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Abstract: Ac-(Aib-Ala)3-OH (a protected segment of the peptaibols gliodeliquescin and paracelsin), Z-Leu-
Aib-Val-Aib-Gly-OtBu (a segment of [Leu]7-gliodeliquescin), Z-Val-Aib-Aib-Gln-OtBu (a common segment of
alamethicin, paracelsin, and hypelcin), and Ac-Aib-Pro-(Aib-Ala)2-OMe and Z-Aib-Pro-(Aib-Ala)2-OMe, which
represent differently Na-protected 1–6 segments of alamethicin and hypelcin, have been synthesized by
solution methods. The crystal-state conformations of these five Aib-containing peptides have been deter-
mined by X-ray diffraction analysis. We have confirmed that the 310-helical structure is preferentially
adopted by Aib-rich short peptides. An experimentally unambiguous proof for the 310�a-helix conversion
has been provided by the two differently N-blocked -Aib-Pro-(Aib-Ala)2-OMe hexapeptides. The b-bend
ribbon conformation, commonly observed in the (Aib-Pro)n sequential oligopeptides, is not found in the
-Aib-Pro-Aib-Ala-Aib-Ala- sequence. As expected on the basis of the L-configuration of the Ca-monoalkylated
residues, a right-handed helix screw sense was found in all peptides investigated. © 1998 European Peptide
Society and John Wiley & Sons, Ltd.
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INTRODUCTION

2-Aminoisobutyric acid, Aib, characterizes an im-
portant family of natural antibiotics, the peptaibols
[1], which alter the ionic permeability of biological
membranes by forming channels.

It is well established that the presence of two
methyl groups on the Ca-carbon in Aib residues

imposes a marked restriction on the available con-
formational space [2–4]. As a consequence, folded
and helical structures of the 310- and a-helical
types [5,6] are significantly more stable than any
other type of structure. On the other hand, the
energy difference between the 310- and a-helical
structures is rather small.

All Aib homo-peptides investigated so far adopt a
regular 310-helical structure [5] (also described as a
succession of type III or III% b-bends) and no critical
chain length for 310-helix formation was found.

The presence in an Aib peptide chain of other
residues might switch the conformation from a 310-
helix to an a-helix depending on the total length of
the peptide, on its composition and Aib content [6].
The critical chain length for a-helix formation in an
pBrBz-(Aib-Ala)n-OMe sequential oligopeptide se-
ries was investigated both in the crystal state and in
solution [7–9]. The octapeptide (n=4) turned out to
be the shortest peptide exhibiting the a-helical con-
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formation. It is evident that the 310�a-helical tran-
sition takes place as a consequence of the main-
chain-length increase.

In addition, in a sequential peptide series with
alternating Aib and Pro residues, partial disruption
of the conventional H-bonding scheme typical of the
310-helix is observed because of the presence of Pro
residues. The resulting structure is the so called
b-bend ribbon conformation [10,11], which is ex-
tensively adopted by the longest oligomers in the
terminally blocked -(Pro-Aib)n- and -Aib-(Pro-Aib)n-
sequential peptide series [12]. This structure should
be considered a subtype of the 310-helix, having
nearly the same helical fold of the peptide chain and
being stabilized by 50% of the usual intramolecular
N–H···O�C H-bonds of type III b-bends.

Several peptaibol antibiotics have been isolated
from different fungal sources. Our laboratories have
been involved in the elucidation of the chemical
structure and conformation of natural peptaibols
and their segments [13–21]. To further investigate
the conformation of these molecules and their seg-
ments and to establish the influence of amino acid
composition and sequence on the type of helix
adopted by the Aib-rich peptide chains we have
analysed the crystal-state structures of the follow-
ing peptides: Ac-(Aib-Ala)3-OH and Z-Val-Aib-Aib-
Gln-OtBu, which are the protected segments 1–6 of
gliodeliquescin [22] and paracelsin [23] and 15–18
of alamethicin [24], paracelsin and hypelcin [25],
respectively, and Z-Leu-Aib-Val-Aib-Gly-OtBu, the
protected segment 7–11 of synthetic [Leu]7-gliodeli-
quescin. We also report the crystal-state conforma-
tion of the two differently Na-blocked peptides
Ac-Aib-Pro(Aib-Ala)2-OMe and Z-Aib-Pro (Aib-Ala)2-
OMe, whose sequence represents the 1–6 segment
of alamethicin and hypelcin. These two peptides, on
the other hand, can also be considered analogues of
the 1–6 fragment of gliodeliquescin A.

