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Abstract

Near-infrared (NIR) organic fluorescent probes hatteacted great deal of attention
for application in cell imaging, where the probesnénd good water solubility, strong
emission and good cytocompatibility. In this studyconjugate of anthraquinone and
tetraphenylethylene is introduced into an amph@fulenoted by BTPEAQ-10) with
four pyridinium terminated aliphatic chains. Thes@sblies of BTPEAQ-10 show an
NIR emission peaked at 670 nm. lonic co-assembth wodium dodecyl benzene
sulfonate leads to drastic enhancement of the digEnt emission to 30-fold.
Controlling experiments on different surfactantsl @mionic groups show that both
the hydrophilic group and the alkyl chain play icat role to the emission
enhancement. Both the assemblies and co-asserhbitesgood water solubility and
cytocompatibility, and were applied in cell imagifithe co-assemblies showed much

better contrast of cell imaging due to the highmaission property.

1. Introduction

Supramolecular assembly presents a versatile phatftor tuning the
emission of fluorescent dyes, and thus owns gretgnpial in preparation of
fluorescent probes applicable in the field of aelhging.[1-4] Among them,
fluorophores with near-infrared (NIR) emission aeeeloping rapidly owing to
their advantages, such as overcoming the autoebomnce of the
bio-systems,[5-7] reducing photo-damage,[8, 9] @noviding deeper tissue
penetration[10, 11] relative to fluorophores in th&hort-wavelength
region.[12-17] Cells contain a large quantity oftewaas well as organelles and
lipid membranes. Thus, the organic fluorescent dgedeing applied as probes
in the cells, inevitably aggregate due to theireir@mt hydrophobic nature.[18,

19] Therefore, good water-solubility and strong €siie property are requisite



in their aggregated state for labelling the c&l3,.[21] On this regard, marriage
of supramolecular assembly and fluorescent dyeb waggregation-induced
emission (AIE) properties would produce new fluoesd probes that meet the
requirement of applications in cell imaging.[22-24]

To obtain NIR emission, narrow band gap dyes aamssitally realized by
extendingrn-conjugation system,[25, 26] or introducing stratmnor-acceptor
groups to the aromatics.[27, 28] For the traditiofi@orescent dyes, a big
n-system often suffers from the aggregation-causeshching of fluorescence
emission.[29-32] On this regard, the AIE dyes slypeat advantages, and such
kinds of dyes usually own big Stokes shift, whick tavoured for application
as probes in biosystems.[33-35] Recently, Bin Liwale reported a NIR AIE
dots, which is composed of fluorescent dyes by uwgaijng one anthraquinone
and two tetraphenylethylene (TPE) groups. This ok shows rather weak
fluorescent emission. However, encapsulation by BBEG block copolymer
or silica colloids led to strong emission and ediint singlet oxygen.[28]

lonic co-assembly has been demonstrated an eféentethod to tune the
emission in terms of intensity and wavelength,[2¢-4vhich was usually
realized by changing the packing mode or the digtaosf n-plane.[43-47] For
instance, Arun K. Nandi et al. found that the coldible co-assembly of ionic
surfactants with opposite charges could be useduto on/off reversible
fluorescence of ionic agglomerates.[48] Subodh Kumt al. showed the
possibility of enhancing the emission intensityibigic assembly far below the
critical micelle concentration (CMC) of the surfacts.[49]

In this study, we introduced the AIE dyes desighgdin Liu et al.[28] as
a core to an amphiphile with four pyridinium termied alkyl chains, and
attempted to tune the emission by ionic co-assentislyugh adding a second
amphiphile. It turns out that both the assemblie$ eo-assemblies have good
water solubility, and the latter showed 30-foldHeg intensity of NIR emission
compared to the former. Controlling experimentsddferent amphiphiles and

salts show that both the hydrophilic group andatlkgl chain play critical role



to the emission enhancement. The co-assemblies haxeellent

cytocompatibility and were successfully appliedH®la cells imaging.
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Scheme 1. The synthetic route of BTPEAQ-10.
2. Resultsand discussion

