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ain observation and conclusion

The fluorescence sensing of intracellular glutathione thiyl radical (GSe) is in great demand to seek the GSe-related pathophysiological
events. Herein, BODIPY-modified B-cyclodextrin was developed for high-efficiency sensing of GSe, accompanied by a fast response time
(t1/2 =218 s), with the limits of detection for 468 nM. Cell experiments indicated that the BODIPY-modified B-cyclodextrin could be
applied to detect the GSe in live A549 cells.
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Report

Background and Originality Content

Thiyl radicals are important intermediates in thiol redox biology
and chemistry, which involve a series of biological processes, includ-
ing the mechanism of action of ribonucleotide reductase.l3 Among
them, glutathione thiyl radical (GSe) is the direct product of the re-
action between glutathione (GSH) and free radicals.* In the process
of converting GSH to GSe, it can effectively scavenge free radicals
produced in the process of human metabolism.>7 Meanwhile, the
produced GSe can also function as an electron “sink” by removing
r dicals from a-carbon (C,) position in the protein via hydrogen-
atom transfer (HAT), thereby “repairing” the related protein radical
~amage.8 On the other hand, GSe is a strong oxidant, which can
cause cell damage by reacting with protein thiols and the unsatu-
rated acyl chains of phospholipids.®10 Therefore, GSe plays a signif-
" ant role in the intracellular redox process. Since the GSH is the
highest concentration of non-protein biothiols,1112 and the GSe can
" > generated under oxidative stress or in the activativation of sig-
naling pathways, the accurate detection of GSe is in great demand
~ seek the GSe-related pathophysiological events.

Structurally, GSe has high chemical reactivity, short lifetime and
poor stability, as well as easy to generate GSSG,31314 causing its

1alysis in biological systems to be blocked. The commonly used
detection method is based on electron paramagnetic resonance
< )ectroscopy spintrapping,’> which undoubtedly makes the detec-
tion process very complicated. At present, fluorescent probes are
widely used in the detection of GSH because of their high sensitivity,
strong specificity, fast responses etc.1623 However, among the re-
ported fluorescent probes, most types of them mainly depend on
the nucleophilic properties of sulfhydryl groups to qualitative or
Jantitative detect GSH,242° which cannot achieve effective sensing
of GSe, resulting in the limitation of the in-depth understanding of
_3Se in cellular environments. Taking the above factors into account,
introducing the organic reaction based on thiol radicals as the de-
tc ction mechanism is expected to achieve rapid identification of
JSe,
To our knowledge, thiol radicals have the characteristics of high
.activity and strong bonding ability, which have become one of the
common strategies for C-S bond coupling reactions.3%-33 |n 2019, Xie
1d coworkers reported an efficient and selective photocatalysis
approach for introducing ArS units into BODIPY through thiyl radi-
...... ) THF.3* The quantum yields of ArS-substituted BODIPY has
been greatly improved. In the same year, Hao and lJiao et al. re-
ported an efficient transition-metal-free regioselective C-H/S-H
~ross-coupling of BODIPY with thiols for controllable synthesis of
mono-, di- and tri-thiolation BODIPY via a radical process in
I VISO.3 In addition, they also use the same mechanism to achieve
a-sulfonylated BODIPYs with sodium sulfinates through oxidative
radical hydrogen substitution in CH3NO,.3¢ It was found that thiol
r dicals and BODIPY can effectively undergo radical cross-coupling
reaction, which gave significant changes in fluorescence properties.
However, these kinds of coupling reactions were mainly carried out
..« organic solvents, accompanied by the high temperature or the
long reaction time. As far as we know, BODIPY has been extensively
studied and used in the design of fluorescent probes for sensing of
GS5H,37-40 that is to say, how to achieve and increase the rate of the
thiol radicals cross-coupling reaction based on BODIPY derivatives
in the aqueous phase is the key to achieve accurate detection of
GSe in living cells.

