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Unless otherwise stated, all starting materials and reagents were purchased from

commercial suppliers and used without further purification. The reactions were

monitored using thin-layer chromatography on silica gel 60 Fs4 (0.2 mm; Merck).

Visualization was accomplished using UV light (254 and 365 nm). Column

chromatography was performed on glass columns of different sizes hand-packed
with 100-200 mesh silica gel (Merck).

1.2. Measurements and Methods
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'H and 3C NMR spectra were measured on a 500 MHz Bruker Avance DPX
spectrometer using TMS (0 ppm for 'TH NMR) or CDCl; (77 ppm for '3C NMR) as an
internal reference. Melting points are uncorrected and are determined in open
capillary tubes using an electric melting point apparatus. FT-IR spectra were
recorded on a Shimadzu [IRPrestige-21  Fourier Transform Infrared
Spectrophotometer. Electrospray ionization (ESI) high-resolution mass spectra were
recorded using Thermo Scientific Exactive mass spectrometer. The electronic
absorption spectra were recorded on a Shimadzu spectrophotometer UV-2100. The
fluorescence spectra were recorded on a SPEX-Fluorolog-3 FL3-221
spectrofluorimeter. Optical studies in solution-state were carried out in a 1 cm quartz
cuvette. SEM images were obtained using Hitachi SU8010 high-resolution field
emission scanning electron microscope (SEM) with an accelerating voltage of 10 kV.

Samples were prepared by drop casting on a Silicon wafer and dried in air.

1.2.1. Cell Viability Experiment:

To determine the cytotoxic nature of the TSIm-1 and TSIm-2, colorimetric MTT (3-(4,
5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide) experiment was performed
on Hela cell line. Here, cell suspension of 5x103 cells/well (100 uL) were seeded in
a 96-well plate and cell lines are grown using DMEM culture media with 10% FBS, 2
mM glutamine and 100 U penicillin / 0.1 mg/mL streptomycin antibiotics for 24 hrs in
a CO; incubator. When the cells reached approximately 80% confluency, 100 uL of
both the probes at various concentrations (5 yM to 100 yM) and doxorubicin (1 uM)
were added as a positive control in 96 well plate. The plates were then incubated for
24 hin a 5% CO, incubator. After 24 hrs of incubation, MTT solution in DMEM (0.5
mg/mL) was added to each well and incubation was continued for an additional 2
hrs. The insoluble formazan crystals formed were solubilized by the addition of 100
ML DMSO and the absorbance was measured at 570 nm using a microplate
spectrophotometer (BioTek, Synergy H1; MST Lab in SNIoE, Department of
Chemistry).

Cell Viability (%) = Abs. sample/Abs. control x 100

1.2.2. Cellular Co-localization Experiment:
Co-localization of probes TSIm-1 and TSIm-2 was carried out with Nile red,

MitoTracker-deep-red and LysoTrackerdeep-red: Prior to imaging, the HelLa cell line
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was treated with Nile red (200 nM), MitoTracker-deep red (200 nM), and
LysoTracker deep red (200 nM) for 15 minutes, respectively, in serum-free DMEM to
label lipid droplets, mitochondria, and lysosomes. Moreover, the cells were co-
stained for 30 minutes with the probes, and fluorescence pictures were taken.
Pearson's correlation coefficient (r) and Mander's overlap coefficients (R) were used

to determine the degree of co-localization.

2. Synthesis and Characterization:
The fluorophores TSIm-1 and TSIm-2 were synthesized in a one-step procedure.

Structural identification of the intermediates and probe was confirmed by FT-IR, 'H
NMR, 3C NMR, and HRMS spectroscopy.

