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ABSTRACT: Functional molecules with aggregation-induced emission (AIE) have lately
received the most attention due to their versatile functions in many fields. In this work,
tetraphenylethene (TPE) as one of the most concerned AIE systems was installed on different
fluorophores  including dansyl, naphthalimide, 4-nitro-1,2,3-benzoxadiazole (NBD),
borondipyrromethene (BODIPY), hemicyanine to afford a series of new fluorescent dyes, whose
spectra covered a fluorescence region of visible to near-infrared emission. Especially, these
tetraphenylethene-containing compounds all exhibited AIE behavior. In solid state, they presented
multicolor including blue, orange, red, crimson and NIR (near-infrared emission). It was worth
mentioning that the dansyl- and NBD- coating TPEs exhibited obvious mechanoresponsive
luminescence (MRL) phenomena. Moreover, these AIE-based TPEs displayed good bioimaging
performance in living cells. This work will be helpful for designing functional AIE dyes with

different fluorescence emission.

Introduction

With the rapid development of visualization and imaging technology, functional fluorescent
dyes are of growing use in materials chemistry and biochemistry on the account of their marvelous
applications in organic semiconductors, fluorescent probes, chemosensors, bioimaging, diseases
diagnosis and therapy etc.!'1® To gain the fluorescent dyes with high performance, one of the
biggest challenges is that the dyes need to overcome the effect of fluorescence weakening or
quenching caused by molecular aggregation.!’-2> As an opposite of aggregation caused quenching

(ACQ), the aggregation-induced emission (AIE)-active fluorescent dyes can weaken the influence
2
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of molecular aggregation. Over past several years, a large number of AIE molecules with various
function have been developed and applied in the fluorescence-related fields.?3-28 For instance, their
high performance in solid state or thin film can be used to construct the stimuli-responsive
fluorescent sensors while their excellent behavior in aqueous can serve as the biomaterials to be
applied in bioimaging of living systems.?® Accordingly, exploring the multi-functional AIE-active
fluorescent dyes is vitally significant for promoting the development of imaging technology and

meeting the requirements of fluorescent dyes suitable for different imaging scenes.

Tetraphenylethene (TPE), as the classic AIE-based molecular backbone, has been widely used
to construct the stimuli-responsive fluorescent sensors and bioimaging materials with AIE
performance by many groups.3? In our group, we employed the TPE backbone as a building block
to construct a series of fluorescent sensors and fluorescent probes in recent years.?- 3132 In
consideration of the fact that these fluorescent TPEs were mainly in narrow region of spectra
emission and some TPEs were non-AlE active, we reported a series of AIE-based fluorescent dyes
ranging from visible to near-infrared region by fusing TPE moiety and different fluorophores
including dansyl, naphthalimide, 4-nitro-1,2,3-benzoxadiazole (NBD), borondipyrromethene
(BODIPY), hemicyanine in Scheme 1, and detailedly investigated their AIE behavior,

performance in solid state and bioimaging application.

m‘% e ﬁhg

TPE NIR

TPE Red TPE Crimson

Scheme 1 The molecular structures of TPEs ranging from visible to near-infrared region.

Results and discussion
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Synthesis and structural details of TPEs. The TPEs were synthesized through the reaction of
TPE-based amine 1 with corresponding halogen-containing fluorophores, as outlined in Scheme
2. TPE-Blue was synthesized by the treatment of amine 1 and dansyl chloride 2 while TPE-
Orange was obtained by employing naphthalimide-based bromide 333 as a starting material to
carry out a coupling reaction of carbon-nitrogen bond formation with 1 in presence of Pd(OAc),.
The nucleophilic substitution of amine 1 with chlorides 4 and 534, respectively, generated the
corresponding TPE-Red and TPE-Crimson. While TPE-NIR was obtained via the condensation
between 2,3,3-trimethyl-1-propyl-3H-indol-1-ium iodide 8> and TPE-based aldehyde 7 that was
prepared by a similar Pd-catalyzed coupling reaction of amine 1 with bromide 6. All new
intermediates and targeting molecules were well characterized by '"H NMR, '*C NMR and mass

