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A fluorescent reagent (1) which has an electron donor and
an acceptor at each terminal of linear polyether chain was syn—
thesized, and the complexation behavior of 1 with alkaline earth
metal jons was investigated. Quenching of the fluorescence
spectrum and changes of 1H-NMR spectrum at the complexa—
tion with the metal ions showed the interaction between two
moieties in both excited state and ground state.

Many kinds of macrocyclic compounds analogous to crown
ethers have been applied to analytical uses. ! Especially, chro-
mogenic crown ether reagents have been reported for spec—
trophotometric determination of alkali or alkaline earth metal
ions. Previously, we have reported a complexing behavior of a
linear polyether carrying symmetncally pendant anthracene
units with alkaline earth metal ions.2 However, detailed struc—
tural information from NMR was not observed, because sym-
metrical structure of the complex only gave averaged peak posi—
tions in lH-NMR. In this study, we synthesized an asymmetric
polyether compound 1, and will report complexing behavior
with alkaline earth metal ions and structural information of the
complexes.

The compound 1 was prepared in the same manner as re—
ported previously,2 except that stepwise reaction was carried
out. The reaction anthracene—9—carbonyl chloride with equimo—
lar amount of 1,13-diamino-4,7,10-trioxatridecane afforded
mono amide compound. The desired compound 1 was obtained
by the reaction of this mono amide compound with anthraqui-
none—2-carbonyl chloride, and was purified with a silica gel
column chromatography.3

Fluorescence and absorption spectra were measured in
purified acetonitrile at 25 °C. The concentration of 1 for these
expcrlmcnts was 1.8x10> mM or 1x10> mM (1 M = 1 mol

dm™ ) otherwise noted, and to prevent a non-linearity of the

fluorescence intensity, isosbestic Eomts (368, 372, 372, and 371
nm for Mg2*, Ca*, Sr%*, and Ba**, respectively) of the absorp—
tion spectrum were chosen for an excitation wavelength. For the
measurement of complex formation, metal ions were added into
the solution of 1 as perchlorate salts.

When the compound 1 formed complexes with alkaline
earth metal ions, the fluorescence of the anthracene moiety was

quenched (Figure 1). The degree of quenching depended on the
concentration of the metal ions, and the complex formation
constants (K) and the fluorescence intensities of the complexes
(Tpgp) were evaluated from these intensities, using non-linear
least square curve fitting method. The fluorescence intensities at
409 nm were used for the calculation. In the case of Ca2*, the
fluorescence intensity decreased until equimolar amount of Ca2+
was added, and reached an asymptotic intensity. This shows

‘Table 1. The complex formation constants (K) and fluorescence
quenching efficiency (®) of 1

Metal ion log K D9
Mg2+ 5.53 0.78
Ca’* 6.43 0.89
Sr2+ 6.10 0.84
BaZ* 5.71 0.83

[1] = 1x10~% M for Mg2*, Ba®*, 1.8x10™> M for Ca2*, Sr2+
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Figure 1. Fluorescence spectra of 1 and its Ca 2+ complex.
Excitation Wavelength: 372 nm. [1] = 1. 8x10™> M in
acetonitrile.

that 1 formed a 1 : 1 complex with Ca2*. In the case of other
alkaline earth metal ions, similar behaviors were observed.
These complex formation constants of 1 were determined for
several alkaline earth metal ions, and llstcd in Table 1. Thc
order of the formation constants of 1 is Ca2* > §r?* > Ba2*t >
Mg2+ This order was the samc as that of previous reagent
having two anthracene units (2) However, the selectivity of 1
for alkaline earth metal ions was less than that of 2. This may
be caused by the less rigid of crown—-ether like ring of the
complex of 1 due to more weak interaction between anthracene
and anthraquinone than that between two anthracenes. These
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Table 2. Chemical shifts of aromatic protons before and after complexation in acetonitrile-d;?
Anthracene unit Anthraquinone unit®
H-1'8'" H-2.7'" H-36' H-45' H-10' H-1 H-3 H-4 H-58 H-6,7

1 793 743 737 792 835 8.35 797  8.07 8.25,8.19  7.95,7.93
Mg -° 740 725 ¢ -c ¢ ¢ -c -¢ -¢
1-Ca2t 784 743 728 757 799 791 727  7.04  833,-° 7.96,-¢
1-Sr2+ 790 742 733 775 8.19 809 744 700 830,799 7.96,-°
1-Ba%* 788 740 731 769 812 8.31,-¢ 7.98,7.93

812 754 720

aThese assignments were determined by H-H COSY and NOESY spectra. °The peaks of anthraquinone protons in
l-MgZ"' were not observed below 7.5 ppm. “These could not be assigned because of too complicated spectra.

show that the complexing ability was mostly determined by the
polyether moiety, not by the pendant aromatic moieties.

Fluorescence intensity of the complexes were much smaller
than that of 1. This is attributed to the fluorescence quenching
by the anthraquinone units. Since the quenching efficiency
(<I>Q)4 was independent of the concentration of the reagent, the
quenching was static one, and occurred by intramolecular pro—
cess. The quenching efficiencies were not unity, and depended
on the cation in the complex. The most effective quenching was
observed in Ca** complex. The order of D was Ca?t > Sr2+
= Ba%* > Mg2*, and was almost the same as the order of the
complex formation constants. There was no spectral overlap
between fluorescence spectrum of anthracene and the absorption
spectrum of anthraquinone, and redox potential of anthracene
(ca. =175V in excited S, state) is more negative than that of
anthraquinone (-0.70 V). Therefore, the quenching mechanism
should be an electron transfer from the excited anthracene to the
anthraquinone. In this case, the quenching efficiency should be
correlated with the distance and conformation between the two
moieties.

1H-NMR spectra in acetonitrile-d 5 gave good information
to structures of the complexes. The chemical shifts of aromatic
region of 1 and its Ca2t complex are shown in Table 2. When 1
complexed with Ca®*, almost all peaks of the aromatic protons
shifted to higher magnetic field. Etherial proton of crown ethers
usually shifts to downfield, since the electron density of the
oxygen atoms is reduced by the coordinated cation. On the
other hand, these high magnetic field shifts of the aromatic
protons should be attributed to diamagnetic effect from the ring
current of the each aromatic unit. Especially, H-1, H-3, and H-
4 protons showed large high magnetic field shifts. These shifts
were also observed in the Sr%* and Ba2* complexes. However,
in many cases, the magnitude of the shifts was smaller than that
of Ca2*, and tends to be small with the increase of ionic diamet—
er. As shown in Table 2, H-4', H-5' and H-10' protons also
showed large high magnetic field shifts, and other protons
showed small. Furthermore, one of H-5 or H-8 proton showed
a down field shift. From these consideration, the possible con—
formation of the complex is suggested in Figure 2. When the
cation with larger ionic diameter complexed with 1, the distance
between the two moieties would become long, and consequently

the magnitude of the shifts is reduced. This is also consistent .

with the trend of quenching efficiencies.
It will be concluded in the case of Ca2*, the five oxygen
atoms in polyether and carbonyl groups enclose Ca2* suitably,

and the two aromatic units properly approach to each other.
Therefore, Ca2* can make a complex with 1 most strongly. On
the other hand, Mg2+ complexed with 1 most weakly. The
diameter of Mg2+ is too small for 1 to enclose the surface of
Mg2+ properly. This was also suggested from that the large
upfield shift of H-3 was not observed in the case of Mg**
complex, and from relatively small quenching efficiency.

Figure 2. Proposed structure of 1 complexed with Ca®".
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