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Abstract: As a cell surface antigen for the development of selective
antitumor vaccines, a tumor-associated glycododecapeptide from
epithelial MUC1 carrying the 2,3-sialyl-T antigen was synthesized.
The 2,3-ST building block was assembled from a TN-threonine con-
jugate by stepwise saccharide chain extension and utilized for the
solid-phase glycopeptide synthesis on the fluoride-labile PTMSEL
linker.

Key words: 2,3-sialyl-T antigen, glycopeptides, MUC1, regio-
selective sialylation, solid-phase synthesis

In contrast to normal cells, tumor cells are significantly al-
tered in their glycoprotein profile on the outer cell sur-
face.1 This difference constitutes the basis for a selective
immunological attack at certain cancer cells.

The epithelial mucin MUC12 is a heavily O-glycosylated
glycoprotein present at the interface between many epi-
thelia and their extracellular environments.3 The extracel-
lular domain consists of tandem repeats comprising 20
amino acids of the sequence HGVTSAPDTRPAPG-
STAPPA, including five potential O-glycosylation sites.
In epithelial tumor cells, the expression of MUC1 is dras-
tically increased which is combined with an incomplete
formation of the glycan side-chains due to a premature
sialylation. The aberrant glycosylation results in the expo-
sure of additional peptide epitopes which hence become
accessible to the immune system. The 2,3-sialyl-T antigen
(aNeuNAc-2,3-bGal-1,3-aGalNAc-O-Ser/Thr) consti-
tutes an important tumor-associated saccharide which was
found on breast cancer cells.4 Glycopeptides, containing
partial structures of cancer-associated cell-surface glyco-
proteins, are considered promising candidates for the con-
struction of tumor-selective immunostimulating antigens.
In particular, glycopeptides from MUC1 have been shown
to be processed by antigen-presenting dendritic cells and
presented via MHC molecules – leaving the glycan side-
chain intact5 – thus bearing the potential of inducing both
humoral as well as cellular immune responses. For the de-
velopment of antitumor vaccines, the generation of syn-
thetic glycopeptides, combining both saccharide as well
as peptide epitopes, is therefore a feasible strategy.

We here describe a novel synthetic approach toward the
tumor-associated 2,3-sialyl-T antigen building block and
its incorporation into a glycododecapeptide of the tandem
repeat domain of the MUC1 mucin. In contrast to other
strategies,6 the complex sialic acid was introduced at a late
stage of the synthesis in a regio- and stereoselective re-
action. Starting from the readily available glycosylated
amino acid Fmoc-Thr(aGalNAc)-O-t-Bu7 1, the T disac-
charide was synthesized first and subsequently converted
into the a-2,3-sialyl T antigen (Scheme 1).

For the 3-b-galactosylation of Fmoc-Thr(aGalNAc)-O-t-
Bu 1, protection of the 4- and 6-OH groups as benzylidene
acetal was necessary to give 2 (yield: 83%).8 The subse-
quent glycosylation using 6-O-benzyl protected galacto-
syl bromide 5 activated with Hg(CN)2

9 in a mixture of
nitromethane/dichloromethane (3:2) furnished the disac-
charide conjugate 6 in a yield of 85%. Galactosyl bromide
5 was prepared from 1,2:3,4-diisopropylidene galactose 3,
which was subsequently benzylated at the 6-OH function
(87%). Following acidolysis of the acid-labile isopropyl-
idene protecting groups, acetylation (4, 89% over two
steps) and careful treatment with HBr in glacial acid af-
forded 55% of the galactosyl donor 5 after silica gel filtra-
tion.10

Due to steric hindrance, O-deacetylation of the conjugate
6 proved difficult. Only careful, prolonged treatment with
NaOMe/MeOH at pH = 8.5 furnished the acceptor 7 in a
yield of 62%. The key step of the synthetic strategy in-
volved the stereo- and regioselective sialylation of the T
antigen disaccharide 7 at the 3¢-hydroxy group. For this
purpose, xanthate 8 of the N-acetylneuraminic acid benzyl
ester11 was activated with phenylsulfenyl triflate, generat-
ed in situ from phenylsulfenyl chloride and silver tri-
flate.12 Di-tert-butylpyridine (DTBP) served as proton
scavenger.12 Low temperature and the use of acetonitrile/
dichloromethane (2:1) as solvent favored the stereoselec-
tive formation of the a-2,3-sialyl-T threonine conjugate 9
in a yield of 50% (a/b, 97:3).13 Cleavage of the ben-
zylidene acetal with acetic acid (10, 82%) and O-acetyla-
tion with pyridine/acetic anhydride (2:1) catalyzed by
N,N-dimethylamino pyridine (DMAP)14 afforded the pro-
tected compound 11 in a yield of 87%. Subsequent careful
acidolysis of the tert-butyl ester quantitatively furnished
the Fmoc-2,3-ST threonine building block 12.15
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The solid-phase synthesis of a glycododecapeptide from
the tandem repeat region of MUC1 carrying the 2,3-sialyl-
T antigen was performed in a peptide synthesizer16 ac-
cording to the Fmoc-strategy. NovaSyn Tenta Gel resin
equipped with the novel fluoride-labile PTMSEL linker17

