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T'he synthesis of a new giycoamino acid derivative, a direct C-analog of N7-(2-acetamido-2-deoxy-{-

D-glucopyranosyl)-L-Asn is described. The C-glycoside is prepared by a tandem Horner-Emmons-Wadsworth
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- 710 (Scheme 1). While HWE strategies exist to make C-linked
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A
Qlyc051des from 2-amino 2 and 2-0x0 sugars, 14.15 he phosphonate reagents used were of

limited structural complexity. Amino acid (S)- phosphondte 6 {[a]p=+16.7 (c=1.0, CHCI3);
lit. [atlp= +16.2 (c=0.5, CHCI13)Y} was prepared in 78% overall yield from t-BOC-Asp-o-7-
butyl ester by esterification with diazomethane, followed by condensation with
LiCH2PO(OEt)?. 16 Two problems were encountered during HWE oletination of GlcNAc 7:
1) reduced reactivity of the hemi-acetal form of 7, and 2) epimerization of the GlcNAc C2
position. Outlined below, 1s our approach to solving these problems in the preparation of
C-glycosyl amino acid 9.

p——

Qrhamo 1 ~
A A N A~2 N B A= L] U
BocHN _ Jl
~" " 0ot-Bu e Ph/\
N Ph/ O/
\):o \\ &/ o /WY\,)L Ot-Bu
R NHBuc
NHAC
R= Q 7
[ AP e 6 o/ 9:1 9 Ri=NHAc, Ro=H
a[ P (OEL), ’ c L
—~R= 10 Ri=H, Ra= NHAC
l 8 a) LiOtBu or CsOH (1 eq), PhCHO (1 eq), MeOH. rt, 90%;
= b) CsOH (1.5 eq). 7 (1.5 eq), MeOH. rt, 53% (1:1 9/10);
¢) LitBu (4 eq), MeOH. rt. 100%.
Anticipating reactivity problems due to the hemi-acetal form of 7, we first optimized

the nucleophlllclty of the phosphondte anion of 6 by varying the solvent and base.
Deprotonation of B-keto phosphonates gives two possible enolates: the Z-enolate, with the
cation chelated to the oxygens, or the E-enolate with the cation loosely coordinated to the
anion (Table l).‘7~18 We found that the structure and reactivity of the anion derived from
phosphonate 6 were influenced by the solvent and cation. Addition of LiOtBu (1 equiv) to
B-keto phosphonate 6 in either CD3CN, d6-DMSO or CD30D, caused diagnostic changes in
the NMR spectra. In CD3CN and dg-DMSO, the 3P NMR signal moved trom ~20 ppm for 6
to a single resonance at higher frequency for the anion (8=31.5 ppm in CD3CN and 6=34.2
ppm in do-DMSO). Based on —keto-phosphonate literature, these NMR chemical shifts are
consistent with formation of the Li*+-chelated Z-enolate.17-18 Addition of LiOtBu to 6 in
CD30D gave a 2:1 ratio of Z-enolate (6=34.3 ppm) and E-enolate (8=35.6 ppm). Changing
the cation from Lit to Cst in CD30D further increased the amount of E-enolate (Z/E =
1/2.5). To correlate structure with reactivity, the HWE reaction of phosphonate anions of 6
and benzaldchyde (1 equiv) to give «,B-unsaturated ketone 8 and diethylphosphate was
monitored by 31P NMR. The HWE reaction of benzaldehyde and the Li* enolate of 6 was
faster in CD30D than in either d6-DMSO or CD3CN (Table 1). The HWE reaction rate was
further accelerated in CD30D when using the Cs* enolate of 6. These relative rates are
consistent with the phosphonate's E-enolate being more nucleophilic than the Z-enolate.

Indeed, the E-enolate is more reactive than the Z-enolate for the related ﬁ-diketones.w
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Table 1. The Effect of Solvent and Counter-Cation on the HWE Reaction of 6 with Benzaldehyde.

Ent Solvent Base? Z/E RatioP Time % Conversion®
1 CD3CN LiOtBu >95/5 7h 5

2 DMSO-dg LiOtBu >95/5 7h 35

3 CD30D Li10tBu =2/l Ih 75

4 CD30D CsOH = /2.5 05h 85

a. The phosphonate anion of 6 was generated by addition of 1 equiv of base.
b. Determined by 31p NMR. Z and E-enolates were assigned by analogy to diethyl (2-oxo-propyl)
phusphonate.' 7
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showed similar kinetics.

