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New fluorescent compounds (1), lariat ethers having plural pyrenylmethyl groups on the sidearms, were prepared, and their complexation
behavior with alkaline earth metal cations was examined by fluorescence spectrometry. The pyrene excimer emission decreased accompanied
with an increase in the monomer emission upon complexation with the metal ion. This finding is ascribed to the cooperative participation of
one of the two sidearms in the complexation of the crown ring with the metal ion.

Recently, much attention has been paid to the fluorometric Therefore, a certain device to bring about the structural
sensing of a specific molecule based on the hgskest change in response to a specific metal ion should be of
interaction! For example, a pyrenyl group has often been importance in the molecular design of new fluorophores.
used as an excellent fluorescence probe on account of itsindeed, a variety of detection systems for guest molecules
high sensitivity for detectioA.In particular, host molecules  and ions have been developed by use of fluorescence changes
containing plural pyrenyl groups show an intramolecular in intramolecular excimer emission or fluorescence quench-
excimer emission due to—z stacking of the pyrene rings  ing of various pyrene-functionalized ligan#i©ur strategy

in the free state and the emission intensity decreases Wwithfor this purpose is to use the effective coordination of the
the increase of monomer emission intensity upon the addition

of metal cations, which is ascribed to the structural change (3) (a) Matsumoto, H.; Shinkai Sietrahedron Lett1996,37, 77-80.

in the host molecules. Since the degree of the structural (b) Kubo, K.; Kato, N.; Sakurai, TBull. Chem. Soc. Jpri997,70, 3041~
change is highly dependent on the kind of metal fons, these 049,(0) U7, Yo Morerin, T Naiamure Bpye Chm aooe,
compounds show selectivity toward a specific metal ion. s;watanabe, M.; Teramae, Anal. Chem200Q 72, 5841-5846. (e) Yang,

J.-S.; Lin, C.-S.; Hwang, C.-YOrg. Lett. 2001, 3, 889—892. (f) Chen,
(1) De Silva, A. P.; Gunaratne, H. Q. N.; Gunnlaugsson, T.; Huxley, A. J.-A.; Lai, J.-L.; Lee, G. H.; Wang, Y.; Su, J. K.; Yeh, H.-C.; Lin, W.-Y.;

J. M.; McCoy, C. P.; Rademacher, J. T.; Rice, T(hem. Rev1997,97, Leung, M. Org. Lett.2001,3, 3999—4002. (g) Liao, J.-H.; Chen, C.-T.;
1515—-1566. Fang, J.-M.Org. Lett. 2002,4, 561—564. (h) Strauss, J.; Daub,Qrg.
(2) Winnik, F. M. Chem. Re»1993,93, 587—-614. Lett. 2002,4, 683—686.
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electron-donating sidearm of lariat ethers to metal ions. Lariat ||| kGGG

ethers are known to be effective as host molecules for alkali

metal and alkaline earth metal cations on the basis of their

cooperative coordination function of the crown ring and the
electron-donating sidearms to the catién’.
From this point of view, we describe the synthesis of new

fluorescent compounds, lariat ether derivatives possessing

plural pyrenylmethyl groups on the sidearms, and their
complexation properties with alkali metal and alkaline earth
metal cations by fluorescence spectrometry.

The synthetic route to compourtth is summarized in
Scheme 1. Compouriiwas prepared by the bromoalkoxy-

Scheme 1. Preparation of Compountia
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lation reaction of 15-methylene-16-crown-5)¥ using N-
bromosuccinimide (NBS) and ethylene glycol. The hydroxyl
group of6 was protected by treatment with 3,4-dihydrid-2
pyran according to the conventional method, and then the
compound was reacted with ethylene glycol monotetra-
hydropyran-2-yl ether under basic conditions, followed by
deprotection to giv&€. The reaction o7 and 1-bromomethyl-
pyrene was carried out in THF in the presence of NaH at
reflux temperature for 36 h to afforth. Compound4b and

2 were also prepared in a similar wayta. All the structures
(Figure 1) were ascertained Byt NMR and IR spectroscopy,
mass spectrometry, and elemental analysis.
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Figure 2. Fluorescence spectrabé (1 x 10°®M), 1b (1 x 1076
M), and 3 (2 x 107% M) in 99:1 v/v CH,CN/CHCk. Excitation
wavelength: 340 nm.

monomer emission at 395 nm at the concentration of 2
108 M, whereas compound%a and 1b containing two
pyrene rings showed strong excimer emission at 480 nm at
the concentration of 1x 1076 M. On the basis of the
concentration of fluorophore, the excimer emissiod@and
1b is attributed to the intramolecular—z stacking of two
pyrene rings.

