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LEWIS ACID-MEDIATED RING EXPANSION REACTION OF
2,3-METHANOCHROMANONES WITH SILYL ENOL ETHERS
Yoshiaki Sugita,* Kazuyoshi Kawai, Hiroki Hosoya, and Ichiro Yokoe
Faculty of Pharmaceutical Sciences, Josai University, Sakado,
Saitama 350-0295, Japan
Absl~act - In the presence of trimethylsilyl trifluoromethanesulfonate
(TMSOTf), methanochromanones easily reacted with silyl enol ethers to give
the [3+2] cycloadducts and the corresponding adducts in good yields.

Cyclopropanes having an electron-withdrawing or -donating group are susceptible to ring-opening
reactions.' Especially, cyclopropanes with donor and acceptor substituents at vicinal positions on the
cyclopropane ring are the equivalent of a ring-opened 1,3-zwitterion, which is expected to react with both
nucleophiles and electr~~hiles.'Saigo reported the syntheses of 5-membered carbo-' and heterocyclic
compounds' by the reactions of 2,2-dialkoxycyclopropanecarboxylic acid esters having two electrondonating groups and one electron-withdrawing group with various substrates. Kuwajima also reported
Lewis acid-mediated [3+2] cycloaddition reaction of vicinally donor-acceptor-substituted cyclopropane
with silyl en01 ethers.'
We were interested in the reactivity of 2,3-methanochromanones (116 readily prepared from the
corresponding chromone and diiethyloxosulfonium methylide.' Because methanochromanones have an
alkoxy group as a donor and a carbonyl group as an acceptor in the henzopyran ring, formation of a 1,3zwitterionic intermediate would be expected. We speculated that, upon treatment with various nucleophiles
andfor electrophiles in the presence of a Lewis acid, the methanochromanones would undergo ringopening and provide several 1-benzoxepins as the ring-expanded productss (Scheme I). We report herein
the Lewis acid-promoted reaction of methanochromanones with silyl en01 ethers via a 1,3-zwitterionic
intermediate.
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At first, the reactivity of 2.3-methanochromanone ( l a ) by the action of a Lewis acid was examined. A
solution of a stoichiometric amount of TiCI, in CH,CI, was added to a solution of l a in CH,C12 at -78 'E
to give the 2-chloro-1-benzoxepinone(219 in 84% yield along with a small amount of its ring-cleaved
product (3).6CThe obtained benzoxepin (2) is very unstable under acidic conditions and was converted
into 3 even when 2 was treated with silica gel (Scheme 2). In this result, we considered that
methanochromanone ( l a ) is the equivalent of a ring-opened zwitterion (A).

Scheme 2
We next examined the reaction of 2.3-methanochromanone ( l a ) with silyl enol ethers as the nucleophile.
When the reaction was performed in the presence of TiCI, in CH2CI, at -78 T, however, 3 was obtained
as a major product and the desired adduct was obtained in low yield. In order to improve the yield of this
reaction, we carried out the reaction of l a with 4 a under various conditions. Finally, it was found that the
best yield of the adduct (5) was obtained using trimethylsilyl trifluoromethanesulfonate (TMSOTf) as a
Lewis acid in MeCN." Thus, the reaction of l a with 4 a in the presence of TMSOTf (10 ma]%) in MeCN
gave the cycloadducts (5a and 5b)" in 42% and 26% yields, respectively (Scheme 3). The
stereochemistry of the cycloadduct (5a) was assigned based on NOE experiments (Figure I ) .
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A similar reaction of l a with 4 b proceeded smoothly to give the corresponding cycloadducts (6a and 6 b )
in high yield (Table I, entry 1). The reaction of l a with cyclic silyl enol ethers under the same conditions
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also gave the cycloadducts in good yields (entries 2-4). 3-Methyl-2,3-methanochromanone ( I b) was next
treated with 4 a under the same conditions as described above to give the cycloadduct (13) and the 1benzoxepin (14) in 35 and 50% yields, respectively (entry 5). It was found that introduction of a bulkier
alkyl group at the 3-position of the pyrone ring increased the yield of the non-cyclized adduct. Thus, the
adduct (18) was obtained in 68% yield along with a small amount of [3+2] cycloadduct when l c reacted
with en01 silyl ether (4a, entry 7). In addition, an enhancement of the trcms/ci.s ratio of the non-cyclized
adduct was observed when the methyl group at the 3-position of the pyrone ring was replaced with the
phenyl group.

Table 1. Reaction of Methanochromanones (l
with
)Silyl Enol Ethers
entry

R

Silyl enol ether

temp.

("'4

products
yield (%)a

yield (%)a

(10:l)'
a~solatedyields. b ~ d~astereomers
~ o
were is~lated.~Three
diastereomers were isolated.
d ~ odetected,
t
e~atio
of isomers. f Ratio of trans : cis-isomers.

2032

HETEROCYCLES, Vol 51. No. 9,1999

It was also found that when the adduct (tnms-18) was treated with conc. HCI in THF, the newly formed
cycloadduct (21) and its C-I0 epimer were obtained in 76% and 20% yields, respectively. On the
contrary, treatment of trans-18 under basic conditions using NaOMe in ether gave 2 2 as the sole product
in 80% yield (Scheme 4).
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In summary, we have demonstrated that the TMSOTf-catalyzed ring-opening addition reactions of 1 with
silyl enol ethers proceeded smoothly to afford the corresponding adducts in high yields. We are now
investigating the Lewis acid-mediated ring expansion reaction of methanochromanones with various
substrates, and the results will be reported in due course.
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