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Abstract: In marked contrast to the most favourable folded conformation, predicted from ab initio
quantum mechanical calculations, the crystal structure analysis of the model system incorporating
-CONH-CH,-CH;-CONH- moiety, revealed the existence of an all-anti conformation, characterized by
the backbone torsion angles: ¢ = -146°, u = 172° and y = 155°. Potential applications of the residue to
form highly ordered, novel B-sheet like structure(s) with distinct faces have been suggested.

© 1999 Published by Elsevier Science Ltd. All rights reserved.

In recent years conformational analysis of short linear peptides incorporating the B-Ala residue, two
methylene units flanked by amide bonds (-CONH-CH,-CH,-CONH-), has received considerable interest
since, this residue has not only exhibited the potential of accommodating a wide range of well defined
secondary structural features! but also showed excellent stability towards proteases.2 However, a rational
approach, incorporation and/or substitution of the p-Ala residue into the polypeptide chain, would require an
understanding of the conformational behavior of this flexible residue. As an attempt to understand the
conformational properties of this residue we, along with others, have recently demonstrated that the folding
behaviour of the two methylene units can be significantly influenced and dictated by neighbouring
constraints.’

The present investigation was motivated by the recent theoretical, an ab initio quantum mechanics
calculation, study of a model system: Ac-B-Ala-NH,, by Wu and Wang.# Using the HF/6-31 G** method
these authors predicted that the most favorable conformation of the B-Ala residue would be significantly
folded and the torsion angles: ¢ ~ 88°, b = 63° and y = -179° should characterize the backbone conformation.
The preference for the folded C6 structure with no or very weak intramolecular hydrogen bonding interaction
was proposed. Surprisingly, none of the predicted structures exhibited an all-anti conformation for the
methylene segments. Moreover, the critical p torsion angle close to an extended #rans conformation: p =-174°,
in solution conditions, was found to be 1.3-1.6 kcal/mol less stable. From another systematic conformational
investigation of two glutaramide analogues (R-NHCO-(CH;)3;-CONH-R, R = C3H; or CH3), by theoretical ab
initio quantum mechanical calculations in vacuo and experimental X-ray diffraction structure analysis in
crystalline state, Navarro et al. hypothesised®? that “if a small number of methylene groups are present, the
repulsive interactions between the amide groups can induce folding of the methylene units in order to give a
more favourable orientation.”

This work is not only an attempt to provide experimental evidence, but also tests the proposed
hypothesis. The Letter describes the X-ray crystallographic characterization of (CH,);C-O-CONH-CH,-CH,-
CONH-CHj, 1.6 In the model system the terminal secondary amide group provides a convenient evaluation of
the N-H stretch bands of the IR spectral data. Fourier transform infra-red (FT-IR) study of the solid state
provides strong support for the observed conformational behaviour of 1 in crystalline state. In contrast to the
recent theoretical quantum mechanics calculations, the crystal structure and FT-IR analyses favour the
existence of an all-anti conformation of the B-Ala residue.
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The molecular conformation with numbering scheme of 1 is shown in Figure 1 and the relevant torsion
angles are summarised in Table 1.

Figure 1: An ORTEP representation of the molecular structure of (CH,);C-O-CONH-CH;-CH,-CONH-CH;, 1
in solid state. The thermal ellipsoids are shown to the 40% probability level.

Table 1: A comparison of relevant backbone torsion angles (°) of the B-Ala residue.

Peptides ¢ n v References
tBoc-f-Ala-NHCH; -145.5 171.6 154.5 This paper
Boc-f-Ala-OH 87.0 67.0 - 7
Ac-B-Ala-NH, 88.5 628  -179.1 4

An attractive feature of the crystal structure of 1 is an observation of a significantly extended all-anti
conformation of the B-Ala residue. The backbone torsion angles: ¢ = -145.5°, p = 171.6° and y = 154.5°
characterize the molecular conformation. The parallel orientation of the two carbonyl groups present on either
sides of the methylene units is noteworthy. Such an all-anti conformation would preclude the proximation of
the intraresidue C=0 and the N-H groups, to form the weak intramolecular H-bonded C6 structure predicted
theoretically. The existence of an intraresidue electrostatic attraction between the negatively charged nitrogen
and the positively charged carbonyl carbon was hypothesised to explain the stability of the folded gauche
conformation.? From these results it is apparent that the internal non-hydrogen-bonded electrostatic (or dipole)
interactions alone may not be sufficient to force the methylene units of the p-Ala residue to adopt the folded
conformation. Interestingly, on the other hand the crystal structure analysis of /Boc-B-Ala-COOH indicated a
significantly folded backbone conformation with the critical u torsion angle close to a gauche conformation.’
The experimentally observed conformational features in 1 are distinctly different and inconsistent from those
predicted from the quantum mechanical calculations in solution conditions.

