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Abstract—TfBz–OH, a novel benzoyl-type fluorous protecting reagent, has been easily prepared. It was found that the TfBz (tris-
fluorous chain-type benzoyl) group can be successfully introduced onto a hydroxyl function, removed in high yield, and recycled
after deprotection. The use of the TfBz group makes it possible to synthesize an oligosaccharide by minimal column chromatogra-
phy purification, because each synthetic intermediate is easily purified simply by fluorous-organic solvent extraction.
� 2004 Elsevier Ltd. All rights reserved.
1. Introduction

The fluorous tag method is an excellent methodology in
which a highly fluorinated synthetic intermediate can be
easily separated from non-fluorinated compounds.1 It is
expected to be a strategic alternative to solid-phase syn-
thesis, because it removes some serious disadvantages of
the usual solid phase method such as the difficulty of
large-scale synthesis and the inability to monitor the
reaction by TLC, NMR spectroscopic analysis, or mass
spectrometry. The fluorous tag method is classified into
a light fluorous technique and a heavy fluorous tech-
nique.2 In particular, the heavy fluorous technique using
a fluorous tag with a high fluorine content can easily
separate fluorinated intermediates from non-fluorinated
compounds through simple fluorous-organic solvent
partitioning without tedious column chromatography.
Effective fluorous tags are essential for the fluorous tag
method: silyl-,3 acetal-,4 and benzyl-ether5 type fluorous
tags for a hydroxyl function have been reported as pro-
tecting groups. Different types of fluorous protecting
groups for several other functions have also been
reported.6
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We have developed the synthesis of a simple natural
oligosaccharide, such as the Gb3 oligosaccharide and
galactose b(1–6) pentamer, involving the Bfp (bisfluor-
ous chain-type propanoyl) group as an aliphatic acyl-
type fluorous protecting group.7 In addition, we have
reported the synthesis of oligosaccharides and peptides
using a fluorous support with a high fluorine content.8

The use of the Bfp group made it possible to synthesize
rapidly a simple oligosaccharide. However, it is difficult
to synthesize a complex oligosaccharide using only the
Bfp group as an aliphatic acyl-type fluorous protecting
group. A multitude of hydroxyl groups in carbohydrates
have a similar reactivity and the selective protection and
deprotection of each hydroxyl function is needed for the
synthesis of the desired oligosaccharide.

Several kinds of protecting groups are used in oligosac-
charide synthesis. Aliphatic acyl-type protecting groups,
such as the acetyl group, are easily rearranged onto the
primary hydroxyl functions from the neighboring sec-
ondary hydroxyl function. It is difficult to form the 1–
6 linkage of galactose using aliphatic acyl-type protect-
ing groups, because an aliphatic acyl-type group at 4-po-
sition of galactose tends to rearrange to the hydroxyl
function at the 6-position.7c The benzoyl group as an-
other acyl-type protecting group can selectively protect
the primary hydroxyl function of carbohydrates and re-
sists the acyl rearrangement in contrast to the acetyl
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group.9 The benzoyl group is very useful as a protecting
group and essential for the synthesis of complex oligo-
saccharides. Therefore, a benzoyl-type fluorous protect-
ing group is required for fluorous oligosaccharide
synthesis. Herein we report the development of a novel
fluorous benzoyl-type protective group and its applica-
tion to the rapid synthesis of oligosaccharides.
Table 1.
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2. Results and discussion

We designed and synthesized compound 6 (TfBz–OH)
containing three fluorous chains as a novel fluorous ben-
zoyl-type protecting reagent (Scheme 1). The reaction
of the fluorous tosylate 110 with methyl 4-amino-
methylbenzoate (2, 4.0 equiv) in the presence of
K2CO3 (30 equiv) in MeCN provided the monoalkylat-
ing product 3 in 78% yield. The amine 3 was coupled
with Bfp-OH (4,7 1.1 equiv) in the presence of PyBOP
(1.3 equiv), and Et3N (3.0 equiv) in CH2Cl2 to afford
the corresponding amide 5 in 94% yield. The treatment
of 5 with aqueous sodium hydroxide in dioxane gave
the desired fluorous benzoic acid 6 (MW = 1617) in
99% yield. We named the acyl moiety of 6, TfBz (trisflu-
orous chain-type benzoyl).
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Scheme 1. Reagents and conditions: (a) K2CO3, MeCN, reflux, 22 h,

