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benzothiazole and its application for biothiols imaging in living
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www.rsc.org/ Two new m-conjugation extended benzothiazole derivatives bearing single (2) or double (3) vinyl groups between
benzothiazolyl and 4-methylphenol moieties in 2,6-dibenzothiazolyl-4-methylphenol (1), have been synthesized and their
photophysical properties were studied. In the nonpolar solvents, 2 showed a keto tautomer emission from the excited
state intramolecular proton transfer (ESIPT) at 626 nm, remarkably red-shifted than the keto tautomer fluorescence of 1
(568 nm), whereas 3 only exhibited an enol emission at 420 nm. However, a near-infrared (NIR) emission at 616/688 nm
for 2/3 from the deprotonated anion species was observed in polar solvent, which is farther red-shifted than that of
deprotonated 1 (516 nm). With the aid of computational studies, the experimental observations were rationalized
according to the efficient extension of m-conjugation of molecular backbone in 2 and 3. Furthermore, a white emission
with a broad band between 400 and 800 nm from 3 was also observed in a polar-nonpolar solvent mixture, where a near
pure white coordinates (0.33, 0.35) from the CIE chromaticity diagram was successfully achieved. By masking the phenol
group in 3, a NIR fluorescent probe (4) for biothiols was constructed that allow to imaging application in living cells.

light emission generation from a single organic molecule is
Introduction attracting considerable attention due to its potential on the
development of white organic light-emitting diodes (WOLED),
but it is still a challenging task.*

Recently, we and other researchers found that the excited
state intramolecular proton transfer (ESIPT) fluorescence
emission color of 2-(2-hydroxyphenyl) benzothiazole (HBT)
could be efficiently modulated from green to yellow, by
extending the m-conjugation in bis-HBT such as 2,6-
dibenzothiazolyl-4-methylphenol (1, Scheme 1) and tris-HBT
derivatives, where the second and third benzothiazolyl groups
were attached on phenol moiety respectively.5 It is therefore
intriguing to expect that the further extending of the m-
conjugation backbone by introducing the vinyl group between
benzothiazolyl and 4-methylphenol moiety in 1, would shift
the emission into the NIR region. In this work, two novel m-
conjugation extended benzothiazole derivatives (2 and 3,
Scheme 1) were synthesized and their photophysical

M

The design and synthesis of organic fluorophores exhibiting
near-infrared (NIR) fluorescence have attracted intense
scientific interest due to their promising application in
fluorescence imaging and sensing.1 It has been well-known
that the NIR fluorescence has many advantages such as deeper
penetration ability, lower interference from tissue
autofluorescence, and especially nondestructive.! Accordingly,
many NIR fluorescent dyes have been developed based on
various conjugated molecular skeletons. For example, cyanine,
BODIPY, xanthene, porphyrin, and squaraine dyes have been
extensively investigated in NIR fluorescence imaging and
fluorescent probe design.2 However, most of these classic NIR
fluorescent dyes suffer from small Stokes shifts and sometimes
low fluorescence quantum vyields, preventing their practical
application in bioimaging due to the low contrast.’ Therefore,
the development of the NIR fluorescent dyes with both high
fluorescence quantum yield and large Stokes shift are highly

desired. In this regard, much effort has been devoted to tuning C}Y@ -—
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the fluorescence emission properties of the above-mentioned
NIR dyes by tailoring their rt—t:onjugation.3 In addition, white
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properties were investigated experimentally and theoretically,
in comparison with those of 1. It was found that 2 showed a
longer keto tautomer emission at 626 nm, remarkably red-
shifted than that of 1 (568 nm), whereas 3 exhibited a NIR
emission at 688 nm from the deprotonated anion species,
farther red-shifted than that of deprotonated 1 (516 nm).
Furthermore, a white emission generation was achieved from
3 in a polar-nonpolar solvent mixture, and by masking the
phenol group in 3, a NIR fluorescent probe (4, Scheme 1) was
constructed for biothiols imaging in living cells.

