Supplementary Information (SI) for ChemComm.
This journal is © The Royal Society of Chemistry 2026

+Supplementary data for

A Spirocyclic BODIPY Photosensitizer with pH-Triggered Triplet-State

Activation for Tumor-Selective Photodynamic Therapy

Luying Guo,* Xing Guo,* Yiran Liu,* Heng Li,® Huiquan Zuo,*” Shaozhen Wang,® Lijuan Jiao,* and Erhong Hao*"

aThe Key Laboratory of Functional Molecular Solids of Ministry of Education, Anhui Province Key Laboratory of Biomedical
Materials and Chemical Measurement, School of Chemistry and Materials Science, Anhui Normal University, Wuhu 241002,

China.

®Institute of Synthesis and Application of Medical Materials, Department of Pharmacy, Wannan Medical College, Wuhu 241002,

China.

E-mail: guoxing@ahnu.edu.cn; huiquan.zuo@ahnu.edu.cn; haoehong@ahnu.edu.cn

S1


mailto:guoxing@ahnu.edu.cn

Table of contents

1. General INTOIMIAtION ..........oooiiii ettt ettt et e st e ettt e b et e ant e e st e e e beesanseesnbeesabeesneeeaneeas 3
Absorption and emiSSION MEASUTCINECILS .................ccc.cvueeurueieereiessse et esees e s s s sses s sses e s st ess et s et es s e sess s s eseessensssenss 3
Theoretical CAICULALION ............co.covivive ettt 3
Calculation OF PRy VALUCS ...........o.cooiviiiiceeeee ettt et 4
SINGIEt OXYZEIN AEIECTION...........ooocececicicceee ettt 4
Preparation 0f BDP-L 1ICELIES ...............cccoiuiiiiieececece ettt 4
CRIIS CUILUTE ...t 5
Dark toxicity determined by the CCK-8 MEthOd ..............cc.cc.coiiviiiiieee et 5
Photodynamic cytotoxicity determined by the CCK-8 method..............cc.coooiiiiiicecececcee s 5
Cell incubation and colocalization TMAGING ..................cccoviviuivieeeiee oo en s eenes s eenes s esneeeon 6
INtracellUlar PH TESPONSE ...........oviviveiciceice et s sttt 6
Live-dead Cell SLAINING ................o.ovivieeoeeeeeeeeeeee e ne e s s neneon 6
CellUlar ROS AELECTION. .........c..cvuiviiiieicicete ettt 6
SEAtIStICAL ANALYSIS .........ovoviiiceceeeee ettt 7

2. Synthesis and CRAracteriZation................ccooiiiiiiiiiiiii ettt e bt e ettt e s s bt e s abeesbeeebeeeaneeesnbeesbeeeanee 8

3. PhotophySsical PrOPEIties ...........coooo ittt et a e e st e e st e e bt e e bt e e smbeesabeeeabeesseeesnneesnreens 10

4. CellUIAr STUAIES..........eoiiiiie ettt e ettt e be e e ae e e st e e et ee s bee e neeesmeeesabeeeabeeaneeeambeesabeesabeeeneeennbeesnreeas 17

5. DFT Optimized Molecular Coordinates.................coouiiiiiiiiiiiieie ettt riee e sete e s e e s bt e s sbeeesaeeesabeesbeesreeennes 21

6. Scanned NMR and HRIMS SPECLIA.........coouiiiiiiiiiiiie ettt et et e et e e e bee e sa b e e s abe e s bt e e beeesaeeesabeesabeesreeennes 26

T REEEIEIICES ...ttt e et e b et e ht e e e a bt e e a bt e e b ee e beeeae e e mbeeeabeeaab et eabeeeneeeambeeeabeeeabeeeanaeenbeennbeesabeeennee 30

