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Introduction

In the quest for highly defined polysilanes, one of the targets
is to find silyl anionic intermediates that are configurational-
ly stable. While voluminous substituents are important fac-
tors for kinetic stability, the electronegativity and p-electron
donating capabilities of the a substituents govern the config-
urational stability.[1] Experiments on silyl anions in the
liquid phase show that some of the heteroatom-substituted
molecules exist as an equilibrium between silyl anions, sily-
lenoids (i.e., carbenoid analogues with ambiphilic behavior),
and silylenes.[2] Whether the silyl anion or the silylenoid is
preferred depends, among other factors, on the strength of
the Si�X bond in these molecules.

A number of compounds with silicon heteroatom bonds
have been studied by theoretical and experimental means.
Ab initio calculations at the Hartree–Fock and MP2 level
for H2XSiM (X=F, Cl, OMe, and M=Li, Na) find the sily-
lenoidal and inverted structures to be the most stable.[3–6]

Density functional calculations at the B3LYP/6-311++G-
(3df,pd) level of theory indicate that an increasing number
of halogen atoms X in XnH3�nSiM (M=Li and Na, n=0–3)
molecules enhances the stability of the inverted structure.[7,8]

In solution, halosilyl anions form quite reactive monomers.[2]

Depending on the halogen (and the substituent pattern),
selfcondensation reactions,[9] complex product mixtures,[9] or
typical silylene-trapping reactions are found.[10–12] Selfcon-
densation was also observed in the case of alkoxysilyllithium
compounds,[6,13,14] but no silylene-trapping reactions. Ab
initio calculations at the Hartree–Fock level indicate that
the selfcondensation reaction is an exothermic process.[6] In
this reaction, the nucleophilic part retains its absolute con-
figuration while the electrophilic part undergoes an inver-
sion. The silylenoidal character is diminished if a separated
ion pair is produced, for instance, by adding crown
ethers.[13,14] The best-studied species are aminosilyl
anions.[15–18] Depending on the substituents, they are quite
stable monomers in solution and in the solid state. Recently,
Kawachi et al.[19] reported syntheses and ab initio calcula-
tions of sulfur-substituted silyllithium compounds, which
were characterized as a-eliminative silylenoids. The addition
of crown ethers produces separated ion pairs and thereby
enhances the stability. In contrast to the heteroatom-substi-
tuted silyl anions mentioned above, nothing has yet been re-
ported on phosphinosilyl anions to the best of our knowl-
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edge. Recently, we were able to show that alkyl substituents
increase the configurational stability of silyl anions, whereas
silyl and aryl groups decrease the inversion barrier.[20]

In the present paper, we will explore the effect of a sub-
stituents with s-electron withdrawing and p-electron donat-
ing abilities (X=F, OH, NH2, Cl, SH, and PH2) on the con-
figuration stability of the chiral silyl anions X(H3Si)MeSiLi.
We will report their structures and stabilities and explore
their tendency to form silylenoid structures or to dissociate
into silylenes. The monomolecular inversion reactions will
be investigated. The influence of solvent molecules on struc-
tures and stabilities will also be studied and compared to
the respective data obtained for the gas phase and experi-
mental results where available.

Computational Details

All geometries have been optimized at the density functional level of
theory with the hybrid B3LYP functional and 6-31+G(d) basis sets as
implemented in the Gaussian98[21] program suite. The stationary points
have been characterized by analytical frequency calculations. Minima
have only real frequencies while transition structures have exactly one
imaginary frequency. All relative energies are given in kJmol�1 and have
been corrected with the unscaled zero-point vibration energies. The bond
angle sum, �a, has been obtained by summing the Si�Si�C, Si�Si�X,
and C�Si�X bond angles.
29Si magnetic shieldings, s29Si, have been calculated by sum-over-states
density functional perturbation theory (SOS-DFPT)[22] with the Perdew–
Wang91[23] functional and a 64 point radial grid by means of the
deMon[24] program. IGLOB2 basis sets[25] were employed together with
the following auxiliary basis functions: 5, 4 for Si, P, S, and Cl; 5,2 for C,
N, O, and F; 5,1 for H. Tetramethylsilane, with scalcd

29Si=366.1 ppm, was
used as the reference molecule for calculating the chemical shifts, d29Si.
For comparison, we also calculated the chemical shifts at the GIAOMP2/
6-311+G(d)//B3LYP/6-31+G(d) level with a magnetic shielding s29Si of
376.4 ppm for TMS.

