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A novel, highly sensitive and selective fluorescent chemosensor ‘rhodamine-3,4-
Dihydro-2H-1,3-benzo-xazine’ [RH-BZN (1)] has been synthesized and characterized by 
single crystal X-ray diffraction and other physicochemical techniques. In 3:7 
water:MeCN (v/v) at pH 7.2 (10 mM HEPES buffer, µ = 0.05 M LiCl) it selectively 
recognizes Fe3+ through 1:1 complex formation resulting a 240 fold fluorescence 
enhancement and a binding constant (Kf) of 1.50 x 104 M-1. The otherwise non-
fluorescent spirolactum form of the probe results a dual changes in absorbance and 
fluorescence arising out of opening of the spirolactum ring through coordination to 
Fe3+ ion. This probe could suitably be employed for cytoplasmic intracellular imaging 
of Fe3+ without notable cytotoxicity. The reversible binding RH-BZN to Fe3+ was 
confirmed by reacting with tetra-n-butylammonium fluoride both in extra- and intra-
cellular conditions. 

 

 

Transition-metal ions involve in many biological and 

environmental processes, and a great emergence of interest 

has developed in recent years to generate metal ion 

selective and sensitive fluorescent probes.1  Though 

numerous excellent works focusing on the selective and 

sensitive detection of transition metal ions; e.g., Cu2+, Pb2+, 

Zn2+, and Hg2+ have been reported2, examples of Fe3+-

selective fluorescent probes are still scarce3; despite the 

indispensable role of Fe3+ in many biochemical processes.4,5 

 Iron seems to be a versatile element involved in the 

proper functioning of numerous biological systems in all 

living organisms including bacteria and plants.6,7 Both 

deficiency and excess of iron can induce a variety of 

diseases.8 Iron being both useful and cytotoxic,9 its deficiency 

throughout the developmental phases may lead to 

permanent loss of motor skills.
10  Iron overload in a living cell 

can lead to generation of reactive oxygen species (ROS) via 

the Fenton reaction, which can cause damage to lipids, 

nucleic acids, and proteins. Again, accumulation of iron in 

the central nervous system may lead to a number of diseases 

like Parkinson, Huntington and Alzheimers.9aKeeping in view 

of the roles played by iron in day-to-day life, the  

 

development of techniques for selective determination of 

iron is in great demand. It is necessary to design simple, 

highly sensitive and selective chemosensor for Fe3+ detection 

and establish a method for the determination of trace 

amounts of Fe3+ ions.  Most of the known Fe3+ sensors are 

based on fluorescence quenching mechanisms due to the 

paramagnetic nature of ferric ions.11 In addition, most turn-

on fluorescence sensors for Fe3+ are not selective over Cr3+ 

and Cu2+.12 Therefore, the development of a chemosensor 

that shows high selectivity for iron involving a fluorescence 

turn-on response is necessary for practical applications. 

 On the other hand, 3,4-Dihydro-2H-1,3-

benzoxazines are bicyclic heterocycles that are of significant 

interest in the polymeric and pharmacological fields. 1,3-

Benzoxazines have long been recognized for their wide range 

biological activities with uses as herbicides and agricultural 

microbiocides, bactericide, fungicide, antidepressive, anti-

inflammatory, and antitumor agents.13-16 Moreover, 1,3-

benzoxazine monomers are recently used to develop a new 

type of phenolic resin, namely polybenzoxazines, by the ring-

opening polymerization.17-20  
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Rhodamine based conjugate with spirolactam structure 

are, in general, non-fluorescent but acts as colorimetric  as 

well as fluorometric  sensors with the enhancement of 

absorption and fluorescence emission intensity, respectively 

on selective binding to metal ion(s). 

In the present communication, we are going to disclose, 

for the first time, a Rhodamine-3,4-Dihydro-2H-1,3-

benzoxazine conjugate as a highly sensitive and selective 

fluorescent chemosensor for Fe3+  ion which further 

recognizes F- ion by quenching the fluorescence of Fe3+-RH-

BZN complex by abstracting the metal ion through the 

formation of stable FeF6
3- complex. 

