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Herein we apply a recently introduced protocol using ammonium carbamate in methanol to the
amination of crude chitobiose leading to 1,â-aminochitobiose. This simple, one-step procedure allows
a facile preparation of unstable glycosylamines in contrast to the commonly implemented ammonium
bicarbonate based amination of water-soluble carbohydrates. The new amination protocol leads to
an improved synthesis of the key chitobiosyl-asparagine building block for the SPPS of glycopeptides.
The utility of the method is demonstrated with the synthesis of a 39-amino acid glycoprotein.

Significant effort has been devoted toward understand-
ing the various roles of protein glycosylation, which is
now known to modulate protein structure and to influ-
ence numerous biochemical and medicinally relevant
processes.1 Research in this area is, however, limited by
the accessibility of homogeneous glycoproteins for study
since the glycoconjugates isolated from natural sources
commonly display considerable heterogeneity in the
saccharide portion.2 Therefore, the development of new
synthetic routes toward glycoproteins, and glycoconju-
gates in general, continues to attract much attention.3

Carbohydrates in natural glycoproteins are attached
to peptides through the oxygen of serine or threonine
residues in O-linked glycoproteins or through the car-
boxamide nitrogen of asparagine in N-linked glycopro-
teins.4 To access N-linked glycoproteins via chemical
synthesis, particular emphasis has been placed on the

preparation of â-glycosylamines, as these intermediates
can be coupled to activated aspartic acid derivatives or
peptides to establish a native N-linked glycopeptide
linkage.4b,5 Unfortunately, glycosylamines are unstable
and prone to dimerization, hydrolysis, and isomerization.6
These side reactions make the purification of glycosyl-
amines extremely difficult and in general, separation
steps must be carried out later in the synthesis on more
complex intermediates.7

As part of the continuing effort to access quantities of
glycopeptides and glycoproteins for biochemical and
biophysical investigations, we now report the first ex-
ample of a 1,â-aminochitobiose (1) synthesis directly from
a crude chitobiose mixture derived from the enzymatic
digestion of chitin with Chitinase (Scheme 1).8 This
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conversion allows a convenient six-step synthesis of the
acid labile Fmoc-protected chitobiose amino acid 2 in
gram quantities including two purification steps by
column chromatography.9 The building block 2 is then
used directly in the solid-phase peptide synthesis (SPPS)
of an N-linked glycopeptide modified with chitobiose 3.

In principle, two different synthetic routes to glycos-
ylamines have been explored recently. The carbohydrate
amine functionality can be introduced after the hydroxyl
group protection, which requires the use of organic
solvents as reaction media. Examples of this approach
include the conversion of glycosyl halides with am-
monia,10 azide11 or the Burgess reagent,12 and synthetic
schemes based on glycals13 or R-hydroxy nitriles.14 The
second route employs unprotected water-soluble carbo-
hydrates and in this case the amination procedure is
commonly carried out by the Kochetkov method, with use
of a saturated solution of ammonium bicarbonate in
water.5,15 Applications of this strategy include complex
carbohydrate syntheses pioneered by Danishefsky16 as
well as the previous route to building block 2; the latter
method implemented pure chitobiose as starting material
for the synthesis of 1,â-aminochitobiose (1) before cou-
pling with a preactivated aspartic acid derivative in an
overall yield of 12%.3b,9

Recently, a new protocol for the selective amination of
unprotected sugar derivatives was introduced by Likhosh-

erstov, which used ammonium carbamate in methanol
as the reactant and showed the general applicability for
a series of mono- and disaccharide derivatives.17 The
major advantage of this procedure is the ease of isolation
of the reaction product. The glycosylamine, formed by the
reaction with ammonia that has been generated by
dissociation of ammonium carbamate, is precipitated as
a carbamic acid salt under the reaction conditions
(Scheme 2). This salt formation prevents the hydrolysis
and glycosylamine-dimer formation, as long as the amount
of water is kept to a minimum. Finally, the free amine
is generated by base treatment or under high vacuum.
We envisioned that this protocol could also allow the
purification of glycosylamines starting from a crude
carbohydrate preparation.