The synthetic route of BTPEAQ-10 is illustratedSoheme 1. The details
of synthesis are shown in the experimental secton, the correspondini
NMR and mass spectra (MS) are shown in electronipplementary
information (ESI). BTPEAQ-10 has good solubilitynmethanol, and moderate
solubility in water. Being dissolved in methanolTBBEAQ-10 showed an
emission peak at around 425 nm, excited by 340 ighnt.| Keeping the
concentration of BTPEAQ-10C%) at 1 x 10 mol L™, and adding water into
the solution resulted in the decrease of the eomgsitensity. At the same time,
a new peak appeared at around 670 nm, which cofesed520 to 840 nm.
The intensity of the new peak increases with theewfaction {,, by volume)
in methanol. The new emission peak should be ategthto the aggregation of
BTPEAQ-10. The enhanced emission accords well with AIE property of
BTPEAQ,[28] reported by Liu et al. The peak intéyisat 670 nm is plotted

againstf,, as shown in Fig. 1. The emission did not showeolable increase



until f,, was approximately 60%, and thereafter increaseadtidally, and then
increased slowly ag$, was more than 90%. It is worth to note that the
aggregation of BTPEAQ-10 led to the Stokes shife4d nm, and the whole
emission peak is far away from the excitation lig@@40 nm). The absorption
band has a little overlap with the emission banay.(lS1). Therefore, the
auto-absorption is negligible. These features ntakeaggregated BTPEAQ-10

suitable for application in cell imaging or otheodoelated labelling.
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Fig. 1. (a) Fluorescence spectra of BTPEAQ-10 with differg,. (b) Plot of

fluorescence intensity at 670 nm ver§u<s = 1 x 10° mol L%, Aex = 340 nm.

Utilizing the AIE property, we are able to determithe CMC of
BTPEAQ-10. The fluorescent intensity was plottedsus the corresponding
concentration, as shown in Fig. 2. Linear fitting the data showed an
intersection at around 6.6 xifol L™, which should correspond to the CMC.
This result is understandable. Below the CMC, BTBEERO does not form
micelles (small bundles of molecules may happemj, leence the fluorescence
at 670 nm is very weak and increases slowly withceatration; above the

CMC, the fluorescence increases drastically dubddormation of micelles.



~———6.6x10"mol L™

1
Fluorescence ( x10" a.u.)
e

0 1 2 3
Concentration ( x10°mol L %)

Fig. 2. Plot of fluorescence intensity versus the corradpty concentrationiey =
340 nm.

During the study, we found an interesting phenomefde fluorescence
was significantly enhanced upon addition of soddodecyl benzene sulfonate
(SDBS), as shown in Fig. 3a (where the molar commagan of SDBS Cs) was
4-fold of Cg). The emission difference can also be observethéypictures of
the solutions excited by 365 nm UV light (insetfrad. 3a). As shown in Fig. 3b,
plotting of the peak intensity versus the molaroraff Cs / Cg (denoted byR)
shows an intersection at 4. Rx< 4, the emission intensity increases drastically
with R; asR > 4, the increase slows down. We assume thatrtegaiction
between each cationic alkyl chain on BTPEAQ-10 andnic SDBS has no
association effect, and hence the combination dPBAQ-10 with one SDBS
molecule will not make another combination of SD8lecule easier or more
difficult. As R > 4, most of the BTPEAQ-10 molecules are involvedhe
complexation, and pushing the equilibrium to rigiie needs more SDBS
molecules. The fluorescence enhancement was alsaluaded by
photoluminescence quantum yield (PLQY). The PLQYneat BTPEAQ-10
solution (above CMCQC) is 0.3% and increases to 2a8%dding 4-folDBS (i.e.

