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Compounds having two benzocrown ether units bridged by a mono-, di-, or trisilanylene
unit were prepared, and ionochromic effects on their optical properties were studied. Of
these, disilanylene- and trisilanylene-bridged ones exhibited clear ionochromism in the
emission spectra and the intensity of the original emission band at about 320 nm decreased
and a new broad band centered at 400 nm appeared when appropriate alkali or alkali-earth
metal ions were added into the acetonitrile solutions. In contrast, a monosilanylene-bridged
benzocrown ether and a disilanylbenzocrown ether showed ionochromic changes in different
fashions, indicating that the new emission band at low energy of the di- and trisilanylene-
bridged benzocrown ethers in the presence of metal ions may be ascribed to the intramo-
lecular π-π stacking. MO calculations were carried out to understand the ionochromism.

Introduction

Compounds and polymers having π-conjugated carbon
units linked by an organosilanylene σ-bond linkage are
of interest because they are usable as functionality
materials, such as carrier transports and photolumi-
nescent materials.1,2 In these molecules, orbital interac-
tion between the silicon σ- and carbon π-orbitals (σ-π
conjugation) takes place, leading to red-shifted UV
absorption and emission maxima from those of the
parent π-conjugated molecules.

Several approaches have been examined to develop
π-conjugated molecules that respond to metal ions, for
use as ion sensors.3,4 Silicon-based ion-sensing molecules
also have been studied, recently. West and co-workers
found that a polysilane featuring ether side chains
responds to Li+ with respect to absorption and emission

spectra, arising from conformational changes.5 Kira et
al. demonstrated that p-disilanylacetophenone shows
dual emission depending on the presence of Lu3+ and
Sc3+, due to intramolecular charge transfer induced by
the complex formation with the metal ions.6 In the hope
of developing ion-sensing materials based on the Si-π
system, we recently synthesized thienylene-disila-
nylene alternating oligomers having linear ether side
chains on the thiophene rings.7 In these studies, coor-
dination of the polymer side chains with metal ions was
anticipated to cause significant conformational changes
in the flexible thienylene-disilanylene units, which
would affect the nature of the σ-π conjugation, leading
to chromic behaviors. In addition, silicon substitution
enhances the emission efficiencies of the fluorophores
in some cases, which may allow the use of silicon-
substituted π-conjugated compounds and polymers as
photoluminescent materials.2a,8 Although the thienylene-
disilanylene oligomers exhibited unique solvatochromic
behaviors in the emission spectra in the solution phase,
they did not respond to coexisting metal ions, despite
our expectation. This was presumably due to the weak
coordination of linear ether chains with metal ions. In
this paper, we report the synthesis of compounds having
two benzocrown ether units bridged by an organosilicon
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unit, in which the benzocrown ether units may coordi-
nate strongly with metal ions.9,10

Results

Silicon-bridged benzocrown ethers (BcnSix) were
prepared by the reactions of the corresponding dichlo-
rosilanes with lithiated benzocrown ethers (BcnLi in
Scheme 1). The lithiated benzocrown ethers were ther-
mally labile, and their THF solutions, upon standing,
rapidly decomposed even at -90 °C. Although chlorosi-
lanes were added to the solutions of the lithiated
benzocrown ethers immediately after the formation,
yields of the silicon-bridged benzocrowns were rather
low, ranging from 14% to 47%. 2-Phenyldisilanylben-
zocrown ether (Bc5Si2Ph) was also prepared for com-
parison.

UV spectra of the present silicon-bridged benzocrown
derivatives in acetonitrile (AN) revealed the maxima at
lower energy (282-285 nm) than those of the respective
benzocrown ethers (BcnH) (λmax ) 275 nm for Bc4H,
278 nm for Bc5H, and 277 nm for Bc6H). Addition of
metal ions Li+, Na+, Mg2+, and Ca2+ as the perchlorates
in large excess led to slight blue shifts of the absorption
maxima of BcnSix by 3-10 nm. However, the silicon
chain length in these compounds did not affect the
ionochromic behaviors, and similar blue shifts were
observed when the metal ions were added into the
solutions of BcnH and Bc5Si2Ph. Therefore, the blue
shifts of the absorption maxima of BcnSix in response
to metal ions seem to be characteristics of the ben-
zocrown ether itself, but the silicon bridge did not play
an important role in the ionochromic UV spectral
changes of BcnSix.

