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Abstract—A C-glycoside analogue of N-Fmoc-serine B-N-acetylglucosaminide 1 was synthesized stereoselectively from a sulfone
derivative of serinol thio-N-acetylglucosamide 8 using a Ramberg—Bécklund rearrangement as a key step. © 2002 Elsevier Science

Ltd. All rights reserved.

Post-translational modification with a B-O-linked
N-acetylglucosamine (O-GIcNAc) residue has been
found at Ser/Thr site of many nuclear and cytoplasmic
proteins. It is thought to be one of the key factors
regulating their functional roles in many discases,
including cancer, diabetes, and Alzheimer’s disease.!
These glycosylated Ser/Thr sites are often found to be
phosphorylated, as is the case for c-myc, therefore, a
site-directed mutagenesis of the Ser/Thr residues does
not offer a promising approach to studying the actual
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role of O-GlcNAc. We envisioned that it would be very
informative if a peptide with a nonhydrolyzable analo-
gue replacing the naturally occurring Ser/Thr-linked O-
GIcNAc can be constructed and used as a molecular
probe.

We had previously prepared the N-Fmoc-S-GIcNAc 1, a
thio-glycoside analogue of GIcNAc, by a Mitsunobu
reaction involving GlcNAc-SH and the hydroxyl group
of a protected serine derivative.”> This compound was
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Scheme 1. Reagents and conditions: (a) imidazole, PPhs, I/toluene, 77%; (b) K,COs3, Na,S,0s/acetone—H,0, 98%:; (c) (i) EtzN/MeOH-H,0;
(ii) Bu,Si(OTY),, 2,6-lutidine/DMF, 88% (two steps); (iii) TBDMSCI, imidazole/DMF, 95%:; (d) mCPBA, Na,HPO,/CH,Cl,, 77%:; (¢) KOH/Al,O3,
CBrF,CBrF,/tBuOH, 50°C, 38%; (f) (i) H,, PA(OH),/EtOAc, 78%:; (ii) TBAF/THF; (iii) Ac,O/pyridine, 68% (two steps); (g) (i) TFA/CHCl;;
(i) FmocCl/iPr,NEt/CH,Cl,-MeOH, 69% (two steps); (iii) Jones oxidation/acetone, 77%.

used as a building block for solid-phase peptide syn-
thesis of a C-terminal sequence of CKII peptide, and the
resulting glycopeptide analogue has been confirmed to
be resistant to an enzymatic hydrolysis.? Since C-glycoside
is a chemically more stable analogue of a naturally
occurring O-glycoside than the corresponding S-glyco-
side, we turned our attention to the synthesis of a
C-glycoside analogue of O-GlcNAc.

Although C-glycoside analogues of neutral sugar linked
to amino acids have been prepared by a number of
groups,* synthetic approaches to B-linked 2-N-acet-
amidoglycoside analogues are rather rare due to the
incompatibility of the 2-amino function with common
C-glycoside synthesis. Our attempt to synthesize a
C-glycoside analogue of GIcNAc-Ser employing
Strecker reaction® and Sharpless asymmetric aminohy-
droxylation® were unsuccessful. Strecker reaction gave
cyclized products between terminal aldehyde and the
C-2 nitrogen of the 2-N-acetamido groups. Sharpless
asymmetric aminohydroxylation gave inseparable com-
plex mixtures.’

Two synthetic approaches have been reported for
C-glycoside analogues of GIcNAc-N-Boc-Ser. One
involved a Wittig reaction of a C-GIcNAc aldehyde by
Schmidt and Fuchs,® and the other employed a ring-
opening reaction of a lactam derivative of serine by a
dilithio derivative of GIcNAc by Westermann and co-
workers.® However, these strategies required a separa-
tion of D- and L-serine moiety that was introduced at
the later stage. Very recently, Franck and co-workers'®
published a synthesis of a C-glycoside analogue of
glucosaminyl ceramide using Ramberg—Bicklund (RB)
rearrangement'! as a key step. Inspired by this elegant
synthesis, we anticipated that the L-configuration of the
serine moiety would be easily introduced as a protected
amino alcohol RB rearrangement, and it could be easily
converted into serine derivatives. We report herein a
convenient synthesis of C-glycoside analogue of
B-GlcNAc-N-Fmoc-Ser derivative 2, which is a suitable
building block for a solid-phase synthesis of C-glyco-
peptide.

A known N-Boc amino alcohol 3'> was converted to
iodide 4'3 with I,, PhsP, and imidazole (Scheme 1). A
coupling reaction between 4 and isothiourea 5 was carried
out under the S-alkylation condition? in the presence of

K>CO3/Na»S,0s5 gave a thioglycoside 6! in good yield.
We replaced the base-sensitive O-acetyl groups to a
stable di-terz-butylsilylene group for protecting the 4-
and 6-hydroxyls and a tert-butyl-dimethylsilyl group for
the 3-OH group for the upcoming RB reaction. O-Deace-
tylation of 6 with Et;N/MeOH-H,O followed by a
sequential selective protection of the 4,6-hydroxyl group
with di-tert-butylsilyl di-trifluoromethansulfonate and
with TBDMSCI afforded a silyl-protected thioglycoside
7.4 Oxidation of 7 with m-chloroperbenzoic acid
(mCPBA) and Na,HPO, gave sulfone 8.4

