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mail: dissovet@nioch-nsc.ru/

ABTOpedepat pasocnaH » aHBapa 2015 r.

YuUeHblil cekpeTapb AMccepTayMoOHHOTroN/A LLynbL, SnbBUpa SayapAoBHa
coBeTa [JOKTOP XMMUYECKNX HayK


http://web.nioch.nsc.ru/nioch2013/ru/
http://vak.ed.gov.ru/

q,,809768

OB AA XAPAKTEPUCTUKA PABEOTbI

AKTYyanbHOCTb TeMbl. [MpUpOAHbIe TPUTEPMEHOMAbI NynaHoBoro psga (6eTynuH,
Nyneon) MPeACTaBASIOT BaXHYK rpynny 6MOMNOMMYECKN aKTUBHbIX COEAWHEHWIA C
LUMPOKMM CNEKTPOM 6GMONOTMYECKOro AeACTBUA. TU COEAMHEHUS MPOSBASIOT HU3KYHO
TOKCUYHOCTb MO OTHOLUEHUIO K XKMBOTHBIM JaXe NPy BbICOKMX KOHLEHTpaUusX, OfAHaKo
HM3Kas pacTBOPMMOCTb B BOAe W HebnaronpusaTHble MapameTpbl agcopbunn u
MeTabon3Ma ABNAKOTCA CEepPbe3HbIM MPEnATCTBUEM [ JanbHelLlero WU3yyYeHUs u
UCMNO/Mb30BaHNSA 3TUX BELLECTB B MEAWLMHCKON NpakTuke. JOCTYNHbIMWA NPOU3BOLHLIMU
GeTynuHa fBnstoTCA 6GeTynuMHOBas W 6GeTynoHOBas KWUCMOTbl, ANA  KOTOPbIX Ha
CerofHsLIHWA AeHb pa3paboTaHbl NpenapaTuBHbIE METOAbI CHTE3a Ha OCHOBE BeTyNnHa.
BeTynuHoBas Kucnota NposBAseT MPOTUBOOMYXONEBYHD aKTUBHOCTb MO OTHOLLUEHWIO K
pasnMYHbIM TUMaM OMNyXO/eBblIX KMETOK W OTHOCUTCA K rpynne MnpOTUBOPaKOBbIX
BELLECTB - “MWUTOKaHOB”, B1ONOTMYECKO/ MULLEHBIO KOTOPbIX ABAIOTCA MUTOXOHAPUN.
B nocnegHee BpemMs NPOBOAATCSH MHTEHCUBHbIE UCCNELOBAHMSA MO CUHTE3Y NMPOV3BOAHbIX
GeTynMHa 1 GeTYNIMHOBOW KUCNOTbI MyTeM MOAUMUKaLUN PYHKLUMOHANBHBLIX Tpynn B
nonoxeHnsx C-3 n C-28 nynaHoBOro 0CTOBa W NO/y4YeHbl HOBble areHTbl (FIMKO3Ubl,
O-aumsbHble NPOU3BOAHbIE, amuipbl, Kapb6amaTbl), KOTOpble N0 MPOTUBOOMYXONEBOW M
NPOTMBOBMPYCHOM aKTMBHOCTAM 3HAYMTENbHO MPEBOCXOAAT GETY/NNHOBYH) KMC/OTY.
BmecTe c Tem, cnegyeT OTMETWUTb, YTO TPaHCHOPMALMAM MO APYrUM MOMOXKEHWAM
nynaHoBoro octoBa (C-2, C-17, C-19 n C-30) yAeneHo 3Ha4uMTeNlbHO MeHbLLUE BHUMaHMA
N UMEKLMXCS [aHHbIX MO B3aMMOCBA3N «CTPYKTYPa-aKTUBHOCTb» HeAoCTaTouHO. B
CBA3XM C BbllIECKA3aHHbIM pa3paboTka MEeTOAO0B  HamnpasfieHHbIX —MpeBpaLLeHuit
NYyNaHOBbIX TPUTEPNEHOMAO0B NPEACTABNAET BAXHYIO M aKTyalbHYIO 3a4a4y.

Hactoswas pabota BbINOMHAAACH B COOTBETCTBUM C  NNaHamm  Hay4yHo-
nccnefoBaTenbCkux paboT, npoBoagMmbix B HNOX CO PAH no npuoputeTHOMY
HanpasneHnto 5.6 "Xumuyeckme npobnembl Co3faHWs (apMakonorMyeckn akTUBHbIX
BELLLECTB HOBOrO MOKOMieHMA", B paMKkax npoekToB PO®U (Xa 09-03-00183, 12-03-
00535) u rpaHTOoB [lpesugeHTa Poccuiickoin ®degepayun ana  [ocyaapcTBEHHON
NOAAEPXKKM BeAyLMX HayyHbIX Wwkon (Xa HLU-4861.2008.3, HLL-7005.2010.03, HLU-
3986.2012.3, HLLI-2625.2014.3).

Lienb paboTbl. Llenb HaCTOALLEro wuccnefoBaHWs 3aknioyaeTcs B paspaboTke
CeneKTUBHbIX METOAL0B MOAM(MKALMM AOCTYMNHbIX 6eTYNMHA U 6eTYNOHOBON KUCNOTbI U
CMHTE3e HOBbIX a30TCOAEPXALMX MPOWM3BOAHLIX  NYMAHOBbIX  TPUTEPRNEHOMA0B,
NOTEHLUWANbHO LieHHbIX AN MeANLMHDI’ .

B COOTBETCTBMM C MOCTABMEHHOW LENbi BbINOMHEHWE pPaboTbl CBOAWMOCH K
peLLUeHnto cnegyoLLmx 3afau:

* CouckaTe/b BbIPaXaeT WCKPEHHIOK MPU3HATENBHOCTL CBOEMY HEMOCPEACTBEHHOMY KypaTopy K.X.H.
MeTpeHko HaTanbe VBaHOBHE 3a BHUMaHWe U MOAAEPXKKY MpW BbINOMHEHUU [aHHOW PaboThbl.



MonyyeHVe HOBbIX amMuAoB GEeTYNIOHOBOM KUCMOTbl' COAepXXalimx hparmeHTbl
pas/IMYHbIX aMUHOB, a-afaHnHa U ero MeTun0Boro (F>1pa, a Takke aMUHOB C/IMH-
MEYEHbIX COEANHEHWIA.

CWMHTE3 LMaH3TWbHBIX MPOM3BOAHLIX TPUTEPMEHORA0B NynaHOBOro psga W
nccnefoBaHne BO3MOXKHOCTM WX MPeBPaLLeHnii B NPOW3BOAHbIE, COAepXKallve
(1,2,4-0kcagnason-3-nn)aTokcunbHblli  nam  (1,2-,3,4-TeTpason-5-mi)aToOKCUbHBINA
3amecTuTenu B nonoxenusx C-3 n (nnm) C-28 nynaHoBoro ocTosa.

« pa3paboTKa MeTofa CWHTE3a MPOM3BOAHBLIX TPUTEPMEHOMAOB, COAEPXaLLmX
thparmeHTbl 1,3,4-0KCaanasonos B NonoxexHun C-17.

*  MogM(UKauuMs  NlynaHoBbIX  TpuTeprneHomgos ' no nonoxewuto C-30 ¢
MCMOMb30BaHWEM METOAOB KaTanuTUyeckmx npespalyeHnii (CMAAC peakuyun) u
nonyyexHue 1,2,3-TpnasonbHbIX TPUTEPNIEHONUOB.

*  CUHTE3 19-(2,6-gumeTtiinnupngnH-4-nn)-20,29,30-TprHopaynaHOB peakuyeii
aLuIMpoBaHnA TPUTEPNEHONA0B B NPUCYTCTBUM KWUCNOTbI Jlbtouca.'

HayuHas HOBM3Ha M MpaKTU4YecKas 3HauMMocTb paboTbl. B xope HacTosLei
paboTbl MonyyeHo 84 He OMNWCaHHbLIX paHee B JUTepaType  MPOU3BOAHbIX
TPUTEPNEHOMA0B NlynaHoBOro psga. CuHTe3MpoBaHbl HOBble amuibl 6eTynoHOBOW
KWUCNOTbI, Cofiepxallme (parMeHTbl pas/IMyHbIX aMVHOB, a-aflaHuHa U ero MeTWUI0BOro
3hupa, a TakkKe amMMHOB CMUH-MEYEHbIX COeAuHeHUI: [lofyyeHbl LMaHITUbHbIE
MPOV3BOAHbIE TPUTEPMNEHOWUAOB JyNaHOBOrO psfa, Ha OCHOBE KOTOPbLIX OCYLLECTB/IEH
CUHTE3 COOTBETCTBYIOLUMX aMUOKCUMOB, a TaKKe reTepoLMKINYeCKUX NPOU3BOAHbIX,
coepaLymx (1,2',4-0Kcaamason-3-mn)3TOKCUNbHBI n, (1,2,3,4-TeTpason-5-
NN)3TOKCW/bHBIA 3aMecTuTenn B monoxeHusx C-3 n C-28. Ha ocHOBe npeBpalLeHuii
XnopaHrugpuga 6eTynoHoBOM KWCNOTbl W XnopaHrugpuga 3p-O-aueTnn6eTynMHoBOw
KUCNOTbl  MNpefioXeHbl  3((eKTUBHbIE  CNOCOOblI  CUHTE3a  COOTBETCTBYHOLMX
reTepoLMKANYECKNX MPOM3BOAHLIX, cogepxawmx 1,3,4-0KCagnasofibHblii LMK B
nonoxeHun C-17. OCyLeCTBNEH PErmoceneKTUBHbIA cuHTe3 ‘30-[4-apun(ankun)-14-
1,2,3-Tpnason-4-un]nyn-20(29)-eHoB, OCHOBaHHbIN Ha KaTanm3upyemoit conamu meaun(l)
peakumn  1,3-4MMNONAPHOrO  UMKnonpucoeamHenns  30-asingonyn-20(29)-eHoB K
TEPMUHANbHBLIM  anknHaMm.  MokaszaHo, u4TO auunuposaHue! nyn-20(29)-eHoB B
MPUCYTCTBUN KUCNOTbI Jlblonca 1 nocnefytoLias 06padboTka NofyyYeHHbIX MUPUINEBBLIX
COMe  aMMuakoM  NpeAcTaBAseT  paluOHa/IbHbIA - cnocobd  cuHTesa  19-(2,6-
anveTnnnupnanH-4-un)-20,29,30-TpMHOPIYNaHOB. YcTaHOBMEHO napanfiefibHoe
npoTeKaHve p eakLyn aumnMpoBaHWs Mo Kosblly A MeTUoBOro atmpa 6eTyn0HOBOW
KUCNOTbI C 06pa3oBaHMeM COeAMHeHWI, obnagatolmx (eHaHTpo[ 1,2-"]XxpoMeHOBOI 1
Xpu3eHo[ 1,2-"]XpOMeHOBOW CTPYKTypamu.

