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The reaction of aryl-substituted disilanes with elemental lithium is a common method for the
preparation of lithiosilanes and the subsequent synthesis of functionalised oligosilanes, especially of
enantiomerically pure compounds. A series of alkyl- and arylsubstituted di- and trisilanes has been
investigated with respect to their reactivity against elemental lithium. Thereby, depending on the
substituents, silicon-silicon bond cleavage of the central Si—Si unit and/or silicon—carbon bond
cleavage to arenes are observed. Quantum chemical studies provide a deeper insight into the ongoing
processes. The reactive centre can be estimated by both, bond elongation after electron transfer and
frontier orbital interactions (n-bonding and c-antibonding part). Aromatic substituents at the silicon
atoms proved to be necessary for the processing of any cleavage reaction in the studied systems by
stabilising the radical anion after electron transfer at the corresponding di- or trisilane. Yet, selective
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cleavage reactions do not depend on the number of arenes.

Introduction

Functionalised lithiosilanes'? are versatile reagents in organic and
organometallic chemistry, e.g. for the nucleophilic introduction of
protecting groups, synthesis of silyl substituted transition metal
complexes or silicon based polymers.** Besides the synthesis
of lithiosilanes via the reaction of chlorosilanes with elemen-
tal lithium,® their preparation via selective silicon—silicon bond
cleavage with lithium has become the method of choice as
no disrupting lithium chloride is formed.*=*3¢ According to
a general formulation of the reactivity of simple disilanes by
Tamao and Kawachi,* systems possessing at least one aromatic
substituent at silicon can be cleaved selectively at their central
Si-Si unit using lithium in polar solvents such as thf. Contrary to
solely alkyl substituted disilanes, they referred the electron transfer
(ET) from the metal to the disilane (the first step of the cleavage
reaction) and therefore the following cleavage of the Si-Si bond
in aryl substituted systems to the decrease of the energy of the
lowest unoccupied molecular orbital (LUMO). Nevertheless, this
has mainly been studied for simple and often symmetric disilanes
whereas investigations concerning the reactivity of more complex
systems are rare.

As part of our studies on aminomethyl and amino substituted
silanes,®*”7 we herein report the synthesis of a series of func-
tionalised di- and trisilanes and their reactivity against elemental
lithium. A combination of experimental and theoretical studies
has been used to elucidate the preferred centre of reactivity and
the reasons for the observed competing Si—Si and Si—C cleavage
reactions.
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Results and discussion
Experimental studies

In 2002 and 2007 we reported the selective synthesis of
the enantiomerically pure lithiosilanes 2 and 5 via selective
cleavage of the Si-Si unit (for the synthesis of 2)* and selective
cleavage of the Si—C unit (for the synthesis of 5),* respectively, in
the functionalised disilanes (R)-1 and (R)-3 (see Scheme 1).°
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Scheme 1 Synthesis of the enantiomerically pure lithiosilanes 2 and 5 via
selective Si—Si (upper row) and Si-C (lower row) cleavage in the disilanes
(R)-1 and (R)-3.4%

Most recently, we realised that the related trisilane (R)-4 yields
a product mixture consisting of the trapping products of a
Si-Si cleavage and of a Si—C cleavage to the aromatic substituent
(see Scheme 2). Thus, the reactivity of (R)-4 against lithium
represents a transition from the selective Si-Si in 1 to the Si-C
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Scheme 2 Reaction of the enantiomerically pure trisilane (R)-4 with
elemental lithium.

cleavage in 3. Thereby, the thermodynamically stronger Si-C bond
is preferential cleaved at —78 °C.>!°

Based on these results, we wondered about the cause for
the different reactivity of the three reactants (R)-1, (R)-3 and
(R)-4, and if we can estimate the observed reactive centre in
functionalised oligosilanes in general.

For a systematic study of the reactivity of di- and trisilanes
against elemental lithium, we first synthesised — in addition to the
already known compounds (R)-1,* (R)-3* and (R)-4* — the three
disilanes 8, 9 and 10 (see Scheme 3).
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Scheme 3  Synthesis of the disilanes 8, 9 and 10.

