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Barium ion sensing by a 2,2 0-binaphthalene derivative bearing
two monoaza-15-crown-5 ethers
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Abstract—A novel fluoroionophore 1 based on 2,2 0-binaphthalene bearing two monoaza-15-crown-5 ethers at 8- and 8 0-positions
was prepared. UV–vis and fluorescence responses of 1 upon the addition of alkali and alkaline earth metal cations were evaluated
in 15% MeOH–MeCN. Receptor 1 showed unique response for Ba2+ due to the formation of an intramolecular sandwich complex.
� 2005 Elsevier Ltd. All rights reserved.
Construction of effective fluoroionophores and chromo-
ionophores, which convert the signal onmolecular recog-
nition into fluorescence and absorbance changes, has
been of importance due to practical applications.1,2

(Aza)crown ether moieties have been accepted as the
most common functional groups in the recognition site
of metal ions and ammonium groups in host–guest chem-
istry.3 Azacrown ethers bearing fluorometric sensing site
such as anthracene through a methylene spacer show
fluorescence quenching by photoinduced electron trans-
fer (PET) from the nitrogen atom of the azacrown group
and the quenching is diminished by coordination ofmetal
ions in its cavity.4 In general, sensitivity and selectivity
for cation recognition by azacrown ether derivatives are
insufficient. To enhance affinity, selectivity, and sensitiv-
ity of cationic species by (aza)crown ether derivatives, a
sandwich complex formation by bis-((aza)crown ether)s
is one of the versatile strategies.5–7 However, fluoro- or
chromoionophores bearing plural azacrown ether moie-
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Scheme 1.
ties as cation binding sites to form an intramolecular
sandwich complex have been scarcely reported.8,9

Recently, we have reported that a 2,2 0-binaphthalene
derivative bearing two thiourea groups at 8- and 8 0-posi-
tions is an effective host for anionic species in MeCN
and a 2,2 0-binaphthalene derivative bearing two dime-
thylaminomethyl groups at 8- and 8 0-positions shows
remarkable DNA intercalation ability in aqueous med-
ia.10 The skeleton of 2,2 0-binaphthalene consists of rigid
two naphthalene moieties connected with a flexible sin-
gle bond and complexation of 2,2 0-binaphthalene deriv-
atives bearing recognition sites at 8- and 8 0-positions
with a target guest causes restriction of rotation around
the 2,2 0-bond. In this communication, we show the
unique response to a large alkaline earth metal ion such
as Ba2+ with a novel 2,2 0-binaphthalene bearing two aza-
15-crown-5 moieties at 8- and 80positions (1) by forma-
tion of the intramolecular sandwich complex (Scheme 1).
; Azacrown ether; Fluoroionophore.
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Figure 1. UV–vis spectral change of 1 upon the addition of Ba(ClO4)2
in 15% MeOH–MeCN (v/v) at 298 K. [1] = 6.67 · 10�5 M.
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Figure 2. DAbs at 310 nm versus [M]/[1] in 15%MeOH–MeCN (v/v) at

298 K: Ba2+ (j), Sr2+ (m), Ca2+ (d), Mg2+ (s), K+ (h), and Na+ (n).

[1] = 6.67 · 10�5 M.
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Monoaza-15-crown-5 (1,4,7,10-tetraoxa-13-azacyclopen-
tadecane) groups were introduced into 8,8 0-bis(bromo-
methyl)-2,2 0-binaphthalene10b in the presence of potas-
sium carbonate in MeCN giving 1 in 34% yield. Mono-
bromination of 8,8 0-dimethyl-2,2 0-binaphthalene was
performed with 1 equiv of NBS in the presence of cata-
lytic amount of AIBN in CCl4 (27%) and the bromo
group was substituted with monoaza-15-crown-5 to give
2 in 72%. A reference compound 3 based on naphthyl
moiety was also prepared from commercially available
1-chloromethylnaphthalene. The products were charac-
terized by 1H NMR, elemental analysis, and ESI-MS.11

UV–vis spectral changes of 3 upon the addition of Na+,
K+, Mg2+, Ca2+, Sr2+, and Ba2+ perchlorate salts in 15%
MeOH–MeCN (v/v) were only small (Fig. S1b). In gen-
eral, when a crown ether and a chromophore which has
no interaction site with guest cation are connected with
a methylene spacer, there are only minor spectral
changes upon the complexation with a guest. The UV–
vis spectra of 1 also showed small spectral changes upon
the addition of Na+, K+, Mg2+, Ca2+, and Sr2+

(Fig. S1a) in a similar manner of that of 3, however, a
significant hypsochromic shift around 310 nm was ob-
served upon the addition of Ba2+ through isosbestic
points at 291 and 334 nm as shown in Figure 1. Figure
2 shows the changes of absorbance at 310 nm of 1 upon
the addition of alkali and alkaline earth metal ions. It is
clear that the large absorption response of 1 to Ba2+ is
unique. The stoichiometry of the complexation of 1 with
Ba(ClO4)2 was determined to be 1:1 by Job�s analysis
(Fig. S3), and the apparent association constant (log -
Kapp) for the complexation of 1 with Ba(ClO4)2 in 15%
MeOH–MeCN was determined to be 5.20 ± 0.06 by
nonlinear least square curve-fitting of the titration data.
These results suggest that the complexation of 1 with
Ba2+ causes dramatic structural change of the 2,2 0-
binaphthalene skeleton.

