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Abstract: A new facile synthetic route to prepare N-glycosylamino
acidsinfewer stepsisreported. 5-Oxazolidinone served as an effec-
tive protecting moiety for N*-Fmoc-Asp/Glu and after glycosyla
tion, the ring opening resulted in free a-carboxylic acid, which can
bedirectly used to extend the chain to obtain N-glycopeptides. Both
the minimum number of steps as well as circumvention of ortho-
gonal protection strategy leads to a cost-effective route for their
synthesis. This protocol can be easily scaled up to prepare N-glyco-
sylated Asn/Gln acidsin large quantitiesin fairly good yields.

Key words: 5-oxazolidinone, glycosyl amine, protecting group, N-
glycosylamino acid, coupling agent, building-block strategy

N-Linked and O-linked glycoproteins and glycopeptides
are of significant biological interest due to their wide-
spread role in cell recognition, cell adhesion and tumor
metastasis.? Glycosylation of peptides has been shown to
increase proteolytic stability and promote blood—brain
barrier permeability.? Glycosylation also enhances
solubility®>® and may contribute to the stabilization of
peptide structures. Recent developments in the area of
glycopeptide synthesis have been reviewed.® It is there-
fore desirable that a convenient and high yielding proce-
dure be available for the routine synthesis of N-
glycopeptides.

Intheliterature, the commonly employed approach for the
synthesis of glycosylated amino acid makes use of N%-
Fmoc-Asp-Ot-Bu asthe key intermediate with -carboxyl
group being activated using pentafluorophenyl ester or
acid chloride or in situ activation with Dhbt followed by
coupling with glycosylamine to obtain N*-Fmoc-Asn(sug-
ar)-Ot-Bu. The resulting N-glycosylated amino acid has
been utilized as a building block for chain extension after
deprotecting tert-butyl group ester group with TFA fol-
lowed by activation of a-carboxylic group.” However, the
glycosydic bond is labile to the acidic conditions em-
ployed in the process of tert-butyl deprotection and the
moleculeis proneto decomposition. Thisnaturally results
in formation of more contaminants leading to laborious
procedure for purification of the final targets.® A similar
problem is encountered in the solid-phase peptide synthe-
sis, where TFA is used to cleave glycopeptides from
Wang resin.®
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Alternatively, the use of alyl ester was aso exploited
which involves the deprotection of alyl group using pal-
ladium(0) or Wilkinson catalyst [(PPh3);Rh(1)CI].1% An
equally important aspect of this kind of orthogonal strate-
gy isthe generation of the free p/y-carboxyl of Fmoc-Asp/
Glu-Ot-Bu/Allyl/Me after deprotecting the concerned
protecting group of the side chain, and its preparation,
which itself is amultistep process.

Consequently, it is desirable to develop both mild and
efficient protection and easy deprotection strategy to con-
struct N-glycosylated amino acids in afacile way. In this
context, we envisaged the usage of 5-oxazolidinones as
superior to the corresponding orthogonal protecting
groups'? because (1) they are capable of providing com-
plete protection for both N¢- and carboxylic functions; (2)
they are easy to prepare; (3) the B/y-carboxyl functionsfor
direct coupling are readily available; and (4) mild condi-
tions are sufficient for their cleavage. Further, Fmoc-Asp/
Glu-5-oxazolidinone can be obtained in about 20% higher
yields than the corresponding Boc analogues.

The N*-Fmoc-Asp/Glu-OH were converted into their 5-
oxazolidinones using paraformaldehyde and a catalytic
amount of p-toluenesulfonic acid in toluene under micro-
wave irradiation in 95% yield (Scheme 1).%® In these N¢-
Fmoc-Asp/Glu-5-oxazolidinones, the - or y-carboxylic
acid moiety is now readily available for chemoselective
transformation.* The carbohydrate partner of the glyco-
peptide was synthesized using the literature procedure
(Scheme 2).15¢ The azido functionality was introduced
using penta-O-acetyl glucosyl pyranose via its 1-bromo
compound and then reduced to obtain the required
glycosyl amine.
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The glucosylamines were then coupled with the - or y-
carboxylic acid moiety of N*-Fmoc-Asp/Glu-5-oxazolidi-
none. The coupling between the glycosyl amine and N*-
Fmoc-Asp/Glu-5-oxazolidinone was carried out with
different coupling agents. Fmoc-Asp/Glu-5-oxazolidino-
nes were converted into pentafluoropheny! ester, ONSu
ester, acid chloride and were also directly coupled using
HBTU/DIPEA. The best results were obtained using

