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3,6-Dihydro-H-pyrans {) composesubunits of numer- undergoes RCM reaction to afford the dihydropyran ring.
ous biologically active natural products such as laulimalide

(2),} scytophycin C )2 and methyl sarcophytoatd) 1 Ry oy

Especially among these, laulimalide possesses two dihydr C'z(PCVa)zRU =CHPh Z 1)
pyran rings,.e. 2,6-disubstituted and 2,4-disubstituted 3,6- R3
dihydro-H-pyrans. Laulimalide has been recently known 6

for its potent activity as an antimiotic agent like t&ahd The only problem left for the synthesis is the formation of

epothilones. Unlike tax8) laulimalide is biologically active the ether linkage for 2,6-disubstituted dihydropyran. It is not
against multi-drug cell linesThis fact prompted us to be easy to prepare ethers with both secondary alkyl groups.
interested in the synthesis toward laulimalide. The one oHowever, this problem can be resolved by Burkes tandem
key steps in our synthetic plan lies in the successful prepaglycolate Claisen rearrangement (Eqt%).
ration of dihydropyrans. Herewith, we would like to describe
the synthesis of 3,6-dihydrd42pyran subunits of laulimalide. LDA _ ( Or

o T™SCI J: q
N

oTMS oTMS @

7 9
R= secondary alkyl

According to our approach, we decided to prepare 2,6-
disubstituted dihydropyran from the substrate of glycolate
Claisen rearrangement. First of all, 1,3-propanediol was
monoprotected as benzyl ether by treatment witfBKi@nd
benzyl chloride in 1,4-dioxane. (Scheme 1) The resulting
alcohol was subjected to Swern oxidation to furnish alde-
hyde and Horner-Wadsworth-Edmmons reaction of ethyl
diisopropoxyoxyphosphorylacetate in THF &0upon this
aldehyde provided ther,f-unsaturated ester, which was
reduced to allylic alcohol by DIBAL. Then, Sharpless asym-

In general, two major methods have been used for thenetric epoxidation, mesylation reaction followed by the
preparation of optically active 2,6-disubstituted 3,6-dihydro-treatment of the mesylate with zinc dust and Nal provided
2H-pyrans. The first method is the one using Ferrier-typehe secondary allylic alcohol possessing the required stereo-
reactiont on the glycal derivatives, which are prepared by thechemistry. In order to prepare the homoallylic ether, sodium
hetero-Diels-Alder reaction of Danishefsky’s diene under thesalt of allylic alcohol13 was treated with sodium bromo-
optically active catalystsSo far this method has not been acetate to provide aciii4 after acidic workup. Next step
recommendable because of its relatively low e.e. values of tredong the line was the esterification. Therefore, the treatment
products. The second method is the one employing thef 14 with DCC and allyl alcohol provided allylic ester,
conversion otis-diol of D-mannose to a double bohd@ihis  which was transformed to an intermediate of TMS enol ether
process is cumbersome in dealing with diverse derivatives dfy treatment with LDA and TMSCI. The intermediate was
dihydropyrans. We have planned the synthesis of opticallymmediately rearranged to the corresponding homoallylic
active 2,6-disubstituted 3,6-dihydrétpyran using ring-closing  acid 15 as a mixture of isomers. At this stage we could not
metathesis (RCM) reaction employing Grubbs ruthenium benzseparate isomers. Instead, the separation was performed
ylidene catalyst. RCM reaction tolerates lots of functional upon the treatment of acid with diazomethane. The separa-
groups and usually proceeds under the mild condition. Retion of isomers of the esters was accomplished by the
cently the application of RCM reactions in organic synthesichromatographic method.s Ralues ofR andS isomers on
are overwhelmingly expandirfgOur approach was based on silica gel TLC were 0.26 and 0.36, respectively for an eluent
Eq. 1, which depicts that allyl-O-homoallyl compound of hexane : ethyl acetate = 10 : 1. We obtained the deSired

R=COOMe
Scytophycin C (3) Methyl Sarcophytoate (4)
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Scheme 1 Reagents*BnCl, KOBu, 1,4-dioxane, reflux, 58%8(COCIl), DMSO, EtN. {(PrOpPOCHCOEt, KOBuU, THF, 62% (two
steps).dDIBAL, THF, -78°C, 92%.°Ti(O'Pr)s, D-DET, TBHP, CHCl, 90%.‘MSCI, E&N, dmap, CHCI,, 100%9Nal, Zn dust, THF, reflux,
77%."NaH, BrCH, COH, THF, reflux, 99%!DCC. allyl alcohol, 94%ILDA, HMPA, TMSCI, 74%.CH;N,, ether, chromatographic

separation, 73%Cl(PCys).Ru=CHPh, CHCl,, 100%.
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Scheme 2 ReagentssNaOEt, CH=C(CHs)CH,Cl, 81%.°NaCl, DMSO, 140-180C, 77%.°NaOH, HO", 83%.%ivaloyl chloride, EN;
®n-BuLi, 19, THF, 95% (two stepsiNaHMDS, 21, THF, -78°C, 72%5LiBH 4, MeOH, THF, 99%"TBDPSCI, NaH, THF, 88%NaH, allyl
bromide,n-BusNI, THF, 70%.Cl(CysP»Ru=CHPh, 85%n-BusNF, THF, 78%.

product in the ratio of 4: 1 in 73% vyield. Finally the RCM
reaction of thisSmethyl ester using Grubbs’ catalyst yielded 2.
the desiredrans product16in 100% yield. In contrast, the
other R isomer gavecis product in 64% yield. The stereo-
chemistry of the product was identified by comparing 2D
NOESY spectral data of each isomer.

As for the preparation of 2-hydroxymethyl-4-methyl-3,6-
dihydro-2H-pyran @5), we utilized the protocol of Evans’
oxazolidinone. Thus alkenyl carboxylic acid was prepared
from diethyl malonate by standard metHoaind combined 6.
with (49)-4-isopropyloxazolidin-2-ongia mixed anhydride
of pivalic acid*? The asymmetric hydroxylation reaction of 7
oxazolidinone derivative using 2-benzenesulfonyl-3-phenyl-
oxaziridine 21) provideda-hydroxy amide derivativ@2.!®

Then, oxazolidinone ring 022 was removed under the
reducing condition utilizing LiBkl to obtain diol23. The
selective protection of primary hydroxy group with TBDPSCI
and Williamson ether synthesis under the phase transferg
catalyst provided the substra?d for RCM!* The RCM
reaction of24 proceeded smoothly to dihydropyran ring 10.
compound, of which TBDPS group was removed to yield
the desired dihydropyra2b.
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