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Abstract: The direct and chemoselective N-transacylation of
peracetylated chitooligosaccharides (COSs), readily obtained
from chitin, to give per-N-trifluoroacetyl derivatives offers an
attractive route to size-defined COSs and derived glycoconju-
gates. It involves the use of various acceptor building blocks
and trifluoromethyl oxazoline dimer donors prepared with
efficiency and highly reactive in 1,2-trans glycosylation reac-
tions. This method was applied to the preparation of the
important symbiotic glycolipids which are highly active on
plants and to the TMG-chitotriomycin, a potent and specific
inhibitor of insect, fungal, and bacterial N-acetylglucosamini-
dases.

Chitin, a polysaccharide composed of b-1,4-linked 2-acet-
amido-2-deoxy-d-glucopyranose (GlcNAc) repeating units, is
the second most abundant naturally occurring polysaccharide
and is easily available as a major byproduct of the shrimp and
crab industry.[1] Currently its hydrolysis is widely used for the
industrial production of the glucosamine monomer, and to
a much lessser extent, the production of chitooligosaccharides
(COSs), because of low production yields of often heteroge-
neous mixtures. Furthermore, the degradation of chitin by
acetolysis is well documented,[2, 3] and leads only to or mainly
to the dimer[2] as well as the tri- and tetramer being isolated in
poor yield.[3] Higher oligomers exhibit numerous biological
activities[4, 5] and their elaboration to size-defined molecules
with distinct substitution patterns is greatly desirable.

Using an improved procedure for chitin acetolysis to give
short oligomeric products, our goal was to quickly re-build
structurally modified chitooligomers, of defined sizes,
en route to biologically important glycoconjugates. The N-
acetyl moiety presents, however, three major limitations in
any reconstruction procedure: the solubility of acetamido-

containing building blocks is poor, 2-acetamido-2-deoxy
glycosyl donors are usually impractical donors because of
the formation of the relatively stable 1,2-O,N-oxazoline
intermediates,[6] and 2-acetamido-2-deoxy glycosyl acceptors
are notoriously poor nucleophiles, especially the 4-hydroxy
group of GlcNAc derivatives.[7,8] Given the importance of
COSs, a wide range of glycosylation procedures integrated in
stepwise or blockwise assembly strategies have been devel-
oped for the effective construction of these oligomeric motifs
from monomeric glucosamine precursors.[5c,7e, 9, 10]

A recently disclosed direct and chemoselective N-trans-
acylation procedure by perfluoroacyl anhydrides of secondary
acyl amides to their perfluorinated analogues was easily used
for carbohydrate substrates.[11] We report herein a modified
version of this procedure, which is particularly useful in the
one-pot conversion of peracetylated COSs into per-N-tri-
fluoroacetyl derivatives (per-NHTFA).[12] This N-protecting
group is easily removable[13] and 2-deoxy-2-trifluoroacet-
amido sugar derivatives are well known as efficient donors
in glycosylations.[7,14, 15] We further show that these building
blocks are soluble in common organic solvents and can be
transformed into reactive oligomeric acceptor alcohols, in
contrast to their N-acetylated precursors.

To obtain larger proportions of dimer and higher frag-
ments, a controlled depolymerization of chitin by acetolysis
(Ac2O, H2SO4) was first established by tuning both the
temperature and reaction time (55 8C for 3 h, room temper-
ature for 16 h then heated at 55 8C for 1 h; see the Supporting
Information). This procedure provided multigram quantities
of pure peracetylated chitooligomers (1–3), which were easily
purified by a standard work-up procedure (Scheme 1).

