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Summary 

A detailed study of the stereochemistry of nucleophilic displacements at sili- 
con by organometallics is reported for optically active systems containing both 
an intracyclic silicon atom and an intracyclic leaving group (1-naphtyl-2 phenyl-2 
sila-2 oxa-l cyclopentane and -hexane derivatives). The stereochemistry is always 
controlled by the electronic character of the nucleophile, but the strained geo- 
metry of a five-membered ring directs the stereochemistry towards inversion in 
borderline cases (allyllithium, LiAlHJ4 CuI, p-CH,OC,H,CH,Li). Analysis of 
the results and those reported previously for exocyclic leaving groups permits 
evaluation of the influence of angle strain on the stereochemistry at silicon. The 
gradual displacement of the stereochemistry as the angle strain at silicon is 
varied is explained in terms of a change of hybridization of the o*(Si-X) orbital 

Ill- 

1. Introduction 

Nucleophilic substitution at silicon has been extensively studied with acyclic 
chiral organosilanes [ 21. The results show that the stereochemistry is mainly con- 
trolled by the following two factors: 

(i) The tendency of the leaving group to be replaced by a nucleophile [S]; an 
increase the leaving group ability leads to a change of the stereochemistry 
towards inversion, as indicated below:_ 
the leaving group ability to be replaced: Cl, Br > SR, F > OR >> H 
predominant stereochemistry: IN --, RN 

(ii) The electronic character of the nucleophile. For a given leaving group, the 
stereochemistry is extremely sensitive to the nature of the reagent. Nucleophiles 
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in which the negative charge is highly delocalized, lead mainly to inversion, 
whereas charge-delocalized reagents favour retention [ 2,4]. 

Concerning the influence of the structure of the organosilane, the stereochemi- 
cal patterns reported for optically active l-naphthyl phenyl methyl silanes [ 21 
can generally be extended to other acyclic R,Si*-X systems (Scheme I): 

SCHEME 1 

R,Si*-X : 

Ph Ph c6F5 

I I I 
I-Np-Si -X Me-Si- X Me-Si -X 

I I I 
R R R 

R = Et, i-Pr .Vi [5,6] R = t-Bu [7] R = 1-Np [lo] 

i-Pr c71 Ph c101 

Et c71 

Ph,Si [8] 

Ph,= [ 91 

In above optically acitve derivatives, substituents attached to silicon 
cover a range of steric and polar effects. The following features can 
be 

(i) Variation of the R groups over a range of moderate to large steric require- 
ments leaves the stereochemistry 

I-NpPhMeSi-X and l-NpC,F5MeSi-X 

significant in stereo- 
chemistry. A similar can be made for 1-NpPhEtSi-X 
l-NpPhViSi-X derivatives. 

particularly a 
strained ring, show stereochemical 

Me X 

(I b2.13-J mfi2]1 (P [16]) 
tm [14]) 
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0 053 0 0 
1 Si * 

The most significant data are summarized in Table 1, and have three main 
implications: 

(i) Increased angle strain at silicon always leads to a change of the stereo- 
chemistry towards retention. This trend is most marked in the case of the most 
strained systems I, II and III. Both silacyclobutanes I and II react with reten- 
tion, whatever the nature of the nucleophile. Even coupling reactions between I 
(Si-Cl) and LiAlH, or Grignard reagents (R = p-MeOC,H, or p-Me&H,) occur 
with complete retention of configuration, whereas the same reactions in the case 
of 1-NpPhMeSi-Cl occur with complete inversion. In compound III (C,--Si-C, 
angle = 93.4”), the Si-Cl bond is also cleaved by LiAlH, with retention of con- 
figuration. 

(ii) Even a small angular strain suffices to cause such a stereochemical change. 
l-Naphthyl-2-sila-7- tetrahydro-1,2,3,4_naphthalene, VI (Cl-Si-C, 5 105”), 
shows significant deviations compared to 1-Naphthylphenylmethylsilane 
(R,Si-X) (bond angle z109”). Compound VI (with X = Cl) reacts with alkylli- 
thiums with complete retention compared with inversion for R,Si-Cl. Al&l- 
or benzyl-lithium and alkyl Grignard reagents also replace the Si-F bond VI 
(X = F) with retention compared with inversion for R$i-F. 

