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Abstract: Cationic triangulenes, and related helicenes, con-
stitute a rich class of dyes and fluorophores, usually absorbing
and emitting light at low energy, in the orange to red
domains. Recently, to broaden the scope of applications,
regioselective late-stage functionalizations on these core
moieties have been developed. For instance, with the
introduction of electron-donating groups (EDGs), important
bathochromic shifts are observed pushing absorptions to-
wards or in the near-infrared (NIR) spectral domain while
emissive properties disappear essentially completely. Herein,
to upset this drawback, acetylene derivatives of cationic
diazaoxa triangulenes (DAOTA) and [4]helicenes are prepared
(16 examples). Contrary to other EDG-functionalized deriva-
tives, C�C� functionalized products remain broadly fluores-
cent, with red-shifted absorptions (Δλabs up to 25 nm) and
emissions (Δλem up to 73 nm, ΦPL up to 51%). Quite
interestingly, a general dynamic stereoisomerism phenomen-

on is evidenced for the compounds derived from achiral
DAOTA cores. At low temperature in 1H NMR spectroscopy
(218 K), N� CH2 protons become diastereotopic with chemical
shifts differences (Δδ) as high as +1.64 ppm. The signal
coalescence occurs around 273 K with a barrier of
~12 kcalmol� 1. This phenomenon is due to planar chiral
conformations (Sp and Rp configurations), induced by the
geometry of the alkyl (n-propyl) side-chains next to the
acetylenic substituents. Ion pairing studies with Δ-TRISPHAT
anion not only confirm the occurrence of the chiral
conformations but evidence a moderate but definite asym-
metric induction from the chiral anion onto the cations.
Finally, DFT calculations offer a valuable insight on the
geometries, the corresponding stereodynamics and also on
the very large difference in NMR for some of the diaster-
eotopic protons.

Introduction

Chiral cationic [4]helicenes and their achiral diazaoxa triangu-
lene counterparts, DMQA 1 and DAOTA 2 respectively (Fig-
ure 1), constitute a rich class of dyes and fluorophores that are
related to triarylcarbenium ions.[1] In these structures, thanks to
the presence of bridging electron-rich heteroatoms, improved
charge delocalization and electronic stabilization occur and
enhance the rich photophysics and redox chemistry of the

cationic π-systems.[2] Quite a few applications in domains as
varied as analytics, biochemistry and biology,[3] catalysis and
synthesis,[4] (chir)optical spectroscopy,[5] physics and surface
sciences[6] have been reported for these two classes of
compounds. Recently, to extend the range and scope of
possible applications, regioselective late-stage functionaliza-
tions of compounds 1 and 2 have been achieved, giving the
possibility to address discrete properties even further. Function-
alized DMQA and DAOTA derivatives were prepared carrying
either electron-withdrawing groups (EWGs) or electron-donat-
ing groups (EDGs), ~25 and 10 examples respectively.[7] In both
series, EWGs induce blue-shifted transitions in absorption and
in emission. In addition, in fluorescence, quantum yields were
found to increase in correlation with the strength of the
electron-poor auxochrome substituent. With EDGs, important
bathochromic shifts are observed pushing absorptions towards
or in the near-infrared (NIR) spectral domain; emissive proper-
ties disappearing however essentially completely.[8] In fact and
of importance for the current study, the substitution of DMQA
derivatives with styryl moieties (3) is sufficient to provoke a red-
shift of the absorption (Δλmax>20 nm) but also forego the
fluorescence, even when the olefin side chains are substituted
with phenyl groups carrying strong EWGs. Effective conjugation
and donor-ability of double-bonds are hence sufficient to
hamper the luminescence.
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Herein, in a new development to fine-tune the optical
properties of DMQA 1 and DAOTA 2, acetylene derivatives 4
and 5 were prepared by late-stage functionalization of the main
skeletons. Contrary to styryl derivatives 3,[7a] these compounds
remain fluorescent for the most part. These series are thus the
best compromise to achieve both red-shifted absorptions (Δλabs
up to 25 nm) and emissions (Δλem up to 73 nm, ΦPL up to 51%).
In addition, and importantly, a general dynamic stereoisomer-
ism phenomenon can be evidenced for achiral compounds 5,
as demonstrated by 1H NMR spectroscopic analyses and variable
temperature (VT) studies in particular. At low temperature
(263 K and below), certain methylene protons become diaster-
eotopic with chemical shifts differences (Δδ) as high as
+1.64 ppm between the anisochronous hydrogens. The signal
coalescence occurs around 273 K and a barrier of ~12 kcalmol� 1

