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Summary 

Hydrosilylation of carbonyl compounds catalysed by rhodium complexes 
III accompanied by retention of configuration at the silicon atom. 

Optically active alkoxysilanes of up to 46% optical purity are obtained 
using prochiral silanes and an asymmetric catalyst. The hydrosilylation of pro- 
chiral ketones leads to an asymmetric reaction at both the srlicon and carbon 
centres with different optical yields. 

A mechanism is proposed to explain the stereochemical results. 

Introduction 

Elucidation of reaction mechanisms at the Si atom centre has involved 
stereochemical studies. Since the reso!ution of 1-NpPhMeSiW (Np = naphthyl) 
by Sommer and coworkers [ 21 several asymmetric monofunctional organosilanes 
have been obtained [ 31, but all the syntheses require a resolution stage which re- 
stricts the number and variety of the structures. The resolution of bifunctionaI 
organosilanes [ 41 provides a more general route to monotinctional asymmetric 
organosilanes [ 51. 

Although asymmetric synthesis in carbon chemistry has been widely studied 
[6], examples of asymmetric induction at heteroatoms are limited [6]. In particu- 
lar, little work has been carried out in organosilicon chemistry despite the ob- 
vious interest it presents. 

l For a prel y communicrtzoa see rec. 1. 
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The first example of asymmetric synthesis at a silicon centre was reported 
by KIebe and Finkbeiner [7 1, for the reaction of bis(N-methylacetamido)methyl- 
phenylsilane with optically active amino acids. These authors obtained in un- 
equal amounts the 2-siloxazolidone-5 diastereoisomers, from which alcoholysis 
leads to an optically active PhMe(Me0) (1-NpO)Si’. 

We have attempted to esamine some more general cases of asymmetric syn- 
thesis at the silicon atom centre. In organic chemistry trigonal carbon constitutes 
the most important category of prochiral centres which allows asymmetric in- 
duction [6]; on the other hand, in silicon chemistry the sp’ state of the silicon 
atom does not occur, alI four coordinate organosilanes having a tetrahedral struc- 
ture. Because of this, the possibility of asymmetric synthesis is much more limited. 

Starting with a trisubstituted organosilane, R$iX, the only possibility of 
asymmetric synthesis is by a partial substltutlon of the functions1 group X by a 
chiral group. This method of kinetic resolution, which was exploited by Holt et 
al. [S], gives poor chemical yields for the asymmetric compound. 

Total chemical transformation of the organosilane starting material can 
nevertheiess be envisaged. We have demonstrated, for menthanolysis of a chloro- 
siiane [ 41, the validity of the kinetic Scheme 1. 

SCHEhlE 1 

Ph I 1 1 
I-Np-+H 

I 

& 

Ph 
I 

Fast 
- H-+I-Np 

I I 
dl 

(-)-Menthol k 

b 

(-)-Menthol k' 

h 

Ph 
I 

I-Np-S'I -0 Menthyl 
I 

H 

p;h 
I 
I 

Menthyl On==- s’, - 1-Np 
i 
i 

H 

The chlorosilane undergoes rapid racemisation which is faster than alcohol- 
ysis. The menthosysilane diastereoisomers are obtained quantitatrvely in a ratio 
close to that of the rate constants: k/!z’_ 

The only possible structure for a prochiral silicon atom is the tetrahedral 
arrangement shown below, where X is a functional group such as H, halogen or 
OR. 
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If we envisage substitution by an asymmetric group Y’, the rates of substi- 
tution of the enantiotopic groups X will be different, with unequal rate con- 
stants k, and k,, and two diastereoisomers, I and If, of opposite configuration 
around the silicon atom will be formed in unequal amounts, the more abundant 
being that whose formation corresponds to the greater rate constant (Scheme 2). 
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However, the substitution by Y has to satisfy a number of conditions. 
(1) Substitution by Y must be selective and must lead to the formation of 

R’ R’SiXY, avoiding disubstitution which yields the symmetric product R’R’SIY,. 
(2) Substitution must be stereospecific. Substitution of the same enantio- 

topic group, with inversion or retention of configuration at the silicon centre, 
leads to two opposite configurations for the organosilane. A non-stereoselective 
substitution will not give an asymmetric synthesis. 