(iii) It is noteworthy that the cyclic strain does not change the factors which 
mainly govern the stereochemistry at silicon, i.e., the nature of the leaving 
group and the electronic character of the nucleophile. In both cases, the stereo- 
chemistry changes from inversion to retention on going from %i-Cl to &li-H. 
Moreover, charge-delocalized nucleophiles favor inversion, whereas highly 
charge-localized reagents lead to inversion. The cyclic strain only acts as an 
additional factor favouring displacement of the stereochemistry towards reten- 
tion_ 

The above discussion on the influence of ring strain on the stereochemistry at 
silicon includes only stereochemical data obtained from substitution of exocyclic 
leaving groups. We describe below studies of optically active systems containing 
both an intracyclic silicon and an ii&acyclic leaving group (Scheme 2). 

SCHEME 2 

Ph 

I 
l-Np - Si 

ZJ 
I 

0 

I-Np 

I 
PI-l -Si 

I 
0 

3 
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II. Results 

A. Synthesis of the optically active sila-oxa-cycloalcanes VII and VIII 
The compound VII was described previously [4a, b] . A convenient route 

for synthesis of the six-membered ring derivative is shown in Scheme 3. 

SCHEME 3 Ph Ph 

(-1 Ephedrine (= Ephl I I 
l-NpPhSiH2 p I-Np-Si-H t 

(PPh&RhCI [25] 
I-Np-Sk-OEDh 

I 
OEph 

(A) (6) 

predominant 

d~ostereoisomer 

Ph Ph 

(1) CH>=CH(CH,),MgBr I 
_ ~-NP---S~-_[CH~)~CH=CH~ ;2, HZOl,oH~ I-Np--!I--(CH$.O’+ 

(1) B2H6 

(2, Hz0 

? ? 

predominant 
enontiomer 

$jD = + 10.06O 

Ph 

Roney NI I 
P l-Np-St-0 

IN [26] I \ 
[a], =-a’ 

It has been shown previously that the coupling reaction between MeMgBr 
and the diastereoisomeric mixture A + B leads predominantly to (R) (+)- 
1-NpPhMeSi-H 1251, the absolute configuration of which is known [Z]: 

Vh 

l-Np-?i-Me 
H 

Alkyl Grignard reagents are known always to cleave Si-0 bonds wifh reten- 
tion of configuration; so it is reasonable to assume the same absolute confi- 
guration for (R) (+) 1-NpPhMeSi-H and for the substitution product ob- 
tained with CH,=CH(CH,),MgBr as indicated in Scheme 3. Thus the (-)- 
l-naphthyl-2-phenyl-2-sila-2+xa-lcyclohexane has the following absolute 
config!ation. 

Ph 

I 
l-Np-Si-0 

u 

[CX], = -8O 
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B. Stereochemical data 
Stereochemical data are summarized in Table 2 along with some previously 

reported data for VII and the acyclic 1-NpPhMeSi-Me. 
The unknown stereochemistries were determined by chemical correlations 

(Scheme 4) : 

SCHEME 4 
a;Np 

O-NPPh(H)Si-_(CHzl,OH 
Roney Ni 

IN [26] 

[a],= +ll” 

[a],= -7’ 
LiAlH 1 

Et*0 

[a], = -a0 

Raney Ni 
a-NpPh(HISi(CHzJ,OH - 

IN [26] 

[a], = + 11° 

RLi 

I 

RN [21 

[a], = --8O 

RLi or 

R CH3, @J, 3’-. 

