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The influence of phenyl linkage and donor strength on the
photophysical properties of new derivatives of quinoxaline-
containing iminodibenzyl and iminostilbene moieties is studied.
The donor-acceptor derivatives showed dual thermally activated
delayed (TADF) temperature
phosphorescence (RTP) despite a large energy gap between the
excited singlet and triplet states (ca. 0.5 eV). This extremely rare
observation is explained by the twisted and rigidified structure of

fluorescence and room

the iminodibenzyl moiety.

Luminogens that demonstrate room temperature phosphorescence
(RTP) have attracted great interest due to their long-lived triplet
excitons and their potential application in various fields, such as
biological imaging, data encryption and luminescent sensors.! RTP
materials typically contain noble metals to promote intersystem
crossing between the excited singlet and triplet state through the
influence of increased spin-orbit coupling (SOC).2 Strategies to
enhance RTP have been devoted to the restriction of molecular
vibration and rotation, isolation from triplet quenchers such as
oxygen and moisture and doping in a rigid matrix.3 However, due to
the large cost, scarcity and toxicity of noble metals, scientists have
been motivated to explore alternative purely organic phosphors,
advantageous through their versatile molecular design and low
cost.*

Metal-free purely organic thermally activated delayed fluorescence
(TADF) materials, which are able to realise 100% internal quantum
efficiency of organic light emitting diodes (OLEDs), have attracted
great interest.> Spin statistics in OLEDs leads to the formation of
dark 75% triplet states, and 25% emissive singlet states upon charge
carrier recombination. Therefore, the internal quantum efficiency
(IQE) of OLEDs using standard fluorescent emitters is limited to
25%. Through decreasing energy splitting between singlet and
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triplet states (AEst), typically below 0.3 eV, electrons in the triplet
state are able to up-convert into the singlet state by reverse
intersystem crossing (RISC) to generate singlet excitons.>®

In general, a luminogen scaffold is comprised of donor and acceptor
moieties. Although many new acceptors have been introduced,
research on new donors is less developed with carbazole,
diphenylamine,  phenothiazine,  9,9-dimethyl-acridine,  and
phenoxazine are the major building blocks used on the design of
most TADFs.” In general, chemists tend to add substituents on the
known donors, thus modifying their properties. Iminodibenzyl (IDB)
and iminostilbene (ISB) used in this work are commercially available
low-cost electron rich compounds. Although these moieties are
well-known,? little attention has been given to their performance in
donor-acceptor-donor (D-A-D) luminogens. Iminodibenzyl (Fig 1)
contains a twisted 7-membered ring structure to which two
benzene rings are fused. Its construction is similar to that of
diphenylamine, but contains an ethylene bridge which suppresses
molecular twisting, i.e. rotation of the phenyl rings along the C-N
axis. On the contrary, iminostilbene is a 7-membered anti-aromatic
In 2008, Ho et al. reported the application of
iminodibenzyl in the preparation of a blue OLED device.' Recently,

structure.®
Huang and co-workers introduced iminodibenzyl as an organic

phosphorescent emitter with ultra long emission lifetime of 402 ms
under ambient conditions.!!

Fig 1. Molecular structure of iminodibenzyl (IDB) and iminostilbene (I1SB)

To date, only a few reports of dual emission with room temperature
fluorescence-phosphorescence properties have been published.'? In
2017 Dias et al. and in 2018 Ray et al. introduced dual emission
(TADF and RTP) and probed the thermal effects on the intensity of
emission.!® To observe room temperature TADF-phosphorescence,
a larger singlet-triplet splitting is necessary to slow down the RISC
rate in order to harvest triplet excitons directly (phosphorescence),

but not too large to stop RISC completely. We recently
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demonstrated quinoxaline as a promising acceptor to prepare
multifunctional TADF materials.!* Herein, we report on the design
and synthesis of new luminogens based on quinoxaline as the
electron acceptor and IDB/ISB as electron donors (Fig 2). We
initially studied the photophysical of AzQx,
demonstrated the dual RTP-TADF luminescence of this compound in

behaviour and
Zeonex. A phenylene group was introduced between the donor and
acceptor moieties, working as a bridge in compounds IDBQx, ISBQx
and OIDBQx. IDBQx showed dual emission, consisting of blue TADF
and orange RTP emission. These results indicate that the twisted
and non-aromatic conformation of IDB suppresses the non-radiative
decay, but also induces strong spin-orbit coupling, so that both
TADF and phosphorescence can be observed clearly at room
temperature. Noteworthy, no delayed fluorescence or RTP were
observed for ISBQx, which exhibited only prompt fluorescence. The
boat shape structure of the 7-membered ring of ISB in ISBQx is
thereby supports non-radiative processes, which in turn quench
triplet excitons. Thus, at room temperature, ISBQx showed solely
prompt fluorescence.

AzQx IDBQx 1SBQx

oDBax o

Fig 2. Chemical structures of the compounds investigated in this study

The synthetic routes and experimental data for the target
compounds are described in in the supporting information. AzQx
was prepared from the reaction of 2,3-dicholoroquinoxaline and
IDB in the presence of ZnCl,. The syntheses of the luminogens with
the phenylene bridges was conducted in two steps. Firstly, reaction
of o-phenylenediamine with 4,4’-dibromobenzil in the presence of
HCl and AcOH, gave the dibromo derivative of the extended
quinoxaline acceptor. N-Arylation of the dibromo derivative
through Buchwald-Hartwig reaction with IDB or ISB yielded the
target products.’® The structures of the compounds were confirmed
with 'H NMR, 3C NMR and mass spectrometry.

The thermal analysis of compounds showed that compounds with
phenylene linkage present higher stabilities, indicating stronger
intermolecular interactions (Fig. S6 and S7). The single crystal XRD
analysis (Fig. 3) of IDBQx and ISBQx revealed their molecular
conformations. To minimise steric hindrance between the donor
and phenyl linkage, the 7-membered ring core of the donor is
distorted giving a bent conformation. IDBQx demonstrated a twist-
boat form, while a boat conformation was observed for ISBQx.
Because of these adopted conformations the donor-acceptor
dihedral angles were found to be relatively small, at ca. 11° and 12°
for IDBQx and ISBQx, respectively.

The studied molecules, due to their bipolar, donor-acceptor
structure showed pronounced solvatochromism (Fig. 4). For the
molecules containing the phenylene spacer (IDBQx, ISBQx and
0OIDBQx), the CT character was found to be less expressed than for

2| J. Name., 2012, 00, 1-3

AzQx, which contains no m-spacer. The emission colour of IDBQX,
ISBQx and OIDBQx varied from blue for solutions in cyclohexane to
green for solutions in highly polar acetonitrile.

a)

Fig 3: Single crystal structures of a) IDBQx and b) ISBQx. Dihedral angles
between donor and phenyl ring are depicted.