spectroscopies (see Figure S7-S20 in Supporting Information).
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Scheme 2 The synthesis of the multi-color TPE derivatives. I) NEt;, DCM, R.T, 12 h, 65%. IT) K,COs3, Pd(OAc),,
toluene, 100 °C, 12 h, 64%. III) NEt;, MeCN, reflux, 12 h, 51%. IV) NEt;, 1,4-dioxane, 80 °C, 12 h, 45%. V)
Cs,CO3, Pd(dba),, BINAP, toluene, 100 °C, 16 h, 60%. VI) Pyridine, ethanol, 60 °C, 12 h, 70%. (NEt;:
triethylamine, DCM: dichloromethane, R.T: room temperature, BINAP: (£)-2,2'-Bis(diphenylphosphino)-1,1'-

binaphthalene)

Further efforts paid for seeking more details of molecular structures by X-ray single crystal
diffraction. Fortunately, the single crystals of TPE-Blue and TPE-NIR suitable for
crystallographic analysis were obtained by slow diffusion of hexane into a CH,Cl, solution of
TPE-Blue and TPE-NIR at room temperature, respectively. The corresponding crystallographic
data and thermal ellipsoid plots were summarized in Table S2, Figure S1 and S2 in Supporting

Information. From the crystal structure of TPE-Blue illustrated in Figure 1A, it was found that

5
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TPE component and dansyl-amide framework presented almost vertical configuration. And there
were multiple weak intermolecular interactions between molecules, including N-H---O (Figure
1B), C-H---N (Figure 1C), C-H---O (Figure 1D), and C-H---n (Figure 1E) interactions. Such
multi-interaction resulted that the fluorescent dye in crystalline phase presented highly ordered
stacking, as shown in Figure 1F. In which, the TPE components and naphthalene rings were

arranged in an alternating herringbone manner.
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Side view

Figure 1 The single crystal structure (A), N-H---O interaction (B), C-H:--N interaction (C), C-H---O interaction

(D), C-H: ‘@ interaction (E) and the stacking view (F) of dye TPE-Blue.

According to the crystal structure of dye TPE-NIR in Figure 2A, TPE component showed
similar twisted configuration as well as dye TPE-Blue while the hemicyanine moiety exhibited a
planar structure. Analyzing the intermolecular interactions found that it mainly involved in three

weak interactions such as C-H:- 7 interaction (Figure 2B) and N-H:--N interaction (Figure 2C).
7
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In stacking view of TPE-NIR, the intermolecular hemicyanine components were arranged to a
face-to-face pattern, the distance of two aromatic centers is up to 3.925 A (Figure 2D) owing to

the large space steric hindrance of TPE.

Figure 2 The single crystal structure (A), C-H:--& interaction (B), C-H---N interaction (C), centers distance (D)

and the stacking view (E) of dye TPE-NIR.

To gain insight into the electronic properties of TPEs, time-dependent density functional theory
(TD-DFT) calculations were carried out at the B3LYP/6-31G* level with the Gaussian 09 program
to explore their frontier molecular orbitals and electronic transitions upon photoexcitation.3® The
maximum absorption and corresponding molecular orbitals for these major electronic transitions

were shown in Figure 3. The optimized structure of TPE-Blue in Figure 3A exhibited a similar

8
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configuration with single crystal. The result of the absorption spectrum showed that TPE-Blue
involved in a main S-S, electronic transition (around 350 nm) with a large oscillator strength of
0.5166, corresponding to 57% contribution from the HOMO to LUMO+1 transition (Table S3 in
Supporting Information). More, its electron density of the highest occupied molecular orbital
(HOMO) was distributed in TPE moiety while the lowest unoccupied molecular orbital (LUMO)
was mainly localized on the dansyl-amide backbone. For dye TPE-Orange, it contained three
main absorption bands at around 482, 380 and 353 nm, respectively, as shown in Figure 3B. The
distribution of HOMO mainly focused on the morpholine ring while the LUMO was distributed in
naphthalimide fluorophore. Similar three absorption bands (at 560, 418 and 350 nm, respectively)
with large oscillator strengths were also observed in molecule of TPE-Red in Figure 3C.
Differently, its electron density of HOMO mainly distributed in TPE unit while LUMO was
located in NBD backbone. For BODIPY- and hemicyanine-cotaining TPE-Crimson and TPE-
NIR, they involved in multi-electronic transitions, as shown in in Figure 3D and Figure 3E.
Especially, the HOMO and LUMO electron density of all molecules had the charge transfer
characteristics, which implied that these dyes were probably fluorescent.’’” Additionally,
investigation on the energy levels (such as 3.81, 2.99, 2.72, 2.45 and 1.63 eV, respectively) found
that they possessed a trend of decreasing band gaps, suggesting that their optical behavior had

