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3)
BBEJAEHHUE

AKTyaJIbHOCTh TeMbl. llukioneHTaHou bl — 00Ilee Ha3BaHUE COCIMHEHHH,
COJIEpKalllUX B CBOEW CTPYKType IMKIONEHTAHOBOE KOJBIO, KaK B BHUJIE
€AUHCTBEHHOTO SApa, TaK U B COWICHEHUM C OJAHUM WJIM HECKOJIBKUMHU APYTUMU
HUKIMYecKUMH  ¢parMeHTamu. U3 uX uwucina o0coOblii WHTEpEC NPEelICTaBIISIOT
MPUPOJIHBIC u CUHTETHYECKHUE MOHOIMKJINYECKUE UKJIONEHTAaHOU bl
(mpocTarfnaHuHbl, KapOaHYKJICO3Wbl, IMKJIONEHTAHOBbIE AHTUOUOTUKH U Jp.),
Oylarogapsi MPUCYIIMM WM 3HAYUTEIbHBIM MPOTUBOCHAIUTEIHHBIM, AHTUBUPYCHBIM,
AHTUPAKOBBIM M JPYTrUM creruduueckuM Buaam (apMakKoJIOTHYECKOW aKTUBHOCTH
(aHTUrIAyKOMHBIE,  AHTUArPETAlMOHHBIC, YTEPOTOHUYECKHE,  JIFOTCOJIUTHUYECCKUE
3¢ dexTsr).

XoTs1, GOPMUPOBAHUIO MOHOITMKINYECKUX ITUKIONEHTAHOUIOB U3 allMKINYECKUX
UCXOJIHBIX TOCBSIICHO 3HAYMTENIbHOE YHUCIO MyOJMKAIMi, OJHAKO, B HAMPaBICHHOM
CUHTE3e Haubojee XeMOpalMOHAJbHBIM MPEACTABISETCS MCIOIb30BAHUE TOTOBBIX
LUKJIONEHTAHOB, B YAaCTHOCTU |,3-IMKJIONEHTAJANEHA, IOJYy4aeMOTr0 TEPMHYECKUM
pacuierjieHueM €ero JemieBOro M JOCTYNMHOro auMepa. Kpome TOoro, B CHUHTE3€
[IUKJIONIEHTAHOUI0B, OCOOCHHO B TMEPCIIEKTUBE MOJYyYEHUS KOHKPETHBIX OMOAKTHUBHBIX
cyOCTaHIMi, OJHAa W3 BaXHEHUIIMX MPOOJEM 3aKIoYaeTcs B  MOJYYCHHUH
HSHAHTUOMEPHBIX YUCTBIX MPOJAYKTOB WJIM UX KIIOUEBBIX HHTEPMEIUATOB.

B nmoaxonax kK MOHOLUMKIMYECKUM ITUKJIONEHTAHOMAAM JIETKOJOCTYIHbIEC [2+2]-
HUKI0ATYKThl 1,3-IIMKJIONEHTAIMEHOB U JAUXJIOPKETEHA MPEACTABISIOTCS yA0OHBIMU
KaHAUJAaTaMd Kak B IUIAaHE JIOCTIDKEHHS  TpeOyemo  (PyHKIMOHAIU3AIUU
LMKJIOMEHTAHOBOTO KOJIbI[a, TaK M BO3MOXKHOCTBIO HAaBEACHUS XUPAIbHOCTH.
[IpencraBieHHblii B pabOTe OPUTHMHAIBHBIA TOAXOJ ONTHYECKOTO paclieTICHUs
TpaHC(OPMHUPOBAHHBIX  MPOAYKTOB  [2+2]-IIMKJIOAIAYKTOB C  BBIXOJAOM  4epe3
(GYHKIIMOHATM3UPOBAHHBIE XHUPAJTbHBIE IMKJIOMECHTAHOBBIE OJOKM K KOHKPETHBIM
OMOAKTUBHBIM  IMKJIOTEHTAHOUJAM, B OCOOEHHOCTH K  KPOCC-COIPSHKCHHBIM

IMUKIIOIICHTCHOHAM W IpoCTarjiaHavuHaM, ABIIACTCA AKTYAJbHBIM MW COCTAaBJIACT

nNpeaAMCET HACTOAIICTO UCCICAOBAaHMA.
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Pa6ota BbInoIHEHAa B COOTBETCTBUH C TUIAHOM HAYYHO-HCCIIEIOBATENBCKUX PadOT
YbuMckoro HHCTUTYTa XUMHUA Y (PUMCKOTO (erepalbHOTO HCCIeI0BATENbCKOTO
neHTpa Poccuiickol akaaeMuu Hayk 10 TemaM: «Jlu3allH M HamnpaBJICHHBIM CUHTE3
OpPraHUYeCKUX MOJEKYJd C 3aJaHHbIMM  cBoWcTBaMu» (Ne ToCyIapCTBEHHOM
peructparmu 0120.08  01447) (2008-2010 1), «CHHTE3 © HCCICIOBaHUC
XJIOPCOJEPKAIIUX [TUKIIONIEHTAHOUIOB U POJCTBEHHBIX CTPYKTYP, MOAUGMUIIMPOBAHHBIX
POCTAHOUJIOB, JMOTHJIIOHOB W WX aHanoroB» (Ne TrocynapCTBEHHON peETHUCTpaluu
0120.08 01447) (2011-2013 1), «HampaBiacHHBIH CHHTE3 HH3KOMOJICKYJISIPHBIX
ounoperynsaTopoB» (Ne rocymapctBenHor peructpamuu 0120.14 58024) (2014-2016 r),
«CuHTE3 PMOTUIOHOB U UX aHAIOroB» (Ne rocynapctBeHHOM peructpaunu AAAA-A17-
117011910032-4) (2017-2019 1), «HampaBjieHHbIE CHHTE3Bl HPUPOIAHBIX U
HEMPUPOIHBIX OMOAKTHBHBIX COCTUHEHUH, KOHCTPYHMPOBAHHWE HOBBIX CTPYKTYp IS
onTodekTpoHukm» (Ne rocynapctBeHHol peructparun AAAA-A20-120012090021-4)
(2019-2021), mpu ¢unancoBoit mnoxnepxkke PDDU (rpanter Ne 14-03-00211-
p_moBomkbe a (2014-2016 1), Ne 16-03-00559-p moBoimkbe a (2016-2017 1), Ne 17-
43-020326-p_noBomkse a (2017-2019 1), Ne 18-53-00011-6en _a (2018-2019 1)),
['ocynapcTBeHHOTO KOHTpPAaKTa «loxnmuHnyeckue WCCIICTOBAHMUSI HOBOT'O
NPOCTarIaHAMHOBOIO Tpenapara Jilsl akyiiepcTBa u ruaexosorum» (Nel14.N08.12.0013)
(2013-2015 1), LIl DenepampHoro ArenrctBa mo Hayke u HMuHOBanumsam
«HccnenoBanust U pa3pabOTKU MO MPUOPUTETHHIM HAMpPaBICHUSIM Pa3BUTHS HaydHO-
TexHonornyeckoro komiuiekca Poccum Ha 2007-2012 roasp» (TOCKOHTpakT Ne
02.512.12.2015) (2007-2012 1) m LIl MwunucrepcTtBa 00pa30BaHHUS W HAYKH
«Hay4dHble 1 Hay4HO- Menaroruueckue Kajapbl nHHoBamoHHOW Poccun na 2009-2013
roap» (rockontpakt Nel4.740.11.0367) (2009-2013), nporpammser IIpe3unnyma PAH
«HampaBieHHBI CUHTE3 BEIIECTB C 3aJaHHBIMM CBOWCTBAMH H  CO3JAHUE
GyHKIIMOHATIBHBIX MaTepHUaIOB Ha HX OCHOBe», rpaHTa lIpesmmentra PecrnyOimku
bamkoprocran  «/lu3aiitn  u  pa3paboTrka  3PPEKTUBHBIX  CHHTE30B  HOBBIX
MPOTUBOPAKOBBIX areHTOB [JIsl Tepanmuu pakoBbIX 3adoseBanuit» (Ne 5) (2012 r), a
takke cruneHauu llpesmpenra Poccuiickort @®enepaur MOJOABIM  YUYEHBIM U

aCIllMpaHTaMm, OCYIICCTBJIAIOMIUM INEPCIICKTUBHEBIC HAay4YHBIC HCCJICAOBAaHUA )51
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pa3pabOTKH 10 MPUOPUTETHHIM HATPABJICHUSIM MOJICPHU3AINH POCCUUCKON SKOHOMUKHI

(2015-2017 1).

Crenenp Hay4yHo#i pa3pa0oraHHocTM TeMbl. Ha cerogHsmHU J€Hb
nyOJUKAlMK MO MOJYYEHUI0O W W3YYEHUIO CBOWCTB LIMKJIONEHTAHOUIOB 3aHUMAIOT
3aMETHOE MECTO B HayudHOH aurepaType. Cpenan OCHOBHBIX HAIPaBJIEHUN OCOOEHHO
BBIJICIISIFOTCSL TOJYYEHUE HOBBIX KaTajau3aTOPOB I MOJIUMEPHOW XHMHH, a TaKKe
CHUHTE3 OMOJOrMYECKH aKTUBHBIX BemiecTB. IIpy »TOM HauOOJIBIIMI HpaKTUYECKUN
UHTEPEC NPEJCTABIAIOT ONTHYECKH YHCTBIE XUPAJIbHBIE COEAUHEHHS, NPUMEHEHUE
KOTOPBIX CYIIECTBEHHO 3(P(PEKTHBHEE, YEM COOTBETCTBYIOIIMX UM CMECEW HM30MEpOB.
OnHako, HECMOTpPS Ha OTHOCHUTENbHYIO IIPOCTOTY CTPOEHHS, BBIOOp MPHUPOJHBIX
MCTOYHUKOB JJI LIMKJIOTIEHTAHOUIOB SIBJIIETCA KpailHE OrpaHUYEeHHbIM. B CBSA3M € 3TUM
OpraHUYECKUH CHUHTE3 OCTAeTCs EAUHCTBEHHBIM IIyTEM IIOJYYEHUs XUPAIbHBIX
IIPEICTABUTENIEH TAHHOTO Kilacca BemecTB. ClenyeT OTMETUTD, YTO B ITOCIIEAHEE BPEMS
3HAQYUTENBHOE MECTO 3aHUMAIOT MCCIENOBAHUS, TOCBAIICHHBIE HAIPABICHHOMY
CHUHTE3Y XHpaJbHBIX IISITUWICHHbIX KAapOOLUMKIOB M3 JIMHEUHBIX CTPYKTYyp U
OCHOBAHHbIE Ha MCIMOJIb30BAHUM PA3IUYHBIX BAapPUAHTOB LMKIM3ALMUA B MPHUCYTCTBUH
Karanum3aTopoB. TeM He MeHee, COCPEOTOYEHHbIE Ha pEUIEHUH KOHKPETHBIX
JIOKaJbHBIX 3aJa4, JaHHbIE IOAXOJAbl BO MHOIOM JIMIIEHBl YHUBEPCAJIbHOCTH U
yI00CTBa 711 IIMPOKOTO MpUMEHEHUs. B TO e BpeMs IuTepaTypHble TaHHbIE TOBOPST
0 0O0JBIIOM, HO JAJIEKO HE MCUYEPIIaHHOM MOTEHLMaje, JETKOJOCTYITHOIO U3 OTXOA0B
He(TeXuMUYecKor nepepaboTku, 1,3-IMKIONEeHTalueHa, KaK yI00HOW CUHTETUYECKOU
maTopMbl. BO3MOXHOCTH (PYHKIMOHAIU3AUUU TOCIEIHEr0 H3Y4YEHBI JIOCTATOYHO
XOpOIIO M CBA3aHBI C KUCJIOTHBIMU M JIMEHOBBIMU CBOMCTBAMM, NMPUCYIIMMH JTaHHOMN
cTpykrype. OJIHaKO OCHOBHAs 4YacTh NYOJUKAIM TMOCBSIIEHAa OOIIMM BOIMpPOCaM
PEaKIMOHHON CIOCOOHOCTH LMKJIONEHTAUeHa U €r0 MPOU3BOJHBIX B Pa3IMYHBIX BHIAX
IpEeBpalIeHUI M HE OMMCHIBAET CIMOCOOBI ONTHYECKOrO PACHICTICHHUS MOJIy4aeMbIX
XUpaJbHbIX  coeauHeHuil.  HauOonee  Xopomo  M3y4eHHBIM  HaIpaBiICHUEM
aCUMMETPHU3ALNH CUHTE30B Ha OCHOBE LIUKJIONIEHTaIMEeHA ABIIAETCS
MpoCTarjaHInHOBas cTparerus, npeanoxennas 3. Kopu B 70-x rr u, ganee, Hameamas

pa3BUTHE B TPyJax MHOTMX MCCIIENOBATENEH. YKa3aHHBIM MOAXOJ OCHOBBIBACTCS Ha
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nonydeHuu [4+2]-agmykroB Jmmbca-Anbaepa C(5)-3aMenieHHBl X MUKJIOTICHTAIUECHOB

Y TOCIECAYIOUIEM PA3JAECICHUU SHAHTUOMEPHBIX IMPOU3BOJHBIX C HCIIOJb30BAHUEM, B
NEepBYyI0 ovepe/b, (hepMEeHTATUBHBIX TpoleccoB. [Ipu 3TOM psii U3BECTHBIX CIOCOOOB,
CBSI3aHHBIX C HCIOJIb30BAHUEM XUPAJIbHBIX BCIIOMOTaTEJIbHBIX PEAr€HTOB, HE MOIYYUIT
HIMPOKOTO PaclpoOCTpaHEHUsI, BBUIY HEJOCTATOYHBIX MPAKTUYHOCTU U 3(H(PEKTUBHOCTH.
B Toxke BpeMs MOAXOIbI, CBsI3aHHBIC C [2+2]-IHUKIONPHCOSAUHEHUEM MPOM3BOTHBIX
nukoneHraauena no llrayauarepy, B HAPaBIEHHOM CUHTE3€ U3Yy4YE€HbBI HEJIOCTATOYHO
rIIyOOKO W CYIIECTBEHHOTO pa3BUTUS HE HANUIM. Psa  W3BECTHBIX MPUMEPOB,
OMMCAHHBIX B JBa IMOCICAHUX JIECATUIICTHS, KACAETCA BO3MOYKHOCTH TOJYYEHHS
MHTEPMENATOB AHAJIOTHUYHBIX KIIOYEBBIM CHHTOHAM MPOCTArVIaHAWHOBOM CTPATEruu
Kopu u cBsizZaH C HCHNONB30BaHUEM OCOOBIX OaKTepUaIbHBIX KYJIBTYp WJIHU
TPYAHOAOCTYIHBIX  KATAIMUTUYECKUX CUCTEM I ONTHUYECKOIO  PACIICTUICHUSA
noyynpoaykToB. CrienyeT MOA4epKHYThb, YTO yKa3aHHBIE CIHOCOOBI aCHUMMETpPHU3AINU
CUHTE30B HE SIBJISIIOTCS YHUBEPCAIbHBIMH M B TOJABJISIONIEM OOJBIITMHCTBE CIy4yacB
CBSI3aHBI C MOTEpPEH OJHOTO M3 M30MEPOB MCXOAHBIX PallEMUYECKUX cMmeceil. Takum
oOpazoM, B XuUMHUHU |,3-IUKIONEHTAJAMEHA WMEIOTCS ONpENETCHHBIE MPOOEIbI,
CBSI3aHHBIC C OTCTYTCTBHEM PAIIMOHAIBHBIX M MPAKTHUYHBIX CIIOCOOOB OMNTUYECKOTO
pacHICTVICHUsT €ro JIOCTYMHBIX TMPOU3BOJHBIX JUISI MaKCUMalIbHO 3(h(HEKTUBHOTO
NPUMEHEHUSI B HANpPaBJICHHOM OrPAaHUYECKOM CHHTE3€ MPAKTUYECKH 3HAYMMBIX
IUKJIONIEHTAaHOUOB.

Heans pabGorel. llenpio HacTosmeld paboOThl SBISETCS pa3pabOTKa HOBOTO
cocoba  ONTUYECKOTO  pacHISIVICHUS  JIETKOJOCTYMHBIX  [2+2]-IIMKIOaIyKTOB
IUKJIONEHTAJAUEHA W €T0 MPOU3BOJHBIX C JUXJOPKETEHOM W TOJY4YEHUE ONTUYECKHU
YUCTBIX OMIMKINYECKUX y-JIAKTOHOB Tomojoruu 3-okcabunmkio[3.3.0]okr-6-eH-2-0Ha,
M3yUYEHUE MX XMMHUYECKHUX CBOMCTB M OCYIIECTBICHHUE OPUTMHAIBHBIX CXEM IOJIHOTO
CHUHTE3a KOHKPETHBIX MPOCTAHOUIOB U POJICTBEHHBIX COSAMHEHUI HA OCHOBE Hanboiiee
MEPCTIIEKTUBHBIX OJIOKOB.

JInsg peanu3aluy  MOCTABJICHHOW LeEJAHM ONPENENICHbl CIEAYIOINUE 3a4a4M

HCCICAOBAaHMA:
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1. Pa3pabotka 3¢ (HeKTUBHOMH, MIPaKTUYHOM U YHUBEPCAIbHOU
MOCJICIOBATEILHOCTH TPEBPAIICHUS 2eM-TUXJIOPIUKIO0YyTaHOHOBOTO KoJiblia [2+2]-
IIUKJIOAJITYKTOB B Y-JTAKTOH C MCHOJIb30BAHHEM XHPAJIbHOTO G-METUJIOSH3WIaMUHA C
UTOTOBBIM BBIXOJIOM K SHAHTUOMEPHO YHUCTHIM COETUHECHHUSIM;

2. [Touck cmoco0OB cTepeo- MW PEruoCeNeKTUBHON (YyHKIIMOHAIM3AIUH
MOJYYEHHBIX XUPaJIbHBIX Oa3UCHBIX Y-JIAKTOHOB W/WJIM HUX JUACTEPEOMEPHBIX
MPEAIIECTBEHHUKOB, B TOM YHUCIIE:

- M3YYCHME BO3MOKHOCTEH CEJICKTUBHOIO OKCUT€HHUPOBAHUS JIBOMHOM
CBSI3U B ycloOBHsX peakuuil [IpuHca, smokcuanpoBaHus, OpOMTIHAPOKCHIMPOBAHUS U
TUAPOOOPUPOBAHUSA-OKUCIICHUS;

- MOJ00pP METOJ0B BOCCTAHOBHUTEIIBHOTO U TUIAPOIUTHUYECKOTO PACKPBITUS
y-TAKTOHHOTO KOJIblla B OUIIMKJIIAX;

3. Pa3paboTka 1OAXO0MOB, UCXOMANMX U3  (PYHKIHOHATUZUPOBAHHBIX
0a3UCHBIX XUPATbHBIX COSTUHEHUMN, K HOBBIM U U3BECTHBIM IMKJIONEHTAHOUaM, B TOM
qyucre:

- OCYIIECTBJIEHHWE TMOJHBIX U  (GOPMAIbHBIX  CHHTE30B  psija
[UKJIOTICHTAaHOBBIX AHTUOMOTUKOB;

- pa3paboTka 0Omero MeToja TMOJYYEHUsS  KPOCC-COMPSHKEHHBIX
IIUKJIOTICHTCHOHOB HAa OCHOBE XHMPAJIBHBIX 3-okcaOuukio[3.3.0]okT-6-eH-2-0HOB, B
JaCTHOCTH 15-z[e30KCH-A12’14-npOCTarJ1aH)11/IHa J, 1 ero sHaHTHOMEDA.

Hayuynasi HOBHM3HA COCTOMT B pa3pabOTKE HOBOTO YHHBEPCAJIBHOTO CIOCco0a
ONTUYECKOIO0  PACLICIUIEHU  JIETKOAOCTYNHBIX  paleMHUYeCKux [2+2]-amaykToB
[UKJIONECHTaAUEHA W €ro MPOM3BOJHBIX C JuxjopkeTreHoM. CyTh NpeasiaraeéMoro
MOJIXO0/Ia 3aKII0YAeTCS B PACKPBITUU HAMPSHKEHHOTO 2eM-AUXIIOPIUKIO0YTaHOHOBOTO
dbparmMenTa aeiCTBHEM HYKJICO(OUIBHBIX XUPAIbHBIX BCIIOMOTATEIbHBIX areHToB — (+)-
U (-)-a-MeTHIOCH3MIAaMUHOB. Pa3jieseHne ONTHYECKUX H30MEPOB OCYIIECTBIIACTCS
xpoMarorpaduuecku, Ha dTare IUacTePEOMEPHBIX OUIUKIMYECKUX JaKTaM-aMUHAJICH,
oOpa3yromuxcsi TMocjie TUAPOIM3a 2ceM-TuxJIopMeTWIbHOM rpynmbl. [locnenyromue

cTagun BOCCTAaHOBJICHUA aMUHaIen o ruapoim3a COIIPOBOKIAAOTCA YAAJICHHUCM
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XUPAJBbHOTO  BCIIOMOTATEIBLHOTO areHTa W TNPUBOAST K  MHIAWBHIYaJbHBIM
SHAHTHOMEPHBIM 3-0KcaObuIuKIo[3.3.0]okT-6-eH-2-0HaMm.

B xome m3ydeHHs XMMHYECKHX CBOWCTB IMOJYYCHHBIX XUPATBHBIX COCIMHCHHIA
OOHapy>KEH ¥ U3Yy4YeH pIA CTEPEO- M PETHOCEICKTUBHBIX CIOCOOOB BBEICHHS
THIPOKCHIILHOM TPYIIIBI IO MECTY TBOMHOMW CBS3H IIMKJIONICHTEHOBOTO ()parMeHTa:

a) peakiyu OpOMIUIPOKCUIIMPOBAHUS TUACTEPEOMEPHBIX 2-(TUAPOKCUMETHI)-N-
[(1R)-1-penmmTmn|-tuknoneHT-3-eH-1-kapOokcamunoB o aeiictBueM NBS B cpene
TI'®-Boma TpOTEKAIONIUE CTEPEO- M PErHOCHeNUPUIHO, MPUBOAS K 00pa30BaHUIO
MPOJIYKTOB aTakh OpOMOHHMI-KAaTHOHA C TMPOCTPAHCTBEHHO MEHEe 3aTpyIHCHHOMN
CTOPOHBI MOJICKYJIBI;

0) peakIuu KOHTPOJUPYEMOIO0 THUJIPOKCUMETUIBHOM TpyMNIoi CcTepeo- u
peruocnenuGuIHOro TUAPOOOpUpOBaHUA-OKUCIeHUs 2-(ruapokcumeTiin)-N-[(1R)-1-
(heHMIATUJI |-ITUKIIONIeHT-3-eH- 1-KapOoKCcaMH10B;

B) pEaklMH  CTEPEOCEJICKTUBHOIO  DMOKCHAMPOBAHUS  AJTUICHIAHOBOTO
dbparmMeHTa OUIIUKJIMYECKHUX Y-JAKTOHOB U MX MOHOITUKINICCKUX TIPOU3BOIHBIX;

r) npomotupyemoe  1,8-nuazaburukio[5.4.0]yHaen-7/-eHoM — cTepeo- |
pernocnenuduuHoe  OkHMclIeHue kuciaopogom  Bosayxa  (1R,4R,5S)-5-({[mpem-
OYTHUIIAMMETHIICUITUI |OKCH } METHI )-4-(TPUMETUIICHITIIT ) IUKJIOTIEHT-2-eH-1-
KapOaibaeruaa, COMPOBOXKIAIOIIETOCS TMEPEerpPyNIUPOBKON W MPOTEKAIOMIEro II0
«KkapOaHUOH-ECHOIATHOMY» MEXaHU3MY.

BriepBbie M3ydeHBl CTEPEOXUMHUYECKUE OCOOCHHOCTH TMPOTEKAHUS PEaAKINH
[IpuHCca psga THUKIOMEHTEHCOAEPIKAIIMX MOHO- M OWITUKINYCCKUX COCAMHCHHWH TPHU
KAaTaJIN3€ MUHEPAITBHOW KUCIIOTOM:

a) TII0Ka3aHO, YTO B CjJy4ac MOHOIMKIMYECKAX AaMHJIOCIIHPTOB pPEaKIUs
OCYIICCTBJISICTCS Yepe3 OKCOKapOCHHWEBBIC WHTEPMEIUATHI, MPUBOAS K Iapam
OMIIMKIIMYCCKUX COCTUHCHUH;

0) s OWIUKIMYECKHX JaKTaM-aMHHAJIed, B CBOIO OuYepedb, XapaKTEepHO
oOpa3oBaHHe Tap TPHUIUKINYCCKHX «DOWI-type»-nmpou3BoHbIX Kak pe3ysbTara

KOHTPOJISI TPOTEKAHUS TIPEBPAILICHUS CTPYKTYpO# cyOcTpaTa;
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B)  B3aWMOJICHCTBHE  OWIUKIMYECKUX  AJUTWJICHJIAHOBBIX  JIAKTOHOB €
(bopManbAerua0M MPOTEKAET KaK anmu-Sg2 -3aMeIleHUe CUITAHOBOM TPYIIIIBL;

I') CUHTETMYECKHN MOTEHLHAN TMOJYYEHHBIX COCIMHEHUU MPOJIEMOHCTPUPOBAH
MOJTYYEHHUEM PsiJia MEPCIEKTUBHBIX ITUKIIONEHTECHOBBIX COCIMHEHUH, TaK, HAIPUMED, U3
(2aR,2alR,3S,4aS,6aR)-3-ruapokcu-6-((S)-1-benmmTmn)okraruapo-5H-1-okca-6-
azarukonenralcd]menraneH-5-oHa ObLJI CHHTE3UPOBAaH HOBBIM JIAKTOHIMOJ JHMAIleTaT,
KOTOPBIN SBIISETCS PETMOU30MEPOM JIaKTOHM0Ia Kopu — n3BectHOro 6a3ucHoro 0Joka
B MTOJIHBIX CUHTE3aX MPOCTarjaHuHOB,;

) TUTS CUHTE3UPOBAHHOTO (3aS,4S,6aR)-4-(rugpoxkcumernn)-3,3a,4,6a-
terparuapo-1H-nuknonenTalC|pypan-1-oHa onmucaHo HEOOBIYHOE MTPOTEKAHUE PEAKIIUU
HOIJTAKTOHU3AIMH C 00pa30BaHUEM IMOKCHIA.

BnepBbie o00Hapy>XeHbl HOBBIE BapHaHThl PETHO- M CTEPEOCEIEKTHUBHOIO
oOpa3zoBaHus coelMHeHUH Torojoruu ourukio[3.1.0]rekc-2-eHa:

a) BHYTPUMOJIEKYJISIPHOE «ITYII-ITYJUI»-THUIA ITUKIOTMPONAHUPOBAHUE aJUTHIIOBBIX
TPUMETHIICHIIMIIIIUKIIONICHT-2-eHOB,  comepxkammx 1pu  C(5) 3amecturens ¢
aKTUBHUPOBAHHOM JBOMHOM CBsA3BIO, B CHUCTEME TeTpadyTUIaMMOHUNDTOPHI-
TeTparuapodypas;

0) BHYTPUMOJICKYJIPHOE ITUKIOMPONAHUPOBAHUE METUJIOBOro J3dupa 2-
[(1S,4R,5R)-5-({[mpem-OyTrnaume TUIICHITHAI |OKCH } METHIT)-4-TUAPOKCHIIUKIIO-TICHT-2-
eH-1-wi]ykcyCHOM KHUCJIOTBI TIpU JCUCTBUM TIeKCaMeTWJICHIWCUIIa3uaa HaTpus,
MPOTEKAIOIIETO [0 MEXaHW3My Sy2’-3aMEIICHHS AJUIMIBHOW CIHPTOBOW TPYIIIIbI
3()UPHBIM €HOJISITOM;

Pa3zpabotan  cTpaTermyecku  HOBBIM  TOAXOJ K  KPOCC-COMPSKEHHBIM
IUKJIOTICHTCHOHAM Ha OCHOBE DHAHTHOMEPHBIX  O-(TpuMmeTmicwimi)-3,3a,6,6a-
teTparuapo-1H-nuknonentalClgpypan-1-oHOB, 3aKITIOUYAIOIIUICS B CTEPEOCEICKTUBHOM
AMOKCUUPOBAHUM aAJUTMIICUIIAHOBOTO (pparmenTa u mocnenytomiei lletepcon-Tumna
dbparmeHTanuu JTaOUIBHBIX JMOKCHIOB JI0 COOTBETCTBYIONIUX AJUTUJIOBBIX CIIUPTOB -
KJIFOYEBbIX OJIOKOB B (DOPMUPOBAHUU LMUKJIOTIEHTEHOHOBONW CHUCTEMBI OKHCICHHUEM U

HUTOIOBBIM 3JIMMHHHUPOBAHUCM ITOAXOAAIINX ,B'33M€CTHT€J'I€I7L
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Teopernueckass M NpaKkTU4YecKasi 3HAYMMOCTb. Ha ocHOBe mMOMy4eHHBIX
KITF04eBBIX  3-0kcaOuIMKI0[3.3.0]oKT-6-eH-2-0HOB  MPEIIOKEHBI OpPUTUHAIBHBIC |
3G (deKTUBHbIE TYTH TOJYYEHHUS HOBBIX U YK€ M3BECTHBIX IIMKJIONEHTAHOUIOB,
MPEJICTaBISIIOIINX CHHTETUYECKUI HHTEpEC:

1. OcyiecTBieHbl OpPUTHMHAIIBHBIE CHUHTE3bl psAlla COCIMHEHUU, 00Jagaronux
AHTUOMOTUYECKUMH, MPOTUBOBOCTIAIUTEIBHBIMU U AHTUPAKOBBIMU aKTUBHOCTSIMU:
CapKOMHUIIMHA A, IUKIOCAPKOMUIIMHA, TOMOIIMKIOCAPKOMHIIMHA U UX SHAHTHOMEPOB;

2. Pa3paboTanbl HOBBIE TMOJXOJbl K COCIUHEHHUSM, HUMEIOIIUM Ba)XHOE
MPaKTUYECKOE 3HAYCHUE B MEJUIIMHE U OHOJIOTHM: OpedenpauHa A, MpeKIaBysioHa A,
aHaAJIOTOB CIIMHO3MHA A, a TaKXke psja U30- U HEUPOIIPOCTAHOB;

3. OOHapyKeHbl HOBBIE BapHUAHTHI BHYTPUMOJIEKYJISIPHOTO
LIUKJIONPONAHUPOBAHUS HUKIONEHTEHOBBIX AJUIMJICHUIIAHOB C MOJIYYEHUEM COEIUHEHUN
tornosiorur ounukio[3.1.0]rexc-2-eHa;

4. BnepBble CHHTE3UpPOBAH pPsAJl HOBBIX JM- U TPULHUKINYECKUX XHUPATbHBIX
TeTparuipo- u 2-0KCcOTeTparupoypaHcoaepx aimx IUKJIONEHTAaHOUIOB,
IPEJCTaBISIIOIINX UHTEPEC B XUMUU aHTUOMOTHUKOB U TOJMKETHIOB alleTOI€HUHOBOU
cepuu;

5. Pa3zpaboraHa M ocCylIecTBIIEHA HOBas CXE€Ma IOJHOTO ACHMMETPHUYECKOIO
CHMHTe3a  MeTwioBoro  3dupa  (-)-Iuae3METHIMETWICHOMHUIIMHA A,  Kak
(dhapMaKoIOTHIECKH MEPCIIEKTUBHOTO aHAJIOTa aHTUOMOTHKA METUJIICHOMUIIUHA A

6. BmnepBble, Ha OCHOBE SHAHTUOMEPHBIX O-(TpuMmeTHICHINI)-3,38,0,6a-
terparuipo-1H-mmmknonenra[Clpypan-1-oHOB mpeacTaBiieHa OpUTMHAJIbHAs CXeMma

12,14
CUHTE3a MeTuiIoBoro 3¢upa 15-ge3okcu-A

-IIpOCTarjaHnHa J, ¥ ero YHaHTHOMEpa,
UMEIOIINX BCEBO3PACTAIOMINN MHTEpEC B (PapMaKOJIOTUH U OMOMETUITMHCKON XUMHH.
KiroueBbIME MOMEHTaMHU, OTIPEACISIONIMMHU CTPATETUIO TIOAX01a, SIBIISIOTCS:

a) oOpa3oBaHMe  MPEIIISCTBEHHHKA  [UKIONEHTCHOHOBOTO 0CTOBa
MOCJIeIOBATEIBHBIME PEAKIUsIMU AIOKCUAnpoBaHus u [lerepcon-Tuna dparMeHTarum
B QJUIWJICHJIAHOBOM ydacTke metmioBoro 3dupa 2-[(1R,2R,5R)-2-{[(mpem-OyTunnu-

METHUJICHITHIT )OKCH [METHUI | -5-(TPUMETHIICHINI ) [TUKJIONEHT-3-eH- 1 -1 | yKCycHOM

KHCJIOTHI;
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6) «one-poty mpouecc [l,5]-Murpanuy CHUIMIBHOM 3alIMTHOM TpyMIbl B 2-
[(1S,4R,5R)-5-{[(mpem-OyTHIIUMETHIICHITHI ) OKCH [METH } -4-THIPOKCHIIMKIIONICHT-2-
eH-1-uijaneranpaeruie Mpu IMOCTPOSCHUU O-IEMU peakuuen oJaeUHUPOBAHUS IO
Burrtury;

B) KOHJCHCaIus MeTHiIoBoro sdupa (Z)-7-[(1S,4R,55)-4-[(mpem-0yTunaumeTri-
CHUJINIT)OKCH |-5-popMUNIUKIONeHT-2-eH-1-ui|rent-5-eHoBoid ~ kuciotel ¢ E-1-
JUTHUUTENTEHOM U Mocieaytomiee (GopMUpPOBaHHE -O00KOBOH LIEMU MyTeM 00pa30BaHuUs
KpPOCC-COIPSIKEHHON cUCTEMBI B pe3yibTaTe okuciaeHus: C(11)-ruapoKCHIbHON TPYIIbI
u neruapararuu npu C(13).

Metogooruss M MeToabl  McciaeaoBaHusi. J(nsg  pemeHuss  3amad
JUCCEPTAlIMOHHOTO  HUCCIIEJOBAaHMSI  MCHOJb30BaHbl ~ COBPEMEHHBIE  IPUHLIUIIBI
TUTAHUPOBAHUS CUHTE3a, MMOJATOTOBKA M OCYIIECTBICHUE XUMUYECKUX IKCIIEPHUMEHTOB C
UCIOJIb30BaHUEM CTaHJIAPTHBIX U MOAU(PUIIMPOBAHHBIX METOJOB OPraHUYECKON XUMHH,
HaIpPaBJICHHBIX Ha pa3pa0OTKy palMOHANbHBIX IyTeH MOJY4YEHHUs] U3BECTHBIX U HOBBIX
XUpaJbHBIX  IMKJIONEHTAaHOWAOB. [Ipm  ycTaHOBIIEHWHM CTPOCHHS TOTYYCHHBIX
COCMHEHUM TPUMEHEHbl OOIICTIPUHATBHIE CIOCOObI  YCTAHOBJEHHUS  CTPOECHMS
OpTraHWYECKUX COEAUHEHUW: OJHOMEpPHAas (‘H u 13C) U JIByMEpHAas CHEKTPOCKOIUS
SAMP (HSQC, COSY, NOESY, HMBC), macc-cnekrpomerpus, UK-cnektpockomnus,
HOJIIPUMETPHS, U3MEpeHHe TeMIeparyp IUIaBJICHUS, AJIEMEHTHBIN u
PEHTTEHOCTPYKTYPHBIA METO/IBI aHAIH3A.

OcHoOBHBIE 10JI0KeHHS, BBIHOCUMbIE HA 3a1IMTY:

1. HoBbiil croco0 modyyeHuss SHAHTHUOMEPHBIX )-JIAKTOHOB TOIMOJOTUH  3-
okcabuikio[3.3.0]okr-6-eH-2-oHa nyTeM ONTHYECKOTO pacIIerICHHs
JETKOJOCTYNHBIX  [2+2]-alqyKTOB LMKJIONEHTAJUE€HA M €ro NpPOU3BOJHBIX C
JTUXJIOPKETEHOM;

2. OxucnauTenbHble TPEBpAIICHUs JABOWHOM CBA3M MOHO- M OMIMKINYECKUX
IPOM3BOIHBIX IIUKJIONEHTAHOB: PEAKLIUU SMOKCUAUPOBAHUSI, OPOMIHAPOKCUINPOBAHMUS,
IIpunca 51 rUApOOOPUPOBAHUSI-OKUCIICHHUS. Bo3moxxHocTu cTepeo- 51
PETMOCENIEKTUBHOTO  TMOJY4YeHHMs]  HOBBIX M H3BECTHBIX  IUKJIOMNEHTaH- U

[UKJIOTIEHTEHCOAEPKAIUX COCAMHEHUMN: CIIUPTOB, KETOHOB, AMOKCHUJIOB U pa3padOoTKa
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psiza MOMHBIX U (POPMAJTBHBIX CHHTE30B COCIMHEHHUI 00JIaIaloNuX MPOTHBOPAKOBBIMH,
AHTUOMOTUYECKUMH WJIA TPOTHBOBUPYCHBIMH CBOMCTBAMH: METHJIOBOTO 3dupa
CapKOMHUIIMHA A, IMKIOCAPKOMMIIMHA, TOMOIMKIOCAPKOMHUIIMHA, TUIE3METHUIMETHU-
aeHomuIHa A, OpedenbanHa A, MpekiiaByjIoHa A u ap.;

3. HoBble BapuaHTBl MMOJydYeHUsT OU- W TPULIUKIMYECKHX  IIPOU3BOIHBIX
[IUKJIONIEHTaHa U LHUKJIIOMeHTeHa: Tonojiorun ourukino[3.1.0]Jrekcana u [3.3.0]-okTaHa, a
TaKXe TeTParupo- U 2-0KCoTeTparuapoPypancoepxKaux MUKIONEHTaHOUIOB;

4, OpuruHanapHas CTpaTerds CHHTE3a COCIMHEHUN MNPOCTarjaHIWHOBOIO psja W3
XHPAITBHBIX y-TAKTOHOB TOmoJoruu 3-okcabuimkino[3.3.0]okT-6-eH-2-0Ha Ha mpuUMepe

12,14
-nmpocTarjasauHa J, —

MOJIHOTO CHUHTE3a METUJIoBoro »sdupa 15-ge30kcu-A
CWIbHeero npupoaHoro wuHruOuropa PPARYy-3aBHCHMBIX TPOLIECCOB KIETKH,
OTBETCTBEHHBIX 3a 3aITyCK anonTo3a U NpoirudepaTUBHBIX U3MEHECHUM.

CreneHb HOCTOBEPHOCTH pe3yabTaToB. [loji0KeHHS W BBIBOJBI CAEIAaHBI HA
OCHOBE MHTEpIIPETallid COOCTBEHHBIX OSKCIEPUMEHTAIbHBIX JaHHBIX. Bbicokas
JIOCTOBEPHOCTh  TMOJYYEHHBIX PpE3yJbTaTOB MOATBEPXKAACTCA  HACHTU(DUKALIUCH
UCXOJIHBIX BEIIECTB M MPOJYKTOB PEAKIUiA BCEMH HEOOXOJIUMBIMU M JIOCTATOUHBIMU
(U3UKO-XUMUYECKUMU MeToAaMu, B ToM yucie AMP 'H, B¢, 2D (1H-1H COSY, 'H-'H
NOESY, 'H-"*C HMBC, 'H-"*C HSQC), macc-, IK-criekTpoMeTpueii, oJspHMETpHei,
U3MEPEHUEM TeMIEepaTyp JIaBJICHUS, JAHHBIMU AJIEMEHTHOTO u
PEHTIE€HOCTPYKTYPHOTO aHAIMN3a.

AnpobGauust pa6orbl. OCHOBHBIC PE3yJbTAaThl padOTHl OBLIM MPEICTABICHBI HA
VIl pernonanpHO# mIKoJie-KOHGEPEHIIUU IJIsI CTYACHTOB, aCHUPAHTOB U MOJIOJBIX
YYEHBIX M0 Maremaruke, pusuke m xumuu (Yda, 2008), MexayHapoIHOH Hay4dHO-
TEXHUYECKOU KoH(pepeHn «Kurancko-poccunckoe HAYy4YHO-TEXHUYECKOE
coTpyauuuectBo. Hayka-o6pazoBanue-unnoBanuuny (KHP, XapOun-Canbs, 2008),
UTOTOBBIX KOH(EPEHIUSIX MO pe3yibTaTaM BBIMOJHEHUS MEPONPUATHIA B paMKax
npuopuTeTHOr0 HampasieHus <«OKuble cucrtembl» (MockBa, 2008, 2009), VII
BCEPOCCUMCKON KOH(DEPEHIIMU C MOJIOIC)KHOW HAYYHOM MIKOJION «XUMUS U MEAUIMHA,
Opxumen-2009» (Yda, 2009), HaydHO-IpaKTHUECKOW KOH(EpEHIIMH CTYICHTOB U

aCIMpaHTOB XMMHUYECKOro (akynpTeTa, mnocBsnieHHoW 100-1eTrio  OCHOBaHUS
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bamkupckoro rocynapctBeHHoro ynusepcutera (Yda, 2009), | PecmyOnukanckoit

KoH(epeHIIMH MOJIOABIX YYCHBIX «XHUMHS B HHTepecax uemoBeka» (Yda, 2011),
MexayHapoHON IIKOJIe-KOHGEpPEHIIMU JUIsl CTYAEHTOB, ACIHPAHTOB M MOJIOABIX
yaeHbIX «DyH/IaMEeHTalIbHAsE MaTeMaTHKa U €€ TIPUIIOKCHHs B ecTecTBo3HaHUM» (Y da,
2011, 2012, 2014), XV MONOACKHOMN MIKOJIEe-KOH(EPEHIIMHA 10 OPTaHUYCCKON XMMHH
(Yda, 2012), Bcepoccuiickoit MOJOIEKHON HaydHO-NPAKTUYECKONW KOH(pEpEHIUU
«AKTyalbHBIE BOMPOCH Hayku U oOpazoBanus» (Yda, 2013), IX Bcepoccuiickoii
KOHpEpeHIIMU «XHUMHS MW MEAUIMHAa» C MOJIOASKHON HAy4YHOW IIKOJOM MO0
oprannueckot xumuu (Yda-Ao63akoro, 2013), VIII Bcepoccuiickoit HayuHOU
uHTepHEeT-KOHpepeHun «MHTerpaius Hayku U BbICIIEro o0Opa3oBaHusi B 00J1acTH OMo-
U OpraHuveckorl xumuu u omorexHomorum» (Yda, 2014), MexayHapoaHOi 3a04HOM
Hay4YHO-TIpakTH4Yeckoi koHPpepeHuu «Hayka, oOpa3zoBanue, 00I1I€CTBO: TEHJICHIIMU U
nepcnektuBbl» (MockBa, 2014), X Bcepoccuiickoii KoHpepeHIHH «XUMHUS U
MEJUIIMHA» C MOJIOJACKHOW HAyyHOM IIKOJOM 1o opranudyeckon xumuu (Yda-
A63akoBo, 2015), Il Bcepoccuiickoii MononexHol KoHpepeHuuu «JlocTrmxeHus
MOJIOJIBIX YUEHBIX: xuMuueckue Hayku» (Yda, 2016), 11l Becepoccuiickoii MoionexxHoN
KoH(pepeHn «JloCTHXKEHUST MOJIOJIBIX YUYEHBIX: Xumuueckue Haykm» (Yda, 2017), XI
Bcepoccuiickoit HayuHol uHTepHET KoH(pepeHuuu «HTErpanus HayKd W BBICIIETO
oOpa3oBaHus B 00J1acTH OMO-U OpraHUYEcKo XUMUU U OuorexHonorum» (Yoa, 2017),
XX Bcepoccuiickoii KOHPEPEHIIMH MOJIOJBIX YYEHBIX-XMMHUKOB (C MEXKIYHAPOJAHBIM
yuactueM) (Hwxkuuit Hosroposm, 2018), 111 Beepoccuiickoit mononexHoit koHbepeHIuu
«IIpoGneMbl U AOCTHXKEHUST XUMUM KHUCIOPOJ- W a30TCOJEpkKAIUX OHOJOTHUYECKU
akTUBHBIX coeauHeHui» (Yda, 2018), Bcepoccuiickoil MOJIOAEKHON KOH(EpEHLINH
«CoBpeMEeHHBIC TOCTUKEHUSI XUMUHU B paboTax Mosoasix yaeHbx» (Yda, 2019), XXIII
Bcepoccuiickoli  kOH(MEpPEHIIMM MOJOJBIX YUEHBIX-XMMUKOB (C  MEXIyHApOJIHBIM
yuactueM) (Hwxuuii Hosropon, 2020), XV Bcepoccuiickoil Hay4yHOWl HHTEpHET-
koH(pepentuu «UWHTErpamuss Hayku M BBICHIETO O0pa3oBaHUsi B 00jacTu OWO-U
opraHudeckol xumuu u OuorexHonorum» (Yda, 2021), S5-oii Poccuiickoit

koH(pepennnu «MeaXum-Poccus 2021» (Bonrorpan, 2022).



16
Myoankamuu. Ilo matepmamam guccepranmuu omyOaukoBaHo 59 paboT, u3

KOTOpBIX 26 crarell (Bkiouass 2 0030pa) B KypHanax, pekomMeHmoBaHHbIXx BAK u
unaekcupyembix B Web of Science u Scopus, 1 cratbs B cOOpHHKE HaydHBIX TPYI0B, 1
MoHorpadus, Te3ucel 31 Mokmama Ha MEXKIYHAPOJHBIX M POCCUHUCKHX HAyYHBIX
KoH(pepeHusX, a Takxke noiaydeH 1 nateHT PO.

CooTBeTcTBHE MACNOPTY 3asiBJCHHON crnenHaJbHOCTH. Tema U cojepkaHue
JTUCCepTalMoHHOM  paboTel  ['mmazeranHoBa A.M. COOTBETCTBYIOT  MAcmoOpTy
cnennasibHOCTH 1.4.3. «Oprannyeckass XuMus»: 1.1 «...BBIIEIICHHE U OYHUCTKA HOBBIX
COEJIMHEHUI», 1.3 «...pa3BUTHE PALMOHAIBHBIX MYTEH CHUHTE3a CIOXKHBIX MOJIEKYID),
.7 «...ACCIEAOBAaHUE CTEPEOXUMHUYECKUX 3aKOHOMEPHOCTEH XMMHYECKUX Peakuuid U
OpPraHUYECKUX COCIUHEHUM. .. ».

JInunblii BkJaax aBTopa. BriOOp TeMbl AHMCCEPTAIMOHHOTO UCCIEAOBAHUS,
onpejesieHue Leneil U 3axady, cOOp M aHalIM3 JIMTEPATYPHBIX JaHHBIX IO TEMeE
UCCIIEIOBaHMsI, CHHTE3bl BCEX COCAUHEHMH, paclM@poBKa U HHTEpIpETaIys
pe3yNbTaTOB (PU3MKO-XMMHUYECKUX METOJOB aHalin3a U (POPMYIMPOBAHUE HAYUHBIX
IIOJIOKEHUI U BBIBOJIOB, BBIHOCHMBIX HA 3aILUTY.

O0bem M cTpykTypa padorsl. JuccepranmmonHas pabota usnoxkeHa Ha 405
CTpaHUIaX MAIIMHOMMCHOIO TEKCTa U COCTOUT U3 BBEJCHUS, JUTEpPATYypHOro 0030pa,
00CYKIeHHsI pe3yIbTaTOB, SKCIIEPUMEHTAILHON YaCTH, BBIBOJOB U CIIUCKA JIUTEPATYypPhl
(334 naumenoBanwmii). [luccepranus coaepxkut takke, 10 pucynkos, 3 tabmuimbl u 142

CXCMBI.
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I'1asa 1. JATEPATYPHBINA OB30P

Enunwmqecmde JJAKTOHBI — YHUBEPCAJIbHBIC IPEAMICCTBCHHUKN

npocrarjanJinHoB

Coenunenusi, cogepkamnue (pparMeHT HUKIONEHTaHA, SBISIIOTCS HEOThEMIIEMOM
YacThlO JKMBOM TPUPOABI M UX MNPUHATO OOBEIUHATH TMOJ OOIIMM Ha3BaHUEM —
nukioneHTaHouasl. Cpeau HUX 3aMETHOE MECTO 3aHMMAIOT MPOCTAHOUIBI —
BAKHEHMIINE KIETOYHBIE PETYISITOPBI, KOTOPBIE MPOAYLIUPYIOTCS TKAHSMH BCEX >KHBBIX
OpPraHW3MOB Ha MOJIEKYJIIPHOM YPOBHE, UIpasi ONPEACIISIONIYI0 pOjib B roMeocTase. B
3aBUCUMOCTH OT OCOOCHHOCTEM XHUMHYECKOM CTPYKTypbl W TyTeil OuOocHHTE3a
MPOCTAHOMABl  JEIAT HA HECKOJbKO OCHOBHBIX KJIACCOB: IPOCTarjiaHAWHBI,
NPOCTAllMKJIMHBL W  TpoMOokcansl [1,2]. WX mnpeamiecTBEHHUKaMH BBICTYNAIOT
HE3aMEHHUMBbIEC TTOJIMHEHACHIIIEHHBIE MPOU3BOJHBIE 3MKO3aHOBOM KHUCIOTHI, KOTOpbIE
y)K€ B 3aBUCUMOCTH OT OOCTOSITENIbCTB, KaK DJH3UMATUYECKHUMH, TaK U
HeepMEHTATUBHBIMU IMYTAMH MOTYT TpaHC()OPMUPOBATHCS B KOHKPETHBIE BUJIbI
npoctaHousoB. Hekoropple wu3 Hauboyiee pPaCHpPOCTPAHCHHBIX MpEACTaBUTENCH
MOCIICAHUX, 00pa3yroIuXcs iN VIVO 13 apaxu0HOBOM KUCIIOTHI, TPEICTABICHBI HA PHC.
1.1. B oOmem, TpoCTaHOWIBI MPEJACTABISIOT COO0ON PEryJsaTOphbl, IPOSBISIONIINEC
JIOKaJIbHOE JIEHCTBUE HA KJIETOYHOM YPOBHE M MX OOraToe CTPYKTYpHOE pa3sHooOpazue
o0ycCJaBIMBAaEeT BCIO IIMPOTY UX OMOJIOTHYECKOro jaeicTBus. [Ipu 3TOM MHTEpEeCHBIM
SBJISIETCS TOT (paKT, YTO, KaK MPABUIIO, €CJIM arOHHUCTOM KaKOro-Jaubo OMOJIOTHYECKOTrOo
abdexTa sBAsETCS OAUH SUKA30HOM], TO AHTArOHUCTOM — Jpyroil. Tak, Hampumep,
TpoMOoKkcaH A, (TXA,) cTUMyIHpyeT U YBEITHMUUBAET arperaiuio TpoMoonuTos [3,4], a
npoctanukianH |, (PGl,), B cBorO, ouepenb, IBISETCS CUIBHEHITUM HHTHOMTOPOM JTHX
nporieccoB [5,6]. AHanoruuyHas mapa MPOCTAaHOUIOB pPEryaupyeT padboTy Triaakon
MycKynatypsl, rae mpocrarmanauH E, (PGE;) Be3biBaeT ee paccinabnenue [7,8], a
npocrartanau Foo (PGFa) — cokpamienne [9,10]. Taxke crnpaBeavBO U TO, YTO B
3aBUCUMOCTM  OT THUNA TKaHU MPOAYLUPYIOLIEH  KOHKPETHBIM  DUKO3aHOU[
OMOJOTUYECKUI OTKIIMK MOKET OBITh pazyinueH. B 9Toil cBsA3M mokasareneH nmpumep 15-

12,14

ne3okcu-A~""-npocrarnanauna J; (15d-PGJ,), KOTOpBIN M3BECTEH M KaK CEJICKTHBHBIM
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murany penentopa PPARy (peroxisome proliferator activated receptor y) [11], u kak

uHrnourop «NF-xkB»-mytn aktuBanmu nporeocom (nuclear factor «B) [12]. BaxHocTs
ATUX MEXaHU3MOB JIydllle IOAYEPKUBACT IEPEUCHb MATOJOTHYECKUX IPOIECCOB,
OTHOCHUTEIHHO KOTOPBIX HA JAaHHBIA MOMEHT BEAYTCS MacCIITAOHBIC OMOMEIUITMHCKUE
HCCIIeIOBaHUsI aKTUBHOCTH JJAHHOTO TPOCTarjlaHJIMHa: pakoBble 3a0osieBanus [13,14],
apTputhl [15], arepockiiepos [16], nmemudeckas 6ose3nb [17], nuaber 2-ro tuna [18],

oxxupenue [19] u ap.

\
W \=/\/\C02H
ZZS
OH
IIpocrarnanaun
FZOL
CO,H - \\\\ \
MozH IN=""copn
/ N
0) Tpombokcan A OH =
B 2 OH OH
= = W Mpocrarmanaus J,
W WCOZH
HO\\\ Z 4 v
OH o 5H
Mpocrauukus I, Ipocrarnanaun D,

Pucynox 1.1 — CTpyKTypbl OCHOBHBIX MPEACTABUTENCH MPOCTAHOUIOB U3

apaxuJ0HOBOW KHCIIOTHI

Takum o00pazoM, TpH pPacCMOTPEHHUH NPOCTAHOMIOB MOKHO BBIICIUTH JBa
OCHOBHBIX MOMEHTA: BO-MEPBBIX, OHU NPEACTABISAIOT COOOM JOCTATOYHO OOJIBIIOE
YUCJIO JOBOJIBHO OJIM3KUX TI0 CTPOCHHIO COCIMHEHUW U BO-BTOPBIX, CIEKTP
OMOJIOTUYECKUX AaKTUBHOCTEH OTUX OHHJOTEHHBIX PEryasTOPOB OYEHb IIHUPOK U
yHuKaieH 1no 3(dexkTuBHOCcTU. [loHMMaHUE BBHICOKOW BaXXKHOCTH 3TUX COCAMHEHUM
BO3ZHHKJIO Cpa3y ke TMOoCJie UX OTKphITUs JlaypeatoM HoOeneBckoit mpemuu Yiabhom
Cpanarom ¢on Diinepom B 1933-1935 rr. OgHako, HECMOTPST HA PACIPOCTPAHEHHOCTh
ATUX CTPYKTYP BO BCEX YKHUBBIX OPTraHU3MAax, JJId HUX MNPAKTUYECKH HE CYLIECTBYET

MPUPOIAHBIX HCTOYHUKOB, KOTOpPHIE MOIJIH ObI 00€CIEeYnuTh BCE BO3PACTAIOIIYIO
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noTpeOHOCT, B HHUX. B 3TOM CBSI3M TOKa3aTeNeH CJEAYIOLUN NpuMep: ApPYyroiu
HoGenesckuit naypear Cyn» beprctpém BoiHykaeH Obul Ha 7 netr ¢ 1949 roxpa
MPUOCTAHOBUTDH MCCIIEIOBAHUS MIPOCTArIaH/IMHA F 13-3a CII0MKHOCTH €ro BBIJICTICHUS U3
BE3UKYJSIPHBIX jkené3 Oapana. [[ns pemeHus »Toi mpoOiembl Oblla OpraHM30BaHA
crienuaibHas nmporpamma mno coopy OvomMarepuaia Mo BCEMY CEBEPHOMY MOJYIIAPHUIO
[20]. OcHOBHOM TPUUUHOMN JedULIUTA SIBISIETCS UMEHHO BHYTPUKJIETOUYHBIN, OYKBAJIbLHO
«MOWTYYHBII», OHOCHHTE3 3TUX TOPMOHOB B OTBET Ha OIPEACIICHHBIE BHEIIHHE
daktopsl. HecMoTpst Ha TO, YTO psifi MPOCTArjJaHAMHOB BCE K€ HAYYWJIUCH MOIYy4YaTh
TPYJOEMKUM (PEpMEHTATUBHBIM ITyTEM, IMOTPEOHOCTH MEAMIMHBI W OHOJOTMU Ha
HaYyaJIbHBIX ATanax MX HM3yYEHHs] CMOTI YAOBJIETBOPUTH JUIIb OPTraHUYECKUW CHHTE3.
[MepBoIit cunTe3 mpocraraanauHos Fo, (PGFy,) u E; (PGE;) 6b11 npencrarien B 1970
roay eme oqauM HoOeneBckum naypearom Dnaitacom J[xeiimcom Kopu u 3TOT ycmex B
3HAYUTEIBHOM CTENEHM IOJCTETHYJ] BCECTOPOHHEE M3YYEHHME 3THUX COEIMHEHHH [21].
Ha ceroansinuii neHs, Ogaroaapsi yCUIUsIM XUMHKOB-CUHTETUKOB, U3BECTHBI CLIOCOOBI
NOJIyYeHHUs] MPAKTHUYECKH BCEX MH3BECTHBIX INPOCTAHOMJOB M HAa HMX OCHOBE B
KJIMHAYECKYIO MPAKTUKY BHEApPEH psija (papmakosiornueckux mnpenaparoB (duHompocT
[22,23], JTatanonpoct [24,25], Muzonpocroin [26,27], Bazanpocran [28,29] u ap. [30]).
OpHako, TpU PacCMOTPEHHM CHUHTE30B IMOJOOHBIX COEAMHEHUN, CTaHOBUTCS
OYCBHUIHBIM TO, YTO @ Priori OTHOCHTENbHAs TPOCTOTa CTPOCHHS M HEOOJBIINEe
pa3Mepbl HE O3HAYaloT JIETKOCTh MX mNonydeHus. OcHOBHas mpoOiema, Kak W s
CUHTE3a BCEX LUKJIONEHTAHOWJOB, 3aKIKOYACTCd B OTCTYTCTBUU JIOCTYIIHBIX
NOAXOMSIINX XUPATBHBIX MCXOJHBIX COEIMHEHHUHA. DTO OOCTOATENHCTBO, B CBOIO
ouepe/ib, MPUBEIO K BO3HUKHOBEHHUIO JOCTATOYHO OOJBIIOTO YHCIA MOAXOAOB,
OPUHLUIUATBHO  OTJIMYAIOMIMXCS  CHoco0aMM  TMOJIyYEHHs  HYXHBIM  0o0Opa3om
(GYyHKIHMOHATU3UPOBAHHOTO LIMKJIONEHTAHOBOTO OyioKa. Tak v mHave, BCe U3BECTHBIC
CUHTETUYECKUE MYTH K MPOCTAaHOMAAM MOKHO pa3AeiuTh Ha JBe rpymmbl. [lepBas u3
HUX BKJIIOYAeT B ce0sl CUHTE3bl, OCHOBAHHbIC Ha MCMOJIb30BAaHUH IUKJIONEHTAAUCHA U
€ro MPOU3BOJHBIX B KaueCTBE MATpHUL, HECYIIMX Oa30BbIA UUKIONEHTAHOBBIN
dbparment. ['nmaBHas mnpobieMa HTHX TOAXOMOB 3aKIIOYAETCS B HEOOXOJIUMOCTH

OINITUYCCKOI0 paCHICINICHHUA ITPU aCUMMCTPHU3AlMU aXHUPAJIbHBIX 0a30BBIX COCHHHCHHﬁ.
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[Ipy 5TOM B KayecTBE TMOJIOKHUTEIHPHOTO MOMEHTAa MOYKHO BBIICTUTh BBICOKYIO
YHHUBEPCAJIbHOCTh JAHHBIX METOJIOB, MO3BOJISIFOIIYIO MOJMy4aTh HA UX OCHOBE OOJIBIIOE
YHCJIO, KaK CaMUX MPOCTAIrJIaHJIMHOB, TaK M MX aHaloroB. B cBoio odepenp, apyras
rpynmna TMOAXO0/0B, CBSI3aHHBIX C (POPMHUPOBAHUEM IHMKIONEHTEHOBOTO OCTOBAa U3
JMHENUHBIX MOJIEKYJ MPU MCIOJIb30BAHUU PA3IUYHBIX CIIEHIU(PUUECKU KaTaIU3UPyEeMbIX
UKJIM3AI[MOHHBIX TPOIECCOB, BO MHOIOM peliaeT Npo0JieMy MHOTOCTaIUHHOCTH
cuHTe30B. OHAKO, TaHHBIE BapUAHTHI, 3a4aCTyI0, JIUIIECHBI ONPEACICHHON THOKOCTH U
MHOTOBAPUATUBHOCTU PE3YJIbTATOB, TaK KaK JUHEHHBIE CTPYKTYPHI, UCIOIb3yEMBIC B
MOJIX0JaX, CcaMu TpPeOYyIOT J[IOBOJBHO TPYAOEMKOTO TOMYyYeHUS W JOCTATOYHO
OrpaHUYeHbl B BO3MOKHOCTSX PA3HOTUIIHOM 0a30BOi (pyHKumoHanuzauuu. OmHaxo,
HECMOTpPsI HAa  3HAYUTENbHBIE pa3auuus B  TMOJAX0Jax K  (HOPMUPOBAHHIO
IIUKJIOTICHTEHOHOBOTO ~ OCTOBA,  OOJNBIIMHCTBO  HW3BECTHBIX MyTEH  IMOJyYEHUS
MPOCTAHOUOB MPOXOAAT CTamuio (OPMHUPOBAHUS OUIMKIOB, OJHUM M3 KOTOPBIX
ABJIAETCS - WIM O-JJAKTOHHOE KOJbIo. ClenyeT OTMETUTh, 4YTO MOJI00HbBIC
WHTEpMEINAThl, YYUTBIBas CTPYKTYpPHBIE OCOOCHHOCTH II€NIEBBIX COEIWHEHU,
MPEACTABISAIOT COOOM y/ayHble CUHTETUYECKHUE DPEIICHUS, KOTOpbIe B 3HAUYUTEILHOMN
CTETICHH OOJeTYaroT JalbHeWmyo paboTy. B mepByio ouepenp 53TO BBI3BaHO
HEOOXOJMMOCTBIO BBEJCHHS OJHOW WIIM JIBYX THAPOKCWIBHBIX TPYII, a TaKkKe
dbopMupoBaHUs JBYX OOKOBBIX IIE€TEW MPOCTAHOHWIOB. B 3TOM KOHTEKCTE JAaKTOHHAs
rpymnmna B OWIMKIE WIrpaeT CBOEOOpPa3HYI0 OJIOKUPYIONIYI0 poJib Cpazy JBYX
PEaKIMOHHOCTIOCOOHBIX YYaCTKOB, (PUKCHUPYS MPOCTPAHCTBEHHYIO KOHPUTYpAIMH UX
HEHTPOB W  o0ecmeunBasi BO3MOXKHOCTh  MpeoOpa3oBaHHsl  JPYTrUX  4acTel
[UKJIONIEHTaHOBOTO ocToBa. Kpome Toro, oOpazoBaHue )- U O-JTAKTOHHBIX IUKJIOB
3a4acTyl0 TMPOUCXOJIUT CIIOHTAHHO, BCIEACTBHUE BBICOKOW YCTOMYMBOCTH JaHHBIX
CTPYKTYp, UTO, B CBOIO OYepe/lb, YMEHBIIIAET BEPOSITHOCTh MPOTEKAHUS HEOKUIAHHBIX
noOOYHBIX TpaHchoOpMaIuii B JAaHHOM YacTH MOJICKYJbl TpU paboTe C JAPYruMHU
GyHKIMOHATBHBIME TpynmamMu. B mpeicTaBiIeHHOM gajiee JIUTEpaTypHOM 0030pe
OCHOBHOE€ BHHUMaHue OyleT YACIeHO OMHCAaHWI0 (POPMHUPOBAHUS YKa3aHHBIX BHIIIIE
OWIMKINYECKUX WHTEPMEINATOB W HMX TOCIEAYIOIIee HCIOIb30BAHUE B KA4YECTBE

XHUPAJBbHBIX MAaTPUIl ITPHY CHHTE3C LCJICBLIX CTPYKTYP MPOCTArJIaHAUnHOB.
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1.1 Hony4yenne OMUMKJINYECKHX MPOU3BOAHBIX V-JIAKTOHOB KAK KJIIYEBbIX

HHTEPMEINATOB B CHHTE3€ NPOCTAarJiaHAnHOB

1.1.1 y-Jlaktonbl Kopu, I'puko n ux npou3BogHbIe

[IpeumyiiecTBa y-IaKTOHHBIX UHTEPMEIUATOB OTYETIIMBO MPOSBUIKNCH B MEPBIX
K€ CHHTE3aX MPOCTArIaHJAMHOB IpeAcTaBlIeHHbIX Jiaiiacom Kopu. B mpennoxeHHon
UM CTpaTeru TOJHOTO KOHBEPIrE€HTHOTO CTEPEOCENEKTUBHOTO CHHTE3a O- WM -
JAKTOHBI, HApSIAy C JUHEHHBIMU (parMEeHTaMH o- U -OOKOBBIX IIETEH, SIBIISUIUCH
OJTHUMH U3 TPEX NapajljIeIbHO CUHTE3UPYEMBIX HHTEPMEIUATOB. DTOT, B CBOE BpEMs
HOBATOPCKHH, MOJX0/ B JajdbHEHIIEM ObLIT TpaHC(HOPMUPOBAH B d(PHEKTUBHBIN METO/T
CHUHTE3a y-JIJAKTOHHOTO OWIMKIa 1, MMEronero yeTelpe XuUpalbHbIX aToMa Yriepoja,
NOAXOASIUX Jis1 (OpMHUPOBaHUS OOKOBBIX IIeMell 3amecTuTenH, a Takxke 9a- u 1la-
THPOKCHIIbHBIC TPYIIIBI MPOCTArJIaHInHOBOTrO ocToBa (cxema 1.1). y-Jlakton Kopwu 1,
KaK OJIMH M3 TPEX KIIFOYEBBIX MHTEPMEANATOB, ObUT YCIIEITHO UCIOJIb30BAH JIsl CUHTE3a
Tpex cepuil npoctarnanauHoB: PGy, PG, u PGs, BriocieacTBuu craB 00IUM METOIOM.
Ha ceronHsmHuii J1€Hb M3BECTHO OOJBIIOE YHCIO BapUaHTOB TOJYYEHHS Kak
paleMUYeCcKUX, TaK M OINTUYECKH AaKTUBHBIX JIAKTOHOB 1, MCXoast M3 pa3IuyHBIX
0a30BBIX COeMWHEHUN. MHOrMe u3 HHUX Jajee ObUIM YIY4IIeHbl W YCIENIHO
MaclTabMpOBaHbl, MOJAOOHO TMEPBOM W3  HM3BECTHBIX  IOCJIEA0BATEILHOCTEN
npeacTaBieHHON Ha cxeme 1. Tak, MHOTOKpaTHO ObLJI ONTUMU3UPOBAH €€ TIEPBBINA ATal
—  katamsupyemas  Cu(BF;), peaknus  Juiabca-Anbpiepa  HPOU3BOIHOIO
IIUKJIOTICHTaANCHA 28 C 2-XJOPaKPHJIOHUTPUIOM B KaueCTBE KETEHOBOT'O KBHBAJICHTA,
NPUBOJAIIAS K palleMUYECKOMY coeanHeHut0 Sa ¢ BbixogoM 80% [31]. Breicokas
HYHAHTUOCEJIEKTUBHOCTH ATOM CTAAUM ObLIa JOCTUTHYTA IIPU UCIOJIb30BAHUU B PEAKIIUU
¢ Oen3minoBeiM 3¢hupom 2b akpuiara 8-heHunMeHToNa 3a U XJopuaa amfOMUHUA [32]
wm  3-anmiaonn-1,3-okcazommaua-2-ona 3b m 10% (mon.) karamusaropa 7 [33],
NPUBOJASAIIMX K TPOU3BOAHBIM 4a u 4D COOTBETCTBEHHO (TaKKe OIKMCAHO
UCIIOJb30BaHUE W JPYTUX XUpaJdbHbIX akpwiatoB [34]). 1 3HaAHTHOCENEKTUBHBIX

peakiuii Jlunbca-Anpaepa B JanbHEHIIeM OBUIM MPEIJIOKEHBI W JApyrue Oosee
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s dexTuBHBIE KaTanm3aTopsl (Hampumep, 8) [35], KoTOpble naBaii MPEBOCXOIHBIE
BBIXOJIBI W ONTHYECKYIO YHCTOTY NPOAYKTOB B3amMOJACHCTBHUs nueHa 2D ¢ 2-
OpOMakKkpUJIOMHOBBIM amnbpaeruioM [36]. B pesynpraTre Tpex MOCIEAYIOMIMX CTaaul ¢
BBIX0JIOM 83% OBLI TOJMydYeH OWIMKIMYCCKUH KETOH 5D, KOTOpBIA IOCIIe peakIuit
baitepa-Buiurepa, pacKpbIThs JIJAKTOHHOTO IMKJIA M HOJIOIAKTOHU3AIUU TIPUBOAMII K
JAaKTOHY 6 ¢ BBICOKMM  BBIXOJOM.  PanukanbHO€ ~ BOCCTAaHOBUTEJIBHOE
JIETaJOTeHUPOBAHUE JIEUCTBUEM THUpHAa TpUOYyTUIOIOoBa B OCH30J€ MPU KOMHATHOMN
Temriepatype [37] W XOpOILIO HW3BECTHAs MOCIEIOBATEIbHOCTh CHSTHUS M BBEACHUS
3alIUTHBIX TPYMI MO0 BTOPUYHOMY M NEPBHYHOMY THAPOKCHIIAM TO3BOJISET MOIYYHUThH
ueneBoil makToH Kopu 1 ¢ BeicOkoil 3ddekTruBHOCTRIO. B 3TOM mpumepe, Kak U BO
MHOTUX JApPYTUX, HEOOXOJUMO OTMETUTh, YTO LEJIEBOW y-TaKTOH ObUI TOJY4YEH U3
MaJIOCTaOMIPHOW  KHUCJIOTHI,  OOpasylomieiics B pe3ylpTaTe  paclleIUICHHUs

COOTBCTCTBYIOLICTO 0-JIJAKTOHHOT'O OUKJIA.
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Cxema l.1

Hpyroii, HO TakXke [HUPOKO MPUMEHSIEMbIH, MNOAX0A K 3PEPEKTUBHOMY
nonyuenuto jaktoHa Kopu 14 mpencrarieH Ha cxeme 1.2. DTa mociie1oBaTeIbHOCTD
UCXOAUT W3 HOPOOpHAAMEHAa W MPUBOAMUT K xXyoprnpou3BoaHomy 11 B Tpu srtama c

XOpOIIMMH BbIxogamu: peakuus I[IpunHca ¢ oOpazoBaHueM TpUIMKIa 9, OKUCIEHHE MO
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Jlxxoncy nmo xuciotbl 10 m packpeITHE IUKIONPONAHOBOTO Kosbla nedctBuem HCI
(traxxe HBr u HI) [38, 39]. lanbHelimee okucnenne no baitepy-Buiurepy npuBoaut
K JaKkTOHY 12, KOTOpBINi BOCCTAHOBJIEHHEM KapOOKCHIIBHOM M MOCIENYIOIEN 3alUuTON
THJIPOKCHIIBHOM (DyHKIME ycremHo Tpancopmupyercst B uatepmenuar 13 [40, 41].
AJbTepHAaTHBHBIN BapuaHT mnepexoaa 11— 15— 16— 17—13a, 3akimoyaromuiics B
3alUTe KETO-TPYNIbl B BUAE AITHJIECHKETANs,, BOCCTAHOBJIEHHE OOpAaHOM KHCIOTHOU
GyHKIIUM, CHATHE 3aIlUTHOM TPYIIBI, a Takke okucieHue mno baitepy-Bumnurepy,
clienan MOcCeI0BaTeNIbHOCTh TpaHc(hopMalud HOpOOpHEHA B JIAKTOH 13a ogHUM U3
CaMbIX HCIIOJIb3yEMbIX METOJOB, HapsAy C YNOMSHYTBIM paHee, Il MOJy4eHHS O-

naktoHa 13 u y-nakrona Kopu 14 [42].

HO,C HOZC
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/ 0% 6570% > =0 — >
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Cxema 1.2

B mpencraBieHHOM MOAXOJE XHPAIbHBIE MPOMEKYTOUYHBIC MPOAYKTHI ObLIH
MOJTYYEHBl MyTeM ONTHYECKOTO PACHICIUICHUS PAllEMHUYECKUX COCIUHEHUH B BHUJIE
nuactepeon3oMepHbix cojei kucaot 10, 11 u 15 ¢ takumu amuHamu, kak (-)-(S)-1-
benumTIIIaMuH, YQeIprH, XUHUH (CM., HarTpuMmep, pazaenenue 10 u 15 ¢ momorisio (-
)-(S)-1-dbenmmTunamunaa u 3¢enpuna [39, 43] wim nakrona Kopu 14 (R;= TBS wim

Et;Si) mpu B3aumopeiicTBuu ¢ anbTepHatuBHBIM ckaddommgom (-)-(1R,4R,5S)-4-
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TUAPOKCH-6,6-mumeTnn-3-okcadbuimkio[3.1.0]rekcan-2-ona [44]). B npyrom Bapuante
WCIIOJTHEHHUS B3aUMOJICUCTBUIO C YIMOMSHYTHIMM aMUHAMM MPEAIICCTBOBANIA CTaus
B3aumozciicTBus jaktona 1 (R=p-Ph-Bz) ¢ amrmmpumamu [45]. Ilo cpaBHeHHIO C
NEPBON MPOILETYyPOil, B 3TOM CHOCO0€ 0-JIaKTOH 00paszyeTcsl MyTeM BHEAPEHUs aroma
KHCIIOpOJia, a Toclienyromas TpaHchopMalus B )-JAKTOH OCYHIECTBISETCS IyTeM
BHYTPHUMOJIEKYJISIPHOTO Sy2-3aMeIlIeHUs aTOMa XJIOpa KapOOKCUIIAT-aHUOHOM.

Jpyro#i, rimy0OKO M3yYeHHBIM W IIMPOKO MPUMEHSIEMBIH B TOCIEAHEE BpeMms,
CUHTE3 paneMuyeckoro jakroHa Kopu 1 uCXOOUT W3 IUKIIONEHTAIUEHA, KOTOPHIA B
pe3yabTaTe IUKIONPUCOSAMHEHHS 10 JIMiIbCy-AJbepy IPUBOIUT K ajykty 18 [42—
47]. Ilocnenyronye peakuuy JeraIoTeHUPOBaHUs U OKHUCIeHus 1o baiepy-Bumnurepy
MTO3BOJISIOT MOJYYUTh C OY€HBb XOPOIIIMM BBIXOJ0M IHC-2-0KcaOuIukio[3.3.0]JokT-6-¢H-
3-oH 20 (Takke M3BECTHBIN Kak JakTOH [ pHKO), KOTOPBIA UMEET IBa aToMa yriiepoja ¢
KOPPEKTHOM cTepeoxumuei, TpedyemMoit B cTpykrype y-naktoHa Kopu 1. [IBa apyrux
CTEpeolleHTpa O0Opa3yloTCcsl IyTeM BOBJICUCHUS JBOMHOM CBA3M B CTEpPEO- U
pernocrnenuduueckyro peaknuio [IpuHca ¢ oOpa3oBaHmeM auaierara JjaktoHa 21 u
HEOOJIBIITUX KOJMYECTB MOHOAIETUIIMPOBAHHBIX MPOAYKTOB [48, 49]. lanee, runponus
MOJIYYCHHBIA CMECH TPHUBOJUT K AWONY 22, KOTOPBIH Y€ HW3BECTHBIMU CIIOCOOaMU
MOET OBITh JIETKO TpaHC(HOPMUPOBAH B MOHO3AIUIIEHHBIN MO TMEPBUYHON WIH

BTOPUYHOW MMIPOKCUIIBHOM rpyrime 1esieBoi npoAaykt 1 (cxema 1.3).

0
@ [CL,C=C=0] Zn/AcOH Eigﬁ 0
— o
85% \ Cl 959 N\ oo > wl/):

IUKJIONEHTaAuEeH 18 Cl 19
(CH,O)n, H* WO, el O,
T 3 AcOln. 0 MeONa HOIn. >: 2 craguu RO, >:
gy 75- 85% gy "y
(2 cragun)
AcOH,C HOH,C
21
Cxema 1.3

st monydeHus ONTHUYEeCKHM akTuBHOro jnaktoHa ['puko 20, pamemar (+)-20

IoCJIeI0BaTeIbHBIMU  00pa0OTKaMU OCHOBaHHMEM M Kkuciorod (mo pH = 3.5-4)



25

TpaHC(HOPMHUPYETCS B COOTBETCTBYIONIYI0 CMECh THAPOKCHUKHUCIOT, pACIICIICHUE
KOTOPOH OCYIIECTBIISACTCS MyTeM (PPaKITMOHHONW KPUCTALIU3AINH €€ THACTEPEOMEPHBIX
colei ¢ (+)-a-MeTWIOCH3WIAMUHOM. Y JaJeHHe XUPaJIbHOTO BCIIOMOTATEIbHOTO
BEIICCTBA M ITOJIYYCHHE ONTHYCCKH YUCTOW JIAKTOHHON (opmbl (-)-20 mocTuraercs
mocJje0BaTeIbHBIMU 00paboTKaMu OCHOBaHMEM U KucioToit [50, 51] (cxema 1.4). B
HEJaBHO OIMYOJIMKOBAaHHBIX MATEHTaX TaKXe OBUIM OMHCAaHBl TOJ0OHBIC BapUAHTHI

pacIerieHus: SHAaHTHOMEPOB KUCIIOTHOH (opmbl coenuuenus 20 [52, 53].

C6H5||' C NH2
@ \\\\O 2 H+ 46] ,\\\\OH \\\\OH
>: —»
I,I// ’I/I///COOH @ :,I///COO
(£)-20 (+)-20-kucaora (£)-20-conb  CHglir (li NH;
CH,

; 3+H_ +WOH 0,
= >
"I////COOH @ "I//
(-)-20-kucaora (-)-20

Cxemald

OnTtuyecku akTUBHBIA JIakTOH 20 Takke MOXKET OBbITh TMOJy4YeH W Jpyrou
PCAKIIMOHHON IOCIIeIOBATEILHOCTRIO:  IHUKJIONeHTaqueH—23—(-)-20, B  KoTOpOi
KJIIOYEBOM CTalel ABIISIETCS aCUMMETPUYECKOE TMAPOOOPHUPOBAHNE-OKUCIICHHUE alIKeHa
23 nipu nercTBuu (+)-Iu-MMHAHWIOOPAaHA ¢ BBIXOJAOM K XUPAJTbHOMY THAPOKCHIPUPY (-
)-24 ¢ Beixogom 45% [51] (cxema 1.5). lanee, ME3WIIMPOBAHKE JI0 COSAMHEHUS 25 U ero
o0pa0oTKa IIEJTOYHOM TMEPEeKUChI0 BOAOPOJA TO3BOJISIET TOJIYYUTh TpedyeMyro
DHAHTHOMEPHO YHCTYHK) CTPYKTYPYy C OUYE€Hb BBICOKMM BbIxonoM [47]. bnaromaps
JOCTYMTHOCTH UCXOJHOTO COeTMHEHUS, d(PPEKTUBHOCTH U MOCIEAYIONUM YIyUIICHHUSIM,
ATOT METOJ| B HACTOSIEE BpPEeMs IIMPOKO HCIOIB3YEeTCs ISl MOIYYSHHS XUPaJIbHOTO
naktoHa ['puko 20.

Crnenyer OTMETUTH TO, YTO CpEI TOCIEAHUX 0030poB [54-58], MOCBAIIEHHBIX

uCIoib30BaHuto JTakToHOB ['puko 20 u Kopu 1 (¢ pa3nuyuHbIMU 3aIIUTHBEIMU TPYITIAMH)
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B CHHTE€3aX MNPOCTAIJaHIWHOBBIX JIEKAPCTBEHHBIX CPEACTB, AHAJOIOB HA Pa3HBIX
KIMHUYECKUX JTamax WM JpYrMX MPOU3BOAHBIX, HET paboT, moaApoOHO

pacCMaTpUBAOIINX ITPOLCAYPHI ITOJYYCHHA CaAMUX UCXOOHBIX COCI[I/IHGHI/IfI.

1. (+)-nu-3-nuHaHUIO0paH OH
() — S —
— 'l/,///C02CH3 45% -,,I///C02CH3
LukaonenTagueH 23 24
OMs 0)
MsCl : a
M OH/H,0, [47] @ > o
0
iy —COOH 940, ity
25 (-)-20
Cxema 1.5

1.1.2 OnTuMH3auMsA CHHTETHYECKHX NMPOLEAYyP MOoJyYeHUs OMIHKINIECKHX )-

JIAKTOHOB

HecMoTpst Ha OCTATOYHO BBICOKYIO 3(PPEKTHUBHOCTH MPEIJIOKEHHBIX METO/IOB
cuHTe3a JakToHOB ['puko u Kopu, pactymime noTpeOHOCTH B 3TUX YHUBEPCAJIBbHBIX KaK
JUISl CUHTE3a MPOCTAaHOUIOB, TaK U JIJI1 MHOTMX JIPYTUX LUKIONEHTAHOUIOB, PUBEIU K
HeoOXoauMocTu 0OoJiee TIIyOOKOTrO0 M JETalbHOIO M3y4YEHHUS HEKOTOPBIX KIHOUEBBIX
cTamuii 3THX nocieaoBareiabHocTell. OCHOBHBIMHM 33JayaMu  ObUIM  YOPOIIEHHE
OpoLenyp WIM YMEHBIIEHHWE WX KOJUYECTBA, HCCIEAOBAHMUS BO3MOKHOCTEHN
OJIHOBPEMEHHOTO OCYLIECTBJIEHUS psifa 3TAlOB, CMEHA PEareéHTOB U PACTBOPUTENEH, a
TaK)K€ MCIOJIb30BAHUE CTEPEOKOHTPOJIUPYEMBIX MpEBpAIIeHU. DT pabOThl BBIXOIAT
32 paMKd JMIIb TEOPETUYECKHX HW3BICKAHUH W HMEIOT MpPSMOE OTHOILIEHUE K
TEXHOJIOTH3aLMU MPOLECCA, YTO OAHO3HAYHO MOJYEPKUBAET BBICOKYIO MPAKTUYECKYIO
3HaYMMOCTh JAaHHOI'O HAIpaBJIEHUs UcCcileqoBaHMi. B cimydae mpocTraHOM[IOB,
UMEIOLINX 3HAUUTEIbHBIN U BCEBO3PACTAIOUINI MHTEPEC CO CTOPOHBI OMOMEAUIIMHCKON
XUMUU U (apMaKoJIOruu, €IMHCTBEHHBIM MPUEMJIEMBIM IMyTEM HX MAacIITaOHOTO

MOJTYYEHHUsI SBJISIETCS OpraHuyeckui cuHTe3. Jlasee OymyT paccMOTpeHbl HaumOoJliee
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3HAYMMBIE PE3yJIbTAThl, TMOJYyYCHHBIE B TOCJICIHUE IECATUIICTHS, HANpPaBJICHHBIC Ha
pa3BUTHE METOJOB TOTyUYCHUsI HAMOO0JIee BAXKHBIX MPOCTAHOUIHBIX HHTEPMEIUATOR.
Kuralickumu y4eHBIMH OBIT TPEIJIOKEH YIYUYIICHHBIH METOJ[ MOJyYeHUs
naktoHa Kopw B Buae KUCIOTHI 26 WCXOsS W3 XOPOIIO H3BECTHOTO MPOU3BOHOTO
HopOopHeHa 11. Cytp 3akimouaeTcsi B «ONE-poty mporemype, MpOTEKAOIMEH MpH
neiictBur  MoHomepcynbdara kamus (OXone®) kak B MPHUCYTCTBHHM KaTaau3aTopa
Mex(da3Horo nepeHoca 4-0ytuiaamMMoHHS Opommuaa, Tak M 0€3 HEro, U COCTOSIICH U3
okucienuss o baitepy-Bwinmurepy m packpeiTus o-iaktoHa 12 c¢ mociemyromei p-

JAKTOHM3AIMEH ¢ BRICOKMM BBIXOJI0M (He yKka3aH) (cxema 1.6) [59].

HO,C HO,C
0 .\\\\O
Cl xone Cl OXOHG HOI. \/=
I////
0 O HO,C
12
Cxema 1.6

Jlpyroii BapwaHT yJIydIlIeHUS MEpexoja J-TaKTOH— Y-JTaKTOH MPEACTaBlieH Ha
cxeme 1.7 Ha mpumepe coeauHeHuit 27 u 29. ['pynmoil pyMBIHCKUX y4Y€HBIX B XOJ€
U3yUYeHUS PACIEIUICHUS JIAKTOHHOTO KoJibila MeTaHom3oM (P-TSA mau Amberlyst IRC
S0W(2), xunsiueHue) y psga MPOU3BOJIHBIX HOpOOpHEHA 27 ObUIM TOJyYEHBI
POM3BOJHBIE IHOJOB 28 C KOJWYECTBEHHBIM BBIXOAOM. Jlanmee, mocie 3aliuThl
BTOPUYHOM  THAPOKCUIBHOM  TIpynmbl  o0pabOTKa  IIEJOYbl0  MPUBOAMIIA K
MOHO3AIUIIEHHOMY JakToHAnony Kopu 29. AnanoruyHo, B cilydae He3alIMILEHHOTO
npousBogHoro 30, mpy ero BBIACPKUBAHUU MPU KOMHATHOUM Temmeparype B 1:1-cmecu
CH,Cl,-MeOH B mpucyrctBuH 71-TOIY0ICYIbHOKUCIOTH (P-TSA) B TEUYEHUH IBYX
nHert Obul mosyden wuHTepMmenuat 31 [60]. Ilocne manbHEWIIEro CEIEKTUBHOTO
BBCJICHHSI 3AIIUTHBIX TPYIN IO MEPBHYHONH M BTOPUYHON THUAPOKCHIIBHBIM TPYIIIIaM
miesioyHas 00paboTKa TakKe MPHUBOJWIIA K COOTBETCTBYIOIIUM TPOU3BOJHBIM 33 C

BBICOKMMH BBIXOJIaMH. DTOT, B II€JIOM, BBICOKOI((DEKTUBHBIN IMOIX0] MPEACTaBISCT
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coOOl  XOpOIIyK albTePHATHBY KJIACCUYECKOW MpoLenype, OCHOBAaHHOM Ha

WCITOJIb30BAHUU VISl JAHHOW TpaHc(opMaIuy O0JIBIIOTO W30BITKA MIEJIOYHON IEPEKUCH

BOJIOpPOJaaA.
O
ROCl <—CO,CH; 1.BBenenue (2/[&\
H+, MeOH N Zalglgm O;
° o X CH,OR 84 94% cion
N (3 crapum) ::
o RO 29 R,=THP,
R= BZ5 p'Noz-BZ, Ac TBS
¢ (0]
Cl
— CO:Cl ——CO,CH, o)k
HOCI CCIICKTUBHAA :: \\\\
3amura } z 3
O\
’ o CHOTBS CH,OTBS

3 2

N R,0 33
R,=TBS (93%),
THP (90%),

Tr (96%)
Cxema 1.7

KuraiickumMu y4eHbIMH OBUT OINHMCAH METOJ| TOJIy4eHHS p-lakToHa (+)-34 c
BBICOKMMU BBIXOJIOM U ONTUYECKON YUCTOTOM MPU CTEPEOKOHTPOIUPYEMOM OKUCIICHHUH
no baiiepy-Bumurepy pareMudeckoro eem-muxjiaopiukiooyraHoHa 18 B mpucyTcTBUn
KaTaJIUTHYECKUX KOJMYECTB MPOU3BOAHOTO (ochopHoii kucaorsl (R)-37 (cxema 1.8).
[Tpu sTOM mpyroil cTepoM3OMep MPUBOIWI K APYTrOMY PETHOM3MEPHOMY JIAKTOHY 35,
KOTOPBIN, jJayiee, ObLI HCIOJIB30BaH IS MOJydeHHUs TUKuCIoThl 36. Mcmonb3oBaHue
JPYToro »HAaHTHOMEpa KaTaJIn3aTopa 0XKUIAAEMO J1aJI0 COOTBETCTBYIONINE AHTUIIOBI, U3
KOTOphIX (-)-34 B nBe 3(PhEeKTUBHBIC CTAJAMH BOCCTAHOBUTEIBHOIO JEXJIOPHUPOBAHHUS
neiicrBueM Zn/NH,Cl u peakuun [Tputca ObuT TpaHChOPMHUPOBAH B ONTUYECKH YUCTHIH
naktouauon Kopu (-)-22. JlaHHBIA MeTO OBUT YCIENIHO PAaCHpOCTPAHCH W Ha APYTHUEC
IIUKJIOOYTaHOHBI, COMPSDKCHHBIE C Pa3IMYHBIMH MOHO- WM TIOJIMIIMKJIAMU, TPUBOAS K

COOTBETCTBYIOIIUM )-TaKTOHAM C Bbhixogamu 60-94% u 90-99% ee [61].
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Cxema 1.8

B kmaccuyecknx mnoaxomax jaktoH Kopu 1 kak mOpaBUiIo OKUCISIICS J0O
albJIeTuJIa U, Jlajee, BOBJIEKAJICS B CTEPEOCEIEKTUBHYIO PEaKIIUIO0 0JIe()UHUPOBAHUS 110
Xopuepy-Burtury-OBancy (E-HWE) nanga noctpoenuss w-uenu MpocTariaHAHHOB.
OpnHako, anpJeruHas rpynna MOXeT ObITh TaK)Ke 3alllMIIeHa B BUAEC TUMETHIIALETAIIs
U B DTOM BHJE BOBJIEKATHCS B CTaJMM NOCTPOEHUS O-LIEMH, T.€. B T€ PEAKLHH, TIE
OOBIYHO HCIIOJIB30BATUCH 3AIUIICHHbIE MPOU3BOJHBIE cOUPTOB. [l0100HBINA BapHaHT
ObUT MpEACTaBIIEH Ha MpUMEpPE IMOJYYEHUS COOTBETCTBYIOUIMX 3TUIICHKETAIbHBIX

npou3BOAHBIX 38 U3 akToHa 1 M nanpHeimuii cuaTe3 010koB 39 [62] (cxema 1.9).

O 0
1. [O]
2. 1,2-6uc(rpumeTmi-
CHIIMJIOKCH )3TaH
(TMSTH) \:/\ACOZR1
CH,OH RCO) j R, =H, Me

R = Ph, p-Ph-Ph

Cxema 1.9

AHaJIOTUYHBIE TTPOU3BOJIHBIE OBLIM MOJIy4YeHbl Hia anbaeruaa 40, JOCTYIMHOro

okuciaenneM JjaktoHa 13 (R=H, cxema 1.2), ankorommzom c¢ guwonamu (X=0) u
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mutuosiaMu (X=S) mpW KUCIOTHOM KaTallu3e, COMPOBOXKIAIOIMIEMCS PACKPBHITUEM O-
JAKTOHHOTO KOJIblIa ¢ OOpa3oBaHUEM TaJOreHUPOBaHHBIX coenuHeHuit 41. [lanee,
HICJIOYHOW THUIPOIU3 CI0KHOAI(DUPHON Tpynmbl OPUBOAUI K p-TakToHam 42 ¢
aNbJACTUIHBIMY TPYIIIaMHU 3alIUIIEHHBIMU B BUE Ketasen, rae X=Ou X=S(n=0wu 1 B
oboux ciydasx) (cxema 1.10) [63]. B nmanmpHeiimmem 3amuyra THIPOKCUIBHONW TPYIIITHI
coenunenuii 41 B Buzae apupos (PG = THP, TBS) no3Bonuiia 3Ha4uTENBHO YIIPOCTUTH
MPOLIETYPY MOIYYEHUS COOTBETCTBYIOIMIUX MPOU3BOIHBIX 43. AHAJIOTHYHBIM 00pa3oM
MOTJIM OBITh 3alUIIEHBI THAPOKCUIIBHBIE TPYIIIBI U CAMUX COEIMHEHMN 42 Kak B BUJE
MIPOCTHIX, TaK W CIOKHBIX 3(QHUpoB. Takke CTOUT OTMETHTh, YTO COCAMHECHHS 42 B
pareMUYECKAX WIIM SHAHTHOMEPHO YHCTHIX (hpOpMax MPEICTABISIOT COOO0N KPHCTAILIBI,
CTaOWJIbHBIE TP XPAHEHWHW B TEUCHHWE MHOTUX JIET W SBISIOTCS OTJIMYHBIMHU

IIPEKypCcopaMu ISl CHHTE3a IPOCTarJIaHNHOB.

OHC XH WXH
Hal

S .

H', pacteoputens
S
0 O Hal=Cl,Br HO
X=0,S
40 n=0,1 41

Cxema 1.10

1.1.3 TlepcneKTHBHbIE «HEKJIACCHYECKHE» METObI MOJTyYeHUs OMIHKINYECKUX )-

JIAKTOHOB ¥ POACTBEHHBIX UM CTPYKTYP

CylllecTByeT 3HAYUTENIBHOE KOJWYECTBO PA3JIMYHBIX BapHalldid KIACCHYECKHUX
METOJIOB TIOJYyYE€HUS ONTHYECKM AaKTHUBHOrO Y-JIakToHa Kopu ¢ pa3inuHbIMU
BapuUaHTaMHU 3alllUT MO0 MEPBUYHOW M BTOPUYHOU THUAPOKCHIBHBIM TpymmaM. OO0mmm
JUUISL ’TUX METOJIOB SABJISICTCS UCIIOJIB30BAHUE JOCTATOYHO MOXOKUX MCXOJHBIX MOHO- U
OMIMKINYECKUX MCXOIHBIX coeauHeHuni. OMHAKO, OTASIHHO MOXHO BBIICITUTH IEIIbIN

paAd ICPCIICKTUBHBIX AJIbTCPHATHUBHBLIX MCTOA0OB, OCHOBAHHBIX HA IIPUMCHCHHUH PA3HOI'O
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polla NMKJIM3AIMOHHBIX MPOIECCOB 0a30BBIX ANMKIMYECKHX CyOCcTparoB. bombimas
YacTh 3THX IMOJXOJIOB MPEJICTAaBICHA HCCIEIOBATENIAMHU YK€ JOBOJBHO JaBHO [56],
OJIHAaKO, B MOCIIEAHEE BPEMsI OHU TAKXKE MPETEPHeNH Psiji 3HAUUTEIbHbIX U3MEHEHHH,
HaIlpaBJICHHBIX Ha WX yiydmeHue. J[aHHBIE pe3yJabTaThl KacaloTCsl ITOBBITIICHUS
3G ()EKTUBHOCTH  METOJI0OB,  NPUMEHEHHE  HOBBIX  HCXOJHBIX  COCJIWHEHUH,
PEruOCeNeKTUBHBIX U DHAHTHOCEIEKTUBHBIX peakinid, (epMEHTATUBHBIX CTaaAUN HJIs
MOJIYYCHHUSI ONTHYCCKHA AKTUBHBIX COCAMHCHHM, a TaKK€ OPUTHHAIBHBIC CTPATETHUU
MOCTPOEHUS JJAKTOHHBIX UHTEPMEIMNATOB, UMEIOIINX 3HAYUTENbHbIE MEPCIEKTUBBI JIJIS
Oyay1Iero NpuMeHEHHS.

BepositHo, Hanbosee OpUTHHAIBHBIM SBIIICTCS METOJI, HEAABHO pa3paOOTaHHBIN
IpyNno HMHAMMCKUX YYEHBIX, COTJIACHO KOTOPOMY ajbJOJIbHAsI KOHJCHCAIUs
SHTapHOTO anplaeruga 44 ¢ KaTaJIUTUYECKUMM KoJiMuecTBamMu L-mponvHa w
TpudTopanerara aAuOeH3wIaMMOHMS (10 2% KaX[blil) MPUBOAUT K KIOUEBOMY
ourmkianyeckomy eHamo 46 ¢ BeixogoMm 14% (cxema 1.11) [64]. IlepBbriit stan
NpeACTaBiIsgeT  co0oM  KaTanu3upyeMyr  L-mpoamHOM — 3HAHTHOCETEKTHUBHYIO
MEXMOJICKYJISIPHYIO aJbJ0JBHYIO PEAKIUI0O MEXIY ABYMsI MOJIEKYJaMH SIHTapHOTO
anpJeTuaa ¢ 00pa30BaHUEM IPOMEKYTOUYHOTO MPOAYKTa 45, KOTOpBIA, manee, MpHU
yaactun DBA nmperepneBaer BTOpPYIO YK€ BHYTPUMOJEKYJSIPHYIO —aJlbJAOJIBHYIO
peaKkIuio u aeruaparamnuio 45 1o y-nakrona 46 ¢ BRICOKOM YHAHTHOCEIEKTHBHOCTHIO. B
JagbHEUIleM OOIIMIM BBIXOJA ATOTO MpEBpallieHusl yaaaoch MOIHIATH 10 29% [65], a
JIOCTaTOYHO JAOWJIbHBIA MHTepMenuar 46 mpeBpamaiy Jub0 B METOKCHUITPOU3BOIHOE
47, muO0 B COOTBETCTBYIOUIMH JIaKTOH. HecMOTpsi Ha JOBOJBHO HHU3KHUM BBIXOJ
KITFOUEBOT0 MHTepMeaunaTa 47, BeICOKast JOCTYITHOCTh UCXOMHBIX COCAMHCHUH, a TaKkKe
OBICTPOTAa TOCJIEAYIONMIETO0 BBIXO/a K IICJIEBBIM CTPYKTypaM JaTaHONPOCTa U
Ommatorpocta B 4-5 craguii, 3TOT METOJ JOBOJBHO TEPCIEKTHBEH IS OyAyIIero
3G ()EKTUBHOTO CHHTE3a pa3IMYHBIX aHAJIOTOB TPOCTAryIaHIWHOB. Tak ke Kak
coenuHenne 47, COOTBETCTBYIOIIMM JIAKTOH OBUT UCIOJB30BaH B  PEAKIUAX
COMPSDKEHHOTO TPUCOEAMHEHUs B cuHTe3ax anbganpocrona u PGF,, [66]. B
MEPCTIIEKTUBE OKUJAETCS, YTO JAHHBIA METOJ| MPUBEIET K 3HAUYNTEILHOMY CHIDKCHHIO

CTOMMOCTH IIPOCTATIJIAaHAWNHOB U UX YIKC p83pa6OTaHHBIX JICKAPCTBCHHBIX aHAJIOT'OB.
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Cxema 1.11

B onHo¥i u3 HemaBHUX myOiukanui omucad 3()QPEKTUBHBIA «ONE-pot» cuHTe3
naktona Kopum 22 [67], OCHOBaHHBIM Ha JAOMHUHO-peakiuu Muxasris/Muxasins B
npucytcTBun Karaiauzaropa (R)-50 u n-uurpodenona B i-PrOH, npu xotopom Tpu
coceqnux ctepeoteHTpa: C(3a), C(4) u C(5) BmecTe ¢ HECOOXOAUMBIMU JJIsl KOHEUHOM
CTPYKTYpPBI TPYIIIaMu (OPMUPYIOTCSA B TPOMEKYTOUHOM coenuuennu 51 (cxema 1.12).
Hanee, B X01€ OQHOBPEMEHHOTO AUACTEPEOCEIEKTUBHOTO BOCCTAHOBJIEHUS KETOHA U
anmpaeruna  o0vemMHbIM  TuApuaoM  LiAIH(O-t-Bu); mpoucxomut oOpazoBaHue
JAKTOHHOW CTPYKTyphl 52. DopMHUpOBaHME 1EJIEBOM MOJEKYJbl 3aBEpPIIACTCS TOCIIEe
Tpanchopmaruu cBsizu Si-Ph B Si-F B coequaennn 53 1 mocienyonero OKUCIeHUs CH-
JUIBHOW TPYIIBI 70 cnHupra 22 ¢ coXpaHeHWeM KoHduryparuu. B obOmem, Bcs
MOCJIEA0BATEIbHOCTh, HCXOASAIIasl W3 KOMMEPUYECKHM JOCTYMHBIX pPaleMUYEeCKUX
UCXOMHBIX 3-(aumerundenwicwmi)nponerans 48, stumoBoro »3dupa 4-0kco-2-
NeHTeHOBOH kucinoTel 49 wu  xupampHoro karanmmszaropa (R)-50, Moxer OBITH
peanu3oBaHa 3a JiBa C I[IOJOBMHOM Yaca MPUBOJAA K DSHAHTHOMEPHO YHCTOMY

JaKTOHIUONY 22 ¢ BbixojioM 58% [68].
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Cxema 1.12

HNuTepecHslii MOAX0M, OCHOBAHHBIM HAa HWCMHOJIB30BAaHWHM BHYTPHUMOJIEKYISPHOU
RCM-peakuuu (Ring Closing Methathesis) in situ reaepupyemoro aneroarierara JueHa
54, mnpencraBieH aMmepukaHCcKuMHU aBTtopamMu [69]. CorjacHO JaHHOMY METOAY
KJIFOUEBOM IMKJIOTICHTEHOHOBBI HHTEpMEINAT 55 MPaKTUYECKU C OJMHAKOBBIMU
BbIxoJaMu B 88% MOXeT ObITh MOJY4YeH KaK IPU HUCIOJIb30BAaHUU KaTalu3aTopa
['pab6ca mepBoro S57a, Tak u Broporo mnokosieHuss 57. Ilocrmemyromue craauu
00paboTKM  METaHCYJb(POHWI  a3uJAOM W  JICAllCTUIMPOBAHUS  NPHUBOIAT K
JNA30MPON3BOAHOMY 56 ¢ BBIXOJ0M 52%. DHaHTHOCENEKTUBHOE BHYTPUMOJICKYISIPHOE
C-H-BHenpenne B MNPUCYTCTBUM XHPAJIBHOTO pojaWeBoro karammsatopa (S)-58
MO3BOJISICT, Jaiiee, MmoayduTh JakToH ['puko (-)-20 ¢ Beixomom 73% u 91% ee.
AHanoru4yHOEe WCIHONIB30BaHWE HaA TMocieqHedl craauu R-m3omepa 58 mpuBoaUT K
aHTUTIONY 11esIeBOi cTpyKTypsI (+)-20 ¢ BeIxom0M 59% (89% ee) (cxema 1.13).

OTAenbHO CTOUT BBIICTUTH IIEIYI0 TPYIIY METOJOB TOJMYYEHUS ONTHYECKU
aKTUBHOTO JIAKTOHA ['pUKO, HCXOIAIIMX W3 JOCTYIHBIX W3 IUKIONEHTAANCHA
XMPAJIbHBIX MOHO3AIIMIICHHBIX HOJOB, MOJOOHBIX mpousBogHomy 59 [70-75].
TunoBast peanu3zaius MpeAcTaBisAeT co00H (epMEHTATUBHOE pacCUICTNICHUE W30MEPOB
(-)- u (+)- 59 npu wucnonp3oBanuu aumasel PS (Pseudomonas sp.) C BBICOKMMH

BBIXO/IOM M 3HaHTUOMEPHOU YHUCTOTOM U MOCIenYIONIYI0 3 ()EKTUBHYIO S3HAHTHOKOH-
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Cxema 1.13

BEPreHTHYIO TpaHC(HOPMAIIMIO B OJMH M TOT XKe TpeOyembiid s3HaHTHOMED (-)-20 (cxema
1.14). IIpu stom arTHNOxN (+)-59 BOBIEKaeTCsS B ABYXCTAIUHHYIO TIOCIEIOBATEIIBHOCTD
peaknuu DIeHMo3epa ¢ JTUMETUIAIETAMUIOM JUMETHIIALEeTalsi U TUIIPOoJin3a 000uX
3alIUTHBIX TPYII B KUCIIOH Cpelie ¢ JIAKTOOHOOpa3oBaHWEM N0 CTPYKTYphl (-)-20 c
BeIX0/I0M 73%. B cBoto ouepenb, apyroit sHaHTHOMED (-)-59, BBIACIAIONIMIACS B BHIC
arierata (-)-60 w3 pactBopa (epMeHTa, KOJUYECTBEHHO THAPOJIU3YETCS, €ro
TUAPOKCUIIbHASA TPYINa TMPEeBpallaeTcs B mpem-0yTWIIUMETUICUIWIOBBIN  dhup
(TBS), a kymyjiokcudbupHas rpymmna >JIUMHHAPYETCS B xone peakinu bepua (Na B
xuakom NHs) ¢ oOpasoBanumem (-)-61. [lamee, TpaHchopMmamyu, aHaJIOTHYHBIC
NpOBEACHHBIM 1751 (+)-59, MO3BONSIIOT MOJYYUTh TO JK€ IIEJIEBOE COEAMHEHHE C
BBIXOJIOM 67% Ha nBe craauu. OnucaHHas TpolEeaypa, a TakKe PsJi aHAJIOTUYHBIX
MOAX0JI0B, OTKPBHIBAIOT HOBBIE U 3(P(HEKTUBHBICE BO3MOMXKHOCTH TOJYUYEHUS] BAKHOTO B
CHHTE3¢ IPOCTAHOMUIOB MPOMEKYTOUYHOTO MpoAykTa — JjakroHa ['puko (-)-20,
YHAHTUOKOHBEPTCHTHBIM nyTeM u3 oboux SHAHTHUOMEPOB HCXOIHBIX
MOHO3AIIUIICHHBIX JUOJIOB.

Cxoskee MCosib30BaHUE (DEPMEHTATUBHOTO PACHICIICHUSI OBLTO MPEICTABICHO
AMOHCKUMM YYEHBIMH M KacajloCh UCIIOJIb30BaHUS JMMNa3bl B JACCUMMETpPHU3ALIUU
JIOCTYITHOTO W3 IUKJIOMEHTeHOHa 63 me3o0-muona 64 ¢ KOJIWYECTBEHHBIM BBIXOJIOM

(cxema 1.15) [76]. anbHeitmas cMeHa 3amuTHbIX rpymn ((+)-65—(+)-66) u srepudu-
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Cxema 1.14

Kalnus CBO60,Z[HOFO I'nApOKCHUJIa (1)eHI/IJ'IBI/IHHJII[I/IMeTI/IJ'ICYJIB(I)OKCI/I,Z[OM IIPUBOOUT K

BUTTEP-UOHY 66. KTororoe ¢opMupoBaHue JIAKTOHHOW CTPYKTYPHI peaIu3yeTcs

CTaausIMA

TEPMOJIN3a, CHATHUSA 3AIUTHOMN TPYIIIIBI u OKHWCJICHUS
MUPHIAHUAXTIOPXPOMATOM C BBICOKUMH BBIXOIaMHU.
t
O0'Bu JInnmaza LIP
3 CTaHHH \\\\OH BUHWJIALIETAT 7 WOAC 2 cranuu WOH
65% 100% 98%
HO\ HO TBSO
64 (+)-65 (+)-66
OH o)
s+ o /\/ Y- 1. NaHCO, /i o//<
2 TBA® :o S _pcc ERNN
100% 60% <;‘ 0% <;‘
TBSO\\
67 (-)-20
Cxema 1.15
Taxke, cpemd  MOCIEAHHX  PabOT, MOXKHO  YIOMSHYTh  JOBOJIbHO

IPOJOJDKUTENIBHBIN  CIOCOO MOJy4YeHus palneMudyeckux y-maktoHoB /9 u 80
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UCXOSIINNA M3 KOMMEPYECKH JOCTYITHOTrO MOHOOeH3wmioBoro 3¢upa yuc-1,4-0yt-2-
egmuonma 63 (cxema 1.16) [77, 78]. IlocmemoBaTelnbHOCTh HAYMHACTCS C
B3aUMOJICUCTBUS C TUiIOpTOaneratoM B npucyrctBun 10% (Bec.) TUAPOXMHOHA MPHU
150 °C, mpuBOAAImIETO K 3alIUIICHHOMY a/uMiIKeTeHarnetamo /0, KOTOpBI B XOJe
TEPMUYECKON 00pabOTKH MEeperpynmnupoBbIBACTCS B HEHACHIIICHHBIA CIOXHBIA ADUp
71 ¢ xopomuM BbIXOJIOM. BoccraHoBiIeHHE € TMOMONIBIO JUU300yTHIATIOMUHHMI
ruapuaa npu HU3Koil temneparype (-78 °C, 90%) wnm nutuiiamromoruapuna (24 °C,
91%), a Taxke mocnenyroiiee okuciacHue (24 °C, 88%) MpUBOAAT K albaeTHIy [2.
Jlanee, peakuuu yAJWHEHHUS IIEMH peareHToM [puHbsSpa, TOIYYCHHBIM U3 mpem-
OyTusioBoro s¢upa a-OpOMYKCYCHON KHCIOTHI U MarHWsl MPU aKTUBAIlUU HOIUCTHIM
METHUJIOM, WJIM 3TUJANA30alleTaToM B MPUCYTCTBUM xjopuna oisoBa (ll) B kauecTBe
KaTaJIn3aTopa, B CBOIO O4YEpellb MO3BOJIIOT MONy4YaTh S-ruapokcmddup 73b wmm f-
kerodgup 73a ¢ XOpOIIMMH BBIXOJAMU. XEMOCEJIEKTUBHOE BOCCTAHOBJICHHE
uHTepMearaTa 73a OOpOrHAPUAOM HATpHsl B 3TaHOJIE NMPUBOAUT K 0Opa3oBaHUIO 3-
ruapokcudpupa ¢ BbIxogoM 85% B BHIE CMECH JUACTEPEOM30MEPOB, KOTOPHIE
IIEJOYHBIM THIPOJIN30M, Kak M coeauHeHue 73D, TpaHCchHOPMUPYIOTCS B KHCIOTY 74.
[TocneanHroro nepeBosT B 3:1-CMeCh 9HO0- U 3K30-U30MEPHBIX OUIIMKIIOB /5 CBBIXOJIOM
93% BBIIEP)KMBAHUEM C all€TaTOM Kajlusl B YKCYCHOM AaHTHJPUJE NMPU KOMHATHOMU
TeMIlepaType B T€UeHHEe 2 4, a 3aTeM MpU KUMSYeHHH B TedueHue 3 4. [lomydenHsnie
WU30MEPHI pa3feNsioTcss B Buae OpomruapuHoB 7/ u 78, mocne peaxmuii baiiepa-
Bummurepa (AcOzH, 90%) no yp-maktoHa 76 u ero OpPOMIHUIAPOKCHIMPOBAHUS C
BbIxogoM 70%. IleneBoe mpomsBomHoe nakToHa Kopu 79, a Takke €ro BaKHBIM B
cuHte3e wu3onpoctanoB  all-cis-crepeonszomep 80, o0Opa3oBbIBalOTCS B XOJ€
BOCCTAHOBUTEIHHOTO PAJAUKAIBLHOTO JeOpoMUpOBaHus JeicTBUeM |-runodocduta
yTinunepuauHa u azooucuzodoyruponutpuia (AIBN). HecMoTpst Ha psii HE1OCTAaTKOB,
TaKMX KaK HHU3Kasl CEJIEKTUBHOCTH MPH TMOJIYYEHUHU IUKIOOyTaHOHA /5 B BHJE CMECH
9HOO- U  IK30-U30MEpPOB, KOTOpas COXpaHSeTCsl [0 TMOJY4YEHHUs] KOHEUYHBIX
opomruapunoB /9 u 80, u wutoroBoe GOpPMHPOBAHUE PALEMHUYECKUX MPOIYKTOB,
JAHHBIN MOAXO]T OMPEIETICHHO MPEICTABISIET HHTEPEC U 3aCiIy>KUBAaeT BHUMAHUs CBOEH

M300peTaTeIbHOCTHIO.
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Cxema 1.16

Emie onuH uHTEpECHBIN MOIX0]1 OBLIT MPOIEMOHCTPUPOBAH SITOHCKUMHU YYCHBIMH,
UCXOJ M3 JIETKOJOCTYIMHOIO MO peakiuu Baiicca mMexay ITuMeTUIoBbIM 3PUpoM 2-
OKCOTITyTapoBoii kuciaots! 81 u rmnokcans 82 C*-cummerpuynoro coeannenns 83 [79].
[locnennee B XoJe KaTIM3UPYEMOTO JIMIA30M JIEMETOKCHKAPOOHUIUPOBAHUS C
YMEPEHHBIM BBIXOJIOM M BBICOKOW ONTHYECKON YHUCTOTOM MPUBOIAWIIO K aAuoiy (+)-84,
KOTOPbIH B XOA€ KOHTPOJHMPYEMOTO BOCCTAHOBJICHUS TpPaHC(HOPMUPOBAICS B
uHtepmenuar (+)-85. Jlanee, mocienoBarenbHbie 00paOOTKH IIEIOUYbI0 U KHUCJIOTOH, a
TaK)K€ pEaKIWM BBEICHUS 3alllUTHBIX TPYII TO3BOJMIN TIOJYYHTh KIHOUYEBOMN
ournukimueckuii ketoH (+)-86 ¢ BeiIxogom 62%. K cokanenuto, oOmias HEBBICOKas

3 PEKTUBHOCTh MOJXO0/Aa, a TaKXE JOBOJBHO OOJIBIIOE YUCIO CTaaui (ToJIydeHue
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npousBoaHoro jakroHa Kopwu (-)-87 TpeOyer eme 7 cramuii, BKIIOYas JBE PEAKIHH
O30HOJIN3a), HE TO3BOJSIOT PAacCMaTPUBATh CEPbE3HBIC MEPCHEKTUBBI €r0 IIHUPOKOTO

IpUMEHEHHUs B CHHTe3¢ nmpocTanouaoB (cxema 1.17) [80, 81].

OH
MeO,C MeO,C MeO,C
CHO H° CO-Me JII/Ir[aBa PP
20 + —0> H 2
CHO 50% H 43%, 98% ee
M602C
MeOZC COzMe
HO
1. OH" 0)
OH 2' H+
MeO,C 3. CH,N, = .
NaBH(OEt); 4 AcO Haz & 7 cragui
—» 2% . N —>
949, H 62% H
¥ VCO,Me § COMe
H(§ AcO
(H)-85 (+)-86
Cxema 1.17

Taxke 3aciayKMBaeT BHUMAHHS pAJUKaJIbHAs pPEaKUus BHYTPHUMOJIEKYJIIPHOU

OUKIW3allu  KAaCKaJIHOI'O0 THIIA I CHHTC3a  PA3JIMYHBIX  IHUKIOIICHTAHOBBIX

npou3BOAHBIX. OHA MPEACTaBISAET COOOW S5-9K30-TUT TUKIW3AINI0 B paaukaie 88,
MOCJICAYIONMIMKA  TIEPEeHOC Moiekyiae 89 ¢

BOOJOPOaa B IMOJIYUYCHUCM

KpeMHUilIeHTpupoBaHHoro panukana 90, nanee, 5-9HOO-TpPUT MHUKIU3ALUIO C
oOpazoBanueM paaukana 91, KOTOpHIH, MPUCOCTUHSIS aTOM BOAOPO/a, IPEBPAIACTCS B
ourmka 92 (cxema 1.18).

Peanuzanust n1aHHOTO TpeBpallleHUs Ha TpuMepe coeauHeHus 93 mpuBena K
oOpazoBanuto Oounmkia 94 ¢ Beixogom 79% [82]. Ilocneanuii, B CBOIO o4epeb, B TPU
CTaJINH JECIMIMPOBaHUs B 95, THAPUPOBAHUS U TIEPMAHTAHATHOTO OKUCIICHUS TPaHC-
dbopmupoBaics B JU3AUTUIIECHHBIA JTAKTOHIUOJ 96. oCTYymHOCTh HCXOJHOTO

coenuHeHus 93 NeMOHCTPUPYET 9-TH CTAAMIHBIN CUHTE3 €T0 TpeaiecTBeHHnKa (+)-98
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Cxema 1.18

u3 OEH3WIOBOTO amerans 2-ne30kcu-D-pubo3er 97 ¢ obmuMm Beixogom 15% (cxema

1.19).
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Cxema 1.19

Hcnons3oBanue U1 IIOJy4YEHUS IIPOU3BOIHBIX JIAKTOHA Kopu

BHYTPHUMOJICKYJISIPHOW peakiuu BHeapeHus kapoeHoumoB mo C-H-cBs3u B xome
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karammsupyemorn Rh(Il)-mmkimzanmu  a-mua3o-f-okcospupa 99 omucano B padote

AMOHCKUX  aBTOpoB [83]. B  xome 9STroro  mpeBpamieHuss C€  XOpPOIIEH
cTepeoceneKTuBHOCTRIO  (4:1) u  BbixomoM 50%  oOpa3oBbIBajCs — KIHOYEBOM
nukionenTaHod 100, mepBuYHAsT TUAPOKCWIBHAS TPyIa KOTOPOTO  TOCTE
BoccTaHOBJIeHUS 710 nuoja 101 Obuta celeKTHBHO 3aluIlieHa B BUJE CUITMIIOBOTO A(dupa
B 102 (cxema 1.20). TpeOyemblii onTHYeCKHd YUCTBIA JAaKTOH (-)-104, ObuT mojydeH
MIOCJIC 3aITUTHl BTOPUIHOM TUAPOKCIIIbHOU rpymmbl B 103, meprogaTHOTO OKUCICHHS U

KMCJIOTHOTO TUJIpOJIn3a ¢ BhIX0A0M 48%.

O CO,Me
\ Rh2(0A0)2 ~CO,Me L1A1H —OH
2
TS0
TBSO
A\ TBSO TBSO
99 100 101
TBDPSCI
0
OTBDPS OTBDPS
Q% 1. RuCl; Nalo, RO | HQ |
< J 2 HY ’ R\ p-Ph-BzCl o\
-
CK/ 53% 1%
= OH X
RO TBSO TBSO 53%
Ha 2 cTaguu
(-)-104 R = p-Ph-Bz 103 102

Cxema 1.20

NHTepecHbli BapuaHT MCHOJBb30BAaHUS pPeakuuu [4+2]-IUKIONPUCOEANHEHUS
JTOCTYNHBIX 3-kapOomeTokcu-2-nmupoHa 105 u Bunwmicenenuga 106 ¢ oOpatHbIMU
AJIEKTPOHHBIMU TPEeOOBAaHUSAMH B CHHTE3€ NPOM3BOAHBIX JiakToHa Kopu ommcan B
nyOnukamuu  Oenpruiickux ydyensix [84]. Ilomywaembrit apnykr 107 B xone
PaAUKaIbHOTO JIECEJICHUPOBAHUSI MPETEPIIEBACT CKEJIETHYI0 NEPErpynmnupoBKy C
oOpazoBanuem Ourukia 108, KOTophIil Ha cuIHMKarenie, aajiee, mpeBpamiacTcs B JaKTOH
109 ¢ obmwum BeixogoM  78%  (cxema 1.21). JlanpHelmme — cTaauu

nexkapookcunrpoBanus o Kpamuo no 110, 6poMruapokcuivpoBaHus moj ASHCTBUEM
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N-opomaneramuga (NBA) wu amummpoBanms no 111, a Ttakke paauKaibHOTO
BOCCTAaHOBHUTEIHHOTO JCOPOMUPOBAHMS MPHUBOMIT K IMEJIEBOMY Ipou3BogHOoMy 112 ¢

BBEIXO0OM 56%.

(Me;Si);SiH 0
| X COZMe Ph3e 15 Kbar AIB%\I 3 /
+ — MO o —> o
o) O PhSe <0 MeO
OMe COzMe
105 106 108
0 0
o& ){ I.NBA OJ{
Si0, 2 Y—CO,Me LiCl 0" \ 2. Accl 2 Y Bu;SnH
——2 3y 3 —> S —» 3 .
@\ 83% @\ 91% 70%
Br
78% =
Ha 3 CTa):[I/II/I OAc OMe
109 110 111 112

Cxema 1.21

1.1.4 Cunre3bl NPOU3BOAHBIX y-1aKTOHOB Kopu /151 m30npocTtanoB

Jlakton Kopu sBisieTcst KIIFOYEBBIM POMEKYTOUHBIM MPOIYKTOM, COIEPIKAIIIM
[UKJIONCHTAHOBBI  (parMeHT, TMOAXOMSIIIMM JJIi CHHTE3a BCEX  aHAJIOTOB
NPOCTArJIaHAMHOB, COTJIACHO OJHOMMEHHOW mpouenaype. OmHAKO, Ui IOJTyYEHHS
uzorpoctanoB (IsoP), ornensHOrO cemelicTBa nMpocTarJiaHAMHOB, XapaKTEPU3YIOIIETOCs
TJIaBHBIM 00pa3oM yuc-pacrojiokeHrueM ABYX O0KOBBIX merel [85], Tpedyrorcs all-cis-
U30MEpHbIe Mpou3BoaHbIe JakToHAa Kopu (Hampumep, 119 B cxeme 1.22). CunTe3sl
NOJOOHBIX COCIMHEHUH HWMEIOT psiJ OCOOEGHHOCTEH, KOTOpPhIE OTIMYAIOT WX OT
TIOJIXO/IOB, PEaTM30BAHHBIX IS MOJYYCHHS JIPYTHX THUIOB MPOCTAHOUIOB, U TIOATOMY
3aCITy’)KMBaIOT OTJIEILHOTO BHUMaHMS. HekoTopble MeToIbl, Kak MpelICTaBICHHBIN Ha
cxeme 15, MOTYT OJJHOBPEMEHHO O0ECIIeYHTh MOJTydeHHe, Kak JJakToHa Kopwu, Tak u ero
all-cis-uzomepa, HO, y4HTBIBasE BaXXHOCTh KOHEYHBIX CTPYKTYp, CYIIECTBYIOT TaKXkKe

IMPUMCPBI HAIIPABJICHHOI'O CHHTC3a KMCHHO H30IIPOCTAHOBBIX HHTCPMCIUATOB.
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Cxema 1.22

Hemerkue aBTOpHI cOO0Imamy O MOJYYCHUU KII0OUEBOTO MHTepMenunara 119 nms
cuaTe3a ent-5-F,-1SoOP u 5-epi-ent-5-Fy-1SOP, mcxoas w3 oONTHYECKH aKTHBHOIO
Tpunukiandeckoro kerona 113. Cravana 3o coenunenue oopadarsiBasin HCI, kak u B
ciydae coeauaenus 10 Ha cxeme 2, ¢ moiydyeHueM xJoprnpou3BoaHoro 114 ¢ Beixomom
82% (99% ee) (cxemal. 22) [86, 87]. 3aTeM OHM MPEAIOKUIN J1BA BApUAHTA BHIXOJa K
o-naktoHy 117, ornuyarouiyecss JHIlb MOPSAKOM MpoBeAeHus mnpouenyp. CoriacHo
nepBoMy u3 Hux, B nepexoge 114—115—117, no peakuuu baitepa-Bunurepa kerona
114 mepBOHAYAJIbHO PETHOCENICKTHBHO TONy4Yaiu o-1akToH 115 c¢ Beixomom 88%, a
MOCTIEAYIONIEe BOCCTAHOBIICHUE KUCIOTHOM TPYIIIBI O CIHUPTOBON depe3 00pa3oBaHHe
mudopmuata npuBogwio Kk cnupty 117 c Beixomom 66%. Ilo BTOpOoMy BapuaHTy
114—116—117, mnopsmox mnporeAayp ObUT OOpaTHBIM M OHHU XapaKTEPU30BAIUCH
HECKOJIbKO OoJiee HU3KMMHU Bbixonamu (85% u 63%, cooTBeTcTBEHHO). JlanbHeliee
BBelleHHE n-MeTokcuOeH3mwioBoi (PMB) 3ammrHON rpymnmbl mo Tumpokcwity B 118

ObLJIO  OCYHIECTBIEHO OOpabOTKOW  #-METOKCHOCH3WITPUXJIOPALETUMUAATOM B
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MPUCYTCTBUH KaTaJTUTHYECKOTO KOJU4eCcTBa TpudeHumeTunrerpadgropdbopara ¢ BbIXO-
nom 87%. KmoueBas crtpykrypa all-cis-makrona 119 dopmupoBazach B Xoje
MOCJICAYIOIETO THUAPOJM3a M TMOBTOPHOM JakToHu3aruu aeiicteuem LiOH/H,0O, B

cpene TT'®-Bojaa ¢ BeixomoM 82%.

HO 1.TBSc1 ~ TBSQ
E 2.0, z
5 cranui 3. NaBH, } OH
78%
R N OH
1,3-IUKI00KTaAeH S 0)
I )| HO (+)-120 TBSO 121

TBSO

0.8% mol 122
OyTaHOH

91%, 98% ee

TBSO

123 HO 5 g, IsoP

Cxema 1.23

Jist cuHTe3a M30mpOoCTaHOB THMA 15-F3, XapakTepusyrolUXCcs B3aMMHBIM
MOMAPHBIM  YUC-PACTIONOKEHUEM THUIPOKCUIIOB U OOKOBBIX II€MI€M OTHOCHUTEIIBHO
IIUKJIOTICHTAaHOBOTO KOJIblIa, HO mMpaHc-OpUEHTAIMEe MEXIy CaMUMU TapaMu, Oblia
pa3paboTaHa HECKOJbKO HHAs CTPATErusl TMOJYyYCHUsS KIFOYEBBIX MPOMEKYTOUHBIX
coequHenud 121 u 123 (cxema 1.23) [88]. Tak, o-makton 123, mnst cunte3a 15-F3-
U30IpOCTaHa W ero 15-smmmepa, ObLI CHHTE3UPOBAH U3 ONTHYECKH AKTUBHOTO
npoMexyTouHoro mpoaykra (+)-120, nerko momyudaemoro u3 1,3-IMKIIOOKTaIUECHA B
NATh CTaJui, BKJIIOYAs ONTUYECKOE paclieruieHue (pepMeHTATUBHBIM allUIMPOBAHUEM.

ITocne 3alIUThl THAPOKCHUIIBHBIX T'PYIIII, O30HOJIN3a ,HBOfIHOfI CBA3HU N BOCCTAHOBJICHU



44

ObuT momydeH Ounukinuueckuit auon 121 ¢ Beixogom 78%. JlanbHeilniee celeKTUBHOE
okucinenue 1,5-muona B mpucytctBun 3ddexTuBHOr0o Kartanuzaropa 122 [89] compo-
BOXKJAJIOCh JIaKTOHU3amMed B wuHTepMenuar 123 c¢ BeixogoM 91%. Kpome Toro,
coequHenne 121 Takke TMOABEprajid HSH3UMATHYECKOMY PETHOCEIECKTUBHOMY
MOHOAUETWINPOBAHUIO 10 THAPOKCHUILY, CBSI3aHHOMY ¢ Oosiee JUIMHHOH 1enbio [90] u

Jajee, MCIOJIb30Balu I cuHTe3a ent-7-epi-F,-auromo-I1soP, 17-F,-nuromo-IsoP, a

takke 5-Fz-1S0P [91].

S
>< >\\ 0 Bus;SnH
5 CTaZ[I/II/I o AIBN
%
T \)\3/\:/\'“(:021\46 47%
D-tiroxo3sa 12 4OH OH
O
\\\\
N \f
///// ,///
OH l)H
126 127

125:126:127=2.85:1.15:1

Cxema 1.24

Eme oauH uwHTEpecHbId BapuaHT OJHOBPEMEHHOTO TOJIy4eHHUs OJIOKOB ISt
MIPOCTAHOUJOB PA3HOIO THIA, OCHOBAHHBIA HA HCIOJIb30BaHUSA PEAKUUUA BHYTPUMO-
JICKYJISIPHON paJMKaIbHOW IUKJIM3alUKM, ObUT MPOAECMOHCTPUPOBAH (paHIy3CKUMHU
aBTopamu [92]. Tak, nuKIu3aIus, J0CTYITHOTO B MATh CTaaui ¢ oOmuM BbixoaoM 31%
u3 D-rimoko3bl THOHOKapOoHaTa 124 mpuBena K CMECH TpeX JIaKTOHOB (cxema 1.24).
3necb, MUHOPHBIN JTAKTOH 125 sHaHTHOMEpeH Mpou3BOAHBIM JakToHa Kopu, a 128 u

OCHOBHOM m3oMep 127 — 3To KiItoueBbIe HHTepMeauaThl s 1S0-P.
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1.1.5 CuHre3bl y-TaKTOHHBIX HHTEPMEAUATOB APYTUX THIIOB

HenaBHo kuTalickuMu HcCClIeoBaTeISIMU ObLT TIPEACTABICH HOBBIM MOAXOJ K )-
JakToHaMm 129, copepkamuM B CBOEM CTPYKType ®-OOKOBBIE IIEMH KOHEYHBIX
coequHeHui [93]. OcHOBHas wuAed 3aKJIIOYACTCd B BOCCTAHOBJIICHUU KETOTPYMIIBI
coeMHeHn ob1ero Buaa 128 npu aelcTBUU TpU-cexo-0yTUI00POTHAPH/IA JIUTHUS TIPU
temriepatypax Hmwke -70 °C, dYro B IIETOYHBIX YCJIOBHUSX COMPOBOXKIACTCS
nakToHooOpa3zoBanueM B 129 ¢ BrixogoMm Oosee 80% (cxema 1.25). DTOT J0CTaTOYHO
WHTEPECHBINA MOAXO0/ MpEAToaracT TaJbHEHIee NCTI0Ib30BAHNE TAHHBIX COCAMHCHUI

AJs1 CMHTE3a IIPOCTAarlaHAWHOB IIYTCM IIOCTPOCHUSA (1-].[61'[6171 COIJIaCHO THIIOBBIM

TIPOIIEAYPaM.

0] O
O
02R1 (2-Bu)3BH T &
R , W
S 80% R
HO : N
OH HO é
128 129 OH
Cxema 1.25

1.1.6 J-JIaKTOHBI B CHHTE3€ MPOCTATJIAHIMHOB

Coenunennst ob6mero tuma 130, ¢ 3aMeCTHTCISIMM B BHUJE KHCIIOTHOM,
CIIOKHOY(PUPHOM, ANbJIECTUAHON WU TUIPOKCUMETUIBLHOW TPYIIaMH C Pa3IuYHBIMU
BUJIAaMH 3aIIUT (3PUPHI WIK alleTalau), MUPOKO MCIOJIB3YIOTCS B MPOIEAypax CHHTE3a
COOTBETCTBYIOIMX JakToHOB Kopu, wucxomsmmx wu3 HopOopHamueHa. B stux
MOCJIEIOBATENBHOCTSIX  O-MakToHbl 130  sBUAOTCS  JNHIIb  MEPEXOJHBIMU
MPOMEKYTOUYHBIMU TPOAYKTaMU AJid p-JIaKTOHOB 131, Kak 3TO Mpe/CTaBIEHO B OOLIEM
Buje Ha cxeme 1.26 (cm. Taxoke cxemsr 1.2, 1.6, 1.7, 1.10 u 1.22).

Psinq  mOMHBIX CUHTE30B MPOCTArIaHAMHOB OCHOBAaH HAa MPEUMYIIECTBAX

ucnonb3oBanus anpaerugHod gopmer 130 (R = CHO), kortopas MoxeT OBITH
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HermocpecTBeHHO BoBieueHa B E-HWE onedunupoBanue ¢ oOpazoBanneM w-00KOBOH
neny B eHoHax 132. JlaHHBIN BapyuaHT MPUBOIUT K COKPAIICHHUIO MOCIEAOBATEIIBHOCTH
Ha OJIHY CTajMio, Tak Kak cenektuBHoe E-HWE onepunuposanue aapaeruaa 131 (R =
CHO) no enona 133 Tpebyer BBeneHHE 3aIIUTHOW TPYIIBI MO BTOPUYHOMY
THAPOKCHIY. OTO TMPEUMYINECTBO OBLIO HCIOJB30BaHO, HAIPUMEP, B CHHTE3E
JUMoOKcarpocTa 4epe3 eHoH 132a [39, 94, 95], wmompocTteHosna, ¢IynpocTeHoa,
TpaBorpocra yepe3 eHonbl 132b [39, 96, 97], PGF,, uepe3 enon 132¢ [39] u np. Takxke
9TH COCIMHCHUS ObLTH MCIIOIb30BaHbI IS IMOIYYCHUS 9f-TaJlOreHUPOBAaHHBIX aHAJIOTOB
npocTarianiuHoB (cMm. pazgen 1.3) wiam 9f-ranoreHUpoOBaHHBIX IUKJIONEHTAHOBBIX
MHTEpMEIUaToB (CM. cxeMbl B pazzene 1.3 [60, 98]). B o6mem HE0OX0AMMO OTMETUTD,
YTO KaK O-JJAKTOHBI, TaK W )-JaKTOHBI SIBJSIOTCS KJIIOUEBBIMH IPOMEKYTOUHBIMH
MPOIYKTaMU TIPU TOCTPOCHUHU ITUKIOTICHTAHOBOTO OCTOBA MPOCTATJIAHAMHOB M WX

AHaJIOT'OB.

o
e
“ty
~
o

: Cl Ry =
; E-HWE cl
- —_—
o) 0
: R 6}
HO 131 130 132
R = CO,H, CO,Me, AR, - ></0\/ b.R; =~ _O
CH,OAcyl, CH,OEther R, = CH,,
CHO, CH(OCHj3), umknuyeckue X =H,Cl,F, CF; %
KE€TaJIn UJIN TUOKECTAINU
Cxema 1.26

1.2 Ucnosnb3oBaHue pepMEHTHBIX CHCTEM /ISl MOJYYEHUsI JHAHTHOMEPHO YUCTHIX
(opM KIII0YEBBIX J- H Y-JIAKTOHOB KaK KJII0YEeBbIX HHTEPMEIUATOB B CHHTE3€

npocrarjiaHJinHOB

XHAMHUYECKOE DPa3/IENICHUE PALEMHYECKUX IPOMEKYTOUYHBIX NMPOAYKTOB ITyTEM
pACILEIUICHNS] KUCIOTHBIX MHTEPMEANATOB ONTHUYECKA AKTUBHBIMM AMWUHAMH, TAKUMH

kak R-(+)-penmmtunamun, L-adpenpun u  gp. 3PpPEeKTHBHO HCHOIB3YETCA IS
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MOJTyYEHUS] ONTUYECKU YHCTHIX SHAHTUOMEPOB KIIIOUEBBIX COSAMHEHUN, HEOOXOAMMBIX
JUIl CHHTE3a IMPUPOAHBIX MPOCTAIVIAHAWHOB MW HX CHHTETUYECKHX AaHAJIOTOB.
brokaranurnueckue 3H3MMaTHUYECKUE MPEBPAIICHUS TaKKE IIMPOKO BOCTPEOOBAHBI B
MOJIX0J]aX K aHAaJIOTUYHBIM 0a30BbIM XUPAIBHBIM HHTEpMeanaTaM. HecMoTps Ha TO, 4TO
U3BECTHO JOBOJIBHO OOJIBIIOE YMCIIO NPUMEPOB, KACAIOUIMXCA CUHTE3a YHAaHTUOMEPHO
YHUCThIX MPOU3BOAHBIX, IPUMEHSAEMBIX ISl HENOCPEACTBEHHOTO BBEAECHUS (W-O00KOBBIX
uenen, gagee  OyayT  pacCMOTPEHbl  JIMIIb  HCCIEAOBAHUS,  IOCBSILIECHHBIE
UCIOJIb30BaHUIO0 ()EPMEHTATUBHBIX CUCTEM IIPH MOJYyYEHUU ONTUYECKU YUCTBIX O- U )-
naktoHOB Kopu. B ocHoBe 3Tux palOOT JEXKUT NPUMEHEHUE SH3UMOB JIHOO IS
CEJICKTUBHOI'O allETUIMPOBAHMS, MO0 M30MPATENHLHOTO THAPOJIKM3a alleTaTa OJHOTO U3
HYHAHTHUOMEPOB PALIEMUYECKON CMeCH. JlaHHbIE PUHLIMIILI Pa3EIeHUs JIeKaT B OCHOBE
MHOTHX CXE€M CHHTE€3a WHTEpPMEAMATOB HEOOXOJMMBIX [JIi KOHEYHOIO BBIXOAA K

XHPaJIbHBIM TIPOM3BOIHBIM JIaKTOHIMOa Kopu (-)-22.

1.2.1 DuH3uMaTH4YecKoOe JeaneTUIUPOBaAHNE

B omHoM W3 wuccnenoBaHUM TpeNCTaBlieHa MMOCIEI0BATEIBHOCTh IMOTYYCHHS
JaKTOHAMOJ0B Kopu, OCHOBaHHAas HAa NMPUMEHEHHUM JIMIIA3bl CBUHOW MOIXKEITYIOYHOU
xene3bl PPL (Porcine Pancreatic Lipase) mist celIeKTHBHOTO THAPOJIM3a alleTaTHOM
TPYIIILI B palieMudeckoM coenHeHnn 134 no sHantromepHoro uHrepmenuata (-)-135
B BogHOM (ocharHoM Oydepe npu komMHaTHOU Temreparype [99]. Ilo 3aBepieHun
MpoIlecca HUTOTOBOE COOTHOIICHHE JHAHTUOMEPOB cocTaBisieTr mouytu 1:1 ¢
DPHAHTHOMEPHBIM M30BITKOM (+)-134 Gonee 98% ee. Bo Bpems mnocneayromieit
oOpaboTku arerat Tpebyemoro mzomepa (+)-134 skcTparupyercs B OPraHHYECKYIO
da3y (aTmianerar-rexkcan, 1:1), a ruaponu3oBaHHblid dHaHTHOMED (-)-135 ocTtaercs B
BOJHOM, YTO OOECHeuYnBaeT JIETKOE pa3JeieHHe W30MEPHBIX coeauHeHud. Tpu
MOCJICTYIOIINE CTaJUH TUIIOBBIE M MPUBOJAT K MOJTYYEHUIO 00OMX aHTHUIIOJOB alerara

naktonauosia Kopu (-)- u (+)-138 (cxema 1.27).
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o)
OH
o)
4 craguu
AcO PPL, pocp. O ()-135 3
B BOAHOI (aze Z
Gyddep i ¢ HO TH,0AC

(+)-138

AcO

(@) AcO
pay-134 HCVAICI,  Cl
o)

(+)-134 136 ©

B OpraHMuYecKoi Qasze

OKHCJICHHE I10 AcO . )
Baitepy-Buirepy Cl LiOH/H,0,
> —
© 0
137
Cxema 1.27

bonee panHwmii mpumep (pepMEHTAaTUBHOTO THAPOIH3a arieTaTa ObUT IPEICTABIICH
JUIs pasnenieHns paneMuueckoro coenuuenns Kopu 139 smonckumu aBropamu [100]. B
3TOM cliydae Oblia MCIoJib30BaHa Jjumaza PS (Amano®, Pseudomonas sp.) B 0,1 M
docharaom 6ydepe mpu pH 7,6 npu 30 °C B Teuenue 48 4, a nenepoit cupt (-)-140 u
HETUAPOJIU30BaHHbIN arerar ent-(+)-139 ObulM BBIACICHBI C XOPOIIMMHU BBIXOAAMHU M

ONTHYECKOM YMCTOTOM Oosiee ueM 99% ee (cxema 1.28).

O O 0 0]
Q_{ 0 BUHHJIAIICTAT, O—{
S numnasa PS, =
- \ — R
\\\\ + M’ ‘\\\\ n
S %, & P
AcO' CH,OTBS AcO TH,OTBS HO CH,OTBS AcO ‘CH,0TBS
(-)-139 (+)-139 (-)-140 (H)-139
49.7%, >99 ee 50%, >99 ee

Cxema 1.28
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1.2.2 DuH3duMaTHYecKOe alleTHJIMPOBAHUE

[TomoOHBIC  TpOLEAYPHI, COIJIACHO  JIMTEpaTYpHbIM  HCTOYHHKAM  ObLIN
WCIIOJIB30BaHbl Kak [yl jakToHa Kopm (£)-22, Tak m s ero OoJjiee paHHETO
npeaiecTBeHHNKa J1akToHa ['puko (£)-20. Tak, HanmpuMep, ONTHYSCKOE paCIICIICHHE
paleMHYeCKOro JJAKTOHA (+)-22 OBLJIO OCYIIECTBICHO CEJICKTUBHBIM (DePMEHTATUBHBIM
alleTHIIMPOBAHUEM TOJIBKO HYKHOTO SHAHTHOMEPA (-)-22 ¢ MMOMOIIBIO Pa3HBIX JIMIIA3, HO
HanOoJIee BaKHBIC Pe3yJbTaThl OBUIM MOJIYYEHBI MPH MPUMEHEHHH Jumasel Amano®

AK B XJIOpUCTOM METWIICHE W BHHUWJALIETaTa B KAayeCTBE AlWJIMPYIOLIETO PEarcHTa

(cxema 1.29) [101].

O 0 (0]
0 0 BUHMUIIAIIETAT, 0
= nunasza Amano AK
\\\\ + —_—
& Z 2
HO CH,0H HO “CH,0H HO HO “CH,OH
(-)-22 (+)-22 (-)-138 (+)-22
47.4%, >99 ee 46%, >99 ee
Cxema 1.29

Jlpyroii BapuaHT alUIMPOBaHUsI ObUT pearu30BaH MYTEM DSH3UMATHYECKOU
nepesrepudukanum  pamemMudeckor  cmecu  S-n-penmnbenzoara  (£)-104 ¢
TpUOYTUPUHOM (TpUOYTHpAT TIUIEPOA) C TMOMOIIBIO JIUMA3bl (TPHALMITIUIICPUH-
arpuruapodasel EC 3.1.1.3, tunn VIl u3 pona Candida cylindracea ot Sigma®) [102,
103]. B srom ciydyae TpeOyemblii HSHAHTHOMEDP COXpaHSI CBOOOIHYIO MEPBUYHYIO
CIIUPTOBYIO rpyIIy, a Ipyrou 00pa3oBBIBAI 5-n-penunbdenzoar-4-
OyrupmiokcumeTniuiakToH (+)-141 (cxema 1.30).

Uro kacaercss nmaktoHa ['puxo 20, TO HEJaBHO KHUTAMCKMMU aBTOpaMu ObLia
npejcTaBiieHa padoTa 1mo d3QPEeKTUBHOMY pa3eCHUI0 €r0 YHAHTUOMEPOB C MTOMOIIIBIO

dbepmenTatuBHbIX cucteM [ 104]. [Ipu sTOM, IpU UCTIONIB30BAaHUY PA3THYHBIX JIUTIA3,
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0 O 0 0]

TPUOYTHPAT TIIUIEPOIIa,
mumnaza EC 3.1.1.3

RO CH,0H RO TH,0,CC3H,

(-)-104 (+)-104 R =p-PhBz (-)-104 (+)-141

Cxema 1.30

takux BuaoB kak AK, PS, Amano M10, T, AP6, MY, CP, AL, PL266 u PL697
MPOUCXOIUIIO CENIEKTUBHOE allETUIIMPOBAHUE TOJIBKO OJHOro sHaHTHOMepa (+)-20 ¢
oOpa30BaHHEM COOTBETCTBYIOIICH areTaToKucIoThl 142. [Tocmenuss Obima oOpadboTaHa
ocHOBaHHeM J10 conu 143, koropas, najnee, B X0/€ TUAPOIN3a TpaHCPOPMUPOBAIACH B
sHantuomep (+)-20. Boixoasl neneBoro antunonaa (-)-20 BapeupoBanuck ot 91.6% 1m0
98.5%, a onrtmueckas umcrtora Oor 90.0% mo 99.7% ee, nmpu >TOM Hammydmue

pe3yabTaThl ObLIH MoMydeHHbI i1 unassl AK (98.5%, 99.7% ee) (cxema 1.31).

a) Actinebacter NCIB 9871

0 0) Actinebacter TD 63 O
/" B) OTEMO F255A/F443V W0
[ OTEMO W501V
S ’ SUBE °
.:l//I//
CH,0A
(+)-19 e (1120 (+)-144
—» (+)-20 a) 40%, >97% ee a) 37%, >97% ee
CO,R 6) 46%, >95% ee 0) 46%, >95% ee
_ 90%, >95% ee  B)-
(+)-142,R=H B) 90%,
((_'_)_143’ R — Na I‘) - F) 98%, >95% ee
Cxema 1.31

depmentnr Actinobacter TD 63 u NCIB 9871 ucnonb3oBanuch (GpaHIly3CKUMH
aBTOpaMud  TPU  MUKPOOMOJIOTHYECKOM  OKHcieHuu 1o  baliepy-Bumurepy
paleMu4ecKkoro nukiooyraHona (+)-19 s momydeHus: onTudecku akTuBHOTO (-)-20 ¢

BbixogoM 40% wu onTuyeckoil umcroroii Oomee 97% ee (cxema 1.31) [105].
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BriocnencTBuu UM yaanock HECKOJBKO YIYYIIUTh MPOLEAYPY M YBEIUYUTH BBIXOJ J0
46% [106] mpu MCHOIB30BAHUM IEIHHOKIETOUYHBIX KYJIbTyp KieTok Actinobacter TD
63. [Ipu 3TOM JpyruM MPOJYKTOM BO BCEX Cy4asx ObLUT «aHOMAaJIbHBIN» JAKTOH (+)-
144, xoTopslii Takke 00Pa30BBIBAJICS C BHICOKUMU BBIXOJAMH M ONTHUYECKON YHCTOTOM.
3n1ech cienyeT MoA4epKHYTh, YTO TaHHBIA HEOXKUAAHHBIA PErHOU30MEDP HA TOT MOMEHT
ObLJI MOJY4YeH BIEpPBbIE M HUMEJ OCOOCHHBIE TEPCIEKTUBBI, TaK KaK HE MOI OBbITh
MOJIYyYeH MyTeM xuMmuueckoro okucienud [107]. B nanpHelilieM HEMEIIKUMU aBTOPaMHU
Oblla  MpoBeAeHa  Cepusi  OKCIEPUMEHTOB IO  H3YYEHUIO  BO3MOXKHOCTH
PErMOCENEKTUBHOTO OKHUCIEHU 0 baliepy-Buiunrepy Toro ke paneMuyecKkoro yuc-
ourukiro[3.2.0rent-2-eH-6-0Ha 19 c HCIIOJIb30BAHUEM 2-0kco-A3-455-
TPUMETUIIMKIONEHTCHWIaleTUI-KoaepMeHTa A MOHOOKCOT€HAa3bl M3  KJIETOK
Pseudomonas putida (OTEMO) [108]. ITpu 3Tom ObUTO 00HAPYKEHO, YTO HAIIPABJICHUE
OKHCJIEHUSI MOKET OBITh OTKOPPEKTHUPOBAHO MYTEM MCIIOJIb30BAHMS PA3IUUYHBIX BHJIOB
MYTHUPOBAHHBIX KJIETOK JaHHOM KYJbTYpbI: O «HOPMAaJIbHOI'O» ONTUYECKH aKTUBHOTO
nakToHa (-)-20 ¢ BeixogoM 90% mpu ucnosap3oBanuu mrtammoB F255A/F443V unu no
«aHOMaNIbHOTO» TpoaykTa (+)-144 ¢ BeixomoM 110 98% co mrammom W501V. Kpome
TOT0, TAaKXe OBLJIO M3YYEHO MOBEJICHUE MHIUBUIYAILHBIX YJHAHTHOMEPOB (+)- 1 (-)-19 B
YCIOBUSIX OKUcHeHus paznuudbiMu mtammamMu OTEMO, B xome KOTOpbIX, B
YACTHOCTH, OBUIO YCTAaHOBJIEHO, YTO MCXOJHBIM, «IUKUW» TUN (EepMEHTa MPUBOAUT

n3omep (-)-19 k npakTu4Yeckn YKBUBAJICHTHOW CMECH PETUON30MEPHBIX JIAKTOHOB.

O E.coli TOP10 pQR239 WO 0
’ (CHMO)
> 0 + O
\ 85-90% gy
1:1
(£)-19 (-)-20 (+)-20
>094% ee >99 ee
Cxema 1.32

Psan uccnenoBarenel nmpu U3ydeHUH peakuuu okucieHus no banepy-Buurepy

palleMUYEeCKOro OUIMKINYEeCKOTo KeToHa 19 BwIOpaiuM HECKOJIBKO WHOW MYTh
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onrumm3aiuu nerctus pepmentoB [109, 110]. Tak, oHM TPEATIOKIIN UCTIOTH30BAHNE
PEKOMOMHAHTHOTO IIETBHOKIETOYHOTO Onokaranm3aropa Escherichia coli TOP10
pQR239, »skcnpeccupylOIero  HUKJIONEKCAHOHMOHOOKCHTE€HA3y M3  KYJBTYpbI
Acinetobacter calcoaceticus NCIMB 9871 (CHMO) mns perunocnenupuieckoro
noJIydeHus: o0oux »sHaHTHOMEpoB jakToHa ['puko 20. PazneneHue mnonmydeHHBIX
aHTUIIOJIOB  MPOU3BOAMIOCH C  TMOMONIbIO  BBICOKOA((HEKTUBHON  KUJIKOCTHOM
xpoMmarorpadpum Ha XuUpaJbHOW KojoHke (cxema 1.32). B  mepcmekTtuse,
MPE/ICTABICHHBIE METOJIbI MOTYT OBITh YJIYUIIIEHBI KaK B CTOPOHY CHIXKEHHSI KOHEUHOMN
CTOMMOCTH LEIEBbIX XUPAIBHBIX JAKTOHOB ['pHUKO JJI CHMHTE3a MPOCTAarjJaHANHOB, TaK
U B CTOPOHY ONTHUMH3AIMK yCIOBUI TOTYyYEHUS! €ro «aHOMaJbHBIX» PErHOM3MEPOB,

CHUHTCTHYCCKH MHTCPCCHLIX U MAJIOAOCTYIIHBIX APYI'UMHU ITIYTAMMU.

1.3 §-JIaKTOHBI B CHHTE3aX raJIOrenpocTarJaHIMHOB U UX NMpPellleCTBEHHUKOB

B HEKOTOpBIX M3 MPEACTABICHHBIX paHEE MOJXO0JOB OMMCAHO HCIOIb30BaHUE
aTOMOB TaJIOT€Ha B Pa3JIMYHBIX MPOU3BOJHBIX HOPOOpPHEHA KaK YXOJAIIEH TPyNImbl B
X0Jle BHYTPUMOJIEKYJIIPHOTO 3aMEIIeHHs] KapOOKCHIAT-aHUOHOM C OJHOBPEMEHHBIM
(GOpMHUpPOBAHHUEM KIIFOUEBBIX )-TAKTOHHBIX CTPYKTYp. B CBsi3M C 3TUM, OTAEIBHOIO
BHUMAaHUS 3aCly’KUBAIOT pabOThI IO CUHTE3Y HauOoJiee MEeCEeKTUBHBIX CHHTETUYECKUX
aHaJIOrOB MPOCTAHOUJOB — TAJIOUANPOCTArJaHANHOB, B KOTOPBIX YIOMSIHYThIE aTOMBI
raJIoreHa COXpPaHsSIOTCS BILIOTh 0 MOJYYEHUs KOHEUHBIX CTPYKTYp. MHOIrME U3 TaKkux
9a,f- m 1la,f-ragoreHNPOU3BOAHBIX, COTJACHO TIPOBEACHHBIM OHOJOTHYECKUM
UCIIBITAHUSIM, TMPOSIBIIAIOT MEPCIEKTUBHBIE 1uTOonpoTrekTopHsle [110, 111] wnmm
anTuTpoMOoTHueckue cBoiictBa [112-114]. Kpome Toro, wusBecTHO 00 ux
MHOT00OCIIAIIINX pe3yibTaTax MpH JiedeHuu TmpodieM deptunbHocT [115] wu
riaykomel [116]. Uto kacaercst camoro MexaHu3Ma OMOJIOTUYECKOTO JICUCTBUS, TO aTOM
rajoreHa B CTPYKTYpE MOXKET UMHUTHUPOBATH KETOTPYIIY, YTO OOECHEUnBaET BBHICOKOE
cponctBo K penentopam PGD; [131, 112], PGE; [112] u ero nontumny EP; [117].

[lepBple mOAXOIBI K CHHTE3y O3THUX COEIUHEHHM ObUIM OCHOBAaHBI Ha

HCITOJIb30BAaHNM 0a30BBIX NpoCTarjlanHAMHOBBIX CTPYKTYp M OHH OCYIICCTBILINCL B
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paMKax THUIIOBOM MOCJIEAOBATEIBHOCTU peakiui. BHavane mosrydann Me3WiaThl WU
TO3WJIATHl MO THIPOKCHIBHOW TpYyIIeE, KOTOpPBIE, SIBISSICH XOPOIIO YXOISIIUMHU
rpynnamMy, BCTYyNaJlld B peakuuu Sy2-3aMeIIeHUs ¢ HEOPraHWYECKUMH  WJIU
OpraHUYEeCKUMHU COJIIMH rajoreHoBelx kuciotr [112, 113, 118-121]. B kayectBe
QIbTEPHATUBHBIX BAPUAHTOB MOXHO OTMETUTh MPUMEPHl HUCIOJIb30BAHUS PEAKIINU
Muiyno0y win (ropupoBaHus CBOOOIHON TuUApOKCHIbHOM rpymmer [112, 113].
OnHako yKa3aHHbIE BapHaHTHI, YYUTHIBAasS HCIOIb30BAHUE MCXOAHBIX TOTOBBIX
NPOCTarjJaHIMHOB, TIPEJICTABISAIOTCS MEHEEe palMOHAIBHBIMU IO CPaBHEHUIO C
UCXOSIIMMU U3 00Jiee MPOCTHIX TAIOTEHUPOBAHHBIX HHTEPMEINATOB.

OauH U3 MHTEPECHBIX MPUMEPOB ObUI MpeacTaBieH aBTopamu [118] B cuHTe3e
HOKJIONPOCTA M OB OCHOBaH Ha HCIHOJB30BaHUU PA3JIMYHBIX IPOU3BOJHBIX
HopOopHaaueHa 145 (cxema 1.33). B otinuune oT cTaHAApTHBIX MPOLEAYP PACKPHITHE O-
JAaKTOHHOTO I1uKiIa B 145 mpoucxoawsio TOcCiA€ BOCCTAHOBJICHUS JICHCTBUEM
munzooytunamoMuanii ruapuna (DIBAL-H) no maktonma 146, ybsi TayroMepHas
anbaeruaHas popma 147, nanee, BOBIEKaIach B TUIIOBBIE PEAKIUU MOCTPOCHUS O-1IENU
B 148. Crour ocob6o o00paTuTh BHUMAHHUE Ha TO, YTO aTOM XJIOpa B HCXOJHOM
coenrHeHnd 145 mMeer MOAXOIALIYI0 KOH(PUTYpaIMIO, PACloiaraeTcs B MPaBUILHOM

MCCTC U Ha IIPOTAKCHUU BCEH IMOCJICAOBATCIIbHOCTHU HC IIPCTCPIICBACT U3MCHCHUM.

RO RO Cl
cl cl ~N>cho
DIBAL-H e
_>
O 0 O OH : OR
145 H

R = Bn, TBS, TBDPS 146 O 147
Cl Cl
\w_ w
o CO,Me RS CO,H
—
3 OH \ P
THPO  4q HO B
OH

HOKJIONPOCT

Cxema 1.33
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HenaBHO pyMBIHCKHME YyuY€HBIE TMPEACTAaBUIM OOIMMA METOJ TIOTYy4YEHUS
pasnUYHBIX  9f-TalOTeHUPOBAHHBIX aHAIOroB mpoctarmanauHoB 150 w151,
OCHOBAHHBI Ha UCIOJIb30BAHUU MCXOJHBIX MPOU3BOAHBIX oO-JlakToHa 149, yxe
UMEIOINX -00KOBYIO Tiemb ¢ 15-kerorpymmoi. OOmias wuaes 3akiaiodyanach B
PACKpBITUHM JIAKTOHHOTO IMKJIA JEMCTBHUEM HACBIIEHHBIX AUOJOB (N = 2-5) wiu 2-
OyTuH-1,4-11OJIOM MPU KUCIOTHOM KaTajJau3e, HapuMep 7-TOIyoJICYIb(PoKrcIoTou (p-

TSA), ¢ uHepTHBIM pacTBOpHUTEIIeM WK 0e3 Hero (cxema 1.34) [122, 123].