S2



1. General Information

Reagents and solvents were used as received from commercial suppliers unless noted otherwise. Cremophor
EL (CrEL, co-solvent surfactant), 1,3-Diphenylisobenzofuran (DPBF), 2,2,6,6-tetramethyl-4-piperidone
(TEMP), 5,5-dimethyl-1-pyrroline-N-oxide (DMPO), 2’, 7’-dichlorofluorescin diacetate (DCFH-DA),
dihydroethidium (DHE), 1,7-diphenyl-2,6-dibromo-3,5-di(4-methoxyphenyl)-azaBODIPY (aza-BDP),
LysoTracker Green DND-26 (DND-26) and nigericin were purchased from commercial supplier and used
directly. All reactions were performed in oven-dried or flame-dried glassware unless stated otherwise and
were monitored by TLC using 0.25 mm silica gel plates with UV indicator (60F-254). 'H/'3C NMR spectra
were recorded on 400 MHz NMR spectrometer at room temperature. Chemical shifts (J) are given in ppm
relative to CDCl; (7.26 ppm for 'H and 77.0 ppm for '*C NMR) or Acetone-ds (2.05 ppm for 'H NMR) to
internal tetramethylsilane (TMS, ¢ = 0.0 ppm). High-resolution mass spectra (HRMS) were obtained using
ESI in positive mode. Cells morphologies were observed using a confocal laser scanning microscopy (CLSM,

Leica Microsystems SP8 MP).

Absorption and emission measurements

UV-visible absorption and fluorescence emission spectra were recorded on commercial spectrophotometers
(Hitachi U-4100 and Edinburgh FLS-1000 spectrometers, 300-700 nm scan range) at room temperature (10
mm quartz cuvette). Absolute fluorescence quantum efficiencies of BODIPY derivatives were measured by
absolute PL quantum yield spectrometer (Hamamatsu, C11347) in integrating sphere, using Eq. S1 given

below:!

& [1lem (D)dA
Naps a’f%[lex(l)_ﬂex(l)]dl

Eq. S1

where Ne,, and Ny are the numbers of emitted and absorbed photons, respectively, a is the calibration factor
for the measurement setup, 4 is the wavelength, /4 is the Planck’s constant, c is the speed of light, lem(4) 1s the
emission intensity at A, and lex(2) and I ..(4) are the intensities of the excitation laser beam with A in the absence
and presence of the sample, respectively. The measured @r; values are independent of sharp and thickness of

sample and power of excitation laser.

Theoretical calculation

The ground state geometry was optimized by using DFT method at M062X/def2TZVP level for 2, BDP and
BDP-1. The same method was adopted for vibrational analysis to verify that the optimized structures
correspond to local minima on the energy surface (no imaginary frequencies). TD-DFT calculations were

performed at M062X/def2TZVP theoretical level. The molecule calculations in water were using the Self-
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Consistent Reaction Field (SCRF) method and Solvation Model based on solute electron Density (SMD). All

of the calculations were carried out by the methods implemented in Gaussian 09 package.’

Calculation of pK, values

The pK,® value of BDP-I was estimated from the changes in fluorescence intensity observed at various pH
values using the relationship, log[(Imax-1)/(I-Imin)] = pH — pKa, where Imax, Imin, and I are the maximum,
minimum, and observed fluorescence intensities at a given pH, respectively. The pK, value (y-intercept) for
BDP-I (pK., = 6.869 £ 0.0363) was derived from a plot of pH vs log[(Imax-1)/(I-Imin)]. This plot is shown in

Figure S6. Other information is available in the figure captions.

Singlet oxygen detection

A comparative study of the relative singlet oxygen generating efficiency of these dyes was performed in air-
saturated solvents under light at 660 nm laser irradiation (2.79 mW/cm?) condition using 1,3-

diphenylisobenzofuran (DPBF, 4 x 10 M) as a trap molecule. A commercial photosensitizer against 1,7-

diphenyl-2,6-dibromo-3,5-di(4-methoxyphenyl)-azaBODIPY (aza-BDP) (®, = 0.74 in toluene) was used as
reference. * The absorbance of BODIPY dyes and the reference aza-BDP at 660 nm was kept around 0.1. The
decrease of the absorbance band of 1,3-diphenylisobenzofuran at 415 nm was monitored. Singlet oxygen
quantum yield (®a) determinations were carried out using the chemical trapping method, and the @4 value

was obtained by the relative method using aza-BDP as the reference as shown in following equation:
D rsam = Daref [(msam/ mref) (Lref/ Lsam)]

Where ®arer and Pasam are the singlet oxygen quantum yields for the standard aza-BDP and photosensitizer
(BDP-I). msam and meer are the slope of the difference (AO.D.) in the change in the absorption maximum
wavelength of 1,3-diphenylisobenzofuran (415 nm), which are plotted against the photoirradiation time, Lyer
and Lsam are the light harvesting efficiency, which is given by L = 1-10"* (“A” is the absorbance at the laser

irradiation wavelength 660 nm).

