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ABSTRACT

The condensation of enantiopure â-amino esters with â-ketoesters followed by cyclization and decarboxylation afforded 2,3-dihydro-4-pyridones
3, which were selectively hydrogenated to provide 2,6-disubstituted 4-hydroxypiperdines.

2,6-Disubstituted 4-hydroxypiperidine and 2,6-disubstituted
4-oxopiperidine ring systems are found embedded within the
frameworks of many biologically active natural products such
as lasubine II,1 lyfoline,2 myrtine,3 and dendrobate alkaloid
(+)-241D4 (Figure 1). In addition, they also serve as the key
intermediates in the synthesis of other alkaloids such as 2,6-
disubstituted piperidines and indolizidines.5,6 Several methods

for asymmetrically synthesizing this class of compounds have
appeared, which include Comins’s 2,3-dihydro-4-pyridone
methodology,5b Kunz’s Mannich-Michael reaction strategy,7

and Chenevert’s enzymatic route.4c In connection with our
studies on the synthesis from enantiopureâ-amino esters,8

we have reported a method for diastereoselective synthesis
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of 2,4,5-trisubstituted piperidines.8b Herein we wish to
describe a simple and efficient method for preparing 2,6-
disubstituted 4-hydroxypiperidines and its application to the
synthesis of dendrobate alkaloid (+)-241D and (-)-indolizi-
dine 167B.7,9,10

As outlined in Scheme 1, our approach to 2,6-disubstituted
4-hydroxypiperidines started from enantiopureâ-amino esters

1, which were conveniently prepared on large scales accord-
ing to Davies’ procedure.11 After 1aand1b were condensed
with â-ketoesters, the vinylogous urethanes generated were

treated with sodium methoxide or sodium ethoxide to afford
cyclization products2.12 Removal of the ester moiety in2
by refluxing theseâ-ketoesters in a mixture of ethanol and
aqueous NaOH (1/1) provided 2,3-dihydropyridones3 in high
yields. Reduction of3 was obtained with NaBH4 or
hydrogenation catalyzed by Pd/C under ordinary pressure
in order to reduce both the C-C double bond and the C-O
double bond. Under these conditions it was found that the
reaction either did not occur or gave a complicated mixture.
After some experimentation, we found that under 50 atm at
50 °C the hydrogenation of3b or 3c provided4a or 4b as
a single product. Thus, we have established a simple method
to obtain enantiopure 2,6-disubstituted 4-hydroxypiperidines.
The overall yields for these four steps were over 55%.

To assign the stereochemistry of two new stereogenic
centers, we undertook the total synthesis of dendrobate
alkaloid (+)-241D using the present strategy. As shown in
Scheme 2,â-amino ester6, obtained from ethyl 2E-

dodecenoate5 by a known procedure, was condensed with
ethyl acetoacetate and then treated with sodium ethoxide to
afford the cyclic product7. After removal of the ester moiety
of 7, the generated 2,3-dihydropyridone was hydrogenated
to provide the target molecule.13 Its spectral data were all
identical with those reported. In addition, by converting this
product to the corresponding Mosher ester, we determined
its enantiopurity to be greater than 97%. This synthetic result
indicated that the three substituents in this piperidine are all
cis to each other. Therefore, we could conclude that during
the hydrogenation the active species attack the two double
bonds exclusively from the back face of 2-alkyl or aryl group
of enones3. It is notable that the present synthetic route
only involves six workup steps to give dendrobate alkaloid
(+)-241D in 46% overall yield and is much more efficient
than those reported by Chenevert,4c Troin4d and their co-
workers.
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Figure 1. Structures of alkaloids possessing 2,4,6-trisubstituted
piperidine moiety.
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To demonstrate the ability of the present method for
synthesis of indolizidine alkaloids, we report the formal
synthesis of (-)-indolizidine 167B as outlined in Scheme
3. After the deprotection ofâ-amino ester88c using Pd/C-

catalyzed hydrogenation, the generated ester was transformed
into diol 10 following the procedure given above. After
selective protection of the amine moiety and the primary

alcohol of10with benzyl chloformate, the secondary alcohol
was converted into the corresponding ketone by Dess-
Martin oxidation. Hydrogenation of this ketone to remove
the Cbz protecting group provided11, which could be
transformed into the (-)-indolizidine 167B by known
procedure.7a Its spectral data were same with those reported.14

In summary, we have developed a method for synthesizing
2,6-disubstituted 4-hydroxypiperidines from enantiopure
â-amino esters in four workup steps. Considering its simplic-
ity and that both enantiopureâ-amino esters andâ-ketoesters
are conveniently available, this method should be valuable
for preparing enantiopure polysubstituted piperidines as well
as some related alkaloids. The further application of this
method to the synthesis of other alkaloids is being pursued
in our laboratory and will be reported in due course.
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