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The copper(I) hydride [PhsPCuH]g is an efficient catalyst for
the alcoholysis of primary and secondary silanes. The reac-
tions proceed at room temperature within a few hours and
give the alkoxysilanes in high yields. Only with bulky alco-
hols or silanes are longer reaction times and/or increased
temperatures required. The presence of air accelerates the

reactions and gives rise to higher yields of alkoxysilanes, par-
ticularly with bulky alcohols. Diols react with PhRSiH, (R =
Me, Ph) to afford 1,3-dioxo-2-silacycloalkanes and with terti-
ary silanes to furnish the bissilylated diols. When unsaturated
alcohols (2-propen-1-ol or 2-propyn-1-ol) are employed, the
double or triple bond is retained.

Introduction

Alkoxysilanes are widely applied both in organic and inorganic
chemistry, e.g. as protective groups in organic synthesis and in sol-
gel preparations. They are usually prepared by reaction of chloro-
silanes with either alcohols or alkoxides. Since these reactions
either involve acidic (evolution of HCI) or basic conditions (alkox-
ide, or base as a HCl acceptor), alternative methods are sometimes
advantageous. A particulary mild method is the alcoholysis of hy-
drogen-substituted silanes, because only H; is formed as a by-prod-
uct. However, alcohols normally do not attack silanes in the ab-
sence of a catalyst, and most silanes undergo alcoholysis only in
the presence of either strongly nucleophilic or electrophilic cata-
lysts. Only a limited number of transition-metal complexes have
been reported as homogeneous catalysts for the alcoholysis of
hydrosilanes!! “11 (eq. 1).

xR’OH + R,_,SiH, — R,_,Si(OR"), + x H, (1)

Only few of them can be used efficiently at room temperaturef*~7]
and most are not active with trialkylsilanest!l. For instance, among
the more active catalysts the Wilkinson’s catalyst, RIi(PPh;),Cl,
only dehydrocondenses Et;SiH and alcohols in refluxing ben-
zenel® 1Y, and Cp,TiCly/n-BuLil'? only transforms di- and trihyd-
rosilanes into alkoxysilanes. The more reactive catalysts
Coy(COYM, [IrCI{CeH 14)-],PL and cis-PtCly(PhC=CH,),!'¥ all ca-
talyze alkene hydrosilation or hydrogenation, and therefore unsatu-
rated alcohols cannot be employed. Crabtree’s catalyst, [IrH,-
(THF),(PPh;);]SbF,[ does not show these problems, but rates are
modest, and the activity declines drastically with the elongation
and branching of the alkyl group in the alcohol.

We now report that the readily available copper hydride complex
[PhsPCuH]'4) is a very reactive catalyst for the alcoholysis of
hydrosilanes under mild reaction conditions. It provides silyl ethers
in generally high yields and also with unsaturated alcohols.

Results and Discussion

The reactions of selected secondary and tertiary silanes with rep-
resentative monofunctional alcohols (methanol, ethanol, isopro-
panol, tert-butanol) and phenol in the presence of [Ph;PCuH]g are
summarized in Table 1.

When the silane was added to a mixture of [PhyPCuH] (0.4 mol-
%) and an alcohol in benzene at room temperature, vigorous evo-
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lution of hydrogen occurred. The reactions in the presence of air
were much faster than under argon. The rate of the alcoholysis
depends on the type of the silane. Tertiary silanes containing at
least one phenyl substituent reacted with methanol and ethanol in
less than 1 h at room temperature. Reactions with isopropanol,
tert-butyl alcohol and phenol also gave good conversions of the
starting silane but required longer reaction times and/or heating to
40°C. Although the rate of the reaction of triethylsilane with al-
cohols was the lowest, the isolated yields (between 80 and 90%)
were comparable to those of the reactions of aryl-substituted sil-
anes. Under argon the reactions with Et;SiH did not go to com-
pletion after 48 h. The reactivity decreases in the sequence

Me,PhSiH > Ph,MeSiH > Ph,SiH > Et;SiH .

A study of the effect of the kind of the alcohol on the reactivity
showed, as expected, that primary alcohols are most reactive, and
secondary alcohols react faster than tertiary ones. It is worth not-
ing that alcoholysis proceeds with sufficient yields and reaction
rates even if both the alcohol (for instance tBuOH) and the silane
(for instance Et;SiH) are not very reactive. The observation that
EtOH is more reactive than MeOH is unexpected and unpre-
cedented, since all known catalysts show the greatest activity
towards methanol.