8 and 9 have been synthesised according to the previously
reported method for 1% starting with the (chloromethyl) sub-
stituted disilanes 11 (for 8) and 12 (for 9) via an amination
reaction with a twofold excess of piperidine in toluene. 10
was synthesised via selective cleavage of the Si-C bond with
elemental lithium in diphenylmethyl(piperidinomethyl)silane (13)
and subsequent trapping reaction of the formed lithiosilane with
dimethylphenylchlorosilane.! The newly synthesised disilanes
have been chosen as additional systems for our investigations, as
this series of functionalised silanes feature a gradual decrease of
the number of aromatic substituents at silicon atoms. Starting with
the triphenyl substituted disilane 1 to the solely alkyl substituted
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compound 9, we were now able to investigate the impact of the
aromatic substituents on the cleavage reactions. It has to be noted
that silane 10 has been synthesised in its racemic form, as the
stereo information is not of relevance for these reactivity studies.
To examine the reactivity of the shown compounds against
elemental lithium, each silane was added to lithium (granals)
in thf.'* After a reaction time of 6 h at 0 °C,”®* each solution
was trapped with a twofold excess of Me;SiCl. In each case, we
expected a silicon—silicon and/or a silicon—carbon bond cleavage
to the aromatic substituent of the central silicon (see Scheme 4).
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Scheme 4 Expected reactions (Si-Si vs. Si—C cleavage) in functionalised
di- and trisilanes; R = Me or Ph; R” = Ph or SiR;; 7' = temperature.

Afterwards, the product mixtures were analysed via GC/MS
analysis and NMR spectroscopy. Based on the obtained results the
investigated silanes can be separated into four different categories:
(i) systems reacting under selective Si-Si cleavage, (ii) systems
reacting under selective Si—C cleavage, (iii) systems resulting in
a mixture of both possible reactions and (iv) systems without any
reaction. Fig. 1 and Table 1 summarise the described reactions

Table 1 Experimentally investigated silanes, reaction temperatures and
observed reactions

Ratio Si-Si:

System Reaction temperature Observed reaction Si-C cleavage

1 -78°C/0°C Selective Si-Si cleavage 100:0

8 0°C Selective Si—Si cleavage 100:0

4 —78 °C? Mixture of Si-Si and 15:85
Si-C cleavage

10 0°Ch Mixture of Si-Si and 58:42
Si-C cleavage

3 -50°C/0°C* Selective Si—C cleavage 0:100

9 0°C No reaction —

“Both reaction temperatures are known in literature. * Detailed investiga-
tions follow below.
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Fig. 1 Experimentally investigated silanes and their experimentally determined reactivity against elemental lithium [the reactive bond(s) is(are) labelled

in dark red].
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(for Fig. 1: reactive centres are indicated in dark red; blue, green
and red refers to the number of aromatic substituents in each
compound).

The obtained results allow the following conclusions: (i) there
is no distinct trend between the number of aromatic substituents
at the silicon atoms and the observed reactive centre; (ii) yet, the
aromatic substituents are obviously necessary for the procedure
of any reaction (no transformation takes place in case of the
solely alkyl substituted disilane 9). Most remarkably, silane 10
undergoes no selective cleavage of its Si-Si bond despite its
phenyl substituent. Instead, a product mixture resulting from
both possible reactions could be determined. Contrary, the mono
phenyl substituted disilane 8 shows selective cleavage of the
silicon-silicon bond, although it is strongly related to the disilane
3, reacting under selective Si—C cleavage. Hence, albeit very useful
for simple disilanes, the above mentioned postulate of Tamao and
Kawachi** obviously has to be modified for more complex systems.

Theoretical studies

To get a deeper insight into the experimentally observed reac-
tivities of the silanes against elemental lithium, we performed
quantum chemical calculations for all investigated molecules. The
geometries of the stationary points were initially optimised by
using density functional theory with the hybrid B3LYP functional
and the 6-31+G(d) basis set." Harmonic vibrational frequency
analyses — to establish the nature of the global minima — were
performed on the same level showing no imaginary frequencies.
The starting structural parameters for the systems were taken
from the X-ray data of (S)-1-HCI”™ and (R)-3-HCL.* All other
compounds were constructed based thereon with Chem3D.

