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JEBOI'IIOKO3EHOH B CMHTE3E IIUKJIA C DJIEYTE3U/10B
© A.H. IaBbinoBa, b.T. lllapunos, ®.A. BaneeB

OpHUM U3 NOCIIEAHUX JOCTHKEHUH B Tepaluy 3J0Ka4eCTBEHHBIX OIYXOJIEH SBIISETCS BHEAPEHUE IPENapaToB
Ha OCHOBE TakcoJja (MaKIUTaKCcell) — HEPBOro TyOyIHHCTaOUIN3upyromero arenra. CapkoJuKTUMHEL A, B 1 sneyte-
POOUH CTPYKTYPHO POJCTBEHHBI U 00Pa3ylOT KJIACC «MOPCKUX» AUTEPICHOBBIX METa0OIUTOB 3/1€yTE3UI0B, 00J1a-
JAIOILUX OJHUM M TEM K€ MEXaHHU3MOM LIMTOTOKCHYECKOr0 IEHCTBUS, KaK TaKCOJ U MOTUIOHBL. IlonHble cuHTe3b!
3JIEYTE3U0B MO3BOJIMIIH TOIYYHTh BKHYIO HH(POPMAIHIO OTHOCHTEIHFHO 3aBUCHMOCTH CTPYKTYPa—aKTHBHOCTB IS
CapKOAMKTHHHOB. IToka3aHo, 4TO HEMPEMEHHBIM YCIOBHEM CTPOCHUS 3J1€yTE3UI0B — HOCUTEIEH [IUTOTOKCUYECKUX
CBOWCTB — SIBJIIETCSA Halmuue N-METHIIypOKaHOBOH OOkoBoW meru. [IpoGiieMa MOCTYIMHOCTH 3THX NPaKTHYSCKH
Ba)KHBIX COCIMHEHUI MOKET OBITH pellicHa ITyTeM ITOMydeHHs1 0ojee MTOCTYIMHBIX U OJMHM3KHUX TO CTPOSHHIO IIPOH3-
BOJHBIX [IPU COXpaHEHUH Ipoduiis 3¢ (HeKTUBHOCTH OHOIOTHUECKOro AEHCTBYS Y MOTYUCHHBIX aHAJIOTOB.

[TokazaH cHHTE3 3JIEYTE3UITHOTO OJIOKa C3—C8, coZieprKaIero 2,5-;[Hrﬂnpog)ypaﬁosoe KOJIBLIO C aHaJIOTH-
YHBIMH CTEPEOXUMHYECKUMH HeHTpamMu U N-MeTmrypokaHoByro kucioTy mpu C. PazpaboTaHHass METOXOIOTHS
cuHTe3a nukina C »aeyTe3u 0B OCHOBaHA HAa MCKIIOUCHUH U3 CHUHTETHYECKON LEMOYKH 2,5-AUrupo¢hypaHOBBIX
MIPOM3BOAHBIX, KOTOPBIE CTIOCOOHBI IIPETEPIIEBAaTh ApOMATH3AIUIO, IPUBOAIIYIO K IOIHOW NOTEPE XHUPATHLHOCTH.

Jnst perreHust 5THX 1eneil Hanbolee yI0OHBIMHA ONITHIECKH aKTUBHBIMHU COSTUHEHUSIMHI TSl IOTYUSHHS XH-
paNbHBIX CHUHTETUYECKUX OJIOKOB IIMPOKOr0 HAa3HAUYEHMS TPAAULMOHHO SIBISIOTCA yriaeBoAsl. /Ui momyueHus
COOTBETCTBYIOLIIETO XUPATBHOTO OJ0Ka B KA4eCTBE MCXOIHOTO COEAMHEHMS MCIOIb30BaH JIEBOINMIOKO3EHOH. JTO
00YCIIOBIIEHO TEM, YTO METIJIHPOBAHHE JICBOTITIOKO3€HOHA MPOTEKAET CTEPEOCIeIuMUIHO ¢ 00pa30BaHUEM aJIIH-
JIOBOTO CIIUPTA, I'/Ie HOBBIH ACCUMETPHUCCKUN LIEHTP C* ugenTueH o KOH(puUryparmu ¢ C’ 3JIEYTE3UTHOTO sapa
U COCEACTBYET C yuc-IBONHOHN cBsA3pl0. Ha ocHOBe Moyd4eHHOro C4-M6TI/IJ'IHpOI/ISBOIlHOFO JIEBOTTIFOKO3E€HOHA
OCYIIECTBIICH 7-cTaaniHbId cuHTe3 1ukia C sneyre3nmoB. [lepBblil 3Tam cuHTE3a 3aKIIOYANCS B TOTYyYCHUU
AIMKIIMIECKOTO YTIIEBOIHOTO TETPAOI-TIPOU3BOIHOTO, CONEPKAMIETO OMHY OJOKHPOBAHHYIO MEPBUYHYIO THIPO-
KCHIIbHYIO Tpyniy. Hanbosee moaxoasiiel 3aiuTHOM IpyNIoil oka3anach TpueHUIMETHIIbHAS TPYIIa, KOTopas
HE IpeTepreBala MUTPAIlMH IIPH BOCCTAHOBIICHHH aleTaJbHOTO IEHTPA, B OTIHYHE OT TPETOYTHIIUMETHICH-
JVIIBHOM TPYMITEL. 3aKTIOYUTENBHBIN 3Tall CHHTE3a COCTOSUT B MOTydeHHH drpa N-MEeTHIypOKaHOBOH KHCIOTHI U
(hopmupoBaHuH 2,5-TUTHAPOGYPAHOBOTO KOMbIIA.

