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Abstract

1-(2-Naphthalenecarboxy)Hp-substituted benzenecarboxy)oxaalkanes (KX = H, Cl, CF;, CN;n = 5, 6) as fluorescent sensors
by exciplex emission for metal ions were synthesized. We investigated the relationship between the substitution effects and the metal ion
recognition. Before the metal salts were added, the substitution effect was found. The fluorescence quantudn ydddse@se as the
electronegativity of the-substituent of the acceptor benzoate increasesn@NRn = 5, 6) with the most negative free energy of electron
transfer AGgt) showed the most efficient quenching and exciplex emission. WhiaNa", Kt and Mgt were added to the acetonitrile
solution of 2NPX (X = H, CI, CR;, CN; n = 5, 6), the shape and intensity of the fluorescence spectra did not change. However, the
spectra of all the 2NfXs significantly changed with the addition of €aand B&+. Especially, due to the large fluorescent enhancement
factor of 2NMCN (n = 5, 6) for C&*, they are well-suited for use as a fluorescent chemosensor for Ca
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction solution concentrations (18 moldm3) used for spec-
troscopic studies. It is difficult to distinguish intermolec-
Metal ions and organic molecular recognition is a sub- ular or intramolecular excimer or exciplex emissions
ject of considerable interest because of its implications at low concentrations. However, in naphthalene com-
in many fields such as biology, medicine, environmental, pounds, intermolecular interactions occur at greater than
etc. In particular, the detection of metal cations involved 10~1moldn3. Therefore, we have synthesized some
in biological processes (sodium, potassium, calcium) hasnaphthalene derivatives as fluorescent sensors for metal
received considerable attention. Our aim is to design fluo- ions by intramolecular excimer or exciplex emission
rescent sensord—3] that undergo photophysical changes [8—12] For example, we reported the relationship between
as soon as possible upon cation binding. Many kinds of the length of the polyether chain and metal ion recogni-
crown ether-type macrocyclic compounds have been usedtion of 1n-bis(1-naphthalenecarboxy)oxaalkanes (bNP
for analytical applications, such as chemical sensors andn = 1-6) and In-bis(2-naphthalenecarboxy)oxaalkanes
spectrophotometric analyses. In fluorometry applications, (2NPN, n = 1-6)[12].
fluorescent reagents, which have two aromatic hydrocar-

bons at both terminals of a linear polyether as an ana- O

logue of a crown ether, have also been u§ee6]. The Q o 0
fluorescent aromatic hydrocarbons in these compounds (\/\0)?#@\
are usually pyrene or anthracefig]. The disadvantage o X
of a pyrene or anthracene derivative is its ability to form 2NPnX

an intermolecular excimer or exciplex even at very low (X=H,Cl,CF;,CN;n=5,6)

They have naphthalene rings at both termini of the lin-
* Corresponding author. Tek:81-172-39-3570; fax481-172-39-3541,  €ar polyether. When alkali metal salts were added to an
E-mail address: jun@cc.hirosaki-u.ac.jp (J. Kawakami). acetonitrile solution of INRN and 2NN (n = 1-6),

1010-6030/$ — see front matter © 2004 Elsevier B.V. All rights reserved.
doi:10.1016/S1010-6030(03)00283-1



142 J. Kawakami et al./Journal of Photochemistry and Photobiology A: Chemistry 161 (2004) 141-149

the shape and intensity of the fluorescence spectra did not2.2. Synthesis

change, and when alkaline earth metal salts were added,

changes in the fluorescence spectra of ANRNd 2NRN w-(2-Naphthalenecarboxy)-oxaalkanols: The MS spectra
(n = 1-3 were also not observed. However, the spectra of all the 2NmXs showed corresponding molecular ion
of INPWN and 2NRN (n = 4-6) were changed by the peaks and similar fragments: 199 (naphthalene-CeHQ¢),
addition of calcium and barium salts. The value of logK 172 (naphthalene-C®i*), 155 (naphthalene-CQ, and

for C&t and B&+t were 2NP6N> 1NP6N > 2NP5N > 127 (naphthaleng). The preparation of 14-(2-naphtha-
INP5N > 2NP4N and 1NP4N. To attempt to construct lenecarboxy)-3,6,9,12-tetraoxatetradecanol is typical for the
excellent fluorescent chemosensors for metal ion recog- w-(2-naphthalenecarboxy)-oxaalkanols from 2-naphthoic
nition, better than INFAN and 2NN (» = 5, 6), we acid and the corresponding polyethylene glycol. To a
synthesized 1-(2-naphthalenecarbory(p-substituted ben-  stirred solution of 5.00g (21.0 mmol) of pentaethylenegly-
zenecarboxy)oxaalkanes (2N X = H, Cl, Cks, CN; col, 1.81g (10.5mmol) of 2-naphthoic acid and 51.0mg

n =5, 6) as new fluorescent chemosensors. (0.42 mmol) of 4-dimethylaminopyridine (DMAP) in dich-
loromethane (15cA), 2.20g (10.7 mmol) oN,N-dicyclo-
hexyl carbodiimide (DCC) at 258C was added. The stir-

