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OBHIASA XAPAKTEPUCTUKA PABOTbI

AKTYAJILHOCTH PadoThl. B HaCcTOANICC BpCMA U1 CHMHTC3a CJIOXHBIX MOJICKYJI, B TOM

YHClie MPUPOAHBIX BEIIECTB M HUX AHAJIOTOB, BCE Yallle HCIOJIB3YIOT MOJIU(YHKIMOHAIBHbBIE
OpraHUYecKHe COeUHEHUS, COJIEPKaIe HECKOIBKO peaKIIMOHHBIX IeHTpoB. Ocoboe MecTo B
pAAy TakMX CyOCTPaTOB 3aHUMAIOT 3IEKTPO(PHUIBHO aKTUBHPOBAHHBIE €HUHBI (CONMPSIKEHHbIE
€HUHOHBl M HMX KapOOKCHJIaTHBIE aHAJOTHM) — BEIEeCTBA, COJIEpKalllie B CBOEM COCTaBe
JBOIHYIO0, TPONMHYIO YIJIEpPOJ-YIJIEPOAHBIE CBSI3W M KapOOHWIIbHYIO rpymnmy. ComnpspkeHHbIE
€HUHOHBI YCIEIIHO MPUMEHSIOTCS B KAUECTBE YA0OHBIX OMIIIMHT-0JIOKOB B CHHTE3€ CJIOKHBIX
a30T-, CEpO- U KUCIOPOACOAEPKAIIUX TETEPOLUKINIECKUX CUCTEM.

Kero-rpymnma oka3bIBaeT MOIIHOE 3JEKTPOHAKIENTOPHOE BIIMSHUE Ha [BOWHYIO U
TPOMHYIO CBSI3U, TEM CaMbIM IOBBILIAS CPOJICTBO CONPSDKEHHBIX €HMHOHOB K HYKJICO(pUIAM.
HyxneodunbHoe npucoemueHne no3ToMy sBJseTcs Hanbosee o0IMM U TUITHYHBIM IPUMEPOM
peakuuii eHHHOHOB. OIHAKO cleayeT OTMETUTD, YTO UX MOJULEHTPOBBIN XapaKkTep cyOCTpaToB
CYILECTBEHHBIM 00pa30M CKa3bIBAETCSl HA HAIIPABJIEHUHU 3TUX IpoleccoB. CylecTBYeT LEeblid
pAl HEOMHO3HAYHBIX M NPOTHUBOPEYMBBIX CBEICHUNW O PETHOHAIPABICHHOCTH pEaKIUn
HYKJICO(PHITFHOTO IPUCOESTNHEHHS S-HYKICO(DUIOB K CONPSHKEHHBIM €HUHOHAM, TI03BOJISIOIITHIA
3aKJIIOYUTh, YTO OCHOBHBIE (DAKTOPBI, YIPABJISIOUIUE PETHOCENEKTUBHOCTHIO PpEaKIUi
HYKJICO(UITHFHOTO TPUCOSTUHEHUS, OCTAIOTCSI TIO-TIPEKHEMY HEBBISCHEHHBIMU. OYEBUIHO, YTO
pelieHne TaHHOM MpoOJIeMbl OTKPOET HOBbIE MYTH CHHTE3a MHOTHX MPAKTHUECKH 3HAUMMBIX
COCIIMHEHUHN, TPOSBISAIONUX, HANpUMep, HeIuHeiHo-onTHdeckue, GoToduzndeckue W
(GOoTOXMMHYECKHE CBOWCTBA, a TaKXKe IOJIe3HbIe BHUAbl OHOJOTUYECKOM aAKTHUBHOCTHU
(MpOTHBOONYXO0JIEBYI0, AHTHOKCUAAHTHYIO, MPOTUBOMUKPOOHYIO, UMMYHO/JETPECCAHTHYIO U
npyrue). B cBs3u ¢ 3TUM BeCbMa NEPCIIEKTUBHBIM U aKTYaJIbHBIM IIPEICTABIISAETCS AAJIbHENIIEE
U3Y4YCHHE peakuui HYKJIeO(UIBHOTO THUUIMPOBAHUS COMNPSIKEHHBIX EHUHOBBIX KETOHOB,
HANpaBJICHHOE Ha CO3/1aHWE HOBBIX BBICOKOI((PEKTHUBHBIX METOJI0JIOTUH OPraHuYeCcKOro
CUHTE3a.

Heab ¥ 3a1a4ym  Hay4yHOro wuccjenoBaHusi. llenbio paboThl sBIsSETCA CO3/1aHUE

3¢ ()EeKTUBHBIX METOJOB CHHTE3a (YHKIIMOHAIBHBIX MPOU3BOAHBIX CEpO-, CEJIeH- |

A30TCOJICPXKAIUX COCJAMHCHUN Ha OCHOBE PEAKIUH HYKICOPMIBHOTO TPUCOCAMHCHHS K

AKTUBHPOBAaHHBIM eHUHAM. J[JIsl JOCTHMIXKEHUWS TOCTaBJICHHOW IICIM HEOOXOJIUMO PEIIUTh

CJIEIYIOIIE OCHOBHBIC 3a/1aUU:

— TOJIYYHTh TPEJICTABUTEIBHBIA PAJ CONMPSDIKEHHBIX COCAMHCHHH, COJCpKAIIUX JIBOHHYIO,
TPOUHYIO CBS3U M KapOOHWIBHBIE TPYIIIIHI;

— OIpEAEUTh OCHOBHBIE HAMPABICHUS PEAKIUI COMPSHKCHHBIX CHMHOHOB M HEKOTOPBIX HX
KapOOKCUJIATHBIX aHAJIOTOB C S- U Se-cojiep KalliiMi MOHOHYKJIeO(DriamMu;

— M3YYUTh pEAKIHUH CompspKeHHBIX 2,4,1-eHuHOHOB c N,S-muHykimeoduiamu;, KBaHTOBO-
XUMUYECKUMU METOJIaMH BBISIBUTH OCHOBHBIC (DAKTOPHI, OMPEICIISIONINE MO3UITHOHHYIO
CEJICKTUBHOCTh TaKMX MPEBPAICHUH;

— pa3paboTath IpernapaTUBHBIE METO/IbI CHHTE3a (PYHKIIMOHATIBHBIX CEPO- U CEICHCOACPKATIIIIX
MPOM3BOJHBIX TEHTAJANCHOHOB, alleTHJICHOBBIX KETOHOB, (ypaHoB, a Takke SH-
umugaso[2,1-b][1,3]tuasunos;



— OIpENeNHuTh TPAHUIBI MPUMEHHMOCTH METOJOB M HAWTH Cpenu MOJNYyYEHHBIX CTPYKTYP
IPOU3BOJIHBIE, 00J1aa0OUINE MTOJIE3HON OMOJIOrMUECKON aKTUBHOCTBIO.
Hayunas HoBu3HA. BriepBble yCTaHOBIEHO, YTO HAIpaBICHHE PEAKLUUHU COMPSIKEHHBIX

2,4,1-eHUHOHOB C 2-MEpKalTONPOU3BOJHBIMH a30JI0B U OEH3a30JI0B  ONpEEIIIeTCs
3aMECTUTEISIMA B TOJIOKEHUSX 4 U 5 peareHTa: CUMMETPUYHO 3aMEIIEHHbIE HUMUAa301-2-
THOJBI, Oenszo[d]tuazon-2-tron u 1H-0en3[d]uMuaa3oa-2-THON pearupyroT ¢ 3aMbIKAHHEM
COMpsIKEHHOM MeHTa bl cyOcTparta, 00pa3ys ¢pypaHsl, Toraa kak 4-penu- 1 H-umunazon-2-tuon
MOCJIEI0OBATENIbHO BCTYIAET B JIBE peakiuu Mwuxasnis ¢ yyacthueM JiBoiHO#N u TpoiHou C—C-
cBs3el cyOcTpaTa, JaBast Ipou3BoaHbIe 5H-umuaa3o[2,1-b][1,3]tuasuna. IIpu 3TOM KBaHTOBO-
XUMUYECKUM PacyeToM MOKa3aHO, YTO JaHHbIC HUKIM3ALUUA TMOJYUHSIIOTCS KUHETHUYECKOMY
KOHTPOJIIO, TO €CTh UX HaIlpaBJCHHE OIpeNeNsieTcss CTepuuecKuM d(PPeKToM 3aMecTuTeNnei B
MOJICKYJIE pearcHTa.

[Tokazano, yTo HyKI€0(UIBbHOE MPUCOEINHEHHE THO(EHOOB K 2,4,1 -eHUHOHOHAM SIBIISIETCS
KMHETUYECKU-  (2,4-IpUCOCIMHEHUE) WJIM TEepMOJWHAMUYECKU-  (4,5-mpucoeuHeHue)
KOHTPOJIUPYEMBIM TpolieccoM. BriepBbie BBIEICHB U OXapaKTEPU30BaHbl MPOMEKYTOUHbBIC
KHMHETUYECKU-KOHTPOJIIMPYEMbIE  MPOAYKTHl  peakiuu. JlaHHble BellecTBa  SIBJIAIOTCS
CUHTETUYECKUMU SKBUBAJIEHTaMH 2,4,]1-€HUHOHOB U B PsAJI€ CUHTE30B MOT'YT HCIIOJIb30BaThCs
Kak ux 0osee 3pPpexkTuBHAs aTbTEPHATHUBA.

YcraHoBieHo, 4yTo 6oJiee CHIbHBIN akienTop Muxassa — 2,2-qumetun-5-(3-denunmnpon-2-
uH-1-ununen)-1,3-auokcan-4,6-11u0H o0pa3yeT ¢ THOJIAMH JIUIIb aJITyKThI IO TPOMHOM CBSI3H.

Brnepsrie nccnenoBana peakiusi HyKJI€o()pHUIBHOTO CETIEHUPOBAHUSI CONPSKEHHBIX CHUHOHOB
PhSeH u Ph,Se; B mpucyrctBum NaBHa. Ilokazano, uro B cenenupoBannu 4,2,1- u 1,4,3-
€HUHOHOB YYacTBYET MCKIIOUYHUTEIbHO TpoiHas cBs3b. 2,4,1-EHMHOHBI cHayama oOpa3yroT
KMHETUYECKU-KOHTPOJIUPYEMBIE 2,3-alTyKTHI, KOTOpbIE 3aTeM MepeXoIAT B
TEPMOJAMHAMUYECKU-KOHTPOIUpPYeMbIe 4,5-a I TyKThI.

IIpakTHyeckasi 3HAYHMOCTH _PAadOThl 3aKIIOYaeTCcs B pa3pabOTKE HOBOTO aTOM-

SKOHOMHOTO TOJAX0/Ia K CepocoAepk aluM (PyHKIIMOHAIBHBIM MPOU3BOAHBIM ¢dypaHa u SH-
umunaszo[2,1-b][1,3]tuasuHamM, TPYAHOJOCTYIHBIM JPYTMMH METOAaMHu. Pa3paboTaHbl
ad(PeKTUBHBIE METOJbI CHHTE3a M3OMEPHBIX CEJICHCOACpXKAIIUX JUEHOHOB. B psany
MOJIYUYEHHBIX BEIEeCTB 0OHApYKeHbI 3(DPEKTUBHBIE AHTHOKCUIAHTHI U IUTOCTATUKH.

Pa3zpaboTana skcrpecc-MeToANKa CHHTE3a O-alleTUICHOBBIX allbJIETHIOB, 00E€CTICUHBAIOIIIAS
npenapaTUBHYIO JOCTYIMHOCTh CONPSIKEHHBIX €HUHOBBIX MPOU3BO/IHBIX.

Pa3paboranHble B auccepTaliil  OOIMME TOJIOKEHHS MOTYT HCIIOJIB30BAThCS TIPU
MJIAHUPOBAaHUU MHOTOCTAIUUHBIX CHHTE30B TETEPOIMKIMYECKUX COCIUHEHHH C ydacTHUEM
E€HHUHOBBIX CyOCTpaTOB.