CH2=CHC,+ , [a], = + d.d”- - - 

R = (p-CH30KsHaCHZ , [OlD = +a0 - - 

R zz C6HsCH2, [a], = t8.2’. - - - - - 

[a], = - 2.6- (RLiI 

[a], = - 2’ (RMgX) 

[a], = - 2.4 (RLil 

[a], = -‘r 3.3* (RMgX) 

[a], = - 2O (RLi) 

[a], = -f- 0’ (RLi) 

[a], = + 6 ( RMgx) 

Ph 

I Raney NI 
a-NPPh(H)S,(CH2,,0H p 

IN [26] 
a-Np-st 

b 

[aID = --al0 

R LI 

RN [2] 

[a], = -16~ 

RLi 

a-NpPh (R) Si (CH,),OH C-NpPh(R)Si(CY),OH 

R = (,a-CH30) CsH_,CH2 , [aID = -6’. _ _ _ . _ . _ . _ _ [a], = _a0 





the general shift towards retention for exocyclic leaving groups, with a change 
to inversion for intracychc leaving groups. For instance, five-membered rings 
must occupy the preferred apical-equatorial position of a trigonal bipyramidal 
intermediate with the most electronegative group (oxygen atom) in the apical 
position (Scheme 6), so that inversion is favoured. 

SCHEME 6 

- 

I - 

1-Np 
IN 

Ph 

However, in the case of the nucleophilic displacements at silicon, all the large 
body of results obtained for variation of ring size, the nature of the leaving 
group and of the nucleophile permit a more refined analysis, and the following 
observations can be made. 

(i) Except for the highly strained silacyclobutanes, ring strain does not over- 
come the dominant influence of the electronic character of the nucleophile 
(Tables 1 and 2) on the stereochemistry. For instance, the oxa-sila-cycloalkanes 
VII and VIII behave very similarly to the analogous acyclic 1-NpPhMeSi-OMe. 
Thus the stability of the intermediate does not govern the stereochemical path. 

(ii) The results for exocyclic leaving groups show that there is a gradual change 
of the stereochemistry from inversion to retention when the angle strain at silicon 
is increased, as depicted in Scheme 7. The nature of the substituents attached 
to silicon must be taken into account; compared with alkyl groups, aryl groups 
change the nature (i.e. the hybridization) of the Si-X bond, and thus slightly 
influence the stereochemistry. This influence cannot be easily explained in 

SCHEhIE 7 

a) alkyl substituents around silicon: 

RN l INV 
<go0 92-96” 
sila-cyclobutanes I and II sila-cyclopentanes V 

b) aryl substituents around silicon: 

RN l INV 

90-93,4” 105” 109” 
III and IV V acyclic 

terms of geometric considerations. In particular the ring strain does not provide 
an explanation of why inversion is so disfavoured in the case of the six- 
membered ring. The size of the Cl-%-& angle, viz. 105”‘) suggests that inter- 
mediates such as IX and X have equal energies, and so inversion and retention. 
would be expected together (Scheme 8). 

Thus, we think that the better explanation i_s that proposed by Nguyen 
Trong Anh and C. Minot [I], which involves a change of the hybridization of 
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SCHEME 8 

1-N D 

m{i-l-Np 

Y 

(Ix) 

1 -x- 

(35 0 

Si/' 
\ l-Np 

IN 

.* 
l-Np 

OS 0 

Si/‘-Np 
\ 

Y 

RN 

the Si-43 bonds around the tetracoordir.ated silicon atom: 

If the R,SiR, angle becomes smaller than the tetrahedral value, the RISiX 
angle becomes Iarger than 109”28’. The four hybrid atomic orbitals of Si are 
no longer equivalent. The two used for making the SiR3 and SIR, bonds have 
less s character than a sp3 hybrid orbital, while the two remaining atomic orbi- 
tals acquire more s character. The authors show from orbital calculation that 
an increase in the s character implies an easier nucleophilic frontside attack at 
the o* Si-X, and, therefore, a greater proportion of retention. It follows that if 
ihe Si atom is included in a strained ring while X remains exocyclic, the per- 
centage of the retention will increase. Similar reasoning shows that if Si and X 



are both in the ring, inversion is favored. These conclusions agree well with the 
experimental data. 

IV. Conclusion 

The results show the influence of the structure of the organosilane on the 
stereochemistry of nucieophilic substitutions at silicon. There is a gradual dis- 
placement of the stereochemistry from inversion to retention upon increasing 
the angle strain at silicon, but this does not overcome the dominant influence 
of the leaving group ability of the group being replaced [ 33 and of the electronic 
character of the nucleophiie [2,4]. The last two factors are the controlling fac- 
tors while angle strain at silicon can only influence the predominant stereo- 
chemistry in borderline cases. 

