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Coaxial Helices in Chiral Supramolecular Aggregates from Highly
Hindered Chiral Allenes
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Abstract: Chiral allenes self-assembly following a coop-
erative mechanism into a supramolecular chiral aggre-
gate consisting of two coaxial helices: the internal helix
described by the allene stack and the external helix
which consist in a 4-helix described by the four allene
substituents. More precisely, this supramolecular aggre-
gate possesses six axially chiral elements within its
structure—the allene, the allene stack (internal helix)
and the stacks of the four allene substituents (external 4-
helix)—. Interestingly, slight variations in the magnitude
of the tilting degree while keeping its P- or M-
orientation (internal helix) can vary the orientation of
the 4-axial motifs at the external helix. Thus, while (P)-1
produces a supramolecular helix with a Θ ca. 15° (Pint)
and a M1/P2/M1’/P2’ orientation of the four axial motifs
at the periphery, (P)-2 produces a supramolecular helix
with a Θ ca. 23° (Pint) and a P1/P2/P1’/P2’ orientation of
the four axial motifs at the external helix. As a result,
the ECD spectra and the AFM images of the (P)-1 and
(P)-2 supramolecular aggregates dominated by the 1
and 1’ substituents of the chiral allene indicate opposite
handedness although the chirality of the building block
and the orientation of the allene stack are the same

Introduction

Inspired by nature, scientists have developed new types of
artificial self-assembling systems that gave rise to the so-
called supramolecular polymers. These macromolecular
structures, which are held together through a delicate
balance of non-covalent interactions (e.g., hydrogen bonds,
π-stacking, metal coordination or metal-metal interactions),
have attracted the attention of the scientific community not
only for their self-assembly processes, but also for the
different tridimensional structures that can be obtained.[1–8]

The use of building blocks with different tridimensional
structures can lead to a large variety of supramolecular
scaffolds with different interesting properties. Thus, planar
building blocks that usually consist of flat aromatic cores
such as benzene tricarboxamides (BTAs),[9–16]

perileneimides,[17–25] boron dipyrromethenes
(BODIPYs),[26–32] porphyrins[33–37] or oligophenyleneethyny-
lenes (OPEs),[38–42] among others,[43–50] have been extensively
employed in the field of supramolecular helical polymers. In
general, these planar and π-extended units are endowed
with either paraffinic or glycolated side chains, ensuring the
solubility of the supramolecular polymer in the desired
aggregating media. Moreover, the introduction of chirality
in the above-mentioned side chains generally promotes the
adoption of supramolecular helical scaffolds whose handed-
ness depends on the absolute configuration of the chiral
centre.[51–58] However, the use of intrinsically non-planar
chiral building blocks—like cyclophanes,[59–62] biaryls,[58,63]

helicenes[64–68] or subphtalocyanines[69–70]—has emerged as a
more ambitious strategy to develop different chiral
supramolecular architectures compared to those obtained by
using planar systems.[71] Surprisingly, in between the above-
mentioned manifold of chiral building blocks, axially chiral
allenes have not been studied so far,[72] even though they
have been successfully applied for the construction of
functional chiral materials such as polymers,[73–76]

cyclophanes,[77–79] supramolecular capsules[80] and
catenanes.[81] Allenes place the four substituents in two
perpendicular planes, a fact that a priori can be considered a
problem for obtaining a supramolecular structure trough a
self-assembly process (Scheme 1a). However, by modelling
we found that a helical supramolecular allene array can be
generated by introducing a tilting degree (Θ) between
consecutive building blocks, necessary to surpass the steric
hindrance of the substituents placed at the perpendicular
planes (Scheme 1). Interestingly, in this supramolecular
aggregate the axial chirality of the allene determines the
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tilting degree of the supramolecular stack, leading to the
formation of a supramolecular helix made by two coaxial
helices, internal and external helices with either a P (Θ>0)
or a M helix (Θ<0) (Scheme 1b and 1c, respectively).[75,76]

Thus, while the internal helix is described by the stack of the
two consecutive double bonds of the allene, the substituents
at the different perpendicular planes of the allene describe a
quadruple helix (4-helix, external helix) whose crests are 45°
deviated from one plane to the other to alleviate the steric
demand (Scheme 1b–c). The potential self-assembling prop-
erties of chiral allenes, in combination with the structural
features of their corresponding supramolecular helical
aggregates, led us to investigate their self-assembly and
decipher their 3D helical aggregates.

