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C O N S P E C T U S

Unlike R-amino acids, peptides formed from �-amino acids (�-peptides) display stability toward enzymatic deg-
radation and may form turns and helices with as few as four residues. Because both the CR and C� of the

�-amino acid may bear substituents, a large number of �-amino acids can be synthesized. �-Peptides form various
well-defined secondary structures, including 14-helix, 12-helix, 10/12-helix, 10-helix, 8-helix, turn structures, sheets,
and hairpins. For all of these reasons, �-amino acids have been increasingly used as building blocks for molecular
design and pharmaceutical applications.

To explain the conformational features of �-peptides, several quantum mechanics and molecular dynamics stud-
ies that rationalize the observed conformational features have been reported. However, a systematic account that uni-
fies various factors critical to the conformational features is still lacking. In this Account, we present a detailed analysis
of the conformational features of various �-peptides. We start by studying the basic local conformational features of
�-peptides using di- and tripeptide models. Then, various secondary structures of unsubstituted �-peptides with dif-
fering numbers of residues are investigated using a repeating unit approach to derive the intrinsic backbone confor-
mational features.

We find that the 10/12-helix is intrinsically most stable for the �-peptide backbone. The 14-helix, 12-helix, and
10-helix structures have similar stabilities for �-peptide backbones of four to six residues. The substituent effects on
the stabilities of �-peptide secondary structures are then analyzed. Combined with the substituent effect and the intrin-
sic backbone preferences, all experimental observations of secondary structure formation can be understood. For exam-
ple, the 10/12-helix is favored for like-�2/�3-peptides, unlike-�3/�3-peptides, and �3/�-hGly-peptides because these
substitution patterns do not cause steric problems for the 10/12-helix. �3-Peptides, �2-peptides, and �2,3-peptides favor
the 14-helix because the substituents in these peptides benefit the 14-helix the most but significantly destabilize the
10/12-helix. Because the 10/12-helix is intrinsically favored and has two favorable positions in each residue for sub-
stituents, many more hybrid �-peptides are predicted to exist in this secondary structure, which suggests the need
for further experiments. These results are valuable for determining the best use of these building blocks in the design
of well-structured molecules with desirable chemical functions.

Introduction
The �-Peptide, formed by �-amino acids (�-AAs), has

been a subject of intensive study in the past

decade.1-3 Several major findings have been made:

(1) �-Peptides can form various well-defined second-

ary structures.4-6 Unlike R-peptides, �-peptides as
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short as four residues may form helical or turn structures in

hydroxylic solvents, allowing structure-based molecular design.

(2) In contrast to R-peptides, �-peptides normally display stabil-

ity toward enzymatic degradation,7 such as proteolytic8 and

metabolizing enzymes in microorganisms,9 insects,10 and mam-

mals.11 This makes �-amino acids useful building blocks in pep-

tidomimetic drug design. (3) Significant progress has been made

in using �-peptides to mimic biological functions of R-peptidic

secondary structures. These include antibiotic,12-14

anticancer,15-18 and anti-HIV functions,19,20 DNA21,22 and RNA23

binding, and cell penetration.24

Since a �-amino acid can have substituent(s) at both CR (C2)

and C� (C3) positions, in principle, a �-amino acid has much

richer possible derivatives than an R-amino acid. Indeed,

many methods have been developed for the synthesis of

�-AAs.25-28 Given in Figure 1 are some �-AAs. The parent

�-AA is often called �-hGly or �-Ala. �2-AAs and �3-AAs have

a substituent at the CR and C� positions, respectively. When

both CR and C� are alkyl-substituted, we can have like [(R,R) or

(S,S) configuration] and unlike [(R,S) or (S,R)] �2,3-AAs. Other

types of di- and trisubstituted �-AAs are defined in a similar

way. It is expected that the bank of �-peptide derivatives is

very rich by combining different types of �-AAs to form amide

bonds.

