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Abstract: We report a rapid, efficient, and scope-extensive approach
for the late-stage electrochemical diselenation of BODIPYs.
Photophysical analyses reveal red-shifted absorption - corroborated
by TD-DFT and DLPNO-STEOM-CCSD computations - and color-
tunable emission with large Stokes shifts in the selenium-containing
derivatives compared to their precursors. In addition, due to the
presence of the heavy Se atoms, competitive ISC generates triplet
states which sensitize 'O, and display phosphorescence in PMMA
films at RT and in a frozen glass matrix at 77 K. Importantly, the
selenium-containing BODIPYs demonstrate the ability to selectively
stain lipid droplets, exhibiting distinct fluorescence in both green and
red channels. This work highlights the potential of electrochemistry as
an efficient method for synthesizing unique emission-tunable
fluorophores with broad-ranging applications in bioimaging and
related fields.

Introduction

BODIPYs are a well-known class of compounds that have high
fluorescence quantum yields and good photostability, making
them a popular choice for a wide range of applications.™™ Notably,
they play a crucial role in fluorescence microscopy for bioimaging
and are utilized to label proteins, nucleic acids, cell membranes,
and other cellular structures, enabling detailed visualization and
comprehensive analysis.”) BODIPYs that exhibit red-shifted
absorbance and photoluminescence in the red to near-infrared

region of the spectrum, often referred to as the “biologically
transparent window”, have garnered significant attention. This
attribute proves advantageous for biological and medical imaging
applications as it allows for deeper tissue penetration (with less
light absorption by the tissue) and reduced background
autofluorescence when compared to dyes that absorb and emit in
higher energy regions of the spectrum. However, most red-
emitting BODIPYs demonstrate lower emission quantum yields
compared to their blue-green-emitting counterparts, potentially
constraining their effectiveness in specific contexts.?4 The
emission properties of BODIPYs can be tailored by modifying the
chromophore structure and introducing various functional
groups.®!l Specifically, BODIPY derivatives decorated with
chalcogens have been intensively studied to produce fluorescent
probes for the detection of bioactive molecules.®! The
incorporation of chalcogens at positions 8 (meso),! and positions
3 and 5 (a) has been explored (Scheme 1A).[l Additionally, the
synthesis of fused rings involving position 1 and substituents at
position 8 has also been reported.®

However, selenation at positions 2 and 6 has been scarcely
explored. A study by Ortiz and colleagues revealed that heavy-
atom substitution at the 2,6-positions has the most significant
impact on intersystem crossing (ISC) quantum yields.® While
various synthetic techniques are available for functionalizing
BODIPYs, classical nucleophilic aromatic substitution (SnAr)
methods cannot be employed to introduce heteroatom-containing
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substituents at the 2,6-positions due to the small coefficients in
the LUMO at those positions. Functionalization at these positions
typically relies on strategies such as electrophilic aromatic
substitution (SgAr), Pd-catalyzed cross-coupling, and C-H
activation reactions (Scheme 1B).*Y Klan and collaborators
developed a two-step process for the preparation of mono- and
disubstituted BODIPY's containing selenium at positions 2 and 6.
The first step involves the displacement of hydrogen at these
positions by halogen atoms using succinimide reagents such as
NCS (Cl), NBS (Br), and NIS (l). Subsequently, with these
halogens in place, post-functionalization is carried out using a Pd-
catalyzed C—heteroatom Stille cross-coupling reaction.d Other
Pd-catalyzed cross-couplings such as Suzuki-Miyaura and
Sonogashira reactions can also be employed for this type of
functionalization. Kubo*® and Manjare** prepared a 2,6-
diselenated BODIPY through SgAr using toxic phenylselanyl
chloride as a reactant. Churchill and co-workers utilized both
strategies to produce a selenium-containing BODIPY (Scheme
1C).ST However, in all the cited examples, the methods employed
necessitate prior functionalization, result in low yields of BODIPY
derivatives or have limited reaction scope.
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Electrocatalytic C-H activation has emerged as an
exceptionally powerful tool for sustainable late-stage
functionalization.['**d Electrochemistry has also been useful for
functionalizing heterocycles, including with the insertion of
chalcogens, highlighting its potential to access molecules with
broad applications in e.g., medicine and materials science.[%-l
Recently, we have developed a rapid, green, and efficient protocol
for the electrochemical selenation/cyclization of quinones to
access bioactive compounds.” Herein, we present a sustainable
and versatile electrochemical approach for 2,6-diselenation of
BODIPYs using Pt(+)||C(-), reticulated vitreous carbon (RVC = C),
as electrodes in undivided electrochemical cells. This innovative
protocol bypasses the need for chemical oxidants and affords the
swift synthesis of selenium-containing BODIPY's with good yields.
The use of diselenides as reactants provides ease of handling,
stability, odorlessness, and non-toxicity. To the best of our
knowledge, this represents the first report showcasing the use of
electrochemistry for late-stage diversification of BODIPYs
(Scheme 1D).