Results and discussion
Synthesis of n-conjugation extended benzothiazole derivatives

The synthesis of 1-4 was accomplished using strategies as
shown in Scheme 1. Starting material 2,6-diformyl-4-
methylphenol was facilely synthesized from commercial
available 4-methylphenol via Duff reaction according to the
previously established procedure.‘r’a The derivative 1 and
intermediate aldehyde 2i were obtained by direct
condensation reaction between 2,6-diformyl-4-methylphenol
with 2-aminobenzenethiol as previously described,”® whereas
2 and 3 were prepared by condensation reaction between the
corresponding aldehyde with commercially available 2-
methylbenzothiazole. Then 3 was reacted with 2,4-
dinitrobenzenesulfonyl chloride in the presence of Na,CO; to
provide the probe 4. The synthesis details were presented in
the Experimental section.

Photophysical properties of benzothioazole derivatives

The absorption and fluorescence spectra of benzothiazole
derivatives 2 and 3 were measured in various solvents such as
hexane, CHCIl; and DMF and the results are shown in Fig. 1 and
Table 1, where the corresponding data of compound 1 were
also included for comparison. Obviously, all compounds exhibit
solvent-dependent photophysical properties. In nonpolar
solvents hexane and CHCl;, compounds 1-3 show absorption
bands at 300-450 nm (Figs. 1b and d), and the low energy
absorption bands are ascribed to the Sy—S; (rmu*) transitions
from enol conformers (E->E*, Schemes 2 and 3). E conformer
is a closed form in 2 due to an intramolecular hydrogen-
bonding involved as observed in 1, but 3 adopts an open form
(Schemes 2 and 3). Notably, the low energy absorption band of
2 is slightly red-shifted than that of 1, implying a longer m-
conjugation length in the former. However, in polar solvent
DMF, new lower energy absorption bands appeared around
400-650 nm for 1-3 (Fig. 1f), which can be attributed to the
deprotonated anion conformers (A->A*, Schemes 2 and 3). It
is known that F is a strong proton acceptor, which could easily
induce a deprotonation of phenol in organic solvent.® Similar
absorption spectra were observed in the presence of F in
CHCl; (Fig. 1h), further confirming the occurrence of
deprotonation in 1-3 in polar solvent DMF. Interestingly, the
wavelength of anion absorption follows the order of 3 (580
nm) > 2 (528 nm) > 1 (491 nm), suggesting that the m-
conjugation is efficiently extended by introducing vinyl group.
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Fig. 1 Absorption (b, d, f, h) and fluorescence (a, c, e, g) spectra of 1-3 in various
solvents (a—f) and in the presence of F~ in CH,Cl, (g, h). Excitation wavelength is 345 nm.

On the other hand, 2 shows a broad emission band around
620 nm in nonpolar solvents hexane and CHCl; with a large
stokes-shift of ca. 10000 cm™ (Figs. 1a and c), similar to that
observed in 1, which is a typical characteristic of ESIPT
emission from keto tautomer (K*—>K, Scheme 2). As shown in
Scheme 2, the K* state of 2 was derived from E* state via an
ESIPT process, relaxed to ground state (K) through ESIPT
emission and followed by back ground state intramolecular
proton transfer (GSIPT) to the more stable E state.” The longer
keto emission wavelength of 2 than that of 1 is consistent with
the longer m-conjugation length in the former. In contrast, 3
shows a blue emission around 450 nm in nonpolar solvents
hexane and CHCI; due to the absence of ESIPT process (Figs. 1a
and c, Table 1), ascribed to enol conformer (E*—>E, Scheme 3).
In polar DMF, 2 shows a blue-shifted emission at 616 nm as
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Scheme 2 Schematic representation of the photophysical processes for 2.
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(Table 2) reproduced well the observed experimental trends
(Table 1 and Fig. 1), allowed the theoretical analysis of
thefactors responsible for the variation of photophysical
properties. It can be seen that both the predicted wavelengths
and intensities increase with elongation of the m-conjugation

