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Abstract: A short synthesis of a novel Fmoc-derivative 2b of the phosphonic acid isostere 1 of aspartic
acid is presented. Incorporation of 2b into peptides was readily achieved using standard Fmoc-solid
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conditions using Pd(0) catalysis afforded phosphonopeptides 3a and 3b in high purity. © 1998 Elsevier
Science Ltd. All rights reserved.

We have been interested in exploring the role of aspartic acid isosteres in biologically active peptides. In
particular we desired to study the effect of substituting the B-carboxylic acid group of aspartic acid with the

more strongly acidic phosphonic acid group. A review of the literature revealed that unprotected 2-amino-3-

w

have been used for the synthesis of enzyme inhibitors™ and simple dipeptides.” Incorporation of 1 into longer
peptides has not been reported. The dimethyl phosphonate 2a was proposed to be a protected form of 1
suitable for peptide s_ynthes.is.4 However, the use of phosphonic acid dialkylesters in peptide synthesis is
limited due to the difficulties connected with cleavage of the alkyl esters after peptide assembly. In
incomplete diester cleavage5 on the one hand and instability of N-terminal formamides and carbamates® on the
other hand are expected to result in the formation of mixtures of products. We required a derivative of 1 which

is compatible with general solid phase peptide synthesis of phosphonopeptides carrying a N-terminal
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In analogy to a strategy described by Shapiro et al. for the incorporation of the phosphonic acid isostere
of glutamic acid into diverse peptide sequences,” we chose the protected amino acid phosphonate 2b as a
building block for the introduction of L-(R)-AP-3 (1) into peptides. In the following, we will describe a

straightforward synthesis of 2b followed by its successful incorporation into the peptides 3a and 3b using solid

phase peptide synthesis.
N-protected B-substituted L-alanines can be easily obtained in stereochemically pure form by
Mitsunobu-type cychzation of readily available L-serine derivatives followed by nucleophilic ring-opening of

the resulting p—lactones.“ Recently, Hutchinson and Parkes have shown that nucleophilic addition of
dimethyl(trimethylsilyl)phosphite to 6 atfords the carboxylic trimethylsilyi ester of 2a by preferential transfer
of the trimethylsilyl group.4 We have prepared phosphite S5 by reaction of allyl alcohol with phosphorous

tment with trimethylsilylchloride in tt
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Incorporation of 1 into pep.ldes using building block 2b was demonstrated by standard Fmoc-solid phase
synthesis of the two peptides Fmoc-Arg-Gly-(AP-3)-Phe-OH 3a and Ac-Arg-Gly-(AP-3)-Phe-OH 3b. These
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peptides are N-capped isosteres of the tetrapeptide H-Arg-Gly-
inhibitor of fibrinogen binding to the integrin oypP3 on platelets. >

Starting from H-Phe-O-Wang resin, building block 2b was attached in a single coupling using TPTU
followed by Fmoc-cleavage an

[AP-3(OAllyl)2}-Phe-O-Wang.13 The allyl ester protection was cleaved by stirring the resin in a solution of

2 eq. PA(PPh;); in N-methylmorpholine/ acetic acid/ chloroform 1:2:37 for 5 h at room ternperature."4
Subsequently, the peptide was cleaved from the solid phase using trifluoracetic acid and precipitated from
ether to afford peptide 3a2.1° Peptide 3b was prepared in analogy.16 Mass recoveries of 3a and 3b were good

LI

and the HPLC profiles demonstirate the high purity o
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electrospray mass spectroscopy showed molecular parent ions in agreement with the constitution

C:HN-Q..P for 3a and C,-H..N-O.P for 3h
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Figure: HPLC profiles of precipitated peptide products 3a (left) and 3b (right).!”

ated that L-(R)-AP-3 (1), a phosphonic acid isostere of aspartic acid,
can be efficiently incorporated into peptides using the building block 2b and general Fmoc-solid phase peptide
synthesis. Synthesis of 2b is short, easy to perform and allows preparation of 2b in gram quantities. Efficient

cleavage of the phosphonate diallyl esters after peptide assembly using Pd(0) catalysis allowed us to prepare

the tetranentides a and Th in hioch nuritvy Onr reculte indicate that 2h chanld he well enited for tha cunthacic
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0I more complicated phosphonopeptides.
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yield 3a as a colorless powder.
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temperature to give Ac-Arg(PMC)-Gly-{[AP-3(OAllyl),}-Phe-O-Wang. Isolation of the peptide was carried out as described 5
to yield 3b as a colorless powder.

HPLC of 3a on a 125/3 Nucleosil 120-3 C18 AB column (Marchery-Nagel): Linear gradient of H,O/ 0.1 % trifluoracetic acid
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in. HPLC of 3b on a 250/4 Nucleosil 300-5 C4 column (Marchery-Nagel): Linear
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detection ;' 215 nm, retention time: f
gradient of H,O/ 0.1 % trifluoracetic acxd (elucn A) and acetonitrile/ 0.1 % trifluoracetic acid (eluent B) from 2 % to 60 % B
over 10 min; flow rate 0.7 mi/min, detection at 215 nm, retention time: 3.72 min.
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