BODIPYs
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Scheme 1. Overview: A) Applications. B) Reactivity of BODIPYs. C) Examples of selenium-containing BODIPYs. D) Strategy for the synthesis of novel selenium-

containing BODIPYs via electrochemistry.

Results and Discussion
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We started our investigation on the electrochemical selenation
using BODIPY 1la and 1,2-diphenyldiselenide 2a as substrate
models. Using two undivided platinum electrodes (Pt(+)||Pt(-))
and TBAPFs as the electrolyte in MeCN solution, the product 3aa
was obtained in 42 or 52% yields within 1 or 2 h, respectively
(Table 1, entries 1-2). By varying the electrode configuration
(Table 1, entries 3-5), we observed that the combination of
Pt(+)|IRVC(-) favored the reaction, leading to a 67% yield of the
desired product (Table 1, entry 5). Next, we evaluated different
electrolytes (Table 1, entries 6-9) and found that the Pt(+)||RVC(-)
system with TBABF, provided the best performance, resulting in
a 71% isolated yield of the desired product (Table 1, entry 9). In
the absence of an applied current, no reaction occurred (Table 1,
entry 10).

We proceeded to investigate the substrate scope and
limitations of the optimized process under the conditions
described (Scheme 2). Initially, we examined the electrochemical
selenation of BODIPYs with various substituents, including a
thiophene moiety. Products 3ba-3ga, which contained electron-
donating groups (EDGSs) such as alkyl or ether groups at the para-
position of the phenyl ring, were obtained in yields ranging from
40 to 62%. Interestingly, selenium was successfully inserted at
the desired position even in the presence of an alkyne group,
resulting in product 3ha in 60% yield. Products containing
electron-withdrawing groups (EWGSs), such as p-Cl (3ia), p-CN
(3ja), and p-NO; (3ka), were obtained in moderate yields in the
range of 25-35%. The product containing the p-SMe (3la) group
was isolated in 40% vyield, while the naphthyl derivative afforded
3ma in 45% yield. The replacement of the phenyl group by thienyl
(3na) significantly affected the performance of the reaction,
resulting in a yield of 25%.

Table 1. Electrochemical 2,6-diselenation: Investigation of the reaction
conditions using compounds 1a and 2a as substrates.@

1 (mA)

wel O

PhSeSePh (2a, 0.4 mmol)

+ Electrolyte (1.0 equiv, 0.02 M)
¥ CH3CN (10 mL, 0.02 M), 70 °C, X h
undivided cell, CCE at 10 mA

