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ABSTRACT

The choice of Lewis acid catalyst can result in dramatic differences in the chemoselectivity of the rearrangement reactions of vinylcyclopropenes.
When BF 3‚OEt2 was used as the catalyst, naphthalenes were formed. However, when Cu(OTf) 2 was used as the catalyst, indenes were obtained.

Thermal and photochemical skeleton rearrangements of
strained small rings with multiple bonds and functional
groups have attracted much attention from both synthetic
and mechanistic viewpoints. However, only a few examples
of such thermal1 and photochemical2 skeletal conversions
of vinylidenecyclopropanes1 have been reported. Previously,
we observed that naphthalene, 6aH-benzo[c]fluorine, and
indene derivatives can be obtained by Lewis acid catalyzed
rearrangement of arylvinylidenecyclopropanes1 depending
on the substitution pattern on the cyclopropyl ring and the
electronic nature of aryl groups.3 In this paper, we wish to
report the Lewis acid catalyzed rearrangement of vinylcy-

clopropenes2, which are derived from the corresponding
vinylidenecyclopropanes1 under basic conditions, to afford
naphthalene and indene skeletons in good to high yields
under mild conditions.

As shown in Table 1, vinylcyclopropenes2 are readily
accessible from simple isomerization of the corresponding
vinylidenecyclopropanes1 under basic conditions. For all
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vinylidenecyclopropanes1 examined, the isomerization reac-
tion proceeded smoothly to give vinylcyclopropenes2 in
good to high yields within 5 h under mild conditions (Table
1). Compound2b was unambiguously determined by an
X-ray diffraction (Figure 1).4

Initial examinations using vinylcyclopropene2a (R1 ) R2

) C6H5; R3 ) R4 ) Me) as the substrate in the presence of
various Brφnsted acids, such as trifluoromethanesulfonic acid
(TfOH), CF3CO2H, CH3CO2H, and the Lewis acid BF3‚OEt2,

were aimed at determining the optimal conditions for
rearrangement to3a. The results are summarized in the
Supporting Information. It was found that BF3‚OEt2 was the
best catalyst and that 1,2-dichloroethane (DCE) was the
solvent of choice, and3awas produced in 60% yield at 40°C
(Scheme 1) (see the Supporting Information for details). The

generality of this transformation was examined, and we found
that for all of the employed substrates (2) the corresponding
rearranged product3 could be obtained in good yield (Table
2).

A plausible mechanism for the BF3‚OEt2-catalyzed rear-
rangement of vinylcyclopropenes2 to naphthalenes3 is
outlined in Scheme 1. Initially, reaction of BF3‚OEt2 with
trace amounts of water in the system generates the Brφnsted
acid catalystA,5 which is similar to the Brφnsted acid TfOH.
The reaction of catalystA with 2 produces cationic inter-
mediateB (the corresponding counteranion in all of the
intermediates has been omitted for convenience), which will
rearrange to either ring-opened cationic intermediateC or
resonance-stabilized intermediateC’ via σ-bondb cleavage.6

Subsequent intramolecular Friedel-Crafts reaction ofC’ with
the aromatic group R1 gives the cyclized intermediateD,
which affords intermediateE via deprotonation. Finally,
aromatization of intermediateE furnishes the corresponding
naphthalene3 (Scheme 2).

Interestingly, we found that vinylcyclopropenes2 can
rearrange to the corresponding indene derivatives4 in the
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several minutes, the reaction proceeded smoothly to give product3a in
good yield.
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Table 1. Isomerization of Vinylidenecyclopropanes1 to
Vinylcyclopropenes2

a All reactions were carried out using1 (0.2 mmol), NaOH (20.0 equiv),
and Bu4NHSO4 (2.0 equiv) in toluene (5.0 mL) at 60°C for 5 h. b Isolated
yields.

Figure 1. ORTEP drawing of compound2b.

Scheme 1. Optimal Conditions for the Formation of
Naphthalene3a
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presence of the Lewis acid Cu(OTf)2 in DCE at 50°C. The
optimization of the reaction conditions for this process is
summarized in the Supporting Information in the presence
of various Lewis acids, such as Sc(OTf)3, Sn(OTf)2, Eu-
(OTf)3, and Zr(OTf)4. It was found that Cu(OTf)2 was the
best catalyst and that 1,2-dichloroethane (DCE) was the

solvent of choice, and4a was produced in 98% yield at 50
°C (Scheme 3) (see the Supporting Information for details).

