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Abstract.
We present the first example of a multi-resonant thermally activated delayed fluorescent (MR-

TADF) extended helicene, Hel-DiDiKTa. This S-shaped double helicene exhibits sky-blue

emission, a singlet-triplet energy gap, AEst, of 0.15 eV and narrow emission at a peak



maximum of 473 nm with a full-width at half-maximum of 44 nm in toluene. The MR-TADF
character is confirmed by the small degree of positive solvatochromism and temperature-
dependent increase in intensity of the delayed emission. The chiroptical properties of the
separated enantiomers are similar to other large helicenes with comparable dissymmetry
values, but with the added benefit of MR-TADF. (P)-Hel-DiDiKTa is stable towards
enantiomerization, with a Gibbs free energy of activation for enantiomerization (AG¢*) of 31+
2 kcal mol! at 298 K, a value similar to other reported double helicenes. (P)-Hel-DiDiKTa is
also thermally stable, with a 5% weight loss at 399 °C revealed by thermogravimetric analysis
(TGA). Thus, this study further strengthens the burgeoning area of chiral TADF emitters for

use in cutting-edge optoelectronic and photocatalytic molecules and materials.

Introduction.

Helicenes are a class of fused polycyclic aromatic frameworks that possess a helically
chiral framework,!> where overlapping rings render the enantiomers kinetically stable to
racemization. Helicenes usually display strong circular dichroism (CD)® and circularly
polarized luminescence (CPL),*® which has led them to be investigated in a number of

1

different applications.*’ These include nonlinear optics,!® chemical sensors,!! asymmetric

12,13 14-16

catalysis, circularly polarised luminescent materials and as ligands in Ir, Zn and Pt
complexes,’ the latter of which have been employed in phosphorescent CP-OLEDs.!”!8 They
have also been exploited as fluorescent emitters,> chiral additives for induced chiral

fluorescence polymers?*-23

and as components within donor-acceptor (D-A) TADF
emitters?*?> in CP-OLEDs. Beyond chiroptical properties the high solubility of helicenes in
organic solvents (compared to planar acenes), coupled with their excellent thermal stability has
led to a wider array of optoelectronic applications, including as hole-transport materials in

photovoltaic devices.?6-28

Thermally activated delayed fluorescence (TADF) materials have become increasingly
attractive as sensors,?’ in lasers,*® photodetectors,®' photocatalysis®*? and bioimaging?? as well
as both emitters and hosts in organic light-emitting diodes (OLEDs)** due to their ability to
harvest 100% of electrically generated excitons to generate light. This is accomplished by
conversion of triplet excitons into singlets via reverse intersystem crossing (RISC)**-38 enabled
by their small S;-T energy gap, AEst.*® The dominant molecular design relies on a strongly

twisted donor-acceptor architecture that minimises the overlap between the highest occupied



molecular orbital (HOMO) and the lowest unoccupied molecular orbital (LUMO), resulting in
a small AEst. This strategy also results in compounds with relatively large conformational
flexibility and/or intramolecular/stretching vibrations, which in turn leads to broad emission
characterized by a full width half maximum (FWHM) typically greater than 80 nm, resulting
in poor color purity in resulting OLED devices.*® Hatakeyama and co-workers have advanced
an alternative molecular design strategy to produce TADF materials with narrowband emission
(FWHM < 40 nm), based on polycyclic aromatic hydrocarbons doped with electron-accepting
B, and electron-donating N and O atoms.*"**> These so-called multi-resonant TADF (MR-
TADF) emitters rely on p- and n-doping of polycyclic aromatic hydrocarbons to limit the
overlap between the HOMO and the LUMO electron-density and thus produce a small AEsr,

while their rigid molecular structure results in negligible conformational reorganization in the

44-48 48-52

excited state, and narrowband emission.*%*?43 There are now examples of blue,

and red**3->* MR-TADF materials used as emitters in high-efficiency OLEDs.3-7

green

The study and exploitation of CPL has accelerated over the past decade due to a
recognition that employing CPL-active compounds can lead to an increased efficiency of
OLEDs and other optoelectronic devices.!”>8-62 Other technologies being investigated for the

exploitation of CPL include quantum computing,5-** 3D information displays,>-%°

spintronic
devices,® transistors,®” CPL lasers®® and biological probes.®>-’® The CPL intensity of a chiral
molecule can be quantified by the dissymmetry factor, gpr, which is represented by equation
(1):7,71,72

IL—Ir 4|u||m|cos @

8pL = = (1)

%(IL-I-IR) |1l? + |m|?