The receptor 3 showed increase in the fluorescence inten-
sity upon the addition of alkaline earth metal ions such
as Mg2+, Ca2+, Sr2+, and Ba2+ in 15% MeOH–MeCN
(v/v) due to inhibition of PET process by the complex-
ation with the metal ions as reported previously in
a similar fluoroionophore bearing azacrown ether
by a methylene spacer.4 The chelation-enhanced fluore-
700

600

500

400

300

200

100

0F
lu

or
es

ce
nc

e 
in

te
ns

ity
/A

rb
.

76543210
[M]/[1]

(a)

Figure 3. Fluorescence intensity versus [M]/[1] (a, kex = 291 nm, kem = 373 nm

(v/v) at 298 K: Ba2+ (j), Sr2+ (m), Ca2+ (d), Mg2+ (s), K+ (h), and Na+ (
scence (CHEF) of 3 is in the order of Ca2+

(logK11 = 4.56 ± 0.04) > Mg2+(4.34 ± 0.01) > Sr2+(4.25 ±
0.04) > Ba2+(4.25 ± 0.01) as shown in Figure 3b. The
receptor 1 shows weak fluorescence emission (kex =
291 nm, which is one of the isosbestic points for the
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) and [M]/[3] (b, kex = 270 nm, kem = 328 nm) in 15% MeOH–MeCN

n). [1] = [3] = 2.67 · 10�5 M.
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complexation of 1 with Ba2+) in the absence of metal
ion. The fluorescence quantum yields of 8,8 0-dimethyl-
2,2 0-binaphthalene and 1 were determined to be 0.33
and 0.0033, respectively, in 15% MeOH–MeCN12 indi-
cating that the PET from the nitrogen atoms in the aza-
crown ethers causes effective quenching of 1 in the
excited state. The addition of Na+ and K+ induces no
fluorescence change, meanwhile, the addition of alkaline
earth metal ions induces substantial increases in fluores-
cence as shown in Figure 4. Interestingly, CHEF of 1 is
in the order of Ba2+ > Ca2+ > Sr2+ > Mg2+ and the or-
der is a different trend from that of 3 as described above
(Fig. 3). A Job plot analysis of the fluorescence re-
sponses indicates the formation of 1:1 complex with
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Figure 4. Fluorescence spectral changes of 1 upon the addition of

Ba(ClO4)2 excited at 291 nm in 15% MeOH–MeCN (v/v) at 298 K.

[1] = 2.67 · 10�5 M.
Ba2+ as shown in Figure 5. In the case of the complexa-
tion with Ca2+ and Sr2+, the complex approaches a max-
imum when the mole fraction of guest ca. 0.4, suggesting
1:2 host–guest complexation. The apparent association
constant (logKapp) for the complexation of 1 with
Ba(ClO4)2 by fluorescence titration was determined to
be 4.89 ± 0.01, which are in fairly good agreement with
that calculated from the UV–vis titration.

Plausible equilibria are illustrated in Scheme 2. For a 1:1
complex of 1, two possible structures are formed, that is,
a complex in which one azacrown is occupied with a
metal ion and the other is unoccupied (1M) and an
O
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Figure 5. Job plots for the complexations of 1 with Ba2+ (j), Sr2+ (m),

and Ca2+ (d) measured by fluorescence spectroscopy (kex = 291 nm,

kem = 373 nm) in 15% MeOH–MeCN (v/v) at 298 K.

[1]+[M(ClO4)2] = 2.67 · 10�5 M.
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intramolecular sandwich complex (1M 0). The fluores-
cence intensities of 1M 0 and 1M2 are expected to be lar-
ger than that of free 1 because the PET process is blocked
by coordination of the nitrogen atoms to the metal ions.
The fluorescence quantum yield of 2 was determined to
be 0.0077 in 15%MeOH–MeCN12 indicating an effective
PET quenching was also achieved by the presence of one
azacrown ring. This result suggests that the fluorescence
intensity of 1M is expected to be still small. The UV–vis
and fluorescence titrations of 1 with Ba2+ showed the
pronounced spectral changes. The ionic diameter for
Ba2+ (2.70 Å)13 is larger than the effective cavity diameter
for aza-15-crown-5 (1.7–2.2 Å). Thus 1 forms the intra-
molecular sandwich complex with Ba2+ (1Ba2+

0
in

Scheme 2) as observed in the crystal structure of (15-
crown-5)2Ba

2+ complex.14 Formation of a sandwich
complex of 1 restricts rotation of two naphthyl rings
and affects the electronic property of the 2,2 0-binaphtha-
lene skeleton. The slightly larger association constant for
1 with Ba2+ than that for 3 from the fluorescence titra-
tions supports the formation of the sandwich complex
due to the cooperative effect of the two azacrown moie-
ties. On the 1:1 complexation with the other alkaline
earth metal ion, 1M is predominantly formed, therefore,
the small UV–vis spectral changes and the modest fluo-
rescence enhancements were observed.

In conclusion, we have synthesized a novel receptor
based on 2,2 0-binaphthyl moiety for cation recognition.
The receptor 1 shows distinctive UV–vis and fluores-
cence responses for Ba2+ due to restriction of the confor-
mational change through the formation of the
intramolecular sandwich complex. Selectivity of recep-
tors would be tuned by substitution of aza-15-crown-5
moieties to appropriate functional groups. Further stud-
ies on this line are in progress.
Supplementary data

Supplementary data associated with this article can be
found, in the online version, at doi:10.1016/j.tetlet.
2005.03.054. UV–vis and fluorescence spectral titrations
of 1 with Ca(ClO4)2 and 3 with Ba(ClO4)2, and a Job
plot of 1 with Ba(ClO4)2 by UV–vis spectroscopy.
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