One possible strategy to accomplish these tasks is to take ad-
vantage of supramolecular macrocyclic compounds, such as cy-
clodextrin (CD). CD is a “cone-shaped” molecule that own hydro-
phobic cavity and hydrophilic outer wall, which is composed of 6-8
a-D-glucopyranose units linked by a-1, 4-glycosidic bonds.4143 Up
to now, the research of molecular recognition and molecular as-
sembly based on CD have become a hot research field in supramo-
lecular chemistry.#44% Among them, it is one of the commonly used
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strategies in the catalytic coupling reaction of the aqueous phase,
such as Suzuki cross-coupling reaction.5° The main reason is that the
cavity of CD can interact with hydrophobic organic molecules to
form a reversible host-guest inclusion complex, which improves the
solubility of guest molecules in water and then enables organic re-
actions to proceed in water.>> Meanwhile, under appropriate con-
ditions, CD and its derivatives can play a selective catalytic role, and
the hydroxyl group on the cone can also ensure that the reaction
proceeds in a desired direction through hydrogen bonding.5253
Therefore, it is reasonable to modify the BODIPY with CD to achieve
and increase the efficiency of free radical cross-coupling reaction in
water.

In this study, we constructed a ratiometric fluorescent probe for
highly selective sensing of intracellular GSe based on BODIPY-mod-
ified B-cyclodextrin (BODIPY-BCD) (Scheme 1). It exhibited a high
affinity for GSe based on thiol radicals cross-coupling reaction, with
the limits of detection for 468 nM. As the concentration of GSe in-
creased, the fluorescence intensity changed obviously, and then
reached the balance until the final concentration was 130 puM.
Time-course fluorescence response spectra displayed the whole re-
action process can be finished within 10 min, representing the com-
pletion of the radical cross-coupling reaction, accompanied by the
observed rate constant (Kops=3.18x103 s'1) and a fast response time
(t12 = 218 s). Importantly, the covalent bonding connection be-
tween B-CD and the BODIPY was necessary, which not only im-
proved the water solubility and biocompatibility, but also avoided
the self-aggregation of BODIPY. In addition, the affinity of BODIPY-
BCD for GSe was higher than BODIPY, making it useful for highly
selective sensing of GSe in living cells. Through the cell experiments,
it was found that the BODIPY-BCD had extremely low cytotoxicity
and could be applied to detect the GSe in live A549 cells.
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Scheme 1 (a) The generation and reaction of GSe. (HAT: Hydrogen-atom
transfer; HRP: Horseradish peroxidase). (b) Molecular structure of BODIPY-
BCD and the radical cross-coupling reaction with GSe.

Results and Discussion

© 2021 SIOC, CAS, Shanghai, & WILEY-VCH GmbH

It is well kown that Fe?* could react with H,0; to generate the
hydroxyl radicals (¢OH) based on the Fenton reaction,>*>5 and the
*OH could react with GSH to generate the same equivalent of GSe.
Therefore, in order to simulate the transformation of GSH to GSe,
H,0; was selected for the formation of ¢OH with Fe?*. We first used
UV-Vis absorption and fluorescence spectroscopy to evaluate the
detection performance of BODIPY-BCD toward GSe. The solution of
BODIPY-BCD was pre-treated with GSH (1 mM), and no obvious
fluorescence changes were found even after 40 min (Figure S1).
However, upon addition of the mixture of Fe?* and H,0,, the
absorption peak at 501 nm of BODIPY-BCD decreased rapidly,
accompanied by two new peaks emerged at 536 nm and 575 nm
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(Figure 1a), which occurred along with an obvious color change
from pale yellow to purple (Figure 1a, inset). In this process, the
absorption peak at 536 nm first increased and then declined when
the peak at 575 nm reached the balance (Figure 1a and S2a). From
the fluorescence spectroscopy of titration experiment, the emission
peak of the BODIPY-BCD at 520 nm was decreased and two new
peaks were gradually increased at 551 nm and 590 nm,
accompanied by a distinct fluorescence color change from green to
orange red (Figure 1b and 1c, inset). The emission peak at 551 nm
first increased and then declined along with the further increment
o peak at 590 nm, its trend was similar with UV-Vis absorption
spectroscopy (Figure S2b and S2c ). Meanwhile, superior
ratiometric fluorescence responses were observed, accompanied
vy a large separation (ca. 74 nm). In the dose—response plots for the
reaction between BODIPY-BCD and the GSe, we found the most
< yvious fluorescence change were around 0-130 uM, indicating
that BODIPY-BCD could be used to detect GSe with highly affinity
~nd sensitivity (Figure 1d). The limits of detection for GSe was
calculated to be 468 nM based on an S/N ratio of 3 (Figure S3).
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Figure 1 Changes in the UV-Vis absorption (a) and fluorescence spectra (b,
' of BODIPY-BCD (10 uM) pre-treated with GSH (1 mM) upon addition of
Fe?* and H20;. [(b): Ex=491 nm; (c): Ex= 565 nm]. (d) Dose—response curves
ctions of BODIPY-BCD toward GSe (GSH = 1 mM, Fe? = H,0,= 0-150

uM).