gradual red-shift.
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Figure 3 Frontier molecular orbital profiles of (A) TPE-Blue, (B) TPE-Orange, (C)TPE-Red, (D)TPE-

Crimson and (E) TPE-NIR based on TDDFT (B3LYP/6-31G*) calculations.

AIE behavior. As known, TPE backbone has been widely applied in the construction of AIE-
based functional materials. In consideration of these molecules containing TPE unit, the
subsequent work focused on investigating their AIE behavior by UV-Vis absorption and
fluorescence spectra at room temperature. All measurements were carried out in a solution of
MeCN/H,O with different volume fractions of water (f,,). Except for TPE-Blue (around at 220-
400 nm) with sulfonamide moiety, the UV-Vis absorption spectra of TPE-Orange, TPE-Red,
TPE-Crimson and TPE-NIR exhibited the main absorption band peaked at 450, 485, 497 and
537 nm (Figure S3 in Supporting Information), respectively. With increasing volume fractions of

water, no significant changes were observed (Figure S3 in Supporting Information).

Subsequently, their AIE behavior was clearly demonstrated in their fluorescence spectra. As

shown in Figure 4A, the emission peaks of TPE-Blue exhibited a complicated solvatochromic
10
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shift. In pure MeCN, TPE-Blue showed a yellow-green fluorescence around at 519 nm with the
absolute fluorescence quantum yield of 23%. Along with increasing the water fractions from 0 to
60%, its fluorescence red-shifted gradually to 538 nm emitting yellow emission and the absolute
fluorescence quantum yield displayed a slight reduction (@, = 17%). The red shift was mainly due
to the intramolecular charge transfer (ICT) effect in response to the increasing solvent polarity of
the mixture solution. When the water fractions increased to over 60%, the emission intensity of
TPE-Blue increased gradually with the increase of water fractions. Simultaneously, the emission
peak blue-shifted to 497 nm and presented a green emission with enhanced fluorescence quantum
yields of 28% when the water fractions were up to 90% in Figure 4F, probably owing to the
formation of its aggregation, which restricted the intermolecular and intramolecular interactions
and led to higher energy emission.?3-3 These observations were well consistent with the findings

of the previous work.
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Figure 4 The fluorescence spectra of compounds (10 uM) TPE-Blue (A), TPE-Orange (B), TPE-Red (C),

TPE-Crimson (D) and TPE-NIR (E) in MeCN/H,O mixtures with different water fractions.

For the naphthalimide-containing fluorescent dye, TPE-Orange was non-fluorescent in pure
MeCN and its fluorescence intensity in mixture solution of MeCN-H,O showed few changes when
the water fractions were in range of 0-60% (@,= 0.4% in MeCN), as presented in Figure 4B.
However, a dramatic enhancement of the fluorescence intensity at 606 nm was observed when the
water fractions changed from 70% to higher water fraction (90%, @;= 1.5%) in Figure 4F, which
strongly suggested that TPE-Orange had typical AIE activity. In contrast, no traditional AIE
phenomenon was found when the NBD-based dye TPE-Red was carried out the same operation
(Figure 4C and Figure 4F), probably ascribing to the fact dye TPE-Red was difficult to form the
corresponding aggregation under the condition of MeCN-H,O solution. Similar to TPE-Orange,
the BODIPY -bearing dye TPE-Crimson revealed a typical AIE character. As described in Figure
4D, few changes of its fluorescence intensity in mixture solution of MeCN-H,O was detected on
the f,, range of 0-50% (@r= 0.3% in MeCN). Subsequently, a dramatic enhancement of the
fluorescence was observed at higher water fractions (60-90%) and the fluorescence intensity
peaked at 633 nm reached a maximum when the water fraction was 80% (@, = 1.2%) in Figure
4F. In comparison to the above, the hemicyanine-moidified near-infrared dye TPE-NIR exhibited

a different AIE behavior. As could be found in Figure 4E, TPE-NIR showed an obvious

