whereas the reaction
with camphor and menthone has failed due to the steric hindrance. It has been found that [5+1]-cyclocon-
densation of the initial anilines with heterocyclonones (1-R-piperidone-4, dihydrothiophene-3(2H)-one, dihy-
dro-2H-pyran-4(3H)-one, dihydro-2H-thiopyran-3(4H)-one) proceeds without peculiarities and with formation of
the corresponding 2’-aryl-6’H-spiro[1,2,4]triazolo[1,5-c]quinazolines. The reaction with 5-R-1H-indole-2,3-dione
(isatine) and its N-substituted derivatives also proceeds without any peculiarities with formation of aryl-2*-aryl-
6’H-spiro[(indol-3,5-[1,2,4]triazolo[1,5-c]quinazolines] with high yields. The purity of the compounds obtained has
been proven by the LC-MS (APCI) method, their structures have been confirmed by the complex of physicochemi-
cal methods, including 'H and *C NMR, IR-, MS-(EIl) — spectrometry and the X-ray study. The peculiarities of "H and
8C NMR-spectra of the compounds synthesized are discussed. It has been shown that signals of NH-protons in the
'"H NMR-spectrum and C-5’in the *C NMR-spectrum are characteristic for the compounds synthesized.

5,6-0Ur4PO-[1,2,4]TPUA30J10[1,5-c]XIHA3OJTIHU. NTOBIJOMITIEHHS 4. CTTIPOIOXIAHI 3 [1,2,4]TPUA30J10[1,5-c]
XIHA30J1IHOBUM ®PAIrMEHTOM. CUHTE3 TA CIEKTPAJIbHI XAPAKTEPUCTUKU

C.B.XonodHsk, K.M.Lla6enbHuk, O.K0.BockoboliHik, O.M.AHmuneHko, C.l.KoeaneHko, B.O.lMank4ukos,
C.I.Okoeumuti, C.B.lLluwkiHa

Knrovoei cnoea: 2-apun-6’H-cnipo[1,2,4Jmpuasonof1,5-c]xiHazoniHu; cuHmes; criekmparsibHi xapakmepucmuku
OnucaHo cuHme3 Hosux criipokoHOeHcosaHuX [1,2,4]Jmpuasonof1,5-c]xiHa3oniHis. [2-(3-Apun-1H-1,2,4-mpua3or-
5-in)gperinJamiHu 6ynu sukopucmaHi 8 SKocmi egheKmueHUX rpeKypcopie Ot cuHmMe3y 32adaHux 8ULE CrOMyK.
32i0H0 3 ekcriepumeHmanbHUMU GaHUMU peakuisi 8UXIOHUX aHiniHie 3 UYuKoankaHoOHaMu (UUKIONeHmaHOHOM,
yukrozekcaHoHoM) 0o3eonurna odepxamu rnpodykmu BiHyKneoginbHo20 npuedHaHHs, a came CripOKOHOEHCO-
eaHi crionyku 3 [1,2,4]Jmpua3sono[1,5-c]xiHazoniHogsum ¢hpazmeHmMom. BuxidHi aHiniHU makox peazyromb 3 KOH-
ghopmavyitiHo xopcmkum 6iyuko[2.2.1JzenmaH-2-oHoM, wWo sede 00 hopmysaHHS 8i0MOBIOHUX CrlipONOXiOHUX,
8 moli xe Yac peaKuito 3 KamMghoporo ma MEHMOHOM pPo8ecmu He 80asi0Chb 8HACTIOOK CMePUYHUX YCKIaOHEHb.
BcmaHoerneHo, wo [5+1]-yuknokoHOeHcauisi 8UXiOHUX aHiniHie 3 eemepoyuknaHoHamu (1-R-ninepudoHom-4,
OuziopomiogpeH-3(2H)-oHom, duzidpo-2H-nipaH-4(3H)-oHom, duzidpo-2H-mionipaH-3(4H)-oHom) nepebicae 6e3
ocobrniugocmell 3 ymeopeHHsIM 8i0nogidHux 2’-apun-6’H-cnipo[1,2,4]mpuasono[1,5-c]xiHa3oniHig. Takox 6e3
ocobnusocmel nepebieac peakuis 3 5-R-1H-iHdon-2,3-0ioHom (isamuHom) ma tozo N-3amiweHumu noxiOHUMuU
3 ymeopeHHsM apur-2’-apun-6’H-cnipo[(iH0on-3,5’-[1,2,4]mpuasono[1,5-c]xiHa3oniHig] 3 UCOKUMU 8ux0damul.
Hucmoma cuHme3aosaHux crionyk byna dosedeHa memodom LC-MS (APCI), ix 6ydosy rnidmeepdxeHO KOMI-
JiekcoM @hi3uko-ximiyHUXx Mmemodis, 3okpema 'H ma 3C SAMP, I4-, MC-(EY)-cnekmpomempu4HO ma 3a 00rnomo-
2010 peHmaeHocmpykmypHo2o docnidxeHHsi. Ocobrnusocmi 'H ma °*C SIMP-criekmpie cuHme308aHuUX Crionyk
6ynu obzoeopeHi. MNoka3zaHo, wWo 075151 CUHMe308aHUX CIOJYK Xapakmepucmu4yHumu € cueHanu NH-npomowis y
'H AMP crniekmpax ma C-5’8 °C SIMP-criekmpax.

5,6-OUrngPo-[1,2,4]TPUA30J10[1,5-c]XUHA3OJINHbI. COOBLLEHUE 4. CTTUPOINPOU3BOAHBIE C [1,2,4]
TPUA30J10[1,5-c]XUHA3OJIMHOBbLIM ®PAIMEHTOM. CUHTE3 U CITIEKTPAJIbHbIE XAPAKTEPUCTUKU
C.B.XonodHsk, K.lN.lLla6enbHuk, A.FO.BockoboliHuk, A.H.AHmuneHko, C.N.KoeaneHko, B.A.lMank4ukos,
C.N.Okoebimsbitl, C.B.LuwkuHa

Knroueenie cnoea: 2-apun-6’H-crniupo[1,2,4Jmpua3sono[1,5-c]xuHa30onuHbI; CUHMe3; criekmparibHble Xapakme-
pucmuku

B npedcmaerneHHol cmambe orucaH CUHMe3 Ho8bIX CrUPOKOHOeHcuposaHHbIX [1,2,4]mpua3ono[1,5-c]xuHa3onuHos.
[2-(3-Apurn-1H-1,2,4-mpuason-5-un)heHun]amuHbl bbinIu UCMoNb308aHbl 8 Kayecmee 3¢hheKmuBHbIX MPeKyp-
copoe 0r1s1 cuHmesa yrnoMsiHymbix ebiwe seujecms. CoeniacHo sKcrepuMeHmarsbHbIX 0aHHbIX peakyusi ucxo0-
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HbIX @HUMTUHOB C YUKIoarnikaHoHaMmu (UUKII0MeHmaHOHOM, YUKIT02eKcaHOHOM) 1038011uUsIa rnosy4ums rnpoodyKmabi
6u-HyK1eoguIbHO20 NMPUCOEOUHEHUS, @ UMEHHO CMUPOKOHOEHCOo8aHHbIe coeduHeHust ¢ [1,2,4Jmpuasonof1,5-c]
XUHa30/1UHOBbIM (hpacMeHmoM. YICXO0HbIe aHUMUHbI MakxXe peasupyom ¢ KOHhOPMayUOHHO XecmKuM bu-
yukmno[2.2.1JeenmaH-2-0HoM, 4Ymo npueooum K ¢hbopMuUpPOB8aHUK COOMBEMCMBYWUX CrUPONPOU3800OHbIX, 8
mo Xe camoe 8peMsi peakyuto ¢ kKamMeghopol U MEHMOHOM rpPo8ecmu He y0anock 8criedcmeue cmepudeckux
3ampydHeHul. YecmaHoeneHo, 4mo [5+1]-yuknokoHdeHcayusi UCXOOHbIX aHUMMUHO8 C 2emepoyuKnaHoHamu
(1-R-nunepudoHom-4, duzudpomuogpeH-3(2H)-oHom, duaudpo-2H-nupaH-4(3H)-oHom, dueudpo-2H-muonupaH-
3(4H)-oHom) npomekaem 6e3 ocobeHHocmel ¢ obpa3osaHueM coomeemcmeayrouwux 2’-apun-6'H-cnupof1,2,4]
mpuasoriof1,5-c]xuHa3onuHos. Takxe 6e3 ocobeHHocmel npomekaem peakuyusi ¢ 5-R-1H-uHdormn-2,3-0uoHom (usamu-
Hom) u e2o N-3ameuweHHbIMU NPOou3800HbLIMU ¢ obpa3osaHuem apurn-2’-apun-6’H-cnupo[(uHdon-3,5™-[1,2,4]
mpua3sosnof1,5-c]xuHa3onuHog] ¢ 8bicokuMU 8bixodamu. Hucmoma cuHme3uposaHHbIx seuwecms bbiia doKkaszaHa
memodom LC-MS (APCI), ux cmpoeHue nodmeepx0eHO KOMIMIIEKCOM (OUUKO-XUMUYECKUX Memodos, 8 Yyacm-
Hocmu "H u™C AMP, VK-, MC-(3Y)-cnekmpomempuyecKku u rpu rnoMouu peHmaeHOCMpPyKmMypHO20 aHanu3a.
OcobeHHocmu "H u *C SIMP-criekmpoe cuHme3suposaHHbIX seujecme bblriu 062060peHsl. [TokazaHo, Ymo Orsi
CUHMe3upoBaHHbIX coeduHeHUl xapakmepucmuyeckumu signisitomcesi cueHarnsi NH-pomonos 8 'H SIMP cniek-

mpe u C-5"e 3C AMP-cnekmpe.

Development and optimization of the existing syn-
thetic methods of quinazoline and triazolo[c]quina-
zoline spiroderivatives are among important tasks of or-
ganic, bioorganic and medicinal chemistry. This group
of compounds is of practical interest due to their high
biological activity [1-3] and, at the same time, their
original methods of synthesis. Reactions of [5+1]-cyc-
locondensation based on interactions of 1,5-binucleo-
philes with carbonyl compounds (cycloalkanones,
1-R-4-piperidone and others) can serve as an approach
for construction of spiro compounds. Thus, the au-
thors used 2-nitrobenzamide [4], 2-aminobenzamide
and its derivatives [2, 5-8], or 1H-benzo[d][1,3]oxa-
zine-2,4-dione [9] for the synthesis of 3’-R-1’-R-1’H-
spiro[cycloalkane-1,2’-quinazoline]-4’(3’H)-ones, oxi-
mes of 2-aminoacetophenone [3] for the synthesis of
4’-methyl-1’2’-dihydrospiro[cycloalkane-1,2’-quinazo-
line]-3-oxides, and 2-(aminomethyl)aniline [10, 11]
for the synthesis of 3’4’-dihydro-1’H-spiro[cyclohexa-
ne-1,2’-quinazoline]. However, only one publication
was devoted to the synthesis of spiro[piperidine-4,5’
(6’H)-[1,2,4]triazolo[1,5-c]quinazolines], in which 2-(1H-
1,2,4-triazol-5-yl)aniline was used to form the sys-
tems mentioned [2]. Based on the above mentioned
facts the aim of this work is to study the reactivity
of [2-(3-aryl-1H-1,2,4-triazol-5-yl)phenyl]amines that
are insufficiently studied as 1,5-binucleophiles in
[5+1]-cyclocondensation reactions with cycloalkano-
nes, heterocyclonones, isatines, and it can be one of

* ‘o

ROH H*;
AcOH

5&6565
Eg (;fp Q:fp O

LPh

Do

the synthetic approaches for formation of the unstu-
died 2’-aryl-6’H-spiro[1,2,4]triazolo[1,5-c]quinazolines.

Results and Discussion

The starting [2-(3-aryl-1H-1,2,4-triazol-5-yl) phenyl]
amines (1a-g) were synthesized according to the known
method [12], namely nucleophilic cleavage of the
pyrimidine ring of the corresponding 2-aryl-[1,2,4]
triazolo[1,5-c]quinazolines. The reaction of 1a-g with
cycloalkanones (cyclopentanone, cyclohexanone) al-
lowed to obtain products of binucleophilic addition,
namely spiro derivatives 2a-h (Scheme). Furthermore,
amine 1a readily reacts with a conformationally rigid
bicyclo[2.2.1]heptan-2-one with formation of com-
pound 2i, whereas the reaction of amine 1a with
camphor and menthone has failed due to the steric
hindrance.

To study the reactivity of cycloalkanone with a he-
teroatom amines 1a-g were treated with heterocyc-
lonones (1-R-piperidone-4, dihydrothiophene-3(2H)-one,
dihydro-2H-pyran-4(3H)-one, dihydro-2H-thiopyran-
3(4H)-one). It was found that [5+1]-cyclocondensa-
tion of amines 1a-g with the corresponding electro-
philes proceeded without peculiarities with forma-
tion of the corresponding 2’-aryl-6’H-spiro[1,2,4]tri-
azolo[1,5-c]quinazolines (2d-h, Scheme). The [5+1]-
cyclocondensation of amines 1a-g with 5-R-1H-in-
dole-2,3-dione (isatine) and its N-substituted deriva-
tives also proceeded without any peculiarities forming

NH,

R
H
N, @
\ N ROH, H*;

1a-g N\/< AcOH

3aIN
Ar

Ar = CgHs 4-CH3CgHy 3-FCgH4 4-CH30CgH4, 4-FCgHy,
4-BrCgH, 2-CH30CgH,4; R =H, Cl, Br;
R4 = -CH,C(O)NHCH,CgH4OCHs(m), -CH,C(O)NHCgH,OCH(p).

Scheme. The main approaches to the synthesis of 2’-aryl-6’H-spiro[1,2,4]triazolo[1,5-c]quinazolines.
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aryl-2’-aryl-6’H-spiro[(indol-3,5’-[1,2,4]triazolo[ 1,5-c]
quinazolines] (3a-l, Scheme) with high yields. It was
found that abovementioned reactions could be car-
ried out in other organic solvents miscible with wa-
ter and indifferent to the starting material that could
significantly improve the yield and purity of the tar-
get compounds.

The purity of the compounds synthesized was
proven by LC-MS (APCI) method, their structures were
confirmed by the complex of physicochemical me-
thods, including 'H and *3C NMR, IR-, MS-(EI)-spectro-
metry.

Aromatic protons of the triazolo[1,5-c]quinazo-
line cycle in the 'H NMR-spectra of the compounds
synthesized formed the characteristic ABCD system,
which implements via two doublets (H-7, H-9) and
two triplets (H-8, H-10) with the corresponding che-
mical shifts. The characteristic signal of NH-group
(6-positions of the dihydroquinazoline cycle) for
compounds 2a-h, 2i was observed in the spectra as
asingletat 7.26-6.83 ppm, and its chemical shift was
determined by the size of a heteroatom in the spiro-
cycle. It is likely that the most deshielded proton was
the proton of the NH group of compound 2f with the
thiophene ring. It was observed that the protons of
the NH-group (position 6) of compounds 3a-1 were
even more deshielded apparently due to the donor-
acceptor interaction with oxygen of the indole moiety
and were recorded as singlets at 7.77-7.70 ppm. The
other substituents in positions 2’ and 5’ in the triazolo-
quinazoline system had “classical” signals of pro-
tons with the typical characteristic chemical shifts
and multiplicity [13].

The C NMR-spectra of compounds 2a, 2¢, 2i and
3a additionally proved their structure. It is important
that the characteristic signals of sp3-hybridized Carbon
in positions 1, 5’ were considerably deshielded and
were observed at 82.93, 74.28, 81.38 and 75.51 ppm.

A characteristic feature of compound 2c in the
EI-MS-spectrum was a fairly high intensity peak [M]*
(m/z 316, 72.9%) and two parallel fragmentation of
the molecular ion. The ions [M - H]* (m/z 315, 60.5%),
[M-CH]* (m/z274,28.0%), [M - (C,H,+H)]"" (m/z 273,
100.0%), [M - C,Hg]* (m/z 260, 5.6%), [M - (C,Hg+H)]**
(m/z 259, 8,5%) formed were the most intense in the
spectrum and characterized the main way of [M]*
fragmentation that passed through the cyclohexane
fragment of the molecule. An alternative degrada-
tion of the molecule was associated with disruption
of bonds N(1)-C(2) and N(3)-N(4) of the triazole
ring and formation of fragmented ions [M - C.H,CN]*
(m/z 214, 7,1%), [M - (CH,.CN+H)]** (m/z 213, 21.8%).
In addition, the EI-MS spectrum of compound 3¢ was
characterized by the low-intensity molecular ion [M]*
(m/z 395, 2.3%), for which the first phase was characte-
rized by release of CO and H particles with formation
ofions [M - CO]* (m/z368,7.4%),and [M - (CO+H)]*
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(m/z367,19.9%). Further fragmentation of [M - (CO+H)]**
was associated with the alternative disruption of bonds
N(1)-C(2) and N(3)-N(4), C(10b)-N(1) and N(3)-N(4)
of the triazole ring and resulted in formation of ions
with m/z 234 (7.6%) and 221 (15.3%). It should be
noted that the direction of fragmentation significant-
ly differed from the 2-R-[1,2,4]triazolo[1,5-c]quina-
zoline systems previously described [14]. In the sys-
tems mentioned fragmention of [M]** was carried out
by the cleavage of C(10b)-N(1) and N(3)-N(4) with
formation of the amidine moiety and the fragmen-
tary ion with the mass corresponding to quinazoline
(m/z 129).

The IR-spectra of 2a-i, in contrast to the starting
amines 1a-g [12], had characteristic vibrations of the
secondary vy, -group as a single band in the region
0f3396-3200 cm™, 8, - 1618-1589 cm™ and low-in-
tensity vibrations of vy, -group at 1650-1550 cm™.
The IR-spectra of compounds 3a-j had characteristic
band vibrations of the associated form of v,,-lac-
tams in the region 0of 3178-3016 cm™ and vibrations
of the v, group at 1748-1650 cm™. In addition, the
substituted indoles (3k and 31) had wider and more
expressed intensity of stretching vibrations, indicat-
ing the presence of the primary amide group.

Additionally, the structure of compound 2a was
determined by the X-ray diffraction study (Fig.). The
tricyclic fragment was planar within 0.03 A. The spi-
ro-joined tricycle and the pentane ring were ortho-
gonal where the angle between the planar fragment
of the cyclopentane ring was formed by C8, C16, C19
atoms, and the planar tricyclic fragment was 92°.
The pentane ring was disordered over two positions
(A and B) where the ratio A:B is about 65:35 %.
Deviations of the C17 and C18 atoms from the mean
plane of the remaining atoms of this ring were 0.45 A
and -0.24 A, respectively, in conformer A and -0.20 A
and 0.62 a, respectively, in conformer B. The N2 atom
had a planar configuration, the sum of the bond an-
gles centered at about 360°. The phenyl substituent
was coplanar to the tricyclic fragment plane (the
N4-C9-C10-C11 torsion angle iwa -0.5(2)°), it was
stabilized by the presence of H11...N4 (2.59 A) and
H15...N1 (2.60 A) attractive interactions (the van der
Waals radii sum [15] is 2.67 A). In the crystal phase
molecules 2a were bonded by the N2-H...N1’ (0.5+x,
0.5-y, 0.5+z) intermolecular hydrogen bond (H...N
2.04 AN-H..N 177°).

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 indi-
cated by the symbols of the elements or functions
within £0.3% of the theoretical values. The IR-spectra
(4000-600 cm™) were recorded on a Bruker ALPHA
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Fig. The molecular structure of compound 2a according to X-ray
diffraction data.

FT-IR spectrometer (Bruker Bioscience, Germany)
using a module for measuring attenuated total re-
flection (ATR). The 'H NMR-spectra (400 MHz) and
13C NMR-spectra (100 MHz) were recorded on a Varian-
Mercury 400 (Varian Inc., Palo Alto, CA, USA) spec-
trometer with TMS as an internal standard in DMSO-d,
solution. LC-MS were recorded using the chromato-
graphy/mass spectrometric system consisting of an
“Agilent 1100 Series” high performance liquid chro-
matograph (Agilent, Palo Alto, CA, USA) equipped with
an “Agilent LC/MSD SL’ diode-matrix and mass-selec-
tive detector (atmospheric pressure chemical ioniza-
tion - APCI). The electron impact mass spectra (EI-
MS) were recorded on a Varian 1200 L instrument at
70 eV (Varian, USA).

Compounds 1a-g were obtained according to the
synthetic protocols described [12], 5-R-1H-indol-2,3-
diones (isatines) and N-substituted - by synthetic
protocols [16]. The other starting reagents and sol-
vents were obtained from commercially available
sources and were used without further purification.

The general method for the synthesis of 2’-aryl-
6’H-spiro[1,2,4]triazolo[1,5-c]quinazolines (2a-i).
To the solution of 10 mmol of [2-(3-aryl-1H-1,2,4-
triazolo-5-yl)phenyl]amines (1a-g) in 10 ml of pro-
pan-2-ol and 2 drops of conc. sulphuric acid (or 10 ml
of glacial acetic acid) add 10 mmol of the correspon-
ding cycloalkanone. Reflux the mixture for 6 h, cool,
pour into 10% solution of sodium acetate. Filter the
precipitate formed and dry. If necessary, crystallize
it with methanol.

2’-Phenyl-6’H-spiro[cyclopentane-1,5’-[1,2,4]
triazolo[1,5-c]quinazoline] (2a). Yield - 92.7%.
M. p.-180-181°C; IR, v,cm™: 3200, 3105, 3034, 2955,
2870,1728,1621,1593,1519, 1485, 1469, 1441, 14009,
1349,1330,1278,1265,1200,1177,1152,1125,1106,
1069, 1035, 982, 956, 936, 913, 856, 782, 765, 743,
718, 683, 668, 631, 617; 'H NMR, §, ppm. (/, Hz): 8.09
(d,J=7.2 Hz, 1H, H-2,6 Ph), 7.74 (d, ] = 7.4 Hz, 1H,
H-10),7.52-7.29 (m, 3H, H-3,4,5 Ph), 7.19 (t,/ = 7.5 Hz,
1H, H-8), 6.97 (s, 1H, NH quin.), 6.84 (d, J = 8.0 Hz,
1H, H-7), 6.78 (t, ] = 7.3 Hz, 1H, H-9), 2.54-2.36

(m, 4H, H-2,2, 5,5 cyclopentane), 2.13-1.85 (m, 4H,
H-3,3, 4,4 cyclopentane; *C NMR, §, ppm: 160.77 (C-2"),
149.64 (C-6a’),142.96 (C-10b"),131.72,131.11,129.23,
128.77,125.97,124.04,118.38,114.98,110.54 (C-10a’),
82.93 (C-1,5"), 38.95 (C-2,5), 23.57 (C-3,4); LC-MS,
m/z =303.2 [M+1]; Anal. Calcd for C;;H,4{N,: C, 75.47;
H, 6.00; N, 18.53; Found: C, 75.43; H, 5.98; N, 18.49.
2’-(3-Fluorophenyl)-6’H-spiro[cyclopenta-
ne-1,5’-[1,2,4]triazolo[1,5-c]quinazoline] (2b).
Yield - 52.1%. M. p. - 140-142°C; IR, v, cm™: 3234,
2954, 2917, 2849, 1630, 1592, 1561, 1530, 1514,
1480, 1452, 1413, 1387, 1366, 1330, 1308, 1264,
1210, 1165, 1154, 1114, 1095, 1068, 1035, 983,
963,900,877,779,743,720,678,636,616; 'H NMR,
S, ppm. (J, Hz): 7.91 (d, ] = 7.6 Hz, 1H, H-10), 7.83-
7.69 (m, 2H, H-2,6 3-FPh), 7.43 (dd, J = 13.8, 7.7 Hz,
1H, H-5 3-FPh), 7.19 (t,J = 7.6 Hz, 1H, H-8), 7.10 (t,]
= 8.0 Hz, 1H, H-4 3-FPh), 7.01 (s, 1H, NH quin.), 6.84
(d, ] = 8.0 Hz, 1H, H-7), 6.78 (t, ] = 7.4 Hz, 1H, H-9),
2.56-2.34 (m, 4H, H-2,2, 5,5 cyclopentane), 2.14-
1.85 (m, 4H, H-3,3, 4,4 cyclopentane); LC-MS, m/z =
321.2 [M+1]; Anal. Calcd for C,(H,,FN,: C, 71.23; H,
5.35; N, 17.49; Found: C, 71.24; H, 5.39; N, 17.52.
2’-Phenyl-6'H-spiro[cyclohexane-1,5-[1,2,4]tri-
azolo[1,5-c]quinazoline] (2c). Yield - 98.6%. M. p. -
141-143°C; IR v, cm™: 3378, 3275, 3255, 3227, 2960,
2930, 2855, 1728, 1620, 1586, 1538, 1514, 1496, 1480,
1468, 1441, 1408, 1343,1317,1289, 1268, 1242,1211,
1168,1156,1145,1126,1110, 1072, 1056, 1043, 1030,
1003,984,972,943,919,908, 857, 785, 753, 729, 720,
698, 688, 668, 659, 632; 'H NMR, §, ppm. (J, Hz):
8.09 (d, /= 7.1 Hz, 2H, H-2,6 Ph), 7.75 (d, ] = 7.4 Hz,
1H, H-10), 7.47-7.38 (m, 2H, H-3,5 Ph), 7.36 (d, ] =
6.0 Hz, 1H, H-4 Ph), 7.20 (t,/ = 7.5 Hz, 1H, H-8), 7.02
(d,J =79 Hz, 1H, H-7), 6.87-6.72 (m, 2H, NH quin,,
H-9), 2.17 (d, ] = 10.7 Hz, 1H), 2.03 (d, /] = 12.3 Hz,
1H), 1.88-1.64 (m, 3H), 1.39 (d,/ = 8.2 Hz, 1H); *C NMR,
S, ppm: 160.59 (C-2’), 149.38 (C-6a’), 142.25 (10b’),
131.80,131.16,129.21,128.77,125.93,123.97,118.48,
115.60, 110.69 (10a"), 74.28 (C-1,5"), 35.35, 24.40,
20.96; EI-MS: m/z = 316 (72.9. M), 315 (60.5), 274
(28.0), 273 (100.0), 260 (5.6), 259 (8.5), 258 (5.1),
248 (6.5),214 (7.1),213 (21.8),184 (6.7), 155 (15.2),
154 (9.3),149 (7.6),129 (6.6),127 (10.1), 123 (5.2),
119(5.1),118(7.2),103 (11.6),94 (9.9),90 (10.9), 77
(8.3),57 (11.7), 56 (5.1), 55 (19.6), 54 (5.8); LC-MS,
m/z = 317.2 [M+1]; Anal. Calcd for C,,H,,N,: C, 75.92;
H, 6.37; N, 17.71; Found: C, 75.94; H, 6.39; N, 17.75.
2’-Phenyl-2,3,5,6-tetrahydro-6’H-spiro[pyran-
4,5’-[1,2,4]triazolo[1,5-c]quinazoline] (2d). Yield -
57.8%. M. p.-150-151°C; IR, v, cm™*: 3313, 2949, 2920,
2848, 1623,1559,1517,1507, 1478, 1465, 1440, 1386,
1360, 1342,1320, 1300, 1280, 1208, 1155, 1124, 1097,
1069,1026,1010,994, 921, 858,829,774, 746, 723,
692,675,634, 619; 'H NMR, §, ppm. (/, Hz): 8.09 (d, ]
=7.2Hz, 1H, H-2,6 Ph), 7.76 (d, ] = 7.4 Hz, 1H, H-10),
7.47-7.31 (m, 3H, H-3,4,5 Ph), 7.21 (t,/ = 7.3 Hz, 1H,
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H-8), 7.09 (s, 1H, NH quin.), 7.00 (d, J = 8.0 Hz, 1H,
H-7), 6.82 (t, /] = 7.3 Hz, 1H, H-9), 4.03-3.81 (m, 4H,
O(CH,),), 2.50-2.35 (m, 4H. C(CH,),); LC-MS, m/z =
319.2 [M+1]; Anal. Calcd for C,,H,;N,0: C, 71.68; H,
5.70; N, 17.60; Found: C, 71.69; H, 5.73; N, 17.61.
1-Methyl-2’-phenyl-6’H-spiro[piperidine-
4,5’-[1,2,4]triazolo[1,5-c]quinazoline] (2e). Yield
- 83.6%. M. p. - 212-214°C; IR, v, cm™: 3396, 3341,
3226,3061,3016, 1621, 1596, 1546, 1517, 1479, 1436,
1406, 1339, 1304, 1254, 1149, 1122,1111, 1069, 1048,
1019, 998, 973, 927, 864, 786, 768, 751, 734, 719,
688, 673,664, 613; 'H NMR, §, ppm. (J, Hz): 8.09 (d,/
= 7.0 Hz, 2H, H-2,6 Ph), 7.77 (d,] = 7.4 Hz, 1H, H-10),
7.51-7.32 (m, 3H, H-3,4,5 Ph), 7.24 (t,] = 7.3 Hz, 1H,
H-8), 7.16 (s, 1H, NH quin.), 7.07 (d, ] = 7.7 Hz, 1H,
H-7), 6.83 (t,/ = 7.1 Hz, 1H, H-9), 3.34-3.06 (m, 4H,
H-2,6 piperidine), 2.67 (s, 3H, -CH,), 2.65-2.43 (m,
4H, H-3,5 piperidine); Anal. Calcd for C,,H,;N;: C,
72.48; H, 6.39; N, 21.13; Found: C, 72.48; H, 6.41; N,
21.12.
2’-Phenyl-4,5-dihydro-6'H-spiro[thiophene-
3,5’-[1,2,4]triazolo[1,5-c]quinazoline] (2f). Yield
- 47.8%. M. p. - 195-197°C; IR, v, cm™: 2922, 1742,
1631,1610,1562,1532,1519, 1479, 1463, 1441, 1427,
1385, 1360, 1348, 1322,1301, 1275,1172,1153,1112,
1069, 1026, 987, 959, 928, 863, 792, 774, 737, 723,
693, 678, 662, 634, 616; 'H NMR, §, ppm. (J, Hz): 8.09
(d, ] = 7.2 Hz, 2H, H-2,6 Ph), 7.77 (d, ] = 7.5 Hz, 2H,
H-10), 7.45-7.32 (m, 3H, H-3,4,5 Ph), 7.26 (s, 1H, NH
quin.), 7.22 (t,/ = 7.3 Hz, 1H, H-8), 6.97 (d, ] = 8.1 Hz,
1H,H-7),6.81 (d,/=7.0 Hz, 1H,H-9),3.49 (d,/=11.3
Hz, 1H, -CH,-S-), 3.24-3.06 (m, 3H, -CH,-S-, -CCH,),),
2.94-2.64 (m, 1H, -SCH,-), 2.59-2.51 (m, 1H, -SCH,-);
Anal. Calcd for C,gH(N,S: C, 67.47; H, 5.03; N, 17.49;
Found: C, 67.45; H, 5.01; N, 17.46.
2’-Phenyl-2,4,5,6-tetrahydro-6’H-spiro[thio-
pyran-3,5’-[1,2,4]triazolo[1,5-c]quinazoline] (2g).
Yield - 98.7%. M. p. - 164-166°C; IR, v, cm™: 3371,
2920, 2851,1732,1620,1591, 1539, 1519, 1493, 1478,
1441, 1429, 1386, 1360, 1343, 1320, 1300, 1281, 1254,
1173,1158,1125,1113, 1093, 1069, 1045, 1026, 972,
922,898, 863, 789, 774, 745, 723, 692, 664, 643, 614;
'H NMR, §, ppm. (/, Hz): 8.08 (d,/ = 7.2 Hz, 2H, H-2,6 Ph),
7.76 (d,J = 7.5 Hz, 1H, H-10), 7.48-7.31 (m, 3H, H-3,4,5
Ph), 7.22 (t,J = 7.3 Hz, 1H, H-8), 7.14 (d, ] = 8.0 Hz,
1H, H-7), 7.01 (s, 1H, NH quin.), 6.82 (t,J = 7.2 Hz,
1H, H-9), 3.33, 3.01 (d,/ = 13.2, 11.1 Hz, 2H, -CH,S-),
2.78,2.68 (d,/=13.1,11.1 Hz, 2H, -SCH,-), 2.46-2.23
(m, 2H, -CCH,-), 2.24 - 2.11 (m, 2H, -SCH,CH,); LC-MS,
m/z = 335.1 [M+1]; Anal. Calcd for C;,H(N,S: C, 68.23;
H, 5.42; N, 16.75; S, 9.59; Found:C, 68.26; H, 5.45; N,
16.76.
1-Benzyl-2’-phenyl-6’H-spiro[piperidine-
3,5’-[1,2,4]triazolo[1,5-c]quinazoline] (2h). Yield
- 74.7%. M. p. - 295-297°C; IR, v, cm™: 1739, 1621,
1591, 1517, 1506, 1472, 1441, 1407, 1390, 1342, 1260,
1193, 1153, 1107, 1063, 1027, 991, 973, 947, 927,

28

889, 866, 806, 787, 748, 724, 694, 666, 636, 622; 'H
NMR, 6, ppm. (J, Hz): 8.08 (d, 2H, H-2,6), 7.74 (d, ] =
7.5 Hz, 1H, H-10), 7.50 (t, ] = 7.5 Hz, 1H, H-8), 7.45-
7.13 (m, 8H, H-3,4,5 Ph, H-2,3,4,5,6 -CH,Ph), 7.01 (d,
J=8.0 Hz, 1H, H-7), 6.87 (s, 1H, NH quin.), 6.79 (t,J
= 7.3 Hz, 1H, H-9), 3.59, 3.03 (s, 2H, -CH,), 2.79 (m,
2H, H-2 piperidine), 2.59 (m, 2H, H-6 piperidine),
2.00 (d,/=12.4 Hz, 2H, H-4 piperidine), 1.89 (m, 2H,
H-5 piperidine); Anal. Calcd for C,;H,.N.: C, 76.63;
H, 6.18; N, 17.19; Found: C, 76.67; H, 6.21; N, 17.21.

