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A fluorescent chemosensor AP1 showed specific selectivity
for Mg?*. Fluorescence characteristics of AP1 for Mg”* are dis-
tinguished in comparison to those of Ca**, Sr>*, and Ba’* by
three components: a high fluorescence intensity ratio (nine times),
peak wavelength shift (30 nm), and monomer emission shape.

Fluorescent chemosensors play an important role in detec-
tion of alkali and alkaline earth metal cations in biological sys-
tems. During the last few decades, extensive study has been de-
voted to development of fluorescent chemosensors for alkali and
alkaline earth metal cations.! Crown ethers? and polyethers® with
fluorescent detecting moieties as a fluorescent chemosensor are
useful photochemical sensors for detection and characterization
of alkali or alkaline earth metal cations. Fluorescence spectros-
copy has become a powerful tool for detection of alkali and al-
kaline earth metal cations. Most studies using fluorescence spec-
troscopy have specifically examined fluorescence intensity ratios
or fluorescence “Off-On” to detect metal ions. To obtain de-
tailed characteristic information of metal cations, a variety of
components are also required, e.g., spectral shape and the max-
imum emission position.*

Recently, we have studied fluorescence behaviors of twisted
intramolecular charge transfer (TICT) on linear polyether com-
pounds with anthracene, naphthalene, or pyrene moieties.’ Fluo-
rescence emission of symmetric compounds bearing N-phenyl-
9-anthracenecarboxamide units (9-AC) was largely quenched
in solution.” TICT quenching occurred in the absence of metal
ions (nonfluorescent: “off” state). Upon complex formation,
photoinduced rotation of the 9-AC moiety was interrupted by
a strong cooperative binding between the carbonyl and ethyl-
enoxy moieties for metal ions. Hence, the TICT relaxation path-
way should be controlled by the complexation with metal ions,
and a fluorescence emission of 9-AC moiety was observed (fluo-
rescent: “on” state). TICT quenching was also controlled by al-
kaline earth metal ions in asymmetric compounds with compact
stoppers (e.g., n-propyl, benzene, or naphthalene). Chemosen-
sors bearing n-propyl and benzene moieties as stoppers showed
different spectral structure in Mg?+ complex compared to Ca®*,
Sr?*, and Ba®* complexes, with similar fluorescent intensity ra-
ti0.%® On the other hand, chemosensors bearing naphthalene moi-
ety as a stopper exhibited larger fluorescent intensity in Ca>*
complex compared to other cations.>® These chemosensors were
distinguished from other cations by only one factor: fluorescent
intensity, or spectral structure, or maximum emission position.
In these studies, we found that chemosensors based on a tetra-
polyether chain with various stoppers have difficulty in detecting
alkaline earth metal ions by multiple responses. In this work, we
report the synthesis and photochemical behavior of fluorescent
chemosensor AP1 based on penta-polyether showing a high se-
lectivity with multiple responses for Mg?*.
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Scheme 1. Synthesis of compound API.

The APl chemosensor was synthesized according to
Scheme 1. Tetraethylene glycol (3.88 g, 0.02 mol) in pyridine
(50mL) was stirred at under 10 °C with the addition of p-tolu-
enesulfonyl chloride (3.80g, 0.02mol) for 1h and was stored
in a refrigerator for one day. The solution was treated with
HCI and water and then extracted with benzene and CHCl;.
The CHCl; phase was dried using MgSOy4 and evaporated to ob-
tain 3. The crude 3 was dissolved in benzyltrimethylammonium
hydroxide and stirred for 24 h with addition of N-phenyl acryl-
amide. The crude product (3.29 g, 0.014 mol) of 4 in 20 mL of
DMF was added dropwise to the DMF solution (20 mL) of #-
BuOK (1.12 g, 0.0014 mol) and N-(2-hydroxyphenyl)-9-anthryl-
amide (3.14 g, 0.0014 mol). The reaction mixture was heated for
one day at 110°C. The reaction mixture was evaporated under
reduced pressure and then dissolved in CHCls. The solution
was washed with distilled water, dried over MgSOy, and evapo-
rated. Compound AP1 was purified using silica gel column chro-
matography (Wakogel C-200, eluent; chloroform/ethyl acetate
(9:1); Wako Pure Chemical Industries, Ltd.). Its structure and
purity were confirmed using 'HNMR spectra and elemental
analysis.® Fluorescence and UV-vis spectra were recorded at
25 °C using appropriate devices (RF-5300PC and UV-2400PC;
Shimadzu Corp.).

