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1. General information

Reagents and solvents were used as received from commercial suppliers (Energy Chemicals) unless
noted otherwise. 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).
Heating mantle was used for all the reaction that required heating. 'H and '3C spectra were recorded
on a 400 or 500 MHz NMR spectrometer at room temperature. Chemical shifts (0) are given in ppm
relative to CDCl;3 (7.26 ppm for 'H and 77.0 ppm for 1*C). Data for 'H NMR and '*C NMR are reported
as follows: multiplicity (s = singlet, d = doublet, m = multiplet), coupling constant (Hz) and integration.
High-resolution mass spectra (HRMS) were obtained using APCI-TOF, ESI-TOF or MALDI-TOF in
positive mode.

Absorption and emission measurements. UV-visible absorption and fluorescence emission spectra
were recorded on commercial spectrophotometers (Shimadzu UV-2450 and Edinburgh FS5
spectrometers). All measurements were made at 25 °C, using 5 x 10 mm cuvettes. Non-degassed,
spectroscopic grade solvents and a 10 mm quartz cuvette were used. Relative fluorescence quantum
efficiencies of BODIPY derivatives were obtained by comparing the areas under the corrected
emission spectrum of the test sample in various organic solvents with Indocyanine Green (® =0.12 in
DMSO).! Non-degassed, spectroscopic grade solvents and a 10 mm quartz cuvette were used. Dilute

solutions (0.01<A<0.05) were used to minimize the reabsorption effects. Quantum yields were

determined using the following equation:?

Ox = Os (Ix/Is) (As/Ax) (nx/ns)?

Where @s stands for the reported quantum yield of the standard, I stands for the integrated emission
spectra, A stands for the absorbance at the excitation wavelength and » stands for the refractive index

of the solvent being used. X subscript stands for the test sample, and S subscript stands for the standard.

X-ray structure analysis. Crystal of compound 2a suitable for X-ray analysis was obtained via the
slow diffusion of petroleum ether into their dichloromethane solution. The vial containing this solution
was placed, loosely capped, to promote the crystallization. A suitable crystal was chosen and mounted
on a glass fiber using grease. Data were collected using a Bruker APEX-II? CCD diffractometer
operating at 7 = 293(2) K. The determination of unit cell parameters and data collections were

performed with Mo Ka radiation (X) at 0.71073 A. The total number of runs and images was based on
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the strategy calculation from the program APEX2 (Bruker).* The structure was solved by the structure
solution program Olex2 (Dolomanov et al., 2009),° and the model was refined with version 2014/7 of
ShelXL (Sheldrick, 2015)° using full matrix least squares on F?> minimization. CCDC-2333069 (2a)
containing the supplementary crystallographic data for this paper. These data can be obtained free of
charge from The Cambridge Crystallographic Data Centre via www.ccdc.cam.ac.uk/data request/cif.

Electron paramagnetic resonance (EPR) experiments. CW X-band EPR spectra for radicals were

acquired on Bruker EMX instrument.

Singlet oxygen generation efficiency. 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
(10 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
(azaBDP) (®a = 0.74 in toluene) was used as reference.”® The absorbance of BODIPY dyes and the
reference azaBDP at 660 nm was kept around 0.1. The decrease of the absorbance band of DPBF at
415 nm was monitored. Singlet oxygen quantum yield (®a) determinations were carried out using the
chemical trapping method, and the @ value was obtained by the relative method using azaBDP as the
reference as shown in following equation:
Dpsam = Daref [(Msam/Mref)(Lret/Lsam)]

Where ®Darer and Pasam are the singlet oxygen quantum yields for the standard azaBDP and
photosensitizer (2a-¢). msam and myer are the slope of the difference (AO.D.) in the change in the
absorption maximum wavelength of DPBF (415 nm), which are plotted against the photoirradiation

time, Lt and Leam are the light harvesting efficiency, which is given by L = 1-10* (“A” is the

absorbance at the laser irradiation wavelength 660 nm).

Electrochemical measurements. Cyclic voltammograms and differential pulse voltammograms of
1.0 mM 2a-c¢ and 1aNH2 were measured in dichloromethane solution, containing 0.1 M TBAPFs as
the supporting electrolyte, glassy carbon electrode as a working electrode, Pt wire as a counter
electrode, and saturated calomel electrode (SCE) as reference electrode at 100 mV s™! of scanning rate

at room temperature.
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2. Synthesis and characterization

BODIPYs 1,2 1a2Cl,° 1aClL,'° 1aNH2,'° 2.8 1b,!" 1bH,'? 1bC1,'° 1bNH2'® were synthesized
according to the previously reported literatures.

1.DDQ
2. Et3N, BF3‘Et20
IS - —

N\_NH HN—/ DCM, 0°C to rt

FF
1 1a

Syntheses of BODIPY 1a: To a dry round-bottom flask loaded with 1 (462 mg, 1.75 mmol) and DDQ

(398 mg, 1.75 mmol) was added CH>Cl» (50 mL). The reaction mixture was stirred at 0 °C for 10 min.
After that, triethylamine (4 mL), BF3-Et2O (4 mL) were added subsequently. Then the reaction mixture
was warmed to room temperature and stirred for additional 2 h. Then the reaction mixture was washed
with water, and 0.2 M aqueous solution of NaOH, and water. The organic layer was dried over
anhydrous Na2S04, filtered, and evaporated under vacuum. The crude product was purified by column
chromatography on silica gel with dichloromethane / petroleum ether (1 : 2) as eluent to give the
desired 1a (201 mg, 37%) as an orange amorphous solid. "H NMR (300 MHz, CDCls) 6 7.91 (s, 2H),
6.95 (s, 2H), 6.68 (d, J = 4.2 Hz, 2H), 6.47 (d, J = 4.0 Hz, 2H), 2.36 (s, 3H), 2.10 (s, 6H); "B NMR
(128 MHz, CDCl3) 6 0.32 (t, J = 29.0 Hz); ’F NMR (376 MHz, CDCl3) 6 -145.67 (q, J = 30.1 Hz).