Our results show that the 310-helical structure is
preferentially adopted by these short peptides, but
they additionally demonstrate that a subtle balance
between the 310- and a-helical structures is at
hand, which in the crystal state is also influenced
by crystal forces involving the terminal blocking
groups.

RESULTS

The X-ray diffraction structures of Ac-(Aib-Ala)3-
OH, Z-Val-Aib-Aib-Gln-OtBu and Z-Leu-Aib-Val-
Aib-Gly-OtBu are given in Figure 1A, B, and C,

respectively. The structures of Ac-Aib-Pro-(Aib-
Ala)2-OMe and Z-Aib-Pro-(Aib-Ala)2-OMe are given
in Figure 2A and B, respectively. Ac-(Aib-Ala)3-OH is
found as a solvate: in the crystal a molecule of
methanol bridges symmetry-related peptide
molecules. The conformation of each molecule is
analytically described by the f, c and v conforma-
tional angles [26] listed in Table 1 for all peptides.
Intra- and intermolecular hydrogen-bonds are given
in Table 2.

Figure 1 (A) Stereoview of the X-ray structure of Ac-(Aib-
Ala)3-OH. (B) Stereoview of the X-ray structure of Z-Val-
Aib-Aib-Gln-OtBu. (C) Stereoview of the X-ray structure of
Z-Leu-Aib-Val-Aib-Gly-OtBu. Intramolecular hydrogen-
bonds are indicated as dashed lines.

© 1998 European Peptide Society and John Wiley & Sons, Ltd. J. Peptide Sci. 4: 502–510 (1998)



AUBRY ET AL.504

Figure 2 (A) Stereoview of the X-ray structure of Ac-Aib-
Pro-Aib-Ala-Aib-Ala-OMe. (B) Stereoview of the X-ray
structure of Z-Aib-Pro-Aib-Ala-Aib-Ala-OMe. Intramolecu-
lar hydrogen-bonds are indicated as dashed lines.

screw sense is dictated by the presence in the pep-
tide of the L-Ala residues. The incipient 310-helix is
completed into one full turn of helix by an addi-
tional, distorted, type I b-turn in which the third
(Aib3) and fourth (Ala4) residues are involved. The
conformation of the C-terminal portion of the pep-
tide is in part stabilized by the extremely weak
intramolecular N6···O2 hydrogen-bond forming a
C16 ring structure. This structural motif is typically
found at the C-terminus of peptide helices [8,28].
The onset of this conformation, including a chiral
reversal at the penultimate (n−1) residue, is facili-
tated by the achiral nature of Aib5 and the intrinsic
tendency of the residue at the n−2 position (Ala4)
to adopt a conformation in the bridge region of the
f, c space [29]. The O2 carbonyl oxygen is hydro-
gen-bonded as acceptor to two donor N–H groups
(N4–H and N6–H). The Ala6 residue falls in the
extended region of the f, c map. Interestingly, the
C-terminal blocked peptide pBrBz-(Aib-Ala)3-OMe,
having the same peptide sequence but a different
blocking group at the N-terminus and an ester C-
terminal group, was found to be in a fully developed
right-handed 310-helical conformation, with four
consecutive 1<4 intramolecular C�O···H–N hydro-
gen-bonds and average f, c values −62° and −25°
[7], without formation of the C16 ring structure.

The shorter pentapeptide Z-Leu-Aib-Val-Aib-Gly-
OtBu shows the same helical fold of the backbone
as that found in Ac-(Aib-Ala)3-OH for the first two
residues, a type III b-turn involving the Aib3 N–H
group as donor and the urethane C�O group as
acceptor. Then, a type I b-turn follows in which the
Aib4 N–H is H-bonded to the Leu1 C�O. This folding
motif is closed at the C-terminus by a C16 structure,
analogous to that found in Ac-(Aib-Ala)3-OH and
stabilized by an intramolecular hydrogen-bond be-
tween the Gly6 N–H group and the urethane C�O
group. Thus, the urethane C�O group acts as ac-
ceptor of two hydrogen-bonds. Again, as in the
structure of Ac-(Aib-Ala)3-OH, the C16 structural
motif is facilitated by the presence of an achiral
residue (Aib4) and a residue in the bridge region of
the f, c map (Val3). This motif is a widely observed
helix-terminating conformation in proteins and it is
usually achieved by the adoption of a left-handed
helical (aL) conformation by a C-terminal residue
and it could be readily mimicked in synthetic pep-
tides by placing an achiral residue at the penulti-
mate position of the helix. These conditions are
both verified in Z-Leu-Aib-Val-Aib-Gly-OtBu.