similarly observed in 1, whereas 3 exhibits a strongly red-
shifted NIR fluorescence emission at 688 nm, accompanied by
a 2-folds enhancement of fluorescence quantum yield (Fig. 1e,
Table 1). In consistent with absorption spectra, the emissions
in polar DMF can be ascribed to the deprotonated anion
conformers (A*>A, Schemes 2 and 3), which is further
confirmed by the similar emission spectra in the presence of
strong proton acceptor F~ in CHCl; (Fig. 1g). It has been known
that phenol moiety acts as a latent donor when it is conjugated
with two acceptors, but deprotonation of phenol will
transform it into an active phenolate donor and thus switch on
intramolecular charge transfer (ICT) emission.’® Therefore, as
illustrated in Schemes 2 and 3, the NIR emissions of 2 and 3 in
DMF can be similarly explained by following ICT mechanism
(Schemes 2 and 3). Notably, the wavelength of anion emission
follows the order of 3 (688 nm) > 2 (616 nm) > 1 (516 nm),
which is in agreement with the order of m-conjugation length.
Theoretical calculations

In order to further understand the photophysical properties of
compounds 1-3, we performed a computation study on their
absorption and the fluorescence spectra by DFT/TDDFT
calculations at the B3LYP/6-31+G(d) level. The results are
summarized in Table 2. The calculated absorption (for E and A)
and emission (for K* and A*) maximum wavelengths of 1-3

Fig. 2 HOMO and LUMO orbitals of enol (E) and anion (A) conformers of 1-3 in the
ground state.

Table 1 Photophysical properties of compounds 1-3 in various solvents

Compounds solvents Aabs” (NM) e” (M*em™) Ar” (nm) o
1° Hexane 369 12420 568 0.029
CHCl3 370 12990 560 0.086
DMF 325/491 8670/30250 516 0.381
2 Hexane 312/383 12510/8450 626 0.058
CHCl3 315/387 13680/8700 620 0.104
DMF 306/528 11470/7180 616 0.242
3 Hexane 331/375(sh.) 40950/- 435 0.218
CHCl, 335/380(sh.)’ 34970/- 455 0.210
DMF 336/386(Sh)f/580 37890/23310/2800 688 0.454
PBS® 335/386(sh) /500 31080/-/10350 670 0.111

“The maximum absorption wavelength. 5The molar absorption coefficient. The maximum fluorescence emission wavelength (Aex = 315 nm for 2, 331 nm for 3). 4The
fluorescence quantum yield measured by using quinine sulfate as a standard. ¢ Taken from ref. 5a. f Shoulder peak. ¢ 10 mM PBS containing 50% EtOH.

This journal is © The Royal Society of Chemistry 20xx
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Table 2 Theoretical electronic properties of compounds 1-3 calculated at TDDFT/B3LYP/6-31+g (d, p) level in the gas phase, based on the optimized ground (for absorption) and

exited states (for fluorescence) geometries (gas phase). Calculated enol/anion (E/A) absorption and keto/anion (K*/A*) emission transitions (nm, eV) and oscillator strength (f).

Compounds Abs(E/A) Flu (K* / A*)
nm eV f nm eV f
1 367/516 3.38/2.40 0.40/0.67 624/560 1.99/2.22 0.28/0.53
2 389/586 3.18/2.12 0.71/0.83 633/648 1.96/1.91 0.44/0.63
3 376/635 3.30/1.95 1.07/1.00 NA°/679 NA’ /1.82 NA’/0.88

“Not applicable.

