
Electronic Structure and Stability of Pentaorganosilicates

Erik P. A. Couzijn, Andreas W. Ehlers, Marius Schakel, and Koop Lammertsma*

Contribution from the Department of Organic Chemistry, Faculty of Sciences, Vrije UniVersiteit,
De Boelelaan 1083, NL-1081 HV Amsterdam, The Netherlands

Received June 28, 2006; E-mail: k.lammertsma@few.vu.nl

Abstract: The exceptional stability of recently reported pentaorganosilicates is investigated by bond energy
analyses. Experimental coupling constants are used to probe their electronic structure, entailing bonds
with mixed ionic-covalent character. Our analyses reconfirm that the axial bonds are more prone to
heterolytic cleavage than are the equatorial bonds. Aryl substituents provide substantial electronic
stabilization by charge delocalization, but cause steric crowding due to ortho-hydrogen repulsion. In contrast,
silicates with two ax,eq biaryl groups are not congested. The remaining substituent is confined to an
equatorial site, where it is insensitive to elimination. These concepts adequately explain the experimentally
observed stability trends and are valuable for designing other stable pentaorganosilicates.

Introduction

The ability of silicon to expand its valence is central to the
nucleophilic activation and substitution of organosilicon com-
pounds.1 Many stable well-characterized pentavalent species
have been reported; most carry multiple electronegative het-
eroatoms such as fluorine, oxygen, and/or nitrogen.2-5 Also,
hexacoordinate silicates are known such as SiF6

2- and those
with a SiO6, SiN2O4, or SiN2O3C core.3,5e,gTacke et al. showed
that incorporating the counterion gives stable zwitterionic
silicates, including the first species with SiS2O2C and SiS4C
skeletons,5c,f while others are even soluble in water.5h Fewer
silicates are known with multiple carbon substituents due to
their anticipated lower stability. The first stable hypervalent
silicon hydride H2SiPh3

- was characterized only recently.6 For
long, species with four or five carbon groups were considered

to be reactive intermediates,7 observable only in the gas phase
(e.g., 18b, Chart 1) or as dynamic species.8 Illustrative is
Me3Si(CN)2-Bu4N+, which rapidly loses a cyano group even
in the solid state.8c Likewise, pentaorganosilicates2 and3 were
observed only in solution at low temperature, with3 showing
reversible loss of MeLi above-55 °C.9 Only a few years ago,
an X-ray crystal structure was reported for4, but this silicate
decomposes above-10 °C.10 Klumpp et al.9b showed spiro
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biphenyl-substituted5a to be stable in solution up to+50 °C,
and subsequently Lammertsma and West reported X-ray crystal
structures of5b (mp 177-182 °C) and 5c, respectively.11,12

Recently, we showed that a variation of this spirosilicate6a
with two bidentate phenylpyrrole ligands undergoes dynamic
Berry pseudorotations in solution. The crystals of itsn-Bu4N+

salt6b are highly stable (mp> 160 °C) and air-insensitive.11b

These surprisingly stable silicates9b may have interesting ap-
plications, for example, as weakly coordinating counterions in
ionic liquids.13 Clearly, the exceptional stability of5 and6 and
the special role of their biaryl ligands warrant closer scrutiny.

Pentacoordinate silicon has been the subject of theoretical
studies that focused mainly on the type of bonding and the rea-
son for the stability of SiH5- as compared to that of CH5-.14-17

Also axial versus equatorial substitution and intramolecular
ligand interchange have been addressed.18 However, reactivity
studies have been limited to possible H2 elimination and the
mechanism of nucleophilic halogen substitution at tetracoordi-
nate silicon.19 The influence of carbon substituents on the
stability of silicates has not been investigated systematically.20

The aim of this study is to address the electronic and steric
factors that govern the thermodynamic stability of pentaorga-
nosilicates with particular focus on the influence of the biaryl
bidentates. For this purpose, we use the ADF fragment bond
analysis, which provides a detailed decomposition of bond
energies into physically meaningful contributions.21

Computational Details

General. Hybrid density-functional theory geometry optimizations
were carried out with Gaussian 0322 at the B3LYP/6-31G(d) level.23

The easy deformability of silicates required the use of an ultrafine

integration grid and tight SCF and optimization convergence criteria.
The nature of each stationary point was confirmed by a frequency
calculation. Reported calculated spin-spin coupling constants and
bonding energy contributions are rounded to one decimal place.

