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Photoinduced electron transfer process is a crucial step in photooxidation to obtain synthetic chemicals. How-
ever, the driving forces of electron transfer as priority in all have been rarely studied in stepwise detail. Herein, we 
report a series of BODIPY derivatives with an emphasis on the intramolecular charge transfer, enhancing the key 
step of photoinduced electron transfer process and photooxidation performances. A series of novel BODIPY photo-
sensitizers (B-1－B-5) were prepared, wherein diethylamine amino of B-3 as charge injection group was conjugated 
to the 2,6-diiodo-styryl-BODIPY, and the electron transfer impetus was enhanced 1.6 times due to its more negative 
redox potentials. These results were also confirmed by the DFT/TDDFT calculation. Without pure oxygen, B-3 still 
can exhibit an exceptional performance in photoxidative aromatization of 1,4-DHP under mild condition. After irra-
diation for 28 min, the conversion rate came to 98.2%.  

Keywords  intramolecular charge transfer, photoinduced electron transfer , BODIPY, photosensitizers, photoxida-
tion 

 

Introduction 
Photoinduced electron transfer (PET) process is in-

volved in many organic photochemical reactions. It 
plays an important role in photooxidation and in artifi-
cial systems for the conversion of solar energy.[1-13] In 
PET process, the driving force for photoinduced elec-
tron transfer is crucial. Recently, much attention has 
been paid in compact electron donor-acceptor dy-
ads,[14-18] but their driving forces for photoinduced elec-
tron transfer can not be easily modified by tuning redox 
potentials. Moreover, noble metal complexes such as 
ruthenium[19-21] and iridium[22,23] complexes are usually 
needed, which increases the cost, raises burden to envi-
ronment and confines their use in milder conditions. In 
order to avoid the use of noble metal complexes, inor-
ganic materials, such as TiO2

[24,25] and ZnO[26,27] have 
been employed as photocatalysts in photooxidation re-
actions. However, poor tunable ability of photoinduced 
electron transfer and weak visible-light harvesting abil-
ity limit their performances in photoxidation reac-
tions.[24,28,29] 

Organic photosensitizers, unlike inorganic ones, can 
absorb visible light and their photoredox properties can 

be finely modified by rational design and synthesis.[30-32] 

In recent years, BODIPY dyes (without noble metals) as 
one kind of photosensitizers, have attracted much atten-
tion.[33-39] Many researchers have focused on the modi-
fication at carbon positions of 1,3,5,7 and 8 of    
BODIPY.[40-42] Especially for the meso-carbon (C-8), as 
BODIPY dyes have inherent asymmetry in charge re-
distribution when they undergo S0→S1 transition upon 
excitation, C-8 owns larger charge density than other 
positions.[14] 

Herein, we hypothesized that extending BODIPY 
dyes with donor and acceptor moieties at C-8 position 
or its opposite positions (C-3 and C-5) via intramolecu-
lar charge transfer can give different driving forces to-
wards the electrons located at C-8. It could urge electron 
redistribution and finely tune redox potential. Mean-
while, it could enhance visible light harvesting ability 
and efficiency of photoinduced electron transfer. 
Zhao’s[5] group and Akkaya’s[6] group have reported a 
new 2,6-diiodo-styryl-BODIPY (B-1) that contains 
styryl groups at 3,5-C position, and they utilized this 
new 2,6-diiodo-BODIPY derivative to improve the re-
action rate and yield of aza-Henry reaction. Based on 
the 2,6-diiodo-styryl-BODIPY derivative they designed, 
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conjugating a strong donor and accepter to the deriva-
tive would facilitate its ability of photoinduced electron 
transfer and more creative visible-light-induced organic 
transformations. It is more appealing to use the series of 
2,6-diiodo-styryl-BODIPY photosensitizers we de-
signed upon light irradiation with lower intensity, which 
is equal to sunlight. 

