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Modification ofπ-electron systems by the main group elements
represents a new direction toward the construction of organic
materials with unusual electronic structures and with unique
functions such as sensory materials. One promising way is the
use of specific orbital interactions between carbonπ-conjugated
systems and the main-group element moieties.1 Another potential
way may be to take advantage of the hypercoordination abilities
of the main-group elements. The latter involves the electronic
and structural perturbations induced by hypercoordination. For
example, in the case of the group 14 compounds having extended
π-electron systems as substituents, the structural change from
tetrahedral to trigonal bipyramidal by pentacoordination would
cause a change in the interligand through-space interaction, as
visualized in Figure 1. This perturbation by the structural change
in addition to the intrinsic electronic perturbation by the hyper-
coordination would substantially change the properties of the
π-systems. However, little attention has been paid to this
possibility so far,2 despite extensive studies on the hypercoordinate
main-group element compounds from the viewpoints of their
syntheses, structures and reactivities.3 In this contribution, we
present the first example of controlling the photophysical proper-
ties derived from the hypercoordination of group 14 elements.

As a group 14 compound having extendedπ-conjugated
substituents, tri(9-anthryl)fluorosilane14 was used in this study.
In comparison with anthracene itself (λabs,0-0 376 nm,λem,0-0 381
nm,Φf 0.31 in THF), compound1 has red-shifted absorption and
emission maxima and a significantly lower quantum yield (λabs,0-0

401 nm, λem,0-0 416 nm, Φf 0.033 in THF).4 These unique
photophysical properties, due to the through-space interaction
between the anthryl groups, render it a suitable material for the
present study.

The addition of fluoride ion to the fluorosilane1 afforded
trianthryldifluorosilicate2: The use of KF/[2.2.2]cryptand as a

fluoride source5 made it possible to isolate the silicate2‚K+/
cryptand in 74% yield as air-stable, pale yellow crystals, as shown
in Scheme 1.6

A comparison of the crystal structure of the silicate2‚K+/
cryptand with that of1 reveals the structural changes by
hypercoordination.7 One of two crystallographically independent
structures of2 is shown in Figure 2. The structure of1 has already
been reported in our previous report.4 While the silane1 has a
tetrahedral structure with a rather flat geometry around the central
silicon atom (∑∠Cipso-Si-Cipso ) 345.7°), the silicate2 has a
nearly ideal trigonal bipyramidal structure (∠F-Si-F, av 176.6°,
∑∠Cipso-Si-Cipso ) 360°). In both compounds, the three anthryl
groups are arranged in a propeller-like fashion: The C-C-Si-F
dihedral angles are in the range of 37.1-44.1° for 1 and 41.5-
53.1° for 2. The change from1 to 2 causes a slight elongation of
the Si-F and Si-Cipso bond lengths by∼0.09 and 0.07 Å,
respectively. As a result of the expansion of the Cipso-Si-Cipso

angles and the elongation of the Si-Cipso bond lengths, the
Cipso- - -Cipso nonbonded distances between the anthryl groups are
0.1-0.3 Å elongated from1 (3.18-3.19 Å) to2 (3.28-3.45 Å).
These structural changes due to the pentacoordination crucially
affect the photophysical properties as described below.

The changes in the UV-visible absorption and fluorescence
spectra have been investigated by the addition ofn-Bu4NF (TBAF)
as a fluoride source into a THF solution of trianthrylfluorosilane
1, as shown in Figure 3. In the UV-visible absorption spectra,
as the amount of TBAF increases, new bands of the silicate2‚
NBu4

+ appear at about 10 nm shorter wavelengths relative to1,
along with the disappearance of the absorption bands of1. In the
fluorescence spectra, a more dramatic change has been observed.
Thus, upon the formation of the silicate2‚NBu4

