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ABSTRACT

A simple procedure for the cleavage of triethylsilyl (TES) ethers in the presence of 10 wt % Pd/C in methanol or 95% ethanol is reported. This
method allows selective removal of alkyl TES ethers in the presence of aromatic TES ethers or tert-butyldimethylsilyl (TBS) protecting groups.

As part of an ongoing project directed toward the total
synthesis of Dolabelides,1 we found that debenzylation of
compound1 by hydrogenolysis with 10 wt % Pd/C in
absolute ethanol provided diol2 and not the expected
monosilylated product (Scheme 1).

In fact, it has previously been reported in the literature
that primary and secondary silyl-protected alcohols such as
the TBS and DEIPS ethers could be cleaved using various
hydrogenolysis conditions [Pd(OH)2,2 wet Pd/C,3 catalytic
transfer hydrogenation4]. Smith et al. had also noticed, during
their synthesis of (+)-phyllanthoside, that it was necessary
to carefully monitor hydrogenolysis of the benzyl ethers using

10% Pd/C in freshly distilled ethyl acetate to minimize
deprotection of the silyl ethers.5

This prompted us to further investigate our case of TES
ether deprotection using catalytic Pd/C in ethanol. We thus
found that TES ethers could be cleaved in the absence of
hydrogen but that a catalytic amount of Pd/C was required
to complete the reaction. Herein, we report the use of
catalytic Pd/C conditions to affect simple and selective
removal of TES ethers from alkyl derivatives without
deprotection of TBS groups. This paper encompasses the
scope and limitations of this method.

Since first being reported in the early 1970s as protective
hydroxyl groups,6 silyl ethers have received a great deal of
attention and a large number of such silyl protective groups
are now available to the organic chemist. Among these, TES
ethers are very attractive. TES ethers are 10-100 times more
stable than TMS ethers and can withstand a much wider
range of reaction conditions,6b without being as hindered as
their TBS counterparts.

To date, a great number of methods have been reported
for the cleavage of TES groups,7 most of them involving
acidic, basic, or oxidative conditions. Although selective
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deprotection of such groups in the presence of TBS ethers
has also been reported,7 it was usually as random examples,
part of a total synthesis. To our knowledge, only two groups
have recently focused on the selective cleavage of TES
groups in the presence of TBS. One used a mesoporous silica
MCM-41/MeOH system8 (not always accessible to the
organic chemist), and the other used IBX in DMSO9

(sometimes leading to partial oxidation of the product). Pd/C
as catalyst for selective TES ether deprotection would be an
interesting alternative.

First, deprotection of primary and secondary TES ethers
was attempted at room temperature using 10 wt % Pd/C
under different solvent conditions. In methanol, 95% ethanol,
and absolute ethanol, desilylation of primary TES ethers
worked well (Table 1). It seemed that 5% water in ethanol

sped up the deprotection (Table 1, entry 3 vs 4) and that the
reaction was faster in methanol than in 95% ethanol (Table
1, entry 1 vs 2 and entry 6 vs 7 and Table 2, entry 2 vs 3).
On the other hand, in solvents such as THF, acetonitrile,
and ethyl acetate, even if a catalytic amount of water
was added, deprotection was sluggish, with a high recovery
of starting material after 24 h (Table 1, entries 5, 9, and
10).

With these preliminary results in mind, we chose to carry
out the reactions using 10% Pd/C in methanol or 95% ethanol

at room temperature, to examine the scope and limitations
of this mild TES deprotection reaction.

Primary TES ethers were easily cleaved under these
conditions, in high yields (Table 1). It is noteworthy that (i)
terminal alkynes protected with a TMS group were stable
(Table 1, entry 6) and (ii) the presence of a sulfur atom on
the molecule only slightly slowed the reaction, even though
sulfur is a well-known poison of palladium catalysts (Table
1, entry 11).

