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The reaction of tert-butyl (4,5,7,8-tetra-O-acetyl-3-deoxy-a.-d-manno-2-octulopyranosyl chloride)onate donor 7 with the 6-formylgalactopyranoside
acceptor 4 in the presence of Sml, provided only the KDO a-C-disaccharide 8. The bulky tert-butyl ester in the donor was used to reverse the
stereochemical outcome of C-glycosylation, stereoselectively forming the a-"C"-disaccharide of KDO.

KDO (3-deoxyp-mannne2-octulosonic acid) is a key exclusively affords thex-C-glycosides. In contrast, KDO
component of the cell wall lipopolysaccharide (LPS) of exists in a®C, conformation, exclusively affording C-
Gram-negative bacteria. KDO residues form the critical glycosides in thg8-configuration® Pioneering studies by Kiso
linkage between the polysaccharide and lipid A regions of and co-workers demonstrated the efficient synthesis of
LPS! Ulosonic acids includingN-acetylneuraminic acid  O-glycosides of KDO disaccharides using KDO benzyl ester
(NANA), 3-deoxyb-glycerap-galacto-2-nonulosonic acid  bromide derivatives. Schmidt and co-workeatso showed
(KDN), and KDO are well known to form glycosides in the it was possible to prepare O-glycosides of KDO in the
a-configuration in natur@. Our laboratory developed a a-configuration using a 4,5:7,8-@-cyclohexylidene KDO
method using samarium iodide under Barbier conditions for derivative. On the basis of these sucesses, our laboratory
the synthesis of C-glycosides of ulosonic acids, NANA, initiated an effort to prepare am-C-glycoside of KDO.

KDN, and KDO? NANA and KDN typically exist in &Cs C-Glycosides are catabolically stable analogues of impor-
conformation; thus, the reaction using samarium iodide tant natural products and have been used as receptor ligands
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and glycosidase inhibitofsC-Glycosides of ulosonic acids

are of particular interest because of their potential pharma- Scheme 2
ceutical application8 KDO C-glycosides are also expected o ACO
to have a conformation similar to that of the corresponding HO ACO
O-glycosides. A strategy was designed to stereoselectively HO o 0 AcQ, ACH - AcO o o
synthesize the-glycoside of KDO C-disaccharide through HO ONH, AcO OH
the reaction ofert-butyl (4,5,7,8-tetra-O-acetyl-3-deoxy-a- H |
D-manne2-octulopyranosyl chloride)onate don@ywith the 5 6
6-formylgalactopyranoside acceptar, in the presence of ACO
Smb. AcO

We selected the 6-formylgalactopyranoside, acceptor w. AQ o 2
for our synthetic strategy, as it had been successfully used BFs AcO, OC(CHak

to preparexr-C-disaccharides of ulosonic acids that occupied !
a 2Cs conformation, NANA and KDN. Starting from
commercially available 1,2:3,4-@-isopropylidenes-galac-

topyranosel (Scheme 1), homologation was achieved in _ .
tion of 5 afforded6, which was freely soluble in cyclohexane.

Esterification of6 with tert-butyl trichloroacetimidate in the
presence of a catalytic amount of Bfave7 in 91% yield
Scheme 1 (two steps overall). Th&H NMR data for compound were

o PH o/ similar to the literature values for the corresponding methyl
)g% I, Im, PPhg )g% ester derivative of KDG3?2 Several alternative methods were
- it examined for the synthesis af including (1) DCC and
X X t-BUOH and (2) isobutylene, sulfuric acid, atdBuOH '3
but these resulted in either no reaction or very low yields.
NMR was used to assign the configurationfoEmpirical
H NMR rules, examining the differences in the chemical
shifts of H-3a and H-3e, have been employed to deduce the

0
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o
anomeric configuration of KDO and NANA derivativés.
)Q These rules, however, can often lead to ambiguous assign-
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ments, as the differences in the chemical shifts are often
influenced by substituents and protecting grotipp3he
coupling pattern of the C-1 in the proton-couplé@ NMR
spectra is currently considered the most reliable method for
determination of the anomeric configuration of KDO and
NANA derivatives!®>®The proton-coupleé?C NMR spectra
of 7 showed a singlet at 163.9 ppm, clearly demonstrating
that 7 is in the a-configuration.