O (0] ring was continued for 1h at @ and then overnight at
O o \0)‘\©\ room temperature. The white precipitate were filtered off
o X and the filtrate was washed with 1 moldfm HCI and

then with saturated sodium bicarbonate. Drying over anhy-
SEN p-XB drous magnesium sulfate and concentration under vacuum
(X =H, Cl, CF3, CN) yielded a crude product. Chromatography on silica gel
with acetone as the eluent yielded pure 14-(2-naphtha-
lenecarboxy)-3,6,9,12-tetraoxatetradecanol (2.00 g, 48.5%).
1H NMR (270 MHz, CDC}) § 1.86 (1H, s, ®), 3.45-3.81
(16H, m, H,0), 3.88 (2H, t, CQCH>CH», J = 5.0 Hz),
4.54 (2H, t, CQCHy, J = 5.0Hz), 7.49-8.66 (7H, m,
naphthalene)!3C NMR (70 MHz, CDC}) § 62.2, 64.7,
69.8, 70.8, 71.1, 71.1, 71.1, 71.2, 73.0QM), 125.8,
127.1, 127.9, 128.2, 128.6, 128.7, 130.0, 131.6, 133.0,
136.0 (naphthalene), 167.2%0).
17-(2-naphthalenecarboxy)-3,6,9,12,15-pentaoxaheptad-
ecanol:'H NMR (270 MHz, CDC}) § 1.87 (1H, s, ®1),

2NPnX has 2-naphthalene as an electron donor (D) and
p-substituted benzene as the electron acceptor (A). Espe
cially, in the case of 2NRCN (r = 5, 6) having a strong
electron withdrawing group, a strong interaction can be ex-
pected between the two chromophores.

In this report, we first investigated the photophysical
and photochemical properties of 2MR (X = H, Cl, Ck;,
CN; n = 5, 6) before the addition of metal ions. Second,
we investigated the substituent effects for metal ion recog-

nition. 3.55-3.77 (20H, m, B,0), 3.89 (2H, t, CACH,CHs,
J = 5.0Hz), 4.54 (2H, t, CGCH,, J = 5.0 Hz), 7.48-8.66
(7H, m, naphthalene}:3C NMR (70 MHz, CDC}) § 61.8,

2. Experimental 64.3, 69.3, 70.4, 70.6, 70.6, 70.7, 70.7, 72.€¢D), 125.3,
126.6, 127.5, 127.8, 128.1, 128.2, 129.4, 131.2, 132.5,

2.1. General 135.6 (naphthalene), 166.C%0).

The 1-(2-naphthalenecarboxg)fp-substituted benze-
The!H and!3C NMR spectra were recorded on a JEOL necarboxy)oxaalkanes (2NR, X = H, Cl, CRs, CN,n =
GX 270 spectrometer with TMS as the internal standard. The 5, 6): 2NmXs were prepared from thesubstituted benzoic
UV-visible absorption spectra were taken using a Hitachi acids and the corresponding-(2-naphthalenecarboxy)-
U-2001 spectrometer. The fluorescence spectra were takeroxaalkanols by the same method of preparation as the

using a Hitachi F-4500 fluorophotometer. w-(2-naphthalenecarboxy)-oxaalkanols. The MS spectra of
Measurements of the fluorescence spectra were car-all the 2NmXs showed corresponding molecular ion peaks
ried out in an acetonitrile solution of the 2NR (1.0 x and similar fragments: 77 @Els™), 199 (naphthalene-

10~°>moldm~3 where no intermolecular interaction was CO,CoH4t), 172 (naphthalene-G®IT), 155 (haphthalene-
found) at room temperature, and alkali or alkaline earth me- CO*) and 127 (naphthalerig.

tal salts [LiCIQy, NaClQy, KCIO4, Mg(ClOy)2, Ca(Clgy)2 1-Benzenecarboxy-14-(2-naphthalenecarboxy)-3,6,9,12-
and Ba(ClQ),] were added to the solution. To prevent tetraoxatetradecane (2NP5HH NMR (270 MHz, CDCb)
any nonlinearity of the fluorescence intensity, 295 nm was § 3.52-3.76 (12H, m, C§D), 3.80 (2H, t, Ph-C@CH>CH>,
chosen as the excitation wavelength. The fluorescenceJ = 5.0Hz), 3.87 (2H, t, naphthalene-GOH,CHy, J =
guantum yields were determined at room temperature rela-5.0 Hz), 4.45 (2H, t, Ph-C&CH,, J = 5.0Hz), 4.53 (2H,
tive to those of naphthalene (0.205 in a polar solvébi) t, naphthalene-C&CH»>, J = 5.0Hz), 7.40-8.64 (12H, m,
for solutions of matched absorbance (0.1) at the excitation naphthalene and Ph}2C NMR (70 MHz, CDC}) § 64.1,
wavelength. 64.3, 69.2, 69.3, 70.7, 70.7, 70.7, 70.8Ql@y), 125.3,
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126.6, 127.5, 127.8, 128.1, 128.3, 128.3, 129.4, 131.2,
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128.2, 128.7, 129.4, 131.1, 131.2, 132.5, 135.6, 139.4

