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C12-Helix Development in (αγ)n Sequences – Spectroscopic Characterization of
Boc–[Aib–γ4(R)Val]–OMe Oligomers
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Padmanabhan Balaram*[a]
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The solution conformations of the αγ-hybrid oligopeptides
Boc–[Aib–γ4(R)Val]n–OMe (n = 1–8) in organic solvents have
been probed by NMR, IR, and CD spectroscopic methods. In
the solid state, this peptide series favors C12-helical confor-
mations, which are backbone-expanded analogues of 310

helices in α-peptide sequences. NMR studies of the six- (n =
3) and 16-residue (n = 8) peptides reveal that only two NH
protons attached the N-terminus residues Aib(1) and γ4(R)
Val(2) are solvent-exposed. Sequential NiH–Ni+1H NOEs
characteristic of local helical conformations are also observed

Introduction

The area of foldamer research has exploded over the last
few years, and many different approaches have been used
to mimic structures of folded biological macromolecules by
using non-native backbone structures.[1] The term “fold-
amer”[2] owes its origin to the finding that backbone-ho-
mologated amino acid residues, specifically β and γ, can
be accommodated into folded polypeptide structures and
indeed facilitate the generation of unprecedented hydrogen-
bonded motifs in α-peptides.[3] A great deal of work on the
design of folded peptides containing β and γ residues has
focused on the use of conformationally constrained resi-
dues. Two distinct approaches have been employed to bias
conformational choices (“pre-organization”). These are: (1)
Cyclization to restrict one of the backbone C–C torsion
angles close to the gauche conformation. (2) The introduc-
tion of geminal dialkyl substitution at one of the backbone
carbon atoms, which limits the accessible range of flanking
torsional angles.[4] Gellman has extensively demonstrated
the utility of cyclic β-amino acids[5] and more recently γ
residues[6] in the design of folded peptides with hybrid back-
bones. A recent report further illustrates the utility of cycli-
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at the α residues. IR studies establish that chain extension
leads to a large enhancement in the intensities of the hydro-
gen-bonded NH stretching bands (3343–3280 cm–1), which
suggest elongation of intramolecularly hydrogen-bonded
structures. The development of C12-helical structures upon
lengthening of the αγ sequence is supported by the NMR and
IR observations. The CD spectra of the (αγ)n peptides reveal
a negative maximum at ca. 206 nm and a positive maximum
at ca. 192 nm, spectral feature that are distinct from those of
310 helices in α-peptides.

cally constrained γ residues to generate peptide foldamers.[7]

β-Amino acids bearing geminal dialkyl substituents and the
achiral gabapentin (Gpn) residue, which is a β,β-disubsti-
tuted analog of γ-aminobutyric acid, have been extensively
studied in our laboratory, and diverse hydrogen-bonded
motifs have been structurally characterized.[8,3d] We wanted
to check if conformational constraints are obligatory for
the generation of stable foldamers of hybrid peptides with
α, β, and γ residues. Stimulated by the early observations
of Seebach[9] and Hanessian,[10] which suggested that short
peptides containing γ residues, derived from genetically
coded amino acids favor folded structures in solution, we
began a systematic investigations of the conformational
properties of unconstrained γ residues. New foldamer heli-
cal structures with mixed hydrogen-bonding directionality
have been proposed for hybrid sequences containing a
monosubstituted γ residue with a sugar-derived substituent
at the γ position, on the basis of solution NMR.[11] These
foldamer structures have also been supported by theoretical
calculations.[12] In earlier reports, we have demonstrated the
formation of stable folded helical structures in sequences of
the type Boc–[Xxx–γ4(R)Val]n–OMe (Xxx = Aib or LLeu).
C12-helical structures in (αγ)n sequences, which may be for-
mally considered as backbone-expanded analogues of the
classical 310 helix of α-peptides, have been characterized in
solids by X-ray diffraction for sequences up to 16 residues
in length.[13] In this report, we describe the conformational
properties of (αγ)n foldamers in solution in the model se-
quences Boc–[Aib–γ4(R)Val]n–OMe (Figure 1). The γ4(R)-
Val residue is readily accommodated into folded helical
peptide conformations in solution.
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Figure 1. Boc–[Aib–γ4(R)Val]n–OMe.

