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Important protein secondary structures suchudselix, S-
sheet, and turns are formed through intramolecular hydrogen
bonding between-amino acid residued).! There have been
extensive studies on the conformation of peptides containing
analogs ofx-amino acids and their utility as peptidomimetfcs.
Sincef-amino acids Z)° have excellent stability toward prote-

ases, they also have been widely used as backbone-modified

amino acid$in drug design. However, the extra carbararbon
single bond (€—C? bond) in a-amino acid significantly in-
creases the flexibility of peptide backbortesdere, we report
that af-alanine analoggt-aminoxy acid residue (-NH-O-GH
CO-; 3with R = H), has unusual conformational rigidity when
incorporated into peptide backborfeand it allows a strong

eight-membered-ring hydrogen bond between adjacent amino

acids’

.
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It is well-known that the N-O bond of hydroxylamine has
unusual conformational properties due to the lone-pair electron
repulsion? We reasoned that replacing thfecarbon of a
B-amino acid with an oxygen atom would result in an analog
with more rigid conformations.Ab initio molecular orbital
calculations were first carried out on amidi¢Figure 1)° The
most favorable conformation was found to be structére
Although the N-O bond is about 20out of the amide carbonyl
plane, theZ-conformer in which the amide carbonyl éss to
the N—O bond is more stable than tlkeconformer by about 2
kcal/mol, in agreement with the experimental d&@i&. Unlike
pB-alanine, which prefers extended conformations, theQbls
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Figure 1. Structures oN-oxy amides. The calculate@ (kcal/mol)
are in the order: HF/6-31G*, (MP2/6-31G*), and [HF/6-31G* CHCI
solvation].

bond ofN-oxy amide4 strongly prefers out-of-plane orientations
with the <CNOC angle close to 10¢or —10C), and the barrier

for the N—O bond rotation through transition struct#res about

7 kcal/mol?2 Interestingly, it was proposed that diamide
would adopt a rigid eight-membered-ring hydrogen-bonded
structure8. The strong hydrogen bond &is indicated by the
short O-+H distance and the nearly linear-<H—N angle.
Despite about 4.4 eu less entropy, struc®ire predicted to be
significantly more stable than structu@ewhich benefits little
from the six-membered-ring hydrogen-bonding interaction. Note
that the hydrogen-bonding pattern&®ifs analogous to @-turn
found in proteins except that it contains an extra oxygen atom
in the backboné?

Several diamides with the general formtHBu-CO-NH-O-
CH,-CO-NRR (compoundsl0—-12 with R, R = Et, Et; H,
OMe; H, i-Bu) were synthesized and examined in dichlo-
romethane byH NMR and IR spectroscopiéé:1®
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Figure 2. N—H stretch region FT-IR data for diamide solutions in £C} at room temperature after subtraction of the spectrum of purgCGH
From left to right: 10 (5 mM), maximum at 3400 cnt; 11 (0.5 mM), maxima at 3386 and 3198 cin12 (0.5 mM), maxima at 3427 (shoulder),
3384 and 3294 cni.

o o o} o} o o o ) Table 1. Amide Proton NMR Chemical Shift for Diamidekd—12
8N O N, tBuAN-O~Asy-OMe o L -0 -Buri in CD,Cl; at 25°C
Hw H 1 H H 12 H compound 17 110 1
. . ONH (ppm 9.74 (s 11.41 (s 8.63 (s
Figure 2 shows NH stretch region FT-IR data for compounds (ppm) ©) 8.71 (é)) 8.28 (tg )

10—12at varying concentrations in GBI, at room temperature, - .
after subtracting the spectrum of pure &Hp. Throughout the 5 mM.?0.25 mM.

