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Graphical Abstract
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Highlights
e A novel rhodamine-based colorimetric and fluorescent sensor 1 was
synthesized.
e Sensor 1 displayed a distinct color change from colorless to pink and a
significant fluorescence enhancement after binding of Fe®* .
e Fluorescent microscopy experiments established that 1 could be used for

sensing Fe®* in living cells.



Abstract

Anovel turn-on colorimetric and fluorescent sensor 1 based on rhodamine B was
developed as a colorimetric and fluorescent chemosensor for Fe3*. Upon addition of
Fe3* in aqueous ethanol, the 1 displayed a distinct color change from colorless to pink
and a significant fluorescence enhancement, which can be directly detected by the
naked eye. The stoichiometry of 1 to Fe*" complex was found to be 1:1 and the
detection limit was determined as low as 7.68x 10M. The results suggest that the
sensor 1 may provide a conveniently method for visual detection of Fe** with high
sensitivity. Furthermore the sensor has been utilized for fluorescence imaging of

Fe3* in living cells.

Key words

Rhodamine B, colorimetric, fluorescent sensor, Fe**, bioimaging



1. Introdution

The development of fluorescent chemosensors for a variety of metal ions have
received increasing attention because of their fundamental role in medical,
environmental and biological applications [1,2]. Among the metal ions, Iron performs
a crucial role in a wide range of biochemical processes [3,4], several biological
functions depend directly or indirectly on the proper concentration and oxidation
states of iron to maintain the homoeostatic mechanism of biosystem. Deficiency or
overdose of iron can lead to serious diseases, including Alzheimer’s, Huntington’s
and Parkinson’s disease [5-7]. Therefore, design of fluorescent chemosensors for
detecting Fe** is of great importance. However, Fe** is a well-known fluorescence
qguencher due to its paramagnetic nature, which makes it difficult to develop a
sensitive turn-on fluorescent sensor. Only limited number of turn-on fluorescent
chemosensors is available in literature [8-19]. Moreover, among these fluorescent
sensors, only a few sensors have been applied in bioimaging [15-19]. Therefore,
design of turn-on fluorescent sensor for Fe** imaging in living cells remains a
challenging work.

Rhodamine-based fluorogenic and chromogenic probes have received increasing
interest in recent years by virtue of their properties of long-wavelength emission, high
fluorescence quantum vyield and large molar extinction coefficient, and many
fluorescent probes based on metal induced spiroring opening have been developed
[20-33], because they can perform not only great fluorescence intensity enhancement

toward some specific cations, but also a strong colour development against the



colourless blank during the sensing event. In continuing of our study on developing
molecular sensors for Fe3* detection [34, 35], herein, we introduce a novel and simple
method to prepare rhodamine B-based chemosensor by three steps reaction. The
sensor 1 showed “off-on” type chromogenic behavior toward Fe** over other metal
ions. Moreover, fluorescent microscopy experiments indicated that 1could be used as

fluorescent probe for sensing Fe3* in living cells.

2. Experimental
2.1. Reagents

All the reagents were purchased from commercial suppliers and used without
further purification. The salts used in stock solutions of metal ions were CoClz-6H.0,
ZnClz, MnCl2:4H20, KCI, NaCl, CuClz-2H:20, NiClz:6H20, CdClz-2H20, HgCl.,
MgCl2-6H20, CrClz-6H20, Pb(NOs),, FeClz-6H20, FeSO4-7H20, AI(NO3)3-9H:0.
2.2. Apparatus

NMR spectra were measured on a Varian Mercury 300 spectrometer operating at
300 MHz for *H and 75 MHz for '3C relative to tetramethylsilane as internal standard.
MS spectra were obtained on a Finnigan Trace MS spectrometer. IR spectra were
recorded on a Perkin-Elmer PE-983 infrared spectrometer as KBr pellets with
absorption reported in cm™. Absorption spectra were determined on UV-2501 PC
spectrophotometer. Fluorescence spectra measurements were performed on a
FluoroMax-P spectrofluorimeter equipped with a xenon discharge lamp, 1 cm quartz

cells at room temperature (about 298K).



