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Vil g

Haszycmpiy VIII Hayionansnomy 3°i30y chapmayeemis Yxpainu

BeabMmuinanoBHi Koseru!

OpHAM 13 TOIOBHUX 3aB/IaHb (DapMaIneBTHYHOTO CEKTOPa raxy3i OXOPOHH 3I0POB’s € 3a0e3NeueHHs HaceIeHHS
AKICHIMH, e(DEeKTUBHUMU 1 TOCTYITHUMH JIiKaMH, HaJlaHHs (papManeBTUIHOT JOMTOMOTH, 30epeKEeHHS ITOTEHITIaTy
3IIOPOB’S Ta MPAIE3aTHOCTI YKPaiHCHKOTO HAPOLY.

3’1311 papMareBTiB, Ha AKUX (apMaleBTUIHE CITIBTOBAPUCTBO OOTOBOPIOBAIO HAraabHI IMPOOJIEMH 1 HAIIPSIM-
KH MTOJJAJTBIIIOTO PO3BUTKY CEKTOpa Taly3i OXOPOHHU 37I0POB’ s, 3aBK/IU OyJIM 3HAUyIIUMHU 1 HEOOXiTHUMH.

3a yaciB He3aJeXHOCTI HaIIol Aep>KaBU CTAJIO TOOPOI0 TpaduIlie€ro TPOBOIUTH mpodeciliHe 310paHHs Hali-
BHIIOTO PiBHS, sIke 00’ €HY€E BCi CKIaIoBi apMariii, y XapKkoBi — «papMareBTH4HIi CTOMHUI» YKpaiHu Ha 6a3i
HarioransHOTO (hapMarieBTHYHOTO YHIBEPCHUTETY.

Koxen 3’1311 hapmarieBTiB — Iie 3Ha4YyIIa iCTOPUYHA TIOisl, MOYKJIMBICTh HE TUTHKU BIIAHYBaTH YOTHPHOXCOT-
THUCAYHE (hapMalleBTHYHE CITIBTOBAPUCTBO, ajie i MiTOUTH MiACYMKH Ta OOMIHATHCS JOCBIIOM i3 3apyOiKHUMU
KOJIETaMH, TIPEICTABUTH CTPATETiI0 TIOIaIbIIIOTO PO3BUTKY.

V 3’31 papmarneBtiB Yikpainu Bruepiie cepen kpain CHJI 3acHyBaB npodeciitne cBsito — JleHns papmaneBTud-
HOTO TpariBHUKa YKkpainu. Munyno monasn 10 pokis, i MixkHapoaHa (apmarieBTHIHa (peaepartis 3arpornonyBaa
mopiuHo 25 BepecHs cBATKyBaTH BceecBiTHI neHpb (papmanesra. V 3’131 dapmanieBTiB YKpaiHu OTpUMaB CTaTyC
HarmionansHoro, i came 3 1999 p. BenyTh CBOIO icTOpir0 ramy3esi (hopyMu HAHBUIIIOTO PiBHS.

Ha VI Hanionansnomy 3’1311 Oyia mpuitHsiTa KoHnenist po3BUTKY dapMaIieBTHIHOI Tany3i YKpaiHu Ta BIpo-
BaJDKEHE TIOYECHE 3BaHHS «3acIyXKeHUH MpaliBHUK (apmariii Ykpainny», a Ha VII OyB npe3eHTOBaHUN pe3ysbTar
CIILTBHOI KiTbKapiuHO1 mpari — ETuaHunii kogeke hapMarieBTHYHAX MPaIliBHUKIB Ykpainu. KpiM Toro, oprkoMiter
MIpe/ICTaBUB JpyTe BUAaHHSI «DapMarieBTHIHOT SHIIMKIONEii» Ta TOBIIHUK MiANPHUEMCTB 1 yCTaHOB (papmarieB-
THYHOTO cekTopa «Dapmarriss Ykpaiamy.

3rigHo 3 nocBigyennsam Ne 113 Bin 21 kBiths 2015 p., BuIaHuM YKpaiHCbKUM iHCTUTYTOM HAYKOBO-TeX-
HiYHOI Ta ekOHOMIYHOI iHopMmauii, Ha 6a3i HanionaabHoro ¢papmanesTu4Horo yHisepcurery 13-16 Bepec-
He 2016 p. BinOyaerscs VIII Hanionanbuuii 3’131 ¢papManeBTiB YKpaiHu.

3a ogHOrOOCHUM pimenHsM aenerariB VII HarioransHoro 3’131y papmaneBtiB Ykpainn geproBuit popym
BinOynetbes y XapkoBi Ha 0a3i HartionansHOTO (hapMarieBTHIHOTO YHIBEPCHUTETY.

3a cITaBHOIO TPAAMINIEO 3’131 30eperke popMar CBOTO MPOBEACHHS Ta MPOMIE SK Tiajor MK IMPEACTaBHUKAMU
YCIX CerMEHTIB rairy3i — OCBITH, HayKH, BAPOOHUIITBA, TUCTPHUOYIIii, KOHTPOIIO SIKOCTI, allTeYHOI Mepexi, iHpopma-
LIHHOTO TTOJIS, TPOMAJICHKUX OpraHizamiil. ¥ paMmkax 3’134y OyayTh BHCBITJIEHI TOCSTHEHHS (hapMarllii, BU3Ha4YeH1
BEKTOPH PO3BUTKY Ta 00TOBOpeHi HaranbHi mpodnemu. Cepes HUX 0COOIMBO TOCTPO CTOATH MPOOIEMU TTiIBH-
IeHHs podii (hapMarieBTa B Cy4acHii CHCTeMi OXOPOHH 3/I0POB’S Ta pOo3poOKa 1 3apoBaKEHHS HOBOI KOHIIETIIi i
MATOTOBKHU (hapMalleBTHYHUX KaApiB, 00’ €THAHHS YUCIECHHUX TPpoQeciifHuX acomiarlii (3 iMIIeMeHTaIIi€r0 3a-
PYODKHUX ITiIXOIB) B €AMHY BceykpalHChKY IpOMaJIChKy OpTraHi3alliro.

3 oAy Ha KOJIO ITaHb, BHHECEHUX 110 po3msiay aenerariB VIII HarmionaneHoTro 3’131y papmaneBTiB Yipa-
THH, Tary3eBHui (opyM, OE3CyMHIBHO, CTaHEe BHJIATHOIO MOJI€I0 HE TIIBKU IS BITUM3HSAHOI (papmartii, a il mis
JIEpKaBH B IILJIOMY.

3 mosaroro,

B.II. YepHux,

pexrop HamionansHoro dapMareBTHIHOTO YHiBepcuTeTy, akaneMik HAH Ykpainu, moxtop hapmaneBTHIHNX
HayK, JOKTOp XIMIYHUX HayK, 3acIy>KeHUl nis4y Hayku 1 Texaiku Y PCP, 3acmyxenwnii Bunaxinauk YPCP, maypear
HepsxaBHoi mpemii Ykpainu, mpodecop.



ISSN 2308-8303 Journal of Organic and Pharmaceutical Chemistry. — 2016. — Vol. 14, Iss. 1 (53)

VIII HAIIIOHAJIBHUM 3°i3]1 PAPMAILIEBTIB YKPATHI
13-16 BepecHs 2016 poky, m. XapkiB

IHOOPMAIIMHE ITOBIJIOMJIEHHS Ne 1

Opranizaropu 3’i31y: MiHicTepcTBO 0XOpOHH 370p0oB’sl YKpainu; MiHicTepcTBO OCBITH 1 Haykn Ykpainu; HamionanpHa
akaJeMis Hayk Ykpainu;, HanioHanpHa akajgeMiss MEIMYHUX HayK YKpainu; [pomaznckka opranizauis «Bceykpaincbka ¢ap-
MalleBTHYHa Najiaray; XapKiBCchbka o0JacHa JiepKaBHa ajMiHicTpallis; XapKiBchbka objiacHa pajia; XapKiBChbka MiChKa paja;
I'pomazcbka opranizanis «XapkiBcbka objacHa acolialisi papManeBTHYHHX MpaliBHUKIBY; JlepkaBHa ciryx0a Yikpainu 3
JiKapchkuX 3aco0iB; HamionanpHuit (hapMalieBTHUHIN YHIBEPCHTET

Illanoeni koneecu!

Opranizamiifanit koMmiTeT 3ampornrye Bac B3stu yuacts y po6oti VIII HamionansHoro 3’131y hapmarieBriB Ykpainu, skuit
BinOynetscs 13-16 Bepecnst 2016 poky y M. XapkoBi Ha 6a3i HarionansHOTO papMaIieBTHIHOTO YHIBEPCUTETY (TIOCBITUECHHS
YkpIHTEI Ne 113 Bix 21.04.2015 p.).

VY paMkax nmpoBeaeHHs 3’131y BiIOy/IeThCSl HAYKOBO-NIPaKTHYHA KoHpepeHuisn «Papmanist XXI cTosiTTs: TenaeHuii
Ta MepCHeKTHBUY.

Mera 3’13/1y: HiABEACHHS Mi/ICYMKiB, 0OrOBOPEHHS Ta 3aTBEP/PKECHHSI KOHIIEIIIIT PO3BUTKY (hapManeBTHYHOIO CEKTOpa
raity3i oXopoHH 310poB’st Ykpainu Ha 2016-2021 pp.

Po6oui moBH 3’131y: ykpaiHCbKa, aHIIIIHChKA, pOCIHCHKA.

Jeneraru 3’131y 00MpalOThCs Ha pErioHANBHUX KOH(pepeHLisx 3rigHo 3 [lonokeHHsIM 1 KBOTaMu, 3aTBeppkeHUME Mi-
HICTEPCTBOM OXOPOHH 3710pOB’si Ykpainu Ta DapMarieBTHUHOO acorriamiero Ykpaiau. KondepeHriii momo Bubopy aeseraris
MIPOBOJISITHCS PEriOHAILHUMU acoliaisMu (hapMaleBTHYHUX MpaliBHUKIB 10 1 uepBHst 2016 poky.

OPIEHTOBHA ITPOT'PAMA 3’1371Y

13 BepecHs 2016 poky — peecTparlisi Ie/erartiB Ta y9aCHHUKIB 3’131y, CIIOHCOPiB, TapTHEPIB.

14 Bepecns 2016 poky — ypouncte Binkputtsa VIII HamionansHoro 3’131y apmaneBTiB YKpainu, IIeHapHi 3acigaHHs,
00OTOBOPEHHS KOHIICTIIIi pO3BUTKY (hapMaIleBTHIHOTO CEKTOpa TaTy3i OXOpOHHU 340poB’ st Ykpaiau Ha 2016-2021 pp.

15-16 Bepecus 2016 poky — HaykoBO-TIpakTHIHA KoH(pepeHis «Papmamis XX cTOMITTSA: TeHACHIIIT Ta TIEPCIIEKTUBI:
HAYKOBI CHIMITO31yMH, JICKIIi1 MalCTep-KIIacy, KPYIJIi CTOJH, BOPKIIOIH, TUCKYCii.

Opranizauniiinuii BHeCOK JJIsl OJHOIO Jejerara/yyacHuka ckiaanae 995 rpu (y tomy uucni I[1JIB — 165 rpu 83 xorr.).

OpranizamiiHuii BHECOK HE nepeadadae OIIaTi 3a NPOXKUBAHHS, ajle OpraHi3aliifHIil KOMITET 3000B’A3y€ThCs PO3CEIH-
TH YYaCHHKIB 3’131y, KIIO y peecTpauiiiniid ¢popmi Bamu Oyzne 3pobiena 3asBka. [Hpopmaris 11100 TPOXKUBAHHS Y TOTEIISAX
po3MileHa Ha cTopiHmi 3’131y Ha caiiti HDaV.

Oco0u, sKi He € JeneraramMu 3’131y, MOKYTh B3SITH y4acTb y fioro po0ori (6e3 nmpaBa rojloCyBaHHs) 32 YMOBH CIUIATH Op-
raizaliitHoro BHecKy. IM rapaHTyeThcsl ydacTh y BCiX 3aX0/1ax i OTpMMaHHS MaTepialliB HapiBHi 3 Jeneratamu 3°i3my.

Oprani3aniifHuii BHECOK I'apaHTy€: y4acTh y IUIGHAPHUX 3aCiZJaHHsX 1 HAyKOBO-IIPAaKTUUHIN KOH(epeHLil; onepx aHHs
iHpOpMaLiiHKUX 1 poOoUNX MaTepiaiiB 3’131y; OfepIKaHHS JIeNeraTchbKoro Keicy; oJiepkaHHs eKCKIIIO3UBHUX BHIAaHb, ITiJr0-
tonenux 10 VIII HaionansHoro 3’130y apMarieBTiB YKpaiHu; NPUCYTHICTh Ha KOHIIEPTHIN Mporpami; y4acTs y Qypiierax
i yac poboTH 3’130y, ogepikanHs ceprru(ikaTy yqacHUKa 3’131y; y4acTh B €KCKYPCIHHIN Mporpami; TPaHCIIOPTHI MOCIYTH.

Jlig ydacTi TINBKU Y HAyKOBO-NPaKTHYHI KoHpepenuii «@apmanis XXI cToniTTa: TeHAeHUIl Ta NepcneKTUBH»
opranizauiiiHuii BHecok /i ogHoro aejerara ckiaagae 400 rpa (y Tomy uncai [1/IB — 66 rpH 67 KOI1.), IO TapaHTye
onep:kanHs iHdopmaniiHux Matepianis VIII HamionanxsHoro 3’131y (apmaneBTiB YkpaiHu, y9acTh y poOOTi CeKIiHHUX 3a-
CiJlaHb, HAYKOBUX CHUMIIO31yMiB, KPYTJIMX CTOJNIB, JICKI[isIX MaHCTep-KIIacy, BOPKIIONAX, a TAKOXK MyOJIiKaIliio Te3 JOMOBIIeH,
ofepyKaHHS cepTH(]iKaTy yH4aCHHKA HAYKOBO-TIPAKTHIHOT KOH(PEPEHITii.

CuMno3iymu HAyKOBO-NIPAKTHYHOI KOH(depeHuii

» KoncrpytoBanss, cuaTe3 1 Mo diKamis 0107I0T1YHO aKTHBHHX CIIOJIYK Ta CTBOPEHHS Ha 1X OCHOBI JIIKAPCHKUX Cy0-

CTaHLIN.
» CydacHi IiIX0/1 /10 CTBOPEHHS HOBUX JIIKAPCHKHUX Ta KOCMETHYHHUX 3ac00iB, TIETUYHHUX J100aBOK IPUPOTHOTO TO-
XOJKCHHSI.

* CyyacHuil (papMarieBTHYHHI aHaJIi3 Ta CTAaHAAPTU3AIIS JIKIB.

* AKTyaJbHI IPOOJIEeMU Cy4acHOT TEXHOJIOTIT JIKIB, EKCTEMIIOPATIbHOI PELeNTYPH, AKyBaHHS Ta MapKyBaHHS JIKAPChKHX

npenaparis.
» CyuacHi aclieKTH po3po0KH Ta MPOMHUCIIOBOTO BUPOOHHIITBA (hapMalleBTHYHHUX MTpernapariB. biotexHomnorii Ta HaHOTeX-
HoJIoTii y (apmartii.

* MexaHi3MH MMAaTOJIOTIYHAX MPOIECIB Ta iX (papMakoIoriyHa KOPEKILis.

» Kuiniyna ¢apmaris: BiJl eKCIIEpIMEHTAIbHOI po3pOoOKH JTiKapChKUX 3ac00iB 10 cTaHAapTH3amii (papMareBTUIHOI 10-
TTOMOTH.
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 ComianbHa (apmartis: craH, mpoOlieMH Ta ePCIEKTHBH.

» dapMmareBTHYHA OCBiTa B YKpaiHi.

» dapwmariist monosa.

Iy6aikanis marepianis

Marepiaiu HayKOBO-TIPaKTHYHOI KOH(DepeHIii OyayTs omyOimikoBani y 30ipHuky Marepianis VIII HarionansHoro 3’131y
(apmaneBTiB Yikpaiau. TekcT moBigomiIeHHs (0HA MMOBHA a00 MBI MIOBHI CTOPIHKH) APYKYETHCS Ha apKymli gopmary A 4
(mmpwHa 1oINiB: JIiBe, IpaBe, BEPXHE — 10 2 ¢M, HIKHE — 3 cM); pudT Times New Roman, posmip mpudry — 12, intepsan — 1,1.
IIpoxaHHs JOTPUMYBATUCS HABEIECHOI CTPYKTYPHU:

3Bepxy 1Mo HEHTPY 0e3 BiICTYIy HepIIoro psiIka:

HA3BA TTOBIJIOMJIEHHS BEJIMKVMMU JIITEPAMU (knpuum mpudtom);

TIPi3BHIIIE Ta IHIIIaJIK aBTOPIB; SIKIO aBTOp ad0 OAMH i3 CIiBaBTOPIB IOBIJOMIICHHS IIAaHY€ BUCTYITUTH Ha KOH(EpeHLT
3 JIOTIOBIJI/IF0, HOTO MPI3BHIIE CJIiJT MiAKPECIIUTH,;

Ha3Ba OpraHi3allii /HayKoBOi YCTaHOBH.

Uepes psAIOK APYKYETHCSI OCHOBHUM TEKCT MOBIOMIICHHS (a03amHuii BincTyn — 1,25 cM; BUPIBHIOBaHHS 110 IIUPHUHI, aBTO-
MaTH4YHE PO3CTABIISIHHS IIEPEHOCIB).

Yci MaTepiany MoJaroThes y 2-X IPUMIpHUKAX 1 CyPOBOIKYIOTHCS HAMPaBICHHSIM BiJl OpraHi3allii, B AKiii BHKOHAHO pO-
00Ty, eKCIIEPTHIM BHCHOBKOM, IIIO JTO3BOJISIE BIIKPUTY ITyOITIKAIlif0, Ta KOII€K KBUTAHIIIT ITPO OILIATY MyOJiKalii MaTepiaiiB
(abo ywacts y 3’1311 un KoH(epeHii). Jpyruii mpuMipHUK IiIHCYETHCS BciMa aBTopamu. Jlo IpyKOBaHOTO BapiaHTy MaTe-
piaJiiB 101a€THCS €IEKTPOHHA Kollist — (aidi, BukoHaHu# y penakropi MS Word 3 posumpennsim RTF. Koxxne noinomiieHHs
0QOPMIIAETECS Y BUITISLII OKpeMoro (haiiiry, Ha3BaHOTO 3a MPi3BHINEM MEPIIOTO aBTOpa (SKIIO aBTOP IMMOJAE OiNbIIe OmHiel
PpoOOTH, 10 NPi3BHILA TOAAETHC Ti HOPSAKOBUIA HOMep). Daiiiu ¢Iti HaICHIIaTH Pa3oM 3 MarlepPOBUM BapiaHTOM a00 EJICKTPOHHOO
TMOMITOIO TOJaHUM (haisiomM, 000B’SI3KOBO BKa3ylOUH Y TeMi MoBiomiieHHs « Tesny.

Ormnara 3a myOnikariiro ojHi€el cropinku MarepianiB ckianae 100 rpu (y romy uncii [111B 16,67 rph).

Oco0wm, sKi CTIATHIN OpraHi3aliifHui BHECOK 3a y4acTh y 3’1311 a00 HayKoBiil KOH(EpEeHTIIil, 3BUTHHAIOTHCS BiJl OIIATH
3a myOIniKalio Marepiais.

Marepianu Hajgcunaty He mizHime 1 yepBus 2016 p. na agpecy: 61002, m. Xapkis, Byi. [Tymikinceka, 53, HaykoBui Bif-
nin H®aV, xonrakrHuit Tenedon/daxc: (057) 706-30-71, E-mail: conference nauka@nuph.edu.ua (060B’s13k0B0 BKazyBaTi
y TeMi moBigomiteHHs «Te3nm»).

/o ysazu yuacnuxie!
BaHKIBCBKI PEKBI3UTH JUTSI OILIATH:
p/p 26003060383169
M®O 351533, xox €JIPTIOY 33481466
OpepxyBad:
I'pomajchka opranizanis «XapkiBcbka obnacHa acouianist (hapMaleBTUYHUX MPALIBHUKIBY.
IIpu3HaueHHs muaTexy:
 opranizamiifanit BHecOK 3a ydacts y VIII Hamionansnomy 3’1311 papmarieBTiB Ykpaiam;
* opraizamiiHuN{ BHECOK 33 y4acTh y HayKOBO-IIPAKTHYHIN KOH(EpEeHIIii;
* 3a myOJiKaIlito Te3 TOMOBIACH.
ITpu criati 060B’A3K0BO BKazyBaTu «y Tomy uucii [T1/1B».

ITHOOPMALIA JJIAA CITIOHCOPIB

3 nuTaHp HaJaHHS OJIAroAiiHOT JOTIOMOTH 3BepTaTHC 110 BifnoBinansHoro cekperapst VIII HamionansHoro 3’131y dap-
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THE STUDY OF THE THREE-COMPONENT INTERACTION
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Some peculiarities of the three-component interaction of 1-ethyl-1H-2,1-benzothiazin-4(3H)-one 2,2-dioxide with
active methylene nitriles and heterylcarbaldehydes have been described in this article. It has been found that if
malononitrile is used, the products of the three-component reaction are 2-amino-4-heteryl-3-cyano-6-ethyl-4,6-
dihydropyrano[3,2-c][2,1]benzothiazine 5,5-dioxides irrespective of the heteryl fragment nature in the initial alde-
hyde. When using ethyl cyanoacetate (as the active methylene nitrile) in the three-component interaction instead
malononitrile the reaction lost its selectivity. In this case, depending on the heterylcarbaldehyde, three different
types of products were obtained, namely 2-amino-3-alkoxycarbonyl-4-heteryl-4H-pyranes (for pyridine-3-, pyri-
dine-4-carbaldehydes and furan-2-carbaldehyde), thriethylammonium salt of bis(1-ethyl-1H-2,1-benzothiazin-2,2-
dioxo-4-ol-3-yl)(2-thienyl)methane (for thiophen-2-carbaldehyde) or ethyl 2-cyano-3-(1H-indol-3-yl)acrylate (for
indol-3-carbaldehyde). Formation of a stable triethylammonium salts was considered as the process competitive
with formation of 2-amino-4H-pyranes. It has allowed to propose the modified mechanism of 2-amino-4H-pyranes
formation. This mechanism includes the stage of forming triethylammonium salts of bis-adducts. According to
this mechanism 2-amino-3-ethoxycarbonyl-4-(2-thienyl)-4H-pyrane without any impurity of bis-adduct could be
selectively obtained using the three-component interaction. Triethylammonium salts of bis-adducts were obtai-
ned by direct interaction of 1-ethyl-1H-2,1-benzothiazin-4(3H)-one 2,2-dioxide with heterylcarbaldehydes in the
presence of equimolar amounts of triethylamine. It has been shown that the three-component interaction of
1-ethyl-1H-2,1-benzothiazin-4(3H)-one 2,2-dioxide with active methylene nitriles and heterylcarbaldehydes is a more
effective tool in order to obtain condensed 2-amino-4-heteryl-4H-pyranes compared to the stepwise approach.

BUBYEHHST TPUKOMITOHEHTHOI B3AeMOAIl ETUN-1H-2,1-BEH30TIA3UH-4(3H)-OH 2,2-I0KCHay 3
METUJIEHAKTUBHUMW HITPUITTAMU TA FTETEPUTTKAPBAJTIbAEQAMUA

A.A.Jleza, B.I1.YepHux, J1.A.LLlemyyk

Knrouoei cnoea: 2,1-6eHsomia3uH 2,2-0iokcud; eemepurnkapbanbdeziou; MemuneHakmugHi Himpunu, 4H-nipaHu;
MpUKOMIOHEHMHa 83aeMo0isi; mpuemusiaMoHiesi cori

Onucati desiki ocobrusocmi mpukomMrnoHeHmMHoi 83aemodii emur-1H-2, 1-6eH3omia3uH-4(3H)-oH 2,2-0iokcudy 3
MemurieHakmugHUMU Himpurnamu ma eemepurnkapbansdezidamu. BcmarosneHo, wjo y sunadKy 8UKOpUCMaHHS
MarnoHOOUHImpuy npodykmamu mpuKkoMnoHeHMHoI 83aemodii 6ynu 2-amiHo-4-eemepur-3-yiaHo-6-emur-4,6-
OueidponipaHo[3,2-c][2,1]6eH30omia3uH 5,5-0iokcudu He3anexHo &id npupodu eemepusibHo20 ¢hpazMeHmy y 8u-
XiOHoMy anb0Oeeidi. [pu sukopucmaHHi 8 MPUKOMIOHEHMHIU 83aeMO0ii 3amicmb MasiloHOOUHIMPUITy emusiyiaHo-
auemamy (8 sskocmi MemusieHaKmu8HO20 HImpuIsly) peakuisi mpadae c80k ceriekmugHicmb. Y UboMy sunadky
8 3anexHocmi 8id npupodu eemepursikapbanbdeaidy 6yrno ompumMaHo mpu munu npodykmis, a came 2-aMiHO-
3-emokcukapboHin-4-eemepun-4H-nipaHu (0ns nipuduH-3-, nipuduH-4-kapbanbdezidie ma ypaH-2-kapbaris-
Oezidy), mpuemunamoHiesa cinb bic(1-emun-1H-2,1-6eH3omia3uH-2, 2-0iokco-4-om-3-in)(2-mieHin)memaHry (0ns
miogpeH-2-kapbanbdezidy) abo emun-2-uiaHo-3-(1H-iHOon-3-in)akpunam (0ns iHdon-3-kapbanbdezidy). Ymeo-
PeHHs mpuemuriamMoHiegux cornell cumempuyHuUx bic-adykmie 3 sukopucmaHHsIM 2emepurikapbarnboezidie crio-
cmepigaiocsi Hamu eriepuue i tio2o po3asisiHymo siK KOHKYpeHmHUU 00 ymeopeHHs 2-aMiHo-4H-nipaHis npouec. Lle 0o3-
80/1UJI0 3arporoHysamu MooughikosaHUll MexaHi3M ¢bopMysaHHs1 2-amiHo-4H-nipaHis, sikull ekntodae cmadito ym-
B8OpEHHSI mpuemurnaMoHieaux conel bic-adykmig. [pyHMy4YUCb Ha 3arporoHO8aHOMY MeXaHi3Mi, Mu 3Mo2a/1u
cernekmueHo odepxamu 2-aMiHo-3-emoKcukapboHin-4-(2-mieHin)-4H-nipaH 6e3 domiwok bic-adykmy, ukopuc-
mosy4u mpUKOMIOHeHMHy 83aemodito. Hamu 3anpornoHosaHo crocib o0epxaHHA mpuemuriaMoHiegux conel
bic-adykmie ripsimoro 83aemodieto 1-emur-1H-2, 1-6eH3omia3uH-4(3H)-oH 2,2-0iokcudy 3 ecemepurnkapbanboeai-
damu 8 MpucymHOCcmi eK8iMONAPHUX Kinbkocmel mpuemurnamiHy. byno nokazaHo, ujo mpukoMnoHeHmMHa 83ae-
modiss emun-1H-2,1-6eH3omia3uH-4(3H)-oH 2,2-diokcudy 3 MemuneHakmueHUMU Himpunamu ma 2aemepurkapb-
anbOeeidamu € binbw echekmu8HUM IHCMPYMEHMOM CUHME3y KOHOEHCOBaHUX 2-aMiHO-4-2emepun-4H-nipaHie
Y MOpPIi8HSIHHI 3 mocmaditiHUM rmidxodom.
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U3YYEHUE TPEXKOMIMOHEHTHOIO B3AMMOLEACTBUS 1-9TUJ-1H-2,1-BEH30TUA3UH-4(3H)-OH
2,2-IMOKCUOA C METUIIEHAKTUBHBLIMU HUTPUJTTAMU U TETEPUITTKAPBAJTIbOErQAMU

A.A.Jleza, B.I1.YepHbix, J1.A.LLlemuyk

Knroueenle cnoea: 2,1-6eH3omua3suH 2,2-0uokcud; eemepursnkapbanboeaudbl; MemuseHaKmueHble HUMPUIbI;
4H-nupaxbl; mpexkoMnoHeHMHoe 83aumodelicmaue; mpusmuiamMMOHUESbIe COMU

OnucaHbl HeKoMopbie 0CO6EHHOCMU MPEXKOMIOHEeHMHO020 83aumodelicmeus 1-amun-1H-2,1-6eH3omua3uH-
4(3H)-0H 2,2-0uokcuda c MemunieHakmugHbIMU HUmMpUamu u eemepurikapbansoeaudamu. YcmaHo8M1eHo, 4mo
8 Crlyyae Ucrnonb308aHUsi MarnoHOOUHUMpPUna rnpodykmamu mpexXKoMnoHEHMHo20 e3aumodelicmaust bbinu 2-
amMuHo-4-2emepur-3-yuaHo-6-amus-4,6-duaudponupaHo[3, 2-c][2, 1]6eH3omua3uH 5,5-0uokcudbi He3agucumMo om
rpupoObl 2emepuribHO20 hpaeMeHma 8 UCXo0HoM arnb0eaude. [Npu ucronb308aHUU 8 MPEXKOMITOHEHMHOM 83aUMO-
delicmeuu eMecmo ManoHOOUHUMpUa amuyuaHoayemama (8 kayecmee MemusieHakKmueHO20 HUmpurna) pe-
akyus mepsiem €80k cefiekKmueHocmb. B amom criydae 8 3agucumocmu om npupodbl eemepurikapbanbOeauda
6bIru Mony4YeHbl mpu muna npodyKmos, a UMEeHHO 2-aMUHO-3-ankokcukapboHu-4-eemepun-4H-nupaxsi (0ns
nupuduH-3-, nupuduH-4-kapbanbdeaudos u hypaH-2-kapbans0eauda), mpusmunamMmmMoHuesas conb buc(1-amur-
1H-2,1-6eH30mua3suH-2, 2-0uokco-4-on-3-un)(2-mueHun)Memana (05151 muogpeH-2-kapbanbdeauda) unu smursi-
2-yuaHo-3-(1H-uHdon-3-un)akpunam (0ns uHOon-3-kapbansdezuda). ObpazosaHue mpuamunIaMMoOHUEBbIX CO-
niell cummempuyHbIx 6uc-addykmoe paccMampueariocb Kak KOHKYPeHMHbIU obpa3osaHuro 2-amMuHo-4H-nupa-
HO8 rnpouecc. Mo n03807us10 nNPednoxums MOOUMUUUPOBaHHbIU MexaHU3M hopMuposaHusi 2-aMuHo-4H-nu-
paHo8, KomophbIl 8Ko4aem cmaduto obpasosaHusi mpuamuiaMMoHUesbIx cornel buc-addykmos. B coomeem-
cmeuu ¢ OaHHbIM MEXaHU3MOM Mbl CMO2/1U CE/TEKMUBHO MOoy4Umb 2-aMUHO-3-9moKcuKkapboHu-4-(2-mueHur)-
4H-nupaH 6e3 kakoU-nubo npumecu buc-addykma, Ucrornb3ys MPEXKOMIOHeHMHoe 83aumodeticmaue. Tpusmuri-
amMmMoHuesble conu uc-a0d0ykmos 6binu nomyYeHsl npsiMbIM 83aumodeticmauem 1-amur-1H-2, 1-6eH3omua3uH-
4(3H)-oH 2,2-0uokcuda ¢ eemepurnkapbanb0ezsudamu 8 nMpUCYmMCcmeuu 3K8UMOJISIPHbIX KOIU4ecme mpusmurl-
amuHa. bbirno nokasaHo, Ymo mpexkomrnoHeHmHoe g3aumodeticmeue 1-amun-1H-2,1-6eH3omua3uH-4(3H)-oH
2,2-0uokcuda ¢ MemurieHakmueHbIMU HUmMpuiamu u eemepurskapbanbdeesudamu sisrissiemcsi bonee aghghekmus-
HbIM UHCMPYMEHMOM CUHMe3a KOHOeHCUPOB8aHHbIX 2-aMUHO-4-eemepurn-4H-nupaHos rno cpasHeHuUro ¢ nocma-
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OUlHbIM T0OX000M.

Currently, a variety of new compounds are con-
tinuously synthesized due to design of novel biologi-
cally active substances. In this regard, derivatives of
benzothiazinone §,S-dioxide occupy a special place
since they are very promising compounds for creating
new drugs. This is associated with their fairly wide
range of biological activities. Recently the literature
data indicate the increased interest towards such deri-
vatives; in particular by the research groups of phar-
maceutical companies [1, 2, 3].

Itis possible that there are 10 structural isomers
of benzothiazinone S,S-dioxides [4]. Among them we
focused on 1H-2,1-benzothiazin-4(3H)-one 2,2-dioxi-
des (Fig. 1) because of the insufficient studies of their
chemical properties. They have not been studied in
multicomponent reactions, and therefore, they are a
new synthon for such interactions.

It is well known that most of sulfonamides are bio-
logically useful compounds [5, 6, 7, 8]. Specifically, the
cyclic sulfonamides (sultams) are important thera-
peutic and chiral agents [9]. This group includes de-
rivatives of 2,1-benzothiazine (benzosultams), the im-
portant class of heterocyclic compounds, due to the
fact that derivatives of this heterocyclic system pos-
sess the versatile range of biological activities. For
example, derivatives of 3,4-dihydro-2,1-benzothiazi-

O

.80
N 2

R

Fig. 1. The general formula for 1-R-1H-2,1-benzothiazin-4(3H)-one
2,2-dioxides.

ne 2,2-dioxide have proven their effectiveness against
heart diseases as the inhibitors of lipogenase (Fig. 2) [10].

Some 1H-2,1-benzothiazine 2,2-dioxide derivati-
ves have been recently reported to have biological ac-
tivities such as IL-8 receptor antagonists, 5-HT recep-
tor antagonists [11], factor Xa inhibitory [12], the anti-
viral activity (reverse transcriptase inhibitors) [13]
and the antibacterial activity [14] (Fig. 3) although the
reports on the biological relevance of the corresponding
4-oxo derivatives (Fig. 1) as a core structure are rare.

The relevance of studying 1H-2,1-benzothiazin-
4(3H)-one 2,2-dioxides is also caused by their bioiso-
steric relationship to 2,3-dihydro-4H-1,2-benzothia-
zin-4-one 1,1-dioxide, which is the base of commer-
cially successful nonsteroidal anti-inflammatory drugs
(NSAIDs), such as Piroxicam®, Droxicam®, Meloxicam®
and its heteroanologues - Tenoxicam® and Lornoxi-
cam®. It has been shown that some 3-carbamoyl deri-
vatives of 1H-2,1-benzothiazin-4(3H)-one 2,2-dioxide
exhibit much higher analgesic activity than Piroxicam®
and Meloxicam® [15].

Therefore, chemical transformations of 1H-2,1-ben-
zothiazin-4(3H)-one 2,2-dioxide core is a promising route
to search new pharmacologically useful compounds.

1H-2,1-Benzothiazin-4(3H)-one 2,2-dioxide is an
analogue of cyclic 1,3-dicarbonyl compounds (Fig. 4).

R3

Rz Ry=H, Bn
R, = H, Piperazinyl
R3 = H, Alkoxy, Hydroxy

Fig. 2. The general formula for derivatives of 2,1-benzothiazine
2,2-dioxide — inhibitors of lipogenase.
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Fig. 3. Some examples of biologically active 1H-2,1-benzothiazine 2,2-dioxides.
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Fig. 4. 1H-2,1-Benzothiazin-4(3H)-one 2,2-dioxide is an analogue of
cyclic 1,3-dicarbonyl compounds.
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Scheme 1. Two approaches toward 2-amino-3-R’-4-R"-4H-pyranes.

[t also contains the active methylene group. This pro-
vides great opportunities for construction new con-
densed heterocyclic systems on its base.

In contrast to the latter, 1H-2,1-benzothiazin-4
(3H)-one 2,2-dioxide is characterized by special struc-
tural and reactivity features. In spite of the expected
properties of ketones, 1H-2,1-benzothiazin-4(3H)-one
2,2-dioxide can not be reduced to the alcohol either
by catalytic reduction (hydrogenation in various sol-
vents using platinum or nickel catalysts at various tem-
peratures and pressures) or chemical means (boro-
hydride, lithium aluminum hydride, or sodium and
alcohol). It also fails to form oximes and semicarba-
zones, and it does not form enamines in reactions with
the secondary amines [4, 16].

1H-2,1-benzothiazin-4(3H)-one 2,2-dioxide, which
is unsubstituted in position 3, exists mainly in the keto
8

form. By contrast, its carbonyl analogue - quinolin-
2,4(1H,3H)-dione - exists almost solely in the enol
form [16]. However, the carbonyl group of 1H-2,1-ben-
zothiazin-4(3H)-one 2,2-dioxide is characterized by
a high propensity for enolization introducing alkyl or
acyl groups into position 3. This fact was used to con-
struct a fused heterocyclic system on its base [17, 18].
We used this property in order to synthesize a new he-
terocyclic system of 2-amino-3-R-6-ethyl-4,6-dihydro-
pyrano[3,2-c][2,1]benzothiazine 5,5-dioxide spirocon-
densed with the 2-oxindole core. The target compounds
were obtained using the three-component interaction
of 1H-2,1-benzothiazin-4(3H)-one 2,2-dioxide with isa-
tins and active methylene nitriles [19]. This article was
the first one dedicated to the multicomponent reac-
tions of 1H-2,1-benzothiazin-4(3H)-one 2,2-dioxide.

According to the literature such three-component
interaction of 1,3-dicarbonyl compounds with alde-
hydes and active methylene nitriles leads to formation
of the corresponding 2-amino-3-R’-4-R"-4H-pyranes
(Scheme 1). The mechanism of this coupling is based
on a domino Knoevenagel /Michael/hetero-Thorpe-
Ziegler cyclization sequence followed by enamine-
amine tautomerism [20]. It is possible to carry out a
two-step synthesis of 2-amino-3-R-4-R"-4H-pyranes
using the corresponding Knoevenagel condensation
products - o,B-unsaturated nitriles. This approach has
its disadvantages since the intermediate unsaturated
nitriles in most cases are toxic and lachrymatory agents
[21, 22] (Scheme 1).

Therefore, in continuation of our research the tree-
component interaction of 1-ethyl-1H-2,1-benzothia-
zin-4(3H)-one 2,2-dioxide with heterylcarbaldehydes
and active methylene nitriles was studied in order to
synthesize fused 2-amino-4H-pyranes.
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Scheme 2. The formation of target 2-amino-3-cyano-4H-pyranes (4a-e).

Results and Discussion

The representatives of electron-rich (thiophen-2-
carbaldehyde, furfural and indol-3-carbaldehyde) and
electron-deficient heterocycles (2-, 3-, 4-pyridincarb-
aldehydes) were used as heterylcarbaldehydes.

The first stage of our studies was dedicated to the
use of malononitrile as an active methylene nitrile in
the three-component one-pot interaction.

As the result of the experiments conducted it has
been found that the three-component reaction of 1-
ethyl-1H-2,1-benzothiazin-4(3H)-one 2,2-dioxide (1)
with heterylcarbaldehydes (2a-e) and malononitrile
(3) leads to formation of the target 2-amino-3-cyano-
4H-pyranes (4a-e) (Scheme 2, Method A) in high or
excellent yields in all cases, except pyridine-2-carbal-
dehyde (Table 1).

As the result of high reactivity of pyridine-3-carb-
aldehyde (4a) and pyridine-4-carbaldehyde (4b) the
interaction in these cases proceeded in ethanol at the
room temperature for 10 min with almost quantita-
tive yields of the target products (4a,b) (Table 1, Me-
thod A). In general, such interactions need a base as
a catalyst of the reaction. When pyridinecarbaldehy-
des (4a,b) are used, it is not necessary to use the ba-
se, and it can be explained by autocatalytic effect of
the pyridine ring.

Table 1

- Yield, %

§ < o)

o Heteryl Conditions 3 3

§ £ | £

()

Y s | =

4a 3-pyridyl EtOH, rt, 10 min 98 81

4b 4-pyridyl EtOH, rt, 10 min 95 74
. EtOH, Et;N (cat.),

4c 2-thienyl reflux, 2 h 83 72
) EtOH, Et;N (cat.),

4d 2-furyl 50°C, 10 h 63 36
. EtOH, Et;N (cat.),

4e 3-indolyl reflux. 13 h 53 41

NHp .
1 1

[V CN | X |
1 1

1 a | b N 1

X" OHet ! N o
1 N 1

N/SO2 | |
§ : c [ :
CH3 | Het= S |

4a-e : :
1 1

1 1

| |

| :

| :

A gradual decrease in the yields of the target py-
ranes (4) and a gradual increase of the reaction time
was observed in the case of thiophene-2-carbaldehy-
de (2c), furan-2-carbaldehyde (2d) and indol-3-carb-
aldehyde (2e). This can happen because of the influ-
ence of the electron-rich heterocyclic system on the
activity of the aldehyde group. In this case, the inter-
action was carried out in refluxed ethanol for 2-13 h
in the presence of the catalytic amounts of triethyl-
amine (Table 1, Method A). When the reaction mix-
tures were refluxed for less time than required, the
reaction was not completed and the target 2-amino-
4H-pyranes (4c-e) were contaminated with the inter-
mediate 2-cyano-3-heterylacrylonitriles. The use of
the equimolar amounts of triethylamine did not lead
to increase of the interaction efficiency and decrease
of the reaction time.

According to Scheme 1 the stepwise approach to-
wards 2-amino-4H-pyranes (4a-e) with the prelimi-
nary obtaining of 2-cyano-3-heterylacrylonitriles (5a-e)
was also performed (Scheme 2, Method B). It was fo-
und that this route resulted in the lower yields of 2-
amino-4H-pyranes (4a-e) compared to those obtai-
ned by MCRs (Table 1, Method B). The summarized re-
sults confirm the preferred applicability of the multi-
component format for the synthesis of 2-amino-4H-
pyranes (4a-e).

The products (4a-e) precipitated from the reac-
tion mixture were recrystallized from ethanol.

Our attempts to use pyridine-2-carbaldehyde in
such three-component interaction (Scheme 2, Method A)
under conditions common for pyridinecarbaldehydes
(2a,b) (EtOH, rt, 10 min) led to isolation of an uni-
dentified black coal-like product. Variation of the sol-
vents used, thermal conditions, the reaction time, as
well as the presence or absence of a catalyst did not
give any positive results.

The next stage of our studies was the use of ethyl
cyanoacetate (6) as the active methylene nitrile in this
three-component interaction. However, the initial expe-
riments showed the significant decrease of the reac-
tion selectivity (Scheme 3, Method A).
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Scheme 3. The usage of ethyl cyanoacetate (6) as the active methylene nitrile in this three-component interaction.
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Scheme 4. A presumable mechanism for formation of the salt (8c).

The target 2-amino-4H-pyranes (7) were obtained
only for pyridine-3-carbaldehyde (2a) and pyridine-
4-carbaldehyde (2b), and also for furan-2-carbalde-
hyde (2d).

Due to the lower reactivity of ethyl cyanoacetate
compared to malononitrile the three-component inter-
action (Scheme 3, Method A) involving pyridinecarb-
aldehydes (2a,b) needed the catalytic amounts of
triethylamine as the base and heating. The interac-
tion in these cases was carried out in refluxing ethanol
for 7 h. If methanol was used as a solvent, the interac-
tion was accompanied by the transesterification and
the products obtained were the corresponding methyl
esters - 2-amino-3-methoxycarbonyl-4H-pyranes (7aa
and 7bb) (Scheme 3, Method A).

To obtain 2-amino-4H-pyrane (7d) in the case of
furan-2-carbaldehyde (2d) it was necessary to reflux
the reaction mixture in ethanol for 10 h and use equi-
molar amounts of 4-dimethylaminopyridine, as a cata-
lystinstead triethylamine (in the case of triethylamine any
product of the three-component reaction was not isolated).

10

For indole-3-carbaldehyde (2e) the reaction was
completed on formation of ethyl 3-(3-indolyl)-2-cy-
anoacrylate (9e) (Scheme 2, Method A). In spite of our
attempts to prolong the reaction time (up to 24 h) we
failed to obtain 2-amino-4H-pyranes. This can be expla-
ined by the low activity of (9e) in the Michael addi-
tion reaction towards 1-ethyl-1H-2,1-benzothiazin-
4(3H)-one 2,2-dioxide (1).

When thiophene-2-carbaldehyde (2c¢) was used,
the three-component reaction led to formation of the
unexpected bis-adduct - the thriethylammonium salt
of bis(1-ethyl-1H-2,1-benzothiazin-2,2-dioxo-4-ol-3-yl)
(2-thienyl)methane (8c) (Scheme 2, Method A). To
avoid formation of this salt and obtain 2-amino-4H-
pyrane (7c) we tried to use stepwise approach (Scheme 3,
Method B). However, contrary to our expectations,
this stepwise format resulted in formation of bis-ad-
duct (8c) too. In order to explain this result, we have
to assume that Michael adduct (10c) initially formed
(Scheme 4) does not undergo the intramolecular he-
tero-Thorpe-Ziegler cyclization. It eliminates the mo-
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Table 2

Yields of products of three-component reactions
with ethyl cyanoacetate (Scheme 3)

Yield
w of 7, %
° = o | Yield
% | Heteryl Conditions S < | of 8%
2 2| 2 %
< 5| B
= =
- EtOH, Et;N (cat.),
2a | 3-pyridyl reflux, 7 h 47 | 35 -
o EtOH, Et;N (cat.), 3
2b | 4-pyridyl reflux, 7h 52 | 28
EtOH, Et;N (cat.), 37%%
1 equiv of (6), - - *%%
reflux, 8 h (497%)
EtOH, Et;N (cat.),
2c | 2-thienyl 3 equiv of (6), 20%% | — 271%*
reflux, 8 h
EtOH, Et;N (cat.),
7 equiv of (6), 43 - -
reflux, 8 h
EtOH, DMAP,
2d | 2-furyl reflux, 10 h 41 21 -

* — For the three-component reaction with thiophen-2-carbaldehyde;
** — Confirmed by *H NMR spectra of the precipitate isolated without
purification as the intensity ratio of proton in position 4 of the
4H-pyran ring and the methyne moiety proton of a bis-derivative.
Yields of compound (8) were calculated based on 2.0 eq. of
compound (1); *** — For the stepwise synthesis use (9c)

(Scheme 3, Method B).

lecule of ethyl cyanoacetate (6) and forms enone (11c).
The last one acting as a Michael acceptor reacts with
another molecule of 1-ethyl-1H-2,1-benzothiazin-4
(3H)-one 2,2-dioxide (1) with formation of dienol (12).
Intermediate (12) possesses the increased OH-acidic
properties due to the electron-withdrawing effect of
SO,-groups. Moreover, in product (8c) formation of
the intramolecular hydrogen bond, which stabilizes
the structure of enolate anion, is possible. As the re-
sult, intermediate (12) reacts with triethylamine gi-
ving triethylammonium salt (8c). We have not found
any literature data about formation of such bis-ad-
ducts salts that are similar to (8c). At the same time
there are many examples of symmetrical bis-adducts
as dienols, which can be easily obtained by the inter-
action of different 1,3-dicarbonyl compounds with al-
dehydes under the base catalysis [23, 24].

Enone (11c) is the key intermediate in the mecha-
nism (Scheme 4) since it can be transformed either
into bis-adduct (8c) or into the target 2-amino-4H-
pyrane (7c) (through formation of Michael adduct (10c)).
These processes are competitive and each can prevail
under certain conditions. According to the literature
data about reversibility of enone (11c) formation we
tried to direct the transformation of enone (11c) to-
wards 2-amino-4H-pyran (7c) using an excess of ethyl

Table 3

Yields for the compounds (8a-e) synthesized by
direct interaction of (1) with (2)

©
= I3
g Heteryl Conditions ko)
€ 2
o >
o
8a 3-pyridyl EtOH, Et;N, rt 47
. EtOH, Et.N,
8b 4-pyridyl 70°C, 2 h 52
8c 2-thienyl EtOH, Et;N, rt 73
8d 2-furyl EtOH, Et;N, rt 54
. EtOH, Et;N,
8e 3-indolyl 70°C. 12 h 35

cyanoacetate (6). When 3.0 equiv of (6) was used, the
isolated mixture contained the target 2-amino-4H-
pyrane (7c¢) and bis-adduct (8c) in the molar ratio of
1:0.4 (based on the 'H NMR spectroscopy data). Ap-
plication of 7.0 equiv of (6) allowed to obtain com-
pound (7c) in the yield of 53% without any impurity
of bis-adduct (8c).

As in the case of malononitrile (3), the use of py-
ridine-2-carbaldehyde in the three-component reac-
tion with (1) and (6) led to isolation of an unidenti-
fied black coal-like product.

We also attempted to obtain the triethylammonium
salts of bis-adducts by direct interaction of 1-ethyl-
1H-2,1-benzothiazin-4(3H)-one 2,2-dioxide (1) with
heterylcarbaldehydes (2). This interaction may pro-
ceed through formation of highly reactive enone (11)
(Table 3). The last one, as a Michael acceptor, reacts
in the presence of triethylamine with the second mo-
lecule of (1) resulting in formation of salts (8). The
reaction, in general, is carried out by the interaction
of compounds (1) and (2) (the molar ratio - 2:1) in
ethanol in the presence of equimolar amounts of tri-
ethylamine. When aldehydes (2b,e) were used, the
reaction was carried out under conditions of heating
(without heating the reaction was not complete as
it was confirmed by H NMR-spectra). It allowed to

11
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enolic OH

triethylammonium
N-CH2-CHs

1.82
|

17 16 15 14 13 12 11 10

Fig. 5. The '"H NMR-spectrum of (8b).

obtain the corresponding triethylammonium salts
(8a-e) (Table 3).

If aldehyde (2b) was used in this reaction, triethyl-
ammonium salt (8b) was obtained. In the 'H NMR
spectrum of (8b) (Fig. 5) protons corresponding to two
enolic OH-groups, two bridged methyne CH-groups
and the triethylammonium cation can be observed.
According to this spectrum the molar ratio of the eno-
late anion and the triethylammonium cation is 2:1.
Conducting the reaction in the presence of more than
equimolar amounts of triethylamine led to the same
result.

In accordance with these data we suggested that
compound (8b) represents a peculiar double salt, in
which triethylammonium and pyridinium cations are
present. This is more interesting due to the less ba-
sic properties of the pyridine ring compared to tri-
ethylamine. Such “dimeric” structure can be stable
due to the presence of hydrogen bonds, but it is re-
quired the additional study to determine the structure
of (8b). The yields of the compounds (8a-e) synthe-
sized are presented in Table 3.

The structures of all compounds synthesized were
confirmed by the data of *"H NMR spectroscopy and
elemental analysis. 'H NMR-spectra of compounds (4)
are characterized by the presence of the narrow high-
intensity singlet in position 4 of the 4H-pyran ring in
the range of 4.78-5.06 ppm, as well as the singlet of the
2-amino group, which can be observed in the range of
7.23-7.47 ppm. In 'H NMR-spectra of compounds (7)
the singlet in position 4 of the 4H-pyran ring can be
found in the region of 4.83-5.17 ppm, the signal of the
2-amino group is situated in the range of 7.80-7.90 ppm.
The 'H NMR-spectra of bis-adducts (8) are characte-
rized by the presence of the singlet of the benzothia-
zine OH-group at 17.13-17.49 ppm and the CH-group
bridge at 5.62-5.91 ppm. The signals of the triethyl-
ammonium NH-group and pyridinium of the NH-group
(for 8b) are not found in the 'H NMR-spectra pro-
bably due to the fast deutero exchange.

12
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Experimental Part

The starting aldehydes (2a-f) and active methylene
nitriles were obtained from commercial sources and
purified before using; aldehydes (2a-d,f) were distilled
under reduced pressure, aldehyde (2e) was recrys-
tallized from methanol. The starting 1-ethyl-1H-2,1-
benzothiazin-4(3H)-one 2,2-dioxide was obtained ac-
cording to the procedure previously described. Aryli-
denes (5a-e) and (9a-d) were prepared via Knoeve-
nagel condensation of the corresponding heterylcarb-
aldehydes (2a-e) and active methylene nitriles (3)
or (6) in the presence of a base as was reported [25].
Melting points were determined on a Gallenkamp mel-
ting point apparatus, MFB-595 model, in open capil-
lary tubes. 'H NMR-spectra were recorded on a Bruker
AMX 500 spectrometer using DMSO-d, as a solvent,
and TMS as an internal standard. Elemental analyses
were carried out using a Carlo Erba CHNS-O EA 1108
analyzer.

The general procedure for the synthesis of 2-amino-
4-(pyridyl)-3-cyano-6-ethyl-4,6-dihydropyrano[3,2-c]
[2,1]benzothiazine 5,5-dioxides (4a,b).

Method A. The three-component one-pot procedure.
Mix the solution of 1-ethyl-1H-2,1-benzothiazin-4(3H)-one
2,2-dioxide (1) (0.225 g, 0.001 Mol), malononitrile (3)
(0.066 g, 0.001 Mol) and the corresponding pyridine-
carbaldehydes (2a,b) (0.001 Mol) in ethanol (5-10 mL)
for 10 min at the room temperature. A precipitate is
formed in a few minutes after the beginning of mixing.
Filter the resulting precipitates of (4a,b), wash with
ethanol, then dry on air and recrystallize from ethanol.

Method B. The synthesis using intermediate acrylo-
nitriles (5a,b). Mix the solution of 1-ethyl-1H-2,1-ben-
zothiazin-4(3H)-one 2,2-dioxide 1 (0.225 g, 0.001 Mol)
and acrylonitriles (5a,b) (0.001 Mol) in ethanol (5-10 mL)
for 10 min. The resulting reaction mixtures are treated
as mentioned in Method A.

The yields for the compounds (4a,b) synthesized
are presented in Table 1.
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2-Amino-4-(3-pyridyl)-3-cyano-6-ethyl-4,6-di-
hydropyrano[3,2-c][2,1] benzothiazine 5,5-dioxide (4a).
A white powder. M. p. - 248-250°C (decomp.) (from
EtOH). Anal. Calcd for C;,H,(N,0,S: C, 59.99; H, 4.24;
N, 14.73; S, 8.43. Found: C, 60.38; H, 4.02; N, 14.35;
S, 8.34. 'H NMR (500 MHz, DMSO-d,): § (ppm) 8.49
(d,J=1.92Hz 1H),8.45(d,/J=3.41Hz 1H),7.93 (d,
J=7.67 Hz, 1 H), 7.60-7.72 (m, 2 H), 7.54 (d,/ = 8.31
Hz,1H),7.29-7.48 (m,4 H),4.79 (s,1 H),3.87 (q,/=6.96
Hz, 2 H), 1.01 (t,/ = 7.03 Hz, 3 H).

2-Amino-4-(4-pyridyl)-3-cyano-6-ethyl-4,6-di-
hydropyrano[3,2-c][2,1] benzothiazine 5,5-dioxide (4b).
A white powder. M. p. - 223-225°C (decomp.) (from
EtOH). Anal. Calcd for C,,H,(N,0,S: C, 59.99; H, 4.24;
N, 14.73; S, 8.43. Found: C, 60.13; H, 4.57; N, 14.61; S,
8.55.'H NMR (500 MHz, DMSO-d,): § (ppm) 8.53 (d,
J=5.76Hz,2H),794 (d,/=7.68 Hz, 1 H), 7.61-7.69
(t,J=7.53Hz,1H),7.55(d,J=8.23 Hz, 1 H), 7.47 (s,
2H),7.39(t,J=7.55Hz 1H),7.32(d,/=5.49 Hz, 2 H),
4.78 (s,1H),3.87(q,/=6.86 Hz,2H), 1.03 (t,/=7.00
Hz, 3 H).

The general procedure for the synthesis of 2-
amino-4-heteryl-3-cyano-6-ethyl-4,6-dihydropy-
rano[3,2-c][2,1]benzothiazine 5,5-dioxides (4c-e).

Method A. The three-component one-pot procedure.
To the solution of 1-ethyl-1H-2,1-benzothiazin-4(3H)-one
2,2-dioxide (1) (0.225 g, 0.001 Mol), malononitrile (3)
(0.066 g, 0.001 Mol) and the corresponding heteryl-
carbaldehyde (2c-€e) (0.001 Mol) in ethanol (5-10 mL)
add the catalytic amount of triethylamine. Reflux the
mixture obtainted for the time specified in Table 1.
After heating cool the mixture to the room tempera-
ture. Filter the resulting precipitates of (4c-e), wash
with ethanol, then dry on air and recrystallize from
ethanol.

Method B. The synthesis using intermediate acrylo-
nitriles (5c-e). To the solution of 1-ethyl-1H-2,1-benzo-
thiazin-4(3H)-one 2,2-dioxide (1) (0.225 g, 0.001 Mol)
and the corresponding acrylonitrile (5¢-e) (0.001 Mol)
in ethanol (5-10 mL) add the catalytic amount of tri-
ethylamine. Reflux the mixture obtained for the time
specified in Table 1. The resulting mixtures are trea-
ted as mentioned in Method A.

The yields for the compounds (4c-e) synthesized
are presented in Table 1.

