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Naturally occurring peptides and proteins are polymers of
o-amino acids. The kind and grouping@famino acid side chains
determine protein secondary structures such-aelix, -sheet,
and turns. The side chains also play important roles in molecular
recognition, such as in receptedigand interactions and enzyme
catalysis? The dual roles ofx-amino acid side chains, however,
pose a significant challenge to peptidomimefidss., to find
unnatural building blocks (“foldamers”) that give rigid and
predictable secondary structutdsr a diversity of side chains.
Here we report that homochiral oligomers @faminoxy acids
form a novel 1.8 helix (or a twisted 2 helix with two residues
per helical turn) that is independent of the side chains.
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We previously showed that-aminoxyacetic acid, in contrast

to a-amino acids, induced a strong eight-membered-ring hydrogen

bond between adjacent amino acid residues (th®Nurn)> The
effect of side chains on the-NO turn structure was probed using
chiral diamidesl—5 of p-configuration but with different side
chains® IH NMR studies ofl—5 at 2 mM in CDC} showed that

H, at the N-terminus had a dramatic downfield shift, wheregs H
at the C-terminus showed little change upon addition of DMSO-
ds. This suggests that Hs solvent accessible whereas I3
intramolecularly hydrogen-bonded, i.e., the-0 turn is main-
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Figure 1. X-ray structure of diamidd.
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Figure 2. (a)'H NMR chemical shifts of amide protons &6 in CDCl;
at 25°C as a function of logarithm of concentration. {b) NMR chemical
shifts of amide protons df0 (5 mM in 0.5 mL of CDC}) at 25°C when
increasing amounts of DMS@s were added.

tained. This was confirmed by the X-ray structurelpfwhich
reveals a right-handedNO turn with a+78.4 dihedral angle
ONOC,C, (Figure 1). Therefore, we reasoned that homochiral
oligomers of allb-o-aminoxy acids might favor a well-organized
structure of consecutive right-handed-® turns, i.e., a helix.
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Oligomers7—10were then synthesized from the corresponding
o-aminoxy analogue af-leucine using a convergent strategy and
standard peptide coupling methodsl NMR studies (data for
hexamerl0 shown in Figure 2) carried out in CD£showed
that, for each oligomer, the most upfield amide NH signal,
assigned to the N-terminus NH by HMBGhifted upfield upon
dilution with CDCk, while all other amide NH signals clustered
in the range of 1+12.5 ppm were concentration-independent
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Figure 3. (a) CD data 0of6—10 (0.4 mM in trifluoroethanol):6 (—), 7

(---),8(+-),9(),20(----). (b) CD data ofll (—) and12 (--+) in
comparison witt8 (- - -) (0.4 mM in trifluoroethanol).
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Figure 4. Summary of NOEs observed f&2 (5 mM in CDCk) and13
(3 mM in CDClk) at 10°C. s, strong NOE; w, weak NOE.

(Figure 2a). Moreover, when DMS@swas added to the CD¢I
solution of each oligomer, the N-terminus NH quickly shifted
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downfield, whereas the rest of the NH signals showed little change
(Figure 2b). These results suggest that, in each oligomer, all amide
NHs except the N-terminus one are intramolecularly H-bonded.

CD spectra of6—10 taken at room temperature in trifluoro-
ethanol (CBCH,OH) are shown in Figure 3a. In contrast to
monomels, oligomers7—10 showed a unique absorption pattern
in CH3CN or CRCH,OH: a maximum at-195 nm, a minimum
at ~225 nm, and zero crossing in the range of 2222 nmé
This CD absorption pattern is very distinct from thosedfelix,?
B-sheef and some recently reported helices (&lix, 2.5 helix,
and 2.64 helix) found in B-peptide4®¢*9 and y-peptidesid™

suggesting the existence of a novel secondary structure. Further+igure 5. Structure ofl4 calculated by the HF/6-31G* method. Distances

more, similar CD spectra (Figure 3b) were obtained for trimers
8, 11, and12 carrying different side chains, which indicates that

are shown in angstroms.

the novel secondary structure is independent of the side chainsgecytive N-O turns. The intramolecular hydrogen bonds are lined
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Two-dimensional NMR studies of trimelr2 were carried out

to probe its secondary structure in solution. All proton resonances

of 12 were assigned through the combined use of COSY, HMBC,
and ROESY? spectra taken in CDgIStrong nuclear Overhauser
effects (NOEs) between NHnd GH; but weak NOEs between
NHi;; and GH; were observed, a pattern similar to that of diamide
1 but distinct from that of control compount3, in which no
intramolecular hydrogen bond was deteétéBigure 4). The lack

of longer-range NOEs suggests thb2 prefers an extended

up along the helical axis with @H—N angles around 157(2)
The side chains of tetramé# alternate on opposite sides of the
helix with a distance of 6.5 A between those at ttendi + 2
positions, a pattern reminiscent of a twisted pargisheet found

in proteins. (3) The amide carbonyl group at thé 2 position

is twisted+50° from the one at position, which suggests a .8
helix or a twisted 2 helix with two residues per helical turn. As
this helical structure was observed in oligomers as short as a trimer
of a-aminoxy acids (the shortest helix ever found) and was
independent of the side chains, chiralaminoxy acids should
have great potential for construction of combinatorial libraries.
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