The cleavage of element-element bonds with lithium (alkali
metals, respectively) is supposed to proceed via double electron
transfer from the metal to the investigated system, creating a
radical anion after the first ET before the second ET induces the
bond cleavage.®***!5 Thus, each molecule was optimised both, as
a neutral compound and as a radical anion. Possible interactions
between the radical anion and the metal have not been considered
in these calculations. According to the postulate of Tamao and
Kawachi,* additional aromatic substituents should result in a
decrease of the energy of the LUMO. Thus, we first examined the
energy of the frontier orbitals of the neutral systems as well as their
HOMO-LUMO gap (LUMO = lowest unoccupied molecular
orbital; HOMO = highest occupied molecular orbital; SOMO =
single occupied molecular orbital). The results can be found in
Table 2.

Both, HOMO and LUMO of all investigated silanes as well as
the HOMO-LUMO gap have comparable energy. Similar values
for HOMO and LUMO and the HOMO-LUMO gap have already

Table2 HOMO and LUMO energies as well as the HOMO-LUMO gap
of all optimised silanes

Optimised system HOMO/a.u. LUMO/a.u. Gap/a.u. Gap/eV
1 —0.21490 —-0.02754 -0.18736  -5.10
8 —0.20960 —-0.02343 -0.18617 -5.07
4 —0.21380 -0.02384 -0.18996  -5.17
10 -0.21331 —-0.02962 -0.18369 —4.99
3 -0.21396 -0.02262 -0.19134 -5.21
9 -0.21774 —-0.01371 -0.20403  -5.55

Table 3 Lengths of the Si-Si and Si—C bonds of all investigated silanes

Observed Bond length Bond length

Optimised system reaction Si-Si/A Si-C,/A
1 Si-Si cleavage 2.388 1.896

1- Si-Si cleavage 2.442 1.874

8 Si-Si cleavage 2.378 —

8- Si-Si cleavage 2.380 —

4 Mixture 2.380 1.898

4- Mixture 2.413 1.865

10 Mixture 2.381 1.897
10~ Mixture 2.415 1.869

3 Si-C cleavage 2.377 1.898

3- Si-C cleavage 2.389 1.872

9 None 2.377 —

9- None 2.376 —

[Tt}

indicates the corresponding radical anion.

been reported for other functionalised silanes.'® Astonishingly, the
lowest energy of the LUMO is not found for disilane 1 (selective
Si-Si cleavage) — as expected — but for disilane 10, which showed
both possible reactions in the experiment. The highest value is
observed for the solely alkyl substituted disilane 9. Altogether, no
clear tendency can be found for the energy of the frontier orbitals.

How can the reactivity of these silanes against elemental lithium
be understood? One common feature of all reactions is the fact,
that the bond cleavage always takes place between the central,
(piperidinomethyl) substituted silicon and one of its substituents
(SiR; or Ph). In almost all cases, the electron transfer results in
an elongation of the Si-Si bond. The highest change is found
between disilane 1 and its radical anion (Ad = 0.054 A) which
undergoes selective cleavage of this bond. In fact, there is an almost
continuous decrease of the bond elongation over the disilane
10 and the trisilane 4 (showing Si-Si and Si-C cleavage in the
experiment) with values of 0.034 A and 0.033 A until only an
clongation of 0.012 A in the disilane 3 (which shows no Si-Si
cleavage in the experiment anymore). Finally, silane 9 — without
any reaction — actually shows a slight shortening of this bond of
0.001 A. The only exception of this trend is disilane 8 (0.002 A, Si—
Si cleavage). Contrary, the Si—C distances show no clear tendency.
Although the electron transfer does result in a shortened bond in
all cases, the smallest bond shortening was observed in disilane
1 and not — as expected — in the trimethyl substituted system 3
showing the cleavage of this bond in the experiment (Si—C bond
shortenings: 1: 0.022 A; 4: 0.033 A; 10: 0.028 A; 3: 0.026 A). Thus,
although the change of the bond lengths is already indicating a
difference between the investigated silanes, it can not be the only
reason for the diverse reactivities. Table 3 summarises the described
bond elongations and shortenings.

