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AJAYKT JNJIbCA-AJIBAEPA JJEBOIVIIOKO3EHOHA C U30IIPEHOM U ITPOAYKT
HEPEI'PYHIIMPOBKH EI'O IBOUHOU CBA3HU B IOAXOJAX K UPUIONJTAM

© 10.A. Xaaunosa, JI.X. @aiizy1iuna, @.A. Baieen

Hcnonp3oBaHue JEBOTTIOKO3EHOHA B TOHKOM OPTaHHYECKOM CHHTE3¢ OCHOBAHO HA €r0 BBICOKOW PEaKIIMOHHON
AKTUBHOCTH, COYETAIOMICHCS ¢ HAISKHOM CTEPEOKOHTPOIUPYIOIIEH CIIOCOOHOCTBIO B PA3NIMYHBIX IPEBPAIICHUSIX.
[Tomyuaemsbie B onHy craguio aaaykTsl [{unbca-Anbaepa JeBOMIIOKO3eHOHA U 1,3-THEHOB, conepskaliue B CBOEH
CTPYKTYpe (HparMeHThl UKIOTEKCEHA U YTIICBOTHOTO OCTATKA, SIBJLIFOTCSI IPUBIICKATEIBHBIMU 00BEKTAMU ISl UC-
CIIEIOBaHMST BO3MOXKHOCTH MX HMCIOJIF30BaHHS B CHHTE3¢ ITUKIONCHTAHOUIOB, B YACTHOCTH COSIUHECHUN UPUIOHI-
HO Tomonioruy. Panee B Haieil tabopaTopuu ObUTH pa3pabOTaHbl CITOCOOBI COKpPAIICHHS TUKIOTEKCEHOBOTO KOJIb-
I[a B [IUKJIONICHTAHOBEIH B aykTax Jmibca-AJbepa JCBOMIIOKO3eHOHA ¢ 1,3-0yTaqueHoM, MUIEePUIICHOM, ITHKIIO-
MEHTaIMeHOM. B TpojiomkeHre HCCneI0BaHui M0 CHHTE3Y UPUIOHIOB HAMH U3y4eHa BO3MOXKHOCTh HCIIONh30Ba-
HUSI B KQUECTBE MCXOMHBIX CyOCTpaToB aamykra Jmmsca-AJbaepa JICBOTIIIOKO3CHOHA C M30IPEHOM U MPOIYKTa Iie-
PETPYIIHIPOBKH €ro ABOWHOHM CBs3M. B oTimume OT mpempImymuX IOIXOIOB, B KOTOPBIX KETOTPYIITY aUTyKTOB
Junbca-Anbaepa JeBOTIIOKO3eHOHA U 1,3-THEHOB UCIONB30BalIM B BHJE JWOKCOJIAHOB, B 9TOH pabOTe OIMMCAHBI
BO3MOKHOCTH TPSIMOTO O30HOJMTHYECKOTO PACIICIUICHUSI ABOMHON CBSI3M C LENBI0 COKPAIICHUS CHHTETHUYCCKON
TIOCJIETOBATETHHOCTHA CXEMBI M HETOCPEACTBEHHOTO MCIIONB30BAHMS KETOTPYIIIEI B PEAKIIMU aTbI0IFHON KOHICH-
canuu. Tak, U3 TEPMUYECKOTO a/yKTa B pe3yJbTaTe MOCIeI0BATEIbHBIX CTaIUi: 030HOMM3a, OKHCIeHUS 0 J[KOoH-
Cy, STepUHKAMKA M BHYTPUMOJCKYIIPHOH albIONFHOM KOHICHCALMHM CHHTE3WPOBAaH LHKIONICHTAHOH, YUC-
COUWICHEHHBIH C MHUPAHOM. B 3THX yCHOBHAX KaTaTUTHUYECKUU aanykT Jlumsca-Anbaepa JIEBOTIIOKO3€HOHA U M30-
MpeHa IPUBOAWII K TPYAHOUACHTUPUITPYEMBIM POJIYKTaM peakliuu. B mpomomkeHne uecaeJOBaHi HaMy U3yde-
Ha TepPerpyINUPOBKA TBOWHOM CBS3U B KATATUTUYECKOM aIUTYKTE, M3 KOTOPOTO O30HOJM30M JBOWHON CBSI3M C TIO-
CIIEIYIOIINMH CTAANSIMH OKHCIICHUS U STePUPHUKAIIA TOTYIIH IUKETOI(OUP, IMEIONHI pOJCTBEHHOE HPHIOUIAM
crpoerue. [1ombITKa MONyYeHHs [TUKIONCHTAHOBOTO POU3BOIHOTO U3 TUKETOd(Hpa Mo peaknuu Mak-Myppu aei-
creueM TiCls-Zn/Cu okazanock Ge3ycneriHoi. Toraa Kak BHYTPUMOJIEKYJSIPHAS alb0JIbHAs KOHICHCAIMS B MPH-
cyrcteun DBU (1,8-muazoburmkino[5.4.0]-yHaen-7-eHa) npuBeia K UKIOreKCAHOHY, aHHEINPOBAHHOMY MTHPAaHO-
BEIM IUKJIOM. TakuM oOpa3zoM, Ha OCHOBE anmykToB Jlmmbca-Anbaepa JeBOTIIIOKO3EHOHA W W3OIPEHA MOTYYCHBI
TPUIUKIINICCKHUC COCANHCHMA, KITFOYECBLIC COCAMHCHNA B CUHTE3C UPUIONIOB U UX aHAJIOT'OB.