 

Scheme-1 

Experimental 

Materials and Methods. 

The starting materials, such as, rhodamine B hydrochloride 

(Sigma Aldrich), 2,4-di-tert-butyl phenol (Sigma Aldrich), 

ethylene diamine (Sigma Aldrich), formaldehyde (Sigma 

Aldrich) and ferric nitrate (Sigma Aldrich), tetra-n-

butylammonium fluoride (Sigma Aldrich) were used for the 

preparation of RH-BZN and Fe3+ complex. Other metal ions 

were obtained from the previous studies. Solvents like EtOH, 

MeOH, MeCN etc (Merck, India) were of HPLC grade.  MeCN 

and deionised water were used for spectroscopic studies. 

Physical Measurements 

Infrared spectra (400–4000 cm-1) were recorded from KBr 

pellets on Nickolet Magna IR 750 series-II FTIR 

spectrophotometer. 1H-NMR and 13C-NMR was recorded in 

CDCl3 on a Bruker 300 MHz NMR spectrometer using 

tetramethylsilane (δ = 0) as an internal standard. UV-Vis 

spectra were recorded on Agilent diode-array 

spectrophotometer (Model, Agilent 8453), Steady-state 

Fluorescence spectra were recorded on a PTI 

spectrofluorimeter (Model QM-40.), ESI-MS+ (m/z) of the RH-

BZN and Fe3+ complex were recorded on a HRMS 

spectrometer (Model: XeVO G2 QTof). 

Syntheses  

Preparation of RH-BZN 

Rhodamine B hydrochloride (1) (5.0 mmol) and 

ethylenediamine (10.0 mmol) were dissolved in EtOH and 

refluxed for 6 hours with continuous stirring whereupon a 

white crystalline solid of rhodamine-amine (2) was 

deposited. The solid was filtered and washed with EtOH. The 

compound (2) (2 mmol), 2,4-di tertiary butyl phenol (4 

mmol) and  formaldehyde (4 mmol) were dissolved in MeCN 

and refluxed for 20 h with constant stirring whereupon a 

white solid deposited was filtered and washed several times 

with ethanol and dried in air (68 % yield). It was further 

recrystallized from MeOH to get single crystals suitable for X-

ray diffraction studies. 1H NMR (300 MHz, CDCl3) (δ, ppm): 

1.20(t, 12H, CH3) , 1.28(t, 18H, CH3), 2.48(s, 2H, CH2), 3.36(s, 

8H, CH2), 3.83(s, 2H, CH2), 4.60(s, 2H, CH2), 6.28(s, 2H, CH2), 

6.40-6.50(m, 4H, ArH), 6.73(1H,s, ArH), 7.09(s,2H, ArH), 

7.29(s, 1H, ArH), 7.46(s, 2H, ArH), 7. 92(s, 1H, ArH) (Fig. S1-

S2).   IR spectrum: ṽ = 1692.15 cm-1 (spirolactam amide-

keto), 1615.02 cm-1 (–C=N) (Fig. S3). ESI-MS+ (m/z):715.37 

(RH-BZN + H+) (Fig. S4). 

Synthesis of [Fe (RH-BZN)(NO3)2(CH3CN)]] 

Fe (NO3)3.9H2O (2 mmol) in 5 ml MeCN was added drop 

wisely to a solution of RH-BZN (2 mmol) in 20 ml MeCN with 

continuous stirring.  After 1 hour the solution was filtered 

and kept aside undisturbed. After one day crystalline 

complex was precipitated out. It was collected by filtration, 

washed several times with MeOH and dried in air. It was 

recrystallized from methanol. Several trials to grow single 

crystals were failed. IR spectrum: ṽ = 1637.68 cm-1 

(spirolactam amide-keto), 1554.65 cm-1 (–C=N) (Fig. S3). ESI-

MS+ (m/z): 834.4961 [Fe(RH- BZN)(OCH3)(CH3OH)];934.5900 

[Fe(RH-BZN)(NO3)2(CH3CN)]; 948.6159 [Fe(RHBZN)(NO3)2(OC 

H3)]Na+ (Fig. S5).  