CuCly+2H,0

_— =

CH3CN, 80 °C

1a2Cl

Synthesis of BODIPY 1a2Cl: To a dry round-bottom flask loaded with 1a (62 mg, 0.2 mmol) and

CuCl>2H>0 (102 mg, 0.6 mmol) was added CH3CN (5 mL). The reaction mixture was stirred at 80°C
for 6 h. After cooling down to room temperature, the reaction mixture was diluted with
dichloromethane, and washed twice with water. The organic layer was dried over anhydrous Na>SOs,
filtered, and evaporated under vacuum. The residue was purified by column chromatography on silica
gel with ethyl acetate / petroleum ether (1 : 40) as eluent to give the desired 1a2Cl (50 mg, 66%). 'H
NMR (300 MHz, CDCl3) 6 6.95 (s, 2H), 6.61 (d, J = 4.2 Hz, 2H), 6.37 (d, J = 4.3 Hz, 2H), 2.35 (s,
3H), 2.09 (s, 6H); "B NMR (128 MHz, CDCls) 6 0.51 (t, J = 28.0 Hz); ’F NMR (376 MHz, CDCl3)
0-148.60 (q, J = 26.3 Hz).

S4



OMe
Pd(PPh3),
Na,COj3

toluene/H,0
80 °C
B(OH),

MeO

Synthesis of BODIPY 1aCl: To a dry round-bottom flask loaded with 1a2Cl (75 mg, 0.2 mmol), 4-
methoxyphenylboric acid (30 mg, 0.2 mmol), NaxCO3 (2 mL, 1M, aqueous solution), and Pd (PPh3)4
(23 mg, 0.02 mmol) was added toluene (2 mL). The freeze-pump-thaw cycle was carried out three
times. After that, the reaction mixture was stirred at 80 °C under an argon atmosphere for 2 h. After
cooling to room temperature, the reaction mixture was diluted with dichloromethane, and washed twice
with water. The organic layer was dried over anhydrous Na;SOs, filtered, and evaporated under
vacuum. The residue was purified by column chromatography on silica gel with petroleum ether /
dichloromethane (3 : 1) to give the desired 1aCl (47 mg, 53%). 'H NMR (500 MHz, CDCI3) ¢ 8.00
(d, J = 8.5 Hz, 2H), 7.02 (d, J = 9.0 Hz, 2H), 6.96 (s, 2H), 6 .69 (d, J = 4.0 Hz, 1H), 6.65 (d, J = 4.0
Hz, 1H), 6.48 (d, J = 4.0 Hz, 1H), 6.29 (d, J = 4.0 Hz, 1H), 3.88 (s, 3H), 2.36 (s, 3H), 2.14 (s, 6H);
B NMR (128 MHz, CDCl3) 6 1.10 (t, J = 30.6 Hz); ’F NMR (376 MHz, CDCls) 6 -140.99 (q, J =
30.1 Hz).

Syntheses of BODIPY 1aNH2: To 10 mL DMSO in a reaction tube were added 1aCl (180 mg, 0.4
mmol) and NH3 H20 (2 mL). The reaction mixture was stirred at room temperature for 2 h. Then the
reaction mixture was diluted with dichloromethane, and washed twice with water. The organic layer
was dried over anhydrous Na,SOg, filtered, and evaporated under vacuum. The residue was purified
by column chromatography on silica gel with ethyl acetate / petroleum ether (1 : 1) as eluent to give
the desired 1aNH2 (124 mg, 72%) as an orange amorphous solid. "H NMR (500 MHz, CDCls) 6 7.80
(d, J =8.5Hz, 2H), 6.97 (d, J = 8.5 Hz, 2H), 6.94 (s, 2H), 6.58 (d, J/ = 4.5 Hz, 1H), 6.31 (d, J = 3.3
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Hz, 1H), 6.21 (d, J = 3.7 Hz, 1H), 5.94 (d, J = 4.2 Hz, 1H), 5.67 (s, 2H), 3.86 (s, 3H), 2.35 (s, 3H),
2.15 (s, 6H); "B NMR (128 MHz, CDCl3) 6 1.50 (t, J = 34.7 Hz); "YF NMR (376 MHz, CDCl3) 6 -
142.74 (g, J = 37.6Hz).

Cl (¢]] 1. DDQ
2. Et3N, BF3°Et,0

~

\_-NH HN—/ DCM, 0°C to rt

FF
2 1b

Syntheses of BODIPY 1b: To a dry round-bottom flask loaded with 2 (580 mg, 2.0 mmol) and DDQ
(454 mg, 2.0 mmol) was added CH2Cl> (50 mL). The reaction mixture was stirred at 0 °C for 10 min.
After that, triethylamine (4 mL), BFs £t20 (4 mL) were added subsequently. Then the reaction mixture
was warmed to room temperature and stirred for additional 2 h. Then the reaction mixture was washed
with water, and 0.2 M aqueous solution of NaOH, and water. The organic layer was dried over
anhydrous Na>SOg, filtered, and evaporated under vacuum. The crude product was purified by column
chromatography on silica gel with dichloromethane / petroleum ether (1 : 2) as eluent to give the
desired 1b (298 mg, 43%) as an orange amorphous solid. "TH NMR (300 MHz, CDCl3): 6 = 7.95 (s, 2
H), 7.53 - 7.41 (m, 3 H), 6.71 (d, J = 3.9 Hz, 2 H), 6.52 (d, J = 3.6 Hz, 2 H); "B NMR (128 MHz,
CDCl3) 6 0.30 (t, J = 28.6 Hz); YF NMR (376 MHz, CDCl3) & -145.45 (q, J = 57.4, 30.1 Hz).

