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Experimental section

Materials and instruments: Unless otherwise specified, all reagents were purchased
from Shanghai Aladdin Reagents Ltd. LTD. The UV-visible absorption spectra of all
compounds in different solvents were tested using a UV-5900 PC UV-visible
spectrometer. The fluorescence emission spectra of all compounds were recorded with
a Hitachi F-4600 fluorescence spectrophotometer at room temperature. Biological
imaging of the cells was performed using a Leica TCS SP8 confocal laser scanning

microscope.

Synthesis

TCO1: Weigh the appropriate amounts of compounds M1 and M2 in a 100 mL
round-bottom flask. Compounds M1 and M2 were reacted in a molar ratio of 1:1.2 (M1:
0.35 g; M2: 0.12 g), using ethanol as the solvent and adding 50 pL of piperidine as the
catalyst. The reaction was refluxed for four days. After completion of the reaction, the
solution containing compound TCO1 was filtered while hot, eluted with ethanol two to
three times, and then dried to yield a deep red solid weighing 0.15 g. The percentage
yield of compound TCOL1 is about 29.2%. 'H NMR (400 MHz, ds-DMSO) 6 8.55 (s,
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1H), 7.72 (d, J= 8.8 Hz, 1H), 7.64 (d, J = 15.5 Hz, 1H), 7.59-7.50 (m, 3H), 7.47 (t, J =
7.8 Hz, 4H), 7.32-7.28 (m, 6H), 6.77-6.67 (m, 3H), 6.50 (d, J = 1.9 Hz, 1H), 3.43-3.38
(m, 4H), 1.12 (t, J = 7.0 Hz, 6H). 3C NMR (126 MHz, CDCl;) & 185.90, 160.18,
157.20, 153.43, 149.80, 147.38, 145.48, 145.44, 131.26, 130.62, 129.92, 126.71,

125.91, 122.40, 120.81, 118.73, 116.12, 112.08, 111.28, 104.81, 44.52, 12.62. HRMS:

calculated 514.2256; found 515.2347 ([M+H]").

TCO2: Weigh the appropriate amounts of M1 and M2 into a 100 mL round-
bottom flask. The compounds M1 and M2 were reacted in a molar ratio of 1:1.2 (M1:
0.35 g; M3: 0.14 g), using ethanol as the solvent and adding 50 pL of piperidine as the
catalyst. The reaction was refluxed for four days. After cooling the reaction system to
room temperature, vacuum suction filtration was performed, followed by spin-drying
of the filtrate and purification through column chromatography. The eluate from
column chromatography consisted of petroleum ether and ethyl acetate, with a final
volume ratio of petroleum ether to ethyl acetate being 10:1. This process yielded a deep
red product weighing 0.04 g. The percentage yield of compound TCO2 is about 7.0%.
'H NMR (400 MHz, d,-DMSO) 6 8.55 (s, 1H), 7.71 (t, J= 9.0 Hz, 1H), 7.64 (d, J =
15.4 Hz, 1H), 7.57-7.43 (m, 6H), 7.36-7.25 (m, 7H), 6.81 — 6.63 (m, 3H), 6.50 (d, J =
2.1 Hz, 1H), 3.42-3.37 (m, 4H), 1.56-1.48 (m, 4H), 1.35-1.29 (m, 4H), 0.92 (t,J=7.3
Hz,6H). 3C NMR (126 MHz, CDCl;) é 185.99, 160.03, 157.26, 153.31, 147.51,
145.46, 131.18, 130.63, 129.94, 129.81, 129.34, 127.10, 126.72, 125.93, 124.44,

116.13, 111.81, 110.77, 104.85, 50.94, 34.54, 29.70, 20.30, 13.93. HRMS: calculated

570.2882; found 571.2957 ((M+H]).

TCN1: Weigh the appropriate amounts of compounds M4 and M5 in a 100 mL
round-bottom flask. Compounds M4 and M5 were reacted in a molar ratio of 1:1.1 (M4:
0.08 g; M5: 0.04 g) using ethanol as the solvent, with the addition of 50 pL of piperidine
as a catalyst. The condensation reaction for compound TCN1 was carried out for 12