Cell culture 
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Human hepatocellular liver carcinoma (HepG2) cells line 

(NCCS, Pune, India), were grown in DMEM supplemented 

with 10% FBS and antibiotics (penicillin, 100 µg/ml; 

streptomycin, 50 µg/ml). Cells were cultured at 37 °C in 95% 

air, 5% CO2 incubator.   

Cell Cytotoxicity Assay 

To determine % cell viability of RH-BZN, MTT assay was 

performed. HepG2 cells (1 × 105 cells/well) were cultured in a 

96 well plate at 37 °C, and exposed to varying concentrations 

of RH-BZN, 1, 10, 20, 40, 60, 80 and 100 μM respectively for 

12h. 20 μl of MTT solution [5 mg/ml 1X phosphate-buffered 

saline (PBS)] was added to each well of a 96-well culture 

plate and again incubated continuously at 370C for a period 

of 4 h. All media were removed from wells and 100 µl of 

DMSO was added to each well and absorbance was 

measured at 550 nm (EMax Precision MicroPlate Reader, 

Molecular Devices, USA). All experiments were performed in 

triplicate and the relative cell viability (%) was expressed as a 

percentage relative to the untreated control cells (Fig. S6).   

Cell Imaging Study 

HepG2 Cells were culture and incubated in 35x10 mm culture 

dish over cover slip for 24h at 37◦C. The cells were allowed to 

incubate with 10 μm RH-BZN prepared by dissolving it in a 

mixed solvent (DMSO: water = 1:9 (v/v) in the culture 

medium, allowed to incubate for 30 min at 37 °C. After 

incubation, cells were washed twice with 1X PBS and allowed 

to counterstained by DAPI (2-(4-Amidinophenyl)-6-

indolecarbamidine dihydrochloride- 4′,6-diamidino-2-phenyl- 

indole, used for nuclear staining, Sigma). Fluorescence 

images of HepG2 cells were taken by a fluorescence 

microscope (Leica DM3000, Germany) with an objective lens 

of 40X magnification. Fluorescence images of HepG2 cells 

were taken separately from another set of experiment where 

cells were pre-incubated with 10 µM Fe3+ for 30 min at 370C 

followed by washing twice with 1X PBS and subsequent 

incubation with 10 µM RH-BZN
 for 30 min at 370C. Similarly, 

in another set of experiment, cells were incubated 

sequentially with 10 µm Fe3+, 10 µM RH-BZN and 100 µM F- 

for 30 min at 370C with alternative washing with 1X PBS two 

times. The live cell on cover slip was allowed for  

fluorescence imaging, RH-BZN
 shows HepG2 intracellular 

cytoplasmic red fluorescence by forming complex with Fe3+ 

and DAPI, used as counter stain to localize the nucleus, 

shows blue color at nucleus. Moreover, the concentration 

dependent capture of Fe3+ was preformed similarly as per 

described above at 1, 10 and 20 µM for RH-BZN. 

Furthermore, to confirm the cytoplasmic capturing of Fe3+ 

and cytoplasmic localization of RH-BZN after forming 

complex with Fe3+, cell imaging study was conducted by 

using DAPI as nuclear counter stain and LysoTracker Green 

DND-26 (invitrogen) for cytoplasm and, live cell imaging 

study was carried out as described above. Likely, RH-BZN
 

showed HepG2 intracellular cytoplasmic red fluorescence by 

forming complex with Fe3+, confirmed against nuclear and 

cytoplasmic tracker.    

