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Classic near-infrared dyes typically enhance their maxima absorption wavelength through the D-A sys-
tem. Herein, introducing p-trifluoromethylphenyl group at 1,7-sites as electron-withdrawing group and
julolidine at 3,5-sites as electron-donating group in aza-borondipyrromethene (aza-BODIPY) system, CF3-
JLD with the donor-acceptor-acceptor (D-A-A’) system was prepared, which absorbs at 952 nm and emits
at 1069 nm in dimethyl sulfoxide (DMSO) in the near infrared-1I (NIR-II) region. According to the ex-
Keywords: perimental observation and theoretical calculation, the D-A-A’ system for enhancing redshift of maxima
Aza-BODIPY absorption is found to be more effective than that of donor-acceptor-donor (D-A-D’) system. NIR-II ab-
NIR-II sorbing CF3-JLD was type I photodynamic therapy/photothermal therapy (PDT/PTT) co-therapy reagent,
D-A-A’ framework with high photothermal conversion efficiency (1 =81%). Self-assembled nanoparticles (CF3-JLD NPs) can
PTT/PDT co-therapy effectively induce 4T1 cell death in vitro, and the cellular morphology of tumor was destroyed and the
4T1 tumor proliferation-related protein was decreased in vivo under NIR irradiation by phototherapy. This strategy
of the D-A-A’ system provides a guideline for developing organic fluorophores with enhanced NIR-II ab-

sorption and type I PDT/PTT co-therapy for 4T1 breast tumors.
© 2025 Published by Elsevier B.V. on behalf of Chinese Chemical Society and Institute of Materia

Medica, Chinese Academy of Medical Sciences.

Photofunctional dyes with strong absorption and emission in
the second near infrared (NIR) window (NIR-II, 900-1700 nm)
show great value in phototherapy and fluorescence imaging [1-6],
due to a deep penetration depth for deep-seated tissues, ultra-low
photon scattering and diminished autofluorescence in biological
tissues, compared to those in the NIR-I region (700-900nm) [7-
13]. Moreover, the extended wavelength could effectively reduce
the sensitivity of the tissue to light in photothermal or photody-
namic therapy (PTT/PDT) [14-16]. Especially, PTT/PDT co-therapy,
in contrast to chemo and gene therapy, allows precise and spa-
tiotemporal destruction of tumor tissue, with no significant dam-
age to normal tissue and negligible drug resistance, and therefore,
has attracted increasing interest as an advantageous method for
tumor treatment [17-22]. Since PTT/PDT requires light irradiation
of dyes to function properly, NIR-II absorbing photofunctional dyes
are crucial during this non-invasive treatment [23-25].
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In fact, NIR-II absorbing photofunctional dyes, including poly-
methine dyes, donor-acceptor-donor (D-A-D) dyes, are very
scarce [26-29]. However, traditional NIR-II dyes also have flaws
such as poor stability originated from large conjugated struc-
tures, and difficult modification [30]. Compared with these tra-
ditional dyes, aza-borondipyrromethenes (aza-BODIPYs) possess a
stable structure, large molar extinction coefficient and tuned wave-
length [31,32]. So, the advancements in the development and de-
sign strategies of NIR-II aza-BODIPY fluorophores tailored for ad-
vanced biological phototheranostics [6].

For a single molecule, NIR-II absorbing aza-BODIPY, most of the
design strategies were based on the insertion of the donor group
to the parent nucleus of aza-BODIPY as the electron acceptor to
construct the D-A type delocalized skeleton. The strong D-A sys-
tem could efficiently promote spectral bathochromic-shift by re-
ducing the energy gap between highest occupied molecular orbital
(HOMO) and lowest unoccupied molecular orbital (LUMO) [33-35].
Julolidine, as an important nitrogen-containing segment, has at-
tracted much attention in recent years due to its electron-rich and
highly planar properties [36,37]. The strong electron-donor of ju-
lolidine is superimposed with the electron-acceptor of aza-BODIPY
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Scheme 1. Schematic illustration of energy differences in system categories, prepa-
ration of self-assembled CFs3-JLD NPs and theranostic mechanisms.

