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1. General information

All reagents and solvents were purchased from Aladdin, Bidepharm, and J&K and used without
further purification. Dulbecco’s Modified Eagle Medium (DMEM) and fetal bovine serum (FBS)
were purchased form Tianjin Kaimeihong Biological Technology Co., Ltd. LysoTracker Green
was purchased from Yingwei Jieji (Shanghai) Trading Co., Ltd. The '"H NMR, 13C NMR, and '°F
NMR spectra were recorded on a Bruker AM 400 MHz and 100 MHz spectrometer in CDCl; or
DMSO-ds. The absorbance and fluorescence spectra were recorded on the UV-vis
spectrophotometer (Shimadzu, UV-2600) and Hitachi F4700 fluorometer, respectively. Cell
viability was measured by CCK-8 assay on a Tecan Infinite M Plex microplate reader. The
fluorescence images of cells were obtained on a NIKON A1+ confocal. The whole body and ex
vivo organ fluorescence imaging was performed on an IVIS Lumina System. All the images were

analyzed using ImagelJ.

2. Supplemental figures and tables
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Scheme S1. Synthetic route of pH-activatable aza-BODIPY probes.

Table S1. Photophysical properties and pKa values of AzaB1-5.

Probe Aabs.acig (NM) Aabs-base (NM) Aemacia (nM) € (M ecm™)  pKa value
AzaB1 702 756 728 28300 7.9
AzaB2 697 767 723 30500 5.0
AzaB3 700 760 724 26600 59
AzaB4 702 764 729 28150 6.6
AzaB5 701 759 728 29500 6.7
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Figure S1. (a) FL spectra of AzaB2 in citrate buffer containing 1% Triton X-100 with the
enlarged view at 803 nm. A 680 nm. (b, ¢) FL spectra of AzaB2 in citrate buffer with excitation
at 680 nm (b) and 760 nm (c). (d) Ratio of fluorescence intensity at 723 nm and 803 nm at
different pH. Because all five probes exhibited similar fluorescence spectra, we herein only

presented the fluorescence intensity variations of AzaB2.
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Figure S2. The UV-vis absorbance, fluorescence spectra, and normalized pH titration profiles of
AzaB2 (a, f, k), AzaB3 (b, g, 1), AzaB4 (c, h, m), AzaB5 (d, [, n), and AzaBl1 (e, j, o) in different
citrate buffers containing 1% Triton X-100.
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Figure S3. Real-time records of fluorescence intensity at 729 nm of 5 uM AzaB4 in pH 9.3 buffer
(2 mL) after addition of 1 N HCI1 (50 uL).

2

% 1.0
0.8

-
L 0.6

°o o
N b

Normalized
o

0
blank2 4 6 8 10 12 14 16

Figure S4. Normalized fluorescence intensity at 729 nm of 5 uM AzaB4 in the presence of
various species at pH 6.6 and 7.4, respectively. 1: BSA (20 mg/mL), 2-4: H,0,, O, *OH (50
uM), 5-10: GSH, L-Arginine, L-Cysteine, L-Cystine, L-Glutamic acid, L-Tyrosine, 11: vitamin C
(50 uM), 12-16: NOs~, Cu?*, Mg?*, Ca?*, Zn?* (50 uM).
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Figure SS. Reversible fluorescence response profile of AzaB4 (4 uM) in citrate buffers for 10
cycles.
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Figure S6. Photostability curves of AzaB4 (5 uM) in pH 3.0 buffer and ICG (5 puM) in PBS
solution upon continuous laser irradiation at 650 nm (100 mW/cm?).
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Figure S7. Cell viability of Hela cells incubated with different concentrations of AzaB1-5 by
CCK-8 assay (n = 3).
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Figure S8. (a) Fluorescence images of HeLa cells incubated with 5 pM probes in different pH
citrate buffers. Ae: 637 nm, channel: Cy5.5. Scale bar: 50 pm. (b) Normalized fluorescence
intensity profiles of cells in (a). (c) Colocalization images of AzaBS with LysoTracker Green in
HeLa cells. Scale bar: 20 pm.
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Figure S9. Colocalization of AzaB1-5 (5 uM) with LysoTracker Green (1 uM) in HeLa cells. Ay:
680 nm, channel: Cy5.5, scale bar: 20 pm.
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Figure S10. (a) [llustration of mouse model for imaging tumor and normal microenvironment pH.

