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L-Leu hexapeptide containing o-aminoisobutyric acid (Aib)
forms a right-handed (P) 3,,-helix, whereas that containing
cyclic @,o-disubstituted amino acid Acy,c’®™ assumes a right-
handed (P) o-helix in the solid state.
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a-Aminoisobutyric acid (Aib; a-methylalanine),' ™ in
which the a-hydrogen atom of r-Ala is replaced with a
methyl substituent, has strong propensity for helix formation
and f-sheet breaker. Thus Aib is widely used to construct
helical structures, and to design drug candidates and organo-
catalysts.>® Although the helical structure in proteins almost
always is an o-helix,” the tendency of Aib in short peptides
is a 3,,-helix rather than an a-helix. Furthermore, the Aib is
an achiral amino acid, and thus does not have a bias for the
helical-screw handedness. Over the last decade, chiral o, o-
disubstituted o-amino acids (dAAs) have been widely inves-
tigated.>—” However, the incorporation of chiral a-methy-
lated dAAs into peptides stabilizes the 3,,-helix, but not the
a-helix in short peptides. Moreover, it is believed that o-
helix formation usually requires a peptide having more than
seven amino acid residues,*'®'" and the hexapeptide having
dAA does not form the o-helix, but assumes the 3,,-helix in
the crystal state. Herein, we describe chiral cyclic dAA; 1-
amino-3,4-dimethoxycyclopentanecarboxylic acid (Acyc®M),
which has propensity for o-helix formation, and the right-
handed (P) o-helix of its short Leu-hexapeptide.

We efficiently synthesized (S,S)-Acsc®™ as previously re-
ported,'? and also the enantiomeric (R,R)-Acsc'™™ starting
from dimethyl p-(—)-tartrate. Four L-Leu hexapeptides; Cbz-
(t-Leu-L-Leu-dAA),-OMe [dAA=1: Aib; 2: Acsc; 3: (S,9)-
Acyc®M; 4: (R,R)-Ac,c®M] were prepared by solution-phase
methods.

At first, we studied the preferred conformation of 1—4 in
CDCl; solution (1.0mm) using FT-IR absorption spec-
troscopy. The IR spectra of 1—4 showed a weak band at
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Fig. 1. Achiral and Chiral ¢, a-Disubstituted o-Amino Acids
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3430 cm ™! [free (solvated) peptide NH groups], and a strong
band at 3340 cm ™! [intramolecularly H-bonded peptide NH
groups]. These IR spectra are very similar to those of the re-
ported helical Leu-peptides having Aib.'®

The ROESY or NOESY 'H-NMR spectra did not clearly
show the complete series of sequential dy, cross-peaks of
NOESs, which are characteristic of helical structures. Also, we
could not discriminate between 3,,- and o-helices of the
Acyc®M peptides 3 and 4 because neither the d, (i, i+2) nor
d (i, i+4) (i=1 and 2) cross-peaks of NOEs were shown,
or the relevant peaks were overlapped, whereas the d, (i,
i+2) (i=1 and 2) cross-peaks of NOEs (typical peaks for the
3,,-helix) in the Aib peptide 1 were observed.

Figure 2 shows the CD spectra of 1—4 in 2,2,2-trifluo-
roethanol (TFE) solution, and also in the solid state (KCl
disk). All these spectra show negative maxima at 222—228
and 204—208 nm and a positive maximum at 191—193 nm,
which are characteristic of a right-handed (P) helical struc-
ture. The L-Leu residues in the peptides would control the
helical-screw direction to the right-handedness.'”

Judging from the ratio of R [maxima: 6,,,/0,.] in TFE so-
lution, the Aib, Acsc, and (R,R)-Acsc®M peptides 1 (R=0.3),
2 (R=0.4), and 4 (R=0.4) might form a 3,,-helix and the
(S,5)-AcscM peptide 3 (R=0.6) form a mixture of 3,,- and
a-helices. The CD spectra of Acsc®™ hexapeptides in the
solid state are distinct from those of the Aib and Ac,c hexa-
peptides. The R values of the Acsc®M peptides 3 and 4 were
1.0, while those of the Aib and Acsc peptides 1 and 2 were
0.5 (red-shift of the maximum at 222nm was observed).
These R values mean that the Ac,c®™ hexapeptides form (P)
o-helices and the Aib and Acsc hexapeptides form (P) 3,,-
helices.'"*!'” The CD spectra of prototype Acsc (non-MeO-
substituent) peptide are more similar to those of Aib peptides
than those of Ac,c® peptides. These results validate the im-
portance of the methoxy substituents, especially in terms of
hydrophilicity and stereochemistry, on the cyclopentane ring
for the ar-helix formation.

