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ABSTRACT: Pyrene-based derivatives have been widely deployed in organic luminescent
materials, because of their bright fluorescence, high charge-carrier mobility and facile
modification. Nevertheless, the fluorescence output of conventional pyrenes is prone to
quenching upon aggregation due to extensive intermolecular n—n stacking interactions. To
address this issue, a set of new Y-shaped pyrene-containing luminogens have been synthesized
from a new bromopyrene chemical precursor, 2-hydroxyl-7-tert-butyl-1,3-bromopyrene,
where the bromo and hydroxyl groups at the pyrene core can be readily modified to obtain the
target products and provide great flexibility in tuning the photophysical performances. When
the hydroxy group at the 2-position of pyrene was replaced by a benzyl group, the steric
hindrance of the benzyl group not only efficiently inhibits the detrimental intermolecular n—n
stacking interactions, but also rigidifies the molecular conformation, which results in a narrow-
band blue emission. Moreover, the TPE-containing compounds 2¢ and 3¢ possessed
characteristic aggregation-induced emission (AIE) properties with fluorescence quantum
yields of up to 66% and 38% in the solid state, respectively. Thus, this article has methodically
investigated the factors influencing the optical behavior of XXX, such as intermolecular
interactions, and the steric effects of the substituent group, thereby opening up the potential to
develop narrow-band pyrene-based blue emitters for OLED devices applications.
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1. Introduction



Polycyclic aromatic hydrocarbons (PAHs) featuring large m-conjugated architectures are
a significant category of functional materials by virtue of their remarkable photophysical,
electrical and mechanical performances'~ and have been successfully applied in diverse fields,
ranging from organic field-effect transistors,*> organic photovoltaic cells,®” organic/quantum
dot light-emitting diodes'®!? to fluorescence sensors.!*!> As one of the extensively used and
representative families of PAHs, pyrenes are chemically stable and contain four integrated
benzene rings with extended m-electron delocalization.!® The unique flat aromatic scaffold
endows pyrenes with salient properties, such as deep blue fluorescence, high charge-carrier
mobility and prominent hole injection capacity, making them excellent candidates for organic
optoelectronic materials, chemosensors, and bioimaging applications.!”?° However, the
fluorescence output of pyrene aggregates are usually inferior to what can be achieved in their
respective solutions, and this hampers their potential high-technological application in
fluorescence-relevant areas.’'> The weakened emission in the aggregated state may be
attributed to the facile generation of detrimental substances such as excimers, given that the
planar structure of pyrene tends to undergo intense intermolecular n—n stacking interactions
once aggregated. Therefore, exploring feasible approaches to promote the aggregate-state
fluorescence of pyrenes is of great interest when trying to facilitate their latent applications in
organic optoelectronics and other extensive scenarios.

To address this issue, researchers have recently developed several strategies to new
pyrene-based emitters with high-performance emission features. One of the main strategies is
to employ bulky groups such as a tert-butyl substituent to enhance the steric hindrance present,
which results in reduced excimer formation and/or m—m stacking interactions in the aggregated
state.>>2> Another prospective strategy has focused on developing aggregation-induced
emission luminogens (AIEgens) to inhibit the fluorescence suppression of conventional pyrene
emitters upon aggregation.’®?” Generally, pyrene-based emitters with AIE properties exhibit
weak emission in dilute solution, but could boost the fluorescence brightness in the aggregated
state, which eventually has helped to solve the above-mentioned fluorescence quenching
issue.!”?? In the light of the generally acknowledged working mechanism of AIE, the basic
design principle of AIEgens lies in the distorted architectures and twisted molecular rotors.

Such a design can lead to the efficient constraint of the intermolecular n—r stacking interactions



and a resulting high fluorescence quantum yield (QY) in the aggregated state.>3? Thus, pyrene-
based AlEgens have been explored successfully through functionalization of pyrene at certain
sites to access high-performance luminescent materials.

On the other hand, organic blue emitters as one of the significant components for full-
color displays also have certain drawbacks due to the limited stability and relatively large
energy gaps, etc.>3* It still remains a challenge to construct high-performance blue emissive
pyrene-based AlEgens through molecular engineering. Pyrene as a great building block for
blue fluorescent materials has become a focus of much research given that it possesses, not
only the intrinsic blue-light emission, but also is readily functionalized at different active sites

35-38 and this can result in diverse

depending on the controllable experimental condition,
photophysical and chemical properties. Among them bromo-containing pyrene-based chemical
intermediates can act as pivotal precursors for the synthesis of assorted C-functionalized
pyrene-based luminescent materials via metal-catalyzed cross-coupling reactions.***! Thus,
developing novel bromo-containing pyrene-based precursors is of great significance, and can
open up infinite possibilities in the field of new pyrene-containing multifunctional
optoelectronic materials for real applications. Up to now, a limited number of meaningful
bromo-containing pyrene-based precursors have been successfully exploited.***

Recently, our group developed a new pyrene-based chemical intermediate, namely 2-
hydroxyl-7-tert-butyl-1,3-bromopyrene (1), which was further involved in a metal-catalyzed
coupling reaction to construct a narrow-band pyrene-based blue emitter with FWHM less than
20 nm in the solid state. However, the reported compounds display a relative low fluorescence
quantum yield (less than 0.1), the main reason for which is ascribed to the presence of the
hydroxyl group, which results in strong intermolecular interactions. Thus, the key issue is to
endow the pyrene-based emitters with blue emission, high fluorescence quantum yield and
narrow-band emission for fabricating blue OLED devices with high color purity.

