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Al&net-Anionic activation of SiiH, Sii and SiN bonds by fluoride ions under heterogenuw conditions is 
reported: SiiH activated by KF or CsF is a very powerful and selective reducirqt reagent; the carbonyl group of 
aldehydes, ketones or esters can be reduced without reduction of other functional groups (C=C, N&, Br, amido). 
bob, selective reductions of aldehydes in the presence of ketones and ketones in the presence of 
czboxylic esters are also possihk. CsP in the presence of Si(OR), is found to be very ef6cieat in promoting 
Michael additions of monoketones and arylacetonitrifes on diierent kinds of Michael acceptors such as a, B 
unsaturated ketones, esters, nitriles and even amides. This constitutes an extension of Michael reaction since the 
addition occurs even with crowded ketones. N, N bis(silyl)enamines activated by fluoride ions react with carbonyl 
compounds and provide an interesting route to 2-aza-l,3 dines. 

The present paper ~~~ the various methods we 
investigated to activate Si-H, Sii and SiiN bonds. We 
have developed an anionic activation in heterogeneous 
conditions especially with fluoride ions. 

We started into this field through a mechanistic study 
of the hydrolysis and the alcoholysis of Siil bonds. 
This study provided both a kinetic and a stereochemical 
proof of the existence of nucIeop~i~ activation at a Si 
atom.’ The results of these studies showed that 
hydrolysis and aicoholysis of R,R2R$iCl, activated by 
nucleophiks such as HMPA were entropy controlled 
(Ahw - -60calmol-‘K-l, - 3 < AHS < 3 kcal mole-‘) 
and that the rate equation was found to be: 

v = k~,R~R~SiCl) (ROH) (Nu) 

Nu = HMPA % DMSO > DMF. 

Furthermore, the stereochemistry observed was 
retention of configuration while inversion was normally 
found in the absence of the nucleophilic catalyst. These 
observations were explained by the reversible fo~ation 
of a pentacoordinate intermediate followed by a rate 
determining nucleophilic attack of water (or alcohol) on 
the p&coordinated silicon atom (Reaction 1). 

The increase in rate between the u~~tivat~ and the 
activated hydrolysis was iu the range of Id. 

Illustrations of such nucleophilic enhanced reactivity 
are demonstrated in the following cases. For instance, a 
N atom in a suitable intramolecular position, as shown in 
1, activates the SiiH bond and a rapid reaction with 
alcohols occurs’ (Reaction II). No such reaction occurs 
with PhSiHI under identical conditions. 

,Me 

(II) 4 ROH 

Several examples exist in the literature which demon- 
strate the efficcncy of fluoride ion in the activation of 
various Siclement bonds. The activation of the $0 

Nu -I 

RI RZR3 Si OH t HCI 

( hydrolysis with retention f 
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bond is for instance, illustrated in the deprotection of an 
alcoho+ (Reaction III). 

(III) 

tBufCH312Si 0 

CH~ OR 

InBull, N’F- _- 0 
- HO -0 

TH F _ I- 

CH20R 

The activation of the Si-C! bond is illustrated by the 
cleavage of the Si-ally1 bond giving the homoallyl al- 
cohol by reaction with a carbonyl compound4 (Reaction 
IV). 

Me3Sie + 
RI 

‘c=o 
(nBul4 N+F- 

c 
R2’ 

RI 

A--- 

HCL 
Rl 

\ OSiMe3 - L 
4-- 

OH 
Me0 H 

Another report demons~tes the fo~ation of o-xyly- 
ICne, an intermediate in formation of Dolvcvclic com- 
pounds’.” (Reaction V). 

. . - 

(VI R 

t 
tH_Si Me 3 

InBuf4N’F- 
* 

CH2F;Me3 X- 

It is probable that in these cases the cleavage of the 
53-X bonds occur through anionic activation. The 
coordination of fluoride ion stretches the Si-X bond 
producing an increased negative charge on the leaving 
group- 

F- M+ 

This mechanism is supported by experiments per- For synthetic purposes, this new method appears to be 
formed in the gas-phase. Organic pentavalent silyl anions more selective than heterogeneous catalysis. For in- 

are generated by reaction of fluoride ion with tetra- 
substituted silanes7 (Reaction VI). 

