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pumiliotoxin A alkaloids via a common key intermediate
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Abstract—A general and efficient formal synthesis of pumiliotoxins and allopumiliotoxins has been achieved via a common key
intermediate 3a. Our route featured a novel one-pot substitution–ring-opening sequence and an efficient Claisen-type condensa-
tion. This method is also applicable to quinolizidine derivative 2b.
© 2003 Elsevier Ltd. All rights reserved.

The skin secretion of neotropical frogs of the family
Dendrobatidae have afforded a wide spectrum of alka-
loids, among which pumiliotoxin A1 class was believed
to serve in ‘chemical defence’ against predators.
Because of their structurally unique features and bio-
logical significances, pumiliotoxin A alkaloids have
aroused numerous synthetic efforts2 since the synthesis
of a relatively simple member, pumiliotoxin 251D, was
fulfilled by Overman’s group in 1981.2a In most previ-
ous syntheses, L-proline was the preferred starting
material, which provided five-membered ring and the
stereogenic center at the ring junction. However, this
chiral pool approach undoubtedly has its disadvantage
in terms of flexibility and generality. Especially, it limits
the synthetic diversity required in modern drug discov-
ery. Only a few attempts have been made to avoid the
use of proline in the documents.3 On the other hand,
the general method applicable for both pumiliotoxins
and its 7-hydroxy congener allopumiliotoxins has not
fully investigated so far.4 Thus, as our continuing inter-
est in the enantioselective syntheses of polyhydroxyl
alkaloids via transformation of epoxides,5 we focused
our attention on the following issues at the very begin-
ning of our research: 1) to construct the chiral azabi-
cyclic core in avoidance of using proline or its
homologue and 2) to develop general route and com-
mon key intermediate for the whole family of pumil-
iotoxin A alkaloids.

We envisioned that Overman’s intermediate 16 and
lactam 2a could arise from a common key precursor 3a
via proper functional group transformations (Scheme
1). 3a in turn was derived from acetamide 4a via a
Claisen-type condensation. The pyrrolidine moiety of
4a could be constructed by intramolecular aminolysis of
epoxide. This strategy turned out to be successful.
Herein we report a novel, general and efficient synthesis
pumiliotoxin A alkaloids.

As shown in Scheme 2, we started from known com-
pound 5a, which was readily prepared from 1,4-butane-
diol.7 At a first glance, Sharpless asymmetric
aminohydroxylation8 seemed to be an apparent option
to establish the 2,3-syn-aminoalcohol structure in 4a.
However, this method was unsatisfactory for trisubsti-
tuted olefins in terms of enantioselectivity.8b We envis-
aged that this issue could be well addressed by a
dihydroxylation–double inversion (at C-3) sequence.
Sharpless asymmetric dihydroxylation (AD-mix-�)9 of

Scheme 1. Retrosynthetic analysis for a general solution.
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Scheme 2. Reagents and conditions : (a) AD-mix-�, tBuOH,
H2O, MsNH2, 0°C, 98% for 6a and 96% for 6b; (b) MsCl,
pyridine, CH2Cl2, 0°C; (c) K2CO3, EtOH, rt, 95% for 7a and
89% for 7b (two steps); (d) H2, 10% Pd/C, EtOH; MsCl,
Et3N, CH2Cl2, 95% for 8a and 92% for 8b; (e) NaN3, DMF,
95% for 9a,b; (f) H2, Pd/C, EtOH, 70% for 10a.

Scheme 3. Reagents and conditions : (a) BnNH2, MeCN, reflux
48 h, 97% for 11a,b; (b) BnBr, KH, reflux 30 min, 91% for
12a and 95% for 12b; (c) H2, 10% Pd/C, EtOH, rt; (d) Ac2O,
Et3N, CH2Cl2, 0°C, 83% for 4a and 80% for 4b (two steps).

Moreover, this reaction showed remarkably high
regioselectivity, no regioisomer (C-2 opening product)
was found. This observation was in agreement with
Baldwin’s rule as 5/6-exo-tet cyclization being favored
over 6/7-endo-tet process,12 since nucleophilic opening
of epoxide was not always regioselective and not solely
dependent on steric factors.13 Our strategy compared
favorably with other methods such as azidolysis of
epoxide14 in simplicity and efficiency. The tertiary
hydroxyl of 11 was protected with benzyl in high yield
under the reported conditions.15 Selective removal of
N-benzyl (10% Pd/C, EtOH) followed by acetylation
(Et3N, Ac2O, CH2Cl2) furnished acetamide 4 in good
yield.