2.3. Synthesis of rhodamine derivate (1)

The synthetic route of the compound 1 is shown in Scheme 1. 2-(methylthio)-1,4-
diphenylbut-2-ene-1,4-dione (2) [36] and rhodamine B ethylenediamine (3) [37] was
prepared according to literatures. To a 100 mL flask, rhodamine B ethylenediamine 3
(0.48g, 1.0 mmol) was dissolved in 50 mL ethanol. After the addition of compound 2
(0.28g, 1.0 mmol), the stirred mixture was heated to reflux for 24h. The residue was
recrystallized from ethanol to afford pure compound 1 (0.51g, 71%) as a yellow solid.
M.p.: 124-125°C. IR (KBr, cm™): 3449, 2969, 1681, 1624, 1514, 1384, 1221, 1113,
700; 'H NMR (CDCls, 300MHz): $10.6(s,1H),7.94-7.97(m,2H), 7.76- 7.79(m,1H),
7.50-7.63 (m,2H), 7.32-7.47(m,8H),7.03(m,1H), 6.41-6.44(m,3H), 6.22-6.34(m,2H),
5.63(s,1H), 3.22-3.34(m,9H) ,3.01-3.04 (m,2H), 1.62(s,2H), 1.15(t, 12H); 3C NMR
(75 MHz, CDCl5):191.2, 189.5, 168.3, 160.6, 153.7, 152.9, 148.6, 139.4, 134.5, 134 4,
132.4, 131.1, 130.5, 130.1, 128.7, 128.4, 128.1, 127.0, 123.6, 122.8, 108.1, 104.8,
97.6,90.9, 64.7,53.3,44.2, 42.7, 40.9, 12.5; ESI-MS: m/z 719.46 [M+H]*. Anal.calcd

for CasHaeN4O4: C76.85 H 6.45 N7.79; found C76.63 H 6.25 N7.64.

(Scheme 1)

2.4. Analytical procedure

The stock solutions of 1(1.0x10° M) were prepared by dissolving 1 in EtOH/
water (9:1, v/v) containing HEPES buffer (10 mM, pH =7.2). The cationic stocks
were all in H2O with a concentration of 3.0x10° M for UV-vis absorption and

fluorescence spectra analysis. For metal ion absorption and fluorescence titration
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experiments, each time 3 mL solution of 1 filled in a quartz cell of 1 cm optical path
length, and we increased concentrations of metal ions by stepwise addition of
different equivalents using a micro-syringe. After each addition of Fe3* ion, the
solution was stirred for 3 min. The volume of cationic stock solution added was less
than 100 uL with the purpose of keeping the total volume of testing solution without
obvious change. For all measurements of fluorescence spectra of 1, the excitation was
at 510 nm.
2.5. Cell culture

Cell line Hela was purchased from ATCC (American Type Culture Collection,
Rockville, MD, USA), and maintained in the Dulbecco’s Modified Eagle’s medium
(DMEM) supplemented with 10% fetal bovine serum (FBS, Gibico, USA) in a
humidified incubator with 5% CO, at 37°C. Hela cells plated on 18mm glass
coverslips in 6-well plates and allowed to adhere for 24h.
2.6. Fluoreszence imagine

1x102M FeCls were prepared in PBS (phosphate-buffered saline, PH =7.2), and

sensor 1 was dissolved in DMSO. The cells plated on glass cover lips cultured in
DEME were treated with final concentration 1x10°M FeCls solution and incubated at
37°C for 30 min. The treated cells were washed with PBS 3 times to remove
remaining metal ions. 2ml DMEM was added to the cell culture, which was then
treated with final concentration 1x10° M solution of sensor 1, and the sample were
incubated at 37°C for 30 min. the culture medium with sensor 1 was removed, and

washed 3 times with PBS before observation. Fluorescence imaging was performed



under an Olympus SZX16 microscope with an Olympus DP72 digital camera with
cell Sens versionl.6 software, and processed with Adobe Photoshop CS4 software.
3. Results and discussion
3.1. Synthesis and structural characteristics of 1