is measured for the stereodynamic exchange. This phenomenon
is due to planar chiral conformations (Sp and Rp configurations),
induced by the geometry of the alkyl (n-propyl) side-chains
next to the acetylenic substituents. Ion pairing studies with Δ-
TRISPHAT anion not only confirmed the occurrence of the chiral
conformations but evidenced a moderate but clearly defined
asymmetric induction from the anion onto the cation. Finally, X-
ray crystallographic analyses and DFT calculations have offered
a valuable insight on the geometries, the corresponding stereo-
dynamics and also on the very large difference in NMR for some
of the diastereotopic protons.

Figure 1. Structures and optical properties of the previously reported DMQA and DAOTA derivatives and new studied compounds. Pr stands for n-Propyl side
chains.
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Results and Discussion

Formation of acetylene derivatives 4 and 5 was achieved
following homologous synthetic routes (Scheme 1). In the
DMQA series, substrate 1 was subjected to a Vilsmeier-Haack
(VH) formylation to obtain [4]helicene aldehyde 6 in 82% yield;
the reaction is readily scalable to a 5 g scale (10 mmol).[7a] Then,
homologation to terminal alkyne 4a was achieved under
classical Ohira-Bestmann conditions (66% yield).[9] Finally, to
form aryl-substituted 4b to 4h, cross-coupling reactions were
performed under Cu/Pd-catalyzed Sonogashira conditions and
afforded the desired products in moderate to good yields
(69%–77%). In the DAOTA series, direct formylation of triangu-
lene 2 was possible under VH conditions but complex crude
mixtures were obtained containing minor amounts of regioiso-
meric aldehydes and products of poly-substitution. Purification
of 7 by recrystallization was thus necessary causing large
variations in yields from one batch to the next (20%–65%).[7b]

To streamline the synthesis, a more robust route was developed
by treatment of aldehyde 6 with boron tribromide to induce

the O-ring closure upon demethylation and formation of 7 in
excellent and reproducible isolated yield (88%). Then, using the
same elongation conditions as in the DMQA series, terminal
alkyne 5a (71%) and then aryl-substituted 5b to 5h were
readily prepared (60%–88%). Full characterization of com-
pounds 4 and 5 are presented in the Supporting Information
file and included dataset. All data correspond to classical
expectations to the exception of the room-temperature 1H NMR
spectra of compounds 5. The observed phenomenon will be
later discussed in the course of this article.

For both compounds 4 and 5, structural information was
readily gathered by single-crystal X-ray diffraction analysis. For
compounds 4c, 4d, 4f and 5c, crystals suitable for measure-
ments were obtained by layering (Table 1). Not surprisingly, the
resulting structures present many similarities in term of bond
lengths, including the triple bond 1.20 Å distance and the 1.42/
1.43 Å connections to the aromatic frameworks (Table 1,
entries 1 & 2). None of C�C bonds present a strict linear
arrangement; structures 4c, 4d, 4f and 5c displaying angles of
177.6°, 176.3° and 172.0° and 169.5° values respectively

Scheme 1. Synthesis of products 4 and 5. FG= functional group. a) DMF (24 equiv.), POCl3 (48 equiv.), 90 °C, 3 h. b) BBr3 (3×1.0 equiv.), 0–25 °C, CH2Cl2. c)
Dimethyl (1-diazo-2-oxopropyl)phosphonate (2 equiv.), K2CO3 (3 equiv.), MeOH, 25 °C, 5–16 h. d) Pd2dba3 (2.5 mol%), PPh3 (12.5 mol%), CuI (5 mol%), aryl
iodide (3 equiv.), 1,2-dichloroethane/triethylamine (3 :1), 75 °C, 3–5 h.