In contrast to the UV absorption spectra, emission
spectral profiles of di- and trisilanylene-bridged ben-
zocrown derivatives in AN were markedly affected by

the coexistence of appropriate metal ions. Figure 1
represents the emission spectra of BcnSix (x ) 2 or 3)
in the presence of a large excess of alkali and alkali-
earth metal ions. As can be seen in Figure 1a, addition
of the metal ions to solutions of Bc4Si2 in AN resulted
in a decrease of the intensity of the original emission
band at 318 nm. Most evidently, when Ca2+ was added,
the original band almost disappeared and a new broad
band appeared around 410 nm, instead. This is in
marked contrast to Bc4H, whose emission band moved
to higher energies and was slightly enhanced by adding
Ca2+. The sensitivity of Bc4Si2 concerning the emission
spectral changes decreased depending on the metal ions,
in the order Ca2+ > Li+, Na+ . Mg2+ (Figure 1a,f). Thus,
Bc4Si2 responded to Li+ and Na+, less sensitively than
to Ca2+, to decrease the intensity to approximately one-
fifth of that in the absence of the metal ions. No
significant changes were observed when Mg2+ was
added to a solution of Bc4Si2.

Addition of the ions to solutions of Bc5Si2 also caused
ionochromic changes in the emission spectra, and the
degree of the changes decreased in the order Ca2+, Mg2+

. Li+, Na+, as shown in Figure 1b,f. Bc6Si2 exhibited
clear ionochromism with Ca2+, similar to Bc4Si2 and
Bc5Si2, but was much less sensitive to Li+, Na+, and
Mg2+ (Figure 1c,f). These results indicated that the ion-
dependence of the chromic behaviors was markedly
affected by the crown ether ring size. The silanylene
chain length, i.e., x ) 2 or 3, however, did not exert an
influence on the order of ionochromic sensitivities
depending on the ions, except that Bc5Si3 responded
to Mg2+ more sensitively than Ca2+, in contrast to
Bc5Si2 (Figure 1b,e). BcnSi3 always exhibited an
enhanced emission band in the low-energy region in the
presence of appropriate metal ions (Figure 1d,e), as
compared with BcnSi2.

Figure 2a,b shows emission spectral changes on
titration of Bc4Si3 and Bc5Si3 with Ca2+ and Mg2+ in
AN, respectively, indicating that the continuous changes
occurred through an isosbestic point with increasing the
concentration of the metal ions, making it possible to
utilize the present silicon-bridged benzocrown deriva-
tives as novel ion-sensing reagents. For example, titra-
tion of Bc4Si3 and Bc5Six (x ) 2 or 3) with Ca2+ and

(9) For a preliminary communication, describing the synthesis and
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J. Luminescence 2003, 104, 13.

Scheme 1. Synthesis of Benzocrown-Substituted Organosilanes
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Mg2+ could be performed, respectively, in the presence
of a 1 × 103 fold excess of an interfering ion, Mg2+ or
Na+ (Figure 3). Clear correlation between [M2+] and

emission intensities was noted. The emission intensity
of the low-energy broad band of Bc5Si3 did not show
evident changes depending on [Mg2+] in the presence

Figure 1. (a-e) Emission spectra of BcnSix in the absence and presence of alkali and alkali-earth metal perchrolates
([BcnSix] ) 2.0 × 10-5 M in AN, [metal perchlorate]/[BcnSix] ) 1 × 103). (f) Relative emission intensities of BcnSi2 at
about 320 nm in the presence of metal ions, to those in the absence of the ions.