Glycosylation of the 6-formylgalactopyranoside acceptor
4 with the KDO donor7 in the presence of freshly prepared
samarium(ll) iodide afforded the corresponding C-disaccha-
ride8in 77% yield (Scheme 3). All of the proton and carbon
signals in 8 were assigned using DQFCOSY, HMQC,
HMBC, and NOESY. An interesting characteristic of the
NMR spectrum of the C-glycosidic disaccharifids that
the H-6 methylene signals of the galactose moiety, At51
and 1.78 ppm, resonate at a higher magnetic field than the
methyl signals of the acetyl groups. The proton of the bridge
hydroxy group in8 is a sharp doublet ad = 6.4 Hz atd

three steps by following previously reported methodoltgy.
lodination of 1 afforded 6-deoxy-6-iodogalactopyranc®e

in quantitative yield. Nucleophilic displacement by cyanide
anion gave the corresponding galactopyranosydurononitrile
3 in 63% yield. Reduction of the cyano group was ac-
complished using DIBAL-H (diisobutylaluminum hydride)
to give 6-formylgalactopyranosidéin 59% yield.

Our attention next turned to the preparation of the KDO
donor, 7 (Scheme 2). Ammonium KD® was prepared
according to previously described methé¥%.The synthesis
of tert-butyl (4,5,7,8-tetra-O-acetyl-3-deoxymmanno-2-
octulopyranosyl chloride)onafewas carried out in two steps
(Scheme 2). The reaction usitert-butyl trichloroacetimi-
daté? requires a nonpolar solvent, such as cyclohexane,
which is unable to dissolve. The acetylation and chlorina-
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and H-3e of the KDO moiety is demonstrated by a negative

Scheme 3 NOE. The coupling constant of the C-1 of the KDO moiety
ACO CHO with the bridge proton is 6.3 Hz, consistent with a dihedral
ACO ><O o angle of approximately 183%.The empirical ruled} based
AcO o 0 . o) on the differences in the chemical shifts between H-3a and
AcO OC(CHg)s 0o H-3e in thelH NMR, are also consistent with theanomeric
ci )& configuration of the KDO moiety in C-disacchari@e All
7 4 the signals in théH NMR of 8, except for the bridge proton,

are consistent witl8 being a single species. Integration of

the 'H NMR spectrum shows that the bridge proton8af

OC(CHg) an R/S mixture of approximately &/, ratio. The signal
observed at 3.95 ppm can be assigned to the bridge proton
in the R configuration, while the signal at 3.87 ppm
corresponds to the bridge proton in theonfiguration. The
bridge proton of theS compound fails to show negative
NOEs with both H-4 and H-3e of the KDO moiety. Both
C-1 signals of theR and S isomers are consistent witB
being in theo-configuration.

We previously reported that the synthesis of a KDO
C-glycoside using the methyl ester of KDO chloride exclu-
sively afforded the unnaturg-configuration? This study

h clearly demonstrates that the C-disaccharide can be stereo-
selectively synthesized in the desireeconfiguration using
tert-butyl ester KDO chlorider. In the 5C, conformation
favored by KDO, the bulkytert-butyl group prefers the
thermodynamically more stable equatorial orientation, thereby
minimizing unfavorable interaction. The stereochemical
Scheme 4 outcome suggests that the reaction proceeds through an
intermediate samarium enolate (Scheme 5). The KDO

2.42 ppm. NOESY o8 also shows a positive NOE of the
bridge hydroxy proton, indicating a chemical excharige

8. These suggest an interaction of the hydroxy proton wit
the oxygen of C-1 carboxy group of the KDO moiety
(Scheme 4). The anomeric configuration of the KDO moiety

H C
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was confirmed by NOESY and proton-coupl&€ NMR
spectra. The negative NOE between the proton on the bridge L . i .
carbon with H-4 and H-3e of the KDO moiety provides the C-glycoside is generated only in theconfiguration because

strongest evidence for its-configuration in8. The C-1 of the a-face of this intermediate is much less sterically
KDO moiety C-disaccharid@ gives a signal ab 168.8 ppm hindered than th¢-face (Scheme 5). This approach suc-

in the proton-couple#C NMR spectra. This peak, however, cessfully affords a KDQu-C-glycoside analogue with an
. - - . anomeric configuration identical to that of the KDO O-
is a doublet of] = 6.3 Hz resulting from C-1 coupling to

the proton of the bridge carbon & The C-1 signal irv is glycosides found in important natural products.
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