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1. Synthesis of compounds 1a-d and 2a-f 

BODIPYs 1a-d (Figure S1) were synthesized according to literature 

procedures.1 Compounds 2a and 2b (Figure S1) are commercial reagents. 

Compounds 2c-f (Figure S1) were prepared from the aldol condensation 

reaction of aldehyde and ethylene glycol by following literature procedures.2 

Compound 2-phenyl-1,3-dioxolane 2d was used as an example to show the 

general procedure for the preparation of 2-substituted 1,3-dioxolanes 2c-f. 

To benzaldehyde (5.0 g, 27.0 mmol) in 30 mL of anhydrous toluene was added 

p-toluenesulfonic acid (22 mg, 0.1 mmol) and ethylene glycol (2.5 g, 40.3 

mmol) at 120 oC. The reaction mixture was refluxed for 24 h. Upon completion, 

the reaction mixture was cooled to room temperature and was washed three 

times with saturated NaHCO3 solution (50 mL) and brine (50 mL), dried over 

Na2SO4, filtered, and evaporated to provide crude products 2c-f in 87%-96% 

yields. 

 

Figure S1. Chemical structure of BODIPYs 1a-d, 1,3-dioxolane 2a and its derivatives 

2b-f. 
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2. Table S1. Selected Geometrical Parameters of 4a, 4b, 5c and 7 obtained from 

crystallography  

 

 

 4a 4b 5c 7 

 
 B-N bond distances (Å) 

1.5483(39)
1.5476(28)

1.542(31) 
1.546(37) 

1.5416(27) 
1.5531(23) 

1.5608(78) (1) 
1.5702(91) (1) 
1.5466(66) (2) 
1.5348(78) (2) 

dihedral angles between 
meso-aryl group and dipyyrin 

core (deg)  
75.774(70) 55.066(79) 

 
80.372(40) 

 
83.133(129) 

dihedral angles of two pyrrole 
rings in dipyyrin core (deg) 　 9.838(90) 2.722(130) 19.303(68) 6.137(142) (1) 

12.067(235) (2)
dihedral angles between two 
central BN2C3 six-membered 

rings 
/ / / 61.919(94) 



 S4/S47 

3．Photophysical properties  
 
3.1 Table S2: Photophysical properties of 6 in different solvents at room 
temperature.  

 
 

solvent λabs
max 

[nm] 

λem
max 

[nm] 

log ε a Φ b Stokes shift 

[cm–1] c 

cyclohexane 481 560 4.59 0.18 2930 

toluene 477 556 4.63 0.01 2980 

CHCl3 472 548 4.57 0.006 2940 

THF 467 532 4.48 0.005 2620 

CH3CN 461 525 4.48 0.003 2640 

MeOH 467 519 4.48 0.002 2150 
a Molar absorption coefficient at λabs

max. b Fluorescence quantum yields determined using 
fluorescein (Φ = 0.90 in 0.1 N NaOH aqueous solution) as standard. c Stokes shift values rounded 
to nearest 10 cm–1. 
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3.2 UV-vis absorption and fluorescence emission spectra of 6 recorded in various 
solvents. 
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Figure S2. Absorption (a) and fluorescence emission (b) spectra of 6 recorded in different solvents 
(excitation at 460 nm).  
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3.3 UV-vis absorption and fluorescence emission spectra recorded in 
dichloromethane (excitation at 480 nm). 
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Figure S3. Absorption (a) and fluorescence emission (b) spectra of 3a. 
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Figure S4. Absorption (a) and fluorescence emission (b) spectra of 4a. 
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Figure S5. Absorption (a) and fluorescence emission (b) spectra of 4b. 
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Figure S6. Absorption (a) and fluorescence emission (b) spectra of 4c. 
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Figure S7. Absorption (a) and fluorescence emission (b) spectra of 4d. 
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Figure S8. Absorption (a) and fluorescence emission (b) spectra of 4e. 
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Figure S9. Absorption (a) and fluorescence emission (b) spectra of 4f. 
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Figure S10. Absorption (a) and fluorescence emission (b) spectra of 4g. 
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Figure S11. Absorption (a) and fluorescence emission (b) spectra of 4h. 
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Figure S12. Absorption (a) and fluorescence emission (b) spectra of 4i. 
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Figure S13. Absorption (a) and fluorescence emission (b) spectra of 5a. 
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Figure S14. Absorption (a) and fluorescence emission (b) spectra of 5b. 
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Figure S15. Absorption (a) and fluorescence emission (b) spectra of 5c. 
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Figure S16. Absorption (a) and fluorescence emission (b) spectra of 5d. 
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Figure S17. Absorption (a) and fluorescence emission (b) spectra of 6. 
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Figure S18. Absorption (a) and fluorescence emission (b) spectra of 7. 
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3.4 Photooxidation of 1,3-diphenylisobenzofuran (DPBF) with BODIPY dimer 7  

