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The secondary structures of oligomeric organic molecules are
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Figure 1. Chemical structures of three typesjppeptides

known to reveal fascinating architectures that can be responsible

for their aesthetic beauty as well as their biological function.
Nowhere are these features more prominently evident than in
peptides and proteins, where the Holy Grail of structure and

The homologous/-peptides were synthesized by following
standard methods of chain extensfoand peptide couplifg
(Figure 1). They-peptidesl—5 were then studied by 2D-NMR

function can be related in many instances to the presence of thein pyridine-ds, which gave much better resolutions compared to

venerablex-helical motif!? The a-helix is ubiquitous in oligo-
mers of naturali-amino acids, and a great deal of scholarly

CD3;OH or CDCk. H NMR resonances and sequence assign-
ments were done by COSY, TOCSY, and ROESY techniques

research has been devoted to the fundamentals of their desigrfor the tetramerl and hexame® (as theirN-Boc 2-(trimethyl-

and secondary structurés.

Recent work published by Seeb&éland Gellmarf, as well
as efforts in our laboratoryhave revealed thai-peptides can
also adopt helical structures in solution, as evidenced mainly by
NMR, molecular modeling, and CD measuremeéifts Other
unnatural oligomers are also known to exhibit interesting second-
ary structureg?

We report thay-peptides derived by homologationieilanine
andL-valine form stable right-handed helical secondary structures
in organic solvents as evidenced by detailed NMR studies.
Remarkably, a mere tetramer unjt-Ala-y-Val-y-Ala-y-Val” is
sufficient for helix formation, a trend which is observed in the

silyl)ethyl or benzyl esters), for the Boc-deprotected octamer (TFA
salt) 3, and for the ¢,S)-methyl-substituted analogudsand 5.
Sequential assignments and structure determination was based on
key interresidue NOES. Families of structures for each molecule
were determined using a restrained molecular dynamics simulated
annealing protocét'® that included NOE-derived distances as
well as NOE and coupling-constant-derived dihedral restraints.
Figure 2 shows the right-handed 2Belical structures of the
tetramersl and4 and hexamer® and5 as well as octame3 as

20 superimposed structures. Taking the latter as a representative
example of a helical structure in solution, the motif exhibits well-
defined ( + 3)NH---O=C(i) H bonds, generating 14-membered

corresponding hexamer and octamer as well. We also show thatrings with a pitch of ca. 5 A. Temperature-dependence experi-

o-substitution in thesg-peptides can further stabilize the helical
structure, provided that the spatial orientation of thgroup is
compatible with the main peptide backbdhe.
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Figure 2. Right-handed 14-helical structures of tetranieftop left),
hexamer2 (top right), octamer TFA sal8 (middle, side view and top
view of 20 superpositions),o(S)-methylated tetramed (bottom left),
and hexamer5 (bottom right). Structures are derived from NMR
constraints. Greer carbon, red= oxygen, blue= nitrogen.

Table 1. Temperature Dependencedd/dT) of *H NMR
Chemical Shifts of the NH Protons ¢fPeptidesl and2 and
(a,9-Methylatedy-Peptidess and5 (1 mM in Pyridineds)?

peptides y-Ala(l) y-Val(2) y-Ala(3) y-Val(4) y-Ala(5) y-Val(6)

1 15.1 12.6 5.4 5.0
2 14.4 13.3 54 3.9 5.8 5.8
4 12.3 10.6 17 2.9
5 10.5 9.1 3.1 2.4 3.0 3.1

aValues are expressed in ppbK

H-bonded structure within the helix (Table 1). Interestingly, the
(a,S-methylated analogues of tetran#eand hexameb showed
smaller NH shifts compared to their unsubstituted precur&ors
and 2, thus indicating a higher order of helix stability, possibly
due to more favorable side-chain hydrophobic interacttbiitie
NH protons ofy-Val(4) andy-Ala(3) are the least shifted in the
presence of increasing concentrations of DM&thus reflecting

Communications to the Editor

ppm 838 86 8.4 8.2 80 7.8 76 74

Figure 3. Chemical shift movements of amide protons of tetrathét
mM in pyridine-ds, 25 °C) in the presence of increasing concentrations
of DMSO-ds (1-15% v/v): (a) Val-2; (b) Val-4; (c) Ala-3; (d) Ala-1.
of tetramerl (Figure 3). Circular dichroism experimettslid
not reveal the characteristic patterns exhibited by helical structures
of o- and f-peptides, an observation also corroborated by
Seebachand Balarant®

The presence of a stable helical structure, even at the level of
a tetramer such a$, is unprecedented for unnatural peptides.
Equally of interest is the consequence cebubstitution in the
tetra- and hexapeptiddsand2. Inspection of models predicted
that an {,9-methyl substituent would not alter the 14-helix
because of its favorable spatial orientation-&igis the main
peptide backbone. Not surprisingly, the,R)-methylated ana-
logue 6 in a related series did not adopt a helical secondary
structure, no doubt due to unfavorable nonbonded interactions
of the a-substituent in a 14-heli%*®

The facility with which y-peptides can assume stable helical
structures in protic and nonprotic solvents such as methandl
pyridine is of interest in many contexts. In addition to the purely
architectural and design aspects, such unnatu@eptides can
exhibit biological activity in their own right. Potentially more
relevant, however, is the prospect that such metabolically longer-
lived peptides can replace topologically similar segments in larger
peptide units formed by naturatamino acids. Insertion of such
surrogate motifs in nonfunctional regions of biologically active
oligopeptides in which relevant natural segments are maintained
would offer a powerful tool toward the engineering of novel
functionally useful hybrid protein¥.
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