Here, I; and I refer to the intensity of left- and right-handed circularly polarised luminescence,
respectively; u is the electric transition dipole moment, m is the magnetic transition dipole
moment and @ is the angle between the transition dipole moments. This expression reveals that
the maximum attainable gpr (which is £2) is obtained when the transition dipole moments, u
and m, have the same magnitude (|u///m| = 1) and are parallel or antiparallel (cos 8 =+ 1) to
each other. Unfortunately, chiral molecules that display high photoluminescence quantum
yields (@pr) typically show small gpr and vice versa.'>!¢ For instance, lanthanoid complexes
typically show high gpr. (0.1-1)"37 but in order to reach high brightness values’® they need
suitable antenna ligands to overcome the Laporte-forbidden nature of their transitions. In
contrast, organic molecules can attain high absorption and emission intensities but typically

show relatively low gpr (< 102) due to their significantly larger electric transition dipole



moments compared to their magnetic transition dipole moments, coupled with their relatively

smaller molecular size.”377.78

Presently, there exists a small number of organic compounds displaying CP-TADF,
with most of the reports emerging over the past few years. A number of these have been used
in CP-TADF OLEDs, 860627980 showing maximum external quantum efficiencies (EQEmax)
surpassing 30%3%° but with ggr typically < 10~} (Figure 1a). The overwhelming majority of
compounds showing CP-TADF are based on a donor-acceptor design that incorporates a

18,60,61,81-83 and so do

remote stereogenic unit (asymmetric centre or axis) to induce chirality,
not show narrow emission spectra. Materials showing concomitantly narrow emission, TADF
and CPL are of significant interest, and a class of compounds that can meet these requirements
are chiral MR-TADF compounds. To date, there exists only a handful of reports of chiral MR-
TADF compounds. Compounds OBN-2CN-BN and OBN-4CN-BN,** were based loosely on
Hatakeyama’s DABNA-1*! design and contain a peripheral chiral (R/S)-octahydro-binaphthol
group that is not directly implicated in the emissive short-range charge transfer excited state.3*
A similar strategy was used for QAO-PhCz3 by introducing a 9-phenyl-9H-carbazole
appended group to the MR-framework to lock the helical structure and obtain chirality. There

are only two reports where the MR-TADF core structure shows intrinsic chirality and both are

boron/nitrogen-based helicenes: compounds BN5% and OBN-Cz (aka 1a).%’

The first CPL data reported for helicenoids belong to two bridged triphenylamine
diketone derivatives, reported by Venkataraman et al., (renamed here as Hel-DiKTa-3 and
Hel-DiKTa-4, Figure 1b) with gpr: -1.1 x 10-3/9 x 10* at 453 nm for (M)- Hel-DiKTa-3 and
(P)- Hel-DiKTa-3 and -7 x 10*#/8 x 10** at 478 nm for (M)-Hel-DiKTa-4 and (P)-Hel-DiKTa-
4, respectively.!* Given our previous work on diketone-based MR-TADF emitters (namely
DiKTa and DDiKTa, structures shown in Figure S1)***°, we envisaged that developing a
helical analogue of DiKTa would be an elegant strategy to obtain a CPL active molecule
without compromising MR-TADF. Our preliminary quantum calculations for Hel-DiKTa-2%
(Figure 1a, renamed here for clarity), however, revealed that its AEst is too large (0.51 eV) for

it to show MR-TADF due to triplet stabilization on the naphthalene group (vide infra).
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Figure 1. (a) Structure of prior examples of MR-TADF materials able to display CPL.3*%7 (b)

Structure of prior examples of triangulene helicenes and Hel-DiDiKTa.!488

Here we report an intrinsically helically chiral MR-TADF molecule that is CPL active
and is based on an extended helicene structure, Hel-DiDiKTa (Figure 1b); an S-shaped double
[4]helicene. Despite a large current interest in multiple helicenes, the chiroptical properties of
these molecules remain understudied.’® We report in-depth structural, photophysical and
chiroptical data for Hel-DiDiKTa and believe our study paves the way for further chiral MR-

TADF molecules, based on extended or multiple helicene frameworks.

