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An Efficient Organocatalyzed Interconversion of Silyl Ethers to Tosylates
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Abstract: A mild and efficient interconversion from silyl ethers to
sulfonates esters is reported with good yields. This silyl-sulfonyl
exchange proceeds readily in acetonitrile at room temperature in the
presence of p-toluenesulfonyl fluoride and a catalytic amount of
1,8-diazabicyclo[5.4.0Jundec-7ene (DBU). This method can be
used with trimethysilyl (TMS), triethylsilyl (TES) and tert-bu-
tyldimethylsilyl (TBDMS) ethers.

Key words: organocatalysis, sulfonate ester, silyl ether, DBU, p-
toluenesulfonyl fluoride

Alkylation is a fundamental reaction and powerful tool in
organic synthesis. Among the numerous routes available
in the literature, conversion of alcohols into halides or sul-
fonates is probably the most useful approach for the prep-
aration of alkylating agents.! One of the most commonly
employed leaving group is the p-toluenesulfonate ester. In
the course of a multistep synthesis, the preparation of to-
sylates is often preceded by a silyl ether deprotection
step.> The development of a ‘one-pot’ methodology
would be therefore desirable in view of the fact that both
steps are replaced by a single reaction. Despite obvious
advantages offered by such an interconversion strategy,
only one procedure using a catalytic heterogenous system
(FeCl,—Montmorillonite K-10) to convert aliphatic TMS
ethers to sulfonate esters has been described in the litera-
ture.> We whish to report herein an efficient, mild, and
high-yielding organocatalytic process to realize this use-
ful interconversion.

Our laboratory has recently developed the transprotection
of silyl ethers into benzoates by making use of benzoyl
fluoride in the presence of a catalytic amount of 4-(di-
methylamino)pyridine (DMAP).* To account for the good
reactivity observed, a N-acylpyridinium fluoride salt is
presumed to be formed and then to react smoothly with
the silyl ether thanks to the high affinity of silicon for the
fluoride ion.

By analogy with this work, in the presence of a nitrogen
Lewis base, one can assume that an arylsulfonyl fluoride
may possibly react with a silyl ether via the formation of
an arylsulfonyl ammonium fluoride salt. This key inter-
mediate should exert a specific activation on the silyl
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Scheme 1 Working hypothesis for the development of a new orga-
nocatalytic interconversion process of silyl ethers to arylsulfonates

ether to promote the desired arylsulfonyl transfer
(Scheme 1).

On the basis of this working hypothesis, we first examined
the reactivity of silyl ether’ 1a at room temperature in ace-
tonitrile in the presence of a catalytic amount of various
nitrogenous bases (20 mol%) and a stoichiometric amount
of tosylating agents (Table 1).

Surprisingly, although no reaction took place with Hiinigs
base, 1,4-diazabicyclo[2.2.2]octane (DABCO), quinucli-
dine, DMAP, and N-methylimidazole (Table 1, entries 1—
5), we were pleased to find out that DBU® gave the desired

Table 1 Nitrogen Lewis Bases and Tosylating Agents Screening

OTMS OTs
1a 2a

MeCN, r.t.,
TsX (1 equiv)
—_—

Base (20 mol%)

Entry TsX Base Time (h) Yield (%)*
1 TsF DIEA 24 0
2 TsF DABCO 24 0
3 TsF Quinuclidine 24 0
4 TsF DMAP 24 0
5 TsF N-Methylimidazole 24 0
6 TsF DBU 4 95
8 TsCl DBU 3 0
9 Ts,0 DBU 2 23
10 Ts,0 DBU 20 61
2 Isolated yields.
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Figure 1 Solvents screening for the interconversion of TMS ether Figure 2 Influence of catalyst loading on the rate of reaction
1a to tosylate 2a
product 2a in high yield (Table 1, entry 6). The reaction LsFC('\] etiui\;)z, .
. . . . eCN, r.t.,
conducted with p-toluenesulfonic anhydride led to incom- OTMS OTs
plete conversion, even after prolonged reaction time 1a Q—DBU (20 mol%) 90, 22
(Table 1, entries 9, 10), while being completely unproduc-
tive with p-toluenesulfonyl chloride (Table 1, entry 8). Scheme 2 Interconversion of 1a using polystyrene-supported DBU

This result points out the fluoride activation of the silyl
ether as an important driving force in this interconversion
process.