The protected tetrapeptide Z-Val-Aib-Aib-Gln-
OtBu is folded in two consecutive b-turns of type II

As usually found in short or medium-sized Aib-
rich peptides [5,6], the conformation of each peptide
is either described as an (incipient) 310- or a-helix.
In all molecules the helix screw sense is right-
handed, as expected on the basis of the L-configura-
tion of the C-monoalkylated residues.

The N-terminal blocked hexapeptide Ac-(Aib-
Ala)3-OH shows a right-handed 310-helical fold for
the first three residues in the chain with average f,
c torsion angles −55.1°, −30.9°, very close to
those typical of this type of helix [27], and the
formation of two consecutive type III b-turns (C10

structures) stabilized by 1<4 intramolecular
C�O···H–N hydrogen-bonds. The right-handed
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Table 1 Conformational Angles (in Degrees)

Peptides/Residues 1 62 3 4 5

Ac-(Aib-Ala)3-OH f −75.5(3)−56.7(4) −55.8(3) −52.8(3) −103.3(2) 81.0(2)
c −28.6(3) −29.4(3) −34.8(3) 17.9(2) 14.9(3) 160.5(2)
v −178.1(2) −179.7(2) −170.9(2) 176.1(1) 169.5(2)

Z-Val-Aib-Aib-Gln-OtBu f −64(1) 58(1) 58(1) −77(1)
c 138.7(8) 38(1) 26(1) 136(1)
v 168.8(9) 175(1) 173(1) −169(1)

Z-Leu-Aib-Val-Aib-Gly-OtBu f −54.0(3) −54.0(3) −123.0(2) 62.0(2) −61.1(3)
c −37.7(3) −32.7(3) 25.0(3) 37.6(2) −27.6(3)
v −174.5(2) −174.0(2) 173.6(2) 163.1(2) 177.3(2)

Ac-Aib-Pro-(Aib-Ala)2-OMe f −49.7(3) −58.7(3) −59.4(3) −60.4(4)−80.0(3) −63.4(3)
c −43.4(3) −33.6(3) −39.8(3) −36.3(3) −35.9(3) 146.6(3)
v −174.6(2) 180.0(4)−179.3(2) 179.9(2) −177.3(2) −175.8(2)

Z-Aib-Pro-(Aib-Ala)2-OMe f −53.5(9) −57.6(6) −57.5(7) 100.4(7) 123.8(8)61.1(7)
c −42.7(8) −35.6(6) 165.9(7)−31.6(8) 19.1(7) 35.6(9)
v 179.9(8)175.0(5) 177.3(5) 176.9(6) 175.5(5) 175.8(8)

E.S.D.’s are given in parentheses.

and III%, stabilized by an extremely weak intramolec-
ular interaction between the Aib3 N–H group and
the urethane C�O group, and by a stronger hydro-
gen-bond between the Gln4 N–H group and the Val1

C�O group, respectively. The Val1 C�O group acts as
acceptor of a second hydrogen-bond with the side-
chain N–H group of the Gln4 residue.

As usually observed in 310-helical folds [5,6] in
the crystal structures of Ac(Aib-Ala)3-OH, Z-Leu-
Aib-Val-Aib-Gly-OtBu and Z-Val-Aib-Aib-Gln-OtBu
the N–H groups of the first two residues along the
sequence are not involved in the intramolecular
hydrogen-bonding scheme, but rather they partici-
pate to intermolecular hydrogen-bonds with accep-
tor oxygen atoms of symmetry-related molecules or
of the solvent. In fact, in the three structures dis-
cussed above, helical molecules pack with each
other in a head-to-tail fashion, being stabilized by
intermolecular hydrogen-bonds in which the N1–H
and N2–H groups are involved. The head-to-tail
interaction in Ac-(Aib-Ala)3-OH is mediated by a
solvent (MeOH) molecule located at the interface
between two interacting peptide helical molecules.

The two hexapeptide analogues Ac-Aib-Pro-(Aib-
Ala)2-OMe and Z-Aib-Pro-(Aib-Ala)2-OMe, which
bear the same sequence but different N-terminal
protecting groups, behave differently in the crystal
state.

