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Abstract—The model tripeptide Boc-Leu(1)-Aib(2)-Phe(3)-OMe 1 containing a non-coded amino acid residue (Aib: �-amino
isobutyric acid) forms a supramolecular helical assemblage via non-covalent interactions in single crystals. The SEM image of the
peptide 1 in the solid state shows the ribbon like fibrillar morphology, a characteristic feature of highly ordered aggregated fibrils
like amyloid fibrils. © 2002 Published by Elsevier Science Ltd.

Highly ordered, self-assembled structures of synthetic
peptide oligomers can display structural and functional
capabilities that can be directed by design and that have
enabled their utility in biological science as ion channels
to be developed.1 While the self-assembly of peptides
into hollow nanotubes,1 supramolecular �-sheets2,3 and
tapes4 has been widely studied due to their many appli-
cations in biological systems, the supramolecular pep-
tide helix has been paid little attention due to the lack

of an appropriate model system. However, the
supramolecular helical structure is interesting, as it
occurs in nature.5 Goldsbury and co-workers have sug-
gested that not only �-sheet structures but also helices
may have a role in highly ordered self-aggregated amyl-
oid plaque formation in amyloid diseases.6 So, it is
necessary to construct the supramolecular helical
assemblage. Previously a number of different
approaches have been pursued to create non-peptide

Figure 1. The ORTEP diagram of peptide 1 including the atom numbering scheme. Thermal ellipsoids are shown at the level of
30% probability.
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supramolecular helical structures.7 One such approach
is metal-ion directed supramolecular helix formation.8

Lehn and his co-workers have successfully designed,
synthesized and characterized single stranded self-orga-
nized helices based on an oligo-amide9a strand com-
posed of 2,6-diaminopyridine and 2,6-pyridine
dicarboxylic acid. These compounds not only form
single helical conformers, but also self-assemble to form
reversible double helical dimers.9b,c There are several
other examples of self-assembled, hydrogen bond-medi-
ated supramolecular helical structures from small
organic molecules.10 However, all previously reported
supramolecular helices were constructed using either
rigid organic templates or through metal co-ordination.
Herein we report the formation of a self-assembled,
supramolecular helix in crystals from a terminally
blocked synthetic tripeptide11 Boc-Leu(1)-Aib(2)-
Phe(3)-OMe 1 and the formation of amyloid-like fibrils
in the solid state. This is the first evidence of a
supramolecular peptide helix, which is constructed by
purely non-covalent interactions.

The ORTEP diagram of the peptide 1 with the atom-
numbering scheme is presented in Fig. 1. The most
interesting feature of the peptide 1 in crystals12 reveals
that the compound is unable to form any intramolecu-
lar hydrogen bonded folded structures even though the
� and � values of the constituent amino acid residues
fall within the helical region of the Ramachandran
map. The reported compound forms an intermolecular
hydrogen bonded column along the crystallographic a
axis (Fig. 2). There are two intermolecular hydrogen
bonds N4–H4···O3 and N6–H62···O5 (Table 2) con-
necting individual peptide molecules to form individual
columns. The C�O and NH groups of Leu(1) and
Aib(2) are engaged in intermolecular hydrogen bonding
leaving the same hydrogen bonding functionalities of
the Phe(3) residue uninvolved. The torsion angles of all
the amino acid residues of the peptide 1 are listed in
Table 1. It is evident from Table 1 that except �3 of
Phe(3), all the �,� values lie within the �-helical por-
tion of the Ramachandran plot. This might be helpful
for the formation of a supramolecular helical assem-
blage. It was found that the torsion angles �1 (−62.91)
and �1 (−41.20) are in the right handed helical region
whereas the �2 (58.15) and �2 (46.24) are in the left
handed helical region. This is due to the presence of the
achiral Aib(2) residue. The individual columns are then
stacked via van der Waals’ interactions along the c
direction to form highly ordered supramolecular helical
assemblies (Figs. 3a and 3b). The stacking of the
molecules are generated by the crystallographic 21

Figure 2. Packing diagram of peptide 1 along crystallographic
a axis showing intermolecular hydrogen bonding in solid state
and the formation of individual columns.

screw axis, as prescribed by the P212121 space group of
the crystal structure.

The fibrillar morphology of the reported peptide 1 has
been studied using scanning electron microscopy
(SEM). The scanning electron micrographs (Figs. 4a
and 4b) of the dried fibrous material (slowly growing
from ethyl acetate solution) clearly show that the aggre-
gate in the solid state has a filamentous ribbon like
fibrillar morphology which is reminiscent of neurode-
generative disease causing amyloid fibrills.6

The present result provides an efficient approach to the
creation of a helical superstructure through molecular
self-assembly directed by the conformational features of
the peptide 1 and induced by the non-covalent interac-
tions operating among the molecules. Although, most
of the backbone torsion angles lie within the �-helical
region, the peptide 1 fails to form any intramolecularly
hydrogen-bonded folded conformations. This is due to
the absence of the requisite number of amino acid
residues in the reported peptide to form a full turn of
an �-helix and this assists the peptide 1 molecules to

Table 2. Intermolecular hydrogen bonding parameters of
peptide 1

D···A (A� )D�H···A D�H···A (°)H···A (A� )

2.10 174N6�H62···O5a 2.980
1583.083N4�H4···O3a 2.27

a Symmetry equivalent 1+x, y, z.

Table 1. Selected torsion angles (°) for peptide 1

−175.5(3) �0C6�N6�C7�O72 N4�C4�C3�N2 46.2(4) �2

C7�N6�C6�C5 −62.8(4) �1 C4�C3�N2�C2 166.7(3) �2

�3−55.3(4)C3�N2�C2�C1�1N6�C6�C5�N4 −41.5(4)
165.9(3) �1C6�C5�N4�C4 N2�C2�C1�O12 141.4(3) �3

58.6(4)C5�N4�C4�C3 �2
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Figure 3. (a) Packing of individual columns in the c projec-
tion illustrating the formation of a highly ordered
supramolecular helical assembly via van der Waals’ interac-
tions. (b) Space-filling model showing higher-ordered
supramolecular helical assembly via van der Waals’ interac-
tions in the solid state.

Figure 4. (a) SEM image of the peptide 1 showing filamen-
tous fibrillar morphology in the solid state. (b) SEM image of
peptide 1 showing a single filament in the solid state.
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self-organize and then self assemble to form a
supramolecular helical structure by purely noncovalent
interactions. Another noteworthy feature of the
reported compound is the formation of a fibrillar struc-
ture in solid state, as reminiscent of amyloid fibrils.
Goldsbury and his co-workers previously reported that
amyloid fibrils of human amylin and human calcitonin
contain not only �-sheet structures but also significant
amounts of helices.6 Thus, fibrillar morphology with
supramolecular helical assemblage of the peptide 1 may
be used as a model system3 to study the fibrillation
process of many neurotoxic disease causing amyloid
fibrils.
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