core to produce the super D-A system. This in turn drives a larger
intramolecular charge transfer effect (ICT), resulting in remarkably
bathochromic shift [38]. Therefore, the combination of julolidine
with aza-BODIPY to form the D-A system is a novel design strat-
egy. For instance, Huang et al. reported that the NIR-II absorbing
aza-BODIPY with the julolidine segment was achieved by modi-
fying the julolidine group at 1,7-sites in the aza-BODIPY system
[39]. Our group has been focusing on studies on this design in
the aza-BODIPY system [40]. According to the reported literature,
the electron-donor groups at 3,5-sites in aza-BODIPY system in-
deed have a greater impact on the spectral properties than those
of 1,7-sites [41,42].

It is worth noting that in the above reports, the D-A-D’ system
for dye is popularly adopted for reduction of LUMO-HOMO gap
energy [43]. However, in julolidine-containing aza-BODIPY system,
D-A-A’ system for enhancing redshift of maxima absorption is first
found to be more effective than that of D-A-D’ system (Scheme
1). Through extensive comparison, aza-BODIPY of D-A-A’ system
was found to have larger absorption wavelength and better spec-
troscopic properties (Table S1 in Supporting information). Since
extending conjugated structure of aza-BODIPY results in instabil-
ity, we only introduce p-trifluoromethylphenyl group at 1,7-sites as
electron-withdrawing group and julolidine at 3,5-sites as electron-
donating group when involving the core of 1,7,3,5-tetraphenyl aza-
BODIPY (X,,s =640 nm), structuring the D-A-A’ system of a novel
dye CF3-JLD (A,,s=956nm in DMSO) (Scheme 1). The prepared
CF3-JLD with p-trifluoromethylphenyl group have larger absorption
than those replaced by methoxyl group (A, =850nm) or the hy-
drogen atom (A, =880nm) in the corresponding position. On this
basis, we further investigated the photothermal and photodynamic
properties, and carried out biological cell toxicity with cells and
mice. These results showed that the dye-nanoparticles could effec-
tively kill cells and eliminate tumors in mice under light excitation.
Therefore, this study provides a strategy for the D-A-A’ design of
NIR-II absorbing aza-BODIPY as type I PDT/PTT co-therapy reagent.

Utilizing 9-acetyljulolidine generated by Friedel-Crafts acylation,
target compound aza-BODIPY CF3-JLD was smoothly prepared by
15.5% total yield (Scheme S1 in Supporting information). More-
over, the structure of CF3-JLD was undoubtedly confirmed by a sin-
gle crystal X-ray analysis (Fig. 1a). Based on crystallographic struc-
ture, the angles of N5-B1-F1 (111.3°), N3-B1-F2 (110.9°), F1-B1-F2
(110.8°) and N3-B1-N5 (107.39°), are near to the ideal value of
109.5°, indicating the boron atom in the center is a slightly dis-
torted sp? configuration (Fig. 1a). Additionally, according to the

Chinese Chemical Letters 37 (2026) 111041

500 600 760 800 900 1000

Wavelength (nm) Wavelength (nm)

(]
=

‘23 900 1000 11001200 1300 1400
B

n

b) © §
S10f—— crap A
S —— H-JLD \
=1 \
) [ £9%_ Meop
e QRO 50.6 / \\
» 7] / \
r | e} / \
o ns| o Ju } < 0.4 A\ Vi \
)—‘(ﬁt o LT /\ / \
) {3 a4 /
" £0. L
DV ) i ! 5 500 600 700 800 900 1000
d) 4 Wavelength (nm)
~ e)
=] ):>
<10 I <o CICH,CH,CI
= i o
208 i 208
4 P £
g 0.6 i \ § 0.6
= 0.4 s % 204
8 ! , 3
502 N Soz
£o0l s £0.0
=}
Z
&;
g
Q

