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Abstract A rapid and extremely simple method for silyl anion analysis
is presented. The progress of silyllithium reagent preparation can be
determined by quenching an aliquot with neat chloro(trimethyl)silane,
evaporation, dilution with CDCl;, and direct proton NMR analysis. This
procedure is fast, simple, and allows for identification and relative quan-
tification of the starting reagent, intermediates, and the silyllithium
product.
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Silyl anion reagents have received extensive attention!~
since Kraus and Eatough first reported their preparation in
1933,2 and they have enjoyed an expanding use in synthe-
sis. The importance of these reagents is based on the many
roles of silicon as a masked hydroxy group,*'° an electro-
phile-directing group,* and an a-anion-stabilizing group,!!-
13 as well as their use in construction of organosilanes
themselves.'#-18 Silyl anion reagents are not available com-
mercially and therefore must be prepared, often immedi-
ately before use.

Despite the apparent analogy between the preparations
of organolithium and silyllithium reagents from the corre-
sponding chlorides, the latter preparation is more compli-
cated (Scheme 1). The preparation of organolithium re-
agents from the halide (Scheme 1, equation 1) begins with
two electron transfers at the metal surface to the halide,
leading directly to the organometallic.'"® When these reac-
tions are conducted with very reactive halides such as ben-
zyl or allyl chlorides, significant coupling can occur, leading
to a terminal dimeric byproduct.?°-?? Similarly, during the
conversion of a chlorosilane 3 into a silyllithium 4 (Scheme
1, equation 2), the initially formed silyllithium 4 rapidly re-
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acts with the starting chlorosilane 3 to form a disilane 5
(Scheme 1, equation (3). In a subsequent step, disilane 5 un-
dergoes reduction to give the silyllithium reagent 4
(Scheme 1, equation 4).2324 The reduction of disilane 5 is of-
ten slower than reduction of chlorosilane 3.23 The heteroge-
neous nature of this reaction and the difficulty in ascertain-
ing its end point prompted us to consider options for deter-
mining the stage of this conversion.

Organolithium preparation
R—Cl + 2Li —» R—Li + LiCl (1)

Silyllithium preparation

RsSi—Cl + 2Li —» RsSi—Li + LiCl @)
3 4

RsSi—Li + RgSi—Cl — RgSi—SiR; + LiCl 3)
4 3 5

RsSi—SiRy + 2Li — RgSi—Li + Licl (4)
5 4

Silyllithium trapping
RgSi—Li + MegSi—Cl —» RgSi—SiMe; + LiCl  (5)
4 6
Scheme 1 Conversion of a chlorosilane to a silyllithium reagent is

more complicated than the corresponding carbon version. Trapping of
the silyllithium product with TMSCl yields a stable derivative.

In general, only phenyl-substituted silanes are used
when silyllithium reagents are prepared from a chlorosi-
lane, because in the absence of the phenyl group, the dimer
5 does not undergo reductive cleavage. In addition to chlo-
rosilanes, fluorosilanes® and hydridosilanes'62627 can also
be used to prepare phenyl-substituted silyllithium re-
agents, and we have recently revisited the lithium reduc-
tion of alkoxysilanes as a route to silyllithium reagents.?
Dimer 5 is believed to play a role in these syntheses as well.
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The two-stage reaction sequence for silyl anion forma-
tion, with its slower second reduction step, makes determi-
nation of the reaction status important. Depending on the
starting silane, the reaction scale, the lithium source, the
metal surface area, and the procedure used for cleaning the
metal surface, we have found that the time required for
complete conversion of a starting silane into a silyllithium
reagent can vary from hours to days. Direct titration of the
silyllithium solutions is often limited to total base, or one
can use the classic, but rather laborious, double-titration
method.??-3! The double-titration method is more complex
for organosilanes than for organolithium reagents, a situa-
tion eloquently discussed by Fleming and co-workers.?432
29Si NMR spectroscopy can also be used to follow the course
of silyllithium formation,33-3% but this technique is not rou-
tinely available in many laboratories. The use of silyllithium
reagents is often conducted with an excess of the reagent,
but this is wasteful and potentially expensive.

