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Abstract: 4,4-Difluoro-4-bora-3a,4a-diaza-s-indacene (BODIPY) derivatives 1 and 2 were obtained
with 16% and 33% yield by a two-step reaction: condensation of a pyrrole with the corresponding
aldehyde followed by oxidation with 2,3-dichloro-5,6-dicyano-p-benzoquinone (DDQ) in the
presence of boron trifluoride diethyl etherate (BFsOEtz). The two compounds were characterized by
the usual spectroscopic techniques and a detailed photophysical study was undertaken. The
compounds exhibited intense absorption bands at 502 nm and 497 nm, respectively. Emission
studies of the compounds 1 and 2 showed emission bands with maximum wavelength at 518 nm
and 519 nm, respectively.
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1. Introduction

Labels can be attached to proteins, for example antibodies, which accumulate in specific organs
for imaging in animals and human subjects. However, there is a growing realization that imaging
events in cells and whole organisms by fluorescence is limited by the accessible probes. 4,4-difluoro-
4-bora-3a,4a-diaza-s-indacene (BODIPY) dyes tend to be strongly UV-absorbing small molecules that
emit relatively sharp fluorescence peaks with high quantum yields. They are relatively insensitive to
the polarity and pH of their environment, and are reasonably stable in physiological conditions.
Moreover, small modifications to their structures enable tuning of their fluorescence characteristics.
Therefore, these dyes are widely used to label proteins and DNA, among others. Consequently, there
is the potential that modifications to the BODIPY framework will lead to probes that can be used
more effectively for imaging in living cells and whole organisms, but that this is still largely
unrealized [1-5].

Having in mind earlier studies, by other groups, and also the research developed recently by
our group [6,7], we report in this work the synthesis and evaluation of the optical properties of
BODIPY derivatives having in mind their potential application as novel fluorescent probes for the
detection of a wide range of analytes, such as neutral molecules and ions, as well for bio-imaging in
living cells.

2. Experimental Section

2.1. Materials and Methods

NMR spectra were obtained on a Bruker Avance III 400 at an operating frequency of 400 MHz
for 'H and 100.6 MHz for 1*C, using the solvent peak as internal reference. The solvents are indicated

Proceedings 2019, 9, 36; d0i:10.3390/ecsoc-22-05701 www.mdpi.com/journal/proceedings



Proceedings 2019, 9, 36 20f4

in parenthesis before the chemical shift's values [(0 relative to trimethylsilane (TMS)]. Peak
assignments were made by comparison of chemical shifts, peak multiplicities, and ] values, and were
supported by spin decoupling-double resonance and bidimensional heteronuclear techniques. All
reagents were purchased from Sigma-Aldrich, Acros and Fluka, and used as received. Thin layer
chromatography (TLC) analysis was carried out on 0.25 mm thick precoated silica plates (Merck
Fertigplatten Kieselgel 60F254) and the spots were visualized under UV light. Chromatography on
silica gel was carried out on Merck Kieselgel (230-400 mesh). UV-visible absorption spectra were
obtained using a Shimadzu UV/2501PC spectrophotometer. Fluorescence spectra were collected
using a FluoroMax-4 spectrofluorometer.

The relative fluorescence quantum yields were determined by using a 1 x 10> M solution of
Rhodamine 6G in ethanol as standard (@r = 0.95) [8,9].

2.2. Synthesis of BODIPY Derivatives

General procedure: 2,4-dimethylpyrrole (1.0 mmol) and 9-anthraldehyde (1.0 mmol) (for 1) or 4-
(diphenylamino)-benzaldehyde (1.0 mmol) (for 2) were dissolved in dry dichloromethane (DCM)
(100 mL) in the presence of a catalytical amount of trifluoroacetic acid (TFA). The reaction mixture
was stirred at room temperature for 50 minutes. DDQ (1.9 mmol) was dissolved in dry DCM (100
mL), added to the reaction mixture, and stirred for 50 minutes. Triethylamine (16 mmol) was added,
followed by treatment with BFs.OEt: (26.8 mmol) with stirring for 30 min. The mixture was
evaporated under reduced pressure and the crude residue was subjected to a preliminary dry flash
chromatography.

2.2.1. BODIPY Derivative 1

The crude residue was purified through a dry flash chromatography column using petroleum
ether/ethyl acetate (4:1) as eluent. The BODIPY derivative 1 was obtained as a dark red solid (134 mg,
33%).