Considering the above issues and based on previous work on pyrene-based luminescence
in our group, we employed intermediate 1 as a precursor, and a new set of Y-shaped luminescent
materials were synthesized via a Suzuki—Miyaura coupling reaction. Bulky groups (such as

triphenylamine (TPA) and tetraphenylethylene (TPE)) were introduced at the 1,3-positions of

the pyrene core, and this played a vital role in efficiently preventing the detrimental



intermolecular n—n stacking interactions, leading to high-efficiency emission in the solid state.
According to our previous reports,*! the methylation of the -OH at position 2 of pyrene can
improve the fluorescence quantum yield in the solid state. Furthermore, in this work, the
hydroxy group at the 2-position was replaced by a bulky 4-(trifluoromethyl)benzyl group,
which not only acted as the large steric group but also tuned the photophysical properties via
regulating the intermolecular hydrogen-bond interactions.*! Finally, the target compounds
exhibited a blue-shifted emission and a narrower FWHM, as well as a boosted fluorescence

quantum yield in the solid state (Scheme 1).
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Scheme 1. Schematic diagram of the molecular strategy.
3. Results and discussion

3.1 Synthesis and Characterization



OH

BriBr

Scheme 2. Synthetic routes of 2 and 3. (a) Pd(PPhs)4, K2CO3, toluene/ethanol/H>0, 90 °C, 24
h; (b) Cs2CO3, extra dry DMF.

To more fully understand the effect of the substituent groups at the 1,3-positions and 2-
position on the optical properties of pyrene, we prepared the families of luminescent
compounds 2 and 3 using pyrene as the core skeleton with different substitutions located at the
1,3-positions and 2-position, respectively. According to the synthetic routes in Scheme 2,
firstly, the key intermediate 2-hydroxyl-7-tert-butyl-1,3-bromopyrene 1 was synthesized via
the bromination reaction of 7-fert-butyl-2-hydroxypyrene with N-bromosuccinimide (NBS) in
57% isolated yield. Subsequently, triphenylamine (TPA) or tetraphenylethylene (TPE) units
were introduced at the 1,3-positions via a Pd-catalyzed Suzuki—Miyaura coupling reaction

between the bromo-substituted intermediate 1 and the corresponding arylboronic acid ester to



afford the target 1,3-disubstituted pyrene derivatives 2a-2¢ in good yield. In order to further
regulate the steric effect and the optical behavior, the hydroxyl group was modified with 1-
(bromomethyl)-4-(trifluoromethyl)benzene through a Williamson reaction to afford the
compounds 3 with a large steric unit located at the 2-position. The target compounds were
characterized by 'H and *C{'H} NMR spectroscopy (Figures S1-S13) and high-resolution
mass spectrometry (HRMS, Figures S14-S19). They possessed good solubility in common
organic solvents, such as dichloromethane (DCM), tetrahydrofuran (THF), chloroform
(CHCI3), acetone, etc., which is convenient for the subsequent studies of their photophysical

properties and is also conducive to their future practical applications.
3.2 Thermal stability analysis

Thermal stability analysis can evaluate heat resistance and the retention ability of material
properties at high temperatures. The thermal stability is related to chemical structure, degree
of m-conjugation, molecular weight, etc. Excellent thermal stability is a perquisite for a
compound to be utilized in the manufacture of optoelectronic devices such as OLEDs and other
functional applications.***> Thus, the thermal stability properties of 2 and 3 were explored by
thermalgravimetric analysis (TGA) under N> atmosphere with a heating rate of 10 °C/min. As
presented in Figure 1, the decomposition temperatures (Tq, corresponding to 5% weight loss)
of compounds 2 with a hydroxyl group are higher compared with the corresponding compounds
3 containing a 4-(trifluoromethyl) benzyl moiety at the 2-position. For example, compounds 2
showed high thermal stability over the range of 364-495 °C, indicating that the presence of
intermolecular hydrogen bonds in compounds 2 can enhance the thermal stability. However,
when the hydroxyl group was replaced with a 4-(trifluoromethyl) benzyl moiety, the Tq of 3a-
3¢ decreased to 327 °C for 3a, 331 °C for 3b and 369 °C for 3¢, respectively. According to the
TGA data, when the temperature was raised to around 320 °C, a sharp decrease in weight
occurred for 3a-3¢ with a weight loss of about 23%, 15% and 16% respectively, which may be
attributed to the removal of 4-(trifluoromethyl) benzyl moiety with cleavage of the C-O bond.
Additionally, the larger mn-conjugated structure is also contributing to elevating the thermal
decomposition temperatures, as observed for the higher Tq of TPE-containing compounds (2¢

and 3c¢) relative to the corresponding p-methoxyphenyl- and TPA-substituted compounds (2a,



2b and 3a, 3b). Moreover, as the temperature was raised to about 800 °C, the compounds 2a,
2b, 2c, 3a, 3b and 3c still possessed a carbonization residue (char yield) of 10%, 12%, 38%,
36%, 40% and 36%, respectively. All the above results identified the remarkable thermal

stability of the desired compounds.
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Figure 1. Thermalgravimetric analysis of 2 and 3.

