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Silyl ether is an important protecting group for the hydroxyl
functionality in a multi-step organic synthesis' and silyl ethers
are generally prepared by reacting an alcohol and a chlorosilane
using a base such as pyridine in stoichiometric quantity. The major
disadvantages of this method are: (a) it involves an unwanted side
reaction of an acid and a base producing salt as an effluent in stoi-
chiometric quantity and (b) chlorosilanes are highly moisture sen-
sitive and corrosive reagents and are not convenient for handling
and storage.

An attractive ‘green’ approach for the preparation of silyl ethers
is by catalytic O-silylation of alcohols using hydrosilanes (R3SiH,
R = alkyl or aryl), which are stable, non-corrosive and convenient
for handling and storage. In this reaction, hydrogen is the only side
product and no effluent is produced. This dehydrogenative O-sily-
lation reaction has been extensively studied in literature using a
variety of metal catalysts such as [Rh(diphos]ClO4? Rh(II) carbox-
ylates,® anchored Rh(I) catalyst,* alumina-supported gold nanopar-
ticles,> colloidal palladium nanoparticles,® Rey(CO);2,” Grubbs’
catalyst [Cl,(PCy3),Ru =CHPh],? iridium complexes,’

Cu(l) complexes,'® [RuCl(p-cymene)],'" and (Ru/AIO(OH).'?
Most of these methods found limited practical utility as the cata-
lysts are either highly expensive or not readily accessible commer-
cially or involve a complex procedure for preparation. Hence,
development of a simple and efficient method for the synthesis
of silyl ethers from alcohols using hydrosilanes is highly desired.

In our recent study,'> we found that hydrosilanes undergo cat-
alytic air oxidation to symmetrical disiloxanes in the presence of a
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Lewis acid such as InBrs and in this process, hydrogen is evolved as
a side product as shown in Scheme 1.

In the light of this observation, we envisaged that hydrosilane
could possibly react with a protic substrate such as an alcohol or
phenol in the presence of InBrs as a catalyst under oxygen-free
conditions to produce silyl ether. Since studies on O-silylation of
alcohols with hydrosilanes using Lewis acids such as InBrs are so
far not known in the literature, we have investigated the formation
of silyl ethers by reaction of a hydrosilane with an alcohol using
Lewis acid as a catalyst. Herein we report for the first time an effi-
cient method for the O-silylation of alcohols, phenols and oximes
with hydrosilanes using InBr; as a catalyst as shown in Scheme 2.

Lewis acid

R4, H,1Si-O-SiH, R, +HT
air. THE 1t 4-nHn-] n-184-n 2

85-99% (with InBr3)

Ry, SiH,
R= alkyl, aryl, alkynyl

Scheme 1. Lewis acid catalyzed air oxidation of hydrosilanes to symmetrical
disiloxanes.
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Scheme 2. InBrj catalyzed O-silylation of an alcohol with a hydrosilane.
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Table 1
Lewis acid catalyzed O-silylation of menthol with triethylsilane
Et;SiH
Lewis acid +
OH solvent, Ar OSiEts + H
reflux
Entry Catalyst® Solvent Reaction time (h)  Yield” (%)
1 InBrs Toluene 2 80
2¢ InBrs Toluene 2 N.R
3 InBrs Tetrahydrofuran 12 60
4 InBrs Acetonitrile 24 24
5 InBrs Dichloromethane 16 N.R.
6 InBrs 1,2-Dichloroethane 16 N.R.
7 InBr3 Diethyl ether 16 N.R.
8 InCl5 Toluene 24 30
9 In(OTf); Toluene 16 N.R
10 ZnCl, Toluene 16 N.R.
11 Gd(OTf)s Toluene 24 10
12 Yt(OTf)s Toluene 24 5
13 Fe(BF4)3.H,O  Toluene 24 10
14 SbCls Toluene 24 22
15 CuCl,-2H,0 Toluene 24 28
16 BF3-Et,0 Toluene 16 N.R.
17 FeCl3 Toluene 16 N.R.
18 AlCl3 Toluene 16 N.R.
19 NbCls Toluene 16 N.R.
20 Sc(OTf)s Toluene 16 N.R.
21 I, Toluene 16 N.R.
¢ 5mol %.

b Isolated yields.

¢ In the presence of radical scavenger (20 mol % benzophenone).
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In our preliminary experiments, we have studied the reaction of
triethylsilane and (—)-menthol under argon atmosphere using
InBrs as a catalyst under reflux in tetrahydrofuran and obtained
corresponding silyl ether in 60% yield along with dimenthyl ether
as a side reaction product in 10% yield in 12 h. This reaction has
been studied also in other aprotic solvents such as toluene, aceto-
nitrile, dichloromethane, 1,2-dichloroethane and diethyl ether
under reflux condition and obtained silyl ether selectively in good
yields (80%) in 2 h using toluene as a solvent. We have also studied
this reaction using Lewis acids such as InCls;, ZnCl,, Gd(OTf)s,
Y(OTf)3, Fe(BF4)3~H20, SC(OTf)3, SbCl3, Cuclz‘szo, BF5-Et,0, Fecl3,
AlCl3, NbCl5 and I, under reflux in toluene and found these cata-
lysts to be not as effective as InBrs in promoting the O-silylation
of menthol with triethylsilane and the results are shown in Table 1.