132.9, 135.6, 127.8, 129.7, 130.2, 132.5 (naphthalene andnaphthalene and Ph), 166.20).

Ph), 166.8 C=0).

1-(p-Chlorobenzenecarboxy)-14-(2-naphthalenecarboxy)-

3,6,9,12-tetraoxatetradecane (2NPSE)NMR (270 MHz,
CDCl) § 3.40-3.75 (12H, m, B,0), 3.79 (2H, t,
Ph-CQCH,CHy, J = 5.0Hz), 3.88 (2H, t, naphthalene-
CO;CH2CH2, J = 5.0Hz), 4.44 (2H, t, Ph-CeCHo,
J = b.0Hz), 454 (2H, t, naphthalene-GOHy, J =
5.0 Hz), 7.37-8.64 (11H, m, naphthalene and P¥¢;NMR
(70 MHz, CDCB) é 64.7, 64.8, 69.6, 69.8, 71.1, 71.2, 71.2
(OCH»), 125.8, 127.1, 127.9, 128.2, 128.6, 128.7, 129.2,
129.8, 131.6, 133.0, 136.1, 140.0 (naphthalene and Ph)
166.1 C=0), 167.1 C=0).
1-(2-Naphthalenecarboxy)-14-¢rifluorobenzenecarbo-
xy)-3,6,9,12-tetraoxatetradecane (2NPSCFH NMR
(270MHz, CDCg) & 3.53-3.76 (12H, m, B,0), 3.81
(2H, t, Ph-CQCH,CH,, J 5.0Hz), 3.87 (2H, t,
naphthalene-C&CH,CH»,, J = 5.0Hz), 4.48 (2H, t, Ph-
CO,CHy, J = 5.0Hz), 4.54 (2H, t, naphthalene-GOHo,
J = 5.0Hz), 7.58-8.64 (11H, m, naphthalene and PR,
NMR (70 MHz, CDC§) § 64.2, 64.6, 69.1, 69.3, 70.7, 70.8
(OCH»), 121.2 CF3), 125.3, 125.4, 125.5, 126.6, 127.5,
127.8, 128.1, 128.3, 129.4, 130.1, 131.2, 132.5, 133.4,
135.6 (naphthalene and Ph), 165G-Q), 166.7 C=0).
1-(p-Cyanobenzenecarboxy)-14-(2-naphthalenecarboxy)-
3,6,9,12-tetraoxatetradecane (2NP5CNH NMR (270
MHz, CDCkL) § 3.41-3.76 (12H, m, B,0), 3.80 (2H,
t, Ph-CQCH,CHy, J = 5.0Hz), 3.88 (2H, t, naphthalene-
CO;CH2CH2, J = 5.0Hz), 4.48 (2H, t, Ph-CeCHa,
J = b.0Hz), 454 (2H, t, naphthalene-GOHy, J =
5.0 Hz), 7.48-8.65 (11H, m, naphthalene and P¥g,NMR
(70 MHz, CDCB) § 64.5, 65.1, 69.3, 69.6, 70.7, 70.9, 71.0,
71.3(CCH2), 116.8 CN), 118.2,125.6, 126.9, 127.7, 128.2,
128.4, 128.5, 129.6, 130.5, 131.4, 132.4, 132.8, 134.3,
135.9 (naphthalene and Ph), 165C=(Q), 166.9 C=0).
1-Benzenecarboxy-17-(2-naphthalenecarboxy)-3,6,9,12,
15-pentaoxaheptadecane (2NP6HH NMR (270 MHz,
CDCl3) § 3.30-3.75 (16H, m, CyD), 3.81 (2H, t, Ph-
CO,CHoCHo, J = 5.0Hz), 3.88 (2H, t, naphthalene-GO
CH2CH2, J = 5.0Hz), 4.46 (2H, t, Ph-CeCH», J
5.0Hz), 4.54 (2H, t, naphthalene-GOH,, J = 5.0Hz),
7.49-8.65 (12H, m, naphthalene and PRFC NMR
(70MHz, CDCE) & 64.4, 64.5, 69.5, 69.6, 70.9, 70.9,
71.0, 71.0, 71.0 (OHy), 125.6, 126.9, 127.7, 128.0, 128.4,
128.5, 128.6, 129.6, 130.0, 130.5, 131.4, 132.8, 133.2,
135.9 (naphthalene and Ph), 166-Q), 167.0 C=0).