N,BF,4
acetone, rt

1 W 450 nm LED
CN

Syntheses of BODIPY 1bH: To a dry Schlenk tube loaded with 1b (34mg, 0.1 mmol) and 4-
cyanobenzenediazonium tetrafluoroborate (26mg, 0.12 mmol) was add acetone (2.0 mL). The reaction
mixture was irradiated with 1 W blue LED at room temperature for 1 h. Then the reaction mixture was
diluted with dichloromethane, and washed twice with water. The organic layer was dried over
anhydrous Na>SQg, filtered, and evaporated under vacuum. The crude product was purified by column
chromatography on silica gel with dichloromethane / petroleum ether (1 : 2) as eluent to give the

desired 1bH (24 mg, 54%) as a red amorphous solid. "H NMR (300 MHz, CDCls) 6: 8.10 (d, J = 8.5
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Hz, 2H), 7.95 (s, 1H), 7.79 (d, J = 8.5 Hz, 2H), 7.59 - 7.40 (m, 3H), 6.74 (t, J = 4.5 Hz, 2H), 6.67 (d,
J=4.0 Hz, 1H), 6.56 (d, J = 3.0 Hz, 1H); "B NMR (128 MHz, CDCl3) ¢ 0.80 (t, J = 30.4 Hz); °F
NMR (376 MHz, CDCls) § -139.25 (g, J = 30.1 Hz).

CuCly+2H,0

CH3CN, 80 °C

NC 1bH NC 1bCl

Syntheses of BODIPY 1bCl: To a dry Schlenk tube loaded with 1bH (219 mg, 0.5 mmol), and
CuCl> 2H20 (512 mg, 3.0 mmol) was added CH3CN (20 mL). The reaction mixture was stirred at 80 °C
for 2 h. After cooling down to room temperature, the reaction mixture was diluted with
dichloromethane, and washed twice with water. The organic layer was dried over anhydrous Na>SOg,
filtered and evaporated under vacuum. The residue was purified by column chromatography on silica
gel with dichloromethane / petroleum ether (1 : 2) as eluent to give the desired 1bCl (168 mg, 71%)
as a red amorphous solid. '"H NMR (400 MHz, CDCl3) 6 8.07 (d,J = 8.4 Hz, 2H), 7.77 (d, J = 8.4 Hz,
2H), 7.59 - 7.39 (m, 3H), 6.81 - 6.62 (m, 3H), 6.43 (d, J = 4.4 Hz, 1H); "B NMR (128 MHz, CDCls)
60.93 (t,J=29.9 Hz); YF NMR (376 MHz, CDCls) 6 -140.23 (q, J = 30.08 Hz).

NC 1bCl NC 1bNH,

Syntheses of BODIPY 1bNH2: To 10 mL DMSO in a reaction tube were added BODIPY 1bCl (236
mg, 0.5 mmol) and NH3 H20 (2 mL). The reaction mixture was stirred at room temperature for 2 h.
Then the reaction mixture was diluted with dichloromethane, and washed twice with water. The
organic layer was dried over anhydrous Na;SOs, filtered and evaporated under vacuum. The residue
was purified by column chromatography on silica gel with ethyl acetate / petroleum ether (1 : 1) as
eluent to give the desired 1bNH2 (183 mg, 81%) as an orange amorphous solid. '"H NMR (400 MHz,
CDCl3) 0 7.97 (d,J = 8.4 Hz, 2H), 7.67 (d, J = 8.4 Hz, 2H), 7.49 - 7.44 (m, 2H), 7.41 - 7.33 (m, 1H),
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6.68 (d, J = 4.8 Hz, 1H), 6.45 (d, J = 4.0 Hz, 1H), 6.21 (d, J = 4.0 Hz, 1H), 6.13 (d, J = 4.8 Hz, 1H),
6.02 (s, 2H); "B NMR (128 MHz, CDCls) 6 1.44 (t, J = 34.5 Hz); "YF NMR (376 MHz, CDCl3) ¢ -
141.67 (g, J = 33.8 Hz).

MeO MeO OMe OMe

Synthesis of BODIPY 2a: To a dry Schlenk tube loaded with 1aCl (225 mg, 0.5 mmol), 1aNH2 (237
mg, 0.55 mmol) and Cs2CO3 (325 mg, 1.0 mmol) was added DMF (5 mL). The reaction mixture was
stirred at room temperature for 1 h. Then the reaction mixture was diluted with dichloromethane,
washed twice with water. The organic layer was dried over anhydrous Na>SOs, filtered, and evaporated
under vacuum. The residue was purified by column chromatography on silica gel with
dichloromethane / petroleum ether (1 : 1) as eluent to give the desired 2a (245 mg, 58%) as a green
amorphous solid. 'H NMR (400 MHz, CDCl3) 6 9.46 (s, 1H), 7.93 (d, J = 9.2 Hz, 4H), 7.00 - 6.94 (m,
8H), 6.61 (d, J=4.4 Hz, 2H), 6.51 (d, J = 4.0 Hz, 2H), 6.47 (d, J = 4.4 Hz, 2H), 6.40 (d, J = 4.8 Hz,
2H), 3.86 (s, 6H), 2.36 (s, 6H), 2.15 (s, 12H); **C NMR (125 MHz, CDCl3) 6 160.5, 155.2, 150.8,
138.6, 138.4, 137.2, 136.1, 131.7, 131.0, 130.7, 130.1, 128.2, 127.0, 125.4, 118.6, 113.9, 109.9, 55.4,
21.2,20.1; HRMS (APCI) calcd for CsoHasB2FaNsO2 [M+H]*: 846.3774, found 846.3775; 1'B NMR
(128 MHz, CDCls) 6 1.47 (t, J = 34.0 Hz); **F NMR (376 MHz, CDCls) & -141.08 (g, J = 33.8 Hz).