1a 3aa
Entry Electrodes Electrolytes Current/mA Time/h Yield/%
1 Pt(+) || Pt(-) TBAPFg 20 1h 42
2 Pt(+) || Pt(-) TBAPFg 20 2h 52
3 RVC(+) || Pt(-) TBAPFg 20 2h 36
4 RVC(+) || RVC(-) TBAPFg 20 2h 56
5 Pt(+) || RVC(-) TBAPFg 20 2h 67
6 Pt(+) || RVC(-) KPFg 20 2h 57
7 Pt(+) || RVC(-) TBAI 20 2h trace
8 Pt(+) || RVC(-) TBABr 20 2h 34
9 Pt(+) || RVC(-) TBABF, 10 2h 71
10 Pt(+) || RVC(-) TBABF, 0 2h NR

[a] Reaction conditions: 1a (0.2 mmal), 2a (0.4 mmol, 2 equiv.), electrodes (10
mm x 10 mm x 0.05 mm), electrolyte (0.2 mmol, 1 equiv., 0.04 M), MeCN (10

mL, 0.04 M), current (0-20 mA), 70 °C, 1-2 h. RVC = Reticulated vitreous carbon.

NR: no reaction.

The use of diphenylditelluride and diphenyldisulfide was
also evaluated. The formation of the product 3oa substituted with
tellurium was not observed, even with variations of the method
described here and reaction times of 2, 4, 8, and 16 h. On the
other hand, the sulfur insertion reaction, under the
electrochemical conditions established here, resulted in product
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3pa with a 20% yield. We also considered BODIPYs with different
substituent patterns and the use of an Aza-BODIPY derivative. In
general, the method proved reliable for the insertion of selenium
in disubstituted systems 3qa, but did not allow the formation of
the selenium-containing products 3ra and 3sa, when highly aryl-
substituted systems were used. Selenium-containing BODIPYs
were successfully obtained from a variety of aryl diselenides
(Scheme 2). The trimethyl-substituted product (3ab) was obtained
in 55% vyield. Products with o-Me (3ac) and o0-OMe (3ad)
substituents were obtained at 70% and 40%, respectively.
Products containing the EWGs p-Cl (3ae) and p-F (3af) were
obtained in vyields of 60% and 77%, respectively. The
naphthylselenyl-substituted product containing 3ag was obtained
in 35% yield. A proposed mechanism and a discussion based on
data from the literature can be found in the Supporting Information
(SI, Scheme S1). The products were all purified and characterized
by H and 3C NMR analysis as well as HRMS (see Sl for details).
The structure of 3ha was also confirmed by X-ray crystallographic
analysis and is presented in Scheme 2.

The photophysical characterization of the selenium-
containing BODIPY derivatives was conducted in various organic
solvents (107°-10% M) with different dielectric constants (1,4-
dioxane, dichloromethane, ethanol, and acetonitrile). Detailed
photophysical data for all precursors (1a-1n) and their respective
derivatives (3aa-3ng) are summarized in Tables S1-S2. In
dichloromethane, the selenium-containing BODIPYs exhibited
absorption maxima between 515 and 545 nm, depending on the
substituents (Figure 1). These absorptions are attributed to
allowed *m—m* electronic transitions (¢ ~ 10* M cm™).
Interestingly, diselenation led to a red-shift of the absorption
maxima by ca. 20 nm compared to the respective precursors
(Figures S4-S37). The Se-containing BODIPYs displayed color-
tunable emission with maxima between 572-602 nm (Table 2,
Figure 1). Upon selenation, the emission maxima shifted by ca.
70 nm to longer wavelengths compared to the respective
precursors, indicating that the selenium atom plays a significant
role in tuning the emission maxima of these compounds. In
addition, no apparent pattern suggesting a significant charge
transfer character in the ground and excited states are observed,
consistent with preceding reports for other BODIPY
derivatives.['*3¢391  These compounds exhibited modest
fluorescence quantum yields (~ 0.3%), as previously observed for
selenium-based BODIPYs.l'e-7e718a8c9] This can still be useful for
turn off-on sensing, as observed in several compounds,® and
even in selenium-containing BODIPY-based ones.! Finally, the
selenium derivatives exhibited significantly larger Stokes shifts
(~2000 cm™) compared to the starting BODIPYs (=500 cm™),
previously reported compounds (~400 cm™),3d3d and even
BODIPY Lipid probes, that usually show a strong overlap between
the fluorescence and absorption spectra,? resulting in a
substantial reduction in the inner filter effect. The selenium-
containing BODIPYs showed broad emission compared to
reported BODIPYs, which could be used to enable imaging.?¥In
this case, the observed broad emission is likely associated with
intrinsic vibronic coupling and structural relaxation of the S1 state,
a phenomenon commonly observed in Tr-conjugated organic
fluorophores.'! Similar trends were found for the other solvents
studied (see Sl). Furthermore, in nonpolar solvents such as
hexane and toluene, these selenium derivatives demonstrate
photophysical behavior remarkably similar to that observed in
more polar solvents. This observation leads us to posit the
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absence of the intramolecular charge transfer (ICT) process in
these derivatives. It is noteworthy that the naphthyl derivative 3ag
exhibits dual fluorescence emission. Through analysis of the
maxima locations in the studied solvents and taking their
excitation spectra into account (see Sl), the possibility of an ICT
mechanism was ruled out. In this instance, the dual emission is
anticipated to arise from two separate vibrational structures
present in the excited state. The fluorescence lifetimes of the