As shown in Figure 2, a �-peptide can form various differ-

ent patterns of hydrogen bonds, which result in various sec-

ondary structures. The stereoviews of these secondary

structures are shown in Figure 4a. A 14-helix is formed by

contiguous 14-membered ring (14-mr) hydrogen bonds

between the N-H of the ith residue and the CdO of (i + 2)th

residue. In a similar way, a 12-helix is formed by contiguous

12-mr hydrogen bonds between the CdO of the ith residue

and the N-H of (i + 3)th residue. A 10-helix has contiguous

10-mr hydrogen bonds. If contiguous 8-mr and 6-mr hydro-

gen bonds are formed, these structures are called 8-helix (or

28-ribbon) and C6-ribbon, respectively. A special helical struc-

ture with alternate 10-mr hydrogen bonds and 12-mr hydro-

gen bonds is named 10/12-helix. Different from other helical

structures, which have all the carbonyl groups oriented in the

same direction, the 10/12-helix has adjacent CdO groups in

alternate up and down orientations. Of course, a �-strand is

also possible, which has all the carbonyl groups oriented in

nearly the same plane, allowing intermolecular hydrogen

bond formation to form sheet structures.

While the secondary structures of R-peptides are signifi-

cantly affected by side chain properties, the secondary struc-

tures of �-peptides appear to be mainly determined by the

substitution patterns. The groups of Gellman and Seebach dis-

covered the 14-helix at about the same time.29,30 While Gell-

man’s group studied �-peptide formed by (S,S)-2-amino-

cyclohexane carboxylic acid (trans-2-ACHC),30-33 a special

class of �2,3-peptide with a six-membered backbone ring, See-

bach’s group studied �2- and �3-peptides.29,34-37 Later, See-

bach et al. found that (S,S)-�2,3-amino acids can also form

14-helix.38 In the case of trans-2-ACHC, peptides as short as

five to six residues can exist in the 14-helix. Shortly after the

discovery of the 14-helix, Seebach’s group reported the for-

mation of the 10/12-helix by like-�2/�3-peptides with alter-

nate �2- and �3-AAs in the same configuration,39,40 (like- is

dropped hereafter). Later, unlike-�3/�3-peptides41 and �3/�-

hGly-peptides were also found to form the 10/12-helix.41

Thus, the 10/12-helix appears to be formed by alternate �-AA

units. The report by Gellman’s group of the formation of

12-helix by �2,3-peptides composed of trans-2-aminocyclo-

pentanecarboxylic acid (ACPC) and trans-3-amino-pyrrolicine-

4-carboxylic acid (APC) is very interesting because these �-AA

units have five-membered ring backbones.42-45 A 10-helix

was reported by Fleet et al. for the �-peptide formed by mono-

mers with a four-membered ring constraint.46 The structural

features of �2,2-peptides were also studied. While the solu-

tion structure of �2,2-peptides by dimethyl substitutions could

not be determined with certainty,47 the 8-helix was found

FIGURE 1. Schematics of R-amino acids and �-amino acids.
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when the �-peptide has a cyclopropane ring at the CR posi-

tion.48 An 8-helix structure was found for oxanornene �-pep-

tide with constraint of CR-C� dihedral angle to about 120°49

and �-peptide consisting of (2R,3S)-3-amino-2-hydroxy acid

residues.50 In addition, �-turns,47,51 hairpin52-56 and parallel-

pleated sheet57 structures were also found for �-peptides.

Many theoretical studies of �-peptides have been

reported.49,58-77 We58-62 and Hoffmann’s group63-67 have

carried out extensive quantum mechanics studies of short

�-peptides both in the gas phase and in solution. Van Gun-

steren and Seebach reported a series of molecular dynamics

studies on the conformational distributions and dynamic fea-

tures of �-peptides.68-77 These studies in general reproduce

the observed structural features well. In some cases, predic-

tions were made that were later confirmed by

experiments.49,59,63 However, a systematic account of the con-

formational features of these peptides, especially systematic

evaluation of the substituent effects on secondary structure

formation is still lacking.59,65 This paper summarizes the

results from quantum mechanics studies and provides a sys-

tematic analysis of the conformational features of these pep-

tides for a more detailed understanding of the observed

FIGURE 2. Summary of observed secondary structures of �-peptides.