2’-Phenyl-6’H-spiro[bicyclo[2.2.1]heptane-
2,5’-[1,2,4]triazolo[1,5-c]quinazoline] (2i). Yield
- 67.1%. M. p. - 237-239°C; IR, v, cm’: 2959, 2928,
2872,1723,1622,1591, 1540, 1518, 1505, 1495, 1443,
1384, 1327,1276,1218,1182,1156,1110, 1097, 1073,
1013, 987,950, 929, 892, 857, 824, 775, 746, 723, 710,
688, 669, 654, 641, 627; *H NMR, 6, ppm. (/, Hz): 8.16
(m, 2H, H-2,6 Ph), 7.77 (d,] = 7.4 Hz, 1H, H-10), 7.49-
7.31 (m, 3H, H-3,4,5 Ph), 7.22 (dd, J = 13.3, 6.6 Hz,
1H, H-8), 6.94 (dd,J =17.0, 8.0 Hz, 1H, H-7), 6.83 (m,
2H, NH quin,, H-9), 3.20, 2.23 (d,/ = 12.1 Hz, 1H, H-4
bicyclo[2.2.1]heptane), 2.82, 2.00 (d,/=13.1 Hz, 1H,
H-1 bicyclo[2.2.1]heptane), 2.43, 1.91 (m, 2H, H-2 bi-
cyclo[2.2.1]heptane), 1.66, 1.23 (m, 4H, H-5,6 bicyclo
[2.2.1]heptane), 1.36,1.11 (m, 2H, H-7 bicyclo[2.2.1]
heptane); *C NMR, §, ppm: 159.41 (C-2"), 150.06 (C-
6a"), 143.24 (C-10b"), 131.97,130.00, 128.81, 126.05,
124.24,118.77,115.38,111.57 (C-10a"), 81.38 (C-2,5"),
47.14,42.25,36.91, 36.59, 27.73, 23.35; LC-MS, m/z
= 329.1 [M+1]; Anal. Calcd for C,,H,,CIN,: C, 69.13;
H, 5.80; Cl, 9.72; N, 15.36; Found: C, 69.11; H, 5.77;
N, 15.33.

The general method for the synthesis of 2’-aryl-
6’H-spiro[(indole-3,5’-[1,2,4]triazolo[1,5-c]quinazo-
lines] (3a-j) and N-substituted derivatives (3K, 31).
To the solution of 10 mmol of [2-(3-aryl-1H-1,2,4-
triazolo-5-yl)phenyl]amines (1a, 1c-g) in 10 ml of
propan-2-ol and 2 drops of conc. sulphuric acid (or
10 ml of glacial acetic acid) add 10 mmol of the cor-
responding 5-R-1H-indol-2,3-diones (isatines) or its
N-substituent. Boil the reaction mixture for 6 h, cool,
pour into 10% solution of sodium acetate, filter the
precipitate formed and dry. If necessary, crystallize
the precipitate with methanol.

2’-Phenyl-6’H-spiro[indole-3,5’-[1,2,4]triazo-
lo[1,5-c]quinazolin]-2(1H)-one (3a). Yield - 98.3%.
M. p.-242-244°C; IR, v,cm™: 3169,3098,3032,2973,
2835,2613,1734,1700,1621, 1593, 1573, 1544, 1519,
1472,1443, 1400, 1346, 1319, 1254, 1187,1153, 1115,
1106,1097,1072,1038,961,923,878, 863,850,778,
744,725,708, 688, 650, 624; '"H NMR, §, ppm. (J, Hz):
10.55 (s, 1H, NH indol), 8.00 (d,J = 7.0 Hz, 2H, H-2,6
Ph), 7.84 (d, J = 7.4 Hz, 1H, H-10), 7.74 (s, 1H, NH
quin.), 7.45-7.30 (m, 5H, H-3,4,5 Ph, H-4,6 indol), 7.23
(t,J=7.5Hz, 1H, H-8), 7.06 (t,/ = 7.2 Hz, 1H, H-9),
6.99 (d,J = 7.5 Hz, 1H, H-7), 6.91-6.76 (m, 2H, H-5,7
indol); *C NMR, §, ppm: 173.00 (C-2), 162.00 (C-2"),
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151.44 (C-10b’), 142.53 (C-6a’), 142.48 (C-7a), 142.44,
132.14,131.85,130.27,129.66, 129.62, 128.83, 127.32,
126.14,125.87,124.08,123.00, 118.68, 114.43,110.91,
109.36 (C-10a’), 75.51 (C-3,5"); LC-MS, m/z = 366.0
[M + 1]; Anal. Calcd for C,,H,;N.O: C, 72.32; H. 4.14;
N. 19.17; Found: C. 72.36; H. 4.17; N. 19.21.
2’-(4-Fluorophenyl)-6’H-spiro[indole-3,5’-
[1,2,4]triazolo[1,5-c]quinazoline]-2(1H)-one (3b).
Yield - 63.8%. M. p. - 295-297°C; IR, v, cm™: 3164,
3098, 2950, 2914, 1731, 1621, 1600, 1544, 1511, 1462,
1444, 1415, 1360, 1315, 1289, 1260, 1223, 1197, 1186,
1148,1134,1107,1090, 1012, 980, 964, 940,913,900,
844, 816, 784, 765, 748, 741, 722, 709, 684, 659, 624;
'H NMR, §, ppm. (/, Hz): 10.54 (s, 1H, NH indol), 8.08-
7.97 (m, 2H, H-2,6 Ph), 7.81 (d, /= 7.5 Hz, 1H, H-10),
7.71 (s, 1H, NH quin.), 7.43-7.32 (m, 2H, H-4,6 indol),
7.22 (t,] = 7.5 Hz, 1H, H-8), 7.15-7.02 (m, 2H, H-9,
H-3,5 Ph), 6.97 (d,J/ = 7.7 Hz, 1H, H-7), 6.88-6.77 (m,
2H, H-5,7 indol); LC-MS, m/z = 384.1 [M + 1]; Anal.
Calcd for C,,H;FN.O: C, 68.92; H. 3.68; N. 18.27;
Found: C. 68.96; H. 3.71; N. 18.29.
2’-(2-Methoxyphenyl)-6’H-spiro[indole-3,5’-
[1,2,4]triazolo[1,5-c]quinazoline]-2(1H)-one (3c).
Yield - 62.7%. M. p. - 237-239°C; IR, v, cm™: 3175,
3100, 3069, 3026, 2951, 2830, 1733, 1620, 1603, 1559,
1515, 1472, 1456, 1437, 1428, 1405, 1318, 1286, 1269,
1244,1199, 1179, 1155, 1124, 1106, 1087, 1044, 1020,
979,965,945, 848, 743,718, 683, 664, 623; 'H NMR,
S, ppm. (J, Hz): 10.52 (s, 1H, NH indol), 7.80 (d, ] =
7.5 Hz, 1H, H-10), 7.70 (s, 1H, NH quin.), 7.63 (d, ] =
7.2 Hz, 1H, H-6 Ph), 7.45-7.28 (m, 3H, H-4,6 indo],
H-4 Ph), 7.21 (t,/= 7.4 Hz, 1H, H-8), 7.04 (t,/ = 7.4 Hz,
1H, H-9), 7.03-6.90 (m, 3H, H-5,7 indol, H-7), 6.88-
6.78 (m, 2H, H-3,5 Ph), 3.76 (s, 3H, -OCH,); LC-MS,
m/z = 396.1 [M + 1]; EI-MS: m/z = 395 (2.3. M),
368 (7.4),367 (19.9),323 (6.4),321 (5.1), 266 (8.9),
262 (6.5),261 (5.8),260 (11.5),236 (12.3), 234 (7.6),
221(15.3),220(11.7),219(5.3),205 (7.8),118(9.3),
111 (9.0), 91 (9.5), 90 (8.6), 86 (30.7), 84 (100.0),
83(17.8),82 (11.7),81 (9.0), 78 (6.3), 77 (11.1), 76
(5.5),57 (8.7), 55 (10.7), 51 (85.0), 50 (22.6); Anal.
Calcd for C,,H,;N:0,: C, 69.86; H. 4.33; N. 17.71;
Found: C. 69.90; H. 4.37; N. 17.74.
5-Chloro-2’-phenyl-6’H-spiro[indole-3,5’-
[1,2,4]triazolo[1,5-c]quinazoline]-2(1H)-one (3d).
Yield - 85.7%. M. p. > 300°C; IR, v, cm™: 3176, 3141,
3100, 3016, 2938, 2858, 1733, 1681, 1621, 1594, 1545,
1518, 1480, 1441, 1400, 1345, 1318, 1282, 1264, 1197,
1181, 1151, 1140, 1107, 1069, 1027, 1006, 977, 950,
937,922,892,874,847,821,801, 787,769, 743,721,
686, 638; 'H NMR, 6, ppm. (J, Hz): 10.67 (s, 1H, NH
indol), 8.01 (d, / = 6.8 Hz, 2H, H-2,6 Ph), 7.84 (d, ] =
7.5 Hz, 1H, H-10), 7.75 (s, 1H, NH quin.), 7.45-7.29
(m, 5H, H-4,6 indol, H-3,4,5 Ph), 7.24 (t,/ = 7.4 Hz, 1H,
H-8), 6.99 (d, ] = 8.6 Hz, 1H, H-7), 6.92-6.76 (m, 2H,
H-9, H-7 indol); LC-MS, m/z = 400.0 [M + 1]; Anal.

Calcd for C,,H,,CIN.O: C, 66.09; H. 3.53; N. 17.52;
Found: C. 66.06; H. 3.50; N. 17.50.
5-Chloro-2’-(4-fluorophenyl)-6’H-spiro[indole-
3,5'-[1,2,4]triazolo[1,5-c]quinazoline]-2(1H)-
one (3e).Yield - 99.9%. M. p. - 280-282°C; IR, v, cm™%:
3173,3131,3105,3018,2945,1732,1713,1621,1603,
1547,1517,1480,1470, 1446, 1417,1359,1287,1264,
1233,1222,1198,1184,1152,1127,1109,1092, 1071,
1047, 1013, 980, 940, 914, 898, 874, 846, 819, 783,
764, 748,720,708, 630, 614; '"H NMR, §, ppm. (J, Hz):
10.69 (s, 1H, NH indol), 8.03 (t, /= 6.7 Hz, 1H, H-2,6
Ph), 7.82 (d, /] = 7.0 Hz, 1H, H-10), 7.77 (s, 1H, NH
quin.), 7.38 (m, 2H, H-4,6 indol), 7.25 (t, ] = 7.4 Hz,
1H, H-8), 7.10 (t,] = 8.5 Hz, 2H, H-3,5 Ph), 6.98 (d, ]
= 8.7 Hz, 1H, H-7), 6.90-6.78 (m, 2H, H-9, H-7 indol);
LC-MS, m/z=418.0 [M + 1]; Anal. Calcd for C,,H,,CIFN.O:
C, 63.24; H. 3.14; N. 16.76. Found: C. 63.27; H. 3.18;
N. 16.79.
5-Chloro-2’-(2-methoxyphenyl)-6’H-spiro[indole-
3,5’-[1,2,4]triazolo[1,5-c]quinazoline]-2(1H)-
one (3f). Yield - 45.4%. M. p. - 247-249°C; IR, v, cm™:
1726,1713,1681, 1650, 1613, 1545, 1536,1512, 1477,
1462, 1454, 1442, 1400, 1290, 1275,1251, 1181, 1147,
1109,1067,1048,1021,975,897,878,819,801, 753,
725, 689, 669, 660, 626, 613; 'H NMR, §, ppm. (J, Hz):
10.66 (s, 1H, NH indol), 7.96 (d,/ = 7.5 Hz, 1H, H-10),
7.74 (s, 1H, NH quin.), 7.64 (d, ] = 7.2 Hz, 1H, H-6 Ph),
7.45-7.28 (m, 3H, H-4,6 indol, H-4 Ph), 7.24 (t, ] =
7.4 Hz, 1H, H-8), 7.02 (t, ] = 7.4 Hz, 1H, H-9), 7.03-
6.90 (m, 3H, H-7 indol, H-7), 6.88-6.78 (m, 2H, H-3,5
Ph), 3.76 (s, 3H, -OCH,); LC-MS, m/z = 430.0 [M + 1];
Anal. Calcd for C,;H,CIN.O,: C, 64.26; H. 3.75; N.
16.29; Found: C. 64.25; H. 3.73; N. 16.24.
5-Bromo-2’-phenyl-6’H-spiro[indole-3,5’-
[1,2,4]triazolo[1,5-c]quinazoline]-2(1H)-one (3g).
Yield - 88.7%. M. p. - 291-293°C; IR, v, cm™: 3173,
3130, 3094, 2966, 2940, 2920, 2853, 1734, 1681, 1620,
1593, 1544, 1517, 1478, 1441, 1400, 1345, 1318, 1282,
1263,1195,1180,1150,1128,1106, 1068, 1059, 1026,
1005, 974,937,921, 888, 874, 847, 820, 786, 768, 743,
722,699, 687,635; 'H NMR, 6, ppm. (J, Hz): 10.68 (s,
1H, NH indol), 8.01 (d,J = 7.4 Hz, 2H, H-2,6 Ph), 7.84
(d,J=7.4Hz, 1H, H-10), 7.75 (s, 1H, NH quin.), 7.60-
7.45 (m, 2H, H-4,6 indol), 7.43-7.29 (m, 3H, H-3,4,5
Ph),7.24 (t,]=7.4 Hz, 1H, H-8), 6.94 (d,/ = 8.8 Hz, 1H,
H-7), 6.90-6.78 (m, 2H, H-7 indol, H-9); LC-MS, m/z
= 444.0 [M]*; Anal. Calcd for C,,H,,BrN.O: C, 59.47;
H. 3.18; N. 15.76; Found: C. 59.46; H. 3.14; N. 15.72.
5-Bromo-2’-(4-fluorophenyl)-6"H-spiro[indole-
3,5'-[1,2,4]triazolo[1,5-c]quinazoline]-2(1H)-
one (3h).Yield - 86.5%. M. p.- 266-268°C; IR, v, cm™:
3174,3101, 2950, 2857,2787,1732,1616,1545,1516,
1479,1470,1446,1417,1360, 1338,1314,1290, 1264,
1233,1222,1197,1184,1152,1126,1108,1092, 1061,
1012, 975, 941, 900, 874, 844, 820, 784, 764, 749,
711, 699, 683, 665, 636, 613; 'H NMR, §, ppm. (J, Hz):

29



ISSN 2308-8303

Journal of Organic and Pharmaceutical Chemistry. — 2016. — Vol. 14, Iss. 3 (55)

10.68 (s, 1H, NH indol), 8.10-7.99 (m, 2H, H-2,6 Ph),
7.81 (d,J = 7.5 Hz, 1H, H-10), 7.76 (s, 1H, NH quin.),
7.58-7.47 (m, 2H, H-4,6 indol), 7.25 (m, 1H, H-8),
7.10 (t,J = 8.6 Hz, 2H, H-3,5 Ph), 6.94 (d, / = 8.5 Hz,
1H, H-7), 6.90-6.77 (m, 2H, H-9, H-7 indol); LC-MS,
m/z =464.0 [M + 2]; Anal. Calcd for C,,H,,BrFN.O: C,
57.16; H. 2.83; N. 15.15; Found: C. 57.15; H. 2.85; N.
15.17.
5-Bromo-2’-(4-bromophenyl)-6’H-spiro[indole-
3,5’-[1,2,4]triazolo[1,5-c]quinazoline]-2(1H)-
one (3i). Yield - 81.2%. M. p. - 219-221°C; IR, v, cm™:
3174, 3093, 3075, 3046, 2991, 2917, 2836, 2718, 2678,
2533,2351,1748, 1705, 1680, 1612, 1586, 1516, 1469,
1445,1426,1399,1318,1292,1271,1237,1208,1178,
1124, 1109, 1068, 1053, 1011, 972, 927, 902, 890,
844,807, 755, 717, 698, 681, 660, 636, 628; LC-MS,
m/z=524.0 [M]*; Anal. Calcd for C,,H,,Br,N:0: C, 50.51;
H. 2.50; N. 13.39; Found: C. 50.55; H. 2.53; N. 13.42.
5-Bromo-2’-(2-methoxyphenyl)-6’H-spiro[indo-
le-3,5’-[1,2,4]triazolo[1,5-c]quinazoline]-2(1H)-
one (3j). Yield - 71.6%. M. p. - 263-265°C; IR, v, cm™:
3178,3101, 3024, 2950, 2903, 2833, 1735, 1684, 1654,
1616,1602,1577,1547,1514,1473,1436, 1420, 1388,
1337,1310,1285,1266,1243,1182,1150,1132,1090,
1056, 1023, 970, 935, 888, 870, 830, 818, 741, 713,
700, 678, 667, 635, 624, 608; 'H NMR, §, ppm. (J, Hz):
10.67 (s, 1H, NH indol), 7.83 (d,/ = 7.3 Hz, 1H, H-10),
7.75 (s, 1H, NH quin.), 7.67 (d,/ = 7.3 Hz, 1H, H-6 Ph),
7.59-7.47 (m, 2H, H-4,6 indol), 7.34 (t,/ = 7.3 Hz, 1H,
H-8), 7.24 (t, /] = 7.2 Hz, 1H, H-9), 7.06-6.89 (m, 3H,
H-7 indol, H-4 Ph, H-7), 6.89-6.79 (m, 2H, H-3,5 Ph),
3.78 (s, 3H, -OCH,); LC-MS, m/z = 474.0 [M]*; Anal.
Calcd for C,;H,(BrN;O,: C. 58.24; H. 3.40; N. 14.77;
Found: C. 58.20; H. 3.39; N. 14.75.
N-(3-Methoxybenzyl)-2-[2’-(3-fluorophe-
nyl)-2-o0x0-6’H-spiro[indole-3,5’-[1,2,4]tri-
azolo[1,5-c]quinazoline]-1(2H)-yl]acetamide (3k).
Yield - 98.11%. M. p. - 152-154°C; IR, v, cm™*: 3314,
3298, 3077,3000,2923,2848,1733,1678,1616, 1588,
1516, 1505, 1490, 1470, 1417, 1360, 1326, 1261, 1215,
1204,1176,1155,1107,1071, 1035, 1010, 963, 924,
874,804, 790, 744, 696, 680, 665, 633, 622; '"H NMR,
S, ppm. (J, Hz): 8.55 (bst, 1H, -CONHCH,-), 7.94-7.84
(m, 2H, NH quin., H-6 3-FPh), 7.80 (d, ]/ = 7.5 Hz, 1H,
H-10), 7.69 (d, J = 9.7 Hz, 1H, H-2 3-FPh), 7.58-7.44
(m, 2H, H-4,6 indol), 7.39 (dd, J = 13.7, 6.2 Hz, 1H,
H-5 3-FPh), 7.27 (t,] = 7.4 Hz, 1H, H-8), 7.19 (m, 2H,
H-4 3-FPh, H-9), 7.15-7.04 (m, 2H, H-5,7 indol), 6.97-
6.86 (m, 2H, H-5 3-CH,0Ph), 6.86-6.78 (m, 2H, H-2,6
3-CH,0Ph), 6.74 (d, ] = 7.9 Hz, 1H, H-4 3-CH,0Ph),
4.50 (d,J = 16.1 Hz, 1H, -CH,CO-), 4.43-4.25 (m, 2H,
-CH,CO-, -NHCH,-), 3.73 (s, 1H, CH,0-); LC-MS, m/z =
561.2 [M + 1]; Anal. Calcd for C,,H,.FN.O,: C, 68.56;
H.4.50; N. 14.99; Found: C. 68.59; H. 4.57; N. 15.02.
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N-(4-Methoxyphenyl)-2-[2’-(4-methoxyphe-
nyl)-2-oxo0-6'H-spiro[indole-3,5’-[1,2,4]tri-
azolo[1,5-c]quinazoline]-1(2H)-yl]acetamide (31).
Yield - 49.3%. M. p. - 214-216°C; IR, v, cm™: 2919,
2851,1732,1681,1652,1612, 1544, 1509, 1489, 1466,
1455,1437,1418,1377,1360,1301,1239,1170,1107,
1029, 1010, 965, 864, 829, 785, 752, 704, 683, 664,
638; 'H NMR, 6, ppm. (/, Hz): 10.07 (s, 1H, -NHCO-),
7.90 (d,/=7.8Hz, 1H, H-2,6 2’-Ph), 7.88-7.76 (m, 2H,
H-10, NH quin.), 7.66-7.41 (m, 4H, H-4,6 indol, H-2,6
Ph),7.24 (t,J=7.5Hz, 1H,H-8),7.18 (t,J= 7.2 Hz, 1H,
H-9),7.13 (d,] = 7.5 Hz, 1H, H-7), 6.97-6.74 (m, 6'H,
H-5,7-indol, H-3,5 2’-Ph, H-3,5 Ph), 4.60 (d, / = 17.1
Hz, 1H, -CH,-), 4.45 (t,/ = 16.3 Hz, 1H, -CH,-), 3.81 (s,
1H, -OCH,), 3.75 (s, 1H, -OCH,); LC-MS, m/z = 559.0
[M + 1]; Anal. Calcd for C;,H,(N,O,: C, 68.81; H. 4.69;
N. 15.04; Found: C. 68.84; H. 4.73; N. 15.09.

X-ray Experimental Part

The colourless crystals of 2a (C,,H,3N,) are mon-
oclinic. At 293 Ka = 10.4412(7), b = 14.6803(6), c =
10.7776(5) A, B = 110.913(6)°, V = 1543.2(1) A3, M, =
302.37,Z =4, space group P2,/n,d_,. = 1.301 g/cm?,
n (MoK,) = 0.080 mm™, F(000) = 640. Intensities of
15494 reflections (4500 independent, R,,, = 0.024)
were measured on a “Xcalibur-3” diffractometer
(graphite monochromated MoK, radiation, CCD de-
tector, w-scaning, 20, . = 60°). The structure was sol-
ved by the direct method using SHELXTL package [17].
The restrictions on the bond lengths of the disorde-
red part (Csp*-Csp® 1.54 A) were applied. Positions of
the hydrogen atoms were located from the electron
density difference maps and refined by a “riding” mo-
del with U, = 1.2U,, of the carrier atom. The hydro-
gen atom of the amino group was refined using iso-
tropic approximation. Full-matrix least-squares refi-
nement against F? in anisotropic approximation for
non-hydrogen atoms using 4410 reflections was con-
verged to wR, = 0.150 (R, = 0.052 for 3137 reflections
with F>46(F), S = 1.012). The final atomic coordinates,
and crystallographic data for molecule 2a were de-
posited to with the Cambridge Crystallographic Data
Centre, 12 Union Road, CB2 1EZ, UK (fax: +44-1223-
336033; e-mail: deposit@ccdc.cam.ac.uk). They are
available on request quoting the deposition num-
bers CCDC 1408959.

Conclusions

2’-Aryl-6’H-spiro[1,2,4]triazolo[1,5-c]quinazolines
have been obtained by [5+1]-cyclocondensation of
[2-(3-aryl-1H-1,2,4-triazolo-5-yl)phenyl]amines and
carbonyl compounds. The spectral characteristics of
the compounds (*H and *C NMR, mass spectrometry
and X-ray analysis) have been discussed.
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THE SYNTHESIS AND THE STUDY OF ANTIMICROBIAL
PROPERTIES OF 5-R,R’- AMINOMETYLENE DERIVATIVES OF
THIAZOLIDINE-2,4-DIONE AND 4-THIOXOTHIAZOLIDINE-2-ONE
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The study is devoted to the rational search of modern potential antimicrobial agents among of 4-thiazolidine(thi)
ones. 5-R,R’-Enamin(thi)ones of thiazolidinone series have been tested for design and the initial screening of
the antibacterial properties. The use of 5-ethoxymetylene derivatives of thiazolidine-2,4-dione and 4-thioxo-
thiazolidin-2-one as effective “building blocks” for the synthesis of small libraries of bioactive compounds has
been proposed. Nucleophilic substitution reactions between 5-ethoxymetylene derivatives and amino alcohols,
the primary and secondary functionalized aromatic and heteroaromatic amines, heterocyclic amines (piperidine
and substituted pyrazolines) have been studied. The pharmacological screening of the antimicrobial activity for
the enamin(thi)ones synthesized on clinical isolates of staphylococci with different resistance mechanisms to
protected B-lactams and multiresistance strains of E. coli and Ps. Aeruginosa has been performed. Compounds
with a distinct antimicrobial effect have been identified. They can also increase the sensitivity of S. aureus and
S. haemolyticus clinical strains to oxacillin, and can be used to create new combined antimicrobial chemothera-
peutic agents. The “structure — antimicrobial activity” relationships for design and search for new antimicrobial
agents have been analysed.

CUHTE3 | JOCJIA)XEHHS AHTUMIKPOBHUX BJIACTUBOCTEM 5-R,R’-AMIHOMETUJIEHMOXIQHUX
TIA30J1INH-2,4-0I0HY TA 4-TIOKCOTIA30/1IQNH-2-OHY

r.0.fepka4, C.M.l'onnoma, B.B.3acidko, I.I.CopoHosudy, P.B.Kyyuk, P.b.Jlecuk

Knroyoei cnoea: 4-mia3oniduH(mi)oHu; 5-amiHOMemuneHnoxiOHi; Mynbmupe3ucmeHmHicmes;, aHMuMIiKpobHa
aKkmueHicmb

HocnidxeHHsa npucesyeHe payioHanbHOMY MOWYKY CyHdacHUX MOMeHUiUHUX aHmuMIKpObHUX azeHmig ceped
noxiOHux 4-mia3zoniduH(mi)oHie. 30ilicHeHo crpoby dusalHy ma nepe8uHHO20 CKPUHIiHey aHmubakmepianbHuUx
npenapamig Ha ocHosi 5-R,R’-eHamiH(mi)oHie mia3oniduHogozo psidy. 3anpornoHo8aHoO 8UKOPUCMAaHHS
5-emokcumemuneHmia3oniouH-2,4-0ioHy ma 4-miokcomia3omiOuH-2-0Hy 1K eGheKmuUBHUX «CmpyKmypHux bro-
Kie» 0nsi cuHmeay manux 6ibrniomek 6iono2iyHO akmueHuUX crionyk. BusdeHi peakuii HykneoginbHO20 3amiujeH-
HA 5-emoKcumemurnieHmia3onioOuHoOHI8 3 aMiHocrupmamu, QyHKUioOHani3o8aHuMu rnepeuHHUMU i 8MOPUHHUMU
apomMamuyHUMU ma 2emepoapoMamuyHUMU aMiHamu, 2emepoyuKTiYHUMU aMiHamu (ninepuduH ma 3amiuje-
Hi nipa3oniHu). MposedeHo hapmakonoeiyHuUli CKpUHiHe aHMUMIKpOBHOI akmugHOCMIi CUHMEe308aHUX EHaMIHI8
w000 KriHiYHUX i30715IMie cmadbifioKOKiI8 3 Pi3BHUMU MexaHismMamu pe3ucmeHmHocmi 00 3axuueHux B-nakmamie
ma noniaHmubiomukopesucmeHmHux wmamig E. coli i Ps. Aeruginosa. IdeHmucbikosaHi crionyku 3 eupasHum
aHmumikpobHUM eghekmom, 30amHi nidsuulysamu Yymnueicme KriHiYHUX wmamig S. aureus i S. haemolyticus
00 oKcayuriHy, wo Moxe 6ymu sukopucmaHo rpu CMEOPEHHI HO8UX KOMbBIHO8aHUX aHMUMIKPOBOHUX XiMiome-
parnesmuyHux 3acobig. [lpoaHani30eaHo 3anexHicmp 38’3Kie «CmpyKmypa — aHmuMikpobHa akmugHicmb» Onsi
cripsiMogsaHoe2o du3saliHy ma rnowyky Hosux aHmubakmepianbHuXx i npomuepubKkogux azeHmis.