2-Amino-4-(2-thienyl)-3-cyano-6-ethyl-4,6-di-
hydropyrano[3,2-c][2,1] benzothiazine 5,5-dioxide (4c).
A light yellow powder. M. p. - 241-243°C (decomp.)
(from EtOH). Anal. Calcd for C,gH;;N,0,S,: C, 56.09;
H,3.92; N, 10.90; S, 16.64. Found: C,56.13; H, 4.37; N,
10.61; S, 16.55. 'H NMR (500 MHz, DMSO-d,): 6 (ppm)
7.94 (d,J=7.94 Hz, 1 H), 7.31-7.74 (m, 6 H), 7.03 (d,
J=3.05Hz,1H),6.89-6.98 (m, 1 H), 5.06 (s, 1 H), 3.92
(q,/=6.72 Hz, 2 H), 1.05 (t,/ = 6.87 Hz, 3 H).

2-Amino-4-(2-furyl)-3-cyano-6-ethyl-4,6-dihyd-
ropyrano[3,2-c|[2,1] benzothiazine 5,5-dioxide (4d).
A light brown powder. M. p. - 215-217°C (decomp.)

(from EtOH). Anal. Calcd for C,;H,N;0,S: C, 58.53; H,
4.09; N, 11.38; S, 8.68. Found: C, 58.34; H,4.01; N, 11.87;
S,8.27.'HNMR (500 MHz, DMSO-d,): § (ppm) 7.90 (dd,
J=8.09,1.37Hz, 1 H), 7.64 (td,J=7.70,1.50 Hz, 1 H),
7.51-7.57 (m, 2 H), 7.35-7.43 (m, 3 H), 6.36 (dd, J = 3.20,
1.98 Hz, 1 H), 6.28 (m, ] = 3.70 Hz, 1 H), 4.82 (s, 1 H),
3.90 (q,/=7.02 Hz, 2 H), 1.01 (t,/ = 7.02 Hz, 3 H).
2-Amino-4-(3-indolyl)-3-cyano-6-ethyl-4,6-dihyd-
ropyrano[3,2-c][2,1] benzothiazine 5,5-dioxide (4e€).
A yellow crystalline powder. M. p. - 212-215°C (de-
comp.) (from EtOH). Anal. Calcd for C,,H,,N,0,S: C,
63.14; H, 4.34; N, 13.39; S, 7.66. Found: C, 63.52; H,
4.12;N,13.75;S,7.37.'H NMR (500 MHz, DMSO-d,):
6 (ppm) 11.02 (br. s, 1 H), 8.00 (d, /= 7.96 Hz, 1 H),
7.63 (t,J=7.33 Hz, 1 H), 7.51 (d,J = 7.96 Hz, 1 H),
7.29-7.44 (m, 4 H), 7.23 (br. s, 2 H), 7.06 (t,] = 7.14
Hz, 1 H), 6.93 (t,/ = 7.14 Hz, 1 H), 4.95 (s, 1 H), 3.87
(q,/=6.90 Hz, 2 H), 0.99 (t,] = 6.59 Hz, 5 H).

Procedures for the synthesis of 2-amino-4-he-
teryl-3-ethoxycarbonyl-6-ethyl-4,6-dihydropy-
rano[3,2-c][2,1]benzothiazine 5,5-dioxides (7a-d).
Compounds (7a-d) were obtained in conditions given
below. The yields for the compounds (7a-d) synthe-
sized are presented in Table 2.

The general procedure for the synthesis of 2-
amino-3-ethoxycarbonyl-4-pyridyl-6-ethyl-4,6-di-
hydropyrano[3,2-c][2,1] benzothiazine 5,5-dioxi-
des (7a,b).

Method A. The three-component one-pot procedure.
To the solution of 1-ethyl-1H-2,1-benzothiazin-4(3H)-one
2,2-dioxide (1) (0.225 g, 0.001 Mol), ethyl cyanoace-
tate (6) (0.11 mL, 0.001 Mol) and pyridylcarbaldehy-
des (2a,b) (0.001 Mol) in ethanol (5 mL) add the cata-
lytic amount of triethylamine. Reflux the mixture for
7 h and cool to the room temperature. Filter the pre-
cipitates of (7a,b) formed, wash with cold ethanol, dry
on air and recrystallize from ethanol.

Method B. The synthesis using ethyl 2-cyanoacry-
lates (9a,b). To the solution of 1-ethyl-1H-2,1-benzo-
thiazin-4(3H)-one 2,2-dioxide (1) (0.225 g, 0.001 Mol)
and heterylidenes (9a,b) (0.001 Mol) in ethanol (5 mL)
add the catalytic amount of triethylamine. Reflux the
solution for 7 h. The resulting reaction mixtures are
treated as mentioned in Method A.

2-Amino-4-(3-pyridyl)-3-ethoxycarbonyl-6-
ethyl-4,6-dihydropyrano(3,2-c][2,1] benzothiazine
5,5-dioxide (7a). A white powder. M. p. - 179-181°C
(decomp.) (from EtOH). Anal. Calcd for C,,H,,N,O.S:
C,59.00; H,4.95; N, 9.83; S, 7.50. Found: C, 58.75; H,
5.22; N, 9.54; S, 7.19. '"H NMR (500 MHz, DMSO-d,):
6 (ppm) 8.43 (d,J=1.96 Hz, 1 H), 8.35 (dd, J =4.77,
1.34 Hz, 1 H), 8.03 (dd, J = 7.95, 1.34 Hz, 1 H), 7.87
(s, 2 H), 7.60-7.66 (m, 1 H), 7.51-7.58 (m, 2 H), 7.39
(t,J=7.58 Hz, 1 H), 7.26 (dd, ] = 7.95, 4.77 Hz, 1 H),
4.84 (s, 1 H), 3.93-4.00 (m, 2 H), 3.87 (q, /= 7.01
Hz, 2 H), 1.06 (t, /] = 7.09 Hz, 3 H), 0.96 (t, ] = 6.97
Hz, 3 H).

13



ISSN 2308-8303

Journal of Organic and Pharmaceutical Chemistry. — 2016. — Vol. 14, Iss. 1 (53)

2-Amino-4-(4-pyridyl)-3-ethoxycarbonyl-6-
ethyl-4,6-dihydropyrano[3,2-c][2,1] benzothiazine
5,5-dioxide (7b). Red crystalls. M. p. - 168-170°C (de-
comp.) (from EtOH). Anal. Calcd for C,,;H,;N,0.S: C,
59.00; H, 4.95; N, 9.83; S, 7.50. Found: C, 58.51; H,
5.38; N, 9.73; S, 7.39. 'H NMR (500 MHz, DMSO-d,):
6 (ppm) 8.42-8.46 (m, 2 H), 8.03 (dd, J = 8.07, 1.22
Hz, 1 H), 7.90 (s, 2 H), 7.60-7.67 (m, 1 H), 7.54 (d,
J=8.31Hz 1H),7.39 (t]=7.70 Hz, 1 H), 7.18-7.22
(m, 2 H), 4.83 (s, 1 H), 3.93-4.02 (m, 2 H), 3.87 (q,
J=7.01Hz, 2 H), 1.08 (t, / = 7.09 Hz, 3 H), 0.98 (t,
J=6.97 Hz, 3 H).

The synthesis of 2-amino-3-ethoxycarbonyl-4-
(2-thienyl)-6-ethyl-4,6-dihydropyrano|3,2-c][2,1]
benzothiazine 5,5-dioxide (7c). To the solution of
1-ethyl-1H-2,1-benzothiazin-4(3H)-one 2,2-dioxide (1)
(0.225 g, 0.001 Mol), ethyl cyanoacetate (6) (0.77 mL,
0.007 Mol) and thiophen-2-carbaldehyde 2¢ (0.94 mL,
0.001 Mol) in ethanol (5 mL) add the catalytic amount
of triethylamine. . Reflux the mixture for 8 h, cool to
the room temperature. Filter the precipitate 7c formed,
wash with cold ethanol, dry on air and recrystallize
from ethanol.

Light yellow crystalls. M. p. - 185-187°C (decomp.)
(from EtOH). Anal. Calcd for C, H,,N,0.S,: C, 55.54;
H, 4.66; N, 6.48; S, 14.83. Found: C, 55.81; H, 4.93; N,
6.82; S,15.04. 'H NMR (500 MHz, DMSO-d,): § (ppm)
8.02 (d,/ =793 Hz, 1 H), 7.82 (br. s, 2 H), 7.59-7.67
(m,1H),7.55(d,/J=8.24Hz, 1H),7.37 (t,/]=7.63 Hz,
1H),7.21-7.27 (m, 1 H), 6.82-6.88 (m, 2 H), 5.17 (s, 1 H),
4.02-4.11 (m, 2 H), 3.94 (q,/ = 6.82 Hz, 2 H), 1.16 (t,
J=6.90 Hz, 3 H), 1.04 (t,/ = 7.00 Hz, 3 H).

The synthesis of 2-amino-3-ethoxycarbonyl-4-
(2-furyl)-6-ethyl-4,6-dihydropyrano|[3,2-c][2,1]
benzothiazine 5,5-dioxide (7d). To the solution of
1-ethyl-1H-2,1-benzothiazin-4(3H)-one 2,2-dioxide (1)
(0.225 g, 0.001 Mol), ethyl cyanoacetate (6) (0.11 mL,
0.001 Mol) and furan-2-carbaldehyde 2d (0.83 mL,
0.001 Mol) in ethanol (5 mL) add the catalytic amount
of triethylamine. Reflux the mixture for 10 h, cool to
the room temperature. Filter the precipitate of 7c for-
med, wash with cold ethanol, dry on air and recrys-
tallize from ethanol.

Colourless crystalls. M. p. - 169-171°C (decomp.)
(from EtOH). Anal. Calcd for C,,H,,N,0,S: C, 57.68;
H, 4.84; N, 6.73; S, 7.70. Found: C, 57.94; H, 4.50; N,
6.31; S, 7.83. 'H NMR (500 MHz, DMSO-d,): 6 (ppm)
7.99 (d, J=8.07 Hz, 1 H), 7.80 (br. s., 2 H), 7.63 (t,
J=7.30Hz 1H),7.54 (d,/=8.31Hz 1H), 7.32-7.44
(m, 2 H), 6.29 (br.s,, 1 H), 6.12 (br.s,, 1 H),4.97 (s, 1 H),
4.00-4.10 (m, 2 H), 3.92 (d,J = 6.85 Hz, 2 H), 1.14 (¢,
J=6.97 Hz, 3 H), 0.98 (t,]/ = 6.72 Hz, 3 H).

Procedures for the synthesis of triethylammo-
nium 3-[(4-hydroxy-1-ethyl-2,2-dioxido-1H-2,1-
benzothiazin-3-yl)(heteryl)methyl]-1-ethyl-
1H-2,1-benzothiazin-5-olat 2,2-dioxides (8a-e).
These products were obtained using the procedures
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described below. The yields for compounds (8a-e)
synthesized are presented in Table 3.

The synthesis of triethylammonium 3-[(4-hy-
droxy-1-ethyl-2,2-dioxido-1H-2,1-benzothiazin-
3-yl)(3-piridyl)methyl]-1-ethyl-1H-2,1-benzo
thiazin-5-olat 2,2-dioxide (8a). To the solution of
1-ethyl-1H-2,1-benzothiazin-4(3H)-one 2,2-dioxide (1)
(0.450 g, 0.002 Mol), piridin-3-carbaldehyde (2a)
(0.094 mL, 0.001 Mol) in ethanol (10 mL) add tri-
ethylamine (0.14 mL, 0.001 Mol). Stir the solution at
the room temperature. In about 1 h a white precipi-
tate of (8a) is formed, filter it, wash with ethanol, dry
on air and recrystallize from ethanol.

A white powder. M. p.- 168-170°C (decomp.) (from
EtOH). Anal. Calcd for C,,H,,N,0,S,: C,59.98; H, 6.29;
N, 8.74; S, 10.01. Found: C, 59.71; H, 6.52; N, 9.12; S,
10.19.'H NMR (500 MHz, DMSO-d,): 6 (ppm) 17.19
(s,1H),8.38(d,J=0.73 Hz, 1 H), 8.24-8.29 (m, 1 H),
7.83-7.88 (m, 2 H), 7.54 (d, ] = 8.07 Hz, 1 H), 7.40-7.46
(m, 2 H),7.29 (d,/ =8.31 Hz, 2 H), 7.20 (dd, J = 7.95,
4.77 Hz, 1 H), 7.12 (t,/ = 7.58 Hz, 2 H), 5.73 (s, 1 H),
3.95(q,/=7.09 Hz, 4 H), 2.98-3.08 (m, 6 H), 1.19 (t,
J=6.97 Hz, 6 H), 1.11 (td, /] = 7.28, 1.34 Hz, 9 H).

The synthesis of triethylammonium 3-[(4-hyd-
roxy-1-ethyl-2,2-dioxido-1H-2,1-benzothiazin-
3-yl)(pirid-4-yl)methyl]-1-ethyl-1H-2,1-benzo-
thiazin-5-olat 2,2-dioxide (8b). To the solution of
1-ethyl-1H-2,1-benzothiazin-4(3H)-one 2,2-dioxide (1)
(0.450 g, 0.002 Mol), piridin-4-carbaldehyde (2a)
(0.094 mL, 0.001 Mol) in ethanol (10 mL) add trie-
thylamine (0.14 mL, 0.001 Mol). Reflux the mixture
for 2h, cool to the room temperature and dilute with
water. Then the precipitate of (8b) is formed under
intensive stirring. Filter it, wash with water, dry on
air and recrystallize from aqueous ethanol.

Alightrose powder. M. p. - 170-172°C (decomp.)
(from EtOH). Anal. Calcd for C;;H,N,0,,S,: C, 59.01;
H, 5.55; N, 8.31; S, 10.87. Found: C, 59.37; H, 5.31; N,
8.78; S,10.52.'H NMR (500 MHz, DMSO-d,): 6 (ppm)
17.13 (s, 2 H), 8.31-8.38 (m, 4 H), 7.85 (dd, J = 7.95,
1.59 Hz, 4 H), 7.39-7.47 (m, 4 H), 7.30 (d,/ = 8.31 Hz,
4H),7.18 (d,J=4.89 Hz,4 H), 7.12 (t,] = 7.58 Hz, 4 H),
5.66 (s, 2 H),3.95(qd,J=7.05, 2.32 Hz, 8 H), 3.02 (q,
J=7.34 Hz, 6 H), 1.20 (t,/ = 6.97 Hz, 12 H), 1.11 (t,
J=7.21Hz, 9 H).

The synthesis of triethylammonium 3-[(4-hy-
droxy-1-ethyl-2,2-dioxido-1H-2,1-benzothiazin-
3-yl)(thien-2-yl)methyl]-1-ethyl-1H-2,1-benzo-
thiazin-5-olat 2,2-dioxide (8c).

Method A. To the solution of 1-ethyl-1H-2,1-benzo-
thiazin-4(3H)-one 2,2-dioxide (1) (0.225 g, 0.001 Mol),
ethyl cyanoacetate (6) (0.11 mL, 0.001 Mol) and thio-
phen-2-carbaldehyde (2c¢) (0.094 mL, 0.001 Mol) in
ethanol (10 mL) add the catalytic amount of triethyl-
amine. Reflux the mixture for 8 h, cool to the room
temperature. Filter the precipitate of (8c), wash with
cold ethanol, dry on air and recrystallize from ethanol.
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Method B. To the solution of 1-ethyl-1H-2,1-benzo-
thiazin-4(3H)-one 2,2-dioxide (1) (0.225 g, 0.001 Mol)
and ethyl 2-cyano-3-(thiophen-2-yl)acrylate (9¢) (0.207 g,
0.001 Mol) in ethanol (10 mL) add the catalytic amount
of triethylamine. Reflux the mixture for 8 h, cool to
the room temperature and keep at this temperature
until the precipitate of (8c) is formed, wash with cold
ethanol, dry on air and recrystallize from ethanol.

Method C. To the solution of 1-ethyl-1H-2,1-benzo-
thiazin-4(3H)-one 2,2-dioxide (1) (0.450 g, 0.002 Mol),
thiophen-2-carbaldehyde (2c) (0.094 mL, 0.001 Mol)
in ethanol (10 mL) add triethylamine (0.14 mL, 0.001 Mol).
Allow the solution to stand overnight at the room tem-
perature. When the light yellow crystalline precipi-
tate of (8c¢) is formed; filter it, wash with ethanol, dry
on air and recrystallize from ethanol.

Light yellow crystalls. M. p. - 158-160°C (decomp.)
(from EtOH). Anal. Calcd for C,,H;,N,0,S,: C, 57.65;
H, 6.09; N, 6.51; S, 14.89. Found: C, 57.91; H, 5.73; N,
6.84; S, 14.55. 'H NMR (500 MHz, DMSO-d,): 6 (ppm)
17.49 (s,1H),7.88 (dd,/=7.93,1.53 Hz, 2 H), 7.38-7.45
(m,2H),7.28(d,J=7.93 Hz, 2 H), 7.08-7.16 (m, 3 H),
6.74 (dd, / = 5.04, 3.51 Hz, 1 H), 6.63-6.68 (m, 1 H),
5.82 (s, 1 H), 3.86-3.98 (m, 4 H), 3.02 (q,/ = 7.32 Hz,
6 H),1.18 (t,/=7.02 Hz, 6 H), 1.11 (t,/ = 7.32 Hz, 9 H).

The synthesis of triethylammonium 3-[(4-hydro-
xy-1-ethyl-2,2-dioxido-1H-2,1-benzothiazin-3-yl)
(fur-2-yl)methyl]-1-ethyl-1H-2,1-benzothiazin-5-
olat 2,2-dioxide (8d). To the solution of 1-ethyl-1H-
2,1-benzothiazin-4(3H)-one 2,2-dioxide (1) (0.450 g,
0.002 Mol), furan-2-carbaldehyde (2d) (0.083 mL,
0.001 Mol) in ethanol (10 mL) add triethylamine (0.14 mL,
0.001 Mol). Stir the solution at the room temperature
for 7 h and cool to 0°C. Filter the light yellow crystalline
precipitate of (8d) formed, wash with ethanol, dry on
air and recrystallize from ethanol.

Light yellow crystalls. M. p. - 142-144°C (decomp.)
(from EtOH). Anal. Calcd for C;;H;4N;0,S,: C, 59.12;
H, 6.24; N, 6.67; S, 10.18. Found: C, 59.41; H, 6.37; N,
6.88; S,10.53.'H NMR (500 MHz, DMSO-d,): § (ppm)
17.34 (s,1H),7.87 (dd,J=7.87,1.21 Hz, 2 H), 7.38-7.44
(m, 2 H),7.25-7.31 (m, 3 H), 7.13 (t,] = 7.42 Hz, 2 H),
6.20 (dd, J = 2.88, 1.97 Hz, 1 H), 5.94-5.98 (m, 1 H),
5.62 (s, 1 H), 3.82-3.92 (m, 4 H), 3.03 (q,/ = 7.27 Hz,
6 H), 1.13 (q,/=7.17 Hz, 15 H).
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The synthesis of triethylammonium 3-[(4-hydro-
xy-1-ethyl-2,2-dioxido-1H-2,1-benzothiazin-3-yl)
(indol-3-yl)methyl]-1-ethyl-1H-2,1-benzothiazin-
5-olat 2,2-dioxide (8e). To the solution of 1-ethyl-
1H-2,1-benzothiazin-4(3H)-one 2,2-dioxide (1) (0.450 g,
0.002 Mol), indol-3-carbaldehyde (2e) (0.145 g, 0.001 Mol)
in ethanol (10 mL) add triethylamine (0.14 mL, 0.001 Mol).
Reflux the mixture for 12 h, cool to the room tempe-
rature and dilute with water. Filter the precipitate of
(8e) formed, wash with water, dry on air and recrys-
tallize from aqueous ethanol.

A yellow powder. M. p. - 105-107°C (decomp.)
(from EtOH). Anal. Calcd for C;;H,,N,O.S,: C, 61.92;
H, 6.24; N, 8.25; S, 9.45. Found: C, 61.74; H, 6.41; N,
8.57;S,9.35.'H NMR (500 MHz, DMSO-d,): 6 (ppm)
17.48 (s,1H), 10.51 (s,1 H), 7.86 (d,/ = 7.93 Hz, 2 H),
7.55-7.59 (m, 1 H), 7.34-7.40 (m, 2 H), 7.17-7.26 (m,
3H),7.07 (t,J=7.63Hz 2H),7.01 (d,J=1.22 Hz, 1 H),
6.88 (t,/=7.63Hz,1H),6.71 (t,J=7.48 Hz, 1 H), 5.91
(s, 1 H),3.90-4.00 (m, 4 H), 2.92 (q,/=7.12 Hz, 6 H),
1.19 (t,/ = 7.02 Hz, 6 H), 1.08 (t,]/ = 7.32 Hz, 9 H).

Conclusions

Some peculiarities of the three-component inter-
action of 1-ethyl-1H-2,1-benzothiazin-4(3H)-one 2,2-
dioxide with malononitrile and different heterylcar-
baldehydes have been studied and described.

In the case of malononitrile the three-component
condensation provides exclusively formation of 2-
amino-3-cyano-4H-pyranes in high yields. When
ethyl cyanoacetate is used, the interaction results in
formation of three different products depending on
the heteryl fragment in the initial aldehyde, namely
the expected 2-amino-3-ethoxycarbonyl-4H-pyranes,
the triethylammonium salt of bis-adducts or ethyl
2-cyanoacrylates.

The modified mechanism for the synthesis of 2-
amino-4H-pyranes has been proposed. It has allowed
to synthesize selectively 2-aminopyranes and avoid
formation of the triethylammonium salt of bis-adducts.

A purposeful synthesis of the triethylammonium
salt of bis-adducts has been performed by the interac-
tion of 1-ethyl-1H-2,1-benzothiazin-4(3H)-one 2,2-di-
oxide with heterylcarbaldehydes in the presence of
triethylamine.
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THE SEARCH FOR NEW ANTIMICROBIAL AGENTS FROM THE
SUBSTITUTED ARYLAMIDES OF 4-(4-0X0-4H-QUINAZOLIN-
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The methods for the synthesis of the substituted arylamides of 4-(4-oxo-4H-quinazolin-3-yl)-piperidine-1-car-
boxylic acids using the technologies of the liquid-phase parallel synthesis have been developed. The structure
of the compounds obtained has been confirmed by the data of the instrumental methods of organic analysis.
The antibacterial activity of the compounds obtained has been studied using the agar “well” diffusion method
against the standard test-strains of microorganisms. The results of the screening performed have shown that
all compounds inhibit the growth of Staphylococcus aureus and Bacillus subtilis strains. The strains of Proteus
vulgaris and Pseudomonas aeruginosa have been found to be the most resistant. The SAR-analysis of the
substituted arylamides of 4-(4-oxo-4H-quinazolin-3-yl)-piperidine-1-carboxylic acids has demonstrated that the
presence of the electron-donating substituents in position 8 of the quinazolin-4-one cycle and in position 4 of
the aromatic fragment of the urea increases the activity of the compounds of this series against gram-positive
bacteria. Such high efficacy of the lead compounds against the gram-positive bacterial strains can be applied
for creating the narrow spectrum antibiotics derived from arylamides of 4-(4-oxo-4H-quinazolin-3-yl)-piperidine-
1-carboxylic acids.

HOBI AHTUMIKPOBHI ATEHTU 3 PA0Y 3AMILEHUX APUITAMILIB 4-(4-OKCO-4H-XIHA3OJ1IH-3-111)-
MNePUONH-1-KAPBOHOBUX KUCIIOT

K.FO.KponeHko, C.B.Bnacoe, I.0.2Kypaeens, T.[1.0conod4eHko

Knrovoei cnoea: xiHasoniH; ninepuduH; Ce408UHU; aHMUMIKPObHI 3acobu

Po3pobrieHi Memoduku cuHmesy 3amiuieHux apunamioie 4-(4-okco-4H-xiHa30siH-3-in)-ninepuduH-1-kapboHo8uUX
KUCIom 3 8UKOPUCMaHHAM MexHoroaii piduUHHOGa3HO20 napanenbHo20 cuHmeay. CmpyKmypy ompuMaHux crio-
nyK nidmeepoxeHo 0aHUMU i3UKO-XiMiYHUX Memodie aHanisy. AHmubakmepianbHa akmueHiCmMb CUHMEe308aHUX
peyvosuH OocrideHa MemoOOM «KOJ100513i8» i3 BUKOPUCMAaHHSIM crmaHdapmHUX mecm-wmamie MiKpoopaaHi3mie.
3a pesynbmamamu excriepumeHmy 8cmaHo8/1eHO, W0 8Ci CrionyKu npueHidytoms picm Staphylococcus aureus
ma Bacillus subtilis, a desiki 3Ha4HO Mepesuw,yromb akKmugHiCMb npenapamie MnopieHsHHS. Halbinsw cmitkumu
00 docridxysaHUX pedo8UH susisunuck Proteus vulgaris ma Pseudomonas aeruginosa. lNpoeedeHo SAR-aHani3
0ns psady ompumMaHux 3amiweHux apunamioie 4-(4-okco-4H-xiHa3oniH-3-in)-ninepuduH-1-kapboHo8uX Kucom,
32iOHO 3 SIKUM 8CMaH08/IeHO, W0 Hasi8HICMb €/1eKMPOHOOOHOPHUX 3aMICHUKI8 Y MOMNOXeHHI 8 XiHa3011iH-4-0H08020
UUKITy ma roioKeHHi 4 apunibHO20 ghpacMeHmy ceqoeuHu rnpueodume A0 nidsuueHHs1 aHmubakmepiaibHOI
akmugHocmi daHo20 psidy peqyo8UH 10 8iOHOWEHHH 00 epamno3umusHuUx 6akmepil. HasieHicmb 3Ha4HOI aHMu-
MIiKpo6HOI akmueHocmi crionyk-nidepig Mo 8i0HOWeEHHIO 00 epaMno3uMmueHUX Wmamie MikpoopaaHiamie 003680-
JISI€ 2080pUMU PO MePCreKmMuUBHICMb CMBOPEHHST aHmubakmepianbHUX rpenapamig 8y3bKo2o criekmpa Oii Ha
OCHO8I 3amiujeHux apunamioig 4-(4-okco-4H-xiHa3omiH-3-in)-ninepuduH-1-kapboHosux Kucrom.

IMOUCK HOBbIX AHTUMUKPOBHbIX AFTEHTOB U3 PsIA SAMELLEHHbBIX APUITAMUL4OB 4-(4-OKCO-
4H-XUHA3OJINH-3-UN)-NMUNEPUANH-1-KAPBOHOBbIX KUCITIOT

K.FO.KposnieHko, C.B.Bnacos, U.A.>Kypaeesnb, T.[1.0cosiod4eHKo

Knroyesnie crioga: xuHa3omuH; nunepuduH; MOYEB8UHbI; MPOMUBOMUKPOOHbIe cpedcmea

PaspabomaHbl MemoOuKu cuHme3sa 3aMeu,eHHbIX apunamudos 4-(4-okco-4H-xuHasonuH-3-umn)-nurnepuduH-1-
KapbOHOBbIX KUC/IOM C UCMOIb308aHUEM MEXHOM02UU XUOKOgasHo20 naparnesibHo2o cuHme3a. Cmpykmypy
10/Ty4YEeHHbIX COeQUHEeHUU Modmeepx0eHo daHHbIMU (hU3UKO-XUMUYECKUX Memodoe aHanu3a. AHmubakmepu-
anbHasi akmusHOCMb CUHMe3UpOo8aHHbIX seujecms uccredosaHa MemodoM «KOMooOues» C UCMonbL308aHUEM
cmaHdapmHbIX mecm-wmamMmMo8 MUKpoopaaHu3mos. 1o pesynsmamam 3KcriepuMeHma ycmaHo8/1eHo, 4mo ece
coeduHeHusi yaHemarom pocm Staphylococcus aureus u Bacillus subtilis, a Hekomopbie 3Ha4umesibHO MpPeabI-
warom akmugHoOCmMb npernapamos cpasHeHusi. Haubonee cmolkumu K uccriedyeMbiM seujecmeam okasanuch
Proteus vulgaris u Pseudomonas aeruginosa. [MposedeH SAR-aHanu3 0nsi psida nosyYeHHbIX 3aMeU,eHHbIX apuii-
amudos 4-(4-okco-4H-xuHazonuH-3-un)-nunepuduH-1-kapboHOBbIX KUC/IOM, CO2/IaCHO KOMOPO20 yCMaHO8/IEHO,
Ymo Hasnu4yue 311eKmpoHOOOHOPHbIX 3amecmumeriel 8 rnonoxeHuu 8 XUHa30MuUH-4-0HOB020 UuUKIia U Moroxe-
HUU 4 apurnbHO20 hpazmMeHma MOYEe8UHbI MPUBOOUM K MoabileHur aHmubakmepuarnbHOU akmueHocmu OaH-
Hoe2o psida coeOUHeHUU 0 OMHOWEHUIO K 2paMronoxumernbsHbiM 6akmepusm. Hanuyue 3HayumernsHolU aHmu-
MUKPOBHOU akmugHoCcmu coeOUHeHUU-1uGepo8 1Mo OMHOWEHUIO K 2paMronioXumerbHbIM wmamMmam MUKpoop-
2aHU3MO08 10380719em 2080pUMb O fepcrekmueHocmu co3faHuss aHmubakmepuarbHbIX rpenapamos y3Ko2o
criekmpa Oelicmeusi Ha OCHO8e 3aMeU,eHHbIX apunamudos 4-(4-okco-4H-xuHasonuH-3-un)-nunepuduH-1-kapbo-
HOB8bIX KUc/I0m.
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The reported information of the last years con-
firms that substituted arylamides 4-piperidinyl-1-car-
boxylic acid are known as antibacterial [1, 2] and anti-
tuberculosis agents [3, 4]. The compounds of the si-
milar structure may be useful for treatment and pre-
vention of prostate cancer, cancer of the gastrointes-
tinal tract [5]; they were also proposed as Tamoxifen
analogues [6]. The antagonistic activity for CRTH2
receptors makes these compounds appropriate for
asthma therapy [7].

The derivatives of quinazolin-4-one modified in
position 3 with the 4-piperidyl fragment, in their turn,
possess the antiviral activity against Flaviviridae spe-
cies, which are the ethological factor of hepatitis C
(HCV) [8].

Considering the wide spectrum of the physiologi-
cal activity of the compounds bearing the fragments
of either arylamides 4-piperidinyl-1-carboxylic acid
or the moiety of 3-(piperidin-4-yl)quinazolin-4(3H)-one
the combination of these two pharmacophore frag-
ments have chosen as the way for the new promising
biologically active compounds. They were also tes-
ted for the antimicrobial activity.

The synthesis of 3-(piperidin-4-yl)quinazolin-4(3H)-
ones 1 was performed in two steps by cyclization of
4-piperidylamides of 2-aminobenzoic acid protected
with urethane with triethyl orthoformate at the first
step, and further hydrolysis of the esters obtained as
it was reported previously [9]. To achieve the wide
chemical diversity for the heterocyclic compounds with
the secondary nitrogen atom the acylation with de-
rivatives of carboxylic acid [10], isocyanates [11], and
sulphonyl chlorides [9, 12] together with the alkyla-
tion reaction [13] is commonly applied.

Earlier we successfully carried out the interaction
of compounds 1 with aryl sulphonyl chlorides [9], re-
sulting in the series of sulphonylanides with the anti-
bacterial activity against gram-positive and gramne-
gative bacteria and some fungi. The interaction products
of amines 1 with carboxylic acid imidazolides and their
alkylation with benzyl chlorides and chloroacetoami-
des are the compounds with rather low melting po-
ints, which complicate their isolation and increase
the cost of their synthesis for the purposes of medici-
nal chemistry and screening studies. That is why the
reaction of amines 1 with isocyanates has been cho-

1.11.7

sen as the better way for obtaining the wide diver-
sity of the promising biologically active compounds
suitable for screening studies.

The reaction conditions for interaction of 1 with
isocyanates were improved in few steps. First, it was
found that when heating in DMF a great amount of
bis-urea was formed probably because of the self in-
teraction of isocyanate; application of 1,4-dioxane re-
quired precipitation of the product by dilution with
water and its further crystallization. It is known that
the interaction of isocyanates with alcohols results
in urethanes [14], but regardless of this fact 2-pro-
panol has been chosen as a suitable solvent for this
interaction. The main reason for the choice is a per-
fect 2-propanol solubility of the staring amine 1 and
the poor solubility of ureas 2. It is interesting that
even traces of urethanes were not identified as im-
purities for ureas 2 obtained. To minimize the pos-
sibility of the by-product formation the reaction was
performed at ambient temperature. Using the techno-
logies of the parallel liquid phase synthesis compo-
unds 1 were reacted with aryl isocyanates in 2-pro-
panol, it resulted in the series of the corresponding
ureas 2 with the substituents of the different elect-
ronic structure in the aromatic ring (Scheme).

The data for compounds (2.1-2.25) obtained is
presented in Table 1; their 'H NMR data are given in
Table 1, 2.

All 'H NMR-spectra of compounds 2.1-2.25 con-
tain the signals of methylene groups of the piperidine
cycleat 1.80-2.17 Ta 4.22-4.33 ppm; the hydrogen atom
in position 4 of the piperidine cycle gives the reso-
nance peak at 4.80-4.90 ppm as a multiplet. For all com-
pounds 2 the singlet proton signal in position 2 of
the quinazoline cycle is observed at 8.40-8.50 ppm.
The aromatic protons of this aromatic moiety reso-
nate in the region of 6.90-7.80 ppm. The signals of
amide aromatic protons CONHAr as to their multi-
plicity are typical for the corresponding substituted
phenyl radicals for each specific case.

The antibacterial activity of the compounds ob-
tained was studied using the agar “well” diffusion me-
thod against the standard test-strains of gram-posi-
tive and gram-negative bacteria and fungi according
to the international standards [15, 16]. The results
of the screening are presented in the Tab. 3.

2.1-2.25

1.1X,=8-Me; 1.2X,=8-Cl; 1.3X,=7-F; 1.4 X,=6-Cl; 1.5 X,=6-F; 1.6 X ,=H; 1.7 X,=7-Cl

Scheme. The synthesis of the substituted arylamides of 4-(4-oxo-4H-quinazolin-3-yl)-piperidine-1-carboxylic acids 2.
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Table 1
Arylamides of 4-(4-oxo-4H-quinazolin-3-yl)-piperidine-1-carboxylic acids 2
No. X, X, Mo'ec‘:\'ﬂ?rr:.’rm”'a' Cal’::'f /Z"Xp M.p.°C| Yield, %
2.1 8-Me 2-OMe, 5-C| Cart IO 22 lggam| 77
2.2 8-Me H CZ_;EZZZ_'}EOZ 1248 1208210 76
23 8-Me 3,4-ethylendioxy Czj‘gg"}éo“ % 227-229 79
24 8-Me 2,4-diF Ca ?505 A 232 Jai7219) w0
2.5 8-Me 2-OMe, 5-Me szgg_’}éq 28 hiars| 7
2.6 8-Me 3,5-diMe ngggi’}éoz % 230232 77
2.7 8-Me 4-OFt CasflaelliOs 28 0| 7
2.8 8-Me 2-OMe ngg":g@ 1228 ligsis7| 80
2.9 8-Me 2-Me, 3-Cl Cat IO 382 e 79
2.10 8-Me 3-OMe ng)gg_’:gq 1228 200204| 76
2.11 8-Me 4-OMe C2§g§’}§03 R RE
2.12 8-Cl 4-Ft c22:|i30§|91\é402 129 210212 78
2.13 8-Cl 3-F, 4-Me C 'hﬁ"ggpz 1250 1239241 80
2.14 7-Cl 4-Ft CDZ';&'\(';OZ % 261263 79
2.15 7-Cl 3,4-diMe CZZZ';&%Q 1392 |2a0242| 76
2.16 7-Cl 4-Me Cﬂggég’\;‘*oz w2 237239 77
2.17 7F 2-OFt CZZEZ(S)T;Q 129 h70a72| 75
2.18 7F 2-OMe, 5-Me Cﬂ:%%Q 1392 |ais20| 79
2.19 7F 2,4-diMe Cﬂg'gzﬂioz % 252254| 80
2.20 7F 2-Me, 5-C Ca I-Li‘zi,ilggpz 1220 lioa19s| 76
2.21 6-Cl 3-OMe Cﬂﬂifg\;‘*@ 1230 230232| 76
2.22 6-Cl 2-OFt c22:|§36§|91\(1)403 1212 J206208| 78
2.23 6-Cl 3 4-ethylendioxy Catln IO 1270 242244 80
2.24 6F 2-OMe, 5-C C21'12§8"g'6\'403 1290 236238 7
2.25 H 4-Me CZ_;EZZZ_'}EOZ 1298 aps5227| 77
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Table 2

The TH NMR spectral data of arylamides of 4-(4-oxo-4H-quinazolin-3-yl)-piperidine-1-carboxylic acids 2

Chemical shift, 5, ppm.

No.
Aliphatic protons Aromatic protons, NH
1 2 3

1.81-2.10 (4H, m, 3,5-CH,); 2.53 (3H, s, 8-CH,); 7.01 (2H, s) and 7.75-7.90 (2H, m, 374,6"-Ar, NH); 7.42 (1H,
2.1 |3.81(3H,s,2"-OCH,); 2.90-3.10 (2H, m) and t, H-6 Ar); 7.67 (1H, d, H-7 Ar); 8.05 (1H, d, H-5 Ar); 8.49

4.11-4.32 (2H, m, 2,6-CH,); 4.72-4.93 (1H, m, 4-CH)  [(1H, s, H-2 Ar)

1.80-2.13 (4H, m, 3,5-CH,); 2.54 (3H, s, 8-CH,); 6.91 (1H, t, H-4"Ar); 7.23 (2H, t, H-3,5" Ar); 7.35-7.55 (3H, m,
2.2 |2.82-3.07 (2H, m) and 4.26-4.45 (2H, m, 2,6-CH,); H-6,2,6" Ar); 7.67 (1H, d, H-7 Ar); 8.03 (1H, d, H-5 Ar); 8.48

4.71-4.93 (1H, m, 4-CH) (TH, s, H-2 Ar); 8.53 (1H, s, NH)

1.78-2.17 (4H, m, 3,5-CH,); 2.53 (3H, s, 8-CH,); 6.63-7.15 (3H, m, H-2,5/6" Ar); 7.42 (1H, t, H-6 Ar);
2.3 |2.81-3.01 (2H, m) and 4.22-4.41 (2H, m, 2,6-CH,); 7.68 (1H, d, H-7 Ar); 8.02 (1H, d, H-5 Ar);

4.15 (4H, s, 2"3"-CH,); 4.72-4.95 (1H, m, 4-CH) 8.48 (1H, s, H-2 Ar); 8.51 (1H, s, NH)

1.79-2.12 (4H, m, 3,5-CH,); 2.52 (3H, s, 8-CH,); 6.93-7.47 (4H, m, H-6,3,5'6 Ar); 7.67 (1H, d, H-7 Ar);
2.4 |2.89-3.08 (2H, m) and 4.22-4.41 (2H, m, 2,6-CH,); 8.01 (1H, d, H-5 Ar); 8.38 (1H, s, NH); 8.49 (1H, s, H-2 Ar)

4.72-4.93 (1H, m, 4-CH)

1.80-2.11 (4H, m, 3,5-CH,); 2.17 (3H, s, 5'-CH,); 6.75-6.90 (2H, m) and 7.62-7.73 (2H, m, H-7,3/4’ Ar, NH);
2.5 2.51 (3H, s, 8-CH.); 3.78 (3H, s, 2'-OCH,); 7.42 (1H, t, H-6 Ar); 7.51 (1H, s, H-6' Ar); 8.01

: 2.85-3.05 (2H, m) and 4.15-4.35 (2H, m, 2,6-CH,); (1H, d, H-5 Ar); 8.50 (1H, s, H-2 Ar)

4.71-4.93 (1H, m, 4-CH)

1.80-2.12 (4H, m, 3,5-CH,); 2.19 (6H, s, 3,5'-CH,); 6.58 (1H, s, H-4' Ar); 7.09 (2H, s, H-26" Ar); 7.40 (1H, t, H-6
2.6 |2.52(3H,s,8-CH,); 2.83-3.00 (2H, m) and Ar); 7.65 (1H, d, H-7 Ar); 8.01 (1H, d, H-5 Ar);

4.21-4.38 (2H, m, 2,6-CH,); 4.70-4.93 (1H, m, 4-CH)  |8.43 (1H, s, NH); 8.51 (1H, s, H-2 Ar)

1.35(3H, t,CH,), 1.82-2.10 (4H, m, 3,5-CH,); 2.55 (3H, | 6.74 (2H, d, H-3)5" Ar); 7.34 (2H, d, H-2/6" Ar); 7.40 (1H, t,
2.7 |s,8-CH,);3.96 (2H, g, CH,); 2.88-2.99 (2H, m) and H-6 Ar); 7.62 (1H, d, H-7 Ar); 8.03 (1H, d, H-5 Ar);

4.31-4.43 (2H, m, 2,6-CH,); 4.78-4.93 (1H, m, 4-CH) 8.34 (1H, s, NH); 8.45 (1H, s, H-2 Ar)

1.80-2.15 (4H, m, 3,5-CH,); 2.52 (3H, s, 8-CH,); 6.70-7.05 (3H, m) and 7.60-7.75 (3H, m, H-7,3/4,5'6' Ar,
2.8 |3.81(3H,s,2-OCH,); 2.85-3.04 (2H, m) and NH); 7.41 (1H, t, H-6 Ar); 8.01 (TH, d, H-5 Ar); 8.49

4.18-4.35 (2H, m, 2,6-CH,); 4.71-4.93 (1H, m, 4-CH)  [(1H, s, H-2 Ar)

1.82-2.12 (4H, m, 3,5-CH,); 2.20 (3H, s, 2'-CH,); 7.10-7.26 (3H, m, H-4,5'6 Ar); 7.42 (1H, t, H-6 Ar);
2.9 |2.55(3H,s, 8-CH,); 2.85-3.05 (2H, m) and 7.67 (1H, d, H-7 Ar); 8.01 (1H, d, H-5 Ar); 8.37 (1H, s, NH);

4.22-4.38 (2H, m, 2,6-CH,); 4.73-4.93 (1H, m, 4-CH) 8.50 (1H, s, H-2 Ar)

1.80-2.16 (4H, m, 3,5-CH,); 2.54 (3H, s, 8-CH,); 6.45-6.54 (1H, m) and 7.03-7.20 (3H, m, H-2,4,56 Ar);
2.10 |2.85-3.05(2H, m) and 4.28-4.32 (2H, m, 2,6-CH,); 7.42 (1H, t, H-6 Ar); 7.67 (1H, d, H-7 Ar); 8.00 (1H, d,

3.69 (3H, s, 3'-OCH,); 4.70-4.90 (1H, m, 4-CH) H-5 Ar); 8.48 (1H, s, H-2 Ar); 8.56 (1H, s, NH)

1.80-2.15 (4H, m, 3,5-CH,); 2.55 (3H, s, 8-CH,); 6.72 (2H, d, H-3'5'Ar); 7.35 (2H, d, H-2,6" Ar); 7.48 (1H, t,
2.11 [2.80-3.02 (2H, m) and 4.23-4.42 (2H, m, 2,6-CH,);  |H-6 Ar); 7.68 (1H, d, H-7 Ar); 8.02 (1H, d, H-5 Ar);

3.71 (3H, s, 4-OCH,); 4.71-4.92 (1H, m, 4-CH) 8.43 (1H, s, NH); 8.53 (1H, s, H-2 Ar)

1.18 (3H, t, CH,), 1.83-2.15 (4H, m, 3,5-CH,); 7.03 (2H, d, H-3;5" Ar); 7.35 (2H, d, H-2,6' Ar); 7.49 (1H, t,
2.12 |2.56 (2H, g, CH,); 2.83-3.00 (2H, m) and H-6 Ar); 7.92 (1H, d, H-7 Ar); 8.13 (1H, d, H-5 Ar);

4.35-4.46 (2H, m, 2,6-CH,); 4.76-4.90 (1H, m, 4-CH)  |8.43 (1H, s, NH); 8.57 (1H, s, H-2 Ar)

1.81-2.13 (4H, m, 3,5-CH,); 2.17 (3H, 5, 4-CH,); 7.04 (1H, m) and 7.14 (1H, m) and 7.38 (1H, m, H-2,5/6 Ar);
2.13 [2.90-3.00 (2H, m) and 4.31-4.45 (2H, m, 2,6-CH,);  [7.49 (1H, t, H-6 Ar); 7.92 (1H, d, H-7 Ar); 8.13 (1H, d, H-5

4.78-4.90 (1H, m, 4-CH) Ar); 8.57 (1H, s, H-2 Ar); 8.62 (1H, s, NH)

1.13 (3H, t,CH,); 1.78-2.17 (4H, m, 3,5-CH,); 7.04 (2H, d, H-3;5" Ar); 7.36 (2H, d, H-2,6" Ar); 7.56 (1H, dd,
2.14 |2.51(2H, q,CH,); 2.78-3.04 (2H, m) and H-6 Ar); 7.74 (1H, d, H-8 Ar); 8.14 (1H, d, H-5 Ar);

4.21-4.43 (2H, m, 2,6-CH,); 4.69-4.91 (1H, m, 4-CH)  |8.47 (1H, s, NH); 8.53 (1H, s, H-2 Ar)

1.79-2.11 (4H, m, 3,5-CH,); 2.14 (6H, s, 3/4"-CH,); 6.96 (1H, m, H-2"Ar); 7.11-7.28 (2H, m, H-5'6" Ar);
2.15 |2.72-3.02 (2H, m) and 4.21-4.42 (2H, m, 2,6-CH,); 7.56 (1H, d, H-6 Ar); 7.74 (1H, s, H-8 Ar); 8.13 (1H, d, H-5

4.69-4.91 (1H, m, 4-CH) Ar); 8.37 (1H, s, NH); 8.53 (1H, s, H-2 Ar)

1.77-2.13 (4H, m, 3,5-CH,); 2.21 (3H, s, 4-CH,); 7.02 (2H, d, H-3;5"Ar); 7.35 (2H, d, H-2,6" Ar); 7.56 (1H, d,
2.16 |2.72-3.00 (2H, m) and 4.21-4.45 (2H, m, 2,6-CH,); H-6 Ar); 7.72 (1H, s, H-8 Ar); 8.15 (1H, d, H-5 Ar);

4.65-4.91 (1H, m, 4-CH) 8.47 (1H, s, NH); 8.57 (1H, s, H-2 Ar)

1.41 (3H, t,CH,); 1.81-2.18 (4H, m, 3,5-CH,); 6.81-6.90 (1H, m, H-5"Ar); 6.92-6.98 (2H, m) and 7.31-7.42
2.17 |2.96-3.08 (2H, m) and 4.21-4.35 (2H, m, 2,6-CH,); (2H, m, H-5,3/4,6" Ar); 7.57 (1H, s, NH); 7.77 (1H, d, H-8 Ar);

4.09 (2H, q, CH,); 4.77-4.92 (1H, m, 4-CH)

8.22 (1H, t, H-6 Ar); 8.48 (1H, s, H-2 Ar)
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Continuation Table 2

1 2

3

1.83-2.17 (4H, m, 3,5-CH,); 2.26 (3H, 5, 5-CH.,);
2.95-3.05 (2H, m) and 4.25-4.35 (2H, m, 2,6-CH.,);
3.81 (3H, 5, 2-OCH,); 4.75-4.91 (1H, m, 4-CH)

2,18

6.77 (1H, d, H-4' Ar); 6.83 (1H, d, H-3"Ar); 7.30-7.40 (2H, m)
and 7.59 (1H, s, H-5,8,6' Ar); 7.54 (1H, s, NH);
8.23 (1H, t, H-6 Ar); 8.47 (1H, s, H-2 Ar)

1.78-2.11 (4H, m, 3,5-CH,); 2.16 (3H, s, 2"-CH,);
2.28 (3H, s, 4'-CH,); 2.90-3.01 (2H, m) and
4.25-4.35 (2H, m, 2,6-CH,); 4.75-4.90 (1H, m, 4-CH)

2.19

6.92 (1H, d, H-5"Ar); 6.99 (1H, s, H-3"Ar); 7.08 (1H, d,
H-6"Ar); 7.30-7.45 (2H, m, H-5,8 Ar); 7.96 (1H, s, NH);
8.24 (1H, t, H-6 Ar); 8.49 (TH, s, H-2 Ar)

1.80-2.13 (4H, m, 3,5-CH,); 2.20 (3H, s, 2"-CH,);

2.20 |2.91-3.04 (2H, m) and 4.25-4.38 (2H, m, 2,6-CH,);

7.03 (1H, dd, H-4'Ar); 7.15 (1H, d, H-3"Ar); 7.30-7.42 (3H,
m, H-5,8,6"Ar); 8.08 (1H, s, NH); 8.24 (1H, t, H-6 Ar);
8.48 (1H, s, H-2 Ar)

(

(
4.76-4.93 (1H, m, 4-CH)
1.81-2.14 (4H, m, 3,5-CH,); 2.90-2.99 (2H, m) and
(

6.48 (1H, m, H-2"Ar); 7.03-7.20 (3H, m, H-4,5,6 Ar);

2.21 [4.33-4.45(2H, m, 2,6-CH,); 3.74 (3H, 5, 3'-OCH,); 7.64 (1H, d, H-5 Ar); 7.77 (1H, dd, H-7 Ar); 8.10(1H, d, H-8
4.80-4.93 (1H, m, 4-CH) Ar); 8.47 (1H, s, H-2 Ar); 8.49 (1H, s, NH)
1.43 (3H, t, 2-OCH,CH,); 1.75-2.18 (4H, m, 3,5-CH,); |6.80-6.98 (3H, m, H-374,5" Ar); 7.55 (1H, s, NH); 7.65 (1H, d,
2.22 |2.95-3.10 (2H, m) and 4.20-4.35 (2H, m, 2,6-CH,); H-5 Ar); 7.75-7.82 (2H, m, H-7,6" Ar); 8.08 (1H, d, H-8 Ar);
4.07 (2H, g, 2’-OCH,CH,); 4.80-4.93 (1H, m, 4-CH) 8.44 (1H, s, H-2 Ar)
1.75-2.17 (4H, m, 3,5-CH,); 2.83-2.98 (2H, m) and 6.66 (1H, d, H-5"Ar); 6.83 (1H, m, H-6" Ar); 7.05 (1H, s, H-2
2.23 |4.30-4.45 (2H, m, 2,6-CH,); 4.10-4.25 (4H, m, Ar); 7.66 (1H, d, H-5 Ar); 7.78 (TH, m, H-7 Ar); 8.10
2",3"-CH,); 4.78-4.90 (1H, m, 4-CH) (1H, d, H-8 Ar); 8.34 (1H, s, NH); 8.47 (1H, s, H-2 Ar)
1.80-2.15 (4H, m, 3,5-CH,); 2.95-3.07 (2H, m) and 6.95 (2H, s) and 7.55-7.85 (4H, m, H-5,7,8,3,4,6' Ar);
2.24 [4.22-4.33 (2H, m, 2,6-CH,); 3.85 (3H, 5, 2'-OCH,); 7.87 (1H, s, NH); 8.41 (1H, s, H-2 Ar)
4.77-4.93 (1H, m, 4-CH)
1.81-2.17 (4H, m, 3,5-CH,); 2.24 (3H, s, 4'-CH,); 7.00 (2H, d, H-3/5"Ar); 7.34 (2H, d, H-2,6"Ar); 7.51 (1H, ¢,
2.25 |2.88-2.98 (2H, m) and 4.31-4.43 (2H, m, 2,6-CH,); H-6 Ar); 7.64 (1H, d, H-8 Ar); 7.79 (1H, t, H-7 Ar);
4.79-4.92 (1H, m, 4-CH) 8.17 (1H, d, H-5 Ar); 8.44 (2H, s, H-2 Ar, NH)

The results of screening for the antimicrobial ac-
tivity of arylamides of 4-(4-oxo0-4H-quinazolin-3-yl)-
piperidine-1-carboxylic acids 2 have shown that they
possess not less activity than the reference drugs used
in the experiment. The activity of compounds 2.3, 2.12,
2.13 (X,=8-Me, X,=3,4-ethylendioxy; X,=8-Cl, X,=4-Et;
X,=8-C], X,=3-F, 4-Me, respectively) even exceeded the
results of the reference drugs. The high activity was
observed mostly against the gram-positive strains, while
gram-negative bacteria and fungi were resistant for
the compounds tested. It may be applied for const-
ruction of the narrow spectrum antibiotics.

The SAR analysis has shown that the presence of
substituents in position 8 of the quinazoline cycle and
in position 4 of the aromatic fragment of ureas in-
creases their antimicrobial effect against gram-posi-
tive bacteria. The common property of all substitu-
ents of the most active samples is their positive me-
someric effect, which increases the electron density
of the corresponding cycles. Evidently modification
of the position 8 of the quinazoline moiety and posi-
tion 4 of the aromatic cycle of the urea fragment with
electron-donating substituents is a good way for de-
sign of novel antimicrobials in the series of arylami-
des of 4-(4-oxo-4H-quinazolin-3-yl)-piperidine-1-car-
boxylic acids.

Experimental Part

Chemical Part
All solvents and reagents were purchased from
commercial sources. *H NMR-spectra were acquired

on a Varian Mercury-200 (200 MHz) spectrometer,
the solvent was DMSO-d, with TMS as an internal stan-
dard. Elemental analysis was performed on an Euro
Vector EA-3000 Elemental Analyzer. Melting points
were determined on a Kofler bench.

The substituted 3-(piperidin-4-yl)quinazolin-
4(3H)-ones (1.1-1.7) were obtained according to the
method reported previously [9].

3-(Piperidin-4-yl)quinazolin-4(3H)-one (1.6).
M. p. - 179-181°C. 'H NMR, §, ppm: 1.72-2.08 (4H,
m, 3,5-CH,); 2.72-3.11 (2H, m) and 4.10-4.23 (2H, m,
2,6-CH,); 4.71-4.92 (1H, m, 4-CH); 7.51-7.92 (4H, m,
H-5,6,7,8 Ar); 8.45 (1H, s, H-2 Ar). Found, %: N 17.98.
C,3H:N,0. Calculated, %: N 18.33.

The general method for the synthesis of subs-
tituted arylamides of 4-(4-oxo-4H-quinazolin-3-yl)-
piperidine-1-carboxylic acids (2.1-2.25): Dissolve
the corresponding 3-piperidin-4-yl-3H-quinazolin-4-one
(1.2 mmol) in 10 ml of 2-propanol at room tempe-
rature, then add the corresponding substituted aryl
isocyanate (1.44 mmol), and stir the mixture at room
temperature for 12 h. After formation of the crystal-
line precipitate filter it and wash with 2-propanol.

Microbiological Part

According to the WHO recommendations [15] the
following test-strains were used: Staphylococcus au-
reus ATCC 25923, Escherichia coli ATCC 25922, Pseudo-
monas aeruginosa ATCC 27853, Bacillus subtilis ATCC
6633, Proteus vulgaris ATCC 4636, Candida albicans
ATCC 885/653. The inoculum suspension was pre-
pared using a Densi-La-Meter apparatus (made by
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Table 3

The antimicrobial activity of arylamides of 4-(4-oxo-4H-quinazolin-3-yl)-piperidine-1-carboxylic acids 2

Diameter of the growth inhibition zones*, mm
No. Gram-positive bacteria Gram-negative bacteria Fungi
S.a. B.c E.c Pv. Pa. C.a.
Metronidazole 14 16 14 0 0 14
Synthomycine 14 17 17 17 17 0
2.1 14 14 13 0 0 13
2.2 18 18 14 13 12 14
23 22 21 15 14 15 15
24 12 14 14 12 13 14
25 12 13 0 0 0 0
2.6 15 15 14 13 13 13
2.7 15 16 14 13 14 14
2.8 12 14 0 0 0 13
29 15 15 13 12 12 13
2.10 14 16 14 12 12 14
2.1 16 16 14 13 13 14
2,12 25 21 16 15 16 15
2.13 23 19 14 14 15 15
2.14 16 16 15 14 14 14
2.15 14 18 14 0 0 16
2.16 12 14 13 0 0 13
217 12 14 13 0 0 13
2.18 14 15 15 12 12 15
2.19 14 15 13 13 13 12
2.20 13 17 15 16 15 14
2.21 14 14 13 13 12 14
2,22 15 13 13 13 13 12
2.23 14 14 13 13 12 14
2.24 13 14 13 0 0 13
2,25 16 15 15 14 14 0

*The average for three experiments.

PLIVA-Lachema, Czech Republic; 540-nm wavelength).
The suspension was prepared according to the manual
for the device and the information sheet concerning
innovation in the healthcare system No. 163-2006
“Standardization for preparation of microbial sus-
pensions”, Kyiv. The inoculum density was 107 cells in
1 ml of the medium, and it was determined by com-
paring with McFarland standard [17]. The 18 to 24-
hour old culture of the microorganism was used for
the test. For the antimicrobial study the Mueller-Hin-
ton agar was employed, for the Candida albicans strain
the Sabouraud agar was used. The compounds were
introduced into agar using the “wells” method [15].
The compounds studied were introduced as 0.3 ml
aliquots of DMSO solution (10 mg/ml concentration),
the reference drug Metronidazole was used as DMSO

22

solution (30 pg/ml), Syntomycin was used as H,0 so-
lution (30 pg/ml). The antibacterial activity was as-
sessed by measuring zones of inhibition of the cor-
responding microorganism.