Preparation of BDP-I micelles

BDP-I (15.0 puL, 1.0 mM in DMSO) and Cremophor EL (10.0 pL, 0.33%, v/v, 60.0 mg mL™ in DMSO) were
mixed uniformly, then diluted with 3.0 mL PBS or cell culture medium to afford BDP-I micelles.
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Cells culture

HeLa and 4T1 cells were cultured in culture media (RPMI-1640, supplemented with 10% FBS and 1%

penicillin/streptomycin solution) at 37 °C in an atmosphere of 5% CO2 and 95% humidified atmosphere.

HUVEC and RAW 264.7 cells were cultured in culture media (Dulbecco's Modified Eagle Medium, High
Glucose, supplemented with 10% FBS and 1% penicillin/streptomycin solution) at 37 °C in an atmosphere of

5% COz and 95% humidified atmosphere.

Dark toxicity determined by the CCK-8 method

The HeLa cells (5000) per well were seeded on 96-well plates and incubated in RPMI-1640 complete medium
for 12 h at 37 °C. Then, a gradient concentration of BDP-I micelles from 0.0 to 5.0 uM in a fresh medium
were added into the 96-well plate, and the cells with BDP-I micelles were incubated at 37 °C for 24 h. After
that, the working solutions were then removed. A total of 100.0 uL of Cell Counting Kit-8 (diluted 10-fold,
CCK-8, BIOMIKY) was added into each well, and the cells were further incubated at 37 °C for 30 min in a
5% CO2 humidified atmosphere. The plate was shaken for 5 min, and the absorbance was measured at 450 nm
using a microplate reader (Multiskan Sky). The viability of HeLa cells was calculated by the following

equation:’

Cell V1ab111ty (%) = (ODdye -ODplank control) / (ODcontrol — ODpblank control) x 100% Eq S2

ODdye, ODcontrol, ODplank control Stand for the absorbance of cells containing dye, cell control (without dye) and

blank control (containing neither cells nor dyes), respectively.

Photodynamic cytotoxicity determined by the CCK-8 method

The HeLa cells (5000) per well were seeded on 96-well plates and incubated in RPMI-1640 complete medium
for 12 h at 37 °C. Then, a gradient concentration of BDP-I micelles from 0.0 to 5.0 uM in a fresh medium
were added into the 96-well plate, and the cells with BDP-I micelles were incubated at 37 °C for 12 h, The
experimental group of the cells were illuminated with a LED lamp (filter: 610 nm, 19.2 mW/cm?) for 1 h at
room temperature. Then these cells were followed by a 11 h incubation solely in the dark (total 24 h) in the
incubator. The control groups of the cells were incubated in the dark, for the duration of 24 h under identical
experimental conditions except illumination. After that, the working solutions were then removed. A total of
100.0 pL of Cell Counting Kit-8 (diluted 10-fold, CCK-8, BIOMIKY) was added into each well, and the cells
were further incubated at 37 °C for 30 min in a 5% CO> humidified atmosphere. The plate was shaken for 5

min, and the absorbance was measured at 450 nm using a microplate reader (Multiskan Sky).
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Cell incubation and colocalization imaging

HelLa cells were stained with BDP-I micelles (5.0 uM, 10 h) and LysoTracker Green DND-26 (DND-26, 0.05
uM, 0.5 h, lysosomes commercial dye) at 37 °C in an atmosphere of 5% CO.. Finally, the morphologies of the

HeLa cells were observed using a confocal laser scanning microscopy (CLSM, Leica Microsystems SP8 MP,

For DND-26, Aex: 488 nm, Aem :500~540 nm; For BDP-I micelles: Aex: 638 nm, Aem :650~750 nm).

