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Abstract
A new biscarbazole-fused xanthene hybrid dye MeBCX has been prepared by CH3SO3H-promoted condensation of 4-
hydroxycarbazole and o-phthalic anhydride, followed by esterification with methanol, which exhibits good cell membrane
permeability. Taking advantage of the spiro-controlled xanthene platform of the dye, a Cu2+-selective fluorescence Boff-on^
probe BCX-Cu has been successfully prepared with excellent performances in selectivity and sensitivity, and the detection limit
is calculated to be 88.7 nM. The sensing mechanism is confirmed to involve a specific cascade reactions of Cu2+-induced
spirolactam ring-opening and hydrolysis. In addition, living L929 cell imaging demonstrates the probe has living cell membrane
permeability and shows great potential for tracing intracellular Cu2+ through fluorescence imaging technology.
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Introduction

Small organic fluorescent dyes get wide applications in
chemosensors and biological imaging [1–6], optical device
design [7, 8] and photodynamic therapy [9, 10]. Xanthene
dyes, especially rhodamine derivatives attract much con-
cerns in the development of various molecular
chemosensors owing to their merits of emission wave-
lengths higher than 550 nm and featuring controllable
spiro-leuco moiety. Taking advantages of the chemically
modifiable spiro-ring platform, a large number of fluores-

cent probes with signal off-on behaviors have been explored
because their distinct signal changes compared to the lower
fluorescence background signals, which are favorable for
the applications in bioimaging [11–20]. On the other hand,
carbazole units are well known as an electron-donating sub-
stituent groups that have received much concerns in organic
light-emitting devices (OLEDs), fluorescent maker and drug
synthesis due to its high hole-transporting properties, strong
fluorescence emission and excellent pharmacological prop-
erties [21–24]. Though a great many of chemosensors have
been developed based on carbazole units, so far as know, a
limited number of carbazole-xanthene hybrid chemosensors
were reported in the field of fluorescence sensing [25].
Therefore, to design and prepare carbazole-xanthene hybrid
dyes that may combine their merits for biological applica-
tion and fluorescent probe design is of great significance
and worthy of exploring.

To be an important essential transition metal element, cop-
per plays vital roles in keeping normal functions of several
enzymes in human body, including cytochrome c oxidase
(CcO), ceruloplasmin (CP), lysyl oxidase (LOX), Cu/Zn su-
peroxide dismutase (SOD1), dopamine beta-hydroxylase and
peptidylglycine alpha-amidating monooxygenase [26]. As we
know, the homeostasis of copper in human body is tightly
associated with copper transport proteins, for example,
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chaperones and copper transporter 1 (human, hCTR1) [27].
Nevertheless, irregular concentration variation of Cu2+ may
cause a variety of neurodegenerative diseases probably related
to copper, and among which the well-known are Alzheimer’s,
Menkes and Wilson diseases [28–31]. As mentioned above,
investigations on Cu2+-related physiological processes via
Cu2+-selective fluorescence probes with the assistance of fluo-
rescence imaging technology are of great significance and
have recently received extensive concerns and numerous
achievements have been made in bioimaging applications.
Since the first example of Rhodamine B based chemosensor
has been designed for the detection of Cu2+ by utilizing the
Cu2+-induced hydrolysis reaction of hydrazide to rhodamine
in the 1990s [32], substantial number of chemosensors for
Cu2+ have been developed with outstanding performances in
selectivity and sensitivity [33–56]. However, there is a contin-
uous demand in constructing chemosensors that hold highly
selective and sensitive performances in Cu2+ ions detection.
Hence, to design and synthesize fluorescent off-on probe for
Cu2+ by using a new fluorophore is still attractive. As men-
tioned above, as well as a continuous effort for the develop-
ment of fluorescent probes, we herein reported the synthesis of
a biscarbazole-fused xanthene hybrid dyeMeBCX with good
cell membrane permeability and its application in design of a
new Cu2+-selective fluorescent probe BCX-Cu, a tracer for
monitoring Cu2+ by living cell imaging.