Pa3paboTaHbl y06HbIE METO/bI CUHTE3A LUMPOKOrO pAfa NPOM3BOAHbIX IyNaHOBbIX
TPUTEPNEHOMAOB. COAEPXaLLUX reTepPoLUKINYECKne 3aMeCTVIT8ﬂ<VI,’\ 1,2,4-okcagmason-3-

CEMFPATH-BU YHAHEPOM ET.
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UN)aTOKCUbHBIA, (1,2,3,4-TeTpason-5-un)aToKCUNbHLIA] B nonoxeHusx C-3 n C-28,
1,3,4-0KcaamasonbHbil - UMK B nonoxeHun C-17 u 1,2,3-TpuasonbHblii  LUMKN B
nonoxenun C-30, a TakkKe NUPUAMHOAHHENNPOBaHHLIA (parMeHT no atomam C-
20,29,30.

Metogamn UK-, Y®-, AMP-cnekrpockonun MnoATBEPXKAEHO CTPOEHWe BCeX
BMEPBble MOMYYEHHbIX BELLECTB W YCTaHOBMEHa pPervo- W CrepeoHanpaBneHHOCTb
n3yyaembix peakumit. Metogom PCA  onpegeneHbl TeOMeTpUsS U CTPYKTYpHble
napameTpbl asuja gvalerara 6eTynuHa.

Ha 6a3e meamumHcKoro akynbTeTa HIY oCyLecTBNeHO nepBryHOE TeCTUPOBaHMe
MOAM(ULMPOBAHHBIX /yNaHOBbIX TPUTEPNEHOMAO0B W BbISBNEHbI NepPCreKTUBHbIE ANs
[anbHerLero Uu3yyYeHWs WHIMOGMTOPbI POCTa OMYXONeBbIX KNETOK 4enoBeka. B
nabopatopuun (hapmakonornyeckmx uccnepgosaHuin HWOX CO PAH B pesynbTate
9KCNEepMMEHTOB in Vivo BbISBNEHbl amuabl GETYNOHOBOW KWUCNOTbl C KOMMIEKCHOW
610NOrNYecKori  akTUBHOCTbIO  (MPOTUBOBOCMAUTENLHOM, enaTonpoTeKTOPHON 1
aHTUOKCUAAHTHOM), KOTOpble MOrYT 6biTb NEpPCreKTUBHbI ANS KOPPEKLMM HapyLUeHWiA,
BbI3BaHHbIX TOKCMYECKUMW, MeTaboNMYecKMK, BOCNMTENbHBIMU U ApYrMMU
naToreHHbIMU (hakTopamu.

Anpobaumna pa6boTbl. Pe3ynbTaTbl AMCCEPTALMOHHON pPaboTbl [OMOXEHbI W
06cyxaeHbl Ha LI MexayHapoaHo Hay4HOW KOH(epeHUMM «Xumus, CTPyKTypa u
thyHKUMM 6romonekyn» (MuHck, Pecny6nuka Benapych, 2008), VII Bcepoccuitckoi
KOH(hepeHUUM C MOMOAEXHOM Hay4HOM LIKOMOK «Xumus 1 MeguumHa, Opxumea-2009»
(Yda, 2009), BTOpOI Poccuiicko-Kopelickoii KoHgepeHumn “Current issues of natural
products chemistry and biotechnology" (HoBocu6mpck, 2010), XLLI MONoAeXHO Lukone-
KOHhepeHUMM “AKTyanbHble Npobnembl opraHuyeckoit xummn” (Hosocubupck, 20.10),
MexayHapogHoi KoHdepeHumn “Current Topics in Organic Chemistry" (HoBocubupck,
2011), uvetBepToit Poccuiticko-Kopelickoin koHgepeHumun "Current issues of natural
products chemistry and biotechnology" (HoBocu6upck, 2012), YpasbCKOM Hay4HOM
thopyme «CoBpeMeHHble NPo6aeMbl B OpraHnyeckoi xmmum» (ExatepuHoypr, 2014).

Mybnukauun. TMo MaTepuanam gucceprauum ony6nmkoBaHo 7 cTaTeil B
peLeH3npyeMbIX KypHanax, peKoMeHZoBaHHbIX BAK, nonyyeH nateHT PO,
ony611KoBaHo 9 Te31COoB JOKNaA0B.

CTpyKTypa n 06bem guccepTauuu. [uccepTaums usnoxeHa Ha 177 cTpaHuuax
MaLUMHOMUCHOTO TEKCTa, COAEPXMT 9 pUCYHKOB, 76 cxem u 5 Tabnuu. PaboTta coctonT
13 BBEAEHMSA, NUTepaTypHOro 063opa Ha TeMy «XMUMUYecKue TpaHchopmal iy 6eTynmHa
1 ero Npov3BOAHBIX: YCMeXW CO34aHna CeNeKTUBHbIX NPOTMBOOMYXONEBLIX 1 aHTU-BUY
areHToB», O0OCYXX[EHUA pe3ynbTaToB, 3KCMEPUMEHTIbHON 4acTW, BbIBOLOB, CrMCKa
NUTepaTypbl, BKNOYAIOLLEr0 225 HaUMEHOBaHUIA, U 4 NPUNOXKEHWS.



OCHOBHOE COJLEP>XXAHWE PABOTbI
OO6beKTamMu MCCefoBaHnsa ABNAIOTCA TPUTEPTIEHOMAbI NYMaHOBOTo pAaga - 6eTynH
1, 6eTynIMHOBasA KncnoTa 2, 6eTynoHoBas KMCoTa 3 U UX NPOU3BOAHBIE.

1. CuHTe3 aMnaoB 6eTyIOHOBOW KNCNOTbI

M3BecTHO, 4YTO MpOM3BOAHbIE 6GETYNMHOBOM W 6GeTyNOHOBOW  KUCMOT €
a30TCoAepXKaLMmu 3aMecTUTeNIAIMK B MooXeHun C-28 (B TOM uncne amufpl) obnagarot
pa3Ho06pa3HOi G1ONOrMYECKON aKTUBHOCTBIO. B CBA3M € 3TUM C LieNb0 NOMCKa HOBbIX
610M0TMYECKN aKTVBHbIX COEAMHAW Hamy OCyLUeCTBMEeH! CMHTE3 HOBbIX aMuioB
6eTyNOHOBOIM KUCMOTbI AN NOCNEeAYIOLEro N3yyeHns ux papmakonormyeckmx CBOWCTB.
Bbibop amuHOB 6bin 00OYC/IOBMEH WX AOCTYMHOCTbIO W BO3MOXHOCTHIO MO/YyYeHUs
MPOAYKTOB C  CEMeKTVBHbIM  (hapMakoforMyecknum  feiicTeueM  (Mcnonb3oBaHue
(hapMaKoOpHbIX aMVHOB).

Tak; B3aMMOZECTBMEM X/0paHruapuaa 6eTyN0HOBOW KUCNOTbI 4 ¢ pas3/IMyHbIMK
aMmMHaMun MoJfilydeHbl aMuibl 5a-c, cofepxkalive B MonoXxeHun C-28 BTOPUYHbIE UMK
TPeTUYHble aMuHorpynnbl (cxema 1). CnefyeT OTMETUTb, YTO BCKOPE MOC/E BbIMO/IHEHWUA
[aHHoro 6nokKa  Hawlero mccneﬂosaHMH MOABU/IOCE  COOGLIEHNE O  BbICOKOI
LIMTOTOKCUYHOCTM ammpa 5H B oTHoWeHuUn KneTok HepG2, Jurkat n Hela (IC50 0.8, 1.4
1 2.0 MKM cooTBeTCcTBEHHO) [Santos R.C., et al., Bioorg. Med.1Chem., 2009, 17, 6241],
YTO MOATBEPXKAAET LIeN1eco06pa3HOCTL PaboThl B JaHHOM HanpasieHuu.

