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The side chain of an Asn residue at position 1 of a
â-turn can readily hydrogen bond with the NH group of
residue 3.1 Four interactions of this type were identified
in carboxypeptidase, involving Asn or Asp.2 These side
chain CdO (i) to NH (i + 2) interactions are referred to
as forming Asx turns.3 Marraud and co-workers studied
in depth the conformational aspects of Asx turns using
statistics, molecular mechanics, and solution structures.4
It was found that the Asx turn conformation was not
retained when a Glu or a Gln is substituted for an Asp
or an Asn. Recently, Imperiali et al. proposed that the
conformational features of the Asx turn is central to the
N-linked glycosylation process catalyzed by the enzyme
oligosaccharyl transferase (OT).5,6
We wish to report our findings of the difference in the

conformational preference between a succinic glycine
derivative (1) and a glutaric glycine derivative (2). The
two model peptides were prepared during our study of
hydrogen bonding cooperativity.7 Each triamide can form
several conformations (A-E) through intramolecular
hydrogen bonding. On the basis of the IR and 1H NMR
data an Asx turn type of folding pattern (B) is identified
to be the enthalpically favored conformation in chloro-
form for both triamide 1 and 2.8 The entropic contribu-
tion to the free energy of the folding process (from A to
B) is small for triamide 1 and substantially more negative
for triamide 2.
Gellman and co-workers have carried out extensive

studies on similar model peptides in CH2Cl2 and in CHCl3
and have documented spectroscopic data on various
hydrogen-bonding patterns.9-11 Our identification of the

conformational preference of compounds 1 and 2 relies
in large part on the comparison of the IR and NMR data
to that in the literature. The infrared spectra (NH
stretching region) for triamide 1 and 2 at high and low
temperatures are shown in Figure 1. Spectra were
recorded at 1 mM concentration in CDCl3 on a Perkin-
Elmer 1650 spectrometer.8 The sharp absorption at
∼3452 cm-1 is assigned to free amide NH stretching and
the broad band at ∼3350 and ∼3320 cm-1 to the in-
tramolecular amide-amide hydrogen-bonded NH stretch-
ing through a 10- and an 11-membered ring, respec-
tively.9 The broad band at ∼3407 cm-1 of Figure 1c, d is
due to a weak intramolecular hydrogen bond through a
C5 conformation (A).
The variable-temperature 1H NMR data for triamide

1 and 2 are shown in Figure 2. The chemical shifts of
the amide protons are plotted as a function of tempera-
ture. The 1H NMR experiments were also carried out in
CDCl3 at 1 mM concentration. At room temperature the
two NH protons of triamide 1 were distinguished by a
two-dimensional 1H NMR experiment (COSY). At lower
temperatures, they can be identified by their coupling
patterns. The internal NH proton (a triplet) of both
triamide 1 and 2 exhibits relatively upfield chemical
shifts (6.2-6.5 ppm) and change very little with temper-
ature (O and ] in Figure 2). In contrast, the terminal
NH proton (a quartet) of triamide 1 gives substantially
downfield chemical shifts (7.3-7.9 ppm) at all tempera-
tures (b in Figure 2). The terminal NH proton of
triamide 2 ([ in Figure 2) shows a large temperature
dependence (∆δNH/∆T ) -0.013 ppm/K) of chemical
shift.
The temperature dependence of the amide NH proton

chemical shifts has become a useful tool in the study of
peptide conformations.12 However, one must be careful
with the interpretation because the implication changes
with the solvents of the NMR experiments and the
structure of the peptides.13,14 For similar model peptides
in CH2Cl2 or in CHCl3, an intramolecularly hydrogen-
bonded NH proton exhibits chemical shifts of approxi-
mately 7-8 ppm while a free NH proton is around 6
ppm.9-11
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On the basis of the documented cases, a large propor-
tion of the terminal NH proton of triamide 1 is intramo-
lecularly hydrogen bonded at all temperatures. For
triamide 2, the terminal NH proton is largely free at
higher temperatures, but becomes more and more hy-
drogen bonded as the temperature is lowered. The
internal amide NH proton of triamide 1 remains pre-
dominantly free throughout the temperature range.
However, the internal amide NH proton of triamide 2 is
involved in a C5 conformation that gives rise to a broad
band at 3407 cm-1 in the IR spectra, Figure 1. This weak
intramolecular hydrogen bond decreases in intensity as
the temperature is lowered.
On the basis of the above analysis, two conforma-

tions cannot be enthalpically favored, the straight chain
form A and the seven-membered ring D. The terminal
NH proton is free in these forms, contrary to the
indication of the 1H NMR data. ConformationC can also
be ruled out because the terminal and the internal NH
protons do not have similar chemical shifts and temper-
ature dependence. Although conformation E utilizes the
terminal NH proton to form a hydrogen bond, a C7 con-
formation (γ-turn) is not observed in CHCl3 for nonproline
residues.15 Thus, the head-to-tail intramolecularly hy-
drogen bonded form B is consistent with the IR and 1H
NMR data, but the other conformations are not.

The terminal NH proton of triamide 1 exhibits sub-
stantial downfield chemical shifts throughout the tem-
perature range. However, triamide 2 has a greater
reduced temperature coefficient than triamide 1. The
infrared spectra (Figure 1) indicate that triamide 1 has
more proportions of intramolecular hydrogen bonds than
triamide 2 at 25 °C. Therefore, it appears that triamide
1 assumes predominantly conformation B at all temper-
atures. The corresponding glutaric glycine derivative 2,
on the other hand, experiences an equilibrium between
the hydrogen-bonded and nonbonded states. Conforma-
tion B becomes more populated at lower temperatures
when the entropic effect becomes smaller. A van't Hoff
analysis of the 1H NMR variable-temperature data
using the temperature-dependent upper and lower
limits of chemical shifts from the literature (Figure 20
in ref 11b) gives a ∆H of -1.7 ( 0.5 kcal/mol and a ∆S of
-5.7 ( 2 eu for the equilibrium between the non-
hydrogen-bonded states and conformationB for triamide
2. Since the IR spectra indicate that the intramolecular
hydrogen bond of triamide 1 is nearly complete in
chloroform at all temperatures, thermodynamic param-
eters cannot be obtained from the temperature-dependent
data. A temperature-independent intramolecular hydro-
gen bond is an indication of either a small entropic
effect or an overwhelmingly enthalpically favored hydro-
gen bond or a combination of both. In the present
case, both entropic and enthalpic factors appear to be
at work. Thus, conformation B, the Asx turn type of
folding pattern, is enthalpically favored for both tri-
amide 1 and 2 but is entropically disfavored for tri-
amide 2.
We have shown that in CDCl3 both triamide 1 and 2

prefer conformationB, an Asx turn type of intramolecular
hydrogen bonding, enthalpically. It is interesting to note
that there is little internal hydrogen bonding in diamides
derived from pimelic and suberic acids,9 which are
analogs of triamides 1 and 2, respectively. This differ-
ence between the diamides and the present triamides
indicates that the 10- and 11-membered ring hydrogen
bonds in the triamides must somehow be strongly pro-
moted by the central amide group.
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Figure 1. NH stretching region of the IR spectra for triamide
1 (a) at 213 K (b) at 298 K, and 2 (c) at 213 K (d) at 298 K.
Spectra were recorded at 1 mM concentration in CDCl3 on a
Perkin-Elmer 1650 spectrometer.8

Figure 2. Internal (O ) 1, ] ) 2) and terminal (b ) 1, [ )
2) NH proton chemical shifts as a function of temperature for
triamides 1 and 2.
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