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The stereochemistries observed for nucleophilic substitutions on optically 
active bromo- and thiophenyl-&lanes are compared with those reported for Cl, 
F, OR and H leaving groups. They allow the completion of the previously pro- 
posed empirical order for the dependence of stereochemistry in the nature of 
the leaving group viz.; predom’mant stereochemistry: IN + RN; ease of substitu- 
tion: Br c Cl>> SR- F>> OMe> H. 

Most studies of the mechanism of nucleophilic substitutions at silicon have 
have been performed with Cl, F, OR and H as leaving groups [l-53. Such reac- 
tions are stereoselective occuring either with inversion or retention. The stereo- 
chemical outcome appears to depend primarily on the nature of the leaving 
group [6,7]. Because of this great importance of the lability of the Si-X bond 
for the stereochemistry, we were interested in optically active R,SiBr and 
R,SiSR compounds which have been much less investigated. A few studies have 
been reported, especially substitutions by nucleophiles such as LiAlH,, MeOH, 
H,O and ROM [7,8]. 

Results and discussion 

(I) Si-Br us leavi.ng group 
The (-) a-naphthylphenyl neopentylsilane was chosen as a representative 

model for bromosilanes. Because of their great sensitivity to racemization [9] 
the bulky neopentyl group was required to avoid a loss of optical purity under 
the reaction conditions. This compound was prepared by bromination of the 
corresponding optically active s&me, the absolute configuration of which is 
known [lo]: this reaction occurs with retention [7]_ The results are summarized 
in Table 1. The predominant stereochemistry is determined by chemical correla- 
tions (Scheme 1). 

Inversion of configuration is the common stereochemical outcome for reac- 
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TABLE 1 

(-) R3SiBr -t R’M -+ R3SiR’ + MBr 

Run no. Reagents= Products R$iR’ Predominant stereo- 
chemistry 5 

I m&i/Et20 
2 MeLiiTiMi)AJEt20 

3 Me&fgBrfEtlO 
4 ?!&?XgBrlDxR 
5 =A=&%20 
6 (I-Bu)ZAlH/&xane 

R3SiMe [Q]D +15.6” 

RjSiMe [~JJ-J i-14O 

R$iVe [CID +6O 
R3Si.Me falD +14_5O 
R3SiH [Q]D +14O 
R&H LQID +f 

IN 

IN 

IN 
xx 
IN 

RN 

a DME, dimethoxyethzme; TXIID_4 tetrrmethylethylenediamine- 5 See Scheme 1. 
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tions of (-) R$SiBr with alkylorganolithiums or Grignard reagents (runs 1,2, 
3,4); solvation of the Li’ cation (TMDA, run 2) or of the magnesium atom (run 4 
with DME) does not effect the stereochemistry. Reduction by LiAlH, in ether 
leads to inversion, while (i-Bu),AlH in hexane solvent is the only reagent which 
gives predominant retention. There are (1) a low stereoselectivity (run 6), and 
(2) and a great decrease in the reduction rate compared to that in reactions of a 
Si-GMe or Si-F’ bond. The stereochemical behaviour is quite similar for R,SiBr 
and R,SiCl; they undergo inversion with the same reagents [S], and retention 
only with jiBu)lAIH [ll]. However this last reaction occurs at a Si-Br bond 
slowly and with a lower stereoselectivity. 

(2) Thiophenyl leavinggroup 
The thiophenyl leaving group was used in the stereochemical study of the 

siliconsulphur bond. The corresponding cr-naphthylphenylmethylthiophenyl- 
silane was prepared_ by reaction of (-) R,SiCl with PhSLi’ in ether solvent. 
LiAlH, reduction of the (+) thiophenylsilane in ether leads to the (+) a-naphthyl- 
phenylmethylsilane (Scheme 2) : 

SCHEME 2 

Ph Ph Ph 

I PhS- Li 
f I LiAl Hq I 

CX-Np-Si-Me 

I 
Et,0 

- C(-Np-Si-SPh E- (X-Np-Si-Me 

I I 
Cl tie 

[a], -6.5* bl, t27O bl, + 26O 

The (-) chlorosilane and the (+) R$iH have the same configuration. Assum- 
ing inversion for reaction with LiAlH, [ll], the inversion of configuration can 
be assigned by Scheme 2 for the reaction of PhSLi on the SF-Cl bond. Table 2 
shows the stereochemical results for reactions with organometallic reagents and 
aluminohydrides. 