Chemistry—A European Journal 
Research Article
doi.org/10.1002/chem.202104405

Chem. Eur. J. 2022, 28, e202104405 (3 of 11) © 2022 The Authors. Chemistry - A European Journal published by Wiley-VCH GmbH

Wiley VCH Dienstag, 22.03.2022

2215 - closed* / 235473 [S. 104/112] 1



(Table 1, entry 3). For 4c, 4d and 4f, the helicene core
deformation was characterized by measuring both helical
dihedral angles and helical pitch values (entries 4 and 5) which
were not only similar among compounds 4c, 4d and 4f but
also with previously reported derivatives.[4a,5k,6a,7a,10]

Finally, and of importance to explain some of the NMR
behavior that will be later detailed, it is necessary to remember
that substituents at position 6 of the helicene induce a strong
conformational constraint onto the neighboring N-alkyl
chains.[7a] In previously reported crystal structures and studies, it
has been observed that added functional groups have an
impact on the neighboring n-propyl chains and, in conse-
quence, these residues adopt gauche conformations that fold
above the helical core (Figure 2).[7a,11] This is here the case for
compounds 4c, 4d and 4f in the solid state (Table 1, structures
A–C). Then, as a result in 1H NMR spectroscopy, the terminal
methyl groups are shifted at lower frequency by � 0.6 to
� 0.8 ppm. The 1H NMR spectra of these three derivatives
display similar low-frequency Δδ shifts of ca. � 0.64 ppm for the
methyl group of the constrained propyl chains. It is a general
observation for the other derivatives 4 (see Supporting
Information). For DAOTA 5c, it was then interesting to observe,
in the crystal structure, classical anti conformations for all propyl
groups, and those next to the alkynyl substituent in particular.
Since, for 5c and all other DAOTA derivatives, only a weak Δδ
shift of ca. � 0.1 ppm occurs in 1H NMR spectra (Figure 2), it is
then likely that the two n-propyl chains present similar
geometries in solution and hence a preferred anti-anti con-
formation as observed in the solid state. The relevance of this
observation and a DFT confirmation will be later discussed.

In terms of electrochemistry, the redox behavior of cationic
4 and 5 is strongly dominated by their triarylcarbenium nature
and their naturally high cation stability (Figure 3).[2l,7] In the
range studied by cyclic voltammetry, DMQAs 4 exhibit three
redox states accessible by mono-electronic oxidations and
reductions (Figures S67–S74).[12] In anhydrous acetonitrile with
tetrabutylammonium hexafluorophosphate as supporting elec-
trolyte, cationic 4b to 4h can be pseudo reversibly oxidized to
the corresponding radical dication 4*+ +, from +0.78 to +0.97 V
vs. ferrocene/ferrocenium (Fc/Fc+).

Table 1. Crystal structures of 4c (A), 4d (B), 4f (C) and 5c (D). Hydrogen
atoms and the counterions omitted for clarity. Selected bond lengths (Å),
angles (°) and geometrical parameters.[a]

Entry 4c 4d 4 f 5c

1 CHEL� C�C 1.196(3) 1.197(2) 1.196(3) 1.201(3)
2 CHEL� C�C 1.437(3) 1.424(2) 1.430(3) 1.429(2)
3 angle α 177.6(3) 176.3(2) 172.0(2) 169.5(2)
4 helical pitch 2.709(2) 2.696(2) 2.725(2) –
5 dihedral angle 50.7(2) 49.4(1) 49.1(2) –

[a] For compounds 4, the helical pitch (Å) is the distance between the two
overlapping oxygen atoms of the helicene and the helical angle (°) is
defined by the dihedral angle between carbons a-b-c-d.

Figure 2. Left: Predominant geometries for acetylene derivatives 4 and 5 with corresponding anti-gauche and anti-anti conformations for the propyl side
chains. Right: Chemical shift differences (Δδ) in 1H NMR spectroscopy between the two terminal methyl groups.
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Reversible mono-electronic reduction to the neutral radical
4* happens at potentials from � 1.09 to � 1.24 V vs. Fc/Fc+ .
This reactivity is highlighted for 4b in Figure 3 (part A) and
noticeable differences can be seen for analogous 5b (Figure 3,
part B). In fact, for DAOTA 5a to 5h, while the overall pattern is
similar with shifted values for the oxidation and reduction of
the carbenium ion, from +0.82 to +1.02 V and � 1.15 to
� 1.30 V vs. Fc/Fc+ respectively, pseudo-reversible reductions
are this time observed. While reductions to radicals 4* and 5*

are essentially unperturbed by the nature of the alkynyl side
chains, a moderate influence can be observed in the oxidation
of 4 and 5 to species 4*+ + and 5*+ + respectively. In fact,
substrates carrying electron-rich and electron-poor aryl sub-
stituents on the triple bond present slightly easier and harder
oxidations respectively.[13] Globally, the overall electronic impact
of the substituents is rather modest and augured similar
absorption properties for the organic dyes.