3.3 Single Crystal X-ray Diffraction Analysis.

Single crystals of the compound 3a were -cultivated via slow evaporation of a
hexane/dichloromethane solution, and were further characterized by X-ray crystallographic
analysis. The compound 3a crystallizes in the monoclinic system with the P 21/, space group,
and an asymmetric unit containing four molecules (Table S1). As shown in Figure 2, the twist
angles between the phenyl rings (at the 1,3-positions of pyrene) and the pyrene ring are 63.3
(3)° and 53.0 (3)°, respectively. While the 4-(trifluoromethyl)benzyl moiety adopts a face-to-
face m-m stacking pattern with the phenyl rings at an average distance of 3.975 A, which was
further fixed by the C-H---m (C38-H38---C12: 2.996 A, C37-H37---C14: 3.255 A, C35-
H35---C10: 2.909 A and C40-H40---C2: 3.045 A) interactions and C18-H18---F2 (2.757 A)
interactions along the b-axis. The distance of the centroid-to-centroid between two phenyl ring
is 3.975 A, thus, the calculated aligned angle value is 59.7°, which is larger than 54.7°.

According to the McRaés theory, it is regarded as an H-aggregate.*® On the other hand, no clear



n-1 stacking interactions were observed between the pyrene core, and adjacent molecules were
connected by C1-H1---02 (2.659 A) and C4-H4:--F1 (2.671 A) interactions along c-axis,
respectively. Thus, the presence of several weak intermolecular interactions plays a significant
role to restrict the molecular motion, resulting in a rigid molecular backbone, which facilitates

a narrower emission for the target compounds in the solid state.
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Figure 2. (a)The ORTEP view of the crystal structure 3a with 50% thermal ellipsoids, and the
packing structures formed by weak intra/intermolecular interactions (b) along the b-axis and

(c) along the c-axis.

3.4 Photophysical Properties

The photophysical properties of compounds 2 and 3 were carefully examined and the
detailed results are summarized in Table 1. As presented in Figure 3A, the dilute THF solution
of compound 2 (~10~> M) exhibited a very similar absorption performance to the corresponding

compound 3, respectively, indicated that the 4-(trifluoromethyl) benzyl moiety exerted a



limited effect on the absorption band. This is ascribed to the node plane at the 2-position,
resulting in weak electronic communication between the substituent group and the pyrene
core.*” Compounds 2a and 3a presented almost identical and well-resolved absorption bands
in the range 310-400 nm with the maximum absorption wavelength (Amax, abs) at 356 nm. While
compounds 2b and 3b, 2¢ and 3¢ exhibited broad n-n* absorption bands at 325-400 nm and
300-400 nm, respectively, rooted in the extended conjugated structures of the pyrene
chromophores with the TPA or TPE segments at the 1,3-positions. THF solutions of the
luminogens 2¢ and 3¢ both exhibited Amax, abs at 354 nm, while the Amax, abs 0f 2b and 3b in THF
solution was red-shifted to 365 nm and 368 nm, respectively, which resulted from the better
electron-donor ability of the TPA group relative to the TPE unit. It is worth noting that the
molar extinction coefficient (¢) of 3b and 3¢ exhibited a significant enhancement compared
with 2b and 2¢, which was assigned to intramolecular interactions such as C—H...n and/or n-n
interactions between the 4-(trifluoromethyl) benzyl segment and the neighboring phenyl group
in the TPA and TPE units leading to an extension of the n-conjugation.*® Upon irradiation, the
compounds 2 emitted deep-blue fluorescence in THF solution with the maximum emission
peaks located in the range from 408 nm to 459 nm (Figure 3B). The compound 2b exhibited a
large, red-shifted emission compared with 2a and 2¢, which was assigned to the stronger
electron-donor capacity of the TPA unit. When the hydroxyl group was modified with a 4-
(trifluoromethyl) benzyl moiety, the corresponding compounds 3b and 3¢ show a red-shifted
emission with the maximum emission peak located at 465 nm and 444 nm, respectively. This
red shift may be attributed to the intensive intramolecular interactions (such as C-H---F
interactions) and a solvent effect. On the other hand, although the emission peaks of 2 and 3 in
the solid state were shifted to 427 nm (2a), 459 nm (2b), 457 nm (2¢), 422 nm (3a), 451 nm

(3b) and 436 nm (3¢) compared with their THF solutions (Figure 3C), the compounds 3
containing 4-(trifluoromethyl) benzyl moiety displayed a remarkable 5~21 nm blue-shifted

emission compared with the corresponding compounds 2 in the solid state. Similarly, 4-
(trifluoromethyl) benzyl moiety also displayed similar blue-shifted emission compared with
the corresponding compounds 2 as a film (Figure S31). It is reasonable to infer that the bulky

4-(trifluoromethyl) benzyl moiety at the 2-position can exert an efficient steric effect, resulting



in a more rigid molecular configuration in the aggregated state, which is consistent with our
previous report.*!
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Figure 3. A): Absorption spectra and B): Emission spectra of compounds 2 and 3 in
THF (10 uM); C) Emission spectra of compounds 2 and 3 in the powdered solid; D)
Quantum yields of compounds 2b-3¢ in THF/H20 mixtures with water fractions (fw) of
0% (black), 99% (red) and as a film (blue).