The compound 1 was obtained by the reaction of rhodamine B ethylenediamine (3)
with 2-(methylthio)-1,4-diphenylbut-2-ene-1,4-dione (2) in EtOH under reflux. The
yield of 1 was 71%. The structures of 1 were identified by using *H NMR, *C NMR,
ESI-MS (Figures S1-S3, in the ESI).
3.2. Spectral characteristics

To examine the binding properties of 1 with metal ions, the absorption spectra of
1(10uM) in EtOH/water (9:1, v/v) containing HEPES buffer (10 mM, pH =7.2) was
first explored in the presence of 10 equivalent of different metal ions (K*, Na*, Cr¥*,
Zn?*, Cd?*, Co?*, Hg®*, Mn?*, Mg?*, Ni%*, Fe%*, Cu?* , Pb®* , Fe?* , and AI*"), and the
results were depicted in Figure 1. The sensor 1 exhibited ¢ abroad band at 319 nm
(log £=5.04) and no absorption was observed in the visible range, suggesting that the
closed spirolactone form of Rhodamine B presented. Upon binding of metal ions it
was found that coordination of Fe** to 1 resulted in the enhancement of its absorbance
band at 319 nm (log £ =5.28) and a new absorption band was appeared at 552 nm (log
&=5.10). At the same time, the solution changed from colorless to pink (Inset Figure
1). The new absorption band at 552 nm was ascribed to the ring opened rhodamine
moiety, which indicated that the interaction of 1 with Fe3* can triggered the formation

of the ring-opened form of 1 from the spirolactam form. Other metal ions did not



cause this change under the same conditions. Accordingly, 1 can serve as a

“naked-eye” Fe3* indicator in aqueous media.

(Figure 1)

The fluorescence spectra of 1 with respective metal cations are shown in Figure 2.
The sensor 1 without Fe3* showed no apparent fluorescence emission at 582nm. In
fact, 1 also did not give any observable response for many metal ions such as K*, Na*,
Cr¥*, Zn?*, Cd?*, Co?*, Hg®*, Mn?*, Mg?*, Ni?*, Cu?*, Pb?*, Fe?*, and AI**. However,
addition of Fe®" created a remarkable fluorescence enhancement at 582nm. In
agreement to the fluorescent spectra, the emission color change from colorless to
yellow can be clearly observed under UV light in presence of Fe**, while other ions
did not induce any significant emission color change. The specific response of 1
towards Fe** was assumed to be based on the opening function of the spirolactam ring.
Meanwhile, the reaction of Fe®* with a chelating agent induces rigidity in the resulting
molecule and tends to produce a large chelation enhancement of the fluorescence
(CHEF) which induces the large enhancement of fluorescence. These results
demonstrated that 1 can be considered as a new “off-on” chemosensor for detecting
Fe3*.

To get an insight into the sensing properties of 1 to Fe**, fluorescence titration
experiments were then performed (Figure 3). The fluorescence intensity of 1 (10 uM)
at 582 nm was gradually increased with the addition of increasing amount of Fe3* (10

uM-100 uM). The enhanced intensity of 1-Fe3* displayed a good linear regression
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relationship (R2 = 0.9916) (Inset Figure 3).

(Figure 2)

The fluorescence spectra of 1 upon titration with Fe** were then performed
(Figure 3). The fluorescence intensity of 1 (10 uM) at 588 nm was gradually increased
with the addition of increasing amount of Fe®* (10 uM-100 pM). The enhanced
intensity of 1-Fe displayed a good linear regression relationship (R2 = 0.994) (Figure
3, inset). The fluorescence quantum yield (@y) of 1 in the present of 100 pM Fe®* was

calculated to be 0.61 with respect to rhodamine B in ethanol solution (®s=0.89) [38].