Having optimized reaction of phosphonate 6 with benzaldehyde the HWE reaction was
performed with GlcNAc 7. This reaction was slower than with benzaldehyde, due to
predominance of the hemi-acetal of 7. Nonetheless, reaction of the Cst-enolate of 6 with 1.5
equivalents of 7 in CH30H at 20 9C for 96 h produced a 1:1 mixture of two diastereomers in
53 % purified yield (Scheme 1). The isomers were separated by chromatography. Analysis of
2D COSY and NOESY NMR data identified the two diastereomers to be the desired C-linked
glycoside, GleNAc 9, and its C2-epimer ManNAc 10. In particular, the chemical shift
difference tor the H2 resonance of 9 (8=3.67 ppm) and 10 (8=4.30 ppm) suggested that C2
epimerization occurred during the HWE reaction. Both GlcNAc¢ 9 and ManNAc¢ 10 had
strong H1-H3 and H1-HS5 NOESs, indicating that these C-glycosides had a C1 B—configuration.
The stereochemistry at C2 was deduced from coupling constants. GlcNAc 9 had 3J1 2 = 9.9
Hz. while the coupling constant for 10 (3J |,2=1.6 Hz) was consistent with its manno
configuration. NOE data also supported the C2 configuration for GlcNac 9 and ManNAc 10.
Thus. the NH of ManNAc¢ 10 (NH2) had a strong NOE to H4. but no NH2-H1 or NH2-H3
NOEs. As expected for a gluco isomer. GicNAc 9 had NH2-H1, NH2-H2, and NH2-H3
NOEs, but no NH2-H4 NOE.

Initial attempts to suppress GlcNAc C2 epimerization during the HWE reaction failed.

~r T IVl FEY 1° " 7“ ¥ i a® £~

The Masamune-Roush HWE modification,<V or HWE olefination of an N2-t-Boc UICNAC
derivative both gave 1:1 mixtures of gluct isoi ) n i
c

&
Toasslatiomee (21 05y chevy 3100 Q ¢,
arcuialtions {o£1-U™) Sinow \_uunu, 7 1

u O NAC
kcal/mol, indicating that ManNAc 10 sh ould | ethbrdlc to 9 by a base-catalyz ed retro-
hael re gwnnn Ipm al attempts to epimerize ManNAc 10 to G]PNA(‘ 9 are prnmmmm In

diuaial Qe 194 (9SS LS ¥ 4 ivaiqail LNE.D L U § L (€3 QW SV ISl y s 111

c

in McOH. Undel these condmons. ManNAc 10 was mnve:ted to GILNAC 9, while GIcNAc 9
was recovered unchanged. If we are unable to find HWE conditions that give only GlcNAc 9
then equilibration of ManNAc 10 to 9 promises to solve the C2 epimerization problem.
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The preparation of C-glycosyl amino acid derivative 9 represents the first synthesis of a
direct C-isostere of N4-(2-acetamido-2-deoxy- B-D-gluco-pyranosyl)-L-Asn 1. Our
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Analysis of C-Linked GlcNAc 9: I NMR (500 MHz, CD3CN) 8§ 7.47-7.35 (m, SH), 6.41 (d
NHAc, J= 8.7 Hz). 5.55 (s, 1H), 5.50 (d. I|H, BOC NH, J= 7.9 Hz). 4.29 (m, 1H, o-H), 4.15 (dd. 1H. H6

Jo
h iy 4z ch..

J= 4.7, 10.3 Hz). 3.84 (ddd, 1H. HI, J= 3.2, 8.8, 9.9 Hz). 3.67 (m. 1H, H2). 3.61 (m. 21, H3. Héax), 3

(dd, 1H, H4. J= 9.5, 9.5 Hz), 3.38 (ddd, IH. H5, J= 4.7, 9.5, 10.3 Hz), 2.91 (dd. 1H. BHy. J= 6.4, 17.5
Hz), 2.83 (dd. 1H, Bllp, J= 4.8, 17.5 Hz). 2.62 (dd. 1H, H7,. J= 3.2, 16.7 Hz). 2.54 (dd, IH, H7p, J= 8.8.
16.7 Hz), 1.88 (s, 3H, CH3), 1.39 (s. 18H): 13C NMR (125 Milz. CD3CN) 8 206.7. 171.7. 171.6, 156 4,

139.0. 1299, 129.1, 127.2, 102.2, 82.6, 82.3, 76.4, 73.3, 71.2, 69.3, 56.7. 55.2. 51.1, 46.6, 45.5, 28.5.
28.1,23.2; IR: (CHCI3. cm~l): 3450, 1725, 171 1, 1640, 163(): FAB-MS(%) (M*+1) 579 (25.1); HRMS-FAB

cale. for (MT+1) C29H4300N2 579.2918. found 579.2959.
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