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Oxidation of 2-amino-substituted BODIPYs afforded 
BODIPY trimers in a one-step operation.  The trimer consists 
of a pyrazine-fused BODIPY dimer to which one BODIPY 
unit is connected through an NH linkage.  Effective expansion 
of !-conjugation over the fused dimer was observed in optical 10 

and electrochemical measurements. 

BODIPYs, 4,4-difluoro-4-bora-3a,4a-diaza-s-indacenes, have 
been one of the most attractive functional dyes for material 
science.1  They exhibit high thermal and photochemical stability 
as well as strong absorption and emission in the visible region 15 

due to their rigid frameworks and betain-like electronic structures.  
These characteristics are now applied to fluorescent probes for 
bio-imaging2, photodynamic therapy3 and organic emissive 
materials such as OLEDs4.  Many chemists have recently focused 
on the synthesis of BODIPY oligomers to achieve near-IR 20 

absorption and emission properties through expansion of "-
conjugation.5  In particular, BODIPY oligomers with fused 
structures have attained fascinating features.  Yamaguchi and 
Wakamiya have demonstrated potential application of an  !,"-
benzene-fused BODIPY dimer to stable NIR dyes owing to the 25 

lowered HOMO energy by the fused structure.6a  Uno and co-
workers have also reported !,!’-benzene-fused BODIPY 
oligomers as NIR-selective light-absorbing materials.6b 

Oxidation of amino-substituted "-conjugated molecules has been 
a useful tool for construction of fused systems.  For example, 30 

aniline is oxidized into well-known black pigments, which are a 
mixture of oligomeric materials containing C–N double bonds 
and fused structures.  We have recently developed oxidative 
coupling of amino-substituted functional "-systems such as 
porphyrins and anthracenes, providing pyrazine and pyrrole-fused 35 

dimers in high yields with excellent regioselectivity.7  We then 
investigated the reactivity of amino BODIPYs under oxidative 
conditions.  Herein we report that one-step oxidation of !-amino 
BODIPYs provides BODIPY trimers with a pyrazine-fused 
BODIPY dimer structure, which have strong NIR absorption 40 

bands. 

 
Scheme 1. Examples of fused BODIPY dimers. 

 
Scheme 2. Synthesis of BODIPY trimers.  Conditions; a: benzophenone 45 

imine (1.5 equiv), Cs2CO3 (2.0 equiv), Xantphos (10 mol%), 
Pd2dba3•CHCl3 (5 mol%), dioxane, 100 °C, 3 h, for 3a; benzophenone 

imine (1.5 equiv), Cs2CO3 (2.0 equiv), Xantphos (40 mol%), 
Pd2dba3•CHCl3 (20 mol%), dioxane, 100 °C, 2 h, for 3b, b: HCl (1 M, 
equiv), THF, 60 °C, 1 h, c: DDQ (2.1 equiv), CHCl3, RT, 0.5 h, for 4a; 50 

DDQ (2.1 equiv), CHCl3, RT, 4 h, for 4b. 
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2-Amino-8-mesityl BODIPY 3a was prepared from 2-bromo 
BODIPY 1a.  Palladium-catalysed imination of 1a with 
benzophenone imine provided imino BODIPY 2a in 69% yield, 
which afforded a purple-coloured solution containing 3a and 
benzophenone after hydrolysis of 2a with aqueous HCl.  Because 5 

decomposition of amino BODIPY 3a occurred during 
concentration of its solution, we subjected the crude product 3a to 
the oxidation reaction without complete evaporation of solvents.  
Oxidation of 3a with 2,3-dichloro-5,6-dicyano-1,4-benzoquinone 
(DDQ) afforded a blue compound 4a in 34% yield in two steps, 10 

which was stable under air.  Its parent mass ion peaks were 
observed at m/z = 968.4118, suggesting its trimeric structure. 
The structure of 4a was unambiguously elucidated by X-ray 
diffraction analysis.  Fig. 1 shows the crystal structure of 4a, 
which contains three BODIPY skeletons.  Two of BODIPY units 15 

constitute a pyrazine-fused BODIPY dimer, to which one 
BODIPY unit is connected through an NH linkage.  The 
BODIPY dimer part is completely planar and the mean plane 
deviation from the plane consisted of 18 carbon and six nitrogen 
atoms in the dimer is 0.107 Å.  The planar geometry suggests 20 

effective "-extension among the dimer unit.  On the other hand, 
the flanking BODIPY moiety is tilted at 44.5° from the dimer 
plane, indicating a small "-conjugation with the dimer moiety.  
The bond length between C(1)–N(9) is 1.33 Å which is shorter 
than that of a standard Csp3–N bond (1.47 Å), while C(20)–N(9) is 25 

standard (1.42 Å).  These data indicate that the lone pair on the 
N(9) atom mainly participates in "-conjugation with the fused 
BODIPY dimer. 

 
Fig. 1 X-Ray crystal structure of 4a.  (a) Top view and (b) side view.  The 30 

thermal ellipsoids are scaled at 50% probability level.  meso-Mesityl 
groups are omitted for clarity. 