KimroueBple cnoBa: 3eyTe3ubl, JEBONIIOKO3EHOH, 2,5-TUruaApodypaHbl, pacKpbIiTHE 1,6-aHTHIPOMOCTHKA,
3¢upbl N-METHITypOKaHOBOH KHUCIIOTHI.

BBenenue. boraTbiIM MCTOUHHKOM TEPIEHOU-
JIOB, 00OJaaroIuX MIHUPOKHM U clieluduieckum
OMOJIOTMYECKUM JCHCTBHEM, & TAKXKE YHUKAIBHBIM
CTPOEHHUEM, SIBIISIIOTCSI MOPCKHE opraHusmbl. Cpe-
IV BBIIEJIEHHBIX U3 MATKHX KopaimioB Eleutherobia
SP. MeTabomMTOB SYHHUIIEITIAHOBOTO THIIA O0HApY-
JKeH auTeprieHoun sneyrepooun 1 [1], xoTopsrit
BMecte ¢ capkoauktunHamu A (2) u b (3) [2] ner B
OCHOBY HOBOTO KJiacca aJeyTe3uioB (puc. 1).

buorectupoBanue in Vitro aneyrepoOuHa moka-
3aJI0 CXOJHYIO 10 MEXaHH3MY JISWCTBUSI C TAKCOJIOM

[IUTOTOKCHYECKYIO aKTHBHOCTh IO OTHOIICHHIO K
OIYXOJIEBBIM TKAHSIM TPYIIH, MOYEK, SUYHUKOB U JIeT-
kux [3]. B uccrnenoBanusx aneyrepoOH TIPOSBIIT Ce-
05 KaK MOLIHBI MHIMOUTOp pakoBbIX KiIeToK ¢ ICsy
10-15 nM. Bonee Toro, y aneyrepoduHa Obliia 0OHa-
pYy)KeHa KOHKYPHPYIOIasg C TaKCOJIOM CIIOCOOHOCTb
CTaOMIM3UPOBATh  MOJMMEPH3ALUI0  MHKPOTYOYJIBL.
CeneKTHBHOCTD JEHCTBUS 3J1€yTepOOMHA HA PaKOBHIE
OITyXOJH BhIsIBIIEHa HA 60 THIaX PaKOBBIX KIETOK MPU
CTOKPaTHOM TIPEBBIILICHNN TOKCUYECKUX CBOMCTB HAJl
CpeHel UTOTOKCHYHOCTHIO [3] (puc. 1).
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1 R=H, R! = COOMe: CAPKOAMKTHHH A
2,R=H, R! = COOEt: capko AMKTHHH b
3,R=Me,R'=—H,C

3JIeyTep o0 H
OOAc
OH
0 4, JIeBOIII0K03€HOH
OH

Puc. 1. Dneyre3uas! 1 JIEBOTIIIOKO3EHOH KaK UCXOAHOE COeIMHEHNE

OH
rR—lg
0}

OH
AR
| o || —— RrRcHO ;
/ ¢ w
o— R! B D

Rl
A
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Puc. 3. Cunres AIMMUKIIMYCCKOI'0 TETPAOIIIPOU3BOJTHOI'O U3 JICBOIIFOKO3CHOHA

B nanHoii paboTe n3ydeHa BOZMOKHOCTh CHH-
Te3a aneyresunHoro Gmoka C*-C®, comepxantero
4,7-KuCTOPOAHBIA MOCTUK U aHAIOTHYHEIE CTEPEO-
XUMHYECKHE IICHTPBI, C HCKIIOYCHHEM OCIIOXKHE-
HUM, BO3HUKAIOMMX TpH (HopMUpOBaHWUU 2,5-
TUTUIPOGYPAHOBOTO KOJIBIIA.