by addition of vinyl double bonds to the conjugated backbone
of benzothiazole derivative 1. Shapes of the ground state
frontier orbitals of E and A of 1-3 (Fig. 2) are respectively
similar, where both the highest occupied molecular orbital
(HOMO) and the lowest unoccupied molecular orbital (LUMO)
are almost distributed on whole molecular backbone,
suggesting a predominant m-m* transition character. More
significant delocalization occurred in the A conformer and the
length of conjugation backbone is followed the order of 3 A > 2
A > 1 A. That explains well the corresponding m-conjugation
length-dependent absorption and emission spectra of A
species in polar DMF solvent (Figs. 1e and f). On the other
hand, the excited state frontier orbitals of K* of 2 showed the
longer m-conjugation length than that of 1 (Fig. S1%), which is
responsible for the longer ESIPT emission of 2 observed in
nonpolar solvents (Figs. 1la and c, Table 1). Therefore,
elongation of the conjugated backbone in benzothiazole
derivative is a promising strategy to shift the fluorescence to
the NIR region, as also shown in experimental results given in
Table 1.

White emission

From nonpolar to polar solvents, the fluorescence of 3
changed from blue to NIR that covers almost entire visible
region, making it promising to be utilized for producing white
emission in nonpolar-polar binary solvent. As a consequence,
when DMF was gradually added into the CHCI; solution of 3,
the original blue emission around 400-600 nm decreased with
increasing of NIR emission at 600-800 nm (Fig. 3a). At a ratio
of 7:3 (CHCl3:DMF), a white emission covered 400-800 nm was
successfully created (Fig. 3a). Further increasing the DMF
proportions leads to the predominant NIR emission. The CIE
chromaticity diagram (Fig. 3b) clearly shows the blue-white-
red fluorescence color change with the ratio of CHCI; to DMF,
where near pure white coordinates (0.33, 0.33) were obtained
at the ratio of 7:3 (0.33, 0.35). Obviously, white light emission
generation from a single organic molecule is successfully
achieved in our designed compound 3.

Fluorescence sensing of biothiol and imaging in living cells

The anion conformation of 3 showed the NIR fluorescence
with high quantum yield and large Stokes shift, making it
promising for developing the NIR fluorescent probe by
masking of the active phenol group. Such design strategy has
been usually used in turn-on mode fluorescent probe by
analyte-induced removal of the masking group.8 Therefore, we
synthesized 4 by masking the active phenol group of 3 with a

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

notorious fluorescence quencher, 2,4-dinitrobenzenesulfonate
moiety that is well-known reactive towards biological thiols
such as cysteine (Cys), homocysteine (Hcy) and glutathione
(GSH).? As shown in Fig. 4a, the probe 4 exhibits a significant
NIR fluorescence enhancement towards Cys, Hcy and GSH in a
phosphate buffer (10 mM PBS containing 50% EtOH, pH = 7.4),
but not towards other amino acids and common ions.
Furthermore, Cys showed the larger enhancement and the
reaction finished within 30 min (Fig. 4). To confirm the probe 4
has been transformed into 3 in the presence of Cys as shown

1.0
C)N ctc., |73] DomF
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Fig. 3 Fluorescence spectral change (Aex = 345 nm) of 3 by changing the CHCl3/DMF
ratio from 10:0 to 0:10 (a). The corresponding CIE chromaticity diagram, where the
coordinate of (0.33, 0.35) was obtained at the ratio of 7:3 that is near pure white
coordinates (0.33, 0.33) (b). Insets in (a) are photographs of 3 in CHCl3, 7:3 CHCI3/DMF,
and DMF under a UV lamp (365 nm) irradiation, respectively.
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Fig. 4 Fluorescence intensity change (Aex = 345 nm, Aer = 670 nm) of the probe 4 (10 uM)
in the absence and presence of 2 equiv. of various amino acids and biologically relevant
species in aqueous PBS buffer (pH = 7.4) (a), where the number of 0-29 represents
probe 4 only and in the presence of Cys, GSH, Hcy, Ser, Val, His, Arg, Hyp, Ala, Glu, GIn,
Met, Asp, Asn, Pro, Leu, Lys, lle, Phe, Tyr, Thr, Trp, Gly, Tau, Glucose, Na*, K*, Mg*, Ca",
respectively. Response time course of fluorescence intensity of the probe 4 in the
presence of Cys, GSH and Hcy, respectively (b). Insets in (a) are solutions of 4 alone and
in the presence of Cys, GSH, Hcy and other species test in this work by exposing to a UV
lamp at 365 nm.