The oxidation product of dimethyl 1,4-dihydro-2,6- 
dimethylpyridine-3,5-dicarboxylate (1,4-DHP, 1a) is of 
substantial significance as it is the key component in a 
variety of bioactive compounds, such as antihyperten-
sive and calcium channels blocker.[43] A lot of proce-
dures have been developed to undergo the oxidation of 
1,4-DHP.[44-46] Among these, one of the very convenient 
approaches attracting our attention is the photoxidative 
aromatization method. Nevertheless, to our best knowl-
edge, the majority of the procedures reported have to be 
carried in pure oxygen.[47-49] It is highly desired to de-
sign novel photosensitizers which can trigger photoxi-
dative aromatization of 1,4-DHP under air atmosphere 
instead of pure oxygen, which is more economical and 
environmentally friendly. 

In this paper, we prepared three novel photosensitiz-
ers (B-2, B-3, B-4) extended from 2,6-diiodo-styryl- 
BODIPY aforementioned and compared them with their 
parent compound (B-1) and C-8 BODIPY derivative 
(B-5), revealing the different impacts on photoinduced 
electron transfer process and performances in photoxi-
dative aromatization of 1,4-DHP (1a) in air atmosphere. 

Experimental 
Measurements and materials 

The NMR spectra were obtained using a 300-Bruker 
spectrometer, at a frequency of 400 MHz for the 1H 
NMR. It is reported as parts per million from the inter-
nal standard, TMS. The UV-vis spectra were obtained 
using a Leng Guang Tech Gold Spectrumlab 54 
UV-visible spectrophotometer. The fluorescence spectra 
were obtained using a Leng Guang Tech F97 pro spec-
trofluorometer. The mass spectra (MS) were determined 
on MALDI micro MX spectrometer. All the solvents 
and reagents were commercially available and of ana-
lytical reagent grade. Molecules 1 and 2 were prepared 
according to the reported procedures.[49-51] 

Cyclic voltammetry studies 
The cyclic voltammetry (CV) was performed on 

PARSTART 4000 instrument produced by AMETEK, in 
dichloromethane solution (10−3 mol/L) with tetrabutyl- 
ammonium hexafluorophosphate (0.05 mol/L) as sup-
porting electrolyte and glassy carbon as the working 
electrode and platinum wires as the counter and pseudo- 
reference electrode, and scan rate was 50 mV/s. 

Computational methods 
All calculations were performed using the Gaussian 

09 software package (Gaussian, Inc.). The geometry 

optimizations were calculated using hybrid density 
functional theory (B3LYP) with the 6-31G*(d.p)/ 
LanL2DZ basis set. 

Electron spin resonance (ESR) spectroscopy 
Samples were injected into quartz capillaries in 

darkness and illuminated in the cavity of ESR spec-
trometer. Photosensitizers and 5,5-dimethyl-1-pyrroline- 
N-oxide (DMPO, superoxide anion radical O2•− scaven-
ger) in air-saturated CH2Cl2 were stirred in the dark, 
then the solution was injected into the quartz capillaries. 
A diode pumped solid state (DPSS) laser (653 nm) was 
used for the photoirradiation of the solution in quartz 
capillaries for 100 s. 

Molecular design and preparation of the complexes 
Synthesis of B-1  1 (50.0 mg, 0.09 mmol) and 

benzaldehyde (36.7 mg, 0.36 mmol) were dissolved in 
dry DMF (5 mL), followed by acetic acid (3 drops) and 
piperidine (3 drops). The mixture was put under Ar at-
mosphere before it was subjected to microwave irradia-
tion (15 min, 150 ℃, 1 min pre-stirring). After removal 
of the solvent under reduced pressure, the mixture was 
purified by column chromatography (silica gel, CH2Cl2) 
to get the green section, then went through second puri-
fication (silica gel, petroleum ether∶CH2Cl2＝2∶1, 
V/V), which gave a final deep purple solid. Yield 41% 
(28.0 mg). 1H NMR (400 MHz, CDCl3) δ: 8.18 (d, J＝
16.0 Hz, 2H), 7.73 (s, 1H), 7.69－7.66 (m, 5H), 7.55－
7.52 (m, 3H), 7.44－7.41 (m, 4H), 7.37 (d, J＝16.0 Hz, 
2H), 7.31－7.29 (m, 2H), 1.46 (s, 6H). MALDI-HRMS 
calcd [C33H25BF2N2I2]

＋  m/z 752.0168, found m/z 
752.0206. 