To stabilize amino-substituted BODIPY 3a, we introduced 
electron-withdrawing groups. As we expected, nitrophenyl-
substituted BODIPY 3b could be purified as a stable compound.  35 

Oxidation of 3b with DDQ in chloroform exclusively afforded 
the pyrazine-fused trimer 4b in 59%.  In this reaction, no other 
oligomers were observed.  The structure of 4b was also 
confirmed by X-ray diffraction analysis (Fig. S11).  Two 
nitrophenyl groups at the terminal positions are placed almost in 40 

the same plane with the adjacent BODIPY core, indicating 
effective "-conjugation.  The hanging BODIPY monomer unit is 
displaced from the plane of the dimeric unit with the angle of 
21.5°.  The dihedral angle between the dimer plane and the 

flanking BODIPY unit is 54.8°, which is larger than that of 4a.  45 

These displacements are caused by steric repulsion between the 
nitrophenyl substituent and the BODIPY monomer unit. 
Fig. 2a shows the UV/vis/NIR absorption spectra of 4a and 4b in 
dichloromethane along with the spectra of the corresponding 
monomers, 8-mesityl BODIPY 5a and 2-(4-nitrophenyl)-8-50 

mesityl BODIPY 5b.  As compared to the monomers 5a and 5b, 
the absorption spectra of trimers 4a and 4b are significantly 
intensified.  The lowest energy absorption bands of 4a and 4b are 
red-shifted to 701 and 761 nm, respectively.  The absorption 
maximum of trimer 4b is longer than that of 4a because of 55 

extended "-conjugation by the nitrophenyl groups.  Interestingly, 
a new absorption band of 4a appeared around 850 nm in polar 
solvents such as acetone and acetonitrile (Fig. 2b).  Further 
investigation was conducted by theoretical calculations.  The 
frontier orbitals of 4a were calculated by the DFT method at the 60 

B3LYP/6-31G(d) level (Fig. S13).  While the HOMO is 
delocalized over the fused BODIPY dimer unit, the LUMO+1 is 
located at the monomeric BODIPY moiety.  Time-dependent 
(TD) DFT calculations revealed that the lowest energy absorption 
band consists of three transitions.  All of the transitions contain 65 

the transition from HOMO to LUMO+1.  These results indicate 
that intramolecular charge transfer interactions between the 
pyrazine-fused BODIPY dimer and amino BODIPY unit resulted 
in the broad and red-shifted absorption band.  In the fluorescence 
spectra, 4a and 4b show weak emissions in the near infrared 70 

region ("F < 0.01, Figure S15).  The low fluorescence quantum 
yields are probably due to the non-radiative decay by rotation of 
the amino BODIPY substituent.8 
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Fig. 2 (a) UV/vis absorption spectra of 4a (black) and 4b (red) along with 
corresponding monomers 5a and 5b in CH2Cl2. (b) UV/vis absorption 

spectra of 4a in various solvents. 

Electrochemical properties of 4a, 4b and the corresponding 
monomers 5a and 5b5c were investigated by the cyclic 5 

voltammetry (Fig. S12).  The results are summarized in Table 1.  
Both 4a and 4b exhibited clear and reversible reduction waves 
and irreversible oxidation waves.  As compared to the 
corresponding monomers 5a and 5b, the gap between the first 
oxidation and first reduction potentials (#E) becomes narrower in 10 

trimers 4a and 4b.  Because the value of the third reduction 
potential of 4 is almost identical with the first reduction potential 
of monomer 5, the third reduction can be considered to occur on 
the amino BODIPY unit.  Accordingly, both the first and second 
reductions proceed at the fused dimer unit. The theoretical 15 

calculations also support this assignment: the calculated energy 
levels of HOMO, HOMO–1 and LUMO of the corresponding 
pyrazine-fused BODIPY dimer unit are almost comparable with 
those of 4a (Fig. S13).  The split of the reduction waves indicates 
the strong electronic interaction between two BODIPY moieties 20 

in the fused dimer.  The remarkable decrease of the first reduction 
potential in trimers suggests that fusion with the pyrazine ring at 
2,3-positions is effective to lower the LUMO level.  Such a 
compound with a low LUMO level is a promising candidate for 
effective electron-accepting molecules applied for solar cells and 25 

n-type conducting materials. 

Table 1. Summary of electrochemical data a 

compound Eox
2 Eox

1 Ered
1 Ered

2 Ered
3 Ered

4  #Eb 
5a — 1.12c –1.35 — — — 2.47 
4a 1.04c 0.716c –0.735 –0.950 –1.39 –1.92 1.45 
5b — 1.15c –1.21 –1.67 — — 2.36 
4b 1.08c 0.796c –0.556 –0.817 –1.33 –1.73 1.35 

[a] The values are described versus the potential of ferrocene/ferrocenium 
cation. [b] !E = (Eox

1 – Ered
1) [c] irreversible waves. The values were 

obtained by DPV measurement. 30 

In conclusion, we have achieved one-pot synthesis of pyrazine-
fused BODIPY trimers through oxidation of 2-amino-substituted 
BODIPYs.  The reaction proceeded with excellent 
regioselectivity due to high electrophilicity at 3,5-positions.  
BODIPY trimers 4 exhibit bathochromic shifted strong 35 

absorption bands, indicating effective expansion of "-conjugation.  
Theoretical calculations revealed the presence of intramolecular 
charge transfer interactions between the BODIPY dimer and 
monomer units.  This protocol would be applicable to efficient 
access to NIR dyes not only with BODIPYs but also with other 40 

functional "-systems. 
This work was supported by a Grant-in-Aid for Scientific 
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