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The stereoselective cyclization of o-hydroxy nitriles to afford N,O-acetals and the application of this reaction toward the synthesis of
glycosylamines is described.

Glycosylamines are a central motifiWilinked glycopeptides  primary hydroxy group2 was exposed to excess sodium
and glycoproteind Their importance in biology has sparked borohydride in ethanol. To our surprise, the staty®-acetal
the development of numerous strategies for their synthesis3 was obtained in good yield as a single diastereomer. The
involving, among others, glycosyl azides, glycals, and X-ray crystal structure of compourgis shown in Figure 1.
unprotected reducing oligosaccharides as precursors. Many In principle, the reductive cyclization of hydroxynitriles
of these methods, however, lack generality or suffer from to afford cyclicN,O-acetals is a known reactidriThe few
low diastereoselectivities. The development of new meth- reported examples, however, were observed as unexpected
odology for the synthesis of glycosylamines, therefore, side reactions, which have never been further evaluated for
remains an important goal. their synthetic potential. We therefore decided to investigate

In the course of our ongoing program directed at confor- the applicability of this reaction to the synthesis of glyco-
mationally restricted proline derivatives and novel ligands sylamines, arguably the most important clashi@D-acetals.
for metabotropic glutamate receptors, we have encountered
a reaction useful to this end (Scheme 1). Exposure of Meyers’_
lactam1? to TMSCN in the presence of a Lewis acid led to

- . . Scheme 1

N-acyl aminonitrile2.3 In an attempt to selectively reduce

its nitrile function via intramolecular participation of the H
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T This paper is dedicated to the memory of Andrew D. Dorsey (November
2, 1977-August 13, 2001).
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Figure 1. X-ray structure of compound.
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We now report a general strategy for the synthesis of n CN EoH " 2 onlyp
protected pyranosylamines via reductive cyclizationdef 12 69 % 13
hydroxynitriles.
Our method is exemplified by the synthesisfefetraO- OBn NEig:‘t OBn
benzylglucosylamin& shown in Scheme 2 Quantitative BnO o] 50% BnO o]
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OBn OBn glycosylamine9, a building block for N-linked glycoproteins,
CBry, PhgP BnO&@H NaBHj, Bnoé&NH as the only observed diastereomer. Galactonitrtigave a
oo BnO—"_ 2 CN EOH' BnO— 1:4 mixture favoring thgg-anomerl1, whereas mannonitrile
e . .
70% 6 7:) o ; 12 only gaveS-glycosylaminel3. In the case of maltonitrile

15, formation of a 1:5 mixture favoring th8-anomerl16
was observed.

Although the methodology performs well in the synthesis
of pyranosylamines, it appears to be somewhat limited to
hydroxynitriles yielding electronically deactivated six-
membered ring products. Attempts to prepak©-acetals
18 and 20 and furanosylamin@2 from the corresponding
hydroxynitriles17, 19, and21, respectively, through reduc-
tive cyclization failed (Scheme 4). Instead, complex mixtures

conversion of 2,3,4,6-tetr@benzylglucoset into the cor-
responding oximé& was followed by dehydration under the
conditions described by Vasefd&xposure of the resulting
known hydroxynitrile6 to sodium borohydride in ethanol
led to reductive cyclization and precipitation of glycosyl-
amine? as a singlgs-anomer in good yield.

The extension of this methodology to other glycosylamines
is shown in Scheme 3. All substrates are readily available
from the corresponding reducing sugars and are, with the_
exception of maltose-derivativeé5, known compound$?’ Scheme 4
Nitrile 15 was obtained from the known oxinfe®® under OH O._NH,
standard dehydration conditions. X U

Upon exposure to sodium borohydride in ethanol, the
o-hydroxynitriles cyclized to afford the corresponding gly- 18
cosylamines in moderate to good yields. In all cases, the O _NH,p
reductive cyclization resulted in preferential formation of the K U
p-anomer. No attempts were made to separate anomeric \
mixtures. N-Acetylglucosamine derivativ8 afforded j3- 19 20
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of amino alcohols and products of reductive amination were ||| | | R NI

obtained under these conditions. Note that the simp@- Scheme 6
acetalsl8 and 20 are unknown and appear to be unstable. o
Mechanistically, the reaction presumably involves base- , Ho o~ DCC, HOBt
catalyzed cyclization of thé-hydroxynitrile to the corre- O NHFmoc THE
sponding imidate 24), followed by reduction of the €N 49 %
double bond and alcoholysis (Schemée® B)MR studies in 26
OB
éé” i
| B0 N o™ apsts
Scheme 5 BnO O  NHFmoc

OBn 27

OBn
C) H*+
BnO&OR\ * BnO 0 - OBn
BnO =N BnO e}
BnO BnO, NH 26,1IDQ,DCM g O H P
23 24 ' O 9 BnO N o F only B

HBX3 51 % AcHN 5 NHFmoc
OBn OBn 28

B”O/é&mgx RSN Bnoé&
BnO—2 8 BnO NH; By contrast, coupling 09 with 26 using 1IDQ afforded28

n BnO . ” ;
25 7 as a single diastereom®&rNo anomerizaton was observed
under these conditions.
In summary, a new method for the stereoselective synthesis

deuterated ethanol indicate that at the end of the reaction®f 9lycosylamines has been developed. Sincethgdroxy-

time, no boron species remains bound to the amino group_nlltrlles used as synthetic precursors can be _obtamed in two
Nitriles per se have been reported to be insensitive towardSimple steps from the corresponding reducing sugars, the
sodium borohydride in alcoholic solveris. r_nethodology appears tp be practlcal for Iarge—spa!e a.ppllca—

The stereoselectivity of the reaction can be explained by tlpns. Future myesﬂggﬂons will addrgss the optlmlzatlon of
preferential axial attack of the borohydride onto the imidate. Yi€lds, the stability of different protecting groups (silyl ethers,
However, it is unclear whether the product ratio reflects este_rs) toward the cyclization conditions, and mechanistic
kinetic or thermodynamic control since glycosylamines are Studies.
known to epimerize readily in protic solvents. Due to aless  Acknowledgment. We thank Dr. Frederick J. Hollander
pronounced anomeric effegtglycosylamines are generally  and Dr. Allen G. Oliver for the crystal structure determination
more stablé! Furthermore, the products are isolated by of compound3. Financial support by Merck & Co. is
precipitation in some cases. gratefully acknowledged.

The use of glycosylamineg and 9 in the synthesis of
building blocks for N-linked glycopetides and glycoproteins
is shown in Scheme 6. Coupling of pyfeanomer7 with
protected aspartic ackb under DCC/HOBLt conditions gave
a 5:1 mixture olN-acylglycosylamin®7 and itsa-anomert?
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