PesyabTaTtel M uMX o0cy:kaenue. B Oonee
paHHKX padoTax 1o cuHTe3y nukia C 3JeyTe3u10B
oOHapyxeHo, 4YTo 2,2,5-Tpu3ameinieHHble 2,5-
muruapodypansl Tima A u B, conmepkamiue cBo-
00IHYIO T'MIPOKCUMETUIIBHYIO TPYIIY MPH KOJIbIIE,
CIOCOOHBI TPETEPIIeBaTh apoOMaTH3ALMIO C Pa3phl-
BoM C-C cBs3u [4] (puc. 2). [ToaTromy MBI u3yumim
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noaxoA K uukiy C 31eyTe3usioB, OCHOBAaHHBIM Ha
WCKJIIOYCHUN M3 CUHTCTHYECKOM Ienovku (ypaHo-
BBIX NPOU3BOJHBIX THMAa A u B, mis uz0exanus
mpo0JIeM ¢ apoMaTu3alueil.

s mosydeHuss COOTBETCTBYIOLLEIO XUPAJIb-
HOro OJIOKAa B KayeCTBE HCXOJHOTO COCIAMHCHUS
WCIIONIb30BaH JIEBOTIIOKO3eHOH 6. DT0 00yCioBIe-
HO TE€M, YTO METHIHPOBAHHE JIEBOTIIOKO3EHOHA 6
MPOTEKAET CTEePEOCHeMPUIHO ¢ 0Opa3oBaHHEM
AITHIIOBOTO CMHMPTA 5, T/ie HOBBIM accCUMeTpHue-
CKMI LIEHTp C* wpenTHueH 1O KoHpHTyparun ¢
C’ smeyTesmaHOTO sApa M COCEACTBYET C yuic-
JIBOIHOM cBsA3bIO [5, 6] (puc. 3).
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Puc. 4. 3akmrountensHo GpopmupoBanne C'—C™ aneyTe3uaHOTo 010K

Crnenys B 5TOM HaIpaBICHUH, MBI H3YUHIIH
packpeitue 1,6-anruapomoctuka B cnupre 5. Hc-
nons3oanue ZnCl, mmn TMSOTf B kauectse ka-
Tanu3aTopoB [6] MO3BONHMIIO KOIWYECTBEHHO pac-
KpBITh 1,6-aHTHJIPOMOCTHK C TIOJIYYEHHEM Tpuale-
taToB 68, 0. [TomHBIN TMAPOIN3 alleTaTHBIX TPYIII
peanmmzoBanu neficteuem MeONa B MeOH ¢ momy-
YeHHeM TPUOIIOB 7a, 0. BenenctBue toro, 4to mpu
BOCCTaHOBJICHUH allETaJIHHOTO IIEHTPA MPOUCXOAUT
TEHEPUPOBAaHUE €LI€ OJHOM IEPBUYHOM TIHIPO-
KCHJILHOW TPYTIIEI, 7S Ioceayromero ux audde-
pEeHIMpOBaHHS B TpUOIax 7a, 6 HEOOXOAMMO MPO-
BECTH 3alUTy NEPBUYHOW THAPOKCUTPYIIIIHI
(puc. 3).

[lepBoHayanbHO THAPOKCHIBHYIO HNEPBUUHYIO
IpyIIy B Tpuoiax 7a, & 3allUTWIN B BUJE mpem-
OyTWIIMMETWICHIIMIIBHOTO  3GHpa, OJHAKO IpU
BOccTaHOBIeHNH >upoB 8a, 6 neiicrBuem NaBH,
MpOM30ILI0 00pa3oBanue cMecu TpuojoB 9 u 10
BeniesicTBue mMurpanuu 1 BS-rpymmel. [Tostomy 3a-
IIMTHYIO TPYIIY 3aMEHWIN Ha TPUTWIbHYIO. Tak,
OJIOKMpOBaHUE TPHOJIOB 7a, 6 OCYIIECTBHIIM C TIO-
morpio TrCl B mpucyrcrsun DMAP B cpene aume-
TUdopMaMHIa, a BOCCTAHOBJIECHHE AaleTabHOIO
IEHTpa B IMONy4eHHbIX »¢upax 1la, 6 mpuBeno k
00pa30BaHMIO eAMHCTBEHHOTO Tprosa 12 (puc. 3).