JInunblii_BkJaA_aBTopa. Briian aBropa 3akirodaercs B 0OOOIICHUH W CHCTEMAaTU3AIUU

U3BECTHBIX  JIMTEPATypHBIX  CBEJCHUH B  paMKaX  pacCMaTPpUBaeMOro  BOIpoOca,
HEMOCPEJCTBEHHOM yYaCTHH B TIOJTyUYE€HUHU U 00pabOTKe SKCIIEPUMEHTATbHBIX JIAHHBIX, aHATU3E
U MHTEPIIPETAIMY MMOJTYYSHHBIX PE3yJbTAaTOB, YYaCTHH B IOATOTOBKE IMYOJUKAIMHA MO TEME
JAHHOM PabOoTHI.



Ha 3amuTy BbIHOCATCH CJIeAYIOIHE M0JI0KeHH:
— OCHOBHBIE (DaKTOPBI, OINPEACIAIONINE HANpPaBICHUE PEAKUHMU CONPSHKEHHBIX €HUHOHOB U

HEKOTOPBIX WX KapOOKCHJIATHBIX aHAJOTOB C THOJAaMH >KMUPHOAPOMATHUYECKOTO,
apOMAaTUYECKOT0 U TeTepOapoOMaTHIECKOTO PSIOB;

— METOJIbI CHHTE3a POM3BOJHBIX (pypaHa u 5H-umuaaszo[2,1-b][1,3]tnaznna Ha ocHOBE aTOM-
SKOHOMHBIX PEAKIUI CONMPSKEHHBIX 2,4,] -€eHUHOHOB;

— METOJIbI CuHTE3a 3- u S-penwmicenenun-1,5-uapunnenTa-2,4-11ueH-1-0HoB, a Takxke S-apui-
1-penunn-3-(benunceneHun)neHT-4-uH- 1 -oHOB;

— pe3yibTaThl KBAaHTOBO-XMMHUYECKOTO wucciefoBanus peakuuit 2.4,1-eauHonoB ¢ N,S-
JTUHYKIIeo(uIamMu;

— naHHbIe 00 aHTUOKCHUIAHTHOW aKTMBHOCTU CHHTE3UPOBAHHBIX (DYypaHOBBIX MPOU3BOIHBIX U
[IUTOTOKCUYHOCTH CEJICHCOICPKAITUX TUEHOHOB.
JL0CTOBEPHOCTH MOJYYEHHBIX JAHHBIX 000CHOBAaHA 3HAYUTEIILHBIM 00HEMOM MOJTYYCHHBIX

IKCIIEPUMCHTANBHBIX pPe3yabTaTOB. Pa3paboTaHHBIE METOIBI TOAKPEIUICHBI JTOCTATOYHBIM
YUCJIOM TIPUMEPOB COCIWHEHHM C Pa3IUYHBIMH 3aMecTUTeIsIMUu. OmpeaeneHbl TpaHUIlbI
MPUMEHUMOCTH TIpEIjiaraéMbIX METOJOB. J[OCTOBEPHOCTh AKCIIEPUMEHTAIBHBIX PE3yJIbTaTOB
obOecrieueHa HCIOJB30BAaHUEM COBPEMCHHBIX BBICOKOMH()OPMATHUBHBIX XHUMHYECKUX U
WHCTPYMEHTAIBHBIX METOJIOB UCCIICTOBAHUS.

O0beKThI HcceN0BaHusA: conpsbkeHHble 2,4,1-, 4,2,1- u 1,4,3-eHUHOHBI, 2,2-AUMETHII-5-

(3-¢pennnnpon-2-un-1-ununen)-1,3-nuokcan-4,6-n11oH (cyoctpaTsl), OEH3UATHOI, TUOPEHOJIBI,
THOJIBI MMHIA30JIbHOTO, OEH3MMHAA30JbHOTO M OEH30THA30JbHOTO PAIOB, OEH30CEIEHOI,
audeHunauceneHny] (peareHTbl) M MPOAYKTHI WX B3aMMOJACWUCTBUS B YCIOBHSX KaTalln3a
Pa3IMYHBIMU OCHOBAHUSMH.

AnpoOauusi___pa6oThl M Ny0JuKanuu. Pe3ynbrarthl AMCCepTAlMOHHOW  pabOTHI

onyOJMKOBaHBI B 7 HAy4YHBIX CTaThsX (B TOM uucie 1 0030p) B peleH3UPYEMbIX KypHajax,
pexkoMmenioBaHHBIX BAK P® ns myOnukanuu pe3yinbTaTOB IUCCEPTAIMOHHBIX UCCIIETOBAHUM,
1 rmaBe B MoHOrpaduu, a Takke B 7 Te3ucax JOKIAZIOB BCEPOCCHUICKUX M MEXKIYHAPOIHBIX
HAy4YHBIX KOH(EpEeHIUH: BCEPOCCHICKON CTYIEeHYECKOW KOH(PEPEHIIMH C MEXKTyHApOIHBIM
ydactueM «Xumus u xummuueckoe odpazoanue XXI Bekay (Cankt-IletepOypr, 2013 r.), VIII
BCEPOCCUICKON KOH(EPEHIINN MOJIOBIX YUEHBIX, aCIUPAHTOB M CTYACHTOB C MEXIYHAPOIHBIM
ydacTheM Mo XUMUU U HaHomaTtepuanaMm «MenneneeB 2014» (Canxt-IletepOypr, 2014, r.), 111
BCEPOCCUIMCKONW Hay4dHOU KOH(pepeHIuu (C MEeXIyHapOAHBIM ydacTHEeM) «YCHeXW CHUHTEe3a U
KomIuiekcooOpazoBanus» (Mocksa, 2014 r.), III Bcepoccuiickoii HayyHOW KOH(EpEeHIUH
MOJIOABIX YYEHBIX «MeInKo-OMoJornyeckue acnekTbl XUMHuueckoi OezomacHocTu» (CaHKT-
IlerepOypr, 2018 1.).

O0beM M CTPYKTYpa auccepranmu. /luccepranus COCTOUT U3 BBEIEHUS, JIUTEPATYPHOTO

0030pa, TMOCBSIIEHHOTO pPEaKUUsM CONPSHKEHHBIX EHUHOHOB, OOCYXACHHS pe3yJbTaToB,
HKCHEPUMEHTAILHOW YacTH, BBIBOJOB M CIIMCKa JuTepaTypbl. Pabora wm3noxena na 115
CTpaHuLax, cofepkuT 14 tabmuu u 8 pucyHkoB. CIUCOK HUTUPYEMOI JIUTEpaTyphl BKIIOYAET
180 uCTOYHMKOB.



OCHOBHOE COIEPXAHUME PABOTHBI

N3BecTHBIE JUTCPATYPHBIC CBCACHUA O PCAKINUAX COIPSKCHHBIX CHUHOHOB ITO3BOJIAIOT

BBIJICIUTH CJCAYyIONIME HauOojiee NEpPCHEKTUBHBIE HAMpaBICHUS WX B3aUMOJICHCTBUS C

HyKJIeo(duIaMu KaKk METOIbI HAITPABJICHHOT'O OpPraHMYeCcKoro cuHre3a (cxema 1):

1. Cunres AlICTUJICHOBLIX U NUCHOBBIX IMPOMU3BOAHLIX B PC3YIbTATC peaKuHﬁ HYKJ'IeO(i)I/IJIBHOl"O

NPHUCOEINHCHHUS 110 TPOMHO# (a) niau aBoiHoM cBsa3sam (D) conpsukennbix 2,4,1- (1), 4,2,1- (2)
u 1,43-eauHoHoB (3). MasoBepoATHO, XOTS M HE HWCKIIOYCHO HaIPaBIICHUE aTaKd
HYKJICO(UITLHOTO peareHTa (¢) 1o Keto-rpyrmre cyoctpatoB 1-3.

Cxema 1
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2. CuHTe3 reTepolUKINYECKUX COeAMHEHUN B peakluusax HYKJI€o(UIbHOrO MPUCOEIUHEHUS U
IUKJIOKOHCHCAINY C TUHYKJIeopuiamu (HarpasieHus d,e) conpsokeHHbIX 2,4, | -eHHHOHOB.
B nurteparype He onucaHbl CUHTE3bl T€TEPOLMKINYECKUX COEIMHEHUN B pe3yJbTare JBYX
MOCJIEOBATENIBLHBIX pPeakunii Muxasnsg 1o TPOMHOW W JBOMHOM CBSI3SIM COIPSIKECHHBIX
€HUHOHOB, TO €CTh MO HampaiieHuto €. OgHako oHo oOecrieunBaeT 100%-Hy0 aTOMHYIO
PKOHOMMIO CHHT€3a M TEeM CcaMbiM OTKpbIBaeT J((EKTUBHBIII NTyTh KO MHOTUM
TPYJIHOJIOCTYITHBIM T€TEPOLUKINYECKUM CHUCTEMaM.

. CuHTe3 Mpou3BOAHBIX (pypaHa B pe3yibTaTe LUKIU3ALUU CONpPsDKEHHOW meHTansl 2,4,1-
eHUHOHOB (1yTh f). DTa peakius MOXKET MPOTEKATh KaK B KaTATUTUICCKOM BapUaHTE, TaK U
npu aevictBuu P- u N-Hykneoduno, a Takke HEKOTOPHIX AnekTpoduio. [Ipencrasnser
CYUIECTBEHHBIM NMPAKTUYECKUHA HWHTEPEC NAIbHEHININK MOWCK PEareHToB, B TOM YHCIE S-
HYKJIeO(pUII0B, 00ECIeUnBAIOLINX 3aMblKaHHE (YpaHOBOro IMKJIA B TaKUX Ipoueccax 0e3
HCIIOJIb30BAaHMs KaTaJIM3aTOPOB HA OCHOBE APArOLEHHBIX METAJUIOB.
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1. CuHTe3 HCXOHBIX BEIeCTB

EnnHonbl 1 mosydanu anpJOJbHO-KPOTOHOBOM KOHJEHCAIMEN apWINpONHHAIEH ¢
aneTo(peHOHaMU U UX TerepoaHajoramu /. B KauecTBe MCXOJHBIX COEAMHEHHMN HMCIIONb30BAIH
ankuHbl 4, KOTOpble B BHJe Mg-oprannyeckux Npou3BoAHbIXx oOpabarteiBanu (EtO);CH. B
pe3yiibTaTe C XOPOIIMMH BBIXOJaMH OBLIM TONXyd4eHbl JTwianeranu 5a—K. [lokazano, d9ro
ruaponn3 aneranei 5a—K merko mporekaer mpu HarpeBanuu (60-95 °C) B Bomnoii AcOH B
teyenne 10-15 muH. DPhEeKTUBHOCTH MPEUIOKEHHOTO METOJa OINPEACNeTCS BBHICOKUMU
BBIXOZ[aMH, 3KCIPECCHOCTBIO U IPOCTOTOW BBIJEJIECHUS LEJIEBbIX MPOIYKTOB (IEPETOHKA,
KpHCcTaJUTH3anus). MeTo MpUMEHEH JUTsl CHHTEe3a ajKhHajiel 6a—C, apunnponuHaien 6d-i, (5-
opompypan-2-mn)nponunans 6] u TMS-nponunais 6K (cxema 2).

CxeMma 2

1. EtMgBr, Et,0 Aueramn 5: R! = Me (a, 47%), Pr

Ricmcn 5G9 b oy, T2 ACOH (b, 80%), Bu (c, 78%), Ph (d,
4 2. (Et0);CH, Et,0 Sk 2 A 10-15wmn 91%), 4-MeCeHa (a, 81%), 4-
~35°C, 2-4 4 MeOCsH4 (f, 79%), 4-FCsH4 (g,

0 73%), 4-CIC¢Hs (g, 61%), 4-

P RA N g BrCsHs (i, 66%), 5-6pomdypan-
R — NaOH (£) 2-un (j, 47%), TMS (i, 66%).

" EtOH-H,0, la-n Anpgermael 6: R! = Me (a,

0 0-5°C 80%), Pr (b, 89%), Bu (c, 91%),

o (6d-1) 0 Ph (d, 96%), 4-MeCsHs (e, 95%),
)(Me NN 4-MeOCsHs (f, 97%), 4-FCsHy
Et;N o Z )(Me (9, 99%), 4-CI1CsHs (g, 98%), 4-

MeOH, 0-5°C (@) (0] BrCsHas (l, 99%), 5—6p0M(1)ypaH-

(6d), 77% g Me 2-un (j, 86%), TMS (i, 95%).

