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Abstract: aza-BODIPYs are a promising class of IR fluorescent dyes. The introduction of spe-
cific substituents could allow these compounds to act as fluorescent sensors. In this work, a new

aminophenyl-substituted aza-BODIPY was synthesized for future application as a near-IR pH probe.
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1. Introduction

Aza-BODIPYs are a versatile family of fluorescent complexes [1] with unique combi-
nation of photophysical properties. Aza-BODIPYs are photostable and usually chemically
inert. However, it is possible to modify their substituents in a vast variety of ways, making
these complexes useful in many different fields, from laser generators [2], light emitting
diodes (OLED) [3] and photovoltaic cells [4] to biological labeling [5], molecular imaging [6]
and photodynamic therapy [7].

Biomedical applications require compounds that exhibit fluorescence within the near-
infrared biological transparency window [8] (NIR-I, 650-950 nm). Among the plethora of
already known IR-sensors [9,10], aza-BODIPYs show better luminescence quantum yields
mainly due to structural rigidity [11]. The search for new compounds for practical use is a
task for modern chemistry.

In this communication, we report the synthesis of a new aza-BODIPY with aminophenyl
substituents that may be further used in areas of pH sensing and may act as a fluorescent
probe and marker for future in vivo and even clinical applications.

2. Results and Discussion

The common synthesis of aza-BODIPY includes four stages (Scheme 1) [12]. However,
the conditions of every step dramatically impact the target substituents in the aza-BODIPY
core. In this work, it was found that an inert atmosphere and a low temperature are
essential for obtaining pure chalcone A in high yields. The use of NaOH as a base allowed
us to simplify the separation of target Michael adduct B as a residue from a water solution.
The obtention of aza-DPM C was carried out without solvent, causing the process to last
15 min instead of several hours. The final complexation in toluene allowed us to heat the
reaction mixture up to 110 °C and reduce reaction time to 15 min.
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Scheme 1. Synthetic route to aminophenyl-substituted aza-BODIPY (BD).

The investigation of the spectral properties (Figure 1) showed that the aminophenyl-
substituted aza-BODIPY exhibits absorption and fluorescence in the near-IR region of the

Molbank 2022, 2022, M1530. https:/ /doi.org/10.3390/M1530

https:/ /www.mdpi.com/journal/molbank


https://doi.org/10.3390/M1530
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/molbank
https://www.mdpi.com
https://doi.org/10.3390/M1530
https://www.mdpi.com/journal/molbank
https://www.mdpi.com/article/10.3390/M1530?type=check_update&version=1

Molbank 2022, 2022, M1530

2o0f4

spectrum, the so-called “first biological window”, making it suitable for application in
biological liquids and tissues.
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Figure 1. Normalized absorption (red) and emission (orange) spectra of BD in DCM. The excitation
wavelength is 680 nm.

The investigation of the 3D excitation/fluorescence spectrum showed the complex
nature of electronic transitions in the molecule BD (Figure 2).
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Figure 2. 3D excitation/fluorescence spectrum of BD in DCM.

It can be seen that BD exhibits fluorescence in the range of 400 to 460 nm. This
region is attributed to the luminescence of individual substituents of the dye. This may
mean that there is a low degree of conjugation of the aryl rings with the aza-BODIPY 7t
system. However, this conjugation is still present, which can be seen from the increase
in the S1-Sy fluorescence of the complex upon excitation at absorption wavelengths of
individual substituents (300-350 nm). This phenomenon can be used for multi-wavelength
excitation of the investigated compound to reduce sample damage caused by intense light
or by heating.

3. Materials and Methods

All reagents were purchased from Sigma-Aldrich (St. Louis, MO, USA) and were
used without further purification. 'H and '3C NMR spectra were acquired using a Bruker
Avance 500 spectrometer (Bruker, Ettlingen, Germany) in CDCl3 and DMSO-dg. Mass-
spectra were recorded on a Shimadzu MS (AXIMA; Shimadzu Corporation, Kyoto, Japan).
Absorption spectra were recorded on Unico SpectroQuest 28025 UV /Vis spectrophotometer
(Unico Co., Dayton, NJ, USA). Fluorescence and excitation spectra were recorded using a
spectrofluorometer Cary Eclipse (Varian Inc., Palo Alto, CA, USA).