(Figure 3)

To investigate the binding stoichiometry between 1 and the Fe®" ion, the Job’s plot
experiment[39]was carried out by keeping the total concentration of 1 and Fe**ions at
10 uM and changing the molar ration of Fe3* ([Fe*]/[1+ Fe3*]) from O to 1. As shown
in Figure 4, the result shows that a maximum at a molar fraction of 0.5, indicating the
formation of 1:1complex of 1 and Fe3*. The 1:1 complexation is also supported from
ESI-MS spectra analyses (Fig. S4), which show a prominent peak at 844.16

(calculated value, 844.22) due to [1+ Fe**+2CI)]*.

(Figure 4)

The association constant (Ka) of 1-Fe** complexes was determined by the

Benesi—Hildebrand Eq. (1) [40]:
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1 1 1
- — 4 ®
F-F {Ka X (Fmax—Fo) x [Fe~"1} Fmax —Fo

Where F is the fluorescence intensity at 588 nm at any given Fe3*concentration,
Fo is the fluorescence intensity at 588 nm in the absence of Fe**, and Fmax is the
maxima fluorescence intensity at 588 nm in the presence of Fe3* in solution. The
association constant Ka was evaluated graphically by plotting 1/ (F—Fo) against
1/[Fe3*] (Figure 5). Data were linearly fitted according to Eq. (1) and the Ka value
was obtained from the slope and intercept of the line. The Ka value of 1- Fe**
complexe was 5.43x 10° M. The detection limit, based on the definition by IUPAC
(CoL =3Sb/m) [41], was found to be 7.68x 107 M from 10 blank solutions, which
is allowed for the detection of micromolar concentration range of Fe®*.
All of these suggested that the receptor can be used as a selective fluorescent sensor

for Fe** in environmental analysis and analytical chemistry.

(Figure 5)

To check the practical applicability of 1 as a selective fluorescent sensor for Fe3*,
competition experiment, the systems of other metal ions and Fe** coexisted was
examined in aqueous ethanol. As shown in Figure 6, we found that all the coexistent

metal ions had no obvious interference with the detection of Fe3*.

(Figure 6)

To investigate the binding mechanism, IR spectra experiments of 1 and 1-Fe*

complexs were measured (Figure 7). The IR spectra were primarily characterized by
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band in the double-bond region. Two bands, 1681cm™ and 1624 cm™, were associated
with the amide carbonyl and ketone carbonyl absorption in chemosensor 1,
respectively. Upon addition of Fe**, the carbonyl groups IR peak at 1681cm™ and
1624 cm disappeared and a new IR peak appeared at 1631 cm™. This suggests that
the ketone and amide carbonyl O of 1 is actually involved in the coordination with
Fe".

(Figure 7)

According to the above experiments, a proposed binding mechanism of Fe3* with
1 was shown in Scheme 2. As it would be expected, the Fe3* binds with 1, and opens
the spirolactam ring that results in the fluorescence enhancement and development of

pink color.

(Scheme 2)

To access the feasibility of Fe3* detection in living cells, the fluorescence
imaging was recorded using confocal fluorescence microscopy. Figure 8 shows the
results of confocal fluorescence imaging of Fe**in live HeLa cells. As expected, HelLa
cells incubated with 1 gave no intracellular background fluorescence (Figure 8a). By
contrast, when 1 deposited HelLa cells were incubated with 10uM Fe3* for 30 min,
intense red fluorescence was observed (Figure 8c). It is well known that the Fe®*
could be taken up into the living cells by diffusion through porins, and transport by

transferrin and lactoferrin[42]. So, we conclude the remarkable fluorescence

12



enhancement was because of the complexation of 1 with Fe** in the living cells. An
overlay of fluorescence and bright-field images (Figure 8d) shows that the
fluorescence signals is localized in the intracellular area, indicating a subcellular

distribution of Fe** and good cell-membrane permeability of chemosensor 1.