Cxema 1



PaHee B nabopatopun megmumHckoin xummn HAOX CO PAH 6binn nonyyeHs! |3-
anaHMHamMmibl GeTYNOHOBOIM KWUCMOTbI, KOTOPble MNPOSIBUAN Ce6si Kak 3(hheKTUBHbIE
areHTbl-KOPPEKTOPbI, CHIDKatoLMe NoboYHoe AeiCTBMe LMTOCTATMKOB. B cBA3W € aTuMm
HaMW bl CUHTE3MPOBaHbI a-anaHWHaMWAHbIe NMPOV3BOAHbIE GETYNOHOBOWN KUCMOTbI 6
M 7 4NS CpaBHEHMA UX (hapMaKonorMyeckx CBOWCTB CO CBOWCTBAMM COOTBETCTBYHOLLMX
P-anaHnHammngoB (cxema 2). Kpome TOro, NOBbILLEHHbIA MHTEPEC K CUHTE3Y COeAMHEHWIA
6 1 7 BbI3BaH UMEIOLLMMWCS B NUTEPaType AaHHbIMU O 3HAYMTENIbHON LUTOTOKCUYECKON
aKTMBHOCTM a-anaHWHammga 6eTyNnHOBOM KUCMOTbI B OTHOLLIEHUN MeNaHOMbl YenoBeKa
MEL-2 (EC® 1.5 mr/mn) 1 annaepMmoungHoii KapuyHombl Mol KB (EC304.6 mr/mn). a-
AnaHuHamung, 7 TNagko MonydveH LWENoYHbIM  TUAPOAN30M  METWIOBOTO 3dupa a-
anaHuHamuga 6.

Cxema 2

B nocnegHee BpemMA CUHTE3Y CMUH-MEYEKbIX MPOM3BOAHLIX  MPUPOAHBIX
COeAVHEHWUI  yAenseTcs  3HAuYMTeNbHOE  BHMMaHWe, MOCKOMbKY  CMMH-MeYeHble
6VOMOTNYECKM  aKTUBHble  COEfMHEHMS  MOXHO  UCMONb30BaTb B KAayecTse
KOHTPACTUPYIOWMX  areHToB B OMOMEAULMHCKMX U (hapMaKOKMHETUYECKMX
NCCNefoBaHUAX COBPeMeHHbIMW  MeTogamu  JIP-crektpockonuu u MPT  gna
HabnoAeHUsa 3a UX pacrnpefeneHneM W fOKaan3alnell B XXUBbIX CUCTeMax. VI3BecTHO,
4YTO ammuipl  FAVLVPPETOBOM  KUCMOTbI,  COAepXalive  MUNEepPUAVHOBLIA WK
MUPPONIMAMHOBBI  HUTPOKCW/IbHBIE  paguKanbl B MonoxeHwn C-30, npossuau
LIMTOTOKCUYECKYIO aKTUBHOCTb, B 2-4 pasa MpeBbllLAOLLY0 aKTWBHOCTb CamMoii
rAVLMPPETOoBON KNCNOTbI. B faHHOI paboTe HaMu GbiNn CUHTE3UPOBaHbI CINH-MeYeHble
ammufbl 6eTyN0HOBOI KucnoTsl 8-10 (cxema 3).

Cxema 3

[MapamardutHas npupoga amMmugoB 8-10 He NO3BONAET MONYYUTbL CrMEKTPasibHbIE
XapaKTepUCTUKN 3TUX COEAVMHEHMI C MOMOLLbO cnekTpoB AMP, KOTOpble HEOOXOANMSI

OnA MOATBEPXAEHNSA CTPOeHMs Mofy4veHHbIX amugos 8-10. mapokcunamuubl 11-13
7



OblM  MONYYeHbl  BOCCTaHaB/IEHWEM  COOTBETCTBYIOLUMX  CMWH-MEYeHbIX amufoB
6eTynoHoBOW KucnoTel 8-10 [eiiCTBMEM aKTMBMPOBAHHOIO LMHKA B MeTaHOne B
MPUCYTCTBUM X/IOPUCTOTO aMMoHUA (cxema 4). Crefyet, OTMETUTL, YTO MOJTyYEHHbIE
rmapokcunamMuHbl 11-13 Takxke, MPeLCcTaBNAaloT MHTepeCc B KayecTBe OMONOTMYecKu
aKTVBHbIX COBAMHEHUIA.

Cxema 4

Takum 06pa3oM, Hamy OCYLLECTBNIEH CUHTE3 HOBbIX aMWAoB GeTy/OHOBOI
KWCNOTbI, COAEPXKALLMX (parMeHTbl Pa3MuHbIX aMWHOB, a-alaHWHa U ero MeTUIoBOro
atmpa, a TaKKe aMUHOB CMMH-MEeUYeHbIX COEAUHEHWIA. HaliaeHbl YCNOBUS CEeNeKTUBHOMO
BOCCTaHOB/IEHWSI HUTPOKCW/IOB B COOTBETCTBYHOLLME I'VI,quKCVIll'IaMVIHbI.

2, CMHTE3 N XMMUYeCKMe NpeBpaLLeHns Ll,VIaHSTVI.FbeIX NPOV3BOAHbIX
TPUTEPIEHOMA0B /TyNaHoBOro psjaa

M3BeCTHO, 4YTO NepeHoc (YHKUMOHabHOW rpynnbl \u3 nonoxeHns C-28 ¢
yBeNMYeHNeM AfMHbI Lenn B 6GeTynMHOBOW M 6GeTynOHOBOM KMCnoTax NpUBOAUT K
YBENIMYEHNIO LIMTOKCUYECKON aKTUBHOCTY M CeNEKTUBHOCTY iN-Vitro K pasanyHbIM Tunam
OMyXO0/eBbIX KNETOK. [Nf CUHTe3a NPOM3BOAHBLIX TPUTEPMNEHOUOB C OTHECEHHLIMM
(hYHKUMOHAbHBIMW  TpynnaMu B OOKOBOM LN Mbl MCNOMb30BaIM METOLONOTMNI0
LMaH3TUAMpoBaHms. PaHee B nabopatopumn MeguumHckoi xumumn HAOX CO PAH 6bina
MoKaszaHa BO3MOXHOCTb LIMaH3TUAMPOBAHWUA TPUTEPNEHOUA0B J/yNaHOBOro psga Ha
npumepe 6etynmHa 1 u 3p-O-auetunbetynuHa 14. B pgaHHO/ paboTe NPOLO/MIKEHO
1cCnefioBaHne peakuyn LWaHITUAINMPOBAHUA TPUTEPMNEHOMAOB yMaHOBOro psaja U
Mofy4yeHbl  HOBble  LWMAH3TW/IbHbIE  MPOM3BOAHbIE C  LENMb0  M3YYeHUs  uX
(hapMakonormyecknx CBOMCTB M WUCMOMb30BaHWA X B KayecTse, 6a30BbIX COEAMHEHWS
L1 CUHTE3a HOBbIX MPOW3BOAHbLIX C OTHECEHHBIMU (DYKLIVOHAIbHBIMUW TPy NNamMu.

2.1. CWHTe3 UMaH3ITU/bHbIX NMPOU3BOAHbLIX TPUTEPNEHONOB /yNaHoBOro psaja

B KayeCcTBe MCXOAHbIX BELLECTB ObINM UCMONL30BaHbI Pa3/inyHble TPUTEPNIEHOU I,
cofiepxalime Kak cnupTtoBble, Tak M NOH-rpynnbl. Tak, HaMu MOKa3aHo, 4ToO
LnaHaTuAMpoBaHne 3p-aueTunbeTynnmHa 14, cogepxallero nepsuyHyto OH-rpynny B
nonoxxeHmn C-28, nerko NpMBOLMT K 00pa30BaHUI0 LMaH3TUIbHOTO Npon3BoAHOro 15
(cxema 5). Peakuuo NpOBOAMAM B [MOKCaHe MpU KOMHATHON Temmepatype B
npucytctBum  wenoun  (30%-Hbii  KOH) un TOBAX. [o6aeneHne TIBAX K
peakLMOHHOM CMEeCU 3HAYMTENBHO YMEHbLUAET BPEMS PeaKLym (c.2 4 [0 2-3 4) 1, KaK
CllefiCTBYMe, MOBLILLAET YACTOTY MOJyHaemMoro npogykra 15, NocKobKy npu npoBegeHun

8



peakuumn B TeYeHUe CYTOK, KOTOPbIE TPEBYHOTCS NPU LMAHITUAMPOBAHNN COeANHEHNS 14
B OTCyTCTBUM TIBAX, HabntogaeTcs, NycTb ¥ He3HaUMTENbHOE, 06Pa3oBaHNe NOGOYHBIX
npoaykToB 16 1 17 BCneAcTBUe FMAPONN3A aLeTaTHOW rpynnbil.

Cxema 5

Mpn umaHaTUNMpoBaHUM 3-keTobeTynMHa 18 B OMMCaHHbIX Bbille YCAOBUAX B
KayecTBe e4MHCTBEHHOIO NPOAYKTA peakLuymn noayyeHo coefuHeHue 19 ¢ BbIXxogom 84%,
T.e. NPOUCXOANT He TONbKO LnaHaTuAnpoBaHne OH-rpynnsl, HO M NPUCOEANHEHUE ABYX
LMaHITUNBHLIX FPYNN B a-MofoXeHwWe K ketorpynne (cxema 6), 4To cornacyercs c
NNTEPaTYpPHbIMU JaHHBIMW MO LMaHITUIMPOBAHUIO KETOHOB. B pe3ynbTaTe peakuuu
LMaH3TUNNPOBAHMA MeTWI0BOro ampa 6eTynoHOBOM KucnoTbl 20, Kak W CcnefoBano
OXmnpatb, 06pasyeTca 2-AULMaH3ITWIBHOE NpoussBofHoe 21. CrefyeT OTMETUTb, UTO
nonyyeHve coeamHeHnin 19 n 21 npegctaBnseT OnpefeNeHHbIi WHTepeC B CBA3W C
BbISIB/IEHHOW BbICOKOM LMTOTOKCMYECKON aKTUBHOCTbIO B OTHOLLEHUW PsAa OMyX0NeBbIX
KNETOK  2-UMaHNpou3BOAHbLIX  3-KeTobeTynuHa, a Takke 2-anumn- u - 2-
Avannmn3ameLleHHbIX NPOoU3BOAHbLIX 6eTYNOHOBOI KUCNOTbI.