RB rearrangement of 8 was performed under the Frank
and co-workers condition.!%!® Treatment of 8 with
freshly prepared KOH/ALLO; (KOH on Al,O3) in
tBuOH/(CBrF,), at 50°C afforded an exo-olefinic
deoxyglucal 9'* in 38% yield. The chemical shift of an
olefinic proton at 6 4.73 ppm indicated that the gener-
ated exo-deoxyglucal possessed a Z-olefinic configur-
ation. Hydrogenation of 9 over Pearlman’s catalyst gave
a product as a single isomer. We confirmed its stereo-
chemistry to be a B-configuration in 10'* after convert-
ing the O-silyl protective groups of 9 to O-acetyl groups
by O-desilylation with TBAF and by acetylation. In its
'H NMR spectrum in DMSO-ds/D>0, 10 revealed a
large coupling constant for the C-2 proton (J; , =10 Hz)
that supports a p-configuration at the C-1 stereo-
chemistry.!> The Boc group of 10 was replaced with an
Fmoc group by treating with trifluoroacetic acid (TFA)
and subsequently with Fmoc-Cl in the presence of
Hotinig’s base. The resulting Fmoc-amino alcohol was
oxidized with Jones’ reagent gave the C-GIcNAc-
N-Fmoc-Ser 2'%in 77% yield.

In summary, we present a convenient synthetic route to
B-GlcNAc-1-methylene-N-Fmoc-Ser 2 as a potentially
useful molecular probe for studying a functional role of
O-GlIcNAc. This approach is highly stereoselective and
avoids a potential epimerization step on amino acid
moiety.
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s, SiMe-a), 0.10 (3H, s, SiMe-b); '3C NMR (DMSO-dg,
100 MHz, 80°C) & 170.0, 151.9, 93.7, 88.6, 80.0, 78.1, 76.1,
74.2, 67.0, 66.1, 56.3, 51.8, 47.0, 28.7, 28.6, 27.8, 27.4, 26.3,
254, 23.7,22.7, 20.1, 18.3, 3.6, 4.0, HRMS (FAB) m/z calcd
for C34H66N2010SSi2Na (M + Na)* 7733875, found 773.3901.

For 9: '"H NMR (DMSO-dg, 400 MHz, 80°C) & 7.79 (1H, d,
J=9.2 Hz,-NH), 4.79 (1H, dt, J=7.4, 1.8 Hz, vinylic), 4.35
(1H, dt, /=92, 1.2 Hz),4.22 (1H, dd, /=10.4, 5.2 Hz), 3.97-3.82
(4H, m), 3.64-3.56 (2H, m), 3.39 (1H, m), 2.38 (2H, m), 1.91
(3H, s, —NAc), 1.52 (3H, s, Me), 1.47 (9H, s, tert-Bu), 1.45
(3H, s, Me), 1.09 (9H, s, tert-Bu), 1.03 (9H, s, tert-Bu), 0.91
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z caled for C3yHgaN>OgSioNa (M +Na)™ 707.4099, found
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d, /=8.8 Hz, -NH), 5.06 (1H, dd, J=10.0, 9.6 Hz, H-3'), 4.83
(1H, dd, J=10.0, 9.6 Hz, H-4'), 4.17-4.06 (2H, m), 3.92 (1H,
dd, J=8.4, 6.0 Hz), 3.86-3.64 (4H, m), 3.47 (1H, m), 2.38 (2H,
m), 2.03 (3H, s, ~OAc), 2.01 (3H, s, —-OAc), 1.95 (3H, s, —OAc),
1.82 (3H, s, -NAc), 1.51 (3H, s, Me), 1.47 (9H, s, tert-Bu), 1.44
(3H, s, Me); 3C NMR (DMSO-dg, 100 MHz, 80°C) & 170.3,
170.2, 169.8, 169.7, 151.9, 93.3, 79.4, 78.4, 75.3, 70.2, 67.2,
63.2, 57.3, 53.6, 29.8, 29.4, 28.7, 28.6, 28.2, 27.3, 24.4, 23.0,
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For 2: 'H NMR (DMSO-ds, 500 MHz, 80°C) § 7.85-7.30

(10H, m, —-NH and aromatic), 5.01 (1H, dd, /=10.0, 9.0 Hz,
H-3), 4.77 (1H, dd, J=10.0, 9.5 Hz, H-4), 4.28-4.19 (3H, m),
4.13 (1H, dd, J=12.0, 5.5 Hz, H-6'a), 3.99 (1H, dd, J=12.0,
2.5 Hz, H-6'b), 3.73-3.62 (3H, m), 3.44 (1H, dt, J=28.0, 3.0
Hz), 2.38 (2H, m), 1.98 (3H, s, ~OAc), 1.95 (3H, s, “OAc), 1.89
(3H, s, —OAc), 1.74 (3H, s, —-NAc); HRMS (FAB) m/z calced
for C33H33N2012Na (M + I‘l)+ 677.2323, found 677.2319.
15. The C-2 proton of 10 appeared as doublet of doublet of
doublets in its '"H NMR spectrum (DMSO-ds). When D,O
was added into the NMR sample tube and vortexed, the C-2
amide proton disappeared from the spectrum and the coupling
pattern of the C-2 proton (H,) became a doublet of doublets.
We concluded that, based on the large coupling constant (12.5,
10.0 Hz), both of the C-1 (H1) and C-3 (H3) protons are axial
relationship to the C-2 proton, therefore the configuration at
the C-1 alkyl substituent as B-stereochemistry.




