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Photophysical Properties Changes Caused by
Hypercoordination of Organosilicon Compounds:
From Trianthrylfluorosilane to
Trianthryldifluorosilicate
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Modification of z-electron systems by the main group elements fj,oride sourcé made it possible to isolate the silicagek*/

represents a new direction toward the construction of organic cryptand in 74% yield as air-stable, pale yellow crystals, as shown
materials with unusual electronic structures and with unique j,"Scheme 3.

functions such as sensory materials. One promising way is the 5 comparison of the crystal structure of the silicae<*/

use of specific orbital interactions between carhoeonjugated cryptand with that ofl reveals the structural changes by
systems and the main-group element moietidsother potential — pypercoordinatiort.One of two crystallographically independent
way may be to take advantage of the hypercoordination abilities strctures of is shown in Figure 2. The structure bhas already

of the main-group elements. The latter involves the electronic peen reported in our previous repbitvhile the silanel has a

and structural perturbations induced by hypercoordination. For tetrahedral structure with a rather flat geometry around the central
example, in the case of the group 14 compounds having extendedsjjicon atom § OCipso—Si—Cipso = 345.7), the silicate? has a
m-electron systems as substituents, the structural change fromnearly ideal trigonal bipyramidal structur8E—Si—F, av 176.86,
tetrahedral to trigonal bipyramidal by pentacoordination would 3 OCipso—Si—Cipso= 36C). In both compounds, the three anthryl
cause a change in the interligand through-space interaction, asyroups are arranged in a propeller-like fashion: ThedS-Si—F
visualized in Figure 1. This perturbation by the structural change ginedral angles are in the range of 3744.1° for 1 and 41.5-

in addition to the intrinsic electronic perturbation by the hyper- 53 1 for 2. The change front to 2 causes a slight elongation of
coordination would substantially change the properties of the the Si-F and Si-Cipso bond lengths by~0.09 and 0.07 A,
m-systems. However, little attention. has been paid to_thls respectively. As a result of the expansion of thgdS Si—Cipso
possibility so far despite extensive studies on the hypercoordinate angles and the elongation of the—S3,s, bond lengths, the
main-group element compounds from the viewpoints of their ¢, . _c, . nonbonded distances between the anthryl groups are
syntheses, structures and reactivifids. this contribution, we 0.1-0.3 /f elongated frond (3.18-3.19 A) to2 (3.28-3.45 A).
present the first example of controlling the photophysical proper- These structural changes due to the pentacoordination crucially
ties derived from the hypercoordination of group 14 elements. sffect the photophysical properties as described below.

As a group 14 compound having extendeeconjugated The changes in the UWvisible absorption and fluorescence
substituents, trl(Q-anthryl)fluoro_snanlé was used in this study. spectra have been investigated by the additianBé,NF (TBAF)
In comparison with anthracene itselfs o0 376 NM,Aem -0 381 as a fluoride source into a THF solution of trianthrylfluorosilane
nm, @ 0.31 in THF), compound has red-shifted absorptionand 1 a5 shown in Figure 3. In the UWisible absorption spectra,
emission maxima and a significantly lower quantum yiglg{o-o as the amount of TBAF increases, new bands of the sili2zate

401 nm, Zemo-o 416 nm, ®; 0.033 in THF)! These unique  NBy,* appear at about 10 nm shorter wavelengths relative to
photophysical properties, due to the through-space interaction giong with the disappearance of the absorption bandslofthe
between the anthryl groups, render it a suitable material for the f,orescence spectra, a more dramatic change has been observed.
present study. o , Thus, upon the formation of the silicaBNBu,", the intensity
_The addition of fluoride ion to the fluorosilank afforded  of the emission significantly increases with about 20 nm hypso-
trianthryldifluorosilicate2: The use of KF/[2.2.2]cryptand as @  chromic shifts of the emission maxima. The quantum vyield
(1) For examples: (a) Salzner, U.; Lagowski, J. B.; Pickup, P. G.; Poirier, determined with anthracene as a standard increases more than
R. A. Shynth. Met1998 96, 177.((&;) Eisch, J. J; IGaIIe, J. E,; Kozir;]wa,és. 20 times from1 (®; 0.033) to2 (®; 0.64)8 This notable change
Am. Chem. Sod.986 108 379. (c) Yuan, Z.; Taylor, N. J.; Ramachandran, s visualized in Figure 4. It is thus demonstrated that the “off-
ﬁ;kg"f"ﬁ?fé,fujﬁ;’*yp_ '3' E,{ﬁagﬁgni’?s%'g’ggggfzé%ﬁ’g; gg ',\\Aﬂgtéldm', N on” behavior of the anthryl fluorophore can be controlled on the