Spin-Spin Coupling Constants. Single-bond NMR spin-spin
coupling constants1JSi,C were calculated with the Gauge-Invariant
Atomic Orbital (GIAO) method at the B3LYP level. To reduce
computational cost, the 6-311++G(3df,3pd) basis set was used for the
coupling nuclei, 6-31G* for adjacent atoms and attached hydrogens,
and 3-21G(*) for the remaining atoms.

Bonding Energy Analysis.Silicate Si-A bonds were analyzed in
terms of fragment orbitals with the ADF 2004.01 package at the BP86
level using an all-electron TZP basis set and an integration accuracy
of 6.0.24 According to the extended transition-state model,21 the net
bond energy∆Enet can be decomposed into four contributions (Figure
1): the preparation energy∆Eprep required for deformation of the
fragments from their equilibrium structure to their geometry in the
silicate; the steric interactions between the fragments due to Pauli
repulsion (∆EPauli) and electrostatic attraction (∆Velstat); and the orbital
interaction energy∆Eoi (negative, stabilizing):

The latter three contributions are usually summed to give the interaction
energy∆Eint.

Results and Discussion

We first discuss the general electronic structure of silicates
to obtain a framework for the interpretation of the bond strength
decomposition. Experimental results have indicated that the
reactivity of pentaorganosilicates is governed by their ability
to cleave an axial bond heterolytically.7,9bTherefore, we analyze
the axial Si-H bond strength in monoorganosilicates SiH4R-

(R ) Me, Ph, CtCH, CF3) to address the electronic influence
of organic substituents. We also treat the effect of the orientation
of the aryl group in terms of repulsion between the axial bonds
and the aromaticπ system. This indirect strategy allows for a
comparison of the effect of multiple (two) aryl substitution
against that of the biphenyl moiety. A direct Si-C bond analysis
would be complicated by the difference in stabilities of the R-

carbanion fragments and would not be extendible to bidentate
substituents, as it would not result in the proper division of the
silicate into silane and carbanion fragments. Subsequently, steric
and conformational effects in pentaorganosilicates are addressed.
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Figure 1. Bond energy decomposition.

∆Enet ) Esilicate- (Esilane+ Eanion) )
∆Eprep+ (∆EPauli + ∆Velstat+ ∆Eoi) (1)
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Finally, we apply these concepts to explain the remarkable
thermodynamic stability of5 and6.

Electronic Structure. A still popular model for pentavalent
compounds was first proposed by Pimentel and by Rundle.25 It
comprises three Si-sp2 hybrid orbitals for the equatorial bonds,
which would thus be short, with the remaining Si-pz orbital
participating in an ionic 3 center-4 electron (3c-4e) interaction,
giving much longer bonds with the axial substituents. However,
this picture conflicts with the observed rather similar axial and
equatorial Si-C bond lengths in the crystal structures of5b,c
and6b.11,12

The electronic structure of pentaorganosilicates can be probed
experimentally by analysis of the NMR Si-C single-bond spin-
spin coupling constants1JSi,C, which originate from the Fermi
Contact (FC), spin-dipole (SD), paramagnetic spin-orbit (PSO),
and diamagnetic spin-orbit (DSO) interaction mechanisms.26

Of these, the FC coupling relates to spin polarization of the
valence electrons and is proportional to the s contributions of
the nuclei to their mutual bond.26b,27 Table 1 shows excellent
agreement of the experimental1JSi,C for 5 and69b,11b with the
calculated values that are by far dominated by the FC coupling.
It is apparent from the experimental1JSi,C values that the axial
bonds contain considerable Si-C s interaction, in fact, to the
amount of 35-50% of that of the equatorial bonds, which is in
sharp contrast to the 3c-4e model. The equatorial Si-Me
coupling is about 75% of the Si-Ceq coupling, reflecting the
different carbon hybridization (sp3 versus sp2).

To analyze the orbital interactions, we apply a symmetry-
adapted MO model for the silicates as proposed by Muetterties
and by Mislow for PH5 (Figure 2).14 The HOMO is essentially
located on all five substituents, thereby contributing to the ionic
character of the bonds. The remaining four bonding MOs
describe the covalent part of the five bonds. The axial bonds
are less covalent than the equatorial ones, as illustrated by the
relative contributions of the orbital coefficients in the 3a1′ MO;
the 1:2 ratio is consistent with the noted1JSi,C for 5 and6. This
MO model, giving similar axial and equatorial bonds, is
compatible with one-center expansion techniques28aand popula-
tion analyses based on AIM.28b,cAlso, valence-bond calculations
on the stability of SiH5- indicated that the s interaction in the
axial bonds is essential and more important than 3c-4e bonding.28d