Results and Discussion

Solution Conformations Probed by NMR Spectroscopy

NMR studies were performed at 500/700 MHz with
CDCl3 solutions. Intramolecular hydrogen bonding is pro-
moted in organic solvents and allows estimation of the ten-
dency of designed sequences to fold into well-ordered struc-
tures. Previous crystallographic studies have demonstrated
the formation of αγ C12 helices for four- (n = 2), eight- (n
= 4), 10- (n = 5), and 16-residue (n = 8) peptides.[13a] The
NMR discussion below is restricted to the six-residue se-
quence (n = 3), for which a crystal structure is not available,
and the 16-residue sequence (n = 8), which has been struc-
turally characterized by X-ray crystallography. Figure 2
shows the 1H NMR spectra of the six- and 16-residue pept-
ides Boc–[Aib–γ4(R)Val]n–OMe (n = 3 and 8) in CDCl3.
In both peptides, extremely well dispersed resonances were
observed for the backbone NH protons.

Sequence-specific assignments were performed by using
a combination of TOCSY and ROESY experiments and
were facilitated by the unambiguous assignments of the up-

Figure 2. 1H NMR spectra of peptides in CDCl3 at 305 K: (a) Boc–[Aib–γ4(R)Val]3–OMe (700 MHz) and (b) Boc–[Aib–γ4(R)Val]8–OMe
(500 MHz). The inset shows an expansion of the amide NH resonances. U = Aib, γV = γ4(R)Val.

Eur. J. Org. Chem. 2013, 3590–3596 © 2013 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim www.eurjoc.org 3591

field shifted urethane NH proton of Aib(1). TOCSY con-
nectivities across the γ residues are critical, as the NiH–
Ni+1H distance of γ residues can be greater than 3.5 Å,
which results in weak or unobserved dNN NOEs. The chem-
ical-shift dispersion for the 16-residue peptide facilitated ex-
periments to delineate intramolecularly hydrogen-bonded
NH groups. Figure 3 summarizes the variation of NH pro-
ton chemical shifts upon addition of the hydrogen-bonding
solvent [D6]DMSO to solutions of peptides in CDCl3. This
solvent titration experiment permits a facile distinction be-
tween solvent-exposed (free) and solvent-shielded (hydro-
gen-bonded) NH groups. Accessible NH groups readily in-
teract with [D6]DMSO, which results in pronounced down-
field shifts of their resonances as the concentration of the
cosolvent increases, whereas buried NH groups show a little
or no dependence of NH chemical shifts on cosolvent con-
centration. Inspection of Figure 3 reveals that in both pept-
ides only the two N-terminal NH groups Aib(1) and γ(R)
Val(2) are solvent-exposed. This observation strongly sug-
gests that all the remaining NH groups are involved in in-
tramolecular hydrogen bonding, a feature that is consistent
with the formation of a continuous C12 helix. Figure 4
shows the partial ROESY spectra corresponding to dNN

NOEs in the six- and 16-residue peptides. It is evident that
dNi–Ni+1

NOEs are strong and readily observed for the Aib
residues, whereas the corresponding NOEs are significantly
weak or unobserved for the γ residues. Interestingly, the
dNi–Ni+1

NOE is observed for the γ(R)Val(2) residue in both
peptides. The determination of the sequential interproton
distances in the crystal structure of the 16-residue peptide
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Figure 3. Dependence of NH chemical shifts as a function of [D6]DMSO concentration in CDCl3/[D6]DMSO mixtures for the peptides
(a) Boc–[Aib–γ4(R)Val]3–OMe and (b) Boc–[Aib–γ4(R)Val]8–OMe. U = Aib, γV = γ4(R)Val.

yielded average values of ca. 2.85 Å for Aib and ca. 3.75 Å
for γ(R)Val. Interestingly, one of the shortest distances
(3.61 Å) is for the γ(R)Val(2) residue. A notable feature of
the spectra in Figure 4 is the dNi–Ni+2

