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Materials and instrument

High-resolution electrospray mass spectra (HRMS) were gained from Bruker APEX IV-FTMS 7.0T mass spectrometer; NMR spectra were examined from AVANCE II 400 MHz Digital NMR Spectrometer with TMS as an internal standard; Electronic absorption spectra were recorded on a LabTech UV Power spectrometer; Fluorescence spectra were obtained with a HITACHI F4600 fluorescence spectrophotometer; The fluorescent images of the cells and zebrafish were obtained with Leica SP8 inverted fluorescence confocal microscope. The pH measurements were implemented on a Mettler-Toledo Delta 320 pH meter; analysis was exhibited on silica gel plates and column chromatography was carried out over silica gel (mesh 200-300). Compound melting point data was obtained by direct measurement with the micro melting point meter SGW® X-4A. Both TLC and silica gel were purchased from Qingdao Ocean Chemicals.

Yield and characterization of dyes 3a-e

Compound 3a. The synthetic route for 3a is shown in Scheme 1. To a 100 mL  reaction vessel with a stir bar were added naphthalene-1,4-dione (316.4 mg, 2 mmol, 1.0 equiv), Benzaldehyde (848.8 mg, 8 mmol, 4.0 equiv), and ammonium iodide (869.64 mg, 6 mmol, 3.0 equiv), toluene (10 mL). The reaction vessel was stirred at 130 °C for 24 h. After cooling to room temperature, the volatiles were removed under reduced pressure. The residue was purified by column chromatography on neutral alumina to give the desired products 3a (129.7 mg, yield: 19%).1H NMR (400 MHz, DMSO-d6) δ 12.76 (s, 1H), 8.13 (dd, J = 5.8, 3.4 Hz, 2H), 7.99 – 7.90 (m, 4H), 7.81 (dd, J = 5.8, 3.3 Hz, 2H), 7.55 – 7.47 (m, 6H). 13C NMR (101 MHz, DMSO-d6) δ 179.80, 138.41, 135.94, 133.73, 130.41, 130.13, 129.74, 128.35, 126.85, 118.04. HRMS (ESI) Found: 350.1188 [M+H]+; Molecular formula C24H15NO2 requires [M+H]+ 350.3965 (Fig. S7-S9).
Compound 3b. The synthetic route of 3b was similar to that of 3a. 3b, yield: 32%. 1H NMR (400 MHz, DMSO-d6) δ 8.07 (dd, J = 5.8, 3.3 Hz, 2H), 7.89 – 7.84 (m, 4H), 7.77 (dd, J = 5.8, 3.3 Hz, 2H), 7.72 – 7.66 (m , 4H). 13C NMR (101 MHz, CDCl3) δ 180.56, 136.31, 133.40, 131.82, 130.23, 128.62, 126.99, 124.25, 118.84. HRMS (ESI) Found: 507.9364 [M+H]+; Molecular formula C24H13Br2NO2 requires [M+H]+ 507.9366 (Fig. S10-S12).
Compound 3c. The synthetic route of 3c was similar to that of 3a. 3c, yield: 47%. 1H NMR (400 MHz, CDCl3) δ 12.39 (s, 1H), 10.10 (s, 2H), 8.12 (dd, J = 5.8, 3.3 Hz, 2H), 7.82 (s, 2H), 7.81 – 7.75 (m, 4H), 6.90 (d, J = 8.7 Hz, 4H). HRMS (ESI) Found: 381.3870 [M+H]+; Molecular formula C24H15NO4 requires [M+H]+ 382.1312. (Fig. S13-S14)
Compound 3d. The synthetic route of 3d was similar to that of 3a. 3d, yield: 68%. 1H NMR (400 MHz, CDCl3) δ 9.25 (s, 1H), 8.22 (dd, J = 5.8, 3.4 Hz, 2H), 7.74 – 7.69 (m, 4H), 7.67 (dd, J = 5.8, 3.3 Hz, 2H), 7.16 (d, J = 7.9 Hz, 4H), 2.33 (s, 6H). 13C NMR (101 MHz, CDCl3) δ 180.65, 139.84, 137.96, 136.07, 132.94, 129.05, 128.58, 126.99, 126.78, 118.02, 21.55. HRMS (ESI) Found: 378.1499 [M+H]+; Molecular formula C26H19NO2 requires [M+H]+ 378.1489 (Fig. S15-S17).
Compound 3e. The synthetic route of 3e was similar to that of 3a. 3e, yield: 35%. 1H NMR (400 MHz, DMSO-d6) δ 12.18 (s, 1H), 8.14 (dd, J = 5.8, 3.3 Hz, 2H), 7.93 – 7.86 (m, 4H), 7.78 (dd, J = 5.8, 3.3 Hz, 2H), 6.80 (d, J = 9.0 Hz ,4H), 3.01 (s, 12H). 13C NMR (101 MHz, DMSO-d6) δ 179.13, 151.34, 139.88, 136.34, 133.20, 131.02, 126.71, 117.63, 116.53, 111.41, 40.41. HRMS (ESI) Found: 436.1985 [M+H]+; Molecular formula C28H25N3O2 requires [M+H]+ 436.2020 (Fig. S18-S20).
General information for spectroscopic studies

