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We present the concept of combining circularly polarized luminescence (CPL) and excited-state intra-
molecular proton transfer (ESIPT) features into a single molecule as a strategy to generate high-performance
ESIPT-based CPL materials. For this purpose, a [6]helicene bearing two ESIPT structural units was synthesized
using a double Suzuki–Miyaura reaction and a double C(sp2)� H hydroxylation approach. The photophysical
properties of the doubly hydroxylated [6]helicene were studied in parallel with a non-hydroxylated [6]helicene
control compound, revealing that the presence of a chiral [6]helicene unit results in a strong CPL response and
the presence of the ESIPT units in a considerable red shift. The red-shifted emission along with the outstanding
glum (�10� 2) and a large Stokes shift makes the doubly hydroxylated [6]helicene a promising candidate for use
in optoelectronics.

Keywords: chirality, circularly polarized luminescence, excited-state intramolecular proton transfer, helicene,
luminescence, proton transfer.

Introduction

Artificial lighting and light-triggered technologies play
an important role in modern society and the current
trend suggests that their significance will continue to
increase. While common luminescent materials gener-
ate unpolarized light, the current focus is on materials
that generate circularly polarized (CP) light, encoding
chirality as an additional information channel. Since
the CP light acts as an intrinsic chiral information
carrier, materials that produce CP light hold potential

for applications in light-emitting devices,[1– 3] biological
probes,[4,5] and CP-light lasers.[6] The chemical ap-
proach to obtain CP light is the design of chiral
luminescent materials, which display circularly polar-
ized luminescence (CPL),[7– 9] whose efficiency is
evaluated by the luminescence dissymmetry factor
(glum).1

+ These authors contributed equally to this work.
Supporting information for this article is available on the
WWW under https://doi.org/10.1002/hlca.202100221

1glum is defined as glum = 2 × [(IL� IR)/(IL + IR)], where IL and
IR are the intensities of left- and right-handed polarized
light, respectively. The glum values range from � 2 to + 2
with negative values for the right-handed and positive
values for the left-handed light. A value of 0 indicates
unpolarized light and a value of j2 j completely circularly
polarized light.
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The exploration of chiral organic small molecules
that exhibit CPL, like helicenes, is of particular interest,
due to the easiness of modulating their emission
features through structural design.[10–13] Helicenes are
ortho-fused polyaromatic structures with a twisted
shape resulting from the steric repulsion between the
terminal aromatic rings.[14,15] Consequently, they adopt
left- or right-handed helical geometries and exhibit in
many cases efficient CPL emission.[10– 13] Since the first
report of CPL-active helicenes in 1966,[16] a variety of
carbo-, hetero-, and metal helicene analogs that
display CPL were synthesized and characterized.[10,17]

The judicious incorporation of substituents into a
carbohelicene scaffold was found to modulate their
photophysical properties and afford a new generation
of systems with improved CPL. For example, the
incorporation of a quinoline unit into [7]helicene
conducted by Sakai et al.[18] yielded a fully aromatic

structure exhibiting small ΦF that was significantly
increased upon alkylation to afford (M/P)-1 with ΦF of
25 % and jglum j of 4.0 × 10� 3 (Scheme 1,a). By integrat-
ing a fluorene fragment into the helicene framework, a
large increase of emission efficiency was observed.
Whereas [7]helicene exhibits a poor ΦF of 2 %,[19] (M/
P)-2 showed intense emission with a quantum
efficiency up to 40 % (Scheme 1,b).[20] Moreover, as a
purely carbon-based helicene, (M/P)-2 exhibits a
relatively high jglum j value of 3.0 × 10� 3. Privileged
architectures, such as exciton-coupled systems, result
in glum values in the range of 10� 2. Crassous et al.
reported a variety of push–pull helicenes difunctional-
ized at the extremities of the carbo[6]helicene moiety
(positions 2 and 15), in which the magnitude and the
optimized mutual orientation of the electric (μe) and
magnetic (μm) transition dipole moments in the
excited state lead to an intense exciton-coupling

Scheme 1. Examples of CPL-active helicenes (top) and ESIPT-active luminophores with high Stokes shifts (middle). Bottom: The
concept of combining a CPL unit with an ESIPT unit developed in this work (7 was analyzed in CH2Cl2).
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process.[21–25] The attachment of electron-poor, as in
cyano-substituted luminophore (M/P)-3 (Scheme 1,c),
and electron-rich phenyl groups via acetylene spacer
resulted in jglum j values of up to 3.0 × 10� 2.[21]

A major disadvantage of most fluorophores is that
they exhibit small Stokes shifts, which leads to self-
reabsorption of the emitted light in concentrated
media due to the overlap of the absorption and
emission spectra. Excited-state intramolecular proton
transfer (ESIPT)-based fluorophores operate in a four-
level enol–keto-phototautomerism cycle (see
Scheme S1), which results in large Stokes shifts of the
emission (up to 12,000 cm� 1) without the tendency of
self-reabsorption.[26–28] Within this cycle, upon enol
excitation, an ultrafast[29] phototautomerism and emis-
sion of the keto form takes place followed by a
ground-state intramolecular proton transfer (GSIPT). In
the case of an incomplete proton transfer in the
excited state, dual emission[30] properties can be
observed. Furthermore, a wide range of ESIPT applica-
tions, for example, in electroluminescent
devices,[28,31– 33] biological imaging,[34–37] and chemical
sensing,[26,38,39] have been demonstrated.

ESIPT-based luminophores exhibiting high Stokes
shifts and high quantum yields are, however, still rare.
A representative example reported by Wang et al. is 2-
(2’-hydroxyphenyl)benzothiazole (4) showing an ex-
tremely high quantum yield of 91.7 % in the solid state
and a high Stokes shift of 7,500 cm� 1 (Scheme 1,d).[33]

Besides, ortho-hydroxy derivatives of the green fluo-
rescent protein chromophore were investigated by
Chou and coworkers.[40] Varying the donor/acceptor
ability of the substituent on the central benzene ring
resulted in emission-color tuning and quantum yields
of up to 57 % in the CH2Cl2 solution for the nitro-
derivate 5 and an emission with a Stokes shift of
8,600 cm� 1 (Scheme 1,e). In addition, a series of
minimalistic ESIPT-based luminophores differing in
their substitution pattern of electron-withdrawing and
-donating groups were presented by Nachtsheim
et al.[41,42] From all investigated regioisomers, nitrile-
substituted 2-(oxazolinyl)phenol 6 exhibited the high-
est quantum yield of 87.3 % in the solid state, while a
moderate value of 25 % was obtained in the CH2Cl2
solution with a high Stokes shift of 9,800 cm� 1

(Scheme 1,f).
While both phenomena – CPL and ESIPT – were

studied in great detail on a variety of aromatic systems
independently of one other, the combination of both
effects within a single molecule has never been
described. Structures that would exhibit both CPL and
ESIPT would benefit from the combination of both

phenomena in terms of quantum efficiency and large
Stokes shifts of CPL. To establish this concept, we
report a [6]helicene emitter equipped with two ESIPT
units. The synthetic strategy as well as a comprehen-
sive analysis of the photophysical properties is
presented for the doubly hydroxylated compound 7 as
well as for the non-hydroxylated control compound 8.