The reaction rates decrease both in the absence and in the pres-
ence of air in the order

EtOH > MeOH > iPrOH > rBuOH =~ PhOH .

Secondary silanes reacted with alcohols by conversion of both
Si—H bonds to Si—OR groups to afford overall yields ranging from
50 to 88% (Table 1). In addition, there was a residue upon distil-
lation which shows only aromatic and aliphatic resonances in the
'"H-NMR spectrum indicative of polysiloxanes. Ph,SiH, was more
reactive than PhMeSiH,; the reactivity of the alcohols decreased in
the same order as for the tertiary silanes.

Reactions of equimolar amounts of tertiary silanes with diols
yielded the bissilylated diols as expected; only the reaction of

RPhSiH, + HO(CH,),0H

R = Ph, Me
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Table 1. Reaction times, isolated yields and 'H-NMR-spectroscopic

data (CDCl,) for the alkoxysilanes
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Table 1 (Continued)

Alkoxysilane

Isolated
Yieids (%)"

Reaction
Yime (h)*

*H-NMR (CDCL)(5)®

Ph,Si(OPh),
PhMeSi(OPh),

3,5 78
5 51

7.01-7.24 (m, 10 H, Ph)
0.99 (s, 3 H, CH)

Ph,SiO(CH,),0H

PhMeSiO(CH,),05MePh;

Me,PhSIO(CH.).0SiMe-Ph

E1:5i10({CH,),0SiEts

5 96

3,02 (s, br, OH)
3.76 (t, 2H, CHz)
3.98 (t, 2H, CHy)
1.00 (s, 6 H, CHy)
420 (t, 4H, CHy)
0.59 (s, 12 H, CHa)
3.88(t, 4H, CHy)
0.59 (9, 12 H, CHy)
0.92 (t, 18 H, CHy)
362 (t, 4H, CHy)

Ph,SiO(CH_;),0SiPh,

PhMeSiO(CH;)s0 SiMePh,

MezPhSiO(CH,):0SiMe.Ph

Et;SiO(CH);0SiEty

Phe_ -Ph
Ssi
0o

M ~Pn
a\,SL

1.89 (m, 2 H, CHy)
3.88 (t 4 H, CHy)
0.90 (s, 6 H, CHs)
211 (m, 2 H, CHy)
4.15(t, 4 H, CHy)
0.59 (s, 12 H, CHy)
1.97 (m, 2 H, CHy)
3.94 (t, 4 H, CHy)
0.51(q, 12 H, CH)
0.87 (t, 18 H, CH3)
1.57 (m, 2 H, CHy)
3.83 (t, 4 H, CHy)

1.83(m, 2H, CHy)
3.92(m, 4 H, CHy)

0.43 (s, 3 H, CHy)
1.87 (m, 2 H, CHz)
4.05 (M4 H, CHy)

Ph,SiO(CH,)s0SiPhs

PhMeSiO(CH;)sOSiMePh;

Me,PhSiO(CH,)sOSiMe:Ph

Et;SiO(CH;)sOSIEt

1,83 (M, 2 H, CHy)
1.97 (m, 4 H, CHy)
424 (1, 4H, CH,)
1.00 (s, 6 H, CHs)
1.82 (M, 2 H, CHy)
1.92 (m, 4 H, CHy)
4.06 (t, 4H, CH,)
0.61 (s, 12 H, CHy)
1.62 (m, 2 H, CHy)
1.76 (m, 4 H, CH,)
3.82 (1, 4 H, CH,)
0.56 (q. 12 H, CHy)
0.91 (t, 18 H, CHy)
1.36 (m, 2 H, CHy)
1.54 (M, 4 H, CHy)
3.55 (t 4 H, CH,)