1-(p-Chlorobenzenecarboxy)-17-(2-naphthalenecarboxy)-

3,6,9,12,15-pentaoxaheptadecane (2NP6CIH NMR
(270MHz, CDC}) § 3.46-3.75 (16H, m, B,0), 3.80
(2H, t, Ph-CQCH,CHy, J 5.0Hz), 3.88 (2H, t,
naphthalene-C&H,CH,, J = 5.0Hz), 4.45 (2H, t, Ph-
CO,CHy, J = 5.0Hz), 4.54 (2H, t, naphthalene-GOHo,

J = 5.0Hz), 7.38-8.64 (11H, m, naphthalene and Ph);
13C NMR (70 MHz, CDC}) § 64.2, 64.3, 69.2, 69.3, 70.6,
70.7,70.7, 70.8 (OHy), 125.3, 126.6, 127.5, 127.8, 128.1,

1-(2-Naphthalenecarboxy)-1p-{rifluorobenzenecarbo-
xy)-3,6,9,12-pentaoxa heptadecane (2NPHCEH NMR
(270MHz, CDC}) § 3.52-3.76 (16H, m, B,0), 3.82
(2H, t, Ph-CQCH,CH>, J = 5.0Hz), 3.88 (2H, t, naphth-
alene-CQCH,CHy, J = 5.0Hz), 4.49 (2H, t, Ph-CeCH,,
J = 5.0Hz), 454 (2H, t, naphthalene-GOHy, J =
5.0Hz), 7.48-8.64 (11H, m, naphthalene and PHC
NMR (70 MHz, CDCB) § 64.7, 65.1, 69.6, 69.8, 71.1, 71.1,
71.2,71.2 (@Hy), 121.2 CFs3), 125.8, 125.9, 127.1, 127.9,
128.2,128.6,128.7, 130.6, 133.0, 133.9, 136.1 (naphthalene

and Ph), 166.8G=0), 167.2 C=0).

1-(p-Cyanobenzenecarboxy)-17-(2-naphthalenecarboxy)-
3,6,9,12,15-pentaoxa heptadecane (2NP6CN): NMR
(270 MHz, CDC}) § 3.40-3.76 (16H, m, B,0), 3.81
(2H, t, Ph-CQCH,CHy, J = 5.0 Hz), 3.88 (2H, t, naphth-
alene-CQCH,CHy, J = 5.0 Hz), 4.49 (2H, t, Ph-CeCHo,

J = b5.0Hz), 454 (2H, t, naphthalene-GOH,, J =
5.0Hz), 7.48-8.64 (11H, m, naphthalene and P#J;NMR
(70MHz, CDCB) § 64.5, 65.1, 69.3, 69.6, 70.9, 70.9, 71.0,
71.0 (CCHy), 116.8 CN), 118.2,125.6, 126.9, 127.7, 128.0,
128.4, 128.5, 129.6, 130.5, 131.4, 132.4, 132.8, 134.3,
135.9 (naphthalene and Ph), 165CZ(Q), 166.9 C=0).

The methylp-substituted benzoatg-XB; X = H, ClI,
CF3, CN) was prepared from the correspondingubstituted
benzoic acid and methanol by the same method for the prepa-
ration of 2NmX. The physical data for these compounds
were identical with the literature values. The preparation of
ethyl 2-napthoate (2EN) was reported[i2].

0 9 0
oi\/\o 01\/\0 0 %

INPnN
(n=1-6)

2NPnN
(n=1-6)

3. Results and discussion
3.1. Absorption spectra and emission spectra

The UV absorption spectra of 2MR (X = H, Cl, CF;,
CN; n = 5, 6) are essentially identical with an equimo-
lar mixture of 2EN andp-XB. Fig. 1 shows the spectra of
2NP5CN, 2NP6CN and an equimolar mixture of 2EN and
p-CNB as a typical example. The ground state intramolecu-
lar interactions, such as charge transfer (CT), were excluded
by the absence of a new band at a longer wavelength for
2NPX.

The shapes and intensities of the emission spectra of
2NPX (X = H, Cl, CR3; n = 5, 6) are essentially identical
with the reference compound 2EN. In contrast, the emission
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fffffff 2NPSCN
——— 2NP6CN
———2EN + p-CNB

Absorbance

200 250 300 350 400

Wavelength / nm

Fig. 1. UV absorption spectra of 2NP5CN, 2NP6CN and an equimolar mixture of 2ENb-@NB in acetonitrile at room temperature.

spectra of 2NRCN (n = 5, 6) showed differences from that sions are due to the excited state complex formation; that is,
of the reference compound 2EN. Although 28X = H, intramolecular exciplex formation.