12
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fluorescence emission at 622 nm in pure organic solvent and the fluorescence intensity in MeCN-
H,O displayed slight enhancement when the water fractions were in range of 0-80% (@;= 0.4% in
MeCN). However, its fluorescence red-shifted to 690 nm the f;, was up to 90% (@,= 0.9%) in
Figure 4F. These results strongly indicated that the introducing fluorophores was able to adjust
their fluorescence emission while the TPE unit might affect their AIE activity. For the reason, we
speculated that their AIE activity probably originated from the combination of ICT/TICT effect
and restricted intramolecular rotation (RIR) according to the above observations and the
solvatochromic properties (Figures S4 and S5 in Supporting Information). More, the further proof
was found when we measured their fluorescence spectra in mixture solutions of glycerol/methanol
with different viscosity (Figure S6 in Supporting Information). Especially for dye TPE-Red, its
emission intensity gradually increased with the enhancement of viscosity of solvent due to the RIR
process (Figure S6C in Supporting Information), which confirmed dye TPE-Red was AIE-

activated.

Performance in solid state. To further confirm the AIE activity of these fluorescent dyes, we
investigated their fluorescence property in solid state. As presented in Figure 5A, the emission
peaks of TPE-Blue, TPE-Orange, TPE-Red, TPE-Crimson and TPE-NIR centered at 470, 611,
660, 665 and 722 nm, respectively, and ranged from visible to near-infrared region, as observed
from the images of their powder in Figure 5B. It was particularly worth mentioning that dye TPE-
Red revealed a bright red emission in solid state in comparison to its non-emissive behavior in
solution. The result strongly indicated that TPE-Red was also an AIE-active fluorescent dye.
Further proof was achieved by checking their absolute fluorescent quantum yields in solid state
which were 57%, 3.2%, 1.5%, 2.5% and 1.4% of TPE-Blue, TPE-Orange, TPE-Red, TPE-

Crimson and TPE-NIR, respectively. According to the data, it was found that they had higher

13
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fluorescent quantum yields in solid state than in solution, which completely verified that these
fluorophore-labelling TPEs had typical AIE behavior and their emission ranged from visible to

near-infrared emission.
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Figure 5 The fluorescence spectra (A) and the emission images under 365 nm (B) of the TPEs in solid state.

For TPEs, numerous studies have confirmed that they possessed mechanically responsive
performance in powder.**47 Accordingly, subsequent studies were conducted to explore their
mechanically induced fluorescence performance in solid state. The results showed that the dansyl-
based TPE-Blue and NBD-based TPE-Red exhibited mechanoresponsive properties in
comparison to others (Figure 6). The as-prepared pristine TPE-Blue exhibited a strong blue
emission at 470 nm. By mechanically grinding the powder of TPE-Blue using a pestle, an obvious
bathochromic emission at 492 nm was observed in Figure 6A. As a result of grinding, the absolute
fluorescence quantum yields increased largely from 57% to 78% with the changes of image color
from blue to bright green in Figure 6B. Interestingly, the bright blue emissions of the solid powder
was able to be fully recovered by fuming it with dichloromethane or heating it to 150 °C for 3 min
after the grinding process, suggesting that TPE-Blue had a reversible mechanochromic behavior.

To gain insight into the mechanism of mechanochromism process, we collected the powder X-ray

14
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diffractions (PXRD) spectra of the as-prepared, ground and the fumed/annealed TPE-Blue solids.
In Figure 6C, the spectrum of the as-prepared TPE-Blue had many sharp diffraction peaks,
implying the crystalline characteristic. In contrast, these sharp peaks almost disappeared upon
mechanically grinding, indicating that mechanical grinding changed the stacking of TPE-Blue
from the crystalline phase to the amorphous phases. Moreover, and the original crystalline state
can be regained by exposure to CH,Cl, vapor or heating. These observations demonstrated that
the morphology transition between the crystalline and amorphous states was responsible for the
mechanochromism of TPE-Blue.

