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Silica triflate was easily prepared via reaction of silica gel and trifluoromethane
sulfonyl chloride at room temperature. This compound can be employed as an effi-
cient and reusable reagent for the chemoselective silylation of alcohols and phenols
in solution and under solvent-free conditions. This reagent also effectively catalyzed
the deprotection of silyl ethers in refluxing methanol.

Keywords Alcohols; phenols; silica gel; silica triflate; trimethylsilylation

INTRODUCTION

The selective introduction and removal of protecting groups is of great
significance in the synthesis of complex organic molecules. The hy-
droxy group of alcohols and phenols is one of the most versatile func-
tional groups, and its controlled manipulation is of practical value in
organic synthesis. The protection of this functionality by conversion
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Chemoselective Silylation of Alcohols 169

to the corresponding trimethylsilyl ethers is a common practice. Sev-
eral reagents and methods are available for this purpose,1−5 one of
them, hexamethyldisilazane (HMDS), a cheap and commercially avail-
able reagent,6,7 has attracted the attention of organic chemists. Because
of the low silylating power of HMDS, a variety of catalysts have been
reported for the activation of this reagent.8−12 Although the activity
of HMDS has been increased drastically using these catalysts, usually
low selectivity, forceful conditions and long reaction times have been
observed in many of these reports.

In recent years, the interest of our research group was focused on
the development of applications of silica gel and its new derivatives in
organic chemistry. In the course of our studies we have reported that
these reagents can be used efficiently in many organic reactions.[13−17]

In continuation of these studies we have found that trifluoromethane
sulfonyl chloride reacts with silica gel to give silica triflate (SiOTf) (1)
as a white, stable powder (Scheme 1).

SCHEME 1

We anticipated, that SiOTf would be more efficient for running re-
actions under mild conditions, as compared to most of the reported tri-
flates. Therefore, we were interested in using SiOTf for the promotion of
trimethylsilylation of alcohols and phenols with hexamethyldisilazane
in solution and under solvent-free conditions (Scheme 2).

SCHEME 2

Different types of alcohols were subjected to trimethylsilylation us-
ing this method in refluxing n-hexane and under completely heteroge-
neous reaction conditions (Table I). Trimethylsilylation of benzylic al-
cohols including derivatives with acid sensitive and electron-donating
or -withdrawing groups proceeded efficiently with high isolated yields
(Table I). Primary and secondary aliphatic alcohols were successfully
converted to the corresponding silyl ethers in almost quantitative
yields. Cinnamyl alcohol was converted to the corresponding silyl ether
in high yields; the carbon-carbon double bond remained intact during
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170 F. Shirini et al.

TABLE I Trimethylsilylation of Hydroxy Groups Catalyzed by
Silica Triflate a

Silylation in
n-hexane

Solvent-free
silylation

Substrate Product
Time
(min) Yield (%)b

Time
(min) Yield (%)b

8 85 2 90

6 82 2 85

4 90 2 92

15 90 3 95

6 85 2 90

5 85 2 92

5 90 2 90

7 85 2 95

5 90 2 87

12 85 3 90

8 80 2 85

8 85 2 90

10 90 3 95

12 85 41 90

(Continued on next page)
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Chemoselective Silylation of Alcohols 171

TABLE I Trimethylsilylation of Hydroxy Groups Catalyzed by
Silica Triflate a (Continued)

Silylation in
n-hexane

Solvent-free
silylation

Substrate Product
Time
(min) Yield (%)b

Time
(min) Yield (%)b

12 90 3 85

8 90 2 95

8 85 2 90

30 0 c 30 0 c

30 0 c 30 0 c

30 0 c 30 0 c

30 0 c 30 0 c

50 0 c 0 0 c

15 0 c,d —

15 0 c,e —

15 0 c, f —

aProducts were characterized by comparison of their physical constants with
those of authentic samples as well as by IR and 1H NMR spectroscopy; bisolated
yields; cthe starting material was recovered intact; dreaction was performed in
the presence of silica gel; ereaction was performed in the presence of
trifluoromethanesulfonyl chloride; and f reaction was performed in the presence
of a mixture of trifluoromethanesulfonyl chloride and silica gel.

the course of the reaction. Phenols also easily undergo silylation using
this method and the corresponding silyl ethers were isolated in good to
high yields (Table I). As shown in Table I, tertiary alcohols, amines, and
thiols are resistant to this reagent and do not react. Thus, this method-
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172 F. Shirini et al.

ology shows selectivity and is suitable for the selective trimethylsilyla-
tion of benzylic, primary, and secondary aliphatic alcohols and phenols
in the presence of amines, thiols, and tertiary alcohols. This is exem-
plified by the competitive reactions between 4-chlorobenzyl alcohol and
4-bromoaniline and between 3-phenyl-1-propanol and pyridine-2-thiol
(Schemes 3 and 4).

SCHEME 3

SCHEME 4

In order to compare these results with those obtained under solvent-
free conditions, we studied the silylation reactions in the absence of a
solvent. As shown in Table I, there are appreciable differences between
the results obtained in solution and those under solvent-free conditions.
Omitting the solvent, in addition to a simple work-up procedure, the
reaction time was reduced.