Intracellular pH response

HelLa cells were treated with BDP-I micelles (5.0 uM) and incubated in the incubator for 10 h. After that, the
cells were treated with PBS (containing 10.0 uM nigericin) at different pH (5.0, 6.0, 7.0, 8.0) values for 15

min. ¢ Finally, the morphologies of the HeLa cells were observed using a CLSM (Leica Microsystems SP8
MP, Aex: 638 nm; Aem: 650-750 nm).

Live-dead cell staining

Live-dead cell staining analysis was also performed to evaluate cell viability. Briefly, a total of 30000 HeLa
cells were seeded into a glass bottom dish and were cultured in culture media (RPMI-1640, supplemented
with 10% FBS) at 37 °C in an atmosphere of 5% CO2 and 95% humidified atmosphere for 12 h. Cells in
control-1 wells were incubated in the incubator for 10 h. Cells in control-2 wells were treated with BDP-I
micelles (5.0 uM) and were kept in the dark in the same condition for 10 h. Cells in control-3 were incubated
for 10 h and then the cells were irradiated with a 660 nm laser (8.29 mW/cm?) for 10 min. Cells in control-4
were incubated with BDP-I micelles (5.0 uM) for 10 h and then the cells were irradiated with a 660 nm laser
(8.29 mW/cm?) for 10 min. The cells were then replaced with AO-PI” mixture in the dark at room temperature.
Finally, the morphologies of the HeLa cells were observed using a CLSM (Leica Microsystems SP8 MP, For
AQO: Jex: 488 nm, Aem :498~540 nm; For PI, Adex: 552 nm, Aem: 566~640 nm).

Cellular ROS detection

HeLa cells were seeded at a density of 30000 cells in glass-bottom dishes and incubated at 37 °C with 5%
CO, for 12 h. Cells in control-1 wells were incubated in the incubator for 10 h, then incubated with DCFH
(10.0 uM, 1 h). Cells in control-2 wells were treated with BDP-I micelles (5.0 uM) and were kept in the dark
in the same condition for 10 h, then incubated with DCFH (10.0 uM, 1 h). Cells in control-3 were incubated
for 10 h, then incubated with DCFH (10.0 uM, 1 h) and then the cells were irradiated with a 660 nm laser
(8.29 mW/cm?) for 10 min without the BDP-I micelles. Cells in control-4 were incubated with BDP-I (5.0
uM) for 10 h, then incubated with DCFH (10.0 uM, 1 h) and then the cells were irradiated with a 660 nm laser
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(8.29 mW/cm?) for 10 min. Finally, the morphologies of the HeLa cells were observed using a CLSM (Leica
Microsystems SP8 MP, Green channel: Ac,: 488 nm, Aen: 500-620 nm).

HeLa cells were seeded at a density of 30000 cells in glass-bottom dishes and incubated at 37 °C with 5%
CO2 for 12 h. Cells in control-1 wells were incubated in the incubator for 10 h, then incubated with DHE (10.0
uM, 1 h). Cells in control-2 wells were treated with BDP-I micelles (5.0 uM) and were kept in the dark in the
same condition for 10 h, then incubated with DHE (10.0 uM, 1 h). Cells in control-3 were incubated for 10 h,
then incubated with DHE (10.0 uM, 1 h) and then the cells were irradiated with a 660 nm laser (8.29 mW/cm?)
for 10 min without the BDP-I micelles. Cells in control-4 were incubated with BDP-I micelles (5.0 uM) for
10 h, then incubated with DHE (10.0 uM, 1 h) and then the cells were irradiated with a 660 nm laser (8.29
mW/cm?) for 10 min. Finally, the morphologies of the HeLa cells were observed using a CLSM (Leica
Microsystems SP8 MP, Red channel: Aex: 552 nm, Aem: 570-690 nm).