Figure 2. Emission spectral changes by titration of benzocrown derivatives (a) Bc4Si3 with Ca(ClO4)2 and (b) Bc5Si3,
(c) Bc5Si1, and (d) Bc5Si2Ph with Mg(ClO4)2 ([substrate] ) 2.0 × 10-5 M in AN, [M(ClO4)2]/[substrate] ) 0-2).
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of an excess of Na+, unlike Bc5Si2. In this case, only
the higher energy emission underwent a continuous
change of the intensity.

Monosilanylene-bridged and disilanyl-substituted ben-
zocrown derivatives (Bc5Si1 and Bc5Si2Ph) exhibited
chromism toward Mg2+ ion, in different fashions from
that observed for BcnSix (x ) 2 or 3). Thus, the
emission intensity of Bc5Si1 in AN first decreased with
increasing [Mg2+], then increased, accompanied with a
slight blue shift of the maximum from 312 to 300 nm
(Figure 2c). No emission bands in the lower energy
region appeared in these experiments. The emission
spectrum of Bc5Si2Ph revealed a maximum at 317 nm
with a shoulder at 390 nm in the absence of ions.
Addition of Mg2+ to its AN solution led to a monotonic
decrease of the emission intensity, as shown in Figure
2d. Neither the emission band nor shoulder was shifted.

Discussion

The results described above clearly showed that the
presence of two benzocrown ether units linked by a di-
or trisilane linkage was necessary to realize both a

decrease of the original emission intensities and the
appearance of a new band in the lower energy region
on addition of metal ions. This is best explained in terms
of the formation of excimers and/or exciplexes arising
from π-π stacking. The concentration of the substrates
did not affect the profiles of the spectral changes,
indicating that the changes originated from the in-
tramolecular stacking of the chromophores, but not from
any of the intermolecular processes. The fact that the
absorption spectra were only a little affected by the
presence of metal ions, in contrast to the emission
spectra, indicated that the ionochromic effects worked
well only in the excited states, agreeing with the excimer
and/or exciplex formation. This also indicated that the
no significant ionochromic effects on the σ-π conjuga-
tion were involved in the present system.

To know more about the ionochromism, we carried
out MO calculations on model reactions in AN, shown
in Scheme 2. All calculations were performed at the HF/
6-31+G level using the Onsager (dipole and sphere)
model for inclusion of solvent in the calculations (see
Experimental Section). Counteranions were omitted.
Coordination numbers of Mg2+ and Ca2+ with AN were
determined to be 6 each, by comparison of reaction heats
of M2+ + n(AN) f M2+(AN)n in AN. As shown in Scheme
2, the formation of a 1:1 complex of benzocrown deriva-
tives (RBc5) with Mg2+ was calculated to be endother-
mic and was preferred by substitution of the benzene
ring with R ) Me and SiMe3, probably due to the
electron-donating properties of these substituents, which
would increase electron densities of the crown ether
unit. Changing the metal from Mg to Ca resulted in less
favored formation of the complex for Me3SiBc5, indicat-
ing an important role of the metal ion size.

In contrast to Me3SiBc5-Mg2+, the formation of
Me3SiBc6-Mg2+ was calculated to be a little exothermic.
In this reaction, preferred size match between Mg2+ and
the crown ether ring as well as the existence of enough
coordination sites in Me3SiBc6 seem to provide the
energy gain. On the other hand, the formation of
Me3SiBc6-Ca2+ was computed to be again endothermic.
Scheme 3 shows three possible coordination modes of
the present system. In path a, no strong interaction
between two benzocrown units can be expected, while
in path b, the formation of π-π stacking is likely to

Figure 3. Emission spectral changes by titration of
benzocrown derivatives (A) Bc4Si3 with Ca(ClO4)2 and (B)
Bc5Si2 and (C) Bc5Si3 with Mg(ClO4)2 in the presence of
a large excess of (A) Mg(ClO4)2 or (B, C) Na(ClO4) ([metal
perchlorate]/[BcnSix] ) 1 × 103). Insets show plots of
emission intensities of the bands at (a) 315 nm and (b) 400
nm vs [M2+]/[BcnSix] (M ) Mg or Ca).