(3) in the case of nucleophilic substitution on silicon, we believe that 
higher optical yields will be obtained for substitutions carried out with inver- 
sion rather than with retention of configuration. We have shown that a nucleo- 
philic substitution proceeds by slow formation of a pentacoordinate intermedi- 
ate [9]: retention is explained by an equatorial attack of the nucleophile and 
an axial departure of the leaving group while inversion corresponds to an axial 
attack followed by an axial departure. 

If we consider the substitution of a prochiral organosilane by an asym- 
metric nucleophile we see that substitution with retention of one or the other 
enantiotopic groups leads to formation of the same intermediate (A). On the 

X 

X 

(A) 

other hand, substitution with inversion leads to the formation of two diastereo- 
isomeric intermediates (B, and B2). We have therefore studied asymmetric syn- 
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thesis from disubstituted silanes R’R’SiH:, initially with reactions catalysed by 
rhodium complexes. in this case direct substitution at the silicon atom centre 
does not occur and intervention of the catalysts must be envisaged. The first step 
wIl1 be the oxidative addition of the organosilane (eqn. 1). Such pentacoordi- 
nate rhodium complexes have been isolated and are dissociated in solution [ lo]. 

R’ R%iH2 + ( PPh3)JZhCl * (R’R’HSi)(Ph,P), Rh( H)(CI) + PPh, (1) 

In the case of a prochiral silane we observed the formation of two enantiomeric 
complexes (I and Il), which, owing to dissociation will e_xist in equilibrium in 
the solution. Scheme 3 is a kinetic scheme suitable for asymmetric synthesis 
analogous to that observed for menthanolysis of chlorosilane. The reactions of 
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the two complexes with a chiral reagent will lead to the formation of two dia- 
stereoisomeric organosilanes in unequal amounts. 

We recently studied the alcoholysis of disubstituted organosilanes by an 
asymmetric alcohol or with chiral rhodium complex catalysts [ ll] (eqn. 2). 
Asymmetric alkoxysilanes are obtained with optical yield up to 56%. 
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(2) 

0 C H,PPh, 

Diop = 
xx 0 CHzPPhz 

We report here the results obtained in the asymmetric hydrosilylation of 
ketones and aldehydes, and its use in the preparation of optically active organo- 
silanes. Although hydrosilylation is a potentially useful method for asymmetric 
reduction of ketones [ 121, the use of prochiral organosilanes has not been re- 
ported. 

The addition of organosilanes to the carbonyl compounds catalysed by 
Wilkinson’s complex [13,14] lends itself conveniently to our study (eqn. 3). 

“‘\S H ‘2 + 
R\ 

c=o 
(PPh,),RhCI 

R2’ 

R’LSi /H (3) 

RI’ Rd ‘OCHRR’ 

We have, in a preliminary study, verified the selectivity of the prochiral 
organosilane starting materials [ 131. No dialkoxysilanes are detected in the reac- 
tion medium and the yield is quantitative. On the other hand the end-products 
are bifunctional and we have already underLined the theoretical and synthetic 
importance of such asymmetric compouncis[5,9]_ Finally we can envisage the 
use of a chiral catalyst. Asymmetric catalys= has been used with much success 
in hydrogenation [ 15, 161, hydrosilylation [17], hydroformylation [18] and di- 
merisation [ 191. 

Results 

In order to determine the stereochemistry and stereoselectivity of hydro- 
silylation, we have studied the addition of an asymmetric organosilane R(+)- 
1-NpPhMeSiH to acetone in the presence of (PPh,),RhCI. The reactions are 
summarised in Scheme 4. 
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TABLE 2 

R’ R*SiHZ RCH=O Cat..dYsr~ ta1 D 
to) 

Conhg- 
uratioo 

OPtICal 

PMLY 

(5) 

I-NpPhSiH? 
I-NpPhStHz 
I-NpPbS!HZ 
1-NpPhSiH2 
l-NpPhSIHZ 

ElCHO (+)-Cat. l-NpPbMeSiH +5.6 R 14 
n-PrCHO (r)-CdL. I-KpPbMeStH +4.9 R 16 
I-BuCHO (+)-Cat. I-NpPhhleSIH +1.5 R 4 
n-CgH , jCH0 (+)-Cat. I-NpPhhleStH +4.7 R 13 
PhCHO (+)-cat. I-NpPhhleSiH +2.5 R 7 

a (-)-Cat. = [(CSH~~)?RI.ICII~ + (*)-dmp. b R(+)-l-NPPbhlcSIH.IalD~ 36.0; (pencane) [201. 

