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ABSTRACT

The thionium ion, generated through a cyclopropylcarbinyl-cyclobutyl ring expansion, is, for the first time, intramolecularly intercepted by
activated aromatic rings to generate new versatile 2a-methyl-8b-(phenylsulfanyl-1,2a,3,8b-tetrahydro-2H-cyclobuta[c]chromenes.

Rearrangements involving the cyclopropyl group of properly
substituted cyclopropanes are well-known in organic syn-
thesis as they represent a practical access to ring-opened
products or to carbo- and heterocyclic derivatives.1 If the
cyclopropanes bear an electron-donor substituent (O, S, N)

and an electron-deficient center on the same atom, they
undergo ring expansion to give cyclobutanones,1-3 through
a transformation closely related to the Wagner-Merwein
rearrangement. Among the different ways of accomplishing
this transformation, particularly important is the reaction with
acids of the cyclopropylcarbinols obtained from the reaction
of the metalated cyclopropyl phenyl sulfide with carbonyl
partners.3b,4,5

The reaction is believed to proceed through a cyclobutyl
R-thiocarbocation to give the cyclobutanone. The first and
only example of intramolecular interception of the thionium
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ion, generated through a cyclopropylcarbinyl-cyclobutyl ring
expansion with an in situ-generated enol, was recently
reported.2 This reaction increases the potentialities of the
Trost reaction, up to now limited to the synthesis of
cyclobutanones, giving the possibility of preparing new
polycyclic derivatives. We now report the results we found
in the attempted synthesis of the cyclobutanone7b through
ring expansion of the alcohol2b obtained by reaction of 1-(4-
methoxyphenyl)acetone with the lithiated cyclopropyl phenyl
sulfide, in the Trost conditions (PTSA, 1 equiv in wet
benzene). As a matter of fact, the reaction mixture contained
only traces of the expected cyclobutanone7b and the major
components were the derivatives4b and 5b (30:30) with
small quantities of the tosylate6b (Scheme 1).7 In search of

conditions to optimize the yields of4b, we found that the
use of 10% of PTSA in refluxing dry benzene, with
azeotropic removal of water, for 2 h gave the best yields of
4b with only traces of the starting material, the cyclo-
butanone, and the tosylate, easily separable by column
chromatography. The reaction was also extended to the
different alcohols reported in Scheme 2 and obtained in yields

ranging from 30 to 56%, with always variable amounts of
unreacted cyclopropyl sulfide recovered from the reaction
mixture. Good yields (67-90%) of derivatives4a-d were

obtained with only negligible traces of the corresponding
sulfides, tosylates, and cyclobutanones analogous to5b, 6b,
and7b, respectively. It was also discovered that activation
of the aromatic ring was necessary for the reaction to occur,
as demonstrated by the fact that the substrate2e does not
give the expected carbocycle but the corresponding cyclo-
butanone8.

The presence of the sulfide5b and the tosylate6b in the
reaction mixture can be rationalized in two ways. The first
could involve the intermediacy of the cyclobutanone7b8 that,
as we have already reported,9 can undergo a cascade ring
closure ring fission in the presence of PTSA, with final
formation of the tosylate6b that, by reaction with the
thiophenol, produces the sulfide5b. Nevertheless, the
compound5b was also obtained by reacting4b with 1 equiv
of PTSA in refluxing benzene for 20 h, together with
unreacted4b and the tosylate6b. Protonation of the sulfide
sulfur is probably the first step of the reaction, with
consequent cyclobutyl ring fission and formation of the
tosylate6b as reported in Scheme 3. With regard to the

stereochemistry of derivatives4, we always found only a
single diastereoisomer to which the cis geometry was
tentatively assigned to the methyl and the phenylthio groups,
as a consequence of the steric constraints in the cyclization
step. In any case, we were not able to register any NOE
effects between the protons of the phenylthio and the methyl
group, but we recorded the presence of a NOE effect between
the benzylic proton and the methyl group of the compound
9a obtained by desulfuration of4a with Raney nickel
(Scheme 4). Derivatives4 are versatile compounds as
demonstrated by the results reported in Scheme 4, where
some synthetic possibilities are shown using4a and4b as
starting materials.

Controlled oxidation at 0°C with m-CPBA of4b led to
the corresponding sulfone10b. Analogous oxidation of4b
at -20 °C gave, with great stereoselectivity (90:10), the
sulfoxide 11b as a mixture of the two expected diastereo-
isomers easily separable by column chromatography. The
reaction mixture contained also traces of the corresponding
sulfone10b (Scheme 4). Heating the major diastereoisomer
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of the sulfoxide11b in toluene for 2 h led, through a pyrolitic
elimination, to the labile cyclobutene12b that was promptly
epoxidized withm-CPBA to give the new cyclopropa[c]-

chromene14b, probably through the intermediacy of the
epoxycyclobutane1a 13b. This constitutes a new approach
to the synthesis of this relatively new class of compounds10

whose carbon skeleton is found in the radulanins I-K,11

isolated from the liverwortRadula jaVanica, and in some
biologically active cyclopropyl analogues of precocene I.12
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