In comparison to the bathochromic emission of TPE-Blue, TPE-Red exhibited a different
mechanoresponsive behavior. The as-prepared sample of TPE-Red showed a strong red emission
at 660 nm (In Figure 6D). Upon mechanically grinding, the bright red emission decreased
dramatically with the changes of fluorescent quantum yields from 1.7% to 0.6%. Similar solvent
fuming or thermal annealing can lead to a fully recovery of the red emission in Figure 6E.
Likewise, the process of crystalline-to-amorphous state transitions was able to be confirmed by

the PXRD in Figure 6F.
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Figure 6 The MRL performance of TPE-Blue and TPE-Red. (A, D) The fluorescence spectra in solid state; (B,
E) Images under 365 nm UV irradiation (up) and daylight (down) of the as-prepared, ground and fumed samples;

(C, F) The XRD spectra.

Bioimaging in living cells. On account of the fact that these TPE-containing fluorescent dyes all
exhibited AIE activity and nearly covered the broad emission region from the visible channel to
NIR channel, we attempted to apply them in bioimaging of live cells. Accordingly, HeLa cells
were cultured in Dulbecco’s modified Eagle’s Medium (DMEM) supplemented with 10% fetal
bovine serum (FBS) and then incubated at 37 °C under a humidified atmosphere containing 5%
CO.. The cells were washed with ice-cold PBS three times and then incubated with fresh culture
medium. The solution (10 uM) of dyes TPE-Blue, TPE-Orange, TPE-Red, TPE-Crimson and
TPE-NIR, respectively, was prepared in phosphate buffered saline (PBS, pH = 7.4) containing
0.1% DMSO at 37 °C. After incubating with HeLa cells for 0.5-4 h and then washing these cells
with PBS, the fluorescence images were collected using a confocal microscope. As could be
observed by viewing the confocal fluorescence microscope images shown in Figure 7, a series of
bright emission was able to be detected and presented multi-color character. These findings
strongly indicated that the AIE-active TPEs can serve as the tracking tools to be applied in

bioimaging.

16
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33 Figure 7 The confocal images of Hela cells in different emission channels with TPE-Blue (A), TPE-Orange

35 (B), TPE-Red (C), TPE-Crimson (D) and TPE-NIR (E) (The near-infrared fluorescence was modified

graphically to purple for visual clarity).

41 Conclusions

45 In summary, a series of new AIE systems, installing TPE on different fluorophores (dansyl,
47 naphthalimide, NBD, BODIPY, hemicyanine) were developed, with fluorescent spectra bands
49 covering the region from visible to near-infrared emission, showing multicolors including blue,
52 orange, red, crimson and NIR. Though the way of charge transfer, different coated blocks resulted
54 in the varied AIE behaviors. Surprisingly, the dansyl- and NBD-coating TPEs showed up obvious

56 MRL phenomena which were ascribed to the morphology transitions. Moreover, great staining
57
17
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performances in living cell were exhibited in these TPEs, implying a feasible method to construct
new functional AIE dyes with diverse optical properties. Our study provided a kind of design
strategy involving in ICT/TICT and RIR processes to construct the AIE functional materials with

multicolour through installing different fluorophores on TPE backbone.

Experimental Section

Genenal. All reactions were carried out under a nitrogen atmosphere by using standard Schelenk
techniques. All starting materials were obtained commercially as analytical grade and the solvents
were used with dehydration and degassing purification. The compound 1 was a known structure,

and 3, 5 and 8 were synthesized according to the reported literatures.

