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GREEN AND EFFICIENT PROCEDURE FOR THE
TRIMETHYLSILYLATION OF HYDROXY GROUPS
AND THEIR REGENERATION USING SULFAMIC
ACID AS RECYCLABLE CATALYST

Amin Rostami, Firoz Ahmad-Jangi,
Mohammad Rezgar Zarebin, and Jamal Akradi
Department of Chemistry, Faculty of Science, University of Kurdistan,
Sanandaj, Iran

Structurally diverse alcohols and phenols were efficiently transformed into their

corresponding trimethylsilyl ethers with hexamethyldisilazane (HMDS) in the presence

of catalytic amounts of sulfamic acid (SA) at room temperature under both acetonitrile

and solvent-free conditions. Deprotection of these trimethylsilyl ethers to their parent

alcohols and phenols was also achieved using this catalyst in water at room temperature.

Keywords: Catalyst; detrimethylsilylation; hexamethyldisilazane; hydroxy groups; sulfamic acid;

trimethylsilyl ether

INTRODUCTION

Functional group manipulations through protection and deprotection
strategies are of interest in organic synthesis and widely used in the preparation of
multifunctional target molecules. Protection of hydroxy groups through the forma-
tion of silyl ethers has been extensively utilized in organic synthesis.[1] There are
several methods available for the silylation of the hydroxy group.[2] 1,1,1,3,3,3-
Hexamethyldisilazane (HMDS) is a stable, cheap, and commercially available com-
pound, which can be used for the preparation of trimethylsilyl (TMS) ethers from
hydroxy compounds, giving ammonia as the only by-product. Even though the
handling of this reagent is easy, its main drawback is its poor silylating ability, force-
ful conditions, and the long reaction time required.[3] Therefore, for the activation of
HMDS, a variety of catalysts have been reported.[4–12] However, some of the
reported methods suffer from one or more of the following disadvantages, such as
expensive catalysts, hygroscopicity, and thermal instability of the catalysts, drastic
reaction conditions, tedious workup, and formation of by-products. The main dis-
advantage of most of the existing methods is that the catalysts are destroyed in
the work-up procedure and cannot be recovered or reused.
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Like protection, deprotection of the trimethylsilyl ethers constitutes an important
process in the synthetic chemistry of polyfunctional molecules including the total syn-
thesis of natural products. Although several methods have been reported for the depro-
tection of trimethylsilyl ethers,[13–17] few of these catalysts can do both protection and
deprotection of alcohols and phenols as trimethylsilyl ethers. Therefore, there is still a
demand to develop new, mild, and ecofriendly catalysts for the trimethylsilylation of
hydroxy groups and their regeneration in the presence of benchtop catalysts.

Although there is considerable interest in the use of solid acids as hetero-
geneous catalysts in organic synthesis,[18] most of the used solid acid catalysts
contain metal and are not green; therefore environmental pollution has limited their
practical usage on a large scale, and they should be replaced by suitable catalysts.

RESULTS AND DISCUSSION

Sulfamic acid (SA, H2NSO3H) is a common inorganic acid with a mild acidity
that is nonvolatile, noncorrosive, and utilized as a stable, low-cost, and commercially

Scheme 1. Trimethylsilylation of hydroxy groups and their regeneration catalyzed by SA.
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available reagent. Because of its zwitterionic property, this heterogeneous catalyst
can be readily recycled and reused through simple filtration and washing. More
important, its water resistance and incapability for formation of complexes make
it an outstanding alternative to metal catalysts, in different areas of organic
synthesis, as an efficient, green heterogeneous catalyst.[19–26]

In continuation of our studies to develop new synthetic methodologies,[27–30]

we decided to report the use of readily available HMDS for the trimethylsilylation
of alcohols and phenols in the presence of a catalytic amount of SA under both
solution and solvent-free conditions. Also, the desilylation of the corresponding
trimethylsilyl ethers using this catalyst in water has been investigated (Scheme 1).