KimroueBsie citoBa: JEBOTIIIOKO3EHOH, aImyKTH Jlmimbca-Anpaepa, anbIoibHas KOHACHCAIHS, aHATOTH HpH-
TOUJIOB.

Bgenenue. Vcnions3oBaHue JIEBOTTIFOKO3EHOHA B
TOHKOM OPraHMYEeCKOM CHHTE3¢ OCHOBAaHO Ha €rO BbI-
COKOM pPEaKIMOHHOW aKTMBHOCTH, COYETAIOUIEHCS C
HAJICKHOW CTEPEOKOHTPOJIMPYIOIICH CLIOCOOHOCTBIO B
pasnuuHbIX npeppameHusx [1-2]. [loxydaemble B of-
Hy CTaJuio afayKThl J(unbca-Amnbaepa JIeBOIIIIOK03e-
HoHa u 1,3-mueHoB [3-5], comepkamme B CBOEH
CTPYKTYpe (pparMeHTHI IUKIIOTEKCEHa U YIIIEBOTHOTO
OCTaTKa, SBILIIOTCS IPHUBJIEKATEIbHBIMU OOBEKTAMU
JUTSl KICCIIETIOBaHMS BOSMO)KHOCTH MX MICTIONIb30BAHUA B
CHHTE3€ LMKJIONIEHTAHOWJIOB, B YaCTHOCTH COEIUHE-
HHI MPUIOMTHOH ToroIoruu [6].

PesyabTatsl U 00cy:kaenue. Panee B Hameit Jia-
Goparopryn OBUTH pPa3pabOTaHBI CIIOCOOBI COKPAIIICHHS
IIMKJIOTEKCEHOBOTO KOJIbIA B IIMKJIOMEHTAHOBBIA B ajI-
nyktax Jlnmsca-Abaepa JieBormoko3eHoHa ¢ 1,3-0yra-
JIMICHOM, TIMIIEPHIICHOM, LMKJIONEHTAUeHOM ITyTeM
paspbIBa JIBOMHOM CBSI3U U MOCIEAYIOIIEH BHYTPUMO-
JIEKYJSIPHOW aTbJ0JBHON KOHZIEHCAIUU TONTYyYEHHBIX
JMATIBICTUIIOB, a TAKKEe IMEPErpyNUpOBKH 3IOKCH-
MPOM3BOAHBIX aAAYKTOB 1o Barnepy-MeepseiiHy 00-
pabotkoit BF3 Et,O u dpotommzom [7-12].