(b) In vivo NIR fluorescence imaging of mice bearing subcutaneous 4T1 breast cancer tumors
after injection of AzaB1-5 (3 uM, 20 pL) into tumors and normal tissues, respectively. Channel:
Cy5.5 filter, Aex = 640 nm. (c¢) Tumor-to-normal ratios of relative AzaB1—5 fluorescence intensity
at ~15 s postinjection using ROI analysis. (d) Time-dependent NIR fluorescence images of 4T1
tumor-bearing mice after intravenous injection of 200 uL. AzaB2 in PBS (10 uM). Representative
fluorescence image of harvested organs and tumor at 24 h postinjection. He: heart, Lu: lung, Li:

liver, Ki: kidneys, Sp: spleen, Pa: pancreas, Mu: muscle.
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Figure S11. (a) FL imaging of 4T1 tumor-bearing mice after injection of AzaB2 (3 uM, 20 pL)
into tumors and normal tissues (left), followed by injection of acidic buffer (pH 5.0, 20 pL) into
tumor site (middle), and saturated sodium bicarbonate solution (20 pL) into tumor (right) in turn.

(b) FL intensity of tumor site upon the treatment.
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3. Synthesis of probes AzaB1-5
Scheme S1. Synthetic route! 2 of 7-9

4
OH # © x | = I
K,C0;, Acetone NaGH X o o CHaNO, Lo O o
o e Ty e Ny oyt e 0
T T T g zn EOH, 0-1t, 24 h = EtOH, 40°C, 36 h T
o
o o NO,
7 8 9

Synthesis of 7: A mixture of p-Hydroxyacetophenone (2 g, 14.7 mmol), propargyl bromide
(2.27 g, 19 mmol), and potassium carbonate (2.62 g, 19 mmol) in acetone was stirred at 60 °C for
12 h under a nitrogen atmosphere. After cooling to room temperature, the solvent was removed in
vacuo and solid residue obtained was extracted with EtOAc (200 mL) and H,O (200 mL). The
organic layer was separated, dried over anhydrous sodium sulfate, filtered, and concentrated under
reduced pressure. The obtained product 1 was used without further purification. (2.37 g, 93%). 'H
NMR (400 MHz, CDCl;, 8): 7.92 (d, J= 8.8 Hz, 2H), 6.99 (d, /= 8.8 Hz, 2H), 4.73 (d, J = 2.0 Hz,
2H), 2.54-2.53 (m, 4H).

Synthesis of 8: 7 (2 g, 11.5 mmol) and p-anisaldehyde (1.56 g, 11.5 mmol) were dissolved in
ethanol (40 mL). A aq. solution of NaOH (8 mL, 51.7 mmol) was added dropwise under the ice
bath. After stirring at room temperature for 24 h, the reaction solution was directly filtered to
afford the product as a yellow solid. (3.23 g, 96%). 'H NMR (400 MHz, CDCls, 8): 8.04 (d, J =
8.8 Hz, 2H), 7.78 (d, /= 15.6 Hz, 1H), 7.60 (d, J = 8.8 Hz, 2H), 7.42 (d, /= 15.6 Hz, 1H), 7.06 (d,
J=8.8 Hz, 2H), 6.94 (d, /= 8.8 Hz, 2H), 4.78 (d, /= 2.4 Hz, 2H), 3.86 (s, 3H), 2.56 (t, J=2.4 Hz,
1H).