The acetyl derivative shows a right-handed helical
fold made up of mixed 310- and a-helical turns (b-

and a-turns [30]: C10 and C13 intramolecularly hy-
drogen-bonded structures). In fact, while the Aib3

and Ala4 N–H groups are involved in two consecu-
tive type III b-turns, in which the N-terminal acetyl
and the Aib1 C�O groups, respectively, take part,
the Aib5 and Ala6 N–H groups are involved in two
consecutive a-turns with the Aib1 and Pro2 C�O
groups, respectively. In this scheme the Aib1 C�O
group is hydrogen-bonded to the N–H groups of
Ala4 and Aib5 residues. This mixed 310-/a-helical
fold is similar to that observed previously in pBrBz-
(Aib-Ala)4-OMe [7], in which two intramolecular hy-
drogen-bonds of the C10-type (310-helical fold),
followed by four intramolecular hydrogen-bonds of
the C13-type (a-helical fold), were found.

On the contrary, the N-terminal benzyloxycar-
bonyl analogue Z-Aib-Pro-(Aib-Ala)2-OMe shows an
helical conformation quite similar to that observed
for Ac-(Aib-Ala)3-OH. Two consecutive type III b-
turns and a type I b-turn are followed by a C16

hydrogen-bonded structure. The resulting right-
handed structure is stabilized by four intramolecu-
lar hydrogen-bonds between the N–H groups of
residues 3 to 6 and the urethane, Aib1, Pro2 and
again Aib1 C�O groups, respectively.

Head-to-tail packing of the helices in both Ac-Aib-
Pro-(Aib-Ala)2-OMe and Z-Aib-Pro-(Aib-Ala)2-OMe
hexapeptides is stabilized by N–H···O�C hydrogen-
bonds with the involvement of only the N1–H group
as donor. Other than those contacts between hydro-

© 1998 European Peptide Society and John Wiley & Sons, Ltd. J. Peptide Sci. 4: 502–510 (1998)
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Table 2 Intra- and Intermolecular Hydrogen-Bonds

Donor (D) Acceptor (A) D···A (Å) D–H···A (°)

Ac-(Aib-Ala)3-OH
A. Intramolecular hydrogen-bonds

N3 O1 2.91(1) 159(4)
N4 O2 2.98(1) 150(3)
N5 O3 3.07(1) 155(3)
N6 O2 3.38(1) 149(3)

B. Intermolecular hydrogen-bonds
1−x, y, 1−zN1 O4 2.93(1) 170(3)

N2 OSa 2.92(1) x, y, z160(4)
O8 O5 x, y, 1−z2.67(1) 157(3)
OS O6 2.71(1) 176(4) −x, −1/2+y, −1−z

Z-Val-Aib-Aib-Gln-OtBu
A. Intramolecular hydrogen-bonds

N3 O1 3.54(1) 159(9)
N4 O2 3.06(1) 141(9)
N5 O2 2.88(1) 154(9)

B. Intermolecular hydrogen-bonds
N1 O3 3.15(1) 1/2−x, −1/2+y, 1/2−z167(9)
N2 O5 2.80(1) 177(9) x, y, 1−z

Z-Leu-Aib-Val-Aib-Gly-OtBu
A. Intramolecular hydrogen-bonds

N3 O1 3.10(1) 160(2)
N4 O2 3.13(1) 165(2)
N5 O1 2.89(1) 160(2)

B. Intermolecular hydrogen-bonds
N1 O4 3.01(1) 160(2) −1−x, 1/2+y, 1/2−z

N2 O5 −1−x, 1/2+y, 1/2−z3.10(1) 172(2)

Ac-Aib-Pro-(Aib-Ala)2-Ome
A. Intramolecular hydrogen-bonds

N3 O0 3.07(1) 158(3)
N4 O1 3.07(1) 132(2)
N5 O1 2.99(1) 163(3)
N6 O2 3.13(1) 152(3)

B. Intermolecular hydrogen-bonds
N1 O4 1/2−x, 2−y, −1/2+z2.94(1) 128(3)
N1 O6 3.14(1) 130(2) 1/2−x, 2−y, −1/2+z

Z-Aib-Pro-(Aib-Ala)2-OMe
A. Intramolecular hydrogen-bonds

N3 O1 2.99(1) 137(5)
N4 O2 3.00(1) 139(5)
N5 O3 3.02(1) 160(6)
N6 O2 3.18(1) 158(5)

B. Intermolecular hydrogen-bond
N1 O4 1−x, y, z2.93(1) 131(6)

a OS, MeOH oxygen atom.