Solution preparation for UV-Vis and fluorescence studies: 

For both UV-Vis and fluorescence titrations, a stock solution 

of 1.0 x 10-3 M of the probe 3 was prepared by dissolving it in 

0.5 ml MeCN and finally the volume is made up to 10 ml by 

MeCN. Similarly, 10 ml 1.0 x 10-3 M stock solutions of Fe3+ 

and tetra-n-butyl ammonium fluoride were prepared 

separately in MeCN. 100 ml solution of 10 mM HEPES buffer 

was prepared and pH was adjusted to 7.24 by using HCl and 

NaOH as required. 2.5 ml of this buffer solution was pipette 

out into a cuvette to which 20 µM of the probe was added 

and Fe3+ ions were added incrementally starting from 0 to 25 

µM in a regular interval of volume and UV-Vis and 

fluorescence spectra were recorded for each solution. 

Similar is the case for tetra-n-butyl ammonium fluoride 

titration. Path length used of the cells for absorption and 

emission studies was 1 cm. Fluorescence measurements 

were performed using 2 nm x 2 nm slit width. 

Quantum Yield Determination: 

Fluorescence quantum yields (Φ) were estimated by 

integrating the area under the fluorescence curves with the 

equation: 

 

where, A is the area under the fluorescence spectral curve 

and OD is optical density of the compound at the excitation 

wavelength. The standard used for the measurement of 

fluorescence quantum yield was rhodamine 6G Φstd = 0.94 in 

CH3OH).  

Results and Discussion 
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As depicted in Scheme 1, receptor RH-BZN (3) was 

synthesized from the reaction of rhodamine-B with 

ethylenediamine followed by Mannich reaction with 2,4-di-

tert-butylphenol in presence of formaldehyde in EtOH in 

refluxing conditions for 20 h with 68% yield. The final 

product (3) was well characterized by 1H NMR (Fig. S1), 13C- 

NMR (Fig.S2), IR (Fig.S3), HRMS (Fig.S4 and S5) and single 

crystal X-ray diffraction method (Fig. 1). Detail of the method 

of data collection and refinement are listed in Table 1.  

Table 1 - Crystal Data and Details of the Structure 
Determination 

  
    Formula C46 H58 N4 O3 

Formula Weight                                              714.96 
Crystal System Monoclinic 
Space group                                   P21/c (No. 14) 
    a, b, c [Å]              17.313(3)    24.678(4)   

9.5642(17) 
α, β, γ [°]                90   105.015(390 

V [Å3]                                               3946.8(12) 
Z 4 
D(calc) [g/cm3]                                            1.203 
μ(MoKα) [ /mm ]                                            0.075 

F(000)                                                        1544 
  Crystal Size [mm]                            0.05x0.18 x0.23 
Temperature (K)                                                296 

Radiation [Å] MoKα   0.71073 
Θ Min-Max [°]                                     1.2,  27.6 
Dataset                                 -22: 22 ; -32: 32 ; -12: 

12 
Tot., Uniq. Data, R(int)                      32636,   9136,  

0.094 
    Observed data [I > 2.0 σ(I)]                              4317 

Nref, Npar 9136,  492 
R, wR2, S                                     0.0861, 0.2329, 1.02 
Max. and Av. Shift/Error                                0.02, 0.02 

  Min. and Max. Resd. Dens. 
[e/Ang^3]                     

-0.55, 0.86 

w = 1/[\s^2^(Fo^2^)+(0.2000P)^2^], where 
P=(Fo^2^+2Fc^2^)/3 

 

Fig. 1 Molecular view of 3, H atoms are removed to get 

better clarity. 

Single crystal X-ray diffraction studies reveal that the 

compound RH-BZN crystallises in monoclinic system of space 

group P21/c. The crystallographic details are depicted in 

Table 1.  

The receptor 3 was found to be highly sensitive and selective 

colorimetric and fluorogenic dual sensor for Fe3+ while in the 

absence of Fe3+; the solution of 3 is colourless and non-

fluorescent.  

