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Abstract. The solid phase synthesis of B-peptides and 5-amino acid containing peptides via Arndl-
Eistert homologation of Fmoc-protected amino acid diazoketones is described. Syntheses were
carried out on Wang, Rink and 2-chlorotrityl resins. Quantitative coupling efficiency gave highly
pure compounds as proven by RP-HPLC and MS. © 1997 Elsevier Science Ltd.

The growing understanding of protein-protein and protein-oligonucleotide interactions has resulted in
the discovery of varying peptide sequence motifs that mediate these interactions in different biological
processes.l These peptides, when validated, become valuable tools for drug discovery. Based on these
sequences, medicinal chemists synthesize series of peptide analogs and peptide mimics to determine the
structure-activity rcelationships.2 Use of state-of-the-art solid phase techniques allows synthesis of peptides of
varying sizes and complexity as well as peptide libraries.® Recently synthesis of the so called B-peptides, built
from B-amino acids, was reported by Seebach® and Gellman.’ In contrast to the corresponding o-amino acid
peptides, this new class of peptides seems to possess surprisingly stable secondary structures, even for
relatively short sequences. We now report a solid phase synthesis approach to B-peptides.

The synthesis of B-peptides has so far been achieved in solution by standard peptide coupling of the
Boc-protected f-amino acids® or by Arndt-Eistert homologation of Boc-protected a-amino acid diazoketones
with the free amine of B-peptides.6 The B-amino acid building blocks were prepared from the corresponding
a-amino acid by the Arndt-Eistert procedure in enantiomerically pure form in high yic:lds.""ﬁ‘7 Seebach et al.
recently described the solid phase coupling of diazoketones to amino-modified oligonucleotides.8 These
results encouraged us to use this approach for the first semi-automated solid phase synthesis of 8-amino acid
containing a-peptides as well as the synthesis of B-peptides.

Initially, o-peptides were assembled on solid support by a peptide synthesizer employing a standard
Fmoc-protocol up to the desired position of the B-amino acid.” After removal of the terminal Fmoc protecting
group with piperidine, the resin 2 and a solution of the appropriate Fmoc-protected amino acid diazoketone 1
(Fmoc-Xaa-CHN,, 4-fold excess) in dry THF were placed in a reaction flask (in all cases, we used crude
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Fmoc-Xaa-CHN, 1; any Fmoc-Xaa-OMe ester present did not interfere with the reactiou).’o The yellow
suspension was cooled to 0 °C and a solution of silver benzoate (0.35 equivalent) in triethylamine was added
and stirred in the dark for 4 hours (Scheme ). The ketene resulting from silver catalyzed decomposition of the
diazoketone and Wolff rearrangement is trapped by the free amine of the amino acid, forming the new amide
bond. The brownish suspension was then transferred to a solid phase reaction vessel, and washed successively
with DMF, a 5% solution of sodium diethyldithiocarbamate in DMF (to remove silver salts), DMF, and
methylene chloride. In all cases, Kaiser ninhydrin test of the resin 3 gave a negative result."’ Cleavage of a
small sample of 3 with TFA/H,0 95 : 5 and analysis by RP-HPLC showed also quantitative coupling.
Synthesis of the peptides was then completed on the automated synthesizer. The peptides were cleaved from
the resin with TFA/H,0 (95 : 5). The crude peptides were obtained in good yields (see Table in Scheme 1,
calculated based on the initial loading of the commercially available preloaded Fmoc-Ile-Wang or H-Pro-2-
chlorotrityl resin) and high purity as determined by RP-HPLC."? They were further purified by RP-HPLC and
characterized by electrospray mass spectrometry.

