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Abstract—Commercially available fluorous-tethered reagents are employed to quench excess reactants and remove known
impurities from crude reaction mixtures generated via solution phase parallel synthesis. Fluorous quenching reagents are
expediently removed via FluoroFlash™ SPE columns to afford products in high yields and purities. © 2002 Elsevier Science Ltd.
All rights reserved.

The need for expedient chemical lead identification in
early stage medicinal chemistry programs is crucial for
the development of these programs and the rapid deliv-
ery of safety assessment candidates for clinical evalua-
tion. In recent years, the pharmaceutical industry has
addressed this issue by establishing groups whose mis-
sion is to synthesize analog arrays based on high
throughput screening hits while employing solution
phase parallel synthesis.1 The key to the success of this
approach was the application of resin-bound reagents
and scavengers to drive reactions to completion and
quench excess reagents in the solution phase (Scheme
1).2 Simple filtration with or without solid phase extrac-
tion (SPE) protocols (SCX, SAX) can afford pure,
single compounds in sufficient quantities (50 mg) for
screening, full characterization and archiving.3 How-
ever, resin-bound reagents and scavengers do have lim-
itations. First, hindered access to functional groups
within the resin core, especially in higher loading resins,
and the biphasic nature of the reaction systems that
contain polymer-bound entities result in slower overall

kinetics.4 Second, solvent selection for both the syn-
thetic and scavenging steps is dictated by the swelling
requirements of the resin matrix as well as the large
solvent volumes.5 Third, resin-mediated reactions are
not readily scaleable (increasing from 0.1 to 10 mmol)
for the resynthesis of active compounds.6 These limita-
tions impact the widespread use of resin-based scav-
engers across medicinal chemistry departments. With
the goal of addressing these issues, our group began to
examine new technologies for solution phase parallel
synthesis.

Evaluation of emerging fluorous technologies pioneered
by Curran, indicated to us the efficiency of employing
fluorous protecting groups in combination with Fluo-
roFlash™ SPE columns as exemplified in Scheme 2.7

Moreover, high chemical yields and purities were
obtained both in the literature and in our hands. Based
on our heavy reliance on scavenger resins for parallel
purification, we hoped to contribute to this new field by
developing a ‘toolkit’ of fluorous-tethered quenching
reagents (scavengers) that could be employed as tradi-
tional solution phase reagents. We envisioned that these
fluorous-tethered reagents would provide rapid quench-
ing due to homogeneous solution phase kinetics, could
be easily removed in parallel by FluoroFlash™ SPE
and might reduce the barrier for the general practice of
solution phase parallel synthesis. This new application
of fluorous technology (Scheme 3) would compliment
the existing scavenger resin paradigm depicted in
Scheme 1.

We initially examined a set of six inexpensive, function-
alized fluorous-tethered reagents (Fig. 1) that we felt

Scheme 1.
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Scheme 2.

Reagents 1 and 2 are utilized in the general scavenging
of electrophiles when used in slight excess (typically, 1.0
equiv. of scavenger for every 0.3 equiv. of excess elec-
trophile) in under 1 h at room temperature.10 Represen-
tative examples are shown in Scheme 4.11 In the event,
treatment of isocyanate 7 with amine 8 for 2 h followed
by addition of 1 to scavenge excess 7 provided, after
FluoroFlash™ SPE, urea 9 in excellent yield and >98%
purity.12 In a similar fashion, 2 removed excess 10 to
afford the �-aminoester 12 in high yield and purity.

Reagents 3, 4, 5 and 6 are utilized in the general
scavenging of nucleophiles when used in slight excess
(typically, 1.0 equiv. of scavenger for every 0.3 equiv. of
excess nucleophile) in under 1 h at room temperature.10

Representative examples are shown in Scheme 5 and
include amide and sulfonamide formation, alkoxide
alkylation and epoxide openings wherein fluorous
reagents scavenge amines, anilines, alkoxides and epox-
ides, respectively.13 For the cases examined, good chem-
ical yields (>80%) and excellent purities (>95%) were
obtained.12

In cases where a resin-bound base is also employed, the
SPE column serves as a general filtration method for
removal of both the resin-bound base and the fluorous-
tethered scavenger as illustrated in several examples in
Schemes 4 and 5. The entire compendium of resin-
bound reagents is compatible under this protocol and
multi-step reactions can be undertaken with various
combinations of resin-bound reagents and fluorous-
tethered scavengers (Scheme 6). In this instance, the
reductive amination of 25 with 26 using MP-CNBH3

proceeds smoothly, and excess 26 is removed by the
addition of 1 providing 27 in 84% yield and >98%
purity after FluoroFlash™ SPE. Sulfonylation of 27
with 28 utilizing a resin-bound base, PS-NMM, results
in sulfonamide 29 in 88% yield and >95% purity after
FluoroFlash™ SPE.12

In summary, we have developed a novel protocol for
the parallel purification of solution phase libraries using
fluorous-tethered quenching reagents (scavengers) in
conjunction with FluoroFlash™ SPE. This new
fluorous technology has several advantages over tradi-
tional resin-bound scavenger reagents: (1) fluorous
reagents are inexpensive and available from several
commercial sources; (2) FluoroFlash™ SPE columns
can be reused up to ten times; (3) homogeneous solu-

Scheme 3.

Figure 1. Fluorous-tethered quenching reagents.

would allow for general scavenging of the most com-
mon chemical moieties we encounter in parallel synthe-
sis libraries.8 In general, the fluorous-tethered reagents
contain between 13 and 17 fluorine atoms. We chose to
generically represent the reagents by an open circle with
an embedded ‘F’ to compliment the generic resin con-
vention. All six reagents are liquids that can be used
neat or stored and dispensed as 0.5 to 2.0 M THF stock
solutions. The key to the success of this new approach
is the removal of the fluorous scavengers in a rapid and
general manner with FluoroFlash™ SPE columns.7,9

Scheme 4.
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Scheme 5.

Scheme 6.

tion phase kinetics are observed, and (4) reactions are
easily scaleable and free from solvent limitations. Cur-
rent work is focused on the preparation of more spe-
cialized fluorous-tethered scavengers and reagents and
will be reported in due course.

Note added in proof: In parallel, independent work,
Curran and co-workers at FTI report the successful
application of the fluorous thiol 2 as a fluorous quench-
ing agent in combination with FluoroFlash™ SPE
columns. See, Zhang, W.; Curran, D. P.; Chen, C.
H.-T. Tetrahedron, in press.
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