R = 4). The fluorescence enhancement also bringsitath@ changes of average
lifetimes @avwsS). The 1o are 1.12 and 4.16 ns for neat BTPEAQ-10 and
co-assemblies of BTPEAQ-10 & SDBS, respectivelye Tdorresponding transient

fluorescence spectra are shown in Fig. S3. Witeghalues, we are able to estimate



the radiative and non-radiative decay rates (theukion is presented in the ESI).
The radiative decay rates increased from 2.68 X f® 6.98 x 17, and the
non-radiative decay rates reduced from 0.89 to QI2®le. S1) upon addition of

SDBS into BTPEAQ-10 aqueous solution.
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Fig. 3. (a) Fluorescence spectra of BTPEAQ-10 in absendepaesence of 4-fold
SDBS in aqueous solution. Inset: Photographs ofctireesponding solution under
illumination of 365 nm light. (b) Plot of fluoreseee intensity at 670 nm vers@s.
Cg = 1 x10° mol L%, hex = 340 nm.

The complexation between BTPEAQ-10 and SDBS wasgstiyated by
MS. As shown in Fig. 4, the mass-to-charge ratiogws peaks at 710.42,
1228.51 and 2783.48, corresponding to the complekBI PEAQ-10@SDBS,
BTPEAQ-10@(SDBS) and BTPEAQ-10@(SDB%) The experimental
isotopic peaks are consistent with the theoresaallation. It is worth to note
that these three groups of peaks are all founth®isolutions with differen®.
We did not find the peaks of complexes of BTPEA@ISDBS), but we
assume that this complex should also exist in tietisn. The absence from
the spectra is because that the charge of the ssovddy is neutralized when
binding 4 molecules of SDBS on BTPEAQ-10. Thesailltesonfirm that the
complexation between BTPEAQ-10 and SDBS has nccadgmn effect. Based
on the above results, we conclude that the adddfo8DBS into the aqueous
solution of BTPEAQ-10 will produce 4 kinds of corapés, as shown in Fig.
4d. The increase of the amount of SDBS will pushebuilibrium to right side,

and thus the complexes with more SDBS are formed.
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Fig. 4. Theoretical simulation and experimental MS of BAEE10 and SDBS
mixture: (a) BTPEAQ-10@SDBS, (b) BTPEAQ-10@(SDBS) (c)
BTPEAQ-10@(SDBS) (d) Schematic illustration of the possible compke formed
by BTPEAQ-10 and SDBS.

The ionic interaction between BTPEAQ-10 and SDBSs warified by
Fourier transform infrared (FTIR) spectra. As shown Fig. 5, the two
characteristic peaks of sulfonate group at arouh83land 1045 crh are
assigned to the antisymmetric and symmetric stiegchibration, respectively.
Upon complexation, the peak at around 1133 shifted to 1130 cirt, and the
single peak at 1045 chsplit to double peaks at 1045 and 1036'crfihe
spectral changes should be attributed to the elsettic interaction between

sulfonate and pyridinium groups.
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Fig. 5. FTIR spectra of (a) BTPEAQ-10, (b) SDBS and (cxtanie of BTPEAQ-10 &




SDBS R = 4).
We were wondering whether the complexation hascefie the assembly

of BTPEAQ-10, and thus we investigated the morpfiel® of the aggregates of
BTPEAQ-10 before and after addition of SDBS. Atonfiicce microscopy
(AFM) images are shown in Fig. 6, and grain-likenostructures are observed
on silicon substrate, which should stand for theathar aggregates formed by
BTPEAQ-10 in the aqueous solution. The apparergssiaf the grains are
length of 50 - 100 nm, width of 30 - 60 nm and Iigf 5 - 25 nm. Upon
addition of SDBS, the grain-like structures arevarted to spherical structures.
Particle analysis shows an average lateral dianoét&70 nm, in range of 40 -
360 nm. The height is in range of 20 - 45 nm. Wecsate that the
co-assemblies of BTPEAQ-10 and SDBS formed spHestractures in the
solution, and these structures collapsed duringltiimg process. This makes a
reasonable explanation to the big difference of th@meter and height.
Transmission electron microscope (TEM) showed sinmstructures, as shown
in Fig. S5. The morphologicahanges can also be reflected by the increased
intensity in the whole spectra and stronger sdatieof the co-assemblies
formed by BTPEAQ-10 and SDBS indicated by UV-visaiption spectra and
Tyndall effect (Fig. S6), respectivelgoth the assembly and the co-assembly
have good stability, and there is no collapse, karngcor other morphological

