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A number of the amphibian alkaloitistructurally related to
pumiliotoxin (PTX) A (1) and B @), now totaling almost 30, are
grouped into a subclass called pumiliotoXmsvhich are all
characterized structurally by &)falkylideneindolizidine ring
system differing in only the alkylidene side ch&irkor the
synthesis of these alkaloids, one significant challenge is the
stereoselective incorporation of th&){alkylidene side chain at
C-6 of the indolizidine nucleus. In the search for control of the
exocyclic alkene geometry as well as the piperidine ring construc-
tion, comprehensive efforts by the Overman grobave led to
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the development of the general methods for the syntheses of the aReagents and conditions: (a) BuLi, (@B}, THF, —78 — 0 °C;

pumiliotoxin alkaloids via two fundamental approaches based on
iminium ion cyclization. After these brilliant and extensive studies
and subsequent synthesis of pumiliotoxin 25BPHy Gallagher
and co-worker$, culminating in the total syntheses of pumil-
iotoxins A (1), B (2), and 251D ), no further synthetic approach

(b) MsCI, E&N, CH,Cl,, —30 °C; (c) (M&PhSipCu(CN)Lip, THF, —85
°C, 3 min; (d) HfCl, CH,Cl,, —78 — 0 °C; (€) (Boc)O, KoCOs.

The dibromoolefin7é was converted to the homopropargy!
mesylate 8 by treatment with BuLi and paraformaldehyde

has appeared. In this paper, we wish to disclose a general approacky|jowed by mesylation (Scheme 1). Conversion &fo the

for preparing the pumiliotoxin alkaloids, which led to asymmetric
total synthesis of pumiliotoxins A1j> and 225F 4); the latter
synthesis is the first reported.

Since the common structural motif shared by all the pumil-
iotoxin alkaloids is the presence of thé-{alkylideneindolizidine
fraction, the strategic disconnection of the pumiliotoxin alkaloids
at the C-12-C-13 bond of the alkylidene side chain (indicated
by the wavy line in eq 1) should be most appropriate for the

)
pumiliotoxin (PTX) alkaloids
Me Me OH
PTXA (1), R= A~ PTXB(2), R= AN _AL

OH
PTX 225F (4), R = OH

OH
PTX 251D (3), R = Pr

efficient and flexible synthesis of pumiliotoxin alkaloids. This

allenylsilane9 was successfully achieved in 84% yield by using
the bis(dimethylphenylsilyl)cuprate reagent according to Flem-
ing’s method’ Lewis acid-mediated nucleophilic additfoof the
allenylsilane9 to the trifluoroacetate salt 0§[-2-acetylpyrrolidine
(10)° proceeded cleanly by using hafnium(lV) chloride to afford
the desired homopropargylic alcohb®?, which was isolated as
the N-Boc derivativel 3, with complete stereocontrol in excellent
overall yield (92%). The stereochemical outcome of this BHCI
promoted propargylation can be interpreted in terms of a Cram
chelate transition-state mod#&1.°

Radical-initiated hydrostannylation @8 using triethylborane
and triphenyltin hydride proceeded with complete trans selectivity
to give the g)-3'-stannylalkenel4 (60%) along with the Z)-4'-
stannyl regioisomer (28%) (Scheme 2). The assignment df the
stereochemistry af4 was made on the basis of the large coupling
constant (89.3 Hz) between Sn and the vinyl prdfohlpon
treatment withN-iodosuccinimide,14 underwent iododestan-
nylation with retention of th& configuration to afford the vinyl
iodide 15. Palladium-catalyzed carbonylati@rof 15 smoothly
occurred when treated with carbon monooxide and tributylamine
in the presence of a catalytic amount of Pd(OA&) mol %) and
PPh (8 mol %) in HMPA at 100°C 3 furnishing the lactonéd 6

bond would be formed by cross-coupling reaction between a metalin 97% yield. Deprotection 016 followed by DIBAL reduction