Conclusions

The valuable antimicrobial properties of the subs-
tituted aryl amides of 4-piperidnyl-1-carboxylic acid
and derivatives of 3-(piperidin-4-yl)quinazolin-4(3H)-one
inspired us for construction and preparation of the
library of the synthetically attractive substituted aryl-
amides of 4-(4-o0xo0-4H-quinazolin-3-yl)-piperidine-
1-carboxylic acids obtained by the interaction of 3-
(piperidin-4-yl)quinazolin-4(3H)-ones with isocya-
nates in the 2-propanol medium. The results of the
antimicrobial activity screening have shown that
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(4-ethylphenyl)amide of 4-(8-chloro-4-oxo-4H-quinazo-  position 8 of the quinazoline moiety and position 4 of the
lin-3-yl)piperidin-1-carboxylic acid is more active than  aromatic cycle of the urea fragment with electron-dona-
the reference drugs Metronidazole and Syntomycin. For  ting substituents is a good way for design of novel an-
the lead compounds the analysis of the structure-activi- ~ timicrobials in the series of arylamides of 4-(4-oxo-4H-
ty relationship has evidently shown that modification of  quinazolin-3-yl)-piperidine-1-carboxylic acids.
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5,6-DIHYDRO-[1,2,4]TRIAZOLO[1,5-c]QUINAZOLINES.
MESSAGE 2. [5+1]-CYCLOCONDENSATION OF [2-(3-ARYL-1H-1,2,4-TRIAZOL-
5-YL)PHENYL]AMINES WITH ALIPHATIC AND AROMATIC KETONES

S.V.Kholodnyak, K.P.Schabelnyk, 0.Yu.Voskoboynik, O.M.Antypenko,
G.G.Berest, S.I.LKovalenko

Zaporizhzhya State Medical University
26, Mayakovsky ave., Zaporizhzhya, 69035, Ukraine

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

The reactions of [5+1]-cyclocondensation of [2-(3-aryl-1H-1,2,4-triazol-5-yl)phenyl]lamines with aliphatic and aro-
matic ketones result in the corresponding 5-R-5-R1-2-aryl-5,6-dihydro-[1,2,4]triazolo[1,5-c]quinazolines with good
yields. Modification of the synthetic protocol by variation of the solvent and duration of the reaction does not
lead to the changes in target products yields. Conducting of the interaction between [2-(3-aryl-1H-1,2,4-triazol-
5-yl)phenyllamines and ketones in acetic acid leads to formation of the mixture the corresponding 2-aryl-5-R-
5-R1-5,6-dihydro[1,2,4]triazolo[1,5-c]quinazolines and 5-methyl-2-aryl-[1,2,4]triazolo[1,5-c]quinazolin. The com-
pounds mentioned above have been prepared using alternative synthetic approaches, namely via refluxing of
[2-(3-aryl-1H-1,2,4-triazol-5-yl)phenyllamines in acetic acid. The formation of 5-methyl-2-aryl-[1,2,4]triazolo[1,5-
cJquinazolines occurs as a competitive acylation followed by the condensation process. It can be explained by
the low reactivity and spatial structure of the corresponding ketones. The purity and the structure of the com-
pounds synthesized have been proven by the complex of physicochemical methods, including IR-, LC-MS, "H-,
8C-NMR-spectrometry and elemental analysis. It has been found that the characteristic signal of sp3-carbon
atom of position 5 for the compounds synthesized is observed at the 75.57-61.64 ppm.

5,6-OUrigPO-[1,2,4]TPUA30J10[1,5-c]XIHA3O0/IHW. MOBIOMJIEHHS 2. PEAKUIT [5+1]-UNKITOKOHEH-
CAUII [2-(3-APUJI-1H-1,2,4-TPUA30J1-5-1/T) ®EHITJAMIHIB 3 KETOHAMU AJTI®ATUYHOIO TA APOMATUY-
HOIro ps0y

C.B.XonodHsk, K.IM.la6enbHuk, O.F0.BockoboliHik, O.M.AumuneHko, I.I.bepecm, C.l.KoeaneHko
Knroyoei cnoea: [2-(3-apun-1H-1,2,4-mpua3orn-5-in)¢perinjamiHu; kemoHu; [5+1]-4yukrnokoHOeHcauisi; criekmparbHi
Xapakmepucmuku

Peakuyji [6+1]-yuknokoHdeHcauii [2-(3-apun-1H-1,2,4-mpua3on-5-in)cheHinjamivie 3 kemoHamu anighamuyHo20 ma
apomamuy4Ho2o psdy nepebicaromp 3 ymeopeHHaM 5-R-5-R,-2-apur-5,6-0ueidpo-[1,2,4Jmpuasonof1,5-c]xiHa30-
niHie 3 3adosinbHuUMu guxoldamu. Modugbikayiss CUHMeMUYHO20 NPOMOKOIY WIISIXOM 8apito8aHHsI PO34YUHHUKa
ma mpusanocmi peakyii He npueodums 0o 3b6inbuweHHs1 suxodie Uinbosux npodykmis. Peanizauis peakuii [2-(3-
apun-1H-1,2,4-mpua3son-5-in)heHinjamiHie 3 kemoHamu y r1b0OsIHIU oumositi Kucriomi npugena 8o ymeopeHHs
cymiwi 8idrnosidHux 2-apun-5-R-5-R,-5,6-0uzidpo[1,2,4]mpua3ono[1,5-c]xiHasoniHie ma 5-memun-2-apurn-[1,2,4]
mpua3sorno[1,5-c]xiHa3oniHie. OcmaHHi cuHMe308aHi 3yCmMpPIiYHUM CUHME30M, a caMe KUr'amiHHsam [2-(3-apun-1H-
1,2,4-mpua3sorn-5-in)gbeHinjamirie y nbodsHiIt ouymosit Kucriomi. @opmyeaHHs1 5-memurn-2-apun-[1,2,4Jmpua3orno
[1,5-c]xiHa3oriHie 8i06y8aembCsi ik KOHKYpYoYe auurito8aHHs1 3 HaCMYMHOK 2emepoyUKITi3ayieto | € MOXIUSUM y
38’A13KY 3 HU3BbKOIO peaKuiliHo 30amHicmio KemoHie ma rpocmopoeoro 6y00801o ix Monekynu. IHOugidyarnbHicmb
ma 6ydoea cuHmesoeaHux criosnyk niomeepdxeHi xpomamomac-, 14-, 'H-, *C-AMP-cnekmpamu ma enemeHm-
HUM aHarni3oM. BcmaHoeneHo, wo xapakmepucmuyHul cuesHan spi-2ibpudusosaHozo amoma KapboHy rnoso-
XXeHHs1 5 peecmpyembcs npu 75,57-61,64 m.u.

5,6-QUrnagpPoO-[1,2,4]TPUA30J10[1,5-c]XUHA30JINHbI. COOBLYEHUE 2. PEAKLINU [5+1]-LiINKITOKOH-
HAEHCALWNU [2-(3-APUII-1H-1,2,4-TPUA30J1-5-UIT)PEHUITIAMUHOB C KETOHAMW AJTMGATUYECKOIO U
APOMATUYECKOIO PSAOA

C.B.XonodHsik, K.MN.lllabenbHuk, A.KO.BockoboliHuk, A.H. AHmuneHko, I.I.bepecm, C.U.KoeaneHko
Knroueenie cnoea: [2-(3-apun-1H-1,2,4-mpua3on-5-umn)gbeHunjamuHbi; KemoHbl; [5+1]-4UKIOKOHOeHcayusi; crekm-
pasibHble Xapakmepucmuku

Peakuyuu [5+1]-yuknokoHOeHcayuu [2-(3-apun-1H-1,2,4-mpua3on-5-un)gpeHunjamuHos ¢ kKemoHamu anughamu-
YecKoeo U apoMamuyeckoeo psida npomekarom ¢ obpasosaHuem 5-R-5-R,-2-apun-5,6-0ueudpo-[1,2,4Jmpuasorno
[1,5-c]xuHasonuHoe ¢ xopowumu 8bixodamu. Modughukayus cuHmemu4ecKo20 MPomMokKosna fnymem 8apbuposa-
HUs1 pacmeopumernsi U OnumMeibHOCMU peakyuu He npueooum K y8eriudeHuto 8bIxo008 Ueresbix npooyKmos.
Peanusayus peakyuu [2-(3-apun-1H-1,2,4-mpua3osn-5-un)gheHunjamuHo8 ¢ kemoHamu 8 51iedsiHOU yKCyCHOU Kuc-
nome npusodum K obpa3zoeaHuro cmecu coomeemcemsyrouux 2-apun-5-R-5-R,-5,6-0ueudpo[1,2,4]mpua3sono
[1,5-c]xuHazonuHoe u 5-memun-2-apurn-[1,2,4Jmpuasono[1,5-c]xuHa3onuHos. lNocrnedHue cuHme3uposaHbl 8CMpPEY-
HbIM CUHME30M, @ UMEeHHO KursiqeHueM [2-(3-apun-1H-1,2,4-mpuason-5-un)gpeHunjamuHos 8 r1edsiHoU yKcyc-
Hou kucriome. @opmuposaHue 5-memun-2-apun-[1,2,4]Jmpua3onof1,5-c]xuHa3onuHo8 npoucxodum Kak KOHKY-
peHmHoe ayunuposaHue c rocredyrueli eemepoyuknudayuell U 803MOXHO 88UQY HU3KOU peakyuoHHOU Crio-
CcObHOCMU KEMOHO8 U UX MPOCMpaHCMEEeHHO20 CMpoeHUs. MIHOusudyarnsHOCMb U CIMPOEHUe CUHME3UPO8aHHbIX
sewecme rnodmeepk0eHo xpomamomacc-, K-, 'H-, 3C-AMP-cnekmpamu u aneMeHmHbIM aHau3oM. YcmaHos-
JIEHO, YMO Xxapakmepucmuyeckul cueHan spi-2ubpudu3ogaHHO20 amoma yarepoda rnonoxeHuss 5 peeucmpu-
pyemcs rnipu 75,57-61,64 m.4.
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In our previous paper [1] the features of the inter-
action between [2-(3-aryl-1H-1,2,4-triazol-5-yl)phenyl]
amines (1) and aldehydes were reported. There the
possibility of spontaneous 5,6-dihydro-[1,2,4]triazolo
[1,5-c]quinazoline oxidation to the corresponding aro-
matic analogues was described. Probably some dif-
ferences in [5+1]-cyclocondensation between amines
1.1-1.5 and ketones would be expected. Moreover,
the reactivity of ketones as electrophiles is much more
lower compared to aldehydes, and steric complica-
tions when forming the 5,6-dihydro-[1,2,4]triazolo
[1,5-c]quinazoline cycle is possible [2].

The aim of the present work was to study the fea-
tures of the interaction of [2-(3-aryl-1H-1,2,4-triazol-
5-ylphenyl]amines with aliphatic and aromatic keto-
nes, and the effects of the solvent and conditions of
the reaction course on the structure of the products,
as well as to confirm the structure of the compounds
synthesized by the complex of physicochemical methods.

Results and Discussion

It was determined that the interaction of equimo-
lar quantities of anilines 1.1-1.5 with ketones in pro-
pan-2-ol in the presence of an acidic catalyst resul-
ted in formation of the corresponding 2-aryl-5-R-5-
R,-5,6-dihydro[1,2,4]triazolo[1,5-c]quinazolines
(2.1-2.9) with good yields (Scheme, Table). Modifica-
tion of the synthetic protocol by means of variation
of the solvent (lowest alcohols, dioxane) and dura-
tion of the process (up to 6 h) did not led to the in-
crease of yields and oxidation of 2.1-2.9. As in case
of [5+1]-cyclocondensation between anilines 1.1-1.5
and aldehydes, this reaction is a binucleophilic addi-
tion, wherein Schiff base plays the role of an interme-
diate, and is not stereoselective [2].

Atthe same time, according to LC-MS data, the inter-
action between anilines 1.1-1.5 with ketones in acetic
acid led to the unexpected result, namely to forma-

H
N >
Ny AkOH-H,SO,

1115 \\<
N A

Ar

K

Ar=Ph, 3-FCGH4, 3-C|C6H4,
3-CF3CgHg, 4-CH30CgH 4;
R=Me, Et, n-CGH13,
4-i-C5H;CgH,4,4-ClCgHy,
4-FCgHgy

tion of the mixture consisting of the corresponding
2-aryl-5-R-5-R;-5,6-dihydro[1,2,4]triazolo[1,5-c]
quinazolines (2, 5-19%) and 5-methyl-2-aryl-[1,2,4]
triazolo[1,5-c]quinazolines (3, 61-79%). Compounds 2
and 3 were isolated via recrystallization using pro-
pan-2-ol as a solvent.

The formation of compounds 3.1-3.3 could occur
as a competitive acylation of anilines 1 followed by
cyclization of intermediate B. Probably, acylation was
possible as the result of the low reactivity of ketones
as electrophiles and the spatial structure of their mo-
lecules. Really, refluxing of anilines 1.2, 1.4, 1.5 in gla-
cial acetic acid for 6 h resulted in compounds 3.1-3.3
with the yields of 31-57% (Scheme).

The purity and structure of the compounds synthe-
sized were proven by the complex of physicochemical
methods, including LC-MS, 'H-, *C-NMR- and elemen-
tal analysis. In the LC-MS spectra of compounds 2.1-2.9
and 3.1-3.3 the low intensive signals of molecular ions
[M+1] were registered. They corresponded to the cal-
culated target compounds, and undoubtedly confirmed
the condensation process. Moreover, LC-MS spectra of
compounds 2.3, 2.7 and 2.8 were characterized by the
ion [M+3] indicated the presence of *’Cl isotope.

IR-spectra of compounds 2.1-2.9 were different from
patterns of the initial amines 1.1-1.5 [5, 6] and had
stretching vibrations of the ny, -group as one band
at 3265-3062 cm?, deformation vibrations of the d -
group at - 1625-1611 cm™ and vibrations of the gy, -
group at 1606-1587 cm’?, respectively. Moreover, com-
pounds 2.1-2.9 were characterized by intensive bands
of stretching vibrations of n ., Ny -group, N,,-,
n, -bonds at 3023-2950 and 2885-2860 cm™ and
deformation vibrations at 1470-1435 and 1385-1370 cm™.
[t is important to note that intensive stretching vibra-
tions at 1340-1100 cm™ and 700-600 cm™ indicated
the presence of halogens (Chlorine, Fluorine) in the
compounds studied [3]. But the bands of the secon-

N:< H\éMe
HMe T | R
\N

2.1-2.9 h} \/<

Ar Ar

Scheme. The interaction of [2-(3-aryl-1H-1,2,4-triazol)phenyl]lamines with ketones.
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Table
The physicochemical properties
Yields
Compounds, No. Ar R M.p. A B Formula
2.1 Ph Me 246-248 70.7 - C,,H, (N,
2.2 Ph Et 137-139 89.7 - C,sH N,
23 3-CIC,H, Et 164-166 70.3 - C,H,,CIN,
24 Ph H-CH, 135-136 89.0 - CoHyN,
2.5 Ph Ph 234-235 63.0 - C,,H,eN,
2.6 3-FCH, 4-i-PrCH, 157-158 78.0 - C,H,5FN,
2.7 Ph 4-CICH, 182-183 88.2 - C,,H,,CIN,
2.8 4-MeOCH, 4-CICH, 204-205 76.3 - C,;H,,CIN,O
2.9 3-CF,CH, 4-FCH, 190-191 54.0 - CpsH N,
3.1 3-CF,CH, 140-142 41.2 314 C,,H, F.N,
3.2 3-FCH, - 165-167 56.9 426 C,H,,FN,
33 4-MeOCH, - 149-151 31.2 46.8 C,,H,.N,0
P ZETAEE f2 A | 8
I NN |

I B
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1 5 4 il 24 CH
I | ‘\m/ T
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Fig. 1. The fragment of '"H NMR-spectra (400 MHz) of compound 2.4 in DMSO-d.

dary NHR,-group for compounds 3.1-3.2 were absent.
The given compounds were characterized by inten-
sive bands of CH;-group deformation vibrations at
3009-2860 cm™ and 1480-1412 cm?, respectively.
The formation of 2.1-2.9 was also proven by the
presence of NH-group proton signals registered as sin-
glets at 7.33-6.83 ppm for compounds with the alipha-
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tic moiety in position 5 of the triazoloquinazoline cycle
(2.1-2.4) and at 7.93-7.75 ppm for compounds with
aromatic fragments (2.5-2.9, Fig. 1). Signals of the me-
thyl group in position 5 of compounds 2.1-2.9 were ob-
served as singlets at 2.26-1.75 ppm. Aliphatic moieties
in position 5 of compounds 2.2-2.4 were characterized
by diastereotopic splitting of methylene group signals,
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Fig. 2. The fragment of *C-NMR spectrum (100 MHz) of compound 13.4 in DMSO-d,.

they were observed at 2.32-2.16 and 1.99-1.83 ppm. All
other protons had shifts and multiplicities correspon-
ding to the structure of proper moieties (Fig. 1) [4].

Protons of the hydrogenated triazoloquinazoline
cycle of compounds 2.1-2.9 were observed as dou-
blets for H-10 (7.86-7.70 ppm), triplets for H-8 (7.24-
7.15 ppm), doublets for H-7 (6.97-6.78 ppm) and trip-
lets for H-9 (6.82-6.67 ppm). In some cases protons
H-7 and H-9 were overlapped and were registered as
an individual two-proton multiple (2.1) or a multi-
plet with other aromatic protons (2.2, 2.4, 2.8). Pro-
tons of phenyl substituents in positions 2 and 5 of
2.1,2.2, 2.5, 2.7 were observed as two-proton dou-
blets (H-2 and H-6), doublets (H-4) and multiplets
(H-3 and H-5). Introduction of substituents to the phe-
nyl moiety led to changes in the spectral pattern; as
a rule, the signals had “classic” chemical shifts and
multiplicity [4].

At the same time, 'H NMR-spectra of compounds
3.1-3.4 had significant differences. The signals of he-
terocyclic H-10, H-9, H-8 and H-7 were shifted in low
field. This statement may be illustrated by location of
H-10 doublet at 8.53-8.48 ppm. Protons of the methyl
group in position 5 of compounds 3.1-3.4 were signi-
ficantly deshielded and registered at 3.07-2.51 ppm.
The facts mentioned undoubtedly proved the forma-
tion of the aromatic triazoloquinazoline cycle.

According to the *C NMR spectra C-2 (160.87 and
167.30 ppm), C-10b' (149.50 and 149.93 ppm), C-62’
(143.30 and 143.01 ppm) were the most deshielded
in compounds 2.4, 2.7, and the signals of the sp*-hy-
bridized Carbon atom in position 5 were observed at
75.57 ppm and 61.64 ppm, respectively (Fig. 2). These
signals proved the formation of 5,6-dihydro-[1,2,4]
triazolo[1,5-c]quinazoline. At the same time, the sig-
nals of Carbon atoms in the *C NMR-spectrum of com-
pound 3.3 were more deshielded, and the signal of
C-2 was registered at 163.24 ppm, C-10b’at 151.36 ppm,
C-6a’ at 148.13 ppm. The signal of C-5 was registered
at 161.63, and it proved its sp?-hybridezed nature.

Experimental Part

Melting points were determined in open capillary
tubes and were uncorrected. The elemental analyses
(G, H, N, S) were performed using an ELEMENTAR va-
rio EL Cube analyzer (USA). Analyses were indicated
by the symbols of the elements or functions within +0.3%
of the theoretical values. 'H NMR-spectra (400 MHz)
and 3C NMR-spectra (100 MHz) were recorded on a
Varian-Mercury 400 (Varian Inc., Palo Alto, CA, USA)
spectrometer with TMS as an internal standard in
DMSO-d, solution. LC-MS were recorded using the chro-
matography/mass spectrometric system con-sisting
of an “Agilent 1100 Series” high performance liquid
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chromatograph (Agilent, Palo Alto, CA, USA) equip-
ped with a diode-matrix and an “Agilent LC/MSD SL”
mass-selective detector (atmospheric pressure che-
mical ionization - APCI).

Synthetic procedures were conducted according
to common approaches for the synthesis of promising
biologically active agents. All reagents were commer-
cially available (“Sigma-Aldrich”, Missouri, USA and
“Enamine”, Kyiv, Ukraine) and were used without ad-
ditional purification. 2-(3-Aryl-1H-1,2,4-triazole-5-yl)
phenyl]amines (1.1-1.9) were obtained according to
the synthetic protocols described [5, 6].

The general method for the synthesis of 5-R-5-
R!-2-aryl-5,6-dihydro[1,2,4]triazolo[1,5-c]quina-
zolines (2.1-2.9). To the solution of 10 mmol of the
corresponding {2-[3-aryl-1H-1,2,4-triazolo-5-yl]phe-
nyl}amine (1.1-1.5) in 10 ml of propan-2-ol add 10 mmol
of aromatic or aliphatic ketones. If propan-2-ol-2 is
used as a solvent, add also 2 drops of sulphuric or hydro-
chloric acid. Reflux the mixture obtained for 2-6 h.
Then cool the mixture and pour into the saturated so-
lution of sodium acetate. Filter the precipitate formed
and dry. In case of insufficient purity recrystallize the
compounds obtained from methanol.

5,5-Dimethyl-2-phenyl-5,6-dihydro-[1,2,4]
triazolo[1,5-c]quinazoline (2.1). IR, v, cm™: 3265,
2960,2907, 2895, 2864, 2843, 2795, 2600, 2540, 1729,
1621,1574,1563,1556,1543,1510,1503, 1494, 1475,
1462,1440,1414,1389,1366,1345,1318,1289,1270,
1201, 1134, 1106, 1072, 1040, 1018, 987, 958, 930,
857,806, 789,776,755,739,723,713,697, 688, 668,
643, 632, 616; '"H NMR (400 MHz, DMSO_d+ccl,) 6
8.21 (d, /= 6.7 Hz, 2H, H-2,6 Ph), 7.86 (d, ] = 7.4 Hz,
1H, H-10), 7.57-7.33 (m, 4H, H-3,4,5 Ph, NH), 7.21 (¢,
J=7.4Hz, 1H, H-8), 6.80 (m, 2H, H-7, 9), 1.77 (s, 6H,
(-CH,),); LC-MS, m/z = 277 [M+1]; Anal. calcd. for
C,,H;(N,: C,73.89; H, 5.84; N, 20.27; Found: C, 73.83;
H, 5.80; N, 20.23.

5-Ethyl-5-methyl-2-phenyl-5,6-dihydro-
[1,2,4]triazolo[1,5-c]quinazoline (2.2). IR, v, cm™:
3229,3203,3110,3037,2967,2924,1621,1591, 1518,
1483,1470,1454,1442,1410,1372,1348,1331, 1308,
1273,1248,1196,1157,1143,1128,1110,1073, 1049,
1027, 1012, 994, 981, 936, 918, 846, 784, 767, 747,
721, 687, 668, 642, 617, 607; '"H NMR (400 MHz,
DMSO_d,+ccl,) 6 8.10 (d, J = 7.1 Hz, 2H, H-2,6 Ph),
7.72(d,J=7.3 Hz, 1H,H-10), 7.48-7.38 (m, 2H, H-3,5 Ph),
7.36 (d,J=7.0 Hz, 1H, H-4 Ph), 7.16 (t,/ = 7.3 Hz, 1H,
H-8), 6.83-6.75 (m, 2H, NH, H-7), 6.72 (t, ] = 7.3 Hz,
1H, H-9), 2.32-2.16 (m, 1H, -CH,CH,), 1.99-1.83 (m,
1H, -CH,CH,), 1.77 (s, 3H, -CH;), 0.92 (t,/ = 7.1 Hz, 3H,
-CH,CH,); LC-MS, m/z = 291 [M+1]; Anal. calcd. for
C,gHgN,: C,74.46; H, 6.25; N, 19.30; Found: C, 74.43;
H, 6.22; N, 19.29.

5-Ethyl-5-methyl-2-(3-chlorophenyl)-5,6-di-
hydro-[1,2,4]triazolo[1,5-c]quinazoline (2.3). IR,
v, cm™: 3062, 2917, 2849, 1625, 1605, 1558, 1509,
1474,1442,1429,1403,1382,1363,1332,1308, 1286,
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1253, 1155,1135,1108, 1086, 1071, 986, 975, 912,
900, 888, 861, 782, 763, 737,702, 677, 660, 633; 'H
NMR (400 MHz, DMSO_d,+ccl,) § 8.06 (s, 1H, H-2 3-CIPh),
8.01 (d,/ = 7.5 Hz, 1H, H-6, 3-CIPh), 7.70 (d,/ = 7.5 Hz,
1H, H-10), 7.41 (t, ] = 7.7 Hz, 1H, H-5 3-CIPh), 7.35
(d,J=7.8 Hz, 1H, H-4, 3-CIPh), 7.16 (t,/ = 7.4 Hz, 1H,
H-8), 6.84 (s, 1H, NH), 6.78 (d, / = 8.0 Hz, 1H, H-7),
6.72 (t,J=7.4 Hz, 1H, H-9), 2.27 (m, 1H, -CH,CH,), 1.85
(m, 4H, -CH,CH, -CH, ), 0.90 (t, /] = 7.2 Hz, 3H, -CH,);
LC-MS, m/z = 325 [M+1], 327 [M+3]; Anal. calcd. for
C,gH,,CIN,: C, 66.56; H, 5.28; N, 17.25; Found: C, 66.53;
H,5.26; N, 17.24.
5-(n-Hexyl)-5-methyl-2-phenyl-5,6-dihydro-
[1,2,4]triazolo[1,5-c]quinazoline (2.4). IR, v, cm™:
3234,3211,3109,3041, 2953, 2922, 2853,1623,1592,
1524,1484,1470,1444,1412,1374,1347,1334,1279,
1267,1204,1176,1156,1135,1121,1108,1071, 1027,
1011, 981,938,921, 852, 787, 764, 745, 724, 692, 669,
641, 608; 'H NMR (400 MHz, DMSO_d,+ccl,) & 8.08
(d, J = 6.8 Hz, 2H, H-2,6 Ph), 7.70 (d, /] = 7.4 Hz, 1H,
H-10),7.46-7.38 (m, 2H, H-3,5 Ph), 7.35 (t,/= 7.1 Hz,
1H, H-4 Ph), 7.15 (t,/= 7.6 Hz, 1H, H-8), 6.83-6.68 (m, 3H,
NH, H-7, H-9), 2.16 (t, ] = 11.7 Hz, 1H, -CH,(CH,),CH,),
1.83 (t,/ = 11.5 Hz, 1H, -CH,(CH,),CH;), 1.75 (s, 3H,
-CH,), 1.44 (m, 2H, -CH,CH,(CH,),CH,), 1.23 (m, 7H,
-CH,CH,(CH,),CH,), 0.83 (s, 3H, -(CH,);CH,); *C NMR
(126 MHz, DMSO) 6 160.87, 149.50, 143.30, 131.90,
131.11,129.24,128.77,125.95,123.95,117.65, 114.30,
109.29,75.57,40.83,31.12, 28.51, 27.37, 22.90, 22.00,
13.92; LC-MS, m/z = 347 [M+1]; Anal. calcd. for C,,H,N,:
C, 76.27; H, 7.56; N, 16.17; Found: C, 76.25; H, 7.56;
N, 16.14.
2,5-Diphenyl-5-methyl-5,6-dihydro-[1,2,4]
triazolo[1,5-c]quinazoline (2.5). '"H NMR (400 MHz,
DMSO0_d,) 6 8.42 (m, 2H, H-2, 6 Ph), 8.19 (d,/ = 7.1 Hz,
1H, H-2,6 Ph), 7.93 (s, 1H,NH), 7.75 (d,/ = 7.3 Hz, 1H,
H-10), 7.44 (m, 3H, H-3,4,5 Ph), 7.24 (t,] = 7.5 Hz, 1H,
H-8),7.16 (m, 3H, H-3, 4,5 Ph), 6.97 (d,/ = 8.0 Hz, 1H,
H-7), 6.82 (t,] = 7.3 Hz, 1H, H-9), 2.26 (s, 3H, -CH,);
LC-MS, m/z = 340 [M+2]; Anal. calcd. for C,,H gN,:
C, 78.08; H, 5.36; N, 16.56; Found: C, 78.06; H, 5.35;
N, 16.57.
5-Methyl-5-(4-i-propylphenyl)-2-(3-fluoro-
phenyl)-5,6-dihydro-[1,2,4]triazolo[1,5-c]quina-
zoline (2.6).'H NMR (400 MHz, DMSO_d,) 6 7.99 (d,
J=7.7 Hz, 1H, H-2, PhF-3),7.86 (d,/ = 9.0 Hz, 1H, H-6
PhF-3),7.75 (s, 1H,NH), 7.71 (d,/ = 7.4 Hz, 1H, H-10),
7.47 (dd,] = 13.9, 7.8 Hz, 1H, H-5 PhF-3), 7.21 (t,] =
7.6 Hz, 1H, H-8), 7.18-7.10 (m, 3H, H-4 PhF-3, H-2,6
PhCH(CH,),-4), 7.10-7.03 (m, 2H, H-3,5 PhCH(CH,),-4),
6.95 (d, ] = 8.0 Hz, 1H, H-7), 6.78 (t,] = 7.3 Hz, 1H,
H-9), 2.81 (dt, / = 13.7, 6.8 Hz, 1H, -CH(CH,),), 2.23
(s,3H,CH;),1.16 (d,J = 6.8 Hz, 6H, CH(CH,),); LC-MS,
m/z =399 [M+1]; Anal. calcd. for C,;H,;FN,: C, 75.35;
H, 5.82; N, 14.06; Found: C, 75.32; H, 5.83; N, 14.05.
5-Methyl-5-(4-chlorophenyl)-2-phenyl-5,6-
dihydro-[1,2,4]triazolo[1,5-c]quinazolin (2.7). IR,
v,cm’: 3195, 3072, 3023, 2998, 2957,1728,1620, 1591,
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1541, 1517, 1482, 1469, 1440, 1403, 1377, 1344, 1322,
1264,1219,1207,1165,1152,1107,1094,1071, 1029,
1010, 983,933,920, 875, 853, 822,811, 786, 738, 723,
690,670,642, 615; 'H NMR (400 MHz, DMSO_d+ccl,)
6 8.15 (d, /= 7.2 Hz, 2H, H-2,6 Ph), 7.80 (s, 1H, NH),
7.71 (d, J = 7.3 Hz, 1H, H-10), 7.50-7.35 (m, 3H, H-
3,4,5 Ph), 7.26-7.18 (m, 5H, H-8, H-2,3,5,6 4-CIPh), 6.93
(d, J = 8.0 Hz, 1H, H-7), 6.79 (t, ] = 7.2 Hz, 1H, H-9),
2.22 (s, 3H, -CH,); ®*CNMR (126 MHz, DMSO0) 6 167.30,
149.93,143.01,137.88,134.60,125.47,124.90,116.14,
108.24, 61.64, 14.07; LC-MS, m/z = 373 [M+1], 375
[M+3]; Anal. calcd. for C,,H,,CIN,: C, 70.87; H, 4.60;
N, 15.03; Found: C, 70.82; H, 4.58; N, 15.01.
5-Methyl-2-(4-methoxyphenyl)-5-(4-chlo-
rophenyl)-5,6-dihydro-[1,2,4]-triazolo[1,5-c]
quinazolin (2.8). 'H NMR (400 MHz, DMSO_d,) 6 8.07
(d,J =8.5Hz, 2H, H-2, 6 PhOCH;-4), 7.77 (s, 1H, NH),
7.71 (d,] = 7.5 Hz, 1H, H-10), 7.26-7.18 (m, 5H, H-8,
H-2,3,5,6 PhCl-4), 6.95 (m, 3H, H-7, H-3, 5 PhOCH;-4),
6.79 (t,/ = 7.4 Hz, 1H, H-9), 3.86 (s, 3H, -OCH,), 2.22
(s, 3H, -CH,); LC-MS, m/z = 403 [M+1], 405 [M+3];
Anal. calcd. for C,;H,,CIN,O: C, 68.57; H, 4.75; N, 13.91;
Found: C, 68.52; H, 4.71; N, 13.89.
5-Methyl-2-[(3-trifluoromethyl)phenyl]-5-
(4-fluorophenyl)-5,6-dihydro-[1,2,4]triazolo
[1,5-c]quinazoline (2.9).'H NMR (400 MHz, DMSO_d,)
6 8.40 (m, 2H, H-2,6 PhCF,-3), 7.84 (s, 1H, NH), 7.75 (d,
J=7.6Hz, 1H, H-10), 7.72-7.63 (m, 2H, H-4, 5 PhCF,-3),
7.25 (m, 2H, H-2,6 PhF-4),7.11 (t,/ = 7.6 Hz, 1H, H-8),
6.96 (t,/ = 6.9 Hz, 1H, H-3,5 PhF-4),6.82 (d,/ = 7.7 Hz,
1H, H-7), 6.67 (t, 1H, H-9), 2.25 (s, 3H, -CH,); LC-MS,
m/z =425 [M+1]; Anal. calcd. for C,,H,,F,N,: C, 65.09;
H, 3.80; N, 13.20; Found: C, 65.05; H, 3.78; N, 13.18.
The general method for the synthesis of 5-R-
5-R'-2-aryl-5,6-dihydro[1,2,4]triazolo[1,5-c]quina-
zolines (3.1-3.9). To the solution of 10 mmol of the
corresponding {2-[3-aryl-1H-1,2,4-triazolo-5-yl]phe-
nyl}amine (1.3-1.5) add 10 ml of acetic acid. Reflux
the solution obtained for 6-8 h. Then cool it and pour
into the saturated solution of sodium acetate. Filter
the precipitate formed and dry. In case of insufficient
purity recrystallize the compounds obtained from
propan-2-ol.
5-Methyl-2-(3-(trifluoromethyl)phenyl)-
[1,2,4]triazolo[1,5-c]quinazolin (3.1). IR, v, cm™:
1629,1561,1531,1514,1468,1415,1388,1353,1324,
1306,1268,1162,1118,1091,1068,1007,989, 978,
934,913,898, 880,861,817,777,746,731, 698, 685,
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666,651, 638; '"H NMR (400 MHz, DMSO_d +ccl,) 6 8.59
(m, 2H, H-2,6 PhCF,-3),8.53 (d,/ = 7.6 Hz, 1H, H-10),
7.98 (d,/ =7.8 Hz, 1H, H-7), 7.88 (t, 1H, H-9), 7.85-7.72
(m, 3H, H-8, H-4,5 PhCF,-3), 3.07 (s, 3H, -CH,); LC-MS,
m/z = 329 [M+1]; Anal. calcd. for C;,H,;F;N,: C, 62.20;
H, 3.38; N, 17.07; Found: C, 62.18; H, 3.34; N, 17.03.

5-Methyl-2-(3-fluorophenyl)-[1,2,4]triazolo
[1,5-c]quinazoline (3.2).1R, v,cm™: 3062,3009, 2917,
2848,1675,1631,1591,1560,1530,1512, 1480, 1452,
1412,1386,1357,1327,1306,1275,1262,1221,1210,
1163,1113,1093,1068,1027,982,958,877, 858, 833,
794,777,743,720,677,660,637,617; '"H NMR (400
MHz, DMSO_d+ccl,) 6 8.51 (d, /= 7.7 Hz, 1H, H-10),
8.16 (d, /= 7.5 Hz, 1H, H-7), 8.03 (d, / = 8.4 Hz, 1H,
H-2 PhF-3),7.97 (d, ] = 8.4 Hz, 1H, H-6 PhF-3), 7.88
(t, J=7.5Hz 1H, H-9), 7.75 (t, ] = 7.5 Hz, 1H, H-8),
7.57 (dd, J = 14.0, 7.2 Hz, 1H, H-4 PhF-3), 7.26 (t,
J = 7.7 Hz, 1H, H-5 PhF-3), 3.00 (s, 3H, -CH,); LC-MS,
m/z =279 [M+1]; Anal. calcd. for C,;H,,FN,: C, 69.06;
H, 3.98; N, 20.13; Found: C, 69.03; H, 3.94; N, 20.13.

5-Methyl-2-(4-methoxyphenyl)-[1,2,4]triazolo
[1,5-c]quinazololine (3.3).IR, v, cm™: 2989, 2955,
2935, 2835, 2376,2354,2344,2280,2057, 2000, 1908,
1737,1665,1630,1607,1585,1555,1529,1476,1452,
1442,1420,1389,1351,1316,1301,1252,1170, 1106,
1028, 985,971, 955, 861, 844, 836,811, 799, 779, 750,
728,711,667,657,649,633,611; '"H NMR (400 MHz,
DMSO_d,+ccl,) 6 8.48 (d, ] = 7.7 Hz, 1H, H-10), 8.24
(d,J=7.0 Hz, 2H, H-2,6 4-CH,0Ph), 7.93 (d,/= 7.9 Hz,
1H,H-7),7.83 (t,/=7.4Hz, 1H,H-8),7.71 (t,/] = 7.3 Hz,
1H, H-9),7.03 (d,/=7.0 Hz, 2H, H-3,5 4-CH,0Ph), 3.89
(s, 3H,-0CH,), 2.51 (s, 3H, -CH,); *C NMR (101 MHz,
DMSO0) 6 163.24,161.63,151.36,148.13,142.72,132.61,
129.35,128.44,128.13,123.95,122.69,117.07,114.88,
55.73,20.23; LC-MS, m/z=291 [M+1]; Anal. calcd. for
C,;H,,N,0:C,70.33; H, 4.86; N, 19.30; Found: C, 70.29;
H, 3.84; N, 19.28.

Conclusions

The reaction of [2-(3-aryl-1H-1,2,4-triazole-5-yl)
phenyl]amines with aliphatic and aromatic ketones is a
suitable method for the synthesis of 5-methyl-5-alkyl-
(aryl-)-2-aryl-5,6-dihydro[1,2,4]triazolo[ 1,5-c]quinazo-
lines. The use of acetic acid as a solventis limited taking
into account the possibility of a competitive acylation
followed by cyclization and formation of the correspon-
ding 5-methyl-2-aryl-[1,2,4]triazolo[1,5-c]quinazolines.
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T.M.Chan, Ye.Ya.Levitin, 0.S.Kryskiv

National University of Pharmacy
53, Pushkinska str., Kharkiv, 61002, Ukraine. E-mail: neorganic@nuph.edu.ua

Key words: nanoparticles; composite magnet systems; quantitative determination

30

The method for quantitative determination of the components of the Ag@Fe,0, nanocomposite has been de-
veloped; it allows simultaneously determining silver and iron in one sample without the stage of taking the aliquot
for individual determinations of these components. The method proposed comprises: the use of a considerably
smaller quantity of the substance in the test sample; elimination of the need to prepare and standardize the
solution of the indicator for silver determination; reduces the labour intensity of the process by saving time and
expensive reagents; eliminates the stage of separation of the mixture components, etc. The basis of the me-
thod proposed is two conjugated detection procedures —Ag determination by Volhard’s method and Fe (lll) de-
termination in magnetite by the method of iodometry. It has been shown that this method allows determining
silver without adding the indicator since the second component is magnetite containing bivalent and trivalent
iron. The experiment is performed by the action of nitric acid on the sample of Ag@Fe,;0, powder. The acid, in
its turn, helps silver to pass into solution and to oxidize Fe® ions to Fe®* being an indicator in this determination.
With the simultaneous presence of silver and iron in one sample at first silver is quantified, a pale pink colour of
the solution above the precipitate appears only after all the silver has been titrated, that means the completeness
of its precipitation. The experiment is completed with determination of Fe (Ill) by iodometry. To assess the validity
of determinations the results have been confirmed by instrumental methods that are consistent with the results
of the titrimetric method developed for quantitative determination of components in magnetically controlled na-
nocomposites. The relative error of the titrimetric determination does not exceed 0.1-0.2%.

PO3POBKA CI1OCOBY KllTbKICHOIO BU3HAYEHHS CKITAQY MAIHITHOITO HAHOKOMITO3UTY AG@FE;0,
T.M.YaH, €.51.JlegimiH, O.C.Kpuchkie

Knro4oei cnnoea: HaHoYacmku; KOMIO3UMHI Ma2HimoKkepogaHi cucmemu; KirlbKiCHe 8U3Ha4eHHSsI

Po3pobrieHo crocib KinbKiCHO20 8U3HaYeHHsI KOMIMOHeHmIe HaHokommnosumy Ag@Fe,0,, sikuli o380r19€ 0OHO-
YyacHo su3HavYamu cpibrio ma 3ani3o 8 0OHoMYy 3pa3ky 6e3 nposedeHHs1 cmadii 8idbopy anikeom Onsi OKpemMux
8U3Ha4YeHb UuX KOMIMOHEeHmig8. 3anporoHosaHuli crocib npuHa4eHul: Ot BUKOHaHHS eKCriepuMeHmy 8UKOpUC-
maHHs1 HagaxKu 00cnidXyeaHoO20 3paska 3Ha4HO MEHWOI Macu; yCcyHeHHs1 HeobxiOHocmi eomyeamu ma ecma-
Hogmoeamu mump posquHy iHOukamopa 07151 U3Ha4YeHHs cpibna; 3HUXeHHs mpydomicmkocmi npoyecy 3a pa-
XYHOK eKOHOMIi Yacy ma dopoaux peakmusie; nepedbayac 8UKIHeHHs1 cmadil po30ineHHsI KOMIOHEeHMI8 CyMilli
ma iH. B ocHoei 3anpornoHo8aHoz20 criocoby niexxamp 08i MoeOHaHi MEMOOUKU 8USIBNIEHHST — BU3HAaYeHHST Ag Me-
modom @onbzapda ma susHadeHHs Fe (Ill) y mazHemumi memodom tiodomempii. lMoka3zaHo, wo daHul crocib
0o380715i€ MPOB0OUMU 8U3Ha4YeHHSsI cpibra 6e3 do0asaHHs iHOUKamopa, OCKinbKu Opyauli KOMIIOHEHM MagHemum
micmumb 080- ma mpusaneHmHul ¢hepym. BukoHaHHsi docnidy nposodsime dieto Ha 3pa3ok nopowka Ag@Fe;0,
HiIMpamHOoK KUC/IOMOL0, siKa, y C80K Yepay, nepesodums cpibrio 8 po3yuH, a ioHu Fe?" okucHroe 0o Fe’*, siki U
BUKOHYyrOMb posib iHOUKamopa 8 0aHOMY 8U3Ha4eHHI. 3a cymicHoI npucymHocmi cpibna ma 3aniza 8 0OHOMY
3pasKy nepwum KinbKiCHO 8u3Ha4yarome cpibro, 651ido-poxese 3abaperieHHs1 PO34UHYy Had 0cadoM 3’s8/19€MbCsl
MinbKU Micrisi Mo2o, 5K y8echb apreHmym 8idmumpoeaHo, Wo 8u3Ha4ae nogHomy o2o ocadxeHHs. [Jocnid 3a-
sepwytoms 8usHavyeHHsM Fe (Ill) memodom todomempii. [nsi ouiHku docmosipHocmi 8u3Ha4yeHb pe3ynbmamu
nidmeepdxxeHi iHcmpymMeHmanbHUMU Memoodamu, sIKi y3200Kyombcs 3 pe3yribmamamu po3pobreHo2o mumpu-
Mempu4YHO20 Criocoby KirbKICHO20 8U3HAYEHHST KOMIIOHEHMI8 Yy MagHimoKepo8aHOMy HaHOKOMMo3umi. BiOHocHa
rnoxubka mumpumempuyHo20 8u3Ha4yeHHs1 He nepesuuye 0,1-0,2%.

PA3PAGOTKA CITOCOBA KOJIMYECTBEHHOIMO OMNPEQEJIEHNS COCTABA MAFHUTHOIO
HAHOKOMITO3UTA Ag@Fe,O,

T.M.YaH, E.A.JleeumuH, O.C.KpbicbKkue

Knroyesble crioea: HaHoYacmuubl; KOMMIO3UMHbIE MagHUMOYMpaessieMble CUCMEMbI; KOTUYECMBEHHOe orpederieHue
PaspabomaH crocob KoruyecmeeHHO20 ornpedesieHuUsi KOMIOHeHmMo8 HaHokomno3uma Ag@Fe,0,, komopsbit
ro3eossiem 00HO8peMEHHO ornpedesisimb cepebpo u xene3o 8 00HOM obpasue 6e3 nposedeHusi cmaduu ombo-
pa anukeom 0551 omoerbHbIX orpedeneHulti 3mux KoMnoHeHmos. [NpednoxeHHbIl crnocob npedHasHadvyeH: Ons
8bIMO/THEHUST IKCrIepuMeHma UConb308aHUsT HaBecKU uccriedyemoeao obpa3ya 3Ha4umersHO MeHbwel Macchl;
ycmpaHeHusi HeobxoOumMocmu eomo8ums U ycmaHaennueams mump pacmeopa uHoukamopa 0risi orpedeneHust
cepebpa; CHUXeHUs1 mpydoeMKocmu rpoyecca 3a c4em 3KOHOMUU 8peMeHU U OOpo2ux peakmueos; UCKIIoYa-
em cmaduto pa3deneHust KOMIMOHEHMO8 cMecu U Op. B ocHose rpednoxeHHo20 criocoba fiexam 08e COMpsiXKeH-
Hble MemMOOUKU 0bHapy>xeHus1 — onpedeneHue Ag memodom Donbeapda u onpedeneHue Fe (lll) 8 mazHemume
memodom tiodomempuu. [lokazaHo, Ymo daHHbIU criocob no3dsonsem npogodums onpedeneHue cepebpa b6e3
OdobaerneHusi uHOUKamopa, MoCcKosIbKY 8mMopoUl KOMIOHEHM MagHemum cooepxxum 08yX U MpexeasrieHMHOe Xe-
neso. BbinonHeHue orbima rnpogodsm Oelicmeuem Ha obpasey, nopowka Ag@Fe,0, asomHou kucrnomou, Ko-
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mopasi, 8 ceoto oyepedb, nepesodum cepebpo e pacmeop, a UoHbI Fe?* okucrissem do Fe*, komopsbie u 8birnor-
Hsitom porib uHOUKamopa 6 0aHHOM ornpedeneHuu. [pu coeMecmHOM rpucymcmeuu cepebpa u xene3a 8 00HOM
obpasue nepsbiM Konu4yecmeeHHo orpedernstom cepebpo, briedHO-po308asi OKpacka pacmeopa Had ocadkom
r10s187155€MCS MOJIbKO 10C/Ie MO0, Kak 8ce cepebpo ommumpoeaHo, Ymo o3Ha4aem rosiHomy €20 0CaXxOeHUs.
Onbim 3asepwarom onpedeneHuem Fe (Ill) memodom tiodomempuu. [ns oueHku docmosepHocmu ornpederneHull
pe3ynbmamsl No0meepxo0eHb! UHCMPYMeHmMarbHbIMU MemodaMu, KOmopble coarlacytomcesi ¢ pesynbmamamu
paspabomaHHO20 MUMPUMEMPUYECKO20 CIocoba KOIUYECMB8EHHO20 OnpederneHUsi KOMIOHEHMO8 8 MagHUMOo-
ynpaensieMbix HaHokomnodumax. OmHocumerbHasi MoepPeWHOCMb MUMPUMEMPUYECKO20 onpedeneHusi He rpe-

ebiwaem 0,1-0,2%.

Magnetic nanoparticles and composites on their
basis are the most studied and widely used nanoscale
materials for medicine and pharmacy, and it is asso-
ciated with their remote control by applying an ex-
ternal magnetic field [1]. Appropriate sizes, low toxi-
city and stable magnetic characteristics [2, 3] make
it possible to use them for biomedical research at the
cellular level [4, 5].

The world science and industries are constantly
working to improve new methods for the synthesis of
nanosized particles of silver and create a great num-
ber of products for their application in various fields [6].
Physicochemical and biomedical properties of silver
nanoparticles allow including them virtually in any
materials without the loss of valuable features. Com-
bining several materials with useful properties into
one system creates new opportunities when develo-
ping drugs of a new generation. Applying silver to the
magnetite surface in the form of islets [8] leads to for-
mation of the composite of the “core-shell” type [7],
and silver as a modifying agent gives the system the
ability to be controlled by the external magnetic field
with the simultaneous antibacterial effect. This multi-
functional system is one of the layered magnetic com-
posites [9], which in recent years are profoundly stu-
died for using in biomedical and pharmaceutical purposes.

When studying composites of the given compo-
sition the question of quantitative determination of
the system components using expedient, economical,
and rapid methods arises.

To determine the qualitative and quantitative com-
position the classical volumetric and gravimetric me-
thods of analysis are used [10]. The disadvantage of
gravimetric methods is a significant time of the rese-
arch conducting (from several hours to several days).
Being inferior in accuracy to gravimetry, the titrimet-
ric methods differ by rapidity and are characterized as
kinetic methods for the quantitative determination
of the composition that are the most common in ana-
lytical practice. Currently classic methods are gradu-
ally giving way to highly sensitive instrumental ones,
but they, in turn, have a number of disadvantages when
determining ultra-small amounts of components. Ho-
wever, titrimetry and gravimetry remain unsurpas-
sed in accuracy: the relative error of the titrimetric
determination rarely exceeds 0.1-0.2%, while the er-
ror of many instrumental methods is 2.5%. Therefore,
classical methods remain to be standard for quanti-
fying the reliability of determinations.

The study of nanoscale objects, improvement of
the quality of the existing objects and creation of the
new ones involves improvement of the instrumental
base, the use of modern express methods of research.

Based on the analysis of classical and modern so-
urces of literature data [11-13] on the use of the me-
thods for quantitative determination of silver and iron
with their simultaneous presence in the same sample
by express gravimetric and titrimetric methods are
almost unknown. Modern instrumental methods of
determining the quantitative content of the compo-
nents in the objects of study (X-ray diffraction analy-
sis (XDA) [12], atomic absorption spectrometry (AAS)
[13], etc.) are not always available since they require
the use of specific equipment and skKills, the purchase
of expensive reagents, the use of special software for
processing results, etc.

Currently, quantitative determination of silver and
iron in one sample is carried out separately by sui-
table methods [14, 15].

The aim of the work is to develop an express and
simple method for quantitative determination of the
composition of Ag@Fe,0, magnetic nanocomposite.

According to the method developed for quantita-
tive determination of the composition of Ag@Fe,0,
nanocomposite it has the following essential advan-
tages. They are: determination of silver and iron in
one sample; determination of silver does not require
the indicator since iron is a part of magnetite; prepa-
ration of the titrants does not take much time, they are
prepared from the titration standard with the known
concentrations; titration takes place in the acidic me-
dium to prevent hydrolysis of iron (III) with forma-
tion of coloured products of hydrolysis; when deter-
mining iron (I1I) the colour becomes visible already
in the concentration of 6.4x10-° mol/L [17], and the
indicator is quite sensitive in relation to thiocyanate
ions.

The method proposed is performed according to
the experimental procedure developed: place 0.0200 g
(accurate weight) of Ag@Fe,0, into a conical flask with
glass stopper, add 10 ml of 6 M nitric acid, and boil to
complete removal of a brown gas. Cool the solution,
add 50 ml of deionized water and mix thoroughly. Tit-
rate with 0.01M solution of KSCN, it is accompanied
by formation of a white precipitate AgSCN (K, =
1.1x107'?2 mol/L - practically insoluble [18]) until a
pink colour of the solution appears (formation of in-
soluble iron complexes) and record the end point.
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Table 1

Determination of the correction factor
for the titre of 0.1 M solution of KSCN

Table 2

Determination of the correction factor
for the titre of 0.1 M solution of Na,S,0,

The yolume of 0.1IM | The \{olume of 0.1M K The vqlume of 0.033M The_volume of 0.1M K
solution of AQNO,, ml | solution of KSCN, ml 1 solution of KBrO,, ml | solution of Na,S,0,, ml !
20.00 19.95 0.9930 10.00 19.63 1.0437
20.00 19.95 0.9930 10.00 19.65 1.0426
20.00 20.00 0.9905 10.00 19.65 1.0426
Mean K| 0.9922 Mean K| 1.0430
Standard deviation SD, | 0.0008 Standard deviation SD,| 0.0006
Relative standard deviation RSD,, % | 0.08 Relative standard deviation RSD,, %| 0.06
Relative confidence interval 0.18 Relative confidence interval 011
of the mean Ast (%) of the mean Ast (%)

After that add 1 ml of concentrated hydrochloric acid
and 0.3 g of potassium iodide to the test solution, mix
thoroughly, close with a glass stopper and leave for
10-15 min in a dark place. Then wash the stopper on
the flask with deionized water and titrate the libera-
ted iodine with 0.05M sodium thiosulphate solution
until a pale yellow colour of the solution appears. Af-
ter that add 2-3 drops of starch solution (the solution
becomes blue), and the titration is continued with vi-
gorous stirring to discoloration of the solution above
the precipitate. Record the end point.

The results of determination of the correction factors
to the titres of 0.1 M solutions of potassium thiocya-
nate and sodium thiosulphate are given in Tab. 1 and 2.

As can be seen from Tab. 1 and 2, both titrated so-
lutions meet the requirements of monograph 4.2.2.
“Titrated solutions” of the SPhU, ed. 1 [14], as well as
the requirements for precision of the molarity specified.
It allowed obtaining correct and accurate results.

Determination of the quantitative content of silver
and iron in Ag@Fe,0, magnetic composite was performed
in 5 parallel tests, for which homogeneity of the sample
of the results for quantitative determination of the com-
ponents in the mixture was checked. The calculated values
Q,, Q; for both components in separate determinations
(Tab. 3) and components inone sample (Tab. 4) do not
exceed the tabular values Q (P,, n) [14]. It has been found
that the results of the experiment are clear of gross error.

Table 3
The test for homogeneity of the sample of the results for quantitative determination
of silver and iron in Ag@Fe,0, composite (in a separate determination)
Parameters Quantitative determination of silver Quantitative determination of iron
i 1 2 3 4 5 1 2 3 4 5
xi,% 37.09 37.14 37.17 37.19 37.22 52.16 52.63 54.15 54.17 55.14
R 0.13 2.98
Q, 0.38 0.16
Q; 0.23 0.33
Q(P,,n) 0.64 0.64
Table 4
The test for homogeneity of the sample of the results for quantitative determination
of silver and iron in Ag@Fe,0, composite (in one sample)
Parameters Quantitative determination of silver Quantitative determination of iron
i 1 2 3 4 5 1 2 3 4 5
xi,% 36.72 36.97 37.48 37.48 37.49 53.10 53.88 54.53 54.64 55.31
R 0.77 2.21
Q, 0.32 0.35
Qs 0.01 0.30
Q(P,.n) 0.64 0.64
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Table 5

Metrological characteristics of the average
result of quantitative determination of silver
by thiocyanometry

Table 6

Metrological characteristics of the average
result of quantitative determination of iron (Ill)
by iodometry

The volume of The silver The volume of | The content of
n | Sample weight KSCN 0.01 M contentin % n | Sample weight | Na,5,0,0.05M |[iron (lll) in % (Xi,
titrant (Xi, %) titrant %)
1 0.0200 6.90 37.14 1 0.0206 4.06 55.14
2 0.0199 6.85 37.22 2 0.0207 4.00 5417
3 0.0199 6.85 37.19 3 0.0201 3.75 52.16
4 0.0200 6.85 37.09 4 0.0199 3.85 54.15
5 0.0200 6.9 37.17 5 0.0202 3.80 52.63
Mean, Xi (%) 37.16 Mean, Xi (%) 53.65
Standard deviation, s 0.0497 Standard deviation, s 1.2248
Dispersion, s? 0,0081 Dispersion, s? 1.5003
Relative standard deviation (in relation Relative standard deviation (in relation
0.0013 0.0228
to the average result), sr to the average result), sr
Relative standard deviation, RSD,, (%) 0.13 Relative standard deviation, RSD,, (%) 2.28
Standard deviation of the average 0.0222 Standard deviation of the average 0.5478
result result
Relative standard deviation of the 0.0006 Relative standard deviation of the 0.0102
average result average result
Relative standard deviation of the 0.05981 Relative standard deviation of the 1.021
average result in %, RSDx (%) ’ average result in %, RSDx (%) ’
Confidence probability, P 95 % Confidence probability, P 95 %
The numerical value of Student’s The numerical value of Student’s
coefficient t (95%, 4) 2.7764 coefficient t (95%, 4) 2.7764
The half-width of the confidence 0.06 The half-width of the confidence 152
interval of the average result Ax ) interval of the average result Ax )
The half-width of the relative The half-width of the relative
confidence interval of the average 0.0017 confidence interval of the average 0.02835
result Ax,r result Ax,r
The relative uncertainty of the average The relative uncertainty of the average
0.17 2.83
result, % result, %

Metrological characteristics of the average results
are presented in Tab. 5 (for silver), 6 (for iron) and 7
(for silver and iron in one sample); it has been shown
that the method gives reproducible results.

