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Artificial light-harvesting systems, Ar,O-BODIPY dyads and triads conjugated with a light 

harvester, were synthesized in high yield by the reaction of an N2O2-type dipyrrin with 

boronic acids. Dyad 2 having a pyrene unit underwent quantitative Förster-type resonance 

energy transfer (FRET) from the antenna unit, pyrene, to the fluorophore unit, Ar,O-BODIPY. 

Triads 3·5 and 4·5 were quantitatively prepared by mixing pyridine-appended compounds 3 

and 4 with saloph·Zn complex 5, respectively. Triad 4·5 underwent efficient FRET from the 

saloph·Zn complex unit to the fluorophore unit at the rate of 2.0 × 1011 s–1. Interestingly, the 

fluorescence quenching process in the excited state of the triad 3·5 took place following the 

energy transfer event. Thus, appropriate positioning of the energy donor and acceptor is 

necessary to construct a highly efficient FRET system. 

 

 

Introduction 

Energy and electron transfer in a photoexcited state is an 

important phenomenon in nature.  In photosynthesis of plants, 

energy transfer between chlorophylls, light-harvesting 

pigments, plays a crucial role in collecting photon energy.1 A 

variety of artificial light-harvesting systems inspired by the 

natural system have been developed.2 

 Borondipyrromethenes (BODIPYs) are interesting 

chromophores featuring intense absorption and fluorescence 

and excellent stability against light and chemicals.3 Thus, 

BODIPYs are applicable to chemosensors, biolabels, organic 

light-emitting diodes, etc. The conjugation of BODIPYs with 

energy or electron donor units has led to the realization of 

BODIPY light harvesting systems,4 which are applicable to 

molecular probes,5 photo-caged compounds,6 and dye-

sensitized solar cells.7  In the BODIPY conjugates, the 

connection of the donor subunits to a central boron atom 

ensures good electronic communication.8  However, the 

synthetic methods for the BODIPYs connected with the donor 

subunits on the boron have been usually limited to nucleophilic 

substitution with a strong base such as an organometallic 

compound, Grignard, or organolithium reagents.  These 

methods resulted in low or moderate yields of products and 

complicated purification in many cases.  Recently, the 

complexation of dipyrrin, which is an organic ligand unit of 

BODIPY, has provided energy-transfer systems via dipyrrin-Zn 

complex units.9 However, these systems suffered from low 

synthetic yields (2~3%) due to non-selective connection.  We 

reported a synthetic strategy for the preparation of BODIPYs 

having various substituents on the boron center by reaction of 

an N2O2-type tetradentate dipyrrin ligand with boronic acids.10 

This reaction has significant advantages: no additives or 

catalyst, high-yield synthesis, and reversible formation that 

makes the functional group on the boron exchangeable.11  The 

last one is useful in designing supramolecular architectures 

because the reversible dynamic bond is necessary for the facile 

construction of supramolecular structures.  Additionally, 

complexes of the N2O2-type dipyrrin feature strong 

fluorescence in the red-to-near infrared (NIR) region, which is 

redshifted compared to basic BODIPYs.12 Thus, the N2O2-type 

dipyrrin complexes can be applicable to a light-harvesting 

system that absorbs visible light over a broad range to emit 

light in the deep red region. 

 Here, BODIPYs conjugated with a light harvester are 

synthesized by forming dyads of an N2O2-type dipyrrin and a 

boronic acid, “Ar,O-BODIPYs” and triads of a metal complex 

and Ar,O-BODIPY having a coordination site (Figure 1).  In the 

Ar,O-BODIPY dyad and triad, the Ar-group was equipped as an 

energy donor unit.  The facile energy donor−acceptor system 

exhibited highly efficient (nearly quantitative) energy transfer 

from the excited donor unit. 
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Figure 1. Photoinduced energy transfer from donor to acceptor 

in Ar,O-BODIPY dyad and triad. 

Experimental 

General remarks 

All reactions were performed under a dry nitrogen atmosphere.  