Synthesis of BODIPY 2b: To a dry Schlenk tube loaded with 1bCl (47 mg, 0.1 mmol), 1bNH2 (50 mg,
0.11 mmol) and Cs2CO3 (65 mg, 0.2 mmol) was added DMF (2 mL). The reaction mixture was stirred
at room temperature for 1 h, Then the reaction mixture was diluted with dichloromethane, and washed

twice with water. The organic layer was dried over anhydrous Na>SOg, filtered, and evaporated under
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vacuum. The residue was purified by column chromatography on silica gel with dichloromethane /
petroleum ether (1 : 1.5) as eluent to give the desired 2b (52 mg, 59%) as a green amorphous solid. *H
NMR (400 MHz, CDCl3) 6 9.57 (s, 1H), 8.02 (d, J=8.0 Hz, 4H), 7.72 (d, /= 8.0 Hz, 4H), 7.61 - 7.33
(m, 6H), 6.78 (d, J = 4.4 Hz, 2H), 6.60 (d, J = 4.0 Hz, 2H), 6.57 - 6.50 (m, 4H); *C NMR (100 MHz,
CDCl3) 6 152.5, 136.9, 135.9 134.3, 132.7, 132.6, 132.1, 131.4, 131.2, 129.84, 129.81, 128.4, 126.3,
119.5, 118.9, 112.5, 112.4.; HRMS (MALDI-TOF) calcd for C44H23B2ClsFsN7 [M]*: 889.0857, found
889.0850; 'B NMR (128 MHz, CDCls) 6 1.30 (t, J = 33.2 Hz); °F NMR (376 MHz, CDCl;) ¢ -
140.16 (g, J = 33.8 Hz).

MeO

Synthesis of BODIPY 2c¢: To a dry Schlenk tube loaded with 1aCl (45 mg, 0.1 mmol), 1bNH:2 (50 mg,
0.11 mmol) and Cs>COs3 (65 mg, 0.2 mmol) was added DMF (5 mL). The reaction mixture was stirred
at room temperature for 1 h. Then the reaction mixture was diluted with dichloromethane, and washed
twice with water. The organic layer was dried over anhydrous Na>SO4, and evaporated under vacuum.
The residue was purified by column chromatography on silica gel with dichloromethane / petroleum
ether (1 : 1.5) as eluent to give the desired 2¢ (55 mg, 64%) as a green amorphous solid. 'H NMR (400
MHz, CDCl3) 0 9.59 (s, 1H), 8.04 (d, J = 8.0 Hz, 2H), 7.95 (d, J = 8.0 Hz, 2H), 7.69 (d, J = 8.0 Hz,
2H), 7.50 - 7.38 (m, 3H), 6.99 (d, J = 8.0 Hz, 2H), 6.96 (s, 2H), 6.76 (d, J = 4.8 Hz, 1H), 6.62 - 6.57
(m, 4H), 6.56 (d, J=3.6 Hz, 1H), 6.41 (d, /J=4.0 Hz, 1H), 6.36 (d, /J=4.4 Hz, 1H), 3.92 (s, 3H), 2.36
(s, 3H), 2.15 (s, 6H); 13C NMR (100 MHz, CDCls) § 161.2, 157.9, 154.5, 149.7, 147.9, 140.4, 138.7,
137.5,137.0, 136.9, 136.0, 135.3, 133.1, 132.1, 131.7, 131.6, 131.4, 131.2, 131.1, 129.8, 129.6, 129.2,
128.3, 128.2, 124.6, 123.9, 120.1, 119.3, 118.3, 114.0, 113.1, 111.5, 109.2, 55.6, 21.3, 20.1; HRMS
(ESI) calcd for Ca7H34B2CloFaNsNaO [M+Na]* : 889.2191, found 889.2200; 'B NMR (128 MHz,
CDCI3) 6 1.38 (t, J = 34.0 Hz); **F NMR (376 MHz, CDCl;3) 6 -140.28 (q, J = 37.6 Hz), -140.88 (q, J
= 33.8 Hz).
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3. Crystal data

Figure S1. The packing of dimer 2a. C, black; N, blue; B, yellow; F, green; Cl, dark green. Hydrogen
atoms have been removed for clarity, meso-aryl and a-aryl substituents were simplified. Thermal
ellipsoids are shown at the 30% probability level.

Table S1. Selected geometrical parameters of compound 2a obtained from crystallography

2a
the C1-N1 bond length (A) 1.38(5)
the C2-N1 bond length (A) 1.36(2)

1.37(9), 1.39(6)
1.35(4), 1.39(1)
1.54(0), 1.54(5)
1.54(0), 1.54(7)

the B-F bond length (A)

the B-N bond length (A)

dihedral angles between A and dipyrrin core P in (deg) 70.10
dihedral angles between A and dipyrrin core P> in (deg) 75.04
dihedral angles between A3z and dipyrrin core P in (deg) 39.61
dihedral angles between A4 and dipyrrin core P> in (deg) 37.52

dihedral angles of two dipyrrin cores in Piand P> (deg) 45.42
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Table S2. Crystal data and structure refinement for 2a

Crystal data
CCDC
Empirical formula
Formula weight
Temperature/K
Crystal system
Space group
a/A
b/A
c/A
o/°
pre
y/°
Volume/A?

