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Summary: A potentially general route to large carbocycles is
described involving a Claisen rearrangement of silyl enolates

derived from appropriate unsaturated macrolides.

The Claisen rearrangement of both all{l aryl and allyl vinyl ethers
is an extremely valuable synthetic method. A useful variant of this
reaction is the rearrangement of silyl enclates of allyl esters,
leading to y, S6-unsaturated carboxylic acids, developed primarily by
Ireland.? This method offers the twin advantages of readily available
starting materials and milder rearrangement conditions. Our idea was
to apply this method to the synthesis of large carbocycles (3) by re-
arrangement of the enolates (2) derived from appropriate unsaturated
macrolides (1). Until recently, there were no efficient, general
syntheses of such macrolides but due to the notable efforts of Corey,
Masamune, Mukaiyama and Gerlach, among others, a number of methods are
now available for their elaboration, usually from the corresponding
w-hydroxy-acids.3 The transformation (1) - (3) has previously been
shown by Danishefsky4@ to be useful for the preparation of six- and
seven-membered carbocycles from w-vinyl-valerolactones and caprolactones
and used in an elegant synthgsis of the sesquiterpene widdrol. b a
recent report by Funk et.al.” which further extends this idea prompts
us to report our own results in this area.

As starting materials, we used the readily available w-oxo-esters
(4a) and (4b). The former was obtained by ozonolysis of methyl 10-
undecenoate while (4b) was prepared from cyclododecanone by sequential
Baeyer-Villiger oxidation, methanolysis and oxidation using pyridinium
chlorochromate. These were then converted into the hydroxy-acids (5a)
and (5b) by reaction with vinyl magnesium bromide at -789C followed by
saponification and also into the hydroxy-acids (6a) and (6b) by Wittig
reaction with formyltriphenylphosphorane followed by borohydride
reduction and saponification. Good yields were _obtained in all these
steps. We next examined a number of procedures3 for the lactonisation
of the hydroxy-acids (5a,b) and (6a,b). While these were moderately
successful, they were not amenable for the preparation of multigram
quantities of the required macrolides as expensive reagents and high
dilution conditions were required. These problems were overcome by
converting the hydroxy-acids to the corresponding allylic chlorides
(5¢c,d) ang (6c,d), and using the lactonisation procedure of Galli and
Mandolini® (see below). 1Initially, a major drawback with the approach
was that both isomers of the allylic chloride were formed from a single
hydroxy-acid; for example, treatment of hydroxy-acid (5b) with
thionyl chloride gave a mixture of (6d) and (5d) in a ratio of 77:23.
However, both (6a) and (6b) could be cleanly converted into the
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corresponding chlorides (6¢)} and (6d) by using hexachloroacetone and
triphenylphosphine at -78°C + 0°C in > 70% isolated yield.’ The
hydroxy-acids (5a) and (5b) were also converted into the chlorides (5c)
and (5d) respectively by using the same reagent mixture but at room
temperature. In these cases, the regioselectivity was > 90%. The
macrolides (7a,b) and (8a,b) were prepared by adding a solution of

the corresponding chlorides in DMSO via motor driven syringe to a hot
suspension of potassium carbonate in DMS0.6 A key factor with this
method is that the macrolides can be isolated simply by continuous
extraction of the reaction mixture with petrol (b.p. 40-60°), thus
avoiding a tedious and wasteful aqueous work-up. (The residual DMSO
may be distilled and re-used). In this way, the desired macrolides
(7a,b) and (8a,b) were obtained in ca.60% isolated yields, accompanied

by 5-10% of the corresponding diolides.

After a number of trials, we found that the macrolides (7a,b)
and (8a,b) could be efficiently converted into the corresponding
silyl enolates (c¢c.f.2; R = SiButMeZ) by reaction with two equivalents
of hexane-free lithium diisopropylamide in THF-HMPA (3:1)2 for 0,75h
at -78°C, followed by quenching with t-butyldimethylsilyl chloride.
After a simple aqueous work-up, the silyl enolates were refluxed in
toluene for ca. 4h, and the products hydrolysed with HF in aceto-
nitrile, then esterified (CH N2) and chromatographed, to give the
carbocycles (9a,b) and (lOa,%) in 60-70% overall, isolated, yields.
This method therefore represents a relatively brief, efficient and
potentially general route to medium-sized and large carbocycles.
Unfortunately, the overall stereoselectivity in all the cases
is rather low. The carbocycles (9a) and (9b) were isolated as
5:1 and 3:1 mixtures of the cis and trans isomers respectively while
(10a) and (10b) were isolated as 1-2:1 and 1-5:1 mixtures respect-
ively of the trans- and cis-isomers. Molecular models indicate that
the rearrangements of the enolates derived from macrolides (7a,b)
could proceed via a chair or boat-~like transition state,4a if it is
assumed that only (Z)-lithio- and hence the (E)-silyl enolates are
formed$ giving rise to the trans- or cis- carbocycles (9a,b)
respectively. Similarly, reasonable chair and boat conformations can
be constructed which account for the formation of both the cis- and
trans— isomers of (l1l0a,b) from the macrolides (8a,b)?

Finally, we have also examined the rearrangement of the 11-
membered macrolide (1l), readily prepared from 2-methyldimedone by
the method of Mahajan? Treatment of (11) with 3.5 eq. of LDA
followed by trapping of both the ketone and lactone enolates with
ButMe,SiCl and thermolysis in toluene resulted, after the usual work
up, in the isolation of only two, separable, diasterecisomers in a
ratio of 95:5. We have assianed structure (12) to _the major isomer
on the basis of spectral data and molecular models§ assuming that
the kinetic (i.e. the less substituted) enolate of the ketone and
only the (E)-silyl enolate of the lactone function are formed® The
minor isomer is epimeric at the methyl group a- to the ketone group,
and both are probably formed via a boatlike transition state.® Thus,
in_agreement with the findings of Danishefsky EE-él'4 and Funk et.
al?y, such rearrangements seem to have considerable potential for
internal asymmetric induction.
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