Results and Discussion

The synthesis of the target dihydroxylated helicene 7
was achieved in five steps starting from 2,7-dibromo-
naphthalene (Scheme 2).

Metal–halogen exchange using 2,7-dibromonaph-
thalene and tBuLi followed by formylation of the
intermediate dilithio species with DMF provided
dicarbaldehyde 9 in 82 % yield. A Wittig olefination of
9 with phosphonium bromide 10 afforded a mixture
of (E/Z)-isomers of olefin 11 in 84 % yield. Next, Mallory
photoinduced cyclization of 11 to dibrominated
[6]helicene 12 was achieved under dilute conditions in
the presence of iodine and propylene oxide with an
average yield of 97 %.[43] With dibrominated
[6]helicene 12 in hand, a double Suzuki–Miyaura
reaction with borylated 2-(phenyl)oxazoline 13 was
performed to give doubly arylated [6]helicene 8 in a
51 % yield. In the final step, the two hydroxy groups
were installed in the benzene units ortho to the
oxazoline rings using metalation with Knochel–Hauser
base TMPMgCl · LiCl followed by oxidation with molec-
ular oxygen to the corresponding diphenol 7 obtained
as a racemic mixture.

With target helicenes 7 and 8 in hand, we
investigated the photophysical properties of their
racemic mixtures. The UV-Vis absorption spectra of 7
and 8 measured in CH2Cl2 show intense π–π*
absorption bands at 270 and 295 nm, as well as
shoulders at around 337 nm, with molar extinction
coefficients for the higher-intensity bands of
51,000 M� 1 cm� 1 (7) and 70,000 M� 1 cm� 1 (8) at 270
and 295 nm, respectively. Compound 7 dissolved in
CH2Cl2 shows an emission band with a vibronic
structure peaking at 426 and 453 nm, and a broad
shoulder from 500 to 600 nm (Figure 1,a). In contrast,
compound 8, in which ESIPT is not plausible, shows
solely a band with a clear vibronic structure in both
solvents (Figure 1b), equivalent to the blue-shifted
band of compound 7. The detected emission maxima
imply large Stokes shifts of ca. 13,600 and 10,400 cm� 1

for compounds 7 and 8, respectively (Figure 1a,b). The
fluorescence quantum yields (ΦF) of 8.8 % (7) and
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8.7 % (8) represent a 2.2-fold increase of emission
intensity in comparison to the parent [6]helicene
(ΦF = 4.0 %).[19]

The comparison of the emission properties of
compounds 7 and 8 sheds some light into the
contribution of an ESIPT mechanism to the deactiva-
tion pathways in 7. The dual emission behavior of 7 is
in contrast to the emission of the parent fluorophores,
3-substituted 2-(oxazolinyl)phenols,[42] which only ex-
hibit a single band at ca. 480 nm corresponding to the
keto form generated through ESIPT. Importantly, the
dual emission behavior of 7 indicates that the energy
barrier between the enol and the keto form of the
terminal fluorophores is large[44] due to solvent-
induced interactions.[45,46] Thus, this feature can tenta-
tively be assigned to the coupling of two competing
processes at the terminal fluorophores, an excited-
state charge transfer and ESIPT. These experimental
observations are in agreement with DFT calculations
(vide infra); the LUMOs involved in the main transitions
in the enol form show that the charge partially moves
towards the helicene system (Figures S40 and S41),
indicating that the extended π-system of the helicene
unit acts as an electron-withdrawing group in the
excited state. We thus investigated further the photo-
physical properties of 7 in terms of the competing
excited-state processes. To confirm this behavior, we
acquired the emission spectrum of 7 in methanol
(MeOH; Figure 1,a), a solvent with a marked proton-

donor character. Solvation of the terminal fluoro-
phores in MeOH involves hydrogen bonding with the
hydroxy groups and the nitrogen atoms of the
oxazolinyl groups, which deactivates ESIPT.[47] Indeed,
the emission spectrum of 7 in MeOH shows mainly the
blue, vibronically structured band, and much less
dominance of the red shoulder originating from the
keto from. As expected, the emission spectrum of 8 in
MeOH did not show significant differences (Figure 1,b),
confirming that hydrogen bonding with the solvent
does not influence the emission of the chromophore
in which ESIPT is not feasible.

Although the ESIPT processes are usually very fast,
even down to fs timescale, the large energy barrier
between the enol and the keto form, which results in
the dual emission behavior, enables the detection of
both forms. The excited-state population deactivation
dynamics in the nanosecond time regime thus allows
to deconvolute the contribution of the different
emissive species to the overall spectrum using time-
resolved fluorimetry. Time-resolved emission spectra
(TRES) of compounds 7 and 8 were acquired in both
MeOH and CH2Cl2. Compound 7 displays three decay
components along the whole emission range in
CH2Cl2, with the decay times of 8.83�0.01, 3.37�0.01,
and 1.27�0.01 ns. To dissect the contribution of the
different emissive components, the extraction of the
species-associated emission spectra (SAEMS) was per-
formed (Figure 1,c). Two very distinct emissive species

Scheme 2. Synthesis of the target dihydroxylated helicene 7. Reaction conditions: a) 1. tBuLi, THF, � 78 °C, 0.5 h; 2. DMF, � 78 °C to
23 °C, 18 h, 82 %. b) 10, KOtBu, THF, 23 °C, 16 h, 84 %. c) I2, propylene oxide, hν, PhMe, 23 °C, 1.5 h; 97 % (combination of six runs). d)
13, Pd(PPh3)4, SPhos, K2CO3, 1,4-dioxane:water 5 : 1 (v/v), 100 °C, 48 h, 51 %. e) 1) TMPMgCl · LiCl, THF, 23 °C, 4 h; 2. O2 (1 atm), 23 °C,
48 h, 51 %. Ph = phenyl, TMP = 2,2,6,6-tetramethylpiperidinyl.
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were discriminated in 7, a long-lifetime form (8.83 ns)
exhibiting the blue vibronic band and an intermedi-
ate-lifetime form (3.37 ns) emitting in the broad-red-
band range peaking at 500 nm. Interestingly, the
minor, short component (1.27 ns) shows contributions
of both forms, suggesting reversible equilibrium
kinetics.