In fact, in absorption spectroscopy, the addition of terminal
alkynyl substituents on the quinacridinium and triangulenium
skeletons had only little impact (Figure 4, A and C). For instance,
for compound 4a, the first absorption band shifted from 5 nm
only (621 vs. 616 nm for 4a and 1) and the trend was found to
be the same with molar extinction coefficients (13400 M� 1 cm� 1

for 4a vs. 14000 M� 1 cm� 1 for 1).[7a] This behavior is reproduced
for DAOTA 5a with a slightly bigger red-shift in absorbance
(569 vs. 557 nm for 5a and 2), and similar molar extinction
coefficients.[5d] However, in emission spectroscopy (Figure 4, B
and D), differences were more noticeable. For example, 4a
showed a bathochromism of 26 nm with photoluminescence
quantum yield (PLQY) of 0.08, similar to that of 1.[7a] For 5a, a
red-shifted emission by 22 nm and an increase of PLQY reach-
ing 0.51 are observed.[7b]

Then, for the substituted derivatives, the influence of the
different aryl groups was studied (Figure 4). First, DMQA 4b
(Ar=Ph) presented the lowest-energy band centered at 634 nm
with a molar extinction of 9700 M� 1 cm� 1 (Table 2, entry 3). The
emission of 4b is characterized by a maximum at 728 nm and a
PLQY of 0.01; compound 4b exhibits thus the most red-shifted
emission spectrum, albeit weak, recorded for DMQA
derivatives.[7a] In case of electron-rich aryl substituents, for
example 4e or 4h, absorption spectra were very similar and
emission properties could not be detected in solution. With
electron-poor aryl derivatives 4c, 4d, 4f and 4g, the situation
was quite different with an expected blue shift measured in
both absorbance and fluorescence.[7a] In addition, the electron
withdrawing groups slightly increased the PLQY, up to 0.05.

In the triangulenium series, a stronger contrast was noticed
among the various derivatives 5b to 5h. In fact, while most
compounds 5 presented very similar lowest-energy absorption
bands (Table 2, entries 12 to 18), electron-rich derivative 5e
(Ar=4-MeOPh) demonstrated a strong weakening of the molar
absorption coefficient (8600 M� 1 cm� 1 only, entry 15). Yet, the
most interesting results came from emission spectroscopy. In
this series, all compounds 5 were luminescent and, as expected,
electron-rich 5e and 5h displayed red-shifted emissions, up to
23 nm compared to 5b, whereas electron-poor compounds 5c,
5d, 5f and 5g showed a hypsochromic behavior, down by
18 nm. Furthermore, PLQYs show a clear and expected trend of
stronger values for electron-poor compounds, up to 0.28 for 5f
that drop to 0.02 for electron-rich 5e and 5h.

Finally, as previously mentioned, when NMR spectroscopic
analyses were performed to characterize DAOTA compounds 5,
1H NMR spectra displayed major differences in comparison to
DMQA analogues 4 (Figure 5). In fact, for derivatives 5, meth-
ylene protons α to the nitrogen atoms presented two very
different situations: on one hand, a classical triplet-like signal
assigned to the NCH2 protons of the unhindered propyl chain
(δavg 4.51 ppm, orange signal); on the other hand, a very broad
signal around the 5.0 ppm region which corresponds to the
NCH2 hydrogen atoms adjacent to the alkynyl side chains (blue
signal). This observation is general for all DAOTA derivatives 5
and is displayed for 5a in Figure 5 (top). In contrast, spectra of
derivatives 4 are typical of chiral derivatives, with well-
distinguished diastereotopic NCH2 protons (4a, Figure 5 bot-

Figure 3. Cyclic voltammograms of compounds A) 4b and B) 5b in
acetonitrile ([TBA][PF6] 0.1 M) at a Pt electrode, potential (V), versus Fc/Fc+ .
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tom). The disparity between the spectra was striking, and
particularly the presence of the broad band for compounds 5
(blue signal) positioned quite exactly between the analogous
diastereotopic protons of derivatives 4. This was indicative of a
potential stereodynamic process for the DAOTA moieties,
despite the achiral nature of the triangulenium core.

