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seeberger@org.chem.ethz.ch

Received March 5, 2007

ABSTRACT

Described is the combination of microreactors and fluorous phase chemistry to assemble oligosaccharides. The synthesis of a â-(1f6) linked
D-glucopyranoside homotetramer serves to illustrate this approach. Glycosylations employing a Fmoc-protected glucosyl phosphate building
block were performed in a silicon-based micro-structured device to optimize reaction conditions and for reaction scale-up. A perfluorinated
linker at the reducing end of the oligosaccharides allowed for purification by fluorous solid-phase extraction (FSPE) and further functionalization.

Microreactors are receiving increasing interest for conducting
chemical transfomations.1 The small dimensions of micro-
structured reactors allow for high heat- and mass-transfer
rates, efficient mixing by laminar diffusion, and exact control
of reaction parameters. Microreactors lend themselves par-
ticularly well for the use of unconventional reaction condi-
tions such as high coupling temperatures.2 Less consumption
of material compared to traditional processes, rapid screening
of reaction conditions and numbering-up, as well as scale-

out processes circumvent traditional challenges for synthetic
chemists.1 The silicon-glass microreactor2a used here was
chosen for its excellent thermal conductivity and stability to
a broad range of organic solvents and reagents. The internal
volume of 78.3µL renders it suitable for reaction screening
and larger scale production; several successful applications
have already been reported.2 In the field of oligosaccharide
synthesis, microreactors had only been used to prepare
disaccharides.2a,c,3

Here, we demonstrate the synthesis of a protectedâ-(1f6)
linked D-glucopyranoside homotetramer in a microfluidic
device by iterative glycosylations using the Fmoc-protected
glycosyl phosphate14 and perfluorinated linker25 (Scheme
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1). The new linker system allowed for the use of fluorous
solid-phase extraction (FSPE) as an efficient purification
method.6 After completion of the synthesis, the fluorous tag
can be transformed into aldehydes, glycosyl trichloroacet-
imidates, orn-pentenyl glycosides (Scheme 1).7 Alternatively,
noncovalent attachment to perfluorinated glass-slides is
possible.8

The synthesis of fluorinated linker2 commenced with
monotritylation of 1,4-butanediol to afford3. Hydroxyl-
halogen exchange furnished4.9 Subsequent treatment of alkyl
iodide4 with PPh3 in refluxing benzene yielded the desired
phosphonium salt5. Oxidation of the commercially available
3-(perfluorooctyl)propan-1-ol with Dess-Martin periodinane
afforded aldehyde6. Wittig olefination of5 and6 delivered
7, exclusively as theZ-isomer. Final detritylation under
aqueous acidic conditions yielded the fluorinated acceptor
2 (Scheme 2).

To rapidly investigate the iterative glycosylations, the
silicon-glass microreactor was employed to examine the

coupling reactions involving the fluorinated acceptor (2, 8,
9, or 10), glycosyl phosphate1, and the activator (TMSOTf).
A mixture of DMF and piperidine, containing methyl 2,3,4,6-
tetra-O-benzyl-R-D-glucopyranoside as internal reference for
LC/MS analysis, was injected to quench the reaction and to
cleave the Fmoc group (Scheme 3).

Each glycosylation reaction was screened at seven different
reaction times, as summarized in Table 1. Since the

fluorinated acceptor2 was poorly soluble in CH2Cl2 at
0 °C, the first glycosylation was carried out in trifluoro-
toluene (TFT) (entries 1 and 2).10 For the first glycosylation,(6) For reviews on F-tag chemistry, see: (a) Zhang, W.Tetrahedron
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R. Org. Lett.2006,8, 955-957. (e) Mizuno, M.; Goto, K.; Miura, T.; Inazu,
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Scheme 1. Synthetic Strategy and Linker Functionalization
(n ) 1, 2, 3, 4)

Scheme 2. Synthesis of the Fluorous Linker

Scheme 3. Optimization of Glycosylation Reactions with Use
of a Silicon-Based Microreactor

Table 1. Screening of Glycosylation Conditionsa

entry
nucleophile

(µmol)
1

(equiv)
TMSOTf
(equiv) solvent

temp
(°C)

reaction
times (s)

1 2 (1.25) 2 2 TFT 0 10, 20, 30, 60,
120, 300

2 2 (1.25) 2 2 TFT 20 10, 20, 30, 60,
120, 300

3 8 (1.25) 2 2 CH2Cl2 20 10, 20, 30, 60,
120, 300, 600

4 9 (1.25) 2 2 CH2Cl2 20 10, 20, 30, 60,
120, 300, 600

5 9 (0.83) 3 3 CH2Cl2 20 10, 20, 30, 60,
120, 300, 600

6 10 (0.83) 3 3 CH2Cl2 20 10, 20, 30, 60,
120, 300, 600

a Experiments were performed in triplicate, except for entry 6.
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a clear conversion optimum was found at 20°C and 30 s
reaction time (Figure 1). For batch syntheses, reaction times
are typically longer and reaction temperatures are lower.11

After FSPE,12 the monoglycoside8 was contaminated with
the C(6)-O-TMS derivative that was desilylated by treatment
with silica gel.13 Complete conversion to disaccharide9
required a reaction time of 20 s at 20°C (entry 3).13 The
same reaction temperature was applied to the third glyco-
sylation to form trisaccharide10 (entry 4).13 In all cases,
unreacted starting material9 was observed. Increasing
amounts of glycosyl phosphate1 (3 equiv) drove the
glycosylation to completion at an optimal reaction time of
60 s (entry 5). For the final glycosylation step, formation of
the desired tetrasaccharide11was investigated by employing
again 3 equiv of glycosyl phosphate1 (entry 6).13 Complete
conversion to tetrasaccharide11 required 60 s of reaction
time.

The optimized reaction conditions for each glycosylation
were scaled-out to furnish larger quantities of the desired
oligosaccharides (Scheme 4). The different oligosaccharides

were obtained after FSPE in excellent yield and purity (8,
99%;9, 97%;10, 90%; and11, 95%) and were directly used
for the next step. The first glycosylation produces 11.3 mmol
of product per day.

Following oligosaccharide assembly, the perfluorinated
linker of tetrasaccharides11 and 12 was transformed into
different functional groups (Scheme 5). Olefin cross-

metathesis of11 and ethylene with use of Grubbs’ second
generation catalyst afforded the desiredn-pentenyl gly-
coside13 (56%), while starting material11 remained (44%).
The acetylated derivative12 was hydrolyzed under Fraser-
Reid’s conditions14 to yield the lactol that was further
transformed into glycosyl trichloroacetimidate14 (ratio R:â
) 6:1, 98% yield for 2 steps). Ozonolytic cleavage of the
double bond of12 afforded the desired aldehyde15 in 62%
yield.

In summary, we report the synthesis of aâ-(1f6) linked
D-glucopyranoside homotetramer in a silicon-glass micro-
reactor using iterative glycosylations. Each glycosylation was
optimized and scaled-out in the microfluidic device to obtain
the desired oligosaccharides in excellent yield. Notably, the
continuous-flow microreactor allowed for glycosylations by
using â-glycosyl phosphates at ambient temperature. A
perfluorinated linker was incorporated and allowed for the
successful purification of the oligosaccharides by FSPE and
additionally served as ann-pentenyl-type linker for further
functionalization.
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Figure 1. Optimization of the first glycosylation.

Scheme 4. Oligosaccharide Synthesis with Use of the
Optimized Reaction Conditions

Scheme 5. Functionalization of the Linker
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