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Abstract: 6-Oxohexa-2,3-dienoates can be readily prepared via an
atom economical Claisen rearrangement of propargyl vinyl ethers
formed in situ by the reaction of propargylic alcohols with acetals.
Preliminary experiments have demonstrated that these functiona-
lised allenic esters undergo a facile amine-induced carbocyclisation
under mild reaction conditions, yielding densely functionalised cy-
clopentanones containing chiral quaternary carbon centres.
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The presence of two p electron clouds separated by a sin-
gle sp hybridised carbon atom is the identifying structural
characteristic of allenes, and it is this unique structural and
electronic arrangement that is responsible for the extraor-
dinary reactivity profile displayed by allenic compounds.1

The synthetic potential of electron-deficient allenes has
been explored extensively in recent years, and this has led
to the development of novel methods for the construction
of a variety of functionalised heterocyclic and carbocyclic
systems.2 As part of our ongoing research programme on
the application of allenes to the construction of complex
ring systems,3 we envisaged that functionalised allenic es-
ters 1 would provide opportunities for the development of
novel cyclisation strategies (Scheme 1). It was anticipated
that allenic esters 1 would undergo cyclisation reactions to
give cyclopentenols 4, via tandem sequences involving
the addition of nucleophiles to the central allenic carbon,
followed by cyclisation of the resulting ester enolates 2
onto the pendant carbonyl. Furthermore, it was expected
that the electronic properties of the resulting double bond
in the cyclopentenol 4, would depend on the identity of
the added nucleophile and the substituents on the allene,
and in consequence, a range of carbocyclic systems could
be obtained by changing these variables.

A plethora of methods exists for the construction of allen-
ic esters, including the base-mediated isomerisation of
acetylenic acids and esters, transition-metal-mediated car-
bonylation reactions of propargylic derivatives and the
Wittig or Horner–Wadsworth–Emmons olefination of
ketenes.4

We have previously shown that the synthetically versatile
6-oxo-2-hexenoate moiety can be readily accessed via
Claisen rearrangement of allyl vinyl ethers, formed in situ
through the reaction of substituted allylic alcohols and a-
disubstituted aldehydes.5 It was envisaged that the analo-
gous allenic esters 8 would be obtained by reacting prop-
argylic alcohols 6 and aldehydes 5, via intermediate
propargyl vinyl ethers 7 (Scheme 2). It was anticipated
that this protocol would enable a rapid efficient assembly
of a variety of structurally diverse allenic esters 8, allow-
ing for a detailed study of their potential to act as precur-
sors to substituted cyclopentenols 4. Precedent exists for
such an approach to the synthesis of allenic compounds,6

however, to the best of our knowledge, the use of propar-
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gylic alcohols bearing an electron-withdrawing group
such as 6, to give the corresponding acceptor-substituted
allenes 8 has not been reported.

In order to assess this approach towards the target allenic
esters 8, a range of propargylic alcohols 6a–e was pre-
pared by the reaction of metallated acetylenes 9 with com-
mercially available pyruvic acid esters 10 (Scheme 3 and
Table 1).7

Scheme 3

With the required propargylic alcohols in hand, we were
then able to investigate the proposed Claisen rearrange-
ment by condensation with a suitable a,a-disubstituted al-
dehyde. In the first instance a solution of propargylic
alcohol 6e and isobutyraldehyde (11) in toluene was heat-
ed at reflux for 24 hours in the presence of a substoichio-
metric amount of para-toluenesulfonic acid. Disap-
pointingly, after concentration of the crude reaction mix-
ture, no allene was observed in the crude 1H and 13C NMR
spectra. Instead, lactone 14 was identified as the major
product (Scheme 4). A plausible mechanistic rationale to
account for the formation of the lactone 14 is shown in
Scheme 4. Thus, the acid-catalysed condensation of alco-
hol 6e and aldehyde 11 would, in the first instance give the
hemiacetal 13, which upon dehydration would provide the
required intermediate propargyl vinyl ether 7a. However,
in competition with dehydration, cyclisation of hemiace-
tal 13 through an intramolecular transesterification reac-
tion would give the lactone 14. In order to circumvent this
problem, it was anticipated that replacement of isobutyral-
dehyde with its dimethyl acetal would allow the reaction
to proceed via a slightly different pathway, avoiding the
problematic hemiacetal 13. Thus, under acidic conditions,
acetal 12 would undergo loss of a molar equivalent of
methanol to give the oxonium ion, which upon reaction
with propargylic alcohol 6e would then provide the corre-
sponding mixed acetal 15 which cannot readily undergo
lactonisation. Elimination of methanol from mixed acetal
15 would then proceed to give propargyl vinyl ether 7a,