Crenyromuii 3Tan paboThl COCTOSIT B (OPMU-
poBanuu mukna C aneyre3sunoB. g 3Toro mep-
BUYHYIO TPYIY B TpHOie 12 CEeNeKTHBHO 3TepH-
(bunmpoBaM CMEIaHHBIM aHTHIPUIOM — MTHBAJIO-
wi-N-metriypokanarom 13 [7, 8] mo adwupa 14 ¢
BeIxojgoM 61%. HeoOxomumoe co3manue 2,5-
IuruApodypaHoOBOTO Kojblla B 3dupe 14 ocymiecT-
BWJIM OKHCJICHHEM BTOPUYHOW AJUTMJIBHOW THUAPO-
KCWJIBHOW rpynmbl ¢ nomousio MnO,, xotopoe
3aBEPIINIIOCh CIIOHTAHHOW OKCallMKJIM3anuend B
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nonykeranu 15a, 0. 3aK/IFOUUTENBHOE CHATUE TPHU-
TUJIBHOM 3alllUTHOM Tpynmsl B momykeTansax 15a, 6
ocymectBmwin aeiictBueMm pP-TSOH B MeOH npu
40°C ¢ obpaszoBanuem keraneir 16a,6 B cooTHoIIE-
Huu 1:1, TemM caMbIM 3aBepiIuB cuHTe3 Iukia C
aneyte3nnoB. Cinenyer OTMETUTh, YTO COSAMHEHHE
16a, 6 sBISAIOTCS BOJOPACTBOPUMEIMH (pHC. 4).

3akiaouenne. TakuM 00pa3oM, Ha OCHOBE
JIEBOIIIOKO3€HOHA peaqn3oBaH cuHTe3 mukia C
3JIEyTE3UAOB C WACHTHUYHBIMH XHUPAIbHBIMH LICH-
TpaMH, COJCpKallud B O-TIOJOXKEHUH OCTaTOK
N-MeTnITypOKaHOBON KHUCIIOTHI.

Paboma evinonnena no meme 2coczadanus
No AAAA-A17-117011910022-5 u npu ¢unancosoii
nooodepoicke Poccutickozo @onoa ¢hynoamenmans-
HuIx uccredoganul, epanm «17-43-020166 p_ax».
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-
LEVOGLUCOSENONE IN THE SYNTHESIS OF THE ELEUTHESIDE CYCLE C

© A.N. Davydova, B.T. Sharipov, F.A. Valeev
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One of the latest advances in the treatment of malignant tumors is the introduction of drugs based on taxol
(paclitaxel) — the first tubulin stabilizing agent. Sarcodictyins A, B and eleutherobin are structurally related and
form a class of “marine” diterpenic metabolites of eleuthesides, they have the same mechanism of cytotoxic action
as taxol and epothilones. Total syntheses eleuthesides give important information about the structure-activity rela-
tionships for the sarcodictyins. It has been shown that the presence of N-methylurocanic acid esters in the side
chain is necessary to preserve the cytotoxic properties. The problem of the availability of these compounds can be
solved by obtaining more accessible and structurally similar derivatives when the profile of the biological effect of
the resulting analogs is maintained.

This paper shows the synthesis of the C* — C? eleuthe5|de block containing a 2,5-dihydrofuran ring with sim-
ilar stereochemical centers and N-methylurocanic acid at C®. The developed methodology for the synthesis of the
C cycle of eleuthesides is based on the exclusion from the synthetic chain of 2,5-digirofuran derivatives, which
are capable of undergoing aromatization, leading to a complete loss of chirality.

Levoglucosenone was used as the starting compound to obtain the corresponding chiral block. Because
methylation of levoglucosenone i is stereospecific and allyl alcohol is formed, where the new asymmetric center c!
is identical to conflguratlon of C' in the eleuteside core and it is adjacent to the cis-double bond. On the basis of
the obtained C*-methyl derivative of levoglucosenone, a 7-step synthesis of the C of the eleuthesides was carried
out. The first stage of the synthesis was to obtain an acyclic carbohydrate tetraol derivative containing one
blocked primary hydroxyl group. The final stage of the synthesis was to obtain the ester of N-methylurocanic acid
and the formation of a 2,5-dihydrofuran ring.

Key words: eleuthesides, levoglucosenone,
N-methylurocanic acid esters.

2,5-dihydrofurans, cleavage of 1,6-anhydrobridge,
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