In order to show the efficiency of the present method, Table II
compares some of our results with some of those reported in the
literature.18,19 Deprotection of trimethylsilyl ethers to their parent hy-
droxyl compounds under mild conditions is a useful achievement in
organic synthesis, and a wide variety of methods and catalysts have
been already reported for this transformation.20−25 However, some of
the reported methods suffer from one or more disadvantages, such as
the need to use acidic or basic reagents, long reaction times, low yields
of the products, high cost or toxicity of the reagents, and a tedious
work-up. Therefore, the introduction of a milder, more selective and
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Chemoselective Silylation of Alcohols 173

TABLE II Comparison of Some of the Results Obtained
by the Silylation of Alcohols with HMDS in the presence
of Silica Triflate (1), with those obtaining using LiClO4

(2), 18 and silica chloride (3) 19

Time (min)/Yield (%)

Substrate 1 2 3

4-ClC6H4CH2OH 2/85 1.8/67 30/92
4-MeOC6H4CH2OH 2/95 1.3/69 30/80
PhCH CHCH2OH 3/85 1/70 18/70

heterogeneous reagent for such functional group transformations is of
practical importance and still in demand.

Our studies revealed that silica triflate can also be used as an efficient
reagent for the conversion of trimethylsilyl ethers to the correspond-
ing alcohols in refluxing methanol. All reactions were performed under
completely heterogeneous reaction conditions and resulted in good to
high yields (Scheme 5, Table III).

SCHEME 5

We have found that silica triflate is a reusable catalyst and even
after five runs for the silylation of alcohols and phenols and for the
deprotection of trimethylsilyl ethers, the catalytic activity of the reagent
was almost the same as compared to that of the freshly used catalyst.
The same IR spectra of the reagent were obtained before and after its
use in the reactions, which demonstrates the stability of its composition.

It should be noted that the silylation and desilylation reactions did
not proceed using silica gel and trifluoromethanesulfonyl chloride alone
or by the separate addition of these reagents to the reaction mixture
(Table I).

In conclusion, in this article we have reported the preparation of silica
triflate as a new and stable silica-based reagent, and its application
in efficient trimethylsilylation of alcohols and phenols, as well as in
the deprotection of silyl ethers. Short reaction times, reusability of the
reagent, high yields of the products, easy work-up, and chemoselectivity
are important advantages of this method, which make this procedure
a useful and attractive addition to the currently available methods.
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174 F. Shirini et al.

TABLE III Deprotection of Trimethylsilyl Ethersa

Substrate Product Time (min) Yield (%)b

4 95

4 90

3 92

5 90

5 95

4 90

4 95

3 90

3 95

8 90

2 85

4 90

4 95

4 90

4 85

4 90

3 95

aProducts were characterized by comparison of their physical constants with those
of authentic samples as well as by IR and 1H NMR spectroscopy; andbisolated yields.
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Chemoselective Silylation of Alcohols 175

EXPERIMENTAL

Chemicals were purchased from Fluka, Merck, and Aldrich. Products
were characterized by comparison of their physical constants with those
of authentic samples, as well as by IR and 1H NMR spectroscopy.

Preparation of Silica Triflate

A 500 mL suction flask, charged with 18.0 g silica gel (type 60, 15–
40 µm), was equipped with a constant pressure dropping funnel con-
taining trifluoromethane sulfonyl chloride (8.4 g, 0.05 mol) and a gas
inlet tube for conducting HCl gas over an adsorbing solution i.e. water.
Trifluoromethane sulfonyl chloride was added dropwise over a period
of 30 min and the reaction mixture was stirred slowly at room temper-
ature for 30 min. The mixture was then heated to 60◦C for 1 h while
stirring to remove all HCl. The resulting product was washed with 50
mL of dry CH2Cl2 and dried under vacuum. Silica triflate was obtained
as a white solid (20.38–20.6 g), which was stored in a capped bottle. In
order to determine the amount of the active triflate in the reagent, the
produced HCl from the above reaction was titrated with 0.1 M NaOH.
The result from several runs showed the formation of 0.018–0.020 mol
of HCl; therefore, the amount of active triflate content was determined
to be 1 mmol per 1.04–1.08 g silica triflate; IR (KBr): 1255, 1230, 1130,
1010, 955, 820, 650, 530, 500 cm−1.

Trimethylsilylation in n-Hexane

A mixture of the substrate (1 mmol), HMDS (0.11 g, 0.7 mmol) and sil-
ica triflate (0.06 g) in n-hexane (4 mL) was stirred at reflux conditions.
The progress of the reaction was monitored by GC or TLC. After com-
pletion of the reaction the mixture was filtered through a silica gel pad.
The filter cake was washed with n-hexane (5 mL). From the combined
filtrates the solvent was evaporated to afford the silylated compound in
high purity. Further purification proceeded by bulb to bulb distillation
under reduced pressure, which afforded the desired silyl ether in good
to high yields.

Trimethylsilylation under Solvent-Free Conditions

A mixture of the substrate (1 mmol), HMDS (0.11 g, 0.7 mmol) and
silica triflate (0.06 g) was shaken at room temperature for the specified
time. The progress of the reaction was monitored by GC or TLC. After
completion of the reaction the mixture was triturated with n-hexane
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176 F. Shirini et al.

(10 mL) and then filtered. Evaporation of the solvent under reduced
pressure gave almost pure product. Further purification proceeded by
bulb to bulb distillation under reduced pressure, vacuum distillation or
recrystallization to afford pure silyl ether.

Deprotection of Trimethylsilyl Ethers

A mixture of the substrate (1 mmol) and silica triflate (0.06 g) in
methanol (4 mL) was stirred under reflux conditions. The progress of
the reaction was monitored by GC or TLC. After completion of the re-
action the mixture was filtered and the solid residue was washed with
methanol (3 mL). Evaporation of the solvent followed by column chro-
matography on silica gel (CCl4/Et2O: 4/1) gave the corresponding alco-
hols in good to high yields.
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