The stereochemical data are easily explained in terms of change of the hybri- 
dization of the Si-R bonds around the silicon atom with angle strain. 

V. Experimental 

Materials 
The preparations of optically active (-) 1-NpPhMeSiOMe 1261 and (-)- 

1-Np-2-phenyl-2-sila-2-oxa-lcyclopentane (VII) [SS] were described previously. 

hepara tion of (-) 1 -Np-2 phenyl-2-sila-2-oxa-l -cyclohesane VIII: 
The synthesis of VIII is shown in Scheme 3. 
(a) 1-NpPhSi(H)CHICH,CH=CH,. To 9.25 mg of (PPh,),RhCi (lo-’ mol) in 

20 ml of anhydrous benzene at room temperature, were added 3.3 g (2 X lo-’ 
mol) of (-) ephedrine in 20 ml of benzene. 4.68 g of l-NpPhSiH? were then 
added. When the hydrogen evolution had ceased, 30 ml of 2A4 CH?=CH- 
(CH,)zMgBr were quickly added. The reaction was allowed to proceed to com- 
pletion at room temperature. The mixture was hydrolyzed.witin acid (10% HCl), 
extracted with ether and dried over Na2S0,. The solvent was pumped off and 
the oily residue chromatographed on silica gel (toluene/hexane: l/9), to give 
4.6 g of pure (+) 1-NpPhSi(H)CH,CH,CH=CH2 (yield 80%; [cr]o = +10.6”). 
Anal. Found: C, 81.18; H, 6.85. SiC,,H2, Calcd., C, 83.33; H, 6.94%. NMR 
6(ppm), 6.4-8 (12 H, m). 

(b) I-NpPhSi(H)CH,CH,CH,CH,-OH. This alcohol was prepared by the 
method described by H.C. Brown et al. [29]. 

To 576 mg of 1-NpPhSi(H)CHICH2CH=CHI (20 mmol) and 200 mg of 
NaBH, in 10 ml of anhydrous THF, was added 1 g of BF; Et20 in 10 mi of 
THE’ at 0°C and under NS. The mixture was stirred for one hour at room tem- 
perature. The solution was treated with Hz0 at O”C, and then with 5 ml of 
H,O, (110 v.) under basic conditions. The mixture was stirred for-one hour 
before extraction with ether. The solvent was pumped off and the o‘ily residue 
chromatographed on acid alumina (CHCl, as eluant). 430 mg of pure (+)- 
1-NpPhSi(H)CH,CHICH,CH,OH (yield 70%; [ol]n = tll”, C. 10, benzene) 
were recovered; it was identified by comparison of the NMR and IR spectra with 
an authentic racemic sample prepared by another method 1301. 

(c) I-Np-2-Ph-2-sila-2-oxa-I-cyclohexane, VIII. To 306 mg of the above ako- 
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ho1 ([a],, = +ll”) in 20 ml of anhydrous benzene were added 60 mg of Raney 
Ni. Reaction was allowed to proceed at room temperature under nitrogen until 
hydrogen evolution ceased. The solution was filtered and evaporated to give op- 
tically active compound VIII, which was purified by column chromatography. 
The pure optically active product VIII was isolated in 90% yield ([&In = -8”) 
C:. 10, benzene) and identified by comparison of NMR and IR spectra with an 
authentic racemic sample prepared by another method [30]. 

Reactions 

(a) Reactions of VIII with organolithium and Grignard reagents 

General procedure. All reactions were carried out under nitrogen. An excess 
of the organometalhc reagent (RLi/VIII z-2 and RMgX/VIII “4) was usually 
added to the silane in anhydrous diethyl ether. The mixture was stirred until 
complete reaction (heating was necessary in the case of the Grignard reagents) 
and then hydrolyzed with acid (10% HCl). The silanes were purified by prepara- 
tive TLC (silica gel PF 254) using chloroform as eluant, and identified by com- 
parison of IR and NMR spectra with authentic racemic samples. The [cr], values 
were measured with a Perk&Elmer 151 polarimeter. 