Recognising the frontier orbitals (HOMO, LUMO and SOMO)
of all investigated silanes one similarity can be seen (see Fig. 2):
the LUMO of all compounds are located with almost the same
shape at the aromatic substituents, except of disilane 9 without any
reaction. This observation confirms the statement of Tamao and
Kawachi®* concerning the necessity of the arenes for a successful
cleavage reaction. Obviously, an orbital of suitable energy and
shape is required in the first step of the bond cleavage (the electron
transfer), to stabilise the transferred electron and initiate the
subsequent cleavage reaction. Although the frontier orbitals are
in general comparable, some significant differences with respect
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Fig. 2 HOMO (second from the left) and LUMO (second from the right) of the neutral systems as well as the SOMO (right) of the radical anions;
Molekel plots;"" threshold values: cutoff 0.04. In the schematic drawing (left), the reactive bond(s) are indicated in red.

to m-bonding and c-antibonding parts of the relevant bonds can
be found in all cases. The SOMO is almost exclusively located
at the aromatic substituent. In disilane 1 with selective Si-Si
bond cleavage as well as in 4 and 10 with partly Si-Si cleavage,
a significant n-bonding part can be found between the silicon
and the phenyl group (also present in 8, but to the arene at
the other silicon). This n-bonding part leads to the stabilising
of the corresponding bond. Thereby, this t-bonding part is mostly
pronounced in 1 where no cleavage of this bond was observed
in the experiment. Together with the present c-antibonding part

(destabilising; most pronounced in disilane 1) between the two
silicon atoms, this is consistent with the experimental reactivity.
This is confirmed by the trimethylsilyl substituted disilane 3
(selective Si—C cleavage): on the one hand, 3 exhibits no o©-
antibonding part between the two silicon atoms and on the other
hand, it shows the less distinct n-bonding part to the arene. None
of these effects is visible in 9 (no reaction). Fig. 3 shows (simplified)
the described orbital interactions.

Based on these observations, the reactivity of all compounds
investigated can be understood:

This journal is © The Royal Society of Chemistry 2010
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Fig. 3 (Strongly) Simplified ChemDraw picture showing destabilising
c-antibonding part between the two silicon atoms (left) and stabilising
n-bonding part to the arene (right).

1 (selective cleavage of the Si-Si bond): the electron transfer
results in the weakening of the silicon-silicon bond due to the
bond elongation and the G-antibonding part between both silicon
atoms. The cleavage of the Si—C bond is not observed due to the
significant n-bonding part.

3 (selective cleavage of the Si-C bond): although the electron
transfer does also result in an elongated Si-Si bond, the SOMO
doesn’t possess any -antibonding part. Together with the weakest
n-bonding part to the arene, the ET finally results in the cleavage
of the most weakened bond, the Si—C bond.

4 and 10 (Si-Si as well as Si—C cleavage): the ET results in an
elongation of the central Si-Si bond in both compounds weak-
ening this bond, which is further amplified by a ¢-antibonding
part (although not as distinct as in 1). Moreover, the n-bonding
part to the arene (stabilising the bond to the phenyl group) is less
pronounced compared to 1. This finally results in the cleavage
of both possible bonds. It should be noted, that the SOMO of 4
also possesses a o-antibonding part between Si2 and Si3. Anyhow,
as it is less pronounced than between Sil and Si2, no competing
cleavage between both Si-Si bonds does occur.

8 (selective cleavage of the Si-Si bond): the ET only results
in a slight elongation of the Si-Si bond in disilane 8, yet, no
c-antibonding part is effected. Contrary, the strong m-bonding
part to the aromatic substituent obviously amplifies this bond
so much, that no Si-C cleavage can occur. As a result, the
thermodynamically weakest Si—Si bond is cleaved after the electron
transfer.

Temperature-dependence of the reactive centre in trisilane 4 and
disilane 10 in the experiment

As described above, reactions of trisilane 4 as well as disilane 10
with elemental lithium lead to product mixtures of both possible
cleavage reactions (Si-Si and Si—C) at the chosen temperature
(=78 °C for 4, 0 °C for 10). Often, the strict control of temperature
is the method of choice to distinguish between two possible
reaction pathways. To investigate a possible influence of the chosen
reaction temperature on the product composition of the cleavage
reactions (see Scheme 4) of 4 and 10, respectively, with elemental
lithium, we investigated both reactions at different temperatures.

At first, 4 was treated as described with elemental lithium
and subsequently trapped with Me;SiCl (see Scheme 5; see also
Scheme 2) at five different temperatures, starting with +45 °C
(thf)*® until ~ 90 °C (n-pentane/N,)."” The crude products were
again investigated via GC/MS and NMR spectroscopy.