Synthesis of 9: To a solution of 8 (2 g, 6.85 mmol) and nitromethane (4.2 g, 68.5 mmol) in
EtOH (10 mL), a aq. solution of NaOH (2 mL, 13.7 mmol) was added under an ice bath. The
reaction was stirred at 40 °C for 20 h and then quenched with 0.02 M HCI solution. The reaction
mixture was extracted with EtOAc (3%). The combined organic fractions were dried over Na,SO,,
filtered, concentrated, and purified via silica gel column chromatography (1:3 v/v
EtOAc/petroleum ether) to afford the product as a yellow oil or solid. (1.29 g, 53%). '"H NMR
(400 MHz, CDCl;, 8): 7.91 (d, J = 8.8 Hz, 2H), 7.19 (d, J = 8.8 Hz, 2H), 7.00 (d, J = 9.2 Hz, 2H),
6.85 (d, J = 8.4 Hz, 2H), 4.82-4.75 (m, 3H), 4.66-4.61 (m, 1H), 4.19-4.12 (m, 1H), 3.77 (s, 3H),
3.42-3.30 (m, 2H), 2.55 (t, /= 2.4 Hz, 1H).

Synthesis of 1: To a solution of substituted phenol (6.1 mmol, 1 equiv) and TEA (15.25 mmol,
2.5 equiv) in anhydrous DCM (15 mL), acetylchloride (7.4 mmol, 1.2 equiv) was slowly added
under the ice bath. Then the mixture was warmed to room temperature and stirred for 5 h. The
reaction was quenched with saturated NaHCO; solution and was extracted with DCM (3x). The
combined organic fractions were dried over anhydrous Na,SO,, filtered, concentrated, and
purified via silica gel column chromatography (1:8 v/v EtOAc/petroleum ether) to afford the
product as a colorless oil.

1 (AzaB2): Yield: 87%. 'H NMR (400 MHz, CDCls, 8): 7.35 (d, J = 8.0 Hz, 2H), 7.13 (t, J =
8.0 Hz, 1H), 2.40 (s, 3H).

1 (AzaB3): Yield: 83%. '"H NMR (400 MHz, CDCls, §): 7.16-7.14 (m, 1H), 6.99-6.94 (m, 2H),
2.37 (s, 3H).
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1 (AzaB4): Yield: 93%. 'H NMR (400 MHz, CDCls, 8): 7.57 (d, J = 8.0 Hz, 1H), 7.40 (t, J =
8.0 Hz, 1H), 7.31 (t,J=7.6 Hz, 1H), 7.26 (d, J= 8.0 Hz, 1H), 2.47 (s, 3H).
1 (AzaB5): Yield: 73%. '"H NMR (400 MHz, CDCl;, 8): 7.32-7.26 (m, 4H), 2.46 (s, 3H).

Synthesis of 2: Trifluoromethanesulfonic acid (TfOH, 7 mL) was added to 1 (20 mmol) slowly
under an ice bath and nitrogen atmosphere. The reaction was stirred at 40 °C for 16 h and then
quenched with NaHCO; aqueous solution. The reaction mixture was extracted with EtOAc (3x%).
The combined organic fractions were dried over anhydrous Na,SO,, filtered, concentrated, and
purified via silica gel column chromatography (1:3 v/v EtOAc/petroleum ether) to afford the
product as a white oil.

2 (AzaB2): Yield: 83%. 'H NMR (400 MHz, CDCls, 8): 7.90 (s, 2H), 6.29 (s, 1H), 2.55 (s, 3H).

2 (AzaB3): Yield: 73%. 'H NMR (400 MHz, DMSO-dg, 8): 11.25 (s, 1H), 7.64-7.62 (m, 2H),
2.51 (s, 3H).

2 (AzaB4): Yield: 93%. 'H NMR (400 MHz, CDCl;, 8): 7.98 (d, J=2.0 Hz, 1H), 7.82 (dd, J =
8.8,2.4 Hz, 1H), 7.07 (d, J = 8.8 Hz, 1H), 2.55 (s, 3H).

2 (AzaB5): Yield: 94%. 'H NMR (400 MHz, CDCls, 8): 7.74-7.68 (m, 2H), 7.06 (t, J = 8.4 Hz,
1H), 2.55 (s, 3H).

Synthesis of 3: 2 (11.5 mmol, 1 equiv) and p-anisaldehyde (11.5 mmol, 1 equiv) were dissolved
in ethanol (40 mL). A aq. solution of NaOH (51.7 mmol, 4.5 equiv) was added dropwise under the
ice bath. The reaction was stirred at room temperature for 24 h and then quenched with 0.02 M
HCI solution. The reaction mixture was extracted with EtOAc (3x). The combined organic
fractions were dried over Na,SO,4 concentrated, and purified via silica gel column
chromatography (1:3 v/v EtOAc/petroleum ether) to afford the product.