Cxema 6

CHj=CHCN

T3BAX 304bKOH.
An«caH.20°C

CHj=CHCN

T3BAX. 30%KOY
[WoKCTL 20°C

B3avmogeiicTBe aKpUIOHUTPUAA C OKCUMOM 3-KeTOBETY/IMHA 22, COAepXKalium
ofHoBpeMeHHO OH- n NOH-rpynnbl B CBoeM COCTaBe, NPUBOAUT K LMAHITUMPOBAHMIO

06enx rpynmn 1 06pa3oBaHuMto coeguHeHmns 23 ¢ BbIxogoMm 85% (cxema 7).
9



Cxema 7

Taknm 06pa3om, 3-KeTo- ¥ 3-rmapOKCMMMUHONPON3BOAHBIE 24 1 25, cogepxallue
LIMaH3TOKCW/bHbIE TPYNMbl B NOMOXeHUU C-28, He MOryT 6bITb MOMYYEHbl HaNPAMYHO
peakumeil LMaH3ITUANPOBaHWS 3-keTobeTynnHa 18 u okcuma 3-KeTobeTynuHa 22 (cm.
cxema 6 n 7). CoefuHeHuss 24 n 25 CWMHTe3UpPOBaHbIMHAMKM MyTEM XMMUYECKOM
moaupmkaumum 3p-aueTnnoeTynmHa 14, yxe cogepXasLUero LMaHaTOKCUNbHYHO Fpynny B
nonoxeHun C-28 (cxema 8). Tak, UJ,enquoﬁ_er,qponma -§(3-aL|,eTmnnpom330,clHoro 14
rnagko npuBoAuUT K, 06pa3oBaHMiO  3p-rMApPOKCUNPOU3BOLHOIO 16, OKWUCNEHWeM
koToporo MXX nonyyeHo 3-keTonpousBofHoe 24. Peakuueid 3-KeTocoefuHeHus 24 c
rMApPOXNI0pUAOM TUAPOKCUNAMUHA CUHTE3MPOBAHO 3-TMAPOKCUVMUHOMNPOU3BOAHOE 25.
LimaHaTnnupoBaHue OKcMMa 25 NPUBOAWUT K COeAMHEHWIO 23, KOTOpoe paHee 6blio
MONYYeHO LMaHITUIMPOBaHNEM COeMHeHNs 22 (CM. cxema 7).

Cxema 8

Mpw LnaH3ITUAMPOBaHUW TPUTEPMNEHOUAO0B, COAEPXKaLLMX BTOpUYHYt0 OH-rpynmny B
nonoxenun C-3, B CTaHAapTHbIX YCNOBMAX (AMOKCaH, KOMHaTHas Temnepartypa, 30%-
Has KOH, TOBAX) Bcerfa 06pasyeTcs CMeCb COEAMHEHWUI - LieNeBoro LiMaHaTUIbHOIo
npoAyKTa U UCXOAHOro TpuTepneHouaa. CocTaB peakLMOHHOM CMecH 3aBUCUT OT Tuna
3aMecTUTens, pacrnosioXeHHoro B nonoxeHun C-28 (cxema 9). Tak, npu
LIMaH3TUANPOBaHUN  GeTYNIMHOBOTO abfernpa 26, GeTyNMHOBOW KWUCNOTbl 2 U ee
MEeTWM0BOro athmpa 27 obpasyeTcsd CMeCb UCXOAHOrO BELLECTBA W MPOAYKTOB peakumm
28, 29 1 30, KOTOpble ObINV BbiAENEHbI N3 PEaKLMOHHON CMecK C BbIXofoM 36%, 53% u
57% cooTBeTCTBEHHO. LinaHatunuposaHue 6eTyniiHa 1 W okcuma 6eTyIMHOBOTO
anpgernga 31, cofepxawmx kpome OH-rpynnbl B nofoxeHun C-3 AONONHWUTENBHO
nepsuyHyto OH- nam NOH-rpynnbl B nonoxeHuu C-28, NnpMBOAUT K CMECU MOHO- U
[M3aMeLLeHHbIX LMaHATUbHBLIX NPOM3BOAHbIX 16 ¥ 17, 32 n 33 COOTBETCTBEHHO.
YBeNnYeHne BPeMEHU peakLnu, MOBblLEHWe TeMMNepaTypbl peakLMOHHON CMecK, a Tak
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XE yBeNMyeHne KOAMYeCTBa aKpWIOHWTPWUIA He MNPWBOAWAO K MOSIHOW KOHBEPCUM
BTOpMYHON OH-rpynnbl B nonoxenun C-3, 4TO cornacyetcs € MnpeaBapuTe/bHbIMU
JaHHbIMM MO LMaHITUAMPOBaHMI0 6eTynnMHa 1. CTeneHb KOHBEPCUM BTOPUYHOW OH-
rpynnsl Bapbupyet oT 45% Ao 75% B 3aBUCMMOCTY OT YCMIOBMWIA NPOBEAEHMA peakuum n
CTPYKTYPbI MCXOAHOI0 COEAVNHEHNS.

Cxema 9
GHCHON
e
28.R =H
29,R=0H
30. R =0OMe

LinaHatunupoBaHue 28-O-auetunbeTtynmHa 34 B CTaHAAPTHBIX YCN0BUAX MPUBOAUT
K 06pa3oBaHWI0 MpofyKTa 35 C BbIXOLOM 64%, a Takke, BCNeACTBME YaCTUYHOMO
rmgponusa AcO-rpynnbl U peakuuy LWaH3TUIMPOBAHUA MPOAYKTOB T[UApONn3a, K
noayyeHnto coefuHeHnii 1, 16 n 17c Bbixogom 22%, 5% u 9% COOTBETCTBEHHO (MO
faHHbiM XMC). Mpu 3aMeHe AWMOKCaHa Ha X/IOPUCTbIA METUEH BbIXOL MNPOAyKTa
peakumn 35 nosblwaercs 0 88% (no paHHbIM XMC) BCrefcTBMe 3amefneHns
rngponusa AcO-rpynnbl. CogepxxaHue coefuHeHuii 16 n 17 B peakLMOHHON cMecu
cocTaBnseT 5% u 7% COOTBETCTBEHHO, a Ha/IMUMe BeTyIMHA 1 B peakLOHHOW CMecn He
3a(MKCMPOBaHO.

Cxema 10

Takum  06pa3om, Hamy  MpeanoXeHbl  3PMeKTUBHbIE  CMOCO6bI  CMHTE3a
LMaH3TULHBLIX MPOU3BOAHBIX TPUTEPMEHOMAOB JlyMaHOBOTO psafa Kak peakuyeit
LMaH3TUINPOBaHNA TPUTEPNEHOMA0B, Tak W MNyTeM XMMUYECKOW TpaHchopMauum
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COEAVIHEHUIA, Y)XKE COAEPXaLLMX B CBOE CTPYKTYype‘LiaHaTunbHyto rpynny. Bbicokue
BbIXOAbl LMaH3TWIbHBIX MPOU3BOAHBLIX 0BYC/IOBUM Hall MHTEPEC K WX fAasibHelilleit
MOAMMKALWM  C  MOMYyYeHMEM  TETEPOLIMK/INUECKUX — MPOM3BOAHBLIX  JyMaHOBbIX
TPUTEPreHOUOB.

2.2. CuHTe3 TeTpaso/ibHbIX MPON3BOAHbIX TPUTEPNEHON0B SIyNAaHOBOro psja

leTepoapomaTnyeckasd CcUCTeMa TeTpasona W3fgaBHa MpUBMEKaeT BHUMaHWe
uccnefosateneil. TeTpaso/bHbIA LMK ABNSETCA (parMeHTOM MHOMMX COBPEMEHHbIX
NeKapCTBEHHbIX npenapaTos aHTU6aKTepUaILHOrO, aHTuannepreHHoro n
NPOTMBOBOCMANNTENLHOrO feicTBMA. OCHOBHbIM CMNOCOBOM MOMlyYeHUs TeTpasosios
ABNAeTCA peakums 1,3-AMMNONSPHOTO  LMK/IONPUCOEANHEHNS HWUTPWUIOB K asujam.
Mepe6pas pag pasMUUHbIX METOAMK, OMUCAHHbLIX B NUTEPaType, Mbl MOAYUYUIN UCKOMOE
TeTpa3oNbHOe NPOM3BOAHOE 36, NpUYeM C XOPOLMM BbIXoAoM (80%), MpU KUNAYEHWUU
coeauHeHusa 17 v a3uga HaTpua B TONyosne B MPUCYTCTBUIA rmapoxnopuia TpustuiamvHa
B TeyeHue 20 4 (cxema 11).

Cxema 11

NaN3, Et3N*HC)

TONyon, Kvn.