concentration range of-340 mM, onl¥ a single peak was  other hydrogen-bonding possibilities between adjacent amino
observed for compoundlO at 3400 cm*, which corresponds  a¢id residues. Tripeptidé3 was thus analyzeH. In the H

to the stretching frequency of the non-hydrogen-bonded NH of MR spectra ofL3 at or below 1 mM, there are three amide
an N-oxy amide. This prepludes the possibility of six-mem- NH signals at 9.25, 8.28, and 5.23 ppm, which were assigned
bered-ring hydrogen bonding between the NH and theOC  {o N-oxy amide NH, alanine NH, and valine NH, respectively,
w!thm oneo-aminoxy acid residue (see s;ructl.%)e Compared by 2D-COSY NMR experiment. Compared with that of
with 10, diamide 11 has an extra amide proton. At low dipeptideN-Cbz-Val-Ala-OMe in whichd(Ala-NH) andd(Val-
concentrations (0:520 mM), IR spectra ofl1 showed two NH) were found to be 6.35 and 5.37 ppm (at 5 ni¥)
peaks: one at 3386 cthand the other at 3198 cth Following respectively, the eight-membered-ring intramolecular hydrogen

the precedent o010, the former peak was assigned to & non- onq \al-G=0-+-HN-Ala of tripeptide13was evident from its
hydrogen-bonded amide NH (at the N-terminus) and the latter unusually downfield(Ala-NH) of 8.28 ppmt?

to an intramolecular hydrogen-bonded amide NH (at the

C-terminus). PhCH,0
CompoundL2 has oneN-oxy amide unit and onBl-isobutyl FNH oy )—coona
amide unit. Since these two types of amides have distinct o~
stretching frequencies for both hydrogen-bonded NH and non- VN _/Ko
hydrogen-bonded NH, IR spectrali? may provide information ,:?
on the extent of hydrogen bonding. Spectral@fat 0.5 mM
showed two major peaks at 3384 and 3294 tmThe former The intramolecular eight-membered-ring hydrogen bonding

peak suggests that tioxy amide proton is solvent exposed induced by ana-aminoxy acid residue (-NH-O-CHCO-)
(non-hydrogen-bonded) while the latter corresponds to the represents a novel type of backbone folding which we call the
hydrogen-bonded\-isobutyl amide NH. The presence of a N—O turn. AsN-oxy amides are readily available and have
small shoulder at 3427 cm, which was assigned to the non-  excellent biostability, the NO turn should have potential in
hydrogen-bonded isobutyl amide NH, indicates that the in- the molecular design of peptide anald§s.

tramolecular hydrogen-bonded structure of compoliadsee
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amide NH of compoundO at 5 mM appeared at 9.74 ppm and
did not change upon further dilution. However, the chemical
shifts of the twoN-oxy amide protons of compountil at or
below 1 mM are 11.41 and 8.71 ppm. The downfield signal  sypporting Information Available: Experimental details for
corresponds to an intramolecular hydrogen-bonded NH, whereaspreparation and characterization of compourk®-13, variable

the upfield signal corresponds to a non-hydrogen-bonded NH. concentratiortH NMR data and FT-IR data fdt0—13, and Cartesian

For compoundL2, the singlet at 8.63 ppm was assigned to the coordinates for calculated structurgs6, 8, and9 (14 pages). See
N-oxy amide NH and the triplet at 8.28 ppm to the isobutyl any current masthead page for ordering and Internet access instructions.
amide NH. The unusually downfield chemical shift of the latter JA960515J

was attributed to the presence of an eight-membered-ring

intramolecular hydrogen bond between the N-termingsQC (16) FTIR spectrum for 5 mM solution of dipeptide-Cbz-Val-Ala-
and the C-terminus amide NH OMe in CHCI, showed only one peak at 3424 tiwhich indicates that
L . ’ . . the two amide protons are non-hydrogen-bonded.

It is interesting to probe whether the eight-membered-ring " (17) FTIR data for tripeptid@3also support the conclusion that the eight-
hydrogen bond is still favored in large peptides where there are membered-ring intramolecular hydrogen-bonded structure is predominant
(see the supporting information).
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