Results and Discussion

To corroborate our hypothesis and explore the
supramolecular self-assembly of chiral allenes, compounds
(P)-1 and (P)-2 (Figure 1a), bearing two tert-butyl groups in
two perpendicular planes and either a phenylacetylene [(P)-
1] or an ethylene-β-cyanostilbene [(P)-2] functionalized with
dendritic moieties in the other two perpendicular planes,
were designed (Figure 1a). The two enantiomeric forms of
the designed chiral allenes [(P)-1, (M)-1, (P)-2, (M)-2] were
synthesized following the synthetic protocol described in the
Supporting Information (see S3).[75,76] Next, their self-assem-

bly ability was investigated by a set of spectroscopic
techniques in “good” (chloroform, CHCl3) and “bad” (meth-
ylcyclohexane, MCH) solvents to stabilize the molecularly
dissolved and aggregated states, respectively.

ECD and UV/Vis aggregation studies. ECD studies for
(P)-1 (cT=10 μM) in MCH and CHCl3 show the formation
of a chiral aggregate in the former solvent (Figure 1b). Thus,
while in CHCl3 a classical ECD trace for a (P) allene is
found—two positive maxima at 330 and 304 nm followed by
a zero-crossing point at λ=287 nm and a negative band
centered at λ=273 nm—, in MCH an increase in magnitude
of the overall ECD spectrum accompanied with an inversion
of the first Cotton band, now centered at λ=323 nm, is
observed. UV/Vis experiments corroborate these results. In
CHCl3 (cT=10 mM) (P)-1 is found in the molecularly
dissolved state—a small shoulder at 350 nm followed by
three consecutive maxima of similar intensity centered at
318, 301 and 275 nm (Figure 1c)—, while in MCH (cT=

10 μM) the UV/Vis spectrum supports the aggregation,
where a two-fold increase of the initial shoulder (λ=

350 nm) is followed by a hypochromic effect in the band
centered at 318 nm and a blue shift accompanied by an
hyperchromic effect at the second band, now centered at
298 nm. Moreover, an overall increase in the remaining
absorption spectra is also observed when compared to the
spectra in CHCl3 (Figure 1c). These changes in the UV/Vis
studies of (P)-1 in CHCl3 and MCH agree with the
formation of an aggregate in MCH.

Similar experiments were carried out for (P)-2. In this
case, ECD experiments for (P)-2 dissolved in CHCl3 (cT=

10 μM) show the ECD spectra of an allene with (P) axial
chirality—i.e., a broad maximum at 382 nm followed by a
zero-crossing point at λ=355 nm and a minimum at 344 nm
(Figure 1d)—. The bathochromic shift of the ECD bands of
(P)-2 when compared to (P)-1 in CHCl3 is attributed to the
presence of a cyanostilbene, used as a rigid spacer between
the chiral allene and the flexible dendritic moiety (Fig-
ure 1a). The ECD spectra of (P)-2 in MCH shows a two-fold
increase in the overall trace when compared to the one
obtained in the molecularly dissolved state, indicative of the
formation of a supramolecular chiral aggregate. Moreover,
the couplet assigned to the supramolecular helical structure
shows a 23 nm red shift respect to the macromolecularly
dissolved spectrum obtained in CHCl3—two maxima at λ=

405 and 392 nm followed by a zero-crossing point at λ=

374 nm and a minimum at λ=353 nm—. Surprisingly, the
ECD trace of the (P)-2 chiral aggregate is opposite to the
chiral aggregate obtained for (P)-1 in MCH, although the
axial chirality of the allene is the same, i.e. P orientation
(Figures 1b and 1d). At this point this result is completely
unexpected, because the ECD indicates the presence of
aggregates with opposite chirality although the screw sense
of the supramolecular assembly must be dictated by the
chirality of the allene, which is in this case is the same (P)
for both building blocks. Furthermore, allenes are both
axially chiral and conformationally locked molecules that
cannot modulate their 3D structure to be accommodated in
supramolecular helices with opposite handedness. This
unexpected result will be addressed later in the manuscript

Scheme 1. (a) Graphical illustration of a chiral allene bearing two
different substituents. Possible helical array of a chiral allene into (b) a
Pint/Pext helix or a (c) Mint/Mext helix).
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during the elucidation of the secondary structure adopted by
the supramolecular aggregates of (P)-1 and (P)-2. Again, as
happened for (P)-1, UV/Vis experiments for (P)-2 in CHCl3
show the spectrum of the molecularly dissolved state, with
an intense and broad maximum at 369 nm attributed to the
AIE unit conjugated with the allene (Figure 1e).