In contrast to the other molecules, AzQx showes blue emission in
cyclohexane and orange-red emission in acetonitrile. In AzQx the
lack of a spacer forces the spacious iminodibenzyl groups to adopt a
more twisted conformation in quasi-orthogonal D-A orientation,
thus the CT singlet excited state is further stabilized. The absorption
band at ca. 400 nm in the spectra of all the molecules is attributed
to a CT-nt* transition as indicated by its positive solvatochromism.

AzQx

T
toluene
acetonitrile

r T
—— methylcyclohexane
dichloromethane

Normalised intensity (a.u.)

300 400 500 600 700
Wavelength (nm)
Fig 4. Absorption and photoluminescence spectra of the solutions in various
solvents.

Although the molecules did not show delayed fluorescence in
solutions, they showed an interesting behaviour in Zeonex solid
films (Fig. 5). Due to the non-polarity of Zeonex, fluorescence of
iminodibenzyl and iminostilbene derivatives were similar to
cyclohexane or toluene solutions (i.e. in the blue region). This
implies a large singlet-triplet gap of =0.5 eV (Table 1), thus
preventing efficient thermally activated intersystem
crossing. For this reason, the molecules did not show significant
TADF at room
unexpectedly, with IDB strong

temperature phosphorescence. In fact, only the iminodibenzyl

reverse

contributions  of temperature. However,

molecules showed room
derivatives demonstrated delayed emission at room temperature,
while the iminostilbene derivative was found to be a purely

fluorescent system. This observation might be explained by the

This journal is © The Royal Society of Chemistry 20xx
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Table 1. Photophysical characteristics.
Sample Abs (nm)2 PL (nm)P Dp© S1/Ti(eV)d  AEsr(eV)e To/Te/Tdf (°C) HOMO/LUMO (eV)e  E, (eV)"
AzQx 299, 321, 406 545 0.41 2.92/2.41 0.51 -/110/242 -5.23/-2.77 2.68
IDBQx 288, 315, 408 518 0.38 293/2.41 0.52 182/145/402 -5.39/-2.79 2.71
OIDBQx 287, 315, 411 534 0.31 2.88/2.39 0.49 198/146/398 -5.26/-2.75 2.68
ISBQx 276, 402 511 0.35 2.91/2.40 0.51 284/165/418 -5.41/-2.76 2.75

2absorption maxima in CH,Cl, solution; Pemission maxima in CH,Cl, solution; PL quantum yield in degassed CH,Cl, solution; singlet and triplet energy in
Zeonex 1% (w/w) film; esinglet-triplet energy splitting in Zeonex 1% (w/w) film; fcrystallisation (T.), glass transition (T,) and decomposition (T4)
temperatures determined by DSC and TGA measurements; 8determined by cyclic voltammetry in CH,Cl,; " optical energy gap in CH,Cl,.

suppression of non-radiative decay playing an important role in
enabling the long-lived emissions.

Although the iminostilbene intuitively appears more rigid than
iminostilbene, the authors speculate that in fact the iminostilbene is
relatively free to interconvert between chiral conformations, thus
giving a fluttering motion. However, the singlet-triplet energy gap is
still sufficient to allow thermal energy to partially up-convert the
triplet states, and this is the reason why simultaneous TADF and
RTP emissions were observed for derivatives of the iminodibenzyl

compounds.
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Fig 5. Prompt fluorescence (black solid line), room temperature
phosphorescence and TADF (blue solid line), low temperature

phosphorescence (red dashed line) spectra of molecular dispersions of the
compounds in Zeonex.

The existence of TADF and absence of triplet-triplet annihilation
was evidenced by the linear dependence of the intensity of the
delayed fluorescence emission with laser dose, e.g. the slope of DF
intensity vs. excitation power is equal 1 in log-log scale (see Fig 6a
and Fig 6¢ and Fig S13, S14 in the SI).»* In general, the ratio
between TADF and RTP correlates with the AEst, and in this respect
the largest contribution of TADF was observed for OIDBQx. The
ratio of intensities of RTP and TADF does not change with delay
time for OIDBQx, which is also evidenced by monoexponential
decay. This observation shows that both emissions originate from
the same excited triplet state and both arrive from the same
population of excited states. TADF+RTP dual emission of the
derivatives of iminodibenzyl is strong and easily noticeable as a
the

yellow-greenish afterglow. Furthermore, lifetime of the

This journal is © The Royal Society of Chemistry 20xx

TADF+RTP emission is relatively long, spanning from 51 £ 3 ms for
AzQx to a remarkable 128 + 10 ms for OIDBQx (see Fig $9-S11 in the
Sl).

Such a behaviour can be explained by the suppression of the non-
radiative decay of the triplet state and by substantial triplet
formation yields. The non-bonding orbitals, such as those present in
the donor unit, predetermine high triplet formation yields, due to
the creation of n-m* transitions, which induce strong spin-orbit
coupling, according to El-Sayed’s rule. Both non-radiative decay and
RISC process affect the iminodibenzyl
evidenced by substantially longer
observed at 80 K compared to the lifetime of TADF+RTP emissions
recorded at 295 K. Remarkably, this is not the case in OIDBQx,
where the two emissions show lifetimes that are statistically
insignificantly different at different temperature (see Fig S11 in the

derivatives, which is

phosphorescence lifetimes

SlI). The methoxy substitution not only stabilises the triplet state but
appears to induce the largest triplet formation yield; in turn the
TADF+RTP emission is the most efficient for OIDBQx. This can be
caused either by inducing a larger contribution of the non-bonding
pairs to the excited state by the introduction of the methoxy groups
or by the fact that the AEs is the smallest (which improves the
coupling of the S; and T, states).

a)mﬁ., o : b)mg-q-q-q-qc)h . | .
Linear fit [ - 295K ] j1_0,—2.47 wd

. |f=o0se SIS Y + 80K | &

s A ) 50.84

o o 2 . 1%

2107 & 210°4 1 Sos6

] N < 1 Prompt 1 &

.g & '51031 fluorescence 1 §0_47

w 69 ‘o 1 k| ﬁ

o o 210 E0.04

10°] g 1 E'%1% RTP + TADF | 502

<] OIDBQx 10_1‘ OIDBQx 1 Z00 OIDBQx
1 10 100 100 1p 100y 10m 400 500 80O
Laser pulse energy (uJ) Time delay (s) Wavelength (nm)

Fig 6. a) Power dependence of delayed fluorescence of OIDBQx at 295 K; b)
photoluminescence decay transients of OIDBQx at 295 and 80 K; c) delayed
fluorescence and room temperature phosphorescence spectra recorded at
295 K with various excitation pulse energy.