'H and BC NMR spectra were collected on an American Varian Mercury Plus 400/600
spectrometer (400/600 MHz) and used tetramethylsilane as the internal reference. Mass spectra
were recorded with an EI mass spectrometer. Elements analysis were measured by a Vario EIIII
Chnso analyzer. UV/Vis spectra were recorded by using a Hitachi U-3310 visible recording
spectrophotometer. Fluorescence spectra were recorded by using a Hitachi-F-4500 instrument.
Crystal structures were obtained on a Bruker APEX DUO charge-coupled device (CCD) system
through single crystal XRD experiments. Intensity data were collected on a Nonius Kappa CCD
diffractometer with Cu Ko radiation (A = 1.54 A) at room temperature. The structures were solved
by a combination of direct methods (SHELXS-97) and Fourier difference techniques and refined
by a full-matrix least-squares process (SHELXL-97). All non-hydrogen atoms were refined
anisotropically. Data on the structures reported here had been deposited with the Cambridge

Crystallographic Data Centre with deposition numbers CCDC 1937424 and 1937425. The
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hydrogen atoms were placed in ideal positions and refined as riding atoms. The quantum chemistry

calculation was performed on the Gaussian 03W (B3LYP/6-31G* basis set) software package.

Synthesis of Compound 1 (1-(4-Aminophenyl)-1,2,2-triphenylethene). The Zn powders (14.8
g, 229 mmol) was added to a 250 mL two-necked flask, followed by the addition of dry THF (80
mL) under a nitrogen atmosphere. The reactants were cooled to 0-5 °C, stirred for 0.5 h at room
temperature after the TiCl, (21.0 g, 114.5 mmol) was added dropwise, then reflux for 2.5h. After
that, the reactants were cooled to 0-5 °C again, stirred for 10 min at room temperature after the
pyridine (4.5 g, 57.25 mmol) was added dropwise. Then benzophenone (5.0 g, 27.4 mmol) and 4-
aminobenzophenone (4.5 g, 22.9 mmol) in THF (50 mL) were then added dropwise, and reflux for
24 h. The mixture was poured into saturated sodium carbonate solutions. The residue was filtered
and washed with ethyl acetate. The combined organic layers were washed with water and brine,
dried over anhydrous Na,SO,, and evaporated under vacuum to afford 1, which was purified by

means of column chromatography, as a yellow solid (5.8 g, 74%)).

Synthesis of Compound 7 (4-((4-(1,2,2-triphenylvinyl)phenyl)amino)benzaldehyde). The 1
(100 mg, 0.29 mmol) and 6 (63.9 mg, 0.35 mmol), Cs,CO; (6.6 mg, 1.06% mmol), Pd(dba), (2.0
mg, 0.35% mmol), BINAP (140 mg, 0.43 mmol) were dissolved in 10 mL dry toluene under a
nitrogen atmosphere. The reactants were stirred at 100 °C for 16 h. The mixture was then poured
into aqueous solution of ammonia and extracted with dichloromethane (3 x 20 mL). The combined
organic layers were washed with water and brine, dried over anhydrous Na,SO,, and evaporated
under vacuum to afford 7, which was purified by means of column chromatography, as a light-
yellow solid (78 mg, 60%). 'H NMR (600 MHz, CDCl3): 8 (ppm) = 9.78 (s, 1H), 7.73 (d, /=6
Hz, 2H), 7.05-6.92 (m, 21H), 6.12 (s, 1H). BC{'H} NMR (150 MHz, DMSO-dy): & (ppm) = 187.6,

146.7, 141.1, 140.9, 138.2, 137.5, 136.5, 135.6, 129.8, 129.4, 128.7, 125.8, 125.1, 125.0, 123.8,
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123.8,117.2,112.0, 106.0. EI-MS: m/z=451.10 [M]*; calculated exact mass: 451.19. Anal. Calcd.

for C33H,sNO: C, 87.77; H, 5.58; N, 3.10. Found: C, 87.62; H, 5.71; N, 3.22.