hours at a temperature of 80°C. For purification, column chromatography was



performed using an eluent composed of petroleum ether and ethyl acetate in a volume
ratio of 30:1. Ultimately, a deep red solid weighing 0.04 g was obtained as the final
product. The percentage yield of compound TCN1 is about 7.1%. '"H NMR (400 MHz,
ds-DMSO) 6 8.15 (s, 1H), 7.63-7.58 (m, 3H), 7.51-7.38 (m, 5H), 7.34-7.24 (m, 6H),
7.19-7.12 (m, 1H), 6.82 (dd, J=8.7, 2.3 Hz, 1H), 6.75 (d, /= 9.1 Hz, 2H), 6.61 (d, J =
2.2 Hz, 1H), 3.48-3.43 (m, 4H), 1.13 (t, /= 7.0 Hz, 6H). 3C NMR (126 MHz, CDCls)
o 164.59, 158.18, 156.20, 152.80, 145.52, 144.40, 131.83, 129.95, 129.35, 126.55,
125.85,124.37,116.47,110.72, 105.74,34.98, 31.92,31.50, 31.43,30.33, 30.15, 29.69,

29.35, 22.68, 14.09, 12.37. HRMS: calculated 562.2369; found 563.2459 ([M+H]").

TCN2: Weigh the appropriate amounts of M4 and M6 in a 100 mL round-bottom
flask. The reaction between M4 and M6 was conducted in a 1:2 molar ratio (M4: 0.2 g;
M6: 0.23 g) using ethanol as the solvent, with the addition of 50 uL of piperidine as a
catalyst. The mixture was heated and condensed at 80°C for 15 hours. Next, filter the
solution to remove yellow solid impurities, followed by column chromatography. The
eluent used is a mixture of petroleum ether and ethyl acetate in a volume ratio of 20:1
(v/v). Finally, purification was carried out using silica gel plates, resulting in the
isolation of 0.2 g of deep-red solid product. The percentage yield of compound TCN2
is about 32.3%. 'H NMR (400 MHz, d;-DMSO) 6 8.14 (s, 1H), 7.63-7.56 (m, 3H), 7.51-
7.40 (m, 5H), 7.31-7.25 (m, 6H), 7.19-7.10 (m, 1H), 6.81 (dd, J=8.7,2.3 Hz, 1H), 6.73
(d, J=9.1 Hz, 2H), 6.61 (d, J = 2.2 Hz, 1H), 3.40-3.35 (m, 4H), 1.57-1.47 (m, 4H),
1.37-1.31 (m, 4H), 091 (t, J = 7.3 Hz, 6H). 13C NMR (126 MHz, CDCl;) 6 164.82,
158.34, 156.41, 153.03, 145.55, 144.66, 131.81, 129.96, 129.35, 126.57, 125.85,

116.49, 111.17, 105.77, 29.70, 29.25, 20.24, 13.87. HRMS: calculated 618.2995;

found 619.3074 ([M+H]").

Oil/water partition coefficients measurement
The logP,, values for all probes were determined using a shake-flask method. A

10 uM solution of each probe was prepared and partitioned in a mixture of octanol (5



mL) and water (5 mL). The mixture was vortexed thoroughly and then centrifuged at
5000 rpm for 5 minutes to facilitate phase separation. The absorbance of the resulting
octanol and water layers was measured using UV-vis spectroscopy. The logP value was
calculated using the following equation: logP =log(Ao/Aw),where Ao and Aw

represent the absorbance of the probes in octanol and water, respectively.

MTT assays

HepG2 cells were plated into individual wells of a 96-well plate at a density of 10°
cells/well for conducting cell viability experiments. The cells were cultured until they
reached approximately 85% confluence prior to treatment initiation within these plates.
Triplicate wells received treatments with TCO1, TCO2, TCN1 and TCN?2 at specified
concentrations. Prior to administering these compounds, fresh cell culture media
replaced existing media while aliquots from stock solutions underwent dilution steps
necessary for achieving desired final concentrations. Following an incubation period
lasting 24 hours, fresh DMEM medium supplemented each well by replacing previous
media content entirely. Subsequently, MTT solution (5 mg/mL) was added to each well
(10 pL/well) and incubated for an additional 4 hours at 37°C with 5% CO,. Following
removal of the MTT medium, formazan crystals were dissolved in DMSO (100
pL/well), and absorbance was measured at a wavelength of 590 nm using a microplate

reader (Infinite2000pro).