Cys
S. N = S, S X = S,
I \ I $ N\
o\%, N N -
Y +
° 4 3-H
NO,

O.N weak fluorescence strong NIR fluorescence
2

Scheme 4 The proposed reaction mechanism of the probe 4 with Cys.

in Scheme 4, ESl-mass spectrum analysis of the product
generated from the incubation of 4 with Cys in EtOH-H,0 (1 :
1, v/v) solution. A prominent peak at m/z = 425.0
corresponding to [3 — H']™ is clearly observed in the ESI-MS
spectrum, whereas only a prominent peak at m/z = 679.5
corresponding to [4 + Na]” appeared in the absence of Cys (Fig.
S2%). This provides strong evidence that Cys-induced
deprotection reaction occurs, leading to a recovery of strong
NIR fluorescence (Scheme 4). As shown in Fig. 5, the NIR
fluorescence at 670 nm was gradually increased upon addition
of Cys and leveled off when the concentration of Cys reached
50 uM, and a good linear relationship was obtained over the

This journal is © The Royal Society of Chemistry 20xx
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Fig. 5 Change of fluorescence spectra of 4 (10 uM) with addition of various amounts of
Cys (0-50 puM) (a). The corresponding linear relationship between the fluorescence
intensity at 670 nm and concentration of Cys (0.2-20 uM) (b).

Fig. 6 Confocal fluorescence images of living fibroblast L929 cells incubated with the
probe 4 (10 uM) for 30 min at 37 °C: cells without treatment (a, b, c), cells with pre-
treatment of NEM (1 mM) (d, e, f), and cells with pre-treatment of NEM (1 mM) and
addition of 30 uM Cys (g, h, i). (a, d, g) are the bright-field images; (b, e, h) are the
fluorescence images; (c, f, i) are the overlap of the fluorescence and bright-field images.

range of 0.2-20 uM. The detection limit was estimated to be
0.1 puM according to S/N = 3, which shows a better or
comparable sensitivity to those reported
previously.82¢3%8%8210 Tha intracellular Cys concentration has
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been reported to be on the level of 30-200 uM,lOd indicating
the probe 4 is sensitive enough to image Cys in living cells.

Biological thiols (Cys, Hcy and GSH) play crucial roles in
maintaining redox balance of biological systems, for example,
abnormal levels of Cys could cause edema, lethargy, liver
damage, etc., and therefore their imaging in living cells have
received many recent attention.®*! To verify the potential
application in living cells imaging, the fibroblast L929 cells
were incubated with probe 4 at 37 °C for 30 min and observed
by confocal fluorescence microscope (Fig. 6). As shown in Fig.
6b, a bright red fluorescence was observed inside the cells,
indicating the intracellular thiols induced a deprotection and a
recovery of strong NIR fluorescence. In contrast, when the
cells were pre-treated with addition of N-ethylmaleimides
(NEM, 1 mM), a known thiol-blocking agent, and then
incubated with probe 4 for 30 min, almost no fluorescence was
detected (Fig. 6e), but further incubation with 30 uM Cys leads
to an appearance of bright red fluorescence (Fig. 6h). This
indicates that the probe 4 can be applied to image biothiols in
living cells.