To investigate this possibility, variable temperature (VT)
NMR experiments were performed on DAOTA salts [5a][BF4]
and [5f][BF4]. The salts were dissolved in chloroform-d or in
CD3CN, and the solutions were analyzed by 1H NMR spectro-
scopy at low or elevated temperatures respectively (� 55 °C�
T�70 °C).[14] As suspected, the broad signal observable at 298 K
was influenced by the change of temperature. It disappeared
essentially at 268 K, only to reappear at 248 K and lower
temperatures in the form of two well separated signals
integrating for one proton each, for example at 5.78 and
4.14 ppm respectively, for salt [5f][BF4] (Figure 6, short blue
arrows). As evidenced, a dynamic conformational isomerism
occurs which will be later defined and characterized (see
below). For the measurement of the activation barriers (ΔG�), a
line-shape analysis could not be pursued in view of the
undefined nature of the broadened exchange signals. Assuming
a singlet nature for these signals, the relationship ΔG� =RTc

(22.96+ ln(Tc/Δν)) was used with Tc being the coalescence
temperature and Δν the frequency separation of the peaks at
low temperature. For salts [5a][BF4] and [5f][BF4], the resulting
activation energies ΔG� are equal to 11.8 and 12.6 kcalmol� 1

respectively.[15]

With these results in hand, care was taken to (i) investigate
the origin of the stereodynamic exchange of the N� CH2 protons
positioned next to the triple bond (Figure 6, blue signal) and (ii)
determine the reasons for their very large chemical shift
difference at low temperature, for example Δδ 1.64 ppm for 5f
at 218 K. This was not evident initially since DAOTA derivatives
5, unlike their helicene counterparts, are composed of achiral
cationic triangulene cores made of six aromatic rings that are
coplanar to each other. This lack of asymmetry of the
triangulene moiety has been well established in previous
studies, that of Laursen and collaborators in particular.[2j] With
that in mind, to explain the stereodynamic exchange, chiral
conformations involving the nitrogen side chains and their
relationship to the adjacent alkynyl substituents were looked
for.

In retrospect, we realized that conformations displayed in
Figures 6 and 7 for compounds 5, based on solid state (X-ray)
and solution (NMR) analyses, are presenting a typical case of
planar chirality. In fact, for each compound 5, there are two
possible orientations for the (blue) propyl chains that bring
about enantiomeric planar chiral conformations. In Figure 7, the
drawings are represented in slightly different orientations to
focus on the N� CH2CH2CH3 chains and the subsequent stereo-
genic nitrogen atoms. Two opposite configurations are de-
scribed, including the priority among the substituents that
surround the N-atoms and the corresponding Sp and Rp

descriptors.
To extend the stereodynamic analysis, an ion pairing of

cations 5 with hexacoordinated phosphorus TRISPHAT 8 was

Figure 4. Compounds 4: A) Absorption and B) emission (λexc=610 nm)
spectra in acetonitrile. Compounds 5: C) Absorption and D) emission
(λexc=540 nm) spectra in acetonitrile.
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considered.[16] This chiral anion is known to be a general NMR
chiral solvating, resolving and asymmetry-inducing reagent
with chiral cationic species.[5a,17] When associated with config-
urationally labile cations, supramolecular diastereoselective
interactions occur and one diastereomeric ion pair may become
predominant in solution (Pfeiffer Effect).[17b,c] An association of
configurationally labile 5 with anion 8 was thus considered for
a discrimination and possibly a stereocontrol of the planar chiral
geometry. Salt [5f][Δ-8] was prepared by ion pair metathesis,
dissolved in chloroform-d and the chiral recognition (induction)
studied by 1H NMR spectroscopy from room to low temper-
atures (25 °C�T�� 55 °C).

