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Letters
A traceless perfluorooctylsulfonyl tag for deoxygenation of phenols
under microwave irradiation
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Abstract—The perfluorooctylsulfonyl group is introduced as a traceless tag for solution-phase palladium-catalyzed deoxygenation
reactions. The synthetic efficiency is improved by microwave irradiation for reaction and fluorous solid-phase extraction for
separation. Further application of this traceless tag for multistep synthesis of substituted hydantoin and pyrimidine is also
described.
� 2004 Elsevier Ltd. All rights reserved.
The development and application of fluorous protecting
groups and tags as alternatives to solid-phase linkers
have become an active research area.1–3 We recently
reported the use of perfluorooctylsulfonates as fluorous
tag for palladium-catalyzed cross-coupling reactions to
form aryl C–S and C–C bonds.4 Commercially available
phenols are converted to perfluorooctylsulfonates by
reacting with perfluorooctylsulfonyl fluoride. The flu-
orous tagged intermediates are taken through several
reaction steps to transform the R1 to R2 and finally
detagged by microwave-assisted cross-coupling reac-
tions (Scheme 1). The perfluorooctylsulfonyl group
protects the hydroxy group during the multistep reac-
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tions and activates the hydroxy group for the cross-
coupling reaction. This group also serves as a ‘phase tag’
for fluorous solid-phase extraction (F-SPE).5 We report
here a new application of the perfluorooctylsulfonyl
group as a traceless tag for the deoxygenation of phe-
nols.

Traceless linkers have important applications in pre-
paring molecules without residual functionality after
solid-phase organic synthesis.6;7 This kind of linkers
includes aryl silanes, alkyl selenides, alkyl sulfides sulf-
ones and aryl triazenes.8 The Holmes group recently
developed a perfluorosulfonyl fluoride resin (PS-
NRC(O)CH2CF2CF2OCF2CF2O2SOF) as a traceless
linker.9 This resin has a loading of 0.31–0.36mmol/g
and requires five steps to be synthesized. The perfluoro-
octylsulfonyl fluoride (C8F17SO2F) we selected is com-
mercially available, has a much higher ‘loading’
(2.5mmol/g), and priced modestly (�$0.60/g).10 More
importantly, because of fluorous sulfonyl-tagged sub-
strates are ‘light fluorous’ molecules, they usually have
good solubility in common organic solvents and normal
reactivity under general solution-phase conditions. The
fluorous tag also has good thermal stability and low
microwave absorption, it allows the use of microwave
irradiation in the palladium-catalyzed deoxygenation
reaction11 to accelerate the reaction process. In a typical
deoxygenation reaction,12 fluorous sulfonate 1 was
reacted with 5.0 equiv of formic acid using Pd(dppf)Cl2
(dppf¼ 1,10-bis(diphenylphosphino)ferrocene) as a cat-
alyst, K2CO3 as a base, and 4:4:1 MePhH/Me2CO/H2O
as a co-solvent. The mixture in a sealed microwave tube
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Table 1. Deoxygenation of fluorous sulfonates
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was irradiated in a single-mode cavity at 100 �C for
20min. The reaction mixture was then loaded onto a
FluoroFlashTM cartridge for F-SPE separation. The
desired product 2 was eluted with 80:20 MeOH/H2O,
whereas the cleaved fluorous tag was retained on the
cartridge. Reaction substrates listed in Table 1 include
fluorous sulfonates with aldehyde, ketone, benzyloxy,
and heterocyclic substitutions. The yields were between
80% and 90% and purities were greater than 90% by
LC–MS.

The utility of fluorous sulfonate tags has been demon-
strated in the synthesis of trisubstituted hydantoin 6
(Scheme 2). Fluorous benzaldehyde 1a was reacted with
an amino ester under general reductive amination con-
ditions to give 3 in 60% yield. Amine 3 was then treated
with an isocyanate in the presence of Et3N to form urea
intermediate 4, which spontaneously cyclized to gener-
ate the hydantoin ring of 5. Microwave-assisted deoxy-
genation of fluorous sulfonate 5 afforded trisubstituted
hydantoin 6 in 70% yield. In this multistep synthesis,
intermediates 3 and 5 and final product 6 were purified
by F-SPE. The purity of product 6 was 90%.

The application of fluorous tag has been further dem-
onstrated in the synthesis of triaryl-substituted pyrimi-
dine 10 (Scheme 3).13Fluorous benzaldehyde 1a was
condensed with phosphonate 7 to form a,b-unsaturated
ketone 8. No significant amount of detagged byproduct
was observed under the basic condition. The cycload-
dition of 8 with a benzamidine followed by the tag
cleavage afforded the desired product 10 in 83% yield.
Because of the relatively low solubility of intermediate 8
and 9 in organic solvents, these two fluorous compounds
were purified by crystallization instead of F-SPE.
Compound 8 was purified by crystallization with hex-
anes/Et2O, whereas compound 9 was precipitated out by
addition of water to the reaction mixture. Purification of
fluorous intermediates by a simple, nonfluorous method
demonstrates the technical compatibility of fluorous
synthesis.

In summary, the perfluorooctylsufonyl fluoride has been
introduced as a new traceless tag. Compared to its resin
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analogues, this solution-phase fluorous tag is cheaper
and readily available. It can be used in conjunction with
F-SPE and conventional separation methods as well as
microwave technology.
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