B mponomxeHne uccnenoBaHUM IO CHHTE3Y
MPUJIONJIOB Ha OCHOBE aJnyKToB Jlmnbca-Anbaepa
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XUMUA

MBI H3YYHJIH BO3MOKHOCTD MCIIOJIB30BaHMS B Kade-
CTBE HCXOIHOTO CyOcTpaTra MaJlOM3y4YeHHBIX B
3TOM HAIpPaBIECHUH «U30MPEHOBBIX» aJIIYKTOB 1a u
1b [4,5] (puc. 1).
0

H (0]
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Puc. 1 «M3onpenoBsie» anaykTsl 1a u 1b

B omimuune ot npeapiayiux noaxomos [7-12],
B KOTOPBIX KETOTPYNITy afaayKToB Junbca-Anbaepa
JIEBOTIIIOKO3¢HOHA M 1,3-MEeHOB MCIIONB30BAIN B
BUJE€ IUOKCOJAHOB, Mbl H3YYMJIM BO3MOXXHOCTH
NPSIMOTO O30HOJIUTHYECKOTO PACIIETUICHHS JIBOM-
HOH CBsi3M B KeroHax 1a,b ¢ menbio cokpamienus
CHUHTETHYECKOH IOCTIECI0BATENILHOCTH CXEMBbl U
HETOCPEICTBEHHOTO UCTIONB30BaHMsI KETOTPYIIIBI B
PeaKyy anbI0IbHON KOHICHCAIIHH.

O30HONIN3 KAaTAJUTUYECKOro agAaykra la u
nocneaytomnas oopadborka o3oHuI0B Me,S mpuge-
M K HecTaOWIIBHOMY COCIMHEHHIO, Tpearoarae-
MOMY JIBJCTUILy, TOTBITKA OKHCICHUS KOTOPOTO
no />xoHcy npuBena Kk 00pa30BaHUIO TPYIHOUICH-
TUPHUIHUPYEMBIX HOJSIPHBIX NpoaykToB. C apyroi
CTOPOHBI, U3 TepMHUUYECKOro ajnykra 1b nmo anamno-
THYHBIM TIPEBPAILCHUAM YAAJIOCh OCYIIECTBUTH
cunTte3 3¢dupa 3. J[ukeroanbaerun 2 B YUCTOM BHUJIC
BBIJICJIUTh HE YIallOCh — MpPU Xpomarorpaduposa-
Hud Ha SiO, mpoucxoauia IeCTPYKIHS COSIUHE-
HUSI C 00pa3oBaHHEM HECKOJIBKHX MPOIYKTOB
(TCX). IlosToMy 10 cTajuu MOJYYCHHS CTaOWIIb-
HOT'O AHMKeTod(hupa 3 MPOMEKYTOUYHBIE MPOAYKTHI

1. O3 CH,Cly;
1 —e
2. Me,S;

1. Aueron,
[E——
peakTus JIxoHca;

HOC MeOOC

2. CHN, Et,0

HecmabunbHoe coeOuHenue

Puc. 2. Cunres nukiaoneHTanona 4

1.05 CH;0H; 1.0 CH,Cly;

2.Me;8 2. Me,S

38%

0 6

HecmabunvbHoe coeouneHue

Puc. 4. IlpoxykTsl 030HO0IM3a 1¢

42

HEe BbIICISUIM. Peakuuio BHYTPUMOJEKYISIPHON
QJTBJIONBHOM KOHJICHCAITUH COCIMHEHUSI 3 MPOBEN
B OCH30JI€ B MIPUCYTCTBUU KATAIUTUYECKOTO KOJIH-
JecTBa 1,8-nmnazobunmkio|5.4.0]-yauen-7-eHa
(DBU); xemaemblii POAYKT — IHKJIONCHTAHOH 4
BBIICITWIIY C BBIXOJIOM 56% (puc. 2).

