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ABSTRACT

Polyamine toxins HO-416b (1) and PhTX-433 (2) isolated from the venom of insects are important lead compounds in neuropharmacology.
Their total synthesis has been achieved on a trityl derivatized resin in good yield and purity using a mild borane reduction protocol to access
the polyamine chains from polyamide precursors. The synthesis of PhTX isomer 3 demonstrates the potential of this strategy for the generation
of branched analogues.

The polyamine natural toxins HO-416b (1) and philantho-
toxin-433 (PhTX-433,2) are isolated respectively from the
venoms of funnel web spiderHololena curta1 and female
digger waspPhilanthus triangulum(bee wolf).2 The latter,
for instance, produces2 for paralyzing insect preys by a
mechanism of action that antagonizes ionotropic glutamate2

and nicotinic acetylcholine3 receptors present in neuro-
muscular junction. Several acylpolyamines including PhTX-
433 and a number of its reported analogues4 are known to
inhibit signal transmission in the central nervous system
(CNS) of mammalians.5 Consequently, these molecules
generate considerable interest as a promising class of lead
compounds for therapeutic applications6 such as neuro-
protection in cases of strokes,7 as well as probes for receptor
studies.8

The isolation of polyamine toxins from the venom glands
of the insects, however, is troublesome and provides limited

amounts of material. Therefore, there is a need for versatile
synthetic routes that will allow access to practical quantities
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of the natural toxins and a wide variety of analogues thereof.
Ideally, solid phase approaches would be preferable in order
to accelerate and simplify these efforts.

Natural polyamines1 and 2 have been synthesized
previously using multistep solution phase strategies to
construct the unsymmetrical secondary amines by iterative
modifications of nitrogen functionalities.9 These strategies
are not easily amenable to the preparation of certain classes
of analogues. For instance, the synthesis of polyamines with
chiral spacing units remains challenging. Indeed, few ex-
amples of such branched analogues have been reported.10

Herein we report on a very efficient solid phase strategy
for the total syntheses of1 and2 that relies on the reduction
of polyamide precursors to provide the required polyamine
chains. In addition, we demonstrate with the synthesis of
3sa structural isomer of2 embodying a reduced alanine in
place of the centraln-propyl polyamine spacersthat the use
of polyamide precursors is extremely advantageous for the
generation of branched analogues.

Typical procedures for the reduction of amides by excess
borane require a strongly acidic workup to cleave the
resulting borane-amine intermediates and isolate the free
amines.11 These conditions are not compatible with most
supports used in solid phase synthesis. In contrast, the mild
oxidative workup recently reported by our group allows the
use of practical resins with acid-sensitive trityl linkers.12 Its
use for the synthesis of polyamine toxins was first demon-
strated for toxin HO-416b (1) (Scheme 1).

From the diaminopropyl resin4,12 three successive steps
of amino acid coupling and deprotection, twice with Fmoc-
protectedâ-alanine then followed with Fmoc-γ-aminobutyric
acid, providedâAla-âAla-γAbu triamide5. The latter was
reduced with borane and then treated with a buffered solution
of iodine to afford tetramine6. Aliquots of this polyamine

product, a polyacetylated derivative, and the triamide precur-
sor were cleaved from the resin and analyzed (NMR, MS)
to ascertain the efficiency of this operation. To functionalize
6 selectively, we employed a sequence described by Nash
et al. in their hemisynthesis of PhTX-343 from spermine.13

Selective protection of the primary amine of6 as a bis-N-
[1-(4,4-dimethyl-2,6-dioxocyclohexylidene)ethyl] (Dde) de-
rivative14 was followed by blocking of the secondary amines
with Boc2O. Then, the orthogonally protected terminal amine
was liberated with dilute hydrazine, and the resulting
intermediate7 was coupled with mixed anhydride89a to
afford resin9. Treatment of9 with a solution of trifluoro-
acetic acid (TFA)/water/triisopropylsilane provided crude
toxin 1 as a penta(trifluoracetate) ammonium salt in 57%
yield and 81% purity according to HPLC analysis.15 Two
rounds of precipitation with ether afforded material of 90%
purity with a 37% overall yield from tripeptide5. This work,
performed in nine chemical steps from resin4, constitutes
the first solid phase synthesis of HO-416b (1).
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Scheme 1. Synthesis of HO-416b (1)
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The synthesis of PhTX-433 was achieved using a similar
sequence (Scheme 2). Thus from resin4, two successive

amide coupling and deprotection steps providedâAla-γAbu
diamide10. Reduction of the latter followed by oxidative
workup gave triamine11. Assessing reduction efficiency as
well as selectively protecting the internal secondary amines

of 11 were carried out as described above for6. Then, the
resulting intermediate12 was coupled with Fmoc-L-Tyr(t-
Bu) and treated with piperidine, and the final amide coupling
step with butyric acid afforded13.13 Its cleavage from the
resin provided crude toxin2 as a tris(trifluoracetate) am-
monium salt in 77% yield and 80% purity according to HPLC
analysis. Finally, two rounds of precipitation with ether
increased purity to>90% with a 55% overall yield from
dipeptide10.15 Our synthetic product was compared satis-
factorily by HPLC, MS, and1H NMR with an authentic
sample of natural PhTX-433 (2) (see Supporting Informa-
tion). This solid-supported total synthesis of PhTX-433 was
also completed in nine steps.16 Since several protected natural
and unnatural amino acids are available, our strategy is very
advantageous for analogue generation. To demonstrate this
we have synthesized isomer3, a branched analogue of2
containing a reduced alanine as a chiral two-carbon unit
instead of the centraln-propyl group. Analogues with two-
carbon spacers cannot be made using standard methods for
diamine synthesis like the conjugate addition of amines on
acrylonitriles followed by reduction.2 Except for the use of
L-Ala as first amino acid, the synthetic sequences for2 and
3 are identical.17 We obtained analogue3 in 88% purity and
75% yield from the corresponding dipeptide.15

With the total solid-supported syntheses of neuroactive
polyamine toxins1, 2, and analogue3 we have further
demonstrated the usefulness of our mild oxidative workup
protocol for the borane-promoted reduction of polyamides.
This approach shows potential for the generation of libraries
of analogues displaying a branched polyamine chain made
from diverse amino acid building blocks.
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(15) NMR and MS data are fully consistent with the assigned structures

(see Supporting Information). RP-HPLC analyses were performed on a
Zorbax SB-C18 column (4.6× 150 mm, 5µm) using 0.1% TFA water/
acetonitrile mobile phases and UV detection. Should higher homogeneity
be required toward biological testing, products could be further purified by
semipreparative HPLC.
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Scheme 2. Synthesis of PhTX-433 (2)
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