Moreover, all the compounds presented a narrow-band emission with FWHM of 28 nm,
50 nm, 61 nm, 37 nm, 45 nm and 59 nm for 2a-3c in the solid state, respectively. The
compounds 3 containing the 4-(trifluoromethyl) benzyl moiety showed a narrower FWHM
compared with the corresponding hydroxyl-substituted compounds 2 except for 2a and 3a.
Moreover, the compounds 2-3 exhibit a relatively narrower FWHM compared with previous
reported systems (detailed molecular structures are summarized in Table S2). Otherwise,
although the PLQY is 9% for 2a, 22% for 2b, 10% for 3a and 27% for 3b in the thin film,
which is lower than in its THF solution, the 4-(trifluoromethyl) benzyl-decorated pyrene

compounds 3 showed a relatively high PLQY in the solid state compared to the corresponding



compounds 2. This suggested that the effective steric hindrance of the 4-(trifluoromethyl)

benzyl group can not only prevent the aggregation-quenched fluorescence behavior, but can

also tune the fluorescence to the blue region, resulting in high-performance blue emission

properties.
Table 1. Photophysical properties of compounds 2 and 3.

Comd. l’(”nm’; l(‘;nf; 7(ns) & o K105 Ku(107s7)2 FXE;V[ (;f)h
408* 10.66* 0.52°2 4872 4512 332

2a 356 407°  2.16° - 0.8 - - 43%  0.16,0.03
4279 18.77° 0.09°¢ 0.48°¢ 4.85¢ 284
459*  290*  0.68* 23.4%2 11.082 652

2b 365  455%  1.32°  021° 032 159° 59.86° 55% 0.14,0.13
4599 1.94¢ 0.22°¢ 11.3¢ 40.24°¢ 504
418*  1.34*  0.02° 1.492 73.142 1062

2¢ 354 479® 228" 0.57° 33 25.00° 18.86° 90"  0.14,0.15
4579 2.68¢  0.66¢ 24.63°¢ 12.68¢ 61¢
397 13.64% 0.34° 2.48% 4.85% 332

3a 356 449°  3.52°  0.07° 029 1.99° 26.42° 100°  0.16, 0.06
4224 11.34¢  0.10¢ 0.88°¢ 7.94¢ 374
465*  3.13*  0.75% 23.96% 8.012 68°

3b 368  450° 237%  0.37° 036 15.61° 26.58° 58° 0.14,0.07
4514 2.07¢ 0.27° 13.04°¢ 35.27°¢ 454
444*  1.80* 0.03? 1.662 53.892 1122

3c 354  487° 7.19® 0.63° 126  8.76° 5.15° 103% 0.15,0.07
4369 3.37¢  0.38°¢ 11.27¢ 18.40°¢ 594

@ Measured in THF solutions. ® Measured in in THF/water mixtures at different fy 99%.

¢ Measured in film. ¢ Measured as a powdered solid.

° o0 = Dt/ Dson. |k = radiative decay rate (®/1). & k- = nonradiative decay rate (1/1 - k).

B CIE coordinates of compound 2-3 as powdered solids.

Additionally, the concentration-dependent fluorescence spectra were investigated, the

results are displayed in Figure S20. Except for compounds 2b and 3b, the four luminogens 2a,

3a, 2¢ and 3c showed a relatively large concentration-dependent blue-shifted emission

behavior as the concentration gradually increased, which suggested the molecular structure

become more rigid with the enhanced molecular aggregation. Furthermore, the absorption and



emission behavior of these compounds in different solvents of various polarity were examined
(Figures S21-S26). All compounds displayed very similar absorption performances ranging
from the nonpolar solvent cyclohexane (Cy) to the highly polar dimethyl sulfoxide (DMSO),
with no obvious shift in absorption bands and only a slight difference in absorbance.
Nevertheless, the maximum emission peaks of 2b and 3b were red-shifted from ~420 nm to
~510 nm with increased solvent polarity. The presence of weak donor-acceptor interactions
between the TPA group and the pyrene cores in 2b and 3b, resulted in charge transfer processes.
Given that the polar solvents can stabilize the charge-transfer complex, this led to a red-shifted
wavelength on increasing the solvent polarity. On the contrary, 2¢ and 3¢ exhibited only a slight
change for the maximum emission peaks in weakly and highly polar solvents such as 1,4-

dioxane, THF, DMF, ACN and DMSO. The maximum emission peaks in the nonpolar solvent
cyclohexane were red-shifted to ~500 nm, indicating the formation of excimers in this

nonpolar solvent.*® As for 2a and 3a, their emission behavior was found to be independent
of the polarity of the solvents as well as the absorption performances (Table S3).
3.4 AIE characteristics