=
R X
R=C],Br,F

X =Cl, CF, 149 0 o

HO OH
~ Ak 01| HO OH
n=0-4 -

p-TSA p-TSA

HIJIN

@) OH
W
W \Y( W
(0]
/

Cxema 1.34

Coemunenuss 150 m 151, momydennbie cormacHo cxeme 1.34, B oTiwume OT
HATUBHBIX (DOPM MPOCTArJaHAMHOB XapaKTEPHU3YIOTCS HAIMYMEM B 0-OOKOBOW IENHU
cnoxHodpupHOoro  ¢parmernra B mojokeHun C(6) W THAPOKCHIIA  BMECTO
kapOokcwibHOM rpynsl mpu C(1), oTcrosiiero OT Kuciopoja Ha 2-6 yIriiepoJHbIX
atoma. Hawmydmme pe3ynbTaThl OBUTM TOJIYY€HBI MPU peakimu ¢ 1,4-0yTaHaunoiom,
IPU 3TOM CIIEyeT OOpaTHTh BHUMAaHHE, YTO OOmIas JIMHA TOJYYCHHOTO Y4JacTKa B
ATOM aHaJore CoBMaaaeT ¢ HaTMBHOW. OHAKO, CHHTETUYECKHE BO3MOKHOCTH JAHHOTO

NOJIX0J]a HE OrPaHWYMBAIOTCS TOJBKO YMOMSHYTHIMH mpou3BoaHbiMH 150 u 151 u
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MOTYT OBITh CYIECTBEHHO PACIIMPEHBI MyTeM MOJYYCHHS PA3TUYHBIX MPOU3BOIHBIX
Kak 0a30BOM, TaK M yK€ KOHEUYHOU CTPyKTyp. Tak, Hampumep,eHOHOBBIM (parMeHT B
152 wmm 153 mokeT OBITh BOCCTAaHOBJIEH JO aUTHJIBHOTO CrupToBOro B 154 m 155,
cootBeTcTBeHHO (cxema 1.35). Cruemyer OTMETHUTh, HYTO  HCIOJH30BAaHHBIC
BOCCTAaHOBUTEIM, TAKHE KaK HM30IMPOINOKcu I auu3zodopHmiokcuamomunns (DIBALIP),
NaBH;-CeCl; umn NaBH;-DOWEX 1X8®, neiicTBOBalld HECEICKTUBHO, IPUBOIS BO
BCEX CIydasX K TPAKTHYECKH DSKBUMOJISIPHBIM CMECSM OJMUMEPHBIX MPOIYKTOB C
BBICOKMMH BBIXOJaMH. 0-JIaKTOHHBIA IMKJ B MOJYYCHHBIX coequHeHuMsx 154, nanee,
PacCKpBIBAJICSI B THUIIOBBIX YCJIOBHSIX IMPH B3aUMOJCUCTBHH C JHOJIOM JI0 KOHEYHBIX

NPOAYKTOB 155, KOTOphIe OBLIM pa3lieieHbl C MOMOIIBID XpoMarorpaduu HU3KOro

nasyienus (LPC) [123].

Q OH OH
QO = [H] QO N + QO _
R Cl R cl - ol
R =Cl, CF,4
152 © o 154 41% © © epi-154 40% © 0
HO(CH,),OH | 930 HO(CH,),OH | 902
p-TSA p-TSA

Cl

‘\\\\\\\‘{O\/\/\OH
+
O
H
OH
40% epi-155 R

Cxema 1.35

[lony4yeHHble TrajlOreHUPOBAHHBIE aHAJIOTU mpocTariaHauHoB 150-155 Obuim
UCCIIEIOBaHbl METOJOM MOJEKYJISPHOIO JOKMHIa Ha HaJU4Hhe ITUTONPOTEKTOPHOM
(MpOTHUBOSA3BEHHON) AaKTUBHOCTH C HCIOJB30BaHHMEM OMENpaszoia M HOKJIONPOCTa B
KauecTBe cTaHjaapToB. MHTepecHO, YTO OMenpa3os MpU ATOM MPOSIBUI HAMMEHBIIYIO
aKTUBHOCThb, B TO BpeMs KaK OCHOBHAasl 4acTh 9f-TallOTeHHUPOBAHHBIX aHANOTOB (12
COCMHEHH) TPOACMOHCTPUPOBAIM OONBIIYI0 BEIUYUHY OHEPTUM CBSBIBAHUA C

6CHKOM-MI/IHICHI)IO, YCM HOKJIOIIPOCT.



56

JlpyruM BapuaHTOM MpPEIBAPUTEIHbHON MOATOTOBKHA HMCXOJHBIX O-JTaKTOHOBBIX
npou3BOAHBIX THMa 149 MokeT OBITh BOCCTAHOBIICGHHE JBOWHON CBSI3M €HOHA
THJIPOr€HOJIN30M B INPUCYTCTBUM Pa3lIMYHBIX Karaiau3aTopoB. Tak, Hampumep, Ipu
ucnionb3oBanuu Hukens Penes (Ni-Ra) w3 mpomsBomHoro 156, mocine OYMCTKH
xpomarorpaueii HHU3KOro JaBlieHUs, ObUI TMOJY4YeH NpeiecTBEeHHUK 13,14-

JTUTHIPOAHAIOrOB IIpocTariananHoB 157 ¢ BeicokuM BIxo10M (cxema 1.36) [97].

O O
o) H, Ni-Ra, 0
= LPC
—
Cl Cl >88% Cl Cl
@) @) 0
156 0 157

Cxema 1.36

CornacHo npyrum paboTam, J-TAaKTOHBI Tak)Ke ObLIM MpeoOpa3oBaHbl B JIPyTUe
MOJIE3HBIE TAJIOTEHUPOBAHHBIE IUKJIONIEHTAHOBBIC HHTEPMEINATHI J1s1 KCOJIb30BaHUS B
KaduecTBe Oa3MCHBIX COCIMHEHUI B TOHKOM OpraHMYecKoM cuHTe3e. Panee yxke Oblia
omHcaHa IIOCJIEIOBATEIPHOCTh Mepexofa u3 o-JaktoHa 30 W ero 3anuIeHHBIX
npou3BOAHBIX 27 B jaktoHauosbl Kopu 159 ¢ pasznuyapiMM BapuaHTaMU 3alllUThI
IEPBUYHOM TUIPOKCUIBHOU TpyIibl. [locneqnue, B Xoae NalbHENIINX MPEBPALLCHUM,
KacarolUXCSd BBEACHUS M CHATHUS 3alUTHBIX TPYNN MO NEPBUYHOMY U BTOPHUUYHOMY
TUAPOKCHUIIAM JIETKO MOTYT OBITh TPaHC(OPMUPOBAHBI B yJIOOHBIE MHTEPMEANATHI JJIS
KOBEPI'€HTHOTO CHHTE3a MPOCTATJIaHIMHOB C JIFOOBIM TOPSIIKOM BBEIACHUS OOKOBBIX
uener. B aToM mpoueaype aroMy TallOT€Ha OINPEAEeHA POJib HCKIKYUTEIBHO
YXOJIAIIEH TPYIIbl BO BHYTPUMOJICKYJSIPHOM 3aMEIIEHUH KapOOKCHIaT-aHHUOHOM C
dbopMupoBaHUEM Y-JTaKTOHHOTO IMKJa. OJHAKO, OMHCAaHHBIE paHEE MEPCIICKTHUBHBIC
aQHAJIOTM  MPOCTArJaHJWHOB,  TMO3BOJSIOT  paccMarpuBaTh  MPOMEXKYTOUHBIE
XJIOPUPOBAHHBIE LHMKJIOIMEHTEHBI B KOHTEKCTE PAa3BUTUSA JPYTUX CHHTETUYECKUX

nociuenosarenpHocTet.  IloaToMy nanbHeninee pa3BUTHE NPOLEAYP IOJYYEHUs,
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BBIACIICHUA H (bYHKI_[I/IOHaJ'H/IBaHI/II/I 9TUX HHTCPMCIHUATOB ABJIBICTCA ICPCIICKTHBHBIM

HarpaBiieHueMm [124].
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Cxema 1.37

B oaTOli cBsI3M pasHBIMH aBTOpaMU OBUIM HM3y4YEHBI OCOOCHHOCTH KHCJIOTHOTO
METaHOJIM3a psA/la TPOU3BOAHBIX JakToHa 27. Tak, B cimydae OeH30aTHOTO 3(upa,
peaKkmus COMpPOBOXKIAIACh HEXKENATSILHBIM CHATHEM 3allUTHON rpymnmbl, a B 1:1-cMecH
METaHOJI-XJIOPUCTBI METWJICH B TEYCHHE JBYX JHEH MOMydalics HCKIIOUYUTEIHHO
1eneBoil agup 28 ¢ KONMUECTBEHHBIM BBIXOA0M. 7-HUTpOOEH30aT B 3THUX KE YCIOBUAX
JlaBajl COOTBETCTBYIOIIMI MPOIYKT C BBIXOAOM OK0JIO 95%, a amerat mpu 4aCTUYHOM
ruapoause Toilbko 69% (cxema 1.37) [54, 55]. B cBoro ouepenp He3alIUIIEHHBINA O-

naktoH 30 KonumyecTBeHHO mpuBoauia K xyopadupy 31. Kpome Ttoro, mosydyeHHbie
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XJ1I0po3dupsl 28 nanee ObUIHM 3alIUILEHBI B BUAE NMPOCTHIX 3gupoB 160 mo BropuyHOMY

TUAPOKCHITY, a TOCTIE THAPOIN3a CI0KHOIPUPHOU TPYMIBI U 0 IepBUYHOMY B 161. B
TO K€ BpeMs CIHPTOBBIC Ipymibl xjopadupa 31 mpeBpamanu B cuiamioBsie (TBSO)
i TpudermmmerusioBsie (TrO) B 158 kak n3dbuparensHO, TaK © OJHOBPEMEHHO.
CrouT yNOMAHYTh TakXKe TMOJy4YeHUE psiia JPYruX  IMEepPCIEeKTHUBHBIX
MIPOU3BOJIHBIX XJ10p03dupoB 165 [125] mytem nepesrepuduranun aeiicteuem K,CO; B
MeTaHoyie coequHeHuit 164, momydaempix u3 J-naktoHa 40 (cxema 1.10) B pesynbTaTe
nepexona 40—163—164 (cxema 1.38) [63]. ITpu sToMm crumnbHas (TBS) u 6eH3zoatHast
(Bz) 3amuTHBIC TpYIIBI OKA3aJIUCh HEYCTOWYMBBIMH B JIAHHBIX YCJOBHSIX M PEaKIUU
MPUBOAWIN K TIpon3BOAHOMY 165a ¢ BRICOKMMU BBIXOJaMHU (M3 TPOU3BOAHBIX 164a n
164b, mis n=0 u 1: 70% u 75%, COOTBETCTBEHHO). 3[€Ch MHTEPECHO TO, YTO €CIIHU
rUApoH3 OCH30aTHOW (DYHKIIMU BIIOJTHE BO3MOXKEH, TO OTIIEIUICHUE CHIIHIBHON
rpynmsl ObUTI0 MeHee oxkujiaeMo. OTHaKo, B HEKOTOPBIX paboTax BCE K€ MOKHO HAUTH
YIOMHHAHUE O HEOXKUJAHHBIX MpOIleccax JIeCUTUINPOBaHUS B IIEIOYHBIX cpeaax [126,
127]. B cBoro odepenpb, mepedrepudukanus xiaopd3¢upoB 164C Ouc-3anTUICHHBIX
TeTparuaponupaHwiIbHbiMu rpynmamMua (THP) ¢ xopommMu BbIXOAaMH MPUBOJIWIA K
npoaykram 165C (mms n=0 — 83%, a gt n=1 — 72%). BropuuHbie THAPOKCUIIbHBIC
rpynnel coeauHeHW 165a mpu ux gajdbHEHIIEM NPUMEHEHUHM JIETKO MOTYT OBITh
3alllMIIEHbl B BHUJIE COOTBETCTBYIOIIMX MPOM3BOAHBIX. B 0011eM, mpencTaBlieHHbIE
npomsBoaable 31, 28, 158, 161 m 165 Moryr OBITHP MIMPOKO WCIOJIB30BAHBI KaK
XJIOPIUKIIOTICHTaHOBBIE CKa( OBl TP TU3aiiHE M CHHTE3€ HOBBIX MEPCHEKTUBHBIX

AHAJIOroB IMpOoCTariaHAnHOB.
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1.4 TIpou3BoaHbIe y-JAaKTOHAUOJA KOpH ¥ 0AHOMMEHHBIH MOAX0/ K MOJY4YEeHHUIO

nmpocrarjiaHInHOB — «HECTaperilnas KiIIaCCUKa» OPTraHNYIE€CKOro CHHTE3a

VYHUBepcanpHBId  MPEAIIECTBEHHUK,  XHUpajdbHas  MaTpuua,  ckaddomn,
«KpaeyroyIbHbIi KaME€Hb»— TEPMHMHBI B IIOJIHOM Mepe COOTBETCTBYIOIIHUE PpPOJIH
ndakToHauona Kopu M ero mnpou3BOAHBIX B CHHTE3€ IPOCTAaHOMIOB. B nmaHHOM
KOHTEKCTE, CTPYKTypHasi B3aHMMOCBSI3b LIE€JIEH U CPEICTBA MX JOCTHXKEHHS yXe Oblia
YIOMSIHYTa B NpeAplaylux paszaenax. OnHako, pazHooOpasue MoAX010B K MOJIYUYEHHUIO
OMLIMKIIMYECKUX p-JTAKTOHHBIX MHTEPMEIUATOB MOIJIO OTBJIEYb BHUMAHHUE OT IJIABHOTO
— yHUKalbHOCTU cTpareruu Kopu, kotopas, B HEpBYyIO OYepelb, 3aKJIIOUEHA B €€
YHUBEPCAIBHOCTH. B TOJHOM OpraHM4ecKOM CHUHTE3€ IPUPOJIHBIX COEIUHEHUH,
MOXKaJTyil, HET OOJIbLIE MOAOOHBIX MPUMEPOB, IZI€ OJHO JOCTYIMHOE MPOMEKYTOYHOE
COCJMHEHHE MOXKET OO0ECHEeUnTh BO3MOXKHOCTh IIOJYyYEHUS MPAKTUYECKH BCEX
npecTaBUTENEed LEJIoro kiacca coenvHeHuil. M, ecnmu B moucke HOBBIX CHOCOOOB

IMOJIYUYCHUA JIAKTOHA KOpI/I 1 €TI0 IMPONU3BOAHBIX PA3JIMYHBIC NCCIICAOBATCIILCKHUC I'PYIIIIbI
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KOHKYPUPYIOT JO0 CHX TMOp, TO JalbHEHImas cyapba TMOJy4eHHBIX OJIOKOB, B
3HAQUUTEJILHOM  CcTereHu cxoxka. [lpuumHOM H3TOMYy mociyxuna OnecTsias
MPO30PJIMBOCTh Diariaca Kopu, KOTOpBIN BIEpPBBIE MPOAEMOHCTPUPOBAT BCIO MOIIb
CBOEU PETPOCUHETUYECKON KOHUEIIIMM KIMEHHO B CUHTE3€ MPOCTaHOMA0B. KOHEUHO, Ha
CErOJIHSIIHUM JIEHb CYIIECTBYET MHOTO albTEPHATUBHBIX MOAXOJOB, HE KAaCAIOIIUXCA
MPOMEKYTOUYHOTO TOJYyYCHUS] OUIUKINYECKUX JIAKTOHOB, HO B NPAKTUYECKOM
MPUMEHEHUU OHU 3a4acTylO0 MPOUTPHIBAIOT KIACCUYECKOMY BAapUAHTY M3-3a 3aMETHOMU
OTPAaHUYEHHOCTH Kpyra IMOTECHIMAIbHBIX MPOAYKTOB. B MpPOTHMBOMOIOKHOCTH 3TOMY,
cTparerusi, npeaioxkenHas Kopu, ¢ MoMeHTa BOSHUKHOBEHUS U IO CETOAHSIIHUNA JEHb
MPAKTUYECKU HE MpeTepriesia U3BMEHEHUH, 3a UCKITIOUEHHEM HEKOTOPOM KOHKYPEHIIUH B
BBIOOpE KIJIFOYEBOTO IMpeBpamieHus 06a3oBoro ImukioneHtaauena ([4+2]- wmu [2+2]-
IIUKJIONPUCOCTMHEHNUE ), @ TAKXKE TIOPSIIKA BBEJACHNUS OOKOBBIX 1ieriel (cxema 1.39).

Ha cxeme 39 B ymnpolieHHOM BapuaHTe IpelCcTaBlieHa o0IIas cxema IMOAXO00B,
peanu3yeMbIX IO HACTOSIIIEE BpeMs B paMKax Kiaccuuyeckoi crtpareruu Kopu wu
OCHOBAHHBIX Ha HCIIOJb30BaHUU IUKJIONEHTaAueHa. OCHOBHBIC BapHalliU, Kak YxkKe
ObLJIO YMOMSIHYTO, CBSI3aHBI C BBIOOPOM 0a30BOM (PYHKIIMOHAIM3AIUU HCXOIHOTO
coequHeHus. llepBble TOAXOABI HCHONB30BANU  [4+42]-LIMKIONPUCOCAUHEHHUE TI0
Junbcy-Anbaepy B 166, kak KIIOYEBYIO CTAUIO BbIXOAAa K HANIPSHDKEHHOW O-JIAKTOHHOU
cTpyktype 167, koTopas B X0oJie NadbHEHIINX TPOLEayp MPUBOUIA K KIOUYEBOMY )-
naktony Kopm 168. TlomydenHslii B pesynbrare OJOK, OOJamaronuii yaoOHOMH
GbyHKIIMOHATM3alMeN U TOAXOAAIICH CTepeOXUMHEH, 1ajiee, B X0/Ie TUTIOBBIX MPOLIEIYP
ojleUHUpPOBAaHUA 11 BBEACHHUS OOKOBBIX LEMEH, a TaKkke psjaa TpaHchopmanuit
OCTOBa, MOT' OBITh JIETKO MpeoOpa3oBaH B pa3HbIe THUIIBI MpocTariaHauHoB. C npyroi
CTOPOHBI, MHOTHE€ U3 peaJu3yeMblX B HACTOSIIEE BpPEMS CHHTETUYECKHUX
MIOCJIEA0BATEIBHOCTEH OCHOBBIBAKOTCA HA peakuuu [2+2]-IUKIONPUCOEIUHEHHUS
nuxjopketeHa K 1,3-uuknonedtaaueny. llonywarommiics B pe3ylbrare 2em-
nuxyopounukinooyTanon 18, namee mMoxer ObITh BOBJICUEH B OKucieHWe 1o baiiepy-
Bunnurepy no yp-nmaktona 34 u, ganee, B BOCCTAHOBUTEIBHOE JAEXJIOPUPOBAHHUE 10
naktoHa ['puxo 20. B 3ToM mepexone M3BECTHBI pa3IMUHbIC BapualllU, KaCAIOIIUECs,

KaK MOPsAKa MPOBEJAEHUS 3TUX PEAKIIM, TaK U CIOCOOOB OKHUCIEHUS (IH3UMATUYECKOE
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WIM C TIOMOIIBI0 XUPATBHBIX KaTalM3aTOPOB: JILIOUCOBCKHUX, OPEHCTEAOBCKUX WITU
cupo-hochorueBbIX KUcaoT). KpoMe Toro, mocieaHue U3MEHEHHUS TAaK)KE CBS3aHBI C
oOpaTHBIM TOPSAKOM BBEJIEHUS OOKOBbIX ILemnei. OgHako CTOUT OCOOEHHO
MOAYEPKHYTh, YTO KOHIENTyalbHO cTpareruss Kopu, yuutbiBas o0si3aTelbHOE
MPOXOXKJeHue fTana (GOpPMHUPOBAHUS OWIMKIMYECKOTO )-JIAKTOHA, HE IMpeTepriena
CEpbE3HBIX U3MEHEHUH 3a CBOIO 00JIee YeM MATUACCATUIETHIOIO UCTOPHIO.

Tak wiM wHaye, OMMCaHME BCEX HM3BECTHBIX MOAXOJ0B M3 JakTOoHOB Kopu B
paMKax oOmIel uaeu MNpeACTaBIIEMOro JUTEpaTypHOro o030pa He MpEeACTaBISETCS
O0COOCHHO 3HaYMMbIM. KOHEYHO, KaXIblii M3 OMHCAHHBIX TMPUMEPOB HMMEET CBOU
JIOCTOMHCTBA U UHTEPECHBIE CUHTETUYECKUE HAXO/KH, HO BCE OHU CBSI3aHBI C PEIICHUEM
YaCTHBIX MPOOJIEM, KacaroUuXcsl MOCTPOEHUSI CTPYKTYp KOHKPETHBIX MpeCTaBUTENEH
MPOCTArJIaHIMHOB, YTO HE BBIBOJAMUT 3THU MOJXOJIbI 32 PaMKH MPEJICTABICHHON 0O0IIei
cxembl cuHTe3a. [loaTomy 1enecooOpa3HbIM OYyJeT PacCMOTPEHUE JIHIIb HECKOJIBKUX

IMpUMCPOB, AICMOHCTPHUPYIOIHNX BCIO 3BOJIIOIIHUIO I[&HHOIZ CTpaTCruu 3a e HCTOPHUIO.

1.4.1 Kaaccuueckuii moaxoja k mpocrarjaanaunam no Kopu na ocnose [4+2]-

AJAYKTOB HNUKJIONCHTAAUCHA ¢ aKpHWJIaTaMH1

[lepBas peamuzanusa crpaterun Kopu Obuta mpeacTaBieHAa  CHHTE30M
panemudeckux mnpoctarimaHauHoB PGF,, m PGE,, ocHOBaHHOM Ha WCIIOJh30BaHUU
[4+2]-annykTa 1mkmoneHTaaueHa u 2-xnopakpuwionutpuia 171 [21] (cxema 1.40).
[IpenBapuTeNbHO TOJYYEHHOE MPOU3BOJHOE IUKJIONEHTAJIUEHA BOBJIEKAJIOCh B
peakluio IUKIONPUCOEANHEHUS B MNPUCTYTCTBUM TeTpadTopdbopata memu(ll) c
oOpazoBanuem coequHeHus 171 ¢ BpIcOKUM BhIxoa0M. [locie renepariy KeTorpymisl B
miesiouHor cpene B 172 crnepoBana cramust okucieHuss no baliepy-Bumnurepy c
MOJIyYCHHUEM OWIUKIMYECKOTo oO-JTakToHa 173, KOTOpBIM TMOCiAe TUAPOIU3a |
HomakTOHM3aIMK ObLT TpaHc(hOpMUPOBAH TPOM3BOAHOE y-TakToHA 174 ¢ oOmuMm
BbIX0JI0M 41%. KitoueBas cTpykTypa auzaniuiieHHoro jaktonauona Kopu 175 Obina
MoJIydeHa  TOCJI€  aIlWIMpOBAaHUA M PAJAUKAIBLHOTO  BOCCTAHOBUTEIHHOTO

ACTAJIOTCHUPOBAHNA. HOCJ’IG)IYIOI_HCC YAAJICHHUC MCTOKCUT'PYIIIIBI 1 OKUCJICHHUEC pCarcH-
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Cxema 1.40

toM Kosnunza no anpaeruaa 176 mo3Bojuiau NepeiTy K CTaluu BBEICHUS w-O0KOBOM
nenu onepuHUpoBaHueM 10 XopHepy-Burtury-Oancy (HWE) mnoaxomsmmm
dbochoHaTHBIM peareHTOM ¢ oOpa3zoBaHuWEM Mpou3BogHOTO 177. BBeneHuro BepxHEl
IEMU MPEIICCTBOBAIA PEAKIIUU BOCCTAHOBJICHUS] KETOTPYIIIBI, THIPOJIN3a alerara u
3allliTa TUAPOKCWIBHBIX TPYII coenuHeHuss 178 B Buae TeTparuaponupaHUIbHBIX
a¢upos. Jlanee, BoccTaHOBJIEHUE J0 JAKTOJa U BOBJICUYEHUE €ro B peakiuio Burrtura ¢

WIU0M U3 5-OpOMIIEHTAaHOBOM KUCJIOTHI ITPUBEIIU K TTpou3BoiHOMY 179, coneprkariemy
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IPAaKTHUECKU C(HOPMUPOBAHHBIE (- U (-OOKOBBIE IIEMH MPOCTArJaHANHOB. Y IajeHHUE
3alUTHBIX TPYII B coequHeHHH 179 HemocpencTBEHHO MPUBOAUIIO K PAllEMHUYECKOMY

PGF,, (18% nal7 ctaauit), a mocie npeasaputenbHoro okucienus k PGE; (14% na 18

cTaguit).
e Q CO,H
% N NP
‘\\\\ COQH ‘\\\\\\/\/\/ 2
HO sy HO 2
PGF,, Kopu (1975) PGE, OH
Kopwu (1975)
0
HO
= N NP lnGacaxu S Kopu
o CO,H 3
2 (1986) R (1970-¢)
o = A CH,OMe =
PGD, OH 175 N 3amomu PGA-PGC OH
COH (2003)
JlxoHCOH, YUTTaKkep
Vi (1977)
o} \\\\\W—CO H
= ) 2

>
o
Olin
jant

PGJ,

Cxema 1.41

He xacasice nerasneil, MO)KHO OTMETHTb, YTO IMPAKTHUECKU Cpa3y ATOT MOIXOJ,
OCHOBAHHBIM Ha MPOU3BOAHOM 175, ObUI NPUMEHEH, KaK B XMPaJIbHOM BapHUaHTE, TaK U
Jusi cuHTe30B Npyrux npocrarnananaoB PGA-PGC, PGE; (Kopu B 1970-x) [50, 128-
130], PGD, (IlInbacaxu, 1986) [131], PGI, (I>xorcon u Yurrakep, 1977) [132, 133], a
takke PGJ, (Podeprc m Heioron, 1980; 3anonu, 2003) [134-136] (cxema 1.41).
OTmeueHHble paOOTHl HE BHOCWIIM CYHIECTBEHHBIX KOPPEKTHB B OOIIYIO CTPaTETHIO
Kopu u, B mpuHIMIE, OTIMYAIACH JWIIHL B JIETAISIX, B OCHOBHOM KacCalOUIMXCS
TpaHcopMalii IMKIONEHTAHOBOIO OCTOBAa. 3a TMpOILNEIIIee BpeMs MOSBHIOCH

JOCTaTOYHO MHOTO CHHTE30B IPOCTAHOMJIOB M POJCTBEHHBIX WM CTPYKTYp, HE
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OMUPAIOLIMXCA HA MCHOJb30BaHME HHTepMeaunaToB Kopu, oJHako, BbICOKas
MpaKTUYECKasi 3HAYMMOCTh OJJTHOMMEHHOTO MOJIX0/a 3a 3TO BPEMS JIUIIb YCUINIACH.
Peakiuu 1muKIM3aluy, TaHJIEMHbIE MPEBPAILCHUS, MYJIbTUKOMIIOHEHTHBIC
coueTaHusi, «ONe-pot»  mpoleaypbl, HECOMHEHHO, SBJISIIOTCS  YKpAIICHUEM
OpraHMYeCcKOr0 CHHTE3a, OJIHAKO, BBICOKAas MOTPEeOHOCTh (apMaKOJIOTUU U
OMOMEIMIIMHCKOW XUMUU TpeOyeT co3JaHusi BbICOKOI(P(HEKTUBHBIX MperapaTUBHBIX
METOJ0OB  MOJYyYECHUS  MPOCTANIaHAMHOB. OJTa  HEOOXOJUMOCTh  OTYETJIMBO
NPOCNEKUBACTCS HAa BCEM TMPOTSDKEHUM PAa3BUTHS XHMMHUM TMPOCTAHOMJIOB B
MHOT'OYMCJICHHBIX pab0Tax, MOCBSIIEHHBIX Pa3paO0TKEe HOBBIX M YCOBEPIIEHCTBOBAHUU

CTapbIX MOAX0J0B K uHTepMeanuTaM Kopu Bo BceM ux pazHooOpaszuu.

1.4.2 Hocne)nme YCOBEPHICHCTBOBAHUSA MMOAX0/Aa K MPpOoCTAarJIaHAUHAM 110 KOpI/I Ha

OCHOBe [2+2]-aaIyKTOB HMKJIONEHTAAMEHA C TUXJOPKETEHOM

Kak yxe Obu10 0OTMEYEHO, C MOMEHTA CBOETO BOZHUKHOBEHUS OBLIIO MPEIIPUHSITO
OOJbIIOE YMCIO TIOMBITOK YCOBEPIIEHCTBOBAHMS KJIACCHMUECKOHM CXEMbl CHHTE3a
npocTaryianinHoB 1o Kopu. [Ipu 3TOM, YHHMBEpPCATbHOCTD 3TOM CTPATETUH, OCHOBAHHAs
Ha ya00CTBE CTPOEHUS KIIFOUEBBIX OMIIMKIMYECKUX )-JTAKTOHHBIX MHTEPMENUATOB HE
BBI3BIBA€T COMHEHMS. OJHAKo, B BOIPOCE HX IMOJIYYEHUS 3a MpPOLIEANIee BpeEMs
OTMEYAETCS YCTOMYMBOE CMELIEHWE HHTEPECOB B CTOPOHY MCIOJIB30BAHHMS BMECTO
[4+2]-annykTOoB nmkimomeHtaameHa 1o Jwiscy-Anbaepy  [2+2]-aamykToB 1O
[tayauHrepy. 9To CBSA3aHO, KaK C COKPAILIEHUEM YKciia HEOOXOAUMBIX CTaJHM, TaK U C
JOCTHXKEHHUSIMU TI0 HCIIOJIb30BaHUIO (PEPMEHTOB M KATaIU3aTOPOB KaK albTEPHATHUBBI
YHUCTO XHUMHUYECKOMY OKHCIEHUIO 10 baiepy-Buumrepy npu co3gaHuu y-JIaKTOHHOU
CTPYKTYpPBbL. DBOJIIOLIMS 3THX MOAXOA0B NpecTaBieHa Ha cxeme 1.42 u cBsizaHa oHa ¢
MIEPBBIM MEPEX0JI0M ITUKIoneHTaaneH—18—19.

Pannue paboThl OBUIM MOCBSIIEHBI HCIOJB30BAHUIO PA3IMYHBIX KYJIBTYP
MHUKPOOPTaHU3MOB Il OCYLIECTBJICHUsI peakluu OKUCieHus no baiiepy-Buumrepy
nukiao0yraHoHa 19, pesyabTatoM 4Yero SBUJIOCH BO3HHKHOBEHHE TONO- WJIU

HYHAHTUOCEJIEKTUBHBIX CIIOCOOOB TMOJIyYeHHs SHaHTHOMEpoB 20, Tak Ha3bIBaEMbIX
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«HOpMabHBIX» JIAKTOHOB [105-107] 1 mpoayKTOB «aHOManbHOro» crpoeHus 144 (cwm.
«a», cxema 1.42). Ilocnexyromiee HU3y4YEHUE JIAHHBIX MPOLIECCOB MPU KaTalau3e

kucjaotamu JIerouca IMPUBCJIIO K CO3JaHUIO0 COOTBCTCTBYIOIIIUX TOIMIOCCIICKTUBHBIX MCTO-

) 0]
[C1,C=C=0] Zn/AcOH
—_— S—
85% \ “05% N\
HHUKJIONCHTAaIUCH 18 Cl 19

a) q)epMeHTaTI/IBHOC OKHCJICHHUEC 110 Eanepy BI/IJ'IJ'II/Il"epy palneMHUYCCKUX 6I/IIII/IKJ'[06yTaHOHOB

O : : d OHAHTHO-

_Kar. o (+)-20 (+H)-144 ¢
\ TOIOCENEKTUBHOCTh
\\\\
19 @ >:
I[I//
()20 (H)-144
"HOpMaJlbHblE" JTAKTOHBI "aHOMaJIbHbIE" TAKTOHBI

6) Oxucnernue no baitepy-Bumurepy mpu xarannse KACIOTaMH JILK)I/Ica

o (= (1S

19 (+)-20 (+)-144
10 35%, 1o 47%,
87% ee 99% ee

B) OxucneHue mno Baﬁepy Buinurepy npu karanuse KUCIOTaMHU BpéHCTeaa

e (= . (1S

19 (+)-20 (+)-144
10 68%, 1o 18%,
38% ee 99% ee

r) Oxucnenue no baiiepy-Bunurepy npu karanuse npou3BOAHBIMU CIUPO-POCHOHUEBOH KHCIOTHI

0 (8)-37 HOOC
(10 mol%) \\\\O COOH
\ Cl [O] "I//; ol
18 Cl 1
()-34 ()35 b
1o 46%,
99% ee

Cxema 1.42



66

JI0B, B KOTOPBIX, OJHAKO,00pa30BaHHE MOOOYHBIX MPOAYKTOB MPOUCXOAMIO 3aMETHO
osictpee [137-139] (cm. «O», cxema 1.42). Kpome TOro, orneneHue TpeOyeMbIX
PETMOM30MEPOB NPEACTABIUIOCh KpaWHE 3aTpyAHUTENbHBIM. B mocienyromem
HYHATUOCEJIEKTUBHOCTh ~ MPOLEAYPbl  OKUCJIEHHS  YAAJIOCh  HOBBICHTh  IIyTEM
UCIIOJIb30BaHUsl KUCHOT bpéHcTena, 4To OBLIO XOpOIIO MPOAEMOHCTPUPOBAHO MPHU
UCIIOJIb30BAaHUU TPOXHUPATIBHBIX CyOCcTpaToB (cM. «B», cxema 1.42). OgHako B ciiyyae
paueMUYecKux OWIMKIOOYTaHOHOB 3HAHTHOMEpHAsT YHMCTOTa KIKOYEBOTO JIAKTOHA
['puxo Obw1a 1OBONBHO HU3KOM [140-142], uto mpuBeno k aanpHekeMy moucky. Kak
OKa3aJioCh, JaHHBIA METOJl OKa3ajcsi JOCTaTOYHO YCIEWIEH TMpPHU OKHUCICHHH
npeIecTBeHHNKa UKI00yTaHoHa 18, conmepikaiiemMy eem-IuXjIop3aMenIeHHBI aToM
yraepoja (cMm. «r», cxema 1.42). BrnusiHue 3Toro ¢parMeHTa 0Ka3ajloch 0YeHb BaXKHBIM
npy oOpa30BaHMM NEPEXOJAHOr0 KOMIUIEKCA M TO3BOJIMJIO CYIIECTBEHHBIM 00pa3zom
YBEJIUYUTh SHATHOMEPHYIO YHCTOTY IIEJIEBOTO )-JIAKTOHHOTO MPOU3BOAHOrO [61].
KpoMme Toro, «aHOMaJIbHBII» PETMOU3OMEP OKA3aJCs JIETKO OTIAEIUM, IyTEM IEpPEBOJIa
€ro B IUKHUCIOTY 35, KOTOpasi OTMBIBAJIACh B X0J1€ DKCTPAKITHH.

Uto kacaercsi, «BTOpO» 4YacTu cTparerun Kopu, TO OHa NPAKTUYECKU HE
nperepnena U3MEHEHUM, 32 UCKIIOYEHUEM YIIYUIIEHUN psfa peakuuid, KacaroIUXCs
MOBBIIICHUS BBIXOJIOB MPOYKTOB. B 3TOM cBsi3u OyneT mokaszatesieH OOmuid MoaxXoa K
NpoCTaryiaHAnHaM TPECTaBICHHBIN /1Ba TOjla Ha3a][ y)Ke YIOMSIHYTHIMH aBTopamu [61]
U cojepkauui B cede MpakTUYECKH BCE JydllMe U3 pa3padOTaHHBIX 3a 3TO BPEMs
metoabl (cxema 1.43). Tak, aexysopupoBaHHe XupajdbHOro Ourmkna (-)-34 mpu
UCIIOJIb30BAaHUM IIMHKOBOM MBUIM W XJIOpHUJIA aMMOHUSI TPUBOAUT K OOpa30BAHMIO
naktoHa ['pukxo (-)-20 ¢ xomuvecTBeHHBIM BbIxojmoM. Jlamee, miis moTydeHUs
gaktonauona  Kopu  (-)-22  ucmonb3yeTcss  BBICOKOA(P(EKTHBHASS  CTEpEO-U
peruoceneKkTuBHasl MOCieI0BaTeabHOCTh peakuui [lpuHca u  nedopmunrpoBaHus.
Cnenyer OTMETUTb, YTO NPEACTABISEMbIM MOJIXOJ OCHOBaH HAa WCIOJIb30BaHUU
HENOCPEACTBEHHO JakToHauosa Kopu u He TpeOyeT AOMOJHUTENBHON paboThl ¢
3aUTHBIMU TpynaMu. CeeKTUBHOE OKHCJICHUE TIEPBUYHON TUIPOKCUIBHOU TPYMIIBI
OCYIIECTBJISIETCS  JEUCTBHEM  HomaOeH3oauanerara Tnpu  Karanmze  (2,2,6,6-

terpameTwinunepuaui-1l-un)okcunom (TEMPO) u nonyuaemsiid  anmpaerus 0e3



67

BbIZicieHnss  BBomAT — peaknuto  HWE-onedunupoBanuss ¢ oOpasoBaHmem
cooTBeTCTBYyIOmEero mnpoussoanoro 180. YcoBepiieHCTBOBaHUS CHEAYIOUIEH CTaauu
KacaloTCs HCIIOJIb30BaHUS METWJIOBOTO IMPOM3BOJAHOIO XMPAJIbHOIO KaTajau3aTopa
Kopu-bakmmu-1lu6ata (CBS) mpu BoccTanoBneHHMH OOpaHOM KETOTPYIIIBI HUXKHEH
O0okoBoil menu 1o amwmiabHoro cnupra 181. Ilocnemyrouue nBE TUIOBBIE CTaJAUU

BOCCTAHOBJICHUA OO JIAKTOJIA W PCAKIIHNH Buttura no3BoisioT IIOJIYUHUTD Tp€6yeMLIﬁ

npoctarinaaaua PGF,, ¢ Berxomom 20% Ha 8 cranuid.
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HO

PGF,, OH
8 cramguii, 20%

Cxema 1.43
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[Ipu cpaBHEeHMM ONMMCAHHOIO BbIIIE MpPUMEpa C KiaccuueckuM cuHte3oM Kopu
(cm. cxemy 1.40) HeTpyIHO 3aMETUTh, YTO KOHILENTYaJbHBIX W3MEHCHUM, HAUMHAs C
MPOU3BOAHOIO JakToHAuoda Kopu, OH He mpeTepreBaeT, OJHAKO, OKAa3bIBACTCS
CYIIECTBEHHO COKpAIlCHHBIM OJjarojaps HWCIOJIb30BAHUIO Pps/la  CEJICKTUBHBIX
npeBpaiieHuii. Takxe, CTOUT OTMETUTh, YTO aBTOPbl Cpa3y Ke MPUMEHUIIU
pa3paboTaHHBIA METOJ B CHMHTE3axX LIEJOro psija MPOCTaryiaH/IMHOB: JIATaHOIPOCTA,
oumatomnpocta, PGE;, PGA, u PGC, ¢ Beixogamu 15-22% na 8-13 craguii (cxema
1.44). TlocnemHee OOCTOSTEIBCTBO B OYEPEIHOW pa3 MOTYCPKUBACT MPAKTHUCCKYFO
BAXKHOCTh MPOCTArIaHAMHOBOTO cuHTe3a 1mo Kopu misi ygoOHOro mnpemnapaTtuBHOTO

IPUMCHCHUA.
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Cxema 1.44

1.3 3akJ/il04eHue N0 JJUTEPATYPHOMY 0030py

H&HHBIﬁ O630p MNOCBAIICH KIACCMYCCKMM MW HOBBIM MCTOAAM IIOJIYUCHHA

KIKOYCBBIX IMPCANICCTBCHHHUKOB B HAIIPABJICHHOM CHHTC3C IIPOCTAHOHMAOB, 4 MMCHHO
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Pa3TUYHBIX MPOU3BOJIHBIX OUITUKIUYECKUX O- U y-makToHOB [143-151]. Ilpu sToMm
CTOWTHh 3aMETUTh, YTO HA CETOMHSIIHWA JIEHb W3BECTHO OCTATOYHO OOJBIIOE YHCIIO
aJIbTEPHATHBHBIX CIIOCOOOB CHHTE3a 3TUX IICHHBIX MPUPOAHBIX 00beKTOB [64, 152-162],
HO MAacmTaOWPOBAaHHBIMH ¥ IIMHPOKO BOCTPEOOBAHHBIMU OCTAIOTCS TOJBKO TE
MOCJICA0OBATEILHOCTH, KOTOpPHIE OCHOBaHbI Ha NPUMEHCHHMH JIAKTOHHBIX (opM B
KOHBEPICHTHBIX CHHTE3aX IMpocTariaHauHoOB B mnoaxoae Kopu. ['maBHbIMU
OCOOCHHOCTSIMH  OTHX COCAMHEHUN  SIBISIOTCS  COOTBETCTBYIOIIHME HATHBHBIM
KOHpUTYypalus, pPacHoJIOKEHHEe ¢ XapakTep  (QYHKIMOHAIM3AIMU  YEThIpEX
CTEPEOIICHTPOB ITUKIOTICHTAHOBOTO OCTOBA, KOTOPBIC WACATBHO TMOAXOMIT IS
dbopmupoBaHus 1IeNEBbIX CTPYKTYp. [locaeanee 00CTOATENLCTBO MOCTYKUIIO OCHOBHOM
NPUYMHON 11 TPOBEJACHHUS TEX HCCIASAOBAHUM, KOTOpPHIC OBIIM MPEICTABICHBI B
o03ope. [lpu onmcanuu MTaHHOTO HAMpaBIICHHWS ObLIa BHIOpAHA CIICIYIOIIAsl CTPATETHS
W3JIOKEHUS PE3YIbTATOB: BO-TIEPBBIX, OMMUCAHUE KIACCHUYECKUX, «OMOPHBIX» MPOLEaYD,
BO-BTOPBIX, HWX TIOCICAYIOIIME YJIy4YIICHUS W  CTaHJIApTU3allks, B-TPEThHX,
MPEACTABIICHUE  HOBBIX  METOJIOB, HHTEPECHBIX C  TNPAKTUYECKOH  W/WU
HCCIIeIOBATENIbCKOM TOUYKM 3pEHUs, W, B-UYETBEPTHIX, OOIIHWE IPEJCTABICHHUS O
CTpaTeTuu CHUHTE3a mpocTarjanauHoB 1o Kopu ¢ mocnenanvu m3menenusmu. Ocoboe
BHUMaHHEe OBLJIO YJIEJICHO ONMHUCAHMIO MEPCIIEKTUBHBIX KaTaIU3UPYEMbIX dHAHTHO- WIIH
cTepeocnenupuiIecKux peakiuii, a Takke crocodaM XUMHIECKOTo B (hepMEHTATUBHOTO
ONTHYECKOTO pacHieruieHns. Tak winm WHade, B 0030pe MPEACTABICHBI CIOCOOBI
MOJTYYEHUsI KJITIOUEBBIX MHTEPMEIUATOB Kak JJisa NMpUpoaHbIX PG, Tak W s psga ux
MEePCTICKTUBHBIX aHAJIOTOB.

[IpeacTaBneHHBIC B TUTEPATyPHOM 0030p€ pe3yIbTaThl IBHO CBUACTEIBCTBYIOT O
BOKHOCTH OUITUKINYECKUX O- U P-JIAKTOHHBIX CTPYKTYP B CHHTE3€ ITUKIIOTICHTAaHOU OB,
a B OCOOCHHOCTH TMPHUPOJHBIX MPOCTAHOUIOB M MX aHajaoroB. Kpome Toro, GombInoe
YUCJIO HEAaBHO OMYyOJIMKOBAHHBIX Pa0OT TaK jkK€ TOBOPUT 00 aKTyaJIbHOCTH M BBICOKOM
MPAKTUYECKOM Ba)XHOCTH JAHHOTO HAIpaBJICHUSA HcclenoBaHuu. l[IpemoxkeHHble B
MOCJICTHNE TOABI TOAXOJbI K CHHTE3Y XHpaJIbHBIX IPOU3BOIHBIX JIakToHa Kopw,
HECMOTpsI Ha OPHTHMHAIBHOCTH, OCHOBAaHBl HAa HMCIIOJIb30BAHUHU JOPOTHUX PEarcHTOB, a

TaK)KC JOOBOJBHO CJIOXHBI OJIsA MaCHITa6I/IpOBaHI/ISI N IIHUPOKOTO MPAKTHUECCKOI'O
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npuMmeHeHus. OCHOBHOM MPUYMHON STOrO SBISETCS HEOOXOAWMOCTH MOJYYECHHUS
PHAHTHOMEPHO YHCTBIX HMHTEPMEAMATOB, KOTOpPOE€ B OOJBIIMHCTBE CIIydacB
OCYILIECTBIISIETCS MMYTEM UCIOIb30BAaHUS CIELMAIBHBIX MYTaHTHBIX KYJIbTYp (PEpPMEHTOB
WIM  TPYIHOJOCTYIHBIX  KaTAIMUTUYECKUX  CHCTeM. EJWHWYHBIE  MpPUMEpHI
UCIOJIb30BAHUSI UYHUCTO XUMHUYECKMX CIOCOOOB ONTHYECKOTO PpACIICIIICHUS C
XUpaIbHBIMU BCIIOMOTATENIbHBIMM COCAUHEHHUSMH, K COXKAJICHHMIO, HE TMOJIY4YWIU
JOJDKHOTO Pa3BUTHs, TaK Kak HE CMOITM B HEOOXOIUMOW CTemeHH O00ecredHTh
OTHOCHUTEJIbHYIO MPOCTOTY IMOJIYYEHHs] SHAHTUOMEPHO YUCTBIX coeauHeHHil. CiadbiM
MECTOM HM3BECTHBIX MPUMEPOB OCTAETCS HEOOXOJMMOCThH JOCTATOYHO JJIUTEIBHOTO U
MHOTOCTYIIEHYATOI0 pPA3ACICHHUs] JUACTEPEOMEPOB, OCHOBAHHOTO Ha MPUMEHEHUU
npouecca ApOOHOM KpUCTAUIM3alMM M MHOTOYMCIEHHBIX HNPOLEAYp KHUCIOTHO-
OCHOBHBIX 00paboTok. Kpome Toro, mogoOHbIe cIOCOOBI 3a4acTyi0 HE OOECIEUUBAIOT
JIOCTaTOYHYIO ONTHUYECKYI0 YHCTOTY OOEMX SHAaHTHOMEpHBIX ¢opM. Takum o0Opazom,
IOUCK HOBBIX CIIOCOOOB HCIOJIB30BAaHUSl XUPAJIbHBIX BCIOMOTaTEIbHBIX PEAreHTOB,
CIIOCOOHBIX OCYIIECTBIIATh OBICTPBIA, 3PQPEKTUBHBI M MacIITaOMPYEMBbIl BBIXOJ K
ONTUYECKU YHUCTHIM HMHTEpPMEIuaTaM MO-TIPEKHEMY SIBJIICTCS aKTyalbHOW 3ajayeil B

CHUHTC3C IIPOCTAIrJIaHANHOB.
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I'naBa 2. OBCYXKJIEHHUE PE3YJIbTATOB!

Jnst peanuzanuu cOPMYJIMPOBAHHBIX BO BBEACHHUM II€JIM W 3a/lad B paMKax
JUCCEPTAIMOHHON paboOThl UCCIEIOBaHMS MPOBOJMINCH IO TPEM OCHOBHBIM
HarpaBieHusM. [lepBoe ObLIO CBsi3aHO ¢ pa3pabOTKOW O0IIEro METoJa ONTHYECKOTO
pacmieruieHuss  [2+2]-anaykToB  AMXJIOPKETEHAa C  I[MKJIOMCHTAJAMEHOM H  €ro
NPOM3BOAHBIMU, COJEpKalMM pasnuunble 3amecturenu npu  C(5). HaumbGonee
palMOHANBHBIM  TPEJICTABISIIOCh  MCIOJb30BAaHUE HYKJICO(DUIBHBIX  XHPATbHBIX
BCIIOMOT'aTEJIbHBIX Ar€HTOB, HANpPUMEpP (-METWJIOEH3WJIAMUHOB, Ul PacCIUEIICHUS
UKIO0YyTaHOHOBOTO  ¢)parMeHTa C  LEJbI0  BBIXOJA K  COOTBETCTBYIOIIUM
nuactepeomepam. Ilocnenyromas pabota ¢ MONIy4eHHBIMU MPOAYKTaMH, BKIIIOUYAIOLIAs
pazzielieHue ONTUYECKUX H30MEPOB C IMOMOILIBIO OJHOTO M3 KJIACCUYECKUX METOJ0B
(kpucTayuMzauus, xpomaTtorpadus WIM NEperoHka) U YyAaJE€HUE BCIOTaTENIbHOIO
VCTOYHHMKA XUPAJIBHOCTH, IpeAronaraja pelieHre MepBOM 3aJadyd B BHJE BBIXOJA K
YHAHTUOMEPHO YUCTBIM OMILIMKIIMYECKUM y-TaKTOHAM TONOJIOTUU 3-
okcadbuIukio[3.3.0]Jokr-6-eH-2-0Ha WM POACTBEHHBIM WM MPOU3BOJIHBIM. AHAIU3
CTPOEHHUSI HEKOTOPBIX M3 Hanbosee MPaKTUYECKH 3HAYUMBbIX IIUKIONEHTAaHOUIO0B (puc.
2.1) MO3BOJWJI ONpPENENIUTh B KayecTBE BTOPOM YacTH HCCIENOBAHUS H3YUYCHHE
BO3MOXKHOCTH  OKHCJIHUTENBHBIX TpaHChOpMaIMii JABOMHOW CBSI3M  TOJYYEHHBIX
UHTEPMEAMATOB JJi1 (OPMUPOBAHUS KIIOYEBBIX TUIAPOKCUIHBIX, OJMOKCUAHBIX U
KETOHHBIX (PParMEeHTOB LMKJIONEHTAHOBOTO OcCTOBa. Kpome TOro, Ba)KHbIM 3TarioM
SBJISUIOCH OCYIIECTBJICHHE IEUUKIM3AlMU JAKTOHHOTO (parMeHTa ¢ 00pa3oBaHUEM
NEPCHEKTUBHBIX JUIsI TOCIEayIoneil padoThl CHHTOHOB. B paMkax TpeTbeil 3amauu
WCCJIEIOBAHMS TIPEANOJarajach 3aKpeIUIEeHUE IMONYYEHHBIX pe3yJbTaTOB B BHUJE
MOJIYy4eHUS] M3BECTHBIX IHUKJIONEHTAHOMJAOB MW HMX MPEAIIECTBEHHUKOB, T.€.
OCYILIECTBJICHUE MOJHBIX U (OPMAIbHBIX CHHTE30B LENEBBIX CTPYKTYp. B 3TOM CBsi3n
HauOoblllee 3HAYEHHE TMpeJCTaBsula pa3paboTKa HA OCHOBE XHpalIbHBIX 3-
okcabuIukio[3.3.0]okT-6-eH-2-0HOB OOLIEr0 METOAA MOJYUYEHHUS KPOCC-CONMPSHKEHHBIX

12,14
LIMKJIOMEHTEHOHOB, HanpuMep 15-ne3okcu-A""""-npocrarnanivaa J, 1 €ro aHaJoroB.

1 . .
B smou cnase UCnoIb3yemcs He3aeUucCUMast Hymepayus coeduHeHuu, cxem, ma6ﬂm4 U pucCyHkoe
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Pucynox 2.1 — bnoakTuBHBIE ITUKIOTICHTAHOMIBI

2.1 1,3-IluxkaonenTagueH. XuMnu4ecKne CBOMCTBA M aCNEeKThI MPUJIO:KEeHUsI B

HalpaBJC€HOM CHHTE3€ OMOAKTHUBHBIX IMUKJIOIICHTAHON 0B

Peanmzanus mepBoi 3aiauM AMCCEPTAIIMOHHOTO HMCCIEAOBAHUS 3aKII0Yalach B
pa3pabOTKe OPUTHHAILHOTO M YHUBEPCAIBHOTO METO/MA TOJyYCHHS] SHAHTHOMEPHBIX
CyOCTpaToB Ha OCHOBE aXHMpalbHBIX MPOU3BOJHBIX HHUKJIONMeHTamueHa 1 (cxema 2.1).
JlanHOE coeaMHEHHE OBUIO BHIOPAHO B KAayeCTBE MCXOIHOTO KaK JICTKOJIOCTYITHBIN W3
JTUITUKIIONICHTaANeHA (KPYIMTHOTOHHAKHOTO OTX0/1a HE(PTEXMMHUYECKOTO MPOU3BOJICTBA)
MPOJYKT, COJEPXKAIIUN ITMKIONEHTAHOBOE KOJBII0O W TMPEACTABISIOMMUN U3 cels
JTMEHOBYIO CHCTEMY, 3aMKHYTYI0 Ha METHJICHOBOE 3BeHO. UTO KacaeTcsi peakIMOHHON
CIIOCOOHOCTH IMKJIONEHTAANCHA, TO, C OJHOW CTOPOHBI, OH OOJaZaeT CBOWCTBAMH
KJIACCUYECKHUX JIUCHOB M, KaK CIICJICTBHE, CKJIOHHOCTHIO JIETKO BCTYIATh B PEAKIIHU

MUKIJIIOIIPUCOCANHCHUSA C HETIPEACIIbHBIMU COCIMHCHUSIMU. B pCeaKnusax
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[UKJIIONPUCOCTUHEHUS, B 3aBUCHUMOCTH OT THIA HCIOJB3yeMOoro cyocrpara,
pe3yJabTaTOM B3aMMOJACHCTBHI MOTYT OBITh JBa THIA OWIUKIUYCCKHX aJTyKTOB:
HOPOOPHEHOBOH MPUPOABI (CM. rac-A), kak pe3yabTar [4+2]-peakiuu Junbca-Anbaepa
[163, 164], wm tomnonorun Ounmkio[3.2.0Jrent-2-eHa (rac-B) B xome [2+2]-
IUKJIONpUcoeMHeHNsT KeteHoB 1o Iltaymuurepy [165, 166]. C apyroii cTOpOHBI,
ITUKJIOTICHTAANCH JIETKO TMOJBEPraeTcs IEHPOTOHHPOBAHUIO IO JEHCTBUEM CHIIBHBIX
OCHOBaHMH ¢ 00Opa30BaHHUEM JOCTATOYHO CTAOWJIBHOTO IUKIIOTICHTaaAueHImI-annoHa C
[167]. Ilocnemnee 0OCTOSTENLCTBO OOBSCHSIETCA MPUOOPETCHHEM apOMAaTUYHOCTH,
COTJIaCHO KOHIEMIINN XIOKKENS, U IMUPOKO UCIIOIB3YETCS KaK JJII CHHTE3a Pa3IMIHbBIX
NPOM3BOJAHBIX IMKIoNeHTaaueHa (rac-E) [168], tak wm g monydenws psiiga
METAJUIOIICHOBBIX ~ KaTanmu3atopoB (D) [169]. Ilociaemnue o00mamaroT — psiioMm
BBIIAFOINXCSI CBOMCTB M HAXOMST IUPOKOE MPUMEHEHHE B TTOJMMEpH3aIiioHHbIX [170]
¥ KOHJICHCAIIMOHHBIX MPOIIECCaX, B TOM YUCJIC U B CHHTE3C Pa3IUYHBIX IMPOW3BOJIHBIX

IIUKJIONICHTAIMCHA U3 allMKIIMYECKUX HETPeIeIbHbIX coeauuenuit [171].

-
" (dyabBeHbl
MeclzT
+ H
M ¢ o
M B [2+2 |
O =i
BH |
C 1 rac-H
M=Na, K, Li
Hal-R | -M-Hal Me =V, Cr, Mn, Fe, Co i
O
R O
R 440 o\
—> ro%
rac-E rac-F rac-G CH,0R

Cxema 2.1
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Takum oOpazom, IS TUKIONEHTAAUEHA WMEETCS JIOCTAaTOYHBIM Habop
3¢ ()EKTUBHBIX TTPEBpAIICHUH, KOMOMHAITMS KOTOPHIX TTO3BOJISET OCYIIECTBUTH MOTHYIO
GyHKIHOHAIU3AMIO IUKJIONEHTaHOBOTO Kouibila. [Ipu 3TOM Hambomblee npuMeHeHne
Hanui  BapuaHTel coduetanus C(5)-GpyHKIMOHAIM3aIMM ¢ OJHAM U3 THIIOB
HUKIONPUCOCTUHEHUSA. 3/1eCh HEO0OXOJUMO TMOMYEPKHYTh, YTO BO BCEX CIyYasx
BBEJICHBI 3aMECTUTENIb U BHOBH OOpa3yIOIIUNCS MUK 00Jiaany B3aUMHOU aHmu-
OpHEHTalel W, TaKUM 00pa3oM, TPH BOZHHKAIOIINX CTEPEOICHTPA PEATM30BHIBAHCH
TOJIbKO B Tape sHaHTuoMepoB. [locienHee oOCTOSATENBCTBO 3HAYUTENIBHO YIPOILAET
pealn3ainio aCUMMETPUYECKUX TIOIX0J0B, COKpalias YUCIO BO3MOXXHBIX H30MEPOB.
Cpenn HW3BECTHBIX OCYIIECTBICHHBIX (OPMATBHBIX W TOJHBIX CHHTE30B XHPATbHBIX
OMOAKTUBHBIX ITUKJIONIEHTAHOUIOB MOAABIISIONIEE OOJBIIMHCTBO MPUMEPOB CBSI3AHBI C
HCITOJIb30BAaHUEM «HOPOOPHEHOBOTOY (C(5)/[4+2)) BapuaHTa 0a30BBIX
byHKIHOHATM3aMKA HUKIoNeHTaaueHa. [lepBeiM Hanbonee 3(pGheKTUBHBIM BapUAHTOM
crana crpaterust Kopu [172], mpuBojsinas B UTOre K MPOM3BOJTHOMY TaK Ha3bIBAEMOIO
nakronanona Kopu. HeoOxonumoe B TMOCHEACTBHM ONTHYECKOE PACIICIIICHUE
JIOCTUTaJIOCh KpUCTAUIM3AIMEd HAa TPOMEKYTOYHOM CTaauu IyTeM O0Opa30BaHUs
COOTBETCTBYIOIIUX  JHWACTEPEOMEPHBIX  COJIGHW C  TaKUMH  XUPATbHBIMHU
BCIIOMOTATENIbHBIMU peareHTaMu Kak »¢eapun win amderamud. Crneuuduaeckue
CJIOKHOCTH MPUMEHEHUS MOCJIEIHUX, a TAKKe HE0OOXOAMMOCTh UCIOJIb30BAHUS TaJUTUS
Ha ctaaun C(5)-3amelieHus] HaKJIaJbIBalOT ONPEJEICHHBIE CIOKHOCTU Ha IIMPOKOE
MpUMEHEHUEe JAaHHOTO MMojaXo/aa. BrocnencTBun Ha ocHOBE JiakToHauona Kopu camum
aBTOPOM OBLITM OCYIIIECTBJICHBI CHHTE3bI MPAKTHUECKH BCEX THUIOB MPOCTATJIAaHINHOB H
JAHHOE COeIWHEHWEe, B OOIeM, W3BECTHO KaK YHHBEPCAIBHBIA MPEANICCTBCHHUK
[IUKJIONICHTAHOUIOB. JTO YTBEPKICHHE TOJBEPKIAIOT MHOTOYUCICHHBIE PabOThHI
pPa3IMYHBIX aBTOPOB, BO MHOTOM Oa3HMpYIONTUECS Ha CTpaTeruu mpemiokeHHon Kopw.
Tem He wMeHee, cieayeT MOAYEPKHYTh, UYTO TMOJOO0HAS KOMOWHAIMS Ha4dalbHBIX
MPEBpAIICHU TO3BOJISIET CeNeKTUBHO (yHkiuonanusupoBate C(1)-, C(4)- u C(5)-
MOJIOKCHUSI ~ MCXOJHOTO  IIMKIIONEeHTagueHa. UTo  KacaeTrcs — allbTepHATUBHOMN
MOCJIEIOBATEILHOCTA TPEBpaIlleHuit depe3 mpou3BoaHble Ounukio[3.2.0]renT-2-eHa

(C(5)/[2+2]), To naHHOE HampaBJICHHE W3YYCHO HE3HAUUTEIBHO W IIHPOKOIO
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pacnpocTpaHEHUsI, KpOME HEKOTOPBIX, YIMOMSHYTBIX Jajee, MOAXOJ0B, CHHTE3bl Ha
ATOM OCHOBaHWHW He moiydmid. OQHAKO, YIUTHIBAsI TO, YTO B 3TOM CIydae M3MCHCHHS
3arparuBatot C(1)-, C(2)- u C(5)-nonoxeHus UCXOAHON CTPYKTYpPHI, pa3BUTHE TAHHOTO
HaIpaBJICHUS XUMUU IUKJIOMECHTAINCHa HECOMHEHHO TPECTaBISET CHHTCTHYCCKHM
uaTepec. Kpome Toro, mouck 3PpQPeKTUBHOTO Criocoba ONTHYECKOTO PACIICIUICHUS H
NPUMEHECHHE TIOJYYCHHBIX M30MEPOB JUIsI CHHTE3a W3BECTHBIX OMOAKTHBHBIX

IMUKJIOIICHTAHONAOB WJIN UX NPCAMICCTBCHHHUKOB ABJIACTCA IMPAKTUYCCKHA 3HAYUMbIM.

2.1.1 DnanTuomepusblie (+)- u (-)-3,3a,6,6a-rerparuapo-1H-uukaonen-ra[C]pypan-

1-oHBI

CaMbpIM HW3BECTHBIM U JIETKOJOCTYITHBIM B MYJbTUTPAMMOBBIX KOJIHMYECTBAX
[2+2]-nmknoaayKTOM IUKJIONEHTaaueHa 1  sBISCTCS — 2em-TUXJIOPIPOU3BOIHOEC
ukiI00yTanoHa 2 (cxema 2.2) [173, 174]. Xumudeckue CBOMCTBA JAHHOTO COCIMHCHUS
W3YYEHBI TOCTATOYHO XOPOIIO U HA €r0 OCHOBE Pa3pad0TaHO HECKOJIBKO, B TOM YHCIIE U

ACMMMETPUYCCKHX, CHHTE30B IUKJIONEeHTaHOu10B [175].

16)
Cl
+ Sc=c=0| —>
Cl N\ cl
1 » Cl
Cé @“‘“( o
"II/// @ "I[I//
(+)-4
Cxema 2.2

B 371011 cBsI31 HEOOXOAMMO MOTYEPKHYTh, UTO OOJIBITMHCTBO U3 HUX OCHOBAHO Ha
okuciienun no balepy-Busmurepy 1mukiio0yTaHOHOBOTO ()parMeHTa M 3HAYMTENbHas

qaCTb CMHTCTHYCCKHUX HOCHGI[OB&TGHBHOCTCﬁ CBs3daHa C IIOJYYCHUCM JIAKTOHA FpI/IKO 3
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[46] u, manee, npousBoAHBIX JlakTOHAMONA Kopu [176]. 3mech HeoOXoqumMo 00paTUTh

BHHMAaHHE HA TO, YTO OTIMCAHHBIA B PSJIC MOAXOJA0B PETHO- H CTEPEON3OMEPHBIN JTAKTOH
(-)-4 xpaitHe MajJ0 WCHOJB30BAICA B HANpaBJICHHOM cuHTe3e. Kpome Toro,
JUTEepaTypHbIC JaHHBIE TI0 €r0 S3HAHTHOMEDPY (+)-4 OTCYTCTBYIOT COBCEM.

CuHTe3 ¥  WCHOJB30BaHHE  PAIlEMUYECKOTO JIaKTOHa 4 Ha  OCHOBE
JICTAJIOTEHUPOBAHHOTO [2+2]-aiyKTa IUKJIONCHTAIMCHA W JUXJIOpDKEeTEeHa 5 paHee
Obutn ommcanbl XymmurkuM [177] w Banrom [178]. B mocnencteuu, ®ypmroce
paspaboTtan Oojiee ymOOHBIH Ccroco0 MmoiydeHus paremuueckoro jakrtona 4 [106], a
TakKe ero (-)-3HaHTHOMEpa, UCIOJIb3ys] MUKPOOHOJIOTHIECKOE OKHCIICHHE Mo baliepy-
Bummurepy Onnmkio[3.2.0]rent-6-eH-2-0oHa. XupaibHbIi (-)-4 ObUT MCHOJIB30BaH TOMH
K€ TPYIIOH JIIIb B CHHTE3¢ HEKOTOPhIX (hepomonoB Marine brown algae [179] (cxema
2.3). 31ech CTOUT OTMETHTD, YTO OTCYTCTBHE JAHHBIX IO (+)-3HAaHTHOMEPY, OYCBHJIHO,
CBSA3aHO CO CHEIU(UKON HHIUMATUYECKOTO CIocoba OKUCICHUS Kak BapHaHTa

OIITHYCCKOI'O paCIICIINICHHA.

O
O
/ ‘\\\\\O
\ — @ >:o + 0
””II//
5 -3 (-)-4
~ 4
-— — O
NS \
(+)-Bupunnen (+)-Kaynokcupen

a) Acinebacter TD 63, 77%.
Cxema 2.3

YTIOMSIHYTBIE BBIIIE 00CTOATEIHCTBA BO MHOTOM TIPEIOTIPEICTIIIA BEIOOP 000MX
HYHAHTUOMEPHBIX OWUIMKIMYECKHX JTAKTOHOB 4 B KaYeCTBE KIIFOUEBBIX COCIMHCHHUU MPHU
pa3paboTKe OPUTMHAIBHOTO METO/Ja ONTHYECKOro pacuierieHus [2+2]-aaaykTos
TUXJIOPKETEeHa W IuKIIoneHTaaueHa 2. OCHOBHas ujesl Oblla CBS3aHa C HAJIMYUEM B

CTPYKTYpE CHJIbHO HAIpsHKEHHOTO W aKTUBUPOBAHHOTO 2eM-IUXJIOPHOW (QYyHKIHEH
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dbparmenTa MUKIO0yTaHOHA, CIIOCOOHOTO K JeruKiIn3anuu ¢ paspsiBoM cBsizu C(O)-
CCl, mpu neiictBum pasnuunbeix HykineopwrioB [180, 181]. Pacwer Obur cuenan
UCIIOJIb30BAaHUE B KA4YEeCTBE IMOCJIEIHUX JOCTYMHBIX XHUPAIbHBIX BCIOMOTATEIbHBIX
areHTOB € TOCIEAYIOIIMM  TOJyYeHHEM  JUACTePEOMEPHBIX  MPOAYKTOB,
pasznuyaromuxcsi mo (U3MKO-XMMHUUYECKHM XapaKTepUCTUKaM (XpomaTtorpadpudeckas
MOJIBM)KHOCTb, CKIIOHHOCTb K KPUCTAJUTU3AIMH U T.I1.).

B kadectBe momxomAmmx HyKJICO(UIOB OBUIM  BBIOpaHBI  JOCTATOYHO
JIETKOJOCTYIHBIE XHpalbHbIC a-MeTuiOeH3mIaMuubl [182-186]. B3aumopelictBus ¢
HUMH QIIyKTa 2 C BBICOKUMH BBIXOJaMU TIPUBOJMIN K MPOAYKTAM IUKIOPACKPHITHS —
nuacTepeoMepHbIM amugaMm 6a,b u 7a,b. IIpu srom, cormacio TCX, o6e mapsl 3THX
COCJIMHEHUN HE MPOSIBIISIIN CKOJIb-HUOY/Ib 3aMETHBIX MPU3HAKOB PA3CIICHUS, TEM HE
MeHee, KpUCTalTu3alei quacTepeoMepHbix cMeceit 6a,b u 7a,b u3 6enzona ynamnocsh
BBIJICJIUTH 110 OJTHOMY M3 HHIUBHIYaJbHBIX H30MepOB (6D 1 7a) B Ka)KI0M M3 CIIy4acB C
Beixogamu 10-13%. Opnako manpHEHIee pasaelieHHe 3TUM CIOCOOOM OKa3alloch
Hed(PPEKTUBHBIM U, TAKUM O00pa3oM, OT JAHHOTO BapHMaHTa ONTHUYECKOTO PacCIICTICHUS

NPUIIIOCH OTKa3aThes (cxema 2.4).

O O

. M, I
o T

\ Cl

CHCL, “IcHCl,

6a 6b
i i 0
T N~ Yph
H +

0
.\\\\J]\ N )\Ph
G H
* )k “
cl” ¢l CHCI, CHCI,

- - 7a 7b

a) (+)-CH;CH(NH,)C¢Hs, C¢Hg, 20 °C, 8 1, > 95%; 6) (-)-CH;CH(NH,)C¢Hs, C¢Hg, 20
°C, 84,>95%

U phy

Cxema 2.4
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Crenyromuym 3TarnoM CTajio THAPOIUTHYECKOE YAAUICHUE 2eM-TUXITOPMETUIBLHOMN
rpynmbel B amugax 6 u 7. [lpu ucnonb30BaHUM HUTpaTa cepedpa B KHUIISAIIEM BOTHOM
aIeTOHUTPHUIIE TTPOUCXOIUIIO MEJICHHOE TIpeBpallieHne cmeced 6 u 7/ B OUITUKIMYECKHE
JakTamM-amuHaIU 8a,b m 9a,b. JIBmkymied cuiol MUKIN3alyy, OYEBHIHO, BBICTYITAIa
MIPOCTPAHCTBEHHAS COJMKEHHOCTh YU C-OPUEHTUPOBAHHBIX aMUHOTO U aJIbJIETUIHOTO
dbparmenToB. [lomydeHHble Ha 3TON CTaauM aUacTepeoMepHbie mapbl, coriacHo TCX,
UMETM JIOCTAaTOYHO PAa3IMYaNIAecs XpoMaTorpaduyueckre MOJIBIKHOCTH W ObUIH

JIETKO pa3ielicHbI IIPOCTOM KOJIOHOUHOM XpoMaTorpadueii Ha SiO; (cxema 2.5).

O 0
6a : J’I ,\\\\\\/< J
6a+6b —2 3 Q N “Ph n @ N~ “ph
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a) 2.1 sxB. AgNO;, MeCN-H,O0 (3:1), kunsiuenue, 20 4, 95%.

Cxema 2.5

Takum 00pa3zoM, ObUT OCYIIECTBIICH BaKHECHUIIIUM IS ONITHYECKOTO PACIICTUICHHS
mar. Taxke HEOOXOAMMO OTMETHTh, YTO YCIEHNIHOCTh XPOMAaTorpaduaecKoro
pazneneHus Obiia 00yCIIOBIIEHA, B TOM YHUCIIE, U TEM, YTO 00pa3oBaHNe OUITUKINYECKUX
aMUHAJICH MPOTEKaI0 CTEPEOCHenn(PUIHO C MOIYICHHEM MEHEE 3aTPYJAHCHHBIX HK30-
ruapokcudniumepoB. Hampumep, nns 9a B cnektpe SAMP 'H XapaKkTePUCTUYECH
yONETHBIN CUTHAT CH npu 5.12 m.1. ¢ J33, = 8 ['11. Taxoke crneayer mog4epkHyTh U TO,
yro mapel amuaoB 8a u 9a, a Ttakke 8b m 9b, mociae ymaneHUs XUPATBLHOTO
BCIIOMOTaTEJIbHOT'O0 areHTa, JOJKHBI MPUBOJNUTh K OJHUM M TEM K€ dHAHTHOMEpaM B

KaXXJI0M CJiy4dac. HOCJ’IGI{HGG O6CTO$ITCJ'H>CTBO, O4YCBHUIHO, ABJIACTCA IINIFOCOM JAaHHOI'O
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MOJIX0J]a, TaK KaK OTMaJaeT HEe0OXOAUMOCTh pabOThl ¢ OOOMMM PHAHTHUOMEPAMH O-
MeTIOeH3nIaMuHa. [103TOMy B JanbHEHIIEM PUMEHSIICS HauOosee TOCTYImHBINA (+)-
HYHAHTUOMEP XUPATBHOTO BCIIOMOTATEILHOTO areHTa.

Crnenyromuii MPOMEKYTOUHBIN 3Tall UCCIEIOBAHUN 3aKIOYAICS B ONTUMHU3ALMH
CTaQJAUM THUAPOJIM3A 2eM-JAUXJOPMETUIILHON TpyNIbl COeAMHEHHM 6, Tak Kak
NepBOHAYAJIbHBIN BapUAHT XapaKTepU30BaJICs JIOBOJILHO OombIION
IPOJOJKUTEIBHOCTBIO U TPeOOBANl HCIOIB30BAHUE JAOCTATOYHO JIOPOrOTO peareHTa —
HuTpara cepeOpa. beuto  ycranoBiaeno [187], uro gma  TpaHchopmaiuu
JUTaJIOTEH3aMEIICHHBIX COCTUHEHUH 6 B aibJETHABI MOXHO MPUMEHSATH HEIOpOTOi
pearent FeCl;*6H,0 (cxema 2.6). B aTom ciydae peakius THAPOSIN3a TAKKE TPUBOIUT
K 0KMJIAa€MBbIM COEIMHEHUSM 8 C BBIXOJOM M IMPOJOJIKUTEIBHOCTbIO CPAaBHUMBIMU C
TakoBbIMH i ombITOB ¢ AQGNO;. UuHTepecHslii pe3yiapTar ObBUT TOMYy4YEH MpHU
UCIIOJIb30BAHUYU HA CTaJIMU THIposm3a karanutudeckux komwmdects PACI,. TIpu stom
Hapsay C OXHMJIAEMbIMU COCAMHEHMSAMH 8 HMEJIO MecTo ObIcTpoe oOpa3zoBaHHE
NPOAYKTOB MEKMOJICKYJISIpHON camokoHieHcarmu 10. AHajIoOrumuHbBI  Tporecc
MPOUCXOIMUIT TaKXKe MPU YIMApUBAHUKM PACTBOPOB MHAMBHUAYAIBHBIX COCIMHEHHN 8a U
8b npu moHM>KEHHOM JaBIICHUH M HarpeBaHuu 110 60 °C. BriocieIcTBHH MBI BBISICHIITH,
4TO HamOoJiee NPAKTUYHBIMU U IPGEKTUBHBIMH peareHTaMu MJis Tujaposinza 6
aBIsitOTCS okeua Oapus (tounee Ba(OH),) u, B ocobGeHHOCTH, 00bIYHAS €O/, TaK Kak e&
UCIIOJIb30BAHUE  TO3BOJISIET  ONPEACNMTh MOMEHT 3aBEpIICHUS] PEaKUHH IO
NPEKpaLICHUIO Ta30BblaeneHus. Vcrnonb30BaHue MOCIEAHUX HE TOJIBKO MPUBOJIWIO K
00pa30BaHMIO C BHICOKUM BBIXOJIOM MCKIIOYUTENIFHO COCTUHEHUH 8, HO M MO3BOJISUIIO B
2.5 pa3a coKpaTUTh BpeMsl ITPOBEACHUS peaklnu. B Xxoae nanbHeHMnX 3KCIepUMEHTOB
OBLJIO yCcTaHOBJIEHO, 4YTO oOpatHbii Tepexos; 10—8 MOXHO ¢ KOJWYECTBEHHBIM
BBIXOJIOM OCYILECTBIIATh NMpHU KunsiueHuu 3¢gupoB 10 B BogHOM TeTparujpodypaHe B
NPUCYTCTBUHU KaTaquTHYeCKuX kommdecTB xyopuzaa xeneza(lll). IMTo-Bugumomy, cob
JKeJIe3a B 3TOM CJIydae UIPAET poJib KUCIOTHI JIptouca. B nenom ke, coueranue coneun
Pd(I1)-Fe(l1l) mo3BonseT 3pPpeKTUBHO OCYIIECCTBUTHL B3auMoInpeBpaineHus 8«10, xors
HaunOoJiee Moxokue m3BectHble nmpumepsl npumerenns FeCl;*6H,0 u PACI, cBs3ansb

TOJILKO C THPOJIN30M 3aIlUTHBIX rpym [188-193].
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a) R, MeCN-H,0 (3:1), kunsuenue, 93-95%; 6) 0.1 sxB. PdCl,, MeCN-H,O (3:1), kunsiuenue,
2 1, 98%:; B) 60 0c/20 mm; 1) 0.1 k8. FeCly 6H,0, THF-H,O (4:1), xunsuenue, 5 4, > 95%.

Cxema 2.6

KacarenpHO pa3nmuuHBIX pe3yibTaTOB THAPOIW3a, MBI MPHUACPKUBACMCS
CIIeAyIoero oobsicHeHus: kak s uHUIMUpyeMbix PACl, (oOpasoBanue 10), Tak u
AgNQO;, FeCl;, NaHCO; nin Ba(OH), (o6pa3oBanue 8). OueBuaHO, 3aTparuBacMbic B
nepexofax 6—8—10 peakiuu ruaponMsa U dTepupUKALUK KaTanusupyrorces H' umm
kucinotamu Jlptouca. [lpumeuartenbHo, uro B oamHakoBbix ycnoBusax (MeCN-H,0,
kunsdyenue) yuimb s PACly-katanusupyeMoit peakiuu MPOUCXOIUT 0Opa3oBaHHE
aupa 10. ITOoT dakT, BEposATHO, CBSA3aH C OCOOCHHOCTIMU COJIeH Masuiaaus, Korjaa u3-
3a Bo3MOkHO#M N-koopauHanuu aromoM nasuiaaus(ll) obmeryaercs MEKXMOIEKYIIPHOE
a¢upooOpa3zoBaHme, a, TEM BPEMEHEM, YPOBEHb KUCIOTHOCTH CPEIbl HEAOCTATOUYCH ISt
npoTekanus oopatHoi peakimu ruapatanuud 10 B 8. B ciayuae sxe ¢ AgNO; u FeCls
KHCIIOTHOCTh CPEAbl JIOCTUTACT ONTHUMAaJIbHOTO 3HadyeHWs u HakorieHus 10 He

MPOUCXOIUT BCJIEICTBUE IPEANOUTUTEIbHOCTH ruipaTanuu 10 B 8.
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Takum oOpa3om, OCHOBHasI 3371a4a, COOCTBEHHO ONTHYECKOE pacIIeTIeHne, Oblia
pemeHa. OnHaKo, C TIEIbI0 BBIXOJA K DSHAHTUOMEPHBIM IUKIIONIEHTAHOUIAM,
HEOOXOMMO OBLIO TaKXe YAAIWTh XUPaJIbHBIA BCIOMOTATENbHBIM areHT. dparMeHT
dbeHnITIIIaMIHA B OUIIMKITMYECKUX JJAKTaMaxX ObLT JBOCCBS3aHHBIM: C OJHOU CTOPOHEI,
aMUJTHOM CBSI3bI0, a C JApyrod — amMuHaiabHON. [1OMBITKHM BBICBOOOXKICHUSI KHCIOTHOM
(GYHKIIUU B CTAaHJAAPTHBIX YCIOBHUSAX KHUCIOTHOTO HJIM MIEJIOYHOTO THAPOJIM3a aMUI0B 8
HE TPUBOIWIM K HEOOXOIUMOMY pe3ysibTary. Torma pemeHo ObIJI0 BOCCTAaHOBHUTH
JATEHTHYIO aJIbJICTUHYIO TpyImy B 8a, 4YTOo OBUIO BBHIIOJHEHO IPU JACHCTBUM
Ooporuapuia HaTpusi TpPU KUISYEHUH B BOJHOM JIMOKCaHE C OOpa3oBaHUEM
amunocnupra lla. Vcnonws3oBaHue pacTBOpUTENEH € MEHBIIMMHU TEMIIEpaTypamMu
KUIIEHUS (METaHOJI, 3TaHOJI, alleTOHUTPUJI) HE JIaBaJI0 HUKAKUX PE3yJIbTaTOB, BHIANMO,
BCJICJICTBUE TEPMOAMHAMUUYECKUX XapaKTEPUCTUK TayTOMEPHOTO IMepexoaa U3
[UKIMYECKOH B alMUKIMYECKYl0 (GopMy aMHuHaIbHON dacTu. Jlamee, IMOIydYeHHBIN
KJIACCUYECKUM aMMJI, O’)KMAAEMO, OKa3aJCsl JIETKO THIPOJIM3YEM B KUCJIOTHOM cpejie U, B
pesynbTaTe, TpaHCHOPMHPOBAICS B IEJICBOW OWIMKIWYCCKUH jakToH (-)-4.

Amnanornunsie Tpanchopmaru u3 8b npuBoauin k 3HaHTHOMEPY (+)-4 (cxema 2.7).

0 0O J 0
)’// a ’II/// 6
T r G =
OH OH

8a 11a (-)-4
1) 0]
”\\\\\/< ),’ a ‘\\\\\\”\ J /// \\\\\\<
T "t
"y, "/I// 'lIII//
oH (|)H
8b 11b (+)-4

a) NaBH, munoxcan-H,O (5:1), kunstuenue, 5 4, 90%; 6) 9N H,SO4-nnokean (1:2),
kunsyenue, 4 4, 88%.

Cxema 2.7
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Tak, ¢aktuuecku, Obla TOCTUTHYTa Ba)KHEHINas W3 MPOMEKYTOUHBIX IENEH,
KOTOpasi 3aKjiouajach B pa3paboTKe OpUTHHAIBHOTO CHocoba  ONTHYECKOTrO
pacuieruIeHUs] palleMUIecKoro aaayKra [2+2]-IuKIonprucoeIMHEHUS IIMKIIOTICHTAIHEeHA
U JUXJOpKeTeHa. B pe3yinbrare 4eThIpexCTaguiHON MNOCIENOBATENbHOCTA OBLI
OCYILIECTBJIEH BBIXOJ K HEPCIEKTUBHBIM JHAHTHUOMEPHO YHUCTBIM OMLMKIMYECKUM
dakToHaM 4. OJHAaKo, BaKHBIM TaKK€ MPEICTABIIIOCH ONPEIEICHUE BO3MOKHOCTH
NPUMEHEHUsT 3TOW MeTonmonoruu u st apyrux C(5)-3aMelIeHHbIX MNPOU3BOIHBIX
LUKJIONIEHTaAMCHA, B YaCTHOCTH, TPUMETHWICWINIIIUKIIONICHTaANCHA U

TuMeTUI(yIIbBEHA.

2.1.2 DHanTHOMeEpHbIE (+)- U (-)-6-TpuMeTHiIcHINI-3,33,6,6a-TeTparnapo-1H-

nukJonenralclgpypan-1-onnt

Crnenyrouim 3TarnoM padoThl MOCIYXUIIO PUMEHEHHE pa3paboTaHHOIO METoJia
ONTUYECKOr0 pacuiemyieHus K Oonee (QPYHKIMOHAIU3UPOBAHHBIM S-3aMEIIEHHBIM
LUKJIOTIEHTaANeHaM. B psily BO3MOXKHBIX KaHAMJATOB Hallle BHUMAHUE TNPHUBJICKIN
JIETKOJJOCTYIHBIE TPUMETHICHIIMIIIUKIONCHTATUEH U €r0 alTyKT ¢ AUXJIOpKeTeHOM 12
[194]. OcHoBanueM sl TOrO BBIOOpA MOCTYXKHIIN J1Ba 00CTOSATEILCTBA: HHTEPECHAS U
MHOTOCTOPOHHSISI XUMHS QJUIWICUIAHOB U TOJHBIA  CTEPEOKOHTPOJNb  PEAKINU

UUKJIONPUCOECTUHEHUS, TPUBOAAIIECH K PAlEMUYECKONM CMECU 9K30-aJAYKTOB (Cxema

2.8).

SiMe, 0 Me;Si
I O

®
Na
. C a |
+ MesSiCl — + )k —
Cl Cl anl) Cl
Cl
(£)-12
a) E;N, rekcaw, 20 °C, 4 1, 70%.

Cxema 2.8
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[TpoBeneHne, OMMCAHHBIX IS aJIyKTa [HUKIOMEHTaJueHa, MPOIEayp C
UCroib30BanueM (+)-a-MeTuiIOeH3MIaMUHA aHAJIOTHYHBIM 00pa3oM MOCIIEA0BATEIBHO
NPUBOAMIM K JUacTepeoMepHbIM amuaaM 13a,b u, nanee, kK JerkopasaearMMbIM
IIPOCTON KOJIOHOYHOM XpomaTtorpadueii Ha SiO, Ounukimndeckum amuHasiv 14a u 14b
(cxema 9) [185, 195]. Kaxnapiii u3 monydeHHbIX amuHanerd 14a m 14b Ttakke ObuI
WHIMBUYAJICH U MPEICTABIISI COOOM CTEPUUESCKH MEHEE 3aTPYAHCHHBIN 3K30-3THMEp.

1 .
B oTHeceHusix xapakrepucTuuHbIM B criektpe AMP "H saBnsercs myOneTHbi curHan

CH npu 5.08 m.1. ¢ J33,= 4.0 Hz.
Me;Si joj\ )
@m\“\ N~ ph
+ H
Cl

(#)-12 13a 6 13b

h4e3Si hde3

|/O

—
Cl

‘\\\\\\\

\O

“ph

nlI[III/

7

H

14b
a) (+)-CH;CH(NH,)CgHs, CgHg 20 °C, 8 1, 92%; 6) 2.1 sxs. NaHCO3, MeCN-H,0 (3:1),

kunsacHue, 8 14, 93%.

Cxema 2.9

[Tony4yenHble  WHIWBUAyaJIbHBICE jauactepeoMepbl 14a wu  14b  mocne
OOPTrUAPUIHOTO BOCCTAHOBJICHHUS B KHUIISIIEM BOJHOM IHOKCAHE M TMOCIEAYIOIIETO
KHACIOTHOrO THaposm3a 15a wu 15D Obuth  mpeBpaiieHbl B DHAHTHOMEPHBIC
AJUTHJICHJIAHOBBIC ITUKJIONICHTeHOBBIE Oyoku (+)-16 u (-)-16 cooTBeTcTBEHHO (CcXxema
2.10). CrepeoxuMusi TOCIEIHMX, a HMEHHO JjakToHa (-)-16, Obula ycTaHOBJICHA
METOIOM PEHTTEHOCTPYKTYPHOTo aHaau3a (puc. 2.2) [196].

Takum  o00pa3zoMm, Obula TPOJEMOHCTPUPOBAHA MPUMEHUMOCTh  METOJa

OIITHYCCKOI'O PaCIICINICHMA, pa3pa60TaHHor0 I aAAyKTa OUKIIOINICHTAAUCHA U JJIA 5-
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TPUMETUICHIMIIUKIONEHTaAueHa. B MOCnencTBUM  aHAJIOTMYHOE  ONTHYECKOe
paciieruieHne ObUIO OCYIIECTBICHO TakKXe Ha MpUMEpe IUMETWI(PyJIbBEHA U B
CIIEQYIOIEM pazfiene Kparko OyayT NpeACTaBI€Hbl OCHOBHBIE pe3yJlbTaThl ATHX
VCIICTOBAaHUM.

Me3S

O Me3

1

=
=
-

N
OH
14a (+)-16
Me;Si Me;Si Me;Si 0
\\\\\< ) a u, .\\\\\\/
2 §)
"y " "’/II//
14b OH (-)-16

a) NaBH, munoxcan-H,O (5:1), kunsuenue, 5 4, 92%; 6) 9N H,SO -nuokcan (1:2),
Kunsyenue, 5 14, 89%.

Cxema 2.10

Pucynok 2.2 — Ctpykrypa coeaunenus (+)-16
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2.1.3 DnanTtuoMepHsbie (+)- u (-)-6-(1-meTunnaen)-3,3a,6,6a-rerparuapo-1H-

nukJonenTalclgpypan-1-onst

[IpunoxenneM pa3pabOTAHHOTO METOJa ONTHYECKOTO  PACHICTUICHHS K
aumMeTrIdyIbpBeHy 17, IEKroIoCTYIIHOrO M3 alleTOHa M IuKiIoneHtaaruena [197] opuin
TIOJIYYCHBI O’KHJIaeMbIC YHAHTHOMEPHBIC JIAKTOHBI 18 ¢ 3K30IMKIMYECKUMH JIBOWHBIMU
CBA3SIMH B IMKJIONMeHTeHOBOM ¢parmente [198] (cxema 2.11). IlepcneKTHBHOCTH
WCITOJIP30BAHUS JAHHOTO TPOW3BOJHOTO ITUKIIONCHTAANCHA B HAIPABICHHOM CHHTE3C

ObLTa TOATBEPIKICHA PSIOM MoCIeayromux padot [185, 199-202].

0 0
0 \ \ /
/ ,\\\\\\\
\ » o) o)
Cl 54% '””II///

Cl
17 (-)-18 (+)-18

Cxema 2.11

Takum  oOpasom, dakThuuecku Oblla  peaJiM3oBaHa  TepBas  3ajada
JIMCCEPTAIMOHHOTO WCCIIEIOBAaHMS, CBA3aHHAS C Pa3pabOTKOW OPUTHHAIBLHOTO METOa
ONTHYECKOTO paciieruieHuss [2+2]-aaqyKToB MPOW3BOAHBIX IUKJIONCHTAIUCHA C
nuxJopkeTeHOM. (OYeBUIHBIM SBISIETCS TakKe OOIIHOCTh JAHHOTO TMOJX0Ja U
CIIEYIOIIMM JTarlOM CTal0 W3yYEeHHE BO3MOXKHOCTEH MambHEHIIEero HCIOJIb30BAHUS
MOJIYYCHHBIX SHAHTHUOMEPHBIX CHHTETHUYECKHX OJIOKOB W3 ITUKJIOTICHTAJMEHA U €ro
TPUMETHICHJIMIIBHOTO ~ TIPOM3BOJHOTO B  HalpaBJIeHHOM cHHTe3e. Ilpu 3ToM
HE0OX0oaMMMO OBUIO TPWHMMATh BO BHHUMAaHWE CYIIECTBEHHBIC pa3lIMIUs CaMHX
IIUKJIONIEHTEHOBBIX OCTOBOB KJIIOYEBBIX JIAKTOHOB, YTO OMPEACIEHHO JOHKHO OBLIO
OKa3bIBaTh  3HAYMTEILHOE  BJIMSHHE KaK Ha  PEAKIMOHHYIO  CIIOCOOHOCTH

(GyHKIIMOHATBHBIX TPYTI, TaK U HA CTEPEOXUMHIO PACCMATPUBAEMBIX TIPOIIECCOB.
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2.2 Bo3M0KHOCTH (DYHKIITHOHAIM3ANUH S HAHTHOMEPHBIX OUITUKINYECKUX

JIJAKTOHOB

Ha sToM, BO MHOTOM ONpeAeIsIomeM dTare, TpeACTOsIIO ONPENEIIUTh, HACKOIBKO
IIEPCIEKTUBHBI B CUHTETUYECKOM OTHOLICHUM IIOJIYYEHHBIE paHEe DHAaHTHOMEPHBIE
LUKJIOTIEHTEHOBBIE O0KH. Kak yxe ObLI0 MpeAcTaBlI€HO, OCTOBbI MHOTHMX M3BECTHBIX
OMOAKTUBHBIX LHKJIONEHTAHOUIOB COAEpP’KAaT OAWH WA J1BAa OKHUCIEHHBIX B pPa3HOU
CTENCHU YIIIEPOAHBIX aroMa (puc. 2.1), a Takke NONMOJHUTEIBHBIE CTPYKTYPHBIC
(dparMeHThbl B BUJ€ OOKOBBIX LIEMEH, CONPSHKEHHBIX HUKIIOB U T.J. Takum o0pazoM, Ipu
U3YYEHUU XUMUYECKUX CBOMCTB KIIFOUEBBIX OJIOKOB B MEPBYIO OUYEpE/lb ObLIU BHIOpAHbI
peakuuu, Kacaroluecss Kak (yHKIMOHAJIM3alUu JABOWHOM CBSI3U, TaK U PACKPBITUSA

JJAKTOHHOTI'O LIUKJIA.

2.2.1 ®yHKIHOHAIH3AIUSA YJHAHTHOMEPHBIX (+)- H (-)-3,3a,6,6a-TeTparuapo-1H-

uukJionenralclgpypan-1-onos

CTpyKTypbl TIONYYCHHBIX W3 IUKIONCHTAANCHA HHAHTHOMEPHBIX JIAKTOHOB
JIOCTATOYHO TIEPCIIEKTUBHBI B CHHTETUYECKOM IUJIaHE BCJIEICTBHE CBOEH PAa3HOTUITHOM
0a30BOM (DYHKITMOHAM3UPOBAHHOCTHU: C OJHOW CTOPOHBI, AJUTUIBHBIA (DparMeHT, a, ¢
JIPYTo — KapOOKCHIIbHAS ¥ THAPOKCUMETHIIbHAS TPYTIIIBI, CBSI3aHHBIC CI0KHOIPUPHOU
cBs3pi0 (cxema 2.12). Tak, makToHHBIA (PparMEHT MPEACTABIACTCS YIOOHBIM ISt
MOCJICYIOIIETO BBEACHHUS OOKOBBIX IIETICH HEKOTOPBHIX IMKJIONCHTAHOUIOB, B
YaCTHOCTH TIPOCTarTaHAWHOB. Kpome Toro, psx OHOAaKTHBHBIX COCIWHEHUN
MPEACTABISAIOT COOOW  IMKJIOTICHTAHOBBIC  KAapOOHOBBIE  KHCIOTHI  (HAmpuUMep
METHUJICHOMHMIIMH W capKoMuIlnH). IloaToMy, B 3TOW 4YacTH MOJIEKYJIbI, OCHOBHBIC
ycwinsi ObUTM HAmpaBlIEHbl HAa PACIISTJICHUE JIAKTOHHOTO IMKJIa B KUCIOTHOW WJIU
ocHoBHOM cpemax (cm. A). Uro kacaercs OBOHWHOW CBSI3M, TO OTOT (PparMeHT
paccMaTpuBajCcs Kak YAOOHBIN TSI U3YYCHHUS BO3MOYKHOCTH BBEICHUS OKCH-()YHKIIHMA
(cM. B), TpeOyeMbIX BO MHOTHX LIEIEBBIX CTPYKTypax. IIpu 3TOM ciieayer moa4epKHyTh

TO, YTO BaXKHBIM MOMEHTOM ObLI BbIOOp HambOosee 3(p(HEeKTUBHBIX BAPUAHTOB, a TaKKeE
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UX MOCTEAYIoNee KOMOMHUPOBAHUE C TEIhI0 BBIXOJAa K 00JIee «IIPOJBUHYTHIMY W/UITU

U3BeCTHBIM Oj10okam [182, 185, 186].

0 O
[O] H" wim OH |
O <---------- (& | O --------n-- OR
HO
B 4 A R?
Cxema 2.12

Pacwennenue nakmomno20 uukia 6 KUCIOMHOU U OCHOGHOU cpeodax.
Dopmanvhblii cunmes npeknagyiona A, cnuno3una A, u3o-, HeUPONPOCMAHOE U UX
IHanmuomepos. Hanuuue y-nakTOHHOTO LIMKJIA B CTPYKTYpPax SHAHTHOMEPHBIX OJIOKOB
MMEET KakK ITOJIOKUTEIIbHBINA, TaK U OTPULIATEIIBHBI MOMEHTBI: C OJTHOW CTOPOHBI, OH
UIpaeT poiib  CBOEOOpPA3HOW BHYTPUMOJIEKYJIAPHOM  3allUTHOM  TPYNIbl IS
THIPOKCUMETUIILHON U KapOOKCWUIIbHOW (yHKIMH, a, ¢ JApyroil — ero pasmepsl U
IIPOCTPAHCTBEHHAs OPUEHTAIUS 3aTPYIHSIOT paOOThI C PACKPBITHIMU (POpMaMu JaKTOHA
IIPUJIOKEHUEM KIIACCUYECKUX METOJOB OCHOBHOIO M KHCIJIOTHOIO KaTaiau3a H3-3a
oOpatumocTH peakiuid. Tak Wau WHaye, /Uil YCTHENIHOW peau3alii MOCTABICHHBIX
3a/1a4 Mepexo] K MOHOIMKIMYECKUM MMPOU3BOIHBIM SIBJISJICS OJHOW M3 IIPUOPUTETHBIX
3amad. Tak, BapuaHT pacKpbITUS  JIAKTOHHOTO  KOJIblla  I[MAHU]I-AaHUOHOM
paccMaTpuBaics KaK BO3MOXKHBIHM ITyTh TOTYYCHHS W3 YSHAHTUOMEPHBIX )-JIAKTOHOB (-)-
4 u (+)-4 COOTBETCTBYIOIIMX TOMOJOTHYECKH CXOJHBIX TOMOJIOTOBBIX O-JTaKTOHOB (+)-

19 1 (-)-19 (cxema 2.13) [182, 203].

\\\\\\< O ‘\\\ \
O wiu @ ----- » 158705 @ /g
IIII// O ///// O
(-)-4 (+)-4 (+)-19 (--19

Cxema 2.13
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Kak BumHOo wu3 crpyktyp, coemuaenuss (+)-19 u (-)-19 ™oryr Haiitn
pPa3HOCTOPOHHEE MPHIIOKCHUE B CHHTE3¢ YHAHTHOMEPHO YHCTHIX ITUKJIONCHTAaHOUIOB.
CunTe3sl xupanbHOro JsaktoHa (+)-19 ® ero wucmoap30BaHWE IS TOJYYCHHS
IPOCTArJaHMHOBBIX MPEKYPCOPOB U Jajiee NMpeKJIaByioHa A, W30- H HEHPOIIPOCTAHOB
npuBe/cHbI B myOnukanusax 3aHonu u Bumapu [204-207]. B nyoaukanuu Tutne [208]
ONMCaH JOCTaTOYHO TPYMOCMKHA XEMOJH3MMATHUCCKUH  CIIOCOO  MOJYYCHHS
coequHeHni (+)-19 u (-)-19, um ke sHaHTHOMEpHO 4HUCTBIA (+)-19 ucmonp3oBaH B

CHHTEe3¢ aHajora cruHo3uHa A [209].

0
\\\\\<
: J
’/////
(-)-4 (H)-4
CO,H ~COH WCOH CO,H
T, oot I
'y, ~CN ', ~CN
20 22 9 23

1
0 0
OH H OH OH
\\\\\ .\\\\\|
_ g ) iy
24 9 : 6 | 9:1 27 |
C C

N CN

Y/\O N
Q\/go @ ’////g
(H)-19 (-)-19

a) NaCN, IMCO, 180 °C, 1 4, 85%; 6) CICO,Et, Et;N, NaBH, TI'®, 20 °C,
1.5 4, 95%:; B) 9N H,SO,-nuokcan (1:2), kunsuenue, 4 4, 85%.

<
z

Cxema 2.14
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B pa3paboTke roMosiorm3aiu y-JaKTOH—O-TaKTOH coenuHeHus (-)-1 m (+)-1
OBLTM HWCIBITAaHBI B TEPMHYCCKUX PEAKIUAX IMHKIOPACKPBHITHS C ITHAHUA-UOHOM,
KOTOpBbIe IMpOoTeKaaud Impu HarpeBanuu pactBopoB (-)-1 u (+)-1 ¢ NaCN B
mumetuicyiabdokcuae g0 180 °C, mpuBoas k oOpazoBanuio nmpoaykTo 20-23 (cxema
2.14). OOpa3oBaHHME O3MHMEPHBIX mpaHc-THAHOKKCIOT 21 u 23  0OBsICHSCTCS
u30Mepu3alre B WX KapOOKCHHECYIIUX IIEHTPAaX B JOBOJIBHO JKECTKUX YCIOBHSIX
peaknun. be3 pazpenenus, 9:1-cmecu nmanokumcior 20+21 u 22+23 oOpaboTkoi
XJIOPYTOJbHBIM 3¢upoM B mnpucyrctBum aknenrtopa HC| Obutm mpeBpaineHbl B
COOTBETCTBYIOIIME CMEIIAHHBIC aHTHUAPUABI U, Jajiee, BOCCTAHOBJICHBI OOPOTHUIPUIOM
HaTpus 1O chnupTtoB 24+25 m 26+27, cOOTBETCTBEHHO. B Xoae mocienyromero
KHCJIOTHOTO THIPOJIN3a coequHeHus 24 u 26 npuBoauwiu K yakroHam (+)-19 u (-)-19.
Tpanc-tmanoctiipThl 25 1 27 He peTepreBaIr N3MEHSHUH W OBLTH JIETKO OTACIICHBI OT
OCHOBHBIX O-JTAKTOHOB KOJIOHOYHOW Xpomatorpacdueit Ha cuiukarene. Habmiomaembie
pa3nuuusi B TIOBEJACHUU DSIMMEPHBIX COCIUHEHUHN, CBHUJIECTEILCTBYIOT O HAJIUYUH
BHYTPUMOJIEKYJSIPHOTO  COAECUCTBHS B  XOJAE€  B3aWMOJCWUCTBUSA C  KHCIOTOU
IIPOCTPAHCTBEHHO COJIMIKEHHBIX YUC-PACIIONIOKEHHBIX (DYHKIIMOHAIBHBIX TPYIIIL.

[Tonmy4yeHHbIC SHAHTHOMEpHBIC J-aKTOHBI (+)-19 u (-)-19 mpexacraBisiroT coOoi
OECIIBETHBIC KPUCTAJUIMUYECKUE COCIUHEHUS, IUIaBSIIUECS B Yy3KOM HWHTEpBaje
temmeparyp (65.5-66.5 u 67.5-68.5 °C) u umeromue BeIUIUHBI YISIBHOTO BpallSHUS
paBubie -73.1° (¢ 1.15, CH,Cly) ms (-)-19 u +72.8° (¢ 1.125, CH,Cl,) nna (+)-19. Uro
KacaeTcsl CBEJCHUN U3 JUTEpPaTypHBIX MCTOYHHKOB, TO B paborte 3anonu miusa (+)-19
ykasbiBaeTcsi Bemmunua [o]p” +77.8° (¢ 1.25, CH,Cl,) u mpH 5TOM OTCTYTCTBYIOT
JaHHBIC 0 Temnepatype miasieHus [205].

Takum  oOpazoM, OBLI MPOJAEMOHCTPUPOBAH  BAPUAHT  TOMOJIOTH3AIAN
MOJIYYCHHBIX HOBBIX OHAHTHOMEPHBIX )-JJAKTOHOB 4 B XOpOIIO W3BECTHBIC U
3apEKOMEHIOBABIIME ceOS B TONHBIX CHHTe3axX o-1akToHbl 19. Opmnako, Ooiee
3HAYMTEIHLHOE PACIIMPEHUE CHUHTETUYECKOTO MOTEHIMANa ObLIO CBS3aHO C M3YYCHUEM
BApUAHTOB (PYHKIIMOHAIM3AIUUA ITUKJIOTIEHTEHOBOTO (hparMeHTa 0a30BBIX JIAKTOHOB 4,
a, KOHKPETHEE, C BO3ZMOXXHOCTSIMU CEJICKTUBHOTO BBEIICHUS OKCHU-(DYHKITUN IO MECTy

JIBOMHOMU CBS3H.
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Okucaumenvhvle mpanchopmayuu oeounou ceaszu (+)- u (-)-3,3a,6,6a-
mempazuopo-1H-yuknonenma/c|pypan-1-onoe u ux npeowecmeennuxos. llepexons
K BBEJCHUIO OKCH-(YHKIIMUM B LUKJIONEHTAHOBBI OCTOB, B KAa4yeCTBE MPUOpPUTETA
perieHo ObUIO BEIOpATh HOCTATOYHO TPUBHAJBHBIE BApUAHTHI TpaHCHOPMAIIUl TBOHHOM
CBSI3U: SIIOKCUJIMPOBAHUE, THAPOOOPUPOBAHNE-OKUCICHUE, OPOMTHIPOKCUIMPOBAHUE U
peakuuto Ilpunca. CnemyeT OTMETUTb, YTO JaHHBIE pEAKIUM HE SBISIIOTCS
CEJIEKTUBHBIMU U 3a4acTyl0 MPUBOAAT K CMECAM CTepeo- M peruonsomepoB. Kpome
TOTO, CTPYKTypa Oa30BBIX JaKTOHOB TaKXe HE MPEICTaBISIACh MOAXOMISIICH s
oOecrieyeHuss  HEOOXOAMMOrO0  MPOCTPAHCTBEHHOTO  KOHTPOJIA  YHOMSIHYTBIX
npespamieanii. [losToMy a7 TOBBINIEHHS  CENEKTHMBHOCTH WM YIyYIICHUS
BO3MOXKHOCTEH pa3eseHus MOJIy4aroInuXcsl MPOJYKTOB, B KaueCTBE aJIbTEPHATUBHBIX
BapHAaHTOB, pacCMaTPUBAJIOCh BBEJICHHUE B JJAaHHBIE MPOLECCHl JAHACTEPEOMEPHBIX

NpcAMCCTBCHHUKOB IMOJYYCHHBIX 0a30BBIX CHHTOHOB.

Inokcuouposanue - OUUUKIUUECKUX  JIAKMOHOE  M-XJA0PHAOOEH30UHOU
kuciomou. Cunmemuueckue 040Ku 011 Kapoanykneo3uoos. CHHTETUUECKUN
MOTEHIIMAN DSIOKCUCOEINHEHUH, OCOOCHHO IMKIMYECKHX, SBISETCS JOCTATOYHO
BBICOKMM (pEaKkiud HM30MEpHU3aIMi U HYKJICOPMIBHOTO PACKPBITHS, WHUIUUPYEMbIC
anekTpodunaMu neperpynnupoBku u ap. [210-212]) u 3T0 CyHmIECTBEHHO PacUIUPSACT
BO3MOYKHOCTH JaJIbHEUIIEH Pa3HOCTOPOHHEN (YHKIMOHAIU3ALUUKA LMKIONEHTEHOBON
4acTH MOJIEKYJIbl. B KauecTBe AMOKCUANPYIONIETO areHTa il BEIOPAHHBIX COCTMHEHUN
ObLJIO PEIIEHO MCHOJb30BATh JOCTATOYHO JIETKOJOCTYNHYIO U CTAaOMJIBHYIO M-
xsopHaoeH3oiHy0 kuciory (M-CPBA). Uto kacaeTcst TaKTOHOB 4, TO B PEAKIUIO C
JTAHHBIM PEareHTOM OHHU BOBJICKAIHUCH OBICTPO W TJIAJIKO C OOpa3OBaHMEM JBYX Iap
CTepEOM30MEPHBIX SMOKCHIaKTOHOB 28a, 29a u 28b, 29b ¢ mpeobmananuem B kaxaou
nape (~2:1) Oosee MOMAPHBIX HA CHIIMKaresne auacrepeomepoB 29a u 29b (cxema 2.15)
[182, 186]. [TonyueHHbBIC MPOAYKTHI B KAXKIOM Cllydae UMeNn Oolbiine 3HaueHus AR u

OBLJIM JIETKO Pa3AesIeHbl TPOCTON KOJIOHOYHON XpoMaTorpadue.
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-)-4 28a 29a

\\\\\< \\\\\ \\\\\<
@ ' . + o
"//// "I/// s \ "l////

2 Ow
(+)-4 28b 29b
a) m-CPBA, CH,Cl, NaHCO3 20 °C, 8 4, 90%.
Cxema 2.15

OnuH U3 BO3MOXHBIX BAapUAHTOB JAJBHEUINETO0 CHHTETUYECKOTO MPUMEHEHUS
MOJIYYeHHBIX coeTMHEeHHM 28 n 29 — 3T0 peakiuu ¢ HyKJIenHOBBIMU ocHOBaHUsIMU (NU-
H), npegocTaBasionMu MOTSHIIMATBHBIN BBIXO/ K HOBOM ceprr KapOaHYKJICO3UI0B A

(cxema 2.16).

O
OH
Nu-H + o > Nu OH
0 HO
28-29 A
Cxema 2.16

st manpHEHIIEero pacKphITHS TOTEHIIMAda IMOMYYEHHBIX OJMOKCHAOB W IS
OIICHKM PETrHo- W CTEPEOCEIICKTUBHOCTH PACKPHITHUS OKCHPAHOBOTO IMKJIA OBLI
npoBesieH psaa onbiToB ¢ THodeHnomom (PhSH) B kauecTBe mMomenbHOro Hykieodwuia.
Peaktmm Sy2-3aMemieHus 5HO0-3TOKCHIIAKTOHOB MPOTEKAIM TJAIKO C JIOCTATOYHO
XOpOIIeH PErruoCeNeKTUBHOCTIO J1aBasi IMKJIONCHTAHOBBIC O-THIPOKCUCYIIb(UIBI
30a+3la u 30b+31b B coorHomenun 30a:31a=30b:31b=1:6. B caywae osx30-
SMOKCUIAKTOHOB 28a u 28D packpbITHe SMOKCHIHOTO Kojblla jaedcTBHeM PhS
MIPOUCXOIUIIO UCKITIOYUTEILHO PETHOCEIEKTUBHO ¢ 00pa3oBaHUEM CoeIuHEeHuU 32a u

32b cootBercTBeHHO. CrieyeT OTMETHUTh, MOJHOE OTCYTCTBHE PErHOCEICKTUBHOCTH
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packpeiTusi smokcuna 29b mpu mpoBemeHun peaknud ¢ THOQEHOJIOM B HOHHOM

xunkoct. [Ipu sTom mpoaykter packpeitus 30b u 31b oOpazoBeiBamiich B paBHBIX

cooTHoOIICHMX (cxema 2.17).

Takum oOpa3zom, I CHHTE3a cepuu KapOaHykieo3uaoB A (cxema 2.16)
HauOosiee yAOOHBIMU MPEACTABIAIOTCS 2K30-3I0KCHIIaKTOHBI 28a n 28b. Kpome Toro,
noJiydeHHbIe Cynbduabl, Hampumep 32a u 32D BOCCTAaHOBHUTEIBHBIM YyAaJCHHEM
THO(GEHUITLHOTO 3aMECTUTENSl WIIH AIMMHUHUPOBAHHEM (PEHWICYIH(OUHOBON KHCIOTHI

MOTYT OBITh TOCTATOYHO JIETKO TpaHC(HOPMHUPOBaHbI B coeauHeHus Truma 33a u 34b ms

CapKOMHIIMHA A M psijia IUKJIONICHTEHOHOBBIX MPOCTarjaHAnHOB (cxema 2.17).

0)
a
0)
HO

O \
HO 1
29b 30b
O
PhS \\\\
s 0] —a>
5\\“- s 'II///
HO
28a 2a
i 0
O

HO  33a

30a 1:6
0
,\\\\\/< 6 ,\\\\\/<
O O - Phs><j o) +
N \ "’//// "II///

HO

PhS 31a
O

ay
HOun O
"’I///

PhS 31b
O

PhS,,/ -\\\\\/<
e O
"’I///

HO ™ 3p
0
\\\\/<

"////

HO 34

a) PhSH, NaH, TT'®, 20 °C, 2 4, 80%; 6) PhSH, [bmim]BF, 80 °C, 2 4, 60%.

Cxema 2.17
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Jlamee OB pacCMOTPEH BapuWaHT BOCCTAHOBHUTENIBHOW TpaHcpopManuu
OKCHPAHOBOTO LIHMKJIA O OKCHU-TPYyMIbl. J[s1 3TOro ObL1 BBIOpAH 2HOO-3MOKCUIAKTOH
29a, crepuyeckas 3arpyKE€HHOCTh KOTOPOTO B OOJIbIIEH CTENEeHU MOTrJia Obl MOBIUATH
Ha CTEPEOCEIEKTUBHOCTh TpaHchopmaruu. OHAKO, BOMPEKH OXHUIAHHIM, MPH
HCITOJIB30BaHUH aJTFOMOTHAPHU/IA IUTHS TIpH - 78 °C peakius MpuBoIUIa K 00pa3oBaHHUIO
HKBUMOJIIPHOM CMECH PETMOM30MEPHBIX MPOAYKTOB 358 U 36a, Hepa3deiuMbIX B
YCIIOBHSIX KOJIOHOUHOUM Xpomatorpaduu (cxema 2.18). Taxke ciaeayeT OTMETUTH U TO,
YTO B OTHUX YCJIOBHSX HE MPOUCXOIWIO HEXKEIaTeIbHOro MOOOYHOro IMpoliecca
BOCCTaHOBJICHHSI JIJAKTOHHOT'O KOJIbIIA.

Crnenyromiast yactb padOThI ObLIa CBSI3aHA U3YYEHHEM PEAKIINI 3TMTOKCUIUPOBAHUS
HEIMOCPE/ICTBEHHBIX MPEANICCTBEHHUKOB OUIUKIMYECKUX JIAKTOHOB. 371€Ch OCHOBHOM
MHTEpPEC 3aKIIoyalcsi B YBEJIMYECHUHM BO3MOXKHOCTEW BIMSHUS Ha HWTOTOBBIN
CTEPEOXUMHUYECHIN pe3yJbTaT OOKOBBIX 3aMECTUTEJIEH C MPOTUBOIOJIOKHON CTOPOHBI

OUKJIOIICHTCHOBOI'O KOJIbLIA.

O O O

0 — 3 O + HO o)

29a HO 3521 @ 1 36a

a) LiAlH,, THF, -78 °C, 2 4, 87%.

Cxema 2.18

Anokcuouposanue MOHOYUKIUYECKUX ouacmepeomepHblx
NPeOueCmEeHHUKO8  JIAKMOHO8  M-XJ10PHAO0EH30iHoll  Kuciomoui. Borpeku
OKHIaHHUSAM, DITOKCHIUPOBAaHKE MOHOIMKIMYECKUX aMuaocnupToB 11a,b, mpuBoamio k
00pa3oBaHUIO CJIOXHONH cMecu coemuHennit [182, 213]. Ilostromy oHH ObLIH

aIMIIMPOBAHEBI 10 OoJiee yIOOHBIX I HccienoBaHuii aeratoB 37a,b (cxema 2.19).
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0 0O J
N TJ”J”””Ph. M“JL\‘}J " Pty
11ap ——» H HIn H
"”/I/\
OAc

OAc
37a 37b
a) Ac,0, Py, 20 °C, 5 1, 98%.

Cxema 2.19

DnokcuaupoBaHue areratoB 37a u 37D mpoTekasio OBICTPO W TJIaJKO C
oOpa3oBaHMEM JBYX Ilap CTepeoM3OMepHBIX smokcuaoB 38a+39a u 38b+39b ¢
HE3HAYUTEIFHBIM TIpeoONialaHieM B Kaxmol mape (~7:6) OoJjee MOJISAPHBIX
nuactepeomepoB (cxema 2.20). Drokeuasl 38a n 39a, a taxke 38b u 39b mocrarouno
XOPOIIO pa3IHyaIiCh MO XpoMaTorpapuieckoil MOJBMKHOCTH Ha CHIIUKArejie U ObLIH

JIETKO pa3ZieJIeHbl C MOMOIIBIO IPOCTOI KOJIOHOYHOM XpoMaTorpaduu.

O J O J
a N~ ""Ph N~ ""Ph
37a ——> H + H
0 O\n/ O\\l““' O\”/
O 7:6 O
38a 39a
O /J 0
a "“\\\”\ N~ "Ph n\\\\\”\ N J"H/I Ph
37— H + H
O ””II//O\”/ o "'/////O\n/
O 7.6 o)
38b 39b
a) m-CPBA, CH,Cl, NaHCO; 20 °C, 8 4, 90%.
Cxema 2.20
Yro Kacaercs CTEPEOCEICKTUBHOCTH SIOKCHINPOBAHMS, TO JUIS

IUKJIOTICHTEHOBBIX cUCTeM B peakiusax ¢ M-CPBA wu3BecTeH yuc-HaNpaBiIsIOMUl

s dext ammmnoeix NHBOC-rpynn u TpuxioparieraMuiaToB, a Takyke TOMOAUTHIIEHON
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rupokcibHOM Tpynmel OH [214-216]. Tem He MeHee, B Cilydae «IHMTOMOAIUTHIOBBIX)
amugoB 37a,0 Takoe BIUSAHHE OKa3aJlOCh HE3HAYUTENBbHBIM. (OUYEBHUIHO, YTO
CTEPEOXMMUYECKHI pPEe3yNbTaT H3YYEHHOTO MPEBpAIlEHUs] 3aBHCUT HE TOJBKO OT
HanpaBIAONIEro 3pgekxra rerepoaTomMa, HoO U OT (PAKTOPOB CTEPUUECKOTO KOHTPOJIS,

ﬂeﬁCTBYIOHIHX B IIPOTHUBOIIOJIOKHBIX HAIIPABJICHUAX.

Dy f
0, S N ph
; g H875
E 52.7
H B H
§3.0
\(}/
O
5100-38b 9k30-39b

Pucynok 2.3 — XapakTepuCTUYHbIC CUTHAJIBI M30MEPHBIX dMoKcua0B 380 u 39

CTpyKTyphl cTepeon3oMepHbIx 3mokcuaoB 38a, 39a u 38b, 39b moarBepskmaroTCs
naunbivi SIMP 'H 1 °C.Tak, B criektpe IMP 'H s1oo-smokcuma 38b curnan npotona
npu C(2) 6onee crmabomnosien (0 3.03 mM.a.), ueM y H30MEpHOTo 9k30-3mokcuaa 39b (o
270 M.a.). OT0 MOXKET OBITh OOBICHEHO JJICKTPOHOHETATUBHBIM (Yepe3 II0Jie)
JNCHCTBUEM SIOKCUIHOTO aTOMa KHCJIOpoJa Ha BHUIMHAIBHBIA Bomopon mpu C(2) B
ak30-u3oMepe 39b. CubHOMONBHBIA CABUT BUIMHAIBLHOTO, Y1C-OPUECHTUPOBAHHOTO T10
OTHOIIICHHIO K aTOMy KHCJIOpOZa, MPOTOHA aJCKBATHO OTpa)kaeTcs W HAa Ha CaMOM
yraepoaaom arome C(2): ecmu mist onoo-38b 5S¢’ coctasiser 44 M., To s 2k30-39b
0> — 41 m.o. (puc. 2.3). DTH IpU3HAKH OTHECEHHs MOKCHAoB B mape 38b m 39b
KOPPEKTHO MPOCIEKUBAIOTCA U B ClIy4yae M30MepHOU mapsl coenunenuit 38a m 39a.
Kpome Toro, B sndo-snokcuaax 38a u 38D aMuaHbIi MPOTOH PE3OHUPYET B OoJiee
cnabom mosie (Oyy ~7.5 M.JI.) B cpaBHeHHH C 9k30-u3oMmepamu 39a m 39b (dyy ~ 5.9
M.11.). CraGomobHBIA CIABHT aMHUIHOTO TPOTOHA B 3HOO-TIPOU3BOJIHBIX MOXKET OBITH
OOBSICHEH ero ydacTHeM B OOpa30BaHMHM BHYTPHUMOJICKYJISIPHONH BOJOPOIHON CBSI3H C
aTOMOM KHCJIOpOJia OKcupaHa. B ak30-3mokcuaax moao0Has CUTyalus HeBo3MOxHa. 1,

HAKOHEIl, HEOOBIYHO CHWJIbHBIC PA3INYMsi B XpoOMaTorpauueckux MOABMKHOCTAX Ha
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CHJIMKAreyie 3H00- 1 9K30-U30MEPOB CBSI3aHbI C 0OJIbIIEH MOJSIPHOCTHIO MEPBBIX U C UX
JAydIireld cCOpOMMOHHOW CIOCOOHOCThIO Ha moBepxHOCTH SIO, H3-3a PacHoIOKEHUS
(YHKIIMOHAJIBHBIX TPYII O OJIHY CTOPOHY IJIOCKOCTH IIUKJIONEHTAaHOBOIO KOJIBLIA.

B menoM, HecMOTpsT Ha HEBBICOKYIO CTEPEOCEIEKTUBHOCTh, pPEaKUUU
AMOKCUJIMPOBAHUS KaK OMIMKIMYECKUX JIAKTOHOB, TaK W all€TaTOB, IPEIIIECTBYIOLINX
UM aMHMJIOCIUPTOB, BO BCEX CIy4yasx MPUBOAWIA K XOPOUIO pa3AeisIOIIAMCS
XpomaTorpauueckd MpOAyKTaMm. YUWThIBas 3TO, JAaHHBIM BUA TpaHchopMaiuit
IIPEACTABIAECTCS JOCTATOYHO INEPCIEKTUBHBIM Ul JAJIBHEMIIET0 HCIOJIb30BAHMS B
HarpaBjeHHOM cuHTe3e. OIHAKO, HAJIM4YME OKCHUPAHOBOIO IIMKJIA BIEYET 3a CcOOO0M
HEOOXOJMMOCTh TOUCKA CEJIEKTUBHBIX CIOCOOOB €ro PacKpbhITUS ISl pean3aluu
3aJ]aul BBEJCHUSA OKCU-(QYHKIUHM B IUKJIONEHTAHOBOE PO M MO3TOMY JAaJbHEHIINE
UCCJIENOBAHMS ObUIM TMOCBALIEHBI MPEBPALICHUSM MO3BOJISIIOIIMM HEMOCPEICTBEHHO

BBOJIUTh THJIPOKCHIIBHYIO TPYIIITY IO MECTY JBOMHOI CBSA3U.

Peakuyusa cudpooopuposanua-oKucieHusa OUyUKIuYecKux J1aKkmonog. Peaknus
TUAPOOOPUPOBAHUSI-OKUCIICHUS SIBIIIETCSI XOPOIIIO 3aPEKOMEHIOBABIIIUM ce0si METOI0M
TaHJIEMHOM OKHUCJIMTEIHbHO-BOCCTAHOBUTEIBHOU TpaHCc(opMalvu JIBOMHOM CBSI3UM BO
dbparmMenT, coaepx aiuil THAPOKCIIbHYIO Tpymnmy. OIHAKO, COTJIACHO JINTEPATypPHBIM
naHHbIM [177], B ciiydae mpoBeIEHHUS 3TOTO MPEBPAIICHUS C OUITUKIMYSCKUM JIJAKTOHOM
(-)-4, mporecc mpoTeKaa ¢ OTCYTCTBHEM KaK CTEPeO-, TaK M PErHOCEICKTUBHOCTH
(cxema 2.21). OqHuM U3 BO3MOXHBIX PEIICHHUN JaHHOW MPOOJIEMBI CTaJIO BOBIICYECHUE B

JTAHHYIO PEAKIIUI0 HEMOCPEACTBEHHBIX MPEANIECTBEHHUKOB — aMUIO0CIUPTHI 11.

HO
()4 40

a) (i) BF;sTHF, THF, 0 °C, 1 w; (ii) 20%-NaOH, 35%-H,0,, 0 °C, 3 1, 92%.

Cxema 2.21



97

Peaxuyus 2u0pooOpUPOBAHUA-OKUCTIEHUA ouacmepeomepHvIxX
MOHOYUKIUYEeCKUX amudocnupmos. Cunmemuueckue 010KU 0151 IHAHMUOMEPHBIX
caprkomuyunoe A. BeiOOp 3TUX MpEIIECTBEHHUKOB JAKTOHOB B KaY€CTBE CyOCTpaToOB
JUISL PEaKIuy THUAPOOOPUPOBAHUSA-OKUCICHUS OBLT HE CIydyalHbIM, TaK Kak Mpu

HUCIIOJIb30BaHHUHN COCI[I/IHGHI/Iﬁ 1la,b CTAaHOBUTCS BO3MOXXHOM pealn3anuAa CUTyalluu

O J
.ul[”l Ph

N
H
H,B—O0 A

Pucynok 2.4 — Ilpennonaraemasi MOJI€JIb BHYTPUMOJIEKYJISIPHOTO TUIPOOOPUPOBAHUS

amugocnupra 10a

BHYTPHUMOJIEKYJISIPHOTO TUAPoOOpupoBanus KoHTponupyemoro OH-rpymmoii (cM. A Ha
puc. 2.4) [217]. [Ipu 5KcrIepUMEHTAILHOW MPOBEPKE, IEHCTBUTENBHO, coequHeHus 11a
u 11b TtpaHchopmupoBanmuch HCKIOYMTENbHO B auoibsl 4la u 41b, kucnorHsrit

THPOJIN3 KOTOPBIX MPUBOAMI K THApoKcHiIakTonaM 35a u 35b (cxema 2.22) [182, 218].

J O J 0 0
N7 P N7 o
H 8 — >
OH OH

HO HO HO,C
11a 41a 35a CapkomuumnH A

i J
\\ '
oo N o
. E Ph < g H — 0
, > 'I/’//_ \ "’////

“h—OoH N N
HO HO
11b 41b 35b
a) (i) BHyTHF, TI'®, 0 °C, 1 u; (ii) 20%-NaOH, 35%-H202’ 20 °C, 3 4, 92%; 6) 9N H,SO,-

nuokcad (1:2), kunsiuenue, 4 4, 85%.

Cxema 2.22



98

Omua w3 Hambojee OYEBHIHBIX BapPUAHTOB CHHTETHYECKOTO MPHIOKEHUS
coeauHeHuit 35a,b — monydeHue SHAHTHOMEPHBIX CAPKOMHMIIMHOB W WX aHAJIOTOB,
KOTOpbIE  W3BECTHHI ~ CBOMMH  AHTUMHKPOOHBIMH,  TIPOTHBOPAKOBHIMH U
IPOTUBOBUPYCHBIMU cBoMicTBamu [219]. IToapoOHbie pe3yiabTaThl pabOThI B JTaHHOM
HaAIPaBICHUU HMCXOMA U3 OJOKOB SIUMEPHBIX COCAMHEHUSM 35 TI0 THAPOKCHIBHOM
rpymme  OyayT — TPEACTaBICHBl B CICAYIOIIMX  pa3jiesiax  MOCBSIIECHHBIX

IbTEPHATUBHOMY CIIOCOOY BBEACHUS OKCU-(YHKIIUU 10 MECTY IBOMHOM CBSI3H.

Peakuyusa 0pomzuopokcunuposanus OUWUKIUYECKUX J1aKmMOHO06. J|aHHBIN TUIl
MpEBpAIlIEHUs]  HE  TOJBKO  MPEIOCTAaBISIET  BO3MOXKHOCTh  Pa3HOTUITHOW
(GYHKIIMOHAIU3ALNY YTJIEPOIHBIX aTOMOB ABOMHOM CBSI3U, O1aroapsi OAHOBPEMEHHOMY
BBEJICHUIO aToMa OpoMa M THUAPOKCUIILHOW TPYIIIbI, HO U 00JIalaeT OmNpeaeseHHbIM
CTEPEOKOHTPOJIEM, MPHUBOJAS HUCKIIOYUTEIBHO K MPAHC-3aMELIEHHBIM TPOIYKTaM.
[locnennee 0OCTOATENBCTBO 3HAUYUTEIBLHO COKPAILAET YUCIO BO3MOKHBIX M30MEPOB U,
0Py HAJIWYUU JIOTIOJIHUTENBbHBIX JJEKTPOHHBIX W/WIM CTEPUYECKUX (AaKTOPOB B

cyOcTpaTte, MO3BOJISIET PACCUMTHIBATH HbI BHICOKYIO CTEPEO- U/UIIH PETUOCETEKTUBHOCTh

IpoIrecca.
O 0
B : I o
(-)-4 42a 43a

a) NBS, MeCN-H,O0 (4:1), 20 °C, 4 4, 90%.

Cxema 2.23

Opnako, B HamieMm ciiydae, araka OpOMMOHMI-KaTHOHA IO JBOWHOM CBSI3U
OMIIMKIIMYECKOTO JIakTOHA (-)-4 XOTS M OCYIIECTBIAIACh OCCHPENITCTBEHHO ¢ 000MX
CTOpPOH IMKJa, HO, TEM HE MEHee, MPOTEKAla CTEPEOCENIEKTUBHO, MPUBOIAS K

00pa3oBaHMIO SKBUMOJIIPHOW CMECH JIMIIb IBYX H3oMepoB 42a u 43a (cxema 2.23).
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[TpuuuHOi STOMY CHYXHJI CTEepUuecKUid (AKTOp COCEAHEr0 K JABOWHOM CBS3U
YIJIEPOAHOTO aTOMa, CBS3aHHOTO C THUAPOKCHMETWIBHBIM OCTAaTKOM JIAKTOHA.
[TosryueHHble B pe3ynbTaTe SKCIEpUMEHTa OpOMIUAPUHBI OBUIM HEpa3AeIuMbl B
YCIOBUSIX TPOCTON KOJOHOYHOM Xpomarorpaduu Ha CHIIMKAresie, 4To MOCTYXHIO
OCHOBHBIM IIOBOJIOM JUISl BOBJICUECHHs B JAHHOE NPEBPALICHHUE IPEAIIECCTBEHHHUKOB

JIAKTOHOB — JUACTePEOMEpHBIX amuaocupToB 11a,b u ux aneraros 37a,b.

Peakuyua 0pomeuopoKkcuiupo8anus OuaACmepeoMepHvIX MOHOUUKIUUECKUX
amuoocnupmoe u ux auemamos. DopmanvHvle CUHME3bl IHAMUOMEPOS
opepenvouna A u capxomuyuna A. Pe3ynbTaThl ONBITOB € OUIUKIMYECKUMHU
JAKTOHAMM yKa3bIBAIM Ha 3HAYUTEJIbHYIO OrPAaHMYCHHOCTb BJIUAHUSA B3aMMHO
CBSI3aHHBIX KapOOKCHJIBHOM M TUJIPOKCUMETHIBHBIX 3aMECTUTENCH Ha CEJIEKTUBHOCTH
TpaHcopMaruii  JTBOMHOM CBSI3M  ITMKJIONIGHTEHOBOTO ocToBa. [l  ycuieHus
cTepudecKnX (haKTOpPOB B PEAKIIUH OPOMIHIPOKCHIMPOBAHHUS OBUIM BOBJICUYCHBI
MOHOITUKIINYEeCKHe amMmuaocnupThl 11a,b. B otnuyme ot 1akToHOB 4, 3TH IpEeBpaLICHUS
MPOTEKaIu C BBICOKOM CTEpPEO- U PETUOCEIEKTUBHOCTHIO MW MPUBOJIWIN K

opomruapunam 44a u 44b B kauecTBe OCHOBHBIX MPOAYKTOB (cxema 2.24) [220].

o) O
J HO J"’/// h
iy
ﬁ 'Ph 2 g E P 4+ HepaylenuMas cMech
OH B o OH M30MEPHBIX COeHHEeHHit
r
11a

4 : 1
44a
| [

"‘\\\\”\NJ"’H/Ph a HO////,, ‘\\\\\\ N '”///Ph
@ H H 4 Hepaszenumasi CMeCh

“wnyy—OH By ", _OH ) I/IS.OMe[;HLIX coeIMHeHHii

11b 44b ‘
a) NBS, MeCN-H,0 (4:1), 20 °C, 4 4, 88%.

Cxema 2.24

I[Be nmociaecayromuue Ccragud  KUCJIIOTHOro TIuapoJin3a W pPaJuKaJIbHOTO

BOCCTAHOBUTCIBHOI'O I[e6pOMI/IpOBaHI/I$I IMPHUBCJIN K U3BCCTHOMY IIPCANICCTBCHHUKY
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O 0 o
HOII/,,, ‘\\\\\\\“\NJ"’///Ph l\\\\\\\/< ‘\\\\\\\/<
H

a §)
3 HO! @) — 3 HOI" 0]
OH i) © 4
///// 11y yyy
Br
Br
44b 42b 36b
HO iy,
N Ph
H _ 245, HO 0 L>Ho 0
& OH \
B N
Br

44a 42a ¢¢ 36a

a) 9N H,SO,-nuokcan (1:2), kunisuenue, 3 4, 94%:;
0) BusSnH, AIBN, 6en3om, kumstaenue, 4 4, 88%.

7-(S)-bpedeabaun A

Cxema 2.25

AHTUOMOTHKA MPOTHBOPAKOBOTO JeiicTBus Opedenpanna A [221] - THAPOKCHIAKTOHY
36a u ero antunony 36b (cxema 2.25). [TonydeHHbIC COCMHECHUS UMEIH OTUHAKOBBIC
CIEKTpaJIbHbIE XAPAaKTEPUCTUKU W Temmeparypbl IutaBienus paBubie /0-71 °C wu
POTHUBOMOIOXHEIE 3HaueHws [a]p™: -59.8° (¢ 1.0, CH,Cl,) mst 36b 1 +59,3° (¢ 1.245,
CH,Cl,) nns 36a. Uto kacaeTcst TUTEpaTypHBIX JaHHBIX, TO JJIsl THAPOKCUIAKTOHA 36a
W3BECTHBI TeMmrieparypa miasieHuss /1 °C u BelIWYMHA yAENBHOTO YIrja ONTHYECKOIO
spamennst [o]p” +61.2° (¢ 2.64, CH,CL,) [222].

Habmonaemas BBICOKasI cTepeo- u pPErnoCeNneKTUBHOCTD
OpOMIHIPOKCUIIUPOBAHMS MOXKET OBITh OOBSICHEHA KaK YHCTO CTEPUUYECKUM (DaKTOPOM,
TaK M DJICKTPOCTATUYECKUM JIEWCTBHEM aToMa BOJOPOJa THAPOKCUILHOW TPYIIIHI,
BIMSIONIMM W Ha TMEPBUYHYIO aTaKy OpOMMOHHK-KAaTHOHOM, M Ha TMOCIEAyIoIee
npucoeannenne OH-rpynmbl. [[nst mposicHeHust 3TOTO Bompoca ObUIM MPOBEICHBI
aHAJIOTUYHBIC PEaKIMU OPOMIHIPOKCHIMPOBAHMs aneTatoB 37a,b, B XoJe KOTOPHIX C
BBICOKHM  BBIXOJIOM MPOUCXOAMIO OOpa3oBaHHWE CTEpeo- W  PETHOM30MEPHBIX
opomruapunos 45a,b u 46a,b B cootHomenun 2:1, nerkopasaenomuXcs KOJIOHOYHOM

xpomarorpadueii Ha cunukarene. (cxema 2.26). B ciydae sxe 3aMeHbI BOIOpO/Ia Ha alle-
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0 O 0
J-- a HO J"’/ Br J"//
N~ "IPh — N~ “Ph + N ’Ph
H H H
OAc . OAc X OAc

B 5 . HOY
37a 45a 46a
L L
@ ‘\\\\J\ J :,,/lPh O//,,’ "\\\\\“\N ',///Ph + Br////,, "\\\\\“\N "///Ph
H H
:l’/l[/OAC Br "I/////OAC 2 . 1 HO "//////OAC
37b 45b 46b
a) NBS, MeCN-H,O0 (4:1), 20 °C, 4 4, 80%.
Cxema 2.26

TaT,HAOIIOAAIOCh  MPEUMYIIECTBEHHO  CTEPUYECKOE  BJIMSHUE HAa  pe3yJbTar
MIPEBPAILECHUS], YTO KOCBEHHO YKa3bIBAE€T HA AJIEKTPOCTATUYECKOE B3aUMOJCHCTBHE B
Ka4ueCcTBE OCHOBHOTO dakropa, 00yCI1aBIMBAIOIIETO CEJIEKTUBHOCTh
OpomruapokcuirpoBanue ammupocnuproB 1la,b. Ilocie psmga mnpeBpamieHuid,
aHAJIOTUYHBIX TPHUBEACHHBIM Ha cXeMme 25, Takke ObUIM TMOJy4YeHbl H30MEpPHBIE

THJIPOKCHIIAKTOHBI 362, 47a u ux antunoasl 360, 47b (cxema 2.27).

36a

O
i /
\\\\“\ J "y, 3 CTaI[I/II/I - <
° NH “Ph 0 u HOQOIm: O
Tee% gy / g/

37b 36b
a) 9N H,SO,-dioxane (1:2), kunauenue, 3 4, 94%; 6) Bu;SnH, AIBN, 6en3ou,

Kunsuenue, 4 1, 88%.

Cxema 2.27
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Cnenyer OTMETUTh, 4YTO coeAuHeHuss 47 ABASIOTCS SIUMEPAMU 110
TUAPOKCUJILHON TPYMIE TMOIYyYEeHHBIX paHee OJIOKOB 35 TpH HM3YyYCHUU DPEaKIuu
rUAPOOOPUPOBAHUSI-OKUCIICHUST  JABOMHOW  cBsi3u. B o0miem,  MoOJydeHHbIE
OWIMKINYECKHUE TUIPOKCUIAKTOHBI, KaK YK€ OBbUIO YIOMSHYTO paHEe, NMPEICTaBIIIOT
coOOl 1IEHHbIE LUKJIONMEHTAHOBbIE OJIOKM C TpEeMsi KOPPEKTHBIMU CTEPEOICHTPAMMU:
SHAHTUOMEPHI 36 MOTYT OBITh UCTOJIb30BAaHbI B CHHTE3€ Opedenbauna A, a 1akTOHbI 47

ABJIAIOTCA MPCAIICCTBCHHUKAMA SHAHTHUOMCEPHBIX CAPKOMUIIMHOB.

Kucnomnoe  pacwennenue  cnoyucnodIpuproii  céa3u  OUYUKIUYECKUX
2uopokcunakmonos.  Cunmesvt  memunoeozo  Ipupa  capkomuyuna A,
UUKOCAPDKOMUUUHA U UX IHAHmMUomepog. 11onydeHHbIE B XOJ€ U3YUYECHUS PEaKIUi
OpOMTUJIPOKCUIIUPOBAHUSI UM TUAPOOOPUPOBAHUA-OKUCICHUS  MPEAIICCTBEHHUKOB
JIAKTOHOB 4 pe3yNbTaThl 03HAYAIN OJJHOBPEMEHHOE BBIIIOJTHEHHUE JIBYX MPOMEKYTOUHBIX
3a/lay, a, UMEHHO, BBEJICHUE TUIPOKCHILHOW TPYIIIbI MO MECTy JABOWHOW CBSI3U C
MOJIYYEHHEM SHAaHTHOMEPHO YHUCTHIX coeauHeHuil. CleayroluM IIaroM Ha IMyTH K
YIOOMSIHYTBHIM ~ BBIIIE€  IEJEBBIM  CTPYKTypaM CTajl0 M3Y4Y€HHE BO3MOXKHOCTHU
pacmieryieHusl  JIAKTOHHOTO — KoJiblla  (cxema 2.28). be3  yaOBIETBOPUTEIILHBIX
pe3yNbTaToOB ObUIM OMPOOOBAaHBI METOJBI PACKPBHITUS TUOMEHOIAT AaHHUOHOM U
HICJIOYHOTO THAPOJIM3A C TMOCHERyronel nudepeHnnane KUCIOTHOM W CIUPTOBOM
rpymn peakipeii ¢ TBDMSCI. bornee nepcnekTHBHBIM OKa3aJiCs KUCIOTHBIA BApUAHT C
UCIIOJb30BAHUEM  METAHOJBHOIO  XJIOPUCTOTO  BOJOPOJA, KOTOPBIM  HCKIOYAl
BO3MOXKHOCTh TIOBTOPHOTO JTaKTOHOOOpa3zoBaHus. Tak, U3 THAPOKCUIAKTOHOB 36 1 47 C
BBICOKMMH BBIXOJIaMH ObLTH TIoSydeHbl MeTuiioBbIe 3dupbl 48 u 50. Coennnenns 48a u
48b mocne 3amMThl THAPOKCHILHON TPYMIbBI B BUAC CHIMIOBOrO 3dupa (coeauHeHUs
49a u 49b) npencraBiAIOT HMHTEPEC B PAa3BUTHH TOJAXOAOB K JHAHTHOMEpPAM
opedenbauna A.

D¢puper 50a u 50b Obutn mcmbiTanel B peakmusx oxucienus PCC, B xoxe
KOTOPBIX, HapsAay C OKHUCJICHHEM THAPOKCUIBLHOW  TPYyNIbl, MPOUCXOIUIIO
CaMOTIPOU3BOJILHOE  DIIMMUHHPOBAHUE XJIOPUCTOTO BOAOpPOJa C 0oOpa3oBaHUEM

MeTriioBoro 3¢dupa capkomuimaa A 51a m ero antmmoma 51b. HenocpencrBennoe
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okucienne PCC ruapokcunakToHOB 47 B CBOK OYepedb MNPUBOAWIO K APYIUM
IPEIIICCTBCHHUKAM CapKOMHIIMHOB — IMKJIOCapKoMuImHaM 52a m 52b (cxema 2.28).
MetunoBbie 3(hUpPBl CapKOMUIIMHOB 51, a TakXke COeIMHEHUs 52 MOoryT OBITh
IpeBpamieHsl B (-)- u (+)-capKOMUIIMHBI A U3BeCTHBIMH MeToaamu [177, 223].

B menom, peakmusi OpOMIHAPOKCHIIMPOBAHKS JIAKTOHOB IPOJIEMOHCTPUpPOBAja
JIOCTaTOYHO  BBICOKMA  CHHTETHYCCKHUH  TMOTEHIMAI  JJIs1  JaHHOTO  THIa
(GYHKIIMOHAMM3aMH B ClIy4ae MPEIIIECTBEHHUKOB OWIMKINYECKUX JIAKTOHOB. B
NPOAODKCHNE HM3yUeHHUs BO3MOXKHOCTEW OKHCIUTENBHBIX TpaHchopMmammii JBOWHOM
CBSI3M, Jajiee, HaMU OBUIM TMPOBEIEHBI MCCIEIOBAHHS €IIe OJHOTO MEPCIEKTUBHOTO

BapuaHTa — peakuuu [IpuHca.

0
HO—<:i§ —>H0—<:<<OMC —»TBSO

36a (36b) 48a (48b) c1 49a (49b) 01

Céo —

ﬂ
l

OMe
$ [a]p'®-53.0°
HO HO O
47a (47b) 50a (50b) 51a (51b)
O
5 - CO,H \
O =509 %
4 [a]p'®-363.1° K
52a (52b) (-)-nam (+)-capKoOMHIHUH A

a) SOCl, MeOH, kunsuenue, 3 4, 88%); 6) TBSCI, umunaszon, CH,Cl, 20 °C, 4 4, 95%;
B) PCC, CH,Cl,, 20 °C, 4 4, 75-80%.

Cxema 2.28

Peaxkyua Ilpunca oOuyuknuueckux naakmonog. Ilooxoovt k ananozam
nakmonouona Kopu. Jlanuplii Tun (QyHKUMOHAIM3ALMU, B OTIMYME OT JAPYTUX

paccMaTpyMBaEMbIX BApUAHTOB OKHUCJIUTEIBHOTO MPEBPALCHUS JIBOMHOM CBS3U
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IIUKJIOTICHTEHOBOTO OCTOBa, MPEJACTABISUICA KaK CYHIECTBEHHO Ooisiee TIyOOKHit
BapHaHT TpaHCcHOpMAIINH, TPUBOIAIINN HE TOIBKO K (hOpMaTbHOMY 00pa30BaHMIO JIBYX
TUAPOKCUIIBHBIX (DYHKIMI, HO U CONPOBOXKIAIOIIMNCA TOMOJIOTHU3AIMEN HCXOHOM
CTpyKTyphl. Kpome TOro, coriacHo pe3yibTaTam, MOJyYEHHBIM paHee COTPYIHUKaMU
Hamieil maboparopuu A JdakToHa ['pUKo, MpU MPOBEJECHUU JTAaHHOW PEAKIUU MOXKHO
OBUTIO OXKUJATh BBICOKYIO CTEPEO- M PErHoCeICKTHBHOCTH [64]. [lenmo B TOM, 4TO B
clly4ae COCIMHCHHMsS 3 TIPH KaTaju3e MHUHEPATbHON KHCIOTOM B3aMMOJCHCTBHE C
dbopManbIeruioM MPOTEeKaIo ¢ OOpa30BaHWEM EIUHCTBEHHOrO MPOAYyKTa —
mudopmuata 53, KOTOpeIA majnee ObUT TpaHCHOPMHPOBAH B AHMAICTAT W3BECTHOTO
naktonauona Kopu 54 — yHuBepcanpHOT0 IpeaIIeCTBEHHUKA MPAKTUYECKH BCEX THUIIOB

NpOCTarIaHaMHOB (cxeMa 2.29).

\\\O \\\O \\\O

@ >=O—>0Hcon' )‘=0—>HOII' >=

ll// ’I// ’I//
OHCO

a) CH,0, HCOOH, H,S04 20 °C, 90%; 6) CH3;0Na, CH;0H, 0 °C, 67%.

Cxema 2.29

PaccunTeiBass Ha aHAJOTMYHYIO CEJIEKTHBHOCTh, B JaHHOW peakiuu ObLIN
u3ydeHbl Ounmknueckue JakTonsl 4 (cxema 2.30) [182]. OnHako, B TeX ke YCIOBHUAX
npoBeneHust peakiuu I[lpuHca, B oboux ciyyasx, HaOmogaiock obOpasoBaHue 3:2-
cMmeceit audopmuatoB 55a+56a u 55b+56b, koTopeie mocie B3aMMOICHCTBHS C
METHJIATOM HATpPHss B METaHOIEe TpPaHC(HOPMHUPOBAIUCH B  COOTBETCTBYIOIIHE
JakToHauoel 57a+58a u 57b+58b. Takum oOpa3om, B oTiinune OT akToHa ['puko 3,
u30MepHbie eMy coenuHeHus (-)-4 u (+)-4 B aHAJIOTMYHBIX YCJIOBHSX MPEBPAIIATUCEH
XOTS M CTEPe0-, HO HE PErrMOCEIeKTUBHO. B03MOKHAs MpHYMHA Pa3IHYAIOIIMXCS
PE3yabTATOB MOJKET 3aKIFYAThCS B HAIMYMHM WM OTCYTCTBHH KOODPIHMHAIIMOHHOTO
KOHTPOJISI CO CTOPOHBI aroMa KHCIOpoJa CIOXKHO3GHUpHOHW cBs3u. Tak, B ciydae
gakToHa I'pHKO, MPOCTpaHCTBEHHAs OJIM30CTh IOCIEIHETO MOXET OO0YCIaBIUBAThH

HarpaBjeHue aTaku (OPMIJIOKCHUJ-aHUOHA, a JUIsl JAKTOHOB 4 BIUsSHUE MOJ00HOMN
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KOOPJMHAIMK MaJIOBEPOSTHO. TeM He MeHee, TMOJyYeHHbIE CMECH COCIMHEHHI
57a+58a u 57b+58b mpencraBisrOT CcOO0H OJIOKM pPErHO- U CTEPEOU30MEpPHBIC
nmaktoHanoiay Kopu u mocie naibHEHIIero onTHYecKOro pacuierieH s MepCIeKTHBHbI
JUIL WCIOJIb30BaHMS KAk MPH KOHCTPYMPOBAHHHM TEX € JHAHTHOMEPHO YHCTHIX

MMpoCTarilIaHaAuHOB, TdK U Kap6aHYKJICO?>I/II[0B, B 9YaCTHOCTHU DHTCKABHUPaA YCPC3 ook B.

OHCO OHCO
(-)-4 —2 |||n 0 -2 R!
3.

OHCO—S OHCO 54,4 R? 57a:R!'=p-OH,
R? = a-CH,0H
58a: R!=0-CH,O0H,
R? = 8-OH
o) 0 0]
OHCO/ “\\\\/< OHCO .\\\\\< 6
"’I/// N "’///
OHCO ssh 3:2 OHCO 56b R% 57b: R = 0Ol
R? = -CH,0OH
P 58b: R!=4-CH,0H,
HO OTs R%=¢-OH
HO O ------- >
HO— 57, HO o

a) CH,0, HCOOH, H,SO,4 80 °C, 2 4, 75%; 6) CH;0Na, MeOH, 24 °C, 30 mun, 80%.

Cxema 2.30

PaccmaTpuBasi B KauecTBe OJHOTO M3 BAPUAHTOB (DYHKIMOHAIU3ALUU PEAKLHUIO
[IpuHCa, KpOMe€ W3BECTHOM CEJIEKTMBHOCTM B cCllydae JakToHa ['puko, Takxke
MHTEPECOBAJIA CII0KHOCTh M MHOI'OCTYIIEHYATOCTh JAHHOTO IPEBPALIEHUs, PE3yJIbTaT
KOTOPOTO MOTI CYIIECTBEHHO 3aBHUCETh OT CTPYKTYypbl CaMoOro cyOcTparta M 4acTo
OPUBOJUTH K HEOKUAAHHBIM pe3ysibTaTaM. TakuM o0pa3oM, ObUIO MPHUHITO pEIICHHE
UCCIIEN0BAaTh B JAHHBIX YCJIOBUAX IIOBEICHHE KaK IPSAMBIX MOHOLMKINYECKUX
JIMACTEPEOMEPHBIX  MPENIIECTBEHHUKOB JIAKTOHOB, Tak W 0Oojee paHHUX —

OUIIMKINYECKUX JIAKTaM-aMUHAJIEN.
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Peaxkyusa Ilpunca npeowiecmeeHHUKO8 JIAKMOHO8 — MOHOUUKIUUECKUX
amuoocnupmog. B pacdyere Ha OOJBIIYI0 PETHOCEICKTUBHOCTH, 32 CUET YYaCTHS
COCEJIHEH TpYIIBI — CBOOOJHOTO THAPOKCHIIA, B JITAHHOE IMPEBpAIlCHUE ObLI BOBJICYCH
MOHOITUKIMYeckui amumocrupT 11b. B crammaptaeix ycmousx (CH,O, HCO;H,
KHUCJIOTHBIM KaTaju3, KuIsueHue) peakmus Ilpuuca amupocrmpra 11b mpuBogmia k
CMECH MaJIOCTAOMIIBHBIX (POPMUATOB M COOTBETCTBYIOIIIMX MM CIIUPTOB, KOTOpHIC 0e3
BBIZICICHUST OBLIM TOABEPTHYTHI OOpaOOTKE METHUJIATOM HATpPUS B METAHOJE, YTO
OPUBOJWIO K JABYM OCHOBHbIM Ouiukiaam 59b u 60b ¢ BeicOkMM BBIXOIOM B
cootHomennn 1:2.8 (cxema 2.31). IlociemHue HMeId JOCTATOYHO CHIIBHO
pasnuJarontuecss Xxpomatorpaduyeckue MOABMKHOCTH W OBLUIM JIETKO pas3/eieHbl Ha

cunukarene [225].

O 0

‘\\\\\\”\ N /\
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11b OH

60b

a) (CH,O)n, HCOOH, H,SO, kar., kxunsuenue, 16 q;
0) MeONa, MeOH, 24 °C, 3 4, 65% (ua 2 ctagumn).

Cxema 2.31

Uto kacaeTcsi MOJYYEHHOTO pe3yJbTara, TO CIEAYeT OTMETHTh, YTO XOTS
oOpa3oBaHHe OUIIMKINYECKON CTPYKTYPHI U ObLIIO HEOKUJIAHHBIM, BEPOSITHOCTh TAKOTO
nyTH TpaHchopmalii HECOMHEHHO OblIa. B 3TOM CBSI3M CTOUT YMOMSIHYTH TO, YTO
peakuu uKIu3anuu mo [IpuHCY B KITACCHYECKOM M yIYYIIIEHHBIX BapUAHTAX ITUPOKO
UCTIONIB3YIOTCSl B KQUEeCTBE KJIFOUEBBIX B HANpaBJICHHOM cUHTE3e [226-229]. B mepryro
ouepeib, ATO CTEPEOCEICKTUBHOE KOHCTPYMPOBAHME B  MATKUX  YCJIOBHSX
TETParuJIpONMUPAHOBLIX TMPOU3BOJHBIX W, Jajiee, MHOTHX 3HAYUMBIX MPUPOTHBIX
COCIUHCHMM, comepikamux naHHbIA ¢parmeHT [230-233]. Peaknueri Ilpuuca moryt

OBITh TIONYyYEHBl HE TOJBKO TIPOW3BOJHBIE TeTparuapodypaHa, HO ¢ IUKIBI
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CYIIECTBEHHO OONBINNX pa3MepoB [226, 229, 234]. B MeHbIIel CTETICHN N3BECTHBI a3a-
U THO-TMKIn3anuu [IpuHca, mpuBOAAIME K MUTIEPUINHAM W TETPAruIAPOTHONHPAHAM
[235-237]. Kpome Toro, BOBjCUEHHEM IIPOMEKYTOUHOr0 KapOokarwoHa IlpuHca B
TaHAeMHbIe rTocienoBarenbHocTh ([IpuHCc-mHaK0I0BBIN Kackan OBepmana [238, 239],
TaHJAEMHas I0CJIeI0BaTeIbHOCTh a3a-Ilpunc-Purrep/Ppunens-Kpadrea [24, 241],
[Tpunc-enoBsie peakiuu [242], [Ipunc-2-okconusn-Koymna neperpymmnupoBku [243, 244]
U T.1.) pa3paboranbl 3Q(PEeKTUBHBIE CTPATETHUYECKH HOBBIE MOAXOMABI K LIETIOMY PSIy
MPUPOJTHBIX COCTUHEHUH.

PaccmaTtpuBas BO3MOXKHBIC TyTH oOOpaszoBanHus OunmkioB 590 um 60b, MmbI
OTTaJKUBAIKNCHh OT MPEAJIOKEHHOTO MEXaHM3Ma YIMOMSHYTOH paHee peakuuu llpunca
naktoHa ['puko (cxema 2.32). B stoM ciydae B3auMopeiicTBue c mnapadhopMoM B
yKcycHOH [176] mimm MypaBbHHOHN KucioTe [224] mpoTekano depe3 OKCOKapOCHHEBBIN
uHTEepMearaT A, oOpa30BaHUIO KOTOPOTO TMPEANIeCTBYET araka JBOWHOW CBS3U 3
*CH,OAC(CHO) ¢ npocTpaHCTBEHHO He3aTpyAHEHHOH S-CTOpoHLL. JlanbHelinas araka
HyKJeoduia u3 0-o0JacTh TakKe ObLIa PErvMOoCElICKTMBHA W HAIpaBliecHa B MEHEE
3aCIIOHEHHOE TMOJoKeHue. Takum oOpa3oMm, GyHKIHOHANM3alMs JlakToHa ['puko mo

[TpuHCy npourcxoauia ¢ BBICOKOH CTEPEO- U PErMOCEIEKTUBHOCTBIO.

“\\\\\\O n “‘\\\\\O
\—O [ CHZOH]‘ ﬂ» OHCO"“"' >:O
"”'I//// H,0 gy
OCHO
’ _ A ] 53
Cxema 2.32

B cayuae coenmunenus 11b u3 «mepBuunoro» nosyarerais B (cxema 2.33) mocie
JerupaTaluyd Takke 00pa3yeTcsi aHaJOTMYHBIA OKCOKapOeHHeBbI uHTepMmeauar C,
JUIsl KOTOPOTO, B 00IIeM, BO3MOXHBI JIBa BapuaHTa aTaku Hykjieo(wiia, IpUBOIAIINE
nocie ImesoyHoi oOpabotku k Ounmkiaam 59b u 60b coorBercTBeHHO. CTpyKTypa

amupocnupra 59b Obuta moaTBepkaeHa criektpamu SIMP 'Hu 13C, a TaKkKe JTaHHBIMU
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2D-cnextpockonuu. B cmektpax NOESY »storo coeaunenusi oOHapyXUBaIHUCh
B3auMojielictBust aromoB H-8 ¢ H-4 u H-2 mnoarBepxkaaromuMu  yKa3aHHYIO

koHpurypanuio a1 C(8)-yriepoatoro aroma (puc. 2.5).

O B 0 = 7]
j}\ /’\ \\\\\\\“\ /\
\\\\\\\ N N Ph +
K II}II Ph CH,0 u* H +H
— " H,0
iy 7 -Hy
/0
OH | HO ]
11b B
_ o _ o
JL z /‘\ HCO,H
o %I/\Ph Ph N
] — > 59b + 60b
g{ % H
@/
C »=—0 o
C D
Cxema 2.33

Takum o0Opaszom, B3aumojeiicTBue amumocnupra 11b ¢ dopmansaernmom mo
[TpunCcy B Kumsiei MypaBbUHOM KUCIOTe KOHTposmpyeTcss OH-Tpymmoit u mpuBoAuT K
peruo- U CTEpPEeOoCceIeKTUBHOMY (POPMUPOBAHUIO LIMKJIOB NMUpPaHa U (ypaHa. YUUTbIBas
3TO OOCTOSITENBCTBO, OINPEACICHHBIA MHTEPEC TMPEACTABISIIO M3YyYEHHE B OTUX
YCIOBUSX OWUIMKINYECKUX TMPEANISCTEHHUKOB aMHUIOCIHPTOB — JIaKTaM-aMuHajie 9,
TaK KaK IPU 3TOM BO3MOXHOCTHU BIUSTHUS TUIPOKCUIBHON IPYIIIbI JOKHBI ObUIH OBITH

CEPBE3HO OIPAHUYEHBI JKECTKOCTBIO CTPYKTYPHI.

Pucynok 2.5 — Xapakrepuctuuabiec NOESY B3aumoeicTBus coeaunenus 59b
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Peaxuusn Ilpunca npeoutecmeeHHUKO8 TAKMOHO8 — OUUUKAUYECKUX JIAKMAM-
amunanei. Cunmes amnanozoe naxkmonouona Kopu. HecMoTps Ha u3MeHEHHE
IPUPOJIBI TUAPOKCHUIIBPHON TPYIIBI M OTpaHUYCHHE € TIOBMKHOCTH, peakmus [IpuHca
Kaxaoro u3 ounukiandeckux onedunoB 9a m 9b B kumsimeir 99%-Hoit MypaBbHHOM
kucinore, comepxkamer  20-50  skBuBasieHTOB — mapadopMa  TpH  KaTalu3e
KOHIIeHTpupoBanHOH H,SO,4, Takke compoBoXkIanach IUKIU3alMeH, ¢ 00pa3oBaHHEM
COOTBETCTBYIOIIUX Tap coexuHeHuit: 6la, 62a u 61b, 62b (cxema 2.34). MaxxopHbIe
omoku 61a, 61b ObUIH JIErKO OTACNIEHBI XpoMaTorpauIeCKu OT MUHOPHBIX TPHUIIUKIOB
62a, 62b u mociemyromKMM B3aMMOJCHCTBHEM peakIMed C METHIIATOM HaTpus B
METaHOJIe MePEBEICHB B COOTBETCTBYIOIMME cupThl 63a u 63b. Jlanee, mis ymoocTBa
CTPYKTYpHOTO  aHaiM3a, CHUPT 63a  CTaHIApTHBIM  CHJIMJIMPOBAHHEM  OBLI

TpaHncGopMHUpPOBaH B cOOTBeTCTBYIoMIee | BS-iponsBoanoe 64a.

