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Abstract: Folded molecules provide complex interaction
interfaces amenable to sophisticated self-assembly motifs.
Because of their high conformational stability, aromatic
foldamers constitute suitable candidates for the rational
elaboration of self-assembled architectures. Several multiturn
helical aromatic oligoamides have been synthesized that
possess arrays of acridine appendages pointing in one or two
directions. The acridine units were shown to direct self-
assembly in the solid state via aromatic stacking leading to

recurrent helix-helix association patterns under the form of
discrete dimers or extended arrays. In the presence of Pd(II),
metal coordination of the acridine units overwhelms other
forces and generates new metal-mediated multihelical self-
assemblies, including macrocycles. These observations dem-
onstrate simple access to different types of foldamer-contain-
ing architectures, ranging from discrete objects to 1D and, by
extension, 2D and 3D arrays.

Introduction

As exemplified by the large architectures formed by proteins
and nucleic acids in nature, folded molecules provide complex
interaction interfaces amenable to sophisticated self-assembly
motifs. Reprogramming protein and nucleic acid interaction
interfaces has given access to original and useful artificial
assemblies such as protein-metal–organic frameworks[1] and
DNA origamis.[2] At a smaller scale, the potential at self-assembly
in solution and in the solid state of synthetic foldamers is also
emerging.[3] Occasionally, this potential can be expressed with-
out any added features, as in the so-called foldectures of β-
peptide helices discovered by Lee.[4] However, most cases
exploit the introduction of some specific interacting functional

groups. Thus, amphipathicity may promote helix bundling in
water.[5] Aromatic appendages with a strong propensity to stack
have been introduced as side chains of polyproline and α-
helices,[6] and of oligoamide rods.[7] Polyproline helices have also
served to form peptide-metal frameworks using terminal
carboxylate functions to coordinate the metal. Similarly, metal
coordination to β-peptide helices having pyridine functions in
their side chains result in the formation of discrete objects with
complex topologies[8] as well as frameworks.[9] All these
assemblies rely on folded scaffolds, that is, structures with
potential flexibility but whose preferred conformations are
nevertheless generally preserved upon assembly. They thus
constitute a sort of mid-way between, on one hand, the rigid
building blocks used to produce metal–organic cages[10] and
frameworks[11] and, on the other hand, more flexible multitopic
ligands that have no preferred conformation but nevertheless
produce well-defined objects such as helicates[12] or knots[13] in
the presence of metal ions.

Aromatic foldamers constitute a vast class of oligomers with
aryl rings in their main chain that have been shown to form
diverse helix and sheet structures.[14] Their conformations tend
to be very stable. They thus constitute suitable candidates to
elaborate complex assemblies. Yet this potential is far from
being fulfilled. Stacks of helices or crescents have been
observed in crystal structures[15] and in colloidal assemblies[16]

and may be promoted by templates[17] or when the helices are
functionalized by hydrogen bonding[18] or halogen bonding[19]

sticky ends. However, more often than not, crystal structures
show no defined organization patterns. Along this line, we have
introduced hydroxy groups at the surface of aromatic helices to
promote the assembly of multihelical structures via hydrogen
bonding.[20] We have also used metal coordination to orient two
helices at a specific angle.[21] Here, we show that acridine
appendages may be used to generate well-defined packing
motifs of aromatic helices in the solid state, and to promote
metal-mediated self-assembly in solution.
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Results and Discussion

Design and synthesis

Oligoamides of 8-amino-2-quinolinecarboxylic acid (Q in Fig-
ure 1a) adopt stable helical conformations in various solvents.[22]

The well-defined shapes of these helices with 2.5 units per turn
and a pitch of 3.5 Å allow for the introduction of functional
groups at specific positions on their external surface in order to
promote interactions with biomolecules[23] or self-assembly.[20]

Inspired by earlier work on peptide helices,[6,8,9] we devised that
large, rigidly linked, aromatic appendages at the surface of
aromatic foldamer helices may give rise to new modes of
assembly. The acridine group was selected for this purpose
because it combines several advantages (Figure 1b, c). It is
electron poor and may promote anti-parallel aromatic stacking
guided by dipolar interactions. In addition, it can coordinate
metal ions. New monomer Qa bearing an acridyl-ethynylene
side chain in position 4 (Figure 1a) was thus designed and
synthesized. For this, a 4-bromoquinoline derivative was
functionalized with an ethynylene linker and the acridine unit
using two consecutive Sonogashira couplings (see Supporting
Information for synthetic schemes and detailed experimental
procedures).