R

<
2
It / §0.9/ ‘ ’
= g0.61 | \
11 2 h
NO.3 A bé
¥\/ \\\//

=
50 100 150 200 250 300 §0'0 400 500 600 700 800 9001000
Time (s) Z Wavelength (nm)

1.3 ] 812 /\

Fig. 1. (a) Oak Ridge thermal ellipsoid plot (ORTEP) views of CFs3-JLD (CCDC:
2380901). (b) Side views of the molecular structure. Selected angles (°): N5-B1-F1,
111.3(2); N3-B1-F2, 110.9(2); F1-B1-F2, 110.8(2); N3-B1-N5, 107.39(19). (c) Normal-
ized absorption spectra of aza-BODIPY with p-trifluoromethyl phenyl, phenyl and
p-methoxyphenyl group at 1,7-sites in CH,Cl,. (d) Normalized emission spectrum
of CF3-JLD in CH,Cl,. Aex =808 nm; the slit is 5nm. (e) Absorption spectra of CF3-
JLD in solvents. (f) ROS generation of CF3-JLD (5 umol/L) in THF under continuous
808 nm laser (0.3 W/cm?) irradiation for 5 min using DCFH (10 pmol/L) as an indica-
tor. (g) 10, generation efficiency of CF3-JLD with time when DPBF is the indicator.

side view, including the boron atom, the nucleus of CF3-JLD is
coplanar (Fig. 1b).

To gain insight into the specific impact of the substituents
on spectral performance, the strictly compared molecules (H-
JLD and OMe-JLD) were synthesized (Scheme 1 and Table S2 in
Supporting information). Compared with tetraphenyl aza-BODIPY
(Aaps =640 nm in CH,Cly) [42], a dramatically bathochromic shift
of 279nm was observed in CF3-JLD (A,,,=919nm), owing to
the introduction of the strong electron-donating and electron-
withdrawing groups. Unexpectedly, the maximum absorption of
OMe-JLD in the D-A-D’ system was found to hypochromatically
shift to 858 nm in CH,Cl,, while the maximum absorption of CF3-
JLD bearing the D-A-A’ system bathochromically shifted be 919 nm
yet, comparing to that of the parent dye H-JLD (A, = 880 nm) (Fig.
1¢). So, to understand theoretically the photophysical and elec-
tronic properties of aza-BODIPYs H-JLD, CF3-JLD and OMe-JLD, we
carried out theoretical calculations. Table S3 (Supporting informa-
tion) gives the calculated maxima absorption wavelength, oscillator
strength and the assignment of main absorption peaks, using the
PCM-TD-B3LYP(GD3)/6-311+G(d) method. As can be seen from Ta-
ble S3, the calculated A,y aps results are in good agreement with
the experimental values. The two main absorption peaks corre-
spond to the transition of S; and S, excited states respectively, for
all the three compounds. The S; state is ascribed to exciting an
electron from HOMO to LUMO, while the S, state is from HOMO-1
to LUMO. As shown in Fig. S1 (Supporting information), HOMO and
HOMO-1 are mostly distributed on the aza-BODIPY core and the
phenyl ring B, while the LUMO are mainly located on the BODIPY
core and the phenyl ring A (Scheme 1), thus these two states are
of partial charge-transfer character, indicating that reduction of the
energy gap HOMO-LUMO prefers D-A-A’ system in aza-BODIPYs.
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Therefore, the lower energy gap (AE; and AE,) in CF3-JLD implies
redshift of the A ,xps compared to that of H-JLD, while blueshift
of the Apaxabs for OMe-JLD (Fig. S1). These results are in line with
the experimental observation.