(T T

9a %) © 25:1 0 H
g/ 61a, R = CHO, 62a
63a,R=H
64b, R = TBS
‘\\\\\\< \\\\\/< ‘\\\\\
O (T T
"///// - "'//// 3 "'%
oh OH — 35:1
6<61b, R= CHO 62b
63b,R=H

a) (CH,0O)n, HCOOH, H,SO, kat., kunstuenue, 24 4, 68-71%; 6) MeONa, MeOH, 24 °C,
34, 100%; B) TBSCI, mmumazon, CH,Cl, 24 °C, 6 1, 94%.

Cxema 2.34
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JIJisi yCTaHOBIIEHUS CTPYKTYpP TOJYYCHHBIX TPHUIIMKINYECKUX MPOTYKTOB OBLIN
WCITOJIb30BAHBl  JIBYMEPHBIC KOPPEJSIIIUOHHBIE CIEKTPHI  SIIEPHOTO  MAarHUTHOTO
pesonanca (2D NMR). S-Koudurypaiiyss aMUHAIBHOTO IICHTpA B cOeAUHEHHIX 6la u
62a Obuia BeIOpaHa ¢ yu€ToM naHHBIX Uit 9a, 90 m mMoxenbHOTO coenauHeHHs 65, B
KOTOPOM aMHUHAJIBHBIN MPOTOH B3aMMOJECHCTBYET C yuC-BUIMHAIHHBIM MOCTHKOBBIM
NPOTOHOM C J;, paBHOW mpubau3uTensHo 7 'y [245]. B cBoro ouepenb, ayOaeTHBIH
CUTHAJI aMHHAJIBHOTO MIPOTOHA B MpoAyKTax 6la u 62a obHapyxuBaercs ¢ J 6,5-7 ['m B
obmactu 5.0-5.5 m.a. Ilpu »>TOoM, B HcxomHbix Oumukiaax 9a m 9D KoHcTaHTa
pacIieTUIeHusT aMUHAJIBLHOTO TIPOTOHA COCTaBisAeT okojo 3 I'1, 9To ykaspiBaeT Ha
mpanc-OpUEHTAIINI0 aHAJIOTUYHBIX BUITMHAIBHBIX MPOTOHOB. B TOTIOMHEHNN K 3TOMY U
NOESY »skcnepuMeHT 0JHOTO M3 MpeACTaBUTENCH TPUIMKIOB, a UMEHHO |BS-a¢upa
64b, Takke yka3plBaeT Ha IPABWIBHOCTh BBIOPAHHBIX MPOCTPAHCTBECHHBIX

KOH(pUryparuii mpoayktos peaxiuu [Ipunca (puc. 2.6).

O
/
n\\\\\\
N

..:lll/// / \Ph

Y,
“Z

7
H oH

65

Pucynok 2.6 — Xapakrepuctuuabie NOESY koppensiuu coequaenus 64b

Yro kacaeTcs BO3MOKHOTO MEXaHHM3Ma MPEBpaIIeHUH, TO, B OTJIUYHE OT JJAKTOHA
I'puxo 3, npu QyHKIHMOHANIHM3ANNK OMIUKINYECKUX amuHaied 9a m 9b artakyromuii
JBOMHYIO CBSI3b OKCOKapOCHWEBBII MHTEPMEIHAT BEpPOSITHEE BCETO HE CBOOOJICH, a
CBSI3aH C aMUHAJIBHBIM IIEHTPOM. Peakims mporekaer yepe3 oKcokapOeHHeBbIN WoH F,
KOTOPBIi 0Opasyercst IN SitU w3 remuamuHansg. Hmke Ha npumepe Ouiukia 9a

MPEACTABIICH MPEANON0XKUTENbHBI MaplIpyT 00pa3oBaHUs TpULMKIOB 6la u 62a

(cxema 2.35).
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B-ataxa T +HCO,H |-H"

(o)

OHCOlnn:

H 62a 6la

Cxema 2.35

Crnepsa renepupyemsbiii u3 9a amunumuHueBbli katuod E npucoenunser CH,0,
naBasi okcokapOeHueBbii kaTuoH F. XoT1s B E KaTHOHHBIN LEHTpP IJIOCKUI U OMyCKaeT
noaxon CH,0O c¢ obeux cropoH u reHepupoBanue H u F, Tem He MeHee, B UTOre
oOpasyercss Tonmpko wuHTepMenuatr G B pesymprare mnpucoeamaerns CH,O w3
IIPOCTPAHCTBEHHO 3aTpyAHeHHON a-ob0nactu E. Jlamee, crabumumsamus D moxer
MPEACTaBIATh COOOM Kak mnpucoenuHenne BHemHero Hykiaeodwra (HCO,H) uz f-
oonmactu (61a), Tak u BeIOpoc H' C oOpasoBanumem onepuna 62a. CormacHo
MOCTPOEHHBIM MOJIEeTIsIM, B ciaydae Bo3moxkHoW ataku CH,O amunumunus E u3 f-
obOnactu oOpa3yromuiicss okcokapOeHueBblii katnoH H u3-3a MpPOCTpaHCTBEHHOM
HEJIOCTYITHOCTH JTBOMHOM CBSI3W HE BCTYIIAe€T BO BHYTPUMOJICKYJISIPHYIO IMUKIN3AINIO0 U
paBHOBECHBIM TiepexooM, uepe3 E, mpespamaercs B F. Takum oOpa3omM, B TaHHOM
cllydae pedb UJET O CIIydae CTePOXMMHUYECKOTO KOHTPOJIS CTPYKTYpOit cyOcTpata [246].

[To mpencraBiaeHHBIM pe3yiabTaTaM peakituii [Tputca ounukiaos 9a u 9b, npexne
BCETO, XOTEJOCh OBl OTMETUTh BBICOKYIO CTE€PEO- M PETHOCEICKTUBHOCTH, YTO
oOecrieunBaeTCsl aTakoil OKCOKapOEHHWEBOIO HOHA, CBSI3aHHOTO C AaMHUHAJIbHBIM
IIEHTPOM, TI0 TBOMHOW CBSI3U UCKIIOUUTEIHLHO ¢ BOTHYTOM CTOpPOHBI Ounukia (cMm. F) ¢
oOpazoBaHueM  «4amieoOpaszHoi»  cTpykTtypel G. Kak yke  oTmedanocs,

BHYTPUMOIJICKYJISIpHAA MUKIIHA3AMUA JIs1I UHTCpMCEANATa H c BBIHYKHOﬁ CTOPOHBI
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OWIIMKIa W3-32 CTEPUYECKON HEIOCTYIMHOCTH HEBO3MOXKHA. UTO KacaeTcsl ydacTHs
COCEIHEH Tpymmbl, a, MMEHHO, aMHUHAJIBHOTO TuApokcwia OwnukioB 9a, 9b B
00CCIICYCHUN CCIICKTUBHOCTH  (PYHKIMOHAJIM3AIlMA JBOWHBIX CBSI3¢, TO OHA
3aKJIIOYAETCS B  PETHOCEICKTUBHOCTH TCHEPUPOBAaHUS KapOOHHMEBOTO IICHTpa
UCKJTFOUMTENIbHO HAa aMHHAJIBHOM aTtoMme yriepona. M, panee, yxe cama HIUKIH3aIlHs

IMPOTCKACT CTCPCOCCIICKTHUBHO BCJICACTBUC TCPMOJUHAMHWYCCKOTO KOHTPOJIA.

W < W < \\\\\\/<
HO—G *{ — AcO—G —( —G 4{
/'///// '////// I//,///
O AcO— HO HO
63b 66b 67b
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iy,

AcO—
68b

a) Ac,O/Et,0°BF3, 24 °C, 5 4, 73%; 6) NaBH, nnokcau-oza, kunsuenue, 8 4, 86%;
B) H,SO, nuokcan-sona, kunsyenue, 5 4; r) AcyO/Py, 0 °C, 34,90 % (2 cragumn).

Cxema 2.36

[lonyuennsle B pe3yinbrare peakuuu IlpuHCca amuHaned TPULMKINYECKUE
MPOU3BOIHBIC, KAK M OUIUKINYECKUE U3 aMHUJIOCIUPTOB, MPEACTABIAIOTCS YIOOHBIMU
XUpaJTbHBIMU MaTPUIIAMHU, KOTOPhIE MOTYT HAWTH MPUMEHEHUE B CUHTE3€ Pa3IMYHBIX
ONTUYECKH aKTUBHBIX ITUKIOTICHTAaHOUI0B. OJIMH M3 TaKUX BapUAHTOB OB PACCMOTPEH
HAMHM Ha TMPUMEpPe TPHUIMKINYeckoro crupra 63b. Ilpu 3TOM, HOMBITKH yAaaCHHS
HMCTOYHUKA XUPATBHOCTU B KECTKUX YCIOBUSIX KHUCIOTHOTO W IIEIOYHOTO THAPOIN3A
aMHUIOB, a TakKe nacOeH3mIupoBaHus naeiictBueM ruaporeHonusa (H,, Pd/C) Obuim
OesycrenHpIMUA.  BeposiTHO, «damieoOpa3Hoe» cTpoeHue coenuHeHuss 63b ¢
(GEHUIITIWIBHBIM ~ 3aMECTUTEIEM TIpU  aToMe  a30Ta  CO3/1aBaji0  CEPHhE3HBIE

MPOCTPAHCTBEHHBIE 3aTpyaHeHus. OHaKo, pacuierieHne pypaHoBOro Kojblia yaaioch



113
YCIIENITHO OCYIIECTBUTH B YycioBusx ameromu3a (Ac,O-Et,O-BF3), B pesymnbrare

KOTOPOTO ¢ BBIX0JI0M 73% ObuT MOy4eH auarerar 66b. JlanpHelee 6oporuapumaHoe
BOCCTAHOBJICHHE JIATCHTHOW aJIbJCTHIHONW TPYIIbI coOenMuHeHHs 66D compoBoxmanoch
OTHICTUICHWEM AaIeTaTHBIX TPYII W TPUBOAWIO K Tpuoiny 67b. CranmapTHBIA
KACJIOTHBI  THIponu3 Tpuosiamuaa 67D w  mocienyromee — anuimpoBaHue
oOpasyrolerocs JaKTOHIMO0JIa IPUBOIMIO K auarneraty 68b (cxema 2.36) [247].

[TomyyeHHO€ B pe3ynbTare  YETBHIPEXCTAAUMHOW  IOCIEIOBATEIBHOCTH
coenuHeHue 68b B nesarnerunrpoBaHHOM BHJIE MPEICTABISAECT COOOW OPYTTO-H30MED
JakToHauona Kopum — caMOoro H3BEeCTHOTO MPEIIIECTBEHHHKA B CHHTE3€ MHOTUX
UKJIONEeHTaHOUA0B. Takum 00pa3oM, Hamu ObUla OCYIIECTBJICHA yCIEHIHAs
TpaHchopmalys XupaabHOH MaTpuilsl 630 B HOBBIM JlakToH 68D, mpencraBnsronuii
co00Oll MHOIOLIEJIEBOM XUpaJIbHbIA OJIOK, MEPCHEKTUBHBIA MJI1 MCHOJb30BaHUS B
CUHTE3€ Pa3jIMYHBIX LUKJIONEHTAHOUI0B, B TOM YHCJIE U30IPOCTAHOB, KapOALMKINHOB,
KapOaHyKJICO3UI0B U UX aHAJIOTOB.

B memom, Ha OCHOBE MPOIYKTOB OINTHYECKOTO pacmieruieHus [2+2]-ammaykra
JUXJIOPKETEHA U IMKJIONEHTaJueHa ObUI MOJY4YEeH pPsii BaXKHBIX IUKJIONEHTAHOUJOB,
MCTIOJIb30BaHUE KOTOPBIX MEPCIEKTUBHO B CUHTE3€ CIOXKHBIX OMOJOTHYECKH aKTUBHBIX
coequHeHni. OiHaKo, cleAyeT OTMETUTh, YTO BEIOpAHHBIC HAMU B KaU€CTBE KIIFOUEBBIX
OMLIMKJIMYECKUE HHAHTUOMEPHBIC JIAKTOHBI B M3YYEHHBIX HaMU MOAXO0JaX K
(GyHKIIMOHATM3AIUN TIPOSIBIIIN ce0s1 HeoaHO3HayHO. C OJTHOM CTOPOHBI, YCTICIIHBIMH
OKa3aJMCh BapUaHThl KUCIOTHOI'O U OCHOBHOT'O PAcCHICIIECHUH JIAKTOHHOTO LIMKJIa, HO, C
JIPYyTroil — pacCMOTPEHHBIE HAMH THIIOBBIE PEaKIIMHU BBEACHUS OKCH-TPYIIBI IO MECTY
JBOWHOW CBSI3W TIPOTEKaJM C HEBBICOKOW celeKTUBHOCTBIO. Kpome Toro, 3a
UCKJIIIOYCHUEM JMOKCHIOB, MPOJAYKTHl M3YYEHHBIX MPEBPALIECHUI OKa3bIBAIKCH
TPYAHOPA3ACIUMBIMA B YCIOBHUSIX NPOCTON KOJOHOYHOM Xpomatorpaduu. bomee
3¢ (GEKTUBHBIMU JI UCIIOJIB30BAHUS OKA3aJIUCh TUACTEPEOMEpPHbIe MPEIIeCTBEHHUKN
JAKTOHOB, Ha OCHOBE KOTOpPHIX W OBUIM TOJY4YEHbl CaMble MHOT00OELIAIOIHe
pesynbraThl. Tak wWiIM WHA4Ye, WCCICNOBAaHUS CBOWCTB JHAHTHOMEPOB W3
IUKJIONEHTaANECHa  TMO3BOJIMIM  BBIACIUTH  psiJ  MEPCHEKTUBHBIX  BapHaHTOB

[IPEBpAICHUNM KaK JIBOWMHOM CBs3U, TaK U JAKTOHHOM 4yactu. Ha ciepyromem sramne



114

pa®oThl Halle BHUMaHUE ObUIO MOCBALIEHO Oojee (PyHKIMOHAIU3UPOBAHHBIM, a,
ClIeIOBATENbHO, OoOJiee TEpPCIEKTUBHBIM OHWIMKINYECKAM JIAKTOHaM Ha OCHOBE
TPUMETWICHIWIIUKIONeHTanueHa. llocnennue, 3a cuer Oojbliedl  CTepUYECKOid
3arpy’>KCHHOCTH, HUMEIOT 3HAUMTEIbHO OONBIIMI MOTEHUMANd JUid OOecHedeHus

CCJICKTHUBHOCTHU PA3JIMIHOTO pOJa HpeBpaHIGHHﬁ.

2.2.2 OyHKIHOHAJIH3AIUS YJHAHTHOMEPHBIX (+)- | (-)-6-TpumMeTnacuani-3,3a,6,6a-

TeTparuapo-1H-uuknonenralc|gpypan-1-onon

HaxkoruieHHbIil  3KCEpUMEHTANbHBIM ~ MaTEepUall, KaCalOUIUMKCSI BO3MOXHBIX
CUHTETUYECKHU BAYKHBIX BApUAHTOB GbyHKIMOHATN3alUN SHAHTHOMEPHBIX
OMITMKIIMYECKUX JIAKTOHOB 4, TO3BOMWJI TMEPEUTH K U3YYEHUIO PEaKIUOHOU
CIIOCOOHOCTH MX aJUTMJICHJIAHOBBIX aHasioroB 16. Hanuune cpasy Tpex (GpUKCUpOBaHHBIX
CTEPEOIIEHTPOB M ToJiHasg Oa3oBas (YHKIMOHAIU3UPOBAHHOCTH ITMKJIOMEHTAHOBOIO
(dbparMeHTa nociaeHUX 3HAYUTEIHHO YCUIIMBAET MEPCIEKTUBHOCTD UCTIOJIb30BAHUS UX B
noysiHoM cuHTe3e. Kpome Toro, cBoeoOpa3Hasi XMMHS aJUTMIJICHUIIAHOB MPEACTABISICT
CaMOCTOSITETIbHBIA WHTEpeC Uil UCCIENOBaHUS B TOAOOHBIX CTpyKTypax. OpjHako,
nocyienHee OOCTOSITENBCTBO B CBETE MPEINOJIAraeMbIX HUCCIEAOBAHUM, paHee
PACCMOTPEHHBIX I MTPOU3BOJIHBIX [IUKJIONEHTAINEHA, MOTJIO ChIPATh JIBOSIKYIO POJIb.
C onHOM CTOPOHBI, CTAHOBUJIACH BOBMOXHOM HEXelaTreabHas notepst GyHKIHUOHAJTIbHON
TPYNIbl B CiIy4ae MPOTONECCUITUIMPOBAHUS, KaK MOOOYHOTO Tpoliecca MpU M3YYCHHUH
paciierieHnus JJAKTOHHOTO IUKJIa B KUCIOU cpefe (cxema 2.37), a ¢ Apyroi — Hajaudue
CUJIAHOBOW  Tpynmbl  JOJDKHO  OBLJIO  3HAYMUTENBHO  TOBBICUTH  CTEpPEO- U
PETHOCETIEKTUBHOCTD TpaHChOpMaIMii BOWHON CBs3U. Tak, Hampumep, COTJIACHO
JMTEPATypHBIM  JaHHBIM  [248], SHOKCHMAMPOBAaHWEC AJUIMICHIAHOB  IMPOTEKACT
CEJICKTUBHO, C 0Opa30BaHUEM COOTBETCTBYIOIIUX MaJOCTAOMIBHBIX 3HOO0-3TOKCHIIOB,
KOTOpbIE JIeTKO mojiBepratorcs [letepcon-tuna pparmeHTanum Kak B KUCIOH, TaK U B
OCHOBHOU cpejie ¢ 00pa3oBaHUEM aJUTHJIOBBIX CIUPTOB. CTpPOro roBopsi, UMEHHO 3Ta
0COOEHHOCTH MOCTYKUJIA TPUUYUHON JETATBHOTO U3yYeHUs 0COOCHHOCTEN 00pa30BaHUs

MaJj0CTaOMILHOTO OKCHPAHOBOI'0 1HKJIA, IO3BOJIAIOIICTO B KOHCYHOM  HTOIC
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OCYIIECTBUTh CEJICKTUBHOE BBEACHUE TUAPOKCIIIBHOW TPYIIBl B IHUKJIOMEHTEHOBOE
KoJbIlo (mepexon (+)-16—69a). OCHOBHOW CHHTETHYECKUN WHTEpPEC B JAHHOUN
TpaHChOpMaIMK I HAc 3aKIIoYajcsid B IEPCICKTHUBE ITOCICIYIONIETO JIETKOTO
dbopMHpOBaHUS IHUKJIONEHTCHOHOBOTO OCTOBA MHOTHX MPAKTUYECKA 3HAYUMBIX
COCIMHCHUM, B YaCTHOCTH IIEJIOTO psjia MPOCTArIaHIWHOB, ITHPOKO IMPHUMCHSIECMBIX B

(bapMaKonorI/m )41 6I/IOM€I[I/IHI/IHCKI/IX HCCICOAOBAHUAX.

(+)-16 HO 694 Y
BHOJ’IOFH‘ICCKI/I AKTHUBHBIC
OUKIIOIICHTCHOHBI
Cxema 2.37

Uro KkacaeTcsi HUCCJIENOBAHMM JPYrUX BO3MOXHBIX MyTeH TpaHchopMalnu
coequHeHu 16, TO OTHUM U3 BaXKHBIX BOIIPOCOB OBLJI CBSI3aH C BHIOOPOM MOIXOSIIIETO
BapHaHTa PacIIeIUICHUs JAKTOHHOTO (hparMeHTa. 371eCh Hallle BHUMaHUE ObUIO yIEJIEHO
crmoco0aM KHCJIIOTHOH W BOCCTAaHOBHUTEIBLHOW IELMKIM3AIMA W JaJbHEWUIINX
MpeBpallleHu! Ha MNyTH K OOKOBBIX Yy4YacTKaM OWOAKTHUBHBIX I[UKJIONEHTAHOUOB.
Taxxe, KpoMe SMOKCUAUPOBAHMS, ONPEACICHHBI WHTEpeC ObUI CBA3aH C U3YYEHHUEM
MTOBEJICHMS JAHHOTO TUIA JBOWHOM CBSI3U B PAHEE MPEACTABICHHBIX YCIOBUAX PEAKIUU
[IpuHca, ¢ 1eMbI0 TOMOJIOTH3AIIMU M BBIXOJIA K CTPYKTypaM MOJAOOHBIM JIAKTOHIUOTY
Kopu. [lepexoas k ciaenyromemy 3Tamy padoThl, HEOOXOIUMO OTMETUTh, YTO OCHOBHOM
BEKTOpP MAJIBHEMIIMX HKCCIECIOBAHUM JIEKAJT B HANPABIECHUM K KOHKPETHOMY KJIacCy
COCIMHEHUN, a, UMEHHO, K UHUKJIOMEHTEHOHOBBIM mpocTarjaHauHaM. OCHOBHBIMU

INpUIrHaAMU JIA 3TOr0 IOCHYXKHIIM [Ba 00CTOSITEILCTBA: BBICOKAS IMpaKTH4YCCKas
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3HAYMMOCTh JIAHHBIX CTPYKTYp M yA00HOE 0a30BOE€ pacroioxeHnue (yHKIMOHATHHBIX
TPy AJUTMJICUIAHOBBIX JJAKTOHOB. Tak, KaK yKe 0TMEYalloCh paHee, SITOKCUANPOBAHHIE
JaBAJIO TMOTECHIMAJIBHO JIETKYI0 BO3MOXXHOCTH (DOPMUPOBAHHS ITHKJIONEHTCHOHOBOTO
OCTOBa, a, CBSI3aHHbIE  CJIOXHOO(UPHOW  CBSA3BIO,  KApOOKCWIBHBIM U
THJIPOKCUMETUIILHBIA  (parMEHThl MOTYT SIBJIATHCS TPEIIICCTBEHHUKAMH OYIYyIINX
OokoBbIX 1emnei. [ToaTromy Bce paccMaTprBaeMble HHKE BapHAHTHI (DYHKITMOHATU3AIIUN

H I10CIaCA0BaTCIbHOCTH, TaK MJIM MHAYC, IOAYNHCHBI JaHHBIM LCJISAM.

Ocobennocmu KUCIIOMHO20  pacuienienus JIAKMOHHO20 Koibya
ouyuknuueckux annuiacunanog. Kak yxe ObUIO OTMEYEHO paHee, BapUAHT
KJIACCUYECKOTO KHUCJIOTHOTO THUJIPOJIM3a BHYTPEHHErO CIOXXKHOA(UPHOTO (parMeHTa B
clly4yae )-JJAKTOHOB ObLJI MCKJIIOYEH H3-3a MPEANOYTUTEIHOCTH B JAHHOM, IO CYTH
PaBHOBECHOM, MPOIECCe IUKINYECKON (OPMBI 1O CPaBHEHUIO C alukindeckoit. boree
MEPCHEKTUBHBIM OBbUT CIMOCO0 JIEUMKIM3AIMU  AHAJOTUYHBIA 10 MEXaHU3MYy, HO
OCYUIECTBJISIIOLIMICA B O€3BOJIHOM Cpejlie XJIOPUCTOrO0 THOHWJIA M METAHOJa, XOPOUIO
3apEKOMEHJIOBABIIMKA ce0si Il TPOU3BOAHBIX IUKIONEeHTaaueHa. Ilpu stom
HEOOXOJMMO OBLJIO YYUTHIBATH BO3MOXKHOE MPOTEKAHHE HEXKENIATeJHbHOTO Mpoliecca
MPOTOACCHIIMITUPOBAHUS TIO SN2’ -MEXaHU3MY.

PesynbraThl MpOBEJACHHBIX HJKCIEPUMEHTOB IOKa3ajd, 4YTO Mpu 0o0paboTke
METaHOJILHBIM XJIOPUCTBIM BogopoaoM Tipu 0 °C peakiiusi IPHBOANIIA HCKITIOYUTEITBHO
K MPOJYKTY PACKPBITHS JIAKTOHHOTO KOJIbIla — MeTHI0BoMY 3¢upy 70b (cxema 2.38). B
TOXE BpEMsi, TMOBBIIICHUE TEMIIEPATypbl B3aUMOJCHCTBUSI, BIUIOTH 10 KHUIISYCHUS,
JNEUCTBUTEIBHO COIMPOBOXKAIOCH MPOTOAECCUIIMIUPOBAHUEM MPUBOJSA K LIMKIONEHTEHY
72b. Tarxke mnpu kunsueHun B cpeae  10%-HOro XJOPHCTOrO BOAOpOAA U
TeTparuapodypaHa JakToH (-)-16 oxumaemo npuBoAMII K Ounukiy 71b, permonzomepy
0 JBOMHON CBSI3U MPOW3BOAHOrO IWKIONeHTaaueHa (+)-4. B 3Toil CBsA3M Takxke
HEOOXOJMMO OTMETUTh, UYTO AHAJIOTUYHBIE 0OJiee >KECTKHUE TEMIIePAaTypHbBIE YCIOBUS
npu ucnons3zoBanun 9N H,SO, B 1uokcaHe He 3aTparMBaliv  aJTUJICHIIAHOBBIN
¢parment (cxema 10). Taxke npomykT 71D ObLI MOMyYeH B XOJ€ MOCCIOBATEIbHBIX

IIEJIOYHON U KUCJIOTHON 00paboTok m3 mukionenteHa 72b [195, 249]. Cunretnueckuii
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MOTEHIUAN MOJTYYEHHBIX COCIUHEHUN MOXKET ObITh MCIOJIb30BaH B pa3padOTKe HOBBIX
noaxoqoB k Opedempamny A. UYUrto KacaeTcs CHHTE3a IIUKIONEHTEHOHOBBIX
OPOCTArjJaHAWHOB, TO OIpPEIEICHHbIE TPYJHOCTHU MOTJIM OBITh  CBS3aHBl C
XJIOPMETWJIBHOW TpPYINIIOH, T.K. aTOM XJopa SBISETCAd JOCTATOYHO HEYTO0OHOU
yxoased rpynnoid. IlonbiTkn 3amenieHust ero Ha aToMbl OpoMa M Ho0Jla, B THUIOBBIX
ycnoBusix ucnoib3zoBanuss Nal mim NaBr, ycnexom He yBeHwanuck. B 310 *e Bpems,
(dakTUYecKu yclelHas 3aMEeHa Ha TUAPOKCHUIBHYIO TPYIIY INIEIOYHBIM THUAPOIU30M

COMPOBOXK/IAJIACh IIUKJIU3AIMEH HA CTaIUH KUCIOTHOM 00paboOTKH.

Me,Si Me;Si O 0)
Y 3 “\\\\/ ‘“\\\/

\/< 5

'u,,,,, "”'I// gy

’

(-)-16 72 Cl

\\\\\ \\\\‘\\
O O
' "l//// "”"u///

(+H)-4 71b

7-(S)-bpedeabaun A

a) SOCl1,-MeOH (1:5), 0 °C, 7 4, 80%; 6) SOCl,-MeOH (5:1), kunstuenne, 2 4, 85-90%;
B) 10% HCI-TT'® (1:5), xunssuenue, 15 4, 78%; r) KOH, MeOH, kunsuenue, 6 4; 1) N
H,SO,4-nunokcan, kunduenue, 2 4, 82% (1Be cTanun).

Cxema 2.38

VYkazaHHbIE BBIIIE OOCTOSITENIbCTBA, MPUBEIN K HEOOXOJIUMOCTH PACCMOTPEHUS
albTEPHATUBHBIX BAPUAHTOB TpaHCPOpMAIlMK JAKTOHHOTO KOJIbI[Aa, TaKUX Kak
BOCCTAHOBJICHUSI PA3IMUYHON TITyOUHBI. 371IeCh OCHOBHAsI UJI€s] COCTOsUIa B TOM, YTOOBI,
COXpPaHUB OKCUT€HUPOBAHHOCTh JTOM YacTH MOJIEKYJbl, B JaJIbHEHIIEM HMETh
BO3MOXXHOCTh BBECTH OOKOBBIC IIEMK uepe3 ajibieruaHble (YyHKIIMU, KaKk HauOoJsiee

yIOOHBIE TPYIIIHI JJIs TOA0OHOTO poja Tpanchopmaui.
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Boccmanosumenvnvie mpancgopmayuu 1aKkmonnoz2o Koavya OUYUKIU4ecKux
annuncunanos. Ilooxoovt k gopmuposanuro 60K06bIX ueneil NPOCMA1AHOUHOB.
PaccmarpuBasi BapuaHTBhl CHHTE3a pPa3IUYHBIX XHUPAIbHBIX ITUKIONEHTAHOUIOB C
MO3UINH MPAKTHYECKOH 11eJIeCO00pa3HOCTH HEOOXOANMO OTMETHTbh, YTO CBOCOOPA3HOM
MPOBEPKOM MOTEHI[MAAa HECOMHEHHO SIBJISIETCS pa3paloTKa MOJXO0JI0B K JOBOJBHO

MHOI'OYHUCJIICHHOMY MW Ba>XHOMY KJIACCY OMOAKTUBHBIX BCHICCTB — IIPpOCTArJIaHIWHaAM

(cxema 2.39).
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Cxema 2.39

PaccmarpuBas annmuicuiiaHoBbIE JTakKTOHBI 16 B KadecTBE TEPCIIEKTUBHBIX
XUpaJIbHBIX MATPUI], HAUOOJIBIINI UHTEpEC ObUT CBA3aH C M3YYCHUEM TAKUX aCIEKTOB
X (DyHKIIMOHATU3AIMU, KOTOPBIC, TaK WK MHA4Ye, B CBOEH MEPCIEKTURE MpeIoaraiu
npuOIMKEHWEe K  NPEANIeCTBEHHHKAM  MPOCTaHOUI0B.  OjHAKo,  MOMHUMO
HEO0OXOIUMOCTH (OPMUPOBAHUS IHUKJIOMEHTAHOBOIO OCTOBA PA3JIMYHON CTENEHU
HEHACBIIIEHHOCTH UM OKCUI€HHPOBAHHOCTH, HE MEHEE BaXKHBIM MOMEHTOM SIBJISIECTCS

BBEJCHHE OOKOBBIX Ilenei. B CBsI3M ¢ 3THM, JIAKTOHHBIM ITMKJI TPEICTABISACTCS
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MOAXOSIIIAM MECTOM JUIsl UX TOCTPOCHUS W OJHUM W3 HauOoyiee parrOHATBHBIM
perieHreM SBISETCS MoAOOp TpaHchopMaIuii COXPaHSIOMHUX OKCUTEHUPOBAHHOCTH
00OMX TPy, C IENbI0 TOCIEAYIONIETO JOCTPAauBaHUI ATHUX (PParMEHTOB C IMTOMOIIBIO
pPa3sIUYHBIX ~ METAUIOPTaHWYECKUX  peareHToB  (peakmuu  oJeUHUPOBAHUSA,
AKUIIMPOBaHUA W T.1.). [loaToMy MBI paccMOTpenu [Ba BapHaHTa BOCCTAHOBJICHUS
BHYTPCHHETO  CJIIOKHO3(HMpHOrOo y4actka B coenuHeHmn (-)-16:  jgelicTBuem
TUU300yTHIIATIOMUHUN THApHAa 10 Jaktosa /3D W npu  B3aUMOJEHCTBUHU  C
ATFOMOTHIPUIOM JINTHsA 10 Auoia 74b (cxema 2.40) [250-254].

Takum o00pa3oM, Hamu OBUIO YCIENIHO OCYIIECTBICHO BOCCTAHOBJICHUE
JAKTOHHOTO IIMKJIAa B JBYX BapHaHTaX, Pa3IUYarONIUXCs Pa3HON CTENEHBIO TITyOWHBI
npeBpaiieHusi. CIeayronmM 3TaroM HCCIIEOBaHUs CTAN0 H3yYE€HHUE CUHTETUYECKUX
MEPCTIEKTUB TOJIYYEHHBIX OJIOKOB Ha TYTH K TIOCTPOCHHUIO OOKOBBIX IIeTICH
npocTtariaiauHoB. [Ipy 3TOM MPUIILIOCH YUECTh KaK «ILTIOCHI», TaK U «MUHYCBDY 000UX
NOJYYCHHBIX coenuHeHnid. Tak, ecnmu awon 74D, HecmoTps Ha (akTHyecKH
OCYILECTBJIICHHYIO JEUUKIN3AIMI0, TpeboBan mocieayromeil auddepeHmanum aByx
THPOKCUMETUIIBHBIX TPYII, TO JaKTONA 73D coxpaHsl OMIMKINYHOCTh CTPOCHHS MPH

Pa3HOTUMHOW (QYHKIIMOHAIM3AUKN OOKOBBIX YYaCTKOB.

Me;Si Me;S Me;Si

\\\\\\\ \\\\\\/< ‘\\\\\\\\\OH
O 4—
o ’/I/ "”/l/ "”////// on
(-)-16 74b

a) LiAlH, TT'®, 0 °C, 30 mun, 91%; 6) CH,Cl, DIBAL-H, -70 °C, 30 muHn, 98%.

Cxema 2.40

y-Jlakmonwl 6 nocmpoenuu 60Kk06vix yeneii npocmazinanounog. [lpn nydenuu
CHHTETHYECKOT0 MOTEHIMaNa aumicuiana 73D Mbl, B MEPBYIO oOYepeab, 0OpaThiIn
BHMMaHHE Ha TO, YTO, 1O CYIIECTBY, OH IPEIACTABISAET COOOW TEPMOJIMHAMHYCCKH
OoJiee BBITOJIHYIO aleTalbHYI0 (OpMYy TayTOMEPHOW Maphbl JIAKTOJ/albAETHIOCITUPT

(cm. B3aumornepexon 73b—A, cxema 2.41).
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Cxema 2.41

C CHHTETHUYECKOH TOUKM 3peHMs s coequHeHus (3D caMbIM palliOHAIbHBIM
pelleHrneM MPEACTABISETCS HETIOCPEICTBEHHOE BOBJICUCHUE aJIbJACTUAHON TPYIIIBI IPH
C(6a)-yrnepolHOM aToMe B CTaJIUI0 BBEACHUS OOKOBOM Ilenu OJe(UHHUPOBAHUEM.
Takum oOpa3oM, yUUTHIBasI B MIEPCIIEKTHBE TPaHCHOPMAITUIO AJUTHIICHIIAH— aJITHIIOBBIN
criupT (cM. B), maHHBIN ydacTOK MOJICKYJIBI SIBISICTCS TOAXOJSIIMM ISl TIOCTPOCHUS
BEpXHEH o-1lenu psga mpocTariaHauHoB. UTo KacaeTcs HATUBHBIX (OPM IEIEBBIX
OMOJIOTHYECKH aKTUBHBIX COCAMHEHUN, TO HAMOOJBIINN WHTEPEC MPENCTABISAIOT TE U3
HUX, KOTOPBIE COJIEPXKAT B ITOM IOJIOKEHUH OCTATOK Z-Te€KC-5-€HOBOM KUCIOTHI (CM.
C). Tak, ¢ yueToM MECTOTOJIOKEHHsI IBOWHOM CBSI3M paccMaTpuBaeMoro (parmMeHTa u
CTPYKTYpPbI UCXOJHOTO JlakToja 73D Hamu Obuia BhIOpaHa JABYX3TamHas CTpATETHs IO
dbopMUpOBaHHIO BepXHEH OOKOBOHM Liemu, KOTOpas Mojapa3ymMeBana TOMOJIOTH3ALUIO
aJIbJICTHTHOW TPYMIBI U TOCIeAyIolee oe(pMHUPOBAHKUE C TIPONU3BOAHBIM ITIEHTAHOBOM

KHCJIOTHI.



121

SiO,
T™MS T™MS
@ \\\\\\\i ‘.\\\\\\\\‘JJ‘O\ “\\\\\\\\rJ\OMC
+
“ 0
//II/ /II//\ ,///// /
75b - on 13 76b
ZIE="17:1 6
(0) \\\\\\
||
/\ H.CO—
Ph,;P CO,Me 3
3 78 2 H, CO 79CH2C02MC
- —— "’///
73b ?

a) [Phy;P*CH,0CH;]CI", NaHMDS, TT'®, -78 °C, 90%; 6) HC1, TT®, xunsuenue, 4 4, 87%.

Cxema 2.42

[Ipu »sKcnepUMEHTaNnbHOM peanu3allMd BBIOPAHHOTO MOAXO0Ma, Tpedyemoe
OJHOYIJIEPOJHOE  YIJIMHEHUE OBLJIO PpEHIeHO OCYLIECTBUTh IyTEM peakluu
onepuHupoBaHuss 1o Burtury ¢ ucnosb3oBaHueM  (ochoHuEeBOM  conH
MeTokcuMeTHixjaopuaa (cxema 2.42). Kak okasasocsk, peakius Burrura nakrona 73b ¢
WIUI0M U3 MeTOKcuMeTuieHTpudenundpochonuii xaopuaa npoTekaia ¢ oopasoBaHUEM
CIIOKHOMU cMmecH Z- 1 E-m3omepHbIx eHomdupoB 75b u snrMepoB MeTokcuaakTona 76b
C BBICOKUM BBIXOI0M. O/IHaKo, coequHeHus /5D okazanuch JIaOUIBHBIMU B YCIOBHUSIX
KOJIOHOYHOM XpomaTorpauu Ha cuimkaresie, ooOpasys Mpu JaHHOM CHOCO0€ OYHMCTKH
CMECh  O-METOKCHJakTojoB 76b. Uro kacaeTcss JanbHEHWIIMX  IEPCIEKTUB
WCTIONb30BaHUS JIAKTOJIA, TO BAPUAHT THIPOIUTHUYECKOTO YAAICHUS METOKCUTPYIIIIBI
76b B KHCIION cpene, ¢ IENbIO COOTBETCTBYIOIICTO IMOJYYCHHS OHMIMKIMYECKOTO O-
JaKTOJIa, COMPOBOXKIAJIACh HEXKEIATeIbHBIM MPOTOIUCHIMIMPOBAHUEM, MPHUBOIS K
mukionenreny  /7b.  Tlocnemnumiti, B paMkax CHHTE3a I[MKJIONICHTCHOHOBBIX
IpOCTarjaHAUHOB, MPEICTABISETCS MAJIONEPCIIEKTUBHBIM BBUAY MOTEPU HEOOXOIUMOI
dyukmonamu3anuu. Kpome Toro, JiaTeHTHasi ajbJerujHas Tpynma coeauHeHus 73D
oKa3ajach WHEPTHOW TIpH TIOMBITKAX BBEIEHUS ABYXYIJIEPOAHBIX (parMeHTOB

onedpuHUpPOBaHUEM Kak Mo Buttury ¢ unuaom 78, tak u no XopHepy-YoJCBOpPTY-
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OMMoHcy ¢ hochonaTom 79, 4TO MPUBENO K TATBHEHUIIIEMY TIEPEXOY K PACCMOTPEHHUIO

JTUOJILHOTO BapHaHTa IMIOCTPOCHHUS OOKOBBIX y4acTKOB [253].

Huxnonenmenoesutii ouo.J. Bo3moscnocmu ouggepenyuposannoi
dyukyuonanuzayuu 2UOPOKCUMEMUIBHBIX ZPYRN 6 PAMKAX NOCHPOCHUA OOKOBbIX
yeneit npocmazcianounog. OIUCAHHBIE paHEe CIOXKHOCTU HCIOIb30BAHUS -
JaKTOJLHOTO (hparMeHTa MpH MOCTPOCHUH OOKOBBIX IIETICH, CBSI3aHHBIE, MPEXK/IE BCETO,
CO CTPYKTYPHBIMH OCOOCHHOCTSIMH, TIPUBEIIA HAC K PACCMOTPEHHUIO CBOMCTB nuoina 74b
— npoaykra Oosiee riayOOKOro BOCCTAHOBJIEHHUS JIAKTOHHOTO LUKIA. OJIHaKo, B 3TOM
BapUaHTE, JBE OYECHb IMIOXOXKHUE THUAPOKCUMETUIIbHBIE TPYIIbl MPEICTABISUIINA
OTIPEJICTICHHYI0O CHHTETHYECKYI0 TpOOJeMy BBHUJY OTCYTCTBUSI BO3MOXKHOCTH UX
mupdepeHnrpoBaHHbIX TpaHchopmanuil. OQHUM U3 PEIIEHU 3TOW MpoOJIEMBbl MOTIIO
CTaTh BBEJCHHE JOCTATOYHO OOBEMHON U JIETKO YJAIs€MOM 3alllUTHON TPYIIbI U
HOCIIEAYIOLEEe pa3/IeIeHHe PETHOU30MEPOB 3a CUET pa3iuuus B (PU3MKO-XUMHUECKUX
XapaKTEPUCTHKAX. YKa3aHHbIM KpHUTEpUSM BIIOJHE COOTBETCTBOBAJA  mpem-
OyTWIIMMETUCHIIMIIbHAS TPYITa, BBEIECHHE KOTOPOM XOTSI M HE MPOUCXOIUIIO
CEJICKTUBHO, HO TO3BOJISLIO MONyduTh mapy coenunenuit 80b w 81b, wmmerommx
JIOCTaTOYHO pa3JIMYarouecs XpoMarorpapuieckue MOJABMKHOCTU JIJISl UX YCHEIIHOTO
pasaenenus (cxema 2.43). Taxke HEOOXOAMMO OTMETHTH TO, 4YTO OJIM30CTH H
OJIMHAKOBAasi TPOCTPAHCTBEHHAss OPUEHTUPOBAHHOCTh TUAPOKCUMETUJIBLHBIX TPYyMNI B
Cllyyae JuoJjia OKa3blBaJIM BIUSHHE Ha pe3yJIbTaThl XUMUYECKUX IpeBpaileHuil. Tak, B
aJbTCPHATUBHOM BAapHAHTE C COCIUHEHWEM 74a, TOMNbITKA BBEICHUS TO3WJIATHOM
3alUTHOM rpynibl Oblia 6e3pe3yabTaTHON. B 3T0 ke Bpems BBeieHuE MeHee 00 heMHOM
ME3WJIBHOW TPYIIBl COMPOBOXKIAIOCH CIOHTAHHBIM OOpa30BaHUEM TMPOU3BOIHOTO
teTparuapodypana 82a [253, 254].

Uro kacaeTcsi JOBOJBHO HEOXHUIAHHOTO TPOIecca CIHOHTAHHOW (ypaHU3aIuH
OTMETHM, TO KHCJIOTHBIA THAposn3 cuimuiaoBbix 3¢upoB 80b u 8lb nHa cmecm
1oHOOOMeHHBIX cMon DOWEX® u Amberlyst15® npuBogma HCKIIOUHTENTBHO K
UCXOMHOMY muoiy 74b. 3mecs ciemyer MOAYEPKHYTh, YTO HCIOJIB30BAaHHE 3THX

pearcHToB IO OTACIbHOCTH IIPHUBOAWJIO K 3HAYUTCIBHOMY YBCIMYCHUIO BPCMCHH
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pearnpoBanusg 10 20 4. BeposTHOW NpUYMHON ABISETCS pa3Mep 4YacTUL, Ha
MOBEPXHOCTU KOTOPBIX M OCYIIECTBIICTCS B3auMojeWcTBUE. Tak, AJii MallbIX TpaHy
DOWEX HnabmromaeTcss UX NPWIMIIAHUE K CTEHKaM MOCYJbl U JPYr K JpYyry, 4To
IPUBOJUT K YMEHBIICHUIO 3(D(PEeKTUBHON TUIOMIAM MEeX(Pa3HOTO B3aUMOJICHCTBUS, a B
cmydae Amberlyst yacTuipl U3HAYAIBHO CIWIIKOM KpyIHBIE. [Ip KOMOMHUPOBaHHOM
UCIIOJIb30BaHUU MEJIKHE YaCTHUIbl PACHpPEENSIFOTCS MO0 MOBEPXHOCTU KPYMHBIX U HE

OCAKIOAIOTCA Ha CTCKIIC, CHHCPTUYHO BJIMAA Ha aKTHBHOCTD obonx BHUA0OB CMOJI.

Me;Si Me;Si Me;Si
\ AW N R W
e \OH .\\\\\ \OH ot \OTBS
> +
. OoH < OTBS OH
“y,, 0 “ty, e /’////
74b 80b 1:1 81b
Me3Si/
OH 5
—_— 0
OH
(+)-16 74a 82a

a) TBSCI, umunazon, CH,Cl,, 0 °C, 5 4, 96%; 6) DOWEX-Amberlyst, MeOH, 34,
98%; B) MsCl, Et;N, CH,Cl,, ot 0 °C 1o kumsiaenus, 3 4, 85%.

Cxema 2.43

Yro kacaeTcs caMUX MOJYYCHHBIX peruon3omMepHbix MoHodgupos 80b u 81b, To
JIOBOJILHO HEOXKHJTAaHHBIM OKa3ajoCh MX MOBEICHHUE B JCHTEPHPOBAHHOM XJIOopodopme
npu npuroToBieHun npod. Kak okazanoch, Mpu XpaHEHHH B TEYCHUH TPEX CYTOK
pacTBOpBl MHAMBHIyalbHbIX coeauHeHnid 800 u 81b mepexomunm B 3KBUMOJISPHBIC
cmecu 80b+81b. B 370 ke Bpemsi MpH KCIOJIB30BAaHMU ANPOTOHHBIX PACTBOPUTEIICH
(amieToH, XJOPUCTHIN METHUJICH), a TaK)Ke MPU XPAaHCHUU B KOHIIEHTPUPOBAHHOM BHJIC

MoJ00HOT0 B3aMMOTIEPEX0/ia OTMEUEHO HEe OBLIO.
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a) okcamui xiopug, IMCO, Et;N, CH,Cl,, ot -78 °C 10 24 °C, 1 4, 96%; 6) SiO,, 75% (2 cramun);
B) DOWEX-Amberlyst, MeOH, 3 4, 92%.

Cxema 2.44

Takum oOpa3zoMm, MyTeM MOHOCHJIMJIMPOBAaHHS OblIa oOecreueHa BO3MOKHOCTH
audepeHIIMPOBAHHON pabOTHl MO THAPOKCHMMETHIIBHBIM (QyHKIUsAM auona 74b. B
pamMKax ToOcleayrome paboThl MO BBEJACHHIO OOKOBBIX Ilemei Obula u3ydeHa
BO3MOYKHOCTh TPaHC(OPMAIIUHU MTOTyYEHHBIX CIIUPTOB B COOTBETCTBYIOIIHNE aTbJICTHIBI.
Kpome Toro, B mensix ynpolleHHs CHUHTETHYECKOH paboThl, HAMH OBUIO PacCMOTPEH
BapHUaHT MPSIMOTO OKHCIICHHSI CMECH TMOJTydeHHBIX perrouzomepos 80b+81b, B pacuere
Ha OoJiee o3Hee pas3jiesieHue UX MPOU3BOAHBIX. JIeHCTBUTENBHO, B X0/1€ UX OKUCIICHMUS
no CBepHY TPOMCXOAMIIO TJIAKOe 00pa3oBaHME COOTBETCTBYIOIIMX PETHOM30MEPHBIX
anpaerunoB 83b+84b, kotopbie XapakTepH30BaIUCh JAOCTATOYHO PA3TUUYAFOITAMHMCS
XpoMarorpagpuuecKuMy TOABIKHOCTSMU COTJIACHO TOHKOCJIOWHOW Xpomartorpaduu
(cxema 2.44). OpHako, CcTaHJapTHAas OYKCTKAa Ha CHJIMKArelie COMPOBOXKIANIACh
THIPOJIN30M CHIIMJIBHBIX 3alllUTHBIX TPy ¢ 00pa3oBaHWEM COOTBETCTBYIOIIUX
naktonoB 85b+73b, kotoprie, B cBOKO ouepenn, yxke Obutn Hepasaeaumbl. [Ipu 3ToM
0Ka3aJloch, 4To ajbaerun 84b noaHocThio MoaBeprancs naHHO#H TpaHchopmalum, Toraa
KaK ero pernon3oMep oOpa30BBIBAN JIAKTOJ JIUIIH OTYACTH. OTHECEHUE CIIEKTPATBHBIX
XapaKTePUCTHK TOJIYYCHHBIX COCIWHEHUN HE BBI3BAJO OCOOBIX MPOOJIEM, TaKk Kak
nakTos 73b ObLI MOTydeH HaMH paHee B X0JI¢ MPSMOr0 BOCCTaHOBIICHHSI JJakTOHA (-)-16

JEUCTBUEM AUU300yTUIAMIOMUHUN rtuapuaa. K 3ToH ke CTpyKType MPHUBOIMI
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THIPOIIM3 HAa  HOHHO-OOMEHHBIX CMOJIaX ©IWHCTBEHHOro  ampiaeruaa 83D,
BBIJICIISIFOIIETOCS. B PE3YJIbTaTe KOJIOHOYHOW xpomatorpaduu. OmnucaHHbIE paHee
CIIOKHOCTH PAa0OTHI C y-JIAKTOJIAMHU MPUBENHN K OTKa3y OT CTaIUH XpOoMaTorpaduuecKon
OYKMCTKH AIBJIETUIIOB, & TAaKKEe K HEOOXOAMMOCTH BBEJCHHS B DPEAKIUU OKHCIICHHS

WHIMBHIyaJIbHBIX MOHO3AIIUIIIEHHBIX criupToB 80b u 81b.

[ Me,si

Me;Si OTBS OTBS Me,Si OTBS
W\ R
“w A\ a . \ +H+ ‘\\\\\\
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.\\\\\\/ 6, 64 .\\\\\\/
HOIn. - > i
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87 \o \
B 88 O
OTBS OTBS OTBS OTBS
6,24
—_— + +
79%
(2 cragum)
OH g9 OAc 90 OAc o1 OAc

1.5:1.1:1
a) ABY, Tonyoun, kunsyenue, 5 4, 85%; 0) Ac,0, Py, 24 °C; B) NaBH,, MeOH, 0 °C, 15 mun

Cxema 2.45

PaccmarpuBast Osrbke TTOOOYHBIN MPOIIECC JIAKTOJIM3AIMU anbaeruaos 83b+84b,
MbI OOpaTHJIM BHUMAHUE Ha TO, YTO JJIs anbaeruaa 83b cymmapHbIil BBIXO TPOIYKTOB
OBLI TOCTATOYHO BBICOKMM, TOT/Ia KaK €r0 PETHOU30MEP, OUCBHUIHO, IpeTepIieBan 0ojee
rIIyOOKHE W3MEHCHMS, YTO TPHUBOAWIO K CYIICCTBEHHOMY CHIDKCHHIO KOJHMYECTBA
ouriieHHoro Jiakrona. CiemoBarellbHO, coenuHenne 84D ObpuI0  3HAYUTEILHO
Ja0WIbHEEe B YCJIOBHSIX KOJIOHOYHOW XpoMaTtorpauu W MpeTepreBajio M3MEHEHUS B

HECKOJIbKUX HampaBieHusX. COOCTBEHHO NpPOLECC JaKTOJMU3AIUU, MPOUCXOIALIIUN C
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00OMMH  pErHoM30MEepaMH, OYEBHIHO  TMPOTEKand  BCIEACTBUE  KOOPAMHALIUU
HEIMOJEIECHHOM DJJICKTPOHHOW IIappl  aroMa KHCJIOpOoJa IO aroMy  yriepoaa
KapOOHMIILHOM rpymmbl. B 310 ke BpeMs anbaerun 84b, BeposTHo Takke mperepreBat
€HOJIM3alMI0 Osarogapsi yAoOHOMY I CONPSDKEHHS PACIOIOKEHHIO IBOWHOM CBSI3H B
UKIe. DTOT Tpolecc, B 00IIeM, OOBSICHSET BBICOKYI0 HECTAOWJIBHOCTH 3TOTO
COEIMHEHUS, TaK KaK MOXET BIIOCIEACTBUH MPUBOJUTH K PA3JIMYHBIM HEXKEIATEIbHBIM
npoleccaM, TakKMM Kak MoJuMepus3anus, aectpykuus u T.1. OnHako, B paMKax
pa3paboTKu TOJXO0JI0OB K MpoCTarjaHiuHaMm, MoJ00Hasi KETO-€HOJbHAs TayTOMepHas
aKTUBHOCTb MOJKET OBITh HCIIOJB30BAHA I SMNUMEPHU3ALUU B LEHTPE, HECYIIEM
anbaeruaHyo (yHkuuo. Bee neno B TOM, YTO CTPYKTYpbl OOJIBIIMHCTBA HATUBHBIX
MIPOCTAHOUIOB XapaKTEPU3YIOTCS B3AUMHBIM MpPaHC-PACIIONIONKEHUEM OOKOBBIX IeNel 1
OJIHUM W3 BAPUAHTOB PACUIMPEHHS] CHHTETHUYECKOrO0 MOTEHIMaIa MOJIYyYeHHOro OJoKa
84b, crano uzydeHne BO3MOKHOCTH €r0 TPAHC(HOPMAIH B COOTBETCTBYIOIIUI dITUMED
86b B TMIIOBBIX yCIOBHSX JIJIs TOTOOHBIX Mepexo10B (cxema 2.45) [255].

ChIpoli NMKIIONIEHTCHOBBINM anbpaerun 84D, momydeHHBIH B XOJ€ OKHCICHHS
cupta 81lb pearentom [lecca-MapTuHa, OBLI HCIBITAH B YCIOBHSX PEaKIUH
n3oMepusanuu jaectueM 1,8-muazabunuknol5.4.0Jyaaen-7-esa (JAbY) B kumsmem
tosyosie. OHAKO B pe3yibTaTe ObUI MOMy4YeH THAPOKCUEHANb 87, 00pa3yromuiics B
X0J1e HEOOBIYHOI'O PETHO- U CTEPEOCETEKTUBHOTO OKCUTCHUPOBAHUS aJITMIICUIAHOBOTO
¢dparmenTa. CTpyKTypa JaHHOTO COESAUHEHUs OblIa MOATBEPKACHA JAHHBIMU CIIEKTPOB
SMP u HK. B mnons3y B3aUMHOTO mpAaHC-PACIIONOXKEHUSI TUAPOKCUWIBHOM W
TpUMETUICHINIbHOW rpynn roBopuT Haimmune NOE-B3ammopeiictBus —Mexmy
IIPOTOHAMU C°H u C°H ¢ MeTHIbHBIME IIPOTOHAMU CHJIAHOBOW T'PYNIBI U OTCYTCTBUE
TaKOBOT'O C IIPOTOHOM C*H cornacto nBymepHbIM criektpam AMP. B To xe Bpems, B
MacC-CIEKTpax TMOJIYYCHHBIX MPU XUMUYECKONM HOHU3ALMHU OTCYTCTBOBAJIM IHKH,
COOTBETCTBYIOLIME MOJIEKYJSIPHOMY HOHY, HO B O0OJIACTH TMOJIOKUTEIBHBIX HOHOB
uMenca THK ¢ MOJIEKyJIapHoit Maccoif 3117, kKoTopslif, BeposATHO, 0Opa3oBBIBANCS B
pe3yJibTare OTIIEIUIEHUS TMAPOKCUIIBHOM TpYINbl Mociie MoHu3auuu. HecMmorps Ha
BBICOKMW BBIXOJl JAHHOTO COEIWHEHHWS, OHO OBUIO JOCTAaTOYHO JIAOWIBHBIM TPHU

XpaHEHUH KaK B WHAMBUAYaJbHOM BHJIe, TaK U B BHUAE PaCTBOPOB (XJIOpOPopM,
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XJIOPUCTBIA METHUJICH, arleToH). [loaToMy 1yist Gojiee TOUHOTO MOATBEPKACHUS HATUIMS
B CTPYKTyp€ THUIPOKCWJIBHOW TPYIIIBI, a TAaKXKe C IIEJIBbIO MOBBIINICHHUS CTAOMIBHOCTH
TUAPOKCUIIbHAS TpyIIa anpaeruga 87 Oblla amuiaupoBaHa Jo arerata 88.
CTaOuIpHOCTh MOJYYEHHOTO COSAMHEHHS OblIa CPAaBHUTEIHHO BBINIE, OJJHAKO B Macc-
CIIEKTpe INPUCYTCTBOBAl JHIIb TOT € NHK C MoJeKylspHoil Maccoit 311°. B
aIbTEPHATUBHOM BapUaHTE B XOJ€ OOPOTHAPUIAHOTO BOCCTAHOBJICHHUS aybiaerunga 87
MPOUCXOAMIIO ObICTpOoEe 00pa3oBaHHME HECTAOUIBLHOTO MPH XPAaHEHHUH M B YCIOBHSIX
KOJIOHOYHOW XpomaTorpaduu coenuHEHUs. AHaJIOTHYHAS TOMBITKA CTa0WIM3aIiN
alMIIMPOBaHUEM JTOro cmmpra 0O0e3 BwlmencHus mnpuBoamwia k (1.5:1.1:1)-cmecu
arieratoB  89+90+91. Ilpu noxazarenscTBe  CTPYKTyp  u3oMmepHbix  89-91
XapaKTePHCTHIHBIME OKa3atuch curHansl CH,-rpymm B criekrpax SIMP °C (dept135),

COOTBETCTBYIOIINX KOJIBIIEBBIX METHIICHOBBIX 3BeHbEB [253, 255].

B memom, momydeHHas CTpykTypa 87 CBHAETENBCTBOBAJA O TMPOTEKAHUHU
ABTOOKHCJICHHS] KHCIOPOJAOM BO3AyXa, THUIy pEaKui OBOJBHO W3BECTHBIX B
OPraHWYECKOM CHHTE3€ B OCOOCHHOCTM Ui pa3HOOOPa3HBbIX HEHACHIIEHHbBIX
COCMHEHH, B TOM YHWCJIE W s f,y-HEHACHIIICHHBIX albJeruaoB. Yarne Bcero B
pe3ysbTaTe MPOUCXOAUT CABUT KPATHOM CBsI3W M 0Opa3oBaHHE B Pa3HBIX CIydasx
NepeKnceii, CIUpTOB WM KapOOHWIBHBIX coenuHeHnid [256, 257]. Hawubonee
BEPOSTHBIMH TIPEJICTABIIIOTCS JIBa BO3MOXKHBIX MEXaHW3Ma JaHHBIX IPEBpAICHUI:
«OKcUreH-eHOBBIN» [258] u «eHomsTHBIN» [259]. [lepBoro mpuaepKUBarTCs BO BCEX
Cllydasix caMOIPOU3BOJIHHOTO OKHCIICHUSI B MPUCYTCTBUH aTMOC(EpHOTo BO3IyXa M OH
3aKJII0YAETCSl B aTaKke CHUHIJICTHBIM KHUCIOPOJAOM HEMOCPEJICTBEHHO CaMOW KpaTHOU
cBsi3u. [Ipu 3TOM U3 @, f-HenpeaenbHBIX COeIMHEHUI 00pa3yloTCsl COOTBETCTBYIOLIUE )-
ruiporepokconponsBogabie [260]. B ciydae jke OKHCIECHHUS MPOCTHIX JTBOMHBIX CBS3CH
HaIpaBJICHUE aTaKu W BHUJ KOHEYHOTO TMPOAYKTa CHJIBHO 3aBHUCUT OT XapakTepa
3aMEIICHHOCTH M CTEPCOXMMHUHU camMoil cBsizu [261, 262]. Tak, nHampumep y E-
AJUTUJICUIJIaHA TIPOUCXOJUT CIBUT JBOWHOM CBSI3U K CHJIAHOBOM TpyIIe, a B ciydae Z-
Mpou3BOAHOTO OT Hee [263]. «EHONMATHBIN» MEXaHW3M OKHCICHUS XapaKTepeH s
KapOOHWJIBHBIX COCIWHEHWH W OH WHHIIMHPYETCS OCHOBAHHUSMHU, TPH OTOM aTake

KHCIIOpOJia TIOJBEpraeTcsl [-MOJIOKEHUE TBOWHON CBS3U E€HOJU3MPOBAHHON (HOPMBI
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[263-265]. Ecnm paccmarpuBath f,y-HeNpeaeibHble KapOOHWIbHBIE COCTUHEHHS, TO
U3BECTHBIC CIlyuyau KacaloTCs «OKCHUTE€H-€HOBOTO» OKHCIECHHUS U PETrHOCENEKTHBHOCTD
mporiecca CHJIBHO 3aBHCHT OT TuHa coeavHeHwid. Tak, B ciydae 3QHpOB
NPEUMYIIECTBEHHO OKHCIACTCS [-TOJOKEeHHe KapOOHWIbHOW rpymnmel [258], a

aJIbJICTH/IOB ¥ KETOHOB )-TI0JI0KeHHE [266, 267].

PaccmaTtpuBasi BO3MOKHBIE MyTH TOJY4YEHUS COEIWHEHUS 87, Mbl HPUIUIA K
BBIBOJly, YTO PpE3yJIbTaT NPEBpAllCHUs NPUHLHUIIMAIBHO COIJIACYETCS C MEXaHU3MOM
«OKCUTCH-EHOBOT0» OKHCIICHUSI KaK f,y-HEeTpeAeNbHbIX KapOOHMIBHBIX COCIUHEHHH,
TaK U Z-amuiicuianoB. TeM He MeHee, JUTMTENIbHOE BBIICPKUBaHUE coeauHeHus 84b
B KHUIISIIEM TOJYOJI€ IpU OOECHEeUEeHUH TOCTyla BO3IyXa HE MPUBOAWIO K BUIUMBIM
U3MEHEHUSIM corylacHo pesysbrataM TCX peakunoHHOM Macchl. Takum oOpa3om, CTano
O4YEBHJIHO, 4TO /IBY B 3TOM Iporiecce BBICTYIIa€T B KaYECTBE OCHOBAHUS, HHULIMHUPYS
JIOCTAaTOYHO PEJIKOr0 BapuaHTa «KapOaHMOH-CHOJISTHOro» OKucieHus. llpu 3ToM
BHAYaje MPOUCXOIUT CHOJU3AIMs albJIeTHaHON (QyHKIMU coeauHeHus 84b ¢
IeHepUpOBaHUEM JUEHOJsTa A W Janee uepe3 uHTepMmenuar B, xoTopblii B CBOMO
ouepenb okucaserca 10 C Monekynoil Kuciopoja ¢ IEPEeHOCOM 3JIEKTpOHAa U

oOpa3zoBaHueM MepoKcuI-anuoHa D, crabunn3upyromierocsi mpoTOHUPOBaHHOU (popmoit

JIBY no 87 (cxema 2.46).

Me;Si OTBS [ Me;sSi OTBS Me,si ]
‘\\\\\\ / /
+I[By ‘\\\\\\ ‘\\\\\\ + 02
R —— > @
" — >
\ ~ \
(0] O O
84b L A B _
MesSi OTBS MesSi OTBS Me;Si OTBS
R o« a +H* i
o + 0, — /O“““- I[T» HO .
O
\ \ \
o] 0 0
- C = L D | 87

Cxema 2.46
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Kpome Toro, aBWXKyIIeW CcHIOW OKCHreHupoBaHus 84D Takxke sBIIeTCA |
cTabuim3anus a-kapbanvoHna B Omusnexameli cumibHON Tpymmoi (a-3¢dekr) [268],
a e€ MPOCTPAHCTBEHHOE PACIIOJIOKEHUE OKa3bIBAaCT HEMOCPEICTBEHHOE BIIMSHUE Ha
CTEPECENIEeKTUBHOCTh JaHHOTO mpeBpamieHus. Kpome JIBY Obur wmcmbiTaH u psif
cuibHbIX ocHoBanuii (KOH, NaOH wim MeONa) B cpene aleTOHUTpHI-METaHOI. B
TUX CiIy4asX HaOJIOMaNoCh JIOCTATOYHO OBICTPOE PACXOAOBAHHE HCXOJHOTO
coeauHeHus (npu nerektupoBanun MetoaoM TCX) u mosiBIeHHE B PEaKIIMOHHOM Macce
npoaykrta 87, HO 03 BUAMMBIX MPU3HAKOB HAKOIIICEHUS TPU JJIUTEITLHOM
BEIZICp)KMBaHWK. HampoTuB, €ro cojaepXaHWe OTHOCHTEIBHO IePBOHAYAILHO
JETEKTUPYIOMIETOCS JIMIIb YMEHBIIAIOCh B XOJIC€ PEAKIIMA W TIOCIE HCUYC3HOBEHUS
HCXOJTHOTO MPAKTUYECKH HE OOHApyX uBajgoch. OCHOBHOI MPUYMHON OBICTPOro pocTa
CoNepKaHMsl TIPOAYKTAa HAa HAYaJbHOM JTare NPEBPAMICHUS, BUANMO, SBISICTCS
NEepPBOHAYAIILHOE MPUCYTCTBUE OMPEEICHHOTO0 KOJWYECTBAa KUCIOpOAa B PacTBOpE, a
MOCJIEIYIOIIEE €ro Pacxo/I0BaHWE, BEPOSTHO, MPOUCXOIUT B XOJI€ KaTaIM3UPYEeMOM
OCHOBaHWEM ojehuHupoBaHuss 1o IlerepceHy, OCOOEHHO XapakTepHOW IS
BUIIMHAJIBHBIX ~ MPAaHc-TUIPOKCUCWIAHOB  [269-272].  OrcyrcTBHE  MOAO0HOTO
pesynbraTta s caydas ¢ JBY Mbl cBs3bIBaeM, Tpekae BCEro, € €ro Mallou

HYKJICO(PUIHHOCTHIO.

Takum 006pazom, BMECTO 0’KHAEMOT0 TIpoIiecca duMepH3anuy anbaeruaa 84b B
NPUCYTCTBUHM HEHYyKJIeopuiapbHOro ocHoBaHusi J[BY Obuio oOHapyxkeHO MpoTeKaHue
cTepeo- u PETUOCENIeKTUBHOTO «KapOaHUOH-EHOJIITHOTO) OKHUCJICHMUS,
COMPOBOXK/IAIOIIECECS] CABUTOM KpaTHOM CBS3M B COMNPSDKEHHWE C KapOOHUIIBLHOM

(dbyHKITUEH 1 IPUBOIAIIEE K COOTBETCTBYIOIIEMY y-THAPOKCHUITPOU3BOIHOMY.

JlpyruM HaripaBJIeHHEM HCCIIeI0OBAaHUI Ha 3TOM 3Tare MOCIYyX I MoA0op Ipyrux
3aIUTHBIX TPYMI albTEPHATUBHBIX Mpem-0yTUa(IUMETHIT)CUINIBHON. 3/1eCh CeayeT
NOJYEPKHYTh, YTO HAMH MOJAPAa3yMEBAJIaCh IMOCIEAYIOIIEE BBEICHHUE JTOMOJIHUTEIBHON
(GYHKIIMM B CTPYKTYpbl MOHO3ALIUIIEHHBIX JHOJIOB IOC]IE XpOMAaTorpaduyeckoro
paszeneHus ¢ UeNblo JajbHEHero necuaminpoBanus. OCHOBHBIMH KPUTEPUSIMU IS
BbIOOPA MOCIYKUJIM TaKUe YCJIOBUS MOCTAHOBKU U CHATHSI (DYHKIIMOHAIBHBIX TPy,

KOTOpBIC HE  OOJDKHBI Oblin  OBI 3aTparuBatb  JOBOJBHO I{yBCTBI/ITe.]'I]':>HI>II‘/’I
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aJTWIICUIIAHOBBIN PparmeHT. Takum 00pa3oM BapHaHTHI CBSI3aHHBIE C KHUCIOTHBIM
KAaTaJIM30M M BOCCTAHOBJIEHUEM ObUIM HUCKIIOYeHbl. Kpome Toro, Kuciele yCIOBHUS
BBEJICHMSI 3alIUTHOM TPYINIBI MOIVIA NIPUBECTH TAKXKE K JECCUIMIIMPOBAHUIO MCXOIHBIX
MOHO3AIIMIICHHBIX JUOJOB. TumoBas peakiuss BBeneHWss B coenuHeHne 81b
OCH3WIBHOIN TpYIIIbl, MOAXOMALIEH YKa3aHHBIM KPUTEpUSM, MpPOTEKaja C HEBBICOKOU
KOHBEpPCHEW MNpPHU KUIISIYEHUU C HU30BITKOM XJIOPUCTOTO OEH3WIa U COIPOBOXKIAIach
OJTHOBPEMEHHBIM THIpO30M | BS-3amuTHON rpynmsl ¢ oOpazoBanueM Omoka 92b. B
3TO K€ BPEMs, IOCTAHOBKA TO3MJIBHOM 3aIUTHOM I'PYIIIBI HE YBEHYAJIACh YCIIEXOM, a
meswpoBanue 81b compoBoxnanoce murpammern TBS-rpynmer ¢ oOpasoBanuem
HEepa3JIeIuMONi B YCIOBUAX KOJOHOYHOU XpomaTtorpapuu 5:6-CMecHu pernou30oMepHBIX

npoayktoB 93b+94b. JlanpHelimas 00paboTKa MOCICAHUX ¢ TETPAOyTHIaAMMOHUN(TO-

Me3Si OH Me3Si
.\\\\\\/ .\\\\\\\
O
"’I///\ "’/I///
92b OBn 82b
a¢ B190%
Me;Si OTBS Me;Si OMs  Me;Si OTBS
|\\\\\\ 6 ‘\\\\\\ ‘\\\\\\
H +
"II/// 'I,II// ””/I/
81b  OH 93b  OTBS 94b  oMms
5:6
L, B| 90%
Me3Si OH Me3Si OAc
.\\\\\\/ ‘\\\\\\/
+
'l,II//\ 'l,II//\
OAc H
95b L 96 O

a) C¢HsCH,Cl, NaH, TI'®, kunsuenue, 20 4, 40 %; 6) MsCl, Et;N, CH,Cl, 0 °C,
30 muH, 95 %; B) TBA®, TT'®, 24 °C, 4-5 4; r) Ac,0, Py, 24 °C, 3 u.

Cxema 2.47
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punom (TBA®) npuBoamIa K YSHAHTHOMEPY pPaHEE OMMUCAHHOTO TETParuapoPypaHoBOTO

npousBogHoro 82b. Takke Murpanued 3amUTHOW TPYHIBI COMPOBOXKIAIOCH |

AIUJINPOBAHUC, IIPUBOAAIICC B HTOIC K Hepa3I[eJ'II/IMOﬁ 1:1-cmecn PCTHONU3OMCPHBIX

arieratoB 95b+96b (cxema 2.47) [253].

Takum 00pa3oM, MOJIYYEHHBIE PE3YJIbTAThl M3YYEHHBIX BapHalMil 3al[UTHBIX
IPYyNIl  OKa3aJuCh  MAJONEPCIEKTUBHBIMU U1l  JAJbHEHMIIEro  pa3BUTHI U
CWINJIMPOBAaHHbIE AMOJNBI ObUIM BBIOpaHBl B KAauyeCTBE KIIIOYEBBIX CHHTETUYECKUX
OJIOKOB ISl JQJIBHEWUILIEro IMOCTPOECHHUS OOKOBBIX LIENEW B pPAa3BUTHUH IMOAXOIOB K

OMOJIOrNYECKH aKTHUBHBIM IIpOCTaHONAaM.

Oonoyznepoonoe yonuHeHue 00KOBbIX YUACHIKO8 6 pPAMKAX pa3eumust
08YXIMANHOU CMPAmezuu ROCMPOeHU HEHACLIUEHHOU O-UYenu NPOCmMaziaHoOuHoe.
[IpencraBneHHple B TPEABIAYIIEM paszieiie pe3ynbTaThl B ONPEICICHHOW CTEICHU
OrpaHU4MBaIM CBOOOY BHIOOpAa CHHTOHOB ISl MOCHEAYIOIIEed padboTel. TeM He MeHee,
HECMOTpsI Ha JIAOUJILHOCTh B YCJOBHUSX OYHCTKA KOJOHOYHOW Xpomartorpaduu Ha
cwimkarene anpaeruaoB 83b u 84b, monyyaeMbpIx U3 MOHO3AIIMIIECHHBIX A10JI0B 80D 1
81b, ObuTO mMPHHATO pelIeHHe HCMOJIb30BaTh WX B JANbHEHIINX peakiusax 0e3

MpeIBapUTEIbHON MOATOTOBKH.

Uro kacaeTcsi KOHKPETHBIX CHHTETUYECKUX TEPCIEKTUB PacCMaTPUBAEMBIX
aNbJACTUIOB, TO B KAUECTBE NMEPBOOUEPEAHOM 3a/1aun ObLIT BhIOpaHa pa3paboTka criocoda

12,14
" -IIpocCTarjianauHa \]2. OCHOBHBIMH IMpUIMHaAMHU I 9TOTO

noaydeHus 15-ne3okcu-A
MOCIY)XHJI  PSAZl OOCTOSITENIBCTB: BO-TICPBBIX, BBICOKAS TIPAKTHYECKas 3HAYNMOCTH
JAHHOTO COCAWHCHHWS JUIsi OWOMEIWIIMHBI W (papMakojJoTMM |, BO-BTOPBIX,
OTHOCUTEJbHASI TPOCTOTAa CTPYKTYphI, HeTpeOyromas TpaHnchopManuu OOKOBBIX
(bparMeHTOB W3 HMCXOJHOW yuc- B mpaHc-B3aMMHYIO OpHEHTAIHi0. TakuM oOpasom,
anpAeruaHas  QyHkius coemuHenus 83D Obuta  ynoOHOM IS TIOCTPOCHHS
HEHACBIINICHHON o-T1EeMH, OJHAKO, KaK YK€ YIOMHHAJIOCh paHee, Haubosiee ya0OHBIM
BapHAHTOM TMPEJCTABIIOCH JBYXdTamHas crparterus. IlepBeriii stam  TpeGoBai

OIHOYIJICPOAHOI0O YIJIMHCHUS, HW OH OBLI YCIICHIHO PCaJIM30BaAH  aHAJIOTHUYHO

MpeICTaBICHHONM  Ha  cxeme 41 peakuuern  Butrura ¢ wimaoM U3
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MeTOKCUMeTUNnuAeHTpupeHmIpochorreBoi comn ¢ mnoiaydenuem S:1-cmecu E- u Z-
n30MepHbIX eHomdupoB 97b (cxema 2.48) [253, 272, 273]. Ilpu sToM Hanmuue
CHJIMJIBHOM 3aIMTHON TPYMIIbI UCKIIOUMIIO BO3MOXKHOE 00pa3oBaHUeE, Kak B CiIydae C
coequHeHreM 73D, HexelaTenpbHOTO JIakToda. Anpaerua 84b, B cBoro odepenb, ObLT
UCTIBITaH B PEAKIUU aJKWINPOBAHUS C JUTUEBBIM MPOU3BOIHBIM |-mpanc-iioArenTeHa.
B TUNOBBIX yCIOBHMAX pealM3allud JaHHOTO TMPEBPALICHUs HaM HE YAaJoCh
OCYIIECTBUTh JIaHHYIO TPaHCPOPMAIMIO C CHIPBIM QIBACTHIAOM U, YYUTHIBas
OTMEUEHHYIO paHee JaOWJIBHOCTh AAHHOTO COCIMHEHUS, €ro JajlbHeiliee H3ydeHue

OBLJIO MPUOCTAHOBIIEHO.

N N N O
R \OH a o \O 6 - \;\f\r \
a a
“ OTBS " OTBS " OTBS
//,/// / ////// / ////// /
80b 83b 97b
Me;Si Me;Si Me;Si
W N\
™ 0rps M Norps N s
on a B\
iy, S iy, © (CH,)
7 wy “ty, \24
81b 84b 98b

o) 15-deoxy-A!>14-PGJ,

a) oxcamun xjopua, JIMCO, Et;N, CH,Cl,, -78 °C, 1 u; 6) [Ph;P"CH,0CH;]CI", NaHMDS, TI'®, -78 °C,
34, 81% (2 cragun); B) l-mpanc-iioarenten, n-BuLi, TT'®, -78 °C.

Cxema 2.48

Enomdup 97b, cormacHo BBIOpAaHHOH CTpaTeruu, NPEACTaBIUT  COOOi
JaTEeHTHOTO Tromojiora anpiaeruaa 83D, KoTopblii ObLI HEOOXOTUM ISl BTOPOM,
3aBEpIIANOINICH CTaauU TOCTPOSHUS BEPXHEH IleMu BHIOPAHHOTO paHee IIEJIEBOTO
npocrariananHa (cxema 2.49). OqHako, KaK yke ObUIO YIOMSHYTO, IPSMOM Mepexo.l K

anpaeruay 99D KUCIOTHBIM THAPOJIN30M ObLT HEBO3MOXKEH, BCICACTBHE MapajuIeIbHO
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MPOTEKAIOLIUX MPOLIECCOB ASCHIMIMPOBAHUS U JIAKTOMM3AINH (CM. cxemy 2.42). Taxxke
Oe3yCHelHbIM OKa3ajcsl JBYXCTYNEHYAaTbId BapHaHT C HCIOOJb30BaHHEM  N-
OpOMCYKIIMHUMUJA U LIUHKA, OYEBUIHO, U3-3a MPUCYTCTBUSA B MOJIEKYJIE JOCTATOYHO
AKTUBHOW aJUIMJICUJIAHOBOW rpynnbl. Takum oOpa3oMm, HTOrOBBIA BEIOOP ObLT caeiaH B
I10JIb3Y HECKOJIbKO HEpallMOHAIBHOIO, HO, TEM HE MEHEE, TOCTaTO4YHO 3(P(HEKTUBHOIO
nepexoga  ueped  chaokubii  3dup  100b  myrem  okMciaeHHS — JIEHCTBUEM
NUPUIUHUIXIIOpXpOMATa U TOCIEAYIOIIEr0 BOCCTAHOBJICHHS AMU300YyTHUIATIOMUHUNA
runpunoM. KiroueBoil anmpaerusa mociie B3auMOJEHCTBUS C WIMAOM U3 (pochoHneBOH
ColMM OpOMITEHTAHOBOW KHUCIIOTHI TIaAKo TpaHcopmupoBaics B Onok 101b,
COJIepKallliii B CBOEU CTPYKType HEOOXOIMMYIO o-liellb ¢ TpeOyeMon Z-

KOH(Uryparyen 1BoiHHON cBsi3u [252].

Me;Si Me,Si Me,Si
‘\\\\\\ OCH; \\‘\\\\ ‘\\\\v—(c%)}
NBS, Zn CHO CO,H
S -
OTBS
5 _ OTBS ., OTBS
" by v/
99b
97b Me,si 101b

a) PCC, CH,Cl, 24 °C, 8 1, 72%; 6) DIBAL-H, CH,Cl, -78 °C, 30 mum, 95%;
B) Ph3P*((CH,),COOH)Br. NaHMDS, TT'®, -5°C , 1 u; 94 %.

Cxema 2.49

Takum oOpa3zoMm, HaMH OBIJIO OCYIIECTBICHO MOJIEIHLHOE MOCTPOEHUE BEPXHEU

OOKOBOHM IIEITH 15-)1630KCI/I-A12'14

-npocrtarianauHa J;. OpHako, 37ech HE0OXOAUMO
NOTYEePKHYTh, YTO HEMOCPEACTBEHHOEe BoBjecucHue Osoka 101b B gampHeitmue
npeBpamieHuss ObUIO HEIEeIeCO00pa3HbIM BBUAY HEOOXOIUMOCTH HCIOJIb30BaHUS
peaKuy SMOKCUIUPOBAHMS, HEOOXOMUMON JJI1 (POPMUPOBAHUS ITUKIOTICHTCHOHOBOTO
OCTOBa — TMpollecca HE OTIMYAIOIICTOCS H30MPaTEeIbHOCTHIO 110 OTHOIICHHUIO K

HEHACBHIIIEHHBIM (pparmMeHTaM. TeM He MeHee, HaMH ObLI cjelaH He0OXOUMBIN 3a1el
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IIyTEM YCIIEIIHOW PeIM3aliy JBYXITAlIHOM CTPATEruy MOCTPOEHNs HEHACHIIIEHHOH O

e IMpoCTarjiaHaAnHOB.

Jleyxyznepoonoe yonunenue 0GOKO08bIX yUACMKO8 8 NEPCHEKMUGE 6bIX00d K
Kapoayukiunosomy ocmoagy. Hunoyyupyemoe ¢mopuo-anuonom
YUKJIONPONAHUPOBAHUE Kak HOBbLIl sapuanm nocmpoeHnus
dyukyuonanuzuposannuvlx ouyuknof3.1.0/zexc-2-eno6. CrnenyonmM BapUAHTOM
pacIIupeHusi CUHTETHYECKOTO MOTCHIMANA KIIIoUeBbIX anbiaerunaoB 83b u 84b crama
JIBYXYTJICPOJHAS TOMOJOTH3amus  oJieeHHupoBaHHEM 10 XOpHEPY-Y 0JICBOPTY-
OMMoHCY ¢ pocdonaTom 102 ¢ momydeHuem cooTBeTcTByromuX 3¢upos 103b u 104b B
Buze 1:9-cmeceit Z/E-u3omepoB (cxema 2.50). Uto kacaeTcs MPUMEHEHHUS MOTYUYCHHBIX
omoxoB 103b u 104b, To Hamu npeamonaraics mocienyomuii cuaTe3 onnukiioB 105b u

106b myTem BHYyTpUMOJIEKYISpHOU peakinu Moputhl-beiinuca-XuiiimMana COOTBETCT-

. Me,Si
Me3Si MC3SI 3
‘\\\\\\\ a ‘\\\\\\\,\,\ COzMe . \\\\\\\
O ‘5 /1 T » CO,Me
‘ ‘ 'IIII//
,,/////OTBS ,,////OTBS
OH
53 (Z,E)-103b 105b
Z:E=1:9
. Me3Si
MeS N Me;Si OH
AW
W o
o \OTBS . OTBS L
"""" > CO,Me
o 5
,,'/,///O /////VLLCOZMe "’II///
84b (Z,E)-104b 106b
Z:E=1:9
O HO,C
MeO_ /| 2
P COzMe
/
MeO N
102 105b(106b) ---- 3
HO\\\\\\

a) 102, NaH, TT'®, 0 °C, 1 4, 75-80%.

OH

Kap6anukaun

Cxema 2.50
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BYIOIIIUX aJIbJIETHIOB, OOpa3yIONMUXCS TIOCNIC CHSTHS 3alUTHBIX W OKHUCJICHHS
crimpToBbIxX rpynn. Coexunenus 105b u 106b, B cBoro ouepens, npeacraBisroT coOoii
NEPCIICKTUBHBIC MHTEPMEANATHI JJIsT Pa3BUTHUS TOJXOAO0B K MPAKTUYCCKU 3HAYNMOMY
KapOalUKIMHY U €r0 aHAJIOTaM.

OpHako, MOMBITKA THAPOJIN3a CHUIMIBHON 3amuTHOW rpynmsl 3¢upa 103b
neiicteueM TterpadyTmiiamMmonuii ¢ropuna (TBA®) B TerparuapodypaHe BMECTO
oXujaeMoro crupra npuBoamia k ourukiay 107b ¢ Beixomom 82% [250, 251, 253,
274]. Taxxe HEOOXOJUMO OTMETHTh M TO, YTO MPH BBEACHUU B JIAHHOE IPEBpaIllCHUEC
UHIUBUAYATBHBIX u30oMepoB Z-103b mmu E-103b mosygarormmecss pe3ysabTaTbl OBLIA
OJIMHAKOBBI. B 3T0 ke Bpems peakius perrvonzoMepHoro aumuicwiana 104b ¢ TBA®D
npoTekasia ¢ o0pa3oBaHMEM HEpa3JIeIMMON CMECH MPOAYKTOB M COIMPOBOXKIAJIACh

OCMOJICHHEM PEaKIIMOHHOM Macchl (cxema 2.51).

COzMe M602C .
Me;Si WF 7 —  Z103b
o . S 84%
82%
(]
“uy, /OTBS :
(Z,E)-103b ~on L% E103b
=1 V)
Z:E=1:9 107 7%
Me3Si
\\\\\\—OTBS N
) —®  cMech HeHJCHTU(OUIUPOBAHHBIX
CO-M COEIMHEHUI
" e
Yy 2
(Z,E)-104b
Z:E=19

a) TBA®, TT®, 24 °C, 3 u.

Cxema 2.51

Uto kacaeTcs BEpOSATHOIO MeXaHHW3Ma HAOJFOAaeMOI0 ITUKIIONPOTAaHUPOBAHMUS,
TO, OYEBUJHO, OHO PEATU3YETCS IMPU YYACTUU MPOMEKYTOUHOI'O aJUIMIIOBOIO aHUOHA.
['eHepupoBaHue TOCIEAHUX W3 AUIAJICUIAHOB U UX PEAKUHUHM C albJerujaMu ObUIH

BIICPBBIC OIMCAHBI AMOHCKUMHU aBTopamu [275, 276]. B nanbHeliem ObLT IpeCTaBICH



136

BHYTPUMOJICKYJISIPHBIA BapHaHT JAaHHOTO TPEBPAICHUS, OTKPBIBIIUNA BBIXOI K
pa3jIMYHBIM MOHO- M TOJHUIMKINYCCKHM THPOU3BOAHBIM [277, 278]. OOBIYHO 3TH
TpaHchOpMAaIIMK OCYIIECTBIISIOTCS ITPHU MOBBIIIEHHBIX TEMIIEpaTypax, OJHAKO U3BECTHBI
Cllydad aJlbTEPHATHBHOM akTHBamu (OWc-ajumwichiansl [279], «IIylI-ImyJIbHBIN
BapuanT [280, 281]), koraa peakiuu UAyT U B CTAaHAAPTHBIX YCIOBHSIX.

Msl npeanonoxumu, yro B nepexoge 103b—107b Haguume B HCXOAHOIM
CTPYKTYpe aKpwiaTHOTO ¢parMeHTa B MPOCTPAHCTBEHHO OJIATOTIPUSATHOM IS
UKIIM3AIUU PACHOJIOKEHUH CIOCOOCTBYET MPOTEKAHUIO IUKIONPONAHUPOBAHUS I10

«ITyII-TYJIBHOMY» MeXaHu3My (ITyTh «@») (cxema 2.52). B 310 xe BpeMsi, To00HBIH

Me3Si

‘\\\\\\\\\‘J\, CO,Me .

“, OTBS -
/I///// — —
103b 6 \Si/
H 4
/ ) CO,Me
F~ \\\\\\\\S\SJ
, OR
///////
L B _
o COZMS 5 _ - COZMC
o+
I H/ \H
Nz +F- \\\E
A +HOH o ’::— +HOH :—:
-Me,SiF %glsiF
OH
K OTBS “tyy
_ - 4 107b
5+ CO,Me
: 8- CMECH
B —_— coequHeHuil
-Me;SiF “n, /OR
L C -

Cxema 2.52
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KOMIUIEKC HEBO3MOXXCH TIpU HCIob3oBaHuu peruom3omepa 104b. Kpome Toro,
obpazoBanne w3 103b wuckmountensHo coemuHenus 107D Ttakke ykaspiBaeT Ha
COTJIACOBAHHBIM MEXAHHU3M MPEBPAIICHUS, MPOTEKAIOIMNNA Yepe3 MPOMEKYTOUHOE
oOpa3oBaHHE TEPEXOAHOU CTPYKTYpPHI MOJA00HON A. B KadecTBe ambTepHATUBHOTO
MOJKET BBICTYIIATh BapUaHT CTYIICHYATOTrO NpeBpalleHus uepe3 uHrepmenuar B (myTh
«O»). OOpasyrouuiics B 3TOM cly4ae JIeJOKaIu30BaHHbI KapObaHuoH C MOXeT
CTaOMIM3UPOBATHCS PA3NMYHBIMU MYTSAMH, HAIPUMEP B3aUMOJACHCTBHEM C BOAOH (U3
pactBopa pearenta TBA®) wim B Xoj€ aHAJOTMYHOW aTaku ajikeHa. PesynbTaTom
JAHHBIX MPOLIECCOB, OYEBUIHO, JOHKHO OBITh MOJYYEHUE CIOXKHOM CMECH MPOAYKTOB,
Kak B ciaydae ¢ coeaumHeHuem 104b, mns kotoporo peammzanusi «ImymI-IyJbHOTO»

BapHnaHTa HCBO3MOJKHA.

Me3Si O
\\\\\\< @ \\\\\\ \\\\\\<
"y 16 q, . @
II// 90% ///// "/I///
¢)-16 1 (+)-4
Me;Si OTBS Me;Si Me;Si TH
\\\\\ \\\\ \\\\
'/,/ '/,// 80/ '/,//l
0
OH
81b OH 80b OTBS 74b COMe
.\\\\\\
Me;Si Me;Si O
CO,Me "'///,/
\ CcCo,M
oW \/ oMe L 11ob
2:1
iy~ OR é;; " /| 14 q, +
88% CO,Me
6( (E)-103b, R=TBS 109b
(E)-108b, R=H an
O
.l,II///
a) TBA®, TT'®, 24 °C; 6) DOWEX, CH;0H, 24 °C, 4 4, 95%. 111b

Cxema 2.53
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Hanee, misi ompeneNneHus] CTETICHW BIUSHUS CTPYKTYPhl Ha TPOYHOCTH CBSI3H
yTAEPO-KpEMHUN Obljla MPOBEJCHA CEepUs aHAJIOTHYHBIX JKCIEPUMEHTOB. Peakius
gaktoHa (-)-16 ¢ TBA® B TterparuapodypaHe IiIaaKo MpoTeKala MPH KOMHATHOMN
TeMIeparype ¢ oOpa3oBaHHeM 1:1-cMecH permon3oMepHbBIX JIakToHOB 71b u (+)-4
(cxema 2.53). B Tex ke ychousx crnuptel 800 m 81lb mpuBommmu x mguony 74b,
KOTOphIi manee yxxe He m3MmeHsuicsa. Crmpt (E)-108b, koTopblit ObLI MOJMIydYeH B XO/€
rugpommza (E)-103b ¢ monooOMmennbiMu cmomamu DOWEX® B Meranone, mpu
B3aumoeiicTBun ¢ TBA® ObicTpo TpaHchopMupoBaiics B aaaykT okca-Muxasis 109D,
a TIpU JanbHEHIIeM 0ojee MPOJ0DKATEILHOM BBIICPKUBAHUA B CMECh COCAMHCHHI
110b w 111b. Takum oOpa3oM CcTaJO OYEBUAHO, UYTO MPHCYTCTBHE
AIEKTPOHOACHUIIMTHOTO HEHACBHIIIEHHOTO  p-YIJIEPOAHOTO aTroMa MPUBOIAUT K
ocnabIeHUIO CBSI3W aTOMOB yriiepoja W KpeMHHs. B To ke Bpemsi, KapOOIMKIU3aIHs
Hesammiiennoro crnupta (E)-108b  sBisiercs MeHee mpeAnOYTHUTENBHOM, YeM

OKCOLHUKJIMN3aluA 110 Muxansito.

Me3Si Me3Si Me3Si
\\\\\ \\\\\ W
™N0rps ™ on 6 N
a
—_— —_——
'y, / ey, 1y,
”///\cone //”//\COZMG: "’///\CO2Me
(E)-104b 112b 113b
peaxnus
Mopura-beiinuca-
XnniMaHa
Me;Si OH
.n\\\\\\
/ CO,Me
a) DOWEX, CH;OH, 24 °C, 6 1, 89%; 6) okcamt xtopiz, IMCO, EN, i
CH,Cl, -70 °C, 1 4, 80%. 106b
Cxema 2.54

Uro kacaercs TEpPBOHAYAIBHOM HJEH BBIXOJA K IPEAIICCTBEHHUKAM
KapOalMKIMHOB, TO BMECTO THAPOJIM3a CHJIMIBHON 3allUTHOW TpYIIbl JAEUCTBUEM

TBA® nns sToii menmm OBUIM HMCIOJIB30BaHBI MOHOOOMEHHBIE cMOJIBL. Kpome Toro,
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ONMHPAsCh HA TMPEABIAYIIUNA OIBIT, HCXOMHBIM COSAWHEHHUEM ObUT BBIOpAaH TOT
peruon3omep, Ubsi HEOOXOUMasl anbIeruaHas (PyHKIKs pacnojiarajach B HauOOJIbIIEM
yIaJleHUd OT JBOMHOM cCBs3M 1ukia. OJHako, HECMOTps Ha  YCIHEIIHOE
necummupoBanue (E)-104b B mpucyrctBum DOWEX® no cnupra 112b um ero
nocienyromniee okucienue 1mo CBepHy ¢ oOpazoBaHHeM TpeOyeMoW KapOOHUIIbHOMN
rpynnel B 113D, oxkumaemori kapOommkimszanuu B 106D mocTHub HE yaanoch.
Pasnuunbie Bapuanumu ycnosuit (aktuBatopel: DABCO, NRj;, PR3 pactBopurenu:
METaHOJI, alleTOHUTPUJII, Tosryod; TeMiepatypa: 0-80 °C; Bpems: ot 10 4 10 HECKOIBKUX
nHer) [282-284] Obumm  Oe3ycCIENIHBI, BHJIUMO, H3-3a CTEPUYCCKUX (PaKTOPOB
3aTPYAHANIMX JOCTYIl aKTUBAaTOpa K aKTHBHPOBAHHOW aBOWHOW cBsizu 113b (cxema
2.54).

N3-3a  OTCYyTCTBUSI ~ YJIOBJIECTBOPUTEIBHBIX  pPE3yJbTaTOB B  CHUHTE3€
MPEAIIECTBEHHUKOB ~ KapaOalMKiIMHA, Mbl COCPEOTOYMIM CBOM YCUJIUS  Ha
OIPE/ICIICHUH TIOAXOIAIIMX METOIOB IS OJICUHUPOBAHUS KIIFOUEeBOro aypaeruaa 83b.
OAHOBPEMEHHO € 3TUM OBLIO 3aIUIAHUPOBAHO MOATBEPAMTH NpEIaraéMblii MEXaHU3M
OOHapy>KeHHOW HHIYIUpyeMOl (TOPUA-aHHOHOM BHYTPUMOJICKYJISIPHOM peaKIuu
uksonponanupoBanus [151, 153]. s sToro ObUT CHHTE3UPOBAH PSIJT aJUTHIICHIAHOB C
MOAXOMSIIIUMHU IS KapOOIMKIu3auuu (parMeHTaMu, a CUJIMJIbHAS 3alllUTHAs Tpymmna
OblJla 3aMEHEHa Ha METOKCUMETHIIbHYI0, yCTOWYMBYIO0 K nehcTBuio TBA®. Takum
oOpa3omM, MoHo3ammeHHpId guon 81lb  TpanchopmupoBaim B anpaermna  116b
MOCPEICTBOM CHHTE3a JM3alluIIeHHoro mpousBogHoro 114b, ruapommszom TBS-
3alUTHOM TPYMIBI M oKKcaeHueM o CBepHy coequnenus 115b (cxema 2.55).

HeobOxomuMmo oTMernTh, 49TO caM anpderun 116b Tarxke COOTBETCTBOBAI
TpeOyeMbIM, COTJIACHO HAIIUM TMPEJCTABICHUSM, YCIOBHSAM JIJIsl MMPOTEKAHUS PEAKITUU
BHYPHMOJICKYJISIPHOTO IIUKJIONponanupoBanus. W, neiictButensHo, coenuaenre 1160 B
aHAJIOTUYHBIX yCJoBHsIX peakiiun ¢ TBA® TtpancpopmupoBaniocs B 10:1-cmech
NPOAYKTOB IUKJIoNponanupoBanus 117b u mnportoaecumumuposanus 118b. Us3-3a
HECTaOMIILHOCTH IMKJIONpornanoia 117D B ycloBHSIX KOJIOHOYHOH XpomaTorpaguw,
MOJIYYCHHBIC COEAMHEHUs 03 BBIJCICHUS OBUIM alUIUPOBAHBl B CTAHIAPTHBIX

YCIIOBHUSX C HTOTOBBIM IoJTydeHrneM coeaunenuit 119b u 118b. Bo3morkHo, 4To Ham-
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Me;Si Me;Si Me;Si
\\\\\\\\ \\\\\\ \\\\\\
3 OTBS N0 1ps ; SNy
— 2
OH OMOM OMOM
////// I////// ///////
81b 114b 115b
B
Me3Si
(4] 0/ . \\\
a) MOMCI, DIPEA, CH,Cl, 24°C, 3 4, 96%; 6) TEA®, s \0
TT'®, 24 °C, 6 4, 95%; B) okcamua xaopug, IMCO, Et;N,
CH,Cl, -70 °C, 1 4, 90%. . OMOM
/I//////
116b
Cxema 2.55

9He y-aJbJIeTHIHON TPYIIBI CIOCOOCTBYET YacTUYHOMY TpeBparneHuto 116b—118b B
COOTBETCTBUU C BapUAHTOM «0O» depe3 oOpa3zoBaHue aumiibHOro anuoHna C (cMm. cxemy
2.52). Uto kacaeTcs CUHTE3a JPYTHX MOAXOSAIINX COSAMHEHUH, TO 0eUHUpOBaHIEM
116b mo Xopuepy-YoucBopty-OMMoHcy Obuta monydeHa 15:85-cmech Z,E-eHOHOB
120b, a xonmeHcanueit 116b ¢ MeTHIOBBIM 3)UPOM HHUTPOYKCYCHOW KHCIOTHI 125
ObUTO MOJy4YeHO HuTpocoeauHenue 122b. Jlanee, npu neiictBun TBA® enonst 120b
TPaHC(HOPMHUPOBAIKCH B MIPOU3BOAHOE HuKIonpomnana 121b. Takuwm ke oOpa3om ObLia
nojy4deHa auactepeomepHas cMech 123D u3 murpomnpoussoanoro 122b (cxema 2.56).
[Io moBomy cTepeoXuMuu TIpolecca OTMETUM, YTO BHYTPUMOJICKYISIPHOE
UKJIONIPOTIaHWPOBAHKE O]l IeHCTBUEM (TOPHUA-aHUOHA MPOTEKAET CTEPEOCETECKTUBHO
¢ 00pa30BaHUEM HUCKIIOYUTEIBHO OJJHOTO U30MEpa C mpaHc-OpUeHTAIe MPOTOHA TIPpU
atrome C(6) ortnocutensHo mpotoHoB mnpu C(5) m C(1l), yto moaTBepkmacTCs
orcyrctBueM NOE-B3auMoaeicTBHIl TPOTOHA C°H ¢ C°H u C'H B 2D-criextpax SIMP.
Takum 00pa3oMm, B XOJ€ BBINOJHEHHUS 3TOM YacTH PaOOThl ObUIM YCHEUIHO
peann30BaHbl HECKOJIBKO BAapHaHTOB OJC(HHHUPOBAHHUS KIOYeBOro ampaeruga 83b, a
TaKK€  ONHWCAaH  HOBBIM  BapUaHT  MOCTPOEHUS  (PYHKIIMOHATM3UPOBAHHBIX
ounukio[3.1.0]rekc-2-eHoB. KiltoueBBIM MOMEHTOM IOCIICAHETO THIA TPEBPAIICHHMA

ABJAACTCA CTCPCO- U PCTUOCCIICKTUBHOC BHYTPUMOJICKYIIAPHOC HUKIIOIIPOIIAHUPOBAHUC
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QUTMJICWIIAHA DJICKTPOHHO-ACHUIIMTHBIM HEHACBIIEHHBIM )-yTIEPOIHBIM aTOMOM IO
nerctBueM (Topua-aHWOHA. DTOT PE3yNbTaT, OYECBUIAHO, SIBISCTCA TMEPCIEKTUBHOU
CUHTETUYECKON HaXOJIKOW M BIOJHE 3acCiIy’KHMBaeT JajibHeWIero 06ojee mMacirTadbHOTO

CaMOCTOATCIIbBHOI'O U3YUCHMA.
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a) TBA®, TT'®, 24 °C; 6) Ac,0, Py, 24 °C, 3 4, 86% (ua 2 cramun); B) NaH, 124, TT'®, 6 4,
93%; r) 6ema-ananun, 125, MeOH, 5 °C, 1 nens, 85%.

Cxema 2.56

OkucnumenvHvle  mpancopmayuu  0GOUHOU  C8A3U  AIUICUIAHOG.
[IpoBeneHHBIC HCCIEOBAHUSI TIO3BOJUIM BBIOpATh CHUHTETUYECKH TIEPCIICKTUBHBIE
BapUaHThI TpaHC(POpMAIUU JAKTOHHOM YacTH KITFOUYEBBIX 0I0KOB 4. OTHAaKO, HAJTUYKE B

CTPYKTypE aUTMJICUIIAHOBOTO (PparMeHTa HAKJIAJbIBAJIO OIMPECICHHBIC OTPAHHUYCHUS
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Ha MCIOJIb30BAaHUE TMOJYYEHHBIX coeAuHeHUuH. K 3TOMy MOXKHO OTHECTH Kak
HEOXKMJIAHHYIO PEAKLIUI0 BHYTPHUMOJEKYJSIPHOIO LUKIONPONAHUPOBAHUS, TaK U
OTrpaHUYEHUS] BO3MOKHOCTH pabOThI C ajbJACTUAHBIMU I'PYNIIaMU B OOKOBBIX YaCTAX B
cllydae WX COJIMKEHHOCTH C JBOMHOM CBA3BIO LKKIA. TakuM 00pazoMm, CIEIyIOIUM
3aKOHOMEpPHBIM ~ JTalloM  cTaja paboTra MO  M3YYEHUI0  (PYHKIMOHAIM3ALUU
QAUIMWICWIAHOBOM YacTWU. 34eCh, KAaK W B CIyd4ae C HECWIWJIMPOBAaHHBIMU
IPOM3BOAHBIMU, HAWOONBIIMKA HMHTEpPEC JJIA HAac NPEACTABISUIA OKUCIUTEIbHBIC
IpEeBpaALICHUs], KaK OTKPBIBAIOIIME TOCTYH K MaKCUMAaJlbHO OOJBIIOMY KOJIWYECTBY
MPaKTUYECKH 3HAYMMBIX LUKIONEHTAHOUIOB. IIpu 3TOM 3HAUMTEIbHBIE YCHIIUS OBLIU

IIPUJIOKEHBI K U3YUEHUIO peakunii [IpuHca u snokcuinpoBanHus.

Ocobennocmu peaxkyuu Ilpunca ouyukIuyecKkux aiiuicuiano6blx 1aKmMOHOE.
Urto kacaercsa peakiuu [IpuHca, TO OHa mpejcTaBisuia AJig HAC O0CoObI MHTEpEC: BO-
IIEPBBIX, B KOHTEKCTE€ CPAaBHEHHS C YK€ H3BECTHBIMU pE3yJbTaTaMU JaHHOT'O
MpeBpalleHust 1Jis JIakToHa ['pUKO U JJ1sl CTEPEO-U PETMOU30MEPHBIX €My JIAKTOHOB 4 W,
BO-BTOPBIX, KAK BO3MOYKHOCTb BbIX0J1a K TPU3AMELICHHBIM XUPaJIbHbIM LIUKIONECHTEHAM
BBEJCHHEM 3aMECTUTENS DIECKTPODUIBHBIM Sg2 -3aMENICHHEM CHIAHOBOH TPYIIIIbI
[270, 271]. Takxe, ¢ OJHOH CTOPOHBI MBI OMACATIMCh BO3MOXKHOTO WHHIIMHPOBAHUSI
noOOYHOTO TMpoIecca NPOTOACCHIMIUPOBAHNUS B JOCTATOYHO IKECTKUX THUIOBBIX
YCIOBUSIX MPOTEKaHWsl peakiuu lIpuHCa, HO, ¢ APYrou, pacCUMTHIBAIM HA BBICOKHM
CTEpEO- U  PETHOKOHTPOJb CO CTOPOHBI CHJIAaHOBOM  rpymmbel. B xoxe
AKCIEPUMEHTAILHOW TMPOBEPKHU, NEUCTBUTEILHO, TpaHC(opMalMs OCYIIECTBISIACH
cTepeocneMPUYHO U JIMIIb C HE3HAYUTEIbHBIM MPOTEKAaHUEM HEXKeNIaTeIbHOTO
mpoiiecca, IPUBOJII K UTOTOBOMY OOpa3oBaHWI0 cMecu coenuHeHnit 126a+127a+71a.
Ilocnenusis B xoJie DaJbHEUIIUX ITIOCJIEHOBATEIbHBIX B3aMMOJCHCTBUU C METHJIATOM
HaTpusi B meTaHosie U 10%-HOW XJIOPOBOJAOPOMHOW KHUCIOTOW B TeTparuipodypaHe
npuBeida K coupty 127a u, pernomsoMepHOMy JakToHy ['puko (+)-3, mpomykTy

npoTtoaecuuanpoBanus 71a (cxema 2.57) [285].
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0 0
OH 713, 23%

(+H)-16 OCHO
126a, 55% 127a, 10%

||III| C]CHZOMC |||I|| (+)_3
ann SnCl4 i JTaKTOH ['puko

a) (CH,O)n, HCO,H, H,S0,4 kunsuenne, 2 4; 6) CH;0Na, MeOH, 24 °C, 2 u;
B) 10% HCI,TI'®, 24 °C, 10 muH, 87% (3 craaun).

Cxema 2.57

Yro kacaercs CTEpEOXUMHUH M3YUYCHHOTO MPEBPAIICHUS, TO Pe3yIbTaT OKa3aJcs
JIOCTAaTOYHO HEOXHMJIAHHBIM, TaK KakK [0 aHAJIOTHH C alKWIMpoBaHueM 1o Dpumaento-
Kpadtcy cxoxero ¢ (+)-16 ammmncunana 12 [286] ciaemoBasio Obl OKHMIATh aTaKy
JIeKTpodmiIa ¢  BBINYKIOW  CcTOpoHBl  Owmmmkia (+)-16 ¢ oOpazoBaHuem
COOTBETCTBYIOLLIETO JK30-TIPOU3BOAHOTrO. OJHAKO, B HAIIeM CIIy4ae IPOUCXOAUT
00pa3oBaHUMe NPOJYKTOB OKCUMETHIMPOBaHMS B pesymprare ataku CH,OH co
CTOPOHBI MPOTUBOIOJIOKHOW MesSi-rpyrine U, BEpOsSTHO, CTEPEOCEICKTUBHOCTh Sg2 -
3amerieHus B (+)-16 u 12 3aBucuT oT ycioBuil peakuuu. Tak, eciiu B 0€3BOAHOM cpejie
npomotupyemas SnCl; peakmuss MeTOKCUMETHIIMPOBAHUS XJIOPMETHUJIOBBIM 3(HpoM
NpOTEKaeT KaK CuH-TMIPUCOCAMHEHHE MO OTHOmeHHI0 K MesSi-rpynme npu koHTpoIe
CTPYKTYypO#l Ounmkia, To B peakiuu [lpuHca (+)-16 mpu karanuze MUHEPAIbHOM
KHCIIOTOW BJIMSTHUE OKA3bIBACT OPHCHTAIIMS CUIAHOBOW T'PYIIBI, YTO MIPUBOAUT K AHMU-
atrake 'CH,OH mo orHomenuio x Heil. CiexyeT OTMETHTH, YTO M3BECTHBI IIPHUMEPHI
NMOOOHBIX, MPOTEKAIOMINX IO CXEME aHmMuU-3aMEUICHHs], PEAKINi OUIMKIMIECKUX
QAUTWICWIAHOB ¢ jJedtepupoBanHoi  Tpudotpykcycnoit (CFCO,D) wu  n-

ToJyoJicyashoHoBoM kuciotamu (P-TSA) [287, 288].
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Yro kacaeTcs 10Ka3aTesbCcTBa CTPYKTYphl 127a, To OHa ObuIa MOATBEPXKACHA KaK
nanasiMu NOESY -criektpa ero amerara 129a, Tak U XUMUYECKUM ITyTeM, KOTJa MpU
B3auMojneiicTBun ¢ MeTaHoubHbIM ~ HCl  Obut0  TOJMy4eHO  MPOW3BOIHOE
terparunpodypana 130a. Ilocmennee 00CTOATETHLCTBO TPHUBEIO K HEOOXOAMMOCTH
TpaHchopMali THAPOKCUMETUIILHOM TPYIIbl MPOCTPAHCTBEHHO COJMKEHHON C
JAKTOHHOM YacThio. J1Jist 3TOro ObUIM M3y4eHBbI BO3MOXKHOCTH BOBJIeueHUs ciupra 127a
B peaklUU OKHCIEHUS U OpomupoBaHus. Peakuus OpomMupoBaHUS paccMaTpuBajach
HAMU B KOHTEKCTE HW3Y4YEHHUs KHUCJIOTHOTO pAaCUICIUICHUs JAKTOHHOIO KOJbIA JUIs
n30eKaHUs HeXKenaTreabHoro mporecca (ypanooOpa3zoBaHus. B THUNOBBIX YCIOBHSIX
oOpabotku peareHToM Kopu peakumst r1aako mpoTekasa ¢ oOpa3oBaHUEM
COOTBETCTBYIOIIEro OpommpousBogHoro 13la, a mocnemayroiiee B3aWMMOJCHCTBHE C

MCTAaHOJIBHBIM XJIOPOBOJOPOAOM IIPUBCIIO K O KHAACMOMY MOHOIOUKIMNICCKOMY CMC-

O M602C
6
o —» 0
H ) 120 o 1278 130a
Bl 0 o)
6
j o —> j o~
Br Br cl
131a 132a
0 0
0 <« MM 1272 5 @io
© 133a OHC o
134a

a) Ac,0, Py, 24 °C, 3 4, 95%; 6) HCI-MeOH, -30 °C, 3 1, 85%; 8) CBr,,
Ph3P, CH,Cl, 0 °C, 3 4, 89%; r) CrO3, H,SO, H,0, ateton, 24 °C, 4 4,
48%; 11) PCC, CH,Cl, 24 °C, 6 4, 30%; ¢) PhI(OAc), TEMPO, CH,Cl,
24 °C, 6 1, 60%.

Cxema 2.58
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nranHoMy ranonmoupy 132a (cxema 2.58).

Hpyrum BapwadnToOM TpaHCHOPMAIMKM THUAPOKCHIBHONW TPYMIMBI CTAIH PEAKIIHH
okucieHus cnmpTa 127a. OnHako, ucnonb3oBanue xectkux peareHroB (H,CrO4, PCC)
COMPOBOXKIATIOCH (hparMeHTaruelr W npuBoaMiIo K eHoHy 133a ¢ yMepeHHbIMHU
BBIXOJIAaMH, a B MITKUX YycioBusx npu [EMPO-katanu3upyeMoM OKHUCICHUH
nonoensonauameratom [289], B pe3yabTaTe Murpanuu aBoiHON cBsisu u  C-H-
okuciieHusi, ObUT monydeH anpaerua 134a ¢ Beixogom 60% (cxema 58). OueBuaHOM
NPUYUHON HEXENATEIbHBIX CTPYKTYPHBIX TpaHC(hOpMaliii B XO0J€ OKHCICHHS ObLIO
HaJMyue JABOMHOMN CBSA3W B IIUKJIE, YTO BO BCEX CIIy4asix MPUBOAWIO K O0Opa30BAHUIO
cCOmpsbKEHHOM  kapOoHwiIbHOM  (yHkiuu. Jlasee ObuUla TOpeANpUHSTA MOMBITKA
BOBJICUCHHSI HEHACBHIIICHHOW CBsi3M B anerare 129a B peakiuio HOIIaKTOHU3AIUU,
UHAynupyeMyr Hononuii-katuoHoM tpu neiictBum |Cl [204], kortopas mpuBena k

smokcuiIakToHy 135a (cxema 2.59).

O
+ICI
OAc
129a
a
_>

AcO

135a B
a) IC1, MeCN, H,0, 24 °C, 4 4, 68%.

Cxema 2.59
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HNanueie  NOESY-cnektpa ykaseiBator Ha  all-Cis-3amemienune  BOKpyr

IIUKJIOTICHTAHOBOTO KOJbIAa JTAHHOTO COEIMHEHHUS, YTO CBHUJETEIbCTBYET B TOJB3Y
CJIIEIYIOUIEr0 MPEINOoJaraéMoro MeXaHHW3Ma dSTOTO HEOOBIYHOTO IpEeBpaIleHUS.
OmnpenensromuM (HakTOpOM, BEPOITHO, SIBISIETCA YIaCTUE COCETHEH alleTaTHOM TPYIIIbI
Ha CTaJuu TEHEPUPOBAHUS MOJOHUU-KATHOHA A, KOTOPBIM KOOPIWHUPYET KapOOHMUI
anierata, oOpasysa mpu d3ToM KapOakatuoH B. Ilocnegnuii, B cBOI0 ouepenp,
NPUCOEANHSSL BOJY MPUBOAMUT K opToddupHOro tuma nomyaneramo C. [lanee, uz C
yxon I” (MapmpyT «6») wan H' (MapmpyT «B») MHUIMMPYIOT TaHJEMHBIH NpOLECcC
oOpa3zoBanus »snokcuga 135a. Takum oOpa3om, B XOJe H3yYEHHsS CTEpEO- U
pEeTrnoCeNeKTUBHON (YHKIIMOHATN3AIMU aJTiicuiaaHoBoro (¢parmenrta mo Ilpuncy, B
uTore ObUI MOJIYYEH PsiA HOBBIX MEPCHEKTUBHBIX XHUPAJIbHBIX HUKIONEHTaHOUIO0B 127a
u  129a-135a mnpeacTaBIAOMMX HECOMHEHHBIM MPAKTUYECKUA HWHTEpPEC IS

IIPUMCHCHHA B pa3pa60TI<e IIoAXO040B K OMOAKTHBHBIM COCAUHCHUAM.

Peaxkuyuu  Inoxcuoupoeanun - MOHOUUKIUYECKUX U OUUUKIUYECKUX
anauacunanog. Ilepexons K pacCMOTPEHUIO PEaKLUU SMOKCUANPOBAHUS HEOOXOIUMO
OTMETUTH, YTO JAHHOE HAIPABJICHUE HCCIEAOBAHUN H3HAYAJIBHO pPacCMaTPUBAJIOCh
HaMHU KakK OJHO M3 HauboJiee MPUOPUTETHBIX AJIS aJUTHJICUIIAHOBBIX MPOU3BOAHBIX IO
JIByM OOCTOSITENILCTBAM: BO-TIEPBBIX, HAIMYME COCETHEr0 XUPAJIHLHOTO aTOMa yriepoja,
CBSA3aHHOIO C JOCTATOYHO OOBEMHOW TPUMETWICHUIWIBHOW TpyNmnol H, BO-BTOPBIX,
noJiyyaromuecsi JaOubHbIE 3MOKCUCHIIAHBI HMEIOT CKJIOHHOCTb IpEeTeprieBaTh
KAaTAJIM3UPYEMYIO OCHOBAaHMSIMU M Kucinotamu Ilerepcon-tuma ¢QparmeHTanuoo c
MEPEHOCOM JIBOMHOW CBSI3U MO aHmu-Sg’-MEXaHW3My W HTOTOBBIM 0Opa3oBaHHEM
ammuiaoBbiX  cnuptoB  [269, 290]. WHbIMH ciioBaMH, B pe3yibTaTe JaHHOTO
NpEeBpallleHus] Mbl OXUJAIM peruocnenupuyHoe M CTEPEOCEIEKTUBHOE BBEICHUE
THIPOKCUIILHOM TPYMIBI B IUKIONEHTEHOBBIA OCTOB. Takum 00pa3oM, B MEPCIEKTHBE
3TO O0ECHeunBajI0 BBIXOJ K psAAy OMOAKTHMBHBIX IHMKJIONEHTEHOHOB, a, KpOME TOTO,
CMENICHUE JABOMHON CBSI3M MO3BOJISUIO MEPEXOAUTh K M3YUYECHHIO (DYHKIIMOHAIU3ALMU
HUKHETO OOKOBOTO THAPOKCHUMETHILHOTO (PparMeHTa 0e3 OMacHOCTH HEeKeIaTeIIbHBIX

TpaHchopMalii 13-32 BO3MOXKHOTO COMPSIKEHUS B XOJI€ TAyTOMEPHBIX MEPEXO0JIOB.
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Takke, moapasyMeBas B KaueCTBE TJIABHOM LEIM PEATM3ALMI0 MTOJHOIO CHHTE3a 15-

12,14
-IIpocTarjiananHa J 2, Mbl IIOHUMAJIH, HYTO IIPOBCCTHU HOI[O6HYIO

JIE30KCU-A
«POKUPOBKY» JABOMHON CBS3M MUMEJACH JIUIIb OJJHA BO3MOKHOCTh. DTO OOCTOSTEIHCTBO
MMEJI0 KJIFOYEBOE 3HAYCHHE MPH TMOCTPOCHUU OOKOBBIX IIEMEH, TaKk Kak OJM30CTh
JBOMHOM CBSI3M IIUKJIA K UX LIEHTPaM, B CIIy4ae UX MPEBPAILECHUI, OYEBUIHO, HETATUBHO
BJIUSIJIO HAa CTA0MJIBHOCTh BCEM CTPYKTYpHI B 1IeJIOM. B CBsi3u ¢ 3TUM Oblia MpOBEIEHO
JIOCTATOYHO MAaCIITAOHOE MCCIETOBAHUE MO U3YUYEHUIO PEAKIIMU SMOKCUAUPOBAHUS HE

TOJIBKO CaMHX JIAKTOHOB 16, HO W OPYIux Kak 6I/I-, TaK M MOHOIHNKIIMYCCKHUX

IMPOU3BOAHBIX.

Ocoobennocmu INOKCUOUPOBAHUS OuyuKIUYecKux ANUICUTIAHOG.
Hanbomnbinyto crepeoceeKTUBHOCTh PEaKIMU STIIOKCUANPOBAHUS Mbl 0XKUJIATH YBUETh
JUISL XUPAIbHBIX CYOCTPaTOB, MMEIONIUX HAIPSKEHHYIO OUIMKIMYECKYIO CTPYKTYpY.
HecmoTpsa Ha TO, UTO B CTPYKTypax UEJIEBBIX HHUKIONEHTEHOHOB MPOCTPAHCTBEHHAS
KOH(Urypauusi o0pa3yromencs: allIuIbHON CIUPTOBOM (DYHKIIMM HE MMesa 3HAYEHUS,
TEM HE MEHEE, OHa BCE kK€ MMella MOTEHUUAJbHYI0 BO3MOXHOCTH BJIMSHHUS HAa XOJ
MpeBpalleHui, He Moapa3yMeBaromux €€ mpsMoro ydactus. B KadecTBe NeEpBBIX
KaHAUAATOB ObUTM B3STHI camMHu JlakTOHBI 16. BeIOOp B KadecTBE 3MOKCHINUPYIOMIETO
are’HTa Mema-xXJOpHaA0CH30MHONW KHUCJIOTHI, B CBOIO O4Yepeqb, ObLI OOYCIOBEH HE
CTOJIbKO €€ OOJIbIIel M3y4eHHOCThIO ISl JAHHOTO poja MpEeBpalleHUuH, CKOJIBKO
JIOBOJILHO ~ OOJIBIIUM ~ pa3MEpoOM,  CIOCOOHBIM  OKa3biBaTh  JOMOJHUTEIHHOE
MPOCTPAHCTBEHHOE BIIMSHUE, a TaKX€ OTHOCUTENBHO JIETKOW JOCTYMHOCTBIO 3TOTO
peareHta. B pesynbpTaTe THMOBOTO MpeBpaIieHUs JIAKTOHBI 16 crepeocnenubuaHo
OpUBOIMIM K Ja0uibpHBIM dmokcumam 136a u  136b, koropeie mocremeHHO
TpaHchOpMHUpOBAIKCh B ayumiiaoBble cnupthl 1372 um 137b kak B ycrmoBusx camoi
peakiuu, Tak W MPU OYUCTKE KOJIOHOYHOM XpomaTorpacdueit Ha cumkarene. [loatomy
CBIPBIC AMOKCHUIBI O€3 BBIJEICHUS TOIBEPTaNCh KUCIOTHOW 00pab0TKe, MPUBOISIICH K
OBICTpON (PparMEeHTAIMM C MTOTOBBIM IOJYYEHHEM II€JIEBBIX HECHIMJIMPOBAHHBIX
npousBogHbIx (cxema 2.60) [195, 196]. Kpome TOro, Mel OIEHHIM BO3MOKHOCTH

TpaHcopMalu aJUTUIIBHOTO CIIUPTOBOTO (pparMeHTa B €HOHOBBIN MYTEM OKHUCIICHUS



148

coenuHeHus 137a pearentom Jlecca-MapTrHa, KOTOPO€ C XOPOLIUM BBIXOJIOM IPUBEIIO
K oxumaeMomy nukioneHnreHony 133a [253, 254]. KacarenpHo HaOmromaeMoi
CTepeCcHeU(PUIHOCTH IPOLEcCa MOKCUIUPOBAHUS HEOOXOAUMO MOTYEPKHYTh, UTO
Takas MCKIIOYUTEILHO BBICOKAS! CEIEKTUBHOCTh OKa3aJlach JOCTATOYHO HEOKUIAHHOM.
JUia Hac JaHHBIA (AKT HEJAOCTATOYHO OOOCHOBBIBAICA JIMIIb CTEPUUYECKUMHU
B3aMMOJEHCTBUSIMU MOJIEKYJIbI pE€areHTa U TPUMETHICHIMIIBHOM IPyNIoi U, B KaUECTBE
JIOTIOIHUTENBHOTO (paKTOpa, MbI MPEANONOKHIN HATUYUE BHYTPUMOJIEKYISIPHOTO

KOOPJIMHUPYIOIIETO ACUCTBUS CO CTOPOHBI CIIOKHO3(HpHOTO (hparMeHTa.

Me3Si Me3Sl
\\\\\\< \\\\\\< @ \\\\\\<
6
IIII// O\\\;“l' ’II/// S "I////
()-16 136b HO 1371
Me;Si O Me;Si, O O
3 . 3 ;
0 — 0 —» 0
O
HO
(+)-16 136a 137a
B
O
a) m-CPBA, CH,Cl, NaHCOj 0 °C, 8 u; 6) 9N H,S0,- o
Tr® (1:5), 24 °C, 2 4, 87% (nBe craauu); B) peareHt
Hecc-Mapruna, CH,Cl,, 24 °C, 3 4, 70%. 0 133
a

Cxema 2.60

JUist  OLIEHKM BIMSIHUS CIOKHOA(UPHOW TpyHMbl JIAKTOHHOTO IMKJIA Ha
CTEpPEOXMMHUYECKUI pe3yNbTaT dSMOKCUAUPOBAHUS  AJUTMIJICHIIAHOBOTO  (pparMeHra
XOpOIIO TMOAXOJWJIO paHee OIKMCAaHHOE OWIMKINYECKOe TeTparuapodypaHoBoOe
npou3BojiHOe 82a. OHAKO, MOMBITKU €r0 OKUCICHUS KaK M-XJIOpHa10CH30MHOM, TaK U
HAJYKCYCHOW M HAJIIEBEJIEBOM KHCIOTAMU COMPOBOXKJIAIUCH 00pa30BaHUEM CIIOKHOM

CMECHU HEpa3AECIUMBbIX COCAUHEHUN. BEpOATHON MPUYMHOM 3TOIO MOCIYKWIO HATUYHUE
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JTa0MIIBHON B KUCJIBIX YCIOBUSX MPOCTOU A(UPHON CBSI3U U JJII HUBEIUPOBAHUS 3TOTO
dakTopa, B KayecTBE aJIbTEPHATHBHOTO SIOKCHIAMPYIONIETO areHTa, OBbLIO PEIIeHO
UCIO0JIB30BaTh IN Situ renepupyemsiii aumetminauokcupan (DMDO). B atom ciyuae
OKHUCJICHHE COCAMHCHHS 82a ¢ yMEpPEHHOUW CTEepPEOCENeKTHBHOCTHIO MPUBOIUIO K 3:2-
cMecu ayumiioBeIX cnupToB 138a m 139a, nerkopasnensieMblXx B YCJIOBHUAX IMPOCTOM
KOJIOHOYHOM Xxpomarorpaduu Ha cuiukarene (cxema 2.61). OkucieHue 3THX
COCIMHCHWIA KaK B WHAWBHUAYyaJbHOM BHJE, TaK M BHJE CMecH peareHToM Jlecca-
MapTrHa NpUBOIUIIO C XOPOIIMM BBIXOJOM K IHMKJIONeHTeHOHY 140a. B pamkax
pacCIIMpeHUsT CUHTETHYECKOTO TOTCHIIMAIA TOCIEAHETO, €ro COMpshKEHHAs JIBOWHAs
CBSI3b OblIa TaKXKE JMOKCHIMPOBAHA THIPOIEPEKUCHI0 mpem-OyTHiIa TPH KaTalu3e
JBY ¢ monyuyeHueM MEpPCHEKTUBHOIO SMOKCUIIPOU3BOAHOTO 141a, mpejacTaBisionero

CaMOCTOATEIbHBIN CHHTETHYECKUI HHTEpEC KaK 0a3uc A pa3pabOTKU MOIX0I0B K

Me3SI

—

‘\\\\\\

O—>

o///III,,

82a HO H
138a 3:2 139a

Ol

=
=
=

138a+1392 —— > o) r
_—

O 140a O 1412

a) KHSOs aneron, Bona, NaHCO; ot 0 °C mo 24 °C; 6) SiO,, 70% (aBe cramun) ; B)
pearent Jlecc-Mapruna, CH,Cl,, 24 °C, 3 u, 70%; r) I'TITB, IBY, CH,Cl, , 24 °C, 3
4, 63%.

Cxema 2.61

IIUPOKOMY PsiTy TMPUPOJHBIX COCAUHCHUN: TONMUI(PUPHOrO aHTHOMOTHKA MOHOMHIIMHA
[291, 292], wonodopoB Jlazamocuma [293] u Hownaktuna [294], mnomuKeTHIOB

arieroreHMHoBoro psina [295] u ap. [296].
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Uro Kacaercd CTEpPEOXUMMHUHM SIOKCHIMPOBaHUS coeauHeHus 82a, To
NPOCTPAHCTBEHHbIE KOH(pUTryparuu auactepeoMepHbix cruptoB 138a u  139a
onpeneneHsl Ha ocHoBaHuu AaHHbIXx NOE cnektpoB SMP, rne cunbHbie
B3auMOIeHcTBHsI TPOoTOHOB Tipu atromax C(4) u C(3a) oOHapyKHBAIOTCS KaK JUIS 9HOO-
m3omepa 138a, Tak u B caydae ok30-139a mexny 4°-H u 37-H coorserctBeHHO.
XapakTEepUCTUYHBIMU TAKXKe SIBIAIOTCSA BULlMHAIbHBIE KCCB npoTOHOB Ipu yriepoaax

C(4) u C(3a): amst 138a °Jy 3. = 7.8 'y 1t st 139a °J4 5, = 2.0 I'rg (pric. 2.7).

T
|z

Elllnn.

é HO H
HO I‘Lj H, H, b
NOE \_/
138a 1391;0}3

Pucynok 2.7 — KoppensiuoHHbIe B3aMMOJICHCTBUS B CIIeKTpax coeauHeHnit 138a u

139a

Takum oOpa3zoM, SMOKCUIUPOBAHUE TETPAruApOoPypaHOBOTO MPOU3BOTHOTO §2a
DMDO xapaktepn3oBaioch HEOOIBIION CEIEKTUBHOCTHIO, YTO SIBHO CBUECTEIHLCTBOBA-
JI0 0 c1aboi KOOPIWHAIIMYA MOJIEKYJIBI OKHCIUTENSI CO CTOPOHBI TPOCTOAI(UPHON CBI3U
WM TIOJTHOM ee oTcTyTcTBHH. KpoMe Toro, Gyiarogapss MEHBIIUM pa3MepaM MOJIEKYJIbI
JUMETWIIUOKCUPaHa 1O CpPaBHEHUIO C Mema-XJOpHaJAOCH30MHONW  KHUCIIOTOM,
AMOKCUIUPOBAHUE TMPOTEKAJIO 3aMeTHO ObicTpee M 0e3 o00pa3oBaHUs MOOOYHBIX
MPOAYKTOB. UTO KacaeTcsi KOOPAWHUPYIOMIEH CIOCOOHOCTH TEPOKCHIHOW TPYIIIBI )-
JAKTOHHBIM (ParMeHTOM, TO JTO MPEANOJIOKECHHE PEIICHO ObUIO TPOBEPUTH Ha
rOMOJIOTHYHOM O-ltakToHe 142b. Tlocneauuii 10CTaTOYHO HEOKUAAHHO TOIYYaICS MPH
MIOTIBITKE MSTKOTO KHCIIOTHOTO THPOJIN3a CHIMIBLHOW 3alTUTHOW TPYIIIBI COCTUHCHHUS
100b ¢ yuactrem nonHooOMeHHbIX cMo1 DOWEX+Amberlyst B meranone (cxema 62).
DnokcuaupoBaHue aumiacwiana 142b  AUMETHIAMOKCHpAaHOM U IOCIEAYOIast
OYHCTKA Ha CHIMKarejie NPHBOIWIA K HWHAMBUAyaJIbHBIM snuMmepam 143D

COOTHOIICHUEM H30MEpOB 5HO0/ok30 = 3:1. Crieyer OTMETUTh TO, YTO TOJOOHBIMA
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CTEPEOXUMHUYECKUN  pe3ynbTarT  ObUI  OXHJAAEM H  TOATBEPAWSI  HaIU4He
KOOPJIMHUPYIOIIETO BIWSHHUS CIOKHOX(UPHOW TPYyMIMBL, XOTSI W  OCIAOJIEHHOTO
BCIEACTBUE OOJbllIeld YOajJeHHOCTH OT JABOMHOW cBsa3u. Jlamee, sTta cmech Oblia
OKHCJICHAa JI0 OWIMKINYeckoro eHoHa 144b, xoropeni Obul TpanchopMUpOBaH B
TOMOAQHAJIOT  ITUKJIOCAPKOMHUITMHA 145b, oONamaIMii  aHTUPAKOBBIMHU U
aHTHOMOTHYECKUMHU cBoiicTBamMu [253, 273, 297]. Kpome Toro, Hac 3aMHTEpecoBaja
BO3MOXKHOCTh TIOJIyUCHHS Ha €ro OCHOBE SK30METHJIMJICHIIMKIONCHTeHOHa 146D,
MPEACTABIAIONIETO COO0OWM MPOCTEUINEro MpPEeNCTaBUTENsT psijia OMOAKTHBHBIX KpOCC-
COIPSDKCHHBIX POCTAaHOWIOB, 00JIaJalouX MPOTHBOPAKOBEIMU cBoicTBaMu [298].
OpHako TOMBITKA KHCJIOTHOTO PACHICTUICHHWS JIAKTOHHOTO IIMKJIA  JIEHCTBHEM
METaHOJIBHOTO XJIOPUCTOTO BOJIOPOJa MPUBOAMIIA JIUIIHL K OCOMOJICHHIO PEAKIIMOHHOMN
MaccChl, BEpOSITHO, U3-3a HECTAOMIIBHOCTH €HOHOBOTO (hparMeHTa B KUCJIOU cpenae. Tem

HC MCHCC, ObLIH IMIPOBCACHEI IIPCABAPUTCIILHBIC OMoOMCIIBITaHUS HA OUTOTOKCUYHOCTD

Me,Si Me,Si
3 3 W 0
\\\\ “\\\\\
= \cone a o © 6, B Y
E— q’ w /O
",
“u,, /OTBS ,,//// /O y
100b 142b HO 1 43b
an0o/sx30 = 3:1
\\\\\\Y \\\\\\YO
—> ., H
/I///// ’///////
144b 145b
HCI-MeOH
\\\\\
\CO2Me

a) DOWEX/Amberlyst (1:1), MeOH, 24 °C, 16 u,
77%; 6) Oxone, NaHCOj5 aueron, ot 0 °C no 24°C, 4

o g; B) Si0,, 88% (mBe cragum); r) peareHt [xoHca,
146b aneron, 0 °C, 1 4, 79%; 1) H, Pd/C, MeOH, 24 °C, 3
4, 98%.

Cxema 2.62
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camoro nakrtona 144b [273, 310], xoTtopble MPOAEMOHCTPUPOBAIN €0 AKTUBHOCTH
(IC50, MxM) 1o oTHOIICHHIO K JUHUSAM pakoBbiX KieTtok MCF (30.14) u SH-SY5Y
(21.30) cpaBHUMYIO ¢ TIOKa3aTessaMu oO1iel nmuToTrokcudyHocTd HEK293 (25.84), uto
yYKa3bIBa€T Ha TMEPCHEKTUBHOCTh JAbHEHIIEr0 TOHCKa TOMOOHBIX CTPYKTYD,
coJiep KalluX IUKIONEHTEHOHOBBIN (hparMeHT.

Takum o00pa3oM, B XO0J€ U3YYCHHUS OIOKCUAMPOBAHUSA OUIMKINYECKUX
AITWIICUIIAHOB, HaMHU OBbUT TOJMYYEH psAJ BaXKHBIX pe3ynbTaToB. Bo-mepBbix, Oblia
OIICHEHa BO3MOKHOCTh HCIIOJIb30BAaHUSI B KAue€CTBE SMOKCUAMPYIOUIUX AareHTOB M-
XJIOPHAIOCH30MHOW KHUCIIOTHI W JUMETWIIUOKcHpaHa INn Situ. Bo-Bropwix, ObutH
OINpEJENEHbl CTEPEOXUMUYECKUE (PAKTOPhl PEAKUMHU: OTTAJKUBAIOIIMA CO CTOPOHBI
TPUMETUIICWINIBHOW TPyNIbl U KOOPAMHUPYIOIIHUNA CO CTOPOHBI CIOXKHO3()UPHOTO
(dparmenTa, HanbOosee SBHO MPOSBISIOIIMXCSA B CiIydae OMIUKIMYECKUX )-JIAKTOHOB,
IPUBOJS K cTepeocneupuIHOMY 00pa30BaHUIO HOO-3TIOKCUIIOB. Takke pe3ysbTaToM
3TOM 4YacTh palbOThl SBWJICS CHHTE3 psAa MEPENEeKTUBHBIX OWUIMKINYECKUX
LIUKJIONEHTAHOUIOB,  HAlNpuUMEp  TeTparupoypaHoBble  IPOU3BOJHBIE  WJIHU
rOMOIMKJIOCapKOMULIMH. OJHaKo, s pacCMOTPEHHs BO3MOXKHOCTH CHHTE3a Ooiee
CJIOKHBIX COCMHEHMM, TPEOYIOIIMX HapalMBaHus OOKOBBIX YacTel, HEOOXOIUM ObLI
nepexo] K MOHOLMKIMYECKUM ITPou3BOAHBIM. KpoMe Toro, 1BolHas CBS3b B LIUKJIE, B
3aBUCUMOCTH OT CBOEIrO pAacCIOJIOKEHHS OKa3blBala BIUSHUE Ha Pe3yibTaThbl
npeBpalleHnii OOKOBBIX YYacTKOB. B CBSI3U ¢ 3TUM, «pPOKHPOBKA» ABOMHOU CBSI3U MpPHU
nepexojie AITWIICUIIaH— aJTUIIOBBIN COUpT IpeJICTaBIsIIach Hauboee

1eJ1ecO00pa3HOM MOCIe OJHOYIJIEPOAHOTO YAJIMHEHHSI BEPXHETO OOKOBOTO y4acTKa.

Ocobennocmu  INOKCUOUPOBAHUA ~ MOHOUUKIUYECKUX  AJLIUICUTIAHOG.
HecmoTpss Ha  NOJIOKUTENBHBIE  PE3YJIbTATHl, MOJYYEHHBIE IIPU  U3YUYCHUH
AMOKCUJIMPOBAHUSA psAa OULMKINYECKUX aJUTHJICUIAHOB, TMOSIBICHHUE aJUIUIBHOTO
CIMPTOBOTO MJIM EHOHOBOIO (pparMeHTa Ha TaKOM paHHEM »JTale HaKJaJbIBalo
Cepbe3HbIE OIPAHMYEHUS HAa BO3MOXKHOCTH JalibHEWIIEH padoThl ¢ APYTMMH YaCTIMHU
IUKJIOTIEHTAHOBOTO OCTOBA, YTO IMPEACTABISIOCH OCOOEHHO BaXXHBIM B paMKax paboT

I10 MHOFOCTaHHﬁHOMy HalpaBJICHHOMY CHHTC3Y OMOAKTHUBHBIX OUKJIOIICHTAHONJOB.
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3nech, Oosiee  TPaBUIBHBIM  SIBIISJIOCH  OCYIIECTBJICHHE  SIIOKCHUIMPOBAHUS
MOHOIIMKJIMYECKUX COCAMHEHUH ¢ HEOOXOAMMBIM 00pa3oM  IMOATOTOBJICHHBIMU
OokoBbIMH  ¢parMeHTamMH. lloaTBEpKIEHHMEM JTOTO CIOYXKHJ TOT JKE€ CHHTE3
TOMIIUKJIOCApKOMUITMHA 145D, OCYIIECTBICHHBIN IOCIIE TOMOJIOTH3AIlUU JaKTOHHOMN
qacTH 4Yepe3 MOHOIMKINYECKoe TNpou3BoAgHoe. Takum oOpa3oMm, B KadecTBe
MOJIXOJAIINX CyOCTpaToB pemieHo ObUIO BBIOpPATh COCAMHEHUS IIOJYYCHHBIC

KHCJIOTHBIM U BOCCTAHOBHUTCIIbHBIM PACHICIINIICHUSAMHA JIAKTOHHOI'O IUKJIA.

Inokcuduposanue npoodyKkma KUciomHuoz2o pacujenjieHus 1aKmoHHo20 YUKida.
Cunme3z memunoeozo »3Igupa (+)-ouoesmemunmemuienomuyuna A. Spxum
IPUMEPOM CHUHTETHYECKOW MEPHEKTUBHOCTH MOHOUMKIMYECKUX AJUTUJIICHIIAHOB TaKkKe
MOXXET TIOCTY)KHTh KOPOTKHM CHHTE3 aHajora IMKJIOMEHTEHOHOBOTO aHTHOMOTHKA
METUJICHOMHIIMHA A, OCYIIECTBJIEHHBI HaMH B XOJ€ HM3YyUYCHHs SIOKCUIUPOBAHUS
coeaunenus 70D — mpoayKTa KMCIOTHOTO PacUICIICHHS JTAKTOHHOTO IuKia Oioka (-)-
16. Cam MeTWICHOMUIIMH A, BBIIEJICHHBIH u3 cpex (¢GepMeHTauuid OakTepuit
Streptomyces, npuBiekaeT BHUMaHUe GYHKIIMOHATBHOM 3arpyKEHHOCTBIO CTPYKTYPHI U
HAJIMYUEM HECKOJBKUX JJICKTPOPMIBHBIX IEHTPOB [299] M mposBiIsSeT aKTHBHOCTH
NPOTUB TPAMM-TIONIOKUTEIBHBIX W TPaMM-OTPUIIATETILHBIX OaKTepuil, a TakKke
addexkTrBeH TpoTHB JeroyHoi kapumHombl Jletomca y wbmmen [300, 301]. Kak
W3BECTHO, OWOJIOTHYECKAasl aKTUBHOCTH IOJOOHBIX JTaHHOMY COCIMHEHHIO KPOCC-
COTPSDKEHHBIX CTPYKTYP CBSA3aHA C MX CIMOCOOHOCTBIO K KOBAJCHTHOMY CBS3BIBAHUIO C
SH- u NHj,rpynmamu  GenkoB-muimeHedt  [302]. Mbl  NpeAnoNoKWIA, YTO
MPUCYTCTBYIOIINE B CTPYKTYPE METUIICHOMHUIIMHA A BUITMHAIBHBIC METHUIBHBIC TPYTITIHI
MOTYT  3aMETHO  3aCJOHITh M  OCHA0JNATh  aKTUBUPOBAHHBIM  KapOOHWIOM
AIEKTPO(HUIILHBIA OKCUPAHOBBIA (parMEHT MOJIEKYJIbl W PEIIMIM CHHTE3MPOBATh,
BEpOSTHO, OOJiee AaKTUBHBIN, 3a CUET YMEHBIICHHS CTEPUYECKON 3arpyKeHHOCTH,
auae3sMeTHIbHbI anajgor 147b (cxema 2.63). Taxke, B OTiMYHEe OT METUICHOMHUIIMHA
A, B coemuHenun 147D wuCKIIOYEH W TOJOXKUTEIBHBIM HWHIYKTUBHBIA 3(deKT
METUJIBHBIX TPYII MOHUKAIOMUX aKIENITOPHBIE CBOMCTBA JIPYTrOT0 IK30METHICHOBOTO

aJIeKTpoPHIIbHOTO IieHTpa. Kpome Toro, MoHonukimyeckui ammuicuiad 70b xopoiro
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HOJXOIWI JJIsi U3YYEHUS] BO3MOXKHOCTEH TpaHC(OpMali CHUIaHOBOTO (hparMeHra B
AJUTWIIBHBIA CIIUPTOBOM M, Jajnee, B LUKJIONEHTEHOH. COrIacHO peTpOCHHTETUYECKON
CXeMe Mepexo/]] MIIaHUPOBAJICS OBITh OCYIIECTBICHHBIM B HECKOJIBKO MPOCTBIX CTAIHA,
BKJIIOYAIOIIMX B  ce0s  ANOKCHAWPOBaHME/(PparMeHTalnio,  SIMOKCHANPOBAHUE,

OKHUCJICHHUC U ACTUAPOTraJIOTCHUPOBAHUC.
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Cxema 2.63

[Ipu peanuzamuu cuHTe3a coemuHeHus 147b  snokcummpoBanme 70b
OCYIIECTBIUT  M-XJIOPHAQJIOCH30MHOM  KHUCIIOTOM, OXHAas, COIVIACHO  HAaIluM
MPEANOJIOKEHUSIM, JOTOJHUTEIIBHOTO KOOPAWHUPYIOIIETO KOHTPOJISI CO CTOPOHBI
CIOKHOA(DUPHOW TPYNNbl U, CIEJOBATEIbHO, BBICOKOW CTEPEOCETEKTUBHOCTU
npeBpaieHus. OHaKo, MpU KOHTPOJIE 3a XxoA0M peakiuu metonoMm TCX, peakuus
npotekaia ObicTpo (1 4) ¢ 0Opa3oBaHHEM CMECH MaJlOCTa0MIIBHBIX 3MOKcHI0B 149b u
150b. /[lanmpHeiiliee BbIICPKUBAHUE PEAKIMOHHON CMECH B O3THX K€ YCIOBHSIX
MOKa3bIBAJIO IMOJIHYIO KOHBEpPCHIO oHOo-uzomepa 149b B crmpr 151b B TeueHum 12
4acoB, a B Cjy4ac JIPYrod aHaJOrMYHOM mapbl mpou3BoaHbix 1500 m 152b mumb 3a
JIBO€ CYTOK. DTHU pa3lIdyus MOATBEPXKIAIOT XOPOIIO W3BECTHBIC JAHHBIC O OOJIbIIEH
JIETKOCTH (parMeHTalldd B CJIy4ae mMpaHC-PACTIONOXEHUS CWIMJIBHOM TPYIIBI K
OKCHUPAHOBOMY ITMKIYy. 371€Cb HEOOXOIWMO OTMETUTh M TO, UYTO YCTOMYHMBOCTH ITHUX

IIPOU3BOAHBIX OKa3ajldaCb HCCKOJIBKO 6OJIBIHGI>'I, 4YCM IIOJIYYCHHBIX H3 6I/II_II/IKJ'II/I‘-IGCKI/IX
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QUTMIICHIIAHOB. Tak, KHUCIOTHOCTH CHJIMKArels NpH XpoMaTorpaduuecKol OUYHCTKe
ObUIO HEMOCTAaTOYHO A WX (parMeHTallMM, a CTaHAapTHas oO0padoTKa CepHOM
KHUCITIOTOM MpOTeKasia XOTs M JIOCTaTOYHO OBICTPO, HO COMPOBOXKAANACh 00pa30BaHUEM
MOOOYHBIX COCTUHCHHA MOMHMO OCHOBHBIX SIUMEPHBIX aJLTMIIOBBIX criupToB 151D m
152b. VYnpoBieTrBopuTelbHBIC PpPE3yJIbTaThl OBUTM JOCTUTHYTHI TPH HCIIOJIBb30BaHUH
0oJsiee MATKHX YCJIOBHH KaTaln3a n-ToiyojcyiabhpoHaroM nupuauaus (p-PTS), kotopeie

C BBICOKMM BBIXOJIOM IPUBOAMIHN K 3:2-CMECH IIEJICBBIX COCTUHCHMM (cXxema 2.64).

(0] B (0] ]
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\\\\\\\\\ J\O/ w O/
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3:2
151b 152b

a) m-CPBA, CH,Cl,, ot 0 °C mo 24 °C, 1 4; 6) 9N H,SO,, auokcawn, 24 °C, 3 4, 40%; B) auokcaH,
Boxa, p-PTS, 6 4, 24 °C, 87%.

Cxema 2.64

[To3aHee HaM ymanoch ONTHMH3HMpOBaTh ycioBus mepexoxa 70b—151b+152b
nyTeM J00aBJIeHUS ATOr0 KaTalu3aTopa HEMOCPEACTBEHHO MPH SMOKCUIUPOBAHUU. UTO
KacaeTcsl CTePEOXMMHUYECKOTO pe3yibTara, TO CHIKEHHE OKHUIAEMOW CEIeKTUBHOCTH,
BEpPOSITHO, OOYCIIOBJIEHO OTTAJKMBAIOMIUM 3(P(EKTOM aTroMa XJjopa, 3aTPYIHSIONIAM
MOJIXOJ] OKUCIMTENS C 3TOW >K€ CTOPOHBI MOJIEKYJbl. UTO Kacaercs yCTaHOBJICHUS
a0COIOTHOW KOH(UTYpalui TOJYYCHHBIX SMUMEpHbIX cnupToB 151b u 152b, To,
INOMHMO KOCBEHHBIX JIOKa3aTEJbCTB B BHUIEC O0XXHUJIAEMOW CTEPEOCENIEKTUBHOCTH U

paSJ'II/I‘—II/Iﬁ B CTaOMILHOCTH MOJIYHaCMbIX ITPOMCIKYTOYHBIX SITOKCHIOB, TAKXKCE ObLIN
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IIOJIyYEHBI ITOATBEPKAAIOIIME JaHHble cieKTpoB SIMP. Tak, curnansl aToMOB yriepoaa
C(4) u C(5) m3omepa 151b wu3-3a addexra CTSPUUSCKOTO CIKATHUS SABJISAIOTCSA Oolee

CHJILHOITOJILHBIMU (pHC. 8).

0] (0]
A A

48.49 53.37

m "
H m— "y Hinm "y
75,08 79.98

Cl HO Cl
151b 152b

OI””I“

H

Pucynok 2.8 — XapakTepuCTUYHbBIC CUTHAJIBI YTIICPOAHBIX aTOMOB B anuMepax 151b u

152b

CreayrommM IIaroM CTaj0 BBEACHUEC WHIWBHIYAIbHBIX aJUTHIIOBBIX CIHUPTOB
151b u 152b B emie OHY peakiUi0 SHOKCHIUPOBAHHUS C M-XJOPHAIOCH30MHON
kucioToi. [Tpu 3ToM HaOIOIATOCH CEEKTHBHOE 00pa3oBaHKe SMOKCUCTTUPTOB 1530 u
154b, 9t0 MOXET OBITh MHTEPIPETUPOBAHO KAK PE3yJbTAT CTEPUUYECCKOTO KOHTPOJIS
aTakd HAJIKHUCIOTHI U3 [-00JIacTH B ClIy4ae yuc-OpUEHTAIlMM BCEX 3aMECTHTENCH B
mukionenTeHe 151b w HampaBmstomero BIWsHUS Tuapokcwia B 152b (momoOHsri
KOOpJAMHAIIMOHHBIH KOHTposib B 151b 3arpymnen wm3-3a crepuueckux (akTopoB u
BO3MOXHOTO  BHyTpuMOJekyasipaoro {—O-H--Cl-}-cBa3piBanus). Ilocnemyromue
pEaKIMi OKHUCIICHHS XJIOPXPOMATOM MUPHUAWHHSA B O00MX CIIydasX COMPOBOXKIAIUCH
MUMUHUPOBAHUEM XJIOPUCTOTO BOJOPOJA W TMPUBOIWIM K OOpa30BaHUIO IIEJIEBOTO
aHaiora MmetuieHomuiHa A 147b. MHTepecHo TakKe W TO, YTO IMOMBITKA W3MEHEHHUS
TOpsIJIKa TIPOBEICHUS PEAKITUI STTOKCUIUPOBAHMS M OKUCIICHUS, Yepe3 TPOMEKYTOUHOEC
NOJYYeHHE 9SK30METHIIMICHIMKIONEHTEeHOHa NOr-146b ycmexom He yBeHYasach,
BEPOSITHO,  BCJCACTBHEC  JAOMIBHOCTH  KPOCC-COMPSDKCHHOH  CTPYKTYpPHI  TIPH

B3aMMOJICHCTBHH C OKUCIIHTEIEM (cXxema 2.65).
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nor-146b
a) m-CPBA, CH,Cl,, 24 °C; 6) PCC, CH,Cl,, 24 °C.

Cxema 2.65

Takum 00pa3oM, HaM yAAQJIOCh OCYHIECTBUTH MPOCTOM M 3(P(EKTUBHBINA CHHTE3
JU/I€3METUIILHOTO aHAJIOra IIUKJIONEHTEHOHOBOTO aHTUOMOTHKA METUIICHOMULIMHA A Ha
OCHOBE MOHOIIMKJIMYECKOTO MPOAYKTa KHCIOTHOTO PACUICIUICHHs JIAKTOHHOTO IUKJIA.
Takke OTMETHM TO, Y4TO, HECMOTPSI Ha HU3KYHO CTEPEOCEIIEKTUBHOCTh NEPBOM CTAIUU
AMOKCHJIMPOBAHHUS, TOBTOpPHAS pEakuusi MPOTEKajla HCKIIOYUTENIbHO CHEIU(PUYHO B
o0oux ciydasgx 0OpHUBOAS K OJHOM M TOH >K€ MPOCTPAHCTBEHHOW OpUEHTALUU
okcupanoBoro mukia [195, 249]. OcyiiecTBIeHHBI CHHTE3 BHOCUT BECOMBIM BKJIal B
OO pe3yNbTaT CUHTETUYECKOrO MPUIIOKEHHSI pacCMaTpUBAEMbIX HAMH XHPaJIbHBIX
UCXONHBIX COeAUMHEHHWd. TeM He MeHee, paccMaTpuBas BapUaHT KHUCIOTHOIO
pacierieHust JaKTOHHOTO 1MKIIA, CJIeIyeT MPU3HATh €ro HeAOCTATOYHO yJIOOHBIM IS
«pa3BEPTHIBAHMS» HAa  €ro0  OCHOBE IIMPOKOTO  MOAXOAAa K  Pa3IMYHbIM
nuKIoneHTaHonaam. Tak, ecnu cioxHOd(pUpHAs rpynna npeacTaBiseTcss yIoOHO! s
nanbHEHe padoThl, TO XJOPMETWIbHBIN (parMeHT, B CBOIO OuYEpeib, SBISETCS
JIOBOJILHO ~MpOOJIEMHBIM ~ y4yacTKOM. HauOosiee NEpCleKTUBHBIMU IMYTSAMH €T0

TpaHchopMaIiu MOTYT OBITh JETUAPOXJIOPUPOBAHKUE C BBIXOJOM K 3K30-METWIHICHY U
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JanbHEWIee ero Kpocc-CoueTaHue WM MmojdydeHue (ochoHUeBo comu s
B3aUMOJAECUCTBUA 10 Burrury. B  3ToM  cMbICiie  CHHTOHBI  IOJYyYE€HHBIE
BOCCTAHOBJICHMEM JIAKTOHHOTO  ITMKJIa, HECOMHEHHO, TIPEACTaBIAIOTCA OoJjiee
MEPCIIEKTUBHBIMM M YHUBEPCAJIbHBIMU 11 CHHTE3a CaMOro UIMPOKOTO psjia

MUKJIOIICHTAHON OB, B TOM YHCJIC U ITPOCTAIJIaHINHOB.

Ocobennocmu  INOKCUOUPOBAHUA  NPOU3BOOHBIX  BOCCHIAHOGUMENbHOZ0
pacuienyieHus J1aKmoHHo20 yukaa. Panee yxe ObUIO OTMEYEHO TO, YTO BapUAHT
nepexoia OT OWIMKIMYECKOro JaKkToja IIyTeM BOCCTAaHOBJEHHUSI JO JHOJa U
MOCJEAYIONIEE pa3/ieIeHUe €ro MOHOCWIMJIOBBIX 3(GHUPOB B paMKax HaIpPaBICHHOTO
CUHTE3a IUKJIONEHTEHOHOB CJIOKHOTO CTPOEHHS ObUl BBIOpAaH HAaMU B KadyecTBE
HauOosiee yI0OHOTO U MepcrneKTUBHOr0. CaeayronuM BaKbIM IIaroM JjIsl peain3aluu
BBHIODAaHHOM CTpaTeTUU CTaJI0 U3YYEHHE OCOOCHHOCTEW AIOKCHUIAMPOBAHMUS OITUX
MOHOIIMKJIMYECKUX TMPOU3BOJHBIX € JU(DPEpeHIIMPOBAHHBIMU  THAPOKCUILHBIMU
rpymnmaMd.  OTOT  MOMEHT  SIBJSETCS  OCHOBHBIM IS (OPMHPOBAHUS
[IUKJIONIEHTEHOHOBOTO OCTOBA II€JIEBBIX CTPYKTYp U TMEPBBIM KaHAWAATOM CTaj
HEIOCPEACTBEHHO OJIMH M3 MOHO3AIIWIICHHBIX JIHOJIOB — coeauHeHne 81D.
OnokcuaupoBanue crnupra 81D B THMOBBIX i1 M-XJIOPHAIOCH30WHOW KHCIOTHI
YyCIIOBUSIX TpuUBENO K oOpazoBaHuio 2:l-cMecH JABYX TMPOAYKTOB PACKPBITHS
OKCHPAHOBOr0 IMKJIa: ajumwioBoro crnupra 155b m moGounoro mnenrasamemnieHHOro
nukionenrada 156b. OueBuaHO# TpUYMHOW 00pa3oBaHMs TOCIEIHETO MOCITYKUIO
y4acTHe THIPOKCUIBHOW Tpynmbl. [ cpaBHEHUS KOOPAMHHUPYIOIMINUX CIIOCOOHOCTEH
CIIO)KHO3(UPHON M CIHUPTOBBIX TPYIMI B aHAJOTUYHOM MPEBPAIICHUH OBLT HWCIBITAaH
takxke ameraT 157D, KOTOpBIi ¢ BBICOKMM BBIXOJOM  TPaHC(HOPMHPOBAJICS
UCKIIOYUTEILHO B aumwioBelid  crnupt  158b. IlpumeuartenbHo, 4Yro 00paboTKa
MEHTA3aMENIEHHOTO MPOU3BOAHOTO TETPAOyTHJIAMMOHUU(DTOPUAOM, KaK W THAPOJIN3
arierata 158b Ha MOHHOOOMEHHBIX CMOJIAX MPUBOIMIA K OJHOMY U TOMY K€ TPHOJIY
159b, 4T0, B CBOIO OYEpe/b, KOCBEHHO IMOJITBEPKIATI0 YCTAHOBICHHYIO CTEPCOXUMHIO

npoaykToB (cxema 2.66).
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Cxema 2.66

Uro KacaeTcsi yCTaHOBJIEHHsS aOCOJIOTHOM KOH(UIypallMu MOJYyYE€HHBIX

, TO, IIOMUMO OXHUJAEMOM CTEPEOXMMHH IIpolecca

ATMOKCHJIMPOBAHUS XUPAJIbHBIX aJUIMJICUIIAHOB, CTPYKTYPbI ObUIM TaKKe MOATBEPKICHbBI
>

coenunenuit  155b u 156b
naHHBIMU ABYMepHBIX (2D) criektpor SIMP (puc. 2.9). Kpome Toro, HeoxuaHHasI
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156b

156b



160

«JIeTKOCTh» (pparmenTanmu coeauHeHust 156D ¢ oOpazoBanmem Tpmona 156b mpwu
TOBOPDUT B TIOJIB3Y

B3aMMOJCHCTBUM C TETPaOyTHIAMMOHUH(PTOPUAOM  TaKxKe
BBIOPAHHOTO Mpanc-pacloNOKEHUST YXOIAUIMX Ipyn (CHUIAaHOBOM M KapOOHWIIBHON),

4YTO HOATBCPIKAACTCA JIUTCPATYPHBIMU JaHHBIMHW IJIs1 HOI[O6HOFO ponaa npeBpameHHﬁ

[271].
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Cxema 2.67
KOHUTypanu  TONy4YeHHbIX  coequHeHuit  155b-157b

Y cTaHOBJIEHHBIE
MO3BOJIMJIA TIPEAIOJNIOKUTh BO3MOXHBIE BapUaHTHl MOJYYEHHUS] MEHTa3aMEIIEHHOTO
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npousBoHoOro. Tak, ecinu oOpa3oBaHue ayutriioBoro crmpra 155b nerko oOwscHseTcs
U3BECTHBIM MPOIECCOM MPOTOACCHIMINPOBAHUS HeCTabUIbHOTO 31mokcuaa B (myTh «a-
O», cxema 2.67), To Bropoii mpoaykt 156b moskeT ObITh MOayYeH ABYMS pa3iHuHbIMH
MYTSMU: 110 TPOIIECCY CXOXKEMY € MPOTOACCHIHINpPOBaHUEM (TIyTh «a-B») [303] wiu B
X0JIe CaMOT0 ATIOKCUINPOBAHHUS 110 COTJIACOBAHHOMY MeXaHU3MYy (IyTh «T»). B monb3y
COIIACOBAaHHOCTU NIPEBPAILECHUSI TAKXKE MOXKET TOBOPUTh M TO, YTO IHPOBEACHUE
peakiuu B npucytctBun NaHCO; He n3MEeHHII0 UTOTOBOTO pe3yibTaTta. Brmpouem, 1o
MOTJIO OBITH CBS3aHO CO CJIOYKHOCTBIO HEUTpaM3allUU M-XJIOPOEH30MHON KHUCIIOTHI B
IBYX(a3HOU peaKkMOHHOU cpefe.

