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ABSTRACT

An efficient phosphine-mediated diastereoselective synthesis of substituted cyclopentenones from 3-alkyl allenoates and diaryl 1,2-diones is
described.

In recent years, there has been enormous interest in
the chemistry of zwitterionic species1 largely from the

standpoint of their applications in multicomponent reac-
tions (MCRs).2,3 In general, the zwitterions that attracted
most attention are those formed by the addition of nucleo-
philes including nitrogen heterocycles, phosphines, and
isocyanides to activated π-systems such as acetylenic
esters,4 azoesters,5 and allenoates.6 Investigations in a
number of laboratories, including our own, have shown
that zwitterions of the type mentioned above on reaction
with electrophiles give rise to carbo- and heterocyclic
products by 1,3- or 1,4-dipolar cycloadditions. In certain
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instances, the zwitterion is only an intermediate in a
bond-forming reaction between two electrophiles, with
the nucleophile serving just as a catalyst.
During the last 10 years, allenoate�phosphine zwitter-

ions have been extensively investigated by several groups
and their utility has been demonstrated in the construction
of a variety of carbo- and heterocycles.6,7 In the context
of our work on the chemistry of zwitterions as well as
1,2-diones,8 it was of interest to explore the reactivity of
allenoate-phosphine zwitterions toward the latter, a class
of uniquely reactive compounds. It is noteworthy that
although annulation of allenoate-phosphine zwitterions
with aldehydes has been reported by various groups,9 their
reactivity toward 1,2-diones remained unexplored, thus
providing additional impetus for our work. Our studies
leading to an efficient synthesis of fully substituted cyclo-
pentenones are presented in this paper.
The present investigations commenced by the addition of

triphenylphosphine toa solutionofallenoate1andbenzil2 in
DCM under argon atmosphere and the mixture was stirred
for 30 min. The reaction mixture after column chromato-
graphy afforded a product 3a in 10% yield (Scheme 1).

The product was characterized using conventional
spectroscopic methods, and conclusive evidence for its

structure and stereochemistry was derived from single-
crystal X-ray analysis of the analogous compound 3b

(vide infra) (Figure 1). In view of the surprising result
and the fact that cyclopentenones are important com-
pounds, it was obligatory to pursue the reaction in some
detail. The reaction was optimized10 by varying solvent,
phosphine, temperature, and time; the results are presented
in Table 1.

Subsequent investigations revealed that the reactionwas
general with respect to different acyclic 1,2-diones and
allenoates, and the results are summarized as follows
(Table 2).
The reaction appears to be working well with unsym-

metrical diaryl 1,2-diones, and an example using 1-(4-
bromophenyl)-2-phenylethane-1,2-dione is shown in
Scheme 2. However, as expected, the reaction yielded
two regioisomers as inseparable mixture in 1:0.88 ratio.
The reaction may be rationalized by the following

mechanistic postulate (Scheme 3). Conceivably, the first
step is the nucleophilic addition of triarylphosphine to
allene ester resulting in the formation of a 1,3-dipolar
zwitterion. The latter then attacks a carbonyl group of
the dione formingC. This species loses amolecule of water
to afford a cationic intermediate D. Addition of water to
the latter followed by cyclization and elimination of phos-
phine delivers 3a.
Our subsequent studies showed that the reaction

afforded 2-alkylidenetetrahydrofuran11 as themajor prod-
uct, when triphenylphosphine was used as the catalyst
with THF as solvent at room temperature. When the

Scheme 1. Reaction of Ethyl Penta-2,3-dienoate with Benzil

Table 1. Optimization of Reaction Conditions

entry solvent phosphine temp (�C) time (h) yield (%)

1 DCM PPh3 rt 0.5 10

2 DCM PPh3 (5 mol %) rt 0.5 trace

3 DCM PPh3 50 0.5 5

4 DCM PPh3 0 to rt 0.5 8

5 DCE PPh3 rt 0.5 5

6 CHCl3 PPh3 rt 1 trace

7 DCM PMe3 rt 12

8 DCM PBu3 rt 0.5 25

9 DCM P(2-CH3C6H4)3 rt 24

10 DCM TDMPPa rt 4 45

11 DCM P(Cy)3 rt 4 33

12 DCM P(C6F5)3 rt 24

13 THF TDMPPa rt 3 94

14 toluene TDMPPa rt 16 20

aTDMPP = tris(2,6-dimethoxyphenyl)phosphine.
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reaction was conducted in solvents such as toluene, diox-
ane, or xylene, the same product was obtained in low yield.
In this context, it may be recalled that He and co-
workers have reported the annulation of phosphine-
γ-alkyl allenoate zwitterion to aldehydes to afford
2-alkylidenetetrahydrofurans.9f A few examples using

representative 1,2-diones and ethyl penta 2,3-dienoate
are given in Scheme 4.
Interestingly, the reaction with ethyl pyruvate under the

same condition afforded 2-alkylidenetetrahydrofuran de-
rivative exclusively (Scheme 5).

In conclusion,we have encountered a novel annulation of
allenoate�phosphine zwitterion with acyclic 1,2-diones re-
sulting in the formation of substituted cyclopentenone

Table 2. Substrate Scope

entry Ar R1 R2 product yield (%)

1 phenyl �CH3 �C2H5 3a 94

2 4-fluorophenyl �CH3 �C2H5 3b 96

3 4-chlorophenyl �CH3 �C2H5 3c 93

4 4-bromophenyl �CH3 �C2H5 3d 90

5 4-methylphenyl �CH3 �C2H5 3e 92

6 4-methoxyphenyl �CH3 �C2H5 3f 88

7 2-thienyl �CH3 �C2H5 3g 81

8 2-furoyl �CH3 �C2H5 3h 65

9 naphthyl �CH3 �C2H5 3i 93

10 phenyl �C6H5 �C2H5 3j 81

11 4-methylphenyl �C6H5 �C2H5 3k 92

12 4-fluorophenyl �C6H5 �C2H5 3l 94

13 phenyl �CH3 �C(CH3)3 3m 82

14 4-fluorophenyl �CH3 �C(CH3)3 3n 83

15 4-methylphenyl �CH3 �C(CH3)3 3o 78

Figure 1. ORTEP diagram of 3b.

Scheme 2. Reaction of Ethyl Penta-2,3-dienoate with
1-(4-Bromophenyl)-2-phenylethane-1,2-dione

Scheme 3. Proposed Mechanism

Scheme 4

Scheme 5

(11) The E geometry of the double bond in 2-alkylidenetetrahydro-
furans was ascertained by comparing the chemical shift values of
analogous compounds reported.9f Further support for the assignment
was accrued by NOE studies of compound 6d.
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derivatives. It is noteworthy that 4-hydroxycyclopentene-
1-ones are of pharmacological importance and are em-
bedded in natural products such as prostaglandins.12 In
addition, a number of natural and synthetic 4-hydroxy

cyclopentene-1-ones are useful crop protection agents.12c,13

It may also be mentioned that cyclopentenones have found
use in the construction of polysubstituted aromatic hydro-
carbons,14 isotruxenones,15 and diquinanes.16
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