In mechanochromic materials increasing the strength of acceptor
leads to stronger mechanochromism.® Interestingly, OIDBQx
displays reversible luminescence changes upon applying external
stress (Fig 7). The initial powder demonstrated greenish-blue
emission with An.x = 494 nm. Through grinding the initial powder
with a spatula the emission broadened and red-shifted to 522 nm.
The initial state was restored by exposure to CH,Cl, vapour for 5
min. The vapour-treated form produced an emission spectrum
nearly identical to that of the initial powder (Ayax = 495 nm). Neat
film showed a similar emission spectrum to that of the ground
powder. In comparison with powder XRD data, initial and fumed
forms appeared to be crystalline, whereas ground and neat film
were amorphous (Fig S16). Additionally, in ground form and neat

J. Name., 2013, 00, 1-3 | 3
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film the prompt fluorescence lifetimes were longer than in the
initial and fumed forms (Table 1 SlI). This implies stronger charge
transfer character of the singlet excited state in the amorphous
forms. In contrast, insignificant changes were observed in the
IDBQx under grinding. The photoluminescence
maximum shifted from 495 nm to 499 nm. These results indicate

emission of

that increasing the strength of the electron donor by methoxylation
of IDB can increase colour contrast upon the application of external
stimuli, in agreement with previous work.'*

1.04 OIDBQx

Initial
—— Fumed
Neat film
Ground

0.8

0.6

044

Normalised PL Intensity

0.2

0.0

450 500 550 600 850 700
Wavelength (nm)

Fig 7. PL spectra of OIDBQx in different forms. Neat film obtained by drop

casting.

In summary, we have designed and synthesised four new

derivatives  of  quinoxaline-containing  iminodibenzyl  and
iminostilbene moieties and studied their photophysical properties.
These luminophores temperature  delayed

fluorescence and phosphorescence, despite having a large singlet-

showed room
triplet energy gap. An increase of the dipole moment of the
iminodibenzyl derivative containing methoxy groups caused
mechanochromic luminescent behaviour. The lifetime of room-
temperature phosphorescence was found to increase through the
introduction of a phenyl spacer between the donor and acceptor
moieties and further increased by substitution of the iminodibenzyl
moiety with methoxy groups. The investigations revealed that a
twisted iminodibenzyl is a promising donor to suppress non-
radiative decay.
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Dual emission (TADF+RTP) and mechanochromism have been
obtained using an iminodibenzyl-quinoxaline-iminodibenzyl
scaffold.
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The influence of phenyl linkage and donor strength on the
photophysical properties of new derivatives of quinoxaline-
containing iminodibenzyl and iminostilbene moieties is studied.
The donor-acceptor derivatives showed dual thermally activated
delayed (TADF) temperature
phosphorescence (RTP) despite a large energy gap between the
excited singlet and triplet states (ca. 0.5 eV). This extremely rare
observation is explained by the twisted and rigidified structure of

fluorescence and room

the iminodibenzyl moiety.

Luminogens that demonstrate room temperature phosphorescence
(RTP) have attracted great interest due to their long-lived triplet
excitons and their potential application in various fields, such as
biological imaging, data encryption and luminescent sensors.! RTP
materials typically contain noble metals to promote intersystem
crossing between the excited singlet and triplet state through the
influence of increased spin-orbit coupling (SOC).2 Strategies to
enhance RTP have been devoted to the restriction of molecular
vibration and rotation, isolation from triplet quenchers such as
oxygen and moisture and doping in a rigid matrix.3 However, due to
the large cost, scarcity and toxicity of noble metals, scientists have
been motivated to explore alternative purely organic phosphors,
advantageous through their versatile molecular design and low
cost.*

Metal-free purely organic thermally activated delayed fluorescence
(TADF) materials, which are able to realise 100% internal quantum
efficiency of organic light emitting diodes (OLEDs), have attracted
great interest.> Spin statistics in OLEDs leads to the formation of
dark 75% triplet states, and 25% emissive singlet states upon charge
carrier recombination. Therefore, the internal quantum efficiency
(IQE) of OLEDs using standard fluorescent emitters is limited to
25%. Through decreasing energy splitting between singlet and
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triplet states (AEst), typically below 0.3 eV, electrons in the triplet
state are able to up-convert into the singlet state by reverse
intersystem crossing (RISC) to generate singlet excitons.>6

In general, a luminogen scaffold is comprised of donor and acceptor
moieties. Although many new acceptors have been introduced,
research on new donors is less developed with carbazole,
diphenylamine,  phenothiazine,  9,9-dimethyl-acridine,  and
phenoxazine are the major building blocks used on the design of
most TADFs.” In general, chemists tend to add substituents on the
known donors, thus modifying their properties. Iminodibenzyl (IDB)
and iminostilbene (ISB) used in this work are commercially available
low-cost electron rich compounds. Although these moieties are
well-known,? little attention has been given to their performance in
donor-acceptor-donor (D-A-D) luminogens. Iminodibenzyl (Fig 1)
contains a twisted 7-membered ring structure to which two
benzene rings are fused. Its construction is similar to that of
diphenylamine, but contains an ethylene bridge which suppresses
molecular twisting, i.e. rotation of the phenyl rings along the C-N
axis. On the contrary, iminostilbene is a 7-membered anti-aromatic
In 2008, Ho et al. reported the application of
iminodibenzyl in the preparation of a blue OLED device.'? Recently,

structure.®
Huang and co-workers introduced iminodibenzyl as an organic

phosphorescent emitter with ultra long emission lifetime of 402 ms
under ambient conditions.!!

Fig 1. Molecular structure of iminodibenzyl (IDB) and iminostilbene (I1SB)

To date, only a few reports of dual emission with room temperature
fluorescence-phosphorescence properties have been published.'? In
2017 Dias et al. and in 2018 Ray et al. introduced dual emission
(TADF and RTP) and probed the thermal effects on the intensity of
emission.!® To observe room temperature TADF-phosphorescence,
a larger singlet-triplet splitting is necessary to slow down the RISC
rate in order to harvest triplet excitons directly (phosphorescence),

but not too large to stop RISC completely. We recently

J. Name., 2013, 00, 1-3 | 1
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demonstrated quinoxaline as a promising acceptor to prepare
multifunctional TADF materials.'* Herein, we report on the design
and synthesis of new luminogens based on quinoxaline as the
electron acceptor and IDB/ISB as electron donors (Fig 2). We
initially studied the photophysical of AzQx,
demonstrated the dual RTP-TADF luminescence of this compound in

behaviour and
Zeonex. A phenylene group was introduced between the donor and
acceptor moieties, working as a bridge in compounds IDBQx, ISBQx
and OIDBQx. IDBQx showed dual emission, consisting of blue TADF
and orange RTP emission. These results indicate that the twisted
and non-aromatic conformation of IDB suppresses the non-radiative
decay, but also induces strong spin-orbit coupling, so that both
TADF and phosphorescence can be observed clearly at room
temperature. Noteworthy, no delayed fluorescence or RTP were
observed for ISBQx, which exhibited only prompt fluorescence. The
boat shape structure of the 7-membered ring of ISB in ISBQx is
thereby supports non-radiative processes, which in turn quench
triplet excitons. Thus, at room temperature, ISBQx showed solely
prompt fluorescence.