Scheme 2. Model Reactions and Their Reaction
Heats (∆H) in AN, Derived from MO Calculations

at the RHF/6-31+G Level, Using the Onsager
Model
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occur. Presumably, for Bc6Si2 the formation of a
chelate-type 1:1 complex with Mg2+ that originates the
π-π stacking is not as favored as that with Ca2+, since
Mg2+ can form a stable complex by coordination with
one of the benzocrown units (path a). With Ca2+, which
is larger in size, however, it seems to be necessary to
use both of the units in a chelate fashion to form a stable
complex (path b). This seems to be responsible for the
higher sensitivity of Bc6Si2 in recognition of Ca2+ with
respect to the emission spectra, relative to the case of
Mg2+.

Scheme 4 summarizes the results of MO calculations
for 1:1 complex formation between BcnSi2 (n ) 4 or 5)
and M2+ (M ) Mg or Ca). In these calculations, the
geometries were optimized at the HF/6-31G level and
the energy calculations were performed at the HF/6-
31+G level on the optimized geometries. On optimiza-
tion of the structures of the starting Bc4Si2, two
conformers were found to be stable with an energy
minimum. One possesses two benzocrown groups in an
anti fashion with respect to the disilanylene unit, while
the other bears them in a gauche form. The former was

calculated to be more stable in a vacuum, but less stable
in AN, as compared with the latter. Therefore, reaction
heats shown in Scheme 3 are based on the gauche
conformers for both Bc4Si2 and Bc5Si2. In good
agreement with the experimental results, these reac-
tions were calculated to be exothermic and coordination
of Bc4Si2 with Ca2+ was found to be more favored than
that with Mg2+. This is probably due to the smaller ion
size of Mg2+. In fact, the Si-Si-C(sp2) angles in the
optimized geometries of Bc4Si2-Mg2+ are 104.39° and
104.29°, smaller than those in Bc4Si2-Ca2+ (105.23°
and 105.07°), indicating the larger strain energy in
Bc4Si2-Mg2+.

Figure 4 depicts the optimized geometries of Bc4Si2-
Mg2+ and Bc5Si2-Mg2+, derived from the calculations.
In contrast to Bc4Si2-Ca2+ and Bc4Si2-Mg2+, in which
all of the oxygen atoms coordinate to the metal center
with O-M2+ distances shorter than 2.4 Å for M ) Mg
and 2.6 Å for M ) Ca (Figure 4a), only six of 10 oxygen
atoms are located closely to Mg2+ in Bc5Si2-Mg2+

(Figure 4b). This loose binding leads to less strain in
Bc5Si2-Mg2+ than in Bc4Si2-Mg2+, as indicated by

Scheme 3. Three Possible Types of Coordination of BcnSix with M2+

Scheme 4. Reaction Heats (∆H) for 1:1 Complex Formation in AN, Derived from MO Calculations at the
RHF/6-31+G//RHF/6-31G Level, Using the Onsager Model
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larger Si-Si-C(sp2) angles in Bc5Si2-Mg2+ (110.49°
and 107.73°), making the chelate-type complex forma-
tion of Bc5Si2 more favorable than that of Bc4Si2. As
in the case of Bc4Si2, the formation of Bc5Si2-Ca2+ was
calculated to be preferred to that of Bc5Si2-Mg2+.
However, the difference of the reaction heats seems to
be too small to realize the selective response of Bc5Si2
toward Mg2+ and Ca2+.