Table 4 Product distribution between the tetrasilane 6 (Si-C cleavage)
and the disilane 3 (Si-Si cleavage), depending on the reaction temperature

Entry 7/°C Si—C cleavage (tetrasilane 6) Si-Si cleavage (disilane 3)
1 +45 60 40
2 RT (~20) 68 32
3 =50 76 20
4 78 85 15
5 ~-90 87 13
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Scheme 5 Reaction of trisilane 4 with elemental lithium to tetrasilane
6 (Si—C cleavage) and disilane 3 (Si-Si cleavage); 7' = temperature.

Increasing the temperature from —90 °C to +45 °C resulted in
an increase of the Si—Si bond cleavage, whereas low temperatures
led to the preferred cleavage of the thermodynamically stronger
Si—C bond (see Table 4). The ratio between 6 and 3 varies between
60 :40 at +45 °C and a considerable preference of the tetrasilane 6
at—90 °C (87:13). A further decrease of the temperature is limited
due to the melting point of thf and the difficulty to maintain the
low temperature.

Afterwards, disilane 10 was reacted likewise with lithium for
6 h at three different temperatures (~15 °C, 0 °C and -78 °C)
and subsequently trapped with two equivalents of Me;SiCl (see
Scheme 6). Finally, the crude products were investigated via
GC/MS and NMR spectroscopy.

Si-C cleavage

. Li\S‘,S\PhMez Me.SiCl MEgSi\ ‘/S\PhMez
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rac-2 -
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Scheme 6 Reaction of racemic disilane rac-10 with elemental lithium to
silanes rac-15 (Si—C cleavage) and rac-3 (Si-Si cleavage); T = temperature.

As anticipated, the product composition between Si—C cleavage
(trisilane 15) and Si-Si cleavage (disilane 3) is also influenced by the
reaction temperature (see Table 5). Yet, contrary to trisilane 4, the
weaker Si—Si bond is cleaved preferentially in disilane 10 at lower
temperatures, what is in agreement with the chemical expectations.
Nevertheless, this temperature dependency is less pronounced than
in the trisilane 4. Table 5 summarises the experimentally obtained
ratios between both products.

Thus, simple variation of the temperature in the reaction of
trisilane 4 and disilane 10 with elemental lithium, respectively,
leads to a preference of one of both possible reactions. In both
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Table 5 Product distribution between Si-Si and Si—C bond cleavage in
disilane 10 depending on the reaction temperature

Entry T/°C Si-C cleavage Si-Si cleavage
1 RT (~15) 44 56

0 42 58
3 =78 33 67

cases, the amount of the preferred cleavage product at room
temperature is increased at lower temperatures (Si—C cleavage for
3; Si-Si cleavage for 10). This preference of the main product at low
temperatures is the expected course for two competing, kinetically
controlled reaction pathways (with different reaction barriers).
Further effects influencing or regulating these different reaction
barriers are not clear at the moment.

Conclusions

We herein presented the synthesis of a series of alkyl and aryl
substituted di- and trisilanes and their reactivity against elemental
lithium. Depending on the substituents at silicon selective Si—Si
and Si—C cleavages as well as mixtures of both possible reactions
have been observed. Aromatic substituents at the silicon atoms
proved to be necessary for the viability of any cleavage reaction
as they are stabilising the radical anion after electron transfer to
the corresponding di- or trisilane. Yet, selective cleavage reactions
do not depend on the number of arenes. The observed reactivity
in the respective silane can be understood via bond elongation, -
antibonding and n-bonding of involved bonds. Si-Si bond elonga-
tion in combination with G-antibonding between the silicon atoms
and m-bonding between silicon and the aromatic substituents
results in the selective cleavage of the thermodynamically weakest
Si-Si bond (e.g. disilane 1). Weakened n-bonding and missing G-
antibonding topple the reactivity towards a selective Si—-C bond
cleavage (disilane 3).

Furthermore, if both possible cleavage reactions — Si—Si and Si—
C - occur in the experiment (silanes 4 and 10), the observed ratio
between Si-Si and Si—C cleavage feature a reaction temperature
dependency in favour of the kinetic product. Thereby, decreasing
the temperature resulted in cleavage of the thermodynamically
stronger Si—C bond in trisilane 4, whereas the weaker Si—Si bond
was cleaved in the disilane 10.

At the moment we are trying to elucidate the reactivity of further
functionalised silanes against elemental lithium and the effects
of electron-withdrawing substituents at silicon to the preferred
reactive centre.