Organic solvents were purchased as pre-dried solvents and used 

without any further purification.  Starting materials 1,13 

pyrenylboronic acid,14 pyridylboronic acid,15 and 516 were 

synthesized according to the literature method.  1H and 13C NMR 

spectra were recorded by a Bruker AVANCE400 using TMS as an 

internal reference.  High-resolution ESI-TOF mass spectra were 

recorded by an Applied Biosystems TripleTOF4600.  ESI-TOF mass 

spectra of complexes were recorded by a JEOL JMS-T100CS.  

MALDI-TOF mass spectra were recorded by an AB Sciex 

TOF/TOF5800.  Melting points were obtained using a Yanaco 

melting point apparatus and are uncorrected. 

Synthesis of 2 

A toluene/methanol solution (5 mL/1 mL) of 1 (9.8 mg, 21.3 µmol) 

and 1-pyrenylboronic acid (8.2 mg, 33 µmol) was refluxed for 40 

hours. After evaporation of solvent, the residual product was purified 

by silica-gel column chromatography (eluent: chloroform/hexane) to 

give purple powder of 2 (13.2 mg, 92%). 2: purple powder, 1H NMR 

(400 MHz, CDCl3) δ 8.23 (d, J = 9.2 Hz, 1H), 7.98-7.95 (m, 3H), 

7.89-7.81 (m, 3H), 7.68 (d, J = 8.0 Hz, 1H), 7.63 (d, J = 8.0 Hz, 1H), 

7.53 (td, J = 8.0 Hz, 1.5 Hz, 1H), 7.46 (d, J = 9.2 Hz, 1H), 7.35 (dd, 

J = 8.0 Hz, 1.5 Hz, 1H), 7.22-7.18 (m, 2H), 7.12 (dd, J = 8.0 Hz, 1.0 

Hz, 1H), 7.08 (s, 1H), 7.02 (s, 1H), 6.90 (d, J = 4.4 Hz, 1H), 6.76 (d, 

J = 4.4 Hz, 1H), 6.71 (td, J = 8.0 Hz, 1.0 Hz, 1H), 6.63 (d, J = 8.0 

Hz, 1H), 6.62 (d, J = 4.4 Hz, 1H), 6.31 (d, J = 4.4 Hz, 1H), 2.62 (s, 

3H), 2.57 (s, 3H), 2.42 (s, 3H), 2.19 (s, 3H); 13C{1H} NMR (150 

MHz, CDCl3) δ 158.27 (CH), 156.03 (CH), 155.91 (CH), 149.91 

(CH), 142.38 (CH), 138.48 (CH), 137.17 (CH), 137.08 (CH), 136.82 

(CH), 133.97 (CH), 133.80 (CH), 133.50 (CH), 132.70 (CH), 131.61 

(CH), 131.32 (CH), 130.99 (CH), 130.69 (CH), 130.01 (CH), 128.47 

(CH), 128.39 (CH), 128.35 (CH), 127.70 (CH), 127.52 (CH), 127.49 

(CH), 126.23 (CH), 125.74 (CH), 124.95 (CH), 124.88 (CH), 124.84 

(CH), 124.39 (CH), 123.61 (CH), 123.56 (CH), 122.03 (CH), 121.26 

(CH), 119.98 (C), 119.74 (CH), 119.22 (C), 119.07 (C), 115.37 (C), 

111.18 (C), 54.85 (CH3), 21.24 (CH3), 21.01 (CH3), 20.24 (CH3); 

HR-MS (ESI-TOF) C47H35BN2O2Na [M+Na]+ calcd m/z 693.2689, 

found m/z 693.2686. 