Naka, K.; Chujo, Y.J. Am. Chem. S0@99§ 120, 10776. (f) Noda, T.; Shirota, basis of the coordination number of the silicon atom.
Y. J. Am. Chem. Sod998 120 9714. (g) Yamaguchi, S.; Tamao, K.
Chem. Soc., Dalton Trand.998 3693. (h) Yamaguchi, S.; Itamai, Y.; Tamao, (5) Yamaguchi, S.; Akiyama, S.; Tamao, Krganometallics1999 18,
K. Organometallics1998 17, 4910. (i) Deschamps, E.; Ricard, L.; Mathey, 2851

F. Angew. Chem., Int. Ed. Engl994 33, 1158. (j) Hay, C.; Vilain, D. L.; (6) (6)2-K*/[2.2.2]cryptand: mp 167C dec.*H NMR (acetoneds) 0 2.55
Deborde, V.; Toupet, L.; R, T.Chem. Commurl999 345. (k) Mao, S. (t, J=4.6 Hz, 12H), 3.55 (tJ = 4.6 Hz, 12H), 3.58 (s, 12H), 6.416.47 (m,

S.; Tilley, T. D.Macromolecule4997, 30, 5566. (I) Barbarella, G.; Favaretto, 6H), 7.01-7.06 (m, 6H), 7.82 (dJ = 8.1 Hz, 6H), 8.33 (s, 3H), 8.76 (d,=

L.; Sotgiu, G.; Zambianchi, M.; Antolini, L.; Pudova, O.; Bongini, A.Org. 9.2 Hz, 6H).23C NMR (THF-dg) 6 54.43, 68.17, 71.00, 122.15, 124.00, 126.97,
Chem.1998 63, 5497. (m) Jiang, B.; Tilley, T. DJ. Am. Chem. S0d.999 128.23, 132.83, 135.76, 137.64, 154.06J¢ = 39.0 Hz).%F NMR (acetone-
121, 9744. ds) 0 —49.71.29Si NMR (THF-dg) 6 —93.70 (t,3Jsir = 272.2 Hz). UV-vis

(2) Corriu and co-workers reported the effect of hypercoordination toward (THF) Amax nm (log €) 392 (4.53), 372 (4.46), 353 (4.18). Anal. Calcd for
the oxidation potentials in a series of ferrocenylsilicates: Cerveau, G.; Chuit, CeHeaF2KN2OgSi: C, 71.12; H, 6.27; N, 2.76. Found: C, 71.41; H, 6.14; N,

C.; Colomer, E.; Corriu, R. J. P.; Rey€. Organometallics199Q 9, 2415. 2.93.
(3) Hypercoordinate silicon compounds, reviews: (a) Tandura, S. N.; (7) Crystal data 02-K*/[2.2.2]cryptandl,2-dimethoxyethane (instrument;
Alekseev, N. V.; Voronkov, M. GTop. Curr. Chem1986 131, 99. (b) Corriu, Rigaku RAXIS-IV): GsH73FN2OgKSi, FW = 1103.47, crystal size 0.50
R. J. P.; Young, J. C. Ifthe Chemistry of Organic Silicon CompounBstai, 0.50 x 0.20 mm, orthorhombicPca2; (No. 29),a = 26.6314(3) Ab =
S., Rappoport, Z., Eds.; John Wiley: Chichester, 1989; p 1241. (c) Chuit, C.; 24.9190(4) Ac = 17.2996(2) AV = 11480.5(4) R, Z=8,D. = 1.277 ¢
Corriu, R. J. P.; ReyeC.; Young, J. CChem. Re. 1993 93, 1371. (d) Kost, cm3, u (Mo Ka) = 1.77 cnt?, number of unique reflections: 12949,
D.; Kalikhman, I. InThe Chemistry of Organic Silicon CompounBsppoport, temperature-100 °C, R = 0.035,R, = 0.053, and GOF= 1.18.
Z.; Apeloig, Y., Eds.; John Wiley: Chichester, 1998; Vol. 2, Part 2, p 1339. (8) Enhancement of the fluorescence of anthracene by silyl groups:
(4) Yamaguchi, S.; Akiyama, S.; Tamao, Krganometallics1998 17, Kyushin, S.; Ikarugi, M.; Goto, M.; Hiratsuka, H.; Matsumoto, Btgano-
4347. metallics1996 15, 1067.
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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"f2.2.2]cryptand is omitted for clarity.
Selected bond lengths [A] and bond angles [deg]:—$i1 1.716(2), Si+
F2 1.710(2), Si+C9 1.955(3), F£Si1l—-F2 176.59(9), C9Si1l-C23
114.1(1), C9-Si1l—-C37 122.7(1), C23Si1-C37 123.2(1), F%Sil-
C9 91.48(10).
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Figure 3. Spectral changes upon the addition of TBAFltan THF:
(a) UV—vis absorption spectrai, 40 uM; (b) fluorescence spectrat,
0.2 uM.

