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Abstract: The reaction of hydroxy alkenes 5, 7, and § with CO and MeOH in the presence of PdCl; and CuCl, gave
tetrahydropyrans 9, 11, and 12, respectively. Yields were dependent upon the configuration of substituents in the
hydroxy alkene; in all cases, the tetrahydropyran was produced with 2,6-¢is configuration. @ 1999 Elsevier Science Ltd.
All rights reserved.

The tetrahydropyran nucleus is a component of many classes of natural products, and a variety of
synthetic pathways are now available for construction of this moiety.! Most of these employ cyclization
strategies, but few are able to generate heavily substituted tetrahydropyrans with complete stereocontrol. In
1990, Semmelhack reported that intramolecular alkoxy carbonylation of 6-hepten-2-ol (1) produces a
tetrahydropyran 2 with clean cis orientation of side chains at C2 and C6 (eq 1).2 The influence of substituents
in the alkenol substrate was examined for alkoxy carbonylative cyclizations to give tetrahydrofurans,3 but was
not well documented for those reactions leading to tetrahydropyrans. This issue becomes important in
approaches to functionalized tetrahydropyrans, and for this reason we undertook a study of the Pd(II)
catalyzed alkoxycarbonylative cyclization of several 6-hydroxy-1-alkenes.
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Four stereoisomeric 4,6,8-trihydroxy-3-methyl-1-octene derivatives were synthesized from the protected
(35)-3,5-dihydroxypentanal 3.4 The latter was prepared by enantioselective hydrogenation of keto ester 4,
followed by conversion of the (35) alcohol to its silyl ether and subsequent reduction of the ester. Exposure of
3 to (E) and (2) isomers of (+)-crotyl(diisopinocampheyl)boraneS with subsequent protection of the resultant
alcohol as its triisopropylsilyl (TIPS) ether followed by selective removal of the terr-butyldimethylsilyl (TBS)
ether afforded (3R, 4S, 65) and (3R, 4R, 65)-octenetriol derivatives 5 and 6, respectively. An analogous
sequence from 3 employing (E)- and (Z)-(—)‘crotyl(diisopinocampheyl)borane led to 7 and 8.
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Alkoxycarbonylative cyclization of 5-8 was carried out in methanol under an atmosphere of CO in the
presence of catalytic PdCl, and with CuCl, as the stoichiometric oxidant (Table 1). The reaction showed a

marked dependence on the configuration at C3 and C4 of the hydroxy alkene, with 5 giving a low yield of 9,
and 6 giving none of the tetrahydropyran 10. The efficiency of cyclization improved with the conversion of 7

to 11, and was highest with 8, which afforded 12 as a single stereoisomer.

Table 1. Alkoxycarbonylative Cyclization of Stereoisomeric Octenols.
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At first glance, the results in Table 1 seem counterintuitive since 8 leads to the tetrahydropyran 12 which
should be least stable (2 axial substituents), whereas 6 would have produced a tetrahydropyran 10 in which all
substituents are equatorial. An explanation for the observed outcome can be found by considering the Pd
complexed alkenes A and B which precede cyclization. With the large exo Pd substituent positioned
pseudo equatorial in a bisected conformation of the alkene, an eclipsing interaction with the methyl group is
present in A which is absent in B. This suggested that relocating the methyl substituent to a site more remote
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from the double bond would diminish the steric encumbrance against alkoxy carbonylative cyclization of 6,
and led us to consider alternative cyclization substrates, which could afford a tetrahydropyran configuration
identical with 10 but with side-chain functionality at C2 and C6 reversed.
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Asymmetric crotylation® of aldehyde 13 followed by benzoylation of the resultant homoallylic alcohot,
furnished 14 which was ozonized to give 15. Treatment of this aldehyde with (-)-allyl(diisopino-
campheyl)borane” and protection of the product alcohol as its triisopropylsilyl ether yielded 16, from which
the benzoate was removed by reduction. Attempts to effect alkoxy carbonylative cyclization of 17 or the diol
18 derived by selective desilylation were unsuccessful; however, when pivalate 20 was exposed to PdCl,-

CuCly in the presence of CO and MeOH, tetrahydropyran 20 was formed in 45% yield.
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In order to correlate the configuration of 20 with that of 10, the latter was synthesized by an alternative
route from 3. Aldol condensation of 3 with the (Z) boron enolate of (5)-oxazolidinone 21 gave 22, from which
the chiral auxiliary was removed to yield Weinreb amide 23.8 After protection, the amide was reduced to
aldehyde 24 which was subjected to Gennari-Still coupling with phosphonate 25 to afford exclusively a (Z)-
a,B-unsaturated ester.? Selective removal of the TBS protection then gave 26, which in the presence of
potassium Zer-butoxide underwent clean cyclization to 10.6:10 Reduction of the latter with lithium aluminum
hydride, followed by hydrogenolysis over Pearlman’s catalyst produced diol 27, identical with the diol
prepared by direct hydride reduction of 20.
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It is clear from the foregoing results that intramolecular palladium-catalyzed alkoxy carbonylation of a
hydroxy olefin to form a substituted tetrahydropyran is highly dependent on the configuration of the
substituents. Nevertheless, this methodology can provide a valuable means for constructing certain tetra-

hydropyrans from easily accessible precursors.
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