In MCH, the UV/Vis spectrum shows an overall red shift
of 20 nm compared to the one observed in the molecularly
dissolved state, indicative of the formation of an aggregate
(Figure 1e). The presence of an aggregation induced
emission (AIE) moiety (i.e., cyanostilbene) within the
chemical structure of (P)-2 will allow us to also follow the
aggregation process by emission experiments. More pre-
cisely for this type of AIE molecule, the photoluminescence
(PL) must increase dramatically upon supramolecular poly-
merization through an AIE process. Thus, while in CHCl3
(P)-2 shows a weak blue emission with a maximum centered

at λ=484 nm and a quantum yield (ΦPL) of ΦPL=0.02, in
MCH a strong green emission (15-fold increase) is observed,
characteristic of an aggregated cyanostilbene unit, displaying
a maximum centered at λ=543 nm and a ΦPL=0.28 (Figur-
es 1f, S8b and S8c). Similar results were obtained for (M)-1
and (M)-2 in CHCl3 and MCH, the enantiomeric forms of
(P)-1 and (P)-2. In this case opposite signs of the ECD
bands were obtained due to its mirror image relationship
(Figures S6a, b).

IR and 1H NMR aggregation studies. IR and variable
temperature (VT)-1H NMR experiments were done to
explore the conformational composition of (P)-1 and (P)-2
in CHCl3 and MCH and to elucidate how the
supramolecular polymerization is triggered. In CHCl3 the
amide C=O and NH stretching bands for (P)-1 appear
centered at 1649 cm� 1 (C=O), 3452 cm� 1 (NH, free) and
3339 cm� 1 (NH, intramolecular H-bonds) (Figures 2e, f).

Figure 1. a) Chemical structures of chiral allenes (P)-1 and (P)-2. b) ECD and c) UV/Vis spectra of (P)-1 in CHCl3 and MCH (cT=10 μM). d) ECD
and e) UV/Vis spectra of (P)-2 in CHCl3 and MCH (cT=10 μM). f) Emission spectra of (P)-2 in CHCl3 and MCH (cT=10 μM, λexc=365 nm) and
inset picture showing the variation in the emission upon aggregation. g) CIE diagram of the emission in CHCl3 and MCH (cT=10 μM,
λexc=365 nm).
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This is indicative of the formation of intramolecular 7-
membered hydrogen bonded pseudocycles (Figure 2a), that
prevent the establishment of an extended network of
intermolecular H-bonds. For MCH these bands are shifted
towards lower frequencies, with an amide carbonyl band at
1631 cm� 1 (ΔυC=O=18 cm� 1) and the NH stretching vibra-
tions merged into one single band centered at 3248 cm� 1

(ΔυNH=204 and 91 cm� 1) (Figures 2e, f). This shifting of the
IR bands suggests that the substituents at the allene adopt
an extended conformation, allowing the formation of a 4-
fold array of hydrogen bonds in MCH, which triggers the
growth of the supramolecular aggregate (Figure 2b).[20,82]

Similar results were obtained for (P)-2 in CHCl3, where
the amide carbonyl (υC=O=1651 cm� 1) and NH stretching
bands (υNH=3451 and 3337 cm� 1) (Figures 2g, h) indicate
the presence of 7-membered hydrogen bonded pseudocycles
(Figure 2c). As observed for (P)-1, these bands were shifted
towards lower frequencies in MCH—υC=O=1636 cm� 1 and
υNH=3295 cm� 1 (Figures 2g, h)—, suggesting the formation
of a 4-fold array of hydrogen bonds that promote the
supramolecular polymerization process (Figures 2d).
VT-1H NMR experiments were carried out for (P)-1 and

(P)-2 in CDCl3. These studies support the formation of 7-
membered pseudocyles stabilized by intramolecular hydro-
gen bonds due to a concomitant deshielding of the amide
protons with decreasing temperature, while the other signals
of the molecule remain virtually unaltered (Figures S4, S5).

