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ACIHIEKTbBI IPUJIOXEHMUS (3aR,6R,6aS)-6-(TPUMETUJICHJINI)-3,33,6,6a-
TETPAI'NAPO-1H-IUKJIOIIEHTA[c|®YPAH-1-OHA
B IOAXOJAX K BUOAKTUBHBIM INUKJIOINIEHTAHOUJIAM

© A.M. I'mmazernuHoB, A.3. ArbmyxameroB, M.C. Mu¢raxon

[Ipencrasiensl Hanbojee 3HAYMMBIC W WHTEPECHBIC PE3yIbTAThl UCCICIOBAHUI MO PA3BUTUIO CHHTCTHYC-
CKOTO TIOTEHITMAJa ONTHYECKH YHUCTOTO YHAHTHOMEPHOTO OWITMKIMYECKOTO Y-TaKTOHA, MOJTYYEHHOTO paHee IO
OPUTHHAIBHON METOIOJIOTHH ONTUYECKOTO PACHICIUICHHS W3 TPUMETINICHIIIIIHNKIONCHTaAneHa. biaarogaps Ha-
JMYUIO B CTPYKTYPE AJUTHINUKIONCHTAHOBOTO (hparMeHTa, OH SBJISICTCS MEPCICKTUBHBIM KaHIUIATOM JUIS pa3pa-
OOTKM Ha €r0 OCHOBE CHHTE30B MHOTHX MPAKTUYECKU 3HAYUMBIX OHMOAKTHBHBIX ITUKJIOMICHTAHOUIOB.

OnHCHIBAIOTCST pPa3UYHBIE BapUAHTH (DYHKIMOHAIM3ANUN aJUTMIICHIAHOBOIO ()parMeHTa W JIAKTOHHOTO
IIUKJIA U TPUBOJUTCS PSJl MOAXO0J0B K CHHTE3aM [UKJIONCHTCHOHOBBIX aHTHOMOTHKOB, IIPOCTArNIAHINHOB, KapOa-
HYKJICO3UJIOB U APYTHX (HhapMaKOIOTHYCCKU BAKHBIX COCITUHEHUI M MX aHAJOroB. PaccMarpuBaeMble Cliydan Ka-
CaroTCsl U3yUYCHUS aCIeKTOB JITOKCHIANPOBAHMS U peakuun [IprHca ABOIMHOM CBS3H, a TAK)KE BOCCTAHOBUTEIHHBIX
U KUCJIOTHBIX PACIIEIUICHUH JTAKTOHHOTO UKIa. Hamuaue B CTPYKType TPUMETHIICHIHIBHON TPYIIIBI OKa3bIBaCT
HE TOJIBKO OMPENEIISIONIee BIUSIHUAE HA CTEPEO- U PETUOCEICKTUBHOCTh U3YUCHHBIX MPEBPALICHUH, KACAIOIIUXCS
KpaTHOW CBsI3M, HO MOPOH NPUBOIWT K COBEPIICHHO HEOXMIAHHBIM PE3ylbTaTaM BHYTPUMOJIEKYISIPHBIX Iepe-
rpynnupoBoK. Tak, oOHapykeHa peaknus BHYTPHMOICKYIISIPHOTO MUKIONPOIIaHNPOBAHISL, HHAYIHpyeMast (ro-
pPHUI-aHUOHOM, a TaKKE HEOOBIYHBIA MPOMYKT SMOKCUIAMPOBAHMS AJUTUICHIAHOBOTO (parMeHTa M-XJIop-
Haa0eH30MHOM kuciaoTor. KirtoueBo cTajuel B MepBOW M3 HUX SBISACTCS CTEPEO- U PETHOCENIEKTHBHAS BHYTPH-
MOJICKYIISIpHAST [HUKIIM3aNUs aJUTMICHIAHOB 3JIEKTPOHHOAC(UIINTHRIM HEHACHIIICHHBIM Y-yTIIEPOJHBIM aTOMOM,
MPOTEKAIOIIAS 10 COTJIACOBAHHOMY «ITyII-y/uibHOMY» («push-pull») mexanusmy. Bo BTOpoM ciydae mposiBIsieT-
Csl CTaOWIM3UPYIOMIMK KapOoKaTHoH (TONydaromuiics B Xone (parMEeHTAlUM MPOIYKTa SMOKCHIUPOBAHIS)
B-a3ddexT cunana, moce 4ero Takke 1Mo «IyI-MyJIIbHOMY» MEXaHHU3MY TTPOUCXOUT 3aXBaT CBOOOTHON KHUCIOTHI
U MHUTpaIys TPUMETIWICHIMIBHON rpynmsl. UTo KacaeTcs N3ydeHUs] BApHAHTOB PACKPBITHS JIAKTOHHOTO (hparMeH-
Ta, TO MOJYYCHHBIC ITPU 3TOM PE3YJIbTAaThl, €CJIN U HE IPOTUBOPEHAT OKHUAAHUAM, TO TAKIKE 3aC1y>KUBAOT BHUMA-
HUs. Tak, BOCCTAaHOBUTENBPHOE PACIICIUICHHE Y-TAKTOHHOTO YYACTKa AIFOMOTHIPHUIOM JIUTHS MPUBOIUT K BHUIIH-
HAJIBHBIM YUC-OPHUCHTHPOBAHHBIM THAPOKCUMETIIIBHBIM TpyNIaM (MOSIBJICHHUE €Ile OJHOW TaKOH K€ TIpPYIIIBI
IPOMCXOAUT B Xone peakiuu [Ipunca ammwicunana). X mpocTpaHCTBEHHAs! COMMXEHHOCTh B PSAJC BAPHAHTOB
JanpHEeHTIeH (GyHKIIMOHATM3alui OKa3bIBaIa HEXKENATeIbHOE BIMSIHAE Ha UTOT XUMUYECKUX TPEBpaIICHIH, TIPH-
BOJIS K JIAKTOJIaM | (pypaHaM WIH MUTPAIHSM 3aIIATHBIX TPYIIIL.

