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After the intensive research ghpeptides,? y-peptides have been ~ Table 1. Chemical Shifts of the Amide NHs of 1—4 (1.56 mM in
found to form stable and well-defined secondary structures such €PCls at Room Temperature)
as turns, helices, or sheets. Hanessian et al. and Seebach et al. NHz (ppm) NHj (ppm) NH_ (ppm)

discovered thap*-peptidesy?*peptides, oi?3+peptides formed 1 7.10 (1)

stable 2.6, helices with as few as four residues in solufichand 2 8.52 (s) 7.85 (1)

solid state® and that othery24peptides preferred a reverse turn 3 10.29 () 7.82 (d)
4 8.55 (s) 11.74 (s) 7.92 (d)

structure®® Schreiber et al. found both parallel and antiparallel sheet
structures iny-peptides consisting of,f-unsaturatedy-amino
acids?® More recently, Smith and Gellman reported another parallel following standard methods of peptide couplitigiable 1 sum-
sheet structure ip-peptides ofrans-3-aminocyclopentanecarboxy-  marizes the chemical shifts of the amide protong-efl (1.56 mM
lic acid* We have been interested in the secondary structures of in CDCl) at room temperature. Thid-oxy amide NH, of 3 and
peptides composed @gFaminoxy acids, a novel class gfamino regular amides NHof 1—3 appeared unusually downfield and
acid analogues in which thecarbon is replaced with an oxygen.  showed little changeA0 = 0.02-0.60 ppm) when the solutions
Here we reporff%aminoxy acids, a subclass gfaminoxy acids were diluted from 200 to 1.56 mM in CD&lor when DMSOels
with two side chains on the-carbon, as a new building block for ~ was added graduallyota 5 mM solution of 1-3 in CDClz.*4 In
turns and helices. contrast, the signal oN-oxy amide NH of 2 was found rather
upfield and changed dramaticallA§ = 1.18-1.96 ppm) upon
0 HN. H 0 dilution in CDCk or DMSO-ds addition* The IH NMR dilution
HZNNOH ’ O/\fo1/o HzN\OMOH studies could not be performed for triamiddecause of its poor
Voo ) ) o solubility in CDCk. Nevertheless, the chemical shifts of its amide
Y-amino acid o-aminoxy acid p-aminoxy acid protons NH and NH. at 1.56 mM in CDC} were even more
downfield than those @, while proton H showed similar chemical
shift as that of2. Taken together, these results suggest that amide
NH: in 1-4 and NH, in 3 and 4 form intramolecular hydrogen
bonds, whereas amide Nkh both 2 and4 is solvent accessible.
The above results also suggested that the size of the amide groups
at both ends has little effect on the formation of intramolecular
g]1ydrogen bonds.
Diamide 2 and triamide4 turned out to be highly crystalline
compounds. The X-ray structures of both compounds are shown
R in Figure 1. Compoun@ adopted a novef N—O turn structure
O-H_ & - / O--H / ‘\ characterized by a nine-membered-ring hydrogen bond between C
?K(/ N f\(/ O and NH4,, which was further stabilized by another six-
HN_ f j)\ ‘2\ , membered-ring hydrogen bond betweenNHand NQ.;. The
0 0--H’ 0---H }f N—O bond was anti to the £-C; bond with a 172 dihedral angle
ONOGC4C,..
Figure 1b shows a well-defined helical structuretohe helix
was composed of two consecutive nine-membered-ring intramo-

0} He O H [¢]
@QN/OQ%N\)\ CQN/OQ%KO%NO lecular hydrogen bonds, i.e., twd N—O turns. The hydrogen-
0 o) B,
[0} [0}

We previously reported that-aminoxy acids induceN—O turn
structures involving a strong eight-membered-ring intramolecular
hydrogen bond? and that the homochiral oligomersmix-aminoxy
acids adopted a right-handed d&lix consisting of consecutive
N—O turns!® Compared witho-aminoxy acidsS-aminoxy acids
have an extra carbon atom in the backbones, and thus it is interestin
to investigate whether the intramolecular hydrogen bond between
adjacent residues can be retained.

N-O turn 1.8g helix

bonding distance between NH and G=C; was 1.93 A for the
first 8 N—O turn and 2.29 A for the second turn. The shorter-NH
--O=C distance in the first hydrogen bond reflected the higher
o e o " o acidity of an aminoxy amide NH compared tp a normal amide NH.
%//( /OQ%&J\ %)L /OQ%,{LO%N/O In both3 N—O turns, the N-O bond was anti to the & Cg bond
E o E s b with similar dihedral angl&INOCsC, (170° and 174). The amide
° 2 : 4 carbonyl group at position+ 2 was twistedt+65.9 from that at
i position, suggesting a novel }.felix. Similar to the 1.8 helix
DiamidesL, 2 and triamides and4, all consisting of 3-aminoxy-  found in peptides ob-a-aminoxy acids3*the side chains pointed
2,2-dimethyl-propionic acid (82%aminoxy acid), were synthesized in the lateral directions of the helix. However, the distance between

a-carbons at andi + 2 positions of 1.7 helix was longer (7.1 A)
* Corresponding author. E-mail: yangdan@hku.hk. than that in the 18helix (6.5 A).
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Figure 2. NOEs observedn a 5 mMsolution of diamide2 and triamide
4 in CDClz at room temperature (s, strong NOE; m, medium NOE).

A summary of the observed NOEs in 2D NOESY spéétod
diamide?2 and triamide4 in CDCl; at 5 mM are shown in Figure
2. Both molecules exhibited the same NOE pattern: medium nuclear
Overhauser effects (NOESs) between;MiHd GH; but strong NOEs
between NH,; and GH;. The fact that no longer-range NOE was

observed suggests that both molecules prefer extended secondary

structures. The distance between Niid GH; and that between
NHi+1 and GH; in the X-ray structure matched well with the NOE
pattern observed fo?2 and 4. This indicated a close correlation
between the solid-state conformation and the solution conformation.
In summary, by extending the backboneoominoxy acids to
p-aminoxy acids, we have discovered a new class of foldamers

that form novelg N—O turns and helices. Given thAtaminoxy
acids have more backbone substitution patterns, it will be interesting
to explore the potential of othgi-aminoxy acids as foldamers.
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