In contrast to CH2Cl2, compound 7 in MeOH shows
one main component, namely, the blue-shifted, struc-
tured band with a decay time of 7.81�0.01 ns (Fig-
ure S1). The intermediate- (1.98�0.01 ns) and short-
decay-time (0.28�0.01 ns) components were minor
and show contribution also in the 450– 475 nm region,
with a negligible contribution >500 nm. This clearly
supports that ESIPT is suppressed in MeOH on account
of hydrogen bonding. This behavior is very similar to
that of compound 8, which exhibits one main, long-
lived component in both solvents (10.17 ns in CH2Cl2,
Figure 1,d and 9.97 ns in MeOH, Figure S2), and two

minor, intermediate- and short-lived, components with
contributions along the emission band.

Chiral resolution of 7 and 8 was achieved by using
chiral-stationary-phase (CSP)-HPLC (for details, see the
Experimental Section and the Supporting Information).
Chromatographic separation led to isolation of 7 as
two enantiopure (>99 % e.e.) compounds. In contrast,
resolution of the non-hydroxylated helicene 8 was
more cumbersome, yielding enantioenriched mixtures
with 40 % e.e. (for details, see the Supporting Informa-
tion, Figures S45–S50). Both compounds 7 and 8 show
configurational stability after resolution and racemize
neither thermally (at room temperature) nor upon UV-
Vis irradiation.

Electronic circular dichroism (ECD) spectra of the
enantiomers of 7 and 8 were measured in CH2Cl2 and
are depicted in Figure 2a,b. The first HPLC fraction (tR =

13.9 min) of 7 shows a positive Cotton effect at
310 nm and a negative Cotton effect at wavelengths
above 343 nm, including the lowest energy transition

Figure 1. Top: Normalized UV-Vis absorption and steady-state emission spectra of 7 (a) and 8 (b) in CH2Cl2 and MeOH. Bottom:
Species-associated emission spectra (SAEMS) of compounds 7 (c) and 8 (d) in CH2Cl2.
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at 428 nm. The second HPLC fraction (tR = 15.2 min)
exhibits a mirror-image spectrum with a negative
band centered at 310 nm and a positive Cotton effect
at wavelengths above 343 nm. Values of Δɛ reach
maxima between 600 and 1000 M� 1 cm� 1, which is in
the range of values obtained for many simple and
multiple [6]helicenes.[48,49] Similar band pattern and Δɛ
values were obtained for the first enantioenriched
HPLC fraction of 8. Absorption dissymmetry factors
gabs calculated from the experimental spectroscopic
data reached outstanding values of 0.011 at 312 nm
and 0.019 at 308 nm for (M)-8 and (M)-7, respectively.

The theoretical UV-Vis and ECD spectra of 7 and 8
were calculated at the B3LYP/6-31G(d,p) level of DFT
calculation in vacuum using Gaussian 09.[50] In addi-
tion, calculations were performed using the polarizable
continuum model (PCM) for solvents of different
polarity such as cyclohexane and methanol and hybrid
functionals with higher HF contribution such as

CAM� B3LYP and M06-2X (Figures S3–S40). In every
case, the results predict the same absolute config-
uration and computed ECD band profiles match well
the experimental data (Figures S3 and S4), which allows
the first HPLC fractions of 7 and 8 to be assigned as
the (M)-enantiomer whilst the second fractions are (P)-
configured (for more details, see Supporting Informa-
tion). Furthermore, although the experimental jgabs j

values for the lowest-energy transition could not be
estimated due to low absorption of both enantiopure
samples at the longest absorption wavelength, the
calculations predict quite remarkable jgabs j values in
the range of 10� 2 for the S0!S1 transition for both 7
(0.034) and 8 (0.030).[51] Since fluorescence of heli-
cenes usually occurs from the lowest excited state (S1),
the glum factor generally correlates with the gabs for
the lowest-energy transition. A general trend of glum�

gabs is observed for organic molecules with a factor of
0.61 described for helicenes (jglum j = 0.61 × jgabs j).

[12]

Figure 2. Top: Experimental ECD spectra of enantiomers (P)- and (M)-7 (a), and (M)-8 (b) in CH2Cl2. The calculated ECD spectrum for
(P)-8 (dashed line) has a correction of � 0.5 eV for the wavelength to match the experimental spectrum of (M)-8. Bottom: Normalized
CPL spectra of enantiomers (P)- and (M)-7 (c), and (M)-8 (d) in CH2Cl2. Only (M)-8 is included (d) as second CSP-HPLC fraction
showed an impurity.
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To our delight, the experimental maximum jglum j

values reached 0.025 at 418 nm and 0.024 at 413 nm
for (M)-7 and (M)-8, respectively, which entails up to a
25-fold amplification of the jglum j value with respect
to the simplest [6]helicene (0.001)[51] by a simple
structural modification. It is important to note that the
CPL emission profiles are very similar to that of the
long-lived species for both compounds (decay time of
8.83 and 10.17 ns for 7 and 8, respectively, Figure 1c,d).
This suggests that CPL arises mainly from this form
and that the CPL emission is generated in the
transition that is associated with the charge-transfer
species in which electron charge is partially localized
on the helicene moiety.

Next, we examined whether exciton coupling
between the chromophores in closest proximity,
namely, two oxazoline units pending at the periphery
of the central helicene core, is the reason for such
large dissymmetry factors. The DFT calculations for
(M)-7 and (M)-8 performed at the CAM� B3LYP/6-
31G(d,p) level of theory were therefore analyzed in
terms of molecular orbitals (MOs), with a predominant
contribution to the first five low-energy transitions
(Figures S41–S44), and their energies, along with the
comparison of oscillator (f) and rotational strengths (R)
(Tables S1 and S2). Compound (M)-7 exhibits two
excitations (#3 and #5) with intense rotatory strengths
of almost the same dimension but opposite sign,
separated by ca. 30 nm (Table S1), which could be
indicative of the exciton coupling between the
terminal oxazolines. When looking at the MOs with
dominant contribution to those two excitations, how-
ever, there is only a partial shift of the charge from the
periphery to the helicene core (Figure S41, HOMO� 1
to LUMO + 1, Figure S42, HOMO to LUMO + 1). This
small shift, together with the high energies of these
transitions (3.84 and 4.26 eV), suggests that in case an
exciton coupling is taking part, it is to a lesser extent
than previously described for 2,15-disubstituted
[6]helicenes.[21] Compound (M)-8 exhibits analogous
excitations (Table S2, 3.96 and 4.40 eV), with the only
difference being a partial charge shift, in this case
from the helicene core to the peripheral oxazoline
units (Figure S43, HOMO� 1 to LUMO + 1, Figure S44,
HOMO to LUMO + 1). Thus, also for (M)-8, the contribu-
tion of the exciton coupling to the chiroptical
response is expected to be minor.