Synthesis of 3 

To a toluene solution (10 mL) of 1 (28.5 mg, 61.9 µmol) was added 

a methanol solution (4 mL) of 3-pyridylboronic acid (58.0 mg, 0.47 

mmol). The mixture was refluxed for 15 hours. After evaporation of 

solvent, the residual product was purified by silica-gel column 

chromatography (eluent: chloroform/ethyl acetate) to give purple 

powder of 3 (33.4 mg, 99%). 3: purple powder, mp > 270 °C; 1H 

NMR (600 MHz, CDCl3) δ 8.16 (dd, J = 4.5 Hz, 1.5 Hz, 1H), 7.97 

(s, 1H), 7.70 (dd, J = 7.5 Hz, 1.5 Hz, 1H), 7.48 (dd, J = 7.5 Hz, 4.5 

Hz, 1H), 7.42 (dd, J = 7.8 Hz, 1.5 Hz, 1H), 7.24 (td, J = 7.8 Hz, 1.5 

Hz, 1H), 7.09 (t, J = 7.8 Hz, 1H), 7.01 (s, 1H), 7.00 (d, J = 7.8 Hz, 

1H), 6.98 (s, 1H), 6.91 (d, J = 7.8 Hz, 1H), 6.89 (d, J = 7.8 Hz, 1H), 

6.82 (d, J = 7.8 Hz, 1H), 6.79 (d, J = 7.8 Hz, 1H), 6.78 (d, J = 4.4 

Hz, 1H), 6.72 (d, J = 4.4 Hz, 1H), 6.67 (d, J = 4.4 Hz, 1H), 6.48 (d, J 

= 4.4 Hz, 1H), 3.49 (s, 3H), 2.39 (s, 3H), 2.34 (s, 3H), 2.15 (s, 3H); 
13C{1H} NMR (150 MHz, CDCl3) δ 157.83 (CH), 156.33 (CH), 

154.93 (CH), 152.50 (CH), 149.39 (CH), 147.24 (CH), 142.38 (CH), 

138.86 (CH), 138.48 (CH), 136.96 (CH), 136.74 (CH), 136.41 (CH), 

133.16 (CH), 133.08 (CH), 132.84 (CH), 131.01 (CH), 130.30 (CH), 

128.27 (CH), 128.25 (CH), 127.97 (CH), 127.33 (CH), 125.83 (CH), 

122.22 (CH), 121.81 (CH), 121.07 (CH), 119.94 (C), 119.66 (CH), 

118.96 (C), 118.40 (C), 114.96 (C), 110.56 (C), 55.49 (CH3), 21.19 

(CH3), 20.55 (CH3), 20.11 (CH3); HR-MS (ESI-TOF) C36H31BN3O2 

[M+H]+ calcd m/z 548.2509, found m/z 548.2512; Anal. Calcd for 

C36H30BN3O2·0.5H2O: C, 77.70; H, 5.62; N, 7.55. Found: C, 77.79; 

H, 5.65; N, 7.50. 

Synthesis of 4 

A toluene solution (10 mL) of 1 (30.8 mg, 66.9 µmol) and 4-

pyridylboronic acid (18.6 mg, 0.151 mmol) was refluxed for 14 

hours. To this were added methanol (3 mL) and further boronic acid  

(13.0 mg, 0.106 mmol) and then the mixture was refluxed for 12 

hours.  After evaporation of solvent, the residual product was 

purified by silica-gel column chromatography (eluent: 

dichloromethane/ethyl acetate) to give purple powder of 4 (35.3 mg, 

96%). 4: purple powder, mp > 270 °C; 1H NMR (600 MHz, CDCl3) 

δ 8.09 (dd, J = 4.8 Hz, 1.5 Hz, 2H), 7.71 (dd, J = 7.8 Hz, 1.5 Hz, 

1H), 7.49-7.43 (m, 2H), 7.27 (td, J = 7.8 Hz, 1.5 Hz, 1H), 7.09 (t, J = 

7.8 Hz, 1H), 7.08 (td, J = 7.8 Hz, 1.0 Hz, 1H), 7.02 (s, 1H), 6.90 (s, 

1H), 6.91 (dd, J = 7.8 Hz, 1.0 Hz, 1H), 6.88 (d, J = 7.8 Hz, 1H), 6.83 

(td, J = 7.8 Hz, 1.0 Hz, 1H), 6.77 (d, J = 4.4 Hz, 1H), 6.73 (d, J = 4.4 

Hz, 1H), 6.68 (d, J = 4.4 Hz, 1H), 6.65 (d, J = 4.8 Hz, 2H), 6.49 (d, J 

= 4.4 Hz, 1H), 3.50 (s, 3H), 2.39 (s, 3H), 2.32 (s, 3H), 2.15 (s, 3H); 
13C{1H} NMR (150 MHz, CDCl3) δ 157.98 (C), 156.40 (C), 155.13 