changes during storage (as shown in Fig. S7).
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Fig. 6. AFM images of (a) the assemblies BTPEAQ-10 andcfipassemblies of
BTPEAQ-10 and SDBS. Section analysis of (¢) themsdies BTPEAQ-10 and (d)
co-assemblies of BTPEAQ-10 and SDBEH4).

The photostability of the probes is one of the mogiortant concerns. As
shown in Fig. S8, we investigated the photostgbibf BTPEAQ-10 and
co-assemblies of BTPEAQ-10 & SDB®R € 4). The results show that after
irradiating with a 365 nm ultraviolet (12 W) for 4Qinutes, the emission of
BTPEAQ-10 hardly changes, which means that BTPEAQhAs excellent
photostability. For the co-assemblies of BTPEAQ& EBDBS, the emission
showed a little decrease after being continuousigdiation. Based on the
above two groups of experiment, we conclude thssatiiation might happen
upon irradiation.

The co-assembly of BTPEAQ-10 and SDBS mainly redie®lectron static
and hydrophobic interaction. Therefore, the foromatof the co-assembly can
also be reflected by the changes in zeta potgidjial hels were 44.7 and -29.3
mV for the assemblies of BTPEAQ-10 and co-assemliieBTPEAQ-10 &
SDBS R = 4), respectively. The{ conversion further confirms the
complexation and co-assembly of BTPEAQ-10 and SDBS3he aqueous

solution.



Except for SDBS, we also testified the effect diestsurfactants and anionic
groups on the emission of BTPEAQ-10. Herein, soddwdecyl sulfonate (SDS),
sodium laurate (SL), sodium stearate (SS), sodiutolyene sulfonate (SpTS),
sodium mesitylenesulfonate (SMeS), sodium 3-nitnakee sulfonate (S3-NBS),
sodium methanesulfonate (SMS), sodium trifluororaeésulfonate (STFMS),
sodium acetate (NaAc) and sodium bromide (NaBr)ewsslected for investigation.
The corresponding chemical structures are showhablle S2. The intensity of the
fluorescence at 670 nm is plotted versus the catgof anionic groups. As shown in
Fig. 7,Fo andF are the initial emission and the emission of BTRERO after adding
different amounts of additives. Addition of SDBR £ 4) resulted in approximately
30-fold enhancement of fluorescent emission, waddition of SDS, SL, SS caused
approximately 15-fold, 5.5-fold, 6.0-fold enhancemeaespectively. In contrast, the
rest anionic groups showed a little effect on therescence of BTPEAQ-10. These
results indicate that both the tosyl head and athdin are indispensable for the

strong emission of BTPEAQ-10.
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Fig. 7. The fluorescence intensity of BTPEAQ-10 at 670 nensus categories of
anionic groupsCg = 1 x10° mol L, and concentration of the additives are 410
mol L™

Cytocompatibility is a very important parameter &gplication in labelling the
cells. Herein, the cytocompatibility of BTPEAQ-18chBTPEAQ-10 & SDBS was
testified by the cell viabilities. In doing so, ktebunting kit-8 (CCK-8) assay was
employed to measure the cell viabilities of HeLdsceeated with BTPEAQ-10 and



BTPEAQ-10 & SDBS. Note that the cells were culturedthe mediums with the

fluorescent probes for 12 h before being fixed.shswn in Fig.8, the viabilities of

HeLa cells were close to 100% @s < 8x10° mol L™, and start to drop afterward. In
case of BTPEAQ-10 & SDBS mixture, the viabilitie® anuch better than the neat
BTPEAQ-10, and kept almost 100 % @s < 12x10° mol L. These results indicate
that both BTPEAQ-10 and BTPEAQ-10 & SDBS have gogicompatibility.
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Fig. 8. Viability of HeLa cells being cultured in mediurnsentaining BTPEAQ-10 or
mixture of BTPEAQ-10 & SDBS.