In homogeneous solutions, the dissymmetry factor
gabs can be expressed theoretically in terms of the
electric (μ) and magnetic (m) transition dipole mo-
ments using the simplified equation gabs �4 · jm j ·
cos θ/ jμ j for a particular transition.[48] Therefore, the

gabs values that are considerably high for simple
[6]helicenes like 7 and 8 can be ascribed to the
abnormally small calculated electric transition dipole
moment (μ), relatively large calculated magnetic
transition dipole moment (m), and angles between
both transition dipole moments (θ) of either <30° or
>170° in both cases. Thereby, for the S0!S1 transition,
values of jμ j = 93 · 10� 20 esu cm, jm j = 0.85 · 10� 20 erg
G� 1, and jθ j = 22° were obtained for 7 and values of
jμ j = 150 · 10� 20 esu cm, jm j = 1.1 · 10� 20 erg G� 1, and
jθ j = 20° were obtained for 8, leading to partially
electrically forbidden transitions and optimum close-
to-parallel-oriented μ and m vectors.

The photophysical results show that incorporation
of the ESIPT units into a CPL-active [6]helicene is a
suitable strategy to combine both phenomena. As
expected, the incorporation of the oxazoline moieties
leads to large Stokes shifts for both the doubly
hydroxylated [6]helicene 7 (~13,600 cm� 1) and the
non-hydroxylated control compound 8
(~10,400 cm� 1). Besides, in 7, a red shift of the
emission is observed, concurrent with the dual
emission behavior on account of the coexistence of a
keto emissive form (shoulder at ca. 500 nm in the
emission spectrum) arising from an ESIPT reaction and
an enol species in which the charge is transferred
towards the helicene unit, making the emission active
in CPL. Contrary to our initial expectations, the values
of the quantum yields were found to be rather low,
indicating that boosting of emission efficiency is
extremely challenging and requires further improve-
ment of the molecular design. The most remarkable
observation during this study is the exceptionally high
chiral response of [6]helicenes 7 and 8 with glum values
of the same order of magnitude as the most potent
literature examples (Scheme 1,a–c). In addition, a
factor to be taken into account when assessing
emission performance is the recently introduced
concept of CPL-brightness or luminosity (BCPL),[52,53]

which depends on molar absorption extinction coef-
ficient (ɛλexc), quantum yield (ΦF) and glum through the
equation BCPL =ɛλexc × ΦF × jglum j /2. In this regard,
compounds 7 and 8 display BCPL values of 56 and
73 M� 1 cm� 1, respectively, which are significantly high-
er than that of the simplest carbo[6]helicene
(~ 2 M� 1 cm� 1)[54] as well as the average value
(18.7 M� 1 cm� 1) described for helicenes and
helicenoids.[52]
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Conclusions

Two [6]helicenes decorated with oxazoline moieties at
both ends were synthesized in good yields through a
five-step pathway including photocyclization and
cross-coupling reactions as the key steps. The inclusion
of two hydroxy groups ortho to the oxazoline units in
compound 7 was found to be key for the excited-state
intramolecular proton transfer (ESIPT) process leading
to a characteristic red-shifted emission. Both racemic
compounds 7 and 8 were resolved by means of chiral-
stationary-phase HPLC, and photophysical investiga-
tions of enantiopure compounds in case of 7 and
enantioenriched samples for 8 revealed very similar
dissymmetry factors for absorbance and emission (gabs
and glum) for both compounds. Remarkably, exception-
ally high gabs of up to 10� 2 were obtained from the
experimental CD and absorbance, and these values
were in a good agreement with those calculated at
the B3LYP/6-31G (d,p) level of theory for the longest-
wavelength transitions. An explanation for this obser-
vation is the low μ modules and the angles (θ)
between μ and m maximizing the cosine of θ. In
addition, outstanding glum values of ca. 10� 2 were
achieved, corresponding to a 25-fold amplification
with respect to the simplest [6]helicene. The red-
shifted emission of the doubly hydroxylated
[6]helicene 7 along with its outstanding gabs and glum
(�10� 2), large Stokes shift of 13,600 cm� 1, and CPL-
brightness (BCPL) nominates this simple chiral molecule
as a promising candidate for its implementation in
materials and posterior use in optoelectronics applica-
tions.

Experimental Section

General Information

Unless stated otherwise, all reactions were carried out
under a nitrogen atmosphere using standard Schlenk
techniques. All chemicals and solvents were purchased
from commercial suppliers and either used as received
or purified according to ‘Purification of Common
Laboratory Chemicals’.[55] Yields refer to yields of
isolated compounds estimated to be >95 % pure as
determined by 1H-NMR spectroscopy.

NMR Spectra were recorded on a Bruker AV2-400
with a QNP (5 mm) probe head at 23 °C. Chemical
shifts for 1H-NMR spectra are reported as δ (parts per
million, ppm) relative to the residual proton signal of
CDCl3 at 7.26 ppm (s). Chemical shifts for 13C{1H}-NMR

spectra are reported as δ (parts per million, ppm)
relative to the signal of CDCl3 at 77.0 ppm (t). 31P-NMR
spectra are reported as δ (parts per million, ppm)
relative to the signal of Si(CH3)4 at 0.0 ppm. The
following abbreviations are used to describe splitting
patterns: br. = broad, s= singlet, d=doublet, dd=dou-
blet of doublets, m=multiplet. Coupling constants J are
given in Hertz [Hz].

Thin-layer chromatography was performed on
fluorescence-indicator-marked precoated silica gel 60
plates (Macherey-Nagel, ALUGRAM Xtra SIL G/UV254)
and visualized by UV light (254 nm/366 nm). Flash
column chromatography was performed on silica gel
(0.040–0.063 mm) with the solvents given in the
procedures. Abbreviations for solvents used: CH =

cyclohexane, CH2Cl2 = dichloromethane. Retention fac-
tors were determined at chamber saturation at 23 °C.
Developments were carried out between 3.0–3.5 cm.