The apparent binding constants (Ks) of BcnSix with
Mg2+ and Ca2+ were obtained by assuming that only
the 1:1 chelate-type complex formation (path b in
Scheme 3) had occurred during the emission spectral
changes (see Experimental Section), as listed in Table
1. The binding constants for BcnSi3 are higher than
BcnSi2 (n ) 4 and 5), indicating that flexible structure
is important to hold the metal ion tightly. The highest
constant is obtained for Bc6Si2 with Ca2+. It should
be noted that the Ks values for Bc5Six (x ) 2 and 3)
with Mg2+ are much higher than that of simple HBc5
with Mg2+ in AN, reported previously (log K ) 4.48 (
0.03).11 Attempts to obtain the constants for Bc5Six (x
) 2 and 3) with Ca2+ failed.

Conclusions

We synthesized and characterized a series of orga-
nosilanylene-bridged benzocrown derivatives, which are
able to respond to the selected metal ions with respect
to the emission spectra. However, the UV spectra were
not significantly affected by the coexistence of metal
ions, in contrast to our expectation that interaction
between the benzocrown units with the ions would

change the nature of the σ-π conjugation in these
molecules. It is noteworthy that the di- and trisila-
nylene-bridged ones emit visible blue luminescence in
the presence of the metal ions. Although carbon-bridged
benzocrown derivatives have been studied with respect
to the ionochromic UV absorption behaviors as well as
extraction of alkali ions from aqueous solutions,12 the
present silicon-bridged ones may be potentially useful
as novel selective ion-sensors.

Experimental Section

General Procedures. All reactions were carried out in dry
nitrogen. THF was dried over sodium-potassium alloy and
distilled just before use. Bromobenzocrown ethers were pre-
pared as reported in the literature.13

Preparation of Bc4Si2. In a 50 mL Schlenk tube were
placed 1.30 g (4.35 mmol) of (1-bromo-3,4-benzo)-12-crown-4
and 30 mL of THF, and the tube was cooled to -90 °C. To this
was added dropwise 3.13 mL (4.90 mmol) of a 1.57 M
n-butyllithium-hexane solution, and the resulting mixture was
stirred at this temperature for 10 min. After addition of 0.408
g (2.18 mmol) of 1,2-dichlorotetramethyldisilane, the mixture
was allowed to warm to room temperature. The mixture was
then hydrolyzed with water. The organic layer was separated,
and the aqueous layer was extracted with ether. The organic
layer and the extracts were combined and dried over anhy-
drous magnesium sulfate. After evaporation of the solvent, the
residue was subjected to recycling preparative GPC (Shodex
HF-801 and 802, 5 cm φ × 60 cm each) eluting with benzene
to give 0.578 g (47% yield) of Bc4Si2 as colorless solids: mp
102-104 °C; MS m/z 562 (M+); 1H NMR (δ in CDCl3) 0.27 (s,
12H), 3.79 (s, 8H), 3.81-3.87 (m, 8H), 4.10 (t, 4H, J ) 3.96
Hz), 4.15 (t, 4H, J ) 3.96 Hz), 6.88-6.96 (m, 6H); 13C NMR (δ
in CDCl3) -3.81, 69.88, 71.00, 71.27, 72.18 (2C), 117.02, 123.81,
128.68, 132.45, 149.90, 151.14; 29Si NMR (δ in CDCl3) -21.97.
Anal. Calcd for C28H42O8Si2: C, 59.75; H, 7.52. Found: C,
59.73; H, 7.48.

Other silicon-substituted benzocrown derivatives were pre-
pared as above using the corresponding chlorosilanes and
lithiated benzocrown ethers.

Data for Bc4Si3: colorless solids; mp 77-80 °C; MS m/z
620 (M+); 1H NMR (δ in CDCl3) 0.04 (s, 6H), 0.22 (s, 12H),
3.79 (br s, 8H), 3.82-3.88 (m, 8H), 4.13-4.17 (m, 8H), 6.92-
6.97 (m, 6H); 13C NMR (δ in CDCl3) -6.45, -3.09, 69.96, 70.01,
71.07, 71.41, 72.40 (2C), 117.04, 123.88, 128.73, 133.19, 149.97,
151.20; 29Si NMR (δ in CDCl3) -18.49, -48.26. Anal. Calcd
for C30H48O8Si3: C, 58.02; H, 7.79. Found: C, 57.85; H, 7.94.