Takum 00pa3oM, ouepeAHOW OMBIT C HCIOJIB30BAHHEM M-XJIOPHAIOEH30MHOM
KHUCJIOTBI MPOJEMOHCTPUPOBAN OINpPEACICHHYI0O HEOJHO3HAYHOCTh €€ JIEUCTBUS, YTO
BMECTE€ C JOBOJBHO BBICOKOM TIPOJODKUTEIBHOCTRIO peakuuid B clydae psaa
COEIMHEHHUH MPUBENI K HEOOXOAUMOCTH BBIOOpA B KAUECTBE 3MOKCUIUPYIOIIETO areHTa
OoJee mpencKka3yeMoro pearenra. JJuMeTHIInOKCUPaH, TeHEpUpyeMBIi in Situ, Xoporio
nmokasaj ce0si B MPEeNbIAYIINX OMBITax, MPUBOAS HCKIIOYHTEIHHO K JMOKcHaaM 0e3
ClIeI0B 00pa30BaHMs MOOOYHBIX coequHEHUM. OcTaHaBIMBasi CBOM UTOrOBBIN BBHIOODP HA
ITOM peareHre, kKak 0a30BoM sl (YHKIIMOHATU3AIIMN aJUTMJICHIIAHOBBIX ()parMeHTOB,
Ha mpuMmepe coeauHeHus 81b  Takke ObuUlO TMPUHATO pelleHHE  CPAaBHUTH
CTEpPEOCENEKTUBHOCTh 0OOUX MPOLIECCOB OKUCIIEHUSI.

[Mlpu craHAapTHOM UCHOJIB30BAHWU JTUMETWIIMOKCHpaHa in Situ B ciydae
MOHO3AIIUIIEHHOTOo arojia 81b mpoucxomuno obpasosanue 4:1-cMecu smokcuaoB 160b
u 161b, u3 xoropeix 160b mocne B3aumoneicTBUS ¢ CHUIHMKareiaeM IMPH BBIICICHUH
KOJIOHOYHOM Xpomarorpadueii mpuBoauil K amumiaoBoMy coupty 155b, a 161b
BBIJICIISICS. B HeM3MeHHOM BHie (cxema 2.68). B moaTBepikaeHHe yCTaHOBICHHOM
KOH(UTypaIyu, TUAPOIN3 CHIIMIBHOMN 3allIUTHOW rPpyNIbl coequHenus 155b oxumnaemo
npuBoaAnI K Tproay 159b. 3mech HEOOXOAMMO MOAYEPKHYTH TO, YTO B HAIPABICHHOM
CHUHTE3€ MOJO00HOE ynaJeHHe 3aIIMTHON TpyMIbl HEPAHMOHAIbHO U TO3TOMY MAJIs
okcupana 161b ObpuIO BakHO HaWTH TpHUEMIIEMbIC YCIOBHS Ui (parMeHTAIUH,
He3aTparuBarolue Jpyrue ydacTku Mouiekynbl. [loaxonsmieit oOpaboTkoil sSBUIOCH

B3aMMojciicTBre coenuHenus 161b ¢ 9:1-cmechio MeraHONIa M YKCYCHOM KHCIIOTHI,
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KOTOpOC, HCCMOTpsS Ha JOBOJIBHO 60J'Ib]]ly}0 MMPpOAOJDKUTCIIBHOCTL, IIPUBOJIHIIO

UCKITFOUUTENLHO K anMepy 162b [253, 304].

™S /OTBS T™MS OTBS T™S OTBS
.\\\\\\\\ ““\\\\\/ ““\\\\\/
a +
/OH — OH OH
’I///// O\\\“““" "l,,I//// 3 "11,/////
81b 160b 4:1 161b
Si0, 6
OH OTBS OTBS
m\\\\\\/ ”‘\\\\\\/ ”\\\\\\\/
B
OH —-— OH OH
) ""////// > "”'I//// ""//////
HO  159b HO  1ssp HO 162

a) Oxone, aneToH, Boaa, ot 0 1o 24°C, 1 4, 85%; 6) AcOH, MeOH, 24 °C, 56 4, 88%; B)
DOWEX, MeOH, 24 °C, 1 4, 92%

Cxema 2.68

Yo Kacaercss  CpaBHEHUS CTEPEOCENICKTUBHOCTH  JIEUCTBUSA  JBYX
AMOKCUAMPYIOIMIMX areHTOB, TO MOXHO CJeNaTh BBIBOJ, 4YTO .M-XJIOpHaAOCH30MHas
KHCJIOTa, 00jaaas OOJIBIIUM pPa3MEPOM IO CPAaBHEHUIO C JUMETWIIUOKCHUPAHOM,
aTakyeT Oosiee crenu@UUHO C TMPOCTPAHCTBEHHO MEHEEe 3aTPYJHEHHOW CTOPOHBI.
['uapokcunbHas U CIOXKHOI(UPHASL TPYIIbI, HA MOIXOSIIEM YJIaJeHUH OT JBOMHOMU
CBsI3M, O0OJAJAl0T KOOPAMHHUPYIOUIUM JIEUCTBHEM IO OTHOIIEHUU K OKHUCIUTEISM.
OpHako OTCYTCTBME KHUCJIOTBI B PEAKIMOHHOW Cpele JeNaeT HCIOJIb30BaHUE
JTUMETHIIMOKCUPaHa 00Jiee KOHTPOJUPYEMBIM, TIPU COKPAIIICHUH BPEMEHHU Tpoiiecca U
OTCYTCTBUU TTOOOYHBIX MPOAYKTOB. KpomMe Toro, roBopsi 0 CHHTE3€ IUKJIONEHTEHOHOB,
opueHTaIus oOpa3yrolieicss B Utore, nocie ¢GparMeHTaluy, THIPOKCUILHON TPYIIIIbI
HE UMEET CYIIECTBEHHOTO 3HAYCHHUSI, TaK KaK B UTOTE€ OHA JIOJIKHA OBITh OKUCIICHA.

B o061iem, okucaeHre MOHO3AIIMIIICHHOTO arosia 81b mo3Bonmio caenath BIOOP

NoAXOoAAIICTIO p€arcira, HO Ha CJICAYIOIICM 3TaIllC pCIICHO OBLIO IMPOBCPUTHL CACIIAHHLIC
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BBIBOAI Ha 00Jiee TPOJIBHHYTHIX M CHHTETUYECKH TEPCIEKTHUBHBIX COCTUHEHUSX.
Cpenu TakoBBIX MBI OCTAaHOBWJIMCh Ha CHHTOHAxX, MPOLICAINNX TEPBBIA HTall
IOCTPOCHHUST BEPXHEH IIEIHU MpocTarjanauHoB: ciiokHoM s¢gupe 100b u anpaerume 99b
(cxema 2.69). Taxke HEOOXOAMMO TMOAYEPKHYTh, YTO B O0OMX ciydasx oOe cTaauu
nepexojia OT aUTWICHIaHA K aUTWIOBOMY CHHPTY MPOBOJMIUCH 0€3 BBIICICHUS
ATMIOKCHJIOB, BBUAY MX IUIOXOW pa3IeTMMOCTH cOorlacHO aHanm3y metojgoMm TCX u, B
MPUHIINIIE, B OTCYTCTBUH B 3TOM MpsiMO HeoOxonumMocTu. [Ipu 3ToM, eciiu MEeTHUIOBBII
5¢up NPUBOAMI K HTOTOBOMY IIOJydYeHHIO 1ByX smuMmepoB 163b u 164b B
COOTHOWICHUU 7:1, TO MOCJie B3aMMOJCHCTBUS ajibJCTHJIa C HECKOJbKO MEHBIINM
BBIXOJIOM yJIaJIOCh BBIJICIUTH JIUIIIb OCHOBHOUM m3oMep 165b. [TosToMy, HECMOTps Ha To,
YTO MOCTEAHUIN MpeACTaBisieT cOO0M yKe TOTOBBIN JUIsl JOCTpAaMBaHUs BEPXHEH Ienu
CUHTOH, CJIOXHO3(UPHBIA OJIOK OKazajcsi Oojee CTAaOWIBHBIM H, CJEI0BATEIbHO,

NPEAMOYTUTEBHBIM JJIs IPOBEICHUS SMOKcHanpoBanus [252, 253].

Me3Si
) CO,Me 4 6 CO,Me CO,Me
89%
., OTBS OTBS
. OTBS . 3 5
b, $ 7z o
HO
100b 163b 7.1 HO 6
Me;Si
\\\\\\ \\\\\\
CHO 4,6 3 CHO
otes 7
., OTBS
v N
99b HO  6sp

a) Oxone, aneToH, Boja, ot 0 g0 24°C, 1 4; 6) AcOH, MeOH, 24 °C, 6 u.

Cxema 2.69

Nrak, ObuIM onpesiesieHbl BCEe KIIFOUYEBbIE MOMEHTHI (DYHKITMOHATU3AIMKU 0a30BBIX
QUTUIICWIIAHOBBIX  OWIIMKIIMYECKUX JIAKTOHOB Ha TNYTH K I[HUKJIONEHTEHOHOBBIM
MpocTarjiaHiuHaM, BKJIIOYash TpaHC(opMaluioo OCTOBa U TMOJTOTOBKY BBEJCHUS

OokoBbix 1memei. CaMbpIM  BaXHBIM  3TalloM PabOThI  CTalO  TOCIEAYIOIIee
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HCTIOCPCACTBCHHOC HCIIOJIB30BAHHUC IIOJIYYCHHOI'O OIIbITa I pCalin3allii IIPOCKTA
IIOJIHOI'O CHHTEC3A.

2.3 MoHblii cHHTE3 MeTHI0BOTO 3pupa 15-ge30kcn-A' >

-mpocTarJaHauHa J, u3
(3aR,6R,6aS)-6-(TpumeTniacuiami)-3,3a,6,6a-rerparuapo-1LH-

uukjIoneHTalclgpypan-1-ona

[IpeacTaBneHHble B NPEABIAYIINX pasjfeiaXx pe3yabTaThl HCCICAOBAHHM
MO3BOJIMIIA TIEPEUTH CJICAYIOMIEMY OYCHb BaKHOMY Iary, a WMEHHO pean3aIluu
MOJTHOTO aCUMMETPHUYECKOTO CHHTE3a OWOJIOTMYECKH AKTUBHOTO ITMKJIOIICHTAHOWIA.
KoneuHno, 10 3TOro ObLIM MpeCTaBICHBl MHTEPECHBIC BAapHUAHThl CHHTE3a KakK YiKe
W3BECTHBIX CTPYKTYp, TaK M WX AQHAJIOTOB, OJIHAKO, OHM OBLIM BBIMOJHEHBI 3a CYET
HE3HAYUTEIBLHOTO YCIOKHEHHS 0a30BBIX COeIUHEHUH. JIeMCTBUTENBHO cepbhe3Has
poBepKa, KoTopas OBl JOKa3biBaja IEPCIHEKTUBHOCTH BCEro pa3padaThIBacMOTo
[I0JIX0J1a, Ha HAIll B3I/, JOJDKHA OblIa 3aKJII0YAThCS B IMOJHOM MCIIOJB30BAHUHU BCEX
MOJTYYEHHBIX PEe3yJbTAaTOB, KacaloIUXCSd M TpaHCPOpMaIlid OCTOBAa, M IOJATOTOBKHU
OOKOBBIX YYacCTKOB, a TaKXXe BBEICHUS CaMUX IIENIEH C HTOTOBBIM TOJYYCHHEM
HAaTUBHOM (hOPMBI IECIICBOTO COeAMHEHUs. PaHee yxe ObIO HEOTHOKPATHO YIOMSHYTO
TO, YTO HanboJee MHTEPECHBIM U YJIOOHBIM JIJII CHHTE3a JIs Hac IMpeacTaBisuics 15-
)ICBOKCI/I-Alz’14-HpOCTaFJIaHI[I/IH J;, Kak OYeHb TEPCHEKTUBHBIA ITUKIONMECHTAHOWI,
o0J1aaroIIyil 3HAUUTEIIbHBIM IMOTCHIIMATIOM B (hapMaKOJIOTHICCKUX U OMOMETUIIMHCKHUX

o0J1acTaX.

2.3.1 PeTpocHTEeTHYECKHUIT AaHAIU3: CTPATETUsl, PETPOHBI U CHHTETHYECKHUE

IKBUBAJICHTbI

IleneBass CTpykTypa WMeEET TpU KIIIOYEBBIX (parMeHTa: IUKIONEHTEHOHOBBIN
OCTOB U COYJICHEHHBIE C HUM JIB€ OOKOBBIC 0- U -1I€MU. AHAJINU3 TMOJYyYCHHBIX paHee
JAHHBIX M0 (YHKIIHOHAIN3AINUN BRIOPAHHOTO MCXOAHOTO AJLTHICHIIAHOBOTO JIAKTOHA (-

)-16 mpuBen Hac K CICAYIOIIMM HauOojiee palMOHAIBHBIM TpaHC(hHOPMAIIUIM,
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HEOOXOIMMBIM B paMKax pealii3aliu cXxeMbl moiHoro cuHTe3a (cxema 2.70). C omHoi
CTOPOHBI, JIB€ TOCJTENOBaTENbHBIE peakuu Buttura ans HaBedeHUS BEPXHEU IIETIH:
OJTHOYTJICPOTHOE YJIMHCHHE (A1) U CIIMBKA C WINIAOM IEHTAHOBOW KHUCIOTHI (Ay), a ¢
Ipyrol — aJKWIMPOBAaHME C TPOM3BOAHBIM  |-TenTeHa i TOJy4YeHUs
npeamecTBeHanka HmwkHer menu (W), Kpome Toro, BakHas dYacTth paOOTEHI
3aKJIoyangach B IOJATOTOBKE ITUKJIONIEHTAHOBOTO OCTOBAa Oa3MCHOTO COCTUHEHWS.
[Tocneanee TpeboBanoO Kak PYHKIIMOHATH3AIMIO JAKTOHHON YacTH C LEJbI0 MOTYYCHHS
QIIBJICTUTHBIX WM JPYTUX MOAXOMSAIIUX TPYIII MO MECTaM BBEACHHUS OOKOBBIX IICTICH,
Tak ¥ TpaHCHOPMAIUIO ALUTWICHIAHOBOTO Y4YacTKa B aJUIMIIBHBIM CIUPTOBOM, Kak
npooOpa3 IUKIONEHTEHOHOBOTO spa. UTo KacaeTcs 3TOr0 MOMEHTA, TO MPOBEICHHBIC
paHee HCCiIeOBaHUS IO3BOJIWIM BBIJCIUTh B KadeCTBE HamOOJee MepCIEeKTUBHBIX
BapHaHTOB (PYHKIIMOHANHM3AMK 0a30BBIX CTPYKTYp peaknuto BocctaHoBieHus (H) u
NOCJIEI0BATEIBHOCTh dMOoKcuAnpoBanue-pparmentauus no Ilerepceny (E). Taxum
o0pa3oM, CIEQYIOIUM 3TallOM CTajo OIpENeeHHEe Ha OCHOBAaHMM HUMEIOLIUXCS
pe3ynpTaToB  Hamboiee  ONTUMAIbHOM  TOCIEAOBATENbHOCTH  IPOBEICHHUS
0003HAYCHHBIX KJIOUEBBIX TpaHchopmanui (Aj), (Az), (W), (E) u (H) ma nytu x
IEJIEBOMY COETMHEHHUIO.

Cnenyer oOTMETUTb, UYTO B XOJE€ JajibHEHIIEro H3JIO)KEHHs Oyner
paccMaTpuBaThCS MaKCUMalIbHO BO3MOXKHOE KOJIMYECTBO BAPUAHTOB IOCTPOEHUS
[IEJIEBOM MOJIEKYJbl, OJHAKO TMOTCHIMAJ pealn3allid KaXJAO0ro H3 HUX OyneT
OLICHUBATbCS B COOTBETCTBUU C IOJYYEHHBIMH paHee pe3yJbTaTaMH HCCIEeTOBaHUI.
Tak, oueBUIHO, 4TO BoccTaHOBIeHUE (H) MOKHO MpeANecTBOBATh CTAIUSM BBEICHHSI
eTeid, HO MOXET OBITh OCYIIECTBJIICHO KaK JI0, TaK W mocie smnokcuauposanus (E).
[Tocnennee, B cBOIO ouepenb, HaUOOJIEE PAMOHATIBLHO OCYIIECTBISATH 1O TMOSBICHUS
JIPYTUX ABOWHBIX CBsi3ed B MoJjekysie. B mobom ciydae, padota mo ¢GopMHUPOBAHUIO
OCTOBa TMpeACTaBsIach Hambojee CIOXKHOW M CHUJIBHO 3aBHcela OT MOpsIKa
MPOBENCHUSI TeX WIM HWHBIX TpaHchopmanmii. Takum o0pa3om, HamMu ObLT BBHIOpaH
0azoBbiii perpon E/H 11 ocTtoBa, HENOCPEICTBEHHOE TOJYYEHHE KOTOPOTO
IPEJCTaBIsUIOCh HELEJIecOOOpa3HbIM U MAJOBEPOATHBIM H3-32  OJHOBPEMEHHOTO

HaJIW4Ms OOJIBIIIOr0 KOJIMYECTBa HCHACBIIICHHBIX CBsI3eH IIpu MaJIbIX pasMEpax
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MOJIeKyJbl. TeM He MeHee, MOSBICHHE ATHX (PParMEHTOB MJsl pead3ally MOJIHOTO
CHUHTe3a ObUI0O HEoO0XOAMMO U JajbHeWmass paboTa 3akiroyaigach B IOCTPOEHUHU

HOI[XO,HHHICfI IHOCJICAOBATCIBHOCTH UX (I)OPMI/IpOBaHI/ISI.

W— Az At
CO,H ———> + Ph3P=CH,(CH,);CO,H ——> + Ph3P=CH,-OCH;

Petpon A2 Perpon Al
\%4
}{\/\/\/ — Rl/\/\/\/ R, = Hal, (n-Bu);Sn ...
Perpon W
Me;Si
\\\\\ \“\\\\\\
E/H m\\\ 0
.
/// "II// Rz
O
(0)
()-16 Perpon E/H
R, =CHO, CH,
Cxema 2.70

ITpu paccMoTpeHnH PEeTPOHOB OOKOBBIX IENEN ClIeyeT MOAYEPKHYTh, YTO OHH, B
CBOIO Ouepe/lb, BIIOJIHE pEaJIbHbl M WX BBIOOP OCHOBBIBAJCS W3 CIEIYIOIINX
COOOpaXX€HUM: BO-TIEPBBIX, ObICTpas M JieTKash JOCTYMHOCTh U, BO-BTOPBIX, HX
UCIIOJIb30BAHUE JIOJDKHO OBbUIO OOecnedyuTh CBOOOAY MJisi BO3MOXKHBIX BapHalMi U
noa0opa MOAXOMAIUX yclioBuid. Tak, /st BEpXHEH Ienu, Kak yxe ObUIO yIOMSHYTO,
HauOosiee parMoHaIbHON U 3P (HEKTUBHOM MPEACTABIIACH TOCIIEIOBATEIHLHOCTh JABYX
peakuuii Burttura: omgHoyriiepoaHoe ymimHeHHE ¢ perpoHoM Al u oOpa3zoBaHue
ydacTKa, COJIepKaIero ABOMHYIO CBsI3b B HeoOxonumon Z-koHdurypaimu ¢ A2 (cxema
2.70). B kauecTBe CHHTETUYECKHUX SKBUBAJIICHTOB B THITOBBIX YCIOBUSIX OBLIH MOJTYYCHBI
dbochoHueBbIE COMM METOKCUMETWIXJIopuaa 166 u 5-OpomrmeHTaHOBON KUCTOTHI 167
(cxema 2.71). B cBoto odepennb AJi BBEICHUS HUKHEH 1IEH, YUUTHIBasi €€ 0COOEHHOCTH

CTpOEHHs, B KauyecTBE HamOoJiee BEPOATHHIX BAPUAHTOB MBI PACCMATPHUBAIHN PEAKIIUH
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ATKWUIMPOBAHUS albJeTHIa WM OJCUHUPOBAHUS TIO XEKYy 9K30-METHIIHICHOBOMN
rpynmbl. J7s 3TOro W3 J0CTaTOYHO JIETKOAOCTYHMHOTO 1-renmTuHa OBLJIO pEIieHo
CHUHTE3UpPOBaTh OJKBUBaJEHT peTpoHa W, moaxomsmuii mis o00OMX BapHaHTOB
couetanus. Tak, IyTeM BOCCTAHOBJICHUS JACHCTBUEM AUH300YTUIATIOMUHUNUTHAPUIA
HocIeaAyIomeil 00paboTKOM MOJIEKY/ISIPHBIM HomoMm N Situ ObuT mmosTydeH mpanc-1-

roxarenrted 168 ¢ BBICOKUM BBIXOIOM.

/\o/ — 7 hy"P /\O/

Ccr
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Br MOH Ph, +p Ol

Br

Cl

167

168

a) PhyP, C4Hg 24 °C, 16 4, 90%; 6) Ph;P, MeCN, kunsiuenue, 20 4, 95%;
B) DIBAL-H, C¢H,4 ot -30 no 50 °C, 3 u; 1) I, TI'®, -10 °C, 2 4, 84%

(nBe cragun)

Cxema 2.71

Ilocne  IOCTMXKEHHsS  ONPENCIICHHOW  SICHOCTH  OTHOCHUTENIBHO  CTPYKTYP
CUHTETUYECKUX SKBUBAJICHTOB, a TaK)X€ BAapUAHTOB BBEJACHUS OOKOBBIX II€TEH, MBI
nepenuii K 0osiee JIeTaJbHOMY aHAM3Y HMMEIOMIMXCS BO3MOXKHOCTEH MO MOJTOTOBKE
CaMOro OCTOBAa MOJIEKYJIBl. Y UUTBIBasi KOMIAKTHOCTH LIMKJIONEHTAHOBOTO KOJIbLA, Y HAC
OTCYTCTBOBaJia BO3MO>KHOCTb TOYHO CIIPOTHO3UPOBATh pPE3YyJbTAT TEX WA HHBIX
MOCJICIOBATENBHBIX MPEBPALICHUN B 3aBUCMMOCTH OT IOPSJIKA UX OCYILIECTBICHHS. B
NEPBYIO OUYepelb PEIICHO ObUIO PAacCCMOTPETh BO3MOXKHBIE COUYETaHHSI BBIOPAHHBIX
0a30BbIX BapuUaHTOB (yHKIMOHANM3aMKU. Tak, eciau A MOJMy4YeHUs aJUTMIIbHON
CIUPTOBOM  (GyHKIMK peakuus smnokcuaupoBanus (E) Obuta, B mpuHIMIe,
0e3aJbTEPHATUBHOM, TO BOCCTAHOBUTEIBHOE IMpEBpAIleHHE JAKTOHHOM 4YacTu B
3aBUCUMOCTH OT THIIa peareHTa, Kak 3TO yKe ObUIO MOKa3aHO paHee, OCYIIECTBISIIOCH

HAa pa3MuHyl0 TIOyOwHy. BoO-TIepBBIX, [0 JaKTOJIBHOTO (parMeHTa JeiCTBUEM
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mum3o0yTmnanromuaniruapuaa — (Hp), a, BO-BTOPBIX, 10 1MOJa MPU BOCCTAHOBICHUH
amomoruapuaom mutust — (Hp). Ormerum, uro tpancdopmanus (Hp) npencrasisiach
Ooyiee palMOHANBHOM, TaK Kak B 3TOM cilydae cpa3y OOpa30BBIBAJICS JIaTEHTHBIH
aJIbJICTUIHBIA Y4aCTOK IO MECTy BBEICHHsS BepxHeill OokoBoil memu. B cmyuae ke
MOJYYEeHUs JUOJa MPOUCXOAUIIO0 yUTMHEHNE CUHTETHUYECKOW MOCIeI0BATEIbHOCTH U3-
3a HEOOXOIMMOCTH CO3JaHMs yCcIoBUA it AuddepeHurpoBanHON pabOThI ¢ Kax 10l U3
MOJYYCHHBIX THAPOKCUMETWIBHBIX Tpymm. OIHAKo, CIEAyeT OTMETHUTh, YTO B ITHUX
00CTOSITENILCTBAX CHUTYyallMsl CTAHOBHJIACH 0oJiee KOHTPOJIUPYEMOH € OJHOBPEMEHHBIM
YBEIUYCHUEM KOJUYECTBA CIEAYIONIMX MOTCHIMATBHO MEPCIICKTUBHBIX MIaroB. Takum
o0pazom, HaOOp CHHTETUYECKHX SKBHUBAJICHTOB OBUI OOYCIIOBJICH Pa3HBIM IOPSIKOM
NPOBEICHUS OKHCIUTEIFHOW UM BOCCTAaHOBUTENIBHOW TpaHcdopmaruii, a Takxke
CTETICHBIO TIyOWHBI TochenHedl u3 HuX. [Ipu 3TOM BaXHO OBUIO YYHUTHIBATH CTaTUH
BBEJICHUS OOKOBBIX 1ieriell Aj, A, 1 W, KOTOpBbIe CiieZ1oBajio ObI OCYIIECTBISTH B ClIydyae
HOSIBJICHHSI TTOTEHIIMAFHO OJIATONPUSATHBIX UL 3TOTO YCIOBUH. Jlanee, yduThIBas psia

O6CTO$ITCJ'IBCTB, HaIrpumep CTCpGOCHCHI/I(l)I/I‘-IHOCTB 1 BBICOKHH BBIXOJ ITOCIICIOBATCIIb-
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Cxema 2.72
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HOCTH 3IOKCHIUpOBaHUs-(parMeHTanuu (coequnenre 137D), ymoOcTBO IaKkTOIBEHOM
GYHKIINKA U 0KHIaeMoe 00IIee YUCIO CTaaui, HaMu OB ONIPEACNICH CIACAYIOMUNA PsiT
CUHTETUYECKUX SKBUBAJIIEHTOB B MOPSIKE BO3pACTAHUS MPUOPUTETHOCTH U3yueHUs: 169
(E-Hp), 170 (E-H.), 73b (Hp) m 171 (H,). Cienyer OTMETHTh, YTO B XOJE
npeapiayied paboThl yKe ObUT MOJy4YeH IENbld psAl COSAUHEHUM, 00J1aJaroimux
NOAXOMASIUMHA K BBHIOPAaHHBIM CHHTETUYECKUM OHKBHUBAJICHTaM CTPYKTypamH (cxema
2.72).

Tak win nHaye, nMepexojs K pa3pabOTKe CXEMBbI MOJTHOTO CUHTE3a, Y HAC UMEJICS
JIOCTAaTOYHO COJIMJIHBIN 3a7eN AKCIICPUMEHTAIbHBIX JaHHBIX, KOTOPBIC YK€ K ITOMY
MOMEHTY TIO3BOJIUTH  CHOPMYJIUPOBATH  OMPEACICHHBIC BBIBOJBI, KACAIOIIHECS
MEPCIEKTUB paccCMaTpUBAEMBbIX HampaBiieHud. Tem He MeHee, MPeCTaBISETCs 1EIeCo-
oOpa3HBIM TIOCJICIOBATEIPHO PACCMOTPETh BCE OTH BAapUAHTHI HMCKIIOYHUTEIHHO B
KOHTEKCTE peaju3alliy MOJTHOTO CUHTE3a 11eJIeBOM MOJIeKyJibl. K ToMy e, MoJyuYeHHbIe
paHee pe3yJabTaThl B OCHOBHOM OTHOCWJIMCh, Ha Hall B3I, K CaMoOMy
MHOTOOOCIIAINIEMY, TEPCIICKTUBHOMY W TPOAYKTUBHOMY CIIOCOOY TEpBHYHOMN
(YHKIIMOHATM3AIMA MCXOTHOTO JIakTOHA (-)-16 myTem TriyOOKOro BOCCTaHOBJICHUS
(HL). HerpynHo 0OpaTuTh BHUMaHKHE Ha TO, YTO B pa3padaThIBACMOM ITOJHOM CHHTE3¢
TOMY BapHaHTy ObLI OTJaH HAMMEHBIIHMN MPUOPUTET, TaK KaK IMPHU IUIAHUPOBAHUHU
MHOTOCTaJIUIHBIX TIOCIIEIOBATEIHHOCTEH CYIIECTBEHHYIO POJb HTPAeT MaKCHUMAJIbHO
BO3MOKHOE€ COKpPAIICHUE YKCJa MPEBPAIICHUNA U YBEJIMYEHUE CEJICKTUBHOCTH. TakuM
oOpa3zoM, cieayromas 4YacTb pal0OThl 3akioyajgach B aHaJIW3€ BO3MOXKHOCTEH
pealM3aliid TOJHOTO CHHTE3a IIEJIEBOM  MOJIKYJIbl  TOCJIEIOBATEIbHO  Yepes
cuHTeTH4Yeckue skBuBayieHTHl 169, 170, 73b m 171, cornmacHo paHee ompeieiieHHOM

nocieaoBareapbHocT [253].
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2.3.2 Crepeocnennpuueckoe 3MOKCUAUPOBAHUE KAK MEPBBIii 3Tan

q)yHK]_lI/IOHaJ'IHZSa]_[HH 6I/IHI/IKJII/I‘IGCKOFO JJAKTOHA

Kak yxe 0pu10 0003HaY€HO paHee, SNOKCUAUPOBAHNE AJUTUIICUIIAHOBOIO YYacTKa
0a30BOro OMLMKINYECKOTO JAKTOHA MPEICTABIISAIO 3HAYUTENBHBIM UHTEPEC 110 LIETIOMY
pAAy OpUYUH:

- crepeocnend(PUYHOCTh  MpEBpallleHUs,  O3HAaYarollee  OTCYTCTBUE
HEOOXOAUMOCTH, IIyCThb JaXe M BpPEMEHHOM, paboTbl C HN30MEPHBIMU
COCIMHEHUSIMH, aHaju3a OOJBIIEr0o 4YHciIa CTPYKTYp, a TaKXKe peleHus
BOIIPOCOB, CBA3AHHBIX C BO3MOXKHBIMH PpA3JIMYUAMH B PEAKLHUOHHOM
CITOCOOHOCTH;

- BBICOKHIA BBIXO/] PEAKLIUU;

- IPOBEJIEHUE HTOr0 TNpPEBpalleHUs Ha paHHEW cTaaud TpeOoBania
HEOOXOAMMOCTh MOCIEAYIOLIEro BBEAEHUS OOKOBBIX LEMEH, coaepx aliux
JIBOMHEBIE CBSI3U.

Taxum 00pa3zom, mpuHUMAasi BO BHUMaHUE OYEBUIHBIE MTOJIOKUTEIbHBIE MOMEHTHI,
pPacCMOTpPEHHUE HTOrO0 IMpPEBpAllCHHs] B KauyecTBE IMEPBUYHOrO ObUIO JUIsl Hac
NPUOPUTETHBIM. Tak Kak B pe3yJibTaTe 3MOKCUIUPOBaHUs/ (pparMeHTaluy, o CymecTBy,
pemaics BOINPOC MOATOTOBKM IMKJIOINEHTAHOBOIO OCTOBA, TO CIEAYIOIIMM 3TarioM
SBJISUIOCh M3YYEHHE U BHIOOP MOJIXOJALIEIO BAPUAHTA BOCCTAHOBJICHHS JIAKTOHHOTO
LMKJIa U3 PAacCMOTPEHHBIX paHee Ui aUIMJICUIAHOBOrO Ipou3BoAHOro. Ilpm stom
TaK)K€ BO3HHMKaJla HEOOXOJMMOCTH 3alllUThl OOpa3yrolencs auIMJIbHOM CHUPTOBOM
rpynnel, BO H30ekaHHMe, B  JajJbHEWIIEM, HEKEJIaTeJbHOrO  BIUSHUS  Ha
METAJJIOPraHUYECKUE peareHThl M CIOKHOCTEH ¢ auddepeHnanueld ¢ HOBBIMHU
CnUpTOBBIMU TpynmnaMu. OJIHaKO, HECMOTpPs Ha pa3HOOOpa3ue 3alllUTHBIX TPYII, B
HallleM ciay4yae BbIOOp ObUT KpaiiHe orpaHuueH. IloMHMO [HOCTymHOCTH camMuX
peareHToB, OMNPENCNAIOIINMU OKa3aJUCh €IIe HECKOJbKO (PaKTOPOB: BO-TIEPBBIX,
BBIOpAaHHbIE BapHaHTbl TMOCTPOCHHS OOKOBBIX IleNed JieJald  HEBO3MOKHBIM
UCIIOJIb30BAHUE TPYIIl YYBCTBUTEJIBHBIX K JCHCTBUIO OCHOBAaHUM W, BO-BTOPBIX,

INPpHUCYTCTBUC B MOJICKYJIC  HCHACBLIIICHHBIX  YY4aCTKOB TaKXE  OI'paHHYHBAJIO
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UCIOJIb30BaHUE TUIAPOTCHONM3a M CHATUS 3aumTHbIX rpynm. Ilo cyrtu, namGonee
NOAXOJSIIUMH TPEACTABISUINCh T€, KOTOPbIE MOIJIM OBITh yJajeHbl B JajJbHEHIIEM
JOCTaTOYHO MSTKOW KUCIOTHOW 00paboTkoi. [Tpu 3TOM Hampumep co3aHue 10BOJIBHO
MaJOCTaOMIBHOTO  ME3WJIATHOTO ydacTKa Ha CTOJb paHed craguu  ObLIO
OecrepCeKTUBHBIM, a WCIOJb30BAaHUE CUJIWIBHBIX PEAareHTOB, YUYMTHIBAs BEPOSITHOE
UCIOJIb30BaHUE MX OOBEMHBIX MPEACTABUTENCH B JUOJBHOM BAapUAHTE TaKXKe
IPUIUIOCh OTKJIOHWUTh. B mTOre Ham BbIOOp Majl HA METOKCUMETHIIBHYIO 3alIUTHYIO
Ipyniy AOCTaTOYHO YAOOHYIO Kak IpH IMOCTAHOBKE, TaK M NpU yaajdeHuH. Tak,
00pabOTKOM B THUMOBBIX YCIOBHSIX METOKCHMETHIIXJIOPUAOM, TUApOKcHIakToH 137D ¢
BBICOKUM BBIXOJIOM OBUT TpaHC(OPMHPOBAH B COOTBEeTCTBYIOIUU 3up 172D (cxema
2.73). Takum 0Opa3om, HaMH OBUI MOJIyYEH KIIFOYCBOW OJIOK, COAEpIKaIliuii mpoodpa3
€HOHOBOTO (PparMeHTa M TOTOBBIA ISl JajdbHEWIIEro W3y4eHUsS BO3MOXKHOCTEH

BOCCTAHOBHTENIBHBIX TpaHCPOPMALIUH JIAHTOHHOTO IHKIa [253].

MC3SI
\\\\\\« \\\\\\K \“‘“{
,[[Be cragun a
"/I// 87% ’/I/// \ :lII//

HO\\\ MOM

(-)-16 137b 172b

a) MOMCI, DIPEA, CH,Cl,, 24 °C, 3 4, 95%.

Cxema 2.73

Jlakmonvnotit eéapuanm ynkyuonanuzayuu naxkmounnozo koavua (E-Hp).
[IpuopuTeTHOCTH B BEIOOPE JAHHOTO BapuaHTa (YHKIMOHAIU3ALWH JJAKTOHHOTO IIUKJIa
B TMEpBYI0 oOuepeab Oblla CBsi3aHa C M3BECTHOM AKTUBHOCTBIO B PEAKLHUAX
ojlepuHUpPOBaHUA 1O BUTTUTY BHYTPUMOJIEKYJSPHBIX MOJyaleTadbHBIX TPYII, IO
CYTH, MPEJICTABISIOMINX COOOM JaTeHTHbIE anbaeruanbie Gynkuuu. Kpome toro, y Hac
TaKKe UMEJICA ITOJI0KUTENBHBIN ONBIT BOBJICUCHUS JAHHOIO Y4aCTKa B OJHOYIJIEPOAHOE
yIUIMHEHUE B CiydYae aJUTWICHIAHOBOTO Tipou3BojgHoro 73D, omucaHHblid panee. [Ipu

9TOM TaKXK€ HGO6XOI[I/IMO OBILI10 IIPUHATL BO BHUMAHHC JOBOJIbHO HCOXHWAAHHYIO
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JETKOCTh M CIIOHTAHHOCTh TOBTOPHOTO JIAKTOJIOOOPA30BaHMsI 0Opa3yIOLIErocs
eHomdupa. Tem He MeHee, y4YHTHIBasS BO3MOXXHOE YIPOIIEHUE PEaKIIMOHHOM
MOCJIEIOBATEILHOCTH, @ TaK)K€ B KOHTEKCTE CPaBHEHHS PEAKIMOHHOW CIIOCOOHOCTH
JAKTONBHOTO (hparMeHTa B 3aBHCHUMOCTH OT (HYHKIIMOHAJIM3AIUU ITMKJIOMEHTAHOBOM
4acTH, pPAacCMOTPEHHE JaHHOTO BapHaHTa IOJXO0Jla MPEACTABISUIO OIpEeACICHHbIN
untepec. Kpome Toro, ogHUM U3 VIaBHBIX  (AKTOPOB, MPHUBOIAIIMX K
MPEUMYIIECTBEHHOMY TPOTEKAHUIO HEKEIATEIHbHOTO IMOOOYHOTO MPOIEcca, MBI
CUMTAJIM HaJMYUe P-IIBOMHOM CBsi3W mukiaa. Kak W 0XHAANOCh, ABYXCTaIUNHHOE
npeBpaineHne coenuHeHus 172D, Bkirodaromee B ce0si BOCCTAHOBICHHE JO JAKTOJA
173b u mocnenyroiee TUNIOBOE OJCPUHUPOBAHUE IT0 BUTTHTY, IPOTEKaIo OBICTPO H C
BBICOKUM BBIX0JIOM. OTHAKO ¥ 3TOT OMBIT XapaKTEPU30BaJICs 00pa30BaHUEM MOOOYHOTO
MeTHIIOBOTO 3upa J-makrona 175b B xome peakmmm (cxema 2.74). Ilpu 3tom ero
coliepkaHre OBbLIO CYIIECTBEHHO HIDKE, 4YeM [UIs aJUTWICWIAHOBOTO aHajiora —
cooTHoIeHHe eHoydupa 174b x cmemannomy aneramo 175b cocrapmsno 1:1 [253].
Koneuno, B pamMkax 3alulaHUPOBAHHOTO HAMH CHHTE3a OJTOT pe3yiabTaT ObLI
HEY/IOBJIETBOPUTENIbHBIM, TaK KaK AaKTUBHOCTb O-JIAKTOJIOB CYIIIECTBEHHO HUXKE B
peaknusx oJe(UHUPOBAHMUSA, a TOMBITKA THIPOJIM3a €ro METHWIOBOro 3dupa B
CTaHJAPTHBIX KUCJIOTHBIX YCIOBUSIX, OJTHO3HAYHO, MPUBOMIIA Obl HAC K MoTepe Oolee
Ja0MIIBHON 3aIUTHOM TPYMIBI U CYIIECTBEHHOMY YCIOKHEHHIO MapIIpyTa B IIEJIOM.
OnHako yka3aHHBIE MPOOJEMBI MMEIOT MECTO TOJBKO B pPaMKaX OIHOYTIEPOIHOTO
YIJIMHEHUS W CBSI3aHbI, B MEPBYIO OYEpeb, C MAJON CTaOMIBHOCTBIO E€HOMI(PUPHOU
rpynmsl. PaccmaTtpuBas ske TaHHBIN BapyaHT (QYHKITMOHAIH3AIIUN B OOIIIEM CMBICTIC
@ \\\\\< \\\\\i @.\\\\\\\ro\ \\\\YOMe
""// \ 'I/// \ ""’//\ @

$
N
(0)

MOMO\\ MOMO MOM OH

172b 173b 174b 1:1 175b

a) DIBAL-H, CH,Cl,, -78 °C, 1 1, 92%; 6) CI'TPh;P*CH,OCH,], NaHMDS, tomyon, ot -78 110 0 °C, 2 1, 90%.

Cxema 2.74
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CTOUT 3aMCTHUTb, YTO OH COXpPaHSACT 3HAYUTCIIbHBIC IICPCIICKTHBBI W, HCCOMHCHHO,

MOJKET OBITh HCIIOJIL30BAaH AJ1 peajin3dal APYIrux CHHTCTHYCCKHUX CHHCHAPHCB.

Juonvuvtii  éapuanm @ynkyuonanuzayuu Jaakmonnozo koavya (E-Hp).
[lepBoHavasibHO 0003HAYEHHBIE MPEUMYIIECTBA JIAKTOJBHOTO MyTH CUHTE3a OKa3aJUCh
HUBEJIMPOBAHBI CIOKHOCTAMH, CBSI3AHHBIMH, B IIEPBYIO OYEPE/lb, C MAJILIMU pa3MepaMu
LMKJIA, YTO MOCIYKUJIO IPUYUHON MEePEeXo/ia K pACCMOTPEHUIO CIEAYIOLIEr0 BapUaHTa.
On 3akmoyancss B COXpaHeHUM HS(PGEKTUBHOCTH JMOKCUAMPOBAHUS HAYabHON
OMLIMKIIMYECKON CTPYKTYpbl M TpaHCPOpPMALMHU JAaKTOHHOTO (parMeHTa B U0
NIyOOKMM  BOCCTAHOBJIEHHMEM  JUTHHAIIOMOTUApuAOM. B 3ToM  cioydae  Mbl
paccUMThIBAIA Ha TMOCIEAYIOIIEe IOJyYeHUE U pas3felieHue MOHO3(HUpOB Ipu
UCIIOJIb30BAaHUM  OOBEMHBIX  CHJIWJBHBIX  TpPylI,  4YTO  YCHEIHO  ObUIO
MPOJIEMOHCTPUPOBAHO paHee B Ciyyae aUIWICWIAHOBOTO aHaimora. B xogxe
HKCIIEPUMEHTAJILHOM pealh3aliii 3TOM MOCIe0BATEIbHOCTH C BBICOKMM BBIXOJIOM OBLIT
OCYIIIECTBJICH TIEPEeX0JI OT UCXOMHOTO0 JakToHa 172bh, yepe3 amon 176b, mo 1:3-cmecu
pPErHou30MepHbIX MOHO3(HpoB 177b u 178b. 3mech HEOOXOAMMO OTMETHTh, YTO, B
OTIIMYMU OT AJUIMJICHUJIAHOBOTO MPOU3BOJHOIO, MOHOCWJIMJIMPOBAHUE KOTOPOIO
npoTekago ©0e3 BUAMMON CTEPEOCETIEKTUBHOCTH, B 3TOM Cllydyae pe3yjbTar
npeBpauieHust Obul  OOYCIIOBJIEH CTEPUUYECKUM KOHTPOJIEM CO CTOPOHBI  CUH-
OpPUEHTUPOBAHHOM METOKCUMETWIBHOM 3alllUTHOW rpymnmbl. Jlamee, OYEBHIHOE
UCIIOJb30BAaHUE THAPOKCUMETUIIBHOW TPYINIBI B MaXOPHOM KOMIIOHEHTE IS
NIOCTPOCHHST HIDKHEW IIeTM IOCPEACTBOM OKHCICHHS 10 anpieruaa 179b wu
MOCJIEYIOUIETO AJKWJIMPOBAHUS 3HAYUTENBHO OCJOXKHSIIOCH MO psaay NpudyuH. Bo-
MEPBbIX, JaXe MpU MITKOM OKucieHun mo Jleccy-MapTuHy oO4YKMCTKAa NPOJYyKTa
KOJIOHOYHOM XpomaTorpadueil CONMpOBOXKIAdach CEPbE3HBIM CHU)KEHHUEM BBIXOJA U
HEXENAaTeIbHON »huMepHu3anveld KapOOHWIBHOW TPYIIBI M, BO-BTOPBIX, IOMBITKA
ANKAJIMPOBAHHUSI €T0 IEMCTBUEM JUTUUIIPOU3BOIHOTO HOATENTEHA B TUMIOBBIX YCIOBUSIX

oKa3zajach Oe3ycrernHoi (cxema 2.75).
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OH OTBS
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180b 181b 1:2 182b

a) LiAlH,, TT'®, 0 °C, 30 muH, 95%; 6) TBSCI, umugazon, CH,Cl,, 24 °C, 3 4, 92%; B) peareHT
JHecc-Mapruna, CH,Cl,, 24 °C, 5 4, 36%; r) mpanc-1-iioarentes, n-BuLi, TT®, -78 °C; 1) Ac,0,
Py, 24 °C, 5 4, 90%; ¢) TBA®, TT'®, 24 °C, 4 4, 97%.

Cxema 2.75

B kadecTBe anpTEpHATHBHOTO BapHaHTa ObLI PACCMOTPEH MEPEXOA K BBEACHHUIO
BEpXHEH IeNu MyTeM 3aMEHbl 3aluTHOW Tpynmnbl. OmHAKO H3-32 OTPAHUYEHHOCTH
HEOOXOJMMOCTBIO PA3IeTBbHOTO CHSTHUS, BBEICHHE MOAXOMSAIICH aleTaTHOW TPYIIHI B
OCHOBHOH HM30Mep, HECMOTPsI Ha BBICOKHI BbIxoJ TpoaykTa 180b, mpu mocnenyromiem
JECWIWJIIMPOBAHUU OCJIOKHSJIOCh MHIPAlMENd 3allUTHOW TPYNIbl, NPUBOIALIEH K
oOpa3oBaHMIO HepasaeauMoit 1:2-cmecu permomsomepoB 181b u 182b. Bomee Toro,
MOMBITKA HEMOCPEICTBCHHOTO OKHCJICHHUS MHUHOPHOrO u3omepa 177D Oblna Takxke
Oe3yCIelHOM, COMPOBOXK/IAICh OCMOJICHUEM PEAKIIMOHHONU Macchl. Cpelld BO3MOXKHBIX
PUYUH JIAOMIBHOCTH MOJTy9aeMbIX ajbJACTHUAOB B JaHHOM BapHaHTE MOJX0/Aa Hanboee
BEPOSITHOM TPENCTABIACTCS KETO-CHOJIbHASI TayTOMEpHs, MPOBOIMpYyeMas B CiIy4ae
coequaenus 179b crepuueckumu (akropamu, a mpu MmojgydeHWH anbiaeruga u3z 177b
BO3MOYKHOCTBIO C/IBUTA U CONPSDKEHUS ¢ ABOMHOM CBs3bI0 1TMKIIa [253].

Takum oOpazoMm, ObUIO 1ETecOOOpa3HO  OTKAa3aThCA OT  MPOBEIACHUS

snokcuaupoBanusi-pparmentraniuu  (E) B kauecTBe TMEpBOTO JTana CHHTE3a W
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pPacCMOTPCTL BAPHUAHTHI Ooiee MMO3AHCTO MPOBCACHHUA AAHHOI'O ITPCBpPAIICHUS, ITOCIIC

(yHKIHMOHAIN3alWY JATOHHOTO IUKIIA.

2.3.3 BoccTaHOBHTE/IbHbIE TPAHC(OPMALINH JIAKTOHHOT0 IINKJIA KAK MePBbIii 3Tan

(GYHKIHOHAIM3AIUN OUITUKJINYECKOT0 JIAKTOHA

Peanu3zanus maHHOTO MOAXO/Aa MEPBOHAYAIBHO paccMaTpUBaliaCh HAMHM B JIBYX
IbTEPHATUBHBIX BapUaHTAaX: «yJAOOHOM» JIAKTOJIBHOM |, OoJee JIMTEIHHOM,
nuonbHOM. [Ipu 3TOM HEOOXOAUMO OTMETUTH, UTO MPH U3yUYEHUU XUMHUECKIX CBOMCTB
0a3MCHOTO COEIWHEHUS K 3ITOMYy MOMEHTY HaMu Oblla YK€ IpOBelIeHa OIeHKa
NEPCIEKTUB 000MX BApUAHTOB M OCYLIECTBIIEH BBIOOp IOCIETHETO W3 HUX. TeM He
MEHee, TMPEACTaBISETCs IeecO00pa3HbIM, B paMKax pa3paOOTKH IOJHOTO CHHTE3a,
IPEICTaBUTh JIAKTOJIbHBIM IyTh, KpaTko OOO3HAUMB OCHOBHBIE MPOOJIEMBI €ro

pcalin3anmnm.

Jlakmonwsuwtit nooxoo (Hp). CIOXHOCTH peanu3allid JaHHOTO MapIipyTa
OOHapy>KUJIUCH €l Ha 3Tale U3y4YeHHUs aClIeKTOB PEAKIIMOHHON CITOCOOHOCTH 0a30BOTO
COEMHEHMSI TIPU U3yUYEHUU BO3MOKHOCTH OJIE(pUHUPOBAHUS JIAKTOJA, KaK JIATEHTHOTO
anmpaeruna [253]. HecMoTpss Ha BBICOKHME BBIXOJbI JBYXCTaJUNHBIA TEPEXO,
BKJTFOYAIOIIMI BOCCTAHOBJICHUE JJaKTOHA 16 1 0HOYTIepoiHOE yAsIMHEeHne o Burtury,
KaK U B ClIy4ae C aUIMIbHBIM CHUPTOBBIM MPOU3BOAHBIM COMPOBOXKIAICS NOOOUHBIM
IpoIiecCOM 00pa30BaHUsl CMEIIAHHOTO arerans /6D, B kauecTBe OCHOBHOTO MPOIYKTa
Ha CTaausAX 00OpabOTKM M OUYHUCTKH KOJOHOYHOUM Xxpomatorpadueii. [Ipu 3Tom ocHOBHas
npobiieMa 3akioyanach B TOM, 4YTO JajbHEHIINE MOMBITKM TOJYYEHHUS JIAaKTOJIa
THJIPOJIN30M METOKCUTPYTIIHI TPUBOIMIN K TPOTOACCHITHIINPOBAHUIO U, CIIEJIOBATEIHHO,
yTpaTe HeoOxonuMoil (pyHKuMoHanM3auuu. TeM He MeHee, Mbl PEeIIUIN PacCMOTPETh
BapHaHT UCKJIIOUEHHUS CTaUU OUYHUCTKH, OYEBHUIHO, TPOBOIMHUPYIOIIECH HEXKeIaTeIbHbIN
MPOIECC BHYTPUMOJICKYJISIPHOM areTanu3anui. PaccmaTpuBas AOCTATOYHO MSTKHE
YCIIOBUSI CUJIMJIMPOBAHUS, KaK MOAXOASIIEro BapuaHTa CTaOUiIu3aluu oOpasyrouieics

CTPYKTYpHI IN SitU, MbI M3y4WwIM B JAHHBIX YCIIOBUSX YMCTBIA eHomddup 75b. Kak
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OKa3aJIOCb, IIPOBCACHHUC AAHHOI'0 MPCBPAlICHWA B THIIOBBIX YCIOBUAX TAKIKC
COIIPOBOKAAIOCH JOCTATOYHO YYBCTBUTCIBHBIMH ITOTCPAMU CY6CTpaTa, IIpUBOAA K

Tpedyemoii cTpykType 97b ¢ yMepeHHBIM BbIX0a0M (cxema 2.76).

Me;Si Me;Si Me;S8i
\\\\\ \\\\\ OMe "\\\\\\;\P,O\
" 2 CTaZII/II/I
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88“/ o
'u/// ’ Yy 0 "y \
31 OH
(-)-16 76b ) 75b
a
Me3Si
o
SN
gy
a) TBSCI, umunazoin, CH,Cl,, 24 °C, 3 4, 56%. OTBS

97b

Cxema 2.76

YuuThiBas BBIIIEU3IOKEHHBIE OOCTOSTENLCTBA, pEATM3ALMs IOJHOITO CHUHTE3a
LEJIEBOM CTPYKTYypbl MO JaHHOMY MapLIpyTy NpPEACTaBIsIaCh HELEIeCO00pa3HbIM,
BBUJIy CYILECTBEHHBIX MOTEPh M MOOOYHBIX MPOLECCOB, MPOUCXOIAIMIMX YXKE Ha
HayaJbHOM 3Tane. Takum 00pa3om, ObUIO PEIIEHO NEPEUTH K U3YUEHUIO0 BO3MOKHOCTEN
OCYLIECTBJICHUS H3HAYAJIbHO HAaWMEHEE NPUOPUTETHOIO BAPUAHTA IOCTPOCHHUS

12,14
MOJIEKYJIBI 15-1e30kcu-A""""-npocrarianauHa J,.

Jluonvnutit nooxoo (H\). Onpeodenenue rghgpexkmuenoit nociedosamenbnocmu
peanuzayuu  Kuouesvlx — mpancopmayuii  u  cunmes  15-dezoxcu-A-
npocmaznanouna J,. Ilepexonas K pacCMOTPEHMIO TMOCIEIHErO W3 MperoaaraeMbix
HaMU MapIipyToB, CIeAyeT MOTIEPKHYTh HECKOJIbKO MOMEHTOB. Tak, BEHIOpaHHAsI HAMU
rpajaiys MOJXO0J0B 1O NMPHOPUTETHOCTH, B NMPUHIINIE, HE SBISUIACH OIMMOOYHON H
CBOCH aKTyaJlbHOCTH, B 00meM, He yrTpatuia. EE ompeneneHue HUCXOIUIO U3
MPUHITUIIOB PAIOHAJIBPHOCTH W OCHOBBIBAJIOCH HA YHCIE MPEAINOJIaracMbIX CTaIui,

TpeOyeMbIX Mg peanuzanuu 1eiau. OCHOBHOM NPUYMHOM OTKa3a OT CHUHTETHYECKHU
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OoJee MpUBICKATEIHHBIX BAPUAHTOB MOCITY)KIIIA CTAIAS OJHOYTJIEPOJTHOTO YITMHEHUS,
B pe3ysJbTaTe KOTOPOM TPOUCXOMUIIO O0Opa3oBaHWE JIOBOJIBHO  JTAOMIBHOTO
eHomdupHoro ¢parmenra. Takum oOpa3zoM, BbIOOp Oojiee JIMHHOM, HO MPU ITOM
0oJiee KOHTPOJUPYEMOU MOCIEA0BATEILHOCTH ObUT OOYCJIOBJIEH, B MEPBYIO OYEpElb,
OCOOEHHOCTSIMU CTPOCHHUSI I1IEJI€BOM CTPYKTYpbl. MHBIMH cliOBaMH, TpU pa3pabOTKe
CUHTE30B JPYrUX LUKJIONEHTAHOUAOB, HE TPEOYIOMIUX MOJOOHOW TOMOJIOTH3AIMU Ha
HAYaJIbHOM JTare, MPeII0KeHHBIH HaAMH Psijl PUOPUTETHOCTH, B TIPHUHIIUIE, JOJHKEH
coxpansaTecs. KpoMe Toro, paccMoTpeHHbIe HAMU BapUAHTHI HE SIBJISIIOTCS] HEYJTAYHBIMH,
B CTPOTOM CMBICIE JTOro cioBa. IIpocto wx peanusanus TpeboBaa
HE3aIUIAaHNPOBAHHOTO ITOMCKA PEIICHHWH, YTO TaKKe O3HA4Yalo YBEIWYCHUE YHCia
CTaAuii M, CIeAOBaTENIbHO, YyTpaTy BCE TOW K€ MpHUBIEKaTeNbHOCTU. [Ipu sTOM
OYEBHUIHO, YTO HaM HEOOXOAUMO OBLIO OBl CEPhE3HO U3MEHSITh HW3HAYAIBHO
MpEAnojaraéMyo CxeMy CHUHTe3a. Takke, yUYUThIBas HAKOIUICHHBIM MaTepHasl KakK IO
MOJIYYCHUIO JIMOJIa, TaK H MO €ro JaldbHEHIIMM TpaHcpopMalusM, HMeIach
OTIpe/ieICHHAs] YBEPEHHOCTh B PEAIbHON MEPCIIeKTUBHOCTH JaHHOTO moaxoaa. Kpome
TOTO, HAKOIUICHHBIA  OKCIEPUMEHTANBHBIM  MaTepuan IO  aJbTEPHATUBHBIM
HKBUBAJIEHTAM OKa3aJicsi TOJIE3HbIM JJsi ompeneieHuss Haubosiee 3(p(exTuBHON
MOCJIETIOBATEILHOCTH TPOBENICHUS KIIIOYEBBIX TpaHcPopManuii OCTOBa M OOKOBBIX
yuacTKoB (cxema 2.77). Tak, OTHOCHTECILHO BBEACHHUS ILETNEH, Mbl YCTAHOBHIIH, YTO
HaumOoJbIIEeH CTa0MIBHOCTBIO O0JNIalal T€ albJErHAHbIE TPYIIbI, KOTOpPbIE
pacnoJlarajiiCb MakCUMAJIBHO YJAJCHHO OT JBOMHOW CBSI3UM LMKJA. biau3octs ke
O3HaYyaJla 3HAYHMTEIbHYIO CKIOHHOCTh CTPYKTYpP K BOBJICUECHHUIO B HEXKEIAaTEIbHbBIC
MIPOIIECCHI B PAa3HBIX YCIIOBUSAX, YTO OBLIO O0YCIOBICHO KETO-CHOJIBHOM TayTOMEPHUEH 1
MaJbIMH pasMepamu MoJjekynl. [IpuMeHutensHo K TpeOyeMbIM TpaHCPOpMAIUSIM 3TO
03Hayajo TO, YTO B OJHOYIJICPOAHOE yauuHeHue o Buttury (A1) cieqoBaio BBOAUTH
AUTMIICMIIAHOBOE TIPOM3BOJHOE, TOTJa KaK B AJIKWJIMPOBAHHUE TMPEANICCTBEHHUKOM
awkHed nermu (W) ammmiabHOe crnupTtoBoe coeauHeHue. CrieoBaTeNIbHO, CTaIuH
STIOKCHIMPOBAHUS M (PparMEHTAIIMH JTOJDKHBI ObUTH MPOBOAUTHCS Tocie atana (Al), Ho
710 TIOSIBJICHUS JPYTUX JIBOMHBIX CBs3eH B MoJiekyie (cramuu (A;) u (W)). Kpome Toro,

IPEICTaBSUIOCh — LEJIECO000pa3HbIM  MCKIIOYEHHE IMPOCTPAHCTBEHHOW OJIM30CTH
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KHCJIOPOJICOJIEpIKAIEro (PparMeHTa BEepXHEH Ienmu NPH AJKIIMPOBAHWHA HIKHETO
ygactka. Takum  oOpa3zom, Obuia  ompeneneHa  HauOojiee  ONTHUMAaJIbHAs

IIOCJIACA0BATCILHOCTD OCYHICCTBJICHUA KIIIOYCBBIX CTaI[I/Iﬁ CHHTC3a.

H—-A;—E—A,—W [93].

R Me3Si
S\, M\
N 0)
, j AI(W), Me;Si o Aq
"y "y
R HL /;f
AN o —> E \‘\'\2110
0 Al(w) "u//// o W
1
”//;/f u,//// /O
R HO

H —> A —> E —>» A, ——>» W

Cxema 2.77

Hakornnennslii panee warepuan (GaKTUYECKH YXKe COAEpkall JOCTATOYHO
YCIICITHO Peau3yeMyI0 MOCIIEA0BATEIIEHOCTh TPEX TMEPBBIX KIFOUYEBBIX MPEBpAIICHUI
(cxema 2.78). B kagectBe mepsoro (H,) BeicTynamo mojyueHue U3 JiakToHa (-)-16
mvona 74b, a nampHeitimee MoHOCWIWIIMpOBaHWE, OkucieHHe 10 CBepHy W

OJIHOYTJIEPOHOE YJIMHEHHE 110 BUTTUTY MIpeACTaBIsuM cOO0M MEePBhIi 3Tal MOCTPOe-

Me;Si /O Me,Si 3 Me;Si 5
.‘\“\\\4 H \OH A, N\ N\
L —
O~ > —
oy / 91% OH o, OTBS
"y ’/,//// o "/,////
(-)-16 74b 97b
E
l64%
S
CO,Me
OTBS

HO (is-163b/trans-164b = 7:1

Cxema 2.78
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HUS BepxHel nenu (A;). 31ech HE0OOXOMUMO OTMETHTH TO, YTO MCIOJIB30BAJICS TOJIBKO
OJIMH U3 00pa3yIOIUXCsl PETHOU3MEPHBIX MOHOCHIWJIOBBIX 3(upoB. ParmonamsHOe
MPUMEHEHUE BTOPOTO MJIsi NOCTPOCHUS HIDKHEM IeNU OKa3aloch MPOOJIEMAaTUYHBIM,
BBUJly OJM30CTU JBOMHOW CBS3M U THAPOKCHIBHOHN rpymmbl. [loaToMy Hamu ObLI0
MPUHATO PEIICHHE O BO3BpATE MOCIEAHET0 B CHHTETHUECKYIO CXEMY IMyTEM T'HApOJIN3a
no guona (cxema 2.42). Tperuit otanm  snokcuaupoBanus/dparmentanun  (E)
OCYIIECTBISUICSI  TOCJIE  OKHCIIEHUS JIAOWJIBHOTO eHOoMd(upHOro (Qparmenra B
coequaenun 97b 1o cioxxHO3pupHOro. M3 ABYX SMHUMEPHBIX AJUTHIOBBIX CIHPTOB,
oOpa3yrolmuxcsi B wuTore, 1is Oosiee yYIOOHOW MHTEpIPETALMU MOIYYarOIUXCs
pEe3yNbTaTOB B JAJBHEHMIIMX MPEBpAlICHUSAX OBbUT HMCIHOJIb30BaH WHAWBUAYaTbHBIM,

Ma)KOpHbIH komrnoHeHT 163b [253].

Memoxcumemunovhan 3auumnasn 2pynna auiuiabHol CRUPMOGON (PYHKUUU 6

-A"*"-npocmaznanouna J,. Tpucrynas

nepeom nooxoode k cunme3sy 15-0ezokcu
pealn3anuy OCTaBIIMXCA KIIIOYEBBIX TMPEBPAIICHUN W YYUTHIBasg TOCIEAYyIOIIee
UCIOJIb30BaHUE METAJNIOPraHMUECKUX PEareHTOB, a TAK)KE HAJIMUKUE IBOMHBIX CBSI3€H U
CHJIWJIBHOTO 3(Upa, aJUIMIBHBIA CIUPTOBON (parMeHT KitoueBoro coenuHenus 163b

OBLJIO pEeIIeHO OJOKMPOBATh METOKCHMETUIILHOM 3alllUTHOW TPYNIOW JIAOWJIBLHOW B

YMCPCHHO KHCJIBIX CpCaax. Honyqa}oumﬁc;[ C BBICOKHUM BBIXOJOM B CTAHAAPTHBIX YCJI0-

HO  163p MOMO  eap MomMo
\\\\\v(CIQ)g \\\\v(Cth
. CO,H — CO,Me
184b — 3 r
OTBS , OTBS
§ 7, / $ “, /
MOMO 185b MOMO

186b

a) MOMCI, DIPEA, CH,Cl, ot 0 j0 24 °C, 3 4, 91%; 6) DIBAL-H, CH,Cl, -78 °C, 2 u,
86%; B) [Ph3P+(CH2)4COOH]Br', NaHMDS, TT'®, ot -78°C o 1t, 5 4; T) CH;,N, Et;,0, 3 4,
75% (2 crapun).

Cxema 2.79
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Busix 2¢up 183b mocne BoccranoBnenus mo anpreruga 184b Ovun onedurMpoBaH MO
Burtury (A;) mo kuciotel 185D w mermmupoBaH jgeiicTBHeM H30bITKa 3(QHPHOTO
pacTBopa amazoMmeraHa g0 Oyioka 186D ¢ ToTOBOW BepXHEH IEMbIO IIETIEBOTO
coequHeHMs (cxema 2.79).

[ToaroToBKa M OCYIIECTBIIEHUE MOCIETHETO KIIFOUEBOTO MPEBPAILIEHUS, B pPaMKaxX
0003HAaUYEHHON paHee CTpaTerny, HE BBI3BAJIO Yy HAC OCOOEHHBIX 3aTPYIHEHMH.
BBenenne okBuBasieHTa HkHed menu (W) Obulo  peanm3oBaHO  TpeMs
NOCJIEI0BATEIbHBIMU CTAIUSAMU JIECUIWIIMPOBAHUS JIEHCTBUEM TeTpaOyTHIaMMOHUI
dTopuna mo crmpra 187b, oxucienus pearentom [lecca-Maprtuna 1o anpaeruna 188b
¥, HAKOHEI, AaJKWIMPOBAHMS JIMTUEBHIM TPOU3BOAHBIM mpaHc-1-noarenteHa o

OvbKaiIIero npeAmecTBeHHNKA 1esieBoi Mosiekyisl 189b (cxema 2.80).

6
— \ gy

sx\\___//A\V//\\ sx\\___//A\»//\\ S&\\n__//A\V//\\
= CO,Me T CO,Me ‘ CO,Me
a
"

S
N
0

MOMO' OTBS MOMO OH MOM 0 58

\\zi\‘\
.-“\\\\=/\/\co M @ ¥ EANVAVAN
B (§] CO,Me
188b ——» @ 2 e \ "'//,//%1 %@ 2
d /{\/\/\/ ",/ \
MOMO . }H/ HO'
0s””

OH OH
189b //

a) TBA®, TT'®, 24 °C, 3 1, 96%; 6) pearenr Jlecc-Maptuna, CH,Cl,, 24 °C, 3 4, 88%; B) (E)-1-iioarenreH, n-BuLi,
TI'®, -78 °C, 30 mun, 66%.

7,

Cxema 2.80

Heoxupanuble NpensiTCTBUS BO3HUKIM TMpU TonbiTKax ruaponuza MOM-
3alUTHON rpymnmnbl. Tak, UCMOIb30BAHUE PA3TUYHBIX KUCIOTHBIX KaTanu3aTtopoB (CSA,
PPTS, p-TSA), wuonHo-oomeHnHsix cmon (DOWEX, Amberlyst) u xucior
(tpudropykcycnast u HCl) B pa3nuuHbIx pacTBopuTesx (MeTaHoI, TeTparuapodypaH,
TOJIyOJI, alleTOH) MPUBOJWIM K MEIJICHHOMY OCMOJICHHIO HCXOJHOTO COETUHEHHs Oe3
oOpa3zoBaHusl Kakux-mubo mnpoxaykros, corijacHo TCX. B kadectBe Haubomee

BepOSITHOI\/'I IMPHUYNHBI CTaOMJILHOCTH IIaHHOfI rpyonsl B AOCTATOYHO MATKHUX YCIIOBUAX
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CHATHUSI Mbl BHJMM BHYTPUMOJIEKYJSPHYIO BOJOPOJHYIO CBSI3b MEXKY BOJIOPOJIOM
CIUPTOBOM TPYMIBI ¥ 3(UPHBIMHU KUCJIOpOoJaaMu. B ciydae xe GpopcupoBaHus yCIOBHIMA
(yBenmMyeHUE KHUCIOTHOCTU WJIM TEMIIEpaTyphl) Hapsay C TUIPOJIU30M CTaHOBSTCA
BO3MOXXHBIMH ¥ JpyTHE€ TOOOYHBIE TMPOMECChl, TaKWe KakK JeTUApATalus W
nocyeayronas MoJMMepU3alysl TMOJUHEHACHIINIEHHON CcucTteMbl. B3aumuas yuc-
OpUEHTAllMA U BEPOSITHOE CBSI3bIBAHME 3aMECTUTENECH MpPU IUKIONEHTAHOBOM KOJIbIIE
TaK)Ke TPOSBUIOCH ITPH (PYHKIIMOHATH3AIMKI CBOOOTHOM THAPOKCHIIBHOM Tpymimbl 189D.
Tak, nombITKM BBeaeHUs 0O0ObeMHBIX 3amectuteneir (TBS, Tos) ycmexom He
YBEHUAJIUCh, a JIOCTATOYHO JIETKO MPOTEKAIollee ME3UJIUPOBAHUE TMPUBOJIUIO K
00pa30BaHUIO CMECU JOCTATOYHO JAOMIIBHBIX COEIMHEHHUWA C YMEPEHHBIM BBIXOIOM
[253].

Takum 00pa3oM, TMOJYyYEHHBI HEOXXUJAHHBIA, HO BIIOJHE OOBSICHUMBIH,
pe3yabTaT B 0YEPEAHON pa3 MpOJEMOHCTPUPOBAI CIOKHOCTh PA0OThl ¢ KOMIAKTHBIMU
1 BBICOKO(YHKIIMOHAJIU3UPOBAHHBIMU ITUKJIONEHTAHOBBIMU CTPYKTYypamu. Clieayronum
3aKOHOMEpPHBIM IIaroM CTaJl TOWCK aJbTEPHATUBHBIX IyTEH, KOTOpPbIE MOTJIA Obl

ITO3BOJIUTH N30€KaTh HOI[O6HBIX 3aTPYHHeHHﬁ Ha 3aBCPIIAOMIUX CTAAHUAX CUHTC3a.

B nouckax aremepnamuenvix nymeit: [1,5]-muzpauusa cununvHnoii 3augumnoi
epynnul unu peakuyus Xexa? OrpaHUYEHHOCTh B BBIOOPE JOCTYIMHBIX U MOAXOSIIUX
3aIIUTHBIX TPYII, a TaKKE CI0KHOCTH, BO3HUKIINE C METOKCUMETHUJIHLHOM 3aIllUTHON
IPYIINON MPU €€ yIaJICHUH Ha MO3IHUX CTaIUsIX, MPUBEIIN HAC K HEOOXOAUMOCTH OoJiee
NMOAPOOHOTO M3YyYEHUS CUTYalldW, CJIOXKUBIIEHUCA TMIOCJTE TOSBJICHHUS aJUTUIHLHOTO
CIIUPTOBOTO Yy4YacTKa. 371eCb Mbl OMNPEICIHIIA JBa BO3MOXHBIX aJIbTEPHATUBHBIX
MapmipyTa, TPUBOAAIIMX K HEOOXOJUMOCTH TIEpeCMOTpa TOCIHEAHUX  CTaaui
BbIOpaHHOM paHee cTparerun (cxema 2.81). C ofgHO# CTOPOHBI, HHTEPEC MPEACTABIISLIO
U3yYeHHE BO3MOXKHOCTH OCYILECTBJCHHS IMOJ JCHCTBHEM OCHOBHBIX peareHToB [1,5]-
MUTpANHs CHJIMILHOW 3aIlIUTHOW TPYIIBI ¢ MEPBUYHOTO THIPOKCUIA Ha BTOPUYHBIH,
T.e. ocymecTBieHus nepexonaa 163b—190b, yepe3 mneHTakOOPAMHUPOBAHHHOE Ha
aToMe KpEeMHHsS MPOMEKYTOYHOe cocrosiHue A. JlanHas Tpadchopmanus U

HOCJIeIYIOIee OKHUCIICHNE TOJIKHBI ObLTH MPUBOIUTH K aibaeruay 191b, umerormemy
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Cxema 2.81

Ooznee JaOWIbHYIO, MO CPAaBHEHHIO C METOKCUMETHJIBHOM, 3alUTHYIO TpYyHIy IO
ATMIIBHOMY TUIPOKCUIY W TOTOBOMY K CTaJWHM BBEACHHS HIDKHEH LENu MyTeM
ankuiupoBanud. C JApyroil CTOPOHBI, Mbl IJIAHUPOBAIM OCYLIECTBUTh BBIXOA K
JIOBOJIHO TEpPCHEKTUBHOM B TUIaHE MPOTUBOPAKOBOW aKTHBHOCTU CTPYKTYpE
9K30METUIMICHIIMKIIONIeHTeHOHa 146D, mnpencrasisromeMy co0oit  0JHOBPEMEHHO
HCHACBIIICHHBIA aHaJOr METHJIOBOro 3¢upa capkomuimua A 51b (cm. cxema 28) u
MIPOCTENIINN TPEACTABUTENb KPOCC-COINPSIKEHHBIX LUKIONEHTEHOHOB. Kpome Toro,
[OJlyY€HUE JAHHOTO CHHTOHA IMPEAOCTABIISLIO BO3MOXKHOCTH IPSMOTO BBEICHUS

HIDKHEW OOKOBOM 1IEMH B MOJTHOCTHIO TOTOBOM BHJI€ OJI€(DUHUPOBAHUEM 10 XEKY.

Ocoobennocmu [1,5]-muzcpayuu cununvnou 3auummnon zpynnslt. S\2’-Peaxyus
SHYMPUMOJICKYIAPHO20 UUKIONPORAHUPOSanusa enoaama oeiicmeuem NaHMDS.
Murpanuu CUJIMIBHBIX 3aIMTHBIX TPYII 4epe3 MEHTAaKOOPIUHUPOBAHHOE COCTOSIHUE
Ha aTOMe KPEMHHMsI JIOCTATOYHO XOpoio u3BecTHbI [305] 1 MOTYyT MpoTeKaTh HE TOJIBKO

IPH KCIIOJIB30BAHMM CUJIBHBIX OCHOBaHWH, Takux Kak aumcui-Hatpus [306], Ho u
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noctatouHo Markux, kak JIBY [307]. Hamreii nenpro Ha JaHHOM 3Tare HCCIIEIOBaHUM
CTaJI0 M3YYE€HHE BO3MOXKHOCTU OCYIIECTBJICHHS JAHHOW TpaHCQOpMAaIH Ha MpUMepe
coequneHnss 163b. 3xech Hac wMHTepecoBan miepexo] [ BS-3amuTHOW TpyImsl ¢
THAPOKCUMETHIIFHOTO ()parMeHTa Ha aJUTMIBHBIA CHHPTOBOWM, YTO MOTJIO OBl
CYLIECTBEHHO COKPAaTUTh CUHTETUYECKUH MapmIpyT K ILEJIEBOMY COEIUHEHUIO.
JIBokyliel cuiaol JaHHOrO Ipolecca JOJDKEH ObUl CTaTh CTEpUYECKUIl (akTop
B3aMHOTO  OTTTAJKMBaHUS  CiS-3aMecTHrteneid  kombla. M3-3a  oTCyTCTBHS
YHHMBEpPCAJIbHBIX METOJIOB, HaMU OBUIO MPHUHATO PELICHUE HU3YYUTh ILENbIi psij
Pa3JINYHBIX BapUalWl YCJIOBUW, KACAIOIIMXCS TUIOB OCHOBAHHM M PACTBOPHUTEINIEH, a
TaKXe BPEMEHH M TeMIlepaTypsl mporecca (cxema 2.82, tadmurma 2.1) [308]. Cnenyer
OTMETHUTH TO, YTO JJI1 KOPPEKTHOCTH CPAaBHEHUS IIPU B3aUMOJEHCTBUN C COCTMHEHUSIMU
Ha OCHOBE WIEJIOYHBIX METAJUIOB Ipolecc KOHTponupoBaics MerogoM TCX mo

HCYC3HOBCHHNIO HCXOJHOI'O COCANMHCHHN 1 BKJIFOYaJl B cels craguun HeﬁTpaJII/IBaHHI/I

.\\\\\
@ CO,R
o,

HO OTBS
194b, R=H
.\\\\\ 6 ? 3B
CO,Me a ( 163b, R=Me¢ o, H
K \\\\\«<
I 3 +
N W S COzMe
HO OTBS W $
@ CO,R X,
163b & OTBS
N 196b
TBSO OH
6 ,195b, R=H
190b, R=Me
W\ N\ W\
@ CO,H 16 @ co,Me @ CO,Me
A "'//\ 88% ) "'//\ N "///\
HO OTBS HO OTBS TBSO OH
194b 163b 1:1 190b

a) Ocnosanue, pactsoputens; 6) CH,N, Et,0, 3 4; B) LiOH, TT'®, H,0, 24 °C, 18
1, 96%; 1) --BuOK, TT'®, 24 °C, 3 u.

Cxema 2.82
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JIEUCTBUEM HACBIIIEHHOTO PacTBOpa XJIOPUAA aMMOHHUS M TOCICIYIOIIEH peakiuu C
3(UPHBIM PACTBOPOM JUA30METaHa. DKCIEPUMEHT TOKa3ajl, 4TO MPH B3aUMOJCHCTBUN
coenunenns 163b ¢ 1 sxs. NaHMDS B TI'® npu 0 °C npoucxoamiio ero ObicTpoe
MCYE3HOBEHHUE U, TTOCJIC HEMPOAOKUTEIIBHOTO BBIICPKUBAHUS, CTAINN HEUTPATH3aIlIN
Y METHJIMPOBAHMsI MOCJICIOBATEIBHO MPHUBOIMIN UCKIIOYUTEIBHO K KucioTe 194b wu,
nainee, Kk ucxognomy 3¢upy 163b (omeir 1, Tabmuma 2.1). IlomydeHHBIH pe3yabTaT
CBUJIETEIHCTBOBA O OOJBIIEH MPEANOYTUTEILHOCTH THAPOIH3a CIO0XHOAIDUPHOI
Ipynnbl MO CPaBHEHUIO C OOpa3oBaHUEM aNKOKCHI-aHMOHA W, CJIeI0BATEIBHO,
MUTpale CUIWIBHOW Tpynmbl. HeoxumaHHbIC pe3ysNbTaThl OBUIM IOTYYEHBI TPHU
UCIIOJIb30BaHUU 2 9KB. OCHOBaHWA M Oosee (ombiTel 2, 3, Tabmuma 2.1). Ilpu stom
HapsAy C OXHAaeMOW Murpanued MpoTeKaso 00pa3oBaHUE MPOU3BOHOTO
ruksIonpornana 196b. Hammydmwii pe3yapTaT 3TOro npeBpaiieHus ObUT JOCTUTHYT HpH
ucnoas3oBanuu 3 skB.NaHMDS u urorosoe cootHornieHrne 006pa3yronuxcs IpoIyKTOB
163b, 190b u 196b cocraBnsno 1:2.5:20 coorBercTBeHHO (ombIT 3, TabaMIa 2.1). 31€Ch
HEO0OXOMMO OTMETHTh, uTO coemuHeHue 196D nerekTmpoBaioch Ha Bcex CTaausax
mpoliecca, T.e. €ro CIOXHOdPUpHAs Tpynmna Oblla HEBOCIPUUMYUBA K JEHCTBHUIO
ocHoBauus. Ilpum 3TOoM wu30BITOK mpoaykTa Murpanud 190D 1o oTHomeHHIO K
UCXOIHOMY coeauHenuio 163b B pesysbrare aTOro nporecca okasaics MakKCUMaTbHBIM
u coctapisut 2.5:1. [Ipu ucnonap30BaHUM B Kaue€CTBE OCHOBAHUS 3 IKB. JUMCHII-HATPUS
peaxis mpoTeKaia Takxke ObICTpo U Yepe3 30 MUHYT MPUBOAMIA K coeTuHeHusAM 163
u 190b B Tom ke cootHomeHuu (ombIT 5, Tabmuua 2.1). [lpu yBenndeHUHn BpeMEHH
BBIZICP)KMBAHMS WM M30BITKAa OCHOBAHMS HAOIOAAIOCH CHIDKEHHE OOIIero BhIXOMAA 3a
CYeT OCMOJICHUS MPOAYKTOB (ombIThl 4, 6, 7, Tabmuma 2.1). Ilpu ucronb3oBanum t-
BuOK 3HaunTenpHO Bo3pacTano Bpems peakiuu (cormacHo metoxy TCX), HO TTpu 3TOM
OTCYTCTBOBAJIM 3aMETHBIC MOOOYHBIC MPOIIECCH M MPOTEKala TOJBKO MUTpaIis (OMBIT
8, Tabmuma 2.1). Tak, mpM HCHOAB30BAHMKM 3 9SKB. OCHOBAaHHSA B TEYeHHUH 12 U
npoucxoguio obpazoanue cmecu 1630:190b ¢ mpHOIU3HUTEIBHBIM COOTHOIIEHHUEM
1:2.5 (omwiT 9, Tabmuua 2.1). [Ipu aeiictBuu ruapuna Hatpus B TT'® pacxomoBanue
UCXOJTHOTO COCIWHEHUS TPOUCXOJIUIIO CYIIECTBEHHO [IOJIbIIE M COOTHOIIEHUE

163b:190b nocine 14 4 BbIIEP)KUBAHKS COCTABIISLIO JUIb 7.2 (ombIT 10, Tabiuma 2.1).
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Tabnuma 2.1 — PesynpTaThl IpeBpanicHus coearnHenns 163b nox aeiicrBueM

Pa3IMYHBIX OCHOBAHUH

No pomyxTsr, %™
) OcHoBaHue PactBopurens | Bpems®, u
oftbITa K. T,°C 163b 190b 196b
1 1 89 - -
2 NaHMDS 2 To 0 25 9 61
3 3 0.5 4 10 79
4 2 1 12 28
5 3 21 59
NaDMSO JAMCO
6 0.5 24 51
7 4 - CIIe/IbI
8 2 12 24 68 23
t-BuOK
9 26 64 -
To
3
10 NaH 14 71 18
11 LiOH Tr®/H,O0 18 96 -
ABY/
12 DMAP/ 10 CH,Cl/romyon 4 25/100 100°
Et;N

? 00pabOTKH OCHOBAHHEM;
® HocJte B3aMMOJICHCTBHS C IHA30METAHOM;

" HeT peaxiuw.

Takke ciemyer OTMETHTh, 4TO Heopranudeckoe ocHoBanue LIOH B cpene TI'd-Bona
BBI3BIBAJIO JIMIIb THAPOJINA3 CIOXKHOIPUPHON TPYIIIbI, MPUBOIS MOCIIE METUIMPOBAHUS

Kk wucxoaHomy 163b (omeir 11, Ttabmuma 2.1). Ilonywaromiascs B 3TOM clydae
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npoMexxyTouHas kuciaora 194b nmocne B3anmopeiictBus ¢ n30bTkoM t-BUOK B TeueHum
3 4, mocie METUIMPOBaHUs, MpUBoAWIa K mpoaykram 50%-Hoil MUTpaluy CHITHIBHOM
Ipynmnsl ¢  BBICOKMM BbixoJoMm. Hcmonb3oBanue 10-TM  KpaTHBIX HU30BITKOB
OopraHuyeckux amMmuHOB auazodunukioysaenena (AbY), N,N-numetunamuuonvupuanna
(DMAP) u TpusTHIaMHHA, B PAacTBOpax TOJyOJia WIH XJOPUCTOTO METWUJICHA, MpH
TeMIlepaTypax OT KOMHATHOM JO KHIISTYEHHs, HE COIPOBOXKIAJIOCh KAKUMH-JIMOO
U3MEHEHUSIMU COTJIACHO JETEKTUPOBAHUIO METOJAOM TOHKOCIONHOW XpomaTtorpaduu
(ombITeI 12, TaOmuIe! 2.1).

[lomyyeHHple B XOJ€  OKCIIEPUMEHTOB  pe3ydbTaTbl  MOATBEPAMIIH
NPUHIUIUAIBHYIO BO3MOXHOCTh OCYILECTBIIEHUS MHIPAlMy CWJIMJIBHOM TpPyNIbl B
ciydae coeauHeHus 163D npu Mcmoib30BaHUKM METAIOOPTaHMUECKUX coenuHenuit. [Ipu
3TOM  OCOOBIH HWHTEpPEC 'y HAc BBbI3BAI NPOLECC  BHYTPUMOJIEKYJSPHOIO
[UKJIONPONAHUPOBAHUSL TIPU MCIOJIB30BAHUM TeKCaMETWIMCUIa3uia Hatpus. Jlis
orpezeseHusl HanboJiee BEpOSITHOIO MEXaHHW3Ma JaHHOM TpaHC(HOpMaIlMU Mbl MPOBENIN
CEpHIO JOIMOJHUTENBbHBIX 3KcnepuMeHToB. C OJHOM CTOPOHBI, B paMKax oOIe
CUHTETUYECKON CTpAaTEruy, Mbl U3YUMJIM PEAKIMI0 BOCCTAHOBJIEHUS CIOXHOA(UPHOIO
bparmeHTa JEHCTBHEM JMU300yTWIATIOMHUHUI TUAPUAA B  YCIOBHSIX HaTUYMs
cBOOOIHON THIPOKCHIIbHOM Tpymmbl. [locneaHsist BeIBoaMIA U3 LEIEBOTO MpeBpalleHus
HKBUBAJIEHTHOE KOJIMYECTBO BOCCTAHOBUTEIS, UTO, OJTHAKO, HE BBI3BIBAJIO TPYJHOCTEN B
MOJIydEHHUH ajbjaeruaa 1650 ¢ BEICOKMM BBIX0JIOM TIpH Hcrob3oBanuu 2 9kB. JIUBATla
B XxJjopuctoM MetwieHe npu -/8 °C. B ciydae e HMCMONIb30BaHUU JTOMOJHUTEIEHOTO
skBuBaiieHTa npu -30 °C peakius MpUBOIMIIa K MOHO3aNIMIIEHHOMY Tpuony 197b
(cxema 2.83). Uto kacaercs anmpaeruga 165b, To s Hero y Hac OblLTa OTBeIeHA ocoOast
pOJIb, CBSI3aHHAsI C IPOBEACHHEM BTOPOrO 3Tama IOCTPOEHUS BEPXHEH LENH B
npucyrctBuu  u30biTka ocHoBaHus (NaHMDS), pesyabTatel koTOporo OymyT
oOCyXJeHbl B JnanbpHeimem. Ha manHOM sTame Mbl 0OpaTWiIM BHHMAHHUE Ha JIBE
CBOOOIHBIC THAPOKCHIBHBIC TPYMIbI coenuHenus 197b, npuHiunuansHo moaxoasiime

JUTS. MATPALMUA CUJIAJIBHOM 3aIMTHOW TPYIIIBI.
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\ \ .\\\\ " i\

o\ \/OH a, -30 °C @ \COzMe a, -78 °C @ \ \CHO
. >

:’I//\ 90% \ l///\ 92% \ ’I///\

HO OTBS HO OTBS HO OTBS

a) DIBAL-H, CH,Cl, 30 muH.

Cxema 2.83

[Ipu sKkcnepuMeHTAIBHON MPOBEPKE, B THIIOBBIX YCIOBHSX coeauHeHune 197h He
IpeTepreBaIo Kakux-116o u3MeHenuit (cormacuo merony TCX) npu BeIICp)KUBaHUH B
TeyeHue 24 4y B mnpucyrctBuu u30biTka NaHMDS. Kpome Toro, amnunbHas
TMJIPOKCUJIbHAS TpyIIla HE BCTylajda B PEAKUUIO NPU CUIWIMPOBAHWU COEAUMHEHUS
197b, npuBOmAIIEeMy UCKIIOYMTENbHO K amddupy 198b, o yem oxHO3HAYHO
CBHJICTEIILCTBOBAJIA €TI0 TIOCIICAYOMas peakius okucieHus 1o enona 199b. [puunHen
OTCYTCTBHSI ~ 3aMETHOrO  0Opa3oBaHMs  aJKOKCHJI-aHMOHOB M,  CJEIOBATENIbHO,
NeperpynimpoBkd cuiaana B auosie 197D He coBceM SICHBI M, BO3MOXHO, SIBIISFOTCSI

CICACTBHUCM CTCPHUUCCKHX BSaHMOﬂeﬁCTBHﬁ n/vim O6p330BaHI/I51 cTabuiabHBIX H-CBS-

_Si(Me),#-Bu
0]

0 L A _
a \
@' "\ _0TBS . “"W\_0TBS
\ gy "y
HO OTBS o OTBS
198b 199b

a) NaHMDS, TT'®, 24 °C, 24 h; 6) TBSCI, umuzaasou, CH,CI, 24 °C, 3 1, 92%; B)
NH,Cl, H,0, 24 °C, 15 muH, 98% (2 cranun); r) pearent Jecc-MapTuna, CH2C12’ 24
°C, 8 4, 92%.

Cxema 2.84
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3aHHBIX BHYTPH- WM MEKMOJICKYJSIPHBIX accoruatoB (cM. A, cxema 2.84). Kpome
TOTO, HE WCKIIOYaeTCsI M BO3MOXHOCTh BIHUSHHUS CIOXHOA(UPHOTO OCTaTKa B
coequHeHnH 163D, mpoMOTHPYIOIIEro JaHHBIN MpoIiece.

W3ydast mosydeHHble pe3ysbTaThl, Mbl OOpAaTUIM BHHUMAaHHE Ha MPOTEKAroIlee
ANMMUHUPOBAHUE THIIPOKCUILHOW TPYNIBl B X0/€ IUKIonponanupoanus. [Ipu srom
HEOOXOJMMO OTMETUTh, YTO OHA SIBJISIETCS IUIOXO YXOJSIIEH TpyIIod B MOA0OHOTO
poja mporeccax M, B CBSI3M C 3TUM, ObUIO MPHUHSATO PEIICHHWE H3YyYUTh B ITUX KE
yCIOBHUsX Mpou3BoaHoe 183b C 0J10KUpOBaHHOM B BH/IE METOKCHMETHUIOBOIO d(upa
ciiupToBOi rpymmoit (cxema 2.85). Kak wm oxupamoch, majgbHEWINas peakius C
NaHMDS B aHamorW4HbIX YCIOBHUSX MOCIE HEUTpalW3alliid PEaKIMOHHOW Macchl B
Xo0Jile 00pabOTKM MPUBOJWIIA JIUIIb K MPOAYKTY THAPOJIH3A CIOXKHOADUPHOU TPYIIIIHI
200b. TToy4yeHHBIN pe3yabTaT MOATBEPINI, YTO HAOIIOAaeMOE ITUKIIONPOITAHNPOBAHHE
SBIIIETCS  CIEACTBHEM JOCTAaTOYHO CIIO)KHOTO M COTJIaCOBAaHHOTO  Ipoliecca,
3aTapruBaloIIero JOCTaTOYHO OOJBIION Y4YacTOK MoJiekynbl. Ha cymiecTtBoBaHue
BHYTpU- WM MEXMOJEKYIIPHOTO COACUCTBUA YyKa3blBaeT M 0Ooyiee BBICOKas
CKJIOHHOCTh K JJIMMUHUPOBAHUIO THAPOKCUIBLHOM TPYIIBI B CpPaBHEHUH C «-

OCHzoCHg».

RN W SN

@“ COMe  yromet \cone a —— COH
B . \ "’I///

"y \ iy )
HO OTBS MOMG OTBS MOMO OTBS
163b 183b 200b

a) NaHMDS, TT'®, 0 °C 1 4, 89%; 6) CH,N, Et,0, 0 °C, 3 1, 100%.

Cxema 2.85

Hcxons U3 BRIMICH3I0KEHHBIX COOOpPaKCHHH, HAMU TIPEITOIaraeTcs CASTyOMNN
MEXaHU3M IHKJIONpOoNaHupoBanus. B3anmoseiictBue coequnenus 163b ¢ ocHoBaHueM
MOJKET MPOMCXOIUTH MO JABYM HampaBicHHsIM (cxema 2.86, MapmipyThl «@» U «O»).
[Tyte «a» mpenctasmser coboii oOpa3oBaHHWE IHAHWOHA, KOTOPBIM OJHOBPEMEHHO

Y4aCTBYCT B JIBYX IMAPAJUICIIBHBIX IIPOLCCCaX. CornacHo IEpBOMYy U3 HUX,
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QIKOKCUJAHUOH BOBJIEKAETCS B IEHTAKOOPAMHMPOBAHHOE COCTOSIHUE HA aTOMeE
kpemHust A. B apyroit 4acTu MoJIEKyJIbl JEIPOTOHUPOBAHUE IO/ ICHCTBUEM OCHOBAHUS
YTIEPOJHOTO aTOMa COCEIHETO CO CIOKHOA(UPHBIM MPUBOAUT K COOTBETCTBYIOIIEMY
eHoysity B. [IpuMeuaTenbHO, UTO NpHU 3TOM HE HAOIIOAaeTCd BOZMOXKHOE 00pa3oBaHUE
JJAKTOHA CPEIHEro pa3Mepa, BEPOSATHO, BCIEACTBUE CTEpPUUECKHX 3aTpyAHeHuil. B
KOHEYHOM HTOre, MHTepMeanatr B mpereprneBaeTr Julllb THIPOJIU3 C TOJYYEHHEM JIBYX
coequaenuit 194b u 195b. OnHako Gosee MpeANMOYTUTENEHBIM SIBIISIETCSI IPOTEKAHHE
BHYTPUMOJICKYJIIPHOTO  IIUKJIONPONaHUpOoBaHus (MyTh «0») HM 37€Ch OCHOBHBIM
MPOIIECCOM SIBIISIETCA  Sy2’-3aMEIIeHre CIUPTOBOM TPYMNBl €HONATOM Jdupa B
untepmenuare C. bornee TOro, atoMm KHUCJIOpOAa EHOJSTHOIO aHUOHA MOXKET OBITh
BOBJICUEH B BOCBMUWIEHHBIM LIUKJI C NIETHAKOOPAMHUPOBAHHBIM aTOMOM KpeMmHus. Ha
BEPOSITHOCTh NOJIOOHOTO KOHTPOJISi KOCBEHHO YKa3bIBAET 2HOO-KOH(PUTYpaIUs CIOK-
HOX(UPHON TpYMNIbl MPOJAyKTa, moAaTBepkiaeHHas naHnHbiMU NOESY-skcnepumenta.
WuTepecHoil M He BIONHE OOBACHHMOM OCTaeTCcsl poJib IeKCaMETHJIIUCHIa3haa B
JAHHOM TPOLECCe, TaK KaK C JPYTMMHU OCHOBAHUSIMHU MPOHUCXOAMUT HCKIHOYUTEIBHO

MUIrpanus;d CUJIUJIBHOU 3alIUTHI. BCpOHTHO, €ro OCHOBHBIC CBOMCTBA B JaHHOM CJIy4dac

OKa3bIBAIOTCsA cna6ee, YEM Y aKTUBUPOBAHHOTO AJINIMJIIBHOI'O THAPOKCHIIA, PpE3YJILTATOM

- \\\\\\
N o\ - ‘ \COZH
\C /OMC C/OMC gy
\ "y
nyTh "a" ‘\\\\\\<) ‘\\\\\\\// Hﬁs \OTBS
9B @ Y @ TH0" 194b
> "y ' >
2BH N ) ""'/\ -MeOH +
o o 5- 0 W
\‘Si< \ \Si/ \COZH
/
Me | t Me Me/ |\Me s \ u,,,ll\
163b — _ Bu Bu' - $
TBSO OH
195b
U 1) NOE
ol OMe “, H
W K
+B HO\\\ Y \'/ _ ‘\\\\\/\
" - =
E o -B i
myTh "6" L -H,0 =
B—H \o Si\\M TBSO™
i AW | 196b

Cxema 2.86
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4Yero CTaHOBUTCS Iepejadya IMpOoTOHa nocieaHeMy. Takum oOpa3om, BONpOC € IIOXO
yXOISAUIE TpyINIoOd pemaercs IyTeM O00pa3oBaHUs JIETKO3IMMUHUPYIOIIErOCs
(¢parmeHTa BOJBI.

B nenom, HeCMOTps Ha HEOXUIAHHBIM pPE3yibTaT, IIOJYYEHHBIH IIpU
UCIIOJIb30BAaHUM TEKCAMETWIAUCUIIA3Uaa HaTpUs, MUTPANMs CUIWIBHOW T'PYIIIBI
OKa3ajach BIOJHE OCYIIECTBUMOW Jisi coenuHeHus 163D u ¢ nocraroyHo Xoporei
CEJICKTUBHOCTRIO TPUBOAMIA K HeoOxoammomy permomszomepy 190b. Crenyromum
3aKOHOMEpPHBIM 3TallOM CTaJ0 BOBJECYECHHE IIOCIEIHET0 B IIOCIEA0BATEIBHOCTD
IOCTPOEHUsI BEpXHEH Lenu MpocTrariaHguHoB. OnHAaKo, 00pasyloluics B XOAE
BOCCTAHOBJIEHUS CJIOKHO3(DHUPHON TpyMIbl IUA300YTHIIATIOMUHUN TUAPHUIOM, JIAKTOJ
201b oxka3aincst HHEPTHBIM B CTaHIAPTHBIX YCIOBUIX OJIeUHUPOBaHUS 10 BurtHry (ot
0 mo 24 °C). IloBbimieHHe TeMIEpaTyphl PEAKIMH 10 KUTISTYCHUS MPUBOIIIIO JIHIIbL K

numepy 202b ¢ xopornm BeixooM (cxema 2.87).

\\\\\\
<<::] CHO
"‘\\\ X > é 'l///\
@ COMe TBSO OH
:,/// —_—
é \ \\\\
TBSO OH ; <::]

190b "///

///I

TBSO
201b

/\: \\\\\r\'\
S ',// /
TBSO OTBS
202b

a) DIBAL-H, CH,Cl, -78 °C, 30 wmun, 96%; 0)
Ph;P*[(CH,),CO,H]Br", NaHMDS, TI'®, ot -78 °C 1o kunsiuenus, 5
4, 64%.

Cxema 2.87
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Takum o0O0pa3om, TOJYyYCHHBIE PE3YNbTAThl TMOATBEPAWIA MPUHIUIAATHLHYIO
BO3MOYKHOCTh OCYIIICCTBJICHUS MUTPAIUA CUJIWIHHOW TPYIIBI B HAIIEM Cly4ae, HO
nanpHelmee mnpuMeHeHue Onoka 190D, BciencTBHME WHEPTHOCTH — AJIbJCTHIHOM
¢ynkun B nakrose 201D, okazanock ManonepcreKTHBHBIM B paMKaX IperojiaracMoi
cTpaTernu. B anmbTepHAaTHUBHOM BapuaHTE OBLIO PEIICHO PAacCMOTPETh BO3MOXKHOCTH
nepexona w3 coeauHeHuss 163D k Onoky, moaxonsiieMy s BBEICHHS HIDKHEH

OOKOBOI1 IIEITH.

Tanoemnoe npeepawienue: peakyus Bummuza/muzpayua cununvhoii zpynnei,
KaK Kawueeasa cmaous NOJAHO20 CUHME3d Memuio8o20 iupa 15-0e30Kkcu-A"*-
PGJ,. C mnoaydeHHeM [IOCTaTOYHO JIAOMJIBHOIO THAPOKCHambaeruga 165b crama
OUYEBHUJIHOM HEOOXOJUMOCTh CKOPEWIIEro IMOCTPOEHUS BEpXHEW OOKOBOW Lemu IS
MUHHUMU3AIUN BO3MOXKHBIX HEXeJIaTeIbHBIX MOOOYHBIX MporeccoB. Tak, yduThiBas B
[EJIOM TIOJIOKUTENIbHBIA pe3yJbTaT B OMbBITE MO MUTPAlMUA CUJIMJIBHOW TPYIIIbI
coequHeHus 163b, ObuTO pemeno u3ydnuTh BOZMOKHOCTH €€ OCYIICCTBIICHUS HA CTaINH
oneunupoBanus 165b. Ilpu >ToM, HeCMOTpsS Ha YBEIMYCHHE HEOOXOIUMBIX IS
MIPEBPAIICHUA KOJMYECTB METAJIOOPTAHMUYECKUX PEareHTOB, AJTMIBHYIO CIHUPTOBYIO
byHKIHUIO MBI OcTaBuiu 0Oe3 m3MeHeHuH. B »TOoM ciywae pacuer ObUT clenaH Ha
OJIHOBPEMEHHYIO  pCIlIEHHE JBYX BaXHBIX 3a/lay: BO-TIEPBBIX, COKpAIICHUS
CUHTETHYECKOM MMOCIIEI0BATEILHOCTH, 0 MEHBIIEH Mepe, Ha JIBE CTaIUN MTOCTAHOBKH-
CHSITUSL 3aIMTHOW TPYIIBI U, BO-BTOPHIX, OCYIIECTBICHHE MUTPAIMA BO BpeMs
peanu3anuyi peakuud BuUTTHUTa NpU WCMONB30BAHWU JTOMOJHUTEIBLHOTO W30BITKA
ocHoBaHus. Peaknus Buttura, nposenennas ¢ anpaeruaom 165b, 9 sxks. NaHMDS wu 4
9KB. (pochoHNEBOH CONH 5-OpOMIIEHTAHOBOM KHCIIOTHI, ITOCJIE CTaHIapTHONM 00pabOTKH
U METHJIMPOBAHUS CHIPOTO OCTaTKa, ¢ XOPOIIMM BBIXOJOM MpUBOWIa K 5:1-cMecu

npou3BoaHbIx 203b u 204b (ommiT 1, Tabawma 2.2) ¥ HEKOTOPOMY KOJHUYECTBY CMECH

NMOOOYHBIX COEMHEHUM, T/I€ TJIABHBIM KOMMOHEHTOM OblT 10-ujieHHBIN MaKpOJaKTOH

205b (cxema 2.88).
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W\ o\ (CH2)3C02M6 o
@ cHo &0y =" R
\ "II/\ III/
///////

///

HO OTBS R,0 )
165b =
203b, R, = TBS, R, = H, 60% TBSO 2055 O
204b, R, =H, R, =TBS, 12%
(Hepasgenumasi CMeCh MPOYKTOB)
B L, 0 K, 0
203 —» ocmonenue  163b —3 203b+204b+205b cMeck 205b  ——3» 203b

83%

6 e, 6
204b 3= 204b+205b 203b + 204b <€-——- 204b W 203b+204b+205b
84% 0

a) Ph;P*[(CH,),CO,H]Br (4 5kB.), NaHMDS (9 3kB.), TT®, ot -78 °C 1o 24 °C, 1 4; 6) CH,N,.
Et,0, 0 °C, 3 4; 8) NaHMDS (u36.), TT®, 0 °C; r) -BuOK (9 3k8.), Ph;P'[(CH,),CO,H]Br" (4
9kB.), TT'®, ot 0 °C g0 24 °C, 1 u; 1) mumcun-Na (3 sks.), IMCO, 1 u; ¢) #-BuOK (9 3ks.), TT®,
24 °C, 10 4; x) LiOH (10 sks.), TT®, H,0, 24 °C, 3 u.

Cxema 2.88

Takum oOpa3oMm, TaHIEMHOE IMIPEBpaIllCHUE JEUCTBUTEIBLHO  OKa3aJioCh
BO3MOXHBIM UM TPOTEKAJO0 C BBICOKOM CTEpPEeOCeNeKTUBHOCThIO. YTO KacaeTcs
MOJTydJaronuxcss MoOOYHBIX coenuHeHuit 205D, TO OCHOBHOW KOMIIOHEHT MX CMECH,
HEOTJCIUMBI B YCIOBUSX KOJIOHOYHOM Xpomarorpaduu, MpeacTaBisieT coOou
pe3yibTar 0osiee rIyOoKoro npeBparieHus npoaykra murpanuu 203b. Ha o6pa3oBanue
BHYTPEHHETO LUKINYECKOro 3¢upa ykaspiBaid JaHHble crnektpoB SAMP u UK, B
KOTOPBIX OTCYTCTBOBAJIM CHUTHAJBI THUIPOKCHJIBHOW TPYIIBI U METUIOBOTO 3dupa.
Kpome TOro, menouHoil TUAPOIU3 OTOM CMecH, TMocieayrmue o0padoTka u
METHIIUPOBaHHE TPUBOIWIM K coeauHeHuto 203D B KauecTBE OCHOBHOTO MPOJIYKTa
(cxema 2.88). [Ipu ucmonb30BaHuK B peakiini Buttura B kauectBe ocHoBanus t-BUuOK
peaknus mpoTekana ¢ 00pa30BaHUEM MPAKTHYECCKH OJIMHAKOBBIX KOJUYECTB OCHOBHBIX
npoaykroB 203b u 204b, a Taxke cMecu MOOOUYHBIX coeaMHEHHUI (OmbIT 4, TaOIUIA
2.2). Jlanee, MbI IPOBEIIN CEPHIO IKCIIEPUMEHTOB C IEJIbI0 M3YUCHHS BIUSHUSA YCIOBHM
peaKIyuy Ha MUTPAIUIO CHUTJIBHON TPYIIITBI U U1 YCTAHOBJICHUS MPUYUH 00pa30BaHUS
MOOOYHBIX TPOYKTOB. Tak, UCTIOIb30BAaHUE OOJBINETO N30bITKA OCHOBAHUS TTPUBOIMIIO
K CHIDKCHHIO OOIIETO BBIXOJIa PEAKIIMY U YMEHBIIICHUIO OTHOCUTEIBLHOM IO MPOAYKTa

murpaiuu 203b ¢ yBenmyueHreM BbIX01a MOOOYHBIX COSAMHEHHI (OMBIT 2, Ta0IMIIa



193
Tabmuna 2.2 — [TapaMeTpbl 1 pe3yibTaThl IpeBpalieHuil coennuennii 165b, 203b u

204b B OCHOBHBIX yCIIOBHSAX

Ne omrrta| Cyberpat OKB. Bpewms, mun T °C BBbIX0J1 IPOIYKTOB, %'
OCHOBaHHs" 203b 204b
1 1° 30 60 12
ot -78 o 24
2 2° 60 9 32
165b
3 1° 60" -78 - 28
4 1 60 0 mo 24 24 28
5 203b 2° cle bl -
5 0
6 1 - 17
7 204b 9 600 24 26 61
8 2° 60 57 27

*U30BITOK 10 OTHOIIEHHUIO K CyOCTpaTy
®flocie MeTHIPOBAHHS

* pacteop NaHMDS B TT'®

"'50%-nas kousepcus 165b

“t-BuOK B TT'®

“mamcui-Na 8 JIMCO

2.2). Ilpu CcHWKEHHH TeMIepaTypbl peakiuu oneGuHupoBaHus 1O Burrury
oOpa3oBaHME TMPOJIYKTAa MHUIpPAMU HE HAOII0JANOCh, a KOHBEPCHUS MCXOIHOTO
anpaeruaa cocrariasuia 50% (ombiT 3, Tabmuma 2.2). Kpome »Toro, oOmmuii BBIXOJ
obpasyromuxcst coenunennii 204b u cmecu 205b oxazancs 1OBONBHO HHU3KHM,
BUJMMO, BCJIEICTBHE MOOOYHBIX IMPOIIECCOB, 3aTPAarMBAIONINX HWCXOTHBIA abICTHI.
JI1st BBISICHEHUS TPUYMHBI YMEHBITICHUS BBIXOJIa TTPOYKTA MUTPAIMH ITPH YBEITUICHUN
u30bITKa OCHOBaHMs mnojdydeHHble coeauHenus 203b wu  204b Taxke Obum
noaepruyTsl AeiictButo NaHMDS. Ilpu stom B 000uMX ciy4yasix MNPOUCXOIUIIO
OBICTPOE WCUE3HOBEHHE HCXOTHOTO COEAMHEHHUs Mpu KoHTposie wmeTtomom TCX.

Onnako B ciydae npousBoaHoro 204b HaOmroganoch oOpa3oBaHHe CMECH MOOOYHBIX
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COCIMHCHWIA B XOJC pEaKIWH, a Takxke Bo3BpameHue ucxomnoro 204b mocie
00pabOTKHU U MOCIIEAYIONIETO METHIITHPOBaHus Oe3 cienoB oopasoanus 203b (ombIT 6,
tabnuma 2.2). lleraeBod NpOayKT MHUIPAallMU B aHAJOTHYHBIX YCIOBUAX ObLI KpaiiHe
JaOWIBHBIM W TPHUBOIWI JIMINb K CJIEAOBBIM KoymdecTBaM wucxomHoro 203b wu
0OOYHBIX COeAMHEHHH (OmbIT 5, Tabmumna 2.2). Ilpu HCHOJIb30BAaHUH B KadyeCTBE
OCHOBaHHUs JUMCHI-HaTpus coemuHenue 204b mpereprieBaio TOJBKO MUTPAILIHMIO,
npoTekaronryro ¢ BeixogoM 70% (omsiT 8, Tabmuma 2.2). B ciydae ke t-BuOK manHbIiH
MPOIECC MPOTEKAJI 3HAYUTEIILHO JIOJIbIIE, Tak 3a 10 4 mepexos OCymecTBISUICS JHIIb
Ha 30% c OJTHOBpPEMEHHBIM O0pa30BaHHWEM IMMOOOYHBIX coeauHeHUH (OMbBIT 7, TabJMIa
2.2).

Takum 00pa3oMm, TMOJTy4YEHHBIE pe3yJbTaThl MPUBEIM HAC K CIEAYIOIIUM
BBEIBOJIAM KacaTeJIhbHO HAOIIOJAEMBbIX TPEBPAIICHUA OJC(UHUPOBAHKS, MHTPAITUU
CWJIaHAa U MAaKPOJAKTOHU3AIMH, KAK OCHOBHOTO MOOOYHOTO Tpoliecca:

- ipu -78 °C Hapsgy ¢ oOIIMM yMEHBIIEHHEM BBIXOJA M3YYaeMbIX PEaKIMii
pEaKIniA MPOIIeCC MaKPOJIAKTOHMU3AIMH ObLI O0JIee MPEaOUTUTEICH, YeM MUTPAITHS;

- ipu nposeeHun onepunuposanus rpu 0 °C mons nenesoro npoxykra 219b
3HAYUTENFHO BO3pacTaa,;

- yBeluW4YeHUE W30bITKAa OCHOBaHHWA, a TaKKe BPEMEHU BBIJCPKUBAHUS B
OOJIBIIIEH CTETIEHH CTTIOCOOCTBOBAJIO HAKOIUICHHUIO MTOOOYHBIX TTPOYKTOB.

CrenaHHbIC BBIBOJIBI, B KOHEYHOM HTOTE, IO3BOJMIM ONPEASIUTh Hambosee
ONTUMAJIbHBIE YCJIOBHUSI TPOBENCHMS TaHAeMa peakuuid Burrtura u mwurpanuu
cuIHIIbHOM rpynimbl. Tak, npu ucnons3oBanuu 1 3kB. n30biTka NaHMDS npu 0 °C B
TeueHne | 9 mpowmcxoamiio obpazoBanue 71% meneBoro coeaunenus 203b, 6% He
nperepresiiero Mmurpamnuio 204b u HeOonpIMX KOMMYecTB TOOOYHBIX MPoAyKTOB 205b.
KpoMe TOro, OCHOBBIBAasCh Ha TOJY4YCHHBIX pe3yibTarax, Ojok 204b wu cmech
no0ouHbIX mpoAykToB 205b manee Moryt ObITh TpaHC(HOPMHUPOBAHBI B IIEIEBOEC
coeaunenue 203b ¢ xopormmMu BeIXo1aMH.

PaccmarpuBas BO3MOXKHBIC MPUYMHBI HAOJI0IaeMOro MOOOYHOIO Mpoliecca
MaKpOJIaKTOHU3AIIMHU, 3/IECh MBI MPEAIoiaraeM MpoMeXyTOYHOEe 00pa3oBaHHE KEeTeHa

A. Ilpu 5TOM piMHA W OpPUEHTALMS €r0 G-UENHU SBJISIOTCA MNOAXOIAIIMMU IS
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B3aMMOJCUCTBUA C O6paSYIOIHI/IMC$I AJIKOKCUJI-aHUOHOM B HHTCPMEAUNATC B c

NOCJIe YoM 00pazoBaHueM IuKimdeckoro adupa 205b (cxema 2.89)

\\\\\ \ B \\\\\
SN o —
O k—_ ’II
- &7 M O) vy,
203, 2B | T ) »| : //\_/“*C/ o 205
(204b) -2BH 5 o) 0 o 7
ove | O/ o
Si Sl\
t-Bu t-Bu
A - - B -
Cxema 2.89

Kacascp OnaronpustHo npotekaromieil [1,5]-Murpanuu cHIMIbHON 3alIUTHOMR
IpyMNIbl, CIEAYeT OTMETUTh, YTO OJHUM U3 KIIFOUEBBIX (PaKTOPOB, OYEBUAHO, SIBISIETCA
B3aMMHO€ YUC-PACIIOJI0KEHHE AIUTMIBHON CIUPTOBOM U THIPOKCUMETUIBHBIX (PYHKIUI

OTHOCHUTEJIBHO MJIOCKOCTH IIUKJIONEHTAHOBOTO KOJbIla. B 3TOM CBs3M 0COOBIN HHTCpPEC

U (CH,);CO,Me

.\\\\\ \\\\\
COzMe ’B .
.’I// II// I/\
HO OTBS OTBS HO OTBS
164b 206b 207b
N\
%@
CH,).CO,M
,,,//// MCO) RTAAN ( 2)3 ovie
| i)
o. NP &\
Si TBSO
-~ \™ 208b
t-Bu
C

a) DIBAL-H, CH,Cl, -78 °C, 30 mun, 88%; 6) Ph;P"[(CH,),CO,H]Br (4 5k8.), NaHMDS (9 5k8.)
Tr'®, ot -78 °C no 24 °C, 1 4; B) CH,N, Et,0, 0 °C, 3 4, 78% (2 cranun).
Cxema 2.90
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OPEICTaBsIO M3yYEHHWE B AaHAJOTUYHOM MOCIEAOBATEIBHOCTH TpaHchopmanmii
MHUHOPHOTO TIPOJIYKTa SIOKCHIUpoBaHUs/GparMentaun — coupra 164b, mpanc-
nu3zoMepHoro mpoaykty 163b. Tak, ecnu BoccTaHOBICHHE 10 albACTHAa MPOTEKAIO
TaKXe TJIaaKo, MPUBOJS K coenuHeHnto 206D, To peakmust Buttura B mpuCyTCTBUH
U30BITKa OCHOBAHUS, MOCIIe 00paOOTKH M METHWJIMPOBAHHUS, TIPUBOMIIA JIUIIH K OJHOMY
npoaykry 207b (cxema 2.90). Takum o00pa3om, HECMOTPS Ha IPHHIMIIHAILHYIO
BO3MOXKHOCTh CYIIIECTBOBAHHS MIECTUUIEHHOTO MepexoqHoro coctostuust C, mogo0HOTro
A na cxeme 88, oOpazoBanus npoaykra 208b He mporcxoauo.

Jiis 6moka 207D, mosrydeHHOTO U3 MUHOPHOTO mpakc-ajUTHIOBOTO criiupTa 164D,
OBLIIM PACCMOTPEHBI JIBA ANbTEPHATUBHBIX MOAX0Aa (POPMHUPOBAHUSA HUKHEH OOKOBOM
uenu. Jius ostoro compt 207b  Obur  okucien peareHroM  KommmH3a 710
COOTBETCTBYMOMIET0 IHKiIoneHTeHoHa 209b, w3 koroporo, mo mepBOMYy BapHaHTY,
OPEINoarajoch IMOJIyY€HHUE SK30METWIMACHOBOM TIPYNIbL, MHOAXOIAMIEH AJis
oJe(pUHUPOBaHUS M0 XEKy WM CXOXKHUX C HUM CIIOCOOOB, a, 10 BTOPOMY, B KauecTBE
KITIOYEBOM CTaIWU MPEANONaraioch ajKWINPOBAHUE IUKIOMEHTEHOBOTO allbJeTH/A.

Tak, B xo1e 0o0padoTku cunmmuioBoro sdupa 209b 9:1-cmechio TpudTOPYKCYCHOM KHC-

RTAN (CH2)3C02Me AN (CH2)3C02MC
a — 6,0 °C
N\ : g 85%
HO OTBS 0 OTBS
207b 209b
A\ (CH;,);CO,Me A\ (CH,);CO,Me
E 6, 24 oC E
ﬂ
\ 82%
0 OH 0 olleUHUPOBAHUE
210b 211b o Xex
[O] Y
o\ (CH2)3C02M6 ‘\\\\w
"N ‘ CO,Me
e X
\
0] @)
212b 213b

a) pearent Kommuza, CH,Cl, 24 °C, 3 4, 84%; 6) TOYK, H,O0, CH,Cl, 2 u.

Cxema 2.91
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noTel ¢ Bomoi mpu 0 °C mpoTeKaa HCKIIOYHMTENILHO THAPOJIN3, COMPOBOIKIABIIHAIACS
U30MEpHU3AIMEe B XOJI€ KETO-CHOJHHOW TayTOMEpPHUU W TPHUBOASAIINN K TOYTH
SKBUMOJISIPHOM CcMecH HepazaeauMbix smnumepoB 210b. TloBeimieHne TemmepaTyphbl
peaknuu A0 KOMHATHOM WHUIIMMPOBATIO TOCICAYIONIYIO CTaaui0 JACTUIpATAlH C
00pa3oBaHMEM  OXHJIAeMOI'0  3K30METWIHACHIUKIoNeHTeHOHa 211b. Opnnaxo,
MOCIEAYIONIME IOMBITKA Kak oOKucjiaeHus couptoB 2100 mo ampaermmor 212b
JEHCTBUEM Pa3IUYHBIX OKHCIHTEIBHBIX KomruiekcoB (rmo Cepny, Kommmnazy, Kopu
i JUKOHCY), TAK M MPSMOTO BBIXOJA K METHIOBOMY 3dupy 15-mesokcu-A***-PGJ,
oneuHUpPOBaHWEM MO XEKy B THIOBBIX VYCIOBHIX, YCIIEXOM HE YBEHYANCH,
BCJICZICTBHE OOpa30BaHUS OOJBIIOTO YHCIA IMOOOYHBIX COCAUHEHUH WM OCMOJICHUS
peakIMoHHbIX Macc (cxema 2.91).

Takum oOpazoM, QopMupoBaHHE MHKJIOIMEHTCHOHOBOTO (parmMeHTa OBLIO
HEIIEJIECOOO0Pa3HbIM JI0 BBEACHUS (PparMeHTa HWKHEH LeNu, U CISAYIONIMM 3Tam
paboThl OBUT CBSI3aH C  HUCIIOJIB30BAHMEM OCHOBHOTO TMPOAYKTa TaHJIEMHOTO
npeBpaileHusi  oJeQUHUpPOBaHUE/MHUTpalusi — MoHo3ammieHHoro auona 203b.
[Tocnenytronue cTaauyu CUHTE3a MPUHIUIUAIBHO HE OTIMYAIUCH OT OMUCAHHBIX paHee
it MOM-ananora 187b. Tak, mua mnoaydeHus anpaeruga  214b  wambonee
7 (}EeKTUBHBIM OKa3anoch okuciaeHue 1mo CBepHy, MpoTekaroliee 3a 1 4 U ¢ BHIXOJIOM B
83%, mpeBOCXOMSIIEM TaKOBbIE MPU HCIOJB30BAHUM JPYrux peareHToB. Hampumep,
OKHCJICHHE TEPBHUYHOW THAPOKCWIBHOM Tpynmnel JercTBueM peareHToM KoiunH3a
MpoTeKajgo B TeUyeHUMH 16 dYacoB ¢ BbeIXOoJOM 65%, a HCHOJIB30BaHUE
nonbenzonauarerata mpu katammze TEMPO 3a 24 4 nmpuBoauio k 50% meneBoro aib-
neruna 214b. B ciayuae pearenra Jlecca-MapTtuHa, mporece mpoTekaa 0YeHb J0JT0 |,
3a cemMb JAHEH, KoHBepcus coctaBisiia juiib 60% mnpu 73%-HoM Bbixoae. CToiib
BBICOKHE JUTMTEILHOCTH JAaHHOW TpaHChHOpMAIMU OOBSCHSIOTCS MPOCTPAHCTBEHHBIMHU
3aTPyIHCHUSIMU ~ TPU  TOAX0J€  OOBEMHBIX  OKHUCIUTEIBHBIX  KOMIUICKCOB.
Bsaumoneiicteue anpaeruaa 214b ¢ autueBsM npou3BOIHBIM mparc-1-uogorenteHa
NPUBOAMIIO K 2:1-CMecH pa3eIMMbIX Ha CHIIMKArelie AMUMEpHbIX criupToB 215b u 216b
¢ Beixogom 74%. HaGnrogaemasi CTepeoCeNneKTUBHOCTD MPOIIECCa, BEPOSTHO, SIBIISIACH

PE3yJIbTaTOM HeﬁCTBHH YUCTO CTCPUICCKUX (baKTOpOB W IPpUHIOUIIKAJIBHOI'O 3HAYCHUA
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a) okcamui xynopua, IMCO, Et;N, CH,Cl, -78 °C, 1 u, 83%, 6) mpanc-1-uoarenten, n-Buli, -78° C,
1 4, 74%; B) MOMCI, DIPEA, CH,Cl, rt, 4 4, 93%; r) TBAD, TI'D, 16 4, 91%; 1) CrO5*2Py,
CH,Cl, 24 °C, 4 4, 85%; e) TOYK, H,0, CH,Cl, 3 4, 79%.

Cxema 2.92

JUISl CUHTE3a LIeJIEBOM CTPYKTYpbl He umena. OQHako [ yHpOUIEHUS KOHTPOJIS
peakiuii ¥ aHajan3a MPOAYKTOB B JaTbHEHIIIHE IPEBPAIICHUS ObLT 3aIyIeH MaKOPHBIN
npoaykt 215b. B kauecTBe 3ammTHONW TpyNIbBI, Y4YUTHIBAS HEOOXOAMMOCTH
MOCJICYIONIETO JICCHWIMIUPOBaHMs, Oblla BbIOpaHAa JJOCTATOYHO CTaOWIIbHAS U
HECKJIOHHAsi K MMHIpalMud METOKCUMETWJIbHAs TIpylmna. B THUIOBBIX YCIOBUSX 3TO
NpeBpalleHre MPOTEKaI0 TJIAAKO, MPHUBOAS K TpoaykTy 217D, KOTOphIi B CBOMO
ouepenb Mpu B3auMmojaecTBuu ¢ TBAF mocratouno OwicTpo mpeBparmaics B CIUPT

218b. Oxwucnenwe mnocnenHero peareHToM KoJumMH3a TO3BONMHIO CHOPMHUPOBATH
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IIUKJIOTICHTEHOHOBBIM OCTOB B coeauHeHWH 219D ¢ BBICOKMM BBIXOJOM. YUHTHIBas
HAJIMYUE HEHACBHIICHHBIX (pParMeHToB ¢ OO0EuX CTOPOH, a TaKkKe HTOTrOBOE
dbopMUpOBaHHE BBICOKOCOIIPSHKCHHON CTPYKTYpBI, Ha TOCJIEIHEH CcTaauu ObLI CIeiaH
pacueT Ha IMOCIEAOBATEIbHOCTh MPEBPALCHUN THUAPOIN3a U JCTUApATAllMU TPH
KaTajgn3e CHJIbHOW HEMHUHEpAIbHOW KHUCIOTHL. Tak, Mpu B3aWUMOJCUCTBUU CO CMECHIO
TPUPTOPYKCYCHOM KHCIOTHI M BOJIBI B CPEle XJIOPUCTOTO METHJICHA MPH KOMHATHOM
TEeMIEpaType MPOUCXOAUSI0O 00pa3oBaHUE IIENEBOTO METUIIOBOro s¢upa 15-ne3okcu-
AY*-npocrarmanmuna J, 213b ¢ BeIcOKEM BBIXOZOM (cxema 2.92). Jlaiee 9TOT CHHTE3
OBLT OCYILIECTBIICH HAMU W B SHAHTHOMEPHOM BapuaHTe. OO0Iee KOJUYECTBO CTaauid
UCXOJIS U3 IUKIIOTICHTaINEeHA cOCcTaBmiIo 21 mpu BeIXojae okoyio 4% B pacyeTe Ha o0e
sHaHTHOMEpHbIE (QopMbl. UTO KacaeTcss HATUBHOW KOH(QUTYypalluu, TO HUCXOJs U3
ONTUYECKU aKTUBHOTO JIAKTOHA, C YYETOM BBIOPAHHBIX ISl MCCIEAOBAHUS Ma’KOPHBIX

SIIUMCPHBIX (1)OpM IIOCJIC CTaI[I/Iﬁ BHOKCI/IIII/IPOBaHI/I}I-(bpaFMeHTaI_[I/II/I U AJIKWINPOBAHHA,

Ha 15 cTanuii BBIXOJ cocTaBisieT 6osee 5% (6oaee 9% 6e3 yuera) [309].

Ilpocmeiiuue IK30MemunudeHYUKI10nEHMEHOHO8blE OJIOKU KAK NPEKYPCopbl 6
HANPAeIeHHOM CUHME3e, 0COOEHHOCIMU U 603MOMCHOCIMU npumenenus. HecmoTtps Ha
YCHENIHYI0 PeaiM3aIiio TOJIHOTO CHHTE3a MPAKTUYECKH BAaXKHOTO METHIIOBOTO 3(dupa
15-I[G3OKCI/I-A12'14-HPOCTaFJ'IaHI[I/IHa J, 213b, a Takke y4HMTBIBas MHOTI'OCTaAMHHOCTh
MOJIYYCHUSI W WM3BECTHYIO HEBBICOKYIO CTaOWMJIBHOCTH JAHHOTO COCAMHEHHS, OBLIO
PEIICHO M3YyYUTh BO3MOXKHOCTH TOJIy4eHHsS] 00Jie€ MPOCThIX MpECTaBUTENEH Kpocc-
COTIPSDKEHHBIX IMKJIONEHTaHOUA0B. [Ipu 3TOM, MBI OOpaTH/IM BHIMaHUE Ha OOUTHOCTH
OMOJIOTMYECKUX CBOWMCTB UX HamOoJee ApKUX MPECTaBUTENEH ¢ CAPKOMUIIMHOM A U, B
pesynbTrare,  pemmid  CKOHIIEHTPUPOBATH  CBOM  YCHUJIMS  HA  CHHTE3C
HK30METHIIMCHITUKIIONIEHTEHOHOB. K TOMY K€, YCIIOBHUS YCIIENTHOTO CO3JaHUs KPOCC-
CONPSHKEHHOTO (PparMeHTa, OTBETCTBEHHOT'O 3a MPO(HIIb OMOJOTHUESCKON aKTHBHOCTH,
ObUTH OMpeeNIeHbl, Kak B Xoje CHHTe3a coemuHenus 213b (cxema 2.92), Tak u ero
CTpyKTypHOro mnpemmiectBeHnnka 211b  (cxema 2.91). HawmbGonee mpocThiM
npeJCTaBUTEIeM TOJAO0OHBIX CTPYKTYp MOTJI0 Obl OBITH coenumHeHne NOr-146b

(cxema2.93), HO HAIIIK paHHUE TIOAXOJIbI K TAHHOMY TPEJCTABUTEIIIO MTyTEM OKHCICHHS
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amtoBoro cnimpta 151b wmm xucnorHoro pacmierienus akrona 133b He yBeHuanuch
ycriexoM. B 00oux ciaydasx mpouecc CONmpoBOXIAJICS JeCTpyKLUUEH CyOCTpaTos,
MPUBOJSIINX K OCMOJIEHHUIO PEAKIIMOHHOM MacChl. YUUTHIBasl TO, UTO JIaHHBIE PEAKIMU
JUIS  JpYTMX, HECKOJIbKO  OTJIMYAIOIIUXCS 1O  (PYHKUHMOHAIM3UPOBAHHOCTH,
LIMKJIOMEHTAHOUJIOB MNPUBOAWIM K >KETaeMOMY pe3yJbTaTy, Mbl CAEIald BBIBOA O
HECTaOMIBLHOCTH CTPYKTYphI NOr-146b, BBHIY Ype3BbIYaifiHO BBHICOKOW HACHIIIICHHOCTH
aKTUBUPOBAHHBIMH ydacTkaMu. Kpome TOro, capkoMuipH A, Kak U €ro METWJIOBBIU
a¢up, HE MMEIOUIME JBOMHOW CBSI3M B LIMKJIE, TAK)KE€ HM3BECTHBI CBOEHM J1OCTATOYHO
BBICOKOI J1TabuibHOCTHIO. [Ipu 3TOM Hanbonee ciadblM y4acTKOM, BEPOSATHO, SIBISIETCS
KapOOKCcHiIbHAsT (DYHKIIMS, CKIIOHHAS K KETO-CHOJIBbHOW TayTOMEPUHU KaK B KUCIBIX, TaK

N B OCHOBHLBIX Cpcaax. HOSTOMY MBI IICPCIITIM K PACCMOTPCHHUIO BO3MOXKHOCTHU
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MOJTy4EHUsI TOMOJIOTUYHON CTpYKTyphl 146D, moreHmmansHO oOmamaromieii OoJbIei
CTaOMIBHOCTHIO. B KOHEYHOM HTOTE, HIed COCTOsIIAa B TOTYYEHUH MPOCTEUIIIEH MOenu
IIPOTHUBOITYXOJIEBOTO CPENCTBA, NPEACTABIAIOMIECH KaK CAMOCTOSITENIBHBIA MHTEPEC, TaK
M B KOHTGKCTE BO3MOKHOCTH IOCIHEAyIOMEro cuHTe3a  15-mesokcu-A'>M-
npoctarjaHavHa J,. VMHBIMM CclOBaMH, MBI paccMaTpUBAIM 3K30METHIIUICHOBBIHI
(parMeHT, ¢ OAHOM CTOPOHBI, KaK 3JIEMEHT KpPOCC-CONPSIKEHMS, a, C JIPYrod — Kak
YYaCTOK, MOAXOASIIMN Ui MPsIMOTO BBEACHUS HWKHEH LeNU OJIepUHUPOBAHHEM I10
Xexky. IIpu 3TOM CTOUT YyHOMSAHYTh, UTO paHee OblIa YK€ OlMcaHa HEyJauHasl MOIbITKa
BbIXOJa K OJIoKy 146D ¢ TOMOINBIO KHCIOTHOTO pACIIEIUICHUS (-JIAKTOHHOTO
¢parmenta nwukioneHTeHoHa 144b. B kauecTBe anbTEepHATHUBHBIX BapHAHTOB,
IPEIOoJIaralolliuX UCIOJIb30BaHUE 00Jee MATKUX YCJIOBUM, ObLIM BBIOpaHbI MOAXOJIBI,
ucxoxasimue u3 aumwicuiada 100D 1 ero npou3BoaHOTrO — ayuTHIoBOrO crupra 163b.
PaccmaTtpuBas BapuaHTBI BBIXOJa K IMKIONEHTeHOHY 146D w3 ammmioBoro
crimpra 100b, xiroueBbIM mpeBpalieHUEM TPEACTABISUIOCh MSATKOE CHITHE 3alUTHON
rpynnsl aevictBueM THBA®, Tak Kak NpH UCIOJIB30BAHMM KHUCJIOTO KaTalau3a MOHHO-
OOMEHHBIMU CMOJIaMH, KaK YK€ ObLIO MPEACTABICHO paHEe, €AUHCTBEHHBIM MTPOJYKTOM
ruaposin3a sBisuics JiakToH 142b. Omnako w npu ucnonb3oBanun TBA® peakius ¢
YMEPEHHBIM BBIXOJOM TaK)X€ MPUBOAWIA K 3TOMY K€ Npoaykry. UM, ecnu B mepBom
cllyyae JIaKTOHOOOpa30BaHME, OYEBUAHO, SBISETCA CIEACTBHEM KIIACCUYECKOIO
KHCJIOTHOTO THUJIPOJIN3a CI0KHOA(DHUPHON Tpymmbl, TO, BO BTOPOM, OJ0OHBIN mpouecc
OKazajcs JIOCTaTOYHO HEOXKHWJaHHbIM. Haumbonee BEpOATHBIM  OOBSICHEHHEM
NpEACTaBIAETCS aTaka KapOOKCHJIBHOIO aroMa yIJiepojJa  alIKOKCUA-aHUOHOM,
o0Opa3yromuMcs TOCJe OTHICIUIEHUS CUJWIBHOW TPYIIbl NMpPU B3aUMOJEUCTBUHM C
¢dTopua-annonoM. B 3ToM citydae npoiiecc SBISETCS BHYTPUMOJIEKYJISIPHBIM aHaJIO0rOM
HIEJIOYHOTO TUAPOJIU3a CI0KHOA(GUpHOUW rpymnmbl (cxema 2.94). Takum o00pazom,
NOJIyYEHHBIE PE3YNbTaThl B OYEPEIHON pa3 MNPOAEMOHCTPUPOBAIM CYIIECTBEHHOE
BIMSIHUE Ha pe3yJbTaThl MpEBpallleHuHd CTPYKTYpPHOrO (axkTopa, CBA3aHHOTO C

POCTPAHCTBEHHOM OJU30CThI0 QYHKIMOHAIBHBIX rpymn [310].
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a) DOWEX-Amberlyst (1:1), MeOH, 24 °C, 16 u,
77%; 6) TBA®, TT'®, 24°C, 16 1, 52%.

Cxema 2.94

Yro Kacaercsi J-JaKTOHHOIO IMKIA coefauHeHust 142D, To, yuuThIBas OYEBHUIHYIO
BBITOJTHOCTH JJAHHOM YacTH COCJAMHEHHUS, a, CIEA0BATEIIbHO, BBICOKYIO YCTOMYUBOCTh U,
KpOME TOTO, CKIOHHOCTh QJUIMJICHJIAHOBOW TPYIIBI K TPOTOACCHININPOBAHHUIO,
BapUAHTHI KUCIOTHOTO PACIICIIIICHUS! BHYTPUMOJICKYJISIPHON CIOKHOI(UPHOU TPYIIITHI
MIPEICTABISUINCH MaJIONEePCIEKTUBHBIMA. BMeECTO 3TOro OBUIO TNPUHSATO peEHICHUE
paccMOTpEeTh BapUaHT JCIUKIN3AIMN TIPH JESHCTBUM OPTaHMYECKOTO OCHOBaHUS. Tak,
oOpaboTka makToHa 142a BOAHBIM 3TAaHOJIAMHUHOM OXKHJIA€MO MPHUBOIIIA K aMHIY
220a, TUAPOKCWIbHAS TPyMIa KOTOPOTO ObLTa CUIMJIMPOBAaHA B CTAaHAAPTHBIX YCIOBUIX
c oOpazoBanueM »sdupa 22la. [lanpHeHmH BBIXOA K aUTMIIOBOMY CIHHUPTOBOMY
dbparMeHTy MNPUIIOKEHHEM CTaHIAAPTHOW TMOCJIEIOBATEILHOCTH JSIMOKCHUIUPOBAHUS

JTUMETHIIAUOKCHpAaHOM N SitU 10 JaObuipHOTO 3mokcuaa 222a u ero (parMeHTanuu
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00pabOTKOW YKCYCHOM KHCIOTOM B METAHOJE COMPOBOXKAAICA JTOCTATOYHO
HEOXKUJAHHBIM CHATHEM 3alllUTHOW TPYMIBI C MOJy4YeHHEeM amunoaunona 223a (cxema
2.95). 31ech MHTEPECHBIM OKa3ajics TOT (PaKkT, 4TO B CiIydae MPOBEICHHUS MOJO00HBIX
MPEBPAICHUI C MPOU3BOJHBIM, UMEIOIUM CIOKHOI(QHUPHYIO TPYIITy BMECTO aMUTHOU
(cM. smokcuaupoBanue/¢parmentanus coeaunenus 100b wa cxeme 69), mpem-
OyTHIITUMETHIICHIIMIIbHAS 3allliTHAs Tpymnma Obula CTAaOWIBHOW TpU JUIUTEIHHOM
BBIIEP)KMBAHUM B CMECH YKCyCHasl KUCJIOTa-MeTaHoj. Eiie oAauH 3aciyKUBaIOIHi
BHUMaHus (akT ObUT 3aMedeH MpU OKHUCICHHH auojia 223a peareHToM KosmH3a
(CrO3*2Py), nmpoBeieHre KOTOPOTO B THITOBBIX YCIOBHUSAX IMPU KOMHATHON TEMIIEpaType
OPUBOIMIIO K OOpa30BaHUIO MCKIIOUMTENBHO €HOHa 224a. BeposTHON mNpHYMHOMA
OOBSCHSAIONIEH CTaOMIBHOCTh TMAPOKCHIIBHONW TPYMIIBI B 3TUX YCJIOBHUSIX MOTYT OBIThH
cnenuduueckue BHYTpUMOJNEKyIsapHbie B3aumogectBust «—NH:---O—» u «O-
H---O=C—» B coemunenun 223a. B cBoro ouepenp, MOJyYEHHOE cCoeauHEHHE 224a
SBJIIETCSI  JIOBOJIBHO TMEPCHEKTUBHBIM [UJISi  TOCHEAyromiedl  GyHKIHOHAIU3AIUH,
HaIpuMep Jerupartanuei, Ha nyTH K COOTBETCTBYIOIIEMY

9K3OMCTUINACHIUKIIOIICHTCHOHY HWJIX APYTIHM IIPOU3BOAHBIM.

i . Me,Si
Me3SLE Me3SLE q 3 Z H
B O B N : N
a §)
0 0 0
221a
142a OH 220a OTBS
l B
Me,Si
O 3 % ﬁ
HN‘/ A W
) O
OH O
d HO

a) EtNH,, Boxa, 24 °C, 8 4, 98%; 6) TBSCI, umugazon, CH,Cl,, 24°C, 12 4, 93%; B) Oxone,
NaHCO;, aueroH, Boaa, 24 °C, 6 4; r) AcOH, MeOH, 24 °C, 8 4, 89% (1Be craanun); 1) pearcHr
Komnuusza, CH,Cl,, 24 °C, 4 4, 85%.

Cxema 2.95



204

B0O3MOXHBIM anbTEpHATUBHBIM BapUAHTOM TIOJYYCHHS] IK30METHUIIUICHOBOM
TPYIIIIBI MPECTABIISIICS TIEPEXO0/I, CBSI3aHHBIN C MEpBOHAYATHHBIM T€HEPHUPOBAHUEM
IUKJIOMIEHTEHOHOBOro (hparmMenta B 163b. B sToM ciydae ompenensromuM GpakTopom
JOJDKHO OBIJIO TIOCITYKUTh UTOTOBOE (DOPMUPOBAHUE KPOCC-COMPSHKEHHON CTPYKTYPHI B
KIroueBoit mosiekyiie 146b. Tpu skcnepuMeHTaIbHON MPOBEPKE OKUCIICHUE PEareHTOM
Kosmua3a ObICTPO U TIAAKO MPUBOAKMIO K 00pa30BaHMIO OKUAAEMOro mpoaykra 225b ¢
BBICOKMM  BbIxoZoM.  OjHako, pacueT Ha  MOCIEAYIOUIYI0  TaHJIEMHYIO
MOCJIEIOBATEIBbHOCTh  JIECUJIWIMPOBAHUS M JIETHApATallMM  MOJ  JAcHCTBUEM
TpupTopykcycHoil kuciotel (TDPVYK) ne omnpaBnanca. Tak, mpu 0 °C peakuus
MpoTeKala OYeHb OBICTPO M B TEUCHWH 5 MHUHYT MPUBOIWIA K OOpa30BaHUIO MOYTH
9KBUMOJISIPHOM cMecu criupTa 226D u naktona 144b, a mpu noBbIeHUr TeMIepaTyphbl
10 24 °C yepe3 30 MUHYT JETEKTUPOBAJICA UCKIIOUUATENIBHO MOCIEIHUN U3 HUX. Kpome
TOTO, HEYJauyHOW TaKKe sSBUJIACH MOIMbITKA OKUCIICHUs crnupta 226D mo anpmeruma
JEUCTBUEM DPA3JIMYHBIX OKUCIUTENCH, OYeBUIHO, BCIEICTBUE JTAaOMIBHOCTH KOHEUHOUN

CTpyKTYyphI 2270 (cxema 2.96).

\\\\\ R \
COzMe ® \C02Me [O] SN0, Me
> ~X—
7> 0 “y, /OH

146b 227b (0] 226b
S \cone a \\‘\\\Cone 24.°C, 30 mun)
— > 74%
). '////OTBS "/,///OTBS
HO O
163b 225b

\\\Y

/// /
O  144p

a) pearent Komnunza, CH,Cl,, 24 °C, 3 4, 87%;
6) TOYK, Bona, CH,Cl,, 24 °C.

Cxema 2.96

Lenpii pan 3aTPYyAHEHUN B CHUHTE3E MIPOCTEMIIIETO

9K30METUIMICHIIMKIIONIEHTeHOHA 144D, CBSI3aHHBIX, B TIEPBYIO OYepe/ib, C MOOOYHBIMU
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mpoleccaMr  BHYTPUMOJICKYJIIPHON — ITUKIIW3AlMK, TPUBETH K COMHEHUSM B
MPUHITUITHATHHON BO3MOXKHOCTH CYIIIECTBOBAHUS JAaHHOTO COCAWHEHHUS B JIAHHOMN
dbopme B OOBIYHBIX yCIOBHSIX. O4EBUAHO, YTO MPU MCIOJIb30BAaHUU HAIIMX CUHTOHOB
XapakTep W B3aMMHOE PACIOJIOKCHHE (PYHKITMOHATBHBIX TPYII SBISUIUCH CEPhE3HBIM
NpEensTCTBUEM IS BBIXOJIa K HHTEpecyrolieMy Hac O5oky. OJHaKo BO3HUKIIUN
WHTEpEC B MOJYYCHUH U U3YYCHUH JaHHOW CTPYKTYPHI IPUBE HAC K MOUCKY PEIICHUS
mpoOJIeMBbI METOJIOM BCTPEYHOTO CHHTE3a, OCHOBAaHHOM Ha JAPYTHX MPUHIUIAX U
UCXOJI1 U3 JPYrol CTpyKTyphl. B KauecTBe MOIXOIAIIETO COECAUWHEHUs ObUT BhIOpaH
pariemudeckuid JaktoHanosr Kopu 228 [77, 84] — u3BecTHBIN npemecTBeHHUK E-, F-
npocTarjianauHoB [55, 56], kapoanukimuos [311, 312], xapOanykiaeo3umos [313] u ap.
[314]. Uro kacaeTcs mapuipyTa CHHTE3a, TO B KAaueCTBE KIIIOYCBOIO IPEBpAICHUS
penieHo ObUIO HCMOJB30BaTh OOPAa0OTKY METAHOJBHBIM XJIOPUCTHIM BOJOPOJOM C
pacyeToM Ha OJTHOBPEMEHHOE 3aMeIlleHHEe TUAPOKCUIBHBIX TPy aToMaMu xJiopa. [lpu
UCIIOJIb30BAaHUU CTaHJAApTHOTO OE3BOJAHOIO pacTBOpPa KHUCIOTHI, MOJIYYEHHOTO U3
XJIOPUCTOTO THOHMJIA M METAHOJIa, B HOPMAJLHBIX YCIOBHSAX PEaKITUs JaKTOHANOa 228
IJIaJKO TMPUBOJWIA K METWIOBOMY d(dupy muxiopiukionenranonsa 229. Cruemyer
OTMETHTb, YTO MPH BBIJCICHUH MPOAYKTA PEaKIuK 0e3 HEUTpaTu3auy KUCIOTHI B X0O/I€
KOHIIGHTPUPOBAHMS, a TaKKe B CIIy4ae OCYIIECTBICHUS B3aUMOJCHCTBUSA TMPU
KUISTYCHUH TPOUCXOUII0 oOpazoBanue aumeTtokcurpousBoganoro 230. [Tpoxykr 229
MIPEACTABISICS TIEPCIICKTUBHBIM JUISI  OCYIIICCTBJICHHUS TaHIEMHOTO IPEBPAIICHUS
«OKHCJICHUE-2JTMMUHUPOBAHNE» HA MYTU K IIEJIEBOMY dK30METUIUACHITUKIONICHTCHOHY
146. 11 neiicTBUTENIBHO, B XO/C OKHUCIICHUS peareHToM J[>KoHca MpOUCXOIUI0 OBICTPOE
oOpasoBanue Hepazgenumonr Ha SiO, 4:l-cmecm 146+231, koropas B Xoje
nocJeaytoeil  o0paboTKH TPUATHIAMHUHOM TOJHOCTBIO TpaHChOpMHUpOBaAIach B
neneBoil mukioneHreHon 146. JlokazatenbcTBoM  fS-opueHtanmu  atoma Cl B
coenmuHeHn: 229 MOCTYXKUJU €ro MpeBpaIieHus] B YCIOBHUSIX IIETOYHOTO THAPOIH3A.
[Ipy xoMHaTHOW TemIiepaType B BOAHO-MeTaHOIbHOM pactBope KOH mnpoucxoaunn
JUIIb TUIPOJIU3 CIIOXKHOA(GUPHON Tpynmbel ¢ oOpa3oBaHHEM JakToHa 232, a TpHu
KUIISTYEHUH JIF000ro u3 coemawHeHud 229 wmiam 232 B TOM ke cpene, B Xoue Sy2’-

3aMEIICHUs] aTOMOB XJIopa, 00Pa30BBIBAJICS UCXOIHBIN JTakToHAMO0I 228 (cxema 2.97).
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0
Cl
\\\\\ \\\\ \\\\\\\
a “NcoMe 5 “Nco,Me < Nco,Me
_> —>
Cl " Cl
HO ¢} o]
(+)-228 (£)-229 (2)-146 41 (2)-231
T
6 A e
0
87% o
Cl [¢)
\\\ X
“™Nco,Me e
85%
OMe & Cl
MeO HO
(£)-230 (£)-232 (£)-228

a) SOCl,, MeOH, 24 °C, 7 4, 87%; 6) SOCl,, MeOH, kunsuenue, 5 4, 82%; B) peareHt [>xoHca, aneroH, 1.5 u;
r) 6enzon, NEts;, 24 °C, 8 4, (89% Ha nBe cragun); 1) KOH, MeOH, H,0, 24 °C, 2 4, 94%; ¢) KOH, MeOH,

H,0, xunsuenwue, § 4.

Cxema 2.97

Takum oOpa3zoM, Ha ocHOBe JakToHAMoNa Kopu Ham yaaiock modyduTh OJIUH U3
U3 TMPOCTEHIIUX 3K30METHIMACHIMKIONeHTeHOHOB 146 [253, 315], koTopsIit
MPEACTABIISIET CAaMOCTOSITENIBHBIA WHTEPEC MO HECKOJbKUM MpUYuHaM. Bo-mepBbIX,
YYHUTHIBass OJTHOBPEMEHHOE COYETaHMsI ()PAarMEHTOB PA3TUYHBIX MPOTHUBOOIYXOJIEBBIX
COCIMHCHWA, OH ® €ro TMPOW3BOJHBIC TOTCHIMAIBHO TEPCIEKTHBHBI  KakK
MIPOTUBOPAKOBBIE CpeACcTBa. BO-BTOpBIX, OH mpencTaBiaseT coO0KW HOBBIM BO3MOKHBIN
WHTEPMEINAT B CHUHTE3¢ BBICOKOHEHACHIIMICHBIX AHTUBHPYCHOTO W aHTHUPAKOBOTO
nefictBust mpoctarmanmuaos [316, 317], B wactHoctn A*-PGJ, [318, 319], 15-1e30kcH-
AP?H_pGy, [320, 321], mopckux mpoctanouzos [322, 323], a Takxke AWIEMHEHOHOB
[324, 325], psna 3K30aIKUIHICHIIMKIONCHTEHOHOBBIX aHTUOMOTHKOB M aHAJIOrOB [326-
328]. Uto kacaeTcst MOX0I0B K IIMKJIOMEHTEHOHOBBIM IIPOCTArJIaHAMHAM, TO HanboJee
OUYCBHJIHBIM SIBJSICTCS BBEJCHUE HIDKHEH IETHM IPHIOKEHUEM OIHOTO W3 METOJIOB
oneunnpoBanus (mo Xeky, Cy3yku u T1.1.). HecMoTpst Ha TO, 4TO, UCXOJS U3 HAIIUX
XUPAIBHBIX OJIOKOB, HAM HE YJaJIOCh CUHTE3UPOBATh IUKJIONEHTEHOH 146, BciencTBue

(bakTopoB, 00YCIOBIEHHBIX CTPYKTYPHBIMU OCOOEHHOCTSIMU, ObLIO PELIEHO MOApOOHEE
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U3y4uTh ero cBoicTBa. [Ipexxme Bcero, Hac HHTEpecoBaja €ro Ouoiornyeckas
aKTUBHOCTD JJISl TIOJTBEPKIACHHS TIEPCIICKTUBHOCTH TIOUCKA W U3YYCHUS aHATOTHIHBIX
ctpyktyp. C 3TOH 1enbio ObUIM CHUHTE3WpOBaHbl NpousBojaHble 233 u 234, kak B
parieMHUYECKHX, TaK U B ONTHYECKHA aKTUBHBIX (popmax (cxema 2.93) [329, 330]. Kpome
TOTO pEmIeHO OBUTI0O TakKe TPOBECTH OICHKY IIUTOTOKCUYECKUX  CBOMCTB,
ounukiInyeckoro jakroHa 144b, cmocoOHOro in ViVO reHepupoBaTh AlUKINYECKYIO
KHuCI0THYIO opmy (+)-146D, u cBOeOOpa3HOTO MEePEeXOHOTO (MEKIY MPOCTCHIINMU H
HATUBHBIMH  (GopMaMHu)  SK30METHIHACHUUKIONeHTeHOHa  211b.  XwupanbHbie
MIPOU3BOAHBIC, OXKHIAEMO, OKa3aJdWCh 00Jieeé aKTUBHBI 110 OTHOIICHHIO KO BCEM
UCCIIeyeMbIM JIMHHSIM Kietok B 2-7 pa3 [310, 329, 330], k Tomy e wux
[MUTOTOKCUYHOCTh OKa3ajlaCh TakXKe€ CpaBHUMA C HATUBHBIM METHUJIOBBIM 3(Pupom
npocrarmanguaa A'>-J; 235 [157] (tabmuma 2.3). Kpome Toro, yiIMHEHHE BepxHEi
OokoBori menu B 211D mpuBOAMIO K YMEPEHHOMY CHHIKCHHIO IHUTOTOKCHYCCKUX
CBOMCTB,  4YTO  OTpaHWYMBAET  TNEPECHEKTUBBI  MOJOOHOTO  HAMpPaBJICHUS

dyHkroHamM3auu. B cBoro ouepens, naktonHas Gpopma 144b, B Gumonornyeckux Tec-

o)

\\ \\ o\ \\
\cone ™ Y "™Sco,Me
G N sy, O SPh
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o O 144p
193b in vivo (+)-233b
OnedunupoBanme
no Xex
Y W\ -\\\\\\CO Me
COZMC COzMe 2
—> SO,Ph
O (+)-146b ©
O(i)_146b ) (+)-234b
\\\\\w “\\\\E/V\
‘ CO,Me CO,Me
XN
o} = o}
OH
235, A2-PGJ, 211b

Cxema 2.98



208

Tax MpPOJEMOHCTPUPOBAIO, C OJHOW CTOPOHBI, 0OJiee CYIIECTBEHHOE YMEHBILICHHUE
mutoTokcnyHocTr B 10-20 pa3 mo cpaBHenuto ¢ (+)-146b, a, ¢ mpyroii — Oonbiiee

COMMKEHNE 3HAYCHUH JIJIS OIyXO0JIEBBIX K HOPMAJIbHBIX JUHHE KiteTok [273, 310].

Tabauia 2.3 — [lutoTOKCHYHOCTH coenuHenuit (+)-146, (+)-146, (+)-233b, (+)-234b,
144Db, 211b u 235. (0.1% B IMCO, 37 °C, 48 1)

IC50, MmxM
Ne [udp
Hek293 SH-SY5Y MCF-7 Ab49

1 (+)-146 6,17£1,63 2,44+0,20 2,95+0,93 58,77+3,32
2 (+)-146 0,83+0,24 0,76+0,04 1,45+0,19 19,63+2,16
3 (+)-233b 1,80+0,30 1,25+0,14 3,09+0,15 17,14£2,03
4 (+)-234b 4,19+1,08 1,61+0,18 3,41+1,04 17,03+1,18
5 144b 25,84+6,12 21,30+2,73 30,14+3,92 >100

17.85+£0.11
5 211b 6.88+£0.11 5.03 +0.05 20.03+0.21

(s HepG2)
6 235 0.583

Yro KacaeTcs MEPCHEKTUB MCIOJIb30BAHUS YK30METHIIHICHIIUKIONeHTeHOHa 146
B CHHTE3¢ INPOCTArjaHJWHOB, TO HAMH OBUIM MPEINPHUHATHI TOMBITKA IMPOBEICHUS
peakiuu oJIeUHUPOBAHMS MO XKy JJIg BBEACHHUS HIDKHEW O0koBoO#l mermu. OHAKO,
npuMeHeHrne psga HawOosiee TunoBbix Meroauk (Pd(PhsP), — K,oCOs/EtzN —
MeCN/IIM®A) npu |-lioarenTeHOM  HE

B3aMMOJICMICTBUN  C MPUBEJIO K

MOJIOKUTEITBHOMY pe3ynbTary, BEPOSITHO, BCJIEJICTBUE J1a0UIIBLHOCTH
AK30METHIIMJCHIIMKIIONICHTCHOHA B O3THX YCJIOBUSAX WM BOBJICUECHUS B IMPOIIECC
SHIOIHUKINYECKON IBOMHOM cBsa3u (cxema 2.98). Tem He MeHee, MOMCK MOIXOMSIINAX
BapUAHTOB M YCIOBUH COYETAHHWS COXPAHICT CBOM IIEPCIICKTHBBI. B o0riem,
MOJIYYCHHBIC PE3YJIbTAThl OJTHO3HAYHO TOBOPAT O TOM, UTO JajbHEHIIIee UCCIeIOBAaHUE
MO WOJYYCHHUIO TPOCTHIX AaHAJIIOTOB KPOCC-COMPSDKEHHBIX ITUKIOTICHTAHOUIOB Kak
MOTCHITMAIBHBIX TIPOTUBOPAKOBBIX COSAMHEHUHN TPEICTABIISCT 3HAYMTEIILHBIA HHTEPEC

U TpeOyeT caMoCTOsATeIbHOTO pa3BuTus [331].