Results and Discussion

As the starting point of this study, we describe the silyl
anions. The question of silyl anion or silylenoid structures
only arises when a counterion, such as lithium, is attached
to the silyl anion moiety. The resulting minimum structures
and their relative energies will provide information regard-
ing the presence and stability of silylenoid structures in the
gas phase. Finally, because synthetic work involving silyl
anions is usually carried out in polar, mostly ethereal solu-
tions, we add three dimethyl ether (DME) molecules to
model the effect of the solvent on structures and stabilities.

Bare anions : As illustrated in Figure 1, the Si�X bond
lengths of the bare anions XMe(H3Si)Si

� decrease with in-
creasing Allred–Rochow electronegativity[26] of X: P
(2.06)<S (2.44)<Cl (2.81)<N (3.07)<O (3.50)<F (4.10).
This reflects the s-acceptor strength of X. It should be
noted that in other scales, such as PaulingKs, for example,
the electronegativity of chlorine is higher than that of nitro-
gen. The lone pair on X plays only a minor role. The natural
bond orbital, NBO, analyses show the inductive effect of the
substituent X to be a far more important factor in these
cases. It was stated in the literature[1] that substituents do-
nating electrons by resonance (p donors) or withdrawing
them by induction (s acceptors) raise the inversion barrier.
This effect was explained by the destabilizing, repulsive
forces between the lone pairs on Si and X being in close vi-
cinity in the planar transition structures. NBO analyses show
that the lone pair on Si is located in an sp3-type orbital in
the minimum structures. As the molecules become planar,
rehybridization of this orbital occurs from sp3 to a p orbital.
For X=NH2 and PH2, the X lone pair in the transition
structure is perpendicular to the p orbital on Si so that there
is no direct interaction. Another possible explanation is that
the stronger the inductive effect, the more compact is the
doubly occupied p orbital on Si in the transition structure

Figure 1. Geometries of the minima and transition structures of the X(H3Si)MeSi anions with X=F, OH, NH2, Cl, SH, and PH2. The parent molecule
H(H3Si)MeSi� is given for reference.
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making the rehybridization more difficult. In the transition
structures of our molecules, both the length of the Si�Si
bond and the NBO analyses indicate the formation of a
dative p bond between the lone pair on the anionic Si and
the SiH3 group. This happens in the presence of at least one
silyl substituent on the silyl anion. As previously seen,[20]

silyl substituents decrease the inversion barrier, whereas
alkyl substituents act contrarily. Compared to Me(H3Si)FSi

�

(DEinv=166.9 kJmol�1), the barrier of (H3Si)2FSi
� decreases

to 120.7 kJmol�1, while for Me2FSi
� , where the transition

structure is destabilized because formation of a dative p

bond does not occur, the inversion barrier increases to
267.2 kJmol�1. Within a specific substituent pattern, the in-
version barriers increase with increasing electronegativity of
X, which is also corroborated by our results (Figure 1). The
previously reported barriers[20] for X=SiH3 (88 kJmol�1)
and Me (122.1 kJmol�1) also fit nicely into this scheme.

The more electronegative the substituent X is, the more
deshielded becomes the central silicon (Table 1). The 29Si

chemical shifts range from d=66.9 (X=F) to �81.7 (X=

PH2). A good correlation (correlation coefficient c=0.98)
between the chemical shift and
the inversion energy is found
for this subset. As previously
reported [20] for a similar set of
molecules, the deviation of
IGLO/DFT relative to GIAO/
MP2 calculated shieldings is
systematically �20�10 ppm
(Table 1) for the bare anions.
The more electronegative X,
the stronger is the deviation.

Addition of Li+ : A counterion,
such as Li+ , is able to attach
itself to the silyl anion in differ-
ent positions to yield a number
of low-energy structures
(Figure 2).

