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There have been significant advances in the enantioselective
synthesis of C-C and C-N bonds via displacement reactions
by carbon and nitrogen nucleophiles onη3-allylpalladium inter-
mediates.1 Less success has been achieved using alcohols probably
due to their poor nucleophilicity.2,3 The resulting allylic ethers
are important synthetic intermediates, thus a general solution to
this problem is needed.

We now describe the first rhodium-catalyzed asymmetric ring-
opening (ARO) reaction of oxabenzonorbornadienes using alcohol
and amine nucleophiles. This reaction generates a new carbon-
oxygen or carbon-nitrogen bond via a net intermolecular allylic
displacement of the bridgehead oxygen (eq 1). Neutral reaction

conditions and no activation of the nucleophile are features of
this methodology. Very high regio- and diastereoselectivity (>99:
1), and excellent enantioselectivity (up to 99%ee) are observed.
The reaction also produces an unusual stereochemical outcome
compared to our prior work on ring openings since thetransrather
than thecis product is formed. Finally we note that very low
catalyst loadings (typically 0.25 mol % of the catalytically active
rhodium species) make this a practical method as well.

Our recent studies in ARO reactions of oxabicyclic alkenes4

have resulted in the development of enantioselective reductive5

and alkylative6 ARO reactions. However, no ARO reactions have

been reported involving heteroatom nucleophiles. Given the
prevalence of biologically interesting hydronaphthalene-containing
compounds and the diversity of their biological activities, we
sought to extend the scope of the ARO methodology such that
heteroatomic nucleophiles would be incorporated in the ring-
opening step.

Our studies were stimulated by a report of Hogeveen and
Middelkoop where a [Rh(CO)2Cl]2-catalyzed ring-opening reac-
tion of an oxabicyclo[2.2.1]heptadiene with methanol was de-
scribed.7 Subsequently, Ashworth and Berchtold established that
the stereochemistry of the newly incorporated methoxy function-
ality wascis to the hydroxyl group.8,9 This stereochemistry is in
keeping with our observation ofexo attack by nucleophiles on
other oxabicyclic alkenes.10

When we subjected oxabenzonorbornadiene1 to the Hogeveen
and Middelkoop conditions, no reaction was observed; instead a
precipitate formed which did not dissolve even upon heating. We
reasoned that a more highly polarizing solvent might overcome
this problem. Thus, changing the solvent system to a 1:1 mixture
of methanol:trifluoroethanol (TFE) and increasing the reaction
temperature to 60°C resulted in the diastereoselective metha-
nolytic ring opening of1 giving 2 in 70% yield along with a
small amount of naphthol. Surprisingly the relative stereochem-
istry was shown to betrans by conversion of 2 to 1,2-
dimethoxytetrahydronaphthalene3 and comparison to authentic
samples ofcis- and trans-3.11

We next investigated the enantioselective variant of this
reaction. To incorporate a chiral ligand, the rhodium source was
changed from [Rh(CO)2Cl]2 to [Rh(COD)Cl]2 since insoluble
precipitates frequently resulted on mixing [Rh(CO)2Cl]2 with a
phosphine. After examining several achiral ligands, DPPF was
found to be the most efficient, giving2 in 88% yield. It is
noteworthy that when the Hogeveen and Middelkoop substrate
was subjected to these conditions no reaction occurred, suggesting
that the two reactions may proceed by different mechanisms. We
tried various chiral ligands based on the ferrocene template,12 and
found JOSIPHOS-type ligands13 to give the highest ee’s. For
example, PPF-PtBu2 4 gave2 in 84% yield and 86% ee at 60
°C. The ee could be significantly improved to 97% when the
reaction temperature was increased to 80°C in accord with similar
observations of ee vs temperature in our reductive ARO study.14

TFE is not the ideal solvent since it is expensive and toxic.
Fortunately, with the [Rh(COD)Cl]2/PPF-PtBu2 catalyst, THF
gave equally good results. Using these conditions, a wide variety
of alcohols react, all in good yields and excellent ee’s (Table 1).
We were also able to use very low catalyst loadings, typically as
low as 0.125 mol % [Rh(COD)Cl]2 and 0.25 mol % PPF-PtBu2.

In neat TFE, and in the absence of any other nucleophile, the
major product after prolonged reaction time is naphthol with11
produced in only trace amounts. In THF, however, TFE is readily
incorporated as is the very weakly nucleophilic hexafluoroiso-
propanol (HFIP).

To investigate the effects of substituents on the aromatic ring
of 1, difluoro, methylene dioxy, and dimethyldibromo substrates
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were prepared and reacted under the standard conditions with
methanol. All gave the corresponding ring-opened products13,
14, and15 in good yields and excellent ee’s, indicating that this
reaction is not sensitive to electronic effects.

We next investigated the use of nitrogen nucleophiles. It has
been previously shown that sulfonamide salts react with allyl
carbonates under rhodium catalysis to give retention of absolute
configuration.15 In our case lithiobenzenesulfonamide failed to
induce any reaction, whereas benzene sulfonamide gave the
desired product in good yield (Table 2, entries 1 and 2). The
reaction is quite general, and aromatic amines as well as
phthalimide are good nucleophiles. Thetransstereochemistry was
proven for17 by X-ray crystallography.

We have conducted preliminary studies on the ARO of1 with
nitrogen nucleophiles and obtained encouraging results. Ring
opening with toluenesulfonamide and PPF-PtBu2 occurs in 86%
yield and 95% ee (Table 3). With other nucleophiles, BPPFA21
gives better results than4 (entries 2 to 4), and thus we anticipate
that further modification of the ligand will lead to high ee’s.

The mechanism of this transformation is the subject of our
current studies. The most likely scenario isexocoordination of
the rhodium16 followed by C-O insertion and subsequent
displacement of the allyl rhodium species viaendonucleophilic
attack.

The products formed by the ring-opening reaction are of
particular interest since the hydronaphthalene skeleton is found
in a wide range of compounds possessing diverse biological
activities.17-21 To the best of our knowledge, there is no other
convenient route totrans-1,2-disubstituted dihydronaphthalenol
products in enantioenriched form.22

In conclusion, we have developed a rhodium-catalyzed ARO
of oxabenzonorbornadienes producingtrans-2-alkoxy- and amino-
1,2-dihydro-naphthalen-1-ols in good yield and excellent ee’s (up
to >99% ee).
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Table 1: ARO of 1 with Various Alcohols

a These reactions have not been optimized. 10 equiv of ROH and 1
mol% of the active catalyst were used.b ee determined by formation
of Moshers ester or by HPLC analysis with a Chiralcel OD column

Table 2: Ring Opening with Nitrogen Nucleophiles

Table 3: ARO with Nitrogen Nucleophiles
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