Previously, it was reported that a set of Y-shaped blue emitters 1,3-aryl-substituted
pyrene,’! and the TPA- or TPE-decorated pyrenes exhibit AIE characteristics.’? In order to
demonstrate the fluorescence performance of compounds 2 and 3 in the aggregated states, their
emission spectra in THF/H>O mixtures with various water fractions (fw) were examined. As
depicted in Figure 4, compound 2¢ possessed weak blue fluorescence with the maximum
emission peak located at 418 nm (in THF solution f = 0). When fi was increased to 99%, the

emission intensity was significantly enhanced and the maximum emission peak was red-shifted
by ~70 nm. With the raised water fraction, molecular aggregations induced the restriction of

the intramolecular rotations in the twisted molecular architectures and thus resulted in an AIE
effect. Compound 3¢ exhibited similar fluorescence behavior in THF/water mixture as did
compound 2¢. The compound 3¢ exhibited weak blue emission in THF solution with a
maximum emission peak at 444 nm, and the emission intensity remains unchanged when the
fw was less than 40%. When fy was increased to 50%, the emission intensity was rapidly

enhanced by 160-fold. After continuing to increasing the fw, the emission intensity slightly



decreased with a red-shifted emission peak at 487 nm, but the emission intensity is still up to
~120-fold larger compared with that in THF solution. Thus, both compounds 2¢ and 3¢ are AIE
active. The photoluminescence quantum yield (PLQY) of 2¢ and 3¢ in thin film were 66% and
38%, respectively, and were clearly enhanced by 33-fold and 13-fold versus that in pure THF
solution, respectively, which further verified their AIE properties. In addition, the compound
3c containing the 4-(trifluoromethyl) benzyl moiety show a relatively low PLQY, which may
be ascribed to the strengthening of the intermolecular C-H- - -F interaction. The morphology of
compounds 2b, 2¢ 3b and 3¢ were investigated by Scanning Electron Microscopy (SEM). As
shown in Figures S35-S38, the compounds 2¢ and 3¢ exhibit relatively well-distributed
nanoparticles at f,= 99% and in the thin film state, while at fv = 0%, the compounds self-
assemble to irregular aggregates, indicating that the high-quality, well-distributed nanoparticles
with a uniform arrangement mode can enhance the emission in the solid-state. As for 2b and
3b, the compounds form irregular patches at fw = 0%, 99% and the thin film state. These

experimental results are agreement with previous reports.>
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Furthermore, the transient fluorescent spectra were investigated and the corresponding
decay curves of 2 and 3 in THF solution, THF/H,O mixture with 99% water fraction and thin
film are depicted in Tables S5 and 1. The fluorescence lifetimes (7) of 2¢ in solution and thin
film were found to be 1.34 and 2.68 ns, respectively. On the basis of this data, the corresponding
radiative decay rates (K,) and the nonradiative decay rates (K,-) were calculated according to
the formulae®*: K, = QY/t and Kur = 1/1-K,. The K, of 2¢ in thin film was calculated to be
24.63x107 S™!, showing a significant promotion relative to the 1.49x107 S! in the solution state,
while the value of K, dropped from 73.14x107 S™! to 12.68x107 S, respectively. The related
values of K, and K, for compound 3¢ exhibited similar variation trends. These results again
identified the higher emission efficiency for 2¢ and 3¢ in the aggregation state and is consistent
with the above PL results. Thus, the TPE-containing luminogens 2¢ and 3¢ both exhibited
representative AIE characteristics. However, the emission intensity of 2a, 2b, 3a and 3b were
reduced gradually on addition of water, with a red-shifted emission (Figures S27-S30). This
contributes to the excessive poor solvent maybe induced the molecular tight stacking, resulting
in the enhanced intermolecular interactions and thus blocking the fluorescence output. Thus,

the compounds 2a, 2b, 3a and 3b are non-AIE-active materials.
3.5 DFT calculations

The optimized molecular geometries and the electronic distribution of compounds 2 and
3 were investigated by density functional theory (DFT) calculations via the B3LYP/6-311G
(d,p) procedure with the Gaussian 09 program. As depicted in Figure 5, the electronic
distribution of the HOMO and LUMO in the compounds 2a, 2¢, 3a, 3¢ were dominantly
localized over the whole pyrene core with HOMO levels of -5.27 eV, -5.31 eV, -5.40 eV and -
5.43 eV, and LUMO levels of -1.57 eV, -1.78 eV, -1.80 eV and -1.92 eV respectively. The
similar energy gap between 2a and 2¢, 3a and 3¢ suggested their close absorption wavelength,
which is consistent with the spectral results. While the HOMO and LUMO energy levels of 2b
and 3b were separated to some extent, the HOMO energy levels of 2b and 3b were mainly
concentrated at the pyrene core, whilst the electron distribution of the LUMO in compounds
2b and 3b were delocalized over the whole conjugated skeleton, especially localized on the

TPA moiety, which was attributed to the electron-donor ability of the TPA group. The



separated HOMO and LUMO energy level led to a smaller energy gap for 2b and 3b with 3.37
eV and 3.26 eV respectively, resulting in red-shifted absorption wavelengths compared with
the other four compounds. These results indicated that the introduction of the 4-
(trifluoromethyl) benzyl exerted no obvious influence on the electron cloud distribution, while
the electronic effect of the conjugated groups directly connected to the pyrene core had a great

influence on the electron cloud distribution of the whole molecule.
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Figure 5. Computed molecular orbital plots (B3LYP/6-31G*) of 2 and 3.

