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Abstract

The efficient construction of symmetrical & unsymmetrical polyamine analogues of philanthotoxins has been
accomplished using the new Dde based linker. The linker allows the selective attachment of primary amines and
the resulting linkage displays excellent stability towards the conditions required for the removal of Fmoc and Boc
groups as well as the reductive alkylation conditions used for the elaboration of polyamines. The final cleavage of
the polyamine or a derivative thereof from the solid support is readily achieved via transamination using a volatile
primary amine with the regeneration of the linker. © 2000 Elsevier Science Ltd. All rights reserved.
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L-Glutamate receptors regulate synaptic transmission in the mammalian CNS and are also linked to
higher neural functions such as memory and learning. Overstimulation of these receptors can lead to
neural cell death and has been implicated in a number of neurodegenerative diseases as well as epilepsy
and stroke.1,2 Various naturally occurring polyamines including the philanthotoxins isolated from the
waspPhilanthus triangulum,and others isolated from spider venoms, are reported to act as antagonists
at these receptors.3–6 However, their detailed pharmacological evaluation and potential as neuroprotective
agents have been hindered because of the limited quantities of the toxins available from natural sources.

While solution7–10 and solid phase11–13 methods for the synthesis of polyamine toxins have been
reported, we have focussed on developing a range of flexible solid phase approaches14,15 which exploit
the versatility of the Dde(1-(4,4-dimethyl-2,6-dioxocyclohexylidene)ethyl) group and particularly its
selectivity for primary amines.16,17 Here we describe solid phase synthetic protocols for the prepara-
tion of symmetrical PhTX-3.4.3 and unsymmetrical PhTX-3.3.4 analogues employing Fmoc and Boc
protection.† The key steps are the mono-attachment of a symmetrical diamine to our recently reported
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† Abbreviations: Amino acids and peptides follow the IUPAC-IUB nomenclature where applicable (Eur. J. Bio-
chem. 1984, 9–37); Boc, t-butoxycarbonyl; tBu, tert-butyl; DCM, dichloromethane, DIEA,N,N-diisopropylethylamine;
DMF, N,N-dimethylformamide; ES-MS, electrospray mass spectrometry; Fmoc, 9-fluorenylmethoxycarbonyl; HOBt, 1-
hydroxybenzotriazole; RPHPLC, reverse phase high performance liquid chromatography; TBTU,O-(1H-benzotriazol-1-yl)-
1,1,3,3-tetramethyluronium tetrafluoroborate; THF, tetrahydrofuran; TFA, trifluoroacetic acid; TIPS, triisopropylsilane.
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Dde-linker 118 followed by on resin reactions under acid, base and reductive alkylation conditions.
Final cleavage via transamination with 10%n-propylamine not only releases the end product but also
regenerates the linker (Scheme 1).

Scheme 1. General outline of construction and cleavage of a polyamine with simultaneous regeneration of Dde-linker

For the synthesis of the symmetrical philanthotoxin PhTX-3.4.3 (Scheme 2), spermine2 was an ideal
starting material, as the required polyamine backbone is already assembled. However, selective protection
of the secondary amine functions at positions 4 and 9 was needed before the attachment of one of the
equivalent primary amine functions to the solid support. The selectivity of Dde-OH was exploited to
prepareN1,N12-bis-Dde spermine3 which then allowed the protection of the secondary amines using
Boc anhydride to giveN4,N9-bis-Boc-N1, N12-bis-Dde spermine4.19 Subsequent deprotection of the
Dde groups with 5% v/v hydrazine affordedN4,N9-bis-Boc spermine5 which was readily attached to the
Dde-linker1 in the presence of DIEA. This resin bound polyamine6 was then acylated with Fmoc-Tyr(t-
Bu)-OH using TBTU/HOBt/DIEA. At this stage a resin loading of 80% was determined spectrophoto-
metrically from the Fmoc-derived chromophore liberated upon treatment with 20% piperidine in DMF.
The on-resin synthesis was completed by removal of the Fmoc group and acylation of the resulting amine
with n-butyric acid under the conditions indicated. After removing Boc andt-butyl groups with 50% v/v
TFA in DCM containing TIPS and H2O as scavengers, the toxin was cleaved from the solid support using
10% v/v propylamine in DMF.