and consequently allene 8a after [3,3]-sigmatropic rear-
rangement.

Pleasingly, the reaction of acetal 12 with propargylic alco-
hol 6e led to the formation of the expected allenic ester 8a,
which was isolated in 40% yield after purification by flash
column chromatography. The reaction was then extended
to a variety of propargylic alcohols 6a–d and acetals to
give a range of highly functionalised allenic esters 8a–g,

Table 1 Preparation of Propargylic Alcohols 6a–e from Metallated 
Acetylenes 9 and Pyruvic Acid Esters 10

Product R1 R2 R3 Yield (%)

6a Ph Me Me 88

6b n-Bu Me Me 40

6c H CH2Bn Et 62

6d H i-Pr Et 78

6e H Me Me 42

R1 X R2

O

CO2R3

     THF
–78 °C to r.t.

OH

CO2R3
R2

9 10
6a–6e

X = Li, MgBr

R1+
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all of which were stable towards column chromatography
and storage (Table 2).

With a simple and robust route to the described allenic
substrates in hand, a preliminary study into their synthetic
potential was undertaken. The addition of primary and
secondary amines to the central sp hybridised carbon atom
of allenic esters allows for the regioselective preparation
of synthetically versatile vinylogous urethanes under mild
reaction conditions.3,9 Within this framework, it was ex-
pected that the addition of secondary amines 16 to allenic
esters 8a–g would provide the corresponding vinylogous
urethanes 17 which, upon 5-exo cyclisation onto the pen-
dent carbonyl would give enamines 19 via intermediate
iminium ions 18. Hydrolysis of enamines 19 would then
proceed to give substituted cyclopentanones 20
(Scheme 5).

Pleasingly, the reaction of trisubstituted allenic esters 8a,
8c and 8f with pyrrolidine in acetonitrile at room temper-
ature gave the expected cyclopentanones 20a–c in moder-
ate yields (Table 3). In all cases the cyclopentanones 20a–
c were formed as 1:1 mixtures of diastereoisomers. Disap-
pointingly, the reaction of tetrasubstituted allenic esters
8b and 8e failed to provide the corresponding cyclopen-
tanones. Only starting material was recovered from the re-
action mixtures and attempts to effect the desired
transformations at elevated reaction temperatures also
failed, leading only to degradation of the starting material.
Upon construction of molecular models of these highly
substituted allenic esters it became apparent that a large
level of steric crowding exits both above and below the

plane of the molecule and, it is believed, that such steric
constraints inhibit the approach of pyrrolidine to the cen-
tral allenic carbon, preventing the desired cyclisation re-
action from taking place.

Scheme 5

In conclusion, we have shown that highly functionalised
allenic esters can be readily assembled via an atom eco-
nomical Claisen rearrangement of propargyl vinyl ethers,
themselves obtained from simple acid-catalysed reactions
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of suitably substituted propargylic alcohols and acetals.
Preliminary experiments have clearly demonstrated that
such substrates display significant potential for the syn-
thesis of substituted cyclopentanones under mild reaction
conditions. Reaction optimisation along with the develop-
ment of both catalytic and stereoselective carbocyclisa-
tion reactions using these novel allenic substrates is
currently underway in our laboratory.
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