NOE at the N-ter-
minus of the 16-residue peptide. Two distinct NiH–Ni+2H
correlations corresponding to Aib(1)↔Aib(3) and
γVal(2)↔γVal(4) are observed, although their intensities
are significantly less intense than those of the sequential
NOEs. In the C12 helix crystallographically characterized
for this peptides, the corresponding interproton distances
are 4.47 and 4.53 Å, which should normally preclude obser-
vation of NOEs. It is likely that these NOEs are from a
population of structures involving the three residue, αγα or
γαγ, which are α-turn homologues.[3d,14] The solvent
titration experiments, together with the observation of
dNi–Ni+1

NOEs, supports the formation of a C12-helical
structure in solution in both peptides. In the C12-helical
structure formed by the sequence Boc–[Aib–γ4(R)Val]n–
OMe, NOEs of the type CγHi↔NHi+2 may be antici-
pated.[6a] Unfortunately, in this series the γ4(R)Val CγH pro-
tons overlap, which precludes the observation of their
NOEs.

IR Spectroscopy

IR studies were performed with CHCl3 solutions at pept-
ide concentrations of 2 mm. Preliminary experiments with
the eight-residue (n = 4) peptide indicated an absence of
concentration dependence even up to 8 mm. Table 1 sum-
marizes the observed frequencies for the amide-group vi-
brations. Figure 5 (a) shows the N–H stretching bands
(3500–3200 cm–1) for the peptides Boc–[Aib–γ4(R)Val]n–
OMe (n = 1–8). In the dipeptide ester, Boc–Aib–γ4(R)Val–
OMe, only one N–H stretching band is observed at
3434 cm–1, which corresponds to a non-hydrogen-bonded

www.eurjoc.org © 2013 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim Eur. J. Org. Chem. 2013, 3590–35963592

NH group (νf
NH). As the chain length increases, the appear-

ance of a second N–H stretching band at 3343 cm–1 is ob-
served for the tetrapeptide ester Boc–[Aib–γ4(R)Val]2–OMe.

Table 1. IR stretching frequencies for peptides Boc–[Aib–γ4(R)-
Val]n–OMe (n = 1–8) in chloroform.

Peptide νNH [cm–1] Amide I Amide II (νCO) Urethane
(n) Free H-bonded [cm–1] [cm–1] [cm–1]

1 3434 – 1728 1494 –
2 3426 3343 1673 1530 1712
3 3424 3319 1661 1541 1709
4 3423 3308 1655 1543 1708
5 3422 3296 1651 1545 1708
7 3422 3285 1649 1548 1707
8 3424 3280 1648 1549 1708

The appearance of the new band at low frequency is at-
tributed to hydrogen-bonded NH groups (νhb

N–H). The data
in Figure 5 (a) clearly reveals that as the chain length in-
creases, the intensity of the hydrogen-bonded N–H band
increases dramatically; this suggests that the increase in
peptide chain length is accompanied by an increase in the
number of hydrogen-bonded NH groups. Taken together
with X-ray and NMR analysis of the peptides in this series,
the IR data strongly supports the formation of C12-helical
structures even in the shorter sequences, beginning at the
level of the tetrapeptide. The amide I (C=O stretch) band
shifts to lower frequencies from the four-residue peptide
(1673 cm–1) to the 16-residue peptide (1648 cm–1). The low-
frequency shift appears to level off after a length of 10 resi-
dues is reached. Similar studies were reported over three
decades ago, and the development of 310-helical structures
was examined in peptide sequences derived from a mem-
brane-active peptide alamethicin, which were rich in Aib
residues.[15]

Lengthening of the C12 helical structure in these se-
quences should in principle lead to a regular variation of
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Figure 4. Partial ROESY spectra of the peptides (a) Boc–[Aib–γ4(R)Val]3–OMe and (b) Boc–[Aib–γ4(R)Val]8–OMe at 305 K, observed
dNN NOEs are marked. (c) Sequential (dNi–Ni+1

) distances in the crystal structure of the peptide Boc–[Aib–γ4(R)Val]8–OMe are indicated.
The average values observed are dNi–Ni+1

(α) = 2.85 Å and dNi–Ni+1
(γ) = 3.6 Å. U = Aib, γV = γ4(R)Val.

properties that depend on peptide shape and accessible sur-
face area. Figure 5 (b) shows a plot of the retention factor
of the Boc–[Aib–γ4(R)Val]n–OMe peptides on a reversed-
phase C12 HPLC column. A satisfactory linear correlation
with chain length is observed, which suggests that chain
extension leads to a largely uniform development of a C12-
helical structure along the length of the molecule.

