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procedure to C10�C-substituted camphor-derived chiral sources
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Abstract—Enantiopure 3,3-dimethyl-2-methylenenorbornan-1-ol, readily obtained from commercially available camphor, is able
to react with Eschenmoser’s salt under very soft reaction conditions. This reaction constitutes the first example in which a
non-mesomerically activated olefin easily adds the Eschenmoser’s salt. The addition takes place regiospecifically and it is followed
by an enantiospecific Wagner–Meerwein rearrangement of the norbornane skeleton to afford enantiopure 10-dimethyl-
aminomethylcamphor, an interesting chiral �-amino ketone, with excellent yield. The obtained amino ketone is a key intermediate
to new valuable C10�C-substituted camphor-derived chiral sources. © 2002 Elsevier Science Ltd. All rights reserved.

C10-Substituted camphor derivatives are an important
class of chiral sources which have been widely used as
chiral auxiliaries (e.g. Oppolzer’s sultame 1), chiral
reagents (e.g. Davis’ oxaziridine 2), chiral resolving
agents (e.g. 10-camphorsulfonic acid 3) or chiral cata-
lysts (e.g. Yus’ sulfonamide 4) in many asymmetric

transformations (Fig. 1).1 Most of the described C10-
substituted camhor-derived chiral sources are C10-
heteroatomically subtituted, such as C10-S, C10-Se,
C10-O, C10-N, C10-halogen, C10-P or C10-Te, C10-S
is the most frequent substitution.2 Oppositely, examples
of C10–C-substituted camphor-derived chiral sources
are practically inexistent. This is due to the fact that
most of the described C10-substituted camphors are
prepared from 3, the first obtained C10-substituted
camphor, or by nucleophilic bromine-substitution in
10-bromocamphor (a key intermediate to C10-
heteroaromatic-substituted camphors, also obtained,
up to recent days, from 3).2

Nevertheless, some interesting C10–C-substituted cam-
phors have been prepared and used as valuable chiral
sources (e.g. 10-methylenecamphor 5 as starting inter-
mediate in the Paquette’s approach to anticancer taxol,3

or �-amino alcohol 6 as chiral catalyst for the asymmet-
ric addition of diethylzinc to benzaldehyde).4

Related to the preparation of enantiopure C10-substi-
tuted camphors, we have recently reported that (1R)-
3,3-dimethyl-2-methylenenorbornan-1-ol 7, which is
straightforwardly obtained from commercially available
natural (1R)-camphor,5 is a key intermediate to these
kind of camphor derivatives.6 Thus, the treatment of 7
with electrophiles able to react easily with car-
bon�carbon double bonds, such as N-bromosuccin-

Figure 1. Some selected C10-substituted camphors.
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Scheme 1. Key tandem electrophilic carbon�carbon double-bond addition—Wagner–Meerwein rearrangement.

Scheme 2. Two different reaction pathways of 7 with carbon electrophiles (Meerwein’s salt versus Eschenmoser’s salt).

imide, m-CPBA, arylsulfenyl halides or arylselenyl
halides (E+=Br+, OH+, ArS+ or ArSe+), takes place
with a tandem of regiospecific carbon�carbon double-
bond addition—Wagner–Meerwein rearrangement to
give straightforwardly the corresponding 10-bromo-
camphor (8, E=Br), 10-hydroxycamphor (8, E=OH),
10-arylsulfanylcamphor (E=ArS) and 10-arylselanyl-
camphor (E=ArSe) (Scheme 1).6

As a result of this, we attempted to obtain 10-methyl-
camphor (8, E=Me), a simple C10�C-substituted cam-
phor, by reacting 7 with the stabilized carbon–
electrophile Meerwein’s salt (trimethyloxonium tetra-
fluoroborate, Me3O+BF4

−).7 Nevertheless, when 7 is
reacted with Meerwein’s salt, only camphor was the
obtained reaction product (Scheme 2).7 This result can
be explained due to the favored reaction of the hydroxy
group of 7 with the hard Lewis acid Meerwein’s salt.8

We have now found that the treatment of 7 with the
softer Lewis acid Eschenmoser’s salt takes place with
carbon�carbon double-bond addition and Wagner–
Meerwein rearrangement to give enantiopure (1S)-10-
dimethylaminomethylcamphor 9 as the only camphor-
derived product with ca. quantitative yield (Scheme 2).
The reaction occurs under mild reaction conditions
(refluxing CHCl3 solution) according to the mechanism
described in Scheme 1.9

Mechanistically, the described reaction constituted the
first example in which Eschenmoser’s salt reacts with a

non-mesomerically activated olefin, but with a homo-
conjugated one (note activation of the carbon�carbon
double bond by homoconjugation with the bridgehead
hydroxy group in 7).10

In summary, the reaction of the enantiopure camphor-
derived 2-methylenenorbornan-1-ol 7 with Eschenmos-
er’s salt yields the corresponding 10-aminomethyl-
camphor 9, a C10�C-subtituted camphor. The reaction
takes place enantiospecifically, constituting a straight-
forward model procedure to other C10�C-substituted
camphor-derived chiral sources from readily available
camphor (i.e. the reaction of 7 with other iminium
salts). Moreover, described enantiopure camphor-
derived �-amino ketone 9 is a key intermediate to
enantiopure �-amino alcohols of the type of 6 (e.g. via
nucleophilic addition to the carbonyl group), which
could be used as valuable catalysts for the asymmetric
addition of diethylzinc to aldehydes.4a,b
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