3 (AzaB1): Yellow solid, yield: 62%. '"H NMR (400 MHz, DMSO-ds, ): 10.34 (s, 1H), 8.05 (d,
J= 8.8 Hz, 2H), 7.82 (d, J = 8.8 Hz, 2H), 7.76 (d, J = 15.6 Hz, 1H), 7.65 (d, J = 15.6 Hz, 1H),
7.01 (d, J= 8.8 Hz, 2H), 6.89 (d, J = 8.4 Hz, 2H), 3.82 (s, 3H).

3 (AzaB2): Yellow solid, yield: 79%. 'H NMR (400 MHz, DMSO-ds, 8): 8.19 (s, 2H), 7.89 (d,
J= 8.8 Hz, 2H), 7.84 (d, J = 15.6 Hz, 1H), 7.72 (d, J = 15.6 Hz, 1H), 7.01 (d, J = 8.8 Hz, 2H),
3.83 (s, 3H).

3 (AzaB3): Yellow solid, yield: 89%. 'H NMR (400 MHz, DMSO-ds, 8): 7.77 (d, J = 8.8 Hz,
2H), 7.65 (d, J=15.6 Hz, 1H), 7.51-7.44 (m, 3H), 6.96 (d, J = 8.8 Hz, 2H), 3.80 (s, 3H).

3 (AzaB4): Yellow solid, yield: 71%. '"H NMR (400 MHz, DMSO-ds, 5): 11.18 (s, 1H), 8.19 (d,
J=2.0 Hz, 1H), 8.00 (dd, J= 8.8, 2.4 Hz, 1H), 7.86 (d, /= 8.8 Hz, 2H), 7.80 (d, J= 15.6 Hz, 1H),
7.68 (d, J=15.6 Hz, 1H), 7.10 (d, J= 8.4 Hz, 1H), 7.01 (d, J = 8.8 Hz, 2H), 3.82 (s, 3H).

3 (AzaB5): Yellow solid, yield: 78%. '"H NMR (400 MHz, DMSO-ds, 8): 10.86 (s, 1H), 7.97
(dd, J=12.4, 2.0 Hz, 1H), 7.90 (dd, J = 8.4, 2.0 Hz, 1H), 7.85 (d, J = 8.8 Hz, 2H), 7.79 (d, J =
15.2 Hz, 1H), 7.68 (d, J = 15.6 Hz, 1H), 7.08 (t, J = 8.4 Hz, 1H), 7.01 (d, J = 8.8 Hz, 2H), 3.82 (s,
3H).

Synthesis of 4: To a solution of 3 (5.85 mmol, 1 equiv) and nitromethane (68.5 mmol, 10 equiv)
in EtOH (10 mL), a aq. solution of NaOH (2 equiv) was added under the ice bath. The reaction
was stirred at 40-70 °C for 24 h and then quenched with 0.02 M HCI solution. The reaction
mixture was extracted with EtOAc (3%). The combined organic fractions were dried over Na,SO,,
concentrated, and purified via silica gel column chromatography (1:3 v/v EtOAc/petroleum ether)
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to afford the product.

4 (AzaB1): Yellow oil, yield: 80%. 'H NMR (400 MHz, CDCl;, 8): 7.93 (d, J = 8.8 Hz, 2H),
7.28 (d, J = 8.8 Hz, 2H), 6.96 (d, J = 8.8 Hz, 2H), 6.94 (d, J = 8.8 Hz, 2H), 4.91-4.86 (m, 1H),
4.75-4.70 (m, 1H), 4.28-4.21 (m, 1H), 3.86 (s, 3H), 3.51-3.39 (m, 2H).

4 (AzaB2): Yellow solid, yield: 35%. 'H NMR (400 MHz, DMSO-ds, 3): 11.22 (s, 1H), 7.90 (s,
2H), 7.27 (d, J = 8.4 Hz, 2H), 6.84 (d, J = 8.4 Hz, 2H), 4.92-4.87 (m, 1H), 4.77-4.71 (m, 1H),
3.97-3.91 (m, 1H), 3.90 (s, 3H), 3.70-3.38 (m, 2H).