(Figure 8)

4. Conclusion

In summary, we demonstrated a novel fluorescent chemosensor 1 for Fe3* and its
bioimaging applications. 1 exhibited a turn-on fluorescent response for detecting Fe**
with excellent selectivity over other metal ions. Moreover, fluorescent microscopy
experiments indicated that 1could be used as fluorescent probe for sensing Fe3* in

living cells.

Acknowledgments
This study was supported by the Science Technology Foundation for Creative
Research Group of HBDE (T201311) and the Hubei Province Education Ministry

Foundation of China (D20112507).

13



References

[1] B. Valeur, I. Leray, Design principles of fluorescent molecular sensors for cation
recognition, Coord. Chem. Rev. 205 (2000) 3—40.

[2] J. Wu, W. Liu, J. Ge, H .Zhang, P. Wang, New sensing mechanisms for design of
fluorescent chemosensors emerging in recent years, Chem. Soc. Rev. 40 (2011)
3483-3495.

[3] J. W. Lee, J. D. Helmann, The perk transcription factor senses H.O. by
metal-catalysed histidine oxidation, Nature 440 (2006) 363-367.

[4] T. A. Rouault, The role of iron regulatory proteins in mammalian iron homeostasis
and disease, Nature Chem. Biol. 2 (2006) 406-414.

[5] J. R. Burdo, J. R. Connor, Brain iron uptake and homeostatic mechanisms: an
overview, BioMetals 16 (2003) 63-75.

[6] D. J. Bonda, H. Lee, J.A. Blair, X. Zhu, G. Perryab, M.A. Smith, Role of metal

dyshomeostasis in Alzheimer's disease , Metallomics 3 (2011) 267-270.

[7] A.S. Pithadia, M.H. Lee, Metal-associated amyloid-f species in Alzheimer's
disease, Curr. Opin. Chem. Biol. 16 (2012) 67-73.

[8] A.J. Weerasinghe, C. Schmiesing, S.Varaganti, G. Ramakrishna, E. Sinn, Single
and multiphoton turn-on fluorescent Fe3* sensors based on bis (rhodamine) , J.
Phys. Chem. B 114 (2010) 9413-9419.

[9] J. L. Bricks, A. Kovalchuk, C. Trieflinger, M. Nofz, M. Buschel, A. I. Tolmacheyv,

J. Daub, K. Rurack, On the development of sensor molecules that display

Felll-amplified fluorescence, J. Am. Chem. Soc. 127 (2005) 13522-13529.

14


https://xs.glgoo.com/citations?user=Bmg7qgoAAAAJ&hl=zh-CN&oi=sra

[10] N. R. Chereddy, S. Thennarasu, A. B. Mandal , Incorporation of triazole into a
quinoline-rhodamine conjugate imparts iron (I1l) selective complexation
permitting detection at nanomolar levels , Dalton Trans. 41(2012) 11753-11759.

[11] N. R. Chereddy, S. Thennarasu, A. B. Mandal , A highly selective and efficient
single molecular FRET based sensor for ratiometric detection of Fe 3* jons ,
Analyst (138)2013 1334-1337.

[12] J. Qin, Z. Yang, G. Wang, A novel ratiometric fluorescent probe for detection of
Fe3* by rhodamine—quinoline conjugate, J. Photochem. Photobiol. A: Chem. 310
(2015) 122-127.

[13] M. She, Z. Yang, B. Yin, J. Zhang, J. Gu, et al, A novel rhodamine-based
fluorescent and colorimetric “off-on” chemosensor and investigation of the
recognizing behavior towards Fe®* , Dyes Pigm. 92(2012) 1337-1343.

[14] M. H. Lee, T. V. Giap, S. H. Kim, Y. H. Lee, C. Kang, J. S. Kim, A novel strategy
to selectively detect Fe(l11) in agueous media driven by hydrolysis of a rhodamine
6G Schiff base, Chem. Commun. 46 (2010) 1407-1409.

