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The reaction of ketones with the titanocene reagent prepared by
the treatment of 1,1-bis(phenylthio)cyclobutane with the low va-
lent titanium species Cp,Ti[P(OEt)3]y produced the correspond-
ing alkylidenecyclobutanes. These compounds were successfully
transformed into 2,2-disubstituted cyclopentanones by the epoxi-
dation and subsequent ring enlargement. The similar reactions of
the carbene complexes with carboxylic esters and thiolesters also
proceeded to afford (1-alkoxy- and alkylthio-alkylidene)cyclo-
butanes, respectively, in good yields.

The preparation and reactions of small ring compounds have
been well investigated. Although cyclobutanes undergo charac-
teristic reactions using their strain release,! the synthetic applica-
tion of these reactions is sometimes restricted for lack of adequate
methods for the preparation of starting materials. Recently we
found a new method for the olefination of carbonyl compounds
using thioacetals and a low-valent titanium reagent.2 We have
studied the use of this new synthetic tool for the preparation of
cyclobutane derivatives and found that the olefination of various
carbonyl compounds 3 with the titanium species formed from
1,1-bis(phenylthio)cyclobutane (1) proceeded to afford alky-
lidenecyclobutanes 4 (Scheme 1). We assume that the intermedi-
ate of this reaction is cyclobutylidenetitanocene (5).
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The thioacetal 1 was prepared by the reaction of lithium salt of
1,1-bis(phenylthio)methane with 1-bromo-3-chloropropane (1.15
equiv, 0 °C / 10 min and then room temperature / 1.5 h) followed
by the treatment with butyllithium (1.5 equiv, -40 °C / 10 min and
then room temperature / 2 h) in 79% yield, similarly to the prepa-
ration of 5,9—dithiaspiro[3.5]nonane.3 The successive treatment
of 1 (1.5 equiv) with the titanocene(Il) species Cp2Ti[P(OEt)3]2
(2) (3.75 equiv) for 15 min and 1-phenylheptan-3-one (3b) at
room temperature for 1 h produced the corresponding alkylidene-
cyclobutane 4b in 68% yield. The similar reaction of 1 with ben-

zophenone (3c) gave the cyclobutane 4¢ in 59% yield. When the
reaction of organotitanium species § with 3¢ was ‘performed in
refluxing THF, 4¢ was obtained in better yield (Entry 3, Table
1). The yield of 4b also increased slightly by using a higher re-
action temperature (Entry 2). Under the same reaction conditions,
carboxylic esters and thiolesters were also transformed into the
corresponding heteroatom-substituted alkylidenecyclobutanes in
good yields.
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Table 1. Preparation of alkylidenecyclobutanes 4°
Entry Carbonyl Compound 3 Product 4 Yield / %°
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*All reactions were performed with a similar procedure as described in the
text. “Tsolated yield based on the carbonyl compound used. “The NMR
spectrum showed some unidentified signals.

The typical experimental procedure: To a dry flask charged
with finely powdered molecular sieves 4A (188 mg), magnesium
turnings (55 mg, 2.25 mmol), and CpyTiCly (467 mg, 1.88
mmol), were added THF (4 ml) and P(OEt)3 (0.64 ml, 3.75
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mmol) successively with stirring at room temperature under ar-
gon. Within 15 min, the reaction mixture turned dark green and
then dark brown with slight evolution of heat.4 After 3 h, 1 (204
mg, 0.75 mmol) in THF (1 ml) was added to the reaction mixture
which was further stirred for 15 min. Then 3b (93 mg, 0.5
mmol) in THF (1.5 ml) was added dropwise over 10 min, and the
reaction mixture was refluxed for 1 h. After being cooled to room
temperature, the reaction mixture was diluted with hexane (30 ml)
and the insoluble materials were filtered off through Celite. The
filtrate was condensed under reduced pressure. The crude prod-
uct was purified by PTLC (hexane) to afford (1-phenethylpen-
tylidene)cyclobutane (4b) (81 mg, 71%).

Although Scherer and Lunt reported the synthesis of 4¢ by the
Wittig reaction of 3¢ using the cyclobutylidenephosphorane,6 the
efficiency of this reaction seems to be problematic. The results
listed in Table 1 indicate that the present reaction is useful for the
preparation of various alkylidenecyclobutanes including the het-
eroatom-substituted ones.

The synthetic utility of alkylidenecyclobutanes 4 thus obtained
is demonstrated in the following synthesis of 2,2-disubstituted
cyclopentanones 7 (Scheme 2). The oxidation of 4 having two
alkyl substituents with MCPBA (1.5 equiv, CHCly / 0 °C ~
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Table 2. Preparation of 2,2-disubstituted cyclopentanones 7

Entry Cyclobutane 4  Product 7 Overall Yield/ %
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“The ratio of diastereomers determined on the basis of the isolated yields.
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room temperature / 1.5 h) produced the epoxides 6. Without any
purification, the epoxides 6 were treated with BF3*OEty (1.1
equiv, Etp0 / 0 °C ~ room temperature / overnight) to afford the
cyclopentanones 7 in high overall yields (Table 2).7

The preparation of cyclopentanones from cyclic ketones or a
certain methyl ketone has been achieved by the addition of lithium
salt of cyclobutyl methyl selenide’C or cyclobutyl phenyl sulfox-
ide8 followed by several transformations of the adducts including
a pinacol-type ring expansion. It should be noted that the present
reaction provides an operationally straightforward route to 2,2-
dialkyl or diaryl substituted cyclopentanones.

Further study on the synthetic application of the heteroatom
substituted alkylidenecyclobutanes is now in progress and will be
reported in due course.
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