And, CF3-JLD has high molar extinction coefficients
(¢=187,000L mol~! cm~!) and broad full width at half max-
imum (FWHM=123nm) in CH,Cl,, comparing to that (116 nm)
of H-JLD or OMe-JLD (Table S2), just indicating that non-radiative
transitions lead to more energy loss during the de-excitation
process of CF3-JLD. Indeed, the rotational barrier for the -CFj
group of CF3-JLD is about 0.12kcal/mol (Fig. S2 in Supporting
information), indicating that the rotation of -CF3 group in so-
lution is very easy. This causes more system energy (such as
heat) to be released through the non-radiative way. Additionally,
the maximum emission of CF3-JLD is 1029nm in CH,Cl, within
NIR-II region (Fig. 1d), even reaching 1069 nm in DMSO (Fig. S3 in
Supporting information), but its fluorescence quantum yield is so
low to be 0.01. Furthermore, the solvent effect of CF3-JLD is also
investigated (Fig. 1e). It was found that when the solvent changed
from toluene to DMSO, the maxima absorption is from 898 nm to
952 nm respectively, due to the effect of solvent polarity. Mean-
while, we explored the effect of CF3-JLD on the aggregation mode,
and the absorption spectra variation of CF3-JLD in the mixed
solution of tetrahydrofuran (THF) and H,O was recorded (Fig. S4
in Supporting information). It was found that when the mixture
ratio of THF and H,0 was 1:1, the maxima absorption redshifted
to 936nm, and the corresponding absorption maximum in THF
solution was 908 nm (Fig. 1e).

Next, using 2’,7’-dichlorodihydrofluorescein (DCFH) as an indi-
cator, the overall reactive oxygen species (ROS) generation in THF
solution was monitored by continuously irradiating CF3-JLD with
808 nm laser (0.3 W/cm?2) for 5min. As shown in Fig. 1f, with in-
crease of laser irradiation time, the generation of ROS continues to
increase. The results showed that the fluorescence intensity was
enhanced by about 1.3 times under illumination, indicating that
CF3-JLD has an ability of ROS production under light trigger. To fur-
ther identify the type of ROS, utilizing 1,3-diphenylisobenzofuran
(DPBF) as the singlet oxygen (10,) indicator, the exposure time
was regulated to track the '0, generation efficiency (Fig. 1g). Fig.
1g exhibited that the 10, generation efficiency of CF3-JLD was very
low. Subsequently, using DHR123 as an indicator, CF3-JLD was irra-
diated with 808 nm (0.3 W/cm?) continuously for 5min to monitor
the production of ROS in DMSO solution. As shown in Fig. S5a in
Supporting information, the ROS generation efficiency of CF3-JLD
increases with the increase of laser irradiation time. The results
show that the fluorescence intensity of CF3-JLD is increased by
about 1.2 times under laser irradiation, which proves that CF3-JLD
has ROS generation ability under light-triggered conditions. This
indicated that superoxide radical (0,"~) was generated and this is
a photosensitizer (PS) of type I PDT [44].

To simulate the biological environment and enhance
the compatibility of CF3-JLD in biological system, we em-
ployed 1,2-distearoyl-sn-glycero-3-phosphoethanolamine-N-
[methoxy(polyethylene glycol)-2000] (DSPE-PEG,gqg) to prepare
self-assembled nanoparticles (CF3-JLD NPs). Based on transmission
electron microscopy (TEM) photograph (Fig. 2a), the spherical mor-
phology of the nanoparticles was clearly observed, their sizes were
not beyond 150nm, and the zeta potential was about 108.2 mV
(Fig. S6 in Supporting information), indicating that CF3-JLD NPs
are stable. Dynamic light scattering (DLS) of CF3-JLD NPs exhibited
a suitable hydrodynamic diameter (50-120nm) in Fig. 2b, and
the average hydrodynamic diameter and the polydispersity index
(PDI) of CF3-JLD NPs were about 77.3nm and 0.33, respectively.
After placed in aqueous solution for two weeks, no precipitate
was observed and the particle size did not change significantly,
suggesting that CF3-JLD NPs are stable in aqueous solution (inner
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Fig. 2. (a) Morphology of CF3-JLD NPs under transmission electron microscopy.
Scale bar: 100 nm. (b) Size distribution of CF3-JLD NPs in aqueous solution. Inner
panel for the photo of pure water (left) and CFs-JLD NPs in water (right). (c) Ab-
sorption of CF3-JLD (black curve) in CH,Cl, and CFs3-JLD NPs (red curve) in aque-
ous solution. (d) Photos of the photothermal effect (23.4-88.7 °C). (e) Photothermal
effect of CF3-JLD NPs under different power conditions. (f) Photothermal effect of
CF3-JLD NPs under different concentration conditions. (g) Temperature changes in
the heating-cooling phase. (h) Cooling time versus the negative natural logarithm
of driving force temperature.

