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Highly Selective Formation of β-Glycosides of N-Acetylglucosamine Using
Catalytic Iron(III) Triflate
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Efficient and highly selective glycosylation reactions of per-
acetylated β-D-N-acetylglucosamine are described using
catalytic iron(III) triflate and 2,4,6-tri-tert-butylpyrimidine
(TTBP) under microwave conditions. We have demonstrated

Introduction

Glycosylation with glycosyl acetate donors, one of the
simplest methods, was earlier discovered by Helferich and
Schmitz-Hillerbrecht.[1] It consists of a convenient direct
anomeric oxygen exchange under a typical acid-catalyzed
acetal formation reaction. This glycosylation method is par-
ticularly straightforward in comparison with numerous gly-
cosylation methods.[2] O-Acetylglycosyl donors of gluco-
pyranose, galactopyranose, N-acetylglucosamine, and N-
acetylgalactosamine, examples of biorelevant hexoses, are
easily accessible and were used earlier extensively in glycos-
ylation reactions upon activation with various acidic acti-
vators, in most cases in stoichiometric amounts {recent uses
of promoters: TfOH,[3] Sc(OTf)3,[4] Yb(OTf)3,[5] Yb[N-
(Tf)2]3,[6] [BF3·OEt2 + Bi(OTf)3],[7] [TsOH + Yb(OTf)3]}[8]

and at high temperatures to form simple aryl or alkyl gly-
cosides, disaccharides, and glycoconjugates. The α/β selec-
tivity of the reactions depends on the nature of the pro-
moter and the reaction conditions. Recently, stoichiometric
cupric salts (CuCl2, CuBr2),[9] 30 mol-% Yb(OTf)3,[10]

15 mol-% rare earth metal triflates [Sc(OTf)3, Sm(OTf)3,
La(OTf)3, Dy(OTf)3, Nd(OTf)3],[11] H2SO4/silica under mi-
crowave conditions,[12] and TsOH[13] were used as promo-
tors in the synthesis of glycosides of N-acetylglucosamine
(GlcNAc), directly or via the isolated oxazolines. Activation
using FeCl3 was also previously described for anomeric ester
donors incorporating a C-2 amide functionality (N-acetyl-,
N-phthaloyl-, N-(chloroacetyl)-glycosyl acetate donors)[14]
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that the formation of β-(1�6) and β-(1�3) linked disac-
charides are obtained in high yields in the presence of
various protecting groups.

through reactive oxazolinium cations, as for other non-C2-
amide donors[15] having a C-2 ester participatory group. It
involved the use of a large excess of both FeCl3 and the
glycosyl donors.[16] Numerous other β-selective glycosyl-
ation methods[2,17] have been developed using elaborated
glucosamine donors possessing appropriate leaving groups
at C-1 (trichloroacetimidate, phosphite, thio groups) and
temporary participating groups[18] of the 2-amino function.
The reactions generally proceeded at low temperatures with
high yields but required separate steps for the introduction
of the protecting groups and the post-coupling conversion
to the 2-acetamido substituent found in natural products.

Results and Discussion

Previous studies reported mild conditions by using tri-
flates of rare earth metals.[2a,11] This development was based
on the better Lewis acid properties of the catalysts, their
ready availability, and their ease of handling. Iron has a
number of advantages over other metals typically used in
catalysis, as it is cheap, nontoxic, environmentally friendly,
and abundant. Accordingly, an increasing number of publi-
cations describe novel applications of iron catalysts in or-
ganic synthesis.[19] In carbohydrate chemistry, iron(III) tri-
flate has only been used for oxidative C–C bond cleavage[20]

and the thioglycosylation of peracetylated glycosides.[21] In
our recent effort to identify efficient and step-saving pro-
cesses in carbohydrate chemistry,[22] we now present a gly-
cosylation procedure using catalytic amounts of stable and
nonhygroscopic Fe(OTf)3·6.2DMSO[23] or Fe(OTf)3 as new
activators of the stable and commercially available glucos-
aminyl donor 1β[24] or oxazoline 2[25] easily prepared from
1 (Table 1).