Experimental

Materials and Equipments

Commercial reagents/solvents obtained via Aladdin
(Shanghai, China) were used directly. UV-Vis spectrophotom-
eter (Shimadzu, UV-2550) was used for the measurement of
absorption spectra. Fluorescence emission spectra were mea-
sured on Cary Eclipse fluorescence spectrophotometer
(Varian, Victoria Australia) provided by a Xe lamp and
1.0 cm quartz cells. NMR (400/100 MHz) spectra were re-
corded on a Bruker Avance II 400 MHz NMR spectrometer
and chemical shifts δ were reported in ppm based on internal
standard TMS. High resolution mass spectra (HRMS) were
recorded on an Agilent 6510 Q-TOF LC/MS instrument
(Agilent Technologies, Palo Alto, CA). A X-4 melting-point
apparatus with microscope was used to record melting points.
pH values were determined by a PHSJ-3F pH meter (Leici,
Shanghai, China). Single crystal structure data of BCX-Cu
was collected by using Bruker SMARTAPEX-II CCD detec-
tor provided with a graphite monochromatic Mo-Kα radiation
(λ = 0.71073 Å). Fluorescence imaging images were acquired
on a FV 1000-IX81 confocal laser scanning microscope
(Olympus, Japan).

Sample Preparation

Stock solutions ofMeBCX/BCX-Cu (5 mM) were obtained by
dissolving them in DMF, respectively. Stock solutions (10 mM)
of all metal ions were obtained through dissolving their nitrate
salts in distilled water. Test solutions were set up at 5/10 μM by
accurately diluting corresponding stock solutions with appropri-
ate solutions. Unless otherwise stated, the optical spectra were
recorded in CH3CN-H2O (pH = 7.4, v / v, 1 / 1) after 40 min.

Synthesis of MeBCX

4-hydroxycarbazole (3.66 g, 20 mmol) and o-phthalic anhy-
dride (1.48 g, 10 mmol) were mixed in CH3SO3H (8 mL),
stirred and heated at 85 °C for 2 days. As the liquid cooled,
it was slowly poured into ice water mixture to produce large
amount of precipitation. The precipitate was collected and
dried in vacuo for further use without separation. The dry
mixture was dissolved in methanol (50 mL) before slowly
added concentrated H2SO4 (4 mL) in an ice-water bath.
Then the resulting solution was heated to reflux for 24 h and
most of methanol was removed by evaporation. The residue
was neutralized by NaHCO3, extracted with CH2Cl2
(40 mL × 3), dried over anhydrous Na2SO4 and evaporated
to dryness in vacuo, which was purified by column chroma-
tography on silica gel using dichloromethane and methanol (v
/ v = 20: 1) as elution. An brownish red solid was obtained in
the yield of 19.0% (0.93 g), melting point: 202–204 °C. 1H
NMR (400 MHz, DMSO-d6) δ (ppm) 13.09 (s, 1H), 8.70 (d,
J = 7.4 Hz, 2H), 8.42 (d, J = 7.9 Hz, 1H), 8.09 (t, J = 7.7 Hz,
1H), 8.00 (t, J = 7.7 Hz, 1H), 7.83 (d, J = 7.7 Hz, 2H), 7.71 (d,
J = 7.7 Hz, 3H), 7.56–7.49 (m, 4H), 7.44 (d, J = 7.4 Hz, 2H),
3.40 (s, 3H). 13 C NMR (100 MHz, DMSO-d6) δ (ppm)
166.59, 165.11, 152.02, 147.49, 139.37, 134.43, 133.37,
131.02, 130.97, 129.16, 127.28, 122.62, 121.64, 120.31,
116.37, 115.09, 113.29, 108.93, 52.85. ESI-HRMS: calcd.
m/z 493.1552 for [M +H] +, found m/z 493.1540 for [M +
H] +,