Figure 1 portrays fluorescence spectra of AP1 as a function
of the Mg?* (a) and Ca®>* (b) concentrations in acetonitrile. In
the absence of cation, AP1 showed weak emission at around
455nm, which was attributed to the exciplex emission of 9-
AC. The fluorescence response of AP1-Mg?* complex is prom-
inent compared to those of Ca?*, Sr’*, and Ba’* complexes.
Upon increasing Mg?*, the emission intensity is noticeably en-
hanced with the vibrational shape; the peak position resembled
that of anthracene monomer emission at around 410 nm. These
structured peaks result from the absence of charge-transfer inter-
action between the anthracene and the amide group. In contrast
to AP1, a symmetric compound based on penta-polyether similar
to AP1 showed quite weak emission and a poor vibrational shape
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Figure 1. Fluorescence spectra of AP1 and its Mg?* (a) and
Ca?* (b) complexes. Excitation wavelength: 363 nm. [AP1] =
1 x 107> moldm™3.
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Figure 2. Fluorescence intensity ratio (Iax/Ip) at the 413 nm
for Mg?* and 440 nm for Ca?*, Sr’>*, and Ba’>*, where fluores-
cence maximum peaks were observed. [Mg?*] = [Ca’t] =

[Sr?t] = [Ba?t] =1 x 10~* moldm 3. [AP1] =1 x 1073

mol dm~3.

for Mg?* under the same conditions.> In the case of AP1-Ca’"
complex as presented in Figure 1b, fluorescence spectra were ob-
served in structureless exciplex emission at around 440nm,
which are attributed to emission from anthracene aromatic
amide moieties. The shape and wavelength of the Mg?* complex
at the peak maximum are distinct from those of the Ca?t, Sr2t,
and Ba’* complexes.

The analytical usefulness of the free reagent and the com-
plexes was assessed respectively using low and high emission in-
tensities. The fluorescence “Off-On” responses were evaluated
as Inax/lp values (Figure 2). The I« /Iy values were measured
at 413 nm for Mg?* and 440 nm for Ca®>*, Sr>*, and Ba** which
were respective fluorescence emission maxima. The In.x/Io
values of APl were of the order of Mg?t (18.8) > Ca’*
(2.2) > Sr** (2.1) > Ba* (1.9). Obviously, AP1 showed high
selectivity for Mg”, while weak fluorescence emission of
Ca?*, Sr’>*, and Ba’>* complexes was observed. These results
(Imax/Io values, spectral shape and emission maximum wave-
length) reveal that AP1 can readily discriminate Mg+ and other
metal cations using fluorescence spectroscopy. The complex for-
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mation constants (log K) were determined from the curve by
means of a nonlinear least-squares curve fitting method
(Marquardt’s method).” The log K was 4.79 for Mg”* but could
not be calculated for Ca?*, Sr’*, and Ba?*. No response for
alkali metal ions (Na™ and K*) was observed.

In summary, the new reagent AP1 is found to be sensitive
and selective to Mg?* compared with other cations as follows:
(1) fluorescence intensity response (19 for Mg?* and 2 for
Ca*, Sr’*, and Ba’*), (2) spectral shape (monomer for Mg>*+
and exciplex for Ca?*, Sr?*, and Ba?*), and (3) emission max-
imum wavelength (410 nm for Mg?* and 440 nm for Ca>*, S+,
and Ba”*). The present chemosensor AP1 will be useful to dis-
criminate Mg?* using fluorescence spectra. Regarding the origin
of specific observations between Mg?* and Ca?*, Sr’*, Ba’*,
we intend to continue our work.
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