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ABSTRACT

A new method for the synthesis of r,â-unsaturated lactones from â-acetoxy aldehydes by reaction with the lithium enolate of methyl acetate
was developed. The reaction is relatively insensitive to structural changes in the aldehyde substrates. The process was extended to the
synthesis of five-ring lactones from r-acetoxy aldehydes. Experimental evidence regarding the mechanism of this one-pot transformation was
obtained. The observations are consistent with a pathway involving an initial aldol condensation with subsequent acyl migration, lactonization,
and â-elimination and not an enolate equilibration−aldol mechanism.

The addition of various allylmetals to aldehydes is now well
established as an important and useful synthetic method.
Stereoselectivity in such reactions has been achieved using
“substrate controlled” processes,1 chiral reagents,2 and most
recently via catalytic enantioselective reactions.3 Our interest
in these reactions and the structures of certain natural
products of interest to us has led us to investigate general
methods for the conversion of the products of such reactions

to R,â-unsaturated lactones. We report herein a general
method for accomplishing this transformation as outlined in
Scheme 1.

The actual substrates for the reaction areâ-acetoxy
aldehydes, which are readily available by acetylation of the
homoallylic alcohols, followed by processing of the homo-
allylic acetates to yield the corresponding aldehyde. For most
of the cases described herein, this was accomplished by
ozonolysis of the olefin followed by reductive workup with
either Me2S/MeOH or triphenylphosphine.4 As expected, the
â-acetoxy aldehydes proved to be very labile with respect
to â-elimination and decomposed upon attempts at chroma-
tography (Scheme 2).

Reaction of theâ-acetoxy aldehydes with the lithium
enolate of methyl acetate,5 initially at -78 °C followed by
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warming to-20 °C and allowing the mixture to stand at
that temperature for several hours, afforded theR,â-unsatur-
ated lactones in the isolated yields shown in Table 1. Since
the â-acetoxy aldehydes could not be purified without
decomposition, these represent overall yields for the two-
step process including the aldehyde-forming step of ozo-
nolysis or oxidation, respectively.4

Mechanistically, we envisioned these reactions as proceed-
ing via initial addition of the lithium enolate to the aldehyde
carbonyl, followed by acetate migration and subsequent
lactonization andâ-elimination (Scheme 3). An alternative
possibility involving an intramolecular condensation of an

acetate enolate generated by a proton transfer-equilibration
process is considered extremely unlikely on the basis of the
following evidence.

First of all, with substrate5, conversion to4a was found
to occur (albeit in lower yield) when the benzoate derivative
was used in place of the acetate (Table 1, entries 4 and 5).
This is consistent with the suggested pathway, and also with
the expectation that the benzoate would undergo the critical
migration step less readily than the acetate. Second, when
the propionate (7) rather than the acetate derivative of
substrate3 was employed in a reaction with the enolate of
methyl acetate,3awas again obtained in essentially the same
yield, demonstrating that the propionate group was lost in
the reaction (Scheme 4). This result is compatible with the

proposed overall pathway, but not with one involving ester
enolate equilibration followed by intramolecular aldol con-
densation, which would have led to a different product (7a)
containing an additional methyl group.

(4) The exceptions were substrate6, which was prepared by hydrogena-
tion of 5, and substrates10 and 11. These materials were prepared by
deprotection (DDQ) of the corresponding primary PMB ethers, followed
by oxidation using the TPAP/NMO protocol of Ley. It should be noted
that this approach to the preparation ofâ-acetoxy aldehydes for use in these
reactions is complicated by the very acetate migration which makes the
overall reaction possible. The only deprotection/oxidation sequences which
we have been able to carry out successfully to date involve either

Scheme 2

Table 1. Preparation of Lactone Products
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Attempts to extend this reaction to more highly substituted
enolates have not as yet been successful withâ-acetoxy
aldehydes as substrates. For example, reaction of substrate
2 with the lithium enolate of methylpropionateled largely
to â-elimination with very little of the desired lactone
observed. Apparently, nucleophilic addition is retarded
sufficiently by the additional steric demand of the substituted
enolate that proton transfer from the aldehyde methylene and
subsequent elimination competes. Likewise, reaction of the
aldehyde substrate4 (with an R-OTBS group) with the
enolate of methylpropionate did not afford the desired
annulation product. Althoughâ-elimination was not observed
in this case, consistent with the expectation thatâ-elimination
would be slowed by the presence of the bulkyR-substituent,
starting material was recovered along with a complex mixture
of diasteromeric hydroxy acetates.

As expected, this pathway for the production ofR,â-
unsaturated lactones is not limited toâ-acetoxy aldehydes
but can be carried out withR-acetoxy aldehydes as well.
Thus substrate8 was converted to the five-ring lactone8a
using this protocol in 62% overall yield. With suchR-acetoxy
aldehydes, the use of more substituted enolates proved viable
since competingâ-elimination is not possible. Thus, reaction
of aldehyde8 with the lithium enolate of methyl propionate
provided theR-substituted lactone8b in 77% yield (Scheme
5).

One attempt has been made toward extending this method
to the use of anR-acetoxy ketone. Treatment of9 under the
typical reaction conditions resulted in the formation of tertiary

alcohol 9a. Apparently in this particular instance base-
induced cleavage of the acetate is faster thanâ-elimination.
It is presently unclear whether the use of less sterically
encumbered ketone substrates will provide unsaturated
lactone products (Scheme 6).

Given the ready availability of a variety of homoallylic
alcohols via the addition of a diverse array of allyl reagents
to aldehydes, we anticipate that the simple method described
herein will prove to be of considerable utility in synthesis.
In this regard, it is noteworthy that no epimerization of
potentially sensitive stereocentersR to the aldehyde was
detected in the reactions described herein. To further test
for epimerization, the diastereomeric substrates10 and 11
were each subjected to the reaction conditions and led cleanly
to the diastereomeric products10aand11awith no crossover
detected by1H NMR (Scheme 7).
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hydrogenolysis of benzyl ethers or removal of PMB ethers using DDQ,
followed by either TPAP or Dess-Martin oxidation. It is interesting to
note that, although the removal of benzyl ethers using DDQ is also well
established, the conditions (time and temperature) required are such that
adventitious acetate migration complicates these reactions as well.

(5) The enolate of methyl acetate was generated by dropwise addition
of methyl acetate to a stirred solution of LDA (typically 0.1 M) maintained
at -78 °C and used 15-30 min after addition was completed.
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