BTPEAQ-10 and mixture of BTPEAQ-10 & SDBS were agglto label
HelLa cells. In the present study, the cells werduoed in the mediums
containing the fluorescent probes for 2 h, and théred with
polyoxymethylene (see the details in the experiadesgction). Note here, for
both probesCs was controlled to be 5xf0mol L?, far below the toxic dose.
As shown by the confocal laser scanning micros¢@teSM) images in Fig. 9,
both BTPEAQ-10 and BTPEAQ-10 & SDBS are succesgfafiplied to label
the HelLa cells, and showed clear topological stmectof the cells, and the
latter showed much stronger contrast. These resulisate that the mixture of
BTPEAQ-10 & SDBS presents a better NIR probe inl gelaging in
comparison of neat BTPEAQ-10.



Fig. 9. CLSM images of HelLa cells (excitation wavelengdil@s nm): (a-c) cells
treated with BTPEAQ-10, (d-f) cells treated withxtoire of BTPEAQ-10 & SDBS.
From left to right columns are fluorescence, briggitd, and merged images.

3. Conclusions

In summary, we designed and synthesized an amihiflliorescent probe (i.e.
BTPEAQ-10) containing a conjugated group of anthnagne and TPE. BTPEAQ-10
shows AIE property in aqueous solution and NIR smars covers in range of 520-840
nm. However, the emission is rather weak and th&YLs merely 0.3%.
Co-assembly of BTPEAQ-10 and SDBS can drasticallyrove the emission, and the
PLQY was promoted to 2.9% under existence of 4-8RBS. Both the ionic and
hydrophobic interactions play important roles ie tfuorescent enhancement. The
co-assemblies of BTPEAQ-10 and SDBS show bettevcoyhpatibility and high

contrast fluorescent images, presenting a goodpxidRe in cell imaging.

4. Experimental
4.1 Materials

4-Bromobenzophenone, CDLCIDMSO-ds were purchased from J&K
Chemical Co., Ltd (Shanghai). 4,4'-Dihydroxybenzapdbne and
1,10-Dibromodecane were purchased from Energy Gla&n@o., Ltd. Zinc
powder, TiCl, Tetrahydrofuran (THF), N, N-dimethylformamide (Y



methanol, pyridine, anhydrous p&0,, anhydrous NaCl, anhydrous,®0O;,
HCIl, KAc, NaAc, and NaBr were purchased from Sirempm Chemical
Reagent Co., Ltd. Pd(PPh SDBS were purchased from TCI Development
Co., Ltd (Shanghai). Ethyl acetate, petroleum etderhloromethane (DCM)
and chloroform were obtained from Yonghua Chemitathnology Co., Ltd
(Jiangsu). 2,6-Dibromoanthracene-9,10-dione waschagsed from Bide
Pharmaceutical Technology Co., Ltd (Shanghai).Qigkane was purchased
from 3A Chemicals Co., Ltd. Pd(dppf)cCH,Cl,, SDS, SL, SS, SpTS, SMeS,
S3-NBS, SMS, STFMS were obtained from Macklin Bietical Technology
Co., Ltd. Bis(pinacolato)diboron was obtained frohtaddin Biochemical
Technology Co., Ltd (Shanghai). Milli-Q water withsistivity of 18 M2 cm