R? RVC r’_[{'l Pt

TBABF, (1.0 equiv)

10.1002/chem.202303883
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precursors (~4 ns) are in accordance with what is expected for
BODIPY derivatives.?d On the other hand, the selenium-based
BODIPYs showed shorter fluorescence lifetimes, ranging from
2.24 to 0.32 ns, with an average lifetime of ca. 0.8 ns. The short
lifetimes and modest quantum vyields are consistent with
competitive intersystem crossing (ISC) to the triplet state.

1 (mA)

F

BODIPYs Diselenide
1a-1n 2a-2g

F

BODIPYs scope

3aa, 71% 3ba, 50%

3fa, 60% 3ga, 40% 3ha, 60%

3ja, 35%

3ka, 25%

3pa, 20%

3ab, 55%

3ac, 70%

- CH;CN (0.02 M), 70 °C, 2 h
undivided cell, CCE at 10 mA

3la, 40%

3qa, 30%

Diselenide scope

3ad, 40%

3da, 50% 3ea, 60%

3ia, 35%

3ae, X = Cl, 60%
3af, X=F, 77%

3ag, 35%

Scheme 2. Substrate scope: FIBODIPY substrate (0.2 mmol), diselenide (0.4 mmol, 2 equiv.), MeCN (10 mL, 0.02 M), TBABF4 (0.02 M, 1.0 equiv.), Pt(+) || RVC(-)
(20 mm, 10 mm, 0.2 mm), undivided cell, current (10 mA), 70 °C, 2 h. NR = No reaction.

4
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Table 2. Photophysical data for selenium-containing BODIPYs 3aa-3ng in dichloromethane, where labs and Xem are the absorption and emission maxima,
respectively, € is the molar absorptivity, and ®r_ is the fluorescence quantum yield (%).

BODIPY L. (nm) & (M'-cm?) A.m(nm) Stokes shift (cm™) @p_
3aa 515 69000 578 2120 0.35
3ba 515 81000 577 2090 0.34
3ca 515 95000 579 2150 0.30
3da 515 95000 577 2090 0.30
3ea 515 74000 577 2090 0.35
3fa 515 63000 577 2090 0.41
3ga 515 73000 577 2090 0.38
3ha 516 94000 578 2080 0.29
3ia 519 80000 580 2030 0.37
3ja 521 61000 589 2220 0.28
3ka 524 78000 595 2280 0.29
3la 518 65000 580 2060 0.37
3ma 521 73000 580 1950 0.35
3na 530 74000 595 2060 0.22
3pa 516 70000 580 2138 0.10
3qa 516 33000 580 2138 0.80
3ab 545 42000 602 1740 0.55
3ac 517 49000 579 2070 0.35
3ad 516 72000 580 2140 0.10
3ae 516 70000 576 2020 0.47
3af 515 67000 578 2120 0.37
3ag 518 72000  526/572 29411820  0.29
s 58 58 5
= RS 85 ki
3 E3 E 3 | E
< < < .‘\‘“g
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Figure 1. Normalized UV-Vis absorption spectra (in black) and steady-state fluorescence emission spectra (in red) in a dichloromethane solution [ca. 10 M] are
shown for selected selenium-containing BODIPY derivatives: 3aa, 3ad, 3ae, 3ja, and 3ka. Additionally, the respective precursors 1a (for 3aa, 3ad, and 3ae), 1j (for
3ja), and 1k (for 3ka) are presented for comparison, indicated by the respective dashed lines.