FIGURE 3. Conformational features of the parent �-dipeptide and �-tripeptide models. Relative free energies are in kcal/mol.
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conformational features of these peptides. A summary on the

molecular dynamics studies can be found in ref 5.

Conformational Features of Unsubstituted
�-Dipeptide
A study of a dipeptide model 1 is useful to obtain the local

conformational features of �-peptide. Several stable confor-

mations of 1 are shown in Figure 3. Calculations indicate that

the most stable conformation is a C6 structure (1a).58 Based

on a long (N)H · · · O distance of 2.46 Å and a small N-H · · · O

angle of 108°, this structure has only a weak hydrogen bond.

The second most stable conformation is 1b, which has a

strong 8-mr hydrogen bond. This structure is less stable than

1a by about 1.2 kcal/mol in methanol. This conformational

preference of unsubstituted �-dipeptide is very different from

that of R-aminoxy dipeptide.78 As shown in Scheme 1, R-ami-

noxy peptide can be considered as derived from �-peptide by

replacing C� (C3) with O (X ) O). This type of peptide has been

found to show a characteristic tendency to form eight-mem-

bered ring hydrogen-bond local structure, leading to 8-helix

(or 28-ribbon) structure for homologous peptides.79 An R-ami-

noxy-dipeptide can also have C6 and C8 conformations, but

its C8 structure is calculated to be more stable than the C6

structure by about 2.2 kcal/mol in methanol. The dramatic dif-

ference in the conformational features between �-peptide and

R-aminoxy-peptide can be mainly attributed to the conforma-

tional preference of the OdC-CR-X dihedral angle. For

R-aminoxy-peptide (X ) O), OdC-CR-O strongly favors to be

anti (about 180°) instead of syn (about 0°), because the syn

conformation would have considerable electrostatic repulsion

between the two oxygen atoms. Thus, the C6 structure, which

has syn OdC-CR-O, is destabilized. On the other hand, for

�-peptides (X ) CH2), there is a preference for OdC-CR-C�

to be syn, also because of electrostatic reasons. Therefore, the

C6 conformation is favored over the C8 conformation.

For the �-dipeptide, the conformations corresponding to

those in 10/12-helix (1d) and 14-helix (1e) (Figure 3) are

found to be local minima, although they are less stable than

FIGURE 4. The stereoviews and energetics of various secondary structures of �-peptides

SCHEME 1. Backbone Conformational Preferences of R-Aminoxy
Peptide and �-Peptide
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the C6 conformation. It is noted that these structures, along

with the C6 and C8 structures, all have a gauche

N-C�-CR-Csp2 dihedral angle. We believe that this gauche

conformation is stabilized by electrostatic interactions between

the negatively charged N and partially positively charged

Csp2, as shown in Scheme 1. Since such a gauche conforma-

tion is required for helical structures, we propose that this is

one of the reasons why �-peptides tend to form various heli-

cal structures.

A conformational study of unsubstituted �-tripeptide model

2 (Figure 3) reveals further interesting conformational features

of �-peptides. While the conformation with two consecutive C6

units (2a) is still most stable, and conformations with two con-

secutive C8 units are unstable (not shown),59 three structures

with 10-mr and 12-mr hydrogen bonds (2b-d) are found to

be reasonably stable, as shown in Figure 3.

Structures 2b and 2c have 12-mr and 10-mr hydrogen

bonds, respectively. They have similar stabilities in CH3OH

solution, both being about 1 kcal/mol less stable than 2a. Both

of them have alternate up and down carbonyl groups. The six

dihedral angles from φ1 to ψ2 are almost symmetrical, espe-

cially in 2c (77.9°, 61.9°, -110.5°, -90.8°, 59.2°, and 81.4°).