A similar picture emerges from the energy decomposition of
the interaction between the hydride anion and the SiH4 fragment
in the geometry of the silicate. Table 2 lists the components
for the axial (ax) and equatorial (eq) bonds of SiH5

-. In line
with experiment, the axial bond is predicted to be more prone
to heterolytic cleavage, as apparent from its much smaller
interaction energy∆Eint of 48.4 (ax) versus 80.8 kcal mol-1

(eq). The principal difference lies in the 35.0 kcal mol-1 stronger
orbital interaction for the equatorial bond, which is due to the
much lower LUMO of the pro-equatorial SiH4 fragment (-3.923
eV) as compared to that of the pro-axial SiH4 fragment (-2.034
eV). The larger electrostatic attraction results from the slightly
shorter bond length (1.543 Å (eq) vs 1.618 Å (ax)) and is
countered by a similar increase in Pauli repulsion. The ratios
between∆Eoi and∆Velstatof 1.04 (eq) and 0.90 (ax) reflect the
slightly more covalent nature of the equatorial bonds.

Electronic Substituent Effect. Apicophilicity. We turn to
the effect of introducing different (7-R, 8-R; R ) Me, Ph,
CtCH, CF3) and multiple (9-12) carbon substituents (Chart
2). Of the investigated monosubstituted silicates, the Si-C bond
is slightly longer for an axial substituent (7-R) than for an
equatorial one (8-R). In all cases, those with an axial group are
the more stable ones. The preference of axial over equatorial
substitution (apicophilicity) increases with the electron-with-
drawing nature of the substituent, from 0.4 kcal mol-1 for R )
Me to a substantial 9.3 kcal mol-1 for R ) CF3. Unexpectedly,
in the case of a phenyl group, the energy difference between
the two minima (i.e.,7-Ph⊥ and8-Ph⊥) is merely 0.6 kcal mol-1.
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Table 1. Experimental and Calculated 1JSi,C (Hz) of
Pentaorganosilicates 5 and 6

C 1JSi,C
exp 1Jcalc ) FC + SD + PSO + DSO

5 ax 33.4 28.8 28.8 0.9 -1.0 0.2
eq 70.1 67.6 67.5 1.2 -1.3 0.2
Me 57.4 53.3 52.7 1.4 -0.9 0.1

6 ax 30 24.4 24.2 0.9 -0.8 0.2
eq 86 86.3 86.8 0.9 -1.6 0.2
Me 64 60.4 59.8 1.3 -0.9 0.1

Figure 2. SiH5
- valence MO diagram.

Table 2. Bond Analyses for SiH5
- (kcal mol-1)

ax eq

∆EPauli 193.9 213.3
∆Velstat -127.6 -144.5
∆Eoi -114.7 -149.7

∆Eint -48.4 -80.8
∆Eprep 21.9 54.3

∆Enet -26.5 -26.5

A R T I C L E S Couzijn et al.
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The apicophilicity is reflected in the Si-H bond energies
(∆Enet, Table 3) for7-R and8-R, which have the same silane
SiH3R as reference. The Si-H bond energy decompositions of
the monosubstituted silicates are given in Table 3. The strength
of the axial Si-H bond is affected considerably by substitution,
especially in the (opposite) axial position. Highly electron-
withdrawing groups provide the strongest stabilization, up to
28.9 kcal mol-1 (R ) CF3) relative to7-H. This is mainly an
electrostatic effect, as is apparent from the linear correlation of
∆Velstat with the net axial Si-H bond energy (Figure 3,r2 )
0.984 (7) and 0.937 (8)). The influence of the orbital interaction
and Pauli repulsion terms is much stronger for the equatorial
substituents (8-R) than for the axial ones.

We next focus on the electronic influence of the experimen-
tally more interesting phenyl group followed by that of a
biphenyl group.