The DBU—p-toluenesulfonyl fluoride combination’ hav-
ing proved to be effective, we then examined the influence
of the solvent on the reaction rate. Whereas acetonitrile re-
vealed to be the best solvent furnishing the desired tosy-
late 2a in 95% yield within four hours, dichloromethane
and tetrahydrofuran gave rather poor results affording 2a
in 23% and 5% yield, respectively, while no reaction took
place in acetone. The high reactivity of the silyl ether in
acetonitrile may be ascribed to the good coordinating
properties of that solvent with silicon (Figure 1).8

Attempts to reduce the catalyst loading from 20 mol% to
10 mol% resulted in a significant increase in the reaction
time. However, complete and clean conversion into 2a
was observed within eight hours at room temperature,
making these reaction conditions rather attractive for syn-
thetic applications (Figure 2).

The synthetic potential of this catalytic transformation
was then assessed with various silyl ethers la-k
(Table 2).>!° Some primary and secondary TMS ethers
were first examined and underwent tosylation in excellent
yields. At room temperature, the primary ethers la—d
were transformed in four hours (Table 2, entries 1-4),
whereas 48 hours were required to ensure complete con-
version with secondary TMS ethers 1e,f (Table 2, entries
5, 6). It is interesting to note that decreasing the catalyst
loading from 20 mol% to 10 mol% did not significantly
affect the reaction rate when the reaction is conducted at
reflux (Table 2, entries 1, 6). Phenolic TMS ethers 1g,h
proved to be highly reactive, providing tosylates 2gh
within 30 minutes in excellent yields (Table 2, entry 7).
The higher reactivity of phenolic TMS ethers was evi-
denced by the selective and clean conversion of the phe-

Synlett 2008, No. 10, 1463—-1466 © Thieme Stuttgart - New York

nolic TMS ether in 1h, while leaving untouched the
primary TMS ether (Table 2, entry 8). Interestingly, tosy-
lation of silyl ether 1i was followed by the quaternization
of the pyridine ring to provide the pyridinium salt 2i in
90% yield (Table 2, entry 9). This last example highlights
the attractive potential of this strategy in developing tan-
dem interconversion—intramolecular ring-closure reac-
tions. This methodology was also successfully applied to
TES and TBDMS ethers 1j,k (Table 2, entries 10 and 11).
With TES ether 1j, exchange reaction was completed at
room temperature within eight hours (Table 2, entry10).
While TBDMS ether 1k remains unaffected after 24 hours
at room temperature, the reaction occurred smoothly in re-
fluxing acetonitrile for four hours to give tosylate 2k in
95% yield (Table 2, entry11).

The silyl ether—tosylate interconversion could be also
achieved in high yield, in the presence of polystyrene-sup-
ported DBU!! at room temperature during 72 hours. Tosy-
late 2a was isolated in a clear manner by simple filtration
and evaporation of the filtrate, thus facilitating workup
and catalyst recycling (Scheme 2).

To complete this study, we considered the selectivity of
this transformation (Scheme 3). When a mixture of prima-
ry and secondary TMS ethers 1a and 1f (1:1) was subject-
ed to the above-mentioned standard conditions, the
primary tosylate 2a was selectively obtained with good
yield. An excellent selectivity was also found between
TMS ether 1b and TES (or TBDMS) ethers 1j and 1k.
When a mixture of TMS ether 1b and TES ether 1j (1:1)
was allowed to react with an equimolar amount of tosyl
fluoride, only the TMS ether 1b underwent tosylation in
90% yield without any trace of 2a. These results clearly
revealed that this methodology can be applied for the se-
lective tosylation of primary silyl ethers in the presence of
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Table 2 Scope of the Silyl Ether—Tosylate Interconversion

MeCN, r.t.,
TsF (1 equiv)
ROSIR' ROTs
1 DBU (20 mol%) 2
Entry Silyl ether 1 Tosylate 2 Time (h) Yield (%)*

4 95°

1a 2a
2 AN otMs NN N0 4 95
1b 2b
OTMS OTs
3 4 97
1c 2¢
Ph, Ph,
4 OTMS OTs 4 g5
NHBoc NHBoc
1d 2d

OTMS

)

=)
~ ¥

e

(2]
O
—
[72)

(®)

e 48 95
48 95"
f 2t
OTMS OTs
7 [:::I/ 0.5 96

p—

1g 2g
OTMS OH
8 0.5 90°¢
OTMS OTs
1h 2h
N | =
9 | B _N 4 90
OTMS TsO~
1i 2i
SOoTES OTs

10 8 94

1j 2a

OTBDMS OTs 24 0

1 4 95¢

1k 2a
2 Isolated yields.

b Reaction performed at reflux with 10 mol% of DBU.
¢ Hydrolysis of the residual silyl ether protecting group occurred during the workup of the reaction.
4 Reaction performed at reflux.

secondary silyl ethers and for the tosylation of TMS ethers  styrene 4 and amino acrylic ester 5 in good yields
in the presence of TES or TBDMS ethers. (Scheme 4).