Z
Pealcg/cm’
w/mm
F(000)
Crystal size/mm?

Radiation

20 range for data collection/°

Index ranges
Reflections collected
Independent reflections
Data/restraints/parameters
Goodness-of-fit on F?
Final R indexes [[>=2c (I)]
Final R indexes [all data]

Largest diff. peak/hole / e A~

2a
2333069
Cs0HasB2F4N5O;
845.53
293.15
triclinic
P-1
12.9120(16)
16.473(2)
22.588(3)
71.340(2)
83.507(2)
79.792(2)
4471.9(10)
4
1.256
0.088
1768.0
0.19 x 0.18 x 0.17
MoKa (A =10.71073)
1.906 to 49.998
-15<h<14,-19<k<19,-26<1<26
32603
15462 [Rint = 0.1418, Ryjgma = 0.1532]
15462/17/1139
0.966
R =0.0819, wR> =0.2159
Ri=0.1584, wR> = 0.2626
0.52/-0.47
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4. Photophysical data

Table S3. Spectroscopic and photophysical properties of BODIPY's 2a-c in different solvents.

Dyes Solvent Aabs® (Nm) (Ige)® Aem™ (nm)  DFC ss? (cm™)

Hexane 708 (4.92), 512 (5.02) 732 0.26 460
Toluene 716 (4.95), 518 (5.06) 746 0.17 560
2a  Dichloromethane 703 (4.92), 510 (5.01) 738 <0.01 680
Tetrahydrofuran 711 (4.90), 513 (4.97) 742 0.01 590
Acetonitrile 692 (4.86), 503 (4.97) 735 <0.01 850
Toluene 715 (5.00), 507 (5.02) 746 0.13 580
Dichloromethane 703 (5.00), 501 (5.06) 743 <0.01 770

2b 712 (4.91), 501 (4.73),
Tetrahydrofuran 747 <0.01 660

467 (4.69)

Acetonitrile 690 (4.92), 492 (4.95) 736 <0.01 910
Hexane 711 (4.66), 505 (4.84) 767 <0.01 1030
Toluene 719 (4.79), 510 (4.88) 782 <0.01 1120
2¢  Dichloromethane 703 (4.73), 503 (4.79) 791 <0.01 1580
Tetrahydrofuran 718 (4.79), 469 (4.65) 782 <0.01 1120
Acetonitrile 701 (4.77), 461 (4.66) 804 <0.01 1830

“Main, lowest-energy absorption band. “Molar absorption coefficient. “The fluorescence quantum
yields of 2a-c were calculated using indocyanine Green (Or= 0.12 in DMSO) as the reference.

The standard errors are less than 10 %. “Stokes shift.
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Absorption and emission spectra of BODIPY 2a-c dimers at different solvents
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Figure S2. Absorption (a) and emission (b) spectra of compound 2a (5 uM) recorded in different

solvents, excited at 680 nm.
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Figure S3. Absorption (a) and emission (b) spectra of compound 2b (5 uM) recorded in different

solvents, excited at 680 nm.
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Figure S4. Absorption (a) and emission (b) spectra of compound 2¢ (5 uM) recorded in different

solvents, excited at 700 nm.
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5. Reactive oxygen species properties
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Figure S5. Absorption spectra of DPBF (initial absorbance around 0.90 at 410 nm) upon irradiation
with 660 nm laser light in the presence of BODIPY 2a-c and photosensitizer azaBDP (initial
absorbance around 0.1 at 660 nm); (a) 2a for 120 s (recorded at 20 s intervals) in toluene; (b) 2b for
120 s (recorded at 20 s intervals) in toluene; (c) 2¢ for 120 s (recorded at 20 s intervals) in toluene; (d)
photosensitizer azaBDP for 30 s (recorded at 5 s intervals) in toluene; (e) absorption spectra of DPBF
(initial absorbance around 1.0 at 415 nm) upon irradiation in toluene; (f) Comparative DPBF
degradation profiles (absorbance at 415 nm) of 2a-c and reference azaBDP in toluene. Singlet oxygen
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Reactive oxygen species (ROS) trapping
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Figure S6. (a) Absorption spectra of 9,10-anthracenediyl-bis(methylene) dimalonic acid (ABDA) in
the presence of 2a in PBS/THF (v/v: 1/1) mixture under 660 nm light irradiation.*° (b) Fluorescence
spectra of Dihydroethidium (DHE) in the presence of 2a in chloroform under 660 nm light irradiation,
and the excitation wavelength for spectra determination was 510 nm.° (c) EPR spectra of 2a (0.3 mM
in toluene) for 1O, characterization with 2,2,6,6-tetramethyl-4-piperidone (TEMP, 50 mM) as the spin-
trap reagent in different conditions.”® (d) EPR spectra of 2a (0.3 mM, in toluene) for Oy ~
characterization with 5,5-dimethyl-1-pyrroline-N-oxide (DMPO, 200 mM) as the spin-trap reagent in
different conditions.'*
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6. Electrochemical data

Table S4. Electrochemical data acquired at 100 mV/s, and HOMO-LUMO Gaps determined
from spectroscopy of dyes 2a-c?

