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ABSTRACT

Stereocontrolled synthesis of 2,4,6-trisubstituted piperidine diastereomers has been realized from common intermediates, obtained by a one-
pot azaelectrocyclization protocol. Based on the method, the asymmetric synthesis of an indolizidine alkaloid, ( −)-dendroprimine, was achieved.

The substituted piperidines can be regarded as the core
structure of many naturally occurring alkaloids, including
indol alkaloids. Furthermore, these functionalized six-
member nitrogen heterocycles have drawn a great deal of
attention due to their attractive pharmacological activities.
Thus, the stereocontrolled synthesis of piperidines with
various substitution patterns is a current topic for many
synthetic chemists.1 When enantiomerically pure piperidines

are easily accessible, which results from the successful
introduction of the desired alkyl substituents at the desired
positions of the piperidine rings, a novel synthetic strategy
for various alkaloids based on the substituted piperidine core
synthesis will be envisioned.2

In the preceding paper, we reported a unique one-pot
asymmetric 6π-azaelectrocyclization, which led to the facile
and stereoselective preparation of chiral tetracyclic 2,4-
disubstituted 1,2,5,6-tetrahydropyridine intermediates (A in
Figure 1). In pursuing further the possibility of our one-pot
procedure for natural products synthesis,3,4 here we report
the stereoselective synthesis of chiral 2,4,6-trisubstituted
piperidines (Figure 1). Moreover, the method was applied
to the synthesis of an indolizidine alkaloid, (-)-den-
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droprimine,5 a simple but challenging molecule for the
stereoselective construction of three stereogenic centers on
a small piperidine skeleton.

To realize a 2,4,6-trisubstituted piperidine synthesis, we
first attempted the stereoselective reduction of the conjugated
CdC double bond in common intermediateA, which can
be readily prepared by the one-pot azaelectrocyclization
protocol (Figure 1). The optimization of the conditions was
performed using (-)-2a, obtained from amine (-)-a, iodide
1, and stannane2 in 84% yield with 40:1 stereoselectivity
(Scheme 1).

When (-)-2a was treated with magnesium in methanol,
C-4 R-isomer4 was stereoselectively produced at a ratio of
5:1.6 On the other hand, the catalytic hydrogenation of (-)-
2a with Raney nickel provided single C-4â-ester 7, a
stereoisomer obtained by a metal-dissolving reduction.

Therefore, the two diastereomeric piperidines,4 and7, were
easily accessible by choosing the reducing reagent.

Methylation was then attempted on the aminoacetal moiety
of hydroxymethyl derivative5 and the corresponding benzyl
derivatives6 and9, which were prepared, respectively, from
piperidines4 and 7, as shown in Scheme 1. After several
trials on C-4R-hydroxymethyl derivative5 (Table 1), C-6

R-methyl derivative10 was exclusively obtained in 81%
yield when5 was treated with methylmagnesium iodide (20
equiv) and CuI (20 equiv) in ether7 (Table 1, entry 5). The
high stereoselectivity of methylation on5 can be explained
by assuming that the coordination of the Grignard reagent
with the C-4 hydroxymethyl group of the intermediary
iminium ion was generated during the alkylation process.
Then the removal of the hydroxy indane moiety of methy-
lated compound10 was achieved by treatment with lead
tetraacetate at-50 °C in chloroform to produce (2â,4R,6R)-
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Figure 1. Synthetic strategy for chiral 2,4,6-trisubstituted piperi-
dines and (-)-dendroprimie by one-pot azaelectrocyclization.

Scheme 1. Stereoselective Reduction of Conjugated Ester

Table 1. Stereoselective Synthesis of (2â,4R,6R)-Trisubstituted
Piperidine

entry alkylating agent yield
R/âc

(C-6 position)

1 MeLi (excess)
2 MeLi (excess), BF3-Et2O (3 equiv)
3 MeLi (excess), MgBr2 (3 equiv)
4 MeMgI (25 equiv) 58%a 40:1
5 MeMgI (20 equiv), CuI (20 equiv) 81%a 50:1
6 Me3Ald (15 equiv) 88%b 2:1
7 Me2Zne (15 equiv)

a Isolated yields ofR-isomer.b Yield for mixture of isomers.c Determined
by 1H NMR analysis of crude mixtures.d Reaction was carried out in
toluene.e Reaction was performed in DMF.
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trisubstituted piperidine11, of which relative configurations
were determined based on NOE.

On the other hand, the methylation of the corresponding
benzylated compound6 proceeded from the opposite site of
the C-4 benzyloxymethyl group of piperidine (Table 2).