Enunonnt 1: R!' = R? = Ph (a,
89%): R! = Ph, R2 = 4-MeCsHs (b, 85%), 4-MeOCgH. (C, 50%), 4-FCoH. (d, 87%), 4-CICHs (e,
93%), 4-BrCsHs (f, 76%), dypan-2-ui (g, 69%): R? = Ph, R' = 4-MeCeHs (h, 50%), 4-FCqH (i,
87%), 4-CICsH (j, 57%), 4-BrCeHa (K, 54%), R' = 4-MeCgHa, R? = 4-BrCgH, (I, 68%); R! = Ph,
R2 = 3,4-(MeO),CsHs (M, 61%), Hadyr-2-u1 (N, 70%)

OTMETHM NPUMEHHUMOCTh METOJa W JUIS TOJYYCHHs aruaoPpoOHBIX anbaeruaoB 6a u 6].
Takum oOpaszom, OblT mpemnokeH 3(PPEKTHBHBIA METOA TMOJyYEHHUS O-alleTHICHOBBIX
aJIBJICTUIOB HA OCHOBE JIOCTYITHBIX MCXO/IHBIX BEIIECTB.

B pesynprate xonnencamun KueBenarens ¢enmnmnponuHans 6d ¢ kucioroit Menbapyma 8
ObLJIO CUHTE3UPOBAHO €HMHOBOE Mpou3BoaHoe 9. CrenyeT OTMETUTD, UTO B JIMTEPAType 0 CUX
MOp MPAKTUYECKU HE OBUTH OMMCAHBI TAKUE COCTMHCHHUS.

EHMHOHBI 2 1OJTydeHbl alleTHIIEHOBBIX criupToB. Jliist aToro ¢penmnokcupan 10 o6pabdaTsiBaiu
alEeTUJICHUIOM JIUTHUs ¢ mojaydeHuem 1-permnOyr-3-un-1-oma 11a. 1-(4-Xnopdenunn)Oyr-3-un-
l-on 11b nonmyunmm mo peakumu bapOse n-xmopOeH3anbaeruia ¢ MpOHapruIOPOMUIOM.
AneruneHoBbie cnupthl 11a,b npespamanu aevictBuem PCls win POCI3 B COOTBETCTBYIOIIHE
xyopusl 12a,b, koropsie anumunanpoBaiu i-PrONa B npomnanose-2. [Tony4ennsie enunbl 12a,b



B BHJIe Mg-OpraHu4eCcKiX MPOU3BOJAHBIX BBOJWIINA B PEAKIMIO C OCH3AIBIACTUIOM U OKHCIISIH
oOpa3yromuecst ciiupThl Y-MnO» (cxema 5).

Cxema 3
CHO
. ph—<1 _ Cl
LiNH, 0 O Ph HC=CCH,Br
CHy ————— HC=CLi ———> Z —_—
NH3, _33°C DMSO, OH Zn, THF,
o 11a _A50° /
20-30°C 60-65°C, OH
4% Cl 60% 11b
1. EtMgBr, Et,0 Q
_i(ua 11a) R i-PrONa 2. PhCHO, Et,0, 0-5°C
&/\/ - A/ /\/ 2 . // Ph
OH ii ()JM ) i-PrOH, Bap  3-MnOs MeCO, R 20b
° a
11a,b 12a,b ~852 C, ~20°C ’
q

i: PCls, ot #20°C 5o 90°C; ii: POCls, Py, ot 0 1o 50°C

Aaxunbl 12: R = Ph (a, 74%), 4-C1CsH4 (b, 71%); Enmnbi 13: R = Ph (a, 63%), 4-C1CsH4 (b,
54%); Enunonnl 2: R = Ph (a, 47%), 4-CICsHs (b, 44%)

Jyis cuHTEe3a CONPsHKCHHBIX 1,4,3-€HMHOHOB 3a8—C HWCIOJB30BAIM AHAJIOTHYHBIA IOJXO],
3aKTIOYAOIIANCS B OKUCICHHM BTOPUYHBIX ATHHWJIBHHUIKAPOWMHOIOB 148—C aKTUBHBIM
JTUOKCUIOM Maprasiia. DTHHUIBHHIIKApOUHOIBI 14a—C B CBOIO ouepeab mojydanu 00padoTKon
METAJUIOOPTAHUYCCKUX MTPOU3BOIHBIX aKPOJICHHOM MU (cxema 4).

Cxema 4

1. EtMgBr, Et,0,

ot -25°C no ~20°C MnO, —
Me—C=CH - _
2. H,C=CHCHO, Et,0 " CHyCly, 220°C = 3
0-5°C. 47% ¢ 54%
1. BuLi, C¢H,,, OH O
_ ot -78°C o ~20°C _— MnO, _—
Ph—C=CH > é CH.Cl z20°C=
2. H,C=CHCHO, Et,0  py 14b 4240/2’
0-5°C. 58% ’
1. Na, Et,0 Y CHO i
. Na, Et RCH
Ph—C=CH . ph—— /\/ A~
2. Ac,0, Et,0, Me NaOH, =Z
-(70-65)°C. 42% 15 EtOH-H,0, 0-5°C Ph 3e,d

Ennnonst 3¢,d: R = Ph (a, 89%), 3-FCsH4 (b, 53%)

1-®enwmn-5-apunment- 1-eH-4-uH-3-0861 3d,e monyunmnm B pesynbrare peaknuu KisiizeHa-
Imunra 6en3zanpaeruaa win 3-gpropoeHsanpaeruaa ¢ 4-hennn-3-uH-2-oaom 15.

B kauecTBe HYKICO(QUIBHBIX PEareHTOB MCIOIb30BAIMCH OeH3miITHON 16, apomaThueckue
THombl (THOdenonsl) 17a—C, napranuu-2-tron 18, tnoden-2-tuon 19, 2-mepkanToOeH3a30IbI
20a,b, 2-mepkanrtommumaszonbl 21la—C, Oenszocenenon 22 u gubeHwngucencHun 23. s
reTaprIbHBIX THOJNBHBIX IPOU3BOaHbIX 20a,b 1 21a—C XxapakTepHO THOH-THOJIBHOE TAyTOMEPHOE
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paBHOBECHE, MPUYEM OHO CIBHHYTO MPEUMYIIECTBEHHO B CTOPOHY THOHHOH (Gopmbl. Jlms
UMHU/1a30J10B 21 Kpome TOro XapakTepHa MPOTOTPOIHAS TAyTOMEpHs, CBA3aHHAS C MUTpAIUCH
aToMa BOJOPOJAA MEXIy JABYMS aTOMaMM a30Ta, YTO B Cllyyae CoeIuHEeHHs 21C mpu ycioBHU
BOBJICUECHHUS B peakLUi0 000uX peakunoHHbIX 1eHTpoB (rpynn SH n NH) moxeTr npuBoauts k
00pa30BaHUIO JBYX U30MEPHBIX MPOAYKTOB PEAKIIUU.

Cxema 5

SH
H
SH SH N N
PE © @SH ©Ex\>_SH - @XFS
16 R 18 19

20a: X =S; 20b: X =NH

17a: R =H;

17b: R = Me; R! R! R!

17¢: R = Br. Z/ NH )\_/ N / i

- \ -—
2

SeH Ph—Se R? N/)\SH R? N)\SH RETNG7TS
Ph Se-Ph H H
22 23 21a: R'=R%?=H; 21b: R' =R2=Ph; 21c: R' =Ph; R?=H

2. Hykyieo(puibHOe THHJIMPOBAHHUE JHHEHHO-CONMPSI>KEHHBIX EHUHOHOB

2.1. Peakuuu 1,5-nuapuiinenT-2-eH-4-uH-1-0HOB ¢ 0€H3UJITHOJIOM U THO(eHOIaAMH

HyxneodunbHoe  mpucoenvHeHne  THOJOB — anu(aTUYEeCKOro, apoMaTHYECKOro U
KUPHOAPOMATHYECKOTO PSAIOB K CONPSKEHHBIM 2,4,1-eHNHOHAaM M IPOU3BOJHBIM IIEHT-2-€H-4-
MHOHOBBIX KHCIOT MOXET NPOTEKaTh IO PA3IMUYHBIM pEaKUMOHHBIM IieHTpaM. OaHaKo
MOJIYUCHHbIE B JaHHBIX paboTax CBEAEHUS MNPOTHBOPEUYUBHI U TOATOMY JUIsl HAJEKHOIO
omnpezeneHus (paKTopoB, ONPEAEIAIONINX HAIPABICHHOCTh IPOIEcca Mbl HCCIEA0BANIN PEaKLuu
1,5-nuapunnent-2-eu-4-un-1-onoB 1 u  2,2-numerun-5-(3-benunnnpon-2-uH-1-unuaen)-1,3-
nuokcaH-4,6-nuoHa 9 ¢ HabopoMm pa3IMUHBIX THOJOB 16—21.

[Ipex e Bcero ObUI0 TOKA3aHO, YTO EHWHOHBI 1 BCTYMAIOT B peakiuio ¢ THojdamu 16—-21 numib
B MPUCYTCTBUM KaTajgu3aTOpPOB OCHOBHOW mpuponbl. DaKTUYECKH, B TaKUX YCIOBUAX
MPOUCXOJUT TUWIMPOBAHUE KPATHBIX CBSI3€HM COJIBBATUPOBAHHBIMU THOJSAT-UOHAMH, TECHBIM U
COJIbBATHO-PA3/I€JIEHHBIMM HMOHHBIMM @IapaMM M KOMIUIEKCAMU THOJI-AMHH, COOTHOLIEHHE
KOTOPBIX MPEUMYLIECTBEHHO OMpPeIeseTCs MPUPOJI0i UCTIOIb3YEMOTO PACTBOPUTEIIS.

B kauectBe pactBoputeneid B cuHTe3ax npumeHsiii MeOH u EtOH. B3aummopnelictBue
eHMHOHOB 1 ¢ OensmnTnonom 16, apomarnyeckumu THodamMu 17—-19 mpoTekaeT B MpUCYTCTBUU
EtsN u momHocThIO 3aBepmraetrcs 3a 2—4 4. Oka3zanock, uro OeH3mwiITnon 16 u tuonsr 17-19
00pa3yloT ¢ eHHHOHAMHU 1 MPOIYKTHI pa3nu4HOro cTpoeHus (cxema 10, Tabnuma 1).

Cxema 6!

R3, R3
la-c, R3SH (16-19) S O R! 0 ~g 0

_
e-gl PactBopuTens, /\/U\Rz + R{SWRZ + le\/\/u\Rz

OCHOBaHMUE, t )
R 24a-h (E,E)-25a-h (E,7)-25a-h

"Pacundposka samectureneit R!, R? u R? nana B Tabnuue 1.