Characteristic bond lengths
of these minima are listed in
Tables 2 and 3. Compared to
the bare anions, all silicon
single bonds of conformer 1 are

slightly contracted. This effect has been described before in
a comparison of silyl anions with the respective silanes.[1,27, 28]

In the few crystal structures of mixed silyl- and alkyl/aryl-
substituted lithiosilanes forming dimers in apolar sol-
vents,[29–32] bond lengths of approximately 2.34 L and 1.94 L
were measured for Si�Si and Si�C bonds. The Si�Li dimer

Table 1. Natural charges, lone pair (LP) occupation, and 29Si chemical
shifts at the IGLO-DFT level (TMS, s =366.1 ppm) and the GIAO-MP2
level (TMS, s=376.4 ppm) of the X(SiH3)MeSi� anions.

qSi LPSi d29Si (DFT) d29Si (MP2)

f 0.60 1.94 66.9 96.7
o 0.57 1.92 29.1 50.9
n 0.46 1.92 �13.7 6.1
cl 0.31 1.95 44.6 73.6
s 0.20 1.92 �31.7 �12.5
p 0.05 1.91 �81.7 �68.0

Figure 2. Tetrahedral 1, silylenoid (2 and 3), and inverted (4) structures
of X(H3Si)MeSiLi (X=F, Cl, OH, SH, NH2, PH2) in the gas phase. Mole-
cule code: carbon= solid black, silicon=dotted, and lithium= striped.

Table 2. Selected bond lengths (L), d29Si, Si�X stretching frequency, and ZPVE-corrected relative energies
(kJmol�1) for the tetrahedral and inverted structures 1 and 4 of the X(SiH3)MeSiLi molecules.

1h 1 f 1o 1n 1cl 1s 1p

Si�X 1.511 1.686 1.703 1.789 – 2.229 2.321
Si�C 1.933 1.916 1.925 1.932 – 1.924 1.933
Si�Si 2.364 2.381 2.386 2.372 – 2.370 2.363
Si�Li 2.481 2.504 2.488 2.490 – 2.478 2.481
Li�X 3.373 3.431 3.335 3.548 – 3.621 3.902
�a 311.9 312.1 316.5 316.3 – 316.3 315.3
d29SiDFT �110.9 60.6 23.8 �21.9 – �24.0 �58.3
d29SiMP2 �113.5 76.4 38.2 �12.1 – �30.5 �74.7
nSi�X 2099.6 724.5 731.6 735.5 – 432.6 450.0
Erel 0.0 21.8 39.3 42.7 – 24.7 8.4

4h 4 f 4o 4n 4cl 4 s 4p

Si�X 1.579 1.841 1.863 1.940 2.377 2.387 2.397
Si�C 2.015 1.993 1.980 1.993 1.989 1.991 2.005
Si�Si 2.414 2.454 2.453 2.432 2.432 2.434 2.410
Si�Li 2.482 2.564 2.584 2.562 2.681 2.667 2.576
Li�X 1.855 1.752 1.778 1.893 2.203 2.300 2.682
�a 277.6 274.4 276.6 279.6 280.5 283.6 283.4
d29SiDFT �134.9 52.0 28.8 �30.9 14.7 �50.0 �137.8
d29SiMP2 �145.6 68.3 19.6 �44.4 28.1 �59.2 �148.5
nSi�X 1746.9 471.0 512.4 511.4 264.1 320.0 329.3
Erel 10.3 0.0 0.0 0.0 6.3 0.0 1.7
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distances in the crystals are in the range of 2.58 to 2.71 L.
The Si�Li bond lengths of the respective monomer units can
be expected to be somewhat shorter. We find comparable
bond lengths in our calculated structures. Furthermore, the
investigated molecule set reveals that the more electronega-
tive X is, the longer become the Si�Si bond lengths and the
shorter are the Si�C bond lengths (see Table 2). In contrast
to H(H3Si)MeSiLi and the Men(H3Si)3�nSiLi mole-
cules,[20, 29,30] structure 1 is the most unstable of the four con-
sidered structure types in the gas phase, except for X=PH2

(Tables 2 and 3).