To compare the methods for the simultaneous and
separate quantitative determination of silver and iron
(I) Fischer test F was calculated. Its comparison with
the tabular value of the distribution percentage point
F (P,,v,,v,) [14] shows that the discrepancy between
the values §% and S%, is not significant in both cases -
for silver and iron, respectively (5%, and S%, - are dis-
persions of separate and simultaneous determina-
tions), the reproducibility of both series are the same
(dispersions are homogeneous).

The data of the results of the study of Ag@Fe,0,
nanocomposite obtained earlier by the methods of
XDA and AAS [19] were compared with the results of
quantitative determination of silver and iron by tit-
rimetry. Analysis of the results of the content of mag-

netite in the sample took into account the gravimet-
ric form (magnetite) and the analyte (iron III), for
this purpose the analytical factor - 1.37 was deter-
mined [20].

Tab. 8 gives the comparative characteristics of the
results obtained by different methods. The discre-
pancy between the percentage of the main compo-
nents in the composite does not exceed 7-10% for
magnetite and 10-20% for silver.

The results of determination of the quantitative con-
tent of Ag@Fe,0, nanocomposite by the method pro-
posed confirm the given core/shell molar ratio of 1 : 0.5
previously determined [21]. Therefore, this method can
be recommended for use when developing the quality
control methods for the substance mentioned above.

Experimental Part

The quantitative determination of silver and iron
in the Ag@Fe,0, nanocomposite under research by
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Table 7

Metrological characteristics of the average result of quantitative determination
in the simultaneous presence of silver and iron (lll) in one sample

n Sample weight The volumg of KSCN The volume (?f Thg silver gontent . The cgntent pf
0.01 M titrant Na,S,0, 0.05 M titrant in % (Xi, %) iron (ll) in % (Xi, %)

1 0.0201 6.95 3.85 37.48 55.31
2 0.0203 6.75 3.90 37.37 54.53
3 0.0199 6.80 3.90 37.15 54.64
4 0.0200 6.95 3.85 37.49 53.88
5 0.0202 6.95 3.80 37.48 53.10
Mean, Xi (%) 37.39 54.29
Standard deviation, s 0.1450 0.8374
Dispersion, s? 0.0210 0.7012

The numerical value of Fisher test F (99%, 5) 15.98

Fischer test, F 2.5963 2.1397
Relative standard deviation (in relation to the average result), sr 0.0039 0.0154

Relative standard deviation, RSD,, (%) 0.39 1.54
Standard deviation of the average result 0.0644 0.3745
Relative standard deviation of the average result 0.0017 0.0069
Relative standard deviation of the average result in %, RSDx (%) 0.1734 0.6897

Confidence probability, P 95%
The numerical value of Student’s coefficient t (95%, 4) 2.7764

The half-width of the confidence interval of the average result Ax 0.18 1.04
The half-width of the relative confidence interval of the average result Ax,r 0.0048 0.0192

The relative uncertainty of the average result, % 0.48 1.92

the kinetic method was performed using two appro-
aches: 1) separately, in individual samples; 2) simul-
taneously in one sample.

Silver was determined using thiocyanometry by
Volhard’s method [16]. The indicator in this method
is Fe®* ions, which forms soluble, red complex ions
([Fe(SCN),], [Fe(SCN),], [Fe(SCN)]#, [Fe(SCN),]*) with
SCN- ions in the end point of titration. The thiocya-
nate complexes of iron (II) are not formed to the end
point since thiocyanate ions, first of all, bind to AgSCN.

Before starting the experiment the control experiments
were carried out. The first experiment for determi-
nation of silver - the sample contained magnetite na-
noparticles and other necessary components except
silver. The second experiment for determination of
iron - the sample contained silver nitrate and the ne-
cessary components except iron.

Determination of the composition of nanopartic-
les was started with quantitative determination of sil-
ver. The accurately weighed quantity of the sample

Table 8

The comparison of the results of the quantitative content of silver and iron (lll) in Ag@Fe,0,nanocomposite

Method Analytical signal The content of components, % Accuracy of measurements, %
The phase composition' The phase content, w %
XDA Fe,O, JCPDS # 88-315 67 +2.5%
Ag JCPDS # 87-717 33
Analytical lines? Content, %
Fe # 248.3 nm, 51+2 o
AAS calculated with reference to Fe,0, 69.87+2 3-5%
Ag #328.1 nm 29.6+1.5
The end point 3 Content, %
- Fe - discoloration of the solution, 54.29+2.0 00 (190
Titrimetry calculated with reference to Fe,O, 74.38+2.0 0.01%-+0.02%
Ag - precipitate AQSCN 37.17+0.3

Notes: 1. The number of substance according to the X ray card-file in the JCPDS (the Joint Committee of Powder Diffraction Standards) database
of powder diffraction standards, PDF2. 2. Resonance lines (absorption signal) in the spectral range that is characteristic for the element.

3. The colour change of solutions, precipitation.
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(0.0200 g) was quantitatively placed to a volumetric
flask (250 ml) adding 6M nitric acid and boiled to com-
plete dissolution of Ag@Fe,0,; the process was ac-
companied with intensive evolution of a brown gas.
After the gas evolution the solution containing ions
of silver and iron (I1I) was cooled, and deionized water
was added. The titrant, potassium thiocyanate, was
prepared according to the instructions from the tit-
ration standard of the molarity specified - 0.1 M. For the
experiment 0.05M potassium thiocyanate solution pre-
pared by dilution of the stock solution was used. The
product of analysis obtained as a result of dissolution
was titrated with 0.05M KSCN solution, and a white
precipitate AgSCN was formed. The titration was stop-
ped when a stable pale pink colour of the solution
appeared; it indicated the complete precipitation of
silver ions. To the resulting solution 1 ml of the con-
centrated hydrochloric acid was added by a micropi-
pette, then potassium iodide was added, thoroughly
mixed, closed with a glass stopper and left for 10-15 min
in a dark place. Then the stopper on the flask was was-
hed with deionized water, and the liberated iodine was
titrated with sodium thiosulphate solution (Na,S,0,
solution was prepared according to the instructions
for the titration standard of the molarity specified -
0.1 M, diluted to the required concentration, and its
titre was determined). In the process of titration, when
approaching the point of the analytical signal, the so-
lution had a pale yellow colour, then the solution of
starch was added (the solution became blue). The tit-
ration was continued with vigorous stirring to disco-
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liable method for quantitative determination of the
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Fe,0, type has been developed. Using it silver and
iron (III) can be identified in a single sample; and it
can be recommended for use when developing the
quality control methods for Ag@Fe,0,. The content
of silver (37.17+0.3) and iron (III) (calculated with
reference to Fe,0, - 74.38+2.0) confirms the given
molar ratio of the core/shell.

1. Nikiforov V. N., Filinova E. Y. Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim, Germany, 2009, Vol. 10, pp.393-455.

B W

2006, Vol. 11, No.12, pp.374-396.

NSO

Berry C, Curtis A. ]. Phys. D. Appl. Phys, 2003, Vol. 36, No.13, pp.198-206.
Lu A.-H.,, Salabas E. L., Schuth F. Angew. Chem. Int. Ed., 2007, Vol. 46, pp.1222-1244.
Gorbik P. P,, Petranovskaya A. L., Turelik M. P, Pilipchuk E. V. Himiya, fizika i tekhnolohiya poverhnosti - Chemistry, physics and surface technology,

Mahdavi M., Ahmad M. B, Haron M. ], Namvar E. Molecules, 2013, Vol. 18, pp.7533-7548.

Sondi I, Salopek-Sondi B. Journal of Colloid and Interface Science, 2004, Vol. 275, pp.177-182.

Nagarajan S., Yong Z. Use of C. Recent Patentson Biomedical Engineering, 2008, Vol. 1, No.1, pp.34-42.

Pat. No. 95222 Ukrayina MPK (2014.01) C 01 G5/00, C 01 G49/00. Sposib oderzhannya magnitnoho nanokompozitu Ag@Fe304 z ostrivkovim

pokrittyam / T. M. Chan, Ye. Ya. Levitin, O. S. Kryskiv (Ukraine); Natsionalniy farmatsevtichniy universitet, Ne u 2014 07878. Zayavl.: 14.07.2014.

Opubl.: 10.12.2014, Byul. No.23, 5 s.

9. Moskalenko V. E, Chekman I. S., Chernih V. P. Klinichna farmatsiya - Clinical Pharmacy, 2010, Vol. 14, No.11, pp.6-12.
10. Fadeeva V. 1, Shehovtsova T. N., Ivanov V. M. Praktichne rukovodstvo. Uchebnoe posobie dlya vuzov (Practical guide. Textbook for high schools), pod

red. Yu. A. Zolotova, Moskow, 2001, 463 p.

11. Amendola V, Bakr O. M., Stellacci F. A. Plasmonics, 2010, Vol. 5, pp.85-97.

12. Seyda B., Banu Ya., Ali Demir S. INTECH Open Access Publisher, 2012, Vol. 2(3), No.7, pp.165-200.
13. Karimi M. A., Mohammadi S. Z., Mohadesi A. Scientia Iranica, 2011, Vol. 18(3), pp.790-796.

14. Derzhavna Farmakopeya Ukrainy - 1-e vid. Derzhavne pidpriemstvo “Naukovo-ekspertniy farmakopeyniy tsentr” (State Pharmacopoeia of Ukraine -
first edition State Enterprise “Scientific and Expert Pharmacopoeia Center”), Kharkiv: RIREG, 2001, pp.438-439, Supp. 1, 2004, 520 p.

15. Vidra F, Shtulik K., Yulakova E. Inversionnaya voltamperometriya (Stripping voltammetry). Perevod s cheshskogo k. him. n. V. A. Nemova pod red. d.

him. n. B. Ya. Kaplana. Moskow, 1980, 278 p.

16. Pyatnitskiy 1. V,, Suhan V. V. Analiticheskaya himiya serebra (Analytical chemistry of silver), Moscow, 1975, 264 p.

17. Gurieva R. F, Savin S. B. Zhurnal analiticheskoy himii (Journal of Analytical Chemistry), 2000, Vol. 55, No.3, pp.280-285.

18. Korostylev P. P. Titrimetricheskiy i gravimetricheskiy analiz v metalurhii (Titrimetric and gravimetric analysis in metallurgy), Moscow, 1985, 320 p.
19. Chan T. M., Levitin Ye. Ya, Kryskiv O. S., Vedernikova I. A. Journal of Chemical and Pharmaceutical Research, 2015, Vol. 7(5), pp.816-819.

20. Lurie Yu. Yu. Spravochnik po analiticheskoy himii (Handbook of Analytical Chemistry) Moscow, 1989, pp.92-101.

21. Levitin Ye., Chan T, Kryskiv 0., Skoryk M. Scripta Scientifica Pharmaceutica, 2015, Vol. 1, pp.39-45.

Hapiimna go pegakuii 04.02.2016 p.

35



ISSN 2308-8303 Journal of Organic and Pharmaceutical Chemistry. — 2016. — Vol. 14, Iss. 1 (53)

YIK 547.238 + 547.239.2 + 547.793.3

AMIJIOKCUMH TA IX 3AMACKOBAHI NOXI/ZIHI AAK MPOJIIKU
AMIZAWHIB, MIMETHKIB APTTHIHY

0.B.OBgiituyk, O.B.l'opaienko*
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Knatouosi cnosa: amidokcumu,; npoaiku; cuHmes; amiouHu; nodsitiHi npoaiku, 6ioakmusayis; 6iodocmynHicms

Cucmemamu3dosaHi nimepamypHi 0aHi Wodo 8uKopucmaHHs1 amidoKcumig 5K rporiikie amiouHie — MiMemukie ap-
eiHiHy. HasedeHi nepesaeu, siki Halae Memod 8uKkopucmaHHs amidOKCUMI8 5K nNporiiKie, wo cmarno 3acobom Ons
rokpawieHHs1 ¢hizuko-ximiyHuXx, bioghapmauesmuyHUX YU ghapMaKoKiHemMuUYHUX enacmusocmel ¢hapMakoro2iyHo
akmueHux azeHmis. OnucaHul MexaHi3M ix akmusauji in vivo 0511 8UsirlbHeHHsSI akmueHoi ¢hopMmu Jlikie 3a doro-
mozoto mARC-emicHoi N-8idHO8M08anbHOI cucmeMu eH3uMi8. Y3aearnbHeHi 0aHi rnpo 3acmocysaHHs1 cmpameail
«amidokcumu 3amicmb amiOuHie» y dusalHi nporikie. [MpedcmasneHi npuknadu rporsiikie 3 pisHoMaHImHor 6ioro-
2i4HOI aKmueHICMI: aHmurnpomo30UHO, aHMumMpPoMbOMUYHO, iHeibimopu cepuHo8UX rpomeas CyribhOH-
amiGHo20 mury, MPOMmMusIpyCcHi MPOosTiKu, 8rpoeadxeHi 8 npakmuky abo 3Haxo0ssmbcs 8 cmadil KiiHiYHUX docnio-
xeHb. Okpim o02r1sdy memodie cuHmesy amiOoKcumie HagedeHi makox Memoou CUHMe3y 8xe 8i00MUX MPOITiKie.
OnucaHo Hosul nidxid 0o moducgbikauii nikie — saukopucmaHHs nodsiliHux nponikie. Taka cmpameeis 00380r1s€
ompumamu MoxiOHi 3i 3HUXXEHOK OCHOBHICMIO ma MOoKpaWeHo NinoginbHicmr, a moMmy Kpawoto 6iodocmyr-
Hicmro. [NpedcmaeneHo cuHmes [JabizampaHy emekcunamy (Pradaxa) — €eOuHo20 koMepuiliHo docmyrnHo20 iH2ibi-
mopa mpomb6iHy Orisi opanibHO20 3acmocysaHHs, KUl € nodsitiHuMu rporikamu OabizampaHy, a makox amiou-
HO80I' ma amiOOKCUMHOI noxiOHUX MpomusipycHo20 rnpernapamy ocenbmamisipy (Tamigpnro). 1,2,4-Okcadiazonu
K 3amackosaHi nponiku amiookcumie Bynu 3acmocoeaHi 8 du3aliHi MomMeHuUitiHUX MpomuManspitiHux, npomu-
epubkosux npenapamie ma 05151 ompuMaHHsi Hosux oparnbHux GPIIb/Illa aHmazoHicmie.

AMIDOXIMES AND THEIR MASKED DERIVATIVES AS PRODRUGS OF AMIDINES — ARGININE MIMETICS
0.V.Ovdiichuk, O.V.Hordiyenko

Key words: amidoximes; prodrugs; synthesis; amidines; double prodrugs; bioactivation, bioavailability

The literature data concerning the use of amidoximes as prodrugs of amidines — arginine mimics — have been
systematized. The advantages of the use of amidoximes as prodrugs that have become a tool for improving
physicochemical, biopharmaceutical or pharmacokinetic properties of pharmacologically active agents has been
highlighted. The mechanism of their in vivo activation by the mARC-containing N-reductive enzyme system to
release the active parent drug of amidoximes has been described. The data on application of the “amidoximes
instead of amidines” strategy in the prodrug design have been summarized. The examples of prodrugs with a
wide range of biological activities such as antiprotozoal and antithrombotic activity, as well as inhibitors of serine
proteases of the sulfonamide type, antiviral prodrugs have been given. They are either introduced into production
or are at the stage of clinical trials. In addition, the synthetic methods for amidoximes, and the synthesis of the
known prodrugs have been also shown. The new approach to the drug modification — the use of double prodrugs
has been described. This strategy allows to obtain the derivatives with less basicity and improved lipophilicity,
therefore, with better bioavailability. The synthesis of a single commercial oral thrombin inhibitor dabigatran etexi-
late (Pradaxa) as a dabigatran double prodrug, as well as amidine and amidoxime derivatives of the antiviral
oseltamivir (Tamiflu) has been presented. 1,2,4-Oxadiazoles, masked amidoxime prodrugs have been used in
the design of potential antimalarial, antifungal drugs and in order to obtain new oral GPIIb/llla antagonists.

AMULOOKCUMbI U UX 3AMACKUPOBAHHBIE IMTPON3BOAHbIE KAK NMPOJIEKAPCTBA AMUAWHOB,
MUMETUKOB APIrMHUHA

0.B.0Oedutlivyk, O.B.MlopdueHko

Knrovyeenie criosa: amMudoKcuMbl; nporekapcmea; cuHme3s; amuduHbl;, 080UHbIe rporiekapcmea; buoakmueayus;
buodocmynHocmb

Cucmemamu3uposgaHbl fiumepamypHbie 0aHHble 06 UCronb308aHUU aMUGOKCUMOB KaK rporiekapcms amMuduHo8 —
MumMemukoe apauHuHa. lNpusedeHsbl npeumyujecmea memoda Ucronb308aHUsT aMUOOKCUMO8 KaK rporiekapcms,
Komopble cmarsu cpedcmaeom Orisl yrlyHWeHUsT hu3UKO-XUMUYECKUX, buoghapmMayesmuyecKux unu chapMakoKUHe-
muy4ecKux ceolicme ¢hapMaKkonoauyecku akmueHbix ageHmos. OnucaH MexaHu3M ux akmueayuu in vivo Orisi 0ceo-
60x0eHusi akmugHol ¢popMebl iekapcmea ¢ nomouwbto mARC-codepxaweli N-eoccmaHosumernbHol cucmemb!
9H3uUMos. Ob60buwieHbl daHHbIe 06 UCMOMb308aHUU cmpameauu «aMudOKCUMbI 8Mecmo aMuduHo8» 8 du3aliHe
nponekapcms. NpusedeHb! npumepbl MpoeKkapcmas ¢ pazHoobpasHoU buonoa2u4ecKkoli akmugHOCMbIO: aHMu-
rpomo3oliHol, aHmumpombomuyeckou, UHaubumopbl CEPUHOBLIX Mpomea3 cyibghoHaMUOHO20 muna, Mpomueo-
8UpPYCHbIe rposiekapcmea, 88e0eHHbIe 8 MPaKMuKy Unu Haxo0suwuecss Ha cmaduu KITUHUYECKUX UcCrblimaHud.
Kpome o63opa memodos cuHmesa amMudoKcuMo8 rnpugedeHbl makxe MemoObl CUHmMe3a yxe U38eCmHbIX po-
nekapcme. OnucaH Ho8bIl Modxo0 K MOOUGbUKaUUU flekapcme — Ucronb30e8aHue 080UHbIX rposiekapcme. Takasi
cmpameausi 103807155em 1os1y4uma Mpou38o0HbIe ¢ boriee CHUXEeHHOU OCHOBHOCMbIO U YITy4UWeHHOU unoguris-
Hocmbto, a nomomy ny4wet buodocmymnHocmabto. [pedcmaeneH cuHme3 [JabuesampaHa samexcunama (Pradaxa) —
e0UHCMBEHHO20 KOMMepYecKu 0ocmyrnHo20 uHaubumopa mpombuHa Or1s opasibHO20 MPUMEHEHUs!, KOmopbil
sen1siemcsi 080UHbIM nponekapcmeom dabuzampaHa, @ makxe aMmuOUHOB020 U aMUOOKCUMHO20 MPOU3B00HbIX
1pPoOMuBo8UPYCHORO rpernapama ocenbmamusupa (Tamugrnio). 1,2,4-Okcadua3osnibl — 3aMacKupo8aHble rporsie-
Kapcmea aMudoKcuMOo8, bbiriu UCrofb308aHbl 8 Ou3aliHe nomeHyuarnbHbIX aHmuMarnspulHbIX, aHmuepubKosbIx
npenapamos, a makxe 07151 Mofly4eHusi Hoebix opasibHbix GPIIb/Illa aHmazoHUcmos.

36



XKypHan opraHidyHoi Ta hbapmaueBTUYHOI Ximii. — 2016. — T. 14, Bun. 1 (53)

ISSN 2308-8303

PesysbTaTH focaimkeHsb y xiMmii Ta 6iosioriuHoMy
3acTocyBaHHI aMiZilokcuMiB, ony6siikoBaHi o 2008 pik,
y3araJibHeHi B orsisgax [1-3]. [IpoTe fotenep 3'siBu-
JIOCh 6araTo HOBUX JIOC/Ii/IPKEHb, 30KPEMa, B HAMTPSIMKY
BUBYEHHS Ta JIU3alHy JIiKiB, a caMe BUKOPHUCTaHHA
aMiZIOKCUMIB Ta X MOXiIHUX SIK MPOJIiKiB (aHIVI. pro-
drugs) amianHiB Ta MexaHi3MiB iX mepeTBopeHHs (aK-
TuBaii) (cxema 1).

AMIJIOKCUMU € CIIOJTYKaMH, 1110 BOJIOAIHOT TiPOKCi-
iMiHHOIO0 Ta aMiHOQYHKIIi€0 611 0JHOr0 aTOMa Kap-
GOHY, 2 TOMY CTPYKTYPHO MOB’sI3aHi 3 aMifilamMu, aMi-
JVHAaMU Ta riIpOKCaMOBUMMU KUCJIO0TaMU. AMIiJIUHY,
B CBOIO Uepry, AiI0Th IK 6ioi30cTepu aMiHOKHCIOTH
apriiny, 3apsKxeHUN 6iYHUHN JIaHLOT SIKOI B3aEMO-
Jli€ 3 [[iIbOBUMU MOJIEKYJIAMU Ta BiAmoBila€ 3a dpap-
MakoJioriyHi epextu. barato rpyn sikiB Ta kKaHAH-
JaTiB Ha JIIKM MalTh aMiIMHOBEe YIPyNOBaHHS, Ha-
NPUKJIaZ, iHTIGITOPYU CEpUHOBHUX IPOTEA3, TaKi SIK iHTi6i-
TOpU TPOMbiHY, iHTi6iTOpU pakTopa Xa Ta Vlla [4, 5].

AMiZiMHY TaK0 BUKOPUCTOBYIOTBCA IK aHTHIIA-
pa3uTHI, aHTHOaKTepia/bHi Ta aHTUMAJISAPiHI areH-
TH [6-9] a60 aHTaroHiCTHU pelenTopa IJiKonpoTeiHy
[Ib/1l1a [10]. [TpoTe 1i ciosiyku Ay»xe rifpodinbHi i
IPOTOHYIOTHCA ¥ $Hi3i0/IOTIYHUX YMOBAX Mo Sp2-ri6-
PHUAU30BAaHOMY aTOMY HITPOTreHY, yTBOPIOIOYH Me30-
MepHO BUCOKOCTabis1i3oBaHi KaTionu (cxema 2). Ta-
KWUU KaTiOH HeOOXiJHUH AJ1s1 B3aEMO/Iii 3 HEraTUBHO
3apsA/KEHMMU KapboKcuIaTaMu abo LiJIbOBUMH MO-
JIEKyJIaMU, aJie Lie epelKo/pKae abcopbuii 10 Ly H-
KOBO-KHIIIKOBOTO TpakTy [11].

[ls1 mpo6JieMa Moke 6YTH BUpillleHa IIJISIXOM BU-
KOPUCTAHHSM MPOJiKiB - 6i03BOPOTHUX MOXiJHUX
MOJIEKYJI JiKiB, 110 Z10J1at0Th $i3MKO-XiMiYHMM Ta 6io-
JIOTIYHUH 6ap’epu Ta NepeTBOPIOIOThCH in Vivo eH-

NH,+
HN" "N < "0
H HN™ H
L-apriHiH
Cxema 1

R fH R H R H

>:NH — %N -~ N

+ \ \
H,N -H H,N H H, N+ H

Cxema 2. [poToHyBaHHS aMiaVHIB.

> ik Bi

3MMAaTHYHO YM/Ta XIMIYHO, 3BIIbHSAIOUY aKTUBHY (op-
My JiikiB [12-14] (puc. 1). XimiyHa Moaudikanis jikiB
Yepes A0AaBaHHA Npo3ajuiiKa (aHIJI. pro-moiety)
reHepye NpoJliKu.

['as1y3b CTBOpEHHA MPOJIIKIB Y HAalll YacC iIHTEHCUB-
HO PO3BUBAETHCH, i TaKi MpenapaTH 3aCTOCOBYIOThCS
BCe IIMpIlle B MeJU4Hii npakTulli. CTBOpeHHs Npo-
JIIKiB Ma€ Ha MeTi «1}IJIbOBY JJOCTaBKY» JIIKAPCbKOTO
npenapaty (HanpukJag, /il HepopajbHUX Mpena-
parTiB, 1110 He IOBUHHI pO3MaJaTUCA B LIJIYHKY, a TiJb-
KU B KUIIIEYHUKY ), 3MEHILIeHHS TO6IYHUX epeKTiB (Ham-
PHKJIa/J, TO/Ipa3/IMBOi [Iil HA CJIM30Bi 060JIOHKH, 3MEH-
IIeHHSI TOKCUYHOTO epeKTY TOL0), NOL0BXKEeHHS JIi-
KyBaJIbHOI il npenapaty [15].

Havikpamum migxomom AJ1s oKpaileHHs 6io10-
CTYIHOCTI aMiIUHIB € cTpaTeris aMiZJOKCUMIB SK IIPO-
JIiKiB. N-TiIpOKCU/IbOBaHI aMiJINHHU, TOGTO aMiJJOKCH-
MU, € MEHILI OCHOBHUMU 3aBJSKU aTOMY OKCUTEHY,
a TOMY BOHU He MPOTOHYIOThCA Y Pi3iosIoriyHUX yMo-
Bax, 1110 Be/Jle /10 MOKpallleHHs iX 6i04,0CTyNHOCTI.

1. CuHTe3 aMigoKCcuMiB

Haii6inbin BXKUBaHUM METO0M CUHTE3y aMi/io-
KCUMIB € peakllist HITpuJiB 3 riipokcuaminom [1, 2]
(cxema 3). MeToguka nepe/i6avae BUBI/IbHEHHS TiJl-
pPOKCHUJIaMiHY 3 TiIpOXJI0PUY Jli€l0 KapOOHATY HAT-
pito, lolaBaHHA €KBiBaJIeHTHOI KIJIBKOCTI HITPUJY B
CIIMPTI Ta BUTPUMYBAHHSA CyMilli 3a TeMnepaTypu
60-80°C BIpo10B:K KiJIbKOX ['OAUH. 3aMicTh Kap6o-
HaTy HaTpil0 MOXHAa BUKOPUCTOBYBATHU TiiPOKCU,
KaJlifo a60 HaTpilo, METOKCH/J, ab0 eTOKCH/, HaTpilo,
aste 1e 3HWXKYE Buxiz,. 1106 yHUKHYTH Bif/iieHHS Bij
XJIOPUJIB MeTaJlliB, pPEKOMEHYETbCS BUKOPUCTOBY-
BaTH PO34YMH BUIBHOIO TiIPOKCUIAMiHy B aOCOJIIOT-
HOMY MeTaHoJii abo eTaHoui. Halikpalii Buxogu croc-
TepiralThCs NPYU BUTPUMYBaHHI HiTpuy 3 15% Hag-
JIMIIKOM TiZ[pOKCcUJIaMiHy B 6y TaHOJIbHOMY PO34HHi
npu 60°C BnpoZoBx 48 roa.

51 peakiiis € He Ji1Ille BUCOKOe(EKTUBHOIO Ta IIPU-
BO/IMTD [0 BUCOKHMX BUXO/iB aMiJOKCUMIB, ajie ¥ KO-
pHCHa 3 OIVIsIly Ha KOMEPLIIMHY JOCTYIHICTb HITPUJIIB.

3aB/AKM PO3BUTKY METO/IB | TEXHIKU eKCIlepu-
MEHTY aMiZJOKCHMHU Ha CbOT'OAHI MOXKYTb 6YTH TaKOXK
CUHTE30BaHi TBepA0da30BUM CUHTE30M. Y [[bOMY BH-
NaIKy peakllis mepe6irae Mixk HITpUJIOM, 3B’ I3aHUM

> Nikm >  Tposamvwok >
> Nlikm >  Mposanuiiok ! EHaumaTnuHe
| Talum ximiyHe
Elap lep nepeTBOpPEeHHs
> Jlim DO +> T[posanuuwiok >

Puc. 1. CnpolueHe 306paxeHHs1 KOHLEenNLii Nponikis.
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N—OH S
/
RCN + NH,OH-HCl ———> R‘< - + NH,OH-HCI
N32C03 NH2 Na2co3 NH2
Cxema 3. CnHTE3 aMigoKCcUMIB.
N—OH N—OH N—OH
NCS R'R2NH + = 1R2
rR—( —> r—~ [R —=N"0 } RIRENH_ R4</
H Cl NR'R?
Cxema 4. CMHTE3 3aMilleHMX aMifoKCUMIB.
AN
/NH - e NADH
MTOXpom b NADH
mARC H P B 5| umtoxpom b,
Tany pegykTasa
/N-OH NAD*

Puc. 2. mARC Ta ii N-BigHOBMtoBanbHa chepMeHTHa cuctema, wo Mictute mARC, untoxpom b, Tuny B i NADH umtoxpom b, peaykrasy.

3 [I0JIIMEPHOI0 MiAJI0KKOM0, Ta FiipoKcuiaMiHOM. Ta-
KUH aMiZJOKCUM Ha TBepZA0MYy HOCII B IOJa/IbIIOMY MO-
»Ke 6y T BUKOPUCTAHUMN JJIs1 HACTYIIHUX CHHTETHY-
HUX IepETBOPEHb.

3a BiZICYTHOCTI OCHOBM HarpiBaHHS HITpUJy 3 TiA-
POXJIOPU/OM TiIpPOKCUJIAMIHY Y BOAHO-METAaHOJIbHO-
My PO34YMHI Ja€ TiIPOXJIOPUJ, aMiJOKCUMY.

Peakuiq riipokcuiaminy 3 TioaMiZjoM KMCJIOTH
MOKe Oy TH BUKOPHCTaHA Y BUIIAJKY, IKIIO BiH € O1/1bIL
JIOCTYIIHWM 32 BiJINOBiAHMI HITPUJI 260 3 METOIO MiJ-
BUILIEHHSI BUXO/Y, 30KpeMa, SIKIL0 BUXi/iHAa peYOBHHA
MIiCTUTb eJIEKTPOHOAKIeNTOPHI rpymnu [2] (cxema 3).

['igpokcaMoinx0py/iu 3 aMOHIaKOM JIETKO YTBO-
PIOIOTH aMiZIOKCUMU 4Yepe3 CTakito JerigporajioreHy-
BaHHSA 3 $OopMyBaHHAM HiTpuiokcuay (cxema 4, R?,
R? = H). Tako I[UM METO/|0M B3aEMO/IIEI0 3 aMiHaMU
MO:xHa oTpruMaTH N-3aMilieHi amigokcumu [2] (cxema 4).

[HIII MeHII 3arajibHi METOAM CUHTE3Y aMiJJOKCH-
MiB BKJIOUAIOTh peakliil, B AKMX BUXi[HI pe4OBUHHU
€ NOXiTHUMHU aMiIOKCUMIB: a) Bi/[HOBJIEHHS HITPO30J10-
Boi RC(=NOH)-NO kucnotu H,S Ta HiTposioBoi RC(=
NOH)-NO, kaTasiTHuHUM riApyBaHHAM HaJ Pt; BijHOB-
JieHH rigpokciamigokcumis, Hanpukiaaz, PhC(=NOH)-
NHOH 3a gonomoroto SO,; 6) fisi riApokcuIaMiny Ha
riapoxsiopugu amiguHiB RC(=NH)NH,HC], amigpaso-
Hu RC(=NH)-NHNH,, iminoeTepu RC(=NH)-OR’ Ta imizo-
inxnopuau RC(=NH)-Cl; B) zis amiaky Ta amiHiB Ha
okcuMiHoetepu RC(=NHOH)-OR’; r) BizHOBJ/IIOBa/IB-
He po3kpuTTs C-0 3B'a3Ky nukJy 1,2,4-okcaziazois
Ta 1,2,4-okcazgiazonoHiB gieto LiAlH,, o Bese g0 N-3a-
MillleHUX aMioKcuMiB [2].

2. MpuvHuKnn 6ioakTUBaLii aMigoKCcUMIB

AKTHUBaIis aMioKCUMIB BiZiOyBa€eThCA in Vivo B
MITOXOH/pisX. BiflHOBJIEHHA TPOXOAUTD 3a LOIIOMO-
roto N-BiJTHOB/IIOBAJIbHOI CUCTEeMU eH3UMiB [16] (puc. 2).
[l pepMeHTHA cucTeMa 3/JlaTHA BiITHOBJIIOBATH Pi3-
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HoMaHiTHi N-rijpokcusiboBaHi cy6CcTpaTH B MPUCYT-
Hocti NADH.

Y npucytHocti NADH npoTteinn mARC (a1 mito-
chondrial Amidoxime Reducing Component) BUsIBJsI-
10Tb N-BiIHOBJIHOBaJ/IbHY daKTUBHICTb pa3oM 3 JBOMa
€JIEKTPOH-TPAHCIIOPTHUMHU NIPOTEIHAMHU — LIUTOXPO-
MoM b, Tuny B i NADH puToxpomom b, peaykTasoro.
[la cucTeMa eH3UMiB 3/jlaTHA BiJHOBJIFOBATU 3HAYHY
KinbKicTb N-TiipokcuiboBaHUX Cy6CTpaTiB. BoHa Bi-
Jirpae BUpillajbHy poJib y akTUBALLil [IPOJIIKIB 3 aMiZ0-
KCHMHOIO PYTIO0 Ta y Npoliecax JeToKcrukauii N-rigpo-
KCWJIbOBaHUX MMyPHUHOBUX Ta MiPUMiJUHOBUX OCHOB [17].

3. Mpuknaau amigoKCUMIB SIK NPOJIiKIB

3.1. [Ipostiku aHTUNPOTO30MHOr0 Mpenapary
NeHTaMiJuHy

[IpyUHLMI «aMiJOKCUMU 3aMiCTh aMiZiuHiB» OYB
BIEpLIe PO3p06JIeHUH /151 apOMAaTUYHOTO JiiaMifu-
Hy MeHTaMi/IMHY, aHTUIIPOTO30MHOTO Mpemnapary [18,
19]. O6uaBi amMmiAMHOBI rpynu 6y/1M 3aMiHeHi Ha aMi-
JIOKCHMHI, 1110 TPUBEJIO /10 3HAYHOT0 3pOCTaHHs 6io-
JOCTYIHOCTI Ta pO34YMHHOCTI. [IJ1 cCuHTE3y AiaMif-
OKCHMY IeHTaMiIuHY 0Y/10 BAKOPHUCTAHO 4-TiPOKCH-
6eH30HiTpuUJ Ta 1,5-Aub6pOoMoOIIeHTaH, sIKi 3 HATPiEM
y CyXOMy eTaHOJIi JaloTh poMixxHUi 1,5-6ic(4-1iaHo-
deHokcu)nenTad. OcTaHHI# 3 TiAPOXJOPUIOM Tiji-
pOKCUJIaMiHY B IPUCYTHOCTi Kap60OHATYy HATpilo Ie-
PEeTBOPIOETHCS Ha JliaMiloKCUM neHTaMiguny [20]
(cxema 5).

Jlo cboro/iHi po3po6JIeHO GaraTo HOBUX aHAJIOTIB
MeHTaMiZIMHY 31 3Ha4YHO MiJ|BUILLEHOI0 PO3YUHHICTIO —
BaXIMBUM papMaKoOKiHETUYHUM napametpom [21-23].

MoHoecTep 6ypIITHHOBOI KHCJIOTH Ta aMiJOKCUMY
NeHTaMi/MHy OYB 3aaTeHTOBAaHUH, 30KpeMa, 51K 110~
TEeHLIHHUN TepaneBTUYHUH YU MPOPLIaKTUYHUI areHT
IPOTH paKy, IeUIlIMaHi03y, TPUIIaHOCOMO3Y, THEBMO-
Hii Pneumocystis carinii Ta Manspii [24] (cxeMa 6).
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Cxema 5. CuHTE3 AiaMigokcMmy neHTaMignHy.
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Cxema 6. bBioTpaHcdopmallisi Nponikis NeHTaMignHy.

/JlaHi, oTprMaHi B pe3yJibTaTi 6araTbox JA0C/iIKeHb,
NoKasaJiy, 110 aMiJJOKCUMHUH nolepeJHUK ePeKTUB-
HO MEePEeTBOPIOETHCS Ha CBill akTUBHUM aMiJJTUHOBUI
MeTaboJIiT Yepe3 ABOCTA/liliHe BiTHOBJIEHHS i € Ta-
KHMM YMHOM NMOABIMHUMMU npoJsikaMu (aHru. double
prodrug). Y BUTIJIKy eCTepiB CIIOYATKY BiZiOyBa€EThCs
riipoJii3 ecrepa3aMu 3 NOJaJIbIUIUM BiJHOBJIEHHAM
Jlo aMiguHy (cxema 6).

Ils1 cTpaTeris 6yJsia 3acTocoBaHa A0 6araTbox iH-
IIMX aHTUIIAPA3UTHUX Ta aHTUGAKTepiaJbHUX CIO-
JIYK Z1iaMiZJUHOBOTO TUITY, YMI aMiIOKCUMHI IPOJIiKA
NEPETBOPIOIOTHCS HAa CBOI aKTHBHI GOPMH MiCJIst Opaib-
HOr0 3acTocyBaHHA [25-31].

3.2.[Iposikv aHTUTPOMOGOTHYHMX Npenaparis

[[lupokoro 3acTocyBaHHS HAOY/I0 BUKOPHUCTaHHS
aMiJIOKCUMIB IK aHTUTPOMOOTUYHUX NpenapaTis. Bi-
JIOMUI MPUKJIaJ, MOABIMHUX MpoJikiB (a6o mpo-mpo-
JIiKiB) - KcuMeJsiaraTpaH (aHri1. ximelagatran, Exanta,
Astra Zeneca), nepiuni 3aTBepAKeHU N NPSAMUH iHTi-
6iTop TpOoMGiHY /151 OpaJIbHOTO 3aCTOCYBaHHSA [32,
33] (cxema 7).

51 papmakoJioriyHO HEaKTUBHA MOJIEKYJIA TTepeT-
BOPIOETHCA in vivo ectepa3damMu i mARC-BMicHoOo N-Bif-
HOBJIIOBaJIbHOIO (PEPMEHTHOIO CUCTEMOIO Ha CBOIO aK-
TUBHY popMy - MesaraTpaH [34]. Kcumenaratpan
nokasaB GiofocTynHicTh noHaz 20% y Jjwoaei, 1o
6yJ10 CYTTEBUM 30i/IbllIEHHSIM Y IOPiBHSAHHI 3 MeJjia-
raTpaHoM, 6i0/IOCTYIHICTb IKOTO CTAHOBUTS Jiniie 5%.

OpHak nmpoTsaroM KJaiHiYHUX BUIPo6yBaHb 2006 poky
KOMIIaHif 3HsJ/1a IpenapaT 3 NPoJaXKy He3aJ0Bro Mic/s
1ioro 3aTBepKeHHs Yepe3 BUsBJIEHY IelaTOTOKCHY-
HICTB.

JlabiraTpany etekcusat (aHr/. dabigatran etexi-
late, Pradaxa) - eivHU iHri6iTOp TPOMOIHY /1151 Opasib-
HOTO 3aCTOCYBaHH#, JOCTYIIHUI y IpoAaxy. BiH € noa-
BifHUMU MpoJIiKaMH AabiraTpaHy 3 MoKpalieHuMu dpap-
MaKOKiHETUYHHUMHU BJacTuBOCTAMH [35] (puc. 3).

HoBoro Moaudikaliiero gabirarpaHy € MOHOeCTep
OYpPIITUHOBOI KMCJIOTH Ta aMifiokcuMy (cxema 8). Bin
BUABJISE 00pe PO3YMHHICTD, IBU/IKY aKTHBAIliI0 Ta
6iomocTynHicTh Ha piBHI 3 fJabiraTpaHy eTekcu/aa-
TOoM [36]. Pi3ko mokpalijeHa po34YMHHICTb HaIa€ Ie-
peBaru y BUpoOHUIITBI Ta BBe/IeHH] JiikapcbKoi pe-
YOBMHH Ta J03BOJISIE 00X0AUTHCS 6e3 creLiaJlbHOl
TEXHIKM KallCyJII0BaHHS 3 BUKOPUCTAHHSIM I'PaHyJI
BUHHOI KUC/0TU. EcTep cuHTe3yeThCs 3 aMify Aabi-
raTpaHoM, SKUH Moxke 6YTH OTpUMaHUM 3 BiAOBIA-
Horo HiTpuay [37, 38] (cxema 8).

3.3. [IpoJiku cyibdoHaMigHOro TUMY, iHri6i-
TOPHM CEPUHOBHX NpOTeas

HewjozgaBHO cTpaTeris aMiZJOKCUMIB K IPOJIiKiB
OyJ1a 3aCTOCOBAHA /0 iHIIOTO iHrib6iTOpa cCepruHOBUX
npoTeas - cysb$oHaMiZHOI MOXiJHOI yraMocTart. Yia-
MocTtat (Me3ynpos, WX-671) € 6ioJ0CTymTHUMH NPO-
JlikaMH iHri6iTopa ypokiHasu WX-UK1 i nepeTBopio-
€TbCsI HA CBOIO aKTUBHY popMy mARC-BMicHOo0 N-Bif-
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Cxema 7. CuHTe3 MenaraTtpaHy Ta KeumenaratpaHy.

HOBJIIOBaJIbHOIO pepMeHTHOM cucteMolo [39, 40].
CrHTe3 npenapaTy HaBeJleHO Ha cxeMi 7, 3a KO0
aMmigokcuMHa QyHKIiSA Ha ocTaHHIN cTazil 6ysa oT-
puMaHa 3 BiZIIOBIJHOTO HITPUJIy peaKLi€lo 3 Tigpo-
kcusaminoM [41, 42] (cxema 9). YnaMocTat yCIillTHO
npoumos Il ¢asy KJAiHIYHUX TOC/TiIKEHD.
JocaimkeHo 1e psif, iHri6iTopiB cepuHOBUX MPO-
Tea3 cyJIbPOHAMIZHOTO THUILY, aMiZJUHOBE yTPyINOBaH-
HS IKMX TaKO0X 0yJ10 3aMiHEHO Ha aMiZJOKCHMHe 3 Me-
TOIO MOKpallleHHs iX 6iogocTynHocTi [43, 44 (Tabauis).
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Cxema 8. CuHTe3 nponikis gabiratpaHy.

CO,Et HO,C H
Br #7 1) NaOEt 2 auunasa OZCﬁ\\\ Boc,0
+ AcHN - — —_—
2)NaOH . Ox NH NH,
CO,Et j/
CN CN CN
S\ P 0y O
N N Oy O~ Y
NEAR N Y 1) TIPPS.HCI N
HOL o DCC, HOBt N DIPEA, CHCl, [ j
_—
NHBo 2) 4M HCl/miokcan [ j 2) NH,OH, K,CO, N
N EtOH

CN

Cxema 9. CuHTE3 ynamocTary.

3.4. [IpoTuBipycHi npoJiiku

[Towmyk npoJiikiB NPOTUBIPYCHUX NpenapaTiB BU-
pillye oHOYACHO /iBi OCHOBHI Ipo6JieMHy, OB’s3aHi
3 HasIBHUMM B JIJaHUM Yac pe3UCTEHTHUMU LITaMaMHU
IpUIy Ta HECHPUATIMBUMU papMaKOKiHETUYHUMU
BJIACTUBOCTSIMH BiZJoMUX iHTi6iTOpIB HelipaMiHiza3u
(NAIs). Ocenpramisip (Tamiduro) npezacTaBisie nep-
IIMH iHriGiTOp HelpaMiHia3u /i OpaJIbHOTO 3aCTo-
CyBaHHs, 3anyieHud y npogax Hoffmann-La Roche
32000 p. [45]. Xo4a MoJieKy/1a HEBEJIMKA, HAsABHICTh
TPbOX CTEPEOLIEHTPIB pOOUTH I KOMePIiHUH de novo
CUHTE3 JIy>Ke JOPOryMM, TOMY NMPUPOJHI XiHHA Ta ILU-
KiMOBa KMCJIOTU 6YJI BUKOPUCTAHI SIK TPEKypCcopu
JIJ1S1 KOMePIiHOT0 CUHTE3Y ocesibTaMiBipy [46-49]
(cxema 10). HeuonaBHO CHHTE30BaHa 3 OCeJIbTaMi-
Bipy Ta aLeToriJpoOKCUMOIIXJIOPUAY NOXi[HA, AKa €
NO/BINHUMMU NPOJIIKaMH Ta MiCTUTb aMiZJOKCUMHY Ta
eCTepHY IrpyIH, NoKasasia Kpamui ¢papMakoKiHeTHy-
HU# npodinb 3 6iogocTynHicTio 31%), 110 MOXKHA T10-
PiBHATH 3 6ioOCTYMHICTIO ocesbTaMiBipy (36%) [50]

HC|.H2NVK
e

CN

H
[P
s0, Y o

X, .OH
N

YnamocTtat NH

(cxema 10). [lo Toro » KOHIeMNIis NOABIHHUX MPO-
JIiKiB 3a6e3neynsia KUIIIKOBe MPOHUKHEHHS 3a MPocC-
TUM MexaHi3MOM nacuBHoi Audysii. AMiJMHOBUH aHa-
JIOT TAaKO [I0Ka3aB MoKpalleHi ¢papMaKoKiHEeTUYHI
BJIACTUBOCTI Ta aKTUBHICTB IPOTHU OCeNbTaMiBip-pe-
3WCTEHTHUX IITaMIB 3 6iogoctynHicTio 3,9%. Binb-
llle TOTO, NOJJOBXEHHA 5-aMiHO 0 5-aleTaMiJjMHO-
IPYIH € MiHIMaJIbHUMHU 3MiHAMU MOJIEKYJIH, 1110 3MEH-
Y€ PU3UK HenepeJbadeHol TOKCUYHOCTI 260 Heba-
»)KaHUX MOGIYHUX eDeKTiB.

4. IHwi nigxoan Ao Au3aiHy nNposikiB

4.1.N,N’-guriapokcu6eH3aMigMHOBI moXigHI

Ax MoJiesbHI cIONYKHU AJ1s MOMYKY ePeKTUBHUX
npoJiikiB 6ysau gocaimxeHi noxifiHi N-riipokcubeH-
3aMiZluHy Ta HOBUM KJiac npoJikiB - N,N’-quriapo-
KcubeH3aMiauHoBi noxifHi [51, 52] (cxema 11).

['iipokcu/It0BaHHS 10 BOX aTOMaXx HITPOTeHy BeJie
Jlo Lie 6isnbiioro 3uukeHHs pK, 3 6;1u3bko 11,6 a1
amiguHiB Ta 4,8 A1d amigokcumis A0 mpubn3HO 3,8
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Cxema 10. AMigMHOBa Ta aMigoKC1MHa NOXiAHI ocenbTamiBipy.

y Bunajky N,N’-qurigpokcubeH3amMiiuHy, 1110 A,03-
BOJISIE MOJIEKY/IaM OYTH ITOBHICTIO He3apsiPKEHUMU
B ¢isiosoriuHux ymoBax. ¥ BUNaAKy aMiZJOKCUMIB
WIBUJKA Aerpajalia 4o aMiiUHIB i BIJIMBOM €H-
3UMIB BiZI0OYBAETHCS MiCJsl OPAJILHOTO 3aCTOCYBaH-
HS Ta NepeBaXka€ HaJ, MOBHOIO abCOPOIfi€r0 MIJIyH-
KOBO-KHUILIKOBUM TpakToM (cxema 12). HasgBHicTb f0-
JaTKOBOI TiIPOKCUTPYIIH CIIOBIJIBHIOE BiJHOBJIEHHA
Jlo aMiJInHIB B 4-5 pa3iB, 0CKiJIbKU MOTpebyeE 10aaT-
KOBOI cTa/il.

4.2. 1,2,4-Okcazia30/iM 1K 3aMaCKOBaHi npo-
JIIKM 10 aMiI0OKCHMMIB

[HII010 CcTpaTeriero MpoJIiKiB A0 aMiZJOKCUMIB € BU-
KOPUCTAHHA OKCa/ia30JI0HIB Ta OKCaZia30J1iB, 1110 BUC-

42

CO,H j _CO,Et

“ﬁf“” ~

AMignHOBI nikn AMIQOKCUMHI Nponiku
3,9% opanbHoi 31% opanbHoi
BiogocTynHocTi BiogocTynHoCTi

z...

TYMNaTh ¥ PoJii 3aMacKoBaHOI aMifnHOBOI GyHKIi 3i
3MEHILIEHOI OCHOBHICTIO, i/IBUIIIEHOIO JTiMO}iIBHICTIO,
a TOMY Kpallioro 6ioiocTymHicTio. MeTo/1 6yB epeKTUBHO
3acrocoBaHui Ouattara et al. asis1 cunTesy 1,12-6ic-(N,N*-
aleTaMiIMHIJ) 10/IeKaHOBHUX TOXiJTHUX IK HOBUX ITPOTH-
MasIIpiiHUX npoJtikiB (cxeMa 13) [53].

[H11i Gic-0Kca/ia30/1bHiI/0KCa/1ia30/I0HOBI MOXiI-
Hi 6yJIM AOCTipKEeH] sIK TOTEeHLiMHI MPOTUTPUOKOBI
npoJiiku (cxema 14) [54].

[yk/1iuHa aMiMHOTpyIIa TaKOX MoKa3asa cebe K
epeKTHBHUH 3acib y cMHTe3i 3aMacKOBaHUX 6iofi0-
CTYIHUX aMiZIUHIB J1J11 oTpuMaHHs opasibHUx GPIIb/Illa
AHTAroHICTIB 31 BUAKUM [10YAaTKOM i IPOLOBXKEHOIO
TpuBasicTio fii (cxema 15) [55].
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0 o
N—OH_HCI N/O O\N
H,N NH, + Eto— 2ctapii NN N/
2 W 2 _<CH b >/ \/{/\]\/ \(
* H,C CH

3

Cxema 13. CuHTe3 oKkcafia3onoHOBUX NPOTUMAnSpPIAHMX NPOrTiKiB.
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Cxema 14. CuHTE3 NOTEHUIHMX NPOTUrPUOKOBMX NPONIKIB OKCaia3orbHOro/oKCaaia3onoHOBOMO TUMY.
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Cxema 15. CuHTe3 okcagiazonbHux GPIlIb/Illa aHTaroHicTiB.
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BucHoBkM KiHETUYHUX BJIAaCTUBOCTeN PpapMaKoJIOTiYHO aKTUB-

HUX areHTiB. AMiIOKCHMUY, AKi HOPIBHAHO 3 aMiiUHaMH

KoHuiemnuiist npoJiikis, 1[0 HabyBa€ pO3BUTKY OCTaH- € He JIMLIe GiJIbII CHHTeTHYHO JOCTYIIHUMH, ajie ¥ Ma-

HiM yacoM, € epeKTUBHHMM CIIOCOG0M MOKpallleHHsA  I0Tb Kpally 6i0/J0CTyNHICTh, IepeTBOPIOIOTLCA Ha OC-
¢$isnko-XiMiuHMX, 6iodpapMaLeBTUYHUX yd GpapMaKo-  TaHHI in vivo, 0 pOOGUTB iX 3pyYHUMHU NPOJIiKaMHU.
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TOKCUYHICTb HOBUX IMIJA30JI-TIA3O0JIANHOBUX
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Katwouosi caoea: 4-x10po-5-¢popminimidazonu; 1,3-miazonioum-4-ox; imioazon-miazoniouHogi cmpykmypu;
cuHme3s; 2inoaAikeMiYHa aKMUB8HICMb,; 20cMpa MOKCUYHICMb

HasedeHa kopomka xapakmepucmuka uyKkpogoeo Oiabemy 2-20 murly siK 3aX80PH8aHHS, M08’13aH0e0 i3 ropy-
WEHHSM 8y2r1e800HEe8020 OOMIHY, CrIPUYUHEHO20 Nepe8axHO iHCYTIHOPe3UCMeHMHICMI0 ma 8iOHOCHOH0 iHCYMIHO-
Hedocmamuicmio. Bid3HaqyeHo, wo nid ennueom rpernapamie psidy 2/1ima3oHi8 MOXIIUBe 8UHUKHEHHST rMamorio-
2ill, wo e saeomoro nidcmasoro Or1s CUCMEMHO20 MOoWyKy Hosux bioakmueHux ma be3rnedHux 0115 IloOUHU CrioyK
einoenikemiyHoi dii. 3eaxaroyu Ha wupokuli criekmp bionoeiyHoi akmueHocmi noxioOHux imidasony ma 1,3-mia-
301i0uHy, 6yro 30ilicHeHO cuHMe3 ix Hogux 2ibpudHux cmpykmyp — 5-[(1-apun-4-xnopo-1H-imidason-5-in)memu-
nex]-1,3-mia3zoniouH-2,4-0ioHie ma ix ek3oeidposaHux aHasnoaie 5-[(1-apu-4-xmnopo-1H-imidazon-5-in)memur]-
1,3-miasoniduH-2,4-0ioHie. 3anponoHosaHa npernapamugHO 3py4Ha cxema ix 00ep)kaHHs, sika 6a3yembCsi Ha KOH-
OeHcauii docmyrnHux 1-apun-4-xmnopo-5-cpopminimioasonis i3 1,3-mia3omiduH-4-0HOM i3 nodanbwum 2idpy8aHHIM
cghopMOBaHO20 eK30UUKITIHHO20 inideH08020 38’a3KY. Pe3ynbmamu 6iomeduyHuUX AOCiOKeHb OmMpuUMaHUX Crio-
nyk y do3ax 100, 10 ma 1 me/Kke nokasasnu, Wo 80HU MPOSIBISIIOMb 8UCOKY 2ifoaikeMiyHy akmugHicmb, sKa Ha
55% nepesepuwye dito mecm-npenapamy nioenima3oHy. flocmpa mokcuyHicms (LD,) HatidocmynHiwozo 5-{[1-
(4-monin)-4-xnopo-1H-imidason-5-injmemuneH}-1,3-miazoniouH-2,4-0ioHy cknadae 1292,92 me/ke npu eHympil-
HbOOYEePEBUHHOMY WITISIXY 88€0EHHS.

THE SYNTHESIS, HYPOGLYCEMIC ACTIVITY AND ACUTE TOXICITY OF NEW IMIDAZOLE-THIAZOLIDINES
HYBRID STRUCTURES

V.0.Chornous, O.Ya.Mel’nyk, O.M.Hliebov, M.V.Tykhonenko, L.M.Sheremeta, O.K.Yarosh, O.M.Denysenko,
R.V.Rodyk, M.V.Vovk

Key words: 4-chloro-5-formylimidazoles; 1,3-thiazolidine-4-one; imidazole-thiazolidine structure; synthesis; hypo-
glycemic activity; acute toxicity

The article presents a brief description of diabetes type 2 as a disease related with carbohydrate metabolism
disorder mainly caused by insulin resistance and relative insulin deficiency. It has been noted that pathologies
may appear under the action of drugs of the glitazone group; it is a major cause for systematic search for new
bioactive and safe compounds with the hypoglycemic action. Considering the wide range of the biological ac-
tivity of imidazole derivatives and 1,3-thiazolidine the synthesis of new hybrid structures — 5-[(1-aryl-4-chloro-
1H-imidazole-5-yl)methylene]-1,3-thiazolidine-2,4-diones and their exohydrated analogues — 5-[(1-aryl-4-chloro-
1H-imidazole-5-yl)methyl]-1,3-thiazolidine-2,4-diones has been carried out. A preparative suitable scheme for
their obtaining has been proposed, it is based on condensation of available 1-aryl-4-chloro-5-formylimidazoles
with1,3-thiazolidine-4-one and further hydrogenation of the exocyclic ylidene bond formed. The results of bio-
medical studies of the compounds obtained in the doses of 100, 10 and 1 mg/kg have shown that they have a
strong hypoglycemic activity, which exceeds the effect of test drug pioglitazone by 55%. The acute toxicity (LD,,)
of 5-{[1-(4-tolyl)-4chloro-1H-imidazole-5-yllmethylene}-1,3-thiazolidine-2,4-dione is 1292.92 mg/k when injected
intraperitoneally.

