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Komnnexcet BODIPY ¢ naamunoii omauuaromces yHuKaibHbIMU CREKMPATbHLIMU U YU-
momoKcuueckumu ceolicmeamu. B nacmoawieit pabome 611 cunmeszupoean HoGvlii KOMHJIEKC
maxozo muna — numpam xaopuooouammunfl,3,5,7-mempamemun-8-(2-nupuounun-kN)-4,4-
oughpmop-2,6-ousmun-4-6op-3a,4a-ouaza-s-unoayen[nramunvi(Il) (CisPt-oP-BODIPY). Hccneoo-
eanue cnekmpanwvhsix ceoiicme CisPt-oP-BODIPY esisséuno eco nomenyuan kaxk mepanocmuue-
CK020 azenma.
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BODIPY-appended platinum complexes distinguish by unique spectral and cytotoxic prop-
erties. In this work, a novel complex diamminechlorido[2,6-diethyl-4,4-difluoro-1,3,5,7-tetrame-
thyl-8-(2-pyridinyl-xk/N)-4-bora-3a,4a-diaza-s-indacene]platinum(ll) nitrate (cisPt-oP-BODIPY)
was synthesized. The investigation of spectral properties of cisPt-oP-BODIPY revealed its potential
as a theranostic agent.
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INTRODUCTION

Boron dipyrromethene (BODIPY) fluorescent
dyes are well-known for their good stability, high mo-
lar extinction coefficients and fluorescence quantum
yields, small Stokes shifts, sharp excitation and emis-
sion peaks [1-4]. Moreover, an ease of modification of
the dipyrrin core provides great opportunities for a syn-
thesis of new phosphors with desired properties.

BODIPY-appended platinum complexes, in
turn, are of keen interest to scientists due to their
unique spectral and cytotoxic properties [5-18]. Dis-
tinguishing by bathochromically shifted absorption
and emission bands and/or high light-induced and low
dark cytotoxicity, such complexes are promising both
for imaging cancer cells and for treatment of cancer.

In this work, we report the synthesis and spec-
tral properties of a novel BODIPY-appended platinum(Il)
complex, which have potential as theranostic agent.

EXPERIMENTAL

Materials

All reagents and solvents were obtained from
commercial sources (Sigma-Aldrich, Reakhim, Pan-
reac AppliChem, EKOS-1) at the highest possible pu-
rity and used without further purification.

Instruments

'H nuclear magnetic resonance (NMR) spectra
were recorded on a Bruker Avance |11 500 NMR spec-
trometer with the operating frequency of 500.17 MHz.
Matrix-assisted laser desorption/ionization (MALDI)
time of flight (TOF) mass spectra (MS) were obtained
by means of a Shimadzu AXIMA Confidence MALDI
TOF-TOF mass spectrometer in a positive ion reflec-
tron mode.

Absorption spectra and emission spectra with
the excitation wavelengths of 480 (in case of oP-BOD-
IPY) and 500 (in case of cisPt-oP-BODIPY) nm were
recorded on a Solar SM 2203 spectrofluorometer. Flu-
orescence quantum vyields were measured on a
PicoQuant FluoTime 300 high performance fluores-
cence lifetime and steady state spectrometer with an
integrating sphere with a PicoQuant LDH-P-C-500 pi-
cosecond pulsed laser diode as an excitation source.
Fluorescence lifetimes were measured on a PicoQuant
FluoTime 300 high performance fluorescence lifetime
and steady state spectrometer with a PicoQuant PLS
450 (in case of oP-BODIPY) or a PicoQuant PLS 500
(in case of cisPt-oP-BODIPY) sub-nanosecond pulsed
light-emitting diodes as excitation sources. Emission
spectra of singlet oxygen were recorded on a PicoQuant
FluoTime 300 high performance fluorescence lifetime
and steady state spectrometer with a Hamamatsu NIR-
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PMT detector with a PicoQuant LDH-P-C-500 pico-
second pulsed laser diode as an excitation source.

Synthetic procedures

Synthesis of 2,6-diethyl-4,4-difluoro-1,3,5,7-
tetramethyl-8-(2-pyridinyl)-4-bora-3a,4a-diaza-s-
indacene (0P-BODIPY). Synthesis was carried out on
the basis of the previously described procedure [19]
(Scheme 1, Fig. S1, Fig. S2, http://rcj-isuct.ru/arti-
cle/view/5902/3540). After the synthesis and all
workups, 76 mg of dark red powder of the desired
product was obtained resulting in 38% yield. *H NMR
(CDCls3): & (ppm) 8.76 (d, J = 4.7 Hz, 1H, —CHay), 7.83 —
779 (m, 1H, *CHaryl), 744 - 738 (m, 2H, *CHaryl),
2.52 (s, 6H, —CHs3), 2.28 (q, J = 7.7 Hz, 4H, —-CH>-),
1.19 (s, 6H, —CHs3), 0.96 (t, J = 7.6 Hz, 6H, —CH3). MS
(MALDI-TOF): m/z calculated for C2HzsBF:Ns* [M]" —
381.22, found — 381.46.

Synthesis of diamminechloridonitratoplati-
num ([PtCI(NHs)2(NO3)]). Synthesis was carried out
on the basis of the previously described procedure [7]
(Scheme 1). After the synthesis and all workups, light
yellow solution of the desired product in dimethylfor-
mamide (DMF) was obtained.