High-resolution (HR)-EI mass spectra were recorded
on a double focusing (BE geometry) magnetic sector
mass spectrometer DFS from ThermoFisher Scientific.
HR-ESI mass spectra were recorded on a timsTOF Pro
TIMS-QTOF-MS instrument from Bruker Daltonics. All
signals are reported with the quotient from mass to
charge m/z.

IR Spectra were recorded on a Perkin Elmer
Spectrum Two spectrometer with a diamond ATR unit.
The absorption bands are reported in cm� 1 with
indicated relative intensities: s (strong, 0–33 % T); m
(medium, 34–66 % T), w (weak, 67–100 % T). T=

transmission.

Melting points of solids, compounds that solidified
after chromatography, were measured on a Büchi M-
560 Melting Point apparatus and are uncorrected. The
measurements were performed with a heating rate of
5 °C/min and the melting points are reported in °C.

Absorption measurements were performed using
an Agilent 8453 UV-Vis spectrophotometer. Emission
measurements were performed using an Edinburgh
Instruments FS5 spectrofluorometer with a SC-25
temperature controlled holder and a TE-cooled-
standard cell. Absolute quantum yields were measured
using an Edinburgh SC-30 integrating sphere. All
measurements were performed at 23 °C in quartz
cuvettes with 10 mm path length by Hellma Analytics.
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Enantiopure materials were obtained by chiral-
stationary-phase HPLC resolution on an Agilent 1260
Infinity II apparatus (quaternary pump, auto sampler,
column thermostat, and a diode-array detector) using
a semi-preparative CHIRALPAK® IA column (250 ×
10 mm, 5 μm) at a flow rate of 1 mL/min (injection
volume = 250 μL) for 7 and with an analytical CHIR-
ALPAK® IC column (250 × 4.6 mm, 5 μm) at a flow rate
of 1 mL/min (injection volume 25 =μL) for 8 and HPLC
grade solvents.

Both the electronic circular dichroism (ECD) and
circularly polarized luminescence (CPL) spectra were
recorded with an Olis DSM172 spectrophotometer.
ECD Spectra are an average calculated for 56 and 3
scans for 8 and 7, respectively, and for CPL spectra, an
average of 13 scans for 8 and 20 scans for 7 were
recorded. For ECD and CPL measurements, fixed 0.1 s
and 1.0 s of integration time, respectively, were
selected. The spectra were recorded at approximately
10� 5 M concentrations in HPLC-grade solvents at room
temperature. A fixed wavelength of 370 nm provided
by a LED source was employed when measuring CPL.

Steady-state emission spectra were collected using
a JASCO FP-8500 spectrofluorometer with 5 × 10 mm
cuvettes.

Time-resolved fluorescence decay traces were col-
lected through the time-correlated single photon
counting (TCSPC) method using a FluoTime 200
fluorometer (PicoQuant, GmbH). The excitation source
was a 375-nm pulsed diode laser (LDH-P-C-375B
PicoQuant, GmbH), being around 40 ps the full width
at half maximum (fwhm) of the laser pulses and using
a 10 MHz excitation frequency.

The fluorescence emission was collected at a 90°
geometry, focused at the detector after crossing
through a polarizer (set at the magic angle), 2-mm
slits, and a 2-nm bandwidth monochromator. TCSPC
was achieved by a TimeHarp200 board, set at 36 ps/
channel. The histogram of the instrument response
function (IRF) was determined using a LUDOX scatter-
er. Fluorescence decay traces were collected for the
necessary time to reach 20,000 counts at the peak
channel.

Time-resolved emission spectroscopy (TRES) of
compounds 7 and 8 in CH2Cl2 and methanol was
performed by collecting 52 fluorescence decay traces
in the 400–600 nm emission range (Δλem = 4 nm). In

order to maintain the overall intensity information, the
decay traces were collected during a fixed amount of
time (200 s).

The fluorescence decay traces were fitted to a
three-exponential function by using a Levenberg–
Marquardt algorithm-based nonlinear least-squares
error minimization iterative reconvolution method
(FluoFit 4.4 package, Picoquant GmbH). For the time-
resolved emission spectroscopy (TRES) analysis and
the estimation of the species-associated emission
spectra (SAEMS), the 52 decay traces were fitted
globally with the decay times linked as shared
parameters, whereas the pre-exponential factors were
local adjustable parameters. The quality of fittings was
assessed by the value of the reduced chi-squared, χ2,
parameter and random distributions of the weighted
residuals and the autocorrelation functions.

The SAEMS of each species i at any given emission
wavelength (SAEMSi lemð Þ) is given by the fluorescence
intensity emitted by the species i (Ai;lem � ti), normal-
ized by the total intensity and corrected for the
different detection sensitivity using the total intensity
of the steady-state spectrum (Iss;lem ) as shown in Eqn. 1:

SAEMSi lemð Þ ¼
Ai;lem � tiP
i Ai;lem � ti

� Iss;lem (1)

Figures 1c,d, S1 and S2 show the SAEMS of com-
pounds 7 and 8 dissolved in CH2Cl2 and methanol.

Syntheses

Naphthalene-2,7-dicarbaldehyde (9). A slightly
modified literature procedure was used.[56] A heat gun-
dried and nitrogen-flushed Schlenk flask (1 L) equipped
with a dropping funnel on top was charged with 2,7-
dibromonaphthalene (12.6 g, 44.0 mmol, 1.0 equiv.)
and anhydrous THF (400 mL, 0.1 M), and the solution
was transferred through cannula through the drop-
ping funnel into the reaction flask. The solution was
cooled to � 78 °C (dry ice/acetone bath) and tert-
butyllithium (102 mL, 194 mmol, 4.4 equiv., 1.9 M in
pentane) was transferred through a cannula into the
dropping funnel and added dropwise over 40 min
(~ 2.6 mL/min) to the vigorously stirred mixture. After
complete addition, the mixture was stirred for 30 min
under the same conditions to give a deep red solution
(during addition, the solution turned from pale red to
dark red). Next, the dropping funnel was rinsed with
anhydrous THF (15 mL) to remove remaining tert-
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butyllithium. Then, anhydrous DMF (27.3 mL,
352 mmol, 8.0 equiv.) was added dropwise through
the dropping funnel over 15 min (~ 1.8 mL/min) at
� 78 °C, and the mixture was stirred for another 30 min
under the same conditions. The turbid mixture was
stirred for 18 h while it was allowed to warm slowly to
ambient temperature (23 °C). During warming, the
brown suspension turned beige/colorless and became
very viscous. Saturated NH4Cl solution (150 mL) and
water (50 mL) were added (mixture turned yellow), the
phases were separated, and the aqueous phase was
extracted with AcOEt (3 × 100 mL). The combined
organic phases were dried over anhydrous MgSO4,
filtered, and concentrated under reduced pressure on
a rotary evaporator. The yellow crude product was
washed with methanol (50 mL) to remove yellow
impurities to obtain 2,7-naphthalenedicarbaldehyde 9
in pure form (4.41 g, 23.9 mmol, 54 %). The filtrate was
concentrated and washed with ice-cooled methanol
(30 mL) to achieve another portion of clean product
(2.22 g, 12.1 mmol, 27 %). In total, naphthalene-2,7-
dicarbaldehyde (9; 6.63 g, 36.0 mmol, 82 %) was
obtained as an off-white solid. Rf (CH/AcOEt 5 : 1 (v/v))
0.11. M.p. 143–145 °C. 1H-NMR (400 MHz, CDCl3): 10.22
(d, 4JHH = 0.6, 2 H); 8.54–8.48 (m, 2 H); 8.12 (dd, 3JHH =