Most importantly, φ1, µ1, and ψ1 of 2b are almost the same

as φ2, µ2 and ψ2 of 2c, and vice versa. These observations

indicate that if an additional �-peptide residue extends at

either end of structure 2b or 2c, a new 10-mr or 12-mr sta-

ble hydrogen bond will form, resulting in a repeating unit of

the 10/12-helix. The results indicate that the 10/12-helix may

be intrinsically favorable for the �-peptide backbone.

Structure 2d is also in a 10-mr strongly hydrogen-bonded

structure. It is a perfect turn structure. We predict that in

CH3OH this structure is only about 0.3 kcal/mol less stable

than 2a.59 This suggests that a �-hGly-�-hGly unit might be a

potential �-turn promoter in designing a hairpin structure.

Indeed, this unit is found in many cyclic peptides and has

been suggested to form a turn structure. Both 2c and 2d have

been found to be turn structures of �-peptides.51-56

10/12-Helix Is the Intrinsically Most
Favorable Secondary Structure of
Unsubstituted �-Peptide
To have a better understanding of the secondary structure for-

mation of �-peptides, we followed the strategy of studying the

intrinsic backbone preference first, followed by further consid-

eration of the substituent effects of various substitution pat-

terns on the stabilities of secondary structures. Therefore, by

using a simple repeating unit method, we theoretically stud-

ied the preferences for C6-ribbon, �-strand, 8-helix, 10-helix,

12-helix, 14-helix, and 10/12-helix structures of a series of

poly-�-hGly models, Ac-(�-hGly)n-NH2, with n up to nine resi-

dues.60

Geometry. Figure 4a shows fragments of the seven sec-

ondary structures. Some geometrical parameters are given in

Table 1. The C6-ribbon has a long O · · · H(N) distance of 2.35

Å but a very small O · · · H-N angle of 103°. Therefore, there

is no strong hydrogen bonding. Each residue rotates by about

240°, and about 1.5 residues finish a turn. The 8-helix is very

similar to the C6-ribbon, but the larger ring is relatively more

flexible and thus has stronger hydrogen bonds. The �-strand

has all the carbonyl groups on one side. Each residue extends

about 5 Å. However, the carbonyl groups form a convex struc-

ture instead of being perfectly parallel. This is because the

OdC-CR and OdC-N angles are about 122.5°, while the

CR-C-N angles are only about 115°. The 10/12-helix has

alternate 10-mr and 12-mr hydrogen-bonded structures and

features alternating up and down dipoles. Therefore, the

10/12-helices have small dipole moments. The 12-mr has a

larger O · · · H-N angle (163°) than the 10-mr (138°) has. We

expect that the 12-mr possesses somewhat larger stability

than the 10-mr does. The 10-mr in the 10-helix structure is

different from the 10-mr in the 10/12-helix structure. The

three dihedral angles (φ, µ, ψ) all have positive values (74°,

51°, 74°). Compared with the 14-helix structure, the 12-helix

structure has shorter O · · · H(N) distances and larger O · · · H-N

angles for the hydrogen bonds. As shown in Table 1, the cal-

culated values of the φ, µ, and ψ dihedral angles for these

TABLE 1. Calculated Geometrical Parameters (Experimental Data in Parentheses) of Secondary Structures of �-Peptidesa

structure residues/turn rise (Å) pitch (Å) φ (deg) µ (deg) ψ (deg)

