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Abstract: Catalytic deprotection of various protected al-
cohols was efficiently conducted using a hydrophobic low-
loading and alkylated polystyrene-supported sulfonic acid
(LL-ALPS-SO3H) in water as the sole solvent. Transprotec-
tion of an alcohol from a silyl ether to the corresponding
benzylic ether or ester also proceeded smoothly in water.

The protection-deprotection sequence is one of the
most frequently encountered functional-group transfor-
mations in organic synthesis.1,2 In particular, the se-
quence for hydroxyl groups is extremely important
because of enormous demands in natural product syn-
thesis, etc. Although numerous methods for the depro-
tection of those protected alcohols have been reported,
the use of more than equimolar amounts of catalysts or
reagents is needed in many cases. In addition, organic
solvents are generally used to dissolve the substrates
when they are water-insoluble. From the atom-economi-
cal3 and environmental points of view, however, reusable
catalyst-mediated deprotection in water without the use
of harmful organic solvents is strongly desirable.4,5

In the course of our investigations on organic reactions
in water, we have recently found that a hydrophobic
polystyrene-supported sulfonic acid (PS-SO3H) is an
effective and reusable catalyst for formation of esters,
hydrolysis of thioesters, and Mannich-type reactions in
water.6 In addition, as a result of continuous studies on

the loading levels and the structures of the catalyst, we
have developed a low-loading (e.g., 0.17 mmol/g) and
alkylated polystyrene-supported sulfonic acid (LL-ALPS-
SO3H), which is one of the best catalysts for several acid-
catalyzed organic reactions in water.7 Thus, we envisaged
that LL-ALPS-SO3H would also be highly effective for
deprotection of protected alcohols in water without using
organic cosolvents. In this paper, we report an effective
and environmentally friendly methodology for the depro-
tection using LL-ALPS-SO3H.

The tert-butyldimethylsilyl (TBS) ether is a frequently
used protective group for alcohol functions.1,8 Therefore,
we first examined deprotection of TBS ethers in water.
Several Brønsted acids were tested in a model reaction
of dodecyl TBS ether in water at 40 °C for 12 h (Table
1). The deprotection did not proceed at all with 5 mol %
of TsOH, and surprisingly, the reaction hardly proceeded
even when carried out in 2 N H2SO4 or HCl despite the
presence of excess amounts of the acids (entries 1-3).
This is probably because of the insolubility of the
substrate in water. On the other hand, hydrophobic
polystyrene-supported sulfonic acids were effective for the
deprotection (entries 5-7). Interestingly, remarkable
effects of the loading levels (entries 4 and 5)9 and the
structures (entries 5 and 6) of the polymer catalysts were
revealed. Although the use of amphiphilic polymer-
supported catalysts is a traditional approach to realize
organic reactions in water,5 this type of catalyst was less
active under these conditions (entry 8). It should be noted
that only 5 mol % of LL-ALPS-SO3H gave almost the
same result as 6 N HCl (3600 mol %) (entries 3 and 7).

Next, we investigated substrate generality in the LL-
ALPS-SO3H-catalyzed deprotection of TBS ethers (Table
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TABLE 1. Deprotection of TBS Ether with Various
BrOnsted Acid Catalysts

entry catalyst loading (mmol/g) yielda (%)

