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Trimethylsilyl ethers were converted to their corresponding alcohols
in the presence Nafion-H©R and wet SiO2 with good-to-excellent yields
under mild and heterogeneous conditions.
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Silyl protecting groups have played increasingly important roles in the
synthesis of complicated molecules, specially for the synthesis of bio-
logically significant products.1–5 Although there have been many new
reports for protection and deprotection of silyl groups,1–17 the removal
of silyl group under mild conditions with easy workup procedure is
important.

The development of environmentally benign technologies is the most
challenging goal of contemporary chemistry and chemical engineer-
ing. Environmentally friendly chemical processes should be designed
to use environmentally benign feeds and solvents, and utilize efficient
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reagent or catalyst recycling systems.18 In the development of industrial
processes, separation is very important. Efficient separation of reagents
and catalysts to enable their reuse for subsequent cycles of reactions
are also key challenges. Especially in the stream of green chemistry,
separation protocols that allow for effective recovery of reagents and
catalysts have been increasingly appreciated.19 Perfluorinated solvents
are immiscible with conventional organic solvents at ambient temper-
ature (at 20◦C) but become miscible at 36◦C.20 Compounds functional-
ized with perfluorinated groups often dissolve preferentially in fluorous
solvents.21 Based on this fact, in the search for chemical transforma-
tions integrating innovative workup procedures fluorous techniques
(fluorous biphasic chemistry18 and fluorous triphasic reactions22) are
becoming increasingly popular in organic synthesis for the separation
of temporarily fluorous labeled from fluorous non–labeled compounds.
Consequently, if one or more of the components of a reaction mixture,
e.g., homogeneous catalysts, reagents, or products, are equipped with
a perfluorinated auxiliary, the organic and the fluorous components
can be separated easily by either liquid–liquid extraction, solid–liquid
extraction, or fluorous chromatography.23

On the other hand, acids are widely used as catalysts in industry, pro-
ducing more than 1 × 108 mt/year of products. The most commonly used
acids are HF, H2SO4, HClO4, and H3PO4 (in liquid form or supported
on Kieselguhr). Solid acids have many advantages such as simplicity
in handling, decreased reactor and plant corrosion problems, and en-
vironmentally safe disposal.24–16 There is much current research and
general interest in heterogeneous systems27 because of the importance
that such systems have in industry and in developing technologies.28,29

Among reported solid acids, Nafion-H©R has been used for a wide vari-
ety of reactions ranging from alkylation with olefins, reaction of alkyl
halides and alkyl esters, isomerization, transalkylation, acylation and
nitration reactions and ether and ester synthesis, and acetal forma-
tion and rearrangements.30 Very recently, we have reported the use of
Nafion-H©R as an excellent solid acid for the nitrosation of secondary
amines and also synthesis of ethers under mild and heterogeneous
conditions.31 Therefore, we decided to apply this perfluorinated catalyst
for the conversion of trimethylsilyl ethers to the corresponding alcohols
in the presence wet SiO2 at room temperature. Here we wish to report
an efficient procedure for the conversion of trimethylsilyl ethers into
alcohols with good-to-excellent yields under mild and heterogeneous
conditions (Scheme 1). This system can be combined with perfluori-
nated solvents and used for biphasic and triphasic fluorous systems for
different acid-catalyzed reactions.
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SCHEME 1

TABLE I The Direct Conversion of Trimethylsilyl Ethers 1 to the
Corresponding Alcohols 2 in the Presence of Nafion-H©R and Wet SiO2 in
n-hexane at Room Temperaturea

Time Yieldc

Entry Substrates 1 Productsb 2 (Min) (%)