8.6, 4JHH = 1.5, 2 H); 8.06–7.99 (m, 2 H). 13C{1H}-NMR
(101 MHz, CDCl3): 191.7; 139.5; 135.4; 135.2; 132.3;
129.5; 126.2. IR (ATR, neat): 2852w, 1683s, 1629m,
1576w, 1509w, 1465w, 1439w, 1409w, 1396w, 1374w,
1329m, 1269m, 1254w, 1209m, 1183w, 1154m, 1119w,
1009w, 978w, 914w, 850s, 816m, 782m, 745m, 721w,
640w, 614w, 585w, 529w, 508w. HR-EI-MS: 183.04404
(C12H7O2

+, [M� H]+; calc. 183.04406, Dev.: � 0.02 mu;
� 0.11 ppm). The analytical data are in accordance
with the literature.[57]

[(4-Bromophenyl)methyl](triphenyl)phospha-
nium Bromide (10). A literature procedure was
used.[58] 4-Bromobenzyl bromide (10.2 g, 40.0 mmol,
1.0 equiv.) and triphenylphosphine (11.5 g, 44.0 mmol,
1.1 equiv.) were dissolved in toluene (160 mL, 0.25 M)
and heated at 120 °C. During warming, product
precipitation was observed. After stirring for 18 h
under these conditions, the mixture was cooled to
ambient temperature (23 °C). The precipitate was
filtered off, washed with toluene (100 mL), and dried
in vacuo at 50 °C to afford 10 (20.5 g, 39.9 mmol, 99 %)
as a colorless solid. M.p. 280– 282 °C. 1H-NMR
(400 MHz, CDCl3): 7.81–7.67 (m, 9 H); 7.62–7.53 (m, 6
H); 7.19–7.11 (m, 2 H); 7.10–7.01 (m, 2 H); 5.57 (d,
2JHP = 14.8, 2 H). 13C{1H}-NMR (101 MHz, CDCl3): 135.0
(d, J= 3.0); 134.6 (d, J= 10.1); 133.5 (d, J= 5.4); 131.8 (d,

J= 3.0); 130.2 (d, J= 12.5); 126.7 (d, J= 8.9); 122.7 (d,
J= 5.4); 117.7 (d, J= 85.8); 29.9 (d, J= 46.5). 31P-NMR
(162 MHz, CDCl3): 23.2 (s). IR (ATR, neat): 3033w,
3009w, 2974w, 2858w, 2785w, 1584w, 1488m, 1437m,
1413m, 1402w, 1330w, 1315w, 1243w, 1189w, 1166w,
1108s, 1074m, 1028w, 1013m, 994m, 941w, 862m,
833m, 820m, 771m, 753m, 744m, 718s, 710m, 701m,
685s, 625m, 528s, 510s. HR-ESI-MS: 431.05609
(C25H21BrP+, M+; calc. 431.05588, Dev.: 0.21 mu;
0.48 ppm). The analytical data are in accordance with
the literature.[59]

2,7-Bis[2-(4-bromophenyl)ethenyl]naphthalene
(11). A modified literature procedure was used.[60] A
heat-gun-dried and nitrogen-flushed Schlenk flask was
charged with 10 (28.0 g, 54.6 mmol, 2.1 equiv.) and
anhydrous THF (120 mL; 0.46 M) was added to give a
suspension. Potassium tert-butoxide (53.3 mL,
53.3 mmol, 2.05 equiv.; 1.0 M in THF) was added
through a syringe pump (2.5 mL/min) through a
rubber septum at 23 °C. After complete addition, the
deep-orange mixture was stirred at 23 °C for 1 h. Then,
9 (4.79 g, 26.0 mmol, 1.0 equiv.) dissolved in anhy-
drous THF (80 mL; 0.33 M) was added dropwise
through a syringe pump (3.5 mL/min). The deep
orange color disappeared partially to give a pale-
orange suspension. The suspension was stirred at
ambient temperature (23 °C) for 18 h. The dialdehyde
was consumed after this time and the mixture was
concentrated under reduced pressure on a rotary
evaporator. The crude, partially orange solid was
triturated in an ice-cooled methanol/water mixture
(100 mL, 5 : 2 (v/v)), filtered, and washed successively
with water (100 mL) and ice-cooled methanol (50 mL)
to yield the product contaminated with triphenylphos-
phine oxide (TPPO) as a pale-yellow solid. To get rid of
TPPO, the crude product was suspended in CH2Cl2 and
filtered over a plug of silica gel. Flushing with CH2Cl2
provided 11 (10.7 g, 21.9 mmol, 84 %) as a mixture of
isomers and as an off-white solid. If desired, the (E,E)-
stereoisomer can be isolated by flash column chroma-
tography (CH/AcOEt 100 : 1 (v/v)) as a colorless solid. Rf
(CH2Cl2) 0.93. Rf (CH/AcOEt 100 : 1 (v/v)) 0.28. M.p. 182–
196 °C (very slow melting). 1H-NMR (400 MHz, CDCl3):
7.63–7.57 (m, 4 H); 7.38–7.30 (m, 4 H); 7.28 (dd, 3JHH =

