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Abstract: Starting from cyclobutanones several new chromenes
containing a cyclobutane ring are prepared. Ring fission of these de-
rivatives gives easy access to functionalized 3-isoflavenes.
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Cyclobutanones are the basic structure of several natural
products and are useful intermediates in the synthesis of
many natural products and different molecules.1,2 While
they are mostly synthesized by [2+2] cycloaddition reac-
tions between ketene and olefins, much effort is now be-
ing devoted to methods that use as starting material
suitably substituted cyclopropanes.2,3 The most common
reactions using cyclobutanones as useful intermediates in-
clude their transformation into �- lactones, pyrrolidones,
cyclopentanones and cyclohexanones.1 They undergo eas-
ily the Favorskii4 rearrangement to give cyclopropanecar-
boxylic acids and react very easily with vinyl metals to
give the corresponding 1-vinylcyclobutanols that can un-
dergo many useful transformations.1

We now report a new use of the cyclobutanone ring as an
intramolecular alkylating reagent of an oxygen substitut-
ed aromatic ring, to give access to a new versatile class of
benzopyrans. As a matter of fact the cyclobutanones 3
have been prepared by lithium iodide induced ring
enlargement5 of the oxaspiropentane 2,6 obtained by ep-
oxidation of the easily accessible7 alkylidenecyclopro-
panes 1 (Scheme 1). Treating 3a–f with PTSA in
refluxing benzene for 6 h the new derivatives 4a–f were
obtained in 30–70% yields (Table) probably through pro-
tonation of the oxygen atom of the cyclobutanone and
consequent alkylation of the activated aromatic ring.8 Ac-
tivation of the aromatic ring is necessary as demonstrated
by the unreactivity of the cyclobutanone 3g lacking the
oxygen atom. The stereochemistry of the R�� and the OH
group in the derivatives 4a–f was demonstrated to be cis
by NOE experiments.

In the case of derivative 3e the corresponding compound
4e was formed together with some amount of the isofla-
vene 5e carrying a two carbon chain with a terminal tosyl-
oxy group, probably coming from the ring fission of the
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intermediate cyclobutyl cation A by PTSA (Scheme 2).
Using an equimolar amount of PTSA, derivatives 3b and
3e were completely transformed, after 30 min into 5b and
5e in satisfactory yields (50% and 60% respectively)
(Scheme 2). 

Derivative 3d gave the two possible regioisomers 4d and
4d� in roughly the same quantities, accompanied by small
quantities of the chromene 5d coming from the cyclobutyl
ring fission of the derivative 4d (Scheme 3).

Derivative 3f prepared as a mixture (60:40) of the two
possible diastereoisomers, is particularly interesting for
what concerns the stereochemistry of the corresponding
ring closure product. In fact using catalytic amounts of
PTSA in refluxing benzene, after 6 h it was possible to
isolate from the reaction mixture only the cyclobutanol 4f
accompanied by small amounts of the chromene 5f and
the most abundant unreacted diastereoisomer of the start-
ing cyclobutanone, through a kinetic resolution
(Scheme 4). 

The stereochemistry of the cyclobutanol 4f, assigned on
the basis of NOE experiments, shows that the relative po-
sition of the two methyl groups is trans, while the apical
methyl group, at 1.24 ppm, and the alcoholic OH are in
relative cis position. On the basis of the steric constraints
present during the cyclization step only the diastereoiso-
mer with the SR configuration, and of course its RS enan-
tiomer can give rise to the chromene 4f with the found
stereochemistry. The unreacted recovered 3f will there-
fore have the SS and RR stereochemistry and its unreactiv-

Table Reaction of Cyclobutanones 3a–g with PTSA.

3 X R R� R�� Yield 4 (%)a

a O H H CH3 50

b O H p-OCH3 CH3 70

c O H p-Cl CH3 65

d O H m-CH3 CH3 70b

e O H H C6H5 60

f O CH3 H CH3 30c

g CH2 H H CH3 0

a Isolated yield.
b Yields referred to the two regioisomers 4d and 4d� formed in the 4:5 
ratio.
c Only one diastereoisomer has undergone cyclization, (vide infra).

Scheme 3
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ity could be explained with the unfavorable steric
hindrance present in the generation of the other possible
chromene, that should have all the three groups in relative
cis position.

In conclusion we have reported a synthesis of a new class
of chromenes containing the cyclobutane ring that is sus-
ceptible to be opened as a consequence of its strain to new
functionalized chromenes. This transformation is particu-
larly important as it represents a versatile access to the
family of the isoflav-3-enes bearing a 2H-1-benzopyran
nucleus that are gaining increasing importance for their
antiestrogen activity.9 Chiral non racemic version of this
reaction is being studied and the results will be presented
in due course.
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