© 1998 European Peptide Society and John Wiley & Sons, Ltd. J. Peptide Sci. 4: 502–510 (1998)
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gen-bonded atoms no intramolecular contact less
than 3.5 Å between atoms different from hydrogen-
atoms are observed in both crystals. We can specu-
late that the presence of the electronically different
urethane and amide blocking groups in the two
peptides could result in slightly different overall
dipole moments at the onset of the helix, which
eventually, when a certain length is reached,
achieves the energetically most stable conformation
compatible with all other factors influencing the
intra- and intermolecular interactions.

DISCUSSION

We have prepared a series of peptide segments of
gliodeliquescin, alamethicin, paracelsin and hypel-
cin peptaibols. The crystal-state conformations of
five Aib-containing peptides have been analysed by
an X-ray diffraction study. The results have been
compared to those reported in the literature for
analogous peptides.

For the Ca-monosubstituted residues the 310-he-
lix is energetically less favourable than the a-helix
[31–33]. However, although the presence of 310-he-
lical segments would now be well documented in
protein crystal structures [34], the factors governing
the transition between the 310- and a-helices ap-
pear to be quite subtle and not completely under-
stood. This conformational transition is of great
relevance to the problem of the relationship between
three-dimensional structure (and helix self-associa-
tion mode) and bioactivity of the membrane-active,
channel-forming, ion-transporting peptaibol
antibiotics.

In this study we have confirmed that N- and
C-blocked peptides shorter than six residues, con-
taining the helix-inducing Aib residue, have a very
strong preference for the 310-helical conformation.
We have also provided an experimentally unam-
biguous proof for the 310�a-helix conversion in the
terminally blocked hexapeptides Ac- and Z-Aib-Pro-
(Aib-Ala)2-OMe, i.e. in peptides with the same se-
quence but with different Na-blocking groups. In the
crystal state a subtle balance of factors, including
main-chain length, Aib content, sequence, and po-
larity of crystallization solvents was known to take
place between the two helical conformations [6]. All
of these factors are heavily involved in the intra-
and intermolecular interactions which are experi-
mentally observed in the crystals. The disposition of
the side-chains around the helix strongly influences
the intra- and intermolecular contacts: minimiza-

tion of short- and long-range non-bonded interac-
tions is then better achieved in only one of the
possible helical folds.

Finally, we have also shown that a b-bend ribbon
conformation, proposed by Karle and coworkers
[10,11] and observed in the (Aib-Pro)n sequential
oligopeptides [12], cannot be induced by only one
Pro residue in the Aib-Pro-Aib-Ala-Aib-Ala
sequence.

MATERIALS AND METHODS

Synthesis and Characterization of Peptides

The protected amino acids Z-Ala-OH, Z-Val-OH, Z-
Leu-OH, HCl ·H-Pro-OMe, and HCl ·H-Gly-OtBu
were purchased from Bachem (Bubendorf, Switzer-
land). Z-Aib-OH, H-Aib-OtBu, Z-Aib-OPiv and Z-
Aib-Aib-OtBu were synthesized according to the
literature [35].

All peptides were synthesized by conventional so-
lution methods. For the synthesis of segments the
Z/OtBu or Z/OMe strategy was used, i.e. N-terminal
amino acids were protected by the Z-group and
C-terminal amino acids as OtBu or OMe esters. The
latter was employed in the course of the synthesis of
Z-Aib-Pro-Aib-OH in order to avoid acidolytic cleav-
age of the acid labile Aib-Pro bond [24,36,37]. Cou-
pling of intermediates was carried out in DMF as
solvent with water-soluble EDCI and HOBt as acti-
vating agents. Z-groups were removed by hy-
drogenolysis in MeOH in the presence of 10% Pd on
charcoal, OtBu ester groups by TFA, and OMe ester
groups by saponificatian with aqueous NaOH. As
for acetylation of H-(Ai-Ala)3-OtBu, Ac2O in CH2Cl2
was used.

Analytical data of the peptides are compiled in
Table 3 and include quantitative amino acid analy-
sis (AAA) by HPLC [38], ionization mass spectrome-
try (ESI-MS) [21], melting points (uncorrected), and
optical rotations.

