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Thermal and photochemical skeletal conversions of vinylidenecy-
clopropaned have attracted much attention from mechanistic, theo-
retical, spectroscopic, and synthetic viewpoi@t&ecently, we have
been investigating the Lewis acid-catalyzed ring-opening reactions
of methylenecyclopropanes (MCPsnd vinylidenecyclopropanes
1.45Thus far, we have found that aryl-substituted derivative$ of

undergo interesting rearrangements in the presence of Lewis or
Brgnsted acids to give the corresponding naphthalene derivatives

in good to high yields. We now wish to report the Lewis acid-
catalyzed rearrangement of arylvinylidenecyclopropankaving

three substituents at the 1- and 2-positions of the corresponding

cyclopropane to give the corresponding#benzo]fluorine or
phenyl-H-indene derivative in good to high yields under mild
conditions.

An initial examination was carried out usirta (Z/E = 1/2
mixture determined by NOESY NMR spectroscopic analysis; see
Supporting Information) as substrate in the presence of a variety
of Lewis acids. We found that an interesting rearrangement took
place to give 6H-benzof]fluorine derivative2a stereoselectively
with synconfiguration upon heating. Using Sn(OF{LO mol %)
as the catalyst in 1,2-dichloroethane (DCE), no reaction occurred
at room temperature, and the reaction was sluggish &C48low-
ever, it proceeded smoothly under reflux (&) to give2ain 74%
yield afte 6 h (Table 1, entries-24). Using other Lewis acids,

Table 1. Rearrangement of Diphenylvinylidenecyclopropane 1a to
(6a,7,11b)-7,11b-Dihydro-7,11b-dimethyl-5-phenyl-6aH-benzo[c]-
fluorine 2a in the Presence of a Variety of Lewis Acids (0.1 equiv)

Lewis acid (10 mol%)

solvent

1a, (ZIE=1:2)
entry solvent catalyst temp (°C) time (h) yield? 2a (%)
1 CICH,CH,CI none 80 120 c
2 CICH,CH.CI Sn(OTf) 25 120 c
3 CICH,CH.CI Sn(OTf) 40 20 21
4 CICH,CH.CI Sn(OTf 80 & 74
5 CICH,CH.CI Zr(OTf)s 80 & 31
6 CICH,CH.CI Zr(OTf)s 40 > 30
7 CICH,CH.CI Cu(OTfy 80 > 30
8 CICH,CH.CI BF:ELO 80 Bd 21
9 toluene Sn(OTH) 80 & 65
10 CHCN Sn(OTf) 80 6 c
11 THF Sn(OTf) 66 & 35
12 DMF Sn(OTf) 80 12 c
13 EtOH Sn(OTH) 78 12 c
14 hexane Sn(OTY) 69 & 56

alsolated yield.? Until all of the starting materialla was consumed.
¢ No reaction occurred! At room temperature2a was obtained in 52% in
DCE with 10 mol % of BEOE®.

such as Zr(OTf), Cu(OTfy, and BR-OEt, under identical condi-
tions, 2a was obtained in lower yields (Table 1, entries&. In
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Table 2. Lewis Acid Sn(OTf),-Catalyzed Rearrangement of a
Variety of Arylvinylidenecyclopropanes 1 in DCE at 80 °C

R* R3
R iR Sn(OTf),
R? =5 DCE, 80 °C
1
entry R'R? R3 R* R® time/h
CeHs, p-CICgHy4, Me, Me
1 oo 5
6Hs 1b, (ZE =1:2)
CeHs, p-BrCgHa, Me, Me
2 CeH 5
615 1c, (ZE=1:2)
CeHs, p-MeCgHy, Me, Me 5
3 CeH
615 1d, (ZE = 1:1)
CgHs,  p-MeOCgH,, Me, Me 5
4 CeHs
1e, (ZE=9:1)
p-FCgHa, CgHs, Me, Me
5 5
P-FCeHs 15 (ZZE=1:3)
p-MeCgHs,  CeHs, Me, Me 5
p-MeCeHs 19, (zE=1:3)
CeHs,  CeHs, Et, Me 5
7
CeHs 1h, (ZE = 2:3)

2 |solated vyield.

the presence of lanthanide Lewis acids Yb(QTdhd Sc(OTHf),
no reaction occurred. Solvent effects have been examined with Sn-
(OTf), (10 mol %) at 80°C. DCE is the solvent of choice (Table
1, entries 9-14). Therefore, these optimized reaction conditions
are to carry out the reaction in DCE at 80 using Sn(OTf) (10
mol %) as a catalyst.

Next, we carried out the reaction of a variety of arylvinylidene-
cyclopropane derivativek(Z/E isomeric mixtures) in the presence
of Sn(OTf) under these optimized conditions. The results are sum-

10.1021/ja054988e CCC: $30.25 © 2005 American Chemical Society
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Scheme 1. A Plausible Mechanism for the Rearrangement of Scheme 2. Rearrangement of Diphenylvinylidenecyclopropane 1i in
Arylvinylidenecyclopropanes 1 and 2 in the Presence of Lewis Acid the Presence of Sn(OTf), in DCE at 40 °C and a Plausible Mechanism
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shift along with the release of Lewis acid produces the correspond-
ing indene derivativei. Its structure was determined by spectro-
scopic data and X-ray diffraction analysis (Supporting Information).
Further details regarding this reaction will be reported in due course.
In conclusion, we have identified an efficient Lewis acid-

marized in Table 2. As can be seen from Table 2, the corresponding

rearranged produc® 6aH-benzo]fluorine derivatives, were ob-  catalyzed rearrangement of arylvinylidenecyclopropahnkaving
tained in good to high yields withi5 h with synconfiguration three substituents at the 1,2-positions of the cyclopropane to provide
(Table 2, entries 17). _ easy access to Babenzoffluorine derivatives via a double
The product structures were determined’byand *C NMR jntramolecular FriedetCrafts reaction or a 1-methyl-3-phenyd
spectroscopic data and HRMS or microanalyses (Supporting jngene derivative via an intramolecular Fried€lrafts reaction

Information). The structure dfawas further confirmed by X-ray  ;nder mild reaction conditions in good to excellent yields. Efforts

diffraction analysis (Supporting Information). , are in progress to elucidate further mechanistic details of these
A plausible mechanism for the observed rearrangemerttsrof re4ctions and to understand their scopes and limitations.
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