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ABSTRACT

A novel alkali cation selective probe is described which exhibits unique ICT and binding properties, allowing the ratiometric titration of
sodium cations in the presence of other alkali metal ions.

Considerable interest is devoted to dipolardonor-spacer-
acceptorcompounds in which the spacer is aπ-conjugated
system, both for their intramolecular charge transfer (ICT)
properties and in connection with nonlinear optics.1 One of
the most extensively studied compounds isp-dimethyl-
aminobenzonitrile which displays locally excited (LE) and
ICT emission.2 Incorporating the nitrogen atom into a
complexing entity such as a coronand allows the spectro-
scopic properties to be modulated by metal cations. The
resulting systems can then act as chemosensors for selected
metal ions, as shown in several examples.3 We anticipated
that anthracene aza-crown analogues ofp-dimethylamino-
benzonitrile would exhibit interesting binding and spectro-
scopic properties, arising in part from steric constraints
imposed by the attached anthracene chromophore.

The 10-cyano-9-N-anthryl-aza-crown ethers3 and4 were
obtained in good yields via a palladium-catalyzed cross-
coupling reaction4 between 9-bromo-10-cyanoanthracene1
and the corresponding aza-crown ethers2 following our new
approach for the synthesis ofN-aryl-aza-crown ethers
(Scheme 1).5

The UV spectra of the free ligands3 and4 in acetonitrile
are constituted of a structured absorption band in the 350-
420 nm region, accompanied by a broad, nonstructured
transition at 430-510 nm. Whereas the former is similar to
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the 1La band in anthracene, the nonstructured transition at
longer wavelengths is attributed to an ICT absorption. In
both cases, one observes the disappearance of the ICT band
upon protonation, in agreement with the participation of the
nitrogen lone pair in the ICT state.

Inhibition of the ICT absorption is also observed for3
and4 in the presence of an excess of alkali metal ions (Li+

to K+), with the notable exception of4 in the presence of
Na+. In the latter case, complexation of Na+ is accompanied
by an markedincreasein the intensity of the ICT band, at
the expense of the1La transition (Figure 1).

Such an increase of the ICT band upon Na+ binding has
not been observed with previously reported benzene ana-
logues and is quite unique. To better understand the origins

of this intriguing behavior, we proceeded to investigate in
more detail the binding properties of compound4 with certain
alkali metal cations and compared them to its smaller-sized
analogue3.

Addition of alkali metal ions to solutions of3 and 4 in
acetonitrile results in distinct spectral changes of the1La and
ICT bands from which the association constants reported in
Table 1 were determined. Interestingly, one notes that4
displays considerably higher affinity for sodium than potas-
sium, despite the fact that 18-crown-6 macrocyles are tailored
for the potassium ion.6 In this respect, it resembles a 15-
crown-5 coronand. Consistent with this observation, com-
pound3 possesses metal binding properties usually encoun-
tered in 12-crown-4 ethers (Li+ > Na+ > K+). These trends
point to a conformationally constrained or reduced cavity
size, presumably a consequence of steric interactions of the
crown ether units with the nearby anthraceneperi-hydrogens.

Suitable crystals for X-ray crystallography were obtained
for 3⊂Na+ and4⊂K+ (Figure 2 and 3).9

(3) (a) Valeur, B.; Leray, I.Coord. Chem. ReV.2000, 205, 3. (b) de
Silva, A. P.; Gunaratne, H. Q. N.; Gunnlaugson, T.; Huxley, A. J. M.;
McCoy, C. P.; Rademacher, J. T.; Rice, T. E.Chem. ReV.1997,97, 1515.
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Table 1. Spectroscopic Data and Association Constants of3 and4 as Free Ligands or in the Presence of Alkali-Metal Cations

a In degassed acetonitrile solutions at 297 K.b Determined by changes in the absorption spectra using LETRAGROP program;14 in all cases convergence
was found for a 1:1 complex,Kass) (10%. c Excitation wavelengthλex ) 420 nm.d Determined using quinine sulfate as reference.e In the presence of an
excess of metal cation.f (1500.

Figure 1. Electronic absorption spectra of4 in acetonitrile (-),
with an excess of Na+ (- - -), K+ (- -), or trifluoroacetic acid
(....).
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In both complexes the anthracene nucleus is almost
perpendicular to the plane defined by the CH2-N-CH2

fragment and the metal cations are essentially situated to one
side of the macrocyclic cavitysremote from the nitrogen
atomssand coordinated to the oxygen atoms of the crown
ethers: both the Na-N(1) (3.24 Å) and the K-N(1) (3.52
Å) distances exceed the corresponding close contact calcu-
lated distances of 2.5 and 2.83 Å, respectively. Such
structures are unusual and presumably result from a confor-
mationally constrained complexing entity, as noted above.

As noted earlier, addition of Na+ to 4 induces an increase
of the ICT band. It is possible to take advantage of this
special behavior to determine the Na+ concentration in the
presence of other alkali metal cations. An example of such
a titration is given in Figure 4, where4 is titrated with Na+

in the presence of a 30-fold excess of K+ (Figure 4). The

significant variations observed in the relative intensities of
the1La and ICT band potentially allow the use of4 in more
precise ratiometric Na+/K+ titrations.10

ICT absorption of the free ligands3 and4 requires partial
overlap between the nitrogen lone pair and the anthracene
π-orbitals. We assume, that the observed ICT inhibitions for
3⊂Na+ and 4⊂K+ are predominantly induced by confor-
mational changes during cation complexation, causing an
increase in rigidity of the macrocycles and forcing the
anthracene units into strict orthogonal alignments with the
corresponding CH2-N-CH2 fragments. The marked increase
in ICT intensity affected by Na+ in the case of4 should
originate from increased oscillator strength of the S0 f CT
transition, reflecting a better vibronic coupling between the
S0 and CT states, induced by the presence of the Na+ cation.
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Figure 2. Solid-state structures of3⊂NaClO4 obtained from X-ray
diffraction.7

Figure 3. Solid-state structures4⊂KClO4 obtained from X-ray
diffraction.8

Figure 4. Titration of 4 (2.7 × 10-5 M) in the presence of K+

(8.2× 10-4 M) with Na+ in acetonitrile. [Na+] ) 0, 2.7, 6.6, 13.2,
19.6, 25.9, 44.2, and 61.7× 10-5 M).
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As such,3 and 4 clearly differ from previously described
benzene analogues, where inhibition of the ICT state was
rationalized in terms of a decreased stabilization of the ICT
state due to the participation of the nitrogen lone pair in
cation complexation.3

Broad, structureless fluorescence is observed upon excita-
tion of 3 and4 characteristic of emission from a CT state.11

Complexation by M+ induces a hypsochromic shift in all
cases (Table 1) which follows the same trend as the
association constant. This is evidence that photodecomplex-
ation does not occur in the relaxed singlet excited state, in
contrast with other systems investigated previously.5b,12,13

In conclusion, we have described novel chemosensors
exhibiting unique ICT and cation binding properties, clearly
different from those of previously reported benzene analo-
gous.2,3,12,13The relative intensities of the ICT and LE bands
can serve in the ratiometric titration of metal ions, and the
specific interaction of4 with Na+ allows the determination
of [Na+] in the presence of an excess of other alkali ions.
Further investigations are underway to gain a better under-
standing of the spectroscopic properties of these compounds
in view of possible applications.
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