In order to determine the stability constant and composition 

of the RH-BZN–Fe3+ complex we have carried out UV-Vis 

titration with fixed concentration of 3 (20 μM) with variable 

concentration of Fe3+ (0 - 35.0 μM) at 25 °C in aqueous MeCN 

(3:7, v/v, 1.0 mM HEPES buffer,  pH 7.2, µ = 0.05 M LiCl). It 

was revealed that there is a gradual development of a new 

absorption band at around 552 nm on addition of Fe3+ (Fig. 

2a). A plot absorbance vs. [Fe3+] showed a gradual increase in 

absorbance and tends to become almost constant at ~1:1.75 

ligand:metal mole ratio. The absorption titration data were 

fitted to a non-linear eqn. (1),21 where a and b are the 

absorbance/fluorescence intensities in the absence and 

presence of excess metal ions, respectively, c (= Kf) is the 

formation constant and n is the stoichiometry of the 

reaction. 

a  + b*c*xn

1+ c*xn
y = (1)

 

The evaluated parameters are: Kf = (1.50 ± 0.18) x 104 M-1, n 

= 1.04 ± 0.01.  

 

Fig. 2(a)  Absorption titration of RH-BZN with Fe3+ in MeCN-
H2O (7:3, v/v) in HEPES buffer (1 mM) at pH 7.2; (b) non-
linear fitting of data. 

Page 4 of 10Analytical Methods

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

A
na

ly
tic

al
M

et
ho

ds
A

cc
ep

te
d

M
an

us
cr

ip
t



Journal Name COMMUNICATION 

This journal is © The Royal Society of Chemistry 2012 J. Name., 2012, 00, 1-3 | 5  

The fluorescence titration data were solved analogously as 

in case of absorption titration data which gives Kf  of (1.50 ± 

0.23) x 104 M–1, n = 0.99 ± 0.02 (see Fig. 3, B). There is an 

excellent agreement between the Kf values extracted from 

absorption (Kf = (1.50 ± 0.18) x 10
4
 M

-1
, n = 1.04 ± 0.01) and 

fluorescence (Kf  of (1.50 ± 0.23) x 104 M–1, n = 0.99 ± 0.02) 

titration data manifesting the self-consistency of our results.  

 

 

 

Fig. 3 (a) Fluorescence titration of (20.0 μM) in MeCN-H2O 
(7:3, v/v) in HEPES buffer at pH 7.2 by the gradual addition 

Fe3+  withλex = 510 nm, λem = 582 nm, Inset (b) non-linear 
curve-fit of F.I vs. [Fe3+] plot. 

 

After performing all possible composition of CH3CN/H2O for 

spectral (Fluorescence) studies it was observed that 

CH3CN/H2O (7:3, v/v) is a good choice for this study. On 

increasing the water content beyond CH3CN/H2O (7:3, v/v) 

the fluorescence enhancement was found to decrease 

progressively and there is no visible change in FI when 100% 

water was used (Fig. S8). The detection of Fe3+ was not 

perturbed by the presence of biologically abundant Na+, K+, 

Ca2+ and Mg2+ ions. Similarly, several transition-metal ions, 

namely Cr3+, Mn2+, Fe2+, Co2+, Cu2+, Ni2+ and Zn2+, and heavy-

metal ions, like Cd2+, Hg2+ and Pb2+ did not show any 

significant spectral change under identical reaction 

conditions and also carried out the selectivity studies both 

for individual metal ions as well as in presence of Fe3+ in each 

case.  These studies clearly suggest that all the tested metal 

ions have no interference in the selective detection of Fe3+ 

(Fig. S9). 

To check the suitability for the convenient biological 

application of this probe towards Fe3+ sensing under 

physiological conditions the pH-stability of the probe was 

investigated which showed no obvious fluorescence of RH-

BZN between pH 6 and 12, suggesting the existence of 

spirolactum form of RH-BZN over this wide range of pH (Fig. 

S10). However, in presence of selective guest like Fe3+ ion it 

fluoresces effectively at pH ≥ 7.0 which clearly indicates the 

compatibility of the probe for biological applications under 

physiological conditions. 