Next, we reacted triethylsilane with a variety of alcohols, phe-
nols and oximes using InBrs; as a catalyst by refluxing in toluene
under argon atmosphere to obtain corresponding silyl ethers in
70-95% yields'* and the representative results are shown in Table
1. In this study, however, tertiary alcohols such as t-butanol (entry
6, Table 2) and 1-methyl cyclohexanol (entry 7, Table 2) could not
react with triethylsilane under the reaction conditions. A variety of
bulky hydrosilanes such as PhsSiH, (i-Pr);SiH, (n-Oct);SiH, Et;(Me)-
SiH, Me,(Et)SiH and (n-Pr)sSiH were also found to give silyl ethers
with phenol (entries 19-22) in high yields (>83%) and the results
are shown in Table 2.

The mechanism of the present reaction is not clear. In our
earlier work (Scheme 1), we found hydrosilanes to undergo
efficient dehydrogenative air oxidation in the presence of a Lewis
acid as a catalyst, producing symmetrical disiloxanes in high

Table 2
InBr3 catalyzed O-silylation of alcohols, phenols and oximes with a hydrosilane
RI
5\, InBr; .
ROH + R“;SI—H oo™ ROSIRy + HZT

R’ reflux
Entry R-OH Hydrosilane Product Reaction time (h) Yield (%)?
1 Ph "oH EtSiH PhN"0sEt, 25 76
2 Ph " OH EtsSiH Ph” " 0sEt, 20 80
3 Z>"0H Et;SiH Z"0siEt, 20 85

OH OSiEt,
4 < S < Et5SiH 2.0 80
5 ;f OH Et3SiH OSiEt3 2.0 82
6 %—OH Et;SiH NR. 15.0 N.R.
7 OT EtSiH N.R 15.0 N.R
OH
8 O,N —QOH EtsSiH O,N OOSiEta 1.0 90
9 OOH Et3SiH OOSiEta 2.0 86
OH OSiEt,
10 Et,SiH 15 85
OH OSiEt,

11 /O\©/O\ Et,SiH /O\©/O\ 25 68
12 BrOOH Et3SiH Br4<j>*OSiEt3 2.5 82

(continued on next page)
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Table 2 (continued)
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Entry R-OH Hydrosilane Product Reaction time (h) Yield (%)?
N—OH N—OSiEt,
13 ph—¢ Et3SiH ph~< 1.5 92
NN . AN .
14 Ph NOH Et3SiH Ph NOSIEt, 2.5 76
15 MeOOCH=NOH Et3SiH MeO«i}CH=NOSiEt3 2.0 85
[\ . [\
16 Q\CH=NOH Et;SiH Q\CH:NOSiEta 2.0 85
17 <:>:NOH EtsSiH <:>:NOSiEt3 2.0 82
18 PhOH Et3SiH PhOSiEts 15 90
19 PhOH Ph3SiH PhOSiPh; 1.0 83
20 PhOH (i-Pr);SiH PhOSi(i-Pr)s 1.5 86
21 PhOH (n-Oct)sSiH PhOSi(n-Oct)s 2.0 85
22 PhOH Ety(Me)SiH PhOSi(Me)Et, 1.0 92
23 ~~OH Et;SiH A~OSiPh, 25 82
24 —~OH Et;SiH 2~OSiPh, 25 80

2 Isolated yields. All products gave satisfactory 'H and '*C NMR, IR and mass spectral data.

H

—

[InBr;] "~ [RsSiHI™ RySit  [MBrs]
. InBr
InBr- R;SiH .. 3 .
3 3 R3Si H, o
H H, RO R' OH
RO-SiR3 R'O-OR'
R3Si’

Scheme 3. Plausible mechanism for formation of a silyl ether.

yields. Earlier to this observation, Berberova'® observed the forma-
tion of symmetrical disiloxane with evolution of hydrogen from
electrochemical oxidation of a hydrosilane. In this reaction, hyd-
rosilane radical cation [R3SiH™] is produced in the initial step,
which eventually splits into silyl cation [RsSi*] and hydrogen [H']
and reacts with air to form disiloxane. Since Lewis acids (metal ha-
lides) are known to induce single electron oxidations reactions,'®
we believe that air oxidation of hydrosilane to siloxane involves
SET pathway as the initial step of the process (Scheme 1) and a
similar mechanism is possibly operative also in the present dehy-
drogenative O-silylation reaction. In our study, radical scavenger
(benzophenone) completely inhibited O-silylation of menthol with
triethylsilane under InBr; catalysis(entry 2, Table 1), which asserts
that the present reaction proceeds through a radical mechanism
and here, we consider that the initial SET process between InBr3
and RsSiH possibly helps the splitting of R3SiH into R3Si- and H- rad-
icals, which react with alcohol forming silyl ether and hydrogen as
shown in Scheme 3.

In conclusion, we have shown an unprecedented and efficient
method for silylation of primary and secondary alcohols, phenols
and oximes with hydrosilanes using InBrs as a catalyst under reflux
in toluene. In this method, bulky hydrosilanes also gave silyl ethers
in excellent yields.
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