The synthesis of Hel-DiDiKTa is shown in Scheme 1a. A Cu-catalysed Ullman
coupling between m-phenylenediamine and methyl 2-iodobenzoate afforded intermediate 1 in
moderate yield (43%). Saponification proceeded quantitatively to yield 2, which was then
subjected to a four-fold intramolecular Friedel-Crafts acylation of the in sifu-prepared acyl
chloride derivative in the presence of the Lewis acid AICl; to afford the title compound, (rac)-
Hel-DiDiKTa, in 36% yield as a racemate; the C-shaped compound QA-2, which was recently

145

reported by Yasuda et al.® using a different synthetic route (and crystallised as a non-chiral



meso isomer), was not detected. We performed Density Functional Theory (DFT) and coupled
cluster calculations to probe which of the two products, (rac)-Hel-DiDiKTa or QA-2, is more
stable in the ground state. QA-2 was calculated to be more stable than Hel-DiDiKTa by
between 18 and 29 kJ/mol, irrespective of the methodology applied (Figure S19 and Table S7),
thus (rac)-Hel-DiDiKTa represents the kinetic product. The identity and purity of Hel-
DiDiKTa was established by a combination of NMR spectroscopy, HRMS, melting point
determination, HPLC measurements and elemental analysis. Additionally, single crystals of
sufficient quality were grown by slow evaporation of a CH2Cl2:EtOAc solution (7:3 ratio),

enabling determination of the single crystal structure.

Crystallographic data of Hel-DiDiKTa obtained by single crystal X-ray diffraction
revealed that the compound crystalizes as a racemate. The helical pitch through each of the two
[4]helicenes varies between 12.90(15) and 33.80(15)° (torsion angles C3-C2-N1-C23, C2-N1-
C23-C22, C18-C19-N40-C39 and C19-N40-C39-C38) and is similar to that found in DiKTa
(27.2°) (Scheme 1d). Typically, in helicenes, the benzene ring at the centre of the helical
structure is distorted, with two very different C-C bond lengths; a longer C-C bond facing the
inner helix and opposite it a much shorter one facing the outer helix (distances d' and d” in
Scheme 1b). This also leads to internal bond angles that are considerably different from that of
an ideal planar benzene ring. This is not usually the case for S-shaped double helicenes,”®3
and as such, in Hel-DiDiKTa, the central benzene e-ring (Scheme 1b) has internal bond angles
between 118.73(10) and 122.54(10)° and C-C bond distances between 1.3641(17) and
1.4207(15) A (Scheme 1c). There is only one m—m stacking interaction between adjacent
molecules (packing diagram displayed in Scheme 1e), the c-ring interacting with the g-ring
[centroid:--centroid distance 3.6875(6) A], resulting in n-stacked chains running along the b-

axis.
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Scheme 1. (a) Synthesis of Hel-DiDiKTa. (b) Schematic of molecular structure of Hel-
DiDiKTa showing atom labels (double bonds omitted for clarity). (¢) View showing Hel-
DiDiKTa in the crystal structure (front view) (internal bond angles: 119.42(10)° (C18-C19-
C20), 118.73(10)° (C19-C20-C21), 122.54(10)° (C20-C21-C22), 119.41(10)° (C21-C22-C23),
119.12(9)° (C22-C23-C18) and 119.39(9)° (C23-C18-C19)) and (d) side view showing the
helical pitch of Hel-DiDiKTa (torsion angles: 33.32° (C3-C2-N1-C23), 12.90° (C2-N1-C23-
C22), 33.80° (C18-C19-N40-C39) and 21.47° (C19-N40-C39-C38)) (H atoms omitted for
clarity). (e) Packing diagram of Hel-DiDiKTa viewed down the crystallographic b-axis.