4. Conclusions

In this contribution, a series of new Y-shaped luminogens 2 and 3 were successfully
prepared from a pyrene-based intermediate 2-hydroxyl-7-tert-butyl-1,3-bromopyrene (1),
prepared by our research group. Three-dimensional TPA and TPE moieties were introduced at
the 1,3-positions, and a bulky benzyl group was attached at the 2-position, respectively. As
expected, the thermal stability and the optical properties of the Y-shaped pyrene-based emitters
could be readily tuned by molecular engineering. (1) The compounds 2 showed great thermal
stability with higher Tq compared with compounds 3 containing benzyl units, (2) the
compounds 2 with the hydroxy group present at the 2-position of pyrene show a low PLQY,
owing to the strengthening of the intermolecular hydrogen bond interactions, (3) when the
hydroxyl group was replaced by the bulky benzyl group, the compounds 3 showed a blue-
shifted fluorescence with narrow-band emission in the solid state. This is because of the bulky

benzyl group that not only plays a significant role to regulate the intermolecular interactions,



resulting in enhanced emission in aggregated states, but also can narrow the emission band via
rigidifying the molecular conformation. Thus, the systematic exploration of the photophysical
properties of the pyrene-based blue emitters in this work will provide an efficient molecular
strategy for developing high-performance, narrow-band pyrene-based blue emitters with great

potential for application in blue OLED devices.

2. Experimental Section

2.1 Materials

Unless otherwise stated, all reagents used were purchased from commercial sources and were
used without further purification. The intermediate 7-tert-butyl-2-hydroxyl-1,3-dibromopyrene
(1) was synthesized from 7-tert-buty-2-hydroxylpyrene following our previous report.*! The
compounds 2a-3¢ were synthesized by a Suzuki reaction using (1) as starting material, and then
were involved in a Williamson reaction to afford the corresponding compounds 3a-3¢ in high

yields, respectively.
2.2 Characterization

'H and “C{'H} NMR spectra were recorded on a Bruker AV 400M spectrometer using
chloroform-d solvent and tetramethylsilane as internal reference; J-values are given in Hz.
High-resolution mass spectra (HRMS) were recorded on a LC/MS/MS, which consisted of a
HPLC system (Ultimate 3000 RSLC, Thermo Scientific, USA) and a Q Exactive Orbitrap (QE
orbitrap type) mass spectrometer. UV-vis absorption spectra and photoluminescence (PL)
spectra were recorded on a Shimadzu UV-2600 and the Hitachi F-4700 spectrofluorometer. PL
quantum yields were measured using absolute methods using a Hamamatsu C11347-11
Quantaurus-QY Analyzer. The quantum lifetimes were recorded on an Edinburgh FLS 980
instrument and measured using a time-correlated single-photon counting method.
Thermogravimetric analysis was carried on a Mettler Toledo TGA/DSC3+ under dry nitrogen
at a heating rate of 10 °C/min. The quantum chemistry calculation was performed on the

Gaussian 09 (B3LYP/6-311G (d,p) basis set) software package.
2.3 X-ray Crystallography

Crystallographic data for the compound 3a was collected on a Bruker APEX 2 CCD



diffractometer with graphite monochromated Mo Ka radiation (A = 0.71073 A) in the ® scan
mode. 3¢ The structure was solved by charge flipping or direct methods algorithms and refined
by full-matrix least-squares methods on F2.>7 All esds (except the esd in the dihedral angle
between two l.s. planes) were estimated using the full covariance matrix. The cell esds were
considered individually in the estimation of esds in distances, angles and torsion angles.
Correlations between esds in cell parameters were only used when they were defined by crystal
symmetry. An approximate (isotropic) treatment of cell esds was used for estimating esds
involving L.s. planes. The final cell constants were determined through global refinement of the
xyz centroids of the reflections harvested from the entire data set. Structure solution and
refinements were carried out using the SHELXTL-PLUS software package.’’ Data (excluding
structure factors) on the structures reported here have been deposited with the Cambridge
Crystallographic Data Centre. CCDC 2315003 (3a) contains the supplementary
crystallographic data for this paper. These data could be obtained free of charge from The

Cambridge Crystallographic Data Centre via www.ccdc.cam.ac.uk/data_request/cif.