I'/TABA 3. OKCIIEPUMEHTAJIBHASA YACTb

O4HuCTKY M OCYHIIKY pacTBOpUTENEH MPOU3ZBOJIUIM COTJIACHO CTaHJAPTHBIM
MeToauKaM. PeareHThl, Kak MpPaBUIO, HCHOJIB30BAIUCH JYYIIEr0 KOMMEPUYECKH
JIOCTYITHOTO KauecTBa 0€3 MpeaBapUTENbHOW OYHMCTKM (€Clidi HE YyKa3aHO HHOE).
JluxiopaneTHiIxJIopua ObUT MOJYYEH COTrJIacHO METOJYy, ONMUCAaHHOMY B JIUTEpaType
[332]. LluxnonenTaareH ObLT MOMYyYeH TEPMUIESCKAM KPEKUHTOM JUIMKIIOTICHTAINeHA,
a S-TPUMETWJICHIMIIUKIONEHTAAUEH COIJIaCHO METOJy, OMUCAaHHOMY B JIHMTEpaType
[188]. UncToTy MCXOMHBIX COCIMMHEHUH KOHTposmpoBaim MeronoM [KX Ha mpubope
CHROM 5. Bcee peakuuu OCyIIECTBISUIMCH B YUCTOW M TIPEIBAPUTEIHLHO MPOKAICHHON
nocyne. s TCX ananuza npuMensuin xpomarorpaduueckue miacTuHbl «Sorbfil STC-
1A» u3 ¢oubru TtommuHOM 110 MKM, ¢ mpeaBapUTEILHO HAHECEHHBIM CJIOEM
cuIMKarelsst 3epHUCTocTd 5-17. IIpoAayKThl CHHTE3a BBIIESIIM METOJOM KOJOHOYHOMN
xpomartorpaduu Ha cuinukarene mapku L 210/280, 100/160 wiu 50/160 B pacuere 30-
60 r Ha | r BemiecTBa, B KAYECTBE AIOEHTOB UCIIOJIb30BAIA CUCTEMBI U3 PACTBOPUTEIICH
NEeTPOJEHHBIN 3(hUp — dTUAIETAT UK XJIOpOhOPM — METAHOJI. ONITUYECKUE BpaICHUS
u3MepeHsl Ha mpuodope «Perkin-Elmer 241 MC» npu 20 °C ¢ ucnonb3oBanuem D-
muHun (589 uM) Hatpusa. UK cnexkTpsl (MH(pakpacHbIe CIIEKTPhl) ObLIN 3alUCaHbl Ha
ciekrpometrpe Shimadzu IR Prestige-21 u3 cycnieH3uu B HyHOJIe WM TOHKOTO CJIOS Ha
muactuaax KBr ¥ IpencTaBieHsl B BHAE OOPATHBIX CAHTHMETPOB (CM *). CreKTpsI
SAMP 'H u °C sammcanst Ha crextpomerpe «Bruker AM-300» (300.13 MI' u 75.47
MTI'n coorBetcTBeHHO) i BrukerAvancelll (500 u 125 MI'i COOTBETCTBEHHO); IS
pactBopoB B CDCl; BHyTpennuii ctangapt CHCl; nmu terpamerwicuinan (TMC), ms
pactBopoB B CH30D BuyTtpennuit cranmapt TMC, mns pactBopoB B (CDs3),CO
BHyTpeHHu# cranaapt (CHs3),CO wm TMC. Xumundeckue ciBuru (0) NpeaCcTaBICHbI B
3HAYEHUSIX MUUIMOHHBIX AoJied (ppmM) oTHocuTenbHo TeTpameruicunaHa (TMC) kak
BHYTPEHHETO CTaHAapTa. MylIbTHUIUIETHOCTh CUTHAJIOB 0003HAaYEHA KaK C, CUHIJIET; YIII.
C, YIIUPEHHBIA CHHIJET, 1, AyOJeT, T, TPHUIUICT, KB, KBapTET, KBUHT., KBUHTET.
DeMeHTHBIN aHaMu3 BhIMOIHEeH Ha npudope «Euro EA 3000 CHNS-analyzer». Macc-

CHEKTphI mosydeHbl Ha npubdope «Shimadzu LCMS-2010» B ycmousix XWAJL npu



210

sHepruu 31eKTpoHoB 20 5B ¢ peructparueii moaoKUTEIBHBIX U OTPUIIATEIHPHBIX HOHOB
u npudope «Thermo Finnigan MAT 95XP» (moHm3anmonHOe HampspkeHue 70 2B,
TeMIleparypa HoHu3auoHHoM Kamepbl 200°C).

CuHTE3BI, CIOCOOBI OYHCTKH, (U3UKO-XMMHYECKHUE CBOWCTBA, a TaKXKe
pe3yNIbTaThl WHCTPYMEHTAIBHBIX METOJOB aHAIHM3a IMOJYYCHHBIX COCTUHEHHUH TakKe
oIpOoOHO TpEACTaBICHbI B paboTax aBropa [182-187, 196, 203, 213, 218, 220, 225,
247, 249-255, 273, 274, 285, 304, 308-310, 315, 329, 331] u KaHOUAATCKUX
muccepranusax ['araymumna C. C. [195]u AnsmyxameroBa A. 3. [253].

3.1 DxcnepuMeHT K pasaeray 2.1.1

(£)-1,7-Quxnopbuyuxno/3.2.0] cenm-2-en-6-on 2. K  mnepeMmenimBaeMomy

V4
\ Cl

®-2

O  pactBopy 53 r (0.8 MOJB) CBEXKENEPETHAHHOTO IUKJIOTIEHTAUEHA,

60 r (0.4 ™monp) nmuxnopanerwixiopuaa B 400 Mi rekcaHa

no6asisii 59 mi (0.4 MoJib) CBEXEMEPErHaHHOTO TPUITUIIAMUHA B
300 M abcoiIoTHOTO TekcaHa B repuoy 1.5 4. Peakimmonnyro Maccy
nepemMenMBai B TedueHue 15 u B armocdepe aprona. IlomydeHHyro cmech
bunbTpoBanu, ocaaok mnpoMbiBain Ha (uibtpe 3x100 mu rekcana. PactBoputesnn
yIIapuBaji B BaAKyyMe, OCTaTOK TIEPETOHSITN B BaKyyMe, OTOMpaiid (PpaKIuio, KUTISAIIYIO
npu temriepatype 49-50 °C/ 0.3 mm. pt. ct. [lomyuanu 55.23 r (84 %) coequneHus 2 B
BUJC JKENTOBaTOM MaciooOpasHoit skuakoctd. Rf = 0.7 (merposneiubii 3¢up :
stunanerar = 5 : 1). UK cmextp, cm ™ 1805 (C=0), 1028, 887, 814, 797, 754, 731, 631.
Crextp SIMP 'H (CDCly), &, m.x.: 2.48-2.88 M (2H, C*H), 4.04-4.22 m (1H, C°H), 4.32-
4.42 m (1H, C'H), 5.78-5.90 m (1H, C°H), 6.03-6.17 M (1H, C°H). Crnextp SIMP °C
(CDCly), &, m.ii.: 35.21 (C%), 58.60 (CY), 59.53 (C°), 88.18 (C7), 128.41 (C* mm C%),
136.88 (C* mmm C?), 197.79 (C®). Macc-ciektp (APCI), M/z (loy, %): 177 [(M+H™),
CI] (100), 149 (13.3). Haiizeno, %: C, 47.23; H, 3.09; Cl, 39.96. C;HsOCl,.
Brruncneno, %: C, 47.46; H, 3.38; Cl, 40.11.
(1R,2S)-2-(uxnopmemun)-N-[ (1R)-1-penursmun]yuxionenm-3-en-1-kapboxc-

amuo 6a u (1S,2R)-2-(ouxnopmemun)-N-[(1R)-1-penursmun]yuxio-nenm-3-en-1-

kapbokcamuo 6b. K pacteopy 1.5 r (8.5 MMOJ1b) OMIIMKINYECKOTO TUXIOpKeTOHA 2 B 40
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M1 O€H30J1a TPIIIUBAIIY 110 KarisiM pacTBop 1.09 r (9 mmons) (+)-a-MeTunbeH3nIaMmuHa
B 10 mun OeH3o0ja W nepeMemMBaIl NpU KOMHATHOW TeMIlepaType B TedueHue 4 4
(xoHTpOabL MeTosioM TCX). [1ocne okoHUaHUs peaklMKi pacTBOP OTCTAUBAIIMA B TEUCHUU
3 4, BBIMABIMHKA OBl KPUCTAIUTMYCCKUH OCAaTOK OT(MIBTPOBBIBAIM, MPOMBIBAIIN
rekcaHoM (3x10 mi) u momywanu 0.3 r (11,9 %) ontuuecku 4ucTOro Auactepeomepa
6b. OcraBimiicss pacTBOp yNnapHBaii, BHIMABIINK 0Ca0K MPOMbIBaIK rekcaHoM (3x10
wut) 1 onydan 2.1 1 (83.1 %) cmecu coemHeHunii 6a+6D.
Coedunenue 6b. benbie kpuctamibl, .01 140-141 °C. Rf = 0.6 (neTposneitbrii
0 adup : stwranerat = 3 : 1). [«]3 +69.0°, (c 0.5, MeOH). UK
n‘“‘\“\NJ"”’/Ph ciektp, cM - 3312 (N-H), 2951, 2853, 1922, 1635 (C=0),
©"”’/CH(§{IZ 1618, 1548, 1456, 1446, 1392, 1375, 1240, 752, 709, 698.
6b Crextp SIMP 'H (CDCls), 8, m.a.: 1.51 x (3H, CHs, J 6.8 '),
2.53-2.73 M (2H, C°H), 3.14 k8 (1H, C'H, J 7.7 u 8.3 '), 3.61-3.75 M (1H, C*H), 5.12
xeuater (1H, CHPh, J 7.1 u 7.05 I')), 5.78-5.94 M (2H, NH u C*H), 5.95-6.05 m (1H,
C*H), 6.31 1 (1H, CHCl,, J 7.1 T), 7.18-7.48 m (5H, PhH). Crrextp SIMP **C (CDCls),
8, M. 21.29 (CHy), 36.49 (C°), 46.65 (C'), 48.70 (CHPh), 58.95 (C?), 74.53 (CHCIL,),
126.3, 127.40, 128.65 (Ph), 128.89 (C%), 133.37 (C®), 142.8 (Ph), 171.07 (C=0). Macc-
criektp (APCI), M/z (o, %): 298 [(M+H"), *CI] (100), 149 (12.5). Haiizeno, %: C,
60.32; H, 5.55; N, 4.69; Cl, 23.54. C15H;7CI,NO. Beruncneno, %: C, 60.40; H, 5.70; N,
4.70; ClI, 23.83.

Cmecw coedunenuii 6a+6b. XKenro-opamxkessie kpuctamisl, .11, 114-122 °C. Rf

(0] J 0)
E ) ‘\\\\\\”\EJ"H//Ph

"l phy
+ @ (¢ 0.7, MeOH). UK cnektp, cm™:
CHC, "ICHCI,
3311 (N-H), 2953, 2852, 1633

(C=0), 1548, 1446, 1375, 1240, 709,
698. Crrextp SIMP 'H (CDCly), 8, m.x.: 1.52 1 (3H, CHs, J 6.8 I';s,), 2.53-2.73 M (2H,
C°H), 3.17 x8 (1H, C'H, J 7.8 u 8.0 I'u), 3.62-3.74 m (1H, C*H), 5.13 xBunter (1H,
CHPh, J 6.7 I'm), 5.81-5.93 M (2H, NH u C*H), 5.96-6.08 m (1H, C°H), 6.30-6.36 ™
(1H, CHCl,, J 4.93 u 6.87 '), 7.35-7.55 m (5H, PhH). Crextp SIMP *C (CDCly), 4,

= 0.6 (merponeinbiii  3dup

srunarietatr = 3 : 1). []3 +108.0°,

6a 6b
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M.IL: 21.29 (CHa), 36.49 1 36.22 (C%), 46.64 1 46.78 (CY), 48.70 u 48.86 (CHPh), 58.95

1 58.49 (C%), 74.34 (CHCIy), 126.3 u 126.13, 127.40 u 127.51, 128.66 u 128.73 (Ph),
128.88 (C%), 133.40 (C?), 142.57 u 142.8 (Ph), 171.07 u 171.02 (C=0). Macc-crekrp
(APCI), m/z (lym, %): 298 [(M+H™), *CI] (100), 149 (14.5). Haiineno, %: C, 60.05; H,
5.42; N, 4.64; Cl, 23.15. C;5H17CI,NO. Beraucneno, %: C, 60.40; H, 5.70; N, 4.70; Cl,
23.83.

(1R,2S)-2-(Huxnopmemun)-N-[(1S)-1-pernursmun]yuxnonenm-3-en-1-kapboxc-
amuo 7a u (1S,2R)-2-(ouxnopmemun)-N-[(1S)-1-penunsmun]yuxro-nenm-3-en-1-
kapookcamuo T7b. Tlo MeToavKe aHATOTWYHONH METOIUKE TOIYyYeHHUs KapOOKCaMHUIIOB
6a+6b w3z 1.0 r (5.7 mmonp) muxiopkerona 2 u 0.72 v (5.95 mmonb) (-)-a-
MeTuinoen3uinamuna nonydainu 0.2 r (12.5%) 7a u 1.4 v (82.5%) cmecu coeauHeHUM
7Ta+7Db.

Coedunenue 7a. bembie kpuctamibl, T.11. 140-142 °C. Rf = 0.6 (meTposieiHbIi

o a¢up : arunarerat = 3 : 1). [«]? -70.0°, (¢ 1.0, MeOH). UK

NJ‘Ph criektp, cM ' 3314 (N-H), 2953, 2853, 1636 (C=0), 1618,

H 1548, 1458, 1449, 1375, 1240, 754, 710, 698. Cnekrp SIMP

Sfcb H (CDCly), &6 m.1.: 1.52 1 (3H, CHg, J 6.9 '), 2.54-2.72 m

(2H, C°H), 3.16 k8 (1H, C'H, J 7.8 u 8.2 I'ny), 3.64-3.74 m (1H, C°H), 5.15 xBunt (1H,

CHPh, J 7.1 u 7.05 Tw), 5.72-5.86 M (1H, NH), 5.85-5.91 m (1H, C*H), 5.99-6.07 m

(1H, C*H), 6.33 1 (1H, CHCl,, J 7.0 T'), 7.23-7.41 m (5H, PhH). Crextp SIMP **C

(CDCls), &, m.o.: 21.28 (CHs), 36.49 (C°), 46.67 (C"), 48.69 (CHPh), 58.95 (C?), 74.33

(CHCL,), 126.13, 127.40, 128.68 (Ph), 128.91 (C"), 133.37 (C®%), 142.50 (Ph), 171.07

(C=0). Macc-criektp (APCI), m/z (lom, %): 298 [(M+H"), *CI] (100), 149 (14.3).

Haiineno, %: C, 60.20; H, 5.60; N, 4.65; Cl, 23.40. C15H;7;CI,NO. Boruucneno, %: C,
60.40; H, 5.70; N, 4.70; CI, 23.83.

Cmecwv coeounenun T7a+7b. XXentele kpuctramibl, T.aur. 113-123 °C. Rf = 0.6
(meTponeiinsiii 3¢up : stumarerar = 3 : 1). [«]? —110.0°, (¢ 0.9, MeOH). UK cnekrp,
cm ' 3314 (N-H), 2952, 2853, 1633 (C=0), 1548, 1446, 1375, 1240, 709, 699. Criektp
SAMP 'H (CDCly), &, m.i.: 1.51 1 (3H, CHs, J 6.8 T'), 2.53-2.71 m (2H, C°H), 3.15 kB
(1H, C'H,J7.7u8.1 I'm), 3.63-3.71 m (1H, CzH), 5.14 xBunrer (1H, CHPh, J 6.8 u 6.5
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Q 0
NJ‘Ph il A,y TR S715.83 e (1H, NH), 5.84-
; + @ i 5.90 M (1H, C*H), 5.98-6.05 m (1H,
CHCI CHC
7a ’ <73bcz CH), 6.29-6.35 m (1H, CHCly, J

4.64 n 6.19 T'n), 7.35-7.55 m (5H,
PhH). Crekrp SIMP *C (CDCly), &, m.i.: 21.28 (CHs), 36.49 u 36.21 (C°), 46.67 u
46.80 (Ch), 48.70 u 48.85 (CHPh), 58.95 u 58.50 (C?), 74.31 (CHCI,), 126.14 u 126.21,
127.40 u 127.52, 128.64 u 128.72 (Ph), 128.92 (C%), 133.37 (C%), 142.50 u 142.8 (Ph),
171.07 u 171.02 (C=0). Macc-crrextp (APCI), M/z (loz, %): 298 [(M+H"), *CI] (100),
149 (10.2). Haiineno, %: C, 60.35; H, 5.52; N, 4.67; Cl, 23.50. Cy;sH37CI;NO.
Brraucieno, %: C, 60.40; H, 5.70; N, 4.70; Cl, 23.83.

(3a,6a)-3-Tuopoxcu-2-[(1R)-gpenunsmun]-3,3a, 6,6a-mempazuopoyuxionenma-
[c/nuppon-1(2H)-onwr (8).

Memoo A. K nepememmBaemomMy pactBopy 2.7 T (9 MMOJIb) 3KBHMOJISIPHOM
cmecu aMuoB 6 B 40 M1 arieTorrTpHiIa 100aBisut pactBop 3.2 T (19 mmons) AgNO; B
14 M H,O u cmech nepeMemMBany NpU KUMSTYEHUU B TedyeHue 20 4 (KOHTPOJb IO
TCX). Oprannyeckuid pacTBOPUTENb yIAPUBAINA IPH NOHM>KEHHOM JIABJICHUH, BOJIHYIO
dazy okcrparupoBanu dTwiamneratoM (3x40 wut), oO0BEAMHEHHBIE OPTaHUYECKUE
sKcTpakThl cymuian Haa MgSO,, yrapuBanu U ocTaTok OYHINAIu XpomaTorpaduei Ha
SiO; (netpotetinbiii 3¢up — strnanetar, 7:3). Iomyyanu 1.04 r (47%) coenunenus 8a
(R=0.2) u 1.06 r (48%) coenunenus 8b (R=0.45).

Memoo b. K pactBopy 2.3 r (7.7 MMOb) 3KBUMOJISIPHON cMecH amMHuioB 6 B 35
MJT arieToHuTpriIa no0apisan pacteop 2.1 v (7.7 mmons) FeClz*6H,0 B 11 M H,O u
MOJYYEHHYIO CMECh MEPEMEIINBAIN MNpHU KUMNsTYeHUU B TeueHue 20 4 (KOHTPOJb MO
TCX). Opranuueckuil pacTBOPUTENb YyIApUBAIM, BOJHYIO (a3zy sKCTparupoBau
stwnaneratoM (3X35 M), oObeaUHEHHBIE OPTraHUYECKHWE ODKCTPAKTHI CYIIWIN HaJ
MgSO,, ynapuBaiiu TMpu MOHWKEHHOM JaBiieHHMH. OCTaTOK OYMINAIMA KOJIOHOYHOM
xpomatorpadueii Ha SiO; (merpoaecitabiii 3pup — stunanerar, 7:3). [Momyuamu 0.88
(47%) coenunenns 8b u 0.9 r (48%) coequncHus 8a.

Memoo B. K pactBopy 1.0 r (3.33 MM0JIb) SKBUMOJISIpHON cMecH aMuJioB 6 B 20

M1 MeCN noGasmsmn pactBop 1.18 r (7.66 mmons) BaO B 5 man H,O u cmech
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nepeMeNInBaiy Npyu KumnsyeHuu B TeueHue 8 4 (koHTpoab mo TCX). Opranuueckuit
pacTBOPUTENb YIapUBaid, BOAHYIO (pa3y skcTparmpoBaiu stuiareratoMm (3X15 mo),
OOBEMHEHHBIE OpraHUYeCcKUue OKCTpakThl cymmin Hax MQSO,, ymapuBanu mpu
NOHMKEHHOM naBiieHun. Octatok xpomatorpadupoBaim Ha SiO, (merposeinsiii 3¢up
— osrunanerar, 7:3). Iloaywsamu 0.37 t (46%) coemunenus 8b u 0.39 r (47%)
coequHeHus 8a.

Memoo I'. K pactBopy 1.5 T (5 MMOJIB) SKBUMOJISIpHON cMecH aMuaoB 6 B 20 mi
anetonuTpuia ao6asisn pacteop 0.96 r (11.5 mmons) NHCO;3; B 5 M H,0O u cmech
NEPEeMEIINBAIN MPU KUISTYEHUU B TEYCHHE & 9 (KOHTPOIb MO Ta30BBIICICHHIO).
OpraHvyeckuii  pacTBOpPUTENb  YNapuBald, BOAHYIO  (a3zy  3KCTparupoBajiu
stmnaneratoM (3X15 M), oObeIUHEHHBIE OpPraHUYECKHWE OSKCTPAKTHI CYIIWIN HaJ
MgSQO,, ymapuBamu npu MOHWKEHHOM aaBieHuH. OcTaTok XpomaTorpadupoBaid Ha
SiO, (metposteiinbiii 3¢up — stunanetar, 7:3). [Momyganu 0.57 r (46%) coemunenus 8b
u 0.58 r (47%) coenunenus 8a.

Memoo JI. K pactBopy 1.0 r (2.1 mmomas) coequnenus 10a(10b) B 15 mm THF
no6agstmu pactBop 0.06 r (0.21 mmoins) FeCl;*6H,0 B 5 Mt H,O 1 mostydeHHy 0 cMeCh
nepeMeIBaii NMpyu KUMSYeHUH B TeueHue 5 4 (koHTpoab no TCX). Opranuueckuit
pacTBOpUTENb YIMApUBaiN, BOAHYIO (pa3y skcTparupoBanu stunaneratoMm (3X15 mo),
OOBEMHEHHBIE OpPraHUYeCKUue OKCTpakThl cymwiu Hax MQSO,, ymapuBamu mpu
NOHMKEHHOM JaByieHuu. Octatok xpomatorpadupoBamu Ha SiO, (merposeinsiii 3¢up
—arunaretar, 1:1). Ioayganu 0.99 r (95%) coenunenus 8a(8b).

(3aS,6aR)-3-I'uopokcu-2-[(1R)-penursmun]-3,3a,6,6a-mempacudpoyurionen-
ma[C/nuppon-1(2H)-on 8a. bensle kpuctamibl, T.mr. 105-107
’ °C. Rf = 0.2 (merposneiinbiii a¢up : stunanerar = 7 : 3). [a]3
N +142.4°, (¢ 0.65, CH;OH). MK crextp, cm ™ 3232 (O-H),
2922, 2852, 1647 (C=0), 1456, 1327, 1290, 1215, 1058, 802,
702. Criextp SIMP 'H (CDCly), &, m.x.: 1.68 1 (3H, CH;, J 6.8
'), 2.54-2.84 M (2H, C°H), 3.21-3.33 m (1H, C**H), 3.39 t (1H, C*H, J 9.08 I'wy), 3.73-
4.03 ym. ¢ (1H, OH), 4.63-4.73 ym. ¢ (1H, C°H), 5.34 k8 (1H, CHPh, J 7.05 T'), 5.35-
5.49 m (1H, C°H), 5.72-5.84 m (1H, C*H), 7.13-7.35 m (5H, PhH). Crextp SIMP **C

E 3 ~Q
AN
=

ow

8a H
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(CDCly), &, m.ii.: 18.66 (CH3), 35.70 (C®), 42.83 (C*), 49.96 (CHPh), 54.17 (C*), 84.83
(C%), 127.316, 127.43, 128.40 (Ph), 128.61 (C°), 132.30 (C*), 139.79 (Ph), 177.27 (C).
Macc-criektp (APCI), M/Z (I, %): 244 [(M+HM)] (100), 226 (43), 198 (33.3), 177
(16.7), 161 (15), 121 (11.7), 93 (16.7), 65 (8.3). Haiineno, %: C, 73.78; H, 6.76; N,
5.25. Ci5sH17NO,. Beraucneno, %: C, 74.07; H, 6.99; N, 5.76.
(3aR,6aS)-3-I'uopokcu-2-[(1R)-penursmun]-3,3a,6,6a-mempacudpoyurionen-
mal[c/nuppon-1(2H)-on 8b. XKenrteie kpuctamiel, T.aur. 120-121 °C. Rf = 0.45
(metponeiinbiii 3¢up : atwianerar = 7 : 3). [a]5 +37.8°, (c 0.8,
\\\\\ J Y CH5;OH). UK crmextp, cm™: 3244 (O-H), 2922, 2852, 1651
@ P (C=0), 1616, 1456, 1336, 1303, 1273, 1222, 1058, 805, 698.
Crextp SIMP 'H (CDCls), 8, m.i.: 1.56 1 (3H, CHs, J 5.7 T'n),
2.15-2.35 ym. ¢ (1H, OH), 2.54-2.84 m (2H, C°H), 3.13-3.22 m
(1H, C**H), 3.23 t (1H, C*H, J 7.08 T'w), 5.11 x (1H, C°H, J 3 I'w), 5.35 8 (1H,
CHPh, J 7.05), 5.59-5.67 M (1H, C°H), 5.75-5.85 m (1H, C*H), 7.20-7.54 M (5H, PhH).
Cnextp SIMP *C (CDCls), &, m.i.: 17.05 (CH3), 35.64 (C°), 42.85 (C™), 49.94 (CHPh),
53.32 (C*), 84.38 (C?), 126.96, 127.23, 128.07 (Ph), 128.73 (C°), 132.65 (C%), 141.21
(Ph), 177.35 (C"). Macc-criekrp (ACPI), M/z (low,, %): 244 [(M+H")] (100), 226 (43),
198 (33.3), 177 (16.7), 161 (15), 121 (11.7), 93 (16.7), 65 (8.3). Haiineno, %: C, 73.97,
H, 6.63, N, 5.37. C15sH317NO,. Berancneno, %: C, 74.07, H, 6.99, N, 5.76.
(3aS,6aR,3a’S,6a 'R)-3,3 -Okcubuc[2-[(1R)-1-penursmun]-3,3a,6,6a-mempa-

/////

0 auopoyuxnonenma-[C/nuppon-1(2H)-on] 10a. K pactBOpy
),I 1.5 v (5 mmonp) amuuangs 8a B 20 M ameTOHUTPHIIA
////
N Ph no6asistn pacteop 0.09 r (0.5 mmoins) PACI; B 7 M H,O u

NnepeMCcIIMBaJIN  IMOJIYYCHHYIO CMECh IIpW KHUIIIYCHHUU B

tedeHue 2 49 (koHTposb 1o TCX). Opranudeckuit

.\\\\\\\
@ N Ph pacTBOpUTENHs YyNapuBaiv, BOAHYIO (a3y SKCTparupoBasiv
o \< \(
10a O

/‘O\\\\“

stunaneraroM (3X20 mi), oObeIMHEHHBIE OpPraHUYECKUE
dKCTpakThl cymmiau Hajy MQSO,, ymapuBanum npu
NOHMKEeHHOM faBiieHuu. Octatok xpomaTorpaduposanu Ha SiO, (meTposeiinbiii 3dup

— atwnanetat, 1:1). [lonyganmu 1.42 v (98%) s¢pupa 10a. OpanxkeBasi maciooOpazHas
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xuakoctb. Rf = 0.6 (merposneitnsiii a3¢up : stwmamerar = 1 : 1). [o]? +98.4°, (¢ 1.25,
CHCI3). UK crektp, cm™: 2933, 2922, 2852, 1685 (C=0), 1418, 1375, 1344, 1288,
1261, 1078. Criektp SIMP 'H (CDCls), 6, m.n.: 1.60 o1 (3H, CHsu C’Hs, J 6.8 I'ny), 2.54-
2.84 M (3H, C°H u C**H u C*H u C’**’H), 3.17 t (1H, C*H u C*'H, J 7.08 T')), 4.23 ¢
(1H, C*H u C*H), 5.16-5.23 m (1H, C°H u C*’H), 5.32 kBaprer (1H, CHPh u C’HPh, J
7.05 '), 5.74-5.81 M (1H, C*H u C*H), 7.13-7.35 M (5H, PhH u Ph’H). Criextp SIMP
B3C (CDCly), 8, m.i.: 17.90 (C’H3), 18.66 (CHs), 35.51 (C*), 35.73 (CP), 42.80 (C™),
42.98 (C*™), 48.78 (CHPh), 49.82 (C’HPh), 54.18 (C’’u C*), 84.78 (C%), 86.79 (C*),
127.35, 127.64, 128.01 (Ph u Ph*), 128.38 (C°), 128.82 (C™), 132.33 (C%), 133.12 (C*),
139.28 (Ph’), 139.81 (Ph), 177.20 (C"), 177.27 (C"). Macc-criektp (ACPI), m/z (lor,
%): 469 [(M+H")] (68), 246 (31.6), 244 (32), 226 (100), 198 (28). Haiinero, %: C,

76.48; H, 4.36; N, 5.55. C50H3,N,05. Beramcneno, %: C, 76.92; H, 4.71; N, 5.98.

(3aR,6aS,3a'R,6a°S)-3,3 -Oxcubuc[2-[(1R)-1-penursmun]-3,3a,6,6a-mempa-
euopoyuxnonenma-[C/nuppon-1(2H)-onJ  10b.  Ilomyuanu
/ anayjornyHo 10a u3 1.0 r (3.3 mmoms) amunans 8b u 0.06 ¢
@“““\ )”U”Ph (0.3 mmoutb) PdCl,. Beixom 0.95 1 (98%) adupa 10b. Rf = 0.6
"”'///( (meTponeiinsii 3dup : stmaanerar = 7 : 3). [«]? +69.7°, (c
0 1.15, CHCIy). UK cmektp, cm™: 2935, 2922, 2852, 1688
(C=0), 1418, 1375, 1348, 1292, 1267, 1078. Cuextp SIMP 'H
@N o (CDCly), 8, m..: 1.55 1 (3H, CHzu C’Hs, J 6.0I'm1), 2.45-2.9 m
10b O (4H, C°H, C*“H, C*H, C’*’H, C**H u C*"H), 4.66 ¢ (1H, C°H
u C*H), 5.18 ksaprer (1H, CHPh u C’HPh, J 7.05 T'y), 5.37-5.43 m (1H, C°H u C*’H),
5.78-5.85 M (1H, C*H u C"H), 7.22-7.50 m (5H, PhH u Ph’H). Cnekrp SIMP **C
(CDCly), 8, m.i.: 17.01 (C’Hs), 17.55 (CH3), 35.43 (C®), 35.66 (C°), 42.55 (C**), 42.82
(C%), 50.06 (CHPh), 50.52 (C’HPh), 53.30 (C**’u C’), 84.33 (C?), 86.76 (C*), 127.00,
127.14, 127.23 (Ph u Ph’), 128.04 (C), 128.73 (C>), 132.66 (C*), 133.60 (C*"), 140.87
(Ph’), 141.24 (Ph), 177.26 (C"), 177.86 (C"). Macc-cniextp (APCI), m/z (lor,, %): 469
[(M+H")] (73), 246 (37.6), 244 (35.2), 226 (100), 198 (22.3). Haiizeno, %: C, 76.55; H,
4.43; N, 5.64. C3yH3,N,0O3. Beranciaeno, %: C, 76.92; H, 4.71; N, 5.98.
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o (1R,2S)-2-(T'uopoxcumemun)-N-[(1R)-1-penursmun/-
Jw,, yuknoneum-3-en-1l-kapooxcamuo 11a. K pactBopy 85 wmr
E ’Ph (0.35 mmoub) coeiHEHUS 7a B 5 MJ1 IMOKCaHa U 1 MJ1 BOJIBI
no6asisumm 130 mr (3.4 mmons) NaBH,. Tlomydennyro cmech
la  on kurmsuim 5 4 (koHTposib MeronoM TCX). Opranuueckuit
pacTBOpPUTENIb yIapuBaiM, BOAHYIO a3y »skcrparmpoBamu CH,Cl, (3x10 M),
OOBbEIMHEHHBIE OpraHUYECKHe OSKCTpakThl cyurmid Hagy MQSO,, ynapuBamu mpu
MOHW)KEHHOM JaBJICHUM U BakyymMupoBaid. OCTaTOK oyulialid Xpomartorpaduei Ha
SiO, (nerponeiinsbiii a3¢up — stunanetar, 1:1). [oxyuamu 77 mr (90%) coenuuenus 11a.
bensie kpuctamiel, T. o1, 115-117 °C. Rf = 0.4 (nerponeiinbiii 3¢up : sTrianerar = 1 :
1). [a]® +168.5° (¢ 0.425, CH;OH). MK cnektp, cM ™ 3261 (O-H), 2951, 2922, 2852,
1639 (C=0), 1556, 1454, 1375, 1232, 1056, 759, 748, 698. Criextp IMP ‘H (CDCly), &,
m..: 1.53 1 (3H, CHg, J 9.0 I'y), 2.45-2.85 M (2H, C°H), 2.95-3.03 m (1H, C*H), 3.05 T
(1H, C'H, J 9.0 I'y), 3.41-3.61 m (3H, OH u CH,0), 5.18 xeunr. (1H, CHPh, J 7.5 1 6.0
'), 5.55-5.61 m (1H, C*H), 5.86-5.92 M (1H, C*H), 6.04-6.12 M (1H, NH), 7.62-7.78 m
(5H, PhH). Crextp SIMP *C (CDCly), &, m.i.: 21.64 (CH3), 36.79 (C°), 47.49 (C?),
49.08 (C'), 51.35 (CHPh), 62.62 (CH,0), 126.16, 127.45, 128.70 (Ph), 130.49 (C%),
131.21 (C%), 143.05 (Ph), 174.59 (C=0). Macc-ciektp (APCI), m/z (lym, %): 246
[(M+H")] (100), 228 (91.3). Haiineno, %: C, 73.15; H, 7.67; N, 5.49. Ci;sHyoNOs.

Brerancneno, %: C, 73.47; H, 7.76; N, 5.71.

(1S,2R)-2-(T'uopoxcumemun)-N-[(1R)-1-penursmun]-yuxnonenm-3-en-1-xap-

ooxcamuo 11b. TTo ananornunoit mig 11a meroauke 3 130 mr

T) J (0.54 mmoinp) 8b monyyamu 120 mr (91%) coenuuenut 11b.

“‘\\\\\kN “upy,  Delbie kpucramiel, T. wi. 132-134 °C. Rf = 0.4 (nerpoueiisiit
H

@wm,,, s¢up : stwnanerar = 1 : 1). [o]f -1.8°, (¢ 1.05, CH;0H). K

11b \OH ciektp, cM: 3313 (O-H), 2945, 2852, 1643 (C=0), 1531,
1454, 1375, 1276, 1037, 764, 704, 547. Cuextp SIMP 'H

(CDCly), &, m..: 1.55 1 (3H, CHa, J 9.0 T'), 2.44-2.86 m (2H, C°H), 2.98-3.10 T (2H,
C’Hu C'H, J 6.0 T'y), 3.53-3.74 m (3H, OH u CH,0), 5.19 keunrer (1H, CHPh, J 7.5 u
6.0 T'), 5.58-5.65 M (1H, C*H), 5.85-5.92 m (1H, C*H), 6.01-6.12 M (1H, NH), 7.27-
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7.43 m (5H, PhH). Crextp SIMP °C (CDCls), &, m.zi.: 21.28 (CHy), 36.64 (C°), 47.48
(C?), 49.07 (C"), 51.29 (CHPh), 62.61 (CH,0), 126.08, 127.43, 128.53 (Ph), 130.40
(CY, 131.14 (C®), 142.77 (Ph), 174.40 (C=0). Macc-ctextp (APCI), M/z (loy,, %): 246
[(M+H")] (100), 228 (96.5). Haiineno, %: C, 72.85; H, 7.56; N, 5.49. CisH;oNOs.

Brraucneno, %: C, 73.47; H, 7.76; N, 5.71.
(-)-(3aS,6aR)-3,3a,6,6a-mempacuopo-1H-yuxnonenma/c] pypan-1-on  (-)-4. K
pactBopy 98 mr (0.4 mMoib) amugocnupTa 11a B 2 M1 nuokcana go6asmisin 1 mi 9N
0 H,SO,. PeakimonHyio Maccy mepeMemuBaiyd TpU KHUIsTueHuu 4 4
(xonTponbs MerogoMm TCX). OpraHnyeckuid pacTBOPUTEIL yHapUBAIH,
0 BOAHYIO (a3y HSKCTparupoBaid XJIOPUCTHIM MeTujeHoM (3x10 min),
(-)-4 OOBEMHEHHBIC OpTraHWYECKUE JKCTpPakThl cymmin Hagx MgSQOy,
ynapuBajid TMpU TIOHIKEHHOM JaBJICHUU M BakyymupoBaiu. OCTaTOK OYHIIAIA
xpomatorpadueri Ha SiO, (meTposelnbiit a3¢up — strnanetar, 1:1). [oayganm 43 Mr
(88%) coemunenus (-)-4. Caemno-kenrtas MaciooOpasHas sxuakocte. Rf = 0.7
(meTponeiinsiii 3¢up : stwaanerar = 1 : 1). [«]3 -68°, (¢ 0.9, CHCl;) (yut. [18] [a]? -
67.9° (>95% ee)). UK crektp, cM™: 3058, 2920, 2858, 1762 (C=0), 1446, 1377, 1173,
1142, 1053, 996, 935, 789, 680. Crextp SIMP ‘H (CDCLs3), &, m.a.: 2.67-2.86 M (2H,
C°H), 3.10-3.18 T (1H, C*H, J 2.36 u 7.76 T'u), 3.54-3.65 m (1H, C**H), 4.24 x (1H,
C°H, J 9.23 T'w), 4.44 wun (1H, C°H, J 2.08 u 8.3 T'w), 5.63-5.69 M (1H, C°H), 5.85-5.90
M (1H, C*H). Cnextp SIMP *C (CDCl,), &, m.1.: 36.39 (C°), 41.53 (C™), 46.30 (C),
71.98 (C%), 130.52 (C°), 132.20 (C*), 180.81 (C'=0). Macc-criextp (APCI), M/z (lor,
%): 125 [(M+H")] (100), 108 (1.8), 97 (9.1). Haiineno, %: C, 67.54; H, 6.10. C;HgO..

Breraucneno, %: C, 67.74; H, 6.45.

(+)-(3aR,6a5)-3,3a,6,6a-mempacudpo-1H-yuxnonenma/c] pypan-1-on (+)-4. Ilo
0 aHayiornuHou juis monydenus (-)-4 meromuke u3 70 mr (0.31 MMmouib)
\m\\\/< amupocrnupra 11b moayummu 31 mr (89%) makrona (+)-1. Csetiio-
G""w /O XKenras MaciiooOpasHas kuakocte. Rf = 0.7 (merponecitabiii 3¢up :
(+)-4 stumanerat = 1 : 1). [a]® +67.4° (¢ 0.92, CHCI3). UK cmextp, cM ™
3059, 2920, 2858, 1763 (C=0), 1446, 1377, 1174, 1141, 1053, 995, 935, 789, 680.
Crextp SIMP 'H (CDCly), &, m.n.: 2.67-2.86 M (2H, C°H), 3.10-3.18 tx (1H, C*H, J
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3.0 1 6.0 '), 3.54-3.65 M (1H, C*“H), 4.24 1 (1H, C*H, J 3.0 u 9.0 T'), 4.44 n (1H,

C°H, J 3.0 u 9.0 '), 5.63-5.69 M (1H, C°H), 5.84-5.91 M (1H, C*H). Crextp SIMP “*C
(CDCly), 8, m.i.: 36.48 (C°), 41.62 (C™), 46.37 (C*%), 71.46 (C%), 130.53 (C°), 132.37
(C", 180.84 (C'=0). Macc-criekrp (APCI), m/z (lor, %): 125 [(M+H")] (100), 108
(1.5), 97 (8.7). Haiigeno, %: C, 67.49; H, 6.19. C;HgO,. Brruuciaeno, %: C, 67.74; H,
6.45.

3.2 JkcnepuMeHT K pasaeay 2.1.2

(X£)-1,7-/uxnop-4-(mpumemuncurun)ouyuxnof3.2.0] 2cenm-2-en-6-on 12, K

Me;Si HenpepbhIiBHO nepemeruBaemomy pactBopy 10.3 r (0.075 momb)
- o CBEKEIMEPETHAHHOTO S-TPUMETWICHIMIIUKIONEHTaAueHa, 15 T

""””ﬁCI (0.1 monpb) auxnopanerunxiopuaa B 100 mi rexkcana q00aBisiiin

Cl 10.2 r (0.1 mousib) cyxoro TpudTUiIaMuHa B SO MJT CyXOro rekcasa B

(#)-12 nepuog 1.5 u. Tlociie yero peakliMOHHYIO Maccy MepeMENINBaiu B

TeueHue 15 dacoB B armocdepe aprona. [lomydeHHyro cmech (UIBTPOBAIIU, OCATOK
(TMapOoXJOpUA TPUATHUIAMUHA) TpOMBIBAIM Ha ¢GuiasTpe rekcaHoMm (3x100 wu).
PactBoputens ynapuBaiy B BaKyyMe, OCTaTOK TMEPETOHsUIM B BaKyyMe, OTOHUpaiu
bpaknuro, kursimyo npu Temmneparype 71-73 °C/0.3 mm. pt. ct. [lomywamm 13.1 T
(70%) coenuuenus 12. YXKenroBaTtas MmaciooOpa3Has xuakoctsb. Rf = 0.7 (merposeiinbrii
s¢up : stumanerar = 7 : 1). UK crmextp, cM ': 1805, 1674 (C=0), 1568. Crextp SIMP
'H (CDCly), &, m.a.: 0.01 ¢ (9H, Si(CHa)s), 2.45-2.47 m (1H, C*H), 3.96-3.99 m (1H,
C°H), 4.06-4.09 m (1H, C'H), 5.63-5.66 M (1H, C*H), 5.97-6.00 M (1H, C*H). Crextp
SIMP C (CDCly), 6, m.i.: -3.5 ((CHs)3), 34.7 (CY), 59.7 (CY), 60.1 (C°), 88.7 (C),
124.5 (C%), 139.0 (C?), 197.8 (C®). Macc-criektp (APCI), m/z (lom, %): 249 [(M+H"),
CI] (100), 177 (68), 149 (13.3). Haiimeno, %: C, 48.19; H, 5.51; CI, 28.49.
C10H14Cl,0Si. Berumcneno, %: C, 48.19; H, 5.62; Cl, 28.63.
(1R,2S,5S)-2-(ouxnopmemun)-5-(mpumemuncunun)-N-((R)-1-pernursmun)yux-

nonenm-3-enxapookcuamuo 13a u (1S,2R,5R)-2-(Ouxnropmemun)-5-(mpumemuncunun)-

N-[(R)-1-gpenunsmun]yuxnonenm-3-enxapooxcuamuo 13b. K pactopy 1.5 r (8.5
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MMOJTh) OUITMKINYECKOTO aaaykTa 12 B 40 M GeH307a MPUIMBAIH MO KAIUIIM PacTBOP
1.09 r (9 mMmoinb) (+)-a-metmnOeH3mwiamMraa B 10 M OeH3071a M TIepeMeNnBalId TIPH
KOMHATHOM TemriiepaType B TedueHue 4 4 (koHTposib MetojgoM TCX). Opranudeckuit
pPacTBOPUTENb YIIAPUBAJIN, BHINABIINN OCAI0K TPOMBIBAIM T€KCAHOM U MOJIy4yanu 2.73 T
(92%) cmecu amumos 13a+13b.

Cmecw coeounenuenuti 13a+13b. XKenreie kpuctaiisl, T. . = 126-132 °C, Rf =

0.7 (metponeitabnii 3¢up :

O
MC3SI Me3Si 0
% JL stunanerar = 5 : 1); UK
\\\\\ “,
W N
H

W

"Ph cexrp, v 3332 (N-H),
CHCl, WI””CHClz 2956, 2852, 1635 (C=0),
13a 13b 1527, 1249, 840, 756, 698.
Cnextp SIMP 'H (CDCls), &, m.a.: 0.03-0.08 M (9H, Si(CHs)s), 1.51 1 (3H, CHg,
J6.9T1), 2.23-2.35 M (1H, C°H), 2.93-2.99 m (1H, C'H), 3.48-3.69 m (1H, C*H), 5.13
ksunt. (1H, CHPh, J 6.8 '), 5.63-5.83 m (2H, C*H u NH), 5.89-5.97 m (1H, C°H),
6.14-6.22 ncesno 1 (1H, CHCI,, J 10.7 I'u), 7.28-7.41 m (5H, Ph). Coextp SIMP B¢
(CDCly), 6, m.a.: -3.13 1 -1.93 (Si(CHs)s), 21.01 u 21.29 (CH3), 41.90 (C°), 48.66 (CY),
48.91 (CHPh), 61.27 u 61.46 (C°), 74.12 u 74.27 (CHCI,), 125.79, 125.90, 126.06,
126.47, 127.35 u 127.50 (Ph), 128.96 (C*), 135.25 (C®), 142.48 u 143.03 (Ph), 171.90
(C=0). Macc-criextp (APCI), m/z (I, %): 370 [(M+H™), **CI] (100). Haiinero, %: C,
58.24; H, 6.62; N, 3.64; Cl, 18.91. C,gH,5CI,NOSi. Beraucneno, %: C, 58.38; H, 6.76;
N, 3.78; Cl, 19.11.
(3R,3aS,6S,6aR)-3,3a,6,6a-mempacuopo-3-cuopoxcu-6-(mpumemuncunun)-2-
((R)-1-gpenunsmun)yuxnonenmal c]nuppon-1(2H)-on 14a u (3S,3aR,6R,6aS)-3,3a,6,6a-
mempazudpo-3-euopoxcu-6-(mpumemuncunun)-2-[(R)-1-¢penunsmun]-yuxnonenmalc]-
nuppon-1(2H)-on 14b. K nepemenmBaemomy pactBopy 1.5 r (4 MMOJIb) SKBUMOJISIPHOM
cmecu amunoB 13a+13b B 20 mum CH3CN nmo6Gasnsiim pactBop 0.75 r (11.5 mMmosb)
NaHCO; B 5 mn H,O. Cmecy mepememmBany npu KumnsdeHHH B TedeHue 20 4
(konTposib MeroaoM TCX). OpraHudeckuil pacTBOPUTEIL yIapuBaJId, BOAHYIO (a3y
sxcTparupoBaan EtOAC (3x30 mut), 00beIMHEHHBIC OPraHMYECKUE SKCTPAKTHI CYIIUIH

Hag MQ@SO,, ymapuBasii mpu TOHMKEHHOM JIaBIGHWU W BakyyMupoBaiu. (OcTaTok
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ounmiamu xpomarorpadueii Ha SiO, (merponeiHblii 3pup — sSTHianerar, 7:3).
[Momyyganu 0.6 T (47%) coenuuenus 14a u 0.59 r (46%) coenmuuenus 14Db.

Coeounenue 14a. bempie kpuctamiel, T. wi. = 116-118 °C. Rf = 0.4
(metponeiinbiii 3dup : stwanerar = 3 : 1). [«]? -54.6°, (c
1.3, CH,Cl,). UK cmexktp, emt: 3250 (O-H), 2929, 2852,
1651 (C=0), 1454, 1330, 1274, 1251, 1058, 837, 700.
Crextp SIMP 'H (CDCly), &, m.a.: 0.0 ¢ (9H, Si(CHa)s),
150 1 (3H, CH3, J7.1T), 1.82 a (1H, OH, J 4.0 '),
2.36-2.39 ymr. ¢ (1H, C°H), 3.04-3.07 ymr. ¢ (2H, C*“H u
C%*H), 5.08 x (1H, C°H, J 4 '), 5.35 x (1H, CHPh, J 7.1 T'n)), 5.41-5.46 m (1H, C°H),
5.73-5.77 M (1H, C*H), 7.23-7.45 m (5H, PhH). Crrextp SIMP *C (CDCl,), &, m.xi.: 3.33
(Si(CH3)3), 16.91 (CHj), 38.82 (CP), 45.0 (C®), 49.97 (CHPh), 53.32 (C*), 84.54 (C%),
124.56, 127.31 u 127.91 (Ph), 128.92 (C°), 135.19 (C%), 141.28 (Ph), 177.72 (C=0).
Macc-criextp (APCI), m/z (lom, %): 316 [(M+HY)] (69), 298 (100), 194 (27). HaiineHo,
%: C, 68.57; H, 7.93; N, 4.44. C1gHsNO,Si. Beraucneno, %: C, 68.43; H, 7.77; N, 4.32.

Coeounenue 14b. benvie xpucramie, T. mwi = 134-136 °C, Rf = 0.3

Me,Si 0 (meTponeiinbiii 3¢up : srtmmanerat = 3 : 1). [«]? -0.1° (c

\/< 1.01, CH,CL,). UK crektp, cm™: 3265 (O-H), 2925, 2852,

N "oy 1649 (C=0), 1444, 1377, 1271, 1247, 1053, 835, 698.

I< Crextp SIMP 'H (CDCls), &, m.a.: 0.04 ¢ (9H, Si(CHs)s),

1.69 1 (3H, CH3, J 7.1 Tw), 2.39-2.81 yur. ¢ (1H, C°H), 3.05-

3.15 M (2H, C*“H u C*H), 3.22-3.27 yur. ¢ (1H, OH), 4.66-4.69 yu. ¢ (1H, C®H), 5.25-

5.30 m (1H, C°H), 5.37 x 1H, (CHPh, J 6.9 I'n), 5.73-5.77 M (1H, C*H), 7.23-7.35 m

(5H, PhH). Crextp SIMP °C (CDCly), 6, m.a.: -3.32 (Si(CH3)3), 18.66 (CHs), 38.82

(C®), 44.93 (C™), 49.97 (CHPh), 54.23 (C*), 85.21 (C?), 124.71, 125.49 u 127.39 (Ph),

128.42 (C°), 132.30 (C%), 140.0 (Ph), 177.65 (C=0). Macc-criektp (APCI), m/z (loms,

%): 316 [(M+H")] (65), 298 (100), 194 (33). Haiineno, %: C, 68.57; H, 7.93; N, 4.44.
C13H25NO,SI. Beruucneno, %: C, 68.31; H, 7.75; N, 4.25.

OH
14b
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(1R,2S,5S)-2-(cudpoxcumemun)-5-(mpumemuncunun)-N-[(R)-1-gpenunsmun]

yuknoneum-3-euxkapookcumuo 15a. K pacrsopy 1.0 r (3.2

\\\\\\H

] O
Me;S J MMOJIb) coenuHenus 14a B 20 M1 guokcaHa U 4 MJ1 BOJIbI

E “Ph  noGasmsum 0.61 1 (16 mmoiib) NaBH,. ITosnyuennyto cmech

kursuim S5 4 (koHTposib MeTonoM TCX). OpraHuyeckuii
152  OH pacTBOPUTEIb yHapUBaJIM, BOAHYIO a3y IKCTparupoBain
CH.Cl, (3x10 mur), oObequHEHHBIE OpPraHWYeCKUE SKCTpakThl cymik Hany MgSOy,
yHapuBajd TMpU TOHIKEHHOM JaBICHUM M BakyyMupoBaiu. OCTAaTOK OYMINAIU
xpomarorpadueii Ha SiO, (merponelinsiii d3¢up — stwnanerar, 1:1). [Moxywgamu 0.93
(92%) coenurenns 15a. benbie kpucramiel, T. 1. 107-109 °C. Rf = 0.3 (neTposerinbii
>dup : srunanerar = 1 : 1). [a]?® -77.8°, (¢ 1.39, CH,Cl,). UK crektp, cm™: 3292 (O-
H), 2955, 2852, 1629 (C=0), 1525, 1458, 1377, 1247, 1036, 867, 839, 698. Cnekrp
SIMP 'H (CDCl,), &, m.x.: 0.1 ¢ (9H, Si(CHs)s), 1.47 1 (3H, CH3, J 6.8 T'ry), 2.29-2.35 M
(1H, C°H), 2.9 a.x (1H, C'H, J 7.3 1 9.3 '), 2.96-3.02 m (1H, C?H), 3.38-3.48 m (3H,
OH u CH,0), 5.11 xBuut. (1H, CHPh, J 6.9 T'n)), 5.37-5.44 m (1H, C*H), 5.78 x (1H,
C°H, J5.8 I'n), 6.46 1 (1H, NH, J 7.8 I'), 7.19-7.31 m (5H, PhH). Crextp SIMP “*C
(CDCly), &, m.1.: -3.19 (Si(CHs)s), 21.40 (CHs), 38.85 (C°), 48.97 (C?), 49.56 (CHPh),
52.58 (C'), 62.91 (CH,0), 126.26, 127.33 u 127.41 (Ph), 128.5 (C*%, 133.28 (C%),
142.75 (Ph), 174.40 (C=0). Macc-cniektp (APCI), m/z (lor,, %): 318 [(M+H™)] (100),
300 (27.4), 229 (12.5), 214 (15.7), 197 (61.2). Haiineno, %: C, 68.03; H, 8.42; N, 4.28.
C18H»7NO,Si. Beruncneno, %: C, 68.14; H, 8.52; N, 4.42.
(1S,2R,5R)-2-(cuoporxcumemun)-5-(mpumemuncunrun)-N-[ (R)-1-penuromun]yux-

Me3 Si (|)
\\\\\\k K
* N
H

:lI[II//

JloneHm-3-eHKapOOKCUMUO 15b. [Homywanu o
Uy, aHaornyHou mms 15a meroguke u3 1.5 r (4.8 mmons) 14b
1.39 1 (91%) coenuuenus 15b. Benbie kpucramisl, T. I, =
159-161 °C. Rf = 0.3 (meTposieitHplii 2¢up : dTHIAICTAT =
1:1). [«]} +183.5° (c 1.24, CH,Cl,). UK cnektp, cMm
13263 (O-H), 2951, 2852, 1637 (C=0), 1546, 1455, 1377, 1247, 1056, 839, 696.
Crextp SIMP 'H (CDCly), &, m.a.: 0.06 ¢ (9H, Si(CHs)s), 1.43 1 (3H, CHs, J 6.9 I'n),

2.28-2.33 m (1H, C°H), 2.81-2.97 M (2H, C*H, C?H, J 9.3 T'w), 3.10-3.25 yur. ¢ (1H,

15Sb  OH
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OH), 3.40 .1 (1H, CH,0, J 5.2  12.3 T'w), 3.50 .1 (1H, CH,0, J 2.75 u 12.1 ), 5.10

ksunt. (1H, CH-Ph, J 7.1 T'y), 5.35-5.39 m (1H, C*H), 5.75 1 (1H, C*H, J 5.5 '), 6.22
1 (IH, NH, J 6.43 T'y), 7.19-7.30 m (5H, PhH). Criextp SIMP *C (CDCly), &, m.1.; -3.11
(Si(CH3)3), 21.19 (CHs), 39.06 (C°), 48.92 (C?%), 49.86 (CHPh), 52.62 (C), 62.91
(CH,0), 126.20, 127.51 u 127.62 (Ph), 128.4 (C%), 133.24 (C®), 142.81 (Ph), 17451
(C=0). Macc-criextp (APCI), M/z (Iors, %): 318 [(M+H")] (100), 300 (29.2), 229 (13.8),
214 (14.5), 197 (65.7). Haiimeno, %: C, 67.93; H, 8.33; N, 4.35. CigH»;NO,Si.
Brruucneno, %: C, 68.14; H, 8.52; N, 4.42.
(3aS,6S,6aR)-6-mpumemuncunun-3,3a,6,6a-mempacudpo- 1 H-yuxnonenmalcj -

@ypan-1-on (+)-16. K nepememuBaemomy pactBopy 0.5 r (1.6 mmonbp) 15a B 15 mi

Me;Si O /JWOKCaHa MpU KOMHATHOM Temreparype nobasmsiiu 3 ma 9N

_\\\\\

pactBopa H,SO,4 u cmech kunsitunu 4 4 (KoHTpoJib MeTojioM TCX).
° OpraHuyeckuii pacTBOPUTENIb YIAPUBAIM, OCTAaTOK pa30aBWIIH
(4)-16 BoJoMl (5 w™uI), BKCTparupoBaiv AdTuianeraroM (3 X 15 wmn),
00beIMHEHHBIE OpraHUYecKue HKCTpakThl cymmiu Haax MgSOy,
yHapuBajd¥ TPU TIOHKCHHOM JaBJICHUU M BakyymupoBamu. OCTaTOK OYHIIAIA
xpomarorpadueii Ha SiO, (metposeinbiii 3¢up — stunanerar, 5:1). [Tomyuamn 0.28
(89%) coemunenus (+)-16. Bensle kpucrtamiel, T. mi. = 65-67 °C. Rf = 0.5
(metponeitnsiii adup : stmmanerar =5 : 1). [a]3 +175.1°, (¢ 1.36, CH,Cl,); UK crmexTp,
cm': 3045, 2954, 2862, 1751 (C=0), 1447, 1379, 1249, 1145, 1051, 987, 958, 835, 715.
Crextp IMP 'H (CDCly), 8, m.a.: 0.0 ¢ (9H, Si(CH3)3), 2.37-2.41 ym. ¢ (1H, C°H),
2.87 1.1 (1H, C**H, J 4.2 u 8.0 I'), 3.45 t (1H, C**H, J 6.9 T'xy), 4.19 .1 (1H, 3-H, J
3.8 1 9.2 I'n), 4.36 x.a.x (1H, C*H, J 4.4, 7.1 u 9.1 Tw), 5.44-5.49 M (1H, C°H), 5.77-
5.84 M (1H, C°H). Criextp SIMP *C (CDCl,), &, m.x.: 3.41 (Si(CHa3)3), 39.89 (C°), 43.71
(C®), 46.51 (C*), 71.86 (C), 126.39 (C°), 134.88 (C*), 181.51 (C=0). Macc-creKTp
(APCI), m/z (Iyr, %): 197 [(M+H")] (100). Haiineno, %: C, 61.03; H, 8.10. CyoH150,Si.
Brmaucneno, %: C, 61.22; H, 8.16.



224
(3aR,6R,6aS)-6-(mpumemuncununr)-3,3a,6,6a-mempacudopo-1H-yuxronenmalc]-

Me;Si o0 ¢ypan-1-on (-)-16. Ilo anamoruunoit misa (+)-16 meromuke u3 0.6 T
m\\\\/< (1.9 mmonb) coenuuenns 15b momydanu 0.31 r (89%) coenunenus (-
@)
v,/ )-16. benble kpuctamiel, T. 1. = 65-67 °C. Rf = 0.5 (nmerponeiinbii
(16 >pup : stumanerar = 5 : 1). [@]® -174.5°, (c 1.3, CH,Cl,); UK

criekTp, cM ™ 3048, 2955, 2862, 1755 (C=0), 1462, 1377, 1251,
1168, 1053, 981, 960, 839, 717. Cmektp SIMP 'H (CDCls), S, m.a.: 0.01 ¢ (9H,
Si(CHy)s), 2.35-2.40 ym. ¢ (1H, C°H), 2.85 x.x (1H, C*H, J 4.1 u 8.0 T'w), 3.44 T (1H,
C¥H, J 6.9 I'n), 4.20 x.1 (1H, 3-H, 3 3.9 1 9.0 '), 4.35 1.1 (1H, C*H, J 4.2, 7.0 1 9.0
I'n), 5.43-5.48 M (1H, C°H), 5.75-5.84 M (1H, C°H). Criextp SIMP *C (CDCl,), &, m.1.:
-3.36 (Si(CHs)3), 39.92 (CP), 43.73 (C®), 46.55 (C*), 71.89 (C?), 126.45 (C°), 134.92
(CY, 181.54 (C=0). Macc-criextp (APCI), m/z (lor, %): 197 [(M+H")] (100). Haiinero,
%: C, 61.08; H, 8.02. C1yH160,Si. Beruucaeno, %: C, 61.22; H, 8.16.

Penmeenocmpyxmypuoiii  ananuz  coedunenuss  (-)-16. MOHOKPHCTAILIBI
C10H160,S1 ((-)-(3aR,6R,6aS)-16) ObLIH BBICAXKECHBI M3 CMECH TMETPOJICHHBIA dPUp —
strnaneTat. [loaxomsimuii KprucTamwt ObLT BBIICTICH U UCCIIEIOBaH Ha JUPPAKTOMETPE
Bruker SMART 1000. Kpucramt BeiiepkuBaics Bo Bpems cbemku nipu 120 °K. Tlpu
ucnonb3oBanuu Olex2 [333] ompeneneHue CTPYKTYpHl MPOU3BOAMIOCH MPOTPAMMOI
crpykrypHoro paspemenust XS («<SHELXS-97», Program for Crystal Structure Solution
and Refinement) mpsmbiMu MeTomamu M yTouHeHa makeToM yiydmeHuss XL [334]
METO/IOM HaUMEHBIIINX KBaJIPaTOB.

Hapamempor  kpucmanna  (-)-(3aR,6R,6aS)-16. CyoH1s0,SI, M =196.32,
opTopoMbuueckuii, a = 8.175(3) A, b = 10.280(4) A, ¢ = 26.455(8) A, V = 2223.2(13)
A®, T = 120, npocrpancteennas rpymma P2,2:2; (no. 19), Z = 8, p(MoKa) = 0.180,
16634 orpaxkenuit usmepeHo, 5524 yuukanbHbIX (Riy = 0.0997) koTopbie OBUIM
HCIIOJIB30BaHbl BO BceX BbluucieHusX. KoHeunble 3HaueHuss WR; Obuio 0.0860 (Bce
napameTpel) W R; Obuto  0.0474 (>2sigma(l)). CCDC 865270 coumepxut
JIOTIOJTHUTEIIbHBIC KPUCTALTIOTpahUIeCKie MaHHBIC IS 3TOM CTPYKTYphl. DTH JaHHBIC
MOTYyT OBITh CBOOOJHO mMoyydeHbl U3 0a3bl manHbix The Cambridge Crystallographic

Data Centre via www.ccdc.cam.ac.uk/data_request/cif.
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3.3 DkcnepuMeHT K pasaeny 2.2.1

(1R,25)-2-(L{uanomemun)yuxnonenm-3-en-1-xapbonosas xucioma 20 u (1S,2S)-
2-(yuanomemun)yuxkioneum-3-en-1-xapoonosas  kucroma 21. B Tpexropiyro
KPYTJIOJOHHYIO KO0y, CHaOKEHHYI0O OOpaTHBIM XOJOAMIBHUKOM U TEPMOMETPOM, B
atmocepe aproda momemain 0.07 r (0.56 mmoss) nakrona (-)-1, 0.07 r (1.12 MMOJIb)
KCN u 1 ma IMCO. Ilonyuennyio cmecs HarpeBaimu a0 180 °C u nepememmuBanu 1 u
npu 3Tol TemrepaTtype (KoHTpoib MeTonoM TCX), mocie 4ero B peakIMoHHYI CMeCh
nobasmsu 2 it 1IN HCI u skctparupoBamm EtOAC (3X5 i), cymmmm Hag Na,SOy,
yIIapuBadd TPHU IOHMKCHHOM JaBJIcHWH. Xpomatorpaduueckas ouwmctka Ha SiO;
(netponeitubii 3gup — sTminanerar, 1:1) mpuBoamna xk 0.07 r (85%) opaHxeBoro
Macyi000pa3HOTO MPOYKTa, TPEACTABIAIONIETo coboi cMech 9:1 (1o 1aHHBIM SIMP'H)
coequnenuit 20 u 21. Rf = 0.5 (nerponeiinsiii a3¢up : stmnanerar = 1 : 1). UK crekrp,
cml: 3198 (O-H), 3063, 2924, 2249 (C=N), 1714 (C=0), 1419, 1180, 719. Macc-
cextp, M/Z (lom, %): 150 [(M-H")] (100). Haiineno, %: C, 63.38; H, 5.63; N, 9.02.
CgHgNO,. Brruuciieno, %: C, 63.58; H, 5.96; N, 9.27.

Coeounenue 20. Criexrp SIMP 'H (CDCly), &, m.n.: 2.43 x.n (1H, CH, J 8.0 u

CO,H 16.6 I'r), 2.54-2.91 m (4H, C°H, OH, CH,CN), 3.27-3.42 m (2H, C'H

q/ u C?H, J 8.3 u 8.4 '), 5.76-5.82 M (1H, C*H), 5.90-5.97 m (1H, C*H).

CN Crextp SIMP *C (CDCly), &, m.a.: 19.26 (CH,CN), 34.08 (C°), 43.21

20 (C?), 45.26 (ChH, 116.36 (C=N), 130.47 (C*, 132.32 (C), 177.99
(C=0).

Coedunenue 21. Crextp SIMP 'H (CDCly), &, m.a.: 2.54-2.91 m (5H, C°H,, OH,

WCOH CH,CN), 3.27-3.42 m (2H, C'H u C?H), 5.62-5.67 M (1H, C*H), 5.85-

on 388 M(H, C*H). Criextp SIMP *C (CDCly), &, m.1.: 22.90 (CH,CN),

11 35.87 (C°),45.63 (C?), 47.35 (C), 117.89 (C=N), 129.98 (C*), 131.85

(C%), 175.09 (C=0).

(1S,2R)-2-(L{uanomemun)yuxnonenm-3-en-1-xapbonosas kucroma 22 u (IR,2R)-

2-(yuanomemun)yuxioneum-3-en-1-kapbonosass  kucroma  23. Ilo  meroauke

aHaNoOruyHOu 11s mosrydeHus: nnanokuciotr 20 u 21 u3 0.17 r (1.36 Mmonb) nakToHA



226

(+)-1 monygaym  0.175 1 (85%) oOpaH)XeBOro Macjaoo0pa3HOTO TPOAYKTA,
IpeCTaBISIONmEro coboit cmech 9:1 (o mauusM SIMP 'H) coemunenuit 22 u 23. Rf =
0.5 (merpoueiinsiii a¢up : srunanerar = 1 : 1). UK cmextp, em™': 3203 (O-H), 3061,
2922, 2255 (C=N), 1736 (C=0), 1418, 1186, 723. Macc-cnektp, M/z (1, %): 150 [(M-
H™)] (100). Haitneno, %: C, 63.42; H, 5.74; N, 9.09. CgHgNO,. Brruncneno, %: C,
63.58; H, 5.96; N, 9.27.

Coeounenue 22. Cuexrp SIMP 'H (CDCly), &, m.a.: 2.43 a.n (1H, C°H, J 7.8 u
16.5 '), 2.55-2.69 M (3H, OH, CH,CN), 2.79-2.93 m (1H, C°H),
@ 3.27-3.42 m (2H, C'H u C°H, J 8.6 I'n), 5.77-5.82 M (1H, C°H),
“u,, ~CN'593-596 M (1H, C*H). Crextp SIMP **C (CDCly), 8, m..: 19.36
22 (CH,CN), 34.18 (C°),43.30 (C?), 45.32 (CY), 118.44 (C=N), 130.56

(CH, 132.41 (C%), 178.08 (C=0).
Coeounenue 23. Cnextp SIMP 'H (CDCly), 8, m.a.: 2.55-2.69 m (4H, C°H, OH,
co,H CH.CN), 2.79-2.93 m (1H, C°H), 3.27-3.42 m (2H, C'H u C?H),
g 5.63-5.68 M (1H, C°H), 5.85-5.90 M (1H, C*H). Crextp SIMP *C
2;’”// N (CDCly), &, m.1.: 23.00 (CH,CN), 35.96 (C°),45.73 (C?), 47.45 (CY),

118.02 (C=N), 130.08 (C*), 131.94 (C?), 175.17 (C=0).

WCOH

[(1S,5R)-5-(Tuopoxcumemun)yuxnonenm-2-en-1-unjayemonumpun 24 u [(1S,55)-
5-(cudpoxcumemun)yuxionenm-2-en-1-unjayemonumpun 25. B TPEXTOPIIYIO
KPYTJIOJIOHHYIO KOJIOY, OXJIaXK/IaeMyIO JIbJIOM U CHAaOKEHHYIO KaleJIbHOW BOPOHKOU H
TepMOMETpOM, B atmocdepe aprona nomemanu 0.24 r (1.6 MMoJib) cMecu CoeAMHEHUN
20 u 21, 0.18 mu (1.92 mMMomb) ATUIOBOTO 3PHUpa XIOPYTOIBHON KUCIOTHI U 5 MII
ceexkenepernanHoro TI'®d. K mnosydyeHHOMYy pacTBOpY NIpU IE€PEMELINBAHUU
npukansiBaiau pactsop 0.27 mu (1.92 mmonb) Tpustriiamuna B S mut TT'® B Teuenue 15
muHyT. [locne nmpubaBiaeHus: peakimoHHas Macca nepeMenmpanachk emé 30 MUHYT U B
Hee gobapysun 0.15 1 (3.84 MMob) Ooporuapuaa HaTpUs, MOCIE Yero MepeMenBaIn
emte 30 munyT. [loroM noGaBmsmu 5 ma H,O, OTroHssn opraHU4eCKUil pacTBOPUTEIb,
skctparupoBaar ETOAC (3X5 mi), cymmnu Hax Nay,SO4 v ynapuBaiv Ipy MOHMKEHHOM
nasyieHun. Xpomarorpaduueckas ounctka Ha SIO; (MeTpoeHHbIN dpup — ITUIIAIETAT,

1:1) mpuBommna k 0.21 1© (94%) >xenToBaToro Maciao00pa3HOTO TMPOAYKTA,
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MpPeCTaBISIONmEro coboit cmech 9:1 (o mauusiM SIMP 'H) coemunenuit 24 u 25. Rf =
0.4 (merponeitusrii >¢up : sTHmanerar = 1 : 1). UK cmextp, cm™: 3442 (O-H), 2904,
2245 (C=N), 1433, 1138, 723. Macc-cniektp, M/z (lom, %): 138 [(M+H™)] (100), 121
(8.6). Haiineno, %: C, 69.32; H, 7.68; N, 9.88. CgH;;NO. Boruucneno, %: C, 69.57; H,
7.97; N, 10.14,
Coedunenue 24. Crextp SIMP 'H (CDCly), &, m.x1.: 2.09-2.25
OH M (1H, C°H), 2.36-2.71 M (5H, C*H,, OH, CH,CN, J 6.3 u 8.4 I'n),
3.04-3.16 m (1H, C'H), 3.56-3.90 m (2H, CH,0, J 5.8 '), 5.76-
5.88 M (IH, C°H), 5.89-5.98 M (IH, C°H). Cmextp SIMP *C
24 (CDCl), 8, m.1.: 18.24 (CH,CN), 34.42 (C%), 42.40 (Ch), 42.91 (C),
62.74 (CH,0), 119.74 (C=N), 132.13 (C®), 132.61 (C?).
Coedunenue 25. Cnextp SIMP 'H (CDCls), &, m.i.: 2.09-2.25 M (1H, C°H), 2.36-

OH 2.71 M (5H, C*H,, OH, CH,CN), 2.85-2.95 m (1H, C'H), 3.56-

m\\\l 3.90 m (2H, CH,0), 5.60-5.72 M (1H, C°H), 5.89-5.98 m (1H,
@VCN C®H). Criexrp SIMP C (CDCly), &, m.x.: 23.36 (CH,CN), 35.42
25 (C*),45.44 (Ch), 45.56 (C°), 66.01 (CH,0), 118.82 (C=N), 130.05

(C3), 130.63 (C?).
[(1R,5S)-5-(T'uopoxcumemun)yuxnonenm-2-en-1-unj ayemonumpun 26 u
[(1R,5R)-5-(cuopoxcumemun)yuxnonenm-2-en-1-unjayemonumpun 27. Ilo meToamKe
AQHAJIOTUYHOU ISl ToJydeHHs: 1uaHocnuptoB 24 u 25 u3z 0.3 1 (2 MMOIb) cMmecu
nuaHokucaor 22 u 23 momydanu 0.25 r (93%) skenroBaToro Macioo0pa3zHOTO

IPOJYKTa, IPEACTABISIOMEro coboii cmech 9:1 (o mauusmM SIMP 'H) coenutenuii 26

OH u 27. Rf = 0.4 (nerponevinwni >¢up : stwranerar = 1 @ 1). UK

,\\\\\l criektp, e 3412 (O-H), 2919, 2253 (C=N), 1440, 1132, 716.
@,”W AN Macc-cniektp, m/z (lom, %): 138 [(M+H")] (100), 121 (10.2).
26 Hatineno, %: C, 69.26; H, 7.71; N, 9.94. CgH;;NO. Brraucieno, %:

C, 69.57; H, 7.97; N, 10.14.
Coeodunenue 26. Cniexrp SIMP ‘H (CDCly), &, m.i.: 2.17 aox (1H, J 2.61, 9.4,
15.4 T'ny, C°H), 2.35-2.70 M (5H, C*H,, OH, CH,CN, J 6.4 1 8.0 I'rr), 3.04-3.16 M (1H,
C'H), 3.64-3.90 M (2H, CH,0, J 5.5 '), 5.77-5.85 M (1H, C?H), 5.89-5.96 M (1H,
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C®H). Criextp SIMP °C (CDCly), &, m.x.: 18.22 (CH,CN), 34.43 (C"), 42.41 (CY), 43.03
(C?), 62.72 (CH,0), 119.70 (C=N), 132.12 (C), 132.57 (C?).
Coeounenue 27. Cnextp SIMP 'H (CDCl3), &, m..: 2.10-2.23 M (1H, C°H), 2.35-
2.70 M (5H, C*H,, OH, CH,CN), 2.84-2.94 m (1H, C'H), 3.64-3.90 m (2H, CH,0), 5.61-
5.69 M (1H, C?H), 5.89-5.96 M (1H, C°H). Crextp SIMP *C (CDCly), &, m.i.: 23.34
OH (CH,CN), 35.42 (C%),45.51 (CY), 45.59 (C), 65.99 (CH,0), 118.64
(C=N), 130.02 (C3), 130.62 (C?).
,//W/CN (4aS,7aR)-4,4a,7,7a-Tempacuopo-1H-yuxnonenma/C]nupan-
27 3-on (+)-19. Ilo anamormyHoOM a1 moaydeHus (-)-4 MeTOIUKE U3
0.12 r (0.87 mmonb) 1muaHocnupTa 24 W €ro TpaHc-IuMepa 25
nonydanu 0.1 r (85%) OecrBeTHOrO KpUcTaumueckoro coeauHenus (+)-19 u 0.01
(9%) mpanc-nmanocnupta 25 B Buje 0CIBETHOM MacaI000pa3HOM JKHUIKOCTH.
Coedunenue (+)-19. becreTHble KpucTauibl, T.aul 65.5-66.5 °C. Rf = 0.55
o (metponeitnsiii adup : stmwmamerat = 1 : 1). [«]f +72.8°, (¢ 1.125,
@ CH,Cl,) (mur. [45] [a]p® +77.8° (¢ 1.25, CH,Cl,)). UK crextp, cm™:
(H)-19 ° 3043, 2922, 1746 (C=0), 1624, 1485, 1427, 1383, 1273, 1131, 1072,
989. Crrextp SIMP 'H (CDCly), 8, m.xi.: 2.18-2.39 m (2H, C*H u C'H, J 8.7 I'n), 2.60-
2.83 M (3H, C*H, C'H u C’*H, J 8.9 '), 3.28-3.37 M (1H, C*H), 3.99-4.08 .1 (1H,
C'H,J 92 u 11.4 Tn), 429 nx (1H, C'H, J 9.6 u 11.7 T'), 5.52-5.58 M (1H, C°H),
5.72-5.78 M (1H, C°H). Crektp SIMP C (CDCly), &, m.a.: 33.93 (C%), 33.99 (C’),
36.13 (C"), 41.36 (C*™), 70.23 (Ch), 130.65 (C°), 131.81 (C°), 173.34 (C*). Macc-crektp,
M/z (lym, %): 139 [(M+H™)] (100), 80 (32). Haiineno, %: C, 69.16, H, 6.93. CgH;,0,.
Breraucneno, %: C, 69.55, H, 7.30.
(4aR,7aS)-4,4a,7,7a-Tempacuopo-1H-yuxnonenma/c/nupan-3-on  (-)-19. Ilo
METOJIMKE aHAJOTHYHOM I monydenus yaktoHa (-)-4 u3 0.15 r (1.09 mmoib) cmecH
rmanocupToB 26 u 27 monyyanu 0.13 1 (85%) naktona (-)-19 u 0.014 r (9%) mpanc-
nuaHocnupra 27.
Coeounenue (-)-19. Becusernsle kpuctamibl, T.mi. 67.5-68.5 °C. Rf = 0.55
(merponeiinsiii 3¢up : stmmanerar = 1 : 1), [«]® -73.1°, (¢ 1.15, CH,Cl,). UK cmektp,
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cm™: 3043, 2922, 1746 (C=0), 1624, 1485, 1427, 1383,1273, 1131,

@“\\\\\O 1072, 989. Crextp SIMP 'H (CDCly), &, m.i.: 2.21-2.43 m (2H, C*H n
(:')"_”19 O (C'H, J 8.4 I'n), 2.60-2.85 m (3H, C*H, C'H u C"H, J 8.6 I'y), 3.29-
3.37 m (1H, C4“H), 4.05 n.o (1H, ClH, J80wu 11.5T), 4.30 n.x (1H,
C'H,J 8.2 u 12.0 I'y), 5.54-5.59 M (1H, C°H), 5.73-5.79 m (1H, C°H). Crrextp SIMP **C
(CDCly), &, m.ii.: 33.96 (C*), 33.98 (C™), 36.23 (C'), 41.33 (C), 70.32 (C'), 130.94
(C®), 131.66 (C°), 173.33 (C%). Macc-crextp, M/Z (lom, %): 139 [(M+H")] (100), 80
(43). Haiineno, %: C, 69.23, H, 6.98. CgH10,. Beruuciaeno, %: C, 69.55, H, 7.30.
(1aS,1bS,4aR,5aR)-I"excacuopo-4H-oxcupeno/ 3, 4] -uuknonenmall,2-c] pypan-4-
on 28a u (1aR,1bS,4aR,5aS)-Iexcacuopo-4H-oxcupenof3,4]yuxnonenmall,2-cj-
@ypan-4-on 29a. K pactBopy 0.35 r (2.8 mmomb) jaktoHa (-)-4 B 10 mu CH,Cl,
npwimBaid pacteop 1.45 r (8.4 Mmonb) m-xsopHanOeH3oWHOM kucnotel U 0.71 T
NaHCO; (8.4 mmoms) B 10 M1 CH,Cl, m nepeMerniBanu npyu KOMHATHOM TeMIIepaType
B TeueHne 8 u (koHTposib MerogoM TCX). Ilocnme 3TOro mojydeHHBIH pPacTBOP
npoMbiBalid 15 My HaceimeHHOro pactBopa Na,S;03, 15 mur 5%-BomHOTO pacTtBOpa
NaHCO;, cymwnu Haj cyiabhaToM Mar"usi, ynapuBaid MPU MOHMKEHHOM JIaBJICHUH.
Ocratok xpomarorpadupoBanu Ha SiO, (merposieiiHblii 3¢pup — sTHiarerar, 1:1).
[Tomygamu 0.14 1 (30%) coequnenus 28a u 0.21 r (60%) coenuuenus 29a.
Coeounenue 28a. Tlpo3paunas macnooOpasHas kuakocth. Rf = 0.4
o (merponeiimbiii >dup : stmmameratr = 1 : 1). [a]; +108.0°, (¢ 1.1,
o CHCI3). UK crextp, cm ™ 3393, 2922, 1772 (C=0), 1375, 1190, 1039,
S 1003, 842. Criextp SIMP 'H (CDCly), &, m.1.: 2.07 n.ax.x (1H, C°H, J 1.7,
28a 6.0 u 15.0 T'y), 2.56 n.x (1H, C°H, J 9.9 u 14.9 T'w), 2.86 t.x (1H, C*°H,
J 6.2 u9.4 '), 3.35 n.x (1H, C*H, J 8.4 u 16.9 '), 3.48 ¢ (1H, C*H), 3.64 x (1H,
C*H, J 1.7 Tw), 4.08 nx (1H, C°H, J 7.2 u 9.8 '), 4.45 x.x (1H, C*H, J 9.5 I'n).
Cnektp SIMP C (CDCly), &, m.x.: 31.61 (C°), 41.31 (C™), 42.93 (C*), 57.83 (C*),
60.46 (C'?), 67.54 (C?), 176.69 (C*). Macc-criextp, M/z (1o, %): 141 [(M+H")] (100),
80 (16.8). Haitineno, %: C, 59.64; H, 5.55. C;HgOs. Brruncneno, %: C, 59.94; H, 5.71.
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0 Coeounenue 29a. Ilpo3padnas MaciaooOpasHas XuIKocTh. Rf =

lgdo 0.2 (metponeiinbiii 3¢up : stwranerat = 1 @ 1). [« +31.0°, (¢ 0.93,

0) CHCls). UK criektp, cm ™ 3405, 2924, 1751 (C=0), 1375, 1159, 1055,

2% 978, 854. Criextp SIMP H (CDCly), &, m.i.: 2.01-2.17 m (1H, C°H, J

7.8 u 14.7 T), 2.54 n (1H, C°H, J 14.8 T'm), 2.86-2.98 m (2H, C'"H u C*H), 3.60

ncesno 1 (2H, C**H u CH, J 8.4 I'n), 4.43 .1 (1H, C°H, J 6.3 u 9.2 '), 4.55 1 (1H,

C?H, J 10.3 I'w). Crextp SIMP °C (CDCly), &, m.a.: 31.01 (C°), 40.07 (C™), 40.51

(C*), 58.69 (C°?), 59.55 (C'?), 68.23 (C?), 179.12 (C*). Macc-criektp, M/z (o, %): 141

[(M+H")] (100), 80 (23.4). Haiineno, %: C, 59.75; H, 5.43. C;HgO3. Brruncneno, %: C,
59.94; H, 5.71.

(1aR,1bR,4aS,5aS)-I excacuopo-4H-oxcupeno/3,4]yuxnonenmal 1,2-c] pypan-4-
on 28b u (1aS,1bR,4aS,5aR)-I"excacuopo-4H-oxcupenol3,4]yuxnonenmall,2-cj-
@ypan-4-on 29b. Ilo ananoruanoi s noaydeHus 28a u 29a meronuke u3 0.42 1 (3.36
MMoJb) (+)-4 monyuanu 0.17 T (30%) coemunenus 28b u 0.25 r (60%) coenuHeHMs
29Db.

Coeounenue 28b. Tlpospaunas wmaciooOpa3Has kuakocth. Rf = 0.4

o (metponeiinbii a¢up : stwimamerar = 1 @ 1). [o]y -107.8°, (¢ 1.15,

I\\\\\/< CHCls). VIK crmextp, cm™: 3419, 2918, 1767 (C=0), 1375, 1176, 1039,

O‘Q"’////O 1003, 843. Criextp SIMP 'H (CDCl,), 8, m..: 2.10 x.a.x (1H, C°H, J 1.7,

28b 6.1 1 15.0 '), 2.57 n.x (1H, C°H, J 10.0 u 15.0 T'), 2.87 1.1 (1H, C*°H,

J62n9.4Tn),3.37 n.x(1H, C*H, J 9.1 n 16.3 I'n), 3.50 1 (1H, C**H, J

2.2 Tm), 3.63 1 (1H, C?H, J 1.8 T'), 4.09 a.1 (1H, C°H, J 7.2 u 9.6 I'nr), 4.46 n.x (1H,

C?H, J 9.5 Tw). Criextp SIMP *C (CDCL), &, m.1.: 31.64 (C°), 41.35 (C™), 42.95 (C*),

57.96 (C*), 60.49 (C'), 67.57 (C%), 176.69 (C*). Macc-ciekrp, M/z (lors, %): 141

[(M+H")] (100), 80 (14.2). Haiizeno, %: C, 59.68; H, 5.60. C;HgO3. Brruncneno, %: C,
59.94; H, 5.71.

Coeounenue 29b. Tlpospaunas wmacmooOpasHas skuakocTh. Rf = 0.2
(merponetinsiii a¢up : stumarerar = 1 : 1). [«]? -30.9°, (¢ 1.1, CHCI3). UK cnektp, cM”

1- 3498, 2926, 1755 (C=0), 1375, 1157, 1055, 978, 854. Crexkrp SIMP 'H (CDCly), 4,
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o M.a:198-2.18m(1H, CH, J 7.9 Tu), 2.49 1 (1H, C°H, J 14.7 T'w), 2.87-

ol 2.98 M (2H, C™H u C**H), 3.59 nceno 1 (2H, C*H u C*H, J 11.0 '),

@O,, P 442 v (1H, CH, J 3.2 u 6.2 Tir), 4.53 1 (1H, C?H, J 9.4 T'). Criextp

b SIMP 2C (CDCly), &, m.i.: 31.06 (C°), 40.10 (C™), 40.54 (C*), 58.74

(C*), 59.61 (C'), 68.30 (C?), 179.18 (C*). Macc-criektp, M/z (lor, %):

141 [(M+H")] (100), 80 (27.9). Haiineno, %: C, 59.80; H, 5.48. C;HgO3. Brruucneno,

%: C,59.94; H, 5.71.

(3aS,4R,5R,6aR)-4-I'uopoxcu-5-(penurmuo)zexcacudopo-1H-yuxnonenma/cj gy-

pan-1-on 30a u (3aS,4S,5S,6aR)-5-cuopokcu-4-(ghenurmuo)-ecexcazuopo-1H-yuxnonen-

ma/c]pypan-1-on 3la. B atmocdepe aprona k cycnenzuu 0.06 r (2.2 mmons) 85%-

o o HOTo NaH B 3 man TI'® npuwmmBamu 0.19 mn

(1.8 mmonp) PhSH wu momyueHHyHO CcMech

PhSin O + HO»C‘iéO NepeMelBalIM B TE€YEHHH 15 MuH 1npu

HO 44, 1:6 PhS\\\\ a1 KOMHATHOM TeMIepaTrype, HOTOM JT00aBIIsLIA
a ’ a

0.2 t (1.4 mmoup) 3nokcunakToHa 29a B 5 mi
cyxoro TI'® B teuenue 5 muH. Ilocne mepeMemmBaHus B Te4eHHE 2 4 (KOHTPOJIb
metoaoM TCX) k cmecu nobaeistn S mi 10%-Hoi HCI, oprannveckuii pacTBOPHUTEIb
OTTOHSUTM, BOJHBIM CIION JKcTparupoBanu stuianeratom (3x10 mur), cymunu Haj
Cynb(aToM MarHus W yIMapuBaJd MPHU MOHWKECHHOM JaBJICHUHU. XpoMarorpaduaeckas
ourictka Ha SiO; (merposnelinbiii 3¢up — stunamerat, 1:1) npuBoamna k 0.28 r (80%)
cmecH 1:6 (1Mo TaHHBIM ﬂMPlH) coequnennit 30a u 31a. [Ipospaunas cmona. Rf = 0.3
(meTpoeiinerii 3¢up : stwarerar = 1 : 1). UK cmextp, cm™: 3398 (O-H), 2920, 1758
(C=0), 1438, 1189, 1142, 1033, 749, 685. Ciextp SIMP ‘H (CDCly), &, m.a.: 1.94-2.07
M (0.83H, C*H, J 6.3 I'm), 2.16-2.22 M (0.17H, C°H), 2.33 ¢ (1H, OH u O’H), 2.48-2.58
M (IH, C°H u C*H, J 6.7 T'y), 2.71-2.96 m (0.17H, C**H), 3.04 7.1 (0.83H, C**H, J 3.2
1 9.3 '), 3.17-3.34 m (1.83H, C**H, C*H u C*’H, J 6.2 T'wy), 3.47 ¢ (0.17H, C*H), 4.07
1 (0.83H, C*H, J 6.5 I'r), 4.20-4.22 ym.c (0.17H, C°H), 431t (1H,C*Hu C*H, J 9.8
'), 4.52 1 (0.17H, C*H, J 10.0 T'r), 4.63 1.1 (0.83H, C*H, J 3.1 1 9.3 T'ry), 7.26-7.48 M
(5H, PhH). Macc-criektp, M/Z (lom, %): 251 [(M+HY)] (92.4), 233 (100), 141 (8.9).
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Haiineno, %: C, 62.20; H, 5.33, S 12.50. C13H1405S. Breruucneno, %: C, 62.32; H, 5.59,

S, 12.78.

Coedunenue 30a. Crextp SIMP *C (CDCLy), &, m.i.: 36.99 (C%), 42.11 (C*),
44.22 (C®), 59.72 (C*, 72.53 (C%), 77.00 (C°), 127.84, 131.50, 132.92 (Ph), 180.32
().

Coeounenue 3la. Crextp SIMP *C (CDCly), &, m.i.: 33.72 (C*), 41.25 (C* u
C®), 52.77 (C>), 66.30 (C*), 76.57 (C*), 127.61, 129.25, 132.46 (Ph’), 179.94 (C™).

(3aR,4S,5S,6as)-4-1uopoxcu-5-(gpenunmuo)eexcazuopo-1H-yuxnonenma/cl gy-
pan-l-on  30b u  (3aR,4R,5R,6aS)-5-cuopoxcu-4-(penunmuo)-eexcacuopo-1H-
yukaonenmacJgypan-1-on 31Db.

Memoo A. Tlo meTonuke, aHAJIOTUYHOM 1)1 mojydeHus: coequHennit 30a u 31a,

o u3 03 (2.1 mmone) smokcunakroHa 29b

O

.m\\/< .m\\< nonyyanmu 0.41 r© (79%) cmecu 1:6 (1o
O + HOm- o)

PhS»O"”/// | v/ TAHHBIM HMPlH) coequnenuii 30b u 31b.

HO 30 16 PhS 34y [Mpo3paunas cmona. Rf = 0.3 (merponelinbiii
>¢up : stmmanerar = 1 : 1). UK crextp, cm™:
3412 (O-H), 2926, 1738 (C=0), 1436, 1192, 1145, 1037, 738, 692. Crextp SIMP 'H
(CDCly), &, m..: 1.94-2.06 m (0.83H, C*H, J 6.5 I'y), 2.14-2.20 M (0.17H, C°H), 2.36-
2.47 m (1H, C°H u C*H), 2.81-2.89 m (0.17H, C*H), 2.99 T (0.83H, C**'H, J 9.7 I'ny),
3.12-3.21 m (0.17H, C*H), 3.33-3.41 M (0.83H, C**'H), 3.50 ¢ (1H, C*H u C*’H), 3.54-
3.94 xomm (1H, OH u O’H), 4.06 m (0.83H, C*H, J 6.9 T'w), 4.14-4.16 yur.c (0.17H,
C°H), 4.25 T (1H, C*H u C*H, J 9.6 T'y), 4.45 T (0.17H, C*H, J 9.7 T'x), 4.54 1 (0.83H,
C¥H, J 9.9 T'm), 7.17-7.39 m (5H, PhH). Macc-criextp, M/Z (low, %): 251 [(M+H")]
(95.8), 233 (100), 141 (13.6). Haiineno, %: C, 62.25; H, 5.46, S, 12.47. C13H1405S.
Brranciaeno, %: C, 62.32; H, 5.59, S, 12.78.
Coedunenue 30b. Crextp SIMP *C (CDCly), &, m.io.: 36.78 (C°), 42.32 (C*),
44.03 (C®), 59.19 (CY), 72.92 (C?), 79.70 (C°), 128.95, 131.55, 133.91 (Ph), 181.14

(CY).
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Coedunenue 31b. Crextp SIMP *C (CDCly), &, m.n.: 33.19 (C%), 41.46 (C*),

41.76 (C®), 52.43 (C°), 66.70 (C%), 76.49 (C"), 127.07, 130.80, 133.54 (Ph), 180.76
(C").

Memoo b. K 0.13 r (0.9 mmons) snokcuinakrona 29b B 1 miu [Bmim]BF,
npukanbBaad 0.11 v (1.1 mmons) PhSH 1 monydennyio cmech nepementirBany mpu 80
°C B Teuenue 2 4 (koHTpoiab MeTonoM TCX). OumcTka peakIMOHHON MaccChl
xpomarorpadueii Ha SiO, npuBoamna k 0.14 r (60%) cmecu coeaunenuii 30b u 31b B
coorHomenun 1:1 (o nauusM SIMP'H).

(3aS,45,55,6aR)-4-I'uopokcu-5-(ghenunmuo)eexcacuopo-1H-yuxnonenmal c/ ¢y-
pan-1-on 32a. Ilo ananmoruunoit ansa nonyyenus coeauHenuit 30a u 3la meroauke u3

o 0.15 1 (1.05 mmoinb) snokcunaktoHa 28a nomydanu 0.22 r (81%)
—C‘ié 32a. Ipo3paunas cmoua. Rf = 0.2 (merposnelinsiii 3¢up : STHIANETAT
Phs \ g 1:1). [« -30.0°, (¢ 1.2, CH,Cl,). MK crektp, cm™: 3413 (O-H),
HO 32a 2916, 1742 (C=0), 1438, 1182, 1149, 1036, 746, 692. Crekrp SIMP
'H (CDCly), &, m.io.: 1.96-2.06 m (1H, C°H, J 6.2 T'w), 2.41-2.76 m (2H, C°H u OH),
2.84-2.93 M (1H, C**H), 3.08 T.x (1H, C**H, J 6.3 u 10.5 T'), 3.43 n.1 (1H, C°H, J 7.6 u
13.7 T), 3.88 T (1H, C*H, J 6.2 T), 4.35 M (1H, C°H, J 7.6 Ty), 4.46 T (1H, C°H, J
9.8 '), 7.25-7.46 m (5H, PhH). Criextp SIMP *C (CDCls), &, m.1.: 32.99 (C®), 40.59
(C®), 46.97 (C®), 54.92 (C°), 70.48 (C%, 81.43 (C%), 127.97, 129.35, 132.67 (Ph),
179.76 (CY). Macc-criextp, M/Z (lom, %): 251 [(M+H")] (100), 233 (17.5), 141 (3.2).
Hatineno, %: C, 62.12; H, 5.32, S, 12.62. C13H1403S. Brruucneno, %: C, 62.32; H, 5.59,
S, 12.78.
(3aR,4R,5R,6a8S)-4-I'uopoxcu-5-(ghenunmuo)eexcacuopo-1H-yuxnonenmalcJ gpy-
pan-1-on 32b. Ilo anamornynoi aus nmonydenus coenunenuii 30a u 31a meToauke u3
o 0.25 r (1.75 mmons) snokcuinakTona 28b momydanu 0.26 v (80%)

Qn““/( npoaykra 32b. Ilpospaunas cmona. Rf = 0.2 (nerponeitnbiit a¢up :
PhSin

O
v/ oramanerar = 1 ¢ 1). [«] +30.3°, (¢ 1.05, CH,Cl,). UK crektp, cm™
HO 32 3414 (O-H), 2914, 1761 (C=0), 1438, 1186, 1147, 1035, 744, 692.
Cnektp SIMP 'H (CDCly), &, m.a.: 1.96-2.09 M (1H, C°H), 2.22-2.51 xomm (1H, OH),

2.62-2.68 M (1H, C°H), 2.82-2.94 M (1H, C**H), 3.08 .1 (1H, C**H, J 6.1 u 9.6 I'n),
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3.43 a0 (1H, CH, J 9.3 u 12.5 '), 3.88 T (1H, C*H, J 8.8 '), 4.35 n.x (1H, C°H, J
2.8 1 9.3 I'), 4.44-4.51 m (1H, C°H, J 8.2 '), 7.26-7.48 m (5H, PhH). Crextp SIMP
B3C (CDCly), &, m.ii.: 32.99 (C°), 40.42 (C*), 46.77 (C®), 54.77 (C°), 70.40 (C*), 81.46
(C?), 127.99, 129.35, 132.70 (Ph), 179.60 (C'). Macc-criektp, M/z (low, %): 251
[(M+H")] (100), 233 (20), 141 (2.1). Haiigerno, %: C, 62.08; H, 5.47, S, 12.43.
C13H1403S. Brruncneno, %: C, 62.32; H, 5.59, S, 12.78.
(3aS,45,6aR)-4-cuopokcucexcacuopo-1H-yuxknonenma/cjypan-1-on  35a  u

(3aS,5R,6aR)-5-cuopokcucexcacuopo-1H-yuxnonenmalcj pypan-1-on 36a. K
o o nepememrBaeMoil cycnensuu 0.08 r (2 MMoOb)
><:‘j§ LiAlIH; B 10 M abcomornoro TI'® B Toke aprona

O + HO O
npu -78 °C ngoGaBnsmu mo karwisM pacteop 0.1 T (7
HO 35al ¢ 1 36a MMOJIb) 3mokcuaa 29a B 5 mi TI'®. Peaknnonnyro

cMech mepeMemuBad ~2 4 (KoHTpoiab MetoaoM TCX), u3beitok LiIAIH, pasnaramm
OCTOPOKHBIM jo0aBienuem 10%-soro pacrBopa H,SO, mpu 0°C mo pH-~7.
OpraHdyeckuii CJION OTAEISIU, BOAHBIA CIION AKCTparupoBaiu dTuinamneratoM (3x10
MIT), OOBETMHCHHBIC OPTaHUYECKHE YKCTPAKTHI TpoMbiBai pactBopom NaCl, cymmmm
Hag MgSO,, ymapuBanu mpu MOHMKEHHOM gaBieHHH. OCTAaTOK OYMINAIN METOJIOM
KOJIOHOYHO#M xpomarorpadpuu Ha SiO, (nmerponeitnbiit 3¢up — sTHiamerat, 1:3).
Honyuanu 0.086 T (87%) 1:1-cmecu (o manusiM SIMP'H) pernonsoMepHbIX CIupTOB
35a u 36a.
Coeounenue 35a. becusernbie kpuctamibl, T.m1. 77-79 °C. Rf = 0.35
o (ormmanerar). [«]° -80.8°, (¢ 1.4, C H,Cl,). MK crektp, cm™: 3346 (O-
H), 2962, 2918, 2852, 1739 (C=0), 1458, 1386, 1217, 1193, 1142, 1029,
962. Crextp SIMP 'H (CDCls), &, m.i.: 1.59-1.87 m (2H, C°H u C°H),
1.98-2.12 M (1H, C°H), 2.15-2.32 m (1H, C°H), 2.50-2.62 ymr. ¢ (1H,
OH), 2.81-2.93 m (1H, C*¥H), 3.13 1.1 (1H, C**H, J 3.4 u 8.3 I'ny), 4.02 .1 (1H, C°H, J
2.8 1 9.1 T'm), 4.12-4.19 m (1H, C*H), 4.47 T (1H, C°H, J 10.1 I'x). Criextp SIMP “°C
(CDCly), 8, m.1.: 27.94 (C%), 34.12 (C°), 43.13 (C®), 48.07 (C*), 70.77 (C?), 79.06 (C%,
181.02 (CY). Macc-criextp, M/z (lom, %): 143 [(M+H")] (100), 125 (7.5). Haiinero, %:
C, 58.94, H, 6.87. C;H19O3. Beruuciaeno, %: C, 59.15, H, 7.04.

0]

HO 35a
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Coeounenue 36a. becuBerHbie kpuctamibl, T.m01. 69-70 °C. Rf = 0.35

o (omumanerar). [a]y -59.5° (c 1.73, CH,Cl,). UK cmextp, cm™: 3367

o _Oi(O (O-H), 2954, 2922, 1743 (C=0), 1429, 1384, 1199, 1141, 1101, 1037,

1008. Criextp SIMP 'H (CDCl,), &, m.a.: 1.80 1 (1H, C*H, J 14.2 T'n),

36a 1.90-2.05 M (2H, C*H 1 C°H), 2.19 x1 (1H, C°H, J 13.7 '), 2.62-2.77

yr. ¢ (1H, OH), 2.92-3.03 m (2H, C**H u C**H), 4.18 n.x (1H, C°H, J 2.8 u 9.05 I'y),

4.33-4.42 m (1H, C°H), 4.48 1.1 (1H, C°H, J 2.1 u 8.8 I'r). Crrextp SIMP **C (CDCls),

8, M.I.: 36.65 (CP), 40.07 (C*®), 42.01 (C®), 43.31 (C%), 73.15 (C%), 74.52 (C°), 181.52

(CYH. Macc-criextp, M/Z (o, %): 143 [(M+H")] (100), 125 (16.7). Haiinero, %: C,
58.99, H, 6.82. C;H;003. Boruncieno, %: C, 59.15, H, 7.04.

[(1S,5R)-5-{[(1R)-1-penunrsmun] amunoxapbonunjyuxionenm-2-en-1-un memu-

ayemam 37a. K pactBopy 0.4 r (1.6 mmoinb) coemuuenus 1la B 15 mi mupumuHa

0 nobasmsuim 0.65 Mn (6.4 MMOIb) YKCYCHOTO aHTHUApPUAA U
NJ"”IIph nepememmBai S 4 (koHTpoib MetogoMm TCX). PactBop
ylmapuBaad  NpU  TOHIKEHHOM  JAaBJICHHWH,  OCTAaTOK

37a  OAc xpomarorpadupoBain Ha SiO, (merponelHbli 3bup —

stmnanerar, 3:1) nomyqanu 0.45 v (98%) 37a. beciBernsie kpuctamisl, T.11. 103-105
°C. Rf = 0.5 (merponeiinsiit a¢up : stunanerar = 3 : 1). [«]3 +135.6° (¢ 1.075, CHCIy).
UK crextp, em™: 3292 (N-H), 2953, 2852, 1728 (C=0), 1639 (C=0), 1548, 1456, 1377,
1255, 1240, 1041, 759, 719, 698. Crextp SIMP 'H (CDCly), 8, m.a.: 1.50 x (3H,
CH5CH, J 4.8 T'n), 1.85 ¢ (3H, CH3CO), 2.46-2.56 n.n (1H, C*H, J 15.4 u 5.5 I'n),
2.72-2.82 m (1H, C*H), 3.05 x8 (1H, C°H, J 7.1 I'm), 3.13-3.21 m (1H, C'H), 4.0 n.x
(1H, CH-OAc,J 6.4 u 11.6 T'm), 4.11 n.n (1H, CH-OAc, J 6.4 u 11.8 I'1), 5.14 kBUHT.
(1H, CHPh, J 7.2 T'y), 5.58-5.63 m (1H, C°H), 5.83-5.86 M (1H, C°H), 5.91-5.96 ym. ¢
(1H, NH), 7.23-7.37 m (5H, PhH). Criextp SIMP *C (CDCly), &, m.xi.: 20.7 (CH3C=0),
21.8 (CHsCH), 35.4 (C%), 46.2 (Ch), 47.2 (C), 48.8 (CHPh), 64.2 (CH,0), 126.2, 127.3,
128.6 (Ph), 129.9 (C%), 131.6 (C?), 143.1 (Ph), 170.7 (CH,C=0), 171.5 (NHC=0).
Macc-criektp, M/Z (lom, %): 288 [(M+H")] (100), 228 (73.5), 125 (4.3), 93 (3.6).
Haiineno, %: C, 71.02; H, 7.15; N, 4.71. C17H,1NO;. Beruucneno, %: C, 71.08; H, 7.32;
N, 4.88.
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[(1R,5S)-5-{[(1R)-1-penursmun] amurnoxapbonunjyuxionenm-2-en-1-un memu.-
0 ayemam 37b. Ilo wmeromuke, aHAIOTUYHON IOIYYCHUIO
nn\\\”\NJ""//ph coequneHuss 37a, u3 0.35 r (1.4 mmoas) amupocmupra 11b
©.,,,,// . nosyganu 0.39 r (98%) amerara 37b. becrBeTHbIe KpHCTAILIHI,
37b  OAc t.0u1. 97-99 °C. Rf = 0.5 (merponeiinbiii a3dup : sTHIaneTaT = 3
: 1). [@]? -56.2° (¢ 1.0, CHCI3). UK cmektp, cm™: 3325 (N-H), 2962, 2860, 1739
(C=0), 1641 (C=0), 1525, 1454, 1377, 1236, 1033, 702. Crextp SIMP 'H (CDCly), 3,
m.1.: 1.50 1 (3H, CHsCH, J 5.7 I'm), 1.99 ¢ (3H, CH5CO), 2.38-2.48 m (1H, C*H, J 5.7
I'm), 2.71-2.82 M (1H, C*H), 3.04 k8 (1H, C°H, J 9.1 I'u), 3.10-3.23 m (1H, C'H), 4.05
n.n (1H, CH-OAc, J5.7wu 11.6 I',), 4.20 a.x (1H, CH-OAc, J 58 m 11.8 T'r), 5.13
ksunt. (1H, CHPh, J 7.1 I'n), 5.58-5.64 m (1H, C°H), 5.80-5.87 m (1H, C°H), 5.99-6.13
yur. ¢ (IH, NH), 7.20-7.36 m (5H, PhH). Crekrp SIMP *C (CDCl), 8, m.a.: 20.7
(CH;3CO), 21.6 (CH3;CH), 35.1 (C%, 46.1 (CY), 47.3 (C°), 48.7 (CHPh), 64.9 (CH,0),
126.2, 127.2, 128.6 (Ph), 129.8 (C%), 131.7 (C?), 143.1 (Ph), 170.7 (CHsC=0), 171.4
(NHC=0). Macc-cniektp, M/Z (lom, %): 288 [(M+H")] (100), 228 (91.5), 125 (2.1), 93
(2.0). Hatineno, %: C, 70.94; H, 7.55; N, 4.69. C17H»:NO3. Beruucneno, %: C, 71.08; H,
7.32; N, 4.88.

[(1S,2S,3R,5R)-3-{[ (1R)-¢erursmun] amunoxapbonun}-6-oxcabuyuxno-[3.1.0]-
eexc-2-un]memunayemam 38a u [(IR,2S,3R,5S)-3-{[(1R)-penursmun]-amunoxapbo-
Hun}-6-oxcabuyuxnof 3. 1.0]eexc-2-un] memunayemam 39a. Ilo meToauke, aHATOTUHIHON
st mosryaerus 28a u 29a, u3 0.32 r (1.3 mmons) anerata 37a momydanu 0.16 T (48%)
coenunenus 38a u 0.14 r (42%) coenunenus 39a.

o Coeounenue 38a. becuerHbie KpucTamibl, T.aul. 100-
dEJW’Ph 102 °C. Rf = 0.3 (nmerposetinsiii 3¢up : stmnamerar = 3 : 1).

4 O\“/ [«]® + 51.2° (¢ 0.9, CHCI5). UK crextp, cm ™ 3234 (N-H),
38a O 2953, 2924, 2852, 1733 (C=0), 1646 (C=0), 1526, 1377, 1236,

1033, 849, 710. Criextp SIMP 'H (CDCl5), &, m.a.: 1.50 1 (3H, CH5CH, J 6.9 I'nr), 2.08
¢ (3H, CH3CO), 2.18 a1 (1H, C*H, J 10.2 u 16.3 '), 2.28 x.a (1H, C*H, J 1.8 u 16.2

I'm), 2.79 .o (1H, C°H, J 6.7 1 9.7 T'w), 3.04 T.1 (1H, C°H, J 2.1 n 9.8 I'nr), 3.66 ¢ (2H,
C°H u C'H), 4.27 n.x (1H, CH-OAc, J 9.2 u 11.0 T'), 4.40 n.x (1H, CH-OAc, J 6.2 u
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11.4 Tr), 5.00 xeunt. (1H, CHPh, J 7.3 T), 7.22-7.36 m (5H, PhH), 7.55 1 (1H, NH, J

7.6 T'y). Ciextp SIMP *C (CDCl,), &, m.1.: 20.7 (CH;C=0), 22.3 (CH3CH), 32.2 (CY,
42.5 (C%, 44.3 (C?), 48.8 (CHPh), 57.7 (C), 59.5 (C"), 61.5 (CH,0), 125.9, 127.0,
128.6, 143.6 (Ph), 170.6 (CH3C=0), 171.6 (NHC=0). Macc-cnektp, m/z (1o, %): 304
[(M+H")] (100), 244 (66.7). Haiineno, %: C, 67.12; H, 6.72; N, 4.55. C;;H,;NO,.
Brramcneno, %: C, 67.33; H, 6.93; N, 4.62.
Coeounenue 39a. becupernpie kpucramiel, T.ui. 143-145 °C. Rf = 0.7
o (metponeitnsiii a¢up : stmmanerar = 3 : 1). [o]F + 114.2° (c
C&NJ"W% 0.9, CHCI,). ¥IK crextp, cm™: 3296 (N-H), 2952, 2922, 2851,
O\\\:H" g\ﬂ/ 1746 (C=0), 1641 (C=0), 1554, 1458, 1377, 1226, 1039, 826,
39a O 700. Criextp SIMP 'H (CDCls), &6, m.x.: 1.48 1 (3H, CH;CH, J
7.0 T'), 1.96 ¢ (3H, CH3CO), 2.16 1 (2H, C*H, J 8.8 I'y), 2.57 k8. (1H, C°H, J 8.6 '),
2.70 T.x (1H, C?H, J 4.9 u 8.1 '), 3.44-3.47 m (1H, C°H), 3.52-3.57 M (1H, C'H), 3.86
n.n (1H, CH-OAc, J 8.5 u 11.5 I'n), 4.06 n.n (1H, CH-OAc, J 4.8 u 11.8 I'mm), 5.10
keuHT. (1H, CHPh, J 7.3 T'm), 5.87-5.99 ym. ¢ (1H, NH), 7.24-7.38 m (5H, PhH).
Crextp SIMP °C (CDCly), &, m.x.: 20.7 (CH;C=0), 21.8 (CH;CH), 29.3 (C*), 40.8 (C?),
41.2 (C?), 49.0 (CHPh), 56.0 (C°), 58.0 (Ch), 61.8 (CH,0), 126.1, 127.4, 128.7, 143.0
(Ph), 169.8 (CH;C=0), 170.5 (NHC=0). Macc-cniektp, M/Z (lor, %): 304 [(M+HM)]
(100), 244 (89.3). Haiineno, %: C, 67.03; H, 6.65; N, 4.34. C,7H,;NO,. Beraucneno, %:
C, 67.33; H, 6.93; N, 4.62.

[(1S,2R,3S,5R)-3-{[(1R)-pernursmun] -amunoxapbonun}-6-oxcabuyuxnol3.1.0]-
eexc-2-un]memunayemam 38b u [(IR,2R,3S,55)-3-{[(1R)-¢ernursmun] amunoxapbo-
Hu}-6-okcabuyuxno/3.1.0]zexc-2-un] memunayemam 39b. Ilo aHamorumyHOM IS
nonydenus 28a u 29a meromauke u3 0.42 r (1.46 mmoib) coenuuenus 37b momydanu

0.21 1 (47%) snokcuaa 38b u 0.19 r (43%) ero uzomepa 39b.
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[(1S,2R,3S,5R)-3-{[(1R)-penursmun]amunoxapbonun}-6-oxcabuyuxnol[3.1.0]-

0 eexc-2-un]memunayemam 38D. bBeclBETHbIE KpHCTAILIHI,
| O"“\\LEJ
S "f////OT 3:1). [2]® +49.9° (c 0.875, CHCI). UK crextp, cm™: 3288
38 O (NH), 2953, 2924, 2852, 1735 (C=0), 1645 (C=0), 1521,
1458, 1377, 1240, 1037, 854, 704. Crextp SIMP 'H (CDCly), 6, m.x.: 1.45 1 (3H,
CH5CH, J 6.6 T'm), 1.98 ¢ (3H, CH3C=0), 2.22 n.a.x (1H, C*H, J 1.3, 10.2 u 14.0 '),
2.34 o (1H, C*H,J 1.2 u 142 T), 2.71 .x (1H, C*H, J 6.3 u 10.2 I'x), 3.03 7.1 (1H,
C’H, J 1.5 u 10.5 '), 3.47-3.59 m (1H, C°H), 3.60-3.67 m (1H, C'H), 4.01 n.x (1H,
CH-OAc,J 9.1 u 11.2 T'n), 4.14 n.n (1H, CH-OAc, J 6.4 1 10.4 I'r), 4.99 xBunt. (1H,
CHPh, J 7.0 Tw), 7.20-7.36 M (5H, PhH), 7.50 1 (1H, NH, J 7.0 I'ry). Crrextp SIMP *C
(CDCly), 8, m.zi.: 20.6 (CH3C=0), 21.9 (CH3;CH), 32.3 (C%), 42.6 (C®), 44.2 (C?), 48.8
(CHPh), 57.7 (C®), 59.5 (CY, 61.9 (CH,0), 126.1, 127.1, 128.6, 143.2 (Ph), 170.3
(CH3C=0), 171.9 (NHC=0). Macc-cniektp, M/z (lom, %): 304 [(M+H")] (100), 244
(46.8). Haiizeno, %: C, 67.24; H, 6.55; N, 4.27. C17H»;NO,. Borunciero, %: C, 67.33;
H, 6.93; N, 4.62.
[(1R,2R,3S,55)-3-{[(1R)-penursmur] amunoxapbonun}-6-oxcabuyuxnof3.1.0]-

“npp - 1.auL 95-97 °C. Rf = 0.3 (meTponeiinsiii 23dup : STHIAETAT =

eexc-2-un] memunayemam 39b. becuBernsie kpucramibl, 1.1 167-169 °C. Rf = 0.7

O
SLod
H

@ "Ph CHCI,). UK crextp, em™: 3298 (N-H), 2953, 2924, 2852, 1743
0 "”'//OT (C=0), 1643 (C=0), 1554, 1458, 1377, 1228, 1041, 840, 700.
Crextp SIMP 'H (CDCl,), &, m.i.: 1.50 1 (3H, CHsCH, J 7.0
'), 2.04 ¢ (3H, CH5CO), 2.18 mu.x (1H, C*H, J 10.2 u 16.1 '), 2.28 n.x (1H, C*H, J
1.8 m 16.2 T), 2.57 1.1 (1H, C*H, J 6.6 1 9.1 T'w), 2.73 1.1 (1H, C*H, J 2.1 u 9.9 I'),
3.44-3.55 m (2H, C°H u C'H), 3.97 a.x (1H, CH-OAc, J 8.3 u 11.6 '), 4.23 n.x (1H,
CH-OAc, J 6.3 u 11.5 I'y), 5.11 keunt. (1H, CHPh, J 7.0 T';y), 5.87-6.00 yur. ¢ (1H,
NH), 7.23-7.36 m (5H, PhH). Criextp SIMP *C (CDCly), &, m.xi.: 22.8 (CH;C=0), 23.6
(CHsCH), 30.9 (C%, 42.2 (C%), 41.3 (C%, 50.0 (CHPh), 56.9 (C°), 58.3 (C"), 62.5
(CH,0), 124.5, 125.8, 127.0, 143.5 (Ph), 169.6 (CH;C=0), 170.3 (NHC=0). Macc-

(metponetinsiii adup : srrnamerar = 3 : 1). [«]3 -14.1° (¢ 0.87,

39b O
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crekTp, MIZ (lom %): 304 [(M+H")] (100), 244 (83.2). Haiineno, %: C, 66.99; H, 6.67;

N, 4.35. C17H»1NO,. Beruucneno, %: C, 67.33; H, 6.93; N, 4.62.
(1R,2S,3S)-3-I'uoporcu-2-(cuoporxcumemun)-N-[ (1R)-1-penuromun]yuxionen-
mankapookcamuo 4la. K pactopy 0.4 r (1.6 mmons) amugocnupta 11a B 15 mu TI'D
0]
HJ"”’ Ph
OH temriepatype (koHTpoab MeronoM TCX). Ilocne storo B

no karisiM 1o6asssuiu ipu 0 °C 2.4 mut (2.4 MMOJTb) KOMITIIEKCA

BH3;*THF u nepememmBanu B TeueHwe | 9 Tpu ITOH ke

HO  41a pacTBOp OCTOPOXXHO A00aBisM cMmech 4 Mt 20%-noit NaOH u
2 v 35%-uoit H,0,, mogaManm TemMrneparypy 10 KOMHATHOW M MEPEMEIINBAIN CIIe
30 muH. 3aTeM cMech (UIBTPOBAIN, OTTOHSJIN OPraHUYECKH pacTBOPUTENb, BOIHBIN
cioi skcTparupoBanu stuianeratom (3x10 mm), cymmmm Na,SO,4, ynmapuBamu mpu
noHmwkeHHoM paaBiieHun. OctaTtok xpomarorpadupoBamu Ha SiO, (xymopodopm —
metanou, 10:1) u monyyanu 0.39 t (92%) coenunenust 41a. XKenroBaTbie KpUCTAILIHI,
.. 97-99 °C. Rf = 0.3 (xmopodopm : meranon = 10 : 1). [«]f +47.5°, (c 1.25,
CH,Cl,). UK cmextp, cm™: 3307 (N-H u O-H), 2968, 2870, 1632 (C=0), 1533, 1369,
1236, 1045, 696. Crextp SIMP 'H (CDCls), &, m.a.: 1.45 1 (3H, CHs, J 6.9 T'), 1.86-
2.18 m (5H, C°H, C*H, u C°H,), 2.89 8 (1H, C'H, J 8.3 '), 3.49 1 (2H, CHO u OH, J
5.3 I'm), 3.54-3.63 xomm (2H, CHO u OH), 4.22 kB (1H, C°H, J 5.4 I'rr), 5.05 KBUHT.
(1H, CHPh, J 6.2 T'm), 6.56 1 (1H, NH, J 7.5 '), 7.22-7.33 m (5H, PhH). Cnektp IMP
BC (CDCly), &, m.x.: 21.65 (CH3), 26.83 (C°), 33.63 (C*), 46.25 (C'), 48.96 (CHPh),
52.56 (C%), 61.83 (CH,0), 75.69 (C%), 126.10, 127.36, 128.63, 143.09 (Ph), 174.25
(C=0). Macc-ciektp, M/Z (lom, %): 264 [(M+H")] (100), 246 (98.5), 228 (8.6).
Haiineno, %: C, 68.27; H, 7.63; N, 5.09. C;5H,;NO;. Beruucneno, %: C, 68.44; H, 7.98;
N, 5.32.
(1S,2R,3R)-3-I'uopokcu-2-(cuopoxcumemun)-N-[ (1R)-1-penunomun] yuxronen-

(0]
.

N—""Ph
O.,,,///gH 0.34 t (92%) coenunenus 41b. bensre xpucramisl, T.m1. 104-

HO 41b 106 °C. Rf = 0.3 (xmopodopm : meranoa = 10 : 1). [a]2 +78.1°,

maunkapookcamuo 41b. Tlo ananornyHout ans monydeHus 41a

meroauke u3 0.35 r (1.4 mmons) amunocnupta 11b momyqanu

(c 0.97, CH,Cl,). VK-cmiektp, v, em™: 3296 (N-H u O-H), 2964, 2872, 1635 (C=0),
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1533, 1368, 1234, 1045, 699. Cnextp SIMP 'H (CDCl5), &, m.x.: 1.45 1 (3H, CHj, J 6.7
I'm), 1.82-2.16 m (5H, C*H, C*H, u C°H,), 2.89 8 (1H, C'H, J 8.5 I'm), 3.63 1 (2H,
CHO u OH, J 5.6 '), 3.78-3.98 xomm (2H, CHO u OH), 4.23 8 (1H, C°H, J 6.1 T'n),
5.04 xBunt. (1H, CHPh, J 6.2 T'm), 6.82 1 (1H, NH, J 8.3 '), 7.21-7.35 m (5H, PhH).
Crextp SIMP °C (CDCly), &, m.n.: 21.93 (CHs), 26.64 (C°), 33.57 (C%), 46.11 (CY),
49.00 (CHPh), 52.54 (C?%), 61.91 (CH,0), 75.51 (C%), 126.14, 127.39, 128.72, 143.16
(Ph), 174.32 (C=0). Macc-cniextp, M/z (I, %): 264 [(M+H™")] (100), 246 (91.8), 228
(10.2). Haiineno, %: C, 68.19; H, 7.74; N, 5.14. C;5H,;NO3. Beruucneno, %: C, 68.44;
H, 7.98; N, 5.32.

(-)-(3aS,4S,6aR)-4-uopoxcueexcacuopo-1H-yuxronenma/c] pypan-1-on 35a. Ilo
AHAJIOTHYHOW T MmoJTyueHus jtaktoHa (-)-4 metomuke u3 0.23 r (0.87 MMob) auona
41a momygamm 0.11 T (85%) makTona 35a. PU3HKO-XHUMHUYECKHE W CIICKTPAIBHBIC
XapaKTEPUCTUKN aHATOTUYHBI TTPEICTABICHHBIM pPaHee.

(+)-(3aR,4R,6aS)-4-I uopoxcuzcexcacuopo-1H-yuxronenma/c] pypan-1-on  35b.

[To anamormunou s monydenus (-)-4 meromumke u3 0.17 t (0.64
“\\\\/2 MMojb) gauonia 41b monywamum 0.08 r (86%) coemunenus 35D,
O"“// /0 Becrpernsie kpuctamwibl, 1.1 76-78 °C. Rf = 0.35 (stmnanerar). [a]
H@S 15h +81.0°, (¢ 1.15, CH,Cl,). UK crektp, cm™: 3323 (O-H), 2962, 2920,
2853, 1737 (C=0), 1458, 1387, 1217, 1194, 1146, 1033, 962. Cnextp
SAMP 'H (CDCly), &, m.x.: 1.62-1.87 m (2H, C°H u C°H,), 2.01-2.11 M (1H, C°H), 2.18-
2.36 m (1H, C°H), 2.82-2.93 M (1H, C**H), 2.94-3.04 ym. ¢ (1H, OH), 3.15 .1 (1H,
C*H,J2.319.0T),4.03 1.0 (1H, C°H, J 3.6 1 9.4 I'n), 4.15-4.21 m (1H, C*H), 449 T
(1H, C°H, J 9.8 T'p). Crrextp SIMP °C (CDCly), &, m.1.: 27.86 (CP), 34.05 (C°), 43.03
(C®), 48.00 (C*), 70.62 (C?), 79.05 (C*), 180.82 (C'). Macc-criektp, M/z (1o, %): 143
[(M+H")] (100), 125 (9.3). Haiineno, %: C, 58.97, H, 6.91. C;H1;03. Beraucneno, %: C,
59.15, H, 7.04.

(3aS,4S,5S,6aR)-4-o6pom-5-euopokcucexcacudpo-1H-yuknonenma/c] pypan-1-on
42a u (3aS,4S,5S,6aR)-5-0pom-4-cuopoxkcueexcacudpo-1H-yuknonenmalc] pypan-1-on
43a. B kpyriooHHYyH KO0y, CHaOKEHHYI0 MarHUTHOM Mermankou, momemianu 0.2 r

(1.6 mMMmoib) naktona (-)-4 16 mu arneToHMTpHiIa W 4 M BOJBI, MOCIE YEro MpH
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nepeMenuBaHuy K moiydeHHour cmecu pgoOaBmsu 0.58 T (3.2 mmons) NBS u
o o TepeMemnBaIM npu KOMHATHOU TeMIIepaType
4 4 (kontpoisib MetogoM TCX). Ilocne aToro
HO><::|i/<O * Br»@i/(o npubassiii 10 M HACBHIIMIEHHOTO pacTBOpa
122 : 13a Na,S,03, mepeMemmBanu 1 4vac, ynapuBaiu
OpraHWYeCKUd  pacTBOPUTENb,  OCTaTOK
sKcTparupoBainyu stuinaneratoMm (3x15 mur). OObeaUHEHHBIE OPraHUYECKUE DKCTPAKTHI
cymunn Hajg MgSO,, ynmapuBanu npu HOHMXKEHHOM JiaBiieHMU. OCTAaTOK OYMIIAIH
METOZOM KOJIOHOYHOH Xpomatorpaduu Ha SiO, (metposieiHblii 3Gup — STHIAICTAT,
1:1). Iomywanu 0.32 r (90%) cmecu uzoMepHbIX OpomruapuHoB 42a u 43a B
coorHomenun 1:1 (o nauusiM SIMP'H).
Coeounenue 42a. becusernbie kpuctamibl, T.m01. 79-81 °C. Rf = 0.65
o (merponeiinwiit 5dup : stunanerar = 1 : 1). [a]7 -30.4°, (c 1.28,
HO»&O CH.Cl,). MK crextp, cm™: 3350 (O-H), 2962, 1757, 1734 (C=0),
$ 1458, 1377, 1284, 1192, 1041, 991. C mextp SIMP 'H (CDCly), §,
Br 42a M.: 2.04 1 (1H, OH, J 9.6 T'), 2.26 1 (1H, C°H, J 14.0 I'n), 2.64
na.a (1H, C°H, J 4.1, 9.8 u 14.0 'n), 3.20 t.x (1H, C**H, J 1.8 1 9.9 '), 3.31-3.42 M
(1H, C**H, J 9.4 T'), 4.10-4.17 m (1H, C*H), 4.32 x.x (1H, C°*H, J 3.6 1 9.6 I'rr), 4.40-
4.46 m (1H, C°H), 4.51 T (1H, C°H, J 9.6 T'y). Criekrp SIMP °C (CDCl,), &, m.1.: 35.99
(C®), 42.25 (C®), 48.44 (C*), 58.00 (C%), 72.70 (C%), 79.20 (C°), 181.06 (C'). Macc-
criektp, M/Z (lom, %): 223 [(M+H"), #'Br] (10.3), 141 (100). Haiinero, %: C, 37.81; H,
3.88; Br, 35.89. C;HoBrO;. Brruncaeno, %: C, 38.01; H, 4.07; Br, 36.20.
Coeounenue 43a. becusernbie kpuctamibl, T.m1. 81-83 °C. Rf = 0.65

o (merponeiinbii a¢up : srumarerar = 1 : 1). [a]y -74.8°, (¢ 1.0,

. ‘<:do CH,Cl,). UK cnextp, cm™: 3410 (O-H), 2924, 1737 (C=0), 1440,
1381, 1301, 1182, 1001, 966. Criextp SIMP ‘H (CDCl,), &, m.1.: 2.18

Ho 432 yir. ¢ (1H, OH), 2.45 x.o.n (1H, C°H, J 5.7,9.7 u 14.5 '), 2.64 n.1.1
(1H, C°H, J 4.0, 5.8 u 14.6 T'ny), 3.23 t.x (1H, C®H, J 3.5 u 9.8 '), 3.32-3.41 m (1H,
C®H), 4.32 n.n (1H, C°H, J 5.4 u 10.2 T'w), 4.33-4.39 m (2H, C°H u C°H, J 4.9 I'n),
4.61 o (1H, C'H, J 2.6 u 9.8 T). Crexrp SIMP *C (CDCl,), &, m.1.: 36.60 (CP),
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41.42 (C*), 41.56 (C*), 53.60 (C°), 66.46 (C?), 79.34 (C*), 179.88 (C"). Macc-crektp,

M/Z (lom, %): 223 [(M+H"), ¥Br] (9.1), 141 (100). Haiinero, %: C, 37.76; H, 3.92; B,
35.94. C;HgyBrO;. Beruncieno, %: C, 38.01; H, 4.07; Br, 36.20.

(1R,2S,3S,4S)-3-6pom-4-cudpoxcu-2-(cudpoxcumemun)-N-(1-gpenunsm-
un)yuxionenmanxkapooxcamuo 44a. Ilo anamormdHou s monydeHus 42a u 43a
meroauke u3 2.5 v (10 mMmonb) amupmocnupra 1la nomywanu 0.6 t (17.6%)
HEpa3AeNeHHON CMeCH HEeUACHTU(UIIMPOBAHHBIX N30MepHbIX OpomruapuHoB (R=0.75,
neTposeiusiil adpup — stunanerar, 1:1) u 2.4 r (70.4%) coenunenus 44a.

Coedunenue 44a. becuBeTHble KpUCTAIbI, T.IUT. 79-

HO

Br

[«] +16.0°, (¢ 1.0, CH,Cl,). UK-cmektp, v, em™: 3300 (N-
H u O-H), 2970, 2875, 1751, 1637 (C=0), 1544, 1450,
1207, 1047, 700. Criextp SIMP 'H (CDCl,), &, m.x.: 1.45 1 (3H, CHs, J 7.0 T'y), 1.98 1
(1H, C°H, J 14.2 T), 2.29-2.43 M (1H, C°H), 2.48-2.59 m (1H, C?H), 3.05 t.x (1H,
C'H,J 3.9 u 8.0 I'n), 3.33 a.n (1H, C*H, J 8.0 m 11.4 '), 3.70 a1 (1H, CHO, J 3.4 n
14. 8 I'm), 3.87 n.n (1H, CHO, J 3.1 u 7.8 I'r), 4.35-4.41 m (1H, C3H), 5.05 xBuHT. (1H,
CHPh, J 7.2 Tu), 5.24-5.36 ym. ¢ (2H, OH), 7.08 a1 (1H, NH, J 7.0 I'p), 7.23-7.38 m
(5H, PhH). Crextp SIMP °C (CDCly), &, m.i.: 21.86 (CHj), 36.55 (C°), 46.05 (Ch),
49.60 (CHPh), 54.85 (C?), 58.01 (C®), 61.33 (CH,0), 80.57 (C%, 126.12, 127.54,
128.75, 143.02 (Ph), 173.81 (C=0). Macc-criextp, M/Z (lom, %): 344 [(M+H), *'Br]
(100), 263 (72.4). Haiinerno, %: C, 59.42; H, 5.54; N, 3.92; Br, 23.01. C17HBrNOs.
Brruucneno, %: C, 59.65; H, 5.85; N, 4.09; Br, 23.39.

o
HJ”WPh 81 °C. Rf = 0.45 (nerponeiinsbiii 3¢up : sTrmanerar = 1 : 1).
OH
44a

(1S,2R,3R,4R)-3-6pom-4-cuopokcu-2-(cuopoxcumemuin)-N-(1-pernursmun)yux-
nonenmanxapookcamuo 44b. Ilo ananornyHoi s noaydeHus 42a u 43a METOUKE U3
3 r (12 mmonb) amupoctupra 11b momywamu 0.72 r (17.6%) HepasaeneHHON cMmech

HEUJICHTU(UIIUPOBAHHBIX H30MEPHBIX OpoMruapuHoB u 2.88 T (70.4%) coenuHeHwus

44b.

Coeounenue 44b. becusetnble kpuctamiel, T.ui. 99-101 °C. Rf = 0.45

(merponeiinsiii a¢up : srwaanerar = 1 : 1). [«]s +75.9°, (¢ 1.05, CH,Cl,). UK-crektp,
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v, em: 3311 (N-H u O-H), 3064, 2954, 1772, 1708 (C=0),

@)
I J 1635, 1543, 1448, 1292, 1182, 1045, 700. Cniextp IMP ‘H
wWSN T ph
Ho.....gjw/gH (CDCL,), & m.: 1.48 1 (3H, CHa, J 6.8 T'w), 1.95 1.1 (1H,
B ap C°H, J 2.8 u 14.2 T'), 2.28-2.40 m (1H, C°H), 2.53-2.68 M

(1H, C*H), 3.03 7.5 (1H, C'H, J 3.9 u 7.9 I'y), 3.47-3.53 ym. ¢ (1H, OH), 3.58 n.x (1H,
C'H, J 8.0 u 11.1 '), 3.90-3.97 m (2H, CH,0), 4.34-4.44 M (1H, C*H), 5.06 kBHHT.
(1H, CHPh, J 7.4 T'm), 5.20-5.30 n (1H, OH, J 9.1 '), 6.81 a1 (1H, NH, J 8.1 I'm), 7.24-
7.38 M (5H, PhH). Crextp SIMP *C (CDCls), &, m.zi.: 21.63 (CHs), 36.33 (C°), 46.03
(Ch, 49.39 (CHPh), 54.73 (C?), 57.41 (C?), 61.52 (CH,0), 80.51 (C*), 126.03, 127.46,
128.68, 142.54 (Ph), 173.60 (C=0). Macc-criextp, M/Z (lom, %): 344 [(M+H), *'Br]
(100), 263 (66.3). Hatineno, %: C, 59.51; H, 5.58; N, 3.87; Br, 22.99. C;;H,,BrNOs.
Brruucneno, %: C, 59.65; H, 5.85; N, 4.09; Br, 23.39.
(3aS,4S,5S,6aR)-4-6pom-5-cudpoxcucexcacuopo-1H-yuknonenma/c] pypan-1-on
42a. Tlo MeToauKe aHAJIOTMYHOM JIs mojydeHus jakToHa (-)-4 w3 1.7 v (5 MMOib)
O awmuaa 44a nomywanu 1.03 1 (94%) naktona 42a. becuBerHble
HO ><:do kpuctamiel, Taul. 79-81 °C. Rf = 0.65 (merponeitnbrii »¢up :
$ stumanerar = 1 : 1). [o]° -30.4°, (¢ 1.28, CH,Cl,). UK crektp, cm™:
Br 42a 3350 (O-H), 2962, 1757, 1734 (C=0), 1458, 1377, 1284, 1192, 1041,
991. Crextp SIMP 'H (CDCly), &, m..: 2.04 1 (1H, OH, J 9.6 T'y), 2.26 1 (1H, C°H, J
14.0 T), 2.64 n.o.n (1H, C°H, J 4.1,9.8 u 14.0 I'y), 3.20 .1 (1H, C**H, J 1.8 u 9.9 '),
3.31-3.42 m (1H, C*H, J 9.4 I'r), 4.10-4.17 m (1H, C*H), 4.32 n.x (1H, C*H, J 3.6 1 9.6
'), 4.40-4.46 m (1H, C°H), 4.51 T (1H, C*H, J 9.6 T'ny). Crrextp SIMP *C (CDCLy), 6,
M.I: 35.99 (CP), 42.25 (C®), 48.44 (C*), 58.00 (C%), 72.70 (C°), 79.20 (C°), 181.06
(CYH. Macc-criextp, M/z (lom, %): 223 [(M+H"), Br] (10.3), 141 (100). Haiizero, %: C,
37.81; H, 3.88; Br, 35.89. C;HgBrO;. Beruucneno, %: C, 38.01; H, 4.07; Br, 36.20.
(3aR,4R,5R,6aS)-4-6pom-5-cuopoxcueexcacuopo-1H-yuxnonenma/c] pypan-1-on
42b. Tlo MeToMKe aHATOTHYHOM JuIs mosrydeHus jgakToHa (-)-4 u3 2.0 r (5.88 MmoiIb)
amuaa 44b monyuanu 1.21 r (94%) OecuBeTHBIX KpUCTAILIOB JlakToHa 42D. BecnBeTHbIe

kpucramibl, T.1u1. 78-80 °C. Rf = 0.65 (merposneitnsiii a¢up : stmmanerar = 1 : 1). [a]g
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+31.0°, (¢ 1.17, CH,Cl,). UK cnektp, cm’™: 3352 (O-H), 3253, 2920,

0]

-\\“‘/<O 1759, 1732 (C=0), 1436, 1394, 1286, 1180, 1041, 989. Crexrp SIMP
/1Y (CDCly), &, m.x.: 2.25 1 (1H, C°H, J 13.9 I'n), 2.62 m.a.x (1H,

BT 42b o6y 340,97 1 14.0 Tw), 3.21 T.1 (1H, C%H, J 1.7 1 9.9 T'wp), 3.34-
3.46 M (2H, C**H u OH, J 9.2 I'p), 4.09-4.16 M (1H, C*H), 432 n.x (1H, C°H, J 3.4 u
9.4 '), 4.43-4.50 M (1H, C°H), 4.55 T (1H, C*H, J 9.5 I'y). Crextp SIMP *C (CDCly),
5, M.L.: 36.05 (CP), 42.20 (C®), 48.46 (C*), 57.86 (C*), 72.55 (C?), 79.30 (C°), 180.74
(CY). Macc-criektp, M/z (lom, %): 223 [(M+H"), #Br] (14.7), 141 (100). Haiineno, %: C,
37.90; H, 3.79; Br, 35.84. C;HyBrOs. Beruucineno, %: C, 38.01; H, 4.07; Br, 36.20.
(3aS,5R,6aR)-5-cuopokcucexcacuopo-1H-yuxnonenmal/clpypan-1-on  36a. K

HO“Il:

o DPacteopy 0.5 r (2.3 mmonb) Opomruapuna 42a B 15 mu Gensona
><:|i/< n00aBisIM HecKoJIbKO KpucTtaimioB AIBN, noBoaunu peaknmoHHYIO
Ho g Maccy J10 KUIIEHHMS U MO KamiaMm jo0asisuin pactBop 1.25 mu (4.6
36a MMoib) N-BUsSNH B 5 Mn Gen3ona B Teuenue 4 4. YnapuBaiu
OpPTaHUYECKUH PACTBOPUTEH, OCTATOK KOHIICHTPHPOBAIM IIOJ] BaKyyMOM, OYHIIAIIA
KOJIOHOYHO# xpomartorpadueit Ha SIO, ¢ KF (10% ot maccer SiO,) (meTposieitHblii
aup — stunanerar, 1:3), momydamu 0.29 r (88%) coenunenus 36a. becrBeTHbIC
kpuctawisl, T.1u1. 69-70 °C. Rf = 0.3 (merposneitnsiii a¢up : stunanerar = 1 : 3). [a]y -
59.5°, (¢ 1.73, CH,Cl,). UK crextp, em ™ 3367 (O-H), 2954, 2922, 1743 (C=0), 1429,
1384, 1199, 1141, 1101, 1037, 1008. Cnextp SIMP 'H (CDCls), &, m.x.: 1.80 1 (1H,
C'H, J 14.2 '), 1.90-2.05 m (2H, C*H u C°H), 2.19 1 (1H, C°H, J 13.7 I'n), 2.62-2.77
yur. ¢ (1H, OH), 2.92-3.03 m (2H, C**H u C®H), 4.18 n.x (1H, C*H, J 2.8 u 9.1 I'n),
4.33-4.42 m (1H, C°H), 4.48 1.1 (1H, C°H, J 2.1 u 8.8 I'ry). Crrextp SIMP **C (CDCly),
S, M.IL.: 36.65 (CP), 40.07 (C*), 42.01 (C®), 43.31 (C*), 73.15 (C°), 74.52 (C°), 181.52
(Ch. Macc-crextp, m/z (1o, %): 143 [(M+H)] (100), 125 (16.7). Haiineno, (%): C,
58.99, H, 6.82. C;H¢03. Brruucneno, (%): C, 59.15, H, 7.04.
(3aR,5S,6aS)-5-cuopoxcucexcacuopo-1H-yuxknonenmalc]pypan-1-on  36b. Tlo
METOJIMKE aHAJIOTUYHOM IS MOJTydeHus ruipokcusiakTona 36a u3 0.35 r (1.61 mmoub)
opomruapuna 42b monyuamu 0.2 T (88%) OecClHBETHBIX KPHUCTAIOB JiakToHa 36D.

Becuetnbie kpuctamisl, T.IuL. 70-71 °C. Rf = 0.3 (meTposeiinbiii 3¢up : sTHIANCTAT =
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o 1:3). [al} +58.8° (c 1.25, CH,Cly). MK cniektp, cm™: 3354 (O-H),
\/{ 2956, 2922, 1745 (C=0), 1429, 1384, 1190, 1141, 1101, 1008.
HOIHIO"/////O Crextp IMP 'H (CDCly), 6, m.a.: 1.83 1 (1H, C*H, J 14.0 I'), 1.93-
2.06 m (2H, C*H u C°H), 2.11-2.20 yur. ¢ (1H, OH), 2.25 1 (1H, C°H,
J 14.0 T'), 2.98-3.07 m (2H, C*H u C**H), 4.21 n.x (1H, C°*H, J 2.6 u 8.9 I'y), 4.40-
4.45 M (1H, C°H), 4.53 1.1 (1H, C°H, J 2.1 u 8.9 I'n)). Crextp SIMP *C (CDCl,), 6,
M. 36.83 (CP), 40.18 (C*®), 42.18 (C®), 43.22 (C%), 73.37 (CP), 74.64 (C°), 181.57
(ChH. Macc-criextp, M/Z (low, %): 143 [(M+H")] (100), 125 (12.3). Haiineno, (%): C,
58.83, H, 6.77. C;H1003. Beruucneno, (%): C, 59.15, H, 7.04.

[(1S,2S,3S,5R)-2-6pom-3-cudpoxcu-5-{[ (1R)-1-penursmun] kapbamoun}yuxio-

nenmun]memunayemam 45a u [(18S,28,3S,5R)-3-6pom-2-cuoporcu-5-{[(1R)-1-penur-

36b

amun]kapoamountyukionenmui memunayemam 46a. [1o aHaTOrUYHOM NJIs1 TIOJTYUYEHUS
42a u 43a meromuke w3 2 r (7 mmonb) amerara 37a momydanu 1.43 r (53.3%)
OecrBeTHOro Kpucrauimaeckoro opomruapuna 45a u 0.69 r (26.7%) n3oMepHOTO eMy
coequnenus 46a (R=0.55).
Coeounenue 45a. becupernsie kpuctamiel, T.aul. 93-95 °C. Rf = 0.35
o (merposeiinsiii a¢up : srunamerar = 3 : 1), [«]® +12.7°, (c
EJ"”/Ph 1.04, CH,Cl,). UK-cniektp, v, em™: 3313 (N-H u O-H), 2966,
OAc 1743, 1635 (C=0), 1543, 1373, 1147, 1031, 698. Cnektp
SIMP 'H (CDCl,), &, m.x.: 1.50 1 (3H, CH5CH, J 7.0 '),
1.79 ¢ (3H, CH5C=0), 2.00 1 (2H, C*H u OH, J 14.5 I'n)), 2.31-2.37 m (1H, C*'H, J 7.5
'), 2.64-2.75 m (1H, C'H), 2.90 t (1H, C°H, J 7.0 T'w), 3.82 x.x (1H, CHO, J 9.3 u
11.4 T), 3.94 x.x (1H, CHO, J 2.3 u 8.8 I'r), 4.24 n.x (1H, C°H, J 5.4 u 11.1 T'y), 4.27-
4.42 m (1H, C*H), 5.06 xsunt. (1H, CHPh, J 7.0 T'w), 6.50 1 (1H, NH, J 7.5 T'x), 7.26-
7.38 M (5H, PhH). Crmextp SIMP *C (CDCls), &, m.o.: 20.53 (CH;C=0), 21.86
(CH,CH), 36.39 (C"), 46.89 (C"), 49.52 (CHPh), 52.38 (C°), 56.75 (C?), 63.18 (CH,0),
81.12 (C%), 126.12, 127.83, 128.93, 142.42 (Ph), 170.41 (CH3C=0), 173.17 (NHC=0).
Macc-criextp, M/z (lom, %): 386 [(M+H"), ®'Br] (100), 304 (65.7). Haiinero, %: C,

HO

Br 45,
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52.87; H, 5.54; N, 3.49; Br, 20.51. C;;H2,BrNO,. Beruucneno, %: C, 53.13; H, 5.73; N,

3.65; Br, 20.83.

Coeounenue 46a. becupernbie kpucrtamibl, T.au1. 75-77 °C. Rf = 0.55

(metposneitnsiit 3¢up : stumanerar = 3 : 1). [a]s -17.4°, (c

Br
2924, 1743, 1628 (C=0), 1363, 1234, 1060, 704. Cuektp
SIMP 'H (CDCly), & m.n.: 1.53 1 (3H, CH5;CH, J 6.9 I'n),
1.84 ¢ (3H, CH5C=0), 2.52 n.x (1H, C*H, J 8.2 u 16.2 I'y), 2.90 a.a.1 (1H, C*H, J 4.4,
6.4 1 15.9 I'm), 3.01-3.14 m (2H, C'H u C°H), 4.02 1.1 (1H, CHO, J 8.2 u 11.5 I'ry), 4.21
n.x (1H, CHO, J 3.3 u 12.5 ), 4.27 a.n (1H, C*H, J 6.2 u 11.5 '), 4.37 1 (1H, C°H, J
6.6 I'n), 5.06 xBunt. (1H, CHPh, J 7.1 '), 5.54 a1 (1H, OH, J 12.3 '), 6.14 1 (1H,
NH, J 7.5 T'm), 7.28-7.38 M (5H, PhH). Cmextp SIMP “C (CDCly), &, m.x.: 20.62
(CH5C=0), 21.11 (CH5;CH), 39.48 (C%), 43.05 (C"), 45.43 (C°), 49.59 (CHPh), 54.56
(C%, 61.37 (CH,0), 80.06 (C?), 126.11, 127.84, 128.89, 142.00 (Ph), 170.51
(CH3C=0), 174.55 (NHC=0). Macc-criektp, M/Z (o, %): 386 [(M+H"), *'Br] (100),
368 (46.1), 304 (9.7). Haiineno, %: C, 52.94; H, 5.46; N, 3.45; Br, 20.42. C17H,BrNO,.
Brruucneno, %: C, 53.13; H, 5.73; N, 3.65; Br, 20.83.

[(1R,2R,3R,5S)-2-6pom-3-cuopoxcu-5-{[ (1R)-1-penunsmun]kapoamounjyurio-
neumun]memunayemam 45b u [(IR,2R,3R,5S)-3-0pom-2-cuopoxcu-5-{[(1R)-1-¢enun-

] |
NT"Ph 106, CH,Cly). UK-ciextp, v, em™ 3279 (N-H u O-H),
\ OAc
HO  46a

omun] kapbamoun}yukionenmui] memunayemam 46b0. Tlo aHaTOrHYHOMN TS TIOTYYCHHUS
42a u 43a meroguke u3 1.5 r (6 mmons) amerata 37b moayuamu 0.72 r (53.3%)
OecrBeTHOr0 Kpuctaumaeckoro opomruapuna 45a u 0.35 r (26.7%) u30MepHOTO emy
0€CLBETHOI'O KPUCTAJUIMYCCKOTO coeauHenus 46D.

Coeounenue 45b. becusetnble kpuctamibl, T.awi. 136-138 °C. Rf = 0.35

(metponeitnsiii 3¢up : stunanerar = 3 : 1). [a]y +75.1°, (c

gy —OAe 2926, 1718, 1641 (C=0), 1548, 1465, 1257, 1031, 698.
Br asp Crextp SIMP 'H (CDCly), 8, m.n.: 1.42 1 (3H, CH;CH, J
6.9 Tw), 1.90 x (1H, C*H, J 14.2 T, 2.03 ¢ (3H, CH;C=0), 2.22-2.32 m (1H, C*H, J 7.6

O
_\\\\\”\NJ-'://Ph 0.7, CH,Cl,). UK-criextp, v, em™™: 3479 (N-H), 3311 (O-H),
HOI“--g:‘ H
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Tw), 2.63-2.72 m (1H, C'H), 2.81 T (1H, C°H, J 7.9 Tw), 3.94 x.1 (1H, CHO, J 3.1 u 8.8

'), 4.08 n.x (1H, CHO, J 9.1 u 11.0 I'ry), 4.27-4.39 v QH, C°Hu C°H, J 54 u 11.3
I'm), 5.06 xkBunt. (1H, CHPh u OH, J 7.2 I'ny), 6.14 1 (1H, NH, J 6.6 I'r), 7.20-7.33 M
(5H, PhH). Criextp SIMP **C (CDCly), &, m.x.: 20.86 (CH;C=0), 21.39 (CH;CH), 36.32
(CY, 46.91 (C%), 49.40 (CHPh), 52.42 (C°), 56.85 (C?%), 63.32 (CH,0), 81.00 (C?),
126.10, 127.80, 128.90, 142.34 (Ph), 170.50 (CH3C=0), 172.95 (NHC=0). Macc-
criektp, M/Z (lom, %): 386 [(M+H™), 2Br] (100), 304 (69.9). Haiinero, %: C, 52.92; H,
5.68; N, 3.59; Br, 20.47. C,;H2,BrNO,. Beraucneno, %: C, 53.13; H, 5.73; N, 3.65; Br,
20.83.

Coeounenue 46b. becusernbie kpuctamibl, T.aur. 118-120 °C. Rf = 0.55

(metposneitnbiii 3¢up : stunamnerar = 3 : 1). [a]y +79.0°, (c

0]
_\\\\JLNJ.,,,,Ph 102, CH,Clp). WK-criextp, v, em™: 3294 (N-H u O-H),
e H
Br! Q..,,,,/OAC 2926, 1741, 1637 (C=0), 1367, 1234, 1043, 700. Crektp
HO  46p SIMP 'H (CDCls), 8, m.x.: 1.42 n (3H, CHsCH, J 6.9 I'nr),

2.01 ¢ (3H, CH3C=0), 2.37 a1 (1H, C*H, J 8.5 u 16.0 I'ry), 2.70 a.a.1 (1H, C*H, J 4.1,
6.6 u 16.4 T'n), 2.94-3.09 M (2H, C'H u C°H), 4.02-4.27 m (4H, CH,0, C*H u C*H),
4.99 xBunt. (1H, CHPh, J 6.9 T'), 5.53 1 (1H, OH, J 11.0 I'm), 6.36 n (1H, NH, J 7.0
'), 7.19-7.31 M (5H, PhH). Criextp SIMP *C (CDCl5), &, m.x.: 20.89 (CH;C=0), 21.43
(CH5CH), 39.22 (C%), 42.86 (C"), 45.18 (C°), 49.53 (CHPh), 54.50 (C°), 61.18 (CH,0),
79.87 (C?), 125.99, 127.70, 128.80, 141.99 (Ph), 170.71 (CH5C=0), 174.47 (NHC=0).
Macc-criextp, M/z (1o, %): 386 [(M+HY), #Br] (100), 368 (60.4), 304 (8.0). Haiineno,
%: C, 52.78; H, 5.51; N, 3.54; Br, 20.63. C,;H2,BrNO,. Beruucneno, %: C, 53.13; H,
5.73; N, 3.65; Br, 20.83.
(3aS,45,55,6aR)-4-6pom-5-cuopoxcucexcacudopo-1H-yuknonenma/cJ py-pan-1-on
43a. ITo MeToaMKe aHANIOTWYHON It moaydeHus jgakToHa (-)-4 u3 1.3 r (3.39 mmosib)
amuna 46a nomydanu 0.7 r (94%) maktona 43a. CriekTpayibHbIe JaHHBIE U (HU3UKO-
XUMHUYECKHE XapPAKTEPUCTUKHU ITOTO COSAMHEHUS IPUBECHBI BHIIIIC.
(3aS,45,55,6aR)-5-6pom-4-cuopoxcucexcacudpo-1H-yuknonenma/cJ py-pan-1-on
42a. Tlo MeToAMKEe aHATOTMYHOM s mosydeHus JiaktoHa (-)-4 u3 1.0 v (2.6 MMOJIb)

amuja 45a nonyuanu 0.54 r (94%) coenunenus 42a. becuBeTHble KpUCTAILIbL, T.IUL. 81-
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o 83°C. Rf=0.65 (merponeiinbiii 3¢up : stmwnanerat = 1 : 1). [a]F -

. _Cdo 74.8°, (¢ 1.02, CH,Cl,). UK crextp, cm™: 3410 (O-H), 2924, 1737
R (C=0), 1440, 1381, 1301, 1182, 1001, 966. Cmexrp SIMP 'H
0 420 (CDCly), & m..: 2.18 yur. ¢ (1H, OH), 2.45 w1 (1H, C°H, J 5.7,
9.7 u 14.5 T'), 2.64 n.a.x (1H, C°H, J 4.0, 5.8 u 14.6 T'), 3.23 t.x (1H, C*H, J 3.5 u
9.8 I'n), 3.32-3.41 M (1H, C¥H), 432 n.x (1H, C°H, J 5.4 u 10.2 T'), 4.33-4.39 m (2H,
C°Hu C°H, J 4.9 I'n), 4.61 n.x (1H, C*H, J 2.6 u 9.8 I'r). Crextp IMP *C (CDCly), 6,
M.I: 36.60 (C%), 41.42 (C®), 41.56 (C*), 53.60 (C°), 66.46 (C?), 79.34 (C*), 179.88
(CY). Macc-criektp, M/z (lom, %): 223 [(M+H™), ®Br] (9.1), 141 (100). Haiinero, %: C,
37.76; H, 3.92; Br, 35.94. C;HyBrO;. Beruucineno, %: C, 38.01; H, 4.07; Br, 36.20.
(3aR,4R,5R,6aS)-5-6pom-4-cuopokcucexcacuopo-1H-yuxnonenma/cl y-pan-1-
on 42b. Tlo MeToMKe aHAJOTHYHOM /I TTosTydeHus jJakToHa (-)-4 u3 1.2 r (3.1 MMoJIb)
0 amuaa 45b monygamm 0.65 r (94%) coenunenust 42b. becuetHbie
“““/<O Kpuctawiel, T.ul. 72-74 °C. Rf = 0.65 (merponelinsiii 3¢up :
K stumarierar = 1 : 1). [a]s +75.2°, (¢ 1.01, CH,Cl,). UK cnektp, cM’
L 3412 (O-H), 2927, 1734 (C=0), 1440, 1381, 1301, 1182, 1001,
966. Criektp SIMP *H (CDCl,), &, m.1.: 2.44 n.a.x (1H, C°H, J 5.0, 9.7 u 14.7 T'w), 2.64
M (1H, C°H), 3.23 t.x (1H, C**H, J 4.4 u 10.3 '), 3.32-3.41 M (2H, C**H u OH), 4.32
nx (1H, C°*H, J 4.1 u 9.1 '), 4.33-4.39 m (2H, C°H u C°H, J 7.9 T'n), 4.59 n.x (1H,
C'H, J 1.5 u 9.7 T'y). Ciextp SIMP °C (CDCly), 8, m.a.: 36.56 (C°), 41.56 (C®), 41.62
(C*), 53.77 (C°), 66.68 (C?), 79.15 (C%), 180.32 (C"). Macc-criextp, M/z (lor;, %): 223
[(M+H"), ®Br] (7.8), 141 (100). Haiineno, %: C, 37.95; H, 3.89; Br, 35.78. C;H¢BrO;.
Brruucneno, %: C, 38.01; H, 4.07; Br, 36.20.

BI‘|||II|-

HO 42p

(3aS,4R,6aR)-4-cuopokcucexcacuopo-1H-yuxnonenmalc] pypan-1-on  47a. Ilo

0 METOVMKE aHAJIOTUYHOW ISl TIOTy4YeHUs THApPOKCcUIakToHa 36a u3 0.5
<:‘i§0 r (2.26 wmmons) Opomruapuna 43a nonysanu 0.29 r© (88%)
R rupokcmiiakTona 47a. becuBerHele kpuctamibl, T.I01. 52-54 °C. Rf =
HO 474 0.3 (merponeiinsiii 3¢up : srumamerar = 1 : 3). [a]L +64.8°, (¢ 1.28,

CH,Cl,). UK crexrp, cm’: 3344 (O-H), 2966, 1743 (C=0), 1382, 1186, 1153, 1069,
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992. Criextp SIMP 'H (CDCls), &, m.i.: 1.64-1.72 m (2H, C°H u C°H), 1.82-1.93 m (1H,
C°H), 1.98-2.14 m (1H, C°H), 2.32-2.40 ym. ¢ (1H, OH), 2.87-2.97 m (1H, C*¥H), 3.03
.1 (1H, C®H, J 3.4 1 9.6 T'x), 4.26-4.36 m (1H, C*H u C*H), 4.60 n.x (1H, C°H, J 2.6 u
9.6 T'w). Crextp SIMP °C (CDCly), 8, m.a.: 27.80 (C°), 34.30 (C°), 43.01 (C®), 43.51
(C*), 66.88 (C°), 73.84 (C%), 181.15 (C'). Macc-crexrp, M/z (lom, %): 143 [(M+H")]
(100), 125 (14.9). Haiineno, %: C, 58.88; H, 6.77. C;H1003. Beruncneno, %: C, 59.15;
H, 7.04.

(3aR,4S,6aS)-4-cuopokcucexcacuopo-1H-yuxnonenma/c]ypan-1-on 470 n
(3aR,5S,6aS)-5-cudpoxcucexcacuopo-1H-yuxnonenmalc]pypan-1-on 36b. Hcnonszys
Ty € IOCIIeI0OBATeIFHOCTh CTAIUi, Kak W I arerata 37a, w3 coeamHeHus 37b
HOJTy4au OCCI[BETHBIC KPUCTAIUTMYCCKIE THIPOKCHITaKTOHBI 470 1 36bh.

Coeounenue 47b. Becnpernsle kpuctamiel, T.awl. 51-53 °C. Rf = 0.3

o0  (nerponeiiuelii >¢up : stumaneratr = 1 : 3). [a]x® -64.0°, (¢ 1.03,

"“‘\/<O CH,Cl,). UK crextp, cm™: 3346 (O-H), 2962, 1749 (C=0), 1379,

y/ 1184, 1166, 1064, 992. Crextp SIMP 'H (CDCly), 6, m..: 1.64-1.72 m

HO' 47b (2H, C°H u C°H), 1.83-1.94 m (1H, C°H), 1.97-2.12 m (1H, C°H), 2.33-

2.39 m (1H, OH), 2.87-2.96 m (1H, C*¥H), 3.03 1.1 (1H, C®H, J 3.6 n 9.6 '), 4.26-4.35

M (1H, C*H u C*H, J 8.0 u 9.6 T'y), 4.59 n.x (1H, C°H, J 2.9 u 9.8 I'x). Criextp SIMP

BC (CDCly), 8, m.i.: 26.23 (CP), 34.29 (C°), 43.01 (C*), 43.51 (C*), 66.86 (C°), 73.84

(CY, 181.24 (CY). Macc-ciektp, M/z (lom, %): 143 [(M+H")] (100), 125 (17.2).
Haiineno, %: C, 58.74; H, 6.94. C;H,003. Beruucneno, %: C, 59.15; H, 7.04.

Coeounenue 36b. ChektpajbHble ©  (DU3UKO-XUMHUYECKHE  TapaMETPhI
aHAJIOTMYHBI OMMMCAHHBIM BBIIIIC.