Supramolecular polymerization mechanism. To decipher
the supramolecular polymerization mechanism of (P)-1 and
(P)-2, VT-ECD experiments were conducted. Heating-cool-
ing cycles of a solution of (P)-1 in MCH at different
concentrations (cT=8.20 μM, 10.9 μM and 13.6 μM,) were
carried out at 0.1 K ·min� 1 (λ=323 nm) (Figure 3a) showing,
in all cases, non-sigmoidal curves indicative of a cooperative
supramolecular polymerization process.[7] Moreover, negli-
gible thermal hysteresis was found (Figure 3b), which
denotes that the supramolecular polymerization process
occurs under thermodynamic control. Following the one
component model developed by Eikelder, Meijer and co-
workers,[83,84] the full set of thermodynamic parameters, as
well as the cooperativity value (σ=3.42 ·10� 2) were obtained,
confirming the cooperative nature of the supramolecular
polymerization process (Table 1).

Figure 2. Chemical structures of (P)-1 and (P)-2 with the ethylenediamide bridge forming (a, c) the two possible 7-membered pseudocycles or (b,
d) the extended conformation that promotes effective aggregation. IR spectra of (e, f) (P)-1 and (g, h) (P)-2 in CHCl3 and MCH (cT=1 mM)
confirming the presence of the abovementioned structures.

Table 1: Thermodynamic parameters of the supramolecular polymerization process of (P)-1 obtained by VT-ECD experiments.

ΔHe

(kJmol� 1)
ΔS
(kJmol� 1K� 1)

ΔHnp

(kJmol� 1)
Te

(K)[a]
σ[b]

� 1.50 ·102 � 3.70 ·10� 2 � 1.42 ·102 334, 336, 338 3.42 ·10� 2

[a] Derived at cT=8.20, 10.9 and 13.6 μM. [b] Calculated at 298 K.
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In the case of (P)-2, VT-ECD experiments show a non-
fully disassembly of the supramolecular aggregate in MCH
at 363 K (see Figure S6c), precluding the application of one-
component model applied for the above studied counter-
part. Hence, we decided to apply the solvent denaturation
(SD) method developed by Meijer and co-workers to obtain
the complete set of thermodynamic parameters associated
with the supramolecular polymerization of (P)-2.[85] The
model identifies the supramolecular aggregation process as a
balance between the effect of mixing a good and a bad
solvent, favoring the solvation or the aggregation of the
monomeric species, respectively. In this case the Gibbs free
energy increases upon monomer addition in a mixture of
solvents (ΔG0’) and the Gibbs free energy in a pure solvent
(ΔG0) is linearly correlated with the volume fraction of good
solvent f and the m parameter (indicates the ability of the
good solvent to interact with the monomer), as depicted in
(Eq. 1).

DG0 0 ¼ DG0 þm � f (1)

Gradual addition of monomeric (P)-2 (CHCl3, good
solvent) to a solution of the supramolecular aggregate
(MCH, bad solvent), while keeping the concentration
constant (cT=37, 28 and 20 μM), revealed a non-sigmoidal
curve indicative of a cooperative supramolecular polymer-
ization (σ=7.06 ·10� 2) (Figures 3c–d, S7 and Table 2).[85]

Structural studies. Atomic force microscopy (AFM)
studies were carried out to analyze the morphology of the
aggregates. Thus, 3 μL of a 10 μM MCH solution of (P)-1
and (P)-2 were spin coated onto highly oriented pyrolytic

graphite (HOPG) substrates. High-resolution AFM images
revealed the presence of (M) and (P) oriented fibers for
(P)-1 and (P)-2 chiral allenes (Figure 4). Thus, (P)-1
generates (M) oriented single molecule fiber-like aggregates
—helical pitch of ca. 5 nm—(Figure 4a, c) that bundle
together through interdigitation of the long alkyl chains,
yielding longer and thicker fibers with lengths up to 2 μm
(Figure 4a, and Figures S9–S13). In the case of (P)-2, (P)
oriented fiber-like aggregates are formed—helical pitch of
ca. 12 nm—(Figure 4b, 4e and Figures S14–S15). Surpris-
ingly, these results indicate that opposite helical sense chiral
aggregates are formed from the self-assembly of (P)-1 and
(P)-2 despite presenting the same axial chirality. This agrees
with the spectra previously recorded by ECD, where the
opposite signs of the traces obtained for the chiral
aggregates of (P)-1 and (P)-2 indicate the formation of
helical fibers with opposite chirality (Figure 1b, d). To shed
light on the reason behind this phenomena, theoretical
calculations were carried out. The Grimme’s extended
semiempirical tight-binding method (GFN2-xTB)[18,86] was
chosen to optimize the geometry of (P)-1 and (P)-2
monomers and different oligomeric aggregates (n=2–8). To
perform these calculations the dodecyloxy side chains were

Figure 3. a) Aggregation plots and cooperative fit curves (black lines) at
different concentrations to obtain the thermodynamic parameters of
(P)-1 depicted in Table 1 (λ=323 nm, 0.1 K ·min� 1, MCH). b) Heating-
cooling cycle showing negligible hysteresis (λ=323 nm, 0.1 K ·min� 1,
MCH). c) Solvent denaturation of (P)-2 followed by ECD (cT=20 μM).
d) Denaturation curves of (P)-2 (cT=37, 28 and 20 μM) and the
corresponding fits to the SD model.