Sequences 1a–1d and 2a–2c were designed to display
linear arrays of acridine units at their surface (Figure 1d, e) so
that multiple units may simultaneously engage in similar
interactions. Helix curvature is such that placing two Qa

monomers at positions i and i+5 of a sequence amounts to
displaying two acridine units on the same face of the helix, that
is, separated by exactly two helix turns and a vertical rise of 7 Å.

This orientation and spacing might allow for the interdigitation
– i. e., the reciprocal intercalation – of acridine appendages
belonging to different helices in a tweezer fashion.[24] However,
we eventually found that interactions take place via other
modes of assembly. Oligomers 1a, 1b and 1c composed of 5,
10 or 15 units, respectively, possess 1, 2 or 3 acridine
appendages along one line, parallel to the helix axis, on one
face of the helix. These sequences bear no stereogenic centers
and are expected to fold as a racemate of right-handed (P) and
left-handed (M) helical conformers. In contrast, the N-terminal
camphanyl group of 1d, an analogue of 1b, completely biases
helicity in favor of the M-handedness.[25] Similarly, sequences
2a, 2b, and 2c display acridine appendages along two parallel
lines at the helix surface. All sequences were prepared using
convergent solution phase synthesis as described for Qn

oligomers.[26]

Folding and assembly of helices displaying all acridine units
on the same side

The 1H NMR spectra of the (Q2Q
aQ2)n sequences in CDCl3 show

typical features of helically folded conformations (Figures 2a–c,
S1):[22b,c] the peaks are sharp and spread over a wide range of
chemical shift values despite the repetitive nature of the main
chain; the CH2 protons of the isobutyl side chains are
anisochronous due to their diastereotopic nature resulting from
slow helix handedness inversion on the NMR time scale; and
the signals of amide, aromatic and methyl ester protons shift
upfield upon increasing oligomer length as a result of ring
current effects associated with intramolecular aromatic
stacking.[27] Some signals assigned to acridine protons based on
their integration and their chemical shift value also shift upfield
up to 0.3 ppm upon increasing oligomer length. These protons
are not part of the stacks of the main chain aromatic helix.
Upfield shifts nevertheless suggest that they may be involved in
some sort of aromatic stacking.

The 1H NMR spectra of 1b and 1c in CDCl3 show only minor
changes upon increasing concentration from 0.1 mM to 10 mM
(Figures S2, S3). The signals remain sharp and do not shift
significantly. This trend is in principle compatible with very
stable discrete aggregates that would only dissociate at much
lower concentrations. However, multiple aggregates would be
expected to form depending on the P or M handedness and
head-to-head or head-to-tail helix-helix orientation of the
aggregated helices. Instead, we inferred that aggregation is not
substantial in solution. However, the structures of 1b and 1c
obtained by X-ray diffraction analysis of single crystals did
reveal acridine-mediated aggregation in the solid state (Figur-
es 2d–m, S4 and S5). Both structures were solved in space
group P-1 with one molecule in the asymmetric unit. The
structures confirmed helix folding and the positioning of the
isobutoxy and acridine side chains. Particularly significant is the
fact that the assembly mode is similar for both compounds.
Thus, in both crystal structures, two helices of opposite handed-
ness (i. e., P and M) assemble into centrosymmetric pairs with
extensive intermolecular contacts between their acridine units.