Eur. J. Org. Chem. 2013, 3590–3596 © 2013 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim www.eurjoc.org 3593

Circular Dichroism

Although a large body of literature exists on the charac-
terization of helical peptide structures in α-peptide se-
quences by CD spectroscopy,[16] there are relatively few re-
ports on CD spectra of well-defined hybrid oligopeptide se-
quences.[17] The availability of peptides in the Boc–[Aib–
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Figure 5. (a) IR spectra in the region 3500–3200 cm–1 for the pept-
ides Boc–[Aib–γ4(R)Val]n–OMe (n = 1–8) in CHCl3 at 2 mm con-
centration. (b) Variation of HPLC retention factor on a reversed-
phase Jupiter Proteo C12 column (10–250 mm, 4 m particle size)
for the peptides Boc–[Aib–γ4(R)Val]n–OMe (n = 2, 3, 4, 5, 7) with
methanol/water gradients of 85–99% (methanol) at a flow rate of
2.5 mL/min and a 45 min run.

γ4(R)Val]n–OMe series presents an opportunity to examine
the effect of increasing chain length in structurally well-
characterized (αγ)n sequences. Figure 6 shows an overlay of
the electronic CD spectra (CD spectra for individual pept-
ides are provided in the Supporting Information) of the
peptides with chain lengths of 4–16 residues. The positions
of the CD bands and their intensities are summarized in
Table 2. Lengthening the peptide chain leads to the antici-

Figure 6. Overlay of the electronic CD (ECD) spectra of the pept-
ides Boc–[Aib–γ4(R)Val]n–OMe (n = 2–8). Solvent: trifluoroethanol
(TFE), T ≈ 298 K.

www.eurjoc.org © 2013 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim Eur. J. Org. Chem. 2013, 3590–35963594

pated increase in molar ellipticity. Two distinct CD bands
are observed in the longer sequences (10–16 residues).
There is a negative maximum at 206 nm and a positive
maximum at 191–192 nm. There is a small redshift of both
bands in the shorter peptides. These spectral features may
be contrasted with those observed for model 310-helical
peptides in all α sequences, for which a distinct band is ob-
served at ca. 220–222 nm, which intensifies in α-helical se-
quences.[16]

Table 2. CD Parameters for peptides Boc–[Aib–γ4(R)Val]n–OMe (n
= 2–8) in trifluoroethanol (TFE).

Peptide Conc. θ–max λ θ+max λ
(n) [mm] [degcm2 dmol–1] [nm] [degcm2 dmol–1] [nm]

2 0.8 –32500 213 20000 193
3 0.65 –47108 213 77143 193
4 0.45 –114800 207 191714 192
5 0.3 –166429 206 265714 192
7 0.25 –298571 206 455429 191
8 0.15 –334286 206 524000 192

Indeed, the 222 nm band has been ascribed to the n–π*
electronic transition, and the two shorter wavelength bands
with opposite signs have been assigned to the exciton split
components of the π–π* transition. The interaction between
amide chromophores in C12-helical structures is undoubt-
edly different from that in the analogous C10 (310) helical
structures. Future theoretical and experimental investi-
gations are required to clarify the spectral signatures of hy-
brid helices.