All spectral tests in this paper were conducted at room temperature. The dyes 3a-e and Py-LD were respectively dissolved in the dimethyl sulfoxide (DMSO) solution, and finally a test stock solution with a concentration of 1 mol/L (mM) was prepared. Subsequently, in the spectral test, 20 μL of the probe stock solution was added to 2 mL of the test solution, and both were prepared into 10 μmol/L probe solutions for testing. Then spectral tests were conducted using a UV-Vis spectrophotometer (UV-2700) or a fluorescence spectrophotometer (F-4500). After completing the test, export the results and use Origin software for drawing processing.Solutions of various interfering substances (10 mM) were prepared in ultrapure water. PBS buffer solutions of different pH values ranging from 1-12 were measured and prepared with a pH meter. 
Cell culture and cytotoxicity assays

HeLa cells were provided by Jiangsu Kaiji Biotechnology Co., Ltd. The living HeLa cells and HepG2 cells were cultured in the Dulbecco’s modified Eagle’s medium (DMEM) supplemented with fetal bovine serum (10% FBS) under the atmosphere containing 5% CO2 and 95% air at 37 °C. The cytotoxic effects of the probe Py-LD were tested by the MTT assay. The living cells line was treated in DMEM (Dulbecco’s Modified Eagle Medium) supplied with fetal bovine serum (10%, FBS), penicillin (100 U/mL), and streptomycin (100 μg/mL) under the atmosphere of CO2 (5%) and air (95%) at 37 °C. The HeLa cells and HepG2 cells were then seeded into 96-well plates, and 0, 2, 5, 10 and 20μM (final concentration) of the probe Py-LD (99.9% DMEM and 0.1% DMSO) were added respectively. Subsequently, the cells were cultured at 37 °C in an atmosphere of CO2 (5%) and air (95%) for 24 hours. Then the HeLa cells were washed with PBS buffer, and DMEM medium (500 μL) was added. Next, MTT (50 μL, 5 mg/mL) was injected into every well and incubated for 4 h. Violet formazan was treated with sodium dodecyl sulfate solution (500 μL) in the H2O-DMF mixture. The absorbance of the solution was measured at 570 nm by way of a microplate reader. The cell viability was determined by assuming 100% cell viability for cells without Py-LD.
General procedures for probe Py-LD biological experiments

The concentration of probe Py-LD in the cell imaging experiment was 10 μM. Co-localization experiment: 10 μM probes were co-incubated with commercial lipid droplet dye 5 μM BODIPY and cells for 30 minutes. The cells were rinsed three times with PBS buffer to remove the residual probes and perform imaging. Oleic acid group: Cells were cultured with different concentrations of oleic acid (0 μM, 50 μM, 100 μM) for 30 minutes, and the cells were stained with the probe Py-LD. After washing the cells three times with PBS solution, fluorescence imaging of the cells was performed. Finally, the cells were imaged using the Leica SP8 inverted fluorescence confocal microscope. The excitation wavelength was 488nm, the collection wavelength was 500-530 nm (green channel), the excitation wavelength was 405 nm, and the collection wavelength was 550-700 nm (red channel).

