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Absfhret: Disstereo-andregioselectiveopeningofa trisubstitutedepoxyketoneatthemoresubstituted
carbon using sanrarium(II) iodide presents an alternate approach to the C5-C7 afdol moiety with &
hydroxyketoframework in the stereoselectivesynthesisof C1-C12 segmentof epothilones.
@ 1997Elsevier Science Ltd. All rights reserved.

The unique biological profiles of epothilones (1)1as powerful antifungal and antitumor agents with
taxol-likemicrotubule-stabilizingproperties, even in taxol-resistantcell lines,z have generated tremendous
interests amongst the organic chemists worldwide. In less than one year’s time, no fewer than six total

synthesesof epothilonesand several studiesdirectedtowardtheir syntheseshave been reported.3Herein,we
reportthe synthesisof the C1-C12moietyof epothilonesA andB (2), an advancedstage intermediatesimilar

to the oneusedby Schinzeret al in their total synthesis.3h
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To beginwith,our aim was to showthe applicabilityof our recentlydevelopedmethodfor the synthesis
of 2-methyl-l,3-diols by radical-mediatedanti-Markovnikovopeningof trisubstitutedepoxy alcohols at the

more substituted carbon using Cp2TiC1-cyclohexa-1,4-diene4in the construction of the C6 and C7

stereocentersof epothiloneswhich have, so far, been mademostlyby aldol approach3except in the synthesis

by Danishefskyef afqd who have built these stereocentersfollowinga Diels-Alderroute. Accordingto our

study,4 both syn and anti epoxy alcohols, 3 and 4 respectively, on epoxide ring opening with Cp2TiCl-

cyclohexa-1,4-dienegive syn,syn diol5 as the majorproduct,whereasthe productsfromepoxyalcohols6 and

7 dependon the relative sizes of RI and R2.When RI is bigger than R2 the major product is artti,syn diol 8.
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WithsmallerRI, the syn,untiproduct9 predominates.Thispromptedus to build an epoxyalcohollike 10,asa

target intermediatein our present study, which could be subjectedto our epoxide ring openingreaction.The
stereochemistryat C5 was not consideredimportantsince either isomer,RI group (Cd)being bigger than R2

(CrJ, was expected to providethe desired 6,7-synproduct 11.Moreover,the C5 hydroxylwas anywayto be
oxidized,later on, to keto.
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Our synthesisstarted with oxazolidinone12 preparedfrom mono-benzyl-protectedhexane-1,6-diolin
three steps.Diastereoselectivealkylationof the sodiumenolateof 12 withMeIs (scheme 1)was followed by
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Scheme 1. a) NaHMDS, MeI, THF, -78 “C; b) LiBH4,H20, Et20, O “C; c) (COC1)2,DMSO,
Et3N,CH2C12,-78 to O“C;d) Ph3P=C(CH3)C02Et,CH2C12,25 “C;e) DIBAL,CH2C12,-78 “C;
f) Ti(OiPr)4,(+)-DET,TBHP,CH2C12,-78 ‘C to -40 “C;g) same as stepc; h) (CH3)2CHC02Me,
LDA, THF, -78 “C;i) LiBH4,THF, O“C;j) TBSC1,Et3N,CH2C12,Oto 25 ‘C; k) Cp2TiCl, 1,4-
cyclohexadiene,THF, -20 to 25 ‘C.
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reductiveremovalof the chiral auxiliar@ (80%h twost@6);~ resultingalcohol137was then subjectedto
oxidation,oleftion, and, finally,reductionto get the E-allylicalcohol147in 75% overallyield.Epoxidation

of14 by sharpkSa4pckMOnmebdausingm61arequivalentsof reagentsat -78“C ahd allowingto reach
~ ‘C .dOW~OWI 3-4hours time gaveepoxide1~ With & 2 95% (80%yield).Swan cmidationOftiW~Xy

alcohol 15 gave an aldehyde which was reacted with lithium enolate of methyl isobutyrate to gel
@tC~mCric mixtureof dcohok 167(90%_ M). _ of 16 withLiBH4was followedby selective
TBS-protectionto furnishthe epoxyrdcohol177(85%yield)havingthe requisitestructuralframeworkof 10.