As we observed earlier [ 111, l-NpPhSiH, leads to optical yields which are 
higher than are given by the other organosilanes. Prom organosilanes of such 
optical purity, optically pure compounds can be obtained by crystallisation [22]. 
The optical yields obtained are slightly better than those given by the correspon- 
ding alcohols [ 111. Diop gave better optical yields than an asymmetric phosphine 
RSP* [23]. 

As before, we studied hydrosilylation of aldehydes (eqn. 6). 

R’\ R1\ adH 

2’ 
SIHZ i RCH=O 

[(c~H,,)~R~cI], t (+)-mop 
6 (6) 

CgHg, 20” 
2 

s’\ 
OC H,R 

The optical purity is determined as in the previous esamp!e, with the results 
given in Table 2. The optical yields observed in this case are very much lower 
than those given by ketones. 

In the case of a non-symmetric ketone, hydrosilylation by a prochiral silane 
leads to an asymmetric reaction at both the silicon and carbon centres (eqn. 7). 

R’\ R 

‘5,+ + 
.%_ 

c=o 
[KBH,,)2RnCI],7 + (+)-or Gbillo~ 

R’,. 
‘.& 

H 

(7) 

ti’ n” 
CiHti, 20 c 

Treatment of the reaction mixture with a Grignard reagent allows recovery 
of an organosilane and an alcohol of different optical purities (eqn. 8). 

R’\ *AH 

R2/s’ LotHRR’ 

(I) R3MgX/E t@ 
R’R2R3S:H + RC*HOHR’ (8) 

(2) H,O 

The results obtained are shown in Table 3. 
The organosilanes obtained are of similar optical purity to those observed 

for symmetric ketones. The alcohols are obtained with better optical yields than 
those generally reported for asymmetric reduction of ketones by hydrosilylation 
[ 12].1-NpPhSiH? seems to be a better reagent for such asymmetric reductions 
than the trisubstituted silanes; analogous observations were made by Kagan and 
coworkers [ 121. 
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Discussion 

To explain our results, we envisage a mechanism analogous to that proposed 
for hydrosilylation [27] or hydrogermylation [28] of olefins and acetylenes 
(Scheme 5). 

SCHEME 5 
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in the first step, oxidative addition of the silane leads to a pentacoordinate 
complex [lo]. This step probably proceeds with retention of configuration at 
the silicon atom, as with the platinum complexes [29]. Hydrosilylation with the 
observed retention of configuration of the organosilane suggests that the next 
step is coordination of the ketone to the rhodium. Migration of a hydride ion 
then leads to a new complex which can eliminate the alkoxysilane with retention 
of configuration of silicon. It is also possible to envisage initia! migration of the 
silicon radical, which would lead to the same result. 

Let us now consider the case of a prochiral silane with an asymmetric cata- 
‘iyst. We have in the first place the “in situ” formation of an asymmetric rhodium 
complex [ 151 (eqn. 9). 

[(CsH,&RhCl] z + 2 diop 3 2(diop)Rh(Cl)(S) (9) 

The oxidative addition of the silane R’R’SiHr to this compiex will lead to 
the formation of two diastereoisomeric complexes (I and il). These two com- 
plexes in equilibrium will not occur in the same abundance in the reaction medi- 
um (Scheme 6). 

They will react with the ketone with different r-a+& constants, k, and kz. If 
we suppose that complexes I and II are in a rapid equilibrium, greater than the 



28 

rate of reaction of the ketone, the alkoxysilane enantiomers will be formed in a 
ratio equal to k,[I]/h,[II]. 