KiroueBbie cioBa: OMIIUKINYECKUE Y-TAKTOHBI, aJUTMICHIAHBI, aCUMMETPHUUYCCKUN CHHTE3, OHOAKTHBHBIC
IIUKJIOTICHTaHOUABI, peakiust [Ipumca, smokcuaupoBanue, UKIONPOIaHUPOBAHHE, ITYII-TTYIUTBHBI) MEXaHH3M.

BBenenue. DHaHTHOMEpPHBIC aJUIMIICHIIA-
HOBBIE OWMIMKIWYECKUE Y-TAKTOHB 1 W 2 sABNA-
I0TCSI TEePCIEKTUBHBIMU  MPEIIICCTBEHHUKAMHU
pa3u4yHbIX OMOAKTHBHBIX ITUKJIONICHTAHOUOB,
HampuMep, aHTHOMOTHUKA METHUICHOMMIIMHA A,
MPOTUBOPAKOBOI'O MpOCTariaHauHa 15-1e30kcu-
AP, MPOTUBOBUPYCHOTO KapOaHYKJIe03H1a
sHTeKkaBupa M Jp. CHHTE3 3THX COCAUHCHUU

BIEPBBIC OBLT OMKCAH HaMH paHee [1] u cocTosn
U3 OpPUTMHAJIBbHON ceMUCTaAUWHON MoclienoBa-
TEeIbHOCTH, BKJIFOYAIOIIEH [2+2]-uukino-
MPUCOCANHEHUE C JUXJIOPKETEHOM U TIOCIe-
oyiomee HyKIeo(GHIBHOE pacKpbITHE  2eM-
JIAXJIOPIMKIO0YTAHOHOBOT'O KOJIbIIAa XUPATbHBIM
BCIOMOTaTENIbHBIM areHToM (+)-o-meTum-
O6ensminaMuaOM (puc. 1).
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Puc. 3. Peakuuu snoKCHIMPOBAHNS AJLTHIICHIIAHOB 5 1 6

CreneHp (QyHKIMOHATU3AUWN LUKIONEHTAaHO-
BOTO OCTOBAa M XapakTep 3aMECTUTEJICH MOJy4YeH-
HBIX COeIMHEHHH 1 1 2 MO3BOJISIOT paccMaTpUBATh
WX B KauecTBE YHUBEPCAJIbHBIX IMpPEIIIeCTBEHHU-
KOB Pa3JIMYHBIX OMOAKTHBHBIX LIUKJIONEHTAHOUIOB.
OnHako AJisl PacKpBITUSL ATOTO MOTEHIHANa Heoo-
XOAMMBI TpaHCHOPMAIUH ATTHIICHIIAHOBOTO (par-
MEHTa M JIaKTOHHOTO IuKia. YTo Kacaercsi IBOH-
HOM CBSI3H, TO HAIlIM UCCIICOBAHUS 3aKJIIOYAIINCh B
n3ydyeHuu peakuuid IIpuHCa M AMOKCUAMPOBAHUSA,
JUTSL pacKpBITUS JJAKTOHHOTO KOJIBIIA MBI HCIOJIB30-
BaJIM KUCIIOTHOE M BOCCTAaHOBHUTEIBHOE pacHIeIie-
Hus. Jlanee OyayT oOCyx/IeHbl Hauboliee BaKHBIC
W WHTEpECHble pPEe3yJbTaThl, MOJIYYCHHbIE MPH
OCYIIECTBICHUH JAHHBIX NPEBPALEHUN C COeau-
HeHueM 1, BKirouas ux KOMOMHALIMY.