17 36, 80%
B3aumogeiicTBueM asupa Hatpus c Apyrumu umaPSTﬁanbLMM Npou3BOAHbIMM
6eTynnHa (coemHeHus 15 n 16) B yCNOBMAX, HalfieHHbIX HaMW Ans coefuHeHus 17,
6b12IM NONyYeHbl COOTBETCTBYOLLME TETPa30/bHble NPOM3BOAHbIe 37 1 38 (cxema 12).
Cxema 12

NaNj.EtsNUCI

R= OH (16), OAc (16) R= OH (37). 7i%
R= OAc (38), 85%

AHanornyHoe npespalleHve HabnogaeTcs n ans coeguHeHns 30 (cxema 13). Tak,
KunsyeHne coefuHeHns 30 ¢ a3nAoM HaTpus B TONyoNie B MPUCYTCTBUM FMAPOXIopUaa
TpUsTMNaMMHA MPUBOAUT K  06pa3’oBaHWIO  COOTBETCTBYIOLLEr0o  TeTPas3o/ibHOro
npoun3soHoro 39, BbIX0L KOTOPOro coctasun 64%.

Cxema 13



Takum 06pa3oM, Hamu NpesioxKeHa MeTO4MKa CUHTEe3a NPOM3BOAHBIX NYMaHOBbIX
TpuTepneHomaos, cogepxawmnx (1,2,3,4-1eTpa3on-5-nn)aToKCUbHbIA 3aMecTuTeNb B
nonoxeHmn C-3  wu(mnm) C-28, Ha OCHOBe  peakuuy  1,3-AnnonspHoro
LIMKNONPUCOEANHEHNA a3uda HATPUA K LMaH3TUAbHBIM NPOU3BOAHLIM GeTynuHa, ero
aLeTaTHOro aHanora v MeTUI0BOro ampa 6eTyNMHOBOI KUCNOTbI,

2.3. CrHTEe3 Npou3BOAHbIX /lyNaHOBbIX TPUTEPMNEHOMAOB, COAEPXKaLLMX
thparmeHTbI 1,2,4-0KCaAMa3010B

MonyyeHHble B AaHHON paboTe 3P-0-auetmn-28-0-(2-umaHatun)betynnH 15 u
meTunoBblii  amp  3P-0-(2-umaHaTUN)6eTYNNHOBOM  KucnoTbl 30 Takke Obln
MCMNOMb30BaHbl ANA CUHTE3a reTepoLMKINYECKMX MPOU3BOAHBIX /lyNaHoB, COAepXKalLnx
1,2,44)KcagnasonbHblii - UMKN. BBeaeHMe yKasaHHOrO CTPYKTYPHOro 'parmMeHta B
MONEKyNy TPUTEPNeHOMA0B MPEeLCTaBNsfeT WMHTEPEC B CBA3M C (PApMakonormyecKumm
(npoTvBOBOCMANNTENBHLIMW, MPOTUBOBMPYCHLIMMW, MPOTUBOONYXO/EBLIMM) CBOVCTBAMY
COeAuHeHWiA,  cogepxawmx  1,2,4-0kcafnasonbHblii  3aMecTuTeNb.  KnrouesbiMu
NPeALIECTBEHHMKAMY YKa3aHHbIX TETEePOLMK/IOB SABAAIOTCA aMWUAOKCUMbI, OCHOBHbIM
CMocoboM MonyyeHne KOTOPbIX ABMSETCH B3aUMOLEWCTBME HUTPMNOB C CONSHOKMUCbIM
rMOPOKCUNAMUHOM B MPUCYTCTBMM OCHOBaHWA. [py MCNONMb30BaHUW CTaHAAPTHOW
METOAMKMA  aMWUAOKCUMWPOBaHWA B MPUMEHEHWM K /lynaHOBOMY HuTpuny 15
COOTBETCTBYIOLWMIA ammaokcum 40 06pa3oBblBaficd B He3HAUMTENbHOM  KONWYeCTBe
(~10%). Bbixog amungokcuma 40 yganoch yBenmuntb A0 59% npu HarpeBaHUM HUTpUNA
15 co cBOGOAHLIM OCHOBaHMEM U 3aMeHe 3TWI0BOrO CnupTa Ha H-OYTWIOBLIA ChNPT.
Mpu B3avMOLENCTBMM MONYYeHHOro amugokcuma 40 ¢ 6GeH30UIXNopuaoM B
NPUCYTCTBAM MUPUAUHA C MOCEAYIOWMM KUNAYEHWEM peakLMOHHOW cMecu B ToMyorne
6bIn cuHTe3mpoBaH 1,2,4-okcaguason 41 ¢ Bbixogom 59% (cxema 14).

Cxema 14

AHaNorMyHo 6bin  MoAyYeH amuaokcum 42, B3aMMOAEWCTBME KOTOPOro C
TPUDTOPYKCYCHbIM aHrMAPUAOM TNafko MpUBOAWUT K 06pa3oBaHMIO OKcaauasona 43
(cxema 15).

Cxema 15



Takum 006pa3oM, Hamu BriepBble MOJyYeHbl aMWAOKCUMbI  TPUTEPMEHOWAOB
NlynaHoBoro psfa W rokasaHa BO3MOXHOCTb WX WCMOMb30BaHUA [/ CUHTE3a
reTepoLMKINYECKMX  MPOM3BOAHBLIX,  COAepXawmx B  CBOeM  cocTtase .1,2,4-
OKCa/iNa3oNbHbI LK.

3. CuHTe3 Npon3BOAHbIX JIyNaHOBbIX TPUTEPMNEHOM0B, COAepXaLLnX
thparmeHTbl 1,3,4-0KCaanasonoB B NosioxeHun C-17

CoefyHeHNs1, cogepKalme CTPYKTYPHbIA dparmeHT. 1,3,4-0Kcagmasona, Takke
06n1afaloT  LUMPOKMM  CMEeKTPOM  BGKMONOTMYECKMX,  aKTWBHOCTEWA, BK/tOYas
MPOTVBOBOCMANNTENBHYIO., ,, U aHa/IbreTnyeckyto,1;»  NpoTMBOMUKPOGHYHO n
NPOTNBOTY6EPKYNE3HYI0, NPOTUBOONYXO0NEBYHO U aHTUIBUY akTnBHOCTM. Kpome Toro,
M3BECTHO, 4TO ,COEAMHEHUs,, cofdepxkalive 1,3,4-oKcafnasonbHoe/. KOoMbLo, KOTOpoe
YCTOMYMBO K TWAPONN3Y MpU . PU3MONOTMYECKMX 3HaueHusx pH, npeacTasnsiT
BO3MOXHOCTb, 61OMN30CTEPUYECKON, 3aMeHbl  TMAPOKCaMOBbLIX 3upoB B pagy MEK
WNHrMOMTOPOB (NosyyeHne , MeTabomTuyeckn 6onee CTabWAbHBLIX. N 3HEKTUBHBIX
WNHTMBUTOPOB).

B paHHO paboTe OCYLLECTBEH CMHTE3 HOBbIX MPOM3BOAHLIX GETYNOHOBON W
GETYNMHOBOW KUCNOT, cofepXalimx gparmeHT 1,3,4-0kcagmnaszona B nonoxeHnm C-17. B
KauecTBe MCXOAHbIX COeAVHEHM HaMW BblIN UCTONb30BaHbl XJI0PaHIMAPUS U TMApasng
6eTyNOHOBOW KWUCNOThbI (CoeanHeHUs 4 n 44 COOTBETCTBEHHO), a TaKXXe X/10paHTMAPUA
3p-0-aueTnn6eTyIMHOBOM KUCNOTbl 45. Tak, KOHAeHcauweli rugpasvwga 6eTys0HOBOM
KUCNOTbI 44. C .XNI0paHTuapuaaMy KUCMOT CUHTE3MPOBaHbl auunrugpasuisl 46a-r,
cofepxallime., 3STOKCUKapPOOHWUMbHbLIA. WAW  apunbHble [3amecTuTenn (cxema  16).
Auunrngpasugsl 464,e noayyeHbl B3aMMOAEWCTBMEM XopaHruapuaa 6eTynoHOBOW
KMCNOTbl 4 B KauyeCTBe aUMIMPYIOLLEro areHTa ¢ ruapasvfaMy «-6pomMO6eH30/HON 1

Cxema 16

YesoTapeakinO: i),CH2CIj n Tr®, 0-20°C, 30 MuH.; V) Et,N, CH2C12 20°C, 24 u; i) Et,N. CH2CI2 n MDA, 20 X, 24 y;
N)4M NaOH, McOH n Tr®. 0-20°C, 24 u. [
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M30HWKOTWUHOBOM KMCIIOT.

M3 auyunrmgpasvpos ;46a-e,, 47. OblnM NONy4yeHbl cooTeBeTCTBYylOWMe 1,3,4-
OKCaAna3o/bHble NMpon3BofHble 49a-e, 50 (cxema 17). LLienoyHoii ruaponns coeguHeHuns
50 rnagko MpWMBOAMT K COOTBETCTBYIOLEMY TETEPOLMKINYECKOMY MPOU3BOAHOMY
6eTYNMHOBOMN KMCMOThI 51.