Scheme 1. Controlled depolymerization of chitin and one-pot trans-N-
trifluoroacylation of the peracetylated chitooligomers. Reaction condi-
tions: a) Ac2O (300 mL), H2SO4 (30 mL). Run on 60 g of chitin. The
suspension was stirred at 55 8C for 3 h then for 16 h at RT, and finally
heated at 55 8C for 1 h; b) TFAA (7 equiv), CH3CN, 135 8C, 10 min;
c) TFAA (4 equiv per NHAc), pyridine, 135 8C, 15–30 min. TFAA = tri-
fluoroacetic anhydride.
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Interestingly, the initially reported conditions were tested
on the dimer 1, and after 10 minutes (excess of trifluoroacetic
anhydride in acetonitrile at 135 8C)[11a] provided trans-N-
acylation, only at the reducing unit, to give the N-differ-
entiated disaccharide 4[16] as the major product (69 % yield). It
resulted from the mixed imide on the nonreducing unit 5,
which could be isolated before work up. Under the selected
reaction conditions, the intermediary imide on the nonreduc-
ing unit was stable and degraded to the starting acetamide
only after the solvolytic workup. This remarkable difference
of reactivity between the a- and b-glycosidic units in 4 was
confirmed by the stability of analogous imides derived from
monomeric peracetylated 2-acetamido-2-deoxy derivatives
with a b-anomeric substituent (OBn or SPh).[17] Under these
reaction conditions, the starting acetamides were recovered
after methanolysis of the imide intermediates.[18]

After optimization,[18] replacing acetonitrile by pyri-
dine,[17] and increasing the excess of trifluoroacetic anhydride
(4 equiv per NHAc) furnished the di-N-TFA chitobioside 6 in
high yield (89%; Scheme 1). Under these new reaction
conditions, the trimer 2 and tetramer 3 gave the per-
NHTFA products 7 and 8, respectively, in good yields for
multigram-scale experiments.

For the initial use of these NHTFA building blocks, we
prepared glycosyl acceptors, which are useful in the synthesis
of the lipochitooligosaccharides[5] or analogues,[5c,10c,19] with
a free hydroxy group at C4 of the reducing unit. Standard
anomeric acetate cleavage,[20] silylation,[21] deacetylation,
benzylidene formation, acetylation, and reductive opening
of the acetal in CH2Cl2 with triethylsilane and trifluoroacetic
acid[22] gave acceptors 11 and 12 in respective overall yields of
57 and 53 % from 6 and 7 (Scheme 2).

As glycosyl donors, and based on the excellent glycosy-
lation results provided by the N-phenyl-trifluoroacetimidate
glycosyl donors,[23–25] including an N-trichloromethyl acet-
amide building block at C2,[26] we first prepared N-trifluoro-
methyl acetamide units at C2 with a N-phenyl-trifluoroacet-

imidate at the anomeric position. These gave, however, not
easily reproducible results with the formation of the trifluoro-
methyl oxazolines at both steps (donor formation and
glycosylation).[27] We used this experimental observation to
select instead the stable trifluoromethyl oxazolines as glycosyl
donors,[16,28] thus expecting good results in glycosylation
reactions, similar to that of the trichloromethyl oxazoli-
nes.[7c,29] The oxazoline 13 was readily prepared in 87% yield
from 6 by selective anomeric acetate cleavage[20] and cycliza-
tion to the oxazoline by the methanesulfonic anhydride/
triethylamine reagent system (Scheme 2).[30] In addition, the
oxazoline dimer 14, orthogonally protected on the non-
reducing unit, was derived from the 4-OH acceptor 11 in 79%
yield by levulinic ester formation,[31] anomeric desilylation,
and oxazoline formation. Finally, the disaccharide 4 was used
to prepare a useful N-differenciated building block donor, 16,
by oxazoline formation and installation of a tert-butyloxycar-
bonyl (Boc) group, in an overall yield of 70 %. This N,N-
Boc,Ac motif has already been used at the C5 position of
sialyl donors,[32] and proved to be stable under glycosylation
conditions (NIS/cat·TfOH).

With all appropriate building blocks in hand, we first set
up the preparation of a few oligomers to illustrate the
versatility of the trifluoromethyl oxazolines (TFM-oxazo-
lines) in glycosylation reactions. Although the application of
2-deoxy-2-trifluoroacetamido donors in glycosylations is well
represented, the use of the corresponding oxazolines in
oligosaccharide synthesis has not yet been reported. The
ability of 13 to act as a donor in glycosylation was readily
assessed by reacting it with the dimer acceptor 11, in the
presence of catalytic amounts of TMSOTf (Scheme 3). The
reaction proceeded smoothly (�40 8C to RT), thus providing
the tetrasaccharide 17 in good yield (82 %). This reaction
revealed that this TFM-oxazoline is a reactive donor, just as
the trichloromethyl counterparts are.[29, 30] This reactivity was
also demonstrated in the iterative synthesis of the chitohexao-
side 20, a synthesis carried out in two coupling steps, each

using 14. The same glycosylation
conditions could be used (78% of
18). Better results were obtained
by using a 9:1 mixture of dichloro-
methane and 1-butyl-3-methylimi-
dazolium triflate as a cosolvent[33]

at low temperature (�30 to
�10 8C). Under these reaction con-
ditions, 18 was isolated in 93%
yield. Applying the same reaction
conditions with the acceptor tetra-
mer 19 afforded the hexamer 20 in
77 % yield, with a protection pat-
tern allowing site-selective modifi-
cations of the oligomer.[34]