Cl, CRs; n = 5, 6) and 2EN showed only emission from It is known that electron transfer and exciplex formation
the naphthalene chromophore in acetonitrile, structurelessare possible for a system with a negative free energy of
broad emissions were observed in the longer wavelength re-electron transferAGgr) value, given by the Rehm-Weller
gion for 2NMCN (» = 5, 6). For example, the fluorescence equation[13]:

spectra of 2NP5CN in acetonitrile at room temperature are _

shown inFig. 2 The excitation spectra of 2MEN (n = AGer = IPp —EAa = Eoo = C + AGsaly @)
5, 6) observed at 360 nm are identical with the absorption where IR is the ionization potential of a donor, RAthe
spectra, indicating that these new longer wavelength emis-electron affinity of an acceptoEgg the excitation energy of

2NP5CN

Intensity (a. u.)

Exciplex emission

300 350 400 450 500 550 600

Wavelength / nm

Fig. 2. Fluorescence spectra of 2NP5CN in acetonitrile at room temperature.
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the excited molecule, and and AGgg)y are the Coulombic  Table 2
energy and solvation of ion pairs, respectively. A fairly ac- F'UOFESC?”_CIG quamur; y'e;jSOOf 20P(X =H, Cl, CR, CN;n =5, 6)
curate value oAGet can be calculated using the equation ™ cetonitile(s = 362) at 25°C

[14]: Quantum vyield 2NP5H 2NP5CI 2NP5gF  2NP5CN
o2 Drotal 0.19 0.21 0.18 0.047
AG eV)=E o — Ea- — Eoo— | — DLE 0.19 0.21 0.18 0.040
ET (V) = E(p/p+) — Ea-/a) — Eoo [w} Pex a a a 0.007
|:<e2)< 1 1)] @) 2NP6H 2NP6CI 2NP6CF  2NP6CN
r)\362 ¢ Pootal 0.22 0.22 0.24 0.067
using the oxidation and reduction potentialsd4,p+, and ZLE 2'22 3'22 a0'24 o%giﬁ
Ea- ] of a donor and an acceptor separatecblwith the B :
average individual ionic radii in a solvent with dielectric #Not detected.
constant when the redox potentials of the donor and the ac-
ceptor were determined in acetonitrile solutign= 36.2). the spectra of 2EN from those of 2RNR after normaliza-

In order to evaluate the free energy of electron transfer in the tion at the peak wavelength of naphthalene. That is to say,
2NPnX series, the oxidation potential of naphthalene and the ®gx = ®iota) — PLE- Diotal deCreases as the electronegativ-
reduction potentials op-XB (X = H, Cl, CFs, CN) were ity of the p-substituent of the acceptor benzoate increases.
compared. The oxidation potential of naphthalefg|p+)] 2NPNCN (n = 5, 6), with the most negativA Get, show
was 1.26V vs. Ag/Ag in acetonitrile at room temperature the most efficient quenching. In 2NN (z = 5, 6), the in-
[15]. The reduction potentialsta-/a)] of p-XB carrying tramolecular exciplex emission is observed, but not observed
p-H, p-Cl, p-CF; andp-CN were—2.63,—2.47,—2.19 and in INPnX (X = H, CI, CF; n = 5, 6). An exciplex emis-
—2.11V vs. Ag/Ad" in acetonitrile at room temperature, sion requires a strong interaction of the two chromophores.
respectively{16]. If we assume that the donor and acceptor

parts of 2NPX in the extended conformation are separated 3.2, Absorption studies for metal ion recognition

by a distance of 28 A obtained from the molecular model,

AGer is calculated fromEqg. (2) (ionic radii are assumed We examined the change in the absorption spectra when
to be 4.3 A) using the 0-0 transition energy for naphthalene adding LiClQ;, NaClQy, KCIO4, Mg(ClO4)2, Ca(ClQy)2

Eoo = 98eV determined from the absorption and fluores- and Ba(CIQ), to the solution of 2NBX (X = H, Cl, CFs,
cence spectra\Ger for the folded conformationis alsocal-  CN; »n = 5, 6; 10 x 10~°>mol dnm3). The addition of Li",

culated using 4 A as the minimum value for the distance be- Na', K+ and Mg resulted in no observable changes in

tween the donor and acceptor. As showTable 1, the val- the absorption spectra of 2NR. However, C&*+ or B&"
ues of AGer for the folded conformation (4 A) are greater added to 2NBX resulted in a red shift of the naphthalene
than that for the extended conformation (28 Ger de-  absorption and isosbestic points were observed (€ig. 3

creases as the electronegativity of fheubstitutents of the  shows the absorption spectra of 2NP5CN in the absence and
acceptor benzoate increases. The combination of naphthapresence of O?d’) The absorption spectra of 2NR in the
lene (D) withp-H, p-Cl, p-CFs andp-CN benzoate (A) gives  presence of C& or B&" suggested that the calcium or
a negativeA Ger, indicating that both the exciplex formation  barium complexes formed in the ground state. This behavior
and electron transfer are possible for these sys{émh48]. was not observed in case ofiLiNat, Kt and Mc?+.