CUHTE3, TIMOIrTMMMKEMUYECKAS AKTUBHOCTb U OCTPASI TOKCUYHOCTb HOBbIX UMUOA30J1-TUA-
30J/IMOUHOBbLIX TMBPUAHbLIX CTPYKTYP

B.O.YopHoyc, O.51.MenbHuk, A.M.me6oe, M.B.TuxoHeHko, JI.H.LLlepemema, O.K.Spow, O.M.[JeHuceHko,
P.B.Poduk, M.B.Boek

Knroveesnie cnoea: 4-xnop-5-¢popmunumudasonsi; 1,3-mua3onuduH-4-oH; umudason-mua3onuduHo8ble CMpPyK-
mypbI; CUHME3; 2uno2uKkeMu4yeckas akmueHoOCmb, 0cmpasi MOKCUYHOCMb

lNpusedeHa Kpamkas xapakmepucmuka caxapHoeo Ouabema 2-20 mura Kak 3aboresaHusi, KOmopoe Ces13aHo C Ha-
pyweHuemM y2r1e800H020 obMeHa, 06y Cri08neHHO20 MPeuMyuleCmeeHHO UHCYTUHOPEe3UCMEHMHOCMbH0 U OMHO-
cumernbHoU UHcynuHoHedocmamo4vyHocmbto. OmmedeHo, Ymo nod delicmauem fpenapamos psida 2/1uma3oHo8
803MOXKHO B03HUKHOBEHUE ramorio2ull, 4mo s1erisiemcsi 6ecoMoll npuYuHoU Oriss CUCMEMHO20 oucKa Ho8bix 6uo-
aKmueHbIx U be3ornacHbix Or1s1 Yeriogeka coeQUHeHUU a2urnoanukemudyeckozo delicmausi. C y4emom wupoKo20
criekmpa buonoau4yeckol akmugHOCMU rMPou38o0OHbIX umudasona u 1,3-mua3onuduHa ocyu,ecmerneH cuHmes
UX HOBbIX 2ubpudHbIx cmpykmyp 5-[(1-apun-4-xmop-1H-umudazon-5-un)memuneH]-1,3-mua3onuduH-2,4-0uoHo8
U UX 9K302UOpupo8aHHbIX aHano208 — 5-[(1-apun-4-xnop-1H-umudason-5-un)memun]-1,3-mua3onuduH-2,4-0u-
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oHos. [NpednoxeHa npenapamusHo yOobHasi cxema UX Mosly4eHusi, Komopasi ocHogaHa Ha KOHOeHcauuu 0oc-
mynHbix 1-apurn-4-xmnop-5-¢gpopmunumudasonos ¢ 1,3-mua3onuduH-4-oHom ¢ nocrnedyruwum 2udpuposaHuem
cghopmuposaHHOU aK3oUUKIuYeckol unudeHosol cessu. Pe3dynbmambl 6uomeduyUHCKUX uccrnedosaHul rosmy-
YeHHbIx coeOuHeHul 8 0o3ax 100, 10 ma 1 ma/Ke noka3sasnu, Ymo OHU rPOSIB/ISOM MOUHYH 2UNOoaiiuKeMUYeCcKy o
akmueHocmb, Komopasi Ha 55% npesbiwaem Oelicmeue mecm-npenapama rnuoanuma3soHa. Ocmpasi moKcuy-
Hocmb (LD,,) Haubonee docmyrnHoeo 5-{[1-(4-monur)-4-xnop-1H-umudason-5-unjmemuneH}-1,3-mua3onudur-
2,4-0uoHa cocmaensiem 1292,92 ma/ke npu uHmMparnepumoHeasrbHOM e8edeHuU.

B ocTaHHIi poku yKpOBUH AiabeT APyroro THUIY
(L11-2) HabyB Ge3npelieIeHTHUX TEMIIIB MOIIMPEHHS
i cTaB oJIHi€I0 3 HAWAKTYAJIBHIIINX TPOGJIEM 0XOPO-
HU 3/]0POB’ SIK Y PO3BUHYTHX KpaiHaX, TaK i B Kpa-
THaX, 110 PO3BMBAIOTHCA. 3a IPOTHO3aMHU eKCIIePTiB
BOO3 yucsio xBopux Ha Lel Tun fiabety o0 2030 p.
csarHe 552 mJiH oci6 [1].

OCHOBHO NPUYUHOI BHUCOKOI iHBasligr3anii i
CMEepPTHOCTI XBOPUX IpaLe3aTHOro0 BiKy € MaKpo- i
MikpocyguHHi yckaanHeHHd 11/[-2. B naTtorenesi ix
PO3BUTKY 1 IpOrpecyBaHHs KJII0Y0Ba pOJIb HAJIEXKUTh
XpOHIiyHi# rinepriikeMii [2], afpke HaBITH MeKOBe Mijl-
BUILIEHHA PiBHA IVIIOKO3U B KPOBI BUKJIMKAE JOCTOBIp-
HUM PiCT NOIMMUPEHOCTI CEPLIEBO-CYAUHHOI MAaTOJIOTI.

Macurra6Hi pangoMizoBaHi focimkeHHs [3-7] Bu-
ABUJIA 3HAYE€HHS KOPCTKOTO TiNOIVIIKeMIYHOTO KOHT-
POJII0 B 3HM>KEHHI pPU3UKY PO3BUTKY Aiab€TUUHUX CY-
JUHHUX YCKJIaJIHEHD, 1110 BUMArae [poBeJleHHd arpe-
CUBHOI TaKTHUKHU JIiKyBaHH# L1/]-2 i3 BUKOpUCTaHHAM
edeKTHBHUX i 6e3MeYHUX LIYKPO3HIMKYIOYMX MTpenapa-
TiB, 110 JO3BOJIUTD JOCATI'TU LIJIbOBOIO PiBHA IVIiKeMil
i monepeAUTH NpPOrpecyBaHHs aTepocKeposy [8, 9].

Cepej B2KMBaHUX Ha TeNepiliHik yac nepopasb-
HUX LYKPO3HWKYIOYHMX [IpenapaTiB HaWMOTYKHILI00
JI€I0 XapaKTepU3yTbCA CIIOJIYKU PAAY Tia30/11H-
nioniB (T3/1), Ais AKUX 1le BUKOPUCTOBYETHCS y3a-
raJIbHI0K04a Ha3Ba «IJIiTa30HW». [Ipenaparu njiel rpy-
II1 € CUHTEeTUYHUMHU JIiraHJaMHU AJlepHUX Y-peLel-
TOPIB, SIKi aKTUBYIOTbCS poJlidpepaTopoM NepPoOKCHU-
coM - PPARY. Ix ocHOBHWUii TepaneBTHYHUI epeKT Mmo-
JISiTa€ y 36i/blIeHHI Yy TJIMBOCTI nepudepiiHuX TKa-
HUH [0 iHCYJ/IIHY i, 1K HAaCJILOK — Y NOJIIMNIIeHH] yTU-
Jizanii riroko3u. /list mpenapartis noB’si3aHa 3 ix BIIK-
BOM Ha eKCIIpecilo reHiB B ajUNIOLMTaX | aKkTUBi3a-
niero gudepeHIilOBaHHS NPeaJUMOLUTIB B aIUTO-
LUTH, L]0 NPUBOJUTD [0 yTBOPEHHA NONMYJIALil 4y T-
JIUBUX J10 iHCy/AiHY xupoBux KiaiTuH [10]. [Ipu npo-
My Tepanid T3/l cnprge 3HUKEeHHIO0 pU3HUKY PO3BUT-
KY YCKJIQZJHEHHS CepLeBO-CYJUHHNX 3aXBOPIOBAHb:
rineprikemii, rinepToHii, AUC/IiNiAeMil, MapKepiB eH/0-
TeJliaJIbHOTO 3alaJIeHHd, a TAKOXX MapKepiB MiJBU-
1ieHoro TpoMb6oyTBOpeHHs [11].

B Toi1 »xxe yac mij BNJIMBOM IJIiTA30HIB y Nalli€H-
TiB MOXJIMBe MiJBULIEHHA YYTJIUBOCTI 40 IHCY/NiHY
rernaToUUTIB Ta nepudepiiHUX TKAHKH, 3pOCTAHHS
IHCy/IiHO3a/IeXKHUX BUTPAT [VIIOKO3U, 3MEHIIEeHHH BU-
BeJleHHS [VIIOKO3U 3 IIeYiHKU, 3HUXKEHHS PiBHA [VII0-
KO3H, IHCYJIiHY i [VIIOKO3WJIbOBAHOTO TeMOTJIOBIHY ¥
KpOBI, a TakoXx iHII natoJorii. 3okpemMa, y 2012 p.
6yJ10 pi3Ko 06GMeKeHe BUKOPUCTAHHS MEAUYHOTO Ipe-
napaty miorsitasony [12-14] (5-{4-[2-(5-eTwanipu-

JUH-2-i1)eToKcH]|6eH3U}Tia30MiAnH-2,4-1i0H),
OCKLJIbKY BUHUKJIU TTiJI03PH L0/I0 MOXK/IMBOCTI cepio3-
HUX MOGIYHUX KapAioBaCKy/JASAPHUX ePEKTIB, 3MiH y
JinmigHoMy mpodisi, a TAK0XX MpU TPHUBAJIOMY 3aCTO-
CyBaHHI BUCOKOT'0 PU3HKY PO3BUTKY paKy HUPOK [15].
[lepepaxoBaHi ¢paKTH € BaroMolo miZicCTaBoo AJisl CUC-
TEMHOT0 NOUIYKY HOBUX 610aKTHBHUX Ta 6e3MeYHUxX
CIIOJIYK rinoriikeMiyHoi Ail.

3BaXkalouM Ha UNIMPOKUH CIEKTpP 6iosoTiuHOT ak-
TUBHOCTI noxigHux imMmiziazony [16, 17] Ta 1,3-Tia3o-
aiauny [18, 19], nocraByieHe 3aBJaHHs BUpillyBa-
JIOCh CUHTE30M IX HOBHUX Ti6pUHUX CTPYKTYp 5-[(1-
apui-4-xyiopo-1H-mifgason-5-in)mMetunen]-1,3-rtia-
30J1iAMH-2,4-Ni0HIB 2a-/, Ta iX eK30TiAPOBaHHX aHa-
JioriB 5-[(1-apui-4-xynopo-1H-imigasosn-5-in)mMeTunn]-
1,3-tia3oniguH-2,4-AioHiB 3a-A4.

s ofeprkaHHA CIIOJYK 2a-e HaMU 3allPOIOHO-
BaHa NpenapaTUBHO 3py4YHa CXeMa, siKa 6a3yeThbCsA Ha
KOHJleHcallil JOCTynHUX 1-apui-4-xa0po-5-dopMi-
imigasonis 1a-4 [20] i3 1,3-Tiazos1ianH-4-0HoM. [loka-
3aHO, 1[0 IPU ABOTOJUHHOMY HarpiBaHHI peareHTiB
Yy KMILJISYOMY TOJIYyOJIi B IPUCYTHOCTI KaTaJiTUIHUX
06FleMiB OIITOBOI KUCJIOTH Ta MiMEPUUHY YTBOPIO-
I0ThCA LIJIbOBI NPOAYKTH 3 BUXoAaMu 67-80%. [lo-
JaJIbIIMM BiJHOBJIEHHSIM iX ek3ouukJaidyHoro CH=C
3B’fI3Ky Mar"i€eM y MeTaHOJIbHOMY PO34YHMHi OTpUMaHi
5-[(1-apu-4-xsopo-1H-imMigazosn-5-in)metun|-1,3-Tia-
30J1i/TUH-2,4-fioHu 3a-4,i3 Buxogamu 67-73% (cxema).

YTBOpeHHs ri6puaHUX iMifa3o1-Tia301iJUHOBUX
CTPYKTYp MiATBEpKEHO pe3y/bTaTaMU BUMIpIB IX
¢i3uko-xiMiuHuX napameTpiB (Tabu1. 1-3), cepen, IKUX
Halj0Ka30BimuMHU € criektpu MP H i3 cuHrieTamu
npoTtoHiB HC= npu 7.11-7.30 m.u. (ciosiyku 2a-4) Ta
JIBOMa Jiy6JieTaMu 1y6J1eTiB JliacTepe0oTONHUX MPO-
TOHIB METHJIEHOBOI IpynH B AiianazoHax 3.09-3.18 Ta
3.41-3.44 m.u. Ta 1y6sieToM Ay6ueTiB npoToHiB H®
Tia30/iUHOBOr0 LMKJAY B Aiana3oHi 4.31-4.40 m.u.
(cmoyku 3a-a). Y cnektpax AMP 3C curnanu arto-
MiB Bymiento rpynu HC= cnosyk 2a-4 nponucyoTbCAa
npu 116 M.z1., aTOMIB BYIVIEL[}0O METHUJIEHOBOTO MiCTKa —
npu 25-26 M.4., a atomiB C° Tia30/1iIMHOBOIO ITUKITY —
npu 50 mM.u.

Pe3ysibTaTH AOCAIAKEHD BIJIUBY CIIOJNYK 2a,B,J,
Ta 3a,B,/J, Ha KOHIIEHTpallilo IJII0KO3U B KPOBi J1abo-
paTOpHUX TBAapWH HaBeieHi y TabJ1. 4. OTpuMaHi JjaHi
[IePEKOHJIUBO CBil4aThb MO iX 3[4aTHICTb 3HWXKyBaTH
BMICT IVIFOKO3H B KPOBI, TOGTO NPOSIBJIATH TinorJike-
Mi4HYy Aito, npudyoMy 6iab11 eGpeKTUBHO, HiXk pede-
peHTHUU npenapat niorsiitasoH. ['imornikeMiyHun
epeKT AaHUX CMNOJIYK 361/bUIYETHCS MOCTYIIOBO Ta
Jlocsirae MakcuMymy depe3 3-5 rojuH, BiH € 10303a-
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1-3, R=Ph (), 2-MeCgH, (6), 3-MeC4H, (8), 4-MeCH, (r), 4-MeOCH, (n).
Cxema
Ta6nuua 1
Buixoaw, Temnepatypu nnaBneHHs, Mac-CNeKTPM Ta pe3ynbTaTi e1eMEHTHOMO aHasisy
CYHTE30BaHUX CNoNyK 2a-a, 3a-4
Cnonyka | Buxig, % | T.nn,°C | [M+1]* SHaipeo, % ®opmyna Bupaxyaro, %

y A, 7% .nn, C H N pmy C H N
2a 74 >250 306 | 5133 | 248 | 1395 | C.HCIN,O,S | 51.07 | 264 | 13.74
26 76 >250 320 | 5268 | 3.02 | 1331 | C,H,CINO,S | 5259 | 3.15 | 13.14
28 76 >250 320 | 5232 | 3.04 | 1329 | C,H,CIN,O,S | 5259 | 3.15 | 13.14
2r 80 >250 320 | 5240 | 332 | 1331 | C,H,CINO,S | 5259 | 3.5 | 13.14
2n 67 246-247 | 336 | 4983 | 3.15 | 1238 | C,H,CIN;O,S | 50.08 | 3.00 | 12.52
3a 68 201-202 308 50.95 3.09 13.81 C;5H,0,CIN;O,S 50.74 3.28 13.65
36 70 222-223 | 322 | 5254 | 384 | 1287 | C,H,CINO,S | 5226 | 3.76 | 13.06
38 69 190-192 | 322 | 5212 | 361 | 1324 | C,H,,CIN;O,S | 5226 | 3.76 | 13.06
3r 73 195-196 | 322 | 5250 | 385 | 13.14 | C,H,CIN,O,S | 5226 | 376 | 13.06
3 67 146-147 | 338 | 50.03 | 338 | 1227 | C,H.CINO,S | 49.78 | 358 | 12.14

JIEXKHUM, TOOTO MaKCMMaJIbHUHM edeKT crocTepira-
eTbcs B 71031 100 Mr/Kr.

[IpoMi>k TecTOBaHUX PEYOBHH HaNGI/NbIIOW aK-
THUBHICTIO Bi/[]3HAYaOThCS CMOMYKU 2B Ta 3a (KoXKHa
B CBOIi# rpyri), ki 6ysio 06paHo AJid GBI AeTalb-
HUX I0C/TiKeHb. BiHocHI (y BiZicoTkax) 3MiHU BMiCTy
[JIOKO3U B KPOBI MiCJi BBEJeHHSA JaHUX CIIOJIYK Ha-
BeZleHO y TabJ1. 5 Ta Ha pyUcyHKY. Tak, criosiyka 2B Bke
3 IPYTOi TOAMHM TiC/Is1 BBeJIEeHHS BUKJIMKAE TPUBa-
JIUH rinoryikeMiuHui edpekT (10 55%) 3Ha4HO 6iJlb
MY, HiXK y nmioriTazoHy. Cosiyka 3a B aHAJIOTIYHUX
Jl03ax TeX MepeBepllye MioriTa3oH, aje Ji€ 6ibIl
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noBiJIbHO. CyTTEBOIO i JOCTOBIPHOO Pi3HULEIO B Ail
LIMX KJIACiB CIOJIYK € IBUAKICTb HACTAHHA TilorIi-
KeMiyHOTro edeKTy, 1110 J06pe BUHO 3 PUCYHKY. Y crio-
JIYKU 2B BiH pO3BUBAETHCS LIBU/ILIE 3a CIOJAYKY 3a,
aJte pi3HUIS MK epeKTUBHICTIO B TOUKax 3, 5 Ta 8 rof
BXKe He € JOCTOBIPHOI0, TOGTO CIOJIYKH JIIF0Th MPaK-
TUYHO 3 OZJHAKOBOIO epeKTUBHICTIO. Yepes 24 rog, crio-
JIyKa 2B 3HOBY JIOCTOBipHO 6i/1b1l1 epeKTUBHA, HiXK 3a.

TakyM YMHOM, Bi/IHOBJIEHHS MO BITHOTO 3B’ 13Ky
y CIoJIyKax 2a,B,J IK METO/I iX CTPYKTYpPHOI'0 HaGJIH-
YKEHHS /|0 MiOoIJIiTa30HY He IPUBOJUTH J10 TOCUJIEH-
HA TIMOIJIIKEMIYHOI il i HaBiTh 3MEHIIYE IBU/KICThb
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Tabnuuya 2
I4- Ta AMP "H cnekTpw cnonyk 2a-a, 3a-4

g [Y-cnekTp, KBr, v, cm™
5 CnekTtpu AMP 'H, 6, m.u.
G | C=C | C=0 | C=0| N-H
2a | 1612 | 1711 | 1740 | 3476 |7.30 ¢ (1H, HC=), 7.52-7.61 M (5H,,,,,), 8.24 C(1H, H2,,...,), 12.60 (NH).
2.04¢ (3H, CH,), 7.11c (1H, HC=), 7.44-7.53m (4H, ), 8.16¢ (TH, H2,, ..,
26 | 1614 | 1713 | 1742 | 3470 12.58 ¢ (1H, NH). P A
28 | 1614 | 1715 | 1744 | 3472 | 2.39c (3H, CH,),7.29-7.49 m (5H, 4H,,, +HC=), 8.18¢ (TH, H2, 1000,), 12.52¢ (TH, NH).
2r | 1611 | 1710 | 1742 | 3475 | 2.40 c (3H, CH,), 7.27 ¢ (1H, HC=), 7.40 ¢ (4H, ), 8.19 ¢ (TH, H2,10.0,), 12.58 (TH, NH).
3.84 ¢ (3H, CH,0), 7.08 4 (2H,,, /8.8, 7.26 ¢ (1H, HC=), 7.45 1 (2H,_ ., J8.8TW),
20 | 1614 | 1708 | 1745 | 3478 | S LY M) 12,59 (1FNH). p
3a 1703 | 1755 3470, |3.18 o (1H, 'J16.0 Ty, 2J 5.6 Tu), 3.43 og (1H, 'J16.0 Iy, 2J 5.0 Ty), 4.39 oA (1H, 'J 10.0
3482 |Tu, 2J 5.0 ), 7.29-7.58 M(5H, ,.), 7.86C (TH, H2,1..0), 12.09 ¢ (TH, NH).
36 1700 | 1752 3470, |3.09 a4 (1H, 'J15.8 Ty, 5.2 Tw), 3.41p4 (1H, 'J15.8 Ty, 5.2 Tu), 431 gp ('J10.4 Ty,
3486 |2J5.2Tu), 7.39-7.49 M (4H,,,,.), 7.80 ¢ (TH, H2,,....,), 12.08¢ (1H, NH).
3B 1702 | 1755 3474,12.39c(3H,CH,),3.16 o (1H, 'J16.2 Ty, 2J5.0 Tu), 3.44 pa (1H, 'J 16.2 Ty, 2/ 5.0 Tu),
3489 | 439 ap (1H, ' 12.0 Ty, 2 5.2T0), 7.27-7.48M (4H, ), 7.82¢ (TH, K2, .....), 12.44¢ (1H, NH).
3r 1701 | 1754 3476, | 2.38 ¢ (3H, CH,), 3.18 aa (1H, 'J16.0ly, 2J5.2Iy), 3.42 aa (1H, 'J16.0ly, 2J5.2 Tu), 4.40 pA
3490 |(1H, 'J10.0 Ty, 2J5.0 Tw), 7.40 ¢ (4H,,,,,), 7.80 ¢ (1H, H2, ..., 12.08 ¢ (TH, NH).
3472 3.14 pp (1H, 'J16.2 Ty, 2J5.2 Tw), 3.44 pa (1H, J16.2 Tu, 2J5.2 Tu), 4.40 aa (1H, 'J9.8My,
3 1703 | 1757 | J,0% |52 W), 7.09 4 (2H,,,,,, /8.6 1), 7.43 & (2H,,,,,, /8.6 T), 7.78 ¢
(TH, H,m500)r 12.01C (TH, NH).
Ta6nuuya 3
Cnektpu AMP *C cnonyk 2a-g, 3a-a
e 8, m.u.
>
=
8 H3C 5 5 4 2 4 2
|9 (CH3O) HZC HC: C TiazonignH C imigason C imigazon C imigason C TiazoniguH C TiazonignuH Capom.
2a 116.82| 121.86 | 125.65 | 131.43|140.08 | 166.53 | 167.72 125.72,129.28,129.82, 134.86
127.04,128.28, 130.15,
26 | 16.33 116.00| 122.29 | 124.43 | 131.59 | 140.53 | 166.75 | 167.41 131.39, 133.77, 13533
126.88, 127.94, 129.86,
2B | 18.74 116.27 | 122.73 | 124.17 |132.11|140.18 | 166.32 | 167.48 131.44, 133.52, 135.70
2r | 2032 116.90| 121.85 | 12544 |131.14|139.94 | 166.66 | 167.42 125.52,130.03, 132.29, 139.28
20 | 55.36 116.71| 122.09 | 125.08 | 131.13|140.24 | 166.72 | 167.46 114.62,127.17,127.52, 159.89
3a 25.98 5045 | 127.71 | 128.14|136.65| 174.67 | 171.20 126.02, 129.04, 129.59, 135.33
128.07,127.89, 129.83,
36 | 16.88 | 25.92 50.36 | 122.68 | 127.34|136.47 | 17488 | 171.14 131.26, 134.07, 135.72
122.65, 126.38, 129.61,
38 | 2047 | 25.98 50.05 | 122.99 | 128.05|136.53| 174.65 | 171.16 129.91,135.21,139.61
3r | 20.65 | 26.00 50.24 | 122.71 | 128.00 | 136.57 | 174.65 | 171.15 125.74,130.05, 132.82, 138.92
30 | 55.07 | 25.12 50.17 | 12241 | 128.74|136.44 | 172.68 | 170.64 115.07,126.93, 127.80, 157.14
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Ta6bnuua 4

[nHamika 3MiH piBHA MMIOKO3M B KPOBI MULLIEN Y Pi3HI nepiogw NicnA nepopanbHOro BBeAeHHA
crionyk 2a,B,A, 3a,B.A

BuxigHuin Yac nicna BBeAEHHA PeUYOBUH, rOf,
Cnonyka Ho3za, mr/kr .
piBEHDb 1 3 5 8 24
KoHTponb 0,3 mn 7,4%0,2 7,310,3 6,6+0,2 6,9+0,3 6,9+0,3 7,3%£0,2
1 7,2+0,5 6,9+0,4 6,3*+0,3 6,5%+0,3 6,5%+0,3 7,4%0,3
MiornitasoH 10 6,5+0,4 6,2+0,4 5,2*+0,3 5,7%+0,5 5,8*+0,4 7,0£0,3
100 7,1+0,5 6,6+0,4 5,7*+£0,4 5,1*+0,3 6,1*+0,4 7,0£0,5
1 8,0+£0,6 5,7%+0,5 5,8**+0,4 6,3*+0,5 7,1£0,6 7,8%0,7
2a 10 8,0+0,7 6,1+£0,6 5,9%+0,5 5,8*+0,5 6,2*+0,5 7,4£0,6
100 7,9£0,6 5,6**+0,5 4,7%*£0,3 5,2**+0,4 4,8%*+0,4 6,5£0,5
1 8,5+0,6 6,6+0,6 5,4*+0,4 5,2*+0,4 5,9*+0,4 7,4x0,6
28 10 7,4+0,6 5,7**+0,5 4,7%*+0,3 4,0%*+0,2 4,8%*+0,3 6,4+0,5
100 7,9+0,5 5,4%*+0,3 3,8%*10,2 3,5%%10,2 4,2%*+(,2 6,7*+0,4
1 9,5+0,7 7,5+0,5 7,8+0,5 7,7+0,6 8,1+0,7 8,7£0,7
2n 10 7,4+0,5 5,8*+0,4 5,9%+0,5 5,7*+0,4 5,5%+0,5 7,0£0,6
100 6,8+0,5 4,9%*+0,4 4,5%+0,4 4,0%*+0,2 3,6%*+0,2 5,3*+0,6
1 8,5+0,5 7,4+0,6 6,1**+0,5 5,4%*+0,5 6,1%*+0,5 8,0+0,6
3a 10 8,5+0,6 7,1+£0,5 5,7%*+0,4 4,9%*+0,3 4,7%*+0,3 8,1+£0,5
100 8,8+0,4 7,5£0,4 4,8%*+0,2 4,1**+0,2 4,4%%+0,2 7,604
1 8,1+0,6 6,8+0,5 5,6*+0,3 5,9*+0,4 6,1*+0,5 7,2%0,7
3B 10 5,8+0,5 4,7+0,4 3,4%*+0,3 4,5%+0,3 4,5*+0,4 6,0+0,6
100 7,8+0,6 5,2*+0,5 4,5%*+0,5 4,5%*+0,5 5,9%+0,6 7,0£0,6
1 9,0+0,5 7,1+£0,6 5,9*+0,4 6,6*+0,4 7,6%+0,5 8,6+0,6
34 10 8,9+0,7 7,1+0,5 5,6*+0,4 5,8*+0,4 7,2+0,5 8,4+0,6
100 9,1+0,7 6,9*+0,5 5,7*+£0,4 5,9*+0,4 7,4%0,5 8,4+0,7
MpumiTtkn: * — P<0,05 BigHOCHO BUXiAHOrO piBHS; ** — P<0,05 BiAHOCHO BMXiAHOrO piBHS Ta NiOrNiTa3oHy.
Ta6bnuuya 5

MopiBHANbHA AHaMiKa 3MiH pPiBHA rNioKo3u (B %) B KPOBi MULLER Y pi3HI nepiogu nicna nepopanbHOro
BBEleHHA CNOoNnyk 2B, 3a

BuxigHwuin Yac nicna BBeeHHA peyoByH, rog
Cnonyka Hosa, mr/kr .
piseHb 1 3 5 8 24

KoHTponb 0,3mn 100% -0,5+0,03 -10,5+1,0 -5,8+0,4 6,1£0,4 -0,02+

1 100% -2,240,2 -11,7+£0,8 -8,2+0,6 -8,3+0,6 3,5£0,3

MiornitasoH 10 " -4,34+0,3 -18,1£1,0 -12,5+1,1 -9,7+0,7 9,1+£0,5

100 " -6,0+0,4 -18,6+1,7 -28,1+2,2 -13,3+1,2 1,2+0,2
1 100% -22,8%+2,1 -36,7%+2,9 -38,4+2,4 -30,1+2,1 -13,2*+1,4
2B 10 " -22,2*+2,0 -36,5£2,3 -454+23 -35,4+2,2 -13,1*%1,1
100 " -31,4*+2,4 -51,6+2,7 -55,5+3,2 -46,8+2,2 -15,5£1,3
1 100% -11,9%+1,0 -29,0%+2,4 -36,2+3,4 -28,3+2,3 -6,2*+0,6
3a 10 " -15,9%+1,1 -31,8+2,3 -41,2+2,5 -44,4+2.8 -4,4%+0,4
100 " -15,7*+1,7 -45,5+2,0 -53,1£2,6 -49,8+2,3 -13,1£14

MpumMiTkn: * — P<0,05 AOCTOBipHa pi3HMLSA M Ccroslykamu 2B Ta 3a B aHasoriyHux aosax.
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Puc. Bnnue gocnigxysaHux cnonyk Cn (2B) Ta Cn (3a) B go3ax 1, 10 Ta 100 mr/kr Ha KOHLEHTpAaLIito IMOKO3W B KPOBi MULLIEW.

HacTaHHS eQeKTy Ta KOro TPUBAJICTh. 3arajioM CHH-
Te30BaHi CIOJIYKH MicJ4 X JOKJIIHIYHUX JOCIiIKEHb
Ta peTeJIbHOI0 BUBYEHHS 6€3MeYHOCTi MOXKYTh CTaTH
NepCNneKTUBHUMU NpeTeHieHTaMHU AJis CTBOPEHHH
HOBHUX TilorikeMiyHUX 3acO6iB.

3a pe3ysibTaTaMy IPOrHO3yBaHHS TApaMeTPiB roCT-
POI TOKCUYHOCTI AJ1s1 HAUOGI/IbLI OCTYHOI CIOJIYKH
2r y nporpami GUSAR 6ys10 Bu3HaueHo, o LD, npu
BHYTPIlIHbOOYEPEBUHHOMY LIJISAIXY BBELEHHS CKJIa-
Jae 759,1 mr/kr mMacu Tina, LD, npu nepopajbHOMYy
BBeJIeHHI ckiaziae 1412 mMr/kr macu Tina. Jlociimky-
BaHa CIOJIyKa nporpaMHuM 3a6e3neueHHsAM GUSAR
GyJia BiHeceHa J1o V KJlacy TOKCUYHOCTI PU BHY-
TPILIHbOOYEPEBUHHOMY BBe/ieHH] Ta 10 IV Kiacy Tok-
CUYHOCTI - IpU [1epOpa/IbHOMY.

['pyHTYI04YMCh HAa OTPUMAaHKX 3a JONOMOIO0 MPO-
rpaMu GUSAR po3paxyHKOBUX JJaHUX, AOCTiIpKyBaHa
crosiyka 6y/1a BBeZleHa eKCcliepUMeHTaIbHiN Pyl TBa-
puH «Jlocig 1400 1/0» mepopaTbHUM HIJISIXOM 3 PO3-
paxyHky 1400 mMr/kr Macu Tiszia. O/ipasy mic/isi BBeJleH-
He /IC 6ysio Bifjl3HaYeHe He3HAUYHe NMPUTHIYeHHS TBa-
PUH, 1110 CYIIPOBO/KYBaJIOCh 3MEHIIEHHAM PyX0BOi
aKTHUBHOCTI Ta BiIMOBOIO Bif, Dxi Ta Bogu. BipogoBx
nepuux 3-4 roz TBAPUHU I'PYNYBAIUCh B KyTi KJIITKH,
4acTOTa AUXa/JbHUX PyXiB 3a/IM1IA/IaCh MalKe He3MiH-
HOI0, aJie BKe yepe3 5 ro/j BKasaHi CUMIITOMH 3HUKaIN
i TBApUHU He BiZPi3HAJINUCD 3a I0BEIHKOBUMHU [10Ka3-
HUKaMHU BiJi IHTAKTHUX TBapUH. BIIpoJ0BX HACTYITHUX
14 n1i6 3aru6esi TBAapUH BUSIBJIEHO He 6yJ10, LD, y fa-
HOI IpyII¥ TBapWH BU3HAYUTH He BLAJIOCH.

Y rpymni TBapuH «/locstig 1000 B/o» 3aruHysa 1 TBa-
pyHa 4yepe3 19 roauH nicsis BBeleHHS iHAMBIAyabHOL
pO3paxoBaHOI 03U CIOJIYKY, a B IpyIli TBapuH «/loc-
aix 1400 B/o» 3arunHysio 4 TBapyuHU: yepes 1,5 roau-
HU, yepe3 5 roguH, yepe3 19 ta 20 roguH nicss BBe-
JleHHS po3paxoBaHol iHAuBiAyanibHOI 103U /JIC.

BignoBigHO po3paxyHKOBI MapaMeTpy roCTPOi TOK-
CUYHOCTI IPU BHYTPILIHbOOYEPEBUHHOMY LLIAXY BBE-
JeHns1 ckaa: LD, = 1009,49 mr/kr, LD, = 1292,92 Mr/xkr,
LDy, =1576,35 mr/kr ta LD,,, = 1718,06 mr/Kr.

ExcnepuMeHTasbHa XiMiyHa YacTUHA

[Y-cnexktpu cnoayk y KBr 3anucani Ha npunagi
UR-20 B Ta6seTkax KBr. Cnexktpu AMP'H Ta *C B
JAMCO-d, Bumipsini Ha mpusazi Bruker Avance DRX-500
(500.13,125.75 MI'y BinnoBigHO), BHYTpPIllIHIN cTaH-
Japt - TMC. XpoMaToMac-ClieKTpH OZiepKaHi Ha pu-
saai Agilent 1100\DAD\HSD\VLG 119562.

5-[(1-Apuia-4-xaopo-1H-imiga3os-5-it)me-
TuieH|-1,3-riaszonigun-2,4-oum (2a-a). Jlo cymimi
0,005 Mousb BignoBigHoro 5-¢popmin-4-xmopoimiga-
3oay (1a-a), 0,59 r (0,005 Mosb) 1,3-TiazoniguH-2,4-
JlioHy y 20 MJI CyXOro ToJIyoJ1y AofarTh 0,5 M o1To-
Boi KucsaoTH Ta 0,5 mu1 ninepuguHy. Cymim Harpisa-
I0Th [IPU KUIIiHHI BIPOAOBK 2-X [0/, 0Ca/, 1110 yTBO-
pHUBCcH, BiAQiIbTPOBYIOTH, IPOMHUBAIOTh €TAHOJIOM,
BOJI0I0 Ta KPUCTAJi3yIOTh i3 AUMeTHIPOpMaMify.

5-[(1-Apui-4-xa0po-1H-imiga3os-5-in)me-
Tuia|-1,3-Tiazonigun-2,4-aiouu (3a-a). o 30 ma
CyXOro MeTaHOJIy IIpU NlepeMiltyBaHHi fogawTs 0,12 ¢
(0,005 Mosb) marsito (cTpyxku) i 1 KpUcTaauk Hoay,
ayepes 5 xB goaatoth 0,001 Mosib BignosiaHoro [(imi-
Jla3oJi-5-in1)MeTuneH]-1,3-tiazoniaun-2,4-1iony (2a-a).
Peakuiliny cymill nepeMilytoThb 0 pO3YMHEHHS Mar-
Hito, GiNBTPYIOTH, GINBTPAT MiAKHUCIIOITh OLTOBOIO
kucjaoTow i goaawTb 50 Ma Bogu. Opraniuny ¢asy
eKCTParywTb METUIEHXJIOPHU/OM, CYyLIATh, BUNIAPIO-
I0Th PO3YMHHUK, 32/IMLIOK KPHUCTAI3YI0Th 3 €ETaHOJLY.

ExcnepuMeHTanbHa 6iomeguyHa YacTuHa

l'imoriikeMiYHy aKkTUBHICTb OTPUMAHHUX CIIOJIYK
JOCJIIIKYBaJIv y BiAIIOBIAHOCTI O METOAUYHUX pe-
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KoMeHzauil [21] Ha 6iKMx 6e3MOPOAHUX MUIIAaX 060X
crareit Macor 20-30 r. TBapuH po3Aiisaan Ha 3 TpyNu:
1) KOHTpPOJIbHA, B fIKii TBApUHAM [epOpabHO 30H-
JlOM BBOJAMWJIA po34YUHHUK: 0,1 MJ1 fUMeTUICYIbO-
okcuay + 0,2 Mmu1 3% KpoxXMasbHOTO reJiio; 2) rpymna
MUILEHN, IKUM BBOJUJIM IpenapaT NOpPiBHAHHA Mio-
riiTazoH; 3) miggocsiiHa rpyna MULIEH, SIKi OTPUMY-
BaJ/IU CUHTE30BaHY CI0JIYKY ¥ BKa3aHOMY PO3YUHHUKY.
[lepBUHHHUU CKPUHIHT JJaBaB MOXJIUBIiCTb Bifio-
paTH NOXi/iHi 3 HASIBHOO 3/JaTHICTIO BIJIMBATU HA KOH-
LIeHTpaLilo [VIIOKO3U B KPOBI, NOPIBHATH IX rinorii-
KeMiuHUM edeKT 3 i€l pedepeHTHOro Mpenapary.
OuiHKy NpOBOAWJIM LIJISXOM NNOPiBHSAHHSA 3MiH KOH-
LleHTpaLil [JIIOKO3U B KPOBI IlepeJ BBEeJeHHAM J10C-
JIi/pKyBaHUX pedoBUH Ta uyepe3 1, 3, 5, 8 Ta 24 rox micsis
[bOTO. PiBeHb III0K031 B KaliIApHiK KPOBI 3 XBOCTA
MUl Bu3Havaau riwkoMmerpom BIONIME Rightest
GM 110 (IliBetiniapis) 3apeectpoBanuM y MO3 YkpaiHu
3aNe7674/2008. Cnosiyku BBoAWIIM B 1o3ax 1, 10 Ta
100 Mr/kr a5 Bif60py HaaKTUBHIIIMX 3 HUX.
OTpuMaHi pe3ysbTaTH 06pOO6JISIN 3 BUSHAUEH-
HSIM IOCTOBipHOCTI BiAMiHHOCTElN Mi MOKa3HUKaA-
MU MiAL0CAIAHUX | KOHTPOJIBHUX TBAPUH Ta Ipena-
paTtoM nopiBHsiHHSA (p<0.05) 3a MeTOoAMKOMWO [22].
ExcniepruMeHTaJibHe LOCHIKEHHA rOCTPOl TOK-
CUYHOCTI 3Ti/{HO 3 pekoMeHAalisAMU [21] mpoBeseHe
Ha 34 6iinx 6e3MopOoHUX JIA60OPATOPHUX IyPax ce-
peaHboro Macoto 160-180 r, ski mic/isg kKapaHTUHY Oy-
JIM BUMAAKOBO pO3Mo/iseHi Ha 5 rpyn: rpyny «KoHT-
posb 1400 i» ckyany iIHTaKTHI TBAPUHU; TBAPUHAM
rpynu «Jlocaig 1400 n/o» /IC 32 101IOMOTO0 30HY
BBOJIUJIU y LJIYHOK Y 2%-HOMY KPOXMaJIbHOMY reJii
i3 po3paxynky 1400 Mr/Kr MacH Tijia; TBapUHaM Ipy-
nu «KouTtposib 1400 B/0o» BHyTpilllHbOOYEPEBUHHO
BBOJIMJIU CYyMIilll AUMETHJICYJIbOOKCUAY 3 BOJOIO JIJis
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BusHauyeHHs napaMeTpiB roCTPOi TOKCUYHOCTI IpH
eKCIeprMeHTaJIbHOMY JOC/I/KEHHI TPOBOAWIIN LILISA-
xoM oziHopas3oBoro BeeZieHHA /IC. CiocTepexeHHs 3a
TBapWHaMU IPOBOJU/IN NpoTSroM 14 f1i6, npudomy
MPOTArOM Iepiioi 06U 3a TBAPUHAMU CIIOCTepira-
Jiv 6e3rnepepBHO. 3 METOI0 peecTpallil KApTUHU iHTOK-
CHKalil BpaxoBYyBaJ/Iy 3araJlbHUM CTaH TBapuH, IMO-
BeJIHKOBI peaklil, AUHAMIKY 3MiHM MacH Tija, 4ac
BUHHWKHEHHS Ta XapaKTep iIHTOKCUKaL|l, Ii BAXKKICTb
Ta 060POTHICTH, @ TAKOXK TepMiHU 3arubesi mypis.
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JapTHOMY paLioHi BiBapilo 3 JOCTYNIOM /0 BOAU Ta
i ad libitum.
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Karouesble cnosa: apuanunepasuHsl; nupumuduHsl; agppuHumem; 5-HT,, peyenmopul;
HellpomponHble U akmonpomekmopHble cgolicmaa

CuHme3uposaHb! nomeHyuarbHbie nu2aHobl 5-HT,, peuenmopos — apusnnunepa3uHsl, codepxaujue 8 kKadecmase
mepMUHasbHbIX ¢hpaeMeEHMOo8 ocmamku mempazudpornupumuduHos, coeduHeHus1 (1-6) u duesudponupumuduHa (7).
Cmpykmypbl coeduHeHul 1-7 6biu nodmeepxdeHbl memodamu MIK-criekmpockornuu, Macc-criekmpomempuu
u cnekmpockonuu "H-SIMP. Bewiecmsa 2, 3, 4 u 7 uHeubuposarnu crieyughudeckoe cesidbisaHue paduoruzaHoa
[FH]8-OH-DPAT ¢ 5-HT,, peuenmopamu u obnadanu acgpchuHumemom Kk samum peyenmopam. [1o mecmy KOHG-
nuKmHouU cumyauyuu coeduHeHusi 1-5 u 7 nposisunu aHkcuonumuyeckue ceoticmea. [pu amom gheHunnunepasu-
HUn- U o-monunnunepasuHunbymur-4-memur-5-u3o-nponun-1,2,3-6-mempaaudponupumuduH-2-muo-6-oHbi (1
U 2) 10 ypOBHI0 aHKCUOIUMUYeCcKoU akmueHOCmuU npes3owrnu ussecmHblil npenapam 6ycriupoH. Omcymcemesue
amoeo guda akmusHocmu y coeduHeHus 6, mo-eudumomy, obycrioeneHo pasnuduem 3amecmumernel y amoma
N1 nupumuduHogoeo sidpa coeduHeHus1 6 u ocmarnbHbix COeOUHEHUU 3moz2o psida. M3ydeHue akmornpomeKkmop-
HOU aKkmugHOCMU 8 yCrI08USIX 2urepmepMuu rnokasasno, 4ymo coeduHeHus 1-7 1o npodomKumenbsHocmu rna-
8aHus rpesocxodurnu rpernapam cpasHeHuss 6emumurn. nsa ecex coeduHeHul 6binu onpederneHbi 003bi Ef],,
Komopble Haxodunuck 8 uHmepsasne om 0,04 do 1,0 me/ke. Camoe akmusHoe coeduHeHue 3 8 0o3e E/],, 0,04 me/ka
8 2,2 pasa (Ha 122%) ysenu4usaem npoOo/mKkumensHOCMb MiasaHusi KpbIC Mo cpasHeHuro ¢ bemumuriom. He-
Komopbie coeduHeHus 8 003e 15 ma/ke nposisunu aHMUaUnoOKCUHYECKYH0 aKmu8HOCMb Ha MOOErsIX 2eMuYecKol
(coeduHeHusi 2-4, 7) u Hopmobapuyeckol aurokcuu (coeduHeHus 1, 2, 6) u npesocxodunu no akmusHocmu be-
mumun (33,5 me/ke). CuHme3upogaHHble COeOUHEHUST MaromOoOKCUYHbl, 3HadeHus1 ux LD, — 150-250 me/ka.

[(N-ARYL)PIPERAZINIL]BYTHYLPYRIMIDINE DERIVATIVES WITH NEUROTROPIC AND
ACTOPROTECTIVE PROPERTIES

S.A.Andronati, S.G.Soboleva, A.V.Zamkova, T.L.Karasyova, I.M.Rakipov, D.l.Tsymbal

Key words: arylpiperazine; pyrimidines; affinity; 5-HT,, receptors; neurotropic and actoprotective properties

In this study the potential ligands of 5-HT,, receptors — arylpiperazines containing the residues of tetrahydro-
pyrimidine as terminal fragments, compounds (1-6) and dihydropyrimidine — (7) have been synthesized. The
structures of compounds 1-7 have been confirmed by IR-spectroscopy, mass spectrometry and 'H-NMR-spectro-
scopy. Substances 2, 3, 4 and 7 inhibit the specific binding of the radioligand [3H]8-OH-DPAT with 5-HT,, re-
ceptors; it has been found that they have a pronounced affinity for these receptors. In the conflict situation test
compounds of 1-5 and 7 showed anxiolytic properties, whereas phenylpiperazinil- and o-tolylpiperazinilbutyl-4-
methyl-5-izopropyl-1,2,3,-6-tetrahydropyrimidine-2-thio-6-ones (1 and 2) exceeded the known drug buspirone by
the level of the anxiolytic activity. The absence of this activity in compound 6 is probably due to the differences
of substituents at N1 atom of the pyrimidine nucleus of compound 6 and other compounds of this series. It has
been shown that on the model of hyperthermia all of these compounds in the dose range of 0.04-0.1 mg/kg pos-
sessed a high actoprotective activity increased the rat capacity work by 1.4-2.5 times compared to the control.
The most active compound 3 in the ED,,dose of 0.04 mg/kg increased the duration of swimming in rats by 2.2
times (122%) compared to bemithylum. Some of the compounds (15 mg/kg) showed antihypoxic activity on the
models of hemic (compounds 2-4, 7) and normobaric hypoxia (compounds 1, 2, 6) and exceeded bemithylym
(33.5 mg/kg) by their activity. The compounds synthesized are low toxic with the LD, value of 150-250 mg/kg.

MOXIgH! [(N-APUIMTINEPA3NHINIBY TUIMIPUMIONHIB, 5IKI BOJIO4IKOTb HEUPOTPOIMHUMM TA
AKTOIMPOTEKTOPHUMMW BITACTUBOCTAMU

C.A.AHdpoHami, C.I.Co6oneea, A.B.3amkoea, T.Jl.Kapacwoea, I.M.Pakinos, .I.Ljum6an

Knro4oei cnoea: apunninepasuHu; ripumiouHu; agiHimem; 5-HT,, peuenmopu; HelipomporiHi ma akmornpomek-
mopHi enacmusocmi

CuHmesoeaHi nomeHuitiHi nieaHou 5-HT,, peuenmopie — apunninepa3uHu, SKi 8 AKOCMi mepMiHanbHUX ghpae-
MeHmi8 Marnu 3anuwku mempaziopornipumiouHis, crionyku (1-6) ma dueidpornpumiduHy (7). Cmpykmypu crionyk
1-7 6ynu niomeepdxeHi memodamu |Y-cniekmpockonii, mac-cnekmpomempii ma criekmpockonii 'H-SMP. Pedo-
8UHU 2, 3, 4 ma 7 iHeibysanu cnieyucbidHe 38’s13ysaHHs1 padionieaHdy [PH]8-OH-DPAT 3 5-HT,, peuenmopamu i
Maromsb gupasHuli acgbiHimem 0o yux peyenmopis. 3a mecmom KoHgIikmHoi cumyadyii crionyku 1-5 ma 7 npo-
[8unu aHkcionimuyHi enacmusocmi. lpu ybomy ¢beHinninepaluHin- ma o-moninmninepa3uHinbymun-4-memuri-
5-i30-nponin-1,2,3-6-mempaeidponipumiouH-2-mio-6-oHu (1 ma 2) 3a pisHem aHKCionimu4yHoi akmueHocmi rne-
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pesepwunu gidomuli npenapam bycrnipoH. BidcymHicmb ybo020 8udy akmueHocmi y crionyku 6, mabyms, oby-
MoerneHa 8iOMiHHicmio 3amicHuUkie y amoma N1 nipumiOuHoeoeo sidpa crioflyku 6 ma pewmu criosiyk yb020 psidy.
Bug4eHHs1 akmornpomeKkmopHOi akmugHOCmi 8 yMoeax 2inepmepmii nokasaro, uio 8ci CriofyKu 3a mpueasnicmio
rnasaHHs nepesuwysanu fnpenapam rnopieHsHHs bemimur. [ns ecix crnonyk 6ynu eusHaqyeHi 0o3u E/[ls,, siKi 3Ha-
xoournuck 8 iHmepsarni 8i0 0,04 do 1,0 me/ke. lNokasaHo, w0 Halibinbw akmueHOK ceped 8UBYEHUX PeY0o8UH byrna
crioniyka 3, sika 8 003i E[];, 0,04 me/ke y 2,2 pasu (Ha 122%) 36inbwysana mpusasnicme rnnasaHHs Wypie no-
pigHsIHO 3 6emimurniom. [esiki crionyku y 003i 15 Me/ke nposieunnu aHMuUe2inoKCcu4YHy akmugHiCmb Ha MOOesIsiX ae-
MiyHOI (crionyku 2-4, T) ma HopmobapuyHoi ginokcii (cnonyku 1, 2, 6) i nepesuwysanu 3a akmusHicmro 6emimur
(33,5 me/ke). CuHme3oeaHi crionyKu € MariomoKCUYHUMU, 3Ha4eHHs ix LD, — 150-250 me/ka.

CeporoHuHapruyeckas cucrema LJHC xapakTepu-
3yeTcs Ype3BbIYalHOU reTeporeHHOCThIO pelenTo-
POB CEPOTOHMHA — pa3HO06pa3reM UX TUIIOB U MO/
THIIOB.

JluraH/pl CEpOTOHUHOBLIX PELIeNITOPOB MTpesCcTaB-
JISIIOT GOJIBLION UHTEPEC B KayecTBe NepCreKTUBHBIX
6M0JIOTMYEeCKU aKTUBHbBIX COeIMHEHUN: aHKCUOJIU-
THKOB, HEHPOJIENTUKOB, aHTH/IeNPeCCAHTOB, THITHO-
ce/laTUBHbIX, aHAJIbTeTUYECKUX, aHTUMUTPEHEBbIX
CpeACTB, CTUMYJISTOPOB KOTHUTHBHbBIX IIPOLIECCOB
u ap. [1].

Haunb6osiee u3ydeHsbl peLienToOpbl CyONONyAsun
5-HT,,. B 3HaunTenbHOU cTeneHu untepec k 5-HT,,
peLieITOpaM U UX JIMTaHJaM ObLI CTUMYJINPOBaH OT-
KpBbITHEM U BHeJIpEHHEM B MeJJUIIMHCKYIO0 IIPaKTHU-
Ky 6yClIMpOHa — aHKCUOJIMTUKA HOBOTO [1I0KOJIEHHH,
06J1aZjalo11ero OpuruHaabHbIM GpapMaK0J10IrHieCKUM
cnektpoM [2] (puc. 1).

B oTsinuMe OT aHKCUOJIMTUKOB 1,4-6eH3/1Ma3enu-
HOBOTO psiZia 6YCIMPOHY U ero aHajoram (drcamnu-
POHY, TeNIMPOHY, TAHAOCIIMPOHY, GJIESUHOKCAHY U AP.)
He XapaKTepHbl MUOPeJIaKCAHTHBIE, IPOTHBOCY/L0-
pOKHBIE, CHOTBOPHBIE CBOMCTBA, ABJISIOLIHUECS HE-
KeJIaTeJIbHbIMU MO60YHbIMU 3¢ PeKTaMU aHKCHOJIH-
THKOB B psifie cUTyaluil. PacuimpeHue apceHasa aH-
KCHOJIMTUKOB, BK/IIOYAIOIINX CeJIeKTUBHbIe aHKCHO-
JINTUKHY, IpenapaToB KOPOTKOI'O U MPOJIOHTUPOBaH-
HOTO JlelCTBUs, 06/1aJal01 X HECKOJIbKMMU 110J1e3-
HBIMH CBOMCTBaMU U MaKCUMaJ/IbHO JIULIEHHbIX TOK-
CUYHBIX IPOSIBJIEHUH U HexKeJlaTelbHbIX IOO0YHbIX
3¢ deKTOoB, HECOMHEHHO, TO3BOJIUT MOBBICUTH 3P deK-
THUBHOCTb U 6€3011aCHOCTb HEUPOTPOIHBIX CPESCTB.

BycnipoHonojo6Hble BeljecTsa — iuradgpl 5-HT,
PELEnTOPOB COeJUHEHHSI PAa3/INYHON CTPYKTYphL. Ha-
nboJiee LMPOKO MPeCTaBIEHbI CPeJIU HUX T'eTapUII
(apwn)nunepasunbl Tuna l [3-8].

TeTapui(apu/)nunepasvuHOBbIA GparMeHT A cuu-
TaeTCsl OCHOBHBIM CTPYKTYPHBIM QparMeHTOM, OT-
BETCTBEHHBIM 3a CBsi3blBaHUe coeiuHenul | ¢ 5-HT,,
penentopoM. Creiicep B (0T 2 10 6 MeTUJIEHOBBIX
rpynmn, yale Bcero 4) coeuHsieT GparMeHT A c Tep-
MuHanbHbIM ¢pparmeHToM C. 1o cBoel cTpyKType Tep-
MUHaJIbHble PparMeHThbl OObIYHO SIBJISIOTCS OCTaT-
KaMU{ UMH/I0OB WM aMU/I0B (reTepoLMKINYecKUX UIn
HMHBIX UMH/I0B JIn60 aMu10B) (puc. 2).

[Ipeanosaranock, YTO TEpMUHANIbHBINA pparMeHT
C cnoco6cTBYeT 06pa30BaHUIO CYyIIPAMOJIEKYISIPHOTO
KOMIL/IEKCA «JIUTAH/-PELIENTOP» U €r0 CTabMn3anuu [9].
EcTb 0OCHOBaHMS CYUTATh, UTO HEKOTOPbIE GPArMeHThI
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C Tak>ke MOT'YT reHEPUPOBATh JI0TIOJIHUTE/IbHbIE dap-
MakoJsiorndeckue 3¢ dekTol. Tak, HaIpuMep, HAMU
ObLJI0 TOKA3aHO, YTO apUJINUIIEPA3UHUIOY TUI0Ap-
6UTYypOoBble KUCAOTHI I 06/1a/1a10T BbIpaXkeHHbIM ad-
¢dunuTeToM K 5-HT,, perienTopaM, aHKCHOJIUTHYEC-
KOW aKTUBHOCTBIO, @ TAKXKE MPOSIBJIAIOT TUITHO-Ce/Ia-
TUBHbIE U TPOTHUBOCY/IOPOXKHBIE CBOMCTBA, XapaKTep-
Hble I/ BepoHasia u JiroMmuHaia [10, 11] (puc. 3).

PaHee B psily aMHMHOAJIKAJIMEPKATTOGAPOUTYPO-
BbIX KUCJIOT ObIJIM 06GHApPYKEHbI BBICOKOAKTHUBHbIE
AHTUTUIIOKCAHTHI, 06/1aAI0IIHE PSIZIOM CBOMCTB, Xa-
pPaKTEePHBIX JJisI aKTONPOTEKTOPOB (CTUMYJISITOPOB
YMCTBEHHOU M GU3HUUECKON PabOTOCIIOCOOHOCTH B
3KCTpeMa/IbHbIX YCA0BUSX) [12-14].

[IpeacTaBuTEb 3TOTO PsAJia U30THOGpPaMuH (R!=
i-C;H,, R?= C,H, Hal = Cl) 6b121 u3y4yeH no nporpam-
Me JIOKJIMHUY€eCKUX UCCIeJOBAaHUM U IPOSIBUI Ce0s1
KaK IepPCIeKTUBHOE CPEJICTBO MPOPUIAKTUKHU U Jie-
YeHUs 3a60JIeBaHUH, CBA3aHHBIX C HAPYLIEHUSIMH MOT-
peb6JieHus1 OpraHUu3MoM Kucjopoga (puc. 4).

M3y4yeHue BelecTB ¢ papMaKoOJIOTrMUEeCKUM CIIEKT-
pOM, COYeTaIINM HEUPOTPOIIHBIE U aKTOMPOTEKTOP-
Hble CBOMCTBA, MPe/ICTABJSIETCS 1ie/1eCO06Pa3HbIM B
MJIaHe U3bICKaHMS O0JIOTMYEeCKU aKTUBHBIX BEIECTB
KOMILJIEKCHOTO €W CTBHUS.

o)

N N
(CH) N N-N_ N

)

0]

Pwuc. 1. CtpykTtypa 6ycnupoHa.
1 / \ 2
R-N N—(CH, )n—R
|
A B C

Puc. 2. CTtpykTypa 6ycnnpoHonofobHbIX BELLECTB.
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Puc. 3. CTpykTypbl apunnunepasnHnunoyTmnbapouTypoBbix KUCIOT.
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Puc. 4. CTpykTypa aM1Hoankunmepkanto6apbnTypoBbIX KUCOT.
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Y4uTbiBasi 0C06eHHOCTH GapMaKOJI0THYeCKUX
CBOMCTB coeanHeHui I-111, B JaHHOM paboTe MbI MoJTy-
YUJIM IOTeHLMaIbHble aurad/ibl 5-HT,, penentopos -
apuNuIepasuHbl, cofepKallie B KaueCTBE TEPMU-
HaJIbHBIX pPAarMeHTOB OCTATKH TETPAruAPOIUPUMHU-
JIuHOB 1-6 u nuruaponvpuMuarHa 7 (Tabu. 1, cxema
cunTesa 1-3). [I[poMeXXyTOUHBIMU COeJUHEHUSIMU B
CUHTe3e coeuHeHUU 1-7 aBasgnuchk 4-MeTHUJI-5-ai-
KWJ-1,2,3,6-TeTparuiponupruMHU/INH-2-0H U 2-TUOHBI,
5-uzonponun-2-tuonsl VII u 5-uzonponui-2-(f-au-
3TUJIAaMHUHO)3TUJIMEPKANTO-1,2-AUTUIPONTUPUMU-
IOuH-4-o41-2-0H VIII. KongeHcanuen coegrHeHui V,
VII, VIII ¢ N-(6-6pom)6yTriapu/nunepasuHaMu B 14-
MeTuapopMaMu/ie B IPUCYTCTBUU 6€3BOLHOTO MO-
Talla C nocjaeayouield 06paboTKON NPoAyKTa CIUp-
ToBbIM pacTBopoM HCI B cpeie alieToHa GBI MOJTY-
YeHbl ruapoxJopubl 1-6 u guruapoxuaopung 7. Uc-
xoaHble coeguHeHus V u VII nosy4anu B yCI0BUSAX,
ONHMCaHHbBIX B [15-16], KoHAeHCcalMel TPOU3BOAHbBIX
aneTtoykcycHoro Il u masnonoBoro VI adpupos ¢ mo-
YeBUHOU JIN60 THOMOYEBUHOMN WK GEeHUJITHOMOYe-
BUHOU B COOTBETCTBUU co cxeMol 1 u 2. U30THO-
6pamuH VIII 6611 cuHTe3upoBaH no Metoauke [12].