CUHTE3 U UCCJIEQOBAHUE MPOTUBOMUKPOBHbLIX CBOUCTB 5-R,R’-AMUHOMETUIIEHITPOU3BOAHbIX
TUA3OJINONH-2,4-OUWOHA U 4-TUOKCOTUAIOJTIUNH-2-OHA

r.0.Jepka4, C.H.'onoma, B.B.3acudko, U.U.CopoHoesudy, P.B.Kyusik, P.5.Jlecbik

Knroyesnie cnoea: 4-mua3oinuduH(mu)oHbl; 5-aMUuHOMemuUIeHnpou38o0HbIe; Mybmupe3ucmeHmHOCMb, Mpo-
mueoMUuKpobHas akmugHOCMb

UccnedosaHue noceauw,eHo payuoHanbHOMY MOUCKY COBPEMEHHbIX MOMeHUuanbHbIX MPOMUBOMUKPOBHbIX
aceHmos cpedu rnpoussodHbIx 4-muaszonuduH(mu)oHos. [ns dusaliHa u Nep8uYyHO20 CKPpUHUHea aHmubak-
mepuarnbHbIXx ceolicme anpobuposaHbl 5-R,R’-eHaMuH(mu)oHbl mua3onuduHogozo psida. [pednoxeHo uc-
rnosib3oeaHue 5-amokcumemuneHmuasonuduH-2,4-0uoHa U 4-muoKkcomua3sonuduH-2-oHa Kak 3¢bgbeKkmueHbIX
«CcmpyKkmypHbIX 6510k08» Oris1 cuHme3a Marbix bubnuomek 6uosio2u4ecKU akKmueHbIX CoOeOUHEHUU. M3ydeHbl
peakyuu HyKneoghurbHo20 3ameweHusi 5-amokcumemuneHmuasonuéuHo8 ¢ aMuHocrnupmamu, QyHKUUOHaru-
3UpPOBaHHbLIMU MEPBUYHLIMU U 8MOPUHHbLIMU apoOMamu4yecKuMuU U 2emepoapoMamuyecKuMu amuHamu, 2emepo-
UUKIUYEeCKUMU aMUuHaMu (MunepuduH U 3aMew,eHHbIe rnupa3onuHsl). [posedeH hapmakonoaudecKkuli CKpUHUHE
npPOMUBOMUKPOBOHOU aKmueHOCMU CUHMEe3UPO8aHHbIX eHaMUHO8 Ha KITUHUYEeCKUX U30/1amax cmagurioKOKKO8
C Pa3sfuYHbIMU MexaHu3MaMu pe3ucmeHmMHOCMU K 3auUeHHbIM B-nakmamam u nosuaHmubuomukope3uc-
meHmHbIXx wmammax E. coli u Ps. Aeruginosa. MldeHmuguyuposaHbl cOEOUHEHUST C 8bipa3umesibHbIM Mpomu-
80MUKPOOHBIM 3¢hbcheKkmom, criocobHble nosbilamb Yy8cmaeumerbHOCMb KIUHUYEeCKUX wmammos S. aureus
u S. haemolyticus Kk okcayunuHy, Ymo Moxem 6bimb UCMOMb308aHO MNPU c030aHUU HOBbIX KOMOUHUPOBaHHbIX
POMUBOMUKPOBHbIX XuMuomeparnesmu4yeckux cpedcms. [MpoaHanusuposaHa 3a8uUCUMOCTMb C8513el «CMPYK-
mypa — npomueoMuKkpobHoe Oelicmaue» 0nsi HarpaesneHHo20 Ou3aliHa U rnoucKa HO8bIX MPOMUBOMUKPOBHbIX
azeHmos.
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The search and development of original modern
antibacterial and antifungal drugs are an actual prob-
lem for medicine and pharmacy. The analysis of inno-
vative products approved by FDA during 2011-2015
by their belonging to certain pharmacological groups
shows that antimicrobial agents occupy the second
position (~16% of the total number of the drugs in-
troduced) after anti-cancer drugs (~27%) [1]. The
key problem of the existing antimicrobial agents is
development of resistance and appearance of new pa-
thogenic strains [2]. The screening of potential anti-
microbial agents among the new class of chemical
compounds is one of the promising methods to over-
come the problem of resistance [3]. 5-Ylidene deriva-
tives of 4-thiazolidine(thi)ones are of a considerable
interest for de novo design of antibacterial agents, among
them selective and multi-inhibitors of Mur B, C, D, E, F;
penicillin-binding proteins inhibitors (PBPs); inhibi-
tors of B-lactamase A and C; inhibitors of peptide de-
formylase; inhibitors of mannosyl transferase 1 (PMT1),
etc., have been identified [4-8]. The structural modi-
fication of the 5-ylidene fragment to 5-R,R’-amino-
methylene results in improving a number of molecular
parameters, and this structure optimization strategy
of drug-like molecules is promising for searching new
high-affinity ligands with antimicrobial properties
among derivatives of 4-thiazolidine(thi)ones [9].

The aim of this work was development of the syn-
thetic approach to 5-R,R-aminomethylene derivatives
of thiazolidine-2,4-dione and 4-thioxothiazolidin-2-one,
the synthesis of the series of R,R’-enamines, the scre-

ening of the antimicrobial activity of the compounds
synthesized and the analysis of the “structure - acti-
vity” relationships for a directed design and search of
new antimicrobial agents among 4-thiazolidin(thi)ones.

To perform the planned experiment the corres-
ponding 5-ethoxymetylene derivatives 1, 2 were syn-
thesized in the interaction of thiazolidine-2,4-dione
and 4-thioxothiazolidin-2-one with triethyl orthofor-
mate in the acetic anhydride medium [10] (Fig. 1),
and they were used for the synthesis of the target
5-R,R’-aminometylene derivatives. It was found that
compounds 1, 2 actively reacted in the ethanol or
isopropanol medium with such nucleophiles as ami-
no alcohols, the primary and secondary functionali-
zed aromatic and heteroaromatic amines, heterocyc-
lic amines (piperidine and pyrazolines) to form the
corresponding enamines 3-17 (Fig.). The choice of
nucleophilic scaffolds gives a variety of structures with
satisfactory molecular properties (“Lipinski rules”)
for the primary screening of hit-compounds with the
antimicrobial activity [11].

The structure of the compounds synthesized was
confirmed using 'H NMR- and mass-spectroscopy. In
the H NMR-spectra of the compounds synthesized
the enamine fragment protons appeared as a pair of
doublets or broad singlets at 8.00-8.40 ppm (proton =
CH -) and 9.73-10.30 ppm (proton -NH-). The shift
of ylidene proton signals in a weak field indicateed
formation of only Z-isomers [12].

In screening of the antimicrobial activity for the
compounds synthesized a direct antimicrobial action

©/

X=8 8. X=0 R"=R"=4-CI;
9. X=0 R"=OMe, R"=2,3-CH=CH-CH=CH-.

—
N
- NH
'
\\—H 7.X= R

a) Ac,O, HC(OEt),; b) substituted anilines; c) 3,5-diaryl-4,5-dihydro-1H-pyrazoles;
d) 4H-[1,2,4]triazol-3-ylamine; e) monoethanolamine; f) pyridin-2-ylamine; g) piperidine.

Fig. The synthesis of 5-ethoxymethylene-thiazolidine-2,4-dione (1), 4-thioxothiazolidin-2-one (2) and 5-R,R*-aminomethylene derivatives (3-17).
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Table 1

A direct antimicrobial activity of the compounds (diameters of growth inhibition zones, mm)

Microorganism/ ”If/'ail;/gf\l;l/;" 5. aureus > h’? ;l:';\c:)l;vnt’i’cus SBZ(IJ:)T OB/yStlélﬁ E.coli Ps. Aeruginosa
Compound (MSSA) ICA-5 (MRSA) (MRSH) (B-Lac") ) ’

3 3.90+0.26 3.79+0.35 3.58+0.19 n/t 3.731£0.34 3.82+0.19
4 4.62+0.28 3.66+0.26 3.57+0.17 n/t 3.84+0.16 3.73+0.28
5 4.04+0.35 4.04+0.46 5.38+0.43 n/t 3.50+0.13 3.67+0.15
6 4.00+0.20 3.77+£0.32 3.56+0.27 n/t 3.59+0.09 3.67+0.14
7 510+ 0.46 5.17+0.26 3.60+0.27 n/t 4.00+0.34 4.22+0.25
8 0 0 5.50+0.42 0 n/t n/t
9 0 0 0 n/t n/t
10 0 [20.73£1.11] 5.00+0.17 0 n/t n/t
11 21.91+0.60 0 4.94+0.32 0 n/t n/t
12 0 0 0 n/t n/t
13 0 0 5.35+0.25 0 n/t n/t
14 0 0 5.87+0.49 0 n/t n/t
15 8.90+0.26 11.85+0.43 6.06+0.50 7.53+0.14 n/t n/t
16 26.00+0.59 6.05+0.25 5.31+0.39 [11.67+0.16] n/t n/t
17 0 0 0 n/t n/t

Control 3.63+0.23 3.57+0.34 3.42+0.29 3.62+0.21 3.36+£0.4 3.51+£0.3

Notes: in brackets there are diameters of zones of the growth partial inhibition of cultures (bacteriostatic effect);

n/t — the compound was not tested in the given experiment.

was studied, and the synergetic interaction with oxa-
cillin was assessed. [13]. The methicillin-sensitive
strain of S. aureus “Ivanyshyn” (MSSA), methicillin-
resistance strains of S. aureus ICA-5 (MRSA) and S. hae-
molyticus (MRSH) “Buhryn”; boundary methicillin-sen-
sitive (BSSH) S. haemolyticus “Beley” characterized
with a high resistance to (3-lactam antibiotics, but with
absolutely different resistance mechanisms and an-
tibiotic-sensitive strains of E. Coli and Ps. Aeruginosa
were used as the main test objects. The test-cultures
were identified using “STAPHYtest 16” biochemical
microtests (Lachema, Czech Republic). The sensitivity
of strains to antibiotics was determined by the disco-
diffusion method and serial dilutions in agar. The anti-
microbial activity of the compounds synthesized was
studied by agar diffusion. Suspensions of test-cultu-
res standardized according to the optical turbidity
standard (the concentration of 1,107 CFU/mL) were
put uniformly on the surface of the nutrient agar in
Petri dishes. About 20 pL of solutions with the test
compounds in the concentration of 1000 pg/ml in the
solution of alcohol/DMSO /water (2:1:1) were placed
in agar wells with the diameter of 4.0£0.1 mm. Di-
ameters of zones of the growth inhibition of test-cul-
tures were determined after incubation for 24-48 h.
Digital images of the culture growth on dishes were
obtained and processed with a UTHSCSA ImageTool 2.0
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computer program (the University of Texas Health Sci-
ence Center in San Antonio, ©1995-1996). The results
obtained were processed by the methods of variation
statistics. The pure solvent was put in control wells.
To assess the synergistic interaction with oxacillin the
similar experiments were performed on the media
containing the subbacteriostatic concentrations of oxa-
cillin (*/,-'/,, IPC) in relation to each of the resistant
strains. The summarized results of the antimicrobial
activity screening of compounds 3-17 are presented
in Tab. 1, 2.

According to the results of the direct antimicro-
bial action screening it was found that compounds
3-17 demostrated a moderate multilevel antimicro-
bial activity. When analyzing the “structure - activity”
relationships it was found that the nature of the sub-
stituents in the enamine fragment influenced on the
effect, and the presence of p-OMe- (4) and p-COOEt-
phenylamine (5), diphenylamine (16), 4H-[1.2.4]-tri-
azol-3-ylamine (7) and pyridine-2-ylamine substitu-
ents (15) were optimal. It should be also noted that
4-thioxothiazolidin-2-one derivatives were characte-
rized by a higher general level of activity compared
to the oxygen-containing analogues. When studying
the synergistic interaction of the derivatives synthe-
sized with oxacillin compounds 12 and 15 exhibiting
the ability to improve significantly the sensitivity of
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clinical strains of S. aureus and S. haemolyticus to oxa-
cillin were identified. It can be used to develop new
combined antimicrobial chemotherapeutic agents.

Experimental Part

Melting points were measured in open capillary
tubes on a BUCHI B-545 melting point apparatus and
were uncorrected. The elemental analysis (C, H, N)
was performed using a Perkin-Elmer 2400 CHN ana-
lyzer, and it was within +0.4% of the theoretical values.
The 'H-NMR-spectra were recorded on a Varian Gemini
spectrometer at 400 MHz using the mixture of DMSO-d, +
CCl, as a solvent and TMS as an internal standard.
Chemical shift values were reported in ppm units with
the use of § scale.

The general procedure for the synthesis of 5-
R,R’-aminomethylene derivatives 3-17. Reflux the
mixture of compound 1 or 2 (10 mmol) and the cor-
responding amine (10 mmol) for 2 h in ethanol or
isopropanol (5 ml). Filter the mixture obtained, wash
with ethanol or isopropanol and recrystallize from
the corresponding solvent.

5-Phenylaminomethylenethiazolidine-2,4-di-
one (3). Yield - 68%. M. p. - 244-247°C. 'H NMR, §,
ppm, (J, Hz): 6.80-7.60 m (5H, C;H;), 8.30 d (1H, -CH=),
10.20d (1H, NH), 13.40 bs (1H, NH). ESI-MS: m/z 221
[M+H]* (100%). Calculated, %: C, 54.53; H, 3.66; N,
12.70. C,,HgN,0,S. Found, %: C, 54.70; H, 3.80; N, 12.90.

5-[(4-Methoxyphenylamino)methylene]thiazo-
lidine-2,4-dione (4). Yield - 71%. M. p. - 258-261°C.
'H NMR, §, ppm, (J, Hz): 1.75 s (3H, CH,), 6.99 4, (J =
8.4 Hz), 7.39 n, (J = 8.4 Hz), (4H, C,H,), 8.10 d (1H,
-CH=), 10.00 d (1H, NH), 12.30 bs (1H, NH). ESI-MS:
m/z 251 [M+H]* (100%). Calculated, %: C, 52.79; H,
4.03; N, 11.19. C,;,H,,N,0,S. Found, %: C, 52.90; H,
4.30; N, 11.40.

4-[(2,4-Dioxothiazolidin-5-ylidenemethyl)ami-
no]benzoic acid ethyl ester (5). Yield - 80%. M. p. -
231-233°C.'H NMR, §, ppm, (J, Hz): 1.30 t (3H, CH3),
430q(2H,CH2),7.70 1, (J=7.9Hz),7.90 g, (/ = 7.9 Hz),
(4H,CH,),8.20d (1H,-CH=),10.10d (1H,NH), 12.20
bs (1H, NH). ESI-MS: m/z 293 [M+H]* (100%). Cal-
culated, %: C, 53.42; H, 4.14; N, 9.58. C;;H,,N,0,S.
Found, %: C, 53.60; H, 4.30; N, 9.80.

N-{4-[(2,4-Dioxothiazolidin-5-ylidenemethyl)
amino]phenyl}acetamide (6). Yield - 82%. M. p. -
264-267°C."HNMR, §, ppm, (J, Hz): 1.80 s (3H, CH3),
7.50d, (J = 8.1 Hz), 7.80 d, (J = 8.1 Hz), (4H, C,H,),
8.20d (1H, -CH=),9.20 s (1H, NH), 10.00 d (1H, NH),
12.00 bs (1H, NH). ESI-MS: m/z 278 [M+H]* (100%).
Calculated, %: C,51.98; H, 4.00; N, 15.15. C,,H,,N,0,S.
Found, %: C, 52.10; H, 4.20; N, 15.30.

5-[(4H-[1,2,4]Triazol-3-ylamino)methylene]
thiazolidine-2,4-dione (7). Yield - 61%. M. p. -
227-229°C."HNMR, §, ppm, (J, Hz): 8.30 d (1H, -CH=),
8.50 s (1H, -CH=, triazole), 10.30d (1H, NH), 12.50 bs
(1H,NH), 14.20 s (1H, NH, triazole). ESI-MS: m/z 213
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[M+H]* (100%). Calculated, %: C, 34.12; H, 2.39; N,
33.16. C,H.N.O,S. Found, %: C, 34.20; H, 2.40; N, 33.30.
5-[3,5-Bis-(4-chlorophenyl)-4,5-dihydropyra-
zol-1-ylmethylene]thiazolidine-2,4-dione (8). Yield -
83%. M. p. - 274-277°C."H NMR, §, ppm, (/, Hz): 3.40
dd (J = 17.8, 10.6 Hz), (1H, CH,), 4.10 dd (J = 18.0,
10.7 Hz), (1H, CH,), 5.70 dd (J = 12.4, 3.8 Hz), (1H,
CH),7.05d (J=8.0Hz),7.20d (J=8.0 Hz), (4H, C,H,),
7.15d (J=8.3 Hz),7.30d (/=8.3 Hz), (4H, C,H,), 8.20 s
(1H,-CH=), 12.50 bs (1H, NH). ESI-MS: m/z 419 [M+H]"
(100%). Calculated, %: C, 54.56; H, 3.13; N, 10.05.
C,oH5CL,N,0,S. Found, %: C, 54.70; H, 3.40; N, 10.30.
5-[5-(4-Chlorophenyl)-3-naphthalen-1-yl-4,5-
dihydropyrazol-1-ylmethylene]-thiazolidine-2,4-
dione (9). Yield - 75%. M. p. - 271-273°C. *H NMR,
S, ppm, (J, Hz): 1.80 s (3H, CH,), 3.30 dd (J = 17.6,
10.2 Hz), (1H, CH,), 4.00 dd (J = 17.8, 10.5 Hz), (1H,
CH,), 5.50dd (J = 12.5, 3.9 Hz), (1H, CH), 6.90d (J =
7.8Hz),7.10d (= 7.8 Hz), (4H,CH,), 7.15-7.75m
(7H, C,,H,), 8.10 s (1H, -CH=), 12.40 bs (1H, NH).
ESI-MS: m/z 430 [M+H]* (100%). Calculated, %: C,
67.12; H,4.46; N, 9.78. C,,H,,N,0,S. Found, %: C, 67.40;
H, 4.50; N, 10.00.
5-[(2-Hydroxyethylamino)methylene]-4-thioxo-
thiazolidin-2-one (10). Yield - 75%. M. p. - 271-273°C.
'H NMR, §, ppm, (/, Hz): 3.56 bs (4H, (CH,),), 492 t
(1H, OH), 8.00 d (1H, -CH=), 9.90 t (1H, NH), 12.90
bs (1H, NH). ESI-MS: m/z 205 [M+H]* (100%). Calcu-
lated, %: C, 35.28; H, 3.95; N, 13.71. C,HyN,0,S,. Found, %:
C, 35.40; H, 4.00; N, 14.00.
5-[(4-Chlorophenylamino)methylene]-4-thioxo-
thiazolidin-2-one (11). Yield - 78%. M. p. - 239-242°C.
'HNMR, §, ppm, (J, Hz): 7.20d (/= 7.9 Hz),7.40d (J =
7.9 Hz), (4H,CH,),8.20d (1H,-CH=),10.30 t (1H, NH),
12.80 bs (1H, NH). ESI-MS: m/z 271 [M+H]* (100%).
Calculated, %: C, 44.36; H, 2.61; N, 10.35. C,,H,CIN,0S,.
Found, %: C, 44.40; H, 2.80; N, 10.50.
4-[(2-0x0-4-thioxothiazolidin-5-ylideneme-
thyl)amino]benzenesulfonamide (12). Yield - 64%.
M. p. - 271-272°C. *H NMR, §, ppm, (J, Hz): 7.30 d (J
= 7.6 Hz), 7.50d (J = 7.6 Hz), (4H, C,H,), 8.40 d (1H,
-CH=), 10.20 t (1H, NH), 10.40 s (2H, NH,), 13.00 bs
(1H, NH). ESI-MS: m/z 316 [M+H]* (100%). Calcula-
ted, %: C, 38.08; H, 2.88; N, 13.32. C,,H,N,0,S,. Found, %:
C, 38.30; H, 3.00; N, 13.60.
5-[(2-Aminophenylamino)methylene]-4-thioxo-
thiazolidin-2-one (13). Yield - 78%. M. p. - 224-226°C.
'H NMR, §, ppm, (/, Hz): 4.92 s (2H, NH,), 6.71t (] =
8.1 Hz), 6.87 d (J = 7.5 Hz), 6.96 t (J = 8.1 Hz) (4H,
CH,), 7.27 d (J= 7.5 Hz), 8.33 d (1H, -CH=),9.73 d
(1H, NH), 13.10 bs (1H, NH). ESI-MS: m/z 252 [M+H]*
(100%). Calculated, %: C, 47.79; H, 3.61; N, 16.72.
C,oH,N;0S,. Found, %: C, 47.80; H, 3.80; N, 16.90.
5-(Naphthalen-1-ylaminomethylene)-4-thioxo-
thiazolidin-2-one (14). Yield - 73%. M. p. - 268-271°C.
'HNMR, 8, ppm, (J, Hz): 7.20-7.90 m (7H, C, H,), 8.15d
(1H,-CH=),10.10d (1H,NH), 12.90 bs (1H, NH). ESI-MS:
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m/z 289 [M+H]* (100%). Calculated, %: C,58.72; H, 3.52;
N, 9.78. C,,HyN;0S,. Found, %: C, 58.80; H, 3.80; N, 9.90.

5-(Pyridin-2-ylaminomethylene)-4-thioxothia-
zolidin-2-one (15). Yield - 84%. M. p. - 286-288°C.
'H NMR, §, ppm, (/, Hz): 7.00t, 7.20 t, 7.40 d, 7.60 d
(4H, pyridine), 8.40 d (1H, -CH=), 10.30 d (1H, NH),
13.10 bs (1H, NH). ESI-MS: m/z 238 [M+H]* (100%).
Calculated, %: C, 45.55; H, 2.97; N, 17.71. C;H,N,0S,,.
Found, %: C, 45.80; H, 3.00; N, 17.90.

5-[(Diphenylamino)methylene]-4-thioxothia-
zolidin-2-one (16). Yield - 54%. M. p. - 259-261°C.
'HNMR, §, ppm, (/, Hz): 7.10 - 7.50 m (10H, 2*C,H.),
8.555s(1H,-CH=), 12.66 bs (1H, NH). ESI-MS: m/z 313
[M+H]* (100%). Calculated, %: C, 61.51; H, 3.87; N,
8.97.C,,H,,N,0S,. Found, %: C, 61.80; H, 4.00; N, 9.00.

5-Piperidin-1-ylmethylene-4-thioxothiazoli-
din-2-one (17). Yield - 72%. M. p. - 243-245°C. 'H
NMR, §, ppm, (/, Hz): 1.72 bs, 3.63 bs (10H, piperi-
dine), 8.17 s (1H, -CH=), 12.26 bs (1H, NH). ESI-MS:
m/z 229 [M+H]* (100%). Calculated, %: C, 47.34; H,
5.30; N, 12.27.C,H,,N,0S,. Found, %: C, 47.50; H, 5.50;
N, 12.40.
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Conclusions

1. A synthetic approach to the pharmacologically
attractive 5-R R-aminometylene-4-thiazolidine(thi)
ones based on the interaction of the corresponding
5-ethoxymethylene-4-thiazolidine(thi)ones and some
nucleophiles has been proposed.

2. Based on the traditional pharmacological scre-
ening of 5-R R-aminometylene-4-thiazolidine(thi)ones
ithas been determined that they possess the antimic-
robial activity, and the 5-R,R-aminometylene frag-
ment is a promising scaffold for the directed synthe-
sis of 4-thiazolidinone derivatives as potential anti-
microbial agents.

3. In the combination study of the direct antimic-
robial action and the synergistic interaction with oxa-
cillin compounds 12 and 15 that exhibit the ability
to increase the sensitivity of clinical strains of S. au-
reus and S. haemolyticus to oxacillin have been iden-
tified. These compounds can be used to optimize the
structure and develop of new combined antimicro-
bial chemotherapeutic agents.
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Schiff bases are of practical interest as initial materials both for the combinatorial synthesis for libraries of com-
pounds, and for preparation of complexes with metals; thus, currently the intensity of research in this direction is
increasing. The possibilities of practical use of complex compounds with organic ligands are quite broad varying from effec-
tive catalysts of various chemical processes to molecular sensors. While studying formylation of 5,6,7,8-tetrahy-
dro-1H-spiro[cyclohexane-1,2-quinazolin]-4’(3’H)-one a new domino reaction, which makes it possible to obtain
tricyclic acridine systems, has been carried out. In spite of the reduced electrophilicity of the aldehyde groups in
4,5-diformyl-2,3,6,7,8,10-hexahydroacridine-8a(1H)-carbonitrile the latter is shown to react with various amines
in benzene with azeotropic removal of water using p-TsOH as a catalyst, and with hydroxylamine hydrochloride
in i-PrOH. New Schiff bases and oxime obtained are of potential interest as ligands for formation of chelate
complexes. The reaction of dialdehyde with N,H,xH,O instead of the expected hydrazone resulted in obtaining
a macrocyclic compound — a derivative of hexaazacyclooctadecine. The structure of the compounds obtained
corresponds to the data of '"H NMR-spectroscopy, mass spectrometry and elemental analysis. The preliminary
studies have shown that azomethines — 4,5-phenyl(cyclohexcyl)iminomethyl-2,3,6,7,8,10-hexahydroacridine-
8a(1H)-carbonitrile create complexes with copper and nickel ions.

B3A€EMOLIA 4,5-UPOPMIN-2,3,6,7,8,10-FEKCATIQPOAKPULANH-8a(1H)-KAPBOHITPUITY 3 N-HYKITEO®ITAMU
E.B.3ani3Ha, T.IM.Moniwyk, C.A.BapeHu4yeHko, O.K.®@apam, B.l.Mapkoe

Knrovoei cnoea: 2idpoakpuduHu; ocHosu LLlughgha; makpoyukiu

OcHosu lllugbgha cmaHoensme npakmuyHUl iHmepec 8 sKocmi 8UXiOHUX K 01 KOMGIHaMOpPHO20 CUHMe3y
6ibriiomek pe4yosuH, mak | Orfisi CMB8OPEHHST KOMIIJIEKCi8 3 Memarnamu, i ocmaHHIM YacoM iHMeHCU8HICMb
docrnidxeHb y OaHOMYy HarnpsIMKy minbKu 36inbwyemscsi. Moxnueocmi npakmu4yHO20 8UKOPUCMAaHHST KOMIIEKCI8
3 opaaHiYHUMU nizaHOamu documb WUPOKI: 8i0 echeKmueHUX Kamarisamopie XiMiYHUX rpouecie 00 MOMEeKyNsPHUX
ceHcopis. Y x00i sus4eHHs1 chopmintoeaHHs 5°,6°,7°,8"-mempaeiopo-1’H-criipo[uuknozexcaH-1,2’-xiHa3oniH]-4’(3’H)-oHy
Hamu 6yna sidkpuma Hoea QOMIHO-peakuis, sska 00380/151€ 8UUMU Ha MPUUUKIIYHI 2idpoeaHi akpuOuHO8i
cucmemu. Noka3zaHoO, W0 He3gaxaruu Ha 3HUXeHY erniekmpoginbHicmb anboeziOHux epyn y 4,5-0uchopmin-2,
3,6,7,8,10-eekcaeiopoakpuduHy-8a(1H)-kapboHimpuri, 6iH peazye 3 pis3HuUMu amiHamu y 6eH30ri 3 a3eomporn-
HOK 8i020HKOK 800U 3 BUKOPUCMAaHHSIM 8 sikocmi kamasisamopa p-TsOH, a makox 3 consiHoKUcuM 2iopo-
keunamiHom y i-PrOH. OmpumaHi ocHosu Lllugbgha ma okcum cmaHoensimb nomeHyitiHuUl iHmepec y sikocmi
nizaHOig Ors ymeopeHHs1 XxeramHux KoMmrnekcie. Y pesynbmami peakuii dians0ezioy 3 N,H,xH,O 3amicmb o4i-
KyeaH0O20 2idpa3oHy ompuMaHO MakKpOUUKITIYHY CrOoyKy — MOXiOHy 2ekcaasayukiiookmadeyuHy. bydosa ecix
ompumaHux criornyk niomeepdxera 0aHumu SAMP 'H-cnekmpockonii, Mac-criekmpomMempii i enemeHmHo20 aHa-
ni3y. lNonepedHi docnidxeHHs Mpo0eMoHcmpy8sarnu, Wo a3oMemuHu — 4,5-¢beHin(yuknozekcun)imiHomemurn-2,
3,6,7,8,10-eekcacidpoakpuduH-8a(1H)-kapboHimpurly ymeoproromb KOMIIIEKCHI CIOMyKU 3 ioHaMU HiKerlro ma midi.