Figure 1. Foldamer sequences with acridine appendages and expected
interactions. a) Chemical structures of units Qa and Q. Interactions enabled
by the acridine group: π-π and dipole-dipole interactions (b), and metal
coordination with Pd(II) (c). Sequences of foldamers with acridine groups on
one side of the helix (d) and two neighboring sides of the helix (e).
Schematic top and side views indicate the positions of acridine units on
helices.
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Within a pair, helices are arranged head-to-tail with their axes
parallel to each other. Within each helix, the long axis of the
acridine moieties is tilted by 40° to 50° with respect to the helix
axis. It follows that the benzene rings of acridine units within a
helix are in close proximity, forming a sort of offset stack.[28] This
arrangement naturally forbids any intermolecular interdigita-
tion. Nevertheless, the surface available for intermolecular
stacking of the acridine units remains considerable, eventually
giving rise to antiparallel orientation of the dipoles of the
acridine units, as generally seen in polar dye assemblies.[29] The
surface involved in intermolecular aromatic stacking in 1b and
1c was estimated by subtracting the solvent-accessible surface
of a dimer from the solvent-accessible surface of two mono-

mers, yielding values of 113 and 215 Å2, respectively. The
distances between aromatic surfaces range from 3.4 to 3.7 Å. A
CH…O hydrogen bond was also found between the H2-proton
of an acridine and the carbonyl oxygen of an amide (dCH-O=

2.53 Å). The triple bonds linkages between acridines and
quinolines show deviations from ideal bond angles of 180°
(typically around 174° in 1b, and 161°, 169°, and 166° in 1c), as
has been observed in some macrocycles.[30] Altogether, the
structures of 1b and 1c show that the acridine appendages
create well defined interaction interfaces leading to some
ordering of aromatic helices in the solid state. Since these
compounds display acridine on one face of the helix only,
ordering is limited to the formation of dimers.

We attempted to assess the bulk phase purity by measuring
powder diffraction. Unfortunately, ground crystals suspended in
cold oil completely lost their diffraction power. The fragility of
foldamer crystals has been frequently observed and reflects the
absence of sufficiently tight contacts between molecules in the
crystal lattice as well as the high solvent content. The crystals
all had the same appearance which, in itself does not prove
they belong to the same phase. Nevertheless, multiple single
crystals were mounted and all showed the same unit cell
parameters, suggesting that this may be the case.

Assembly of helices displaying acridine units in two
directions

We next examined the behavior of oligomers 2a–c with
acridine units on two faces of the helices, i. e., with potential for
acridine-acridine interactions between more than just pairs of
helices. The 1H NMR spectra in CDCl3 of oligomers 2a–c display
sharp signals (Figures 3a, c, S6), like those of 1a–c, and chemical
shift values typical of helically folded aromatic amide foldamers.
NMR signals shift slightly upfield upon increasing concentration
from 0.1 to 10 mM (ΔΔ up to 0.17 ppm for 2c, Figures S7–S9).
These variations are larger than for 1a–c, even when comparing
compounds with the same overall number of acridine groups
(2a vs. 1b, and 2b vs. 1c), suggesting some aggregation in
solution. Yet no indication of long-lived (e.g., slow exchange on
the NMR time scale) discrete aggregate was found.

Oligomer 2b containing three acridine units crystallized by
slow diffusion of n-hexane into a chloroform solution. The
crystal structure of 2b could be solved in body-centered
monoclinic space group I2/a (Z=8) with one molecule of 2b in
the asymmetric unit. The positioning and orientation of acridine
units at the surface of the helix (acr1 to acr3 numbered from
the N- to the C-terminus of the sequence) are highlighted in
Figure 3(d–i). Differences from the arrangement of acridines
found in 1b and 1c can be observed. The top view shows an
angle of ca. 60° between the two pointing directions of the
acridine units (Figure 3d, g). Acr1 and acr3, which protrude on
the same side of the helix, are not stacked and parallel in this
case (Figure 3 h). Unlike other acridine units, acr3 has its plane
almost perpendicular to the helix axis. In contrast, acr2 and acr1
are almost parallel to each other and tilted by 55° with respect
to the helix axis (Figure 3e, h).