TABLE 2 

(t) RBSiSPh o + R*M + R$iR’ b (R’M = R’Li. R’MgX, LiAlHe or (i-Bu)zAlH: R3Si = cr-NpPhMeSi) 

Run no. Reagents Products R$iR’ Predomka;t stereo- 
chemistry 

1 EtLi R3SiEt [al I) -5” = 92% RN 
2 n-BuLi RsSi-n-Bu [LY]D +0.8” 65WRN 
3 Ally1 Li R3Siallyl [Cr]D +7O 75% IN 
4 PhCHZLi RsSiCHZPh [a]~ +4_7O 85% IN 
5 EtMgBr R3SiEt [&ID +6O = 95% IN 
6 n-BuMgBr RgSi-n-Bu [&]I, -1.2O 701 IN 
7 AIIyl MgBr R-&alIyI [&]I, tl0” 90% IN 
8 PhCH PhCH$lgBr R$iCHzPh [ol]~ +5.5O 90% IN 
9 LiAIH4 R3SiH [&]D +27O 90% IN 

10 (i-Bu)zAlH/bexane R3SiH [a] D -30O 95% RN 

o The (i-) R3SiSPb is a liquid at room temperature. After SeveraI recris.talIizations at -40°C, its optical 
activity was unchanged and we obtained a mavimum C&ID of +27O. so we assume an optical purity of 
=a_ 100%. 5 The absolute configuration and maximum [CC]D of alI R3SiR’ derivatives are known [2]. =These 
resuIts are from ref. 12. d See Schemes 3 and 4. 
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The predq+na~t &ereochemi&y is determined by chemical correlations 
(Schenxs 3 and 4). 

SCIIEME 3_ a’Li xvi+.& a’ = E+ n-Bu 
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Ph 
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Me 
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Reactions of alkyllithiums and (i-Bu),AlH with (+) a-naphthyl phenyl methyl 
thicphenyl silane lead to retention of configuration (runs 1,2): however, charge 
delocalized ally1 or benzyl organolit’hiums give inversion (runs 3, 4). The 
LiAEl; reduction (run 9) and coupling reactions with Grignard reagents lead to 
inversion. These resvlts and those reported for the a-NpPhMeSiSMe derivative 
[S] indicate that the stereochemical outcomes of reactions of siliconsulphur 
and silicon-fluoride bonds are similar: the fluorosilane undergoes displacement 
of the fluoride group by LiAlH4 with inversion, by alkyllithiums with retention, 
and by Grignard reagents or charge-delocalized organolithiums with inversion. 

These results, taken with those reported previously 13-61 allow us to give 
the following empirical order for the stereochemical outcomes accompanying 
changes in nature of the leaving group: 

Predominant stereochemistry: IN --f RN 

Lability of the leaving group: Br 21 Cl >> SR z F >> OMe > H 

The differences between bromide and chloride or between SR and fluoride 
leaving groups are small. This shows clearly that the changes of stereochemistry 
cannot be coxekted with physical properties of the leaving group such as the 
polarisability [13J or the p& of the conjugate a&id [6]: for instance F or SR 
groups which have very different physical characteristics are very similar .& leav- 
ing groups. 
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SCHEME 4. R’Li with R’ = ally1 or benzyl: R’MgX with R’ = Et. n-B% ally1 or benzyL 
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R’Li = PhCH2Li [a], + 4.7O 

R’MI!J& = EtMgBr Cd, + 6” 
R’MgX = n-BuMgBr [a], - 1.2O 

R’MgX = ally1 MgBr [a], + 10” 

R’MgX = PhCHaMgCl [al, + 5.5O 

Experimental 

Materials 
The preparation of (+) cY-NpPhMeSiSPh was described previously [12]. 
Preparation of the (-) a-NpPh-n-pentSiBr_ The bromination of the (-) 

ol-NpPh-n-pent&H was carried out as described by Sommer et al. 173. A solu- 
tion of bromine in CCL was added dropwise to a solution of (-) wNpPh-n-pent- 
SiH [S], [cY]~ -15.7” (c PO, pentane) in anhydrous CC&, kept at 0°C under Nz. 
The solvent was removed under vacuum and the (-) cy-NpPh-n-pentSiBr was 
recovered as an oil, [a]n -10” (c 10, per&me). RMN (6, ppm): 8-7 (12 H, m); 
1.4, H (2 H, s); 0.9 (9 H, s). Anal. Found: C, 65.68; H, 6.19; Br, 20.72; Si, 7.51. 
C2,H,,BrSi calcd.: C, 65.79; H, 6.00; Br, 20.88; Si, 7.31%. 