Statistical analysis

Quantitative data are presented as the mean + standard deviation (SD) herein. One-way ANOVA with a post-
hoc Tukey's test was used for statistical analysis. The p-value less than 0.05 were considered as statistically
significant. All statistical analyses were performed using OriginPro 2021 software (plug-in: paired comparison

plot; p values: *p <0.05, **p <0.01, ***p <0.001).
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2. Synthesis and Characterization

Compound 1 was synthesized according to the literature.®

(@)

OH
5 B
©:l</ Et;0BF, 1) N ort.3h <N NIS
e r ” \ —_— |
4 A molecular sieves 2) Et;N, BF3-OEt, 2h Y~ \~g-N{" DCM, rt., 30 min
Ar, rt. 24 h FF
1,24%

Fs;C CF3
Piperidine, AcOH
| +
4 A molecular sieves
CHO MeCN, 90 °C

FsC

Scheme S1. Synthesis of BDP-I.

Synthesis of 13: To a 100 mL dry round-bottom flask, add phthalide (1.45 g, 10.8 mmol) and preactivated
4 A molecular sieves (200 mg/mmol, 2.16 g). The freeze-pump-thaw cycle was carried out three times. Then,
add Et;OBF4 (1.0 mol/L in dichloromethane, 10.8 mL) to the round-bottom flask under argon. The resulting
solution was stirred for 24 h. After cooling to 0 °C, 2,4-dimethylpyrrole (3.13 mL, 29.5 mmol) was added and
the resulting mixture stirred under argon at room temperature for an additional 3 h. After cooling to 0 °C again,
EtsN (9.0 mL, 64.8 mmol) and BF3-OEt; (12.0 mL, 97.2 mmol) were added dropwise and stirred at room
temperature for another 2 h. The residue was extracted with CH,Cl,, washed with H>O, dried over Na;SOs4,
and concentrated under reduced pressure. The crude product was further purified using column
chromatography (eluent: ethyl acetate and petroleum ether = 1/10, v/v) on silica gel to afford the BODIPY 1
in 24% (920 mg) isolated yield as orange powder. 'H NMR (400 MHz, CDCI3) J 7.65 (d, J = 7.7 Hz, 1H),
7.51 (td, J=17.6, 1.2 Hz, 1H), 7.42 (t, J= 7.0 Hz, 1H), 7.20 (dd, J = 7.5, 0.9 Hz, 1H), 5.98 (s, 2H), 4.59 (s,
2H), 2.55 (s, 6H), 1.36 (s, 6H).

Synthesis of 2: A mixture of 1 (100 mg, 0.28 mmol) and NIS (140 mg, 0.62 mmol) in DCM (5 mL) was
stirred at room temperature for 30 min. And the reaction was quenching by Na>S>0O3 aqueous solution. The
residue was extracted with CH»Cl,, washed with H>O, dried over Na;SOs, and concentrated under reduced
pressure. The crude product was further purified using column chromatography (eluent: ethyl acetate and

petroleum ether = 1/4 — 1/6, v/v) on silica gel to afford the BODIPY 2 in 70% (120 mg) isolated yield as red
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powder. '"H NMR (400 MHz, CDCl3) 6 7.69 (d, J= 7.7 Hz, 1H), 7.57 (t, J= 7.6 Hz, 1H), 7.45 (t, J = 7.5 Hz,
1H), 7.16 (d, J = 7.5 Hz, 1H), 4.57 (s, 2H), 2.65 (s, 6H), 1.38 (s, 6H). '*C NMR (100 MHz, CDCl3) § 157.1,
145.1, 139.4, 138.0, 132.6, 130.8, 130.2, 128.7, 128.4, 127.9, 85.8, 62.3, 16.5, 16.1 ppm. HRMS (ESI) m/z
calcd. For CaoH20BF21:N>O", [M+H]" 606.9721, found 606.9719.