Tab6amnna 1. [IpenapaTrBHBIEC BBIXO/ABI IPOAYKTOB THMJIMPOBaHUs 1,5-nuapunnent-2-eH-4-uH-1-o1oB 1

ExnHOH Tuon VYcenoBus peakiuu [IponykTsl peakuuu
§ Kerocynbdun 24 Kerocynbpdun 25
s | & 1 5 £ 3 PactBo- OcnoBa- o2 a. o
l% 5 R R E R pUTEIIb Hue! t°C g Brixon, % g BHOXOH’ EE:EZ

= = %

1 | la Ph Ph 16 PhCH> EtOH EtsN r.t. 24a 57 - 0 -
2 |'1b Ph 4-MeCeH4 16 PhCH> EtOH EtsN r.t. 24b 75 0 -
3 | le Ph 4-CICeH4 16 PhCH: EtOH EtsN r.t. 24c 89 - 0 -
4 | 1f Ph 4-BrCeH4 16 PhCH: EtOH EtsN r.t. 24d 90 - 0 -
5 | 1g Ph Qypan-2-uin | 16 PhCH> EtOH EtsN r.t. 24e 81 - 0 -
6 | 1k | 4-BrC¢Hy Ph 16 PhCH: EtOH EtsN r.t. 24f 78 - 0 -
7 | la Ph Ph 17c 4-BrCeHa4 EtOH EtsN r.t. - 0 25a 63 1:1.5°
8 | 1b Ph 4-MeCeHs4 | 17cC 4-BrCeH4 EtOH EtsN r.t. — 0 25b 82 1:2.7
9 | 1c Ph 4-MeOCeH4 | 17C 4-BrCsH4 EtOH EtsN r.t. — 0 25¢ 43 (E,2)
10 | 1le Ph 4-ClCeH4 17a Ph EtOH EtsN r.t. — 0 25d 82 1:24
11 | 1le Ph 4-CIC¢Hs | 17b | 4-MeCsH4 EtOH EtsN r.t. — 0 25e 66 (E,2)
12 | le Ph 4-CIC6H4 17c 4-BrCeH4 EtOH EtsN r.t. — 0 25f 83 1:22
13 | 1f Ph 4-BrCeHa 18 HadT1-2-un EtOH EtsN r.t. — 0 259 71 1:1.7
14 | 1l | 4-MeCsHs | 4-BrCeH4 19 | Tuoden-2-un EtOH EtsN r.t. — 0 25h 73 1:1.2
15 | la Ph Ph 17c 4-BrCeHa PhH-CsHi4 EtsN —10* | 249 45 — 0 —
16 | 1a Ph Ph 17c 4-BrCsH4 PhH-CeHi4 DBU ~10* | 249 50 - 0 -
17 | 1a Ph Ph 17c 4-BrCeH4 PhH-C¢Hi» | DABCO | —10* | 24g 69 - 0 -
18 | 1a Ph Ph 17c 4-BrCsH4 PhH-C¢His | DABCO* | —10° | 24g 51 - 0 -
19 | 1la Ph Ph 18 | Hapr-2-un | PhH-C¢His | DABCO | —10* | 24h 82 — 0 —

B skcnepumentax 1-17 u 19 xoHIeHTpanus ocHOBaHUs cocTapiana 10 MonbH.%. oT coequHenus 1. 2[IpogomKUTENsHOCTS peakiuy B SKcrepuMenTax 1—14 cocrasnsna 6 u. *31ech
U Jajiee COOTHOLIEHUE U30MEPOB ONPE/ENIEHO Ul EPEKPUCTAILIM30BAHHOTO TIpoykTa MeTogoM SIMP 'H. “TIpoo/kuTeIbHOCTh PEakiMi B 3KkcrepuMenTtax 15—17,19 cocrasnsia
24 u. 5B skcnepumente 18 xonuenTpanus DABCO coctasnsna 30 MonbH. %, OT coequHenus 1 BpeMs peakiyy 3 d.
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[TomyueHHBIE SKCTIEPUMEHTATIBHBIE XapPaKTEPU3YIOT 0COOEHHOCTH PEAKIMOHHON CHOCOOHOCTH
KaK peareHToB, TaK U CyOCTPaTOB B 3TOM MPOIIECCE€ U MOTYT OBITh OOBSCHEHBI CICAYIOIINM
obpazom (cxema 7). 3-3a comnpsiykeHUs] ABOMHOM YTIEpOI-yriaepOIHON CBSI3H C KETO-TPYIIION U
ee 0oJiee BBICOKOW MOJISPU3YEMOCTH JaHHBIM pEeaKIIMOHHBIN HEHTP €HUHOHOB 1 siBisieTcs Oosee
aKTUBHBIM, Y€M TPOITHAsS CBS3b.

Cxema 7
ArS” B
A n
r\‘\S O r \ O é Bn_
2 -~—— R2
Pz R gz
= I 7z ™ 5 = R2
R! A R! 1 = R =
) . =z ) 24g.h
ArS IV 2 o R! 1 ¢ R |

S
rl,r,1>>r2 RIWJ\RZ

[TosTomy mpucoenunenre THodeHono 17-19 B HavaabHBIN MEPUOI PEAKIIUN MPOUCXOIUT TIO
nosioxkennto 2,3. [IpuHuMas BO BHUMaHUE OOpPAaTUMOCTb Mmua-peakuuu Muxasns MOKHO
yTBEpXKIaTh, YTO HaxXOIAUIUiicCs B paBHOBecuH C 2,3-aaiyKTaMd THO(GEHOJAT-UOH
MPUCOETUHSETCS MO0 TPOWHOHM cBA3u eHMHOHa 1. BaxkHo oTmeTuth, uTO 4,5-MpHICOSTUHEHUE
IIPOTEKAET MEJICHHEE, YeM 2,3 -npucoeanHenue. [loatomy co BpeMeHeM B peakIIMOHHON CMECH
eHnHOHOB 1 ¢ Tmodenonmamu 17-19 makammuBaetcs 4,5-anaykt (aueHoH 25). B oriamume ot
ArS~, non PhCH>S™ pe3oHaHCHO He CTaOMIM3UPOBAH, €ro OOpa3oBaHUE TEPMOJUHAMUYECKU
HEBBITOJTHO M IIOATOMY PaBHOBECHE PEAKIIUH HALIEJIO CABUHYTO B CTOPOHY 2,3-aaaykToB. [1o aToi
MPUYMHE KOHEYHBIMH MPOYKTAMU 3TON PEaKlMU OKa3bIBAIOTCS TOJIBKO COSAUHEHUS 24.

Mpb1 onbITanuCh MOATBEPAUTH 00pa3oBaHue 2,3-aAayKTOB (MHTEpMEANAThI A, Ha cxeme 7).
Hawm ynanoce nmompoOpaTh yCIOBHs NMPENapaTUBHOIO CHHTE3a U OXapaKTEpHU30BaTh HEKOTOPHIE
nabunbHble 2,3-aanykThl THOGEeHOoNoB Tura A (mpumepsl 15-19, Tabnuna 1). Cunre3 Benu B
cmecu PhH—-CsH14 npu temnepatype —10°C B npucyTcTBUM pa3iHYHbIX KaTalu3aToOpOB, CpPeIn
KOTOphIX HamOonee d3¢dekTuBHbIM oKazancs 1,4-guazadbunukio[2.2.2]Jokran  (DABCO)
(npumepst 17-19). Bei6op nogo0HOI KOMOMHAIIMK pEareHTOB U cyOCcTpaTa B KauecTBE MpUMepa
OOBSCHSIETCS OTHOCHUTEIHHO 00Jiee BHICOKOW aKTHBHOCTBHIO JBOMHOI CBSI3U MO CPABHEHUIO C
TPOWHOW B CHMHOHE la W JIETKOCTBIO KPHCTAUIM3alUU coenuHeHus 249,h m3 peakimoHHOM
cmecH. CylIlleCTBEHHYIO pOJIb UIPAaeT cpefa, TaK KaK B HEMOJSIPHBIX PACTBOPUTENAX HMOHHOE
TUWJIMPOBAHUE JBOMHBIX U TPOMHBIX MPOUCXOJIUT ropa3/lo MEMJIEHHEE, YEM B COUPTax. JTO U
MO3BOJIMJIO OCTAHOBHUTH PEAKIUIO Ha CTaquu 00pa3oBaHus coequHeHuit 249,h.

CrpykTypa coenuuenuii 24¢,h mokasana cmexrpamu SIMP 'H: mpucyTcTByroT myOGmeTsl
JlyOJIETOB IMACTEPEOTONHBIX TPOoTOHOB H2 11pu 81 3.5-3.6 M.1., a Takke TpuruieT pu du 4.7-4.9
M.JI., OTHOCsmmics K mpotory H3. Criexrper SIMP 3C ¢uxcupyroT HaGop XapaKTepuCTHIECKHX
CUTHAIIOB SP*- M SP-TUOPHIHBIX ATOMOB YIJIEPOJA B CUIBHONOILHON 00IaCTH.

WHTEpecHO OTMETHTD, YTO M3HAYAILHO OECLIBETHBIM PacTBOpP COeAMHEHUs 240 B METaHOIE
OBICTPO JKENTEeT, YTO CBUACTEIBCTBYET O MpeBpamieHuu 2,3-anaykra 249 B 4,5-aanykt 25a.
[TonTBepxxknenuem stomy ciryxar fanibie TCX u Y@ crniekTpocKonumu.

Taxum 06pa3zom, HaM yJaJIOCh MTOKa3aTh, YTO HYKICOPHIbHOE 2,3-TPUCOCTUHEHUE THOIOB K

2,4,1-enunonam 1 siBnsieTcst OBICTPON M 0OPAaTUMOI KHHETHYECKU-KOHTPOJIUPYEMON peakiueH,
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Torja Kak 4,5-npucoeJMHEHNE MPOTEKAeT MEUIEHHO W HeOOpaTUMO KaK TePMOIHMHAMHYECKU-
KOHTPOJIMPYEMBIN IIPOLIECC.

[MTockonbky peakuusi 2,3-mpucoenHeHus: oOparuma, 2,3-aanyktel THOdeHonoB 240,h B
OIPEICNICHHBIX yCIOBUsX (IN SitU) MOTYT CITY)KHTh HICTOYHHKOM COMPSDKEHHBIX 2,4, 1 -eHHHOHOB,
BBICTYIIAs] TAKUM 00Pa30M UX CHHTETUYCCKUMH DKBUBAJICHTAMH, YTO MOXKET OBITh MOJEC3HO JUIS
OpraHu4YecKoro cuHTe3a. Hamu mokasaHo, 4To B peakuuu aanykra 24h ¢ rumpasuHruipaTtom ¢
BBICOKHM BBIXOJIOM 00pasyeTcs mupa3oiauH 26 (cxema 8).

N,H, - H,0 HN—N
S 0 EtOH, rt, 24

P Ph

/
SH Ph
/\/U\ Ph OO 26 90%
Ph 26b

[Tupazonun 26 paHee yxe MOIyqaiu ¢ 0ojiee HU3KUM BbIX0I0M (84%) B pe3yibTaTe peakiuu

Cxema 8

eHnHoHa la c ruapasuHrugparomM. Takum oOpaszom, 2,3-anaykTsl THOGEHOJOB TuMa 24 Kak
CUHTETHYECKHE SKBUBAJICHTHI CONPSHKEHHBIX 2,4, 1 -eHUHOHOB B HEKOTOPBIX CIIydasX MOTYT OBITh
6oJ1ee mpeAnoYTUTENbHBI.

2.2. Peakumu 2,2-nuMeTHa-5-(3-pennanpon-2-un-1-uwauaen)-1,3-1uokcan-4,6-1mona ¢
THOJIAMU
[IpunrMasi BO BHUMaHUSI TMOTCHIIMATBHYIO MPAKTUYECKYIO 3HAYMMOCTb AJTUIUICHOBBIX
IPOM3BOIHBIX KMCJIOTEI Menbapyma', Mbl M3yunin nmpucoeauHenne Thosios 16, 17a, 20a u 21¢ k
enuny 9. [Ipucoennuenne 3TUX peareHTOB MPOTEKAET PErHOCIIeU(DUIHO 110 TPOIHOMN CBS3U U, B
OTJINYHUE OT CONpsiKEHHBIX 2,4,1-eHnHOHOB 1, Ge3 kaTanu3aropa, B pe3yabTaTe 4Yero C BBICOKUMU
BBIXO0JIaMHU 00pa3yIOTCs CyJib(haHMIaJUTHINICHOBBIC Tipou3BoIHbIC U 27a—d (cxema 9, memoo A).

Cxema 9

0 RSH R\S o Coenunenns 27: R = Ph (a,

N o (16,17a.20a.21¢) 80% (A), 99% (B),E : Z 1:

Z Me D 20 ) 4.5), Bn (b, 80% (A), <50%

P Aot i A ®, B2 Z 1 3,

g Me emo 172-4 0 9 e oensornaszon-2-un (¢!, 89%

i T A, 8% (B), 4

0 0 benmmamunazon-2-un  (d'

Y/ Et;N ’
" *Orokﬂe TR 69% (A). <50% (B)

M Memoo B -
8 © eme 'Coennnenns 27¢,d nmony4eHsl B Buje

YHUCTHIX (Z)-H30MEpOB.

U3 sToro crnenyer 4To, aKTUBHOCTh TPOWHOU CBSI3M B €HHWHE 9 MO OTHOIICHHUIO K THOJIAM 3a
CYET DJIEKTPOHOAKIICTITOPHOTO BIUSHUS IBYX KApOOKCUIIBHBIX TPYII 3HAYUTEIHLHO MTPEBOCXOIUT
TakoByrO i1 eHHuHOHOB 1. CoenuHeHust 27 MOTYT OBITh TOJIYY€HBI 32 OJHY CTaAui0 — B
TPEXKOMIIOHEHTHOM peaKIiy ajbaeruaa 6b, kuciaorel Menbapyma 8 u COOTBETCTBYIOIIETO THOJIA

! Chem. Heterocycl. Compd., 52, 7 (2016); Collect. Czech. Chem. Commun., 74, 995 (2009).
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(memoo B). Beixom meneBbIX NPOAYKTOB 27a8,C MPU ITOM 3HAYUTEIHHO BBIIIE, YEM B
JBYXCTaIUIHOM CHHTe3e, coequHenus 27h,d oOpa3yroTcs ¢ MEHbIIUMH Bbixofamu. Ciemyer
OTMETHUTh, YTO B PACCMOTPEHHBIX YCIOBHSAX JBYX- U TPEXKOMIOHEHTHBIX CHHTE30B HAMU HE
OBLTM OOHAPYKCHBI AITYKTHl AMHHOB U THOJIOB TI0 SK30IMKIMYECKON JBOMHOMN CBSI3H.

