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Abstract

There is a constant demand for novel building blocks for combinatorial chemistry applications. A one-pot
synthesis of a novel class of peptidomimetic building blocks to be used for the preparation of sulfonamide peptoids,
is presented here. Furthermore, it is shown that these compounds can be incorporated in a peptide sequence. © 2000
Elsevier Science Ltd. All rights reserved.
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There is a constant need for new building blocks in order to increase diversity in combinatorial
libraries. Peptidomimetics are particularly interesting, because they can be used to mimic biologically
active peptides.1 A wide variety of peptidomimetic building blocks has been developed in the past: e.g.
peptoids,2 sulfonamides,3 ureapeptidomimetics,4 and hydrazinopeptidomimetics.5

In this communication we present a convenient synthesis of a novel type of peptidomimetic building
block to be used for the preparation ofsulfonamide peptoids. The general structure of these compounds is
shown in Fig. 1. As can be seen, these compounds actually mimic beta amino acids, which are currently
receiving considerable interest in the literature.6

Fig. 1. General structure of a sulfonamide peptoid

The synthesis of these compounds was first investigated via an analogous route to the one which we
developed earlier for peptoid peptidomimetics2b,c (Scheme 1, route 1). Therefore, the first step in the
route towards building blocks for sulfonamide peptoids involved refluxing 2-bromoethylsulfonate1 and
two equivalents of amine2 in water for 48 h. The formation of product could be monitored on TLC.
Isolation of the substitution product3 turned out to be very difficult because of the zwitter-ionic nature of
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this compound. Therefore, it was decided to remove excess amine2 by extraction into dichloromethane
under basic conditions. The aqueous phase, containing inter alia the substitution product3, was used
directly in the second step: a standard Fmoc-protection under Schotten–Baumann conditions. As it turned
out to be impossible to extract the resulting Fmoc protected monomer4 into an organic phase even under
strongly acidic conditions, it was decided to use the crude product in the final step of the synthesis, after
evaporation of the solvent and careful drying. This final step involved the treatment of the sulfonate
4 with a solution of phosgene in toluene, in the presence ofN,N-dimethylformamide. The resulting
sulfonyl chloride5 (a sulfonamide peptoid monomer) could be easily isolated and purified by column
chromatography. The overall yield of this virtually one-pot procedure was ca. 35%.

Scheme 1. Synthesis of sulfonamide peptoid monomers

It was then assumed that the first step in the synthesis could be replaced by a Michael addition of amine
2 to vinylsulfonate6 (Scheme 1, route 2). The advantage of this procedure is that only one equivalent of
amine2 could be employed because no hydrogen bromide is formed. Using this procedure the three-step
synthesis of sulfonamide peptoid monomers could be carried out in one pot.† Yields were comparable to
those achieved using the first method, viz. 25–40% (Table 1).

Surprisingly, it was found that the different starting materials (1 and6) in both routes showed similar
Rf-values on TLC. We therefore suspected that the substitution reaction carried out in the first approach
actually proceeds via an elimination–addition tandem reaction (Scheme 2). This was confirmed by an
NMR experiment: a sample of bromide1 in D2O decomposed quite rapidly into vinylsulfonate6.

Scheme 2. Mechanism of substitution of 2-bromoethylsulfonate

The second procedure was employed for the convenient synthesis of a number of sulfonamide peptoid
monomers containing either the Fmoc- or Cbz-protecting group. The synthetic procedure for Cbz-
protected sulfonamide peptoids is identical to that of the Fmoc-protected monomers, except that Cbz–Cl
was used instead of Fmoc–Cl at the amine-protection step. The results of these syntheses are summarized
in Table 1.

† General procedure: To 4.43 ml (10 mmol) of a 25% solution of vinylsulfonate in water, 10 mmol of amine and water (6
ml) were added. The resulting mixture was refluxed for 48 h. After cooling to room temperature, dioxane (10 ml) was added,
and the pH was adjusted to 8.5. Fmoc–Cl (2.59 g, 10 mmol) was added, and the pH of the reaction mixture was kept at 8–8.5
with 1N NaOH. The solvents were then evaporated, and the crude product was dried in vacuo over P2O5. A 20% solution of
phosgene in toluene (12 ml), dichloromethane (20 ml), and DMF (2.5 ml) were added, and this mixture was stirred at room
temperature for 3 h. After filtration, the solvents were evaporated, and column chromatography (eluent: DCM) afforded the
pure sulfonylchloride.
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Table 1
Results of the syntheses of sulfonamide peptoid building blocks

As an illustration of the applicability of these novel peptidomimetic building blocks, it was attempted
to incorporate a sulfonamide peptoid monomer in a small peptide (Scheme 3). First, Cbz-NPhe-
	[CH2SO2Cl] 7 was coupled to Leucine methylester8 using N-methylmorpholine as a base (73%).
Then, after Cbz deprotection by palladium(0)-catalyzed hydrogenolysis, Boc-protected glycine10 was
coupled to sulfonamide9 using PyBrOP.7 This coupling reagent was previously employed successfully
in the synthesis of peptoid peptidomimetics2b,c (54%). It is expected that the yields of these coupling
reactions can be improved using solid phase synthesis, in which excess of starting material is used.

Scheme 3. Incorporation of a sulfonamide peptoid residue in a peptide

In conclusion, a convenient route for the synthesis of interesting novel peptidomimetic building blocks
is presented to be used for the preparation of sulfonamide peptoids. Both Fmoc- and Cbz-protected
monomers are accessible, so these compounds can be used in solution as well as in solid phase synthesis.
The applicability was illustrated by incorporating a sulfonamide peptoid in a small peptide.
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