SCHEME 6 

* 
H - -( 

Cl Cl 

(I) (II) 

RRC=O k2 

I 

H\s, /=_$ 
H,, sR2 
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if we use the phosphine enantiomer, we will have an equilibrium between 
two complexes i and n, respectively enantiomers of the earlier complexes I and 
11, which will lead to alkoxysilanes of opposite configuration to the previous 
case. 

For hydrosilylation of a proch$al ketone, we can write a kinetic scheme of 
the same type (Scheme 7). It is necessary, however, to distinguish the two faces 
(Q and /3) of the Letone. 

f&J) 
R *. 

tiTC=O 
(a) 

The diastereoisomeric complexes I and II react at the two faces of the ketone 
with rate constants k?, 1zf for the complex I and k4, k{ for II. The optical puri- 
ty at the silicon centre (Psi) depends on the relative rates of reaction of the com- 
plexes I and II: f’s, = (k? + kf) [I] /kq + k!) [II]. The optical purity at the carbon 
atom centre (pc) wiLl be different. It depends on the attack on the faces (a) and 
(p): PC = ky [I] + kq [III/k’: [I] + k$ [II]. This explains well why there is no 
relation between the optical purity of the asymmetric silane and alcohol. 

On the other hand it is very interesting to note that addition, in the presence 
of [(+)-diop]RhCl, of 1-NpPhSiH* leads to silanes R(+)-1-NpPhMeSiH and that ad- 
dition of l-NpMeSiH:! or I-NpEtSiH* leads to S(-)-1-NpPhMeSiH and S(-)-l- 
NpPhEtSiH, respectively. One can explain this by the relative stability of the 
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SCHEME 7 

x 

two dlastereoisomeric complexes I and II. The two asymmetric carbon atoms of 
the (+)-diop impose a conformation in which one of the phenyl groups is quasi- 
axiai and the other quasi-equatorial. in the previous equilibrium between the 
two diastereoisomers I and II, the more abundant is that for which the steric 
interactions are minimum. The preferred configuration of the silicon atom is 
that in which the smallest group S is on the side of the axial phenyl (Fig. 1): 

H 

The reaction of this preferred diastereoisomer with the ketone, followed by 
reaction of the Grignard reagent (RMgX) with the alkoxysilane obtained, retains 
the configuration of the silicon atom. The reactions of l-NpPhSiH?, I-NpMeSiH2 
and 1-NpEtSiHz (where L = 1-Np; S = Ph, Me, Et) will therefore lead preferenti- 
ally to an organosilane of configuration shown below in agreement with the ob- 
served results. 

C I_ = I-Np : S = Ph ; R = Me ; Sllane R (+I 

L = I-NP ; S= Me,Er;R = Phi Sllane S (-11 
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Conclusion 

Asymmetric hydrosilylation of carbonyl compounds, of interest for the prep- 
azation of asymmetric alcohols [ 121, proves to be a good method for the prepara- 
tion of bifunctional asymmetric alkosysilanes. The latter are obtained with suffi- 
cient optical purity for stereochemical studies [SO]. Mechanistic studies of the 
reaction explain the observed results. 

Erperimental 

All the manrpulatlons were carried out under nitrogen, using a Schlenk tube 
and a pressure gradient. The Grignard reagents were prepared in the usual manner 
and titrated iodometrically. The NMR spectra were recorded on V&an A-60 and 
T-60 spectrometers. The specific rotations were measured on a Perkin-Elmer 131 
polarimeter. 

Preparation cif the organosilane starting materials and of the catalysts 
Optically active l-naphthylphenylmethylsilane was prepared according to a 

modification of the original method used by Sommer [22]. Disubstituted organo- 
silanes were obtained by methods analogous to those described 141. Chlorotris- 
(triphenylphosphine)rhodium was prepared according to the method of Wilkin- 
son et al. [31]. Dichlorotetrakis(cyclooctene)dirhodium was isolated according 
to the method described [32]. The two phosphines (+)- or (-)-diop were obtained 
from L or D tart&c acids [ 151. 