Synthesis of B-2  Synthesis method is the same as 
that of B-1, but the benzaldehyde was replaced by 
4-cyanobenzaldenhyde, finally, deep purple solid was 
obtained. Yield 11% (10.0 mg). 1H NMR (400 MHz, 
CDCl3) δ: 8.17 (d, J＝12.0 Hz, 1H), 8.03 (d, J＝8.0 Hz, 
1H), 7.88 (d, J＝8.0 Hz, 1H), 7.79 (s, 1H), 7.75－7.73 
(m, 7H), 7.60 (d, J＝4.0 Hz, 2H), 7.56－7.54 (m, 2H), 
7.33 (d, J＝8.0 Hz, 2H), 1.50 (s, 6H). MALDI-HRMS 
calcd [C35H23BF2N4I2]

＋  m/z 802.0073, found m/z 
802.0107. 

Synthesis of B-3  Synthesis method is the same as 
that of B-1, but the benzaldehyde was replaced by 
4-diethylamino benzaldehyde, finally, deep purple solid 
was obtained. Yield 22% (15.0 mg). 1H NMR (400 MHz, 
CDCl3) δ: 8.25－8.21 (d, J＝16 Hz, 1H), 7.56－7.28 (m, 
6H), 6.70－6.68 (d, J＝8 Hz, 2H), 3.46－3.42 (m, 4H), 
1.58 (s, 2H), 1.45 (s, 3H), 1.39 (s, 3H), 1.27－1.21 (m, 
9H). MALDI-HRMS calcd [C30H30BF2N3I2]

＋  m/z 
735.0590, found m/z 735.0490. 

Synthesis of B-4  Synthesis method is the same as 
that of B-3, but 1 was replaced by 2, finally, deep purple 
solid was obtained. Yield: 56% (20.0 mg). 1H NMR 
(400 MHz, CDCl3) δ: 8.55 (d, J＝8 Hz, 2H), 8.43 (d,   
J＝8 Hz, 1H), 7.69－7.61 (m, 5H), 6.82 (d, J＝8 Hz, 
2H), 5.44 (s, 1H), 3.59－3.54 (m, 4H), 2.81 (s, 3H),   
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Scheme 1  Synthesis strategy of 2,6-diiodo-styryl-BODIPY derivatives  
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1.69 (s, 2H), 1.39 (s, 3H), 1.39 － 1.33 (m, 6H). 
MALDI-HRMS calcd [C30H29BF2N4I2O2]

＋  m/z 
780.0441, found m/z 780.0397. 

Synthesis of B-5  2 (300.0 mg, 0.8 mmol) and 
N-iodosuccinimide (720.0 mg, 3.2 mmol) were dis-
solved in 80 mL CH2Cl2. After stirring for 12 h at room 
temperature, the solvent was removed under reduced 
pressure, the mixture was purified by column chroma-
tography (silica gel, petroleum ether∶CH2Cl2＝2∶1, 
V/V). Yield: 90% (447.0 mg). 1H NMR (400 MHz, 
CDCl3) δ: 8.44 (d, J＝8 Hz, 2H), 7.54 (d, J＝8 Hz, 2H), 
2.67 (s, 6H), 1.38 (s, 6H). MALDI-HRMS calcd 
[C19H16BF2N3I2O2]

＋ m/z 620.9393, found m/z 620.9366. 