Cyclic voltammetry (CV) and differential pulse voltammetry (DPV) recorded in
degassed dichloromethane (Figure 2a) revealed an irreversible oxidation wave at Eox = 1.81 V
vs SCE and a reversible reduction wave at Erea =-1.16 V vs SCE. The corresponding HOMO
and LUMO energy levels are -6.15 and -3.18 eV, respectively. The LUMO is only slightly
stabilized compared to that of the parent compounds DiKTa (-3.11 eV) while the HOMO is
considerably more stabilized than that of DiKTa (-5.93 eV).** The electrochemical data are

summarized in Table S6.
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Figure 2. Optoelectronic characterization of (rac)-Hel-DiDiKTa: (a) Cyclic and differential
pulse voltammograms in degassed CH>Cl, with 0.1 m ["BusN]PFs as the supporting electrolyte
and Fc/Fc* as the internal reference (Fc/Fc¢™ = 0.46 V vs SCE).** (b) Absorption (green line)
and steady-state (SS) PL spectra obtained in toluene at 300 K (black line) and 77 K (pink line),
and phosphorescence (Phos.) spectrum in toluene glass at 77 K (blue line) (delay: 1 ms; gate
time: 8.5 ms, Aexe = 343 nm). (¢) Solvatochromic PL study (Aexe = 350 nm). (d) Temperature-
dependent lifetime for 1 wt% (rac)-Hel-DiDiKTa in mCP.

The UV—vis absorption spectrum of (rac)-Hel-DiDiKTa in toluene (Figure 2a and
Figure S8a) is significantly different than that of DiKTa. There is a high-energy, high-intensity
band at 360 nm (¢ = 10,917 M! cm™!) assigned by Spin-Component Scaling second-order
approximate Coupled-Cluster (SCS-CC2) calculations as a m — n* transition centered on one
half of the emitter (Figure S23). There is a higher-intensity, low-energy band at 425 nm (¢ =
21,140 M! cm™!) assigned as a short-range charge-transfer (SRCT) transition, which, according
to the calculations, is associated with a transition to the S; state at 3.51 e¢V. The band at 453
nm is associated with a transition to the S; state, and has a lower € of 14,292 M-! cm™! than the
band at 425 nm; a trend in line with the lower calculated oscillator strength, f, of 0.13 for S;
compared to 0.39 for S;. This assignment is further corroborated by the energy difference
between these states, calculated to be 0.17 eV (Figure 3) and measured to be 0.18 eV (Figure
2a). S; is also SRCT in nature, with S; centered more around the middle of the molecule and
S> associated with electronic density across the entire molecule, hence the oscillator strength

changes (Figure 3). This low-energy Si band is red-shifted compared to that of DiKTa (433



nm), with lower molar absorptivity (¢ of DiKTa ~21,000 M! ¢cm™)* in line with the change
in energy of the S; state and the lower oscillator strength, which are 3.45 eV and 0.20 for
DiKTa, and 3.34 eV and 0.13 for Hel-DiDiKTa (Figure 3).

The room temperature steady-state (SS) photoluminescence (PL) spectrum of (rac)-
Hel-DiDiKTa, recorded in toluene, peaks at 473 nm, which is slightly red-shifted compared to
that of DiKTa (Ap. = 453 nm). The PL spectrum is narrow (FWHM = 44 nm) and shows a
small Stokes shift of 49 nm, both of which reflect the conformationally rigid structure and the
small degree of geometrical relaxation in the excited state (Figure 2b). This FWHM value is
considerably smaller than many of the helicene compounds reported in the literature (often 50
— 80 nm). 1-16:19.81.91-93.95 The PL spectrum at 77 K is nearly identical to that at room temperature.
Furthermore, a very small degree of positive solvatochromism is observed (Figure 2¢ and Table
S1), behavior that is a hallmark of MR-TADF compounds.***¢ Unlike para-disposed nitrogen
and ketone groups that leads to a significant bathochromic shift in the emission compared to
their meta-functionalized analogue, as evidenced in the case of the emitters DMQA and QA-1
(c.f., Figure S1) recently reported by Yasuda er al®, the emission energy of (rac)-Hel-
DiDiKTa changes very little compared to that of DiKTa. This is despite of the increased
conjugation length of Hel-DiDiKTa and is due to the meta-disposition of the amine and ketone
groups. The S; and Ti, determined from the peaks of the prompt fluorescence and
phosphorescence spectra in toluene at 77 K, respectively, are 2.60 and 2.45 eV, leading to a
moderate AEst of 0.15 eV. These values are in reasonable accord with the predicted by SCS-
CC2 calculations (AEst = 0.24 eV) and with those of other reported ketone-containing MR-
TADF compounds, including DiKTa (0.20 eV).*44 The ®pL in toluene is very low at 1%
and is due to significant non-radiative decay that is not uncommon in helicene compounds. No
delayed emission was detected by time-resolved PL measurements in toluene (Figure S13).
Recently, Wu et al. highlighted that many MR-TADF emitters, including N/ketone-based
emitters, may not show TADF behavior in solvents while TADF can be observed in a suitable
host due to exciplex-like host-emitter interactions.”” The SS PL spectrum is only slightly
affected by the presence of air (Figure S9). The ®pr improved to 4.1% as a 1 wt% doped film
in 1,3-bis(N-carbazolyl)benzene (mCP) and to 6.2% in 1 wt% doped film in PMMA. We note
that the ®pr remained essentially constant at ~5% regardless of the doping concentration in
mCP (Table S2). These results are similar to the ®pr values reported for unsubstituted