Synthesis of TPE-Blue (5-(dimethylamino)-N-(4-(1,2,2-triphenylvinyl)phenyl)naphthalene-
1-sulfonamide). The 1 (0.10 g, 0.29 mmol) and 2 (0.11 g, 0.43 mmol) were dissolved in 30 mL
dry dichloromethane, followed by the addition of Et;N (0.2 mL) under a nitrogen atmosphere. The
reactants were stirred at room temperature for 12 h. The mixture was then evaporated and the
residue was dissolved in dichloromethane and extracted (3 x 20 mL). The combined organic layers
were washed with water and brine, dried over anhydrous Na,SO,, and evaporated under vacuum
to afford TPE-Blue, which was purified by means of column chromatography, as a white solid
(0.10 g, 65%). '"H NMR (400 MHz, CDCl;): 8 (ppm) = 8.52(d, J = 8 Hz, 1H), 8.29 (d, /= 8 Hz,
1H), 8.08 (d, /=8 Hz, 1H), 7.57 (t, /=8 Hz, 1H), 7.43 (t, /=10 Hz, 1H), 7.19 (d, J = 8 Hz, 1H),
7.06-6.89 (m, 15H), 6.76(d, J = 8 Hz, 2H), 6.63(d, J = 8.0 Hz, 2H), 6.53 (s, 1H), 2.89 (s,
6H).3C{'H} NMR (150 MHz, CDCl5): & (ppm) = 152.0, 143.3, 141.0, 140.7, 139.8, 134.5, 133.9,
132.0, 131.2, 130.7, 130.4, 129.7, 128.6, 127.6, 126.4, 123.0, 120.8, 118.5, 115.2, 45.4. EI-MS:
m/z = 580.18 [M]"; calculated exact mass: 580.22. Anal. Calcd. for C33H3,N,O,S: C, 78.59; H,

5.55; N, 4.82. Found: C, 78.70; H, 5.69; N, 4.73.

Synthesis of TPE-Orange (2-(2-morpholinoethyl)-6-((4-(1,2,2-triphenylvinyl)phenyl)amino)-
1H-benzo|de]isoquinoline-1,3(2H)-dione). The 1 (66 mg, 0.19 mmol), 3 (50 mg, 0.13 mmol),
K,CO5(70 mg, 0.51 mmol), Pd(OAc), (57 mg, 0.26 mmol)were dissolved in 10 mL dry toluene
under a nitrogen atmosphere. The reactants were stirred at 100 °C for 12 h. The mixture was then
evaporated and the residue was dissolved in dichloromethane and extracted (3 x 20 mL). The

combined organic layers were washed with water and brine, dried over anhydrous Na,SO,, and
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evaporated under vacuum to afford TPE-Orange, which was purified by means of column
chromatography, as an orange solid (54 mg, 64%). '"H NMR (600 MHz, CDC]ls): & (ppm) = 8.61
(d, /=6 Hz, 1H), 8.40 (d, /=12 Hz, 1H), 8.25 (d, J= 6 Hz, 1H), 7.69 (t, J = 6 Hz, 1H), 7.28 (s,
1H), 7.21-6.88 (m, 18H), 6.75 (s, 1H), 4.33 (t, /= 7.0 Hz, 2H), 3.70 (s, 4H), 2.66 (d, J = 56.2 Hz,
6H). BC{'H} NMR (100 MHz, CDCl;): 6 (ppm) = 164.50, 163.86, 146.46, 143.8, 143.5, 143.5,
141.3, 140.4, 140.1, 138.0, 133.5, 132.8, 131.4, 131.4, 131.3, 129.9, 127.8, 127.7, 126.7, 126.6,
126.6,126.5,125.5,123.2,121.9,121.3,113.2, 109.2, 67.1, 56.3, 53.9, 37.1. EI-MS: m/z= 655.07
[M]*; calculated exact mass: 655.28. Anal. Calcd. for C44H37N;505: C, 80.59; H, 5.69; N, 6.41.

Found: C, 80.41; H, 5.88; N, 6.56.

Synthesis of TPE-Red (7-nitro-N-(4-(1,2,2-triphenylvinyl)phenyl)benzo|c][1,2,5]oxadiazol-
4-amine). The 1 (0.35 g, ] mmol) and 4 (0.20 g, I mmol) and were dissolved in 30 mL dry MeCN,
followed by the addition of Et;N (0.1 mL) under a nitrogen atmosphere. The reactants were stirred
for reflux for 12 h. The mixture was then evaporated and the residue was dissolved in
dichloromethane and extracted (3 x 20 mL). The combined organic layers were washed with water
and brine, dried over anhydrous Na,SO,, and evaporated under vacuum to afford TPE-Red which
was purified by means of column chromatography, as a red solid (0.26 g, 51%). 'H NMR (400
MHz, CDCls): 6 (ppm) = 8.42 (d, J = 8 Hz, 1H), 7.65 (s, 1H), 7.12-7.02 (m, 19H), 6.66 (d, J =8
Hz, 1H). BC{'H} NMR (150 MHz, CDCl;): & (ppm) = 144.7, 143.7, 143.2, 143.0, 143.0, 142.7,
142.0, 140.4, 139.4, 135.9, 134.5, 132.8, 131.2, 131.2, 131.1, 127.8, 127.6, 126.7, 126.6, 125.4,
122.1, 101.0. EI-MS: m/z = 510.13 [M]"; calculated exact mass: 510.17. Anal. Calcd. for