Scheme 2. Synthesis of philanthotoxin-3.4.3. Reagents and conditions. (i) DdeOH, EtOH, reflux, 8 h; (ii) (Boc)2O, DCM, 20 h;
(iii) 5% NH2NH2�H2O in 50% THF/H2O, 2 h; (iv) Dde-linker1, DIEA, DMF, 2 h; (v) Fmoc-Tyr(tBu)-OH/TBTU/HOBt/DIEA,
4 h; (vi) 20% v/v piperidine in DMF, 10 min; (vii)n-butyric acid/TBTU/HOBt/DIEA, 4 h; (viii) 50% TFA in DCM/TIPS/H2O,
3 h; (ix) 10% v/vn-propylamine in DMF, 6�20 min

Solvents were removed in vacuo to give an oil which was triturated with ether and then dissolved in
water and lyophilised to afford philanthotoxin-3.4.3, ES-MS (C23H41N5O3) m/z436 (M+H), as a white
powder in 75% overall yield and with excellent purity as determined by a single peak eluted at 9.2 min
in RPHPLC analysis.20
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The unsymmetrical philanthotoxin analogues presented a greater synthetic challenge and we chose
to construct the polyamine backbone appropriately protected using a stepwise approach on the solid
support. This is illustrated for PhTX-3.3.4 in Scheme 3 but in principle the procedure can be adapted to
combine a wide range of units. Reductive alkylation using NaBH3CN21 was the method selected to attach
the individual units, since we anticipated that the mild acidic conditions required would be compatible
with the stability of the linker and the Fmoc and Boc groups. Synthesis of PhTX-3.3.4 was initiated
by anchoring 1,4-butanediamine (putrescine)7 to the Dde-linker1 to form the resin bound scaffold8.
This was condensed with 3-Fmoc-aminopropanal22 in 1% AcOH/DMF, the resin was washed to remove
excess aldehyde, re-swollen in DMF and then reduced with NaBH3CN in the presence of acetic acid.

Scheme 3. Synthesis of philanthotoxin-3.3.4. Reagents and conditions. (i) Fmoc-NHCH2CH2CHO, 1% AcOH/DMF, 1.5 h;
(ii) NaBH3CN, 1% AcOH/DMF, 10 min; (iii) (Boc)2O, DIEA, DMF, 20 h; (iv) 20% v/v piperidine in DMF, 10 min; (v)
Fmoc-Tyr(tBu)-OH/TBTU/HOBt/DIEA, 4 h; (vi)n-butyric acid/TBTU/HOBt/DIEA, 4 h; (vii) 50% TFA in DCM/TIPS/H2O,
3 h; (viii)10% v/vn-propylamine in DMF, 6�30 min

The newly introduced secondary amine function was protected as a Boc-derivative to give9. De-
protection of the Fmoc group with 20% v/v piperidine was followed by a repeat cycle with 3-Fmoc-
aminopropanal condensation, NaBH3CN reduction and Boc protection to afford the polyamine backbone
10 with the desired sequence (3.3.4). Protocols similar to those previously described for the successive
acylations with Fmoc-Tyr(t-Bu)-OH andn-butyric acid were used to complete the synthesis. Resin
loading assays were conducted after both the alkylation and the first acylation steps; these were 79%,
78% and 76%, respectively. Deprotection of the Boc andt-Bu groups followed by cleavage from the
resin yielded the unsymmetrical philanthotoxin-3.3.4 in 65% yield and with 90% purity demonstrated by
RPHPLC19 by a major single peak eluted at 9.8 min that gave satisfactory ES-MS (C23H41N5O3) m/z
436 (M+H).

The solid phase methods developed above to prepare analogues of philanthotoxin are generic in nature
and potentially can be applied to the synthesis of a variety of polyamines. The procedure is rapid and
can be automated. Furthermore the high yields obtained clearly demonstrate the stability of our linker
not only towards acid and base but also to the reducing and coupling conditions employed. While the
overall process worked well, the introduction of C4 and C5 units by reductive alkylation presented
unexpected problems. A method by which these particular difficulties can be circumvented is described
in the following communication.23
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