Results and Discussion

The investigations were initiated by evaluating ami-
nation of pure chitobiose (4) (Scheme 3), which was
obtained from chitin by enzymatic digestion with Chiti-
nase at pH 6.2 and subsequent recrystallization of the
acetyl-protected carbohydrate.18 Amination was carried
out with ammonium carbamate for 24 h at 37 °C in
methanol. The chitobiose amine-salt precipitated as a
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SCHEME 1. Route for the Synthesis of Glycopeptides Starting from Chitin

SCHEME 2. Proposed Mechanism of the
Carbamate-Mediated Amination of Sugar
Derivatives

Improving Glycopeptide Synthesis

J. Org. Chem, Vol. 70, No. 9, 2005 3575



white solid, which was transformed into the correspond-
ing â-chitobioseamine (1) after brief drying under high
vacuum in 76% yield and high purity (see the Experi-
mental Section for details). Under these conditions, none
of the corresponding R-anomer was detected. Longer
reaction times did not improve the yield, whereas shorter
reaction reduced the yield significantly.

Next, amination of the crude chitobiose enzymatic
digestion product, instead of pure 4, was investigated to
evaluate whether this method would afford pure â-chi-
tobioseamine, since soluble byproducts could be removed
by simple filtration (Scheme 3). To test this hypothesis,
we directly compared ammonium carbamate and am-
monium bicarbonate as reagents for the amination of
crude chitobiose. We found that the ammonium carbam-
ate protocol leads to the formation of pure 1,â-aminochi-
tobiose (1), which was confirmed by 1H NMR analysis of
the anomeric R-hydrogens and the amide methyl groups
(Figure 1, bottom). In contrast, treatment of crude
chitobiose with ammonium bicarbonate and concentra-
tion of the aqueous reaction mixture results in an
inseparable mixture of compounds that was not further
characterized (Figure 1, top). Further optimization stud-
ies into the carbamate amination of crude chitobiose
revealed that reaction at 37 °C for 16 h with 4 equiv of
ammonium carbamate are the optimal reaction condi-
tions, with a yield of 69%.

After the successful optimization of the glycosylamine
synthesis, we concentrated on improving the preparation
of the Fmoc-amino acid building block 2 for the SPPS of
glycopeptides. This building block includes the fully
TBDMS-protected chitobiose attached to aspartic acid via
a â-glycosyl amide linkage.9,19 The acid-labile building
block 2 has proven to be advantageous for glycopeptide
SPPS in comparison to the acetyl protected analogue, as
the protecting groups can be removed during the resin

cleavage in a single synthetic step by using standard
TFA-based cleavage cocktails.19d,e Additionally, aggrega-
tion, which occurs frequently upon treatment of unpro-
tected peptides with harsh basic conditions, is minimized
in the final acidic treatment.9

The final optimized sequence is summarized in Scheme
4. Coupling of the chitobioseamine 1 was performed
under HBTU/HOBt conditions in DMF with use of 2
equiv of chitobioseamine and 1 equiv of Fmoc-Asp-OAll.
The resulting unprotected amino acid derivative was
precipitated from ethyl acetate, isolated by filtration, and
directly used without further purification in the next
protection step. TBDMS-protection to yield the protected
amino acid 5 was performed with 16 equiv of TBDMS-
OTf, which were added over 24 h in three portions. It
was essential to implement the silyl triflate because the
less reactive silyl-based electrophiles, such as TBDMS-
chloride or bromide, did not lead to complete protection
of the building block. Final deprotection of the allyl ester
and purification by size exclusion chromatography yielded
building block 2 in 56% overall yield based on the amount
of Fmoc-amino acid used in this transformation.

(18) Crude chitobiose contains a mixture of R- and â-anomers of
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(see the Supporting Information for details).
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SCHEME 3. General Route for the Amination of
Chitobiosea

a Reagents and conditions: (a) HCl, sonication; (b) Chitinase,
pH 6.2, phosphate buffer; (c) Ac2O, NaOAc; (d) NaOMe, MeOH.

FIGURE 1. 1H NMR spectra in D2O of 1,â-aminochitobiose
(1) obtained from ammonium bicarbonate amination (top) and
ammonium carbamate amination (bottom). Spectra to the left
display the anomeric hydrogens, while spectra to the right
represent the acetamide-methyl group hydrogens.
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Having established a convenient route toward the acid
labile building block 2, this derivative was used in the
preparation of a complex N-linked glycopeptide. We chose
a glycosylated C-peptide analogue as our synthetic target,
which, in the unglycosylated form, plays an important
role in the inhibition of the HIV membrane fusion process
by binding tightly to the viral envelope glycoprotein
gp41.20 The C-peptide consists of 39 amino acids and
includes a natural glycosylation sequon (NYT) from
positions 14 to 16.21 The C-peptide sequence is displayed
in Scheme 5 with the glycosylation site as indicated.