Cell imaging

HepG2 cells were seeded in 35 mm glass bottom plates at a density of 1x10 cells.
Prior to treatment, the cells were grown to approximately 65% confluence in the plates.
TCO1, TCO2, TCN1 and TCN2 were initially dissolved in DMSO to obtain a stock
solution with a concentration of 1 mM, which was then diluted with DMEM cell culture
medium to achieve the working concentration of 10 uM. For live cell imaging, the cells
were incubated with TCO1, TCO2, TCN1 and TCN2 (10 pM) in cell medium
containing 10% FBS and maintained at a temperature of 37 °C in an atmosphere

consisting of 5% CO, and 95% air for a duration of 30 minutes. Subsequently, the cells



were washed either with or without PBS buffer prior to imaging. The cellular imaging
process was conducted using a Leica TCS SP8 confocal laser scanning microscope,
while image data acquisition and processing were performed utilizing Image J. For
TCO1, A.,=442 nm, A= 550-620 nm. For TCO2, A.,=442 nm, A.,= 550-620 nm. For
TCNI1, A =514 nm, A= 560-650 nm. For TCN2, A=514 nm, A= 560-650 nm.

Co-localization experiments
Co-staining was performed using 1 uM BODIPY 493/503 for 30 min. For
BODIPY, Ag= 488 nm; A= 490-540 nm. For TCO1, A,=442 nm, A= 550-620 nm.

Animal model and organ imaging

We have exerted ourselves to reduce the number of animals used in these studies
and also taken effort to reduce animal suffering from pain and discomfort. We utilized
the 4T1 cell (mouse breast cancer cells) BALB/c mouse model by feeding normal
forage. The mice in the experiment developed a tumor of appropriate size in their legs
after ten days. Compound TCO1 was administered via injection into the tumor site of
the mice, and after a duration of 3 hours, the mice were euthanized for organ dissection
and subsequent imaging (including heart, liver, spleen, lung, kidney and tumors). The
organ images were then acquired using a Perkin Elmer IVIS Lumina LT series III

mouse living image system.
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Fig. S1 The absorption spectra of compounds TCO1, TCO2, TCN1 and TCN2 in

different solvents.
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Fig. S2 Fluorescence intensity of compounds TCO1, TCO2, TCN1 and TCN2 in

different solvents.
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Fig. S10 Cell imaging of compounds TCO1, TCO2, TCN1 and TCN2 in live HepG2
cells respectively. Scale bar: 10 um. For TCO1, A,=442 nm, A= 550-620 nm. For
TCO2, A,=442 nm, A= 550-620 nm. For TCN1, A,=514 nm, A= 560-650 nm. For
TCN2, Ax=514 nm, A.,= 560-650 nm.

Table R1 Comparison of properties of TCO1 and other lipid droplet fluorescence probes

Emission
Probe AIE feature | Wash-free Application Ref
maxima (nm)
2 517 \ / cell imaging [1]
LCH 627 / / cell imaging [2]

cell imaging and
CA-LD 640 / / (3]
zebrafish imaging

BLD2 725 / / cell imaging (4]
TQE 584 \ / cell imaging [5]
MFGNI-1 511 / / cell imaging [6]

cell imaging and
DCI-Cou-polar 766 / / [7]
tissue imaging

cell imaging and
P(Cou-PEG-LD) 475 / / [8]
zebrafish imaging

PPF-1 590 / / cell imaging [9]

cell imaging and
BTDA-RSS 520 / / [10]
tissue imaging

cell imaging and
TPA-DT-DNH 530 / / [11]
zebrafish imaging

cell imaging,

CH;0-Ph,N-S-
626 / / tissue imaging and C. [12]
TTz-Py
elegans imaging
L 540 \ / cell imaging [13]

CIv 425 / / cell imaging [14]




cell imaging,
SSR-LDs 650 / / zebrafish imaging and [15]

mice imaging

g 8 g g 8 8 8 58 5 5 58 &5 5 5 &5 5 z
TCO1 I R OSSP UL L VUL O S PO SO B
—J L
. = 009
J i
_/
— — eyl
— +G60)
— £G6T
86'G|
—_ €6°¢|
— soef
item
oL
— —— =160[
Fig. S11 'H NMR spectra of TCOL. -

0.0

=)

4.0

4.5

5.0
£1 (ppm)



0+ 35—

10+32

10+32

10+32

10+32

10437

10+3%

1037+

10+35

10+35

10+35

10+39

1031+

10+33+

T

Fig. S12 '"H NMR spectra of TCO2.



