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Enantiopure 7-anti-bromo-3,3-dimethyl-2-oxonorbornan-1-
carboxamide, which is easily obtained from commercially
available 3-endo-bromocamphor, undergoes an unexpected
stereocontrolled Beckmann fragmentation in situ upon treat-
ment with hydroxylamine. This reaction constitutes the first
example in which a C1-electron-acceptor substituted 3,3-di-
methylnorbornan-2-one undergoes: a) an in situ Beckmann
fragmentation upon reaction with hydroxylamine, and b) a

Introduction

The Beckmann fragmentation of enantiopure 2-norbor-
nanoximes has been widely used as a convenient synthetic
strategy for the enantiospecific preparation of valuable car-
bocyclic nitrile intermediates.[1,2] In this sense, we have pre-
viously reported that the Beckmann fragmentation of sev-
eral camphor-derived C1-electron-donor substituted 2-nor-
bornanoximes 1 (see Scheme 1, G 5 electron donating
group, EDG) upon treatment with triflic anhydride (Tf2O),
takes place with fragmentation of the C12C2 norbornane
bond to yield a mixture of the corresponding enantiopure
3-cyanomethylcyclopentene intermediates 2 and 3
(Scheme 1).[2] Unfortunately, when the starting camphor-
derived 2-norbornanoximes 1 are C1-electron-acceptor sub-
stituted (see Scheme 1, G 5 electron withdrawing group,
EWG) the Tf2O-promoted Beckmann fragmentation takes
place at the C22C3 norbornane bond instead of the desired
C12C2 one, yielding a mixture of the corresponding cyclo-
pentane nitriles 4 and 5 (Scheme 1).[2a] In both cases,
formation of mixtures, which are due to a nonregioselective
proton elimination after fragmentation, cannot be avoid-
ed.[2a]
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Beckmann fragmentation of the C1−C2 norbornane bond in-
stead of the C2−C3 bond. Both facts can be attributed to the
effect exerted by the bromine substituent located at the C7-
norbornane position. Since the described stereocontrolled
bromine-promoted fragmentation leads to an enantiopure
1,3-disubstituted five-membered carbocycle, it could consti-
tute a model procedure for the synthesis of other interesting
enantiopure cyclopentanoids.

Scheme 1

The present communication reports the first example of a
bromine-assisted in situ Beckmann fragmentation of a C1-
electron-acceptor substituted (carboxamide) 3,3-dimethyl-
norbornan-2-one. The substituent effect (bromine effect) at
the C7-anti-norbornane position could be used as a syn-
thetic strategy for the easy C12C2 cleavage of other C1-
electron-acceptor substituted 2-norbornanones and norbor-
nan-2-oximes, allowing the stereocontrolled preparation of
valuable 1,3-disubstituted cyclopentanoids.[1,2]

Results and Discussion

During the course of our research into the reactivity and
synthetic applications of C1-substituted norbornanes,[2,3]
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we became interested in the oximation of 2-oxonorbornan-
1-carboxamide 8, an interesting enantiopure polyfunctiona-
lized 2-norbornanone, which is easily obtained from com-
mercially available 3-endo-bromocamphor via intermediate
7 (Scheme 2).[4] Unexpectedly, the reaction of the norbor-
nanone 8 with hydroxylamine did not lead to the desired
oxime 9 (the expected product for a C1-electron-acceptor
substituted 3,3-dimethylnorbornan-2-one, see Scheme 1),
but instead gave the enantiopure 1,3-disusbstituted cyclo-
pentene 10 as the only reaction product in high yield
(Scheme 2).[5]

Scheme 2

The formation of the cyclopentene carboxylic acid 10 can
be easily explained by an in situ Beckmann fragmentation
of nonisolated norbornan-2-oxime 9, i.e. a tandem oxime
formation2stereocontrolled Beckmann fragmentation. This
extremely favoured Beckmann fragmentation must be pro-
moted by the presence of the bromine atom attached at the
C7-anti-norbornane position (Scheme 3),[6] which also ex-
plains the fact that the cleavage takes place at the C12C2-
norbornane bond instead of the C22C3 bond (the expected
cleavage site for the Beckmann fragmentation of a C1-elec-
tron-acceptor substituted 2-norbornanone, see Scheme 1).

Scheme 3
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Conclusion

In summary, the first example of a bromine-assisted ste-
reocontrolled in situ Beckmann fragmentation of C1-elec-
tron-acceptor substituted 7-anti-bromonorbornan-2-ones
upon treatment with hydroxylamine is described. The reac-
tion takes place easily leading to an interesting C1-substi-
tuted 3-cyanomethylcyclopent-1-ene in high yield. The de-
scribed procedure constitutes a novel 3-endo-bromo-
camphor-based model route for the stereocontrolled pre-
paration of other 1,3-disubstituted cyclopentanoids (e.g.
key natural-product intermediates or novel chiral ω-amino
acids with a carbocyclic moiety).[7] We are continuing to
investigate the effect that the bridgehead substituent effect
exerts on the scope of this fragmentation.
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