4 (AzaB3): Yellow oil, yield: 35%. 'H NMR (400 MHz, CDCl;, 8): 7.50 (d, J = 8.4 Hz, 2H),
7.17 (d, J= 8.8 Hz, 2H), 6.86 (d, J = 8.8 Hz, 2H), 4.78-4.74 (m, 1H), 4.66-4.61 (m, 1H), 4.17-4.10
(m, 1H), 3.78 (s, 3H), 3.38-3.26 (m, 2H).

4 (AzaB4): Yellow oil, Yield: 25%. 'H NMR (400 MHz, DMSO-d,, 8): 11.19 (s, 1H), 7.91 (d, J
= 2.0 Hz, 1H), 7.75 (dd, J = 8.4, 2.4 Hz, 1H), 7.26 (d, J = 8.4 Hz, 2H), 7.03 (d, J = 8.4 Hz, 1H),
6.84 (d, J = 8.8 Hz, 2H), 4.93-4.88 (m, 1H), 4.79-4.74 (m, 1H), 3.98-3.91 (m, 1H), 3.70 (s, 3H),
3.47-3.31 (m, 2H).

4 (AzaB5): Yellow oil, Yield: 34%. '"H NMR (400 MHz, CDCls, 3): 7.70-7.64 (m, 2H), 7.18 (d,
J=17.6 Hz, 2H), 7.04 (t, J = 8.8 Hz, 2H), 6.86 (d, J = 8.8 Hz, 2H), 4.80-4.75 (m, 1H), 4.66-4.61
(m, 1H), 4.16-4.13 (m, 1H), 3.78 (s, 3H), 3.40-3.28 (m, 2H).

Synthesis of 5 and 6: A suspension of 4 (2.1 mmol, 1 equiv), 9 (6.3 mmol, 3 equiv), and
NH4OAc (31.5 mmol, 15 equiv) in n-butanol (20 mL) was stirred at 115 °C for 5 h under a
nitrogen atmosphere. Then, the reaction was cooled, concentrated via rotary evaporation, and
extracted with EtOAc. The organic layer was washed with brine (5x), dried, concentrated, and
purified by silica gel column chromatography (50:1 v/v CH,Cl,/MeOH) to obtain the raw product
as a dark blue solid. To a solution of 5 (1.0 equiv) in anhydrous CH,Cl, (50 mL), N,N-
diisopropylethylamine (10 equiv) and boron trifluoride diethyl etherate (10 equiv) were added
successively. The reaction mixture was stirred under a nitrogen atmosphere at room temperature
for 5 h. Then the reaction solution was concentrated via rotary evaporation and purified by silica
gel column chromatography (50:1 v/v CH,Cl,/MeOH) to obtain the product as a black purple solid.

6 (AzaB1): Yield: 34%. 'H NMR (400 MHz, DMSO-dg, 8): 10.47 (s, 1H), 8.18-8.08 (m, 8H),
7.51 (s, 1H), 7.41 (s, 1H), 7.18-7.12 (m, 6H), 6.94 (d, J = 8.8 Hz, 2H), 4.94 (d, J = 2.0 Hz, 2H),
3.87 (m, 6H), 3.64 (t, J = 2.4 Hz, 1H). 3C NMR (100 MHz, DMSO-d;): 8 161.5, 161.2, 160.9,
159.7, 159.0, 155.9, 145.2, 144.1, 142.8, 141.4, 132.6, 131.6, 131.1, 131.0, 125.2, 124.90, 124.89,
122.1, 118.8, 117.9, 116.3, 115.5, 114.85, 114.83, 79.4, 79.1, 56.1, 55.9, 55.8. LRMS-ESI (m/z):
Exact mass calcd for C37H,0BF,N3047 [M+H]": 628.21; Found: 628.2230.

