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(spin and fluorescence) sensors
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Abstract—Paramagnetic pyrroline and 1,2,3,6-tetrahydropyridine derivatives of BODIPY and their diamagnetic analogs have been
synthesized and characterized as novel redox double sensor and cation sensitive reagents.
© 2003 Elsevier Ltd. All rights reserved.

Fluorescence spectroscopy, fluorescence imaging and
fluorescent probes are indispensable tools in numerous
fields of modern medicine and science, including analyt-
ical chemistry, molecular biology, biophysics, biochem-
istry, and medical diagnostics.1

In the last decade a new class of fluorescent dyes,
4,4-difluoro-4-bora-3a,4a-diaza-s-indacene (BODIPY)
dyes2 was invented and has found wide application in
areas such as biological labeling3 and the synthesis of
molecular devices.4a The advantages of these dyes are
the tunable emission range (500–700 nm),5,6 the high
molar extinction coefficients, and the insensitivity to pH
and solvent polarity. A stable nitroxide covalently
linked to a fluorophore results in intramolecular
quenching of fluorescence. These donor–acceptor pairs
have been used for getting structural information on
peptides,7 redox switches8 and detection of reactive
oxygen species (ROS).9,10 Several double sensor
molecules were synthesized based on nitroxides and
naphthalene,8 fluorescamine,10 aminophthalimide11 and
dansyl9 fluorophores. In this paper, we report the first
synthesis of paramagnetic BODIPY dyes and their dia-
magnetic analogs from a series of paramagnetic alde-
hydes and their diamagnetic forms 1a–i.12–17

The acid-sensitive nitroxide moieties of the paramag-
netic aldehydes 1a, 1f–h, fortunately survived the reac-

tion with 2,4-dimethylpyrrole 2 in the presence of a
catalytic amount TFA, followed by treatment with
DDQ, i-Pr2EtN and boron trifluoride diethyl etherate
at ambient temperature in CH2Cl2 to give the corre-
sponding BODIPY dyes 3a–i18 (Scheme 1).

The steady-state fluorescence study of the compounds
synthesized in 1,4-dioxane and the more polar acetoni-
trile (ACN) showed that both emission and excitation
maximum slightly shifted hypsochromically in the more
polar solvent. The Stokes’ shift is about 20–25 nm for
compounds with five-membered nitroxides and their
derivatives, but a bit smaller for the six-membered
derivatives 3h,i. The quantum yield of the diamagnetic
derivatives 3b–e, 3i is about 15–50 fold of the paramag-
netic ones (Table 1). The vicinity of donor and acceptor

Scheme 1. Reagents and conditions : (a) cat. TFA, CH2Cl2, N2,
10 h, rt, then DDQ (1.0 equiv.), 30 min rt, then i-Pr2EtN,
BF3·Et2O, 0°C�rt, 3a: 15%, 3b: 35%, 3c: 30%, 3d: 10%, 3e:
9%, 3f: 20%, 3g: 22%, 3h: 17%, 3i: 16%.
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Table 1. Steady-state fluorescence data of compounds 3a–i

R Q �ex/�em dioxanen �ex/�em ACNEntry �*

H O. 518/5420 515/5403a 0.01
03b H H 512/538 510/533 0.21

H3c Ac0 520/546 515/540 0.50
H OMe 510/5360 507/5303d 0.49

03e H OAc 514/536 510/530 0.54
03f Me O. 517/544 510/535 0.03

Br O. 517/5400 515/5353g 0.02
H3h O.1 512/523 498/509 0.03
H OAc 498/5171 497/5123i 0.45

* In ACN, compared to fluorescein in 0.1 M NaOH, ±10%.

can explain this, also that the double bond of the
pyrroline rings is in conjugation with the �-electron
system of the fluorophore. The difference in the fluores-
cence intensity of the paramagnetic and diamagnetic
derivatives allows application of these compounds to
follow oxidation–reduction processes by two indepen-
dent methods, EPR and fluorescence spectroscopy
(Figs. 1 and 2).

It is interesting to note that the quantum yield of the
amino derivative 3b is about half of the other diamag-
netic derivatives. This observation is in good agreement
with the finding of Kollmannsberger and co-workers,4c

although fluorescence quenching is less significant.
However, on adding TFA to the acetonitrile solution of
3b the fluorescence intensity decreased (�=0.09) and a

bathochromic shift (9 nm) was observed (Fig. 3). This
effect can also be observed by adding glacial acetic acid
and p-toluenesulfonic acid monohydrate (data not
shown) and Zn2+ ions. This quenching effect can be
explained by protonation/chelation of the pyrroline
nitrogen non-bonding electron pair causing oxidative
photoinduced electron transfer (PET), probably
analogously to the PET observed in the case of pyridine
derivatives.4b

In conclusion, new paramagnetic and diamagnetic
BODIPY derivatives have been synthesized as redox
status and proton sensitive fluorescent switches, emit-
ting at the 520–540 nm region. The further elucidation
of the quenching mechanism19 and biological applica-
tions of these reagents are in progress.
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Figure 1. Detection possibilities of the redox state of nitrox-
ides or their precursor attached to BODIPY fluorophore.

Figure 3. Emission spectra of compound 3b 2.1 �M (—), 3b
2.0 �M+Zn2+ 160 �M (- - -) and 3b 2.1 �M+TFA 0.013 M
(· · ·) in ACN, excitation was at 510 nm, and emission and
excitation slits were set at 3 nm.

Figure 2. Normalized fluorescence emission spectrum of com-
pounds 3a (—), 3b (- - -) and 3e (· · ·). Excitation was at 510
nm, and emission and excitation slits were set at 5 nm.
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(University of Pécs, Department of Biochemistry and
Medical Chemistry), E. Lamperth for technical assis-
tance, V. Csokona for elemental analysis and M. Szabó
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K. ARKIVOC 2002, 3, 112.

12. Hideg, K.; Hankovszky, H. O.; Lex, L.; Kulcsár, Gy.
Synthesis 1980, 911.

13. Hideg, K.; Cseko� , J.; Hankovszky, H. O.; Sohár, P. Can.
J. Chem. 1986, 64, 1482.

14. Sár, P. C.; Kálai, T.; Bárácz, M. N.; Jerkovich, Gy.;
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