Figure 2. 300 MHz 1H NMR spectra of 1c (a), 1b (b) and 1a (c) in CDCl3. Stars
indicate signals belonging to acridine moieties. Different views of the crystal
structures of 1b (d–h) and 1c (i–m). Hydrogen atoms, isobutyl groups, and
solvent molecules are omitted for clarity. Arrows indicate the N-to-C helix
orientation. Acridine groups are shown in space filling representation in (d–f)
and (i–k). Intramolecular and intermolecular average distances from the
atoms of acridine groups to the aromatic planes are indicated in h) and m),
respectively.
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The packing of 2b in the solid state revealed continuous 1D
arrays of helices mediated by intermolecular acridine-acridine
contacts (Figure 4a, b). All helices have their axis parallel but
their P or M handedness as well as their N-terminus to C-
terminus orientation alternate along the 1D array. In this
continuous 1D arrangement, each helix is in contact with two
other helices through two different interaction interfaces
corresponding to the two boxes in Figure 4(a and b). Thus, both
interfaces involve helices of opposite handedness and of
opposite N-terminus to C-terminus orientation. One intermolec-
ular interaction interface consists of the tight face-to-face
stacking (aryl-aryl distance of 3.4 Å) of the acr2 units of two
different helices (Figure 4d, f). The two acr2 units are slightly
offset and have their dipole moments antiparallel. Six acridine
units are involved at the second intermolecular interaction
interface. Four of them form a continuous acr2-acr1’-acr1-acr2’
face-to-face stack (aryl-aryl distance of 3.3 to 3.4 Å) where two
pairs of acridine units from two different helices interdigitate
(Figure 4c, e), leading to a stack of four acridine units that
belong alternatively to one helix or the other. Offsets between
stacked rings are more significant in this case. Together with
the acr2-acr2’ contacts of the first interface, a continuous face-
to-face stack of acridine rings results. Acr3 and acr3’ come
above and below the face-to-face stack and engage in edge-to-
face CH-π interactions.

The structures of 1b, 1c and 2b demonstrate that acridine-
acridine interactions determine the solid state arrangements of
the foldamer helices. When all acridine units protrude on one

face of the helix, discrete dimers form. When they protrude in
two directions, 1D arrays of helices form. One could anticipate
that 2D ordered arrays would be produced with acridine units
pointing in three different directions, perhaps enabling the
organization of self-assembled monolayers on solid support.
This prospect has not yet been explored. It is reasonable to

Figure 3. 300 MHz 1H NMR spectra of oligomers of 2c (a), 2b (b) and 2a (c)
in CDCl3. Stars indicate signals belonging to acridine moieties. (d–i) Different
views of the crystal structure of 2b. Hydrogen atoms, isobutyl groups and
solvent molecules, are omitted for clarity. Angles between acridine moieties
and the helix are indicated in d) and e). Acridine moieties are shown as
space-filling models in g–i).

Figure 4. The assembly of 2b in the solid state. Top view (a) and side view
(b) of one dimensional continuous ladder organization of P and M helices
mediated by stacking between acridine units. Acr1 and acr3 are shown in
red and acr2 is shown in blue, all in space filling representation. In a), arrows
indicate N-to-C helix orientation. In b), black circles and white circles indicate
that the C-terminus or the N-terminus of the helix is visible, respectively. (c,
e and g) show different views of helix-helix interface B and (d, f, and g) show
the same views of helix-helix interface B. In (c–h), acr units borne by the M
helix are shown in green, and acr units borne by the P helix are shown in
gold. Acr units are shown either in tube representation (g, h) or in space-
filling representation (c–f). Average distances from atoms of acridine rings to
the close aromatic planes are indicated in (g and h). Hydrogen atoms,
isobutyl groups and solvent molecules, are omitted for clarity.
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expect that 2D or 3D arrays would endow the crystals with
sufficient integrity to make packing better resist the loss or
replacement of solvent molecules. This would allow to obtain
powder diffraction and verify phase homogeneity on large
samples.

