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ABSTRACT

The syntheses of both the exo and endo stereoisomers of 7-methyl-7-azabicyclo[2.2.1]heptan-2-ol were achieved in straightforward fashion.
Alternatively, the intramolecular cyclization of syn-4-N-methylaminocyclohexane 1,2-epoxide was found to give exo-7-methyl-7-azabicyclo-
[2.2.1]heptan-2-ol as the sole product. The stereochemistry of the exo isomer was unequivocally confirmed by X-ray crystallography.

Since the discovery of the novel alkaloid epibatidine (1)
isolated from the skin of the Ecuadorian poison dart frog
Epipedobates tricolor,1 a number of synthetic studies directed
toward the total synthesis of1 have been reported.2 From
these studies, a variety of methods have been established
for the construction of the novel 7-azabicyclo[2.2.1]heptane
ring system. More recently, due to the antinociceptive activity
of 1, studies have focused on the synthesis and structure-
activity relationships of analogues of1.3,4

As part of an ongoing study in our laboratories directed
toward the synthesis of novel analgesic agents based on the

structure of1,4a,5 exo-7-methyl-7-azabicyclo[2.2.1]heptan-
2-ol (2) andendo-7-methyl-7-azabicyclo[2.2.1]heptan-2-ol
(3) were identified as important synthetic intermediates.

During the course of the syntheses of2 and3, conflicting
reports in the literature describing the intramolecular cy-
clization of 4-alkylamino epoxides and the stereochemistry
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of the corresponding 7-azabicyclo[2.2.1]heptan-2-ols were
revealed.6-8 In an earlier report by Pfister et al.,5 it was
claimed that epoxide4 was converted into theendoisomer
3. This procedure was also recently used to prepare3 as an
intermediate in a synthesis of1.7 However, in a recent report
using identical reaction conditions, Fletcher et al.6 described
the conversion of theN-benzyl derivative5 into the exo
isomer6. Although rare, thesynattack of theN-benzylamino
group on the epoxide was unequivocally established as the
net reaction pathway for the formation of6. The difference
in the stereochemical outcome between theN-methyl and
N-benzyl systems was intriguing and prompted a further
investigation of this cyclization reaction.

Initially, the 7-methyl-7-azabicyclo[2.2.1]heptan-2-ols2
and3 were prepared by an alternative method. As illustrated
in Scheme 1, the ketone75 was hydrogenated over Adam’s

catalyst in anhydrous methanol to afford the 7-Boc-7-
azabicyclo[2.2.1]heptan-2-ols (8:9, 1:1) in 84% yield. The
isomeric mixture was separated by column chromatography,
and the isomers88 and98 were then independently converted
with LiAlH 4 into the correspondingN-methyl analogues2
and3.9

The two stereoisomers were easily distinguished by1H
and13C NMR. Most notably, the chemical shift of the 2âH
(δ 4.34 ppm) of3 was significantly shifted downfield due
the proximity of the lone pair of electrons on the nitrogen
atom, while the 2RH of 2 was more upfield (δ 3.62 ppm).
In addition, the stereochemistry ofexo isomer 2 was
unequivocally established by X-ray crystallographic analysis
of the corresponding oxalate salt.10 Upon comparison of the

NMR data originally reported for3 by Pfister et al.,6 it was
apparent that the original stereochemical assignment was
incorrect and the actual product was theexo isomer2.

With both stereoisomers in hand, attention focused on the
intramolecular cyclization reaction to unequivocally establish
the stereochemical outcome of the cyclization reaction of
the N-methyl analogue. A mixture of the epoxides11 (3:1,
syn:anti) was prepared in fashion similar to that previously
described for N-trifluoroacetoamidocyclohex-3-ene (10)
(Scheme 2).7 Mixture 11 was then treated with potassium

carbonate to remove the trifluoroacetyl protecting group.
Although it was not noted in the original work,7 this afforded
syn-N-methylamino epoxide12 as the sole product.

Subsequently, epoxide12 was heated at 160°C in
N-methylpyrrolidone/potassium carbonate for 72 h and then
allowed to cool to room temperature over 12 h. After workup,
a single product was obtained which corresponded toexo
isomer 27 (61% yield). This result also confirms the
stereochemistry of epoxide12, since onlysynisomer11can
afford exo isomer2. The yield of2 was diminished if the
heating period exceeded 72 h. After this time the formation
of side products became apparent by TLC and the yield of
2 decreased. It is believed that long exposure to high
temperatures results in thermal decomposition of the bicyclic
amine.

It is noteworthy that a single diastereoisomer (12) was
obtained from the hydrolysis reaction of11. It is believed
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that the during the course of the reaction, theanti isomer of
11 was converted into carbamate13 in fashion similar to
that which was reported for theN-benzyl system (14).8

However,N-methyl derivative13 presumably was less
stable than14 and hence decomposed during the reaction to
afford water-soluble intractable compounds. As a result only
syn isomer 12 was isolated from the reaction mixture.
Alternatively, if the mixture of epoxides11was treated with
methanolic potassium hydroxide, a mixture ofsynandanti
epoxides12:15 (3:1) was obtained.

In summary, the stereochemical assignments of the
important intermediates, 7-methyl-7-azabicyclo[2.2.1]-hep-
tan-2-ols 2 and 3, have been unequivocally established.
Moreover, it is apparent that the intramolecular cyclization
of syn-4-(N-methylamino)cyclohexane 1,2-epoxide (12) in

N-methylpyrrolidone/potassium carbonate proceeds via asyn-
addition mechanism to afford only the correspondingexo-
7-methyl-7-azabicyclo[2.2.1]heptan-2-ol (2) in good yield.
These results are in agreement with previously reported
results in theN-benzyl system and resolves the inconsistency
in the literature.
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