1 TsOH 0
2 H2SO4 2b

3 HCl 7c (92)d

4 DOWEX 50W-X2 4.41 0
5 PS-SO3H 0.42 51
6 ALPS-SO3H 0.41 87
7 ALPS-SO3H 0.17 90
8 PEG-PS-SO3H 0.19 4

a Isolated yields. b In 2 N H2SO4 (600 mol %). c In 2 N HCl (1200
mol %). d In 6 N HCl (3600 mol %).
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2). The reactions proceeded not only for primary but also
for aromatic and secondary TBS ethers in high yields
under mild conditions in water (entries 1-3). Although
a sterically crowded simple tertiary ether was hardly
deprotected (entry 4), the double deprotection of com-
pound 1 having a TBS-protected tertiary alcohol moiety
proceeded smoothly under mild conditions (entry 5).
These results encouraged us to test the deprotection of
other protected alcohols in water. As a result, the
reactions proceeded smoothly in high to excellent yields
with 5 mol % of LL-ALPS-SO3H not only for other silyl
ethers such as triisopropylsilyl (TIPS) and tert-butyl-
diphenylsilyl (TBDPS) but also for trityl (Tr) and meth-
oxymethyl (MOM) ethers (entries 6-9). Furthermore,
only 1 mol % of the catalyst is enough to catalyze the
reaction in the case of an acetyl (Ac)-protected alcohol
(entry 10). Therefore, it was revealed that LL-ALPS-
SO3H was effective for the catalytic deprotection of
various protected alcohols in water as the sole solvent.
As expected, the catalyst was easily recovered and reused
without any loss of catalytic activity (eq 1).

We then turned our attention to selective deprotection
to demonstrate the utility of this methodology (Scheme
1).10 Although various useful selective deprotection meth-
ods have been reported, the present catalytic system also
enables the selective deprotection of TBS ethers in the
presence of other protective groups such as benzyl (Bn)
and TBDPS. In addition, the selective deprotection of an
aliphatic TBS ether in the presence of an aromatic TBS

ether was attained using LL-ALPS-SO3H in water.
Moreover, it was revealed that the selective deprotection
of a MOM ether also performed in excellent yield in the
presence of a Bn ether moiety. It is particularly note-
worthy that the selective deprotection of a substrate with
multiple protecting groups such as benzoyl (Bz) and
p-methoxybenzyl (PMB) was achieved using this catalytic
system. These results not only demonstrate an effective
selective deprotection methodology but also provide use-
ful information on the use of this novel catalytic system.

Interestingly, transprotection of an alcohol from the
corresponding silyl ether to benzylic ether11 was realized
in water by carrying out the deprotection of the TBS
ether in the presence of benzhydrol (eq 2).12 Furthermore,
the TBS ether was successfully used directly for the
esterification with the carboxylic acid in water (eq 3).12

Since isolation of the intermediate is not needed, these
catalytic transformations are considered as useful and
economical processes.

Finally, it was found that an easy workup process
without the use of organic solvents was possible when
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TABLE 2. LL-ALPS-SO3H-Catalyzed Deprotection of
Various Protective Alcohols

a Isolated yields. b 1 mol % of the catalyst was used.

SCHEME 1. LL-ALPS-SO3H-Catalyzed Selective
Deprotection
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the products were soluble in water. The pure product was
obtained quantitatively after the reaction mixture was
filtered, washed with water, and concentrated in the case
of deprotection of the TBS ether shown in eq 4. This
simple procedure is a remarkable advantage of the
present catalytic reaction system.

In summary, catalytic deprotection of various protected
alcohols is efficiently catalyzed by LL-ALPS-SO3H in
water as the sole solvent. Remarkable effects of the
loading levels and the structures on the polymer-sup-
ported sulfonic acid were observed in the deprotection of
TBS ethers. Selective deprotection and useful one-pot
transformations were also realized in water using this
catalytic system. This work will provide an effective and
environmentally friendly methodology for the deprotec-

tion of various types of protected alcohols and will expand
the utility of LL-ALPS-SO3H as a powerful green cata-
lyst.

Experimental Section
Typical Procedure for LL-ALPS-SO3H-Catalyzed Depro-

tection of Protected Alcohols in Water. A mixture of dodecyl
TBS ether (60.5 mg, 0.20 mmol) and the polymer-supported
catalyst (LL-ALPS-SO3H (0.172 mmol/g), 58.3 mg, 0.010 mmol)
in degassed water (1.2 mL) was stirred for 12 h at 40 °C. The
reaction mixture was quenched with saturated aq NaHCO3. The
polymer was filtered and washed with water and ethyl acetate.
The organic layer was dried over Na2SO4 and evaporated. The
mixture was purified by preparative TLC on silica gel to give
dodecanol (33.4 mg, 90%).
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