Although no methylated product could be detected by
reaction with MeLi (Table 2, entry 1), treatment with MeMgI
selectively provided C-6â-methyl isomer12 in a ratio of
3:1 (Table 2, entry 2). The CuI additive did not increase
stereoselectivity (Table 2, entry 3). Similarly, the treatment
of 6 with Me3Al in ether provided the same isomer12 with
the highest selectivity of 5:1 (Table 2, entry 4). Apparently,
the steric factor of the benzyl protecting group overrides the
coordination of alkylation. For the synthesis of 2,4,6-
trisubstituted piperidine, the hydroxy indane moiety of12
was removed by lead tetraacetate to provide (2â,4R,6â)-
diastereomer13 in 72% yield.

Additionally, the reaction of C-4â-benzyloxymethyl
derivative 9 with MeMgI stereoselectively provided C-6
R-methyl isomer14 in a ratio of 10:1 (Scheme 2), in

accordance with the same reasons in the case of6 (Table
2). A (2â,4â,6R)-piperidine isomer15 was also obtained by
oxidative treatment of14 with lead acetate in 58% yield.

After being established as an efficient route to three
diastereomeric 2,4,6-trisubstituted piperidines, a synthetically
unique route to (-)-dendroprimine has now been envisioned
(Schemes 3 and 4).5,8

Based on the one-pot electrocyclization protocol, three
components, vinyl iodide1, linear vinylstannane3, and
aminoindanol (-)-a were mixed in DMF and heated to 80

°C in the presence of a Pd2(dba)3/TFP catalyst (Scheme 3).
As expected, the desired tetracyclic piperidine (-)-3a was
produced in 78% yield with a 20:1 selectivity at the C-2
position of the piperidine.

Following the procedure established in Scheme 1, the
dissolving metal reduction of the conjugated ester in (-)-3a
selectively provided C-4R-isomer16 at a ratio of 4:1. The
relative stereochemistry of major isomer16 was unambigu-
ously determined using X-ray crystallographic analysis

(8) (a) Diederich, M.; Nubbemeyer, U.Synthesis1999, 2, 286. (b) Hsu,
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Scheme 3. Stereoselective Synthesis of 2,4,6-Substituted
Piperidine19 via One-Pot Azaelectrocyclization toward

(-)-Dendroprimine

Scheme 4. Synthesis of (-)-Dendroprimine

Table 2. Stereoselective Synthesis of (2â,4R,6â)-Trisubstituted
Piperidine

entry alkylating agent yielda

R/âb

(C-6 position)

1 MeLi (excess)
2 MeMgI (3 equiv) 84% 1:3
3 MeMgI (3 equiv), CuI (3 equiv) 79% 1:2
4 Me3Al (5 equiv) 82% 1:5

a Yield for mixture of isomers.b Determined by1H NMR analysis of
the crude mixtures.

Scheme 2. Stereoselective Synthesis of
(2â,4â,6R)-Trisubstitiuted Piperidine
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(Figure 2). Reduction of the ester group with Red-Al,
followed by catalytic hydrogenation using PtO2, provided
primary alcohol17 in 87% yield for the two steps.

Unexpectedly, MeMgI and CuI treatment on aminoacetal
17 under the established conditions in Table 1 gave rise to
a 3:1 mixture of diastereomers at the C-6 position. Obviously,
the steric size of the substituents at the 2-position of the pi-
peridine ring influenced the stereoselectivity of the methy-
lation (compare5 and 17 in Table 1 and Scheme 3). The
removal of the hydroxy indane moiety in18 was achieved
by catalytic hydrogenation in the presence of palladium
hydroxide, and the resulting piperidine nitrogen was protected
as Cbz in 80% yield for two steps.

From19, the synthesis of (-)-dendroprimine was realized
by the sequences of reactions shown in Scheme 4. Thus, the
hydroxymethyl group of19 was converted into the methyl
group in 72% yield by treatment with CBr4/PPh3, followed
by the NaBH4 reduction in DMSO.9 The terminal TBS ether
group was converted into methyl ester by a sequence of TBS
deprotection, Jones oxidation, and methylation.10 The depro-

tection of Cbz, followed by heating the resulting amine
solution in toluene, caused smooth cyclization that led to
the corresponding lactame derivative22.11 Finally, the
reduction of the lactam amide group of22 by LiAlH 4 under
ether reflux conditions provided (-)-dendroprimine. The
spectral data (1H and 13C NMR) were in good agreement
with those published in the literature.5,8c

In summary, we achieved chiral 2,4,6-trisubstituted pi-
peridine synthesis using a unique one-pot procedure of highly
stereoselective asymmetric azaelectrocyclization. The method
was applied to the synthesis of a natural indolidizine alkaloid,
(-)-dendroprimine. Although generality in the stereoselective
substitution on the piperidines still remains to be improved,
such as on17, our one-pot asymmetric 6π-azaelectrocycliza-
tion can be regarded as a powerful strategy for alkaloid syn-
thesis, that is, polysubstituted chiral piperidine synthesis. Fur-
ther applications are currently in progress in our laboratory.
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Figure 2. OPTEP diagram of compound16 obtained by X-ray
analysis.
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