In initial experiments, the glycosylation of menthol (3)
or glucose derivative 4 was studied. Fe(OTf)3 solvate
(15 mol-%) efficiently catalyzed the exclusive formation of
β-glycoside 5 in refluxing CH2Cl2 in 61% yield (Table 1,
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Table 1. Iron triflate catalyzed glycosylation of alcohols 3 and 4 with 1 and 2 under various conditions.

[a] A = Fe(OTf)3·6.2DMSO in CH2Cl2 under reflux at 50 °C. [b] B = Fe(OTf)3·6.2DMSO in CH2Cl2 under microwave irradiation at 80 °C.
[c] In CH2Cl2 under microwave irradiation at 80 °C. [d] C = Fe(OTf)3 in CH2Cl2 (microwave at 80 °C). [e] D = Fe(NTf2)3·6.2DMSO in
CH2Cl2 (microwave at 80 °C). [f] Yield after silica gel chromatography.

Entry 1). Due to the low reactivity of the acetate donor, the
reaction proceeded better under microwave irradiation[11]

for this example and in all other following cases, with a
more efficient and faster glycosylation (20 min, 85 % yield
compared to a 61% yield at reflux for 24 h; Table 1, En-
tries 1 and 2). The best catalytic charge of Fe(OTf)3·
6.2DMSO or Fe(OTf)3 was 15 mol-% with an irradiation
time varying between 20 and 45 min (Table 1, Entries 2, 6, 7,
13). The reagent[26] was far superior to FeCl3, Fe(NTf2)3,[23]

TfOH, or TfOH/TTBP (2,4,6-tri-tert-butylpyrimidine)[27] in
the formation of glycoside 6 (92–90% vs. 31–70%; Table 1,
Entries 6, 7 vs. 8–11) and compare well with the conditions
of Jensen[11a] (62% in our hands; Table 1, Entry 5). The lower
efficiency of TfOH (with or without the hindered base TTBP;
Table 1, Entries 10 and 11) verify that the catalysis, although
occurring at an acceptable level, is not only provided by the
liberated acid in the course of the reaction (together with
AcOH). No reaction occurred with more stable donor 1α
(Table 1, Entry 3). The addition of TTBP (2 equiv.) provided
the optimized procedure to perform the glycosylation (98%
yield of 6; Table 1, Entry 13). Lowering the loading of cata-
lyst to 5 mol-% (Table 1, Entry 14) or TTBP to 1 equiv. re-
sulted in lower yields (66 and 76%, respectively; Table 1, En-
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try 12). Interestingly, under the optimized conditions, oxazol-
ine 2 also gave disaccharide 6 in high yield (99%; Table 1,
Entry 15). In a limited study, these conditions were extended
to other glycosyl acceptors (Table 2). The use of TTBP al-
lowed the glycosylation of a silylated acceptor (TBDPS pro-
tecting group, compound 7[22e]), without degradation
(Table 2, Entry 1). Formation of β-(1�3) linked disaccharide
11 was also obtained in 70% yield from donor 1β and ac-
ceptor 8 (Table 2, Entry 2). The method was tested in the
challenging synthesis of a β-1,4-glycosidic linkage between
two d-glucopyranosyl units (Table 2, Entries 3 and 4). Under
all the conditions attempted,[28] very moderate yields were ob-
tained (20–25%), although with quantitative recovery of the
acceptor (Table 2, Entry 3).

In the direct synthesis of β-glycopyranosides starting from
N-acetylglucosamine derivatives, oxazoline 2 is generally con-
sidered as the intermediate, thus explaining the high β-stereo-
selectivity. Excellent results in the glycosylation of 6-OH ac-
ceptor 4 with oxazoline 2 would support this mechanism
(Table 1, Entry 15). This possibility was, however, not corro-
borated by the glycosylation results of the less nucleophilic 4-
OH acceptor 9 by 2 vs. β-acetate 1β (13 vs. 20% yield;
Table 2, Entry 5 vs. 3).
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Table 2. Iron triflate catalyzed glycosylation using 1β and 2 with Fe(OTf)3·6.2DMSO (15 mol-%) and TTBP (2 equiv.) in CH2Cl2 under
microwave irradiation at 80 °C.

