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METHOD FOR SYNTHESIZING
C-GLYCOSIDES OF ULOSONIC ACIDS

This application is the national phase under 35 U.S.C.
§371 of PCT International Application No. PCT/US99/
23214 which has an International filing date of Sep. 30,
1999, which designated the United States of America and
was published in English and which claimed priority to U.S.
Provisional Application No. 60/102,459, filed Sep. 30, 1998.

TECHNICAL FIELD

The present invention relates to a method for synthesizing
C-glycosides of ulosonic acids, as well as intermediates
thereof and particular C-glycosides prepared by the method.

BACKGROUND ART

Ulosonic acids are a diverse family of complex monosac-
charides that serve important biological functions. The most
common ulosonic acids are N-acetylneuraminic acid
(NANA), 3-deoxy-D-glycero-D-galactonulosonic acid
(KDN) and 3-deoxy-D-manno-2-octulosonic acid (KDO),
important constituents of many glycoconjugates, often occu-
pying the non-reducing ends of oligosaccharide chains.
Glycoproteins containing NANA, for example, are involved
in a number of biological processes including cell interac-
tions with other cells, microorganisms, toxins and antibod-
ies.! The biologic functions of ulosonic acids are derived
from their size, negative charge and their natural position as
the terminal residue on cell surface glycoconjugates.
C-glycosides of ulosonic acids are of particular interest for
their potential pharmaceutical applications. These are
expected to have both improved enzymatic hydrolytic sta-
bility and exoanomeric conformation similarity to the cor-
responding O-glycosides.,

The synthesis of C-glycosides is a well established area of
carbohydrate chemistry.> The utility of glycosyl chlorides in
the formation of C-glycosides has been appreciated for some
time. Until recently the aglycone portion of this radical
pathway was limited to allylsilane, 1,3-dimethoxy
benzene.®* Sinay* and Wong® examined the possibility of
coupling chloride and ketone (or aldehyde) under Sml,
mediated radical reactions. In the presence of a protecting
group at C-2, glycal was produced, in place of the desired
C-glycoside. NANA-C-glycoside was reported by Bednar-
ski® through NANA-glycosyl chloride with (nBu),
SnCH,CH=CH, and catalytic amount of [(nBu);Sn],,
affording 1:1 mixture of NANA-C-glycoside. By using
glycosyl aryl sulfones, Beau and co-workers prepared the
corresponding 1,2-trans-C-glycosides under Barbier condi-
tions.” A similar approach was used in the first examples of
the NANA® and KDN® C-disaccharide synthesis in our
laboratory, using pyridyl and phenyl sulfones as nucleo-
philes. There are two disadvantages of using sulfones as
nucleophiles: 1) additional steps are required for their prepa-
ration and 2) they often produce a very unpleasant odor.

DISCLOSURE OF THE INVENTION

Accordingly, an object of the present invention is to
provide a method for synthesizing C-glycosides of ulosonic
acids such as Neu5Ac, by which diastereocontrolled syn-
thesis of a-C-glycosides of ulosonic acids is attained, which
is simpler than the known method and free from the unpleas-
ant odor caused by the use of a sulfone derivative.

The present inventors intensively studied to discover that
the above-mentioned object may be attained by reacting a
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2

halogenated ulosonic acid with an aldehyde or ketone com-
pound in the presence of a lanthanide metal halide, thereby
completing the present invention.

That is, the present invention provides a method for
synthesizing C-glycosides of ulosonic acids comprising the
step of reacting a halogenated ulosonic acid with an alde-
hyde or ketone compound in the presence of a lanthanide
metal halide, such as samarium iodide.

By the present invention, a method for synthesizing
C-glycosides of ulosonic acids, by which diastereocon-
trolled synthesis of a-C-glycosides of ulosonic acids is
attained, which is simpler than the known method and free
from the unpleasant odor caused by the use of a sulfone
derivative, was provided.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is positive FAB mass spectra of Compound (3);

FIG. 2 is 'H-NMR spectra of Compound (5) recorded in
CDCl, at 500 MHz;

FIG. 3 is positive FAB mass spectra of Compound (5);

FIG. 4 is "H-NMR spectra of Compound (7) recorded in
CDCl; at 500 MHz;

FIG. 5 is two dimensional COSY spectrum of Compound
™

FIG. 6 is positive FAB mass spectra of Compound (7);

FIG. 7 is '"H-NMR spectra of Compound (10) recorded in
CDCl, at 500 MHz;

FIG. 8 is positive FAB mass spectra of Compound (10);

FIG. 9 is "H-NMR Spectra of Compound (12) recorded in
CDCl; at 500 MHz;

FIG. 10 is positive FAB mass spectra of Compound (12);

FIG. 11 is 1*C-NMR spectra of Compound (12) recorded
in CDCl; at 500 MHz; and

FIG. 12 is "H-NMR spectra of Compound (15) recorded
in CDCl; at 500 MHz.