General procedure of photoxidative aromatization of 
1, 4-DHP 

150 μL 1,4-DHP (1a, dissolved in CH2Cl2, 3×10−2 
mol/L) and 10 μL photosensitizer (dissolved in CH2Cl2, 
1.0×10−3 mol/L) were injected into a two-neck flask 
containing 10 mL CH2Cl2. The reaction was conducted 
under air atmosphere, and the solution was irradiated at 
r.t. with a 30 W xenon lamp by cutting off the light of 
＜385 nm. The irradiation intensity was 25 mW/cm2. 
UV-vis absorption spectra were recorded at intervals of 
1－2 min. The consumption of 1a and yield of its aro-
matization product (1b) were recorded by UV absorp-
tion. The 1H NMR and MS results of the aromatization 
product (1b) were collected in Supporting Information. 
1H NMR (400 MHz, CDCl3) δ: 8.68 (s, 1H), 4.42－4.38 

(m, 4H), 2.85 (s, 6H), 1.43－1.40 (m, 6H). MALDI- 
HRMS calcd [C13H17NO4]− Na＋m/z 274.1055, found 
m/z 274.1060. 

The spectra of compounds 1 and 2 have been re-
ported.[53,54] 

Results and Discussion 
Electrochemical studies 

In order to determine the electron transfer direction 
and electron transfer ability of the photosensitizers, the 
electrochemical properties of the photosensitizers[55,56] 
were studied as shown in Table 1. 

Among all the reversible reduction potentials, the 
onset potential is attributed to the formation of stable 
BODIPY core anions, which is located at -0.5－-0.77 V. 
As for B-2 and B-4, the second reversible reduction re-
fers to the formation of CN substitute (-1.28 V vs. NHE) 
and NO2 substitute (-1.02 V vs. NHE), respectively. The 
reversible oxidations of photosensitizers above 1.25 V 
vs. NHE in the Table 1 are assigned to BODIPY core. 
The onset reversible oxidations of B-3 (0.87 V vs. NHE) 
and B-4 (0.94 V vs. NHE) are assigned to diethylamino 
groups, which make B-3 and B-4 release electrons more 
easily from the photosensitizers to other substrate mol-
ecules in photocatalytic organic reactions. Due to intro-
ducing -NO2 into B-4, the onset oxidation of B-3 (0.87 
V vs. NHE) is more negative than that of B-4 (0.94 V vs. 
NHE), which means the electron transfer impetus of B-3  
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Table 1  Electrochemical data and the calculated HOMO, LUMO and Go values 

Compd. Eox
a/V Ered

a/V HOMOb/eV LUMOb/eV ΔG1º c/(kJ•mol−1) ΔG2º d/(kJ•mol−1) 

B-1 1.32 −0.50 −6.07 −4.25 −1.51 −0.03 

B-2 1.25 −0.63/−1.28 −6.00 −4.12 −1.38 −0.07 

B-3 0.87/1.28 −1.17 −5.62 −3.58 −0.84 −0.42 

B-4 0.94/1.35 −0.67/−1.02 −5.69 −4.08 −1.34 −0.29 

B-5 1.58 −0.77/−1.04 −6.33 −3.98 −0.53 −0.20 
a Redox potential (vs. NHE, CH2Cl2). b HOMO and LUMO energy values were calculated based on the equations: EHOMO=          
−(E [onset, ox vs. NHE] ＋4.75) (eV), ELUMO=−(E[onset, red vs. NHE] +4.75) (eV).[52] c The thermodynamic driving force for photoinduced electron 
transfer was calculated based on the Rehm-Weller Equation. G1º stands for the thermodynamic driving force for electron transfer proc-
ess from 1,4-DHP to photosensitizers. d G2º stands for the thermodynamic driving force for electron transfer process from photosensitiz-
ers to O2.

was enhanced 1.6 times compared with that of the other 
photosensitizers, indicating that B-3 owns the strongest 
electron-donating ability among the designed photosen-
sitizers. The photosensitizers act as either electron ac-
ceptor (reductive quenching) or electron donor (oxida-
tive quenching) in the first step of the photocatalytic 
cycles, then play an opposite role to recover to the orig-
inal state in the next step. Therefore, the photoredox 
properties of photosensitizers (both electron-donating 
and electron-accepting abilities) play an important role 
in the electron transfer process of the photocatalytic 
organic reactions. The contribution of different groups 
of photosensitizers to the electron transfer was dis-
cussed in detail. 