Phenyl Orientation. The phenyl group can be oriented either
parallel (Ph|) or perpendicular (Ph⊥) to the equatorial Si-H
bonds, which may obscure the true substituent effect. We use
the same identifiers Ph| and Ph⊥ for the eclipsed and staggered
conformers of7-Ph, respectively. An axial phenyl substituent
strengthens the opposite (axial) Si-H bond by 9.9 versus 28.9
kcal mol-1 for CF3. While the bond energy is hardly affected
by the orientation of the axial phenyl group (7-Ph| versus7-Ph⊥),
there is a 5.2 kcal mol-1 difference (rotation barrier) for the
equatorial phenyl group that favors the perpendicular conformer

Chart 2. Optimized Silicate Structures with Selected Bond Lengths (Å), BP86/TZP Relative Energy (kcal mol-1), Point Group, and Number
of Imaginary Frequencies in Parenthesesa

a For R ) Ph, superscript|| (⊥) denotes an eclipsed (staggered,7-Ph) or a parallel (perpendicular,8-Ph) orientation of the ring relative to the equatorial
bonds.

Table 3. Axial Si-H Bond Analyses for Monosubstituted Silicates (kcal mol-1)

7-R (axial) 8-R (equatorial)

R Me Ph| Ph⊥ CtCH CF3 Me Ph| Ph⊥ CtCH CF3

∆EPauli 197.1 199.4 199.6 189.7 197.1 190.7 199.4 208.3 207.5 217.9
∆Velstat -126.4 -132.7 -132.9 -136.7 -146.2 -132.0 -135.0 -144.0 -140.4 -159.0
∆Eoi -121.8 -130.7 -131.1 -120.7 -127.9 -109.2 -118.9 -125.2 -127.3 -131.4

∆Eint -51.1 -64.0 -64.4 -67.7 -76.9 -50.5 -54.5 -60.8 -60.3 -72.5
∆Eprep 25.0 27.7 28.0 28.6 21.5 24.9 23.8 25.0 26.7 26.4

∆Enet -26.0 -36.3 -36.4 -39.0 -55.4 -25.6 -30.7 -35.8 -33.6 -46.1
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8-Ph⊥. This difference is largely caused by the balance of the
repulsive interactions between the phenylπ system and the
occupied 2a2′′ (Si-pz) and 2e′ (Si-px) orbitals of the silicate
(Figure 4).14a The effect can be quantified for the Si-Ph bond
in terms of overlap (S) of its fragment orbitals (see Supporting
Information). The amount ofπ repulsion is governed by the
degree of overlap as illustrated in Figure 5, whereS2 is plotted
as a function of the Si-Ph bond rotation (θ) of 8-Ph. The
aromaticπ system in the more stable8-Ph⊥ (θ ) 90°) overlaps
less with the 2e′ (Si-px) silane orbital, which is directed away
to the opposite Heq atoms, than it does in the less stable8-Ph|

(θ ) 0°) with the axially oriented 2a2′′ orbital. In the axially
substituted7-Ph, the repulsion between the 2e′ orbitals and the
aromatic ring is independent of its orientation and is of a
magnitude that is intermediate between that of8-Ph⊥ and8-Ph|.
The surprising net effect is that the phenyl group is apico-
indifferent despite its electron-withdrawing nature.

Biphenyl Bidentate Substituent.In this section, we analyze
the electronic influence of disubstitution for the silicates9 and
10, which have phenyl groups in respectively eq⊥,eq⊥ and
ax⊥,eq⊥ (all Ph⊥) positions, and11 and 12, which have

correspondingly eq|,eq| and ax|,eq⊥ biphenyl groups. The
relative energies, favoring9 and 12, illustrate a reversal of
apicophilicity for the diphenyl derivative and instead a greatly
enhanced preference for axial substitution for the biphenyl
derivative. In fact,11 is the transition structure for ax,eq
interchange of its biphenyl group with a substantial barrier of
12.2 kcal mol-1.

The additional substituent strengthens the axial Si-H bond
in both types of silicates (Table 4). For example, the interaction
energy ∆Eint increases from-48.4 (7-H, SiH5

-) to -60.8
(8-Ph⊥) to -71.6 (9) kcal mol-1 on successive phenyl substitu-
tion, which amounts to about 12 kcal mol-1 per phenyl group.
Again, the main contribution comes from the electrostatic
interaction. The interaction energies of9, 10, and12are similar,
while that of11 is 10 kcal mol-1 smaller because of the two
destabilizingπ interactions with the axial bonds. Thus, the
electronic stabilization and therefore the electron-withdrawing
ability of the biphenyl groups in11 and12 are very similar to
those of two separate Ph substituents. In these structures, the
C-Si-C angle strain (i.e., 90.2° in 11 versus 120° in SiH5

-)
appears to be minor as the deformation energies∆Eprep for 11
(27.0 kcal mol-1) and the ax,eq-biphenyl substituted12 (25.0
kcal mol-1) are similar. On the other hand, the deformation
energy is larger for silicate10 (29.9 kcal mol-1) due to steric
repulsion between Phax and theortho-H atom of Pheq.

