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Abstract—A hexakis(fluorous chain)-type alcohol was used in the synthesis of oligosaccharides and peptides through connection
with a linker suitable for the particular type of target compound. After the preparation of the desired compound, the fluorous alco-
hol was easily recovered in good yields under basic conditions. It appears that the fluorous alcohol can be recovered, recycled, and
reused.
� 2005 Elsevier Ltd. All rights reserved.
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Scheme 1. Preparation of recyclable fluorous tag 1.
Since fluorous chemistry was first reported by Horváth
and Rábai,1 who used a fluorous biphasic system, it
has been applied in various fields.2 For example, Curran
and co-workers3 described a fluorous synthesis (the fluor-
ous tag method) that is suitable as a strategic alterna-
tive to solid-phase synthesis. This strategy is very
efficient because, alike the case for the solid-phase
method, it does not inevitably resort to chromatogra-
phy. Recently, we have also achieved the syntheses of
oligosaccharides and peptides by using various fluorous
tags.4,5 In peptide syntheses, however, it is impossible or
very difficult to recycle the fluorous tags because they
are partially decomposed under the acidic condition
present in the final deprotection step.5a,b,d Furthermore,
in oligosaccharide synthesis, a hydrogenolysis step chan-
ged a benzylic-type fluorous tag to a toluene-type fluor-
ous tag that was not recyclable.5c To realize a practical
fluorous synthesis, the recycling of the fluorous tags is
essential for both environmental and economic reasons.
We describe the concept of a novel recyclable system
using the fluorous tag 1 (Scheme 1) and its applications
in peptide and oligosaccharide syntheses. Our concept of
a fluorous synthesis using a recyclable tag with a sacrifi-
cial linker is shown in Figure 1.

A linker that is suitable for the particular group of target
compounds, such as peptides or oligosaccharides, must
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be introduced into the fluorous tag. The synthesis of
the target compound is then carried out by using a meth-
od based on the fluorous tag with a sacrificial linker.
Each intermediate containing the fluorous tag is ob-
tained in a straightforward manner simply by simple
partitioning between FC726 and an organic solvent,
such as MeCN or MeOH, without the need for column
chromatography. The desired compound is obtained
after selective cleavage at Point 1 (Fig. 1) followed by
a single column-chromatographic run. On the other
hand, selective cleavage at Point 2 permits the recovery
of the fluorous tag. This concept enables various types
of fluorous tags, which are otherwise very difficult to
recycle, to be readily recycled. We synthesized the
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Figure 1. Fluorous synthesis strategy based on a recoverable tag with a sacrificial linker.
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Scheme 2. Synthesis of a C-terminal amide-type peptide.
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hexakis(fluorous chain)-type alcohol 1 as a recyclable
fluorous tag (Scheme 1).

The coupling reaction of 2-[(2-aminoethyl)amino]ethan-
ol 2 with the fluorous carboxylic acid 34 followed by
treatment with NaOMe gave the alcohol 17 in an
89% yield. First, the synthesis of the C-terminal
amide-type peptide on the fluorous tag 1 was attempted
(Scheme 2).

Compound 1 was coupled with linker 4 to afford com-
pound 5.8 The fluorous peptide derivative 6 was pre-
pared by using the Fmoc strategy.9 The deprotection
of the Fmoc group was carried out by using the
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FC72–10% piperidine/DMF (1:1) immiscible system,
and the coupling was performed with a 1.5-fold excess
of Fmoc-Ala-OH, Fmoc-Phe-OH, and naphthylacetic
acid with PyBOP as the coupling reagent in the mixed
homogeneous solvents CH2Cl2 and EtOC4F9.