CTpyKTyphI coeiHeHUH 1-7 ObLIN MOATBEPKIE-
Hbl MeTogaMu UK-cnekTpockonuu, Mmacc-CeKTpo-
MeTpud U cnekrpockonuu 'H-AMP. B UK-cnekTpax
BeIleCTB UHTEHCUBHBIE MOJIOCHI NTOIVIOIEHUS B 06-
jgactu 1635-1669 cM! cOOTBETCTBYIOT BaJIeHTHBIM
KoJie6aHusAM cBsizerd C=0 aMu/iHbIX PparMeHTOB coe-
auHeHu# 1-3, 5-7. CiekTp coeuHeHUs 4 COAEPKUT
JIBe UHTEHCHBHbIE N10JI0Chl KAPOOHUJIBbHOM TPy NIIHI,
COOTBETCTBYIOLIE CHMMETPHUYHBIM U aHTUCUMMET-
PUUYHBIM Kosie6aHUSM cBsizelt C=0, 4To XapaKTepPHO
A5t uMmuioB [17]. [osiockl norsoueHust B 06J1acTU
1365-1340 cM™! cOOTBETCTBYIOT BaJIEHTHBIM KOJIe-
6aHusM cBa3elt C=S [17] mosiekyn BemiecTB 1-3, 5, 6,
YTO MO/[TBEPXK/IAETCS OTCYTCTBHEM B YKa3aHHOM 06-
JIACTH T0JIOCHI MOTJIOUEHUS coefuHeHUN 4 U 7. B
CrieKTpax coeguHeHuu 1, 3, 4, 5, 7 npuUCyTCTBYIOT 1O-
Jiockl orvionenus rpymn NH B o6siacti 3328-3359 cm?,
a M0J10CHI MOIJIOIeHUA TUPOKCUIBHBIX TPYIIII COoe-
JUHEeHUH 6 1 7 HaxoaAaTca B obyiactu 3421-3423 cmh
CnekTpsbl 'H-AAIMP comep:kaT IUKHU BCEX TUIIOB MPO-
TOHOB coeiuHeHuH 1-7 (Tabu. 1).

CtpykTypa usoruobpamuna VIII paHee 6bL1a f0-
Ka3aHa PeHTreHOCTPYKTYPHBIM aHaIu3oM [14].

3KCI'IepMMeHTaJ1bHaSI XUMHN4yecCkasa 4acCtb

WHAUBU/IyaIbHOCTD BELECTB yCTaHABJIUBAIN Me-
TogoM TCX Ha muactuHax Silufol UV 254 B cucteme
pacTBopuTeJiel 6yTaHOJI : YKCYCHas KUCJIOTA : BOJa
(3:1:1); nposiButenu Y®, napsl oga. UK-criekTpbl
3anuceiBasu Ha UK-cnekTpoMeTpe ¢ npeobpasoBa-
HueM Oypre Shimadzu FIIR -84009 B TabseTkax KBr.
Cnextpsl 'H-AMP perucrpupoBanu Ha npu6ope «Bru-
ker» 500 MI'y, B pactBopuTesie /IMCO-d,, BHyTpeH-
Hu# craHaapT TMS npu 25°C. Macc-crieKTphbl 3J1eKT-

POHHOTI0 yJjapa perucTpupoBaiv Ha Macc-CIeKTPo-
MeTpe MX-1321, noHusupyrolee HanpskeHue — 70 3B,
TeMIepaTypa KaMmepbl HoHu3auuu - 200°C.

4-MeTtua-5-nponui-1,2,3,6-reTparuponupu-
MUAMH-2,6-au0H (VB). K cyciensuu 3 r (0,05 Mouib)
Mo4eBUHBI ¥ 8,6 T (0,05 MoJib) mponuianeToyKcyc-
Horo 3¢upa B 50 MJ1 a6COIIOTHOTO CIUPTA IO Kall-
JISIM [IpU NlepeMellMBaHNH [J06aBJIs/IN a/IKOTOJIAT HaT-
pus, npurotoBaenHbiii u3 1,1 r (0,05 r - aT) meTan-
Jindyeckoro Hatpus U 50 MJs1 abCOIOTHOTO CIIUPTA.
PeakuuoHHyo cMechb HarpeBasiu 8-10 yacoB, 0CHOB-
HYI0 Maccy CIIMpTa OTTOHSIJIY, @ OCTAaTOK pacTBOPSIN
B Bo/Jle. BoiHBII pacTBOP aKCcTparupoBaiu aprupom
Y TIOAKUCJISL/IU pa36aBJieHHOM CosIsTHOM KucaoTou (1:1)
Jto pH 3. BeinaBiuuii ocaiok oTGUABTPOBBIBAJIH, ITPO-
MbIBaJIU XOJIOAHOU BOJOH, CYIIMJIN U IEPEKPUCTAIT-
JIN30BBIBAJIM U3 MeTaHoJIa. Beixoz coctaBnan 11,0 ¢
(60%). T. m1. - 247-248°C. AHaJIOTUYHO MOJIYyYaTH
Vau Vc 13 M30Nponui- U 3STUIaLeTOYKCyCHOT0 3gupa
Y THOMOYEeBUHBIL.

1-®deHuns1-5-usonponua-reKcCarugponupuMm-
AUH-2-THO0-4,6-A10H (VII). K ankoronsTy HaTpus,
npUrotoBsieHHoro u3 2,4 r (1 r-at) Hatpus B 50 M
abCoJIIOTHOTO CIIUPTA, MPU NepeMelIMBaHUU J06aB-
asn 10,1 r (0,05 Mosib) usonponusioBoro a¢pupa u
KUIATUIM 10 MUH ¢ 06paTHBIM X0JI0/JUJIbHUKOM, 3a-
TeM pob6asiasaau 7,6 r (0,05 Mosib) N-derunTromo-
YeBUHBI. PeaKLIMOHHYI0 CMecCh, IOCTENEHHO 3arycre-
BAIOIIIY10, KUTIATUIIH 6 4, 106aBJIstiv 50 MJ1 BOJIbI, QUJIBT-
poBasy u noaxkucasaau kouu,. HCI no pH 4. BemmaBuimi
0CaZloK OTQU/IBTPOBBIBAJIHY, IPOMbBIBAJIU JIe[AHOU BO-
JIOH, CyLLIMJIN U TIepeKPUCTaIJIM30BbIBa/I U3 U30IIPO-
nuaoBoro cnupTa. Beixoa coctaasa 6,3 r (52%).
T. 1. - 128-130°C.

4-MeTtua-5-u3onponui-1-[4-m-rommanunepa-
3uHuI-1)-6ytmial-1,2,3,6-teTparugponupumMn-
JAUH-2-THO0-6-0H (3). Cmech 0,37 r (0,002 Mousib) 5-
usonponuia-4-metu-1,2,3,6-teTparuponvupumMu-
JHUH-2-THo0-6-oHa (Va), 0,62 r (0,02 MoJsip) M-TOMII-
nunepasuHuAbyTHUI6poMua B 15 Mu1 6e3BoAHOTO
JIuMeTuadopMaMu/ia HarpeBaau 18-29 4 B npucyT-
ctBUH 1,5 r 6e3BogHoro noraua. [locsie oxnaxaeHus
peaKIMOHHYI0 CMeCh BBIJIIMBAJIHU B BOAY U TPHK/ABI
3KCTParupoBasv XJIOpoPpopMoM. X1I0poPpOpMHBIe Bbl-
TSDKKH TPOMBIBAJIU BOZOH U CYLLINJIY 6€3BOJHBIM CYJIb-
datoM Marnus. Xa10popopM OTTOHSIJIU B BaKyyMe, OC-
TaTOK PacTBOPSJIU B 6e3BOJLHOM alleTOHE, MO KHUC-
JISLIU cIUpTOBbIM pacTBopoM HCl u ocTaBisiiv B xo-
JIOJMJIbHUKE. BbInaBIIKK 0caZiok 0TGUIBTPOBBIBAIY,
IpOMbIBa/IM 6€3BOJIHBIM aLleTOHOM U 3pupoM. Bri-
xop coctapusia 0,37 r (41%). Bemwectsa 1,2,4-7 no-
JIy4eHbl B aHAJIOTUYHBIX YCIOBUSIX.

dKcnepuMeHTasibHas 6uonornyeckas 4yacrtb

OnbITHI POBOAUJINCH HA GeJIbIX 6ECTOPOAHBIX
KpbIcax caMmiax Maccod 180-200 r u Mblax caMiax
Maccoit 18-22 r. }KuBOTHbIE COAEeP>KaJTUCh HA CTaH-
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Ta6bnuua 1

T.nn., °C

CoegunHeHne

Bbixon, %

bpyTTO-popmyna

M+

CnekTpbl 'H AMP xum. caur, m.4.

N-ApunnunepasvHunOy TN

-1,2,3,6-TeTparngponupumMmnanHbl*

1 135-137

64.3

C,,H;,N,0S-HCl

401

1.204 (6H, 2CH,(i-C;H,); 1.61m (2H, CH,CH,CH,CH,); 1.80m (2H,
CH,CH,CH,CH,); 2.21c (3H, 4- CH,); 2.92m (1 H, CH(i-C;H,); 3.20
yu.c. (8H, nunepaswun) 3.50m (2H, CH,CH,CH,CH,); 3.80a. (2H,

CH,CH,CH, CH,); 6.69-7.23m (5H, dpenun); 11.06 yw .c.(TH, NH).

2 195-198

67.1

C,3H,N,0S-HCl

415

1.207 (6H, 2CH,(i-C,H,); 1.72m (2H, CH,CH,CH,CH); 1.87m
(2H, CH,CH,CH, CH,); 2.25¢ (3H, 4- CH.); 2.30¢ (3H, o- CH,);
2.98m (1H, CH(i-C,H,); 3.15yw.c. (10H, nunepasnH+2H,
CH,CH,CH,CH); 3.807 (2H, CH,CH,CH,CH); 6.98-7.20m (4H,
d)eHVln ); 11.27yw.c (TH, NH).

3 190-192

41.0

C,3H,,N,0S-HCl

415

1.20a (6H, 2CH,(i-C;H,); 1.72m (2H, CH,CH,CH,CH,); 1.86m
(2H, CH,CH,CH, CH,); 2.26c¢ (3H, 4- CH,); 2.33c (3H, m- CH,);
2.99¢ (1H, CH(i- C;H,); 3.15yw.c (8H, nnunepasun);3.524 (2H,
CH,CH,CH,CH,); 3 77p (2H, CH,CH,CH,CH,); 6.67-7.15m (4H,
¢eH|/u1 ); 11.10yw.c (TH, NH).

4 180-185

48.0

C,;H;,N,0,-HC

399

0.8571p (3H, CH,(C;H,);1.35m (2H, CH,(C,H,); 1.55m. (2H,
CH,CH,CH,CH,); 1.75m (2H, CH,CH,CH, CH,); 2.23c (3H,

4- CH,); 2.26¢ (3H, m- CH,); 2.327p. (2H, CH,(C;H,); 3.14yw.c.
(8H, nunepaswun); 3.52a (2H, CH,CH,CH,CH,); 3.774 (2H,
CH,CH,CH,CH,); 6.67-7.15M 4H, dperun); 11.10yw.c (1H, NH).

5 158-160

40.0

C,,H;,N,05-HCl

401

0.977p (3H, CH,(C,H.); 2.35m (2H, CH,(C,H,);1.69m (2H,
CH,CH,CH,CH,); 1.86 (2H, CH,CH,CH,CH,); 2.23¢ (3H, 4-CH,);
2.25c (3H, 0-CH,); 3.15yw.c (8H, nunepasuH); 3.49m (2H,
CH,CH,CH,CH,);3.84m (2H,CH,CH,CH,CH,); 6.70-7.20m (4H,
d)eva 11 .27¢ (1H, NH).

6 228-230

39.0

C,,H,,N,0,5HCl

481

1.204 (6H, 2CH,(i-CH,); 1.60m (2H, CH,CH,CH,CH,);1.81m
(2H, CH,CH,CH, CH,); 3.00m (TH,CH(i-C;H,); 3.20yw.c
(8H, nnnepasunn);3.41m (2H, CH,CH,CH,CH,); 3.804 (2H,
CH,CH,CH,CH,); 6.87-7.03m (5H, pernn); 7.24-7.41m (5H,
beHun); 9.75 yw.c. (TH, OH).

1-(N-o-TonunnunepasnHUnoyTn)-2-4M3TUNAMUHOSTUIIMEPKaNTO-5-1n30onponun-4-okcu-1,6-aurngponpuMmManH-6-oH

7 170-175

41.8

C,eH4sN,0,5-2HCl

515

1,164 (6H, 2CH,(i-C,H,); 1.247p. (6H, 2CH,(N(C,H,),);

1.78m (2H, CH,CH,CH,CH,);1.91m (2H, CH,CH,CH,CH.);

2.25¢. (3H, 0-CH,); 3.07m (1H, CH(i-C,H,); 3.16yw.c. 12H,
nunepasuH, 2CH,(N(C,H,),); 3.33a (2H,>N-CH,); 3.51yw.c. (4H
CH,CH,CH,CH,); 4.377p. (2H,5-CH,); 6.08-7.19(5H, peHun);
11.09yww.c. (1TH, OH).

— CTpyKTYypbl COEAMHEHUI Ha cxeMax 1-3.

1
R'=i-C3H, C3H,, GH;

0
R1 R?

H,N Ao~N .

N tusone jfl)“: A SN Q Hol
H,N HC N X M/ /&

H A: B(CHp)N_ N
2 1.R1=i-CaHy R2=H, X = S

v v R 2.R1=i-C3H;, R2= 0-CHj, X = S

X=S,0 Va,R=i-CsH, X=8  1.1AM®A, K,COq 3.R1=i-C4H,, R2= M-CHy, X = S

Vb,R=C3H;, X=0

Ve, R = CyHg X =S

Cxema 1. CuHTe3 coegmHeHui 1-5.
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10) 96”5
M—0C,H, NHCH, heona 0N NYS
i-H,C5 + — NH
OC,H, HN H.C,
vi Vil

Cxema 2. CuHTe3 coeguHeHus 6.

HHC, o
A
Ho— NH —_—
-
S
_\_N(Csz)z
VIl

Cxema 3. CuHTe3 coeguHeHus 7.

JlapTHOM palLlOHe B YCJI0BUAX BUBapus Ofecckoro
HalMOHA/IbHOT'O MeJUIIMHCKOI0 YHUBepcuTeTa. B ka-
YyecTBe [IpenapaToB CpaBHEHU S UCII0/Ib30BaJNCh OY-
cnupoH (6ycnap «Bristol Mayers», CILIA) u 6eMuTH
(6BL1 II06E3HO TpeocTaB/IeH akageMukoM HAH Yk-
panHbl M.O.JIo3uHCKUM, UHCTUTYT OpraHU4ecKon Xu-
muu HAH Ykpaunsi) B go3ax 10 mr/kr u 33,5 Mr/kr,
COOTBETCTBEHHO, 3a 30 MHH Jj0 HayaJla SKCIIEPHMEHTOB.

CTaTUCTHYECKyH0 06pabOTKy JaHHBIX (06CYET cpe/i-
HUX BeJIMYUH, OIIMOOK CpeJHUX BeJIMYUH, KoapPu-
LJMeHTa KoppeJsanuy, Kputepus CTbioleHTa) poBo-
JIWJIM C UCII0JIb30BaHMEM CTaHAApTHOTO IaKeTa KOM-
NbIOTEPHBIX Tporpamm [18].

JKCreprMMeHThI Ha )KUBOTHBIX BbIIIOJIHEHBI B COOT-
BETCTBUM C TPeOOBaHUEM 3KCIIEPUMEHTAILHOTO IIPO-
TokoJs1a European Communites Council Derective of
24 November 1986 (86/609/ EEC), ogo6peHHoro0 Ani-
mal Ethical Committee of the University of Calgari.

JKCIIepYMEHT 10 CBA3BIBAHUIO COeIUHEHUH 3-5
u 7 ¢ 5-HT,, peuenTopaMu MpoBO/UIH C UCTIOTb30-
BaHHeM ¢paKLMP CHHANTHYEeCKUX MeMOpaH nepe/-
HEro OTZeJia MO3ra KpbIc U paguoavranza [*H]8-0H-
DPAT (Perkin Elmer). Peakuiuto cBsi3bIBaHUSI IPOBO/IU-
Jiv B 6ydepe nHKy6aryu cocraBa 50-10° Mosib/ M3 Tpuc-
HCI 6ydepa, 5:10° Mosab/am? CaCl,, 10-10° Moss/am?
napruJjivHa, 5% ackop61MHOBOH KHc0ThI, pH 7,6 npu
25°C B TeyeHure 40 MuH. OCTaHOBKY CBSI3bIBaHUS OCY-
IIeCTBJISAJIM N06ABJIEHUEM K Tpo6e 6 cM3 JIeIsTHOTO
Tpuc-HCl 6ydepa. [Ipo6e1 66ICTPO PUABTPOBAIH (HE
6osiee 10 c) yepe3s cTeKJI0BOIOKHUCThIE GUIbTphI GF/B
Ha 12-no3uLMOHHOM XapBecTepe. PU/IBTPhI IPOMBI-
Basiu 6 cM?® easiHoro (4°C) 50:102% Mosib/ M3 Tpuc-
HCI 6ydepa (pH 7,4). [loacyiieHHble GUABTPBI MO-
Melaay Bo GJIaKOHBI /11 U3MepeHusi paJJu0aKTUB-
HocTH, 3aauBaau 10 cM® cuuaTHIsSTOpa Optifase,
BblJIEPXKUBAJIM B TedeHUe cyToK npu 20°C u usme-
PsIM paiIM0AaKTUBHOCTD Ha cueTyrKe Rackbeta 1219
Spectral. /ls1 BbisiBJieHUs HecniellupUYECKOTo CBS-
3bIBaHUS PaIMOJIUTaH/a TPO6bl MHKYOHPOBaJIH B IPU-
cytctBue 1:10° Mmosib/am® HeMeueHoro 8-OH-DPAT,
a cnenrduyeckoe CBSI3bIBaHUE ONPeJIeIsIU KaK pas-
HOCTb MeX/y 06LMM U HecrienuprUIeCKUM CBSI3bIBa-

CeHs
B _ O N__s
N /\
B: Br(CHy,-N_N_) 7% Ny N—@
—
OH /
6 *Hel
H,Cs. O
ol
N=<_\_\;/_\
NN * 2HC|

€

S
_\_N(Csz 2
7

HUeM. [l onpe/iesieHusI UHTMOUPYIolel KOHIeHT-
pauuu IC;, ncnosib3oBanu 8 KOHLLEHTpALUN TeCTHUpYe-
Moro coe/iuHeHus B iuanasone 0,1-10°-1-10° mosib /a3,
BennuuHa HecnieniupU4ecKoro cBs3bIBaHUSA pajuo-
suranza (SBo) cocraBusia <20% ot obuiero. Pacyet
BesinuuH Ki u IC,, npoBoAnIM IMHeapuanyen S-06-
pa3HoOM KpUBOM B KoopAuHaTax KioTua.

AHKCHOJIMTUYECKYIO aKTHBHOCTb U3y4asld Ha MO-
JleJId KOHQIMKTHOW CUTYalli, OCHOBAaHHOM Ha CTOJIK-
HOBEHHUH JIBYX pedJIeKCOB MTUTHEBOTO0 U 000POHUTEIb-
HOT'0 B MOMEHT NOTpe6JieHusI BOJAbI U3 MOUIKU. Kpu-
TepUeM OlleHKU aHKCUOJIUTUUYEeCKOW aKTUBHOCTH C/1y-
»KUJI0 YMCJIO HaKa3yeMbIX B3ATUM BoJbl [11].

O61as ABUraTe/bHAst aKTUBHOCTb OlleHUBaIaCh
Ha MOJleJI1 OTKPBITOro noJisi. Bo BpeMst npe6bIBaHUsA
>KUBOTHBIX B OTKPBITOM M0Jie (3 MUH) PETUCTPUPO-
BaJIM YMCJI0 BCTAaBaHUM Ha 3a/{HUeE Jianbl (BepTHUKAb-
Hasi IBUraTesJbHasi aKTUBHOCTD), YUCJIO [TEPEXOJ0B
M3 KBa/lpaTa B KBa/ipaT (TOpHU30HTA/IbHAS ABUTATE b-
Hasi aKTUBHOCTb ), YHUCJIO 3aIVIsI/[bIBAHUN B OTBEPCTHS.
CyMMa 3THX NoKa3aHU# pe/cTaBJsieT coO60i 0011y10
JIBUTaTeJIbHY0 aKTUBHOCTB [19].

AKTONpPOTEKTOPHYIO aKTUBHOCTb U3y4aJ/Iu Ha Kpbl-
cax B Mpobe NPUHYAUTENBHOIO IIJIaBaHUS B YCIOBUSX
runeptepmui (t = 45°C) c AONOJHUTENTBHON HArpy3-
ko (10% oT Macchl Tesia K KOpHIo xBocTa). Kpureprem
oLeHKU 3¢ deKTa ObLIO0 YBeINUeHUe BpeMEHHU IJIaBaHuUs
KpPBIC B BO/Ie 10 CPAaBHEHHIO ¢ KOHTpoJieM [14, 20].

AHTHUTMIIOKCUYECKYI0 aKTHBHOCTb U3y4aJsIk Ha MO-
JleJIV TUTIOKCUYECKOH (TMnepKanHu4iecKo) HOpMo-
6aprUyeCcKOU rMIIOKCUH, KOTOPYIO BbI3bIBAJIU IOMeE-
IeHMeM Mblllell B repMeTUYeCKU 3aKpbIThle MpPO-
ppavHble U30JIMPOBaHHbIe EMKOCTH 00 beMoM 200 M.
HabstoneHue npoioKaau ;0 MOMeHTa rMbestu Ku-
BOTHBIX. KpyTepueM olleHKH aHTUTUIIOKCUYECKOU aK-
TUBHOCTH SIBJISZIOCh BPEMS TPOJ0JKUTEIbHOCTH KU 3-
HU Mbled [21, 22].

[eMUYeCKYI0 TUIIOKCHIO BbI3bIBAJIU MOJKOXKHBIM
BBeZieHHMeM HUTpuUTA HaTpus (200 mMr/kr). AHTUTH-
IIOKCUYECKYI0 aKTUBHOCTb OL|eHUBAJIM KOJIMYeCTBOM
BBDKMBIINX }KUBOTHBIX U 110 TPO0/LKATETBHOCTH HKU3-
HU MbIIIEN 110 CPaBHEHHUIO C KOHTpoJieM [23].
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Puc. 5. AHkcronuTdeckas akTMBHOCTb coefiHeHu (1-7) no metogy «KoHnukTHasi cutyaums» B onbiTax Ha kpbicax B Ao3e 10 mr/kr.
Mpumeyanue: * — npu P<0,05 k koHTponto; ** — npu P<0,05 k 6ycnvpoHy.
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Puc. 6. Obwasn aBuratenbHasi akTUBHOCTb coeauHeHuii (1-7) Ha mogenu «OTKpbIToe noney B onbiTax Ha Kpbicax B Ao3e 10 Mr/kr.

Mpumeyanue: * — npu P<0,05 k KOHTpOStO.

OCTpy10 TOKCUYHOCTDb OTpeesIsiii 10 METOAY
Jlutudunga-YunkokcoHa [19].

Pe3ynbTaTbl 1 UX OGCY)KAGHVIE

M3yuyeHue criocoGHOCTH BellecTB 2, 3,4 1 7 UHTUOU-
poBaTh cnenrdrUyecKoe CBSI3bIBAaHUE PaUOJIUTaH/[A
[*H]8-OH-DPAT c 5-HT,, perienTopamMu nokasaso, YTo
OHU 06J1aIAI0T BhIPAXKEHHBIM apOUHUTETOM K 3TUM
peLienTopaM: BeJIMYUHbI KOHCTAaHT HHTHGHPOBaHUSA
Ki, cooTBeTcTBeHHO, 97,02+10,7 (2), 56,83%4,01 (3),
40,65%8,06 (4), 105,73+6,09 (7) uM.

[Togo6HO HEKOTOPBHIM paHee OMMCAHHBIM HAMU
MPOU3BOAHBIM APU/ITHUIIEPA3UHUIOY TUITUPUMHU M-
HOB [14] coequHeHus 1-5 ¥ 7 NposABUJIN AaHKCHUOJIH-
THUYECKHe CBOMCTBA B TECTE KOHPIMKTHON CUTYalUH
(puc. 5). IIpu aToM PpeHUNMNIUIIEPA3ZUHUI- U O-TOJHUJI-
NuIepasuHUIOY TUI-4-MeTUII-5-u30-nponui-1,2,3-6-
TETParuApoONUPUMHUANH-2-THO-6-0HbI (1 1 2) 110 ypoB-
HIO aHKCHUOJIUTUYECKON aKTUBHOCTH MPEB3OIIIU U3-
BECTHBIN penapaT 6ycnUpoH. B oT/inyKe OT Bhllile-
OTIMCAHHBIX BEIL[eCTB COeIMHEHNE 6 aHKCUOIUTHYEC-
KYI0 aKTUBHOCTb He IPOsIBUJIO. DTO, BEPOSITHO, CBSI-
3aHO C pa3JiMyveM 3aMeCTUTEJIEN B MOJIOKeHUsIX 1
1 3 y aToro coerHeHus (PeHUII- U apUJIITHIIepa3U-

58

HUJIOGYTUJI, COOTBETCTBEHHO), TOT/]a KaK ¥ OCTa/IbHBIX
BelleCTB apuJNuInepasuHUIbHble 3aMeCTUTEU Ha-
X0AsATCS B moJioxkeHuu 1 (puc. 5).

M3y4eHue 0611el ABUTATEbHON aKTUBHOCTH M0O-
Kas3aJio, YTO BCe U3yUYeHHbIe COeITUHEHUS 3a UCKJIIO-

Ta6bnunua 2

AKTOMPOTEKTOPHAA aKTUBHOCTb B YCNTOBUAX
runepTepmnn coefviHeHni 1-7 Ha Kpblcax

Bpemsa nnasaHuA
CoepuHeHune | [Jlo3a ED,, (Mr/kr) | (%) no cpaBHeHuio
C KOHTpONEeM

1 0,5 177,2317,2%*

2 0,1 192,5248,3**

3 0,04 257,59+12,7**

4 1,0 194,68+3,1%*

5 — —

6 0,75 187,06+4,8*%*

7 0,35 134,78+4,6
Bbemutun 33,5 134,78+2,8
KoHTponb - 100+2,2

MpumeyaHue: ** — npu P<0,05 k 6emuTuny.
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Ta6bnuua 3

AHTUTMNOKCNYECKasA aKTUBHOCTb B YCNIOBMAX FreMUYECKON 1 HOpMOOapuyecKkom rmnokcunmn coeguHeHun 1-7
B fo3e 15 mr/Kr Ha Kpblcax, n=10

Hopmo6apuueckas runoKcus Ffemmueckasa runokcma (NaNO, = 200 mr/kr)
CoepmnHervie | [losa (Mr/kr) | (MPOAOMKNATENBHOCTD XKN3HN NPOJOMKUTENBHOCTD KONMYECTBO BbIKUBLLNX
mbien), % MXKU3HW MblLel, % KNBOTHbIX

1 15 476,2+19,7%* 93,0+4,9 6

2 15 98,0+7,9 137,0+3,8* 5

3 15 558,4+22,6%* 210,0£9,2** 10

4 15 104,5+5,8 144,0+5,5*% 7

5 15 84,4+39 80,4+4,1 1

6 15 200,5+8,1* 90,0+4,3 4

7 15 99,346,1 125,0+5,9* 4
bemutun 33,5 250,0+9,9* 150,0+8,2* 5
KoHTponb - 100,0+3,1 100,0+2,4 1

Mpumeyanue: * — npu P<0,05 k koHTponto; ** — npu P<0,05 k 6emutuny.

YyeHHeM 7 IPOSIBUJIM 60Jiee Ui MeHee BbIpaXKEHHbIE
ceJlaTUBHbIe CBOUCTBA (puc. 6).

M3BecTHO, 4YTO O/IHOU K3 CyIlleCTBEHHbIX 0COOEH-
HOCTeM IeNCTBUS aKTOIIPOTEKTOPOB SIBJISIETCS UX CIIO-
COBGHOCTb COXPaHSATh BbICOKYI0 pU3UUECKYI0 paboTo-
CMIOCOOHOCTD B YCI0BUSIX 3KCTPEMaJIbHbIX HAarpy30K
[14, 24]. U3y4yeHMHEe aKTONPOTEKTOPHOU aKTHUBHOCTHU
B YCJIOBUSIX TUTIEPTEPMHUU [TOKA3AJI0, YTO BCE U3yUeH-
Hble HaMHU COe/IMHEeHMUs 110 TPOJ0J/KUTENBHOCTH I1J1a-
BaHMUsI PEBOCXO/IAJIM MpenapaT CpaBHEHUs] 6eMUTUI
(Tabu1. 2). [lis Bcex coeJUHEHU U ObLJIN OTpe/ie/IeHbl
no3bl E/l.,, KoTOpbIe yCTaHABAMBAJIKCH 10 KPUBOU
no3a-3dpdeKT 1 HaxoAuIUCh B UHTEepBaJe oT 0,04 10
1,0 mr/kr (Tabu1. 2). [lokazaHo, YTO Hau6oJIee aKTHUB-
HbIM Cpe/ii U3y4YeHHbIX BelLeCTB 0Ka3aJ10Ch COe/1-
HeHUe 3, cofepxaliee m-CH,; B apuinunepasuHoBor
4acTH MOJIEKYJIbI U U30IMPONUJIOBbIN 3aMeCTUTENb
B TEpMUHAJIbHOM $parMeHTe, KoTopoe B fo3e E/l.,
0,04 mr/kr B 2,2 pasa (Ha 122%) yBesinuMBaeT npo-
JIOJDKUTEIbHOCTD IJIaBaHUSA KPbIC [10 CPABHEHUIO C
6emutnioM (E/., = 33,5 mr/kr). Coesrnenus (1, 2, 6)
TaK)Ke MPEeBOCXOAU/IM 110 aKTONPOTEKTOPHON aKTUB-
HocTu 6emutna c EJI,0,1-1,0 mr/xr u Ha 42-60%
yBeJIMYUBAJIU BpeMs IJIaBaHUs KUBOTHBIX B TOpsi-
Yell BoZie 10 CpaBHEHHIO C 6eMUTUIIOM (TabJIL. 2).

Kak 6b1710 M0Ka3aHO paHee, COeJMHEHUS C AKTOIPO-
TEKTOPHOU aKTUBHOCTBIO IPOSIBJISIOT TaK)Ke BbIpaXKeH-
HYI0 aHTUTUIIOKCUYEKYI0 aKTUBHOCTb [14, 22] Ha pas-
JIMYHBIX MOJIeJISIX TUITIOKCUYeCKUX COCTOSTHUM [25].

[Ipu U3y4eHHUH aHTUTUIIOKCUYECKUX CBOMCTB COeqU-
HeHUH 1-7 B yc/I0BUSIX HOPMOGAPHUIECKOM TUITIOKCUU B
Jo3e 15 Mr/Kr ycTaHoBJIEHO, YTO coeiuHeHus 1, 3 u
6, B 3,8, 2 1 4,6 pasa COOTBETCTBEHHO, YBeJIUYUBAIN
[POAOJIKATEbHOCTD »KU3HU MbILIEH 10 CPaBHEHUIO C
KOHTpoJieM (TabJ1. 3). CiieiyeT OTMETUTD, YTO TOJIBKO
coemuuenus 1 u 3 B 103e 15 Mr/kr, B 1,9 1 2,2 pasa, co-
OTBETCTBEHHO, IPEBOCXOJAT M0 aHTUTMIIOKCUYECKON

aKTUBHOCTU pedepeHc-npenapaT 6eMUTu1. OcTabHbIe
coevHeHwus (2,4, 5 u 7) aToro psijia Ha JaHHOK Mojie-
JI1 He TPOSIBUJIM aHTUTUINIOKCUYECKON aKTUBHOCTH.

M3yyeHue aHTUTUNIOKCUYECKUX CBOMCTB B yCJIO-
BUSIX TEMUYECKOU TMIIOKCUHU, B OCHOBE KOTOPOH Jie-
KUT YTHETEHHE TKaHEeBOTO JIbIXaHUsI U METTEMOIVIO-
OGuHeMHUs, [T0Ka3aJio, YTo coefiluHeHusd (2-4, 7) B j03e
15 Mr/Kr yBeJIM4MUBaId MPOJIO/KUTENBHOCTD JKU3HU
Mbllel Ha 25-110% no cpaBHEHMIO C KOHTPOJIEM, @
coeguuenue 3 (15 mr/kr) Ha 60% yBesTMIUBaJIO MPo-
JOJKUTENbHOCTD »KU3HH >KUBOTHBIX 10 CPABHEHHUIO
c 6emutnsnoMm (33,5 mr/kr) (Tab6.. 3).

CietlyeT OTMETHUTB, UTO B Jj03€ 15 Mr/Kr coenu-
HeHUs 3 14 Ha 100 u 70%, COOTBETCTBEHHO, 3alllU-
1aJI1 OT TU6EU KUBOTHBIX IPU BBEJIEHUU UM HU-
TPUTaA HATpHUs, TOrAA Kak pedepeHc-ipenapat Ge-
mutua (33,5 mr/xr) — Ha 50%.

M3y4yeHHe oCTPO TOKCUYHOCTH 10 MeToAy JIuTy-
bunga-yunkokcona nokasasno, 4to ux LD, cocras-
asiet 150-250 Mr/kr.

BbiBOAbI

1. YcTaHOBJIEHO, YTO CHHTE3UPOBAHHbIE IPOU3-
BO/IHbI€ apUJINIUIIepa3vHa C IMPUMHUIUHOBBIM Tep-
MUHaJ/IbHbIM pparMeHTOM, coeiuHeHUs 1-7 o061aa-
10T 6UMO/Ia/IbHBIM 3P PEKTOM, BK/IOYAIOIIUM B ce0s
KaK aHKCHOJIMTUYECKHE, TAK U aKTOMPOTEKTOPHbIE
CBOMCTBA B 3aBUCUMOCTH OT J103bl.

2. O6HapyXeHo, 4TO coeauHeHus 1-5, 7 B nose
10 Mr/Kr nposIBJISAIOT BhIPAXKEHHY0 aHKCHOJIUTUYEC-
KY10 aKTUBHOCTb, a coeiuHeHUsA 1, 3 1 7 1o aHKCHO-
JIMTUYECKON aKTUBHOCTHU He TOJILKO He YCTYMAloT,
HO U NpeBbILIAIOT MpenapaT CpaBHEHUsA OYCIHUPOH.
B oyinuue OT BbIlIEONMCAHHBIX BEIIECTB COeJUHEHUE
6 aHKCUOJIUTUYECKYH0 aKTUBHOCTb He MPOSIBUJIO. ITO,
BEPOSITHO, 06YCJIOBJIEHO PAa3/INYMEM 3aMeCTUTeNeN Y
aroma N1 nMpUMUIUHOBOTO s1/jpa COeJUHEHUS 6.
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3. Cpey HOBBIX TPOU3BOAHBIX apUJINIUIIEpa3U-
Ha, CoZiepKalUX NUPUMHUUHOBBIA TEPMUHAIbHBIN
¢dparmeHT, 06HAPYKEHBI COeIUHEHHUS, 00J1a/Iat0IIe
BBICOKOHM aKTONPOTEKTOPHOU akTUBHOCTBIO (ED;,
0,04-1,0 Mr/Kr), KOTOpBIE B 3aBUCUMOCTHU OT CTPYK-
TYpbl B yCJOBUSX THNEPTEPMHUU YBEJIUYHUBAIOT B

1,4-2,2 pasa npoJ0JI>KUTEJNbHOCTD MJIaBaHUS KPbIC
no cpaBHeHHUwO ¢ 6emutunom (EDg, 33,5 mr/kr).
Bce n3yuyeHHble COeIUHEHUS 10 aHTUTUIIOKCUYEC-
KOW aKTUBHOCTHU IpeBbIIIagu pedepeHc-TipenapaT
0eMUTHJ KaK 110 Z03€, TaK U 10 BbIPA’KEHHOCTH

adpodexTa.
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METOJ CUHTE3A 1-(®EHUI)AJTKNJI-3-AINJI-
1,2,8-TPUA3ACIINPO[4.5]AEKAHOB

B.A.KoBTyHenko!, J.LM.ITotuxa', T.C.bysnbzaal, PU.3y6aTiok?, O.B.IIumkuH?

KueBCcKUU HallMOHABbHBIN yHUBepcuTeT uM. Tapaca llleBueHKo
01033, r. Kues, yi1. Bragumupckas, 64, Ykpansa. E-mail: vkovtunenko@hotmail.com, potikha_l@mail.ru

*HTK «MHCTUTYT MOHOKpHCcTaL10B» HAH YkpauHbl

Karoueswle cno8a: apuszudpa3ol; 60ccmaHogumeabHoe aakuauposaHue; 1,4-duzudponupudun;
1,5-0ueudpo-4H-nupason-4-ou; 1,2,8-mpuasacnupo[4.5]dekaH

[TunepuduHbl, CrUPOCOYNIEHEHHbIE C Opy2UMU 2emepoyuKIamMu KaKk CmpyKmypHble arieMeHmbl ghapmakonoau-
YeCcKU akmueHbIX MOJIEKYsT, MO2ym paccMampueambCsi Kak «rnpusunieauposaHHbie ¢hpazMeHmbl» ruzaHoos mema-
bompornHbix peuenmopos. [pednazaemcsi criocob nonyyYyeHusi npou3sooHbix 1,2,8-mpuasacnupo[4.5]0ekaHa,
3akrnrodarowjulicsi 8 criupoaHHenuposaHuu 1,4-0uaudponupuduHo8020 U Mupa3onoHo8o20 Yukos. Npu Hazpesa-
Huu 1-(¢peHun)ankun-4-[2-[2-apunaudpa3oHo]-1,3-0uokcobymun]nupuduHuli 2ano2eHuUdo8 8 nupuduHe umu rnpu
83aumodeticmeuu 1-(cpeHurn)ankun-4-[2-[2-apunaudpa3oHo]-1,3-0uokcobymurnupuduHuti earnozeHudos u 1-(¢cpe-
Hun)ankun-4-{1,3-0uokco-3-¢cbeHurn-2-[2-(4-memurngheHurn)audpa3oHo]nponuminupuduHUl 2arno2eHudo8 ¢ OUU30-
nporunamuiamuHoM rpu 25°C poucxodum eHympuUMOIEKYIspHOE 80CCIMaHO8UMEITbHOE arkuIUpOBaHUE M1eKmpo-
¢huribHO20 NUPUOUHUEB020 KamuoHa ¢ obpasosaHuem 1-(chbeHun)ankun-3-ayurn-1,2,8-mpuasacnupof4.5]0exkaHos,
Komopsie npedcmasrnstom cobol meepdble OKpalweHHbIe seujecmeaa. M3ydyeHbl criekmparbHble ceolicmea rnpo-
OyKmOo8 YuKusayuu, Ha OCHO8aHUU KOMOPbIX yCmaHo8rieHo obpa3osaHue CrupoCoYIeHeHHOU cucmems! U rnpu-
cymcmeue ppasmeHma 1,4-0uaudponupuduHa. [NodmeepxdeHue ux cmpoeHus nory4eHo npu rnposedeHuu PCA
Kpucmarnna 3-auemun-8-6eH3urn-1-gpeHun-1,2,8-mpuasacnupo[4.5]0eka-2,6,9-mpueH-4-oHa, Komopbili 00HO3-
Ha4yHO Modmeepous1 OPMO20HaIbHOCMb CMIUPOCOYIEHEHHbIX nockocmed. [JuaudponupuduHosbil YUK 8 MO-
JIeKyrie HeMHO20 pa3yriioweH U Haxooumcsi 8 KOH¢hopmayuu MosyKPecsio ¢ OMKIIOHEHUEM criupoamoma yerie-
poda om MIocCKoCmMu ocmaribHbIX amoMO8 UuKra, Ymo sensemcs criedcmeuem obpa3osaHusi 8HYMPUMOIIEKy-
nspHot C-H...r 0dopodHol ces3u.

THE SYNTHETIC METHOD FOR 1-(PHENYL)ALKYL-3-ACYL-1,2,8-TRIAZASPIRO[4.5]DECANES
V.0.Kovtunenko, L.M.Potikha, T.S.Bulda, R.l.Zubatyuk, O.V.Shishkin

Key words: arylhydrazone; reductive alkylation; 1,4-dihydropyridine; 1,5-dihydro-4H-pyrazol-4-on; 1,2,8-triaza-
spiro[4.5]decane

Piperidines spiro-fused to other heterocycles and being structural elements of pharmacologically active mole-
cules can be considered as “preferred fragments” of metabotropic receptor ligands. The method for obtaining
1,2,8-triazaspiro [4.5]decane comprising spiroannelation of 1,4-dihydropyridine and pyrazolone cycles. When
heating of 1-(phenyl)alkyl-4-[2-[2-arylhyqrazono]-1,3-dioxobutyl]pyridinium halide in pyridine or by reacting of
1-(phenyl)alkyl-4-[2-[2-arylhyqrazono]-1,3-dioxobutyl]pyridinium halides and 1-(phenyl)alkyl-4-{1,3-dioxo-3-phe-
nyl-2-[2-(4-methylphenyl)hydrazono]propyl}pyridinium halides with diisopropylethylamine at 25°C the intramo-
lecular reductive alkylation of the electrophilic pyridinium cation occurs forming 1-(phenyl)alkyl-3-acyl-1,2,8-tri-
azaspiro[4.5]decanes, which are solid coloured substances. The spectral properties of the cyclization products
have been studied; formation of the spiro-fused system and the presence of the 1,4-dihydropyridine fragment
have been determined. Confirmation of their structure has been obtained by carrying out the X-ray diffraction of
3-acetyl-8-benzyl-1-phenyl-1,2,8-triazaspiro[4.5]deca-2,6,9-trien-4-one crystal, which, in its turn, has clearly con-
firmed orthogonality of the spiro-fused planes. The dihydropyridine ring in the molecule is not flat and is located
in the half-chair conformation with deviation of carbon spiro atom from the plane of the rest atoms of the cycle.
This is due to formation of the intramolecular C-H...r hydrogen bond.

METOL4 CUHTE3Y 1-(®EHIN)AJIKII-3-ALUNII-1,2,8-TPUA3ACTIIPO[4.5]JEKAHIB

B.O.KoemyHeHko, J1.M.[Tomixa, T.C.Bynw0da, P.1.3y6amtok, O.B.LLluwkiH

Knrouoei crioea: apurziopasoH; 8i0HosHe arikinysaHHs; 1,4-OueidponipuduH; 1,5-0ueidpo-4H-nipason-4-oH; 1,2,8-mpu-
asacnipo[4.5]0ekaH

[MinepiduHu, cripocriony4eHi 3 iIHWUMU eemepoyuKIamMu sIKk CmpyKmypHi eneMeHmu ¢hapMakoiogidyHO akmueHUX
MOJIeKyrs1, MOXymb po3ansdamucs 5K «rpusinetiosaHi pparmeHmu» nicaHdie MemabomporHuUX peyenmopis.
lpornoHyembcs crniocibé ompumaHHs noxioHux 1,2,8-mpuasacnipof4.5]0ekaHy, sikuli nonseae 8 cripoaHenoeaHHI
1,4-0uzidponipuduHo8o20 ma nipa3o10Ho8020 yuknig. [Npu HazpisaHHI 1-(cpeHin)ankin-4-[2-[2-apuneidpa3oHo]-
1,3-0iokcobymun]nipuduHiro 2anozeHidie y nipuduHi abo npu e3aemodii 1-(¢cheHin)ankin-4-[2-[2-apunzidpa3oHo]-
1,3-0iokcobymun]nipuduHiro 2anozeHidis i 1-(gpenin)arnkin-4-{1,3-0iokco-3-geHin-2-[2-(4-memurcheHin)ziopaso-
HoJrponin}nipuduHito 2anoeeHidie 3 diizonponinemusamiHom rpu 25°C 8idbysaembCcsi 6HyMPIilHLOMOJEKYISIPHE
8IOHOBHE aJIKifto8aHHs el1eKmMpPoghiribHO20 MipUdUHIEB020 KamiOHY 3 ymeopeHHsIM 1-(cheHin)ankin-3-ayun-1,2,8-
mpuasacnipo[4.5]0ekaHis, siki € meepdumu 3abapeneHumu pedoguHamu. BusueHi cnekmparbHi enacmusocmi
npodykmig yuknizauil, Ha OCHO8I IKUX 8CMaHO8IEHO YMBOPEHHS CrIPOCHOAYyYeHOI cucmemu ma npucymHicms
ppaameHmy 1,4-0uzioponipuduHy. [1idmeepdxeHHs ix 6ydosu ompumaHe rpu nposedeHHi PCA kpucmany 3-aue-
mun-8-6er3un-1-¢eHin-1,2,8-mpuasacnipo[4.5]0eka-2,6,9-mpieH-4-0Hy, sKkuli 0OHO3Ha4HO nMidmeepdus opmo-
20HasIbHiCMb CriipoCroyYeHUX naowuH. JuaidponipuduHosuli YUK y MOMEKYsli He € M/I0CKUM i 3Haxo0umbCsi
8 KoHehopmauii niskpiciio, & sikiti cnipoamom KapboHy eidxuneHul 8id MAOWUHU IHWUX amomie UUKITY, W0 € Ha-
C/1iOKOM YMBOPEHHST 8HYMPIiWUHbOMOeKYsipHo20 C-H...1Tm B00He8020 38’53KY.
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[lunepuAnHLI, CIMPOCOYJIEHEHHbIE C JPYTHMU Te-
TEPOLMKJ/IaMHU, LIMPOKO pacpocTpaHeHbl KaK CTPYK-
TYpHbIe 3JIEMEHThI B MHOIOUYMCJIEHHBIX KJ1accax dap-
MaKOJIOTUYECKH aKTUBHBIX MoJieKyJ [1-3] u moryT
paccMaTpUBaThCS KaK «[IPUBUJIETMPOBaHHbIe ¢ppar-
MEHTbI» JINTAH/I0OB METAa00TPOITHBIX PElenTopoB [4, 5].
Cpenu MHOXKeCTBa MOJIX0/I0B K CUHTE3y OUIUKJINYEC-
KUX CHUCTEM TaKOI0 THIIa U3BECTEH CII0CO0 MmoJyye-
HUSI POU3BO/IHBIX [TOJIHOCTHIO FU/IPUPOBAaHHOM CUC-
TeMbl 1,2,8-Tprasacnupo[4.5]1ekaHa, cocTosien us
UUKJIOB 1,4-nuruaponunepyuvia u 1,5-qurupo-4H-
nupasoJi-4-oHa. B ero ocHoBe J1eXUT B3aUMOJEUCT-
BUe 3pUpPOB 2-(4-MUNUPUIUHUIN/IEH)YKCYCHON KUC-
JIOTBI C aJIKWJITHIPAa3uHaMH, KOTOPOE IPHUBOJUT K Be-
1IeCTBaM C BBICOKMM YPOBHEM OHOJIOTUYECKOH aK-
THUBHOCTH [6, 7].

[lepBBIMM OKA3a/11 BO3MOXXHOCTb 06pa30BaHUSs
HOBOU CBI3U YIJIEPOJ-YIJIEPO, IyTEM MEXMOJIEKY-
JIIPHOI'0 BOCCTAHOBUTEJIBHOTO aJIKWUJIMPOBAaHUS MU-
pPUAVHHEBBIX KATUOHOB AbOpexT U Kpenke [8]. BHyT-
PUMOJIEKYISIPHBIA BapUaHT 3TOU peakiUH, COMpPo-
BOXK/IaeMbIY CIUPOLIMKJIM3AIMEeH, UCII0JIb30BaJICS TPU

Ta6bnuua 1
MonyyeHHble TBepAble BellecTBa ¢ 6bonee HU3KOM

TemnepaTypow NnaBneHns, Yem y YeTBEPTUYHbIX
conen cTpoeHua 1a-n

CUHTe3e ajikajion/ja HaykJeduHa [9, 10] u c/10’KHBIX
reTepouukInyeckux cucrem [11, 12]. BoaMokHOCTB
06pazoBaHus HOBOH C-N cBsI3U B paMKax 3TOI0 IO/
X071, COPOBOXK/AaeMasi reTepoLUKIM3aLel, Oblia
BIlepBbIe NT0Ka3aHa B HalIUX paboTtax [13, 14].

PaHee Mbl coo6ianu [15] o paspaboTaHHOM Ba-
pUaHTe CUHTe3a NPOU3BOAHBIX 1,2,8-Tpuasacnupo
[4.5]nexaHa, 6a3upyroleMcs Ha BHYTPUMOJIEKYISP-
HOM BOCCTAaHOBHUTEJHbHOM aMHUHHUPOBAHUH 3JIEKTPO-
UIBHOTO MUPUAMHUEBOTO KATUOHA a30TUCTHIM HYK-
JieodusioM. B HacTost1iel paboTe Mbl pacIiupUIIU rpa-
HUIIBI IpeJyiaraeMoro Meto/a. McxoJHbIMU coeiu-
HEHHUSMU B NpeBpallleHUH NOCAYKUJIM OMUCaHHbIe
HaMu paHee l-ankui-4-[2-[2-apuaruapasono]-1,3-
JUOKCOOYTUJI | MUpUANHUS rasoreHu/ bl (1) [16].

Hamu ycTaHOBJIEHO, YTO NPU B3aUMO/EHUCTBUU
1-ankui-4-[2-[2-apuiruapasoHo]-1,3-1MoKcooy THII|
MUPUAUHUA rayioreHu 0B (1a-h) wiu 1-ankun-4-[1,3-
JIUOKCO-3-apuJi-2-(2-apuarupa3oHo ) Iponu | u-
pyuauHUs rasioreHuoB (1i-n) ¢ ocHoBaHUAMU (MTUPU-
JIMH, 3TUIAUU30NPOIUIAMUH) HAG/II0IaeTCs yCuie-
HUE OKPAaCKH pacTBOPa, KOTopas yry6JiseTcs npu
HarpeBaHuHU. CorytacHo faHHbIM TCX B cucteMe 3Ta-
HoJ1-Boza 9.5:0.5 npeBpallleHre 3aKaHYMBAETCS Ye-
pe3 30 MUHYT (cxeMa, TabJI. 1).

[lonyyeHHble TBEP/AbIe BellleCTBA UMEIOT TeMIIe-
paTyphl IJ1aBeHUs 6oJsiee HU3KHe (TabJ1. 2), yeM Ta-

- p KOBbI€ Y UeTBEPTUYHbIX COJIel CTpoeHus 1a-n u ok-
CoepaunHeHne | Hal R R R
pallieHbl B HaCbIIIEHHbIE XKeJIThIe UK KPacHbIe TOHA.
1a,2a ' Me 4-Me-CH, Me VX MaKCUMyM TIOIJIOLeHHUs B MeTaHOJIe HaXOJUTCH
1b, 2b Br Bn 4-Me-CH, Me B o6Js1acT 380 HM PY UHTEHCUBHOCTH MOpsifiKa [ge
1¢, 2¢ I Et 4-Me-CH, Me 4,0-4,15 (cM. aKcIiepMMeHTaIbHYIO YacTh).
1d, 2d I Me 4-Br-C H, Me B cnextpax AMP 'H npoaykToB peakiiuu (Tab.1. 3)
Te, 2e Br Bn 4BrCH, Me OTCYTCTBYIOT XapaKTePHbIE CHIHa/IbI ap0MaTI/I‘6~IeCKOI/I
eBOM cucTe 0110 I0TCsA B 06J1aC

1, 2 I = 2BrCH, o NMPUUHUEBOM CUCTEMBI, HO MOSABJIAOTCH B 06/1aCTH
pe3oHaHca anupaTUIECKUX U apOMaTHIECKHX NTPO-
19,29 Br Bn 4ONCH, | Me TOHOB /IBa Jy6JIeTa, OTHOCAIMEC K CIIMHOBOM CH-
1h, 2h Br Bn Ph Me creme AA'BB’ ¢ XUMUYECKUM CIBUTOM & 4.45-4.50 M.z,
1i, 2i I Me 4-Me-CH, Ph U 6.5-6.6 M.JI. ¥ BULIMHAJbHOM KOHCTaHTOM 3] = 8 'Ly,
1), 2j Br Bn 4-Me-C,H, Ph CurHas npoToHOB N-aJIKMJILHOTO 3aMeCTUTE/IS CMe-
1k 2k | Me Ph Ph I[@eTCsA B CUJIbHBIE 110JIs1 110 CPAaBHEHUIO C TAKOBBIM

1021 Br Bn oh oh y UCXOAHBIX coeluHeHur 1a-n Ha 1.2-1.3 m.A.
[Tos106HbIE U3MEHEHUS B KapTHUHE PE30HaHCa Mpo-
1m, 2m ' Me 4-Me-CH, |4-Br-CH. | 1onoB nupuauHoBOro dpparmenta Mbl HabIOAANH
1n, 2n Br Bn 4-Me-CH, | 4-Br-CH,|  panee nmpu o6pazoBaHuy CIMPOCOYIEHEHHBIX F€TEPO-
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i: Pyridine, 70-80°C, 0.3 h; ii: CH,CI,, DIPEA, r.t., 0.5 h
Cxema
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Tabnuua 2
®M3V|KO'XV|MV|quKV|e XapaKTepucTnkn CoeﬂMHeHMM 2a-n
HanpeHo, %
CoepuHenvie | BpyTtto-popmyna BbiuncneHo, % T'o 22 B"'o’/ionq'
C H Hal N
2a C, H,N,0, % % - % 190-191 68
2b C,.H,N,0, % % - % 150-151 70
2¢ C,,H, N0, % % - % 169-170 94
2d CooHy BrN,0, 290 3 2210 L4 | o310 75
2e CooHyBIN;O, a2l R 1820 267 149-151 71
2f C,,H,,BrN,0, % % % % 168-169 94
29 CHgN,O, % % - % 150-151 95
2h C,H,,N,0, % % - % 167-168 95
2i C.H N0, 2359 22! - %21 204205 87
2j CosHsN50; %?g % - % 235-236 92
2k C,H,N,0, % % - % 214215 90
21 CHuNSO, 778 2 - 22| 213214 88
2m CooHyBrN,O, a8z R 1828 252 197-199 92
2n C,sH,,BrN,0, % % % % 214-216 88

* — PactBoputenu: EtOH (coeavHenus 2a,b,d-f), i-PrOH (coeanHenus 2c,g-n).