To evaluate the complexation behavior of fluorophbae
we measured the fluorescence spectraas functions of
concentrations of Ca perchlorate in a mixed solvent of 99:1
viv CH3;CN/CHCL at room temperature (Figure 3).
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Figure 3. Fluorescence spectral changeda(1l x 10-6 M) with
different concentrations of Ca(Cl2 in 99:1 v/iv CHCN/CHCk.
Excitation wavelength: 340 nm.
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Figure 1. Structures of fluorophores

Figure 2 shows the fluorescence spectraaflb, and3.
Compound3 containing one pyrene ring showed only a

2642

Figure 3 shows that the fluorescence intensity of the
excimer emission olla decreases with the increase of the

(4) (a) Gokel, G. W.Chem. Soc. Re 1992,21, 39-47. (b) Compre-
hensive Supramolecular Chemistry; Gokel, G. W., Ed.; Elsevier Science:
Oxford 1996; Vol. 1.

(5) (a) Gokel, G. W.; Barbour, L. J.; De Wall, S. L.; Meadows, E. S.
Coord. Chem. Re2001,222, 127—154. (b) De Wall, S. L.; Barbour, L.
J.; Gokel, G. WJ. Phys. Org. Chen2001,14, 383—391. (c) Meadows, E.
S.; De Wall, S. L.; Barbour, L. J.; Gokel, G. W. Am. Chem. So001,

123, 3092—-3107.
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Figure 4. Changes of¢ of 1a (left), 1b (center), an® (right) upon addition of alkaline earth metal cations in 99:1 v/vsCN/CHCL.
[1a] = [1b] = [2] = 1 x 1076 M. Excitation wavelength: 340 nm.

C&™ concentration, while the fluorescence intensity of the  The stability constanti) of the complex was evaluated
monomer emission increases. This dramatic spectral changdrom the curve by means of a nonlinear least-squares curve-
is ascribed to the conformational changd & which inhibits fitting method. The curve showed that all the ligands formed
the intramolecularr— stacking of the pyrene rings, caused 1:1 complexes. ThK values ofla, 1b, and2 toward alkaline

by the cooperative coordination of the crown ring and the earth metal cations are summarized in Table 1.

sidearm to C&. An isoemissive point at 433 nm indicates

the presence of only one type of compléa{Ca") involved. _

n the other hand, fluorophor tetraethylene glycol
© e other hand, fluoropho (a tetraethylene glyco Table 1. Stability Constant (loK) of 1a, 1b, and2 for

derivative) as a reference hardly responded to any kind of ; R
. . . : Alkaline Earth Metal Cat 99:1 viv GEN/CHC
alkali metal and alkaline earth metal cations. This result ——ec =2 Veta’ -anons In Al b

clearly demonstrates that higher complexing ability toward log K (M™)

metal ions is needed for the fluorescence ionophore and the Mg2* cazt S+ Ba2+

presence of a crown ring is effective. 1a d 5 o8 6o
The existence of thda-Cat complex in solution was 1b nd 6.7 8.2 74

evidenced byH NMR spectroscopy. ThiH NMR spectrum 2 nd 5.5 6.9 9.0

of 1la showed two signals at 4.82 and 4.84 ppm based on
the methylene protons adjacent to two pyrene rings in 2:1
viv CDsCN/CDCL. Upon addition of an equimolar amount  As shown in Figure 4, alkaline earth metal cations except
of Ca(ClQy)., the methylene protons were shifted downfield for Mg2* noticeably decreased the fluorescence intensity of
to 4.87 and 5.04 ppm. This downfield shift clearly indicates excimer emission ofLa and 1b with an increase in the
the effective coordination of the electron-donating sidearm intensity of the corresponding monomer. On the other hand,
to the calcium iorf2 The difference in the extent of the peak zlkali metal cations (Li, Nat, K*) caused no change in the
shifts between the two kinds of methylene protons by the fluorescence spectra df and1b contrary to our expecta-
addition of calcium ion suggests that only one of the two tjons. Compound$aand1b showed selectivity toward Ga
sidearms participates in complexation with the cation. The and St*, respectively, among seven alkali metal and alkaline
sidearm constituting the glycerol structure at the pivot carbon eagrth metal ions examined in this work. The stability
should be responsible for the complexation, according to our constants ofla and1b for alkaline earth metal cations also
previous worké afforded the same cation selectivity (Table 1). The increase
Next, the fluorescence intensity of excimer emissik) ( in the stability constant toward Brof 1b in comparison
of 1a, 1b, and2 at 480 nm was plotted against the ratio of with that of 1a should be ascribed to the participation of the

[metal]/[ligand] (Figure 4). electron-donating sidearm in the complexation of the cation.