In the silylenoid structures 2 and 3, as well as in the in-
verted structure 4, the lithium cation interacts with X thus
considerably elongating the Si�X bond (Table 3). While
structure 2 does not exist for the H(H3Si)MeSiLi molecule, 2
forms the global minimum for the chlorosilyl anion in agree-
ment with previous theoretical studies on simpler XH2SiLi
species.[3–6] Additional agostic interactions of Li+ with the
silyl group stabilize structure 3 making it the global mini-
mum of (H2P)(H3Si)MeSiLi. The electrostatic interaction of
the cation with all the substituents causes the inverted struc-
ture 4 to be the most stable gas-phase structure for the
second-row substituents X=F, OH, NH2, and for X=SH.

Despite the geometric changes and the presence of the Li
cation, the d29Si chemical shifts of isomer 1 do not differ
much from the bare silyl anion shifts. This can be explained
by localized molecular orbital (LMO) analyses of the chemi-
cal shifts calculated by IGLO-DFT. While the formation of
the Si�Li bond has a strong impact and deshields the silicon
by 15–25 ppm, the contributions from the contraction of the
Si�Si and Si�X single bonds are of similar size, but opposite
sign. As a consequence, the net effect on the chemical shift

is small. The increased silylenoid character of isomers 2 and
3 is reflected in the 29Si chemical shifts by the downfield
shift of up to 90 ppm. Interestingly, the d29Si of the inverted
structures 4 resemble those of 1 in some cases making them
indistinguishable by NMR measurements. This is surprising
because there is no longer a direct interaction between the
Si lone pair and Li in 4. Furthermore, the Si�Si and Si�X
bonds are significantly elongated. Again, LMO analyses re-
flect all these effects. As for isomer 1, the shielding changes
are of opposite sign, and the net effect on the chemical shift
is small. The Si�X bond elongation in structures 2 and 3 is

also reflected in the Si�X
stretching frequencies that are
between 219 and 285 cm�1

lower than in the tetrahedral
structure 1. These differences
are much smaller for X=SH
and PH2.

As described for the free
anions, the configuration inver-
sion proceeds via a planar tran-
sition structure. All configura-
tion inversion barriers are col-
lected in Table 4. In agreement
with previous results,[20] the
least electronegative substitu-
ent, PH2, has a comparatively
low inversion barrier (DEinv=

75.7 kJmol�1). For lithiated
alkyl- and silyl-substituted silyl
anions, the planar transition
structure connects the tetrahe-
dral (1) and the inverted (4)
structures.[20] This also applies

to the parent H(H3Si)MeSiLi molecule with an inversion
barrier of 91.8/81.5 kJmol�1. In contrast, for our set of mole-
cules, the inversion of the X(H3Si)MeSi framework occurs
between structures 4/4’ and 3’/3, with 3’ and 4’ being the re-
spective enantiomers (Figure 3). In the transition structures,
the cation resides between X and the SiH3 group (similar to
minimum 3). Consequently, the Si�Si and Si�X bonds are
slightly longer, and the Si�C bond is shorter than in the
bare-anion transition structures. NBO analyses and Si�Si

Table 3. Selected bond lengths (L), bond angle sum, d29Si, Si�X stretching frequency, and ZPVE-corrected
relative energies (kJmol�1) for the silylenoid structures 2 and 3 of the X(SiH3)MeSiLi molecules.

2h 2 f 2o 2n 2cl 2 s 2p

Si�X – 1.847 1.850 1.910 2.392 2.410 2.397
Si�C – 1.920 1.928 1.932 1.921 1.927 1.938
Si�Si – 2.385 2.386 2.412 2.379 2.376 2.362
Si�Li – 2.401 2.415 2.457 2.441 2.423 2.453
Li�X – 1.756 1.773 1.945 2.238 2.370 2.482
�a – 302.9 306.0 306.4 302.1 302.7 310.1
d29SiDFT – 152.1 79.6 31.3 125.2 32.4 �60.6
d29SiMP2 – 176.6 91.5 38.8 152.1 45.0 �58.1
nSi�X – 443.8 503.9 486.3 242.8 325.0 320.5
Erel – 2.5 1.3 12.1 0.0 0.8 11.7