LUMO HOMO Eg Ey°

dyes B (V)  Ew™(V) Ew™(V) Ex™(V) @) @) (V) (V)

2a -142;-100  -08 ;05973 071  -355 511 156 158
2b  -068-112  -0.53 1.07 087  -387 527 140 159
2c  -133;-079 071 0.88 059  -369 -499 130 149

31" = half wave potentials of reversible reduction potential; Erd®™® = the onset reduction
potentials; E12* = half wave potentials of reversible oxidation potential; Eqx°"™ = the onset oxidation
potentials; ELumo = -e(Ered®™® + 4.4); EHomo = -e(Eax®™® + 4.4); E¢® = bandgap, obtained from the
intercept of the electrochemical data; Eq® = ELumo - Enomo; Eg° = bandgap, obtained from the
intercept of the absorption spectra.

—2a

0.80 V _1.43 V

10 05 00 -05 -10 -15
Potential (vs SCE )

Figure S7. Differential pulse voltammogram of 2a recorded in dichloromethane containing 0.1 M
TBAPFs at room temperature.

—2b

110V -1.14V

15 1.0 05 0.0 05  -1.0  -15
Potential (vs SCE )

Figure S8. Differential pulse voltammogram of 2b recorded in dichloromethane containing 0.1 M
TBAPFg at room temperature.
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Figure S9. Differential pulse voltammogram of 2c recorded in dichloromethane containing 0.1 M
TBAPFs at room temperature.

7. DFT calculation

The ground state geometry was optimized by using DFT method at B3LYP/6-31G(d) level. The same
method was used for vibrational analysis to verify that the optimized structures correspond to local
minima on the energy surface. TD-DFT computations were used the optimized ground state geometries
under the B3LYP/6-31+G (d, p) theoretical level. The calculated molecules in dichloromethane were
done using the Self-Consistent Reaction Field (SCRF) method and Polarizable Continuum Model

(PCM). All of the calculations were carried out by the methods implemented in Gaussian 09 package.'!
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Table SS5. Selected electronic excitation energies (eV) and oscillator strengths (f), configurations of the low-lying
singlet excited states of 1aNH3, 2a and 2¢ calculated by TDDFT//B3LYP/6-31+G (d, p), based on the optimized
ground state geometries.

. TD//B3LYP/6-31+G(d, p)
Electronic

transition

Energy/ eV @ f [ Composition ci
1laNH, S0—S1  24676eV 502.45nm 0.7100 HOMO — LUMO 0.7062
S0—S2  3.2722¢eV 378.90nm  0.0051 HOMO -1 — LUMO 0.1212

HOMO -2 — LUMO 0.6943

S0—S3 3.4465eV 359.74nm  0.0025 HOMO -1 — LUMO 0.1015

HOMO -3 — LUMO 0.6985

S0—S4  3.4857¢eV 355.69nm 0.1702 HOMO -3 — LUMO 0.1059

HOMO -2 = LUMO 0.1180

HOMO -1 — LUMO 0.6706

2a S0—S1  1.8039eV 687.32nm  0.5220 HOMO — LUMO 0.7060
S0—S2  2.2203 eV 558.41nm  0.0003 HOMO -1 — LUMO 0.4833

HOMO — LUMO +1 0.5143

S0—S3 2.5433eV 487.49nm  1.2690 HOMO -1 = LUMO 0.5143

HOMO — LUMO +1  0.4820

S0—S7 3.1190eV 39751 nm 0.3284 HOMO -2 — LUMO 0.6532

HOMO -4 = LUMO 0.2250

2c S0—S1  1.7804 eV 696.39nm  0.5183 HOMO — LUMO 0.7058
S0—S2  2.2718¢eV 54576 nm  0.0609 HOMO -1 — LUMO 0.4609

HOMO — LUMO +1 0.5337

S0—S3  2.5971eV 477.39nm  1.2205 HOMO -1 — LUMO 0.5307

HOMO — LUMO +1 0.4544

S0—S6 3.0342eV 408.62nm  0.1965 HOMO -2 — LUMO 0.6356

HOMO -4 — LUMO 0.2194
HOMO -1— LUMO +1  0.1327

[a] Only the selected low-lying excited states are presented. [b] Oscillator strength. [c] Only the
main configurations are presented. [d] The CI coefficients are in absolute values.

LUMM 2.89 eV
-4.81eV -4.99 eV
p 8 SN
i
1aNH, 2'a§. 2c

Figure S10. Molecular orbitals and energy levels of 1aNH3, 2a and 2c.
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Figure S11. Calculated absorption of energy-minimized calculated 2c.
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Figure S12. Calculated structures for the low-energy conformations of 2a in dichloromethane
(B3LYP/6-31G (d)). @: dihedral angle of two BODIPY units of different conformer.
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Figure S13. Calculated absorption of energy-minimized calculated 2a-1.
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Figure S14. Calculated absorption of energy-minimized calculated 2a-11.
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Figure S15. Comparison of measured and calculated absorption bands for the two calculated low-

energy conformers of 2a in CH>Cl..

DFT optimized coordinates for 1aNH; optimized SO state Geometry by B3LYP/6-31G(d).
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-0.86631800
-1.53179500
-0.83188300
0.52786800
0.65814300
1.82857700
1.73359700
2.72266200
2.07007900
0.66805400
3.16409500
3.78996500
5.04270300

1.46915300
-1.07668000
-2.30497500
-2.02244300
-0.61940900

0.16451200

1.54205700

2.54819000

3.75453500

3.47904500
-0.49846900
-0.81190900
-1.43070700
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0.24317200
0.04054400
-0.03789800
-0.00959700
0.06504900
0.02028000
-0.07015900
-0.25863500
-0.42215900
-0.32534000
0.01836900
-1.20196600
-1.17505800
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H

5.68246500
5.03949500
3.78643000
3.12430800
7.02078600
3.11467500
-1.84589900
-1.21643700
-0.62219900
0.48000000
-1.29964600
1.35513600
3.78755300
5.52926500
5.52465100
3.71238000
3.00330900
2.12185100
7.62247100
7.59326900
6.89855700
2.90522200
3.74248600
2.15210100
-2.98811600
-3.65455400
-3.76984600
-5.03784200
-3.08001300
-5.16194100
-3.27896300
-5.80440400
-5.55476800
-5.72719300
-7.15672000
-7.97381700
-9.00416300
-7.79200500
-7.81324600
-0.37099600
-0.19987400
-1.28215700
2.50429100

SCF done: -1431.33360742 a.u.