In order to real-time monitor the process of the reaction, the
time-course fluorescence response spectra were performed. It was
f- und that the radical cross-coupling reaction between BODIPY-
»CD and GSe can be finished within 10 min (Figure 2a). Obviously,
the fluorescence emission at 551 nm was first increased and then
' :clined, which was similar with the UV—Vis and fluorescence spec-
ra. From the time-course fluorescence response spectra, we can
obtain the observed rate constant (Kops=3.18x1073 s1) and a fast re-
_Jonse time (t1/2= 218 s) (Figure S4). In addition, we selected UV—
Vis and fluorescence spectra to assess the stability of BODIPY-BCD
and the selectivity toward GSe. As showed in Figure S5, no obvious
fluorescence changes were found for BODIPY-BCD in the condition
of pH variations, while, it displayed excellent responsivity to GSe at
pH 4-10. Furthermore, good selectivity for GSe was also achieved,
with an enhancement of the fluorescence ratio (Fsgonm/Fs20nm) at
least 2200-fold relative to that of various other intracellular amino
acids, reactive oxygen (ROS) and nitrogen species (RNS) (Figure 2b
and S6), suggesting that BODIPY-BCD was suitable for qualitative
detection of GSe in living cells. In addition, due to the existence of
large amount of H,0; in cancer cells, we pre-treated with GSH (1
mM) and H;0; (0.4 mM) in the solution of BODIPY-BCD, and then
upon addition of the different concentration of Fe* (Figure S7). The
UV-Vis and fluorescence spectra showed the similar results, and
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the obvious fluorescence changes were around 0-13 pM, demon-
strating that the BODIPY-BCD could be used to monitor the varia-
tion of GSe depends on the concentration of Fe2* in cancer cells.

Next, we explored the mechanism of the radical coupling reac-
tion between BODIPY-BCD and GSe. From the UV-Vis spectroscopy,
it was found that the emission peak of BODIPY-BCD did not gave
obvious change in the presence of GSH, H,0,, Fe?*, GSH+H,0; or
GSH+Fe?* after 40 min (Figure S8). This comparison represents that
the reaction only occurred in the presence of GSH+H,0,+Fe?*,
demonstrating that BODIPY-BCD could only react with the GSe ra-
ther than GSH. During the process of sensing, two new peaks indi-
cated the formation of two products. Form the UV-Vis and fluores-
cence spectra, we can confirm that the one was the mono-substi-
tuted product for BODIPY-BCD+GSe, accompanied by 37 nm red-
shift,2556-58 gnother was the double-substituted product for BOD-
IPY-BCD+2GSe, accompanied by 74 nm redshift.345960 These
changes in UV-Vis and fluorescence spectra were consistent with
the reported researches. Furthermore, MALDI-TOF studies were
conducted to confirm the existence of double-substituted product.
A mass peak at 2092.1981 corresponding to [BODIPY-BCD+2GSe+1]
and the mass peak at 2147.0351 corresponding to [BODIPY-
BCD+2GSe+Fe2*] (Figure S9). On the other hand, we tested the in-
fluence of Fe3* for the detection. It was well known that the Fe3*
could react with H,0; to generate *OOH instead of *OH. Upon ad-
dition of Fe3*, the similar fluorescent changes for BODIPY-BCD was
observed, which confirmed that GSH could also react with ¢«OOH to
obtain GSe and can be used to detect the GSe depends on the con-
centration of Fe3* (Figure S10). This result demonstrated that the
BODIPY-BCD could be used to monitor the GSe after GSH reacted
with various free radicals. In addition, it was well known that HRP
could react with H,0,, and then generate the GSe in the presence
of GSH, which have been confirmed by ESR (electron spin resonance)
spectrum.* Therefore, we pre-treated with H,0, and GSH in the so-
lution of BODIPY-BCD, and then upon addition of the HRP. The UV—
Vis spectra showed that the absorption peak at 501 nm of BODIPY-
BCD decreased, and the two new peaks at 536 nm and 575 nm
increased (Figure S11). This result confirmed that the GSe was
gernated under the condition of HRP and H,0,, and then reached
balance within 3 minutes. By using this fluorescent probe BODIPY-
BCD, we can fast capture the production of GSe under oxidative
stress, which will be helpful to seek the GSe-related pathophysio-
logical events.