Memunoswiii 2¢pup (IR,2S,4S)-2-(xr0pmemun)-4-2udpokcuyukioneHmankapboHo-

0 eoti kuciromel 48a. B KpyriaoJoHHYIO KoJOy, CHAOXEHHYIO

HO OMe MarHUTHOM  MeIIAJKOW W  OOpaTHBIM  XOJOJWJIBHHKOM  C
XJIOpKaJIbIueBol TpyOkou, momemamm 0.42 r (2.96 MMoOIb)

48a €l rugpokcuiaktona 36a. [lomyuennyro cMmech oxnaxaanu 1o -30 °C

U K Hel npukanbiBany 1.07 ma (14.8 mmonb) xjopucroro Tnonuna. [locine nobasieHus

TECMIICPATYPY peaKHI/IOHHOﬁ MACChbl IMOJHHMAJIM OO0 KHIICHHUA W BBIACPKHBAJIN 3 g
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(koHTpOABL MeTOOM TCX), OpraHMYecKuil paCTBOPUTENDL YIAPUBAIN MPU MOHUKEHHOM
JABJICHUH, OCTAaTOK oymmaid xpomarorpadueit Ha SiO, (merponeiinbiii >dup —
stunanerat, 10:1). [Moxyuamu 0.5 v (88%) coenunenus 48a. [Ipospaunoe macio. Rf =
0.4 (merposneitasiii 3¢up : stumamerar = 10 : 1). [a] -41.3°, (¢ 1.32, CH,Cl,). UK
criekTp, cM - 3426 (O-H), 2952, 1736 (C=0), 1430, 1378, 1199, 1181, 1107, 727.
Crextp SIMP 'H (CDCly), &, m.a.: 1.23-1.27 ym. ¢ (1H, OH), 1.62 n.x.x (1H, C°H, J
5.0,9.9 1 13.2 '), 2.02 a7 (1H, C°H, J 2.4 u 14.6 Tw), 2.14 1.1 (1H, C°H, J 7.7 u 15.1
'), 2.36-2.45 M (1H, C°H, J 8.0 I'x), 2.48-2.58 m (1H, C*H), 3.04 t.x (1H, C'H,J 3.3 u
7.4 T'm), 3.54 n.n (1H, CHCI, J 7.2 u 11.0 I'y), 3.61 n.a (1H, CHCI, J 7.4 u 10.7 '),
3.73 ¢ (3H, H;C-0), 4.33-4.39 M (1H, C*H). Crextp SIMP *C (CDCly), 6, m.zi.: 39.14
(C°), 40.10 (C®), 45.35 (C?), 45.40 (C' u CH,CI), 52.07 (HsC-0), 72.27 (C*, 176.23
(C=0). Macc-criextp, M/Z (lom, %): 193 [(M+H"), **CI] (100), 161 (18.9). Haiinero, %:
C, 49.62; H, 6.52; Cl, 36.47. CgH13ClO3. Beraucneno, %: C, 49.87; H, 6.75; Cl, 36.88.
Memunoswviti >2¢pup  (1S,2R,4R)-2-(xn0pmemun)-4-euopoxcuyukionenmankapbo-

Hosou kuciomul 48b. TTo MeToauKe aHATOTUYHOM Auist monydeHwust dgupa 48a n3 0.37 ©

/() (2.6 mmounb) ruapokcuiaakToHa 36b momydamu 0.44 1 (88%)
<:|"““< coequnenust 48b. Ilpospaunoe macmo. Rf = 0.4 (merposneiHbrit
HO OMe
" s¢up : srunanerar = 10 : 1). [a] +40.8°, (¢ 1.20, CH,Cl,). UK
Cl

48b criextp, em: 3414 (O-H), 2953, 1730 (C=0), 1436, 1375, 1201,

1170, 1103, 727. Crexrp IMP 'H (CDCls), &, m.a.: 1.42-1.48 yur. ¢ (1H, OH), 1.61
nax(1H, CH, J5.1,9.7u13.6 T), 2.00 x.t (1H, C°H, J 2.9 u 14.4 Tw), 2.13 t.x (1H,
C%H,J 7.6 u 15.0 I'y), 2.34-2.43 m (1H, C°H, J 7.8 '), 2.48-2.57 m (1H, C*H), 3.05 1.1
(1H, C'H, J 3.2 u 7.6 T'y), 3.53 g1 (1H, CHCI, J 7.2 u 10.7 '), 3.62 a.1 (1H, CHCI, J
7.3 1 10.9 '), 3.72 ¢ (3H, H5C-0), 4.33-4.40 m (1H, C*H). Criextp SIMP **C (CDCly),
S5, M.L: 39.25 (C°), 40.12 (CP), 45.32 (C?), 45.38 (C' u CH,CI), 52.16 (HsC-0), 72.07
(C", 176.48 (C=0). Macc-crextp, M/z (lom, %): 193 [(M+H"), *CI] (100), 161 (15.4).
Haiineno, %: C, 49.56; H, 6.63; Cl, 36.59. CgH;3ClO3. Brruucneno, %: C, 49.87; H,
6.75; Cl, 36.88.
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Memunosviti  s¢pup  (IR,2S,4S)-4-mpem-6ymunoumemuncunun-2-(xaop-mwemu.)-

yukionenmankapoonosou kuciromol 49a. B kpyrinomonHyio Konly, CHaOXKEHHYIO

0 MarHuTHoW Memankor, mnomemamu 0.31 r (2 MMoIb)

o OMe TBDMSCI, 0.14 r (2 mmoas) umuaazona u 10 mn CH,Cly. K
\Si/\ | MOJIYYCHHOW CMECH TpHU MEePEMEIIMBAHUM  MPUOABIISIU
X 492 pactBop 0.2 t (1 mmonb) cnmpta 48a B 3 Mi CH,Cl, u

peakIMoOHHAs Macca BBIIECPKHBajIach 4 9 MPU KOMHATHOW TemriiepaType (KOHTPOJb
merogoM TCX). Ilocine 9Toro opraHMYecKUid pacTBOPUTENb YIAPUBAIU IPHU
MOHIKEHHOM JIaBJICHHH W OCTATOK OYHIINAJIU KOJIOHOYHOW Xpomartorpaduerr Ha SiO;
(metponeitnbiit 3pup — stunanerar, 30:1). [Homygamu 0.29 r (95%) coenunenus 49a.
ITpospaunoe macio. Rf = 0.6 (metponeiinsiii a¢up : srwnanerar = 30 : 1). [«]? +7.8°, (c
1.18, CH,Cl,). UK crextp, cM™: 2953, 1734 (C=0), 1436, 1363, 1255, 1105, 837, 777.
Crextp SIMP 'H (CDCly), 6, m.x.: 0.04 ¢ (6H, (CH;),Si), 0.88 ¢ (9H, (CH;)sC), 1.70-
1.79 m (1H, C*H, J 9.3 '), 1.93-2.08 m (2H, C°H u C°H), 2.15-2.22 m (1H, C°H, J 7.7
I'mm), 2.52 cekcrer (1H, C2H, J 8.3 Tm), 2.90 n.x (1H, C'H, J 85 u 15.6 I'm), 3.60 n.1
(1H, CHCI, J 8.3 u 10.7 I'ry), 3.66-3.69 M (4H, HsC-O u CHCI), 4.23 xsunr. (1H, C*H,
J 6.3 T'r). Criextp SIMP *C (CDCly), &, m.1.: -4.86 ((CHs),Si), 17.96 ((CHs)sC), 25.63,
25.69, 25.76 ((CH3)sC), 38.24 (C°), 39.86 (C%), 42.79 (CH,CI), 44.39 (C?), 45.82 (CY),
51.66 (HsC-0), 72.16 (C®), 173.86 (C=0). Macc-criextp, M/Z (lom, %): 306 [(M+H"),
CI] (100), 176 (12.4). Haiineno, %: C, 54.53; H, 8.59; Cl, 11.31. Cy4,H7ClO4Si.
Brrancneno, %: C, 54.72; H, 8.79; Cl, 11.56.

Memunoswviti 2¢pup  (1S,2R,4R)-4-mpem-6ymunoumemuncunui-2-(xiop-mwemu)-
0 yuxnonenmankapoonosou kuciomsl 49b. Tlo meromuke
(

<j\\\\\\ AQHAJIOTUYHOMU IS TIOJydeHust cuinioBoro 3¢gupa 49a u3 0.15
Ol OMe
~./ & r (0.75 wmmonp) cnupra 48b momywamu 0.22 r (95%)

Si
~
X 49h cl coemqunenuss  49b. Ilpospaunoe wmacimo. Rf = 0.6

(merponeiinsiii a¢up : stmmanerat = 30 : 1). [«]f -8.3° (c
1.23, CH,Cl,). UK crextp, cM ™ 2954, 1732 (C=0), 1436, 1360, 1261, 1101, 836, 777.
Cnextp SIMP 'H (CDCls), 8, m.i.: 0.04 ¢ (6H, (CH3),Si), 0.87 ¢ (9H, (CH3)sC), 1.70-
1.77 m (1H, C*H, J 9.4 T'ny), 1.92-2.07 M (2H, C°H u C*H), 2.16-2.22 m (1H, C°H, J 7.3
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'), 2.52 cexcrer (1H, C°H, J 8.3 I'u), 2.90 x.x (1H, C'H, J 8.4 u 15.2 T'n), 3.59 1.1

(1H, CHCI, J 8.3 u 10.9 I'y), 3.66-3.69 M (4H, H;C-O u CHCI), 4.24 xsunr. (1H, C*H,
J 6.7 'w). Criextp SIMP °C (CDCly), &, m.1.: -4.85 ((CH,),Si), 18.00 ((CHs)sC), 25.66,
25.72, 25.78 ((CH3);C), 38.36 (C°), 39.95 (C°), 42.84 (CH,CI), 44.37 (C?), 45.87 (CY),
51.73 (H4C-0), 72.23 (C®), 174.03 (C=0). Macc-criextp, M/z (low, %): 306 [(M+H"),
CI] (100), 176 (19.9). Haiineno, %: C, 54.48; H, 8.64; Cl, 11.28. Cy4sH,7ClO5Si.
Brraucieno, %: C, 54.72; H, 8.79; Cl, 11.56.

Memunoswviti 2¢hup (IR,2R,3R)-2-(xn0pmemun)-3-euopoxcuyuxionenmankapoo-

Hosoui kuciomur S0a. Tlo mMeToguke aHATOTUYHOW ISl TOJTyYEHUS

0O
a¢upa 48a u3 0.21 r (1.48 MMoIIb) THAPOKCUIIAKTOHA 478 TMOTyYanu
OM
\ © 025 T (88%) coemunenuss 50a. IIpospaunoe macio. Rf = 0.4
HO 502 Cl (merposeiinbii 3¢up : stwranerar = 10 : 1). [a]P -32.8° (¢ 1.0,

CH,Cl,). UK crextp, cm™: 3446 (O-H), 2954, 1701 (C=0), 1436, 1375, 1211, 1170,
1147, 727. Cnextp SIMP 'H (CDCls), 8, m.1.: 1.58-1.68 m (1H, C°H), 1.89-2.15 m (4H,
C°H, C*H,, u OH), 2.34-2.45 m (1H, C?*H), 3.13 t.x (1H, C'H, J 3.3 u 8.0 '), 3.64 1.1
(1H, CHCI, J 8.5 u 11.3 T'), 3.72 ¢ (3H, H3C-0), 3.77 a.n (1H, CHCI, J 7.4 u 11.0 T'm),
4.23-4.28 m (1H, C*H). Criextp SIMP °C (CDCly), &, m.xa.: 28.15 (C°), 35.29 (C*), 41.59
(CH,CI), 44.77 (C"), 51.13 (C?), 52.34 (HsC-0), 73.83 (C?%), 177.96 (C=0). Macc-
criektp, M/z (lom, %): 193 [(M+H"Y), **CI] (100), 161 (22.9). Haiinero, %: C, 49.63; H,
6.57; Cl, 36.52. CgH15ClO3. Beruucaeno, %: C, 49.87; H, 6.75; Cl, 36.88.

Memunoswviti  2¢pup  (1S,2S,3S)-2-(xn10pmemun)-3-eudpoxcuyukioneHmankapbo-

nosoti kuciomwul 50D. Tlo MeTomuKe aHAJOTHYHON IS TOTYYCHHS

O
‘\\\\\/< sa¢upa 48a u3 0.17 r (1.2 mmoinb) ruapokcunakrona 47b momyuanu 0.2
OM
g:‘-uu,l " r (88%) coenunenus 50b. IIpo3paunoe macno. Rf = 0.4 (nerponeiinbrii

HO 50b cl s¢up : srumamerar = 10 : 1). [o]s +33.6°, (¢ 1.14, CH,Cl,). UK
criekTp, cM - 3452 (O-H), 2953, 1721 (C=0), 1436, 1375, 1212, 1166, 1144, 727.
Crextp SIMP 'H (CDCly), &, m.1.: 1.57-1.67 m (1H, C°H), 1.88-2.16 m (4H, C°H, C*H,,
u OH), 2.34-2.45 m (1H, C*H), 3.14 1.1 (1H, C'H, J 3.5 u 7.8 I'y), 3.63 a.1 (1H, CHCI,
J8.8mu 11.0 I'm), 3.72 ¢ (3H, H3C-0), 3.76 a.x (1H, CHCI, J 7.7 u 11.0 I'ry), 4.24-4.28
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M (1H, C°H). Cniextp SIMP °C (CDCls), 8, m.xi.: 28.01 (C°), 35.17 (C*), 41.64 (CH,CI),
44.62 (CY, 51.17 (C?), 52.26 (HsC-0), 73.69 (C%), 178.12 (C=0). Macc-crextp, m/z
(o, %): 193 [(M+HY), **CI] (100), 161 (18.8). Haiinero, %: C, 49.71; H, 6.62; ClI,

36.64. CgH13ClOs. Brraucieno, %: C, 49.87; H, 6.75; Cl, 36.88.
Memunosvuii 3¢pup (1R)-2-memunuoden-3-0KCoyukioneHmaukapOoHo8oU KUCI0mol
5la. B kpyrinononHyio koi0y, CHaOKEHHYI0 MAarHUTHOW MemIankoi, nomemanu 0.27 r
0 (1.25 mmomnp) PCC u 5 M CH,Cl,. K nosydeHHoOlH cycrieH3uu mpu
nepememmBanuu npubasisuii pactBop 0.16 r© (0.83 MMoOIb)
OMe rugpokcmiiaktona 50a B 5 min CH,Cl, m peaknmonHas macca
K BbIJICp)KMBAJIaCh 3 4 MpPU KOMHATHOM Temmeparype (KOHTPOJIb
St MetogoM TCX). [locie 3Toro peakimoHHy mMaccy (GUIbTpoBaln
OT HEOpraHuyveckoro ocajaka, ocamok mnpombiBasin CH,Cly, ¢unpTpar ynapuBamu u
OCTaTOK ouuIain xpoMarorpadueit Ha SiO, (meTponeiHbit a3¢up — stunarnerar, 10:1).
[Momyyanm 0.1 T (80%) enona 51a. IIpo3paunoe macio. Rf = 0.4 (merposerinbiii 23¢up :
stunanerar = 10 : 1). [a]® +58.3°, (¢ 0.8, CH,Cl,). UK crextp, cm™: 2920, 2372, 1732
(C=0), 1438, 1205, 1181, 1097, 1043. Cnextp IMP ‘H (CDCly), &, m.a.: 1.26-1.40 M
(1H, C°H), 1.60-1.67 M (1H, C°H), 2.16-2.42 M (2H, C*H,), 2.53-2.60 m (1H, C'H), 3.76
¢ (3H, H3C-0O), 5.60 o (1H, CH=C, J 1.9 I'n), 6.18 n (1H, CH=C, J 2.1 T'r). Crextp
SIMP ¥C (CDCly), &, m.a.: 23.11 (C°), 36.77 (C%), 49.29 (C'), 52.43 (H,C-0), 120.51
(CH,=C), 142.41 (C?), 175.75 (CH5;0C=0), 211.61 (C°). Macc-crextp, M/z (lom, %):
155 [(M+H")] (100), 124 (7.3). Haiineno, %: C, 62.12; H, 6.38. CgH1O3. Boruncneno,

%: C, 62.34; H, 6.49.

Memunoegulil a¢gup (1S)-2-memunuoen-3-0kCoyurkioneHmaHkapooHoeol
o kuciomor 51b. Tlo MeTonMKe aHAJIOrMYHOM JJIs IMOJIYyYCHHS KETOHA
‘\\\\/< 5la u3 0.19 r (0.99 mmons) crnmpra 50b momydanu 0.12 r (80%)
% OMe  coenunenns 51b. [Ipospaunoe macino. Rf = 0.4 (merpoeittsiii s¢up
0 s1p stunanerar = 10 : 1). [a]? -57.9°, (¢ 1.12, CH,Cl,). UK cnektp, cM ™
2922, 2376, 1735 (C=0), 1438, 1203, 1181, 1099, 1036. Cnextp AMP
'H (CDCly), 6, m.a.: 1.25-1.41 M (1H, C°H), 1.60-1.68 M (1H, C°H), 2.17-2.44 M (2H,
C'H,), 2.52-2.59 m (1H, C'H), 3.76 ¢ (3H, H3C-0), 5.61 1 (1H, CH=C, J 2.2 '), 6.19 1
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(1H, CH=C, J 2.2 T'ry). Criextp SIMP **C (CDCl,), &, m.x1.: 23.03 (C°), 36.79 (C*), 49.24
(CY), 52.36 (HsC-0), 120.48 (CH,=C), 142.33 (C?), 175.82 (CH;0C=0), 211.76 (C°).
Macc-criexktp, M/Z (lom, %): 155 [(M+H)] (100), 124 (9.8). Haiineno, %: C, 62.08; H,
6.24. CgH1703. Brruucaeno, %: C, 62.34; H 6.49.
(-)-(3aS,6aR)-Tempacuopo-1H-yuxnonenmaj/c] pypan-1,4(3H)-ouon 52a.  Ilo

METOJMKE aHAJIOTMYHOM i1 mojiyueHus ketoHa dSla u3 90 mr (0.63

0O
MMOJIb) TUAPOKCHIIakTOHA 47a nonydanu 67 mr (75%) coenuuenus S2a.

O
[Tpo3paunsie iactuHYaThle Kpuctamiel, T.u1. 58-60 °C. Rf = 0.35
O 52a (metposneiinsii a¢up : stmwmamerar = 1 @ 1). [«]f -363.1°, (¢ 1.35,

CH,Cl,). UK cmektp, cM™: 2953, 2924, 2852, 1757 (C=0), 1734 (C=0), 1456, 1379,

1174, 1124, 1026, 952. Cnextp IMP 'H (CDCly), &, m.i.: 2.18-2.58 M (4H, C°H, u

C°H,), 2.97-3.07 m (1H, C*¥H), 3.36-3.44 m (1H, C*®H), 4.39-4.51 m (2H, C*H,, J 2.3 u

7.6 T). Crextp SIMP **C (CDCly), &, m.x.: 23.61 (C°), 36.55 (C°), 41.49 (C®), 47.73

(C*), 68.72 (C%), 178.39 (CY), 216.96 (C*). Macc-crextp, M/z (lom, %): 139 [(M-H")]
(100). Hatineno, %: C, 59.81; H, 5.55. C;HgOs. Beruncneno, %: C, 59.94; H 5.71.

(+)-(3aR,6aS)-Tempacuopo-1H-yuxronenmalc]ypan-1,4(3H)-ouon  52b. Tlo

o aHAJIOTMYHOM Ui moiydeHus Sla meroauke u3 120 mr (0.84

”\\\\/< MMOJIb) THApOKcHIakToHa 47b momyyanu 89 mr (75%) coeaunenus

u,,,,/o ent-57. IIpo3paynble MmIacTHHYATBIC KpHCTALIBI, T.I01. 57-59 °C. Rf

O s2p = 0.35 (merposeitabiii adup : stwaanerar = 1 : 1). [a]5 +362.5°, (c

1.17, CH,Cl,). UK crektp, em™: 2955, 2920, 2853, 1759 (C=0), 1733 (C=0), 1456,

1379, 1173, 1119, 1024, 952. Cniextp SIMP 'H (CDCls), 8, m.x.: 2.17-2.57 m (4H, C°H,

u C°Hy), 2.97-3.07 M (1H, C*H), 3.37-3.45 M (1H, C**H), 4.40-4.51 m (2H, C°H,, J 2.1

1 7.8 T'y). Crexrp SIMP *C (CDCly), &, m.xi.: 23.60 (CP), 36.51 (C?), 41.45 (C®), 47.71

(C*), 68.67 (C?), 178.27 (CY), 216.92 (C*). Macc-crextp, M/z (lom, %): 139 [(M-H")]
(100). Haitneno, %: C, 59.73; H, 5.61. C;HgOs. Boruucneno, %: C, 59.94; H 5.71.

(3aS,4R,5S,6aR)-4-/(@opmunoxcu)memun]-1-oxcoeexcacuopo-1H-yuxnonenma-
[c/dypan-5-un popmuam 55a u (3aS,4S,5S,6aR)-5-/(popmunroxcu)-memun]-1-oxcoeex-

cazuopo-1H-yuxnonenma/clypan-4-un gopmuam 56a. B KpyriomoHHyH KoJOy,
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o 0 CHAOXKCHHYI0 MAarHUTHOW MEIIIAJIKOH,

OHCO nomemamn  0.09 wmr (0.7 MMoIIB)
OHCO'Oj(O + N 0 nmakrona (-)-4, 2 MJ MypaBbLUHOM
OHCO—\\\S 55a 352 OHCO 56, kucnote, 0.14 wmr (4.5 Mwmonb)
napadopma u 0.01 ma xonuentpupoBanHod H,SO, nHarpeBamu no 80 °C  wu
nepeMenBaiy 2 9 mpu 3Tol Temneparype (koHTposb MerogoMm TCX). Ilocie wero B
PEAKIIMOHHYIO CMECh TOOABISIIM 2 MJI BOABI, MOJYYCHHBIH PacTBOP HEHTpaTU30BaIU
npubaBIeHUEM pacTBOpa coipl 10 PH = 8, peakMoHHYI0 Maccy 3KCTparupoBajH
xnopopopmom  (3X5 wur), cymmnu Hang Na,SO, ymapuBamu TP TOHMKCHHOM
naBieHuH. Xpomarorpapudeckas ounctka Ha SiO; (xmopodopm — meranon, 10:1)
npuBogmia K 0.12 r (75%) 3:2-cmecu (o manueiM IMP'H) coenumennii 23a u 23b.
XKenroaroe npo3paunoe macio. Rf = 0.45 (xmopodopm : meranon = 10 : 1). UK
crekTp, M 2953, 1766 (C=0), 1720 (C=0), 1382, 1174, 1035. Cnextp SIMP 'H
(CDCly), 8, m.x.: 1.97-2.64 m (3H, C°H,, C*H, C*H, u C>H, J 16.4 T'n), 2.74-2.84 m
(0.6H, C¥H), 3.03-3.27 m (1.4H, C**H, C**H u C*H, J 3.3 u 7.3 I'n), 4.03-4.51 m
(4H, C*H,, CH,0, C*H, u C’H,0, J 6.2 T'n), 5.01-5.23 m (1H, C°H u C"H), 7.93-8.07
M (2H, HC=0). Macc-ciextp, M/z (Ior, %): 229 [(M+HY)] (28), 201 (68), 173 (100).
Haiineno, %: C, 52.48; H, 5.03. C1oH1,0¢. Beraucneno, %: C, 52.60; H, 5.26.

Coedunenue 55a. Crextp SIMP °C (CDCly), 8, m.x.: 34.52 (C®), 40.75 (C),
42.23 (C*), 51.03 (C*), 62.01 (C?), 71.83 (CH,0), 76.59 (C°), 159.96 (HC=0), 160.42
(HC=0), 179.05 (CY).

Coedunenue 56a. Crextp SIMP °C (CDCly), &, m.a.: 34.14 (C®), 38.64 (C*),
41.12 (C*), 45.96 (C**), 60.62 (C*"), 67.20 (C’H,0), 74.55 (C*), 160.04 (HC’=0),
160.21 (HC’=0), 178.65 (C").

(3aR,4S,5R,6aS)-4-/ (@opmunoxcu)memun]-1-oxcoeexcacuopo-1H-yuxnonenma-
[c/pypan-5-un popmuam 55b u (3aR,4R,5R,6aS)-5-/(hopmuroxcu)-memun]-1-okco-
eexcazuopo-1H-yuxnonenma/c] pypan-4-un popmuam 56b. I1o MeToauKe aHATOTHIHOMN
it nonydeHust audopmuaroB 55a m 56a u3 0.15 r (1.17 mmons) makrona (+)-4
monyuanu 0.2 T (75%) 3:2-cmecu (mo mamubiM SIMP'H) coemmuenuit 55b u 56b.

XKenroaroe npo3paunoe macio. Rf = 0.45 (xmopodopm : meranon = 10 : 1). UK
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o CIeKT, e 2953, 1752 (C=0), 1718

OHCO \/< (C=0), 1382, 1165, 1035. Crekrp SIMP

OHCOSj ) ,,,,/O 'H (CDCLy), & m.: 1.99-2.67 m (3H,

onco 56a C°H,, C*H, C”H, u CH, J 14.4 Tu),

2.75-2.88 m (0.6H, C*H), 3.02-3.30 m (1.4H, C®H, C**H u C*H, J 2.4 u 8.6 I'n),

4.05-4.54 M (4H, C*H,, CH,0, C*H, u C’H,0, J 6.4 TI'n), 5.06-5.22 m (1H, C°H u

C"H), 7.91-8.08 m (2H, HC=0). Macc-criexktp, M/z (lors, %): 229 [(M+H")] (45), 201

(72), 173 (100). Haiineno, %: C, 52.32; H 5.15. C10H1,0¢. Beruncneno, %: C, 52.60; H,
5.26.

Coedunenue 55b. Crextp SIMP *C (CDCly), 8, m.o.: 34.72 (C®), 40.94 (CY),
42.46 (C®), 51.22 (C®), 62.01 (C%), 72.02 (CH,0), 76.62 (C°), 160.14 (HC=0), 160.61
(HC=0), 179.26 (CY).

Coedunenue 56b. Cnexrp SIMP *C (CDCly), &, m.i.: 34.34 (C®), 38.83 (C*),
4131 (C*), 46.14 (C*), 60.91 (C*), 67.96 (C’H,0), 74.74 (C*), 160.22 (HC’=0),
160.40 (HC’=0), 178.83 (C").

OHCO

(3aS,4R,5S,6aR)-5-cuopokcu-4-(cuopoxcumemun) cexcacudpo-1H-yuxnonenma-
[c/dpypan-1-on 57a u (3aS,4S,5S, 6aR)-4-ecudpoxcu-5-(cuoporxcumemun)eexcacuopo-1H-
yuknoneumafc]gypan-1-on 58a. B kpyrionoHHyto KojOy, CHAO0KEHHYIO MarHUTHOM

0 0 MeEIIaJIkoM, moMmemanu 5 mia metanoia, 0.05

HO r (2.1 mmonp) NaH wu mnepememmuBamu 5

HO’Oi/(O i \“““ © MUHYT, mocje dero tyaa nodasisum 0.17 T
HO— 572 302 HO 584 (0.75 mmonb) 3:2-cmecu audopmMuatoB 55a
u 56a B 3 mu1 metanouna. [lonydeHHY10 cMeCh TepeMENINBaIN 25 MUHYT IPU KOMHATHOM
Temriepatype (KoHTpoJib MeTosioM TCX), opraHuueckuii pacTBOPUTEIb YIApUBAIU MIPU
NOHM)KCHHOM JIaBJICHUHM, OCTAaTOK XxpomatorpadupoBaim Ha SiO, (xmopodopm —
metaHor, 8:1) u momyaamu 0.1 r (80%) 3:2-cmecu (o mauusM SIMP'H) coequnenmii
57a u 58a. XKenrtoBaroe npo3paunoe macio. Rf = 0.25 (xmopodopwm : meranon = 8 : 1).
VK crextp, cM™: 3396 (O-H), 2924, 1743 (C=0), 1384, 1188, 1035, 981. Cniextp SIMP
'H (CDCly), &, m.x.: 1.91-2.42 M (3H, C°H,, C*H, C*H, u C*’H), 2.65-2.80 m (0.8H,
C*H u C*®H), 2.95-3.15 m (1.2H, C**H u C¥H), 3.58-3.66 m (1.4H, C’HO, OH u
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O’H), 3.82-3.87 m (0.4H, C’HO), 4.06-4.21 m (2H, C*H, CHO, C*’H u C*'H), 4.27-4.35

M (2.6H, C*H, C°H, CHO, OH u O’H), 4.43-4.54 m (0.6H, C*H). Macc-cextp, m/z
(lors, %): 173 [(M+H)] (100), 155 (8.7). Haiineno, %: C, 55.48; H, 7.03. CgHy,0,.
Brraucneno, %: C, 55.81; H, 6.98.
Coedunenue 57a. Crextp SIMP °C ((CD3),CO), &, m.a.: 38.14 (C°), 41.45 (C®),
42.37 (C%, 57.70 (C*), 63.36 (CH,0), 73.18 (C%), 75.49 (C°), 181.08 (CY).
Coedunenue 58a. Crextp SIMP °C ((CDs),CO), &, m.n.: 38.28 (C), 39.28
(C®), 41.45 (C*), 52.18 (C™), 61.06 (C’H,0), 68.45 (C*), 73.77 (C*), 180.92 (C™).
(3aR,4S,5R,6aS)-5-cuopokcu-4-(cuopokcumemun)2excacudpo-1H-yuxnonenma-
[c/pypan-1-on 57b u (3aR,4R,5R,6aS)-4-
2UOPoKCU-5-(euopoxcumemun)eexcazuopo-1H-
HOMW \\\\ \\\\< yuxnoneumafcjpypan-1-on 58hb. ITo
9 ""/ ””/ METOJMKE AaHAJIOTHYHOW IS  TOJTYYCHUS
JakToHauojoB S7a m 58a wu3 0.25 r (1.1
MMoIib) 3:2-cMmecu audopmuatoB 55b u 56b monywamm 0.15 1t (80%) 3:2-cmecu (1o
nauueiM IMP'H) coemunenuit 57b u 58b. XKenropatoe mpospaunoe macno. Rf = 0.25
(xopodopm : meranon = 8 : 1). MK crektp, em™: 3387 (O-H), 2918, 1746 (C=0),
1386, 1190, 1037, 975. Cniextp SIMP 'H (CDCly), 8, m.1.: 1.93-2.45 m (3H, C°H,, C*H,
C%H, u CH), 2.63-2.82 M (0.8H, C**H u C**H), 2.95-3.18 m (1.2H, C**H u C**H),
3.54-3.68 m (1.4H, C’HO, OH u O’H), 3.83-3.89 M (0.4H, C’HO), 4.08-4.26 m (2H,
C°H, CHO, C*H u C*H), 4.29-4.37 M (2.6H, C*’H, C°H, CHO, OH u O’H), 4.44-4.58
M (0.6H, C*H). Macc-criextp, M/z (loms, %): 173 [(M+H")] (100), 155 (9.9). Haiinero,
%: C, 55.52; H, 6.72. CgH15,0,4. Beruncieno, %: C, 55.81; H, 6.98.
Coedunenue 57b. Criexp SIMP *C ((CD,),CO), 8, m.x1.: 38.19 (CP), 41.53 (C*),
42.41 (C%, 57.76 (C*), 63.39 (CH,0), 73.21 (C?), 75.50 (C°), 181.09 (CY).
Coeounenue 58b. Crextp SIMP °C ((CD3),CO), &, m.x.: 38.26 (C*), 39.31
(C®),41.53 (C**), 52.20 (C*), 61.09 (C’H,0), 68.43 (C*), 73.76 (C*), 180.96 (C").
(1S,5R,6S,8S)-8-cuoporcu-N-[(1R)-1-gpenunsmun]-3-oxcabuyurkno[3.2. 1] okman-
6-xapboxcamuo 59b u (3aR,4S,6S,6aR)-6-cuopoxcu-N-[(1R)-1-genunsmun]2excacuo-
po-1H-yuxnonenma/c] pypan-4-xkapboxcamuo 60b. K nepememmbaemomy pactsopy 0.7
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r (2.9 mmounb) amunocniupra 11b B 30 MIT KOHIIEHTPUPOBAHHONW MYPaBBHHON KHCIIOTHI
nobasuiu 0.87 1 (29 mmons) mapadopma u 0.012 M KOHIIEHTPHUPOBAHHOW CEpPHOMU
kucnoThl. [lomyuennyto cMmech HarpeBasiud 10 95 °C, BbiepuBainu 2 yaca (KOHTPOJb
MeronoM TCX) u ynapuBanu OpPraHUYECKUd pPACTBOPUTENL IPU MOHUKEHHOM
naBneHur. OCTaToK, MPEACTABISAIONUMNA cO00il cMeCh MalIOCTAaOMIBHBIX (POPMUATOB U
COOTBETCTBYIOIIUX CIUPTOB, 0€3 pazaeneHus pacTBopsiii B 20 MI aOCOJIIOTHOIO
METaHOJia U IpHU mnepemeniuBanuu aoOasisui pactBop 0.47 r (8.7 MMoJib) MeTHIIaTa
Hatpuss B 20 mu metaHoisa. [loigydeHHYI0 CMeCh BBIIEPKHUBAIM TPU KOMHATHOMN
TeMriepaType 3 yaca, ynapuBajld OPraHUYECKUH pPACTBOPUTEb, OCTATOK BBIYMILAIN
KOJIOHOYHOM XpoMartorpadueii Ha cumaukarene (ximopodopm : meranon = 10:1).
[Monygamu 0.14 v (17%) coeaunenus 59b u 0.38 r (48%) coenmuenus 60b B BHIC
O€JIbIX KPUCTAJIJIOB.

Coeounenue 59b. Ipo3paunas macmoodpasnas xkuakocts. Rf = 0.35 (xmopodopm
: meraon = 20 : 1). [@]3° -29.0°, (¢ 1.03, CH;OH); UK cmektp, cm™: 3306 (O-H),
2936, 1655 (C=0), 1541, 1450, 1377, 1234, 1111, 1031, 701. Cnektp SIMP 'H
(CD;0D), 6, m.n.: 1.45 n (3H, CH3, J 7.0 T'mr), 2.01-2.10
M (2H, C'H u C'H), 2.12 a1 (1H, C'H,J 6.0 u 11.4
'), 2.29-2.33 M (1H, C°H), 3.15 a.t (1H, C°H, J 6.0 u
11.4 '), 3.43 1 (1H, C*H, J 11.4 '), 3.56 1 (1H, C°H,
J 10.7 Tu), 3.69 m.x (1H, C*H, J 2.6 u 10.7 T'), 3.80
nx (1H, C?H, J 2.5 u 11.4 T'w), 4.03 ¢ (1H, C°H), 5.09
kB (1H, CHPh, J 7.0 T'u), 7.17-7.22 m (1H, NH), 7.27-7.35 m (5H, Ph). Cnexrp SIMP
3C (CD;0D), 8, m.x1.: 22.46 (CH3), 27.88 (C"), 43.94 (C®), 45.55 (C?), 47.97 (CY), 50.15
(CHPh), 69.70 (C?), 73.63(C"), 80.13 (C?), 127.14, 127.21, 129.49, 129.51, 128.00,
145.50 (Ph), 175.36 (C=0). Macc-cnextp, M/z (loyy, %): 276 [(M+H")] (100). Haiineno,
%: C, 69.69; H, 7.51; N, 4.89. C15H,;NO;. Beruncneno, % C, 69.81; H, 7.64; N, 5.09.

Coeounenue 60b. becusernsie kpuctamiel, T.m1. 148-150 °C. Rf = 0.25
(xopodopm : meranon = 20 : 1). [a]Z -21.6°, (¢ 0.9, CH;OH). UK crextp, cm™: 3291
(O-H), 2942, 1641 (C=0), 1537, 1447, 1375, 1258, 1049, 701. Crextp SIMP 'H
(CD40D), &, m.x.: 1.43 1 (3H, CH3, J 7.1 Twr), 1.71 n.x (1H, C°H, J 6.2 u 13.1 T'ny), 2.02
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7.1 (1H, C°H, J 4.2 u 13.1 T'n), 2.65 7.1 (1H, C**H, J 4.6 u

‘\\\\\\\\”\ /:\Ph 8.0 FH), 3.05-3.12 m (1H, C3aH)’ 3.21 m.a.n (lH, C4H, ]
HO\O 62,82 1 12.8 Tw), 3.56 xn (1H, CH, J 45 1 9.2 '),

3.62 m.x (IH, C*H, J 7.3 u 9.1 I'n), 3.65 x.x (1H, C'H, J

4.7 1 9.2 '), 3.82 n.x (IH, C*H, J 8.3 u 9.2 '), 4.04 1

60b (1H, C°H, J 4.2 I'w,), 5.02 kB (1H, CHPh, J 7.0 I'r), 7.18-

7.22 M (1H, NH), 7.29-7.35 M (5H, Ph). Crekrp SIMP *C (CD;0D), &, m.1.: 22.41

(CH,), 36.85 (C°), 46.85 (C*), 47.18 (C*), 50.0 7(CHPh), 54.69 (C®®), 71.53 (C"), 73.53

(C%), 77.88 (C), 127.17, 128.05, 129.51, 145.37 (Ph), 174.44 (C=0). Macc-criektp, m/z

(loms, %): 276 [(M+H")] (100). Haiizeno, %: C, 69.73; H, 7.47; N, 4.93. C1gH»NOs.
Breraucneno, %: C, 69.81; H, 7.64; N, 5.09.

(2aS,2a'S,3R,4aR,6aS)-5-Okco-6-((S)-1-pernursmun)okmazudpo-2H-1-oxca-6-

asayuxnonenmalcd]nenmanen-3-un  popmuam 6la u (2aS,2a's,4aR,6aS)-3-((S)-1-

TZ

/||III
o \
W

qbeHquamwz)-l,2a,2a1,3,4a,6a-zekcaeu0p0-4H-2-0Kco-3-a3auumoneﬂma [cd]-
nenmanen-4-on 62a. K pactBopy 2.4 r (10.0 mmonb) amuuans 9a B 30 M
CBEKEIEPETHAHON MypaBbHHOW KHCJIOTHI A00aBsum 2 T (66.7 Mmoib) mapadopma u
0.024 M1 KOHIIEHTPUPOBAHHOW CEPHOM KUCJIOTHI U KUISITHIIA TPU TIEPEMEIINBAHUU B
teueHue 24 u (koutpoib MeronoM TCX). PeaknnoHHYI0 Maccy OXJaXIalu 0
KOMHATHON TEMIIEpaTyphl, yMapuBaJd OPTaHWYECKUA PACTBOPHUTENb, IOJYYCHHYIO
Maccy xpomarorpadupoBaiu Ha cuiukarene (merpoieinsiii adup/sTunanerar, 1:1) u
nonyyanu 1.51 r (50%) dopmuara 61a u 0.54 r (21%) oneduna 62a.
Coeounenue 61a. benbie kpucramibl, T.0u. 85-87 °C. Rf = 0.4 (nmerponeiinbiii
0 s¢up : srunanerar = 1 : 1). [a]%® -129°, (¢ 1.0, CH,CI,).
~< UK crextp, cm ™ 2925, 1709 (HC=0), 1683 (PhC=0),
N

orcom 1182. Criexrp SIMP *H (CDCls), & w1 1.60 1 (3H,
", Ph

Jd m CHs, J 7.2 T'), 2.30-2.50 M (2H, C*H u C*H), 2.73-

61a 2.85 m (1H, C*H), 3.08 1.x (1H, C**'H, J 6.4 u 9.6 I'n),

3.26 1.1 (1H, C*H, J 6.6 u 9.3 '), 3.50 a.1 (1H, C?H, J 8.1 u 9.6 '), 4.08 m.x (1H,
C°H, J 8.1 u 9.6 '), 5.11 1 (1H, C*H, J 6.6 T'), 5.13-5.26 ymr.c (1H, C*H), 5.36 kB
(1H, CHPh, J 7.1 TI'u), 7.30-7.50 M (5H, Ph), 7.98 ¢ (1H, CHO). Crextp SIMP **C
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(CDCly), &, m.i.: 18.08 (CH5), 36.77 (C?), 44.35 (C*), 47.10 (C*), 50.97 (C*%), 51.36
(CHPh), 68.29 (C?), 78.71 (C®), 91.35 (C®), 127.87, 128.03, 128.62, 139.11 (Ph),
160.19 (CHO), 174.90 (C=0). Macc-criektp, M/z (lom, %): 302 [(M+H")] (100), 274
(12). Haitneno, %: C, 63.48; H, 6.21; N, 4.54. C,;H{9NO,. Breraucaeno, %: C, 63.79; H,
6.31; N, 4.65.
Coeounenue 62a. Becusernble kpucTamiel, T.ul 63-65 °C. Rf = 0.55
0 (metponeitusrii 3¢up : stunanerar = 1 : 1). [a]3° -11.7°, (¢ 1.5,
CH,Cl,). UK cmextp, cm™: 1721 (HC=0), 1678 (C=0), 1416.
Crextp SIMP 'H (CDCly), &, m.a.: 1.55 1 (3H, CHs, J 7.2 '),
Ph325-3.40 M (2H, C®'H u C®H), 3.50 a1 (1H, C*H, J 2.2 u
7.7 Tw), 3.70 m.x (IH, C*H, J 3.5 1 9.0 I'y), 3.90 .1 (1H, C*H,
J 6.6 u9.1 '), 4.96 1 (1H, C**H, J 6.4 T'm), 5.45 k8 (1H,
CHPh, J 7.2 T), 5.68-5.72 M (1H, C°H), 5.88-5.92 m (1H, C°H), 7.25-7.40 M (5H, Ph).
Crextp SIMP °C (CDCl5), &, m.x.: 18.16 (CH3), 46.07 (C*), 50.51 (CHPh), 50.70 (C*),
54.00 (C*™h), 72.32 (CY), 90.96 (C*), 127.71, 127.96, 128.52 (Ph), 130.61 (C°), 133.88
(C®), 139.60 (Ph), 173.78 (C=0); Macc-crektp, M/z (lom, %): 256 [(M+H™")] (100), 105
(63). Haitneno, %: C, 75.13; H, 6.46; N, 5.26. C;sH;7NO,. Beraucneno, %: C, 75.29; H,
6.67; N, 5.49.
(2aS,2a'R,3R,4aR,6aR)-5-Oxco-6-[(1S)-1-penursmun] okmazudpo-2H-1-okco-6-
asayuxnonenmalcd]nenmanen-3-un-gpopmuam 61b u (2aR, 2a'R,4aS,6aR)-6-[(1S)-1-

62a

Genunsmun] -2,2a,2a1,4a,6,6a-2ekca2u()p0-5H-1-0Kco-6-a3a-14umonenma[ cd/nenma-
nen-5-on 62b. o MeToaMKe aHATOTMYHOM IS MOJIYYeHHS coeauHeHui 6la u 62a u3
1.2 r (5 mmonb) coequnenus 9b momyuanu 1.58 r (53%) coenuuenust 61b u 0.47 r
(17%) coenunenus 62b.

Coeounenue 61b. Caerno-kenras MaciooOpasHas xkuakoctb. Rf = 0.3
(nerponeiinslii 5¢up : stunanerar = 1 : 1). [a]3’ -61.1°, (¢ 1.15, CH,Cl,). UK cnekTp,
em: 2979, 1723 (HC=0), 1689 (C=0), 1178. Crextp SIMP ‘H (CDCl,), &, m.1.: 1.68 11
(3H, CHg, J 7.1 '), 2.32 n.x (2H, C*H, 4.6 u 7.2 T'n), 2.81 k.1 (1H, C*H, 2.2 u 8.6
I'm), 3.03-3.11 M (2H, C**'H u C*H), 3.44 1.1 (1H, C*H, J 6.8 u 9.6 I'rr), 3.93 m.1 (1H,
C°H, J 8.5 u 9.5 I'n), 4.11 x (1H, C?H, J 7.2 T'wp), 4.99-5.10 ymr.c (1H, C°H), 5.12 B
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(1H, CHPh, J 7.4 Tn), 5.65 1 (1H, C®H, J 6.6 Tn),

7.22-7.42 m (5H, Ph), 7.95 ¢ (1H, CHO). Criekrp SIMP

OHCO—O —{ BC (CDCly), 8, m.x.: 16.99 (CHs), 37.04 (C%), 44.26

/’< Ph(c?) 47.45 (C*), 51.53 (C*9), 51.65 (CHPh), 68.08

(C?), 78.42 (C%), 91.32 (C®), 127.15, 127.33, 128.25,

141.80 (Ph), 160.25 (CHO), 175.70 (C=0). Macc-

ciektp, M/Z (lom, %): 302 [(M+HY)] (100), 274 (17). Haiineno, %: C, 63.54; H, 6.15; N,
4.42. C17H9NO,. Beruucneno, %: C, 63.79; H, 6.31; N, 4.65.

\\\\‘

61b

Coeounenue 62b. Cpetno-kopuuneBass maciiooOpasHas xkuakoctb. Rf = 0.45

0 (metpomneitasii 2dup : stumanerar = 1 : 1). [a]2® -63°, (¢ 1.05,

\/< CH,Cl,). UK crextp, em’™: 1722 (HC=0), 1674 (C=0), 1418,

@ N 1179. Criextp SIMP 'H (CDCls), &, m.1.: 1.69 1 (3H, CHs, J 8.3
g,

Ph T'), 3.30 m.x (1H, CzalH, J 5.5 u 8.8 I'm), 3.36-3.56 m (2H,
C"™H u C*H), 3.89 t.x (1H, C*H, J 1.7 u 7.2 Tw), 4.12 kB.X
(1H, C?H, J 1.5 1 7.2 T), 5.12 k8 (1H, CHPh, J 8.3 T'rx), 5.57-

5.79 yur.c (1H, C®H), 5.67-5.72 m (1H, C°H), 5.82-5.87 M (1H, C°H), 7.20-7.40 m (5H,

Ph). Criexkp SIMP *°C (CDCls), &, m.a.: 17.49 (CH,), 46.86 (C®), 51.21 (CHPh), 51.34

(C™), 53.72 (C*), 72.44 (CY), 91.04 (C*), 127.07, 127.26, 128.13 (Ph), 130.56 (C°),

133.94 (C°), 142.05 (Ph), 174.19 (C=0); Macc-crextp, M/Z (lom, %): 256 [(M+H")]

(100), 105 (52). Haitneno, %: C, 75.08; H, 6.52; N, 5.29 C1¢H;7NO,. Beruncaeno, %: C,

75.29; H, 6.67; N, 5.49.

(2aR,2a'S,3S,4a8,6aS)-3-I uopoxcu-6-[(18)-1-perunsmun] okmazuopo-5H-1-

e

=0 H

62b

oxco-6-azayuxnonenmajcd/nenmanen-5-on 63a. K 0.5 r (1.7 mmons) dopmuara 6la B
20 mn abcomoTHOro metanona gobasmsuim 0.47 r (8.7
MMOJIb) MeETWJIaTa HATpusa. PeakIMOHHyI0  Maccy
Hom nepeMemmBa 3 Yaca 10 WCYE3HOBEHUSI HCXOJIHOTO

dopmuara  (koHTpoabr MetogoM TCX). PactBop

63a yHapuBad, OCTATOK XpomaTorpadupoBaid Ha KOJIOHKE C
cunukareneMm (xsnopodpopm/meranon, 10:1) u nmomydanu 0.45 r (100%) crnupra 63a.

becupernbie kpuctamiel, T.101. 113-114 °C. Rf = 0.5 (x;mopodopm : meranon = 10 : 1).
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[a]30 -64.5°, (c 0.8, CH;0H). UK crextp, cm ™ 3367 (O-H), 2853, 1668 (C=0), 1448,
1158. Criextp SIMP 'H (CD;0D), &, m.a.: 1.59 1 (3H, CHs, J 7.2 I'n), 2.0-2.30 m (3H,
C*H, u OH), 2.65-2.69 M (1H, C*H), 3.08 7.1 (1H, C*'H, J 5.9 u 9.0 T'ny), 3.28 .1 (1H,
C*H,J 7.0 9.2 Tw), 3.45 n.1 (1H, C*H, J 7.5 1 9.4 T'nr), 3.99 m.1 (1H, C*H, J 7.7 u 9.4
I'n), 4.19 1 (1H, C°H, J 3.3 I'n), 5.08 1 (1H, C**H, J 6.8 I'w), 5.35 k8 (1H, CHPh, J 7.2
'), 7.29-7.39 M (5H, Ph). Criextp SIMP *C (CD;0D), &, m.x.: 18.14 (CHs), 39.62 (C%),
44.36 (C*), 46.75 (C*1), 50.91 (C*%), 53.52 (CHPh), 68.74 (C?), 76.50 (C®), 91.44 (C®),
127.81, 128.02, 128.56, 139.22 (Ph), 175.89 (C=0). Macc-cuiektp, M/z (I, %): 274
[(M+H")] (100). Haiizeno, %: C, 70.09; H, 6.71; N, 4.94. C14H:sNOs; Beruncneno, %:
C, 70.32; H, 6.96; N, 5.13.

(2aR,2a'R,4aS,6aR)-3-I uopoxcu-6-[(1S)-1-penunzmui] oxemazudpo-5H-1-0kco-
6-azayuxnonenmalcd]|nenmanen-5-on 63b. Ilo MeToIMKEe aHAIOTMYHOW JIJIS TTOJTYYCHUS
coeaunenus 63a u3 0.25 r (0.85 mmous) coeaunenus 61b momyuanu 0.21 r (98%)
coequnenuss 63b. Caemno-kopuuHeBas MaciooOpasHas skuakocte. Rf = 0.4

o (xnopodopm : mertanon = 10 : 1). [a]Z® -55°, (c 1.075,

/< CH,OH). WK crextp, cu™ 3377 (O-H), 2977, 1668

HO@-' N4< (C=0), 1427, 1051. Crextp SIMP 'H (CD;0OD), &, m.1.:

”I% Ph 166 1 (3H, CHs, J 7.2 T), 2.07-2.18 M (2H, C*Hy), 2.71

k8.1 (1H, C**H, J 2.9 u 8.1 I'n), 2.82-2.87 ymr.c (1H, OH),

3.03 k8 (1H, C*H, J 7.9 Tn), 3.10 x.x (1H, C*H,J 79 u

9.0 I'm), 3.42 1.0 (1H, C*H, J 7.5 u 9.2 T'ny), 3.86 T (1H, C°H, J 9.2 '), 3.99 x (1H,

C®H, J 3.3 '), 5.08 k8 (1H, CHPh, J 7.2 T'ny), 5.60 1 (1H, C®*H, J 6.8 I'rr), 7.18-7.42 M

(5H, Ph). Crextp SIMP *C (CD;OD), &, m.x.: 17.36 (CH3), 39.83 (C%), 44.33 (C™),

47.08 (C**), 51.68 (C*9), 53.66 (CHPh), 68.76 (C?), 76.13 (C°), 91.41 (C%), 127.14,

128.20, 128.58, 142.27 (Ph), 176.45 (C=0). Macc-criektp, M/Z (lom, %): 274 [(M+H")]

(100). Hatineno, %: C, 70.15; H, 6.76; N, 4.99. C1gH9NOs. Brruucieno, %: C, 70.32;
H, 6.96; N, 5.13.

(2aR,2a's,3S,4aS,6aR)-3-(mpem-{Bymun(oumemun)cunun}oxcu)-6-[(15)-1-gpe-

H

=
—a0

63b

nunsmui]okmacudpo-5H-1-oxco-6-azayuxnonenmal cd|nenmanen-5-on 64a. K

pactBopy 0.2 1t (0.7 mmoinb) cnupra 63a B 5 MJI CyXOro XJIOPUCTOIO METHIICHA
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nob6asasu 0.06 T (0.9 mmons) mmugaszona u 0.14 r (0.9

MMOJIb)  mpem-OyTunaumeTwicumiaxiopuga.  Cmech

TBSOn IEepEMEINNBAIM B TEYEHUE 6 YacoB IPU KOMHATHOM

TEMIEpaType [0 MCYE3HOBEHHS MCXOJHOTO CHUPTA
642 (xoHTpOABL MeTogoM TCX). BhinaBminii B peakiiuu 0cagok
¢unpTpoBasM U ipoMbiBaM Ha ¢unbTpe LlloTTa XMopucteiM MeTmiieHOM. PUIBTpaThI
O00BEIUHAIN, PACTBOPUTENH YIIAPUBAIHN, OCTATOK XpoMaTorpadpupoBaiu Ha CHIIMKAreye
(netponeitnbiit aup/stunanerar, 10:1). Iomyuanu 0.25 v (94%) cunuioBoro sdupa
64a. benbie kpuctamiel, T.01. 70-72 °C. Rf = 0.5 (meTponeitnbrit a3¢up : sTMnamerar =
20 : 1). [@]3° -11.8°, (c 1.07, CH,Cl,). UK cnektp, cm™: 1678 (C=0), 1416. Crextp
SMP 'H (CDCly), 6, m.a.: 0.02 ¢ (3H, CH3Si), 0.06 ¢ (3H, CH3Si), 0.85 ym.c (9H,
(CH3)5C), 1.59 1 (3H, CHs, J 7.2 I'ny), 2.10-2.25 M (2H, C*H,), 2.62 n.a.a.x (1H, C**H, J
2.8,7.1,7.6 8.3 'w), 3.03 m.x.x (1H, C*H, J 5.1, 8.0 u 8.3 '), 3.25 1.1 (1H, C**'H, J
6.5 u 8.3 I'n), 3.43 x.1 (1H, C*H, J 7.6 u 9.3 '), 3.98 .1 (1H, C°H, J 7.1 u 9.3 I'n),
4.10 n.x (1H, C*H, J 2.8 u 4.0 '), 5.05 x (1H, C**H, J 6.8 I'ny), 5.36 k8 (1H, CHPh, J
7.0 T'), 7.30-7.40 M (5H, Ph). Crextp SIMP *C (CDCls), &, m.x.; -4.86 (CH,Si), -4.69
(CH5Si), 17.96 ((CH3)5C), 18.12 (CHs3), 25.72 ((CH5)3C), 39.85 (C*), 44.29 (C?), 46.66
(C*h), 50.73 (C*9), 54.06 (CHPh), 69.02 (C?), 77.15 (C%), 91.30 (C®), 127.69, 127.98,
128.52, 139.46 (Ph), 175.90 (C=0). Macc-cektp, M/z (lor,, %): 388 [(M+H™)] (100).
Haiineno, %: C, 67.83; H, 5.55; N, 3.49. C»H33NO3Si. Beruucneno, %: C, 68.11; H,
5.68; N, 3.61.
[(3R,3aR,4R,5S,6aS)-5-(ayemunoxcu)-3-euoporcu-1-oxco-2-{(1S)-1-penursmun-
amun}oxkmazuopoyuxionenmalClnuppon-4-unlmemunayemam 66b. K pacrBopy 0.5 1
(1.83 mmomp) Tpuiukiaa 63b B 5 M cBekemeperHaHHOTO
YKCYCHOTO aHTHApHUa TIPH MePEeMEITNBAHUH ITPUKAITbIBAIN

\\\\\
><j _< 0.26 T »dupata TpéxdTopucTOoro O6opa W TOIYICHHYIO

Ph  CMECh MEPEMENIUBAIIA B T€YEHUE 3 4 (KOHTPOJIb METOJOM

=
=
=

AcO TCX). Iocine OKOHYAaHUS peakuuu JOOABISIN 7 MII BOJIBI,

66b nepememmBan 1 4 u mgobasmsyiu cyxoit NaHCO; o

MpEKpaIleHNs] BbIACICHUS Ta3a. PeakliMOHHYI0 MacCy SKCTParupoBalid ATUJIAIETATOM
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(3x10 mu1), 0OBeAMHEHHBIE IKCTPAKTHI CYIININ HaJ CyIb(aTOM MarHus, OpraHMueCcKui
pacTBOpPHUTENb yMapUBalIM, OCTaTOK XpoMarorpadupoBail Ha CHIIMKAreje CHCTEMOM
(merponerinbii  3dup/stunanerar, 1:3). [Nomywamu 0.5 © (73%) numanerata 66b.
becugernpie kpuctawisl, T.01. 60-63 °C. Rf = 0.4 (metposeiinbiii 2¢up : sTmnanerar =
1 :3). [a]Z -19.9°, (¢ 1.2, CH.Cl,). UK cmextp, cm : 3338 (O-H), 2985, 1733
(CH3C=0), 1650 (NC=0), 1461, 1372, 1240. Crextp SIMP 'H (CDCl,), &, m.a.: 1.95 M
(1H, C®H), 2.00 ¢ (3H, CH5C=0), 2.05 ¢ (4H, CH;C=0 u OH), 2.40-2.60 m (2H, C®H u
C¥H), 2.65 M (1H, C°H), 3.20 m (1H, C*H), 4.05 x.1 (1H, CH,0, J 5.8 u 11.7 I'ry), 4.20
n.x (1H, CH,0, J 8.1 u 11.7 Tw), 4.80 xB (1H, C°H, J 6.3 T'), 5.30 1 (1H, C*H, J 6.4
I'm), 5.38 k8 (1H, CHPh, J 7.1 '), 7.20-7.50 M (5H, Ph). Criextp SIMP *C (CDCly), &,
m.1.: 17.00 (CHs), 20.81 (CH;C=0), 20.95 (CH;C=0), 33.63 (C°), 42.56 (C®¥), 45.28
(C*), 45.58 (C*), 50.34 (CHPh), 61.74 (CH,0), 74.85 (C°), 82.25 (C%), 127.33, 128.11,
129.01, 141.00 (Ph), 170.80 (CH3C=0), 170.99 (CHs;C=0), 175.81 (NC=0). Macc-
ciiektp, M/Z (lym, %): 257 [(M+HY)] (100). Haiineno, %: C, 63.83; H, 6.56; N, 7.24.
CyoH25NOg. Berancaeno, %: C, 64.00; H, 6.67; N, 7.33.
(1S,2R,3R,4S)-4-2uopokcu-2,3-6uc(euopoxcumemun)-N-[ (1S)-1-penunsmun] -
yuknionenmanxapookcamuo 67b. K pacrBopy 0.38 r (1.0 mmoib) nuarerata 66b B 10
M 1:4-cmecu Boabl M 1,4-nMOKCaHa IpU NEPEMENIMBAHUN
“\\/< nobasmsmn 0.38 r© (10 MMonb) Ooporuapuja HaATpus u
><j 4{ KUISITUIIM B TeueHue 8 4 (koHTpodb MeTojoM TCX). Ilocne
””/ OXJIAXKICHUS PEaKLIMOHHOMU CMeECH OPTraHUYECKUU

/IIII

HO OH

67b pacTBOPUTENIb YHapHBAIM TNPU TOHWKCHHOM JABJICHHUH, K
OCTaTKy TMpH TnepememuBaHuu ao0aBmsum 10 mi  TerparuapodypaHa, CyIIHiIn
cyiabhaToM MarHus, (QUIBTPOBAIM, YNAPUBAIA TPH IMOHMKCHHOM JaBJICHUU U
nonydanu 0.25 r (86%) Tpuonamuga 67b. becuBernbie kpuctamibl, T.aut. 113-114 °C.
Rf = 0.3 (xnopodopm : meranon = 5 : 1). [a]2° -62.4°, (c 0.8, CH,Cl,). UK cnekTp,
eMm 1721 (CH3C=0), 1678 (C=0), 1416. Cnextp SIMP 'H (CDs;0OD), 6, m.a.: 1.48 n
(3H, CHs, J 6.0 T'), 1.75 m.am (1H, C°H, J 3.7, 8.6 u 13.5 '), 2.24 n.a.a.x (1H, C°H, J
7.2,7.4,7.6u13.1Tn), 2.35 n.a.n (1H, H° J 7.4,8.6u13.5T),2.65 n.aa.n(1H, CZH,
J5.2,80,86mn13.1 ), 3.12 k8 (1H, C'H, J 8.6 I'ny), 3.37 .1 (1H, CH,O mpu C?, J
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8.0 u 16.5 '), 3.42 n.x (2H, OH u CH,O mpu C%, J 5.2 1 16.5 I'y), 3.70 m (3H, OH u

CH.0 mpu C°), 4.22 n.a.x (1H, C*H, J 3.7, 7.4 u 7.6 T'r), 4.84 ¢ (1H, OH), 4.96 B (1H,

CHPh, J 7.0 T'r), 7.15 M (1H, NH), 7.30-7.40 m (5H, Ph). Crextp SIMP **C (CD;0D),

5, m.o.. 22.51 (CHs), 38.05 (C°), 46.29 (C?), 46.47 (C%), 49.54 (CHPh), 54.08 (C%),

60.75 (CH,O mpu C?), 61.66 (CH,O mpu C°), 75.14 (C%), 127.23, 128.11, 129.53,

145.30 (Ph), 175.52 (C=0). Macc-criektp, M/Z (lom, %): 294 [(M+H")] (100). Haiineno,
%: C, 65.49; H, 7.79; N, 4.63. C1sH23NO,. Brruucneno, %: C, 65.53; H, 7.85; N, 4.78.
(3aR,4R,5S,6aS)-4-/ (ayemunoxcu)memun]-1-oxcoeexcacudpo-1H-yuxnonenma-

o [c/@ypan-5-un-ayemam 68b. Pactop 0.25 T (0.85 M™MMOIMIB)

m\“\\/< tpuosiamuaa 67b B 6 mu 1:2-cmecu 9.0 H. cepHOM KUCIOTHI U 4

ACO,G""///,, /0 M 1,4-nMOKCcaHa KUMSTHWIM B T€YEHUE 5 4 (KOHTPOJIb METOJAOM

TCX), nobGapnsiniu HackieHHbI BogHBIN pactBop NaHCO; no

I”Iu.,

AcO =
68b HEUTpaJIbHON peaKLuu. Oprannveckuii pacTBOpPUTEID

yHnapuBaJid, BOAHBIM CJIOM 3KCTparupoBaiv JTHiareratoM (5x5 mut), oObeIUHEHHBIC
opranndeckue dKcTpakThl cymuian MgSO, u ynapusanu. Ceipoil TpoayKT 0€3 OUUCTKH
pPacTBOPSIM B 5 MJI MUPUJIUHA U TIPU TiepemennBaHuu o0aBsuin 0.05 M yKCyCHOTO
anrunpuzaa. [locne 3 4 nepemMemmBaHus MOJIy4eHHOU cMecH (KOHTpoJib MeTogoM TCX),
OpraHMYEeCKUW  PacTBOPUTENIh  YMApWUBAJIM, OCTAaTOK  OYHUIIAIM  KOJIOHOYHOM
xpomaTtorpadueii Ha cunukarene u noiaydanu 0.2 r (90%) muanerara 68b. Xenrosartas
Macyoo0pasHas xuakocts. Rf = 0.5 (merponeiinsiii s¢up : stunanerar = 1 : 1). [a]4 -
21.6°, (c 0.9, MeOH). UK crextp, cM = 1768 (CH;C=0), 1748 (CH3C=0). Criektp
SIMP 'H (CD;0D), &, m.x.: 2.05 ¢ (3H, CH3C=0), 2.06 ¢ (3H, CH5C=0), 2.08 .1 (1H,
C®H,J3.2u7.0 ), 2.54 k.1 (IH, C*"H, J 3.2 1 6.7 '), 2.56 n.x (1H, C°H, J 6.7 1 9.1
'), 3.18 maa (1H, C®H, J3.2,9.0 u 10.1 T'), 3.23 n.aa.x (1H, C*H, J3.8,8.3,8.8u
8.9 Tm), 4.14 n.n (1H, CH,0OAc, J 7.1 u 11.9 '), 4.22 n.a (1H, CH,OAc,J 5.1 u 11.9
'), 428 n.x (1H, C°H, J 3.8 u 10.8 T'), 4.38 1.1 (1H, C°H, J 8.1 n 10.8 '), 5.05 T
(1H, C°H, J 6.7 T'u). Crextp SIMP *C (CD;0OD), &, m.x.: 20.78 (CH;C=0), 21.02
(CH,C=0), 34.42 (C?), 39.09 (C%), 41.59 (C®), 46.28 (C*), 61.47 (CH,OAc), 67.38
(C?), 75.94 (C®), 170.28 (CH5C=0), 170.60 (CH;C=0), 179.14 (NC=0). Macc-crexTp,
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M/Z (lom, %): 257 [(M+H)] (100). Haiineno, %: C, 56.03; H, 6.15. Ci,Hi60s
Brruucneno, %: C, 56.19; H, 6.24.

3.4 DKcnepuMeHT K pa3aeiy 2.2.2

Memunoswiti  a2¢pup  (1S,2R,5R)-2-xnopmemun-5-mpumemuncurunyuxionenm-3-
enxapbonosou kucromer 10b. K mpenBapurensro oxnaxaeHHomy pactBopy SOCI; B
Me;Si O MeOH (1:5, 18 mxn) npu 0 °C go6asmnsiau no karisim pactsop 0.2

W o " 1 (1.0 mmonp) coenunenus (-)-16 B 5 ma CH,Cl,. Peaknmonnyto
MacCy INepeMelMBaIM / Y TPU KOMHATHOW TEMIIEpAType

.ul/////

b Sl (kouTposib MeTogoM TCX), oxmaxknamu no 0 °C u gobapisum
Hacermennabiid pactBop NaHCO; mo pH = 6.5-7.0. Opranndeckuit
pacTBOPUTEIb YIApUBAIM, BOJHYIO (pa3y SKCTparupoBasid dTuianeraroM (3X20 mi),
OOBEMHEHHBIE OSKCTPaKThl cymmin 0e3BogubiM MQSO, ¥ KOHIICHTpUPOBAIH B
BakyyMe. OCTaToOK OYMINAIM KOJOHOYHOW Xxpomatorpadueir Ha SiO, (meTposeiHbIi
sa¢up/stunanerat, 50:1) u moaydamu 0.2 v (80%) coemuuenus 70b. ITpospaunas
XenToBaras MacisiHUCTas )uakocTh. Rf = 0.8 (merponeiinsiii 3¢up : stmnanerar = 40 :
1). [@]2° -170.8°, (¢ 1.1, CH,Cl,). MK crextp, cM : 2953, 1735 (C=0), 1435, 1355,
1288, 1251, 1172, 1159, 867, 835, 731. Crextp SIMP 'H (CDCls), &, m.a.: 0.01 ¢ (9H,
Si(CH3)3), 2.4 M (1H, C°H), 3.15 n.n (1H, C'H, J 7.3 T'w), 3.28 m (1H, C°H), 3.45 n.1
(1H, CH,CI, J 7.0 u 10.7 T'x), 3.55 a.x (1H, CH,CI, J 7.0 u 10.7 T'ry), 3.69 ¢ (OCHs),
555 M (IH, C*H ) u 5.77 m (1H, C*H). Cnektp SIMP *C (CDCly), &, m.x.: -3.28
(CH,Si), 37.97 (C°), 44.68 (CY), 46.75 (CH,CI), 51.42 (OCHj), 51.79 (C?), 127.21 (C?),
133.77 (C%), 174.27 (C=0). Macc-crextp (APCI), m/z (lom, %): 246 [(M+H"), *Cl]
(100), 214 (18). Haiineno, %: C, 53.63; H, 7.69; Cl, 14.41. C1;H4CIO,Si. Beruucneno,
%: C, 53.65; H, 7.72; Cl, 14.43.
(3aR,6aS)-3a,4-0ucuopo-3H-yuxnonenmalc] pypan-1(6aH)-on 71b.
Memoo A. K pactBopy 0.15 r (0.76 mmonp) ammiacwiana 70b B 10 wmur
terparunpodypana gobasmsyim 2 mi 10%-HOTO pacTBOpa XJOPHUCTOTO BOJOpOAA U

CMECh MepeMENIMBaIM NpPU KOMHATHOM Temmeparype B TeueHue 15 4 (KOHTpOJIb
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meromoM TCX). Opranudeckuid pacTBOPHUTENb yHapWBaIW, BOJHYIO (a3y
AKCTparupoBaiu stuianeraroM (3X20 Mi), OOBEIUHEHHBIE SKCTPAKThl CYIIWIH
oe3BogHbiM MQSO, 1 KOHUEHTpUpOBaIM B Bakyyme. OCTaTOK OYMINAIN KOJIOHOYHOMN
xpomarorpadueii Ha SiO, (merponelinbiid dpup/s>Trnanerar, 3:1) u nomxydamu 0.08 r
(78%) coequnenus 71b.

Memoo b. K pactBopy 0.1 1 (0.56 MMouip) nukionentena 72b B 10 M meranosna
nobapmsmm 0.16 T (2.8 MMOJIB) THAPOKCHIA Kalldsd, CMECh MEPEMEIINBAINA IPU
KUISTYeHUH B TeueHue 6 4 (KoHTpoiab MetogoM TCX) u opraHuyeckuil pacTBOPUTEIND
ymapuanu. Octatok pactBopsiu B 10 mu auokcana, no6asmsmu 9N pactBop H,SO4 10
pH = 1.0 u nepememmBany npu KumnsiueHuH 2 4. OpraHuyeckwii pacTBOPUTEND
ynapuBaiu, BOAHYIO (pa3y skcTparupoBaiid 3TmiianeraroM (3X20 mut), oObeAMHEHHBIC
IKCTpakThl cymmiau 0e3BoaHbiM MQSO, u koHIeHTpupoBamu B BakyyMme. OcTaTok
OYMILIAIA KOJIOHOYHOM Xpomartorpadueii Ha SiO, (meTposeiinblii a3¢up/sTunanerar, 3:1)
u nostydanu 0.06 1 (82%) coenmunenus 71b.

Coeounenue 71b. Ilpo3paunas MaciasHucTas xuakoctb. Rf = 0.6 (merponeitabiii

o ¢up : srumanerar = 3 : 1). [a]%® +96.5°, (¢ 0.9, CH,CIl,). UK cnekTp,
‘M“‘“\“\/< cM : 3054, 2925, 2856, 1758 (C=0), 1444, 1376, 1174, 1138, 1060,
@ o 989, 927, 790, 676. Criektp SIMP *H (CDCls), &, m.x.: 2.33 1 (1H, C*H,
m/ J55 Tm), 2.68-2.78 M (1H, C*H), 3.25 keunrt. (1H, C**H, J 8.3 Tn),
3.63-3.67 m (1H, C**H), 3.87 1.1 (1H, C*H, J 7.2 1 9.0 T'y), 4.57 T (1H, C°H, J 9.0 T'wy,),
5.74-5.76 m (1H, C°H), 5.87-5.91 M (1H, C°H). Cnextp SIMP *°C (CDCly), &, m.z.: 37.13
(C", 39.08 (C*), 52.53 (C™), 74.28 (C?), 126.33 (C°), 132.68 (C°), 176.95 (C=0).
Macc-cniektp (APCI), m/z (lym, %): 125 [(M+H")] (100). Haiineno, %: C, 67.73; H,
6.42; O, 25.78. C;HgO,. Beruucneno, %: C, 67.74; H, 6.45; O, 25.80.

(1S,5R)-memunosviviii  2¢hup  5-(xnopmemun)yuxionenm-2-eHkapOoHOB80U  Kuc-
nomut 12b.

Memoo A. K npeasaputensHo oxinaxaenaomy pactsopy SOCI, B MeOH (1:5, 18
wt) nipu 0 °C npo6asinsuin 1o karuism pactBop 0.19 r (1.0 mmons) coequnenust 70b B 5
min CH,Cl,. PeakunoHHyI0 MacCcy MepeMeIIMBaal 2 Y MPH KUISYEHUH (KOHTPOJIb

MerogoM TCX), opraHvudeckuil pacTBOPUTEIh YyHApPUBAIA M OCTATOK OYMILAIU
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KOJIOHOUHOUW Xxpomarorpadpueii Ha SIO, (merponeinbiii 3¢up/stmnamerar, 50:1) wu
nosryganu 0.2 T (85%) coemunenus 72D.

Memoo B. Tlo meToauke aHanoruuHou st oopadorku 70b u3 0.25 r (2.0 MMob)
coequHenus 71b moxywamu 0.32 r (90%) coenuuenus 72Db.

Coeounenue 72b. Tlpospaunas skentoBaras MmacisHucras kuakoctb. Rf = 0.5

0 (metponeitusiit >¢up : stumanerat = 40 : 1). [a]3 -182.2°, (¢
“\“\\“\ 0.95, CH,Cl,). UK cnektp, cM : 2952, 1705, 1434, 1372, 1209,
@ O 1173, 1145, 722. Cuextp IMP 'H (CDCls), 8, m.x.: 2.34-2.39 m

’ (1H, C*H), 2.51-2.57 m (1H, C*H), 2.90 t.1 (IH, C°H, J 7.8 u
b Cl 15.7 Tt ), 3.59 m (1H, CH,CI, J 8.1 u 10.6 T'r), 3.69 ¢ (OCH3),
3.75 a.x (1H, CH,Cl, J 7.8 u 10.6 T'my), 5.72 n.x (1H, C*H, J 22 u 5.7 ' ), 5.97 n.1
(1H, C°H, J 2.2 u 5.7 ' ). Crextp SIMP °C (CDCly), &, m.x.: 29.35 (C°), 36.42 (C%),
43.96 (CH.,CI), 51.48 (OCH,), 52.11 (C"), 128.47 (C°), 133.79 (C?), 175.89 (C=0).
Macc-criextp (APCI), M/Z (I, %): 175 [(M+H"), *°CI] (100). Haiinero, %:C, 51.05; H,
4.77; Cl, 18.85. CgHoCIlO3. Beruucieno, %: C, 51.06; H, 4.78; Cl, 18.88.
(3aR,6R,6aS)-6-Tpumemuncunun-3,3a,6,6a-mempacuopo-1H-yuxionenma/cj gy-
pan-1-on 73b. K nepememmuBaemomy pactsopy 0.5 1 (2.5 Mmoib) coenunenus (-)-16 B
Me;Si OH 30 My abCOJIIOTHOTO XJIOPUCTOIO METHJIEHAa B aTMocdepe aprona
L npu -7/8 °C mo karusim nipubasisum 0.9 r (6.3 mmoinb) 73%-Horo

/0 muuzo0ytunamoMununiiruapuaa B 10 mim  rekcana. Ilocne
.,II/II//

73b nepemernmBanusi B TeueHue 30 MuHyT (KOHTpOab metonoM TCX)

temnepatypy nogauManu o0 0 °C m mpmOGasmsimm 10 M HACHIIIEHHOTO PacTBOPa
xjopuaa ammonus. [Tonydennyro maccy (GUIBTPOBANIA, OPTaHUUYECKUN CIIOM OTACIISUIH,
BOAHYIO a3y IKcTparupoBaid XJOpUCThIM MeTwieHoM (3X30 mut). OO0benrHEeHHbBIE
OpraHM4ecKue OHKCTpakThl cymuiau Hag MQSO,, ynapuBanu, BakKyMHpPOBAaIU U
OYMINAIA KOJOHOYHOW xpomarorpadueid Ha SiO, (nmerposeiHblit 3dup/>THIaNETAT,
50:1). Iony4anu 0.48 r (98%) coenunenus 73b. benbie kpuctamibl, .11 5456 °C. Rf
= 0.3 (metpoueiinsiit adup : stmmanerar = 3 : 1). UK crektp, em ': 3390 (O-H), 2953,
2921, 1246, 964, 841. Cnextp IMP 'H (CDCls), &, m.xa.: -0.03 ¢ (9H, (CH3);Si), 1.80-
1.87 M (2H, C°H u OH), 2.60-2.64 m (1H, C*H), 3.35-3.39 M (1H, C**H), 3.70-3.75 m
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(1H, C®H), 3.83-3.88 M (1H, C°H), 5.09 ¢ (1H, C'H), 5.39-5.42 M (1H, C*H), 5.61-5.64
M (IH, C°H). Crektp SIMP °C (CDCly), &, m.i.: -3.45 ((CHs)sSi), 40.47 (C°), 49.86
(C®), 50.73 (C*), 70.32 (C%), 107.74 (C'), 128.49 (C%, 132.58 (C°). Macc-crektp
(APCI), m/z (lyp, %): 199 [(M+H)] (100). Haiineno, %: C, 60.44; H, 8.86. C1oH150,Si
Brrancieno, %: C, 60.60; H, 9.09.

[(1S,2R,5R)-5-Tpumemuncunun-3-en-1,2-ouun] oumemarnon 74b. K
nepeMenBaeMor cycnensuu 2.85 r (75.0 mMMomb) amroMoruapuaa Jutus B 70 mu
Me;Si abcomoTHoro Terparuapodypana mnpu 0 °C mpukanbiBaIu

~N,; pactBop 2.1 r (10.7 mmonp) nakrona (-)-16 B 50 ma TI'® B

teyeHue 10 MuH. HOHY‘IGHHYIO CMCCh IICPpCMCIINBAJIN B TCUCHUC 1

“ OH
///////

Y Mpu TOU ke Temreparype (koHTposib MerogoMm TCX), 3arem
74b

npukanaad 20 MJI HaCBIIEHHOTO PacTBOpa XJIOpHJIa aMMOHUS,
(bunapTpOBaANIK, 0CaTOK NpoMbIBaiu 3tuianeratoM (3x30 mi). OuabTpar CyIIUIH HaJ
MgSO,, opranmdeckuii pacTBOPUTENb YHapHUBalM, OCTATOK OYHUIIAIK KOJOHOYHOM
xpomarorpadueii Ha SiO, (merposeiinbiii 3up/s>Trnanerar, 1:1) u momyyamu 1.95
(91%) nuona 74b. Ceerno-kopudHeBas MaclaooOpasHas kuakocTs. [a]% —103.4° (c
0.98, CH,Cl,). Rf = 0.3 (merpoueiinsiit adup : stunanerar = 1 : 1). UK crektp, cM
3310 (O-H), 1248, 1051, 837, 728. Cmektp SIMP 'H (CDCly), &, m.a.: 0.0 ¢ (9H,
(CH5)3Si), 1.54-1.60 M (1H, C°H), 2.55-2.64 m (1H, C'H), 3.01-3.12 m (1H, C°H), 3.55-
3.81 M (6H, 2CH,0H), 5.31-5.35 m (1H, C°H), 5.68-5.72 m (1H, C*H). Cnexrp SIMP
B3C (CDCly), &, m..: 1.90 ((CH,)3Si), 34.31 (C), 42.21 (CY), 49.38 (C?), 61.70 (CH,0),
62.93 (C’H,0), 130.68 (C*), 133.35 (C*). Macc-crektp (APCI), m/z (lom, %): 201
[(M+H")] (100). Haiineno, %: C, 59.74; H, 9.86. CyyH20,Si Beruucneno, %: C, 59.91;
H, 9.98.

[(1R,4R,5S)-5-(2-Memoxcusurun)-4-(mpumemuncurun)yuxionenm-2-en-1-uuj-
memanon 15b u [(4aR,5R,7aR)-3-umemoxcu-1,3,4,4a,5,7a-cexcacuopoyuxionenmalcl-
nupan-5-un]mpumemuncunan  76b. K  pacrBopy 0.87 r (2.54 mMmoib)
MeTokcuMmeTuwiuaeHTpupenmwipochonnii  xmopuaa B 20 wMa abCONMIOTHOTO
terparuapodypana, oxiaxaeHHoro ngo0 -/8 °C, B wuHepTHOMl aTMocdepe mpu

nepeMemmBanud  go6asmsin 1.85 ma (2.2 mmons) 1.2M  pactBopa NaHMDS,
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NOJHUMAJIA TEMIIepaTypy 10 KOMHAaTHOM M nepememmBaid 10 muH. PeakunoHHyro
Maccy CHOBa oxJaxaanu 10 -/8°C u npukansisamu pactsop 0.2 r (1.0 MMoins) nakrona
73b B 10 M terparumpodypaHa, TeMIepaTypy peakIMOHHOW MAacChl MOAHUMAIH 0
KOMHaTHOM U mepememBain 3 4 (KoHTpodb metonoM TCX). PeaknnoHHyro Maccy
oOpabartbiBanu 106aBieHrueM 10 MJI HACBHIIIEHHOTO pacTBopa xjopuaa aMMmoHus u 10
MJI BOABL, (PUIBTpOBANM, OPraHMYECKUI CJIOW OTACNSNIA U BOJIHYIO (a3y
sKcTparupoBanu 3tuianeratom (3X20 mur). OObeIUHEHHBIE OPraHUYECKUE IKCTPAKTHI
CYIIWIN HaJ Cyab(})aToM MarHus, ynapuBaJd MPU MOHUKEHHOM AaBieHHH. OuncTKa
IPOJYKTOB KOJIOHOYHOW Xxpomarorpaduerr Ha SiO, (meTposielHbIi dpup/dTHIIAICTAT,
1:1) npuBoamna k 0.84 r (67%) 1:1-cmecu snumepoB 76b u 0.28 1t (23%) 7:1-cmecu Z-
u E-enom dupos 75b.
Coeounenue 76b. TIpo3paunas Bsi3kas xunkoctb. Rf = 0.5 (meTponeitnbrit 23¢up :
Me;Si srunareraTr = 20 : 1). MK cnektp, cM : 3046, 2953, 2836,
- OMe 1404, 1248, 1139, 1060, 864, 800. Crrextp SIMP 'H (CDCly),
) T o, m.a.: -0.03 ¢ (4.5H, (CHj3)sSi), -0.02 ¢ (4.5H, (CHj3)sSi”),
761:’”/ 1.50-1.72 M (3H, 2C°H, C°H, 2C¥H u CH), 2.24-2.29 u
(0.5H, C*H), 2.51-2.56 M (0.5H, C**'H), 2.56-2.61 xomm (0.5H, C™H), 2.75-2.81 M
(0.5H, C"™®H), 3.36 ¢ (1.5H, OCHa), 3.37 ¢ (0.5H, OCHy’), 3.58 .1 (0.5H, C'H,J 2.2 u
11.8 Tw), 3.68 m.x (0.5H, C'H>, J 7.8 m 11.7 I'y), 3.72 1.1 (0.5H, C'H, J 6.6 u 11.7 '),
3.90 2.1 (0.5H, C'H’, J 4.4 u 11.8 '), 4.49 n.x (1H, C°H, J 4.2 u 8.7 '), 4.62 T (1H,
C*¥H, J 3.5 '), 5.35 x.t (0.5H, C'H, J 1.8 u 5.7 ') 5.52 a.t (0.5H, C""H, J 2.0 u 5.6
'), 5.71-5.76 m (1H, C°®H u C*H). Crextp SIMP °C (CDCls), &, m.x.: -2.93, -2.60
((CHa3)3), 32.39, 34.83 (C°), 33.46, 34.22 (C%), 43.01, 43.15 (C*), 44.00, 45.05 (C'®),
54.92, 55.14 (CH30), 59.84, 62.83 (C'), 97.99, 99.84 (C®), 126.55, 129.37 (C"), 133.49,
133.66 (C°). Macc-criektp (APCI), M/z (o, %): 227 [(M+H™")] (100). Haiizero, %: C,
63.49; H, 9.62. C1,H2,0,Si. Beruncneno, %: C, 63.67; H, 9.80.
Coeounenue 75b. TIpo3paunas Bsizkas xuakoctsb. Rf = 0.4 (meTposneitablit 23¢up :
srunaneratr = 1 : 1). UK cnektp, oM ;3356 (O-H), 3041, 2952, 2898, 1652, 1465,
1451, 1391, 1311, 1248, 1206, 1159, 1142, 1106, 1025, 949, 937, 868, 837, 793, 751,
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719, 692. Macc-ciextp (APCI), M/z (lom, %): 227 [(M+H")] (100). Haiineno, %: C,

63.55; H, 9.65. C1,H,,0,Si. Berauciieno, %: C, 63.67; H, 9.80.

Jlas ocHoBHoro E-m3omepa. Crextp SIMP 'H (CDCLy), &, m.x.: 0.0 ¢ (9H,
(CHs)3Si), 2.05 ¢ (1H, C*H), 2.82-3.01 m (3H, C°H, OH u C'H), 3.36-3.45 M (1H, CHy),
3.45 ¢ (3H, OCHy), 3.52-3.61 M (1H, CH,), 4.82 T (1H,

Me;Si
O CH3;OCH=CH, J 11.7 '), 5.60-5.65 M (1H, C*H), 5.70-5.75
M (1H, C*H), 6.35 1 (1H, CH;0CH=CH, J 7.6 T'y). Criektp
75])'"”_0}1 SIMP C (CDCly), &, m.x.: -3.44 ((CHs)sSi), 41.13 (C%),

43.43 (C°), 52.43 (Ch), 55.04 (CH;0), 62.63 (CH,), 104.76

(CH;OCH=CH), 129.20 (C%), 132.0 (C?), 146.74 (CH;OCH=CH).
(4aS,7aR)-1,3,4,4a,7,7a-I excacuopoyuxionenmac/nupam-3-on 77b.
Ananorndno memody A s mnomydenus 71b w3 0.23 r (1.0

\\\\\\ OH
@ \rﬂﬁ MMOJIb) MeTOKcmiakToya 76b momyuamu 0.12 1t (87%) nakrona
77

iy © 77b. becusernas MaciaooOpasHas kuakoctb. Rf = 0.3

’ (metponeiiubiii 5dup : stmmanerar = 1 : 1). UK crektp, cm™:
3463 (O-H), 3046, 2918, 1625, 1487, 1423, 1379, 1275, 1126, 1071, 977. Cnextp SIMP
'H (CDCly), 6, m.n.: 1.26 T (1H, C*H, J 7.1 T'), 1.70  (1H, C*H, J 3.9 '), 1.73 T (1H,
C'H, J 3.7 T), 2.26 1 (1H, C'H, J 12.2 T'), 2.78-2.85 M (1H, C’“H), 2.90-2.96 m (1H,
C*H), 3.48 n (IH, C'H, J 11.5 I'y), 3.64 n.n (IH, C'H, J 4.6 u 11.6 T'ry), 4.73 n.x (1H,
OH, J 2.4 u 4.6 Tu), 5.42 1 (1H, C°H, J 3.4 T'n)), 5.94-5.99 M (1H, C°H), 6.22-6.25 m
(1H, C°H). Criextp SIMP *C (CDCls), 8, m.x.: 29.78 (C*), 39.77 (C), 46.05 (C*), 62.12
(C™), 84.21 (CY), 100.09 (C%), 133.89 (C°), 137.02 (C°). Macc-criektp, M/Z (lom, %):
141 [(M+H")] (100). Haiineno, %: C, 68.46, H, 8.47. CgH1,0,. Boruncneno, %: C,
68.55, H, 8.63.

[(1S,2R,5R)-5-({[mpem-Bymun(oumemuncunun)] okcu}memun)-5-mpumemuncu-
aun)yurionenm-3-en-1-unfmemanon 80b u [(IR,4R,5S)-2-({[mpem-oymun(oumemun-
cunun)] oxculmemun)-4-mpumemuncunun)yurkio-neum-2-en-1-unJmemanon  81lb. K
pactBopy 1.5 r (7.50 mmoub) auona 74b u 0.46 r (6.75 mmons) umuaazona B 100 mi

abconoTHOTO XJopucToro metuieHa npu 0 °C mpukaneiBamu pactBop 1.13 r (7.50

MMOJTb) mpem-OyTHIIUMeTHACHIIIXIopuaa B 50 M1 XJIOpUCTOTO METWJIEHA |
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nepeMennBaii 5 4 Opu KOMHaTHOM Temneparype (koHTpoas merogoMm TCX). ITorom

no0asisii 30 MJ1 BOJBI, OPraHUYECKUI CI0M OTIENSIIN, BOAHBIN CIION SKCTPAarupoBain

XJIOPUCTBIM MeTuieHOM (3x20 M), 00beIMHEHHBIE OPTaHUYECKUE IKCTPAKTHI CYIIUIN

HaJ Cynb(paToM MarHus ¥ KOHIICHTPUPOBAJIM MpPU MOHMKEHHOM AaBiieHuu. OcTaTok

OYHIIAJIH KOJOHOYHON Xpomartorpadueiri Ha SiO, (merpoieiiHblii 3dup/>THIAICTAT,

40:1) ¢ monmyuenuem 1.13 1 (48%) coenunenus 80b u 1.11 r (47%) peruousomepHOro

mMoHo3¢upa 81b.

Coeounenue 80b. Tlpospaunas wmacimooOpasHas skuakoct. Rf = 0.4

Me,Si (netponeitusiii >¢up : srunaunerar = 10 : 1). [a]%® -106.4° (c

_\\\\\\\\\OH 1.0, CH,Cl,). VIK crextp, cM ': 3456 (O-H), 2955, 2873, 1472,

1464, 1249, 1061, 841, 832, 778. Cnextp SIMP 'H ((CD5),CO),

;;:”//OTBS o, m.a.: 0.01 ¢ (9H, (CH5)sSi), 0.10 ¢ (6H, (CH3),Si), 0.91 ¢

(9H, (CH3)3C), 1.78 m.1 (1H, C°H, J 2.3 1 5.0 I'y), 2.46-2.53 m

(1H, C'H), 2.92-3.01 M (1H, C?H), 3.62-3.65 M (2H, CH,0Si), 3.67 x.x (1H, CH,OH, J

5.8u10.3 I'm), 3.78 a.n (1H, CH,OH, J 7.7 u 10.3 I'r), 4.09-4.12 ymi.c (1H, OH), 5.48

xt (1H, C*H, J 2.3 u 5.8 T), 5.70 a.t (1H, C*H, J 2.3 u 5.3 I'n). Crextp IMP “°C

((CD3),CO), o, m.o.: -6.12 ((CH3),Si), -3.57 ((CH3)sSi), 18.21 ((CHs)3C), 25.37

((CH3)5C), 37.63 (C°), 44.33 (CY), 50.63 (C?), 62.62 (CH,0Si), 62.76 (CH,OH), 127.17

(C®), 132.42 (C*). Macc-criextp (APCI), m/z (lon, %): 315 [(M+H")] (100). Haiinero,
%: C, 60.88; H, 10.56. C16H340,Si,. Beraucneno, %: C, 61.03; H, 10.81.

Coeounenue 81b. Boixox 1.11 1 (47%). IIpo3pauHast MaciooOpa3Hast KHIKOCTb.

Me;Si Rf = 0.3 (merponeiinsiii 2¢up : >tunaunerar = 10 : 1). [a]Z° -
N, 118.6° (¢ 117, CH,CLy). VK criextp, em™': 3415 (O-H), 2999,
. 2885, 1464, 1249, 836, 777. Crextp AIMP 'H ((CD3),CO), &
III//////

81b m..: 0.01 ¢ (9H, (CH3)3Si), 0.10 ¢ (6H, (CH3),Si), 0.91 ¢ (9H,
(CH3)3C), 1.80 a1 (1H, C*H, J 2.7 u 5.6 T'), 2.50 a.t.x (1H, C°H, J 3.6, 6.0 u 8.0 I'1y),
2.94 n.ana.no (1H, CH, J 3.6,6.0,6.6u7.8 1), 3.49 a.n (1H, CH,0OH, J 6.6 u 9.9 I'1),
3.54 1.1 (1H, CH,0Si, J 6.0 u 10.1 T'r), 3.65 m.1 (1H, CH,0Si, J 8.0 u 10.1 '), 3.80
n. (1H, CH,OH, J 7.8 1 9.9 I'y), 4.09-4.12 yur.c (1H, OH), 5.46 n.t (IH, C*H, J 2.7 u
5.7 Tn), 5.69 n.a.x (I1H, C*H, J 2.7, 3.6 u 5.7 I'y). Crextp SIMP *C ((CD3),CO), 6,
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43.73 (CY), 51.12 (C?), 61.60 (CH,0Si), 63.51 (CH,OH), 128.17 (C?, 131.84 (C%).
Macc-ciextp (APCI), M/z (lom, %): 315 [(M+H")] (100). Haitneno, %: C, 60.94; H,
10.65. C1gH340,Si,. Beruucaeno, %: C, 61.03; H, 10.81.
[(1S,2R,5R)-5-Tpumemuncunun-3-en-1,2-ouun] oumemanon 74b. K pacrsopy 0.42
r (1.34 mmons) conupra 80b wmmm 81lb B 25 mim meranoma mobGaemsimu mo 0.21 r
HoHOOGMeHHBIX cMon Amberlyst-15° u DOWEX® MB-50 1 nepeMeInBamy B TeUeHHE
3 4 (koHTpOABL MeTOI0M TCX). Peakunonnyto Maccy GuiabTpOBaliv, 0CaI0K Ha (QUITBTPE
MPOMBIBATIM MeTaHoJioM (3x15 muI), OpraHU4eCKHil pacTBOPUTENh OTTOHSIM, OCTaTOK
OYHIIIAJIN KOJIOHOYHOU XpomaTorpadueii Ha SiO; (meTposeitHplii a¢up/sTrnamnerar, 1:1)
¢ noayderrem 0.26 T (98%) coemuncHus 74b. OU3UKO-XUMUUYECKH XapPaKTECPUCTUKH
MOJIy4YE€HHOTO COEMHEHUSI aHAJIOTUYHBI ITPEICTABICHHBIM PaHee.
Tpumemun/(3aR,4S,6aS)-3,3a,4,6a-mempacudpo-1H-yuxnonenma/c] ypan-4-

un/cunan 82a. K pactBopy, coaepxariemy 0.1 r (0.5 Mmonnb) coenunenus 74a, 0.12 mn

Me;Si, (1.53 mmonp) mupumuHa B 10 mi abGCOJIOTHOTO XJOPUCTOTO
f mMetuieHa mnpu 0 °C  poGaBmsmm 0.05 mim (0.6 mmoib)
@:/\O MEeTaHCYIb(POXIOpUIa W TEepeMENIuBaIN TPH KUMSYCHUH 3 9
82a (xouTposib MetogoM TCX). PeaknMoHHYI0 CMeCh OXJaXTAIH 0

KOMHATHOW TeMmrepaTrypbl, 100aBisiii 1 MJI BOJIBI, OTIAEISUIM OPTaHUYECKUN CIIOH,
BOJHBIN CIIOM 3KCTparupoBayiv sTuianeraroM (3x10 mi), 00beIMHEHHbIE OPraHUYECKUE
HKCTPAKTHl CYIIWIN HaJA CylIb(paTOM MAarHusi U KOHUEHTPUPOBAIU MPHU MOHWKEHHOM
nasyieHur. OCTaTOK OYMINAIM KOJIOHOYHOW Xpomarorpadueit Ha SiO, (meTposieiHbIi
sapup/s>trunanerar, 5:1) ¢ nomydenuem 93 mr (85%) Ounmxnanueckoro ¢gypana 82a.
[Tpo3paunasi, Bsi3kast MmaciooOpasHas skuakoctb. Rf = 0.5 (merponeitnbiit sdup :
stunauerar = 5 : 1). [a]3° +120.2° (¢ 0.8, CH,Cl,). MK crextp, cM : 2954, 2927, 2848,
1248, 1085, 1063, 1046, 973, 957, 921, 839, 746, 698. Cniektp IMP 'H ((CD5),CO), 4,
m..: -0.01 ¢ (9H, (CH5)3Si), 1.74 kBunt. (1H, C*H, J 2.1 I'm), 2.70 xB.1 (1H, Cc®H, J
2.11 6.1 ), 3.35-3.29 M (1H, C**H), 3.38 a.1 (1H, C°H, J 5.8 u 8.5 I'r), 3.60 x.1 (1H,
C°H, J 3.4 u 8.5 '), 3.85 v (1H, C'H, J 8.2 'n), 3.93 T (1H, C'H, J 8.2 '), 5.43 a.T
(1H, C°H, J 2.1 u 5.5 T), 5.66 ot (IH, C°H, J 2.1 u 5.5 T'y). Crexrp SIMP *C
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((CD5),CO), & m.1.: -3.32 ((CHs),Si), 41.01 (C*), 43.69 (C*), 51.99 (C*), 73.18 (C?),
76.91(C%), 128.56 (C°), 132.43(C%). Macc-criextp (APCI), M/z (lom, %): 183 [(M+H")]

(100). Hatineno, %: C, 65.70; H, 9.78. C1yHgOSi. Beruucieno, %: C, 65.93; H, 9.89%.

(1S,2R,5R)-2-({[mpem-Bymun(oumemuncunun) ] oxcu}memun)-5-(mpumemuncu-
aun)yurionenm-3-en-1-kapbanvoeecuo 83b, (3aR,6R,6aS)-6-mpumemuncunun-3,3a,6,6a-
mempazudpo-1H-yuxnonenma/c]pypan-1-on 73b u (3aR,4R,6aS)-4-mpumemuncunun-
3,3a,6,6a-mempacuopo-1H-yuxionenmafc]pypan-1-on  85b. K mnepememnmBaemoii
cmecu 0.3 ma (3.4 mmoiib) okcamuixiopuaa U 20 M CyXOro XJIOPUCTOIO METHJIEHA B
uHepTHOW atMmocepe mpu -78 °C mpubaBmsum mo kammam 0.53 mun (7.6 MMOIb)
TUMETWICYIb(OKCHAa B 3 MJI XJOPUCTOTO METWJIEHAa W mepeMemuBaiu S5 MuH. K
noJiyaeHHOMYy pactBopy Aobasisum 0.72 r (2.3 mmonb) 1:1-cmecn coenuuenuit 80b u
81b B 20 Ma xJopHCTOrO METWJICHA W MEPEMEIIMBAIM eme 15 MuUH Tpu 3TOH
temriepatype. [locie yero B peakiimoHHyoo maccy npukanbiBany 1.6 mi (11.5 mmons)
TPUATHJIAMHHA B 5 MJI XJIOPHCTOTO METHJIEHA, IOJHMMAIM Temmeparypy no 0 °C,
no6aBasimn 20 M BOABI M OTACSUIM  OpPraHMYECKWM cio. BomHblil  cioif
IKCTPArupOBAIH XJIOPUCTHIM MeTuieHOM (3x30 MiT), KOMOMHUPOBAHHBIE OPTAHHYECKUE
OKCTPAKThl CYIIWJIMA HaJ CyIh()aToM MarHus ¥ KOHIEHTPUPOBAIU TMPHU MMOHUKEHHOM
napyieHud. OCTaTOK OYMIAIM KOJOHOYHOM Xpomarorpadueit Ha SiO, (meTposieiHbIN
sa¢up/stunanerar, 20:1) ¢ moaydenuem 0.24 t (34%) anpneruna 83b u 0.19 1 (41%)
Hepasesomeiics 2.15:1-cmecu maktono 85b:73b (cormacro manusiM ‘*H NMR).

Coeounenue 83b. Tlpospaunas Bsi3kas xunkoctb. Rf = 0.4 (merponeiinsiii 3¢up :
Me;Si stunanerar = 20 : 1). [a]3? —80.0° (c 0.93, CH.Cl,). UK
S, crrexTp, cM ' 3049, 2955, 2857, 1718 (C=0), 1472, 1250, 838,

., OTBS 776. Cmexrp SIMP 'H ((CDs),CO), &, m.x: 0.0 ¢ (9H,
83b (CH3)5Si), 0.02 ¢ (6H, (CH3),Si), 0.87 ¢ (9H, (CH3)3C), 2.36 n.t

(1H, C°H, J 2.2 u 5.0 T'), 2.94 x.o.x (1H, C*H,J 3.6, 5.0 u 8.9 T'), 3.24 ma.a.x (1H,
C°H, J 2.2, 5.0, 6.7 u 8.9 '), 3.60 1.1 (1H, CH,-0, J 6.7 u 10.4 '), 3.65 .1 (1H,
CH,-0, J 5.0 u 10.4 T'y), 5.44 n.t (1H, C*H, J 2.3 u 5.7 Tw), 5.72 x.t (IH, C*H, J 2.2 u
5.7 Tw), 9.80 x (1H, CHO, J 3.6 T'n). Crextp SIMP *C ((CD,),CO), 8, m.1.: -5.56
((CH5),Si), -3.06 ((CH3)3Si), 18.17 ((CH5)5C), 25.80 ((CH3)sC), 34.73 (C?), 52.75 (C?),
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53.91 (CY), 62.32 (CH,0), 127.82 (C%), 132.71 (C), 202.84 (CHO). Macc-crextp

(APCI), m/z (lom, %): 313 [(M+H)] (100). Haiineno, %: C, 61.21; H, 10.05.
C16H3,0,Si,. Beruuciieno, %: C, 61.42; H, 10.23.

Cmecw coedunenuti 73b u 85b. Ceetno-kopuaneBas Bszkas sxuakocts. Rf = 0.3

Me;Si OH Me;Si (meTpoaeinbiit 3¢up : THaanerar = 3 1).
“\\\\\\\< m\\\\\\\ UK crektp, cM : 3420 (O-H), 2953, 2921,
/0 + O 1248, 962, 837. Cmexrp SMP 'H
"y '”””//{
CD;),CO), o, m.a.:. -0.02 6.14H,
73b 85b OH (( 3)2 ) A ¢ (

(CH3)3Si), -0.01 ¢ (2.86H, (CH3)sSi), 1.82-
1.92 m (2H, C°H, C*H, OH u OH’), 2.61-2.65 M (0.32H, C*H), 2.82-2.88 M (0.68H,
C*H), 3.21-3.25 m (0.68H, C**H), 3.36-3.41 M (0.32H, C*H), 3.60-3.65 m (0.68H,
C*H), 3.68-3.75 M (0.32H, C°H), 3.86-3.92 M (0.32H, C°H), 4.15-4.21 M (0.68H, C*H),
5.09 ¢ (0.32H, C'H), 5.19 ¢ (0.68H, C"H), 5.38-5.41 m (0.32H, C*H), 5.44-5.47 m
(0.68H, C*’H), 5.63-5.66 M (0.32H, C°H), 5.70-5.73 m (0.68H, C*’H). Crextp SIMP **C
((CD3),CO), &, m.ii.: -3.53 ((CH3)3Si), -3.38 ((CH3)sSi’), 40.41 (C®), 41.09 (C*), 43.93
(C*), 49.83 (C®), 50.69 (C*?), 58.88 (C®*), 70.32 (C%), 76.72 (C*), 102.57 (C"),
107.72 (Ch), 125.86 (C®), 128.47 (C*), 132.56 (C°), 134.15 (C*’). Macc-crextp (APCI),
Mz (lor, %): 199 [(M+H")] (100). Haiineno, %: C, 60.35; H, 8.96. CyoH;50,Si.
Brmaucneno, %: C, 60.51; H, 9.09.
(3aR,6R,6aS)-6-Tpumemuncunun-3,3a,6,6a-mempacudpo-1H-yuxnonenmalcl gy-
pan-1-o1 73b.

Mo Memoo A. Meroauka monydyenus JakToga /3D
331

\\i BOCCTAHOBJICHUEM JJaKTOHA (-)-16 JEUCTBUEM

\

) TUU300yTUIIATIOMUHUA THAPUJA W PE3yJIbTaThl CTPYKTYPHOTO
”'/// aHav3a NPUBEIEHBI B DKCIIEPUMEHTE K pazaeny 3.2.2.2.

Memoo b. Ilo MeToauke, aHAJIOTUYHOW MOJYYSHHUIO TUOJIA

74b ruapOIN30M MOHO3AIIHMIIIEHHBIX CHIIMIOBBIX 3(HPOB Ha HOHHO-OOMEHHBIX CMOJIAX,
u3 0.44 r (1.4 mmoup) anpaeruaa 83b momyuanu 0.24 r (89%) nakrona 73b.

(1R,4R,55)-5-({ [mpem-Bymunoumemuncunun] oxcu}memun)-4-(mpumemuncunui)-

yuxnonenm-2-en-1-xapoanvoecuo 84b. K mnepememnmBaemomy pactsopy 1.05 r (2.6
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MMOJIb) peareHTa Jlecca-Maptuna B 50 M1 XJIOpUCTOrO METUIIEHA

oS npu 0 °C nobGarmsmn 0.53 1 (1.7 mmoins) criupra 81b B 50 M

Me3Si

.\\\\\\
XJIOPHUCTOT'0O MCTHUJICHA. TeMHepaTypy IHOAHUMAJIN 10 KOMHATHOM U

'III// o
’\\ MepeMEeIINBaIN S5 4 MpU ITOM TemmepaType (KOHTPOJIb METOJAO0M

84b O TCX), noGapmsimu 20 M HaCBIILIEHHOTO pacTBopa TUOCYJb(ara
HaTpusa U nepememnBaiu enie 30 MuH. OpraHudecKui CJIou OTIETSAIN, BOOHYIO 4acTh
OKCTPArupoOBaIu XJIOPUCTHIM MeTuiaeHOM (3x50 mi). OObeaMHEHHBIE OPTaHUYECKHEC
sKcTpakThl cymuian Haag MgSO, M KOHLIEHTpUPOBAIM MPU MOHMKEHHOM JAaBJICHUU C
nonydernneM 1.1 T ceiporo ampaeruna 84b B Bume opamkeBOoi amMOpQHON Macchl,
coaepxkamero okoyio 50% npuMecu mpojyKTa pasioxkeHus peareHra Jlecca-MapTtuHa
(cormacuo cnektpam AMP 1H). B nmampHEHIINX DPEBpAICHUAX CBHIPOU aJIbIETU]
UCTIONB30Bajcs 0e3 pononHuTeabHON ouucTku. Rf = 0.6 (merponeitnbrit »¢up :
stunaneraT = 40 : 1). UK cmekrp, cM ': 2954, 2855, 1723 (C=0), 1700, 1683, 1465,
1249, 1173, 838, 775. Criextp SIMP 'H ((CD3),CO), &, m.zi.: 0.03 ¢ (9H, (CH5)sSi), 0.05
¢ (6H, (CH3),Si), 0.89 ¢ (9H, (CH5)sC), 1.83 kBunt. (1H, C*H, J 2.6 '), 2.73-2.79 m
(1H, C°H), 3.45-3.50 M (1H, C'H), 3.57 m.x (1H, CH,-0, J 5.2 1 10.2 '), 3.65 m.x (1H,
CH»-0,J 8.4 1 10.0 I'np), 5.51 a.t (1H, C*H, J 2.6 1 5.7 T'), 5.93 n.1 (1H, C°H, J 2.8 n
5.7 Tw), 9.73 1 (1H, CHO, J 3.0 T'). Crextp SIMP *C ((CD;),CO), &, m.1.: -6.15
((CH5),Si), -3.85 ((CH3)5Si), 17.79 ((CH5)sC), 25.27 ((CH3)5C), 38.12 (C°), 45.63 (C%),
60.70 (C"), 63.49 (CH,0), 128.07 (C?), 135.93 (C?), 201.04 (CHO). C15H3,0,Si, Macc-
ciextp (APCI), M/ (1op,, %): 313 [(M+H)] (100).
(3S,4S,55)-5- ({[mpem-Bymunoumemuncunun}oxcu] memun)-3-euopoxcu-4-(mpu-

MesSi oTBs Memuacunun)yuxionenm-1-en-1-kapbarsoecuo 87. K
a nepemeninBaeMomy pactBopy 0.55 r ceiporo ampaeruna 84b (c

HOM /O conepxkanueM ~50%) B 20 Ma Todyona MpU KOMHATHOM
87 Temriepatype gooasisiu 50 mr 1,8-nuazadbunmkiolS.4.0]ynaen-

/-ena w kungatwm S5 4 (KoHTposib Merogom TCX).
OpraHnyeckuii pacTBOPUTETh OTTOHSIIN, OCTATOK KOHIICHTPUPOBAIH TIPH MTOHMKCHHOM
JABJICHUM W OYMINAIA KOJIOHOYHON xpomarorpadueii Ha SiO, (meTposieiHbIi

s¢up/stunanerar, 10:1) ¢ moaydenmem 0.24 r (85% B pacuyere Ha crnmpT 81Db)
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anmpreruga 85. Ilpo3paunast >xenToBaras MaciiooOpasHas skuukocte. Rf = 0.4
(netponeitnslii >¢up : stunanerar = 5 : 1). [a]%® +13.4° (c 0.85, CH,Cl,). UK cnekTp,
cM ': 3443 (O-H), 2955, 2930, 2857, 1686 (C=0), 1471, 1251, 1092, 837. Criektp SIMP
'"H ((CD3),CO), & m.a.: 0.00 ¢ (9H, (CH3)sSi), 0.03 ¢ (6H, (CH3),Si), 0.89 ¢ (9H,
(CH3)sC), 1.29 T (1H, C*H, J 2.7 I'y), 2.87 ¢ (1H, OH), 2.92-2.96 M (1H, C°H), 3.70 a.1
(1H, CH,-0, J 3.1 1 9.5 I'y,), 3.86 .1 (1H, CH,-0, J 4.7 1 9.5 '), 4.66 ¢ (1H, C°H),
6.91 ¢ (1H, C*H), 9.85 ¢ (1H, CHO). Crmextp IMP “*C ((CD3),CO), &, m.a.: -6.16
((CH5),Si), -3.94 ((CH3)5Si), 18.12 ((CH5)sC), 25.45 ((CH3)sC), 37.52 (C%), 45.92 (C°),
64.45 (CH,0), 76.04 (C°), 146.83 (C"), 153.11 (C?), 190.38 (CHO). Macc-crektp
(APCI), m/z (lor,, %): 311 (100) [M-OH]". Haiineno, %: C, 58.31; H, 9.75. C15H3,05Si.
Brruncieno, %: C, 58.48; H, 9.82.

(1S,4S,55)-4- ({[mpem-Bymunoumemuncunun] oxcu}memun)-3-gpopmun-5-(mpume-
muncunun)yukioneum-2-en-1-un ayemam 88. Ilo Metoaunke, aHATOTUYHON TTOJTYUESHHUIO

MeaSi coenunenus 37a, u3z 0.2 r (0.6 Mmmob) anpaeruaa 87 moaydyanu
3 OTBS

022 1 (92%) amerata 88. IlIpo3paunas xenaToBaTas

‘\\\\\\

AcOline: maciooopasHas kuakoctb. Rf = 0.4 (nmerponeinbiit a¢up :

srunanerat = 10 : 1). [a]3® +47.2° (¢ 1.0, CH,Cl,). UK cnextp,
cM 1 2955, 2930, 2857, 1739 (CH5C=0), 1693 (HC=0), 1252,
1237, 838, 776. Crexrp SIMP 'H ((CD3),CO), &, m.a.: 0.03 ¢ (9H, (CHs)sSi), 0.06 ¢
(6H, (CH3),Si), 0.89 ¢ (9H, (CH3)sC), 1.58 T (1H, C°H, J 3.1 '), 2.00 ¢ (3H, CH;CO),
2.93-3.01 M (1H, C*H), 3.65 1.1 (1H, CH,-OSi, J 7.0 1 9.4 T'rr), 3.79 .1 (1H, CH,-OSi,
J3.7u9.5Tn), 5.68 T (1H, C'H, J 2.7 '), 6.86-6.92 m (1H, C*H), 9.88 ¢ (1H, CHO).
Crexktp SIMP *C ((CD3),CO), 8, m.x.: -6.08 ((CH;),Si), -3.91 ((CH5)sSi), 18.00
((CH3)5C), 20.21 (CH5C=0), 25.40 ((CH3)5C), 33.06 (C°), 46.68 (C*), 64.97 (CH,0Si),
79.12 (CY), 147.45 (C%), 150.34 (C?), 169.68 (CH;C=0), 189.99 (CHO). Macc-crextp
(APCI), m/z (lym, %): 311 (100) [M-CH;COO’]". Haiineno, %: C, 58.15; H, 9.08.
C15H3404Si,. Beruucieno, %: C, 58.33; H, 9.25.
[5-({[mpem-Bymunoumemuncunun] oxcujmemun)yuxkionenma-1,4-ouen-1-unj-

memun ayemam 89, [2-({[mpem-6ymunoumemuncunun]oxculmemun)yuxionenma-1,4-

ouen-1-unjmemun ayemam 90 u [2-({[mpem-6ymunoumemuncunun]oxculmemu.n)-
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yuknonenma-1,3-ouen-1-unjmemun ayemam 91. K nepememmpaemomy pacteopy 0.15 r
(0.45 mmomnp) anpaeruna 87 u 15 ma abcomrorHoro metanosa npu 0 °C mobasnsim 35
Mmr (0.92 mmonb) Goporusipuaa HaTpUsi U MOJIYYCHHYIO CMECh MepeMenuBanu 15 MuH
(xkoHTpons MerogoMm TCX). OpraHuueckuil pacTBOPHUTENb OTTOHSIM, K OCTaTKy
n00aBysid 5 MIT BOABI M 3KcTparupoBaiu stuianeratoMm (3x10 mut). OObenuHEeHHbIE
OpraHu4eckue 3KCTpakThl cymmid Hag MgSO,, KOHIIEHTpUPOBAIH MPU MOHUKEHHOM
JIaBJICHUU U K TIOJy4YE€HHOM ChIpod cMecu 0e3 BbiaeneHus: nodasimsum 4 mia 1:3-cmecu
YKCYCHBIM aHTUIAPUI/TIMPUIUH U TEepEeMEIIMBAIA MPU KOMHATHOW Temmeparype 2 4
(xkoHTpons MmetonoM TCX). OpraHuyeckuii pacTBOPUTENb OTIOHSUIM, OCTaTOK
KOHIICHTPUPOBAAM TpU TOHIKEHHOM  JIaBICHUM W  OYHUINATH  KOJOHOYHOMU
xpomarorpadueii Ha SiO, (merponetinsiii 3up/strnanerar, 20:1) ¢ momyyeruem 0.1 T
(79%) 1.5:1.1:1-cmecu (cormacro SIMP 'H) m3omepmbix coemmuenmii 89+90+91.
[Ipo3paunas »xenroBaras maciiooOpasHas xuakocts. Rf = 0.7 (merponeiinbiii 3¢up :
srunareraT = 10 : 1). UK coektp, cM 1 2955, 2930, 2857, 1743 (CH3C=0), 1472, 1375,
1249, 1232, 1086, 838, 776. Macc-criektp (APCI), m/z (1o, %): 283 (100) [M+H]", 223
(80) [M-CH;COOQ]". Haiineno, %: C, 63.60; H, 9.17. Cy5H,s03Si. Boruucieno, %: C,
63.79; H, 9.28.

Coedunenue 89. Crextp SIMP 'H ((CDs),CO), 6, m.i.: 0.08 ¢ (6H, (CHs),Si),
0.89 ¢ (9H, (CH3)sC), 2.03 ¢ (3H, CH3CO), 2.90-2.94 m (2H, C*H), 4.52-4.55 m (2H,
CH,0Si), 4.89-4.91 m (2H, CH,0Ac), 6.25-6.28 M (1H, C*H), 6.32-
CCZT 6.36 M (1H, C°H). Cnextp SIMP “°C ((CD;),CO), &, m.a.: -6.09
((CH3).Si), 17.93 ((CH;)3C), 19.88 (CH3C=0), 25.35 ((CH3)sC),
39.08 (C®), 60.06 (CH,0Si), 60.68 (CH,OAC), 128.76 (C*), 131.20

(C%), 135.28 (C1), 142.38 (C°), 169.82 (CH;C=0).
Coeounenue 90. Crextp SIMP 'H ((CD5),CO), &, m.1.: 0.08 ¢ (6H, (CH3),Si),
0.89 ¢ (9H, (CH3)sC), 2.01 ¢ (3H, CH5CO), 3.08-3.10 M (2H, C°H),
4.58-4.59 ym.c (2H, CH,0Si), 4.85-4.87 ym.c (2H, CH,0Ac),
oac 6.32-6.36 M (1H, C*'H), 6.42-6.45 M (1H, C°H). Crextp SIMP **C
((CD5),CO), o, m.a.: -6.09 ((CHg),Si), 17.93 ((CH5);C), 19.83

89

OTBS

920
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(CH5C=0), 25.35 ((CH5)sC), 42.63 (C?), 58.57 (CH,0Si), 58.79 (CH,OAc), 132.74

(CH, 133.31 (C°), 134.97 (CY), 148.51 (C°), 170.03 (CH3C=0).
Coedunenue 91. Crextp SIMP 'H ((CD5),CO), &, m.x.: 0.08 ¢ (6H, (CHs),Si),
ortes 0-89 ¢ (9H, (CH5)5C), 2.00 ¢ (3H, CH3CO), 3.06-3.08 M (2H, C°H),
4.55-4.57 M (2H, CH,0Si), 4.89-4.91 m (2H, CH,OAC), 6.37-6.40 M
OAc  (1H, C*H), 6.51-6.53 m (1H, C*H). Cnextp SIMP **C ((CD3),CO),
8, M.1L.: -6.09 ((CH5),Si), 17.93 ((CH3);C), 19.83 (CH;C=0), 25.35
((CH5):C), 43.16 (C°), 58.48 (CH,0Si), 59.06 (CH,OAc), 131.20

(C*%, 133.44 (C?), 144.73 (C"), 145.74 (C?), 171.91 (CH,C=0).

[(1S,2R,5R)-2-/ (henszunoxcu)memun]-5-(mpumemuncurun)yuxnonenm-3-en-1-

91

unmemanon 92b. K mnepememuBaecmomy pactBopy 0.24 r (0.76 MMOIIb)
MOHO3aIIUIIeHHOTO Aroia 81b B 20 mur abcomoTHoro TeTparuapodypana B armochepe
aprona mpu 0 °C pobasmsamu 56 mr (2.0 mmons) NaH. Ilomydennyro cmech
nepemerBaiu 10 MUH 0 MpekpamieHus ra3oBblIeIeHus, mocie 3Toro Aooasisu 0.19
r (2.0 MmoJb) OEH3UIXJIOpUIA U Jajee nepementuBany npu kunsuenun 20 4. Ilocne
ATOTO CMECh OXJIAXKIalH, T0OABISUIA 5 MJI HACHIIIICHHOTO PacTBOpa XJIOpUJIa aMMOHHS,
OTJIIEJISUTM OpTraHUYEeCKUM CIoM, a BOAHYIO (ha3y skcTparupoBaiu dTmiamneraroM (3x10
). OObeIWHEHHBIE OPTaHUYECKHWE SKCTPAKThl CYIIMIW HaJ Cyib(arom Maraus,
KOHIIGHTPUPOBAJIM TPU  TMOHWKEHHOM  JAaBJICHUM W  OYMINAIU  KOJOHOYHOM
xpomarorpadueii Ha SiO, (nerponeitnblii 3up/sTrnanerar, 20:1) ¢ momyueruem 0.88 ¢
(40%) coequnenus 92b u k 0.11 r (48%) ucxomnoro moHoadupa 81b.

Coeounenue 92b. Tlpospaunas Bsi3kas xuakocTb. Rf = 0.3 (meTposneitublit a3¢up :
stunanerat = 10 : 1). [a]Z® +83° (¢ 1.12, CH,Cl,). UK cnextp,
cM '@ 3332 (O-H), 2953, 2853, 1471, 1464, 1251, 1057, 839, 828,

. oBn 769. Criextp SIMP 'H ((CD;),CO), &, m.xi.: 0.0 ¢ (9H, (CH3)5Si),

" 1.80 ot (1H, C°H, J 2.5 u 4.8 T'y), 2.44-2.51 m (1H, C'H), 3.03-

3.10 m (1H, C*H), 3.38 1.1 (1H, CH,-OBnN, J 6.9 1 13.2 '), 3.49

n.a (1H, CH,-OH, J 5.8 u 9.4 '), 3.56-3.66 m (3H, CH,-OBn, CH,-OH u OH), 4.52 ¢
(2H, CH,-Ph), 5.48 n.t (1H, C°H,J 2.3 u 5.5 ), 5.70 ot (1H, C*H, J 2.4 u 5.5 T).
Crextp SIMP *C ((CD3),CO), &, m.a.: -3.66 ((CH3)sSi), 37.66 (C°), 44.31 (CY), 48.00

Me3Si

\O
)

. \\\\\\

92b
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(C?), 62.53 (CH,OH), 70.06 (CH,-Ph), 72.78 (CH,-OBn), 127.41, 127.62 (Ph), 128.03

(C®), 128.20 (Ph), 132.42 (C*), 138.56 (Ph). Macc-criekrp (APCI), M/z (lom, %): 291
[(M+H")] (100). Haiineno, %: C, 70.11; H, 8.86. C17H,50,Si. Beruncneno, %: C, 70.29;
H, 9.02.

[(1S,2R,5R)-2-{[(mpem-Bymunoumemuncunun)oxcu] memuiu}-5-(mpumemuncu-
aun)yurkionenm-3-en-1-unfmemun memancyrvgponam 93b u [(IR,4R,5S)-5-{/(mpem-
Oymunoumemuicuiur)okcu] memun}-4-(mpumemuncunun)yukionenm-2-en-1-unj memun
Me,Si Ms  MesSi OTBS Memaucyrbgonam 94b. K

anh a nepeMemmBaeMoMy pactBopy 0.3 1 (0.96
@ oy @ , MMoib) coemunenus 81lb, 0.13 r (1.20
93b \ OTBS 94bll/ OMs  MMOJIb) TPUITHIAMHHA U 25 MJI XJOPHCTOTO
metuineHa npu 0 °C pmoGaBmsmm 0.12 v (1.0 MMOaB) MeTaHCYIB()OHUIXIOPHUIA.
Peakmmonnyto wmaccy mnepememmBanu 30 wMuH (KOHTpoib MetomoMm TCX),
KOHIICHTPUPOBAIW TIpW TOHMKCHHOM  JIaBICHUM W  OYMINATU  KOJOHOYHOM
xpomarorpadueii Ha SiO, (nerponeitnblii 3dup/sTrnanerar, 10:1) ¢ momyuenuem 0.34 ¢
(95%) 5:6-cmecu (cormacuo mauusiM IMP 'H) coenmuenuit 93b u 94b. ITpospaunas
maciiooOpasHas xuakocts. Rf = 0.45 (nerponeitnbiit a¢up : stmnanerar = 10 : 1). UK
criekTp, cM : 2954, 2929, 2857, 1472, 1359, 1249, 1177, 1085, 949, 834, 776. Crextp
SIMP 'H ((CD5),CO), &, m.zx.: 0.01 ¢ (4.9H, (CH5)3Si), 0.02 ¢ (4.1H, (CH3)3Si%), 0.06 ¢
(3.3H, (CH3),Si), 0.07 ¢ (2.7H, (CHs),Si’), 0.89 ¢ (4.1H, (CH3)sC”), 0.90 ¢ (4.9H,
(CH5)sC), 1.82-1.86 M (0.45H, C>’H), 1.87-1.91 m (0.55H, C*H), 2.50-2.56 m (1H, C*’H
1 C°H), 3.06 ¢ (1.64H, CH3-SO,), 3.07 ¢ (1.36H, CH3-SO,"), 3.08-3.15 m (1H, C*’H u
C'H), 3.48 n.x (0.45H, CH,-0Si’, J 6.3 u 10.7 '), 3.55 a.1 (0.55H, CH»-0Si, J 6.5 u
10.1 I'), 3.59 n.1 (0.45H, CH,-OSi’, J 7.9 u 10.7 T'ny), 3.68 .1 (0.55H, CH,-0Si, J 7.2
u 10.0 I'), 4.50 t.1 (1H, CH,-OSO; u CH,-0S0,’, J 2.7 u 9.4 T'n), 4.50 t.1 (1H, CH,-
0SO, u CH,-0S0,’, J 6.1 u 9.7 I'), 5.53-5.57 m (1H, C*H u C*H), 5.77-5.83 M (1H,
C*H u C*H). Crexrp SIMP °C ((CD5),CO), 8, m.1.: -6.12 ((CH5),Si, (CH3),Si’), -3.64
((CH3)sSi%), -3.60 ((CH3)sSi), 17.78 ((CH;):C’), 17.86 ((CH3)sC), 25.35 ((CH3)sC”),
25.45 ((CH5)3C), 36.09 (CH3-SO,’), 36.15 (CH3-SO,), 38.24 (C™), 38.32 (C%), 43.60
(C™), 43.66 (C°), 47.33 (C?), 47.37 (CY), 62.30 (CH,0Si’), 63.35 (CH,0Si), 70.83
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(CH,0S0,), 70.97 (CH,0S0,"), 126.40 (C?), 126.60 (C*"), 133.66 (C?), 133.71 (C*).

Macc-criexktp (APCI), M/z (lom, %): 393 [(M+H")] (100). Haitneno, %: C, 51.87; H,
9.09; S, 7.82. C17H3504SSi,. Beruuciaeno, %: C, 52.00; H, 9.24; S, 8.16.
Tpumemun/(3aS,4R,6aR)-3,3a,4,6a-mempacudpo-1H-yuxnonenmalc] ypan-4-
unfcunan 82b. K nepemermBaecmomy pactBopy 0.15 r (0.38 MMOJIb) CMeCH COCAMHEHUIM
MesSi 93b+94b B 15 mn Tterparuapodypana mnpubapistaiu 0.2 mun 1M

.\\\\\\\

/0 KOMHaTHOHM Temriepatype (koHTpois MerogoMm TCX). [locne atoro
l/,//

pacTBopa TeTpadyTruiaMMoHMid (GTopuaa U mepeMenBany 4 4 npu

OpTaHWYECKUH PACTBOPUTETh YyIAPWUBAIN, OCTATOK OYHIIAIN

82b
KOJIOHOYHOW  Xpomartorpadmeir Ha  SIO,  (meTposehHBIHI
sadup/sTrnanerat, 5:1) ¢ momyuenuem 60 mr (90%) coenuuenus 82b. IIpospaunas

Macnoo6pasHas xuakocts. Rf = 0.5 (nerponeiiusiit sdup : stunanerar = 5 : 1). [a]Z -

119.6° (¢ 0.8, CH,Cl,). UK crektp, cM ': 2954, 2927, 2848, 1248, 1085, 1063, 1046,
973, 957, 921, 839, 746, 698. Cmextp SIMP 'H ((CD3),CO), &, m.a.: -0.01 ¢ (9H,
(CH5)3Si), 1.74 xBunr. (1H, C*H, J2.1 I'm), 2.70 kB.1 (1H, C®H,J2.1mu6.1 I'm), 3.29-
3.35 m (1H, C®H), 3.38 x.1 (1H, C°H, J 5.8 u 8.5 I'y,), 3.60 m.x (1H, C°*H, J 3.4 u 8.5
'), 3.85 1 (1H, C'H, J 7.6 Tw), 3.93 t (1H, C'H, J 7.9 I'w,), 5.43 .t (IH, C°H,J 2.1 u
5.5Tm), 5.66 a.t (IH, C°H, J 2.1 u 5.5 T'y). Ciexrp AMP °C ((CD;),CO), &, m.x.: -3.32
((CH3)5Si), 41.01 (C%), 43.69 (C*), 51.99 (C*¥), 73.18 (C%), 76.91 (C"), 128.56 (C),
132.43 (C®). Macc-criektp (APCI), m/z (lom, %): 183 [(M+H™)] (100). Haiizero, %: C,
65.61; H, 9.72. C1oH130Si. Beruucneno, %: C, 65.87; H, 9.95.
[5-(T'uopoxcumemun)-4-(mpumemuncunun)yuxionenm-2-en-1-unj memun ayemam
95b u [2-(cudpoxcumemun)-5-(mpumemuncunun)yuxkionenm-3-en-1-unjmemun ayemam

96b. K pactBopy 0.22 r (0.7 mmoab) coemuHenus 81lb B 3 M mupuauHa mpH

Me;Si Me;Si KOMHATHOM Temmeparype AoOaBisiu 1 mi
\\\\ \\\\\ YKCYCHOTO aHTHIPHUJAA, NEPEMEIINBAIHA 3 U

,,,/ ,H/ (KOHTpPOJIb METOJIOM TCX) 151

OAC KOHIIEHTPHUPOBAIIN npu MMOHIKEHHOM

naBneHuu. [1omy4eHHYI0 CHIPYIO CMECh PETHMOM30MEPHBIX MUA(GUPOB pacTBOpsuid B 20

M TeTparuapodypana, nodasisiu 0.2 ma 1M pacTBopa TeTpabyTriiaMMOHUN GTopuia
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U nepeMemmBainy S5 4 (KOHTpoJib MeToioM TCX), KOHUEHTPUPOBAIU MPU MOHUKEHHOM
JABJICHUM W OYMINAIA KOJIOHOYHOM xpomarorpaduein Ha SiO, (merposieiHbIi
sabup/s>Tunanerar, 2:1) ¢ nomyuenuem 0.22 r (87%) 1:1-cmecu (cornacHo ganabiM IMP
'H) coemunenmit 95b m 96b. Becupernas Macimoobpasuas skumkocts. Rf = 0.6
(merponeiiusiii 3¢up : stumanerar = 20 : 1). UK-crextp, v, cM - (KHaKas [UIEHKA):
3459 (O-H), 2952, 2855, 1741 (C=0), 1248, 1096, 833, 771. Cnexrp SAMP '‘H
((CD3),CO), 06, m.a.: 0.00 ¢ (9H, (CH3)3Si u CH3)3Si°), 2.10 ¢ (3H, CH3CO u CH3CO”),
2.15-2.25 m (0.5H, C*H), 2.35-2.50 M (0.5H, C”’H), 2.50-2.75 m (0.5H, C*’H), 2.88-
2.99 M (1H, C"H u C°H), 3.00-3.15 m (0.5H, C'H), 3.60-3.85 M (3H, CH,OH u
CH,0OH’), 4.00-4.20 m (1H, CH,OAc u CH,0OAc’), 4.20-4.35 m (1H, CH,OAC u
CH,OAC’), 5.60-5.78 M (1H, C*"H u C*H), 5.78-6.00 m (1H, C*’H u C*H). Criextp SIMP
BC ((CD4),CO), &, m.x.: -3.60 ((CH3)3Si%), -3.57 ((CH3)5Si), 21.02 (CH5-CO’), 21.07
(CH5-CO), 38.01 (C), 39.28 (C%), 40.11 (C°), 43.89 (C"), 46.72 (C?*), 50.28 (CY),
62.35 (CH,OH), 63.79 (CH,OH"), 64.14 (CH,OAc’), 65.72 (CH,OAc), 126.95 (C?),
127.14 (C*), 133.46 (C®), 133.60 (C*’), 170.83 (C=0"), 170.91 (C=0). Macc-creKTp
(APCI), m/z (Iyry, %): 243 [(M+H™)] (100). Haiineno, %: C, 58.95; H, 9.05. Cy,H»0;Si.
Brruncieno, %: C, 59.46; H, 9.15.
(1S,2R,5R)-2-({[mpem-Bymun(oumemun) cunun] oxcu}memun)-5-(mpumemun-

cunun)yuxnonenm-3-en-1-xkapbanrvoeeuo 83b u (IR,4R,5S)-5-(((mpem-6ymunoumemun-

cunun)okcu)memui)-4-(mpumemuncunun)yuxkionenm-2-en-1-xapoanvoecuo 84b.

Obwas memoouxa noayuenuss 83b u 84b. K pactBopy 0.29 mu (3.4 Mmoub)
OKCAMMIIXJIOpUAa B 15 M XJIOpUCTOrO MeTWiieHa, oxyaxkaeHHoro mo -/0 °C, B
aTMocdepe aprona npudapisy 1o kKarwisM 0.53 mi (7.6 MMOJIb) TUMETHICYIb(POKCHIA
u nepememmBanu 5 mMuH. K nomyuennomy pactBopy no6asisuin 0.72 1 (2.3 MMOIIb)
mono3armuiienoro coupra 80b (81b) B 20 mn xmopucroro MetuieHa. Ilocie
NepeMeIIBaHusg B T€UeHHUE 15 MHUH mpu 3TOM TeMIiepaType K pEakIMOHHOW Macce
npukaneiBaau 1.6 mu (11.5 Mmosb) TpudTUIIAMHHA, TEMIIEpATypy MOJHUMAIH JI0
KOMHATHOM, 100aBsan 20 MJI BOJBI M OTHACISIIA OpraHWYecKui ciioi. BomHbril cioi
AKCTPArupoBaId XJOPUCTHIM MeTHIeHOM (3x30MiT), KOMOMHUPOBAHHBIE OPTAHUYECKHE

9KCTPAKThI CYHIMJIM HanA Cynb(i)aTOM Mardvsi 1 KOHOCHTPHUPOBAJIN IIPH INOHUKCHHOM
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nasienun. [lomydennsnii ceipoir ampaerun 83b (84b) namee wucmonb3oBancs 6e3

JOTIOJTHUTENHbHON OUHCTKH.

mpem-bymua(((1R,4R,5S)-5-(Z,E)-2-memokcusunun)-4-(mpumemuncunun) yuxio-
neum-2-en-1-un)memoxcu)oumemuncunarn 97b. TloayueHHBIH TOCAC OKHUCICHHS II0
Ceepny 0.72 1 (2.3 MMoab) MoHo3anmmeHHoro auoia 80b ceipoit anmpnerun 83b 6es3
BBIICTICHUS] BBOAWJIM B PEAKIMIO C WIHIOM TOJYyYEHHBIM B Cpele aOCOIIOTHOTO
tonyona u3 1.57 r (4.6 MmMoIib) MeToKcuMeTUIuaeHTpueHunbochonuii xmopuaa u 4.1
mi 1M pactBopa NaHMDS npu 0 °C. IlonyueHHyi0 cMech BBIIEpKUBaIU 1 4 mpu
nepeMeNiMBaHud B aTMocepe aproHa MNpU KOMHATHOM Temmeparype (KOHTPOJIb
merogoM TCX) u mpubapnsimu 10 MJI HACBHIIIEHHOTO PacTBOpa XJIOpUIa aMMOHHUS.
[TonyyeHHyto maccy (QuIbTPOBaIM, OPraHUYECKUH CJIOW OTHENSIM M BOJHYIO (pa3y
skcTparupoBanu stunaneratom (3X20 mi). OObeMHEHHBIE OPTaHUYECKUE IKCTPAKTHI
CYUIMJIA HAJ CylTb(paToM MarHusi, KOHIEHTPUPOBAIU IMPH MOHIKEHHOM JABIICHUU U
ounmanu xpomarorpadueii Ha SiO, (metposeiHbl 3dup/d>THNameraT, 2:1) ¢
noaydenneM 0.63 1 (81% B paccuete Ha quon 80b) enomddupa 97b B Buae OecriBeTHOI
Macio00pa3Hoil cmecu E- u Z-uzomepoB B cooTHomeHnu S:1.

Coeounenue (E)-97b — ocnoenoti uzomep. Rf = 0.5 (merponeiinsiii 3¢up :
srunaneraT = 40 : 1). UK crekrp, cm 1 3057, 2955, 2856, 1436, 1248, 1193, 1119, 836,
720. Crextp SIMP 'H ((CDs),CO), 8, m.a.: -0.01 ¢ (9H, (CH,)sSi), 0.03 ¢ (6H,
(CH3),Si), 0.88 ¢ (9H, (CH3);sC), 1.90 .1 (1H, C*H, J 2.5 u 4.8 '), 2.71-2.77 m (1H,
C'H), 2.85-2.89 m (1H, C°H), 3.46 ¢ (3H, CH3), 3.56 n.x (1H, CH,-O, J 2.2 u 9.6 T'n),
3.66 n.n (1H, CH,-O, J 5.6 u 9.8 T'n), 4.83 n.a (1H, CH=CHOMe, J 10.2 u 12.6 I'n),
5.59 mt (IH, C?H, J 2.1, 5.6 T), 5.73 xt (IH, C°H, J 2.6 u 5.8 Tw), 6.36 1 (1H,
CH=CHOMe, J 12.6 I'rp). Criextp SIMP *C ((CD;),CO), &, m.x1.: -6.0 ((CH5),Si), -3.59
((CH3)5Si), 17.88 ((CH53)5C), 25.39 ((CH3)sC), 41.12 (C%), 43.39 (C?), 52.31 (C1), 55.03
(CHs), 63.65 (CH,0), 104.62 (CH=CHOMe), 131.78 (C°), 133.43 (C°), 146.83
(CH=CHOMe). Macc-cniektp (APCI), M/Z (1w, %): 341 [(M+H")] (100). Haiineno, %:
C, 63.23; H, 10.35. C;gH350,Si,. Beruncneno, %: C, 63.42; H, 10.57.
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Memunoswiti  a2¢pup  2-[(1R,2R,5R)-2-{[ (mpem-o6ymuroumemuncunun)oxculme-

mun}-5-(mpumemuncunun)yuxnonenm-3-en-1-unlyxcycnou  kucromer  100b. K
cycnensuu 0.27 r (1.25 mmonb) nupuauHMiixjiopxpomara B 30 MJI XJIOPHUCTOTO
Me;Si METWJIEHA MpU NepeMellnBaHuM npudasisiin pactsop 0.28 r

““\\\\\\COZMe (0.83 mmonb) eHomddupa 97b B 10 mn CH,Cl, npu koMHaTHOI

orgs TeMmmeparype. PeakuMOHHYI0 MacCy TepemMemmBaid 8 4

‘,
‘/,// /
7,

100b (xkoHTpOons  Metomom  TCX), cMecb (uIbTpoBaIH  OT

HEOPTaHUYECKOTO O0CaJlKa, OCaJO0K TMPOMBIBAIA XJIOPHCTHIM METHJICHOM, (QUIBTpaT
yIapuBaJId U OCTATOK OYMIIAIN KOJIOHOYHOH Xpomarorpadueit Ha SiO, (meTposieiHbIi
s¢pup/stmnanerar, 20:1) ¢ momydernmem 0.21 1 (72%) ™etmnoBoro 3¢pupa 100b.
[Tpo3paunas maciaooOpa3Has xuakoctb. Rf = 0.5 (merposeiinsiii 3¢up : sTHIACTAT =
20 : 1). [a]?° +141.0° (c 1.0, CH,Cl,). UK cnextp, cMm ' 2954, 2857, 1739 (C=0),
1249, 1094, 837, 775. Crextp SIMP 'H ((CD5),CO), &, m.zi.: 0.0 ¢ (9H, (CH5)5Si), 0.13
¢ (6H, (CH3),Si), 0.90 ¢ (9H, (CH5)sC), 1.70 xeumr. (1H, C°H, J 2.6 T'r), 2.23 m.x (1H,
CH,CO,Me, J 9.5 u 149 I'n), 2.59 n.n (1H, CH,CO,Me, J 5.6 u 15.0 I'ry), 2.73-2.79 m
(1H, C'H), 2.88-2.94 m (1H, C*H), 3.60 ¢ (3H, CH3), 3.63 m.1 (1H, CH»-0, J 7.8 u 10.3
'), 3.70 m.x (1H, CH,-0, J 6.2 u 10.2 T), 5.45 ot (1H, C°H, J 2.0 u 5.7 T'y), 5.73 m.1
(1H, C*H, J 2.6 u 5.7 T). Crextp SIMP °C ((CD3),CO), &, m.i.: -6.11 ((CH5),Si), -
3.55 ((CH3)sSi), 17.86 ((CH5)sC), 25.35 ((CH3)sC), 35.29 (CH,CO,Me), 37.99 (Ch,
41.54 (C° u C%), 50.62 (CH3), 62.42 (CH,0), 127.38 (C%), 132.15 (C%), 173.12 (C=0).
Macc-criektp (APCI), m/Z (lym, %): 357 [(M+H")] (100). Haiizeno, %: C, 60.34; H,
9.95. CygH3605Si,. Beruncieno, %: C, 60.57; H, 10.09.
2-[(1R,2R,5R)-2-{[ (mpem-Bymunoumemuncunun)oxculmemun}-5-(mpumemun-

cunun)yuxionenm-3-en-1-unlayemanvoecuo 99b. K nepemermaemomy pactsopy 0.5 r

(1.4 wmmoisb) coemunenus 100b B 30 ™Ma  abcoyoTHOTO

Me3Si
SN XJIOPUCTOTO MeTWiieHa B atMmocdepe aprona mpu -/8 °C mo
¥ CHO
karsM npubasisn 0.6 mur 75%-noro JIUBAT B 10 M cyxoro
OTBS
e rekcaHa. Ilocie mnepememmBaHusg B TeueHUE Yaca (KOHTPOJIb

99b
merogoM TCX) mpubaBnsamu 10 M HACHIIIEHHOTO pacTBOpa

XJIOpUJa aMMOHUSA M TMOJHUMAJIM TEMIIEpATypy A0 KOMHATHOW. IlomyueHHyro maccy
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buIbTPOBAIA, OPTraHWYECKUNU CJOW OTACISUIA, BOAHYIO a3y IKCTparupoBan
xJiopucThiM MeTusieHoM (3X30 mit), oObeIMHEHHBIE OPTaHUYECKHE SKCTPAKTHI CYIIUIN
HaJ Cynb(}aToM MarHus, KOHIEHTPUPOBAIW TPU TOHMKEHHOM JAaBJICHUU W OYHIIAIIA
KOJIOHOYHOH Xpomatorpadueit Ha SiO, (merponeiinsni 3¢up/stmmanerar, 10:1) c
nonyderueM 0.45 r (95%) anpaeruma 99b. IIpo3paunas maciooOpasHas KUAKOCTh. Rf
= 0.3 (meTpomeiinsiit a3¢up : >tunanerat = 10 : 1). [a]%® +32.0° (c 0.85, CH,Cl,). UK
crekTp, cM : 2954, 2857, 1727 (C=0), 1471, 1250, 1092, 836, 776. Crextp SIMP 'H
((CD3),CO), 6, m.1.: 0.02 ¢ (9H, (CH3)3Si), 0.13 ¢ (6H, (CH3),Si), 0.95 ¢ (9H, (CH3)3C),
1.67-1.71 m (1H, C°H), 2.40 n.x (1H, CH,CHO, J 2.2 u 7.6 Tw), 2.70 a1 (1H,
CH,CHO, J 6.5 u 16.5 I'.y,), 2.82-2.89 M (1H, C*H), 2.90-2.97 M (1H, C*H), 3.61 n.1
(1H, J 2.4 u 10.3 T'n, CH,-0), 3.65 n.n (1H, CH,-O, J 4.6 u 10.4 '), 5.48 n.t (1H,
C*H, J 2.0 u 5.8 T'), 5.73 .t (1H, C*H, J 2.3 u 5.8 I'y). Crexrp SIMP *C ((CD5),CO),
0, ... -6.13 ((CHg3),Si), -3.48 ((CHj3)sSi), 17.87 ((CHz)3C), 25.35 ((CHg3)3C), 35.52
(CY), 41.45 (C°), 45.25 (CH,CHO), 50.51 (C?), 62.46 (CH,0), 127.74 (C?), 132.34 (C%),
202.04 (C=0). Macc-ciextp (APCI), m/Z (loz, %): 327 [(M+H)] (100). Haiineno, %:
C, 62.28; H, 10.22. C47H340,Si,. Beruucieno, %: C, 62.46; H, 10.41.
(2)-7-[(1R,2R,5R)-2-{[ (mpem-Bymuroumemuncunrun)oxculmemun}-5-(mpume-
muncunun)yukionenm-3-en-1-unleenm-5-enosasn kucnoma 101b. K nmepemermpaemMomy
B MHEPTHOU aTMocdepe, 0XJIaxaaeMOMY CMECKIO JibJa ¢ BOjoM, pactBopy 0.65 1 (1.46
Me;Si MMOJIb) TpudenmipochoHneBo COJIH 5-
C\\\\ — (CH\2?02H OpoMIIeHTaHOBOM KHUCIOTBI B 30 M aOCOJIOTHOIO
,,,,,////OTBS terparunpodypana npubasusim 2.9 mia 1M pactBopa

7.

NaHMDS B terparuapdypane u BbyaepxkuBaiu 30

o MuH. K TOIy4eHHOMY pacTBOpPY HACBHIIIEHHOTO
opamkeBoro nsera mnpubabms 0.12 v (0.37 mmons) ampaeruga 99b B 5 wmn
abcomoTHOTO TeTparuapodypana, BeIICPKUBATN MpHU nepemenuBanuu emie 30 MuH
(xoHTpOons MetogoMm TCX) m mpubarmsuin 10 MI HACBIIEHHOTO pacTBOpa XJIOpHUa
amMoHus. [lonydyenHyto maccy (puiIbTpoBaIl, OPraHMYECKUi CION OTAEISIN, BOJHYIO

dazy oskcrparupoBanu dtwiaaneratoMm 3X20 M, OOBEIUHEHHBIE OpPraHUYECKUE

9KCTPAKThl CYHIWIW HaI Cy.TIB(i)aTOM Marauvsa, KOHLCHTPUPOBAIMU IIPHU TIMOHHMKCHHOM
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JABJICHUM W OYMINAIH KOJIOHOYHON xpomarorpaduerd Ha SiO, (merposieiHbIi
sadup/stmnanerar, 5:1) ¢ monyderwem 0.14 1 (94%) coenmuenus 101b B Bume Z-
uszomepa. [Ipo3paunas xenroparas Bszkas kuakoctb. Rf = 0.5 (merposneiinsiii 3¢up :
srunanerat = 3 : 1). [a]3? +100° (¢ 1.25, CH,Cl,). UK cnekTp, cM 1 2954, 2856, 1710
(C=0), 1248, 1095, 836, 774. Cuextp IMP 'H ((CD5),CO), &, m.x.: 0.02 ¢ (9H,
(CH5)3Si), 0.05 ¢ (6H, (CH5),Si), 0.92 ¢ (9H, (CH3)5C), 1.65-1.73 m (3H, 2C*H u C°H),
1.96-2.14 M (4H, 2C"H u 2C""H), 2.26-2.31 M (1H, C'H), 2.35 T (2H, C*’H, J 7.6 T'w),
2.82-2.89 m (1H, C*H), 3.62 n.1 (1H, CH,-0, J 7.2 u 9.8 '), 3.68 n.1 (1H, CH,-0, J
7.8 1 9.8 I'), 5.31-5.40 m (2H, C>’H u C*H), 5.67 o.t (IH, C°*H, J 1.9 u 5.7 '), 5.73
nt (IH, C*H, J 2.6 u 5.7 T'm), 10.4-11.4 xomm (1H, COOH). Crexrp SIMP °C
((CD3),CO), &, M..: -5.27 ((CH3),Si), -2.69 ((CH3)sSi), 18.32 ((CHs)sC), 24.60 (C*),
25.97 ((CH5)sC), 26.74 (C*), 27.95 (C*), 33.45 (C"), 41.19 (CY), 41.32 (C°), 51.08
(C?), 63.15 (CH,0), 127.73 (C®), 129.20 (C**), 130.82 (C®’), 132.25 (C*), 179.59 (C=0).
Macc-ciextp (APCI), m/z (loy, %): 409 [(M-H")] (100). Haitneno, %: C, 64.01; H,
9.98. Cy,H4,05Si,. Berancneno, %: C, 64.28; H, 10.23.

Memunoswiti  a¢pup  (2E,2)-3-[(1R,2R,5R)-2-({[mpem-oymun(oumemun)cunun]-
oxcuymemun)-5-(mpumemuncunun)yuxionenm-3-en-1-unlnpon-3-enosot KUCIOMbL
(E,2)-103b u memunoswii s¢pup (E,Z)-3-[(1R,4R,5S)-4-mpumemuncurun-5-({[mpem-
oymun(oumemun)cunui)okcuymemun)yukionenm-2-en-1-un|npon-2-eno6ou  Kuciomol
(E,Z)-104b.

Obwas memoouxa noayuenus 103b u 104b. K pacteopy 0.29 mia (3.4 MMmoIb)

OKcaJuil xjopuaa B 15 wmn

Me;Si Me;Si
\\\\“\\\\;\r" CO,Me ‘\‘\\\\\\\OTBS XJIOPUCTOTO METUJICHA TIPH -
78 °C, B armocepe aprona,
iy, /OTBS ""//,,//‘”‘/zq COMe no6asisiu pactBop 0.53 mi
(Z,E)-103b (Z.E)-104b (7.6 MMOJIb)
ZE=1:9 Z:E=1:9

nuMeTuicyiabdokcuaa B 15
MJ XJIOpUCTOTO MeTwieHa. [lomydeHHyl0 cMech TepeMelMBaiMi MpU TOU Ke
TeMrepaTrype B T€UeHUe 5 MHH, a, 3aTeM, InpukanbiBaiau pactBop 0.72 r (2.3 mmolib)

cnupra 80b (81b) B 20 M xmopuctoro mermieHa. CMech mepemenivBaiyd 15 MuH,



287

npukansiBaiu 1.6 mi (11.5 Mmoiib) TpUdTHIIAMUHA U, 3aT€M, TOAHUMAII TEMIIEPATYPY
peakiuu 10 kKoMHaTHOW. [IpuOaBnsiin 20 M1 BOJBI, OpraHMYECKUN CIOW OTAEISUIH,
BOJHBIA DKCTparupoBaiv  XJopucTtbiM MetuieHoM (3x30 wu1), o0ObeIUHEHHbIE
OKCTPAKTHl CYIIMJINA HAJa CyIh()aToOM MarHus W KOHIICHTPUPOBAIW MPU TMOHMKEHHOM
napiaenun. Ilonyuennsii anpgerug 83b (84b) 6e3 mnpeaBapuTenbHONW OYUCTKH
pactBopsuit B 10 M abconoTHOro TeTparuapodypaHa W MpPUKaANbIBAIA K
MpeIBapUTEIHLHO MOATOTOBICHHON B atMochepe aprona mpu 0 °C cycnensum 0.12 r (3
mMonb) NaH (60% B wmunepansHom Macne) u 0.61 r (3.5 mMmonb) ¢dochonara
YKCYCHOMETHJIOBOTO 3dupa B 15 mMa abcomtotHoro terparunpodypana. [lomyueHnyro
cMech nepeMemmBaiy 1 4 u, 3ateM, oOpabateiBanu 10 Mu1 HACBILIEHHOTO pacTBOpa
NH,Cl. PactBop ¢wmibTpoBaniu, pacTBOPUTEIb  yIIApUBAJIM, BOJHBIA  CJIOH
AKCTparupoBaiu stuianeraroM (3x20 mir), 0ObeAMHEHHBIE AKCTPAKTHI CYIIWIA Haj
Ccynb(aroM MarHusi, KOHIEHTPUPOBAJIU MPU TMOHUKEHHOM JABJICHUW W OYMILAIHU
KOJIOHOYHO# Xpomatorpadueii Ha SiO, (merponernsiii 3¢up/stunanerar, 20:1) ¢
nonydenuem npoaykroB (E)-103b ((E)-104b) u (2)-103b ((2)-104b).
Coeounenue (E)-103b. Beixox 0.26 r (72%). IIpo3paunas sxenroBaTasi BsI3Kas
Me;Si xunkoctb. Rf = 0.35 (merposnelinbiii 3¢up : dTHIANETAT =
I M 20 1 1), [@]2° -219.3° (¢ 1.2, CH,Cl,). UK crextp, cm
4, OB 3047, 2947, 2857, 1734 (C=0), 1717, 1260, 1100, 859,
(E1103b 774. Cnextp SIMP 'H ((CDs),CO), &, m.a.: 0.01 ¢ (9H,
(CH3)3Si), 0.03 ¢ (6H, (CHs3),Si), 0.88 ¢ (9H, (CH5)sC), 1.90 n.t (1H, C°H, J 1.7 u 4.3
'), 2.95-3.01 m (1H, C*H), 3.14 1.1 (IH, C'H, J 43 1 9.1 T'), 3.58 m.1 (1H, CH,-0, J
22 un 6.8 T'm), 3.58 n.n (1H, CH,-O, J 2.7 u 15.1 '), 3.65 ¢ (3H, CH3), 5.56 n.t (1H,
C*H,J22wu5.7 I'm), 5.77 n.t (1H, C3H, J2.5u5.8Tn), 5.83 n.a (1H, CH=CHCO,Me,
J 0.5 u 15.5 Tw), 7.04 x.1 (1H, CH=CHCO,Me, J 10.0 u 15.4 T'ry). Crextp SIMP °C
((CD5),CO), o, m.a.: -5.29 ((CHs),Si), -2.66 ((CH3)sSi), 18.73 ((CHs)sC), 26.26
((CH3)sC), 42.20 (C°), 45.78 (C'), 51.37 (C?), 53.81 (CHj), 63.72 (CH,0), 120.67
(CH=CHCO,Me), 129.07 (C%), 132.91 (C"), 151.76 (CH=CHCO,Me), 167.10 (C=0).
Macc-criektp (APCI), m/Z (ly, %): 369 [(M+H")] (100). Haiizeno, %: C, 61.73; H,
9.55. C19H3605Si,. Berancneno, %: C, 61.85; H, 9.77.
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Coeounenue (Z)-103b. Beixom 0.03 r (8%). IIpo3paunas s>kenToBaTasi BsI3Kas

xunkoctb. Rf = 0.45 (metposelinbliit a¢up : sTHNIAETAT =

Me;Si
W= 20 : 1). [a]Z -42.0° (¢ 1.12, CH,Cl,). UK crektp, cM
3 CO,Me
2954, 2857, 1725 (C=0), 1638, 1249, 1172, 838, 775.
“uy OTBS
7z Crextp SIMP 'H ((CD3),CO), &, m: 0.01 c (9H,
(2)-103b

(CH3)3Si), 0.04 ¢ (6H, (CHg3),Si), 0.87 ¢ (9H, (CHa3)30C),
1.79 n.t (1H, C°H,J2.1u47 I'm), 2.95-3.02 m (1H, CZH), 3.58 n.n (IH, CH,-O,J 6.8 u
10.0 T'), 3.61 m.1 (1H, CH,-0, J 5.8 u 10.0 I'wy), 3.66 ¢ (3H, CH3), 4.40 t.x.1 (1H, C'H,
JO0.7,4.6 8.8 ), 561 nt(1H, C*H,J23u5.6 I'm), 5.72 n.n (1H, CH=CHCO,Me, J
0.7wu 11.5 T'm), 5.76 o.t (1H, CH,J24u5.6 I'm), 6.37 T (1H, CH=CHCO,Me, J 11.2
I'n). Cektp SIMP *C ((CD3),CO), &, m.i.: -5.24((CH3),Si), -2.72 ((CH3)sSi), 18.72
((CH3)sC), 26.22 ((CHs)sC), 40.67 (C°), 43.30 (C'), 51.13 (C?), 53.43 (CH,), 63.98
(CH,0), 118.46 (CH=CHCO,Me), 129.62 (C%), 132.79 (C*, 153.19 (CH=CHCO,Me),
167.03 (C=0). Macc-criektp (APCI), M/z (lop, %): 369 [(M+H")] (100). Haiineno, %:
C, 61.65; H, 9.58. C19H3503Si,. Beruncneno, %: C, 61.85; H, 9.77.
Coeounenue (E)-104b. Beixon 0.3 T (68%). IIpo3paunas »xentoBaras Bsi3Kas
Me;Si xunkocth. Rf = 0.35 (metposneiinsit 23¢up : stunanerat = 20
N - 1). [@]3° -95.5° (¢ 1.33, CH,Cl,). UK crektp, cm ': 2953,
P 2857, 1727 (C=0), 1652, 1249, 1166, 837, 776. Cmektp
(E)-104 " SIMP H ((CD5),CO), & m.1.: 0.01 ¢ (9H, (CH3)3Si), 0.02 ¢
(6H, (CH5),Si), 0.87 ¢ (9H, (CH3);C), 1.88 m.x.x (1H, C*H, J 2.5, 5.0 u 7.4 T'n), 2.61
1.1 (1H, C°H, 3 5.0, 6.1 u 7.5 '), 3.48 m.1 (1H, CH»-0, J 6.1 u 17.5 T'my), 3.51 1 (1H,
C'H, J 8.2 T'w), 3.52 n.x (1H, CH,-0, J 7.5 u 17.5 T'), 3.65 ¢ (3H, CHy), 5.47 m.t (1H,
C%H,J 5.0 u 5.6 T'), 5.81 1 (1H, CH=CHCO,Me, J 15.7 T'ry), 5.83 a.1 (1H, C*H, J 2.5
u 5.6 T'm), 7.07 nx (1H, CH=CHCO,Me, J 8.2 u 15.7 I'y). Cuextp SIMP °C
((CD3),CO), o6, m.a.. -4.70 ((CH3),Si), -2.13 ((CHj3)sSi), 19.39 ((CHs;)3C), 26.92
((CH3)sC), 39.08 (C%), 47.80 (C°), 51.69 (C"), 52.01 (CH,), 63.17 (CH,0), 122.01
(CH=CHCO,Me), 128.98 (C®), 135.41 (C?), 150.91 (CH=CHCO,Me), 166.01 (C=0).
Macc-criektp (APCI), m/Z (lym, %): 369 [(M+H")] (100). Haiizeno, %: C, 61.49; H,
9.47. C19H3605Si,. Beruncneno, %: C, 61.85; H, 9.77.