Steric and Conformational Effects.We first investigate the
steric effects in silicates13 and14, which carry three phenyl
groups in respectively eq⊥,eq⊥,eq⊥ and ax|,eq⊥,eq⊥ positions.
The experimentally known conformer136 is preferred over14
by a considerable 8.5 kcal mol-1. Both equatorial Ph substituents
in 14 make an angleθ ) 63° with the equatorial plane to
diminish ortho-hydrogen repulsion with the axial Ph.

The effect of this bond rotation becomes apparent from the
axial Si-H bond analyses of13 and 14 (Table 4). The extra
phenyl group in13 further enhances the interaction energy, and
as a result the axial Si-H bond is 49.3 kcal mol-1 strong.
Conversely, in14 the deviation of both Pheq’s by 27° from the
preferred Ph⊥ orientation causes an increase inπ repulsion, as
expressed in the reduced electrostatic attraction, and this counters
the extra stabilization of the third Ph. Also, the steric crowding
is larger, as is apparent from the deformation energy∆Eprep of
33.0 versus 29.1 kcal mol-1 for 13. As a result, the total axial
Si-H bond energy is even smaller than that of diphenylsilicate
9 (40.8 vs 43.2 kcal mol-1, respectively).

Next, we focus on fully substituted silicates that carry four
phenyl (15) or two biphenyl substituents (5) and an additional
axial (A) or equatorial (E) methyl group to reflect the
experimentally known system5 (Chart 3). Particularly for the
tetraphenyl derivative, the higher substitution pattern enhances
the steric crowding that was already evident for the di- and

Figure 3. Electrostatic contribution plotted against net axial Si-H bond
energy in monosubstituted silicates, using data from Table 3. Least-squares
linear fits were enforced to cross at SiH5

- (R ) H, values from Table 2).29

Figure 4. π repulsion MO diagram for8-Ph|.

Figure 5. Squared overlaps between phenyl-π and axial (ax) and equatorial
(eq) Si-H bond orbitals for8-Ph Si-C bond rotation.θ is the angle between
the phenyl ring plane and the equatorial plane.

Table 4. Axial Si-H Bond Analyses of Di- and Trisubstituted
Silicates (kcal mol-1)

9 10 11 12 13 14

∆EPauli 219.5 216.3 204.4 206.1 228.5 228.6
∆Velstat -159.8 -148.3 -143.4 -144.4 -173.8 -162.5
∆Eoi -131.2 -137.2 -122.1 -133.0 -133.0 -139.9

∆Eint -71.6 -69.1 -61.0 -71.3 -78.4 -73.8
∆Eprep 28.4 29.9 27.0 25.0 29.1 33.0

∆Enet -43.2 -39.3 -34.1 -46.3 -49.3 -40.8
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trisubstituted silicates. Now conformer15Ewith phenyl groups
in both axial sites is slightly favored over15A (∆E ) 1.4;∆Eq

) 2.0 kcal mol-1). With two biphenyl groups the apicophilicity
remains enhanced, as for12, with a 9.5 kcal mol-1 preference
for 5E. Each of its bidentate ligands occupies an axial-
equatorial position, and as a result the methyl group resides in
the remaining equatorial position. Actually, like11, 5A with
an axial methyl group is the transition structure for a Berry
pseudorotation that interconverts the silicate’s ligands.30,31

We analyze the four structures with respect to the strength
of the Si-Me bond (ax and eq) and its energy decomposition
(Table 5). The equatorial Si-Me bonds have much larger
interaction energies∆Eint, reflecting stronger bonding, than the
axial ones. Whereas the preparation energy may suggest only
slightly more steric congestion for15A than for5A, the axial
Si-Me bond of15A is weaker by as much as 8.7 kcal mol-1.
In fact, all three equatorial phenyl substituents are distorted from
their preferred Ph⊥ orientation with one even rotated by 90°
(Ph|) to diminish the steric repulsion of theirortho-hydrogen
atoms with the axial substituents. The increasedπ repulsion
weakens the axial bonds, as expressed in the reduced Si-Me
electrostatic attraction, and as a result the Si-Me bond of only
43.7 kcal mol-1 does not benefit from the higher substitution
pattern of the silicate. For15E, theπ repulsion is already present
in the equatorially deformed silane fragment, resulting in a much
larger∆Eprep of 73.6 versus 54.3 kcal mol-1 for SiH5

- (Table
2). In contrast, the Si-Me bond energy decomposition of5E

with its two bidentate ligands reflects no steric strain at all. For
an equatorial bond, the∆Eprepof 49.1 kcal mol-1 is rather low.
The orbital interaction of-163.7 kcal mol-1 is somewhat
smaller than that in15E (-176.3 kcal mol-1) due to a reduction
in overlap. Yet the Si-Me bond for5E is as much as 62.0 kcal
mol-1 strong as a result of the accumulated substituent effects.

