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Abstract

Enantiomerically pure (R)-quinuclidine-2-carboxylic acid has been prepared by following two related 7 step synthetic routes in 16%
and 19% overall yield, respectively, from a 1,2,4-trisubstituted piperidine that is easily prepared from inexpensive D-mannitol.
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Quinuclidine-2-carboxylic acid is an interesting bicyclic
amino acid with a close structural relationship to other
bicyclic amino acids used as chiral ligands in enantioselec-
tive catalysis' or with biological activity.® In this context
the potential use of this compound as an enantioselective
catalyst or an intermediate in the synthesis of chiral drugs
has recently been considered.*

In spite of this, synthetic methodologies described for
the synthesis of quinuclidine-2-carboxylic acid are scarce.
Since the first synthesis of the racemic compound,
described by Prelog and Cerkovnikov,” only a few
approaches to the synthesis of this compound have been
reported in the literature.>® Recently, Mi and Corey®
obtained each enantiomer of this amino acid by chemical
and enzymatic resolution of racemic intermediates from
the synthetic pathway that they developed. We report
herein full details on the synthesis of enantiomerically pure
(R)-quinuclidine-2-carboxylic acid (1).

We reasoned that the 1-azabicyclo[2.2.2]octane skeleton
could be obtained by intramolecular cyclisation of a 4-[2-
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(bromoethyl)Jpiperidine (Scheme 1). The appropriate sub-
stituent at C2 in the starting piperidine would provide the
carboxylic acid moiety of quinuclidine-2-carboxylic acid.
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Scheme 1. Retrosynthetic analysis for (R)-quinuclidine-2-carboxylic acid.
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Scheme 2. Reagents and conditions refer to 1 mmol of substrate: (a) Pd/C cat, H,, Boc,O (3 mmol), EtOH, 1 atm, rt, 15 h (83%); (b) LiBH4 (2 mmol),

Et,0, rt, 24 h, then satd aq NH4Cl (89%); (c) CBr4 (3 mmol) CH,Cl,,

0 °C, then PPhs/PS (3 mmol), reflux, 8 h (65%); (d) 1.2:1 CH,Cl,/TFA, rt, 2 h, then

satd aqg NaHCOj; to basic pH; (e) Et3N (4 mmol), CH;CN, reflux, 6 h, then NaOH to basic pH (87% two steps); (f) Pd(OH),/C cat, H,, 100:1 EtOH/
HClionea, 1 atm, rt, 19 h, then NaOH to basic pH; (g) NalO4 (4 mmol), RuCl; (0.1 mmol), 2:2:3 CH3CN/CCl,/H,0, rt, 5 h, then Dowex 50WX8-200

(39%, two steps).

In turn, 4-[2-(bromoethyl)]piperidine derivative could be
prepared from 4-ethoxycarbonylmethylidenepiperidine 4,
which is easily obtainable from inexpensive D-mannitol
through intermediate enaminone 5. The nature of the
azabicyclo[2.2.2]octane skeleton means that the absolute
configuration of the final product only depends on the
absolute configuration at C2 of the intermediate 2,4-dialkyl
piperidines.

The synthesis of compound 1 began with a 97:3 E/Z
mixture of 4-ethoxycarbonylmethylidenepiperidine 4,
which was obtained as previously described.’® Heteroge-
neous catalytic hydrogenation of compound 4 in the pres-
ence of di-tert-butyl pyrocarbonate and using Pd/C as the
catalyst gave 83% isolated yield of compound 6° as an
82:18 mixture of cis and trans diastereoisomers, as deter-
mined by "H NMR analysis of the crude reaction mixture.
Reduction of compound 6 with LiBH,4 provided alcohol 7°
as an 82:18 mixture of cis and trans diastereoisomers in
89% yield.

Reaction of 7 with CBry and polystyrene-supported
PPh; afforded an 82:18 mixture of cis and trans diastereo-
isomers of the bromide 8'* in 65% yield. N-Boc deprotec-
tion by treatment of 8 with trifluoroacetic acid and
subsequent triethylamine-promoted cyclisation gave dia-
stereomerically pure bicyclic derivative 9'' in 87% yield.
It is worth mentioning that both diastereoisomers of
compound 8 led to the same diastereoisomer of compound
9. Compound 9 was converted into (R)-quinuclidine-2-
carboxylic acid by hydrogenolysis of O-benzyl ethers in
the presence of HCI using Pd(OH),/C as the catalyst
followed by oxidative cleavage of the diol moiety of crude
10'? by treatment with an excess of NalO, in the presence
of RuCls, a process that gave the desired compound 1'% as
a white solid in 39% overall yield for the last two steps. The
complete synthetic pathway shown in Scheme 2 leads to
enantiomerically pure (R)-quinuclidine-2-carboxylic acid
1 in seven steps and gave an overall yield of 16%.

Alternatively, compound 4 was converted into bicyclic
derivative 9 by the sequence shown in Scheme 3. Hydro-
genation of 4 using Pt/C as the catalyst followed by the
reduction of the obtained 75:25 cis/trans crude diastereo-
meric mixture of the saturated ester with LiAlHy, as previ-
ously described,'* gave compound 11. Crude 11 was then
submitted to N-debenzylation by hydrogenation using
Pd/C as the catalyst to afforded amine 12 as a 75:25 mix-
ture of cis and trans diastereoisomers. Subsequent reaction
of crude 12 with CBry and polystyrene-supported PPh;
followed by triethylamine-promoted cyclisation gave
diastereomerically pure bicyclic derivative 9. The inter-
mediates obtained did not require purification prior to
use in the following step and the overall yield for the
whole sequence was 51% (five steps). In this way,
(R)-quinuclidine-2-carboxylic acid 1 was obtained from
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Scheme 3. Reagents and conditions refer to 1 mmol of substrate: (a) Pt/C
cat, Hp, EtOH, 1 atm, rt, 5 h; (b) LiAlH,4 (1.2 mmol), THF, rt, 1 h; then
satd aq NH,4CI; (c) Pd/C cat, H,, 15:2 EtOH/H,0, 1 atm, rt, 24 h; (d) CBr,
(3 mmol) CH,Cl,, 0 °C, then PPhs/PS (3 mmol), reflux, 8 h, then satd aq
NaHCO; to basic pH; (e) Et;N (4 mmol), CH;CN, reflux, 6 h, then NaOH
to basic pH (51%, five consecutive steps).
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4-alkoxycarbonylmethylidenepiperidine 4 in seven steps
with an overall yield of 19%.

In conclusion, enantiomerically pure (R)-quinuclidine-2-
carboxylic acid 1 can be obtained from natural sources in a
simple manner. The particular structure of the final
product makes it possible to obtain (R)-quinuclidine-
2-carboxylic acid from both diastereoisomers of chiral
intermediates obtained in the proposed routes. This situa-
tion allows the transformation of these diastereomeric mix-
tures without complicated chromatographic isolation
procedures. Given that the enantiomer of enaminone 5
has previously been obtained from commercially available
L-mannonic y-lactone,'’ (S)-quinuclidine-2-carboxylic acid
could be obtained with equal efficiency.
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