Alkoxysilane Reaction isolated  'H-NMR (CDCh)(5)®
Time (h)*  Yields (%)*
Ph,SiOMe 5.5 (24) 80(82)  3.65(s, 3 H,GHy)
PhMeSiOMe 47 75(60)  0.69 (s, 6 H, CHy)
3.59 (s, 3 H, CHa)
Me,PhSiOMe 0.5-0.75 (1) 51(75)  0.53(s, 6 H, CHy)
3.57 (s, 3 H, CHg)
Et,SiOMe 24 () 73(40)  0.60(q, 6 H, CHy)
0.95 (t, 9 H. GHy)
3.44(s, 3H, CHy)
Ph,SiOEt 5(24) 66 (60)  1.30(t, 3 H, CHy)
3.93(q, 2 H.CHy)
Ph,MeSiOEt 2(5) 70(67) 067 (s, 3H, CHy)
1.21 (4, 3 H, CHa)
3.79(q, 2H, CHy)
Me:PhSiOEt 0.75(1) 48(59)  0.57 (s, 6 H, CHy)
1.37 (t,3 H, CHy)
3.86 (g, 2 H, CH,)
Et,SiOEt 24" 73(39)  0.70(g. 6 H, CH,)
1.07 (t, 9 H, CHy)
1.29 (t, 3 H, CHs)
3.78 (q, 2 H, CHy)
3.87 (q, 4 H, CHy)
Ph,SiOPr 6.5 (24) 74(60)  1.24{d, 6 H, CHy)
4.24 (sept, 1H, CH)
PhMeSiOPr 2(6) 72(67) 067 (s, 3H, CHy)
1.18 (d, 6 H, CHs)
414 (sept, 1 H, CH)
Me,PhSiOPr 1.75 (24) 55(58)  0.57 (5. 6 H, CHy)
1.32 (d, 6 H, CHy)
4.18 (sept. 1 H, CH)
Et,SiOPr 249 70(37)  0.72(q, 6 H, CHy)
1.12 (t, 9 H, CHy)
1.30 (d, 6 H, CHy)
3,79 (sept, 1 H, CH)
Ph,SiOfBu°® 24 (24) 40(74)  1.18(s, 9 H, CHy)
Ph:MeSiOfBu°® 24 (24) 69(63)  0.62(s,3H, CHy)
1.29 (s, 9 H, CHy)
Me,PhSiOfBu°® 24 (24) 40(55)  0.66 (s, 6 H, CHy)
1.56 (s, 9 H, CHy)
Et,SiOfBu°® 24 %) 77(30)  0.58(q, 6 H, CHy)
0.99 (t, 9 H, CH3)
1.73 (s, 9 H, CHy)
PhySiIOPRC 24 (24) 50 (30)  6.87-7.78 (m, 20 H, Ph)
Ph;MeSiOPh® 24 (24) 70(76)  0.77 (s, 3H, CHy)
MePhSiOPh® 24 (24) 68(88)  0.75(s, 6 H, CHy)
Et,SiOPh° 249 83(31) 0.92(q,6H,CHy)
1.31 (t, 9 H, CHy)
Ph,Si(OMe): 15 76 3.54 (s, 6 H, CHy)
PhMeSi(OMe), 45 83 0.47 (s, 3H, CHy)
3.66 (s, 6 H, GHy)
Ph,SI(OEY); 25 64 1.24 (t, 6 H, CHy)
3.87 (1. 4 H, CHy)
PhMeSi(OEY); 35 88 0.47 (s, 3 H, CHy)
1.32 (¢, 3 H, CHy)
3.94 (q, 2 H, CHy)
Ph,Si(O/Pr), 25 74 1.25(d. 12 H, CHy)
4.31(h, 2 H, CH)
PhMeSi(QiPr); 4.5 88 0.49 (s, 3 H, CHy)
1.33(d, 12 H, CHy)
4.32 (sept, 2H, CH)
Ph.Si(OfBu), 4 79 1.25 (s, 18 H, CHy)
PhMeSi(O1Bu), 6 60 0.62 (s, 3 H, CHy)

1.48 (s, 18 H, CHy)

H,C=CHCH.0SiPh,

H,C=CHCH,0SiPh,Me

H,C=CHCH,OSiMe;Ph

4.47 (d, 2 H, CH,)
522(d, 1H)

547 (d, 1 H)

6.06 (m, 1 H)
0.99 (s, 3 H, CHy)
4,57 (d, 2 H, CHy)
542 (d, 1 H)

565 (d, 1 H)

6.26 (M, 1 H)
0.60 (s, 3 H, CHy)
4.33(d, 2 H, CHy)
5.28 (d, 1H)

547 (d, 1 H)

6.1 (M, 1H)
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Table 1 (Continued)

Isolated  'H-NMR (CDCly)(5)°

Yields (%)"

Reaction
Time ()"

Alkoxysilane

H,C=CHCH,0SiEt, 4 84 0.64 (q, 6 H, CHy)
0.96 (t, 9 H, CHa)
417 (d, 2 H, CHy)
5.07 (d, 1 H)
5.39 (d, 1 H)

