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Abstract : Mo(CO)g effectively transforms the cyclopropylidene
aryloxy derivatives 2a-e,g into the previously unknown spiro[2,3-
dihydro-2,2-dimethylbenzofuran-3,1’-cyclopropanes] 3a-e,g.

Molybdenum hexacarbonyl is a versatile reagent that has been used as
an effective catalyst in several reactions. We recently reported1 that it
can be used successfully as a practical alternative to some common
Lewis acids (ZnCl,, AlCl3) in the one pot conversion of allyl aryl ethers
to dihydrobenzofurans. It was found that the reaction was favoured by
the presence of para electron donating substituents, while para electron-
withdrawing substituents decreased the cyclization rate. On the other
hand the substitution pattern of the allylic moiety was crucial in
determining the amount of Mo(CO)4 to be used to obtain the best
conversion. Best yields were obtained with the methallyl ethers while
the allyl ethers were much less reactive and the crotyl phenyl ether led to
a complex reaction mixture.

As a consequence of our involvement in cyclopropane chemistry,? we
became aware that no previous report appeared in the literature on the
Claisen rearrangement of cyclopropylidene phenoxy derivatives like 2.
Being therefore interested to study if derivatives 2 were suitable
substrates for the reaction with Mo(CO)s, we prepared the
cyclopropylidene phenoxy derivatives 2a-g in high yields, by reaction of
the phenoxy ketones la-g with the cyclopropylidene triphenyl
phosphonium bromide in the McMurry’s conditions (Scheme N3
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We were delighted to discover that, despite the fragility of the
cyclopropylidene ring, derivatives 2a-g, in the presence of Mo(CO)gin
refluxing toluene, gave the corresponding spiro[2,3-dihydro-2,2-
dimethylbenzofuran-3,1’-cyclopropanes] 3a-e,g in excellent yields (70-
95%) without opening of the cyclopropane ring.4 (Scheme 2).

Derivatives 3a-e,g have been distinguished from their isomers, the spiro-
[2,3-dihydro-3,3-dimethylbenzofuran-2,1’-cyclopropanes], actually in-
tensively studied for their antiulcer activity, on the basis of the presence
in the 13C NMR of all the derivatives of a signal around 87 ppm. This
signal, due to a quaternary carbon, is attributable to a carbon bonded to

an oxygen atom and two methyl groups analogously to what we found,
in our previous paper,1 for the 2,3-dihydro-2,2-dimethyl benzofurans.
An analogous carbon bonded to an oxygen atom and a cyclopropyl ring
should give a signal at higher fields, as reported5 in the case of the
spiro{2,3-dihydro-5-hydroxy-4,6,7-trimethylbenzofuran-2,1’-cyclopro-
pane] (C-2,1: 66.25 ppm).
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Derivatives 2a,c gave the corresponding dihydrobenzofurans 3a,c after
20 h in the presence of 20 mol% of catalyst, while, for 2b,e,g 40 mol%
of catalyst for 55 h was necessary for the complete conversion of the
starting material. In these conditions, even with 40% mol of catalyst,
20% of starting material was still present, after 55h, in the case of 2d.
No reaction was observed in the case of derivative 2f after 55 h with 40
mol% of catalyst. The reaction shows a moderate regiocontrol as, in the
case of 2e the less hindered spiro{2,3-dihydro-2,2,6-
trimethylbenzofuran-3,1’-cyclopropane] was preferentially formed
(70:30) over the alternative spiro[2,3-dihydro-2,2.4-
trimethylbenzofuran-3,1’~cyclopropane]. This ratio was worked out by
comparison of the integral of a clear separated triplet at 6.93, in the 'H
NMR spectrum, attributable only to the spiro[2,3-dihydro-2,2,4-
trimethylbenzofuran-3,1’-cyclopropane], and the complete integral of
the aromatic region. This data was further confirmed by comparison of
the integral of the two separate aromatic methyl signals.

This preparation of the spiro dihydrobenzofurans 3a-e,g represents the
first example of synthesis of this previously unknown class of
compounds. The only few reported examples® of a similar structure are
the spiro[benzofuran-3(2H),1’-cyclopropan}-2-one derivatives.

The following procedure for the synthesis of the spiro(2,3-dihydro-2,2-
dimethylbenzofuran-3,1’-cyclopropane] 3a is representative. A solution
of the cyclopropylidene aryl ether 2a (3-5 mmol) in toluene (6-10mi)
containing Mo(CO)g (20 mol%), was stirred under argon in a stoppered
Schlenk flask at 115 °C (external oil bath) for 55 h. This solution, after
cooling, was diluted with Et;O (10ml), then filtered through Al,O5 and
concentrated in vacuo. The residue was then chromatographed on a
silica gel column using light petroleum-diethyl ether 5:1 as eluent, to
give the pure product.

Mo(CO)¢ has also recently gained increasing importance as a catalyst
in allylic alkylations because of its excellent chemoselectivity and for a
regioselectivity that is complementary to that of Pd(O) catalyst. As we
have recently published the use of some cyclopropylidene phenoxy
derivatives in palladium catalyzed nucleophilic substitutions,” we
checked also the possibility of carrying out the same reactions using 2a
as a substrate and Mo(CO)g as a catalystA8 The most common leaving

groups used in molybdenum-catalyzed allylic alkylations are acetate,
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triflnoroacetate, sulfone and tosylate.g’ % 2a Recently one report has
appeared where phenyl sulfide and 2-pyridyl sulfide have been used as
leaving groups10 in sulfenylative allylation of carbon nucleophiles,
while it appears that a phenoxy group has never been used as a leaving
group in this kind of reaction.

Using dimethyl malonate or its sodium salt as nucleophiles in refluxing
toluene for 20 h in the presence of 10% mol of Mo(CO)g we were not
able to find, in the reaction mixture, any alkylation product, but we
always found the benzofuran 3a with unreacted starting material (40%).
This result seems to confirm, at least in our case, the unsuitability of the
phenoxy group as a leaving group in molybdenum catalyzed allylic
alkylations because of the concurrent Claisen rearrangement-cyclization
reaction.

In conclusion we have reported the first synthesis of some derivatives of
the new class of spiro[2,3-dihydro-2-methylbenzofuran-3,1’-cyclo-
propanes] that present the possibility of introducing functionalities on
the C-3 of the dihydrobenzofuran as a consequence of the easy opening
of the cyclopropane ring. Moreover the very simple method, based on
the new use of Mo(CO)s, is a further confirmation of the possibility of
using this product as a catalyst in the synthesis of dihydrobenzofurans.
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