C6-ribbon 1.7 4.0 6.8 99.2 62.9 175.8
�-strand 4.9 180.0 180.0 180.0
10/12-helix 2.7 2.1 5.7 -99.3/89.5 61.3/65.9 89.9/-110.6
14-helix 3.1 (3.0) 1.7 (1.6) 5.2 (5.0) -141.6 59.9 -133.3
12-helix 2.7 (2.5) 2.2 (2.1) 5.9 (5.6) -88.5 89.3 -111.4
10-helix 2.6 2.3 6.0 73.5 51.3 73.6
28-ribbon 2.2 3.0 6.7 -111.5 68.6 13.9

a See Figure 4 for structures.
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structures are in close agreement with reported X-ray crystal

structures.30,42

Relative Stabilities in the Gas Phase. Figure 4b gives the

plots of the calculated relative energies of these secondary

structures with respect to the C6-ribbon structure in the gas

phase.60 Several features are apparent. (1) The C6-ribbon is

the most stable when n ) 1-2. (2) The energy of the 8-helix

is almost parallel and very close to the energy of the C6-rib-

bon. (3) The relative energy of the �-strand linearly increases

with respect to the C6-ribbon. Each residue of the �-strand is

about 6 kcal/mol less stable than that of C6-ribbon. This large

distabilization is apparently due to repulsions between neigh-

boring dipoles. (4) The 10-helix and 12-helix have similar sta-

bilities, and they are stabilized with respect to C6 when n is

increased. (5) The 14-helix is the least stable helical struc-

ture in the gas phase, and it is about 7-9 kcal/mol less sta-

ble than the 10-helix and 12-helix. As will be shown later, this

situation changes in methanol solution. (6) For peptides with

more than two residues, the 10/12-helix is the most stable.

The preference for this helical structure over the other sec-

ondary structures increases significantly when the peptide

becomes longer. This clearly indicates a large intrinsic prefer-

ence for a �-peptide to adopt the 10/12-helical structure in the

gas phase.

Relative Stabilities in Methanol Solution. SCIPCM model

calculations of the effects of methanol solvent on the stabili-

ties of the secondary structures indicate that the �-strand and

14-helix benefit significantly from the solvent effect. The

10-helix and 12-helix are stabilized to a smaller extent. The

C6-ribbon and 8-helix are even less stabilized because of their

reduced dipole moments compared with the 14-helix. The

10/12-helix, which has the smallest dipole moment, is least

stabilized by the polar solvent.

The calculated relative energies of the seven secondary

structures in methanol solution are plotted in Figure 4c. The

10/12-helix is still the most stable structure for peptides with

more than two residues. The �-strand is still the least stable,

but its destabilization is significantly reduced. The most inter-

esting feature is the relative stability of the 12-helix and

14-helix. In the gas phase, the 12-helix is more stable than the

14-helix by about 6-8 kcal/mol, while in methanol solution,

the 14-helix becomes more stable for peptide models with

more than four residues.

Substituent Effects on the Stabilities of
Various Secondary Structures of �-Peptides
The substituent effects on the stabilities of these secondary

structures were studied by adding methyl groups at different

positions of these structures. Shown in Figure 5 are the repeat-

ing units of the seven secondary structures of �-peptide. These

structures are arranged in right-handed rotation for consis-

tency. For each structure, the favored substitution positions are

indicated by large circles. The numbers given to different posi-

tions are the estimated relative stabilities for methyl substitu-

tions at those positions with respect to the methyl substitution

at the CR of the C6-ribbon. The positions without a number

indicate that methyl substitutions cause significant destabili-

zation and can be ruled out.

The results indicate that for a �2-amino acid with a methyl

substituent at CR, the most favored positions are (R)-�2 of the

FIGURE 5. Estimated substituent effects on the stabilities of various secondary structures of �-peptides. All structures are in right-handed
rotation. The values are relative energies of methyl substituents with respect to the methyl substituent at the �2 of C6-ribbon.
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14-helix (-1.3 kcal/mol) and (S)-�2 of unit 2 of the 10/12-

helix (-1.2 kcal/mol). For a �3-amino acid with a methyl sub-

stituent at C�, the most favorable positions are (R)-�3 of the

14-helix (-3.6 kcal/mol) and (S)-�3 of unit 1 of the 10/12-

helix (-2.7 kcal/mol). Of course, these results can also be

applied to left-handed helices by changing (R) to (S) and vice

versa.

