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Abstract: Starting from N ®-benzyloxycarbonyl-L-tyrosine(O-triflate) benzyl ester, we have prepared
enantiomerically pure 4-carboxyphenylalanine and 4-methoxycarbonylphenylalanine derivatives using palladium
(0) catalyzed carbonylation reactions. These unnatural amino acids were suitably protected and were used in
solid-phase peptide synthesis using the Fmoc/t-butyl approach. Copyright © 1996 Elsevier Science Ltd

In drug discovery efforts, peptides are a useful class of compounds for rapidly assessing the ligand-
binding requirements of target receptors or enzymes. Their ease of synthesis and manipulation, especially in
the construction of combinatorial libraries, greatly facilitates probing the ligand binding site with large
numbers of compounds of widely varying structure. The use of unnatural amino acids in these studies
provides opportunities for ligand-receptor interactions which are not possible with the 20 natural residues and
thus expands the scope of such investigations.

4-Carboxyphenylalanine (4-Cpa) is an unnatural amino acid that combines features of the acidic
residues, aspartic acid and glutamic acid, and the aromatic residues, phenylalanine and tyrosine. This new
amino acid thus allows alternative ionic, hydrogen bonding, or aromatic interactions between peptidic ligands
and their receptors. 4-Cpa has found use as a replacement for tyrosine in angiotensin II (AT II) 1.2 and for
tyrosine O-sulfate in cholecystokinin32 in studying the role of the negative charge of these aromatic residues
in the binding of these peptides to their receptors.

4-Cpa has been synthesized as a racemic mixture by the alkylation of glycine equivalents with esters of
4-bromomethyl benzoic acid.1.32 Palladium (0) catalyzed coupling reactions have been used to add
functionality to the side chain of tyrosine starting with suitably protected tyrosine O-triflates.2-6 Racemization
of the ai-carbon is less than a few percent in these reactions.3b4 Therefore, the configuration of the amino
acid is set at the onset of the synthesis. Franz ez al.2 and Wrobel and Dietrich5 have carried out palladium
catalyzed carbonylation reactions in the presence of alcohols72 to form 4-carboxyphenylalanine esters,
intermediates in the synthesis of N®-Boc protected 4-carboxyphenylalanine and 4-
(phosphonodifluoromethyl)phenylalanine derivatives for peptide synthesis. Nowak et al.6 employed this
reaction in the presence of potassium acetate 7% to prepare Nvoc-4-Cpa for enzymatic protein synthesis
incorporating non-coded amino acids.
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For use in solid-phase peptide synthesis by the Fmoc/z-butyl method,8 we have prepared Fmoc-4-
Cpa(O-+-Bu)-OH as shown in Figure 1.910 Commercially available N®-benzyloxycarbonyl-L-tyrosine, 1, was
converted to the benzyl ester 11 and the side chain hydroxyl was subsequently activated as the triflate, 2.12
Direct conversion of 2 to 4 by carbonylation in the presence of tert-butyl alcohol failed. Compound 2 was
therefore treated with potassium acetate, carbon monoxide, bis-(diphenylphosphinyl)ferrocene, and palladium
acetate in DMF at 60°7P affording Cbz-4-Cpa-OBzl, 3, in 89% yield after chromatographic work-up. Cbz-4-
Cpa-OBzl was converted to the ters-butyl ester, 4, with tert-butyl trichloroacetimidate in the presence of a
catalytic amount of boron triflucride etherate.13  Hydrogenolysis of the benzyl-based protecting groups
followed by treatment with Fmoc-OSu in alkaline aqueous media afforded the L enantiomer of Fmoc-4-
Cpa(O-#-Bu)-OH, 5.
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Figure 1. Synthesis of Fmoc-p-Cpa(O-+-Bu)-OH.

