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Abstract

Stereoselective synthesis of a-substituted cyclopentanones with quaternary carbon stereocenters has been
achieved by the palladium-catalyzed rearrangement of allenylcyclobutanols with aryl iodides. # 2000
Elsevier Science Ltd. All rights reserved.
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Palladium-catalyzed ring expansion reaction of cyclobutanol derivatives is one of the useful
methodologies for the construction of ®ve-membered ring systems, which has been successfully
applied to the synthesis of natural products.1 In recent years, we have developed a novel type of
ring expansion reaction of allenylcyclobutanols with aryl iodides.2 The reaction enables the
formation of a carbon±carbon bond along with expansion of the four-membered ring system
in one-pot process, and thereby constitutes a potentially useful synthetic method for the e�cient
synthesis of natural products. However, the reaction often caused double bond isomerization to
give the more stable a,b-unsaturated cyclopentenone, which restricted the utility of this method.
Herein, we describe the palladium-catalyzed ring expansion reaction of allenylcyclobutanols
having a substituent at the 1-position of the allenyl moiety (Scheme 1).3 By introducing a sub-
stituent at the allenyl moiety, the isomerization of the products could be suppressed and in
addition, cyclopentanones with quaternary carbon stereocenters could be constructed. Further-
more, it is expected that a stereochemical investigation would provide precise details on the
mechanism of the reaction.
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Ring expansion reactions were ®rst studied using (1R*,2R*)-1-(1-methylallenyl)-2-phenylcyclo-
butanols 14 with iodobenzene 2a (Table 1).5 When a mixture of 1 and 2a was treated with 5 mol%
Pd2(dba)3.CHCl3, 20 mol% dppe and Ag2CO3 in toluene at 60�C for 20 h, the reaction proceeded
successfully to provide the cyclopentanone 3a and its diastereomer 4a as a 3:2 mixture in 80%
yield (entry 1). It was interesting to observe that the formation of 3a increased in accordance with
an increase in the reaction temperature (entries 2 and 3). The reaction also proceeded uneventfully
in the presence of various ligands (entries 4±8). The best result was obtained by employing 5

Scheme 1.

Table 1

Cascade ring expansion of allenylcyclobutanol 1 with aryl iodides 2a±e
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mol% of Pd(PPh3)4 at 80�C for 3 h (entry 8), and 3a was exclusively obtained from 1 in 80%
yield. Then, the reactions of 1 with various substituted aryl iodides 2b±e were examined. In all the
cases, the ring expansion could be carried out smoothly to furnish the corresponding cyclo-
pentanones 3b±e with satisfactory selectivities and yields (entries 9±12).
Next, we attempted the reaction using various substituted allenylcyclobutanols (Table 2). The

substrate 5, which was substituted with phenyl group at the allenyl moiety, reactedwith 4-iodoanisole
to give the corresponding cyclopentanone 6 in 20% yield (entry 1). The rather low yield re¯ects
the di�culties to construct the highly strained phenyl-substituted product 6. When the allenylcyclo-
butanol 7 was used, the cyclopentanone 8 was obtained as the sole product (entry 2). On the other
hand, the diastereomer 9 produced 10 exclusively (entry 3). From these results, it could be
ascertained that the ring expansion process proceeds in a stereospeci®c manner.

A possible explanation for the diastereoselectivity of the reaction is described in Scheme 2. It
could be presumed that the stereochemistry of the reaction is controlled by the conformation of
the p-allylpalladium complex during the ring expansion step. Among four possible conformers
A, B, C and D for the p-allylpalladium complex derived from 11, the rearrangement would take
place via A, the most stable conformer, to give the cyclopentanone 12.6

In summary, we have developed a novel route to the a-substituted cyclopentanones with quater-
nary carbon stereocenters by the palladium-catalyzed stereospeci®c ring expansion reaction of
allenylcyclobutanols with aryl iodides. As the stereoselective construction of molecules with
quaternary carbon stereocenters represents a very challenging and dynamic area in organic
synthesis, our methodology would provide a new synthetic protocol in this area.

Table 2

Cascade reactions of various substituted allenylcyclobutanolsa
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Scheme 2.
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