To demonstrate the advantages of B-CD in the sensing of GSe,
we comparative analyzed the detection performance of BODIPY
(Figure 2c). The molar absorptivity of BODIPY at 530 nm was very
high, but not for BODIPY-BCD. The main reason may come from the
aggregation of BODIPY due to its poor water solubility. After re-
acted with GS¢, the molar absorptivity of BODIPY at 566 nm was
much lower than BODIPY-BCD+2GSe. These results demonstrated
that the BODIPY-BCD not only improved the water solubility of
BODIPY, but also avoided the interference caused by self-aggrega-
tion of BODIPY. The related changes in the UV-Vis absorption of
BODIPY toward GSe were displayed in Figure S12. Through the
dose—response plots for the reactions between BODIPY and the
GSe, we found the most obvious fluorescence changes were around
0-250 pM, indicating that BODIPY could also react with GSe, but
the affinity was lower than BODIPY-BCD. In addition, to evaluate
the effect of the covalent bond between the BODIPY and -CD in
BODIPY-BCD, we prepared nonbonded complex between B-CD and
BODIPY, and evaluated its reaction with the GS* (Figure S13). Un-
der these conditions, no obvious spectral changes were observed
upon addition of the GS* in the absence or presence of B-CD,
which demonstrated that simply mixing the BODIPY with B-CD did
not improved the reaction efficiency, and also cannot avoid the self-
aggregation of BODIPY, indicating that the covalent bonding con-
nection between B-CD and the BODIPY was necessary.

www.cjc.wiley-vch.de
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Figure 2 (a) Time-dependent fluorescence emission for BODIPY-BCD (10 uM)
yon reaction with GSe (black: Ex = 491 nm; red: Ex = 526 nm; blue: Ex =

565 nm). (b) Ratiometric fluorescence response of BODIPY-BCD toward in-
acellular amino acids, ROS and RNS (0.1 mM). (c) Comparative analysis of

BODIPY-BCD and BODIPY towards GSe in the UV-Vis absorption. (d) Circular

dichroism spectra of BODIPY-BCD (10 uM) and BODIPY (10 uM) toward GSe
water. (GSH =1 mM, Fe?* = H,0,= 120 uM).

After that, we measured the circular dichroism spectra to verify
the spatial configuration of BODIPY-BCD (Figure 2d). The spectra of
BODIPY-BCD displayed no Cotton effects, suggesting that the BOD-
ii Y unit was not encapsulated in the hydrophobic cavity of the B-
CD. In addition, the linker between BODIPY and -CD is rigid triazole
and is too short to encapsulate BODIPY units in a self-inclusion

ode. Hence, we deduced that the self-inclusion between BODIPY
uhit and B-CD was difficult at low concentration (10 uM). However,
.ne BODIPY-BCD-2GSe showed obviously Cotton effects at 575 nm,
and no Cotton effects was found in the BODIPY-BCD-GSH, which in-
' cated that the signal was only generated after the cross-coupling
ieaction between BODIPY and GSe. Compare to BODIPY-2GSe, the
BODIPY-BCD-2GSe displayed more obvious Cotton effects, demon-
_crating that the presence of B-CD could induce the BODIPY-BCD-
2GSe to produce a distinct circular dichroic signal. Meanwhile, as
1 e concentration of GSe increased, the Cotton effects became
mare obvious (Figure S14a). In addition, we filled the BODIPY-BCD
cavity with adamantane sodium formate (ADA-Na) to confirm the
influence of cavity of B-CD (Figure S14b). As we expected, the Cot-
* n effects of BODIPY-BCD-2GSe at 575 nm was declined, which
indicated that the BODIPY unit was repalced by ADA-Na because of
the strong host-guest interaction between adamantane and -CD,

snfirming the BODIPY unit was encapsulated in the hydrophobic
cavity. In order to confirm the assembly mode of BODIPY-BCD, we
tosted the 2D ROESY spectrum of BODIPY-BCD (1 mM) in D,0. As

