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Summary 

New stereochemical and kinetic results are reported for reactions between 
organolithium reagents and some flxuoro- and methoxy-silanes. They reveal the 
dominant influence of ion-pair dissociation, and thus of the electronic character 
of the nucleophile, and, allow elimination of a mechanism involving complexa- 
tion control (SNi-Si). 

Inversion or retention of configuration at silicon is the commonly observed 
stereochemical outcome. The main question is the nature of the dominant factor 
which controls the stereochemistry. For instance electrophilic assistance by the 
M’ cation to the cleavage of the Si-X bond could be the controlling factor for 
the stereochemistry of nucieophilic substitutions by organometallic reagents 
(RM) taking place with retention, and this would be consistent with an SNi-Si 
process [l] (Scheme 1). 

It has been shown for couplings between optically active organosilanes and 
Grignard reagents that the data are not in agreement with such a process. This 
involved studying the effect of the solvation of the Grignard reagents on the 



siereoche@stry [Z] and on the substitution rate [33; an increa&in the solvating 
pswer of the solvent promotes retention of configuratiozi and a&eIerat& the 
reaction. These observations are consistent with our hypothesis that the electronic 
character of tke nucleopkile controls the stereochemistry c.43: the salvation of 
the magnesium atom increases the “hardness’! of the nucleophile by increasing 
the negative ckarge on the anionic carbon, and thus favours retention of config- 
uration- 

We report here new stereochemical and kinetic results for reactions between 
organoIithium reagent% and some fluoro- or methoxy-siIanes in which the 
lithium cation is solvated to varying extents. In contrast to the covalent Grignard 
reagents, the org&olithiums have ionic character [S], and it thus is of interest 
to test the following two hypotheses: (1) The Iithium cation can afford electro- 
philic assistance to the cleavage of S&OR and Si-F bonds (Scheme 1). (2) The 
controlling force of the stereochemistry is the electronic character of the nucleo- 
phile [4]_ 

The stereqchemical studies were carried out with two organoiithium reagents 
each of which has a well-localised negative charge on an sp3 carbon atom (n-BuLi 
and EtLi). In order to avoid lithium salt in the medium, these reagents are 
prepared from lithium and the corresponding dialkylmercury [6]_ The results 
are given in Table 1. 

TABLE 1 

P$ Pr! Ph 

I i I a-m- Si-OMe CX-Np-Si-Me a-NP -Si -SPh 

I I 
Me F Me 

[a], +47O [a], -+27O 

Run Reagents I II III IV 
no. 

1 EtLi/KLj+/EtZO = 
2 EtLi/TXDA/Et20 b 

3 EtLifEtzO 
4 EtLi/LiBr/Et20 c 
5 EtLi/LiClOq/E~O 
6 EtLifienzene 

985 RX * 
96% RN 
90% RN 

90% RN 
85% RN 
76% RN 

95% RN 
91% RN 
90% RN 
88% RN 
51% IN 
70% RN 

100% RN 

99% RN 
96% RN 
96% RN 
‘75% RN 

7 n-BuLiJKlj+JEt20 
8 n-BuLijTJIDA/EtZO 
9 n-BuLi/Et20 

10 n-BuLi_fiC10q/Et20 

11 ~-lk~Li/beptane 

100% RN 
90% RN 
86% RN 
83% RN 
68% RX 

98% RN 
82% RN 
80% RN 
55% RN 

86% RN 

65% RN 

a Kz+ = kxyptofix 211. specific for Li+ cation. b TMDA = tetramethy!ethylene~iamine. c EtLi/LiBr/EtzO 
is prepared by coupling reaction between EtBr and lithium: a small amount of LiBr salt is present in the 

mediuzn. d Redo minant stereochemistry: The [aID of optically pure R&Et and RjSi-n-Buare known [Il. 
A predominant stereochemistry of 90% inversion indicates a reaction path that is 90% invertive and 10% 

retentive. giving a product which is 80% optically prrre. 
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These stereochemical results have two main implications: 
(1) They provide good evidence for a mechanism controlled by the electronic 

character of the nucIeophiIe_ Complexing agents for the Li’ cation, such as 
‘TMDA, or better KG+, which generate free anions [9], promote retention. 
Moreover non polar solvents such as benzene or n-heptane in which alkyllithiums 
are more aggregated increase the proportion of inversion instead of retention, as 
predicted by Scheme 1. 