The reversible binding of 3 to Fe3+ was investigated in the 

same solvent system as was used in the absorption and 

fluorescence titrations. Anions like SO4
2–,NO3

–,Cl–, F–, Br–, I–, 

OAc– and N3
– of 5 equivalents of 3 were introduced (Fig. S11) 

into the solution of RH-BZN–Fe3+ complex and subsequently 

the changes in their fluorescence intensities were 

monitored. The results showed that anion like F– (tetra-n-

butylammonium fluoride ) have a strong affinity towards 

Fe3+ and their binding constants seems to be much higher 

than that of RH-BZN–Fe3+ complex resulting the abstraction 

of Fe3+ from the complex and bleaching of the emission band 

at 582 nm through the re-establishment of the spirolactum  

  

 

 

Fig. 4 The phase contrast (upper panel) and fluorescence images (lower panel) of HepG2 cells were captured (40X) after incubation with (i) RH-BZN (10 µM), 

(ii) RH-BZN + Fe3+ (10 µM each) and (iii) RH-BZN + Fe3+ (10 µM each) followed by addition of 100 μM F- for 30 min at 37°C. Inset shows the cytoplasmic 

response of RH-BZN towards Fe3+. (iv) Fluorescence titration of RH-BZN–Fe3+ ensemble (20 μM) by gradual addition of F- solution (5 μM at a time). 
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Fig. 5  HepG2 cells were incubated with (i) 10µM of RH-BZN for 30 min at 37 °C, (ii)  pre-incubated 10µM of Fe3+ for 30 min at 37°C followed by washing 

twice with 1X PBS and, subsequent incubation with 10µM RH-BZN for 30 min at 370C and (iii) pre-incubated 10µM of Fe3+ for 30 min at 37°C followed by 

10µM RH-BZN and 100µM F- for 30 min at 370C with alternative washing with 1X PBS two times. (A) The fluorescence image (40X) shows the strong red 

florescence when RH-BZN complexes with Fe3+ (in green filter) and subsequently quench off on addition of F- (in green filter). The merge image shows the 

cytoplasmic RH-BZN +Fe3+ fluorescence, suggests no nuclear entry of RH-BZN fluorophore, DAPI as nuclear counter stain (blue, in violet/blue filter). (B) 

The fluorescence image (100X) shows the strong red florescence when RH-BZN complexes with Fe3+ and subsequently quench off on addition of F-. The 

merge image shows the cytoplasmic RH-BZN +Fe3+ fluorescence, suggests no nuclear entry of RH-BZN fluorophore, DAPI as nuclear counter stain (blue) 

and LysoTracker (Green, in blue filter) for cytoplasm. (C) The intracellular fluorescence image of RH-BZN in complex with Fe3+ at 1, 10 and 20 µM 
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concentration of RH-BZN were shown (40X) by counterstained by DAPI  and (D) by DAPI as nuclear counter stain and LysoTracker for cytoplasm (100X). 

The lowest concentration of RH-BZN (1µm) shows excellent detection of Fe3+ in the cytoplasm of HepG2 cell. 

ring (Fig. 4). The quantum yield of the RH-BZN– Fe3+ complex 

was determined to be Φ = 0.57 (with rhodamine 6G as a 

standard), whereas the free ligand is non- or very weakly 

fluorescent. The limit of detection (LOD) of Fe3+ was 

determined by the 3σ method and found to be as low as 0.11 

µM (Fig. S12). All these findings indicate that RH-BZN is a 

good example of an ideal chemosensor for Fe3+. 

The formation of the RH-BZN– Fe3+ complex by opening of 

the spirolactum ring was established through IR studies. The 

IR study revealed that the characteristic stretching frequency 

of the amidic “C=O” of the rhodamine moiety at 1692.15    

cm-1 is shifted to a  lower wave number 1637.68 cm–1 in the 

presence of 1.2 equiv. of Fe3+ (Fig. S3). This large shift 

signifies a strong polarization of the C=O bond upon efficient 

binding to the Fe3+ ion and in fact indicates opening of the 

spirolactum ring.  