Biological imaging of zebrafish: The probe Py-LD was co-incubated with commercial zebrafish seedlings in PBS for 30 minutes. Before imaging, impurities were rinsed with PBS, and then fluorescence imaging was performed using a Leica SP8 confocal fluorescence microscope. The excitation wavelength is 405 nm, and the collection wavelength is 550-700 nm (red channel).
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Fig. S1 Absorption and emission spectra of compound 3a (10 µM) in different solvents.
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Fig. S2 Absorption and emission spectra of compound 3b (10 µM) in different solvents.
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Fig. S3 Absorption and emission spectra of compound 3c (10 µM) in different solvents. SHAPE  \* MERGEFORMAT 



Fig. S4 Absorption and emission spectra of compound 3d (10 µM) in different solvents.
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Fig. S5 Absorption and emission spectra of compound 3e (10 µM) in different solvents.
Table S1 Photophysical properties of dye 3a in different solvents
	3a
	Dioxane
	THF
	EtOAc
	DMF
	DMSO
	EtOH
	MeOH

	λabs (nm)
	408
	409
	427
	419
	422
	424
	423

	λem (nm)
	513
	517
	519
	526
	532
	536
	537

	Stokes shift (nm)
	105
	108
	92
	107
	110
	112
	114


Table S2 Photophysical properties of dye 3b in different solvents
	3b
	Dioxane
	THF
	EtOAc
	DMF
	DMSO
	EtOH
	MeOH

	λabs (nm)
	436
	411
	407
	502
	416
	415
	417

	λem (nm)
	556
	521
	515
	570
	535
	532
	535

	Stokes shift (nm)
	120
	110
	108
	68
	119
	117
	118


Table S3 Photophysical properties of dye 3c in different solvents
	3c
	Dioxane
	THF
	EtOAc
	DMF
	DMSO
	EtOH
	MeOH

	λabs (nm)
	440
	445
	450
	457
	459
	460
	462

	λem (nm)
	518
	521
	520
	532
	535
	538
	532

	Stokes shift (nm)
	78
	76
	70
	75
	76
	78
	70


Table S4 Photophysical properties of dye 3d in different solvents
	3d
	Dioxane
	THF
	EtOAc
	DMF
	DMSO
	EtOH
	MeOH

	λabs (nm)
	421
	428
	426
	430
	437
	435
	437

	λem (nm)
	524
	530
	527
	542
	545
	545
	542

	Stokes shift (nm)
	103
	102
	101
	112
	108
	110
	105


Table S5 Photophysical properties of dye 3e in different solvents
	3e
	Dioxane
	THF
	EtOAc
	DMF
	DMSO
	EtOH
	MeOH

	λabs (nm)
	484
	486
	483
	506
	517
	518
	520

	λem (nm)
	608
	610
	606
	643
	657
	662
	657

	Stokes shift (nm)
	124
	124
	123
	137
	140
	144
	137
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Fig. S6 Cytotoxicity assays of probe Py-LD at different concentrations (0 μM; 2μM; 5 μM; 10 μM; 20μM) for HeLa cells.
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Fig. S7 1H NMR spectrum of compound 3a in DMSO-d6.
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Fig. S8 13C NMR spectrum of compound 3a in DMSO-d6.
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Fig. S9 HR-MS spectrum of compound 3a in CH3OH.
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Fig. S10 1H NMR spectrum of compound 3b in DMSO-d6.
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Fig. S11 13C NMR spectrum of compound 3b in Chloroform-d.
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Fig. S12 HR-MS spectrum of compound 3b in CH3OH.
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Fig. S13 1H NMR spectrum of compound 3c in DMSO-d6.
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Fig. S14 HR-MS spectrum of compound 3c in CH3OH.
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Fig. S15 1H NMR spectrum of compound 3d in Chloroform-d.
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Fig. S16 13C NMR spectrum of compound 3d in Chloroform-d.
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Fig. S17 HR-MS spectrum of compound 3d in CH3OH.
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Fig. S18 1H NMR spectrum of compound 3e in DMSO-d6.
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Fig. S19 13C NMR spectrum of compound 3e in DMSO-d6.
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Fig. S20 HR-MS spectrum of compound 3e in CH3OH.
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Fig. S21 1H NMR spectrum of compound Py-LD in DMSO-d6.
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Fig. S22 13C NMR spectrum of compound Py-LD in Chloroform-d..
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Fig. S23 HR-MS spectrum of compound Py-LD in CH3OH.
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