Conclusions

In summary, by introducing vinyl group, two new T-
conjugation extended benzothiazole derivatives (2 and 3) have
been synthesized and their photophysical properties were
investigated by comparison with that of the parent molecule 1.
It was found that 2 showed an ESIPT emission at 626 nm,
whereas 3 exhibited an enol emission at 420 nm in the
nonpolar solvents. However, a NIR emission at 616/688 nm for
2/3 from the deprotonated anion species was observed in
polar solvent, which is farther red-shifted than that of
deprotonated 1 (516 nm). With the aid of computational
studies, the experimental observations were rationalized
according to the efficient extension of m-conjugation of
molecular backbone in 2 and 3. A white emission with a broad
band between 400 and 800 nm from 3 was observed in a
polar-nonpolar binary solvents, where a near pure white
coordinates (0.33, 0.35) from the CIE chromaticity diagram was
successfully achieved. By masking the phenol group in 3, a NIR
fluorescent probe (4) for biothiols was constructed that allow
to imaging application in living cells. Thus these findings will
contribute to designing new NIR fluorescent dyes with large
Stokes shift and high fluorescence quantum vyield, and
developing NIR fluorescent probes for biological imaging
application.

Experimental
Materials and Measurements

All the chemicals are analytical grade and purchased from
Sinopharm Chemical Reagents Co. (Shanghai). Fluorescence
spectra were measured on Edinburgh FS5 spectrofluorometer
with Ex/Em slit widths of 2.5 nm. Absorption spectra were
obtained on PerkinElmer Lambda 35 uv/Vvis
spectrophotometer. The fluorescence quantum vyield in

6| J. Name., 2012, 00, 1-3
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solution was determined by using quinine sulfate (®¢= 0.546 in
0.1 M H,S0O,) as a standard.’” 'H NMR and *C NMR spectra
were recorded on a Bruker AVANCE IIl 400 MHz spectrometer
with TMS as standard. Mass spectra were obtained on AB Sciex
MALDI-TOF/TOFT'VI MS or a Varian 310 spectrometer,
respectively. Confocal fluorescence imaging experiments in
living fibroblast L929 cells were carried out with a Carl Zeiss
LSM 700 microscope.

Synthesis

Compound 1 was obtained according to the previously
reported procedure.5

Synthesis of 2. 2,6-diformyl-4-methylphenol (2 mmol) and 2-
aminobenzenethiol (0.5 mmol) were dissolved in EtOH (15 mL)
and THF (15 mL) and stirred under an N, atmosphere at room
temperature for 72 h. The intermediate aldehyde 2i was
obtained by column chromatography (silica gel, hexane/ethyl
acetate = 20:1 v/v) and used directly for the next step. Then 2i
(0.05 mmol) and 2-methylbenzothiazole (0.5 mmol) were
dissolved in acetic anhydride (2 mL) and refluxed for 10 hours.
After cooling to the room temperature, sodium hydroxide
solution (50 mL, 15%) was added and the mixture was heated
to 85 °C for 1 h. The solution pH was adjusted to about 7 by
adding HCl solution (35%). The crude product was collected by
filtration and purified by column chromatography (silica gel,
hexane/ethyl acetate = 20:1 v/v) to give 2 as yellow solid.
Yield: 5%. '"H NMR (400 MHz, CDCls), & (ppm): 13.30 (s, 1H),
8.10 (t, J = 12 Hz, 2H), 8.03 (d, J = 8 Hz, 1H), 7.95 (d, J = 8 Hz,
1H), 7.90 (d, J = 8 Hz, 1H), 7.77 (d, J = 16 Hz, 1H), 7.59-7.42 (m,
6H), 2.43 (s, 3H), *C NMR (100 MHz, CDCls), & (ppm): 169.14,
168.15, 154.59, 151.64, 134.14, 133.14, 132.61, 131.69,
129.74, 128.64, 126.82, 126.37, 125.72, 125.37, 124.15,
122.77,122.70, 122.19, 121.54, 116.99, 20.60. MALDI-TOF-MS:
m/z calcd 400.52; found 400.81.