(VI) 

F- + 

- [ <-~i~:.~- 

We report now some applications of activated Si-H, 
Si-0 and Si-N bonds in organic synthesis. The activation 
of the Si functional reagent was carried out at the 
surface of a variety of salts as a tool for the ~coholysis 
of silanes, reductions of carbonyl compounds, Michael 
condensations and formation of heterodienes. 

Activation of silicon-hydrogen bonds 
Synthesis of alkoxysilanes. Alcoholysis of silanes has 

been widely studied and several catalysts have been 
employed: metal alkoxides,8 amines? metal halides’“*” 
and transition metals either in heterogeneous catalysis by 
Cu12, Pd or Nil3 or in homogeneous catalysis by metal 
complexes.“” 

Our lirst attempts were activation of the Si-H bond in 
order to perform the alcoholysis of the dihydro- and 
trihydrosilanes, aNpSiH3, aNpPhSiH2, Ph2SiH2 and 
PhCH~SiH~. The reactions were carried out with 
different kinds of alcohols or phenols (m-cresol, n-hep- 
tanol, menthol, undecenol) at the surface of various 
types of commercially available salts (potassium 
tartrate, potassium phthalate, KSCN, KHC02, KF, CsF, 
CsCH,C02) in absence of solvent. Mono or poly-al- 
koxysilanes were obtained (Reaction VII). Some of the 
resilts are shown in Table 1. 

(VIII RlR2SiH2 + ROH 

RI R2 Si HOR, RI 

satt 
- 

R2Si (ORI2,(H2) 

salt 
RI SiH3 + ROH - 

RI Si Hg (OR), Rj SI H (ORI2, RlSi(OR13, fH2) 

The results show that the extent of alcoholysis of 
&lanes in the presence of salts is dependent upon several 
factors including the nature of both reagents, the nature 
of the salt, the temperature and the value of the ratio 
(s~ane)~(~cohol). In particular, this reaction allowed the 
classification of the different salts for the activation of 
3-H bonds. The reactivity sequences were found to be: 

Silanes: 

uNpSiH, > Ph2SiH2 > PhMeSiHz > crNpPhSiH* 

salts: 

CsF > KF > potassium phthalate > KHCOl > KSCN > 
potassium tartrate. 



Si lane salt 

Activation of silicon-hydrogen, silicon-nitrogen bonds 

Table 1. Alcoholysis of siianes 

ROH 
Conditions 

time fh) temp.(°C) 

1001 

Products (yield %I 

aNpSiH(OR) 2 aNpSi (OR) 
____________________________-L-__ 

aNpSiH KSCN Heptmol 0 eq.) 5 180 80 0 

3 
KHCO? 

II 
I 180 0 100 

----__________________________2___ 
Ph2SIH(OR) Ph2Si (OR) 

KSCN Heptanol (2 eq.) 0.5 I80 IW 0 

Potassium Phthslate 0 0.3 180 0 100 

Ph2SiR2 

(3 es.) 

KHCOz Menthol (3 eq.) 5 II30 0 100 

1, ,I (1 eq.) 5 I80 90 0 

aNpPhSiH2 Ci3F 

CBF 

Menthol (I eq.) ~, 25 

aNpPhSiH(OR) aNpPhSi(OR) 
-----------,___________________2_. 

100 0 

II 
(1 es.) I I80 0 IQ.7 

PhCH3SiH2 
KHCO? 

KSCll 

PhCH3SiH(OR) PhCH3Si (OR) 2 
__________________________________ 

Heptanot (2 eq.) 1 0.3 I80 90 

Cresol (2 eq.) 2 I80 95 
J 

stance, it is always possible to obtain either mono-, di- or 
t~alkoxys~anes exclusively from any alcohol and silane 
by changing the salt or the temperature and/or 
(silane)l(alcohol) ratio. Selectivity is even more 
significant when ethylenic alcohols were used. The C=C 
double bond was not affected (Reaction VIII). A similar 
reaction catalyzed by (PPh,),RhCI leads to the formation 

of Ph2Si/A(CH,)1,.‘7 

(VIII) CHz=CH - (CHp 1 p OH l PhpSiHp 

CsF 
_ (CH2=CH_(CH2) gO12SiPh2 

The results, in Table 1, demonstrate the convenience 
of the method and the possibility of the activation of the 
Si-H bonds at the surface of salts. We studied the 
extension of this method to the reduction of carbonyl 
compounds. 

