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Scheme S1. Synthesis of naphthalimide probe 1

General Information

Dry acetonitrile and double distilled water were used in all experiments. All the materials for
synthesis were purchased from commercial suppliers and used without further purification.
The W138 (normal lung fibroblast) cells from American Type Culture Collection (Manassas,
VA). Dulbecco's Modified Eagle Medium (DMEM), Dulbecco's Phosphate Buffered Saline
(DPBS), Hank's Balanced Salt Solution (HBSS), Fetal Bovine Serum (FBS),

penicillin/streptomycin were purchased from Sigma-Aldrich, USA. The solutions of metal
ions were prepared from the corresponding chloride salts. Absorption spectra were recorded
on a Cary 5000 UV-Vis-NIR spectrophotometer. Fluorescence measurements were
performed on a Cary Eclipse fluorescence spectrophotometer (Excitation wavelength 400 nm;
excitation, emission slit widths are 5 nm each). All pH measurements were made with a
Systronics ppH System Model 361. NMR spectra were recorded using a Bruker 300 and 500
MHz NMR spectrometers. ESI-High-resolution mass spectrum (HRMS) was recorded on
QSTAR XL Hybrid MS/MS mass spectrometer. All measurements were carried out at room

temperature. Stock solution of the probe was prepared by dissolving 5.20 mg of 1 in 1:1 v/v
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0.01M Tris HCI-CH;CN (pH 7-4) and making up to the mark in a 10 mL volumetric flask.
Further dilutions were made to prepare 25 uM solutions for the experiments. Stock solutions

of metal ions (1 M) were prepared in de-ionised water.

Synthesis of probe 1

To a solution of 4-bromo-1,8-naphthanoic anhydride (1.00 g, 3.60 mmol) in ethanol
maintained at 70 °C, propylamine (1.0 mL) was added slowly. The resulting mixture was
stirred for ~2h, cooled to room temperature and precipitate formed (A) was filtered, used in
the next step. To this product A, (0.70 g, 2.20 mmol) in DMSO, piperazine (1.00 g, 11.6
mmol) and K,CO; (0.42 g, 3.0 mmol) were added and stirred at 110 °C for 3h. After
completion, the reaction mixture was extracted with DCM and subjected to column
chromatography (silica gel 100-200 mesh) and eluted using ethtyl acetate to get 0.50 g (70%)
of B. To 4-piperazinyl-N-propyl-1,8-naphthanamide, B, (0.48 g, 1.5 mmol) in acetonitrile (20
mL), 2,6-Bis(chloromethyl)pyridine (0.71 g, 4.0 mmol) was added and the mixture was
refluxed overnight under N, atmosphere. After completion of the reaction, the reaction
mixture was cooled to room temperature, concentrated and subjected to column
chromatography (silica gel 100-200 mesh, 1:9 ethyl acetate-hexane as eluent) to afford C
(0.44 g, 64%) as pale yellow solid. To the mixture of C (0.61 g, 1.0 mmol) and potassium
carbonate (0.28 g, 2.0 mmol) in DMF, phenol (0.15 g, 1.5 mmol) was added and the mixture
was stirred at room temperature over night. After completion, the reaction mixture was
partitioned between chloroform and water, chloroform layer was collected. The aqueous layer
was washed thrice with chloroform (3 x 10 mL) and the combined organic extract was
washed with brine, concentrated and subjected to column chromatography to afford 1 in pure
form (0.40 g, 78%). 'H NMR (400 MHz, CDCl;, 6 ppm): 1.00 (t, J= 7.2 Hz, 3H), 1.75 (q, J
= 7.6 Hz, 2H), 2.88 (s, 4H), 3.33 (s, 4H), 3.85 (s, 2H), 4.13 (t, /= 7.6 Hz, 2H), 5.23 (s, 2H),
6.90-7.11 (m, 3H), 7.21 (d, /= 7.6 Hz, 1H), 7.24-7.33 (m, 1H), 7.40-7.51 (m, 2H), 7.62-7.77
(m, 2H), 8.01 (s, 1H), 8.41 (d, J = 8.4 Hz, 1H), 8.50 (d, /= 8.0 Hz, 1H), 8.56 (d, /= 7.2 Hz,
1H). 13C NMR (100 MHz, CDCl;, 8 ppm): 11.55, 21.42, 31.44, 36.50, 41.77, 53.01, 53.38,
64.39, 70.55, 114.79, 114.89, 116.72, 119.80, 121.14, 122.18, 123.26, 125.61, 126.13,
129.54, 129.85, 130.27, 131.06, 132.52, 137.35, 155.93, 156.97, 157.67, 158.38, 162.56,
164.04, 164.50. ESI-HRMS (+ve mode, m/z): 521.25282 (M+HY), Calc. for C;,H33N,405 is
521.25527.