AzQx IDBQx 1SBQx

ooBax o

Fig 2. Chemical structures of the compounds investigated in this study

The synthetic routes and experimental data for the target
compounds are described in in the supporting information. AzQx
was prepared from the reaction of 2,3-dicholoroquinoxaline and
IDB in the presence of ZnCl,. The syntheses of the luminogens with
the phenylene bridges was conducted in two steps. Firstly, reaction
of o-phenylenediamine with 4,4’-dibromobenzil in the presence of
HCl and AcOH, gave the dibromo derivative of the extended
quinoxaline acceptor. N-Arylation of the dibromo derivative
through Buchwald-Hartwig reaction with IDB or ISB yielded the
target products.’® The structures of the compounds were confirmed
with IH NMR, 13C NMR and mass spectrometry.

The thermal analysis of compounds showed that compounds with
phenylene linkage present higher stabilities, indicating stronger
intermolecular interactions (Fig. S6 and S7). The single crystal XRD
analysis (Fig. 3) of IDBQx and ISBQx revealed their molecular
conformations. To minimise steric hindrance between the donor
and phenyl linkage, the 7-membered ring core of the donor is
distorted giving a bent conformation. IDBQx demonstrated a twist-
boat form, while a boat conformation was observed for ISBQx.
Because of these adopted conformations the donor-acceptor
dihedral angles were found to be relatively small, at ca. 11° and 12°
for IDBQx and ISBQx, respectively.

The studied molecules, due to their bipolar, donor-acceptor
structure showed pronounced solvatochromism (Fig. 4). For the
molecules containing the phenylene spacer (IDBQx, ISBQx and
0OIDBQx), the CT character was found to be less expressed than for

2| J. Name., 2012, 00, 1-3
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AzQx, which contains no m-spacer. The emission colour of IDBQX,
ISBQx and OIDBQx varied from blue for solutions in cyclohexane to
green for solutions in highly polar acetonitrile.

a)

Fig 3: Single crystal structures of a) IDBQx and b) ISBQx. Dihedral angles
between donor and phenyl ring are depicted.

In contrast to the other molecules, AzQx showes blue emission in
cyclohexane and orange-red emission in acetonitrile. In AzQx the
lack of a spacer forces the spacious iminodibenzyl groups to adopt a
more twisted conformation in quasi-orthogonal D-A orientation,
thus the CT singlet excited state is further stabilized. The absorption
band at ca. 400 nm in the spectra of all the molecules is attributed
to a CT-iut* transition as indicated by its positive solvatochromism.

AzQx

T
toluene
acetonitrile

r T
—— methylcyclohexane
dichloromethane

Normalised intensity (a.u.)

300 400 500 600 700
Wavelength (nm)
Fig 4. Absorption and photoluminescence spectra of the solutions in various
solvents.

Although the molecules did not show delayed fluorescence in
solutions, they showed an interesting behaviour in Zeonex solid
films (Fig. 5). Due to the non-polarity of Zeonex, fluorescence of
iminodibenzyl and iminostilbene derivatives were similar I
_ cyclohexane or toluene solutions (i.e. in the blue
region). This implies a large singlet-triplet gap of =0.5 eV (Table 1),
thus preventing efficient thermally activated reverse intersystem
crossing. For this reason, the molecules did not show significant
TADF at room
unexpectedly, with IDB strong
temperature phosphorescence. In fact, only the iminodibenzyl

contributions  of temperature. However,

molecules showed room
derivatives demonstrated delayed emission at room temperature,
while the iminostilbene derivative was found to be a purely

fluorescent system. This observation might be explained by the

This journal is © The Royal Society of Chemistry 20xx
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Table 1. Photophysical characteristics.
Sample Abs (nm)2 PL (nm)® Dp© S;/Ti(eV)?  AEg (eV)e To/Te/Tdf (°C) HOMO/LUMO (eV)e  E, (eV)"
AzQx 299, 321, 406 545 0.41 2.92/2.41 0.51 -/110/242 -5.23/-2.77 2.68
IDBQx 288, 315, 408 518 0.38 293/2.41 0.52 182/145/402 -5.39/-2.79 2.71
OIDBQx 287, 315, 411 534 0.31 2.88/2.39 0.49 198/146/398 -5.26/-2.75 2.68
ISBQx 276, 402 511 0.35 2.91/2.40 0.51 284/165/418 -5.41/-2.76 2.75

2absorption maxima in CH,Cl, solution; Pemission maxima in CH,Cl, solution; PL quantum yield in degassed CH,Cl, solution; singlet and triplet energy in
Zeonex 1% (w/w) film; esinglet-triplet energy splitting in Zeonex 1% (w/w) film; fcrystallisation (T.), glass transition (T,) and decomposition (T4)
temperatures determined by DSC and TGA measurements; 8 determined by cyclic voltammetry in CH,Cl,; " optical energy gap in CH,Cl,.

suppression of non-radiative decay playing an important role in
enabling the long-lived emissions.

Although the iminostilbene intuitively appears more rigid than
iminostilbene, the authors speculate that in fact the iminostilbene is
relatively free to interconvert between chiral conformations, thus
giving a fluttering motion. However, the singlet-triplet energy gap is
still sufficient to allow thermal energy to partially up-convert the
triplet states, and this is the reason why simultaneous TADF and
RTP emissions were observed for derivatives of the iminodibenzyl

compounds.
07 nsat295K——71 ms at 285 K
---T71ms 80K
AzQx
3 o
L
2
‘B
c
[}
L
£
-
@
£ | oIDBOX
©
E
=}
=
400 450 500 550 80D 650
Wavelength (nm)
Fig 5. Prompt fluorescence (black solid line), room temperature
phosphorescence and TADF (blue solid line), low temperature

phosphorescence (red dashed line) spectra of molecular dispersions of the
compounds in Zeonex.

