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Intramolecular acyl-lithiation of C=C double bonds proceeds following carbonylation of 1-lithio-1,3-dienes with CO to afford 2- or 3-cyclopentenone
derivatives in good to excellent yields after hydrolysis. Addition of electrophiles to the carbonylation reaction mixtures affords various multiply

substituted cyclopentenones.

Carbonyllithium species, the initial intermediates in the
addition reactions of CO with organolithium compounds,

azadienyllithium, or aroyllithium with the participation of
1,2-silicon shift or aromatict-electron system&34or in

have attracted intensive attention as potential reagents forthe cases of dilithium compouné8.Seyferth and others

organic synthesis.In principle, two types of successful
applications have been developed using carbonyllithium

developed the intermolecular reaction pattern, trapping
carbonyllithium species with electrophiles at very low

species as reactive intermediates. Murai and others developetemperature$.® Carbo-lithiation of unsaturated-€C bonds

the intramolecular reaction pattern, in which the highly
reactive carbonyllithium species were converted to stable
enolates and ynolatéCyclic compounds, including cyclo-
pentenones, were formed in the cases of 1-(silyl)vinyllithium,
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is a very important approach for construction of new©
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bonds!® Conceptually, acyl-lithiation of unsaturated-C

2in high isolated yields (eq 1). Representative examples are

bonds demonstrated in Scheme 1 is more interesting andgiven in Table 1. 3-Cyclopentenones instead of 2-cyclopen-
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more useful, since not only new -G bonds but also
carbonyl groups can be introduced into the products.
However, to the best of our knowledge, such a reaction has
not been reported.

In this paper, we report the first example of acyl-lithiation
reactions of C—C double bonds, in which a tandem carbon-
ylation/cyclo-acylation reaction takes place to afford useful
cyclopentenone derivatives (Scheme 2).
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1-Lithio-1,3-diene derivative$ were generated in situ by
lithiation of their corresponding 1-iodo-1,3-diene derivatives
using t-BuLil! Inlet of CO gas directly from a CO gas
cylinder into the Schlenk tube dfunder a slightly positive
pressure of CO resulted in an immediate reaction. Hydrolysis
of the reaction mixture with water affords 3-cyclopentenones
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Table 1. Hydrolysis of Reaction Mixtures of
1-Lithio-1,3-dienesl with Carbon Monoxide

1) CO
Z L -78°C, 1h
H o ™)
~ 2) H,0
1 2
ield of
run lithio compound 1 product 2 yield g
2/%
i Pr
Pr.
Pr: AL
1 1a e} 2a° 93
Pr N Pr
Pr Pr
Pr Pr
Pr. D
Pr: AL
2 1a O 2aD° 91
Pr 3 Pr
Pr Pr
SiMes SiMe;
H Hex
SN L
3 x 1o O 2p¢ 70
Hex Hex ]
SiMe; SiMe;
Bu Bu
= L
4 ~ e o 2¢° 71
Bu Bu
Bu Bu
5 BN 1d Bu\@:o 2° 79
A
Bu Bu
6 Bu\ﬁ\u 1d Bubv:o 2dD° 74
X

D

aReaction conditions: shown in eq Qlsolated yields. Combined
isolated yields are given in cases of mixtureé. mixture of cis and trans
isomers in 4:19 A mixture of cis and trans isomers in 5:40nly product.
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tenones are obtained after hydrolygfsMonolithio com-
poundsla—c all afforded their corresponding 3-cyclopen-
tenone2a—cas mixtures of trans and cis isomers, with cis
isomers being the major ones. One exceptional case is the
reaction ofld, which gave 2-cyclopentenoi2e as the only
product in 79% isolated yielt’. No 3-cyclopentenone was
formed in this case.

Monodeuterated 3-cyclopentenoBaD was obtained in
91% isolated yield with D incorporation being more than
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Table 2. Alkylation of Reaction Mixtures of
1-Lithio-1,3-dienesl with Carbon Monoxide
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aReactions conditions: shown in eq Zsolated yields. Combined
isolated yields are given in cases of mixtureéé mixture of cis and trans
isomers in 3:290nly product.c6 A mixture of cis and trans isomers in
10:1.

95% from deuteriolysis of the carbonylation reaction mixture
of 1la and CO. Deuteriolysis of the carbonylation reaction
mixture of 1d (run 6) afforded monodeuterated 2-cyclopen-
tenone2dD in 74% isolated yield with D being at thé

The dilithio reagents gaverans-3-cyclopentenones, while
these monolithio reagents affordeid-3-cyclopentenones as
major products.

Instead of hydrolysis of the carbonylation reaction mix-
tures, addition of electrophiles afforded various multiply
substituted 3-cyclopentenones (eq 2). Methyl iodide, benzyl
halides, allylic halides, and propargyl halides could be used
as alkylation reagents to produce monoalkylated 3-cyclo-
pentenone8.? Results are given in Table 2. Compourgis
and3e were obtained as mixtures of cis and trans isomers,
with the cis isomers being the major ones. However,
cyclopentenone8b—d were obtained as the only isomers.
In comparison, the ratio of cis to trans selectivity fbis
different from that for2.

A proposed reaction mechanism is given in Scheme 3.
The carbonyllithium specied, proposed to be the first

Scheme 3
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reaction intermediate, immediately undergoes intramolecular
acyl-lithiation of the G=C double bond to affor8.13 Further
investigation into the reaction mechanisms and further
applications of this novel and synthetically useful reactions
are in progress.
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position. These results are informative for understanding the 0L026977L

reaction mechanisms.
It is interesting to compare the stereochemistr@with
that obtained from the reaction of 1,4-dilithio-1,3-diefies.
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