The fluorescence quantum yield®)(relative to that of

naphthalene of 2N#X (X = H, Cl, CF3; n = 5, 6) in ace- 33 Fluorescence studies for metal ion recognition
tonitrile are given infable 2 in which @ is the quantum

yield for the total emissiongg is that of a locally excited Measurement of the fluorescence spectra was carried out
emission an@ex is that of the exciplex emission. The emis- i the acetonitrile solution of 2NiX (X = H, Cl, CFs
sion spectra of the exciplex were obtained by subtraction of ~n- ,, — 5 - 10 x 10-5 mol dm3) at room temperature

and alkali or alkaline earth metal salts [LICJONaCIQy,
Table 1

KCIQOg4, Mg(ClOy4)2, Ca(Cl and Ba(Cl were added
Free energy of electron transfeAGer) between naphthalene apekB to the4solggion 4‘?’?) reE/erS:1 )nzonlineargt 21‘) 2t]he fluorescence
(X =H, Cl, CFs, CN) in acetonitrile . . ’ P y o

intensity, 295nm was chosen as the excitation wavelength

D-A oy AGEgT (eVmol1) of 2NPX.

p=28A p=4A When lithium, sodium, potassium, and magnesium salts
Naphthalenep-HB 0.00 010 019 were added to an acetonitrile solution of 208M(X = H, ClI,
Naphthalenep-CIB 0.23 _0.26 _0.35 CFs3, CN; n = 5, 6), the shape and intensity of the fluores-
Naphthalenep-CFsB 0.54 —0.54 —0.63 cence spectra did not change. However, when calcium and
Naphthalenep-CNB 0.66 —0.62 -0.71 barium salts were added, the spectra of BXIPX = H, ClI,

aHammetto values forp-substituents. CRs, CN; n = 5, 6) changed and exciplex emissions were
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Absorbance

200 250 300 350 400

Wavelength / nm

Fig. 3. Spectra changes in the UV absorption of 2NP5CN £1.10-°moldm~3) upon the addition of G4 (0, 10 x 107>, 5.0 x 1072, 1.0 x 1074,
1.0 x 1073, 5.0 x 1073, 1.0 x 102 moldm3) in acetonitrile.

observed. The fluorescence spectra of 2NP5H in the pres-the metal salts in terms of the equilibriuii9]:

ence of several concentrations of LiGIONaClQ,, KCIQg, 24 24

Mg(ClOg)2, Ca(ClQy)2 and Ba(ClQ), are shown irFig. 4 2NPX + M7 = 2NPeX - M*" (X = H, CI, CF3, CN;

as typical examples. n =5,6; M>" = C&" or B&™) (3)
To study the complexation behavior of 2R (X = H,

Cl, CFs, CN; n = 5, 6) with C&" and B&", the mea-

surement of the fluorescence was carried out in detail. The

Also, the association constants)(should be expressed as
follows:

fluorescence spectra of 2NP5X & H, Cl, CF3, CN) in [2NPuX - M?H]

the presence of sevgrql concentr_ations of CaglziGnd = [2NPrX][M 2+]

Ba(CIOy), are shown irfFig. 5as typical examples. We sep- [2NPnX - M2+]

arated the emission spectra of 2W¢in the presence of sev- = 5T 4
eral concentrations of & and B&* by the emission spec- {([ZNP’@?O —[2NPrX- M 2+])

tra of the reference compounds 2EN, and we obtained locally x([M“TJo — [2NPrX - M=)}

excited emission (LE) and exciplex emission (EX) spectra

of 2NPnX. In both cases of Ca(Clg, and Ba(ClQ),, the 241 | I-1D

LE emission decreased by the addition of the metal salt, and[ZNPnX M1 = al2NPnX]o = Imax — 1o [2NPrX]o

the EX emission increased. The fluorescence enhancement (5)
factors (FEFs) for C& and B&™ at exciplex emission max-

ima are shown imable 3 FEF is calculated as a ratio of the  Taple 3

fluorescence of the metal complex and the uncomplexed lig- The FEF& of 2NPnX (X = H, ClI, CFRs, CN; n = 5, 6) at exciplex
and. In all the 2NRXs, the FEFs for C& were greater than ~ emission maxima

