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ABSTRACT
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C-glycoside analogue
of O-benzyl a-D-GalNAc

C-Glycosides of N-acyl 2-amino-2-deoxygalactose (acyl = MeCO, CF;CO, t-BuOCO) are available in a stereoselective manner by trapping of
an anomeric radical with an activated alkene. Using anomeric selenides, radical generation and trapping is carried out under conditions that
avoid competitive reduction, and this chemistry has been applied to the synthesis of the novel C-glycoside analogue of O-benzyl a-p-GalNAc.

Molecules that are effective inhibitors of glycosylation are of O-benzyl GalNAc inhibition specifically blocks sialic acid

valuable as tools for probing the significance of conjugating transfer, which is an additional regulatory process of physi-

carbohydrates to proteins and lipitland recent resuf$ ological significancé.

based on the inhibitory properties ©fbenzyla-p-GalNAc In the course of our studies, uncertainties arose regarding

1 have furthered current understanding of the regulation of the stability of1, which appears to be processed in some

O-glycosylation and mucin metabolism. cell lines. As a result, we have initiated a parallel program
This simple monosaccharide exhibits a differential aétion to explore the correspondir@glycosyl variants represented

on a family of GalNAc transferases, and a cellular product by general structurg, with a key target bein€-glycoside

3 as a stable analogue f
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The chemical stability and favorable conformational
properties associated wi@rglycosides have encouraged the
development of a wide range of synthetic stratedieithin
which radical-based methods have found broad application.
While nucleophilic radical character at the anomeric site has



been applied successfully to elaborate 2-alkoxy, 2-fluoro, and  1-(Phenylselenyl)-2-azido-2-deoxy-p-galactose4) pro-
2-deoxysaccharides, as well as higher sugars, this processides an attractive starting point and is readily available via
has yet to encompass fully 2-amino and 2-acetamido s8gars. azide radical addition tw-galactal, as described by both
Keck-type allylations (using allyl tributylstannane) have been Czerneck and Santoyo-Gorifez'° (Scheme 1). Selenide
described,but this method provides only ti@-allyl variant.
Czernecki* and Sina§® have shown that anomeric selenides
do provide radicals, but these have only been trapped in

. Scheme %
intramolecular processes. on
. . c OA

More recently, Fessnéhas captured the radical derived A0 _oac A°K/ X ACQ ¢

from 1-bromoN-(trifluoroacetyl)-e.-p-glucosamine with vinyl &o) A, N ol/% . 0
. . c AcO

phosphonates to_glve t_he correspondiglycosides. AcO N, RNH\

While anomeric halides (see above) are generally a b-Galactal 4 SePh SePh
valuable source of anomeric radicals, there are limitations o RecocE,
associated with using glycosyl bromides of 2-amino su@ars. 5¢ R=Boc

For this reason, we have examined alternative radical
precursors with the additional aim of providing access to a

broad range of other 2-aminG-glycosyl derivatives, and
our initial results, which focus on thgalacto series, are
described in this paper.
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(82%); (b)5a MeCOSH (95%);5b: EtsN, HS(CH)sSH, then
(FsCCOY0 (75%);5¢. EtsN, HS(CH)sSH, then BogO (80%).

is readily handled, and homolytic-€Se bond cleavage is a
well established and efficient method for radical genera-
tion.3<P11 Further, the primary amine (arising from azide
reduction) is easily converted to tiNeacetyl derivativeba,

as well as theN-trifluoroacetyl andN-Boc variantssb and

5¢, respectively, all of which exhibit good stability.

Using “standard” as well as a series of modified conditions
for radical generation, reaction b&in the presence of either
methyl acrylate or styrene failed to give a@yglycoside'?
C—Se cleavage occurred, but only reduction prodiaoivas
observed, which was generally obtained in quantitative yield.

The key to the successful trapping of an anomeric radical
derived from5 (other than by reduction) involves use ot
as initiator at room temperature. Under these conditions, we
were able to generate the desired radical and capture this
species with a series of activated alkenes to give the
correspondingt-C-glycosides? in 17—93% yield (Scheme
2 and Table 1).

AcO OQC AcO AcO
20 a i&/o b H/ZO
Acol' Hip Acox/ﬁ > ACO% Hip
RNH
RNH R,

H, RNH Hy SePh Hs

6a R=COMe 5a R=COMe 7

6b R=COCF; 5b R=COCF; (see Table 1)
6¢c R=Boc 5¢ R=Boc

aReagents and conditions: (a) see footnote 12; (bB,Et
n-BusSnH, PhMe hv, ultrasound, rt.

using anomeric chlorides and xanthates of 2-amido sugars. Attempts to use

2-acetamido-3,4,6-ti®-acetyl-2-deoxye-p-glycopyranosyl bromide as a
radical precursor led only to the corresponding oxazoh&rifluoroacetyl
derivatives, as used by Fessheare less prone to oxazoline formation.
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Importantly, the a-anomer7 was observed, and the
correspondings-isomer has not been detected. We have
found that a combination of irradiation (200 or 400 W) and
use of an ultrasonic bath also improved yields and reaction
times. Reduction of the intermediate radical resultinarnc
does still compete and remains the principle side reaction
observed.
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Table 1. o-C-Glycosides? Derived from SelenideSa—c