The corresponding side chain methyl ester was synthesized in an analogous manner in which 20
equivalents of MeOH and 2 equivalents of Et3N72 were included in the carbonylation of 2 in place of the
potassium acetate to give Cbz-4-Cpa(OMe)-OBzl, 6. Again, hydrogenolysis followed by treatment with
Fmoc-OSu in alkaline aqueous media afforded the L enantiomer of Fmoc-p-Cpa(OMe)-OH, 7.10

To demonstrate the utility of these unnatural amino acid analogues in peptide synthesis, both 5 and 7
were utilized in the synthesis of [Val5] AT II (amino acid sequence: Asp-Arg-Val-Tyr-Val-His-Pro-Phe), in
which the 4-Cpa analogues were substituted for tyrosine. To study the extent of racemization in the
‘preparation of these new amino acids, racemic Fmoc-D,L-4-Cpa(O-¢-Bu)-OH, 14 (8) was also included. For
these syntheses, the polydimethylacrylamide resin developed by Sparrow ez al.16 was used and N®Fmoc-
amino acids were employed. Side chain protecting groups were: Asp, +butyl; Arg, Mtr; and His, trityl.
Sparrow's resin is supplied with pendant 3-aminopropyl hydrochloride groups for attachment of the peptide
which were neutralized with piperidine and acylated with 4-hydroxymethylphenoxyacetic acid using
DIPCDI/HOBt as the condensing reagent. Fmoc-Phe was coupled to the support as the symmetrical anhydride
in the presence of DMAP3 and the peptide was synthesized using a coupling protocol of 4-fold excesses of
amino acids, DIPCDI, and HOBt in CH,Cly/DMF (1:1) and 20% piperidine in DMF to remove Fmoc groups.
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Coupling of the new amino acids proceeded smoothly and was complete in 30 min as judged by ninhydrin
tests. The peptides were cleaved from the support with TFA:phenol (95:5) for 24 hr and were precipitated in
Et20. The purities of the crude materials were assessed by reverse phase HPLC!7 and were found to be in
excess of 95% (Figure 2). FAB-MS analysis of the crude products indicated the presence of the 4-Cpa
analogues in the peptides as well as the absence of contaminating failure sequences. 10

The two diastereomeric peptides synthesized with 8 were well separated by HPLC (Figure 2). Because
no detectable second diastereomer appeared in the crude peptides obtained with § and 7, we conclude that
racemization of the a-carbon does not occur during the palladium catalyzed carbonylation reaction or at any
other time during the preparation of the protected 4-Cpa derivatives.
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Figure 2. HPLC chromatograms of AT II peptides incorporating 4-Cpa analogues. Top trace, [4-Cpa(OMe)4,
ValS]AT II (crude peptide). Middle trace, AT II{D,L-4-Cpa4, ValS]AT II (HPLC purified peptide). Bottom
trace, [4-Cpa¥, ValS]AT 1I (crude peptide).

In summary, palladium (0) catalyzed carbonylation reactions were used to convert a suitably protected
tyrosine O-triflate to 4-carboxyphenylalanine derivatives. No racemization of the «-carbon was apparent and

the N®-Fmoc derivatives were well behaved in solid-phase peptide synthesis.
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Abbreviations: Bzl, benzyl; Cbz, benzyloxycarbonyl; Chx, cyclohexyl; DCM, dichloromethane; DIPCDI,
diisopropylcarbodiimide; DMAP, 4-dimethylaminopyridine; DPPF, 1,1'-bis(diphenylphosphino)ferrocene;
FAB-MS, fast atom bombardment mass spectrometry; Fmoc, 9-fluorenylmethoxycarbonyl; Fmoc-OSu, N-(9-
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fluorenylmethoxycarbonyloxy)-succinimide; HOBt, 1-hydroxybenzotriazole; Mtr, 4-methyl-2,3,5-
trimethoxybenzenesulfonyl; Nvoc, nitroveratryloxycarbonyl; Tf, triftuoromethylsulfonyl.
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