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Hetero Michael addition on chiral b0-amino-a,b-unsaturated ketone furnished, after some structural
modifications, b,b0-diaminoketals. Mannich type reaction of these diamines with an aldehyde led, with
a high diastereoselectivity, to trisubstituted piperidines. Starting from a functionalized aldehyde and
after subsequent deprotection of the amino group, an intramolecular Michael addition provided octahy-
dro-2H-pyrrolo-[3,4-b]-pyridine, an uncommon framework found in compounds exhibiting biological
activity.

� 2011 Elsevier Ltd. All rights reserved.
Natural products synthesis, by their structural complexity, is al-
ways the source of discovery and innovation of new selective
methods which can compete with these provided by the nature.
So, there is still a great interest in developing new synthetic path-
ways which include chemo, regio and stereoselectivity. In this con-
text, we have recently disclosed the diastereoselective synthesis of
2- and 2,6-substituted piperidines using an intramolecular Michael
type reaction1 starting from b0-amino-a,b-unsaturated ketone. The
ll rights reserved.
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synthesis of N-Boc-2-phenylpiperidine 1 is described in Scheme 1
to illustrate this approach.2

We wish to describe herein the extension of this methodology
to the diastereoselective synthesis of enantiomerically pure 2,3,6-
trisubstituted piperidines and their application in the preparation
of octahydro-2H-pyrrolo-[3,4-b]-pyridine, an uncommon frame-
work found in compounds exhibiting biological activity.4 Initially
we planned to take advantage of this newly created Michael
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sis of 2-substituted piperidine.
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acceptor 3 to promote the intermolecular introduction of a nucle-
ophile such as various amines. Unfortunately, the use of vinylmag-
nesium bromide on Weinreb amide 2 provides always a byproduct
6, in low to moderate yield, resulting from the condensation of N,O-
dimethylhydroxylamine on the new generated double bond5

(Scheme 2). In consequence, a new pathway to obtain compound
of type 3 has to be found.
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Figure 1. Determination of enantiomeric purity of am
To develop a new access to b0-amino-a,b-unsaturated ketones,
we chose the morpholine route as described in Scheme 3. So, con-
densation of morpholine with N-protected aminobutanoic acid 8,
available from the saponification of b-aminoester 7,6 in the pres-
ence of carbonyldiimidazole provided adduct 9 in very good yield.
Further alkylation with vinyl Grignard reagent gave as the only
reaction product the desired b0-amino-a,b-unsaturated ketone 10
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Scheme 4. Diastereoselective synthesis of the piperidines 15a and 15b by intramolecular Mannich reaction.

Table 1
Coupling constants for piperidine 15a
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in a reproducible yield of 60%. Further aza-Michael addition of
phthalimide upon 10 in the presence of Triton B� led to adduct
11 in 70% yield. Protection of the ketone as a dioxane followed
by hydrazinolysis of the phthalimide moiety furnished the desired
amine 12 in quantitative yield. Treatment of 12 with TFAA led to
the trifluoroacetamide derivative which is deprotected by hydrog-
enolysis of the CBz appendage, realized with ammonium formate
in the presence of palladium on charcoal in refluxing methanol,6

to give amine 13, which was prepared in eight steps starting from
7 in 32% overall yield.

We have checked the enantiomeric purity of diaminoketal 13 by
1H NMR spectroscopy with a-methylbenzylisocyanate as the chiral
derivative agent.7 Comparison of signals obtained for both methyl
groups in the racemic (±)-13 and its isomeric (�)-13 forms, demon-
strated an excellent stereoisomeric ratio, proving that no racemisa-
tion occurred throughout the synthesis (Fig. 1).

Thus, condensation of amine (�)-13 with aldehydes 14a,b un-
der conditions developed by our group (intramolecular Mannich
type cyclisation)8 gave the corresponding piperidines 15a and
15b as a single diastereomer (Scheme 4).9

As usual, the stereochemistry of piperidines 15 was confirmed
by careful examination of the coupling constants between H5/H6

and H2/H3 (Table 1). For compound 15a, the value of 3JH2-H3

(10.3 Hz) proves that these two protons are in axial position, so,
the two substituents on C-2 and C-3 are in a trans relative position.
Moreover, the signal of H6 shows a trans diaxial coupling constant
with H5ax (11.9 Hz) proving that the substituents of the piperidine
on the C-2 and C-6 are in the cis position.9 NMR spectra of piperi-
dine 15b present the same coupling constants for H2, H5 and H6.

Treatment of 15b with IRA 401 resin10 in methanol led to the
intramolecular condensation of a,b-unsaturated ester function,
furnishing compound 16 as a mixture of diastereoisomers which
could not be separated by column chromatography (Scheme 5).
Transformation of this mixture to the di-CBz derivative gave the
two diastereoisomers 17a and 17b which could be now separated
albeit in poor yield.11 The relative configurations of the stereogenic
centres have been determined without any ambiguity by NOESY
experiments.

We have thus developed an efficient route in order to obtain
optically pure tri-substituted piperidines. This synthesis is based
on an intramolecular Mannich type reaction and furnished an ac-
cess to a stereoselective synthesis of octahydro-2H-pyrrolo-[3,4-
b]-pyridine framework. Further applications and use of compounds
15 will be described in the near future.
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