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

To clarify the general trends of the changes from the silanes
to silicates, photophysical properties of a series of similar
triarylfluorosilanes, AfPhSiF @), AntPhSiF (5), NpPhSiF (7),
and PhenPisiF (9), and the corresponding silicatek 6, 8, and
10, respectively, have been investigatéf.The data are sum-
marized in Table 1, together with those bfand 2. There are
two notable trends as follows. (1) The hypercoordination causes

(9) The silicate4, 6, 8, and10 have been isolated and fully characterized
as the salts of K/[2.2.2]cryptand: See the Supporting Information.

(10) Tamao, K.; Yoshida, J.-i.; Yamamoto, H.; Kakui, T.; Matsumoto, H.;
Takahashi, M.; Kurita, A.; Murata, M.; Kumada, Mdrganometallics1982
1, 355.
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Table 1. Photophysical Properties Changes from
Triarylfluorosilanes to the Corresponding Difluorosilicdtes

UV —vis FL

compound Aabso-o/nm  loge  Aemo-o/nM® A
AntsSiF @ 401 4.48 416 0.033
[AntsSiF,] - 2)° 392 4.61 396 0.64
Ant,PhSiF B 397 4.26 409 0.17
[AntPhSIR-  (4)e 391 433 395 0.46
AntPhSiF ®) 393 3.91 405 0.86
[AntPhSiIF~  (B)e 391 3.87 399 0.76
NpPhSIiF @) 286 3.94 332 0.4
[NpPhSiF,]~ (8)e 286 3.84 338 0.061
PhenPBSiF ()] 302 411 358 0.11
[PhenPhSiF]~  (10)® 303 4.12 359  0.19

2The experiments were carried out by the addition of stock THF
solution ofn-BusNF to THF solution of silanes. The data for silicates
are those at the saturated points of the spectral chahges. =
9-anthryl, Np= 1-naphthyl, and Pher 9-phenanthryl¢ Excited at
366 nm.4 Determined with reference to anthracene, unless otherwise
stated.¢ Countercation:n-Bus,N™. ‘Excited at 254 nm and the quantum
yields determined with reference to naphthalene.

no significant shifts in the absorption and emission maxima,
except for the cases of the dianthryl-silahand -silicate4, but

their shifts are still smaller relative to those of the trianthryl pair

1 and2.'* (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 observedIfrion2

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
tetrahedrall to trigonal bipyramidaR, as observed in the crystal
structures.

The large spectral change frofinto 2 in the fluorescence
spectra enabled us to estimate the binding constahttofvard
fluoride to be 2.8 ¢ 0.2) x 10* Mt at 20°C in THF213When
other anionic species such as CBr-, 1=, ClIO,~, and BR~ as
theirn-BusN* salts were added to the silabén place of TBAF,
no changes were observed both in the -UXsible 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 fluorosilic&ean be reversed to the
silanel 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 fluorideon.
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(11) The blue shifts of th&aps, 6-0 aNdAem, 0-0 from 3 to 4 should be ascribed
to the change in the degree of the through-space interaction between the two
anthryl groups.

(12) The molar ratio analysis actually showed a 1:1 stoichiometry of the
complexation ofl with fluoride. The binding constant was determined from
the BenestHildebrand plot. As a reference, the binding constant of
dianthrylsilane3 toward fluoride ion was determined to be 290.1) x 10*

M~1 at 20°C in THF, although in the cases of other silanes the changes were
too small to determine the binding constants.
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