CTpykTypa TOJYYCHHBIX HaMU COeIuHEHHMH 27a—d TOATBEp)KACHA CIEKTPAIbHBIMU U
peHTreHo AU PaKIIMOHHBIM MeTofamu (puc. 1).

Puc. 1. O6muii Bug MoJieKysisl 27¢ 1o nanHbiM PCA (B TEIUTOBBIX JUTHIICOUIAX C
BepOATHOCTHIO 50%) (CCDC 1929740)!

Takum o6Gpa3om, Ha ocHOBe peakuuil KneBeHarens nponuHaneit ¢ kuciaorod Menpapyma u
mua-Muxasns  pa3paboTaHbl  IPOCTBIE  METOAbl  CHUHTE3a  3-Cyiab(paHWI3aMELCHHbIX
QUTWIMJICHOBBIX TMPOU3BOJAHBIX KHUCIOTHI MenbapyMa, MNpeACTaBISIIONINX CYHIECTBEHHBIH
MHTEpPEC JUIsl CHHTE3a Pa3InYHbIX (YHKIMOHAJIBHBIX TPOU3BOIHBIX F€TEPOLUKIIOB.

2.3. Peaknuu 1,5-1udenniinent-4-eH-2-uH-1-ona ¢ Tuosammn

Comnpsixennble  4,2,1-eHUHOHBI, COIVIACHO JIUTEPaTypHbIM JaHHBIM, pPEarupyroT C
HykieodunaMu mogo0Ho 1,5-auapunnponuHOHaM — Mo TPOWHOHN cBsizu. OHAKO HEM3BECTHO,
HACKOJIbKO aKTHBHA JIBOMHAas CBs3b B 4,2,1-eHMHOHaX Tuma 2 (MOJOXKEeHHE 4,5) B peakIiusix ¢
THOJIAMU Y CIIOCOOHBI JIM MPOAYKTHI MPUCOSTUHEHUS THOJIOB K HYKJICO(PHIIBHON aTake.

Hamu u3yueno B3ammojeiicTBue ketoHa 2a ¢ 6ensmituonom 16 u tmodenonamu 17a—c B
MPUCYTCTBUU TPUATWIAMHUHA (B OTCYTCTBHE KaTajlu3aTopa B3aMMOJICHCTBHE HE MPOUCXOJIHNT).
Oxkazasioch, 4TO peakius MPOTEKAET PETHOCENEKTUBHO IO [-aTOMy yriepoja TPOWHOH CBS3H
(monmoxxenue 4,5) cybOctpara 2a, B pesynbTate dYero ooOpazyworca 1,5-mudenunn-3-
cyibhanuanenTa-2,4-nueH-1-ousl 28a—d B Buae cMecu auactepeomepos (cxema 10).

Cxema 10
Coenunenns 28: R = Ph (a, 84%,

Ph
RSH Ry o Q ZE : EE 1 : 2.89); 4-MeCsHs (b,
L N N Y 77%,ZE:EE 1:3.45); 4-BrCeHa
EGN, McOH . Ph™ XX Ph - Rigx~Spp (C, 94%, Z,E : E,E 1 : 3.06); Bn (d,
(Z,E)-28a-d (E,E)-28a-d 74%,ZE:EE1:573)

AJITYKTHI THUTUPOBAHUS TI0 IBOMHOM CBSA3U K€TOHA 28a HE 0OHAPYKEHBI HU CTIEKTPATbHBIMHU
metogamu, HU TCX. JlanbpHelinee nprucoeMHeHUE K aiykTaM 28a—d He MPOUCXOIUT Jaxe MPH

1311ech w nanee HOMEpa CTPYKTYP, NEMOHUPOBAHHBIX B KeMOPHIKCKYIO 6a3y PEHTTEHOCTPYKTYPHBIX JAHHBIX.
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JUTUTETILHOM KOHTAKTe ¢ M30BITKOM pearcHTa.

Takum ob6pa3zom, HyKI€OQUIbHOE THUWIMPOBAHHE KETOHA 28 WAET PETHOCHEHU(PUIHO TI0
TPOWHOM CBSI3U; IBOMHAS YTIIEPOI-YTIEPOAHAS CBSI3b KETOHA 28 B YCIOBUSX OCHOBHOT'O KaTaln3a
HEaKTUBHA [0 OTHOILLICHUIO K apOMaTUYECKUM U JKUPHOAPOMATHUYECKUM THOJIaM.

Hakoner, yMecTHO yIOMSIHYTb, UTO HYKJIEO(DUIIbHOE TUHMJIMPOBAHNUE AKTUBUPOBAHHBIX CHUHOB
1, 2 u 9 no TpoitHON CBSI3M B LEJIOM XapaKTEPU3YETCS TEMHU K€ CTEPEOXUMHUUYECKUMU
O0COOEHHOCTSIMH, YTO U peakuus 1,3-auapunmnpon-2-uH-1-oHoB ¢ Tuonamu. O4eBUAHO, BO BCEX
Clly4asiX B HadaJbHBIM mepuoj peakuuu oopazyroTcs (E)-u3oMepsl NHEHOBBIX KETOCYNIb()HUI0B
(cun-ipucoenMHEHUE), KOTOpbIE 3aTe€M B MPOTOHHBIX TMOJSPHBIX PACTBOPUTENSAX OBICTPO
HU30MEPHU3YIOTCS, UTO M 00yClIaBIUBaeT 00pa3oBaHNE CMECH TT-THACTEPEOMEPOB COSTUHEHUH 25,
27 u 28.

2.4. Peakuum conpsizkeHHbIX 2,4,1-eHHHOHOB € TeTAPWJI-THOJIAMHU

B peakiusx THONBHBIX MPOM3BOAHBIX OcH30THa3oma 20a, Oensumuaazona 20b u umMugaszona
21a—C ¢ 2,4,1-eanHOHaMHU KpoMe TyTeit a u b Bo3MokHa peanusanus mytu €, a takxke f (cxema
1). DT HanpaBlIeHUs TPEJICTABISIOT CYIIECTBEHHBIM TEOPETUUECKUN U MPAKTHUECKUI UHTEpEC
JUIS  XMMHU TETEPOIUKINYECKUX COCIUHEHUH, TaKk Kak oOpa3ymoluecs MTpOU3BOIHBIC
OMOJIOTHYECKH aKTUBHBI. [IpeiBapuTebHBIC YKCIIEPUMEHTHI MTOKa3anu, uto Troukl 20a,b u 21a—
C BCTYNAIOT B PEAKIUI0O C CHHHOHAMU 1 B MATKHUX YCJIOBHSIX OCHOBHOTO Karaju3a M, B
3aBHCHMOCTH OT CTPYKTYPBI 00pa3yomerocs MpoayKTa, UX MOKHO Pa3JIeIUTh Ha BE TPYIIIHL:

1) twomer 20a,b w 21a,b, nmkaM3yromEe CONPSDKEHHYHO TICHTaaAy CHUHOHOHOB 1 B
MIPOU3BOJIHBIE PypaHa;

2) 4-penmn-1H-umunazon-2-tuon 21C, pearupyrommii ¢ eHMHOHaMu 1 1o JABYM
PEaKIMOHHBIM LIEHTpaM (JBOMHas peakius Muxass ¢ yuactueM —SH u —NH-rpynn pearenra).

Peakuun ¢ Oenzazon-2-tuonamu 20a,b, mpuBomaT k oOpaszoBanuto ¢ypanoB 29a-h.
Hawmnyumme BBIXOIBI B OTOW peEaKIUHU JIOCTHTAINCh TPHU HCIOIH30BAHUU B KaveCTBE
karanuzaropa DBU (memoo A). Uckmouenue coctapisieT pypan 299, KOTOPBIH JTydIle MOTy4yaTh
o0paboTkoii ennHona 1f xammeBoit cosibto THona 20D (memoo B). Tuonsl 21a,b oGpasyror ¢
eanHOHamu 1 cooTBeTcTBYOIKE ypanbl 30a—j. B kauecTBe KaTaM3aTopoB STON PEaKIui ObLTH
ucnbiTanbl EtsN, MeONa, t-BuONa, K>CO3, NaOH, DMAP u nupuaud. Bce onn npuBoauiu K
obpazoBanuto ¢pypanoB 30, HO HAUOOIBIINI BEIXOJT TIOCTUTANICS TTPH KcToab30BaHuH EtzN (cxema
11).

CTpoeHHe CHHTE3MPOBAHHBIX (PYPAHOB MOATBEPKACHO ABYMEPHBIMU reteposaepubivu (1H—
13C) skecnepumentamu HMBC u HMQC, a Takke METOIOM PEHTIEHOBCKON audpakuun (puc. 2).

4-Oennn-1H-umumazon-2-tuon 21¢, B ommmune ot THojaoB 20a,b 1 21a,b, MmeHee akTHUBEH U
B3auMoencTByer ¢ 2.4,1-eannonamu B mpucyrctBun DABCO mo nByM HYyKICO(QHIBHBIM
IEHTPaM, C Y4aCTHEM 00CHX KPaTHBIX yIIIepOI-yTIIIEPOIHBIX CBSI3€H cyOcTpara, 4To MPUBOAMT K
5H-umunazo[2,1-b][1,3]rnazunam 3la—d (cxema 12).
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T\ N Cxema 11

(lia;lil’ + @i S—sH _Memoo_ 2/@\(8\(/@ Coeaunenus 29: R!, R, X = Ph,

’ R X Ph, S (a, 56% (A)); Ph, 4-

20a,b 29a-h

MeCeHa, S (b, 50% (A)); Ph, 4-

fafmn + I gy BN Et3N _BeN ]\ s\()iz/Rs FCeHa, S (c, 50% (A)); Ph, 4-

. McOH, r 0" 1, N CICsHa, S (d, 90% (A)); Ph, 4-

R*  BrCe¢Ha, S (e, 87% (A)); Ph, 4-

N FC¢Ha, NH (f, 30% (A)); Ph, 4-

DBU, MeOH, r.t. (Memoo A) @i \>—SK, MeOH, r.t. (Memoo B)  BrCe¢H4, NH (g, 53% (B)); 4-

N MeCsHa, Ph, NH (h, 65% (A));

Coemmuenns 30: R!, R? R’ =

Ph, 4-CICsHa, H (a, 57%); Ph, Ph, Ph (b, 77%); Ph, 4-MeCsHa, Ph (C, 63%); Ph, 4-MeOCsHa, Ph

(d, 57%); Ph, 3,4-(MeO).CeHs, Ph (e, 55%); Ph, 4-FCsHa, Ph (f, 72%); Ph, 4-ClCsHa, Ph (g,
58%); Ph, 4-BrCeHa, Ph (h, 74%); Ph, Hadr-2-u, Ph (i, 12%); 4-CICsHa, Ph, Ph (j, 38%)

ZIa b 30a-j

a b

Puc. 2. O6mmii Bua mosekyn 29a (CCDC 1401663) u 30d mo nanusiM PCA (B TemIoBbIX
AJUIATICOUJIaX ¢ BepOosITHOCTHIO 50%)

N ZP h Cxema 12

lad, Ph\EN\ DABCO LA \23 5H-Umupnazo|2,1-b][1,3]tuazunsr 3la—d, R

o L )—sH VTR w = Ph (a, 36%); 4-FCsHa (b, 18%); 4-C1CsHa4
21e H 2-3cyroxk  Ph77 R (c, 20%); 4-BrCsHs (d, 45%)

5H-Umupazo[2,1-b][1,3]tuasuner 31  gBOAOTCS  €IMHCTBCHHBIMH  MPOAYKTaMH, YTO
OIHO3HA4HO ToATBePKAaeTcsa skcnepumentamu SIMP HMQC u HMBC (‘H-'3C, ta6bmuna 2), a
taoke PCA (puc. 2).
15



Ta6auua 2. Hexotopsie curnansl B cexkrpax SIMP *C coenunennii 32a—d

Crnextp SIMP 3C (126 MI';, DMSO-dc)
Coenuuenune :
C? Cs C® C8 C’ C’ C=0
3la 137.0 116.7 52.1 114.7 134.0 143.2 196.4
31b 127.2 118.4 52.6 116.2 165.7 141.8 196.0
31c 1359 118.3 52.6 116.3 136.8 141.8 196.5
31d 136.5 116.5 52.0 114.7 133.5 143.3 1954

B cnekrpax SIMP 3C coenunennii 31 NmpUCYTCTBYIOT CHTHAbl SP>-THOPHIHBIX aTOMOB
yraepona (arom C° nukna u rpynma CHz) okono 8¢ 45 u 52 M.J., a TAK)Ke CUTHAJ KETO-TPYIIIEI
oko110 8¢ 196 m.1. ATombl C?2 reTeponukia qalT curHaisl B cekrpax SIMP *C npu 8¢ 135-
137 1 116-118 m.1. coorBercTBenno. Curnansl atomoB yriaepoaa C®, C’ u C” pe3orupyroT npu
8c 114-116, 133-136 1 141-143 m.1. cootBercTBeHHO. IIpoTon H pesonupyer B cnexrpax SIMP
"H pu 8y 7.4-7.6 m.x., a nporonst H>® — mipu 811 5.7-5.9 1 6.3-6.5 M.1. COOTBETCTBEHHO.