PesyabTarel M ux obcy:xaenme. Peaxyus
Ilpunca. Jta TpanchopManust moJ JeHCTBUEM

15

(hopManpierua B MypaBbHHON KUCIIOTE TIPU KaTa-
JU3e CEpPHOM KHCIOTOW TpoTeKana Kak Sg2’-
3aMENICHUE CO CTEPUUECKHM KOHTPOJIEM CO CTOPO-
HBl CWJIAHOBOW T'PYIIIBI, IPUBOJS K 0Opa30BAHHIO
all-cis-mpoxyxra 3 (puc. 2). B xome maiapHeHnmx
MIPEBPAIICHHM, BKIIOYAIONMINX KUCIOTHOE pacIler-
JICHUE IMKJa, ObUI CHHTE3UPOBAH P IEPCICK-
THBHBIX ITUKJIOIIEHTCHOBBIX OJIOKOB [2].

Peakyusa snokcuoupoeanusi. Peaxkiym >mOK-
CHIVPOBAHMS AJLTWICHIAHOB TPOTEKAIOT C yMe-
PEHHOH CTEpPEOCENEKTUBHOCTHIO U MPUBOIAT K 00-
Pa30BaHUIO HECTAOMIIBHBIX AMOKCHUJIOB, KOTOPHIC B
xone (parmenTanuu 1o Ilerepcony Tpanchopmu-
PYIOTCSI B aJLTWIIbHBIE CIIUPTHL. OMHAKO B cliydae
B3aMMOJICHCTBUS OUIMKIMYECKOTO ayuTHiicHiaHa 1
¢ m-xnopHaa0en3oitHoi kucioroii (MCPBA) pe-
aKIus MpoTeKajga crepeocnenuduuHo ¢ odpas3ona-
nuem all-cis-mpousBoanoro 5 (puc. 3) [1]. Ipu
SMOKCUIUPOBAHUA MOHOLMKINYECKOTO MPOU3BOJ-



XUMUA

HOro 6, MPOJyKTa BOCCTAHOBUTEIHHOTO paCIIeT-
JeHus, QparMeHTanus MpoTeKalla 10  «IyII-
NYJUIBHOMY» MEXaHu3My ¢ oOpa3oBaHHEeM KapOo-
KaTHOHA, CTAOMIIU3UPOBAHHOIO CHIIMIBHON TpyIi-
moit (B-ahdexr), mocmemyrommM 3aXBaTOM CBO-
0O/THOM KHCJIOTBI, MUTPALIEH CHJIaHA C MTOTOBBIM
noxydyeHueM mnobouyHoro mpoxaykra 9. Mcmonb3o-
BaHHME JPYTUX PEarcHTOB ISl SMOKCHIUPOBAHUS
(mumetnnmuokcupan  (DMDO), ruagponepexuch
mpem-0yTHiia) MPUBOJIUIO K 0OpPa30BAHHMIO CMECH
9HO0/9K30-3TIOKCHIOB 7 1 8 ¢ MPEUMYIIIECTBCHHBIM
coJepKaHueM 9HO0-U30MePOB [3, 4].

Peaxyus xucrommnozo pacwennenus n1akmon-
Ho2o yukaa. IIpu OCyIeCTBICHUH NaHHOTO IIpe-
BpalllecHUsl JCUCTBHEM METaHOJIBHOTO pacTBOpa
HCl peakuusi compoBoxiajiach HYKJICOPHIbHBIM
3aMCIICHUEM U MpUBOAWJIA K OXHIAECMBIM XJIOp-
npousBoaHbM, Kak 10. Ommako B cimydae yuc-
THJIPOKCUMETHIIEHOTO MpoaykTa mo [Ipuncy 3 co-
MPOBOXK/IAJIACh CIIOHTAHHOW (pypaHHM3alMend ¢ 00-
pazoBanuem 4 (puc. 2) [2]. IIpu coyetanuu 1aHHO-
ro pacuielieHUus] € JABYMS TOCJICAOBATCIbHBIMU
peakuusaMu smokcuaupoBanus u3 10 ocymiecTsieH
CHHTE3 METHJIOBOTO 3(pHpa IHIe3METHIMETHICHO-
murHa A 11 (puc. 4) [5].