Synthesis of BDP-I: A mixture of 2 (30 mg, 0.05 mmol), 3,5-bis(trifluoromethyl)benzaldehyde (41 pL,
0.25 mmol), preactivated 4 A molecular sieves (100 mg), piperidine (30 pL) and AcOH (30 uL) in MeCN (5
mL) was stirred at 90 °C for 30 min. After reaction, the solvent was removed and recovered by distillation.
The residue was extracted with CH2Cl,, washed with NH4C1/H,O and NaHCO3/H»0, dried over NaxSOs, and
concentrated under reduced pressure. The crude product was further purified using column chromatography
(eluent: ethyl acetate and petroleum ether = 1/3 — 1/5, v/v) on silica gel to afford the BDP-I in 80% (42 mg)
isolated yield as dark blue powder.'H NMR (400 MHz, CDCls) 6 8.19 (d, J = 16.8 Hz, 2H), 8.02 (s, 4H), 7.85
(s, 2H), 7.82 —7.71 (m, 3H), 7.63 (t, J=7.4 Hz, 1H), 7.52 (t, /= 7.4 Hz, 1H), 7.24 (d, /= 7.7 Hz, 1H), 4.64
(s, 2H), 1.49 (s, 6H). 1*C NMR (100 MHz, CDCls) § 149.9, 149.6, 146.9, 139.6, 138.5, 138.1, 136.2, 133.2,
132.6, 132.4 (q, 2Jco.r = 33.0 Hz), 130.6, 129.0, 128.7, 128.0, 124.5 (q, 'Jer.r=261.0 Hz), 122.4 (q, *Jcs.r =
4.0 Hz), 121.8, 84.1, 62.4, 17.1 ppm. HRMS (ESI) m/z calcd. For C3sH23BF141:N>O", [M]7:1053.9764, found
1053.9764.

S9



3. Photophysical Properties

Table S1. Photophysical properties of 2 and BDP-I in different solvents at room temperature.

Dyes Solvent Nabs™™ (NmM) Aem™ (nm) Stokes shift (cm™)? e (M'cm™')® O
Hexane 534 550 550 70300 0.042

Toluene 538 555 570 68900 0.020

2 DCM 536 554 610 66400 0.015
THF 534 552 610 67100 0.030

MeOH 532 551 650 64100 0.015

Hexane 631 653 530 80700 0.150

Toluene 638 665 640 102900 0.120

BDP-1 DCM 634 660 620 103800 0.101
THF 632 658 630 105600 0.100

MeOH 628 652 590 97800 0.100

*The Stokes shift values are rounded to the nearest 10 cm™'. ®Corresponding to the strongest absorption maximum.

‘Fluorescence quantum yields were measured by absolute fluorescence quantum yield spectrometer (Hamamatsu)

using integrating sphere'. The standard errors are less than 5%.
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Figure S1. Normalized absorption (left) and emission (right) spectra of compound 2 recorded in different

solvents. Aex: 520 nm.
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Figure S3. Molecular orbital amplitude plots of HOMO and LUMO energy levels of 2 (a) and BDP-I (b) at
MO062X/def2TZVP level (SMD, in water).

Table S2. HOMO and LUMO energies of 2 and BDP-I calculated at the M062X/def2TZVP level using the

Gaussian 09 program package.’

TD//M062X/def2TZVP
Electronic
transition
Energy/ eV @ S Composition ! cru
So—=51 27199 ¢V457.18nm  0.7953 HOMO — LUMO 0.7009
So—S, 3.6974 eV 335.32 nm 0.0800 HOMO -2 —- LUMO 0.1586
2 HOMO -1 —- LUMO 0.6729
So—S3 3.8762 eV 319.86 nm 0.0789 HOMO -2 —- LUMO 0.6589
HOMO -1 —- LUMO 0.1550
So—Si 2.2378 eV 554.04 nm 1.0046 HOMO — LUMO 0.6974
BDP-I So—S» 3.3814 eV 366.67 nm 0.0744 HOMO -2 - LUMO 0.6848
So—S3 3.5719 eV 347.11 nm 0.2424 HOMO -3 — LUMO 0.3673

HOMO -1 - LUMO 0.5792

[a] Only the selected low-lying excited states are presented. [b] Oscillator strength. [c] Only the main configurations
are presented. [d] The CI (configuration interaction) coefficients are in absolute values.
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Figure S4. Calculated absorption bands for 2 (a) and BDP-I (b) at M062X/def2TZVP level (SMD, in water).