(2) They provide informations about the effect of an external electrophihc 
assistance on the stereochemistry. Added LiC104 or LiBr has a very smaIl.effect- 
in the reactions of the Si-OMe bond, and we conclude that the Si-OR bond is 
insensitive to electrophihc assistance by the Li’ cation. With the Si-F bond we 
get either a change from retention to inversion [run 5, fIuorosiIane (II)] or a 
decrease of the stereoselectivity of retention (run 10, fIuorosiIane (III)). Ashby 
et al. [ 73 have shown that LiC104 does not complex with an organolithium reagent 
and therefore its only effect is to provide external assistance to the cleavage of 
the ZSi-F bond, thus increasing the proportion of inversion (Scheme 2). 

SCHEME 2 

We have aIso examined the kinetic effect of the addition of a lithium cryp- 
tand. In this case the cation is trapped, and so we are dealing with the reaction 
of a naked anion and a free silane. There are two possibilities: 

(a) The mechanism is under complexation control [lo] (Scheme 1): the cryp- 
tand must then cause a rate decrease, because the electrophihc assistance has been 
removed. 

TABLE 2 

n-BuLi b 

R$iX a - R$i-n-Bu <R$i = a-NpPh%feSi) 

Runs no. Substrat Solvent T C”C, Cryptand t1,* (set) 

R-,SiOMe 
R$iOMe 
RgSiOMe 
RsSiOMe 
R3SiF 
R3SiF 
R$iF 
R3SiF 

Ether 
Ether 
Heptane 
Heptane 
Ether 
Ether 
Heptane 
Heptane 

-i3OC 

-73Oc 
0°C 
0°C 

-73-c 
-73k 

o”c 
o”c 

t1= 1100 
TMDA t2 = 500 

t-j = 30600 
KLi* t4= 35 

t5 = 1150 
TMDA t6 = 200 

t7 = 54000 
K?ii+ tg= 6 

o R$iOMe/n-BuLi = 4 with [R$iOMeI = 10 mmol l- 1: RgSiF/nBuLi = 4 with [R$iFI = 5 mm01 l-l_ 
b The =-BuLi/Kti+ complex is insoluble in ether: we cannot report kinetic data in this case. 
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(b) The mechanism is controlled by the electronic character of the nucleo- 
phile: the cryptand must then cause a rate acceleration because of the increase 
of the nucleophilicity of the anion. The kinetic data are summarized in Table 2. 

The data show that there is a rate increase when a more dissociating 
solvent such as ether is used instead of heptane (runs l-3 or runs 5-7). The 
influence of ion-pair dissociation on the kinetic is apparent in runs in the 
presence of cryptands: thus when the Li’ cation is trapped, and so the electro- 
philic ~assistance removed, we get a 103- (t3/t4 N 103) or 104-fold (t,/ts = 104) 
rate acceleration. 

For reactions with retention at silicon, both the StereochemicaI and kinetic 
data allow elimination of a mechanism involving complexation control, of the 
type shown in Scheme 1 [I]. On the contrary, they are consistent with a mecha- 
nism controlled by the electronic character of the nucleophile. For instance 
complexation reagents and polar solvents which favor the dissociation of ion- 
pairs increase the negative charge on the C(sp3) atom of the nucleophile (and 
thus its hardness): the stereochemistry is always displaced towards retention 
with rate acceleration. We can also point out that the ZSi-OMe bond is very 
insensitive to electrophihc assistance by Li’ cation. 
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