Analysis of Secondary Structure
Preferences of �-Peptides
By combining these substituent effects with the intrinsic sta-

bilities of the secondary structures, we can predict the favored

secondary structures for �-peptides with various substitution

patterns.

10/12-helix. Since the 10/12-helix has a significant intrin-

sic preference over all the other secondary structures, a �-pep-

tide should exist in this structure if the substituents do not

cause significant destabilization to the structure. The three

�-peptides with the 10/12-helix shown in Figure 2 are such

cases. First of all, �3/�-hGly-peptides should favor the 10/12-

helix because this type of peptide has an (S)-�3 substituent in

its unit 1 and no substituent in its unit 2 (Figure 5). �2/�3-pep-

tides should prefer the 10/12-helix because substituents take

the (S)-�2 position of unit 2 and the (S)-�3 position of unit 1;

both positions are favorable. The unlike-�3/�3-peptides also

favor the 10/12-helix because the (S)-�3 in unit 1 and the

(R)-�3 in unit 2 are favorable positions.

Since the 10/12-helix has four favorable positions for sub-

stitutions, namely, (S)-�2 and (R)-�3 positions of unit 1 and

(R)-�2 and (S)-�3 positions of unit 2, the types of �-peptides

that can exist in this secondary structure may not have been

fully realized. Shown in Figure 6 are some other �-peptides

that we predict to potentially favor the 10/12-helix. All these

�-peptides are in hybrid fashion. These predictions suggest the

need for further experimental studies. In this connection, it is

remarkable that Kessler et al. reported a 10/12-helix for com-

pound 3.80 The hybrid �-peptide is formed by alternative

trans-5-mr �-amino acid and �-hGly.

14-Helix. In the cases of �3/�-hGly-peptides and �2/�3-

peptides, the substituent effects are actually somewhat more

favorable for the 14-helix over the 10/12-helix. Nevertheless,

the 14-helix is not observed because it is intrinsically less sta-

ble than the 10/12-helix. However, the experimental obser-

vations that �2-peptides, �3-peptides, and �2,3-peptides exist

in the 14-helix are supported by the theoretical study. The

substituents in these �-peptides significantly stabilize the

14-helix over the other secondary structures as indicated by

the results in Figure 5. For example, all these substitution pat-

terns significantly destabilize the 10/12-helix because some

substituents will have to be in very unfavorable positions.

12-Helix. Although the 12-helix has a small intrinsic pref-

erence over the 14-helix for the unsubstituted �-peptides (Fig-

ure 4), the substituent effects considerably favor the 14-helix

over the 12-helix. Therefore, the 12-helix is normally unfa-

vorable. However, distinct from other secondary structures, the

12-helix requires a µ-dihedral angle of about 90°. This can be

achieved perfectly with a trans-ACPC unit with a 30° dihedral

angle for the two substituent bonds in the cyclopentane ring.57

FIGURE 6. Predictions of hybrid �-peptides that may adopt 10/12-
helix secondary structure based on the results in Figure 5.

FIGURE 7. Calculated potential energy surfaces of 2,2-
dimethylpropanamide and 2-methylcyclopropane carbamide.

Secondary Structures of �-Peptides Wu et al.

1424 ACCOUNTS OF CHEMICAL RESEARCH 1418-1427 October 2008 Vol. 41, No. 10



10-Helix. While other secondary structures favor a µ-di-

hedral angle of larger than 60°, the 10-helix requires a smaller

µ-dihedral angle. This can be achieved by a cis four-mem-

bered-ring substitution pattern.46

8-Helix. Figure 5 shows that simple alkyl substituents do

not favor the 8-helix. However, this is the only structure with

the amide carbonyl group gauche to the two CR-H bonds.