MeLi_ Treatment of (-) 1-Np-Z-Ph-2-sila-2oxa-lcyclohexane (0.5 mmol) 
with a MeLi solution (1.4 &I, 0.8 cm’) in ether for 12 h, gave 1-NpPhMeSi- 
(CH,),OH. Chromatography over silica gel with CHCl, gave (-) 1-NpPhMeSi- 
(CH&WI, falD = -2.6” (C.10, benzene); yield 85%. 

MeMgBr. To a solution of (-) VIII (0.5 mmol) in ether as solvent was added 
2 cm3 of MeMgBr (1.1 M) in ether. The mixture was heated under reflux for 
10 h. After the usual work-up, (-) l-NpPhMeSi(CH,),OH was obtained ([a]n = 
-2O, C-10, benzene; yield 80%). 

CN,=CHCH2Li_ Treatment of (-) VIII (0.5 mmol) with 2 mmol of 
CH,=CHCH?Li prepared by Seyferth’s method 1311 in ether solvent for 24 h, 
gave l-NpPh(CH2=CHCH,)Si(CH,),0H. Chromatography over silica gel (eluant = 
CHCl,) gave (-) l-NpPh(CH,=CHCH,)Si(CHI),OH, [aID = -2.4” (C-10, 
benzene), yield 75%. 

CH,=CHCH,MgBr. Treatment of (-) VIII (0.5 mmol) with 2 mmol of CH,= 
CHCH,MgBr in refluxing ether for 48 h gave (+) l-NpPh(CH2=CHCH,)Si- 
(CH2)AOH, [a]n = +3.3” (C.10, benzene), yield 65%. 

p-CH3 0C6CH2Li. Treatment of (-) VIII (0.5 mmol) with 2 mmol of 
p-CH,OC,H,CH,Li in ether at room temperature for 12 h gave (-) 1-NpPh- 
(CH,OC,H,CH,)Si(CH,).OH [a]n = -2” (C-10, benzene), yield 80%. Anal. 
found: C, 78.82; H, 6.78; Si, 6.61. Calc. C, 78.87; H, 7.04; Si, 6.57. IR (cm-‘): 
3600,3520-3400 (O-H) 1590. NMR: 6(ppm) 0.6-2.3 (7 H, m); 2.8 (2 H, s); 
3.4 (2 H, m) 3.6 (3 H, s); 6.4-S (16 H, m). 

C,H,CH,Li_ 2 mmol of C,H&HILi were added to 1 mmol of (-) VIII in 
ether and the mixture was refluxed for 5 h. After the usual work-up (+) 1-NpPh- 
(C,HjCH,)Si(CHI),OH was obtained in 80% yield ([a],, = +4”, C-10, benzene)_ 

C&i&H,MgBr_ 4 mmol of C&I,CH,MgBr were added to 1 mmol of (-) VIII 
in ether: the mixture was heated under reflux for 48 h. After the usual work-up, 
(+) 1-NpPh(C,H&H1)Si(CH1),OH was obtained in 50% yield ( [aID = +8’, C-10, 
benzene). 
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(b) Reduction of VIII with LiAlH, and with LiAlHJ4 CuI 
Solutions of LiAlH, in ether were filtered before use and standardized by 

Fe&n’s method [32]. The LiAlH4/4 CuI reagent was prepared as described by 
Ashby et al. [33]. The reactions were carried out under NZ. The reaction mix- 
ture was stirred until complete reaction and then hydrolyzed with cold, dilute 
hydrochloric acid (10%). The silanes were purified by preparative TLC (silica 
ccl PF 254) using chloroform as eluant, and identified by comparison of the 
IR and NMR spectra with an authentic racemic sample [30]. 

LiAIH,. To 1 ml of a LiAlE& solution in ether (1.38&f), were added 0.5 mmol 
of VIII in anhydrous ether. The mixture was stirred under reflux for 2 h. After 
the usual work-up (-) 1-NpPhSi(H)CH,CHICH,CHZOH was obtained in quanti- 
tative yield ( [cY]~ = -?“, C-10, benzene). 

