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X-Ray Crystal Structure and Dynamic Behavior of Pentafluoro-9,10-disila-9,10-
dihydroanthracene Anion Salts Having Transannular 1,4-Fluorine Bridge
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Potasium-18-crown-6 and tetraethylammonium ion salts of
pentafluoro-9,10-disila-9,10-dihydroanthracene anion (5a and
5b) have an unsymmetrical transannular 1,4-fluorine bridge in
the solid states. In solution, 5a and 5b show a facile
intramolecular fluorine exchange.

Much attention has been focused on the compounds with
fluorine bridges between silicon atoms.! Since the first finding
of such a complex in solution by Brownstein,!2 anionic and
neutral silicon compounds such as 1 — 3 have been isolated and
their structural characteristics have been revealed both in the solid
states and in solution. Tamao et al. have first isolated salts of 1
and related bissilicates,1P¢ which show facile intramolecular
fluorine exchange due to the Berry pseudo-rotation? in solution.
Sakurai et al. have found unique merry-go-round degenerate
fluorine migration of 2.14 More recently, Corriu et al. have
investigated the solid-state structure and the dynamic behavior in
solution of 3.1¢ At almost the same time, we have reported that
pentafluoro-1,4-disilacyclohexane anion (4) shows a similar
rapid intramolecular intersilicon fluoride-ion exchange, while the
solid state structure was not determined by X-ray crystallog-
raphy.!f We report herein the isolation and characterization of the
salts of pentafluoro-9,10-disila-9,10-dihydroanthracene anion §,
which constitute the first bissilicates having transannular 1,4-
fluorine bridge in the solid states. An intramolecular fluorine
exchange in 5 is observed in solution but slower than that in 4,
probably due to the slow fluttering of the dibenzo-1,4-
disilacyclohexadiene ring.

5a (M* = K* « 18-crown-6)
5b (M* = Et4N*)

A potassiume18-crown-6 salt of pentafluoro-9,10-disila-
9,10-dihydroanthracene anion (5a) was prepared using reaction
of 63 with KF (1 equiv) in the presence of 18-crown-6 (1 equiv)
in toluene (Eq. 1).5 Recrystallization from THF afforded 5a as
colorless crystals in 96% yield.% Similarly, the reaction of 6 with
tetraethylammonium fluoride gave 5b in 94% yield (Eq. 2).” No
hexafluorinated derivative was obtained even when 6 was treated
with excess fluoride ion.
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Figure 1 shows an ORTEP drawing of 5a.8 Compound 5a
has a boat 1,4-disilacyclohexadiene structure with unsymmetrical
fluorine-bridge between two silicon atoms. The dihedral angles
of Sil1-C12-C1-C7 and Si2-C7-C6-C1 are 138° and 144°,
respectively. The distances between the bridging fluorine atom
(F1) and the two silicon atoms (Sil and Si2) are 1.847 (3) A and
2.020 (2) A, respectively, which are comparable with those in
1°K+(18-crown-6) reported by Tamao et al. (1.898 (4) and
2.065 (4) A).1b The unsymmetrical nature of the fluorine bridge

Figure 1. ORTEP drawing of 5a. Selected bond lengths(A) and bond
angles(deg.): Sil-F1 = 1.847(3), Sil-F4 = 1.621(3), Sil-F5 = 1.657(3),
Si2—-F1 = 2.020(2), Si2-F2 = 1.595(3), Si2—F3 = 1.632(3), F4: - K =
2.735(3), F5- - K = 2.824(2); Si1-F1-Si2 = 103.1(1), C7-Si2-C6 =
112.8(2), C12-Si1-C1 = 111.4(2), F2-Si2-F3 = 94.2(1), F4-Sil-F5 =
90.1(1), F1-Sil1-F5 = 174.4(1), F1-Si2-F3 = 177.0(1).
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is reflected on the trigonal bipyramidal character of silicon atoms
in 5a as estimated by the %TBP value defined by Biirgi et al.;®
the %TBP values for Sil and Si2 in 5a are 92% and 82%,
respectively. Five fluorine and two silicon atoms of 5a are
almost in a plane bisecting the dibenzo-1,4-disilacyclohexadiene
skeleton; the deviation from the least-square plane is within 0.022
A. The significant contact of potassium ion with both an apical
and an equatorial fluorine atoms is suggested by the distances of
KeesF4 and K++F5 in 5a (2.735 and 2.824 A, respectively);
these values are almost the same with the sum of potassium and
fluoride ion radii (2.66 - 2.71 A).  The origin of the
unsymmetrical fluorine bridge is not ascribed to the significant
Kee«F contacts, because the molecular structure of 5b10 shows a
similar unsymmetrical bridging, although Sb has no significant
interaction between the anion and the counter cation; the Sil-F1
and Si2-F1 distances are 1.867 A and 2.124 A, respectively,
while the shortest distance between fluorine atoms and hydrogens
of tetraethylammonium ions is 2.696 A, which is larger than the
sum of van der Waals radii of fluorine and hydrogen atoms (2.65
A). The %TBP values for Sil and Si2 are 90% and 76%,
respectively.

The NMR spectral characteristics of Sa in acetone-dg at 298
K are as follows: The 1H NMR spectrum shows two kinds of
signals due to ortho and meta protons on aromatic rings. In the
13C NMR spectrum, four carbons bonded to two silicons are
observed equivalently at & 155.8 as a sextet due to the coupling
with five equivalent fluorine atoms (/- = 18 Hz). The 295i
NMR signal appears at 8 —83.6 as a sextet due to the coupling
with the five equivalent fluorine atoms. The 19F NMR spectrum
shows a sharp singlet at § —115.4 with satellite signals due to
298i nuclei (LJgig = 130 Hz). The 19F chemical shift is
intermediate between those of PhySiF, (8 -143.2)1¢ and a related
pentacoordinate silicon compound, [Ph,SiF3]~ (8 -111.2).5
These NMR results indicate that a rapid intramolecular exchange
involving all five-fluorine nuclei takes place in 5.

Previously, we have reported a rapid intramolecular
intersilicon fluoride-ion exchange in pentafluoro-1,4-disilacyclo-
hexane anion 4 and proposed a mechanism involving the fluorine
exchange synchronized with the ring inversion as the most
plausible mechanism.1f A similar mechanism is suggested for the
rapid fluorine exchange in § (Scheme 1).
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Scheme 1.

However, at a low temperature (203 K), the singlet 15F
NMR signal of 5a is significantly broadened (the half band width
is about 6 Hz at 298 K and 266 Hz at 203 K), suggesting that the
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exchange rate and the activation free energy at the same
temperature are significantly smaller than those for 4.11 The
slower exchange in 5 is probably due to the slow fluttering of the
dibenzo-1,4-disilacyclohexadiene ring.
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