8.4, 4JHH = 1.7, 2 H); 7.17–7.12 (m, 4 H); 6.76 (d, 3JHH =

12.2, 2 H); 6.58 (d, 3JHH = 12.1, 2 H). 13C{1H}-NMR
(101 MHz, CDCl3): 136.2; 134.9; 133.6; 131.9; 131.5;
130.9; 130.7; 129.5; 128.2; 127.6; 127.1; 121.3. IR (ATR,
neat): 3011m, 2967m, 2923m, 1905m, 1710m, 1622m,
1599m, 1583m, 1515m, 1483s, 1427m, 1402m, 1346m,
1231m, 1174m, 1153m, 1124m, 1101m, 1070s, 1010s,
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969s, 958m, 949m, 910s, 883m, 869s, 845s, 824s, 812s,
801s, 784m, 771m, 746s, 708m, 643m, 630m, 597m,
571m, 560m, 529m, 513s. HR-EI-MS: 487.97699
(C26H18Br2

+, M+; calc. 487.97698, Dev.: 0.01 mu;
0.03 ppm). The analytical data are in accordance with
the literature.[61]

2,15-Dibromohexahelicene (12): A slightly modi-
fied literature procedure was used.[43] The reaction was
carried out in a 700 mL photo-reactor system (150 W
mercury lamp). Compound 11 (172 mg, 350 μmol,
1.0 equiv.) was dissolved in toluene (700 mL; 0.5 mM)
and elemental iodine (199 mg, 770 μmol, 2.2 equiv.)
and methyl oxirane (12.3 mL, 175 mmol, 500 equiv.)
were added successively. The red solution was
bubbled with an argon-filled balloon for 30 min while
stirring. The balloon was removed, and the photo-
reactor was started. After 90 min, the reaction was
stopped, and no more starting material was observed
by TLC. The slightly turbid, red mixture was transferred
into a large round-bottom flask using AcOEt to clean
the photo-reactor vessel, saturated Na2S2O3 solution
(1 mL) was added, and the suspension was concen-
trated under reduced pressure on a rotary evaporator.
Within 10 min, the remaining iodine was reduced to
give a yellow/colorless suspension. This procedure was
performed six times and the combined crude products
were subjected to purification. The residue was
washed with ice-cooled methanol/water (100 mL, 1 : 1
(v/v)) and with cyclohexane (30 mL) to yield 12 as a
pale yellow solid (991 mg, 2.0 mmol, 97 %). Average
yield: 165 mg, 339 μmol, 97 %. Rf (CH/AcOEt 10 : 1 (v/v))
0.50. M.p. 293 °C (decomp.). 1H-NMR (400 MHz, CDCl3):
8.04 (d, 3JHH = 8.2, 1 H); 8.00 (d, 3JHH = 8.2, 1 H); 7.96 (d,
3JHH = 8.6, 1 H); 7.91 (d, 3JHH = 8.6, 1 H); 7.74 (d, 3JHH =

8.5, 1 H); 7.71 (d, 4JHH = 1.8, 1 H); 7.39 (dd, 3JHH = 8.5,
3JHH = 1.9, 1 H). 13C{1H}-NMR (101 MHz, CDCl3): 133.3;
132.0; 130.9; 130.8; 130.1; 129.4; 129.1; 127.8; 127.7;
127.5; 126.9; 126.5; 123.9; 119.4. IR (ATR, neat): 3049m,
3013m, 2923m, 2853m, 1617m, 1582m, 1511m, 1486m,
1400m, 1349m, 1305m, 1289m, 1251m, 1119m, 1104m,
1075s, 1008s, 968s, 953m, 918m, 892m, 855m, 844s,
835s, 814s, 768m, 749m, 733m, 708m, 664m, 636m,
623m, 587s, 558m, 530m, 509m. HR-EI-MS: 483.94602
(C26H14Br2

+, M+; calc. 483.94568, Dev.: 0.34 mu;
0.71 ppm). The analytical data are in accordance with
the literature.[61]

4,4-Dimethyl-2-[4-(4,4,5,5-tetramethyl-1,3,2-di-
oxaborolan-2-yl)phenyl]-4,5-dihydro-1,3-oxazole
(13). A slightly modified literature procedure was
used.[62] A heat-gun-dried and nitrogen-flushed

Schlenk-tube was charged with 2-(4-bromophenyl)-4,4-
dimethyl-4,5-dihydro-1,3-oxazole[63] (2.54 g,
10.0 mmol, 1.0 equiv.), B2pin2 (2.79 g, 11.0 mmol,
1.1 equiv.), KOAc (2.94 g, 30.0 mmol, 3.0 equiv.), Pd-
(dppf)Cl2 (153 mg, 500 μmol, 0.05 equiv.), and anhy-
drous 1,4-dioxane (40 mL, 0.25 M). The mixture was
bubbled with argon for 20 min and then heated at
80 °C and stirred for 18 h under the same conditions.
After cooling to ambient temperature, the mixture was
diluted with CH2Cl2 (40 mL), and saturated NH4Cl
solution (40 mL) and water (20 mL) were added. The
phases were separated, and the aqueous phase was
extracted with CH2Cl2 (3 × 20 mL). The combined
organic phases were dried over anhydrous MgSO4,
filtered, and concentrated under reduced pressure on
a rotary evaporator. The brown crude product was
adsorbed on silica gel and purified by flash column
chromatography (CH/AcOEt 5 : 1 (v/v)) to obtain 13
(2.95 g, 9.79 mmol, 98 %) as a crystalline, colorless
solid. Rf (CH/AcOEt 5 : 1 (v/v)) 0.20. M.p. 132–134 °C. 1H-
NMR (400 MHz, CDCl3): 7.96–7.89 (m, 2 H); 7.86– 7.80
(m, 2 H); 4.11 (s, 2 H); 1.39 (s, 6 H); 1.35 (s, 12 H). 13C
{1H}-NMR (101 MHz, CDCl3): 134.8 (2 ×); 127.5; 84.2;
79.3; 67.7; 28.5; 25.0 (two carbon resonances were not
detected because of signal broadening due to boron
quadrupole coupling). IR (ATR, neat): 2976m, 2929w,
2891w,1648m, 1613w, 1558w, 1516w, 1462w, 1400m,
1360s, 1348s, 1327m, 1313m, 1301m, 1286m, 1270m,
1211m, 1187m, 1174m, 1141s, 1091s, 1058s, 1018s,
988w, 962m, 920w, 853s, 819m, 743w, 693s, 667m,
653s, 617w, 578w, 547w, 521w. HR-ESI-MS: 302.19169
(C17H25BNO3

+, [M+ H]+; calc. 302.19220, Dev.:
� 0.51 mu; � 1.68 ppm).