B3AUMOLEWUCTBMUE 4,5-AU®OPMMUII-2,3,6,7,8,10-FTEKCAIrMAPOAKPULANH-8a(1H)-KAPEOHUTPUIIA C
N-HYKITEO®UITTAMU

E.B.3anu3sHas, T.I[1.Monuwyk, C.A.BapeHu4eHko, O.K.®apam, B.U.Mapkoe

Knroveenle cnoea: cudpoakpuduHbl; ocHosaHust LLiughghba; MakpoOUUKIbI

OcHosaHus LLlughgha npedcmaernsrom npakmuyYecKull UHmMepec 8 Kayecmee UCXOOHbIX Kak 07151 KOMOUHamopHO-
20 cuHme3sa bubnuomek sewecms, mak u 07151 Co30aHUsT KOMIIEKCO8 ¢ MemasiiaMmu, U 8 rocriedHee 8pems UH-
meHcusHocmb uccriedogaHull 8 0aHHOM HarpaseHUU MoJbKO ysenu4yueaemcs. Bo3amMoxHocmu npakmu4eckozo
UCronb308aHUsi KOMIIIEKCHbIX COEOUHEHUU C Op2aHUYeCcKUMU nueaHOamu 8ecbMa WUPOKU: 0m 3¢hheKmuHbIX
Kamarnu3amopog pas/iuydHbIX XUMUYEeCKUX rpoyeccos 00 MOSIEKYISIPHbIX CEHCOPOB. B xode usyvyeHusi hopmu-
nuposaHus 5',6’,7°,8-mempaeaudpo-1’H-cnupo[yuknozekcaH-1,2’-xuHa3onuH]-4’(3’H)-oHa Hamu 6bina HalideHa
Hogasi OOMUHO-peaKyusi, Komopasi o3eosisiem 8bilimu Ha MpuyuKIudyeckue 2udpupos8aHHbie akpuduHO8bIe Cu-
cmewmbl. [Toka3aHo, 4mo HeCMoOMpPSI Ha CHUXEHHYH0 31eKmpoghuibHOCMb anb0e2audHbix epynn 8 4,5-0ughopmur-
2,3,6,7,8,10-eekcazudpoakpuduH-8a(1H)-kapboHumpure, OH peasupyem ¢ pasfuYyHbIMU aMuHamMu 8 beH3ore ¢
aseompornHoU 0maoHKOU 800kl C MpUMEHEHUEM 8 Kadecmee Kamarnu3amopa p-TsOH, a makxe ¢ ConsiHOKuUcC-
IbiM 2udpokcunamuHoMm 8 i-PrOH. lNonyyeHHble ocHogaHust LLlughgha u okcum npedcmaensom nomeHyuanbHbIU
UHmMepec 8 Kadecmee nu2aHo0o8 01 0bpa3osaHUsi XxeramHbIX KOMIIeKcos. B pedynbsmame peakyuu duarsb-
Odezuda ¢ N,H,xH,O emecmo oxudaemoeo 2udpasoHa roy4eHo MakpoOUUKIu4deckoe coeOuHeHUe — rpou3eo-
OHoe eeKkcaa3ayukrnookmadeyuHa. CmpoeHue 8cex Mnony4YyeHHbIX coeduHeHul coeanacyemcsi ¢ 0aHHbiMU SMP
"H-cnekmpockonuu, Macc-crieKmpomMmempuu U 31eMeHmHo20 aHanu3a. lpedeapumernbHbie uccredoeaHusi ro-
Kasanu, 4Ymo asomemuHbl — 4,5-cpeHun(yuknozexkcumn)umuHomemur-2,3,6,7,8,10-eekcacudpoakpuduH-8a(1H)-
kapboHumpuna obpasytom KOMIMIIEKCHbIE COeOUHEHUS C UOHaMU HUKES U Meodu.
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Scheme 1. Formylation of azine 1 under Vilsmeier-Haack conditions.

CN CN
= 7
N+
N K
CHO CHO o CHO

Scheme 2. Localization of the charge in diformyl 3.

Recently azomethines, e.g., carbazole series, are
widely used as organic ligands [1-9]. It allows obtai-
ning spatial molecules with binding transition metal
centres. On the basis of the complexes the highly ef-
fective nanoscale sensors can be created. Therefore,
itis very important to synthesize precursors, in par-
ticular Schiff bases, with a suitable geometry to cre-
ate chelate complexes with metals. Earlier when stu-
dying formylation of various azine and oxazine sys-
tems the domino-reaction - rearrangement of spiro-
quinazoline 1 into tricyclic acridine systems 2 and 3
was found [13] (Scheme 1). In our previous papers
the results of studying the reactivity of carbonitrile
2 were presented [14-15]. However, the synthetic
potential of 4,5-diformyl-2,3,6,7,8,10-hexahydroacri-
dine-8a(1H)-carbonitrile 3 has remained complete-
ly unstudied.

Due to the peculiar structure of dialdehyde 3 and
based on it obtaining of the Schiff bases required for
complexation geometry has become possible. Accor-
ding to the data of 'H NMR-spectroscopy the formyl
group forms a hydrogen bond with proton of the nitro-
gen endocyclic atom, and it is proven by the strong
chemical shift of its signal in the lowest field values
(6 13.03 ppm). In the IR-spectrum the decrease in
the absorption frequency to v = 1667 cm! confirms
that formyl groups are in conjugation with the N-H
group, it is supposed to lead to a decrease in the re-
activity of CHO-groups. According to the data of X-ray
diffraction analysis C=0 bonds are longer in 1.219 A
than the standard C=0 double bond distance in alde-
hydes - 1.192 A. From the analysis of the structures
(Scheme 2) it is obvious that the electrophilicity of
carbon atoms in carbonyl groups is significantly lower
compared to the aldehyde group unconjugated with
an electron-donating substituent. Consequently, alde-
hyde groups in dialdehyde 3 are vinylogs of amides
and, taking into account their low reactivity, it is in-
teresting to study the possibility of forming Schiff bases.

Among several variants of the reaction [16-18] the
method of boiling with various amines in benzene

CN CN
= p-TsOH =
N N
CHO CHO X
3 N N7 4a
R R

R: a) Ph; b) n-C4H,0OCHj; ¢) n-C;H,CH,; d) n-C;H,CI;
e) n-C4H,Br; f) cyclohexyl; g) 3-pyridyl ; h) 2-pyridyl; i)
0-C4H,CH; j) n-C(H,NO,
Scheme 3. The synthesis of Schiff bases 4a-j.

with azeotropic water distillation with p-TsOH as a
catalyst has been chosen (Scheme 3).

The reaction of dialdehyde 3 with the excess of
amine and the catalytic amount of a catalyst lasts
for 15 min and results in a good yield of Schiff bases
4a-j. The structure of compounds 4a-j obtained cor-
responds to the data of 'H NMR-spectroscopy, mass
spectrometry and elemental analysis (Tab. 1, 2). The
signal for the NH proton in the spectra of compound
4a-j is observed as a broadened singlet in the down-
field region at about ~ 12.5 ppm, the characteristic
signal of the olefin CH-proton [19] is observed as a
singlet in the region at about ~ 6 ppm, in the range
of 8.1 and 8.6 ppm there are signals of two azome-
thine protons CH=NR.

The reaction of dialdehyde 3 with hydroxylamine
hydrochloride resulted in obtaining a colourless 4,5-
bis[(E)-(hydroxyimino)methyl]-2,3,6,7,8,10-hexa-
hydroacridine-8a(1H)-carbonitrile 5, being of interest
as an organic ligand due to its structure (Scheme 4).

The reaction of dialdehyde 3 with hydrazine hyd-
rate resulted in formation of condensation product 6 -
2,3,5,7,8,9,15,16,18,19,20,21,22-dodecahydro-4,6:
19,17-dimethenotetrabenzo[d,g,m,p][1,2,6,10,11,15]-
hexaazacyclooctadecine-4,19(1H,14H)-dicarbonitrile
characterized with a saturated dark red colour in the
solution (Scheme 4). This structure was proposed on
the basis of 'H NMR- and mass-spectra. The signals
for NH-groups protons in the NMR-spectra are ob-
served as broadened singlets in the downfield region
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Table 1
Yields, MP and elemental analysis of compounds 4a-j; 5-6
. Found, % . Calculated, %
Compound | Yields %, MP, °C Empirical formula, Da
C H N C H N
4a 43 | 168170 | 8037 | 626 | 1343 | C,H,.N, 41855 | 8035 | 626 | 1339
ab 51 193-194 | 7531 | 629 | 1170 |C,H,N,O, 47860 | 7529 | 632 | 11.71
4c 51 170-172 | 8068 | 679 | 1256 | C,H.N, 44660 | 8068 | 677 | 1255
ad 77 | 186188 | 6899 | 495 | 1149 |C,H,CILN, 487,44| 69.00 | 496 | 11.49
de 47 | 220221 | 5833 | 418 | 975 |C,H,BrN, 57634| 5835 | 420 | 9.72
af 68 | 189190 | 7808 | 888 | 1304 | C,H,N, 43064 | 7810 | 889 | 13.01
49 44 | 200202 | 7423 | 576 | 1999 | C.H,N, 42052 | 7426 | 575 | 19.98
ah 83 | 205206 | 7428 | 578 | 1996 | C,H,N, 42052 | 7426 | 575 | 19.98
4i 53 | 210211 | 8072 | 674 | 1251 | C,H.N, 4466 | 80.68 | 677 | 1255
4 50,7 | 189190 | 6619 | 479 | 1653 |C,H,N,O, 50854| 6613 | 476 | 1653
5 35 | 154156 | 64.11 | 609 | 1874 |CH,.N,O, 29835| 6441 | 608 | 1878
6 54 265 7273 | 610 | 2126 | C,H,N, 52867 | 7270 | 610 | 21.20
Table 2
Data of NMR "H and mass-spectra of compounds 4a-j; 5-6
Compound | MS: m/z (1,%) | NH 9-CH (pyridine CH=NR Aromatic protons Aliphatic protons
cycle)
419 [M+HJ" 85 (1H,5,CH=NR) | 2.2-2.6 (4H, m, 2CH,);
4a (55) 12.5 5.9 (1H,s,CH) 8.1 (1H.s CH=NR) 7.0-7.4 (10H, m, H Ar) 1.7-2.0 (8H, m, 4CH.)
3.8 (6H, s, 2CH,);
479 [M+HI* 8.5 (1H,5,CH=NR) | 6.5-6.9 (4H, m, 4 H Ar) 5
ab 129 | 5.9 (1H,sCH) = - 2226 (4H, m, 2CH,);
(53) 8.1 (1Hs,CH=NR) | 7.07.2 @H, m, 4H An | §5 28000 M 200
2.1 (6H, s, 2CH,);
447 [M+H]* 8.6 (1H,5,CH=NR) | 6.7-7.0 (4H, m, 4 H Ar) ;
4c 126 | 60 (1HsCH) H= ] 6-2.4 (4H, m, 2CH,);
(100) .1 (1Hs,CH=NR) | 7173 @H, m, 4H An) | [S2fl ™ 2C0a)
. 8.5 (1H,5,CH=NR) | 6.8-7.0 (4H, m, 4H Ar) | 2.1-2.4 (4H, m, 2CH,);
4d - 1487[MI"B5)| 126 | 59 (HSCH) | o'y (1S CH-NR) | 7.1-7.4 (4H, m, 4 HAr) | 1.6-1.9 (8H, m, 4CH,)
577 [M+H]* 8.7 (1H,5,CH=NR) | 7.0-7.2 (4H, m, 4H Ar) | 2.1-2.4 (4H, m, 2CH,);
4e 27) 13.0 | 59(HsCH) | g6 (114,5.CH=NR) | 7.3-7.5 (4H, m.4HAr) | 1.6-1.9 (8H, m, 4CH,)
431 [M+H]* 7.9 (1H,5,CH=NR) 2.1-2.4 (4H, m, 2CH,);
af ooy | 128 | 8UHSCH 1 g2 (1H s CH=NR) 1.0-1.7 (28H, m, 14CH,)
421 [M+HT" 8.0 (1H,5,CH=NR) | 7.4-7.6 (4H, m, 4H Ar) | 1.9-2.2 (4H, m, 2CH,);
49 (o0) | '27 | >BUHSCH) 1 g 4 (1HCH=NR) | 8.1-8:3 (4H, m, 4 HAr) | 14-1.7 (8H, m, 4CH,)
7.0 2H, m, 2 H An)
421 [M+HJ* 7.8 (1H,5,CH=NR) | 7.2 (2H, m, 2 HAN 8.1 | 1.8-2.4 (6H, m, 3CH,);
4h (40) 1.9 1 600HsCH) | 75 1HsCH=NR) | (2H.m,2HAr) | 1.3-1.7 (6H, m, 3CH,)
8.3 (2H, m, 4 H Ar)
. 447 [M+HT" 8.1 (1H,5,CH=NR) | 7.2-7.6 (4H, m, 4H Ar) | 2.2-2.4 (6H, m, 3CH,);
4 (10) 1311 59 (HSCH) | g6 (1H5,CH=NR) | 7.9-8.3 (4H, m, 4 HAr) | 1.2-1.8 (6H, m, 3CH,)
509 [M+H]* 8.1 (1H,5,CH=NR) | 7.1-7.3 (4H,m, 4 HAr) | 2.1-2.2 (6H, m, 3CH,);
4 ) 13011 59(HsCH) | o6 (1H, s, CH=NR) | 7.5-7.8 (4H, m. 4 H Ar) | 1.4-1.9 (6H, m, 3CH,)
. 7.7 @4H,s, 2.1-2.4 (8H, m, 3CH,);
6 |528IMFG4)| 113 |59CHs2cH) | LG Ta e ek 3o
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Scheme 4. The synthesis of dioxime 5 and macrocycle 6.

(11.3 ppm), there are also the signals of azomethine
protons (8 7.64 and 7.70 ppm). In mass spectrum the
peaks of appropriately protonated molecular ions
[MH]* = 528 Da are observed.

Experimental Part

The 'H NMR-spectra of compounds were recorded
in DMSO-d, on a Varian VXR 200 instrument (200 MHz).
The internal standard for all NMR-spectra was TMS.
The FAB spectra were recorded with the use of a
VG7070 spectrometer. Desorption of ions from the
solution of the samples in meta-nitrobenzyl alcohol
was performed with a beam of argon atoms with
energy of 8 keV. Elemental analysis was performed
on a LECO CHNS-900 instrument. The reactions and
the purity of the compounds obtained were moni-
tored by TLC on Merck Silicagel 60 F-254 plates with
CHCl;-2-PrOH (10:1) as an eluent.

The synthesis of Schiff bases 4a-j (general me-
thod): Dissolve the mixture of the diformyl deriva-
tive 3 (2.68 g,0.01 Mol), 0.02 Mol of amine and 0.3 g
of p-TsOH in benzene (200 mL), reflux for 15 min with
continuous removal of water using the Dean-Stark trap.
Cool the reaction mixture, evaporate the solvent
(~160 mL). Filter the precipitate, and recrystallize
from benzene.

4,5-Bis[(E)-(hydroxyimino)methyl]-2,3,6,7,
8,10-hexahydroacridine-8a(1H)-carbonitrile (5):
Dissolve diformyl derivative 3 (2.68 g, 0.01 Mol) in

References

CN
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sa% NN
N 7 H
H cro N
3
X
s ON

30 mL of i-PrOH, add 1.7 g (0.025 Mol) of hydroxyl-
amine hydrochloride, and reflux for 2 h. Cool the re-
action mixture to 109C. Filter the precipitate of pro-
duct 5, and recrystallize from acetonitrile.

The NMR-spectra, §, ppm: 10.64 (1H, s, NH); 8.74
(1H, s, OH); 8.43 (1H, s, OH); 6.27 (2H, s, 2CH=NR);
5.56 (1H, s, CH); 2.31-2.38 (4H, m, 2CH,); 1.63-1.81
(8H, m, 4CH,).

2,3,5,7,8,9,15,16,18,19,20,21,22-dodecahy-
dro-4,6:19,17-dimethenotetrabenzo|d,g,m,p]
[1,2,6,10,11,15]-hexaazacyclooctadecine-4,19
(1H,14H)-dicarbonitrile (6): Dissolve diformyl deriva-
tive 3 (2.68 g, 0.01 Mol) in 1,4-dioxane, add 0.02 Mol of
hydrazine hydrate, and reflux for 30 min. Cool the solu-
tion to the room temperature, and add water. Filter the
precipitate of product 6, and recrystallize from DME.

Conclusions

Thus, this paper shows the possibility of the syn-
thesis of Schiff bases using the reaction of 4,5-difor-
myl-2,3,6,7,8,10-hexahydroacridine-8a(1H)-car-
bonitrile with various amines under acid catalysis with
azeotropic removal of water. The reaction of dialde-
hyde with N,H,xH,O resulted in obtaining a macro-
cyclic compound - a derivative of hexaazacycloocta-
decine instead of the expected hydrazone. The pre-
liminary studies have shown that products 4a and 4f
form complexes with copper and nickel ions. The re-
sults of the study will be presented in ongoing papers.
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4-AMIHO3AMILLEHI 1,6-AUT1IPOIIPA30/I10([3,4-¢][1,4]

AIA3EIIIHU: CHHTE3, AMP-CIIEKTPAJIbHE TA KBAHTOBO-

XIMIYHE AOCTIAAKEHHA

C.B.Kemcokui, H0.C.botiko, A.B.bonboyT, C.10.CyiikoB, A.A.Kupuibuyk, M.B.BoBk

[HCcTUTYT OopraHiuHoi ximil HAH Ykpainu
02660, M. KuiB, Bys1. MypMaHchKa, 5. E-mail: mvovk@i.com.ua

Karouosi caosa: 4-aminozamiweHi 1,6-duzidponipaszonof3,4-e][1,4]diazeninu; cmpykmypHa modugikayis;

6ioakmueHi cnoyKu

BidsHayeHa porib cmpykmypHoi Mmodudbikauii 1,4-6eH300iaseniHogux cucmem OdiankinamiHoepyrnamu, ska paHiwe
byra ycrniwHo sukopucmaHa 0515 00epKaHHs HU3KU 8aXK1u8UX MoXiOHUX i3 KOMIIIEKCOM crieyugbidHux bionoaiy-
Hux ernacmusocmeli. B nodaHili cmammi 3Ha4HO po3wupeHUli criekmp eemepoaHenbo8aHux diasertiHie Wiisxom
PO3pOb6KU npenapamugHO 3py4HO20 8apiaHmy CUHMe3y HO8UX aMiHO3aMilyeHUX nipa3ono[3,4-ej[1,4]0ia3eniHis.
3 yiero memoro OemarnbHO docnidxeHa peakuis 4-xmopo-1,6-dueidponipasono[3,4-e][1,4]0ia3eniHie i3 nep8UHHU-
Mu ankin(apum)amiHamu ma emopuUHHUMU UuKroarskinamiHamu. BcmaHoeneHo, wo maka e3aemodisi nepebieae
rpu 8-10-200UHHOMY KUM'SIMIiHHI 8 emaHoni i y eurnadKy Nep8uUHHUX ma 8MOPUHHUX arKinamiHie npusodums 0o
2idpoxnopudie 4-amiHo-1,6-0ueioponipasono3,4-e][1,4]0ia3eniHie, a 8 pasi apunamiHie — 00 8i0MO8IOHUX 8ilb-
HUX OCHO8 3 8UCOKUMU 8uxo0amu. 3’9coeaHo, W0 peakuisi 3 8MOpUHHUMU amiHamu Oyxe dymiiusa 00 iX rpo-
cmoposux napamempia, momy Oiemur- abo diizonponinamiHu He cxusbHi 00 83aemo0ii 3 4-x10ponoxiOHUMU
1,6-0uzidponipa3sono[3,4-e][1,4]0iaseniHis. Cmpykmypa cuHmMe308aHUX CrOJyK HE Cyrnepeqyums pesyrnbmamam
efleMeHmMHoe0 aHarlisy, xpomamomac-, I4- ma SAMP-cnekmpis. [nsi HadiliHo20 8i0HeCeHHS cugHarie UUKoarskKi-
namiHo3amicHukig y 8idrnogioHux 1,6-0uecidponipa3onol3,4-e][1,4]0iazeniHax sukopucmaHi memoduku COSY ma
EXSY. CnekmparbHi 3MiHU 8 Mpoyeci NpomoHy8aHHs1 5-yukrioarnkinamiHonipasonodia3erniHie y3200KylombCs 3
pesynbmamamu K8aHmMOo80-XiMiYHO20 MOOeso8aHHs, 32iOHO i3 SKUM HalgueiOHIWOo € cmpyKmypa 3 rpomoHo-
8aHUM amoMoM a3omy 8 rornoxeHHi 5 nipazonodiaseniHogoi cucmemu.

4-AMINOSUBSTITUTED 1,6-DYHIDROPYRAZOLO|3,4-e][1,4] DIAZEPINES: THE SYNTHESIS, NMIR-SPECTRAL
AND QUANTUM-CHEMICAL STUDY

S.V.Kemskii, Yu.S.Boyko, A.V.Bol’but, S.Yu.Suykov, A.A.Kyryl’chuk, M.V.Vovk

Key words: 4-aminosubstituted 1,6-dyhidropyrazolo[3,4-e][1,4]diazepines; structural modification; bioactive compounds
The role of the structural modification of 1,4-benzodiazepine systems with dialkylamino groups previously used
successfully for a number of important derivatives possessing a complex of specific biological properties has
been noted. This paper significantly expands the variety of hetero-annelated diazepines by developing a prepara-
tively convenient synthetic route of new amino substituted pyrazol[3,4-e][1,4]diazepines. For this purpose, the re-
action of 4-chloro-1,6-dihydropyrazolo[3,4-e][1,4]diazepines with the primary alkyl (aryl) amines and the secon-
dary cycloalkylamines has been studied in detail. It has been found that this interaction occurs under 8-10 hour
reflux in ethanol and for the primary and secondary alkylamines it leads to 4-amino-1,6-dihydropyrazolo[3,4-e]
[1,4]diazepine hydrochlorides, and in case of aryl amines — to their corresponding free bases with high yields.
The reaction of the secondary amines has been shown to be very sensitive to their steric parameters: dietyl- or
diisopropylamines do not interact with 4-chloro derivatives of 1,6-dihydropyrazolo[3,4-e][1,4]diazepines. The
structure of the compounds synthesized is consistent with the results of elemental analysis, LS/MS-, IR- and
NMR-spectra. The COSY and EXSY methods were used for reliable identification of signals of cycloalkylamino
substituents of 1,6 dihydropyrazolo[3,4-e][1,4]diazepines. Changes in NMR-spectra during protonation of 5-cy-
cloalkylaminopyrazolodiazepines correspond to the results of quantum chemical simulations, according to them
the preferred structure is the one with the protonated nitrogen atom in position 5 of the pyrazolodiazepine system.

4-AMUHO3AMELLEHHBIE 1,6-OUIVIQPOIMNPA30J10[3,4-e][1,4] ONA3EIMNWHbI: CUHTE3, 5SIMP-CITEKTPAJIbHOE
N KBAHTOBO-XUMWYECKOE UCCJIEJOBAHUE

C.B.Kemckuti, 10.C.boliko, A.B.Bonbbym, C.FO.Cylikoe, A.A.Kupunes4yk, M.B.Boek

Knroyeenle cnoea: 4-amuHodamew,eHHble 1,6-0uzudponupasono[3,4-ej[1,4] duazenuHsbl; cmpykmypHasi Moou-
pukayus; buoakmugHbie cOeOUHeHUs

OmmeyeHa porib cmpykmypHoU modugbukayuu 1,4-6eH300uasenuHosbIx cucmemM duarnkuamMuHoepynnamu, Komopasi
paHee bbina ycriewHo ucrosb308aHa 0715 MoslyYeHUsI psida 8aXKHbIX MPOU3BOOHbIX C KOMIIIEKCOM crieyugbuyecKux buo-
Jioauyeckux cgoticms. B 0aHHOU cmambe 3Ha4umeribHO pacuiupeH Criekmp 2emepoaHHenuposaHHbIX OuasenuHos
nymém paspabomku rnpenapamusHo y00bHO20 8apuaHma CuHme3a Ho8bIX aMuHO3aMeWeHHbIX nupason[3,4-e]
[1,4] duasenuHos. C amol uesibio NodpobHo uccredoeaHa peakuyusi 4-xmnop-1,6- dueudponupa3sono[3,4-ej[1,4]
OuasernuHos ¢ nepsuYHbIMU ankus(apusi)amuHamu U 8mopUYHbIMU YUKIoanKumaMmuHaMmu. YecmaHoeneHo, 4mo
makoe e3aumodelicmsue rpomekaem ripu 8-10-4aco080M KUMSIHEHUU 8 3maHoIie U 8 Criydae rnepeuyHbIX U 8mo-
PUYHBIX ankuaamuHos rnpueodum k audpoxropudam 4-amuHo-1,6-0ueudponupa3zonof3,4-ej[1,4]0uasenuHos, a 8
crlyqae apusaMuHoO8 — K cCoomeemcmeyrouuM c80600HbLIM OCHO8aHUSIM C 8bICOKUMU 8bixo0amu. [Toka3zaHo, 4mo
peakyusi co BMOPUYHBIMU aMUHaMu 4yecmeumeribHa K UX NpoCcmpaHCmeeHHbIM napamempam, u Ousmuri- unu
Ouu3onponunaMuHbl He CKITOHHbI K 83aumodelicmeutro ¢ 4-xioprpou3sodHbiMu 1,6-0ueudponupa3sono[3,4-e][1,4]
OuasernuHos. Cmpykmypa CUHMe3upo8aHHbIX COEOUHEHUU He MPomueopequm 0aHHbIM 311IEMEeHMHO20 aHasu3a,
xpomamomacc-, IK- u IMP-cnnekmpos. [nsi HadexxHO020 OMHeCeHUs1 Cu2Halo8 YyukrioankunamuHo3amecmume-
nel 8 coomeemcmesyroujux 1,6-0ueudponupasonol3,4-ej[1,4]0uasenuHax ucnonb3osaHbl Memoouku COSY u
EXSY. CnekmparibHbie USMEeHEeHUs 8 rpoyecce rnpomoHUpo8aHusi 5-yuknoankunamuHonupasonoduasenuHos
coanacyomcs ¢ pesyfibmamamu K8aHmo8o-XUMUYEeCKo20 MOOesIupo8aHUs], coariacHO KomopbiM Hauboriee 8bi-
200HOU 518r19€mcs cmpyKmypa ¢ rpomoHUpPO8aHHbLIM amoMOM a3oma 8 roioxeHuu 5 nupasonoduasenuHogol
cucmemsbil.
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Mopudikauis 1,4-iazeniHoBUX CTPYKTYp Y Te-
nepilHili yac po3misAaeThcs sIK OAUH i3 Halledek-
THUBHILIUX BapiaHTIiB CTBOPEHHSA Ha IX 0OCHOBI HOBUX
THUMIB 6i0aKTUBHUX peuoBUH [1-5]. Takuii mijgxig 6yB
yChimHo onpo6oBaHui pu ek3o0dpyHKIioHaMI3aiT
a3emniHoBOro UKy 1,4-6eH30/ia3eniHiB AiaaKiaMiHO-
rpynaMy, 1o JA03BOJIUJIO OTPUMATU HU3KY BKJIUBUX
MOXi/THUX i3 BUCOKOOCHOBHUM aMiJJTHHOBHUM (pparMeH-
ToM. Cepe/i HUX 3HAM/IEH] iHT6ITOPHU X0/IELUCTOKI-
HiIHOBUX pelenTopiB [6-8] Ta LUKJIIYHOI HYKJIE0THI-
docdoaiacrepasu [9,10]. Jesiki npeacTaBHUKM Ta-
KHUX CIOJIYK MOXKYTb 3HAaUTHU BUKOPUCTAHHS MIPHU JIi-
KyBaHHi paky [11], xBopo6u Anbureiimepa [12], a
TaKOXX apUTMIiYHUX 3aXBOploBaHb [13].

Y cBoo 4epry, aMiHoOZia3eniHM KOH/EHCOBaHI 3
IHIIMMU reTepOLMKIIIYHUMU ApaMHU, 3aJIUIIAI0TbCA
NpPaKTUYHO HeBiJoMUMHU. Cepesi HUX ONMUCaHI TiIbKU
6-uuKJ0aIKiIaMiHonipasoso[3,4-e][1,4] niazeniny,
sKi € iHribiTopamu pepmenTy pocdoziactepasu 4 [14].
B cuiy 1jboro BU/jaBas0Ch BaXKJIMBUM 3HAYHO pO3-
LIMPUTH Jialla30H reTepoapubHUX aMiHOia3eMiHiB
IIJISIXOM PO3POOKH MpenapaTUBHO 3PYYHOr0 MiJ[X0-
Jly 10 HOBUX mipasouio|3,4-e][1,4]aiazeninHiB. Baxksiu-
BUMHU IIapaMeTpaMHU LIUX CIOJYK, AKi MOXKYTb MOAY-
JIIOBATHU 6i0JI0TiYHY aKTUBHICTH Ta iHIIi BapiaHTH A0Ci
He JIOCJTI/PKEHOTO0 IPUKJ/IaIHOT0 BUKOPUCTAHHS, € BIIUB
MarHiTHOI aHi30TpoIil 60KOBHX 3aMiCHUKIB Ha CIIEKT-
pasibHI XapaKTepUCTUKU MOJIEKYJIU Ta BHYTPIilIHbO-
MOJIEKYJ/ISIPHA PYXJIUBICTbD.