Reductions of carbonyl compounds. We now wish to 
report two practical methods for the reduction of car- 
bony1 compounds (aldehydes, ketones, esters) as 
generalized in Scheme 1: 

The di- or ~hydrogenosilanes previously used (Table 
1) were efficient reducing agents, in particular 
aNpSiHl which, in the presence of CsF at 50”, 
converts PhCOPh to aNpSi(OCHPh& in 100% yield. 
However, these silanes are not readily available and 
monohydrogenosilanes are not useful except when al- 
koxy groups are also bound to the silicon atom. Fur- 
thermore, (EtO),SiH and (Et0)2Si(Me)H can be easily 
prepared from the industrial chlorohydrogenosilanes. 

With these monohydrogenosilanes and the most 
efficient salts (KF and CsP). we carried out the reduction 
reactions in the following manners: 

(I) The fir&method involved the use of (EtO),SiH and 
(EtO)*Si(Me)H which were found to be excellent reduc- 
ing agents when activated by KF or CsF in the absence 
of solvent.‘* 

(2) The second method involved the use of a solvent 
(DMF, DMSO) in the presence of (EtO)$i(Me)H or 
Me$iO(HSiMeO),SiMe, (PMHS), an industrially avail- 
able polymer.*’ Selected results are shown in Table 2 
(without solvent) and Table 3 (in the presence of solvent). 

The reduction results depend upon three factors: the 
nature of the silanes and the carbonyl compounds, the 

R. satt R, 
,C=O + H_Si< - 

Rl R,NcH-oSi ’ 
H3°1. R>CHO~ + ’ 

R? 
7 Si _O_Sis 

,osi$ HSi” 

RlC02R2+ H-Sic salt RICH 
=c 

,---_.__ 

‘OR2 

RfCHpOSi s + R20Si E ._,!l!& 

+ RqCHzOH l R20H + sSi_O_StL \ 

Scheme 1. 
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Tabk 2. Reduction of carbDay1 compounds (without solvent) 

CarboDy Compound Silas Salt Conditions 

tfav (b) tmp.(% 
Alcohol ieolatcd (yield I) 

PbCEO (Eto)p xp 6 25 Phca,OE (90) 

y- (Et0)2SiWe)H CH 2 25 PhCH-XX20H (95) 

11 (EtO)+i KF 26 25 II ,I 

C4%a (EtO)$X w 6 25 C&Cli,OE (70) 

PbCOCE, (Et01 2Si(*)H C8P 2.5 100 PhCROHCI$ (70) 

II (EtO13SiH C8P 0.5 
0 

,, 
(SO) 

PhCOPh (EtO)p C*P 0.08 

CIP 0.25 
0 

WtO),SiH 

2; Ptrc_ z; 

Phco2c2us (Eto),sis CIF 0.5 60 PbcH$H (90) 

p-2VOzC% (EtO)gSiR CM 0.5 60 ~(cH2+p120M (70) 

q)apen(cE2),C0pat (EtO).,SiH CSP 72 25 nc8H,,Clwxmi2),Cii2Ml (80) 

Table 3. R#fuction of carbonyl compounds (with soheat) 

Carbony compound RedWinS Solvent Conditions Alcohol isolated (Yield I) 
system time (h) tsmp.('c) 

PhCliO A DUF 0.25 20 PhCl12W (90) 

C6H,3CBO A DW 1.75 10 
c6"13ca208 NW 

PbCocB3 

PhCOPh 

C DW 2.5 30 PhCXOHGE3 (So) 

PhC02C2115 B DMSO 6.5 80 PhCM20K MO) 

CH2)SC02CH3 B MS0 6 80 &-@%)8c%m 170) 

Raducing ryatem : A - USiHe(Of!c)2/ltp 
B - PWWKP-2H20 

c- PmiSllcp 

nature of the salts and the temperature. The observed 
silane reactivity sequence was: 

(EtOhSiH > (EtO)&Me)H. 