The existence of TADF and absence of triplet-triplet annihilation
was evidenced by the linear dependence of the intensity of the
delayed fluorescence emission with laser dose, e.g. the slope of DF
intensity vs. excitation power is equal 1 in log-log scale (see Fig 6a
and Fig 6¢ and Fig S13, S14 in the SI).»* In general, the ratio
between TADF and RTP correlates with the AEst, and in this respect
the largest contribution of TADF was observed for OIDBQx. The
ratio of intensities of RTP and TADF does not change with delay
time for OIDBQx, which is also evidenced by monoexponential
decay. This observation shows that both emissions originate from
the same excited triplet state and both arrive from the same
population of excited states. TADF+RTP dual emission of the
derivatives of iminodibenzyl is strong and easily noticeable as a
the

yellow-greenish afterglow. Furthermore, lifetime of the

This journal is © The Royal Society of Chemistry 20xx

TADF+RTP emission is relatively long, spanning from 51 £ 3 ms for
AzQx to a remarkable 128 + 10 ms for OIDBQx (see Fig $9-S11 in the
Sl).

Such a behaviour can be explained by the suppression of the non-
radiative decay of the triplet state and by substantial triplet
formation yields. The non-bonding orbitals, such as those present in
the donor unit, predetermine high triplet formation yields, due to
the creation of n-m* transitions, which induce strong spin-orbit

coupling, according to El-Sayed’s rule. _
be-caused-by-enhanced-non-radiative-decay-affecting-the-ISB: Both

non-radiative decay and RISC process affect the iminodibenzyl

derivatives, which is evidenced by substantially longer
phosphorescence lifetimes observed at 80 K compared to the
lifetime of TADF+RTP emissions recorded at 295 K. Remarkably, this
is not the case in OIDBQx, where the two emissions show lifetimes
statistically insignificantly different at different

temperature (see Fig S11 in the Sl). The methoxy substitution not

that are

only stabilises the triplet state but appears to induce the largest
triplet formation yield; in turn the TADF+RTP emission is the most
efficient for OIDBQx. This can be caused either by inducing a larger
contribution of the non-bonding pairs to the excited state by the
introduction of the methoxy groups or by the fact that the AEst is

the smallest (which improves the coupling of the S; and T; states).
108

407 g o e o e o o e

a7 {Linear i’ R < 295K B0 247w

. ]P=o0s0 EWRE Y - 80K | §

5 2 '.'- 0.8

o o = 1%

21074 &:? 4 810°4 1 508/

s 2 {Prompt 1

£ eﬁe Em 4 fluorescence q ED""’

[T & @ 1 15

o 5 Y 0.2

107 4P 1 5109 RTP +TADF | 502

° OIDBQx ,JoibBax 1 200 0IDBQxX
. : - 1 o e e o g X

500 600

10n_ 1y 100p 10m 400
Wavelength (nm)

1 10 100
Laser pulse energy {uJ) Time delay (s)

Fig 6. a) Power dependence of delayed fluorescence of OIDBQx at 295 K; b)
photoluminescence decay transients of OIDBQx at 295 and 80 K; c) delayed
fluorescence and room temperature phosphorescence spectra recorded at
295 K with various excitation pulse energy.

In mechanochromic materials increasing the strength of acceptor
leads to stronger mechanochromism.® Interestingly, OIDBQx
displays reversible luminescence changes upon applying external
stress (Fig 7). The initial powder demonstrated greenish-blue
emission with Apax = 494 nm. Through grinding the initial powder
with a spatula the emission broadened and red-shifted to 522 nm.
The initial state was restored by exposure to CH,Cl, vapour for 5
min. The vapour-treated form produced an emission spectrum
nearly identical to that of the initial powder (A2 = 495 nm). Neat
film showed a similar emission spectrum to that of the ground

J. Name., 2013, 00, 1-3 | 3
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powder. In comparison with powder XRD data, initial and fumed
forms appeared to be crystalline, whereas ground and neat film
were amorphous (Fig S16). Additionally, in ground form and neat
film the prompt fluorescence lifetimes were longer than in the
initial and fumed forms (Table 1 Sl). This implies stronger charge
transfer character of the singlet excited state in the amorphous
forms. In contrast, insignificant changes were observed in the
IDBQx under
maximum shifted from 495 nm to 499 nm. These results indicate

emission of grinding. The photoluminescence
that increasing the strength of the electron donor by methoxylation
of IDB can increase colour contrast upon the application of external
stimuli, in agreement with previous work.'*

1.04 OlDBQx —— Initial
Fumed
Neat film

—— Ground

0.8

0.6

0.4

Normalised PL Intensity

0.2+

0.0

450 500 550 600 650 700
Wavelength {nm)

Fig 7. PL spectra of OIDBQx in different forms. Neat film obtained by drop

casting.
In summary, we have designed and synthesised four new
derivatives of  quinoxaline-containing  iminodibenzyl  and

iminostilbene moieties and studied their photophysical properties.
These room temperature delayed
fluorescence and phosphorescence, despite having a large singlet-

luminophores  showed
triplet energy gap. An increase of the dipole moment of the

iminodibenzyl derivative containing methoxy groups caused
mechanochromic luminescent behaviour. The lifetime of room-
temperature phosphorescence was found to increase through the
introduction of a phenyl spacer between the donor and acceptor
moieties and further increased by substitution of the iminodibenzyl
moiety with methoxy groups. The investigations revealed that a

twisted iminodibenzyl is a promising donor to suppress non-

decay.  The—ebservation—of —room —temperature

radiative
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1. General methods:

'H and *C NMR spectroscopy was carried out on a Bruker Avance 400 NMR spectrometer at 400 MHz
and 100 MHz, respectively; 6 in ppm. The residue signals of the solvents were used as internal standards.
Attenuated total reflection infrared (ATR IR) spectra were recorded using a Bruker VERTEX 70
spectrometer. MS data was recorded on UPLC-MS Acquity Waters SQ Detector 2.

Absorption spectra of 10° M solutions or films were measured with Perkin EImer Lambda 35 spectrometer
or UV-3600 double beam spectrophotometer (Shimadzu). Photoluminescence (PL) spectra of 10° M
solutions, films, and powders were recorded using Edinburgh Instruments’ FLS980 Fluorescence
Spectrometer or FluoroMax-3 fluorescence spectrometer (Jobin Ywvon). Phosphorescence, prompt
fluorescence (PF), and delayed fluorescence (DF) spectra and fluorescence decay curves were recorded
using nanosecond gated luminescence and lifetime measurements (from 400 ps to 1 s) using either third
harmonics of a high energy pulsed Nd:YAG laser emitting at 355 nm (EKSPLA) or a N, laser emitting at
337 nm. Emission was focused onto a spectrograph and detected on a sensitive gated iCCD camera
(Stanford Computer Optics) having sub-nanosecond resolution. PF/DF time resolved measurements were
performed by exponentially increasing gate and integration times. Temperature-dependent experiments
were conducted using a continuous flow liquid nitrogen cryostat (Janis Research) under nitrogen
atmosphere, while measurements at room temperature were recorded in vacuum in the same cryostat.
Photoluminescence quantum yield has been recorded using Fluorescein in 0.1 M NaOH as a standard (¥ =
0.90). Power dependence data was fitted using a linear espression: y = a-x for linear relation.