[15] M.Zhang, Y.Gao, M. Li, M.Yu, F.Li, L. Li, M. Zhu, J. Zhang, T. Yi and C.
Huang, A selective turn-on fluorescent sensor for Felll and application to
bioimaging Tetrahedron Lett. 48(2007) 3709-3712.

[16] Z. Q. Hu, Y.C. Feng, H.Q. Huang, et al, Fe**-selective fluorescent probe based on

rhodamine B and its application in bioimaging, Sensors Actuat Chem-B 156, (2011)
428-32.

[17] S. Wang, X. Meng and M. Zhu, A naked-eye rhodamine-based fluorescent probe

15



for Fe(lll) and its application in living cells, Tetrahedron Lett. 2011, 52,
2840-2843.

[18] C.C. Wang, D. Zhang, X.Y. Huang, P.G. Ding, Z.J. Wang,Y.F. Zhao, Y. Ye, A
fluorescence ratiometric chemosensor for Fe*" based on TBET and its application
in living cells. Talanta 128 (2014) 69-74.

[19] Z. Yang, M. She, B. Yin, J. Cui, Y. Zhang, W. Sun, J. Li , Z. Shi, Three
Rhodamine-based “off—on” Chemosensors with high selectivity and sensitivity for
Fe3* imaging in living cells, J. Org. Chem. 2012 (77) 1143-1147.

[20] S. Sun, B. Qiao, N. Jiang, J. Wang, S. Zhang, X. Peng, Naphthylamine—
rhodamine- based ratiometric fluorescent probe for the determination of Pd?* ions,
Org. Lett. 16 (2014) 1132-1135.

[21] GU. Reddy, F. Ali, N. Taye, F. Chattopadhyay, A. Das, A new turn on
Pd?*-specific fluorescence probe and its use as an imaging reagent for cellular
uptake in Hct116 cells, Chem. Commun. 51 (2015) 3649-3652.

[22] H. Ju, M.H. Lee, J. Kim, J.S. Kim, J. Kim, Rhodamine-based chemosensing
monolayers on glass as a facile fluorescent “turn-on” sensing film for selective
detection of Pb?*, Talanta, 83(2011) 1359-1363.

[23] L. He, C. Liu, J. H. Xin, A novel turn-on colorimetric and fluorescent sensor for
Fe3* and AIP* with solvent-dependent binding properties and its sequential
response to carbonate, Sensors Actuat Chem-B 213 (2015) 181-187.

[24] N. Chatterjee, S.B. Maity, A. Samadder, P. Mukherjee, A.R. Khuda-Bukhsh, P.K.

Bharadwaj, A chemosensor for AI** ions in aqueous ethanol media: photophysical

16



and live cell imaging studies, RSC Adv. 6 (2016) 17995 18001.

[25] A. Sahana, A. Banerjee, S. Lohar, B. Sarkar, S.K. Mukhopadhyay, D. Das,
Rhodamine-based fluorescent probe for AIP* through time-dependent
PET-CHEF-FRET processes and its cell staining application, Inorg. Chem. 52
(2013) 3627-3633.

[26] L. Fan, J. Qin, T. Li, B. Wang, Z. Yang, A novel rhodamine chromone-based
“Off-On” chemosensor for the differential detection of Al (IIT) and Zn (I1) in
aqueous solutions, Sensors and Actuators B: Chemical, 203(2014) 550-556.

[27] C.Y. Li, Y. Zhou, Y.F. Li, C.X. Zou, X.F. Kong, Efficient FRET-based
colorimetric and ratiometric fluorescent chemosensor for AI** in living cells,
Sensors Actuat Chem-B 186 (2013) 360-366.

[28] N.Chatterjee, B.Mahaling, S.Sivakumar, P.K. Bharadwaj, A highly selective and
sensitive “Turn-On” fluorescence chemosensor for the Cu?* ion in aqueous
ethanolic medium and its application in live cell imaging, J. Photochem. Photobiol.
A Chem 330 (2016) 110-116.