For instance, PhCOC& requires 2.5hr and 100” to be 
reduced with fEtOhSi(Me)H while 0.5 hr at 0” is ncces- 
sary with (EtOhSii. The observed order of reactivity of 
the carbonyl derivative was: aldehyde 7 ketone > ester. 
Without solvent, aldehydes are reduced at room tem- 
perature with KF while ketones require the use of CsF. 
Reduction of esters was more di6cuIt and required CsF 
at high tem~~~es. 

When a solvent was added (Table 3), the rate of the 
process was accelerated and even KF can be used for 
the reduction of esters. Wii these results and the high 
observed sekctivity, the selective reductions of alde- 
hydes in the presence of ketones and of ketones in the 
presence of esters were attempted. The results Bn 

shownin Tabk4. 
It was always possible to selectively reduce aldehydcs 

or ketone8 by changing the tempcrahtre or tbc nature Of 
the salt. Compared to other methods:1-32 this system is 
as least as s&ctive and essentially more convenient. The 
reduction of biictional compounds llfu&atCS the 

practical utility of the reducing abii of SiiHIF. 



Carbonyl colnpound 

c PhCHO 
PhCOUe 

II 

! 

1 

k(Cl$) po 

PhCH2COCH2Ph 

PhCOHe 
PhCO2Et 

a : see Table III 

b: D - PMHS/KJiCO, 

Tabk 5. Reduction of biinctionnal compounds 

Carbonyl compound Silam 

pN02C6N4CN0 

PhCOCliBr!k 

PhCO(CH2)2C021k 

MtCOCH2CCMlPh 

CN2*N(CH2)2CW 

Silane 
or 

Lducing system 

(EtO).$iH 

Db 

(EtO)3SiH 

(EtOj3SiH 

Aa 

(EtO)2SiHeH 

_- 
1 s 

I 
I CsF 

Conditions 

time (h) (temp.rC) 

36 25 

2.5 60 

20 25 

0.016 25 

4 40 

5 25 

I 
I 

Alcohol obtained (Yield X) 

PhCH2OH 
PhCHOHk 

idem 

(I@3 
(0) 

\ 

Me(CH2)5CH20H (loo) 

PhCH2CHOHCH2Ph (0) 

{ 

PhCHOHMe 
PhCH20H 

idem 

(100) 
(0) 

PhCH2CHOHk (loo) 

WCH2),0CH20N (0) 

Salt 
Conditions 

time (h) tmp.ra 
Isolated c~ound (Yield) 

(EtO),SiH w 2 100 pN02C6H4CN20N (80) 

(EcO)~S~H Cd 0.5 25 PhCHOlfCNBtk (70) 

(Et0)2Si(14e)H C#P 2.5 25 4-Phmylbutytolactom (85, 

(EtO),SiN CSF IO 25 IM?DWi$XWHPh (90) 

(EtOj3SiN CSP 0.25 0 CN2-CN(CN2)2'X'Nk (90) 

We studied the reduction of aldehydes and ketones 
having another functional group such as a C=C double 
bond or a bromo, nitro, amid0 or ester group and selec- 
ted results are shown in Table 5. 

It was found possible to reduce the CO group in a 
selective manner. The C=C double bond and tbc bromo, 
nitro, amid0 or ester groups were not a&ted. Ad- 
ditionally, a, /?-unsaturated aldehydes and ketones were 
reduced selectively (1. 2 reduction) in tbe presence of 
CsF (Reaction IX). 

(IX) 

PhgSi Hz + 
CsF 

RI RzC=C HCOR3 - 

ho ( R1 R2C=CH$HO$Si Phz- 

R3 

q RzC=CHFHOH 

R3 

The results are shown in Table 6. 

T&k 6. CsF-promotcd reduction of (I, Bcthyknic carbony compounds 

Carbonyl ccqound 
Condition8 

tioa 01) temp.(V) 
Productr (Yield X1 

I,2 rwJuctfLm (X) 1.4 reductioo (X) Total redwtioa 
__I_ _-_---__P 

PhCMNC /O l/20 25 100 0 0 

'II 

ph-NY3 0.5 2s 100 0 0 

0 

PhCl3-C~" I 0 9s 5 0 

0 
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These observations are interesting in view of the fact The great utility of this method is to elimiite the 
that diiydrogenosilanes in the presence of (PPh,),RhCI preparation of the silyl enol ether. Selected results are 
reduce Q, #?-unsaturated compounds to a mixture of 1,2- indicated in Table 7. The reactions were carried out 
and 1, Cproducts (33) and PhCH=CHCOPh undergoes 1, 
Creduction even with (iBu)*AlH which is very efficient 

without solvent and in presence of a stoichiometric 

for 1, 2-reductionsY 
amount of CsF and Si(OR),. The 1, daddition product 
was obtained (Reaction X). 

