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Abstract

Oligopeptidosulfonamide foldamers were efficiently synthesized on the solid phase using Fmoc pro-
tected b-aminoethanesulfonylchlorides in the presence of N-methylmorpholine. © 2000 Published by
Elsevier Science Ltd.

The term ‘foldamer’ was coined by Gellman1,2 to designate the class of b-peptides, which has
been shown to fold into defined three dimensional structures similar to those of natural
peptides.3 Other foldamer classes2 include, for example, the vinylogous peptides, but also
oligomers in which the peptide amide bond is replaced by another moiety such as the
sulfonamide moiety, leading to oligopeptidosulfonamides or ‘b-sulfonopeptides’ and vinylogous
sulfonopeptides.2 In the recent past we4 and others5 have synthesized oligopeptidosulfonamides
consisting of up to three residues. Clearly, it will be very interesting to see if oligopeptidosulfon-
amides containing a large number of residues adopt defined structures.2 In order to realize the
synthesis of such large oligomers a solid phase procedure is indispensable. An absolute
prerequisite for the development of a practical solid phase method is the easy availability of the
necessary building blocks. Recently, we have described an efficient synthesis of N-protected
b-aminoethane sulfonylchlorides6 as versatile building blocks for the synthesis of oligopepti-
dosulfonamides. Here we describe the use of these sulfonyl chlorides in a practical and
convenient solid phase synthesis procedure towards oligopeptidosulfonamide foldamers.

Figure 1. Oligopeptidosulfonamide analogue 1 of the b-hexapeptide 2 of Seebach et al.7
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As a first target molecule we chose the oligopeptidosulfonamide analogue 1 of the b-hexapep-
tide 2 of Seebach7 et al. (Fig. 1). This b-peptidosulfonamide 1 was assembled on Argogel™-
Rink-NH-Fmoc resin in an iterative manner (Scheme 2). Each cycle consisted of a deprotection
and a coupling step. Deprotection of the Fmoc group was achieved each time with a 20%
solution of piperidine in NMP. The required Fmoc protected b-aminoethane sulfonylchlorides
7a–c were prepared in four steps starting from Fmoc protected amino acids, as was described
recently6 (Scheme 1). In short, Fmoc amino acids 3a–c were reduced to the corresponding amino
alcohols 4a–c using sodium borohydride. This was followed by mesylation to 5a–c and
subsequent substitution to the thioacetates 6a–c. Oxidation with hydrogen peroxide in acetic
acid gave the sulfonic acids, which were immediately converted into the sulfonylchlorides 7a–c.
Three different sulfonyl chlorides were prepared in overall yields of 30–35% corresponding to an
average yield of 79% per reaction.

Scheme 1. Synthesis of the required Fmoc-protected b-aminoethanesulfonylchlorides6

For the solid phase procedure the Fmoc protecting group was cleaved from the Rink-linker
with piperidine to give the free amine, which was treated with an excess (4 equiv.) of
Fmoc-Leu-c[CH2SO2]-Cl and (6 equiv.) N-methylmorpholine (NMM) to introduce the first
b-aminoethanesulfonamide residue to give 9. Introduction of the second b-aminoethanesulfon-
amide residue i.e. Fmoc-Ala-c[CH2SO2]-Cl was performed in an identical manner and led to 10.
Repetition of the deprotection and coupling cycle for an additional four times ultimately led to
the hexa-b-peptidosulfonamide attached to the solid support,8 i.e. 11. N-methylmorpholine was
used as a base in each of the coupling reactions. These proceeded smoothly and to a very high
degree of completion, as was clearly observed by the bromophenol blue (BPB) test, which was
negative after each coupling and blue colored beads were absent.9 This observation was
corroborated by measuring the total absorbance of the piperidine–dibenzofulvene adduct (lmax

301 nm) obtained after cleavage of the Fmoc group after each coupling step.10 It was found that
the loading of the growing oligopeptidosulfonamide decreased only slightly with each coupling
step (Fig. 2).

After removal of the last Fmoc group, the oligopeptidosulfonamide was cleaved from the
resin with a mixture of TFA and water. Mass spectral studies (ES-MS) unambiguously showed
the presence of the desired oligopeptidosulfonamide 1 in the reaction product, but probably the
low absorbance of the sulfonamide moiety prevented a clear detection of the oligopeptidosulfon-
amide in the HPLC analysis. To circumvent this problem an additional UV-detectable group
was introduced. The p-nitro-benzenesulfonyl- (p-NBS) and the benzyloxycarbonyl- (Cbz) pro-
tective groups were selected for this purpose. The use of an aromatic sulfonyl chloride allowed
detection while at the same time gave rise to an ‘all’ sulfonamide structure. In contradistinction
a Cbz group was introduced solely for the purpose of purification, since it is UV-detectable and
can be cleanly removed afterwards to give the pure oligopeptidosulfonamide 1.
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Figure 2.

Both protective groups were introduced after cleavage of the last Fmoc group by treatment
with p-NBS-chloride or Cbz-chloride in the presence of excess NMM. After acidolytic cleavage,
followed by purification by silica gel column chromatography, the desired oligopeptidosulfon-
amides 12 and 13 were obtained in excellent overall yields of 54 and 66%, respectively. These
correspond to excellent average yields of 96 and 97%, respectively, per synthesis step (Scheme 2).
Hydrogenolysis of the Cbz group in the presence of 10% Pd/C gave, after precipitation from
methanol and diethyl ether and lyophilization, the desired compound 1 as a white powder
(HCl-salt) in 54% yield. The oligopeptidosulfonamides 1, 12 and 13 have all been characterized
by UV, IR, NMR11 and mass spectral analysis.11

Scheme 2. Solid phase synthesis of oligopeptidosulfonamide foldamers

Preliminary circular dichroism (CD) studies so far did not indicate the presence of a defined
helical secondary structure in solution, as has been observed for the corresponding oligo-b-pep-
tides. This might be explained by the poor UV absorbance of the backbone sulfonamide
moieties preventing the observation of a defined structure by this method. Alternatively,
oligopeptidosulfonamides of this length and/or with these residues may fail to assume a defined
structure. Clearly, we have to take recourse to other techniques to investigate the ‘foldamer
behavior’ of these oligopeptidomimetics. Those techniques include, for example, temperature
dependent NMR spectroscopy and exchange rate determination of sulfonamide protons for
deuterium.3a

In conclusion, we have described both a practical and efficient solid phase synthesis of
oligopeptidosulfonamide foldamers using Fmoc protected b-aminoethanesulfonylchloride build-
ing blocks. The use of the Fmoc strategy is completely compatible with the Fmoc strategy used
for the construction of peptides and therefore b-peptide-peptidosulfonamide hybrids are easily
accessible.
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Under present investigation is the construction and structure of larger oligopeptidosulfon-
amide foldamers, as well as oligopeptidosulfonamides containing functionalized aminosulfonic
acid residues, which might ultimately lead to construction of proteinaceous sulfonamides.
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