While the stereodynamic behavior of the constrained N� CH2

(blue) protons remained essentially unchanged by the presence

of the chiral anion 8, i. e., a broad signal at 298 K and a 1 :1 split
at 218 K (Δδ 1.63 ppm, Figure 8), the N� CH2 protons of the
sterically unhindered propyl chain displayed a marked influence
of anion Δ-8. In effect, at room temperature, the (orange) triplet
signal in Figure 6 (BF4 salt) is transformed into two well-
distinguished diastereotopic NCH2 protons in Figure 8 (top, δ
4.60 and 4.43 ppm), a change induced by the NMR chiral
solvating TRISPHAT anion.[17c] At low temperature (218 K), one
of these two protons splits further in two sets of signals. One
part is observable around δ 4.64 ppm while the other part
overlaps with the other diastereotopic proton (δ ca. 4.38 ppm).
This NMR enantiodifferentiation and its consequence on the
integration of the signals is detailed in Figure S57.

Table 2. Redox and optical properties of DMQA- FG derivatives 1, 4a–4h and DAOTA-FG derivatives 2, 5a–5h.

Entry Compound FG[a] Ered1=2
[b] Eox

1=2
[b] λabs

[c] ɛ[d] λem
[c] Stokes shift[e] Quantum yield[f]

1 1 H � 1.23 0.88 616 14000 667 1241 0.13
2 4a CC-H � 1.24 0.96 621 13400 693 1673 0.08
3 4b CC-Ph � 1.11 0.87 634 9700 728 2037 0.01
4 4c CC-4-NO2Ph � 1.09 0.97 627 10400 707 1805 0.04
5 4d CC-4-CNPh � 1.09 0.96 628 6100 707 1779 0.03
6 4e CC-4-OMePh � 1.12 0.78 636 8000 – – <0.01
7 4f CC-3,5-(CF3)2Ph � 1.09 0.92 625 11200 701 1735 0.05
8 4g CC-2-pyridine � 1.09 0.92 627 10700 704 1744 0.04
9 4h CC-2-thiophene � 1.10 0.84 629 7500 – – <0.01
10 2 H � 1.36 0.99 557 14000 591 1030 0.42
11 5a CC-H � 1.30 0.99 569 14100 613 1261 0.51
12 5b CC-Ph � 1.15 1.02 579 12400 641 1671 0.14
13 5c CC-4-NO2Ph � 1.27 1.00 571 12200 623 1462 0.25
14 5d CC-4-CNPh � 1.25 0.99 572 12700 629 1584 0.17
15 5e CC-4-OMePh � 1.28 0.82 582 8600 664 2122 0.02
16 5f CC-3,5-(CF3)2Ph � 1.27 0.97 569 11700 623 1523 0.28
17 5g CC-2-pyridine � 1.24 0.96 572 13300 626 1508 0.25
18 5h CC-2-thiophene � 1.22 0.87 575 11900 656 2147 0.02

[a] Functional group [b] Oxidation and reduction potential values measured by Cyclic Voltammetry for 10� 3 M solution of DMQA derivatives 4a–4h and 5a–
5h in acetonitrile ([TBA][PF6]; 0.1 M) at a Pt electrode, Potential (V), versus the ferrocene/ferrocenium redox couple (Fc/Fc+). [c] in nm, recorded in
acetonitrile solutions (10� 5 M). [d] in M� 1 cm� 1. [e] in cm� 1. [f] relative to Cresyl Violet (QY=0.56 in EtOH), with λexc=590 nm (entries 2–9) and with λexc=
540 nm (entries 11–18).

Figure 5. Room-temperature 1H NMR spectra of salts [5a][BF4] and [4a][BF4] (298 K, δ 5.4–4.45 ppm).
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This leads to a quite unusual integration for the methylene
protons next to the N-atoms (Figure 8, bottom): 1.00 (H blue),
0.69 (H orange), 1.33 (H orange) and 1.06 (H blue), from high to
low frequencies. This phenomenon can only be explained
thanks to the NMR differentiating and inducing ability of
TRISPHAT onto the Sp and Rp conformations of cation 5f at low
temperature.[18] In fact, the presence of anion Δ-8 not only helps
the NMR enantiodifferentiation of the two planar chiral
conformations but, due to the chemical differences among
diastereomeric [Sp-5f][Δ-8] and [Rp-5f][Δ-8] salts, the preferred
formation of one of the two ion pairs occurs.[19] A moderate yet
noticeable asymmetric induction (Pfeiffer effect) is achieved
with a 0.68:0.32 diastereomeric ratio. VT-ECD experiments on
CHCl3 solutions of [5f][Δ-8] were performed (298–213 K, Fig-
ure S66) and did not reveal any chiroptical induction in the UV/

vis spectrum of the corresponding salt; this result being actually
expected knowing that the induction corresponds only to a
stereocontrol of the aliphatic side chain with little interaction
with the planar chromophore.