Absorption and emission abilities of the photosensi-
tizers 

UV-vis absorption spectra of the complexes were 
studied in dichloromethane (Figure 1).[57] Due to the 
large extended conjugation of styryl in BODIPY, B-1, 
B-2, B-3 and B-4 show obvious red shifts in compari-
sion with B-5. Interestingly, the UV-vis absorptions of 
B-1 and B-2 have dual intense absorption at around 350 
and 640 nm, respectively, indicating that there is no ap-
parent intramolecular charge transfer effect (ICT). Con-
versely, B-3 and B-4 show single intense absorption at 
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Figure 1  UV-Vis absorption spectra of B-1, B-2, B-3, B-4 and 
B-5 in dichloromethane (1.0×10−5 mol/L, 20 ℃). 

656 and 675 nm, respectively. For example, B-4 with 
diethyl amino substituent at C-3 and nitrobenzol sub-
stituent at C-8 shows an enhanced ICT effect, resulting 
in single intense absorption at 675 nm and a more than 
150 nm red shifts compared to B-5. It is worth men-
tioning that all the photosensitizers we designed (B-2, 
B-3 and B-4) exhibit intense absorption with molar ex-
tinction coefficients of around 6×104 mol−1•L•cm−1 in 
red region. The intense absorption ability is believed to 
benefit the light harvest in the photocatalytic organic 
reactions. 

The fluorescence spectra of the photosensitizers we 
prepared were examined in various solvents with dif-
ferent polarities and then compared with that of B-1 (see 
Figure 2a). For free substituted photosensitizer B-1, the 
emission wavelength is at 665 nm in toluene and 666 
nm in the mixed solvent of DMF and H2O. B-2 with CN 
substitute at C-3, 5 positions (Figure 2b) and B-5 with 
NO2 at C-8 position (Figure S13) show similar phe-
nomena: with increasing solvent polarity, there is no 
distinct red shift, indicating that there is no evident in-
tramolecular electron transfer. Conversely, for B-3 with 
diethyl amino substitute at C-3 position, its emission 
wavelength shows about 77 nm red shift, while its 
emission intensity in CH2Cl2 is quenched above 80% in 
comparison with that in toluene (Figure 2c). For B-4 
with NO2 at the opposition of diethyl amino substitute 
(Figure 2d), its emission wavelength shows a more red 
shift, while its emission intensity is almost completely 
quenched in CH2Cl2 (Table S1). These phenomena in-
dicate that the ability of intramolecular electron transfer 
for B-3 and B-4 is enhanced. The absorption spectral 
change of BODIPY (1×10-5) in CH2Cl2 without 1,4- 
DHP is shown in Figure S14. The fluorescence quantum 
yields of B-1, B-2, B-3, B-4 and B-5 in CH2Cl2 are 
shown in Table S2. 

DFT calculations: intramolecular electron transfer 
DFT calculations for the photosensitizers extended 

on the designed BODIPY, at the B3LYP/6-31G (d, p) 
level of theory, support directional movement of charge 
on excitation, especially for B-3 and B-4. 

The calculated electron distributions and energy lev-  
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Figure 2  Fluorescence spectra of (a) B-1, (b) B-2, (c) B-3 and (d) B-4 in different solvents (CH2Cl2, toluene, methanol, DMF, 
DMF/H2O V/V＝5∶1). (1.0×10−5 mol/L, 20 ℃).

els of HOMO and LUMO of the photosensitizers ex-
tended on BODIPY we designed are shown in Figure 3 
and Figure S15. For all the prepared molecules, the 
HOMO isosurfaces are mainly delocalized over the π  

 

Figure 3  Electron density maps of the frontier molecular orbi-
tals of B-3 and calculated energy levels (HOMO and LUMO) of 
all the photosensitizers.  