Sample preparation for cell culture
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The solution of 1 was prepared in sterile DMSO solvent with stock solution concentrations of
10 mM. Similarly, 10 mM stock solution of Fe3* salts was prepared in sterile Millipore water.

The freshly prepared stock solutions of each sample were used for cell culture experiment.
Cell culture experimentation

W138 cells were maintained in DMEM complete media, supplemented with 10% Fetal
Bovine Serum (FBS) and 1% penicillin/streptomycin at 37 °C humidified incubator with 5%
CO,. Cells after 70% confluency were seeded into 96 well plate and 24 well plate for cyto-

toxicity assays and fluorescence microscopy studies, respectively.

MTT assay

The MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium bromide) assay has been
used to measure the activity of enzymes that reduce MTT to formazan dyes, giving rise to a
purple colour. Briefly, 10,000 of NIH 3T3 cells were plated in each well of a 96-well tissue
culture plate with 100 pL of complete DMEM media at 37 °C humidified incubator with 5%
CO, for 24 h. Next day, the media was replaced with 100 pL (in each well) fresh media and
the cells were incubated with probe 1 at different concentrations (0.1-25 uM) for another 48
h. 1 mL of MTT stock solution (5 mg/mL) was diluted to 10 mL using complete DMEM
media and 100 pL of the diluted MTT solution was added to each well of 96 well plate by
replacing the old media and allowed to incubate for 4 h. After that, the media in each well
was replaced by 100 puL of 1:1 DMSO-Methanol mixture (v/v) for solubilizing the purple
formazan product. Then, the plate was kept on a shaker for homogeneous mixture of the
solution. Finally, the microplate reader (ELx 800 MS) has been used to measure the

absorbance of solution in each well of the plate at 570 nm.

Fluorescence microscopy

To conduct live cell imaging experiments, W138 cells were seeded at 2x10* cells/mL/well in
a 24-well tissue culture plate for 24 h at 37 °C humidified incubator with 5% CO, in complete
DMEM media. After 24 h, the cells were incubated with probe 1 (10 uM) for another 4 h.
The cells were thoroughly washed with DPBS for six times to eradicate the unbound probe 1
from the surface of cell membrane. After that, the cells treated with probe 1 were incubated
with 10 uM of Fe** ions for 1 h. Additionally, cells were also treated with only 1 (10 uM),
and only Fe3* (10 uM) solutions and again washed with DPBS for six times to remove the

unbound materials. Finally, the fluorescence images of W138 cells treated with probe 1 and 1
sS4



and Fe', only probe 1 and only Fe3" were observed under fluorescence microscope (Leica
DM IRB microscope equipped with EBQ-100 UV-lamp) through the green (Emission filter
LP 515) channel.

Fluorescence measurements using well plate reader

Human lung fibroblast, W138 cells, were cultured as described above and plated at a density
of 5 x 10* cells/ well in a 12 well black with transparent bottom tissue culture plate. The cells
were allowed adhere and spread overnight in the medium supplemented with FBS and
antibiotics. Next day, the cells were washed twice with PBS and treated with 10 uM probe
for 4 hours. The cells were again washed with PBS and treated with different concentration
Fe3* (0-10 uM) for 1 hour. The intensity of the fluorescence emitted was measured using a
micro plate reader (Tecan Infinite M200 PRO) with excitation and emission wavelengths of

400 and 515 nm, respectively.

Theoritical studies

Density functional theory studies were carried out on two molecules 1 and its Iron complex
(1-Fe)** using Gaussian 03 software.! The complex was treated as open shell system using
spin unrestricted DFT wave functions because iron atom exits in the form of Fe(Ill) in its
complex. Geometry optimization have been carried out using B3LYP functional®> and 6-
31G(D,P) basis set for 1 and (1-Fe)3*. For iron atom as it is in the form of Fe(III), low spin
state of 1/2 was considered for our calculations. Frequency calculations are performed on the
same level of theory to ensure no imaginary frequencies are present to confirm the optimized
geometry is the local minima on potential energy surface. TD-DFT analysis was done at
B3LYP functional and 31G(D,P) basis set to get a deeper understanding of the electronic

transitions in the PET quenching process.

TSCPC experiments

The femtosecond pulses at required repetition rate were obtained from fractional part of
MaiTai output passing through femtosecond Pulse Selector (3980-5S, Spectra Physics, single
shot to 8 MHz). The excitation pulses at desired wavelength were generated by frequency
doubling with 0.5 mm BBO crystal. This excitation pulses are focused to the sample using
our Fluorescence Up-conversion set up (FOG100 system CDP System). The time distribution

data of fluorescence intensity were recorded on a SPC-130 TCSPC module (Becker & Hickl).

