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Figure 1. Neurologically relevant alkaloids
Hydroxy propiolate rearrangement to conjugated diene, Sharpless asymmetric dihydroxylation and one-
pot quinolizine construction have been used as key steps in the total synthesis of (�)-epiquinamide.

� 2009 Published by Elsevier Ltd.
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Scheme 1. Retrosynthesis of (�)-epiquinamide.
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Alkaloids isolated from the amphibian skin have shown interesting
biological profiles especially relevant to neurology.1 The skin of the
Ecuadorian frog Epipedobates tricolor has provided novel quinolizidine
alkaloid epiquinamide 1, albeit in minute quantities (240 lg from 183
frogs) representing a new class of nicotinic agonists in CNS disorders
(Fig. 1).2 The scarcity of this natural product did not permit researchers
to identify the absolute configuration and thus total synthesis was
warranted.3 Neither the absolute configuration nor optical rotation
was reported by the group which isolated this natural product. The
total synthesis of either enantiomer did not provide any lead on the
absolute configuration. However, more recently, the Gallagher group
synthesized the racemate and found no nicotinic activity.4

As part of a programme aimed at building a natural product li-
brary with alkaloid scaffolds as the back bone, we desired an effi-
cient route to larger quantities of key natural products and also
their intermediates.5 Herein, we disclose a practical synthesis of
(�)-epiquinamide 1a following the retrosynthetic planning shown
in Scheme 1. We have devised the plan in such a way that by
changing the chiral reagents while following the same synthetic
route we will be able to synthesize both the enantiomers. The
key steps included the propargyl alcohol rearrangement to all trans
diene ester 4,6 Sharpless asymmetric dihydroxylation7 (involving
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both ADmix a and ADmix b as reagents) and one-pot reduction-
lactamization.

Thus, the forward synthesis was initiated with the commercially
available 1,6-hexane-diol 5 as the starting material. The selective
monosilylation of diol 5 followed by oxidation of alcohol using
bis(acetoxy)iodobenzene (BAIB) and 2,2,6,6-tetramethylpiperidi-
nyloxy (TEMPO) afforded aldehyde 6. Aldehyde 6 was subjected to
the next crucial step to append the ethyl propiolate group (Scheme
2). The lithiated ethyl propiolate was added to aldehyde 6 at
�78 �C to yield the hydroxy ethyl propiolate 7 which is ready for
an ‘allene’-type rearrangement in the presence of PPh3. Hydroxy
ethyl propiolate 7 was thus stirred in benzene in the presence of
PPh3 to yield the (E,E)-diene ester 4 in 84% yield, this being the com-
mon precursor for the synthesis of both the enantiomers of the target
molecule. The diene ester 4 was subjected to the enantio- and regio-
selective Sharpless asymmetric dihydroxylation using ADmix a and
also ADmix b to yield the diols 8 and 8a in over 80% yield and 98%
enantioselectivity. One of the enantiomers, 8, has been successfully
transformed to target (�)-epiquinamide (vide infra). Thus 8 was
subjected to hydrogenation using Pd-C in EtOAc at room tempera-
ture and atmospheric pressure for 6 h. This following filtration and
evaporation was further refluxed in THF in the presence of K2CO3,

which only yielded the butyrolactone 9 in 75% yield for two steps.
The secondary hydroxyl group was transformed to the azido group
via tosylate to realize azide 3 in 80% yield (two steps). As the stage
is set for building the quinolizine framework, the silyl ether group
in 3 was transformed to mesyl ester 11 via alcohol 10 in 76% yield
(for two steps). The mesylate 11 was subjected to one-pot reduc-
tion–double cyclization involving azide reduction to amine which
underwent intramolecular cyclization displacing mesylate. Another
facile lactamization opened up the butyrolactone ring to furnish the
hydroxyl quinolizinone 2 in 55% yield. The acetamino group in 2 was
introduced following the literature procedure to realize the (�)-
epiquinamide 1a whose spectral data was in full agreement with
the literature data3c,e (Scheme 3).8

In conclusion, a strategy devised to synthesize either of the
enantiomers has been developed and successfully demonstrated
for the synthesis of (�)-isomer in good yields amenable to analog-
ing and derivatization.
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