framework of the BODIPY and the styryl groups, 
whereas LUMO isosurfaces show the big differences 
among the molecules. The LUMO electron density of 
B-3 reveals a trend of electron transfer from the styryl 
substituents to the BODIPY moiety upon a vertical ex-
citation of the π→π* type, which indicates the prefer-
ence of electron transfer in photocatalytic reactions. But 
for B-4, as nitrobenzol substitute grabs electrons par-
tially, it becomes harder to release electrons when inter-
acts with substrate molecules in reactions, although it 
shows the lowest HOMO-LUMO gap (2.09 eV). How-
ever, for B-2 and B-5, there is no significant change 
between HOMO and LUMO electron density, which 
indicates poor electron-transfer abilities of B-2 and B-5 
on excitation. Moreover, the HOMO-LUMO gap of B-5 
is much larger, which indicates a less reactive character 
of B-5. All in all, the electron transfer differences are in 
consistent with the CV results aforementioned. Al-
though the calculated energy levels are a little higher 
than the ones determined experimentally, the trends in 
the band gaps are in good agreement with the ones ob-
tained by CV analyses. 

Photoxidation of 1,4-DHP under air atmosphere 
In order to compare the contribution of different 

groups of photosensitizers to the electron transfer, the 
photoxidation of 1,4-DHP was catalyzed by prepared 
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photosensitizers, which was irradiated under air atmos-
phere instead of pure oxygen atmosphere. The photo-
catalytic processes were monitored by UV-Vis absorp-
tion spectrum, recording the absorption decrease at 350 
nm for 1a and the absorption increase at 280 nm for the 
product (1b).[47] 

The changes of UV curves and the rate of the reac-
tions are demonstrated in Figures 4 and 5, respectively. 
As the performance of the photocatalysts differs greatly 
with each other (Table 2), the reaction time was set to 
34 min. After irradiation for 28 min, the yield of B-3 
comes to 98.2%, the next is B-1 (95.5%), followed by 
B-2 (94.3%), B-5 (69.7%) and B-4 (11.9%). The reac-
tions photocatalyzed by B-1 and B-2 stopped at 18 min 
(Figure S16). 
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Figure 4  UV-Vis absorption changes of 1a (4.5×10−3 mol/L) in 
dichloromethane (10 mL) upon irradiation at λ＞420 nm, cata-
lyzed by photosensitizers of (a) B-3, (b) B-4 (1.0×10−6 mol/L). 
Arrows denote the evolution of the absorption spectra with in-
creasing time. Irradiation time was respectively 0, 1, 2, 4, 8, 
10, …, 34 min. 

The mechanism for photoxidative aromatization of 
1a catalyzed by B-3 is proposed in Scheme 2. At first, 
B-3 is photoexcited to singlet excited state, and pho-
toinduced electron transfer (PET) from 1a to B-3 (elec-
tron acceptor) produces highly reactive 1a cation radical 
which is preferable to release H＋ subsequently. Then, 
electron transfer process from 1a radical to O2 results in 
the production of final aromatization product (1b) and  

 

Figure 5  Plots of ln(Ct/C0) vs. irradiation time (min) for the 
photooxidative aromatization of 1a, concentration was deter-
mined by the UV-Vis absorption changes at 360 nm. 

Table 2  Photoxidative aromatization of 1,4-DHP catalyzed by 
the photosensitizers we prepared 

Entry Photosensitizer a Solvent 
tb/ 
min 

Yieldc/ 
%  

TONd TOF e/
min−1 

1 — CH2Cl2 34 0.51 — — 
2 B-1 CH2Cl2 18 95.5 429.8 12.6 
3 B-2 CH2Cl2 18 94.3 424.4 12.4 
4 B-3 CH2Cl2 28 98.2 441.9 13.0 
5 B-4 CH2Cl2 34 69.7 313.7 9.2 
6 B-5 CH2Cl2 34 11.9 53.6 1.6 
a C＝4.5×10−6 mol/L. b Judged by curves of ln(Ct/C0) vs. t (min) 
(see Figure 5). c Yields were determined by the UV-Vis absorp-
tion changes. d Turnover number, calculated by the molar ratio of 
the production to the catalysts. e Turnover frequency. 

reactive oxygen radical. At last, reactive oxygen radical 
grabs electron from B-3 radical (electron donor), recov-
ering the photosensitizer, and at the same time superox-
ide anion radical is produced. 