PaHiie aBTopu npaib [6, 9] nokasasy, 1o Jgeski
5-amiHO-1,4-6eH30/1ia3eniHu MOXKYTb 6YTH OTpHUMaHi
peakuji€r BiOBIAHUX 5-X/I0pONOXiIHUX i3 BTOPUH-
HUMHU [UKJOAJKiJIaMiHaMU. 3 ypaxXyBaHHAM LIbOTO
¢daxTy B poJii KJIIOYOBHUX CybCTpaTiB 6y/1u 06paHi He-
moaaBHo [15] cuHTe30BaHi HaMu 4-xJ10po-1,6-1U-
rizpomipa3oso|3,4-e][1,4]niazeninu 1a-d Ta getasnb-
HO JIOCJIi/[>KeHa IX B3a€MO/Iil i3 IIUPOKUM HabopoOM
Pi3BHOMaHITHUX aMiHOCIOJIYK: TEPBUHHUMHU aJIKiJ-
amiHamu 2a-d, apoMaTHYHUM aMiHaMu 3a-C Ta BTO-
PUHHHUMU LUKJIOAJIKiINIaMiHaMu 4a-e. BctaHoBJIEeHO,
1110 Ha BiIMiHY Bif, 5-x/10po-1,4-6eH30/ia3emniH-2-0HiB
[9], ki pearyioTh i3 LiMKJIOAAKIIaMiHaMU B JJOCUTh
*kopcTkux ymoBax (40 rog npu 110°C), B3aeMois
crosyk 1a-c i3 nepepaxoBaHMMHU BUllle aMiHaMU pe-
anisyetbes npu 8-10 rog kun'stinyi B eta”oui. [Ipu
LbOMY y BUNA/IKy IEPBUHHUX aMiHiB 2a-d yTBoOpIO-
I0ThCA TifpoxJiopyuau amMmiHo/ia3eniHiB 5a-d i3 Buxo-
famu 77-92%. B pasi aminiB 3a-c npoayKkTamu pe-
aKIiii € BU/i/IeH] SIK BiJIbHI OCHOBH i3 BUuxoaamMu 79-88%
4-N-apuanoxiziHi 6a-c. B cBow 4epry, LMKJ/I0aJKIJI-
aMiHu 4a-e NpUuBOAATb [0 yTBOPEHHA NPOAYKTIB 3a-
MillleHHA Y BUIVISAJI TiAPOXJIOPU/iB, BMICT IKHUX He
nepeBuinyBaB 60-80%. HeliTpasizaui€eto 6ikap6oHa-
TOM HaTpilo BOHU 6y/11 nepeBe/ieHi y BiJibHi OCHOBU
7a-f, BuXoau sIKUX Mmicjst xpoMaTorpadiyHoro o4u-
1leHHSA carajau 42-62%. BapTo 3a3HayuTy, 00 pe-
aKLid i3 BTOpUHHMMU aMiHaMU Ay»e 4y TJauBa [0 IX
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MPOCTOPOBUX NapaMeTpiB, TOMY AieTHJI- abo Aii3o-
MpOoIMNiJIaMiH He CXUJIBbHI 10 B3aeMOJIl 3 4-x10pomo-
xiznumu 1a-d (cxema 1).

CkJiaz i 6y/10Ba CHHTE30BaHHUX CIIOJIYK Y3TO/KY-
I0TbCA 3 pe3y/JbTaTaMU eJIeMEeHTHOTO aHaJli3y, Xpo-
MaTomac-, [4- ta IMP-cnekTpiB (Ta6.. 1, 2, 3). 30-
KpeMa, 36eperkeHHs Mipa30/10/iia3eniHOBOTO UKJY
B pe3yJ/bTaTi HyKJ1eoQiJIbHOT0 3aMillleHHs aToMa XJ10-
Py B IOJIOXKEHHI 4 Ha [IepBUHHY aMiHOTpyny NiATBEP/-
YKYETBbCA HasABHICTIO y criekTpax AMP 'H crosiyk 5a-d,
6a-c curHasi npotoHiB CH,° B fianazoHi 4.20-4.70 M.y,
7a-f - mUpoKUX cCUrHaIiB HeeKBiBaJIeHTHUX POTO-
HiB CH,® 3 mposiBoM 06MiHy, a B ciekTpax SIMP 3C -
CUTHAJIIB aTOMIB ByTJIellto i€l rpynu npu 44-48 m.4.
B 4-amino3amimenux noxiguux 7a-f pezonanc miei
rpynu B cnektpax AMP 13C cnocTepiraetbca B fia-
na3oHi 49-50 m.u. ¥ cnektpax AMP 'H BkazaHa me-
TUJIEHOBA Ipyna, IPUCYTHA y BUIVIAAL AyKe IIUPO-
KOT0 CUTHaJly iHTeHCcuBHicTi0O 2H [a60 JBOX HIKMpO-
KHUX CUTHaJIiB iHTeHcuBHicTIo 1H (cnonyku 7e, 7f)],
1110 BUIVIAAASAIOTD SIK KJIaCU4YHI HeeKBiBaJIeHTHI IIpo-
ToHu CH, rpynu B yMoBax noBijibHOro o6Miny [16].
HasiBHicTb XiMiuHOT0 06MiHY Mi*K IUMU IPOTOHAMU
6y/10 BUSIBJIEHO 3 BUKOPUCTAHHAM MeTOAUKU EXSY
AMP cneTpockonmii.

BupineHi criosiyku € CUJIbHUMHU OCHOBAMM, AKi AJ1A
OTPUMaHHA KOpeKTHUX crnekTpiB AMP BumarawTb
cnenjaJbHUX eKCIEpUMEHTa/lbHUX NpoLeayp. 30K-
peMa, 1711 METOAMK i3 XapaKTePUCTUYHHM 4acoM OiJib-
muM 3a 1 roJ; Heo6xigHA peTesibHA 13014115 Bij| aT-
MocdepH yepes LBUAKY NOSBY MTPOTOHOBAHUX GOPM.
Tak, y IMP H-criekTpax mpoTOHOBaHOI popMH Tiapo-
XJIOPU/IiB CUTHAJ/IM TPOTOHIB NipoJiiinHOBOTO (CIo-
Jiyka 7b) abo iH1I0r0 3aMiCHUKA Y 1IbOMY M0OJIOXKEH-
Hi 3MilyoThcs y ciaabke node (y pasi niposiguny
JOZIATKOBO PO3LIEIJIIOIThCA 11le Ha JiBa MyJIbTUILIe-
TH), CHTHAJl METUJIbLHOI TPyNH Mipa3oJy 3MilllyETh-
cs1y ciabke nosie, a curdan CH, rpynu giazeniHoBo-
IO KiJIbLI 3aJIMIIAETHCA LIMPOKUM Ta 3MILLYETbCH Y
cnabke nosie Ha 0.4 M.u. HeBesnke 3MilieHHs y ciabke
noJie IeMOHCTPYIOTh TaKOX CUTHAJIA apOMaTHUYHO-
ro 3aMiCHMKa y noJioxkeHHi 7. [Ipy HasgABHOCTI y 3pas-
Ky OCHOBM 3aJ/IMIIKIB ioHi30BaHOI popMU Ha piBHI
6inb1e 3a 1-2% 3a paxyHOK 00MiHY CTal0Th 3HAYHO
MUPLKUMHU ciurHaau rpyn CH, B mosoxkeHHsx 2 Ta 5
MipoJiIMHOBOT0 3aMiCHUKA OCHOBH (pHUc. 1), 1110 MPUH-
L[MIIOBO CIIOTBOPIOE pe3y/IETaTH IHTerpyBaHHs CIIEKTpa.
Jl1g BigHeCceHHS CUTHaJIiB NMipoJIiAMHOBOr0 3aMiCHUKA
OCHOBHU Ta MPOTOHOBaHOI GopMU 6YJI0 BUKOPUCTA-
Ho MeToAuKy gCOSY Bruker.

Y cnektpi AMP 3C BignoBiaHi curHaiyu aToMiB
BYTJIEIL0 ipostiAuHOBOro ¢parMeHTa 3MilyThCSA
y cabke mosie Ha 1.8-2.0 m.u. (C?> ta C®) i Ha 0.1-0.3 M.u.
(C? Ta C*), KOKEH 3 IKUX 10/IaTKOBO PO3IIEIII0EThb-
€ Ha iBa CUTHAJIU.

XapaKTepUCTUKHU CUTHAJ/IIB IPOTOHIB 3aMiCHUKIB
y MOJIOKeHHi 5 Jlia3eniHOBOro UKy B 06paHOMY Py
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||?1 F|{1
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R3-NH-R*
4a-e )\
r1
Ta-f
1, R" = Me, Ar'= Ph (a), R' = PhCH,, Ar' = 4-CIC.H, (b), 4-MeOCH, (c), R"= Ar'= Ph (d); 2, R? = PhCH, (a),

CH,CH,OH (b), CH,CH NMe2 (€), CH,CH,N(CH,CH,0 CH,CH,) (d): 3, Ar? = 4-MeC,H, (a), 4-CF.C,H, (b),
3,5-(M6O),C,H, (¢): 4, R°R¢ = (CH,), (a), CH,CH,0CH,CH, (b), CH,CH.SCH,CH, (c). CH,CH,N(CH.)CH.CH, (d)

CH,CH,N(CH,)CH,CH,CH,) (e); 5, R" =
R' = PhCH,, Ar' =

4-CIC,H,, R?=

6, R' = PhCH,, Ar' =

R? = PhCH,, Ar'

=4-MeOCgH, (a), R'=

Ar' = Ph, R?= CH,CH,OH (b);

CH,CH,NMe, (c), R' = Me, Ar' = Ph, R?= CH,CH,N(CH,CH,0 CH,CH,) (d);

4-MeOCH,, Ar 2 = 4-MeC¢H, (a), Ar 2= 4-CF,CH, (b),
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= PhCH,, Ar' = 4-MeOC.H,, Ar 2 = 3,5-(MeO),C.H, (c); 7, R' = Me, Ar'= Ph, R?R¢ = (CH,), (a),
R1 Me, Ar' = 4-CICH,, R® R = (CH,), (b), R" = Me, Ar'z Ph, R¥R* = CH,CH,N(CH,)CH,CH, (c),
= PhCH,, Ar' = 4-MeOCH,, R*R* = CH,CH,0CH,CH, (d), R'= Ar'= Ph, R®R* = CH,CH,SCH,CH, (e),
R®R* = CH,CH,N(CH,)CH,CH,CH,) ().
Cxema 1
Ta6nuuya 1
Buxoawn, TemnepaTypu nNnaBfieHHA, Mac-CNeKTpY Ta pe3ynbraTti efleMeHTHOro
aHanisy cMHTe3oBaHUX cnonyk 5a-d, 6a-c, 7a-f
g 3HangeHo, % BupaxyBaHo, %
) Buxig | T.nn.°C | [M+1]+ ®opmyna
S C H N C H N
5a 92 222-224 | 436 7445 | 574 1608 | C,H,CINNO | 7489 | 599 15.86
5b 91 202-203 346 69.81 5.43 20.03 C,H,,CIN.O 69.55 5.54 20.28
5c 77 217-219 421 65.44 6.16 20.09 C,5H,ClLN, 65.63 5.99 19.97
5d 86 216-218 353 64.38 6.69 24.04 C,sH,CIN,O 64.75 6.86 23.85
6a 88 240-242 436 74.75 5.61 16.28 C,H,.N.O 74.46 5.79 16.38
6b 79 227-229 | 490 66.04 | 4.42 1458 | C,HFN.O | 6625 | 457 14.45
6¢ 83 232-234 | 487 6645 | 509 | 1444 | C,H,CINO, | 6673 | 498 | 1441
7a 62 246-248 294 69.83 6.44 23.66 C,,H 6N, 69.60 6.53 23.87
7b 57 221-223 327 62.67 5.56 21.53 C,,H,sCIN, 62.29 5.53 21.36
7c 54 178-180 323 66.89 6.79 26.41 C,gH,5Ng 67.06 6.88 26.07
7d 59 153-155 416 69.71 5.92 16.62 C,,H,NO, 69.38 6.06 16.86
7e 44 196-198 | 388 67.97 | 541 18.34 C,,H, NS 68.19 | 5.46 18.07
7f 42 97-99 399 72.08 6.49 20.93 Gy Ho6Ng 72.34 6.58 21.09
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Ta6bnuuya 2
IY- Ta AMP "H-cnekTpu cnonyk 5a-d, 6a-c, 7a-f
g IY-cnekTpn,
8 KBr, V s Cnektpu AMP H, §, m.u.
cC CM-1
U
3.87 ¢ (3H, OCH;), 4.38 ¢ (2H, NCH,Ph), 4.70 ¢ (2H, CH,%), 5.53 ¢ (2H, CH,Ph), 7.09-7.15 m (2H,_,,,.),
5aq 3395  |7.18-7.43 M (8H,,,,), 7.44-7.49 M (2H,,,,.), 8.26-8.29 M (2H,,,,.), 8.35 ¢ (TH, H?) 10.05-10.28 w.c
(2H, NH + HCl).
3.327(2H,NCH,,J4.9 Tu), 3.51 1 (2H, HOCH,, J 5.1 Tu), 4.26 ¢ (2H, CH,?), 4.98-5.02 m (1H, OH),
5b 3390 |7.40-7,48 M (H,,,), 7.45-7.65 M (5H,,,,), 7.74-7.85 M (2H,,,.), 8.04-8.10 M (2H,.,,.), 8.18 ¢ (1H, H?),
10.34-10.53 w.c (2H, NH + HCI).
2.62 ¢ (6H, NCH;), 3.10 T (2H, NCH,, J 4.8 Tw), 3.74 T (2H, NCH,, J 5.0 Tu), 4.37 ¢ (2H, CH,?), 5.55 ¢ (2H,
5¢ 3392 |CH,Ph), 7.26-7.37 m (5H,,,,), 7.64-7,71 M (2H,,,,), 7.26-7,31 M (2H,,,,), 8:43 c (1H, H?), 10.58-10.73
w.c (2H, NH + HCl).
2307 (2H,NCH,, J 4.8 Twy), 2.10 T (2H, CH,N, J 4.7 T), 2.61-2.73 M (4H, 00w NCH,), 2.84-2,94 M
5d 3395 | (4H,0pp0mw OCH,) 3.54 € (3H, CH,), 4.20 ¢ (2H, CH,9), 7.38-7.47 M (2H,,,,.), 7.69-7.78 M (3H,,,,.), 8.31
(1H, H%), 10.47-10.75 w.c (2H, NH + HClI).
6a 3416 |225¢C(3H,CH)), 3.87 c (3H, OCH,), 438  (2H, CH,), 5.59 ¢ (2H, CH,Ph), 7.15 M (2H,,,,), 7.21-7.46 m
(9H, ), 821 & (2H,,,.), 8.52 € (TH, H?) 8.49-9.32 w.c (TH, NH).
6b 3405|387 C(3H,OCH;), 4.44 ¢ (2H, CH,?), 5.57  (2H, CH,Ph), 7.08-7.17 M (2H,,,,,), 7.21-7.83 M (SH,,,,)
7.63-7.39 M (4H,,,,), 7.22-7.32 M (2 H,.,,,), 8.51 ¢ (TH, H?), 10.26-10.89 ywi.c (TH, NH).
3.77 ¢ (6H, OCH,), 4.42 c (2H, CH,?), 5.58 ¢ (2H, CH,Ph), 6.49-6,52 M (H,,,,), 6.68-6,75 M (2H,,,.),
6¢ 3410 |7.27-7.59m(5H,,,,), 7.63 A (2H,,,, J 6.8 T), 7.29 & (2H,,,,,,J 6.8 Tw), 8.52 ¢ (1H, H?) 9.89-10.02 yu.c
(TH, NH).
1.91 M (2H, CH,), 2.02. m (2H, CH,), 3.35 w. ¢ (2H, CH,), 3.59Mm. (2H, CH,), 3.82 M (2H, CH, ,,,.....) , 3.95
7a* ¢ BHCH,),7.59T (2H, .., J 7.4 TW), 7.66 T (1H, ., J 7.4 TW), 8.33 ¢ (1H), 836 & (2H, J 7.4 Tu), 10.0 ¢
(TH, NH).
75 1.75-1.81 M (4H, 2CH,), 3.46 M (4H, 2CH,), 4.00 ¢ (2H, CH, ;.....,), 3.86 ¢ (3H, CH,) 7.57 & (2H, ..,
J8ATW), 7.91 c.(1H, H3,...), 8154 (2H,,,., J 8.4 Tu).
7c 230 ¢ (3H, CH,), 2.46 M (4H, 2CH,), 3.35 m (4H, 2CH,), 3.95 ¢ (3H, CH,), 4.00 ¢ (2H, CHy1ni0),
7.43-7.49 M (3H,,,,,), 7.65 ¢ (TH, H:,,....), 8.17 i (2H,.., J 8.0 Tw).
7d 3.32m(4H, 2CH,), 3.74 m (4H, 2CH,), 3.71 ¢ (2H, CH,,.,.y,), 3.87 ¢ (3H, OCH,), 5.47 c (2H, CH,), 6.97 n
(2H, s J 9:0 TW), 7.35-7.20M (5H,,,,), 7.67 € (1H, K2, ..), 8.18 & (2H,,,., J 8.7 TL).
7e 2.67 w.c (4H, 2CH,), 3.71 M (4H, 2CH,), 3.5 w.c., 5.06 w.c. (2H, CH,), 7.35 T (1H,,,,,, J 7.3 Tw),
7.54-7.44m (5H ), 7.85c (1H, H*nipa3on), 7.86 o (2H,,,., /8.5 ), 8.16 s (2H,_ ., /8.0 Tu).
2.01 w.c (2H, CH,), 2.39 ¢ (3H, CH,), 2.60 w.c. (2H, CH,), .71 w.c. (2H, CH,), 3.42 w.c. (1H, 0.5CH,)
7f 3.65 w.c. (2H, CH,), 3.71 m (2H, CH,), 5.19 w.c (1H, 0.5CH,) 7.37 7 (1 Hapons 4 7.9 M), 7.44-7.57 m
(5Hap0M,), 7.87 0 (2Hap0M, J8.2Tu), 7.92 c (1H, H®nipa3on), 8.19 4 (2Hap0MA, J8.4Tu).

MpumiTka: * Cnonyka y BUrnsgi rigpoxnopvay.

He J103BOJIAIOTh NPOBOJUTU PyTUHHWUU aHasi3 3B’d-
3aHOCTI cniHOBOI cucTeMu 3 BUKopuctaHHsIM KCCB
yepe3 iX 3Ha4YHy (6i/bIIY 3a O4iKyBaHi 3Ha4eHH4 J)
mrpuHy. [Ipote 3 BUkopuctanuam Metoguku COSY
HaBiTb Y BUNAAKY crioyiyku 7f BAaeTbcs oTpuMaTu
MOBHY KapTy CIIiIHOBOI cucTeMH (puc. 2).

BigHecenHda curHasis npoTtoHiB rpynu CH, B fiia-
3€MiHOBOMY IIMKJIi yCKJIaJiHEHE X 3HaUHUM YLIUPEH-
HaM. OJlHAK Ha npukJaazi cnosayku 7f HaM Basoch
otpumMati cnektp EXSY 3 BifgnoBigHuMm in-phase kpoc-
nikom (puc. 3).

TakuM 4YMHOM, MiATBEPIXKEHO, 0 BiAMOBIAHI 1IK-
POKI CUTHaJIM y CIIEKTpPax CIOJYK 7 € IPOSABOM I10-

46

BIJIbHOT'0 0GMiHY (3a IMOJIOKEHHSIM Y BiJIHOIIIEHHI I[HUK-
siy) npotoHiB CH, rpynu. CyTTEBUM yCKJIAIHIOIOUUM
dakTopom oTpuMaHHA cnektpa EXSY nss cnonyk 7
€ 3Ha4Ha Pi3HULA y peJlakcaliiHUX XapaKTepUCTH-
Kax IPOTOHIB Ta MaJla iIHTEeHCUBHICTD LI/IbOBUX CUT-
HaJsiB. Buxiz i3 Takoi cutyanii 6yB 3HalieHUH i3 BU-
KOPUCTAHHSAM peJiakcaliiHoi nay3u y 9 c npu 4aci
3mimyBaHHa NOESY 0,5 c Ta 3arasbHOMy 4aci ekc-
nepuMeHTy 35 rog.

CrnekTpasibHi 3MiHM B ITpoLieci TPOTOHYBaHHA BJia-
€TBHCSA MOACHUTHU OTPUMaHNUMU pe3yJIbTaTaMU KBaH-
TOBO-XiMiuHOT0 MoJiesitoBaHHs. [l1s1 aHasi3y 6yB BU-
KOPUCTAaHUH psJi MOJIeIbHUX CTPYKTYP CIIOJYKHU 7b
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Ta6bnuuya 3

AMP 3*C-cnekTpu cnonyk 5a-d, 6a-c, 7a-f

S, M.

Cnonyka

R',.R% R% R*, Ar', Ar?

C3 C4 Cﬁ C7 CSa

42.20 (NCH,Ph), 51.20 (OCH,), 55.79 (CH,Ph), 114.66

136.08, 136.64, 138.87, 163.05C, .

126.12,127.24,127.98, 128.50, 128.95, 129.58, 129.86,

138.87 | 102.41 | 15535 | 45.88 | 166.47 | 147.92

44.50 (NCH,), 60.46 (CH,OH), 122.91, 127.09, 128.59,

5b 128.88,128.94,131.57,136.11,136.74 C

apom.

138.39 | 108.49 | 156.60 | 48.36 | 165.60 | 146.84

4252 (NCH, )

5c )
131.43,132.82,136.52C,,,,

,44.17 (N(CH,),), 60.08 (CH,Ph), 65.41
(CH,N(CH,),), 125.82, 127.08, 128.12, 128.23, 128.34,

141.21 | 110.63 | 153.54 | 46.56 | 165.57 | 147.35

35.20 (NCH.), 40.68 (CH,,,), 41.94 (CH,,), 53.16
(N2CH,), 66.22 (O2CH,), 128.31, 129.08, 129.12,
132.82C

apom.

5d

138.25 | 102.66 | 155.60 | 47.12 | 166.87 | 147.48

17.59 (CH,), 51.24 (OCH,), 55.84 (CH,Ph), 127.22,
6a
134.52,134.73,136.63,163.42C_,,,

127.46,127.53,127.96, 128.76, 131.53, 132.69, 134.52,

139.87 | 114.64 | 16342 | 4496 | 166.41 | 148.44

55.24 (OCH,), 57.41 (CH,Ph), 115.24,123.45 C

apom./

6b 126.23,127.76,128.56, 129.35, 129.85, 136.54,

152.74,16232C,,,,

122.00, 124.41, 126,82, 129.26 (CF,J = 241 l'u), 126.29,

139.62 | 112.18 | 163.85 | 44.56 | 164.99 | 14941

55.56 (OCH,), 58.45 (CH,Ph), 95.23, 98.33, 125.28,
127.18, 127.24, 128.90, 129.54, 132.24, 135.28,
136.87,150.74,164.25C, ..

6¢

13528 | 112.41 | 16345 | 44.69 | 166.72 | 149.42

25.62 (2CH,), 34.94 (NCH,), 48.98 (2CH,), 128.71,

73 1129.11,131.46,137.46 C,.,,,

136.35 | 107.25 | 15932 | 49.79 | 166.37 | 148.88

25.12 (2CH,), 34.54 (NCH,), 48.62 (2CH.), 128.88,

7b 193035, 135.17, 13655 C

apom.

136.37 | 106.54 | 156.23 | 48.42 | 164.80, | 147.68

7€ 1128.77,12901,13149,137.25C,

34.97 (NCH,), 46.22 (NCH,), 48.61 (2CH,), 55.23 (2CH,),

136.40 | 107.15 | 160.60 | 50.15 | 166.75 | 149.46

4933 (OCH,), 51.66 (OCH,), 55.60 (CH,Ph), 66.98
7d
136.83,162.72 C

apom*®

(NCH,), 114.27 127.89, 127.97, 128.81, 130.42, 131.04,

137.03 | 106.66 | 161.01 | 50.00 | 165.84 | 149.80

7e |122.88,127.08, 128.85,128.95,129.10, 131.66,

136.76,138.90 C,,,,

27.21 (SCH,), 51.13 (NCH,), 48.61 (2CH,), 55.23 (2CH,),

137.67 | 108.44 | 16049 | 50.21 | 166.08 | 149.30

28.40 (CH,), 46.76 (NCH,), 49.68, 49.97, 58.00, 58.78
(CH,), 122.99, 127.07, 128.80, 128.90, 129.09,
131.61,136.68, 138.88 C

7f

apom.

138.12 | 107.99 | 15930 | 49.74 | 167.57 | 149.15

(cxema 2). Bci cTpykTypH, sIKi BiiNOBi1at0Th JIOKaJIb-
HUM MiHiMyMaM eHeprii, 6y/11 MOBHICTI0 ONTHUMi30-
BaHi 6e3 06MexkeHb CUMeTpil i3 3aCTOCyBaHHAM IPO-
rpamHoro nakety TURBOMOLE (Bepcis 6.2) [17,18].
Jlng ontumisauii reoMeTpil BUKOPUCTOBYBAIM METO/
RI-B97-D/TZVP [19-24] Ta cTporuii KpuTtepii cxo/i-
xeHHs1 SCF-po3paxyHky (SCFConv=1.0x10"% XapTpi)
y MOEJHAHHI 3 MaKCUMaJ/IbHOK TOYHICTIO IHTerpyBaH-
He (grid=5). Ik moka3yoTb po3paxyHKH, HAUBUTij-
Himoro € crpykrypa Il i3 npoToHOBaHUM aTOMOM a30Ty
B ITOJIOXKEHHI 5 mipa3oJsiofiazeniHoBOI cucTeMHU.
[H1II BapiaHTH € 3HAYHO MEHIU BUTIJHUMHU Tep-
MOJIMHAMi4HO, i BiinoBigHI popMU MOBUHHI MaTH

HEe3HAUHY MPUCYTHICTh ¥ PIBHOBaKHIN cucTeMi (TabJL. 4).
CriBBiZHOIIEHHST MK eHeprisiMH popM He 3MiHIOEThCS
npHy BpaxyBaHHi epekTy posunHHuKa (DMSO) 3a no-
IIOMOT0}0 KOHTHHYaJIbHOI Mozesi COSMO.

B onTuMi3oBaHil CTPYyKTypi Halb6iAbII cTabiNb-
Hol npotoHoBaHoi popmu II (puc. 4) niposiaAHOBUI
LIMKJI € IPAaKTUYHO KOIMJIaHApHUM 3 iMiHHUM dpar-
MEHTOM /[1ia3eliHOBOr'0 KiJIbLf 3a paXyHOK CIIPSKeH-
HA HeloJJIeHO] apy MipoJIiIMHOBOr0 aToMa a3oTy i3
TI-CUCTEMOI0 10/1BiMHOTrO0 3B’513Ky C=N npu yTBOpeHHi
NPOTOHOBAHOI aMiZIMHOBOI CUCTEMH — TOPCIMHUU Ky T
CNCN pnopiBHioe 6.3°. Lleli pakTop Takox € BUpiLIaib-
HUM y cTabijizanil mpoToHoBaHoro i3omepa Il

47
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30 28 26|24 22 20 18 ppm

Puc. 1. MNMopiBHSHHSI CNEKTpiB OCHOBYM 3 OMILLKOO iOHi30BaHOi chopmu (1) Ta NoBHICTHO ioHI30BaHOi hopmu (2) cnonyku 7b.

_________

PEM (F1)

Puc. 2. ®parmeHT COSY cnekTpa cnomnyku 7f 3 MoneKynspHMM rpadoM ANst BifHECEHHS anidpaTUYHUX NPOTOHIB MOMNEKYK.

Bap’ep o6epTaHHsI HAaBKOJIO 3B’SI3Ky MiX mipo-
JiJIMHOBUM Ta Jlia3eNiHOBUM LIMKJaMU CTaHOBUTDb
19.3 kKaJs1/M0J1b, 1110 3HAYHOK MipO0 NOSICHIOE He-
eKBiBaJIEHTHICTb NIPOTOHIB y MOJIOXKeHHAX 2 1 5 Ta
3 i 4 miponiguny y cnektpi AMP 'H Ta BignosigHux
CUTHaJIiB aTOMiB ByrJiento y ciektpi IMP 3C.

ExcnepuMeHTasibHa YaCTUHa

[Y-cnekTpu cnosyk y Tab.1. KBr 3anucani Ha npu-
saji Bruker Vertex 70. Ciektpu SIMP H i *C oTpumani
Ha cnekTpoMeTpi Varian VXR (399.97,100.613 MI1

48

BiAnoBigHo) B po3uyuni [IMCO-d, asna cnoayk 5a-d,
6a-c ta CDCl; gsia cionyk 7a-f BHyTpilHIN cTaH-
JlapT - TeTpaMeTHJICUJIaH, TeMIlepaTypa KiMHaTHa.
Jns cioniyku 7b momaTKoOBI [OCaiKEeHHS BUKOHY-
Basuch Ha criekTpoMeTpi Bruker AVANCE 400 B pos-
yuHi IMCO-d,, a as1s1 cnonyku 7f - Ha mpusiazi Varian
Mercury VX 300. XpomaToMac-ClieKTpH OZiep>KaHi Ha
npunazi Agilent G1956B LCMS System 3 xpomaTo-
rpadom 1100 HPLC Series.

J1g sioKanizanii CTpyKTyp NepexiIHUX CTaHiB BU-
KOpPUCTOBYBa/Iu ePpeKTUBHY MPOLeAYPY CKaHyBaHHS
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Cxema 2. MoxnuBi CTPYKTypy NpOTOHOBaHOi hopmu cnonyku 7b.

NOBEpPXHi NOTEHLiNHOI eHeprii 3a 0NOMOTr 0K Npo-
rpamHoro nakety GAUSSIAN-09 [25] y Ha6amxkeHHi
BP86/6-31G* [26-31] 3i c1abkuUM KpUTeEpieM CXOJ-
»KEeHHA Ta CepeJHbOI0 TOYHICTIO IHTEerpyBaHHA [Jid
NPULIBUIIEHHA PO3PaxXyHKY. [leKapTOoBi KOOpAWHATH,
110 BiZMIOBiZa/ M MaKCMMyMy eHepril, B N04aJIbLLIO-
MY 3aCTOCOBYBAJIMCh JJIs JIOKaJli3alii CTPYKTYyp Ie-
PexiZIHUX CTaHiB Ha piBHI HabIMkeHHsT BP86/6-311+G**
[32]. [Ipu boMy BUKOPHCTOBYBaJIX KpUTEPiH CX0/1-
>KeHHS 3a 3aMOBYYBaHHAM Ta NiJBULIEHY TOYHICTb
interpyBaHHd (Int=UltraFine). YacToTu Ko/iiBaHb

po3paxoByBasiu aHaaiTU4HO (GAUSSIAN) a6o yuciio-
BuM MeTojioM (TURBOMOLE). ls1s1 Toka/ibHUX MiHi-
MYMIB BCi po3pax0BaHi 4aCTOTU BUSABUJIUCH peaslb-
HUMH, JJ151 KOXKHOT0 NlepeXiZJHOro CTaHy OTpUMyBa-
JIU OJJHY YsIBHY YacToTy. EGeKTu po3unHHUKa BUpa-
XOBYBaJI¥ 3a JOIIOMOrOK ONTHUMi3anii reoMmeTpil i3
3actocyBaHHAM npornenypu COSMO [33-35]. IIpo-
rpamy PyMOL [36] 3acTocoByBasiu AJis rpadpiuHoro
npeJCTaBJeHHS CTPYKTYP.