was produced by Direct-Q5uv manufactured by Merdkipdre.
4.2 Instruments

'H NMR spectra were recorded on Avance Il 400 MBruker, USA) and
600 MHz NMR spectrometer (Agilent Technologies, YSMS of the products
were obtained on micro Q-TOF Ill mass spectroméBruker, USA) in the
electrospray ionization (ESI) mode and matrix-dsdis laser
desorption/ionization time-off light mass spectmse (MALDI-TOF-MS).
The MS of complexation between BTPEAQ-10 and SDB& wivestigated
with the solution oR = 20. The fluorescence spectra were recorded @980
(Edinburgh Instrument, UK). The UV-vis absorptigrestra were recorded on
Cary 60 (Agilent Technologies, USA). The PLQYs weobtained by
C9920-02G (HAMAMASTU Instrument, Japan) using timegration sphere
by absolute method. AFM images were taken on Multien 8 microscope
(Bruker, USA). The peak force quantitative nanonagital mapping mode
with a ScanAasyst-Air probe (nominal spring conttdh4 N nT, frequency 70
kHz, from Bruker) was adopted during the measureémEne samples were

cast on silicon substrates and dried in vacuum. T&Mracterization was



performed by FEI TECNAI F20 operating at 200 kV.pApximately 6uL of

sample solution was cast onto a carbon-coated cappk and then the grid
was dried in vacuum. FTIR spectra were recordelionlet 6700 produced by
Thermo Scientific (USA). The cell images were obeai by STP6000 CLSM
(LEICA, Germany). Transient fluorescence spectrasuneements were carried
out by using time-correlated single-photon countiifgtime spectroscopy
system (Edinburgh FL920) with a semiconductor lasethe excitation source.
The { measurements were performed at 25 £°@.using a Malvern Zetasizer

Nano-ZS instrument (Malvern, UK).
4.3 Synthesis and characterization

4.3.1 Synthesis of 4,4'-(2-(4-bromophenyl)-2-phenyletiietediyl)diphenol
(compound A).

Compound A was synthesized following the procedures repbiite the
literature[50] with some modifications. 4-Bromobephenone (3.90 g, 15
mmol), 4,4'-Dihydroxybenzophenone (1.60 g, 7.50 Mnamd zinc powder
(4.50 g, 70 mmol) were added to a 250-mL three-eéalound-bottom flask.
The flask was vacuumed and purged with nitroger3fames. Afterward, 100
mL of anhydrous THF was injected. The reactionaystvas cooled down to 0
°C, and TiCj (3.40 mL, 31 mmol) was added dropwise to the m&ttrhen the
mixture was vigorously stirred in an ice bath foh.2Finally, the mixture was
refluxed at 78 °C for 24 h. After cooling to roomniperature, hydrochloric
acid (150 mL, 1 mol ) was added. The mixture was stirred for 15 min and
then filtered. The filtrate was extracted with DGM 3 times, and the organic
layer was dried with anhydrous sodium sulfate. Ttiensolvent was removed
on a rotavapor. The coarse product was separatedilima gel column
chromatography with hexane / ethyl acetate (5\), & eluent. The white solid
was the final product (1.80 g, yield 54%H NMR (400 MHz, DMSOds) &
9.35 (t,J = 15.2 Hz, 2H), 7.31 (d] = 8.3 Hz, 2H), 7.12 (dd] = 14.7, 7.3 Hz,



3H), 6.93 (dJ = 7.1 Hz, 2H), 6.85 (d] = 8.3 Hz, 2H), 6.73 (t) = 8.3 Hz, 4H),
6.50 (dd,J = 18.5, 8.4 Hz, 4H).