Table S3. Selected molecular LUMO (lowest unoccupied molecular orbital, Multiwfn®) distribution in BDP-
I skeleton by DFT calculations (M062X/TZVP).

LUMO
Atoms
percentage
C7 (meso-position) 18.09%
C6 (a-position) 8.50%
C11 (a-position) 8.40%
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Figure S5. pH titration process of BDP-I: 'H NMR spectra of BDP-I in acetone-ds before (a) and after (b)
the addition of 20.0 pL TBAOH (Tetrabutylammonium Hydroxide, 1.0 M). *Represented DCM solvent peak.

For BDP-I: '"H NMR (400 MHz, Acetone-ds) 6 8.35 (d, J=16.8 Hz, 6H), 8.08 (s, 2H), 7.90 (d, J = 17.0 Hz,
2H), 7.83 (d, /= 7.8 Hz, 1H), 7.70 (t, /= 7.9 Hz, 1H), 7.60 (t, J=7.3 Hz, 1H), 7.45 (d, J=7.4 Hz, 1H), 4.59
(s, 2H), 1.55 (s, 6H).

For BDP-1 + TBAOH: 'H NMR (400 MHz, Acetone-ds) § 8.04 (d, J = 12.8 Hz, 6H), 7.80 (d, J = 13.6 Hz,
4H), 7.39 — 7.30 (m, 2H), 7.24 (t, J= 7.3 Hz, 1H), 6.92 (d, J= 7.6 Hz, 1H), 5.42 (s, 2H), 1.61 (s, 6H).
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Figure S6. (a) Plot of the absorption at 634 nm versus different pH values. (b) Log[(I max - )/(I - I min)] = pH
- pKa, the pK, value of BDP-I was calculated to be 7.02. (absorption spectra, 634 nm). (c) Plot of the
normalized fluorophore intensity at 660 nm versus different pH values. (d) Log[(Imax - I)/(I - Imin)] = pH - pKa,

the pK,> value of BDP-I was calculated to be 6.87 (emission spectra, 660 nm).
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Figure S7. (a) The absorbance of 1,3-diphenylisobenzofuran (DPBF) in DCM under irradiation of a 660 nm

laser (2.79 mW/cm?). (b) The absorbance of DPBF in the presence of aza-BDP in toluene under irradiation

of a 660 nm laser (2.79 mW/cm?). (c-¢) The absorbance of DPBF in the presence of BDP-I in different solvents

under irradiation of a 660 nm laser (2.79 mW/cm?).

Table S4. Comparison of 1,3-diphenylisobenzofuran degradation rate in the presence of aza-BDP and BDP-

I respectively at 414 nm under irradiation (660 nm) as a function of irradiation time.

ROS efficiency!

Dyes Solvent Aabs®/nm (£P) Aem™/nm (Dp°) .G
Toluene 638 (102900) 665 (0.12) 1.14
BDp DCM 634 (103800) 660 (0.10) 1.75
THF 632 (105600) 658 (0.10) 1.02
MeOH 628 (97800) 652 (0.10) 1.14

“Main absorption maxima. "Corresponding to the strongest absorption maximum. (M-'cm™). ¢ Fluorescence quantum
yields were measured by absolute fluorescence quantum yield spectrometer (Hamamatsu) using integrating sphere'.
dRelative efficiency of reactive oxygen species with aza-BDP (®, = 0.74 in Toluene) as the reference.*
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Figure S8. (a) The absorbance of 1,3-diphenylisobenzofuran (DPBF) in the presence of BDP-I in DCM under
irradiation of a 660 nm laser (3.42 mW/cm?). (b) The absorbance of DPBF in the presence of BDP-I in DCM
(containing 0.015% triethylamine) under irradiation of a 660 nm laser (3.42 mW/cm?). (c) The absorbance of
DPBEF in the presence of BDP-I in DCM (containing 0.033% triethylamine) under irradiation of a 660 nm
laser (3.42 mW/cm?).
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Figure S9. (a) Emission spectrum of DCFH (40.0 uM) in PBS (pH = 7.4) under irradiation of a 660 nm laser
(2.79 mW/cm?). (b, ¢) Emission spectrum of DCFH (40.0 uM) in the presence of BDP-I (containing 0.33%
Cremophor EL, v/) in PBS versus different pH under irradiation of a 660 nm laser (2.79 mW/cm?). dex: 470

nm.
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4. Cellular Studies
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Figure S10. Intensity profiles within the regions of interests of LysoTracker Green DND-26 (DND-26) and