Data for Bc5Si2: colorless solids mp 91-92 °C; MS m/z
650 (M+); 1H NMR (δ in CDCl3) 0.27 (s, 12H), 3.74 (s, 16H),
3.86-3.90 (m, 8H), 4.02 (t, 4H, J ) 4.23 Hz), 4.10 (t, 4H, J )
4.23 Hz), 6.80 (br s, 2H), 6.81 (d, 2H, J ) 7.73 Hz), 6.89 (dd,
2H, J ) 7.73, 1.11 Hz); 13C NMR (δ in CDCl3) -3.75, 68.60,
69.11, 69.58, 69.65, 70.47, 70.56, 71.03 (2C), 113.36, 119.41,
127.42, 130.83, 148.50, 149.67; 29Si NMR (δ in CDCl3) -20.99.
Anal. Calcd for C32H50O10Si2: C, 59.05; H, 7.74. Found: C,
58.99; H, 7.77.

Data for Bc5Si1: colorless solids mp 84-86 °C; MS m/z
592 (M+); 1H NMR (CDCl3) δ 0.46 (s, 6H), 3.74 (s, 16H), 3.89
(s, 8H), 4.08-4.12 (m, 8H), 6.85 (d, 2H, J ) 7.97 Hz), 6.95 (s,
2H), 7.03 (d, 2H, J ) 7.97 Hz); 13C NMR (CDCl3) δ -1.97,
68.61, 69.26, 69.54, 69.66, 70.46, 70.58, 71.04 (2C), 113.29,
119.81, 127.98, 130.31, 148.55, 150.18; 29Si NMR (CDCl3) δ

(11) Shamsipur, M.; Madrakian, T. J. Coord. Chem. 2000, 52, 139.

(12) (a) Lindsten, G.; Wennerström, O.; Thulin, B. Acta Chem.
Scand. 1986, B40, 545. (b) Kikukawa, K.; He, G.-X.; Abe, A.; Arata,
R.; Ikeda, T.; Wada, F.; Matsuda, T. J. Chem. Soc., Perkin Trans. 2
1987, 135.

(13) Okano, T.; Iwahara, M.; Konishi, H.; Kiji, J. J. Organomet.
Chem. 1988, 346, 267.

Figure 4. Optimized geometries of (a) Bc4Si2-Mg2+ and
(b) Bc5Si2-Mg2+, derived from MO calculations at the HF/
6-31G level. The Onsager model with a dielectric constant
of 36.64 (AN) was applied to include the solvent effects.

Table 1. Apparent Binding Constants (Ks) of
BcnSix with Mg2+ and Ca2+ (M-1)a

compd Mg2+ Ca2+

Bc4Si2 ndb 3.5 × 104

Bc4Si3 ndb 1.1 × 105

Bc5Si2 1.5 × 105 ndb

Bc5Si3 2.3 × 105 ndb

Bc6Si2 ndb 3.8 × 106

a Determined by emission spectra in acetonitrile. b Not deter-
mined.
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-8.07. Anal. Calcd for C30H44O10Si: C, 60.79; H, 7.48. Found:
C, 60.74; H, 7.48.

Data for Bc5Si3: colorless solids; mp 78-80 °C; MS m/z
708 (M+); 1H NMR (δ in CDCl3) 0.03 (s, 6H), 0.23 (s, 12H),
3.75 (s, 16H), 3.90 (t, 8H, J ) 4.23 Hz), 4.09-4.13 (m, 8H),
6.82 (d, 2H, J ) 7.85 Hz), 6.86 (s, 2H), 6.89 (d, 2H, J ) 7.85
Hz); 13C NMR (δ in CDCl3) -0.41, -3.01, 68.65, 69.34, 69.61,
69.73, 70.48, 70.61, 71.04, 71.08, 113.78, 119.58, 127.44,
131.52, 148.58, 149.72; 29Si NMR (δ in CDCl3) -0.41, -3.01.
Anal. Calcd for C34H56O10Si3: C, 57.59; H, 7.96. Found: C,
57.40; H, 7.99.