Pd-mediated assembly of helices with acridine appendages

In a second approach, we used metal ions to guide the
assembly of helices through metal complexation (Figure 1c).
While metal coordination is widely used to stabilize foldamer
structures,[31] its use to form self-assemblies of foldamers is less
common[8,9,21] perhaps precisely because metals may interfere
with folding. The endocyclic nitrogen of acridine can be used to
coordinate a metal ion with good directionality,[32] and this
ligand-metal coordination was expected to prevail over aro-
matic stacking. Pd(II) was chosen for its well-known ability to
form stable complexes with pyridine rings, as was extensively
illustrated in the field of self-assembled metal–organic coordi-
nation cages and macrocycles.[10a,b,33] Unlike Cu(II), which forms
stable helicates within Qn helices, Pd(II) does not coordinate to
Qn oligomers and does not interfere with helical folding.[34]

Complex formation was first validated upon mixing
PdCl2(CH3CN)2 with a Qa derivative in CDCl3 (Figure S10). A
distinctive downfield shift of the acridine H4/H5 NMR signals
above 11 ppm was observed. Upon mixing PdCl2(CH3CN)2 with
two equivalents of sequence 1a, complexation was found to be
slow and could be monitored by 1H NMR spectroscopy (Fig-
ure 5b-d). An intermediate species was observed that was
assigned to a 1 :1 complex. The final product was unambigu-
ously assigned to a 2 :1 Pd(1a)2Cl2 complex based on mass
spectrometric measurements (peak at m/z 3123.063 with the
correct isotopic distribution, see Figure S19), DOSY (Figure S11)
which clearly showed that the complex has a larger hydro-
dynamic radius than 1a alone, and X-ray crystallography
(Figure 5f–h). Quite remarkably, differences in the 1H NMR
spectra of the 1 :1 intermediate and 2 :1 final complex did not
only concern protons belonging to acridine moieties. A
quinoline H3 proton near 6.6 ppm presumably belonging to
Qa,[35] some amide NH, and even the extremely remote methyl
ester protons near 3.3 ppm had different chemical shift values
depending on acridine coordination to Pd(II), suggesting long
range transmission of electronic effects (Figure 5b–e).

The solid state structure of Pd(1a)2Cl2 was solved in space
group C2/c with two independent complexes in the asymmetric
unit. Both complexes were meso conformers with one P helix
and one M helix (Figure 5f). The two helices are kept 1.7 nm
apart by the acridine-Pd complex. It is thus unlikely that any
contact between them could mediate helix-helix handedness
communication.[36] One may thus infer that the chiral PP/MM
conformer also exist in solution (Figure 5a). The fact that the 1H
NMR spectrum shows only one set of signals (Figure 5b)
indicates that the PM and PP/MM conformations have perfectly
overlapping signals. Indeed, fast exchange on the NMR time
scale that would average the signals of the diastereomers is
excluded for both metal-ligand exchange and helix handedness

inversion. The presence of meso conformers in the solid state
thus reflects preferential crystallization of this compound. The
two complexes of the asymmetric unit differ in that they have
different helix-helix relative orientations. One complex shows
almost parallel helix axes with opposite orientation of the N-
and C-termini (Figure 5f, g) whereas in the other complex, the
helix axes are tilted by an angle of 40° (Figure 5 h). These
different orientations just represent two out of numerous
possible helix-helix orientations and reflect the free rotation
about aryl-alkyne bonds. Pd ions are in the expected square
planar coordination geometry. The two acridine rings, in trans,
are parallel in one complex of the asymmetric unit and slightly
tilted in the other (tilt angle of 16°). The alkyne spacers
substantially deviate from linearity which gives a wavy shape to
the linker between the helices. This distortion may come from

