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Numerous methods have been developed for the introduc-
tion and selective removal of silicon-containing protecting
groups, which are used extensively in organic synthesis.?*
Nevertheless, there remains a great need for the develop-
ment of ever milder and more selective methods for silyl
group deprotection for use with base- and/or acid-sensitive
substrates. Herein, we report the use of TAS-F [tris-
(dimethylamino)sulfonium difluorotrimethylsilicate, (Me,N)s-
S* F,SiMe3 1% for the deprotection of a range of silyl ethers
and 2-(trimethylsilyl)ethyl carbamates and esters. Particu-
larly striking are the TAS-F-mediated deprotections of the
base-sensitive substrates 1, 3, 5, 11, and 13, which could
not be deprotected cleanly or efficiently by using tetra-n-
butylammonium fluoride (TBAF).
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As part of our studies on the synthesis of the calicheamicin
A—B—E trisaccharide,”® we needed to deprotect the 2-(tri-
methylsilyl)ethyl carbamate (Teoc-NHR)® unit of glycoside
1. However, attempts to remove the Teoc and tert-butyl-
dimethylsilyl (TBS) groups from 1 by using TBAF gave a
complex mixture of products, presumably due to acyl trans-
fer and/or hydrolysis of the thioester. A search of the
literature prompted us to consider TAS-F as a fluoride source
for the removal of these protecting groups. TAS-F has been
used to generate “naked” enolates from silyl enol ethers® and,
to a lesser extent, for the cleavage of Si—C bonds (e.g.,
generation of cyclopentadienyl anions)'° and the removal of
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silyl protecting groups from phenols.’! Several examples of
TAS-F-mediated deprotection of silyl ethers have also been
reported recently.1213 Accordingly, addition of TAS-F to 1
in DMF provided glycoside 2 in 68% yield. Equally impres-
sive was the deprotection of the Teoc unit of 3, which
provided 4 in 84% yield. The thiocarbonate unit of this
compound is highly base sensitive and was readily cleaved
during attempted deprotection of 3 with TBAF.

In studies directed toward the synthesis of damavaricin
D, culminating in the total synthesis of 24,27-dimethyl
dihydrodamavaricin D,'415 we needed to deprotect the Teoc
group and the 2-(trimethylsilyl)ethyl ester'® of 5. Unfortu-
nately, treatment of 5 with TBAF in DMF produced 6 in
65—80% yield as well as 10—15% of enoate 7 arising from
elimination of the C(11) acetate. Similar results were
obtained when this reaction was performed in the presence
of 4 A molecular sieves or with CH3CN or THF as solvent.
However, treatment of 5 with 4 equiv of TAS-F in DMF
afforded amino acid 6 exclusively in 95% yield (crude). This
protocol proved crucial to the success of our damavaricin D
total synthesis, which proceeded by way of the bis-MOM-
protected dihydroquinone 8. In this case, deprotection of 8
with TAS-F provided crude seco acid 9, which was used
directly in the subsequent macrolactamization reaction (76%
yield of macrocycle).r” In related work, we have demon-
strated that it was possible to deprotect the 2-(trimethylsi-
lyl)ethyl ester of intermediate 11 in the presence of a
primary tert-butyldiphenylsilyl (TBDPS) ether by treatment
of 11 with 2.1 equiv of TAS-F in DMF (93% vyield of 12)
(Scheme 1).

The last step of our bafilomycin A; synthesis,!® involving
the removal of two TBS ethers and a TES ether from 16,
was modeled by the conversion of 13 to 15. Previous work
in our laboratory had established that hemiketal units of
related intermediates are unstable under mildly acidic
conditions, especially when C(17)-OH is protected.’® At-
tempts to deprotect 13 by using HF—pyridine gave no
reaction (24 h), whereas treatment of 13 with TBAF resulted
in elimination of the C(17)-OTBS group and provided enone
14 as the major product. This elimination was also observed
when 13 was treated with TAS-F in DMF (anhydrous).
However, treatment of ketone 13 with 5 equiv of TAS-F and
10 equiv of water in DMF generated the sensitive hemiketal
15 in 75% yield.
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Scheme 1
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The utility of TAS-F for the selective deprotection of silyl
ethers was explored using 17, 20, and 22 as substrates.
Treatment of 17 with 1.2 equiv of TAS-F selectively removed
the primary TBDPS, leaving the secondary TBS ether intact
(84% yield of 18). This constitutes, to our knowledge, the
mildest set of conditions yet reported for the selective
deprotection of primary TBDPS ethers.2~ Both the TBS and
TBDPS ethers were removed when 17 was treated with 5
equiv of TAS-F (98% yield of 19). It was not possible to
accomplish selective deprotections of either 20 (competition
between primary TBS and secondary TBDPS ethers) or 22
(competition between secondary TES and TBS ethers) by
using 1.2 equiv of TAS-F. However, complete desilylation
of 20 (93%) and 22 (84%) was easily accomplished by using
excess TAS-F.

TBDPSO
TBSO TAS F
'O
DMF 23°C
1.2 equiv 18, R= TBS 84%
5 equiv 19,R=H (98%)
TBDPSO Br (TAS’F ) HO Br
) 5 equiv, A
TBSO” Y F g ———— HOT Y Z g,
Me Me DMF, 23 °C Me Me
0,
20 93% 21
TBS\
DMPMO O OTES TAS-F DMPMQ  QH QH
(5 equiv)
Me X —_ = e X X X
Me Me OMe DMF, 23 °C Me Me OMe
84%
22 23

The examples reported herein demonstrate that TAS-F
is a mild and highly effective reagent for the deprotection
of silyl ethers, 2-(trimethylsilyl)ethyl esters, and 2-(tri-
methylsilyl)ethyl carbamates and that selective deprotec-
tions may be achieved with this reagent. Hypervalent silicon
reagents have been used previously as sources of highly
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nucleophilic fluoride ion for substitution reactions
(BusN*Ph3SiF,7)2921 and as reagents for deprotection of silyl
ethers (H,SiFg),2223 but to the best of our knowledge TAS-F
has not been employed as an alternative to TBAF for the
deprotection of base- or acid-sensitive compounds. Most of
the side reactions encountered in the attempted TBAF
deprotections of 1, 3, 5, and 13 may be attributed to
tetrabutylammonium hydroxide present in TBAF, which is
highly hygroscopic and notoriously difficult to dry.24=26 By
contrast, TAS-F is commercially available as an anhydrous
solid (and also can be prepared by an Organic Syntheses
procedure),® and our experience suggests that even the
hydrated reagent does not promote undesired base-catalyzed
reactions observed with TBAF as the fluoride source (see
deprotection of 13). Hypervalent fluoride complexes of tin?’
and phosphorus?® have also been used as nucleophilic
fluoride sources and are also potentially applicable to the
removal of silicon protecting groups.

We anticipate that TAS-F will find numerous applications
in organic synthesis as a alternative to TBAF, especially for
the deprotection of base- and/or acid sensitive substrates.
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