Determination of stereochemistry 

(a). Hydrosilyla tion of acetone 
Benzene solvent. 0.496 g (2 X 1U3 mol) of I-naphthylphenylmethylsilane 

([a ]n + 34.6”) and 0.074 g (8 X lo-‘mol) of chlorotris( triphenyIphosphine)- 
rhodium were dissolved in 2 ml of degassed anhydrous benzene. 0.116 g 
(2 X 10m3 mol) of acetone diluted with 2 ml of benzene was added using a syringe. 
The reaction mixture was reflexed for 24 hours. On evaporation of the solvent 
the product was isolated by preparative thin-layer chromatography (silica gel, 
eluant per&me/benzene 4/l). 0.545 g (yield 89%) of l-naphthylphenylmethyliso- 
propylouysihme ([alo - 5.1”, c 17.4 (pentane)) was recovered, having physical 
properties identical to those of an authentic specimen [20]. 

Without solvent. The same experiment carried out without benzene and 
with 5 ml of acetone allows isolation of 0.560 g (yield 92%) of l-naphthylphe- 
nyimethylisopropoxysilane ([a ]n -4.4”, c = 19.9 (pentane)). 

(b). Reduction by lithium aluminium hydride 
A solution of 0.306 g ( 10e3 mol) of l-naphthylphenylmethylisopropyloxy- 

silane ([alo - 5.1”) in 5 &ml anhydrous ether was added dropwise to a suspension 
of 0.08 g of lithium aluminium hydride in 5 ml of ether. After 4 hours stirring 
the mixture was hydrolysed in an acidic medium (HCl 10%). The organic phase 
was extracted with ether and dried over anbydrous magnesium sulphate. After 
evaporation of the solvent the residue was purified by preparative thin-layer 
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chromatography (silica gel, eluant pentane/benzene 9/l). 0.225 g (yield 91%) 
of 1-naphthylphenylmethylsilane ([alo + 30.0’, c 10 (pentane)) was obtained. 

Reduction of l-naphthyIphenyImethylisopropyloxysilane ([alc -4.4”) 
carried out as above leads to I-naphthylphenylmethyisil~~ ([a!lD + 25.3O, c 15 
(pentane)) in 88% yield. 

Asymmetric hydrosilylation of symmetric ketones and aldchydes 

General technique 
x11 the hydrosilylation reactions were carried out in the same way at 20° 

under nitrogen. The asymmetric catalyst was prepared “in situ” by dissolving 
5 X 10e6 mol of [(C&I,,),RhCI], and 10ms mol of (+)- or (-)-diop in 5 ml of 
anhydrous degassed benzene. The mixture wan stirred for 10 min and 5 X 10m3 
mol of the ketone (or aldehyde) was introduced by a syringe with 5 ml of ben- 
zene. Lastly the silane (5 X 10T3 mol) dissolved in 5 ml of benzene was added. 
The progress of the reaction was controlled by TLC. When ail the starting silane 
had disappeared the solvent was removed under pressure. Quantitative forma- 
tion of the addition product was controlled by comparison of the NMR and IR 
spectra of the crude reaction product with those of authentic samples [ 133. The 
residue was dissolved in 5 ml of anhydrous ether and added to a solution of the 
appropriate Grignard reagent. After reaction the misture was hydrolysed (HCI 
10%). The organic phase was estracted with ether, washed with water, and 
dried over anhydrous magnesium sulphate. After removal of the solvent the resi- 
due was purified by preparative thin-layer chromatography (silica gel, eluant 
pentane/benzene 9/l). 

The trisubstituted silane was obtained with a yield often greater than 90% 
and has similar properties to those already described [2, 31. 

(a) Additions of I-naphthylphenylsilane 
Hydrosifyfation of acetone. The earlier method applied to acetone using 

(+)-diop leads, after treatment mth ethylmagnesium bromide to l-naphthyl- 
phenylethylsilane ([LY]~ + 7.5”, c 13.1 (Ccl,)) in 95% yield. 

&Pentanone. The use of (+)-diop and methylmagnesium bromide gave l- 
naphthylphenylmethyIsiIane ([cr]o + 16.5”, c 9.6 (pentane)), yield 92%. Using 
(-)-diop in the same conditions gave a s&me ([a ID - 15.8”, C. 11.3 (pentme)), 
yield 90%. 