The single crystals of compounds were obtained from the mixture of solvents (DCM, acetone, hexane).
Yellow color single crystals were mounted on the glass capillary using glue. The crystallographic analysis
was performed employing XtaLAB mini diffractometer (Rigaku) with graphite monochromated Mo Ka
(A=0.71075 A) X-ray source. The measurements were performed at the temperature of 293 K.

Thermogravimetric analysis (TGA) was performed on a Metter TGA/SDTA851e/LF/1100 apparatus at a
heating rate of 20°C/min under nitrogen atmosphere. Differential scanning calorimetry (DSC)
measurements were done on a DSC Q 100 TA Instrument at a heating rate of 10°C/min under nitrogen
atmosphere
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Cyclic voltammetry (CV) measurements were carried out with Eco Chemie Company’s AUTOLAB
potentiostat “PGSTAT20” and a glassy carbon working electrode in a three electrode cell. The
measurements were performed in 0.1 M nBusNPFg solution in anhydrous dichloromethane at room
temperature under nitrogen atmosphere.

The crystallographic nature of the powder materials was determined using D8 Discover X-ray
diffractometer (Bruker AXS GmbH) with Cu Ka (A= 1.54 A) X-ray source. Parallel beam geometry with
60 mm Gobel mirror (i.e. X-ray mirror on a high precision parabolic surface) was used. This configuration
enables transforming the divergent incident X-ray beam from a line focus of the X-ray tube into a parallel
beam that is free of Kf radiation. Primary side also had a Soller slit with an axial divergence of 2.5 ®and a
slit of 1 mm. The secondary side had a LYNXEYE (1D mode) detector with an opening angle of 2.160 °
and slit opening of 6.0 mm. X-ray generator voltage and current was 40.0 kV and 40 mA, respectively.
Coupled 20/0 scans were performed in the range of 3.0-60.0 ° with a step size of 0.028 °, time per step of
19.2 s and auto-repeat function enabled. Processing of the resultant diffractograms was performed with
DIFFRAC.EVA software.

2. Synthetic procedure:

1,2-dicholoro quinoxaline (I), 2,3-bis(4-bromophenyl)quinoxaline (V) and 2,8-dibromo-5H-
dibenzo[b,flazepine are prepared by the reported method in the literature.™

O

N
N €l ZnCl,, DCE Ny Q
= 0y P
N~ “cl H 90°C N
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Figure S1: Synthetic procedure for preparation of AzQx
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Figure S2: Synthesis routes for preparation of IDBQx
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Figure S3: Synthesis procedure to generate ISBQXx
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Figure S4: Synthesis routs for generation of OIDBQx

Synthesis of 2,8-dibromo-10,11-dihydro-5H-dibenzo[b,f]lazepine:

Br ar Iminodibenzyl (5 mmol) was added to a solution of DCM (15 mL) in silica gel
. ‘ (2 g). After stirring for 5min N-bromosuccinimide (NBS, 10 mmol, 1.78 g)

H dissolved in DCM:DMF (25:15 mL) was added dropwise and stirred for 1 h at

room temperature. Reaction mixture filtered and washed with DCM. The crude

product were purified by column chromatography (n-hexane/EtOAc 10:1) to give the white powder. Yield
(1.10 g, 63%). *H NMR (400 MHz, DMSO-ds): 81 = 8.58 (1H, s, NH), 7.2 (2H, s, CH), 7.19 (2H, d, 3J=

9.4 Hz, CH), 6.91 (2H, d, %J= 9.2 Hz, CH), 2.92 (4H, s, CH,) ppm. *C NMR (100 MHz, DMSO-ds): 8¢ =
142.2,132.8, 130.6, 129.6, 120.4, 110.1, 34.5 ppm. MS, m/z = 350 ([M-H]", 36%) 353 ([M+2, 100%]").

Synthesis of 2,8-dimethoxy-10,11-dihydro-5H-dibenzo[b,f]lazepine:

\ | Na (3.2 g) was dissolved in dry MeOH (25 mL) under N at 0 °C, and then 2,8-
oO dibromo-10,11-dihydro-5H-dibenzo[b,flazepine (1.1 g, 3.1 mmol), Cul (1.18 g,
H 6.2 mmol) and DMF (30 mL) at 125 °C for 12 h were stirred. After cooling to

room temperature, the mixture was filtered through silica gel with EtOAc, and
evaporated and washed with water and dried over Na;SOa.. The combined organic layers were purified by
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column chromatography on silica gel (n-Hexane/EtOAc 6:1) to afford the white product. Yield (616 mg,
78%). 'H NMR (400 MHz, DMSO-dg): 8w = 7.66 (1H, s, NH), 6.85 (2H, d, 3J= 8.6 Hz, CH), 6.64-6.59
(4H, m, CH), 3.66 (6H, s, OMe), 2.92 (4H, s, CHz) ppm. *C NMR (100 MHz, DMSO-de): 8¢ = 152.2,
138.0, 129.0, 119.1, 115.6, 112.8, 55.6, 34.7 ppm. MS, m/z = 254 ([M]*, 100%). HRMS (ESI): calcd for
C16H17NO; ([M+H]"): 255.1259; found: 255.1253.