4.3.2 Synthesis of 4,4'-(2-(4-bromophenyl)-2-phenyletiiene 1-diyl)bis(((10
bromodecyl)oxy) Benzene (compound B).

Compound B was synthesized following the procedusgsrted in the
literature[51] with some modifications. 1, 10-Dibnodecane (2.40 g, 8 mmol)
and KCO; (1.38 g, 10 mmol) were added to a 100-mL thredwedc
round-bottom flask. The flask was vacuumed and @dingith nitrogen for 3
times. Afterward, 10 mL of anhydrous DMF was ingett The mixture was
heated to 70 °C, then the anhydrous DMF (10 mL)tasamg compound A
(0.44 g, 1 mmol) was added dropwise to the mixtilee mixture was refluxed
at 70 °C for 20 h. After cooling to room temperatusodium chloride solution
(40 mL) was added. Afterward, the mixture was estgd with DCM, washed
with distilled water for 3 times. Then the organdmyer was dried with
anhydrous sodium sulfate, and the solvent was rech@n a rotavapor. The
crude product was purified by silica column chroogaaphy with hexane /
DCM (5:3, v/v) as eluent. The yellow oily dropleagvthe final product (0.27 g,
yield 31%).'"H NMR (400 MHz, CDCJ) § 7.21 (d,J = 8.4 Hz, 2H), 7.09 (i =
9.3 Hz, 3H), 7.00 (dJ = 7.6 Hz, 2H), 6.89 (td] = 8.4, 5.9 Hz, 6H), 6.63 (dd,
=14.1, 8.7 Hz, 4H), 3.93 - 3.82 (m, 4H), 3.47 (bt 49.7, 6.8 Hz, 4H), 1.90 -
1.69 (m, 8H), 1.43 (s, 8H), 1.30 (s, 16H).

4.3.3Synthesis of
2,6-bis(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-ayithracene-9,10-dione
(compound C).

Compound C was synthesized following the proceduegp®rted in the
literature[52] with some modifications. 2,6-dibroamthracene-9,10-dione
(0.76 g, 2.06 mmol), Bis(pinacolato)diboron (1.32, &.20 mmol),
Pd(dppf)C}- CHCI, (0.17 g, 0.21 mmol) and KAc (0.73 g, 7.43 mmol)reve



added to a 100-mL two-necked round-bottom flaske Tlask was vacuumed
and purged with nitrogen for 3 times. Then anhydrau 4-dioxane (40 mL)
was added to the flask. The mixture was stirrecdam temperature for 30 min
and refluxed at 84 °C for 40 h. The reactant wadezbdown and quenched by
adding water (20 mL). Then the mixture was extdateth DCM for 3 times,
and the organic phase was dried with anhydroususodiulfate. Then the
solvent was removed on a rotavapor. The coarseuptostas separated by
silica gel column chromatography with DCM / mettatohol (20:1, v/v) as
eluent. The primrose powdery was the final prod@c85 g, yield 37%)H
NMR (400 MHz, CDC}) 5 8.75 (s, 2H), 8.30 (d] = 7.7 Hz, 2H), 8.20 (d] =
7.7 Hz, 2H), 1.38 (s, 24H).

4.3.4Synthesis of
2,6-bis(4-(2,2-bis(4-((10-bromodecyl)oxy)phenyptienylvinyl)phenyl)ant-hracene-
9,10-dione (compound D).

Compound B (0.88 g, 1 mmol), compound C (0.18 ¢00mmol) and
K,COs; (0.55 g, 4 mmol) were added to a 250-mL two-necimthd-bottom
flask. The flask was vacuumed and purged with géro for 3 times, then
anhydrous THF (100 mL) and nitrogen-bubbled wa#€r L) were added to
the flask. After the mixture was purged with niteogfor 30 min, Pd(PR)y
(46.20 mg, 0.04 mmol) was added. Then the mixtuae wefluxed at 75 °C for
72 h. After cooling to room temperature, the migtwas extracted with DCM
for 3 times. The organic layer was dried with amoyd sodium sulfate, and the
solvent was removed on a rotavapor. The crude ptoslas separated by silica
gel column chromatography with hexane / ethyl d@ee(d5:1, v/v) as the
eluent. The orange solid was the final product X0yl yield 15%).*H NMR
(400 MHz, CDC}) 6 8.49 (s, 2H), 8.33 (dl = 8.0 Hz, 2H), 7.96 (d] = 8.1 Hz,
2H), 7.48 (dJ = 8.4 Hz, 4H), 7.17 - 7.01 (m, 14H), 6.93 (d&s 15.4, 8.7 Hz,
8H), 6.62 (ddJ = 11.7, 8.7 Hz, 8H), 3.86 (d,= 3.3 Hz, 8H), 3.44 (ddd] =
49.8, 15.7, 6.8 Hz, 8H), 1.87 - 1.67 (m, 16H), 1(4016H), 1.27 (d) = 6.3 Hz,



