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1,2-DIASTEREGSELECTION INDUCED BY CHIRAL SILICON IN THE ADDITION
OF GRIGNARD REAGENTS TO ACYLSILANES

Bianca F. Bonini, Stefano Masiero, Germana Mazzanti, and Paolo Zani
Dipartimento di Chimica Organica "A. Mangini~, Universita di Bologna
Yiale Risorgimento 4, 40136 Bologna, Italy

Summary. The reaction of acylsilanes 1 with Grignard reagents gives the diastereomeric
a-hydroxysilanes 3. The level of asymmetric induction depends on the nature of R' and R2.
Good results were obtained for R'=t-Bu, RZ=Me and R'=g-Napht, R2=Ph. Subsequent
desilylation occurs with predominant inversion of configuration at carbon,

The addition of organometallic reagents to chiral carbony! compounds is a topic of great

interest particularly as a tool in the stereoselective synthesis of natural products.]
Recently Ohno et a1.2 reported that acylsilanes bearing an a-chiral carbon show

exceptional diastereofacial selectivity in nucleophilic addition of organometallic

reagents; the a-hydroxysilanes obtained 1in these reactions were stereospecifically

nrotiodesilvlated aivina the alcohols formall
protiodesilylated giving the alcohols formall

derived from the aldehyde chir

2l at (o~
Ira: ar Q.

These results suggested us to start with acylsilanes chiral at silicon with the potential
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n this case, the chira 1g group can be easily removed by means of
fluoride ion, thus allowing, in principle, an approach towards the asymmetric synthesis of
alcohols. The approach based on silicon auxiliaries as equivalents of an ~asymmetric”

i

hydrogen has already been exploited by us during the reaction of thiocacylsilanes chiral
at silicon with 1,3-dienes and with organometallic reagents, which gave good levels of
asymmetric Induction.

We wish to report here our preliminary results concerning the reaction of acylsilanes
chiral at silicon with Grignard reagents as well as the stereochemistry of the
desilylation of a-hydroxysilanes obtained. In the majority of cases the inducing potential
of chiral silicon was tested with the methyl-phenyl-a-naphthylsilyl group3_]a, which gave
good results only in very few instances. On this basis we decided to study the effect of
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2a-f, when racemic, were obtained in a one-pot reaction by treating, at -20°C under argon,
a THF solution of dichloromethylphenylsilane firstly with 1 equiv. of the .organolithium
derivative R1L1 and subsequently with 1 equiv. of the chiodithianem. The homochiral
dithiane 2f was prepared from S(-)-methyl-a-naphthyl-phenyl-chlorosilane obtained with the

Sommer s method‘4 (Scheme 1).
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Table 1. Reactions of 1 with R®MgBr 16

diasterecisomer
Entry 1 R 3 yield % d.e. %'

ratio®
1 a Ph a 97 16 141
2 b Ph b 60 72 6.1:1
3 c Ph [ 63 44 2.6:1
4 d Me a 98 9 1:1.2
[ e Me b 63 19 118
6 t Me c 98 79'® 1:8.5
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Acylsilanes 1 were then reacted with an excess of Grignard reagent in diethyl ether at
a constant temperature of -80°C for both the addition and the quenching steps, resulting
in a-hydroxysilanes 3a—<:]5 In good to quantitative yields (Scheme 2, Table 1).
The data of Table 1 indicate that the diastereoselectivity of the reaction is affected by
the substitution pattern at silicon, i.e. replacement of the a-naphthyl! by the n-butyl
group drastically Towers the chiral induction in the reactions of both acetyl! la (entry 1)
and benzoylsilane 1d (entry 4). Replacement by the t-butyl group increases the chiral
induction only in the reaction of acetylsilane 1b with PhMgBr (entry 23, but this
decreases it drastically in the cross reaction of le with MeMgBr (entry 5). These results
that seem contradictory in nature, are difficult to rationalize at this preliminary stage
of our work, A more extensive investigation is 1in progress. By 1interchange of the
substituents R2 and R3 at the acylsilane and the Grignard reagent (Table 1, entries 1 and
4, 2 and 5, 3 and 6), there is a reversal in the direction of the asymmetric synthesis, as
often observed in cross reactions between carbony! compounds bearing chiral a-carbon
groups and organometallic reagents.]7
In order to verify the general applicability of Ohno’s resu1ts2 on the desilylation of
a-hydroxysitanes and in conjunction herewith to establish the possibility of asymmetric
silicon to act as a chiral auxiliary in the asymmetric synthesis of alcohols, we performed
the protiodesilylation of 3¢ (d.e. = 79%) obtained by addition of MeMgBr on R(+)~1f.]8 The
reaction, which was performed with tetrabutylammonium fluoride (TBAF) in either DMF or
THF, gave in 85% yield the optically active Il-phenylethanol [a]D = -12.5° (¢ 4.7,
methanol) with predominant enantiomer having the (S)-configuration ( R/S = 36:64).]9
Surprisingly the enantiomeric excess (e.e. = 28%) was found to be much lower than the
diastereomeric excess of the starting 3c. Moreover the absolute configuration at carbon of
the major enantiomer of l-phenylethanol {is opposite to that of the starting material 3c,
which has the configuration S1(R) C(S) for the predominant cﬁastereoisomer]8 (note that
retention would have produced the R-phenylethanol). From the results described above 1t
follows that 1in the present case protiodesilylation 1s not a highly stereoselective
process and that it proceeds with predominant inversion of configuration at the carbon
atom bearing the silyl group.]8 Ohno’s statement2 that the protiodesilylation of
a-hydroxysilanes is highly sterespecific is certainly not generally valid but seems to
depend on the structure of the substrate.

These results set a 1imit to the use of asymmetric silicon as chiral auxiliary.
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This reaction was also pertormed by A.G. Brook (Acc.Chem.Res. 1974, 7, 77) to
establish the stereochemistry of the base promoted silylcarbinol to silylether
rearrangement where inversion of configuratior at carbon was found. The absolute
configuration of the major diasterecisomer was determined to be S1(R)C(S).
The reaction was repeated three times in both solvents. The e.e. was determined on the
basis of the [a]D value of R(+)-1-phenylethanol (+45°; ¢ 5, methanol).
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