Jlns oOBsICHeHMsI HANpaBJICHHOCTH peakiuu — oOpa3oBanume ¢ypanoB 29, 30 mmm SH-
nmuaszo[2,1-b][1,3]tuasunos 31 — GBI IPUMEHEH KBaHTOBO-XMMHYECKHI pacdeT', KOTOPHIi
TI0Ka3aJl, 4TO NEPBOHAYAIBHO? IIPOUCXOINUT 4,5-IPUCOEIMHEHNE THOJIAT-aHHOHA K 2,4, 1-€eHUHOHY
c oOpa3oBaHHEM MPOMEXKYTOUHOTO aHHOHA Bap,
(cxema 13, puc. 3) KOTOpBI HMEET aJICHOBYIO
CTPYKTYpYy, TO3BOJISIONIYI0 Hanbosee 3¢(eKTHBHO
JIeJIOKaJTN30BaTh OTPHUIIATEIbHBIN 3apsia B
conpsbkeHHOM meHTane. OOpa3oBaHMe alIIEHOBOMU
CTPYKTYpBI 10JI00HOTO THUIIA paHee

HOCTYJIMPOBATIOCK. Janee HPOMCXOUT

NPOTOHUPOBaHHE aHHOHA Bap 110 aueHa Ca, KOTOPBIH  Puc, 3. CTpyKTypa aHHOHHOTO MEPEXOTHOTO

B pe3yJibTare BTOPOM peakiuu Muxaniisi COCTOSIHMSI peaKIuu THojia 21¢ ¢ eHHHOHOM

1a o 1aHHBIM KBAHTOBO-XUMUYECKOTO
pacyeTa

npeBpaiaercs B SH-umumaszo[2,1-b][1,3]tnasuna 31
(cxema 13, nyTh a). AJIbTEpHATUBHBIM HAlpaBICHUEM
(cxema 13, myTh b) siBsIeTCs nMKIM3anus aHnoHa Bab ¢ 00pa3oBanuem pypana. Takum oOpazom
BUIHO, 4YTO TYTH KOHKYPUPYIOIIMX PEAKIMA pacXomATcs Tocie CTaauu OoOpa30BaHUs
uHTepMmennara Bap. [Ipudem, nanpHeiiiee npoTekanue mpoiecca 1o MmyTH a Wik b onpeaenseTcs
MPEUMYIIECTBEHHO  PEaKIMOHHON  CIOCOOHOCThIO Bap, ompenenseMoil  3apsaoBBIMH,
OpOMTAILHBIMU W/WIIA CTEPUUECKUMU 3P PeKTaMu.

"Meton DFT ¢ ¢pynkuuonanom B3LYP b 6asucueiM HaGopoM 6-31G+(d,p) 1u1st peakuu B METaHOJIE.
2 MenieHHas CTaaus, MPOTEKAKOIIAs OJHOBPEMEHHO C OBICTPBIM 0OPATUMBIM 2,3 -IIPHCOETUHEHUEM.
3 Tetrahedron, 60, 1913 (2004).
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Cxema 13
0
X
yZ Ph
Ph 1a

EtOH, B: J 21a wu 21¢

(tyTh b) Ph Ph
Ph /_\ HJr

N j N j
>:':\—<O_J(nyn, a) )l\ | )|\ |
HyTh a

S — >N o s>NT o
N, (R=Ph)  py X Ph ph Ph
=
W) B, c, 3la
R

nyTh b j (R=H)
'4\ N -
H+
/@\‘(S — I \_ S
Ph™ g Ph™ N
Ph Ph
D,

Jlisa onpeneneHust BKiIaaa 3apsAAoBbIX 3(PQPEeKToB ObUT BBHINOJHEH aHAIM3 3aCEJICHHOCTH IO
Mannukeny untepmennara Bab, KOTOpBIN Mokazan HanOobIlee MOJOKUTEIbHOE 3HAUYCHUE IS
aroma C* conpskeHHOM nenTanb! (pUcyHOK 3, Tabnuna 3). B cioyudae 3amens! tTona 21¢ (R = Ph)
Ha 21a (R = H) pacnpenenenue 3apsiga no yriaepoiHON MEHTaAEe U3MEHSAETCS] HEe3HAYUTEIBHO U
U3 3TOTO MOXKHO CJIeJIaTh BBIBOJ], YTO AJICKTPOHHBIC d(PPEKTh HE OKa3bIBAIOT CKOJIBKO-THOO
3aMETHOTO BIMSHUSA Ha HampaBiaeHue npouecca. Pacuer sHeprum MO aemMoHCTHpPYET
He3HauuTenbHoe pasznuuue B 3Heprusix B3MO u HCMO untrepmennatoB Da u Dp, Takum
o0pa3oM, 3aBHCHMOCTH HaIlpaBICHHOCTU peakuuu oT sHeprud MO He HaOmomaerca. OTo
MO3BOJISIET  3aKJIIOYUTh, YTO HAINpaBICHUE PEAKUUU MPEUMYIIECTBEHHO OMIpeeseTcs
CTepUYECKO 3arpykeHHOCThI0 nHTepMenuara D (R = Ph unu H): 3amectutenu, Haxoasimuecs B
nosiokeHuu 4 tuosia 21 6yayT HampaBiIsATh PEakilo B CTOpOHY oOpasoBanus SH-ummmazol2,1-

b][1,3]THa3uHa, B OCTAIBHBIX CIIy4asx — B CTOPOHY 00pa30BaHMsI MPOU3BOIHBIX (ypaHa.

Ta6auna 3. Dueprun MO u 3aceneHHOCTh 10 Mannukeny nHTepMeuaTon B

Anvor | Egsmo,9B | Eucmo,oB | q(Ch) q(C?) q(C?) q(ChH | q(C)
B: -4.473 -1.205 -0.966 -0.204 0.224 0.382 -0.052
B> -4.465 -1.185 -0.947 -0.160 0.134 0.438 -0.205

JlJis TOTy4eHust SHEPreTHIeCKOTro MpoduiIs peakuyu ObUIM pacCUMTaHbl CBOOOIHASI YHEPT U
['n66ca (Tabnuua 4) U SHEPruM aKTUBAIMKM peaKlMid 1Mo nyTu a u b (cM. auarpammsl 1 u 2 Ha
pucyHKe 4 M 5 COOTBETCTBEHHO). V3 MONYyYEeHHBIX NaHHBIX CJIEIYeT, YTO IHEPreTUUYECKH
BBITOJIHBIM HaNpaBJICHHEM OOEMX peaKmuid sSBisieTcs oOpa3oBaHue nueHa tuna E, omnako w3
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AuarpaMMbl 2 BUAHO, 4TO OOpa3oBaHue ¢ypaHa uMeeT Ooiee HU3KHHA Oapbep aKTHUBAIUH,
CJIEZIOBATENBHO, 3TOT IIyTh OOJIee MPEAIOYTUTEIICH.

Ta6auua 4 TepmonrHaMUUYECKHE TApaMETPhI PEareHTOB U MPOJYKTOB PEAKIIMU

CrpykTypa €0 + Hxopp, €0 + Gkopp, Xaptpu S, kan/monb K
Xaprpu!
Ba —1585.078466 —1584.985435 195.80
Bb —1354.061231 —1353.981623 167.55
Ca —1585.567777 —1585.477617 189.757
Cob —1354.552058 —1354.474435 163.371
Da —1585.082771 —1584.995132 184.452
Do —1354.064995 —1353.990633 156.508
TSc,, —1585.048804 —1584.975490 152.198
TSch —1354.008469 —1353.944299 135.058
TSpa —1585.048457 —1584.968599 168.075
TSob —1354.025478 —1353.954731 148.900
'l Xaptpu = 627.5095 kkan/mMonb
15 TSFa,
y E. =1?.U4 ECECEJI.-"IMI‘DJIE-
= D, " Ea=16.82 RKEJI.-"MDJIB\".E *
5 F.
=1
-10
15 E.

Koopouuara pearanim
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Pucynok 4. Duepreruueckuii npoduinp peakuuu la u 21c¢



30 TSkEb,

E.=31.31 xxan/mons

5 10 TSk, \
2 A ‘
= " Ea=20.64 xxan/mons,,
0 Db ;:’4:..
N 0 £
Fy
-10 g
% Ep

=20

Y

Koopannara pearim

Pucynok 5. Duepreruueckuii npoduib peakiuu 1la u 21a

Takum o00pa3oMm, cCOrjJacHO KBAHTOBO-XMMHMYECKOMY pacyeTy, HallpaBieHHE peakUuu
ompenensiercss crepudeckumu  dpdexramu 3amectuteneit B rerapmi-tmona 21, Otcroma
OKMJAaeMO, 4YTO Hanuuue 3amectutenss B mnonoxeHun 4(5) 1H-ummnazon-2-tmona Oynet
MPUBOAMTDH K 00pa3oBaHUIO Mpou3BOaAHBIX SH-uMumaszo[2,1-b][1,3]Tra3una, Bo BCeX 0CTaIbHBIX
CiIydasix — K 00pa3oBaHUIO TPOU3BOJHBIX PypaHa. [Tomumo 3Toro, oOpasoBanue GypaHa Takxke
orpeneNsieTcss KHHETHUECKUM KOHTposieM. [lomydeHHbIe cBeIeH s O PeaKIMOHHONW ClIOCOOHOCTH
reTapuiI-TUOJIOB, OYEBUAHO, MPEACTABIAIOT CYIIECTBEHHBIN MPAKTUYECKUII MHTEpPEC U MOTYT
MCIOJIb30BAThCS MPU IUIAHUPOBAHUU CUHTE30B C YYaCTHEM CONPSKEHHBIX 2,4, 1 -eHUHOHOB.

2.5. HykieoduibHoe THMIHPOBaHME CONPsIKEeHHBbIX 1,4,3-eHUHOHOB

B3aumopeiictBue 1,5-auapuimnent-1-eH-4-uH-3-0HOB ¢ THOPEHOJIAMHU B YCIOBHUSX OCHOBHOTO
Karajgu3a paHee yxke ObUIo MmoapoOHO u3ydeHo!'. He3aBHCHMO OT NpPUPOJBI 3aMECTHTENEH B
apUJIBHBIX KOJIBLIAX PEAreéHTOB M CyOCTpaTOB 3TH peakUuuud HUIAYT MOJOOHO THUUIMPOBAHUIO
€HMHOHAa 28 — WCKIIOUUTENBHO C O0Opa30BaHHWEM aJJyKTOB MO TPOWHOW cBsi3u (4,5-
IIPUCOEUHEHUE) B BUJE CMECH T-AHacTepeoMepoB. [IpoyKTel THMIMPOBAHMS IHU3aMEILIEHHON
IBOMHOW  yriepoa-yriepoaHodt  cBsa3u  (1,2-anaykTel) He  ObiM  OOHapy>KeHbl  HH
XpoMaTOrpaUIeCKUMH, HU CIEKTPAIbHBIMH METOJaMU. MEXIy TeM, MOXKHO OXHAaTh, YTO
MOHO3aMellleHHas JBOMHAas CBsI3b B COMpPsDKEHHBIX 1,4,3-eHMHOHAX MOXET OKazaTbcsl Ooliee

2

AKTUBHBIM PCAKOUMOHHBIM ILECHTPOM, YEM JU3aMCIICHHAsA TpOﬁHaH . HOBTOMy HaMH OBLIO

M3YYCHO B3anMoJieiicTBHe eHMHOHOB 3a,b ¢ Tronamu 17¢ u 18 B ycnoBusix katanuza EtsN.