Singlet oxygen (1O2) quantum yields ΦΔ of the triplet photosensitizers were calculated 

according to a modified literature method.3 The irradiation wavelength for the 

samples and the reference was the same using a 532 nm laser. The absorbance of 

DPBF was adjusted around 1.4 at 416 nm in toluene, and the absorbance of the 

photosensitizer 7 was adjusted to 0.2-0.3 at the irradiation wavelength. The 

photooxidation of DPBF was monitored at 60 s intervals. The quantum yields of 

singlet oxygen generation (ΦΔ) were calculated according to equation (S2), using 

Rose Bengal (ΦΔ = 0.80 in MeOH) as the reference,  

samstd

stdsam
stdsam

Fm
Fm

ΔΔ Φ=Φ                            (S1) 

where the superscripts sam and std designate BODIPY dimer 7 and the standard Rose 

Bengal, respectively; ΦΔ is the quantum yield of singlet oxygen; m is the slope of a 

plot of difference in change in absorbance of DPBF (at 416 nm) with the irradiation 

time and F is the absorption correction factor, which is given by F = 1 – 10–A (A is the 

absorbance at the irradiation wavelength).  
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Figure S19. (A) Changes in the absorption spectrum of DPBF upon irradiation in the presence of Rose 

Bengal (RB) in methanol (recorded at 10 s intervals). (B) Plot of change in absorbance of DPBF at 416 

nm vs irradiation time (　irr = 532 nm) in the presence of Rose Bengal (RB) in methanol. 
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4. NMR and HRMS spectra of all new compounds 
1H NMR spectrum of 3a in CDCl3 

 
 

13C NMR spectrum of 3a in d6-DMSO 
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1H NMR spectrum of 4a in CDCl3 

 

 

 
13C NMR spectrum of 4a in CDCl3 
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1H NMR spectrum of 4b in CDCl3 

 

 
 

13C NMR spectrum of 4b in CDCl3 
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1H NMR spectrum of 4c in CDCl3 

 

 
 

13C NMR spectrum of 4c in CDCl3 
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1H NMR spectrum of 4d in CDCl3 

 

 
 

13C NMR spectrum of 4d in CDCl3 
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1H NMR spectrum of 4e in CDCl3 

 

 

 
13C NMR spectrum of 4e in CDCl3 
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1H NMR spectrum of 4f in CDCl3 

 

 
 

13C NMR spectrum of 4f in CDCl3 
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1H NMR spectrum of 4g in CDCl3 

 

 
 

13C NMR spectrum of 4g in CDCl3 
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1H NMR spectrum of 4h in CDCl3  

 

 
 

13C NMR spectrum of 4h in CDCl3 

 

 



 S21/S47 

1H NMR spectrum of 4i in CDCl3 

 
 

 
 

13C NMR spectrum of 4i in CDCl3 
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1H NMR spectrum of 5a in CDCl3  

 

 

 
13C NMR spectrum of 5a in CDCl3 
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1H NMR spectrum of 5b in CDCl3  

 

 
13C NMR spectrum of 5b in CDCl3 
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1H NMR spectrum of 5c in CDCl3 

 

 
 

13C NMR spectrum of 5c in CDCl3 
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1H NMR spectrum of 5d in DMSO 

 

 
 

13C NMR spectrum of 5d in CDCl3 
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1H NMR spectrum of 6 in CDCl3  

 

 

 

 
13C NMR spectrum of 6 in CDCl3 
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1H NMR spectrum of 7 in CDCl3  

 

 
 

13C NMR spectrum of 7 in CDCl3 
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HRMS for 3a 
189_190418163538 #30 RT: 0.44 AV: 1 NL: 2.62E7
T: FTMS + p ESI Full ms [100.00-1000.00]
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HRMS for 4a 
0029 #10 RT: 0.17 AV: 1 NL: 2.79E7
T: FTMS + p ESI Full ms [150.00-2000.00]

150 200 250 300 350 400 450 500 550 600
m/z

0

10

20

30

40

50

60

70

80

90

100

R
el

at
iv

e 
A

bu
nd

an
ce

361.12982

339.14767

319.14130

425.18439
377.10355

465.17667
511.24368 566.95276185.12842

251.98067
285.83249

599.21307

 
 

335 340 345 350
m/z

0

20

40

60

80

100
0

20

40

60

80

100

R
el

at
iv

e 
A

bu
nd

an
ce

339.14767

338.15134 340.15125

347.15649341.13892336.15512332.11542 349.17206
339.14748

338.15111
340.15083

341.15419 344.16179

NL:
1.97E7
0029#10  RT: 0.17  
AV: 1 T: FTMS + p 
ESI Full ms 
[150.00-2000.00] 

NL:
6.45E5
C 19 H18 BF 2 N2 O: 
C 19 H18 B 1 F 2 N2 O1
pa Chrg 1

 
 
 
 
 
 
 