(C), 149.42 (C), 147.92 (CH), 142.55 (C), 138.65 (C), 136.98 (C), 

136.84 (C), 136.65 (C), 133.23 (CH), 133.17 (CH), 132.96 (CH), 

131.12 (CH), 130.33 (C), 128.39 (CH), 128.12 (CH), 127.52 (CH), 

126.52 (CH), 125.95 (CH), 121.83 (C), 121.29 (CH), 119.97 (CH), 

119.82 (CH), 119.06 (CH), 118.37 (C), 115.01 (CH), 110.56 (CH), 

55.51 (CH3), 21.29 (CH3), 20.57 (CH3), 20.19 (CH3); HR-MS (ESI-

TOF) C36H31BN3O2 [M+H]+ calcd m/z 548.2509, found m/z 

548.2512; Anal. Calcd for C36H30BN3O2·0.4H2O: C, 77.96; H, 5.60; 

N, 7.58. Found: C, 78.01; H, 5.66; N, 7.35. 

Electrochemical Studies 

The cyclic voltammograms (CV) were recorded using a BAS 

ALS/CHI model 750A.  An Ag/AgNO3 reference electrode was 

used.  The working electrode was a 1-mm-diameter glassy carbon 

with a platinum wire acting as the counter electrode.  The CV was 

taken at a scan rate of 100 mV/s. After CV measurements in 0.1 M 

Bu4NClO4/CH2Cl2 without any internal reference, ferrocene was 

added to the same sample and the electrochemical potential was 

adjusted to ferrocenium/ferrocene as the internal reference (Fc/Fc+ = 

0.20 V). 
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Photophysical Studies 

UV−vis absorption spectra were recorded on a JASCO Ubest 

V-660.  Fluorescence spectra were recorded on a JASCO FP-

8600.  Absolute fluorescence quantum yields (Φflu) were 

measured using a Hamamatsu Photonics absolute PL quantum 

yield measurement system C9920-02.17 Fluorescence decay 

measurements were performed using a Horiba Jobin Yvon 

FluoroCube. Sample solutions were excited by a diode laser at 

371 nm before and after an argon gaseous bubbling for three 

minutes. Transient absorption spectra were recorded using a 

suite of Unisoku TSP-1000 with a 150 W Xe lamp and a 

Spectra Physics Quanta-Ray GC-100 (fwhm = 8 ns) Nd:YAG 

pulsed laser (355 nm). Sample solutions were degassed via five 

freeze (77 K)−pump (0.1 mmHg)−thaw (ambient temperature) 

cycles prior to the measurement.  

Computational Methods 

The DFT calculations were performed using the Gaussian09 

packages18 with the M06-2X functional.19 The geometry 

optimizations were performed using the basis set 6-31G(d,p). Time-

dependent calculations were performed at the equilibrium 

geometries using the basis set 6-31G(d,p). 

Results and discussion 

The tridentate dipyrrin ligand 1, one OH group of which was 

protected by a Me group, was synthesized by the previously-reported 

procedure.13 The reaction of 1 with boronic acid gave the dyads of 

dipyrrin and boronic acid in high yields, Ar,O-BODIPYs 2 (92%), 3 

(99%), and 4 (96%) (Scheme 1). 
 

 
Scheme 1.  
 

