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Abstract—Enantiopure 7-anti-bromo-3,3-dimethyl-2-oxonorbornane-1-carboxylic acid, an interesting new chiral norbornane-1-
carboxylic acid analogous to the well known chiral-source ketopinic acid, has been obtained for the first time from commercially
available 3-endo-bromocamphor. The synthesis takes place enantiospecifically in four straightforward synthetic steps with high
overall yield. The established route constitutes a model procedure for the preparation of other chiral C(7)-substituted 3,3-
dimethyl-2-oxo-norbornane-1-carboxylic-acid-derived chiral sources (e.g. tridentate chiral ligands) from camphor. © 2002 Elsevier
Science Ltd. All rights reserved.

Enantiopure norbornane-1-carboxylic acids and related
derivatives are an interesting class of chirality transfer
agents, which have been intensively used as chiral auxil-
iaries (e.g. diol 1a, pirazolidinone 2a or oxazinone 3a),1

chiral resolving agents (e.g. acid chloride 4a),2 and
chiral ligands (e.g. phosphine–oxazinane 5a or C2-sym-
metric diamide 6a)3 in many asymmetric transforma-
tions, as well as chiral intermediates in the preparation
of valuable molecules (e.g. in the synthesis of the anti-
spasmodic amino esters 7a)4 (Fig. 1).

As shown in Fig. 1, and despite the interesting comple-
mentarities existing between camphor- and fenchone-
derived chiral transfers,5 all of the above chiral transfer
agents are dimethyl-substituted at the C(7)-norbornane
position (methano-bridge position), whereas the corre-
sponding C(3)-dimethyl-substituted analogues have
been neither obtained nor investigated. This is due to
the fact that all of them are invariably obtained using
the readily available commercial ketopinic acid 8a (a
camphor-derived 2-oxonorbornane-1-carboxylic acid)
as the key starting material,1–4 whereas the correspond-
ing fenchone-derived 3,3-dimethylated carboxylic acid
8b is not commercially available.6

Accordingly, the preparation of new enantiopure 2-
oxonorbornane-1-carboxylic acids with different substi-
tution patterns (i.e. with different topologies and,
therefore, different chirality transfer properties) is of
great interest, because it would allow the preparation of
new chiral agents, analogous to those obtained from
ketopinic acid.

In this communication we describe the enantiospecific
preparation of a new 2-oxonorbornane-1-carboxylic
acid 8c from commercial available (1R)-3-endo-bromo-
camphor 9. This novel chiral norbornane-1-carboxylic
acid is an interesting analogue to the chiral-source
ketopinic acid 8a (3,3-disubstituted instead of 7,7-di-
substituted), which would allow the preparation of new
chiral trisubstituted-norbornanes, with different chiral-
ity transfer properties to 8a (cf. 1a–6a and 1c–6c in Fig.
1).

The preparation of acid 8c from 3-endo-bromocamphor
9 has been realized enantiospecifically as Scheme 1
shows. The key intermediate of our route is the 2-
oxonorbornane-1-carbonitrile 11 (enantiospecifically
obtained from 9 by triflic-anhydride-promoted Wag-
ner–Meerwein rearrangement of the 3-endo-bromocam-
phor-derived cyanohydrin and subsequent ozonolysis),7

which, upon controlled hydrolysis (3 days at 35°C) with
35% HCl,8 yields the desired enantiopure 7-anti-bromo-
2-oxonorbornane-1-carboxylic acid 8c with high yield
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Figure 1. Some selected norbornane-1-carboxylic acid-derived chirality transfer agents.

Scheme 1. Enantiospecific preparation of 8c and 12 from 3-endo-bromocamphor 9.

(Scheme 1). However, when 11 is hydrolyzed in reflux-
ing aqueous HCl,9 the 2-oxa-3-oxobicyclo[3.3.0]octane-
8-carboxylic acid 12 is obtained instead of 8c (Scheme
1).10

The striking formation of lactone 12 can be explained
according to the reaction pathway indicated in Scheme
2. Thus, nucleophilic attack of water to the carbonyl
group of the rigid 7-anti-bromonorbornane-1-car-
boxylic acid 8c would take place with bromine-assisted
fragmentation of the norbornane C(1)�C(2) bond,11 to
give the (undetected) Michael olefin 13. Activated
olefin 13 must undergo a stereocontrolled intramolecu-

lar Michael-type addition to give tautomer 14, which
equilibrates to the final lactone 12, as a mixture of
epimers.

In summary, a new 2-oxonorbornane-1-carboxylic acid
(7-anti-bromo-substituted) analogous to the well
known chiral source ketopinic acid has been enantio-
specificially obtained from commercial 3-endo-bromo-
camphor. This norbornane-1-carboxylic acid will allow
the straightforward preparation of new interesting tri-
dentate norbornane-based chiral agents from the chiral
pool. Moreover, 7-anti-bromo-2-oxonorbornane-1-car-
boxylic acid 8c is demonstrated to be a valuable precur-
sor of interesting cyclopentanoid intermediates (e.g. for
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Scheme 2. Proposed reaction pathway from 11 to 12.

prostaglandin-type syntheses).10 The synthetic route to
8c from 3-endo-bromocamphor that we have estab-
lished constitutes a model procedure for the prepara-
tion of other enantiopure 7-anti-substituted norbor-
nane-based chiral sources from other readily available
enantiopure 3-endo-substituted camphors.
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