Figure 5. A model to show the interconversion between PP/PM/MM helices
connected with a single metal coordination (a). Formation of complex
Pd(1a)2Cl2 followed by NMR spectroscopy (300 MHz, CDCl3) at different time
intervals after mixing PdCl2(CH3CN)2 with two equiv. of 1a (b–e). Different
views of the crystal structure of Pd(1a)2Cl2 (f–h). In (f), arrows indicate N-to-C
helix orientation. In (g and h), the side views of two inequivalent complexes
found in the asymmetric unit are shown and the distinct helix-helix
orientation indicated. Hydrogen atoms, isobutyl groups and solvent
molecules, are omitted for clarity.
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crystal packing and illustrates the flexibility of the linkages, as
seen above in the structure of 1c. Molecular packing in the
crystal lattice revealed very reduced acridine-acridine contacts
(limited to one contact between the two complexes of the
asymmetric unit), confirming that metal coordination over-
whelms the attractive interactions that prevail in the structures
of 1b, 1c and 2b.

We next investigated Pd coordination to longer oligomers
containing more than one acridine unit. With 1b, which
displays two acridine units on the same face of the helix, a
2 : 2 helix/metal complex may be expected that would include a
96 atom macrocycle. Thus, 1b was mixed with 1 equiv. of
PdCl2(CH3CN)2 in CDCl3 and heated to 60 °C. After one night, the
1H NMR spectrum of the reaction showed multiple peaks
indicating a complex mixture (Figure S12). This complicated
NMR spectrum was assigned to the numerous possible 1 :1, 2 : 1,
and 1 :2 intermediates towards the final expected macrocycle
(Figure S13). Upon prolonged heating (seven days) the spec-
trum simplified and four methyl ester peaks of similar intensity
could be distinguished near 3.1 ppm (Figure 6b). A high
resolution mass spectrum confirmed the formation of a 2 :2
complex Pd2(1b)2Cl4 with the correct isotopic distribution (m/z
2990.987, z=2, Figure S20) and DOSY NMR further validated
that the complex has a larger hydrodynamic radius than 1b
alone (Figure S14). The presence of four species in the 1H NMR
spectrum is consistent with the fact that acridines are presented
on the same face of a helix regardless of helix handedness and
helix N-to-C orientation. Thus, all parallel-PP/MM, parallel-PM,
antiparallel-PP/MM, and antiparallel-PM 2 :2 Pd2(1b)2Cl4 com-
plexes may form with equal probability. In order to simplify
NMR spectra and validate our analysis, enantiopure helical
oligomer 1d was produced. Its N-terminal chiral camphanyl
group is known to completely bias helix handedness.[25] Thus,
1d only exists as an M-helix due to the S configuration of its
camphanyl group. Upon mixing 1d and Pd(II) (1 equiv.),
Pd2(1d)2Cl4 was produced and its NMR spectrum showed only
two methyl ester peaks (Figure S15) which were assigned to
parallel-MM and antiparallel-MM complexes.

Single crystals of Pd2(1b)2Cl4 were obtained by slow
diffusion of acetonitrile into a chloroform solution of
Pd2(1b)2Cl4. The structure was solved in the P-1 space group
with one complex in the asymmetric unit and proved to be the
antiparallel-PM conformer (Figure 6d). However, upon redissolv-
ing the crystals and immediately measuring an NMR spectrum,
the four species were still observed. This suggested that all four
species may have been present in the initially isolated crystals,
that is, in separate single crystals.[37] Indeed, the interconversion
between the different species require complex dissociation and
helix handedness inversion and is therefore not expected to be
a fast process. Upon recrystallizing the mixture several times, it
was eventually enriched into one of the four species only which
confirmed its kinetic stability at room temperature in CDCl3
(Figures 6a, S16).