As shown in Table 1, the trimethylsilylation of benzylic alcohols, including
electron-donating, electron-withdrawing, and acid-sensitive groups, proceeded
efficiently with good isolated yields (entries 1–8). Primary, secondary, and tertiary
aliphatic alcohols were also converted into their corresponding trimethylsilyl ethers
in almost quantitative yields (entries 9–14). This method was also found to be useful
for the trimethylsilylation of allylic alcohols, acyloins, and diols (entries 15, 16, and

Table 1. Trimethylsilylation of alcohols and phenols using HMDS catalyzed with SA under both CH3CN

(I) and solvent-free (II) conditions at room temperature

Time (h) HMDS=SA Yield (%)b

Entry Substrate Producta I II I II I II

1 1a 2a 0.5 0.3 0.7=0.05 1.5=0.05 95 94

2 1b 2b 2 0.9 0.7=0.1 1.5=0.05 95 94

3 1c 2c 1 0.75 0.7=0.05 1.5=0.05 94 95

4 1d 2d 0.75 0.5 0.7=0.05 1.5=0.05 95 94

5 1e 2e 0.3 0.25 0.7=0.05 1.5=0.05 95 92

6 1f 2f 7.5 1 0.7=0.05 1.5=0.05 88 85

7 1g 2g 12 3.5 0.7=0.1 1.5=0.05 60 90

8 1h 2h 2 1.5 1.5=0.1 1.5=0.05 92 90

9 1i 2i 1.8 1.5 1.5=0.1 1.5=0.1 93 92

10 1j 2j 3 2 1.5=0.15 1.5=0.1 84 72

11 1k 2k 2.3 1.5 1.5=0.15 1.5=0.1 91 90

12 1l 2l 2.5 1.6 1.5=0.15 1.5=0.1 84 79

13 1m 2m 2 1.2 1.5=0.15 1.5=0.1 88 88

14 1n 2n 72 48 15=0.4 15=0.4 95 94

15 1o 2o 30 15 1.5=0.1 1.5=0.05 95 96

16 1p 2p 15 7 0.7=0.15 1.5=0.05 70 95

17 1q 2q 2 1.3 1.5=0.15 1.5=0.1 95 93

18 1r 2r 1.5 1 0.7=0.05 1.5=0.05 95 96

19 1s 2s 1.7 1 0.7=0.05 1.5=0.05 95 94

20 1t 2t 0.9 0.7 0.7=0.05 1.5=0.05 95 95

21 1u 2u 0.7 0.2 0.7=0.05 1.5=0.05 95 95

22 1v 2v 15 15 2.5=0.15 5=0.25 0 0

23 1w 2w 15 15 2.5=0.15 5=0.25 0 0

24 1x 2x 15 15 2.5=0.15 5=0.25 0 0

aAll products were characterized by comparison of their spectral data (1H NMR, IR spectroscopy) with

those of authentic samples.
bIsolated yields.
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17). Phenols were also transformed into their corresponding trimethylsilyl ethers in
good to high yields (entries 18–22). We observed that amines and thiols were not
converted to the corresponding trimethylsilyl ethers under same conditions (entries
23 and 24). No eliminations and rearrangements were observed during the all
reactions.

Organic reactions in water have received much attention, because water is a
cheap, safe, and environmentally benign solvent. However, we investigated the possi-
bility of deprotection of trimethylsilyl ethers using SA as catalyst in water. It was
found that the trimethylsilyl group could be removed efficiently in the presence of
a catalytic amount of SA in water at room temperature in good to excellent yields
(Table 2).

We used this procedure for the selective trimethylsilylation of n-octanol (as a
model for primary alcohols) or cyclododecanol (as a model for secondary alcohols)
in the presence of a-terpinol (as a model for tertiary alcohols). The only observed
products were n-octyl trimethylsilyl ether or cyclododecanyl trimethylsilyl ether in
100% conversion (Scheme 2).

The catalyst can be easily separated by dispersing the reaction mixture in
diethyl ether. As in the previous studies, the reusability of SA has been investigated
for the trimethylsilylation of alcohols and phenols with HMDS. We have found that
SA is a reusable catalyst even after four runs.

