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The fluorescence properties of selected derivatives of 6-methoxyanthracene-2-carboxylic acid were studied. The corresponding ester and
oxazoline derivatives exhibit a moderate solvatochromism, which is caused by the donor—acceptor interplay. The fluorescence band shift and
intensity of oxazoline 1f may be reversibly modulated by protonation or complexation with silver ions; thus, the oxazoline heterocycle serves
as a useful substituent with switchable acceptor strength.

Fluorescent organic molecules exhibit a high potential as tophysical and photochemical propertfe#long with a
sensors for organic and inorganic analytes and as probes andhoderate solvatochromism, the emission properties of the
markers in biological or supramolecular systénfsmong fluorophore could be significantly changed on acidification.
the most frequently used fluorophores in this area are In search for efficient fluorescent probes, whose emission
anthracene derivatives, because they exhibit good emissiorproperties may be modulated by their environment, we

properties with moderate to high quantum yieldsuring prepared further derivatives of the carboxylic ati i.e.,
our studies of doneracceptor-substituted fluorescent probes, the amidelc, the esterdd andle, the oxazolindf, and the
we synthesized for the first time the 2,6-donracceptor- benzoxazold g. Herein, we report the photophysical proper-

substituted anthraceri&, which possesses interesting pho- ties of these novel fluorescent anthracene derivatives and
— ) demonstrate that the acceptor strength of the oxazoline
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by routine transformations of the carboxylic acid functionality
from the acid chloridelb and characterized byH and3C
NMR spectroscopy, mass spectrometry, and elemental
analysis or high-resolution mass spectrometry (cf. Supporting
Information).

Except for the amidd.c, which emits al = 448 nm in

The most remarkable emission properties were observed

for the oxazolinelf. On slight acidification (pH= 3) of a

methanol solution of anthraced¢, the emission maximum
at4 = 444 nm was significantly quenched (90%), and a new
maximum appeared at = 540 nm (Figure 3). Further

methanol, acetonitrile, and benzene, anthracene derivative_

1d—g exhibit a moderate solvatochromism in their emission
spectra, exemplified by the benzoxazole-substituted an-
thracenelg (Table 1). Generally, the emission maximum of

|

Table 1. Solvent Dependent Absorption and Emission Maxima

of Anthracenelg

solvent Aabs?P log € An?e ¢nd

cyclohexane 404 4.05 433 0.49
benzene 407 3.99 442 0.43
CHCl, 406 3.97 452 0.44
n-BuCN 405 3.97 453 0.48
CH3CN 404 3.95 456 0.45
DMF 407 3.97 458 0.45
DMSO 409 3.97 461 0.43
MeOH 403 4.01 462 0.43

a|n nm.® Maximum with highest wavelength; absorption spectra were
recorded in 10* M solutions.¢ Emission spectra were recorded im i
solutions,lex = 390 nm.d Determined relative to quinine sulfate in 1 N
H,SOy (cf. Supporting Information).

derivatives 1d—g is red-shifted with increasing solvent
polarity. Moreover, a broad band with one maximum was
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Figure 3. Normalized fluorescence spectra of oxazolirfig¢10~°
M) in methanol (1), 7x 103 M AgNOj3 in methanol (2), and 0.5
M HCI in methanol (3);dex = 390 nm.

acidification led to the total disappearance of the short-
wavelength fluorescence; however, on neutralization of the
solution, the initial emission spectrum of anthracéhevas

observed in polar solvents such as methanol and acetonitrileegained. A similar effect was observed in the presence of

whereas in the nonpolar benzene and cyclohexane solutionssilver cations, i.e.,

titration of an aqueous silver nitrate

additional local maxima and/or shoulders appear, as shownsolution to anthracen#f led to a significant red-shift of the

for methyl esterld (Figure 2). The absorption maxima of
the anthracene derivativds—g only showed small shift
differences in the various solvents (Table 1).
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Figure 2. Normalized fluorescence spectra of methyl anthra-
cenecarboxylatéd in benzene (1), acetonitrile (2), and methanol
(3); Aex = 380 nm.
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emission band td = 462 nm (Figure 3). Significant is the
fact that the fluorescence intensity decreased only slighty
(<5%) during the titration. The original oxazoline fluores-
cence was regained by addition of equimolar EDTA solution.
Whereas the addition of cadmium salts to oxazolifelid

not influence its emission properties, titration with mercury
acetate resulted in a significant quenching of the fluorescence
intensity without a band shift (Figure 4).