[[UKJINYECKHUX CUCTeM C yuyacTueM pparmeHTa 1,4-1u-
rUJIPONUPUMHA: TPOTOHAM IIPU O.-aTOMax yrJjepo-
Jla AUTHAPONHMPUUHA OTBeYaeT Ay6JieT B 06J1aCTU
6.5-6.6 M./, a 1pu 3-aToMax yryieposa — Ay6JieT B 06-
sactu 4.45-4.50 m.4. Ha ocHOBaHMM yKa3aHHBIX JKCIIe-
PHMEHTOB Mbl IPEATIOJJ0KUIIH, YTO U B C/ydae obpa-
OGOTKM COeIMHEHHUH OCHOBAaHHUSIMU NMPOUCXOAUT CITH-
POILMK/IM3alYsl C 06pa3oBaHUeM 3-anuJ-8-(apu)al-
kuJ-1-apui-1,2,8-tpuasacnupo[4.5]aeka-2,6,9-Tpu-
eH-4-oHoB (2a-n). Ha o6pa3oBaHue CIUPOCOYJIeHEH-
HOM CUCTEMBI YKa3bIBalOT, B YaCTHOCTH, XapaKTEPHBIN
cUrHaJj cnupo-yrieposa 5-C B obsactu 70-80 mM.4. 1
TUnu4Has i 1,4-gpuruaponupunHos [13] kapTu-
Ha norJioleHus B ciekTpe AMP 'H.
[ToaTBEPXKAEHME CIUPOCTPOEHUS IPOJIYKTOB pe-
aKIMM HalIeHo HaMU B cniekTpax SIMP 13C (naHHbIe
IJs1 coejuHeHu# 2b,h cM. B 3KcniepUMeHT. 4YacTH):
CUTHaJl YeTBEPTHUYHOI0 a/IuPaTUIECKOro aToMa yT-
JIepo/ia, KOTOPbIN OTHOCUTCS K PE30HAHCY CIIUPO-aTo-
Ma, HabJitofaeTcs npu 76.7 u 77.0 M.J1. ATOMBI yTJie-

poza 1,4-1uruAponvpuIMHOBOTO pparMeHTa pe3oHUpy-
10T npy 128 M. /1. (a-aToMbl yIiepoaa) u 96 M. ([3-aToMbl
ymiepoZa). ITH JaHHbIE XOPOLIO COIVIACYOTCS C pe3yJib-
TataMu criekTpoB AMP 3C ass 3-aIKOKCUKapOOHUII-
1,2,8-Tpuasacnupo[4.5]aeka-2,6,9-TpueHOB, CHHTE3H-
poBaHHBIX paHee [15]. Ha npucyTcTBUe ABYX Kap6o-
HWIBHBIX IPYTI B CTPYKTYPE COEAMHEHUN 2a-N YKa3bl-
BAlOT JIBa CUTHAJIa aTOMOB yIJiepo/ia B criekTpax SIMP 3C
B XapaKTepHUCTH4ecKol obstactu 190-198 M.z 1 Hamu-
Yyye ABYX JIMOO OHOM YIIMPEHHOM 0JI0Ch BJIEHTHUX
kosie6aHui v(C=0) B ux UK-cniektpax mpu 1702-1720 cm*
(Tabu. 4). [losioxkeHHE 3TUX CUTHAJIOB COIJIACYeTCs C
M3BECTHBIMU JAaHHbIMU [17, 18] AJ1s1 IpOU3BOHBIX
1,5-puruapo-4H-nupaszosi-4-oHa v HaiuyrueM 3¢ dek-
TUBHOT'O KPOCC-CONPSKEHUS B cUCTeMe 3-alMi3aMe-
EHHOT0 Mrpas3oJi-4-oHa. K ocobenHoctsim UK-ciekTpoB
CMIUPO-COeJMHEHUH 2 C/ieiyeT OTHECTU IIPUCYTCTBUE B
XapaKTepUCTUYeCKOU o6sacty a1t NN-Tu3aMeléHHbIX
AHWJIMHOB CUJIbHOM T0JIOCHI BaJIEHTHBIX KOJIeGaHUM
v(C-N) mpu 1315-1331 cm™.
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Ta6bnuua 3
HaHHble cnekTpoB AMP 'H coeanHeHunin 2a-n
Xumnueckne cgsurn, §, m.g.*
CoeauHeHune Anundatnueckrie NpoToHbI
ApomaTtnueckme NpoTOHbI
7-H,9-H | 6-H,10-H Opyrue
2a 7.33 0 (2H,3J 7.0y, H-2', H-6'), 6.80 m (2H) [4.62 m (2H) |3.27 c (3H, N-CH,), 2.46 c (3H,
7.21 0 (2H,2) 7.0 Tu, H-3, H-5") C(0)-CH,), 2.29 c (3H, 4'-CH,)
2b 6.95-7.55 m (9H, N-CH,-C,H,, H-2] H-3, H-5, |6.88 a (2H, |4.47 a (2H, |4.62 c (2H, N-CH,-C,H.), 2.46 ¢
H-6") 3)6.0 Tu) 3)6.0 'u) (3H, C(0)-CH,), 2.27 ¢ (3H, 4" -CH,)
2c 7.39 0 (2H, 3) 8.5 Ty, H-2, H-6"), 6.51n(2H, [4.42 0 (2H, |3.42 k (2H,3) 7.5 Ty, N-CH,-CH,),
7.13 0 (2H,3J 8.5 'y, H-3) H-5") 3)7.5Tu) 3)7.5Tu) 2.59 ¢ (3H, C(O)-CH,), 2.34 c
(3H,4-CH,), 1.327(3H,3) 7.5 T,
N-CH,-CH,)
2d 7.56 n (2H,3J 8.5 'y, H-3, H-5"), 7.20 m (2H) |5.25m (2H) | 3.47 ¢ (3H, N-CH,), 2.45 ¢ (3H,
7.29 0 (2H,3J 8.5 'y, H-2, H-6") C(0)-CH,)
2e 7.15-7.55 m (9H, N-CH,-C_H,, H-2, H-3, H-5, |6.97 M (2H) | 4.56 m (2H) |4.65 c (2H, N-CH,-C,H,), 2.46 ¢
H-6') (3H, C(0)-CH,)
2f 7.46 M (2H, H-3, H-5'), 6.57 M (2H) |4.45 m (2H) | 3.47 m (2H, N-CH,-CH,), 2.61 ¢ (3H,
7.38 M (2H, H-2, H-6') C(0)-CH,), 1.36 M (3H, N-CH,-CH,)
2g 8.03 4 (2H,3J 8.5 Ty, H-3, H-3'),7.30-7.55m |6.67 g (2H, |4.43 o (2H, |4.55 c (2H, N-CH,-C,H.), 2.62 ¢
(7H, N-CH,-CH,, H-2, H-6') 3)70Ty)  [3J7.0My)  |(3H, C(O)-CH,)
2h 7.17-7.55 m (10H, H-2"-H-6/, N-CH,-CH,) 6.61 1 (2H, |4.47 1 (2H, |4.54 c (2H, N-CH,-C,H,), 2.62 ¢
3)7.5Tu) 3)7.5Tu) (3H, C(O)-CH,)
2i 8.11 4 (2H,% 7.2 Ty, H-2" H-6"), 7.57 T (1H,3) |6.48 5 (2H, |4.46 4 (2H, |3.23 ¢ (3H, N-CH,), 2.34 ¢ (3H,
7.2Tu, H-4"),7.48 o (2H,3J 7.2 Ty, H-3" H-5"), |3J 7.2 Tu) 3)7.2Tu) 4’-CH,)
7.37 0 (2H,3) 8.0 Ty, H-2, H-6), 7.14 1, (2H, 3J
8.0 I'y, H-3) H-5)
2j 8.13 4 (2H,%) 7.5 Ty, H-2" H-6"),7.59 T (1H, |6.61 A (2H, |4.52 & (2H, |4.54 c (2H, N-CH,-C;H,), 236
3)7.5Ty, H-4"),7.34-7.52 M (9H, H-3" H-5"  |3J7.5Ty) |37.5TW) |(3H,4-CH,)
N-CH,-C,H,, H-2; H-6'), 7.07 f (2H, ) 8.0 Ty,
H-3; H-5)
2k 8.128(2H,3) 7.5 Ty, H-2", H-6"), 7.58 T (1H, %) | 6.49 1 (2H, |4.48 8 (2H, |3.24 c (3H, N-CH,)
7.5Tu, H-4"),7.32-7.51 m (6H, H-3", H-5", H-2, |3J 7.0 Tu) 3)7.0Tu)
H-3) H-5, H-6'), 7.19 1 (1H, 3J 7.2 Tu, H-4)
2| 8.12 4 (2H,% 7.5 Ty, H-2 H-6"), 7.58 T (1H, |6.61 5 (2H, |4.51 4 (2H, |4.53 ¢ (2H, N-CH,-C,H,)
3)7.5Tu, H-4"),7.16-7.51 m (12H, H-3" H-5", [3)J7.5Tu) 3)7.5Tu)
H-2"-H-6, N-CH,-C,H)
2m 7.97 p (2H,3) 8.0 Ty, H-2" H-6"),7.60 8 (2H, %) |6.46 5 (2H, |4.43 0 (2H, |3.21 c (3H, N-CH,), 2.32 c (3H,
8.0 u, H-3",H-5"),7.34 0 (2H,3) 8.0 Tu, H-2, [3) 6.8 Tw) 3)6.8 Tu) 4°-CH,)
H-6"), 7.13 o (2H, 3J 8.0 Ty, H-3) H-5")
2n 7.99  (2H,3) 8.0 Ty, H-2", H-6"), 7.62 5 (2H,%) | 6.60 i (2H, |4.49 4 (2H, [4.53 ¢ (2H, N-CH,-C,H,), 2.35 ¢
8.0 T, H-3" H-5"),7.31-7.46 M (7H,H-2, H-6, |3)7.2Tu) |3)7.2Tu) | (3H,4-CH,)
N-CH,-C.H.), 7.06 4 (2H, 3J 8.0 Iy, H-3; H-5)

* — PactBoputenu (v, MIru): DMSO-d, (500 MI'y) — coeamHeruns 2a, 2b, 2d, 2e; CDCI3 (500 MI'y) — coeanHenus 2c, 2f, 2h, 2j, 2k, 2I; CDCI,

(400 Mr'u) — coeanHenwus 2g, 2i, 2m, 2n.

g coennHeHus 2h, koTopoe siBJsieTcs npeacTa-
BUTeJieM psijia 8-ankui-1,2,8-Tpuasacnupol4.5]aeka-
2,6,9-TpueHoB, 6611 poBeJieH PCA, KOTOpbI# 0HO-
3HAYHO MOATBEP/UJ OPTOrOHAJILHOCTD CIIUPOCOYJIE-
HEeHHBIX [IJIOCKOCTeH (puc.).

MHTepecHO OTMETUTD, UYTO AUTHPONHUPULUHO-
BBIW [UKJ B coefluHeHMU 2h HeMHOro0 pasymioiieH
Y HaXOAUTCS B KOHGOPMALMH NMOJYKPECIO C OTKJIO-
HeHMEeM CIIMpOo-aToMa yIyiepo/ia OT IIJIOCKOCTH OCTaJlb-
HBIX aTOMOB LiikJa Ha 0.123(2) A. BeposiTHO, 3T0 51B-

64

JIsieTcs CJleiICTBUEM 06pa3oBaHUs BHYTPHUMOJIEKY-
asipro#t C-H...m BogopoaHoit cBsi3u C(14)-H...C(12)
(H...C 2.67 A, C-H...C 150°). Takxe aToM a30Ta nupa-
30J1b30T0 I[MKJIa N(2) UMeeT HelJI0CKY0 KOHPUTypa-
{10 (IapaMeTp nupaMuJanbHoCTH BuHkiepa-/ly-
Huna 12° [19]) v peHUNbHBIN IPU 3TOM aTOME HEM-
HOT'0 Pa3BePHYT OTHOCUTEJIbHO IJIOCKOCTH LIUKJIA
(Topcuonnslit yroa N(3)-N(2)-C(13)-C(18)-20.9(2)).
B kpucTa/ie Kap6oHUIbHBIE TPYNIb] YYaCTBYIOT B
06pa30BaHUU CJAObIX MEXKMOJIEKY/ISPHBIX CBA3eH



XKypHan opraHidyHoi Ta hbapmaueBTUYHOI Ximii. — 2016. — T. 14, Bun. 1 (53)

ISSN 2308-8303

C(2)-H(2)...0(2)! [i: 3/2-x,1/2+y,1/2-z] (H...0 2.59 A,
C-H...0 157°), C(15)-H(15)...0(1) (H...0 2.44 A, C-H...0
139°), C(7)-H(7)...0(2)" [ii: 1/2-x,1/2+y,1/2-z] (H...O
2.57 A, C-H...0 153°) u C(12)-H(12)...0(2) (H...0 2.52
A, C-H..0 154°).

CUHTe3MpOBaHHbIE COeJUHEHUS] CTPOEHUS 2a-n
BIIOJIHE CTAOUJIbHBI KaK IIPY KOMHATHOW TeMIepa-
Type, TaKk U IpYU HarpeBaHUU K JielcTBUI0 2N coJisi-
HOU U JIeITHON YKCYCHOU KucoT. [Ipu aelictBuun 2N
pacTBOpa e/IKOro HaTpa MPOUCXOAUT PACKPbITHE CIIH-
pocucTeMbl GUIHKJIA.

3KCI'IepMMeHTaJ1bHaSI 4acTb

HWK-cniekTphbl 3aperucTpyupoBaHbl Ha prubope Per-
kin Elmer Spectrum BX B Ta6/1eTkax KBr. Y®-criekTpsl
3aperucTprvpoBaHbl Ha npubope Shimadzu UV-3100.
TeMmmepaTyphbl NJ1aBJIeHUsI HE KOPPUTUPOBAHBI, U3-
MepeHbl Ha npubope Tusie ¢ HCHoJIb30BaHUEM NTUPEK-
COBBIX Kanu/uisipoB. CiekTprl IMP 'H 3anucanbl Ha
npu6ope Bruker Avance DRX 500 (500 MI'u) u Mer-
cury 400 (Varian) (400 MI'uy a1t *H 1t 100 MT'iy uist 13C),
BHYTpPeHHUU cTangapT TMC, XuMUuuecKre CABUTH NPU-
BeJleHbl B 1IKasle 6. KOHTpOJ/Ib YHMCTOTBI OJIy4YeHHbIX
coeJlMHeHUH ocy1lecTBIsIca MeTooM BIXKX Ha npu-
6ope Agilent 1100 Series c ceJieKTUBHBIM JAETEKTO-
pom Agilent LC/MSDSL (o6pasel; BBoAUJICS B MaT-
pune CF,CO,H, nonusanusa 3Y). J1eMeHTHBIN aHa-
JIU3 BBINOJIHEH Ha yHUBepcaabHoM CHNS-anannsa-
Tope Vario MICRO Cube, ns151 onipefiesieHus rasore-
HOB MCNoJb30BaH MeToy lenurepa. Metoguku mno
JIy4eHHs YeTBEPTUYHBIX COJIEM apUITHIPa30HOB U30-
HUKOTHUHOWJIAIETOHA U U30HUKOTHHOMW/IAETOdEHO-
HOB cTpoeHus 1a-n onvcaHbl HaMH B pa6oTe [16].

3-Auetui-8-R-1-apui-1,2,8-Tpuasacnupo|4.5]
JAeKa-2,6,9-tpueH-4-oHbl 2a,b,d,e,f (06111251 MeTO M-
ka). PactBopstoT 1 mmosab 1-R-4-[2-(2-apuarugpa-
30H0)-1,3-AMOKCOOYTUJ |IUPUAUHUS TaJ0oTeHU A
(1a,b,d,e,f) B 5 mu1 cyxoro nupuauHa. [oMoreHHbIH
pacTBop 3a 20 MUH HarpeBaroT /1o TeMrepatypbl 75-80°C.
[Ip¥ 3TOM NHTEHCUBHOCTb OKpalllMBaHUA pacTBoOpa
yBeJrn4YruBaeTcs. U36bITOK pacTBOPUTEA YAAASIIOT
[Py MOHMKEHHOM J]aBJIEHUH, a IPOAYKT 3KCTParu-

Ta6bnuua 4
NaHHble cnekTpoB MK-coeanHeHnin 2a-f,g-n
CoefunHeHne v, cm!
2a 1723 (C=0), 1672, 1646, 1509, 1437, 1385,
1323(C-N), 1300, 1145
2b 1721 (C=0), 1702 (C=0), 1667, 1439, 1418,
1346, 1323(C-N), 1142
2 1728 (ywwup., C=0), 1651, 1439, 1419,
1325(C-N), 1303, 1145, 951
2d 1726 (ywwup., C=0), 1672, 1654, 1445,
1387, 1315(C-N), 1145, 949
26 1728 (ywwup., C=0), 1669, 1651, 1488,
1455, 1313(C-N), 1142, 951
of 1728 (ywwmp., C=0), 1659, 1452, 1393,
1315(C-N), 1145, 949
2h 1721 (ywwup., C=0), 1667, 1644, 1445,
1330(C-N), 1305, 1145, 951
2i 1721 (ywwmp., C=0), 1672, 1620, 1452,
1432, 1326(C-N), 1303, 1164, 949
2i 1721 (C=0), 1713(C=0), 1667, 1452, 1377,
) 1326(C-N), 1303, 1158,946
2k 1721 (ywwmp., C=0), 1674, 1607, 1429,
1375, 1331(C-N), 1300, 1163, 946
21 1718 (ywwmp., C=0), 1672, 1605, 1452,
1434, 1321(C-N), 1300, 1158, 949
2m 1716 (ywwup., C=0),1674, 1628, 1437,
1323(C-N),1300, 1168, 941
2n 1718 (ywwup., C=0),1669,1610,1445,1374,
1328(C-N), 1161, 949

pytot CH,Cl,. Opranuyeckue BbITS)KKHA IPOMBIBAIOT
BOZIOH. XJIOPUCTBIA METUJIEH YAAIAIOT IPY IOHWKEH-
HOM /IaBJIEHUH, OCTAaTOK EPEHOCAT Ha PUIBTP U PO-
MbIBAIOT HEOOIBLIUM KOJUYECTBOM 3TAaHOJIA.

Coenuuenue 2a. YO-cnektp (MeOH), A, HM (g €):
264 (3.72),376 (4.10).

Coepunenue 2b. YO-cnexktp (MeOH), A, HM (lg €):
260 (3.52), 392 (4.41). Cnektp AMP *C (DMSO-d,),
6, M. 1: 21.3 (N-C,H,-CH,), 27.8 (C-C(0)-CH,), 57.3 (N-
CH,-C.H.), 77.0 (C-5), 96.0 (C-6, C-10), 118.7 (C-2"),

ax’

Puc. CTpoeHme coeguHeHus 2h no gaHHeim PCA. TennoBble annvncoubl HEeBOAOPOAHbIX aTOMOB MOKa3aHbl Ha YpOBHE 50% BEPOATHOCTU.
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128.1 (C-2"C-7,C-9),129.2 (C-3"),129.8 (C-3"), 134.5
(C-3),135.3(C-4,C-4"),138.2 (C-1"),138.9(C-1"),190.9
(C-C(0)-CH,), 198.8 (C-4).

Coepgunenue 2d. YO-crexktp (MeOH), A, HM (Ig €):
265 (3.57),371 (4.01).

Coeaunenue 2e. YP-ciektp (MeOH), A,
263 (3.44), 380 (4.15).

3-Auetui-8-R-1-apui-1,2,8-Tpuasacnupo|4.5]
AeKka-2,6,9-tpueH-4-onsbl 2¢,g,h u 3-apouna-8-R-1-
apwi-1,2,8-tpuasacnupo|4.5]aeka-2,6,9-tpueH-4-
OHBbI 2i-n (0611ast MeTo[UKa). PacTBopstoT 1 MMoJb
1-R-4-[2-(2-apuaruapa3oHo)-1,3-A10KcOOy TUI | TH-
puauHus ranoreny/a (1c,gh) viu 1-R-4-[1,3-auokco-
3-apuii-2-(2-apuarupa3oHo)Iponu | IUpUgUHUSA
rasiorenyja (1i-n) B 10 M cyxoro CH,CL,. [Tocsie Toro,
KaK CMeCh CTaHET rOMOI'eHHOMW, OCTOPOKHO MPHU6GaB-
JswT 0,19 r (1,5 MMoJIb) UM30NPONUI3THIAMUHA.
PeakK1MOHHYI0 CMeCh NlepeMellrBaloT NP KOMHATHOM
TeMIiepaType Ha npoTshxeHUH 30 MUH, IOC/Ie Yero npo-
MBIBaIOT OpraHuyeckuil caoit Bopou. CH,Cl, ynanstor
NpU MOHMKEHHOM JIaBJIeHUH, OCTATOK IIEPeHOCAT Ha
$uUNBTp ¥ NpoMbIBalOT HEGOJIbLIMM KostndecTBoM CCl,.

Coexnunenuve 2h. Cnextp AMP *C (DMSO-d,), §,
M. . 27.8 (C-C(0)-CH,), 57.4 (N-CH,-C,H.), 76.7 (C-5),
96.0 (C-6,C-10),118.5(C-2"),125.6 (C-4'), 128.1 (C-2),
128.2 (C-7,C-9),129.2 (C-3"), 129.3 (C-3'), 134.9 (C-3),
135.3 (C-4"),138.2 (C-1"),138.9 (C-1"), 140.4 (C-1"),
191.0 (C-C(0)-CH,), 198.8 (C-4).

JlauHwie PCA coeduHernus 2h: kpucTtasibl 2h Mo-
HOK/IMHHBIe, Tpy 100 Ka =5.7510(4) A, b=11.7732(9) 4,

JiutepaTtypa

HM (Ig €):

ax’

c=26.418(2) A, B = 92.137(6)°, V = 1787.5(2) A3,
Mr = 281.31, Z = 4, npocTpaHcTBeHHas rpynna P21/n,
d,,.=1.328r/cm? u(MoKa) =0.087 mm?, F(000) = 752.
[lapaMeTphl 371eMEHTapHOU A4YEWKH U UHTEHCUBHOC-
T 6984 otpakeHui (4032 He3aBUCcUMBIX, R, , = 0.031)
M3MepeHbl Ha aBTOMaTHU4YeCKOM YeThbIPeXKPY>KHOM
nudpaktomeTpe «Xcalibur 3» (MoKa, rpa¢puToBbIit
MoHoxpoMaTop, CCD neTeKkTop, w-CKaHWUPOBaHHUE,
20,,,..= 58.2°). CTpykTypa pacurudpoBaHa NpSAMbIM
MeTO/0M 1o KoMiiekcy nporpamMmm SHELX-97 [20].
[losioxxeHuMs1 aTOMOB BOZ,0OPOZA pacCUUTaHbl FTeOMeT-
pHYECKH U YTOYHEHBI 110 MoZie/iv HaesaHuka cU, . =nU,
Hecyllero atroma (n=1.5 /Ji1 MeTHUJIbHOM I'PYIIbI U
n = 1.2 115 ocTaJbHBIX aTOMOB Bojopoaa). CTpyk-
Typa yTouHeHa 1o F? nosHomatpuyneiM MHK B anm-
30TPOINHOM NPHUOIMKEHUH [J11 HEBOJLOPO/IHbIX aTO-
MOB 710 WR, = 0.107 o 4032 otpaxenusim (R, = 0.048
o 2746 orpaxkenusim c F>4o (F), S = 1.02). CTpykTy-
pa fenoHMpoBaHa B KeMOpUKCKOM O6aHKe CTPYK-
TYPHBIX JaHHBIX, HOMep AenoHeHTa CCDC 1029739.
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CUHTE3 U BUOJIOTUYECKHE CBOMCTBA IT'H/IPOKCH-
(AJIKOKCH)3AMEHIEHHBIX AHWJINWA0B 1-R-4-TUIPOKCHU-2,2-
AUOKCO-1H-2A%1-BEH30TUA3HNH-3-KAPBOHOBBIX KUCJIOT

U.B.Ykpaunnew, JI.A.Iletpyiosa, O.B.I'opoxoBa, JI.B.CugopeHko

HanuoHanbHbIN papMaLleBTUYECKUNA YHUBEPCUTET

61002, r. XapbkoB, yi. [lymkuHackas, 53. E-mail: uiv-2@mail.ru

Karouesvle caosa: aHuaudsl; 4-2udpokcu-2,2-0uokco-1H-21% 1-6eH3omuasut-3-kapbokcamuodwl; CUHME3;
aHa/bzemuyeckass akmugHocms,; duypemuyeckoe delicmeaue

lMpodomkasi MoUCK HOBbIX BUOIO2UYECKU aKMUBHbIX 8ewyecms 2, 1-6eH3omuasuHo8oe2o psida, peakyuel ankus-1-
R-4-2udpokcu-2, 2-0uokco-1H-2A%, 1-6eH30muasuH-3-kapboKcunamos ¢ 3K8UMOSISIPHLIMU Korudecmeamu 2UOPOKCU-
U ankokcuzameWeHHbIX aHUIuUHO8 CUHMe3upo8aHa cepusi coomeemcmeyouux aHunudos 1-R-4-2udpokcu-2,2-
Ouokco-1H-2A8, 1-6eH30mua3uH-3-kapboHo8bIX Kuciom. Yx cmpoeHue nodmeepx0eHo 0aHHbIMU 371eEMEHMHO20
aHarnusa, cnekmpockoriuu SIMP ("H u °C), a makke Macc-criekmpomempuu. Bee rostydeHHble coeOUHeHUsT odeepaHymb!
hapmaKkoro2u4ecKkoMy CKpUHUH2Y Ha 8blsielieHUe aHalbeemuyeckux ceolicms. TecmuposaHue nposedeHo Ha
HernuHeUHbIX Kpbicax My>CKO20 10/1a C UCrofib308aHUeM cmaHOapmHOoU MoOeu mepMuUYeCKo20 pa3opaXKeHuUsl
KOHYuKa xeocma (tail immersion test) napannensHoO u 8 cpasHeHUU CoO CMPYKmMypHO bIU3KUMU fiekapCmeeHHbIMU
npenapamamu MeroKCUKaMoM U MUpOoKcukamom. Cpedu U3yyeHHbIX 8eiecma 0bHapyKeHbl 8bICOKOAKMUBHbIE
aHanlbeemuku, Komopbie rpu nepopasbHoM esedeHuu 8 dose 20 me/ke npesocxodsim o obesbonusarouemy
aghgpekmy peghepeHc-npenapamsl 8 HECKOMbKO pa3 u npedcmasrisiom uHmepec 0ns yanybrneHHbIX ucibimaHud.
U3yyeHue enusiHusi CUHMe3uposaHHbIX COEOUHEHUL Ha MoYesbiOennumesibHyr yHKUUIO MOYeK rnokasarsno, 4mo e
OaHHOM criydae rnepexod om XUHOMOHOBbLIX aHan0208 K 2,1-6eH30mua3uHo8bIM CONPOBOXOAEMCsT HEKOMOPbLIM
crnadom MOYe20HHbIX ceolicma, xomsi omderibHble COeQUHEeHUs U ycunuearom Ouype3 Ha yposHe audpoXsiopo-
muasuda, npu4yem 8 20pa3do MeHbueli dose.

THE SYNTHESIS AND BIOLOGICAL PROPERTIES OF HYDROXY-(ALKOXY)SUBSTITUTED ANILIDES OF
4-HYDROXY-2,2-DIOX0-1H-2A%,1-BENZOTHIAZINE-3-CARBOXYLIC ACIDS

I.V.Ukrainets, L.A.Petrushova, O.V.Gorokhova, L.V.Sidorenko

Key words: anilides; 4-hydroxy-2,2-dioxo-1H-2A°, 1-benzothiazine-3-carboxamides; synthesis; analgesic activity;
diuretic action

Continuing the search for new biologically active substances of 2,1-benzothiazines a series of the corresponding
anilides of 1-R-4-hydroxy-2,2-dioxo-1H-2A%, 1-benzothiazine-3-carboxylic acids has been synthesized by the re-
action of alkyl-1-R-4- hydroxy-2,2-dioxo-1H-2A8, 1-benzothiazine-3-carboxylates and the equimolar quantities of
hydroxy- and alkoxy-substituted anilines. Their structure has been confirmed by the data of elemental analysis,
NMR 'H spectroscopy ("H and "°C), as well as mass spectrometry. All compounds obtained were subjected to
pharmacological screening to identify their analgesic properties. Testing was carried out in non-pedigree male
rats using the standard model of the thermal tail-flick (tail immersion test) in parallel and in comparison with the
structurally related drugs — Meloxicam and Piroxicam. Among the substances studied the potent analgesics have
been found. When administered orally in the dose of 20 mg/kg they several times exceed the reference medi-
cines in their analgesic effect and are of interest for the profound research. The study of the effect of the com-
pounds synthesized on the urinary function of the kidneys has shown that in this case transition from quinoline
analogues to 2,1-benzothiazine ones is accompanied by some decrease in diuretic properties although some
compounds increase diuresis at the level of hydrochlorothiazide in a much lower dose.

CUHTE3 TA BIOJIOIT4HI BJIACTUBOCTI IN4POKCHU- (AJIKOKCU)SAMILUEHUX AHIITIZIB 1-R-4-I'JPOKCHU-
1-2,2-[JIOKCO-1H-2A% 1-6EH30TIA3UH-3-KAPEOHOBUX KUCJIOT

1.B.Ykpaineys, J1.0.llempywoea, O.B.opoxoea, J1.B.CudopeHko

Knrowoei cnoea: aHiniou,; 4-eiopokcu-2,2-0iokco-1H-2A%, 1-6eH3omia3uH-3-kapbokcamiou; cuHmes; aHanzemuy-
Ha akmueHicmb,; diypemuyHa 0is

lMpodoexyroyu mowyk Hosux 6iofno02iYHO akmueHUX pedo8uH 2,1-6eH30mia3uHog8o20 psdy, peakuiero ankin-1-
R-4-2idpokcu-2,2-0iokco-1H-2A%, 1-6eH3omia3uH-3-kapbokcuramie 3 eK8iMONISIPHUMU KiflbKocmsiMu 2i0poKcu- |
ankokcu3aMilieHUx aHirniHie cuHme3oeaHo cepiro 8idnoeioHux arinidie 1-R-4-2idpokcu-2,2-0iokco-1H-2A8,1-
6eH30mia3uH-3-kapb6oHo8UX Kucriom. Ix 6ydoea nidmeepdxeHa daHUMU efleMeHMHO20 aHari3y, CriekmpoCcKorii
SAMP ('H ma 3C), a makox mac-criekmpomempii. Bci o0epskaHi crionyku niddaHi ghapmakonoaiqHoMy CKpUHiHaYy Ha
BUSIBIIEHHST aHalleemuYyHUX enacmusocmel. TecmyeaHHs1 posedeHe Ha HEMHIUHUX uwypax 4Yosoeidoi cmami 3 u-
KopucmaHHsaM cmaHdapmHoi Moderni mepmiyHo20 nodpa3HeHHs KiHYuka xeocma (tail immersion test) napanesns-
HO ma y MOPIBHSIHHI 3i CMPyKMYPHO 651U3bKUMU JTIKapCbKUMU rpenapamamu MeToKCUKaMOM ma MipoKCUKaMoM.
Ceped sus4yeHUX peqyoB8UH 3HaUOEeHi 8UCOKOaKMUBHI aHan2emuKu, SKi npu nepopansHOMYy 88e0eHHI y 003i
20 me/ke nepesuwyrome 3a 3HebomnYUM eghbekmom pechepeHc-rpenapamu y OekinbKka pasie i npedcmasris-
tomb iHmepec 0ns noanubneHux surnpobosysaHb. BugyeHHS 81Uy cUHMe308aHUX CriofyK Ha ce4o8UdinbHY
QyHKUiO HUPOK roka3saro, wo y daHomy sunaodky rnepexid ei0 XiHonmoHosux aHanoeie 00 2,1-6eH30mia3uHosux
Cyrnpogodxyembcsi 0esskUM criadoM ceqoeiHHUX enacmugocmel, Xxoda OKpeMi criofyku i nocummoroms Oiype3 Ha
pigHi 2idpoxnopomia3udy, npUYoMy 8 3Ha4HO MeHWil 003i.
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B apceHasie coBpeMeHHbIX Cpe/icTB 60pbObI € 60-
JIbIO U 60JIEBBIMU CUH/JIPOMaMU pa3IMYHOU 3THOJI0-
MU 0C060€e MeCTO MPUHAJJIEKUT alleTaMUHOpEeHY
(mapaneramo.ty). Co3jaHHBIH ellle B cepe/iHe MPOIIl-
JIoro Beka [1], aToT mpenapat, HeCMOTpPs1 Ha Maccy NMpo-
THUBOTIOKa3aHUU U MOGOYHBIX 3pPeKTOoB [2-9], B Ha-
cToslIee BpeMs ABJISAETCH OJJHUM U3 HauboJiee pac-
NPOCTPaHEHHBIX U BOCTpeOOBAaHHbBIX HEHAPKOTHYE-
CKUX aHa/IbreTUKoB [10-12]. Bxo/is1 B cocTaB 0K0JI0
200 roToBbIX JIeKapCTBEHHBIX GOpPM, alleTaMUHODEeH
aKTUBHO HCII0JIb3yeTCs Kak 06e360/11Batolee cpesi-
CTBO B Pa3/IMYHbIX OTPACASIX MeJUIIMHEI [2, 13-19],
BKJItO4as neauatpuio [20] u BeTepuHaputo [21].

HUcxois1 M3 3TOrO NpeCTaB/IseTCs] HHTEePECHbIM
BKJIIOUUTH B KPYT MPOBOJAUMBIX HAMHU HCCJIe/I0Ba-
HUU 110 TOWCKY HOBBIX aHaJbleTUKOB cpefu 1-R-4-
TUAPOKCH-2,2-1u0Kco-1H-2A°%1-6eH30THa3UH-3-
KapOOKCaMH/I0B IPOU3BOAHbBIE, coZiepKalue ppar-
MEHTBI napa-aMuHoeHoJ1a (KaK el CTBYIOIIEro Ha-
yasia aieTaMMHOpeHa) U CTPYKTYPHO OJIU3KUX eMY
QHUJIMHOB.

st aToro peaknuei caoxHbix 3¢upoB 1-R-4-
TUAPOKCHU-2,2-nuokco-1H-22%1-6eH30THA3UH-3-
kap6oHOBbIX KUca0T (1a,b) u aMmuHobeHOJI0B MU
rX O-aJIKWIMPOBAaHHBIX aHAJIOOB B KUMAIIEM KCHJIOJIE
10 OTIMICAHHOW HAMU paHee MeTOAMKe [22] ObLIN MoJTy-
YeHbl COOTBeTCTBRyIoIIME 1-R-4-ruipokcu-2,2-11oKco-
1H-2A51-6eH30THa3uH-3-Kap6oKcaHUAUBI (2 U 3)
(cxema 1).

Bce cuHTE3MpOBaHHbIE THAPOKCH- (AIKOKCH )-3aMe-
nieHHble aHuanabl 1-R-4-rugpokcu-2,2-aguokco-1H-
27%,1-6eH30THa3HH-3-Kap6OHOBBIX KMCIOT (2 U 3) npea-
CTaBJISIIOT COO0M Gesible CKeJITOBAaThIM OTTEHKOM KPUC-
TaJ/UIMYeCKHe BellleCTBa C y3KMMHU HHTepBalaMu TeM-
nepaTyp IUIaBaeHUs (CM. SKCIIepUMEHTa/bHYIO0 YacTh),
MpY KOMHATHOU TeMIlepaType pacTBopuMble B /IMDA
u IMCO, MasiopacTBOpUMbIe B HU3LIMX aJIKHUJIOBBIX
COUpPTax, NIPaKTUYECKU HEPACTBOPUMBIE B Boje. Jljis
MOATBEPKEHUS UX CTPOEHHUS HCII0JIb30BaHbI 3J1e-
MEeHTHbIN aHa/u3, cnektpockonus AMP (*H u 13C), a
TaK»Xe Macc-CIeKTPOMEeTPHUS.

[IpoToHBI 06J13/1aI01HX BBIPAXKEHHBIMU KUCJIOT-
HbIMM CBOMCTBaMHU 4-OH U nuk/Inyeckux cysibdaMu/i-
HBIX rpyni B cnekTpax SIMP 'H anunnpgos (2-3) npo-
SIBJISIIOTCS YIUMPEHHBIMU CUHIJIETAMU B CJ1ab60M I0Jie
(16-12 m.1.). [IpoTOHBI BCceX OCTaNbHbIX QYHKIIUO-
HaJIbHBIX TPYIIN PE3OHUPYIOT B XapaKTEPUCTUYECKUX

HZNQ
N/K; R
H R -

Kewnon, 150°C, 1 4

2a-d

JUISI HUX 06J1aCTSX CIEKTPA, @ UX CUTHAJIbI, KaK Mpa-
BUWJIO, XOPOIIIO paspelieHbl. [lepeKkpbIBaHUS CUTHATIOB
NPOTOHOB 6€H30THA3UHOBBIX U aHUJIUAHBIX par-
MEHTOB B HauboJiee MPo6JIeMHOH /1 UHTEPIpeTa-
UM «apOMaTHU4YecKoi» 06J1acTU BeCbMa PeIKH, He-
CMOTpS Ha TO, YTO COCPeZJ0TOUYEHBI OHH Ha Y3KOM
y4acTKe ClleKTpa NpuMepHo B 1 M.z,
3aperucTpupoBaHHbIE B YCJAOBHUSAX IIUPOKOIO-
JIOCHOTO IPOTOHHOTO JAeKalJuHra cnektpol AMP
13C 1-R-4-rusipokcu-2,2-nuokco-1H-22%,1-6eH30THA3HH-
3-kap6OKCAaHWIN/IOB (2 U 3) JAI0T BAXKHYTO U N10JIE3HYI0
nHbopMaLUIo 06 UX CTPOEHUH YKe TeM, YTO OJHO-
3HaYyHO ONpeJe/IsII0T KOJIMYeCTBO aTOMOB yIJyiepo/ia
B HCC/Ie/lyeMbIX BellleCTBax. [10/10’keHHUsI BCeX CUTHA-
JIOB ITPU 3TOM HAXOZSATCS B TUITMYHBIX JIJI1 UX XUMHU-
YeCKOI'0 OKPYKeHHUS uana3oHax CABUTOB (CM. 3KcC-
NepUMeHTaJbHYI0 YacThb).
Macc-cniekTpoMeTpuieckoe noBegeHue 1-R-4-
TUAPOKCU-2,2-n10Kco-1H-2A%1-6eH30THAa3UH-3-
Kap6oKCaHUIXA0B (2 U 3) B LieJIOM TUITUYHO JJI CO-
e/IMHEeHUH 3TOr0 XUMHUYeCKOTro KJ1acca, CyleCcTBYI0-
mux B 4-OH-dpopmax [22, 23]. [oBops uHave, OHU SIB-
JISIFOTCSL I0CTATOYHO YCTOWYHUBBIMU COEJJUHEHUSMU
JlJ1s1 06pa30BaHUS MOJIEKY/ISIPHBIX KATUOH-pa/IUKa-
JIoB (cxeMa 2), nepBrUYHas pparMmeHTalusi KOTOPbIX
MPOTEKAET TI0 JIBYyM KOHKYPHUPYIOLUM HAITPaBIEHHUSIM:
pa3pbIB CBA3U reTePOLUKII-KapOaMUHbINA pparMeHT
(nyTp A) UM Ke AECTPYKLUSA KapbaMHUIHOUN CBA3HU
(nyTs B). [Ipy 3TOM 0C0O60 C/leiyeT MOAYEPKHYTh, UTO
anuMuHupoBaHue SO, B JaHHOM CJiy4ae ecJIM U Ha-
6J110/jaeTCs, TO IPU pa3pyLIeHUH JULIb 0CKOJIOYHbBIX
HMIOHOB, HAalpHYMep, MOH-PaIKaJia 6eH30THa3uHa 5 cm/z
211, 0o 4yeM CBU/ETEJIbCTBYIOT HU3KOUHTEHCHUBHbIE
MUKW 00pa3yolerocs B Npoliecce JJaHHOIO MpeBpa-
eHus ruApokcuuHaona (6). UHTepecHo, YTO st
4-rugpokcu-N-(4-rugpokcudpenu)-1-metun-2,2-
Jokco-1H-2A°%1-6eH30THa3uH-3-Kap6okcamuaa (3c¢)
B OTJIMYHE OT ero opmo- (3a) u mema- (3b) uzome-
pOB moZ06HasA TpaHcPopMaIusa BooOle He XapakK-
TepHa, a NepBUYHask GpparMeHTaIUsa MOJIEKYISAPHO-
r0 NOHA NPOUCXOAUT UCKJIIOUUTEJBHO 10 MyTH B.
AHanbreTryeckKue CBOMCTBA BCEX CUHTE3UPOBaH-
HbIX HaMH 1-R-4-ruapokcu-2,2-auokco-1H-21%,1-6eH-
30THA3UH-3-KapOOKCaHUINUA0B (2 U 3) U3yvaau Ha
6eJIbIX HeJIMHEMHBIX TI0JI0BO3PEJIbIX KpbICaX-caMllaX
BecoM 180-200 r B N0JIHOM COOTBETCTBUHU C MOJIO-
>KeHUsiMU EBponelckoi KOHBEHIUH M0 3alUTe NO-

OH 0 Q
HN

Xy oAk ’ R

—_—
N’?\_O Keunon, 150°C, 1 u
()
R
1a,b

1:aR=H,Alk =Et; bR=Alk =Me; 2: aR =2-OMe; b R = 3-OMe; ¢ R =4-OMe; d R = 4-Oet; 3: a R = 2-OH,;
b R=3-OH; c R =4-OH; d R = 2-OMe; e R = 3-OMe; f R = 4-OMe; g R = 2-OMe-5-Cl; h R = 4-OEt; i R = 3,4-(OMe),.

Cxema 1
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3a [M]* m/z346 (77%)
3b [M]* m/z346 (29%)
3¢ [M]* m/z346 (35%)

Ok\@)ih A

4a m/z135 (27%)
4b m/z135 (3%)

4c m/z 135 (0)
+ =
OH |
N E—
-S= -S0
\\ 2
"o
Me

5a m/z211 (100%)
5b m/z211 (5%)
5¢ m/z 211 (0)

Cxema 2

3BOHOYHBIX YKMBOTHBIX, UCII0JIb3YEMBbIX JIJIS 3KCIIe-
PUMEHTAJIbHBIX U APYTUX Hay4YHbIX LieJiel, a TakKe
3akoHa YkpauHbl N23447-1V «O 3amuyTe »KUBOTHBIX
OT »KecTokoro nopeZieHus1» (2006).

TecTupoBaHue NpPOBeJIEHO HA CTAaHJAPTHOUN MO-
JleJId TepMUY€ECKOT0 pa3ipakeHrsl KOHYMKa XBOCTa
(Tail Immersion Test), mo3BoJisitoLIEel CyIUTH O LIEHT-
pa/IbHOM BJIMSIHUM HAa HOLMLENITUBHYO cUcTeMy [24]:
KOHYMK XBOCTa KPbIChI [IOIPY>KatoT B HArpeTyo A0 54°C
BO/ISIHYI0 6aHI0, I0CJIe YET0 ONPEeIeISIIOT JJTaTeHTHBIN
nepuoJ OTAEpruBaHus (MMMepCcHH) XBOCTA, BbIpa-
»KeHHBIH B CeKyH/aX. [lJis moy4eHus CTaTUCTUYECKU
JIOCTOBEPHBIX PE3YJILTATOB B TECTUPOBAHUHU KaXKJ 00
aHuauja 2 1 3, npenapaToB CpaBHEHUs B KOHTPO-
Jie O6bLJIO 33/1eICTBOBAHO MO 7 MOJONBITHBIX YKUBOT-
HbIX. Bce vcnbITyeMble BelleCcTBa U NpenapaThl CpaB-
HeHUs (CTPYKTYpHO O6JIM3KHe MeJIOKCMKaM U UPOK-
CUKaM) BBOJIWJIU [1ePOPATIbHO B BU/l€ CTAOUINU3UPO-
BaHHbIX TBUHOM-8(0 TOHKUX BOAHBIX CyCIIEH3UH B J103€
20 mr/kr. JKUBOTHbIE KOHTPOJIbHOM IPYIIIbI MOJIyYa-
JIM 5KBUBaAJIEHTHOE KOJIMYECTBO BO/IbI C TBUHOM-80.
06e360nBawLUi 3¢ deKT (B %) oLeHMBaIH 110 Be-
JIMYMHE JIATEHTHOTO Nlepuo/ia yepe3 1 yac nocJie BBe-
JleHUs UCCllelyeMbIX BELeCTB.

6a m/z147 (11%)
6b m/z147 (3%)
6c m/z 147 (0)

+I
X Q ]
H2N OH
7a m/z109 (44%)
7b m/z109 (100%)
7c m/z 109 (100%)
+ = +
oH | o 0O

A\
N N/%:O
Me I\I/Ie 0o

8a m/z238 (40%)
8b m/z238 (11%)
8c m/z 238 (17%)

[IpeacTaBiieHHble B Tab/. 1 pe3yjabTaThl Mpo-
Be/leHHbIX HAaMU GpapMaKoJIOTHYeCKUX UCIIBITAHUN
II0Ka3bIBAIOT, YTO BOIPEKU OXUJAHUAM HU 4-TU-
JApokcuanuaug (3c), Hu ero uszomepsnl (3a) u (3b)
aHaJIbIreTUYeCKMMU CBOMCTBAaMM NPAKTHUYECKH He 06-
JIagaroT. B To ke BpeMs O-MeTUIMpOBaHUe TUAPOKCH-
aHWJMAHOro ¢pparMeHTa, T. e. Iepexo/; K aHU3UJu-
JlaM, MOXKEeT pacCMaTPUBAThCS KaK BApUAHT BeCbMa
yla4HOU XUMHUYecKor Mmoudukaiuu. [[paBaa 37ech
6uosiorniyeckuii 3¢ PeKT CUIBbHO 3aBUCUT OT I10JI0-
YKEHHSI METOKCUJIbHOW I'PYIIbl B QEHUJIBHOM sJpe.
Tak, HanpyuMep, B cepUM He3aMellleHHbIX B [10JI0XKe-
HUM 1 Mpou3BOAHBIX (2a-C) cujia 06e360/IMBAKOILETO
NelcTBUS yObIBAeT B psaAAy 4>>2>3. OgHaKo B CJy-
yae 1-MeTu/13aMelleHHbIX aHasioroB (3d-f) kapTuHa
MeHseTCsl Ha IPSIMO IPOTHUBOINOJIOXKHYI0 3>2>>4, 1
y>Ke HauboJiee aKTUBHbIM OKa3blBaeTCs Mema-nu3o-
Mep (3e), 3HaUUTEJIbHO TPEBOCXOASALUHN IO aHAb-
reTUYeCKMM CBOWMCTBAM IpenapaThl CpAaBHEHUS OK-
CUKaMOBOro psjia. JloloJIHUTeIbHBIM aTOM XJIopa B
NoJIOXKeHUHW 5 - aHuanz (3g) paBHO Kak M BTopas
METOKCUJ/IbHAs TPyIa B MOJI0KeHUU 4 — aHuauy, (3i)
B 3HAYUTE/IbHOM CTENEeHU JIMILAIOT MOJIEKY/IbI aKTHB-
HOCTH U [I03TOMY He)keJlaTeJIbHblL. YBeJndeHue pas-
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Ta6bnuua 1
AHanbreTnyeckasa akTMBHOCTb aHUMAOB 2 1 3 Ha mofenu «Tail Immersion Test» y KpbIC
JlaTeHTHbIN Nepuog M3meHeHune gnntenbHOCTK
CoefimHeHne R yepes 1 4 nocne BBeAeHWsA NaTeHTHOro neproga no
coeanHEeHNI, C CpaBHEHWIO C KOHTponeM, %
2a 2-OMe 3,44+0,13 +9,5
2b 3-OMe 3,30+0,10 +5,2
2c 4-OMe 4,41£0,14% +40,4
2d 4-OEt 4,22+0,12*% + 34,4
3a 2-OH 3,190,710 +1,9
3b 3-OH 3,17£0,15 +1,1
3c 4-OH 3,73£0,12 +18,9
3d 2-OMe 5,76+0,16* +83,5
3e 3-OMe 6,31+0,17* +101,1
3f 4-OMe 3,700,11 +18,0
3g 2-OMe-5-Cl 4,02+0,14* +28,0
3h 4-OEt 3,92+0,13* + 24,8
3i 3,4-(OMe), 3,43+£0,12 +9,2
Menokcmnkam 4,91+0,17* +56.3
Mupokcnkam 3,96+0,15* + 26.1
KoHTponb 3,14+0,14 -

* — pa3nnuMs AOCTOBEPHBI Npn p<0,05 MO CPaBHEHMIO C KOHTPOSIEM.

Mepa 0-aJIKWJIbHOT0 3aMeCTUTe I Ha OIHO MeTHJIe-
HOBOE€ 3B€HO — Napa-3TOKCU3aMellleHHble aHUJIN/|bl
(2d) u (3h) Ha aHa/IbreTUYECKON aKTUBHOCTHU OTpa-
»KaeTCsl He3HAYUTEJbHO.

OcHoBaHUMeM AJ11 U3y4eHUs BJIHUSAHUS CUHTE3U-
poBaHHBIX HaMU 1-R-4-rugpokcu-2,2-guokco-1H-
227%,1-6eH30THA3MH-3-KapbOKCaHWIH/OB (2 1 3) Ha Mo-
YeBbl/e/IMTENbHYI0 GYHKLHIO [T0YeK NOCIYKUI0 UX
CTPYKTYPHOE CXOJCTBO C 06/1a/Jal0LMMH BBICOKOM
JUYypeTUYeCKOW aKTUBHOCTBIO 1-R-4-rujipokcu-2-
0KCO-1,2-AUTHMAPOXUHOJIMH-3-KapOoKcaHUIUJaMu [25].
TecTupoBaHue NpoBeEHO M0 TPAAULMOHHON METO-
JIuKe [26] Ha GeJsbIX 6eCIOPOAHBIX KPbICAX BECOM
180-200 r mapaJsisieJIbHO U B CpPaBHEHUHU C TUAPO-
XJIOPOTHA3M/O0M. Bce moJioNnbITHBIE )KUBOTHBIE NOJIY-
YaJiy yepes XKeJIyL0YHbIM 30H/ BOJHYI0 Harpy3Ky U3
pacdeta 25 MJ1/KI. 3y4aeMble coeJUHEHUS] BBOAU-
JIU [lepopaJlbHO B BUJle TOHKOM BOJHOM CyCIIEH3UHY,
cTabuan3vpoBaHHOU TBUHOM-80, B 103e 10 Mr/Kr,
cooTBeTcTBYyMoLel 3/l, ogHOro U3 HauboJiee apdek-
TUBHBIX JMYPETUKOB XMHOJIOHOBOTI'O psijia [25], aruj-
poxsiopoTHasu/, — B ero adpdextrBHo fo3e (40 mMr/kr).
KoHTposibHas rpyIia }KUBOTHBIX 110JIy4asia TOJbKO
aHaJIOTUYHOE KOJIM4ecTBO BoAbl ¢ TBUHOM-80. [Toc-
Jie 3TOTr0 NOAONBbITHBIE XKUBOTHbIE IOMELA/INCh B «00-
MeHHbIe KJIeTKW». [loka3aTesieM MUHTEHCUBHOCTH MO-
4yeBbl/le/IEHHUS CJIYKUJI0 KOJIMYEeCTBO MOYH, BbIZleJIeH-
HOe )XUBOTHBIMHU 3a 4 Jaca.

AHasu3 noJiy4eHHbIX IPY 3TOM 3KCIIepUMeHTalb-
HbIX JaHHBIX (TabJ. 2) U UX CpaBHEHUE C pe3yJibTa-

70

TaMU NpeJbIAYLUIUX UCCAeJ0BAHUN XUHOJOHOBbBIX
JIUYPETHKOB [25] CBUAETENBCTBYIOT O TOM, YTO B L1€JIOM
0eH30THa3WHOBBIE NPOU3BOAHbBIE (2) U (3) HECKOJIBb-
KO YCTYMAIT B IUYPETUYECKHUX CBOWCTBAX CBOUM XH-
HOJIOHOBBIM aHaJIoraM, XOTsl HEKOTOpPbIe W3 HUX,
Hanpumep, anuaubl 2d, 3b u ocobenHo 3e - cno-
COGHBI YCUJIMBATh MOYEOT/IeJIeHHe HA YPOBHE U IaXKe
3ddekTUBHEE THPOXIOPOTHAUA, TPHUYEM B 4 pa3a
MeHbIIeH Jo03e.

OKCrnepuMeHTasibHasi YacTb

Crnextpsl SIMP *H 1 3C ciHTe3UpOBaHHBIX COeTHU-
HEeHUH 3anmucaHbl Ha mpubope Varian Mercury-400
(400 1 100 MI'y cooTBeTCcTBEHHO) B pactBope AMCO-d,,
BHYTpeHHUU cTangapT TMC. Macc-cneKTphl 3aperu-
cTpyupoBaHbl Ha npu6ope Varian 1200L B pexxume
MOJIHOTO CKAHWPOBaHUs B [uanasoHe 35..700 m/z,
WOHM3alMA 3JIeKTPOHHBIM yZapoM 70 3B npu nps-
MOM BBO/ie 00pa3ija. JJieMeHTHbIN aHa/Iu3 BbINOJI-
HeH Ha MUKpoaHasiu3aTtope EuroVector EA-3000. Tem-
MepaTyphl [JIaBJeHHUs OlNlpe/iesieHbl B KaWJLIsIpe Ha
udpoBOM aHa/JIU3aTOPe TOUKHU I1aBjaeHuss SMP10
Stuart. UcxoaHble ciioxHbie 3dupbl 1-R-4-ruipokcu-
2,2-nuokco-1H-21%1-6eH30THa3UH-3-Kap6OHOBBIX
kucsoT (1a,b) cuHTEe3UpOBaHbI 10 MeTOAHKe pabo-
ThI [27].