helicenes.'®



In mCP (1 wt% of emitter) the SS spectrum peaks at 477 nm (Figure S10a), the FWHM
value is 50 nm, and, in contrast to what is seen in toluene solution (Figure S9), both the PL
intensity and lifetime of (rac)-Hel-DiDiKTa decrease moderately in the presence of O (Figure
S10a and S10b). Temperature-dependent time-resolved PL measurements revealed an increase
in the contribution of the delayed component of the emission decay with increasing temperature
(Figure 2d and Table S4), which corroborates the TADF character of Hel-DiDiKTa. The S,
Ti and AEst values, determined from the peaks of the prompt fluorescence and
phosphorescence spectra at 77 K, in mCP are 2.59, 2.44 and 0.15 eV, respectively, while in
PMMA, these are essentially the same at 2.58, 2.45 and 0.13 eV, respectively. The temperature-
dependent steady-state PL emission of (rac)-Hel-DiDiKTa was measured in 1% mCP, and the
data are shown in Figure S12. Analysis of the evolution of the SS PL of (rac)-Hel-DiDiKTa
with decreasing temperature reveals a competition between phosphorescence and delayed
fluorescence, with the phosphorescence intensity increasing considerably at lower
temperatures (150 K and 77 K, Figure S12), which indicates that non-radiative decay is
suppressed at lower temperatures and the phosphorescence becomes more competitive (Table
S4). We also observed from the temperature dependent transient decay profile of (rac)-Hel-
DiDiKTa (1 wt% in mCP, Figure 2d) that the delayed fluorescence intensity increases upon
going from 300 K to 250 K, indicating decreased non-radiative decay due to suppression of
molecular vibrations at 250 K. The delayed fluorescence intensity then decreases considerably

upon reaching 77 K, which we ascribe to the quenching of the TADF.

Table 1. Optoelectronic properties of (rac)-Hel-DiDiKTa

In toluene In film
Dabs® g e @rein FWHMY  Sg¢ T: AEs;' | L ®p.  FWHM! Si T AEgt
/nm /M em! /nm NZ . /nm (eV) / eV / eV / eV / inN2  /nm (eV) / eV / eV / eV
(air) nm (air)
1% /%
360/425/453 1091721 473 1.34 44(025) 260 245 0.15 | 4782 41  52(029)¢ 2598 2448 (.15
140/ (1.27) (4.0)¢
h h h h h
14292 480 ( 56!42)1\ 58 (033)" 258" 245h (.13

3 UV-vis absorption band of interest; ® PL in toluene degassing with N»; © Photoluminescence quantum yield in toluene
relative to quinine sulfate in IN H,SO4 (®pr = 54.6%); 9 Full width at half maximum; © Obtained using an integrating
sphere under Ny; D Energy gap between S; and Ty calculated from the difference of the peaks of the fluorescence and
phosphorescence spectra in toluene glass at 77 K ® 1 wt% (rac)-Hel-DiDiKTa doped in mCP, M 1 wt% (rac)-Hel-DiDiKTa
doped in PMMA.