Preparation of the (-) cr-NpPh-n-pen tSiMe. Treatment of a solution of (-) 
cy-Np Ph-n-pent Si-H (200 mg, 0.66 mmol) with MeLi (1.4 N, 5 ml) in ether for 
24 h at refiux temperature gave cr-NpPh-n-pentSiMe. After hydrolysis (HCl 10%) 
and chromatography on silica gel with pentane/benzene (90/10), (+) a-NpPhn- 
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pentSiMe was obtained in 82% yield with [a]n -16” (c 9, pentane).- RMN (6, 
ppm): 8-7 (12 H, m); 1.3 (2 H, s); 0.9 (9 H, s); 0.6 (3 H, s). Anal. Found: C, 
83.X; N, 8.09; Si, 8.85. C,H,,Si: C, 83.01; H, 8.17; Si, 8.80. 

Reactions_ General procedure 
AJJ reactions were carried out under nitrogen. An excess of the organometallic 

reagent was usuahy added to the silane in anhydrous diethyl ether and the rnix- 
ture was hycirolysed with acid (10% HCf). The siianes obtained were purified by 
preparative TLC (sihca gel PF 254) using benzene/pentane (10/90) as eluant and 
identii& by physical constants. The [a]n values were measured with a Perkin- 
Elmer 151 polarimeter. 

(1) Reactions with (-) a-NpPh-n-PentSiBr ([aID -10” (c 10, pentane) 
Run no. 1: treatment of (-) ar-NpPh-n-pentSiBr (0.5 mmol) with a MeLi solu- 

tion (1_4N, 3 ml) in ether solvent for 12 h, gave a-NpPh-n-pentSiMe. Chromatog- 
raphy over silica gel with pen+kme/benzene (90/10) gave (+) a-NpPh-n-pentSiMe, 
[o]n t15.6” (c 10, per&me). 

Run no. 2: to a solution of MeLi (1.4 N, 5 mmol) and TMDA (5.5 mmol) in 
ether as solvent was added a solution of (-) ar-NpPh-n-pent%& (0.5 mmol). 
By a procedure similar to that above, (+) a-NpPh-n-pentSiMe with [ar]o +lG” 
(c 9, pentane), wasobtained. 

Run no. 3: treatment of (-) or-NpPh-n-pentSiBr (0.5 mmol) with MeMgBr 
(1.1 N, 5 ml) in ether solvent for 24 h at reflux temperature gave (9) cr-NpPh 
n-pentSiMe with [a]n +6” (c 10, pentane). 

Run no. 4: to a solution of MeMgBr in ether (1.1 N, 8 ml) was added 20 ml 
of DME. The ether solvent was evaporated under vacuum. MgBrz precipitated in 
the medium-and the supematant solution was separated (Mg(Me)* in DME). 
Treatment of (-) a-NpPh-n-pentSiBr (0.5 mmol) in DME with this solution for 
12 h at room temperature, gave (+) a-NpPh-n-pentSiMe with [a]n +14.4O 
(c 10, pen’ae). 

Run no. 5: to a solution of LiA.lH4 in dry ether (2 N, 3 ml) was added a solu- 
tion of (-) cr-NpPh-n-pentSiBr (0.5 mmol) in ether. After hydrolysis and chro- 
matography over silica gel (pentane/benzene 9OjlO) of the crude product, (+) 
cz-NpPh-n-pentSiH was recovered with [(~]n + 14” (c 8, pentane). 

Run no. 6: treatment of (-) cu-NpPh-n-pentSiBr (0.5 mmol) with (i-Bu),AlH 
(1 mmol) in hexane solvent for 72 h at refiux temperature gave (-) a-NpPh-n- 
pentSiH in 40% yield with [a],, -5” (c 12, pentane). 

(2) Reactions iuith (+) u-NpPhMeSiSPh (jajD.+270 (c 12, perctane)) 
Runs no. 1 and 5: These results were reported previously [12]. 
Run no. 2: treatment of (f) cr-NpPhMeSiSPh (0.5 mmol) with n-BuLi (0.9 N, 

2 ml) in ether solvent for 3 h, at room temperature gave (+) a-NpPhMeSi-n-Bu 
with [a],-, +0.8” (c 10, pentane). 