B mpomomxeHue wuccienoBaHUN B 3TOH 00-
JACTH MBI PEIIMIN W3YYUTh BO3MOXHOCTH HM30Me-
pu3anuu IBOMHOMW CBsI3W B aaaykTe la, mpu mojo-
KHUTETBHOM HCXO/€ KOTOPOH OTKpBIBAe€TCS BO3-
MOXXHOCTh BBIXO/Ia K COCIUHEHHIO, HMEIOIIEMY
poIcTBeHHOE mpHaougaMm crpoenue. Kpome Toro,
030HOJIU3 JIBOMHOM CBSA3M C IOCIEAYIOIUMU CTa-
JUSIMU OKHUCJICHHUS U TCPUPUKAIIUY SIBJISIOTCS KO-
POTKHM IIyTEM CO3JaHUSA ITOTO (parMeHTa UpH-
nouna. M3omepuzaiuio JBOMHOMN CBSI3U B COEUHE-
HUH 1a OCYIIECTBUIIM IyTEM YJIBTPa3BYKOBOTO 00-
nydeHus B Oenszone B mpucyrctBuu P-1SOH u BoI-

e anaykT 1¢ ¢ Berxogom 87% (puc. 3).
o} o}
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Puc. 3. M3omepusats JBOMHOM CBS3U B coelHeHnH 1a

Tak, mpomyckaHue 030HO-KHUCIOPOIAHOH CMe-
CH Yepe3 PacTBOP M30MEPU30BAHHOIO ajiykTa 1¢ B
CH,Cl, mpu —60°C u mocinenyromas obpaboTka
MPOAYKTOB 030HONIM3a Me,S mpuBeu K npernoia-
racMoMy HECTAOMJILHOMY JHMKETOQJIBJICTUIY D.
B orimmume ot atoro peaknus B MeOH B atux ke
YCIOBHUAX Jajia CTA0WIBHBIN JUKeToaneTanb 6, Ko-
TOpBIH ObLT HACHTUPHUIMPOBaH (puc. 4).

DBU MeOOC
e

C()H()
56%

AunetoH, peakTus JlxoHca

/

70%

H O



10.A. Xanunosa, JI1.X. @auzyinuna, .A. Banees. A00ykm /unvca-Anboepa 1e602110K03eHOHA....

CH,N, Et,0
7 ——— > MeOOC
83%

H

Uup UOOUOHBLIL CKenlem

Puc. 5. Cunres nqukeToHa 8 v ero BHYTPUMOJICKYJIApHAs KT3I

OxucneHue MOJYyYEHHOIO AMKAPOOHMUIIBHOTO
coegunenns 5 KMnO, wmu nupuauHuiauxpoma-
ToM (PDC) compoBOXIaioCh 3HAYUTEIBHBIM OC-
MOJIGHHEM, a OKHCIIeHHe 1o J[)KOHCY TIIafKo MpH-
BOAWJIO K KHUCIOTe 7, 3TepuuKanueidl KOTOpon
JIa30METaHOM TIOJIYYHIIN KeJaeMbIi AUKETOIPHUP
8. lukeToH 8 siBIIsIeTCS MEPCHEKTUBHBIM COCIIHE-
HHEM, M3 KOTOPOTO B OJHY CTAaIHIO IO PEaKIHuu
Mak-Myppu MOXXHO OBUIO OBl MOJNyYUTH IHKIIO-
MIEHTAaHOBOE ITPOHM3BOIHOE, YTO IO3BOJISUIO 3aBEp-
IIATH TIOCTPOCHUE UPHIOUIHOTO cKenera. K coxa-
JICHHIO, KHUIITYEHHWE pacTBopa nukeToddupa 8 B
JTMMETOKCHAITaHe moj aeiicteuem Zn/Cu B mpucyT-
crBuu TiCly nmpuBoamino x TpyaHO HAEHTHUIIH-
pyeMBbIM TpoAayKTaM peakiuu. [TombITKa ocymiecT-
BJICHUS BHYTPUMOJIEKYJSIPHOW QJIbJIOJIBHOM KOH-
neHcanuu B auketoHe 8 geiictBuem {-BUuOK
B t-BUOH, LiCIO,-Et;N B Tomyose, npuBoania k
OCMOJICHHIO PEAKIIMOHHON cMecH, a pu 00paboTke
CF;COOH wunu terpamernnryanuanaom (TMG) B
CH,CI, nukeroadup 7 ocraBajics nHepTHBIM. [{uK-
JIOTEKCAHOH, aHHEIMPOBAHHBIA IMUPAHOBHIM IIHK-
noM 9, nmomyuwin B GeH30JI€ B MIPUCYTCTBHU KaTa-
mutndeckoro komuuectea DBU  (1,8-muazobu-
nukio[5.4.0]-yunen-7/-exa) (puc. 5).