Thestagewasnowset to try tk openingof the epoxyring of 17 following our method. BUGwhen 17
was treated with Cp2TiC1-cyclohexa-1,4-dieneaccording to the procedure described ea@er,4 the desired
intermediate18 was formed as a minor product, the major one being an unwantedoiefin 19. Thiscame as a
surpriseto us since no such productwas ever etwountc~.by, us with thesdxtmtes us@ in our -tier StUdY.4

All our effin’tsto obtain ISas fhe majorproductfailed.‘1’Mifbmedus to look for an abrnate, but preferablya

radical-mediated method, to carry out the desired qxmide opening. After trying several reagents
uns~y,9 & choi~ fell & samariun@) iodide (S@) which is,knownto open epoxy ketones at the
a-carbon.lo We wantedto use this reagentto openour trimbstitntedepoxide.

17A Xw’-- ;
TRW) O TEL!30$”B”A

e,f c
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22 23

ScheaJM2. a) (COC1)2,DMSO, Et3N,CH2C12,-78 to O“C;b) Sm12,MeOH, THF, -90 ●C; c)
TBSOTf, 2,6-lutidine, CH2C12,O “C; d) @A,. McOH-CH2C12,,0to 25 “C; e) S03-PY, EtW,
DMSO-CH@2, 25 “C;f) H&==(Off3u)OTBS,BF@t20, CH2C12,-78 “C.

ACCOdiIIglY,~xy alcohol 17wss oxidisedto the ketqne20 (sch!nne2) @dch was Sek?ctivelyowned,

as expeded, by Sm12(2.5 molar equiv., 0.1 M sol. in THF) in MeOH-THF (1:1) at the more substituted

carbon to give the desiredproduct21 as a s~gle diastertmmer(90%yield).The.l&7 of6.7 Hz as reportedfor
,similar cornpoundss,conf~ the assigned staeocb emi$try. Silylation of 21 wm followed by selective
mmoval’ofthe primarysilyl group(80%overall).The resultingalcohol22 was oxidisedto an aldebydewhich
wassubjectedto Mukaiyam&eldolri!actionllwith silylI&cne acetal h ge4a mix- (3:1)of di-mrs ~

85% yield with the major product heving the desired stemqchemis~ as determined by NMR coupling
~nstits. TIE C3-fi of the m&r isomer 23 Q at 84.2$ ss a dd W* 5.7 @ 3.6Hz COUP1.iDgcons~ts

which were matchingwith the reportedvalues for similarcompounds.qFinally, silylationof the C3-hydroxyl

gave the target~d 2“’2
In conclusiorha novel approachbased on diastemo-and regioselectiveopeningof a trisubstitutedepoxy

ketone with Sm12to get the crucial &hydroxy ketone moiety is presented here which supplementsearlier

approachesbased on aldol and Diels-Alder reactions. An intermediate very similar to 2 has already been

convertedto epothiloneA.3h
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IH ~R (C~13 2~ MHZ):~ 7.3-7.2 (m, 5 H, ~mati~), 4.48 (s, 2 H, ~2ph), 4.28 (M,./= 5.7, 3.6 Hz, 1 H, C3-ff),

3.77 (d, J= 6.7 I&, 1 H, C7-ff), 3.43 (t,J=6.7Hz,-CH20Bn),3.11 (dq, J = 6.7 Hz, 1 H, C6-Jf), 2.37 (M, J= 17.1,3.6 IIG
1 H, C2-H), 2.16 (old,./= 17.1,5.7 Hz, 1 H, C2-Jf’), 1.6-1.2(m, 7 H, CJf2 end CJf), 1.4 (s, 9 H, C02C(CH3)3), 1.25end 1.2
(twos, 6 H, C4-Me2), 1.02(d, J= 6.4 Hz, 3 H, C13<H3), 1.0 (d, J= 6.7 Hz, 3 H, C6-CH3), 0.88 end 0.86 (twos, 18 H, Si-
/Bu), 0.094,0.045,0.038, end0.011 (foots, 12H, SiMe); MS O-SMS): tie 691 M+-l).
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