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Ynolate anions 1) are ketene anion equivalents, and their
chemistry is very attractiveRecently, we have developed a novel
and useful method for the generation of lithium ynolates via the
cleavage of ester dianions prepared from readily availalie
dibromo esters2) (Scheme P and have demonstrated new
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reactions using ynolatéslt has been known that the [2 2]
cycloadditiort of ynolates with aldehydes affords highly reactive
intermediatesp-lactone enolates3*5This suggests that a well-
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We previously described the reactions of alkyl-substituted
ynolates with aldehydes at78 °C which give 2:1 adducts (e.g.,
5), due to the nucleophilicity of the intermediate enokgénigher
than that of the ynolate (Scheme?Z3Jhis result would indicate
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the difficulty of tandem reactions utilizinga in this system

designed reaction using ynolates could make one-pot multistepbecause thg-lactone enolates would be immediately trapped by

synthesis possible via intermedigidactone enolates, including
those not available via enolization of the corresponghigctones.
Herein, we describe a novel methodology of tandemt22]
cycloaddition-Dieckmann condensation, taking advantage of

the aldehyde. To achieve a tandem reactiofi-tfictone enolates
derived from ynolates, the reactivity of the enolatds ghould

be less than that of the ynolates. After surveying a range of
electrophiles, we have found that ketones (e.g., pentyl phenyl

these characteristics of ynolates, and demonstrate a facile oneketone,3b) provide S-lactones §) by the reaction with alkyl-

pot synthesis of synthetically useful 2,3-disubstituted-2-cyclo-

substituted ynolates at78 °C, followed by protonation with

alkenones as an application for the described methodology Saturated aqueous NEI (Scheme 3). This product could be easily

(Scheme 2).
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decarboxylated to form olefi, as a 2:1 mixture of isomers, in
good overall yield from3b.6 If the ketone3 possessed another
electrophilic center in the molecule, an intramolecular cyclization
would proceed to provide bicyclig-lactones, leading to the
formation of synthetically useful disubstituted cycloalkenes.

On the basis of this concept, we selectear o-keto esters as
substrates, expecting the realization of the tandemt[2]
cycloaddition-Dieckmann condensation. This process is exempli-
fied by the following: To a solution of ynolatel§), prepared
from o,,o-dibromo ester (1.0 mmol) and a solutionteBulLi (4.0
mmol, 1.4 M in pentane) at 78 °C for 3 h and °C for 0.5 h in
THF, was added a solution of ethyl 5-oxo-5-phenylpentanoate
(83, 0.8 mmol) in THF, and the mixture was then stirred for 5 h
at—78°C. After the usual workup, acid-catalyzed decarboxylation
(refluxing in benzene in the presence of a catalytic amount of
silica gel: method A) was conducted without purification of
p-lactone (0ag. After filtration and concentration, 2-butyl-3-
phenyl-2-cyclohexenond {ag was isolated in a 74% yield along
with 6% of ethyl 5-phenyl-5-decenoat#2), which was derived
from uncyclizedg-lactone Qaa) (Scheme 4). This is the first
example of the tandem [2- 2] cycloaddition-Dieckmann
condensatich(Table 1).

(6) Mechanistic investigations: Morao, |.; Lecea, B.; Arrieta, A.; Cossio,
F. P.J. Am. Chem. Sod997 119, 816-825 and references therein.
(7) Danheiser, R. L.; Nowick, J. S. Org. Chem1991, 56, 1176-1185.
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Scheme 4 with 3% HCI-EtOH, followed by immediate refluxing of the
resulting bicyclicg-lactones (decarboxylation method B). As a
OFt result, the desired product&l) were successfully obtained in
o o 78°c | O Bu o higher yields (entry 4, 7, 9, 10). By this improved procedure, a
Bu—=—0OLi + Ph/u\/\/U\OEt — = facile one-pot synthesis of 2,3-disubstituted cycloalkenones was
o achieved. The utility of this transformation has been demonstrated
by the accomplishment of the concise syntheses of dihydrojas-
mone (led® and a potential intermediate af-cuparenone
(11be.%° A keto-diester &f) also gave the desired cyclopentenone

. ? By o 9 B (11bf), which demonstrates that the method will work with
-78°C ij:( SiO, ilj[ u substrates having other ester functions.
O
h Ph

1a 8a Ph

fB-Lactonel3, obtained by protonation of the lactone enolate

E;?uzfne 9aa did not givelOaaby treatment with LDA at-78 °C, but
10aa 74% decomposed (Scheme 5). This indicates that the direct generation
11aa
Scheme 5
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Table 1. Tandem [2+ 2] Cycloaddition-Dieckmann 13

Condensation: Synthesis of 2,3-Disubstituted-2-cycloalkenones . e
of the enolat®aafrom thes-lactonel3is very difficult. Use of

0 the ynolate anion has indeed solved this problem, however,
R’)L(\"/n\COZEt 0 R o 0 allowing .rggiosellective formation of the enqlate via 12 2]
8 H*, A cycloaddition, prior to Dieckmann condensation.
R——oOLj —_— R In conclusion, we have developed a novel tandemt{2]
° <o loaddition-Dieck d ti i lat i d
; hR: 2 (0 R cycloaddition-Dieckmann condensation via ynolate anions an
achieved a facile synthesis of 2,3-disubstituted-2-cycloalkenones
10 n in good yields. The salient feature of ynolate anions as a ketene
tandem anion equivalent includes the selective formation of reactive
reaction intermediates such as enolate anions via a course different from
ynolate  ketoester . decar- ) enolization of the corresponding carbonyl compounds. This result
, temp/ time/ boxyl- yield/ demonstrates that ynolate anions have much potential as players
enwy 1 R 8 R n °c h atior 11 % in new reaction sequences, especially tandem reactions.
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