(6 Bartsch, R, A~ Kim. 3. 5. Olsher, Us: Purkiss. D. W. R .y This observed change in the cation selectivity is reasonably
artsch, R. A.; Kim, J. S,; sher, U.; PUrKiss, D. ., Ramesn, V.; H H H H H

Dalley, N. K.. Hayashita, TPure Appl. Chem1993,65, 399.402. explained l_Jy considering the enlarger_ne_nt of the cavity size
(7) (a) Trzaska, S. M.; Kim, M.; Bartsch, R. A.; Crumbliss, A.lhorg. by elongation of the oxyethylene chain in the latter case.

Chem.2001, 40, 5823—5828. (b) Bartsch, R. A.; Lee, E. K.; Chun, S.; i i )
Elkarim, N.. Brandt, K., Porwolik-Czomperlik. I Siwy, M. Lach. D. Furthermore, the effect of crown ring size on the fluores

Silberring, J.J. Chem. SocPerkin Trans. 22002, 442—448. cence behavior was evaluated by compadigand 2.

" (33) '(Aa) Nglﬁatsujis, Y&gggkf%urgé;:%%nefn’i\] l\ﬂ-;tYU_ya\,(F_Lli/I Okahkara, The change in the fluorescence spectra opon addition
M. Wada, M.: Morita. F.: Masuyama, A Kid(a)T..""lkijgﬂ'Lo'r’g. crac @ of alkaline earth metal cations was much smaller compared

1997, 62, 6231—6235. (c) Kita, K.; Kida, T.; Nakatsuji, Y.; lkeda,J. to that of1b bearing the same sidearms, although theKog

Org. Chem.1997,62, 8076—8081. (d) Kita, K.; Kida, T.; Nakatsuji, Y.;

lkedia, 1.J. Chem. SocPerkin Trans 1998 62, 3857-3865. () Muraoka,  2/U€S 0f2 are almost comparable to thoseldf as shown
M.; Kajiya H.; Zhang, W.; Kida, T.; Nakatsuji, Y.; Ikeda, Chem. Lett.
1999, 283—284. (f) Nakatsuji, Y.; Kita, K.; Inoue, H.; Zhang, W.; Kida, (9) Tomoi, M.; Abe, O.; Ikeda, M.; Kihara, K.; Kakiuchi, Hetrahedron.
T.; Ikeda, 1.J. Am. Chem. So2000,122, 6307—6308. Lett. 1978, 3031—3034.

Org. Lett., Vol. 4, No. 16, 2002 2643



in Table 1. This result suggests that the cooperative earth metal cations, even in the presence of alkali metal
participation of the electron-donating sidearm in the com- cations. Indeed, our preliminary experiment indicates that
plexation of the crown ring with the metal ion effectively the response of fluorophorga toward C&" was hardly
inhibits ther—a stacking of the pyrene rings in the case of affected even in the presence of a large excess {108

1b. On the other hand, in the case &fonly the oxygen equiv). Further study is in progress in our laboratory.
atoms of the crown ring coordinate to the metal ion; in other

words, the electron-donating sidearm2dfardly participate Acknowledgment. This work was supported by a Grant-
in the coordination with the metal cation. Accordingly, a in-Aid for Scientific Research from the Japan Society of the
proper combination of the crown ring size and the electron- Promotion of Science and a grant from Shorai Foundation
donating sidearms is important in the molecular design of for Science and Technology.

new fluorescence ionophores.

In conclusion, we have designed a new type of crown ether  Supporting Information Available: Experimental pro-
derivative with unique recognition and sensing properties. cedures and characterization data for newly prepared com-
These fluorophores have a well-defined structure for efficient pounds. This material is available free of charge via the
and selective complexation with alkaline earth metal cations Internet at http://pubs.acs.org.
in a 1:1 binding stoichiometry. This fluorescence change
could possibly be utilized in fluorescence sensors for alkaline 0OL026110N

2644 Org. Lett., Vol. 4, No. 16, 2002