was employed and loaded with the starting amino acid
Fmoc-proline. This anchor can be cleaved under almost
neutral conditions by applying tetrabutylammonium fluo-
ride trihydrate (TBAF·3 H2O) in dichloromethane. Under
these conditions aspartate structures do not rearrange via
aspartimides, and most of the common protecting groups
in Fmoc-peptide chemistry are not affected. The first eight
amino acids of the glycododecapeptide were coupled ac-
cording to the standard protocol. After removal of the
Fmoc-protecting group of 13 with piperidine in N-meth-
ylpyrrolidone (NMP), the extension of the peptide chain
was performed by iterative coupling using a 10-fold ex-
cess of each amino acid activated by HBTU18/HOBt and
diisopropylethylamine (DIPEA) in NMP (Scheme 2). Un-
reacted amino groups were capped after each step with
Ac2O/DIPEA/HOBt (4:1:0.12) in NMP. The 2,3-sialyl-T
threonine building block 12 (1.4 equiv) was coupled man-
ually over a period of 4 h using HATU/HOAt19 and N-me-
thylmorpholine (NMM) for activation. The final two
amino acids were attached according to the standard pro-
tocol. After completed synthesis the N-terminal Fmoc
group was exchanged for an acetyl group. The glycocon-
jugate was detached from the resin by treatment with 2 ×

2.5 equivalents TBAF·3H2O in dichloromethane (45 min
each) to furnish the protected glycopeptide 14 in a yield of
39% (based on the loaded resin 13) after purification by
semi-preparative RP-HPLC. Subsequently, the acid-labile
side-chain protecting groups were removed by acidolysis
with a mixture of trifluoroacetic acid, triisopropylsilane
and water (15:0.9:0.9). The partially deprotected glyco-
conjugate 15 was precipitated into diethyl ether and thor-
oughly washed. Cleavage of the sialic acid benzyl ester as
well as the galactose benzyl ether was accomplished by
hydrogenolysis (23 h) in methanol using palladium on ac-
tivated charcoal (10%) as catalyst. Complete final
deacetylation was only achieved by treatment with aque-
ous NaOH (5 mM). At first, a derivative occurred as the
sole product still carrying one acetyl group, presumably at
the hindered 4¢-OH group of the galactose portion. Ex-
tended reaction time slowly furnished the desired product.
The reaction was carefully monitored by analytical
HPLC. After 59 h the reaction was terminated with a con-
version of 89%. Neither b-elimination of the glycan por-
tion nor epimerization were detectable. The pure,
completely deprotected glycododecapeptide 1620 was ob-
tained after purification by semipreparative RP-HPLC in
a yield of 56% over three steps.

The immunological evaluation of this synthetic 2,3-sialyl-
T glycopeptide is currently in progress.

Scheme 1 Reagents and conditions: a) a,a-dimethoxytoluene, p-TsOH, CH3CN, 3 h, 83%. b) i) NaH, BnBr, DMF, 24 h, 87%; ii) 1. AcOH
(60%), 85 °C, 2. pyridine/Ac2O (2:1), DMAP, 6 h, 89%. c) HBr in AcOH (33%), CH2Cl2, 0 °C, 30 min, 55%. d) Hg(CN)2, CH3NO2/CH2Cl2

(3:2), MS 3 Å, 25 h, 85%. e) NaOMe/MeOH, pH = 8.5, 12 h, 62%. f) CH3CN/CH2Cl2 (2:1), MS 3Å, PhSCl, AgOTf, DTBP, –68 °C, 4 h, 50%
(a/b, 97:3). g) AcOH (80%), 80 °C, 1 h, 82%. h) pyridine/Ac2O (2.3:1), DMAP, 6h, 87%. i) TFA, anisole, quant. DTBP = di-tert-butylpyridine.
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+ Na]+, calcd.: 1889.9), 1907.1 ([M + K]+, calcd.: 1905.9), 
1912.8 ([M – H + 2 × Na]+, calcd.: 1911.9); ESI-MS 
(positive ion mode): calcd. for [C76H121N17O37Na4]

2+: 
977.88, found: 977.87 [M – 2 H + 4 Na]2+.
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