On the basis of the previously reported mechanisms for applying SA in organic
synthesis,[20–25] one idea for these process is that SA may act as a source for the

Table 2. Deprotection of trimethylsilyl ethers in the presence of a catalytic amount

of SA (0.05–0.1mmol) in H2O (3mL) at room temperature

Entry Substrate Product Time (h) Yield (%)

1 2a 1a 2 93

2 2b 1b 0.9 93

3 2c 1c 1.7 92

4 2d 1d 1.2 92

5 2e 1e 0.3 93

6 2f 1f 1.5 90

7 2g 1g 2 85

8 2h 1h 3 90

9 2i 1i 1.5 89

10 2j 1j 3 77

11 2k 1k 3.5 85

12 2l 1l 6.5 63

13 2m 1m 2.3 88

14 2n 1n 24 0

15 2o 1o 24 0

16 2p 1p 8 92

17 2q 1q 4.5 91

18 2r 1r 1 95

19 2s 1s 2.5 93

20 2t 1t 1 94

21 2u 1u 0.84 94

aIsolated yields.
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formation of Hþ, which may be the actual catalyst for trimethylsilylation=
detrimethylsilylation reaction (as a protic acid). Another idea is that SA may
polarize the Si–N bond in HMDS or Si–O bond in TMS ether to form a zwitterionic
species, making the HMDS or TMS ether susceptible to nucleophilic attack by
hydroxy group. Therefore, the mechanisms shown in Scheme 3 are proposed.
However, at this time the precise role of SA is not clear and the actual role of this
reagent should be studied in detail.

Scheme 2. Selective trimethylsilylation of n-octanol or cyclododecanol in presence of a-terpinol
catalyzed by SA.

Scheme 3. Proposed mechanisms for the trimethylsilylation of hydroxy groups using HMDS catalyzed

by SA.
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EXPERIMENTAL

General Procedure for the Trimethylsilylation of Alcohols and
Phenols Using HMDS Catalyzed with SA Under
Solvent-Free Conditions

Alcohols or phenols (1mmol) were added to a mixture of HMDS (1.5mmol)
and SA (0.05–0.1mmol), and then the mixture was stirred at room temperature
for the specified time (see Table 1). The progress was monitored by thin-layer chro-
matography (TLC). After the completion of the reaction, diethyl ether (15mL) was
added and filtered to recover the catalyst. Then 10% aqueous NaHCO3 (20mL) was
added to destroy the extra amount of HMDS. The organic layer was dried over
anhydrous Na2SO4 (0.5 g). Evaporation of the diethyl ether under reduced pressure
gave the pure product without further purification. The filtered catalyst could be
washed with diethyl ether, activated at 70 �C for 2 h, and reused for subsequent runs.

General Procedure for Trimethylsilylation of Alcohols and Phenols
Using HMDS Catalyzed with SA in Solution

Alcohols or phenols (1mmol) were added to a mixture of HMDS (0.7–
1.5mmol) and SA (0.05–0.1mmol) in CH3CN (3mL), and then the mixture was
stirred at room temperature for the specified time (Table 1). After the completion
of the reaction, as indicated by TLC, the reaction mixture was diluted with diethyl
ether and filtered to recover the catalyst. Then 10% aqueous NaHCO3 (10mL)
was added to destroy the extra amounts of HMDS, and the organic layer was dried
over anhydrous Na2SO4 (0.3 g). Evaporation of the diethyl ether under reduced
pressure gave the pure product without further purification.

General Procedure for the Deprotection of Trimethylsilyl Ethers
Catalyzed by SA

SA (0.05–01mmol) was added to a mixture of TMS ethers (1mmol) in H2O
(3mL), and then the mixture was stirred at room temperature for the specified time
(see Table 2). The progress of the reaction was monitored by TLC. After completion
of the reaction, the reaction mixture was extracted with diethyl ether (3� 10mL).
The combined organic layers were dried over anhydrous Na2SO4 (0.7 g). Evapor-
ation of the diethyl ether under reduced pressure gave the pure product without
further purification.

CONCLUSION

The advantages or the characteristic aspects of the described method in this
communication in comparison with other previously reported catalysts are the
following:

1. Sulfamic acid (SA) has several advantages. It is cost-effective, has no moisture
sensitivity, is easy to handle, and is recyclable. It is a green alternative to
metal-containing acidic materials.
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2. The trimethylsilylation of alcohols and phenols was performed in the presence of
other functional groups under both solution and solvent-free conditions. Also,
the desilylation of the corresponding trimethylsilyl ethers occurred in water at
room temperature.

3. The workup is simple and clean, and the product yields are good to excellent.

These advantages make the protocol environmentally benign.
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