2.4 Synthetic procedures

Synthesis of 7-tert-butyl-2-hydroxyl-1,3-dibromopyrene (1): Under a nitrogen atmosphere, 7-
tert-butyl-2-hydroxylpyrene (1.64 g, 6.0 mmol, 1.0 eq.) and N-bromosuccinimide (NBS) (3.3
g, 18.6 mmol, 3.1 eq.) were added into a round-bottom flask containing dry DCM (30 mL),
and the mixture was stirred at room temperature for 18 h. After the reaction, the mixed solution
was quenched by H>O and extracted by DCM (3 X 50 mL) three times, and the combined
organic layer was washed with water and brine. The combined organic layer was dried with
anhydrous MgSO4 and then evaporated. The crude product was further purified by silica gel
column chromatography using n-hexane/dichloromethane (Vi-hexane:Vdichloromethane=4:1) as
eluent to obtain a gray solid powder 7-fert-butyl-2-hydroxyl-1,3-dibromopyrene (1) (1.47 g,
57%). '"H NMR (400 MHz, DMSO-de) & 10.44 (s, 1H), 8.44 (s, 2H), 8.35 (d, J = 9.3 Hz, 2H),
8.31 (d, J=9.2 Hz, 2H), 1.54 (s, 9H) ppm; the result is consistent with our previous report.

Compounds 2a, 2b and 2¢ were synthesized by the same procedure but by varying the
corresponding arylboronic acid ester. The detailed synthetic procedure of 2a is illustrated

below as an example.
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Synthesis of 7-tert-butyl-2-hydroxyl-1,3-bis(4-methoxyphenyl)phenyl)pyrene (2a): Under a
nitrogen atmosphere, 7-tert-butyl-2-hydroxyl-1,3-dibromopyrene (1) (429 mg, 1.0 mmol, 1.0
eq.), 2-(4-methoxyphenyl)-4,4,5,5-tetramethyl-1,3,2-dioxaborolane (468 mg, 2.0 mmol, 2.0
eq.) and K>COs3 (690 mg, 5 mmol, 5.0 eq.) were added into a round bottomed flask containing
a mixture solution of toluene, ethanol and water (12 mL) (Violuene: Vethanol: Vwater = 4:1:1). The
mixture was stirred for 5 min and then Pd(PPh3)s (100 mg, 0.08 mmol) was added, The mixture
was stirred at 90 °C (oil bath) for 24 h. After cooling, the mixed solution was quenched by H,O
and extracted by DCM (3 x 50 mL) three times, and the organic layer was washed with water
and brine. The combined organic layer was dried with anhydrous MgSO4 and then evaporated.
The crude product was further purified by silica gel column chromatography using n-
hexane/dichloromethane (Vn-hexane: Vdichloromethane=2:1) as eluent to obtain a light yellow solid
powder 7-tert-butyl-2-hydroxyl-1,3-bis(4-methoxyphenyl)phenyl)pyrene (2a) (374 mg, 77%,
melting point: 276 °C). 'H NMR (400 MHz, CDCl3) & 8.17 (s, 2H), 7.96 (d, J = 9.2 Hz, 2H),
7.79 (d, J=9.2 Hz, 2H), 7.52 (d, J = 8.5 Hz, 4H), 7.15 (d, J = 8.6 Hz, 4H), 5.44 (s, 1H), 3.93
(s, 6H), 1.58 (s, 9H) ppm. *C{'H} NMR (100 MHz, CDCl5) § 159.4, 148.3, 148.1, 132.6,
130.1, 130.0, 128.0, 127.5, 124.8, 123.1, 122.5, 120.0, 114.5, 77.4, 77.1, 76.7, 55.4,35.1, 31.9
ppm. HRMS (FTMS + p APCI) m/z: [M+H]" Calcd for C34H3003 487.2195; Found, 487.2266.
Synthesis of 7-tert-butyl-2-hydroxyl-1,3-bis(4-(diphenylamino)phenyl)pyrene (2b): light
yellow solid powder, 72% yield, melting point>300 °C. '"H NMR (400 MHz, CDCl3) § 8.17 (s,
2H), 7.98 (d, J=9.3 Hz, 2H), 7.89 (d, J=9.2 Hz, 2H), 7.44 (d, J = 8.5 Hz, 4H), 7.31 (q, J =
8.7 Hz, 12H), 7.27-7.20 (m, 8H), 7.08 (t, J = 7.2 Hz, 4H), 5.58 (s, 1H), 1.58 (s, 9H) ppm.
BC{'H} NMR (100 MHz, CDCls) § 148.1, 147.6, 132.2, 130.1, 130.0, 129.4, 128.8, 128.0,
124.8,123.3,123.3,123.2,122.5,53.4,35.1,31.9 ppm. HRMS (FTMS + p APCI) m/z: [M+H]"
Calcd for CssH44N20 761.3454; Found, 761.3499.

Synthesis of 7-tert-butyl-2-hydroxyl-1,3-bis(4-(1,2,2-triphenylvinyl)phenyl)pyrene (2c):
white solid powder, 77% yield, melting point>300 °C. '"H NMR (400 MHz, CDCls) & 8.24 (s,
2H), 8.02 (d,J=9.2 Hz, 2H), 7.73 (d, /= 9.2 Hz, 2H), 7.41-7.32 (m, 10H), 7.28 (d, /= 7.2 Hz,
10H), 7.25-7.16 (m, 18H), 5.40 (s, 1H), 1.65 (s, 9H) ppm. *C{'H} NMR (100 MHz, CDCls)
0 162.6, 148.2, 147.5, 143.8, 143.6, 143.5, 143.4, 141.7, 140.7, 133.5, 131.9, 131.5, 131.4,
131.3,130.7, 130.0, 129.9, 128.0, 127.8, 127.7, 126.7, 126.6, 126.6, 124.7, 123.2,122.9, 122.5,



119.9, 41.0, 36.5, 35.1, 31.9, 31.4 ppm. HRMS (FTMS + p APCI) m/z: [M+H]" Calecd for
C72Hs40 935.4175; Found, 935.4231.