Synthesis of diamminechlorido[2,6-diethyl-
4,4-difluoro-1,3,5,7-tetramethyl-8-(2-pyridinyl-
kN)-4-bora-3a,4a-diaza-s-indacene]platinum(l1)
nitrate (cisPt-oP-BODIPY). Synthesis was carried
out following the procedure [7] (Scheme 1, Fig. S3,
Fig. S4, http://rcj-isuct.ru/article/view/5902/3540). A
solution of o0P-BODIPY (40 mg, 1 equiv.) in DMF was
added dropwise to a solution of [PtCI(NH3)2(NO3)]
(1 equiv.) in DMF. The mixture was stirred under an
inert atmosphere of nitrogen in the dark at 50 °C for 48 h.
After completion of the reaction, which was monitored
by thin-layer chromatography, DMF was evaporated
under reduced pressure. The crude residue was dissolved
in cold methanol, filtered from the precipitated unreacted
yellow [PtCI(NHs)2(NOs)], and then methanol was
evaporated under reduced pressure. The crude residue
was dissolved in cold diethyl ester, the resulting dark
red precipitate of cisPt-oP-BODIPY was separated
from the solution of unreacted oP-BODIPY by a series
of successive centrifugations and decantations. After
the removal of diethyl ester and recrystallization from
acetonitrile, 15 mg of dark red powder of the desired
product was obtained resulting in 20% yield. *H NMR
(DMSO-dg): 6 (ppm) 9.11 (d, J=6.1 Hz, 1H, —CHayy),
8.15 (t, J = 7.8 Hz, 1H, —CHay), 7.91 (d, J = 7.9 Hz, 1H,
—CHay), 7.78 (t, J = 6.8 Hz, 1H, —CHay)), 4.17 (s, 3H,
—NHs3), 3.84 (s, 3H, —NH3), 3.48 (s, 6H, —CHs3), 2.47 (s,
6H, —-CHs (DMSO overlapping)), 2.29 (q, J = 7.4 Hz,
4H, -CHy-), 0.92 (t, J = 7.5 Hz, 6H, —CH3). MS
(MALDI-TOF): m/z calculated for C;,Hz,BCIFNsPt?
[M —F—NOs]* - 626.21, found — 628.97.
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RESULTS AND DISCUSSION

Synthesis of BODIPY-appended platinum(lil)
complex

The novel BODIPY-appended platinum(ll)
complex diamminechlorido[2,6-diethyl-4,4-difluoro-
1,3,5,7-tetramethyl-8-(2-pyridinyl-kN)-4-bora-3a,4a-
diaza-s-indacene]platinum(ll) nitrate (cisPt-oP-BOD-

AgNOg; DMF;
¢l NH Ny, dark, 25°C,24h Q3N NH,
N o e N
/Pl\ _ /Ft\
¢l NH3 cl NH;

cisplatin

IPY) was synthesized from fluorescent dye with ¢-do-
nor pyridine subunit 2,6-diethyl-4,4-difluoro-1,3,5,7-
tetramethyl-8-(2-pyridinyl)-4-bora-3a,4a-diaza-s-in-
dacene (oP-BODIPY) and platinum-based antineo-
plastic drug cisplatin following the common three-step
procedure [7] in 20% yield (Scheme 1). Synthetic de-
tails and characterization of the obtained compounds
are given in Section 3

DMF;
Ny, dark, 50 °C, 48 h

cisPt-cP-BODIPY

Scheme 1. Scheme of cisPt-oP-BODIPY synthesis

1. TFA; DCM;
2{ Ar, 25°C, 12 h
2.DDYy;
N Ar, 25°C, 1h
H 3. EN, BF 5 OEty;
Ar, 25 °C, 3h
O, —N
H \ / oP-BODIPY
Spectral properties of BODIPY-appended

platinum(Il) complex

The comparative analysis of spectral proper-
ties (Fig. 1, Table 1) of oP-BODIPY and cisPt-oP-
BODIPY showed that conjugation of BODIPY core
with platinum-containing subunit leads to a pro-
nounced bathochromic shift of absorption and emis-
sion bands due to the heavy atom effect [20-22]. More-
over, such chemical modification brings to fluores-
cence quenching as a result of an increase of a proba-
bility of internal conversion and intersystem crossing.
The evidence of the latter is a singlet oxygen genera-
tion in cisPt-oP-BODIPY solution (Fig. S5, http://rcj-
isuct.ru/article/view/5902/3540).
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Fig. 1. Absorption and emission spectra of oP-BODIPY (1 and 3,
respectively) and cisPt-oP-BODIPY (2 and 4, respectively) in
chloroform
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Table 1
Photophysical characteristics of oP-BODIPY
and cisPt-oP-BODIPY in chloroform

cisPt-oP-BOD-
oP-BODIPY PY
Aabs max, NM 528 540
Aem max, NM 550 556
Av, em™ 758 533
() 0.11 0.03
7, NS 1.37 4.09
K, nst 0.08 0.01
Knr, NSt 0.65 0.24

where Jabs max is the maximum absorption wavelength; Zem max is
the maximum emission wavelength; Av is the Stokes shift; @ is
the fluorescence quantum yield; z is the average fluorescence
lifetime; kr is the radiative rate constant; kr is the non-radiative
rate constant.

Thus, the novel BODIPY-appended plati-
num(I1l) complex cisPt-oP-BODIPY possessing attrac-
tive spectral and photosensitizing properties appear to
be promising theranostic agent.

CONCLUSIONS

A novel BODIPY-appended platinum(Il) com-
plex diamminechlorido[2,6-diethyl-4,4-difluoro-1,3,5,7-
tetramethyl-8-(2-pyridinyl-xN)-4-bora-3a,4a-diaza-s-
indacene]platinum(11) nitrate (cisPt-oP-BODIPY) was
synthesized. Spectral properties of cisPt-oP-BODIPY
were investigated. cisPt-oP-BODIPY was found to be
a promising theranostic agent.
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