We report here a straightforward and effective 'TH NMR
method for evaluating the progress of a silyllithium prepa-
ration. This procedure involves addition of an aliquot of the
reaction mixture to neat chloro(trimethyl)silane, which
rapidly converts any silyl anions into the corresponding
trimethylsilyl-terminated disilane, (Scheme 1, Equation 5).
The resulting mixture is evaporated and analyzed by 'H
NMR spectroscopy.3637

When this technique is used, at any given point during
the reaction there are only three possible components, 3, 5,
and 6, in the product mixture, and generally only two of
these are observed. In the 'H NMR spectrum of 6, the nine-
proton trimethylsilyl singlet is cleanly separated from other
signals, including other methyl groups on phenyl-substitut-
ed silanes, and it can be integrated accurately. For example,
the '"H NMR methyl singlets for R;Si = PhMe,Si have chemi-
cal shifts of 6 = 0.61 (3, X = Cl), 0.35 (5), and 0.38 and 0.10
ppm (6); when R;Si = Ph,MeSi, the singlets appear at § =
0.87 (3, X =Cl), 0.69 (5), and 0.59 and 0.15 ppm (6).38-40

The application of this protocol to chloro(methyl)diphe-
nylsilane 7 is illustrated in Figure 1. When we stirred a solu-
tion of 7 in THF at ambient temperature with a suspension
of lithium metal shot, cleaned by using the Fleming proce-
dure,'%24 and we analyzed an aliquot of the mixture, we
found that all of the chlorosilane had been consumed in less
than an hour, and the solution contained almost exclusively
the dimer 8, with a trace of the TMS-capped silyl anion
product 9.4142 After 90 minutes, a TMSCl-quenched aliquot
contained approximately a 1:3 mixture of the disilane 8 and
product 9. After an additional hour, the reaction was essen-
tially complete, with 9 being almost exclusively produced
from quenching of the aliquot. This is seen clearly in the
NMR spectra, and is also illustrated in the first graph. Repe-
tition of this experiment under identical conditions with
fluoro(methyl)diphenylsilane gave a similar result, but re-
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Figure 1 Reaction progress for conversion of choro- and fluoro(meth-
yl)diphenylsilane to the corresponding lithium reagents, determined by
500 MHz 'H NMR spectroscopy

quired more than six hours for the reaction to run to com-
pletion (second graph, see Supporting Information for pro-
gressive aliquots of this reaction).

The application of this procedure to hydridosilane 10 is
shown in Figure 2. In this case the disappearance of starting
10 can be followed by monitoring the single hydrogen on
silicon at & =4.9 ppm (triplet), however, this coupled pro-
ton signal is much less prominent than the trimethylsilyl
signal at §=0.17 ppm for the TMS-capped product 11,
formed from the silyl anion.** It is noteworthy that the
chemical shifts of the signals for the methoxymethyl pro-
tecting group are not greatly affected by this reaction se-
quence and cannot be used to monitor progress. Of addi-
tional note, for this particular reaction, little or no evidence
for a disilane intermediate was observed.
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Figure 2 Monitoring the conversion of silane 10 into the corresponding lithium reagent (500 MHz 'H NMR)

As the application of silyl anion chemistry continues to
expand, we believe this simple experimental technique will
provide a useful protocol for monitoring these key interme-
diates.

The examples described here were run on a relatively
small scale (1 mmol in 3.3 mL of solvent) and the aliquots
used were arbitrarily set at 0.2 mL. The signal-to-noise ratio
of the nine-proton trimethylsilyl singlet in the product sug-
gests that much smaller analysis aliquots might provide
high-quality data on the progress of a reaction.

The simple protocol described here, illustrated with
three different substrates, permits rapid and quantitative
monitoring of the progress of silyl anion formation. Three
reducible groups on silicon are used: chloro, fluoro, or hy-
drido. Monitoring a reaction by 'H NMR using a nine-pro-
ton TMS monitoring group results in a very sensitive ana-
lytical method. The rapid reaction of anions with
chloro(trimethyl)silane allows the use of a five-minute re-
action time and thus provides a fast reaction analysis. We
have found this method to be extremely useful in our stud-
ies,?® and we expect that others will as well.
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