 The absorption spectra of Ar,O-BODIPY 2−4 have almost 

the same maximum at 595 nm with a large molar absorption 

coefficient (~4 × 104 cm–1·M–1), assigned to the S0−S1 

transition of BODIPY (Figure 2). Only in 2, higher energy 

absorptions were observed between 350~450 nm, which are 

assigned to π,π* transitions of the pyrene unit (Figure 2). The 

absorption spectrum of 2 was almost a simple combination of 

those of the BODIPY and pyrene units. This implies no 

electronic coupling between the BODIPY and pyrene units on 

the boron centre in the ground state.  Fluorescence spectra of 2, 

3, and 4 exhibit emission bands with maxima at 650, 642, and 

643 nm, respectively (Figure 2), which are similar to those of 

reported Ar,O-BODIPYs (642−644 nm).10 The Φflu values of 2, 

3, and 4 were determined by an integrating sphere method to be 

high values, 56, 56, and 59%, respectively (Table 1), which are 

also comparable to those of reported Ar,O-BODIPYs 

(59~62%).10 

 
Figure 2. UV−vis absorption (lines) and fluorescence spectra 

(dots, λex = 550 nm) of 2 (black), 3 (red), and 4 (blue) in 

chloroform (5.0 × 10−6 M). 

 

 The excitation spectrum of 2 collected at 650 nm fits well 

with the absorption spectrum (Figure 3a). In the fluorescence-

excitation 3D spectrum, no fluorescence based on the pyrene 

unit was observed (Figure 3b).  The excitation spectra well fit 

the absorption spectra regardless of the fluorescence 

wavelengths.  The Φflu value obtained by 350-nm excitation, 

55%, is almost the same as that obtained by 550-nm excitation, 

56%. These results strongly indicate quantitative energy 

transfer from the antenna unit, pyrene, to the fluorophore unit, 

Ar,O-BODIPY.  The lifetime of excited pyrene is so long (~400 

ns) that efficient energy transfer can take place before 

nonradiative deactivation. 

 

 

 
Figure 3. (a) Absorption and excitation spectra (λflu = 650 nm) 

and (b) 3D fluorescence versus excitation spectrum of 2 in 

chloroform. [2] = 5 × 10−6 M. 

a) 

b) 
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 Next, a triad system was prepared by conjugation of the 

dyad Ar,O-BODIPY 3 and 4 with saloph·Zn complex 5 (Chart 

1).20 Ar,O-BODIPY 3 and 4 were nearly transparent around 470 

nm (Figure 4a).  Conversely, 5 shows intense absorption at the 

transparent region of 3 and 4.  The ε value of 5 at 470 nm 

(13000 cm–1·M–1) is more than 16 times as large as those of 3 

and 4 (800 cm–1·M–1). Furthermore, fluorescence of 5 with the 

maximum at 550 nm overlaps the absorption of 3 and 4. Thus, 5 

is expected to absorb the photon in the nearly transparent region 

of 3 and 4, and then transfer its excitation energy to Ar,O-

BODIPY via Förster-type resonance energy transfer (FRET) 

mechanism. 

  
Chart 1. 
 

   To clarify the triad formation, spectroscopic titrations were 

performed in n-hexane.  A slight bathochromic shift of the 

absorption maximum of 3 was observed upon the addition of 5 

(Figure 4a).  This shift was nearly saturated by the addition of 

one equivalent of 5 (Figure 4b). This result suggests the 

formation of a 1:1 adduct 3·5.  The presence of isosbestic 

points also supports that only one product coexists at the 

equilibrium point. The association constant was calculated to be 

(7.3 ± 2.3) × 107 M–1. The estimated formation ratio of adduct 

3·5 is 96% at the concentration of 5.0 × 10–6 M. All the spectral 

and photophysical measurements of the triads were performed 

at a concentration of 5.0 × 10–6 M, at which the dissociation 

process of the triads in the ground state is negligible. In 

spectroscopic titration of 4 with 5, the spectral change was too 

small to determine the association constant (Figure S19). 

However, the isosbestic points indicate the formation of 4·5. 