Synthesis of BCX-Cu

2-hydrazinopyridine (0.46 g, 6 mmol) was added slowly to a
stirred solution of MeBCX (0.49 g, 1 mmol) in methanol
(8 mL) under ambient temperature. The resulting mixture was
stirred at 60 °C until large amount of precipitate was observed
(ca. 2 h). After cooling, the precipitate was collected and washed
with cool CH3OH, which was purified by column chromatogra-
phy on silica gel using CH2Cl2 and CH3OH (60: 1) as elution. A
white powder was obtained in the yield of 62.0% (0.35 g), melt-
ing point: 235–237 °C. 1HNMR (400MHz, DMSO-d6) δ (ppm)
11.66 (s, 2H), 8.90 (d, J = 7.6 Hz, 2H), 8.26 (s, 1H), 7.98–7.96
(m, 1H), 7.78 (d, J = 3.9 Hz, 1H), 7.67–7.61 (m, 4H), 7.53–7.44
(m, 4H), 7.27–7.24 (m, 3H), 7.19–7.16 (m, 1H), 6.89 (s, 1H),
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6.47–6.44 (m, 1H), 6.28 (d, J = 8.4 Hz, 1H). 13 C NMR
(100 MHz, DMSO-d6) δ (ppm) 164.92, 158.57, 152.07.
148.01, 147.12, 146.85, 141.13, 139.43, 137.59, 136.74,
133.62, 129.66, 128.89, 125.34, 124.58, 122.78, 121.66,
120.73, 119.21, 117.87, 114.76, 113.95, 111.34, 109.73,
108.24, 107.56, 106.50, 65.89. ESI-HRMS: calcd. m/z
570.1930 for [M +H]+, found m/z 570.1952, 1139.3679 for
[M+H] + and [2 M+H]+, respectively.

L929 Cells Imaging Using the DyeMeBCX and Probe
BCX-Cu

All imaging experiments were conducted by using L929 cells,
which were obtained from commercial suppliers and cultured
inMEM (modified Eagle’s medium) containing 10% FBS and
1% antibiotics in a 5% CO2 atmosphere at 37 °C. Cells were
set in a 96-well plate and cultured for imaging until they plated
on glass-bottom. Next, the cells were stained by MeBCX/
BCX-Cu (1.0/3.0 μM, respectively) for 60 min and washed
in PBS. After that, the cells stained by BCX-Cu were supple-
mented with 18.0 μM of Cu2+ in the growth medium for 1 h
and rinsed three times with PBS, which were then employed
for fluorescence imaging.

Quantum Yield

The relative quantum yields (Φ1) were evaluated using stan-
dard reported in literature (rhodamine B: 0.50 in ethanol) [57]
according to the same method as employed in Gong et al.
(2016) [58].

Results and Discussion

Synthesis

Scheme 1 shows synthesis route of target compounds
MeBCX and BCX-Cu. Firstly, MeBCX was prepared by
condensation reaction of commercial compound 4-
hydroxycarbazole and o-phthalic anhydride in CH3SO3H at
85 °C for 48 h according the literature [59], The resulting
mixture was further esterified without separation by using
methanol with a yield of 19.0%. Next, the target compound

BCX-Cu was obtained at the yield of 62.0% as white power
by modifying the carboxyl group of MeBCX with commer-
cially available 2-hydrazinopyridine in methanol according to
our previous method [36].

Structural Confirmation and X-Ray Diffraction Study

The structures of dye MeBCX and chemosensor BCX-Cu
were determined by using spectroscopic methods including
1H NMR, 13C NMR, and HRMS, and the details were pre-
sented in supporting information. The single crystals of BCX-
Cu was obtained by slow evaporation of its CH3CN solution
at ambient temperature.

X-ray crystallography was used to determine the structure of
BCX-Cu crystals from the diffusion of its CH3CN solution.
The data were collected at 293(2) K. Crystal data for BCX-
Cu.CH3CN were presented as the follows: monoclinic, space
group P21/c, a = 8.9903(18) Å, b = 37.384(7) Å, c = 9.7527(19)
Å, α = 9.7527(19)°, β = 113.385(4)°, γ = 90.00°, V =
3008.6(10) Å3, Z = 4, T = 293.(2) K, μ (MoKα) =
0.086 mm−1, Dcalc = 1.348 g/cm3, crystal dimension: 0.20 ×
0.18 × 0.30 mm3, 15,764 reflections measured (4.358° ≤ 2Θ ≤
50.698°), 5511 unique (Rint = 0.0620, Rsigma = 0.0839) used in
all calculations. 0.0496 (I > 2σ(I)) and 0.1432 (all data) were
obtained for R1 and wR2, respectively. The assigned CCDC
number of the molecule is 1,885,337. Figure 1 shows the mean
plane N5-C25-C26-C27-C28 is nearly perpendicular to the
xanthene moiety with a dihedral angle of 89.70 (3)o, which is
analogues to the literatures [60]. Meanwhile, the two carbazole
rings are not rigidly located on symmetrical position but form a
dihedral angle of 8.76 (6)o.