6 (AzaB2): Yield: 38%. 'H NMR (400 MHz, DMSO-dg, §): 8.18-8.15 (m, 8H), 7.55-7.53 (m,
2H), 7.20-7.12 (m, 6H), 4.96 (d, J = 2.4 Hz, 2H), 3.87 (m, 6H), 3.65 (t, /= 2.4 Hz, 1H). 3*C NMR
(100 MHz, DMSO-dg): 6 161.4, 161.1, 160.5, 159.2, 153.5, 151.8, 145.6, 144.3, 143.5, 141.7,
132.2, 131.3, 131.0, 130.0, 125.1, 124.7, 124.24, 124.21, 122.8, 119.2, 118.1, 115.6, 114.85,
114.80, 79.2, 56.3, 55.9, 55.8. LRMS-ESI (m/z): Exact mass calcd for Cs;;Hp;BCLF,N3;0,4*
[M+H]": 696.14; Found: 696.1454.

6 (AzaB3): Yield: 36%. '"H NMR (400 MHz, DMSO-d;, 8): 8.20-8.14 (m, 6H), 7.89 (d, J =
10.4 Hz, 2H), 7.56 (s, 1H), 7.53 (s, 1H), 7.21 (d, J = 9.2 Hz, 2H), 7.16-7.13 (m, 4H), 4.96 (d, J =
2.0 Hz, 2H), 3.88 (m, 6H), 3.65 (t, J = 2.4 Hz, 1H). 3C NMR (100 MHz, DMSO-d): & 160.9,
160.6, 160.0, 158.5, 153.7, 151.8 (dd, J = 8, 240 Hz), 145.0, 143.9, 142.9, 141.3, 136.6 (t,J =170
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Hz), 131.7, 130.8, 130.6, 124.5, 124.3, 123.8, 121.1 (t, J = 9 Hz), 118.6, 117.7, 115.2, 114.39,
114.36, 78.7, 55.8, 55.4, 53.6. '°F NMR (376 MHz, DMSO-ds, 6): -130.52 (q, J = 33.8 Hz, 2H), -
132.96 (s, 2H). LRMS-ESI (m/z): Exact mass calcd for C37;H;BF4N3;0,4" [M+H]": 664.20; Found:
664.2040.

6 (AzaB4): Yield: 25%. 'H NMR (400 MHz, DMSO-dg, 8): 11.16 (s, 1H), 8.20-8.13 (m, 7H),
8.00 (dd, J= 8.4, 2.4 Hz, 1H), 7.52 (s, 1H), 7.48 (s, 1H), 7.19-7.13 (m, 7H), 4.96 (d, J = 2.0 Hz,
2H), 3.88 (m, 6H), 3.64 (t, J = 2.4 Hz, 1H). 3C NMR (100 MHz, DMSO-dy): & 161.2, 160.1,
157.4, 156.6, 156.3, 144.84, 144.78, 142.40, 142.37, 131.91, 131.87, 131.1, 130.54, 130.49, 125.0,
124.6, 123.4, 120.8, 118.55, 118.47, 117.2, 115.5, 114.9, 79.3, 79.2, 56.2, 55.9. LRMS-ESI (m/z):
Exact mass calcd for C37H,sBCIF,N304" [M+H]*: 662.18; Found: 662.1843.

6 (AzaB5): Yield: 19%. 'H NMR (400 MHz, DMSO-dg, 8): 10.89 (s, 1H), 8.18-8.14 (m, 6H),
8.02 (dd, J=13.2,2.0 Hz, 1H), 7.88 (dd, J = 8.4, 1.6 Hz, 1H), 7.52 (s, 1H), 7.49 (s, 1H), 7.20-7.08
(m, 7H), 4.95 (d, J = 2.0 Hz, 2H), 3.88 (m, 6H), 3.65 (t, J = 2.4 Hz, 1H). 3C NMR (100 MHz,
DMSO-dg): 6 161.1, 160.0, 157.3, 156.6, 151.1 (d, J = 239.5 Hz), 149.0, 148.8, 144.8, 142.3,
131.9, 131.1, 127.7, 125.00, 124.96, 124.6, 122.64, 122.57, 118.44, 118.36, 118.3, 118.0, 117.8,
115.5, 114.8, 79.3, 79.2, 56.2, 55.8. '’F NMR (376 MHz, DMSO-ds, 8): -130.56 (q, J = 32.7 Hz,
2H), -136.45 (s, 1H). LRMS-ESI (m/z): Exact mass calcd for C37H,3BF;N50," [M+H]": 646.20;
Found: 646.2137.