Our reduction method is selective, convenient and 
inexpensive (siianes are obtained from industrial 
products and salts can be recovered and reused). 

It is probable that the role of the salt is to activate the 
Si atom by anionic coordination to give a pentacoor- 
dinate Si in which the Si-H bond is weakened. The 
efficiency of the salts increases when the cation-anion 
interaction decreases: we observed the following reac- 
tivity sequence LiF 4 KF< CsF, in which CsF is the 
most efficient. 

(XI /---y_ 
Y- + f--Jn 

-:=:-:=O 
Y Y H 

- _r_:=:_o- H+_ -r_‘_:,o 

R 0 R 
‘\ 

R’, 
R- Si_H + A-M+- 

6, c=o 

R’ R' t A- M+ 

) R3Si_O_FHR’ ,H*,!k R3SiOSi R3 + 
R’ 
R,;CHOH 

R’ 

Activation of silicon-oxygen bond 
Michael type additions. In a previous work,)’ the reac- 

tion of silyl enol ethers with aldehydes has been studied 
in presence of CsF. Under heterogeneous conditions, 
this reaction gives an [I, &unsaturated product. On the 
other hand, FN(nBu),” promotes the aldol reaction 
without dehydration. The procedure is very simple: use 
of solvent is unnecessary, the reaction temperatures are 
in a convenient range (between 0” and loo”), and salt may 
be recovered and recycled. 

Furthermore under the same conditions the reaction of 
silyl enol ethers with a, @unsaturated compounds was 
also investigated and an interesting Michael type reaction 
was observed with a, /J-unsaturated ketones and esters. 

The Michael reaction is an important synthetic tool in 
organic chemistry. Generally these reactions are 
catalysed by bases” such as alkali metal alkoxides and 
undesirable side reactions occur often under these basic 
conditions. Because of its widespread use in organic 
synthesis, numerous methods have been developed to 

( XI) 

When the CsF/Si(OR), system is compared to the 
others published in the literature which employ other 
sources of fluoride for the Michael type addition’- 
only CsF/Si(OR), is effective in promoting all the reac- 
tions which were carried out” and (Table 7). 

The chief advantages are the following: 
(1) The method is unequivocal: only the 1, Caddition 

product is obtained 
(2) The reaction is regioselective with 2-methyl cyclo- 

hexanone: there is only one reaction product from the 
kinetic enolate. 

(3) Direct addition of monoketones to fairly hindered 
acceptors such as pulegone or 3-methyl 2-butene nitrile 
occurs and is an interesting extension of Michael type 
reaction. 

(4) Michael type addition is also possible even with a, 
j3-unsaturated amides which is unusual. 

The main limitation of this method stems from the 
possibility of self-condensation of reagents (Reaction 
XI). 

,-- At A Ialdolisation 1 

R2 + 
R3v 

COR4 - A+ B (expected product 1 

B 

L B + B (self Michael con - 

densation 1 

carry out Michael type reactions under mild condi- Self condensation of one of the two starting reagents 
tions.384’ We report here a new procedure allowing usually predominates: 
direct Michael type addition of monoketones and aryl- (1) When A is an aldehyde, then the chief reaction is 
acetonitriles to unsaturated ketones, esters and even aldolisation (At A). 
amides. (2) When A gives an enolate more slowly than B, the 



Electmphile 

6 1 

0 

% 

I 

I 

/./J2E’ : 

F CHCN 

CN 
Ph- PhCOMa 

Activation of sificon-hydrogcn, siiicowhgen bonds 1005 

Tabk 7. Michael additions in presence of S~OEt)~‘/CsF or $i(OMe),~‘/CsF 

T 
F 

- 

&hoe1 donor 

PhCOMe ibf 6 

0 

6 
PhCH2 CN (0) I 25 

PhCOMe tb) 3 

Reaction conditions 

t(h) TYC) 

(01 6 25 

(b) 4 25 

ibf 3 80 

80 

(0) 2 loo 

Ph N 

x 
COzEt 

Me 

80 NC*ph 

Ph 

tb) I 90 

Reaction products y&d W.. 