-1.74545400
-1.42157000
-0.80468800
-0.48759000
-2.44323100
-0.46888900
1.93654200
1.78467400
-0.05864000
2.16361100
-3.27893800
-2.71768900
2.36350000
-1.67317800
-1.65455800
-0.86849100
0.59380800
-0.92623500
-2.14793200
-2.21770800
-3.53347000
0.60403700
-0.75700600
-0.98391000
-0.93158600
0.03749700
-1.83516800
0.09632500
0.73195900
-1.78266800
-2.58035000
-0.80886100
0.83646000
-2.49138200
-0.66173300
-1.55799900
-1.27029000
-1.47674500
-2.59792700
4.34706100
5.25771800
3.93374700
4.72831300
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0.02625100
1.22397500
1.24284900
-2.51775700
0.03156100
2.55224400
-0.64194500
1.55680600
0.09501000
-0.10767700
-0.06798500
-0.04350400
-0.29085800
-2.11735900
2.16940100
-3.35767400
-2.64880600
-2.57281200
0.89757100
-0.87406700
0.07735700
2.62893300
3.40023400
2.64711800
0.06773900
0.84450000
-0.66789500
0.86811200
1.44311700
-0.65253800
-1.28650200
0.12023800
1.47027500
-1.24590000
0.21270100
-0.52086700
-0.30520200
-1.60065600
-0.20715300
-0.39805400
-0.79629100
-0.56424600
-0.60222400



No imaginary Frequency.

DFT optimized coordinates for 2a-I optimized SO state Geometry by B3LYP/6-31G(d).

F

Oocooco@moTzoococococoococomoaoaoToocor oo o000 zzd"mzz™Z ™

1.43821300
2.02679600
-2.41156800
-1.59867800
2.25708600
-0.08040900
-0.04322400
-1.79519600
-3.84630600
3.81027900
1.67255700
-1.32452700
3.34783700
1.12846700
-3.54602700
-4.94156300
-1.73574300
-1.08450700
-6.02398600
-4.32221400
2.84853900
3.46367100
-4.81016000
1.46584300
0.76905500
4.64336900
-3.12351400
-3.78562800
5.80520800
6.25855700
3.59453000
4.85651400
-6.61317000
2.33962800
6.44183800
7.53025400
8.02558800
7.35175100
7.70788700
-6.56406900
7.99794100
4.33566000

0.74351800
-0.03219300
-1.36715400

0.67300800

-1.49985100
-1.58965700
-0.56953600

0.49620600

0.67903900

0.42435300

6.55281400
-2.15764800
-2.34333300
-2.21236500
-2.15197400
-0.17917600
-3.50091400
-4.34019500
-2.41438900

1.93956200
-3.63067400
-4.48870600
-1.56493000
-3.55645300
-4.33161300
-1.84208100
-3.48909400
-4.32582400
-2.74652100
-2.98067700

2.92038600
-0.47228600
-3.01514400

5.40069600
-3.35219700
-4.19535200
-4.66315900
-3.83013000
-4.00920200
-2.61341900
-4.44975400

1.68102000

S22

-0.07098400
2.00345000
-0.10664400
0.75208500
0.10784800
-0.01287200
0.05021100
-1.52300300
-0.24931300
0.42816900
1.53473800
0.03100700
-0.08962600
-0.10409000
0.06179800
-0.08842000
0.26162900
0.44812300
0.23156200
-0.47245600
-0.42487700
-0.65772300
0.06623800
-0.44315300
-0.72048700
-0.03580600
0.27736500
0.45112100
-0.26824400
-1.57951900
0.74709400
0.19110500
-0.89612800
1.22771000
0.83083500
0.59517400
1.44321800
-1.76940200
-2.78153900
1.51564000
-0.69685400
0.50721300
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-6.12604700
-7.12689900
-8.30485700
3.48523900
3.90479000
2.43423800
2.03765600
1.81511000
0.93219600
-7.74647800
-8.20363000
2.34245300
-5.74435100
-6.38897300
-7.69708100
-8.11367300
4.09527500
4.97075500
6.06442700
7.04034500
-1.51283500
-5.92940500
-6.45525100
-5.94355500
-4.87888500
5.74031900
6.42058600
-2.37640800
9.15588900
9.86208900
9.70196700
8.80910300
5.96099300
6.02984900
6.55269900
4.90937100
5.58551200
4.53950100
6.09801300
5.57903500
-6.03496600
-5.98620300
-6.64017900
-5.01170700