Synthesis of 2,3-bis(4-(10,11-dihydro-5H-dibenzo[b,flazepin-5-yl)phenyl)quinoxaline (IDBQX):

O Procedure A: Two neck flask was charged with Iminodibenzyl (468 g, 2.4
mmol), 2,3-bis(4-bromophenyl)quinoxaline (438 mg, 1 mmol) and NaOt-Bu

N (250 mg), evacuated and backfilled with N, for 3 times. Then, Pd(OAc). (22

N O O mg, 0.01 mmol, 10 mol%) and tBusP (25 mg, 0.12 mmol, 12 mol%) were added
O: P under flow on nitrogen, and followed by charging with 10 mL of toluene.
N O Q Reaction stirred for overnight at reflux. After cooling to room temperature, the

N mixture was filtered through silica gel by CHCIs, and concentrated in vacuum.
O The crude product were isolated by column chromatography on silica gel (n-
hexane/EtOAc 4:1) to afford yellow powder. Yield (454 mg, 68%). ‘H NMR

(400 MHz, CDCls): 81 = 7.98 (2H, dd, 3J= 6.1 Hz, “J= 3.3 Hz, CH), 7.54 (2H, dd, %J= 6.4 Hz, %)= 3.4 Hz,
CH), 7.34 (4H, d, *J= 7.6 Hz, CH), 7.25 (4H, d, %J= 8.8 Hz, CH), 7.20-7.12 (12H, m, CH), 6.44 (4H, d, %J=
8.8 Hz, CH), 2.89 (8H, s, CHz) ppm. *C NMR (100 MHz, CDCl): 8¢ = 153.4, 149.6, 143.2, 140.7, 138.2,
130.9, 130.6, 129.9, 129.0, 128.7, 127.3, 127.1, 112.3, 30.7 ppm. MS, m/z = 668 ([M]", 19%), HRMS (ESI)
calcd for CasHssNa ([M+H]"): 669.3013; found: 669.3013.

Synthesis of 2,3-bis(4-(5H-dibenzo[b,flazepin-5-yl)phenyl)quinoxaline (ISBQXx):

Procedure B: Two neck flask was charged with iminostilbene (340 mg, 1.76

O mmol), 2,3-bis(4-bromophenyl)quinoxaline (365 mg, 0.83 mmol) and NaOt-

N Bu (354 mg, 3.8 mmol), evacuated and backfilled with N, for 3 times. Then,

‘ N Pd(dba)s (56 mg, 0.06 mmol, 7 mol%) and XPhos (40 mg, 0.08 mmol, 10

N O mol%) were added under flow on nitrogen, and followed by charging with 10

O:N/ mL of toluene. Reaction stirred for 6 hours at reflux. After cooling to room

‘ Q temperature, the mixture was filtered through silica gel by CHClIs, and

N concentrated in vacuum. The crude product were isolated by column

/ chromatography on silica gel (n-hexane/EtOAc 5:1) to afford yellow powder.

O Yield (402 mg, 73%). *H NMR (400 MHz, CDCl3): 8n = 7.96 (2H, bs, CH),

7.54 (2H, dd, 3J= 6.3 Hz, *J= 3.0 Hz, CH), 7.43 (2H, dd, “J= 3.8 Hz, CH), 7.36 (4H, d, 3J= 7.6 Hz, CH),

7.32-7.28 (4H, m, CH), 7.13 (4H, d, *J= 8.8 Hz, CH), 6.70 (4H, s, CH) ppm. *C NMR (100 MHz, CDCls):

dc = 153.1, 149.5, 142.7, 140.3, 136.2, 130.5, 130.3, 130.2, 130.1, 129.7, 129.1, 128.4, 127.2, 111.8 ppm.
MS, m/z = 664 ([M]", 48%). HRMS (ESI) calcd for CssH3N4 ([M+H]"): 665.2700; found: 665.2706.

Synthesis of 2,3-bis(10,11-dihydro-5H-dibenzo[b,flazepin-5-yl)quinoxaline (AzQx):

Due to twist boat conformation of IDB in this small molecule desymmetrization resulted in exhibiting 18
carbon peaks in *CNMR.
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O A mixture of iminodibenzyl (410 mg, 2.1 mmol) and 2,3-dichloroquinoxaline (198

mg, 1 mmol) dissolved in 7 mL DCE and and added ZnCl, (286 mg, 2.1 mmol ) at

N N Q 90 °C for 12 h. After completion, the reaction mixture was poured into 30 mL water,

C[ ;( and organic products were extracted with DCM (3x15mL). The crude compound was

NN O purified by column chromatography (n-hexane/DCM 1:1) to afford yellow powder.

Yield (93 mg, 18%). 'H NMR (400 MHz, CDCls): &y = 8.03 (2H, dd, *J= 6.3 Hz, *J=

Q 3.4 Hz, 2CH), 7.61 (2H, dd, %)= 6.3 Hz, )= 3.4 Hz, 2CH), 7.35 (2H, d, “J= 2.1 Hz,

CH), 7.09 (2H, dd, *J= 8.3 Hz, “J= 2.1 Hz, CH), 7.03-6.96 (4H, m, CH), 6.07 (2H, t, *J= 7.4 Hz, CH), 6.67

(2H, d, *J= 8.3 Hz, CH), 6.54 (2H, d, *J= 8.3 Hz, CH), 6.06 (2H, s, CH), 2.99 (8H, s, CH.) ppm. *C NMR

(100 MHz, CDCl»): 8¢ = 153.0, 142.9, 141.8, 140.9, 132.3, 130.6, 130.0, 129.2, 129.0, 128.8, 128.6, 128.0,

126.9, 119.9, 118.1, 117.4, 35.2, 34.9 ppm. MS, m/z = 516 ([M]", 51%). HRMS (ESI) ) calcd for CssH2s2N4
([M+H]"): 517.2387; found: 517.2390.

Synthesis of 2,3-bis(4-(2,8-dimethoxy-10,11-dihydro-5H-dibenzo[b,flazepin-5-yl)phenyl)quinoxaline
(OIDBQX):

e

Prepared according to the procedure B, and organic products were extracted
with DCM. The crude product was purified by column chromatography (n-
hexane/DCM 1:1). Yield (490 mg, 75%). *H NMR (400 MHz, CDCls): 8 =

N
C{“\ O o~ 7.95(2H, dd, 3= 6.3 Hz, “J= 3.4 Hz, CH), 7.54 (2H, dd, %)= 6.3 Hz, *J= 3.4
= °.  Hz, CH), 7.25-7.21 (8H, m, CH), 6.73-6.70 (8H, m, CH), 6.40 (4H, d, *J= 8.9
O . Hz, CH), 3.72(12H, s, OMe), 2.84 (8H, s, CH.) ppm. *C NMR (100 MHz,
CDCly): 8¢ = 158.3, 153.5, 150.4, 140.8, 139.3, 136.7, 130.7, 130.5, 128.8,
O 128.4, 115.6, 112.4, 112.2, 55.4, 30.9 ppm. MS, m/z = 788 ([M]*, 1%).
A

HRMS (ESI) calcd for CsoHasN4Os ([M+H]*): 789.3435; found: 789.3440.