Comparison with Experimental Data

The theoretical analyses provide important insights into the
observed pentaorganosilicates1-6. These are best described
as having polarized covalent bonds, which is in accord with
the NMR spectroscopic largeJSi,C coupling constants for5 and
6. The equatorial bonds have much stronger orbital interactions
than the axial bonds, which are prone to heterolytic cleavage.
The analyses show that the electron-withdrawing phenyl group
stabilizes the axial bonds considerably. At the same time, the
phenyl group is apico-indifferent due to a balance in repulsions
between the phenylπ system and the silicate bonding orbitals.
The bonding interaction increases with increasing number of
phenyl substituents. However, even for triphenylsilicate13 the
axial Si-H bonds remain sensitive, as revealed in the reported
X-ray structure, due to its close contact with the cation.6a

Introduction of more phenyl groups is ineffective because of
steric crowding between the axial phenyl groups and theortho-
hydrogen atoms of the equatorial phenyl groups. Therefore,
silicates such as2 are also of limited stability. The stability
can be increased by reducing the size of the substituent and by
enhancing its electron-withdrawing ability (and thus apicophi-
licity) as with trifluoromethyl groups in the reported silicate4.

A bidentate biaryl substituent provides electronic stabilization
similar to that of two individual aryl groups. Thus, silicates such
as3 with a single ax,eq-biaryl moiety still have an axial group
that is susceptible to dissociation, in line with experimental
reports.7a,b,d,9A second biaryl group can be incorporated without
causing congestion, as in5 and 6. Moreover, the conformer
carrying one of the bidentates in a bisequatorial arrangement
(5A) is disfavored byπ repulsion and becomes the transition
state for intramolecular ligand exchange. The methyl group of
5 is thus restricted to occupy an equatorial site, where it is much
more strongly bound (∆Eint ) -111; ∆Enet ) 62 kcal mol-1)
than in an axial position. This is consistent with the experi-
mentally determined structures and pseudorotational barriers of
the exceptionally stable, high-melting silicates5 and6.11b,30

In conclusion, the presence of two sterically noninvasive
bidentate biaryl moieties gives unique electronic stabilization
to silicates that are conformationally restricted to prevent
dissociation. Exploring this concept further may lead to novel
highly stable pentaorganosilicates that may find applicability
as weakly coordinating anions in ionic liquids and cationic
catalyst systems.
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(29) The difference in slopes has a statistical rather than a physical meaning
and is the result of two effects: (1) In the equatorially substituted silicates
8-R, the Si-R bond is shorter than in the corresponding axially substituted
7-R, and hence the electron-withdrawing effect of the substituent is more
pronounced. As a consequence,∆Velstat covers a broader range for8-R,
resulting in a steeper linear fit. (2) For8-R, the trend in the net bond strength
∆Enet of the axial Si-H bond is a combination of trends in∆Velstat, ∆Eoi,
and the opposing∆EPauli. All in all, ∆Enet covers a smaller range for8-R
than for7-R, which further steepens the linear fit.

(30) Berry, R. S.J. Chem. Phys.1960, 32, 933-938.
(31) Couzijn, E. P. A.; Ehlers, A. W.; Schakel, M.; Lammertsma, K., to be

published.

Chart 3. Pentaorganosilicate Structures with Equatorial Aryl Bond
Rotation Angles θ, Si-Me Bond Lengths (Å), BP86/TZP Relative
Energy (kcal mol-1), Point Group, and Number of Imaginary
Frequencies in Parentheses

Table 5. Si-Me Bond Analyses of Pentaorganosilicates (kcal
mol-1)

15A 15E 5A 5E

∆EPauli 241.9 283.2 242.1 266.3
∆Velstat -188.8 -225.6 -193.3 -213.7
∆Eoi -135.3 -176.3 -135.4 -163.7

∆Eint -82.2 -118.8 -86.5 -111.1
∆Eprep 38.4 73.6 34.1 49.1

∆Enet -43.7 -45.2 -52.4 -62.0
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