Taking advantage of the structural feature that the
�,�-disubstituted ester was non-enolizable and non-
epimerizable, we adopted an acetamide16 version of the
Claisen condensation for the construction of the
indolizidine/quinolizidine core. In the screening of
bases for this purpose, we found that while the previ-
ously reported DBU and sodium ethoxide16 were inef-
fective, the use of LDA did afford the desired product,
however, in low conversion. With this in mind, KH was
then tried, which effected irreversible deprotonation of
4a, and it was found that the cyclization was complete
within 60 minutes. HPLC showed that the ee of 3a is
equal to that of 6a, confirming the stereo-integrity of
the above reaction sequences. A single recrystallization
afforded optically pure 3a in 87% recovery. We then set
out to reduce the ketonic carbonyl in 3a to methylene.
Reduction with sodium borohydride furnished 13a in
quantitative yield, the configuration of the 7-hydroxyl
was assigned to be S on the basis of 1H NMR coupling
constants (JH7–6=10.7, 6.6 Hz). 13a was converted to
mesylate, which was subject to elimination under basic
conditions (DBU, toluene, reflux) to provide 14a in
90% yield. Saturation of the double bond and debenzyl-
ation were carried out in one pot to give 2a in 100%
yield. Since 2a has been employed as the key intermedi-
ate in several syntheses of pumiliotoxins,17a–f our route
constituted a formal synthesis of this subclass of alka-
loid in good overall yield. Moreover, all reactions in
Scheme 4 worked equally well with 4b, providing
quinolizidine derivative 2b as intermediate for homo-
pumiliotoxin synthesis.17g

the trisubstituted olefin 5a afforded chiral diol 6a in
98% yield and 95% ee. 6a was mono-mesylated under
mild conditions (MsCl, pyridine, CH2Cl2, 0°C) without
affecting the more sterically hindered tertiary hydroxyl
group. Upon subsequent treatment of the crude mesyl-
ate with K2CO3, epoxide 7a was obtained with inver-
sion of configuration at C-3 of 6a. Catalytic
hydrogenolysis followed by conversion to mesylate fur-
nished 8a smoothly. With 8a in hand, we first explored
the construction of the pyrrolidine ring. Azide 9a was
prepared in 95% yield, which was subject to catalytic
hydrogenation under atmospheric pressure. We were
pleased to find that proline derivative 10a was formed
in 70% yield resulting from the anticipated one-pot
azide reduction and intramolecular aminolysis of the
epoxide of 9a. The rate of the ring-opening process is
far greater than that of the reduction of azide as no
intermediate was detected. However, with 9b as sub-
strate, which was prepared along the same line as its
homologue 9a, the reaction was very complex.10 We
assumed that the failure to give the piperidine deriva-
tive 10b was due to the much lower reaction rate in
six-membered ring formation as compared to five-mem-
bered ring formation,11 hence side reactions such as
intermolecular condensation, which was negligible in
the case of 9a, predominated in the reaction of 9b.

To solve the problem associated with the intrinsic
kinetic difference, another approach was examined. We
reasoned that if the terminal primary amine produced
by the reduction of 9b could be properly protected,
lowering its nucleophilicity and increasing the steric
hindrance simultaneously, the undesired intermolecular
condensation could thus be suppressed. Benzyl group
was ideal for this purpose due to its easy and mild
removal at later stages in our synthesis. However, as no
intermediate could be isolated in the hydrogenation of
9a or 9b, this protection must be incorporated into the
substrate beforehand. Thus 8a,b were reacted with ben-
zylamine (MeCN, reflux 48 h), in the hope that a
stepwise substitution–ring-opening sequence would
afford the desired product 11a,b (Scheme 3). To our
delight, both pyrrolidine and piperidine derivatives
were obtained in one pot in excellent yields (>95%).
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Scheme 4. Reagents and conditions : (a) KH, THF, rt, 87% for
3a and 90% for 3b; (b) NaBH4, MeOH, 0°C, 100% for 13a, b;
(c) MsCl, Et3N, CH2Cl2, 0°C; (d) DBU, toluene, reflux, 90%
for 14a and 97%for 14b (two steps); (e) H2, 10% Pd/C, EtOH,
100% for 2a and 90% for 2b.
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289.1698. Found: 289.1718.
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