1 4-CH3OC6H4CH2OTMS a 4-CH3OC6H4CH2OH a 15 98
2 C6H5CH(OTMS)CH2OTMS b C6H5CH(OH)CH2OH b 30 95
3 4-(CH3)2CHC6H4CH2OTMS c 4-(CH3)2CHC6H4CH2OH c 20 98
4 4-(CH3)3CC6H4CH2OTMS d 4-(CH3)3CC6H4CH2OH d 20 98
5 2-ClC6H4CH2OTMS e 2-ClC6H4CH2OH e 40 95
6 4-ClC6H4CH2OTMS f 4-ClC6H4CH2OH f 30 90
7 2,4-Cl2C6H3CH2OTMS g 2,4-Cl2C6H3CH2OH g 45 90
8 2-BrC6H4CH2OTMS h 2-BrC6H4CH2OH h 40 90
9 2-O2NC6H4CH2OTMS i 2-O2NC6H4CH2OH i 40 90

10 3-O2NC6H4CH2OTMS j 3-O2NC6H4CH2OH j 40 90
11 4-O2NC6H4CH2OTMS k 4-O2NC6H4CH2OH k 30 90
12 C6H5CHCH3CH2OTMS l C6H5CHCH3CH2OH l 30 98
13 C6H5CH CHCH2OTMS m C6H5CH CHCH2OH m 25 95
14 n-C7H15OTMS n n-C7H15OH n 25 90
15 n-C8H17OTMS o n-C8H17OH o 25 90
16 p p 40 95

17 q q 30 95

18 r r 30 95

19 s s 30 90

20 t t 20 90

21 u u 25 90

aNafion-H
©R/wet SiO2/trimethylsilyl ether (0.05 g: 0.05 g: 1 mmol).

bAll of the alcohols are known.
cIsolated yields.
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A mixture of the substrate 1 (1 mmol), n-hexane (5 ml), Nafion-H©R

(0.05 g), and wet SiO2 (0.2 g) was stirred at room temperature for the
specified time (Table I). The reaction was monitored by TLC. After com-
pletion of the reaction the mixture was filtered and the solid residue was
washed with n-hexane. Evaporation of the solvent gave pure ethers in
good-to-excellent yields.∗

In conclusion, Nafion-H©R can serve as an efficient catalyst for the
conversion trimethylsilyl ethers into the corresponding alcohols under
mild and heterogeneous conditions. The yields are good to excellent and
the procedure is simple and convenient. This system can be combined
with perfluorinated solvents and used for biphasic and triphasic fluo-
rous systems for any acid-catalyzed reactions. We believed that Nafion-
H©R can be recycled by applying fluorous biphasic system and then be
reused several times. Moreover, reaction is heterogeneous and may be
useful industrially.34,35

REFERENCES

[1] K. I. Oyama and T. Kondo, Org. Lett., 5, 209 (2003).
[2] Y. Wu, J. H. Huang, X. Shen, Q. Hu, C. J. Tang, and L. Li, Org. Lett., 4, 2141 (2002).
[3] D. Rotulo-Sims and J. Prunet, Org. Lett., 4, 4701 (2002).
[4] R. Gopinath and B. K. Patel, Org. Lett., 2, 4177 (2000).
[5] A. Vakalopoulos and H. M. R. Hoffmann, Org. Lett., 2, 1447 (2000).
[6] Z. Yu and J. G. Verkade, J. Org. Chem., 65, 2065 (2000).
[7] J. R. Hwu, M. L. Jain, F. Y. Tsai, S. C. Tsay, A. Balakumar, and G. H. Hakimelahi,

J. Org. Chem., 65, 5078 (2000).
[8] P. Salehi, M. M. Khodaei, and M. Goodarzi, Russ. J. Org. Chem., 38, 1671 (2002).
[9] H. Firouzabadi, N. Iranpoor, and M. A. Zolfigol, Bull. Chem. Soc. Jpn., 71, 2169

(1998).
[10] I. Mohammadpoor-Baltork, M. K. Amini, and S. Farshidpoor, Bull. Chem. Soc. Jpn.,

73, 2775 (2000).
[11] I. Mohammadpoor-Baltork and S. Pouranshirvani, Synthesis, 756 (1997).
[12] H. Firouzabadi, I. Mohammadpoor-Baltork, and S. Kolagar, Synth. Commun., 31,

905 (2001).
[13] M. Tajbahksh, I. Mohammadpoor-Baltork, and F. Ramazanian-Lehmali, J. Chem.