Synthesis of AzaB5: 6 (AzaB5, 19.4 mg, 0.03 mmol), methoxy-poly(ethylene glycol)-azide
(PEG-Nj3, average M, =2000, 64 mg, 0.032 mmol), CuSOy4 (2.0 mg, 0.012 mmol), and sodium
ascorbate (VcNa, 20.0 mg, 0.077 mmol) were added to a 10 mL schlenk flask. The vessel was
evacuated and back-filled with N,. Then 4 mL THF (degassed) and 1 mL DI water (degassed)
were added. The reaction mixture was stirred overnight. After evaporation of THF, the residue
was dialyzed in DI water for 6 h and lyophilized to obtain a blue powder. The collected product
was then purified by column chromatography through a Sephadex LH-20 resin using MeOH as the
eluent, affording AzaBS5 as dark blue solid.

Other probes (AzaB1, AzaB2, AzaB3 and AzaB4) were synthesized by the same method.

AzaB1: '"H NMR (400 MHz, DMSO-ds, 8): 8.26 (s, 1H), 8.20-8.08 (m, 8H), 7.57-7.56 (m, 2H),
7.23-7.11 (m, 8H), 5.28 (s, 2H), 4.57 (t, J = 5.6 Hz, 2H), 3.88-3.87 (m, 6H), 3.85-3.83 (m, 2H),
3.51-3.48 (m, 172H), 3.24 (s, 3H).

AzaB2: '"H NMR (400 MHz, DMSO-ds, 8): 8.37 (s, 1H), 8.25-8.23 (m, 4H), 8.08-7.99 (m, 4H),
7.65-7.63 (m, 2H), 7.17-7.06 (m, 6H), 5.26 (s, 2H), 4.56 (t, J = 5.2 Hz, 2H), 3.87-3.82 (m, 8H),
3.50-3.43 (m, 172H), 3.24 (s, 3H).

AzaB3: 'H NMR (400 MHz, DMSO-ds, 8): 8.24-8.06 (m, 9H), 7.98-7.97 (m, 2H), 7.18-7.10 (m,
4H), 7.06 (d, J = 8.0 Hz, 2H), 5.25 (s, 2H), 4.56 (t, J = 5.2 Hz, 2H), 3.87-3.84 (m, 6H), 3.69-3.67
(m, 2H), 3.50-3.48 (m, 172H), 3.24 (s, 3H).

AzaB4: '"H NMR (400 MHz, DMSO-ds, 8): 8.29-8.07 (m, 9H), 7.65-7.52 (m, 2H), 7.22-7.12 (m,
6H), 6.88 (s, 1H), 5.28 (s, 2H), 4.57-4.56 (m, 2H), 3.87-3.86 (m, 8H), 3.50 (m, 172H), 3.23 (s, 3H).

AzaB5: '"H NMR (400 MHz, DMSO-ds, 8): 8.25 (s, 1H), 8.19-8.06 (m, 7H), 7.93-7.92 (m, 1H),
7.59 (m, 1H), 7.37 (m, 1H), 7.23 (d, J = 8.8 Hz, 2H), 7.14-7.04 (m, 5H), 5.28 (s, 2H), 4.60 (t, J =
5.2 Hz, 2H), 3.88-3.87 (m, 6H), 3.85-3.82 (m, 2H), 3.51-3.47 (m, 172H), 3.24 (s, 3H).

4. Spectroscopic measurements
The UV-vis absorbance and fluorescence emission spectra of the probes were measured in
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different aqueous solutions (citrate buffer, containing 1% Triton X-100). A series of standard pH
buffer solutions were prepared by mixing 200 mM Na,HPO, and citrate at varied volume ratios,
and the calibrated pH values were measured by a Mettler Toledo FE28 pH meter. The pKa values
were calculated from fluorescence emission for each probe based on a sigmoid curve analyzed by
nonlinear regression analyses in the program Origin. The selectivity of each probe was examined
in the presence of protons and various other species (BSA, H,O,, O,"", ‘OH, GSH, L-Arginine, L-
Cysteine, L-Cystine, L-Glutamic acid, Tyrosine, VcNa, NO;~, Cu?", Mg?**, Ca?', Zn?"). For
reversible fluorescence response experiment, the pH values were adjusted by 1 M NaOH and HCl

solutions.