Experimental
General details

All experiments were carried out under a dry, oxygen-free argon
atmosphere using standard Schlenk techniques. Involved solvents
were dried over sodium and distilled prior to use. NMR spectra
were recorded on an AMX-400 Bruker spectrometer at 22 °C. As-
signing the signals was supported by additional DEPT-135, C,H-
and H,H-COSY experiments. GC/MS analysis were performed
on a ThermoQuest TRIO-1000 (EI = 70 eV); Column; Zebron,
Capillary GC Column, ZB-1.

Synthesis

(R)-1,* (R)-3* and (R)-4** have been synthesised according to
literature procedures.

Synthesis of 1,1,2,2-tetramethyl-1-phenyl-1-(piperidinomethyl)-
disilane (8). The synthesis of 8 was performed analogue to the
synthesis of 1.* Therefore, a solution of 10.0 g (41.2 mmol)
1-(chloromethyl)-1,2,2-trimethyl-1,2-diphenyldisilane and 8.06 g
(94.7 mmol) piperidine, dissolved in 50 ml toluene, was heated
under reflux for 18 h. After removal of all volatile compounds in
vacuo, the crude product was dissolved again in 80 ml n-pentane,
separated from all salts and finally cleaned through bulb-to-bulb
distillation (oven temperature: 132 °C; pressure 3.2 10~ mbar).
Yield: 9.72 g (33.3 mmol, 81%); '"H-NMR (400.1 MHz, CDCl;):
6 = 0.06 [s, 6H; Si(CH),], 0.34 [s, 6H; Si(CH;),], 1.25-1.35 (m,
2H; NCCCH,), 1.45-1.50 (m, 4H; NCCH,C), 1.91 (s 2H; SiCH,),
2.15-2.25(m,4H; NCH,CC), 7.25-7.35 (m, 3H; aromat. H), 7.45-
7.50 (m, 2H; aromat. H); {'"H}"*C-NMR (100.6 MHz, CDCl;):
6 = -3.7, =3.4 (2C each) [Si(CH,),], 23.9 (1C) (NCCCH,), 26.3
(2C) (NCCH,), 50.4 (1C) (SiCH,N), 58.5 (2C) (NCH,0), 127.6
(2C) (C-m), 128.2 (1C) (C-p), 133.9 (2C) (C-0), 139.6 (1C) (C-i);
{'"H}*Si-NMR (59.6 MHz, CDCl;): 6 =-21.0 (1Si) (NCSi),-19.8
(1Si) (NCSiSi).

Synthesis of 1,1,2,2,2-pentamethyl-1-(piperidinomethyl)disilane
(9). The synthesis of 9 was performed analogue to the synthesis
of 8. Yield: 8.73 g (38.1 mmol, 86%); 'H-NMR (400.1 MHz,
CDClL): 6§ = 0.07 [s, 9H; Si(CH;);], 0.42 [s, 6H; Si(CH5),],
1.25-1.35 (m, 2H; NCCCH,), 1.45-1.55 (m, 4H; NCCH,O),
1.89 (s 2H; SiCH,), 2.15-2.25 (m, 4H; NCH,CC); {'H}"“C-
NMR (100.6 MHz, CDCl): 6 = -3.9 (2C) [Si(CH,),], 2.1
(3C) [Si(CHj;)5], 23.7 (1C) (NCCCH,), 26.1 (2C) (NCCH,), 49.6
(1C) (SiCH,N), 58.3 (2C) (NCH,C); {'"H}”Si-NMR (59.6 MHz,
CDCl): 6 =-21.5 (1Si) (NCSi), —20.2 (1Si) (NCSiSi).