Figure 4. AFM images of (a) (P)-1 and (b) (P)-2 deposited onto HOPG
showing fiber-like aggregates. c) High resolution AFM image showing
a (M)-oriented fiber for (P)-1. d) Side view of a (P)-1 trimer model
optimized by DFT (B3LYP/6-31G**). e) High resolution AFM image
showing a (P)-oriented fiber for (P)-2. f) Side view of a (P)-2 trimer
model optimized by DFT (B3LYP/6-31G**).
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replaced by methoxyl groups to reduce the computational
time. These studies revealed that the most stable aggregate
has an extended ethylene diamide conformation (Figures 2b,
d), which generates an effective 4-fold hydrogen bond
supramolecular array within the upper and lower units of
the stack (Figures S16–S22 for (P)-1 and 5a and S29–S31 for
(P)-2 and 6a). Alternative conformations, presenting a 7-
membered pseudocycle on the ethylene diamide bridge
(Figure 2a, b), produce the formation of stable dimeric/
trimeric structures, which cannot effectively grow into larger
aggregates due to the formation of structural defects,
hindering an effective one-dimensional supramolecular poly-
merization process (Figures S20–S21).

Next, the cooperativity of the supramolecular aggrega-
tion processes was studied following the methodology
reported by Ortí and Sánchez.[18] To this end, 16-mers for
(P)-1 and (P)-2 were built and optimized using GFN2-xTB,
followed by extraction of upper and lower terminal building
blocks to obtain oligomers with decreasing size (n=12, 10,
8, 6, 4, 2) avoiding terminal effects.[71,87] The energy values
for these oligomers were further extracted by single-point
energy calculations.[19,86,88–89] The binding energy per increas-
ing pair of molecules (ΔEbind, n-1) was estimated from the
single-point energy calculations of the oligomers, revealing
an exponential decay in the energy binding in both cases,
which indicates a cooperative supramolecular polymeriza-
tion process (Figures 5c and S16–S22 for (P)-1 and Figur-
es 6c and S29–S31 for (P)-2), fully consistent with the
experimental data (Figure 3b and Table 1 for (P)-1 and
Figure 3d and Table 2 for (P)-2). Furthermore, Density
Functional Theory (DFT) calculations employing the
B3LYP method, and the 6–31G** basis set were performed
on monomers, dimers, trimers and tetramers—due to
computational limitations for (P)-2 the tetramer was not
calculated—of the extended ethylene diamide conformation
to validate and refine their geometry. These studies revealed
that (P)-1 self-assembles with a tilting degree between the
allene double bonds of different building blocks of Θ= +15°
[(Pint ), Figure 5a, 4d], generating a 4-helix supramolecular
aggregate composed of six different axially chiral motifs—
the allene (the chirality defines the helical sense of the
internal helix), the allene stack (internal helix) and the
stacks of the four different substituents (external 4-helix)—.

Interestingly, while the allene stacks are twisted describ-
ing a (Pint) helix, the 4-helixexternal (described by the allene
substituents) rotate in different directions, being (P) ori-
ented for the tert-butyl groups and (M) oriented for the
ethylene phenylene derivatives (Figure 5a) [M1/P2/M1'/P2';
where 1 and 2 denotes the substituent priority of the two
substituents at the carbons of the chiral allene following the

