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Abstract: Vibrational circular dichroism spectra for three homo-oligopeptides, p-BrBz-[D-(aMe)Phe]y 5-OrBu
and p-BrBz-(D-Iva)s-OrBu, are presented and interpreted to show that the C®-methylated a-amino acids
(aMe)Phe and Iva of the same optical configuration favor helical conformations of the opposite screw sense.
The D-(aMe)Phe tetra- and pentapeptides are folded in a right-handed 31g-helix, which is consistent with
previous findings regarding homo-oligomers of C*-methylated amino acids with y-branched side chains. On the
other hand, the pentapeptide of D-Iva, with a linear side chain, is folded in a left-handed helical sense, in

agreement with the behavior of peptides based on the D-enantiomers of protein amino acids.

Many homo-oligomers of C®-methylated amino acids ! (Scheme I) are known to form stable 3,q-helical
structures. More specifically, recent X-ray studies have indicated that, in the crystal state, C*-methylated
L-amino acids with linear side chains predominently lead to the common right-handed helical form,
whereas in homo-oligomers of C®-methylated L-amino acids with y-branched side chains the unusual left-
handed helical form largely prevails. 2 As we have demonstrated in previous reports,3 vibrational circular
dichroism (VCD), the measurement of CD for fundamental infrared-active vibrations, can provide a unique
tool for identification of the 3;(-helix in peptides and discrimination from the classical a-helical form. In a
conformational study of peptides a major advantage of VCD over electronic CD is the inherent resolution
capability of the infrared region which allows discrimination against interfering transitions, in particular
those associated with the aromatic moieties of blocking groups and amino acid side chains, thereby focusing
on the peptide backbone. 4 Therefore, it seemed natural to us to exploit VCD to investigate the helical
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Scheme 1. The C¥-methylated a-amino acids discussed in this work.
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Figure 1. IR absorption and VCD spectra in the 1750-1475 c¢m™! region of p-BrBz-[D-(aMe)Phe],-OrBu
in CDClI; solution (cell pathlength 100u, peptide concentration 1.25 mg/100xL).

structure of selected C*-methylated homo-oligopeptides in solution both in terms of its nature and screw
sense.

The synthesis and characterization of p-BrBz-[D-(aMe)Phely 5-OrBu [p-BrBz, para-bromobenzoyl;
(eMe)Phe, C*-methyl phenylalanine; OrBu, terr-butoxy] and p-BrBz-(D-Iva)s-OrBu (Iva, isovaline) have
already been reported. > VCD spectra were recorded in CDClj5 solution in the amide I and amide II regions
using a UIC dispersive VCD instrument previously described ¢ and a 10-sec time constant as the average of
eight scans. Identical scans of the solvent were subtracted for baseline correction. All spectra were collected
with a resolution of 9 em-! and calibrated for instrument response using our standard techniques.®

The IR absorption and VCD spectra of p-BrBz-[D-(«Me)Phe]4-OfBu and p-BrBz-(D-Iva)s-OrBu in
the 1750-1475 cm-! region in CDClj solution are shown in Figures 1 and 2, respectively. For the purpose
of comparison, all spectra were normalized to have a peak absorbance of 1.0 for the amide I component.
Thus, the plots read AA/A directly on the amide I absorbance peak and offer an approximate normalization
of the VCD to peptide concentration.

The D-(a«Me)Phe tetrapeptide VCD in the amide I region shows a positive couplet (i.e., negative to
higher energy) with a positive bias. The zero crossing point lies close to the maximum of the large
absorption band centered at about 1670 cm!. The amide II VCD consists of a strong negative band with its
maximum at 1520 cm-!, only slightly shifted down in frequency from the absorption maximum. These
VCD data are comparable in shape, frequency and intensity to those found experimentally for right-handed
3johelical structures 3 and are quite different from the right-handed a-helical pattern 7 in terms of the
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Figure 2. IR absorption and VCD spectra in the 1750-1475 cm-! region of p-BrBz-(D-Iva)s-OrBu in CDCl4
solution (cell pathlength 100 u, peptide concentration 1.25 mg/100 pL).

relative intensity of the amide II band and the bandshape of the amide I. Here the important features
indicating right-handed 3 4-helix formation are the intense, negative amide II band, seen more weakly in
right-handed «-helices, and the positive bias of the positive amide I VCD couplet, where the «-helix
positive VCD couplet is negatively biased. The D-(aMe)Phe pentapeptide gave qualitatively similar results,
but had a somewhat more intense amide I and less intense amide II VCD (not shown). These observed
VCD spectra are those expected for right-handed 3 o-helices formed by protein L-amino acids. However,
the two (eMe)Phe oligomers were synthesized using an amino acid of the opposite (D) configuration.
Therefore, the favored conformation for the oligomers of L-(aMe)Phe is indicated to be left-handed helical.
Furthermore, due to the C®-methyl substitution, the preferred helix appears to be 3,g-helical rather than a-
helical.

For the D-Iva pentapeptide the amide I region VCD consists of a negatively biased couplet with a
negative lobe to lower energy. The absorption band, which has its maximum at 1667 cm™!, lies close to the
zero crossing point of the VCD spectrum. The amide II component exhibits a positive bandshape whose
maximum is centered at 1510 cm-1, which is significantly lower in energy than the absorbance maximum
(1525 cm!y and is much weaker in intensity than the amide I VCD. Unlike the D-(aMe)Phe homo-
peptides, the VCD spectrum for the D-Iva pentapeptide does not uniquely suggest the helical form to be 3
in nature. However, all other available experimental data for this oligomer (crystal structure, infrared
absorption and nuclear magnetic resonance) > indicate formation of a 3g-helix. In addition, the VCD
spectral features are in favor of the left-handed nature of the all-D oligomer of Iva, making its preferred
handedness the same as that adopted by peptides based on the D-enantiomers of protein amino acids.
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In summary, the present VCD findings are in agreement with previous crystal-state conformational

results, 2 in particular that a C-methylated, L-amino acid with a linear side chain (Iva) favors a right-
handed helix, while a C*-methylated L-amino acid with a y-branched side chain [(«Me)Phe] tends to form
a left-handed helix. We also confirmed that the dominant helix formed by the («Me)Phe homo-peptides is
of the 3)( type. Finally, we showed that the screw sense of a helix formed by a peptide of («Me)Phe is
easily determinable by VCD in the amide I and amide II regions, whereas the interpretation of its electronic

CD spectrum may be much less straightforward due to interference by the transitions of the aromatic group.
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