LiAlHJ4 CM_ The LiAlH,/CuI/VIII ratio was 2/8/l. VIII in THF was added 
dropwise to the black LiAlHJ4 CuI mixture at 0°C under Nz. The mixture was 
allowed to warm to room temperature to ensure complete reaction. (-) 
l-NpPhSi(H)(CH,),OH was obtained in 40% yield ([a]n = -O-6”, C.10, benzene). 

Reactions enabling correlations of configuration. The compounds l-NpPh- 
(R)Si(CH,),OH, R = CH3, CH,=CHCH,Li, PhCH,, p-CH,OC,CH, were obtained 
by coupling the appropriate organolithium with the (+) 1-NpPh(H)Si(CH,),OH 
([e]n = +ll”, C.10, benzene). 

To a standardized solution of the organolithium in ether, a solution of the 
optically active alcohol in ether (RLi/alcohol ratio = 4/l) was added dropwise. 
The reaction was allowed to proceed at room temperature. After standard 
work-up, the silanes were purified by TLC (silica gel PF 254, eluant: CHCl,) and 
identified by comparison of IR and NMR spectra with authentic racemic sam- 
ples 1301. 

R=CH, 
R = CH,=CHCH, 
R = p-CH,OC,H,CH, 
R = C,H,CHI 

References 

[arID = +3O, C.10, benzene 
Celn = +4.4”, C-10, benzene 
[cr],, = +4”, C-10, Benzene 
[aln = +8.2”, C.10, benzene 

1 

2 

3 
4 

5 

6 
7 
8 
9 

10 
11 

(a) C. Minot. Ph.D. Thesis. Orsay. 1977. (b) Nguyik Trong Anh and C. Minot. .I. Amer. Chem. Sot.. 
102 (1980) 103. 
(a) L-H. Sommer. Stereochemistry. Mechanism and Silicon. McGraw-Hill New York. 1965. (b) L.H. 
Sonnner. Intra-Science Chem. Rpt.. ‘7 (1973) 1. (c) R.H. Prince. M.T.P. (hled. Tech. Publ. Co) Int. 
Rev: Sci. Inorg. Chem.. Ser. One. 9 (1972) 353-393. (d) I. Fleming. Comprehensive Organic Chemistry. 
Vol. 3 (edit. by D. NeviUe Jones). Pergamon Press. London. 
R. Corriu. J.M. Fernander and C. Gu&in. .I. Organometal Chem.. 152 (1978) 25 and refs. therein. 
(a) R. Corriu. C. GuCrin and J. Masse. J. Chem. Sot.. Chem. Commun.. (1975) 75. (b) R. Corriu. C. 
Gwkin and J. Masse. J. Chem. Res. (S). (1977) 160; (M), (1977) 1877. and refs. therein. (c) R. Corriu 
and C. Guirin. J. Organometal. Chem.. 144 (1978) 165 and refs. therein. (d) C. Brehere. R. Corriu. A. 
De Sax& and G. Royo. J. Organometal. Chem.. 166 (1979) 153. 
(a) R. Coniu and G. ROYO. Bull. Sot. Chim. Fr.. (1972) 1497. (b) R. Corriu and G. Rove. Tetrahe- 
dron, 27 (1971) 4289. 
R. Corriu and G. Royo. J. Organometai. Chem.. 40 (1972) 229. 
L.H. Sommer. K.W. Michael and W.D. Korte. J. Amer. Chem. Sot.. 89 (1967) 868. 
L-H. Sommer and K.T. Rosborough. J. Amer. Chem. Sot.. 91 (1969) 7067. 
S. Oukd-Kada. Ph.D. Thesis. Montpelher. 1978. 
Ref. 2b. P_ 6. 

H.C. Has-es. J. Inorg. Nucl. Chem.. 26 (1964) 2306. 



274 

12 (a) d. Dubac. P. Mazerolles and B. Serres, Tetrahedron L&t., 6 (1972) 525: ibid.. 30 (1974) 769.(b) 
.I. Dubac. P. MazeroBes and B. Serres. Tetrahedron. 30 (1974) 749; ibid.. 30 (9174) 759. 

13 (a) B.G. McKinnie. N.S. Bhacca. F.K. Cartledge and J. Fayssous. J. Amer. Chem. Sot.. 96 (1974) 2637. 
(b) E.G. McKinnie. N.S. Bhacca. F.K. Cartledge and J. Fayssous. J. Org. Chem.. 41 (1976) 1534. 

