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ABSTRACT

The reactivity of acetylenic ω-ketoesters toward tetra-n-butylammonium fluoride and potassium tert-butoxide was studied. These cascade
reactions proceeded smoothly and afforded either electrophilic allene derivatives or highly functionalized oxetane derivatives in moderate to
high yields.

Strained molecules play an important role as synthetic
intermediates. Therefore the development of new reaction
pathways toward small ring assembly is still of considerable
interest.1,2 More specifically, unsaturated four-membered
rings fused to other cycles correspond to that type of
compound. Among the possibilities for their synthesis, the
nonphotochemical [2+ 2] cycloaddition reaction of elec-
trophilic alkynes to alkene derivatives remains one of the

most powerful methodologies.3 Previously, we have shown
that theintermolecularZrCl4-catalyzed [2+ 2] cycloaddition
reaction of silyl enol ether1 with ethyl propynoate2 afforded
in high yield the corresponding cycloadduct3 (Scheme 1),4

the latter being a valuable intermediate for the total synthesis
of natural products.5 Interestingly, theintramolecularversion
of that type of reaction has attracted little attention. Thus, in
continuation of our interest into the synthesis and the
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Scheme 1. ZrCl4-Catalyzed [2+ 2] Cycloaddition Reaction
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reactivity of strained molecules, we investigated the pos-
sibility of preparing unsaturated four-membered rings fused
to polycyclic ring systems5 by means of anintramolecular
[2 + 2] cycloaddition reaction of electrophilic acetylenes
linked to keto-derivatives of type4 (Scheme 1). Herein, we
describe our preliminary results concerning theintramolecu-
lar reactivity of acetylenicω-ketoester derivatives4 (Scheme
1).6

Our studies began with the synthesis of the silyl enol ethers
9-11starting from the corresponding acetylenicω-ketoesters
6-87 and using conventional methods (TBDMSOTf, NEt3,
CH2Cl2, 20 °C). To promote an intramolecular [2+ 2]
cycloaddition reaction, the latter were added to a suspension
of ZrCl4 in CH2Cl2 at room temperature. No cycloadducts
were observed, and the sole products recovered quantitatively
were the acetylenicω-ketoesters6-8. The same results were
obtained with other Lewis acids such as TiCl4 and BF3‚Et2O
(Scheme 2).

To develop other reaction conditions that could lead to
the cyclobutenic derivatives12-14 starting from the acety-
lenic ω-ketoesters6-8, we attempted to deprotect the silyl
enol ethers9-11. For practical reasons, we decided to use
tetra-n-butylammonium fluoride (TBAF) as deprotecting
reagent.

Surprisingly, the treatment of the silyl enol ether9 with
TBAF did not afford the desired acetylenicω-ketoester6
but led to a mixture of two easily separable products: the
spiroketone derivative15 isolated in 15% yield and the allene
derivative16 isolated in 45% yield (mixture of two separable
allene isomers, 9/1 most polar/less polar) (Scheme 3).

The formation of these two compounds could be explained
as follows. After deprotection of the silyl enol ether9, the
resulting enolateA could evolve according to two different
pathways: (a) an intramolecular Michael addition takes place
giving the spiroketone derivative15, or (b) the enolateA is
in equilibrium with the propargylic carbanionB; an intramo-
lecular cyclization then takes place onto the carbonyl
function, giving rise to the alcoolateC, which evolves to
give the allene derivative16 (Scheme 4).

Compound16 possesses acis ring junction, this being in
good accordance with the fact that the approach path of
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Scheme 2. Reactivity of Acetylenicω-Ketoester Derivatives
toward ZrCl4

Scheme 3. TBAF Treatment of the Silyl Enol Ether9

Scheme 4. Proposed Mechanism for the Formation of15 and
16
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carbanionB should take place in ananti manner compared
to the hydrogen atom located in theR position (Ha) and also
with the Bürgi-Dunitz8 way and angle (∼109°) of approach.

Intrigued by these findings, we have further investigated
the possibility of preparing these compounds directly from
the acetylenicω-ketoester6. Indeed, according to our
mechanism proposal, acetylenicω-ketoester6 should afford
directly compounds15 and16 upon treatment under basic
conditions. Thus, when compound6 was treated with
TBAF,9,10 compounds15 and16 were also obtained in 25%
and 50% yield, respectively. This easy to run reaction was
also applied to the acetylenicω-ketoesters7, 8, 17, and18.
In each case the allene derivatives19, 20, 21, and22 were
isolated as major products (50-95% yield). It has to be noted
that no Michael adducts (spiro compounds) were isolated
starting from the acetylenicω-ketoesters7, 8, and18. The
ring junction for compounds16, 19, and20 proved to be
cis, and for compound21 it was trans. However, we were
not able to determine the stereochemistry of the ring junction
for compound22.

To determine the influence of the base, the acetylenic
ω-ketoesters were submitted to other bases such as K2CO3

in acetone; NaH in THF; and NaOEt in EtOH. In all of these
cases, the starting material was recovered. However, when
the reaction was carried out witht-BuOK in THF, the
oxetanes23-2711 were obtained in moderate to good yields
(26-83%). The stereochemistry of the ring junction indicated
for each compound was determined by NMR experiments
(NOESY), and therefore thecis or transstereochemistry of
the ring junction was also secured for the allene derivatives.

These results could be explained as follows. The carbanion
C is probably the same intermediate involved in the allene
and oxetane derivatives formation. So,C evolves either as
a base or as a nucleophile, depending on whether the ion
pair is associated or dissociated.12

In summary, we have succeeded in developing a new
easily performed cascade reaction providing allene and
oxetane derivatives. This strategy is currently being extended
to the preparation of other allene and oxetane derivatives,
especially in the acyclic series.
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Table 1. Synthesis of Allene Derivatives by Treatment of
Acetylenicω-Ketoesters6-8, 17, and18 with TBAF

Table 2. Synthesis of Oxetane Derivatives by Treatment of
Acetylenicω-Ketoesters6-8, 17, and18 with t-BuOK
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