Selenide  Radical Trap C-Glycoside 7 (%)’ Selenide  Radical Trap C-Glycoside 7 (%)’
(yield of 6) (yield of 6)
Aco OAc AcO ,OAc
o)
he MeCONH Aco
5a CO,Me 5a o C0+Bu MeCONH CO,tBU
CO,M
AP 7a(93 %) (6a: not detected) 7F (90 %) (6a: not detected)
AcO OAc AcO OAc
o o
Act Ac
5a Ph MeCONH oh 5b x-CO:Me FsCCONH | 0 u1e
7b (37 %) (6a: 60 %) 7g (74 %) (6b: not detected)
AcO OAc AcO OAc
o Q
Acl Act
5a x-SOPh MeCONH s0.Ph 5b o Ph F3CCONH Ph
Tc (58 %) (6a: 16 %) 7h (39 %) (6b: 31 %)
AcQ ,OAc Ao OAc
o) o)
AcO Ac
5 COoMe MeCONH Cos 5¢ ~COMe BocNH come
NHCb.
z NHCbz 7i (37 %) (6¢: 8 %)
7d (17 %)° (6a: 69 %)
Ao OAc AcO OAc
o) o
AcO S _Ph Act
MeCONH X
5a ycozEt e COREL 5c BocNH Ph
CO,Et

CO,Et
7e (21 %) (6a: 76 %)

7§ (39 %) (6¢: 63 %)

alsolated yields are after chromatography 2:1 inseparable mixture of isomers was observed, provisionally assigned as diastereoisomersaatitie

acid center, rather than epimers at C(1).

The structure of adductd was based primarily oAH

resolvedt® A sound basis for this protocol was provided by

analysis, and complete proton assignments were made usinghe 'H NMR spectrum obtained for the reduction product
!H—H and!H—13C correlations. Anomeric stereochemistry 6a Juuo-He) = 11.0; Jap)-ne) = 5.1; @~ = 7.7;
(at C(1), using conventional sugar numbering) was basedJyp)-n@E) = 11.2 Hz. Comparing these data to the half-line

on the signal attributed to H(2), since H(1) was not well

(11) Stork, G.; Suh, H. S.; Kim, G.. Am. Chem. S0d991, 113 7054—
7056. Gupta, V.; Besev, M.; Engman, Tetrahedron Lett1998 39, 2429-
2432. Abe, H.; Shuto, S.; Matsuda, A. Org. Chem200Q 65, 4315-
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result, and using data available from reduction prodéat H(2) was
predicted to exhibit a bandwidttW,) of 23.8 or 29.7 Hz for thex- and
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A. Tetrahedron Lett200Q 41, 4151-4155.

(12) A variety of reaction conditions and reagents were studieds- Bu
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followed. It has been reportétthat the*C; conformation is preferred for

SnH, EtB (at temperatures other than at rt and also in the absence of a both peracetylate@-glycosides (related t6) and deprotected variants (such

hydride source) or AIBN, PhH or PhMe, at room temperature; @060

°C, and at reflux. Bs5nSnBy and (TMS3}Si—H were also examined under

various conditions, without success. When reactiobaofiith BusSnH was
carried out without an alkene trap, quantitative reduction to Gizevas
observed.
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width (W) of the H(2) signal for theC-glycosidesy (e.g.,
7aWy, = 24 Hz) allowed assignment of tlestereochem-
istry shown in Table 1.

intermediate with methyl acrylate have failed. Onbgalactal
was recovereé?
Finally, the acetylatedC-glycoside 7b was deprotected

The C-glycosides shown in Table 1 represent a versatile (cat. NaOMe, MeOH, then Dowex 50'Hesin) in quantita-

group of functionalizedgalacto derivatives, and the suc-
cessful trapping of styrene to give, e.@h is noteworthy.

tive yield to give3, theC-glycoside analogue of benzylp-
GalNAc 1. The biological evaluation &, as well as a series

g of other novelO- andC-glycosyl variants, is now underway.

opposed to a bromide) provid€sglycosides with differential In summary, the radical-based strategy that has already
and orthogonal protection of the 2-amino moiety (NAC vs found widespread application within 2-alkoxy and 2-deoxy

NCOCK; vs NBoc). Further, an ability to incorporate both sugars can be applied generally to the synthesisglicosyl

More generically, the use of an anomeric selenide (a

carboxylates, e.gZaand7f, and sulfonates.g.,7c, offers der!vatlves of _2—am|no sugars..The success of this process
derives from (i) use of anomeric selenides as the source of

radical reactivity, which enables a range M{protecting
groups to be employed, and (ii) suppression of the competi-
tive reduction of the intermediate radical by use of mild
reaction conditions.

added flexibility in terms of future chemical modification
of both the coregalacto and the side chairC-glycosyl
components.

A potentially more direct route toward the targ€t

glycosides has also been evaluated (Scheme 3). Addition of  Aziqoselenation is applicable to other glyc&l§and this

Scheme 3
AcO OAc Aco OAc Ao OAC
) a \4/0 b 0
AcO - AcO /N\& = AcO
c N
D-Galactal g M 4 SePh
&
AcO OAc
L
AcO \
N3
COsMe

aReagents and conditions: (a) PhI(OAcdNaNs; (b) (PhSey;
(c) H,C=CHCO,Me and conditions (a); (c) BB n-BusSnH, PhMe,
hv, ultrasound, room temperature.

Nz to p-galactal is postulatééito proceed via the 2-azido
anomeric radicalB, but to date all attempts to trap this
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offers an opportunity to extend the radical-based methodol-
ogy and make available a range of other 2-antiglycosy!
derivatives.
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