Tigpoxnopuau 7-apui-1,6-guriaponipasosio
[3,4-€][1,4] aia3enin-4-ankinaminiB (5a-d). [lo cyc-
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cl

Pwuc. 4. BigHocHa opieHTaLisi 3amiCHMKa y NONoXeHHi 5 Ta giaseniHoBOro LMKy y cnonyui 7a.

Ta6bnuuya 4

Po3paxoBaHa (B97-D/TZVP) BigHOCHa BinbHa eHeprid
l66ca gns isomepHux dopm I-V y razosin ¢pasi
Ta 3 ypaxyBaHHAM epeKTY PO3UMHHIMKA

CrpykTypa AGy ra3osii dasi AGy DMSO
| 23.0 20.5
1 0.0 0.0
]l 21.6 215
v 20.6 18.7
v 46.4 44.8

nen3sii 0,3 r (0,94 MmMosb) 4-xs0ponipasosofiaze-
ni"y 1a-d B 10 Mu1 aGCOJIIOTHOrO €TaHOJIY A0/IAI0Th
1,41 MmMouib ankinaMiny 2a-d i KUIT'ATATH BOPOJOBK
8 rog, PeakuiiiHy cymilt GinbTpyroTh rapsuoro, 3 GijibT-
paTy pH 0XOJIO[P)KEHHI OTPUMYIOTb 0Caji, AKUH BiJi-
biIBTPOBYIOTE i CyIIATh y BaKyyMi.
7-Apun-N-(4-apun)-1,6-aurigponipasoio [3,4-e]
[1,4]aia3enin-4-aminu (6a-c). Jo cycnensii 0,4 r
(1,25 mmoJib) 4-xnoporipasosoaiasernidy 1a-d B 15 M
abCoOJIIDTHOTO eTaHoJy A0AalTh 1,38 MMoOJIb apuII-
amiHy 3a-c i KuI'atsatb BupoAoBx 10 roa. Peakiriii-
Hy cyMill GiIbTPYIOTHh rapsyoro, 3 GpisbTpaTy npu

NitepaTtypa

0XO0JIOZKEHHI OTPUMYIOTh 0caj, SKUH BiidinbTpo-
BYIOTb i cyllIaTh Ha MOBITPI.

7-Apui-4-uMKi0aaKisiaMino-1,6-aurigpomipa-
3010[3,4-¢e][1,4] nia3enin-4-aminu (7a-f). [lo cycnen-
3ii 0,3 r (0,94 mmoub) 4-xs10pormipazosiofiaseniny (1a-d)
B 10 MJ1 a6COJIIOTHOTO €TAHOJY JI0AAKTh 1,9 MMOJIb
LMKJIOAJIKIIaMiHY 4a-e | KUIT'SITSATh BIPOJOBXK 8 rof.
PeakuiliHy cyMill ynaproiTh, [10 3aJUIIKY JOJAI0Th
10 mu1 20%-BOro BOAHOTO PO3YMHY OikapOGOHATy HAT-
pito, Opra”i4yHU# Wap eKCTParyrThb XJA0PUCTUM Me-
TusieHoM (3x10 mu1), cymath HaJl 6e3BOJHUM CYJib-
¢daToM HaTpilo i OYUIIYIOTh XpoMaTorpadpyBaHHAM
Ha cuitikareJii (MeTaHoJ-xJiopodopm, 1:3).

BUCHOBKM

1. Po3po6JieHO npenapaTUBHO 3pYYHUN crocib
o/lep>KaHHS HOBUX aMiHO3aMillleHUX mipa3oio|3,4-¢]
[1,4]nia3eniHiB, KU IPYHTYETHCSA HA B3aEMOJIT 4-
xyso0po-1,6-purigponipaszono[3,4-e][1,4]aiazeniHiB i3
MepBUHHUMHU aJIKiJI(apu/)aMiHaMu Ta BTOPUHHUMU
LIMKJIOAJKiJIaMiHaMU.

2. 3a paxyHok noeaHaHHa AMP cnekTpasbHux Ta
KBaHTOBO-XiMiYHUX METO/iB OI[iHeHi 0COGJMUBOCTI
NPOTOHYBAHHS IJUX OCHOB Ta BHYTPIIIHbOMOJIEKY-
JIAPHOI PYXJIMBOCTI.
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CUHTE3 NOXIIHUX N-[4-METUJI(4'-X/IOPO®PEHLI)-
2-R-®EHIVIIMIHOTIA30JI-3-1JI]-MOP®OJITHY
3A PEAKILIIEIO TAHYA

JLO.Ilepexonal, I0.€pbominal, I.B.[Jpanak?, [.LA.Cuu!, A.M./lemyenko?, C.0.Komuxos*®

!HanjionanpHui papMareBTUYHUMA YHIBEPCUTET

61002, M. XapkiB, ByJ1. [lymkiHcbka

2 JIbBiBCbKM HaLliOHAJIbHUH MeAUYHUHN YHiBepcuTeT iM. [Jlanusa laaunbroro
3IHcTuTyT PpapmakoJiorii i Tokcukosorii HAMH Ykpainu

*HTK «IHcTuTyT MOHOKpHCTaNiB» HAH Ykpainu

> XapkiBcbKUH HalioHaJIbHUH yHiBepcuTeT iM. B.H.Kapazina

Karouosi cnoea: noxioi 2-R-geniniminomiazony; cunmes; peakyis [anua; izuko-ximivuHi enacmueocmi

lMpodoexyroyu nowyk Hogux 6io1oeiyHO aKmuBHUX PeHo8UH ceped MoxiOHUX 2-R-gbeHinimiHomia3orny 3a peak-
uiero MaHya, mu cuHmesysanu Hosul psd noxioHux N-[4-memur(4'-xnopogpeHin)-2-R-ceHinimiHomiason-3-inj-
mopceboniry. idpoxmnopudu N-[4-memun-2-R-¢beHinimiHomiason-3-inj-mopghoniHy 3 ma eidpobpomiou N-[4-(41-
XropogpeHin)-2-R-gperinimiHomiasorn-3-inj-mopgposniHy 5 6ynu odepxkaHi KUn’smiHHsIM 8 emaHorii eK8iMOJISIPHUX
Kinbkocmel HecuMempu4yHUX mioced4osuH 1 3 a-xmopauyemoHoMm 2 ma a-6pom-4-xnopauemogpeHoHoM 4, gio-
rnogidHo. N-[4-(4'-XnopogheHin-2-R-geHinimiHomiason-3-inj-mopghoniHu 6 6ynu odepxaHi Helimparisaujeto cro-
nyk 5 3 sukopucmarHsim 10% posquHy NH,OH. 3adosinsHi euxodu cuHme3osaHux crionyk 3, 5, 6 6ynu odep-
xxaHi npomsizom 1-3 200uH. MoxioHi N-[4-memurn(4-xnopogbeHin)-2-R-geHinimiHomiadon-3-inj-mopghoniHy 6ynu
o0epxaHi Kpucmanisauyiero 3 op2aHiYHUX PO34YUHHUKI8 3 guxolamu 74-87%. Cmpykmypa i yucmoma cuHme-
308aHUX Criofyk bynu nidmeepoxeHi 0aHUMU enemeHmHo20 aHanisy, 'H SIMP-cnekmpockonii i xpomamo-mac-
criekmpomempii. Tak sk 8 pe3ynbmami peakuil Moxnuee ymeopeHHs 080X i3omepig, 011 8CMaHO8/IeHHS iC-
muHHoI 6ydosu odepxaHux pe4yosuH byrna sukopucmaHa criekmpockonis SMP i3 if cneujanbsHUMu nputiomamu.
LocnidxeHHs1 nposedeHi Ha npuknadi npodykmy peakuii 6i, 8 pe3ynbmami sikux 0oeedeHo, w0 daHa cmpyKmy-
pa € came N-[4-(4'-xrnopogheHin)-2-(4’-xnopogpeHinimiHo)miason-3-inj-mopghoniHom 6i. Ha ocHosi pe3ynbmamie
rposedeHux OOCIIOKeHb CMPYKMYypPU CUHME308aHUX Cr1O/yK 3arporoHosaHul Moxnusull MmexaHism nepebiey
docridxysaHol peaKkuir.

THE SYNTHESIS OF N-[4-METHYL(4'-CHLOROPHENYL)-2-R-PHENYLIMINOTHIAZOL-3-YL]-MORPHOLINE
DERIVATIVES BY HANTZSCH REACTION

L.O.Perekhoda, H.O.Yeromina, I.V.Drapak, I.A.Sych, A.M.Demchenko, S.0.Komykhov

Key words: 2-R-phenyliminothiazole derivatives; synthesis; Hantzsch reaction; physical and chemical properties
Continuing the search for biologically active substances among 2-R-phenyliminothiazole derivatives a new se-
ries of N-[4-methyl(4'-chlorophenyl)-2-R-phenyliminothiazol-3-yl]-morpholine derivatives has been synthesized
by Hantzsch reaction. Hydrochlorides of N-[4-methyl-2-R-phenyliminothiazol-3-yl]-morpholine 3 and hydrobro-
mides of N-[4-(4'-chlorophenyl)-2-R-phenyliminothiazol-3-yl]-morpholine 5 were obtained by boiling the equimo-
lar amounts of asymmetric thioureas 1 with a-chloroacetone 2 and a-bromo-4-chloroacetophenone 4, respec-
tively, in the ethanol medium. N-[4-(4'-Chlorophenyl)-2-R-phenyliminothiazol-3-yl]-morpholine 6 were obtained
by neutralizing compounds 5 using 10% NH,OH solution. Satisfactory yields of compounds 3, 5, 6 were obtained
within 1-3 hours. N-[4-methyl(4'-chlorophenyl)-2-R-phenyliminothiazol-3-yl]-morpholine derivatives 3, 5, 6 were
crystallized from organic solvents and obtained with the yields of 74-87%. The structures and purity of 3, 5, 6
have been confirmed by elemental analysis, "H NMR-spectra and chromato-mass spectroscopy. As a result of
Hantzsch reaction formation of two isomeric structures is possible. Therefore, to determine a true structure of
the compounds obtained NMR spectroscopy with its special techniques was used. The studies have been con-
ducted on the example of the reaction product 6i, and it has been proven that this structure is exactly N-[4-(4'-
chlorophenyl)-2-(4’-chlorophenylimino)thiazol-3-yl]-morpholine 6i. Based on the research results of the structure
of the compounds synthesized a possible mechanism of the reaction studied has been proposed.

CUHTE3 IMPON3BOLAHbIX N-[4-METWUI1(4'-XJIOPO®EHNIT)-2-R-OEHUTTAMUHOTUA3OJ1-3-UIT]-MOP®OJINHA
PEAKLUMWEN TAHYA

J1.A.lNepexo0da, A.A.EpemuHa, N.B.[jpanak, N.A.Cbiu, A.M.[emyeHko, C.0.Komuxoe

Knrodesnlie crnoea: npousgodHble 2-R-gheHunumuHomuasona; cuHmes; peakuyus laH4a; ousuKko-xumuyeckue
ceoticmsa

lMpodomkast mouck Ho8bIx 6UOI02UYECKU aKMUBHbIX 8euyecms cpedu rMpousgooHbIx 2-R-gheHunumMuHomuasona
8 ycriosusix peakyuu aH4a, Mbl cUHMe3uposasnu Hoabll psid Mpou3deodHbIx N-[4-memurn(4'-xnopogeHun)-2-R-
gpeHunumuHomuasorn-3-unj-mopgponuna. Fudpoxmnopuds! N-[4-memurn-2-R-gheHunumuHomuasor-3-usj-mopghosuHa
3 u eudpobpomudsl N-[4-(4'-xnopogheHun)-2-R-cpeHunumuHomuazon-3-umnj-mopgposiuHa 5 6biiu nosyyYeHbl Ku-
M94YeHUEeM 8 3MaHOos1e 3K8UMOJISIPHbLIX KO/IUYECM8 HECUMMEeMPUYHbLIX MUOMoYesUH 1 ¢ a-xopauyemoHom 2 u
a-6pom-4-xnopayemogheHoHom 4, coomeemcmeeHHo. N-[4-(47-XnopogeHun-2-R-cpeHunumuHomua3son-3-unj-
mopcehonuHbl 6 bbinu rnonyyYeHsl Helimpanu3ayuel coeduHeHul § ¢ ucnons3osaHuem 10% pacmeopa NH,OH.
Y0oenemeopumerbHbie 8b1X00bl CUHME3UPO8aHHbIX cOeOUHeHUl 3, 5, 6 bbinu nonyyYeHbl 8 medeHue 1-3 yacos.
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Llenesbie coeduHeHus 3, 5, 6 bbinu rnonyyeHsl Kpucmarnnusayuel u3 opeaHu4yeckux pacmeopumenel ¢ 8bixo0a-
mu 74-87%. Cmpykmypa u yucmoma CUHMe3UpO8aHHbIX COEOUHEHUU Obiiu noomeepcoervl OaHHbIMU 371eMeHm-
Ho2o aHanu3a, 'H SIMP-crniekmpockonuu u xpomMamo-Macc-criekmpomMempuu. Tak Kak 8 pedysibmame peakyuu
803MOXHO 0bpa3osaHue 08yx u3omepos, Osisl yCmaHOo8MeHUs UCMUHHO20 CMPOEHUSI MOTyYEeHHbIX 8eWecms
6bir1a ucnonb3oeaHa cnekmpockonusi [TMP ¢ ee crnieyuansHbiMu npuemamu. ViccriedosaHusi nposedeHbl Ha npu-
mepe npodykma peakyuu 6i u 0okazaHo, Ymo OaHHasi cmpykmypa sensiemcsi umeHHo N-[4-(47-xnopogheHur)-2-
(4’-xnopogpeHunumuHo)mua3zon-3-unj-mopghonuHom 6i. Ha ocHose pe3yrimamos rposedeHHbIx uccredosaHull
CMPYKmMypbl CUHMEe3UpO8aHHbIX COEOUHEHUU rnpedsioeH 803MOXHbIU MexaHU3M Mpoxox0eHus uccriedyemol

peakyuu.

Cepepn reTepOlUKJIIYHUX CIOJYK YiJIbHE MicIle
MOCiIal0Th a30TOBMICHI reTepOLUKJIIYHI CUCTEMH,
10 xeMOTUIiB IKKX, TAK 3BaHUX OI0KOPIB, € Y CTPYK-
Typax noHaz, 2000 JiikiB, 1110 cTaHOBUTH 6J113bK0 30%
Bi/| 3arasibHOI KisibKOCTi papMalleBTUYHUX Npena-
paTiB. Lle#t paKT nepekoHJIHUBO CBIAYUTH NMPO AKTY-
QJIBHICTB i JOLINIBbHICTb NPpOBeeHHA LOCAiIKEHD,
CIpPSIMOBAaHUX Ha PO3POOKYy HOBUX METO0JOTiH
oJlep>KaHHs 5- 1 6-4JIleHHUX a30TOBMiCHHUX reTepo-
LMKJIIYHUX CUCTEM 3 MOTY>KHUM CHHTETUYHUM i 6io-
JloriyHMM noteHnianoM [1]. AHanis HaykoBoi Ta na-
TEHTHOI JIiTepaTypH MOKas3asg, 1110 noxiaxi 1,3-Tiazosy
NPOSIBJISIOTh IIUPOKUHN CEKTP 6i0JI0TiYHOT aKTHB-
HOCTi: aHa/IrTeTUYHY [2], aHTHUarperanTHy [3], aHTH-
MiKpo6HY [4], BazogussaTanifiny [5] Ta 6araTo iH-
IIMX BUJIiB aKTUBHOCTI MPU HU3bKIA TOKCUYHOCTI.
B pesysbraTi nonepeaHix AOCHIIKEHb HaMU BXe
oJlep>kaHUM psAj, NoxiAHUX 2-[4-apu(afaMaHTHI)-
2-deninimMiHoTia30s1-3-is]-eTanony [6].

B 11iif po60Ti npe/icTaBieHUI CHHTE3 HOBOT'O PSAY
noxiziHux N-[4-MeTun(4'-x1opodenin)-2-R-deHimimino-
Tiazos-3-i1]-Mopdosiny B yMmoBax peakuii [aH4a Ta
JocimpkeHi pisuKo-XiMidHI BJIaCTUBOCTi CHHTE30Ba-
HUX CIIOJIYK 32 I0IOMOTOI0 CyYaCHUX METO/IB.

CunTe3 noxigHux N-[4-MeTun(4!-xmopodeHin)-
2-R-¢deniniminoriazon-3-in]-mopdoniny 3a-i, 5e-g,
51, 5m, 6h-k 6yB 311ilicHeHU# 3rigHO 31 cxemoto 1.

Opnep:xaHHA HECUMETPUUYHUX TiocedoBUH 1a-m
npu B3aeMozil apusizoTioniaHaTiB Ta MopdostiH-4-
aMiHy a€ MOXKJIUBICTD BKe Ha CcTafii nyKIIi3aLil BBO-
JIUTH B CTPYKTYPY LiJIbOBUX CIIOJIYK 3, 5, 6 3aMicHU-
KU pi3HOI eJIeKTPOHHOI IPUPOLHU.

3a/10BisbHI BUx0 M noxigHUX N-[4-meTuu-2-R-de-
HisliMiHOTia30s1-3-is1]-Mopdoniny 3a-i onepxaHi npu
npoBefeHHi peakuii npotsirom 1 rogunu. Cnpo6u
36i/IBLIMTH BUXOAH, TOA0BXKYIOUH Yac NPOBEJEeHHS
peaxiiil, BUIBUJINCA Hepe3yJbTaTUBHUMMU. 3a/10BiJIb-
Hi BUxoau noxigHux N-[4-(4!-xsmopodenin)-2-R-dpe-
HijsiMiHOTia301-3-i1]-Mopdoniny 5e-g, 51, 5m, 6h-k
oJlep>kaHi npoTAroM 1-3 roguH.

LinboBi cnonyku 3a-i, 5e-g, 51, 5m - Gini i cBit-
JI0-)KOBTI KPUCTaJIIUHI PEYOBHHH, PO3YMHHI Y BOAI, Me-
TAHOJI, €TaHOJI1, MPONAaHOi-2, MaJOPO34YNHHI B renTa-
Hi, HEPO34MHHI B XJIOPOPOPMI.

LinboBi cnonyku 6h-k - 6i1ii cBiT/10-)K0BTi KpU-
CTaJIiYHi pe4OBMHHU, PO3YMHHI B METAHOJIi, ETAHOJI],
NpOoMNaHoJi-2, MaJOPO34YMHHI B renTaHi, HEPO3UYUH-
Hi B xs10podopmi, Bofi.

I
H H . R
R H,C-C-CH.CI
N N 3 2 S
T °N =N
£y N v
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- N
1am LY 3ai
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Q/‘K/Br
Cl
4
/
R R
S_ OH S
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) |\T Her — LN
N’\ \N’\
Cl K”O Cl K/O
5e-m 6 h-k

[nsi cronyk 1, 3, 5, 6: a) 3-Cl; b) 2,4-(CH,),; ¢) 2,5-(CH,),; d) 2,6-(CH,),; e) H;
f) 4-OC,H,; g) 2-OCH,; h) 2,3-(CH.,),; i) 4-Cl; j) 3-CH,; k) 4-OCHj; 1) 2-CH,; m) 4-CH,,

Cxema 1
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Cxema 2

CTpyKTypai4ucTOTa CHHTe30BaHUX CIIOJIYK 3a-i,
5e-g, 51, 5m, 6h-k 6ynu nigTBEp/PKeHI 32 ;0MOMO-
roto XpomaTto-mac-crekrpomeTpii, 'H AMP-cniekTpo-
CKoIii Ta eJIeMeHTHOI' 0 aHaJli3y.

B pesysibTaTi npoxo/pkeHHs peakuil [aH4a MOx-
JINBE YTBOPEHHS JIBOX i30MepPHUX CTPYKTYP 5i a6o
7 (cxema 2).

[IpoBeseHi xpoMaTo-Mac-ClIeKTPOMETPHUYHI J10-
CJTi/IP>KeHHS /11 HEKPUCTaJIi30BaHUX CIIOJIyK BUABU-
JIV HasiBHICTB JIMIIIE OIHOT'0 XpoMaTorpadiyHoro miky
i TUM cCaMUM MiATBEPAUIIH, 110 LOC/IAKYBaHa peak-
1[is mepebirae 3a OJHUM HAIPSIMKOM.

Jl/1 BCTaHOBJIEHHS iCTUHHOI OYZ0BU OJlep>KaHUX
pEYOBMH HaMU BUKOpUCTaHa criektpockonis AMP i3
if cnenjiannbHUMU puoMaMu. JlocaiPkeHHs TpoBe-
JleHi Ha IpUKJIaAi TpoAyKTy peakiiii N-[4-(4!-xsmopo-
dewnin)-2-(4"-xsopodeninimino)tiazo-3-in]-mopdo-
JiHy 6i. [Ipu nbomy 3HaiaeHo, mwo 'H AMP-criektp
i€l CIIOJIyKY MICTUTD JiBa yUIMPEHI CUHIJIETH MOp-
¢dosiHoBOTO dPparmenTty npu 2,59 Tta 3,64 Mm.z., CUH-
rJIeT Tia30/1iHOBOTO NPOTOHY NpHu 6,49 M.A., 4OTUPHU
MyJbTUIIETH AJis1 ABOoX AA’XX'-cucTeM ABOX napa-
3aMillleHUX apoOMaTUYHUX AJep, oHe npu 7,12 Ta
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7,30 m.a., inme npu 7,19 Tta 7,38 M.4. (BigHeceHHs
CUTHaJIiB apOMaTUYHUX s17iep 3p06JIeHO Ha OCHOBI
nanux ekciepuMeHTy NOESY). Criektp 3C AMP niel
CIIOJIyKHY NTOKa3aB HasiBHICTh 13 cUrHaJIiB; ABa 3 HUX
y anidaTuyHil o6s1acTi BigHeceHi jo Kap6oHiB Mop-
¢dosinoBorO Pparmenty, curyas npu 103,6 m.z., iMmo-
BipHo, BianoBizae Kap6ony C-4 Tia3os1iHOBOro LUKJY;
YOTUPU CUTHAJIU NOJBINHOI iIHTEHCUBHOCTI 4iTKO
nokasyTb Kap6oHu B opmo- i Mema-no3unisx apo-
MaTHUYHUX [UKJIB; pelITa CUrHa/iB (IIicTh) 3HaXo-
JIUTBHCSA y CIA0KUX noJisiX. Takum unHoM, 'H ta 1*C AMP
JlaHi Bi/INOBi1al0Th CTPYKTYPI CIOJYKU 61, HaBe/leHil y
cxeMi 2 (cnosiyka 5i). lonatkoBo ekcriepruMeHT ROESY
M0Ka3aB HasIBHICTb KPOC-MiKiB Mi>k CUTHaJ/IOM 2,59 M.J1.
MopdoJIiHOBUX NPOTOHIB i Opmo-npoToHaMH 060X
apoMaTU4HUX sep (curHanu npu 7,121 7,19 m.1.), o
CBiIYUTH PO po3TallyBaHHs MopdoJsiHoBoro ¢par-
MEHTY MK JUMU [IBOMa AJpaMHU i TAKUM YUHOM [,03BO-
JIsIE BIEBHEHO CTBEP/KYBaTH — NOCJIHKYBaHa CTPYK-
Typa € N-[4-(4'-xnopodeHin)-2-(4’-xn10podeHiniMiHO)
TiazoJ-3-i1]-MopdosiHOM 61, CHHTETUYHUH MOTe-
peaHUK sKOoi - rimpo6pomiza N-[4-(4!-xsmopodeHin)-
2-(4’-xsmopodeHinimMiHo)Tiazos-3-in]-Mmopdouin 5i.
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[IpoBeneHi fjocaipKeHHs CTPYKTYpPY CHHTE30Ba-
HUX CHOJYK JJ03BOJIAIOTh NPUNYCTUTH TaKUK MeXa-
Hi3M Joc/ipKyBaHoi peakiii (cxema 2): y nporieci pe-
akuii Bi0yBaeThcst HyK/1eodiibHa aTaka rajoreHo-
3amimeHoro atoma Kap6oHny 4-xsopodeHinizorio-
nianaty 4 atomoM Cipku 1-MopdoJtiH-4-i-3-peHin-
TiocedoBUHHU 1i, a B pe3ysibTaTi KOHJeHcallil yTBo-
PIOETBCS aUMKIIYHUN iHTepMeaiaT I, mpu crabinisa-
1[ii IKOr0 TEOPETUYHO MOXJIMBE YTBOPEHHS pPe30-
HaHCHUX CTPYKTYp 51 a6o 7. Y pe3ynbTaTi yTBOPIO-
€TbCS pe30HAaHCHAa CTPYKTypa 5I, Tak K BOHA €
6isb11I cTabi/IbHOIO 33 paXyHOK HasiBHOCTI +M edek-
Ty COpPSI>)KEeHHS HeNoZAiJeHol napu ejieKTpoHiB Hit-
pOT€eHY, 3B’s13aHOT0 3 6EH30JIbHUM KiJIblieM, 3 Ti-eJIeK-
TpOHaMU 6EH30JIbHOIO KiJIbIifl. 32 PaXyHOK IIbOTO
NiJBUILYETHCA eJIeKTPOHHA I'yCTHUHA L€l YaCTUHU
MoJieKyJid, a HiTporeH 104aTKOBO 3B’13yEThHCs 3 apo-
MaTUYHUM fIIPOM 33 paxXyHOK IepeKpUBaHHA WOro
p-opbiTasieil 3 TT-eJleKTPOHAMHU 6€H30JIbHOTO KiJib-
1151, 110 0OYMOBJIIOE HOT0 MaJIopyx/auBicTh. Henmogi-
JiIeHa napa eJIeKTpoHiB aToMa HiTporeny, 38’s13aHoro
3 MopdostiHOM, He Gepe y4acTi B CHCTEMI CIIPSI?KEH-
HA i Jierko Biguensitoe atoM l'izporeny npu aerigpa-
Talil pe3oHaHCHOI cTPYKTYpH III, B pe3ynbTaTi AKOL
BiZOyBa€eThCA LUKJIi3aLisi MoJsieKy/ (crosyka 5i).

ExcnepuMeHTasibHa YacTMHa

BuxigHi peyoBUHY, JONOMIXKHI CIOJIYKU Ta PO3-
YUHHUKHY, sIKi 6yJI1 BUKOPUCTaHi B po60Ti, OTpUMY-
BaJ/IM Ta OYMILA/IM 33 CTAHAAPTHUMU METOJUKAMHU.
Mopdounin-4-aMin, a-xaopaneToH 6yd npuabdaHi y
¢ipmu Acros Organics i BUKOpucTaHi 6€3 J0AaTKO-
BOT'0 O4MILeHHA. HecuMeTpU4HI Tioce40BHUHHU OZiep-
’KaHi IUIIX0M B3aeMozii R-deninizoTiorianaris i Mmop-
douiH-4-aMiHy B cepe0BHIIi CYXOTO JlioKcaHy [6].
Cunte3 R-deHinizoTioniaHaTiB 3AilicCHEHUH IJISIXOM
06p0OKU apOMaTUYHUX aMiHiB TeTpaMeTHJITiypaM-
AUCYAbiIoM 3 HACTYITHUM pyHHYBaHHSAM MPOMiXK-
HOro mpoAyKTy N, -apui-N,N-A1uMeTH/ITiOCe10BUHN
nif niero koHueHtTpoBaHoi HCI [7]. a-Bpom-4-xyop-
anetodpeHoH 4 o/lepKyBaJIi HIJISXOM OGPOMYBaHHSA
4-xnopanetodeHony [8]. [lepebir peakiii KOHTPOJIIO-
BaJIM METO/I0M TOHKOIIIAapoBOi XxpoMmaTtorpadii, BUKo-
pucroBytouH cuiikaresb Fluka (60 F254) niactrau
(0,25 mm). Bizyauizariist 6ys1a 3po6sieHa 3 YP-cBiTiom.
TeMnepaTypu nyiaBjieHHS CHHTE30BaHUX CIOJIYK BU-
3Haya/Id KaliJIIpHUM MeToJloM. EnreMeHTHUH aHa-
Ji3 BMicTy asoTy 3ailcHioBaiu MeToaoM /Jlroma.
'H AMP-cnekTpu peecTpyBaiu Ha npuiazi Varian
Gemini 400 MI'y B IMCO-d,, ik BHYTpilIHIN cTaH-
JlapT BUKOPUCTOBYBasu TeTpaMeTusicuiad (TMC).
13C IMP-cniexkTpu Ta ekcnepuMmeHT ROESY BuKoHaHi
Ha npuJsagi Varian MR-400 B IMCO-d,, ik BHy TpiLI-
Hi CTaHAApT BUKOPHUCTOBYBAJU TeTpPaMeETUJICH-
jaH (TMC). XimiuHi 3cyBu HaBeeHi B mKasli § (M.4.).
Mac-cnekTpu peectpyBasiu Ha npunazi Agilent LC/
MSD SL 1100 (CLIA).