2.1. Synthesis of 4-(1-(4-(diethylamino)phenyl)-4,5-

O N diphenyl-1H-imidazol-2-yl)benzaldehyde (TSIm-1):
| N\>_©7CH° Terephthalaldehyde mono-(diethyl acetal) (1.0 mmol),
O Benzil (1.0 mmol) were dissolved in glacial acetic acid
Q (5.0 mL) at room temperature. To this solution, 4-
TSIim-1 N/ Amino-N, N-diethylaniline (3.0 mmol) was added
dropwise. After the addition of ammonium acetate (350
mg, 4.5 mmol), the reaction mixture was heated at 110 °C for 24 hrs and the reaction
was monitored on TLC. After completion of the reaction, the reaction mixture was
cooled to room temperature and poured into the ice water. The precipitate was
filtered, washed with cold water, air dried and further, this product was purified by
silica gel column chromatography using a gradient of Ethyl acetate and n-Hexane
(2/98, viv) to yield TSIm-1 (~15 %) as a light green solid.
m.p. 225 °C; FT-IR: wnax = 3061, 2972, 2826, 2736, 1695, 1603, 1570, 1519, 1480,
1448, 1394, 1375, 1356, 1274, 1215, 1200, 1176, 1156, 1133, 1077, 1009, 960, 923,
827, 778, 698 cm'; '"H NMR (500.0 MHz, CDCl;, TMS): § = 9.97 (CHO), 7.7 (2H, d),
7.6 (2H, d), 7.5 (2H, d), 7.20 (5H, m), 7.1 (3H, m), 6.8 (2H, d), 6.50 (2H, d), 3.3 (4H,
q), 1.1 (6H, t) ppm. 3C NMR (125.0 MHz CDCl3) & = 12.3, 44.3, 111.5, 124.2, 126.6,
127.3, 127.9, 128.1, 128.2, 128.9, 129.4, 130.6, 131.1, 132.5, 134.4, 135.1, 136.6,
138.7, 145.5, 147.7, 191.9 ppm. HRMS (ESI) m/z: [M+H]* calcd for Cs,H30N3;O
472.2389; found. 472.2384.
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2.2. Synthesis of 4-(1-(4-(diethylamino)phenyl)-1H-
O phenanthro[9,10-d]imidazol-2-yl)benzaldehyde

N
| N\>_®7CH° (TSIm-2): Tterephthalaldehyde mono-(diethyl acetal)
O Q (1.0 mmol), 9,10-Phenanthrenequinone (1.0 mmol)

were dissolved in glacial acetic acid (5.0 mL) at room
temperature. To this solution, respective 4-Amino-N,N-
diethylaniline (3.0 mmol) was added dropwise. After
the addition of ammonium acetate (350 mg, 4.5 mmol) the reaction mixture was
heated at 110 °C for 24 hrs, and the monitored the reaction on TLC. After completion
of the reaction, the reaction mixture was cooled to room temperature and poured into
the ice water. The precipitate was filtered, washed with cold water, air dried and
further, this product was purified by silica gel column chromatography using gradient
of Ethyl acetate and n-Hexane (2/98, v/v), to yield TSIm-2 (~20 %) as light yellow
solid.

m.p. 300 °C; vmax = 3064, 2976, 2932, 1740, 1697, 1682, 1604, 1577, 1520, 1469,
1453, 1426, 1407, 1378, 1361, 1308, 1270, 1213, 1196, 1168, 1145, 1074, 1034,
1011, 940, 845, 826, 790, 750, 727, 706, 668, 596, 521 cm-'; 'H NMR (500.0 MHz,
CDCl3, TMS): 5 = 10.00 (CHO), 8.8 (1H, d), 8.76 (1H, d), 8.70 (1H, d), 7.88 (2H, d),
7.81 (2H, d), 7.74 (1H, t), 7.65 (1H, t), 7.53 (1H, 1), 7.46 (1H, d), 7.34 (1H, t), 7.26
(2H, d), 6.79 (2H, d), 3.4 (4H, q), 1.2 (6H, t) ppm. *C NMR (125.0 MHz, CDCl3) & =
12.4, 445, 112.1, 121.3, 122.6, 123.1, 123.3, 124.0, 125.1, 125.2, 125.7, 126.3,
127.3, 128.3, 129.1, 129.4, 129.4, 129.6, 135.5, 136.7, 137.4, 148.6, 149.5, 191.9
ppm. HRMS (ESI) m/z: [M+H]* calcd for. CoHsN3O 470.2232, obs. 470.2251.

3. FT-IR, 'H NMR, 3C NMR, and HRMS Spectra of TSIm-1 and TSIm -
2
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Figure S1: Overlay FT-IR spectra of the compounds TSIm-1 and TSIm-2.