C3H»N4O;5: C, 75.28; H, 4.34; N, 10.97. Found: C, 75.40; H, 4.27; N, 10.79.

Synthesis of TPE-Crimson (7-chloro-5,5-difluoro-10-phenyl-N-(4-(1,2,2-

triphenylvinyl)phenyl)-SH-414,514-dipyrrolo[1,2-c:2',1'-f][1,3,2]diazaborinin-3-amine). The
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1 (100 mg, 0.30 mmol) and 5 (100 mg, 0.30 mmol) and were dissolved in 30 mL dry 1,4-dioxane,
followed by the addition of Et;N (0.1 mL) under a nitrogen atmosphere. The reactants were stirred
at 80 °C for 12 h. The mixture was then evaporated and the residue was dissolved in
dichloromethane and extracted (3 x 20 mL). The combined organic layers were washed with water
and brine, dried over anhydrous Na,SO,, and evaporated under vacuum to afford TPE-Crimson,
which was purified by means of column chromatography, as a red solid (84 mg, 45%). '"H NMR
(600 MHz, CDCl5): & (ppm) = 8.06 (s, 1H), 7.49-7.45 (m, 5H), 7.13-7.02 (m, 17H), 6.97 (d, /=6
Hz, 2H), 6.89 (d, J= 6 Hz, 1H), 6.41 (d, /= 6 Hz, 1H), 6.37 (d, J= 6 Hz, 1H), 6.22 (d, J= 6 Hz,
1H). BCNMR{'H} (150 MHz, CDCls): 8 (ppm) = 155.7, 140.7, 140.6, 140.5, 139.1, 139.0, 136.9,
132.7, 130.9, 130.8, 130.2, 123.0, 129.3, 128.6, 128.5, 127.6, 126.8, 125.6, 125.1, 125.0, 124.0,
124.0, 123.9, 119.0, 118.6, 110.7, 109.2. EI-MS: m/z = 646.94 [M]"; calculated exact mass:
647.21. Anal. Calcd. for C4;H,9BCIF,N5: C, 76.00; H, 4.51; N, 6.49. Found: C, 76.19; H, 4.65; N,

6.33.

Synthesis of TPE-NIR ((E)-3,3-dimethyl-1-propyl-2-(4-((4-(1,2,2-
triphenylvinyl)phenyl)amino)styryl)-3H-indol-1-ium). The entire process needed to be kept in
dark. The 7 (58 mg, 0.17 mmol) and 8 (80 mg, 0.17 mmol) and were dissolved in 20 mL dry
ethanol, followed by the addition of pyridine (0.1 mL) under a nitrogen atmosphere. The reactants
were stirred at 60 °C for 12 h. The mixture was then evaporated under vacuum to afford TPE-NIR,
which was purified by means of column chromatography, as a blue solid (94 mg, 70%). 'H NMR
(600 MHz, DMSO-dg): 6 (ppm) = 9.43 (s, 1H), 8.35 (d, /= 18 Hz, 1H), 8.11 (d, J = 6 Hz, 2H),
7.82 (s, 2H), 7.57 (d, J = 24 Hz, 2H), 7.37 (d, J = 12 Hz, 1H), 7.18-6.96 (m, 20H), 4.54 (t, /=6

Hz, 1H), 1.86-1.82 (m, 2H), 1.77 (s, 6H), 0.99 (t, J = 6 Hz, 3H). ESI-MS: m/z = 635.38 [M]*;
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calculated exact mass: 635.86. Anal. Calcd. for C47H43IN,: C, 74.01; H, 5.68; N, 3.67. Found: C,

74.15; H, 5.77; N, 3.49.
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