& / 
0 

0 & / 

Ph 

0 

COzEt 

CN 

ml) 

so1 

(651 

(551 

(85 

(55 

(55 
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Table 7. Contd 

main reaction is the Michael ~ndensation product of bon eating: N, Ndi~kylen~ines are nuc~~p~c 
B(B + B). For example this occurs when A is t-butyl reagents and react with a large variety of electrophiies 
methyl ketone or diisobutylketone and B is ethyl cro- with C-C bond formation.” In contrast N, N- 
tonate or cyctohexene-Z-one (Reactions XII and XIII). bis(s~yI~namines do not react with electrophifes under 

fX 
Csf 

FH3 

11) 2 CH3 CH=CHcOpEt - 
Si (ORI 

CH$H=; _CH_CH2C02Et 

C?+Et 

‘: 
2 

b 
I 

CsF 

Si (OR16 

To explain the results, the following mechanism is 
proposed: the first step is nucleophilic activation of 
Si(OR), by the ftuoride to give a basic species able to 
promote et&ate formation. This enolate is silylated very 
quickly giving the corresponding silyl enol ether. The salt 
activated siIy1 enol ether promotes the 1,4-adduct from 
the a, &unsaturated compound. This adduct reacts in 
situ with the alcohol obtained during the formation of 
the silyl enoi ether (Scheme 2, step 2) to give the I, 
54iiunctional compound. We have checked that the 
hydrolysis is not necessary to give this 1, Sdiiunctional 
product. 

Actioation of silicon-nitrogen bond 
Synthetic uses of N, N-bis(sify&namirm Recently 

easy routes to synthesize N, N-bis(silyl)enamines have 
been reported.” They appear as a new functional group 
since they exhiiit diierent reactivity compared to car- 

usual reaction conditions.“” We have-extended to these 
compounds the activation by fluoride ions and we 
observe the formation of NC bonds(Scheme 3)” 

The reactions of enamine I with electrophpes lead to 
the C-N bond. In these reactions, with the exception of 
benzophenone, the co~~tion of the C-C bond is 
retained. Reactions of carbonyl compounds constitute a 
simple route to 2-aza-l , 3 dienes” which are synthons of 
(j-membered N-heterocycIes.= It is worth noting the 
reaction of I with chaicone giving the substituted pyri- 
dine II probably through cyclization of an intermediite 
azatriene: 

r Ph Ph-l 

I -.\//“I( 
K-+/N I 

L -1 



Activation of silicon-hydrogen, bonds 

- NHCOPh 

(E)_ 61 % 
I 

FCs PhCHO 

ph 
8O%(E:Z,62;38) 

FCs 
, ii.., ih$ 

I i_Pr CHO 
. . 

- N’SiMe 5G-r 
‘3 

(El 50 % 

tE)_ 29% IE)_ 23% 

N, Et 

Y 
E) 

30% 

scheme 3. IaKwideioo catalyz4!d rcdhll of @)-cH~HN(siiC~~ witb elcctrophiks 
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The formation of these heterodienes can be explained 
via a nucteophilic attack of the N atom in I on the CO 
group followed by a B-elimination of hexamethyl- 
disiloxane, which was identified in the reaction mixture 
(Reaction XIV). 

?,SiMe3 

(XIVt”“Y” N, SiMe~F- - 

Y I 
&N + lMeQil20 

The synthetic ~ssibiiities are illustrated by the reac- 
tions of functional bis(sily1) enamines III and IV (Reac- 
tions XV and XVI). 

ye2 

(XV) MeOCH = CHN!;,D 

t 
Me2 

Ph CHO 
0 MeOCH=CH-N=CHPh 

t 2 9% 

CH2CH = CHN 
lS’ 
‘St 
Me2 

IV 

ti PhCHO 0 
CH2CH=CH_N=CH~ 

50 % 

N, N-bis(silyl) enamines appear to react with carbonyl 
compounds as protected primary vinylamines providing 
an easy access to a variety of heterodienes. 

