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ABSTRACT

Reaction of (Z)-1,4-diketones with various functionalized nitroalkanes in the presence of DBU gives 4-alkylidenecyclopent-2-en-1-ones with E
selectivity. A cyclopentadienone intermediate is probably formed by intramolecular aldol condensation, and this reacts with a nitroalkane
giving a Michael addition−elimination.

The cyclopentenone ring is one of the most recurring
structural unit in targets of relevant practical interest.1

Functionalized cyclopentenones are also important building
blocks that provide an efficient entry to substituted cyclo-
pentanone frameworks.2 The classical approach for the
synthesis of cyclopentenones makes use of an intramolecular
aldol condensation of 1,4-dicarbonyl derivatives.3 This
strategy is particularly effective when 1,4-keto aldehydes or
symmetrical 1,4-diketones are used as substrates but un-

doubtedly poses some chemoselectivity problems with
unsymmetrical diketo derivatives. To overcome this draw-
back, a number of alternative protocols involving multicom-
ponent couplings,4 rearrangements,5 and other transforma-
tions6 have been devised. A practical synthetic route to
4-substituted cyclopentenones may exploit the reactivity of
cyclopentadienonesI that react with nucleophilic reagents
giving the corresponding addition productsII (Scheme 1).
Unfortunately, cyclopentadienones are rather unstable com-
pounds, and this prevents their direct use although a
“masked” form of these reactive substrates has found some
synthetic applications.7
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A solution to this problem may be the exploitation of a
tandem process8 in which the cyclopentadienone readily
reacts with a nucleophile as soon as it is formed.

Recently, we have reported that nitroalkanes1 react with
enones2 in a tandem Michael addition-elimination process
giving unsaturated 1,4-diketones3 with enhancedE stereo-
selectivity9 (Scheme 2).

The application of this strategy to unsymmetrical 1,4-
diketones, usually leads to a regioisomeric mixture of
products that jeopardizes the efficiency of the synthetic
procedure.9a (Z)-1,4-Diketones5 are easily obtained by ring
cleavage of furans4 with m-CPBA10 (Scheme 3, Table 1).

Nitroalkanes1 react with diketones5 in the presence of DBU
in acetonitrile, affording 4-alkylidene-cyclopent-2-en-1-ones
6 in good yield and highE diastereoselectivity11 (Scheme 4,
Table 2).

Cyclopentenones6 are usually prepared by metal-mediated

cycloaddition of alkynes.12 The nature of product6 obtained
is consistent with a mechanism depicted in Scheme 5. A

chemoselective intramolecular aldol condensation of enedi-
one5, promoted by the presence of the aromatic ring, gives
cyclopentadienone7 as reactive intermediate that, under the
same conditions, reacts with nitroalkane1 to afford the
Michael adduct8. As previously observed,9 the nitroenone
8 undergoes a base-assisted elimination of nitrous acid giving
cyclopentenone6.13
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Table 1. Synthesis of Diketones5

entry furan R Ar diketone yield,a %

1 4a Me C6H5 5a 88
2 4b Et C6H5 5b 79
3 4c Me 3-MeOC6H4 5c 91
4 4d Et 4-FC6H4 5d 85
5 4e Me 3-ClC6H4 5e 83

a Yields of pure, isolated products.

Scheme 4

Table 2. Synthesis of Cyclopentenones6

entry nitroalkane R1 R2 5 6 yield,a %

1 1a Me Me 5a 6a 77
2 1b i-Pr H 5a 6b 63
3 1c n-C5H11 H 5a 6c 81
4 1d n-C9H19 H 5a 6d 76
5 1e CH2dCH(CH2)3 H 5a 6e 68
6 1f dioxolanylethylb H 5a 6f 73
7 1g HO(CH2)5 H 5a 6g 78
8 1h CH3COCH2CH2 H 5a 6h 84
9 1i MeO2CCH2CH2 H 5a 6i 80

10 1j MeO2C(CH2)4 H 5a 6j 67
11 1k Ph H 5a 6k 65
12 1i 5b 6l 79
13 1c 5c 6m 87
14 1i 5c 6n 68
15 1j 5d 6o 73
16 1c 5e 6p 93
17 1j 5e 6q 67

a Yields of pure, isolated products.b
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The proposed mechanistic pathway is also supported by
the lack, in the reaction mixture, of any regioisomeric product
as 9 that could arise by a conjugate addition of the
nitroalkanes1 on diketones5 before the ring closure.

Any attempt to prepare the cyclopentadienone7 carring
out the reaction in the absence of nitroalkane led to frustrating
results since only a complex mixture of various products was
obtained. TheE configuration of the exocyclic double bond
in compounds6 has been verified by NOE experiments and

by comparison of spectral data obtained for compound6k
with those appeared in the literature.14

In conclusion, 4-alkylidenecyclopent-2-en-1-ones6 are
now readily available compounds, achievable from (Z)-1,4-
diketones5 by a simple procedure involving three different
reactions carried out in a tandem sequence. The efficiency
of the whole process is witnessed by the good yield and the
outstandingE stereoselectivity of products prepared.

Application of this synthetic methodology to other func-
tionalized enediones is currently in progress in our laboratory.
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