& nNSERn 88%I 6 THRE R E
o o h‘h'sm.n ey L - = =
LY YV gl [N
[
[
| |
‘
' |
[ r f
|,'| || | | |
i1 | | | |
I 18 I ‘ I
SRR s8anz2n 33 aE
mRRES e LT R 32
SEAE N = Y N
il ||
1| i N L i
I
M_.ﬁ.' f A I M
T T T T T T T T T T T T T T T
8.0 7.8 76 74 72 7.0 6.8 6.6 64

5
o
L

|

079—=
| 4n0=

—— ——

Tt I . T .t . . 1T T T T = I " I & L. .r 1
3.5 3.0 2.5 2.0 1.5 10 0.5 0.0

95 90 85 80 75 70 65 60 55 50 45 4.0
& (ppm)

—
1.0 105 1
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Figure S3: '3C NMR (125 MHz) spectrum of compound TSIm-1 in CDCl;
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Figure S4: HRMS spectrum of compound TSIm-1.

S8|Page



00 Q=—

a1
L ﬁw
61

9 E-
L E
b £
0sE

[T}
ihe

nm.hk
PE N./
[

LTS
ﬁm.hw
s
8
684
69 8
174 m%.
S48
o mv

58 m%n
ag 8

aoror—

By m:/:

18~

09—
e’

88—+
98 m\\‘

6.4

8.8 8.6 8.4 8.2 8.0 78 7.6 74 7.2 7.0 6.8 6.6
1
|
J 1 Jﬁ ‘ |

9.0

AIA J_JLJ |

"H NMR (500 MHz) spectrum of compound TSIm-2 in CDCls.

|

i

iJ

L9

FElP

are
1
mmm.ﬂ
LO0T
ﬁmﬁ.ﬂ
Wmﬁ.ﬁ
ZEF

woo.m
e

e
chﬂ

Hrmn:

=00t

10,5 100 9.5

11.0

Figure S5

00—
a2 — -
£5 bb—
=
=
=
o~
1z — _—_ =1
i
=
o
"
=
=
BE9E1
zeizl ]
w621 =
I
19521
9
oroe “g
aig i
e — i
2]
o~
98T ~
a55bT =" pazE1— ——
E.NT.M -
1eERT &
weII— — &
s — -
fesel< -
sz =
6E9ET-— -— i
e — ——
8
BE'BET — 5
81621
; :;2./
SR et e
19621 3 2
o
o~
=
i

200 190 180 170 160 150 140 130 120 110 ﬁ].UU a0 80 70 60 50 40
ppm

210

3C NMR (125 MHz) spectrum of compound TSIm-2 in CDCls.

Figure S6

S9|Page



V:\Data\2018\SEPT2020-APRIL-2020\RKM-58 31-10-2022 11:44:10

RKM-58 #37 RT: 0.54 AV: 1 NL: 2.86E7

T: FTMS {1.1} +p ESI Full ms [100.00-1500.00] M+H
470.22510
100+ O
957 N
3 D CHO
903 N
85> O 502.25125
803
75§ N_/
703
655 Exact Mass: 469.2154

605 M+H: 470.2232

Relative Abundance
o
T

0 T T \ll | i i S [ B s B o e oy e e e G o | \ll LI B B R T IL"L"ItI N [ B R R B N R R
150 200 250 300 350 400 450 500 550 600
m/z

Figure S7: HRMS spectrum of compound TSIm-2
4. Theoretical Studies of TSIm-1 & TSIm-2:

For the determination of the electronic behaviour of the probe TSIm-1 and TSIm-2 in

the absence and presence of solvent, we performed DFT calculation by using the
Gaussian 16 program and Gauss View 6.0 as a visualization program. The probe
TSIm-1 and TSIm-2 in the gaseous phase were optimized by using the B3LYP
exchange functional retaining 6-31+G(d,p) basis set.S18-522 Consequently, for the
understanding of the absorption properties of the probe, we performed the time-
dependent density functional theory (TDDFT). It is observed that the HOMO of probe
TSIm-1 and TSIm-2 is distributed over imidazole and benzaldehyde moiety while
LUMO is located at the benzaldehyde unit. This electron redistribution from the
electron-donating moiety to the electron-withdrawing moiety showed a similar pattern
in the SO0-S1 transitions (HOMO-LOMO), which indicated the intramolecular charge
transfer behaviour. It is well established that the higher dipole moment of a molecule
in the excited state also processes higher polarity than in the ground state, which

imposes a large effect of solvent polarity on the excited state.