Tablel Synthesisof N*-Fmoc-glycosylated Amino Acids

HBTU/DIPEA to furnish the compound 3 in 90% yield.*’
As an extension of this methodology, several other glyco-
sylamines were prepared and coupled to the N*-Fmoc-
Asp/Glu-5-oxazolidinones and in al cases these corre-
sponding glycosylated 5-oxazolidinones were obtained in
88-90% vyield. Finally, the compound 3 was hydrolyzed
back toitsacid by treating with LiOH (1 equiv, 1 N ag so-
[ution) in tetrahydrofuran for 30 minutes. These results

Entry Amine Product Yield (%) Mass (Cal cd/Obsd)
ACO Fmoc—HN\/COOH
AcO (o] H _
1 c AcO N 84 707.2064/707.2080
AcO AcO Y
AcO
4a
A O AcO .
C! ACO Fmoc HN\:/COOH
2 QO NH, o N/ 82 707.2064/707.2134
AcO \[(
AcO o
4b
B20 Fmoc-HN COOH
3 Bfﬁ/mz E\L\v Y 88 955.26/955.2
y4e]
BzO
2c
% Fmoc- HN\/COOH
4 H : 75 995.29/995.4
NH, N
AcO AcO O
2d ad
Fmoc-HN COOH
5 2a AcO 78 721.2221/721.2413
AcO
4e
Fmoc-HN COOH
6 2b QS/ \{/ 80 721.2221/721.2455
Fmoc-HN COOH
7 2c 820 ﬁ/ / 83 969.28/969.3
8 2d COOH 77 1009.30/1009.4
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Scheme 3

aresummarized in Table 1. Initial studieson hydrolysis of
5-oxazolidinone using aqueous LiOH in methanol result-
ed in partial deprotection of Fmoc group. Finally, the
same reaction was carried in tetrahydrofuran as a solvent
which gave pure product. The site-selective cleavage of 5
oxazolidinone ring can be attributed to higher lability of
5-oxazolidinone ring towards base-catalyzed hydrolysis
in the presence of Fmoc or acetyl groups (Scheme 3).18
The presence of freeacid group in 3 enabled the extension
on C-terminus by coupling with amino acid ester using
HBTU/DIPEA that resulted in the formation of N-glyco-
peptides (Table 2). The glycosylated 5-oxazolidinones
derivatives and their amino acids were analyzed by IR, *H
NMR, mass and their purities confirmed using RP-HPLC.
The HPLC profile of glycosylated 5-oxazolidinones 3a
and 3b contained peak at tz = 22.45 and 21.53 minutes
whereas the glycoyslated acids 4a and 4e showed sharp
peaks at t; values 19.24 and 17.72 minutes, respectively.
All the HPL C profiles were recorded using Eclipse XDB-
C18 column 2.5 with the gradient elution method as
water—acetonirile (10-90%) in 30 minutes.

Table2 Synthesisof N“-Fmoc-glycosylated Amino Acids

Fmoc-HN COOH

AcO HN/{
AcO

i HBTU, DIPEA

Fmoc- HN\)J\ /'\
COOMe

AcO HN /{
AcO

In conclusion, we have described in this letter afacile ap-
proach to the synthesis of N“-Fmoc-Asn/Gln-glycosylated
amino acids. The N*-Fmoc-Asn/Gln-glycosylated amino
acids can be used directly in the synthesis of glycopep-
tides by the building-block strategy. We have adopted N*-
Fmoc-5-oxazolidinone moiety for protection of a-amino
and carboxylic group as an aternative to the conventional
protection and deprotection strategy for Asp/Glu. Further-
more, all four steps, namely preparation of Fmoc-Asp/
Glu, 5-oxazolidinone, glycosylation, and ring opening,
are high-yielding reactions. Both theintermediates aswell
as the fina products are crystalline solids. The entire
protocol is completely devoid of the use of any acid
treatment. As al the reagents used for protection and
deprotection are simple, the overall strategy leads to N-
glycosylated Asn/GIn by way of a less expensive route.
The scale-up of this protocol is easy.

Entry Product Yield (%) Mass (Cal cd/Obsd)
(0]
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: H
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Table2 Synthesisof N*-Fmoc-glycosylated Amino Acids (continued)

Entry Product Yield (%) Mass (Calcd/Obsd)
Fmoc- HN\)J\ I
3 B20 coove 78 1068.3531/1068.78
BzO
BzO Y
5¢
(@]
Fmoc- HN\)k /'\COOM
e
4 86 806.2748/806.2864
AcO
AcO
5d
AcO, Fmoc- HN\)J\ J\COOMe
5 g \H/ 88 806.2748/806.2912
i
FmOC_HN\)J\H COOMe
6 81 1082.3687/1082.46
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Typical Procedurefor the Synthesis of Glycosylated N°-
Fmoc-Asp/Glu-5-oxazolidinones

To asolution of Fmoc-Asp/Glu-5-oxazolidinone (10 mmol)
in 10 mL of THF was added 1-amino B-glucose (10 mmol)
in THF (40 mL), HBTU (10 mmol), and DIPEA (11 mmol),
and stirred at r.t. for about 30 min. The solvent was
evaporated under reduced pressure and the residue was
diluted with H,O (15 mL) and extracted with EtOAc (3 x 20
mL). The combined organic layer was washed with 10%
citric acid (3 x 10 mL), 5% N&,CO, solution (3 x 15 mL),
brine, and dried over anhyd N&,SO,. The solution was
concentrated and purified by column chromatography using
EtOAc-hexane (2:8).