that for B&*. The FEFs for C&" were 5.2, 4.6, 4.5, 4.6, cat Ba?+
5.0, 4.0, 11 and 12 for 2NP5H, 2NP6H, 2NP5CI, 2NP6CI, Ly pep s 7
2NP5CR, 2NP6CR, 2NP5CN and 2NP6CN, and the FEFS  onpeH 46 29
for Ba2t were 2.7, 2.2, 2.4, 2.1, 2.0, 1.9, 2.5 and 4.8 for 2NP5CI 4.5 2.4
2NP5H, 2NP6H, 2NP5CI, 2NP6CI, 2NP5¢FR2NP6CE, 2NP6CI 4.6 21
2NP5CN and 2NP6CN, respectively. Especially, the large ;Eiggg 2'8 i'g
values of 2NP5CN (FEE= 11) and 2NP6CN (FER=12) 5\ becn 1 Py
for C&* are remarkable. Next, we calculated the associ- onpecN 12 4.8

ation constantsK). Even though the solvent takes part in , , . .
h L. . . h | . L 2The enhancement factor is the ratio of the fluorescence intensity
the association interaction, the solvent concer]tratlon _IS VIF of a complex divided by the fluorescence intensity of the uncomplexed
tually unaffected. Therefore, we express the interaction of jonophore.
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Fig. 4. Fluorescence spectra of 2NP5H withf LNa", KT, Mg?t, C&t or B&" ([2NP5H]= 1 x 10~>moldm 2 in acetonitrile, [LiCIQ], [NaClOy],
[KCIO4], [Mg(ClO4)2], [Ca(CIOs)2] oF [Ba(ClOs)z] = 0, 10 x 105, 5.0 x 1075, 1.0 x 1074, 1.0 x 1073, 5.0 x 10-3, 1.0 x 102 mol dnr-3).

FromEgs. (2) and (3)the following equation could be de- values for B&t was 2NR.Cl > 2NP:CN > 2NPrH >

rived: 2NPrCFs (n = 5, 6). For the same length of the polyether
241 a chain, the loK values of 2NIRCF; were the lowest. We
M™ o = K(1—a) +a[2NPrX]o (6) do not know that reason precisely. But, probably, the rea-

o _ son for the low the log values is because it will be diffi-
where [2NPX]o and [MP*]o are the initial concentrations  cult to form the complex by the bulk of the trifluoromethyl
of 2NPnX and the metal salt$ andimax are the observed lo-  group. For the each 2NiXs, the values of log for Ca+
Ca.”y excited emission intensities of the 2ilRin the pres- and Bé-""‘ were almost same. For examp|e, the values of
ence and in the absence of the metal ion, respectively, andogK of 2NP5CN are 4.4 for G4 and 4.3 for B&", re-
lo is the observed locally excited emission intensity of the spectively. This means that the complexing ability foP€a
complex of the 2NRX and the metal ion. A self-written  and B&+ is same. On the other hand, in all the 2R, the
nonlinear curve-fitting computer prograid. (6) was used  FEFs for C&t were greater than that for Ba. Though the
to fit the experimental titration curves. The association con- association constantk) depend o/ — Io)/ (Imax— o), the

stant were determined from the emission-intensity changesFgrs do not depend on it. The FEFs &gx/lo, and those
at the exciplex emission maxima for 2NRusing this equa-

tion. The values of logK of 2NiRX (X = H, Cl, CFs, CN; Table 4
n =5, 6) are reported iffable 4 In all the 2NRXs, the  The association constant€)(of 2NPAX (X = H, Cl, CFs, CN; n = 5, 6)
values of logK forn = 6 (logK = ca 5) were greater

thann = 5 (logK = ca 4). Because oxygen atoms of the logK
polyether chain are necessary to bind metal ions, in the case cat Bart
of n = 6 with many oxygen atoms, the complexation ability 2NPSH 4.0 4.1
for metal ions would be increased. Actually, 2N (n < gmﬁgg& ;73 ;'g
4) having a shorter polyether chain could not form com- ,npscN 44 43
plexes with the metal ions. The complexing ability will be 2nPeH 5.0 4.7
mostly determined by the polyether chain length. The order 2NP6CI 5.1 5.2
of the logK values for C&" was 2NRICN > 2NP:Cl > 2NP6CR 4.7 4.6
2NP6CN 5.1 5.1

2NPrH > 2NPiCF3 (n = 5, 6), and the order of the ld§
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Fig. 5. Fluorescence spectra of 2NP5X £&XH, Cl, CF;, CN) and their C&" and B&t complexes ([2NP5X}= 1 x 10~>moldm3 in acetonitrile,
[Ca(ClOy)2] or [Ba(ClOg)2] =0, 10 x 1075, 50 x 1072, 1.0 x 1074, 1.0 x 1073, 5.0 x 1073, 1.0 x 102 mol dm3).