Finally, with these experimental evidences in hand, DFT
calculations were pursued to clarify even further the stereo-
chemical phenomenon. First, the conformational population of
complex 5a was investigated in silico. Of importance, of the
two conformations already considered, the anti-anti geometry
(Sp and Rp conformations) is preferred (more stable) over the
anti-gauche geometry by 1.1 kcalmol� 1 (Figure 9, A and B). In
addition, we could reproduce computationally the kinetic
barrier obtained for the rotation of the propyl chain attached to
the stereogenic nitrogen atom. Satisfactorily, with a calculated
value of 10.7 kcalmol� 1 in the free energy surface, a very good

Figure 6. Salt [5f][BF4],
1H VT NMR spectra (δ 6.0–4.0 ppm, 298 K to 218 K).

Figure 7. Planar chiral conformations for derivatives 5 and corresponding absolute Sp and Rp configurations, including priorities a>b> c>d for substituents
that surround the stereogenic N-atoms.
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agreement with the experimental measurement is obtained
(ΔG�

exp 11.8 kcalmol� 1 by VT NMR). Finally, encouraged by the
close agreement between experimental and computational
values, the NMR spectrum of compound 5a was calculated
(Figure 9, C and Figure S75). To our delight, the computed
spectrum reproduces the strong differentiation occurring
between the two constrained diastereotopic N� CH2 protons. In
fact, the very large difference in experimental chemical shifts
(Δδexp 1.64 ppm) is well replicated by the obtained theoretical
values of 5.97 and 4.06 ppm for the blue protons nearest and
most distant from the acetylene fragment, respectively. These
values could be further corrected to δ 5.66 and 3.86 by applying
linear scaling factors found in the literature.[20]

Conclusion

In summary, series of acetylene derivatives of cationic diazaoxa
triangulenes (DAOTA) and [4]helicenes (DMQA) were prepared.
These C�C-functionalized products are for the most fluorescent,
with red-shifted absorptions (Δλabs up to 25 nm) and emissions
(Δλem up to 73 nm, ΦPL up to 51%). With for DAOTA-based
derivatives 5, a dynamic stereoisomerism phenomenon was

evidenced for the first time. At low temperature in 1H NMR
spectroscopy (218 K), N� CH2 protons become diastereotopic
with chemical shifts differences (Δδ) as high as +1.64 ppm. The
signal coalescence occurs around 273 K with a barrier of
~12 kcalmol� 1. This phenomenon is due to planar chiral
conformations (Sp and Rp configurations, Figure 7), induced by
the geometry of the alkyl (propyl) side-chains next to the
acetylenic substituents. Ion pairing studies with Δ-TRISPHAT
anion not only confirmed the occurrence of the chiral
conformations but evidenced an asymmetric induction from
the chiral phosphorus(V) anion onto the cation (d.r. 68 :32). DFT
calculations further confirmed the preferred anti-anti geo-
metries, stereodynamics and the peculiar behavior.

Supporting Information

Supporting Information for this article is given via a link at the
end of the document. It contains experimental conditions,
characterizations of all new compounds, UV-Vis and
fluorescence spectra and computational details.

Deposition Number(s) 2123630, 2123631, 2123632, 2123633
contain(s) the supplementary crystallographic data for this

Figure 8. Salt [5f][ Δ-TRISPHAT], 1H VT NMR spectra (δ 6.0–4.0 ppm, 298 K to 218 K). At 248 K, a parasite signal appears around 5.3 ppm which has no bearing
on the overall experiment.
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paper. These data are provided free of charge by the joint
Cambridge Crystallographic Data Centre and Fachinformations-
zentrum Karlsruhe Access Structures service.

In addition, the dataset for this article can be found at the
following DOI: 10.26037/yareta:7iyohmxz7fgcjjuked6ivbog6u. It
will be preserved for 10 years.
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