Cahn-Ingold-Prelog (CIP) priority rules].Theoretical ECD
calculations and time-dependent density functional theory
(TD-DFT), using the CAM-B3LYP density functional and
6-31G** basis set, were performed on the structures
previously optimized by DFT (B3LYP/6-31G**) for the
monomer and oligomers (n=2–4) of (P)-1 (Figures S14–
17).[90] The simulated ECD spectrum for the oligomer n=4
is in good agreement with the experimental one, describing
both a (� /+ /� ) ECD pattern (Figures 5b). In this case, the
first negative Cotton band is attributed to the M helical
orientation of the ethylene phenylene side chains (M1/M1’)
at the external 4-helix (Figures 5b and Figures S23–S27),
that also describe the M orientation of the external helix
observed by AFM (Figures 4c, d). Shorter oligomers (n=2,
3) did not reproduce the ECD spectrum of the aggregate
(Figure S23–S25). Likewise, (P)-2 self-assembles into a 4-
helix supramolecular aggregate, like the one observed for
(P)-1. However, for (P)-2 the tilting degree between
building blocks is higher, Θ= +23° [(Pint), Figures 6a, 4f].
Similarly to the chiral aggregate observed for (P)-1, (P)-2
aggregates into a supramolecular helix with six different
axially chiral motifs. However, in this case, the five axial
motifs of the helix rotate in the same direction [(Pint), 4-
helixexternal P1/P2/P1'/P2'; Figure 6a].

TD-DFT (CAM-B3LYP/6-31G**) calculations were per-
formed for the monomer and oligomers (n=2–3) of (P)-2.
From these studies it was found that the trimer does not

Table 2: Thermodynamic parameters of the supramolecular polymer-
ization process of (P)-2 obtained by solvent denaturation followed by
ECD spectroscopy (cT=37, 28 and 20 mM, 298 K).

ΔG0'
(kJ/mol)

m σ

� 4.60 ·101 5.52 ·101 7.06 ·10� 2

Figure 5. a) Top and side views of a (P)-1 trimer stack optimized by
DFT (B3LYP/6-31G**) highlighting the M1/P2/M1'/P2 4-helix array. b)
Comparison of the ECD obtained for (P)-1 experimentally in MCH and
the calculated ECD spectra for a (P)-1 tetramer optimized by DFT
(B3LYP/6-31G**. c) Energy binding calculated with single points of
oligomers from an optimized 16-mer in GFN2-xTB.
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reproduce the ECD spectrum of the aggregate (Figure S32–
S33). Thus, to obtain the theoretical ECD spectrum for (P)-
2 aggregate, a larger oligomer (hexamer, n=6) maintaining
the structural parameters of the trimer was built and
optimized by GFN2-xTB. Then, sTDA-xTB computational
studies provide us the calculated ECD trace, showing a (+
/� ) bisignate that matches the one observed experimentally
(Figure 6b). In this case, the first positive Cotton band is
attributed to the (P) helical orientation of the side chains
containing the ethylene-β-cyanostilbene derivatives (Figur-
es 6b and S32–S35), which also dictate the (P) orientation of
the external 4-helix as observed by AFM (Figures 4e, f).

Conclusion

In conclusion, we have demonstrated that chiral allenes,
possessing axial chirality, are suitable building blocks for the
development of supramolecular helical polymers containing
six axially chiral motifs—the allene, the allene stack
(internal helix) and the stacks of the four different allene
substituents (external 4-helix)—. Moreover, by using two
different chiral allenes, (P)-1 and (P)-2, which differ in the
length of two planar and π-extended substituents, is possible
to create macroscopically chiral helical aggregates with
opposite helical senses, although the internal helix described

by the chiral allene stack is twisted in the same direction
(Pint). A slight variation in the tilting degree between staked
chiral allenes is enough to macroscopically change a M1/P2/
M1’/P2’ external 4-helix into a P1/P2/P1’/P2’ one, that in the
case of (P)-1 and (P)-2 results in ECD spectra and AFM
images with opposite handedness (outer helix) despite the
internal allene core rotating in the same direction (inner
helix). Thus, supramolecular helices with opposite chirality
can be obtained from building blocks that self-assemble in
the same orientation but with different tilting degrees. This
work deals with an interesting axial-to-axial supramolecular
helix induction mechanism through self-assembly, which
allows a better understanding of how different chiral
information transmission pathways emerged in
supramolecular chemistry.

Supporting Information

Experimental procedures, synthesis and characterization,
AFM studies and theoretical calculations.

The Supporting Information is available free of charge
on the ACS Publications website.
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by DFT (B3LYP/6-31 g**) highlighting the P1/P2/P1'/P2 4-helix array. b)
Comparison of the ECD spectrum obtained for (P)-2 experimentally in
MCH and the calculated ECD spectra for a (P)-2 hexamer optimized by
sTDA-xTB. c) Energy binding calculated with single points of oligomers
from an optimized 16-mer in GFN2-xTB.
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