78%; (b) PyBOP, Et3N, CH2Cl2, rt, 4 h, 94%; (c) 1 M NaOH, dioxane,

70 �C, 3 h, 99%.
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The TfBz group was easily introduced into both primary
and secondary alcohols using DCC (2.5 equiv) and
DMAP (1.5 equiv) in CH2Cl2 to afford the correspond-
ing esters 7, 8, 9, and 10 in good to excellent yields
(Table 1). The TfBz–OH 6 did not react with 1-ada-
mantanol having a tertiary hydroxyl function under sim-
ilar reaction conditions. The fluorous compounds
containing the TfBz group were separated from the non-
fluorinated compounds by partitioning the product mix-
tures between FC-72 and MeOH. The TfBz groups of
7, 8, 9, and 10 were easily removed by treatment with
NaOMe in MeOH–ether (2/3) to afford the correspond-
ing alcohols, which were extracted with MeOH by par-
titioning the mixture between FC-7211 and MeOH.
The methyl ester of TfBz (TfBz–OMe), 5 was recovered
from the FC-72 layer in excellent yields. Compound 5
was treated with aqueous sodium hydroxide to give 6,
which can be recycled.
We next attempted to synthesize a disaccharide 16 as
shown in Scheme 2. The TfBz group was also easily
introduced into the three hydroxyl functions of a galac-
tose derivative 11 using 6 (3.3 equiv), DCC (7.5 equiv),
and DMAP (4.5 equiv) in CH2Cl2 to give the corre-
sponding fluorous compound 12. The trityl (Tr) group
of 12 was removed by treatment with camphorsulfonic
acid (CSA, 7.0 equiv) in MeOH–CHCl3 (1/2) to afford
the fluorous glycosyl acceptor 13. The fluorous disac-
charide 15 was obtained by the reaction of 13 with the
excess glycosyl donor 14 (7.0 equiv) in the presence of
trimethylsilyl trifluoromethanesulfonate (TMS–OTf,
2.0 equiv) in ether–EtOC4F9

12 (1/1). The fluorous inter-
mediates 12, 13, and 15 were each extracted with the
fluorous solvent FC-72 by partitioning the product
mixtures between FC-72 and an organic solvent such
as methanol or toluene. No further purification such as
silica gel column chromatography was carried out. The
TfBz group of 15 was easily removed by treatment with
NaOMe in MeOH–ether–EtOC4F9 (2/4/1) to afford the
crude 16, which was extracted with MeOH by partition-
ing the mixture between FC-72 and MeOH. TfBz–OMe
(5) was recovered from the FC-72 layer in 94% yield.
Finally, the pure disaccharide 16 was obtained from a
single silica gel column chromatographic purification
in a 46% overall yield from 11 (four steps). The disac-
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Scheme 2. Reagents and conditions: (a) DCC, DMAP, CH2Cl2, rt, 24 h; (b) CSA, CHCl3–MeOH, rt, 17 h; (c) TMSOTf, 4 Å molecular sieves, ether–

EtOC4F9, 0 �C, 15 min; (d) NaOMe, ether–EtOC4F9–MeOH, rt, 3 h, then silica gel chromatography, 46% from 11 (in four steps); (e) Ac2O, Py, rt,

19 h, 96%.

T. Miura et al. / Tetrahedron: Asymmetry 16 (2005) 3–6 5
charide 16 was introduced to the acetate 1713 by treat-
ment with acetic anhydride in pyridine. It is worth not-
ing that no rearrangement of the TfBz group in 13 was
observed at all, even if 13 was purified by silica gel col-
umn chromatography.

The partition coefficient information for fluorous com-
pounds is very important for the successful performance
of the heavy fluorous technique. We measured the
liquid–liquid partition coefficients for the fluorous com-
pounds 5, 7, 8, 9, 10, 13, and 15 between FC-72 and an
organic solvent (methanol or toluene) as shown in Table
2. In the case of the fluorous compounds, the partition
coefficients for separation by FC-72-methanol extrac-
tion are higher than those by FC-72-toluene extraction.
Although the fluorine contents of the fluorous com-
pounds 9, 10, and 15 are low (<55.2%), these partition
coefficients are higher than those of the other fluorous
compounds 7 and 8.
Table 2. Partition coefficient of fluorous compounds

TfBz–OR F content (wt%) FC-72:MeOH FC-72:toluene

TfBz–OMe 5 59.4 86:14 58:42

7 56.8 70:30 6:94

8 56.3 53:47 6:94

9 55.2 80:20 11:89

10 48.8 91:9 13:87

13 58.0 97:3 96:4

15 52.5 >99:1 >99:1
In conclusion, the fluorous benzoyl-type protecting re-
agent 6 (TfBz–OH) could be easily prepared on a large
scale. The TfBz group is readily introduced into several
alcohols, removed in high yield by the usual procedure
and is recyclable after deprotection. The use of the TfBz
group as a fluorous protecting group makes it possible
to synthesize rapidly a natural oligosaccharide with min-
imal column chromatography purification. Each fluor-
ous synthetic intermediate could be obtained in a
straightforward manner by simple FC-72-organic sol-
vent extraction. The TfBz group is stable under acidic
conditions and no acyl rearrangement occurred. There-
fore, the galactose (1–6) linkage can be easily formed.
The partition coefficients for some fluorous compounds
were provided for the heavy fluorous technique. Further
application to the synthesis of bioactive carbohydrates
and glycoconjugates is now in progress.
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