It should be emphasized here that, using Brφnsted acid CF3-
CO2H as a catalyst, both indene and naphthalene products
can be obtained as a mixture. Compound4a was unambigu-
ously determined by an X-ray diffraction (Figure 2).7 The

generality of this Cu(OTf)2-catalyzed rearrangement reaction
is satisfactory, and the reaction can tolerate various substit-
uents, whether they are electron-rich or -poor aryl groups
(R1 and R2) or methyl groups or hydrogen atoms (R3 and
R4). All reactions proceeded smoothly to give the corre-
sponding indene derivative4 in good to high yields under
the optimal conditions (Table 3).

A plausible mechanism for the formation of indenes4 is
illustrated in Scheme 4. The coordination of2 to the Lewis
acid initially gives zwitterionic intermediateF, which results
in the formation of cyclopropyl ring-opened zwitterionic
intermediateG via σ-bonda-cleavage. IntermediateG also
can be drawn as its delocalized representations as intermedi-
ate H or intermediateH’. 6,8 Subsequent intramolecular
Friedel-Crafts reaction of intermediateH’ with aromatic
group R1 affords intermediateI. Elimination of Lewis acid
and deprotonation from intermediateI furnish 4.

(7) The crystal data of4ahave been deposited in the CCDC with number
615026. Empirical formula: C25H22. Formula weight: 322.43. Crystal color,
habit: colorless, prismatic. Crystal system: Triclinic. Lattice type: primitive.
Lattice parameters:a ) 8.1168(19) Å,b ) 10.068(2) Å,c ) 11.493(16)
Å, R ) 93.001(4)°,â ) 98.563(4)°,γ ) 98.080(4)°,V ) 917.0(4) Å3.
Space group:P1h. Z ) 2; Dc ) 1.168 g/cm3; F000 ) 344. Diffractometer:
Rigaku AFC7R. Residuals:R. Rw: 0.0655, 0.1722.

(8) For the mechanism of the 1,3-proton shift, see: Carey, F. A.;
Sundberg, R. J.AdVanced Organic Chemistry, 3rd ed.; Plenum Press: New
York, 1990; p 609.

Scheme 2. Plausible Mechanism for the Formation of
Naphthalenes3

Table 2. BF3‚OEt2-Catalyzed Rearrangement of2 for the
Formation of Naphthalenes3

a All reactions were carried out using2 (0.2 mmol) in the presence of
BF3‚OEt2 (10 mol %) and DCE (5.0 mL) at 40°C for 5 h. b Isolated yields.

Scheme 3. Optimal Conditions for the Formation of Indene
4a

Figure 2. ORTEP drawing of compound4a.
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At the present stage, we believe that the coordination of
sterically bulky LA to the cyclopropene moiety of2
exclusively produces intermediateF due to the steric
repulsion of LA and the aromatic R2 group. However, the
coordination of a proton to the cyclopropene moiety of2
gives a more stabilized intermediateB. The different
coordination place in the cyclopropene moiety of2 causes
the different reaction products.

In conclusion, we have discovered efficient and mild Lewis
acid catalyzed rearrangement reactions of vinylcyclopropenes
2. In these reactions, the choice of Lewis acid catalyst is
important and naphthalenes3 or indenes4 can be obtained
in good to high yields. Stronger Lewis acid catalysts (or
Brφnsted acid in this case) and somewhat weak Lewis acid
catalysts will result in the differentσ-bond cleavage of2,
which directly affects the subsequent Friedel-Crafts reaction
and determines the product structure. Efforts are underway in
the laboratory to further elucidate the mechanistic details of
these reactions and to understand their scope and limitations.
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Table 3. Cu(OTf)2-Catalyzed Rearrangement of
Vinylcyclopropenes2 for the Formation of Indenes4

a All reactions were carried out using2 (0.2 mmol) in the presence of
Cu(OTf)2 (10 mol %) and DCE (5.0 mL) at 50°C for 5 h. b Isolated yields.

Scheme 4. Plausible Mechanism for the Formation of Indenes
4
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