6.25 (m, 1 H)
252(t, 1H, CH)
464 (d, 2 H, CHy)
0.99 (s, 3 H, CHy)
260 1H, CH)
4.60 (d, 2 H, CHy)
0.59 (g, 6 H, CHy)
2.50 (t, 1 H, CH)
4.38 (d, 2 H, CHy)
0.85 (q, 8 H, CHy)
0.97 (t, 9 H, CHy)
2.45(t, 1H, CH)
4.27 (d, 2 H, CHy)

HC=CCH,0SiPh, 4 67

HC=CCH,08iPh,Me 4 73

HC=CCH,0SiMe;Ph 4 71

HC=CCH,0SiEty 4 65

A The values in brackets are the reaction times and yields, if the
reactions are run under an atmosphere of argon instead of air. —
B The phenyl resonances are omitted. They are observed in the
usual range and with the correct intensity. — ¢ 40°C. — P Reaction
did not go to completion within 48 h.

Ph;SiH with 1,2-ethanediol resulted in the mono-silylated product
(Table 1). The reaction of secondary silanes with 1,3-propanediol
furnished 1,3-dioxo-2-silacyclohexane (eq 2).

The copper(I) hydride cluster is an efficient and convenient re-
agent for the regiospecific and stereoselective conjugate hydride re-
duction of o,B-unsaturated carbonyl compounds in high yields!'*l.
This reaction is general for o, p-unsaturated ketones and esters. The
copper hydride hexamer is completely inert towards unactivated
alkenes. Isolated double bonds, carbonyl goups, and a variety of
oxygenated functionalities are not reduced. Therefore, a hydroxy
group can be silylated by using this complex as catalyst when an-
other reactive functional group is present in the same molecule.
Silyl ethers were obtained by the reaction of 2-propen-1-ol and 2-
propyn-1-ol with tertiary silanes without detectible formation of
byproducts, resulting from the hydrosilylation or hydrogenation of
the C=C andc C=C bond (Table 1). In the case of 2-propyn-i-ol
the reaction did not go to completion within 4 hours; a small
amount of the starting silane was recovered and removed by distil-
lation.

Conclusion
This study shows that [Ph;PCuH]¢ is a very efficient and highly
selective catalyst for the silane alcoholysis.

o The copper hydride cluster is easily accessible.
o This catalyst dehydrogenatively couples even tertiary alcohols
with the less reactive triethylsilane under mild conditions.
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e Catalytic alcohol O-silylation occurs in the presence of compet-
ing C=C and C=C bonds without hydrogenation or hydrosily-
lation.

This work was supported by the Fonds zur Forderung der wissen-
schaftlichen Forschung (FWF), Vienna. We thank the Wacker-
Chemie GmbH for gifts of silanes.

Experimental

All reactions were performed by standard Schlenk tube tech-
niques. — NMR: Bruker AC 250. — IR: Perkin-Elmer 1310. — The
following compounds were prepared by standard procedures from
the corresponding chlorosilanes and LiAlH,: Me,PhSiH!'7, Et,-
SiH!'®], Ph,SiH,!'¥), PhMeSiH, "%l The alcohols were dried by dis-
tillation from sodium, or from magnesium in the case of methanol.
[PhsPCuH]¢ was prepared by a literature procedure!'*!.

General Procedure for the Reaction of Silanes with Alkohols: The
silane R;3SiH or R,SiH; (25.5 mmol, or 51.0 mmol R;SiH in the
reaction with diols) was added to a benzene solution (10 ml) con-
taining the alcohol R'OH (25.5 mmol) (or 51.0 mmol for the sec-
ondary silanes) and [Ph;PCuH]s (0.102 mmol). Gas evolution from
the red solution started immediately; reactions with MeOH were
noticeably exothermic. When the reactions were performed in the
presence of air, the Schlenk tube was opened to the atmosphere
after silane addition. The reactions were monitored by IR; com-
plete disappearence of the Si—H absorption showed the end of the
reaction. Petroleum ether (boiling range 30—40°C) was then added
to the solution to precipitate the catalyst. Filtration, removal of the
solvent and distillation or crystallization of the residue gave the
alkoxysilanes. The products were characterized by 'H NMR (Table
1). Their identity was established by their physical properties and
spectroscopic data.
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