Run no_ 3: treatment of (+) a-NpPhMeSiSPh (0.5 mmol) with allylhthium 
(0.5 N, 2 ml prepared by Seyferth’s procedure [14].) in ether solvent for 24 h at 
room temperature gave (+) cr-NpPhMeSiCHzCH=CHz with [a]n i 7” (c 12, pen- 
tane). 
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Run no. 4: treatment of (+) or-NpPhMeSiSPh (0.5 mmol) with PhCH2Li (0.3 
AT, 4 ml, prepared by cleavage of the dibenzyl ether) in ether solvent for 24 h at 
room temperature, gave (+) cY-NpPhMeSiCHzPh with [&In +4.7” (c 10, pentane). 

Run no. 6: treatment of (+) cY-NpPhMeSiSPh (0.5 mmol) with n-BuMgBr 
(1.2 N, 5 ml) in ether solvent for 5 h at reflux temperature, gave (-) a-NpPhMeSi- 
n-Bu with [o]n -1.2” (c 14, pentane). 

Run no. 7: treatment of (+) cu-NpPhMeSiSPh (0.5 mmol) with allylMgBr (1.1 
N, 5 ml) in ether solvent for 24 h at reflux temperature, gave (+) 
a-NpPhMeSiCH,CH=CH, with [cr],, +lO” (c 15, pentane). 

Run no. 8: treatment of (+) cY-NpPhMeSiSPh (0.5 mmol) with PhCH,MgBr 
(1.05 N, 5 ml) in ether solvent for 24 h at reflux temperature, gave (+) 
cr-NpPhMeSiCHZPh with [aID +5.5” (c 10, pentane). 

Run no. 9: to a solution of LiAlH, in dry ether (2 IV, 6 ml) was added a solu- 
tion (+) cr-NpPhMeSiSPh (0.5 mmol) in ether; after hydrolysis and chromat- 
ography over silica gel (pentane/benzene 90/10) of the crude product, (f) 
cu-NpPhMeSiH was recovered with [CL] n +27” (c 11, pentane). 

Run no. 10: treatment of (+) cY-NpPhMeSiSPh (0.5 mmol) with (i-Bu)?AlH 
(2 mmol) in hexane solvent for 10 h at reflux temperature gave (-) wNpPh. 
MeSiH with [(Y],, -30” (c 10, pentane). 

References 

1 
2 
3 

4 

5 
6 
7 

8 
9 

10 
11 
12 
13 

14 

R. Corriu and B. Henner. J. Organometal. Chem.. 102 (1975) 407. 
L.H. Sommer. Stereochemistry. hlechanism and Silicon, McGraw-Hill New-York. 1965. 
(a) R. Corriu and G. Royo. 3. Organometal. Chem.. 40 (1972) 229; (b) R. Corriu and G. Royo. Bull. 
Sot. Chim. Fr., 1497 (1972). 
(a) R. Corriu and J. Masse. J. Chem. Sot. Chem. Commun., 1373 (1968); (b) R. Corriu and J. Masse. J. 
OrganometaL Chem.. 34 (1972) 221; <c) R. Corriu and J. Masse. J. Organometal. Chem.. 25 (1972) 51. 
R. Corriu. C. Gu&in and J. Masse. J. Chem. Res.. (1977) 1877. 
LX. Sommer. Intra-science Chem. Rept.. 7 (1973) 1. 
L-H. So-es. G-A. Parker. N-C. Lloyd. CL. Frye and KW. Michael. J. Amer. Chem. Sot.. 89 (1967) 
857. 
L-H. Sommer and J. McLick. J. Amer. Chem. Sot.. 69 (1967) 5606. 
R. Corriu and hl. Henner. J_ Organometal. Chem.. 74 (1974) 1. 
R. Corriu. G. Lanneau and M. Leard. J. Organometal. Chem.. 64 (1974) i9. 

L-H. Sommer. J. hIcLick and C.hl. Golino. J. Amer. Chem. Sot.. 94 (1972) 669. 
R. Corriu and C. Gu&in J. Organometal. Chem.. 144 (1978) 165. 
L.H. Sommer. Stereochemistry. Mechanism and Silicon. McGraw-Hill. New-York, 1963. p_ 28; A.1 
Vogel. W-T. Cresswell and J. Leicester. J. Phys. Chem., 58 (1954) 174. 
D. Seyferth and M-4. Weiner. J. Org. Chem.. 26 (1961) 4797. 