! 3uranmuua 3. X. HykieoQuiabHoe TUHUIHMpOBaHME 0,B-HEMPEIENbHBIX KETOHOB. MHBEpCHs PEakIMOHHON CIOCOOHOCTH
peareHTa: nucc. Kaua. XuM. Hayk : 02.00.03 / D. X. 3uranmuna. — TombsaTTH, 1989. — 141 c.
2)KOpX, 53, 1629 (2017); 2KOpX, 54, 657 (2018).
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OpnHako OKa3ajoch, YTO JIaK€ B TAKUX CYOCTpaTax CcO CTEPUUYECKM Pa3rpyKEHHOW JIBONHOMN
CBA3bI0 B AMana3zoHe temmneparyp ot —15 1o 25°C ataka THOPEHOIAT-aHUOHA IPUXOJIUTCS TOIBKO
10 TPOWHOM cBsi3u. B pesynbraTe ObUIM BBIAENEHBI JUIb 1-Cynb(paHuaneHTa-1,4-n1ueH-3-oHbl
33a—C (cxema 14).

Cxema 14

0 R2 1-Cyabdannianenta-1,4-nuen-3-onol  32a-C,

. RISH(17¢,18) 50 R!=Me, R?=4-BrCsHs (a, 80%, (E,E)-u3omep),

1 Z MeOH, Et;N, rt. RIW nad1-2-un (b, 80%, (E,E)-uzomep); R! = Ph, R?
R 3a,b 32a-c = madr-2-un (C, 83%, ZE:EE1,52:1)

Taxum 06pa3zom, MMOJIy4eHHBIE Pe3yJIbTaThl B COBOKYIIHOCTH C PaHEE U3BECTHBIMU JAHHBIMU
CBUJETENLCTBYIOT O 0Oo0Jiee BBICOKOW AKTUBHOCTH TPOWHOM CBA3UM B KPOCC-COIPSIKEHHBIX
€HMHOHAaX (KaKk U B €HHMHOHE 2a), 10 CPABHEHUIO C JBOMHOW YIJIEPOA-YIJIEpOIHONU CBS3bIO,
HE3aBHCHMO OT HAJIMYHSI WIM OTCYTCTBHUS 3aMECTUTEIIS.

3. HykieopuiibHoe cejieHMpOBaHHe CONPAKEHHbIX CHUHOHOB

Oprannueckass 1 OMOOpraHUYEecKass XUMUs CeJeHa B MOCIEIHUE JECATUICTHS WHTEHCUBHO
pa3BHBAETCS U 3TO CBSI3aHO, MPEXKAE BCETO, C HAIWYUEM y OPraHOCEJIEHOBBIX NPOU3BOIAHBIX
HEKOTOPHIX TOJIE3HBIX BUIOB OMOJIOTMYECKON aKTUBHOCTH'. Hampumep, celeHOOpraHmveckue
COEJIMHEHHUs] NEePCIEKTUBHBI B KayecTBE MPO(UIAKTHUECKUX MPOTUBOOIYXOJIEBBIX CPEICTB, a
TaKXe MPU XUMUO- U PajloTepanMi OHKOJIOIMYECKUX 3a00JIeBaHHM B COYETAHUU C JIPYTUMHU
IIPOTUBOOITYXOJIEBBIMH rpenapaTamu. 2-®enunn-1,2-6en3ocenenas3on-3-oH
(HEeHpOIPOTEKTOPHBIN Mpernapar 30CeNeH) U ero MPOU3BOAHbIE 00JIaJal0T aHTUOKCUAAHTHBIMU
CBOMCTBAMHM. B 3TOW CBA3M AaKTyaJleH NOMCK HOBBIX CEJIEHOOPTaHWYECKUX IPOU3BOIHBIX,
o0NaaroluX MPOTHUBOOMYXOJIEBOM M aHTHOKCHUIAHTHOM AaKTUBHOCTBIO, a TakXke HuX
CHUHTETUYECKHUX MpEAIICCTBEHHUKOB. JlaHHbIE O NPUCOCAMHEHHWH K MOIU(PYHKIHOHAIBHBIM
cyOcTparaM — COMNpSOKEHHbIM EHMHOHAM COEOUHEHUH, conepkamux ¢yHkuuio —SeH, 1o
HACTOSIILIEr0 BPEMEHU HEU3BECTHBI. MeEXIy TEM, OUYEBHJHO, UYTO JUEHOHBI — BO3MOKHBIE
NPOAYKTBl TAaKUX PpEAaKIU MOryT NPEACTaBIATh MPUKIAJAHOW HHTEpPEC B KadyecTBE
IUTOTOKCUYECKUX areHTOB M KaK MPEeKypcophbl CEJICHOCOJepKalluX (YHKIHOHATBHBIX
MIPOU3BOJIHBIX FE€TEPOLUKINYECKUX COEAUHEHHM.

Hyxneodunbnoe mnpucoeanHenue ceineHodeHona 22, BHIOPAHHOIO B KayeCTBE TECTOBOTO
o0beKTa BBUAY €ro IOCTYIHOCTH, K JuHeHHO- (coemumuenus la,b,d.eh u 2a,b) u kpocc-
CONpsDKEHHBIM (coenuHeHus 3C,d) eHMHOHAM, KaK U B CITydae THOJIOB IPOTEKAET B PUCYTCTBHU
Et:N. Peakuust uaer npyu KOMHaATHOM TEMIIEpAType U MOJHOCTHIO 3aBepiiaercs 3a 15—-20 muH. Bo
BCEX CIIydasix [EHTPOM HYKJICO(UIbHON aTaKu OKa3bIBAETCS UCKIIOYUTEIHHO [B-aTOM yriepoaa
TpOIHOM CcBsA3U cyOcTpara (cxema 15).

"' ARKIVOC, ii, 457 (2017); Dalton Trans., 41, 6390 (2012); Chem. Res. Toxicol., 19, 1196 (2006).
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Cxema 15

/\)LRz
Rl o) Ph\

R" 1a,b,d,e,h )\/\/U\ Se 0
Ph\se NN R2 * RIWLRZ
Q (E.E)-32a- (E.Z)-32a-e
= P
R
Et;N 2a,b
SeH /\/K/K
MeOH R™ ™
22 o
P (E,E) 33a,b (Z,E)-33a,b
Z R
Ph™ 3cd Phse 0
AN
Ph”, R
34a,b

5-®enunicenenuanenTa-2,4-nuen-1-onnt 32a—e, R!' =R?=Ph (a, 40%, E,E: E,Z1.2:1);R! =
4-MeCeHs, R? = Ph (b, 44%, E,E : E,Z 1.2 : 1); R' = Ph, R? = 4-MeCeH, (C, 50%, E.E : E.Z 1.8 ;
1), 4-FC¢Hs (d, 53%, EEE : EZ 1.8 : 1), 4-CIC¢H4 (e, 53%, EE : EZ 1.8 : 1). 3-
denniicenenmanenTa-2,4-queH-1-ounl 33a,b, R = Ph (a, 81%, E,E: E,.Z 1 : 2.5); 4-C1CsH4 (b,
71%, E.E : E,Z 1 : 2.4). 1-®ennucenenuanenTa-2,4-queH-1-oun1 34a,b, R = Ph (a, 71%); 3-
FCsHa (b, 91%)

B pesynbrare obpasyiorces 5- u 3-(dbenuncenenun)nenra-2,4-nuen-1-ousr 32a—e, 33a,b u 1-
(pennncenenumn)nenra-1,4-quen-3-ousl  34a,b. BbIXog MNPOAYyKTOB 3aBHCHT OT B3aMMHOIO
pPacrojioKeHHsT KpaTHBIX CBs3ell B CONPSDKEHHBIX cyOcTtparax: 2,4,1-eauHonsl la,b,d.e,h,
TPOWHAS CBSI3b KOTOPBIX OTJIEJCHA OT KETO-TPYIIBI BUHWIBHBIM (PparMEHTOM, PEarupyroT C
BbIxomamu 44—-68%, toraa kak 4,2,1- (2a,b) u 1,4,3-eaunons! (3C,d) 1al0T COOTBETCTBYIOIIUE
mueHoHbI 33,34 ¢ ropasno 6oabmuM BeixoaoM (71-91%).

Kpome Toro, B cinydae 1,5-nmudennnzamenieHHoro eanHona la u eanHoHa 1h, comepikariero
JIOHOPHBIN N-TONMIIbHBIN 3aMECTUTENh B 5-M TMOJIOKCHHUH, B BUE MUHOPHBIX NMpUMeEcEeH ObLIU
oOHapyxeHbl S-apwi-1-dennn-3-(henmicencHun)nenr-4-un-1-ousr 35a,0 — mpomexyrouHbie
KMHETUYECKU KOHTPOJIUPYEMbIE MPOAYKThI peakiuu (cxema 16).

Cxema 16
Q! Ph,
= Ph  Et:N Se
= 3 X = 0
MeOH
X 1a,h 35a,b Ph

X =H (a); X =Me (b)
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Kak u mpu TUWIMPOBAHWN AKTHBHPOBAHHBIX TPOMHBIX CBS3eW MPOAYKTHI peakuuu 32,33
oOpasytotcsi, B Buge cmecu (E,E)- u (E,Z2)- ((Z,E)-) uzomepoB, 0 4eM CBUACTEILCTBYIOT
yIABOEHHbIE curHambl B ux cnekrpax SIMP 'H u BC. B ommmume or 3- um 5-
(peHmICceneHMIT)3aMeIIeHHBIX TieHTa-2,4-mueH-3-oH0B 32, 33, 1-(denwmncenenwmn)mnenra-1,4-
aveH-3-oubl 34a,b, Mo gaHHBIM AByMepHBIX dkcriepuMmenToB NOESY, mpeacraBisioT coOoit

upctele  (Z,E)-msomepel. B cmextpax SIMP 'H »tux  Bemects Ph
IPUCYTCTBYIOT XapaKTEPUCTHYECKHME CHHIIIETHI MPOTOHOB H? 0koyo On “Se 7 O £
7.3 M.1I., KOTOpBIE PE30HUPYIOT C OpMO-NIPOTOHOM (PEHUIBHOTO KOJIbIIA B X > R
1-m nostoxkennu (puc. 4). Aromsr H* u H® monanaror B 061acTu pe3oHaHca H H?
apomatH4eckux mpoToHoB. B cmekrpax SAMP ’C ymaercs namexHo
WHTEPIPETUPOBATh CUTHAIIBI TipH Oc 124—125 M.A., OTHOCSIIHECS K aTOMY 34a,b
C*, u curnansl keTo-rpymmsl (8¢ 187-188 m.n.). Putc. 6. Msbpartivie

’ koppessiuuu NOESY

BeposiTHO, Kak W B peakuuu HYKICOQUIBHOTO THUIMPOBAHWS 1,3-  (crpenku) ans (Z,E)-
IUapWIIpoN-2-uH-1-0HoB,  cHayasa  obOpasytorcs  (E,E)-u3omepbr  M30MepoB AMEHOHOB
(mpoaykThl cun-ipucoenunenus). OxaHako, B ornuuue ot (E,E)-uzomepon 34ad
TUeHOHOB 32 1 33 OHM B YCIIOBUSIX dKCIIEpUMEHTa IIpeBparatorces B (Z,E)-n3omepsl Haleno, 4To
SBIIIETCS OCOOEHHOCTHIO HYKJICO(UIBFHOTO CEJICHUPOBAHUS CONPSKEHHBIX 1,4,3-€HUHOHOB.

