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Letters
A chemoselective deprotection of trimethylsilyl acetylenes
catalyzed by silver salts
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Abstract—Trimethylsilyl acetylenes can be selectively deprotected in the presence of a catalytic amount of silver salts. AgNO3 and
AgOTf proved to be the most effective catalyst in a mixture of methanol, water and dichloromethane. Other functional groups, and
especially silyl ethers, are not affected in these conditions.
� 2005 Elsevier Ltd. All rights reserved.
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Silyl derivatives are widely used as protecting groups for
various functions, mainly hydroxylated ones.1,2 Due to
their increasing use as building blocks for organic based
materials, alkynes have seen a tremendous surge in their
chemistry.3,4 Among other aspects, the protection and
deprotection of terminal alkynes is becoming an impor-
tant issue, especially when selectivity is involved.2c Clas-
sically, such alkynes are protected by silyl groups, which
are removed by fluoride ions in various conditions.5

However, no selectivity with other silyl protecting
groups can be achieved in these deprotection conditions.
Deprotection with excess of mild bases is usually selec-
tive for the less bulky silyl groups (trimethylsilyl TMS
or triethylsilyl TES).2c,5,6

Facing such issues while working on the preparation of
conjugated enynes for natural products and organic
materials synthesis,7 we came up with Pd/Ag-catalyzed
cross-coupling procedures selective for 1-trimethylsilyl-
1-alkynes8 and for any 1-trialkylsilyl-1-alkynes9 (Scheme
1).

While deciphering the mechanism of these new coupling
reactions, we observed the key role played by silver
ions10 This led us to investigate further the protiodesilyl-
ation of silylated alkynes using silver salts as deprotect-
ing reagents. To the best of our knowledge, only a few
reports described the use of silver nitrate as a desilylat-
0040-4039/$ - see front matter � 2005 Elsevier Ltd. All rights reserved.
doi:10.1016/j.tetlet.2005.02.017

Keywords: Trimethylsilyl acetylenes; Deprotection; Silver; Catalysis.
*Corresponding author. Tel./fax: +33 390 241 517; e-mail: ppale@

chimie.u-strasbg.fr
ing agent. However, it has to be used in excess (up to
10 equiv) and usually required the presence of excess
potassium cyanide11a or pyridine.11b

We found that some silver salts are indeed able to effi-
ciently and selectively catalyze the deprotection of 1-
trimethylsilyl-1-alkynes (Scheme 2) and we present here
our preliminary results.

Based on our own experience concerning silver alkynes
and some of our recent results,8–10 we reasoned that in
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Scheme 3. Mechanistic hypothesis for a Ag-catalyzed deprotection of

1-trimethylsilyl-1-alkynes.
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order to achieve deprotection, the silver counter-ion (X�

in Scheme 3) of the introduced silver salt must be nucleo-
philic enough to attack the silicon atom upon silver
Table 1. Deprotection of 3-trimethylsilyl-2-phenyl propynol 1a in the presen

1-TMS-1-Alkyne Ag salta
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Ph

OH
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AgBF4
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OH
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9 Me3Si
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a 0.1 equiv.
b Yield of isolated pure product.
activation. This would lead to cleavage of the C–Si bond
and to the in situ formation of an alkynyl silver and a
silyl-X species. In protic solvents, the latter would be
hydrolyzed leading to a better proton source, strong en-
ough to hydrolyze the alkynyl silver species. Silver ion
would thus be released, allowing for a catalytic cycle
to take place (Scheme 3).

In order to check the above assumptions, we looked at
the behavior of silver chloride, iodide, nitrate, triflate,
and tetrafluoroborate toward 3-trimethylsilyl-2-phenyl
propynol12 1a. Since silver salts and silver acetylides
are not readily soluble in alcohol or water, we selected
various combinations of protic and aprotic solvents
for the deprotection of 1-trimethylsilyl-1-alkynes (Table
1).

We were pleased to observe the formation of the
expected terminal alkyne, 2-phenyl propynol 2a but, as
ce of various silver salts in various conditions

Solvent Time (h) Yieldb

Me2CO 30 50
H2O (1 equiv)

MeOH 9
30 30

H2O 1

Me2CO 9
22 76

H2O 1

MeOH 4
16 79H2O 1

CH2Cl2 7

MeOH 4
40 5H2O 1

CH2Cl2 7

MeOH 4
40 3H2O 1

CH2Cl2 7

MeOH 4
40 3H2O 1

CH2Cl2 7

MeOH 4
2.5 86H2O 1

CH2Cl2 7

MeOH 4
50 0H2O 1

CH2Cl2 7
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expected, yields were dramatically influenced by the nat-
ure of both the silver catalyst used (Table 1, entries 4–8)
and the solvents used (Table 1, entries 1–4).