Peaxyus 6occmanosumenvnozo pacwenienus.
BoccTaHoBIeHHE JTaKTOHHOTO LUKIA B 1 JeiicTBH-
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€M aITIOMOTHIPHJIA JTUTHS 0KUIAAEMO TIPUBOJIAIIO K
oy 12, by rUIpOKCUMETHIIBHBIC TPYIIEI B BU-
JIe MOHO-TPET-OyTHITUMETUICHITHIOBEIX 3(PHUPOB
(TBS) 6 u 13 6putn ycneniHo audQepeHImpoBaHbI
KOJIOHOYHOM XpomaTtorpadueit Ha cuiaukarene [6].
IMonmydyeHHbIe pe3yNbTaThl TO3BOJMIA OCYIIECT-
BUTh BBIXOJ K MPEIIICCTBEHHHUKY IMKIOMEHTEHO-
HOBBIX IpocTarianauHoB 14 (puc. 5). Kpome toro,
HamMu Obl1a OOHAPY)KCHA MHTEPECHAsT peaKus CTe-
PEo- ¥ PErHOCEICKTUBHOTO BHYTPUMOJIEKYISIPHOTO
MUKJIONPOIIAHUPOBAHUS AJUTUIICUIIAHOB DJIEKTPOH-
HOJIE(UIIUTHBIM HEHACBIIICHHBIM  Y-YTJIEPOJIHBIM
aTOMOM, MPOTEKAIOIIas 110 COrIACOBAHHOMY «ITYIII-
MY/UTEHOMY» MEXaHH3MY, MPOJCMOHCTPUPOBAHHAS
Ha npuMepe noxydeHus 16 u3 15.

3aximouenue. Takum oOpa3oM, B JaHHOU pa-
00Te TpenCTaBICHBI Pe3yNbTaThl, IEMOHCTPHPYIO-
[IMe BBICOKHI MOTeHNIHan coenuHeHUs 1 s wc-
MOJIb30BaHUsl ero B pa3paboTKe CHHTE30B pa3iiny-
HBIX OMOaKTUBHBIX IIUKIIOTICHTAHOHOB.

Paboma evinonnena no zocyoapcmeenromy
saoanuio Ne AAAA-A17-117011910032-4 u npu
yacmuunot  @uHarcosoli noddepixicke PODH
(epanm Ne 17-43-020326-I1osoncve-Pecnybnuxa
Bawxopmocman,).
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ASPECTS OF THE USE OF (3aR, 6R, 6aS)-6-(TRIMETHYLSILYL)-3,3a,6,6a-
TETRAHYDRO-1H-CYCLOPENT [c] FURAN-1-ONE
IN APPROACHES TO BIOACTIVE CYCLOPENTANOIDS

© A.M. Gimazetdinov, A.Z. Almukhametov, M.S. Miftakhov

Ufa Institute of Chemistry — Subdivision of the Ufa Federal Research Centre
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The paper presents the most significant and interesting results of research on the development of the synthet-
ic potential of the optically pure enantiomeric bicyclic y-lactone, obtained earlier using the original optical resolu-
tion methodology from trimethylsilylcyclopentadiene. Due to the presence in the structure of the
allylcyclopentane fragment, it is a promising candidate for the development on the basis of the synthesis of many
practically significant bioactive cyclopentanoids.

The article describes various options for the functionalization of the allylsilane fragment and the lactone cycle and
provides a number of approaches to the synthesis of cyclopentenone antibiotics, prostaglandins, carbanucleosides and
other pharmacologically important compounds and their analogues. The considered cases concern the study of aspects
of the epoxidation and the Prins reaction of double bond, as well as the reduction and acid cleavage of the lactone cycle.
The presence in the structure of the trimethylsilyl group not only has a decisive influence on the stereo and
regioselectivity of the studied transformations concerning the multiple bond, but sometimes leads to completely unex-
pected results of intramolecular rearrangements. The latter can include the detected reaction of intramolecular
cyclopropanation induced by fluoride anion, as well as an unusual by-product of epoxidation of the allyl silane fragment
with m-chloroperbenzoic acid. These results are a consequence of the influence of the silyl group and proceed according
to agreed «push-pull» mechanisms. With regard to the study of options for the disclosure of lactone fragment, the re-
sults obtained with this, if they do not contradict expectations, also deserve attention. Thus, the reductive cleavage of the
v-lactone region by lithium aluminum hydride leads to vicinal cis-oriented hydroxymethyl groups. The spatial proximi-
ty of the latter in a number of options for further functionalization had an undesirable effect on the outcome of chemical
transformations, leading to lactols and furans, or migrations of protective groups.

Key words: bicyclic y-lactones, allylsilanes, asymmetric synthesis, bioactive cyclopentanoids, Prince's reac-
tion, epoxidation, cyclopropanation, "push-pull” mechanism.
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