Attempts to extent this procedure to silyl ethers bearing In summary, the present methodology describes a simple,
acidic protons in o position, led to subsequent elimination  mild, and high-yielding organocatalytic procedure for the
of the resulting tosylate. As a result, when the reaction interconversion of silyl ethers to p-toluenesulfonate es-
was conducted with one equivalent of DBU to drive the ters. Furthermore, this interconversion process revealed to
reaction to completion, TMS ethers 11 and 1m afforded be highly selective regarding the nature of the silyl ethers
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Scheme 3 Examples of selective direct tosylation of silyl ethers
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Scheme 4 Examples of tandem interconversion—elimination reac-
tions

making possible interconversion of TMS ethers in the
presence of an additional TES or TBDMS ether. A high
selectivity was also observed between primary and sec-
ondary ethers.
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General Procedure for the Interconversion of Silyl
Ethers 1a-m

To a solution of TMS ether 1a (209 mg, 1 mmol) and TsF
(179 mg, 1 mmol) in MeCN (2 mL) was added DBU (30 pL,
0.2 mmol). The mixture was stirred for 4 h atr.t. followed by
addition of H,O (4 mL). The aqueous phase was extracted
with EtOAc (3 X 10 mL). The combined organic layers were
washed with H,O (10 mL) and brine (10 mL). After drying
(MgSO,) and concentration under vacuum, the residue was
chromatographed on SiO, (cyclohexane—Et,0, 9:1)
affording tosylate 2a (278 mg, 96% yield).

Spectral Data for Tosylate 2h

'H NMR (300 MHz, CDCl,):  =7.77 (d, 2 H, J = 8.3 Hz),
7.51(,1H,J=75Hz),7.36(d,2H, 83 Hz), 7.29 (t, | H,
J=75Hz),7.21 (t, 1H,J=7.5Hz),6.86(d, 1 H,J=7.5
Hz), 4.58 (s,2 H), 2.61 (s, 1 H), 2.48 (s, 3 H). 13C (75 MHz,
CDCly): 6 = 146.9, 145.9, 134.6, 132.2, 130.3, 130.0, 128.8,
128.5,127.6,122.3,59.6, 21.8. IR (KBr): v, = 3392, 1597,
1487, 1453, 1371, 1192, 1179, 1156, 1089, 1040.

Spectral Data for Tosylate 2d

'H NMR (300 MHz, CDCl,): § = 7.66 (d, 2 H, J = 8.3 Hz),
7.35-7.17 (m, 7 H), 5.20-5.18 (m, 1 H), 4.93—4.89 (m, 1 H),
4.28-4.15 (m, 2 H), 2.43 (s, 3 H), 1.41 (s, 9 H). 3C (75 MHz,
CDCly): 6 = 155.0, 145.0, 137.8, 132.4, 129.9, 128.8, 128.0,
127.9, 126.6, 80.1, 71.6, 28.3, 21.7. IR (KBr): v, = 3383,
1690, 1525, 1361, 1172, 1097, 1052, 964. Mp 123-124 °C.
Spectral Data for Tosylate 2i

'H NMR (300 MHz, CDCl;): § =9.13 (d, 1 H, J = 6.0 Hz),
822 (t,1H,/=7.7Hz),7.80(d, 1 H,/=7.7Hz), 7.72 (t, 1
H,/=69Hz),7.59(d,2H,J=8.1Hz),7.04(d,2H,J=8.1
Hz),4.96 (t,2H,J=7.7Hz),3.44 (t,2H, J =7.7 Hz), 2.43-
2.35(m, 2 H), 2.27 (s,3 H). 3C (75 MHz, CDCl,): § = 158.4,
144.9,144.1, 142.4,139.2, 128.7, 126.0, 125.9, 124.6, 59 .4,
32.5,21.7,21.4. IR (KBr): v, = 3434, 1628, 1505, 1190,
1129, 1039, 1012, 812, 691, 571. Mp 120-121 °C. All other
synthesized compounds are in accordance with the literature
data.

Polystyrene-bound DBU (1.15 mmol/g loading, 1% cross-
linked with DVB) was purchased from Aldrich.
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