To investigate the photophysical properties of precursors
and their derivatives for potential use in membrane/lipid staining,
we conducted steady-state characterizations in a pH 7.0 PBS
buffered solution (see Sl for details). Notably, both sets of
compounds exhibited broader absorption spectra in this aqueous
environment compared to organic solvents. Precursors had
absorption maxima around 500 nm, and the selenium-substituted

BODIPY dyes peaked at 520 nm, mirroring trends seen in organic
solvents. Regarding their emission spectra, those of the
precursors peaked at 510 nm with low QY values, while those of
the derivatives showed even greater redshifts in comparison to
organic solvents, with peaks around 580 nm.

Considering the modest quantum yields and short lifetimes,
it seems that intersystem crossing (ISC) leading to triplet
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formation was a likely cause. Thus, the phosphorescent
properties in solution and in PMMA films of selected derivatives
were investigated (additional details and discussions, see Sl). In
general, the Se-BODIPYs exhibit, in addition to fluorescence, an
additional red-shifted band located at ca. 740 nm with lifetimes
between 200 ns and 1 ms. The Se-BODIPY dyes phosphoresce
in PMMA film at room temperature and in a frozen glass matric at
77K, confirming the formation of a triplet state via ISC. That being
the case, we then examined representative compounds 3ba, and
3da-ga for their ability to sensitize singlet oxygen (*O,), arising
from their triplet states, which could potentially be applied in
photoactivated selective killing of cells (i.e., photodynamic
therapy). Indeed, as shown in Figure 2, all of the compounds
examined generated 'O, when excited at 360 nm, as evidenced
by the phosphorescent emission of 'O, at 1272 nm in the NIR.
The quantum yields for *O, formation (®,) were in the range of
0.3-0.5. This also suggests very similar rate constants for
fluorescence and ISC processes in the Se-containing BODIPYSs.

600
Ref.

> 500 3ba
2
‘D gda
c ea

400 -
% 3fa
= 3ga
= 300+
h=
n A
2 200 /‘,’r o
UEJ i ¥\ i\

100 4 /V i \

m ‘v“«l{‘w i /N
NV A A LMY A WA
RO LA ARG
T T T T
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Figure 2. Emission spectrum of singlet oxygen generated from sensitization of
a perinaphthenone standard (Ref.) vs. that generated by sensitization by
compounds 3ba (®s = 0.3), 3da (Ps = 0.4), 3ea (®a = 0.5), 3fa (Pa = 0.4), 3ga
(®a = 0.4), excited at 360 nm in dichloromethane.

To gain further insight into the electronic properties of these
molecules, we conducted TD-DFT calculations on a selected set
of compounds. The appropriate level of theory was determined
via benchmarking against the X-ray crystal structure of 3ha and
experimental spectra (see Sl for details). Geometry optimizations
were carried out at the wB97X-D/cc-pVDZ,aug-cc-pVTZ(Se) level
in Gaussian 16. All geometries were confirmed as minima based
on frequency calculations. TD-DFT (singlets) calculations were
carried out on the optimized systems without the Tamm-Dancoff
approximation but with the inclusion of the RIJCOSX
approximation, performed at the wB97X-D3(BJ)/def2-TZVP level.
Solvation effects were considered through the implicit conductor-
like  polarizable  continuum model (CPCM; solvent:
dichloromethane, DCM) in ORCA 5.0.3. The character of the
transitions was interpreted using natural transition orbital (NTO)
analysis.