[a] Yield after silica gel chromatography. [b] Yield based on recovered acceptor. Donor was recovered as a mixture of anomers (1α/1β = 1:1;
24% combined yield).

Taking glycosylation of 4 under the optimized conditions
(Table 1, Entry 13) as a reference test, further experiments
with other d-glucosaminyl donors 13–15 were performed to
clarify the mechanism (Table 3). Similarly to 1β, tolylamide
13 provided expected glycoside 6, whereas trichloroacetamide
14 and pivaloyl amide 15 were unexpectedly completely inef-
fective. Further, without the nucleophile, oxazolines 2, 20,[29]

and 21 were not formed except for oxazoline 19 from tolyl-
amide 13. These experiments suggest that efficient glycosyl-
ation would not require the formation of the “mandatory”
oxazolinium intermediate.[30] Preferably, glycosylation would
necessitate not only the activation of the anomeric acetate but
also effective precomplexation of the catalyst by a suitable
amide group as found in 1β (see A, Scheme 1) or 13. Elec-
tronic (NHTCA, donor 14) or steric (NHPiv, donor 15) fac-
tors would prevent effective amide complexation of Fe(OTf)3

and thus glycoside formation. Glycosylation from the β face,

Table 3. Iron triflate catalyzed glycosylation of 4 using 1β and 13–15 (2 equiv.) with Fe(OTf)3·6.2DMSO (15 mol-%) in CH2Cl2 under micro-
wave irradiation at 80 °C.

Entry Donor Acceptor Product (% Yield)[a]

1 1β 4 6 (98)[b]

2 1β none 1α/1β (100)[c]

3 13 4 16 (82)[b]

4 13 none 19 (62)[b]

5 14 4 17 (�5)[b]

6 14 none nr[b,d]

7 15 4 nr[b,d]

[a] Yield after silica gel chromatography. [b] Reaction performed in the presence of TTBP (2 equiv.). [c] 1β/1α ratio of 4:1. [d] No reaction.
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through α-ionic pair B from 1β instead of oxazolinium ion C,
would then be favored in the formation of glycoside D.

Scheme 1. Possible mechanism for the iron(III) triflate catalyzed gly-
cosylation using 2-acetamido-2-deoxyglucosyl donor 1β.
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Conclusions

We have developed a new catalytic procedure for the gly-
cosylation of peracetylated β-N-acetylglucosamine using an
inexpensive and environmentally friendly promoter system
composed of iron(III) triflate and TTBP. It is highly effective
in the direct synthesis of GlcNAc β-glycosides. This pro-
cedure should prove useful in the synthesis of bioactive oligo-
saccharides for biological research. Work is ongoing to study
the detailed mechanism of the process.

Experimental Section

Typical Procedure for the Glycosylation: Methyl 2,3,4-tri-O-benzyl-α-
d-glucopyranoside (4; 30 mg, 0.065 mmol), TTBP (32 mg,
0.129 mmol, 2 equiv.), and Fe(OTf)3·6.2DMSO (9 mg, 0.010 mmol,
15 mol-%) were added to 1β (50 mg, 0.129 mmol, 2 equiv.) in CH2Cl2
(1 mL). The reaction mixture was heated to 80 °C under microwave
conditions for 45 min then poured into a saturated aqueous solution
of NaHCO3 (20 mL) and extracted with CH2Cl2 (3� 20 mL). The
combined organic layers were washed with brine (10 mL), dried with
Na2SO4, and concentrated under reduced pressure. The crude mate-
rial was purified by chromatography on silica gel (heptane/EtOAc,
8:2 to 4:6) to give 6 (50 mg, 98%) as an amorphous white solid.

Supporting Information (see footnote on the first page of this article):
General methods, experimental procedures, characterization data,
and copies of the 1H NMR and 13C NMR spectra of all new com-
pounds.
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