jown in Figure S15, it can be seen that the signal of the BODIPY
unit is obviously correlated with BCD, which confirms that the BOD-
'"Y unit is encapsulated in the BCD cavity. Subsequently, we com-
pared the TH-NMR of BODIPY-BCD at 1 mM and 2 mM concentra-
tions (Figure S16). The results show that as the concentration in-
creases, the chemical shift of H in the BODIPY unit moves to the
high field, demonstrating the assembly mode of BODIPY-BCD is in-
termolecular assembly. Therefore, we deduced that the BODIPY
unit was wrapped inside the cavity of another molecule of B-CD
after the BODIPY-BCD-2GSe was formed. The driving force may
come from the hydrophobic interactions and hydrogen bond
interactions between GSH and CD,%! which was conducive to the
formation of BODIPY-BCD-GSe assembly. In addition, the fluores-
cence quantum yields were measured to be 1.41% and 4.69% for
BODIPY and BODIPY-BCD, as well as 33.45 % for BODIPY+2GSe and
56.43% for BODIPY-BCD+2GSe, respectively (Figure S17). This result
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displayed that the fluorescence quantum yields of BODIPY was sig-
nificantly improved after covalent connecting with B-CD, which was
suitable for bioimaging.
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Figure 3 Confocal fluorescence images of living A549 cells incubated with
(a—d) BODIPY-BCD (10 uM). (e—h) images of BODIPY-BCD-loaded A549 cells
incubated with H.0; and Fe?* for additional 3 h. (i-I) images of BODIPY-BCD-
loaded A549 cells incubated with HRP and H20: for additional 3 h. (Scale bar
is 40 um)

To explore the utility of the BODIPY-BCD for sensing of GSe in
living cells, we first evaluated the cytotoxicity of BODIPY-BCD by
means of CCK-8 assays. In comparison to a control group, the per-
centages (%) of cell viability displayed only a negligible change after
incubation with different concentration of BODIPY-BCD for 24 h
(Figure S18). This result demonstrated that BODIPY-BCD had an ex-
tremely low cytotoxicity. Subsequently, imaging of variations in cel-
lular GSe was implement by using live A549 cells. As shown in Figure
3a—d, strong green fluorescence and weak red fluorescence were
observed when the cells were incubated with BODIPY-BCD for 6 h.
The result indicated that the BODIPY-BCD could be taken up by cells
and gave a clear fluorescence signal. After that, when the cells were
further treated with H,0,/Fe?*, obvious enhance of red fluores-
cence was found, accompanied by the decline of fluorescence in the
green channel (Figure 3e—h). This result revealed that the BODIPY-
BCD could react with GSe and gave an obvious fluorescence signal
change, confirming the excellent recognition ability of BODIPY-BCD
for GSe in living cells. For the negative control experiments, we se-
lected the NEM (N-Ethylmaleimide) as the scavenger of GSH, which
could inhibit the generation of GSe. The cell was first treated with
BODIPY-BCD for 6 h, and then added the NEM (0.5 mM) for another
1 h. Subsequently, the Fe?* and H,0, were added for additional 1.5
h, respectively. As shown in Figure S19a-d, upon addition of NEM,
we can observe the strong green fluorescence and very weak red
fluorescence. Moreover, the further processing of FeZ* and H,0; re-
sulted in no significant increase in the red fluorescence channel
(Figure S19e-h). The result demonstrated that the change in the flu-
orescence was caused by the fluxes of GSe. On the other hand, we
also tested the HRP/H,0,/GSH systems in cell imaging. As shown in
Figure 3i-I, when the cells were treated with HRP and H,0,, obvious
enhance of red fluorescence was also found, accompanied by the
decline of fluorescence in the green channel. This result revealed
that the generation of GSe catalyzed by HRP and H,0; in the pres-
ence of GSH, confirming the excellent recognition ability of BODIPY-
BCD for GSe in living cells. To our knowledge, ferroptosis is an iron-
dependent programmed cell death method.®2Therefore, we antici-
pated that the BODIPY-BCD will provide a good method in the de-
tection of GSe-related pathophysiological events during the process
of ferroptosis.

Chin. J. Chem. 2021, 39, XXX—XXX
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Conclusions

In summary, we have constructed a unique ratiometric fluores-
cent probe based on BODIPY and B-CD through click reaction for
high-sensitivity sensing of intracellular GSe. The BODIPY-BCD ex-
hibited high affinity for GSe with the limits of detection for 468 nM,
and the whole reaction can be finished within 10 min, accompanied
by the observed rate constant (Kobs=3.18x103 s1) and a fast re-
sponse time (t12 = 218 s). A direct comparison between BODIPY
and BODIPY-BCD was analyzed. Due to the existence of B-CD, the
v ater solubility and biocompatibility were greatly increased, and
the self-aggregation of BODIPY could be avoided, as well as the af-
“nity and the sensitivity of BODIPY-BCD toward GSe was improved.
In addition, not only limited to the Fenton reaction mediated by
F=22*, the existence of HRP also can generate the GSe in the pres-

ice of H,0, and GSH, and the BODIPY-BCD both displayed excel-
lent ratiometric fluorescent response toward GSe during these two