3. Electrochemical characterization:

AzQx
—ISBQx
—— IDBQx
—— OIDBQx

f

7
—
—

Current

s
s

-20 -16 -1.2 -08 -04 00 04 08 12 16
Potential (V)

Figure S5. Oxidation and reduction potential of compounds in DCM recorded with cyclic voltammetry.
Exomo = - (Ellol/z (VS. FC+/FC) +4.8), ELumo = - (EOI1 (VS. FC+/FC) + 48)
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4. DSC and TGA Analyses:

Molecules with phenylene linkage demonstrated higher thermal stability and glass transition than AzQx.
These desired behaviours can be ascribed to increasing of intermolecular interactions. In addition, AzQx
did not show any melting point and attributed to its amorphous form.

Exo ISBQx

—— 15! Heat
—— 2" Heat

Exo —— 1% Heat
—— 2" Heat

Heat flow (W/g)
Heat Flow (W/g)

T T T T

40 80 1'20 1é0 260 24'10 zéo SéO 0 40 80 1&0 1é0 260 21'10 ZéO 3&0

o
Temperature (°C) Temperature (°C)

1 Heat

Exo nd
OIDBbQx 20 Heat Exo AzQxX Zm Heat
—— 3" Heat
= G 110.8°C
2 S —<
3 5
L [
g Ei
- $
296.5 °C
T . T T T T T T T T T T T T T
40 80 120 160 200 240 280 320 40 80 120 160 200 240 280
Temperature (°C) Temperature (°C)

Figure S6. Differential scanning calomery analysis of samples.
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N o2} o]
o o o
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N
o
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Figure S7. The TGA thermograms of materials (5% weight loss).
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5. Photophysical characterization:
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Figure S8. Photoluminescence decay transients at 80 and 295 K in Zeonex.
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Figure S10. Photoluminescence decay transient fits of IDBQx at 80 and 295 K in Zeonex.
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Figure S11. Photoluminescence decay transient fits of OIDBQx at 80 and 295 K in Zeonex.
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Figure S12. Photoluminescence decay transient fits of ISBQx at 80 and 295 K in Zeonex.
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Figure S13. Delayed fluorescence and room temperature phosphorescence spectra at 295 K recorded with

various excitation pulse energy.
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Figure S14. Laser fluence dependence of delayed fluorescence at room temperature in Zeonex.
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6. Mechanochromic characteristics

Table S1 PL and decay time of OIDBQx under external stimuli

Sample (OIDBQXx) Initial Ground Fumed Neat film
PL (nm) 494 522 495 518
71 (NS) 0.21 (46.41%) 1.40 (70.83%) 0.32 (60.81%) 1.39 (72.86%)
72 (NS) 1.67 (53.59%) 4.48 (29.15%) 1.72 (39.19%) 4.30 (27.14%)
X? 1.07 1.06 1.07 1.03
a 10- I'DBQX' ) b 10A T T T ISTBQX T T T T T |
:glrt(;ilnd >
2 081 Fumed S 08 — Initial .
§ _‘E — Ground
= o T 061 A
o ®
% 0.4+ ‘E 0.4 R
£ 5
o b
Z 0.2 024 |
0.0 L= . . . . . : .
450 480 510 540 570 600 630 660 690 0 0 510 oh0 5% b0 650 6e0 6%
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C o] | AQx |
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2 08
'; 0.6-
3 041
g
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Figure S15. PL spectra of a) IDBQx and b) ISBQx and c) AzQx under external stimuli.
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7. Powder XRD analyses:
Initial
OIDBQXx Ground
Fumed
\ Neat film

Intensity (a.u.)

Figure S16. Powder Xray diffractogram of OIDBQx under application in initial form (-i), ground (-g),

.

M

\w\

A

5 10 15 20 25 30 35 40 45 50
2 theta (degree)

drop-cast film (-df) and after fumigation (-f).

8. Single crystal XRD analyses:

The crystallographic data is summarized in Table S2. Packing along a-axis is presented in Figure
S15 and S16. The crystallographic data for structures IDBQx and 1SBQx reported in this paper
have been deposited in Cambridge Crystallographic Data Centre with CCDC no 1861441-
1861442. The copies of data can be obtained free of charge on application to CCDC.(The
Cambridge Structural Database (CSD)- The Cambridge Crystallographic Data Centre (CCDC),
(http://www.ccdc.cam.ac.uk/solutions/csd-system/components/csd/ ). Calculations/visualizations

55 60

were performed using the OLEX2 crystallographic software® package except for refinement,
which was performed using SHELXL. *° For molecule ISBQx solvent mask procedure was used.
Anisotropic thermal parameters were assigned to all nonhydrogen atoms. The hydrogens were
included in the structure factor calculation at idealized positions by using a riding model and

refined isotropically.
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Table S1. Structure data of IDBQx and ISBQx

IDBQX ISBQx
Empirical Formula CuagH3zsN4. CH3COCH; CuagH3z2N4
Crystal Dimensions (mm) | 0.6x0.2x0.2 0.2x0.1x0.1
Crystal System triclinic triclinic
Space group P-1 P-1
Cell angles (°) o= 102.079(9) o= 78.98(2)
p=93.931(9) p=81.21(2)
y=93.152(9) y=67.65(3)
Cell length (A) a=11.1633(11) a=12.135(4)
b =12.2381(14) b =12.225(3)
¢ =15.3155(16) c=17.067(4)
Cell volume (A?’) 2036.1(4) 2289.4(12)
Z value 9 10
Dcalc (g cm®) 1.186 0.964
F (000) 768 696
A (Mo Ka) (A) 0.71073 0.71073
Nmax, Kmax, Imax 12, 15, 18 14,12, 21
Temperature (K) 293(2) 293(2)

Figure S17. Packing in the crystal structure of compound IDBQX, viewed along the a-axis. Hydrogen

atoms are removed for clarification
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Figure S18. Packing in the crystal structure of compound ISBQX, viewed along the a-axis. Molecules
have demonstrated with two colors for clarification
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'H and *C NMR of 2,8-dibromo-10,11-dihydro-5H-dibenzo[b,flazepine:
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'H and *C NMR of 2,8-dimethoxy-10,11-dihydro-5H-dibenzo[b,flazepine:
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'H and *C NMR of 2,3-bis(4-(10,11-dihydro-5H-dibenzo[b,flazepin-5-yl)phenyl)quinoxaline (IDBQXx):
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'H and *C NMR of 2,3-bis(4-(5H-dibenzo[b,flazepin-5-yl)phenyl)quinoxaline (ISBQX):
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'H and *C NMR of 2,3-bis(10,11-dihydro-5H-dibenzo[b,flazepin-5-yl)quinoxaline (AzQx):
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2,3-bis(4-(2,8-dimethoxy-10,11-dihydro-5H-dibenzo[b,f]lazepin-5-

and BC NMR  of

H

yl)phenyl)quinoxaline (OIDBQX):
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