Cxema 17

R= COOEI (a); Ph (6); 3.4-OMe-CeH3 (a); r-M-0-6-CI'rCeHr (r); 4-er-CeH, bp); Py-4-yl (e)

50, 74% 51, 97%

Takum 06pa3oM, HaMW CUHTE3NPOBaHbl HOBble MPOW3BOAHbIE  NIYMaHOBbIX
TpuTepneHongos, cogepxawe 1,3,4-okcafna3onbHble parMeHTbl B NonoxeHnn C-17.
lMoka3aHa BO3MOXHOCTb WCMOMb30BAHUA .KaK X/lopaHruapuga, Tak W rugpasmga
6eTyI0HOBOV KUCNOTbI ANS CUHTE3a auunrnapasunaos. ©

4. CuHTes 30-(4-apun(ankun)-1,2,3-tpnason-1-nn)nynaHos

HecmoTpsa Ha JOCTYMHOCTb raioreH3aMeLLeHHbIX NynaHoBbIX TPUTEPNEHOWAOB, a
TakXkKe NPOAYKTOB OKMCAUTENbHbIX MPEBPALLEHNI, B 4YaCTHOCTW TpuTepreHoBbix 30-
rmapokeun- v 30-hopMuaNpu3BoAHbIX, HanpaseHNs MoAgMdUKaLWii No nonoxeHuto C-30
BeCbMa OrpaHnyeHbl.

B cBA3W C 3TUM nNpefcTaBnseT WHTEPeC CUHTE3 W  UCCMefoBaHWe HOBbIX
MPOV3BOAHbLIX /yNaHOBbLIX TPUTEPNEHOU0B, COAEPXKalimX pas/inyHble 3aMecTUTENN B
nonoxeHun C-30, B TOM uucne 1,2,3-TpuasofibHbIi  parMeHT. 3BeCTHO, 4TO
COefMHEHNs C TakUM CTPYKTYPHbIM (DParMeHTOM MpOSBAAIOT aHTUOAKTEpUaIbHYI0 U
NMPOTMBOOMYXO0/NEBYH aKTMBHOCTU. B psagy 1,2,3-TpnasonmnsaMeLleHHbIX COeANHEHWIA
TaKXXe HalileHbl CeNeKTUBHbIE MHIMOMTOPbI NpoTeasbl BMY-1 1 TUPO3MHKMHA3LI.

B KayecTBe WCXOAHbIX COEAMHEHMIA WCMOMb30BaIM AMaleTaT 6eTynuHa 52 un
MeTWUMO0BbIV 3hup 3p-aLeTnn6eTyIMHOBOW KUCNOThbl 53. Ha 1x 0CHOBE MOMY4WAN HOBblE
NPoOu3BOLHbIE, CoAepXKalime (hparMeHTbl pa3nnyHbiX 1,2,3-Tpra3onoB B NonoxeHun C-
30. KnwoueBbiMW NpeALlecTBeHHNKaMn 1,2,3-Tpnas3onioB ABAAKOTCA as3unfbl, OAHUM U3
CMocoboB  MOMy4YeHUs  KOTOPbIX —SABASIETCA  B3aMMOAENCTBME  GPOMMPON3BOAHBIX
COeAMHEHUI C a3nAoM HaTpus.
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B3aumogeiicteuem 30-6pomMnpomn3BofgHbIX 54 M 55, CUHTE3MpOBaHHbLIX MO
METOAMKE, pa3paboTaHHOl paHee B 1abopaTopun mMeguuuHckoi xummum HNOX CO PAH,
C a3naoM HaTpus Moay4Yunn COOTBETCTBYHOLLME
npou3BogHble Auauetata OeTynmHa 56 w
METWNI0BOTO  3dmpa  3p-aueTunbeTyIMHOBON
KMUCNoTbl 57, cofepxaline asugHyro rpynny B
nonoxeHnn C-30 (Cxema 18). [Ona asupga
OvaueTata 6eTynuMHa 56 nosyyeHbl [aHHble
PEHTreHOCTPYKIypHOro aHannsa.
[poCcTpaHCTBEHHOE CTpOeHME COefuHeHns 56
MoKasaHo Ha puc. 1

Puc. 1. MNpocTpaHCTBEHHOE CTPOEHMe
coeAnHeHns 56 no gaHHbiM PCA

Cxema 18

53, R=COOMe 55, R=COOMe 57, R=COOMe, 87%

Hamn nokasaHo, uTo Cu-KaTanmsupyemoid  peakumein  1,3-aunonspHoro
LMKIONPUCOEAMHEHUA NOMYYeHHbIX B paboTe asugoB 56 u 57 K TepMyHanbHbIM
aueTuneHam rnagko ob6pasytoTca LeneBble 1,2,3-TpuasosibHble Mpou3BOAHble 58a-e
(cxema 19). Peakuuto nposoAaunAM B cpefe AuMeTundopmamuia npu  HarpesaHuu
peakuMoHHON cmecn fo 50°C B NpUCYTCTBMM MEAHOr0 Kymopoca M HaTpueBoil coiu
acKOpO6WHOBOW KMCNOTbI.

LLlenoYHbIM  TMAPONM3OM COeAMHEHMI A 58a-e MOMyyeHbl HOBble TPKA30/bHbIE
npon3BofHble 59a-€e.

Cxema 19
R'-CeCH " 4M NaOH
CuS04*5H20, AscNa, CET Y j*R MeOH, Tro,
AM®A, 50 °C 20 °C, 24 4
58a-€,66-9Y % 59a-e, Br-a3%

R= CH20H, Rt=CH20H
R= CH20H, R-|= Pti

R= CH20H, R ,= pyridin-2-yt
R=COOMe, R,= CH20H
R=COOMe, R,= Ph
R=COOMe, pyridin-2-yl

a, R= CHzOAc. R,= CH20H

6, R= CH20Ac, Rt= Ph

e, R= CHrOAc, R-= pyridin-2-yl
rrR= COOMe, R1=CH20H

O, R= COOMe. R,= Ph

e, R=COOMe, Rt= pyridin-2-yl

©ol S @ o

ABTOp BbIpaXaeT rnyGoKyto- 61arofapHoOCTb Hay4YHOMY COTPYAHUKY rpynnbl PCA naGopatopuu (husmueckux
MeTof0B uccnegosaHms HWOX CO PAH T.B. Pbi6anoBoii 3a MpoBefeHWe PEHTreHO-CTPYKTYPHOro aHanusa
COeAVHEeHNs 56 W pacluntpoBKY pe3ynbTaTos.
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[aHHble cnektpoB AMP nofyyYeHHbIX MPOAYKTOB YKa3blBalOT Ha TO, YTO BCe
CVHTe3MpOoBaHHbIe TpKasosbl 58a-e 06pas3ytoTcs B BUAE OJHOM0 CTPYKTYPHOrO M30Mepa.
Tak, B cnektpe AMP'H HabnogaeTcs ofvH OfHOMPOTOHHBIA curHan  (7.50-8.18 m.4.),
COOTBETCTBYHOLWMIA NPOTOHY TPMasonbHOro umkna npu C-5'. B cnektpax AMP 13
HabnopatoTcs curHanbl C-4'5" TpmasonbHoro umkna B o6nactu 147.70-149.53 m.g. u
119.91-122.67 M.A. COOTBETCTBEHHO.

AHanm3 gsymepHoro criektpa AMP  I3C-*H (COLOC) 1,2,3-TpuasonbHoro
nponssogHoro 58a, B KOTOPOM HabnogaeTcst KpPocc-nuK Mexay curHanamm H-30 (4.89
m.4.) nC-5' (122.07 m.g.), c BUAeTensCcTByeT 06 06pasoBaHMM 4-3ameleHHoro 1,2,3-
Tpuasona, 4TO MNOATBEPXKAAET  PErvmoceneKTUBHOCTb,  XapakTepHyrwo ana  Cu-
KaTanusnpyembix peakunii 1,3-AMnonspHoro LMKNoNp1MCcoeanHeHus.

Takum 06pasom, Hamu BrepBble OCYLLECTBNEHO BBefeHWe 1,2,3-TprasonnibHOro
3amecTutens B nonoxeHme C-30 nynaHoBOro ocToBa M MokazaHo, u4to Cu(l)-
KaTanusmpyemas peakums 1,3-aMnonspHoro yuknonpucoeanHerms 30-asngonyn-20(29)-
€HOB K TepMWHa/lbHbIM ankuHam MpeacTaBnseT 3ddeKTMBHbIA crnocob cuHTesa 30-
3aMelLLLeHHbIX MPOW3BOAHbIX TPUTEPNEHON0B.

5. CuHTe3 19-(2,6-gumeTnanupuanH-4-un)-2049r30-TpuHopaynaHos

B pgaHHOM paboTe OCYLECTB/EH ¢ CUHTE3 MPOW3BOAHBLIX TPUTEPMEHOI0B
NynaHoBOro psga, CoAepxawmx qparMeHT nupuinHa no nonoxeHusam C-20,29,30
NynaHoBoro octoBa W3BecTHO, YTO 3(hPeKTUBHLIM CMOCO60M MOMYYeHUS FTUPMAVHOB
ABNAETCA [BOMHOE auunuposaHve O0NeMHOB B NPUCYTCTBUM KMCNOTbl Jlblowuca C
nocnegytoLein 06paboTKoi NoyYeHHbIX NUPUMEBLIX CONEN aMMUAKOM.