Density Functional Theory (DFT) calculations were first performed to optimize the

geometry of the ground state, taking the crystal structure geometry as the starting point.
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Compared to DiKTa (-6.20 eV), the calculated HOMO energy is slightly stabilized to -6.26
eV for Hel-DiDiKTa (Table S8). A larger stabilization of the LUMO energy exists at -2.53 eV
(for DiKTa, Erumo = -2.23 eV). The relative HOMO/LUMO levels corroborate the
experimental values of -5.93 eV/-3.11 eV for DiKTa and -6.15 eV/-3.18 eV for Hel-DiDiKTa.
Previously, we have highlighted that DFT is not appropriate as it does not accurately predict
the excited state energies of MR-TADF emitters.”® We thus used Spin-Component Scaling
second-order approximate Coupled-Cluster (SCS-CC2) calculations, which we have shown
previously to provide an excellent set of predictions of AEst and S; energies.*+4%989 SCS-CC2
calculations predict the S; state to be 3.34 eV and the T} state to be 3.10 eV, resulting in a AEst
of 0.24 eV, which is slightly smaller than that calculated for DiKTa (AEst = 0.27 eV). The
difference density plots are shown in Figure 3 and reveal how the electronic density evolves
from the ground state to the excited states. The pattern of the difference density plots for S;
and S is indicative of SRCT states involving the entirety of the helicene structure, while the
plots for Ti and T> likewise show the alternating increase and decrease in electron density
pattern, but this is localized on different fragments of the helicene corresponding to the DiKTa
core structure. The differences in orbital type between the singlet and triplet excited states
ensure that RISC can occur directly between these states;'% the presence of an intermediate
triplet excited state should also facilitate RISC.!1°-1% The SRCT character of the S; and T;
states explains the moderate AEst. We also performed SCS-CC2 calculations on the previously
reported compound Hel-DiKTa-2. This compound possesses a very large AEst of 0.51 eV
(Table S8) due to triplet stabilisation due to the naphthalene group'®* and so is unlikely to show
TADF (Figure S21).
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Figure 3. Difference density plots with only single electronic excited contributions for (rac)-
Hel-DiDiKTa, calculated at SCS-CC2/cc-pVDZ level. The red dashed lines show the energy
levels for DiKTa.

(rac)-Hel-DiDiKTa was separated into its P- and M- enantiomers using peak recycling chiral
HPLC (cHPLC; Figure S14), demonstrating high enantiomeric excess (> 99% and > 97%,
respectively; Figure S15). The circular dichroism (CD) spectra for the separated enantiomers
were recorded in toluene (Figure 4a) and showed mirror-image CD signals (Figure S17, right),
which exhibited multiple bisignate cotton effects throughout the ground state absorption
spectral range (300 — 480 nm). Time-dependent DFT calculation (PBE0/6-31g(d,p)) was
employed to predict the CD spectra and assign the absolute configuration (P and M) of Hel-
DiDiKTa (Figure S24). The TD-DFT predicted CD spectra shown in Figure S24 align with
the CD spectra obtained experimentally. A maximum |gas| of 2.8 x 1073 was observed at 320
nm (Figure S17). These results are of a similar order of magnitude to other chiral small
molecule TADF systems.?!* Circularly polarized photoluminescence (CPPL) spectra ((Figure
S17) display mirror image monosignate bands peaking at around 465 nm, confirming the
transference of chirality to the excited state, with a maximum |gp| of 4 x 10 for both
enantiomers (Figure S18). These values are also similar to other helicenes and chiral small
molecule TADF systems reported in the literature,’® and align with those reported for

helicenoids with two bridged triphenylamine diketone derivatives (104-1073, see Figure 1).!4
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As expected for helicenes’ where the ground and emitting excited state geometries are
generally similar, the sign and magnitude of gp. align with those of gavs calculated at around
455 nm. Upon optimization of the molecular structure at the lowest-energy singlet excited state
(S1) at the PBE0/6-31g(d,p) level of theory, we calculated a gpr. value of 6.94 x 104 (Table S9),
which aligns closely with the measured gpr. The main limiting factor for the magnitude of gpr,
based on our calculations, is the nearly perpendicular alignment of the |p| and |m| vectors [cos
0 =0.116918 (6 = 83.28573)]. Although the magnitude of |m| is low at 0.348671679 x 107
esu-cm, compared to |u| (234.811511 x 107 erg-G™), it is within the range typically observed
for helicenes.>!>169° This result suggests that our molecular design is promising to generate
strong CPL MR-TADF emitters if the alignment between |u| and |m| can be solved.?!3169
While these molecules do not have suitable ®@pr to warrant exploration in OLEDs, they provide

valuable insight into CP-TADF material design, particularly integrating MR-TADF into

helicenes.