3araJibHa MeTOJMKa CUHTe3y IiipoXJIOpHAiB
N-[4-meTn.1-2-R-PeHniniminoTtiazo-3-is]-Mmopdo-
Jainy 3a-i. EkBimMosisipHi kinbkocti 1-Mmopdonin-4-i-
3-R-¢eninTiocevoBrnu 1a-i Ta a-xy0paneToHy 2 Ku-
I ITUJIX B eTaHoJIi mpoTsiroM 1 roz. Kinenps peakiiii
KoHTpoJsoBaau MetogoM THIX. OxepxkaHi TBepAi
NPOJYKTH 3a-i piNbTpyBasiv, IPOMHUBAIN BOJOKO i
KpUCTaJ1i3yBaJiU 3 BiIIOBIJHUX PO3YUHHUKIB.

l'iopoxaopud N-[4-memun-2-(3-xa0pogheHin-
imiHo)mia3on-3-in]-mopgponiny 3a. Buxig — 87%.
T. mn. - 123-124°C (ertano.s1). BupaxyBaHo s
C,,H(CIN;0S HCI N 12.13%. 3naizaeno, %: N 12.40.
MC m/z: 311.2 [(M+H-HCI)*].

riopoxaopud N-[4-memun-2-(2,4-dumemu.-
deHinimiHo)miazoa-3-ia]-mopghoainy 3b. Buxin -
85%. T. 1. - 110-112°C (mponanos-2). 'H AMP
(400 MTI'y, AIMCO-d,) 6: 1.84 (c, 3H, CH,), 2.02 (¢, 3H,
CH,), 2.39 (¢, 3H, CH,), 2.80-3.01 (M, 4H, CH,NCH,),
3.51-3.93 (M, 4H, CH,0CH,), 6.98 (c,1H, 5H-Tiazo.x),
7.28-7.49 (M, 3H, Ar-H), 10.80 (c, 1H, NH*). Bupaxy-
BaHo gua C, H,,N,0S HCI N 12.36%. 3naiifeno, %:
N 12.50.

Triopoxaopud N-[4-memu-2-(2,5-dumemuicpe-
HinimiHO)mia304-3-ia]-mopghoniny 3c. Buxin — 84%.
T. . - 115-117°C (mponanos-2). *H IMP (400 MTI'n,
AMCO-d,) &: 1.84 (c, 3H, CH,), 2.00 (¢, 3H, CH,), 2.37
(c, 3H, CH,), 2.75-3,00 (M, 4H, CH,NCH,), 3.50-3.83
(m, 4H, CH,0CH,), 6.99 (c,1H, 5H-Tiazox), 7.33-7.42
(m, 3H, Ar-H), 10.80 (c, 1H, NH*). BupaxyBaHo aJis
C,¢H,;N;OS HCI N 12.36%. 3naiieno, %: N 12.51.

liopoxaopud N-[4-memun-2-(2,6-dumemuidpe-
HinimiHO)mia304-3-ia]-mopghoniny 3d. Buxin - 86%.
T. m1. - 146-149°C (nponaHo.-2). BupaxyBaHo s
C,H,;N,OS HCI N 12.36%. 3naiigeHo, %: N 12.53.
MC m/z: 304.2 [(M+H-HCI)*].

Tidpoxopud N-[4-memui-2-gheHiniminHomiazon-
3-in]-mopdghoniny 3e. Buxin - 75%. T. 1. - 136-138°C
(nponanos-2). *H AMP (400 MI'u, IMCO-d,) 6: 1.88
(¢, 3H, CH,), 2.77-2.99 (M, 4H, CH,NCH,), 3.42-3.81
(M, 4H, CH,0CH,), 6.96 (c, 1H, 5H-Ttia3oux), 7.60-7.72
(m, 5H, Ar-H), 10.80 (c, 1H, NH*). BupaxyBaHo aJis
C,,H,;N;0S HCI N 13.47%. 3naiieno, %: N 13.65.

l'iopoxaopud N-[4-memu-2-(4-emokcugpeHin-
imino)mia3on-3-in]-mopgponiny 3f. Buxin - 77%.
T. 1. - 148-152°C (npomnanosi-2). 'H AMP (400 MTI'n,
AMCO-d,) é: 1.38 (T, 3H, OCH,CHy,), 1.89 (c, 3H, CH,),
2.80-2.95 (m, 4H, CH,NCH,), 3.42-3.82 (m,4H, CH,0CH,),
4.13 (xB, 2H, OCH,CH,), 6.94 (c, 1H, 5H-Tiazo0.1), 7.19
i7.52 (z-n, 4H, C,H,), 10.70 (c, 1H, NH*). BupaxyBaHo
nast C H,,N,0,S HCI N 11.81%. 3HaiiieHo, %: N 12.15.

Tiopoxaopud N-[4-memu-2-(2-memokcudgie-
HisnimiHo)mia3oa-3-in]-mopdgponiny 3g. Buxig -
79%. T. 1. - 162-165°C (nmponaHoJ-2). Bupaxyga-
Ho ajis C,.H,,N,0,S HCI N 12.29%. 3naiigeno, %: N
12.41. MC m/z: 307.2 [(M+H-HCl)"].

l'iopoxaopud N-[4-memun-2-(2,3-dumemuidbe-
HinimiHO)mia304-3-ia]-mopghoniny 3h. Buxin - 82%.
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T. . - 146-150°C (mponano-2). *H AMP (400 MTI'n,
JAMCO-d,) &: 1.84 (c, 3H, CH,), 1.94 (c, 3H, CH,), 2.37
(c, 3H, CH,), 2.80-2.90 (M, 4H, CH,NCH,), 3.49-3.81
(M, 4H, CH,0CH,), 7.03 (c, 1H, 5H-Ttia3oux), 7.34-7.52
(M, 3H, Ar-H), 10.90 (c, 1H, NH"). BupaxyBaHo aJis
C,H,;N;OS HCI N 12.36%. 3naiineno, %: N 12.58.

Tidpoxaopud N-[4-memun-2-(4-xa0pogheHin-
imino)mia3on-3-in]-mopgponiny 3i. Buxin - 87%.
T. mn. - 152-154°C (ertaHo.s). BupaxyBaHo st
C,,H,,CIN,0S HCI N 12.13%. 3HaiiaeHo, %: N 12.35.
MC m/z: 311.2 [(M+H-HCI)"].

MeToayKa cuHTEe3y a-6poM-4-xjopanetode-
HOHY 4. /lo po3uuny 0,05 Mosb 4-x10panetTodpeHo-
Hy B 150 ms1 MeTaHosy gogaBasu 0,055 Mosib 6po-
MY 3 TaKOI0 IIBU/KICTIO, 1106 TeMIepaTypa peakiii-
HoI cyMmiwi He nepeBuiyBasa 35°C. [licsis 3He6apB-
JIEHHsI peakiidHy cymim BusuBasu Ha 0,5 kr no-
JipioHeHoTrO0 LOAY. O Eep>kaHUl a-6poM-4-x10palie-
TodeHOH QibTPyBasy, TPOMUBAIHN BOAOIO, CYLIUJIH.

3arajibHa MeTOAMKa CUHTe3y riApo6pomiaiB
N-[4-(4"'-x10podenin)-2-R-PpeHiniMminoriazon-3-i]-
Mmopdosiny 5e-g, 51, 5m. ExBimMosisspHi KiZbKOCTI
1-Mmopdomnin-4-in-3-R-dpenintiocevoBunu 1e-g, 11, Im
Ta a-6poM-4-xyopaleTodeHoHy 4 KUIl ATUJIU B eTa-
HoJi npoTtarom 1-3 roa. KiHenpb peakuii KOHTpoJIt0-
Basiu MetogoM TIIX. Opep:kani TBepZi NpOAyKTHU
5e-g, 51, 5m dinbTpyBasu, NpoMUBaIU BOJOIO i Ie-
pPEKPHUCTAJII30BYBaJIM 3 BiZIMIOBIIHUX PO3YMHHHKIB.

3arasibHa MeToauKa cuHTe3y N-[4-(41-x10pode-
His)-2-R-peniniminoTiazo-3-i1]-mopdo.inis 6h-k.
ExBiMouisipHi KisibkocTi 1-Mopdosin-4-is-3-R-denin-
TiocedoBUHU 1h-k Ta a-6poM-4-xyopaneTodeHOHy
4 KuI AITHUJIU B eTaHoJi npoTtsiroM 1-3 roz. KiHelb
peakuii KoHTpoJitoBaau MetoaoM TIIX. PeakuiiHy
CyMiLll KMIT ITUJIM, yHaploBasu Ao 06’emy 15-20 ma
i ponaBanu 20 ma 10% posunny NH,OH. OxeprxaHi
0Ca/iv CYLIMWJIU | IepeKpUCcTani3oByBa/Iy 3 BiANIOBi-
HUX PO3YMHHHUKIB.

Tidpo6pomid N-[4-(4'-xa0pocpenin)-2-geHin-
iminHomia30.a-3-i1]-mopghoainy 5e. Buxing - 83%.
T. . - 196-198°C (npomanos-2). *H AMP (400 MTI'n,
AMCO-d,) &: 2.60-3,05 (M, 4H, CH,NCH,), 3.40-3,93
(m, 4H, CH,0CH,), 7.16 i 7.31 (a-m, 4H, CH,), 7.49
(¢, 1H, 5H-Tia3o0.n), 7.56 (M, 5H, C,H.), 10.80 (c, 1H,
NH*). BupaxyBano gJjist C,;oH,;CIN,0S HBr N 9.28%.
3unaungeHo, %: N 9.56.

T'idpo6pomia N-[4-(4'-xn0pogpeHnin)-2-(4’-
emokcudgieHinimino)miazon-3-in]-mopdgpoainy 5f.
Buxig - 81%. T. tut. - 197-198°C (nponanoJ-2). *H IMP
(400 MI'u, IMCO-d,) 6: 1.33 (T, 3H, OCH,CH,), 2.80-
2.95 (M, 4H, CH,NCH,), 3.49-3.85 (M, 4H, CH,0CH,),
4.07 (xB, 2H, OCH,CH,),7.04 i 7.19 (z-g, 4H, C,H,),
7.35-7.55 (M, 5H, 1H-tiazon + Ar-H), 10.70 (c, 1H,
NH*). Bupaxysano ausa C,,H,,CIN,0,S HBr N 8.46%.
3nangeno, %: N 8.70.

Tidopo6pomia N-[4-(4'-xn0pogpenin)-2-(2’-
MemokcugbeHinimiHo)miazon-3-ia]-mopgpoainy 5g.
Buxin - 78%. T. 1. - 196-198°C (npomnaHoi-2). Bu-
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paxyBaHo gus C,,H,,CIN,OS HBr N 8.70%. 3naiize-
HO, %: N 8.95. MC m/z: 402.2 [(M+H-HBr)"].

N-[4-(4'-Xaopogpenin)-2-(2,3’-dumemuadgpe-
HiimiHo)mia304-3-ia]-mopdhonin 6h. Buxin - 79%.
T. mn. - 112-114°C (rentan). 'H AMP (400 Mrh,
AMCO-d,) 6: 2.03 (¢, 3H, CH,), 2.25 (¢, 3H, CH,), 2.50-
2.70 (M, 4H, CH,NCH,), 3.60-3.72 (M, 4H, CH,0CH,),
6.35 (c, 1H, 5H-Tia3oux), 6.86-7.11 (M, 3H, Ar-H), 7.06
i7.20 (d-d, 4H, C,H,). Bupaxysano g C,,H,,CIN,0S
N 10.51%. 3naiigeno, %: N 10.81.

N-[4-(4'-Xnopodhenin)-2-(4’-xnopogheninimino)
mia30.-3-ia]-mopdponin 6i. Buxin - 87%. T. . -
150°C (rentan). '*H AMP (400 MI'y, DMCO-d,) §, M. 4.:
2.59 (yur ¢, 4H, CH,NCH,), 3.64 (yu. ¢, 4H, CH,0CH,),
6.49 (c, 1H, 5H-Tiazoun), 7.12 (M, 2H, ArH), 7.19 (M,
2H, ArH), 7.30 (™, 2H, ArH), 7.38 (M, 2H, ArH). *C AMP
(100 MI'y, DMCO-dy) 6, M. z.: 55.0, 66.0, 103.6, 128.3,
1288,129.7,129.7,130.1,131.7,132.9,136.6,137.9,166.8.
Bupaxysano aus C,,H,,Cl,N,OS N 10.34%. 3nalize-
Ho, %: N 10.49.

N-[4-(4*-Xn0opocpenin)-2-(3’-memuagpeHiaimi-
Ho)mia304-3-i1]-mopdhonin 6j. Buxig - 75%. T. .
-139-140°C (rentan). 'H AMP (400 MI'n, /IMCO-d,)
6: 2.23 (¢, 3H, CH,), 2.55-2.70 (m, 4H, CH,NCH,),
3.62-3.73 (m, 4H, CH,0CH,), 6.43 (c, 1H, 5H-Tiazo0.1),
6.95-7.20 (m, 4H, C,H,), 7.13 1 7.26 (d-d, 4H, Ar-H).
Bupaxysano gnasa C,,H,,CIN;OS N 10.89%. 3naiize-
HO, %: N 11.13.

N-[4-(4'-Xaopogperin)-2-(4’-memokcudgpeHis-
imiHo)mia3on-3-in]-mopgponin 6k. Buxig - 74%.
T. . - 187-190°C (rentan). 'H AMP (400 MIy,
AMCO-d,) &: 2.52-2.67 (m, 4H, CH,NCH,), 3.58-3.76
(M, 4H, CH,0CH,), 3.75 (c, 3H, OCH,), 6.34 (c, 1H,
5H-tiazoun), 6.851 7.06 (#-1, 4H, C,H,), 7.12 1 7.24
(m-n, 4H, C,H,). BupaxyBano aasa C,H,,CIN,0,S N
10.45%. 3narigeno, %: N 10.61.

Tiopo6pomid N-[4-(4'-xaopodhenin)-2-(2’-me-
muadgpeninimino)miazon-3-in]-mopgponiny 51
Buxig - 75%. T. ma1. - 197-199°C (nponanoJi-2). Bu-
paxyBaHo gus C,,H,,CIN,0S HBr N 9.00%. 3xaiize-
HO, %: N 9.24. MC m/z: 386.2 [(M+H-HBr)"].

Tidpo6pomid N-[4-(4'-xnopodhenin)-2-(4’-me-
muiageHinimino)miazon-3-ia]-mopgoainy 5m.
Buxig - 76%. T. . - 196-200°C (mpomanos-2). 'H
AMP (400 MI'y, AMCO-d,) &: 2.34 (c, 3H, CH,;), 2.80-
3.01 (M, 4H, CH,NCH,), 3.51-3.93 (M, 4H, CH,0CH,),
7.04-7.45 (M, 9H, 1H-tia3o0s1 + 8H apom), 10.70 (c, 1H,
NH*). Bupaxysano gus C,,H,,CIN,0S HBr N 9.00%.
3HaueHo, %: N 9.17.

BUCHOBKM

1. B ymoBax peakiii 'aH4a ciHTEe30BaHi HEOH-
cani B sitepaTtypi noxizni N-[4-meTus(4!-xm0po-
denin)-2-R-peniniminoriazon-3-in]-mopdoiny.

2. CTpykTypa i YMCTOTa CUHTE30BaHUX CIIOJIYK
niTBEpAXKeHI 3a JIOOMOT 00 eJIEMEHTHOT0 aHaJli-
3y, TeMIiepaTyp niasseHHs, 'H AMP-cnekTpockomii
i XxpoMaTo-Mac-crieKTpomMeTpil.
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Katouosi caoea: niposao[2,3-dnipumidunu; iodosakmonizayis; peakyis A6pamosa;
a-zidpokcugocgorosi kKuciomu
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Poboma npucesiyeHa cuHme3sy Ho8ux niposiof2,3-dJnipumiOuHo8MICHUX a-2i0pOKCUGhOCEHOHOBUX KUCIIOM SIK rpe-
Kypcopis Orisi cuHme3y rnomeHuitiHux 6ionoeidHo akmueHux crionyk. [Npu e3aemodii memunogoeo ecmepy 7-anin-1,3-
Aumemur-2,4-0iokco-2,3,4, 7-mempaeidpo- 1H-niporno[2, 3-dJnipumiouH-6-kapboHo8oi Kucriomu 3 (oO0OM ymeopHoEMb-
cs1 8-tiodomemunnipumioo[5’,4°:4,5]nipono[2,1-c][1,4JokcasuH. Cknad ma cmpykmypa crosyKku rniomeepoxeHi
daHUMU erneMeHmMHo20 aHanidy, AMP-criekmpocKonii, a makox peHmaeHoCmpyKmMypHUM OOCITIOXKEHHSIM, W0
€ NepeKoHIu8uUM 0OKa30M Hasi8HOCMI OKCa3UuHOB020 UUKIy. EnimiHyeaHHs1 2a;102eH0B800HI0 LiodoMemusibHO-
20 noxidHoeo npoxodumsp 3 odepxxaHHAM 1,3,8-mpumemun-2H-nipumido[5’,4°:4,5]nipono[2,1-c][1,4]okcasuH-
2,4,6(1H,3H)-mpuoHy, npu HaepigaHHI K020 3 MemaHos/IOM y rpUCymHocmi nomauwly 8idbysaembcsi HykneoirbHa
amaka o KapbOHIrbHIli epyri, iKa CyrnpoeodXyembCsi PO3UENNEHHSIM JTaKIMOHHO20 UUKITY 3 YMBOPEHHSIM MoXiOHO020
7-(2-okconponin)-1H-nipono[2,3-dnipumiduHy. Obpobka kemoHy diizonponinighocghimom e ymosax peakujii Abpamosa
rpusodume Ao 0depxkaHHs ripumioo[5’,4’:4,5]nipono[2, 1-c][1,4]okcasuH-8-inghocchoHamy, 2idponis sikoeo byro 30il-
CHEHO KUM'AMIHHSAM y po38e0eHitl consiHiti kucriomi. [pu ybsomy 8i0bysaembCs pO3MUKaHHSI OKCa3UuH08020 UUKITY, W0
CynposodXKyembCsi OeKapbOKCUMO8aHHSIM | ymeopeHHsIM riporiof2,3-dJnipumiduHy 3 1-2i0pokcughocchoHoEMUITbHUM
3aMiCHUKOM Y MOMNOXEHHI 7 2emepoyuknidHoi cucmemu. Cmpykmypa ompumaHux crionyk 0ogedeHa 3 8UKOpUCMaH-
HsimM memodie SIMP criekmpocKorii, XpoMamomac-CcrieKmpoMempii ma efieMeHmHO20 aHari3y.

THE SYNTHESIS OF NEW PYRROLO([2,3-d]JPYRIMIDINE-CONTAINING a-HYDROXYPHOSPHONIC ACIDS
L.V.Muzychka, 1.0.Yaremchuk, 0.B.Smolii, R.I.Zubatyuk,

Key words: pyrrolo[2,3-d]pyrimidine; iodolactonization; Abramov reaction; a-hydroxyphosphonic acids

The work is devoted to the synthesis of new pyrrolo[2,3-d]pyrimidine-containing a-hydroxyphosphonic acids as
precursors for the synthesis of potential biologically active compounds. The reaction between methyl 7-allyl-1,3-
dimethyl-2,4-dioxo-2,3,4, 7-tetrahydro-1H-pyrrolo[2, 3-d]pyrimidine-6-carboxylate and iodine has resulted in 8-io-
domethylpyrimido[5°,4°:4,5]pyrrolo[2,1-c][1,4]oxazine. The composition and structure of the compound has been
confirmed by elemental analysis, NMR-spectroscopy and X-ray examination, and it is a convincing evidence of the
presence of the oxazine cycle. Elimination of hydrogen halide of the iodomethyl derivative occurred with formation
of 1,3,8-trimethyl-2H-pyrimido[5°,4’:4,5]pyrrolo[2,1-c][1,4]oxazine-2,4,6(1H,3H)-trione. The compound obtained upon
heating with methanol in the presence of potassium carbonate was subjected to the nucleophilic attack at the car-
bonyl group. 7-(2-Oxopropyl)-1H-pyrrolo[2,3-d]pyrimidine derivative was formed by cleavage of the lactone ring.
The treatment of ketone with diisopropyl phosphite by Abramov reaction resulted in formation of pyrimido[5°,4°:4,5]
pyrrolo[2,1-c][1,4]oxazin-8-ylphosphonate, its hydrolysis was carried out by boiling in dilute hydrochloric acid. The
reaction proceeded by opening of the oxazine ring, with the concomitant decarboxylation giving pyrrolo[2,3-d]
pyrimidine with the 1-hydroxyphosphonoethyl substituent in position 7 of the heterocycle. The structure of the com-
pounds obtained has been proven using NMR spectroscopy, mass-spectra and elemental analysis.

CUHTE3 HOBbIX MNPOJ10[2,3-d]ITUPUMUONHCOLEPXALUNX a-T'MAPOKCUPOCPOHOBbLIX KUCITIOT
J1.B.My3bi4ka, N.0.5Ipemuyyk, O.5.Cmonuti, P.U.3y6amiok, “

Krrodeenie crioea: nupposo[2,3-dinupumuduHsi; tiodnakmoHusayusi; peakyusi Abpamosa; a-2udpoKcughocghoHosble
Kucroms|

Paboma nocesuwjeHa cuHme3sy Ho8bIX nupposiof2,3-djnupumuduHcodepxauiux a-2udpoKcughocghoHOBLIX KUCTOm
KaK rpekypcopoes Orisi cuHme3sa rnomeHyuasnbHbIx buono2u4ecku akmueHbix coeduHeHul. lNpu 83aumodeticmauu
mMemunoeoeo aghupa 7-annun-1,3-0umemun-2,4-0uokco-2,3,4,7-mempaaudpo-1H-nuppono[2, 3-dinupumuduH-
6-kapboHoeoU Kucriomsi ¢ tiodom obpadyemcsi 8-tioOmemunmnupumudol[s’,4’:4,5nupporof2, 1-c][1,4]JokcasuH. Cocmas
u cmpykmypa coeOuHeHus1 noomeepxx0eHbl OaHHbIMU 3TIEMEHMHO20 aHanusa, AMP-cnekmpockonuu, a makxe
peHmaeHoCMpyKmypHbIM UuccriedosaHueM, 4Ymo sierisstemcsi y6edumersibHbIM OoKa3ameibCmeoM Haruyusi OKkcasu-
HO0B020 UUKIIa. rnuMUHUposaHue 2ario2eHoeodopoda LioOMemusibHO20 rPoU38oOHO20 NPoUCcXodum ¢ obpazosaHueM
1,3,8-mpumemunrn-2H-nupumudo[5’,4’:4,5]nuppornof2, 1-cj[1,4JokcasuH-2,4,6(1H,3H)-mpuoHa, rnpu HazpesaHuu Komo-
020 C MeEMaHO/IOM 8 MPUCYMCMaUU rnomauwa rnpoucxooum HykrneoguribHas amaka rno KapboHUIbHOU 2pyrine, Komo-
pasi cornposox0aemcs pacueriieHueM flakmoHHO20 YuKra ¢ obpasosaHuem 7-(2-okconpornun)-1H-nupponof2,3-djnu-
pumuduHa. Obpabomka KemoHa AuU30MPOMNUIghocehuMoM 8 yCrio8usIX peakyuu Abpamosa npusodum K 06pa3o8aHuUo
nupumudol[5’,4’:4,5]nupporo[2, 1-cj[1,4]Jokca3uH-8-urnghocgpoHama, 2udponu3 Komopoao bbir OCyUecmearneH KUrns4yeHu-
em 8 pasbaerieHHoU cornsiHou Kucriome. [pu amom rpoucxodum pa3mMbikaHUe OKCa3uHOB020 UUKIIa, KOmopoe Cornpo-
8ox0aemcs OekapbokcuruposaHueM U obpasosaHueM nupposof2, 3-dinupumuduHa ¢ 1-eudpoKcugOCEHOHOIMUITbHBLIM
3amecmumerieM 8 rofioxeHUU 7 eemepoyukriudeckol cucmemMsl. Cmpykmypa rorny4YeHHbIX coeOuHeHUU OokasaHa ¢
ucrions3o8aHuem memodos SIMP criekmpocKonuu, XpoMamomMacc-CrieKmpoMempuu U 3IIeMEeHIMHO20 aHarnu3a.
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[Moxizui nipoJsio[2,3-d|nipumiguny (7-neasany-
pUHY) MOCiJaloTh BaXKJIUBE Miclie B psi/ly KOHJIeH-
COBaHMX NipuMiauHiB. lle moB’si3aHO 3 IX CTPYKTYp-
HOIO CIOPiJIHEHICTIO A0 MypHUHIB. YBary 6araTbox
xiMikiB Ta 6ioJsioriB NpUBEPTAE IUPOKUH CIEKTP 6i-
0JIOTIYHOI aKTUBHOCTI, AKy NPOABJSIOTH Ipe/CTaB-
HUKH JJaHOTO KJacy crnoJjyk. Cepesi HUX BUABJIEHI
CNOJIYKH 3 NPOTUIYXJUHHOI, aHTHOAKTepiaIbHOIO
aKTHUBHICTIO. HenoaaBHO yBary 0CAiIHUMKIB TOYasIn
npuBepTaTH nipoJio[2,3-d|nipuMinruHu sk iHri6iTO-
pu kina3 JAK3 Ta Akt, ki MoKy Tb 6y TH EepPCIEKTUB-
HUMU IIPU JIIKYBAHHI ayTOIMYHHUX Ta OHKOJIOTTYHUX
xBopob6 [1-3]. He3Baxkatouu Ha Te, 1110 CHHTE3 MOXij-
HUX NipoJio[2,3-d|nipuMiguHy JOCUTH J06pe BUBYe-
HUH, BBeJIeHHS TakuX papMakoPpOpHUX YTPyINoBaHb
K ankinpocopuibHi rpynu B MeBHE MOJIOXKEHHS
reTepOoLUKJIIYHOIO KiJIbLA 3a/JIUIIAETLCA CKJIAJHUM
3aBgaHHAM. [lizBuenuii intepec g0 ¢ocdonaris
allMKJIYHUX aHaJIOTiB HYKJIeO3HU/1iB OB’ I13aHUH 3
BUSIBJIEHHAM 3HA4YHOI KIJIBKOCTI IpenapariB 3 BUCO-
KO0 aHTHBIiPYCHOIO aKTHBHICTIO [4-7].

KpiM yporo, 3Ha4yHy yBary npuBepTarTh Q-TiJ-
pokcudocPoHOBI KMCIOTH Ta iX MoXiAHi. BoHu mpo-
SBJISIIOTh aHTUOAaKTepia/ibHy, yHrinUIHY i repbi-
UUAHY aKTUBHICTB [8-11], a TakoX € epeKTUBHUMU
inriéiTopamu EPSP cunTasu [12]. Ciig 3a3HauuTH,
o a-rizpokcrudpocdoHaTH MOXKYTh OYTU BUKOPHUC-
TaHi IK IPeKypCcopH [/l CUHTe3y ONTUYHOAKTHB-
HUX a-TigpokcupochoHoBUX Kuca0T [13-15].

J1s1 oTpUMaHHS NOTEeHI[IMHUX 610aKTUBHUX MO~
XiAHUX nipoJio[2,3-d|nipumiguny 3 dochopuibHuU-
MU I'pylaMy K BUXiJHUN peareHT 6yB BUOpaHUU
METHUJIOBUH ecTep 7-asin-1,3-gumeTnn-2,4-1iokco-
2,3,4,7-tetparigpo-1H-niposo[2,3-d|nipumignH-6-
KapO6OHOBOI KUCJIOTH 1, CHHTe30BaHWHM HaMU paHi-
e [16].
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Cxema 1

JlocaipKeHHS moKa3asio, 110 B3aEMO/isl METHJIO-
BOro ecrtepy nipoJio[2,3-d|nipumiguny 1 3 iomom
NPUBOAUTL J0 YTBOPEeHHs 8-HojoMeTUNipuMigo
[5°4’:4,5]niposo[2,1-c][1,4]okca3uny 2 (cxema 1).

CkJiaz i CTpYKTYypa CIOJIyKU 2 NiATBEpJKeHI Ja-
HuMmH SIMP-ciekTpockornii, xpoMmaToMac-CrieKTpOCKO-
nii. Tak, y cnektpax AMP 'H npucyTHi curHasu npo-
ToHiB CH,I rpynu okcasnHOBOro LUUKJY Yy BUIIALI
JIBOX OJJTHONIPOTOHHUX Ay6JeT Ay6JeTiB B 06J1acTi
3.65 M.u. Ta 3.55 M.u,, a curHas npotony CH-rpynu
crnocrtepiraerbest npu 4.75-4.70 m.4. OcobsuBicTIO
cnektpa MP 3 C € HagBHicTh curnany atoma C-8
npu 75.5 m.y. CursHas aToMa ByIJielo HoJJOMeTH/Ib-
HOI TpyTU NPOSIBJISETbCS B 06s1acTi 4.60 M.u.

ByznoBa criosiyku 2 niiTBepKeHa peHTTeHOCTPYK-
TYPHHUM JOCIPKEHHAM, 1110 € IepEeKOHJNBUM JI0Ka-
30M yTBOPEHHSA OKCAa3WHOBOTO LIUKJIY, AKWU 3HAXO-
JUTbCA B KoH$opMarii coda 3 BiaxuIeHHAM aToOMa
C8 BiJ IUIOLIMHY iHIIMX aTOMIB LMKy Ha -0.538(8) A
(puc.). HopoMeTuIbHUIA 3aMiCHUK Ma€ eKBaTopialbHy
opieHTaljito (TopciiiHui kyT C12-C8-01-C7 -166.4(5)°).
38’130k C12-I11 Mae sc-opieHTallil0 BiJHOCHO 3B’A3KY
C8-H8 (Topciitnuii kyt [1-C12-C8-H8 55°). ¥ moneky-
JIi criocTepiraeTbesl CTepUYHe BIiAIITOBXYBAHHSA MiX
MeTHJIeHOBO rpymoro C9 i MeTuibHORO rpymoro C10,
IIPO LLIO CBIAYUTH HAsABHICTb BKOPOYEHOI'0 BHYTPIILIHBO-
MOJIeKy/IApHOTo KoHTakTy H9a...C10 2.58 A (cyma
BaH/lepBaabCOBUX paziycis 2.87 A), a Takosx 36i/1b-
1ieHHs BasieHTHoro kyTta C4-N1-C10 123.2(4)° Big-
HocHO C1-N1-C10 118.5(4)°.