In the solid state structure, the two helices of the complex
are separated by ~1.8 nm. The helix axes are perfectly parallel.
The conformation of each helix is similar to its conformation in
absence of Pd(II) (Figure 2d) with the acridine planes almost

Figure 6. The 1H NMR (300 MHz) spectra of 1b (c) and its complex with
palladium Pd2(1b)2Cl4 containing four isomers (b) as well as one of the
isomers purified (a) in CDCl3, (d–h) the crystal structure of the complex
Pd2(1b)2Cl4 showing different views, d) front view, e) top view through the
helices; f) side view showing the angle of acridine to the axis of helix; g) side
view with the angle of palladium atoms to the axis of helices; h) views of the
palladium coordination. One dimensional solvent channel formed by the
stacking of the complex Pd2(1b)2Cl4, on the view from (i) b-axis and (j) c-axis.
All the hydrogen atoms (d–j) and side chains (d–h) in the crystal structures
are removed for clarity.
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parallel to each other and tilted with respect to the helix axis.
The metal complexes show similar features as those mentioned
for Pd(1a)2Cl2, including some distortions. The Pd� Pd distance
is only 6.7 Å. This proximity results in CH…Cl contacts between
a chloride of each complex and the acridine units of the other
complex. The four acridines are thus sterically intricated in a
way reminiscent of some molecular gears used in molecular
machinery.[38] If the acridine units are allowed some motions, for
example change in the tilt angles, these motions must be
coupled and synchronous for the four acridines. The crystal
packing of Pd2(1b)2Cl4 revealed large rectangular pores, with
dimensions around 30×5 Å (Figure 6i, j). This possibly reflects
the rigid dumbbell shape of the complex which may make it
difficult to achieve tight packing.

Complexation of Pd(II) to longer oligomer 1c containing
three acridine units on the same face of the helix showed a
behavior similar to that of 1b (Figure S17). The 1H NMR
spectrum showed four methyl ester signals, which may be
assigned, as before, to four isomeric macrocycles comprised of
two helices. The mass expected for a Pd3(1c)2Cl6 complex with
three Pd(II) ions bridging two helices was detected (Figure S21).
However, in the absence of a crystal structure, the analysis was
not pushed further. Complexation of Pd(II) to oligomer 2a
containing two acridine units pointing in different directions
was also investigated. The orientation of the acridine units may
not allow for the formation of a 2+2 macrocycle, as with 1b.
After more than five days at 60 °C, the NMR spectrum showed
multiple ester peaks (Figure S18). HRMS analysis indicated the
presence of a 3 :3 (Pd3(2a)3Cl6+3H)3+ complex (Figure S22),
overlapping with (Pd(2a)Cl2+H)+, perhaps a fragment of the
latter. A triangular shaped macrocycle with three helices at
each summit is a plausible object, but again, investigations
were not pushed further due to the number of possible isomers
with various combinations of helix handedness and N-to-C
orientation.

Conclusion

In conclusion, we have demonstrated that acridine units
appended at precise positions of an aromatic foldamer helix
efficiently guide helix-helix interactions in the solid state, giving
rise to the formation of discrete dimers and 1D ordered arrays.
Such control of molecular packing where one structural feature
prevails allows to establish a hierarchy between interactions
that may be useful in crystal engineering and to direct the
organization of self-assembled monolayers on surfaces. Ulti-
mately, the goal is to convert structural control in specific
materials properties. For instance, ferromagnetic exchange
between paramagnetic Cu(II) centers has been measured on
crystals of Cu-containing aromatic helical foldamers, and
electron transport properties have been evidenced in mono-
layers of the same compounds.[34]

Furthermore, the ability of acridine units to form complexes
with Pd(II) was efficiently used to form stable cyclic
supramolecular assemblies of helices in solution. Self-assembly
was somewhat complicated by the presence of isomers

associated with helix handedness and helix C-to-N orientation.
The system may be simplified by controlling helix handedness
independently, using chiral monomers or end-groups. Also,
helices could in principle lack C-to-N polarity and be sym-
metrical upon using a central diamine or diacid unit. The inter-
helix associations we have evidenced in the solid state and in
solution operate orthogonally to the interactions responsible
for folding and do not alter helix shape. Thus, these results
further establish aromatic foldamer helices as versatile program-
mable scaffolds for exomolecular recognition and molecular
assembly.
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