The significant absorption features observed in the visible
region for all BODIPYs are attributed to the So— S, electronic
transition (see Sl for details). Although prior studies have
underscored the disparities between calculated TD-DFT
excitation energies and experimental data for BODIPYs,?? TD-
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DFT retains its significance as a valuable tool for evaluating
electronic transition characteristics and qualitative patterns in
absorption features within the BODIPY family. In our calculations,
deviations fall within the range of 0.30 eV to 0.53 eV, with the
propynyloxyphenyl-substituted molecules (1h, 3ha) exhibiting a
slightly more accurate representation compared to those featuring
the simpler phenyl group (la, 3aa). Furthermore, better
agreement is observed for the precursor compounds (1a, 1h)
when contrasted with the diselenide derivatives (3aa, 3ha). All
higher transitions occur within the UV spectral range and are not
relevant to our discussion.

In light of the large excitation energy deviations observed
with the TD-DFT method, we employed a more accurate
approach to describe the excited states of these molecules better.
Specifically, we turned to the coupled-cluster singles and doubles
(CCsSD) model, incorporating the similarity transformed equation
of motion (STEOM) approach, and the domain-based local pair
natural orbital (DLPNO) approximation formalism, denoted as
DLPNO-STEOM-CCSD, and conducted these calculations using
ORCA 5.0.3. These were done at the DFT optimized geometries
and also applying the CPCM implicit solvent model (solvent:
DCM). A benchmark of basis sets indicated that employing the
double-¢ quality def2-SVP basis set sufficed (see SI for details).

As anticipated, this higher-level theoretical approach
yielded a more accurate description of singlet excitation energies
compared to TD-DFT (see Figure 3). The discrepancies ranged
from 0.11 eV to 0.18 eV (see Sl). Consistent with the TD-DFT
results, a better agreement was observed for the precursor
compounds compared to their diselenide derivatives.
Furthermore, both TD-DFT (Ax = 10 nm) and DLPNO-STEOM-
CCSD (Ax = 34 nm) calculations indicated a bathochromic shift
when transitioning from precursor 1la to its diselenide derivative
3aa, aligning with experimental observations. Notably, the
bathochromic effect aligns better with experimental data (Ax = 15
nm) in the TD-DFT perspective. One possible explanation for this
discrepancy might be the size-extensive nature of errors
introduced by the DLPNO scheme,?® which leads to more
significant deviations in energy calculations for the derivatives
compared to their respective precursors. This effect is not present
in TD-DFT.

Despite the tendency of TD-DFT to overestimate transition
energies, the bathochromic effect induced by diselenide
substitution is qualitatively captured. As previously discussed,
and supported by existing literature,” the So—S; transitions in
BODIPYs are typically attributed to *mr—r* transition characterized
by minimal charge transfer, typical for HOMO-LUMO (H-L)
transitions. The NTO analysis depicted in Figure 3 aligns with this
picture. For all of the molecules, the electron densities of the
relevant orbitals are predominantly localized over the three-fused-
ring moieties, with a minor contribution in the 8-Ph substituent and
the non-bonding electron pairs of the fluorides on the acceptor
orbitals. Of particular interest to our investigation is the influence
of the Se-containing substituents. As illustrated in Figure 3, Se
atoms actively participate in both donor and acceptor orbitals.
This leads to a more dispersed electron density in the Se-
containing molecules when compared to the precursors, thereby
narrowing their HOMO-LUMO gaps, an effect akin to what is
observed with increased Ttr-conjugation. Consequently, this
reduction in the energy gap between the Sy and S; states in the
diselenated BODIPYs results in the observed bathochromic effect.
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1a
1a 3aa
H-L gap [DFT] 6.84 eV 6.74 eV
Acaic [DLPNO-STEOM-CCSD] 524 nm 558 nm
Agxp [SOIVent: DCM] 500 nm 515 nm