Scheme 1: Incorporation of Single B-Amino Acid Residue in a-Peptides by Solid Phase Amndt-Eistert Homologation.
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Final Peptide Sequence Crude Yield (%) Purity by RP-HPLC (215 nm)
Acetyl-Val-Glu--HPhe-lle-OH 85 >90 %
Acetyl-Val-B-HGlu-Phe-ile-OH 95 > 90 %

Acetyl-Ser-Asp-p-HLys-Pro-OH 80 >95%

For the synthesis of all B-peptides we immobilized the first B-amino acid by reacting the Fmoc-Xaa-
CHN, 1 under silver catalysis with Wang resin'” or the Fmoc-deprotected Rink amide resin.'* The Wang resin
(initial loading 1.2 mmol/g) was treated with either one or two equivalents of the diazoketone, and gave, after
capping with benzoyl chloride/pyridine, loadings of 0.45 and 0.65 mmol/g respectively as determined by
photometric Fmoc determination (coupling yield 55% and 80% respectively). Rink amide resin showed after
the same treatment (3 equivalents of Fmoc-Phe-CHN, 1) by the ninhydrin test no more free amine (Scheme 2).

After deprotection of the Fmoc group by 20% piperidine in NMP and washing with NMP, the next
amino acid diazoketone was coupled by the same procedure.ls A 1: 1 mixture of THF and DMF was used as
solvent. Again, the Kaiser test showed no free amine. Further deprotections and Arndt-Eistert homologations
provided up to a tetramer. After cleavage with TFA/H,0 (95 : 5), the solution was evaporated to a third of the
volume, and treated with cold ether. The precipitated peptide was collected and washed once with ether, and
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dried. The yields were good and the purities of these -peptides 4a-e were excellent (see Table in Scheme 2
and RP-HPLC chromatogram for the tetramer 4e in Figure Ia). All products are characterized by electrospray
mass spectrometry (see Table in Scheme 2). For selected samples, we verified the correct structure by 'H NMR
spectrometry. The CD spectrum of the tetramer Fmoc-B-HTyr-B-HTyr-B-HVal-B-HPhe-NH, (4e) in water
(ca. 0.15 mM) showed the characteristic pattern for the helical structure (see Figure b, for a detailed
discussion of CD spectra of B-peptides see ref. [4a, b]).

Scheme 2: Synthesis of B-Peptides 4a-e via Arndt-Eistert Homologation on Solid Support.
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Conditions: a) 20% Piperidine in DMF. b) Fmoc-Xaa-CHN ; 1, Ag benzoate/NEt,;, THF/DMF, 4h, ¢ °C.
Linker-X: Wang-O or Rink-NH. PG =H, Acetyl, or Fmoc

Final B-Peptide Sequence Crude Yield (%) Purity by RP-HPLC (215 nm) MS (Electrospray)
4a Fmoc-p-HVal-B-HPhe-NH, 80 80 % 514 (MH', 100%)
4b Fmoc-B-HTyr-B-HPhe-OH 65 75 % 579 (MH', 100%)
4c TFA  H-B-HTyr-B-HVal-B-HPhe-NH, 75 75 % 469 (MH", 100%)
4d Acetyl-p-HLys-B-HTyr-p-HPhe-OH 65 80 % 541 (MH', 100%)
4e Fmoc-$-HTyr-B-HTyr-p-HVal-B-HPhe-NH, 60 90 % 690 (MH", 100%)

In conclusion, we have demonstrated that the solid phase synthesis of B-peptides via the Amdt-Eistert
homologation of Fmoc-protected amino acid diazoketones is a versatile and easy process. The starting
materials, the Fmoc-Xaa-CHN, 1, are easily prepared and need no further purification, which is an important
advantage over solution phase synthesis. In principle, all appropriately protected ci-amino acid could be used
in this method. The procedure could be easily automated and would enable the generation of new B-peptides,
the positional scanning of a-peptides with B-amino acids, and synthesis of combinatorial libraries.'s
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Figure I: a) RP-HPLC Chromatogram and b) CD Spectrum in Water (0.2 mM) of the 8-Peptide Fmoc-B-HTyr-B-HTyr-B-HVal-

B-HPhe-NH, (de).
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