3h 3 f 3o 3n 3cl 3 s 3p

Si�X 1.583 1.853 1.850 1.944 2.388 2.337 2.326
Si�C 1.925 1.922 1.928 1.932 1.917 1.923 1.926
Si�Si 2.385 2.442 2.386 2.378 2.406 2.393 2.383
Si�Li 2.318 2.551 2.415 2.394 2.479 2.457 2.468
Li�X 1.909 1.751 1.773 1.920 2.262 2.376 2.458
�a 297.8 291.1 298.9 300.9 296.7 304.5 311.9
d29SiDFT �97.2 144.7 79.0 11.1 107.5 �13.9 �74.9
d29SiMP2 �92.5 171.2 93.5 20.6 137.5 �2.0 �71.8
nSi�X 1738.7 439.5 490.1 490.8 226.5 302.4 429.9
Erel 18.0 11.3 15.9 7.5 14.6 0.2 0.0

Table 4. X(SiH3)MeSiLi energy barriers (kJmol�1) for configuration in-
version and isomerization under configuration retention. The energy for
the respective backreaction is given in parenthesis.

Configuration inversion Configuration retention
X 4!3’ 4!2 2!3 2!1

F 148.5 (137.2) 35.1 (32.2) 11.3 (2.5) 25.9 (6.7)
OH 132.6 (117.2) 43.5 (42.3) 16.3 (2.1) 37.7 (�23.0)
NH2 118.4 (110.9) 28.9 (16.7) 1.7 (6.3) 37.7 (7.1)
Cl 133.9 (125.5) 32.6 (38.9) 15.1 (0.8) –
SH 99.6 (99.6) – 16.3 (15.5) –
PH2 75.7 (77.8) – – 3.8 (7.5)
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bond lengths again indicate the formation of a dative p

bond between the central silicon and SiH3. The energy barri-
er, now on average between 20–30 kJmol�1 lower than for
the bare anions, correlates with the electronegativity of X.

Isomerization from the inverted to the silylenoid struc-
tures 2 under configuration retention requires between 29–
44 kJmol�1 (Table 4). For X=SH and PH2, the potential
energy surface is very shallow with barriers below
15 kJmol�1. Although the Si�X bonds are elongated in the
silylenoid and inverted structures, dissociation into the sily-
lene (H3Si)MeSiD and a LiX ion pair is unfavorable with the
product energies lying between 115 and 255 kJmol�1 above
those of the reactants.

In apolar solvents, the (R3Si)3SiLi, (R3Si)2MeSiLi, and
(R3Si)2PhSiLi molecules[29,30] form cyclic dimers built from
tetrahedral monomer units, the most stable calculated con-
formation in these cases.[20] We used F(H3Si)MeSiLi to inves-
tigate possible dimers built from 4 f and 2 f (Figure 4).
Dimer III, built from two 4 f monomers, is 310 kJmol�1 de-
stabilized compared to the monomers. Both II and I are
combinations of 2 f monomers. While II bears similarities to
the dimer structures found in crystals from apolar solutions,
I, the most stable of the three structures, can be regarded as
the product of a selfcondensation, as described for the reac-
tion in polar solutions.[9] Both dimers are more stable than
the monomers; however, the formation energies involved

are not known because we did not locate the respective
transition structures (Table 5).

Addition of solvent molecules : In contrast to structures 3
and 4 with dipole moments below 4 debye, 1 and 2 have a
dipole moment of �12 debye and will therefore be consid-
erably stabilized by a polar solvent. Structure 1·3dme, illus-
trated in Figure 5, is the most stable conformer for X=Cl,
PH2, SH, and NH2. Owing to the solvent interaction, the
Li�Si bond lengths are 2.63–2.64 L, which is similar to the
measured 2.68 L of the amino-substituted compounds.[16,17]