32H). MALDI-TOF-MS (m/z): calcd for [GoeH12:BrsOs + H] :1810.5889,
found: 1810.831.

4.3.5 Synthesis of BTPEAQ-10.

Compound D (0.12 g, 0.07 mmol) was dissolved indnye (80 mL). The
mixture was refluxed at 110 °C for 48 h. The sotveras removed on a
rotavapor. Then the product was washed for 5 timi#gk ethyl ether. The
crimson solid was the final product (0.11 g, yi&e).'H NMR (600 MHz,
DMSO-dg) 4 9.09 (ddJ = 12.3, 5.7 Hz, 8H), 8.63 - 8.56 (m, 4H), 8.3924),
8.27 (d,J = 8.2 Hz, 2H), 8.21 (d] = 8.7 Hz, 2H), 8.19 - 8.10 (m, 8H), 7.69 (d,
J=8.3 Hz, 4H), 7.21 - 7.10 (m, 10H), 7.01 Jc 7.4 Hz, 4H), 6.92 (d] = 8.6
Hz, 4H), 6.87 (d,) = 8.3 Hz, 4H), 6.70 (dd] = 23.9, 8.7 Hz, 8H), 4.58 (di,=
15.0, 7.4 Hz, 8H), 3.86 (§,= 6.1 Hz, 8H), 1.90 (dd] = 18.3, 7.3 Hz, 8H), 1.64
(d, J = 6.5 Hz, 8H), 1.32 (dJ = 39.6 Hz, 16H), 1.23 (s, 32H). ESI-MS (m/z):
calcd for [GagH1adN406 1**: 451.5202, found: 451.5199.

4.4 Cell viability assay

The viability of HelLa cells was evaluated by CCKn&thod, where
BTPEAQ-10 and co-assemblies of BTPEAQ-10 and SDBfewseparately
co-cultured with the HelLa cells at 37 °C and wikiseence of 5% C® Note
that the HelLa cells were pre-cultured in the mediumithout the fluorescent
probes for 12 h. In the following, the pre-cultureells were cultured in the
mediums with the fluorescent probes for 12 h. Her€i was varied as 0, 2, 4,
8, 12, 16, 32 x 1B mol L™, andCs was 4-fold ofCs. Then 10uL of CCK-8
solution was added and continuously cultured for Zhe absorbance (i.e. OD
value) at 450 nm was measured by using a micropétder (Spectramax i3,
Molecular Devices, USA). For each condition, thg®ups of cells were
parallel tested. The biocompatibility was evaluabgdcomparing the viability

of the cells treated with the fluorescent probeth the control.



4.5 Cell culturing and imaging

HeLa cells were cultured in Dulbecco’s Modified Ealyledium (DMEM,
ThermoFisher) and 10% fetal bovine serum for 1Z'le pre-cultured cells
were then cultured in the mediums with BTPEAQ-CQ € 5 x 10° mol L) or
BTPEAQ-10 & SDBS Cs = 5 x 10° mol L™, Cs = 20 x 10° mol L) for 2 h,
and then gently washed with phosphate bufferechesdbr 3 times and fixed
with 2% paraformaldehyde for 40 min. The cells weraged with CLSM.

(Excitation wavelength: 405 nm).
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Highlights
1. A four-armed amphiphile with near-infrared emission is synthesi zed.
2. Thefluorescence emission is greatly enhanced by ionic co-assembly.

3. The co-assemblies are successfully applied in fluorescent labeling of HelL a cells.
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