Hamn HailfeHo, 4TO B3aumofeiicTBMe [Amauetata 6eTynuHa 52 C X10pUCTbIM
aueTunom B npucytcTeum Kncnotsl Slstonca (ZnCl2, A1C13 ¢ nocnegytouleit 06paboTkoi
conu nupunms 60 amMmuakoMm NpuBOAWUT K o6pasosaHuio 3|3,28-amaLeTokcu-19-(2,6-
anmetunnupuann)-20,29,30-TpuHopnynaHa 61 (cxema 20). B kavectBe BTOpOro
OCHOBHOIO NPOJYKTa W3 PeakLMOHHON cmecy 6bin BblAeneH NPOAYKT neperpynnupoBKM
BarHepa-MeepBeiiHa - 3(3-0-aueTunannobetynvH 62. Bapbupys YcnoBus peakuuu
(COOTHOLLEHME peareHTOB W TemnepaTypy peakuuu), a Takke nepebpas pasinyHble
kucnotbl Jlbtonca (SnCU, InCI3 In(OTf)3 n BF3EtD) Hamu 6bi10 HaligeHo, 4TO
Hamnyywuii  Bbixod Lenesoro 20,29,30-TpuHopnynaHa 61 (46%) nonyvaetcs npu
MCMONb30BaHMN 4-X KpaTHOro m3bbiTka ZnCl2 u npoBegeHun peakumm npu 40°C
(cooTHoweHune 61:62 coctaBnser 151 no ganHeiM AMP IH). BsaumopeiicTsue
6eTynnHa 1 ¢ xnopuctbim auetunom (43ke. ZnCl2, 40°C, 5 4, 06paboTka ammMmakom npu
0°C) npuBoAMT K 06pasoBaHuio 20,29,30-TpuHopnynaHa 61 ¢ BbIxofoM 24% (cxema 20).

17



Cxema 20

AHaIornyHoe npespallieHne HabnojaeTca  And  METWUIOoBbIX  3dupos  3p-
aLeTUNOETYNNHOBOW M BETYIOHOBOW KUCMOT. TaK, U3 peakuyMOHHO CMecK, NMoayyveHHoM
npu B3aMMOZENCTBUM 3p-aueTnnbeTynnHoBOM Kucnotbl 30 € X/IOPUCTbIM aueTuIoMm,
6bin  BblgeneHbl B WHAMBUAYanbHOM  BuAe COefvHeHWe 63 U MpOAYKTbI
neperpynnuposkv  BarHepa-MeepseiiHa 64 w65 (cxema 21). O6pa3oBaHue
MpoW3BOAHOIO 64 cornacyeTcs C fMTepaTypHbIMK [aHHbIMW M0 Meperpynnuposke
6eTyIMHOBOW KUCNOTbI 2 1 ee METUN0BOT0 3dmpa 27 B KWCMbIX YCIOBKSX, B TOM YNC/e B
MPUCYTCTBUM KUCAOT Jlbtouca, B TO BPeMS KakK MPOAYKT 65, coaepXkaliuii aLueTuibHyo
rpynny B nonoxexHun C-29, BblfeNieH HaMu Brepsble.

Cxema 21

Hanuune KeTorpynnbl B nonoXeHnn C-3 mMeTWNOBOro ampa 6eTyNOHOW KUCNOTbI-

20 obycnasnMBaeT peasM3auMiO elle OAHOr0 HarpasfieHUs peakuuu, NPUBOAALLEro K

06pa3oBaHnIO 4-0KCOMNMPaHOBOIO LKA, aHHENIMPOBAHHOIO C KO/bLOM A no cBasu C-2-

C-3 TpuTepneHOBOro octoBa (cxema 22). M3 peakuMOHHOW CMecu, MOMy4YeHHOW mpu

B3aMMOZENCTBUM METWUIOBOrO ampa 6eTy10HOBON KMCMOTbl 20 € XNOPUCTBIM aLeTUIOM
18



B npucyTcTBum ZnCl2 6biin BbieneHbl coeanHeHus 66, 67, 68 1 69 ¢ BbixogoMm 22%,
34%, 9% 1 12% COOTBETCTBEHHO.
Cxema 22

MpegnonoxurtensHo,  .06pasoBaHue coefiMHeHus, . 66, obnafaroLLero
OKTageKkaruapouuknoneHta|7,8]denanTtpo[1,2-£]xpomeHoBoiA CTPYKTYpOIA, "
coeguHeHnMin 67 u 68, obnajatoWMx OKTafgekarngpoxpuaeHo[ 1,2-"]xpoMeHoBOWA
CTPYKTypamu, NpoUCXOAUT B pesy/ibTaTe eHoNM3aummn 3-KeTorpynnbl ¢ nocnefyroLmm
auMMpoBaHeM rMAPOKCUrPYNnbl, 3aTeM auWUIMpoBaHUs ABONHON CBA3W NO MOMOXEHUIO
C-2, uMKnuM3auuM W fgermgpataumu B NPUCYTCTBMM KWCNOTbl Jlbtomca (cxema 23).
MoATBEPXKAEHVEM [aHHOV CXeMbl peakLnn ABASETCS BblAeneHne U3 peakLOHHOR cMecn
coeanHeHus 69.

Cxema 23

XapakTepHoii 0cobeHHOCTbIO VK-CMekTpoB coeauHeHuii 67 u 68-'apnsetcs
HaMuMe WHTEHCWMBHbIX MO/OC, NornoweHns npu 1764, 1771 wn-1672, 1673 cm"Y
COOTBETCTBYHOLLMX BaneHTHbIM KonebaHusam C=0 rpynn nakTOHOBOrO W MWPaHOBOrO
LIMKNI0B COOTBETCTBEHHO, YTO MOATBEPXKAAET 4-OKCONMPaHOBYHO CTPYKTYpy. Bonee Toro,
B VIK-cnekTpe coefuHeHns 66 NpucyTCTBYET TOMbKO nosoca nornowieHns C=0 rpynnbl
nupaH-4-oHa npu 1668 cm'l, a B WK-cnekTpe coefnHeHus *69 TOMbKO nosoca
nornoweHna C=tO rpynnbl NakToHa npu 1772 cm'l [aHHble AByMepHOro cnekrtpa AMP
|3C-'H (COLOC) npoussofHOro 67, B KOTOPOM HabNOAAeTCs KPOCC-MUK MEXAY
curHanamm C-13 (180.35 m.g.) n H-14 (2.81 M.4.) W OTCYTCTBYET KpOCC-MWK MeXay
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curHanamm H-14 v mMeTanbHOW rpynnbl MAPaHOBOrO LMK/A, TaKXKe CBUAETENbCTBYIOT 06
06pa3oBaHMM 4-OKCOMMPAHOBOr0 UMKMa. KoHdurypaums samectutenein npu C-20 B
COefiMHeHUN 65 ycTaHOB/leHa Ha OCHOBaHWM [AByMepHoro crektpa AMP 'H-'H
(NOESY), B KoTOpOM curHan H-18 umeeT Kpocc-nuku ¢ curHanamm Me-30 n Me-27 u
He MMeeT B3anmopeicTems ¢ H-29.

TakuM 00pa3oM, Hamy BrepBble MCCMEL0BaHO MpeBpaLleHne  ynaHoBbIX
TPUTEPMNEHOMA0B B MPUCYTCTBMM  KWUCNOTbl  Jlbloca B Npom3BogHble  19-(2,6-
AUMETUNNNPUANH-4-1n)-20,29,30-TPUHOPAYNAHOro TUNa YCTaHOB/EHO napanienbHoe
npoTekaHWe nNeperpynnupoBkn BarHepa-MeepBeiiHa € nosy4YeHWeM MPOM3BOAHbLIX
anobeTynnHa, a TakXKe peakuuu auunumpoBaHWs Mo Konbly A MeTWUIoBOro adwmpa
6eTy/1I0HOBOM KUCNOTbI c 06pa3oBaHVeM COeAMHEHNIA, obnagaroLmx
OKTafekarungpouvknoneHTa[7,8]deHaHTpo[1,2-#]XpoMeHOBOA n
OKTafiekarngpoxpuseHo[ 1,2-"]xpoMeH0BOIA CTPYKTypamu.

6. PesynbTaTbl UCCNeA0BaHNA GMOOrNYECKON aKTUBHOCTU HEKOTOPbIX
CYHTE3MPOBaHHbIX COeAUHEHUIA

He TONMbKO BbISIBNEHHblE 3aKOHOMEPHOCTW W3y4aeMbIX peakuwil, HO U camu
CUHTE3MpOBaHHble B paboTe CoefuHeHUs MOryT ObiTb 3HAaUYMMbl B KayecTse
MOTeHUMa/IbHbIX (hapMaKO/I0rMYECKNX areHToB™.

6.1. LLUTOTOKCUYHOCTb NMPOM3BOAHbLIX STyNaHOBbIX TPUTEPMNEHON0B

Ha kadegpe (yHAaMeHTa/IbHON MeAMUMHBLI MegULMHCKOro dakynbTeta HIY gns
psfia CUHTE3MPOBaHHbLIX B pPaboTe NPOM3BOAHBLIX JYNAHOBBLIX TpUTeprneHougos (43
COefiHeHUs1), a TakXKe Ans GeTyNMHOBOW KUCNOTbl 2 U GeTyNnoHOBOW KMCnoTbl 3
Mo/yyeHbl AaHHbIE O LMTOTOKCUYHOCTU B OTHOLUEHWWM K/IETOYHBIX KynbTyp CEM-13
(KneTkn T-KNeTOYHbIX NeiKo30B 4enoseka), U-937 (KNETKM MOHOLMTOB 4efloBeKa)
MT-4 (KneTkn T-KNeTOUYHOW NeiikeMnN YeNoBeKa).

