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, - conditions,2a was obtained in lower yields (Table 1, en-
Abstract: Arylvinylidenecyclopropanes undergo a novel rears . 4 7 and 8). A | d tion ti . ired i
rangement in the presence of Lewis acids or Brgnsted acids to g‘iUSS  fha ). A prolonged reaction time is required in

the corresponding naphthalene derivatives in good to high yield€ Presence of Lewis acids Yb(OJfnd Sc(OTH to
under mild conditions. give 2a in 58% and 41% yields, respectively (Table 1,

Key words: arylvinylidenecyclopropanes, Lewis acids, Brelnste(fer_]tries 5 a'nd 6) B_I’ﬂnSte_d aCi'd.TfOH (10 mol%) 'is also
(42%) at room temperature and in high yield (94%) at
80 °C (Table 1, entries 10 and 11). At 80 °C, TsOH is as

Thermal and photochemical skeletal conversions gffective as TfOH (Table 1, entry 9). Examination of
vinylidenecyclopropanes have attracted much attention>°vent effects revealed that DCE is the best solvent for
from mechanistic, theoretical, spectroscopic, and synth&iiS novel rearrangement (Table 1, entries 12-18).

ic viewpoints?? Vinylidenecyclopropanes also undergo Next, we carried out the reaction with a variety of deriva-
a variety of unique addition reactions with electrophiles tiives ofl in the presence of Sn(OTQnder the optimized
give novel products, sometimes along with the formatiotonditions. As can be seen from Table 2, the correspond-
of cyclopropane ring-opened produgéts. ing rearranged producg naphthalene derivatives, were

Recently, we have been investigating the Lewis acid c&t@ined in good to high yields (Ta4b|e 2, entries 1-8). For
alyzed ring-opening reactions of methylenecyclopropan¥§lidenecyclopropanedg (R’ = R*= aliphatic group)
(MCPs), another series of highly strained but readifnd1h (R° = aliphatic groupcisitrans=1:1), 2g and2h
accessible molecules. Thus far, we have found that tfj§"e obtained in good yields (Table 2, entries 6 and 7).
cyclopropane ring of MCPs can be opened by alcohd?" Vinylidenecyclopropanés (R” = aliphatic groupcis/

and other nucleophiles in a different, novel manner to gi&@ns: 1:1), the correspondlng naphthalene derivazive
the corresponding homoallylic derivatives in good yield¥@S formed in 50% yield as the sole product (Table 2,
under mild conditions in the presence of Lewis atfs. €Y 8)-

Therefore, we attempted to examine the Lewis acid cafBheir structures were determined Hy and *C NMR
lyzed reaction ofl with a variety of nucleophiles under spectroscopic data as well as HRMS or microanalyses.

similar conditions. In this paper, we wish to report thgased on the above results and our previous investigations
Lewis acid or Brgnsted acid catalyzed rearrangement §f he | ewis acid catalyzed ring-opening reaction of

arylvinylidenecyclopropanesl to the corresponding \cps#5 a plausible mechanism for the rearrangement of
naphthalene derivative® in good to high yields under gryvinylidenecyclopropanes in the presence of either
mild conditions Lewis acids or Brgnsted acids is outlined in Scheme 1.
Initial examination using diphenylvinylidenecyclopro-The coordination of to the Lewis acitlor the addition of
pane {a) as the substrate in the presence of a variety bfwith a Brgnsted acid initially gave 1-cyclopropylvinyl
Lewis acids or Brgnsted acids, revealed that a novel reaation A, a vinyl group stabilized cyclopropyl catién,
rangement took place to give 2-methyl-1,4-diphenylnapkvhich results in the formation of cyclopropane ring-
thalene 2a) under various conditions. While the reactioropened cationic intermediaiBe which is stabilized by the
with Sn(OTf), (10 mol%) as a Lewis acid in DCE, at roomaromatic R group in most cas€s.The intramolecular
temperature was sluggish, the reaction proceeded smodthedel-Crafts reaction produces the cyclized intermedi-
ly under reflux (80 °C) to giveain 92% vyield after four ateC. The rearrangement 6faffords the intermediat®.
hours (Table 1, entries 2 and 3). Using other Lewis acid$ie 1,4-proton shift along with release of Lewis acid or
such as Zr(OTf) Cu(OTf), and BR-OEt under identical deprotonation gives the corresponding intermediate
The 1,3-proton shift produces the thermodynamically
SYNLETT 2005. No. 12 op 18691872 favored naphthalene derivatives’ this is the driving
ad 2, NO. .2, Pp force in this reaction moving the equilibrium towards the
\vanced online publication: 22.06.2005 . ST
DO 10.1055/s-2005-871565: Art ID: U13305ST formation of the naphthalene derivati&gScheme 1).
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Table 1 Rearrangement of Diphenylvinylidenecyclopropaha (o 2-Methyl-1,4-diphenylnaphthalen2a) in the Presence of a Variety
Lewis Acids or Brgnsted Acids