The crystal structures of Aib hexapeptide 1 and (S,S)-
Acyc®M hexapeptide 3 were determined by X-ray crystallo-
graphic analysis as shown in Fig. 3.9 As usual, in the crystal
structure of the Aib peptide 1, three consecutive hydrogen
bonds of the i«i+3 type, N(4)H---O=C(1) (N---O 3.20 A;
N-H---0 146.3°), N(5)H---:0O=C(2) (N---0 2.99 A; N-H---O
159.5°), and N(6)H---0=C(3) (N---O 3.19A; N-H--O
149.4°)  were observed, albeit the distance of
NB3)H---O=C(0) (N--O 3.43A) is long for a hydrogen
bond. The average ¢,y torsion angles are —66.1°, —31.3°,
meaning the right-handed (P) 3,,-helix.'” Contrary to the
3,,-helix of Aib peptide 1, in the crystal structure of (S,S)-
Acyc®™ peptide 3, two crystallographically independent
molecules 4 and B, which are not 3,,-helices but right-
handed (P) o-helices (3.6 ;-helices) exist, along with
methanol and water molecules. In general, both molecules 4
and B are similar in the peptide backbone, but some differ-
ences at the side chain, the N-terminus protecting group, and
especially at the C-terminal amino acid Ac,c®™ (6) and the
L-Leu (5) were observed. The average ¢,y torsion angles are
A: §=—63.7°, y=—40.4° and B: ¢$=—75.8°, y=—28.4°,
respectively.

Judging from the torsion angles, the molecule B seems to
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Fig. 2. CD Spectra of Leu-Hexapeptides
(A) Hexapeptides 1—4 in TFE solution; (B) 1—4 in KCI disk.

be a distorted (P) o-helix, especially at the amino acid
residues L-Leu (5) (¢=—99.6°, y=—11.4°) and Acsc*™ (6)
(¢p=+64.9°, y=—167.0°). In the crystal state, two consecu-
tive intramolecular hydrogen bonds of the i<i+4 type,
N(S)H--0=C(1) (N---O 2.99A; N-H---O 150.4°) and
N(6)H---0=C(2) (N---O 3.03A; N-H---O 151.1°) in the
molecule 4, and N(5)H---O=C(1) (N---O 2.91 A; N-H---O
145.2°) and N(6)H:--O=C(2) (N---O 2.98A; N-H--O
136.6°) in the molecule B, are found, respectively. The N---O
distances (3.49, 3.76 A) of N(4)H:--O=C(0) in the mole-
cules 4 and B are too long for a hydrogen bond. Interestingly,
the (S5,5)-Acsc?M peptide 3 crystallized to give two shapes of
crystals: plates and needles. The latter seem to have different
lattice parameters.

Molecular-mechanics calculation of the Ac,c®™ hexapep-
tides 3 and 4 with MacroModel produced right-handed (P)
3,,-helices as a global minimum-energy conformation, but
not o-helices.'®

In conclusion, we have disclosed that the propensity of
Acyc®M is an o-helix formation, whereas that of Aib is a 3,,-
helix formation. Although it is generally believed that the o-
helix formation usually needs a peptide composed of more
than seven amino acid residues,*!®'" the L-Leu-hexapeptides
containing Acsc'™ assumed the right-handed (P) o-helices
in the crystal state. These peptides might be one of the short-
est (P) o-helical ones, albeit the 3,,/a-helical pentapeptide
containing Aib has been reported.'” The helicogenic prop-
erty of (S,5)-Acsc® is left-handed and that of enantiomeric
(R,R)-Acyc®M is right-handed,'” though their properties of
helical handedness are weaker than that of L-Leu. The bulki-
ness, flexibility, and hydrophilicity of substituents at the cy-
clopentane ring would affect the secondary structures of their
peptides, not only helical-screw handedness but also helical
pitches (a-helix or 3,,-helix).'*?*?? Study of the detailed ef-
fect of substituents at the cyclopentane rings on the second-
ary structures is currently underway.
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