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Metallopeptoid Helicates

Self-Assembled Cyclic Structures from Copper(II) Peptoids
Totan Ghosh, Natalia Fridman, Monica Kosa, and Galia Maayan*
Abstract: Metal–ligand coordination is a key interaction in the
self-assembly of both biopolymers and synthetic oligomers.
Although the binding of metal ions to synthetic proteins and
peptides is known to yield high-order structures, the selfassembly of peptidomimetic molecules upon metal binding is
still challenging. Herein we explore the self-assembly of three
peptoid trimers bearing a bipyridine ligand at their C-terminus,
a benzyl group at their N-terminus, and a polar group (N-ethylR) in the middle position (R = OH, OCH3, or NH2) upon Cu2+
coordination. X-ray diffraction analysis revealed unique,
highly symmetric, dinuclear cyclic structure or aqua-bridged
dinuclear double-stranded peptoid helicates, formed by the
self-assembly of two peptoid molecules with two Cu2+ ions.
Only the macrocycle with the highest number of intermolecular
hydrogen bonds is stable in solution, while the other two
disassemble to their corresponding monometallic complexes.

Metal ions often play a crucial role in the structure and

function of biopolymers, being employed in various tasks
including folding, recognition, and catalysis. Some peptides
exploit metal–ligand interactions to direct self-assembly
towards the formation of nanostructures with unique conformations and functionalities.[1] Indeed, metal–ligand coordination is one of the most used interactions to drive the selfassembly of small molecules as well as of synthetic peptides
and proteins into various 2D and 3D supramolecular architectures[2]—spanning from macrocycles and other geometrical
shapes to cages and metal-organic frameworks (MOFs),[3]
lattices,[4] discs, spherical shells or fibrils,[5] and additional
quaternary structures.[5b,c] In recent years, a variety of
oligomeric sequences akin to peptides, namely peptidomimetic foldamers,[6] capable of binding metal ions[7–9] have been
developed, and some enabled biomimetic functions such as
selective recognition,[10] allosteric cooperativity,[11] and catalysis.[12] An important class of peptidomimetic foldamers is
peptoids—N-substituted glycine oligomers—which are capable of various applications such as metal binding,[9] catalysis,[12, 13] and in medicine.[14] Peptoids can adopt stable
secondary structures,[15] and self-assemble into sheets and
nanotubes through hydrophobic interactions.[16] Macrocyclization of peptoids has also been demonstrated,[17] but to date
could only be achieved by the formation of covalent bonds
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mer. Peptoids can be easily synthesized from primary amines
on a solid support,[18] thereby resulting in highly versatile
scaffolds. This synthesis enables the facile incorporation of
various metal-binding ligands in different positions along the
sequence, potentially triggering the self-assembly of these
peptoids into well-defined supramolecular architectures upon
metal coordination. However, despite decades of research in
the fields of foldamers, peptidomimetics, and peptoids, the
formation of 3D complex architectures by metal-coordination-driven self-assembly has not been reported. In the last
few years, our group has focused on the synthesis and
characterization of metal-binding peptoids bearing various
chelating ligands[9a–b, 10, 19, 20] as well as their metal-bound
structures (metallopeptoids). These peptoids showed excellent biomimetic function, such as selective recognition[10] and
cooperative catalysis;[12b–c] however, like other examples, their
self-assembly into higher structures was limited. Herein we
capitalize on our ability to form metallopeptoid duplexes
(Scheme 1 a)[10] for the design of short peptoid sequences
containing a bipyridine ligand (Bipy, Nbp), an ethanol group
(Nhse), and a benzyl group (Npm) that can potentially selfassemble upon Cu2+ binding, while stabilizing metallopeptoid
macrocycles through metal-oxo bridges (Scheme 1 b).

Scheme 1. Representation of metallopeptoid duplexes based on our
previous work (a) and a designed metallopeptoid macrocycle (b).

Initially six peptoid trimers were synthesized by incorporating a bulky non-metal-binding group (benzyl, Npm) that
should facilitate interaction between the Bipy and OH side
chains,[12b] and by varying the positions of the three side chains
with respect to one another (peptoids 1–6, Figure S1). The
peptoids were synthesized by the “submonomer” solid-phase
method, cleaved from the solid support, and purified by highperformance liquid chromatography (HPLC; > 95 % purity).
The molecular weight determined by electrospray mass
spectrometry (ESIMS) was consistent with the mass expected
for their sequences (see the Supporting Information). Each of
the six oligomers (0.1 mmol) was dissolved in methanol
(1 mL) and the solution was stirred for 10 min. These were
further treated with 1 equiv of copper(II) perchlorate hexahydrate, and the mixtures were stirred for 24 h at room
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