S10| Page



2] umo

Lumo 4
:
1
1
1
1

-1.92982 -2.06397 )

3.4155

Energy (ev)

m——————

k HOMO =5.50539

TSIm-2

Figure S8: Energy calculation of frontier molecular orbital HOMO & LUMO of the TSIm-1 and TSIm-
2.
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5.1. Photophysical properties of TSIm-1 and TSIm-2 in solid state:
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Figure S9: Solid states absorption and luminescence behaviour of TSIm-1 and TSIm-2.

5.2. Absorption spectra of TSIm-1 and TSIm-2
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Figure S10: Absorption spectra of a) TSIm-1 (15 uM); and b) TSIm-2 (10 uM) in different
solvents.
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6. Demonstration of TICT process:
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Figure S11. a) Photographs of TSIm-1 in DCM/hexane mixtures (15 puM) with different
fractions of hexane (f,) taken under UV illumination. (b) Emission spectra of TSIm-1 in
different DCM/hexane mixtures. (C) Plots of maximum emission intensity (1) and wavelength
(em) of TSIm-1 versus hexane fraction (f,) in the DCM/hexane mixture. Solution
concentration: 10 yM. Excitation wavelength: 380 nm.
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7. Aggregation studies of TSIm-1 and TSIm-2

The AIE properties of TSIm-1 and TSIm-2 were investigated by measuring their
photoluminescence spectra in THF, DMSO, and ACN/water mixtures.
7.1. Aggregation studies of TSIm-1 and TSIm-2 in THF/Water mixture.
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Figure $12: Fluorescence spectra (10 uyM, Ag = 370 nm) of a) TSIm-1 (15 uM) and b) TSIm-
2 (10 uM) in different THF-water fractions (0—0.9). The fluorescence intensities of ¢) TSIm-1
and d) TSIm-2 at 510 nm, respectively. Corresponding absorption of e) TSIm-1 and f) TSIm-
2.

7.2: Aggregation studies of TSIm-1 and TSIm-2 in DMSO/Water mixture.
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Figure S13: Fluorescence spectra (10 uM, Aex = 370 nm) of a) TSIm-1 and b) TSIm-2 in
different DMSO-water fractions (0—0.9). The fluorescence intensities of ¢) TSIm-1 and d)
TSIm-2 at 510 nm, respectively. Corresponding absorption of €) TSIm-1 and f) TSIm-2.
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7.3. Aggregation studies of TSIm-1 and TSIm-2 in ACN/Water mixture.
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Figure S14: Fluorescence spectra (10 uM, Ae = 370 nm) of a) TSIm-1 and b) TSIm-2 in
different ACN-water fractions (0—0.9). The fluorescence intensities of c) TSIm-1 and d)
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TSIm-2 at 510 nm, respectively. Corresponding absorption of €) TSIm-1 and f) TSIm-2.

8. Dynamic Light Scattering (DLS) and SEM studies TSIm-1,44 and

TSIm-2Agg

8.1. Table S1. DLS data of TSIm-1 in organic solvent (90% H,O fraction)
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8.2. SEM images of TSIm-1,44
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Figure S15: SEM image of the TSIm-1,44 (a-c) in different solvent conditions. a) DMSO-Water
(f+=0.9); b) ACN-Water (1,=0.9) and c) THF-Water (f,=0.9) mixture.
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8.3. Table S2: DLS data of TSIm-2 with organic solvent (90% H,O fraction)

TSIm-2
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8.4. SEM images of TSIm-2,g4q
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Figure S16: SEM image of the TSIm-2,44 (a-c) in different solvent conditions. a) DMSO-Water
(f,=0.9); b) ACN-Water (f,=0.9) and c¢) THF —Water (f,=0.9) mixture.
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9. 'H NMR studies of TSIm-1 with D,O
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Figure S17: 'H NMR Studies of TSIm-1 in Tetrahydrofuran-d8 (THF-d8) in the presence of different

D,O fractions.