OTBS
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Coeounenue (Z)-104b. Beixox 0.03 r (7%). Ilpo3paunas »xenroBaTas Bs3Kas

Me;Si xunkoctb. Rf = 0.45 (metponeitnbrii 3dup : stmnanerar = 20
SN s : 1). []?° -54.9° (¢ 1.0, CH,Cl,). UK crektp, cM " 3046,

. Me 2953, 2856, 1724 (C=0), 1637, 1248, 1170, 840, 775.
v, -COMe 2953, 2856, 1724 (C=0), 1637 8, 1170, 840, 775

(2)-104b Crextp SIMP 'H ((CD5),CO), &, m.1.: 0.01 ¢ (9H, (CH3)3Si),

0.02 ¢ (6H, (CH3),Si), 0.86 ¢ (9H, (CH3)C), 2.0 a.a.x (1H, C*H, J 2.2, 4.0 u 5.0 T'n),
2.66 n.aa.ma (1H, C°H, J 4.0,6.0,7.2u10.6 T'n), 3.48 n.n (1H, CH,-O, J 1.2 1 9.8 '),
3.58 1.1 (1H, CH,-0, J 6.0 1 9.8 T'rx), 3.66 ¢ (3H, CHs), 4.64 T.1 (IH, C'H, J 2.2 u 10.6
'), 5.36 a.t (1H, C®H, J 2.2 u 5.6 Tw), 5.79 m.x (1H, C*H, J 2.5 u 5.6 '), 5.80 1.1
(1H, CH=CHCO;Me, J 2.2 u 11.5 T'), 6.28 n.a (1H, CH=CHCO,Me, J 10.6 u 11.5
I'n). Criexktp AMP *C ((CD3),CO), &, m.a.: -4.60 ((CH3),Si), -2.03 ((CH5)sSi), 19.41
((CH3)sC), 26.92 ((CHs)sC), 39.26 (C*%), 48.0 (C°), 48.02 (C'), 51.85 (CH;), 64.92
(CH,0), 120.61 (CH=CHCO,Me), 130.29 (C?), 134.66 (C*), 151.91 (CH=CHCO,Me),
167.53 (C=0). Macc-criektp (APCI), M/z (lop, %): 369 [(M+H")] (100). Haiineno, %:
C, 61.54; H, 9.62. C1gH3605Si,. Berancaeno, %: C, 61.85; H, 9.77.
Memunoswiti  3¢pup[(1R,4R,5S,6R)-4-(cuopoxcumemun)ouyuxnol3.1.0]eexc-2-en-
6-un]yxcycnou kucnomer 107b. K nepemernmBaecmomy pactBopy 0.24 r (0.65 MMOIIb)
come CMecH coemuHennit (Z,E)-103b B 25 Mu cBexeneperHaHHoro
..nn\\\\gr TeTparuipodypaHa npu KOMHaTHOU Temreparype no6asisuiu 1.0 M
: (1 wmmomb) 1M pactBopa TBA® B TerparugpodypaHe u

nepememmBai 6 4 (koHTposib MeTonoM TCX). Opranudeckuit

\\\\\\ “

107b /\OH
pacTBOPUTEIIb yHapUBaJIM HOPHU IMOHMKXCHHOM OaBJICHHH, OCTAaTOK

OYMINAIA OYMINAIA KOJIOHOYHOM Xpomarorpadueri ©a SiO, (meTposeiHbIi
s¢up/stunanerat, 1:1) ¢ nmoaydenuem 0.09 r (81%) Oummkma 107b. IMpospaunas
Macoo6pasnas xuakocts. Rf = 0.3 (merponeitusiit >¢up : stunanerar = 1 : 1). [a]Z -
182.0° (c 1.0, CH,Cl,). K cnextp, cm ' 3444, 2952, 2873, 1738 (C=0), 1437, 1346,
1201, 1026, 739. Cnextp SAMP 'H ((CD3),CO), 6, m.a.: 0.71 a.u.a.x (1H, CGH, J 4.5,
6.5,10.5 1 17.6 T'w), 1.48 m.a.x (1H, C°H, J 3.4, 6.5 u 10.5 T'), 1.76 1 (1H, CH,-CO, J
10.6 I'm), 1.80 g.a.t (1H, CH, J 2.0, 10.5 u 17.6 I'ry), 2.80 n.a (1H, CH,-CO, J 44 u

17.6 T'r), 2.90-3.10 yur.c (1H, OH), 3.38 m.aat (1H, C*H, J 2.0, 5.1 1 10.3 T'x), 3.43 1
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(1H, CH,-0, J 10.3 u 10.3 I'ry), 3.68 ¢ (3H, OCHg), 3.75 n.x (1H, CH,-0, J 5.1 u 10.3

'), 5.19 xt (1H, C*H, J 2.0 u 5.5 '), 5.89 a.t (IH, C*H, J 2.0 u 5.5 I'n). Crextp
SIMP *3C ((CD3),CO), &, m.x1.: 20.75 (C°), 24.80 (C°), 30.48 (C*), 36.07 (CH,CO), 49.87
(C%, 52.02 (OCHj3), 64.29 (CH,0), 129.69 (C?), 134.52 (C%), 174.55 (C=0). Macc-
ciiektp (APCI), m/z (lom, %): 205 [(M+Na®)] (100). Haiineno, %: C, 65.68; H, 7.51.

C10H1403. Brruucieno, %: C, 65.86; H, 7.69.
(3aR,6aS)-3,3a,4,6a-Tempacudpo-1H-yuxnonenma/c] pypan-1-on 71b u
(3aR,6aS)-3,3a,6,6a-mempacuopo-1H-yuxnonenma/c] pypan-1-on (+)-4. Ilo Mmeronuke,
aQHAJIOTMYHOM IS ToiydeHus coenuuenus 107b, u3 0.1 r

@ \\\\/< : \\\\< (0.5 mmonap) makToHa (-)-16 momydamu 56 mr (90%)

wy/ iy / Hepaznenmmumoit  1:1-cmecu  mpoaykroB 71b wu  (+)-4.
(+)-4 [Tpo3paunas maciooOpasnas sxuakoctb. Rf = 0.6
(HeTpOJ'IeI/IHBII/I a¢up : stmnanerat = 3 : 1). UK cmekrp, cm ' 3054, 2925, 2856, 1758
(C=0), 1444, 1376, 1174, 1138, 1060, 989, 927, 790, 676. Macc-cniektp (APCI), m/z
(Lo, %0): 125 [(M+H")] (100). Haiineno, %: C, 67.56; H, 6.24. C;HgO,. Beruucneno, %:
C, 67.76; H, 6.45. Jlanabie SIMP crnexkTpoB cMecHw aHaJOTHYHBI TMPHUBEIACHHBIM paHEe
JUTS MHIAMBUAYAIBbHBIX COCIUHCHHI.

[(1S,2R,5R)-5-Tpumemuncunrun-3-en-1,2-ouun] oumemarnon 740.
Me,si Obwass memoouka ona coeounenutt 80b u 8lb. Ilo
NG METOMKE, aHAJIOTMYHOM I monydeHus coeaunenus 107D, u3
0.2 r (0.63 mmoapr) MonoszammiieHHoro guona 80b (81b)
M nonydamu 0.12 v (98%) 74b. JlanHble aHATU30B WICHTUYHEI

74b NPEICTaBICHHBIM paHee.

Memun-(2E)-3-[(1R,2R,5R)-2-2uopoxcumemun-5- (mpumemuncunun)-yuxkionenm-
3-en-1-unjnpon-2-enoam (E)-108b. K nepememmusaemomy pactsopy 0.37 r (1.0 MMoJIb)
Me;Si (E)-103b B 25 mu1 MeTaHOJIA TIPU KOMHATHOW TEMITEpaType
_‘\\\\\\/COzMe npubapmsmu 0.7 r monooOMenHoit cmomst DOWEX® u

’ OH nepememmBan 20 9 (koHTtponb MetogoM TCX).
//,////

(5)-108b Peakunonnyto Maccy QuiabTpoBajiu, OCTaTOK Ha (UIbTpe

npoMbIBalIM dTunaneraroM (3X15 wmi), opraHuueckuit
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pPacTBOPHUTEINb OTTOHSUTH ITPU TTOHMKEHHOM JIABJICHHUHM M OCTATOK OYHIIAIN KOJIOHOYHOM
xpomarorpadueit Ha SiO, (nmerposeiinsiii a3gup/sTunamnerat, 1:1) ¢ momydenuem 0.23 T
(89%) cmupra (E)-108b. Ceetmo-kopuuneBas maciooOpasHas skuakocts. Rf = 0.3
(netponeitnslii 3¢up : stunanerar = 3 : 1). [a]2° -73.5° (¢ 1.15, CH,Cl,). UK cnekTp,
cM ': 3429, 3046, 2952, 2875, 1724 (C=0), 1705, 1651, 1436, 1249, 838, 796. Crextp
SMP 'H ((CD5),CO), &, m.ii.: 0.0 ¢ (9H, (CH3)5Si), 1.69 yur.c (1H, OH), 1.86 B (1H,
C°H, J 2.5 '), 3.00-3.12 m (2H, C'H u C?H), 3.59 1 (2H, CH,-0, J 5.6 T'n), 3.71 ¢ (3H,
CHs), 5.52 n.n (1H, C*H, J 2.5 u 5.4 T'), 5.78 nt (1H, C*H, J 2.5 u 5.4 ), 5.82 1
(1H, CH=CHCO;Me, J 15.5 I'n), 7.06 n.x (1H, CH=CHCO;Me, J 9.5 u 15.5 T'm).
Crextp SIMP °C ((CD3),CO), &, m.x1.: -2.88 ((CH5)sSi), 41.71 (C°), 45.02 (C'), 51.40
(C?), 52.64 (CHj,), 62.82 (CH,0), 120.24 (CH=CHCO,Me), 133.30 (C*), 127.14 (C®),
150.81 (CH=CHCO;Me), 166.91 (C=0). Macc-cnektp (APCI), m/z (lym, %): 255
[(M+H")] (100). Haiineno, %: C, 61.23; H, 8.55. C13H,,05Si. Beruncneno, %: C, 61.32;
H, 8.65.

Memunoswiti  2¢pup  [(3aR,6R,6aS)-6-mpumemuncurun-3,3a,6,6a-mempacudpo-
1H-yuxnonenmalClypan-1-unlyxcycnou kucromer 109b. I[o Meromuke, aHaIOrMUHON
Me;Si ans nomydenus coegunenus 107b, u3z 0.2 r (0.8 MMoIb)

CO,Me
W cinupra (E)-108b 3a 15 mun nomydyanu 0.18 r (93%) a¢upa
0
g/

109b. IIpo3paunas Bs3kas xuakocts. Rf = 0.7 (nmeTposneitnbrit
" sup : yrunanerar = 3 © 1), [a]2° -79° (¢ 0.7, CH,Cly). VIK
criektp, cM : 2955, 2899, 1737 (C=0), 1731, 1438, 1250,
1175, 1095, 1037, 839, 796. Crmextp SIMP 'H ((CD;),CO), & m.x.: -0.01 ¢ (9H,
(CH5),Si), 1.82 ym.c (1H, C°H), 2.32 1 (1H, C*®H, J 8.1 '), 2.48 .1 (1H, CH,-CO, J
8.1 u 15.1 Tw), 2.56 .1 (1H, CH,-CO, J 4.7 u 15.1 T'w), 3.33-3.40 m (1H, C*H), 3.56
n.a(1H, C*H, J 4.8 n 8.7 '), 3.63 ¢ (3H, CHa), 3.66 1.1 (1H, C'H, J 4.6 u 6.5 T'rr), 4.06
T (1H, C°H, J 8.3 '), 5.49 n.1 (1H, C*H, J 2.5 u 5.5 '), 5.67 ot (IH, C°H,J 2.9 u 5.5
I'm). Crextp SIMP °C ((CD3),CO), &, m.n.. -4.16 ((CH,):Si), 38.43 (C°), 38.65
(CH,CO), 49.66 (C*), 50.67 (C*), 52.04 (CHs), 72.55 (C%), 83.04 (C'), 128.81 (C*),
131.47 (C?), 171.76 (C=0). Macc-crektp (APCI), m/z (loms, %): 255 [(M+H")] (100).
Haiineno, %: C, 61.15; H, 8.44. C13H»,03Si. Beruucneno, %: C, 61.32; H, 8.65.

109b
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Memunoswiti 5¢hup (3aR,6aS)-3,3a,4,6a-mempacuopo-1H-yuxronenmalclgypan-

1-unykcycnou kuciomor 1100 u memunoswiti s¢hup (3aR,6aS)-3,3a,6,6a-mempazudpo-
1H-yuxnonenmalclpypan-1-unyxcycnoii xkucromer 111b. Ilo meToauke, aHaIOrHYHOMN

i osrydenus coenunenus 107b, uz 0.15 r (0.6

CO,Me CO,Me
\\\\\\! ) MMmoJib) coequneHus 109b 3a 14 4 momyyanu 0.1 r

@. /O + @ 0 (88%) mepasmenumoii 2:1:1-cmecu (cormacro 'H
iy "’/I///

110b - NMR) COEIMHEHUI 110b, 111b 51
HCI/IILGHTI/I(I)I/IHHPOBaHHOFO COCINHCHU.
[Tpo3paunas Bsi3kas skuakocth. Rf = 0.6 (merposeinbiit a¢up : stmianerar = 3 © 1). UK
criektp, cM ' 3050, 2951, 2851, 1740 (C=0), 1507, 1160, 1016, 695. Crextp SIMP 'H
((CD3),CO), &, m.i.: 2.05 kBuut. (0.7H, C?H, J 2.3 I'n), 2.13 keunr. (0.3H, C*'H, J
2.1 T), 2.15-2.23 M (2H, CH»-O u CH,’-0), 2.45-2.53 M (1H, CH,-CO u CH,’-CO),
2.54-2.60 M (1H, CH,-CO u CH,’-CO), 2.89-2.98 m (0.7H, C**H), 3.04-3.09 m (0.3H,
C®*H), 3.19 .1 (0.3H, C¥H, J 7.6 u 8.5 '), 3.41 .1 (0.7H, C*H, J 4.6 u 10.1 T'w),
3.61 ¢ (2.1H, CHy), 3.63 ¢ (0.9H, CHy’), 3.70 1.1 (0.7H, C*H, J 5.7 u 13.2 T'wy), 3.88 1.1
(0.3H, C"’H, J 4.6 u 8.8 I'r), 4.02 T (0.7H, C*H, J 9.8 '), 4.05 T (0.3H, C*H, J 8.3
'), 5.60-5.68 M (2H, C°H, C°H, C*'H, C*’H). Crextp SIMP °C ((CD5),CO), &, Mm.x.:
36.0 (C%), 36.45 (C®), 38.96 (CH,CO), 39.44 (C’H,CO), 170.95 (C=0), 47.10 (C*),
50.65 (C*), 50.73 (CH5’), 52.14 (CH3), 54.29 (C**), 57.79 (C®), 74.04 (CP), 74.76
(C*), 80.62 (C"), 82.49 (CY), 129.62 (C>’), 129.84 (C°), 131.61 (C°), 132.26 (C*),
171.15 (C’=0). Macc-cniektp (APCI), m/z (lor, %): 183 [(M+H™)] (100). Haiineno, %:
C, 65.66; H, 7.41. CyH4,03. Beraucneno, %: C, 65.93; H, 7.69.
Memunoswiti 2¢pup (2E)-3-[(1R,4R,5R)-4-mpumemuncunrun-5-(cuopoxcumemun)-
yukionenm-2-en-1-unjnpon-2-enosoii kucromer 112b. Ilo metomuke, aHaJOTHYIHON IS
Me;Si nonydenus coeaunenus (E)-108b, u3 0.61 r (1.65 mmoib)
SN s¢upa (E)-104b nmomywamu 0.38 t (89%) crmpra 112b.

_ Caetno-kopuuHeBass MacioobpasHas xuakocts. Rf = 0.3
"’//////\

112b
(c 1.03, CH,Cl,). MK criektp, cM ' 3426 (O-H), 3050, 2953, 2897, 1722 (C=0), 1705,

1649, 1436, 1249, 1171, 838. Cmextp AMP 'H ((CD3),CO), & m.n.: 0.01 ¢ (9H,

COMe (merponeiinbiit 5¢up : stumanerar = 1 @ 1). [a]2’ -116.7°
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(CH53)3Si), 1.90 m.a.n (1H, C*H, J 2.5, 5.0 u 7.5 'n), 2.62 n.1.0 (1H, C°H, J 6.8, 7.5 u

8.1 T'm), 2.90 ymr.c (1H, OH), 3.39 n.n (1H, CH,-O, J 6.8 u 10.2 I'r), 3.45 n.1 (1H, CH,-
0,J7.5u10.2TIm), 3.56 T (1H, C'H, J 8.1 I'mm), 3.66 ¢ (BH, CH3), 5.46 n.n (1H, C3H, J
2.3, 5.7 Tw), 5.81 x (1H, CH=CHCO,Me, J 15.7 I'r), 5.83 a1 (1H, C°H, J 2.3 u 5.7
Hz), 7.07 x.x (1H, CH=CHCO,Me, J 8.1 u 15.7 I'y). Criextp SIMP **C ((CD5),CO), 4,
M.1.: -3.65 ((CH3)5Si), 37.71 (C%), 46.35 (C°), 49.95 (C'), 50.51 (CHs), 62.89 (CH,0),
120.51 (CH=CHCO,Me), 127.56 (C?), 134.01 (C%), 149.34 (CH=CHCO,Me), 166.0
(C=0). Macc-criextp (APCI), m/z (lyz, %): 255 [(M+H™)] (100). Haiineno, %: C, 61.17;
H, 8.48. C13H,,05Si. Berancneno, %: C, 61.32; H, 8.65.

Memunoswii o¢hup (2E)-3-[(1R,4R,5S)-4-mpumemuncunrun-5-
(popmun)yuxnonenm-2-en-1-unjnpon-2-enosoit.  kucromer  113b.  ITlo  meToauke
Me;Si okucieHus mo CBepHY, aHAIOTUYHOHN TOJYYCHUIO COCTUHEHHIA
ﬂ\\\\\\\\o 83b u 84b, u3 0.3 r (1.17 mmone) cupra 112b nonyqanu 0.24

g o r (80%) ampaermma 113b. Tlpo3paunas sxenaToBaTas Bs3Kas

113b xuakocth. Rf = 0.5 (meTposneiinpiit a¢up : strnanerar = 3 : 1).

[a]3 -135.7° (¢ 0.125, CH,Cl,). K crektp, cM ' 2954, 1722 (OC=0), 1716, 1652
(HC=0), 1436, 1170, 841. Criextp SIMP 'H ((CD5),CO), &, m.1.: 0.03 ¢ (9H, (CHa)Si),
2.43 ot (1H, C*H,J 2.3 u 4.8 '), 3.23 m.a.x (1H, C°H, J 3.2, 4.8 u 8.0 '), 3.66 ¢ (3H,
CHs), 3.96 n.x.ar (1H, C*H, J 1.2, 2.3, 8.0 u 8.9 I'ny), 5.56 a.t (1H, C°H, J 5.0 u 5.6
I'm), 591 n.r (1H, C°H,J23u56 I'm), 5.94 n.o (1H, CH=CHCO,Me, J 1.2 u 15.7 I'my),
6.89 n.n (1H, CH=CHCO;Me, J 8.1 u 15.7 I'n), 9.57 n (1H, CHO, J 3.2 I'r). Cnextp
SIMP C ((CD,;),CO0), 6, m.a.; -3.89 ((CH3)sSi), 34.71 (C%), 49.98 (CY), 50.73 (CH,),
55.59 (C°), 121.81 (CH=CHCO,Me), 127.23 (C?), 134.0 (C%), 146.93 (CH=CHCO,Me),
165.7 (CO,), 200.87 (CHO). Macc-cniektp (APCI), m/z (Ioy,, %): 253 [(M+H")] (100).
Haiineno, %: C, 61.69; H, 7.77. C13H»,03Si. Beruucneno, %: C, 61.81; H, 7.92.
[(1S,2R,5R)-2-({[Memoxcumemorcu] memun}-5-(mpumemuncunun)yuxionenm-3-
en-1-un)memoxcu)mpem-oymun(oumemun)cunan 114b. K pactBOpy, coaepkaiieMy
0.30 r (0.95 mmounb) criupta 81b, 1.0 mut (5.7 MMOIIB) AUU30MPONMIATHIAMIHA B 20 MJT
XJopucToro MerwieHa npukanbiBanu npu 0 °C 022 wmn  (2.85 wmmonb)

MeTOKcUMETWIXJaopuaa B 10 My XJOpPUCTOrO METUJIIEHA W TMepeMeluBaiu 3 4
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Me.Si (xouTposib MetogoM TCX). Opranudeckuil pacTBOPUTEIH
WIS OTTOHSUTH, OCTATOK OYHUIIAIM KOJIOHOYHON XpoMTaorpadueit Ha
) OTBS

SiO, (merponeitubiii 3¢up/s>Trnanerar, 60:1) ¢ momydeHuem
OMOM

i,

b 0.33 1 (96%) nuadpupa 114b. TIpo3paunas Bsa3kas kuIKOCTh. Rf

= 0.4 (metposeiinblii 3¢up : stunauerar = 60 : 1). [a]3° +85.5°
(c 1.03, CH,Cl,). MK crextp, cm ' 2955, 2857, 1471, 1253, 1073, 1051, 836, 781.
Crextp SIMP 'H ((CD3),CO), &, m.1.: 0.06 ¢ (6H, (CH3),Si), 0.02 ¢ (9H, (CH5);Si), 0.91
¢ (9H, (CH3)sC), 1.95 xBuur. (1H, C°H, J 2.7 T'n)), 2.47 n.1.n (1H, C'H, J 3.0, 6.2 u 14.5
'), 3.30 ¢ (3H, CH3-0), 2.97-3.02 M (1H, C*H), 3.47 n.1 (1H, CH,-0Si, J 8.1 u 9.7
I'm), 3.51 a.x (1H, CH,-0OSi, J 6.9 u 9.3 I'n), 3.67 n.1 (1H, CH,-OMOM, J 7.1 u 94
I'm), 3.71 n.x (1H, CH,-OMOM, J 6.1 u 9.5 '), 4.58 ¢ (2H, OCH,0), 5.53 a.t (1H,
CH® J2.7u5.7Tn), 5.72 a1 (1H, C*H, J 2.6 u 5.7 I'ny). Crexrp SIMP *C ((CD5),CO),
0, M.a1.: -5.20 ((CHjy),Si), -2.65 ((CH3)sSi), 18.76 ((CHj3)sC), 26.31 ((CH3)sC), 39.50
(C°), 44.52 (Ch), 48.77 (C?), 55.16 (CH30), 64.16 (CH,0Si), 68.67 (CH,OMOM), 97.21
(OCH,0), 129.02 (C%), 132.82 (C*). Macc-crextp (APCI), M/z (lor, %): 359 [(M+H")]
(100). Haiigeno, %: C, 60.01; H, 10.37. CygH3303Si,. Beruancaeno, %: C, 60.22; H,
10.59.

[(1S,2R,5R)-2-/(Memokcumemoxcu)memun]-5-(mpumemuncunun)yuxionenm-3-

en-1-unfmemanon 115b. ITo metoauke, ananoruunoi noiayuenuto 107b, uz 0.25 r (0.7

MMoJib) coeauHenns 114b, 3a 6 u monmywaim 0.16 r (95%)
Me;Si

g npoaykta 115b. Tlpospaunas Bsizkas sxuakocts. Rf = 0.35
™oy
(netponeitnbiii »¢up : srunanerar = 3 : 1). [a]d® +13° (c 0.9,
", _-OMOM B
g CH,Cl,). VIK crextp, cm " 3363 (O-H), 2953, 2892, 1249, 1152,

115b

1043, 839. Crextp SIMP ‘H ((CD3),CO), &, m.a.: 0.01 ¢ (9H,
(CH5)3Si), 1.79 kBunt. (1H, C°H,J2.4 I'm), 2.51 oo (1H, C'H,J24,89u13.8 I'm),
3.03-3.07 m (1H, C?H), 3.35 yurc (4H, CH30, OH), 3.46 1.1 (1H, CH,-OH, J 6.0 u 11.0
'), 3.52 1.1 (1H, CH,-OH, J 5.7 m 10.1 T'), 3.66 T (2H, CH,-OMOM, J 8.3 T'iy), 4.62
¢ (2H, OCH,0), 5.49 x.r (1H, CH® J 2.2 m 4.6 T), 5.71 a.t (1H, C*H, J 2.4 u 4.9 T').
Crextp SIMP *C ((CD3),CO), &, m.a.: -2.80 ((CHs)sSi), 38.04 (C°), 44.77 (CY), 48.36
(C?), 55.39 (CH30), 63.26 (CH,0Si), 67.98 (CH,OMOM), 96.98 (OCH,0), 128.48
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(C®), 133.14 (C*. Macc-ciextp (APCI), m/z (lom, %): 245 [(M+H")] (100). Haiinero,
%: C, 58.87, H, 9.58. C1,H,403Si. Beraucinieno, %: C, 59.02; H, 9.84.
(1S,2R,5R)-2-({ Memoxcumemoxcuymemun)-5-(mpumemuncurun)yuxionenm-3-
en-l-kapbanrvoecuo 116b. Ilo wmeromuke oxucieHuss 1o CBepHY, aHAJIOTUYHOM
Me;Si nonydenuio coequHenuii 83b u 84b, u3z 0.29 r (1.2 mMmoinb)
““\\\\\\o cnupta 115b monysamu B 0.26 T (90%) ampaermma 116Db.
1, AOMOM IIpo3zpaunas cBemno-kentas Bs3kas xuakocte. Rf = 0.4
116b (netpomneitasii a¢up : atunarnerar = 20 : 1). [a]3° -89° (c 0.85,
CH.CL,). UK crexTp, cM : 3048, 2952, 2886, 2358, 1718 (C=0), 1470, 1250, 1152,
1109, 1043, 839. Crextp SIMP 'H ((CD;),CO), &, m.zi.: 0.01 ¢ (9H, (CH3)5Si), 2.42 n.t
(1H, C°H, J 2.7 u 7.8 T'w), 3.02 m.a.n (1H, C*H, J 3.4, 4.9 1 9.2 T'n), 3.27 ¢ (3H, CH;0),
3.33-3.38 m (1H, C'H), 3.51 a.1 (1H, CH,-OMOM, J 7.2 1 9.8 I'ry), 3.55 m.x (1H, CH,-
OMOM, J 6.3 u 9.8 I'n), 4.62 n.ax (2H, OCH,0, J 6.5 1 9.4 I'y), 5.53 n.Tt (1H, C3H, J
23154, 5.78 xt (1H, C*H, J 2.3 u 5.5 '), 9.71 1 (1H, CHO, J 3.3 I'). Cnextp
SIMP BC ((CD;),CO), &, m.i.: -3.01 ((CH5)sSi), 35.34 (C°), 50.51 (C?), 54.52 (Ch,
55.41 (CH;0), 67.69 (CH,OMOM), 97.17 (OCH,0), 128.67 (C%), 133.34 (C%), 202.19
(C=0). Macc-cniextp (APCI), M/z (lyz, %): 243 [(M+H)] (100). Haiineno, %: C, 59.41;
H, 8.86. C1,H2,03Si. Beruucneno, %: C, 59.50; H, 9.09.
(1S,4R,5R,6S)-4-({Memoxcumemorcu}ymemun)ouyuxnol 3.1.0)eexc-2-en-6-un
ayemam 119b u (1S,5R)-5-({memoxcumemoxcuymemun)yuxnonenm-2-en-1-
kapbanvoecuo 118b. Tlo metoamke, anamornuHod moaydenuto 107b, u3 0.31 r (1.3
MMOJIb) ajbaeruaa 116b B reuenue 30 MuH noydanu cMech coequrennii 117b u 118b.
[Tocie OTrOHKM OPraHUYECKOTO PACTBOPUTEIIS K OCTATKy NMPWIMBAIH 3 MJI TUPUIAMHA U
1 MJI YKCYCHOrO aHTHIpHIA, IEePEMEIIMBAaIM B TEUECHHWE 3 9 TPH KOMHATHOMN
temriepatype (KoHTpodb MeTonoM TCX). Opranndeckuil pacTBOPUTENb OTTOHSUIA MPU
MOHIDKEHHOM JABJICHMHM W OCTATOK OYHINAIN KOJOHOYHOM xpomTaorpadueir Ha SiO,
(metposeiinbiii aup/sTrnanerart, 20:1) ¢ monydenuem coenunenuii 118b u 119b.
Coeounenue 119b. Beixonx 0.21 1 (78%). CBetno-xkenrtas BsizKast KuIKoCTh. Rf =
0.4 (metponeiinsiii >¢up : stunanerar = 20 : 1). [a]%® +34.0° (¢ 1.0, CH,Cl,). UK
criekTp, cM ' 2918, 1750 (C=0), 1369, 1229, 1151, 1111, 1043, 918, 736. Crextp
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SMP 'H ((CD5),CO), &, m.n.: 1.76 T (1H, C°H, J 7.0 '), 1.95 ¢
@ (3H, CH;0C=0), 2.16 a1 (1H, H', J 6.6, 0.9 T'w), 3.29 ¢ (3H,
& T CcH0) 336 ks (IH, C°H, J 7.4 Tu), 3.46 ¢ (1H, C*H), 3.50 11
\ oy 119 (1H, CH,-OMOM, J 7.2 u 9.7 I'), 3.63 1.1 (1H, CH-OMOM, J
7.9 u 9.1 I'm), 4.60 a.n (2H, OCH,0, J 6.6 u 13.7 '), 5.46 n.t (1H, CZH, J20uss
I'm), 5.82 a1 (1H, C*H, J 1.9 u 5.2 I'n). Crextp IMP *C ((CD5),CO), &, m.xi.: 19.76
(CH4CO,), 22.87 (CY, 30.03 (C°), 48.11 (C°), 54.16 (CH0), 56.47 (C%), 69.03
(CH,OMOM), 96.19 (OCH,0), 130.65 (C%), 132.45 (C?), 171.00 (C=0). Macc-crektp
(APCI), m/z (lym, %): 213 [(M+H")] (100). Haiineno, %: C, 62.00; H, 7.36. C1;H;40,.

Brramcneno, %: C, 62.21; H, 7.54.
Coeounenue 118b. Beixox 0.02 1 (8%). CeeTiio-kenrtas BsA3Kas )UAKOCTh. Rf =
““\\\\\\o 0.35 (metponeiinsiit 5¢up : srunanerar = 20 : 1). [a]2® -79° (¢ 0.8,
@ CH,Cl,). UK crextp, cM ' 2929, 1724 (C=0), 1151, 1110, 1040,
118b//// 918. Crrextp SIMP 'H ((CD3),CO), &, m.xi.: 2.51-2.59 m (1H, C*H),
2.64-2.71 M (1H, C*H), 2.94 x.r.x (1H, C°H, J 1.6, 5.0 u 9.3 I';y), 3.22-3.27 M (1H,
C'H), 3.29 ¢ (3H, CH50), 3.43 .1 (1H, CH,-OMOM, J 7.4 u 9.3 '), 3.57 .1 (1H,
CH,-OMOM, J 5.9 1 9.4 T'rr), 4.60 ¢ (2H, OCH,0), 5.63 a.t (1H, C°H, J 2.3 u 5.7 T'w),
574 nt (1H, C*H, J 2.2 u 5.7 T), 9.69 1 (1H, CHO, J 1.5 I'). Crextp SIMP °C
((CD,),CO), S, m.m.: 31.67 (C%, 46.99 (C°), 52.90 (CY), 54.27 (CH;0), 70.13
(CH,OMOM), 96.14 (OCH,0), 130.27 (C%), 133.33 (C?), 201.70 (C=0). Macc-crekp
(APCI), m/z (loss, %): 173 [(M+H")] (100). Haiizero, %: C, 63.24, H, 8.07. CoHy,Os.

Brranciaeno, %: C, 63.45, H, 8.23.

OMOM

(Z,E)-1-((1R,2R,5R)-2-((Memoxcumemorcu) memun)-5-(mpumemuncunun)yuxio-
nenm-3-en-1-un)oxm-1-en-3-on (Z,E)-120b. K cycnensuu 0.12 r (3 mmoas) NaH (60%
B MuHepasibHoM Maciie) u 0.73 r© (3.5 m™MmoIb)
Me;Si \ﬁ,fk dochonata 124 B 15 M abCONOTHOrO
@.\\\\“\\\ 2CoH, terparunpodypana B armochepe aprona mpu 0 °C
OMOM npukaneiBaay 0.27 v (1.1 mMous) anpreruna 116b B 10

///////

(Z.E)-120b M aOcoyiroTHOrO Terparuapodypana. IlomydeHHyro

cMmech nepemenuBanu 1 1 (koHTposb MetonoM TCX) u, 3aTeM, obpadaTeiBaym 10 mi
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HaceimeHHoro pactBopa NH;Cl. PactBop ¢uibTpoBamu, pacTBOpHTENh yHapHUBaJIH,
BOJIHBIN CIJIOM 3KcTparupoBayid 3TminaneratoM (3x20 mui), oObEIUHEHHBIE DKCTPAKTHI
CYIIWJIA HaJ Cylb(paToM MarHusi, KOHIEHTPUPOBAIU IMPH MOHIKEHHOM JaBJIICHUU U
OYMINAIKA KOJOHOYHOW xpomarorpadueii Ha SIiO, (merponeiinsiii 3¢dup/>THnanerar,
20:1) ¢ momyuenuem 0.34 t (93%) nepasaenumoii 85:15-cmecu (cormacuo SIMP'H) E- u
Z-u3omepoB 120b. Ceetno-kenras Bszkas xuakoctb. Rf = 0.4 (merponetinsiii 3¢up :
srunanerat = 20 : 1). [a]d® -93° (¢ 1.3, CH,Cl,) mns cmecu Z,E-usomepos B
cootHomennn 85:15. UK cmektp, cM 1 2954, 2873, 1699, 1677, 1625, 1465, 1249,
1151, 1110, 1045, 838. Cnextp SIMP 'H ((CD5),CO), &, m.a.: 0.03 ¢ (9H, (CH3)sSi u
(CH3)3’Si), 0.90 T (3H, CH3CH, u CH3’CHy, J 7.2 T'y), 1.25-1.36 m (4H, (CH,),.CH;3 u
(CH,),’CHsy), 1.59-1.64 m (2H, CH,CH,C=0 u CH,’CH,C=0), 1.87 xBuHT. (1H, C°Hu
C>H, J 2.7 T'n), 2.53 T (2H, CH,C=0 u CH,’C=0, J 7.4 T'), 3.07 t.5 (1H, C*H u C*H,
J3.1 198 I'm), 3.09-3.14 m (1H, C'H u CVH), 3.34 ¢ (2.55H, CH30), 3.36 ¢ (0.45H,
CH3’0), 3.47 n.n (2H, CH,-OMOM u CH,’-OMOM, J 5.4 u 6.8 T'), 4.58 n.a (1.7H,
OCH,0, J 6.5 u 8.7 T'w), 4.61-4.64 m (0.3H, OCH,’0), 5.57 1.1 (0.85H, CH®, J 2.0 u 5.6
'), 5.63-5.68 M (0.15H, C¥H), 5.77 n.t (0.85H, C*H, J 2.4 u 5.4 T'n), 5.79-5.84 M
(0.15H, C*'H), 6.06 1 (0.85H, HC=CHC=0, J 15.7 I'nr), 6.13 1 (0.15H, HC=CH’C=0, J
16.0 T'm), 6.85 na (0.85H, HC=CHC=0O, J 9.7 u 15.8 Tm), 6.97 an (0.15H,
H’C=CHC=0, J 9.8 u 15.6 I'm). Cnextp IMP “C ((CD;),CO), &, m.i.: -2.86
((CH3)sSi), -1.34 ((C’Hg)sSi), 13.89 (CH3CH,), 22.44 (CH,CHj5), 23.98 (CH,CH,C=0),
31.45 (CH,CH,CHj3), 39.90 (CH,C=0), 42.05 (C°), 45.48 (C"), 50.04 (C?), 51.12 (C?),
55.26 (CH30), 68.20 (CH,OMOM), 68.95 (C’H,OMOM), 96.67 (OCH,0), 127.62
(CH=CHC=0), 129.21 (C%, 130.03 (C"), 132.42 (C%, 133.56 (C*), 148.28
(CH=CHC=0), 148.91 (C’H=CHC=0), 201.05 (C=0). Macc-cuextp (APCI), m/z (1,
%): 339 [(M+H™)] (100). Haiineno, %: C, 67.15; H, 9.84. C1gH3,0;Si. Beruucneno, %:
C, 67.34; H, 10.04.
1-({1R,4R,5S,6S}-4-({Memoxcumemorcuymemun)ouyuxno|3.1.0)eexc-2-en-6-un)-
eenman-2-on 121b. Tlo meroavke, aHamornyHou monydenuro 107b, u3 0.15 r (0.44
MMoJb) coenunenus (Z,E)-120b, B Teuenne 1 4 moayuanu 0.1 r (87%) xetona 121b.

Caemo-kenras Bsizkast )kuakocthb. Rf = 0.3 (nerponeitnsiii 3¢up : stunanerar = 10 : 1).
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[a]3° +65° (¢ 1.2, CH,Cl,). UK cnektp, cMm ' 3052, 2918,

@/// n-CsHy 2360, 1750 (C=0), 1369, 1229, 1151, 1111, 1043, 918,
"“““(W 736. Criextp SIMP 'H ((CDs),CO), 8, m.a.: 0.69 t.1 (1H,
N o C°H, J 3.7 u 7.0 T'), 0.89 T (3H, CHsCH,, J 7.2 T'n),
OMOM  121b 1.22-1.35 m (4H, (CH,),CHs), 1.43 1.1 (1H, C’H, J 3.7 u
6.3 I'n), 1.56 kBunr. (2H, CH,CH,C=0, J 7.5 I'n), 1.71 n.1 (1H, C'H, J 2.2 u 3.9 '),
2.28 T (2H, CHCH,C=0, J 6.4 I'n), 2.43 T (2H, CH,CH,C=0, J 7.4 T'), 3.31-3.36 m
(1H, C*H), 3.37 ¢ (3H, CH;0), 3.50 1.1 (IH, CH,-OMOM, J 7.0 u 9.3 I'rr), 3.60 1.1
(1H, CH,-OMOM, J 7.9 u 9.3 '), 4.65 xB (2H, OCH,0, J 6.5 T'), 5.31 x (1H, C*H, J
5.6 T'm), 5.94 ot (1H, C°H, J 2.2 u 5.6 'y). Crextp SIMP °C ((CD;),CO), &, m.x.:
13.93 (CH3CH,), 21.59 (C°), 22.48 (CH,CH,CHs), 23.38 (CH,CH,C=0), 24.29 (C°),
30.65 (C"), 31.42 (CH,CH,CH,), 42.36 (CH,CH,C=0), 45.77 (CHCH,C=0), 47.74
(C%, 55.15 (CH;0), 69.84 (CH,OMOM), 96.56 (OCH,0), 130.02 (C?), 134.81 (C%),
210.36 (C=0). Macc-cniexktp (APCI), m/z (loy,, %): 267 [(M+H")] (100). Haiineno, %:
C, 71.93; H, 9.52. C1gH»603. Beruucieno, %: C, 72.07; H, 9.76.
Memunoswiti 3¢pup (E)-3-[(1R,2R,5R)-2-[(memoxcumemorcu)memun)-5-(mpume-

muacunun)yukioneum-3-eu-1-un]-2-numpoyxcycuoni xuciomor 122b. K pacreopy 0.2 t

(0.8 mmonb) anpreruga 116b u 0.29 r (2.4 MMoib) MeTHII-2-

Me3Si
. No. HHTpoalerara B 15 M cyxoro meraHosia 100aBIsUM TIpH +5
\\\\\\\ 2
°C 0.36 Tt (4.0 mmonb) f-amanuHa. PeaknnoHHYIO Maccy
, COZMC
", NepeMeIInBaId MPU TOM K€ TemIepaType B TeueHwe | yaca
122b - b oM (xkoHTpons MetogoM TCX), ynapuBaiu OpraHUYECKUN

pacTBOpPHUTENIb, OCTATOK OYHINAIM  KOJIOHOYHOW  xpomatorpadueir Ha  SiO,
(netponeitapii  ddup/s>Tumanerar, 20:1) ¢ nmomyuenmem 023 r  (85%)
HUTpoIpousBogHoro 122b. Ilpo3paunas Bszkas kuakocts. Rf = 0.35 (merponeitnbrii
s¢up : stmmanerar = 20 : 1). [a]Z’ -71.1° (¢ 1.1, CH,Cl,). YIK crektp, cM ': 2954,
2926, 1738 (C=0), 1539, 1438, 1379, 1250, 1151, 1110, 1044, 840. Cnextp SIMP 'H
((CD3),CO), & m.xi.: 0.02 ¢ (9H, (CH3)3Si), 1.87 keunr. (1H, C°H, J 2.5 T'n), 3.13-3.17
M (1H, C'H), 3.19 g1 (1H, C*H, J 2.5 u 8.0 T'), 3.34 ¢ (3H, CH30), 3.51 m.x (2H, CH,-
OMOM, J 6.1 1 9.9 T'n), 3.84 ¢ (3H, CH3CO,), 4.57 n.n (2H, OCH,0, J 6.7 u 8.7 I'n),
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5.57 nt (IH, C*H, J 1.9 u 5.6 T'n), 5.76 n.t (1H, C*H, J 2.3 u 5.2 '), 6.95 1 (1H,

HC=C, J 10.8 T'y). Criextp SIMP **C ((CD3),CO), &, m.1.: -2.92 ((CH3)5Si), 40.98 (C),
42.28 (Ch, 50.26 (C?), 53.21 (CH,0CO0), 55.32 (CH;0), 67.64 (CH,OMOM), 96.76
(OCH,0), 127.31 (C%), 132.23 (C?), 141.88 (HC=CNO,), 142.02 (NO,C=CH), 159.36
(C=0). Crextp SIMP N ((CD3),CO), &, m.1.: 370.46 (NO,). Macc-criextp (APCI), m/z
(lom, %): 343 [(M+H")] (100). Haiineno, %: C, 52.31; N, 3.84; H, 7.02. C15H,5NOgSi.
Brruucneno, %: C, 52.42; N, 4.08; H, 7.28.

Memunoswiti  a¢pup  2-[(1S,4R,5R,65)-4-[ (memoxcumemorcu)memun) buyurio-
[3.1.0]cexc-2-en-6-un)-2-numpoyxcycnou kuciomer 123b. ITo MeToaMKE, aHATOTUYHOM
s noaydenus 107b, w3z 0.17 r (0.5 mmonb) coenmunenuss 122b, B TedeHue 5 MuH
noaydanu 0.14 t (82%) aurponpoussoanoro 123b. I[Ipo3padnas cBeTIO-KeTas BA3Kast

coMe kuakocth. Rf = 0.25 (merponeiinsiii 3dup : atunamerar = 5 : 1),
UK cnektp, cM : 2917, 1756 (C=0), 1562, 1437, 1368, 1273,
1152, 1111, 1041, 919, 734. Crextp SIMP 'H ((CD;),CO), 6,
m..: 1.34 1.t (1H, CGH, J2.7n10.8 I'm), 1.83 T.1.T (1H, C°H, J
3.5,59 u 6.6 T'm), 2.17 n.at (1H, C'H, J 1.9, 6.4 u 12.5 I'n),
3.37 ¢ (3H, CH50), 3.42 xBunr. (1H, C4H, J 7.2 Tm), 3.56 n.a (2H, CH,-OMOM, J 3.3
u 7.2 T'm), 3.84 ¢ (1.5H, CH3CO,), 3.86 ¢ (1.5H, C’H3CO,), 4.39 (0.5H, CH’NO,, J 10.6
['m), 4.43 (0.5H, CHNO,, J 10.6 I'n), 4.64 xB (2H, OCH,0, J 6.6 I'n), 5.45 n.x (1H,
C°H, J 5.6 u 10.6 I'n), 5.95 m.x.xn (IH, C°H, J 2.0, 5.3 u 7.7 'n). Crextp SIMP *C
((CD5),CO), &, m.1.: 23.90 (C>), 24.22 (C°), 25.17 (C*), 25.42 (C?), 29.94 (C"), 30.49
(ChH, 47.72 (C*), 47.79 (C%), 53.57 (C’H3CO,), 53.69 (CH;CO,), 55.32 (C’H;0), 55.34
(CH30), 69.02 (C’H,OMOM), 69.18 (CH,OMOM), 89.85 (CHNO,), 90.29 (CHNO,),
96.79 (OC’H,0), 96.88 (OCH,0), 131.34 (C*"), 131.77 (C?), 133.08 (C*), 133.27 (C?),
164.20 (C’=0), 164.63 (C=0). Macc-criektp (APCI), m/Z (1o, %): 272 [(M+H™)] (100).
Haiineno, %: C, 52.90, H, 6.14. C;,H;7;NOg¢. Beruncneno, %: C, 53.08, H, 6.23.

[(3aS,4S,6aR)-1-O«co-3,3a,4,6a-mempacudpo-1H-yuxnonenma/c] pypan-4-

/,///
.|\\\\\\(

NO,

////,, ", :\

OMOM 123b

unfmemungpopmuam 126a, (3aS,4S,6aR)-4-(cuopoxcumemun)-3,3a,4,6a-mempazuopo-
1H-yuxno-nenmalclgypan-1-on 127a, (3aS,6aR)-3,3a,4,6a-mempacuopo-1H-

yuknoneumafc]gypan-1-on 7la. K nepememmBaemomy pactBopy 0.7 T (3.6 MMOmB)
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JakToHa (—)-16 B 15 mn mypaBbuHO#M kucnotel noGaBmsuin 1.08 r (36 Mmob)
napadopma u 0.1 MI KOHIIECHTPHPOBAHHON cepHOM KHUCIOTHL. [lomydeHHyIO CcMmech
HarpeBaiiu 110 95 °C, BbIIepKUBaAIM 2 Yaca MpHU ATOW Temreparype (KOHTPOJIb METOJIOM
TCX), KOHLEHTPUPOBAIM IpU IOHWKEHHOM [JIaBJICHUM M OCTaTOK OYMILAIN
KOJIOHOYHO# Xpomarorpadueii Ha SiO, (rpagueHTHOE SIIOUPOBAHHME METPOJICHHBIHN
spup/srtunanerar, or 3:1 mgo 20:1) ¢ mnomyuenuem 0.1 r (23%) mnpoaykra
npotoaecuunupoBanus 71a, 0.36 r (55%) manocrabunbsHoro gopmuara 126a u 0,06 ¢
(10%) cniupta 127a. Boinenennsiii popmuat 126a pactBopsuiu B 10 M MeTaHoJIa U TIPU
nepeMemuBanuu go0asisim pactop 0.8 r (15 mmonb) Metwnara Hatpus B 10 mi
MeTraHousa. [loaydyeHHyI0 CMech BBIAEPKUBAIM NMPU KOMHATHOW Temmeparype 3 yaca
(xoHTpOons MetosioM TCX), OTroHSIIM OpPraHUYECKUW pPACTBOPUTETIh, K OCTATKy
nobasnsimu 15 wmn terparuapodypana u 15 M 5%-HoOro  XJOpOBOJOPOA,
nepemeriBai 10 MUH, OpraHu4YecKyto ¢aszy OTACISIIN, BOAHBIN CIION IKCTPArupoBaIu
stunaneratoM (3x15 mi). OObeAMHEHHBIE OPraHUYECKHE OSKCTPAKTHI CYIIMIIA HaJ
CyJb(aToM MarHusi, ynapuBaJid NPy NOHMKEHHOM JaBieHuu u nonydanu 0.3 r (98%)
cnuprta 127a.

Coeounenue 126a. Ilpo3paunas MacinooOpasHas skuakocth. Rf = 0.3

(nerponeiinelit >gup : stunauerar = 3 : 1). [a]d’ -193.8° (c 0.7,

CH,Cl,). UK cniektp, e ': 2954, 2929, 1763 (OC=0), 1724 (HC=0),

o 1177, 1024. Crextp SIMP 'H (CDCly), &, m.a.: 3.34 M (2H, C*H u

C'H), 3.67-3.73 M (1H, C® H), 4.14-4.26 m (2H, C*H u CH,0), 4.36-

OCHO 4.46 m (2H, C°H u CH,0), 5.77-5.92 M (2H, C°H u C°H). Crextp

126a SIMP 3C (CDCl), &, m..: 39.29 (C®), 47.50 (C*), 52.38 (C®), 62.03
(C%), 67.95 (CH,0), 127.94 (C°), 132.81 (C°), 160.46 (CHO), 176.34 (C=0). Macc-
cuextp (APCI), m/z (o, %): 183 [(M+H")] (100). Haiineno, %: C, 59.18; H, 5.32.
CyH1004. Beruncneno, %: C, 59.34; H, 5.49.

Coeounenue 127a. Tlpo3paunas wMaciaooOpasHas skuakoctb. Rf = 0.3
(netponeitusit >¢up : >tunanerar = 1 : 3). [a]2° -88.8° (¢ 1.05, CH,Cl,). UK cnekTp,
cM 1 3446 (0O-H), 2920, 1755 (C=0), 1383, 1184, 1023, 736. Cniextp SIMP ‘H (CDCls),
S, M.a.: 1.84 yur.c (1H, OH), 3.19-3.27 m (1H, C*H), 3.38 kBunr. (1H, C**H, J 8.2 I'n),
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3.63-3.70 M (2H, C®H u CH,0), 3.87 n.x (1H, C*H, J 5.7 u 7.2 T'n),

4.34-4.48 m (2H, C*H u CH,0), 5.76-5.85 m (2H, C°H u C°H). Crextp

O SIMP °C (CDCly), &, m.1.; 39.20 (C*), 50.82 (C®), 52.44 (C%), 61.57

(CH,0), 68.55 (C%), 127.47 (C°), 133.77 (C°), 177.26 (C=0). Macc-

OH ciektp (APCI), m/Z (lym, %): 155 [(M+H")] (100). Haiineno, %: C,
127 62 13: H, 6.26. CgH1yOs. Borunciieno, %: C, 62.34; H, 6.49.

O

Coeounenue Tla. Ilpo3paunas maciaooOpasHas skuakocT. Rf = 0.6
(netponeiinplii >¢up : stunmanerar = 3 : 1). [a]3® -243.5° (¢ 1.1,
CH,Cl,). UK cmektp, oM 12921, 1768, 1189, 1168, 1008, 683. Cnektp
o IMP 'H (CDCl), 6, M. 2.33 1 (1H, C*H, J 5.5 '), 2.68-2.78 M (1H,
C*H), 3.25 kBunt. (1H, C¥H, J 8.3 I'n), 3.63-3.67 M (1H, C**H), 3.87
71a nx (1H, C*H, J 7.2 1 9.0 T'w), 4.57 T (1H, C°H, J 9.0 I'ny), 5.74-5.76 m
(1H, C°H), 5.87-5.89 m (1H, C°H). Cmextp AMP *C (CDCls), &, m.in.: 37.13 (C%),
39.08 (C*), 52.53 (C"), 74.28 (C?), 126.33 (C"), 132.68 (C°), 176.95 (C=0). Macc-
ciektp (APCI), M/zZ (lom, %): 125 [(M+H")] (100). Haiineno, %: C, 67.56; H, 5.48.
C;HsO,. Brruncaeno, %: C, 67.74; H, 5.64.
[(3aS,4S,6aR)-1-Okco-3,3a,4,6a-mempacudpo-1H-yurxnonenmal c|pypan-4-
un]memunayemam 129a. Ilo MeToanKe, aHATIOTHYHON MMOJYYEHHUIO coequHeHus 37a, u3
o 0.4 r (2.6 mmonb) criupta 127a monyyanu 0.48 r (95%) amerara 41.
becusetHas macioobpasnas xuakoctsb. Rf = 0.6 (metponeitbrit adup :
O srumamerar = 3 : 1). [a]Z’ -74.0° (¢ 1.2, CH,Cl,). UK cmextp, cM
2956, 2921, 1761 (OC=0), 1738 (CH3C=0), 1380, 1242, 1026.
?1;9: Crextp SIMP *H (CDCly), &, m.zi.: 2.07 ¢ (1H, CHa), 3.29-3.40 m (2H,
C*'H u C*®H), 3.65-3.72 m (1H, C*H), 4.09 x.1 (IH, C°*H,J 7.6 u 11.6
I'm), 4.23 n.a (1H, CH,0,J 6.3 1 9.8 T'n), 4.28 .1 (1H, C3H, J5.5u11.6 '), 4.35-4.45
M (IH, CH,0), 5.77-5.79 m (1H, C°H), 5.85-5.87 M (IH, C°H). Cmekrp SIMP “°C
(CDCly), &, m.ii.: 20.75 (CH3), 39.39 (C*), 47.65 (C*), 52.34 (C%), 62.54 (CH.0), 68.01
(C%), 127.78 (CP), 133.27 (C°), 170.64 (CH;CO,), 176.40 (C). Macc-criexktp (APCI),
Mz (lom, %): 197 [(M+H")] (100). Haiineno, %: C, 61.01; H, 5.97. CioH3,0,.
Brranciaeno, %: C, 61.22; H, 6.12.
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Memunoeguiii a¢ghup (3aS,45,6aR)-3,3a,4,6a-mempacuopo-1H-yuxno-
MeO,C nenma/Clgypan-4-kapoonosou xuciromer 130a. ITlo wmetomuke,
aHaJIOrMYHOM monydeHuto coemuneHus 70b, uz 0.3 r (1.94 mmoIb)
©  nakrona (-)-16 momyugamm 0.28 t (85%) »dupa 130a. becuperHas
1308 maciiooOpasnast skuakocte. Rf = 0.4 (merposeinbiii  3¢up

stunanerar = 10 : 1). [a]3 -18.7° (¢ 0.88, CH,Cl,). K cmektp, cM : 2956, 1717
(C=0), 1437, 1251, 1077, 909. Cunextp SAMP 'H (CDCly), o, m.a.: 3.18 g.a.a.a (1H,
C¥H,J3.7,6.8,8.1 u 16.2 T'), 3.36-3.45 m (2H, C*H u C**H, J 6.8 1 9.4 T'y), 3.66 1.1
(1H, CH, J 3.5 u 8.6 T'), 3.70 ¢ (3H, CHs), 3.76-3.81 m (1H, C*H), 3.87 .1 (1H, C*H,
J3.6u16.0 '), 3.87 x.x (1H, C'H, J 1.5 u 3.3 T), 5.71-5.74 m (1H, C’H), 5.79-5.82
M (1H, C°H). Crextp SIMP *C (CDCly), &, m.x.: 43.55 (C®%), 51.57 (C*), 51.68 (CHy),
53.39 (C%), 71.06 (C®), 72.63 (C%), 128.79 (C°), 134.41 (CP), 173.01 (C=0). Macc-
cektp (APCI), m/Z (lom, %): 169 [(M+HY)] (100). Haiineno, %: C, 64.07; H, 6.99.

CyH1,03. Brruncneno, %: C, 64.29; H, 7.14.

(3aS,4S,6aR)-4-(bpommemun)-3,3a,4,6a-mempacudpo-1H-yuxnonenmal c| gy-

pan-1-on 13la. K pactBopy 0.2 r (1.3 mmons) cnupra 127a B 15 mu xyopuctoro
o MCTWICHa TIpH 0 °C gpgobGamsum 086 1 (2.6 MMOMIb)
yeTbipexOpomuctoro  yrimeponra u  0.67 r (2.6  MMOIb)
O

Tpudenundochuna u nepememmBain 3 4 (KoHTpodb MeTonoM TCX),

KOHOCHTPUPOBAJIN IIPU IMOHUKCHHOM HABJIICHUMW W OCTATOK OYHINAIN

Br

KOJIOHOYHOU xpomarorpadueit Ha SiO, (meTposeiHbIN
131a

sapup/srtunanerar, 3:1) ¢ nomydenuem 0.25 t (89%) O6pomuga 131a.
becuernas macioobpaszHas xuakocts. Rf = 0.5 (merposneiinsbiii a¢up : atnnanerar = 3
. 1). [ar]2° -186.0° (¢ 1.2, CH,CL,). MK crektp, cM ' 2954, 2919, 1734 (C=0), 1437,
1196, 1039. Criextp IMP 'H (CDCly), &, m.a.: 3.29 T (1H, C**H, J 9.6 I'nr), 3.40-3.60 M
(3H, C°H, C*® H u CH,Br), 3.37-3.72 m (1H, CH,Br), 4.19 n.x (1H, C*H, J 7.5 u 9.5
'), 4.50 T (1H, C*H, J 9.2 '), 5.77-5.79 M (1H, C°H), 5.86-5.89 M (1H, C°H). Criextp
SIMP °C (CDCl,), 8, m.x.: 30.30 (CH,Br), 40.13 (C%), 51.32 (C*), 52.19 (C®), 67.54
(C®), 128.11 (C°), 134.22 (C?), 176.25 (C=0). Macc-crextp (APCI), M/z (lor, %): 217
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[°Br, (M+H")] (100). Haiineno, %: C, 44.01; H, 3.95; Br, 36.58. CgHsBrO..

Brrunciaeno, %: C, 44.24; H, 4.15; Br, 36.87.
Memunoswoiti 2¢pup (1R,4S,5R)-4-(6pommemun)-5-(xropmemun)yuxnonenm-2-en-
1-xkapbonosoii kuciomsr 132a. Ilo mMeToauKe, aHAJTOTUYHOW TMOTYYCHUIO COCTUHEHUS
0 70b, u3 0.32 r (1.5 mmonp) naktoHa 131a momydanu 0.34 r (85%)

coequneHus 132a. BecisetHas macimooOpasHas skuakocTs. Rf = 0.4

v
0
(nerponeiiuelit >dup : stunmanerar = 5 : 1). [a]3 -73.0° (c 0.9,
e CH.CL,). UK cmextp, cM ' 2919, 1732 (C=0), 1439, 1200, 1172.
r
132a Crextp SIMP 'H (CDCly), &, m.i.: 2.92 ksunt. (1H, C°H, J 8.3 T'n),

3.16-3.23 m (1H, CH,CI), 3.44 1 (1H, C*H, J 9.5 '), 3.62-3.71 m (6H, CH3, CH,Br u
CH,CI), 3.83 xBuut. (IH, C'H, J 11.0 I'n), 5.83-5.87 M (1H, C°H), 6.13-6.17 m (1H,
C®H). Crextp SIMP C (CDCly), &, m.1.: 33.60 (CH,Br), 42.00 (CH,CI), 46.56 (C°),
48.97 (C%), 52.02 (CHs), 52.13 (C"), 130.00 (C?), 137.36 (C°), 172.73 (C=0). Macc-
criektp (APCI), M/z (lom, %): 266 [°Br, *Cl, (M+H")] (100). Haiinero, %: C, 44.01; H,
3.95; Br, 36.58; Cl, 13.27. CgHyBrO,. Beruucneno, %: C, 40.37; H, 4.49; Br, 29.91, Cl,
13.64.

(3aS,6aR)-3a,6a-/Jucuopo-1H-yuxronenmajc] pypan-1,4(3H)-ouon 133a.

Memoo A. K nepememmBaemomy pactBopy 0.3 r (1.9 mmons) cniupta 127a B 10
M arieToHa jgo0asisun peareHt [hxonca (CrO3(0.35 ) + HySOy4 (0.125 M) + H,O (2.5
MJ1)) ¥ IEpeMeInBaId 4 4 pyu KOMHATHOU Temneparype (koHTpoias MmerogoMm TCX). B
peakuoHHy0 Maccy n06aBmsiu 0.2 MJI M30MPONUIOBOIO CIUPTA, KOHUEHTPUPOBAIU
IIpU TOHMKEHHOM JIaBJICHUH, pa30aBIsiIv 5 MII BOJbI M SKCTParupoBay STHIIALETaTOM
(3x10 mu1). OObeTMHEHHBIE OPTaHUYECKHE KCTPAKTHI CYIIMIN HaJ CyJlb(aToM mMaruus,
KOHIIEHTPUPOBAJIM TpU  [OHMKEHHOM  JIaBIEHUM UM  OYMINATM  KOJOHOYHOU
xpomatorpadueii Ha SiO, (nmerposeiinblii d3¢up/strnanerar, 5:1) ¢ noayderrem 0.13 r
(48%) enona 133a.

Memoo b. Tlo metoauke, aHAIOTHYHOM Mony4eHuto coenuHenus: 100b, u3 0.2 r

(1.3 mmonpb) ciupra 127a nosrydanu 0.05 r (30%) enona 133a.
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Coeounenue 133a. becuBerHas wmaciiooOpa3Has skuakocts. Rf = 0.5

O (merponeiinblii a¢up : stunmanerar = 5 : 1). [a]3’ -317.6° (c 1.09,

CH,Cl,). UK cnekrp, eMm ' 3078, 2980, 1770 (OC=0), 1714 (C=0),

g 1585, 1334, 1174, 1029, 1008, 947. Cnextp IMP 'H (CDCls), &, m.x..

O 133a 3.30 naxx (IH, C¥H, J 3.5, 7.4, 10.0 u 15.9 T'n), 4.0 naxx (1H,

C%®H,J2.2,3.1,9.4u 154 '), 441 n.x (1H, CH, J 3.3 1 9.8 T'), 4.57 T (1H, C°H, J

9.9TI'm), 6.28 n.a (1H, C°H,J22u5.5 I'm), 7.77 n.n (1H, CGH, J 3.3 u5.5T'm). Crnektp

SIMP °C (CDCl), &, m.i.: 44.61 (C*), 47.88 (C*), 67.89 (C°), 134.70 (C°), 159.36

(C%), 172.69 (Ch), 207.15 (C*. Macc-criextp (APCI), m/z (lom, %): 139 [(M+H™)] (100).
Hatineno, %: C, 60.63; H, 4.12. C;HO3. Beruucneno, %: C, 60.87; H, 4.35.

(3aS,4S,6aR)-1-Oxkco-3,3a,4,6a-mempacudpo-1H-yuxronenmal cl pypan-4-kapo-

anvoezuo 134a. K nepememmaemomy pactopy 0.2 1 (1.3 Mmons) crimpra 127a B 15 mu

0 xjopuctoro metrwieHa npubaBmsum  0.65 r (2.0 wmMmoIb)

HomOeH30IMalleTaTa M KaTaJUTHYEeCKHEe KoJimdectBa 2,2,6,6-

O rpumermwimunepuaun-1-okcuna (TEMPO) u mepememmBanu 6 4

OHC on TPYM KOMHATHOM Temmeparype (kontponab merogom TCX). Ilocne

134a ATOr0 PEAKIMOHHYI0 Maccy (QUIbTPOBAIM, OCAIOK IMPOMBIBAIIN

XJIOPUCTBIM METUJIEHOM, (UIBTpPAT yHapuBajdd M OCTATOK OYMINAIU KOJOHOYHOMN
xpomarorpadueii Ha SiO, (merposnelinsiii 3up/s>Tunanerart, 3:1) ¢ monydenuem 0.13 ¢
(60%) ampmeruaa 134a. becusernbie kpuctamiel, T.aur. = 128-130 °C. Rf = 0.4
(netponeitnblii >¢up : stunanerar = 3 : 1). [a]3’ +27.0° (¢ 0.5, CH,Cl,). UK cnektp,
cM 1 3343 (O-H), 2930, 2916, 1763 (OC=0), 1679 (HC=0), 1150, 1037. Criextp SIMP
'H (CDCly), 8, m.a.: 2.17 ¢ (1H, OH), 3.53 1 (1H, C°H, J 7.5 T'w), 3.95 T.1 (1H, C*®*H, J
1.5u 7.4 T), 4.38 o1 (1H, C**H, J 1.6 1 9.7 T'), 4.47 n.x (1H, C°H, J 7.5 u 9.9 T'),
5.29 ¢ (1H, C®H), 7.07 ¢ (1H, C°H), 9.88 ¢ (1H, CHO). Crextp SIMP **C (CDCl), 6,
M..: 33.47 (C°), 41.90 (C®), 52.38 (C**), 90.47 (C?), 146.51 (C*), 149.00 (C°), 175.68
(Ch, 188.85 (CHO). Macc-crextp (APCI), m/z (1o, %): 169 [(M+H™")] (100). Haiinexo,
%: C, 56.88; H, 4.54. CgHgO,. Brruncneno, %: C, 57.14; H, 4.76.
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[(1aS,1bS,4aS,5S,5aR)-2-Okcocexcacudpo-1laH-oxcupenol 3,4 yuxnonenmal 1,2-
cldypan-5-unlmemunayemam 135a. K mnepememmBaemomy pactBopy 0.25 r (1.3
o MMOJib) arerata 129a B 15 mu 4:1-cmecu alneTOHUTPUI-BOAA MPH
0 KOMHATHOU TemmepaType 0e3 goctyna cBera godasmsuim 0.23 1 (1.43
O mmons) kpucrammueckoro ICl u nepememmBamu 4 4 (KOHTPOJIb
metogoM TCX). PacTBop KOHIIEHTpUPOBAIW TMIPH TIOHWKCHHOM

OAc JABJICHUU, K OCTaTKy J00aBJsUIM 5 MJ HAaCBIIIEHHOTO pacTBOpa

135a NaHCO; u »skcTparupoBaiv JUATHIOBBIM ddupom (4X10 m).
OObeMHECHHBIE OpPraHWYECKHE OKCTPAKThl CYIMIWIM Haa Cyab(paToM MarHwus,
KOHIICHTPUPOBAJIM TPH TOHWKEHHOM JaBJICHUW W OYHIAIH H KOJOHOYHOM
xpomarorpadueii Ha SiO, (merponelinsiii 3¢up/s>Tunanerar, 1:1) ¢ moayuenuem 0.12 ¢
(68%) smokcuaa 135a. Ilpo3paunas macinooOpasHas xuakocTb. Rf = 0.5 (meTposerinbii
s¢up : stunanerar = 1 : 1). [a]3° —48.0° (¢ 0.97, CH,Cl,). UK cnektp, cM ': 2915,
1756 (OC=0), 1733 (CH5C=0), 1383, 1251, 1015. Cuextp IMP 'H (CDCls), &, m.x.:
2.08 ¢ (1H, CH3), 2.73 m.x (1H, C°H, J 7.8 u 16.0 I'x), 3.08 1.1 (1H, C**H,J 1.9 u 9.7
'), 3.20 keuur. (1H, C*H, J 9.1 T'y), 3.66 ¢ (1H, C**H), 3.89 t (1H, C*H, J 2.1 I'y),
4.19 a.x (1H, C*H, J 8.7 u 15.4 T'y), 4.26 m (2H, C*H u CH,0), 4.41 a.1 (1H, CH,0, J
7.5 1 11.2 Tw). Crextp SIMP °C (CDCl5), &, m.xa.: 20.81 (CHs), 38.29 (C*), 41.58 (C°),
46.48 (C™), 58.26 (C*), 60.50 (C'?), 61.06 (CH,0), 69.68 (C'?), 170.59 (CH;CO,),
175.23 (C?). Macc-criektp (APCI), m/z (lom, %): 213 [(M+H™")] (100). Haiizero, %: C,
56.27; H, 8.89. C1,H203Si. Beruncaeno, %: C, 59.50; H, 9.09.
(1aR,1bS,4aR,5R,5aR)- Tempacuopo-5-(mpumemuncunun)-1aH-¢ypo[ 3,4-b]6-

oxcabuyuxno[3.1.0]eexc-1(5)-en-4(4aH)-on 136b u (3aR,4R,6aS)-3a,4-oucuopo-4-
euopoxcu-3H-yuxnonenmalclgypan-1(6aH)-on 137b. Ilo meroamke, aHATOrHMIHON
noyiyueHuro coeauHenuii 28a u 29a, uz 0.6 r (3.0 mmons) 82a mosydanu ceIpoi
Aa0uapHBIHA dn0KcHa 1360, koTopeiii 6e3 ouncTku pactBopsuik B 15 mi 1:5-cmecu 9N
CEpHOM KHCJIOTHI H TeTparuapodypaHa mpu KOMHATHOW Ttemmeparype. Ilocme
nepeMeniMBaHuss B TedeHuu 2 4 (koHTposib MetogoM TCX) opranudeckuit
pacTBOpUTENh YIAPUBAIM, OCTATOK pa30aBsuii 5 MI BOJABI M OKCTPAarupoBalld

srunaneratoM (3x10 mu). OObenMHEHHbIE OpPTraHWYECKHUE SKCTPAKTHI CYIIWIM HaJl
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cynb(aroM MarHus, KOHIEHTPUPOBAIW MPH IOHIKCHHOM JaBICHUU W OYHINAIN
KOJIOHOYHOH Xxpomatorpadueit Ha SIiO, (merponeitnbiii >¢up/stmmanerar, 3:1) c

noayderueM 0.36 T (87%) ruapokcunakrona 137b.

Coeounenue 136b. TIpospaunas wmacmooOpa3Has kuakocte. Rf = 0.7
Me,si (metpoueituprii adup : stHnanerar = 3 : 1). Crextp IMP 'H (CDCly),
“\\\4 5, m.i.; 0.09 ¢ (9H, Si(CHs)s), 2.09 ¢ (1H, C°H), 2.70-2.82 m (2H,
K O C™H u C*H, J 8.9 I'u), 3.50 1 (1H, C'*H, J 2.8 '), 3.64 T (1H,
S/ C®H, J 2.2 T'n), 4.40 m.1 (1H, C*H, J 6.6 u 9.6 '), 4.54 1 (1H, C?H,
136b J 9.4 T'ny). Criextp SIMP *C (CDCL), &, m.1.; -2.76 (Si(CH3)3), 32.64

(C®), 40.36 (C™), 42.25 (C*?), 61.0 (C'?), 68.13 (C*?), 69.99 (C?), 176.45 (C=0).
Coeounenue 137b. TIlpospaunas macnooOpasnas kuakocte. Rf = 0.3

o (netponeitubiii >¢up : stunanerar = 3 : 1). [a]3° -162.5° (¢ 1.08,
\\\\\/< CH.Cl,). UK cmektp, cM ': 3423 (O-H), 2976, 2920, 1759 (C=0),
@ 1477, 1379, 1186, 1097, 1020, 960. Cnextp SIMP 'H (CDCl,), 4,
”I//// m. .. 2.20-2.33 yur. ¢ (1H, OH), 3.29 xB.1 (1H, C%®H, J 5.5 u 8.8
137b T'n), 3.61 1 (1H, C**H, J 8.5 '), 4.38 t (1H, C*H, J 9.1 I'n), 4.62
n.x (1H, C°H, J 5.3 u 9.7 '), 5.02 1 (1H, C*H, J 7.5 '), 5.91-5.96 ymr. ¢ (2H, C°H u
C®H). Crextp SIMP *C (CDCls), &, m.x.: 40.99 (C*), 51.19 (C%), 66.92 (C®), 66.97
(C"), 129.16 (C°), 136.33 (C°), 176.84 (C=0). Macc-criextp (APCI), m/z (lo, %): 141
[(M+H")] (100), 111 (21.4), 83 (17.9). Haiineno, %: C, 59.82; H, 5.61. C;HgOs.
Brruucneno, %: C, 59.99; H, 5.75.
(1aS,1bR,4aS,5S,5aS)-Tempaecudpo-5-(mpumemuncunun)-1laH-gypo[3,4-b]6-ok-
cabuyuxno[3.1.0)eexc-1(5)-en-4(4aH)-on  136a u  (3aS,4S,6aR)-3a,4-0ucudpo-4-

\

~

X
0)

H

euopoxcu-3H-yuxnonenmalclgypan-1(6aH)-on 137a. Ilo meromuke, aHAIOTHYHOM
noaydenuto coeaunenuit 136b u 137b, u3 0.4 r (2.0 mMoib) akToHaA 82a mMOJIyYaIu
ceipoit anokeua 136a u, nanee, 0.24 r (87%) cnupta 137a.

Coeounenue 136a. Tlpospaunas wmacioOpasHas skuakocte. Rf = 0.7
(meTpoueiinerii a¢up : srmmanerar = 3 : 1). Cnekrp SIMP 'H (CDCls), &, m.a.: 0.11 ¢
(9H, Si(CH3)3), 2.13 ¢ (1H, C°H), 2.70-2.82 m (2H, C*H u C**H, J 9.5 I'u), 3.52 1 (1H,
C'"H, J 2.4 T'n), 3.65 T (1H, C**H, J 2.1 T'w), 4.43 n.x (1H, C*°H, J 6.5 1 9.4 T'ny), 4.57 1
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MesSi, O (1H, C*H, J 9.4 Tu). Cnextp SIMP °C (CDCly), &, m.n.: -2.63

‘ ' (Si(CH3)3), 31.85 (C°), 40.41 (C™), 42.45 (C*), 61.12 (C'), 68.15
(C®¥), 70.13 (C?), 176.73 (C=0).

136a

Coeounenue 137a. Ilpospaunas MaciooOpasHas skuakocte. Rf = 0.3
(netponeitupiii >¢up : srunanerar = 3 : 1). [a]3® +163.1° (c 1.1,
CH.Cl,). MK crektp, e ': 3423 (O-H), 2976, 2920, 1759 (C=0),

O 1479, 1381, 1188, 1109, 1018, 952. Cnektp SIMP 'H (CDCls), 4,
m..; 1.91-2.09 yur. ¢ (1H, OH), 3.29 k8.1 (1H, C*H, J 5.8 1 8.2 '),

1372 3.62 1 (1H, C**H, J 8.5 '), 4.36 T (1H, C°H, J 9.4 '), 4.65 n.x (1H,

C°H, J 5.2 u 9.6 I'p), 5.03 1 (1H, C*H, J 7.5 '), 5.91-5.96 ymr. ¢ (2H, C°H u C°H).

Cnextp SIMP *C (CDCls), &, m.1.: 40.95 (C*), 51.17 (C%), 66.94 (C?), 66.94 (C*),

129.20 (C°), 136.25 (C°), 176.97 (C=0). Macc-criektp (APCI), M/z (lom, %): 141

[(M+H")] (100), 111 (19.6), 83 (13.1). Haiineno, %: C, 59.85; H, 5.54. C;HgOs.

Brruncieno, %: C, 59.99; H, 5.75.

(3aS,6aR)-3a,6a-/Jucuopo-1H-yuxronenma/c] pypan-1,4(3H)-ouon  133a. K

0]

HO

nepememrBaeMomy pactBopy 0.77 r (1.81 mmons) pearenra [decca-Maptuna B 30 mi
xyiopuctoro metmiena npu 0 °C npunuBanu pactsop 0.1 1t (0.72 MMOIB) aNIUIEHOTO
cnupta 137a B 30 M Xs10pucTOro MeTuieHa. PeakiimoHHy0 Maccy NnepeMenBaiy npu
KOMHATHOM TemmepaTtype 3 4 (koHTpoiab MerogoM TCX), mocie yero oopadbaTsiBain 5
M HackimeHHoro pactBopa NaHCO; m 5 M HaceimenHoro pactBopa Na,S,0s.
[Tomy4yeHHYIO CcMech TepeMenmBaan | 9, SKCTparupoBalid XJOPHUCTHIM METHIICHOM
(3%10 mi1), 0ObETMHEHHBIE OPTaHUYECKUE IKCTPAKTHI CYIIMIN HaJ Cylb(aToM mMaraus,
KOHIICHTPUPOBAJIM TPU  TMOHWKECHHOM  JAaBJICHUM W  OYMINAIHM  KOJOHOYHOM
xpomarorpadueii Ha SiO, (nerposeinsiii 3¢gup/sTrnamnerat, 5:1) ¢ monydenunem 0.07 ¢
(70%) enona 133a. OU3NKO-XUMUYECKHE XAPAKTEPUCTUKU MOTYUYEHHOTO COCIMHEHUS
aHAJIOTUYHBI TIPEICTABIICHHBIM pPaHEe.
3aS,4S,6aR)-3,3a,4,6a-Tempaeuopo-1H-yuknonenma/c] pypan-4-on  138a  u
(3aS,4R,6aR)-3,3a,4,6a-mempacudpo-1H-yuxronenma/c] ypan-4-on 139a. K

pactBopy 15 mia Boxbl u 20 mu anerona npu 0 °C poGapmsun 0.7 r (8.33 MMOIIB)
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NaHCOs, mepemermmBamu 20 muH, 3atem 3acbimamu 0.7 © (1.1 mmons) Oxone® u
nepeMmemuBaiu eme 15 muH. Jlanee, B MONy4eHHYIO CYCHEH3HUIO, JOOABISUIM PacTBOP
0.1 r (0.55 mMomnb) coenuHeHus 82a B 5 MJI alleTOHA M TEMIIEPATypy PEAKIIMOHHON
cpeabl MOAHUMAIM A0 KOMHATHOM M nepememuBany 3 4 (koHTposib MeTosioM TCX). B
peaklMoHHYI0 Maccy na00aBisii 10 M BOJbI, OPraHUYECKH pacTBOPUTEID
yHapuBaiu, SKCTparupoBaiu 3TuianeraroM (3x10 mur). O0beIlMHEHHbIE OpraHUYeCKue
OKCTPAKTHl CYIIWIA HaJ CylIb(paTOM MarHus, KOHIICHTPUPOBAIM MPHU TMOHWKEHHOM
JaBJICHUM W OYHINAIXd KOJIOHOYHOW Xpomatorpaduerr nHa SiO, (merposcitHbIi
saup/stunanerart, 1:1) ¢ monyuenuem 0.03 r (42%) cnupra 138a u 0.02 r (28%) ero
n3omepa 139a.
Coeounenue 138a. Ilpospaunas, Bsa3kas xuakocts. Rf = 0.3 (merposneiinsiii 3¢up
. srunanerar = 1 : 1). [a]3? +5.5° (¢ 1.03, CH,Cl,). UK cnektp,
O cm': 3395 (O-H), 2922, 2849, 1733, 1370, 1243, 1194, 1124, 1085,
1060, 1031, 972, 913, 764, 747. Cuextp SIMP 'H (CDCls), S, m.1.:
2.91 xB.x (1H, C**H, J 1.4 u 7.8 T'y), 3.28 1.1 (1H, C**H, J 2.3 u 9.7
I'n), 3.44 x.n (1H, C*H, J 6.3 u 9.3 '), 3.53 T (1H, C'H, J 7.6 T), 3.65 n.x (1H, C'H,
J 1.8 u 8.8 ), 433 1 (1H, C°H, J 9.3 T'n), 4.76 1 (1H, C*H, J 7.8 I'n), 5.82 x (1H,
C°H, J 5.6 T), 5.85 a1 (1H, C°H, J 1.7 u 5.7 T'y). Criextp SIMP *C (CDCly), 8, m.n.:
44.86 (C*), 50.76 (C®), 68.40 (Ch), 72.25 (C?), 77.32 (C®), 134.96 (C*), 135.52 (C?).
Macc-criextp (APCI), m/z (lym, %): 127 [(M+H")] (100). Haiineno, %: C, 66.12; H,
7.65. C;H1,0, Brruncneno, %: C, 66.67; H, 7.94.

HO 138a

Coeounenue 139a. Ilpospaunas, Bsa3kas xuakocts. Rf = 0.2 (merposnetinsiii 3¢up
. srunanerar = 1 : 1). [a]® +4.5° (¢ 0.97, CH,Cl,). UK cnekTp,
O cm': 3412 (O-H), 2926, 2854, 1746, 1370, 1359, 1248, 1359, 1248,
1193, 1085, 1060, 1038, 973, 933, 913, 765, 749. Crextp SIMP 'H
(CDCly), & m.i.: 2.69 t.o.x (1H, C?H, J 1.4,3.2 u 7.4 T'), 3.52 7.1
(1H, C**H, J 2.0 u 7.0 T'), 3.61 .1 (1H, C'H, J 6.8 u 8.8 I'ny), 3.68 m.x (1H, C'H, J 2.0
u 8.8 I'm), 3.76 n.n (1H, C°H, J 7.4 n 9.3 T), 3.79 a.n (1H, C*H, J 3.2 u 9.3 I'), 4.63
nx (1H, C*H, J 2.0 u 3.3 T'w), 5.83 .1 (1H, C°H, J 1.8 u 5.6 '), 5.86 a.1 (1H, C°H, J
1.6 u 5.7 T'y). Criextp SIMP *C (CDCly), &, m.a.: 50.61 (C%), 52.26 (C®), 71.45 (CY),

H6 139a
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73.39 (C%), 84.02 (C%), 133.75 (C%), 137.29 (C°). Macc-crextp (APCI), m/z (lor, %):

127 [(M+H")] (100). Haiineno, %: C, 66.35; H, 7.77. C;H.30,. Brrucneno, %: C,
66.67; H, 7.94%.

(3aS,6aR)-1,3,3a,6a-Tempacuopo-4H-yuxnonenma/c]ypan-4-on ~ 140a.  Tlo

METOJMKe, aHaIOrudHOM monydeHuto 133a u3 137a, uz 0.32 r (2.54

O MMoOJb) 3:2-CMeCH H30MEPHBIX aUTWIOBBIX crnupToB 138a u 139a

nonyyanu 0.22 1t (70%) enona 140a. Beixox 0,22 1 (70%).

O 140a [Tpo3paunast, Maciaoo0OpasHas xkuakoctb. Rf = 0.4 (merpoacitablii a3¢up

: stunanerar = 1 : 1). [a]2® -102.9° (¢ 1.0, CH,Cl,). UK cnextp, cM 1 2969, 2952,

2930, 2863, 1709 (C=0), 1587, 1367, 1339, 1237, 1192, 1175, 1085, 1070, 1035, 997,

912, 865, 788, 768, 753. Crextp SIMP 'H (CDCls), &, m.a.: 2.90 a1 (1H, C*H, J 6.3 u

7.5 '), 3.53-3.57 m (1H, C*®H), 3.65 k8 (2H, C'H, J 8.3 T'm), 3.88 x (1H, C°H, J 9.3

'), 4.13 1 (1H, C°H, J 9.3 '), 6.20 1 (1H, C°H, J 5.5 '), 7.58 .1 (1H, C°H, J 2.5 u

5.5 I'm). Crextp SIMP *C (CDCly), &, m.x.: 47.08 (C®), 49.59 (C*), 69.63 (C°), 71.03

(Ch), 135.08 (C), 164.91 (C®), 211 (C=0). Macc-criextp (APCI), M/z (lom, %): 125

[(M+H")] (100). Haiineno, %: C, 67.10, H, 6.40. C;HgO,. Beruucneno, %: C, 67.74, H,

6.45%.
(1aR,1bR,4aS,5aR)-I excacuopo-5H-oxcupenol2',3":3,4lyuxnonenmall, 2-

c/@dypan-5-on 141a. K pactBopy 0.1 r (0.81 Mmonn) enona 140a B 5 M1 XJI0pUCTOTO

metwiieHa no6asmsii 0.11 mi (0.81 Mmonb) 70%-Horo pactBopa

o Truaponepexucn mpem-0ytuna u  0.02 wmi (0.13  mmous)

Ta3a0uIMKIIOyHACKaHa. PeakimoHHy0 Maccy IepeMeluBaid 3 4

o 141a

(xoHTpOsBL MeToaO0M TCX) pr KOMHATHOW TeMIiepaType, J00aBIsIN
1 M 10%-Ho¥ consTHOM KUCTOTHI M 1 MJI HACBIIIEHHOTO PacTBOpa Cyib(uTa HATPHSL.
[Tomyuennyro cMmech nepememuBaiu 10 MUH, SKCTparupoBalid XJIOPUCTHIM METHICHOM
(3%10 mu1), 06beTMHEHHBIE OPTAaHUYECKUE IKCTPAKTHI CYNIMIN HaJa Cylb(aToM mMaraus,
KOHIIGHTPUPOBAJIM TPU  TMOHWKEHHOM  JAaBJICHUM W  OYMINAIK  KOJOHOYHOM
xpomatorpadueii Ha SiO, (metposeinbiit 3¢up/s>Trnanerar, 1:1) ¢ moayderrem 71 Mr

(63%) smokcuga 141a. Ilpo3paunas maciaooOpasHas xkuakocTs. Rf = 0.5 (meTposetinbrii

s¢up : smunanerar = 1 : 1). [@]3° -41° (¢ 1.0, CH,Cl,). UK cnektp, cm ' 2956, 2927,
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2871, 1745 (C=0), 1355, 1232, 1212, 1186, 1169, 1083, 1068, 1042, 1010, 965, 911,

838, 805, 767. Crextp SIMP 'H (CDCLy), &, m.x.: 2.78 T (1H, C*H, J 7.2 Tw), 3.30 1.1
(1H, C**H, J 3.1 u 7.8 T'w), 3.48 1 (1H, C>H, J 2.1 I'w), 3.63 n.x (1H, C*H, J 6.4 u 9.0
I'm), 3.78 o.a (1H, C*H, J 8.6 1 9.6 '), 3.8 ¢ (1H, C**H), 3.97 n.n (1H, C*H, J 3.0 u 9.8
'), 422 1 (1H, C*H, J 9.0 I'y). Crextp SIMP **C (CDCl,), &, m.x1.: 42.83 (C™), 48.56
(C™), 56.05 (C*%), 58.96 (C'), 68.93 (C%), 71.67 (C?), 209.67 (C=0). Macc-crekrp
(APCI), M/Z (lor %): 141 [(M+H")] (100). Haiinero, %: C, 59.91; H, 5.70. C;HgOs.

Brrancieno, %: C, 60.00; H, 5.71%.
(4aR,5R,7aR)-5-(Tpumemuncunun)-4,4a,5,7a-mempazuopoyuxionenma/CJnupan-
3(1H)-on 142b. Tlo meToavKke aHAJOTWYHOW NOJydeHHWIO awoia 74b runponmsom
MOHO3AIIIUIICHHBIX CHUJINJIOBBIX 3(1)I/IpOB Ha I/IOHHO-O6MCHHBIX

Me;Si
. cvmonmax w3 0.5 r (1.4 mmonb) cmmmioBoro 3¢upa 100b

‘\\\\\\\\YO nosrydanu 0.23 r (77%) nakrona 142b. Ilpo3paunas Bsizkas

oy, O MaciooOpasHas xuakocth. Rf = 0.3 (merposeiinbiii adup :

142b stunanerat = 3 : 1). [a]%® +141° (¢ 1.0, CH,Cl,). UK cnextp,

cM ': 3048, 2954, 2900, 2850, 1749 (C=0), 1478, 1434, 1358, 1350, 1248, 1140, 1076,

1034, 965, 906, 872, 838, 794, 694, 622. Crextp IMP 'H (CDCl), 6, m.a.: 2.32 m.1

(1H, C*H, J 5.9 u 14.6 '), 2.61 n.x (1H, C'H, J 6.8 u 14.6 '), 2.75-2.79 M (1H,

C*H), 3.15-3.20 m (1H, C"*H), 4.12 n.x (IH, C'H, J 5.4 u 11.5 '), 4.35 n.1 (1H, C'H,

J4.6u11.5Tw), 5.33 n.r (1H, C'H, J 2.2 u 5.7 T'w), 5.77 x.t (1H, C°H, J 2.2 u 5.7 ).

Crextp IMP °*C (CDCl,), 8, m.x.: -3.47 ((CH3)sSi), 34.73 (C*), 36.51 (C*), 43.75 (C),

45.22 (C™), 69.39 (C1), 125.39 (C"), 134.83 (C°), 173.26 (C=0). Macc-crextp (APCI),

M/Z (lom, %): 211 [(M+H")] (100). Haiineno, %: C, 62.67; H, 8.51. Ci;Hy30,Si.
Brmaucneno, %: C, 62.81; H, 8.63.

(4aS,7R,7aR)-7-I'uopokcu-4,4a,7,7a-mempacuopoyuxnonenmalClnupan-3(1H)-
on 9m00-143b u (4aS,7S,7aR)-7-euopoxcu-4,4a,7,7a-mempacudpoyuxionenmalClnu-
pan-3(1H)-on sx30-143b. Tlo meToauke, ananoruuHoi nonydenuio 138a u 139a, us 227

mr (1.08 mmoup) naktona 142b nonyuamu 97 mr (66%) u3omepa 9100-143b u 32 Mr

(22%) sx30-143D.
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Coeounenue 5n00-143b. benvie kpucramiel, T.aw1. 127-129 °C. Rf = 04

(nerponeitnslii >¢up : stunanerar = 3 : 1). [a]3° +75° (c 0.9,
“\\\Y CH.Cl,). UK cmektp, cm : 3418 (O-H), 2916, 1731 (C=0),
e 1479, 1432, 1394, 1356, 1335, 1274, 1251, 1227, 1149, 1124,
1093, 1058, 1039, 1023, 950, 920, 843, 784, 734. Cuekrp SIMP
ondo-143b 'H (CDCly), &, M. 2.53 n.x (1H, C*H, J 4.2 u 15.2), 2.72 1.1
(1H, C*H, J 7.2 u 15.2), 2.86 center (1H, C®H, J 4.4), 3.28-3.33 M (1H, C**H), 4.27 n.1
(1H, C'Hg, J 4.4 m 11.9 T), 4.62 n.x (1H, C'H, J 4.0 m 11.9 Tw), 4.97 1 (1H, C'H, J
4.97 Tu), 5.79 n.x (1H, C°H, J 1.6 u 5.6 T'm), 5.92 a.t (1H, C°H, J 1.9 u 5.6, I').
Crextp SIMP *C (CDCly), &, m.a.: 34.62 (C%), 38.27 (C*), 41.48 (C™), 66.23 (C),
77.94 (C'), 134.88 (C°), 135.47 (C°), 172.41 (C=0). Macc-cuextp (APCI), M/z (loz, %):
155 [(M+H")] (100). Haiineno, %: C, 62.12; H, 6.25. CgH1¢O3. Brruncneno, %: C,
62.33; H, 6.54.

I////

o//III

H

Coeounenue 2x30-143b. BecretHas Bsi3kasg Maciaoo0OpasHas skuakocts. Rf = 0.3
N (netponeitusiit >¢up : stunanerar = 3 : 1). [a]d® +197° (c 1.1,
~ Y CH.CL,). UK cmiektp, cM ': 3429 (O-H), 1731 (C=0), 1633, 1481,
""'///,/O 1433, 1391, 1357, 1281, 1249, 1147, 1077, 1042, 1011, 963, 841,
780, 793. Criextp SIMP 'H (CDCly), 8, m.x.: 2.41 n.x (IH, C*H, J
4.8 u 15.1), 2.49-2.54 m (1H, C™H), 2.72 a.x (1H, C*H, J 7.3 u
15.1), 3.49-3.54 m (1H, C**H), 4.28 n.n (1H, C'H, J 4.8 u 11.7 I'x), 4.39 x.1 (1H, C'H, J
43 n11.7 '), 4.80 x (1H, C'H, J 2.1 T'), 5.84 m.x (1H, C°H, J 1.4 u 5.5 T'y), 5.90 o.1
(1H, C°H, J 1.9 u 5.7 I'n). Crextp SIMP °C (CDCl,), &, m.a.: 33.61 (C*), 41.15 (C*),
45.02 (C™), 68.90 (Ch), 81.07 (C"), 134.41 (C°), 137.00 (C°), 172.60 (C=0). Macc-
ciektp (APCI), m/zZ (lom, %): 155 [(M+H")] (100). Haiineno, %: C, 62.09; H, 6.30.
CgH1003. Beruncneno, %: C, 62.33; H, 6.54.
(4aS,7aR)-1,4,4a,7a-Tempacuopoyuxnonenma/Clnupan-3,7-ouon  144b.  Tlo

3k30-143b

METOJMKe, aHATOrn4Ho nosydyeHuto 133a oxucnennem no xoncy, uz 0.13 r (0.84
MMOJIb) cMecu ciupToB 143b nomyuanu 0.1 r (79%) enona 144Db. Benbie kpucTamiebl,
1.1 104-108 °C. Rf = 0.3 (xsmopodopm : meranon = 10 : 1). [a]%® +346° (¢ 1.0,
CH.CL,). UK crektp, cM ': 1740 (OC=0), 1712(CHC=0), 1582, 1441, 1355, 1311,
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1284, 1214, 1176, 1149, 1081, 1066, 1034, 959, 807, 793. Cnektp

W 0
Y SIMP 'H (CDCls), &, w2 2.65 1 (1H, C*H, J 2.5 u 5.4 T'), 2.79
i, t.ax (IH, C®H, J 1.6, 7.1 u 6.8 T'), 3.11 m.x (1H, C*H, J 79 u
O b 15.4 I'), 3.70-3.76 M (1H, C**H), 4.13 a.1 (1IH, C'H, J 2.4 u 11.5
I'm), 4.45 na.na.n (1H, C'H, J 4.0,2.4u 11.5T), 6.31 o1 (1H, C6H, J1.9u5.7TI'n),
7.84 . (IH, C°H, J 2.6 u 5.7 I'r). Crrextp SIMP **C (CDCly), &, m.x1.: 33.30 (C*), 38.95
(C*™), 44.27 (C™), 66.97 (C1), 136.16 (C°), 167.89 (C°), 171.10 (C?), 208.28 (C’). Macc-
cektp (APCI), m/Z (lym, %): 153 [(M+H")] (100). Haiineno, %: C, 62.86; H, 5.05.
CgHgOs. Brruucneno, %: C, 63.15; H, 5.30. J/lanable ipeBapuTEIbHBIX UCIIBITAHUH 10
IIUTOTOKCUYHOCTH TIpuBeAcHBI B [IpuiokeHun.

(4aR,7aR)-I"excacuopoyuxionenmalClnupan-3,7-ouon 145b. K pactBopy 36 mr
(0.024 mmoib) auona 144b B 10 M meTanona go0aBmsiin 36 Mr
o O namnmamms Ha yrae W depes MOJNYYEHHYIO CMECh HACHIIIAIH
o ra3oo0pa3HbIM BOJOPOJIOM B TeueHUH 3 4. PeaknmoHHyI0 mMaccy
ke (GUIBTPOBAIN, KOHIIEHTPUPOBAIN TPH IMOHWKEHHOM JaBJICHUHA U
145b OCTaTOK OYHINAJIM KOJOHOYHOM xpomatorpadueir Ha SiO,
(xmopodopm/metanon, 10:1) ¢ momydennem 35 mr jaktoHa 145b. Bemoe amopgnoe
Bemectso. Rf = 0.6 (xnopodopm : meranon = 10 : 1). [a]3°? +150° (¢ 1.0, CH,Cl,). UK
criekTp, cM ' 2960, 2925, 1736 (C=0), 1478, 1429, 1413, 1384, 1350, 1328, 1275,
1250, 1241, 1172, 1152, 1100, 1061, 1031, 949. Crextp SIMP ‘H (CDCly), &, m.x.:
1.68-1.57 M (2H, C°H), 2.41-2.30 m (2H, C*H), 2.53 m.x (1H, C°H, J 4.3 u 15.6 '),
2.65-2.60 M (1H, C"H), 2.76 o1 (1H, C°H, J 6.6 u 15.5 '), 3.01-3.10 M (1H, C*H),
430 x.1 (1H, C'H,J 5.6 u 11.7 '), 4.56 .1 (1H, C'H, J 3.6 u 11.7 I'ry). Ciextp SIMP
3C (CDCly), 8, m.n.; 27.84 (C°), 31.13 (C*), 34.45 (C*), 37.92 (C°), 44.75 (C™), 66.19
(Ch, 171.85 (C?), 216.02 (C’). Macc-criextp (APCI), m/z (lyrs, %): 155 [(M+H™")] (100).

Hatineno, %: C, 62.11; H, 6.38. CgH1,03. Beruucneno, %: C, 62.33; H, 6.54.
Memunoswiti  >¢pup  (1S,4R,5S)-4-2uopokcu-5-(xnopmemun)yuxnonenm-2-en-1-
kapoonosou  kuciomer 151b  u  memunoswiti  o¢pup  (1S,4S,5S)-4-2uopokcu-5-

(xropmemun)yuxnonenm-2-en-1-xapbonosoii kucromer 152D,
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Memoo A. Tlo meronuke, aHAIOTUYHOM U1t TosrydeHust 28a u 29a, u3 0.42 r (1.7
MMoJib) 3¢upa 70b yepe3 48 9 momydganmm 0.18 r (57%) coemunenus 151b u 0.12 T
(38%) coequnenus 152b.

Memoo b. Tlo meronuke, aHaorn4Hou [yt nonydenus 28a u 29a, uz 0.1 r (0.4
MMOJIb) 3¢upa 70D yepes 1 4 BBLACTSUIN CBIPBIC TIOKCUIBI, KOTOPBhIC PACTBOPSUIHA B 15
MJI TUOKcaHa, coaepskaiieM 3 M 9N pactBopa cepHOil KUCIOTHI. PeakiimonHyto mMaccy
nepeMelnBail Opyu KOMHATHON Temreparype 3 4 (koHTposbMmerogoMm TCX), cmech
pazbaBasiim Bojmodt (10 M) W IKCTparupoBaiu dtujaineraroM (SX15  wui).
OObeMHEHHBIE OPTaHWYEeCKHME OJKCTPAKThl CYIIMIA Haj CcylnbpaTroM HaTpusi,
KOHIICHTPUPOBAIU TPU TOHIKEHHOM JaBICHMM W OCTATOK OYHMIIAINA KOJOHOYHOM
xpomarorpadueii Ha SiO, (3THIaeTaT/TIETPOJICHHBIH 3hup, 3:1) ¢ mosydyeHueM 27 Mr
(35%) coenunenns 151b u 4 mr (5%) coenunenns 152b.

Memoo B. Ilo meToauke, aHaaOru4HOM i monydenns 28a u 29a, uz 0.2 r (0.8
MMOJib) 3¢upa 70D yepe3 1 9 BBACISUIM CBHIPBIC SMOKCHJIBI, KOTOPBHIC PACTBOPSIIA B
cmecu 10 mnm gmokcana W 2 M BoAbsl. K mmoiydeHHOMY pacToOBpY A00aBIsLIN
KaTaJIMTUYECKUE  KOJIMYECTBA  M-TONyoOJicyldbdoHATa  NUPUAMHUS U CMECh
nepeMelBaii IMpu KOMHATHOM Temmepatype 6 4 (koHTpoiab wmetonom TCX).
PeakiimoHHyt0 cMech KOHUEHTPUPOBAJIM NpPU MOHMKEHHOM JIaBJICHUM M OCTaTOK
OYMIIIAIA KOJIOHOYHOM Xpomartorpadueii Ha SiO, (3Tunanerar/merponeinsii a¢up, 3:1)
¢ monyderreM 79 mr (52%) coemunenus 151b u 53 mr (35%) coemqunenus 152b.

Memoo I'. Tlo MeTouKe, aHAJIOTHYHON /T mostydeHus 28a u 29a, u3 0.35 r (1.4
mMMmodb) ddupa 70b mpu mobasnenuu 0.3% (Macc.) n-TomyosCcyiab(pOHATA MAPHIAHHS

yepes 8 u monmyuanu 0.15 r (56%) coequnrenns 151b u 0.1 r (39%) coenunenus 152b.

Coeounenue 151b. TIpospaunas wmacmooOpasuas kuakocts. Rf = 0.5

o (netponeitnsiit >¢up : srunanerar = 1 : 3). [a]3’ +105.9° (¢ 1.1,

\\\\\\\\JJ\ _~ CHyCly). UK cnekrp, cM ' 3446 (O-H), 2954, 1701 (C=0),

@ 0 1436, 1375, 1211, 1170, 1147, 727. Cuektp SIMP ‘H (CDCly), 6,
"y

ML 2.56-2.64 M (1H, C°H), 2.71-2.85 ym.c (1H, OH), 3.65-3.69
w (1H, C'H), 3.70 .1 (1H, CH,CI, J 10.0 u 11.2 T'm), 3.76 ¢ (3H,
CH;0), 3.83 a1 (1H, CH,Cl, J 7.2 u 11.1 T'm), 4.52-4.55 m (1H, C*H), 6.0 x.x (1H,
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C’H, J 3.1 u 8.8 '), 6.26-6.29 M (1H, C*H). Crextp SIMP *C (CDCly), &, m.xi.: 41.52
(CY), 48.49 (C°), 51.54 (CH,CI), 52.70 (OCHs), 75.08 (C*), 133.04 (C?), 138.21 (C?),
175.06 (C=0). Macc-criextp, M/z (lom, %): 190 [(M+HY), *CI] (100), 172 (27%), 158
(13%). Hatigeno, %: C, 50.50; H, 5.77; Cl, 18.66. CgH;;CIO3. Brruucneno, %: C, 50.52;
H, 5.79; Cl, 18.68.

Coeounenue 152b. Tlpospaunas wmacimooOpasHas kuakocte. Rf = 0.3
(metpomneituslii 3¢up : srumanerar = 1 : 3). [a]2® +347.8° (¢ 0.93, CH,Cl,). UK cmekp,
cM 1 3464 (0O-H), 2952, 1703 (C=0), 1436, 1375, 1209, 1173, 1151, 726. Criextp SIMP
'"H (CDCly), &, m.a.: 2.57-2.66 m (1H, C°H), 2.92-3.05 ym.c (1H, OH), 3.70 ¢ (3H,
o CH;0), 3.77-3.87 m (3H, CH,Cl u C'H), 4.92 n.x (1H, C*H, J 1.6
JJ\ - m63Tw),5.87-5.90 m (1H, C*H), 6.00-6.03 m (1H, C°H). Criextp
| 7 amp BC (CDCly), 8, m.i.: 43.56 (CH,CI), 51.13 (OCHj3), 52.24
L \ (CY, 53.37 (C°), 79.98 (C%), 130.92 (C?), 137.36 (C%), 172.74

on  (C=0). Macc-criektp, Mz (lonss %): 190 [(M+H"), *CI] (100)
172 (21%), 158 (9%). Haiineno, %: C, 50.48; H, 5.80; Cl, 18.66.
CgH11ClO;. Breruucaeno, %: C, 50.52; H, 5.79; Cl, 18.68.

..u/,,//

Memunoswiii o¢hup (1S,2R,3S,4S,5R)-4-2udpoxcu-6-oxca-3-xnopmemun-ouyurio-
[3.1.0]ecexcan-2-kapbonosoii  kucromer 153b. Ilo MeToauke, aHATOTHYHON IS
o nonydenuss 28a u 29a, w3 023 r (1.1 mmoms) a¢upa 151b
o \\\\\JJ\ - Tonydam 021 1 (91%) coemunenus 153b. TIpospaunas
‘Zj © maciiooOpasHas kuakoctb. Rf = 0.4 (merponecinbiii 3dup
’ stunanerar = 5 : 1). [@]2° +34.8° (¢ 0.93, CH,Cl,). UK crextp,
cM @ 3444 (O-H), 2954, 2918, 2848, 1703 (C=0), 1573, 1436,
1415, 1367, 1303, 1261, 1224, 1207, 1172, 1047, 842, 748.
Cnextp SIMP 'H (CDCly), &, m.a.: 2.42-2.52 m (1H, C*H), 3.40 1 (1H, C*H, J 7.1 Tn),
3.54 1.1 (2H, CH,Cl 1 OH, J 9.6 u 11.1 I';y), 3.62 x (1H, C'H, J 2.2 T'y), 3.67 1 (1H,
C°H,J2.2Tn), 3.72 n.a (1H, CH,CI, J 7.3 u 11.0 I'r), 3.80 ¢ (3H, CH30), 4.26 1.1 (1H,
C'H, J 49 u 11.0 T'n). Crextp SIMP °C (CDCls), &, m.1.: 39.81 (CH,CI), 44.76 (C?),
46.79 (C?), 53.03 (CH;0), 57.78 (C°), 57.86 (CY), 71.15 (C*), 174.28 (C=0). Macc-
criektp, M/Z (o, %): 206 [(M+HY), **Cl] (33%), 147 (100%), 115 (27%). HaiineHo,
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%:C, 46.57; H, 5.33; Cl, 17.20. CgH;,CIO,. Brruncneno, %: C, 46.60; H, 5.34; CI,

17.23.
Memunosbiii agup (1S,2R,3S,4R,5R)-4-2uopokcu-6-0xca-3-xnopmemun-
ouyukno[3.1.0]eexcan-2-kapbonosou kucromor 154b. Ilo MeTonnke, aHAIOTHYHOW IS
o nonyuenus 28a u 29a, u3 0.12 r (0.6 mmoias) s¢upa 152b
o \\\JJ\ P nonydamu 0.11 r (93%) coenunenuss 154b. [Ipospaunas
“‘\\ O maciooOpasHast kuakocte. Rf = 0.3 (merponeitnbrii »¢up :
gy stunanerar = 1 : 1). [a]3® +143.1° (c 0.96, CH,Cl,). UK
HO ol CreKTp, cM : 3446 (0O-H), 2953, 1705 (C=0), 1436, 1394, 1361,
154b 1294, 1278, 1249, 1228, 1197, 1174, 1083, 860, 732. Cmnektp
SIMP 'H (CDCly), 8, m.a.: 2.15-2.23 m (1H, C°H), 3.43 1 (1H, C*H, J 7.6 T'n), 3.61 n.1
(2H, CH,Cl u OH, J 9.6 u 11.1 T'n), 3.62-3.66 m (2H, C'H u C°H), 3.74 ¢ (3H, CH;0),
3.77 n.a (1H, CH,Cl, J 5.4 u 11.1 I'ny), 4.27 n.n (1H, C4H, J 1.5 u 8.3 I'). Cnextp AMP
BC(CDCly), &, m.z.: 42.28 (CH,CI), 45.62 (C%), 46.71 (C?), 52.32 (CH30), 55.23 (C?),
58.49 (C"), 75.43 (C%), 171.19 (C=0). Macc-criektp, M/Z (lors, %): 206 [(M+H™), **CI]
(45%), 147 (100%), 115 (34%). Haiineno, %: C, 46.56; H, 5.34; Cl, 17.19. CgHy;CIO.,.
Brruncneno, %: C, 46.60; H, 5.34; Cl, 17.23.
Memunoswiti 2¢pup (1S,2R,5S)-3-memunen-4-okco-6-oxca-ouyurno[3.1.0)eexcan-
2-kapbonosotl kuciomor 147D,
Memoo A. Tlo meronuke, aHajoruuHoW it monydenus 5Sla, uz 0.15 r (0.7
MMmoJ1b) 3dupa 153b gepes 36 1 momyuanu 0.1 1 (85%) coequnenus 147b.
Memoo b. Ilo meTonuke, ananoruunou s noixydenus 5la, u3 0.1 v (0.5 mmouib)
a¢upa 154b uepes 4 4 nomyqamu 0.08 r (93%) coenunenus 147b.
Coeounenue 1470. Ipo3paunas Bs3kas xuakoctb. Rf = 0.5 (metposneiinbiii a3¢up
o . srunanerar = 3 : 1). [a]° +43.0° (¢ 1.0, CH,Cl,). UK cmekTp,
\\\\JJ\ o cM ' 2956, 2924, 2850, 1736 (OC=0), 1647 (CC=0), 1438,
© 1376, 1172, 1086, 1026, 847, 826. Crextp SIMP 'H (CDCl,), &,
M. 3.63 ¢ (1H, C°H), 3.75 (3H, CH;0), 3.97 ¢ (1H, C°H), 4.14
147b n (1H, C'H, J 2.1 T'n), 5.80 ¢ (1H, CH,), 6.33 a (1H, CH,, J 1.5
I'n). Crextp SIMP *C (CDCly), &, m.x.: 46.78 (C?), 52.73 (CH;0), 54.56 (CY), 55.19

0)
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(C%), 125.03 (=CH,), 138.76 (C%), 169.31 (OC=0), 194.35 (C=0). Macc-criextp, M/z

(lor, %0): 169 [(M+H™)] (100%), 137 (43%). Haiineno, %: C, 57.11; H, 4.75. CgHgO.,.
Breruucneno, %: C, 57.14; H, 4.76.

(1R,4S,5R)-4-[mpem-bymun(oumemun)cunoxcumemun]-5-(cudopoxcumemun)-
yukionenm-2-en-1-on 155b u (1R,2S,3R,4S,5R)-2-[ mpem-6ymun(oumemun)cunokcume-
mu)-4-eudpoxcu-3-euopoxcumemun-5-(mpumemuncunun)yukioneHmui-3-xaopoem-
30am 156b. Ilo meromuke, ananormyHou st moyueHus 28a u 29a, u3 0.2 v (0.64
mMMoib) 3dupa 81b momywamu 0.11 t (63%) coemunenus 155b u 0.09 r (29%)
coenuHenns 156b.

Coeounenue 155b. IIpo3paunas Bszkas xuakocts. Rf = 0.6 (merposeiinsbiii 23¢up

‘\\\\\\\\\OTBS s stumaretar = 1 @ 1). [a]%® -39.5° (¢ 0.9, CH,Cl,). UK cmektp,

@ cM ' 3386 (O-H), 2955, 2930, 1472, 1256, 1029, 838, 779.
",/ Crextp IMP 'H ((CD3),CO), & m.x.: 0.06 ¢ (6H, (CHy);Si), 0.93
HO' 155b ¢ (9H, (CH,)3C), 2.25-2.40 ymi.c (1H, OH), 2.48 xBunut. (1H,

C°H, J 7.0 T), 2.81-2.86 m (1H, C*H), 3.03-3.10 yur.c (1H, OH), 3.64 a.1 (1H, CH,-
0Si, J 3.1 m 10.5 '), 3.69 .1 (1H, CH,-0Si, J 2.3 u 10.5 T'x), 3.85 miox (1H, CH,-OH,
J7.2u 11.3 T'), 4.02 1.1 (1H, CH,-OH, J 8.3 u 11.1 T'), 4.54-4.62 yur.c (1H, C'H),
5.48 n.a (1H, C*H, J 2.3 u 5.8 '), 6.11 a.v (1H, C°H, J 1.7 u 5.7 I'). Crrexrp SIMP *C
((CD5),CO), 8, m.a.: -5.53 ((CH5),Si), 18.48 ((CH5)sC), 25.94 ((CH,)sC), 37.63 (CY),
47.10 (C°), 60.12 (CH,OH), 60.68 (CH,0Si), 74.85 (C"), 135.22 (C?), 135.58 (C°).
Macc-criektp, M/Z (lom, %): 259 [(M+H")] (100%). Haiineno, %: C, 60.16; H, 9.96.
C13H26053Si. Beraucaeno, %: C, 60.34; H, 10.05.

Coeounenue 156Db. ITpo3paunast Bsazkas xuakoctb. Rf = 0.4 (metposeiinbiii 3¢up

m-CIC¢H,CO, : srunanerar = 1 : 1). [a]%® +8.0° (c 0.77, CH.Cl,). UK
> ‘\\\“\\\\OTBS crekTp, cM ' 3347 (O-H), 2954, 2929, 1721 (C=0), 1291,
MeSSi>O" ol 1255, 837, 749. Crextp SIMP 'H ((CD3),CO), &, m.xi.: 0.01
$ “u/ ¢ (9H, (CHs)sSi), 0.02 ¢ (6H, (CHg),Si), 0.88 ¢ (9H,

HO 156b

(CH3)3C), 1.48 .1 (1H, C°H, J 3.4 u 8.2 T'w), 2.20 M (1H,
C*H), 2.56 n.o.n.x (1H, C°H, J 3.6, 4.7, 6.4 u 7.3 T'n), 3.67 n.x (1H, CH,-0Si, J 3.6 u
11.0 T'y), 3.77 n.n (1H, CH,-0OSi, J 4.7 u 11.0 I'x), 3.90 n.1 (1H, CH,-OH, J 5.8 u 11.3
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'), 4.00 o1 (1H, CH,-OH, J 7.8 u 11.3 T'r), 4.18 1.1 (1H, C*H, J 3.4 u 5.8 '), 5.23
nx (IH, C'H, J 7.1 u 8.0 Tu), 7.40, 7.56, 7.90, 7.99 (4H, Ph). Cmextp IMP “C
((CD3),CO), 0, m.a.: -5.69 ((CH3),Si), -3.06 ¢ ((CHj)sSi), 18.23 ((CHz):C), 25.78
((CH3)5C), 42.02 (C°), 44.67 (C?), 47.02 (C%), 59.34 (CH,0Si), 60.37 (CH,OH), 73.67
(CH, 77.84 (Ch), 127.70, 129.60, 129.81, 131.58, 133.24, 134.66 (Ph), 164.96 (C=0).
Macc-ciexktp, M/Z (lyy, %): 488 [(M+H™)] (100%). Haiineno, %, C, 56.55; H, 7.87.
Cy3H3905Si,. Berancneno, %: C, 56.67; H, 8.0.

[(1R,4R,5S)-5-{/ (mpem-Bymunoumemuncunun)oxcu] memun}-4-(mpumemuicu-

aun)yukionenm-2-en-1-unfmemurayemam  157b. ITlo  Meroamke, aHAJIOTHYHOU
nonyuyenuto coenuuenust 37a, uz 0.22 r coupra (0.72 MMomb)

Me3Si

1S 81b mnoaywamu 0.22 1 (87%) amerara 157b. BecuBerHas

 one MmaciooOpasHas kuakoctb. Rf = 0.6 (merposnelinbiii 3¢up :
o/ smunauerar = 20 : 1), [a]3’ +1385° (¢ 125, CH,Cl). MK
crieKTp, cM ¢ 2955, 2929, 2897, 2857, 1743 (C=0), 1472, 1249,
1085, 836, 775, 736. Criektp IMP 'H ((CD3),CO), &, m.a.: 0.07 ¢ (9H, (CH3);Si), 0.11
¢ (6H, (CH3),Si), 0.95 ¢ (9H, (CH53)sC), 2.04 ¢ (3H, CH5CO), 1.92-1.96 M (1H, C*H),
2.50-2.58 m (1H, C°H), 3.03-3.12 M (1H, C'H), 3.57 n.x (1H, CH,-0Si, J 7.0 u 9.8 '),
3.72 n.n (1H, CH,-OSi, J 6.9 u 9.8 T'y), 4.10 n.x (1H, CH,-OAc, J 8.1 u 10.8 I'mm), 4.32
.1 (1H, CH,-OAc, J 6.5 u 10.8 I'y), 5.55 n.1 (1H, C?H,J2.0wu 5.7 I'm), 5.81 a.t (1H,
C°H, J 2.5 u 5.7 Tn). Crextp SIMP C ((CD5),CO), d, m.a.: -6.11 ((CH5),Si), -3.56
((CH3)3Si), 17.92 ((CH5)sC), 20.05 (CH,CO), 25.46 ((CH3);C), 38.41 (C%), 43.70 (C),
46.98 (Ch), 63.47 (CH,0Si), 64.36 (CH,0Ac), 127.37 (C?), 132.78 (C°), 170.06 (C=0).
Macc-criektp, M/Z (lom, %): 357 [(M+H™)] (100%). Haiineno, %, C, 60.19; H, 9.96.
C15H3505Si,. Beruuciieno, %: C, 60.56; H, 10.09.
{(1R,2S,5R)-2-[mpem-Bymun(oumemun) cunoxcumemui] -5-2udpoxkcuyuxionenm-

3-en-1-untmemun ayemam 158b. Ilo meroavke, aHaJOTrHYHOM I MOJydeHus 28a u

& 29a, u3 0.20 r (0.56 mmoutp) ammmicuiaana 157b nomyyanm 0.13 r

< Dorss (75%) coenunenus 158b. Ipo3paunas Bsaskas xkugkoctb. Rf =
@, /OAC 0.5 (merponeiinbiii >¢gup : stunanerar = 5 : 1). [a]3° -48.4° (c
. ” 1.1, CH,Cl,). MK crextp, e ' 3460 (O-H), 2955, 2930, 2858,

158b
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1743 (C=0), 1472, 1356, 1254, 1033, 838, 780. Criextp SIMP 'H ((CD3),CO), &, m.1.:
0.06 ¢ (6H, (CH5),Si), 0.86 ¢ (9H, (CH5)sC), 2.07 ¢ (3H, CHs), 2.45 n.x.x (1H, C'H, J
6.1, 7.7 u 15.3 T'), 2.78 T.1.1 (1H, C°H, J 2.4, 2.8 u 6.7 T'w), 2.97 n (1H, OH, J 11.8
I'm), 3.59 n.x (1H, CH»-OSi, J 2.3 u 10.6 I'ny), 3.61 a1 (1H, CH,-OSi, J 2.4 u 10.7 '),
4.28 n.n (1H, CH,-OAc, J 7.4 u 11.1 T'), 4.36 n.n (1H, CH,-OAc, J 6.5 u 10.8 T'n),
4.43 napx (1H, C°H, J 2.6, 5.9 u 11.8 Tw), 5.79 n.x (1H, C*H, J 2.8 u 5.7 '), 6.08
aan (1H, C*H, J 2.0,2.6 u 5.7 I'm). Cnexkrp SIMP B¢ ((CD3),CO), 6, m.a.: -5.56
((CH3),Si), 18.48 ((CH5)sC), 21.13 (CH5CO), 25.86 ((CH3)sC), 43.49 (Ch), 46.97 (C?),
60.07 (CH,0Si), 62.06 (CH,OAc), 74.06 (C°), 135.06 (C%), 135.50 (C*), 171.21 (C=0).
Macc-ciextp, M/Z (lom, %): 301 [(M+H")] (100%). Haiineno, %: C, 59.78; H, 9.19.
C15H,50,4Si. Beraucneno, %: C, 59.90; H, 9.32.
(1R,4S,5R)-4,5-buc(20poxcumemun)yuxionenm-2-en-1-on 159b.
Memoo A. Tlo metonuke, aHamorudHoi s noiaydenus 107b, u3 100 mr (0.21
SN MMOJIb) coenuHeHus 156D monygamm 32 mr (89%) tpuona 159b.
@.~ O Becugernas maciioobpasnas xkuakoctb. Rf = 0.25 (xmopodopm :
) /OH meranon = 10 : 1). [a]Z’ +8.0° (¢ 1.04, CH,Cl,). UK crektp, cM
o 3327 (O-H), 2923, 1437, 1069, 1010, 966, 753. Cnextp IMP 'H
((CD3),CO), &, m.i.: 2.43 keunr. (1H, C°H, J 7.3 T), 2.82-2.85 m
(1H, C*H), 2.90-3.90 yru.c (3H, 30H), 3.59-3.68 m (2H, C’H,0), 3.89 .1 (1H, CH,0, J
6.5 u 11.2 T'n), 3.97 a.n (1H, CH,0, J 7.8 u 11.0 T'), 4.63 n.x (1H, C'H, J 2.3 u 6.1
'), 5.92 n.x (1H, C°H, J 2.7 u 5.7 T'n), 6.07 x.t (1H, C*H, J 2.0 u 5.7 'n). Crextp
SIMP C ((CD,),CO), d, m.1.: 46.00 (C°), 47.18 (C*), 59.41 (C’H,0), 60.11 (CH,0),
75.16 (CY), 134.95 (C?), 136.13 (C*). Macc-criextp, M/Z (lom, %): 145 [(M+H")] (100%).
Hatineno, %: C, 58.21; H, 8.17. C;H,,03. Brruucneno, %: C, 58.33; H, 8.33.
Memoo b. I1o meronuke, ananornynoit as nomyuenus (E)-108b, uz 100 mr 100
mr (0.33 mmonp) arerata 158b momy4uanu 41 mr (84%) tpuona 159b.
Memoo B. Tlo metoauke, aHamorudnoi aias moaydenus (E)-108b, uz 150 mr r
(0.58 MmMoutb) coenmuenus 155b mosryuanu 77 mr (92%) Tpuosna 159b.
[(1R,2R,3S,4S,5R)-3-{/ (mpem-Bymunnumemuncurun)oxcu] memun}-4-

(mpumemuncunun)-6-oxcabuyuxno/3.1.0]2excan-2-unjmemanon 161b. Ilo meronmuke,
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aHayiornyHou i nonmydenus 138a u 139a, u3 300 mr (0.96 mmons) coenunaenus 81b
nosydanu 53 mr (17%) snokcuma 161b u 170 mr (68%) cnimpra 155b.
Coeounenue 161b. Ilpo3paunas Bs3kas sxuakocts. Rf = 0.4 (merponeiinbiii 3¢up
Me;Si . srunanerar = 5 : 1). [a]d® +40.0° (¢ 1.0, CH,Cl,). UK
_\\\“\\\\OTBS CIIEKTD, oM ;3445 (O-H), 2954, 2929, 2898, 2857, 1471,
) ol 1250, 1099, 837, 776. Cniextp SIMP 'H ((CD5),CO), &, m.x.:
0 161:”/// 0.07 ¢ (9H, (CH3)sSi), 0.11 ¢ (6H, (CHs),Si), 0.89 ¢ (9H,
(CH5)5C), 1.25-1.30 (1H, C*H), 1.93-2.02 M (1H, C*H), 2.32-
2.37 m (1H, C*H), 2.82 ¢ (1H, OH), 3.45 n.x (1H, C'H, J 2.6 u 16.4 T'), 3.55-3.62 ™
(2H, CH,-Osi u C°H), 3.64 1.1 (1H, CH,-0Si, J 9.0 u 10.4 T'), 3.76-3.84 M (2H, CH,-
OH). Crextp SIMP °C ((CD3),CO), J, m.a.: -6.12 ((CH3),Si), -2.08 ((CHs),Si), 17.81
((CH3)5C), 25.33 ((CH5)3C), 31.95 (C*), 40.94 (C°), 44.59 (C?), 58.45 (C°), 59.20 (CY),
59.55 (CH,0OH), 62.07 (CH,0Si). Macc-criektp, M/Z (lom, %): 331 [(M+H")] (100%).
Haiineno, %: C, 57.92; H, 10.02. C4H3,03Si,. Berancneno, %: C, 58.08; H, 10.28.
(1S,4S,5R)-4-[mpem-Bbymun(oumemun) cununokcumemui] -5-(cuopoxcumemun)-
yuknionenm-2-en-1-on 162b. K pacreopy 0.1 1t (0.30 MmMoip) smokcuaa 161b B 5 mu

ME€TaHoOJIa MpuKanbiBaiau pactBop 0.25 My YKCYCHOUM KHUCIIOTHI B 5

S .
\OTBS MJI METaHOJIa M MEePEMEIIMBAIIM TP KOMHATHOU Temmeparype 6 4
on (xkoHTpons  MmeromoM TCX). Kuciaory HeHTpann3oBBIBAIH
"/ HacelmeHubiM  pactBopom NaHCO; no pH=S8, opranuueckwii
HO
162b pacTBOpUTENb  yYNMapuBaid, BOAHYIO (a3y dKCTparupoBaiu

srmwnaneratoM (3x15 mi). OObeAMHEHHBIE OPraHUYECKHE OSKCTPAKTHI CYIIMIIA Ha
cynb(aroM MarHusi, KOHIICHTPUPOBAIM TMPU TOHKEHHOM JABJICHHUHM M OCTaTOK
OYHIIIAJI KOJIOHOYHOU XpomaTorpadueii Ha SiO, (aTmnanerat/meTponeinsli a¢up, 1:1)
¢ monyueHueM 69 mr (88%) nnosna 162b. beciietnas macimoo0OpasHas kuakoctsb. Rf =
0.5 (merponeiinsiit >dup : stumanerar = 1 : 1). [a]3’ -107.0° (¢ 0.6, CH,Cl,). UK
criekTp, cM ' 3318 (O-H), 2955, 2928, 2856, 1471, 1255, 1095, 1051, 837, 777. Criextp
AMP 'H ((CD3),CO), &, m.a.: 0.11 ¢ (6H, (CH3),Si), 0.94 ¢ (9H, (CH3)C), 1.90-2.60
yur.c (2H, 20H), 2.35 ksunt. (1H, C°H, J 7.0 '), 3.10 yur.c (1H, C*H), 3.56 T (1H,
CH,-0Si, J 10.4 '), 3.68 n.x (1H, CH,-OSi, J 2.8 u 10.7 I'y), 3.90-3.99 m (2H, CH,-
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OH), 4.75 o (1H, C'H, J 6.8 T'y), 5.79 ¢ (1H, C*H), 5.93 1 (1H, C°H, J 5.7 I'n). Crextp

SIMP C ((CD,),CO), J, m.1.: -5.53 ((CH3),Si), 18.22 ((CH5)sC), 25.84 ((CHs)sC),
49.12 (C%, 53.46 (C°), 61.31 (CH,OH), 63.02 (CH,0Si), 78.95 (C'), 135.22 (C%),
135.58 (C?). Macc-criextp, M/z (lom, %): 259 [(M+H")] (100%). Haitzero, %: C, 60.12;
H, 9.88. C13H,505Si. Beruncneno, %: C, 60.34; H, 10.05.

Memunoswiti  a¢pup  2-[(1S,4R,5R)-5-{/(mpem-6ymuroumemuncunun)oxculme-
mun}-4-eudpoxcuyuxnonenm-2-en-1-un)yxcycnou kucniomer 1630 u memunoswiii s¢pup
2-[(1S,4S,5R)-5- [ (mpem-6ymunroumemuncunun)oxcuf -4- (2uopokcumemun)yukionenm-
2-en-1-unjyxcycnoti kuciomor 164b. Tlo MeToauke, aHATOTHYHOM /I ToaydeHus 138a
u 139a, w3 0.62 r (1.74 mmonan) coequrenns 100D cwipoit ocTaTok 0e3 BbIICICHHS
oOpabaThiBaJId COMIacHO MeToauke monydeHus 162b u momywamu 0.39 1 (76%)
ammtoBoro crimpTa 163b 1 0.06 T (11%) ero snumepa 164b.

Coeounenue 163b. becuBerHas mnpo3pauHas Bs3kas sxkuakocte. Rf = 0.4

oM CH,CL,). UK crextp, em ': 3377 (O-H), 2955, 2857, 1739 (C=0),
1471, 1252, 1085, 838, 773. Crextp SIMP 'H ((CD;),CO), &, M.x.:
0.08 ¢ (6H, (CH3).Si), 0.9 ¢ (9H, (CHs)sC), 2.30 mx (1H,
CH,C=0, J 10.1 u 15.7 I'1), 2.32 xBuHT. (1H, C°H,J 7.0 I'm), 2.70 a.n (1H, CH,C=0, J
5.3 u 15.7 T'm), 2.95-3.02 m (1H, C'H), 3.51 1 (1H, OH, J 5.3 '), 3.62 ¢ (3H, CHy),
3.79 n.x (1H, CH,0Si, J 8.8 u 10.3 T'), 3.96 .1 (1H, CH,0Si, J 6.7 n 10.4 '), 4.57-
4.61 m (1H, C*H), 5.86-5.90 m (1H, C°H), 6.00-6.04 M (1H, C*H). Cnextp SIMP “*C
((CD5),CO), 6, m.u.: -6.08 ((CH,),Si), 17.86 ((CHs)sC), 25.38 ((CH3)sC), 36.03
(CH,C=0), 41.68 (C"), 47.26 (C°), 50.65 (CH3), 59.95 (CH,0Si), 74.91 (C%), 133.76
(C?), 137.89 (C%), 172.90 (C=0). Macc-criektp, M/z (lom, %): 301 [(M+H")] (100%).
Haiineno, %: C, 59.74; H, 9.16. C15H,50,Si. Beruuciueno, %: C, 59.96; H, 9.39.

: SN (metponeiiasiii >¢up : stumanerar = 5 : 1). [a]3? +48.4° (c 1.05,

:II/,///

o//l/,,'

H 163b OTBS

Coeounenue 164b. BecrnsetHas mnpospaunas Bs3kas xuakocte. Rf = 0.35
(netponeitusit >¢up : stunanerar = 5 : 1). [a]%® +88.7° (¢ 1.13, CH,Cl,). UK cmekTp,
cM @ 3424 (O-H), 2954, 2857, 1741 (C=0), 1471, 1254, 1085, 838, 776. Crextp SIMP
'"H ((CD5),CO), &, m.a.: 0.08 ¢ (6H, (CH3),Si), 0.9 ¢ (9H, (CH3)sC), 2.14 .1 (1H,
CH,C=0, J 10.1 u 15.6 '), 2.18-2.22 m (1H, C°H), 2.71 .1 (1H, CH,C=0, J 5.7 u
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15.7 T), 3.05-3.12 m (1H, C*H), 3.61 ¢ (3H, CHa), 3.77 n.a (1H,

oM CH,0Si, J 8.4 u 10.5 I'n), 3.85 x.1 (2H, CH,0Si u OH, J 5.2 u

10.4 T'), 4.55-4.61 M (1H, C*H), 5.72-5.76 m (1H, C*H), 5.81-5.85

o oy (1H, C°H). Cmextp SIMP C ((CD3),CO), 5, m.n.: -6.14

((CH5),Si), 17.85 ((CH3)sC), 25.36 ((CHs)sC), 34.72 (CH,C=0), 41.89 (Ch, 50.67

(CHs), 52.47 (C®), 61.28 (CH,0Si), 77.40 (C*), 135.02 (C?), 135.45 (C%), 172.85 (C=0).

Macc-criektp, M/Z (lom, %): 301 [(M+H")] (100%). Haiineno, %: C, 59.81; H, 9.12.
C15H,50,4Si. Beraucneno, %: C, 59.96; H, 9.39.

_\\\\\\

"’/I//

2-[(1S,4R,5R)-5-{/ (mpem-bymunoumemuacunun)oxcu] memu}-4-2u0pokcuyuxio-
\\\\\ neum-2-en-1l-unjayemanvoecuo  165b. Tlo  nByxXcraguwitHOMN

©.~ CHO  metonuke, ananmormuHoi momyuenuto 163b u 164b, u3 0.33 T (0.96

%, /OTBS MMoJib) coenuHeHuss 99b momywanmm 0.23 r (83%) ammmioBoro
Z

H§S cupta 165b. TIpospaunas Bs3kas xuakoctb. Rf = 0.3

o (netponeitnsiit >¢up : stunauerar = 5 : 1). [a]3? +22.0° (¢ 1.0,
CH.CI,). UK cnektp, cM ': 3415 (O-H), 2954, 2929, 2896, 2856, 1725 (C=0), 1471,
1253, 1085, 837, 776. Criextp SIMP 'H ((CD3),CO), &, m.zi.: 0.07 ¢ (6H, (CH5),Si), 0.89
¢ (9H, (CH3)sC), 2.33 ksuur. (1H, C°H, J 7.9 T'n), 2.47 .1 (1H, CH,0Si, J 1.5 u 8.4
I'm), 2.75 a.n (1H, CH,OSI, J 1.5 u 5.8 T'm), 2.85 ymr.c (1H, OH), 3.09-3.12 m (1H,
C*H), 3.78 T (1H, CH,CHO, J 10.4 T'x), 3.96 x.x (1H, CH,CHO, J 6.5 1 10.5 T'ry), 4.62
.0 (IH, C*H, J 2.3 u 6.0 T'w), 5.87 m.x (1H, C°*H, J 2.2 u 4.1 T'w), 6.02 n.x (1H, C*H, J
2.5 u 5.5 Tn), 9.79 ¢ (1H, CHO). Cnekrp SIMP 'H ((CD;),CO), &, m.x.: -6.10
((CH5),Si), 17.84 ((CH3)sC), 25.38 ((CHs3)sC), 39.62 (C*), 46.09 (CH,CHO), 47.33 (C°),
60.02 (CH,0Si), 74.87 (C"), 133.44 (C®), 137.87 (C?), 201.80 (CHO). Macc-crektp,
m/z (o, %): 156 [(M-TBS)] (100%). Haiineno, %: C, 61.97; H, 9.41. Cy4H,505Si.
Breruncneno, %: C, 62.18; H, 9.69.

3.5 DkcnepumMeHT K pasaeiy 2.3.1

(Memoxcumemun)mpugenungocgonuti  xropuo 166. K mnepememmBaemomy

pactBopy 10.74 1 (0.04 monw) Tpudenmidocdhuna B 100 M abcosnroTHOTO OE€H30J1a TIPU
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KOMHATHOM TeMIIepaType B T€UeHHE |5 MHUH NpHKanbIBaId PacTBOP
Ph;P/\o/
Cr

3 ma (0.04 mosb) MeTokcUMeETUIXJOpuaa B 15 mMn OeH3ona u

166 mnepememmBanu 24 4. BpImaBmmi ocagok OT(QUIBTPOBBIBAIM Ha

bunsTpe loTrTa, mpomeiBasm GenzomoMm (3x10 MIT), OCTaTKH PacTBOPUTENS YA

noa BakyymoMm c¢ mnoiydeHueM 11.3 1 (90%) dochonueBoit comu 166. benbie

kpuctamsy, T.1m1. 200-202 °C. Criexrp SIMP 'H (CDCl,), 8, m.xi.: 3.68 ¢ (3H, CH3), 5.96
1 (2H, CHy, J 3.9 I'm), 7.61-7.95 m (15H, 3Ph).

(4-Kapoboxcubymun)mpugpenungocponuti 6pomuo 167. K mepememmBaeMomy

o pactBopy 8.9 r (0.03 monw) Tpudenmidpochuna B 100 m

/\/\)]\ abcomoTHOTO arneToHuTpuia n1o6asmsum 6 T (0.03 moib)
N
Ph;*P OH

Br OpOMIIEHTAHOBOM KHCJIOTHI M TIEPEMEIIMBAIN  IPU
167 kursiueHun 24 4. PeaklnMOHHYIO CMeCh OXJIaXIalH,
OOJIBIIIYI0O YacTh OPraHUYECKOTO PACTBOPUTENS YIApUBaIM, BBIMNABIIMNA OCAOK
nepenocuu Ha puiabTp LlloTTa, mpoMeiBasiun AuATHIIOBBIM 3upom (3x10 M), ocTaTku
pacTBOPUTEII YAAISIIN MO BaKyyMoM ¢ noiaydenueM 12.9 1t (95%) docdhonuenoit conu
167. Benble kpuctamisl, T.I01. 205-207 °C. Cnextp SIMP 'H (CDCly), &, m.x.: 1.64-1.85
M (2H, C*H), 1.96 keunt. 2H, C°H, J 6.7 T'n), 2.74 T (2H, C*H, J 6.8 '), 3.58-3.71 m
(2H, C'H), 7.65-7.98 m (15H, 3Ph), 11.87 yur.c (1H, COOH).
(E)-Hoozenm-1-en 168. K mepemenmBaemMomy pactBopy 3 T (0.03 momb)
rentuHa-1 B 10 M1 cyxoro rekcana B atMmocepe aproHa
I/\/\/\/ 00BN 8.8 MJT 72%-H0TO pacTBopa
168 TUU300yTUIIATIOMUHUA ~ TUJApUAA B TEKCaHe TMpuU
KOMHATHOHM Temmneparype. [locie Toro kak peakMoHHas Macca camopas3orpeBaiach J10
40 °C, rtemmeparypy mnomuumamu g0 50 °C wu mepememmBanu eme 2 4. Jlanee,
TeMIepaTypy peakiuu MOJHUMAIIA 10 KUIICHUs U, MOCJe yAaneHus OOojbIIed yacTu
pacTBOpUTENA, OXJAaXAAIM 10 KOMHaTHOW u paszdabisiu 40 M abCOIOTHOTO
terparunpodypana. Temmeparypy peakimoHHoW Macchl omyckanu a0 -50 °C u
pactBopy npukanbiBasin 7.54 1 (0.03 mosp) Homa B 40 mi terparuapodypana,
HarpeBaJid /10 KOMHATHOW TeMIiepaTypsl W J00aBisiin pactBop 20%-HOUW cepHOU

KUCJIOTHl (Okoyio 10 MJ) 10 mpeKpamieHus BBIIEICHUS rasza, Mociie Yero BbUIMBAIU
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peakimoHHyr0o maccy B cMmechb Japga u 20 mia 20%-HOMl cepHOM KHUCIOTHI U
sKcTparupoBainn rekcanoM (3x50 wmur). OObequHEHHBIE OpPTaHMYECKHUE HSKCTPAKTHI
CYIIWJIA HaJ Cylb(paToM MarHusi, KOHIEHTPUPOBAIU IMPH MOHIKEHHOM JaBJIICHUU U
OCTaTOK OYMINAJIM KOJOHOYHOH xpomartorpadueit Ha SiO, (3THIameTaT/meTposIeHHbIH
a¢up, 40:1) ¢ monyuenueM 5.6 r (84%) ranorenankena 168. XKenrosaras npospaunas
KuAKkocTh. Criexktp SAMP 'H (CDCl), 6, m.a.: 0.91 T (3H, CHy), 1.24-1.47 m (6H, C*H,
C°H u C°H), 2.06 k8 (2H, C*H, J 7.0 T'wy), 6.0 1 (1H, C'H, J 14.2 T')), 6.47-6.56 m (1H,
C’H).

3.6 DkcnepuMeHT K pasaey 2.3.2

(3aR,4R,6aS)-4-(Memoxcumemoxcu)-3,3a,4,6a-mempazudpo-1H-yuxnonenma-
[c/Pypan-1-on 172b. K nepememmuBaemomy pacteopy 1.5 r (0.01 Mo0ib) aJTHIIOBOTO
o cmupta 48 u 3.7 M (0.02 Monp) auusonpommmdTHIaMUHA B 50 M
..n\\\/ abcomoTHOrO Xjopuctoro metuieHa npu 0 °C B Teuenun 30 MUHYT

O  MpuKanbIBaJIN pacTBoOp 1.13 MJI (0.015 MOJIb)

\ "”l///

3 MeTokcuMeTuinxyopuaa B 10 mn xmopuctoro MetwiieHa. Jlanee
MOMO

172b TEeMIIepaTypy PEaKIMOHHONW MacChl MOJAHUMAIA 10 KOMHAaTHOW M
pactBop mepeMemmBaii 3 4 (koHTposib Merogom TCX). B peakinuoHHyro Maccy
nobapymsimii 10 M1 BOXBI, OTHAENSIIM OpraHuyeckyro ¢asy, a BOJHYH 4YacTh
AKCTPArupoBalii XJIOPUCTHIM MeTuieHOM (3x20 mui). OO0beAMHEHHBIE OPTaHUYECKUE
OKCTPAKTHl CYIIWIA HaJ CyIb(paTOM MarHus, KOHIICHTPHPOBAIU IPH TMOHWKEHHOM
JABJICHUM M  OCTATOK OYMINAIM  KOJIOHOYHOH xpomatorpadueit Ha  SiO;
(aTmnanerar/meTpoiieiiHbil 3¢up, 3:1) ¢ momyyernuem 1.75 r (95%) npoaykra 172b.
[Tpo3paunas xenaroBaTas maciaooOpasHas xuakocts. Rf = 0.45 (merposnetinsiii 3¢up :
srunanerat = 3 : 1). [a]%® +130.0° (¢ 1.06, CH,Cl,). UK cnektp, cM 1 2948, 2825,
1756 (C=0), 1377, 1212, 1182, 1151, 1108, 1042, 993, 926. Cmextp SIMP 'H
((CD5),CO), &, m.1.: 3.33 ¢ (3H, CH3), 3.48 m.x.x (1H, C**H, J 6.5, 7.8 u 15.9 T'), 3.59
naa (IH, C®H, J 2.4, 4.1 u 8.2 T), 4.33 T (1H, C°*H, J 9.3 I'n), 4.41 .1 (1H, C°H, J
6.4 u 9.3 I'm), 4.68 c (2H, O-CH,-0), 4.87 n.a (1H, CH,J15u74 I'm), 5.82-5.85 m



324
(1H, C°H), 5.98 x.t (1H, C°H, J 2.1 u 5.5 T'y). Crexrp SIMP °C ((CD3),CO), &, m.x.:
40.0 (C®), 50.74 (C*), 54.75 (CHs), 66.76 (C®), 83.13 (C*), 96.53 (O-CH,-0), 128.40
(C®), 134.97 (C°), 175.86 (C=0). Macc-criektp, M/z (lom, %): 185 [(M+H")] (100%).
Hatineno, %: C, 58.43; H, 6.35. CgH1,0,. Beruucneno, %: C, 58.69; H, 6.52.

(3aR,4R,6aS)-4-(Memoxcumemoxcu)-3,3a,4,6a-mempacuopo-1H-yuxnonenma-
[c/dypan-1(R,S)-on 173b. Ilo meToauke, aHanmornyHou moaydenuto 73b, u3 1.2 r (6.5
MMOJIb) JiakToHa 172b mosrydanu 1.1 T (92%) nakroma 173b B BUC

OH

: 1
3:1-cmecu (cormmacHo naHHbIX cnekTpa IMP “H) R- u S-uzomepos o
.\\\\\\

O
\ "”//////

173b stunanerar = 1 : 1). MK crmextp, cm ': 3409 (O-H), 2932, 2893,
1372, 1216, 1150, 1042, 955, 796. Criextp SIMP ‘H ((CD3),CO), &, m.x.: 2.87 yur.c (1H,
OH u OH’), 3.09-3.17 m (2H, C¥H, C®H, C**'H u C**H), 3.31 ¢ (2.25H, CH5), 3.32 ¢
(0.75H, CHy"), 3.87-3.93 m (1H, C*H u C*H), 4.12-4.18 m (1H, C*H u C*H), 4.62-4.88
M (3H, O-CH,-O, C'H, O-CH,-O’ u C"H), 5.21-5.24 m (1H, C*H u C*’H), 5.73-5.80 M
(2H, C°H, C°H, C*’H u C*H). Criexrp SIMP **C ((CD;),CO), &, m.1.: 42.33, 4.20 (C*),
54.47, 54.75 (CH30), 58.27, 58.33 (C%), 64.41, 65.51 (C%), 83.29, 83.84 (C*), 91.42,
92.85 (O-CH,-0), 101.15, 101.19 (CY), 132.01, 132.17 (C°), 133.58, 133.83 (C°). Macc-
crextp, M/Z (lom, %): 187 [(M+H")] (100%). Haitneno, %: C, 57.84; H, 7.36. CgH1,0.,.
Brranciaeno, %: C, 58.06; H, 7.52.

aleTalbHOU TUApOKCUIbHOM Tpynme. IIpo3pauHoe OecrBeTHOE

maciooOpazHoe BemectBo. Rf = 0.4 (merponeitnbrit >¢up

[(1R,2R,5R)-2-[(Z,E)-2-Memoxcusunun]-5-(memoxcumemoxcu)yuxkionenm-3-en-
1-unfmemanon 174b u (4aS,7R,7aR)-3-umemoxcu-1-(memoxcumemoxcu)-1,3,4,4a,7,7a-
eexcazuopoyurionenmalC/nuparn 175b. Ilo MeTomuke, aHAJIOTHYHON IMOTYUYCHHIO
coequHeHui 75b u 76b, u3 0.5 r (2.7 mmoib) nakrona 173b noayyamu 0.26 T (45%)
enomdupa 174b (8 Buge 3:1-cmecu E- u Z-uzomepos, cormacHo maHHbBIX criekrpa SIMP
'H) 1 0.26 T (45%) aneraneit 175b (B Buze 2:1-cMecu SIHMEPOB 10 METOKCHIPYIIIIE,

COTJIACHO JaHHBIX criektpa SIMP 'H).
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Coeounenue 174b. TIpospaunas wmacimooOpasHas sxkuakocth. Rf = 0.35

NG OMe (merponeiinbiii a¢up : stmmanerar = 1 @ 1). UK cnekrp,
@ cM ;3421 (O-H), 2933, 2831, 1649, 1207, 1151, 1097,

i 1040, 942, 921. Crextp SIMP 'H ((CD5),CO), &, m.z1.: 2.25-
2.35 M (IH, C'H u C"H), 2.8 ¢ (0.75H, OH), 3.10-3.15 m
(1H, C*H u C*H), 3.24 1 (0.75H, C°H, J 5.2 '), 3.29 ¢ (3.25H, CH;0CH,, C>’H u
CH3OCH,"), 3.44 ¢ (2.25H, CHs), 3.47 ¢ (0.75H, CH3"), 3.53-3.60 m (1H, CH,-OH u
CH,-OH’), 3.67-3.75 m (1H, CH,-OH u CH,-OH’), 4.45-4.54 m (1H, CH=CHOMe u
CH=CHOMe"), 4.58-4.64 m (1H, O-CH,-O u O-CH,-0’), 4.65-4.69 m (1H, O-CH,-O u
O-CH,-0"), 5.73-5.77 m (0.25H, C*’H), 5.81-5.85 m (0.25H, C*H), 5.90 x.x (0.75H,
C®H, J 2.7 u 57 Tw), 592-596 m (0.75H, C*H), 6.35 x.x (IH, CH=CHOMe,
CH=CHOMe’, J 2.8 u 12.7 T'u). Crextp SIMP *C ((CD5),CO), &, m.x.: 40.68, 44.93
(C?), 47.96, 48.04 (C'), 54.26, 55.11 (CH3-O-CH,), 54.83, 58.91 (CH5-OCH), 59.08,
59.20 (CH,OH), 81.15, 81.26 (C%), 96.00, 96.03 (O-CH,-O), 102.82, 106.28
(CH=CHOMe), 130.77, 130.90 (C%, 139.08, 139.53 (C%, 146.31, 147.50
(CH=CHOMe). Macc-cniextp, M/z (lory, %): 215 [(M+H")] (100%). Haiineno, %: C,
61.30; H, 8.25. C1;H130,. Berancieno, %: C, 61.58; H, 8.41.

MOMO 174b OH

Coeounenue 175b. IIpo3paunas Bszkas xunkoctb. Rf = 0.5 (metposneiinbiii 23¢up

L OMe : srumanerar = 5 : 1). UK cmektp, cM : 2929, 2886, 1365,

@ ﬁ: 1150, 1113, 1043, 918. Cuekrp SIMP 'H ((CD;),CO), 4,
K Mm.x.: 1.48 xaog (0.4H, C¥H, J 5.6, 7.8 u 13.7 T'), 1.70 1.1

(1H, C*Hu C"H, J 1.6 u 6.0 '), 1.95 x.1 (0.6H, C*H, J 5.7

u 13.9 T'r), 2.50 xBuut. (0.4H, C*H), 2.53-2.62 m (1.6H, C***H, C"*Hu C"*H), 3.24 ¢
(1.8H, CH3-OCH), 3.29 ¢ (1.2H, CHs-OCH’), 3.31 ¢ (3.0H, CH;0CH,, CH;OCH,"),
3.53 nx (1H, C'H u C"H, J 6.8 u 11.7 T'n), 3.68 m.x (0.4H, C"H, J 7.5 u 12.0 I'y),
3.78-3.85 M (1.6H, C*H, C'H u C"’H), 4.37 1 (0.4H, C*H, J 5.1 I'n), 4.58-4.64 m (2.6H,
O-CH,-0, O-CH,-O’ u C°H), 5.77-5.89 m (2H, C'H, C”H, C°H u C*H). Cniektp SIMP
BC ((CD;),CO), & m.1.: 31.61, 32.18 (C*), 38.79, 39.54 (C*), 53.85, 54.31 (C'®), 54.35

(CH;OCH), 54.39 (CH;OCH,), 56.13, 60.30 (C'), 82.83, 83.80 (C’), 95.88, 96.11
(OCH,0), 98.12, 99.21 (C?), 131.16, 132.50 (C?), 136.42, 137.37 (C°). Macc-cmextp,

MOMO 175b
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Mz (lon, %): 215 [(M+H")] (100%). Haiineno, %: C, 61.42; H, 8.17. Cy;Hi50,.
Brruucneno, %: C, 61.58; H, 8.41.
[(1R,2S,5R)-5-(Memoxcumemorcu)yuxnonenm-3-en-1,2-ouun] oumemanon 176D.

@,\\\\\\\OH [To MeToMKe, aHAJIOTUYHOW TIOJIYYCHHUIO COSMHCHUS 74D, u3
. 1.1 r (6.0 mmonb) makToHa 172b monmyuwamu 1.05 1t (95%)
N nuojna 176b. Rf = 0.3 (merponeiinbiii 3dup : sTrnanerar = 3
1). [a]3® +12.3° (c 0.9, CH,Cl,). UK crektp, cM ': 3384 (O-
H), 2927, 2890, 1149, 1095, 1037, 993, 919. Criektp SIMP 'H ((CD3),CO), &, m.xi.: 2.49
xeurt. (1H, C'H, J 6.5 T'), 2.87-2.94 M (1H, C?H), 3.36 ¢ (3H, CH3), 3.38 1 (1H, C°H,
J 6.1 Tu), 3.63 n.x (IH, C'H-CH,, J 6.8 u 11.4 I'n), 3.68 n.x (IH, C'H-CH,, J 3.2 u
11.3 '), 3.92 n.x (2H, C*H-CH,u OH, J 6.2 u 11.8 T'x), 4.01 m.x (1H, C*H-CH,, J 6.6
u 11.8 I'n), 4.59 .1 (1H, O-CH,-O, J 2.1 u 6.6 I'), 4.65-4.72 m (2H, O-CH,-O u OH),
5.99-6.07 m (2H, C*H u C*H). Crextp SIMP °C ((CD5),CO), &, m.1.: 45.78 (C), 48.47
(C?), 55.53 (CHs), 60.11 (CH,-C%), 62.16 (CH,-C?), 82.86 (C°), 96.10 (O-CH,-0),
132.14 (C%), 137.55 (C%). Macc-criextp, M/z (loz, %): 189 [(M+H")] (100%). HaiizeHo,
%: C, 57.19; H, 8.24. C4H150,. Brruucneno, %: C, 57.45; H, 8.51.

MOMO 176b

[(1S,4R,5R)-5-{/(mpem-Bymunoumemuncunun)oxcu] memun}-4-(memoxcumemox-
cu)yuxnonenm-2-en-1-unfmemanon 1770 u [(IR,2S,5R)-2-{[(mpem-6ymuroumemuncu-
aun)oxcu] memui}-5-(memoxcumemorcu)yuxkionenm-3-en-1-unfmemanon  178b.  Ilo
METOMKE, aHAJIOTUYHOW monydeHuro coenuHenuid 80b u 81b, u3 1.5 r (8.0 MMmoIb)
muona 176b momywamm 0.56 r (23%) momosdupa 177b m 1.67 r (69%) ero
peruounsomepa 178b.

Coeounenue 177b. IIpo3paunas Bszkas xunkoctb. Rf = 0.5 (metposneiinbiii 23¢up

..\\\\\\OH . stunanerar = 5 @ 1). [a]3® +2.1° (¢ 1.05, CH,Cl,). UK

@ criekTp, cM . 3462 (O-H), 2954, 2929, 2857, 1472, 1464,

MOMO\\\S orRs 1296, 1095, 1036, 837, 776. Crextp SIMP 'H ((CD;),C0), §,

177b m..: 0.08 ¢ (6H, (CHj3),Si), 0.91 ¢ (9H, (CH5)3C), 2.39 kBuHT.
(1H, C°H, J 7.6 Tw), 2.77-2.81 m (1H, C'H), 3.27 ¢ (3H, CH;0), 3.34-3.39 m (1H, OH),
3.45-3.50 m (1H, CH,-OH), 3.56-3.63 m (1H, CH,-OH), 3.89 n.n (1H, CH,-OSI, J 7.8 u
10.4 T'), 3.94 a1 (1H, CH,-0Si, J 8.0 u 10.4 '), 4.47 n. (1H, C*H, J 2.4 u 6.3 Tn),

"/I///
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4.59 1 (1H, O-CH,-0, J 6.5 I'y), 4.66 1 (1H, O-CH»-0, J 6.6 T'w), 6.01 x.t (1H, C°H, J
1.8 1 5.8 '), 6.08 m.x (1H, C*H, J 2.8 1 5.8 I'y). Criekxtp SIMP *C ((CD3),CO), &, m.1.:
-6.15 ((CH3),Si), 17.79 ((CH5)sC), 25.26 ((CHs)sC), 47.00 (C°), 48.45 (CY), 54.29
(CH;0), 59.68 (CH,0Si), 62.39 (CH,OH), 80.77 (C%), 95.84 (OCH,0) 132.26 (C°),
137.99 (C?). Macc-criektp, M/Z (loz, %): 303 [(M+H")] (100%). Haiinero, %: C, 59.35;

H, 9.72. C15H300,Si. Berancneno, %: C, 59.60; H, 9.93.
Coeounenue 178b. TIpo3paunas Bsizkas xuakocts. Rf = 0.4 (merponeiinbiii 3¢up
W e 1 o9THanerar = 5 ! 1), [a]2® +10.4° (c 0.9, CH.CI,). UK
@ criekTp, oM : 3428 (O-H), 2954, 2929, 2857, 1472, 1361,
MOMO\‘\S OH 1256, 1095, 1042, 837, 776. Crextp SIMP 'H ((CD5),CO), 4,
e m.a.: 0.07 ¢ (6H, (CH3),Si), 0.90 ¢ (9H, (CH3)sC), 2.40
ksunt. (1H, C*H, J 7.1 '), 2.76-2.82 M (1H, C?H), 3.27 ¢ (3H, CH;0), 3.31-3.35 m
(1H, OH), 3.59 n.1 (1H, CH»-0OSi, J 6.5 u 9.7 T'), 3.73 n.a (1H, CH,-OSi, J 7.6 u 9.7
'), 3.76-3.84 M (2H, CH,-OH), 4.48 1.1 (1H, C°H, J 2.3 u 6.4 T'rx), 4.59 1 (1H, O-CH,-
0, J 6.6 Tw), 4.64 1 (1H, O-CH,-0, J 6.6 Tw), 6.02 a.t (1H, C*H, J 1.5 u 5.2 '), 6.07
n.x (1H, C*H, J 2.7 u 5.7 T'). Crextp SIMP *C ((CD5),CO), &, m.1.: -5.31 ((CH3),Si),
18.76 ((CH3);C), 26.25 ((CH5)sC), 48.11 (C'), 49.48 (C?), 55.15 (CH30), 59.31
(CH,OH), 65.83 (CH,0Si), 82.41 (C°), 96.84 (O-CH,-0), 133.47 (C%), 138.48 (C%).
Macc-criektp, M/Z (lom, %): 303 [(M+H")] (100%). Haiineno, %: C, 59.75; H, 9.65.

C15H300,Si. Beraucaeno, %: C, 59.60; H, 9.93.

:l,II//

(2S,5R)-2-{[ (mpem-Bymunoumemuncunun)oxcu memuu}-5-(memoxcumemoxcu,)-
yuknionenm-3-en-1-kapbanvoecuo 179b. Ilo Meroamke, aHAJIOTHYHOM MOJyUCHHUIO
N eHoHa 133a oxucneHuem peareHtoMm Jlecca-MapTtuHa
q OTBS  anmunosoro ciupta 137a, u3 0.5 v (1.7 mmosb) cimpra 178b
$ nonyyamu 0.18 r© (36%) 1:1-cMecu (cornacHO JaHHBIM
MOMO 179b (H) cmektpa  SIMP  'H) omumepusix  ameernmos  179b.
[Ipo3paunas >xenras Bsazkast xkuakocthb. Rf = 0.6 (merposeiinsiii a3¢up : sTunamerar = 5 :
1). UK cmekrp, cM 1 2955, 2857, 1723 (C=0), 1472, 1248, 837, 775. Cuextp SIMP 'H
((CD5),C0), 6, m.n.: 0.01-0.11 m (6H, (CHg3),Si u (CH3),Si”), 0.88 ¢ (4.5H, (CHz3)3C),
0.91 ¢ (4.5H, (CH3)sC"), 2.89 1.1 (0.5H, C°H, J 1.5 u 5.5 I'y), 3.01-3.07 m (1.5H, C*H,
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C'H u CVH), 3.27 ¢ (1.5H, CH30), 3.30 ¢ (1.5H, CH30°), 3.63 a1 (IH, CH,-OSi u

CH,-0Si’, J 7.0 u 9.8 T'x), 3.73-3.77 M (2H, CH,-OH u CH,-OH"), 3.90 1.1 (1H, CH.-
OSi u CH,-0Si’, J 6.3 u 11.7 T'r), 4.62 ¢ (1H, O-CH,-0), 4.68 ¢ (1H, O-CH,-0"), 4.91
1 (0.5H, C°H, J 7.0 T'w), 4.96 1 (0.5H, C*’H, J 4.6 '), 5.83 ¢ (1H, C*H u C*H), 6.05 ¢
(1H, H* u C*H), 9.78 1 (0.5H, CHO, J 4.5 T'y), 9.84 1 (0.5H, CHO’, J 2.6 I'ry). Criektp
SIMP C ((CD3),CO), &, m.1.: -6.14 ((CH3),Si), 17.84, 17.92 ((CH3)sC), 25.28, 25.35
((CH5)sC), 48.45, 50.05 (C?), 54.40, 61.28 (C'), 54.56, 55.89 (CH;0), 62.79, 65.77
(CH,0Si), 82.38, 83.25 (C°), 95.90, 95.93 (O-CH,-O), 131.82, 132.46 (C"), 133.46,
135.55 (C®) 200.86, 201.92 (CHO). Macc-criextp, M/Z (lom, %): 301 [(M+H")] (100%).
Haiineno, %: C, 59.68; H, 9.12. C;5H»50,4Si. Beruucieno, %: C, 59.96; H, 9.39.
[(1R,2S,5R)-2-{[(mpem-Bymunoumemuncunun)oxcu] memun!-5-(memoxcumemox-

cu)yuxnonenm-3-en-l-unmemunayemam  180b. Ilo Merommke, aHAJIOTHYHOM

RN nonyuenuto 37a, u3 0.45 r (1.5 mmos) criupra 178b momyganu
OTBS
@ 0.46 1t (90%) amerara 180b. IIpo3paunas maciaooOpasHas

.l,II//
xunakoctb. Rf = 0.5 (merponeitnbiit 3¢up : stmnanerar = 10 :

1).[a]3° +21° (c 1.13, CH,Cl,). UK crektp, cM ': 2954, 2929,
2857, 1744 (C=0), 1472, 1362, 1248, 1096, 1038, 837, 776. Cmexrp SIMP 'H
((CD3),CO), &, m.i.: 0.04 ¢ (6H, (CH5),Si), 0.88 ¢ (9H, (CH3):C), 2.39 kBuut. (1H,
C'H, J 7.0 I'u), 2.83-2.88 M (1H, C*H), 3.30 ¢ (3H, CH30), 3.76 a.1 (1H, CH,-0Si, J
7.0 1 10.1 T'w), 3.83 m.x (1H, CH,-0Si, J 8.9 1 10.0 T'x), 3.94 n.x (1H, CH,-OAc, J 8.2
u 10.6 I'm), 4.17 n.n (1H, CH,-OAc, J 6.4 u 10.6 T'm), 4.44 n.n (1H, CH,J1.6u62
'), 4.58 1 (IH, O-CH,-0, J 6.6 T'wx), 4.66 1 (1H, O-CH,-0, J 6.7 I'y), 6.06 ¢ (2H, C*H
1 C*H). Criextp SIMP °C ((CD5),CO), 8, m.xi.: -5.44 ((CH5),Si), 18.19 ((CH3)5C), 20.98
(CH5C=0), 25.87 ((CH3)sC), 44.46 (C), 47.13 (C?), 55.11 (CH40), 59.17 (CH,0Ac),
66.21 (CH,0Si), 80.91 (C°), 96.35 (O-CH,-0), 133.55 (C*), 137.24 (C?), 170.93 (C=0).
Macc-criektp, M/Z (lom, %): 345 [(M+H")] (100%). Haiizeno, %: C, 59.12; H, 9.14.
C17H3,05Si. Beraucneno, %: C, 59.27; H, 9.36.