14 D-N. Roark and L.H. Sommer. J. Amer. Chem. Sot.. 95 (1973) 369. 
15 J.D. Citron. J. Organometal. Chem.. 34 (1972) 221. 
16 (a) FE. Cartledge, J.M. Wolcott, J. Dubac, P. MazeroBes and M. Joly, 3. Organometal. Chem.. 154 

(1978) 203. (b) J.M. Wolcott and F.K. Cartledge. J_ Organometal. Chem.. 111 (1976) C35. (c) F-K. 
CartIedge. J.M. Wolcott. J. Dubac. P. Mazerolles and M. Joly. d. Organometal. Chem.. 154 (1978) 187. 
(d) F-K. Cartledge. J-M. Wolcott. J. Dubac. P. Mazerolles and M. Joly. J. Organometal. Chem.. 154 

(1978) 203. 
17 (a) R. Corriu and J. Massi. J. Chem. Sot. Chem. Commun.. (1967) 1287. (b) R. Corriu and J. Masse. 

Bull. Sot. Chim. Fr.. 10 (1969) 3491. 

18 L.S. Vilkov. B.S. Mastrioukov. J.V. Baourova. V.M. Vdovin and L. Trinberg. Dokl. Akad. Nauk. SSR. 
177 (1967) 1084. 

19 (a) K.G. Dzhaparidze. Sovbshch. Akad. Nauk. Gruz. SSR. 29 (1962) 401. (b) J.R. Durig and J.N. 
Willis Jr_. J. Mol. Speckxc.. 32 (1969) 320. (c) J.R. Durig. W.J. Lafferty and W.F. Kalinsky. J. Phys. 
Chem.. 80 (1976) i199. (d) J. Laane. J. Chem. Phys.. 50 (1969) 1946. (e) L-H. Seip. J. Chem. Phys., 
54 (1971) 440. 

20 3-P. Vi&& J. Lapasset and J. Falgueirettes. Acta Cryst. B. 28 (1972) 3137. 
21 (a) R. Corriu and J. Masse. Tetrahedron Lett., 50 (1968) 5197. (b) R. Coniu and J. Masse. J. Organo- 

metal. Chem.. 34 (1972) 221. 
22 (a) R. Corriu and J. Masse. J. Chem. Sot. Chem. Conunun.. (1968) 1373. (b) R. Corriu and J. Masse. 

J. Organometal. Chem.. 35 (1972) 51. 

23 Y. Okaya and T. Ashida. Acta Cryst.. 20 (1966) 461. 
24 Refs. 1 and 2 and quoted references. 
25 R. Corriu and J. Moreau, Bull. Sot. Chim. Fr.. (1975) 901. 
26 L-H_ Sommerand J.E. Lyons. J. Amer. Chem. Sot., 91 (1969) 7061. 
27 L.H. Sommer and W.D. Korte. J. Amer. Chem. Sot., 89 (1967) 5802. 
28 (a) P. Gillepsie. P. Hoffman. H. Klusacek. D. Marquarding. S. Pfohl. F. Ramirer. E.A. Tsoles and 

1. Ugi. Angew. Chem.. 83 (1971) 691. (b) E.L. Muetterties and R.A. Schunn. Quart. Rev. Chem. Sot.. 
20 (1966) 245. (c) K. Mislow. Accounts Chem. Res.. 3 (1970) 321. (d) R.F. Hudson. Angew. Chem.. 
79 (1967) 756. 

29 H-C. Brown. Hydroboration. W.A. Ber&min Inc.. New York. 1962. 
30 R. Corriu. A. Kpoton. J. Barrau and J. Sat& J. Organometal. Chem.. 114 (1976) 21. 
31 D. Seyferth and M-A. Werner. J. Org. Chem.. 26 (1961) 4797. 
32 H. Fe&in. Bull. Sot. Chim. Fr.. (1951) 347. 
33 EC. _4shby. J.J. Lin and R. Kovar. J. Org. Chem.. 41 (1976) 1939. 


