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ABSTRACT

A stereoselective synthesis of 2,3,5,6-tetra- and 2,3,4,5,6-pentasubstituted piperidines was achieved from oxidative cleavage of 2-aza-bicycl o-
[2.2.2]octene Diels −Alder adducts derived from N-protected 2-methyl-1,2-dihydropyridine. A chiral auxiliary mediated asymmetric synthesis of
the pentasubstituted piperidine is also demonstrated. This methodology incorporates orthogonal protecting groups, thus providing a piperidine
scaffold with easily modified points of diversity.

The pharmacological activity of natural products containing
polysubstituted piperidine subunits has generated much
interest toward their stereoselective synthesis.1 The Diels-
Alder reaction’s ability to produce six-membered rings and
potentially generate up to four contiguous stereogenic centers
in a stereocontrolled fashion has made it a useful reaction
in the synthesis of polysubstituted piperidines. In particular,
aza-Diels-Alder reactions of imines2 with dienes or dieno-

philes with azadienes3 generate the piperidine backbone in
one step. An alternate route is the Diels-Alder reactions of
cyclic dienes such asN-carbamoyl-1,2-dihydropyridines with
appropriate dienophiles to give azabicyclo[2.2.2]octene ad-
ducts, which are subsequently oxidatively cleaved to afford
the piperidine backbone.4 The readily available 1,2-dihydro-
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pyridines (()-1 and (-)-2 from cheap starting materials5 and
the possibility of rapid access to tetra- and pentasubstituted
piperidines from mono- and disubstituted dienophiles prompted
us to explore this route (Figure 1).

To the best of our knowledge, the Diels-Alder reactions
of 1-N-amidine-1,3-dienes, whether acyclic or cyclic such
as1, have not been reported. We herein communicate our
progress in this area as well as methods employed to remove
the amidine and oxidatively cleave the 2-aza-bicyclo[2.2.2]-
octene adducts to afford tetra- and pentasubstituted piperi-
dines.

The cycloaddition reaction of1 with maleic anhydride in
CH2Cl2 gave an adduct that was directly converted to the
diester to afford3a (dr >95:5) (Scheme 1). The cycloaddi-
tions with other doubly activated dienophiles such as
maleimide and phenyl maleimide proceeded with similar
reactivity and selectivity to give4 (dr >95:5) and5 (dr >95:
5), respectively. All three cycloadditions were facile, requir-
ing 1 equiv of dienophile at room temperature for>95%
conversion. The thermal cycloaddition reaction of1 with
methyl acrylate at 50°C in toluene gave<30% conversion
to 3b. Fortunately, the corresponding Lewis acid promoted
Diels-Alder reaction in the presence of BF3‚OEt3 at 50°C
afforded BF3‚3b in 75% yield.6 The free amidine3b could
be obtained in 95% yield by treatment of BF3‚3b with
aqueous NaOH (Scheme 1).7

Our results show that these cycloaddition reactions are
highly stereoselective, affording one diastereomer in each
case (i.e., highlyendo-selective and high diastereofacial
selectivity of addition to diene).

With the Diels-Alder adducts in hand, the focus was
directed toward the reductive removal of the amidine moiety.

Reactions of3b with alane8 or Birch conditions9 both led to
complex mixtures. We envisioned an alternate strategy that
entailed changing the reactivity of the amidine moiety by
reaction with MeI to form a dimethylated iminium salt, which
could then undergo base hydrolysis to the corresponding
amide.10 Prior to alkylation with MeI, the esters3a and3b
were reduced with LiAlH4 to give6a and6b (Scheme 2).11

Indeed, treatment of the iminium salts derived from6a and
6b with aqueous NaOH afforded complete conversion to
benzamides7a and7b, respectively (Scheme 2).
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Scheme 1. Diels-Alder Reaction of1 with Various
Dienophiles

Scheme 2. Functional Group Interconversion of Amidine6 to
Benzamide7

Figure 1. Retrosynthesis for pentasubstituted piperidines.
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The newly acquired benzoyl moeity served asN-protecting
group to be removed at a later stage. To prevent acetal
formation from aldehydes formed during an oxidative
cleavage of alkenes7a and 7b, the hydroxyl groups were
benzylated to give8a and8b, respectively (Scheme 2).