CenennpoBanue eHUHOHOB 1-3 MOXeT OBITH OCYIIECTBICHO C IIOMOIIBIO TUDEHITANCETCHHI A
23 B BoccTaHoBuTenbHOM cpenie (NaBHa, cxema 17).

Cxema 17

Qse 1. NaBH, (1 9xB.), MeOH, r.t. ~ Cotserctayionue
Se 2. Eaunonsl 1, 2 win 3 (2 9kB.), AneHoHbI 32-34

23 (1 skB.) MeOH, r.t.

Hcnonb30BaHne B Ka4eCTBE CEJICHHUPYIOUIETO peareHTa audeHmiauceneHnia 23 mo3BoisieT
OTKa3aTbCs OT HEMOCPEJACTBEHHOTO TNPUMEHEHHS TOKCHYHOTO U JIypHO TMaXHYIIETro
OeH3oceneHoa 22, mpuyeM BbIXOJ CECHOCOAEPKAIINX TPOAYKTOB 32—34 HEe CHUXKAETCS.

Takum o00pazoMm, HYKJI€OQWIbHOE CEJICHUPOBAHHWE JIMHEHHO- U KpPOCC-COMPSKEHHBIX
CHHHOHOB O€H30CETICHOJIOM U TU()ESHUIITUCEIICHUIOM ICHTCHHHOHOB MOYKET CITY)KUTh YIAOOHBIM
METOJIOM CHHTE3a HM30MEPHBIX CEJICHCOJACPKAIIUX IHUEHOHOB, MPEACTABISIONIMX HHTEPEC B
Ka4yecTBE IIUTOTOKCHYECKUX areHTOB M KaK MCXOJHBIE COCIMHEHUS B CHHTE3€ (DYHKIIMOHAIHHO
3aMENIEHHBIX CEIEHOCOAEPIKAIIUX IIPOU3BOIHBIX a3ar€TEPOIUKIOB! .

4. BHoJIOrHYecKasi AKTHBHOCTh CepPO- U CeJEHCOIEPKAMMX MPOAYKTOB>
Hccnenoanue Ha cB0OOHOM pagukaie 2,2-nudenmn- 1 -nukpunruapasuie (DPPH) mokazano
BBICOKYIO aHTHOKCHIAHTHYIO aKTUBHOCTH OeH3azommidypdypuiicynspumos 29a—h. B atom psiny
HanOosiee aKTMBHBIM okazaics 2-({[5-(4-Opomdennn)dypan-2-wi|peHunmeTun }-cynbhanu)-
1H-6er3umuazon 29g. MuHuManbHas aHTHOKCHIAHTHAS aKTUBHOCTH 3TOTO

1 XT'C, 48, 607 (2012).
2HccnemoBanns  BBIIONHEHEI B JIaGopaTopuM MENWIMHCKOM XUMHH HH3KOMOJEKYISAPHBIX HHTUOMTOPOB  KHHA3
TOMBATTHHCKOTO TOCYAaPCTBEHHOTO YHUBEpcHUTeTa o pykoBoacTBoM A. C. Bynesa.
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COEIMHEHHS TIPOSIBISAETCS YoKe NpH KoHmenTpanuu 1076 monexn!, a npu xonuentpanuu 1073
MonbX1 ! ona mocturaer 80% OT aKTHBHOCTH aCKOPOMHOBOM KHCIOTHI (CTAaHAAPTHOE BELIECTBO).

Cenencopepsxamue IUEHOHbI 32—34 ObUTM HWCHBITaHBI HAa MPEAMET IUTOTOKCUYHOCTH IO
OTHOIICHHUIO K PSIY OMYXOJIEBBIX KIETOYHBIX JMHHM, a UMEHHO SMHICPMOHIHON KapIHHOME
(A431), xapuunome mosiounoi xene3sl (MCF-7), omyxonu moueBoro my3bips (T24), menanome
(A375) u xonopekranbHoMy paky (HCT116) (Tabnuma 4).

Tabauna 5 [IUTOTOKCHIHOCTH CEICHOCOAePKAINX JUEHOHOB 32—34

CoennHenue JloJ151 BBDKHBIINX KIIETOK, %'
A431 MCEF-7 T24 A375 HCT116

32a >99 42 23 o1 59
320 =99 >99 >99 >99 >99
32¢ >99 71 84 92 >99
32d >99 50 63 24 00
32¢ 27 47 14 o .

33a >99 70 89 83 >99
33b =99 >99 >99 82 >99
34a 42 57 o o o

[uToTOKCHUYHOCTH OlleHHBasiach ¢ momomipto MTT-tecta npu 00paboTke KIETOK
UCCIIEYEMBIMU COEIMHEHUSIMH B KOHIEHTpauu 30 MKMOJIBXI | B TeueHue 48 u.

JlanHble TaOMMIBl 3 TMOKA3bIBAIOT, YTO SIPKO BBIPAXKEHHYIO ITUTOTOKCUYHOCTH TPOSIBIISCT
coeMHeHNe 32€ B OTHOIICHUH YETHIPEX UCCIEAYEMbIX JIMHUN, MEHEE BhIpaKEHHBIM 3P (HEeKTOM
obnamaer coenunenue 34a.

OTMeTuM, 4YTO HCCIEAYEeMbIC COCIUHEHUS HE TPOSBHIN  SBHO  BBIPAKCHHOTO
nuroTokcuueckoro 3¢ddekra B orHomeHnun Juaun HCT116. Hambonee 4yBCTBUTEIBHOM K
NeNCTBUIO TUEeHOHOB 32—34 oka3anace tuausgt MCF-7.

[{utoTokcHYHOCTh (ypaHOBBIX Mpou3BoAHBIX 30 um SH-umumazo[2,1-b][1,3]ruazunos 31
u3yJanach Ha TeX JK€ KIETOYHBIX JIMHUAX, OJHAKO 3TH (PYHKIIMOHAIBHBIE IPOU3BOIHBIC
TeTEPOIMKIIOB HE MOKa3aJIi CKOJIbKO-HHOY/Ib 3aMETHOW aKTHBHOCTH.

Tlocne 48 u skcnozunuu B npucytcTBre 30 WM HCCIENYEMBIX COEMHEHHH.
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OCHOBHBIE PE3YJIBTATBI 1 BBIBO/IbI

BriepBbie cucTteMaTHUeCKH M3Yy4Y€HbI peakMU HYKJIeO(UIbHOro TUminpoBanus (E)-1,5-
JTUAPUIITIEHT-2-€H-4-UH-1-0HOB C HCIIOJIb30BAaHUEM LIMPOKOro HabOpa THUMIMPYIOIMIMX
areHToB. [loka3aHo, 4TO NPHUCOEAVMHEHUE THOJIOB 10 JBOMHOW CBSI3M ITHX COCAVMHEHHU
(2,3-ipucoeqMHEHNE) MPOTEKAET OOpaTUMO, KaK KHUHETHYECKHM KOHTPOJIUPYEMBIi
nponecc. [Ipucoenuuenre mo conpsiKEHHOW TPOtHOM cBA3U 1,5-nmuapuiineHT-2-eH-4-1H-
1-oHOB (4,5-mpucoequHeHHE) pealns3yeTcsi Kak HeoOpaTumasi TepMOJUHAMHYECKU
KOHTpOJMpyeMasi peakius. BeiieneHsl W oXapakTepu30BaHbl KHUHETHUECKH- U
TEPMOJNHAMUYECKU-KOHTPOJIUpYeMble aJnyKThl 2,4,1-€eHHHOHOB ¢ THO(QEHONIaMHU U
OCH3UITHOJIOM.

YcranoBneno, 4to 2,2-nuMmeTi-S-(3-penmnnpon-2-un-1-unnen)-1,3-nuokcan-4,6-11ox
B3aMMOJICHCTBYET C apOMaTUYECKUMU, rerepoapoMaTH4eCKUMHU U
KAPHOAPOMAaTHYECKUMHU THOJAMU IO TPOWHOW CBA3M. Ha OCHOBE TpPEXKOMIIOHEHTHOM
peakuuil apuiInponuHanei, THOJIOB U KUCIOTh Menbapyma pazpaboTaH METOJl CUHTE3a
Cyib(haHII3aMEeIeHHbIX AJTMINACHOBBIX IPOU3BOAHBIX 1,3-1uokcan-4,6-1uoHa.

Ha ocHOBe cOOTBETCTBYIOIIMX arleTaliell pa3paboTaHa y1o0Has penapaTuBHAsi METOAUKA
CUHTE3a 0-alleTUIICHOBBIX AJIbJIETUIOB — IPEKYPCOPOB CONPSIKEHHBIX 2,4,]1-€HUHOHOB.
YcTaHoBI€HO, UTO HYKJIeO(WIbHOE TUHMIUPOBaHuUe 1,5-1u3amenieHHbIX (£)-nenT-1-en-4-
uH-3-0HOB U (E)-neHT-4-eH-2-uH-1-0HOB mpoTekaeT 1o TpoilHOW cBs3u. B 1-
HE3aMEIIEHHBIX KpPOCC-COMPSKEHHBIX EHHMHOHAX Oojiee aKTUBHOW IO OTHOILEHUIO K
THOJIaM SIBJISIETCS TPOMHAs CBA3b.

[Tokazano, uto B3aumo/ercteue (E)-1,5-quapunnent-2-en-4-uH-1-onoB ¢ 1H-ummnnazon-
2-tuonom, 6enso[d]ruazon-2-tuonom u 1 H-6en3[d]umu1a30I1-2-THOIOM CONPOBOKIACTCS
3aMblKkaHHeM (QypaHoBoro nukna. Pa3paboran meroxa cunresa 2-((apun(5S-apundypan-2-

WI)METHI )Cyib(anni )0en3o[ d]Trna3o108 u 2-((apun(5-apundypan-2-
wi)MeTi)cynbanmin)- 1 H-0en3[d[uMu1a3010B,  MPOSIBIAIONUX  AHTHOKCHUIAHTHBIC
CBOMCTBA.

VYcranoBneHno, uro B peakuuu (E)-1,5-muapuinent-2-eH-4-uH-1-onoB ¢ 4-denun-1H-
MMHIa30J-2-THOJIOM YYacTBYIOT JBOWHAs W TpPOWHAs YIJIEPOA-YIJIEPOJHbIE CBSI3H
cybctpara u o0a peakiiMOHHBIX 1eHTpa peareHTa (—SH u =NH dyukumn), B pesynbrate
4yero o0OpasyroTcs mpousBoaHble SH-umuaazo[2,1-b][1,3]tna3zuna. MetogaMu KBaHTOBOM
XUMUHU TIOKa3aHO, YTO HAMPABJICHUE PEaKIUil CONMpsHKeHHBIX 2,4,1-€HUHOHOB C reTapui-
THUOJIAaMU OIIPEJIEIISAETCS TPEUMYIIECTBEHHO cTepudeckuM 3ddexrom troma. OTcroma
OKHJIAEMO, YTO HaJIM4YHMe 3aMecTuTens B nojiokenun 4(5) 1H-ummmazon-2-tuona Oyner
NPUBOANTHL K 00pa30BaHHIO TPOM3BOAHBIX SH-umumaszo[2,1-b][1,3]tnasuna, BO Bcex
OCTaNIbHBIX CIydasx — K oOpa3oBaHuWio MNpow3BOAHBIX ¢ypaHa. [lomumo 3TtorO,
oOpa3oBanue GypaHa TaKKe ONPEAEIeTCS KHHETHYECKUM KOHTPOJIEM.

BrnepBrie nzydeHo HykJIeopUILHOE CeIEHUPOBaHUE CONpsDKeHHbIX 2,4,1-, 4,2,1- u 1,4,3-
€HUHOHOB OeH3oceneHooM U nudeHunauceneHunom (B mnpucyrctBun  NaBHa).
CuHTE3UpOBaHbl U30MEPHBIE CEIEHCOAEPKAUIUE TUEHOHBI U T0KA3aHO, YTO HEKOTOPBIE U3
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HUX 00JIAJAI0T IUTOTOKCUYHOCTHIO 10 OTHOIICHUIO K OITYXOJIEBBIM KJIETOYHBIM JINHUSM
A431, MCF7, T24, A375 n HCT116.

OCHOBHBIE PE3YJIBTATBI IUCCEPTALIMU U3JI0KEHbBI B CJIEAYIOIINUX
HHYBJIUKAIIUAX
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