B pesynbTaTe uccreoBaHwii HailgeHO, 4TO LMTOTOKCMYECKYH aKTUBHOCTb
MPOSBAAIOT MPOU3BOAHbIE PA3NYHbIX KNAacCOB COEAVHEHWI (amuipl, aMUAOKCUMBI,
reTepoLMKINYeCcKe MPou3BoAHbIE). Hanbonee MepcrekTUBHBIMU COEAUHEHUAMU [)1A
JanbHeNlero u3yyeHns B KayecTBe MOTEHLMANbHLIX MPOTUBOOMYXO/EBbIX areHTOB
ABNAOTCA aMmnabl GETYNIOHOBOIA KUCMOThI - a-anaHuHaMugbl 6 v 7, HUTpoKcUnaMug 8 i
ero BOCCTaHOBfIeHHOe npou3BoAHoe 5c. O6paliaeT BHUMaHWE  3HAYUTENbHAS,
LIMTOTOTOKCMYHOCTb ammnaokcuma 3P-O-aueTnnbeTtynmnHa 40. ViHTepec ans ganbHelillero-
n3yyeHus, npegcrasnaoT  Takke  30-(4-K-Tpmason-1-un)nyn-20(29)-eHbl  586,8,
NPOSBMBLUME 3HAUMTENIbHYHO LIMTOTOKCUYHOCTb W CENEKTUBHOCTb AEMCTBUA Ha MOAENM
NMMGONAHBIX ONMYX0NEeBbIX KNeTOK yenoBeka MT-4.

ABTOp BblpaxaeT rny6oKyto 6GnarofapHocTb A .a, npod. Mokposckomy A.I., A6.H. CopokuHoii U.A., AMH.
Xykosoit H.A., k.6.H. Baesy [A.C. n p.6.H., npod. Tonctukosoi T.I. 3a npoBefeHHble UCCNeA0BaHNA
610N0rNYECKOI aKTUBHOCTI COEANHEHWIA, a TaK)Ke NONe3HbIe KOHCYNbTAaLUN U 06CYXAEHUS.
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6.2. OcTpas TOKCUYHOCTb M NPOTMBOBOCMNaNUTEeNbHAA aKTUBHOCTb a-
anaHuHamuaoB 6eTyNOHOBOWN KUCNOTbI

B nabopatopuu dapmakonormyeckux nccnegosaduiit HIOX CO PAH onpefeneHa
0CTpas TOKCUYHOCTb aMUA0B GETYNOHOBOM KUCNOTbI, COAepXalLmMX GparMeHT a-anaHnHa
(a:anaHmHammgbl 6 1 7), a TaKKe M3yyeHbl WX NPOTUBOBOCMANUTENbHbIE CBOMCTBA a-
AnaHnHamugbl 6 1 7 06nafalT ymMepeHHbIM NPOTUBOBOCMANNTENbHLIM AeACTBMEM, HO
YCTYyNatoT 3Ta/IOHHOMY NpenapaTy UHAOMeTaunHy. MNonyyeHHble AaHHbIe 0 TOKCUYHOCTH
MO3BOMIAOT OTHECTW UCCNeAyeMble COeAMHEHUs 6 U.7 K ManOTOKCUYHbIM BeLleCcTBaM
(LDso > 5000 mr/kr).

6.3. enaTonpoTEKTOPHbIe M @aHTUOKCMAAHTHbIE CBOWCTBA aMU0B
6eTyNI0HOBOI KUCNOTbI

VccnegoBaHWs aHTMOKCUMAAHTHBIX WM renaTtonpoTeKTOPHbIX CBOWCTB COeAMHEHUN 6
17, aTakke HATpoKcmnammnaos 8-10 npoBogunnck B nabopatopum GapMakonornyeckmx
nccnegosaHnii HWOX CO PAH. enaTonpoTeKTOpHOe AelicTBMe amuga 6 He ycTynaet
3TaNIOHHOMY BeLLeCTBY AMrUApoKBepLeTuHY (AKB), a no BeNMunHe aHTUOKCUAAHTHOrO
ahekTa a-anaHnMHamuabl 6 1 7 npesocxogaT AKB B -2 1 -3.2 pa3a COOTBETCTBEHHO.
MpounsBogHble 8 1 10,NpoABNAIOT YMEPEHHbIA aHTUXONECTaTUYECKNIA 3PDEKT, KOTOPbIA
ycTynaeT adekTy pehepeHCHOro npenapata - MNOEBO KUCNOTbI, KOTOPass MOHMKaeT
06a mMapkepa xonecTasa

CneflyeT OTMETUTb, YTO [OMONHUTENbHOE WCCMEeA0BaHUE TenaTonpoTEKTOPHbIX
CBOICTB coefvHeHus 8 B mogenu octporo CCLI-renatuta Nokasano Haiuuve y Hero
[OCTOBEPHOr0 aHTULMTONNTUYECKOTO W aHTMXONECTaTUYECKOro AelCTBUS, a BBeAeHMe
3TOro coefuHeHMs MbiwaM AnHun C57BI/6j ¢ nepeBrBaemMoil KapuuMHOMOW NErkux He
CTUMYNUPYeT POCT OMYyXONeBOro TpaHCnnaHTaTa M yBeNNUYMBAET NPOLOMKUTENbHOCTb
YXM3HW XXMBOTHbIX-0MYX0NEHOCUTENEN.

BblBO/bl

1 OcyLwecTBNeH CUHTE3 HOBbIX amMuaoB GeTYNOHOBOW KWUCMOTbI, COAepXalimx
(hparmMeHTbl PasIMYHbIX aMMHOB, B TOM YMCAE a-anaHyHa 1 ero MeTMnoBoro adupa,
a Takke aMWHOB CMWH-MEYeHbIX COeAWHeHWA. TpefnoxeHbl U anpobypoBaHbl
YCNOBUA CENEKTUBHOIO BOCCTAHOBMIEHUS CMUHTMEYEHbIX aMuioB 6eTYNOHOBOW
KWUCNOTbI 40 COOTBETCTBYHOLLMX.MMAPOKCUNAMUHOB.

2. OcyLllecTB/eHa peakums LWMaHITUANPOBaHWUS TPUTEPNEeHOMAOB yNaHOBOro psga.
MonyyeHbl AaHHble MO BAUSHWUIO.CTPYKTYpPbl TPUTEPNEHOMAA Ha COCTaB U BbIXOA
NPOJYKTOB peakumn. CUHTe3MPOBaHbl NPOU3BOAHbIE /1YNaHOBbLIX TPUTEPNEHOVAOB,
copepxawme (1,2,4-okcafmaszon-3-un)aTokcunbHelin - uam - (1,2,3,4-Tetpason-5-
NN)3TOKCUNbHBIV 3aMecTUTeNN B NonoxeHnsx C-3 n C-28.
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PaspaboTaH yAo0OHbI NOAXOA K CWUHTE3Y reTepoLMKINYECKUX MPOU3BOAHbIX
6eTyNoOHOBOW 1 GETYNMHOBOW  KUCNOT, cogepxawmx  1,3,4-0Kcafmas3onbHblit
3aMecTUTENb B NOMoXeHun C-17.

MpeanoxeH cnocob pernocenekTMBHOro cuHTesa 30-[4-apun(ankun)-1#-1,2,3-
Tpnazon-4-unjnyn-20(29)-eHOB, OCHOBaHHbIA Ha KaTanusvpyemoin consmu meaun(l)
peakuum 1,3-aunonspHoro umknonpucoeanHeHns 30-asmgonyn-20(29)-eHoB K
TEPMUHANbHBIM aNKUHaM.

Moka3aHo, 4TO aunnupoBaHwve nyn-20(29)-eHOB B NPUCYTCTBUN KUCNOTbI JIblounca n
nocnegyrowas o6paboTka MONYYEHHbIX  NUPUAUEBBIX  COMeli  aMMWMakoM
npeAcTaBnseT pauumoHanbHbll cnocob cuHTesa 19-(2,6-AMMEeTUNNUPUANH-4-nn)-
20,29,30-TpMHOPNYNaHoB. Y CTaHOB/IEHO Mapan/enibHoe MpoTEKaHWe peakuumn
aumnupoBaHWs No Kombly A MeTUNnoBoro 3gupa 6GeTynoHOBOW KWCNOTbI C
obpa3oBaHMEM  COeAMHEHWIA; obnagatowmx  ¢eHaHTpo[1l,2-"]xpomeHoBOl 1
Xpu3eHo[1,2"]XpOMEHOBO CTPYKTypamu.

Ha 6a3e MeguumHckoro dakynbteta HIY ocyluecTBneHO NepBUYHOE TECTUPOBaHUE
in vitro 43 HOBbIX MPOW3BOAHbLIX TPUTEPMNEHOMAOB SIYNAHOBOIO PsAja W BbIABMEHbI
NepcrneKTUBHbIE AN AanbHelLLero M3y4eHWs MHrM6UTOpbl pocTa OMyX0NeBbIX
KNeToK Yenoseka. B nabopatopumn dapmakonornyeckmx uccnegosaHuii HAOX CO
PAH B pesynbTaTe 93KCMEPUMEHTOB in Vivo BbIABMEHbI aMuibl 6eTyNOHOBOM
KUCNOTbI C KOMM/IEKCHOW 61M0N0rMYecKO akTUBHOCTbLIO (MPOTUBOBOCMAINTENLHOM,
renaTtonpoTeKropHOM W aHTUOKCUAAHTHOI), KOTOpble MOTYT 6biTb NEPCreKTUBHbI
AN KOPPeKUMM HapyLUeHWi, BbI3BaHHbIX TOKCUYECKMMU, MeTabonmuyeckumu,
BOCMANNTE/NbHBIMU U APYTUMU NATOreHHbIMM (haKTopamMu.

OcHOBHble  pesynbTaTbl AuccepTauun  ony6AMKOBaHbl B CrefyHLLMX
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