The rate of deprotection of secondary TES ethers appeared
to be variable and highly dependent upon the number and
size of the substituents branchedR to the carbon bearing
the silylated oxygen atom (Table 2). A secondary TES ether
bearing noR-substituents was readily removed (Table 2,
entry 1), whereas secondary TES ethers bearing one sub-
stituent required longer reaction times (Table 2, entries 2
and 4). Secondary TES ethers branched twice on the same
R-position or branched on bothR- and R′-positions, or
tertiary TES ethers resisted the deprotection at room tem-
perature: removal of the TES moiety of10-12 was only
ca. 5-58% complete after 3 weeks at room temperature
(Table 2, entries 5, 7, and 9). However, these TES ethers
could be desilylated upon heating the reaction mixture at
reflux (Table 2, entries 6, 8, and 10) to afford the corre-
sponding alcohols in excellent yields insofar as the compound
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Table 1. Desilylation of Primary TES Ethers

a Determined by1H NMR. b Determined by13C NMR.

Table 2. Desilylation of Secondary and Tertiary TES Ethers

a Determined by1H NMR. b Determined by13C NMR. c Determined by
GC. d Corrected yield: 84%.e Degradation of starting material and product
accounts for the low yield.
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was stable upon heating and the reflux was carried out for a
sufficient length of time (Table 2, entry 6).

Interestingly, aromatic TES ether13 remained almost
intact under our standard conditions for TES ether depro-
tection (Scheme 2). This reaction allows for selective

cleavage of alkyl TES ethers in the presence of aromatic
TES ethers as shown by the selective deprotection of the
secondary TES ether of compound14 (Scheme 2).

Next, our attention was directed toward the potential
selectivity of TES ethers cleavage in the presence of TBS
ethers. Thus, we compared the cleavage of those two silyl
ether groups on similar compounds and within the same
molecule.

Whereas primary TES ether3 was readily cleaved within
1-2 h (Table 1, entries 1 and 3), under identical reaction
conditions, its primary TBS ether counterpart15 remained
intact, even after 15 h (Table 3, entries 1 and 2). One case
of mixed silylated diol was examined to undertake intramo-
lecular competitive cleavage of TES/TBS ethers. Considering
that TES ether cleavage was faster for a primary group than
for a more hindered secondary TES group, we chose
compound16, bearing both a primary TBS group and a
secondary TES group to be a suitable example. As expected,
the reaction was very selective and the secondary TES ether
was removed cleanly without deprotection of the primary
TBS group to afford the corresponding alcohol in excellent
yield (Table 3, entry 3).

In the course of our investigations, we observed that partial
isomerization of the double bond of17 occurred under our
conditions for TES cleavage (Scheme 3), and it was found

that with extended reaction times, further isomerization
occurred.

We thus carried out further deprotection reactions to
evaluate the importance of this double-bond isomerization
process. TES ethers20and21 (Figure 1) containing a double

bond were treated under our standard conditions. The
reactions with these two compounds resulted in approxi-
mately 10-15% yield of a mixture of byproducts that were
not characterized.

Since the deprotection only occurs in MeOH or EtOH,
the mechanism probably involves a transfer of the silyl group
to the alcoholic solvent assisted by palladium. The reaction
also takes place at the same rate under argon in carefully
degassed MeOH, so the presence of hydrogen or oxygen is
not necessary. Suspecting, however, that Pd(II) species were
the true catalysts, we submitted silyl ether3 (Table 1) to

Table 3. TBS Ethers

a Determined by1H NMR. b Determined by13C NMR

Scheme 2

a Determined by GC.

Scheme 3

a Conversion determined by1H NMR.

Figure 1. TES ethers containing double bonds.
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10% Pd(OAc)2 and 10% PdCl2 in MeOH. In the first case,
the reaction is much slower and conversion is complete after
24 h. With PdCl2, the deprotection is complete in 2 min!
Further experiments are in progress to determine the scope
of this new reaction.

In conclusion, the work described here presents a mild
(under neutral conditions), simple procedure (inert atmo-
sphere not required) with an easy workup (filtration to
remove Pd/C) to cleave TES ethers from alkyl derivatives.
Unhindered TES ethers can be easily removed at room
temperature in good yields (79-100%), whereas more
hindered ones require higher temperatures. This is a selective

method: neither aromatic TES nor TBS ethers are cleaved
under these conditions.
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