Data for Bc6Si2: colorless solids; mp 41-45 °C; MS m/z
738 (M+); 1H NMR (δ in CDCl3) 0.27 (s, 12H), 3.67 (s, 8H),
3.70-3.76 (m, 16H), 3.87-3.93 (m, 8H), 4.05 (t, 4H, J ) 4.62
Hz), 4.13 (t, 4H, J ) 4.62 Hz), 6.82 (d, 2H, J ) 1.32), 6.82 (d,
2H, J ) 7.92 Hz), 6.89 (dd, 2H, J ) 7.92, 1.32 Hz); 13C NMR
(δ in CDCl3) -3.68, 68.75, 69.17, 69.64, 69.72, 70.78 (6C),
113.53, 119.64, 127.49, 130.91, 148.39, 149.58; 29Si NMR (δ in
CDCl3) -20.01. Anal. Calcd for C36H58O12Si2: C, 58.51; H, 7.91.
Found: C, 58.44; H, 7.97.

Data for Bc5Si2Ph: colorless oil; MS m/z 460 (M+); 1H
NMR (δ in CDCl3) 0.29 (s, 6H), 0.31 (s, 6H), 3.76 (s, 8H), 3.85-
3.91 (m, 4H), 3.97-4.00 (m, 2H), 4.10-4.13 (m, 2H), 6.76 (d,
1H, J ) 1.45 Hz), 6.82 (d, 1H, J ) 7.97 Hz), 6.91 (dd, 1H, J )
7.97, 1.45 Hz); 13C NMR (δ in CDCl3) -3.99, -3.75, 68.64,
69.06, 69.59, 69.65, 70.47, 70.56, 71.07, 71.08, 113.41, 119.49,
127.32, 127.65, 128.32, 130.63, 133.85, 139.16, 148.48, 149.68;
29Si NMR (δ in CDCl3) -21.83, -22.04. Anal. Calcd for
C24H36O5Si2: C, 62.57; H, 7.88. Found: C, 62.54; H, 7.79.

MO Calculations. All calculations were performed by using
the Gaussian 98 suite of programs revision A914a,b and the
Gauss-View interface version 2.1.14a First, the gas-phase
geometries were obtained at the HF/6-31G level. In the next
step, the Onsager field model was used to include the solvent
effects.15 Thus, geometry optimizations were carried out with
the molecules placed in a spherical cavity within a dielectric
medium at the same level of the theory. In these calculations
in AN, molecular geometries and volumes derived from the
gas-phase calculations were employed as the initial inputs, and
a dielectric constant of 36.64 was used for AN. Further
geometry optimizations and energy calculations were carried
out at the HF/6-31+G level to incorporate the diffuse function,
for the mono-benzocrown derivatives and their complexes, the

AN molecule, and AN-coordinated metal ions. For the bis-
benzocrown derivatives and their complexes, single-point
energies were calculated at HF/6-31+G for the molecular
geometries obtained by HF/6-31G calculations.

Determination of Apparent Binding Constants (Ks).
On the basis of the assumptions that only the formation of
the 1:1 chelate-type complex had occurred during the emission
spectral changes along path b in Scheme 3, the emission
intensity became Y ) Y0 + (Ylim - Y0){1 + CM/CL + 1/(KsCL) -
[(1 + CM/CL + 1/(KCL))2 - 4CM/CL]1/2}, where Y0 was the initial
emission intensity without metal ions, Ylim was the limiting
value of the intensity, and CM and CL were concentrations of
the metals and benzocrown derivatives, respectively.16 Fitting
the theoretical curves, with Ylim and Ks as floating parameters,
to the experimental plots of CM/CL versus Y afforded the
binding constants Ks listed in Table 1. Good fitting could not
be obtained for the cases of Bc5Six (x ) 2 and 3) with Ca2+.
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