1H RMN (400 MHz, CDCL3): 6 = 0.67 (s, 6H, CHs-1 and CH3-7), 2.65 (s, 6H, CHs-3 and CHs-5), 5.91 (s,
2H, H-2 and H-6), 7.43 (dt, ] = 1.2 and 8 Hz, 2H, H-3' and H-8'), 7.50 (dt, ] = 1.2 and 8.4 Hz, 2H, H-4'
and H-7'), 7.94 (dd, ] = 0.8 and 8.8 Hz, 2H, H-2' and H-9'), 8.04 (d largo, ] = 8.4 Hz, 2H, H-5' and H-6'),
8.59 (s, 1H, H-1') ppm. *C RMN (100.6 MHz, CDCls): § = 13.29, 14.67, 121.15, 125.07, 125.72, 126.93,
128.25, 128.32, 129.66, 131.28, 132.35, 138.94, 142.87, 155.74 ppm.

2.2.2. BODIPY Derivative 2

The crude residue was purified through a dry flash chromatography column using petroleum
ether/ethyl acetate (4:1) as eluent. The BODIPY derivative 2 was obtained as an orange solid (57.5 mg,
16%).

1H RMN (400 MHz, CDCls): 6 = 1.60 (s, 6H, CHs-1 and CHs-7), 2.57 (s, 6H, CHs-3 and CHs-5), 6.02 (s,
2H, H-2 and H-6), 7.06-7.19 (m, 9H, 9 x Ar-H), 7.22-7.27 (m, 5H, 5 x Ar-H) ppm. *C RMN (100.6 MHz,
CDCls): 6 =14.56, 121.16, 123.30, 123.46, 124.72, 128.881, 129.45 ppm.

3. Results and Discussion

3.1. Synthesis

BODIPY derivatives 1 and 2 functionalized at the meso position were synthesized in two
reactional steps. Initially, the condensation reaction of 2,4-dimethylpyrrole and the corresponding
aldehyde, in the presence of TFA as catalyst, was carried out. The second reactional step consisted in
the oxidation by DDQ followed by reaction with BFsOEt2 (Scheme 1). The crude residue was purified
by a dry flash chromatography column. The products 1 and 2 were obtained as a dark red solid in
33% yield and an orange solid in 16% yield, respectively. The 'H and *C NMR spectroscopy of
compounds 1 and 2 confirmed the proposed structure.
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Scheme 1. Synthesis of BODIPY derivatives 1 and 2.

3.2. Optical Properties Study

The spectroscopic characterization of the two compounds was carried out in acetonitrile
solutions. The BODIPY derivatives showed intense absorption bands (log ¢ = 3.96 and 3.99,
respectively) in the 497-502 nm region (Table 1).

The position of the absorption bands was dependent on the structure and electronic character of
the substituent groups. When BODIPY was functionalized with the 9-anthracenyl group, a slight
bathochromic shift occurred for the maximum absorption wavelength, when compared to the
derivative with the triphenylamine group. In the case of compound 1, the 9-anthracenyl group
exhibits greater planarity and extension of the rt-conjugate system, leading to an absorption band at
a longer wavelength.

Through the study of the emission of compounds 1 and 2, it was possible to observe bands with
maximum emission wavelengths at 518 nm and 519 nm. The relative fluorescence quantum yields,
determined by using Rhodamine 6G in ethanol as standard, were found to be quite low and BODIPY
derivative 2, functionalized with triphenylamine group, showed lower fluorescence quantum yield,
comparatively to compound 1, probably due to the flexibility, which can lead to higher probability
of occurrence of non-radiative relaxation. The Stokes’ shifts of the two BODIPY derivatives were
relatively short, as usual for this class of compounds [2].

Table 1. UV-visible absorption and emission data for 4,4-Difluoro-4-bora-3a,4a-diaza-s-indacene
(BODIPY) derivatives 1 and 2.

Cpd UV-vis Fluorescence
Amax (nm) log ¢ Aem (Nm) Dr Stokes’ Shift (nm)
1 502 3.99 518 0.011 16
2 497 3.96 519 0.005 22

4. Conclusions

Two BODIPY derivatives were synthetized, bearing different substituents at the meso position,
with a yield of 16% for BODIPY derivative 1 and 33% for derivative 2.

The influence of the electronic nature of the different substituent groups on the photophysical
properties (absorption and emission) of BODIPY derivatives was evaluated in acetonitrile solutions.
It was found that higher planarity and a greater conjugation of the 9-anthracenyl group inserted at
the meso position of the BODIPY led to bathochromic deviation of the absorption band.
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