The Si�N bond length of 1.825 L is also in the correct range
(1.763–1.824 L). In the silylenoid 2·3dme, the cation only
binds to X and has no direct interaction with the central Si
atom. Only for X=NH2, another minimum exists that is
3.7 kJmol�1 more stable, in which the solvated Li+ still in-
teracts with both Si and N. The Si�X distances of 2·3dme
are shorter than in the gas-phase structures 2 where the Li–
Si interaction is still present. Silylenoid structure 2·3dme is
the global minimum only for X=F and OH, in agreement
with the crystal structure of (Me3Si)2(MeO)SiK.[14] Table 6
contains the most important bond lengths and relative ener-
gies for both structure types. 1·3dme and 2·3dme can easily
interconvert with energy barriers below 15 kJmol�1

(Table 5) and should both be present in solution at room
temperature. Only 1p·3dme is slightly more stable than

Figure 3. Enantiomerization of 4 f/4 f’ calculated at the B3LYP/6-31+G(d) level.

Figure 4. Gas-phase structures of F(H3Si)MeSiLi dimers.
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2p·3dme. As expected from the dipole moments, no solu-
tion structures corresponding to 3 and 4 could be located.

The chemical shifts of the solvated structures 1 are at
most 25 ppm below their gas-phase values. In the silylenoid

structures 2·3dme, d29Si value
shifts downfield by 6–78 ppm.
This effect is strongest for the
halogenated lithiosilanes. Al-
though measured d29Si data are
available for amino-, alkoxy-,
and thiolithiosilanes, a compari-
son is complicated by the differ-
ing substituent sizes and pat-
terns. A detailed analysis of fac-
tors influencing heteroatom-
substituted lithiosilanes has re-
cently been performed for tet-
rahedral structures.[32] However,
owing to the ease of intercon-
version, the tetrahedral as well
as the silylenoid structures
should be taken into account
for a comparison with NMR
measurements in solution.

In contrast to the gas phase,
the configuration inversion with
solvent molecules is energeti-
cally more demanding than for
the bare anions (Table 6). From
the transition structure, the sol-
vated lithium cation rotates
around the Si�X bond directly
into minimum 2·3dme without
formation of a 4·3dme inter-
mediate (Figure 6). For those
compounds with a tetrahedral
structure as the global mini-
mum (X=NH2, Cl, SH, PH2),
the solvated cation resides on
top of the silicon in the transi-
tion structure. For X=OH and
F, the solvated lithium interacts
both with X and Si (Figure 6).
Owing to the relatively high en-
ergies involved, configuration-
inversion reactions seem to be
rather unlikely to occur.

The a elimination of XLi·3dme becomes feasible in solu-
tion, especially for the halogenated lithiosilanes. The relative
energies between reactants and products for X=F and Cl
are Erel=�214.9 and �280 kJmol�1. For X=SH, PH2, OH,
and NH2, relative energies of 126.8, 173.8, 191.3, and
216.2 kJmol�1 are found between reactants and products.
However, to obtain the typical silylene-trapping reactions,
the presence of a “free” silylene is not mandatory. Silylene–
LiX adducts can react in the same way.[6,12,33] Starting from
the 2·3dme minima, we increased the Si–X bond length
stepwise. The energy profiles show a very shallow potential
for 2cl·3dme and 2s·3dme (Figure 7). Loosening the Si�X
bond by 0.6 L takes less than 30 kJmol�1. The 2o·3dme and
2 f·3dme are not prone to silylene reactions. Confirmation

Table 5. Selected bond lengths (L), bond angle sums, ZPVE-corrected relative energies (kJmol�1), and d29Si
of the solvated XMe(H3Si)SiLi molecules.