‘ocesses. The circular dichroism spectra displayed that the BOD-
IPY-BCD+2GSe had obvious Cotton effects, demonstrating the
~ DDIPY unit was encapsulated into the cavity of B-CD after reacted
with GSe, accompanied by significant increase in fluorescence
qguantum yield. Cell imaging experiment indicated that the BODIPY-
" 2D had extremely low cytotoxicity, and can be employed to mon-
itor GSe in live A549 cells, accompanied by excellent ratiometric flu-

‘escence signal. In the present investigation, we expect that cy-
clodextrin-modified fluorescent probe will help to further detect GS
* in biological systems.

Experimental

Solution preparation. BODIPY-BCD and BODIPY stock solution
ware made by dissolving them in DMSO. All above stock solution
was prepared to a final concentration of 1 mM. GSH and other anal-
yses were dissolved in water. In addition, all testing solutions were
r epared by diluting stock solution with water. Mixing was usually
done by adding analyte solution (for example, GSH, Fe?* and H,0,
solution) into probe solution. HRP (150 unit/mg) was purchased
.rom MACKLIN and the solution was made by dissolving it in water,
and then reached the final concentration of 3 mg/mL. Cell staining
s lution was made by diluting 1 mM of BODIPY-BCD in water for a
fnal mrobe concentration of 10 uM. The water were adjusted to
airrerent pH by using 1M NaOH solution and 1M HCI. The UV-Vis
absorption changes and fluorescent spectra of BODIPY-BCD (10 uM)
i water in the pH range of 4-10 were recorded with or without GSe
(GSH+Fe?*+H,0).

Cell culture and fluorescence imaging experiment. A549 cells

ere grown in DMEM medium containing 10% FBS, 1% penicillin,
and 1% streptomycin at 37 °C in 5% CO,. Cells were plated on con-
focal dish and allowed to adhere for 24 hours. For confocal fluores-

2nce imaging experiment, cells were incubated with BODIPY-BCD
(10 uM) in culture medium for 6 h. After that, the FeZ* (300 uM) or
''}P (600 unit/mg) was added for 1.5 h, and then the H,0, (300 uM)
was added for another 1.5 h. In addition, for the negative experi-
ments, the NEM (0.5 mM) was added for 1 h after treatment of
RIDIPY-BCD. Subsequently, the Fe2* and H,0, were added in the
same way before cell imaging experiments. All the cell staining ex-
periments were investigated after washing with PBS for 3 times.
The excitation wavelengths for the green and red channels were
488 nm and 559 nm, and the emission wavelength ranges for the
green and red channels were 500-550 and 575-650 nm, respec-
tively.
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Scheme 2 Synthesis of BODIPY-BCD.
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Synthesis of N3-BCD and BODIPY: N3-BCD and BODIPY were
synthesized according to the reported procedure, respectively.>3:63

Synthesis of BODIPY-BCD: BODIPY (50 mg, 0.16 mmol), N3-BCD
(172 mg, 0.16 mmol) and Cul (30 mg, 0.16 mmol) were dissolved in
anhydrous DMF and the solution was stirred at 80°C overnight.
After that, the resultant residue was purified by silica gel
chromatography to afford BODIPY-BCD (142.2 mg, 60%) as a
orange solid.

14 NMR (400 MHz, DMSO) & 8.26 (s, 1H), 8.11 (s, 2H), 7.68 (d, J
=7.7 Hz, 2H), 7.29 (d, J = 8.0 Hz, 2H), 7.09 (s, 2H), 6.70 (s, 2H), 5.74
(m, 16H), 4.83 (m, 7H), 4.71 — 4.34 (m, 8H), 3.61 (m, 25H).

13C NMR (100 MHz, DMSO) & 160.84, 146.88, 143.84, 132.56,
131.53, 125.55, 118.93, 114.89, 101.90, 81.40, 72.90, 72.22, 71.94,
59.77,30.57, 26.24.

HRMS-ESI (m/z): [M+Na]* calcd for CgoHg2BF2N5O3s: 1504.4749;
found: 1504.4770.
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