Synthesis of 3. Under an N, atmosphere, 2,6-diformyl-4-
methylphenol (2 mmol) and 2-methylbenzothiazole (5 mmol)
were refluxed in acetic anhydride (2 mL) for 12 hours. After
cooling to the room temperature, sodium hydroxide solution
(50 mL, 15%) was added and the mixture was heated to 85 °C
for 1 h. The solution was adjusted to about 7 by adding HCI
solution (35%). The crude product was collected by filtration
and purified by column chromatography (silica gel, hexane/
ethyl acetate = 10:1 v/v) to give 3 as yellow solid. Yield: 5%. 'H
NMR (400 MHz, DMSO-dg), 6 (ppm): 9.88 (s, 1H), 8.11 (d, J = 8
Hz, 2H), 8.04 (s, 1H), 7.99 (t, J = 4 Hz, 3H), 7.69 (s, 2H), 7,59 (d,
J =16 Hz, 2H), 7.53 (t, J = 8 Hz, 2H), 7.45 (t, J = 8 Hz, 2H), 2.34
(s, 3H); >C NMR (100 MHz, DMSO-d), & (ppm):167.48, 153.99,
134.48, 133.12, 129.27, 125.19, 122.94, 122.63, 122.10, 20.67.
MALDI-TOF-MS: m/z calcd 426.55; found 426.94.

Synthesis of 4. Under an N, atmosphere, 3 (0.5 mmol) was
dissolved in 10 mL dichloromethane, and Na,CO; (2 mmol) and
2,4-dinitrobenzenesulfonyl chloride (1.5 mmol) were added
and the mixture solution was then stirred for at room
temperature for 6 h. The crude product was obtained by
extracting with chloroform, drying with MgSO, and
evaporating. The product was further purified by column
chromatography (silica gel, hexane/ ethyl alcohol=, 10:1 v/v).

This journal is © The Royal Society of Chemistry 20xx
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Yield: 75%. 'H NMR (400 MHz, CDCls), & (ppm): 8.32 (s, 1H),
8.26 (d, J = 8Hz, 1H), 8.10 (s, 1H), 8.07 (t, J = 6 Hz, 2H), 7.91 (d,
1 =8Hz, 2H), 7.72 (d, J = 16 Hz, 2H), 7.60 (t, J = 6 Hz, 4H), 7.51
(t, J = 8 Hz, 2H), 7.39 (d, J = 16 Hz, 2H), 2.52 (s, 3H); *C NMR
(100 MHz, CDCl;), & (ppm):150.35, 143.87, 138.86, 134.48,
133.60, 131.09, 130.54, 128.94, 127.06, 126.46, 126.30, 125.01,
124.99, 122.97, 121.77, 120.74, 21.26. MALDI-TOF-MS: m/z
calcd 656.71; found 656.62.

Calculations

All theoretical calculations were carried out using Gaussian 09
package.13 The ground state (Sg) and the first singlet excited
state (S;) geometries of the compounds were firstly optimized
in the gas phase using density functional theory (DFT) and
time-dependent density functional theory (TDDFT) at the
B3LYP/6-31+G(d) level, respectively. Then the absorption and
fluorescence emission properties were calculated with TDDFT
based on the optimized S, and S; state geometries,
respectively.

Cell imaging

Fibroblast L929 cells were cultured in Dulbecco’s Modified
Eagle’s Medium (DMEM) supplemented with 10% fetal bovine
serum (FBS) in 5% CO, and 95% humidity atmosphere at 37 °C.
L929 cells were incubated with the probe 4 (10 pM) for 30 min
at 37 °C and washed three times with PBS to remove the
remaining probe, and then observed under a Carl Zeiss LSM
700 fluorescence microscope. For control experiments, L929
cells were pre-treated with N-ethylmaleimide (NEM, 1 mM) for
30 min at 37 °C, washed three times with PBS, and further
incubated with the probe 4 (10 pM) or with Cys (30 pM) prior
to addition of probe 4 for 30 min. Cells were then washed
three times with PBS and used for fluorescence imaging.
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The fluorescence emission of benzothiazole derivatives (1-3) was efficiently tuned from green to

red by elongation of m-conjugation. A white emission was successfully achieved from 3 in a

polar-nonpolar binary solvent. By masking the phenol group in 3, a novel NIR fluorescent probe

for biothiols was constructed that allow to imaging application in living cells.
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