The peptide Y15-G39 was synthesized on a Tenta-Gel
resin, using standard Fmoc SPPS conditions with HOBt/
HBTU activation.22 Next, 2 equiv of the building block 2
were coupled manually under PyAOP/collidine activation
in CH2Cl2. PyAOP/collidine was also used for the coupling
of the next two amino acids before the conditions were
reverted to HOBt/HBTU activation for the remaining 11
amino acid couplings. The N-terminal deprotected pep-
tide G1-G39 was capped with an acetyl group and cleaved

from the resin with the cleavage cocktail K.23 HPLC
analysis of the crude peptide product reveals the suc-
cessful utilization of the new chitobiose building block
in the glycopeptide synthesis. The crude peptide was
purified by preparative HPLC, and analyzed by ESI-MS
and MALDI (Figure 2).

In summary, we have developed an efficient synthesis
of glycopeptides bearing the native amide linkage, start-
ing from simple and inexpensive starting materials. The
major advantage of this route is the straightforward
isolation and purification of pure glycosylamines, which
are finally converted into a building block for the SPPS
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SCHEME 4. Optimized Synthesis of the Building Block 2a

a Reagents and conditions: (a) NH4CO2NH2, MeOH; then high vacuum; (b) Fmoc-Asp-OAll, HBTU, HOBt, DIPEA, DMF; (c) TBDMS-
OTf, DMAP, pyridine; (d) Pd(PPh3)4, PhSiH3, CH2Cl2.

SCHEME 5. SPPS of the Glycosylated C-Peptide
Analogue G1-G39a

a Reagents and conditions: (a) 2, PyAOP, collidine, CH2Cl2; (b)
Fmoc-Xaa-OH, HBTU, HOBt, DIPEA, DMF; (c) Cleavage cocktail
K (TFA, phenol, EDT, PhSMe, TIS, H2O).

FIGURE 2. Synthesis of the glycosylated C-peptide G1-G39
(indicated by arrow): (a) HPLC spectrum of crude SPPS
product after resin cleavage (constant flow: 5 min at 7% CH3-
CN, 15 min at 20% CH3CN; gradient 1: 45% to 53% CH3CN
over 20 min; gradient 2: 53% to 95% over 5 min); (b) HPLC
spectrum of purified glycopeptide (gradient: 7% to 95% CH3-
CN over 35 min); and (c) MALDI analysis (inset).
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of glycopeptides. This synthetic route greatly increases
the accessibility of homogeneous N-linked glycopeptides
for biochemical and biophysical investigations. We are
currently using this methodology to access large peptide
fragments for the semi-synthesis of glycoproteins via
native chemical ligation for protein folding studies as well
as for other biochemical studies.

Experimental Section

General. Solvent purification, suppliers, and instruments,
as well as full synthetic protocols for the synthesis of pure and
crude chitobiose and building block 2, are described in the
Supporting Information.

Synthesis of 1,â-Aminochitobiose (1) via Amination of
Crude Chitobiose with Ammonium Carbamate. In a flask
equipped with a reflux condenser, 1 equiv of the crude
chitobiose and 4 equiv of ammonium carbamate were sus-
pended in methanol (5 mL/mmol of chitobiose). The suspension
was stirred for 16 h at 37 °C until the precipitate became white
and fluffy and TLC analysis (silica, 4:3:2 ethyl acetate/MeOH/
water; CAM and 10% H2SO4 detection; Rf(unprotected chito-
biose) ) 0.73; Rf(1) ) 0.33) indicated no further amination
product. The mixture was stirred for 1 h at 0 °C, and the
precipitate was filtered, washed twice with cold methanol and

dried at high vacuum for no more than 10 s to avoid
decomposition of the aminosugar. The resulting white solid
was directly used for analysis or for further synthetic trans-
formations.

1H NMR (500 MHz, D2O) δ (ppm) 4.50 (1 H, d, J ) 8.5 Hz,
H-1′), 4.12 (1 H, d, J ) 8.5 Hz, H-1), 3.90-3.40 (13 H, m), 2.04
(3 H, s, NAc), 2.01 (3 H, s, NAc).

MS (ESMS, [MH+]) 424.1 (obsd), 424.4 (calcd).
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