9.1. Table S3. 'TH NMR titration studies of TSIm-1 with different D,O

concentration
Species Protons
(TSIm-1+ D,0) -CHO H, Hy Hy, H; H,

TSIm-1+ D,0 (0.0 WL) 9.811 | 7.631 | 7.606 | 7.478 | 6.836 | 6.489 f

TSIm-1+D,0 (0.5uL) | 9.813 | 7.633 | 7.603 | 7.476 | 6.836 | 6.489 g e b a
TSIm-1+D,0(1.0pL) | 9.814 | 7.634 | 7.604 | 7.476 | 6.836 | 6.49 | N\: <:> CHO
TSIm-1+D,0 (2.0pL) | 9.815 | 7.634 | 7.604 | 7.470 | 6.835 | 6.49 N
TSIm-1+D,0 (3.0 L) | 9.816 | 7.635 | 7.604 | 7.47 | 6.835 | 6.49 | j O h d
TSIm-1+D,0 (4.0uL) | 9.818 | 7.638 | 7.604 | 7.469 | 6.835 | 6.491 i ¢
TSIm-1+D,0 (5.0L) | 9.823 | 7.644 | 7.605 | 7.467 | 6.834 | 6.492 TSIm-1 N/
TSIm-1+D,0 (6.0L) | 9.827 | 7.649 | 7.605 | 7.465 | 6.833 | 6.492

TSIm-1+D,0 (7.0 yL) | 9.833 | 7.657 | 7.606 | 7.462 | 6.831 | 6.493

TSIm-1+D,0 (8.0uL) | 9.845 | 7.678 | 7.605 | 7.456 | 6.826 | 6.493
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10. Imaging pattern obtained by TSIm-1 triggered by different trace
water input

a

)

b 19033 | 19098 | 18518 | 27287 | 19043 | 18922 | 18445 | 19069 | 18617 | 19715 | 18843 | 19504

'

6005 | 6045 | 18293 | 18534 | 6144 | 18487 | 6519 | 6142 | 18579 | 18631 | 5955 | 6028

17949 | 18210 | 19111 | 18738 | 6547 | 18203 | 18636 | 18276 | 18111 | 18556 | 19292 | 18964

18890 | 7692 | 7358 | 18696 | 6776 | 18670 | 18294 | 6593 | 6741 | 6693 | 6287 | 18719

19231 | 18520 | 17120 | 19492 | 18645 | 18970 | 17906 | 18055 | 19225 | 18043 | 18644 | 18418

Figure S18: a) Fluorescence intensity pattern of TSIm-1 (450 uM, THF) in a 96-well plate triggered
by different trace water input (0.1% water-THF); b) Fluorescence intensity recorded by the BioTek
SynergyH1 microplate reader (25 yM, THF and 0.1water-THF, Lex = 380 nm, A, = 530 nm).

11. Trace water detection properties of TSIm-2
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Figure $19: Change in fluorescence intensity of TSIm-2 (10 uM, A, = 380 nm) with increasing water
percentage (0-1.7, viv %).

12. Photostability studies of TSIm-1 and TSIm-2
a) 254 b) 331
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Figure S20: UV/vis spectra of a) TSIm-1 (18 uM) and b) TSIm-2 (12 uyM) on radiation by a 300 W
xenon lamp for 35 min using 375nm filter.

13. Cytotoxicity studies of TSIm-1 and TSIm-2 in HeLa cell line
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Figure S21: In vitro cytotoxicity in HeLa cells treated with a) TSIm-1 and b) TSIm-2 at different

concentrations.

14. Cytotoxicity studies of TSIm-1 and TSIm-2 in HepG2 cell line
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Figure S22: MTT assay of a) TSIm-1 and b) TSIm-2 in HepG2 cell line.

15. Fluorescence imaging with TSIm-2 and response without/with

oleic Acid
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Figure S23: a) Confocal fluorescence images for intracellular localization of TSIm-1 (40 uM) in the
blue channel (Aex = 404 NM, Aem = 425-475 nm) after administration in HelLa cells for 30 min. Images
were acquired after counter-staining in the red channel (Aem = 580-620 nm) for the Nile red (200 nM;
Aex = 560 nm), deep-red channel (Aem = 650—720 nm) for MitoTracker deep red (200 nM; Aex = 640
nm) and LysoTracker deep red (200 nM; s = 640 nm). The corresponding r and ‘R’ represent
Pearson’s correlation coefficient and Mander's overlap coefficient, respectively. Images were
captured using a 100 oil emersion lens with 2X zoom. b)The cells were incubated with TSIm-2 (40
pM) for 30 min after the cells were stimulated without/with oleic acid at 37 °C for 4 h. Images were
acquired in a confocal microscope. The image scale bar is 10 pm. Images were captured using a 60
oil emersion lens with 2 X zoom; c¢) Bar graph showing normalized fluorescence intensity of the cells

without/with oleic acid.
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16. Monitoring of LDs generation in HepG2 cells with TSIm-2 via
flow cytometry