 

  
 

 
Figure 4. (a) UV−vis spectroscopic titration of 3 with the 

addition of 5 (n-hexane, [3] = 5.0 × 10−6 M). (b) Plot of 

absorbance at 595 nm vs [5]/[3] and calculated binding 

isotherm. 

 

 The ESI mass spectrum also confirmed the formation of 3·5 

by the observation of a peak at m/z = 1150.53 corresponding to 

[3·5+H]+ (Figure S7 and S8).  In the 1H NMR spectrum of 3·5, 

the two protons (b and b’) of the imine moieties of 5 appeared 

nonequivalently due to the chiral boron centre (Figure 5).  This 

indicates that the Zn–pyridine bond is sufficiently inert on the 

NMR timescale. 

 

Table 1. Optical Properties and Photophysical Dataa 

 λabs (nm) λflu (nm)
b
 E

0−0
 (eV)

c
 Φflu

b
 τflu (ns) kr (10

7
 s

–1
)
d
 knr (10

7
 s

–1
)
e
 

2 350, 370, 595 650 2.00 0.56 9.0 6.2 4.9 

3 595 642 2.01 0.56 9.1 6.2 4.8 

3·5 429, 599 644 2.00 0.066 
4.6 (37%), 

8.9 (62%) 

0.53,  

0.46 
12.9 

4 595 643 2.01 0.59 9.1 6.5 4.5 

4·5 430, 595 644 2.00 0.55 9.4 5.9 4.8 

5 412 550 2.63 0.027 0.5 5.4 194.6 

a [2] = 5.0 × 10–6 M in dichloromethane and [3] = [4] = [5] = 1.0 × 10–5 M in n-hexane. 
 b

 Excited at 595, 595, 599, 595, 595 and 412 nm 

for 2, 3, 3·5, 4, 4·5, and 5.
 c
 E

0−0
 = (1240/λabs + 1240/λflu)/2. 

 d
 kr = Φflu/τflu. 

 e
 knr = (1 − Φflu)/τflu. 

b) 

a) 
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Figure 5. 1H NMR spectra of (a) 3·5, (b) 5·pyridine, and (c) 3 

(CDCl3, 1.0 × 10−3 M). 

 

 The fluorescence spectrum of 3·5 exhibits one emission 

band based on Ar,O-BODIPY (640 nm) without 5-based 

emission (550 nm) even when excited at 470 nm (Figure 6a). 

The excitation spectrum of 3·5 is similar to the absorption 

spectrum (Figure S12).  These results indicate FRET from 5 to 

3.  However, Φflu of 3·5 (6.6%) was much smaller than that of 3 

(56%). The fluorescence intensity of 3·5 was more than 2.2 

times as large as that of 3 upon excitation at 470 nm. This 

difference in fluorescence intensity is consistent with the Φflu 

and ε values. 

 In contrast to 3, the fluorescence of 4 drastically increased 

upon addition of 5 (Figure 6b). The Φflu value of 4·5 (55%) is 

as high as that of 4 (59%) because the fluorescence of 4·5 is not 

quenched. When excited at 470 nm, the fluorescence intensity 

of 4·5 is 17 times as large as that of 4 due to the enhancement 

of the absorbance. Noteworthy is that the small difference in 

3·5 and 4·5, regioisomers at the pyridine-position, can 

drastically affect the Φflu. The colour of an n-hexane solution of 

3·5 was distinctly different from that of 4·5 reflecting the 

difference in their Φflu (Figure 6, insets). Colour of 3 changed 

from red to green upon the addition of 5, while the red 

fluorescent colour of 4 was maintained after the addition of 5. 

 Efficiency of FRET in 4·5 was estimated to be 99% by 

considering the quantum yields 54.8% and 55.3%, obtained by 

420- and 600-nm excitations, respectively (Figure 7). The 

excitation spectrum of 4·5 is almost the same as the absorption 

spectrum, which also indicates the nearly quantitative FRET 

from the 5 unit to the Ar,O-BODIPY unit (Figure S13).  