ICP-OES analysis
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Sample preparation for ICP-OES analysis was carried out as described elsewhere.’ The W138
cells used for well plate reader analysis were collected and concentrated nitric acid (100 pL)
was added to each sample and heated for 2 h at 90 °C. To the above samples H,O, (25 pL)
was added and heated for another 2 h at 90 °C, after which concentrated hydrochloric acid
(40 pL) was added and digested overnight at room temperature. The resultant solution was
diluted 50 mL with 1% HNOj; and subjected to ICP-OES analysis. Analysis was carried out
on an iCAP 6500 Duo ICP spectrometer (Thermo Scientific) operated at 1 L/min nebulizer
argon pressure and 1150 W RF forward power. The instrument had been calibrated using 0,

2.5, 5.0, and 10.0 ppm of an Iron ICP standard solution (Merck, Germany).
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Fig. S1. '"H NMR spectrum of 1 in CDCl;
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Fig. S2. 3C NMR spectrum of 1 in CDCl;
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B3LYP/6-31G(D,P) optimized geometry of 1

B3LYP/6-31G(D,P) optimized geometry co-ordinates of 1

X Y Z
C 5.82514781 -2.00772447 -1.34109444
C 4.64822532 -2.77851906 -1.33457635
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Fig. S4. Energetically optimized structure and its corresponding Cartesian coordinates of 1

Table 1: Calculated dominant electronic transition wavelengths with oscillator strength of 1

and 1-Fe**
1-Fe**
Wavelength Wavelength
(nm) . (nm)
Transition

(Oscillator (Oscillator

strength ) strength )

HOMO —>LUMO (0.64362) 386.44 nm HOMO-12—» LUMO (0.82623) 502.15 nm

HOMO-3 —>LUMO (0.12171) | (0-2744) £=0.2037
HOMO —>LUMO+2 (0.37342) 253,52 nm HOMO-2 —®LUMO (0.58392) 33913 nm

=0.1532 f=0.1883

HOMO-9—>LUMO (0.31948)
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Fig. S7. The instrument response function (top) and nono-second fluorescence decay profile

(bottom) of 1
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Fig. S8. Job plot of 1:1 complex of 1 and Fe** in 1:1 v/v 0.01 M Tris HCI-CH;CN, pH 7.4,
the emission at 518 nm was plotted against the mole fraction of Fe’' ions. The total

concentration of Fe3* ions with 1 was 20 pM.
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B3LYP/6-31G(D,P) optimized geometry co-ordinates of (1-Fe)3* complex
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Fig. S10. Energetically optimized structure and its corresponding Cartesian coordinates of (1-
Fe)3* complex.
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Fig. S11. Nono-second fluorescence decay profile of 1 (100 uM) with 0-100 uM of Fe** ions
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Fig. S12. Linear response curves using the amplitude of fast decay component of 1 to
calculate detection limit depending on the Fe?* concentration.

Detection limit = K (SD)/S

Where K =2 or 3 (we take 3 in this case); SD is the standard deviation of the blank solution;

S is the slope of the calibration curve.

The standard deviation of blank in the case of fluorescence lifetime decay experiments is

49.75.
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Fig. S13. Benesi—Hildebrand plot for determination of binding constant (a) and linear
response curves of 1 at 518 nm to calculate detection limit (b) depending on the Fe’*
concentration.

Binding constant = Intercept/Slope

Detection limit = K (SD)/S

Where K =2 or 3 (we take 3 in this case); SD is the standard deviation of the blank solution;
S is the slope of the calibration curve.

The standard deviation of blank in the case of fluorescence experiments is 0.0602.
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Fig. S16. The cell viability percentage of NIH 3T3 (a) and W138 (b) cells after treatment
with different concentrations of sensor 1 and cell viability percentage of W138 cells after
treatment with different concentrations of Fe3* ions (¢).
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Fig. S17. Metal-ion selectivity of 1 in 1:1 v/v 0.01M Tris HCI-CH;CN, pH 7.4. The dark bars
represent the fluorescence emission at ~518 nm of a solution of 1 (10 uM) and 2 equiv of

other metal ions. The light bars show the fluorescence emission at ~518 nm after the addition
of Fe3* (10 uM).
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Fig. S18. Plot of the fluorescence emission intensity at 515 nm observed from the W138 cells
loaded with 1 (10 uM) upon addition of serial concentration of Fe3* ions measured using well
plate reader Vs concentration of Fe3* ions added (a) and determination of the amount of Fe3*
ions added using calibration curve (b).
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Table 2: Concentration of Fe3* added to W138 cells measured using fluorescence and ICP-

OES methods

Fe3* concentration measured using
Added Fe** concentration
uM (ppm) Fluorescence method | ICP-OES method
nM (ppm) nM (ppm)
2.5(0.14) 2.2 (0.12) 3.2 (0.18)
5.0 (0.28) 4.6 (0.26) 5.7 (0.32)
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