CONCLUSION 

Heterogeneous anionic activation of Si-H, Si-0 and 
SiiN bonds provides new possibilities in organic syn- 
thesis: selective reduction, extension of Michael type 
reaction to the case of fairly crowded ketones as well as 
extension to new acceptors (esters and amides) and ac- 
cess to unusual heterodienes. Furthermore the tech- 
niques required are very simple. This work is a con- 
tinuation of studies in the general area of anionic activa- 

tion of Si center.ld The activation is postulated to pro- 
ceed through a pentacoordinated Si intermediate and 
appears to open a large variety of possibilities for the use 
of Si in organic synthesis. 

Synfhesis of uf~xys~anes. All the alcoholysis reactions were 
carried out under N2. The following is given as an example: 
2.761 P$SiH2 (0.015 mot) and 3.56g m-cresol (0.030 mol) were 
added together witi3g of KSCN to the reaction Bask under NI. 
The temp was maintained at 180” by use of an oil bath. The 
mixture was stirred until the evolution of gas stopped (7 min). 
The salt was filtered off from the organic layer, and the latter was 
analysed by gas c~omato~aphy. Ph,Si(OCrk (m.p. 813 was 
recrystallized from pentane and identitied by its NMR and 1R 
spectra, and by elemental analysis. The yields were determined 
by GLC and were based upon reacted silane. 

Reduction of carbonyl compounds. All the reactions were 
carried out under N? and after hydrolysis (NaOMe/MeOH or 
HCl/Me&O), the alcohols obtained were purified by distillation 
or preparative layer c~omato~phy and ident~~ by ‘H-NMR, 
IR, mass s~c~omet~ and by comparison with authentic sam- 
ples. For instance, a mixture of ethyl dodecanoate (2.18g, 
10.0 mmol) and triethoxysilane (3.77 g, 23.0 mmol) was added to 
CsF (1.52 g, 10.0 mmol) under N2. The reaction was followed by 
IR spectroscopy. After 30 min at 60”, 12 N HCI (1 ml) in acetone 
(5 ml) was added. After 30 min. the mixture wan extracted with 
ether (2 x 150 ml). The combined extracts were dried with MgSO, 
and ether was removed using a rotatory evaporator. The residue 
was distilled in UUCKO to give ldodecanoi; yietd: 1.8 g (9&Z); b.p. 
ldS”C/l5 ton. The GLC retention time was identical with that of 
an authentic sample. 

Michael reaction procedure. The reaction of acetophenone 
with ethyl crotonate illustrates the standard procedure: to 2.75 g 
of CsF (0.0179moi) were added 2.14g acetophenone 
(O.O179mol), 2.11dg ethyl crotonate (O.Ol~mol) and 3.72~ 
tetr~lkoxysilane. The well stirred mixture was heated at 60” for 
3 hr and then poured into 20 ml 10% HCI. The product was 
extracted with ether and dried on MgSO, but, during the extrac- 
tion, filtration on Hytlo-supercel was always necessary. nte 
3-methyl S-phenyl S-oxo-ethyl pentanoate was isolated by dis- 
tillation (3.35 g, SG%, b.p. 14511 mm). 

Reuclions with N, N-bis(silyl)enamines. The reaction with 
benzaldehyde illustrates the standard procedure: to a mixture of 
6 g (3 x IO” mol) of (E~H~CH~HN~SiMe~k and 0.22 g (5%) of 
CsF in IOml of drv deaassed DMF (N. N~~e~vlfo~amide) 
was added 3.1 g (3 i IO-’ mol) of benialdehyde. The well stinei 
mixture was heated at 80” for 2 hr and then poured into 50 ml 
water. After extraction with ether and drying, the 2-az.a-1, 3. 
diene (3.5 g; 80%) was isolated by distillation (b.p. It@20 mm). 
IR (CCL& 1660, 1650cm ‘. NMR (CC&) &pm): 1.8 (3H, d, 
J=?Hz), 6.1 (IH, dq), 6.8 (IH, d, J= 14Hz), 7.5 (5H, m), 8.0 
(IN, s). 
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