Conclusions

A great deal of recent literature in the area of peptide
foldamers with hybrid backbones has centered on the use of
conformationally constrained β and γ residues.[5,6,8] Indeed,
much of our work in this area focused on the β,β-disubsti-
tuted γ-amino acid residue gabapentin,[8] based on the
knowledge that gem-dialkyl substitution would restrict the
flanking torsion angles Cγ–Cβ (θ1) and Cβ–Cα (θ2) to gauche
(g+/g–, θ ≈ �60°) conformations, which are required for lo-
cal folding of the peptide backbone. Ironically, more recent
work with unconstrained γ-amino acid residues derived by
homologation of the genetically coded α-amino acid resi-
dues suggests that unconstrained γ residues bearing a single
substituent at the γ position (C4) have an intrinsic tendency
to form folded structures.[13,18] The question arises as to the
extent to which the conformationally constrained α-amino
acid Aib contributes to the observed C12-helical folding pat-
terns in the αγ-hybrid sequences. We have previously re-
ported that replacement of Aib by Leu in short hybrid se-
quences of the type αγα and (αγα)2 does not affect folded
C12 hydrogen-bonded structures in the solid state. Indeed
the formation of crystals yielding well-defined incipient
C12-helical structures in short (αγ)n sequences was surpris-
ing in view of the difficulties in characterizing short helical
segments in α-peptides in the absence of stereochemically
constrained residues.[13b] The ability to use chiral, uncon-
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strained γ residues offers the possibility to expand the scope
of hybrid foldamer design to address the specific problems
of spectroscopic characterization of new helical structures
in solution.

We have presented NMR, IR, and CD spectroscopic data
for a series of (αγ)n peptides, for which C12-helical confor-
mations have been demonstrated in the crystalline state. The
NMR results clearly establish that longer chains result in
an extension of the C12-helical fold, and successive C ter-
minal NH groups are involved in intramolecular hydrogen
bonding. This progressive increase in the number of intra-
molecular hydrogen-bonded NH groups with chain length
is also confirmed by the IR data, in which the N–H stretch-
ing bands are used as a probe. The results strongly suggests
that in the Boc–[Aib–γ4(R)Val]n–OMe series the crystallo-
graphically observed C12 helices are also predominant in
solution. The C12 helix may be derived from the classical
310 helix by inserting a CH2–CH2 moiety into the backbone
of alternate residues along the sequence. The type III β-
turn, which is a two-residue (αα, C10) conformational
feature in peptides is then expanded to a C12-helical turn.
The preliminary CD data presented in this report suggest
that the characteristic spectral features of the C12 helix dif-
fer significantly from those of the 310 (C10) helix, presum-
ably as a result of variation in interchromophore distances.
The ability to insert additional methylene groups in a con-
trollable manner into well-defined secondary structures
should prove valuable in peptide foldamer design.

Experimental Section
General: Boc–γ4(R)Val–OH was synthesized by previously de-
scribed procedures. All peptides were prepared by solution-phase
synthesis by using the Boc group for N-terminal protection. The
C terminus was protected as a methyl ester. Deprotections were
performed by using 98% formic acid to remove the Boc group,
whereas the methyl ester was removed by alkaline hydrolysis. Cou-
plings were mediated by isobutylchloroformate (IBCF) for dipept-
ides and with O-(7-azabenzotriazol-1-yl)-N,N,N�,N�-tetrameth-
yluronium hexafluorophosphate (HATU) and 1-hydroxy-1H-
benzotriazole (HOBt) for longer sequences. All intermediates were
characterized by ESI-MS and TLC on silica gel [CHCl3/MeOH,
9:1 v/v)] and were used without further purification. The final pept-
ides were obtained as pure products after they had been washed
with hexane/diethyl ether mixtures. The purity of the final peptides
was assessed by using reversed-phase HPLC with a Jupiter Proteo
C12 column (10–250 mm, 4 m particle size) and methanol/water
systems, monitored at 226 nm. Melting points were determined
with a Stuart melting point apparatus SMP10. CD spectra were
recorded with a JASCO J-715 spectropolarimeter with samples in
trifluoroethanol (TFE), a path length of 1 mm, and a scanning
speed of 20 nm/min. Peptide concentrations were in the range 0.8–
0.15 mm. ESI-MS was performed with a Bruker Daltonics Esquire-
3000 instrument, and 1H NMR spectra were recorded with Bruker
500 MHz or 700 MHz spectrometers. IR spectra were recorded
with a Perkin–Elmer 781 spectrometer with NaCl cells of path
length 0.1 mm and 2 mm CHCl3 solutions.