[29] X.Yu, H.Qu, Q.i Hu, K. Hou, Y.i Yan, D. Wu, P. Zhang, J. Li, A rhodamine-
based sensor for chromogenic detection of Cu?* and fluorescent detection of Fe®*,
Wuhan Univ. J. Nat. Sci. 19 (2014) 129-136.

[30] J. Bordini, 1. Calandreli, G. O. Silva, K. Q. Ferreira, D. P.S. Leitdo-Mazzi, E.
M. Espreafico, E. Tfouni, A rhodamine-B-based turn-on fluorescent sensor for
biological iron(l1l), Inorg. Chem. Commun. 35 (2013) 255-259.

[31] X. Bao, J. Shi, X. Nie, B. Zhou, X. Wang, L. Zhang, H. Liao, T. Pang, A new

17


http://link.springer.com/article/10.1007/s11859-014-0989-1#author-details-1
http://link.springer.com/article/10.1007/s11859-014-0989-1#author-details-2
http://link.springer.com/article/10.1007/s11859-014-0989-1#author-details-3
http://link.springer.com/article/10.1007/s11859-014-0989-1#author-details-4
http://link.springer.com/article/10.1007/s11859-014-0989-1#author-details-5
http://link.springer.com/article/10.1007/s11859-014-0989-1#author-details-6
http://link.springer.com/article/10.1007/s11859-014-0989-1#author-details-7
http://link.springer.com/article/10.1007/s11859-014-0989-1#author-details-8
http://www.sciencedirect.com/science/article/pii/S1387700313002608
http://www.sciencedirect.com/science/article/pii/S1387700313002608
http://www.sciencedirect.com/science/article/pii/S1387700313002608
http://www.sciencedirect.com/science/article/pii/S1387700313002608
http://www.sciencedirect.com/science/article/pii/S1387700313002608
http://www.sciencedirect.com/science/article/pii/S1387700313002608
http://www.sciencedirect.com/science/article/pii/S1387700313002608
http://www.sciencedirect.com/science/article/pii/S1387700313002608
http://www.sciencedirect.com/science/article/pii/S0968089614005008
http://www.sciencedirect.com/science/article/pii/S0968089614005008
http://www.sciencedirect.com/science/article/pii/S0968089614005008
http://www.sciencedirect.com/science/article/pii/S0968089614005008
http://www.sciencedirect.com/science/article/pii/S0968089614005008
http://www.sciencedirect.com/science/article/pii/S0968089614005008
http://www.sciencedirect.com/science/article/pii/S0968089614005008
http://www.sciencedirect.com/science/article/pii/S0968089614005008

Rhodamine B-based ‘on—off” chemical sensor with high selectivity and sensitivity
toward Fe®" and its imaging in living cells, Bioorg. Med. Chem. 22 (2014)
4826-4835.

[32] D. Guo, Z. Dong, C. Luo, W. Zan, S. Yan and X. Yao, A rhodamine B- based
“turn-on” fluorescent sensor for detecting Cu?* and sulfur anions in aqueous media,
RSC Adv. 4(2014) 5718-5725.

[33] Y. Jiao, L. Zhang, P. Zhou, A rhodamine B-based fluorescent sensor toward
highly selective mercury (I1) ions detection, Talanta.150 ( 2016) 14-109.

[34] S. Hu, G. Wu, C. Xu, J. Dong, Q. Gao, A new fluorescent chemosensor for Fe®*
based upon 2,5-diphenylfuran and 8-hydroxyquinoline, J. Photochem. Photobio. A,
270 (2013) 37-42.

[35] S.-L. Hu, N.-F. She, G.-D. Yin, H.-Z. Guo, A.-X. Wu, C.- L. Yang, Synthesis,
structural characterization, and fluorescent chemosensory properties of novel
molecular clips based on diethoxycarbonyl glycoluril, Tetrahedron Lett. 48 (2007)
1591-1594.

[36] Y. Hu, Q. Ke, C. Yan, C.H. Xu, X.H. Huang, S. Hu, A new fluorescence
chemosensor for selective detection of copper ion in agueous solution,
Tetrahedron Lett. 57 (2016) 2239-2243.