panel of Fig. 2b). Compared to that (A, =919nm) of CF3-JLD in
CH,(l,, the maximum absorption value (X,,; =956 nm) of CF3-JLD
NPs in aqueous solution shifted by 37nm and produced a wider
absorption peak belt (700-1300nm) in NIR-II region (Fig. 2c),
due to the aggregation effect. Additionally, based on DHR123 as
an indicator, CF3-JLD NPs had also ROS generation ability under
light-triggered conditions (Fig. S5b in Supporting information),
suggesting that superoxide radical (O,*~) was produced.

Next, the photothermal properties of CF3-JLD NPs have been
detailedly studied (Fig. 2d and Figs. S7-S9 in Supporting informa-
tion). Using an 808 nm laser as a light source, a NIR camera is
employed to record the temperature change of 80 umol/L CF3-JLD
NPs in aqueous solution during this process (Fig. 2d). When ir-
radiating for 30s, the temperature rapidly increased from 23.4°C
to 55.6°C. After the irradiation for 5min, the temperature rose to
88.7°C, with temperature difference of 65.3°C (Fig. 2d). Then, we
chose the concentration of 80 pmol/L CF3-JLD NPs to discuss the
influence on temperature by utilizing different powers of 808 nm
laser (0.2-0.8 W/cm?2) (Fig. 2e). Based on Fig. 2e, the temperatures
are also proportional to the laser power. Then, different concen-
trations of CF3-JLD NPs were prepared to investigate the influence
of the concentration on photothermal effect. As shown in Fig. 2f,
the temperatures showed a positive correlation with the increase
of the concentration of CF3-JLD NPs. Subsequently, five rounds of
temperatures monitoring during the cycle of 5min light radiation
and 5 min cooling were conducted (Fig. S10). The findings demon-
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Fig. 3. Photothermal effect of CF3-JLD NPs under 808 nm laser irradiation on the
proliferation ability of 4T1 cell. (a, b) Schematic of CCK-8 methods and cell viabil-
ity analyzed by CCK-8 assay in 4T1 cell lines under different concentrations with
808 nm laser irradiation. NADPH, nicotinamide adenine dinucleotide phosphate. (c)
Fluorescence images of calcine AM and PI co-stained 4T1 cells. (d) Apoptosis levels
of 4T1 cells by flow cytometry assay. (e) Confocal laser scanning microscope (CLSM)
images of intracellular ROS level from four groups of 4T1 cells. Scale bar: 20 pm.
Data are presented as mean + SD (n=3). *P <0.05, **P < 0.01 vs. control group (20
pg/mL CF3-JLD NPs).

strated that the solution could be heated from room temperature
23.4°C to 88.7°C after heating for 5min, and the temperature al-
most reduced to room temperature during the same time span
of natural cooling. The maximum temperature variation was al-
most negligible, indicating that CF3-JLD NPs had good photosta-
bility. Furthermore, to investigate the photothermal conversion ef-
ficiency, the associated time constant obtained by mapping the
cooling time and driving force temperature was brought into the
reported formula for calculating the photothermal conversion effi-
ciency. The photothermal conversion efficiency of CF3-JLD NPs was
very high and calculated to be 81% (Figs. 2g and h), comparing to
those of the reported literatures [32,45,46].