2,2’-[Hexahelicene-2,15-diyldi(4,1-phenyl-
ene)]bis(4,4-dimethyl-4,5-dihydro-1,3-oxazole) (8).
A slightly modified literature procedure was used.[64] A
heat-gun-dried and nitrogen-flushed Schlenk-tube was
charged with compound 12 (243 mg, 500 μmol,
1.0 equiv.), compound 13 (376 mg, 1.25 mmol,
2.5 equiv.), and 1,4-dioxane (10 mL; 0.05 M). K2CO3
(518 mg, 3.75 mmol, 7.5 equiv.) was dissolved in
distilled water (2 mL) and added to the reaction vessel.
Finally, Pd(PPh3)4 (58.2 mg, 50.0 μmol, 0.1 equiv.) and
SPhos (20.5 mg, 50.0 μmol, 0.1 equiv.) were added,
and the mixture was bubbled with argon for 20 min.
Heating at 100 °C (oil bath temperature) for 24 h
resulted in a complete conversion of dibrominated
[6]helicene 12. The reaction mixture was cooled to
ambient temperature, diluted with CH2Cl2 (20 mL), and
saturated NH4Cl solution (20 mL) and water (20 mL)
were added. The phases were separated, and the
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aqueous phase was extracted with CH2Cl2 (3 × 20 mL).
The combined organic phases were dried over anhy-
drous MgSO4, filtered, and concentrated under re-
duced pressure on a rotary evaporator. The brown
crude product was adsorbed on silica gel and purified
by flash column chromatography (CH2Cl2/MeOH 100 : 1
to 50 : 1 (v/v)) to obtain 8 (172 mg, 255 μmol; 51 %) as
a dark yellow solid. Rf (CH2Cl2/MeOH 100 : 1 (v/v)) 0.03.
Rf (CH2Cl2/MeOH 50 : 1 (v/v)) 0.20. M.p. 333 °C (de-
comp.). 1H-NMR (400 MHz, CDCl3): 8.12 (d, 4JHH = 1.7, 2
H); 8.06–7.96 (m, 8 H); 7.94 (d, 3JHH = 8.3, 2 H); 7.76 (d,
3JHH = 8.2, 4 H); 7.48 (dd, 3JHH = 8.3, 4JHH = 1.8, 2 H);
6.84–6.76 (m, 4 H); 4.10 (s, 4 H); 1.40 (s, 6 H); 1.39 (s, 6
H). 13C{1H}-NMR (101 MHz, CDCl3): 162.4; 144.0; 137.1;
133.5; 132.1; 131.9; 130.0; 128.5; 128.4 (2 ×); 128.3;
127.7; 127.5; 127.5; 127.3; 127.2 (2 ×); 127.0; 125.4;
124.1; 79.4; 67.5; 28.5 (two carbon resonances were
not detected because of signal overlap). IR (ATR, neat):
3043w, 2963m, 2925w, 2890w, 1734w, 1645s, 1608m,
1565w, 1499w, 1462w, 1415w, 1383w, 1350m, 1316m,
1302m, 1252w, 1215w, 1184m, 1123w, 1065s, 1017m,
991w, 966m, 918w, 872w, 845s, 833s, 785w, 748m,
738m, 688m, 672w, 653w, 630w, 621w, 610w, 567m,
538w, 510m. HR-ESI-MS: 675.30167 (C48H39O2N2

+, [M+

H]+; calc. 675.30060, Dev.: 1.07 mu; 1.57 ppm).

3,3’-(Hexahelicene-2,15-diyl)bis[6-(4,4-dimethyl-
4,5-dihydro-1,3-oxazol-2-yl)phenol] (7). A literature
procedure was used.[63] A heat-gun-dried and nitro-
gen-flushed Schlenk-tube was charged with 8
(67.5 mg, 100.0 μmol, 1.0 equiv.) and anhydrous THF
(2.0 mL; 0.05 M). TMPMgCl · LiCl (1.54 mL, 2.00 mmol,
20 equiv.) was added dropwise through syringe
through the rubber septum within 1 min. The mixture
was stirred for 4 h under these conditions, while the
mixture turned orange/brown, but remained clear.
Then, an oxygen-filled balloon was placed on top, the
reaction vessel was flushed with oxygen, and stirring
was continued for another 24 h under ambient
conditions. The dark red and clear mixture was diluted
with CH2Cl2 (20 mL), and saturated NH4Cl solution
(20 mL) and water (10 mL) were added. The phases
were separated, and the aqueous phase was extracted
with CH2Cl2 (3 × 20 mL). The combined organic phases
were dried over anhydrous MgSO4, filtered, and
concentrated under reduced pressure on a rotary
evaporator. The brown crude product was adsorbed
on silica gel and purified by flash column chromatog-
raphy (CH/AcOEt (4 : 1 v/v) + 0.1 % AcOH) to obtain 7
(35.7 mg, 50.5 μmol; 51 %) as a dark yellow solid and 8
(10.2 mg, 15.1 μmol; 15 %) as a yellow solid. Rf (CH/
AcOEt (4 : 1 v/v) + 0.1 % AcOH) 0.29. M.p. 187–189 °C.

1H-NMR (400 MHz, CDCl3): 11.85 (br. s, 2 H); 8.10 (d,
4JHH = 2.0, 2 H); 8.05 (d, 3JHH = 8.5, 2 H); 8.02–7.97 (m, 6
H); 7.95 (d, 3JHH = 8.5, 2 H); 7.50 (dd, 3JHH = 8.3, 4JHH =

1.8, 2 H); 7.42 (d, 3JHH = 8.1, 2 H); 6.55 (s, 2 H); 6.28 (dd,
3JHH = 8.1, 4JHH = 1.8, 2 H); 4.11 (s, 4 H); 1.40 (s, 12 H).
13C{1H}-NMR (101 MHz, CDCl3): 163.9; 160.0; 146.4;
136.9; 133.4; 132.2; 132.0; 129.8; 128.6; 128.3; 127.8;
127.6 (2 ×); 127.4; 127.3; 126.9; 125.4; 124.1; 117.8;
115.3; 109.0; 78.7; 66.8; 28.5. IR (ATR, neat): 3045w,
2965m, 2924m, 2853m, 1899w, 1785w, 1636s, 1620s,
1565m, 1499m, 1477m, 1463m, 1389m, 1376m, 1353m,
1326m, 1309m, 1294m, 1266m, 1192s, 1143m, 1122m,
1068s, 1045m, 962m, 906m, 879m, 847s, 823s, 813s,
777s, 738m, 694m, 673w, 650w, 622m, 584w, 558m,
533w, 509m. HR-ESI-MS: 707.28929 (C48H39O4N2

+, [M+

H]+; calc. 707.29043, Dev.: � 1.14 mu; � 1.62 ppm).
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