BDP-I micelles across HeLa cells, Pearson's correlation Rr=0.88 + 0.02.
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Figure S11. Curve fitting between the HeLa cell viability and the concentration of BDP-I micelles. /Csp =
4.89 uM. Error bars represent the standard deviation of per group (n = 6).
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Figure S12. (a) The 4T1 cells with BDP-I micelles were incubated at 37 °C for 12 h, then the cells were
illuminated with a LED lamp (filter: 610 nm, 19.2 mW/cm?) for 1 h. (b) Curve fitting between the cell viability
and the concentration of BDP-I micelles. /Csp = 2.85 uM. Error bars represent the standard deviation of per
group (n = 6; Error bars are SD; one-way ANOVA followed by Tukey's test; **P < 0.01, ***P < 0.001;

significant).
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Figure S13. (a) The HUVEC cells with BDP-I micelles were incubated at 37 °C for 12 h, then the cells were
illuminated with a LED lamp (filter: 610 nm, 19.2 mW/cm?) for 1 h. (b) Curve fitting between the cell viability
and the concentration of BDP-I micelles. /Csp = 8.10 uM. Error bars represent the standard deviation of per

group (n = 6; Error bars are SD; one-way ANOVA followed by Tukey's test; **P < 0.01, ***P < 0.001;

significant).
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Figure S14. (a) The RAW 264.7 cells with BDP-I micelles were incubated at 37 °C for 12 h, then the cells
were illuminated with a LED lamp (filter: 610 nm, 19.2 mW/cm?) for 1 h. (b) Curve fitting between the cell
viability and the concentration of BDP-I micelles. /Cso = 7.42 uM. Error bars represent the standard deviation
of per group (n = 6; Error bars are SD; one-way ANOVA followed by Tukey's test; **P <0.01, ***P <0.001;

significant).
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Control Control:+:Laser BDP-| BDP-I + Laser

Figure S15. Fluorescence images of AO (green) and PI (red) co-staining HeLa cells incubated with 0, or 5.0
uM of BDP-I micelles (5.0 uM) without and with laser irradiation (660 nm, 8.29 mW/cm?). For AO: .x: 488
nm, Aenm :498~540 nm; For PL, Aey: 552 nm, Aewm: 566~640 nm. Scale bar: 100 um.
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Figure S16. (a) Confocal fluorescence images of ROS generation in HeLa cells after incubation with BDP-I
micelles (5.0 uM) using DCFH-DA (10.0 uM) as a ROS indicator under laser exposure. (660 nm, 8.29
mW/cm?). (b) Relative fluorescence intensity quantitation was analyzed by the images. Aex: 488 nm, Aem:
500~620 nm. scale bar: 25 pum. (n = 10; Error bars are SD; one-way ANOVA followed by Tukey's test; **P <
0.01, ***P < 0.001; significant).

519



€)] DHE DHE + L BDP-l + DHE BDP-l + DHE + L (b) []Red channel
|
‘®
c
)
£
—i
= LL
R ] B ‘ g 0.5
N 2 P 7 o) E
iy ‘ L@ &
ép / o BRI 0o
J i o T 0 o et e e

Figure S17. Confocal fluorescence images of ROS generation in HeLa cells after incubation with BDP-I
micelles (5.0 uM) using DHE (10.0 uM)-as a O>™ indicator under laser exposure (660 nm, 8.29 mW/cm?). (b)
Relative fluorescence intensity quantitation was analyzed by the images. Aex: 552 nm, Aem: 570~690 nm. scale
bar: 50 um. (n = 10; Error bars are SD; one-way ANOVA followed by Tukey's test; **P <0.01, ***P <0.001;

significant).
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5. DFT Optimized Molecular Coordinates
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6. Scanned NMR and HRMS Spectra
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