4-Tugpokcu-N-(2-meTokcudpenunn)-2,2-au-
0Kc0-1H-21%1-6eH30THa3uH-3-Kap6okcaMuj, (2a).
Cmech 2,69 1 (0,01 Mouib) sTuoBoro adpupa 1 u 1,23 ¢
(0,01 Mouib) opmo-aHU3UAMHA B 2 MJI CYXOT'0 KCUJIOJIa
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Tabnuua 2

Onypetnyeckan akTMBHOCTb aHUNMAOB 2 1 3 B
CpaBHEHUN C TMAPOXI0POTUA3NLOM

CoeanHeHne | Oduypes3a 4y, Mn gf!f;;g:f;:iz

2a 5,20+0,27 +22
2b 5,79+0,34 + 36
2c 5,45+0,31 +28
2d 6,69%0,29%* +57
3a 4,77+0,31 +12
3b 6,90+0,36** +62
3c 6,30+0,32*%* +48
3d 2,81+0,18 -34
3e 7,84+0,33** + 84
3f 5,07+0,32 +19
3g 4,56+0,30 +7
3h 6,34+0,33*%* +49
3i 3,87+0,21 -9

Eﬁggﬁ;‘mpo' 6,43+0,38** +51

KoHTponb 4,26+0,33 100

* «+» — yCuneHune, «—» — yrHeTeHve Anypesa no OTHOLIEHWIO K
KOHTpONto, NpuHsitoMy 3a 100%; ** — pa3nnums 4OCTOBEPHbI Npu
p<0,05 No cpaBHEHUIO C KOHTPONEM.
BbIJIEP>KUBAIOT HAa MeTalinueckol 6aHe npu 150°C
B TeueHUe 1 4 B KoJsibe ¢ NOAXOASAIUM AedierMaTo-
pPOM, MO3BOJISIIOUIMM OTTOHATHCS 06pasylolemMycs
METHUJIOBOMY CITUPTY O€3 yBJIeueHH sl KCuloJa. Peakiy-
OHHYI0 CMECh OXJIQXK/1a0T, IPUOABJSIOT 5 MJI TeKcaHa
M OCTaBJISIIOT HAa HECKOJIBKO YaCOB NPYU KOMHAaTHOMU
TeMIepaType. BbieuBIIrecs KpUCTaLIbl aHWIW/A 2a
OTOUIBTPOBBIBAIOT, IPOMBIBAIOT X0JIOAHBIM 3TAHO-
JioM, cywiat. Beixog - 2,97 r (86%). T. 1. - 224-226°C
pass. (ata”oun). Cnektp AMP 'H, §, m.a. (J, T'): 15.51
(1H, ym. ¢, 4-OH); 12.08 (1H, yur. ¢, SO,NH); 9.97 (1H,
¢, CONH); 8.23 (1H, n,J = 8.0, H-6"); 799 (1H, 1, ] =
8.0,H-5); 7.59 (1H,T,/=7.6,H-7); 7.27 (1H, T, /= 7.6,
H-6); 7.20 (1H, 1,/ = 8.0, H-8); 7.11 (1H, T, J = 7.2,
H-4"); 7.04 (1H, x, ] = 7.6, H-3"); 6.96 (1H, T,/ = 7.6,
H-5"); 3.95 (3H, ¢, OCH,). Ciekp AAMP 3C, §, m.1.: 169.1
(4-C-OH), 164.3 (C=0),149.9,137.8,136.2,134.2,127.7,
126.1,125.0,122.9,120.7,120.3,118.2,111.0,103.8,
56.0 (OCH,). Macc-criextp (3Y, 70 aB), m/z (I,,,, %):
346 [M]* (100),224 (12),123 (4), 108 (48), 77 (16). Hait-
JaeHo, %: C55.57;H3.98;N8.17;S9.17.C,.H,,N,O.S.
Boruucieno, %: C 55.48; H 4.07; N 8.09; S 9.26.
Anunuapl 2b-d v 3a-i nosiydeHbl aHAJIOTUYHO.
4-T'uapokcu-N-(3-meTokcupeHmnn)-2,2-AUoKco-
1H-21%1-6eH30THa3uH-3-Kap6okcamuf (2b). Boi-
xoz - 90%. T. m1. - 205-207°C pasJ1. (xJ10pUcTbii Me-
twieH). Cnextp IMP 'H, §, m.z1. (J, ['n): 15.46 (1H, ym. c,
4-0H); 12.20 (1H, yu. ¢, SO,NH); 9.44 (1H, ¢, CONH);
8.00 (1H, x, /= 7.6, H-5); 7.62 (1H, T, ] = 7.6, H-7);

7.30 (1H, ¢, H-2"); 7.28-7.16 (3H, M, H-6 + H-8 + H-6");
7.08 (1H, T,/ = 7.6, H-5"); 6.72 (1H, g, ] = 8.0, H-4");
3.81 (3H, ¢, OCH,). CniexkTp AMP *3C, §, m.p1.: 168.2 (4-C-
OH), 159.5 (C=0), 150.0, 136.8, 134.7, 129.7, 128.2,
126.2,123.5,119.6,118.4,113.6,111.4,110.2,104.7,
55.3 (OCH,). Macc-cnektp (3¥, 70 3B), m/z (., %):
346 [M]* (36), 224 (3),123 (100), 108 (11), 94 (27),
93(20),92 (17),77 (14). Haiigeno, %: C 55.58; H4.15;
N 8.00; S9.18. C;(H,,N,0.S. Beruucneno, %: C 55.48;
H 4.07; N 8.09; S 9.26.
4-Tuapokcu-N-(4-metokcudpenunn)-2,2-au-
0kco-1H-2A%1-6eH30THa3uH-3-Kap6okcamuz, (2c).
Boixoz - 93%. T. 1. - 202-204°C pas. (atanou). CekTp
AMP H, 6, m.a. (/, T'n): 15.50 (1H, ym. ¢, 4-OH); 12.18
(1H, yur. ¢, SO,NH); 9.31 (1H, ¢, CONH); 7.98 (1H, g,
J=8.0,H-5); 7.61 (1H, T,/ = 7.6, H-7); 7.49 (2H, &, ] =
8.4,H-26"); 7.26 (1H, 1,/ = 7.2, H-6); 7.20 (1H, 1, ] =
8.0, H-8);6.90 (2H, 1,/ =8.4,H-3°5"); 3.79 (3H, c, OCH,).
Cnextp AAMP 3C, §, m.z.: 168.3 (4-C-OH), 164.9 (C=0),
156.1,136.6,134.3,128.3,126.1,123.2,122.2,120.7,
118.1, 114.0, 104.0, 55.2 (OCH,). Macc-cnexTp (3V,
70 aB), m/z (I, %): 346 [M]* (63), 224 (11), 123
(100),108(11),92 (11), 77 (4). Haiizeno, %: C 55.41;
H3.96;N7.98;59.22.C,;H,,N,0.S. Boruucneno, %: C
55.48; H4.07; N 8.09; S 9.26.
4-Tnapokcu-N-(4-aTokcudennn)-2,2-AU0KCO-
1H-21%1-6eH30THa3uH-3-Kap6okcamuy,  (2d).
Beixog - 95%. T. 1. - 217-219°C pasi. (X710pUCTbIX
MeTtuseH). Cnektp AMP 'H, 6, m.z. (/, I'): 15.53 (1H,
yuL ¢, 4-OH); 12.16 (1H, yu. ¢, SO,NH); 9.30 (1H, c,
CONH); 7.97 (1H, 5,/ = 7.6, H-5); 7.61 (1H, T, ] = 7.6,
H-7); 7.47 (2H, 1, ] = 8.4, H-26"); 7.26 (1H, T, ] = 7.6,
H-6); 7.19 (1H, g, ] = 8.4, H-8); 6.88 (2H, 1, ] = 8.4,
H-3’5"); 4.02 (2H, , ] = 6.8, 0CH,CH.); 1.38 (3H, T, ] =
6.8, OCH,CH,). CnexTp AMP “3C, §, m.1.: 168.0 (4-C-
OH), 164.1 (C=0), 156.2, 136.7, 134.4, 128.3, 126.2,
123.4,122.9,120.8,118.2,114.5,104.0, 62.9 (OCH,),
14.6 (OCH,CH,). Macc-cniektp (3¥, 70 3B), m/z (1., %):
360 [M]* (100), 224 (14), 137 (64), 109 (33), 108
(43). Haitgeno, %: C 56.65; H 4.56; N 7.88; S 8.80.
C,,H(N,0.S. Beruucneno, %: C 56.66; H 4.48; N 7.77;
$8.90.
4-Tugpokcu-N-(2-ruapokcudpenusa)-1-me-
TUI-2,2-AU0KCco-1H-2A%1-6eH30THAa3UH-3-Kapo6-
okcamuy, (3a). Beixox - 85%. T. mi. - 196-198°C
pasJ. (3ta”ou). Cnextp AMP H, §, m.a. (J, 'ni): 15.92
(1H, yur ¢, 4-OH); 10.27 (1H, y. ¢, 2’-OH); 9.98 (1H,
¢, CONH); 8.16 (1H, 1,/ = 8.0, H-6"); 8.08 (1H, 1, J =
8.0, H-5); 7.76 (1H, T, ] = 7.6, H-7); 7.48 (1H, 1, ] =
8.4, H-8); 7.39 (1H, T, ] = 7.6, H-6); 6.97 (1H, T, ] =
7.6, H-4"); 6.92 (1H, , ] = 7.6, H-3"); 6.80 (1H, 1,/ =
7.6,H-5"); 3.51 (3H, ¢, NCH,). Cnektp AAMP 3C, §, m.z.:
169.0 (4-C-OH), 163.5 (C=0),147.0,140.1,134.6,126.5,
125.4,124.9,123.8,123.3,120.6,119.2,117.7,114.9,
103.3,31.9 (NCH,). Macc-cniextp (3¥, 70 3B), m/z (1., %):
346 [M]*(77),238(40),211 (100), 147 (11),135 (27),
118 (16), 109 (44), 106 (17), 105 (25), 91 (31), 77
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(21). Ha#geno, %: C 55.41; H 3.99; N 7.97; S 9.17.
C,¢H4,N,0.S. Beruucneno, %: C 55.48; H 4.07; N 8.09;
S9.26.
4-Tuapokcu-N-(3-rugpokcupenunn)-1-me-
THI-2,2-Au0Kco-1H-21%1-6eH30THAa3UH-3-Kapo6-
okcamuy, (3b). Beixog - 88%. T. ma. - 205-207°C
pasu. (ata”oun). Cnektp AMP H, §, m.z. (J, T'n): 15.88
(1H, yur ¢, 4-OH); 10.30 (1H, yur. ¢, 2’-OH); 9.40 (1H,
¢, CONH); 8.08 (1H, n, J = 8.0, H-5); 7.75 (1H, 1, ] =
7.6, H-7); 7.48 (1H, n, ] = 8.4, H-8); 7.40 (1H, T, ] =
7.6,H-6); 7.14 (1H, 1,/ = 7.7, H-5); 7.20 (1H, c, H-2");
6.92 (1H, 1, J = 7.6, H-4"); 6.59 (1H, T, ] = 7.6, H-6");
3.50 (3H, ¢, NCH,). CnekTp SIMP 3C, §, m.1.: 167.8 (4-C-
OH), 163.0 (C=0), 157.7, 140.1, 137.6, 134.3, 129.6,
127.9,126.4,123.3,119.3,117.7,111.6,108.2, 104.4,
31.6 (NCH;). Macc-cnekTtp (3¥, 70 aB), m/z (1,,,, %):
346 [M]* (29), 238 (11), 211 (5), 147 (3), 135 (3),
118 (10), 109 (100), 106 (19), 105 (13),91 (23), 77
(23). Haitgeno, %: C 55.55; H 4.14; N 7.98; S 9.32.
C,6H.,N,0.S. Beruucneno, %: C 55.48; H4.07; N 8.09;
S9.26.
4-Tugpokcu-N-(4-ruapokcupenun)-1-me-
TUI-2,2-11uoKco-1H-215,1-6eH30THAa3UH-3-Kap6-
okcamug (3c). Boixog - 89%. T. mi1. - 210-212°C
pass. (Mmetanou). Cnektp AMP 'H, §, m.z. (J, ['n): 15.81
(1H, ym. ¢, 4-OH); 9.33 (1H, yu. ¢, 2’-0H); 9.28 (1H,
¢, CONH); 8.08 (1H, n, / = 7.6, H-5); 7.75 (1H, T, ] =
7.6, H-7); 7.47 (1H, 5, | = 8.4, H-8); 7.40 (1H, T, ] =
7.6,H-6); 7.35 (2H, 1,/ =8.8,H-2'6"); 6.76 (2H, 1,/ =8.8,
H-35"); 3.49 (3H, ¢, NCH,). Cnektp AMP '3C, §, m.z.:
168.1 (4-C-OH), 163.1 (C=0), 155.0, 134.4,127.6, 126.4,
123.7,123.2,121.1,120.1, 118.2, 115.3, 103.5, 31.9
(NCH,). Macc-cnextp (3Y, 70 3B), m/z (1,,,, %): 346
[M]* (35), 238 (17), 109 (100), 108 (25), 106 (13),
77 (12). HaiigeHo, %: C 55.53; H4.16; N 8.17; S 9.18.
C,¢H4,N,0.S. Beruucneno, %: C 55.48; H 4.07; N 8.09;
S9.26.
4-Tuppokcu-N-(2-meTokcudenuua)-1-me-
TUI-2,2-a1u0Kco-1H-2251-6eH30THA3UH-3-Kap6-
okcamu/, (3d). Boixon - 87%. T. m1. - 164-166°C
pasJ. (atanou). Cnektp AMP 'H, §, m.a. (J, Tu): 15.76
(1H, ym. ¢, 4-OH); 10.03 (1H, ¢, CONH); 8.24 (1H, 1, ] =
7.6, H-6"); 8.08 (1H, n,J = 7.6, H-5); 7.74 (1H, T, ] =
7.6,H-7); 7.48 (1H, 1,/ = 8.4,H-8); 7.39 (1H, 1,/ = 7.2,
H-6); 7.11 (1H, 1, ] = 7.2, H-4); 7.05 (1H, 1, ] = 7.6,
H-3"); 6.96 (1H, T, ] = 7.6, H-5"); 3.97 (3H, ¢, OCH,);
3.61 (3H, ¢, NCH,). Cnektp SAIMP °C, §, m.1.: 169.5 (4-C-
OH), 163.6 (C=0), 148.8, 134.4, 128.0, 126.6, 125.0,
123.7,123.4,121.0,120.6,120.4,118.1,111.2,103.6,
55.7 (OCH,), 31.6 (NCH,). Macc-cnekTp (3¥, 70 3B),
m/z (1., %): 360 [M]* (20), 238 (20), 123 (100), 117
(13),108(56),80(18),77 (13). HaiigeHo, %: C 56.57;
H4.42;N 7.68; S 8.84.C,,H,(N,O.S. Beruuciseno, %: C
56.66; H 4.48; N 7.77; S 8.90.
4-Tuapokcu-N-(3-meTokcudpenusa)-1-me-
TUI-2,2-A10KCcOo-1H-2A%1-6eH30THAa3UH-3-Kapo6-
okcamuy, (3e). Beixog - 90%. T. mu1. - 173-175°C
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pasu. (tanoun). Cnexktp AMP 'H, §, m.z. (J, ['m): 15.70
(1H, y. ¢, 4-OH); 9.50 (1H, ¢, CONH); 8.08 (1H, 1, ] =
7.6,H-5); 7.75 (1H, 1,/ = 7.2, H-7); 7.47 (1H, &, ] = 8.0,
H-8); 7.39 (1H, 1,] = 7.6, H-6); 7.28-7.22 (2H, M, H-2’
+H-5"); 7.09 (1H, 1,/ = 8.0, H-6"); 6.73 (1H, 1, ] = 8.0,
H-4"); 3.81 (3H, ¢, OCH,); 3.50 (3H, ¢, NCH,). CiexTp
AMP 13C, §, m.z.: 163.5 (4-C-OH), 160.0 (C=0), 157.6,
138.5,136.4,133.7,129.6,128.0,126.4,123.3,117.7,
112.9,109.5,106.6,104.1, 55.2 (OCH,), 31.8 (NCH,).
Macc-cnextp (3Y,703B), m/z (1., %): 360 [M]* (21),
238 (2), 123 (100), 122 (10), 94 (11). HaitneHo, %:
C56.73; H 4.55; N 7.84; S 8.98. C;,H,(N,O0.S. Beruuc-
JeHo, %: C 56.66; H 4.48; N 7.77; S 8.90.
4-Tuppokcu-N-(4-meTokcupenuua)-1-me-
TUI-2,2-An0Kco-1H-2151-6eH30THAa3UH-3-Kap6-
okcamm/, (3f). Boixog - 94%. T. 1. - 174-176°C pas.
(xsopucTbiii MeTueH). CiekTp AMP 'H, §, m.a. (J,
I'm): 15.78 (1H, yu. ¢, 4-OH); 9.38 (1H, ¢, CONH);
8.08 (1H, g,/ = 7.6, H-5); 7.75 (1H, T, ] = 7.6, H-7); 7.49
(1H, o,/ = 8.0, H-8); 7.45 (2H, 1, ] = 8.8, H-2,6"); 7.39 (1H,
T,] = 7.6, H-6); 6.90 (2H, 1, ] = 8.8, H-3’5"); 3.79 (3H,
¢, OCH,); 3.49 (3H, ¢, NCH,). Cnextp AMP '3C, §, m.n1.:
168.0 (4-C-OH), 163.1 (C=0), 156.2, 136.6, 134.2, 129.5,
126.5,123.7,123.4,121.0, 118.1, 113.9, 104.1, 56.0
(OCH,), 31.7 (NCH,). Macc-cniextp (3Y, 70 aB), m/z (L.,
%):360 [M]*(35),238(8),149 (19),123 (100), 122 (25).
Haiineno, %: C 56.75; H4.41; N 7.70; S 8.96.C,,H,(N,O.S.
Borauciieno, %: C 56.66; H 4.48; N 7.77; S 8.90.
4-Tuapoxcu-N-(2-MmeToKcH-5-xs10podpenna)-1-
MeTHJI-2,2-Au0Kco-1H-2A%1-6eH30THUa3UH-3-
kap6okcamuj, (3g). Boixon - 90%. T. 1. - 211-213°C
pasJL. (xsopuctbiii MeTHJeH). Ciektp AMP 'H, §, M.z,
(/, Ty): 15.44 (1H, yur. ¢, 4-0OH); 10.07 (1H, c, CONH);
8.30 (1H, ¢, H-6"); 8.08 (1H, 1, ] = 7.6, H-5); 7.76 (1H,
T,]=7.6,H-7); 7.47 (1H, n, ] = 8.0, H-8); 7.38 (1H, T,
J=17.6,H-6); 7.11 (1H, n, ] = 8.4, H-4"); 7.06 (1H, g,
J=8.4,H-3"); 3.96 (3H, ¢, OCH,); 3.50 (3H, ¢, NCH,).
CnekTp AMP 13C, §, m.1.: 169.9 (4-C-OH), 163.4 (C=0),
147.3,140.4,136.5,134.4,128.1,126.6,123.7,123.1,
119.5,118.0, 117.2, 112.2, 104.0, 55.9 (OCH,), 31.9
(NCH,). Macc-criextp (3¥, 70 3B), m/z (I, %): 394/396
[M]* (98/20), 238 (65), 211 (2), 146 (12), 144 (64),
142 (100), 118 (11), 117 (41), 116 (29), 114 (60),
91(12),90 (11). Haiigeno, %: C51.63; H3.77; N 7.01;
§8.07.C,,H,sCIN,O.S. Boruucneno, %: C51.71; H 3.83;
N 7.09; S 8.12.
4-Tuapokcu-N-(4-3Ttokcudpenun)-1-meTni-
2,2-puokco-1H-21%1-6eH30THAa3UH-3-Kap6OKC-
amuj (3h). Beixog - 96%. T. mi1. - 195-197°C pas3u.
(aranon). Cuexktp AMP 'H, §, m.a. (/, ['n): 15.67 (1H,
yii. ¢, 4-OH); 9.36 (1H, ¢, CONH); 8.08 (1H, x,] = 7.6,
H-5); 7.75 (1H, T, ] = 7.6, H-7); 7.50 (1H, g, ] = 8.0,
H-8); 7.46 (2H, 1, ] = 8.8, H-2°6"); 7.37 (1H, T, ] = 7.6,
H-6); 6.88 (2H, 1,/ = 8.8, H-3’5’); 4.01 (2H, k, /= 6.8,
OCH,CH,); 3.49 (3H, ¢, NCH,); 1.39 (3H, 1, ] = 6.8,
OCH,CH,). CnexkTtp AMP 3C, §, m.a.: 170.0 (4-C-OH),
163.2 (C=0), 155.8,137.0,134.2,129.5,126.4, 123.6,
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122.9,121.1, 118.0, 114.4, 104.1, 63.1 (OCH,), 31.7
(NCH,), 14.5 (OCH,CH,). Macc-cnekTp (3¥, 70 3B),
m/z (1, %): 374 [M]* (100), 238 (14), 211 (2), 137
(51),109 (18), 108 (23). Haitzeno, %: C57.80; H 4.79;
N 7.53; S 8.51. C;4H,4,N,O.S. Beruucneno, %: C 57.74;
H 4.85; N 7.48; S 8.56.
4-Tuapokcu-N-(3,4-aumeTokcudpeHmn)-1-
MeTuJI-2,2-Auo0Kco-1H-2A%1-6eH30THAa3UH-3-
Kap6okcamuj (3i). Beixoa- 91%. T. 1. - 159-161°C
pasJ. (ata”ou). Cektp AMP 'H, §, m.a. (J, T'n): 15.53
(1H, yu. ¢, 4-OH); 9.37 (1H, ¢, CONH); 8.07 (1H, #,
J=7.6,H-5); 7.75 (1H, 1, ] = 7.6, H-7); 7.47 (1H, n,
J =8.4,H-8); 738 (1H, 1, ] = 7.6, H-6); 7.24 (1H, c,
H-2"); 7.09 (1H, g,/ = 8.8, H-6"); 6.88 (1H, g1, ] = 8.8,
H-5); 3.82 (3H, ¢, OCH,); 3.79 (3H, ¢, OCH,); 3.49 (3H,
¢, NCH,). Cnektp AMP 3C, §, m.z.: 168.1 (4-C-OH),
163.0 (C=0), 148.6, 146.2,140.0,136.8,134.4,129.9,
126.5,123.6,118.2,113.6, 111.7, 106.4, 104.0, 55.1
(OCH,), 54.8 (OCH,), 31.8 (NCH,). Macc-cnekTp (¥,

703B), m/z (1, %): 390 [M]* (17), 238 (2), 138 (100),
110 (16), 106 (12), 77 (12). Haiizeno, %: C 55.44; H
4.69; N 7.08; S 8.13. C;gH,4N,0,S. Bbruucneno, %: C
55.38; H 4.65; N 7.18; S 8.21.
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lMpedcmaeneH cuHme3s Ho8bIX (hoCcOPUNUPOBaHHbIX MEMMUOOMUMEMUKOS, U 8riepable nposedeHa ouyeHka buo-
Jio2u4ecKol akmueHOCMU CUHME3UPO8aHHbIX COEOUHEHUU Ha 3KCrepuMeHmarbHbIX XUBOMHbIX — KpbiCax-caM-
uax. Tak, Ha ocHoge QuaMuI08020 aghupa 1-b6eH3ounamuHo-2,2, 2-mpuxmnopamunighocegoHo8oll KUC/I0Mbl CUH-
me3upoeaHO HOBOE MPOoU380OHOE OUIMUII08020 3¢hupa 2-cheHur-1,3-okcas3on-4-unghocghoHo80U KUCIOMbI, CO-
depxalyee 8 rnoroXXeHUU 5 oKkcal3onbHO20 KoMbya 0Cmamok MemurnamMuHodmaH-1-ona. HalideHbl onmumaribHbie
ycrnosus pacwenneHusi 1,3-okca3onbHo20 yukna 8 Kucsol cpede ¢ obpa3zosaHuem ¢hocehopuiupo8aHHbIX Mnerl-
mudomumemukos. Tak, npu obpabomke e2o 85% 8o0HOU mpugmopyKcycHou Kucromou bbii nonydeH duamu-
nosbiti agpup {6eH3ounamuHo|[(2-audpokcusamurn)memurikapbamounjmemuri}cpocghoHosol Kucrnomel, a deticmaue
xnopucmoeo 8o0opoda 8 6e3800HbIX ycrogusix 0aem Auamurossili achup {beH3ounamuHo[(2-xmnopamun)Memuri-
Kkapbamoun]memus}gpocghoHogol Kucrnomsl. PaspabomaHHbIl Memod cuHme3sa sisrisemcsi yOobHbIM U nperna-
pamueHbIM, MaK KaKk rpespauweHue npoucxooum 6 Ms2KuUX yCrio8usix, 4mo rno3sornsgem u3bexams obpasosa-
Husi NoboYHbIX Mpodykmos. [pu 3mom nenmudoMUMemUKU 8bI0ereHbl C 8bICOKUMU 8bixo0amu 6e3 npuMeHeHuUst
Xpomamozpachu4yecKux KO/ToHOK. Peaucmpayusi pa3nuyHbiX OyHKUUOHalbHbIX MoKazamernel KkapOuoeeMoOuHa-
MUKU fpogoduriack y KpbiC in vivo ¢ nomowbto Mukpokamemepa u Millar Pressure-Volume System. Uccnedo-
8aHUe 8UsIHUSI MOMTyYeHHbIX coeOUHeHUl Ha byHKUUOHaIbHOe cocmosiHue cepoua rnokasaso, 4Ymo ux egede-
HUe Kpbicam 8HympubOPHOWUHHO NMpu8oOUM K CHUXEHUIO Yacmombl cepOeyHbIX COKpaweHUl u cmumMynsayuu
COKpamumersibHoOU akmugHocmu Muokapoa.

THE SYNTHESIS OF NEW PHOSPHONOPEPTIDOMIMETICS AND THEIR EFFECT ON THE FUNCTIONAL
CARDIAC OUTPUT

E.R.Abdurakhmanova, N.O.Dorofeyeva, O.l.Lukashuk, O.V.Holovchenko, V.S.Brovarets

Key words: heart; contractility; 4-phosphorylated 5-amino-1,3-oxazoles; phosphonopeptidomimetics; amino alcohols
The article presents the synthesis of new phosphorylated peptidomimetics, and the biological activity of the com-
pounds synthesized has been assessed for the first time on the experimental animals — male rats. On the basis
of a diethyl ester of 1-benzoylamino-2,2, 2-trihloroethylphosphonic acids a novel derivative of 1,3-oxazol-4-phos-
phonic acid diethyl ester containing the residue of methylaminoethan-1-ol in position 5 of the oxazole ring has
been synthesized. The optimal conditions for cleavage of the 1,3-oxazole ring in the acidic medium with forma-
tion of phosphorylated peptidomimetics have been found. Thus, when treating it with 85 % aqueous trifluoroacetic
acid a diethyl ester of {benzoylamino[(2-hydroxyethyl)carbamoyl]methyl} phosphonic acid has been obtained, and
the action of hydrogen chloride under anhydrous conditions gives a diethyl ester of {benzoylamino[(2-chloroethyl)
carbamoyl]methyl} phosphonic acid. The method developed is very convenient and preparative because reactions
proceed in mild conditions without formation of undesirable by-products. Moreover, peptidomimetics are isolated
with high yields, and their isolation does not require chromatography. Monitoring of different functional parameters
of cardiac hemodynamics was performed in rats in vivo using a microcatheter and the Millar Pressure-Volume
System. The study of the effect of the compounds obtained on the cardiac output has shown that their intraperi-
toneal introduction results in the heart rate decrease and stimulation of the contractile activity of the myocardium.

CUHTE3 HOBUX ®OCPOHOIMEMNTUOOMIMETUKIB TA IX BITJINB HA ®YHKLIIOHAJIbHUA CTAH CEPLS
E.P.A6dypaxmaHosa, H.O.[Jopogheeaa, O.l.Jlykawyk, O.B.[onos4eHko, B.C.bposapeub

Knrouoei cnoea: cepue; ckopomnusicms,; 4-gpocchopuriboseaHi 5-amiHo-1,3-okcasonu; ghocghoHonenmudomimemu-
Ku,; amiHocriupmu

lMpedcmaeneHull cuHme3 Hosux ¢hocgopuribo8aHuX nenmudoMiMemukie, ma snepuwie rpogedeHa oujiHka biono-
2iyHOI akmueHOCMI CUHMEe308aHUX CrOMYK Ha eKcriepuMeHmarbHUX meapuHax — wypax-camysix. Ha ocHosi Oi-
emusoeo20 ecmepy 1-6eH30inamiHo-2, 2, 2-mpuxiopoemusighocgpOHO80I KUC/IOMU CUHMEe308aHO HO8e MoXiOHe
diemurnogoeo ecmepy 2-¢heHin-1,3-okca3or-4-irnghocghoHO80I KUCIOMU, WO MICMUMBb Yy MOMOXEHHI 5 0OKca30/1bHO-
20 Kinbys 3anuwok MmemunamiHoemar-1-ony. 3HalideHi onmumaribHi ymosu po3kpummsi 1,3-0kca30/1bH020 YUK-
J1y 8 Kucriomy cepedosulli 3 ymeopeHHsIM ¢hocghopuribosaHux nenmudomimemukie. Tak, npu 06pobuji tioeo 85%
800HOI0 MpuUhmMopPooumoeoro Kucriomoro bys ompumaHut diemurnosuti ecmep {6eH3oinamiHo[(2-2i0pokciemurt)
memurikapbamoinmemuri}cbocghoHo8oi Kucriomu, a 0ist Xslopucmoz0 800HI0 8 6e3800HUX yMogax dae diemuriosuli
ecmep {beH3oinamiHo[(2-xmopoemus)memurikapbamoinjmemusn}gpocghoHogoi kucriomu. Po3pobneHuli memod
CUHMEe3y € 3pyYHUM ma rpernapamusHUM, OCKINbKU MepemeopeHHs npoxo0sime y M’IKUX yMosax, wo 00380s151€
YHUKHYmMuU ymeopeHHs1 nobidyHux npodykmis. lNpu uybsomy nenmudomimemuKku ompuMaHi 3 8UCOKUMU 8uxodamu
6e3 3acmocysaHHs1 XxpoMamozpaidHUX KOJIOHOK. Peecmpauisi pidHUX QbyHKUjOHaIbHUX MoKa3HUKie kapdio2emo-
OuHamiku nposoduracs y wypis in vivo 3a dornomozoro mikpokamemepa i Millar Pressure-Volume System. [o-
CriOXEHHS 8IIUBY OMPUMaHUX CroryK Ha ghyHKUioHanbHUU cmaH cepus rokasarsio, Wo ix 68e0eHHS Wwypam 8Hym-
PilIHBOOYEPEBUHHO MPUBOAUMb Q0 3HUXXEHHST Yacmomu Cepye8ux CKOPOYeHb i CmUMYysiuii CKopomueol akmuse-
Hocmi miokapoa.
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[To panubiM BO3 cepgednococyiucThbie 3ab6oJie-
BaHUS SIBJISIIOTCSA OCHOBHOM MPUYMHON CMEPTHOCTH
B YKpauHe U Bo BceM Mupe [1]. [losaToMy akTyanbHON
3aJlayei SABJISIETCS IOUCK HOBBIX OMOJIOTUYECKH aK-
TUBHBIX BellleCTB, 06J1a/Jal0IINX BIPAXKEHHBIM JIeUCT-
BHEM Ha COCY/Ibl U CeP/ILIEe, CIOCOOCTBYIOIINX CHHXKE-
HUIO apTePUAIbHOTO JIaBJIeHUs], KOPPEKIMU HapyIle-
HUN COKpATUTEJbHON aKTUBHOCTU MHUOKAp/a, HAcOoC-
HOU U UACTOJINYeCKON QYHKIUU cepALa.

M3BecTHO, 4TO BelllecTBa NENTHU/HOW MTPUPO/IbI
MPOSIBJISIIOT Pa3HOOOPA3HYI0 GUOJIOTUYECKYI0 aKTHB-
HOCTb Y UTPAIOT BaXKHYIO POJIb B IIPOIlECCaX KU3He-
JlesITeJIbHOCTH KUBbIX opraHusmoB. HanboJiee BbI-
paXKeHHYI0 GHMOJIOTUYECKYI0 aKTUBHOCTh UMEIOT I1€ell-
THU/JIbI C HEOOJIBILIONM MOJIEKYISIPHOU Maccoi [2]. [To-
3TOMY BO3HUKAET 3HAYUTE/bHbIA HHTEPEC K CHHTe-
3y MU MOJUPHUKALMHU TAKUX COe/JMHEHU I PAa3IMUHbIMU
dapmakopopHbIMU pparmMeHTamMu. Ocob6oe BHUMA-
HYe IpUBJIEKAET BBe/IeHHE B MENTH/HYIO Llenb ¢oc-
GOpPHUIIBHBIX TPYIII, A TAKXKE OCTATKOB aMUHOCIIHUP-
TOB, IOCKOJIbKY Cpe/Ii TAKOTO TUIA COeIMHEHUH Hal-
JieHbl 3pPeKTUBHbIE UHTUOUTOPBLI GepMeHTOB [3-6],
a Tak)Xe MpenapaThbl ¢ IPOTUBOOMYX0JEBOH aKTHUB-
HocTb1o [7, 8]. OiHaKO ByIMsSIHUE MO0OHBIX COe/IU-
HEHUH Ha COKpPAaTUTeJIbHYI0 aKTUBHOCTb MUOKap/a,
HaCOCHYIO U JJMacTOJUYECKY0 QYHKLUU CcepALa He
H3yJ9aInCh. [103TOMY 11e/1bI0 JAHHOM pabOThI GBI CUH-
Te3 HOBbIX $0CHOHONENTHAOMUMETUKOB U U3yYEHHE
UX BJIMSHUSA HA GYHKIMOHAIBHOE COCTOSIHHE Cep/ALa.

Panee [9-11] Hamu 6bLIO TOKA3aHO, YTO OJHUM
13 MepCrneKTUBHBIX METO/0B MoJydeHus: pocdopu-
JINPOBAHHBIX MENTHUAOMHUMETHKOB SIBJISIETCS KUCIOT-
HOe pacierieHue 5-aMruHo-1,3-0Kca30JIbHOTO IUKJIA.
C 1es1ibto BBesieHUs B poCchHOHOMENTH/IHYIO elb 3Ta-
HOJIbHOTO ¢pparMeHTa HaMH MOJYYeH JAUITUIOBbIN
adup {5-[(2-rupOKCUITUI)METHUIAMUHO |-2-beHU-
1,3-okcazo-4-un}tdochononont kucaotsl (11I) us gu-
aTu0BOro 3dupa 1-6eH30UIaMUHO-2,2,2-TPUXIOP-
atundocponoBol kucaotel (1) [12] u 2-MeTHUIaMHUHO-
aTtaH-1-o.a (II). [Ipu o6paboTke coesuuenus (111) 85%
BOJIHOH TPHUGDTOPYKCYCHOM KHUCJIOTON 06pa3yeTcst OKU-
JlaeMblIH MENTHJOMUMETHK — TUITUIOBBIN 3pup {6eH-
30MJIaMUHO[ (2-TUAPOKCUITUI )METUJIKAPOaAMOUI|
MeTua}pochoHoBol kucaoThl (IV) ¢ Beixogom 57%
(cxeMma).

MHTepecHbIM 0Ka3aJ10Ch MOBeieHKe okcazova (111)
B IIPUCYTCTBUU XJIOPHUCTOIO BOAOPOAA B 6€3BOJHBIX
ycJI0BUsIX. [Ipy 9TOM IPOUCXOAUT He TOJIBKO pacKpbl-
THe 1,3-0KCa30/bHOTO [JUKJIA, HO U 3aMeHa T'H/pPOoK-
CUJIBHOY T'PYTIIBbI HAa aTOM XJIOPa, B pe3yJ/ibTaTe 4ero
MOJIy4YeH JUITHJIOBBIN 3dup {6eH30MIaMUHO | (2-X/10p-
3TWJI)MeTUJIKapb6amou|MeTu}pochoHOBOM KUCIO-
ThI (V). CnelyeT OTMETHUTB, 4TO coeiuHeHue (V) no
CBOEH CTPYKType HallOMUHAET U3BECTHBIN IPOTUBO-
omyxoJieBbIM npenapat poTeMycTuH [13], KOTOpbIH
B HacCTosilliee BpeMs YCIeLHO IPUMeHSIeTCs IPU 3J10-
KaueCTBEHHBIX OIIYXO0JISIX TOJIOBHOTO MO3Ta U Jjucce-
MHUHHPOBAHHO! MeJIaHOME, YTO ellle pa3 oA TBepK-
JlaeT aKTyaJIbHOCTb UCCJIe/J0BAaHUs 60O HYECKOU
aKTUBHOCTH JIAHHOTO KJIacca COeJUHEeHHU.

CoctaB u ctpoenue BeujectB (I1I-V) cornacyroT-
Csl C JAHHBIMM 3J1eMeHTHoro aHaJsu3a, UK- u AMP-
CIIEKTPOCKOIIUH.

Pe3ynbTaThl TeCTUPOBAHUA NI0JIyYeHHBIX COeJH-
HeHUH Ha [I0Ka3aTeJsIu KapAuoreMoMHAMUKU KPBIC
NOKa3aJiy, YTO JUITHU/I0BbIN 3dup dpocdoHOBOM KHCIO-
Thl (III) cHMXKaeT KOHEUHO-CUCTOINYECKOe JjaBJleHHe
(KCZ) Ha 11%, npu 3TOM KOHEYHO-IUACTOJIUYECKOe
nasnenue (K/1/1) focToBepHO HE U3MEHAIOCH. B TO
Ke BpeMsl enTHAOMUMeTHK (V) He oKa3bIBas BJIU-
ssuus Ha KC/l u K/I/I. OgHako, coenunenus (I11) u (V)
CHIKAJIM YaCcTOTY cepJiedHbIX cokpaieHui (YCC) Ha
12% u 5,6%, cooTBeTcTBeHHO (puc. 1). [Ipy 3TOM CHU-
»KeHHe 4aCTOThl Cep/leYHbIX COKpalLleHUH IPUBOA M-
JIO K CHU)KEHHUI0 MUHYTHOT0 06beMa kKpoBu (MOK)
Ha 22,4% nnsa 5-amuHo-1,3-okcazoua (I11), a coeau-
HeHue (V) goctoBepHo He u3MeHssi0 MOK. YaapHbiit
06'beM cep/ilia U ppakius BbIopoca (KOJM4eCcTBO KpPo-
BY, BblOpachIBaeMoe JIeBbIM KeJ1yJJ0UKOM B aOpTY 3a
1 MuH, To ecTb npousBeenue YO Ha UCC) mocsie BBe-
Jenus kpbicaM BeuecTB (III) u (V) focTtoBepHO He
M3MEHSITUCH.

CiiefyeT OTMETHUTD, YTO BBEJleHHE B OpPraHU3M
KPBIC AU3TUJIOBBIX 3pupPoB $p0ocHOHOBOUN KUCIOTHI
(IIT) u (V) npuBOAMJIO K CTUMYJISILIUNA COKPATUTEb-
HOH aKTMBHOCTH MHOKapAa. Tak, B ciiydae coefjuHe-
Hus (I1) MakcMMaJibHast CKOPOCTb HapacTaHUs J1aB-
JieHus JieBoro xenygoudka (dP/dtmax) yBenuuusiach
Ha 18,6% (P<0,05), Toraa kak Bemectso (V) focro-
BepHO He usMeHsiio dP/dtmax (puc. 2).

O  P(O)OEY),

CF,COOH/H,0 N
o N N\ -oH
P(O)(OE), 20-25°C H Me
y o OH MeOH X ©
Ph.__N 45HNT T —— ]/ _
+ 4 H
¢] I\I/I . 20-25°C F’h/<O ,T,/\/O o P(I(;/)(OEt)
O  P(O)OE), Me HCl/dioxane \ 2
I I m oo ame PhT N N
20-40°C N Me
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Puc. 1. Yactota cepgeyHbIx COKpaLleHuin 4o 1 nocne
BBEAEHWUS ANITUMOBBIX 9MpPOoB POCHOHOBOW
kucnotsl (1) n (V).

*P<0,05 no cpaBHEHWIO C KOHTPOMEM.

Ha nmokasaresin pacciabuMOCTH JIEBOTO KeJTy104-
Ka, MaKCUMaJIbHYI0 CKOPOCTb Na/leHUs 1aBJIeHUs
(dP/dtmin) coepunenus (11I) u (V) He oka3bIBaIu [j0-
CTOBEPHOTO BJIUSHUSI.

OKcrnepuMeHTasibHast 6uonornuyeckas 4yacTtb

HccnenoBaHue NpoBOAUIOCH HA 3KCIIEPUMEHTaIb-
HBIX )KHBOTHBIX — KpbICax-caMIax (6 MecsleB) JIMHUU
BucTtap. Bce akcneprMeHTa/IbHbIE IPOLEAYPHI BbI-
MOJTHEHBI B COOTBETCTBUHU ¢ EBponelickoi JlupekTu-
Bou CoBeTa O61IMH oT 24 HOs16ps1 1986 1. (86/609/
EEC). Kpbic aHecTe3upoBaiv C MOMOIIbI0 YpeTaHa
(1,25 r/xr, BHyTpUOPIOLIKWHHO). Peructpanus yHk-
IIMOHA/IbHBIX NOKa3aTeJed KapIUreMOIMHAMUKH Y
KPBIC in vivo TPOBOAUJIACH C TOMOIIbI0 MUKpPOKATe-
Tepa u Millar Pressure-Volume System [14]. Peruct-
pHpOBaJIM NOKa3aTeJ U KapIUOTeMOJUHAMUKU: KO-
HeYHO-cucTosimueckoe fasieHde (KC/), koneuHo-/ua-
crosindeckoe fassenue (K/1/1), MakcuMasibHYO CKO-
pocTb HapacTtaHus Aasjenus (dP/dtmax), MakcuMalib-
HYI0 CKOpPOCTbh majieHus aaBaeHus (dP/dtmin), ko-
HeuHo-cucTtosndeckuii 06bem (KCO), koHeyHO-AU-
acronnyeckui o6beM (KJ0), ynapHbiii 06beM (YO),
dpaknuio Boiopoca (PB), yacToTy cepaedHbIX COK-
pauenuit (HCC), MUHyTHBIN 06beM KpoBu (MOK). /lu-
3TUI0BbIN 3up {5-[(2-ruapoKCU3THI)METUIAMUHO|-
2-denu-1,3-okcazon-4-un}dochonoBoit kuciotsl (I11)
Y AU3TUI0BbIN 3dpup {6eH30u1aMuHO[ (2-x/10p3TUI)
MeTHJIKap6amous|MeTu }pochoHoBoU kKUCAOTHI (V)

BBO/IUJIM BHYTPUOPIOMIKMHHO (3 Mr/Kr B 1 MJ1 BOJAI-
Horo 0,9% pactBopa NaCl).

SKcrnepuMeHTasibHasi XMMUUYecKas 4yactb

UK-crieKTphI BellecTB perucTpUpOBaJIv Ha CIIEKT-
pomeTpe Vertex 70 B TOHKOM CJIO€ UJIH B TabJyieTKax
¢ KBr. Cnektpsl AMP (IMCO-d,) nosiy4eHbl Ha TPU-
6ope Bruker AVANCE DRX-500: 'H (500 MTI'u) u 3C
(125 MI'u) otHocuTesibHO TMC (BHYTpEeHHHUH CTaH-
Jgapt),a'P (202 MI'u) orHocuTesbHO 85%-H0# doc-
$opHOI KUCIOTHI (BHEIIHUN CTaHAAPT). JJIEMEHT-
HbIM aHa/IM3 MPOBEJIEH B aHAJIUTUYECKOU JlabopaTo-
puu UHCTUTYTa 6UOOpraHUYeCcKON XUMUU U HedTe-
xuMnu HAH Ykpannsbl. TeMniepaTyphl IJIaBJI€eHUS U3-
Mepsiaid Ha npubope Fisher-Johns. KonTpouib 3a xo-
JIOM peaKLMy U YUCTOTOM CHHTE3UPOBAHHbIX COEH-

76

14000
13000
12000
11000 -
10000
9000
8000
7000

R

dP/dt max, mm pT. CT.

N
Nl
RN

71 Kontponb 1 & Bewectso (lll) @ KoHTpons 2 O Bewectso (V)

Puc. 2. MakcumaribHasi CKopoCTb HapacTaHusi AaBreHns!
1EBOrO Xenyaoyka Ao v nocre BBeAEHWS AMITUIOBbIX 3¢hrpoB
docdoHoBow kucrotsl () n (V).

* P<0,05 no cpaBHEHUIO C KOHTPOIEM.

HEHUU ocylecTBasad MeTogoM TCX Ha nJlacTUHAaX
Silufol UV-254 (quxiopMeTaH-MeTaHoJ, 98:2), npo-
siBUTeJb — Y D-06/1yueHue.

JnaTnnoBbii 3¢pup 1-6eH30MIaMUHO-2,2,2-TPU-
x10paTiidocPoHoBoI KuC0ThI (I) cHTe3npoBaH
no Metoauke [12].

AuaTunoBeiii 3¢up {5-[(2-rugpokcusTuI)Me-
TUI-aMUHO]-2-PpeHni-1,3-okcazos-4-un}dpocdo-
HoBoi1 kucaoThlI (III). K pacrsopy 3,88 r (0,01 MoJib)
coenuHenus (I) B 50 ms1 MeTaHos1a fo6aBstau 3,37 r
(0,045 Mounb) 2-MmeTUaMUHO3TaH-1-0J1a, CMech ne-
peMemrBasnu 48 4 npu 18-25°C. PacTBopuTenb yia-
JISLJIM B BaKyyMe, OCTaTOK 06pabaThiBaIu JUCTUI-
JIMPOBAaHHOU BOZ0H, a 3aTEM 3KCTpParupoBaJiv TpeT-
6y TUJIMETUIOBBIM 3QUPOM, PAaCTBOPUTEJD YAAISAIN
B BakyyMe u npogykrt (I1I) ananusupoBanu 6e3 jo-
MOJIHUTEJIbHOM OYKUCTKU. Bbixo — 78%, 6ecliBe THBIN
nopomok. T. 1. - 51-53°C. UK-cnekTp (KBr), v, cm:
3372,1604,1584,1227,1016, 960. Cnextp AMP 'H,
8, m.a.: 7.82 n (2H, *Jyy 7.1 Ty, CH,,,), 7.51-7.40 m
(3H, CH,,,,), 4.82 yurc (1H, OH), 4.08-3.99 m (4H,
20CH,CH,), 3.67-3.60 m (4H, OCH,CH,N), 3.22 c (3H,
NCH,), 1.29-1.23 T (6H, ¥/,;;; 7.1 I'y, 20CH,CH,). CiekTp
AMP 3C, §, m.a.: 162.22 51 (C°,, Jpc 37.4 Ty), 149.63 1
(C? o *Jpc 22.4 Ty), 129.53, 129.06, 126.60, 124.86
(CH.), 98.67 1 (C*,,. Joc 254.8 '), 61.87 1 (POCH,CH,,
?J,6.0 T'm), 58.69 (CH,0H), 54.40 1 38.36 (N-C), 16.16
(POCH,CH,, [, 6.5 I'n). Ciextp AMP?3'P, §, m.z1.:13.49.
Haiineno, %: C54.23; H6.54;N 7.91; P8.74.C, ,H,,N,O.P.
Beruucieno, %: C 54.48; H 6.29; N 7.58; P 8.66.

AusTuioBsiid 3¢pup {6eH3onsaMmuHo|[(2-rua-
POKCU3TUJI)MeTUAKap6aMmou|meTua}dpocdo-
HOBOM Kucaotsl (IV). Pactop 0,51 (0,0015 Mouib)
4-pocdopurpoBaHHoro 5-amuHo-1,3-okcazosa (III) B
25 M1 85% BOoAHOUM TPUPTOPYKCYCHOM KHUCJIOTHI Ile-
pememuBaau npu 20-25°C 7 4. TpudpTopykcycHyo
KUCJIOTY yJIaJIsIJIK B BaKyyMe, OCTaTOK MPOMbIBAaJIN
JUCTUJLIMpPoBaHHOU Bogo. CoenuHeHue (1V) oun-
jaJu Ha xpoMaTorpadpruyeckon KoJIOHKe (C rpajiu-
€HTOM 3JII0eHTa JJUXJI0pMeTaH-MeTaHoJ1, 98:2, 95:5,
90:10). Beixog, - 57%, 6ecuBeTHOE MacJio, KOTOPOe
yepes 30 cyT. kpuctamnusyercs. T. mi. - 90-92°C. UK-
cnextp (KBr),v, cmt: 3250, 1671, 1534, 1243, 1017,
983. Cnektp AMP 'H, §, m.1.: 9.26 1 (1H, 3/, 8.0 T'y, NH),
9.01 ym.c (1H, OH), 7.92 x (2H, 3/,;; 7.1 'y, CH

apom)'
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7.57 T (1H, ), 7.7 T'y, CH,,,), 7.52-7.46 m (2H, CH,,,),
5.51 nn (1H, %, 8.8 I'y, %/, 23.3 T', CHP), 4.59-4.47 m
(1H, CH), 4.40-4.31 M (1H, CH), 4.19-4.05 ™ (4H,
20CH,CH,), 3.31-3.22 M (2H, NCH,), 2.63 c (3H, NCH,),
1.25T (3H, %, 6.9 'y, OCH,CH,), 1.19 T (3H, ¥/,;;; 6.9 'y,
OCH,CH,). Ciektp SIMP *3C, §, m.z1.: 166.65 1 (C=0, %5,
5.0 T), 166.40 g (C=0, 3/,. 3.5 I'y), 133.27, 131.91,
128.41, 127.88 (C.H;), 63.36 a1 (POCH,CH,, ¥, 7.0 T'ny),
63.22 n (POCH,CH,, %/, 7.0 I'y), 60.94 (OCH,), 51.08
(PCH, ;. 149.1T1),46.71 (NCH,), 32.59 (NCH,), 16.26 11
(POCH,CH,, */5¢ 5.0 T'r). Conextp AMP 3P, §, m.z1.: 16.88.
Haiineno, %: C51.61; H6.77; N 7.52; P 8.32.C,,H,.N,OP.
Boeraucieno, %: C 51.33; H 6.33; N 7.25; P 8.25.
JAuaTtunossblii 3¢pup {6eH3onsamuHoO|[(2-x10p-
3TWJI)MeTUJIKap6amoua|merualpochoHoBo
kucsoTtsl (V). Pacteop 0,5 (0,0015 Mousib) 5-amu-
Ho-1,3-okca3o.a (I1I) B 25 mMs1 6€3BoIHOTO IMOKCAaHa
HACBIIIAIN CYXUM XJI0pOBoiopo/ioM. CMech epeMe-
muBaau npu 20-25°C 3 4. PacTBopuTeab yaaasau B
BakyyMe. CoeguHeHnue (V) aHaiu3upoBaiu 6e3 f0-
MOJIHUTEJIbHOM O4HCTKH. Bbixos - 85%, 6ecuiBeTHOe
macsio. UK-ciektp (ToHKUE ciol), v, cmt: 1644, 1523,
1243,1014,970. Cnextp AAMP 'H, §, m.z1.: 7.82 51 (2H,
*Jun 74T, CH,,, ), 7.56-7.41 m (3H, CH,,,,), 7.32-7.25 M
(1H,NH),5.79 nx (1/3H,%,,, 8.8 'y, ¥, 17.8 T'y, CHP),
5.72 a1 (2/3H,%,, 8.8y, ¥, 17.8 'y, CHP), 4.29-4.13 M
(4H, 20CH,CH,), 3.82-3.63 m (4H, 2CH,), 3.36 c (2H,

JiutepaTtypa

NCH,), 3.06 c (1H, NCH,), 1.38-1.28 m (6H, 20CH,CH.,).
Cnektp SIMP 3C, §, m.1.: 166.07,166.03, 165.99, 165.87
(C=0),132.98,131.66,128.28,126.84 (C,H), 63.49 1
(POCH,CH,, ¥, 6.0 '), 63.28 1 (POCH,CH,, %/, 6.0 I'ry),
51.19,50.87 (CH,CI), 48.10 1 (PCH, /5 146.6 '), 47.96
(PCH, J,. 146.6 T'n), 40.55,40.42, 37.44, 34.38 (NCH,),
16.08 1 (POCH,CH.,, ¥/, 5.5 '), 15.96 g (POCH,CH,, ¥/,
5.5T'u). Cnektp AIMP 3P, §, m.z1.: 16.93, 16.83. HaiineHo, %:
C49.17; H6.19; N 7.17; P 7.93; C1 9.07. C,H,,CIN,O.P.
Beruucneno, %: C 49.00; H 6.33; N 7.25; P 7.90.
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OPTAHIYHOI XIMII HALIIOHAJIbHOT' O
DAPMALIEBTHYHOI' O YHIBEPCHTETY,
JIOKTOPA XIMIYHHUX HAYK, IPO®ECOPA
LIEMYYKA JIEOHIJIJA AHTOHOBHYA

15 nrotoro 2016 poky BUnoBHUJIOCH 60 pOKiB 3 JHA HApOJKEeHHH 3aBifyBa-
4ya kadeapu opraniyHoi ximii HanjoHasnbHOro ¢papmaneBTHUYHOTO YHIBEPCUTETY,
JIOKTOpa xiMiYHUX HayK, mpodecopa lllemuyka Jleoniza AHTOHOBHYA.

JL.A.IlleMuyk HapoauBcs y M. YyaHiB XKuToMupcbkoi o6sacTi. [licas 3akiHuyeHHs
y 1973 p. cepeIHbOI IKOJIH BCTYUB /10 XapKiBCbKOTO papMalleBTUYHOTO iIHCTUTY-
Ty, 1KUMW 3aKiHYUB 3 BifizHakoto y 1978 p. llle y cTyaeHTChKI pOKU 3aX0OMUBCS Opra-
HiYHUM CUHTE30M i MMOB’sI3aB CBOE XXUTTS 3 HayKoto. [licis cayx6u B apmii (1978-
1980) moBepnyBcs g0 XPI Ha kabeapy opraHiyHoi xiMii, e 3 1 BepecHs 1980 poky
NpaloBaB Ha MOCa/li acucTeHTa i 3a04YHO HaB4YaBcs B acnipanTypi (1980-1984), 3 1986 no 2001 p. - AOIEHT, 3
2001 mo 2015 p. - npodecop, 3 6epesnsa 2015 p. - 3aBigyBad kadeipu opra"iuHoi ximii.

Y 1985 p. JL.A.llleMuyK 3aXUCTUB JUCEPTALlil0 HA 3JJ00YTTS HAYKOBOI'O CTyNeHsl KaHuAaTa ¢papMaleBTHY-
HUX HayK Ha TeMy «CUHTe3, CBOMCTBA U OHOJIOTUYECKast aKTUBHOCTb 3QpUPOB apeHCY/IbGOHUIIOKCAMUHOBBIX
KHUCJIOT Y IPOJYKTOB UX NIpeBpallleHUsI» MiJi KepiBHULTBOM Ji-pa XiM. Hayk, npod. I[1.0.IleTtoniHa. Y 1999 p. 3a-
XUCTHUB JOKTOPCBKY AucepTanio «CUHTe3 Ta XIMi4HI lepeTBOPEeHHS NOXIJHUX IJIyTapaMiHOBUX KUCJIOT i reTe-
POLMKJIIYHUX CIIOJYK Ha IX OCHOBI», HAYKOBUH KOHCYJIbTAHT - akageMik HAH Ykpainy, f-p dapm. HayK, A-p xiM.
HayK, npo¢. B.ILUepHux. ¥ 6epe3ni 2004 p. JL.A.IllemuyKy 6ysi0 MpUCBOEHE 3BaHHs Npodecopa.

[Ipodecop lllemuyk JI.A. - BifoMU BUeHUH B 06J1aCTi CHHTE3Y 6ioJIOTIYHO aKTHUBHUX PEYOBUH, IiJ| KepiB-
HULTBOM IKOTO IPOBOAATBLCA AOCHIJKEHHA CUHTE3y reTepOLUKJIIYHUX CII0JYK HA OCHOBI HITPOreHOBMIiCHUX
6iHyk/1€00diMiB Ta AUKAPOOHITBHUX MOXiJHUX, OCJiPKeHHS B3aEMO/IT GYyHKIIOHA/i30BaHUX e TePOIUKIIYHUX
CHCTeM 3 peaKTUBOM ['prHbsApa, BUBYEHHS IX XIMIYHHUX BJIaCTUBOCTEN, KIHETUYHUX Ta TeEPMOJWHAMIYHUX Na-
paMeTpiB peakliiif, BCTAHOBJIEHHS BIJIMBY CTPYKTYPHUX 0COGJIMBOCTEN Ta YMOB NPOBeJIeHHS peakliil reTepo-
UKJIi3anii Ha 11 HanpsAMOK, Aoc/iJkeHHs papMaKoJI0TriYyHOI aKTUBHOCTI CUHTE30BaHUX CIIOJIYK Ta CTBOPEHHS
Ha iX OCHOBI BUCOKOePEKTUBHHUX | MaJIOTOKCUUYHUX JIiIKapChbKHUX pedoBUH. BiH € aBTOpoM nonaz 250 ny6.i-
Kalii, 3 HUX noHa 90 cTaTell y HAYKOBUX XKypHaJiaX, Ma€e 2 aBTOpcbKUX cBigouTBa CPCP, 5 maTeHTiB YkpaiHu.
[lizroTyBaB 6 KaHAUAATIB HayK, OyB KepiBHUKOM 7 MaricTepcbKux Ta 13 AUIJIOMHUX POGIT, Ha CbOrOAHI Nif,
HAOro KepiBHULITBOM BUKOHYETbCS 4 KaHAUJATChKI AucepTalil.

Sk 3706y TOK y HABYaIbHO-MeTOJUYHIN po6oTi — moHa/, 30 BUjaHb. BiH € criiBaBTOpOM HaBYa/IbHUX MOCIOHU-
KiB: «PYKOBOZICTBO K JIa6OPATOPHBIM U CEMUHAPCKUM 3aHATHSM 110 OPTaHUYECKOW XUMHUU» JJIsI CTYIeHTIiB dap-
maueBTuuHUX BH3 (dakysnbreti) (1989 - poc., 1991 - ykp. MoBaMu), «Organic chemistry tests collection» (2008),
«Organic chemistry. Short lecture course», «Opraniyna ximist. Tectu 3 mosicHeHHsIMU», «I[Iprk/aaHa [Y-criekTpockormis»,
«Applied infrared spectroscopy» (2014); «<Opranudeckasi XuMus. TecTbl ¢ mosicHeHUsAMUY, «Organic chemistry.
Tests with explanations» (2015).

[Ipodecop JI.A.llleMmuyk € yieHoM Buenoi pagu HOay, unenom Crnenpagu /] 64.605.01 3 npaBoM NpUUHSATTS
Jl0 pO3IJIsAY Ta IPOBeJIEHHS 3aXUCTY UcepTalii Ha 3/J00YTTs HAYKOBOI'O CTyNeHs JJoKTopa (kaHauaaTa) dap-
MaleBTUYHUX HayK 3a crneliaibHicTio 15.00.02 «PapmaneBTHYHA XiMisl Ta papMaKOrHO3isi», KypaTOpoOM CeKIiil
«PapManeBTUYHa XiMis» [Ipo6siemMHo1 koMicii HPaY, uneHoM oprkomiTeTiB BceykpaiHcbKUX Ta MiXkHapogHUX
KOH}epeHIil, NpucBIYeHUX cuHTe3y BAP.

3a cyMJIiHHY npalilo, 3HaUHUH 0COOMCTUI BHECOK Y MiZIrOTOBKY crHeliasicTiB ¢apmanil YKkpaiHu Ta pO3BUTOK
¢dapmManeBTHUHOI i XiMiYHOI HaykH, TpodeciiHy epyAuIiio, aKTUBHY KUTTEBY no3utito JLA.llleMmuyk ynocToeHni
3BaHHA «3acayeHuil Bukaaaady HOaY», naropopkenuii [louecuumu rpamotramu MO3 Ykpainu, YkpaiHCbKO-
ro xiMmiuHoro ToBapucTBa, HanjioHasnbHOTO dapManeBTUUHOTO YHIBEPCUTETY, BiH € AUMJIOMaHTOM 06J1aCHOTO
KOHKypcy «Buina mkosia XapkiBiuHu — kpaii imeHna» (2001, 2002). Y 2015 p. 3106yB lunsiom cTuneHaiaTa B
rasysi Hayku iMm. M.O.Basnsmika (3 ¢papmariii).

JleoHig, AHTOHOBHY — YyHHa, iHTeJIiIreHTHA, TaJIlaHOBUTA, epy0BaHa JIIO[MHA, sKii NpUTaMaHHI HalKpali
JIIOJICbKI PUCH — YYUHICTb, CKDOMHICTb, J06POTA, OCTiiiHEe caMOBAOCKOHAJIEHHSI 3HaHb i FOTOBHICTb MOAIIMTUCH
HUMH 3 KoJieraMu i MoJ1oA/ito, BiH BUCOKonpodecioHaIbHUM BUKJIa/[ad opraHiyHoi xiMmii i 3HaHU HayKOBellb,
SIKHU KOPHUCTYETHCS 3aC/Iy»KEHOI0 TT0OBAro0 i aBBTOPUTETOM Cepe/i CTYeHTIB i ciBpOGITHUKIB YHIBEPCUTETY.

Adminicmpayiss HayioHaavHo20 hapmayeemuyHo20 yHigepcumemy, Kosiekmue kaghedpu op2aHiy-
Hoi ximii, cmydenmu, acnipaHnmu, kos1e2u ma Apy3i wupo eimailoms l08iaspa, 6axcaoms oMy MiYyH020
300p08’s, 8eauUK020 /A10JCbK020 Wacms, cimeiiHo20 d06po6ymy. Hexaii 110608 00 scummsi, cnpaeXMcHitl
masiaHm ma 6e3MexcHa epyouyis i Hadasi eedyms 11020 do ycnixie, d0csi2HeHHS1 3adYMAHO20 MA HOBUX
meop4ux 3/1emie y Haykog8o-nedazoziyuHiil dis1bHocmi.
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