Y KpucTasi MoJIeKy/Y 3a paxyHOK CTeKiHI-B3ae-
MO/i# 3B’13aHi B CTONKHU B3/|0B KpHcTasorpadiv-
Horo HanpsAMKy (1 0 0), B skux atoM C6 MOJIEKYIH
3B’sI3aHUU 3 OMOPHOIO omeparien cuMmeTpii [1-x, -y,
1-z], a ueHTp 3B’sa3Ky C2-C3 MoJieKy/H, 3B’s13aHOI 3
OINOPHOI0 oMepaliielo cumMmeTpii [-X, -y, 1-z], po3Ta-
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Ta6bnuua 1

KoopaunHatu (x10%) i eKBiBaneHTHi i3oTponHi
Tennosi napameTtpu (A’x103%) HeBOAHEBUX aTOMIB

y CTPYKTYypi 2

X y z U(eq)

1(1) 4353(1) 5040(1) | 3501(1) 52(1)
o(1) 4496(6) 2717(3) | 4709(2) 42(1)
0(2) -143(7) | -2731(3) | 3065(3) 57(1)
0(3) 1293(6) | -2222(3) | 6021(3) 50(1)
0O(4) 4906(6) 2265(3) | 6120(3) 50(1)
N(T) 1196(6) | -1062(3) | 3524(3) 33(1)
N(2) 652(7) -2482(4) | 4532(3) 41(1)
N(3) 2666(6) 654(3) 4245(3) 31(1)
(1) 535(8) -2135(5) | 3682(4) 40(1)
C(2) 1301(7) | -1849(4) | 5288(4) 37(1)
C(3) 1976(7) -734(4) 5101(3) 33(1)
C@4) 1927(7) -401(4) 4237(3) 30(1)
C(5) 2805(7) 124(4) 5644(3) 32(1)
c(e) 3214(7) 976(4) 5122(3) 33(1)
C(@) 4238(8) 2015(4) | 5365(4) 38(1)
c(8) 3361(8) 2579(4) | 3853(4) 40(1)
c(9) 3148(9) 1377(4) | 3551(3) 39(1)
Cc(10) 1205(11) | -728(6) 2615(4) 61(2)
c(1) 74(10) -3656(5) | 4660(5) 56(2)
c(12) 4231(9) 3256(4) | 3216(4) 48(2)

Puc. MonekynsipHa cTpykTypa 8-ogomeTtunnipumigo[5’,4’:4,5]
nipono[2,1-c][1,4]okcasuny 2.

IIOBYETHCA HaJ i Mif LLeHTPOM IipPOJILHOI'O LIUKJY
OINOPHOI MOJIEKYJIM Ha BiJAcCTaHi BiinosigHo 2.40 A
i3.34A Big Hboro. CTONKH 3B’s13aHi Mi>k COO010 KOHTaK-
tamu 11...04 3.26 A, axi MoxxHA OXapaKTepU3yBaTH
sk o-aipkoBi 3B’sa3ku (C12-11...04 172°, C7-04...11
116°), a Takox BogHeBUMH 3B’si3kamu C9-H9a...02!
[i: -, -y, -z] (H...0 2.33 A, C-H...0 148°).

KoopuHaTu aToMiB HaBeZieHi B Ta6JI. 1, TOBXKHU-
HU 3B’5I3KiB Ta BaJIeHTHi KyTH - B Tab6J1. 2 Ta 3 Bij-
MOBIAHO.

[Ipu B3aemogii 8-fiogomMeTunipumino[5,4”:4,5]
nipoJsio[2,1-c][1,4]okcasuHy 2 3 KapOOHATOM Lie3il0
Bi/IOYBa€ETHCA eiMiHYBaHHS raJloOr€HOBOJHIO 3 YTBO-
PEHHSAM CIIOJIYKH 3, IPYU HarpiBaHHI IKOI 3 METaHOJI0M
y NPUCYTHOCTI MOTally NPOXOAUTh HyKJeodilbHa
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Ta6bnuua 2

o

HoBXnHu 3B8'A3KiIB (A) y CTPYKTYypi 2

1(1)-C(12) 2.145(5) | N@-C(11) | 1.472(7)
0(1)-C(7) 1.349(6) N(3)-C(4) 1.356(6)
O(1)-C(8) 1.437(6) N(3)-C(6) 1.393(6)
0(2)-C(1) 1.215(6) N(3)-C(9) 1.464(6)
0(3)-C(2) 1.216(6) C(2)-C3) 1.452(7)
0(4)-C(7) 1.215(6) C(3)-C(5) 1.382(7)
N(1)-C(4) 1.375(6) C(3)-C(4) 1.385(7)
N(1)-C(1) 1.392(7) C(5)-C(6) 1.356(7)
N(1)-C(10) 1.460(7) C(6)-C(7) 1.451(7)
N(2)-C(1) 1362(7) C(8)-C(9) 1.491(7)
N(2)-C(2) 1.395(7) C(8)-C(12) 1.500(8)
Ta6bnuua 3
BaneHTHi KyTvi (rpaj.) y CTPYKTypi 2
C(7)-0(1)-C(8) | 118.9(4) | C(5)-C(3)-C(2) | 132.0(5)
C(4-N(1)-C(1) | 118.1(4) | C@4)-C(3)-C(2) | 120.0(5)
C(4)-N(1)-C(10) | 123.2(4) | N(3)-C(4)-N(1) | 128.6(4)
C(1)-N(1)-C(10) | 118.5(4) | N(3)-C(4)-C(3) | 108.2(4)
C(1)-N(2)-C(2) | 126.7(5) | N(1)-C(4)-C(3) | 123.2(5)
C(1)-N@)-C(11) | 116.3(5) | C(6)-C(5)-C(3) | 107.6(5)
C(2-N)-C(11) | 117.0(5) | C(5)-C(6)-N(3) | 108.7(4)
C(4)-N(3)-C(6) | 107.6(4) | C(5)-C(6)-C(7) | 129.3(5)
C(4)-N(3)-C(9) | 132.7(4) | N(3)-C(6)-C(7) | 121.6(5)
C(6)-N(3)-C(9) | 119.2(4) | O(4)-C(7)-0(1) | 119.0(5)
0(2)-C(1)-N(2) | 121.8(5) | O@4)-C(7)-C(6) | 123.4(5)
0(2)-C(1)-N(1) | 119.6(5) | O(1)-C(7)-C(6) | 117.5(5)
N(2)-C(1)-N(1) | 118.7(5) | O(1)-C(8)-C(9) | 114.0(4)
0(3)-C(2)-N(2) | 121.8(5) | O(1)-C(8)-C(12) | 107.3(5)
0(3)-C(2)-C(3) | 125.0(5) | C(9)-C(8)-C(12) | 109.4(5)
N(2)-C(2)-C(3) | 113.2(5) | N(3)-C(9)-C(8) | 110.4(4)
C(5)-C(3)-C(4) | 107.9(4) | C(8)-C(12)-I(1) | 113.1(4)

aTaka Mo Kap6oHiNbHIHN rpyi, 1110 CYyNPOBOKYETb-
Csl pO3LIeNJIeHHSIM JJAKTOHHOTO LIUKJIy 3 yTBOpPEH-
HSIM noxifiHoro 7-(2-okconponin)-1H-niposo[2,3-d]
nipuMmiauny 4 (cxema 1).

[Ipu 06po6ui keToHy 4 AiizonponindocdiTom B
yMOBax peakiiii AGpamMoBa NpoxoAuTh pochopusio-
BaHHS KapOOHiy KETOHHOI IPyMH, 1[0 CIIPUSIE BHYT-
PILIHBOMOJIEKYJISIPHIN LUKJIi3aLil 3 BifienieHHAM
MeTaHoJy (cxeMa 2). [Ipu nboMy yTBOPIOETHCS Mi-
pumMmizo[5,4’:4,5]niposo[2,1-c][1,4]okcazun-8-indoc-
donar 5, rigposi3 skoro 6ys10 3/1iiCHEHO KUIT ATiH-
HSIM Yy po36aBJieHiil COsAHIN KUCIOTI.

Jloka3oM OYA0BH CIOJYKU 6 € BiACYTHICTH cUT-
Ha/ly TpoToHiB MeTokcurpynu B IMP 'H-cnekTpi.
[IpoTOHU MeTUJIbHOI IPYIU 33 PaXyHOK CHIiH-CIIiHO-
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Cxema 2

BOi B3aEMO/ii 3 si/jpoM aToMa $pochHopy NposBISIOThb-
ca y Bursai ny6aety npu & 1.54 m.u. (3/,, = 13.0 I'm).
Cutip 3a3HAaYUTH, 1110 CUTHaJIU npoToHiB CH, rpynu
OKCa3WHOBOI'0 IIMKJY CIOCTepiramTbcs B 006J1acTi
4.49 mM.4. Ta 4.90 M.4. y BUTIIAA1 BOX OJHOIIPOTOH-
HUX Iy6.1eT y6.eTiB. OcobuBicTio cniektpa AMP 13C
€ HasIBHICTb Ay6JIETy aToMa BYIVIEL[IO, 3B’13aHOT0 3 $oc-
dopusbHOIO rpymoto B o6s1acTi 79.2 M. (Y 160.0 I'y).

[Topanbia 06po6ka GpochoHOBOT KUCTOTH 6 PO3-
Be/IeHOI0 COJISIHOI KUC/I0TOM (2:1) MpUBOLUTE 0
PO3MHUKaHHA 0KCa3UHOBOT0 LIUKJIY, 1110 CyIIPOBO/KY-
ETHCS JIeKapOOKCUJIIOBAHHAM i yTBOPEHHSM MipoJio
[2,3-d|nipumiguny 7 3 1-rigpokcudocpoHOETHIIB-
HUM 3aMiCHUKOM y IIOJIOKEHH]I 7 reTepoLuKIi4YHOI
cucrteMu. byzioBa criosiyku 7 joBe/ieHa 3a J0NI0OMOT 010
cneKTpasibHOro aHasisy. B cnektpi AMP 'H npucyr-
Hi CUTHa/IX IPOTOHIB NiPOJILHOTO KiJIbLA Y BUIVIALI
JAy6JieTiB B 06s1acTi 6.36 M.4. Ta 6.78 M.4., 1110 CBif-
YUTb PO HAABHICTb He3aMileHOro MipoJIbHOTO
dparmeHTy.

TakyuM YMHOM, HJIIXOM HECKJIQ/IHUX IEPETBOPEHD
O6yJiu cCUHTe30BaHi a-rigipokcudpocHoHOBI KUCIOTH
nipoJsio[2,3-d|nipuMijUHOBOTO pPsAY SIK IPeKypco-
PH AJ151 CUHTEe3y NOTeHLiMHUX 61010 YHO aKTHUBHUX
CHOJIYK.

ExcnepuMeHTasibHa YaCTUHA

Cnextpu AMP oTpumani Ha npusnagax Bruker
Avance DRX 500: 'H (500 MT'n), Varian Unity plus
400: 'H (400 MT'n), 3'P (202 M), 3C (125 MI'n) B
po3uuHi JIMCO-d,. XimiuHi 3cyBU pUBesEeHi BigHOC-
Ho TMC (BHyTpiwHil cTaHnAapTt) abo 85%-oi doc-

0
~ o)
N |\ 4
A HCI, H,0
o) ITI N\7<o J\ s
p-O
/7 \
OOY
I 5 JE—
0
N
N | A

OH

¢dopHoi kucaoTH (30BHILIHIN cTaHAApT). XpoMaTo-
Mac-CIeKTPH 3alKMCaHi 3 BAKOPUCTAHHAM PiAHHOI
XpoMaToMac-CIeKTPOMEeTPUYHOI CUCTEMU Ha BUCO-
Koe(peKTUBHOMY pifuHHOMY XpoMaTorpadi Agilent
1100 Series, o61alHAHOTO Ji0OHOI MaTpHUIiel0 3
Mac-ceJIeKTUBHUM JieTekTopoM Agilent LC\MSD SL;
MeTo/, ioHi3alii - xiMmiuHa ioHi3anis npu atmMmocdep-
HoMy TUCKY (APCI); giana3oH ckaHyBaHHS - m/z
80-1000. KouTposib 3a nepebiroM peakiii 3ilicH0-
BaBCs METO/IOM TOHKOIIapoBoi xpoMaTorpadii Ha
miaactuHkax Silufol, UV-254.

1,3-AnmeTna-8-(itogomernn)-8,9-auriapo-2H-
nipumizno[5’,4’:4,5]uiposo|2,1-c][1,4]okca3un-2,4,6
(1H,3H)-TpuoH (2). Cymiw 5,5 r (20 MMoJIb) MeTHU-
JIOBOTO ecTepy 7-aniamnipoJio|2,3-d|nipumigrH-6-kap-
6onoBoi kuciaotu 1, 12,69 r (50 mmosp) fiony i 8,2 T
ayeTtaTy HaTpito B 30 MJ1 O TOBOI KUCJIOTU HarpiBa-
I0Th [IPU NepeMillyBaHHi BiiponoBx 8 rog npu 100°C,
0XOJIO/KYIOTb, 0Ca/], BiiiIbTPOBYIOTH, IPOMHUBAIOTh
eTaHO0JI0M, IepeKpUCTai3oBy0Th i3 IM®PA. Buxif -
7,18 1 (93%). T. 1. - 233-235°C (3 po3kJ1.). CnekTp
AMP 'H (500 MI'y, AMCO-d,), 8: 3.25 ¢ (3H, NCH,),
3.55 a1 (1H,/11.5,6.0 T'u) i 3.65 o (1H,/3.5,11.5 'y,
CH,I), 3.70 ¢ (3H, NCH,), 4.35 a1 (1H,/ 13.0, 10.5 T'y)
i4.98 nn (1H,J 3.0, 13.0 'y, NCH,), 4.70-4.75 m (1H,
CH), 7.32 c (1H, CH); AMP ®3C (125 MTI'y, AMCO-d,),
6: 4.60 (CH,I), 28.6 (NCH,), 32.1 (NCH,), 47.9 (C-9),
75.5 (C-8), 102.59 (C-4a), 113.7 (C-5), 117.3 (C-5a),
139.6 (C=0), 151.7 (C-10a), 157.9 (C=0), 158.2 (C=0).
MS: m/z 390 MH*. 3uHaiigeno, %: C 37.10; H 3.04; |
32.87; N 11.54.C,,H,,IN;0,. O6uucneno, %: C 37.04;
H 3.11;132.61; N 10.80.
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1,3,8-TpumeTun-2H-nipumigo[5,4’:4,5]nipo-
a0[2,1-c][1,4]okca3un-2,4,6(1H,3H)-Tpuon (3).
Cymiw 2 r (5,1 MMoJib) okcasuny 2 i 3,33 r (10,2 MMoib)
Kap6oHaTYy Le3ito B 15 MJ1 aLleTOHITPUIY KUIT'AITATD
BIIPOZIOBK 3 TOJI, OXOJIO[KYIOTh, 0CaJ, Bi/ipibTPOBY-
I0Th, IEPEKPUCTAJTI30BYIOTh i3 alleTOHITpuy. Buxig -
0,891 (67%).T. na. - 276-277°C. AMP 'H (400 MTI'y,
AMCO-d,), 8: 2.14 c (3H, CH,), 3.25 c (3H, NCH,), 3.76
¢ (3H, NCH,), 7.49 c (1H, CH), 7.72 c (1H, CH); AMP
13C (125 MI'y, AMCO-d,), 8: 16.6 (CH,), 28.5 (NCH,),
32.4 (NCH,), 102.8 (C-9), 103.9 (C-4a), 111.9 (C-5),
114.3 (C-5a), 135.6 (C-8), 141.0 (C=0), 151.5 (C-10a),
154.7 (C=0), 158.1 (C=0). MS: m/z 262.0 MH*. 3Ha-
npeno, %: C 55.14; H 4.19; N 16.00. C,,H,,N,0,. 06-
yucaeno, %: C55.17; H 4.24; N 16.08.

MeTu10Bui ecrep 2,4-Aiokco-7-(2-okconpo-
nin)-2,3,4,7-1H-niposao[2,3-d|nipumigun-6-Kap-
60HOBOI Kuca0TH (4). Cymim 0,7 r (2,68 MMoUIb)
cnosiyku 3 i 2,68 Mmoutb noTtanry B 10 Mu1 aGCoJTioT-
HOT'0 MeTaHOJIy KUII'ATATb BIpooBx 30 xB, 0xoJ10-
JDKYIOTh, 0caji BiiQiIbTPOBYIOTH, IEPEKPUCTAIZ0-
BYIOTb i3 MeTaHoJy. Buxig - 0,53 r (85%). T. m1. -
156-168°C. AMP 'H (400 MI'u, IMCO-d,), 6: 2.20 c
(3H, CH,), 3.23 ¢ (3H, NCH,), 3.49 ¢ (3H, NCH,), 5.15 ¢
(2H,CH,), 7.26 ¢ (1H, CH); AMP 3C (125 MI'y, IMCO-d,),
6: 27.2 (CH,), 28.4 (NCH,), 32.6 (NCH,), 52.2 (OCH,),
56.0 (CH,), 100.0 (C-4a), 108.2 (C-5), 125.4 (C-6),
140.8 (C=0), 151.5 (C-7a), 158.5 (C=0), 162.1 (C=0),
202.9 (C=0). 3nanigeno,%: C 54.04; H 5.04; N 14.32.
C3H;sN,0;. O6uncneno, %: C 53.24; H 5.16; N 14.33.

(1,3,8-TpumeTn.-2,4,6-Tpuokco-1,3,4,6,8,9-
rekcarigpo-2H-nipumigo[5,4':4,5]nipo.sio[2,1-c]
[1,4]okca3un-8-in)PpochoHoBa Kkuciaora (6).
Jo cycnensii 2,9 r (10 MMoJib) cioniyku 4 B 5 M1 Ai-
izonponindocoity nomasanu 10 mmosab DBU, cymim
BUTpUMYyBaiv BnpogoB:x 1 rox npu 100°C, oxosio-
JokyBasu o 20-25°C, nogaBanu 5 Ms po3BejieHOI
cousisiHol kucaoTH (1:1), Kunm'sTuau BopoaoBx 1 rof,
0X0JIO/IKyBaJIy i 3ayuiaau Ha 12 rog npu 20-25°C.
Ocagp, 1o BUNas, BiAdinbTpoByBa/Iy, NpOMHUBAJIHY BO-
Joro. Buxig - 2,2 r (65%). T. 1. - 290-292°C. Ciektp

JlitepaTtypa

Magee W, Evans D. Antiviral Research, 2012, Vol. 96, pp.169-180.

O N W=

Abdou W,, Bekheit M. Arab. ]. Chem., 2015, In Press.

AMP 'H (500 MI'y, IMCO-d,), §, M. a.: 1.54 1 (3H, 3/,
13.0 'y, CH,), 3.23 ¢ (3H, NCH,), 3.69 c (3H, NCH,),
449 np (1H, 3, 17.5,%,, 13.5Tu) 14.90 o (1H, ¥/,
13.5, %,y 5.5 'y, CH,), 7.23 ¢ (1H, CH). CnekTtp SMP
13C (AMCO-d,), §, m. a.: 20.8 (CH,), 28.3 (NCH,), 32.0
(NCH,), 48.7 (CH,), 79.2 x (CP, Y 160.0 I'u), 102.3
(C-4a),112.9 (C-5),117.9 (C-5a),139.5 (C=0), 151.6
(C-10a), 157.5 (C=0), 158.2 (C=0). CnexTp AMP 3'P
(AMCO-d,), §, m.A.: 14.7. 3nakigeno, %: C 41.93; H
4.15; N 12.29; P 9.07. C,,H,,N,0,P. O64yucneno, %: C
41.99; H4.11; N 12.24; P 9.02.

[2-(1,3-AumeTna-2,4-aiokco-1,2,3,4-TeTpa-
rigpo-7H-nipono[2,3-d|nipumigun-7-ia)-1-
riapokcu-1-metuaeruin]dpocponosa kucsaora (7).
Cywmim 1 r (3 MMouib) criosiyku 6 i 10 Mu1 po3BesieHO1
COJISIHOI KUCO0TH (2:1) KUI'ITUJIM BOPOJOBXK 6 roj,
0XO0JIOZPKYBaJIH i 3asuiuanu Ha 12 rog npu 20-25°C.
Ocaf, BindinsTpoByBasy, npoMUBaIy Bojow0. Buxiz -
0,21 (22%). T. m1. - 98-100°C (3 po3kJ.). CnekTp
AMP'H (500 MTIy, AMCO-dy), §, m. a.: 1.12 1 (3H,
3 13.5 T'y, CH;), 3.21 ¢ (3H, NCH,), 3.75 c (3H,
NCH,), 4.16 an (1H, 3/, 17.5, 3, 13.5T) 1 4.70 ax
(1H, ¥y 13.5, ¥, 5.5 Ty, CH,), 6.36 1 (1H, CH, 3/,
3.5Tu), 6.78 1 (1H, CH, 3/, 3.5 T'y). CnexTp AMP 3C
(AMCO-dy), 6, m. u.: 21.2 (CH;), 28.4 (NCH,), 32.3
(NCH,), 53.7 (CH,), 71.5 x (CP, Y 160.0 '), 101.4
(C-4a), 102.5 (C-5), 125.5 (C-6), 139.5 (C-7a), 151.9
(C=0), 158.7 (C=0). CnekTp AMP 3'P (AMCO-d,), §,
M.A.: 22.2. 3HangeHo, %: C 41.55; H 5.12; N 13.16; P
9.82. C,,H,,N,0.P. O6uncneno, %: C 41.65; H 5.08; N
13.25; P 9.76.
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J10 75-PI9Y5 3ACJTYKEHOI'O JJI49A

- HAYKH I TEXHIKH YKPAIHH,
‘ JTOKTOPA ®APMAIL[EBTHYHHX HAYK,
ITPO®ECOPA KOBAJTbOBA BOJIOJUMHPA
MHUKOJTAHOBHYA

J 20 BepecHs 2016 poKy BUTIOBHIOETHCS 75 POKIB 13 IHS HAPOIPKECHHS BUIATHO-
" 10 BYEHOTO-(DaPMAKOTHOCTA, 3aCITy’KEHOTO JIisda HayKH i TeXHiKK YKpaiHH, OK-
TOpa (hapMareBTHIHHX HayK, mpodecopa kadempu dhapmarorHo3ii HartionanbHo-

il ro (hapmarieBTraHOrO yHIBepcuTeTy KoBaibosa Bonopumepa Mukomnaiiosuya.
Bononumup MuxonaiioBud Haponuscs B 1941 p. y M. BoBuancek Xap-
KiBchKOT oOmnacTi. [Ticis 3akinueHHs cepesnboi mkoan y 1958 p. mpamiosas
YYHEM TOKaps, a TIOTIM ToKapeM Ha XapKiBCHKOMY 3aBOIi 3 PEMOHTY JOpPOXHBOI TexHikd. B 1959 p.
BCTYIHUB 710 XapKiBChKOTO MeauaHoro yumniia Ne 1 Ha (apMarnieBTU9IHE BiIiIeHHS, sIKe 3aKiHIMB 13
BiZizHaKot B 1962 p. 3 1962 p. o 1964 p. cnyxuB y naBax Pagsucekoi Apmii B Himeuunni. B 1964 p.
BCTYIHUB 710 XapKiBCHKOTO (papMarieBTHYHOTO IHCTUTYTY, SIKUi 3aKiHYMB 13 Bi3HAKOIO B 1969 p. 1 npairoBas
acucTeHTOM Kadenpu apmaxoruosii, a 3 1979 p. — crapmum BukiagadeM. Y 1979 p. Kosansos B. M.
3aXHMCTHB KaHAWAATCHKY JUCEpTalliio Ha TeMy: «{PapMakorHOCTHYHE JOCIIKEHHS SSKUX BUJIIB BOB-
gyray. 3 1980 p. — gouent, 3 1983 p. — crapmuii HayKOBUi CIiBpOOITHUK Kadenpu hapMaKoTHO3II.
OpnouacHo 3 1979 p. mo 1982 p. Bomonumup MukomiaiioBud OyB IekKaHOM 1HO3€MHOTO (haKyiIbTeTy, 3
1982 p. mo 1983 p. — nekanoM (hakyinbTeTy BITUM3HAHKUX CTyACHTIB. Y 1983 p. Bomogumup MukonaiioBuy
3aXHMCTHB JMCEPTALIIIO Ha 37100y TTS BYSHOTO CTYIEHS JOKTOpa (hapManeBTHYHUX HayK Ha Temy: «Jlocti-
JOKEHHSI pOCIIMH poanHu Fabaceae sk pxeperna 010JI0TYHO aKTUBHUX PEYOBHH 1 CHHTE3 1X aHAJIOTiBY, a
yepe3 pik KosansoBy B. M. Oyio nmprucBoeHo BueHe 3BaHHs npodecopa. 28 pokis (3 1985 p. mo 2012 p.)
KoganroB B. M. ycmimHo kepyBaB kadenporo ¢papmakornosii. 3 2012 p. i mo TemepimHiil 9ac mpamtoe

npodecopoMm miei Kaeapu.

[Tpodecop Korasbor B. M. Bripoziosx Oararbox pokis Oy uineHom PapmaxorneiiHoro komitety CPCP
ta ®apmakorneiiHoro komitetry MO3 Vkpainu, y TernepiiiHiil yac BiH € WICHOM CIeliali30BaHOT BUCHOT
pamu J1 64.605.01 3a cnenianpnicTio 15.00.02 «®apmaneBTnyHa Ximis Ta hapMakorHO3is», YWICHOM pe-
JAKIIHOT pajau i aBTOpOM psity poOiT BumaHHS «DapMarieBTUYHA CHITUKIONEiN, WICHOM pPeIaKIliii-
HUX pal KypHaliB «AHHaIH MEYHHKIBCEKOTO 1HCTUTYTY», «JKypHan opraHiqHoi Ta GpapManeBTHIHOI
Ximisy, « YKpaiHChKUI Oi0(hapManieBTHIHUHN KypHAI», WIEHOM PeCcIyOIiKaHChKOi MPOOIeMHOT KoMicii
«®Dapmartissy MO3 Ykpainu.

HayKom pobotu npodecopa Kopansosa B. M. Bijiomi Jajeko 3a MEKaMH Hamol KpaIHI/I BiH € aB-
TOpoM i criiBaBTOpoM noHaa 600 HayKOBHX p061T 42 aBTOPCHKHX CBIIONTB 1 26 naTeHTiB. Buparuuii
BUCHHI CTBOPHB CBOIO HayKoBy mikody. ITin kepiBanirBom KoanmsoBa B. M. Gyio 3axumieHo 6 g0KTop-
CBKUX 1 25 KaHIUIATCHKUX TUCEPTAITii.

Koganbos B. M. TPOBOJTUTH BENUKY PoOOTY 3 YIOCKOHAJICHHSI METOJMKY BUKIIAIaHHS (bapMaKorHo311
CHiJIbHO 3 KOJIEKTHBOM cmBaBToplB Kaenpu (bapmakoruo3ii OyIu MiJArOTOBNIEHI 1 BU/IaHI HABYAJIBHI 1 JIOBIJI-
KOBI TIOCIOHHMKH, METOAMYHI BKa31BKH, JIeKIil 3 (hapMakorHosii ta Qitoreparii 1y1st cTyeHTiB (hapMareBTy-
HHX BUIIMX HABYAJIbHHX 3aKJIAJIIB YKPATHCHKOIO, POCIHCHKOIO 1 aHIIIHCHKOI0 MOBaMH. BiH € aBTropom repiio-
TO MiJpyYHnKa B YKpaiHi «DapMakorHosis 3 ocHOBaMH 010XiMii pOCIIHHY, SIKMH BUTPUMAB 2 BUAAHHS, PSITY
MoHorpadiit «Puroreparus B HameM goMe. JIedeHne TeKapcTBEHHBIMI pacTeHIAMI, « 1000 perenToB u3
JIEKapCTBEHHBIX TPaBy, MOCIOHNKIB «IIpakTHKyM 10 (apMakorHO3Mm», «Jlikapchka pOCIMHHA CHPOBHHA Ta
(itonpenapariy, «[Ipaxrikymy 3 ineHTHdIKaIT TIKapChKOT POCIMHHOT CHPOBHHIY Ta IHIINX.

PoboTn Bonopumupa MukosnalioBu4a MatoTh BEJIMKE MPAKTHYHE 3HAYEHHS! — BiH € CITiBaBTOpOM 14 opu-
TIHAIBHUX TIpeTaparis, i3 skux «lmidazuny», «draBanobom», «OHOHIH-cTanmapT», «Ilidmaminy, 6anbp3am
«YakiryHy», KopMoBa J100aBka «JItorepum» BIpoBaLKeHI B MpoMHUCIIoBe BUpoOHMIITBO. HrM pospobieHi dap-
MaxoreiHi crarti «OHoHnH-cTanmapT» BC 42-1238-82, «Kopens cranpaukay OC 42-1931-82, «Hacroiika
cramparKay DC 42-1932-82; ctBopeni MoHorpadii 10 DY «Bosuyra kopeHi», «IToay IMCTS Ta KBITKID.

Buecok Bononumupa MukonaitoBuda y po3BUTOK BITYM3HSIHOT OCBITH, HAYKH 1 MPAKTUKH T'iJJHO BiJ-
3HA4YEHUI 0e3Niuylo Jep)kaBHUX Haropon, Takux sk IlouecHi rpamorn MO3 CPCP, BepxoBHoi Panu
VYkpaiHu, BUKOHKOMY XapKiBCbKOT MICBKOT pajii; BiJ3HAKN «BiqMiHHUK OXOpOHHM 310pOB’s», «BiaqMiHHHK
ocBitn Ykpainm», «Beicmas mxona CCCP — 3a ommunble yeriexu B paborte» 1 «Bunaximgauk CPCPy;
fioMy OyJ10 TIPUCBOEHO TTOYECHE 3BaHHS «3aCIy)KEHUH Jisid HAYKH 1 TEXHIKH YKpaiHWy, 0OpaHuii movec-
HUM 1ipoecopom HDaV.

B yHiBepcureTi cepes kouer i ctyaeHTiB npodecop B. M. KoBaiboB KOpHUCTYEThCS HaI3BUUAIHOIO
0008’10 1 MoBaroto. KpiM Bucokux npodeciiiHux sikocteil HoMy nmpuTamMaHHi JIIOISHICTB, 100poTa, Mo-
PSTHICTB, MIUPE Oa’KaHHs HABYATH 1 JIOTIOMArary.

Konexmue kagpeopu papmaxoznosii, konezu ma opy3i cepoeuno imaromo w06inApa, daxrcaromsy
omy MiyHo20 300p08’°s i 006201immsa, 6MileHHA HOBUX MEOPUUX NIIAHIE Y HCUMMI, 8eIUKO20 Ci-
Meilinozo wiacmsa i 006pooymy!
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