Dihydroxylation of8ausing a modification of the racemic
Sharpless procedure, known to dihydroxylate sterically
hindered alkenes, gave poor conversions to9a (<40%).12

We later found that the use of quinuclidine as an additive
gave reproducible and improved yields of9a (63%, dr>95:
5) (Scheme 3). As expected, the sterically less hindered face

was dihydroxylated.4a,12b,13Diol 9awas cleaved using silica-
supported sodium periodate.14 A reductive workup with
NaBH4 was used to avoid epimerization of the dialdehyde.15

Upon NaOH quench, it was observed that the benzamide
moiety of10awas prone to a neighboring hydroxyl facilitated
base hydrolysis and9agave11a(75%) in one step (Scheme
3).

Taking this facilitated hydrolysis into account, we per-
formed the ozonolysis of8a and 8b followed by NaBH4

reduction and treatment with NaOH at 40°C to afford11a
(52%) and11b (66%) in one pot (Scheme 4). NMR data

supports the all-cis relative configuration of substituents for
11a and 11b.16 Crystal structure confirmed the all-cis
configuration of11a (Figure 2).

The pharmacological importance ofâ-hydroxylamines and
the potential use of substrates such as11aand11b in natural
product synthesis provided the impetus to differentiate the
primary alcohols.17 The silylation of11aand11bwas highly
regioselective forγ-hydroxyl (γ:â 15:1 for both) and afforded
12a(76%) and12b (60%) (Scheme 5).18 The regioselectivity

may be explained due to the reduced nucleophilicity of the
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Scheme 3. Two-Step Oxidation-Reduction-Hydrolysis

Scheme 4. One-Pot Oxidation-Reduction-Hydrolysis

Figure 2. Crystal structure of11a.

Scheme 5. Regioselective Silylation of Diols11a and11b and
Ensuing Carbamate Formation
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(Scheme 5). An analysis of NMR data showed that the
piperidine ring of14afavors a chair conformation. However,
the piperidine ring of14badopted a twist-boat so as to avoid
unfavorable 1,3-diaxial interactions between the CH2OTBS
and CH2OBn substituents.19 This avoidance of 1,3-diaxial
interactions may explain the relatively facile formation of
14bat room temperature compared to14aat 50°C (Scheme
5).

To apply our methodology to the synthesis of enantio-
enriched piperidines, we investigated a chiral auxiliary
approach to11a from (-)-2. The facile reaction of (-)-2
with maleic anhydride (1 equiv, rt) followed by diester
formation to15 and LiAlH4 reduction gave16 (71% over
three steps,dr >95:5) (Scheme 6). As was the case with

diene1, the cycloaddition of (-)-2 with maleic anhydride
was highly diastereoselective. Dibenzylation of16 gave17
(81%). The alkylation-hydrolysis protocol previously used
to convert6 to 7 was ineffective to convert17 to benzamide

(+)-8a. This was a consequence of a slow rate of alkylation
of 17 with MeI at 40 °C. The rate of alkylation was
dramatically increased withµwave at 150°C. The ensuing
hydrolysis of iminium salt gave varying mixtures of (+)-8a
and18. The “free” amine18 was conveniently converted in
situ to (+)-8a by addition of benzoyl chloride. Finally, (+)-
8a was isolated in 63% from17 (Scheme 6). The enantiopu-
rity of (+)-8a (92% ee) was established by SFC on chiral
stationary phase.20 The one-pot oxidation-reduction-hy-
drolysis protocol was used to convert (+)-8a to (-)-11a in
54%.

In conclusion, we have developed an expedient and
stereoselective synthesis of tetra- and pentasubstituted pi-
peridines. In particular, starting from 1-N-amidine-1,3-dienes
1 or (-)-2, the polysubstituted piperidines (()-11a, (()-
11b, and (-)-11a were conveniently obtained in six steps
in 25%, 37%, and 20% overall yields. The key reactions of
this methodology were the diastereoselective [4+ 2]
cycloadditions of1 and (-)-2, the facile functional group
conversion of amidines6 to benzamides7, and the one-pot
oxidation-reduction-hydrolysis of8 to 11. In addition, it
was demonstrated that11 could undergo regioselective
silylation to provide versatile building blocks12.
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Scheme 6. Chiral Auxiliary Approach to (-)-11a
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