The acid and silver-ion titration also influenced the
absorption spectra of oxazolirid. On addition of acid to
the anthracenéf, which exhibits a long-wavelength maxi-
mum ati = 402 nm, a new, unstructured, and red-shifted
absorption band &t = 440 nm appeared. Although, oxazole
1gdid not display a red-shift of the absorption and emission
bands on acidification, a bathochromic shift was observed
from A = 462 nm toA = 474 nm along with a steady
guenching of the fluorescence intensity on addition of
aqueous silver nitrate solution.

The anthracene derivativelsl—g exhibit moderate sol-
vatochromisnt. It may be assumed that the first excited-
state $ has a larger dipole moment than the ground state
due to an photoinduced internal charge transfer from the
donor to the acceptor functionalit§> Consequently, polar

(4) Suppan, P.; Ghoneim, Neolvatochromism; The Royal Society of
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2-methoxy-6-methylanthracehaso yielded a slight decrease
of the fluorescence intensity; however, no band shift was
observed. These facts allow us to conclude that the emission
band shift of the oxazolindf on silver-cation addition is
not due to cation interactions. Since an excess of silver
nitrate is required for the emission band shift of the oxazoline
1f, it may be concluded that the association between the
oxazoline nitrogen atom and the silver cation is rather weak.
Since the fluorescence intensity of oxazolitfeand oxazole
1gis solely quenched without an accompanying band shift,
the mercury cation is not complexed to the oxazoline nitrogen
atom, as is the case for the silver cation. Presumably, the
mercury cation tends to associate with the aromasgstem,
. ; | which results in fluorescence quenching due to the heavy
400 425 450 475 atom effect. This assumption is confirmed by the observation
Wavelength [nm] that addition of mercury acetate solution to unsubstituted
Figure 4. Fluorescence spectra of oxazolitiel0-> M in methanol anthracene.or 2-meth0xyj6-_methylanthraéenso results in
(1), upon addition of 5L (2), 104L (3), 154L (4), and 20eL (5) M€ quenching of the emission intensity.
of saturated aqueous Hg(OAGOIUtoN; Aex = 390 nm. Since the protonation and complexation of oxazolifie
may be reversed by simple neutralization or decomplexation,
the oxazoline heterocycle represents a substituent whose
solvents stabilize the excited state more effectively than the acceptor properties are, at will, reversibly modified. This
ground state. Thus, a good correlatiaf € 0.93) of the chemical feature may be used for data storage and data
red-shift of the emission band with the polarity parameter processing by efficient switching of the fluorescence proper-
Er(30Y of the aprotic solvents was found. Protic solvents ties® Moreover, it should be noted that the emission bands
such as methanol do not fit this correlation due to specific of the oxazolinelf and the protonated forrif—H do not
interactions by hydrogen bondif@he anthracene derivative  overlap in the long- and short-wavelength regions of the
1cwith the rather weak amide acceptor substituent does notemission spectrum, which is a prerequisite for the application
exhibit solvatochromism such as the anthracene derivativesin effective data processirfg.
1d—g, which are substituted with comparably stronger The concept to reversibly tune the donor or acceptor
electron-withdrawing groups. This observation confirms that properties by attractive interactions with metal cations is
the donor-acceptor interplay is the structural feature that known;?however, there are only a few examples of acceptor
determines the photophysical properties of the novel an- modulation by this methodology.Oxazolinelf represents
thracene derivativesd—g. a promising new feature which may be further explored to
The significant red shift of the absorption and emission design and develop doneacceptor-substituted chromophores
maxima of the oxazolindf on acid or silver-ion titration  with efficiently switchable emission properties.
results from the protonation or complexation of the oxazoline
nitrogen atom (Scheme 1). The resulting “oxazolinium Acknowledgment. This work was generously financed
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terplay with the conjugating methoxy functionality, as mischen Industrie. Constarjt encouragement gnd generous
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emission bands. In control experiments it was shown, that
the addition of silver nitrate to a methanol solution of
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Supporting Information Available: Procedures for
synthesis, characterization data, and selected absorption and

I C"ission spectra of compounds:—g. This material is

. . . available free of charge via the Internet at http:/pubs.acs.org.
Scheme 1. Reversible Protonation and Complexation of
Oxazolinelf OL006291Y
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