Optical Properties of MeBCX

Absorption and Emission Profiles of MeBCX

The pH stability of MeBCX was evaluated in water under
different pH (containing 5% methanol, pH 1–12) and the de-
tails were provided in supporting information (Fig. S1a). The
absorption intensity of MeBCX presented obvious spectral
signal over a wide pH range of 1–12, only with slight change
under highly acidic environment. However, the fluorescence
signal kept stable at the pH range of 5–12 and the gradual

Scheme 1 Procedures for
preparation of MeBCX and
BCX-Cu. Reagents and
conditions: a) CH3SO3H, 85 °C,
48 h; b) Methanol, 2-
hydrazinopyridine, 60 °C, 2 h.
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decrease of pH value (5–1) would cause the distinct reduce of
emission intensity at 520 nm (Fig. S1b), which may ascribe to
the structural conversions between protonated cations and neu-
tral moleculeMeBCX as illustrated in Scheme S1. The results
indicateMeBCX has a good stability over a wide pH range (5–
12), and exhibits great potential in biological applications.

The absorption and emission profiles of MeBCX in
CHCl3, CH2Cl2, EtOH, CH3OH, CH3CN, H2O, acetone and
THF were recorded respectively. Figure 2a exhibited single
absorption bands centered at about 520 nm (ε ≥ 0.70 ×
104 M−1 cm−1) of MeBCX in various solvents, which may
ascribe to the π-π* electronic transitions in its π-extended
framework. Simultaneously,MeBCX exhibited the maximum
emission centered at ca. 560 nm in different solvents with

Stokes shifts ranged from 4 to 62 nm under 480 nm excitation
(Fig. 2b). The maximum emission wavelength (λem) of
MeBCX gradually increased according to the order of H2O,
MeOH, CHCl3, CH2Cl2, EtOH, THF, CH3CN, acetone with
obvious solvatochromism phenomenon. In addition, the quan-
tum yields of MeBCX were evaluated in different solvents
and moderate quantum yields can be obtained in CH3CN.
The corresponding data were summarized in Table S1.

Fluorescence Imaging by MeBCX

Firstly, cell permeability of the dye MeBCX was performed
using L929 cells through confocal fluorescence microscope to
estimate the potential ofMeBCX to be a fluorescent tracer for
biological applications. As shown in Fig. 3, the cell morphol-
ogy stained by MeBCX (1.0 μM) for 1 h did not change
significantly (Fig. 3a). Obvious florescence signals could be
seen in the red channel (510–600 nm) with excitation at
488 nm (Fig. 3b). Meanwhile, the merged image suggested
the fluorescence signals were distributed in the intracellular
regions, confirming the cell permeability of MeBCX (Fig.
3c). The results show the promising biological applications
of the dye as fluorescence maker.

Recognition Behaviors of BCX-Cu towards Cu2+

Fluorescence and Absorption Behaviors of BCX-Cu for Cu2+

In consideration of the mentioned above as well as to demon-
strate the feasibility ofMeBCX for probe design, a spiro ring
closed fluorescent probe BCX-Cu for Cu2+ has been prepared
through modification of the carboxyl group in the hybrid
carbazole-xanthene molecule MeBCX.