In order to trap the possible O2•− and further to con-
firm the mechanism, electron spin resonance (ESR) 
spectroscopy was employed, with the 5,5-dimethyl-1- 
pyrroline-N-oxide (DMPO) as scavenger for O2•−. First-
ly, the mixture of B-3 and DMPO in aerated CH2Cl2 
was analyzed by ESR spectroscopy. No signal was de-
tected. This result indicates that B-3 alone does not 
produce O2•− (Figure S17a). Next, 1a and B-3 were 
mixed in aerated CH2Cl2 (Figure S17b). The signal due 
to DMPO−O2•− was detected, indicating that O2•− was 
produced with B-3 (electron acceptor) in the presence of 
1a (electron donor), that is, the electron transfer from 
substrate to the photosensitizer occurs, followed by the 
electron transfer from photosensitizer to O2•. H2O2 was 
also detected by using KI/CH3COOH. A brown colour 
was observed when mixing the reaction system (already 
irradiated for 30 min) with KI/CH3COOH (Figure S18), 
which indicates O2•− was really involved in the photox-
idaive aromatization of 1,4-DHP catalyzed by the pho-
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tosensitizers we designed. 

Scheme 2  Procedure of photoxidative aromatization of 1a 
(1,4-DHP) catalyzed by B-3 
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B-3 alone and B-3 with 1,4-DHP were measured 
with ESR spectra after adding 2,2,6,6-tetramethyl-pi-
peridine (TEMP). These results suggest the existence of 
1O2 (Figure S17c－d). However, there are no obvious 
intensity changes, indicating that 1O2 is not involved 
into the first step of the catalytic cycle. 

Based on the confirmed mechanism, the electron 
transfer processes (photocatalyst*→1,4-DHP, photo- 
catalyst•−→O2•) are crucial for the photooxidation reac-
tion. The thermodynamic driving force ( G1º, G2º, see 
Table 1) of each step calculated by the Rehm-Weller 
equation[58] was used to quantify the photooxidative 
reaction of 1,4-DHP. Firstly, the photoexcited sensitizer 
grabs one electron from 1,4-DHP, which is easy for all 
photosensitizers. Although the G1º of B-3 is much 
higher than those of B-1, B-2 and B-4, B-3 shows the 
best catalytic performance. So the reductive quenching 
ability of photosensitizer is not crucial in the whole re-
action, and the electron-accepting ability of B-3 seems 
enough in the first step. In the second step, the photo-
sensitizer anion recovers to the original state via donat-
ing its electron to oxygen. It is noteworthy that distinc-
tive differences of G2º occur: B-3 owns the most nega-

tive G2º (−0.42), whereas B-1 and B-2 show little ten-
dancy to react with oxygen. It is believed that the oxida-
tive quenching abiliy of photosensitizer is crucial for 
acquiring a satisfactory catalytic performance in photo-
oxidizing 1,4-DHP. As a result of charge injection of 
diethyl amino, B-3 shows the highest activity in the 
photoxidation of 1,4-DHP than others under air atmos-
phere (Figure 5a). It is noted that the reaction time in 
this paper is 28 min, even less than half of the time that 
usually needed in current photocatalysts for the photox-
idaive aromatization of 1,4-DHP.[41,43] 

Conclusions 
We have successfully designed and synthesized a se-

ries of 3,5-styryl-BODIPY photosensitizers. The result-
ing photosensitizers exhibit strong absorptions in red 
region (around 6×104 L•mol−1•cm−1). Moreover, con-
jugating diethylamino to the 2,6-diiodo-styryl-BODIPY 
(B-3) can enhance the photoinduced electron transfer 
process by 1.6 times due to the more negative redox 
potential (0.87 V vs. NHE), guaranteeing a much better 
catalysis effect in photocatalytic area than 2,6-diiodo- 
styryl-BODIPY (B-1) in literature. B-3 shows excellent 
activity in the photoxidative aromatization of 1,4-DHP 
even under air atmosphere. The conversion ratio of 
1,4-DHP can reach 98% within 0.5 h, even less than half 
of the time usually needed in pure oxygen, indicating 
the good application future of synthesized 3,5-styryl- 
BODIPY photosensitizers in the photoxidative reac-
tions. 
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