Boc–Aib–γ4(R)Val–OMe (n = 1): Boc–Aib–OH (2.5 g, 12.3 mmol)
was dissolved in dichloromethane (DCM, 40 mL), and the solution
was cooled in an ice/salt bath. N-Methylmorpholine (NMM,

Eur. J. Org. Chem. 2013, 3590–3596 © 2013 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim www.eurjoc.org 3595

1.42 mL, 12.9 mmol) and IBCF (1.75 mL, 13.5 mmol) were added
as the reaction mixture was stirred. After 10 min, a precooled solu-
tion of HCl·H–Val–OMe (2.4 g, 12.3 mmol) and NMM (1.35 mL,
12.3 mmol) was added. The pH of the solution was adjusted to
ca. 8 by adding NMM, and the reaction mixture was stirred over-
night at room temperature. DCM (100 mL) was added to the reac-
tion mixture, which was washed successively with brine (3 �

50 mL), 10% KHSO4 (3� 50 mL), 50% NaHCO3 (3� 40 mL),
and water. The combined organic layer was dried with anhydrous
sodium sulfate, and the solvents were evaporated. The yellow oil
was triturated with hexane (2� 10 mL) to yield Boc–Aib–γ4(R)-
Val–OMe (3.6 g, 85%) as a white solid, m.p. 136–137 °C. MS (ESI):
345.3 [M + H]+, 367.3 [M + Na]+, 383.1 [M + K]+.

Boc–[Aib–γ4(R)Val]2–OMe (n = 2): Boc–Aib–γ4(R)Val–OMe (1 g,
2.91 mmol) in tetrahydrofuran (THF) /water (7/8 mL) was cooled
in and ice bath, and a NaOH solution (0.15 g, 3.75 mmol in 1 mL
of water) was added dropwise. The ice bath was removed, and the
reaction mixture was stirred until TLC indicated complete con-
sumption of the starting material (30 min). Acidification to pH ≈ 2
with KHSO4 was followed by extraction with DCM (50 mL). The
aqueous layer was further extracted with DCM (3� 20 mL), and
the combined organic fractions were dried with Na2SO4 and con-
centrated under vacuum to yield Boc–Aib–γ4(R)Val–OH (0.94 g,
98%) as a white solid, which was used for further reactions without
purification. Boc–Aib–γ4(R)Val–OMe (1 g, 2.91 mmol) was depro-
tected with 98% formic acid (5 mL), and the reaction was moni-
tored by TLC. After 4 h, the formic acid was evaporated, and the
residue was dissolved in water (10 mL). The pH of the aqueous
layer was adjusted to ca. 8 by the addition of sodium carbonate,
and the mixture was extracted with DCM (3� 30 mL). The com-
bined organic layer was washed with brine (30 mL) and concen-
trated under vacuum to a volume of ca. 2 mL. The dipeptide free
base was added to a precooled solution of Boc–Aib–γ4(R)Val–OH
(0.94 g, 2.85 mmol) in DCM (10 mL) and N,N-dimethylformamide
(DMF, 2 mL), and HATU (1.1 g, 2.85 mmol) and HOBt (0.436 g,
2.85 mmol) were added. The reaction mixture was allowed to attain
room temperature and was stirred for 6 h. The reaction was worked
up as detailed for Boc–Aib–γ4(R)Val–OMe. Boc–[Aib–γ4(R)Val]2–
OMe (1.4 g, 88%) was obtained as a white solid, m.p. 162–164 °C.
MS (ESI): 557.2 [M + H]+, 579.2 [M + Na]+, 595.1 [M + K]+.

Boc–[Aib–γ4(R)Val]3–OMe (n = 3): Boc–[Aib–γ4(R)Val]2–OMe
(0.5 g, 0.9 mmol) was deprotected with 98 % formic acid (3 mL)
and was worked up as described for Boc–[Aib–γ4(R)Val]2–OMe.
The free base was added to a precooled solution of Boc–Aib–γ4(R)-
Val–OH (0.296 g, 0.9 mmol), obtained as described for Boc–[Aib–
γ4(R)Val]2–OMe, in DCM (15 mL) and DMF (4 mL), and HATU
(0.34 g, 0.9 mmol) and HOBt (0.137 g, 0.9 mmol) were added. The
reaction mixture was allowed to attain room temperature and was
stirred for 6–7 h. The reaction was worked up as described for Boc–
Aib–γ4(R)Val–OMe. Boc–[Aib–γ4(R)Val]3–OMe was obtained as a
white solid (0.6 g, 87%), m.p. 225–227 °C. MS (ESI): 769.1 [M +
H]+, 791.1 [M + Na]+, 807.1 [M + K]+.