Al [3aa-1a] calc: 34 nm (exp: 15 nm)

Figure 3. Donor (hole) and acceptor (electron) NTO plots of 1a and 3aa. The
DFT HOMO-LUMO (H-L) gap and the excitation energies (kcac: So—S1 vertical
excitation calculations at DLPNO-STEOM-CCSD; hexp: measured data) of the
compounds in DCM are also shown. A bathochromic shift of AN = 34 nm is
estimated by the computations, in good agreement with the experimental data
(Ax = 15 nm). Isovalues: 0.03 au.

Finally, we have demonstrated the potential of the selenium-
containing BODIPYs for imaging of biological samples (Figure 4).
Two pairs of non-selenated compounds and their corresponding
selenated derivatives were selected for bioimaging studies, with
living adipose tissue observed using a confocal microscope. The
BODIPYs were excited at wavelengths of 488 nm and 535 nm. In
the case of BODIPYs la and 1h, staining of lipid droplets was
observed mostly in the green channel. In contrast, the selenium-

Aex: 488nm Aex: 535nm

Experimental Section

General procedure for the electrochemical diselenation of
BODIPYs: In an electrochemical reactor, the corresponding
BODIPY (0.2 mmol), TBABF. (0.2 mmol), and diselenide (0.4
mmol) were dissolved in 10 mL of MeCN. The reaction was

10.1002/chem.202303883

WILEY-VCH

containing compounds 3aa and 3ha exhibited a consistent and
significantly enhanced fluorescence in the red channel, in addition
to their presence in the green channel, consistent with the broader
emission spectra of these molecules. Importantly, the selected
compounds stained structures that resembled the single large
lipid droplet from adipocytes of unilocular white adipose tissue.
This specificity was corroborated by comparing such a pattern
with that observed following osmium tetroxide staining (see Sl), a
classical stain commonly used for the light and electron
microscopy of adipose tissue.?® These findings underscore the
ability of these compounds to stain lipid droplets in different
excitation/emission spectra, thereby demonstrating their potential
as versatile fluorescent probes with broad-ranging applications.
BODIPYs that absorb and emit at wavelengths >530nm can be
detected in deeper layers of the tissues with decreased
cytotoxicity.?®l Therefore, these probes can be employed to
visualize various biological processes associated with lipid
accumulation, both in living and fixed tissues, in physiological and
pathological conditions such as fatty liver disease and
obesity/metabolic syndrome.

Conclusion

In conclusion, we have successfully synthesized a diverse array
of selenium-containing BODIPYs, using a rapid and efficient
electrochemical method. The resulting selenium-containing
BODIPYs exhibit useful and diverse photophysical features,
including color-tunable emission associated with larger Stokes
shifts than those of their precursors, and sensitization of *O, from
triplet states formed by competitive ISC, which makes them
suitable for bioimaging studies and, potentially, for photodynamic
therapy. Finally, this work demonstrates the potential of
electrochemistry as a valuable approach for producing
fluorescent probes with BODIPYS.

(o) \\

Aex: 488nm Aex: 535nm

Figure 4. Bioimaging of lipid droplets in adipose tissue stained with non-selenated and selenated compounds. Tissues were excited at 488 nm or 535 nm and
observed at 20x magnification. Scale: 120 pm.

carried out at 70 °C using Pt(+)||RVC(-) under 10 mA and 20 V for
2 h. Then, the solvent was removed, and the product was purified
by column chromatography using a hexane:toluene mixture as
eluent.
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The synthesis of red-emitting BODIPY derivatives through a mild electrochemical diselenation process is reported. The study
encompasses substrate scope exploration, photophysical characterization, computational analysis, and the demonstration of their
potential as emission-tunable fluorescent probes with large Stokes shift for lipid droplet visualization, offering broad-ranging applications
in bioimaging and related fields.
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