In mixtures of methanol and water or acetone and
water, a white precipitate formed upon addition of silver
nitrate. TLC monitoring showed the clean but slow dis-
appearance of the starting material to the benefit of 2a
(entries 1–2). With enough acetone mixed to water, the
reaction mixture appeared cloudy but the reaction was
faster and the deprotected alkyne was recovered in good
yield (entry 3). A homogeneous reaction mixture could
eventually be achieved using a mixture of dichlorometh-
ane, methanol, and water, 7–4–1, respectively. In this
mixture, the deprotection reaction was over after several
hours (entry 4). These results probably reflected the solu-
bility of the alkynyl silver, which should be in situ
formed. Indeed, the presence of silver ion is critical since
no reaction was observed without silver salt whatever
the conditions (e.g., entry 9).

In order to study the scope of this new deprotection
method, various representative trimethylsilylated alky-
nes 1b–d, 3d–g, 5b, 7b bearing various protecting groups
were then prepared by conventional methods12,13 and
submitted to the above conditions. The expected termi-
Table 2. Deprotection of various 1-trimethylsilyl-1-alkynes: reaction perform

H2O

1-TMS Alkyne

1
Me3Si

Ph

OH

1a2

3
Me3Si

Ph

OSitBuMe2

1b
4

5 Me3Si

Ph

OSitBuPh2

1c

6 Me3Si

Ph

OSiiPr3

1d
7

8

Me3Si
OMEM3e

9

10

Me3Si
OCOtBu3f

11

12

Me3Si
OBn3g

13

14
OSitBuMe2

SiMe35b
15

16

Me3Si

SiiPr3

7d17

a Yield of isolated pure product.
b Yield relative to conversion, some starting material being recovered.
nal alkynes 2b–d, 4e–g, 6b, 8b were obtained in good to
excellent yields (Table 2). As with 1a, the reaction
proved to be more rapid when catalyzed by silver triflate
than by silver nitrate.

Acetal, ester, and benzyl protecting groups proved to be
perfectly compatible with this method, as demonstrated
by the selective reaction of the pivalate of 5-trimethylsil-
ylpent-4-ynol 3e, its methylethoxymethyl 3f and benzyl
analogs 3g (Table 2, entries 8–13).

More interestingly, this method proved to be selective
toward other silyl protecting groups. Indeed, 3-trimeth-
ylsilyl-2-phenyl propynols O-protected either with tert-
butyldimethylsilyl, tert-butyldiphenylsilyl, or triisoprop-
ylsilyl group, 1b,c,d, were cleanly and selectively
deprotected at the acetylenic end (entries 3–7). A similar
behavior was observed with 5b (entry 14).

The O-tert-butyldimethylsilyl group proved however
sensitive to these conditions after prolonged contact
within the reaction mixture, while bulkier silyl protect-
ing goups (TBDPS, TIPS) remained unaffected. Indeed,
the deprotection of 1b was perfectly selective for the
TMS group up to 7 h but then the O-TBDMS group
started to be removed and was half deprotected after
ed with 0.1 equiv of silver salt in a 7-4-1 mixture of CH2Cl2–MeOH–

Catalyst Time (h) Yield (%)a

AgNO3 16 79

AgOTf 2.5 86

AgNO3 7.5 88

AgOTf 4 97

AgNO3 2.5 91

AgNO3 22 96

AgOTf 7.5 98b

AgNO3 20 95

AgOTf 9 98

AgNO3 22 92

AgOTf 8 95

AgNO3 22 76

AgOTf 8 97

AgNO3 5.5 96b

AgOTf 5.5 91b

AgNO3 23 93b

AgOTf 7 95
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16 h in the presence of 0.1 equiv of silver nitrate (Scheme
4).

Interestingly enough, a complete selectivity was
achieved with a diyne protected with two different silyl
groups (entries 16–17). Indeed, the TMS group of 7d
was removed in the presence of 0.1 equiv of silver nitrate
or triflate, while the TIPS group remained unaffected.
Again, silver triflate induced a faster reaction than the
nitrate (entry 17 vs 16).

In conclusion, we demonstrated here that 1-trimethylsil-
yl-1-alkynes can be selectively deprotected in the pres-
ence of catalytic amounts of silver nitrate or triflate.
Various other protecting groups are fully compatible
with this new method. Interestingly, other silylated func-
tions are not affected by this process. Further works in
this area are now in progress.
Supplementary material

Typical procedure for the deprotection of 1-trimethylsil-
yl-1-alkynes catalyzed by silver nitrate or triflate: To a
solution of 1-trimethylsilyl-1-alkyne (1 equiv) in a pre-
mixed mixture of acetone–water–dichloromethane
(4:1:7; 20 mL/mmol) was added silver nitrate or silver
triflate (0.1 equiv). The resulting mixture was then stir-
red at room temperature. Once the starting materials
disappeared, an aqueous saturated solution of ammo-
nium chloride (5 mL/mmol) was added. The resulting
mixture was then extracted three times with dichloro-
methane (5 mL/mmol). The combined organic layers
were dried over MgSO4, filtered, and concentrated in
vacuo. The crude product was purified by silica gel
column chromatography yielding the corresponding
pure 1-alkyne.
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