derivative5 of the £)-alkylideneindolizidine fraction and the vinyl
or alkyl halides6. Our first efforts were thus directed toward the
development of stereoselective construction of tApalkyli-
deneindolizidine component as a pivotal common precursor.
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aReagents and conditions: (a)#8hH, E§B, benzene, 5 days; (b) NIS, GEl,, 0°C; (c) CO, Pd(OAc) (2 mol %), PPk (8 mol %), BuN, HMPA,
100 °C; (d) (i) CRCO:H, CH.CI,, 0 °C; (ii) DIBALH, toluene, —30 °C; (e) CBu, PPh, CH.Cl,, 0 °C, 30 min; (f) BuNF, THF; (g) TBDMSOTH,
2,6-lutidine, DMAP, CHCl,, 0 °C; (h) (MeN)sS(Me&sSiF,) (1.5 equiv), DMF; (i) b, PPh, imidazole, CHCI; (j) (i) t-BuLi, Et;O, —110°C; (ii) ZnCly,
THF, =78 — 0 °C; (k) Pd(PPB)4 (13 mol %), benzene; () BiNF, DMF, 60°C; (m) Li, NH;—THF, MeOH, —78 °C.

the @)-alkylideneindolizidine 18 in 85% yield. Subsequent coupling reaction with the chiralB)-vinyl iodide 23 for the
treatment of18 with BuNF resulted in the first total synthesis  synthesis of pumiliotoxin AX). One potential problem associated
of (—)-pumiliotoxin 225F {). The synthetic material displayed  with the transition metal-catalyzed homoathglkenyl coupling
SP?C”T“ pr%peg?fg(c NMRtﬁ”d E/'S) thadt mtattc_hed ]Ehos?h%a_the would be the tendency of the homoallylic compounds to undergo
natural product.” Flowever, the observed rotation of Synthelc - g_ajimination. This problem was overcome by Negishiyho

24 i ifi :
([0]* —25.3 €0.25, CHCY)) was found to be significantly lower adapted homoallylic organozincs to the palladium-catalyzed

than the reported valtfg([o]p —87.4 € 0.23, CHC})). The reason h 7 . A .
for this disgrepancy ?r?t[thoptical f(:)tations is u21)c|ear at present, conjugate substitution reaction with alkenyl halides to effect the

although it might be attributed to the contamination of a small construction of 1,5-dienes. In view of these results, we explored
amount of a highly optically active impurity in the natural sample. the use of the organozinc for the cross-coupling reacidius,
For the formation of the Z)-alkylideneindolizidine metal ~ the homoallyl iodide21was subjected to halogemetal exchange

species5 (led by the illustrated disconnection in eq 1) as the with tert-butyllithium at —110 °C, followed by transmetalation
coupling partner18 was protected as the TBDMS ethE9, and with ZnCl,. Subsequent one-pot treatment of the resulting
the selective deprotection of the primary TBDPS ether was homoallylzinc reager®2 with the chiral €)-vinyl iodide 23'in
performed using tris(dimethylamino)sulfonium difluorotrimeth-  the presence of catalytic Pd(P§phafforded the cross-coupled
ylsilicate (TAS-F}° to provide the primary alcohd20 (85%), product 24 in 60% yield from21 with complete retention of
which was then converted to the iodidé (95%). configuration of the stereocenter(s) ar)-geometry. Finally,

We thus completed the stereoselective constructior?2 bf -
. . . removal of the TBDMS protecting group ga2é ([a]?*% —2.7
possessing a common fundamental structural unit of the pumil- (c0.59, CHCH) [lit. 3 [a]? —2.1 ¢ 0.70, CHC]) (66% or 81%

iotoxin alkaloids, and the stage was then set for the critical cross- ) /
based on 18% recovery @4), which was subjected to benzyl
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o} Me molecule with a nitrogen heterocycle, which is, to the best of
Ho Nl —= PN % NN our knowledge, the first example of the application of such a
68Bn ' 0Bn reaction in natural product synthesi$? Studies to extend this
23 (E/Z=89:11) methodology to other pumiliotoxin alkaloids are in progress.
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