1 f 1o 1n 1cl 1 s 1p

Si�X 1.728 1.772 1.825[a] 2.258 2.287 2.339
Si�C 1.934 1.943 1.949 1.935 1.942 1.949
Si�Si 2.400 2.402 2.386 2.384 2.383 2.372
Li�Si 2.628 2.625 2.630[a] 2.638 2.633 2.638
Li�X 3.250 3.223 3.639 3.614 3.993 3.964
�a 302.5 305.8 306.2 300.0 299.8 306.0
d29Si 83.6 49.2 �15.4 47.6 �16.6 �82.3
Erel 10.5 9.6 0.0 0.0 0.0 0.0

2 f 2o 2n 2cl 2 s 2p

Si�X 1.826 1.839 1.919 2.393 2.397 2.350
Si�C 1.945 1.951 1.957 1.944 1.952 1.958
Si�Si 2.413 2.413 2.400 2.401 2.398 2.391
Li�Si 3.128 3.082 2.999 3.474 3.368 3.944
Li�X 1.805 1.859 2.023 2.326 2.466 2.548
�a 290.0 293.0 293.1 288.9 289.0 294.1
d29Si 139.6 67.4 5.9 126.1 29.8 �75.9
Erel 0.0 0.0 1.5 7.0 10.4 20.1

[a] Measured values for Li�Si are between 2.678[17] and 2.732 L,[16] and values for N–Si are between 1.763 and
1.824 L.

Figure 5. Tetrahedral (1·3dme) and silylenoid (2·3dme) structures of lithiosilanes with one electronegative sub-
stituent X=F, Cl, OH, SH, NH2, and PH2, in a polar solution.

Table 6. Isomerization and configuration inversion barriers (kJmol�1) of
the solvated XMe(H3Si)SiLi molecules.

X DE1!2’ (DE2!1’) DE1!2 DE2!1

F 169.7 (159.2) 3.4 13.9
OH 203.7 (213.6) 5.0 14.8
NH2 143.9 (142.4) 12.3 10.8
Cl 160.2 (153.2) 10.8 3.0
SH 129.6 (130.2) 10.5 0.1
PH2 113.8 (97.6) 26.2 6.2
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comes from the selfcondensation reaction of fluorosilanes,[9]

in contrast to the reaction of chlorosilanes with tBuOK that
leads to complex product distributions.[9] In a recent study of
lithiated thiosilanes, these compounds are described as “a-
eliminative silylenoids readily releasing the corresponding
silylenes”.[19] The profile of the amino-substituted lithiosi-
lane looks quite irregular owing to the Li–Si interaction in
2n·3dme. At 0.05 L, the energy increases by more than
55 kJmol�1 as the Si–Li interaction disrupts. Once this barri-
er is overcome, the curve is between those of fluoro- and
phosphinolithiosilane.

Dimerization reactions have not been investigated for the
solvated lithiosilanes owing to the molecule sizes and the as-
sociated computational demands.

Conclusion

Silyl anions with one electronegative substituent are config-
urationally stable. For the bare anions X(SiH3)MeSi with
X=F, OH, NH2, Cl, SH, and PH2, configuration inversion
demands energies between 107 and 167 kJmol�1. Adding a
lithium counterion gives rise to four different low-energy

structures. In the gas phase, the inverted structure is ex-
tremely stable owing to the electrostatic stabilization of the
Li cation. The silylenoid structures are close in energy (up
to 7.5 kJmol�1) and the isomerization barriers are low
(<9 kJmol�1). The molecules with X=Cl and PH2 are ex-
ceptions because the silylenoid is the most stable structure.
The classical tetrahedral structure is unfavorable for all of
the considered X substituents in the gas phase (DErel>

20 kJmol�1). The presence of the lithium cation lowers the
configuration inversion barrier by approximately
30 kJmol�1. The a elimination of LiX is not favorable and is
unlikely to occur as an alternative to the configuration in-
version in the gas phase.

In polar solutions, only the tetrahedral and the silylenoid
structure are minima. The tetrahedral structure is preferred
by all species apart from X=F and OH. Isomerization to
the silylenoid structure requires energies of less than
15 kJmol�1, which indicates an increased reactivity. Configu-
ration inversion in X(H3Si)MeSiLi·3dme molecules requires
higher energies than those in the gas phase and is not likely
to occur. For the halogenated species, especially for X=Cl,
the decomposition into a silylene and a LiX moiety results
in an energy gain. However, to react as silylene it is suffi-
cient to loosen the Si�X bond to simultaneously form a sily-
lene–LiX adduct. Especially for the thio- and chlorolithiosi-
lanes, this is likely to occur.
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