Another interesting feature of the crystal structure analysis is the existence of a highly ordered,
energetically more favorable antiparallel arrangement of the molecules (Figure 2). All potential H-bond
acceptor and the donor groups are involved in the formation of four C=O---N-H infermolecular interactions.
The geometrical parameters for the two parallel H-bonds observed in the crystal lattice of 1 are presented in
Table 2. Here, it is worth stressing that such repetitive unidirectional arrangements of the 14-membered H-
bonding ring motif, reminiscent of the one found in an antiparallel B-sheet comprised of a-amino acids,
generate a novel B-sheet-like structure (Figure 2). In marked contrast to an o.-amino acid residue in the B-sheet
structures, the B-Ala residue in its extended form may have a tendency to exhibit such conformational
characteristics (unpublished).2d.3¢ The formation of a two-dimensional supramolecular assembly, stabilized
via amide-amide intermolecular H-bonding interactions, is suggested to be enthalpically favorable.5b
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Figure 2: The two antiparallel strands of /Boc-B-Ala-NHCH3;, 1 along the a axis. Black circles indicate
H-atoms. The parallel arrangements of the two H-bonding interactions are indicated by dotted lines.

Table 2: Intermolecular hydrogen bond parameters for /Boc-3-Ala-NHCHj.

Donor Acceptor Symmetry Distances (A) Angle (°)
N-H 0o Equivalence of O N--O H--O N-H--O
N(1)-H 0O(3) x-1/2,-y+1/2,-z+1 2.856 2.00 170.9
N(2)-H 0(2) x-1/2,-y+1/2,-z+1 2.859 2.02 166.5

Additionally, FT-IR absorption spectrum of 1 in KBr, in the informative amide A region, revealed two
strong bands at ~3352 cm-! and ~3310 cm-!. From the IR results it is safe to conclude that both the amide N-H
groups are involved in strong intermolecular H-bonding interactions. Self association via C=0---N-H
intermolecular interactions, presumably of different strengths, may be of major significance (unpublished
data). The observed H-bonding interactions in the crystal structure compare well with the solid-state IR data.
Unsurprisingly, FT-IR data reported for Ac-p-Ala-NHCH; in a 1ImM CH,Cl, solution, however, indicated
almost complete absence of intramolecular as well as intermolecular H-bonding interactions i.e. the fully
solvated monomeric species.® Further, the appearance of the !H NMR spectrum of C®H, and CPH,
resonances in 1 is typical of A;M,X spin system.S Such spectral pattern appears to be the diagnostic feature of
a significantly extended all-anti conformation of the p-Ala residue.3b-d

Based on the results of ab initio quantum mechanical calculations, independent investigators have
predicted that an all-anti conformation of the two or three methylene units flanked by amide groups, may be
disfavored due to attractive or repulsive interactions, respectively.4> However, the results of crystal structure
analysis of 1 including those reported earlier,? are clearly at variance with the results of theoretical quantum
mechanical calculations*5 and inclined us to suggest that the simple explanation provided by these authors are
not sufficient to explain the complex folding-unfolding behaviour of the methylene units flanked by amide
bonds. The disagreement between experimental data and computationally derived conclusions, even when
solution conditions are taken into account, in any way may not be surprising.5-!0 We believe that in the case of
short linear peptides, the folded and the fully extended all-frans conformations of the B-Ala residue have
small energetic differences that can easily be overcome, influenced and stabilized by the subtle change in the
solvent polarity and the nature of neighbouring constraints introduced (unpublished).!-3
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In conclusion, an experimental conformational analysis of the model system reveals that the

unsubstituted B-Ala residue can be exploited for incorporating novel p-sheet-like secondary structural features
in peptides. The unique orientations of the potential H-bond donor and acceptor groups may result in an
unusual network of the H-bond mediated molecular organization i.e. supramolecular assembly, and when such
scaffolds are strategically positioned on the constituent molecules they may demonstrate their potential in
engineering the structures in solid states.
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