5. Cell culture and cytotoxicity assay

Hela cells were cultured in DMEM medium containing 10% (v/v) fetal bovine serum (FBS) and
1% (v/v) penicillin—streptomycin in a humidified incubator with 5% CO, at 37 °C. The
cytotoxicities of AzaB1-5 were evaluated by CCK-8 assay.’ The cells were plated in 96-well
plates, and the number of cells was about 10000 in each well. After 24 h, five probes were added
to each well at a final concentration of 0, 0.5, 1, 5, 10, and 20 uM, respectively, and incubated for
24 h. Then remove the old medium and wash the wells three times with PBS buffer. Subsequently,
100 pL fresh medium and 10 pL of CCK-8 was added and incubated for another 1 h. Finally, the
absorbance was recorded at 450 nm using a Tecan Infinite M Plex microplate Reader. n = 3.

6. Colocalization experiments

Hela cells were seeded in confocal culture dishes and allowed to attach for 24 h. After culturing
overnight at 37°C, the old medium was removed and replaced with fresh DMEM containing
probes (5 uM). After 2 h, the cells were washed three times with PBS and incubated with DND-26
(LysoTracker Green, 1 pM) for another 30 min. Finally, the cells were washed with PBS before
imaging. Cells images were obtained on a NIKON Al+ confocal using a 60x oil immersion
objective lens.

7. Fluorescence imaging in cells

Attached Hela cells were incubated with probes (5 uM) for 2 h, and then fixed by 4% PFA (200
pL) for 5 min. After that, cells were washed three times with PBS and incubated with fresh buffers
at different pH values (4.0, 4.5, 5.0, 5.5, 6.0, 7.4) for 30 min before fluorescence imaging. Images
were analyzed using Image].

8. Fluorescence imaging in subcutaneous tumor model

Female BALB/C mice (6-8 weeks) were purchased from Beijing Vital River Laboratory Animal
Technology Co., Ltd. All experiments were approved by the Institutional Animal Care and Use
Committees of Nankai University. 4T1-luc tumor cells in 100 uL. PBS/Matrigel (v/v, 50/50) were
injected subcutaneously into each flank of mice. After four days when the tumors reached
adequate size (~6 mm), each probe (3 pM) in 20 pL deionized water was injected into tumors and
normal tissues, respectively. After 15 s, mice were anesthetized with 2.5% isoflurane in oxygen
and the whole body NIR fluorescence images (the Cy5.5 filter was used) were captured using an
IVIS Lumina imaging system. Images were analyzed using Imagel.
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9. Fluorescence imaging in metastatic lung tumor model via topical spraying

4T1-luc cells (2 x 10%) in 100 pL PBS were intravenously injected into the BALB/C mice (6-8
weeks). The generation of metastatic lung tumors was monitored by bioluminescence imaging,
100 pL of 40 g/L luciferin PBS solution was injected subcutaneously, and 3 min later, the
bioluminescence signals were measured. Five days later, strong bioluminescence signals in the
lungs were observed, indicating that the metastatic lung tumor model was successfully generated.
Then the mice were euthanized and the chest was opened. After spraying the probe AzaB5 (3 uM)
for 30 s, fluorescence imaging was collected on the IVIS Lumina system.

10. Fluorescence imaging in abdominal metastatic tumors via topical spraying

4T1-luc cells (2 x 10%) in 100 uL PBS were intraperitoneally injected into the BALB/C mice (6-
8 weeks). The formation of metastatic intraperitoneal tumors was monitored using
bioluminescence imaging. Ten days later, intense bioluminescence signals at the abdomen were
detected, indicating that the abdominal metastases were successfully established. Then the mice
were euthanized and the peritoneum was opened. After spraying probe AzaBS in the belly for 30 s,
fluorescence imaging was performed on the IVIS Lumina system.

S13



11. TH NMR, BC NMR, and °F NMR spectra
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