Next, the phototoxicity of CF3-JLD NPs in 4T1 cells was ana-
lyzed by cell counting kit-8 (CCK-8) kit. The mechanism of CCK-
8 to detect the cytotoxicity was displayed as Fig. 3a, based on
fluorescence differences caused by ring opening. When the laser
was off, the cell viability was exhibited high values (>85%) as a
dose-dependent phenomenon (Fig. 3b). The cell viability was also
88.86% at the highest concentration, indicating that the great bio-
compatibility of CF3-JLD NPs without irradiation. When exposed to
NIR (0.3 W/cm?, 808 nm) for 3 min, the cell viability was decreased
obviously with the higher concentrations of CF3-JLD NPs. The sur-
vival cancer cells were only occupied with 8.2 % at the highest con-
centration. The results showed that the NIR-triggering photother-
mal effect by CF3-JLD NPs could kill 4T1 cells effectively (Fig. 3b).
For further confirm the phototoxicity and phototherapeutic capac-
ity of CF3-JLD NPs, the calcein AM (green) and propidium iodide
(PI, red) dyes were employed to stained live/dead cells. In detailed,
the green fluorescence was labeled live cells and red fluorescence
was labeled dead cells in Fig. 3c. In control and light groups, there
were no injury cells due to the absent of CF3-JLD NPs, according to
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Fig. 4. Anti-tumor activity of CF3-JLD NPs for 4T1 tumor-bearing mice in vivo. (a)
Schematic treatment schedule for treatment in vivo. (b) Images for tumor growth
condition for different days. (c) Tumor growth curves. (d) Body weight changes and
(e) dissected tumor volume of bright light images of different groups. (f) Tumor
weights of mice with treatments. (g) HE stained images of the intracranial tumor
area after different treatments (200x ). (h) Immunohistochemical Ki-67 stained im-
ages of the intracranial tumor from four groups (200x ). Scale bar: 100 pm. Data are
presented as mean + SD (n=5). **P<0.01, ***P < 0.001.

the whole green area. For CF3-JLD NPs group without irradiation,
a large area of green and limited red area for 4T1 cells were ob-
served, indicating that CF3-JLD NPs could not display a photother-
mal effect without laser stimulation. For light+CFs-JLD NPs group,
obvious red area and enhanced fluorescence intensity were ob-
served, suggesting the improved toxicity was induced by the com-
bined NIR and CF3-JLD NPs. Moreover, flow cytometry assay was
conducted to quantify the apoptosis level of 4T1 cells (Fig. 3d). The
apoptosis cells and necroptosis cells were stained with Annexin-V
and PI. The early and late apoptosis of 4T1 cells were distributed at
fourth and second quadrants, respectively [47]. The percentage of
apoptosis cells (in Q2) were 0.3%, 1.2%, 15.4% and 46.7 % for con-
trol, light, CF3-JLD NPs and light+CF3-JLD NPs groups, respectively
(Fig. 3d). The higher apoptosis rate of light+CF3-JLD NPs group af-
ter the treatment with 0.3W/cm? from an 808nm NIR laser for
3 min suggested the efficient phototherapeutic capacity of CF3-JLD
NPs. The accumulation of ROS might induce cell apoptosis [48].

Therefore, DCFH-DA was selected as a ROS probe to assess the
ROS production ability of CF3-JLD NPs with irradiation. As shown
in Fig. 3e, compared to other groups, remarkable green florescence
intensity was observed in light+CF3-JLD NPs group. The results
suggested that ROS was accumulated in 4T1 cells with the co-
existence of the CF3-JLD NPs and NIR irradiation. Combined with
the above results, CF3-JLD NPs can effectively induce 4T1 cell death
under NIR irradiation by phototherapy.

