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ABSTRACT

A tandem [2 + 2] cycloaddition−Michael reaction using ynolate anions followed by decarboxylation produced polysubstituted five-, six-, and
seven-membered cycloalkenes.

We have developed a novel method for the generation of
ynolate anions (3)1 via cleavage of ester dianions (2)2 and
demonstrated their unique characteristics as multifunctional
carbanions (Scheme 1).3 Since ynolate anions react with
ketones to give strongly nucleophilicâ-lactone enolates,2,4

we decided to take advantage of this to design tandem
reactions for use in efficient syntheses of complicated carbon

skeletons. Recently, we reported an example of a tandem
reaction, [2+ 2] cycloaddition-Dieckmann condensation,
utilizing keto esters as substrates.5 If electrophilic function-
alities other than esters are introduced in the substrate, a new
type of tandem reaction could be developed.6 Herein, we
report the first tandem [2+ 2] cycloaddition-Michael
reaction of ynolate anions, followed by decarboxylation,
furnishing substituted cycloalkenes.

The readily available (E)-ethyl 6-oxo-6-phenyl-2-hex-
enoate (5a, R′ ) phenyl,n ) 1) was used as the substrate.
A typical procedure is as follows. To a solution of the ynolate
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Scheme 1. Tandem Reaction of Ynolates
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(3, R ) Me), prepared from theR,R-dibromo ester (1.0
mmol) and a solution oft-BuLi (4.0 mmol, 1.4 M in pentane)
at -78 °C for 3 h and 0°C for 0.5 h in THF was added a
solution of5 (0.8 mmol) in THF. The mixture was stirred
for 30 min at-78°C. After the addition of saturated aqueous
NH4Cl and the usual workup, acid-catalyzed decarboxylation
(refluxing in benzene in the presence of a catalytic amount
of silica gel) was carried out without purification of the
â-lactone (8). After filtration, concentration, and purification
by silica gel column chromatography, the desired ethyl
2-methyl-3-phenyl-2-cyclopentenylacetate (9) was isolated
in 84% yield (Scheme 2).

To establish the generality of this process, we examined
reactions using several kinds of keto-R,â-unsaturated esters
(5). As shown in Table 1, the 2,3-disubstituted 2-cyclopen-

tenylacetates were obtained in good yields (entries 1-6). In
these reactions, the intermediateâ-lactones (8) were mixtures
of diastereomers with ratios from 1:1 to 4:1, determined from
1H NMR spectra. 2,3-Disubstituted 2-cyclohexenylacetates
were also synthesized in good yields (entries 7-10). In these
cases, the1H NMR spectra of theâ-lactones (8) showed a

single isomer.7 It is noteworthy that a seven-membered
carbocycle was successfully obtained by this tandem reaction
(entry 11), although this type of cyclization could not be
achieved by the tandem [2+ 2] cycloaddition-Dieckmann
condensation.8

The synthesis of bicyclic carbocycles was more challeng-
ing. As shown in Scheme 3, the ynolate anion (3a) reacted

smoothly with the keto ester10 to provide the desired
octahydronaphthalene in excellent yield as a single stereo-
isomer. The stereochemistry was determined by a single-
crystal X-ray analysis of the corresponding carboxylic acid
(11′), which was produced by hydrolysis of compound11.

The stereoselectivity of this tandem reaction can be
explained by the assumption that the cycloaddition proceeded
by equatorial attack, followed by Michael addition, through
the proposed transition state model (Figure 1). As the

stereochemistry of the intermediateâ-lactone has not been
determined, the detailed mechanism is unclear.

This tandem reaction was applied to the synthesis of
polysubstituted naphthalenes. The ynolates anion3b reacted
with (E)-4-(2-acetylphenyl)-2-butenoic acid ethyl ester (12)
at -78 °C (Scheme 4), and the resultingâ-lactone was
decarboxylated by acid to give the dihydronaphthalene (13),
which was oxidized with DDQ to furnish the desired ethyl
3,4-dimethyl-2-naphthalenylacetate (14).

In conclusion, we have developed an efficient synthesis
of highly substituted carbocycles via a tandem [2+ 2]
cycloaddition-Michael reaction using ynolates, taking ad-
vantage of the high nucleophilicity ofâ-lactone enolates
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Scheme 2. Synthesis of Cycloalkenylacetates via Ynolates

Table 1. Synthesis of Ethyl
2,3-Disubstituted-2-cycloalkenylacetates via a Tandem Reaction

entry R R′ n yield (%)

1 Me Me 1 64
2 Bu Me 1 74
3 cyclohexyl Me 1 75
4 Me Ph 1 84
5 Bu Ph 1 94
6 cyclohexyl Ph 1 97
7 Me Me 2 75
8 Bu Me 2 79
9 cyclohexyl Me 2 93

10 Bu Ph 2 78
11a Bu Me 3 63

a -40 °C, 1 h.

Scheme 3. Synthesis of Octahydronaphthalene11

Figure 1. Proposed transition state model of Michael addition.
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derived from the reaction of ynolates with ketones. Since
polysubstituted carbocycles, e.g., cycloalkenes, are not easy

to synthesize via short routes using conventional methods,
this approach should be very useful for organic synthesis.
These results again demonstrate the broad utility of ynolates
in organic synthesis.
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Scheme 4. Synthesis of Ethyl
3,4-Dimethyl-2-naphthalenylacetate14
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