Takum 06pazoM, Ha OCHOBE AIIYyKTOB JIWib-
ca-AJbJiepa JEBOTIIIOKO3CHOHA U M30IpeHa MOJy-
YeHBbl TPHLIUKINYECKHE COCIUHEHHS, KIIIOUYEBbIC
COEJIMHEHHS B CHHTE3€ aHAJIOTOB UPUAOUJIOB.

Paboma evinonnena no meme Noe AAAA-Al7-
117011910022-5 I'oczadanus.
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DIELS-ALDER ADDUCT OF LEVOGLUCOSENONE WITH ISOPRENE AND THE PRODUCT
OF REARRANGEMENT OF ITS DOUBLE BONDIN APPROACHES TO IRIDOIDS

© Yu.A. Khalilova, L.Kh. Faizullina, F.A. Valeev

Ufa Institute of Chemistry — Subdivision of the Ufa Federal Research Centre
of the Russian Academy of Sciences,
69, prospect Oktyabrya, 450054, Ufa, Russian Federation

The use of levoglucosenone in fine organic synthesis is based on its high reactive activity, combined with re-
liable stereo-monitoring ability in various transformations. The Diels-Alder adducts of levoglucosenone and
1,3-dienes obtained in one stage, containing fragments of cyclohexene and carbohydrate residue in their structure,
are attractive objects for studying the possibility of their use in the synthesis of cyclopentanoids, in particular,
compounds of iridoid topology. Earlier in our laboratory, methods were developed is ways of reducing of the cy-
clohexene ring to cyclopentane in Diels-Alder adducts of levoglucosenone with 1,3-butadiene, piperylene,
cyclopentadiene. In continuation of studies on the synthesis of iridoids, we studied the possibility of using as the
initial substrates of the Diels-Alder adduct of levoglucosenone with isoprene and the product of rearrangement of
its double bond. Unlike previous approaches, in which the ketogroup of Diels-Alder adducts of levoglucosenone
and 1,3-dienes was used as dioxolans, this paper describes the possibilities of direct ozonolytic cleavage of the
double bond in order to reduce the synthetic sequence of the scheme and directly use the ketogroup in the aldol
condensation reaction. So, from a thermal adduct as a result of successive stages: ozonolysis, Jones oxidation,
esterification, and intramolecular aldol condensation, cyclopentanone cis-articulated with pyran was synthesized.
Under these conditions, the catalytic Diels-Alder adduct of levoglucosenone and isoprene led to hardly identifia-
ble reaction products. In continuation of the studies, we studied the rearrangement of the double bond in the cata-
Iytic adduct from which the double-bond ozonolysis followed by the subsequent stages of oxidation and esterifica-
tion produced a diketoester having an iridoid-related structure. An attempt to obtain a cyclopentane derivative
from a diketoester by the McMurry reaction, by the action of TiCl;-Zn/Cu, was unsuccessful. Whereas
intramolecular aldol condensation in the presence of DBU (1,8-diazobicyclo [5.4.0]-undec-7-ene) led to
cyclohexanone annelated with a pyran cycle. Thus, on the basis of Diels-Alder adducts of levoglucosenone and
isoprene, tricyclic compounds, key compounds in the synthesis of iridoids and their analogues, were obtained.

Key words: levoglucosenone, Diels-Alder adducts, aldol condensation, iridoid analogues.

44