Although 5* deactivates rapidly with a rate of 2.0 × 109 s–1, 

FRET took place much more rapidly. The rate constant of the 

FRET was estimated to be 2.0 × 1011 s–1, which indicates a 

highly efficient process. 

 
Figure 6. Fluorescence spectra of (a) 3, 5, and 3·5 and (b) 4, 5, 

and 4·5 (n-hexane, 5.0 × 10−6 M, λex = 470 nm). Insets show 

the photography of 3 and 4 before and after addition of 5.  

 
Figure 7. An energy diagram for a FRET pathway of 4·5. The 

energy values are relative to that of the ground state of 4·5. 

 

 The triad 3·5 exhibited weak fluorescence in contrast to 4·5. 

Even when the BODIPY core of 3·5 was directly excited by 

600-nm light, Φflu was largely lowered (6.6%), which indicates 

the fluorescence quenching of the BODIPY core by 5.21 One 

possible pathway for the quenching is exciplex (3δ–·5δ+)* 

formation22 by charge transfer interaction between 3* and 5 

(Figure 8). In CV measurements, the high reduction potential, 

Ered, of acceptor 3 and a low oxidation potential, Eox, of donor 

5·pyridine were determined to be –1.21 V and +0.55 V, 
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respectively (vs Fc/Fc+ = +0.20 V, Figures S9–S11).  In 

addition, the DFT calculation also affords a low LUMO level of 

3 (–1.98 eV) and a high HOMO level of 5·pyridine (–6.07 eV) 

at the M06-2X/6-31(d,p) level (Figure 9). The calculated 

singlet-excitation energies of 3 and 5·pyridine using the TD-

DFT method23 are consistent with the experimental values.  In 

the frontier orbitals of both 3 and 5·pyridine, the pyridine units 

are not involved at all, which excludes the fluorescence 

quenching by the orbital-interaction. 

 
Figure 8. An energy diagram for FRET and sequential 

fluorescence quenching pathways of 3·5. The energy values are 

relative to that of the ground state of 3·5.  

 

 
Figure 9. The Kohn–Sham frontier orbitals and vertical 

transition energies of 3 (left) and 5·pyridine (right) calculated 

by TD-DFT method at the M06-2X/6-31G(d,p). 

 

 When excited at 420 nm, Φflu of 3·5 was 4.8%, which is 

smaller than that observed when excited at 600 nm (6.6%). If 

the energy transfer in 3·15* is much faster than the direct decay 

(kr + knr) as described in the case of 4·15*,24 the efficiency of 

the quenching path from 3·15* (k1) can be 27% (Figure 8) based 

on the quantum yields. The efficiency (30%) estimated from the 

excitation spectrum is almost the same as that estimated from 

quantum yields (Figure S12). The quenching efficiency from 
13*·5 (k2) was determined to be 88% based on the assumption 

that kr and knr values of 13*·5 are identical to those of 13*. 

These results suggest the efficient fluorescence quenching in 

3·5. The distance between the BODIPY core and the 5 unit in 

3·5 linked by a 3-pyridyl group should be shorter than that of 

4·5 by a 4-pyridyl group. The closely positioned BODIPY and 

5 can be expected to make a fluorescence-quenching pathway 

via exciplex formation possible. 

Conclusions 

Dipyrrin–boronic acid dyad 2 and dipyrrin–boronic acid–Zn 

complex triads 3·5 and 4·5, which possess energy donor units, 

were synthesized. The dyad 2 and triad 4·5 collected short-

wavelength light at the donor units, and then underwent 

quantitative FRET to the fluorophore Ar,O-BODIPY unit.  As a 

result, the dyad 2 and triad 4·5 emitted fluorescence by 

collecting light across a wide visible region. Interestingly, the 

fluorescence quenching process in the excited state of the triad 

3·5 took place following the energy transfer event. Thus, an 

appropriate positioning of the energy donor and acceptor is 

necessary to construct a highly efficient FRET system. Our 

present results represent a facile FRET system across a wide 

range of the visible region, which is expected to be applicable 

to a light-harvesting system as seen in nature.  
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