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Abstract—The synthesis of the B-peptide 1 by the postsynthetic modification of the corresponding amino-containing peptide 3 is
described. The potential of 1 to act as a template for the ligation of complementary negatively-charged peptides is discussed. © 2001

Published by Elsevier Science Ltd.

Oligomers of B-amino acids (B-peptides) fold into well-
defined secondary structures including helices, sheets
and turns that are analogous to the well-known sec-
ondary structures of proteins.'—3 Some B-peptides com-
posed of as few as six amino acids adopt a stable helical
conformation designated as the L+2, 3; or 14 helix
which is characterized by a perfect three-residue geo-
metric repeat with a 5 A pitch.* This regular repeat
should make it possible to design peptides in which
selected side chains lic on a straight line parallel to the
helix axis. Such molecules might act as templates for the
ligation of ‘complementary’ B-peptides as do some o-
peptides.> Here, we describe the synthesis of a positively
charged peptide of this nature that could, in principle,
facilitate the ligation of complementary negatively
charged B-peptides (Fig. 1).

The guanidino group plays an important role in biolo-
gically active proteins, peptides and peptidomimetics,®
particularly in arginine-containing peptides and pro-
teins. Guanidine and its simple derivatives are strongly
basic (the pK, of the guanidinium ion is approximately
13.5), and are fully protonated under physiological
conditions. Since positive charge of guanidino groups
and their potential to form hydrogen bonds serve as a
basis for specific interactions between biological mole-
cules we decided to synthesize peptide 1 as a potential
template.
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Attempts to use the B-amino acid derivative 2 with a
protected guanidino group as a building block in
B-peptide chain elongation failed. We surmise that the
bulky Boc functionality used as a protecting group on
the guanidino group of 2 may have prevented access of
the required amino functionality to the activated car-
boxylate group. Peptide 1, therefore, could only be
obtained post-synthetically from peptide 3 by convert-
ing its amino moieties to guanidino groups. The synth-
eses of the B-peptide amides 3 and 4 were carried out
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condensation

Figure 1. Schematic representation of proposed template-directed ligation. The positive charged B-peptide 1 serves as a template by aligning com-
plementary negative charges on substrate peptides. The arrow indicates the position of the new peptide bond.

using Fmoc solid-phase peptide synthesis on Applied
Biosystems’ AMyny, resin. -Amino acid derivatives 5
and 6 were employed as building blocks. Compound 5
was synthesized by a published procedure’ in 29% yield.
Compound 6 was synthesized by an extension of a pre-
viously published synthesis® from one of our
laboratories in an overall yield of 38% (Scheme 1).
NMR and mass spectroscopy were used to characterize
these compounds.’

In the course of the syntheses of peptides 3 and 4, the
first amino acid (5) was attached to the resin very effi-
ciently. The next seven residues in the peptide sequences
were incorporated using the standard protocol.'® How-
ever, the coupling and deprotection efficiency decreased
after the formation of the octapeptide, possibly due to
the folding of the peptide in the swelling solution. To
overcome this difficulty, in subsequent elongation steps
we carried out two successive couplings using prolonged
coupling times and also a prolonged deprotection time
(standard coupling time 45-60min and deprotection
time 3 min; the coupling time employed in these steps
was 120 min and the deprotection time was 6 min). The
N-terminal B-amino groups of these peptides were
acetylated after the completion of chain elongation. The
peptides were cleaved from the resin using TFA, which
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Scheme 1. (a) Ref 7; (b) PhsP (1.1 equiv), H,O (5 equiv), THF; (c)
(Boc),O (2 equiv); (d) 10% Pd/C, MeOH; (e) Fmoc-Cl (1.1 equiv),
DIEA (1.1 equiv), CH,Cl,; (f) TFA; (g) (Boc),O (1.5 equiv), DIEA (3
equiv); (h) 8 (1.1 equiv), DIEA (3 equiv).

simultaneously removed the Boc protecting groups.
Crude peptides were obtained after cleavage with puri-
ties of 33% for 3, and 27% for 4, determined by RP-
HPLC on a C18 column.!' The purities of the purified
peptides were above 95% for 3 and 4. The presence of
several peaks close to each other in front of the major
peaks (product peaks) in the HPLC profiles indicates
that the coupling reactions were incomplete. The pur-
ified peptides were water soluble. They were character-
ized by electron spray ionization MS (3 MH™ 1141, 3
MNa™ 1163; 4 MH™ 1681, and 4 MNa™ 1703), and (3
M+TFA~ 1253; 4 M+ TFA~ 1793). All the measured
masses agreed with theoretical values.

The circular dichroism spectra of 3 in pure water, pH 7
buffer, pH 12 buffer and methanol solution (0.28 mM)
were recorded (Fig. 2) in an attempt to characterize its
conformation. The spectrum in water has a minimum at
203nm and a maximum at 186 nm, indicating the pre-
sence of a well-defined secondary structure. The blue-
shift of the maximum and minimum relative to those
reported for other B-peptides,'? was possibly caused by
the amino groups in the backbone chain, which are
protonated under the conditions of the experiment.
When the pH was increased, slight red shifts of the
peaks were observed. These might arise from the
deprotonation of the amino groups. The peak intensity
decreased at high pH values, perhaps indicating a
decrease in the percentage of the peptide that has the
defined secondary structure. The same behavior was
observed in methanol solution. The shape of the curve
suggests that the peptide forms a 12/10/12 helix,'? or a
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Figure 2. CD spectra of 0.28 mM B-peptide 3 in aqueous solution at
different pHs or in methanol. The mean residue ellipticity is given in
deg.cm?/dmol.
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hair-pin structure.> An NMR study designated to give
detailed structural information is in progress.

In the guanidinylation reaction of resin-bound 3 (4-
methylbenzhydrylamine resin), a number of reagents
were explored. The most commonly used reagent 7, 1 H-
pyrazole-carboxamidine, failed, but reagent 8, N,N'-di-
Boc-N'-triflylguanidine, was used successfully.!>'* The
guanidinylation of the amino groups was carried out in
a 1 M solution of 8 in dichloromethane in the presence
of at least a 4-fold excess of triethylamine. After 6 days,
only two, on average, of the four amino groups in 3
were converted to guanidino groups. However, this
intermediate product after cleavage from the resin with
trifluoromethanesulfonic acid,'’ could be further guani-
dinylated in solution as described below to give the
desired product.

A more efficient synthesis, entirely in homogenecous
solution, was then developed. The guanidinylating
reagent 8 is usually used in nonpolar solvents, such as
dichloromethane. However, since 3 is insoluble in di-
chloromethane, methanol was chosen as the solvent.
Peptide 3 (1 mg) was added to a mixture of 0.75uL of
diisopropylethylamine and 150 uLL of a 0.5 M solution
of 8 in methanol. The solution was allowed to stand for
6 days at 45 °C. Dialysis of the reaction mixture followed
by RP-HPLC purification yielded peptide 1 in 31% yield
(electron spray ionization MS, MH* 1309, M+ TFA~
1421; theoretical values MH™ 1309, M+ TFA~ 1421).

The methods described above should make available a
variety of B-peptides containing 2-guanidino-3-amino-
butanoic acid residues. They should prove useful in
template-directed synthesis and perhaps as high affinity
aptomers for proteins and other biomolecules.
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