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Readily available amino acid building blocks for the synthesis
of phosphole-containing peptides
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Abstract—Nucleophilic substitution of a phospholide anion onto protected 3-iodoalanine leads to the formation of an amino acid
with an appended phosphole in excellent yield. Manipulation of the protecting groups, leads to building blocks suitable for the syn-
thesis of phosphole-containing polypeptides.
� 2007 Elsevier Ltd. All rights reserved.
Phospholes, unsaturated phosphorus-containing five-
membered heterocycles, exhibit a wide range of chemis-
try, making them attractive building blocks for a wide
variety of purposes including ligands in catalysis, pre-
cursors for other phosphorus heterocycles and new
materials.1–3 In particular, complexes of phospholes
with late transition metals, such as palladium and rho-
dium, have been used successfully in various important
catalytic transformations.4–6 In order to develop novel
biocompatible transition metal catalysts, we set out to
synthesise amino acids with a phosphole in the side
chain. When suitably protected, these may serve as
building blocks to be integrated into polypeptides, thus
forming the basis for biocompatible transition metal
catalysts quite different to native enzymes.

To the best of our knowledge, no phosphole-containing
amino acids have been previously described, although
phospholes with appended carboxylic acids,7 esters8

and amines9,10 have been reported. Typically, the rela-
tive low stability of poorly substituted phospholes limits
the scope of available reagents and transformations that
can be carried out successfully, thus complicating the
synthesis of a molecule containing a phosphole linked
to other functional groups. On the other hand, several
phosphine amino acids have been reported. An amino
acid with an appended phospholane was synthesised as
a racemic mixture.11 Although these compounds appear
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to be promising glutamate receptor agonists, racemic
mixtures are of limited interest as ligands for asymmetric
catalysis. The easiest way to obtain enantiopure nonnat-
ural amino acids is by using a natural amino acid as the
starting material. Such an approach was adopted by
Gilbertson and co-workers in a general synthesis of
phosphine-containing amino acids derived from ser-
ine.12 By coupling aryl and alkyl phosphine chlorides
to an amino acid zinc/copper reagent, the desired phos-
phine-containing amino acids were obtained in moder-
ate to good yields. Unfortunately, when applying this
methodology to phospholes, the zinc/copper reagent
reduces the electrophilic halogenophosphole to the cor-
responding bis-phosphole and no phosphole amino acid
is formed. Furthermore, this approach is limited by the
fact that only a few 1-halogenophospholes are
available.13,14

Based on these initial results, we decided to investigate
the substitution of nucleophilic phospholide species on
an electrophilic amino acid derivative. The synthesis is
depicted in Scheme 1. Starting with N-Boc protected
serine 1, the acid was protected selectively using MeI.
Subsequently, using Ph3P and I2 in the presence of imid-
azole, the fully protected 3-iodioalanine methyl ester 2
was formed.15 This compound was found to be relatively
unreactive towards lithium 2,5-diphenylphospholide,13

even in the presence of Pd(dba)2 as catalyst. This failure
probably results from the extensive delocalisation of the
negative charge within the ring and the concomitant de-
crease of the nucleophilicity of the phosphorus atom.
More satisfying results were obtained with the 3,4-di-
methyl derivative which displays much higher nucleo-
philicity. Reaction of 1 equiv of lithium 3,4-
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Scheme 1. Synthesis of phosphole amino acid 6. Reagents and
conditions: (i) MeI, KHCO3 in DMF; (ii) PPh3, I2, imidazole in
CH2Cl2 for 3.5 h at 0 �C; (iii) Li-3,4-dimethylphosphole, then S8 in
THF; (iv) 1 M NaOH, overnight; (v) 50% TFA in DCM for 3 h; (vi)
FmocOSu, KHCO3 in H2O/dioxane.
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dimethylphospholide salt16 with 2 at 0 �C in THF gave a
new compound which exhibited a signal at �13 ppm in
31P NMR spectroscopy.

This compound could be isolated, but was highly prone
to oxidation, as expected for a 1-alkyl-3,4-dimethyl-
phosphole derivative. We therefore chose to protect
the phosphorus lone pair with sulfur. Addition of
1.1 equiv of S8 smoothly protected the phosphole within
1 h at room temperature. A colour change from yellow
to deep red was observed and the 31P NMR confirmed
the total conversion to the S-protected phosphole prod-
uct 3 with a chemical shift at 46.7 ppm.17 The sulfur not
only protected the compound against oxidation, but
also greatly enhanced its acid and base stability, two
properties which are essential for further use of this
compound as a building block in peptide synthesis.
The sulfur could be removed cleanly by reaction with
P(CH2CH2CN)3 at 70 �C in 4 h,18 but this must be done
only after the amino acid analogue is integrated into the
desired polypeptide. Although 3 is relatively stable, it
could not be purified by flash chromatography without
considerable product degradation, probably due to rear-
rangement reactions that occur on the silica gel.19,20 The
phosphole amino acid was therefore purified through
precipitation from a toluene solution with petroleum
ether, and obtained in 92% yield. The purity was con-
firmed by NMR analysis. When performing the substi-
tution reaction at �78 �C instead of 0 �C, the yield
was reduced to approximately 50%. Apparently, at low
temperature, the phospholide anion also reacts as a base
to deprotonate the a-proton of 2. The N-Boc amido-
acrylic acid formed in this side reaction, can be recov-
ered from the petroleum ether fraction.

The phosphole sulfide moiety proved to be remarkably
stable during the manipulation of the amino acid protec-
tion groups. The desired Fmoc protected amino acid
was thus obtained in near quantitative yield with respect
to phosphole 3. Overnight treatment of phosphole 3
with aqueous NaOH yielded the Boc protected phosp-
hole amino acid 4.21 Further deprotection using TFA
cleanly resulted in phosphole amino acid 5.22 To take
full advantage of the extensively developed Fmoc-based
peptide chemistry,23 5 was subsequently treated with
FmocOSu to give the desired Fmoc protected phosphole
amino acid 6.24 We are currently investigating the appli-
cation of this building block in the formation of phosp-
hole-containing polypeptides.
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