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In a chiral auxiliary based method C-glycosylated amino acids can be obtained by a 1,3-dipolar cycloaddition of a chiral glycine equivalent and
C-1 allyl- or vinyl-derived carbohydrate building blocks as the key step. The products are formed regio- and diastereoselectively. Reductive
cleavage of the N-O bond of the isoxazolidine and of the chiral auxiliary leads to C-glycosylated amino acids. The use of (-)-menthone to
(+)-menthone as the auxiliary leads to the corresponding diastereomers.

Recently, approaches toward the synthesis of glycopeptidebond? Our interest in this field is mainly concerned with
mimics have gained considerable interest because theythe synthesis of C-glycosylated amino acid=or this class
promise to yield biologically active derivatives without the of compounds a number of synthetic strategies have been
synthesis of the complex natural derivatives.this context, described, which in addition to often being lengthy and
much effort has been directed toward the synthesis of complex exhibit limited usefulness for the stereoselective
metabolically and chemically stable products. This has beensynthesis omanno-, glucoandgalactoglycosylated amino
achieved by incorporating isosteric, retro-isomeric, or peptoid acids#®

building blocks as substitutes for the peptidgycoside In this communication we present a very short and efficient
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approach toward this class of building blocks suitable for and subsequent oxidation with-chloro perbenzoic acid.
incorporation in glycopeptide mimics. Several prerequisites It should be mentioned at this point that the chiral auxiliary
were established for the synthesis of C-glycosylated amino menthone can be obtained asotsandL-isomer; it is thus
acids: (criterion a) easy and broadly applicable approach topossible to synthesize (+)- and (—)-1. Therefore, both
a large variety of products with different configurations in diastereomers of the glycosylated amino acids, exhibiting
the glycosidic and aglycosidic moieties, and (criterion b) different configurations at the stereogenic center of the amino
orthogonal protecting group strategies. To meet these criteria,acid moiety, are accessible (criterion a).

we designed a chiral auxiliary based approach with & [2

The cycloadditions of (—)-land 2 were performed in

3] cycloaddition of appropriate precursors as the key step. toluene under reflux; in all cases the yield wa82% (Table

With (—)-menthone-derived chiral nitrone-§-1 as a glycine
equivalent and allyl-substituted glycosidic building blocks
2 as starting materials, cycloadditions exhibiting a high

1). It could be demonstrated that the and 5-configurated

degree of regio- and diastereoselectivity should occur Taple 1. Results of the [2+ 3] Cycloaddition of Nitrone

(Scheme 1).
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The C-1-allylatednanno-, gluco- and galactoenfigured
C-glycosidess-2a anda-2b—e are known products, which
can be obtained easily from common sources (criterigh a).
The protecting groups can be varied; in this study we only
used acetyl- and benzyl-protected derivatives (criterion b).
The nitrone ¢)-1 can be obtained in a two-step procedure
by condensation of)-menthone and glycine methyl amide

(—)-1 and Allyl Glycosides2 To Give 3, Followed by Smi
Cleavage ta#?

2 3 4
yield [%)] yield [%]
[e] (©
BnO B-2a B-3a B-4a
o e 78
N0 en 37.6 (0.84)
BnO o-2b o-3b o-4b
BnO Q 85 80
80 500] 58.9 (0.87)
AcO o-2¢ o3¢ o-4c
AcO Q 88 78
A0 0l 65.7 (0.73)
BroTEN o-2d a-3d o-4d
o 82 79
BnO 56.1 (0.9)
BnO[_ __
BnO— OBn ¢-2e a-3e o-de
BnO Q 90 81
BnO 23.7 (1.17)
—
AcO o-2f o-3f o-4f
AcO~ 0O 87 81
AcHN] 53.0 (1.0)

a(Note 1): in CHC}.

glycosides did not differ in reactivity and selectivity.
Spectroscopic analysis of the producs-3@, o-3b—e)
revealed that the reaction was completely diastereo- and
regioselective. These stereochemical results were as devised
in our blueprints: nitrones and olefins tend strongly to form
the C—C bond with the lowest substitution cou¥ftin terms
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of diastereoselectivity, g-facial/exo-attack can be assumed, 4a—e could not be used because they interfered with the
with the isopropyl moiety of the chiral auxiliary determining protecting groups on the glycosidic moiety. Therefore, we
the site selectivtiy (Figure 1. The absolute configuration  turned our attention to the Shmediated cleavage of NO
bonds, which was described first by Natéldn all cases
the cleavage could be obtained in high yields, leading to the
corresponding 1,3-amino alcohals The protecting groups

Me Me ' remained intact.
0 My° The N,N-aceta4 was quantitavely hydrolyzed on being
AR AN stirred in 0.6 M aqueous HCI and a small amount of acetic
., N / H o N / " acid. Cleavage of the amide bond could be achieved with
glycano o) an equimolar amount of lithium hydroxide. Both hydrolytic

steps were quantitative. Under these conditions, no cleavage
of the acetyl protecting groups i was observed. During
endo exo these two steps the presence of the free hydroxy group at
C-4 of the aglycosidic moiety turned out to be crucial,
presumably as a result of some neighboring effect. After
protection (e.g., benzylation) no cleavage occurred.

To demonstrate the broad applicability of the aglycosidic
at the newly created stereogenic centers could be confirmedbuilding block, the GIcNAc derivativef,® the 5-configurated

by X-ray crystallography of the crystalline cycloaddu& vinyl derivative 6%, and the pseudo-glucal*?> were also
(Figure 2). utilized (Scheme 2). In these cases, the same regio- and

glycan

Figure 1. exo-vs. endo-configurated transition states during the
cycoaddition step of-{)-1 and 2.
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Figure 2. Molecular structure ofl2. Displacement ellopsoids

shown at the 50% level; H atoms are omitted for clarity. diastereoselectivities were observed as in the previous
cycloadditions. As described earlier, the endocyclic double
bond in 7 is not susceptible to cycloaddition reactions;

Subsequently, classical methods/fPd or Zn/acetic acid)  therefore only the exocyclic double bond underwent reac-
for the reductive cleavage of theND bond in isoxazolidines  {jg 13
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