Compounds 3a, 3b and 3¢ were synthesized by the same procedure but by varying the
corresponding compounds 2. The detailed synthetic procedure of 3a is illustrated below as an
example.

Synthesis  of  7-tert-butyl-2-((4-(trifluoromethyl)benzyl)oxy)-1,3-bis(4-methoxyphenyl)
pyrene (3a): Under a nitrogen atmosphere, 7-tert-butyl-2-hydroxyl-1,3-bis(4-
methoxyphenyl)pyrene (2a) (308 mg, 0.63 mmol, 1.0 eq.), 1-(bromomethyl)-4-
(trifluoromethyl)benzene (608 mg, 2.55 mmol, 4.0 eq.) and Cs>COs3 (1.24 g, 3.8 mmol, 6.0 eq.)
were added into a round-bottom flask containing dry DMF (20 mL). The mixture was stirred
at 130 °C (oil bath) for 24 h. After cooling, the mixture was quenched by water and extracted
three times with DCM (3x50 mL), the organic layer was successively washed by water and
brine, and the combined organic extracts were dried with anhydrous magnesium sulfate
(MgS04), and finally evaporated. The crude product was further purified by silica gel column
chromatography using n-hexane/dichloromethane (Vn-hexane:Vidichloromethane=3:1) as eluent to
obtain a light white solid powder 7-tert-butyl-2-((4-(trifluoromethyl)benzyl)oxy)-1,3-bis(4-
methoxyphenyl)pyrene (3a) (325 mg, 80%, melting point: 255 °C). '"H NMR (400 MHz, CDCls)
0 8.19 (s, 2H), 7.98 (d, J=9.3 Hz, 2H), 7.92 (d, J=9.2 Hz, 2H), 7.53 (d, /= 8.7 Hz, 4H), 7.36
(d, J=7.9 Hz, 2H), 7.09 (d, J = 8.6 Hz, 4H), 6.65 (d, J = 7.9 Hz, 2H), 4.30 (s, 2H), 3.94 (s,
6H), 1.58 (s, 9H) ppm. *C{'H} NMR (100 MHz, CDCl3) § 159.1, 148.9, 140.8, 132.6, 130.9,
130.7, 130.3, 128.9, 128.6, 127.9, 125.2, 124.9, 122.5, 113.7, 74.3, 55.5, 35.2, 31.9, 29.7 ppm.
HRMS (FTMS + p APCI) m/z: [M+H]" Calcd for C4,H3sF303 645.2538; Found, 645.2604.
Synthesis of 4,4'-(7-tert-butyl-2-((4-(trifluoromethyl)benzyl)oxy)pyrene-1,3-diyl)bis(N,N-
diphenylaniline) (3b): light yellow solid powder, 63% yield, melting point>300 °C. '"H NMR
(400 MHz, CDCls) 6 8.21 (s, 2H), 8.03 (s, 4H), 7.53 (t, J= 8.4 Hz, 6H), 7.30 (dd, /= 7.9, 4.3
Hz, 12H), 7.22 (d, /= 7.4 Hz, 8H), 7.10 — 7.05 (m, 4H), 6.96 (d, J=7.9 Hz, 2H), 4.41 (s, 2H),
1.59 (s, 9H) ppm. *C{'H} NMR (100 MHz, CDCl3) § 147.8, 147.1, 132.4,131.0, 130.7, 130.6,
130.2, 129.4, 128.6, 128.0, 125.2, 124.4, 123.5, 123.1, 122.6, 31.9 ppm. HRMS (FTMS + p
APCI) m/z: [M+H]" Caled for Cs4sHaoF3N20 919.3797; Found, 919.3839.

Synthesis of 7-tert-butyl-2-((4-(trifluoromethyl)benzyl)oxy)-1,3-bis(4-(1,2,2-



triphenylvinyl)phenyl)pyrene (3c): white solid powder, 49% yield, melting point>300 °C. 'H
NMR (400 MHz, CDCl3) 6 8.20 (s, 2H), 7.98 (d, J=9.3 Hz, 2H), 7.74 (d, /= 9.2 Hz, 2H), 7.48
(d, J= 8.0 Hz, 2H), 7.35 (d, J = 8.1 Hz, 4H), 7.28 — 7.21 (m, 7H), 7.18 — 7.05 (m, 29H), 6.84
(d, J=7.9 Hz, 2H), 1.59 (s, 9H) ppm. 3C{'H} NMR (100 MHz, CDCl3) § 149.0, 143.8, 143.6,
143.1, 141.5, 140.8, 134.7,131.5, 131.4, 131.3, 131.1, 131.0, 130.8, 130.6, 130.2, 128.3, 127.9,
127.8,127.7, 127.6, 126.6, 126.6, 125.0, 122.6 ppm. HRMS (FTMS + p APCI) m/z: [M+H]"
Calcd for CgoHsoF30 1093.4518; Found, 1093.4572.
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