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It is now widely recognized that attachment of carbohydrates
is one of the most important posttranslational protein modifications
affecting biological activities by way of controlling higher order
structure, stability, immunogenicity, and carbohydrate-protein
interaction.1 In most cases, protein glycosylation can be classified
into two major subtypes:O-glycosylation, where anN-acetyl-
galactosamine residue is linked to the hydroxyl group of either
serine or threonine, andN-glycosylation, where a glycan chain
is linked via a glycosylamido linkage to an asparagine residue.2

However, in 1994, a new class of glycoprotein structural motif1
(Figure 1) was identified in human RNase, where a mannose
residue is connected to tryptophan via aC-glycosidic linkage.3a-e

Further investigations have revealed that the consensus recognition
site for C-glycosylation isTrp-Aaa-Aaa-Trp (glycosylation site
indicated as italic).3d More recently, the same structural motif was
found in recombinant human IL-12, implying that this posttrans-
lational modification might be more widespread in various
proteins containing the sequenceTrp-Aaa-Aaa-Trp.3f Herein we
report the total stereocontrolled synthesis of this novel type of
glyco-amino acid,C2-R-L-C-mannosylpyranosyl-L-tryptophan2,
and preliminary results on the synthesis of this glycopeptide,
which constitute the partial structure of human RNase.4

N-Arylsulfonated indoles have been known to be amenable
to direct metalation at the 2-position, which on subsequent
quenching with an electrophile provides an easy access to
2-substituted indole derivatives.5 We have recently reported the
direct incorporation of C-1 linked mannose onto the 2-position
of indole by using C-2 lithiated indole derivatives and 1,2-
anhydro-mannose6 3 in the presence of BF3‚OEt2.4a Further
systematic investigation revealed that the strereoselectivity of this
transformation strongly depends on the protecting group and
substituent on the indole. Representative results are shown in
Table 1. When sulfonamide was used as a protecting group for
the indole nitrogen, acyclic C-2 substituents larger than methyl
uniformly gave a higher degree of stereoselectivity in favor of
theR products (entries 5, 6, 8, and 9). Encouraged by these results,
we designed the indole derivative4j as a latent tryptophan moiety
of the target molecule.

The synthesis of4j was straightforward and high yielding as
depicted in Scheme 1. Commercially available (L)-(-)-trypto-
phanol7 was converted to the corresponding azide by treatment
of TfN3,7 and the hydroxyl group was protected as atert-butyl-
dimethylsilyl (TBS) ether. The indole ring was further protected
as a benzenesulfonamide by the action of benzenesulfonyl chloride
andn-BuLi to give 4j in 61% overall yield from7. Subsequent
coupling with 1,2-anhydro-mannose3 proceeded in a satisfactory
manner, in terms of both selectively (95:5) and reaction efficiency

(1) Kobata, A.Acc. Chem. Res.1993, 26, 319. Varki, A. Glycobiology
1993, 3, 97. Giannis, A.Angew. Chem., Int. Ed. Engl. 1994, 33, 178. Dwek,
R. A. Chem. ReV. 1996, 96, 683.

(2) For recent synthetic studies on glycopeptides, see; Meinjohanns, E.;
Meldal, M.; Paulsen, H.; Dwek, R. A.; Bock, K.J. Chem. Soc., Perkin Trans.
1 1998, 549. Elofsson, M.; Salvador, L. A.; Kihlberg, J.Tetrahedron1997,
53, 369. Taylor, C. M.Tetrahedron1998, 54, 11317 and references therein.

(3) (a) Hofsteenge, J.; Mu¨ller, D. R.; Beer, T.; Lo¨ffler, A.; Richter, W. J.;
Vliegenthart, J. F. G.Biochemistry1994, 33, 13524. (b) Beer, T.; Vliegenthart,
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Figure 1.

Table 1. Stereochemistry of Epoxide Opening Reaction by
Lithiated Indole Derivatives

a Calculated based on isolated yield except entry2 and10, where
the ratios were determined by1H NMR. b Taken from ref 4a

Scheme 1
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(63% yield) to afford5j together with a small amount of the
stereoisomer6j (entry 10). On the other hand, the masked
tryptophan derivatives4k8 and 4l9 also gave corresponding
coupled products, which can be seen as properly functionalized
precursors of the target molecule. However, in these cases, both
yields and stereoselectivities were far from satisfactory (entries
11, and 12).

Compound5j was transformed into8, which was oxidized to
carboxylic acid9 by TEMPO-iodosobenzene diacetate combina-
tion10,11 in an excellent yield (Scheme 2). Protection of the

carboxylic acid as a methyl ester was followed by phosphine-
mediated azide reduction to afford the amine that was isolated as
Boc-protected10, following the protocol of Ariza et al.12

Debenzylation was accomplished under standard conditions,
followed by acidic cleavage of the Boc group. Final deprotection
of the methyl ester and sulfonamide groups was performed under
alkaline hydrolytic conditions. After purification by gel filtration,
the desired product2 was obtained as a sodium salt in 87% yield.
Compound2 thus obtained gave fully assignable1H NMR, and
13C NMR spectra that compared well with those reported for the
hexapeptide1.13

In contrast to the usually observed4C1 conformation, the
mannose moiety in peptide1 was reported to adopt a1C4-like

chair conformation.3a-c With rigorously defined synthetic2 in
hand,1H NMR analysis clearly revealed that the mannosylated
tryptophan adopts the1C4-like conformation with an equatorially
oriented tryptophan moiety (3J1,2 ) 8.1 Hz), presumably because
of its bulkiness as well as the absence of the anomeric effect.

With the use of azide acids in “racemization free” peptide
synthesis in mind,14 peptide elongation was commenced from9
as follows. Removal of the indole ring protection of compound
9 was achieved with 10% NaOH aqueous in EtOH to give
compound11 in 72% yield (Scheme 3). The coupling reaction
of acid 11 and tripeptide1215 proceeded in 90% yield in the
presence of tetramethylfluoroformidium hexafluorophosphate
(TFFH).16 Thus obtained,13 showed no indication of epimer-
ization within the detection limit of 500 MHz1H NMR. After
reduction of the azide group in the mannose-linked tetrapeptide
by PMe3, the coupling reaction with Fmoc-Thr(t-Bu)-OH was
successfully performed to afford14 in good yield. Adequacy of
the present strategy for further peptide elongation both in solution
phase and solid phase is quite obvious.17

In summary, a total synthesis ofC-linked amino acid2 was
achieved in a concise manner. Our strategy may well be readily
applicable to the incorporation of13C- or 15N- labels using
appropriately labeled tryptophan precursors. Furthermore, the
pentapeptide sequence14was prepared using11as a glyco-amino
acid unit. Investigation on further elongation of the peptide chain
for conformational analysis of peptides containing2 is underway.
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