+, the intensity
of the emission significantly increases with about 20 nm hypso-
chromic shifts of the emission maxima. The quantum yield
determined with anthracene as a standard increases more than
20 times from1 (Φf 0.033) to2 (Φf 0.64).8 This notable change
is visualized in Figure 4. It is thus demonstrated that the “off-
on” behavior of the anthryl fluorophore can be controlled on the
basis of the coordination number of the silicon atom.
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Figure 1. Schematic representation of the change in the through-space
interaction betweenπ-ligands by hypercoordination of the central group
14 element.
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To clarify the general trends of the changes from the silanes
to silicates, photophysical properties of a series of similar
triarylfluorosilanes, Ant2PhSiF (3), AntPh2SiF (5), NpPh2SiF (7),
and PhenPh2SiF (9), and the corresponding silicates,4, 6, 8, and
10, respectively, have been investigated.9,10 The data are sum-
marized in Table 1, together with those of1 and 2. There are
two notable trends as follows. (1) The hypercoordination causes

no significant shifts in the absorption and emission maxima,
except for the cases of the dianthryl-silane3 and -silicate4, but
their shifts are still smaller relative to those of the trianthryl pair
1 and2.11 (2) No striking changes in the quantum yields of the
fluorescence are also observed from the silanes to the silicates.
On the basis of these results, the changes observed from1 to 2
are found to be significant and should be mainly ascribed not to
the intrinsic electronic perturbation by the hypercoordination but
to the decrease in the degree of the through-space interaction
between the anthryl groups by the structural change from
tetrahedral1 to trigonal bipyramidal2, as observed in the crystal
structures.

The large spectral change from1 to 2 in the fluorescence
spectra enabled us to estimate the binding constant of1 toward
fluoride to be 2.8 (( 0.2)× 104 M-1 at 20°C in THF.12,13When
other anionic species such as Cl-, Br-, I-, ClO4

-, and BF4
- as

their n-Bu4N+ salts were added to the silane1 in place of TBAF,
no changes were observed both in the UV-visible absorption
and fluorescence spectra. This apparently relies on the specific
affinity of the silicon atom with the fluorine atom. It should also
be noted that the produced fluorosilicate2 can be reversed to the
silane1 by washing with excess water without any decomposition.
These features suggest the present trianthrylsilane works as a new
type of chemoselective fluorescent sensor of the fluoride ion.14
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Scheme 1

Figure 2. ORTEP drawing of2‚K+/[2.2.2]cryptand (50% probability
for thermal ellipsoids). One of two crystallographically independent
molecules is shown here and K+/[2.2.2]cryptand is omitted for clarity.
Selected bond lengths [Å] and bond angles [deg]: Si1-F1 1.716(2), Si1-
F2 1.710(2), Si1-C9 1.955(3), F1-Si1-F2 176.59(9), C9-Si1-C23
114.1(1), C9-Si1-C37 122.7(1), C23-Si1-C37 123.2(1), F1-Si1-
C9 91.48(10).

Figure 3. Spectral changes upon the addition of TBAF to1 in THF:
(a) UV-vis absorption spectra:1, 40 µM; (b) fluorescence spectra:1,
0.2 µM.

Figure 4. A picture of THF solutions of1 (left) and1 + TBAF (right)
under irradiation of light at 365 nm.

Table 1. Photophysical Properties Changes from
Triarylfluorosilanes to the Corresponding Difluorosilicatesa

UV-vis FL

compoundb λabs,0-0/nm logε λem,0-0/nmc Φf
d

Ant3SiF (1) 401 4.48 416 0.033
[Ant3SiF2]- (2)e 392 4.61 396 0.64
Ant2PhSiF (3) 397 4.26 409 0.17
[Ant2PhSiF2]- (4)e 391 4.33 395 0.46
AntPh2SiF (5) 393 3.91 405 0.86
[AntPh2SiF2]- (6)e 391 3.87 399 0.76
NpPh2SiF (7) 286 3.94 332f 0.14f

[NpPh2SiF2]- (8)e 286 3.84 338f 0.061f

PhenPh2SiF (9) 302 4.11 353f 0.11f

[PhenPh2SiF2]- (10)e 303 4.12 359f 0.19f

a The experiments were carried out by the addition of stock THF
solution ofn-Bu4NF to THF solution of silanes. The data for silicates
are those at the saturated points of the spectral changes.b Ant )
9-anthryl, Np) 1-naphthyl, and Phen) 9-phenanthryl.c Excited at
366 nm.d Determined with reference to anthracene, unless otherwise
stated.e Countercation:n-Bu4N+. fExcited at 254 nm and the quantum
yields determined with reference to naphthalene.
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