The results obtained from flow cytometry analysis following oleic acid treatment
indicated a significant increase in LDs, accompanied by enhanced fluorescence
intensity in oleic acid (300 uM) treated cells, achieving ~42.57%, compared to the
control group (~22.19%) and thus further supporting our claim that our probes are

able to monitor LDs effectively in the cells.

No dye Control Control Oleic acid treated
P2(2.74%) | P2(22.19%) g] P2(4257%)

200
I T -

Count
Count

100

I——

M-

(=1

0 10° 10%
DAPI-A DAPI-A

Figure S24: Monitoring of LDs generation in HepG2 cells via flow cytometry with TSIm-2 (80 uM) in
response to oleic acid treatment (300 pM) for 4 hrs.

17. Table S4: LDs targeting multifunctional fluorophores

Cell Viability
Nex Aem Photostabili & i Ref.
S. No. Structure (nm) (nm) ty Concentratio PCC (r) Application No.
n
Q on HelLa and
1. N Lo 488 | 570-620 Yes >80%, 20 uM 0.95 Raw 264.7 S1
@O\@A b cells
7/ Q
o " p
2. I O Y @ 405 | 470-560 Yes ~100 %, 30 uM 0.80 Hela cells S2
Q .H.//_@ HelLa, RAW
3. N@J Ho 405 | 510-560 Yes >90%,100 uM, 0.857 264.7, L02, S3
@ HepG2
D
4. SO O=0 594 | 600-700 - nd - A375 S4
Zebrafish,
on A e, Hela,
5. ]?L,(\/MOQ/ 405 | 500-550 Yes ~90%,10 ug/mL 0.97 HepG2, HL- S5
7 7702, 4T1,
3T3
CN
N oo _A_o Hela,
6. PSS 405 | 450-560 Yes ~85%, 30 uM, 0.95 Zebrafish S6
[e]
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Hela, HT22,

—Q NC, Vo
7. | | 488 | 500-700 Yes 90%, 10 M | 0.83-0.96 |  HepG2, s7
-/ N o— U251
\ \
- 21 0 ™~ 330 1100%, 100 uM, HeLa, Liver
8. | - 449-520 - no detectable = LOZA,IGreen S8
385 inhibitory effect ga
o,
CHO
9 S 488 | 500-550 Yes 90%, 10 uM | 0.902 Hela, S9
: ) N () ’ : Zebrafish
J
o Q Hep3B,
10. e 8 () 488 | ~670 Yes 90%, 8 pM - H::gz, S10
s O IMCD3
1. § (o 488 | 510-540 Yes 100%, 20 pM | 0.937 HepG2 S11
\ J
12 Q 488 | 550-740 Yes 92%,20 yM | 0.99 Hela, s12
. @ \ 4 ’ ) HepG2
NMe,
N
13. ~s 488 | 539 Yes >90%, 50 uM 0.50 HeLa, S13
N
CN
14, Q ) ° .O 514 | 639-740 Yes >80%, 100 uM ; Hci%iga”d S14
& =
o
N/S\N
Q 9 HeLa, HEK
15. Ns 488 | 550-650 Yes ~90%, 8 uM 0.91, 293T and S15
@ ¢ Cos-7
CN
~o °
S — - -
16. - OO ) .Q 561 | 570-700 Yes >80%, 10 uM 3T3-L1 S16
|
17. ) 370 | 410-600 Yes - 0.925 HeLa s17
QPN
‘ N
.,
® Q
0.88
TSIm-1
" <N\/ (TSIm-2) el o
_ and eLa, resen
18. 404 | 425475 Yes 100 pM, >70 HopG2 v
O 0.82
N (TSIm-1)

TSIm-2 N
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