The titration trail of BCX-Cu towards Cu2+ via absorption
and emission spectra were performed in CH3CN-H2O (pH =
7.4, v /v, 1 / 1) and Fig. S2 (supporting information) showed
BCX-Cu (5 μM) exhibited obvious absorption bands at
319 nm and 334 nm, agreeing with the characteristic absorp-
tion bands of carbazole moiety [61]. However, no significant
absorption band over 400 nm was observed due to a

Fig. 2 a Absorption and b
emission profiles ofMeBCX in
various solvents, λex = 480 nm;
slits: 2.5 nm, 5 nm

Fig. 1 ORTEP plot of BCX-Cu drawn at 50% probability ellipsoids. All
H-atoms and CH3CN-molecule were omitted for clarity. Selected bond
lengths (Å) and angles (o): N3 - N5 1.380(3); N1 - N5 1.382(3); C1 - O1
1.388(3); C13 - C6 1.451(4); C13 - C18 1.396(4), N4 - C33 1.332(3); C5
- N1 - C14 109.7(2); N5 - C25 - C2 111.4(2); C1 - O1 - C7 118.53(19);
N5 -C25 -C26 99.14(19); N5 - N3 - C33 120.7(2)
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spirocyclic hydrazide form of the probe BCX-Cu in these
conditions. As expected, the additions of Cu2+ (0–10.0 equiv.)
to a solution of BCX-Cu elicited an simultaneous emergence
in the absorption bands at ca. 536 nm by increasing concen-
trations of Cu2+, besides, the BCX-Cu solution could be ob-
served with visual color transformation as shown in Fig. S3,
indicating Cu2+ − promoted the spirolactam ring-opening of
BCX-Cu. The absorbance at 536 nm was almost no more
increase when the amount of Cu2+ increased to 9.0 equivalents
of the probe, and no significant changes was encountered by
the further treatment of Cu2+, suggesting the spectra saturation
was reached.

Next, the fluorescence titration profiles of BCX-Cu in re-
spond to Cu2+ were investigated under the above conditions
(Fig. 4). At first the probe BCX-Cu was observed with very
weak fluorescent signals over 520 nm, suggested the forma-
tion of a ring-closed circular hydrazide structure in the probe
molecule. In contrast, an enhanced emission intensity
(570 nm) was observed followed by increasing concentrations
of Cu2+. The spectra saturation was reached after the concen-
tration of Cu2+ was over 50.0 μM, and no significant fluores-
cence changes occurred by further additions of Cu2+.
According to titration curves of fluorescence, a dissociation
constant (Kd) was calculated as (19.233 ± 0.385) × 10−6 M
(correlation coefficient: 0.99936, Fig. S4) [35]. Meanwhile,
the LOD (limit of detection) for Cu2+ was determined to be
8.87 × 10−8 M according to the formula 3σ/k reported in liter-
ature [36] (Fig. S5). The results suggest BCX-Cu can be
employed as an highly sensitive sensor for Cu2+ and presents
promising potential in quantitatively monitoring Cu2+ in real
water samples .

To explore the sensing mechanism of turn-on fluorescence
of BCX-Cu induced by Cu2+, HRMS and 1H NMR experi-
ments were carried out respectively. Firstly, the fluorescent
mixture of BCX-Cu in presence of Cu2+ (8 equiv.) was re-
corded through HRMS (Fig. S6). The intense peak at
477.2062 [M]+ (calcd. m/z 477.1245 for [M]+) confirmed
the Cu2+-promoted hydrolysis reaction of spirolactam and

generation of new fluorescent compound (Scheme 2) [32].
Meanwhile, a weak peak at 570.1924 [BCX-Cu +H]+ (calcd.
570.1930 [M +H]+) of residual probe molecule was also ob-
served. Subsequently, 1H NMR spectra of BCX-Cu titrated
with different amounts of Cu2+ was recorded. As illustrated in
Fig. S7, the addition of Cu2+ caused the obvious variations of
protons 5–8 in pyridine ring and aromatic protons 1–4 in
BCX-Cu, which should be ascribed to the Cu2+-promoted
structural changes from spirolactam to π-extended spiroring-
opening hydrolyzed product. Therefore, Scheme 2 provides a
possible proposal for the sensing mechanism of BCX-Cu in
detection of Cu2+.