Synthesis of 1,2,2-trimethyl-1,2-diphenyl-1-(piperidinomethyl)-
disilane (10). 235 mg (339 mmol) lithium in 10 ml
thf were combined with 5.00 g (16.9 mmol) diphenyl-
methyl(piperidinomethyl)silane (13) at 0 °C and stirred at this tem-
perature for 5 h. Afterwards, the brown solution of the lithiosilane
was added at—78 °Cto 6.36 g (37.2 mmol) dimethylphenylchlorosi-
lane, resulting in the immediate decolouration of the mixture,
before it was allowed to warm to room temperature. After removal
of all volatiles in vacuo the residue was suspended in 15 ml of
2M NaOH and extracted 5 times with 15 ml diethyl ether. The
combined organic layers were extracted 5 times with 10 ml of
2M HCI and afterwards set to pH 12 with NaOH. Finally the
aqueous layer was extracted 5 times with 15 ml of diethyl ether
and the combined organic layers were dried over Na,SO,. After
removal of all volatile compounds in vacuo, the crude product
was cleaned through bulb-to-bulb distillation (oven temperature:
220 °C; 1.0 107 mbar). Yield: 3.97 g (11.2 mmol, 71%); '"H-NMR
(400.1 MHz, CDClL;): 6 = 0.34, 0.36, 0.37 (s, 3H each; SiCH5),
1.25-1.35 (m, 2H; NCCCH,), 1.40-1.50 (m, 4H; NCCH,O),
2.15-2.30 (m, 4H; NCH,CC), 2.16, 2.27 (AB-system, *J 5 =
14.3 Hz, 2H; SiCH,), 7.20-7.55 (m, 10H; aromat. H); {'H}"C-
NMR (100.6 MHz, CDCl;): § =-5.4 (1C) (NCSiCHs;), -3.5,-3.4
(1C each) [Si(CH,),], 23.8 (1C) (NCCCH,), 26.3 (2C) (NCCH,),
48.9 (1C) (SiCH,N), 58.5(2C) (NCH,C), 127.56, 127.61 (2C each)
(all C-m), 128.34, 128.37 (1C each) (all C-p), 134.07, 134.16 (2C
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Table 6 Total (SCF) and zero-point energies (ZPE) of all calculated
systems

Compound SCF/Hartree ZPE/Hartree
1 —1644.467099 —1643.940472
1- —1644.459014 —1643.938856
8 —1260.987489 —1260.569191
8- —-1260.972001 —1260.557901
4 —1629.846083 —1630.339755
4- -1629.836490 —1630.324531
10 —1452.728037 —1452.255706
10~ —1452.717959 —1452.251796
3 —1260.569402 —1260.987286
3- —1260.557420 —1260.971240
9 —1069.246902 —1068.883119
9- -1069.227136 —1068.865497

each) (all C-0), 138.2, 139.0 (1C each) (all C-i); {'"H}*Si-NMR
(59.6 MHz, CDCl;): 6 =-23.3 (1Si) (NCSi), —21.2 (1Si) (NCSiSi).

General specification for the cleavage of the Si-Si and Si-C
bonds with elemental lithium in silanes 4 and 10.  For the reactivity
studies, 100 mg (10: 283 umol; 4: 286 umol) of the corresponding
silane were dissolved in 1 ml of thf and reacted with two equivalents
of elemental lithium (granals) for 6 h at the temperature given in
Table 4 (for 4) and Table 5 (for 10). Afterwards, 2.2 equivalents
of trimethylchlorosilane was added at —78 °C resulting in the
decolouration of the corresponding mixture, before it was allowed
to warm to room temperature. After removal of all volatiles in
vacuo the residue was suspended in a minimum amount of n-
pentane and separated from all salts. Finally, the obtained product
mixtures were investigated via GC/MS and NMR spectroscopy
without further purification. The obtained product ratios are given
in Table 4 (for 4) and Table 5 (for 10), respectively.

Determination of the product distribution

The product distributions between Si—Si and Si—C cleavage have
been determined vie a combination of GC/MS and NMR
spectroscopic analysis. Thereby, the results obtained from the
GC/MS measurements have been used to determine the obtained
products, whereas their ratios have been determined via integration
of relevant methyl groups in the '"H NMR spectra.

Computational details

All calculations were done without symmetry restrictions. Starting
coordinates were obtained with Chem3D Ultra 10.0. Optimisation
and additional harmonic vibrational frequency analyses (to es-
tablish the nature of stationary points on the potential energy
surface) were performed with the software package Gaussian 03
(Revision D.01 and Revision E.01) on the B3LYP/6-31+G(d)
level.’ Thereby, no imaginary frequencies were obtained. The
starting structural parameters for the systems were taken from the
X-ray data of (S)-1-HCI™ and (R)-3-HCl.* All other compounds
were constructed based thereon with Chem3D Ultra 10.0. The total
(SCF) and zero-point energies (ZPE) of all systems can be found
in Table 6. All coordinates are available in the ESL.}
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