5 OAc
MOMO 180b

[(1R,2S,5R)-2- (T uopoxcumemun)-5-(memoxcumemorcu)yuxionenm-3-en-1-unj-
Memuaayemam 181b u [(1S,4R,5R)-5-(cuoporxcumemun)-4-

(memoxcumemokcu)yuxionenm-2-en-1-unfmemunayemam  182b. Ilo  Meronuke,
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aHayiornyHoi nosrydenuto 1070, u3 0.2 t (0.6 mmoutp) coequnenus 180b momygamm 0.13
T (97%) 1:2-cmecu (cormacuo mauubM crektpa SIMP 'H) coequnenmii 181b u 182b.
[Tpo3paunas Bsi3kast skuakocth. Rf = 0.4 (metposeinbiii a¢up : stuianerar =5 : 1). UK
criextp, oM : 3465 (O-H), 2921, 2848, 1737 (C=0), 1366, 1242, 1035, 922. Macc-
crextp, M/Z (1o, %): 231 [(M+H")] (100%). Haiineno, %: C, 57.22; H, 7.65. C1;H150s.
Brrunciaeno, %: C, 57.38; H, 7.88.
Coedunenue 181b. Crextp IMP 'H ((CD3),CO), &, m.i.: 2.05 ¢ (4H, CH5C=0,
OH), 2.49-2.59 m (1H, C°H), 2.83-2.92 m (1H, C'H), 3.35 ¢ (3H,
@“““\\OAC CH50), 3.80-3.90 M (2H, CH,-OH), 4.04 111 (1H, CH,-OAc, J 6.6
RN u 10.9 Tu), 4.10 o.1 (1H, CH,-OAc, J 7.5 u 10.8 '), 4.57 n.1
MOMO 11 (1H, C*H, J 1.8 u 6.6 T'w), 4.63-4.68 M (2H, O-CH,-0), 5.99-6.04
M (2H, C*H u C?H). Crextp SIMP *C ((CD3),CO), &, m.i.: 20.69 (CH,C=0), 44.85
(C?), 46.29 (CY), 55.53 (CH50), 59.35 (CH,OH), 67.04 (CH,0Ac), 83.17 (C%), 96.69
(O-CH,-0), 132.78 (C%), 136.71 (C?), 170.86 (CHO).
Coedunenue 182b. Crextp IMP H ((CD;),CO), &, m.i.: 2.06 ¢ (4H, CH,C=0,
wn_ OH), 249259 m (1H, C°H), 2.83-2.92 M (1H, C'H), 3.33 ¢ (3H,
@ " CH,0), 3.60-3.63 M (2H, CH,-OH), 4.29 s (1H, CH,-OAc, J 7.5
MOMO\\\S ! orc B 11.2Tm), 434 n.x (1H, CH,-OAc, J 8.3 n 11.2 '), 4.50 m.x (1H,
182b C°H, J 2.3 u 6.1 T), 4.63-4.68 M (2H, O-CH,-0), 6.07 n.x (1H,
C%H, J 2.3 u 6.1 Tw), 6.09-6.12 M (1H, C*H). Crextp SIMP °C ((CD5),CO), &, m.x.:
20.96 (CH,C=0), 42.79 (CY), 47.48 (C?, 55.53 (CH;0), 60.22 (CH,OH), 61.63
(CH,0AC), 79.68 (C°), 95.61 (O-CH,-0), 132.54 (C*), 138.05 (C°), 170.99 (CHO).

3.7 DkcnepuMeHT K pa3aeiy 2.3.3

mpem-bymun-{[(1R,4R,5S)-5-(Z,E)-2-memokcusunun-4-(mpumemuicunun)yuxio-
neum-2-en-1-un] memoxcu}oumemuncunan ~ 97b. Ilo  Merommke, aHAJIOTHYHOM
nonydenuto coequHenuit 80b u 81b, u3 0.25 r (1.1 mmons) enomdupa 75b moydanu
0.21 r (56%) coenunenuss 97b. Pesynprarhl (QHU3MKO-XMMHUYECKHX aHAJIH30B

AHAJIOTN4YHbI IIPUBCACHHBIM PAaHCC.
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Memunoswviti  a¢pup  2-[(1S,4R,5R)-5-{/(mpem-6ymuroumemuncunun)oxcu]-

memun}-4-(memoxkcumemoxcu)yurxionenm-2-en-1-unjyxcycnon  xuciomor  183b. Tlo

COMe  METOJAMKE, aHAJIOTHYHOW monydenuro s¢upa 172b, uz 0.78 r

aath (2.6 mmonp) ammimoBoro crimpta 163b momyuwamm 0.81 1 (91%)
OTBS
gy sa¢upa 183b. BecuerHast mpo3payHas Bs3Kas )UAKOCTh. Rf =
MOM 6\5 183b 0.6 (merpomneiinsiit 5¢up : srunanerar = 10 : 1). [a]3® +30.7° (c

0.95, CH,Cl,). UK crmektp, cm ' 2953, 2857, 1740 (C=0), 1472, 1255, 1096, 1040,
838, 775. Cmextp SIMP 'H ((CD3),CO), &, m.a.: 0.13 ¢ (6H, (CHs),Si), 0.95 ¢ (9H,
(CH5)3C), 2.24 a.n (1H, CH,-CO, J 10.1 u 15.7 I'n), 2.42 xBunT. (1H, C°H, J 7.6 I'm),
2.68 1.1 (1H, CH,-CO, J 5.4 u 15.5 T'), 3.00-3.06 M (1H, C'H), 3.31 ¢ (3H, CH50),
3.67 ¢ 3H, CH3COy), 3.81 n.x (1H, CH,-0OSi, J 7.9 u 10.1 '), 3.94 n.1 (1H, CH,-OSI,
J7.7wn10.1 I'm), 4.48 n.1 (1H, C*H,J24u6.1 I'm), 4.63 1 (1H, O-CH,-0O, J 6.6 '),
4.67 1 (1H, O-CH,-0, J 6.6 '), 6.02-6.07 m (1H, C*H), 6.17 x.x (1H, C*H, J 2.7 u 5.8
I'n). Criektp IMP °C ((CD3),CO), &, m.x.: -5.22 ((CH3),Si), 18.74 ((CH3)sC), 26.26
((CH3)5C), 37.06 (CH,CO), 42.40 (C"), 48.18 (C°), 51.57 (CO,CHjs), 55.17 (OCHs),
60.29 (CH,0Si), 81.72 (C*), 96.82 (OCH,0), 133.03 (C?), 140.35 (C%), 173.50 (C=0).
Macc-criektp, M/Z (lom, %): 345 [(M+H")] (100%). Haiineno, %: C, 59.01; H, 9.11.
C17H3,05Si. Beraucneno, %: C, 59.27; H, 9.36.
2-[(1S,4R,5R)-5-{ [ (mpem-Bymunoumemuncunun)oxcu] memun}-4-(memoxcume-
moxkcu)yuxionenm-2-en-1-unjayemanvoecuo 184b. TIlo wmeromumke, aHaIOrHYHON
noaydenuto yakrona 73b, u3 0.38 r (1.1 mmoms) adupa 183b

CHO
nonydamn  0.32 r (92%) ampaermga 184b. becusernas

ah
@I OTBS mpo3pavnas Bsi3kas xkuakoctb. Rf = 0.5 (merposneiinsiii a¢up :

" stunanerar = 10 : 1). [a]3° +25° (¢ 0.7, CH,Cl,). UK cnextp,
cM : 2954, 2929, 2857, 1726 (C=0), 1472, 1256, 1095, 1039,
837, 776. Cnextp SIMP 'H ((CD;),CO), &, m.a.: 0.12 ¢ (6H, (CH3),Si), 0.94 ¢ (9H,
(CH5)3C), 2.43 n.o.x (1H, CH,-CHO, J 1.7, 8.7 u 16.9 I'n1), 2.46 kBuHT. (1H, C°H,J 7.6
I'm), 2.75 n.x (1H, CH,-CHO, J 1.6, 5.7 n 17.0 T'm), 3.12-3.18 M (1H, C'H), 3.31 ¢ (3H,
CH30), 3.81 ax (1H, CH,-OSi, J 8.3 u 10.3 T'n), 3.94 a.n (1H, CH,-OSi, J 7.3 u 10.3
'), 4.49 . (1H, C*H, J 2.4 n 6.2 T'), 4.62 1 (1H, O-CH,-0, J 6.5 '), 4.67 a1 (1H, O-

MOMO  184b
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CH,-0, J 6.6 I'r), 6.02-6.05 M (1H, C*H), 6.17 a.x (IH, C*H, J 2.7 u 5.7 Tw), 9.80 T
(1H, CHO, J 1.6 T'). Crektp SIMP *C ((CD3),CO), &, m.ii.: -5.23 ((CH5),Si), 18.74
((CH3)5C), 26.26 ((CH3);C), 40.37 (Ch), 46.92 (CH,CHO),48.15 (C°), 55.18 (OCHs,),
60.45 (CH,0Si), 81.83 (C*), 96.82 (OCH,0), 132.69 (C?), 140.18 (C%), 202.36 (C=0).
Macc-ciextp, M/Z (lor, %): 315 [(M+H™)] (100%). Haiineno, %: C, 60.85; H, 9.47.
C17H300,4Si. Beraucneno, %: C, 61.11; H, 9.62.

(2)-7-[(1S,4R,5R)-5-{ [ (mpem-Bymunoumemuncunun)oxcu] memuu}-4-
(mMemokcumemoxcu)yukionenm-2-en-1-unjeenm-5-enosas kucnoma 185b u memunoswiii
agpup  (2)-7-[(1S,4R,5R)-5-{ [ (mpem-b6ymunoumemuncunun)oxcu] memun}-4-(memoxcu-
Memokcu)yukionenm-2-en-1-unjeenm-5-enosou  kucromer  186b. Ilo merommke,
aHAJIOTMYHOW Tody4YeHruto 1o Butrtury coemunenust 101b, w3 0.53 r (1.68 mmounb)
anmpAeruna  184b monywanu ceipyro  kucioty 185b, kotopyro 0e3  BbIACICHHS
oOpabatbeIBalii U30BITKOM 3(QUPHOr0O pacTtBopa nuazomerana (~ 100 mii, mogy4eHHOTO
u3 1 r HuTpozoMermiamoueBrHbl) ipu 0 °C B Tedyenue 3 4 (koHTposb MeTogoM TCX).
OpraHdyeckuii pacTBOPUTENb YIAPUBAIM MPU MOHMKCHHOM JIaBIICHUH W OCTaTOK
OYHIIAJIM KOJOHOYHON Xpomatorpadueri Ha SiO, (3THiareTar/meTpoacHHbId dup,
10:1) ¢ monmyueruem 0.49 r (95%) nmpoaykra 186b.

Coeounenue 185b. Tlpospaunas sxenroBatas Bsi3kas >kuakocts. Rf = 0.4

B (netponeitusit 2¢up : stunanerar = 1 : 1). [a]3’ +38°

@ A= o (c 1.3, CH,Cl,). UK criektp, cm " 3435 (O-H), 2954,
o ”'"OTBS 2929, 2856, 1709 (C=0), 1255, 1150, 1096, 837, 775.
185b Crexktp SIMP 'H ((CDs),CO), &, m.x.: 0.09 ¢ (6H,
(CH3),Si), 0.91 ¢ (9H, (CH3)sC), 1.64 kBuut. (2H, C*’H, J 7.6 T'm), 1.99-2.11 M (3H,
C"”H u C°H), 2.27 T (2H, C*H, J 7.5 ), 2.29-2.39 m (2H, C¥’H), 2.55-2.63 M (1H,
C'H), 2.71-3.01 xomm (1H, COOH), 3.29 ¢ (3H, CH30), 3.84 .1 (1H, CH,-0Si, J 7.7 u
10.0 Tw), 3.92 .11 (1H, CH»-OSi, J 7.6 1 10.0 Tr), 4.41 m.1 (1H, C*H, J 2.4 u 6.3 T'w),
4.60 1 (1H, O-CH»-0O, J 6.6 T'np), 4.64 1 (1H, O-CH,-0, J 6.6 T'), 5.36-5.43 m (1H,
C>H), 5.45-5.51 m (1H, C*’H), 5.97 1 (1H, C*H, J 5.2 '), 6.12 n.x (1H, C°*H, J 2.7 u
5.8 T'). Criextp SIMP 2*C ((CD3),CO), &, m.xi.: -6.09 ((CH5),Si), 17.84 ((CH3);C), 24.75
(C*), 25.38 ((CH3):C), 26.50 (C*), 29.74 (C*), 32.83 (C™), 45.39 (Ch), 47.78 (C°),
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54.21 (CH50), 59.68 (CH,0Si), 81.22 (C*), 95.97 (OCH,0), 129.00 (C**), 129.28 (C?),
131.27 (C®), 140.40 (C?), 173.55 (C=0). Macc-crextp, M/z (lom, %): 397 [(M-H)]
(100%). Haiigeno, %: C, 63.05; H, 9.41. C»;H3305Si. Beruucieno, %: C, 63.28; H, 9.61.
Coeounenue 186b. Ilpo3paunas xenroBaTas Bs3kas >kuakoctb. Rf = 0.5
(netponeiinsiit >¢up : stunanerar = 10 : 1). [a]3° +40° (c 1.6, CH,Cl,). UK cnekrp,
cM 1 2953, 2929, 2856, 1741 (C=0), 1437, 1255, 1151, 1095, 1042, 837, 775. Criektp
‘\\\\\\:/\/\CO ’ SAMP 'H ((CD5),CO), &, m.a.: 0.08 ¢ (6H, ECHS)ZSi),
@ Me 091 ¢ (9H, (CHa)sC), 1.63 keunt. (2H, C¥H, J 7.5
o Tw), 1.96-2.09 M (3H, C"”"H u C°H), 2.27 T (2H,
C"H, J 7.5 T), 2.29-2.39 M (2H, C*H), 2.55-2.62 m
(1H, C'H), 3.27 ¢ (3H, CH50), 3.61 ¢ (3H, CH5CO,), 3.83 x.x (1H, CH,-0Si, J 7.7 u
10.1 T'r), 3.94 1.1 (1H, CH,-0Si, J 7.6 1 10.0 T'), 4.42 o (1H, C*H, J 2.3 1 6.3 Tn),
4.58 1 (1H, O-CH»-0, J 6.7 T'ny), 4.63 1 (1H, O-CH,-0, J 6.6 T'), 5.32-5.40 m (1H,
C>H), 5.43-5.51 m (1H, C*H), 5.96 x.x (1H, C*H, J 1.5 u 5.3 T'), 6.12 n.x (1H, C°*H, J
2.7 u 5.7 T'). Crextp SIMP *C ((CD3),CO), &, m.x.: -6.09 ((CH3),Si), 17.84 ((CH3):C),
24.71 (C*), 25.38 ((CH3)sC), 26.41 (C*), 29.74 (C?), 32.91 (C"), 45.39 (CY), 47.76
(C), 50.57 (CH3CO,), 54.21 (CH;0), 59.68 (CH,0Si), 81.23 (C*, 95.99 (OCH,0),
128.54 (C>), 129.12 (C?), 131.12 (C*), 140.37 (C?), 173.03 (C=0). Macc-criektp, m/z
(low, %): 413 [(M+H")] (100%). Haiimeno, %: C, 63.95; H, 9.49. CHgOsSi.
Brruucneno, %: C, 64.04; H, 9.77.

OTBS

N
N
O

186b

Memunoguli aghup (2)-7-[(1S,4R,5R)-5-cuopoxcumemun-4-(memoxcume-
mokcu)yuxionenm-2-en-1-unjeenm-5-enoéou  kuciomer  187b. Ilo  metommke,
R aHayiornyHor monydenuto 107b, w3 0.4 r (0.97

@ \:/\Acone MMoie) sdupa 186b momyuamn 0.28 r (96%)

i criupra 187b. Bensie kpucramis, T.mur. 168-170 °C.

MOMO 187p OH Rf = 0.3 (meTponeitnbrii 3¢up : stmmanerar =1 : 1).
[a]3° +20° (c 1.3, CH,Cl,). MK crektp, cM ': 3442 (O-H), 2950, 2930, 2890, 1738
(C=0), 1438, 1149, 1095, 1041, 920, 753. Cnextp SIMP 'H ((CD3),CO), &, m.1.: 1.64
kBunT. (2H, CH, J 7.4 T), 1.95-2.09 M (4H, OH, C”H u C°H), 2.28 T (2H, C*H, J
7.5Tw), 2.31-2.37 M (2H, C*’H), 2.56-2.63 m (1H, C'H), 3.28 ¢ (3H, CH;0), 3.61 ¢ (3H,
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CH;CO), 3.70-3.77 m (1H, CH,-OH), 3.80-3.87 m (1H, CH,-OH), 4.46 1.1 (1H, C*H, J
2.4 1 6.4 '), 4.61 1 (1H, O-CH,-0, J 6.6 T'y), 4.66 1 (1H, O-CH,-0, J 6.6 I'ry), 5.33-
5.41 m (1H, C*H), 5.45-5.51 m (1H, C*H), 5.95 x.t (1H, C*H,J 1.5 1 5.7 Tw), 6.11 1.1
(1H, C®H, J 2.7 u 5.7 T). Crextp SIMP °C ((CD3),CO), &, m.x.: 24.70 (C*), 26.38
(C*), 29.68 (C*), 32.89 (C"), 45.46 (C"), 47.57 (C°), 50.60 (CH5CO), 54.26 (CH50),
58.49 (CH,OH), 81.67 (C%), 96.02 (OCH,0), 129.13 (C*’), 129.23 (C?), 131.09 (C*),
140.34 (C?), 173.10 (C=0). Macc-criekrp, M/z (lom, %): 299 [(M+H)] (100%).
Haitineno, %: C, 64.27; H, 8.54. C15H»0s. Beruucneno, %: C, 64.41; H, 8.78.
Memunoeguli agpup (2)-7-[(1S,4R,5R)-5-¢popmun-4-(memokcume-

moxcu)yukionenm-2-en-1-unjeenm-5-enoeot.  xkucnomer  188b. Ilo  meropmke,

\\\\_/\/\ AQHAJIOTUYHOM  IIOJIy4CHMIO  €HOHa 133a
@ COMe  orucnennem peareHTom Hecca-MaprtuHa

amumnoBoro cnupta 137a, u3 0.25 r (0.83 MmoJb)
MOM 188b ©O cnupra 187b nonyyamm 0.24 r (96%) anpnernna
188b. OpamxeBas mpospaunas Bsizkas xuiakocTb. Rf = 0.5 (merposeiinbiii a¢up :
srunanerat = 5 : 1). [a]3° +16° (¢ 1.15, CH,Cl,). UK cnekTp, cM 1 2950, 2950, 2933,
1736 (C=0), 1437, 1150, 1097, 1044. Crmextp SIMP 'H ((CD;),CO), &, m.x.: 1.65
xBuHT. (2H, C*'H, J 7.4 '), 2.01-2.12 m (3H, C”H, u C"H), 2.21-2.32 M 3H, C*H, u
C""H), 2.88-2.95 m (1H, C°H), 3.02-3.09 M (1H, C'H), 3.28 ¢ (3H, CH30), 3.60 ¢ (3H,
CH5CO), 4.62 ¢ (2H, O-CH,-0), 4.94 1 (1H, C*H, J 6.9 I'ry), 5.39-5.48 M (2H, C>’H u
C®H), 5.99-6.07 m (2H, C*H u C*H), 9.77 a1 (1H, CHO, J 4.8 I'i). Crrextp IMP “°C
((CD5),CO), 8, .. 24.53 (C*), 26.34 (C*), 29.35 (C?*), 32.75 (C"), 46.14 (C"), 50.55
(CH5CO), 54.55 (CH;0), 57.07 (C°), 83.22 (C*), 95.91 (OCH,0), 127.98 (C*), 130.14
(C%), 131.62 (C®), 137.21 (C?), 173.02 (CO,), 202.32 (CHO). Macc-crextp, M/z (loms,
%): 297 [(M+H")] (100%). Haiineno, %: C, 64.63; H, 7.92. C1¢H,,0s. Boruncneno, %:
C, 64.84; H, 8.16.

Memunosvii s¢gpup  (2)-7-((1S,4R,5R)-5-((E)-1-2uopoxcuoxm-2-en-1-un)-4-(me-
MOKCUMEMOKCU)YUKIIONEHM-2-eH-1-un)eenm-5-enosoi KUCI10Mmbl 189b. K
oxnaxaeHHoMy 10 -78 °C pactBopy 0.07 r (0.31 mmoun) (E)-1-tionrentena B 3 mu

abconoTHOTO TeTparuapodypana nodasysum 0.16 mia (0.274 mmons) 1.6M pactBopa n-
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SN AN BuLi B rekcaHe M mepeMelIMBaIM TPH 3TOU

‘ CO,M .

@ 2¢ remmepatype 15 mun. K monydenHoit cmecu npu
gy \ .

ATOM K€ TeMIIeparype IPUKANBIBAINA PaCTBOP

MOMO™ g0 OH 0.05 v (0.18 mmonb) anpmeruma 188b B 5 wmu

abCoIOTHOTO TeTparupodypana, nepememuBaiu 15 mun (koHTpoab MeTooM TCX) u
no0aBysiii 1 MJI HACBIILIEHHOTO pacTBopa xjopuaa amMmMoHus. [lonmydeHHyrO0 pacTBOp
bUILTPOBAIA, OPTaHWYECKUW CJIOW OTACISUIA W BOAHYIO (azy IKCTparupoBain
srunaneratoM (3X20 wmu1). OObeIMHEHHbIE OpPTraHUYECKHUE SKCTPAKTBI CYIIMINA HaJ
cynb(aroM MarHus, KOHIICHTPUPOBAJIHM IIPU TIOHIKEHHOM JaBJICHHH € OCTaTOK
OYHIIIAJIN KOJIOHOYHOU XpomaTorpadueii Ha SiO, (3Trnamerat/meTpoeiHbli 3¢up, 5:1)
¢ nmosryuenuem 0.48 r (66%) coequnenus 189b. [Ipo3payunast MaciooOpa3Hast *KHIKOCTb.
Rf = 0.5 (merponeiinblit >¢up : >tunanerar = 5 : 1). UK crextp, cm ' 3481 (O-H),
2953, 2926, 2855, 1739 (C=0), 1689, 1653, 1457, 1437, 1362, 1245, 1209, 1149, 1095,
1041, 975, 916, 862, 779, 751. Crextp SIMP 'H ((CD5),CO), &, m.a.: 0.83-0.92 m (3H,
C'’H), 1.23-1.45 M (8H, C*’H, C*’H, C*’H u C*H), 1.91-2.11 M (6H, C*H, C*H u
C>’H), 2.31-2.38 M (1H, C°H), 2.40-2.47 m (1H, C*H), 3.27-3.34 ¢ (3H, CH;0), 3.57-
3.65 ¢ (3H, CH3CO), 4.24-4.31 m (1H, C*H), 4.43-4.48 M (1H, C*’H), 4.59-4.65 1 (1H,
O-CH»-0, J 6.3 T'u), 4.73-4.78 1 (1H, O-CH»-O, J 6.4 T'u), 5.30-5.50 m (2H, C>H u
C®H), 5.50-5.67 m (1H, C°®’H), 5.73-5.83 m (1H, C"’H), 5.96-6.03 m (1H, C*H), 6.14-
6.21 m (1H, C°H). Crextp SIMP “*C ((CD3),CO), &, m.1.: 13.45 (C*”), 22.30 (C*),
24.71 (C>), 26.46 (C*), 28.88 (C*”), 30.34 (C*), 31.19 (C>’), 32.18 (C"), 32.92
(C*), 45.01 (C"), 50.60 (CH,CO), 52.21 (CH5;0), 54.30 (C°), 68.74 (C**), 81.36 (C"),
96.39 (OCH,0), 129.01 (C>), 129.15 (C®), 131.51 (C%), 132.03 (C"**), 133.01 (C*),
141.09 (C%, 173.04 (C=0). Macc-ciekrp, M/z (lym, %): 395 [(M+H")] (100%).
Hatineno, %: C, 69.91; H, 9.58. Cy3H3305. Brruucneno, %: C, 70.02; H, 9.71.
2-({1S,4R,5R}-5-({[mpem-bymun(oumemun)cunun] oxculmemun)-4-euopoxcu-

yurnonenm-2-en-1-un)yxkcycnas xucroma 194b. K nepememnmBaemomy pactsopy 0.23 r
(0.77 mmonb) a¢upa 163b B 15 Mt 2:1-cmecu TT'd-Boja npu KOMHATHOW TeMIIepaType
no6apmsum 0.06 T (2.5 mmonp) LIOH u monydeHHyr cMech mepeMemmBany 18 4

(xouTposib MerogoMm TCX). K peaknmonHOM Macce H00aBIISUTM HACHIIIICHHBIA PacTBOP
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xJjiopuaa ammonust 1o pH = 7-8, opranuueckyro ¢aszy OTmemnsu, a
@II\\\\COZH BOJHYIO 3KcTparupoBanm dtuiarneratoMm (3x15 mir). OObenuHeHHBIC
OpPraHUYECKUE OKCTPAKTHl CYIIMIN Haa OE3BOIHBIM Cylb(paToM
MarHusi, KOHIICHTPUPOBAJIN MPH TMOHWKEHHOM JAaBICHUU U OYHINAIN
KOJIOHOYHOM XxpomaTorpadueir Ha SiO, (3THIAICTAT/IETPOJICHHBIN
apup, 1:1) ¢ momyuenuem 0.21 r (96%) coemunenus 194b (cm. «O6cyxneHue
pe3ynbTaToBy, Tabmuma 1, ombiT 11). Benbie kpucrammel, T.0ur. = 78-80 °C. Rf = 0.3
(netponeiinsiit s¢up : stunanerar = 1 : 1). [a]° +12.6° (¢ 0.65, CH,Cl,). UK cnekTp,
cM 'z 3372 (O-H), 2955, 2929, 2857, 1709 (C=0), 1471, 1256, 1085, 837, 776. Criextp
SMP 'H ((CD3),CO), &, m.a.: 0.09 ¢ (6H, (CH3),Si), 0.90 ¢ (9H, (CH3);C), 2.30 n.1
(1H, CH,CO,, J 10.1 u 15.9 I'ny), 2.33 n.a (1H, C°H,J79ul15.7 I'm), 2.71 . (1H,
CH,CO,, J 5.2 u 16.0 I'r), 2.87 ymr.c (2H, OH u COOH), 2.93-3.01 m (1H, C'H), 3.82
a1 (1H, CH,OSI, J 8.6 u 10.3 T'r), 3.98 a.1 (1H, CH,OSI, J 6.7 u 10.4 T'y), 4.60 1.1
(1H, C*H, J 2.1 u 6.1 T'w), 5.86-5.92 m (1H, C?H), 6.06 .1 (1H, C*H, J 2.6 u 5.7 I'n).
Crexktp SAMP *C ((CD3),CO), S m.x.: -6.08 ((CHs).Si), 17.85 ((CH5):C), 25.38
((CH5)sC), 35.69 (CH,CO,), 41.63 (C"), 47.20 (C°), 60.04 (CH,0Si), 74.90 (C*), 133.58
(C?), 138.05 (C®), 173.56 (C=0). Macc-criektp, M/z (lom, %): 285 [(M-H")] (100%).
Haiineno, %: C, 58.61; H, 9.02. C14H»0,Si. Beruucneno, %: C, 58.70; H, 9.15.
2-({1S,4R,5R}-5-({[mpem-bymun(oumemun)cunun] oxculmemun)-4-euopoxcu-
yukaionenm-2-en-1-un)ykcycnas kucroma 194b u 2-({1S,4R,5R}-4-({mpem-6ymun-
(Oumemun) cunun}okcu)-5-(euopoxcumemun) yukioneum-2-en-1-un)ykcycnas — Kucioma
195b. K mepememmBaemomy B mHepTHOU aTMmocdepe pactBopy 0.29 r (0.97 MMoIb)
@-\“‘\COzH X O.\\\\\COZH apupa 163b B 15 wMim  abGCoOIOTHOTrO
h KA N TeTparuapodypaHa npu KOMHATHOH
HO OTBS  TRsSO OH
194b 195b

temriepatype nooasmsui 0.33 1 (2.91 Mmorb)
t-BuOK u mepememmBamu 12 9 (KOHTPOJIb
meronoM TCX). K peakimonHOM Macce M00ABISUIM HACBIMIEHHBIM PAcTBOP XJIOpHUIA
amMmMoHusl 10 pPH = 7-8, opranuueckyro (a3y OTHENSAIU, a BOJHYIO 3KCTparupoBaIu
stwnaneratoM (3x15 wmu). OObenMHEHHBIE OPTaHWYECKUE OSKCTPAKTHI CYIIMIIA Ha

663BOI[HBIM Cyﬂb(l)aTOM Mardusa, KOHLOCHTPUPOBAJIMW IIPHU IMOHMKCHHOM JaBJICHHUHU U
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OYHIIAINA KOJIOHOYHOM xpomarorpadueii Ha SiO, (3tnnanerar/merponerHsiid a3¢up, 1:1)
¢ moimygenueM 0.25 1 (90%) 1:2.5-cmecu coequnenuit 194b n 195b (cormacHo maHHBIM
criektpa IMP 'H) (cm. «O6cyskaenne pe3ynbTatoB», Tabmuia 1, onsit 9). [Ipospadmas
Bsi3kast xkunkocth. Rf = 0.3 (metponeitnbrit a¢up : stumanerar = 1 @ 1). UK cmekrp,
cM ;3455 (O-H), 2954, 2929, 2856, 1739 (C=0), 1735 (C=0), 1472, 1252, 1073, 837,
776. Macc-criextp, M/Z (lo, %): 285 [(M-H")] (100%). Haiineno, %: C, 58.55; H, 8.91.
C14H260,4Si. Beraucneno, %: C, 58.70; H, 9.15.

Coeounenue 194b. annsle crektpoB SIMP aHanoruuHbl MPUBUACHHBIM BBIIIC
BBIIIIC.

Coedunenue 195b. Crexrp SIMP ‘H ((CD3),CO), &, m.i.: 0.07 ¢ (6H, (CHs3),Si),

@IM\\COZH 0.88 ¢ (9H, (CH3)3C), 2.26 n.x (1H, CH,CO,, J 9.8 u 16.1 T'm),

Nl 2.29-2.34 M (1H, C°H), 2.71 n.x (1H, CH,CO,, J 5.8 u 16.2 I'ny),

TBSO OH 2.94-3.02 m (3H, OH, COOH u C'H), 3.70 a.1 (1H, CH,0, J 7.9
195b u 10.8 I'), 3.80 a.n (1H, CH,OH, J 6.4 1 10.8 '), 4.71 n.x (1H,
C'H,J23u59Tm), 588 .x (1H, C*H,J 1.3 u 5.4 ), 6.11 .1 (1H, C*H, J 2.7 u 5.7
I'n). Crektp IMP °C ((CD3),CO), &, m.x.: -5.83 ((CH3),Si), 17.66 ((CH3)sC), 25.31
((CH5)sC), 36.05 (CH,CO,), 41.42 (CY), 47.90 (C°), 58.72 (CH,0), 76.31 (C*), 133.14
(C%), 138.93 (C%), 173.66 (C=0).

Memunoeguli a¢hup 2-[(1S,4R,5R)-5-{[ (mpem-oymunoumemuicu-
aun)oxcu| memun}-4-eudpoxcuyuxionenm-2-en-1-un) ykcycrot KUCOMbL 163b,
Memunosvill  d¢hup 2-[(1S,4R,5R)-4-[(mpem-6ymunoumemuncunrun)oxcu)-5-(cuo-
poxcumemu)yuxionenm-2-en-1-unlyxkcycnon  kuciomor 190b u  memunoswiii s¢hup
(1S,4R,5S,6S)-4-({[mpem-oymun(oumemun)cunrun] oxcuymemun)ouyurno[3.1.0]cexc-2-
en-6-xapbonosoi kucromer 196b.

Obwasn memoouxa oobpabomku pacmeopom NaHMDS. K oxmaxneHHoMy B

WHEpPTHOM aTMocdepe

RN SUAN ., CO,Me
7, 2
@ CO,Me @ COMe | & no 0 °C pacrBopy
u,//\ \ "I//\ -

HO OTBS TBSO OH = 0.31 v (1.0 mMmomb)
163b 190b 196b coenunenus 163b B

20 M aGcomroTHOTO TeTparuapodypana Mpu nepeMenuBannu npuodasmsum 1.9 mu 1.6
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M pactBopa rekcamermenaucwiazuna Hatpus (NaN(SiMes),) B TT'® u BoiaepkuBau
30 MuH 1pu 51O *ke Temueparype. K monydenHoMy pactBopy kenroro nsera mpu 0 °C
npubaBisun 10 MJI HACHIIEHHOTO pacTBOpa XJopujaa aMMOHUs. OpraHWYecKuil ciou
oTaeNsuid, BOoAHYIO (a3zy oOpabateiBamu sTmiarietatoM (3X20 mi), oObeauHEHHbBIE
OpPraHUYECKUE JKCTPAKTHl CYNIWIM HaJ CylIb(paToM Mariusi, KOHIEHTPUPOBAIU TpU
MOHIDKEHHOM J1aBlieHUH. [1oydeHHbI 0cTaTOK 0€3 OYUCTKH 00padaThiBail N30BITKOM
sadupHOrO pactBopa jauazomeTaHa (KoHTposb metoaoM TCX) B TeueHun 3 4,
GUIBTPOBAIA, OCTATOK MPOMBIBATH 3(PHUPOM, KOHIEHTPUPOBATU TNPH TOHWKECHHOM
JABJICHUM ¥ OYHINAIM KOJIOHOYHOW Xxpomatorpadueit Ha SiO, C TpajgHeHTHBIM
ANMIOUPOBAHKMEM (3THIIALIETAT/IETpoieHbIN 3dup, oT 40:1 1o 5:1) ¢ nmonyyenuem 12 mr
(4%) adupa 163b, 30 mr (10%) ero perunonzomepa 190b u 0.22 r (79%) uukionpomnana
196b (cMm. «O0cyxIeHre pe3yabTaToBy, Ta0HIa 1, OmbIT 3).
Coeounenue 163b. Ilpo3pauHas Bsi3kas IKHIKOCTb. DU3HKO-XMMHUYECCKHE
XapaKTePUCTUKH aHAJIOTUYHBI MPEACTaBICHHBIM PaHee.
Coeounenue 190b. Tlpospaunas Bsizkas xuakoctb. Rf = 0.45 (merponecitHbiii
©~““\C02Me a¢up : stunanerar = 5 : 1). [a]%’ +20.7° (c 0.44, CH,Cl,). UK
i criekTp, cM ' 3451 (O-H), 2954, 2929, 2856, 1738 (C=0), 1472,
TBSO  OH o5 1073, 1029, 836, 776. Crexrp SIMP ‘H ((CD3),CO). &
m.a.: 0.07 ¢ (3H, CHsSi), 0.09 ¢ (3H, CH3’Si), 0.88 ¢ (9H,
(CH3)3C), 2.26 a.1 (1H, CH,CO,Me, J 9.9 u 15.8 '), 2.31 kBunt. (1H, C°H, J 6.8 '),
2.72 n.x (1H, CH,CO,Me, J 5.6 u 15.8 I'nr), 2.88 ¢ (1H, OH), 2.96-3.03 m (1H, C'H),
3.63 ¢ (3H, CH30), 3.67 .1 (1H, CH,0OSI, J 8.1 u 10.7 '), 3.78 a1 (1H, CH,OSI, J
6.6 u 10.8 I'p), 4.71 n.x (1H, C*H, J 2.4 1 5.9 T'), 5.89 1.1 (1H, C°H, J 1.4 u 5.7 T),
6.08 x.x (1H, C®H, J 2.7 u 5.7 Tn). Cuexrp SIMP *C ((CDs),CO), &, m.x.: -5.85
(CH3SI1), -5.06 (CH3’Si), 17.56 ((CH3)sC), 25.29 ((CHs)3C), 36.27 (CH,CO,), 41.54
(Ch, 47.83 (C?), 50.66 (CH30), 58.61 (CH,0Si), 76.23 (C*), 133.29 (C?), 138.71 (C?),
173.01 (C=0). Macc-criektp, M/Z (lym, %): 269 [(M-CH30H)] (100%). Haiineno, %: C,
59.82; H, 9.08. Cy5H,30,Si. Beruucneno, %: C, 59.96; H, 9.39.

190b

Coeounenue 196b. ITpo3paunas Bszkas xuakoctb. Rf = 0.4 (metposeiinbiii 3¢up

- stmnanerar = 20 ¢ 1). [a]3° +162.3° (¢ 1.4, CH,Cl,). UK crextp, cm ' 2954, 2927,
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2855, 1739 (C=0), 1257, 1147, 1076, 837, 776. Cnexrp SAMP

@,0( _COMe _
o H ((CD5),CO), 8, m.a.: 0.05 ¢ (3H, CHsSi), 0.06 ¢ (3H,
e CHa’Si), 0.90 ¢ (9H, (CH3)sC), 1.78 T (1H, C°H, J 8.0 I'n),
196b 1.94 k8 (1H, C°H, J 7.2 T), 2.41 .1 (1H, C'H, J 6.5 u 7.4
'), 3.27-3.34 M (1H, C*H), 3.53 ¢ (3H, CHs), 3.67 T (1H, CH,0Si, J 9.4 T'ny), 3.92 1.1
(1H, CH,0Si, J 7.3 1 9.4 '), 5.58 1 (1H, C°H, J 5.8 T'y), 5.64 n.1 (1H, C°*H,J 531 7.6
I'n). Crextp SIMP C ((CD;),CO), &, m.o.: -5.11 (CHsSi), -5.06 (CH3’Si), 18.82
((CH5)sC), 23.88 (C°), 24.16 (CP), 26.30 ((CH3)sC), 30.76 (C'), 51.35 (CH50), 51.80
(C°), 64.02 (CH,0Si), 128.59 (C%), 133.63 (C?), 171.01 (C=0). Macc-criextp, M/z (lom,
%): 283 [(M+H")] (100%). Haiineno, %: C, 63.61; H, 9.11. C15H»503Si. Brruncneno,
%: C, 63.79; H, 9.28.

m

llpueomoenenue  memuncyrvuuuimemuiuoa  Hampus — (OUMCUTIHAMPUS).
TpeGyemoe KOMMYECTBO THApPWAA HATPUS B WHEPTHON aTMmocdepe pacTBOPSIN TpU
NepeMEIINBAaHUN B M30BITKE AUMETWICYIb(pokcuaa M BbyaepxkuBaiu npu 70 °C B
TeyeHne 1 4. [lomydeHHBI pacTBOp MCIOJIB30BAIM HEMOCPEIACTBEHHO IIOCIIE
OXJIAXKICHHUSL.

Obwas memoouxka obpabomru oumcurnampuem. K cBEKENPUTOTOBICHHOMY W3
25 mr (0.66 mmonb) NaH (65% B macne) pacTBopy JUMCHUITHATPUS TEPEMELTUBAEMOMY
B UHEPTHOI aTMocdepe Mpu KOMHATHOM Temmeparype npudapisiu 67 mr (0.22 MMOIIb)
coeauHeHus 163D B 5 M1 aOCOMFOTHOTO TUMETHIICYIb(POKCHIA U BbIepkuBamu 30 MUH
npu 310l ke Temmeparype. K moilydyeHHOMY CBETJIO-KOPHUUHEBOMY pacTBOPY
npubaBiasiii 10 M HACBHILIEHHOTO PAacTBOpa XJOpUAA aMMOHHUS, 3KCTparupoBaslv
stunaneratoM (3X20 mi), oObEIUHEHHBIE OpPTraHWYECKHUE HSKCTPAKTHI CYIIMIW HaJ
Cyiab(haTOM MarHusi U KOHIEHTPUPOBAIU NPU MOHMKEHHOM JAaBiieHuH. llomyueHHBIN
OCTaTOK 0e3 OYMCTKM 00pabdaTbiBadu H30BITKOM 3(QUPHOTO pacTBOpa AWa30MeETaHa
(xoHTpOABL MeTo1oM TCX) B TeueHuu 3 4, GUILTPOBAIH, OCTATOK IPOMBIBAIIN 3(UPOM,
KOHIICHTPUPOBAJIM TpU  MOHIKEHHOM JaBJIIEHMM U  OUYMIIAIM  KOJOHOYHOM
xpomatorpadueii Ha SiO, (aTHIaneTaT/neTposerinsiii 3¢up, 5:1) ¢ noxyderrem 40 Mr
(59%) coenunenuss 190b u 14 mr (21%) wucxomuoro 163b (cm. «O6cyxmeHue

pe3ynbpTaToBy, Tabnumna 1, oneIT 3).



339

Oowas memoouxa oopabomxu t-BUOK. Tlo MmeToauke, aHaTOTUYHOM TTOTYICHHUIO
kuciot 194b u 195b, u3 0.15 r (0.5 mmois) adupa 163b 1 0.11 1 (1.0 mmons) t-BuOK
MOJIy4aJld CBIPYIO CMECh KHUCJIOT, KOTOPYIO 0€3 OYHMCTKH 00paldaThIiBajau H30BITKOM
sadupHOrO pactBopa jauazomeTaHa (KoHTposb MetoaoM TCX) B TeueHun 3 4,
GUIBTPOBANIA, OCTATOK MPOMBIBAIM 3(PUPOM, KOHIICHTPUPOBAIH MPU MOHMKECHHOM
JTABJICHUU u OUHIIATH KOJIOHOYHOM xpomarorpadueit Ha SiO,
(aTmnanerat/meTposieiHbIi 3¢up, 5:1) ¢ momyuenuem 0.03 r (23%) coenunenus 190b u
0.10 r (68%) ucxomuoro 163b (cm. «O0cyx)aeHME pe3ynbTaToBy, Tadbaua 1, onbIT 8).

Obwas memoouxa obpabomru euopuoom Hampus. K mnepememmBaeMon B
uHepTHOU atMocdepe cycneHzuu 34 mr (1.2 mmonb) NaH (65% B macne) B 5 i
TeTparuipopypaHa mnpu KOMHaATHOM Temmeparype mnpubasmsum 92 mr (0.3 mmoiib)
coeauHeHus 163b B 5 M Terparunpodypana u BeiepkuBaiu 14 9 (KOHTPOIb METOJIOM
TCX) npu s3toil ke temmeparype. K mojiydyeHHOMY CBETIIO-KOPUYHEBOMY PacTBOPY
npubaBimsyii 10 MJI HACBHIIIEHHOTO pacTBOpa XJIOpUJA aMMOHHMS, SKCTParupoBajiu
stunaneratoM (3X20 mi), oObEIUHEHHBIE OPTraHWYECKHUE HSKCTPAKThl CYIIMIW HaJl
Cynb(aToM MarHus W KOHIEHTPUPOBAIU MPHU MOHIKEHHOM JaBiieHuU. [lomydeHHBbIM
OCTAaTOK 0e3 O4MCTKM 00pabdaTbiBadu H30BITKOM 3(HUPHOTO pacTBOpa AWA30METaHa
(xoHTpOABL MeToioM TCX) B TeueHuu 3 4, GUIBTPOBAIM, OCTATOK MTPOMBIBAIIU 3(HUPOM,
KOHIIEHTPUPOBAJIM TMPU  TMOHWKEHHOM  JaBJICHUHM W  OYHUIIAIA  KOJOHOYHOMN
xpomatorpadueii Ha SiO, (aTHIaneTaT/nerposernsiii d¢up, 5:1) ¢ moxyderrem 17 Mr
(18%) coemuuenuss 190b u 65 mr (71%) ucxomumoro 163b (cm. «O6cyxneHue
pe3yabTaTtoBy, Tabnuna 1, onsiT 10).

Obwas memoouxa odpabomku LIOH. Tlo Meroauke, aHaJOTMYHON CHHTE3Y
kuciotel 194b, uz 78 mr (0.26 mmoins) a¢upa 163b u 19 mr (0.78 mmons) LIOH
MOJTy4YajIu ChIPYIO KUCJIOTY, KOTOPYIO 0€3 OUMCTKH 00padaThiBai U30BITKOM A(DUPHOTO
pacTBopa amazomeraHa (kKoHTposib MeTonoM TCX) B Teuenun 3 4, (UIBTPOBAIH,
OCTAaTOK TMPOMBIBAIM S()UPOM, KOHIEHTPUPOBATM TPU TOHUKEHHOM JIaBJICHUHU U
OYMILIAJIA KOJIOHOYHOM Xpomarorpadueii Ha SiO, (3Tnnanerar/merposnednsii a¢up, 5:1)
¢ monyudeHueM 75 mr (96%) wucxomgHoro 163b (cm. «OOCyxaeHue pe3yabTaToB,

tabauna 1, onbiT 11).
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2-[(1S,4R,5R)-5-{/ (mpem-bymunoumemuacunun)oxkcu] memun}-4-2u0poxcuyuxio-

neum-2-en-1-unjayemanvoeeuo 165b. Ilo MeToauke, aHATOTUYHON CHHTE3Y allbJeTHAA

99b, u3z 0.74 r (2.5 mmonb) coeaunenus 163b momyganu 0.61 r (92%) coenuHeHUs

165b. IIpospaunas MmaciooOpasHas xuakoctb. Rf = 0.3 (merponeiinbiit >¢up
srumaneratr = 3 1), [a]3® +22.0° (¢ 1.0, CH.Cl,). ®usuxo-xumuueckue

XapaKTePUCTUKH aHAJOTUYHBI MPEACTaBICHHBIM PaHee.
(1R,4S,5R)-5-{[ (mpem-Bymunoumemuncunun)oxcul memun}-4-(2-euopoxcusmu)-
yukionenm-2-en-1-on 197b. ITo metoauke, anagoruunoi noayueruio 99b, uz 0.3 r (1.0
@“‘“\/OH MMoJ16) 3¢upa 163b mpu -30 °C momywamu crmpt 0.24 T (90%)
gy 197b. TIpo3paunbie xenToBaThie KpUCTALIBI, T.IUL. = 57-59 °C. Rf
= 0.3 (meTponeitnblii >¢up : stumanerat = 1 : 1). [a]3® +26.3° (c
1.15, CH,Cl,). UK cmektp, cM ': 3320 (O-H), 2954, 2929, 1471,
1255, 1085, 838, 776. Criextp SIMP 'H ((CD3),CO), &, m.xi.: 0.08 ¢ (6H, (CH5),Si), 0.89
¢ (9H, (CH3)3C), 1.49-1.54 m (1H, CH,CH,0), 1.84-1.88 m (1H, CH,CH,0), 2.25
kBuuT. (1H, C°H, J 7.1 I'n), 2.65-2.74 m (1H, C*H), 2.88 yur. ¢ (2H, OH), 3.54-3.62 M
(2H, CH,0H), 3.86 .1 (1H, CﬂzHﬁOSi, J791103TIn),3.98 n.a(1H, CH,OSi,J7.1u
10.2 T), 4.58 n.x (1H, C*H, J 1.9 u 6.0 T'r), 5.85 m.t (1H, C°H, J 1.5 u 5.6 '), 6.09
n.x (IH, C°*H, J 2.7 u 5.8 T'x). Crrextp SIMP °C ((CD5),CO), &, m.xi.: -6.02((CHs),Si),
17.89 ((CH3)sC), 25.43 ((CH5)sC), 34.76 (CH,CH,0), 42.18 (C%), 47.91 (C°), 60.23
(CH,0Si u CH,OH), 74.95 (C?), 132.73 (C?), 138.83 (C%). Macc-crextp, M/Z (lor, %):
255 [(M-OH)] (100%). Haiineno, %: C, 61.54; H, 10.21. C14H2303Si. Berunciaeno, %:
C, 61.72; H, 10.36.
(1R,4S,5R)-4-(2-{ [mpem-Bymun(Oumemuncunun)] oxcu}omun)-5-({[mpem-oymun-
(Oumemuncunun)okcu] memun}yuxionenm-2-en-1-on 198b. Ilo meToauke, aHATOTHIHOM

nonydenuto coenuaenuit 80b m 81b, uz 0.14 r (0.5 Mmoib)

o\
@ \—OTBS mwona 197b momywamm 0.2 r (92%) coeaunenus  198b.

\ iy _ .o .
uo OTBS [Ipo3paunas maciooOpasnas kuakocTh. Rf = 0.4 (metpomneiinbrii

198b s¢up : stunauerar = 10 : 1). [a]%® +15.4° (c 0.7, CH,Cl,). UK
criextp, cM ' 3432 (O-H), 2954, 2857, 1471, 1255, 1092, 836, 774. Cnektp SIMP 'H
((CD3),CO), 6, m.a.: 0.05 n (6H, (CHs3),’Si, J 1.4 I'), 0.08 o (6H, (CHs),Si, J 1.4 T'm),
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0.89 ¢ (9H, (CH2)3’C), 0.91 ¢ (9H, (CH3):C), 1.48 kB.1 (1H, CH,CH,0Si, J 5.8 1 18.3

'), 1.94 k8.1 (1H, CH,CH,0Si, J 5.0 u 20.5 I'), 2.26 xsunr. (1H, C°H, J 7.2 T'n),
2.65-2.76 M (1H, C*H), 2.89 ¢ (1H, OH), 3.65-3.70 m (1H, CH,CH,0Si), 3.70-3.76 M
(1H, CH,CH,0Si), 3.84 n.x (1H, C CH,0Si, J 8.4 u 10.2 I'ny), 3.98 n.x (1H, CH,OSI, J
6.6 u 10.3 I'm), 4.58 o.1 (1H, CH,J2.1u62 I'm), 5.85 n.t (1H, C?’H, J1.2u5.7T),
6.11 nx (IH, C*H, J 2.6 u 5.7 I'm). Cuextp SIMP °C ((CD3),CO), &, m.x.: -6.05
((CH3),Si), -5.96 ((C’Has),Si), 17.94 ((CH3)sC u (CH3)sC’), 25.42 ((CH3)5C), 25.43
((C’H3)sC), 35.14 (CH,CH,0Si), 41.86 (C*), 47.92 (C°), 60.22 (CH,0Si), 61.72
(CH,CH,0Si), 74.91 (C"), 132.81 (C?), 138.84 (C®). Macc-criextp, M/z (lozs, %): 385
[(M-H)] (100%). Haiineno, %: C, 61.88; H, 10.76. CyH4203Si,. Beruucneno, %: C,
62.12; H, 10.95.

(4S,5R)-4-(2-({mpem-Bbymun(oumemun)cunun)oxcu tomun)-5-({[mpem-6ymun(ou-

memun)cunun] oxcu}memun)yuxionenm-2-en-1-on 199b. Ilo metoauke, aHAIOTHYHON

Maprtuna crnupra 8lb, u3 0.2 r (0.5 mmons) crnupra 198b

:,///

. nomrydeHuto anpieruna 84b oxucnenmem pearentom Jlecca-
{/:l\ \\\\/ OTBS y4 p I[

0 OTBS monydan  0.18 1 (92%) coemmnenus 199b. Tlpospaunas
0 MaciooOpasHas xkuakoctb. Rf = 0.5 (merponeinbiit >¢up :
srunanerar = 20 © 1). [a]3° +92.6° (¢ 0.95, CH.CIl,). YK cmextp, cm ' 2954, 2857,
1471, 1255, 1715, 1472, 1256, 1102, 836, 776. Crextp SIMP ‘H ((CD;),CO), &, m.x.:
0.02 ¢ (3H, CH5’Si), 0.05 ¢ (3H, CH5’Si), 0.09 ¢ (6H, (CH5),Si), 0.85 ¢ (9H, (CH3)3’C),
0.91 ¢ (9H, (CH3)5C), 1.65-1.75 m (1H, C CH,CH,0Si), 2.18 cekcrer (1H, CH,CH,0Si,
J 5.6 Tw), 2.51 t.n (1H, C°H, J 3.2 u 6.3 T'w), 3.18-3.24 M (1H, C*H), 3.87 T (2H,
CH,CH,0Si, J 6.4 T'x), 3.93 x.1 (1H, CH,0Si, J 6.0, 10.4 '), 3.96 .1 (1H, CH,0Si, J
3.2 1 10.5 T'm), 6.09 a1 (1H, C*H, J 2.2 u 5.9 T), 7.91 a.x (1H, C*H, J 2.6 u 5.9 I'n).
Crextp SIMP C ((CDs),CO), &, m.a.: -6.05 ((CHs),Si), -6.02 ((C’Hs),Si), 17.79
((CH3)sC), 17.90 ((CH3)3C’), 25.33 ((CHs)sC), 25.42 ((C’Hs)sC), 32.55 (CH,CH,0Si),
41.15 (C%), 50.96 (C°), 60.61 (CH,0Si), 61.61 (CH,CH,0Si), 132.52 (C?), 168.26 (C?),
208.36 (C1). Macc-criektp, M/z (1o, %): 385 [(M+H™")] (100%). Haiinero, %: C, 62.27;
H, 10.28. CxHa003Si,. Boruncnero, %: C, 62.44; H, 10.48.
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Memunoswviti  a¢pup  2-[(1S,4R,5R)-5-{/(mpem-6ymuroumemuncunun)oxcu]-

memu}-4-(memoxkcumemorcu)yuxionenm-2-en-1-unj yxcycrot KUCTIOMbl 183b.

Oopabotka kucinorel 2000 u30BITKOM 3dHpHOrO pactBOpa

‘\\\\\\\
@ CO:Me - nuazomerana npu 0 °C B Teuenun 3 4 npusoauT K 2dupy 183b

|II[/I//
C KOJIMYCCTBCHHBIM BBIXOJ0M. DU3NKO-XUMHUUCSCKHE

MOMO 183b 1B XapaKTePUCTHKHU aHAJIOTUYHBI TIPEJICTABICHHBIM paHee.
2-({1S,4R,5R}-5-({[mpem-oymun(oumemun) cunun] oxculmemun)-4-(memoxcu-
memoxcu)yukionenm-2-en-1-un)ykcycnas xucroma 200b. ITo MeTomuke aHaIOrHYHON
” cunte3y coequaennii 163b, 190b u 196b u3 0.11 r (0.3 MMoIIb)
@ CO,H »s¢wupa 183b 6e3 06paboTKH qHA30METAHOM, TIOCIIE OYUCTKH Ha
3 iy cunukarene noiaydand 0.09 r (89%) coeaunenus 200b.
MOMGQ OTBS  Becupernas mpospauHas Bsaskas skuiakocts. Rf = 0.4
2000 (metpomneitasiii 3¢up : stumanerar = 3 : 1). [a]3° +36.3° (C
0.75, CH,Cl,). UK crmektp, cm ' 2953, 2857, 1740 (C=0), 1472, 1255, 1096, 1040,
838, 775. Crextp SIMP 'H ((CD5),CO), &, m.1.: 0.08 1 (6H, (CH3),Si, J 3.7 T'm), 0.90 ¢
(9H, (CH3)5C), 2.17 m.1 (1H, CH,CO,, J 10.5 u 15.8 I'w,), 2.37 xeunt. (1H, C°H, J 7.2
I'm), 2.62 a.1 (1H, CH,CO,, J 5.2 u 15.8 I'r), 2.82-2.93 ymr. ¢ (1H, COOH), 2.94-3.01 m
(1H, C'H), 3.28 ¢ (3H, CH30), 3.79 .1 (1H, CH,0Si, J 7.7 u 10.1 T'r), 3.90 .1 (1H,
CH,0Si, J 7.8 u 10.1 T'x), 4.42 a1 (1H, C*H, J 2.4 u 6.1 T'x), 4.59 1 (1H, OCH,0, J 6.6
I'n), 4.62 1 (1H, OCH,0, J 6.6 I'y), 5.96-6.00 M (1H, C*H), 6.17 a.x (1H, C*H,J 2.7 u
5.8 T'). Criexrp SIMP *C ((CD3),CO), &, m.x.: -6.11 ((CH3),Si), 17.83 ((CH3)5C), 25.37
((CH5)sC), 35.95 (CH,CO,), 41.44 (Ch, 47.26 (C°), 54.27 (CH;0), 59.44 (CH,0SI),
80.90 (C%), 95.93 (OCH,0), 131.96 (C?), 139.72 (C%), 173.14 (C=0). Macc-crextp, m/z
(lomy %): 329 [(M-H")] (100%). Haiizeno, %: C, 57.94; H, 9.00. CysH3,0sSi.
Brranciaeno, %: C, 58.15; H, 9.15.

(4aS,7R,7aR)-7-({mpem-6ymun(oumemur)cunun}oxcu)-1,3,4,4a,7,7a-eexcacuopo-
yuxnonenmac/nupan-3-on 23. o Metoauke, aHanornyHou moayderuro 99b, u3z 0.12 r
(0.4 mmoutp) a¢upa 190b moaygamu 0.1 r (96%) 2:1-cmecu naktoaos 201b. ITpo3paunas

maciiooopasHas xuakoctb. Rf = 0.4 (metponeitabiit a¢up : stunanerar = 3 : 1). UK

CIIEKTP, cMm ;3353 (O-H), 2954, 2857, 1471, 1250, 1092, 836, 776. Macc-cnektp, m/z
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(lo, %): 329 [(M-H)] (100%). Haiineno, %: C, 61.97; H, 9.41. Cy4H,;0sSi.
Brruucneno, %: C, 62.18; H, 9.69.

Maowcopnuiii usomep. Cnextp SIMP 'H ((CD3),CO), &, m.a.: 0.08 ¢ (6H,

o (CHs),Si), 0.89 ¢ (9H, (CH5)sC), 1.57-1.67 m (1H, C*H), 1.81 1.1

(1H, C*H, J 3.0 u 13.6 '), 2.35-2.50 m (2H, C"*Hu C*H), 2.86

¢ (1H, OH), 3.58 a.n (1H, C'H, J 9.7 u 12.2 T'my), 3.78 n.1 (1H,

201b C'H, J 6.1 u 12.0 Tn), 4.65 n.x (1H, C'H, J 2.5 u 7.8 Tur), 4.88—

4.94 M (1H, C*H), 5.64-5.68 M (1H, C°H), 5.72-5.76 m (1H, C°H). Crextp SIMP °C

((CD3),CO), &, m.a.: -5.75 (CH5Si), -5.58 (CH5’Si), 17.79 ((CH3)5C), 25.29 ((CH3)5C),

33.67 (C%), 40.10 (C*), 41.09 (C™), 62.00 (C"), 78.84 (C'), 93.06 (C°), 134.62 (C"),
134.76 (C°).

. ‘\\\

\ ’1,///0

TBSO

Munopnuiii usomep. Crextp SIMP 'H ((CD3),CO), &, m.x.: 0.09 ¢ (6H, (CHa),Si),
0.87 ¢ (9H, (CH5)sC), 1.47 n.o.x (1H, C*H, J 6.6, 9.6 u 13.6 I'y), 1.94 x.t (1H, C*H, J
5.4 1 13.8 I'n), 2.31-2.36 m (1H, C™H), 2.53-2.60 m (1H, C**H), 2.89 ¢ (1H, OH), 3.51
n.a (1H, C*H, J 6.9 m 11.9 T'w), 4.05 a.1 (1H, C'H, J 10.6 u 11.5 '), 4.85 1 (1H, C'H, J
6.9 T'ny), 5.03 x.1 (1H, C°H, J 4.7 u 5.4 T'n), 5.69-5.72 m (1H, C°H), 5.84-5.91 m (1H,
C®H). Crextp SIMP C ((CD3),CO), &, m.x.: -5.78 (CH;Si), -5.34 (CH5’Si), 17.79
((CH3)5C), 25.32 ((CH5)5C), 33.39 (C*), 39.54 (C*), 40.59 (C™), 56.77 (CY), 77.50 (C"),
91.21 (C%), 132.98 (C°), 136.64 (C>).

({[4aS,4a'S,7R,7aR,7'R,7a'R]-oxcubuc(1,3,4,4a,7,7a-eexcacudopoyuxnonenmalC]-
nupan-3,7-ouun) }ouc(oxcu))ouc(mpem-6ymun(Oumemun)cunar) 202b. [Tpu

MMPOBCACHUN PCAKIHUN Butrtura B YCIOBUAX, AHAJIOTMYHBIX ITOJIYYCHHUIO COCAMHCHUSA

‘\\\\\[P,\O 101b, u3 0.17 r (0.63 mmous) maktoaa 201b mpu
O' ! m KUIISTYCHUM B TEUEHHHU S5 4, MOCJIC OYMCTKH Ha
R U
TBSO OTRs cwukarene nonydanu 0.1 r (64%) coenunenus

202b 202b.  becrBetHas — mpo3payHas ~— BsI3Kas

xuakocts. Rf = 0.4 (merponeiinblit >¢up : stunanerar = 40 : 1). UK crektp, cM

2956, 2929, 2856, 1472, 1249, 1117, 1073, 839, 774. Macc-cuektp, M/z (I, %): 156
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[C8H1203+] (100%) HaﬁHCHO, %: C, 6197, H, 9.41. C14H2603Si. BBI‘-II/ICJ'IGHO, %: C,

62.18; H, 9.609.

Maowcopnuiii ppaemenm. Cnextp IMP 'H ((CD;),CO), &, m.a.: 0.10 ¢ (6H,
(CH5),Si), 0.89 ¢ (9H, (CH3)5C), 1.64—1.71 m (1H, C*H), 1.78 a.t (IH, C*H,J3.0u 7.2
'), 2.45-2.53 m (1H, C"H), 2.87-2.94 M (1H, C*H), 3.63 .1 (IH, C'H, J 9.6 u 12.0
I'n), 3.79 a.n (IH, C*H, J 6.3 u 12.0 '), 4.79 n.x (1H, C'H, J 2.6 u 7.6 T'x), 4.92 1.1
(1H, C*H, J 2.3 m 4.7 T'), 5.65-5.69 m (1H, C°H), 5.72-5.76 M (1H, C°H). Criextp SIMP
BC ((CD,),CO), &, m.x.: -5.76 (CHsSi), -5.56 (CHsSi'), 17.79 ((CHs)sC), 25.30
((CH3)5C), 34.68 (C%, 39.57 (C*), 40.83 (C™®), 61.90 (C%), 78.75 (C'), 93.79 (C?),
134.51 (C°), 134.79 (C>).

Munopnuiii ppazmenm. Crextp SIMP 'H ((CDs),CO), &, m.a.: 0.09 ¢ (6H,
(CH5),Si), 0.87 ¢ (9H, (CHs)3C), 1.46 n.a.a (1H, C*H, J6.4,9.7 u 13.6 I'm), 1.97 a1
(1H, C*H, J 5.4 u 13.7 '), 2.39-2.45 M (1H, C®H), 2.52-2.57 M (1H, C**H), 3.54 1.1
(1H, C'*H, J 7.2 1 11.8 '), 4.02 x.1 (1H, C'H, J 10.6 1 11.5 T'), 4.73 1 (1H, C'H, J 6.9
I'n), 5.11 n.x (1H, C°H, J 4.7 u 6.4 Tw), 5.71 a.t (1H, C°H, J 1.9 u 5.5 '), 5.88 1 (1H,
C®H, J 5.5 I'u). Crexrp SIMP C ((CD;),CO), &, m.x.: -5.78 (CH,Si), -5.15 (CH3Si”),
17.79 ((CH3):C), 25.30 ((CH3)sC), 34.98 (C%), 39.05 (C*), 40.05 (C™®), 57.12 (CY),
77.09 (C"), 92.21 (C°), 132.85 (C°), 136.74 (C°).

Memunosviti s¢pup  (Z)-7-[(1S,4R,5R)-4-[(mpem-oymunoumemuncunun)oxcu]-5-
(euopokcumemun)yuxnonenm-2-en-1-unleenm-5-enosou kucromor 203b, memunosotii
opup  (2)-7-[(1S,4R,5R)-5-{[ (mpem-o6ymunoumemuncunun)oxcul memun}-4-euoporcu-
yukionenm-2-en-1-unleenm-5-enosou kucnromer 204b u (9aS,12R,12aR,2)-12-[(mpem-
oymunoumemuncunun)oxcu]-1,4,5,6,9,9a,12,12a-okmacuopo-3H-

yuknonenmalC][1]oxcayuxnoynoeyun-3-on 205b.

Memoo A. Obwasa memoouxa onegpunuposanus no Bummuey. K oxnaxneHHoH B
uHepTHOW  atmocdepe g0 -/8 °C  cycmenwsum 2.69 r (6.1 wmmoub)
TpudenundochoHneBoit comu S-OpoMmneHTaHOBOW KUCIOTHI B 80 M1 abCOTIOTHOTO
TeTparuipopypaHa npu mnepeMemuBanuud mnpudasBmsuim 8.54 mun 1.6 M pactBopa

NaHMDS B Tterparuapodypane, mocie dero noaHumanu temneparypy 1o 0 °C u



345

BoiiepkuBasin 30 muH. K momydeHHOMY sipKo-OpaHKeBOMY pacTBopy mnpu -/8 °C
npubaBmsumm 0.41 1 (1.51 ™MMmoup) ampaermma 1650 B 15 ™M1 aGcomoTHOTO
TeTparuipopypaHa, MOJHUMAIU TEMIEpPaTypy A0 KOMHATHOM, BBIAEPKHUBAIM MPHU
nepememuBanuu eme 30 muH (koHTpodb MetogoMm TCX) u mpubasmsanu 50 mia
HaceimenHoro pactsopa NH4Cl. PeakumonHyro cMech (QUIBTpOBAIM, OpraHHYCCKHUI
CIOM  OoTAesUIM, BOAHyI (da3zy oOpabareiBanmu sTwianeratoMm  (3X50 ).
OObeMHEHHBIE OPTAHUYECKUE IKCTPAKTBHI CYIIWIN HaJl CyIb(aTOM MarHusi, yrapuBaiu
pY MOHM)KEHHOM JIaBJICHUM, OCTaTOK CYHIWJIM B Bakyyme. [lomydeHHBIN ocTaTok 0e3
OUYMCTKH 0O0padaThiBaii M30BITKOM 3()HUPHOTO pacTBOpa AuazoMeTaHa (KOHTPOJIb
MeronoM TCX) B TeyeHuum 3 49, (QUIBTpOBAIM, OCTATOK MPOMBIBAIH 3(PHUpPOM,
KOHIIEHTPUPOBAJIM MPU  TMOHUKEHHOM  JAaBJICHUM W  OYUIIAIA  KOJOHOYHOMN
xpomatorpadueri Ha SiO, TpagUCHTHBIM JJIHIOPOBaHUEM (TIETPOJICHHBIN 3PHUp

stunanerat, ot 40:1 go 7:1) ¢ momydenuem 0.33 r (60%) coenunenus 203b, 0.07 r
(12%) ero permomsomepa 204b wm 0.08 © cMecH COCAMHEHHH C Ma)KOPHBIM

kommoHeHToM 205D (cM. «O0cyxaeHre pe3yapTaToBy, TadmIa 3, OnbIT 1).

Memoo b. I1o MeTouKe, aHATOTHYHOM cuHTEe3y KuciaoTel 194b, u3 110 Mr cmecu
205b u 8 mr (0.33 mmonp) LIOH momydanu CeIpyr0 KHCIIOTY, KOTOPYIO 0€3 OYMCTKH
oOpabaTbeIBalii U30BLITKOM 3(PUPHOTO pacTBOpa auazomeTaHa (KOHTposb MetosioM TCX)
B Te€YeHUHW 3 4, (UIBTPOBAIN, OCTATOK MPOMBIBAIHM 3(PUPOM, KOHIICHTPUPOBAIU TPH
NOHM)KCHHOM JIaBJICHMM U OYHMIIAIM KOJOHOYHOM xpomarorpadueir Ha SiO;
(aTmnanerat/meTpoieiHbiii adup, 5:1) ¢ nomyuenuem 95 mr coenmuenus 203b (cwm.

«O0cyxIeHne pe3yabTaToBy, Tabuumna 3, onsIT 11).

Memoo B. Obwas memoouka obpabomku coedunenuti 203b u 204b
ocnosanusamu. K oxnaxaenHomy B uaeptHoit armochepe no 0 °C pactBopy 40 mr (0.1
mMMmoib) coeauHenus 204b B 5 M abcomotHOoro TerparuapodypaHa  mpu
nepemermBanuu npubdassum 0.07 M 1.6 M pactBopa NaHMDS B Tetparuapodypasne,
mocjae 4ero Belep:kuBanmu 5 MmuH. K momydennomy xkentomy pactsopy mpu 0 °C
NpUOABISIIA 5 MJI HACBILIEHHOTO PacTBOpa XJjopuja aMMoHUA. OpraHuYecKuid cloi
OTIeNsUIM, BOAHYIO (pa3y skctparupoBanu sTwianeraroM (3X10 mir), oObennHEHHbBIE

OpraHUYeCKUEe HKCTPAKThl CYIIWIM Cydb(paTOM MarHusi, KOHLIEHTPUPOBAIU TMPH
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NOHIKEHHOM JaByieHuu. [lomydeHHblil octatok 0e3 ouncTKr 00pabaThiBaIu U30BITKOM
sadupHOrO pactBopa jauazomeTaHa (KoHTposb wmetoaoM TCX) B TeueHun 3 4,
GUIBTPOBANIA, OCTATOK MPOMBIBAIM S(PUPOM, KOHIIEHTPUPOBAIH MPU MOHUKEHHOM
JABJICHUM ¥ OYMINAIA KOJOHOYHOW xpomarorpadueid Ha SiO, TpaareHTHBIM
ANUIOpOBaHKUEM (TIETpOJICHHBIN 3¢up : stunanerat, ot 40:1 o 7:1) ¢ monyuenuem 24
mr cMmecu coenuHernid 205b u 7 mr (17%) ucxomnoro a¢upa 204b (cm. «O6cyxnenue

pEe3yabTaTOBY, TA0IMUIA 3, OMBIT 6).

Coeounenue 203b. IIpo3paunas Bszkas xunkocts. Rf = 0.4 (merposneiinsiii 23¢up
. atunanerar = 5 : 1). [a]3? +12.2° (¢ 1.07, CH,Cl,).
Cco,Me UK cmextp, cm™: 3467 (O-H), 2953, 2856, 1739

"y

Bsa - (C=0), 1472, 1250, 1065, 836, 775. Cuektp SIMP 'H
203b ((CD3),CO), 8, m.x.: 0.09 ¢ (6H, (CH3),Si), 0.89 ¢ (9H,

(CH3)5C), 1.63 xBunt. (2H, C*H, J 7.6 T), 2.02-2.09 M (3H, C*H, n C"’H), 2.15-2.21
M (1H, C°H), 2.28 T (2H, C*H, J 7.6 T'), 2.30-2.36 m (1H, C"’H), 2.55-2.60 M (1H,
C'H), 2.86 ymr.c (1H, OH), 3.61 ¢ (3H, CH;0), 3.80 .1 (1H, CH,0, J 7.9 u 10.1 T'),
3.88 1.1 (1H, CH,O,J 7.4 u 10.1 I'm), 4.65 n.n (1H, C*H,J24u58 I'm), 5.33-541 M
(1H, C*H), 5.45-5.53 M (1H, C*H), 5.84-5.89 m (1H, C*H), 6.07 x.x (1H, C*H, J 5.5 u
8.2 T'y). Crextp SIMP °C ((CD;),CO), J, m.io.: —5.77 ((CHs),Si), 18.32 ((CH3):C),
25.64 (C*), 26.23 ((CH5)sC), 27.36 (C*), 30.79 (C"), 33.88 (C*), 46.15 (C'), 49.29
(C?), 51.50 (CH30), 60.31 (CH,0), 76.49 (C*), 129.83 (C*), 129.86 (C®’), 133.45 (C?),
140.56 (C%), 173.93 (C=0). Macc-cniektp, M/z (lom, %): 367 [(M-H)] (100%).
Haiineno, %: C, 64.97; H, 9.63. CyyH30,4Si. Beruucneno, %: C, 65.17; H, 9.85.

Coeounenue 204b. Tlpospaunas Bsszkas xuakocts. Rf = 0.45 (merposeiinbrii
o, COMe i crextp, vl 3477 (O-H), 2953, 2856, 1741 (C=0),
HO %ﬁs 1463, 1255, 1081, 837, 776. Crextp SIMP 'H ((CD;),CO),
S, m.a.: 0.09 ¢ (6H, (CH3),Si), 0.91 ¢ (9H, (CH;);C), 1.63

keunt. (2H, C*H, J 7.4 T), 2.01-2.09 M (3H, C*H, u C"H), 2.22-2.29 M (1H, C°H),
2.29 T (2H, C*H, J 7.5 T), 2.36-2.42 m (1H, C"H), 2.55-2.61 m (1H, C'H), 2.84 ¢
(1H, OH), 3.60 ¢ (3H, CH30), 3.87 .1 (1H, CH,0, J 8.3 u 10.2 T'), 3.98 m.x (1H,

@"‘“\J\/\ a¢up : stunanerat = 5 : 1). [a]3? +46.3° (c 0.6, CH,CL).
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CH,0, J 6.9 u 10.3 Tm), 4.60 a1 (1H, C*H, J 2.3 u 6.3 Tm), 5.33-5.39 M (1H, C>H),

5.45-5.52 m (1H, C*H), 5.83-5.87 M (1H, C*H), 6.03 x.x (1H, C°H, J 2.6 u 5.7 T'n).
Cnextp SIMP *C ((CD3),CO), 6, M.i.: —6.04 ((CH3),Si), 17.87 ((CHs)sC), 24.74 (C*),
25.41 ((CH5)3C), 26.43 (C*), 29.89 (C™), 32.91 (C*), 45.62 (C'), 47.80 (C°), 50.62
(CH;0), 60.15 (CH,0), 75.00 (C*), 129.07 (C*’), 129.45 (C®’), 132.88 (C?), 138.96 (C?),
173.16 (C=0). Macc-cnektp, M/Z (I, %): 351 [(M-HO')] (100%). Haiineno, %: C,
64.91; H, 9.66. CyoH3504Si. Beranciero, %: C, 65.17; H, 9.85.

Coeounenue 205b. B cmecm ¢ MHHOpPHBIMH TOOOYHBIMH COEIMHEHUSIMH.

[Tpo3paunas Bszkast skuakoctb. Rf = 0.55 (metposneiinblit a3¢up :

QN
S \=—= stunanerat = 20 : 1). MK cnektp, cmt: 2956, 2928, 2855, 1733
@"//,//O (C=0), 1471, 1257, 1080, 1070, 836, 775. Cuextp SAMP H
TBSS 0  ((CD3),CO), & m.m: 0.07 ¢ (6H, (CHs),Si), 0.86 ¢ (9H,

205b (CH3):C), 1.55-1.65 m (2H, C°H), 1.98-2.08 M (3H, C°H, n

C°H), 2.12-2.25 M (1H, C*®H), 2.30-2.35 m (1H, C°H), 2.35 T (2H, C*H, J 6.9 Tn),
2.44-2.54 M (1H, C*®H), 4.15-4.21 m (1H, C'H), 4.30-4.35 M (1H, C'H), 4.64-4.72 m
(1H, C¥H), 5.31-5.42 m (1H, C'H), 5.47-5.58 M (1H, C®H), 5.83-5.93 m (1H, C"H),
6.11-6.15 M (1H, C*°H). Crextp SIMP **C ((CD5),CO), 6, m.a.: —5.81 ((CH;),Si), 17.64
((CH3)5C), 24.47 (C°), 25.31 ((CH5)5C), 26.21 (CP), 29.95 (C?), 32.86 (C*), 44.68 (C*),
46.34 (C'), 61.76 (C'), 75.73 (C*), 128.88 (C"), 129.50 (C?), 132.62 (C'), 139.08
(C'9), 172.65 (C=0). Macc-criextp, M/ (I, %): 337 [(M+H")] (100%). Haiinero, %:
C, 67.74; H, 9.32. C1H3,05Si. Beruncieno, %: C, 67.81; H, 9.58.

2-[(1S,4S,5R)-5-{/ (mpem-bymunoumemuncunun)okcu] memu }-4-2udpoxcuyuxio-
nenm-2-en-1-unjayemanvoecuo 206b. o MeToauke, aHATOTHYHON CHHTE3Y allbJCTHIA

a0 99b, u3 0.63 r (2.1 mmonas) coeaunenus 164b momygamm 0.49 r

CHO (88%) coemunenus 206b. IIpo3paunas maciooOpasHas KUAKOCTb.

u OTBS Rf = 0.25 (netponeitusiii a¢up : s>tunanerat = 3 : 1). [a]3? +93.1°
206b (c 0.7, CH,Cl,). UK crextp, cM ' 3415 (O-H), 2955, 2929, 2885,

2857, 1725 (C=0), 1471, 1257, 1085, 837, 777. Cnextp SIMP 'H

((CD5),CO), o, m.a.: 0.08 ¢ (6H, (CHs),Si), 0.90 ¢ (9H, (CHg3)3C), 2.20-2.26 m (1H,

C5H), 2.33 n.a.na (1H, CH,0Si,J 1.5,8.4u 17.1 '), 2.77 a.n.a (1H, CH,0Si, J 1.4, 6.3
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u 17.1 Tm), 3.30-3.36 m (1H, C*H), 3.77 2.1 (1H, CH,CHO, J 8.6 u 10.5 '), 3.85 T.1

(2H, CH,CHO u OH, J 5.1 u 10.5 '), 4.54-4.61 m (1H, C'H), 5.75 n.t (IH, C*H, J 1.5
u5.7T'n), 5.85 n.t (1H, CZH, J2.0u54Tm),9.76 T (1H, CHO, J 1.4 I't). Cnextp SAMP
BC ((CD3),CO), 8, m.i.: -5.35 ((CH5),Si), 18.76 ((CHs)sC), 26.26 ((CH3)sC), 40.69
(C%, 45.45 (CH,CHO), 53.46 (C°), 62.21 (CH,0Si), 78.32 (C'), 135.66 (C°), 136.26
(C?), 202.39 (CHO). Macc-crextp, M/z (lom, %): 253 [(M-HO)] (48%), 156 [(M-TBS)]
(100%). Haiigeno, %: C, 61.93; H, 9.50. C14H»503SIi. Beruucieno, %: C, 62.18; H, 9.69.

Memunoswiti  a¢pup  (2)-7-[(1S,4S,5R)-5-{[ (mpem-6ymuroumemuncunrun)oxcu]-
memun}-4-euopokcuyuxionenm-2-en-1-un)eenm-5-enosoti  kucromwr  207b.  Ilo
JIBYXCTAJMHHON METOJMKE, aHAJOTWYHOW TojydeHuio coemuHeHus 185b, m3 0.49 r

“\\\W (1.55 mmomb) anpaeruaa 206b momyuamu 0.51 r (78%)
oy — COMe - oenunenns 207b. [Mpo3paunast Bsi3kast KUAKOCTh. Rf =
HO OTBS 0.5 (metponeiinsiii a¢up : stumanerar = 5 : 1). [a]Z
207b +72.0° (c 0.83, CH.Cl,). K cmextp, cm™: 3372 (O-H),
2954, 2929, 2856, 1738 (C=0), 1471, 1257, 1084, 839, 776. Cmextp SIMP 'H
((CD3),CO), o, m.a.: 0.12 ¢ (6H, (CH3),Si), 0.91 ¢ (9H, (CH3)3C), 1.63 kBunT. (2H,
C*H, J 7.4 '), 2.01-2.09 m (3H, C*H, u C”H), 1.91-1.96 M (1H, C°H), 2.152.21 ™
(1H, C”H), 2.28 T (2H, C*H, J 7.5 T'n), 2.36-2.43 M (1H, C'H), 3.60 ¢ (3H, CH;0),
3.65 1 (1H, OH, J 6.1 Tw), 3.82 a.1 (1H, CH,0, J 5.9 u 10.2 I'r), 3.87 .1 (1H, CH,0, J
4.3 u 10.3 '), 4.51-4.56 M (1H, C*H), 5.34-5.46 m (2H, C”’H u C*H), 5.71-5.75 M
(1H, C°H), 5.85-5.89 M (1H, C’H). Cmektp SIMP “*C ((CDs),CO), J, m.1.: —6.09
((CH3),Si), 17.85 ((CH5)3C), 24.70 (C*), 25.38 ((CH5)sC), 26.45 (C*), 28.13 (C"),
32.90 (C*), 45.52 (C'), 50.61 (C°), 53.37 (CH;0), 61.55 (CH,0), 77.84 (C%), 129.23
(C>), 129.34 (C®), 134.37 (C%), 136.13 (C?), 173.05 (C=0). Macc-crextp, M/Z (loms,
%): 351 [(M-HO)] (100%). Haiineno, %: C, 65.02; H, 9.71. CyH30,4Si. Beruucneno,
%: C, 65.17; H, 9.85.
Memunosviii  3¢up  (Z)-7-[(1S,5R)-5-{/(mpem-6ymun(oumemun)cunun)oxcuf -
memun}-4-oxcoyuxnonenm-2-en-1-unjeenm-5-enoeoii kucromor 209b. K pactsopy 0.51
r (1.34 mmonn) cnmpra 207b B 30 M XJOPHUCTOTO METHJICHA MPH KOMHATHOM

temneparype nobasmsiim 0.7 © (2.68 mmonb) pearenta Kommmuza CrO3z*Py u
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W \_/\/\ nepememBaii 4 4 (koHTposab MeronoM TCX).
W\
— C
:,///
4 OTBS HEOOJIBILION CJION CHIIMKAressl ¥ MPOMBIBAIN XJIOPUCTHIM
209b

OMe  [lonydennyro  cMech  OTQMIBTPOBBIBAIHM  YEPE3

meTmiieHoM (3x20 M), GUIbTpaT KOHIICHTPUPOBAIH MPU
MOHIDKEHHOM JABJICHMHM M OCTATOK OYHINAIU KOJIOHOYHOW Xpomartorpadueii Ha SiO,
(netponeitublit adup/s>Trnanerar, 5:1) ¢ nomyuenuem 0.42 1 (84%) HMKIONEHTEHOHA
209b. TIIpospaunas macmooOpa3Has >xkuakocth. Rf = 0.4 (merponeitHpiii >¢up :
stunanerar =5 : 1), [a]lz)o +122.5° (¢ 1.2, CH,Cl,). UK cniektp, cM ' 2953, 2930, 2856,
1740 (C=0), 1712 (C=0), 1472, 1250, 1109, 837, 778. Crextp SIMP *H ((CD5),CO), 4,
m.a.: 0.03 ¢ (3H, CH;Si), 0.06 ¢ (3H, CH3Si), 0.86 ¢ (9H, (CHj3);C), 1.66 xBunT. (2H,
C¥H, J 7.4 T'w), 2.10 k8 (2H, C*H, J 7.3 T'w), 2.30 T (2H, C*H, J 7.3 T'w), 2.32-2.39 ™
(1H, C°H), 2.53 .1 (1H, C"H, J 3.5 u 5.8 Tw), 2.64 ot (1H, C"H, J 5.8 u 13.4 I'n),
3.06-3.12 M (1H, C'H),3.60 ¢ (3H, CH30), 3.92-3.98 m (2H, CH,0), 5.48-5.54 M (1H,
C>H), 5.56-5.62 m (1H, C*’H), 6.12 x.x (1H, C*H, J 2.0 u 5.8 T), 7.77 a1 (1H, C*H, J
2.4 u 5.8 T'm). Crextp SIMP C ((CD5),CO), &, m.i.: —6.40 (3H, CH;Si), —6.25 (3H,
CH,Si), 17.76 ((CH3)5C), 24.65 (C*), 25.30 ((CH,)sC), 26.59 (C*), 27.23 (C”), 32.94
(C*), 45.17 (CY), 50.64 (C°), 50.78 (CH30), 60.49 (CH,0), 128.40 (C®), 130.47 (C*),
132.94 (C%), 167.65 (C?), 173.02 (C=0), 208.33 (C*). Macc-crextp, M/z (loz, %): 367
[(M+H")] (100%). Haiineno, %: C, 65.24; H, 9.25. CyH3,0,Si. Beruucneno, %: C,
65.53; H, 9.35.

Memunoswiti 2¢hup (Z)-7-[(1S)-5-{[(mpem-oymun(oumemun)cunun)oxcu] memun}-
4-oxcoyuknonenm-2-en-1-unjeenm-5-enosoii kucromsr 210b. K pacreopy 0.24 r (0.65
MMoJib) eHoHa 209b B 25 mut xjopucroro metuiaeHa mpu 0

% COMe oC pppGapmsm 1 wmn 10:1-cMec  TpH(TOPYKCYCHOI

o) OH KHCJIOTBI M BOJBl M NEpPEMEIIMBAIA 5 MHUH (KOHTPOJIb

Hob MeroaoM TCX). IlonyueHHyI0 cMech HEHUTpaM30BBIBAIIN
NpuOABICHUEM HACBIIIEHHOTO pacTBOpa COJbI, OTACNSIM OpraHuyYeckyro ¢azy, a
BOJHYIO OKCTPAarupoBai XJOPUCTBIM MeTuiieHoM (3x20 wut). OObenuHEHHBIE
OpraHUYeCKUEe HKCTPAKThl CYIIWIU HaJ CyiIb(}aToM MarHusi, KOHUEHTPUPOBAIU MpPU

MOHIDKEHHOM JaBJIEHHH M OYMINAAM KOJOHOYHOH xpomartorpadueir Ha SiO,
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(aTmnaneTar : merpoieinslit a¢up, 1:1) ¢ momyuenuem 0.14 r (85%) Hepaznenumoii Ha
cunnkarene 4:3-cMecn (cormacHo gaHHBIM crekTpoB SIMP 'H) smumepos 210b.
[Tpo3paunas macimoobpasnas kuakocThb. Rf = 0.3 (meTposneiinblit a3¢up : stunamnerar = 1
: 1). UK cmiextp, cM : 3444 (O-H), 2950, 2928, 2874, 1736 (C=0), 1703 (C=0), 1438,
1247, 1198, 1173, 1034. Crextp SIMP 'H ((CD5),CO), &, m.xi.: 1.62-1.69 M (2H, C*’H),
2.07-2.14 m (2.43H, C*"H, u C"H), 2.21-2.27 m (0.43H, C"’H), 2.31 1.1 (2.43H, C*H,
1 C°H, J 1.3 u 7.4 '), 2.34-2.40 M (0.57H, C°H), 2.56-2.61 m (0.57H, C"’H), 2.64-2.70
M (0.57H, C""H), 2.77-2.81 yur.c (0.43H, OH), 3.01-3.06 M (0.43H, C'H), 3.10-3.17 M
(0.57H, C'H), 3.60 ¢ (3H, CH30), 3.66-3.70 yurc (0.57H, OH), 3.70-3.84 m (1.43H,
CH,0), 3.88-3.93 m (0.57H, CH,0), 5.46-5.61 m (2H, C’H u C*H), 6.07 m.x (0.43H,
C*H,J 1.8 1 5.7 ), 6.12 n.x (0.57H, C*H, J 1.8 u 5.7 '), 7.74 n.x (0.43H, C?H, J 2.2
u 5.7 T), 7.79 1.1 (0.57H, C*H, J 2.5 u 5.8 T'r). Criextp SIMP *C ((CD5;),CO), &, M.1.:
24.60 1 24.66 (C*), 26.31 1 26.40 (C*), 27.48 1 30.96 (C™*), 32.80 u 32.84 (C?’), 44.09
1 44.56 (C1), 50.62 1 50.95 (C°), 53.60 (CH30), 59.24 u 60.65 (CH,0), 127.18 u 128.19
(C®), 130.51 u 130.92 (C>), 132.58 u 133.16 (C%), 167.25 u 167.81 (C?), 173.10
(C=0), 209.85 u 209.91 (C%). Macc-criektp, M/Z (loms, %): 253 [(M+H")] (100%).

Haiineno, %: C, 66.44; H, 7.53. C14H,00,. Beraucneno, %: C, 66.65; H, 7.99.
Memunosviii  spup  (S,2)-T-(5-memunen-4-oxcoyuxnonenm-2-en-1-un)eenm-5-
enosotul kucromor 211b. Tlo MeToauke, aHATOTUYHOM JUTA MOTydeHus coequHeHuit 210b
pu 24 °C, u3 0.13 r (0.51 Mmmouts) cmecu snumepos 210b

.\\\\w
% CO,Me nonydanu 0.1 v (82%) coemunenus 211b. Ilpo3paunas

o) macsioo0pasHas xuakoctb. Rf = 0.5 (merposnelinsiii a3¢up :
2 srunarerar = 3 © 1). UK cmekrp, cM ' 2952, 2928, 2855,
1736 (C=0), 1706 (C=0), 1436, 1257, 1216, 1138, 843. Crexrp SIMP 'H ((CD;),CO),
o, M.1.: 1.63 xBuHT. (2H, C3’H, J 7.4 I'm), 2.08 kB (2H, C4’H, J 8.4 TI'm), 2.29 T (2H,
C?H, J 7.4 Tw), 2.37 ot (1H, C"H, J 7.31 u 14.0 T'r), 2.52 x.r (1H, C"H, J 6.3 u 14.1
'), 3.48-3.54 m (1H, C'H), 3.60 ¢ (3H, CH30), 5.41-5.51 m (IH, C’H u C*H), 5.52 ¢
(1H, CH,=), 5.96 ¢ (1H, CH,=), 6.32 x.x (1H, C*H, J 1.1 u 5.9 Tw), 7.70 n.x (1H, C?H,
J 1.5 u 5.9 T'y). Criextp SIMP C ((CD;),CO), 8, m.1.: 25.52 (C*), 27.20 (C*), 31.50
(C*), 33.70 (C™), 45.04 (C"), 51.51 (CH;0), 116.16 (CH,=), 127.32 (C%), 132.12 (C>"),
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135.39 (C%), 146.85 (C°), 163.30 (C?), 173.99 (C=0), 219.50 (C*). Macc-crektp, m/z

(lors, %): 235 [(M+H™)] (100%). Haiineno, %: C, 71.56; H, 7.61. C14H;503. Berancieno,
%: C, 71.77; H, 7.74.
Memunoswiti o¢pup  (2)-7-[(1S,4R,55)-4- [ (mpem-b6ymunoumemuncunun)oxcuf-5-

Gpopmunyuxnonenm-2-en-1-unjeenm-5-enosou  kucromer  214b.  Ilo  merommke

"\\\E/\/\ okucieHus: 1o CBepHY, aHAIOTHYHOHN IOIYYECHHIO
oy COMe  coemumennii 83b u 84b, uz 0.37 r (1.0 MMmoB)

TBS(}S \é) crupra 203b nmonygamm 0.3 1 (83%) ampaernna 214Db.
214b

[Tpo3paunast xenaToBaTasi MaciooOpa3Hasi KMJKOCTb.
Rf = 0.5 (nmetponeiiusrii a¢pup : stunanerar = 10 : 1). [a]3° +21.6° (¢ 0.85, CH,Cl,). UK
criekTp, cM ' 2953, 2930, 2857, 1738 (C=0), 1472, 1251, 1059, 838, 777. Crektp
SIMP 'H ((CD3),CO), &, m.i.: 0.07 1 (3H, CH3Si, J 2.6 I'nr), 0.1 1 (3H, CH4Si, J 2.7 '),
0.86 ¢ (9H, (CH5)sC), 1.63 keunr. (2H, C*H, J 7.5 I'm), 2.01-2.08 M (3H, C*H, n
C"H), 2.26-2.31 M (3H, C*’H, u C”H), 2.91 1.1 (1H, C°H, J 1.5 u 7.0 T')), 2.95 1.1
(1H, C'H, J 4.9 u 6.7 T'n), 3.60 ¢ (3H, CH30), 5.16 a1 (1H, C*H, J 1.2 u 6.7 '), 5.40
a.a (1H, C’H,J6.7ull3 I'm), 5.45 n.o (1H, CG’H, J64ull0TIn), 591 t.a (1H,
C°H,J 1.8 u 5.8 '), 6.0 1 (IH, C°H, J 5.5 '), 9.76 1 (1H, CHO, J 4.6 T'y). Criextp
SIMP C ((CDy),CO), &, m.x.: —5.87 (CH3Si), —5.34 (CH3Si), 17.67 ((CH3)sC), 24.59
(C*), 25.22 ((CH5)sC), 26.43 (C*), 28.61 (C"*), 32.85 (C*), 46.29 (C"), 50.61 (CH50),
58.14 (C°), 78.38 (C%), 128.15 (C*), 130.07 (C®), 133.32 (C%), 136.53 (C?), 173.07
(C=0), 203.11 (CHO). Macc-criektp, M/z (lors, %): 219 [(M-O*-TBSO)] (100%).
Haiineno, %: C, 65.36; H, 9.22. C»yH3,0,4Si. Beruucneno, %: C, 65.53; H, 9.35.
Memunoswiii 3¢up (Z)-7-[(1S,4R,5R)-4-[(mpem-oymuroumemuncunun)oxcuf-5-
[(R,E)-1-euopoxcuoxm-2-en-1-un)yuxnonenm-2-en-1-unjeenm-5-enogoii kuciomor 2150
u memunosviti 3¢pup (Z)-7-[(1S,4R,5R)-4-[ (mpem-6ymunoumemuncunun)oxcul-5-[(S,E)-
1-euopoxcuoxm-2-en-1-un)yuxnonenm-2-en-1-unjeenm-5-eno6oii  kuciromwvr 216b. Ilo
METOMKE, aHaJOrM4YHOM mojydeHuio coeamueHuss 189b, u3 117 mr (0.32 mmosb)

anpaeruaa 214b momydanu 73 mr (50%) coenunenus 215b u 36 mr (24%) ero snumMepa

216b.
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Coeounenue 215b. XenroBaras mpospadnas MmaciooOpasHas >XKHIKOCTh. Rf =
SNAN 0.55 (nmerponeitnbrii 3¢up : stwmanerar = 10 : 1).
Co= COMe 10120 420° (¢ 1.2, CH,Cl,). UK crektp, cm ' 3459
1/ N\ (O-H), 2954, 2855, 1740 (C=0), 1635, 1471, 1249,
o »15p OH 1058, 835, 776. Cmextp SAMP 'H ((CDs),CO), 6,
m.1.: 0.09 ¢ (3H, CH5Si), 0.14 ¢ (3H, CH,Si), 0.85-0.92 M (12H, C®’H; u (CH3);Si),
1.25-1.33 m (4H, C*’H, u C""’H,), 1.36-1.43 m (2H, C*”’H,), 1.62 kBunr. (2H, C*’H,, J
7.5 T), 1.88-1.94 m (1H, C°H), 2.02-2.09 M (4H, C*H, u C*’H,), 2.10-2.17 M (IH,
C"”H), 2.27 T (2H, C*H,, J 7.6 T'w), 2.32-2.42 m (2H, C'H, C"H), 2.91 ymr. ¢ (1H, OH),
3.60 ¢ (3H, CH30), 4.27 n.x (1H, C*’H, J 7.7 u 10.1 T'n), 4.70 x.n (1H, C*H, J 2.5 u 5.3
'), 5.31-5.45 m (2H, C¥H, C*’H), 5.61 n.x (1H, C*°H, J 7.5 u 15.3 T'w), 5.75 a.t (1H,
C*’H,J 7.1 u 15.4 T), 5.93 n.n (1H, C°*H, J 2.3 u 5.7 T'y), 6.11 o.x (IH, C*H,J 2.4 u
5.7 T'm). Cnexktp AMP C ((CD;),CO), &, m.i.: -5.70 (CH5Si), -4.88 (CH3Si), 13.47
(C®), 17.71 ((CH,)3C), 22.32 (C*), 24.75 (C"’), 25.42 ((CH3):C), 26.54 (C*), 28.88
(C%), 30.52 (C*”), 31.17 (C>), 32.18 (C"), 32.99 (C?), 44.95 (C'), 50.64 (CH;0),
52.76 (C°), 68.84 (C'”), 75.44 (C%), 128.87 (C®"), 129.30 (C*), 131.82 (C*’), 132.85
(C*), 133.27 (C?), 140.36 (C?), 173.06 (C=0). Macc-crextp, M/Z (lom, %): 447 [(M-
HO)] (100%). Haiineno, %: C, 69.57; H, 10.14. C,;H430,Si. Breruncneno, %: C, 69.78;
H, 10.41.

Coeounenue 216b. JXentoBatas mpospadHas maciaooOpasHas *XHAKOCTh. Rf =

20

‘\\\\\\\wcone 0.45 (metposnelinbiii 3¢Gup : 3THnaueTaT7: 10 : 1). [a]p
+16° (c 0.76, CH,Cl,). UK cnektp, cM ': 3451 (O-H),

/\/W 2955, 2856, 1740 (C=0), 1471, 1255, 1055, 836, 775.
216b OH Crextp SIMP 'H ((CD3),CO), &, m.o.: 0.07 ¢ (3H,
CH5Si), 0.09 ¢ (3H, CH;Si), 0.85-0.90 M (12H, C*’H; u (CH3)5Si), 1.25-1.34 m (4H,
C%’H, u C"’H,), 1.37-1.43 m (2H, C°’H,), 1.63 ksunr. (2H, C*’H,, J 7.6 T'm), 1.88-
1.95 m (1H, C°H), 2.02-2.09 m (4H, C*”H, u C*’H,), 2.13-2.21 m (1H, C”H), 2.28 T
(2H, C*H,, J 7.7 Tw), 2.57-2.64 m (1H, C'H), 2.72-2.78 m (1H, C”’H), 2.80 ymur. ¢ (1H,
OH), 3.60 ¢ (3H, CH30), 4.31 a.a (1H, C*’H, J4.9 u 10.2 '), 4.50 x.1 (1H, C*H, J 2.4
u 5.4 I'm), 5.33-5.42 m (1H, C*H), 5.45-5.54 m (1H, C*H), 5.72 n.x (1H, C*°H, J 4.9
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u 15.6 Tn), 5.78 x.t (1H, C*’H, J 5.8 u 15.6 T'), 5.91 m.x (1H, C°*H, J 1.5 u 5.5 I'n),
6.14 n.n (1H, C*H, J 2.8 u 5.7 I'n). Crektp SIMP *C ((CD;),CO), &, m.i.: -5.67
(CH5Si), -4.00 (CH,Si), 13.43 (C®), 17.59 ((CH3)sC), 22.31 (C*), 24.84 (C'**), 25.45
((CH5)sC), 26.55 (C°*), 28.48 (C*), 30.31 (C***), 31.22 (C”’), 32.11 (C"), 33.04 (C?),
45.71 (CY), 50.60 (CH40), 53.72 (C°), 68.19 (C'»), 75.73 (C*), 128.78 (C®), 129.76
(C*), 129.80 (C*’), 132.52 (C*»), 133.58 (C%), 140.71 (C?), 173.08 (C=0). Macc-
cextp, M/Z (1o, %): 447 [(M-HO")] (100%), 315 [(M-H,O-TBSQO)] (26%). Haiineno,
%: C, 69.53; H, 10.23. C»;H,50,Si. Beruncneno, %: C, 69.78; H, 10.41.
Memunoswiii a¢pup (Z2)-7-[(1S,4R,5R)-4-[ (mpem-6ymunoumemuncunun)oxcu]-5-
[(R,E)-1-(memoxcumemorcu)oxm-2-en-1-unjyuxnonenm-2-en-1-unj cenm-5-enogoti
\\w kuctomor  217b. TIlo MeToauke, aHAJIOTHYHOM

coaMe nonyderuto dpupa 172b, u3z 0.12 v (0.27 mMmoib)

N\ amioBoro cnupra 2150 momydanmm 0.13 1 (93%)

217p OMOM apupa 217b. becrBeTHas maciooOpasHas >KHUIKOCTb.
Rf = 0.5 (metponeiinsiit a¢up : stunanerar = 20 : 1). [a]3° +34° (c 0.7, CH,Cl,). UK
criextp, oM : 3057, 2955, 2928, 2856, 1743 (C=0), 1465, 1437, 1360, 1256, 1158,
1057, 1040, 967, 939, 897, 835, 799, 777, 751, 664. Cuextp SIMP ‘H ((CD3),CO), &,
m..: 0.10 1 (6H, (CH3),Si, J 2.6 T'm), 0.87-0.93 m (12H, C¥’Hs u (CHs)sSi), 1.27-1.35
M (4H, C®’H, u C"’H,), 1.40-1.48 m (2H, C**’H,), 1.61 xBunt. (2H, C*H,, J 7.5 I'n),
1.98-2.08 M (3H, C*H, u C°H), 2.08-2.15 m (2H, C*’H,), 2.27  (2H, C*’H,, J 7.7 T'ny),
2.30-2.36 m (1H, C"’H), 2.37-2.43 M (1H, C"’H), 2.83 ¢ (1H, C'H), 3.29 ¢ (3H, CH;0),
3.61 ¢ (3H, CH5CO,), 4.13 .1 (1H, C*’H, J 9.2 u 10.5 '), 4.63-4.68 m (1H, C*H),
4.65 ¢ (2H, OCH,0), 5.29-5.42 m (2H, C®H u C>’H), 5.46 .1 (1H, C*’H, J 9.0 u 15.5
I'n), 5.81 ot (1H, C*H, J 6.8 u 15.5 '), 5.98 .1 (1H, C°H, J 1.9 u 5.8 '), 6.15 1.1
(1H, C?H, J 1.8 u 5.8 T'y). Crrextp SIMP *C ((CD5),CO), &, m.xi.: -5.51 (CH5Si), -4.20
(CH5Si), 13.45 (C¥”), 17.70 ((CH5)sC), 22.30 (C"), 24.74 (C%), 25.58 ((CH5)C),
26.59 (C*), 29.09 (C®), 30.23 (C*”), 31.17 (C°*), 32.19 (C*), 32.97 (C"), 44.77 (CY),
50.62 (CH;CO,), 52.02 (CH;0), 54.77 (C°), 74.82 (C'), 75.79 (C%), 94.86 (OCH,0),
129.03 (C%), 129.17 (C™), 129.99 (C*”), 133.22 (C*»), 135.13 (C%), 140.37 (C?,
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173.02 (C=0). Macc-cnekrp, M/z (lom, %): 315 [(M-MOM'-TBSOH)] (100%).

Haiineno, %: C, 68.32; H, 10.15. Cy9H5,05Si. Beruncieno, %: C, 68.46; H, 10.30.
Memunoswiti  os¢pup  (2)-7-[(1S,4R,5S)-4-2uopokcu-5-[(R,E)-1-(memokcume-
moxcu)okm-2-en-1-un)yuxnonenm-2-en-1-un)eenm-5-enosoti  kucnomer  218b. Ilo
R NEVAVAN METOJMKe, aHaNorHyHoi nmoiyderuto 107b, n3 0.13 ¢

COZMS

@ (0.26 mmonb) cummoBoro ddupa 217b momydamu 90
.,,,/// \

$ mr (91%) cnupra 218b. becrnsetHas maciooOpasHas
0

H
218 OMOM xuakocth. Rf = 0.5 (meTpostetinsiii 3¢up : sTMIamerar

= 3:1). [a]Z’ +9° (c 0.9, CH,Cl,). UK cmextp, cM ': 3483 (O-H), 3055, 2955, 2858,
1731 (C=0), 1669, 1459, 1376, 1315, 1259, 1213, 1157, 1094, 1047, 977, 934, 856,
807, 749, 700, 588. Crekrp SIMP 'H ((CD3),CO), &, m.i.: 0.87 T (3H, C¥’Hs, J 7.2
'), 1.27-1.33 M (3H, C*’H, u C"’H), 1.35-1.46 m (3H, C*>’H, u C"*’H), 1.62 xBuHT.
(2H, C*H,, J 7.4 T'w), 1.98-2.08 M (3H, C*"H, u C°H), 2.12 8 (1H, C*’H, J 7.1 I'n),
228 T (IH, C*’H, J 7.5 Tw), 2.34 T 3H, C*H, u C"H , J 7.1 T'), 2.39-2.46 m (1H,
C"H), 2.82 yur.c (1H, OH), 3.22 1 (1H, C*H, J 4.2 T'), 3.36 ¢ (3H, CH30), 3.61 ¢ (3H,
CH5CO,), 4.24 n.x (1H, C*’H, J 8.9 u 10.9 I'ry), 4.55 x (1H, OCH,0, J 6.3 I'), 4.59-
4.64 M (1H, C*H), 4.71 x (1H, OCH,0, J 6.3 T'n), 5.32-5.47 m (3H, C*H, C’H u
C*’H), 5.84 x.t (1H, C*H, J 7.0 u 15.5 T'w), 5.93 a.1 (1H, C°H, J 1.9 u 5.8 '), 6.13
n.x (1H, C*H, J 2.7 u 5.7 Tn). Coextp SIMP *C ((CD5),CO), &, m.in.: 13.44 (C*),
22.32 (C"*), 24.69 (C*), 26.59 (C*), 29.09 (C**), 30.23 (C**), 31.17 (C>**), 32.19
(C%), 32.97 (C"), 44.77 (CY), 50.62 (CH3CO,), 52.02 (CH30), 54.77 (C°), 74.82 (C**),
75.79 (C%), 94.86 (OCH,0), 129.03 (C®), 129.17 (C™), 129.99 (C*”), 133.22 (C*"),
135.13 (C%), 140.37 (C?), 173.04 (C=0). Macc-criektp, M/Z (low, %): 393 [(M-H)]
(100%). Haiineno, %: C, 69.88; H, 9.53. C,3H3305. Beruuciieno, %: C, 70.02; H, 9.71.
Memunoswiti  a¢hup  (Z)-7-[(1S,5R)-5-[(R,E)-1-(memoxcumemoxcu)oxm-2-en-1-
un/-4-oxcoyuknonenm-2-en-1-unjeenm-5-enosou  xkucromer 219b. TITlo wmerommke,
aHAJIOTMYHOM Ju1s monydenust coeaunerust 208b, uz 90 mr (0.23 mmouns) criupra 218b
nonydanu 76 mr (85%) nukmonentenona 219b. BecriseTHast MmaciiooOpa3Hasi 5KHIKOCTb.
Rf = 0.5 (metponeiinsiii >¢up : stunanerar = 5 : 1). [a]%’ +60° (¢ 0.7, CH,Cl,). UK
crextp, oM ' 2928, 2855, 1738 (C=0), 1709 (C=0), 1623, 1438, 1366, 1349, 1205,
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. 1149, 1035, 978, 920, 811. Crexrp SIMP 'H ((CD5),CO),

~“‘\\wcone S5, M.a.: 0.88 T (3H, C*’Hs, J 7.0 T'w), 1.25-1.36 M (4H,
? \ C®’H, u C""’H,), 1.39 xBurt. 2H, C*’H,, J 7.3 'n), 1.67
2195 OMOM keunt. (2H, C*Hy, J 7.5 ), 2.03-2.08 m (3H, C*H, u
C*’H), 2.12 k8 (1H, C*’H, J 7.4 T'w), 2.31 T 3H, C*H, u C"H , J 7.7 T), 2.52-2.59 M
(2H, C°H u C"”H), 3.07-3.13 M (1H, C'H), 3.29 ¢ (3H, CH50), 3.61 ¢ (3H, CH3CO,),
442 n.n (1H, CYH, J 25 u 8.7 I'm), 447 n (1H, OCH,0O, J 8.6 I'my), 4.64 n (1H,
OCH,0, J 8.6 T'y), 5.49-5.70 m (3H, C*’H, C”’H u C*’H), 5.89 n.x (1H, C*’H, J 8.6 u
15.5 '), 6.08 m.x (1H, C*H, J 2.2 u 5.7 T'w), 7.71 o1 (I1H, C*H, 2.4 u 5.8 I'ry). Criextp
SIMP °C ((CD,),CO), &, m.x.: 13.41 (C**), 22.23 (C™), 24.65 (C*), 26.57 (C*), 27.42
(C®), 28.66 (C**) 31.13 (C*), 31.89 (C*"), 32.88 (C"), 44.78 (C"), 50.62 (CH;CO,),
52.50 (CH30), 55.26 (C°), 76.46 (C'’*), 93.62 (OCH,0), 128.55 (C®), 128.62 (C*"),
130.56 (C>"), 133.25 (C%), 134.28 (C*), 166.44 (C?), 173.05 (C=0), 207.51 . Macc-
criektp, M/Z (1o, %): 391 [(M-H)] (5%), 331 [(M-MOMO)] (100%). Haiineno, %: C,
70.12; H, 9.09. Cy3H3¢0s. Beruucneno, %: C, 70.38; H, 9.24.

0)

Memunoswiii 2¢pup (Z)-7-[(S,E)-5-[(E)-oxm-2-en-1-unuoen]-4-oxcoyuxronenm-2-
en-1-unjeenm-5-enooeoui kuciomwor 213b. Tlo MeTonuKe, aHATOTHYHOM IS TTOTYUYCHHSI
N coequnenust 210b npu 24 °C, uz 76 mr (0.19 mmosb)
wcone uuknonenTeHona 219b  momywanm 50 mr (79%)
g;K/\/W coequnenuss  213b.  Ilpospaunas  maciooOpasHas
© 213b xuakocth. Rf = 0.3 (merponetinbiii 3¢up : sTranerar = 5
. 1). [@]3° +138.7° (¢ 0.75, CH,Cl,). UK cnektp, cM ' 2955, 2926, 2858, 1739 (C=0),
1692 (C=0), 1631. Crextp SIMP 'H ((CD5;),CO), &, m.1.: 0.89 T (3H, C*’Hs, J 6.6 '),
1.25-1.39 m (4H, C*’H, u C""’H,), 1.48 xBunt. (2H, C>’Hy, J 7.0 T), 1.61 xBunT. (2H,
C*¥H,, J 7.3 I'm), 1.98-2.09 m (2H, C*H,), 2.25 k8 (2H, C*’H,, J 7.4 '), 2.28 T (2H,
C*”H,, J 7.3 T), 2.39 a.t. (IH, C"H, J 8.2 u 14.5 T'w), 2.65 x.t. (IH, C"H, J 5.1 u 14.5
I'm), 3.60 ¢ (3H, CH3CO,), 3.70 yur.c (1H, C'H), 5.32-5.38 m (1H, C*’H), 5.39-5.48 m
(1H, C>’H), 6.25-6.29 m (1H, C*’H), 6.31 T (1H, C*’H, J 7.1 T'w), 6.50 T (1H, C*H, J
14.6 '), 6.82 1 (1H, C*’H, J 11.7 I'm), 7.61 .1 (1H, C°H, J 1.9 u 5.9 I'n). Crrextp
SIMP °C ((CD,),CO), &, m.x.: 13.37 (C**), 22.23 (C"), 24.66 (C*), 26.40 (C*), 28.39
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(C%”), 30.36 (C*) 31.24 (C*), 32.85 (C?), 33.00 (C"), 43.21 (C"), 50.59 (CH5CO,),

125.87 (C*), 126.07 (C*), 130.26 (C*), 131.25 (C%), 134.73 (C'), 135.61 (C*>"),
145.70 (C?), 160.79 (C?), 173.03 (C=0), 195.79 (C*). Macc-criektp, M/z (lom, %): 331
[(M+H")] (100%). Haiineno, %: C, 76.19; H, 8.99. Cy;H3005. Brruncneno, %: C, 76.33;
H, 9.15.

(4aR,5R,7aR)-5-(Tpumemuncunun)-4,4a,5,7a-mempazuopoyuxionenmalCJlnupan-
Me,Si 3(1H)-on 142b. I1o meToavke, aHagoru4Hoi monxydenuro 107b,
‘\\\\\\\\\]/O u3 0.25 1 (0.7 mmoutp) curutoBoro 3¢upa 100b mosrygamu 77 mMr

5 (52%) naktoHa 142b. ®U3HKO-XMMHUYECKHE XapaKTEPUCTHKH
.u///////

142b AHAJIOTHYHBI IIPCACTABJICHHBIM PAHCC.

N-Omun-2-[(1S,2S,5S)-2-(cudpokcumemu.n)-5-(mpumemuicurun)yuxkionenm-3-
en-1-unjayemamuo 220a. K 55 wmr (0.26 mMmonp) maktoHa 142a, MOTyd4eHHOTO
Me3Si/E . aHayiornyHo 142b, npumuBamm 2 mi 70%-HOTO BOJHOTO
N pacTBOpa STWJIAaMHUHA M TepeMemmBaid 8 4 (KOHTPOJIb
0 W MetogoM TCX). Opranudeckuili pacTBOpUTENb yrnapuBaly,
220a  KOHIICHTPUPOBAIM TPU TMOHUKEHHOM M OCTATOK OYMIIAIH
KOJIOHOUHOM Xpomarorpadueii Ha SiO, (meTposciHbIN
apup/s>Trnanerar, 1:3) ¢ momyuenuem 65 mr (98%) amuma 220a. benbie KpucTamb,
1.1 = 99-101 °C. Rf = 0.3 (nerponeiinsiii >¢pup : srunaunerar = 1 : 3). [a]3? +147.2° (c
0.7, CH,Cl,). UK crextp, cM ' 3275 (O-H, N-H), 2957, 2849, 2401, 1634 (C=0), 1264,
1244, 1011, 834, 739. Cnextp SIMP 'H ((CD;),CO), &, m.zi.: 0.0 ¢ (9H, (CH5)5Si), 1.07
T (3H, CH3CH,, J 7.3 T'), 1.77 xBunT. (1H, C°H, J 2.5 I'm), 2.04 n.o (1H, CH,C=0, J
8.8 1 13.9 '), 2.42 .11 (1H, CH,C=0, J 6.1 u 13.8 '), 2.75-2.82 m (1H, C'H), 2.89-
2.95 M (1H, C*H), 3.13-3.22 M (2H, CH3CH,), 3.52-3.57 m (2H, CH,-0), 3.80-3.86
xomm (1H, OH), 5.46 x.t (1H, C*H, J 2.0 u 5.7 T'w), 5.73 .t (1H, C*H, J 2.5 u 5.8 T'w),
7.02-7.18 xomm (1H, NH). Crextp SIMP *C ((CD5),CO), 8, m.i.: -3.56 ((CH3)sSi),
14.38 (CH4CHy,), 33.66 (CH3CH,), 37.33 (CH,C=0), 38.54 (C'), 41.45 (C°), 51.25 (C?),
61.35 (CH,0), 127.78 (C?), 132.05 (C%), 172.19 (C=0). Macc-crextp (APCI), M/z (lor,
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%): 256 [(M+H™)] (100), 238 [(M-H,0+H")]. Haiineno, %: C, 60.94; H, 9.75; N, 5.22.
C13H,5NO,SI. Beruucneno, %: C, 61.13; H, 9.87; N, 5.48.
2-[(1S,2S,55)-2-{[ (mpem-Bymunroumemuncunun)oxcu] memun}-5-(mpumemun-
cunun)yuxionenm-3-eu-1-un/-N-osmunayemamuo 221a. Ilo meTomuwke, aHATIOTHIHOU
Me3Si,E - nonydenuto coeaunenuii 80b u 81b, u3 50 mr amuma 220a
/ NW nonydaniu 67 mr (93%) sdupa 221la. BecuserHas Bs3Kas
0 xunkoctb. Rf = 0.4 (metponeitnbtit a3¢up : stmnanerar = 3 : 1).
otes 2™ [a]2 +110.1° (¢ 0.75, CH,Cl,). UK criektp, e ' 3290 (N-H),
2955, 2857, 1645 (C=0), 1557, 1248, 1097, 837, 774. Cuextp IMP 'H ((CD3),CO), &,
m.a.: 0.0 ¢ (9H, (CH3)sSi), 0.06 ¢ (6H, (CH3),Si), 0.90 ¢ (9H, (CH3)sC), 1.07 T (3H,
CH3CH,, J 7.2 T'n), 1.76 xeuut. (1H, C°H, J 2.4 I'm), 2.04 1.1 (1H, CH,C=0,J 9.5 u
14.4 T'), 2.32 n.x (1H, CH,C=0, J 5.3 u 13.8 '), 2.78-2.83 m (1H, C'H), 2.85-2.93 m
(1H, C?H), 3.11-3.24 m (2H, CH3CH,), 3.64 1.1 (1H, CH,-0, J 7.3 1 10.0 '), 3.70 1.1
(1H, CH,-0, J 7.0 1 9.9 '), 5.51 a1 (1H, C*H, J 2.0 u 5.7 T'), 5.72 a.t (1H, C*H, J
2.4 u 5.3 I'm), 6.91-7.0 xomm (1H, NH). Criexrp SIMP °C ((CD5),CO), 8, m.i.: -5.16
(CH3SI1), -2.57 ((CHj3)sSi), 15.38 (CH3CH,), 18.81 ((CH3)3C), 26.30 ((CHs)sC), 34.51
(CH4CHs), 38.19 (CH,C=0), 39.08 (C'), 42.36 (C°), 51.70 (C?), 63.83 (CH,0), 128.66
(C%), 132.98 (C%), 172.38 (C=0). Macc-crextp (APCI), M/z (lom, %): 370 [(M+H")]
(100). Haitmeno, %: C, 60.94; H, 9.75; N, 5.22. CygH39NO,Si,. Beraucneno, %: C,
61.73; H, 10.63; N, 3.79.
2-[(1R,2S,3S,4R,5R)-2-{ [ (mpem-Bymunoumemuncunun)oxcu] memun}-4-(mpume-
muncunun)-6-oxcabuyurnof 3. 1.0] eexcan-3-un]-N-smunayemamuo 222a u N-smun-2-

[(1R,4S,5S)-4-2uopokcu-5-(cuoporxcumemun)yuxnonenm-2-en-1-unjayemamuo  223a.

[To mMeroauke, anamoruyHo¥ s monydenus 138a u 139a, u3 50 mr (0.14 mmonb)

M€3SiE: . o coeauHeHust 221a ceipoit smokcupa 222a
— NW 0e3 BbIIeeHUs 00padaThIBaNIA, COTJIACHO
0 © HN~ Mmeronuke nomyuernus 162b, u momyuamu
2220 O1BS 1o, 0m 23 wmr  (89%) amumommona  223a.

BecupeTHas Bsaskas xuakocts. Rf = 0.35 (xmopodom : meranon =5 : 1). [a]3’ -52.0° (c

0.5, CH;OH). UK cnextp, cm ' 3296 (N-H, O-H), 2974, 2931, 1633 (C=0), 1549,
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1442, 1058, 1027, 951. Cnextp SIMP 'H (CD;0OD), &, m.i.: 1.11 T (3H, CH3;CH,, J 7.2
I'm), 1.95-2.01 m (1H, OH), 2.12 a.1 (1H, CH,C=0, J 9.1 u 14.1 I'm), 2.33 kBuHT. (1H,
C°H, J 7.1 T), 2.47 n.x (1H, CH,C=0, J 6.1 u 14.1 '), 2.98-3.05 m (1H, C'H), 3.18
kB (2H, CH3CH,, J 7.3 T'n), 3.72 n.n (1H, CH,0, J 8.0 m 11.0 '), 3.87 n.x (1H, CH,0,
J72u11.0Tm), 4.62 n.n (1H, C*H,J24u62 I'm), 5.88-5.92 M (1H, CZH), 6.01 o.n
(1H, C°H, J 2.5 u 5.7 Tw). Crextp SIMP *C (CD;0D), &, m.1.: 13.37 (CHsCH,), 33.77
(CH4CHy,), 37.67 (CH,C=0), 42.01 (CY), 46.97 (C°), 58.55 (CH,0), 75.17 (C%), 132.41
(C?), 138.25 (C%), 173.68 (C=0). Macc-criekrp (APCI), M/z (lom, %): 182 [(M-OH)]
(100). Hatigeno, %: C, 60.12; H, 8.44; N, 8.35. C1oH;7NOs. Brruucieno, %: C, 60.28;
H, 8.60; N, 8.60.
N-Omun-2-[(1R,5S)-5-(cuopoxcumemun)-4-oxcoyuxronenm-2-en-1-unj ayema-
muo  224a. Tlo wMeTomuke, aHAJIOTHYHOW  TOJTYYCHHUIO
O coemuenus 209b, w3 23 wmr ammwioBoro crupra 223a
nonydasiu 20 mr (85%) uukionenteHoHa 224a. becuBerHas
HN\/ Bsi3kast xkuakocth. Rf = 0.35 (merponelinsiii 3¢up : sTHIanerar
224a OH =1:7).[a]3’-27.0° (c 0.6, CH,Cl,). UK cmektp, cM ': 3300
(N-H, O-H), 2970, 2927, 1711 (C=0), 1643 (C=0), 1556, 1454. Crmextp SIMP 'H
((CD5),CO), &, m.i.: 1.08 T (3H, CH3CH,, J 7.2 T'), 2.12-2.16 m (1H, C°H), 2.37 a.n
(1H, CH,C=0, J 8.8 u 15.0 T'ry), 2.54 1.0 (1H, CH,C=0, J 5.9 u 14.9 I'n), 3.18 KBUHT.
(2H, CH3CH,, J 7.2 T), 3.27-3.33 M (1H, C'H), 3.66-3.71 m (1H, CH,0), 3.72-3.77 m
(1H, CH,0), 4.07-4.12 xomm (1H, OH), 6.08 x.x (1H, C°H, J 2.0 u 5.7 I'n), 7.17-7.35
xoiaM (1H, NH), 7.76 .1 (1H, C*H, J 2.5 u 5.7 I'n). Crrextp SIMP °C ((CD5),CO), 4,
M.1.: 15.13 (CH3CH,), 34.69 (CH3CH,), 40.31 (CH,C=0), 43.15 (C"), 55.32 (C°), 62.36
(CH,0), 133.78 (C%), 168.14 (C?, 171.53 (NHC=0), 209.21 (C%). Macc-crextp
(APCI), m/z (14, %): 180 [(M-OH")] (100). Haiineno, %: C, 60.78; H, 7.61; N, 6.95.
C10H15NO3. Beruucneno, %: C, 60.90; H, 7.67; N, 7.10.

O

Memunoswiii o¢pup 2-[(1S,5R)-5-{/(mpem-oymunoumemuncunun)oxcu] memun}-4-
oxcoyuxnonenm-2-en-1-unjykcycnou xucromer 225b. Ilo MeToauke, aHATOTUYHON JISI
nosydeHus nukionenrenona 209b, u3 0.35 r (1.17 mmoup) criupra 163b nmonyyanu 0.3

r (87%) nuknonentenona 225b. beciiBetHast mpo3paynas Bsizkas xuakocts. Rf = 0.3
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(nerponeiinsiii 5¢up : stunanerar = 3 : 1). [a]° +8.0° (c 0.85,
€O:Me CH,CI,). MK cnextp, cm ' 2954, 2857, 1738 (C=0), 1713 (C=0),
\ 1472, 1257, 1170, 837, 778. Crextp SIMP *H ((CD3),CO), &, M.1.:
O3 P01 ¢ (3H, CHASI), 0.04 ¢ (3H, CHy'Si). 0.82 ¢ (9H, (CH):C).
2.51-2.55 M (IH, C°H), 2.65 x.1 (IH, CH,C=0, J 8.2 u 16.7 T'm), 2.98 n.x (1H,
CH,C=0, J 7.3 u 16.8 T'w), 3.48-3.55 m (1H, C'H), 3.68 ¢ (3H, CH), 3.86 x.x (1H,
CH,0Si1,J2.6 u 10.6 I'r), 3.99 n.n (1H, CH,0Si, J 5.0 u 10.5 I'r), 6.14 1.1 (1H, C°H, J
2.1u5.87Tm),7.76 x.x (1H, C*H, J 2.3 u 5.8 T'p). Crextp SIMP °C ((CD3),CO), 5, m.1.:
-6.43 ((CHj3),Si), 17.80 ((CHs)sC), 25.22 ((CHs)sC), 33.26 (CH,C=0), 40.17 (C"), 49.86
(CH3), 50.95 (C°), 60.62 (CH,0Si), 133.46 (C?), 166.91 (C?), 172.20 (C=0), 207.93
(CY. Macc-criektp, M/Z (lom, %): 299 [(M+H")] (100%). Haiineno, %: C, 60.21; H,
8.59. Cy5H,60,4Si. Brruncneno, %: C, 60.37; H, 8.78.

‘\\\\\\\

::I/////

Memunoswiti  a¢pup  2-[(1S,5R)-5-(cuopoxcumemun)-4-oxcoyuxnonenm-2-en-1-
unfyxcycnou kuciomol 2260 u (4aS,7aR)-1,4,4a,7a-mempazuopoyuxionenmalCJnupan-
3,7-ouon 144b.

Memoo A. Tlo MeToauKe, aHATOTHYHOM MmosydeHuto crimptoB 210b, 0.35 1 (1.17
MMOJIb) eHoHa 225b momyduamu 0.1 r (46%) nukinoneHteHona 226b u 0.08 t (46%)
nakTona 144b.

Coeounenue 226b. becuBerHas mnpo3pauHas Bs3kas >kuakocTb. Rf = 0.3

(netponeitnbii 2¢up : srunanerar = 1 : 1). [a]%® +75.0° (¢ 1.0,

\COZMe CH,CI,). IK cmextp, cM ': 3449 (O-H), 2954, 2853, 1736 (C=0),

"””//\ 1702 (C=0), 1437, 1259, 1172, 1040, 801. Cmextp SIMP 'H

o 22 OM ((CD3),CO), &, m.o.: 2.53-2.60 m (2H, C’H u CH,C=0), 3.0 n.1

(1H, CH,C=0, J 6.8 u 16.7 I'), 3.49-3.55 m (1H, C'H), 3.67 ¢ (3H, CHs), 3.75-3.78 m

(1H, CH,0Si), 3.78-3.84 m (2H, CH,0Si u OH), 6.15 x.a (1H, C*H, J 2.1 u 5.7 I'n),

7.78 nx (1H, C°H, J 2.4 u 5.7 T'u). Crextp SIMP *C ((CD5),CO), J, m.1.: 33.35

(CH,C=0), 40.21 (C"), 50.17 (CHs), 50.93 (C°), 59.40 (CH,0Si), 133.19 (C?), 166.94

(C?), 172.51 (C=0), 208.37 (C*). Macc-criektp, M/z (lom, %): 185 [(M+H")] (100%).
Hatineno, %: C, 58.44; H, 6.35. CgH1,0,. Beruucneno, %: C, 58.69; H, 6.57.

.\\\\\\\
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Coeounenue 144b. Dusuko-XxMMUYECKHE  XAPAKTEPUCTHKH  AHAJOTHYHBI
IPE/ICTaBICHHBIM paHee.

Memoo b. Tlo MeToauKe, aHAJOTUYHOM IOJIYYCHHIO IUKIoneHTeHona 211b, u3
50 mr (0.27 mMMoinb) coemuHeHUst 226D mpu MpoOBENCHHM pEaKUU MPH KOMHATHOU
temriepatype B TedueHuu 30 muH (KoHTpoab meTonoM TCX) momydanu 30 mr (74%)
ounukia 144b.

(1)-(3aR,4S,5R,6aS)-ecexcacudpo-5-euopoxcu-4-(cuopoxcumemun) yukionenma-
[b/dypan-2-on (+)-228.

Memoo A. K pactBopy 0.2 T (0.82 MmMounb) xmopripousBogHoro (+)-232 B 10 mu
MeraHoma mnpubaBmszmu 2 M 40%-soro pactBopa KOH wu
nepeMeluuBai Npu KUMsguyeHuu 8 4 (KOHTpoib meroaoM TCX).
Cmecwr moakucisuin npuOasinenrem 10%-Horo pactopa HCI mo
3HaueHus PH = 2-3, KOHLEHTPUPOBAIN ITPU MOHM>KEHHOM J1aBJICHUU

U DKCTApTUPOBAIM OCTATOK XJOPUCTBHIM MeTuiaeHoM (3x20 mi).

(£)-228 OObeTMHEHHBIE OPTaHUYECKHIE YKCTPAKTHI CYIIMIIA HaJ CyIb(haToM
MarHus, KOHIIEHTPUPOBAJIU TP TOHIKCHHOM JaBJICHUH W OYHIIAIA KOJOHOYHOM
xpomarorpadueii Ha SiO, (xiopodopm : meranoiu, 1:1) ¢ noaydenuem 0.12 r (85%)
naktouanona Kopu (£)-228, uMeOMMUMH WIEHTUYHBIC CIIEKTPATbHBIE XapaKTEPUCTUKU
co craHmapTHsIM 06pasnom. Criekrp SIMP 'H (CD;OD), &, m.a.: 1.89-1.97 m (2H, C*'H
u C'H), 2.28-2.34 M (1H, C'H), 2.52 n.x (1H, CH,C=0, J 2.8 u 18.0 I'rx), 2.73-2.80 m
(1H, C*H), 2.89 x.1 (1H, CH,C=0, J 9.7 u 18.0 I'y), 3.31 ym. ¢ (2H, OH), 3.48 1.1 (1H,
CH»-0,J 6.4 1 11.0 T'), 3.57 a.1 (1H, CH,-0, J 5.7 u 10.9 I'ry), 4.08 k8 (1H, C°H, J 5.2
'), 5.0 T.x (1H, C°H, J 2.2 u 7.0 ).

Memoo b. 1lo Metoauke, aHaJOTHYHON MONy4YeHHUI0 JakToHanona Kopu (+)-228
U3 XJIOPIPOU3BOIHOTO (*+)-232, u3 0.31 r (1.4 MMOJIB) TUXJIOPIPOU3BOIHOTO (*+)-229
nosnyuanu 0.27 r (87%) coenunenus (£)-228.

Memunosulii agpup (£)-2-((1R,2R,3R,5R)-5-x10p-2- (xnopmemu.n)-3-
euopoxcuneHmun)ykcycrou kuciomsl (£)-229. Ilo meToauke, aHAIOTUYHON TTOTYYEHUTO
meTriioBoro a¢upa 70b, u3 1.72 r (10.0 MMoub) paremMudeckoro Jiakrouauoiaa Kopu

(£)-228 monyyanu 2.09 r (87%) nuxmopnpoussoanoro (+)-229. Rf = 0.4 (nerposeiiHbrii
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Cl s¢up : stunanerar = 1 : 3). UK cmextp, cm : 3441 (O-H),
2953, 1732 (C=0), 1456, 1438, 1296, 1197, 1166, 1080, 727.
Crextp SIMP ‘H (CDCl,), &, m.x.: 1.89-1.96 yur.c (1H, OH),
2.01-2.09 M (1H, C*H), 2.11-2.18 M (1H, C°H), 2.23-3.34 M

()-229 (2H, C'H u C*H), 2.58 n.x (1H, CH,C=0, J 7.0 u 16.1 I'n),
2.69 n.n (1H, CH,C=0, J 5.2 u 16.1 T'ry), 3.59 n.n (1H, CH,-Cl, J 7.0 u 11.0 '), 3.71 ¢
(3H, CHs), 3.76 n.x (1H, CH,-Cl, J 4.9 u 11.3 I'ry), 4.22 k8 (1H, C°H, J 8.2 I'nr), 4.28-
435 m (1H, C*H). Cnektp SIMP °C (CDCly), &, m.a.: 35.78 (CH,C=0), 43.89 (C%,
45.94 (CH,-CI), 48.04 (C"), 51.86 (CHs), 54.21 (C?), 60.26 (C°), 73.81 (C%), 172.41
(C=0). Macc-crextp, M/z (loms, %): 239 [(M-H), *CI] (40), 223 (100%), 169 (53).
Haiineno, %: C, 44.59; H, 5.74; Cl, 29.16. CqH4Cl,03. Brruncneno, %: C, 44.83; H,
5.85; Cl, 29.41.

Memunoswiti  o¢pup  (£)-{[1R,2S,3(R,S),5R]-5-x10p-3-memorcu-2-(memoxcu-

memun)yuxionenmun}ykcycnou kuciomol (£)-230. Ilo wmeTonuke, aHAJIOTHYHOMN

MoJTydeHuto MeTmiioBoro s¢upa 70b, u3 1.2 r (3.79 MMoib)

Cl

panemuyeckoro Jaktronauosia Kopu (£)-228 npu kunsyeHuu

\\\\\\\
' COMe 5 redenuu 4 u (koHTpONB MO MmeTony TCX) momydamu 1.5 T
Y y y

MeO OMe (85%) coenuuenus (£)-230 B BHIE CMECH H30MEPOB.
c

(#)-230 XKenroaras  macinooOpasHast kuakoctb. Rf = 04
(meTpoeitnpiii adup : stunanerar = 3 : 1). MK cnektp, cM ' 2953, 1732 (C=0), 1438,
1203, 958, 883, 707. Cnextp SIMP 'H (CDCly), &, m.a.: 2.19-2.44 m (4H, C*H, C°H u
C'H), 2.53 n.x (1H, CH,C=0, J 7.2 u 16.0 I'm), 2.68 .1 (1H, CH,C=0, J 4.8 u 16.1
I'n), 3.59 .1 (1H, CH»-0, J 5.0 u 11.6 '), 3.62 ¢ (3H, CHs), 3.64 ¢ (3H, CH5’), 3.69 ¢
(3H, CH;"), 3.80-3.85 M (1H, CH,-0), 4.15-4.19 m (1H, C°H), 4.89-4.94 M (1H, C*H).
Crextp SIMP °C (CDCly), &, m.x.: 35.35 u 35.39 (CH,C=0), 42.33 u 42.44 (C%), 44.25
u 44.28 (CH,-0), 46.68 u 46.75 (CY), 48.33 u 48.38 (C?), 48.66 (CHs) 51.91 (CHy),
51.95 (CH3) 51.98 (CH5), 59.39 i 59.45 (C°), 74.21 u 74.53 (C®), 171.85 (C=0). Macc-
criektp, M/Z (low, %): 251 [(M+H"), *CI](100), 236 (15), 220 (24), 184 (67). Haiinexo,
%: C, 52.52; H, 7.49; Cl, 13.92. C11H14ClO,. Beraucneno, %: C, 52.70; H, 7.64; ClI,
14.14.



362

Memunosviti  2¢pup  (£)-2-[(S)-5-memunen-4-oxcoyuxionenm-2-enun] ykcycroi
kucromor  (£)-146  u  memunoswvii  a¢up  (¥)-2-[(1S,5R)-5-(xropmemun)-4-
okcoyuxnionenm-2-enun]ayemam (+)-231.

[To Meronuke, aHamOrnyHOM mosryuyeHuto eHoHa 133a oxucnenuem no J[xoHcy,
u3 0.5 r (2.1 MMOJIB) TUXJIOPIIPOU3BOAHOTO (£)-229 mociie 00pabOTKH MOJTyYaau ChIPYIO
4:1-cmech (cormacuo mauubiM SIMP 'H) coemmmenmii (+)-146 u (+)-231, koTopyio
pactBopsuiu B 10 M Oensona, mobGaBmsumm Heckoiabko 0.1 M1 TpudTHIAaMHUHA U
nepememmBamt 8 9 (KoHTpodab MeromoM TCX). OpraHuyeckuil pacTBOPHUTEINb
yIIapyuBaJId NP MOHMKCHHOM JIaBJICHHHM W OYHINAIN KOJOHOYHOH XpomaTtorpaduei Ha
SiO, (merponeinbi 3¢pup : stwmamerat, 7:1) ¢ momyuernmem 0.3 T (89%)

UKJIONIEHTEHOHA (+)-146.

Coeounenue (£)-146. becuBetHas wmacimooOpa3Has sxuiakocte. Rf = 0.4
‘\\\\\\\\Cone (meTporeiinpii >¢up : sturanerar = 7 @ 1). UK crmextp, cm™:

2953, 1734 (C=0), 1707 (C=0), 1437, 1242, 1197, 1170, 844.

0 Crextp SIMP 'H (CDCly), 8, m.i.: 2.50 n.x (1H, CHy, J 8.5 1
(*)-146 16.4 Tw), 2.67 n.1 (1H, CHp, J 6.4 u 16.2 Tu), 3.73 ¢ (CH30),

3.75-3.85 M (1H, C'H), 5.48 ¢ (1H, CH,=C), 6.15 ¢ (1H, CH,=C), 6.41 n.x (1H, C*H, J
12159 'n), 7.71 max (1H, C*H, J 1.1, 2.4 u 6.1 T'). Crextp SIMP *C (CDCLy), 6,
m.1.: 37.61 (CH,), 40.55 (Ch), 51.99 (CH;0), 117.65 (CH,=C), 135.50 (C°), 144.43
(C%), 161.02 (C?), 171.68 (CO,Me), 195.71 (C*. Macc-criektp, M/z (lows, %): 167
[(M+H"](100), 138 (23), 135 (20), 107 (54), 106 (41), 59 (13). Haiizeno, %: C, 64.75;
H, 5.62. CgH;5ClO,. Beruucieno, %: C, 64.93; H, 5.81.
Coedunenue (+)-231 (8 cmecu ¢ (£)-146). Cexrp SIMP 'H (CDCly), 8, m.xi.: 2.40-
Mo e 244 M (2H, CH,C=0), 2.58-2.65 m (1H, C°H), 3.31-3.41 m (1H,
ﬂ ol C'H), 3.65-3.71 m (1H, CH,CI), 3.72 ¢ (CH;0), 3.79-3.84 m
O (1H, CH,CI), 6.41 a.n (1H, C°H, J 2.0 u 5.9 Tw), 7.71 a.x (1H,
C’H, J 2.4 u 5.7 Tw). Crextp SIMP °C (CDCl,), 8, m.x.: 41.51

(CH,C=0), 43.27 (CH.CI), 48.72 (C"), 52.35 (CH;0), 55.65 (C°), 134.08 (C®), 144.36
(C?), 170.23 (CO,Me), 196.45 (C*).

(£)-231
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(1)-(3aR,4R,5R,6a5)-4- (xropmemun)-eexcacudpo-5-eudpoxcuyuxronenma/b] gy-

pan-2-on (£)-232. I[lo MeToMKe, aHATIOTUYHOW MOYYSHHIO JIaKTOH oA (£)-228, npu
KOMHATHOHW TeMmIepaType B TeueHUH 2 4 (KOHTpob MetogoM TCX) u3
9 02T (0.83 Mmomb) coemuuenus (+)-229 momyuamu 0.15 t (94%)
naktoHa (+)-232. UK crextp, cm™: 3423 (O-H), 2953, 2850, 1762
(C=0), 1444, 1359, 1180, 1089, 736. Cnexrp IMP 'H (CDCls), 6,
m..: 1.89-1.96 ymr. ¢ (1H, OH), 2.09 x.x (1H, C°H, J 7.3 u 18.9 I'm),
(£)-232 2.20-2.25 m (1H, C*H), 2.48 .t (1H, C°H, J 6.4 u 15.0 '), 2.60 1
(1H, C°H, J 17.4 T'm), 2.80-2.92 m (2H, C**H u C*H), 3.64 1 (2H, CH,-Cl, J 5.5 T'n),
424 xB (1H, C°H, J 6.1 T'n), 4.97 t.x (1H, C®H, J 2.5 u 6.7 I'u). Crextp SIMP °C
(CDCly), & m.z.: 35.33 (C°), 40.54 (C°), 40.58 (CH,CI), 44.85 (C*?), 55.25 (C*), 74.54
(C?), 83.23 (C), 177.01 (C=0). Macc-criextp, M/Z (lom, %): 191 [(M+H™), *CI] (100),
173 (53), 157 (18), 147 (36). Haiineno, %: C 50.27; H 5.62; Cl 18.43. C.gH;;,CIO;.
Brraucieno, %: C 50.53; H 5.79; Cl 18.68.
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3AK/IIOYEHUE

PackppITel HOBBIE BO3MOXHOCTH TPUMEHEHHUS IHKJIONEHTAANeHA B CHHTE3C
XUpPANbHBIX ~ OMOJIOTMYECKHM  aKTUBHBIX  coeluHeHuid. KiroueBbIM  MOMEHTOM
MPEACTABICHHOTO TMOJX0JIa SIBJISIETCS HOBBIM CMOCOO ONTHYECKOrO pacHIeIICHUs
paleMUYeCKnX aIJIYKTOB TOMOJIOTMU Oulmkio[3.2.0]renT-2-eHa, JerkoJ0CTYIMHBIX
nocie C(5)-pyHKIMOHAIM3AIUMU | [2+2]-IUKIONPUCOCAMHEHUS JUXJIOPKETEHA 10
[lItaynuarepy. Hcnonb3oBaHWE XHPATBHOTO  (-METUJIOCH3WJIaMHHA  TO3BOJISIET
OCYHIIECTBJIATh XpoMarorpauueckoe pas3jesieHHe JIUacTepPEOMEpPHBIX Map B BUJE
OWIMKINYECKUX aMHHAIBHBIX TPOU3BOJHBIX, YTO, B CBOIO OYEpPeab, OTKPBHIBACT
MIEPCTIIEKTUBBI MPAKTHYECCKOTO TMPUMEHEHUS MPEJCTABICHHOW CTPAaTEeTUH JIi CHHTE3a
ONTUYECKH AaKTUBHBIX MPOU3BOAHBIX W JPYrUX IUKIOAIKAHOB (TSATH-, HIECTH U
CEMUWICHHBIX). Takke pa3paboTaHbl CIIOCOOBI CEJIEKTUBHOIO MOITYYEHUS Pa3IUUYHBIX
XUPATBHBIX UKJIOMEHTAHOUIO0B: THIPOKCH-, SIIOKCU-, OKCO-, KApOOKCH-, XJI0pO, OPOMO-
Y TUOTIPOM3BOJIHBIX IMKJIONEHTaHa. [IpakTrueckasi 3HAUUMOCTb JJAHHOTO crioco0a Oblia
MOATBEPIKIACHA PSJIOM YCIICITHO OCYIIECTBICHHBIX TOJHBIX U (POPMAJbHBIX CHHTE30B
OMOJIOTUYECKU aKTUBHBIX COCIMHEHUN U aHAJIOTOB, TAKUX KaK UKJIOCAPKOMUIIUH U €ro
rOMOJIOT, METWJIOBBIN 3(Up capKOMULIMHA A, METWIOBBINA 3(Up AUAC3IMETHIMETHUICHO-
muniuHa A, OpedenbauH A, MpeKIaByJIOH A, aHAJIOTHM CIOWHO3MHA A, a TaKXKe HX
HSHAHTHUOMEpPHI. BriepBhie MPoIeMOHCTPUPOBAHO UCTIOIH30BAHUE Y-JIAKTOHOB TOIMOJIOTHUHU
3-okcabunukio[3.3.0]JokT-6-eH-2-0Ha B TOAXOJAaX K TMPOCTAHOWIAM, B YaCTHOCTH

. 12,14
pa3paboTaH MOJHBIA CHHTE3 METUIIOBOTO 3upa 15-ne30kcu-A""

-IIpocTarjiaHavHa J, u
MOJY4YEH PAO  KPOCC-CONMPSDKEHHBIX  IUKJIONEHTCHOHOB. JlOCTUTHYTBIE B  XOJI€
UCCIICIOBAHUM  pe3ysIbTaThl MPEACTABISIOT COOOW  CYIIECTBEHHBIM 0Oazuc s
JAIIbHENIIIETO PA3BUTHUS MOAXOJOB KO MHOTHUM IPAKTUYECKH BAXKHBIM COCIUHEHHUSM,

MMEIOIIUM B CBOEH CTPYKTYpE LUKIONEHTAHOBBIN (PparMeHrT.
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BbBIBO/1bI

1. [IpenioxkeH M pa3BUT HOBBIM CHOCOO ONTHYECKOTO pacuieryieHus [2+2]-

LIUKJIOAJIyKTOB LHKIONEHTAJUEHA U €ro IMPOU3BOAHBIX C JUXJIOPKETEHOM,
3aKJIIOYAIOIIUICS B HYKJICO(UIBHOM PACKPBITHH 2eM-TUXJIOPLUUKIO0yTaHOHOBOIO
KOJIbLIA XHUPAJIbHBIM G-METUJIOCH3WIAMUHOM C MOCJIEAYIOIIUM THAPOJIU30M U
nojaydeHneM Jierkopasgenumbix Ha SiO, 1umacTepeoMepHBIX — OWITUKIMYECKUX
aMHHaJIeH, KOTOpbIE MOCIE YJAJIeHHUs XUPAJIbHOTO BCIOMOTATENIbHOIO COEIMHEHUS
OPUBOASAT K CHUHTETHYECKHM TNEPCHEKTUBHBIM  OJOKamM i OMOAKTUBHBIX
LIUKJIONEHTAHOUIOB — SHAHTUOMEPHO YHCTBIM Y-JAaKTOHAM  TOIOJIOTMH  3-

okcabunukio[3.3.0]okr-6-eH-2-0Ha.

. PaspaboTanel  permo- W CTEPEOCENCKTUBHBIC  METOABl  CHHTE3a  psja
(GYHKITMOHATM3UPOBAHHBIX ~ TPOW3BOJHBIX  ITUKJIONECHTAHA W  ITUKJIONCHTEHA!
(3aS,6aR)-3,3a,6,6a-terparunpo-1H-nukionenra[C]pypan-1-ona,  (3aR,6R,6aS)-6-
(Tpumertuncunmin)-3,3a,6,6a-trerparuapo-1H-nukino-nenTal c]pypaun-1-ona,
(3aS,4S,6aR)-4-runpokcurekcaruapo-1H-nuknonenral C|dypan-1-ona, (3aS,5R,6aR)-
5-ruapokcurekcaruapo-1H-muknonenra[C|dypan-1-ona, (3aR,4R,5S,6aS)-4-
[(aneTunokcu)meTmi|-1-okcorexkcaruapo-1H-nukno-nenralC|gpypan-5-un-amerara,
(3aS,4S,6aR)-4-(runpoxcumetiin)-3,3a,4,6a-tetparunpo-1H-nuknonenra[ C|pypan-1-
oHa, meTrsioBoro s¢wupa (1R,4S,5R)-4-(6pommeTiT)-5-(XT0pMETHIT ) IIUKIONCHT-2-CH-
1-xapOoHOBOM KHCIIOTBI, (3aS,4S,6aR)-3,3a,4,6a-teTparuapo-1H-
nuKIIoneHTalc|pypan-4-ona, (4aS,7aR)-4,4a,7,7a-terparuapo-1H-
IIUKJIONICHTA[C|upaH-3-0Ha, WX SMHMMEPOB W JHAHTHOMEPOB, KOTOPBIC SIBIISIOTCS
BXHBIMA  MPEIIICCTBCHHHMKAMH B CHHTE3¢  MPAKTUYCCKH  3HAYMMBIX

OUKJIOIICHTAHONJOB.

.HBy‘IeHBI pE€aKmnoOHHasA CIIOCOOHOCTh MOHO- U 6I/I]_II/IKJ'H/IIIGCKI/IX AJTUIICUIIMIIOBBIX
OUKJIOIICHTCHOB B  CCJIICKTHBHBIX PCAKIMAX  ISIIOKCHUIAHNPOBAHUI, HpI/IHCEl "
BHYTPUMOJICKYJIIPHOTI'O  HTHUKJIOIIPOIIAaHUPOBAHUS. HonyquH OUKJIOIICHTAHOBBIC

IMPOU3BOAHBIC, cogepiKamue THUAPOKCHUMCTUIIBHBIC  3aMCCTUTCIIN, AJIJINJIBHBIC
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CIOUPTOBBIE (H)parMeHThl, a TaKXKe LUKIOMPONAaHOBblE M (PypaHOBbIE KOJbIA B

COWICHECHUH.
. BiepBble 00HApYKEH U U3YYEH Psii HOBBIX NEPEX0I0B U MPEBPALLECHUN:

a) mpu peaknuu Ilpunca (3aR,6aS)-3-ruapokcu-2-[(1R)-bennnatuinl-3,3a,6,6a-
TeTparuaponukioneHTal Cmuppon-1(2H)-ona, (1S,2R)-2-(ruapokxcumetiin)-N-[(1R)-
1-beHmmTII |- IIUKIIONIeHT-3-eH-1-KapOokcaMuaa U JAPYTHX CXOJHBIX CTPYKTYp C
(bopMalTbACTHIOM NP KaTaIM3¢ MUHEPATBHON KHCIOTOW ONMUCAHBI MPUMEPBI aHMU-
Sg2 -3aMelleHus] CHIaHOBOM TPYIIbI U BHYTPUMOJCKYISPHON HMUKIU3AIMH Yepe3

OKCOKap6CHHeBI>I€ HHTCPMCINATDBI,

0) cmoco®d KOHTPOJIMPYEMOrO0 THAPOKCUMETWIBHOW TPYNIIONH  CTepeo- |
peruocnenupuaHOro ruapodopupoBanusi-okucienus 2-(ruapoxkcumeTii)-N-[(1R)-1-

(beHMIATII |-IIUKIIONIeHT-3-eH-1-KapOoKcaMu10B;

B) IIPOMOTHUPYEMOE 1,8-nuazabunukio[5.4.0]yuaen-7-eHom cTepeo- 151
peruocnenuduuHoe okucieHue kuciopogom Boszayxa (1R,4R,5S5)-5-({[mpem-
OYTHUIIAMMETHIICUITUI |OKCH } METHI )-4-(TPUMETUIICHITIT ) IUKJIOTIEHT-2-eH-1-

KapOalnbJerua, IpoTeKarolee no «kapOaHUOH-CHOJATHOMY» MEXaHU3MY,

I) HOBBIE BapHaHTBl PErHo- U CTEPEOCETEKTUBHOTO BHYTPUMOJEKYJISIPHOTO
LUKJIONPONIAaHUPOBAHMS c o0pa3zoBaHHEM COCTMHEHU I TONOJIOTUH!
ournkio[3.1.0Jrekc-2-eHa, B TOM YHCIE TIO «IYMI-MyJUI»-THIAa MEXaHU3MaM B
UAYLUUPOBAHHBIX (PTOPUI-aHUOHOM pEAKIUAX aJUTMICHIAHOB, COAEpXkalluX B )-
ITOJIO’KEHUH JBOMHYIO CBSI3b, aKTUBUPOBAHHYIO AJIEKTPOHOAKLENITOPHOM T'PYIIION, U
Sn2’-3aMelieHns aJUTIIBHOM CHUPTOBOWM TPYIIBI €HOJSATOM CIOXKHOTO 3¢upa mnpu

JICUCTBUM Te€KCaMETWIINCcana3uaa HaTpus,

1) peakuil mpumep 1,5-MuUrpanu CUIUILHON TPYNIbl OT IEPBUYHOTO K BTOPUUHOMY
ruapokcmity B TpuzamenieHHbiX all-cis-4R-5-CH,OTBS-muknonent-2-eH-1-oHax B

OCHOBHBIX CpCaax;
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¢) HEOOBIYHBINH MPUMEP HOMJAKTOHH3AIUU C O0pa30BaHUEM ODIOKCHIA B PEaKIUU
(3aS,4S,6aR)-4-(runpoxcumetii)-3,3a,4,6a-terparuapo-1H-muknonenra c]pypan-1-

ona ¢ ICl B cpezie anleToHUTPUII-BOA;

) HETPUBUAIbHBIA BapUaHT OKUCIICHHS Mema-XJIOpHaJAOEH30MHONW KHUCIOTOW Ha
npuMepe [(IR,4R,5S)-2-({[TpeT-OyTun(AMMETHUIICUITNI ) JOKCH | -METHI )-4-
TPUMETUIICHIINI ) IUKJIONIEHT-2-eH-1-1i |MeTanona, NpuBOASIIUNA K MPOAYKTY PETHO-
u crepeocnenmuunon  1,2-murparmuu MegSi-rpynmnbel M COMOBOXKTAIOLITHIACS

OJTHOBPEMEHHBIM «BCTpPavBaHHEM» OCH30aTHOM TPYIIIIHL.

. HPGIIJIO)KGHLI HOBBIC ITOJIHBIC U q)OpMaJIBHI)Ie CHUHTC3bI psAda BaXXKHBIX OMOJIOrNYEeCKH
AKTHUBHBIX COGHHHCHHﬁ, B TOM YHCIIC, AHTUOMOTHKOB: CapKOMHUIIMHA A, OUKJIO- U
TrOMOIIUKIIOCAPKOMHIINHA A, AUIC3IMCTHNIIMCTHIICHOMUIIHA A, 6pe(1)€J'IBI[I/IHa A, a

TAKIKC IIPCKIIaBYJIOHA A, AaHaJIOT'OB CIITMHO3MHAa A, HN30- 1 HGﬁpOHpOCTaHOB.

. [IpennoxxeHsl BapuaHThl CHHTETUYECKOTO MPUMEHEHHS )-JaKTOHOB TOIIOJIOTHUU 3-

okcabuinkio[3.3.0Jokr-6-eH-2-0Ha B 0AX0/JaX K XUPAIbHBIM HUKIOICHTAHOUIAM, B

YaCTHOCTH K KPOCC-COTPSDKEHHBIM IHUKJIONMEeHTeHOHaM. [lomydeHneM MeETHIIOBOTO
12,14 .

adupa 15-ne30kcu-A""""-npocTariiaganHa J, MPOJIEeMOHCTPUPOBAH TEPBBIM IPHUMED

HCIIOJIB30BaHUA COCI[I/IHCHI/Iﬁ JaHHOI'O CTPOCHUS B ITIOJTHOM CHHTE3C IIPOCTAHONIOB.

. BiepBble mpensiokeHbl CHoCOOBbl TMOJYYeHUS M HM3YyYEHBI CBOMCTBA psjia HOBBIX
KPOCC-COMPSIAKECHHBIX I[MKIOMEHTEHOHOB OT MPOCTEHIINX 9K30-METUIUICHOBBIX

HpeHCTaBHTCHGﬁ n ux 6I/ILII/IKJ'II/I‘-IGCKI/IX AHAJIOT'OB 10 HATUBHBIX IPOCTAIrIaHAUHOB.

a) MPOJEMOHCTPUPOBAH BapHUAHT OBICTPOTrO M 3PPEKTUBHOTIO TPAHCPOPMUPOBAHUS
KJIIOYEBOI0 B CHHTE3€ MpOoCTarjaHauHOB jakTonanosna Kopu B mertmn 2-[(S)-5-
METUIICH-4-0KCOIMKIIONICHT-2-CHUIT |alleTaT, ero parleMaT W WX CyJIbQUabl |
CyJIb(OHBI, MPOACMOHCTPUPOBABIINX BBICOKYIO IIMTOTOKCHMYHOCTH 1O OTHOIICHHUIO

JUHUN pakoBbIX KieTok Ab49, MCF-7 u SH-SY5Y,

0) ma ocuoBe (3aR,6R,6aS)-6-(Tpumernncunnn)-3,3a,6,6a-terparuapo-1H-uukio-
nenta[c|pypan-l-ona pazpaborana oOmias CTpaTrerusi TOCTPOEHUS  Kpocc-

COMPSDKEHHBIX ~ CHUCTEM,  3aK/IoYaromascs B MO3TANHOM  TpaHcpopMauuu
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IMUKJIOIICHTAHOBLIX AJIJIMJICUJIAHOB YCPC3 aJ'IJ'II/IJ'IOBOCHI/IpTOBIJﬁ J0 C€HOHOBOIO H

w 13 L2d M.
utoroBort C -meruaparaiunu, 3apepiiaronieil GopMupoBaHue IEMH CONPSHKEHUH;

B) IIPOBEICHBI UCCIICIOBAHUS IIMTOTOKCUYECKUX CBOMCTB BIIEPBBIE CHHTE3UPOBAHHBIX
(4aS,7aR)-1,4,4a,7a-TeTparuiponuKIONCeHTa[ C[iupaH-3,7-TMOHA ¥ METHUJIOBOTO
sadupa (S,2)-7-(5-metnneH-4-0KCOUUKIONEHT-2-eH- 1-1I)renT-5-eHoBOi KHCIOThI B
OTHOIIIEHUHU JTUHUN pakoBbix KieTok A549, MCF-7, SH-SY5Y u HepG2, kotopsie
MOJITBEPKIAIOT TIEPCIIEKTUBHOCTh MOUCKA HOBBIX CHHTETHYECKH 0OJiee TOCTYITHBIX

AHAJIOIOB KPOCC-COIIPSAKCHHBIX [IUKJIOIICHTCHOHOB.
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CIIACOK COKPAIIIEHUI

IByMepHas ciekrpockonus AMP
a300MCU300yTUPOHUTPHUI

kucnora bpéncrena
1-GyTrin-3-MeTUIMMHUIa30IMHU N
mpem-0yTOKCUKapOOHMIT
KOppEJSILIMOHHAs cieKTpockonus AMP
KaMm@popcyibPOKUCIOTa
3,4-murunponupan

TUU300y THITATIOMUHANA THIPHT
JTUW30MPONUIITUIIAMUH
JTUMETWITUOKCUPaH

4- TUMETUIIAMUHOTIUPUINH
JNacTePEOMEPHOE COOTHOILICHHE
SHAHTUOMEPHBIN U30BITOK

peakuus XopHepa-Burtura-OBaHca
U30IPOCTaHbI

kuciota JIsronca

xpomaTorpadusi HU3KOTO JaBJICHUS
Mema-XJIOpHa0CH30MHas KUCIIOTa
METOKCUMETHJI

(3aR,5R,7aR)-criupo[3,3a,4,6,7,7a-rekcaruapo-1-6en3zodypan-5,4’-

OKceTaH|-2,2’-THOoH

METUJICYIb()OHUIT
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recaMeTHIIIMUCUIIA3H]T HATPHS
N-O6pomarieTamu/1

snepHbIi pakTop xanna-b

N-OpOMCYKITMHUMHU

cnekrpockonust AMP saepuoro r¢ddexra OBepxaysepa
MAPUIMHANXIIOPXPOMAT

MPOCTAarjIaHIMHbBI

napa-MeTOKCUOCH30MIT

Y-pEIenTOp aKTUBUPYIOMINN MTPoS(epaIiiio mepoKCHCoOM
napa-nmapuauHUNRTONYO0NICYIb(poHAT
napa-ToyoJicynb(pOKUCIOTA

peaKIus METaTe3MCHOTO ITUKII03aMbIKaHUS
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