0.59118700
0.19508800
-4.02451600
5.34200300
6.23522100
3.00156300
2.11135100
4.22038400
4.28603800
-3.81227500
-4.27851700
-0.03998400
1.89775700
2.75882400
-3.41976900
-3.57951400
4.11187000
4.07535000
0.26056500
-0.17275700
6.67520900
-1.97446700
-2.26209100
-0.88123000
-2.26957000
1.59498100
2.43376700
0.17696800
-5.38947000
-5.36835400
-5.13335400
-6.42579500
-3.09251000
-2.02864000
-3.65635700
-3.37651100
-2.32247200
-2.63666500
-2.57460400
-1.23169900
-2.80217100
-1.73617600
-3.30408000
-3.18851000
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-0.18637400
-0.08559100
0.54620200
0.42678600
-0.02033800
1.54493300
2.01359200
1.77346300
2.40106400
-0.71687000
-1.58692800
0.64551000
-0.42784200
-0.52998000
1.64949600
2.64161200
0.19689600
-0.44353300
0.13056500
-0.03831700
-1.68389600
2.72725300
3.64205600
2.65385800
2.82882200
0.31522600
0.35283300
-0.31185400
-0.92891900
-0.09235200
-1.84265500
-1.03580800
2.23799300
2.49172300
2.96467700
2.35828900
-2.75989400
-2.85019800
-3.69256900
-2.65616200
-2.27429700
-2.52359600
-3.03453400
-2.34208700



C 2.26423100 7.78367000 1.14771000
H 2.31945100 7.88205100 0.05575700
H 3.27182900 7.88903100 1.56886700
H 1.61680800 8.56597700 1.54662400
C -2.11610400 5.50708400  -1.33663800
C -3.41410400 5.31519900  -1.83511200
H -3.85079800 6.08746800  -2.45982900
C -4.10418400 4.15284500  -1.54104200
H -5.09486900 4.00845100  -1.96001600
C -3.52910600 3.13581100  -0.74701000
C -2.23296300 3.35195900  -0.25017100
H -1.76172700 2.60729100 0.37357800
C -1.53117200 4.51803500  -0.53764700
H -0.53290600 4.63733400  -0.13329000
C -9.54859000  -4.86332900 0.71150200
H -10.45419000  -4.24704300 0.63591700
H -9.57183000  -5.35605500 1.68905500
H -9.61585600  -5.63587500  -0.06148200
C -0.19855900 6.90538700  -1.19549700
H 0.50634500 6.15105100  -1.56838700
H -0.17017800 6.90216900  -0.10071200
H 0.08891800 7.88926600  -1.57118500

SCF done: -2806.11088957 a.u.
No imaginary Frequency.

DFT optimized coordinates for 2a-ll optimized SO state Geometry by B3LYP/6-31G(d).

F 1.57935500 1.18622400  -0.66128100
F 2.44161100 1.67119300 1.42593500
N -2.08959000  -0.25646200 0.70750100
F -2.10927700  -2.29804700  -0.53586800

N 2.47958000  -0.62409100 0.65192000
N 0.06112200 -1.17186100 0.71253900
H -0.45777400  -1.98680900 0.39054800
F -2.93946800  -2.34715000 1.58879800

N -4.27984100  -1.19183500  -0.06443400

N 3.99238700 1.15333200  -0.32578500
O 1.59116500 6.79849900  -2.70650400
C -0.76451300  -0.10379300 0.95152400

C 3.62662100  -1.40534700 0.86055900
C 1.40973400  -1.43153000 0.86732100
C -2.72156200 0.94305900 1.03624000
C -4.83946300 0.04964600 0.26491400
C -0.51146200 1.19568600 1.47857100
H 0.45481700 1.58073900 1.75645200
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DFT optimized coordinates for 2¢ optimized SO state Geometry by B3LYP/6-31G(d).
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8. 'H, 13C, "B and F NMR spectra of all new compounds.
1B NMR (128 MHz, CDCls) of compound 1a.
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F NMR (376 MHz, CDCls) of compound 1a.
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1B NMR (128 MHz, CDCl3) of compound 1a2Cl.
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F NMR (376 MHz, CDCls) of compound 1a2Cl.
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1B NMR (128 MHz, CDClIs) of compound 1aCl.
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1B NMR (128 MHz, CDCl3) of compound 1aNHa.
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F NMR (376 MHz, CDCls) of compound 1aNHa.
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1B NMR (128 MHz, CDCls) of compound 1b.
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F NMR (376 MHz, CDCls) of compound 1b.
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1B NMR (128 MHz, CDCls) of compound 1bH.
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F NMR (376 MHz, CDCls3) of compound 1bH.
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1B NMR (128 MHz, CDCl3) of compound 1bCl.
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1B NMR (128 MHz, CDCls) of compound 1bNH2.
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'H NMR (400 MHz, CDClIs) of compound 2a.
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1B NMR (128 MHz, CDCls) of compound 2a.

e
258
~-
oo
258
NI
T T T T T T T T
5 4 3 2 1 0 1 2
3/ppm
T T T T T T T T T T T T T T T T T T T
90 80 70 60 50 40 30 20 10 0 -10 -20 -30 -40 -50 -60 -70 -80 -90
8/ppm
19
F NMR (376 MHz, CDCls) of compound 2a.
g
Igag
S ==
TSIS
~
s s el
Qe =a
2sz2
FITT
SN
: . T : . .
-139 -140 -141 -142 -143 -144
8/ppm
. . . . . . . . . . : . . . . . . . : . . : .
10 0 -10 -20 -30 -40 -50 -60 -70 -80 -90 -100 -110 -120 -130 -140 -150 -160 -170 -180 -190 -200 -210
d/ppm

S39



'H NMR (400 MHz, CDClIs) of compound 2b.
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1B NMR (128 MHz, CDCls) of compound 2b.
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'H NMR (400 MHz, CDCls) of compound 2c.
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1B NMR (128 MHz, CDCls) of compound 2c.
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9. HRMS spectra of all new compounds.

HRMS spectra of compound 2a
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HRMS spectra of compound 2c.
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