O %J@ Lewis acid (10 mol%) Q 8 O
O solvent

la 2a
Entry Solvent Lewis acid (0.1 equiv)  Temperature (°C) Timé& (h) Yield (%)?2a
1 CICH,CH.CI none 80 120 <
2 CICH,CH,CI Sn(OTf), 25 120 51
3 CICH,CH,CI Sn(OTf), 80 4 92
4 CICH,CH,CI Zr(OTf), 80 4 81
5 CICH,CH,CI Yb(OTf), 80 9 58
6 CICH,CH,CI Sc(OTH 80 50 41
7 CICH,CH,CI Cu(OTf), 80 4 41
8 CICH,CH,CI BF,-OEt 80 4 71
9 CICH,CH.CI TsOH 80 4 92
10 CICH,CH,CI TfOH 80 4 94
11 CICH,CH.CI TfOH 25 10 42
12 CH4CH,OH Sn(OTf), 78 10 34
13 THF SN(OTf), 66 25 83
14 Toluene Sn(OTH) 80 4 87
15 CH,CN Sn(OTf), 80 4 65
16 CH,CN Zr(OTf), 80 4 63
17 CH,CN Yb(OTf), 80 50 <
18 Toluene Zr(OTf) 80 4 68

2|solated yields.
b Until all of the starting materidl was consumed.
¢ No reaction occurred.

g3 Interestingly, for diphenylvinylidenecyclopropanj)(
naphthalene derivativgj was formed in good yield under
identical conditions by eliminating one propene molecule
(Scheme 2); currently, its reaction mechanism remains
_Z obscure.

A(H/
//| In conclusion, we have found a novel rearrangement of
H A ) arylvinylidenecyclopropanesl to the corresponding
o) HR

R®  Lewis acid

RS
LA(H)
1
R <f or Bronsted acid R> <

3 DCE,80C  R?
R A

('H) TR [LAH naphthalene derivative in the presence of Lewis acids
D
_[3H R Q Sn(OTf), O
& @ i DCE, 80 T O O
Lewis acid or Bronsted acid-mediated rearrangement 1j 2j, 50%

Scheme 1 Plausible mechanism for the rearrangement of arylvinylScheme 2 Rearrangement of diphenylvinylidenecyclopropatj¢ (
idenecyclopropanekin the presence of Lewis acid or Brgnsted acidin the presence of Lewis acid Sn(Gjfif) DCE at 80 °C.
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Table 2 Lewis Acid Sn(OTf)-Catalyzed Rearrangement of a Variety of Arylvinylidenecyclopropane®CE at 80 °C

— R
R? \ 7
RY <[ Sn(OTH),
R2 R
R? ) . DCE, 80 T
R* 2
Entry RY, R? R3 R* Time (h) Yield (%}
1 CgHs, GiHs p-MeCgH,, H 10 O
10 Me
2b, 80
2 CeHs, GHs p-MeOGCH,, H 10 O
le ) -ome
2c, 61
3 p-MeCsH,, p-MeCgH, C¢Hs, H 10 Me
1d <&
Me<{ 4 )0
2d, 91
4 p-MeOGgH,, p-MeOGH, C¢Hs, H 10 OMe
le O
MeO~ D 4 )
2¢ 70
5 p-FCsH,4, p-FCsH, C¢Hs, H 10 F
1f &)
FLOAAD
2f, 80
6 CeHs, CeHs —(CHy) 4~ 10 O
19 O [ @
29, 42
7 CeHs, CeH5 CeHs, Me (cigitrans = 1:1) 10 )
1lh
O
2h, 85
8 Me, GHs (cigtrans= 1:1) GHs, H 10 )
1i O O
2i, 50

a|solated yields.

or Bragnsted acids, in good to high yieldsA plausible Acknowledgment
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Typical reaction procedure for the rearrangement of
diarylvinylidenecyclopropanes: To a solution of
diarylvinylidenecyclopropangd (64 mg, 0.2 mmol) in DCE
(2.0 mL) was added Sn(O7%fj8 mg, 0.02 mmol), the
reaction mixture was stirred for 10 h at 80 °C (monitored by
TLC). After the starting mateais (diarylvinylidenecyclo-
propansl) were consumed, the solvent was removed under
reduced pressure and the residue was subjected to flash
column chromatography to give the desired pro@ddi58

mg, 91%) as a colorless liquid. 2-Methyl-1-phenyldr-
methylphenyl)-7-methylnaphthalen2dj: colorless oil; IR
(CH.CI,): 3053, 3023, 2954, 2923, 2855, 1620, 1600, 1516,
1507, 1440, 1381, 1362, 1029, 883, 824, 760, 703, 526
cnt; 'H NMR (300 MHz, CDC)): 6 = 2.22 (3 H, s, CH},

2.34 (3H, s, Ch), 2.45 (3 H, s, Ck}, 7.15-7.22 (2 H, m,

Ar), 7.28-7.31 (5 H, m, Ar), 7.40-7.53 (5 H, m, Ar), 7.82
(1 H, d,J=8.7 Hz, Ar);**C NMR (75 MHz, CDCJ): § =
20.9,21.3,21.8,125.4,125.8,126.9, 126.9, 128.4, 128.4,
128.8, 128.9, 130.0, 130.2, 132.7, 133.4, 135.2, 136.8,
137.0, 138.0, 139.2, 140.0; MS (EiNz (%) = 322 (100)
[M*], 307 (10.3), 292 (7.6), 229 (3.8), 215 (5.1), 91 (1.7);
HRMS (MALDI): m/z calcd for GgH,5 (M* + 1), 323.1794;
found, 323.1786.
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