4-Heptanone. (+)-diop gave l-naphthylphenylmethylsilane([c]D + 13.9”, 
c 10.4 (pentane)), yield 91%. 

2,6-Dimethylheptanone. (+)-diop gave 1-naphthylphenylmethglsilane 
([a ID + 12.8”, c 10.1 (pentane)), yield 91%. 

Benzophenone. 1-Naphthylphenylmethylsilane ([a Jo + ll.O”, c 12.2 (pen- 
tane)) was isolated (yield 93%) using (+)-diop. 

Cycfohexanone. I-Naphthylphenylethylsilane ( [[Y]~ +?.9”, c 13.4 (CCI,)) was 
isolated (yield 90%) using (+)-diop. 

Cyclopentanone. 1-Naphthylphenylmethylsilane ([alo + 12.6”, c 9.9 (pen- 
tane)) was isolated (yield 95%) using (+)-diop. 

ffydrosilyfation of aldehydes. Using (+)-diop and treatment with methyl- 
magnesium bromide led to (+)-l-naphthylphenylmethylsila.ne: with propmal 
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([a], + 4.9”, c 16.4 (pentane)) yield 90 %; butanal([a]o + 5.6”, c 7 (pentane)) 
yield 90%; 3-methylbutanal ([(Y]~ + 1.5”, c 19.3 (pentane)) yield 88%; hepta- 
nal a:a]n + 4.7”, c 13.2 (pentane)) yield 86%; benzaldehyde ([a], f 2.5”, c 14.1 
(pentane)) yield 84% 

(b) Additions of I-naphthylmethylsilane 
Using (+)diop followed by treatment with phenylmagnesium bromide led 

to (-)-1-naphthylphenylmethylsilane: 3-pentanone ([cr]o -4.3”, c 8.9 (pentane)) 
yield 89%; benzophenone ([a ]o -2.4”, c 7.6 (pentane)) yreld 88%. 

(c) Additions of I-naphthylethylsilane 
Hydrosilylation in the presence of (+)-diop followed by treatment with 

phenylmagnesium bromide led to 1-naphthylphenylethylsilane: 3-pentanone 
(tolo -5.3”, c 17.3 (CC!,)) yield 91%; benzophenone ([alo -B.l”, c 17.2 (CC!,)) 
yield 90%. 

Hydrosilylation of prochiral ketones 

The addition reactions of 1-naphthylphenylsilane were carried out as in 
the previous section. After reaction of the Grignard reagent the organosilicon 
compound was isolated by TLC and the alcohol by distillation. 

Acetophenone. Hydrosilylation in the presence of (-)-diop and treatment 
with ethylmagnesium bromide gave 1-naphthylphenylethylsilane ([~]b -8.O”, 
c 15.2 (Ccl,)) yield 92%; and 1-phenylethanol ([~]u + 28.9”, c 5.1 (CHzClz)) 
b-p. 100/18 mmHg, yield 86% 

Propiophenonz. Hydrosilylation in the presence of (+)-diop followed by 
action of methylmagnesium bromide gave 1-naphthylphenylmethylsilane 
([e]b + 10.8”, c 7.9 (pentane)) yield 90% and l-phenylpropanol ([cY]~ -16.4”, 
pure) b-p. 110/18 mmHg, yield 75%. 

Bulanone. Hydrosilylation in the presence of (-)-diop and treatment with 
methylmagnesium bromide gave 1-naphthylphenylmethylsilane ([aID -14.2”, 
c 11.8 (pentane)) yield 94%, and buta.nol-2 ([arIo - 5.8”, pure) b-p. lOO-llO/ 
750 mmHg, yield 25% The same experiment with (+)-diop gave a silane ([(u ]o + 
14.03 c 15.3 (pentane)). 

l-Phenyl-2,2-dimethylpropanone. Hydrosilylation in the presence of (+)-diop 
gave I-naphthylphenylmethylsilane ([alo + 12.6”, c 9.3 (pentane)) yield 85% 
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