The synthesis of these COS
oligomers with an even number of
units could also be completed by
preparing a series of odd COS
using the trimer acceptor 12 (not
shown).

Scheme 2. Preparation of oligomeric acceptors 11 and 12 and dimeric donors 13–16. Reaction
conditions: a) NH2-NH2·AcOH (1.1 equiv), DMF, 55 8C; TBDPSCl (2 equiv), imidazole (3 equiv),
DMF, RT, n= 0, 79%, n =1, 80%; b) NaOMe (1–2 equiv), MeOH, RT; PhCHO, ZnCl2 (2.5 equiv), RT;
Ac2O (3 equiv per OH), pyridine, RT; n = 0, 81%, n = 1, 78%; c) Et3SiH (7–10 equiv), TFA (15 equiv),
AW300 M.S., 0 8C to RT, n= 0, 88%, n =1, 85%; d) NH2-NH2·AcOH (1.1 equiv), DMF, 55 8C then
Ms2O (3 equiv), Et3N (20 equiv), CH3CN, RT, 86%; e) Lev2O (2 equiv), DMAP (0.2 equiv), pyr, RT,
98%; f) TBAF (3 equiv), AcOH (6 equiv), THF, 0 8C to RT; Ms2O (3 equiv), Et3N (20 equiv), CH3CN,
RT, 82%; g) NH2-NH2.AcOH (1.1 equiv), DMF, 55 8C, 35 min then Ms2O (3 equiv), Et3N (20 equiv),
CH3CN, RT, 78%; h) Boc2O (3 equiv), DMAP (0.2 equiv), THF, reflux, 30 min, 90%. DMAP= 4-(N,N-
dimethylamino)pyridine, DMF= N,N-dimethylformamide, Ms = methanesulfonyl, M.S.= molecular
sieves, TBDPS= tert-butydiphenylsilyl, TFA = trifluoroacetic acid, THF = tetrahydrofuran.
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The utility of this approach, using a variety of reactive
oligomeric building blocks derived from chitin, was high-
lighted in the construction of important glycolipids derived
from COSs. These are the Nod factors[5, 35] (e.g., 30–31; see
Scheme 5) and the Myc factors[36] (e.g., 32–33), decisive signal
molecules which regulate two ecologically important endo-
symbioses, the nitrogen-fixing nodulation of legumes, and the
arbuscular mycorrhizal symbiosis of most plants. They have
stimulated strong synthetic interest, especially because these
molecules are produced by rhizobia or AM fungi as mixtures
in very small quantities.[7d,e, 19a, 37] They are very similar
glycolipids and structurally close to TMG-chitotriomycin
(e.g., 34) which is a potent and selective inhibitor of b-N-
acetyl-hexosaminidases (HexNAcase, EC 3.2.1.52) from
fungi, bacteria, and insects.[38] Their synthesis requires a selec-
tive differentiation of the amino group of the nonreducing
unit present in the chitin fragment. The unexpectedly easy
access to the N-differenciated 4, the precursor to dimer donor
16, provided a simple entry to these bioactive compounds.

Under our optimized glycosylation conditions, coupling of
11 with 16 afforded the tetramer 21 in 85 % yield (Scheme 4).
The Boc-cleavage product 22 was also isolated in 13% yield,
thus indicating a quantitative conversion of the starting
acceptor. The trimer 12 was also glycosylated in good yield
(75 %) to furnish the N-differentiated pentamer 23.[39] After
experimentation, the acyl (Ac and TFA) and the silyl groups
in 21 were cleaved by treatment with an excess of aqueous
LiOH in methanol at room temperature and, following
neutralization with a proton exchange resin, the free amines
were acetylated in the same pot to give the acetamides 24 or
25. The N-Boc group was removed by aqueous TFA and the
resulting crude reaction mixture was subjected to hydro-
genolysis to remove the benzyl ether, thus providing the
amines 26 and 27 in a good overall yield (85 % from 21 and
67% from 23, respectively).