2 8 8 8 8 8 2 3 g g 2 5 i
A S L. 2 I . SO A S
— = =009 "~
j‘ [L=]
— =GT 1
=)
o8
1980 -
- — {OG'L ©
— 90}
-~ €01 "
R €8°G ..
— izog
167 .
_ =980 ”
Fig. S13 'H NMR spectra of TCNI. -



-8E+08
TE
EE-
BE-
EE-
-5E+08
4E-
4E-
4E-
3E

—ZE+08

7

—2E+08
~2E+08
~1E+08
—5E+07

=]
1

——5E+D

Fig. S14 '"H NMR spectra of TCN2.

j;
B
2

00’9

sIEY

801
P”.’_O'Z

¥Sel

=160

0Evr

a4l

*629|

homol
SE'S
T\!_0"8'

6L} =




L 4E+
L4+
- 4E~
- 3E+
[ 2E+
- 2B+
L 2E+
F1E+
- SE+
0

(A4 S -

S vr— _ |

18 ¥01
8Z'LLL

80°ZLL

zZLoll

€L8LL

180zl EE—
v ZZL- | —
16621 —
u.'gzw —
26621, _

290l :7 _
gz’ LEL

W'QHL

8t Gl

se'imf —
08'6¥L A 1
cr'esl / —
0z .51

81091

05 cFjig- S15 *C NMR spectra of TCOL1. i

50 40 k1]

&0

T
100

fl (ppm)

T
130

160

170

..
200

T
210



—EE-
EE+
I-BE+
I-TE
- BE~
-6E+
-6E-+
k- 5E+
- 4E+
b 4E+
-4E-+
I-3E+
I ZE+
|25
L 9E+i
E
-BE~+
0

E6EL— -
0E0C— -

0.6 -
S PE—

¥6'05—

58'701 1
LL 0L
18°LLL
€L'9LL
v vz
€664,
zroz
0221
7€'621
18'6Z1-
reeTl | -
€9'0€}

8L 1El

97 Sti~

1§ Ll

1£°651~

9z LG}~

€009}~

e
|

56'953& S16 3C NMR spectra of TCO2.

40

fl {ppm

100

110

170 160 150 140

180




:
o
4
4
o
&

- ZE

ST~
6071~
8972
9€'62-

6962,

S1 06
€€0¢”
eb'LE
05°LE
Z6°lE
86 1€

¥L501"
ZL0LL—
JEA-TIRN
LEV2Iy
98'SCh|

Sg9cl—

9€ 627 -
96621
€8I}

v vrl

25°StL-

08'Z51—

0Z ¥Eg-S17 3C NMR spectra of TCN1.
81'g51"

85 POl —




x107

1.4
1.2

0.8
0.6+
0.4
0.2

1E
FE+
=1E=+
L QE+
- BE=+
I 76+
-BE+
k- 5E+
“JE—
b 3E+

Y

2B+

b 1E+

=0

L8ClL—
P 0e—

SZ'62-
0,62/

LL'SOL
LV -
IACTIEN

SS'SEL‘H
A=A

Se 62l -

96'6217
18 1EL

99 )7
ggg ng S18 3C NMR spectra of TCN2.
b 9SL—
ve'8sl”
[4: R T

+ESI Scan (6.999 min) Frag=175.0V 20241122-0-1.d
*515.2347

174.0869 340.0930 688.3530 1051.4414

100 200 300 400 500 600 700 BOO 900 1000 1100 1200 1300 1400 1500

Counts vs. Mass-to-Charge (m/z)

Fig. S19 HRMS spectra of TCO1.

140

T
150

T
160

170




Spectrum

MS: 0.3641-0.5307 / 2411279924-TC02 / ESI+ / / (15178)
1ot -
150
1.25 .
] 571.29573
1.00
2 1
z ]
£ 0.75 —
0.50 —_
0.25 — 28810237 42316888
1 232.16924 1 }‘ }
0.00 B . . lLl N 1 l_ l L ll _ ult 1?06.3]’01? I?:UJAM:'.')U 899154985
i | L) T | T T LI | T T T T l T T LI l LI ) T L) | L) T LI ) | L) T T T | LI L) T | T L) L) L) |
100 200 300 400 500 600 700 800 900 1000
miz
Fig. S20 HRMS spectra of TCO2.
x10 6 | *ESI Scan (6.526 min) Frag=175.0V 20241122-0-3.d
* 563.2459
8
s_
4_
2 611.3014
274.1215  385.2583 473.3130 |

0 Il 1 1 [} 1 1 | 1 1 L] Il [} 1] ] 1
100 150 200 250 300 350 400 450 500 550 600 650 700 750 800 850 900

Counts vs. Mass-to-Charge (m/z)

Fig. S21 HRMS spectra of TCNI1.



x10 6 |*ES! Scan (7.576 min) Frag=175.0V 20241122-0-4.d
619.3074
4_
3_
2_
‘[ .
" 338.3414 1. 1259.5841
200 400 600 800 1000 1200 1400 1600 1800
Counts vs. Mass-to-Charge (m/z)
Fig. S22 HRMS spectra of TCN2.
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