X-ray Diffraction

Single crystals of all compounds were grown from a
mixture of methanol, diethyl ether and n-hexane
solutions by slow evaporation. The X-ray diffraction
data were collected on a Nonius CAD-4 four circle
diffractometer, using the graphite-monochromated
CuKa radiation (l=1.54178 Å). The independent
reflections were measured in the v/2u-scan mode
and in the u range 1–70°. Unique cell parameters
were determined by least-squares refinement of the

© 1998 European Peptide Society and John Wiley & Sons, Ltd. J. Peptide Sci. 4: 502–510 (1998)
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Table 3 Characterization of Peptides

Peptide AAA, found (calc.) M.p.ESI-MS [a]D
25

(c=1, MeOH)(M+Na)+, (°C)
(m/z)

Ac-(Aib-Ala)3-OH Ala 3.00(3), Aib 3.08(3) 551 −4.7202
Z-Val-Aib-Aib-Gln-OtBu Val 1.00(1), Aib 1.98(2), Glu 0.97(1) −55.7628 164
Z-Leu-Aib-Val-Aib-Gly-OtBu Leu 0.99(1), Aib 2.05(2), Val 1.00(1), Gly 1.00(1) 670 198 −0.2
Ac-Aib-Pro-(Aib-Ala)2-OMe Aib 3.07(3), Pro 0.93(1), Ala 2.00(1) 591 246–248 +5.5
Z-Aib-Pro-(Aib-Ala)2-OMe Aib 3.12(3), Pro 0.95(1), Ala 2.00(2) +38.6683 182

setting angles of 25 high-angle reflections (20°BuB
30°). For each data collection three standard reflec-
tions were measured periodically to monitor
misalignments, crystal decay and electronic insta-
bility. Their intensities did not show variations
greater than 5%, indicating stability in the data
collection conditions. The main crystallographic
data of the peptides investigated in the present
study are given in Table 4. The crystal structures
were solved by direct methods using SHELXS-90
[39]. The E-maps revealed the whole molecules ex-

cept the hydrogen atoms. Refinements of the struc-
tures were performed using SHELX-76 [40] for all
compounds except for Z-Leu-Aib-Val-Aib-Gly-OtBu
which was refined by SHELXL-93 [41]. Heavy atoms
were refined with anisotropic thermal factors, while
hydrogen atoms linked to nitrogens were located by
difference Fourier maps and refined keeping the
N–H distance to 1.03 Å. Other hydrogen atoms were
placed in their stereochemically expected positions.
An isotropic thermal factor was assigned to each
hydrogen and kept fixed during refinement.

Table 4 Crystallographic Data

4321Compound 5

Crystal system Monoclinic Orthorhombic Orthorhombic Orthorhombic Monoclinic
P21 P212121 P212121 P212121Space group P21

Unit cell dimensions
27.233(4) 9.449(1) 0.190(1)9.083(1)a (Å) 9.296(1)

18.784(3) 14.026(2) 17.483(3) 16.139(2)b (Å) 17.218(2)
20.931(3)22.116(4)9.079(1) 10.400(1)9.373(2)c (Å)

90.00 90.00 90.00 92.82(2)b (°) 112.49(2)
2444Z 2

1.230 1.159 1.178 1.230Density (calculated) (g cm−3) 1.165
2867 3702 3887 3276Independent reflections 3793

311438051799 24272794Data [1\3s(I)]
197 431 284494No. of parameters 483

1.27 0.96 1.94 0.84Goodness-of-fit 1.43
R indices [1\3s(I)]

0.0370.0910.034 0.035R 0.053
— 0.043 ——Rall data —

0.0640.0340.1020.093RW 0.038
0.29 0.12 0.150.13Largest difference peak (e Å−3) 0.13

−0.31 −0.24 −0.19−0.24Largest difference hole (e Å−3) −0.16

(1) Ac-(Aib-Ala)3-OH MeOH solvate; (2) Z-Val-Aib-Aib-Gln-OtBu; (3) Z-Leu-Aib-Val-Aib-Gly-OtBu; (4) Ac-Aib-Pro-
(Aib-Ala)2-OMe; (5) Z-Aib-Pro-(Aib-Ala)2-OMe.
Compounds 1, 2, 4 and 5 were refined with SHELX-76 [40]; compound 3 was refined with SHELXL-93 [41] with
a RW and a goodness-of-fit on F2. Crystals of 2 were of poor quality and the molecule was divided in two blocks
for the refinement. Hydrogen-atoms were fixed for compounds 2, 3 and 5. Coordinates and anisotropic parame-
ters were refined alternatively for compound 5.
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