The final step of the synthesis involves a selective coupling
reaction between the free amine and fatty acids. This coupling
was done by selective acylation with the N-hydroxysuccini-

mide ester[37c,e, 40] of oleic acid (C18:1D9Z; 28)[41] or of
palmitic acid (C16:0; 29)[42] in DMSO at 60 8C in the
presence of an excess of triethylamine (Scheme 5). This
reaction afforded the targeted Nod factors 30 and 31
and the Myc factors 32 and 33 in yields ranging from
78% to quantitative and in good purities. Treating the
tetrasaccharide 26 with a large excess of methyl iodide
in 1-methyl-2-pyrrolidone at room temperature[43] gave
the TMG-chitotriomycin 34 in 66 % yield.

In conclusion, we have developed an efficient
synthetic sequence for the conversion of chitin frag-
ments into high-value COSs and their derived glyco-
conjugates. It involves a direct and chemoselective N-
transacylation of peracetylated COSs, obtained from
chitin, to give per-N-trifluoroacetyl derivatives. Various
oligomeric acceptors and trifluoromethyl oxazoline
dimer donors were provided with efficiency. Their
high reactivity in 1,2-trans glycosylation is remarkable
and makes these building blocks very attractive for
other synthetic projects including the b-d-GlcNAc

glycoside or the chitobiose unit, an essential motif in many
biologically important oligosaccharides and glycoconjugates.
This route also provides an easy access to the important plant
symbiotic glycolipids or to the potent and specific inhibitor of
N-acetylhexosaminidases, TMG-chitotriomycin, which will
facilitate biochemical and physiological studies on these
signaling molecules. Noteworthy, this work has revealed
a positive influence of the trifluoroacetamide group on the
reactivity of the 4-hydroxy group in chitobio- or trioside
acceptors, and is in sharp contrast to their acetamide counter-
parts. This influence has not yet been rationalized and future

Scheme 3. Glycosylation with the trifluoromethyl oxazoline donors 13 and 14.
Reaction conditions: a) 13 (1.3 equiv), TMSOTf (0.3 equiv), 3 � M.S., CH2Cl2,
�40 8C to RT, 18 h, 82%; b) 14 (1.3 equiv), TMSOTf (0.2 equiv), 3 � M.S.,
CH2Cl2, 0 8C to RT, 2 h, 78 %; or c) 14 (1.3 equiv), TMSOTf (0.2 equiv),
CH2Cl2:[bmim][OTf ], 9:1, �30 to �10 8C, 93%; d) NH2-NH2·AcOH (2 equiv),
CH2Cl2:MeOH, 6:1, RT, 20 h, 76%; e) 14 (1.3 equiv), TMSOTf (0.2 equiv),
CH2Cl2:[bmim][OTf ], 9:1, �30 to 0 8C, 3 h, 77%. [bmim][OTf ] = 1-butyl-3-
methylimidazolium triflate, Tf = trifluoromethanesulfonyl, TMS= trimethylsilyl.

Scheme 4. Preparation of protected COS N-differentiated at the non-
reducing end. Reaction conditions. a) 16 (1.3 equiv) with acceptor
dimer 11: 25 mol% TMSOTf, 3 � M.S., CH2Cl2:[bmim][OTf ], 9:1, �30
to �5 8C, 45 min; 85 %; b) 16 (1.3 equiv) with acceptor trimer 12 :
40 mol% TMSOTf, CH2Cl2:[bmim][OTf ], 6:1, �35 to 4 8C, 5 h; 75 %;
c) 2m aq. LiOH (50 equiv), MeOH, RT, then Ac2O (30–50 equiv),
K2CO3 (pH 11–12), methanol/water (1:1), RT; d) TFA/CH3CN/water
(1:1:1), sonication; e) H2, Pd/C, methanol/water (1:1), RT; yield over 3
steps: 85 % of 26 from 21 and 67% of 27 from 23.
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experiments will aim at defining the intramolecular and/or
solvation effects responsible for this appealing property.
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