It is significant for selective chemosensors to achieve high
selectivity in the detection of the target object among various
analytes. Thus, the fluorescence profiles were utilized to eval-
uate the specific response of BCX-Cu (10 μM) to Cu2+

among other common metal ions in CH3CN-H2O (pH = 7.4,
v /v, 1 / 1). Figure 5a clearly indicated the addition of other ion

Fig. 4 Fluorescence spectra of BCX-Cu (5 μM) with the addition of
Cu2+ (0–60 μM) in CH3CN-H2O (pH = 7.4, v / v, 1 / 1). Inset: the rela-
tionship between emission intensity and CCu

2+/CBCX-Cu, λex: 500 nm,
slits: 10 nm, 10 nm

J Fluoresc (2019) 29:727–735 731

Fig. 3 Fluorescence images ofMeBCX (1 μM) stained (1 h) L929 cells. aBright field, b fluorescence image and cmerged image, images collected from
the range of 510–600 nm upon 488 nm excitation



species (6.0 equiv., Ag+, Al3+, Ba2+, Ca2+, Co2+, Cd2+, Cr3+,
Fe2+, Fe3+, Hg2+, K+, Mg2+, Na+, Ni2+, Pb2+ and Zn2+) did not
cause significant changes on emission spectra compared to
that of free BCX-Cu as well as any appreciable emission
intensity changes at 570 nm. While, the addition of equivalent
Cu2+ triggered a pronounced fluorescence increase of the
probe solution at 570 nm with over 10-fold enhancement of
fluorescence intensity. Meanwhile, the selectivity of BCX-Cu
(5 μM) for Cu2+ were also evaluated via UV-Vis absorption
spectra under the same conditions. As illustrated in Fig. S8,
only the presence of Cu2+ (6.0 equiv.) can induce a distinct
enhancement in absorbance at 536 nm, with a visible change
in color from colorless to red. Other ion species induced
neglectable variations in color and absorption spectra (Fig.
S3). These results demonstrate the probe BCX-Cu exhibits
high selectivity in the detection of Cu2+.

In consideration of the effect of co-existed metal ions in
practical Cu2+ sample determination, the competition experi-
ments were further conducted, in which BCX-Cu (10 μM)
was initially injected with various ions (60 μM) respectively,

followed by adding equivalent amounts of Cu2+. As a result,
Fig. 5b showed the fluorescence intensity variations of BCX-
Cu upon the addition of different co-existed ion species,
which exhibited no significant changes compared to that ob-
tained with Cu2+ alone, demonstrating the negligible effect of
other co-existed metal ions to the fluorescence enhancement
of BCX-Cu towards Cu2+. The results further reveal the high
selectivity of BCX-Cu towards varieties of competitive ions.

To promote further applications of BCX-Cu, the reaction
kinetic behavior between the probe and Cu2+ in CH3CN-H2O
(pH = 7.4, v / v, 1 / 1) was investigated by measuring fluores-
cence profiles of the free probe and probe with Cu2+ at differ-
ent time. As can be seen from Fig. 6a,BCX-Cu showed a very
weak and stable fluorescence intensity at ca. 570 nm under
503 nm excitation wavelength. By contrast, a prominent fluo-
rescence intensity increase at 570 nm within the first 30 min
can be observed upon treatment of Cu2+ (100 μM), which
reached the peak value at 40 min and remained stable for
2 h, suggesting the end of the reaction between BCX-Cu
and copper ions. Subsequently, the pH-dependent responses

Fig. 5 a Fluorescence spectra of BCX-Cu (10 μM) with the addition of
various cationic ions (60 μM) in CH3CN-H2O (pH = 7.4, v / v, 1 / 1).
Inset: histograms represent the emission intensity of BCX-Cu (570 nm)
with various ion species, 1–18 refer to: BCX-Cu, Ag+, Al3+, Ba2+, Ca2+,
Co2+, Cd2+, Cr3+, Cu2+, Fe2+, Fe3+, Hg2+, K+, Mg2+, Na+, Ni2+, Pb2+ and