Inspiring by the excellent phototherapy effect of Light+CF3-JLD
NPs, we further explore the in vivo antitumor effect of CF3-JLD
NPs in 4T1 breast tumor-bearing mice (Fig. 4a). All of the an-
imal experiment procedures herein were permitted by the Ani-
mal Ethics Committee of Sciences of Shenyang Pharmaceutical Uni-
versity. The tumor-bearing mice were randomly divided into four
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groups: control, light, CF3-JLD NPs and light+CF3-JLD NPs. The
initial tumor volumes of four groups were all about 100 mm?3.
After treatment of 6-14 days, the tumor of light+CF3-JLD NPs
group was minimal, compared to other groups as shown in Fig.
4b. Moreover, the control and light groups had no inhibitory ef-
fect on tumor growth for 14 days and the tumor inhibition ef-
fect of CF3-JLD NPs group was limited. As shown in Figs. 4c-f, the
volumes of tumor increased rapidly for control, light and CF3-JLD
NPs group, suggesting that single laser irradiation and CF3-JLD NPs
alone both had no suppression capacity on tumor growth. In con-
trast, the tumor volumes of light+CF3-JLD NPs group were obvi-
ous inhibition for 14 days and the final dissected tumor was in
small size and weight (56.37 mm?3, 45.2 mg). Additionally, no dis-
tinct weight loss of the body in different groups was observed,
indicating the stable biosafety of CF3-JLD NPs. As expected, the
light+CF3-JLD NPs group exhibited significantly enhanced tumor
growth inhibitory rate than single CF3-JLD NPs or light groups,
which attributed to NIR-triggering phototherapy effect of CF3-JLD
NPs for better antitumor efficiency. Simultaneously, hematoxylin-
eosin staining (HE) and immunohistochemistry of Ki-67 images
further confirmed the large injury area of tumor tissues and lim-
ited proliferated ability of light+ CF3-JLD NPs group. In detailed, it
was observed that the cellular morphology of tumor was destroyed
(Fig. 4g) for light+CF3-JLD NPs group and the proliferation-related
protein was decreased obviously (Fig. 4h). Meanwhile, it was no
obvious pathological changes appeared in HE staining of major
organs (heart, liver, spleen and kidney), demonstrating that the
superior biocompatibility of CF3-JLD NPs (Fig. S11 in Supporting
information).

Utilizing 9-acetyljulolidine generated by Friedel-Crafts acylation,
target compound aza-BODIPY CF3-JLD was smoothly prepared by
15.5% total yield. The structure of CF3-JLD was undoubtedly con-
firmed by a single crystal X-ray analysis, and the boron atom
in the center is a slightly distorted sp> configuration. Compared
with tetraphenyl aza-BODIPY (A,,s=640nm in CH,Cl,), a dra-
matically bathochromic shift of 279 nm was observed in CF3-JLD
(Aaps =919nm). The maximum absorption of OMe-JLD in the D-
A-D’ system was found to hypochromatically shift to be 858 nm
in CH,Cl,, while the maximum absorption of CF3-JLD bearing the
D-A-A’ system bathochromically shifted be 919nm yet, compar-
ing to that of the parent dye H-JLD ()., =880nm). HOMO and
HOMO-1 are mostly distributed on the aza-BODIPY core and the
phenyl ring B, while the LUMO are mainly located on the BODIPY
core and the phenyl ring A, thus these two states are of partial
charge-transfer character, indicating that reduction of the energy
gap HOMO-LUMO prefers D-A-A’ system in aza-BODIPYs. Based on
the ROS generation, superoxide radical (O,'~) was generated and
this is a PS of type I PDT. When irradiating the solution of self-
assembled nanoparticles (CF3-JLD NPs) for 5min, the temperature
rapidly increased from 23.4°C to 88.7 °C, with temperature differ-
ence of 65.3°C. The photothermal conversion efficiency of CF;-JLD
NPs was very high and calculated to be 81%. CF3-JLD NPs can ef-
fectively induce 4T1 cell death in vitro, and the cellular morphol-
ogy of tumor was destroyed and the proliferation-related protein
was decreased in vivo under NIR irradiation by phototherapy. The
findings of this study suggest that our work offers a robust design
strategy of the D-A-A’ system for the development of aza-BODIPY
phototherapy agents in the NIR-II region.
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