Synthesis of chalcone (A).
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An amount of 4-aminoacetophenone (675 mg, 5 mmol, 1 eq.) was dissolved in 7.5 mL
ethanol under sonication. The solution was poured into a test tube with a hose connection
and mixed in an ice bath. NaOH (200 mg, 5 mmol, 1 eq.) was dissolved in 5 mL of water
and poured into the reaction mixture. P-tolualdehyde (589 uL, 5 mmol, 1 eq.) was added to
the mixture dropwise to avoid the rapid formation of oily side products. The test tube was
immediately closed with a silicone stopper, evacuated and then refilled with nitrogen five
times using a Schlenk line. After 3 h of stirring in an ice bath, a white residue of chalcone
was fully formed. The mixture was sonicated for 5 min, filtered through a glass Buchner
funnel, washed 10 times with water and dried. The product was a pale-yellow powder.
The product may be purified by recrystallization from methanol (due to low melting point
of the product).

Synthesis of Michael adduct (B).

Chalcone A (474 mg, 2 mmol, 1 eq.) was dissolved in 20 mL of ethanol in a 100 mL
round bottom flask upon mixing. NaOH (290 mg, 4 mmol, 2 eq.) was added followed
by nitromethane (718 puL, 12 mmol, 6 eq.). The mixture was left stirring under reflux for
12 h. The reaction was quenched by addition of 80 mL of water. The residue was separated
by centrifugation and washed with a small amount of water 3 times. The product was
purified by column chromatography (SiO,, ethyl acetate, first fraction), and the solvent
was removed under vacuum. The product was a brown oil.

Synthesis of aza-DPM (C).

Michael adduct B (298 mg, 1 mmol, 1 eq.) and NH4OAc (4620 mg, 60 mmol, 60 eq.) were
mixed in long narrow test tube and heated until boiling (=200 °C). The mixture was left to
boil and was stirred for 15 min. A change of color to dark bluegreen was observed.

The mixture was cooled, dissolved in 50 mL of water, filtered and washed with water
10 times. The product was purified by chromatography (S5iO,, ethyl acetate, first fraction).
The resulting product was a black-blue coppery powder.

MALDI-TOE, m/z: calc. 507.24, found, 507.6317 (Figure S6).

Synthesis of aza-BODIPY (BD).

Aza-DPM C (507 mg, 1 mmol, 1 eq.) was dissolved in 5 mL of toluene in a long narrow
test tube whilst stirring. DIPEA (1217 uL, 7 mmol, 7 eq.) was added. Then, BF3(OEt),
(1111 pL, 9 mmol, 9 eq.) was added and the mixture was kept under reflux for 30 min. A
change in color was not observed.

The reaction mixture was cooled and 50 mL of water was added. The product was
extracted with 5 mL of DCM and washed with water 5 times. The compound changed in
color to pale-pink. The organic layer was dried over Na;SOy4 and purified by chromatog-
raphy (51O, ethyl acetate, first fraction). The solvent was removed under vacuum. The
resulting product was a black-pink coppery powder.

'H NMR (500 MHz, chloroform-d) § 7.99 (dd, ] = 10.5, 8.2 Hz, 8H), 7.00 (s, 2H), 6.74
(d, ] = 8.4 Hz, 4H), 4.27-3.97 (m, 4H), 3.78-3.47 (m, 4H), 2.43 (s, 6H). 'H NMR (500 MHz,
DMSO-dg) 6 8.08 (d, ] =7.8 Hz, 4H), 8.02 (d, | = 8.4 Hz, 4H), 7.49 (s, 2H), 7.33 (d, ] = 7.8 Hz,
4H), 6.69 (d, | = 8.5 Hz, 4H), 6.32 (s, 4H), 2.40 (s, 6H). MALDI-TOF, m/z: calc. 555.24, found,
555.0887 (Figures 51-56).

Supplementary Materials: Figure S1: 'H NMR spectrum for aza-BODIPY BD in CDCl3 (baseline-
corrected, solvent peaks removed); Figure 52: TH NMR spectrum for aza-BODIPY BD in CDCl;
(RAW data); Figure S3: 1H NMR spectrum for aza-BODIPY BD in DMSO-dg (baseline-corrected,
solvent peaks removed); Figure S4: IH NMR spectrum for aza-BODIPY BD in DMSO-dg (RAW data);
Figure S5: 1B NMR spectrum for aza-BODIPY BD in CDCl; Figure S6: MALDI-TOF mass spectra for
aza-DPM 3 (top) and aza-BODIPY BD (bottom); Figure S7: TLC plates with spots of all investigated
compounds. Dashed lines show the initial spots position and the distance moved by solvent.
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