Zn2+; respectively; b effects of co-existed metal ions (60 μM, 1–17: Ag+;
Al3+; Ba2+; Ca2+; Co2+; Cd2+; Cr3+; Cu2+ (only); Fe2+; Fe3+; Hg2+; K+;
Mg2+; Na+; Ni2+; Pb2+ and Zn2+, respectively) on the emission intensity
of BCX-Cu (10 μM) towards Cu2+ (60 μM) at 570 nm in CH3CN-H2O
(pH = 7.4, v / v, 1 / 1). λex: 500, slits: 10 nm, 10 nm

Scheme 2 The suggested sensing
mechanism of BCX-Cu towards
Cu2+
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of free BCX-Cu and BCX-Cu with Cu2+ were conducted
under different pH conditions via fluorescence and absor-
bance spectra, respectively. Figure 6b exhibited no significant
fluorescence change of BCX-Cu occurred between pH 3 and
12, which demonstrated the stability of the free probe over a
wide pH region. In contrast, the presence of Cu2+ (4.0 equiv.)
induced a gradually increase in fluorescence intensity from
pH 3.0 to 6.0 compared to that of the probe alone, then
remained nearly stable in the pH range between 6.0 and 9.0,
which were corresponding to an efficient spirolactam ring
opening structure caused by Cu2+. However, an obvious de-
crease of the emission intensity appeared by varying pH
values from 9.0 to 11.0. Meanwhile, the pH-dependent

absorption spectra were also recorded and the results present-
ed the same trend to those of evaluated through emission
spectra (Fig. S9). The above results indicate BCX-Cu holds
distinct performances to Cu2+ at pH from 6.0 to 9.0.

Fluorescence Imaging for Living Cells

In view of the desirable performances of the sensorBCX-Cu in
sensitive and selective detection of Cu2+, it was further utilized
to monitor Cu2+ in living L929 cells by cell imaging. L929 cells
were stained by BCX-Cu (3 μM) for 1 h at 37 °C, and rinsed
with PBS to clear off excess BCX-Cu. As shown in Fig. 7, no
obvious fluorescence was observed in the images of these cells

Fig. 6 a Fluorescence intensity
(570 nm) of BCX-Cu alone
(10 μM, black square) and upon
treatment with Cu2+ (50 μM, red
circle) at different time in CH3CN-
H2O (pH= 7.4, v / v, 1 / 1). b
Fluorescence intensity (570 nm) of
BCX-Cu alone (10 μM, black
square) and upon addition of Cu2+

(40μM, red circle) in H2O (v / v, 1 /
1) with different pH values. λex:
503 nm, slits: 10 nm, 10 nm

Fig. 7 Fluorescence images ofBCX-Cu (3μM) stained (1 h) L929 cells (top) and followed treatment of Cu 2+ ions (18μM) for 1 h (bottom). a, d: Bright
field images, b, e: fluorescence images; c, f: emerged images. Images collected from the range of 520–610 nm upon 488 nm excitation

J Fluoresc (2019) 29:727–735 733



(520–610 nm) (Fig. 7a - c). Next, the cells were further incu-
bated with Cu2+ (6.0 equiv.) for another 1 h. In contrast, the
obvious fluorescence emission from the intracellular areas were
observed (520–610 nm) (Fig. 7d - f). These results clearly in-
dicate that BCX-Cu can penetrate the cell membrane and per-
forms as a potential tracer for visualizing copper ions in living
cells through fluorescent imaging technology.

Conclusion

In conclusion, a new biscarbazole-fused xanthene hybrid dye
MeBCX has been prepared via the reactions of condensation
and esterification, which exhibits stable optical signal in a
wide pH range of 6–11 and a good cell membrane permeabil-
ity. Taking advantage of the dye platform, we construct a
fluorescent Boff-on^ probe BCX-Cu with selective and sensi-
tive (LOD: 88.7 nM) response to Cu2+ via the specific cascade
reaction of Cu2+-induced spirolactam ring-opening and hydro-
lysis. In addition, BCX-Cu has been employed for detecting
Cu2+ using L929 cells via fluorescence imaging, which indi-
cates its living cell membrane permeability and promising
applications for tracing Cu2+ in biological system.
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