are often more important than the association constants as), their spectroscopic features in the excited state depend on
fluorescent chemosensors. We think that the calcium com-the p-substituents of the benzoate. In the absence of metal
plex showed the strong fluorescence by forming the stablesalts, 2NRCN (» = 5, 6) with the most negative free en-
exciplex further than barium complex. ergy of electron transferAGgt) showed the most efficient
These results suggests that 2WP(X = H, Cl, Ckg, guenching and exciplex emission. The exciplex formation
CN; n = 5, 6) is an excellent fluorescent chemosensor for of 2NPnX (X = H, Cl, CFs; n = 5, 6) is not easier than for
Ca&t and B&t. Especially, 2NP5CN and 2NP6CN have 2NPnCN (» = 5, 6), because the two chromophores can-
the largest FEF values, and 2NP5CN is also good for the not easily approach close enough to interact. However, in
selectivity of C&+ (FEF = 11) and B&" (FEF = 2.5). the presence of calcium and barium salts, all the 2
formed an exciplex, and showed exciplex emission. @XP
(X = H, CI, CR3, CN; n = 5, 6) is an excellent fluores-
4. Conclusion cent chemosensor for €aand B&". Especially, due to the
large fluorescent enhancement factor of BBR (n = 5,
Whereas the intramolecular interaction in the ground state 6) for C&*, they are well-suited for use as a fluorescent
is not observed in any 2NiX (X = H, Cl, CF3, CN;n =5, chemosensor for Ca.



J. Kawakami et al./Journal of Photochemistry and Photobiology A: Chemistry 161 (2004) 141-149 149

Acknowledgements [6] C.-H. Tung, Y.-M. Wang, J. Am. Chem. Soc. 112 (1990) 6322.

[7] A.P. de Silva, A.A. de Silva, J. Chem. Soc., Chem. Commun. (1986)
We thank Associate Prof. Yoichi Habata of Toho Univer- 1709. cami _ )
sity for the MS spectral measurements. This work was sup- o} 3- Kawakami, ¥. Komaj, S. lto, Chem. Lett. (1996) 617.

. . . . [9] J. Kawakami, H. Sata, K. Ebina, S. Ito, Chem. Lett. (1998) 535.
ported by a Grant-in-Aid for Research of Young Scientists [10] J. Kawakami, H. Itoh, H. Mitsuhashi, S. Ito, Anal. Sci. 15 (1999)

No. 14740399 from JSPS and the Nishida Research Fund 617.

for Fundamental Organic Chemistry (Heisei 14 nendo). [11] J. Kawakami, A. Fukushi, S. Ito, Chem. Lett. (1999) 955.

[12] J. Kawakami, Y. Komai, T. Sumori, A. Fukushi, K. Shimozaki, S.
Ito, J. Photochem. Photobiol. A 139 (2001) 71.

[13] D. Rehm, A. Weller, Isr. J. Chem. 8 (1970) 259.

[14] Y. Zhu, G.B. Schuster, J. Am. Chem. Soc. 115 (1993) 2190.

[1] A.P. De Silva, H.Q.N. Gunaratne, T. Gunnlaugsson, A.J.M. Huxley, [15] J. Kawakami, M. lwamura, J. Phys. Org. Chem. 7 (1994) 31.
C.P. McCoy, J.T. Rademacher, T.E. Rice, Chem. Rev. 97 (1997) 1515. [16] G. Kavarnos, N. Turro, Chem. Rev. 86 (1986) 401.

[2] P. Buhimann, E. Pretsch, E. Bakker, Chem. Rev. 98 (1998) 1593. [17] K. Kikuchi, Y. Takahashi, T. Katagiri, T. Niwa, M. Hoshi, T. Miyashi,

References

[3] Y. Suzuki, T. Morozumi, H. Nakamura, M. Shimomura, T. Hayashita, Chem. Phys. Lett. 180 (1991) 403.
R.A. Bartsh, J. Phys. Chem. B 102 (1998) 7910. [18] K. Kikuchi, M. Hoshi, T. Niwa, Y. Takahashi, T. Miyashi, J. Phys.
[4] Y. Kakizawa, T. Akita, H. Nakamura, Chem. Lett. (1993) 1671. Chem. 95 (1991) 38.

[5] R. Tahara, K. Hasebe, H. Nakamura, Chem. Lett. (1995) 753. [19] K. Kubo, N. Kato, T. Sakurai, Bull. Chem. Soc. Jpn. 70 (1997) 3041.



	Intramolecular exciplex formation and complexing behavior of 1-(2-naphthalenecarboxy)-n-(p-substituted benzenecarboxy)oxaalkanes as fluorescent chemosensors for calcium and barium ions
	Introduction
	Experimental
	General
	Synthesis

	Results and discussion
	Absorption spectra and emission spectra
	Absorption studies for metal ion recognition
	Fluorescence studies for metal ion recognition

	Conclusion
	Acknowledgements
	References