—— (P)-Hel-DIDiKTa N
—— (M)-Hel-DIDiKTa 17— (P)-Hel-DIDiKTa
1 — (M)-Hel-DiDiKTa

Il

300 320 340 360 380 400 420 440 460 480 400 450 500 550
A/ nm A/nm

Figure 4. (a) Circular dichroism and (b) CPL spectra (b) for (P)-Hel-DiDiKTa (blue) and (M)-
Hel-DiDiKTa (red) in toluene.

After the resolution of both enantiomers, the enantiomerisation process was studied.
The CD signal decay from (P)-Hel-DiDiKTa in p-xylene at different temperatures (T= 75 °C,
80 °C, 85 °C and 90 °C) was monitored over time (See Figures S25-S28). An inversion barrier
characterised by AH.*= 39 + 1 (kcal mol ') and AS.* =26 + 1 (cal K "' mol'!) was found (See
Table S10). This results in a Gibbs free energy of activation for the enantiomerisation process
(AG:Y) of 31+ 2 (kcal mol!) at 298 K. (P)-Hel-DiDiKTa possesses a similar inversion barrier
(298 K) to other double helicenes found in the literature (Table S10).!°>1% (P)-Hel-DiDiKTa
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also appears to have a similar enantiomerisation barrier to other bridged phenylamines
previously reported (Table S10).!°7:1% Moreover, when compared to [5] and [6]-helicene (f and
g in Table S10), (P)-Hel-DiDiKTa possesses a similar barrier as [6]helicene.!” The half-life
obtained for the enantiomerisation is ca. 310 years at room temperature.

Not only is (P)-Hel-DiDiKTa stable to enantiomerization but the compound is also
stable towards thermal decomposition. Thermogravimetric analysis (TGA) showed that no
decomposition was observed in the temperature range of the enantiomerization study and the
decomposition temperature was found to be 399 °C, corresponding to 5% weight loss (Figure
S30).

In summary, we report a novel S-shaped triphenylamine diketone double [4]helicene
that exhibits MR-TADF. Unlike the previously reported triphenylamine diketone helicene
(Hel-DiKTa-2), Hel-DiDiKTa was predicted by SCS-CC2 calculations to show a AEst
appropriate for TADF, which was confirmed experimentally (0.15 eV in 1 wt% doped mCP
film). As expected from a MR-TADF emitter, the emission peak at 473 nm is narrow, with a
FWHM of 44 nm in toluene, a value considerably smaller than often observed for helicenoids.
In 1 wt% mCP the emission peak at 477 nm shows a FWHM value of 50 nm. The TADF
behavior of Hel-DiDiKTa was confirmed by temperature-dependent time-resolved
photoluminescence measurements, and the chiroptical behavior of the enantiomers was
determined, with a maximum |gas| of 2.8 x 103 and a |gpr| of 4 x 10 While the low ®pr
precluded the use of this compound as an emitter in OLEDs, we believe that this report will
serve as a foundation to develop intrinsically chiral, CPL-active MR-TADF molecules for
OLEDs. Further work is undergoing in our lab to improve the optoelectronic and chiroptical
properties of chiral MR-TADF compounds. Finally, the enantiomerization studies and the

thermogravimetric analysis demonstrate the high inherent stability of (P)-Hel-DiDiKTa.

Supporting Information

A summary of prior examples of carbonyl-containing MR-TADF emitters, experimental
details, synthesis procedures and characterization data, NMR spectra, HRMS, HPLC, X-ray
crystallographic data, supplemental photophysical data, electrochemical data, chiral HPLC,
CD spectra, CPPL data, computational simulations, enantiomerisation kinetics data and

thermogravimetric analysis.
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