Selected Spectral Data

Compound Fmoc-Asn(2,3,4,6-tetra-O-acetyl--D-gluco-
pyranosyl)oxazolidinone (3a: n = 1): white solid. IR (KBr):
Vimax = 1700, 1735, 1801 cmrt. *H NMR (300 MHz, CDCl,):
8=2.03-2.13 (4,12 H), 2.81 (m, 2 H), 3.80 (m, 1 H), 4.03
(t, 1H), 4.24 (m, 2 H), 4.42-4.52 (m, 2 H), 4.98 (t, 1L H), 5.05
(t, 1 H), 5.11 (s, 2 H), 5.21-5.35 (m, 2 H), 5.92 (br d, 1 H),
7.33(t,2H),7.41(t,2H), 7.52 (d, 2 H), 7.77 (d, 2 H).
HRMS (ES): m/z calcd for C;,H5N,NaO,, [M + Na]*:
719.2064; found: 719.2081.

Compound Fmoc-GIn(2,3,4,6-tetra-O-acetyl-B-D-gluco-
pyranosyl)oxazolidinone (3b: n = 2): white solid. IR (KBr):
Vmax = 1698, 1730, 1800 cm. *H NMR (300 MHz, CDCly):
8=1.86(m, 2H),2.03-2.13 (45,12 H), 2.22 (m, 2H), 3.80
(m, 1 H), 4.03 (d, 1 H), 4.21-4.32 (m, 3H), 4.48 (m, 2 H),

Synlett 2007, No. 16, 2492-2496 © Thieme Stuttgart - New York
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4.88(t, 1H), 5.06 (t, 1 H), 5.12 (s, 2 H), 5.27 (m, 2 H), 5.50
(brd,1H),7.33(t,2H), 7.41(t,2H), 7.52 (d, 2H), 7.77 (d,
2H). HRMS(ES): nvzcalcd for CgsHggN,NaO,, [M + Na]*:
733.2221; found: 733.2254.

Typical Procedurefor the Preparation of Glycosylated
N*-Fmoc-Asn/GIn-OH

To the glycosylated N*-Fmoc-Asn/GIn-5-oxazolidinone (10
mmol) dissolved in THF wasadded 1 N LiOH solution (1
equiv) and stirred at r.t. for 30 min. The reaction was
monitored by TLC. After the completion of reaction, the
reaction mixture was acidified with 10% citric acid solution
and extracted with EtOAc. The organic layer was washed
with brine and dried over anhyd N&,SO,. The solvent was
removed in vacuo, and the resulted residue was purified by
column chromatography using CHCl;, MeOH and AcOH
(40:2:2).

Compound 4a: white solid. IR (KBr): v, = 1705, 1733
cm . 'H NMR (300 MHz, CDCl;): § =2.03-2.13(4 s, 12 H),
2.81(m, 2H), 3.80 (m, 1 H), 4.03 (t, L H), 4.24 (m, 2 H),
4.42-4.52 (m, 2 H), 4.98(t, 1 H), 5.05 (t, 1 H), 5.21-5.35 (m,
2H),5.92 (brd, 1H),7.33(t, 2H), 7.41 (t, 2H), 7.52 (d, 2
H), 7.77 (d, 2H). HRM S (ES): m/zcalcd for Cy5H46N,NaO,,
[M + Na]*: 707.2064; found: 707.2080.

Compound 4e: white solid. IR (KBr): v, = 1698, 1732
cm . *H NMR (300 MHz, CDCly): § = 1.86 (m, 2 H), 2.03-
2.13(4s, 12 H), 2.22 (m, 2 H), 3.80 (m, 1 H), 4.03 (d, 1 H),
4.21-4.32 (m, 3H), 4.48 (m, 2H), 4.88(t, 1 H), 5.06 (t, 1L H),
5.27 (2H, m), 5.50 (br d, 1 H), 7. 33 (t, 2 H), 7.41 (t, 2 H),
7.52 (d, 2 H), 7.77 (d, 2 H). HRMS (ES): m/z calcd for
CaHggN,NaO;, [M + Na*: 721.2221; found: 721.2413.

Downloaded by: Rutgers University. Copyrighted material.