When a cyclopropane ring is introduced, there is a strong pref-

erence for the CdO to bisect the cyclopropane ring. As shown

in Figure 7, two simple amide systems were calculated, one

modeling dimethyl substitution and the other modeling cyclo-

propane substitution. The calculated potential energy surfaces

are very different. With dimethyl substitution, there is little

conformational preference and the dihedral angle should be

very flexible. However, in the cyclopropane case, there is a

large preference for the carbonyl group to bisect the cyclopro-

pane ring, which is required for the formation of the 8-helix

(see Scheme 1). This conformational preference is mainly due

to a hyperconjugative interaction between the cyclopropane

and the carbonyl group, instead of due to steric effect.

�-Strand and Pleated Sheets. In unlike-�2,3-peptides,

namely, peptides formed by (2R,3S) or (2S,3R) type �-amino

acids, all helical structures are destabilized because one of the

two substituents has to take an axial position, which inter-

feres with the helix formation. The �-strand, however, does

not suffer from this problem.62 In this case, the two substitu-

ents take the two sides of the backbone and are nearly per-

pendicular to the backbone. Conformational analysis clearly

indicates that this is the most favorable conformation.61,62

Calculations using dipeptide models indicate that the intrin-

sic hydrogen bond strength is large for both parallel and anti-

parallel sheets and affected little by substituents. However,

unlike-�2,3-peptides have much stronger sheet-forming abili-

ties because their backbones are locked in an ideal confor-

mation for sheet formation. Calculations also suggest that

sheets have to adopt a twisted geometry (Figure 8a), that is,

the �-strand has to be pleated asymmetrically (ψ being larger

than φ), similar to the �-sheets of R-peptides. This is because

a planar or ideally pleated �-strand has a concave geometry

(see Figure 4A), which is unfavorable for the formation of

sheets. Another interesting finding from the calculations is that

there is a large cooperativity in the formation of sheets by

�-peptides. This is because all carbonyl groups must be

arranged in the same direction, which leads to attractive

dipole-dipole interactions between each pair of dipoles as

long as they are in different �-strands, as illustrated in Figure

8b. This explains why �2,2-peptides are observed to be in non-

hydrogen-bonded sheet structures in the solid state.81

Concluding Remarks
In this paper, the structural features of �-peptides have been dis-

cussed. �-Peptides have a strong preference for a gauche

N-C�-CR-C(dO) dihedral angle due to the electrostatic attrac-

tion between N and C(dO). This is an important reason why

�-peptides tend to form helical and turn structures. In contrast to

R-aminoxy-peptides, �-peptides do not favor an 8-mr hydrogen-

bonded local conformation; this allows the formation of 10-, 12-,

and 14-mr hydrogen bonds, leading to various secondary struc-

tures. The secondary structures of various types of �-peptides

were analyzed based on intrinsic backbone conformational pref-

erences and substituent effects. Experimentally observed second-

ary structures can be well understood. In addition, since the

10/12-helix is found to be the most favorable for the �-peptide

backbone, several hybrid peptides shown in Figure 6 are pre-

dicted to favor this secondary structure. This should stimulate fur-

ther experimental studies.
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35 Etezady-Esfarjani, T.; Hilty, C.; Wüthrich, K.; Rueping, M.; Schreiber, J. V.; Seebach, D. NMR-
structural investigations of a �3-dodecapeptide with proteinogenic side chains in methanol and
in aqueous solutions. Helv. Chim. Acta 2002, 85, 1197–1209.

36 Hart, S. A.; Bahadoor, A. B. F.; Matthews, E. E.; Qiu, X. J.; Schepartz, A. Helix
macrodipole control of �3-peptide 14-helix stability in water. J. Am. Chem. Soc.
2003, 125, 4022–4023.

37 Seebach, D.; Mathad, R. I.; Kimmerlin, T.; Mahajan, Y. R.; Bindschädler, P.; Rueping, M.; Jaun,
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