Bio-imaging of Fe3+ by RH-BZN was performed in live cell (Fig. 

4 and 5) by fluorescence microscopic techniques. To 

determine whether RH–BZN has any cytotoxic effect, MMT 

assay was performed on HepG2 cells which showed no 

significant cell cytotoxicity up to 80 µm (<30 % cytotoxicity) 

(Fig. S6).23 Hence further experiments were carried out at 

low dose (10 µm) of RH-BZN.  

The intracellular imaging behaviour of RH-BZN (10 µM) on 

HepG2 cells displayed no obvious fluorescence (Fig. 4). 

However, an excellent intracellular cytoplasmic fluorescence 

was observed inside the cells, when HepG2 cells were 

incubated with  10 µM RH-BZN followed by washing with 1X 

PBS and subsequent incubation with 10 µM Fe3+ and, also 

subsequent quenching of red fluorescence on treatment 

with tetra-n-butyl ammonium fluoride. Interestingly we have 

observed that the fluorophore RH-BZN
 shows the only 

cytoplasmic binding with Fe3+, not the nuclear binding ((Fig. 

4, inset and 5). The specific binding of fluorophore 3 into the 

cytoplasm make this fluorophore less toxic, as fluorophore 3 

cannot cross the nuclear membrane to bind to the nucleus 

(DNA)  which cause the more toxic effect to cells.24 The 

cytotoxicity study by MMT assay shows 82% cell viability at 

20 µM concentration and specifically detects the cytoplasmic 

Fe3+. Additionally, Fig. 5 displays the concentration 

dependent bind ing of RH-BZN with intracellular Fe3+ which 

clearly indicates that the present probe is capable of 

recognizing cytoplasmic Fe3+ as low as 1 µm concentration.  

As the dye is not water soluble, we performed all the 

extracellular experiments in MeCN:H2O (7:3, v/v) mixture. 

However, when the probe is once solubilised in DMSO it did 

not give any precipitate on adding water up to 99%. So there 

was no problem in performing the cell imaging experiment in 

1:9 DMSO:H2O mixture.  

 

 
Scheme II 

 

Few of the recently investigated Rhodamine-B based Fe3+ 

sensors are given in Scheme 2 and some salient features are 

given in Table 2. A quick inspection of these studies reveal 

that all these are turn on Fe3+ ion sensor with moderate LOD  

values  (0.32-5.0 µM) and formation constants (Kf = 5.1 x 103  

–  4.52 x 105 M-1) and applicable  for monitoring intracellular 

Fe3+ ion,25  though in few cases no cell imaging experiments 

were performed.  RH-BZN recognizes Fe3+ with 240 fold 

fluorescence enhancement with binding constant of 1.50 x 

104 M-1 and LOD 0.11 µM through 1:1 host-guest type 

interaction. Not only that the cytoplasmic binding makes this 
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probe more appropriate for in vivo monitoring of Fe3+ 

without any genetic damage. 

 
Table 2. Comparative results of selected rhodamine 6G based 
probes for recognizing Fe3+. 

 

 

 

Conclusions 

In summary, a novel benzoxazine based dual sensor 

‘rhodamine-3,4-Dihydro-2H-1,3-benzoxazine’, RH-BZN (3) has 

been synthesized and structurally characterized. In 3:7 

water:MeCN (v/v) and at physiological pH 7.2, it selectively 

recognizes Fe3+ giving 240 fold fluorescence enhancement 

and binding constant of 1.50 x 104 M-1 through 1:1 host-

guest type interaction, which could suitably be employed for 

cytoplasmic intracellular imaging of Fe3+ without notable 

cytotoxicity. Reversible binding of Fe3+ towards this probe 

was confirmed by reacting with tetra-n-butyl ammonium 

fluoride both in extra- and intra-cellular conditions. 
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A novel rhodamine-3,4-dihydro-2H-1,3-benzoxazine conjugate exhibits excellent selectivity towards Fe3+ both in extra and 

intracellular conditions. 
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