 S30/S47 

HRMS for 4b 
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HRMS for 4c 
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HRMS for 4d 
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HRMS for 4e 
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HRMS for 4f 
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HRMS for 4g 
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NL:
4.50E7
0035#5  RT: 0.07  AV: 
1 T: FTMS + p ESI Full 
ms [150.00-2000.00] 

NL:
5.97E5
C 26 H24 BF 2 N2 O2: 
C 26 H24 B 1 F 2 N2 O2
pa Chrg 1
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HRMS for 4h 
0036 #9 RT: 0.15 AV: 1 NL: 5.46E7
T: FTMS + p ESI Full ms [150.00-2000.00]
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NL:
1.73E7
0036#9  RT: 0.15  AV: 1 T: 
FTMS + p ESI Full ms 
[150.00-2000.00] 

NL:
4.58E5
C 25 H21 BClF 2 N2 O: 
C 25 H21 B 1 Cl1 F 2 N2 O1
pa Chrg 1
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HRMS for 4i 
0037 #9 RT: 0.16 AV: 1 NL: 1.27E8
T: FTMS + p ESI Full ms [150.00-2000.00]
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NL:
5.98E6
0037#9  RT: 0.16  AV: 
1 T: FTMS + p ESI Full 
ms [150.00-2000.00] 

NL:
6.81E5
C 14 H16 BF 2 N2 O: 
C 14 H16 B 1 F 2 N2 O1
pa Chrg 1
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HRMS for 5a 
190_190418163718 #21 RT: 0.30 AV: 1 NL: 7.16E7
T: FTMS + p ESI Full ms [100.00-1000.00]
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NL:
3.19E7
190_190418163718#21  
RT: 0.30  AV: 1 T: FTMS + 
p ESI Full ms 
[100.00-1000.00] 

NL:
6.37E5
C 20 H17 BF 2 N2 O2 +Na: 
C 20 H17 B 1 F 2 N2 O2 Na 1
pa Chrg 1
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HRMS for 5b 
191 #14 RT: 0.20 AV: 1 NL: 5.02E7
T: FTMS + p ESI Full ms [100.00-1000.00]
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NL:
5.02E7
191#14  RT: 0.20  AV: 
1 T: FTMS + p ESI Full 
ms [100.00-1000.00] 

NL:
6.23E5
C 22 H21 BFN2 O2+: 
C 22 H21 B 1 F 1 N2 O2
pa Chrg 1
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HRMS for 5c 
0038 #27 RT: 0.54 AV: 1 NL: 2.29E5
T: FTMS + p ESI Full ms [150.00-2000.00]
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NL:
7.20E4
0038#27  RT: 0.54  
AV: 1 T: FTMS + p 
ESI Full ms 
[150.00-2000.00] 

NL:
5.59E5
C 32 H26 BF 2 N2 O2: 
C 32 H26 B 1 F 2 N2 O2
pa Chrg 1

 
 
 
 
 
 
 



 S41/S47 

HRMS for 5d 
192_190418163832 #26 RT: 0.38 AV: 1 NL: 1.46E8
T: FTMS + p ESI Full ms [100.00-1000.00]

100 200 300 400 500 600 700 800 900 1000
m/z

0

10

20

30

40

50

60

70

80

90

100

R
el

at
iv

e 
A

bu
nd

an
ce

559.21979

601.20752

345.14017 685.60089250.06758 485.19986140.80107 855.11310

625.27448

993.12854

 
 

550 552 554 556 558 560 562 564 566 568
m/z

0

20

40

60

80

100
0

20

40

60

80

100

R
el

at
iv

e 
A

bu
nd

an
ce

559.21979

560.22253
558.22314

561.22491 563.18817557.22241
559.21989

560.22325

558.22352

561.22660
563.23331 566.24091

NL:
1.46E8
192_190418163832#
26  RT: 0.38  AV: 1 T: 
FTMS + p ESI Full ms 
[100.00-1000.00] 

NL:
5.44E5
C 34 H29 BFN2 O4+: 
C 34 H29 B 1 F 1 N2 O4
pa Chrg 1

 
 
 
 
 
 
 



 S42/S47 

HRMS for 6 
193_190418163947 #37 RT: 0.55 AV: 1 NL: 1.98E7
T: FTMS + p ESI Full ms [100.00-1000.00]
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NL:
7.37E6
193_190418163947#
37  RT: 0.55  AV: 1 T: 
FTMS + p ESI Full ms 
[100.00-1000.00] 

NL:
6.15E5
C 23 H26 BFN3 O: 
C 23 H26 B 1 F 1 N3 O1
pa Chrg 1
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 S43/S47 

HRMS for 7 
194_190418164057 #35 RT: 0.52 AV: 1 NL: 1.87E7
T: FTMS + p ESI Full ms [100.00-1000.00]
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NL:
1.87E7
194_190418164057#
35  RT: 0.52  AV: 1 T: 
FTMS + p ESI Full 
ms [100.00-1000.00] 

NL:
4.72E5
C 27 H22 B 2 F 3 N4+: 
C 27 H22 B 2 F 3 N4
pa Chrg 1
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