Res., 185 (2001).
[14] M. M. Heravi, D. Ajami, M. Ghassemzadeh, and K. Tabar-Heydar, Synth. Commun.,

31, 2097 (2001).
[15] A. Shaabani and A. R. Karimi, Synth. Commun., 31, 759 (2001).
[16] A. R. Hajipour, S. E. Mallakpour, I. Mohammadpoor-Baltork, and H. Adibi, Synth.

Commun., 31, 1625 (2001).

∗Chemicals were purchased from Fluka, Merck, and Aldrich chemicals companies.
The products were characterized by comparison of their spectral (IR, 1H NMR), TLC, and
physical data with the authentic samples. All silyl ethers were synthesized according to
the reported procedure.32

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
9
:
5
9
 
2
8
 
J
a
n
u
a
r
y
 
2
0
1
1



Deprotection of Silyl Ethers 2193

[17] T. Suzuki, K. Kobayashi, K. Noda, and T. Oriyama, Synth. Commun., 31, 2761 (2001).
[18] I. T. Horvath, Acc. Chem. Res., 31, 641 (1998).
[19] J. I. Yoshida and K. Itami, Chem. Rev., 102, 3693 (2002).
[20] A. P. Dobbs and M. R. Kimberley, J. Fluorine Chem., 118, 3 (2002).
[21] E. D. Wolf, G. V. Koten, and B. J. Deelman, Chem. Soc. Rev., 28, 37 (1999).
[22] H. Nakamura, B. Linclau, and D. P. Curran, J. Am. Chem. Soc., 123, 10119 (2001).
[23] S. M. Swaleh, B. Hungerhoff, H. Sonnenscein, and F. Theil, Tetrahedron, 58, 4085

(2002), and other articles in this issue.
[24] G. D. Yadav and V. V. Bokade, Appl. Catalysis A: General, 147, 299 (1998).
[25] A. Corma, Current Opinion in Solid State & Materials Science (Current Chemistry

Ltd, 1997), Vol. 2, p. 63.
[26] A. Corma and H. Garcia, Catalysis Today, 38, 257 (1997).
[27] S. K. Sikdar and S. G. Howell, J. Cleaner Production, 6, 253 (1998).
[28] a) M. A. Zolfigol, M. Torabi, and S. E. Mallakpour, Tetrahedron, 57, 8381 (2001), and

references cited therein; b) F. Shirini, M. A. Zolfigol, B. Mallakpour, S. E. Mallakpour,
and A. Hagipour, Tetrahedron Lett., 43, 1555 (2002); c) M. A. Zolfigol, A. Ghorbani-
Choghamarani, and H. Hazarkhani, Synlett., 1002 (2002); d) P. Salehi, M. Dabiri,
M. A. Zolfigol, and M. A. Bodaghi-fard, Tetrahedron Lett., 44, 2889 (2003);
e) M. A. Zolfigol, F. Shirini, A. Ghorbani-Choghamarani, and I. Mohammadpoor-
Baltork, Green Chem., 4, 562 (2002).

[29] R. A. Sheldon and R. S. Downing, Appl. Catalysis A: General, 189, 163 (1999).
[30] M. A. Harmer and Q. Sun, Appl. Catalysis A: General, 221, 45 (2001).
[31] a) M. A. Zolfigol, D. Habibi, B. F. Mirjalili, and A. Bamoniri, Tetrahedron Lett., 44,

3345 (2003); b) M. A. Zolfigol, I. Mohammadpoor-Baltork, D. Habibi, B. F. Mirjalili,
and A. Bamoniri, Tetrahedron Lett., 44, 8165 (2003).

[32] H. Firouzabadi and B. Karimi, Synth. Commun., 23, 1633 (1993).
[33] J. H. Clark, Acc. Chem. Res., 35, 791 (2002).
[34] W. J. Patterson, Heart-Cut, online at http://www.acs.org, December 8, 2003.

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
9
:
5
9
 
2
8
 
J
a
n
u
a
r
y
 
2
0
1
1