[37] Y. Xiang, A. Tong, P. Jin, and Y. Ju, New fluorescent rhodamine hydrazone
chemosensor for Cu (1) with high selectivity and sensitivity, Org. Lett. 8(2006)
2863-2866.

[38] X.Yang, Z.T. Pan, Y. Ma, J. Anal. Sci. 19 (2003) 588-589 (in Chinese).

18


http://pubs.rsc.org/en/results?searchtext=Author%3ADan%20Guo
http://pubs.rsc.org/en/results?searchtext=Author%3AZhengping%20Dong
http://pubs.rsc.org/en/results?searchtext=Author%3AChao%20Luo
http://pubs.rsc.org/en/results?searchtext=Author%3AWenyan%20Zan
http://pubs.rsc.org/en/results?searchtext=Author%3AShiqiang%20Yan
http://pubs.rsc.org/en/results?searchtext=Author%3AXiaojun%20Yao
http://www.sciencedirect.com/science/article/pii/S0039914015305178
http://www.sciencedirect.com/science/article/pii/S0039914015305178
http://www.sciencedirect.com/science/article/pii/S0039914015305178
https://xs.glgoo.com/citations?user=UqfkiXMAAAAJ&hl=zh-CN&oi=sra
http://www.sciencedirect.com/science/article/pii/S0040403916303756
http://www.sciencedirect.com/science/article/pii/S0040403916303756

[39] P. Job, Formation and stability of inorganic complexes in solution, Ann. Chim. 9
(1928) 113-134.

[40] H. A. Benesi, J. H. J. Hildebrand, A Spectrophotometric Investigation of the
Interaction of lodine with Aromatic Hydrocarbons, J. Am. Chem. Soc. 71 (1949)
2703-2707.

[41] B.P. Joshi, J. Park, W.I. Lee, K.H. Lee, Ratiometric and turn-on monitoring for
heavy and transition metal ions in aqueous solution with a fluorescent peptide
sensor, Talanta 78 (2009) 903-909.

[42] E. L. Mackenzie, K. Iwasaki, Y. Tsuji, Antioxid. Redox Signaling 10 (2008)

997-1014.

19



Captions:

Figure 1. Absorption spectral changes of compound 1 (10 uM) in EtOH/water (9:1,
v/v) containing HEPES buffer (10mM, pH =7.2) upon additions of various metal ions
(100 uM). Inset: the color changes of 1 before and after addition of Fe®*.

Figure 2. fluorescence spectral changes of compound 1 (10uM) in EtOH/water (9:1,
v/v) containing HEPES buffer (10mM, pH =7.2) upon additions of various metal ions
(50 uM ). 2. =510 nm. Inset: color of 1 and 1+Fe3* system under UV lamp.

Figure 3. Emision spectra of 1 (10uM) in EtOH/water (9:1, v/v) containing HEPES
buffer (10 mM, pH =7.2) upon the addition of Fe** (0-10eq) at 25°C.

Figure 4. Job’ plot of 1 and Fe®*. The total concentration of 1 and Fe** was kept at a
fixed 10uM.

Figure 5. Benesi—Hildebrand plot of sensor 1 with Fe3*.

Figure 6. Competitive experiments in the 1+Fe** system with interfering metal ions. [1] = 10 uM, [Fe*'] = 100
UM, and (M™] = 100 pM. hex = 510 nm.

Figure 7. Infrared spectra (KBr) of free 1 and 1-Fe3* complex at room temperature.
Figure 8. Fluorescence images of Fe** in HeLa cells. (a) Fluorescence images of
HeLa cells treated with 1; (b) bright-field image of cells shown in panel; (c)

fluorescence images after presence of Fe3*; (d) overlay image of (b) and (c)
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Figure 8
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Scheme 1. Synthesis of rhodamine derivate 1

Scheme 2.  Proposed binding mechanism for 1 with Fe®*.
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