10 Each
of the fluorous intermediates from 5 to 68 could be
obtained in a straightforward manner simply by parti-
tioning between FC72 and MeCN. These compounds,
including the fluorous tag, were extracted into the
FC72 layer, whereas the other reagents remained in
the MeCN layer. No further purification, such as sil-
ica-gel column chromatography, was necessary. Finally,
the fluorous peptide 6 was treated with TFA containing
5% H2O to cleave the peptide derivative 7 from the fluor-
ous linker. A partitioning step with FC72 and MeCN
was then performed as above, and crude 7 was obtained
from the MeCN layer. After recrystallization, com-
pound 711 was obtained in a 78% overall yield from
1. TLC of the FC72 layer showed the presence of a
complex mixture, because the linker moiety bound to
1 was partially decomposed under the acidic condi-
tions.12 This mixture was treated with NaOMe and,
after a fluorous partitioning step, alcohol 1 was
extracted into the FC72 layer. After silica gel column
chromatography, the fluorous tag 1 was recovered in
8
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Scheme 3. Synthesis of a C-terminal carboxyl-type peptide.
a 91% yield and reused for other peptide syntheses, as
shown in Scheme 3.

The synthesis of the HMPB-type13 fluorous support 9
was achieved by using the dimethylphosphinothioic
mixed anhydride (Mpt-MA) method.14 The fluorous
peptide derivative 108 was prepared through the Fmoc
strategy by using the fluorous synthesis strategy. Finally,
the crude peptide on the fluorous support 10 was treated
with TFA containing 5% H2O, and then partitioned
between FC72 and MeCN. The crude dipeptide deriva-
tive 1115 extracted into the MeCN layer, was purified by
silica-gel column chromatography to give an 87% over-
all yield. The fluorous compounds extracted into the
FC72 layer were treated with NaOMe and then parti-
tioned between FC72 and MeOH. After concentration
of the FC72 layer and purification by silica-gel column
chromatography, the fluorous tag 1 was recovered in a
90% yield (Scheme 3). Furthermore, the synthesis of
an oligosaccharide by using the fluorous alcohol 1
recovered from the peptide synthesis was demonstrated.
A benzylic-type fluorous tag has been already repor-
ted.5c In this study, this benzylic-type fluorous tag
was changed into a toluene-type tag that displays a
hydrogenolytic cleavage reaction. Although we tried to
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Scheme 4. Disaccharide synthesis on the fluorous tag.
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regenerate the toluene-type tag to the benzylic type, it
was impossible to recycle it.16 Therefore, our novel
�tag and linker� concept was applied to the synthesis of
an oligosaccharide using the benzylic-type fluorous lin-
ker 1317 (Scheme 4).

The synthesis of 13 was achieved by using the Mpt-MA
method in an 82% yield from 1. The glycosylation18 of
13 with a 2.0-fold excess of the glycosyl donor 1419 gave
compound 15.8 After the deprotection of the Fmoc
group, the reaction of 16 with a 2.0-fold excess of 14
under similar glycosylation conditions as described
above gave the fluorous disaccharide 17.8 Each of the
fluorous intermediates 15, 16, and 17 could be obtained
in a straightforward manner by a simple partitioning
between FC72 and an organic solvent such as MeOH
or MeCN. No further purifications, such as silica-gel
column chromatography, were necessary. Finally, the
removal of the fluorous tag and Fmoc group was carried
out by treatment with NaOMe, and the crude 18 was
extracted into a MeOH layer by partitioning the mixture
between FC72 and MeOH. After silica-gel column
chromatographic separation, the disaccharide 1820 was
obtained in a 56% overall yield from 13. On the other
hand, alcohol 1 was recovered from the FC72 layer in
a 91% yield and could be recycled. All the benzyl groups
of compound 18 were easily removed by hydrogenation
in the presence of Pd/C to afford the deprotected disac-
charide 19.21,22

In conclusion, we achieved the syntheses of peptides and
an oligosaccharide in high yields by using a recyclable
fluorous tag. This fluorous tag 1 was readily introduced
onto various linkers, and could be removed from the
target compounds by the usual procedure in each case.
Moreover, it was easily recyclable in excellent yields
after treatment with NaOMe. Each fluorous synthetic
intermediate could be obtained in a straightforward
manner simply by simple partitioning between FC72
and an organic solvent. As a result, the desired com-
pounds were obtained after only a single silica-gel col-
umn chromatographic purification step.
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