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A new intramolecular fluoride-ion donor-acceptor system,
pentafluoro-1,4-disilacyclohexane anion showed an unusually
rapid intramolecular intersilicon fluoride-ion exchange synchro-
nized with ring inversion.

There is rapidly growing interest in the unique behavior of
fluoride ions bonded to silicon atoms.l Since a tetracoordinate
silicon atom and a fluorinated pentacoordinate silicon atom serve
as a fluoride-ion acceptor and a fluoride-ion donor, respectively,
the fluoride-ion can rapidly exchange and even bridge between
two or more silicon atoms. Following the finding of a stable
fluorine-bridged complex, [(AcO)F3Si-F-SiF3(OAc)]", in solu-
tion by Brownstein, 12 Tamao et al. have first isolated a salt of
[0-CgH4(SiPhF)oF]~ (K+e18-crown-6) having a fluoride-ion
cheleted by two silyl groups.lb’C Unique merry-go-round de-
generate fluorine migration of hexakis(fluorodimethylsilyl)-
benzene has been reported by Ebata, Inada, and Sakurai.ld We
have recently found a concerted bimolecular fluoride-ion ex-
change reaction through a fluorine-bridged cyclophane-like tran-
sition state in an intramolecular fluoride-ion donor-acceptor sys-
tem such as [p- and m-(difluorophenylsilyl)]trifluorophenyl-
silicates.1€ We wish herein to report on the synthesis, structure,
and dynamic behavior of pentafluoro-1,4-disilacyclohexane anion
(1), which shows an unusually rapid intramolecular intersilicon
fluoride-ion exchange synchronized with ring inversion. After
completion of our present work, we were aware of a closely re-
lated study of heptafluoro-1,3,5-trisilacyclohexane anion, which
exhibits a similar intramolecular fluoride-ion exchange in solution
and in the solid state.1f

A potassiume18-crown-6 salt of 1 was prepared by a reac-
tion of 22 with KF (1 equiv) in the presence of 18-crown-6 (1
equiv) in toluene (Scheme 1.3 Recrystallization from a 1:1
mixture of THF/Et7O at -20 °“C afforded 1 as colorless crystals in
61% yield.4 Interestingly, the hexafluoro-1,4-disilacyclohexane
dianion 3 was not produced even when 2 was treated with large
excess KF and 18-crown-6 in toluene (Scheme 1), indicating that
only one fluoride ion can be incorporated in 2.
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Scheme 1.

The IH NMR spectrum of 1 in acetone-dg shows a singlet
due to ring methylene protons over the temperature range be-
tween 183 and 293 K. The 29Si NMR signal of 1 appears at § -
39.2 as a broad singlet in acetone-dg in the above temperature
range. The chemical shift is intermediate between those of 2 (3 -
2.0) and a related pentacoordinate silicon compound, trifluoro-1-
silacyclohexane anion 4 (& -77.0),5b suggesting that the two sili-
cons of 1 are equivalent and their coordination character is in the
middle between tetra- and pentacoordinate silicons.6 The 19F
NMR spectrum of 1 in acetone-dg shows a sharp singlet at &
119.4 in the temperature range between 183 — 293 K. In THF-
dg, the signal is kept to be a sharp singlet over the 163 — 293 K
temperature range. The apparent equivalence of the five fluorine
atoms is indicative of the very rapid intersilicon fluoride-ion ex-
change reaction of 1 even at 168 K. The activation free energy
(AGi) for the exchange is estimated to be lower than 25 kJ/mol at
168 K, on the basis of the chemical shift difference between
fluorines on the pentacoordinate (& —140 for an equatorial fluo-
rine of the trigonal bipyramidal structure) and the bridged silicons
(8 -70) by 282.4 MHz 19F NMR spectroscopy. 1€
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In order to elucidate the structure of 1, we have carried out
ab initio MO calculations at the Hartree-Fock level using 3-21G*
basis set.” Three different conformations, a twist-boat (1a), a
boat (1b) and a chair (1¢) conformations, were found to be
minima. The optimized structure of 1a is shown in Figure 1 with
the selected bond lengths and angles. The geometry around the
pentacoordinate silicon atoms of 1la is distorted trigonal
bipyramidal (TBP) with the bridging and non-bridging fluorines
at the apical positions. There is symmetrical fluorine bridging for
1a with the same distance of Si1-F5 to Si2-F5 (1.879 A), while
[o-CgH4(SiPhF2)oF]™ has an unsymmetrical fluorine bridge
(two Si-F distances are 1.898 and 2.065 A) in the solid-
state.1b,C Similar symmetrical fluorine bridging is found in 1b.
The optimized chair conformation 1¢ contains a pentacoordinate
silicon atom and a tetracoordinate silicon atom, where no fluo-
rine-bridge exists. The geometry around the pentacoordinate sili-
con is TBP with a fluorine atom and a ring carbon atom at the
apical positions. Among these three structures, the twist-boat 1a
is the lowest energy conformation; 1b and 1c are less stable than
la by 4.56 and 13.27 kJ/mol at the 6-31+G*//3-21G* level.
However, the energy difference among the three structures are so
small that the order will be changed by solvation in solution.

It should be noted that the intramolecular fluorine exchange
of 1 is much faster than that of [0-CgH4(SiPhF)2F]", where the
exchange is reported to be frozen at 193 K.1b,C" The AG¥ value
for the latter exchange is estimated to be as large as 40 kJ/mol,
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Figure 1. Ab initio optimized structure of 1a. Selected bond lengths
(A): Sil-F5 = 1.879; Si2-F5 = 1.879; Sil-F1 = 1.614; Sil-F2 = 1.640;
Sil-Cl1 = 1.878; C1-C2 = 1.572. Selected bond angles (deg): Sil-F5-Si2
= 106.8; F5-Sil1-F2 = 177.6; F5-Sil-F1 = 84.7; F1-Sil-C1 = 120.9; C1-
Sil-C3 = 115.5.

since the exchange requires the Berry pseudorotation to allow the
equivalence of all the fluorines in the molecule.8 The exchange
of 1 should proceed via a novel mechanism without involving the
Berry pseudorotation, since the AG¥ value is lower than 25
kJ/mol. The synchronized fluorine exchange with ring inversion
mechanism is proposed as the most plausible mechanism for the
facile exchange among the five fluorine atoms, where during the
ring inversion from a twist boat to another twist-boat, fluorine
atoms exchange the positions as shown in Scheme 2. The small
energy differences among 1a, 1b, and 1c, as shown by the
above MO calculations, may imply the energy barrier for the ring
inversion small enough to support the mechanism. Since in
Scheme 2, the five fluorine atoms rotate almost in a plane, the
dynamics looks like the fluorine wheel driven by the ring-
inversion.
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Scheme 2. The synchronized fluorine exchange with ring inversion of 1.

The 19F NMR spectrum of a 1:3 mixture of 1 and 1,1-
difluorosilacyclohexane showed only two signals due to 1 and
1,1-difluorosilacyclohexane at 193 K; no signals due to 2 and 4
were observed. The equilibrium constant was estimated to be
over 3000 by 19F NMR spectroscopy. The high ability of 2 as a
bidentate fluoride-ion host is comparable to Tamao’s o-
CgHy(SiPhFp)).1b.
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