Boc-[Aib-γ4(R)Val]4-OMe (n = 4): Boc–[Aib–γ4(R)Val]2–OMe
(0.35 g, 0.63 mmol) was deprotected with 98% formic acid (3 mL)
and was worked up as described for Boc–[Aib–γ4(R)Val]2–OMe.
The free base was added to a precooled solution of Boc–[Aib–γ4-
(R)Val]2–OH, obtained as described for Boc–[Aib–γ4(R)Val]2–
OMe, in DCM (15 mL) and DMF (5 mL), and HATU (0.24 g,
0.629 mmol) and HOBt (0.96 g, 0.629 mmol) were added. The reac-
tion mixture was allowed to attain room temperature and was
stirred for 6–7 h. The reaction was worked up as described for Boc–
Aib–γ4(R)Val–OMe. Boc–[Aib–γ4(R)Val]4–OMe was obtained as a
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white solid (0.55 g, 89%), m.p. 232–234 °C. MS (ESI): 981.1 [M +
H]+, 1003.1 [M + Na]+, 1019.0 [M + K]+.

Boc–[Aib–γ4(R)Val]5–OMe (n = 5): Boc–[Aib–γ4(R)Val]2–OH
(0.05 g, 0.15 mmol) was coupled to H–[Aib–γ4(R)Val]3–OMe, ob-
tained by deprotecting Boc–[Aib–γ4(R)Val]3–OMe (0.116 g,
0.15 mmol) with 98% formic acid (2 mL) and then adding HATU
(0.057 g, 0.15 mmol) and HOBt (0.023 g, 0.15 mmol). The reaction
was worked up as described for Boc–Aib–γ4(R)Val–OMe. Boc–
[Aib–γ4(R)Val]5–OMe was obtained as a white solid (0.13 g, 73%),
m.p. 251–252 °C. MS (ESI): 1193.0 [M + H]+, 1215.0 [M + Na]+,
1230.9 [M + K]+.

Boc–[Aib–γ4(R)Val]7–OMe (n = 7): Boc–[Aib–γ4(R)Val]4–OMe
(0.05 g, 0.051 mmol) was deprotected with 98% formic acid
(0.5 mL) and was worked up as described for Boc–[Aib–γ4(R)-
Val]2–OMe. The free base was added to a precooled solution of
Boc–[Aib–γ4(R)Val]3–OH (0.03 g (0.051 mmol), obtained as de-
scribed for Boc–[Aib–γ4(R)Val]2–OMe, in DCM (10 mL) and
DMF (5 mL), and HATU (0.02 g, 0.051 mmol) and HOBt (0.008 g,
0.051 mmol) were added. The reaction mixture was allowed to at-
tain room temperature and was stirred for 6–7 h. The reaction was
worked up as described for Boc–Aib–γ4(R)Val–OMe. Boc–[Aib–
γ4(R)Val]7–OMe was obtained as a white solid (0.06 g, 73%), m.p.
�300 °C (charred after 285 °C). MS (ESI): 1618.2 [M + H]+,
1640.2 [M + Na]+.

Boc-[Aib-γ4(R)Val]8-OMe (n = 8): Boc–[Aib–γ4(R)Val]4–OH (0.1 g,
0.1 mmol) was coupled with H–Aib–γ4(R)Val–OH (0.088 g,
0.1 mmol) by using HATU (0.038 g, 0.1 mmol) and HOBt (0.015 g,
0.1 mmol). The reaction was worked up as described for Boc–Aib–
γ4(R)Val–OMe. Boc–[Aib–γ4(R)Val]8–OMe was obtained as a
white solid (0.15 g, 82%), m.p. �300 °C. As the peptide was negli-
gibly soluble in methanol, the solid was stirred in methanol for ca.
1 h and filtered through a sintered glass funnel to obtain pure pept-
ide. MS (ESI): 1830 [M + H]+, 1852 [M + Na]+.

Supporting Information (see footnote on the first page of this arti-
cle): CD and ESI-MS spectra; HPLC profiles; partial ROESY spec-
tra for six- and 16-residue peptides.
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