
The reaction of 3,4-di-t-butylthiophene 1-oxide (1) with 2-
methylene-1,3-dimethylimidazolidine (2) gave 4,4a-di(t-butyl)-
1a,4a-dihydro-1H-cyclopropa[b]thiophene and 1,3-dimethyl-2-
imidazolidinone through a methylene transfer from 2 to 1, in addi-
tion to a [4+4] cyclodimerization product of 1.

Recent reports have revealed that thiophene 1-oxides act as
a diene toward a variety of electron-deficient or angle-strained
dienophiles to give [4+2] cycloadducts.  Reactions take place
with a high π-facial selectivity, in which dienophiles add thio-
phene 1-oxides with endo-orientation from syn-direction
respect to the S–O bond.1,2 However, the stereochemical
course of reactions of thiophene 1-oxides with electron-rich
alkenes has not hitherto been reported.  We were therefore
interested in the stereochemistry of the reaction of 3,4-di-t-
butylthiophene 1-oxide (1)3 with a highly electron-rich enedi-
amine, 2-methylene-1,3-dimethylimidazolidine (2).4 Here we
report that the reaction proceeded through an unprecedented
methylene transfer from 2 to 1 to give 4,4a-di(t-butyl)-1a,4a-
dihydro-1H-cyclopropa[b]thiophene (3) and 1,3-dimethyl-2-
imidazolidinone (4) without formation of the expected [2+4]
adduct.  In addition, a [4+4] cyclodimerization of 1 took place
to give a highly congested compound 5 with a rigid framework. 

Thus, heating 1 and 2 in refluxing toluene for 10 h afforded
3 and 4 in 38 and 25% yields, respectively, in addition to the
dimer 5 in 14% yield.  The two methylene hydrogens of 3 are
much shielded and resonated at δ 0.23 and 1.19 as a doublet of
doublet, thus indicating that the methylene carbon constitutes a
part of the cyclopropane ring.5 The mass spectrum of 5 showed
a molecular ion peak at m/z 424 (C24H40O2S2), suggesting 5

being a dimer of 1.  The 1H NMR spectrum exhibited only two
singlets at δ 1.35 and 3.96 with an intensity ratio of 9:1 and the
13C NMR spectrum showed only four peaks in accordance with
the given structure, which possesses two equatorial S–O
bonds.6,7 An isomeric compound 5' is ruled out unequivocally
by the NMR data.  The formation of the other isomeric com-
pound 5", bearing two axial S–O bonds, would be least proba-
ble due to 1,3-diaxial nonbonded repulsions. 

The formation of 3–5 will be best explained as follows.
The enediamine 2, which has ylidic properties,4 adds 1 to give
the Michael adduct 68 but not the expected Diels–Alder adduct.
An intramolecular cyclization of 6, assisted by contribution of
the canonical structure 6a, would give rise to 7 with elimination
of the carbene 8.  Recently, the carbene 8 has been shown to
serve as a leaving group.9 An oxygen transfer from 7 to 8, pre-
sumably in a solvent cage, would produce 3 and 4.  To our
knowledge, this is the first example that the methylene of an
alkene was transferred to the double bond of a substrate for
cyclopropanation.10–12 Meanwhile, the Michael addition of 6 to
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the 1-oxide 1, assisted by contribution of the canonical structure
6b, affords 9, which then furnishes the dimer 5 with elimination
of 2.13 It should be stressed here that the presence of 2 is truly
essential for the dimerization of 5; heating 1 alone in refluxing
chlorobenzene for 24 h did not give 5 even in a trace amount
and heating under more forcing conditions resulted in the deox-
idization principally to give 3,4-di-t-butylthophene. 

For comparison, the reaction of 3,4-di-t-butylthiophene
1,1-dioxide (10) with 2 was then examined.  Unexpectedly
again, the reaction produced an o-di-t-butylbenzene derivative
1314 quantitatively.  The initial step of the reaction would
involve a [4+2] cycloaddition to give the adduct 11, followed
by spontaneous extrusion of SO2 to afford 12.  Finally, aromati-
zation of 12 would furnish 13 with ring-opening of the five-
membered ring.  It is thus concluded that the 1,1-dioxide 10,
which is a more electron-deficient diene than the 1-oxide 1,
undergoes a Diels–Alder reaction of inverse electron-demand
with an electron-rich alkene 2.15 In addition, the present reac-
tion would be promising as a synthetic method for o-di-t-butyl-
benzene derivatives, which are otherwise difficult to prepare.16
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