BEST MODE FOR CARRYING OUT THE
INVENTION

As mentioned above, in the method of the present
invention, a halogenated ulosonic acid is reacted with an
aldehyde or ketone compound in the presence of a lan-
thanide metal halide.

As the lanthanide metal halide, halides (iodides, bromides
and chlorides) of lanthanide metals may be employed. As the
lanthanide metal, samarium, ytterbium and europium are
preferred, and samarium is most preferred.

The reactants which react with the lanthanide metal
halides are ulosonic acids such as neuraminic acids and
sialic acids. Further, other carbohydrates bearing a quater-
nary carbon at the anomeric position (ketoses) may also be
employed as the reactant to be reacted with the lanthanide
metal halide. That is, the process of the present invention is
directed to the process for synthesizing C-glycosides of
ulosonic acids including neuraminic acids and sialic acids.
The process may also be applied to the synthesis of
C-glycosides carbohydrates containing a quaternary carbon,
such as C-glycosides of N-acetylneuraminic acid (NANA),
3-deoxy-D-manno-octulosonic acid (KDO) and
C-glycosides of 3-deoxy-D-glycero-D-galactonulosonic acid
(KDN).

The halogenation may comprise replacing a hydroxyl
group in the ulosonic acids such as neuraminic acid and
sialic acid, or carbohydrates with a halogen atom.
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Preferably, the halogen atom may be attached to the
2-position of the ulosonic acids such as neuraminic acid and
sialic acid, or carbohydrates. The halogen used for the
halogenation may be fluorine, chlorine, bromine and iodine,
and chlorine is most preferred.

When the lanthanide metal halide is reacted with
neuraminic acid or sialic acid derivatives, the reactant may
be represented by the following formula [1]:

RrR2

Rr2

Rr2

In formula [I], R is a halogen atom.

In formula [I], each R* may be the same or different, and
may be any group or atom which does not hinder the
reaction, such as acyloxy groups such as those containing
straight or branched alkyl groups, especially C,—C, alkyl
groups, benzyloxy groups, allyloxy groups, isopropylidene
dioxy groups, cyclohexylidene dioxy groups, silyloxy
groups or N-amide groups. Each of these groups may
contain one or more, usually 1 to 5 substituents such as
methyl, methoxy, benzyloxy, trichloroethoxy and trialkylsi-
lyloxy groups. The most preferred R? is acyloxy or alkyloxy.

In formula [I], R? is not restricted at all and may be any
group or atom which does not hinder the reaction. For
example, R® may be straight or branched alkyloxy groups
especially C,—C, alkyloxy groups, cyclic alkyloxy groups,
arylmethyloxy groups, arylamine groups, alkylamine groups
or another carbohydrate moiety. R*> may be substituted with
the substituents, usually with 1 to 5 substituents, mentioned
above for RZ.

In formula [I], X may be oxygen, alkylamine or
arylamine, and methylene or substituted methylene.

Equivalents of the skeleton of the structure represented by
the formula [I] may include those represented by the fol-
lowing formulae. The meanings of the substituents in the
following formulae are as described above.

Formulae
R
2
rR2 N >
COR® 2Ry R
¢}
2 X Rl RZ R!
R2 R2 R2
COR?
COR? COR?
R2 X R! X R!
R? R?

10
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40

-continued
COR? 2R: O, R?
Rl
X
AcHN R!
R2 R R?
ZR_
o) e
2R
Rl
ZR RZ

The counterpart reactant which is reacted with the above-
mentioned ulosonic acids, carbohydrates containing a qua-
ternary carbon, neuraminic acids or sialic acids, is not
restricted at all and any organic compounds having an
aldehyde group or ketone group may be employed. When
the C-glycosides to be produced is a disaccharide, the
preferred counterpart reactant may be represented by the
following formula [II]:

[
R>— (CHy),

R? R*

R®0OC R’

In formula [II], R* may be any group which does not
hinder the reaction. The explanation about R® in formula [I]
may also be applied to R*.

In formula [IT], R® may be the same or different, and may
be any group which does not hinder the reaction. The
explanation about R? in formula [I] may also be applied to
R®. However, benzyloxy group is also preferred in addition
to acyloxy.

In formula [II], R® may be hydrogen, alkyl group or aryl
group.

In formula [III], X may be oxygen, alkylamine or
arylamine, and methylene or substituted methylene.

In formula [II], n=0 or 1.

Equivalents of the skeleton of the structure represented by
the formula [II] may include those represented by the
following formulae. The meanings of the substituents in the
following formulae are as described above.

2 6

roc R , COR

COR? COR?
R X R* RZ. O R*
R? p2 R* 2
SROC R>(CHy),
¢} X
R’ R* R COR®
R® R’ R’ R®
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-continued
R3(CHy)y R3(CHyp),
X X
R® R®> RPOC R®
R? CORS R? R?
R5(CHy),
X
R® R’
R®OC R®

Unless otherwise specified, among any of the above-
mentioned groups or substituent groups, in those which is
alkyl or which may contain alkyl moiety, the number of
carbon atoms may preferably be 1-6. Among any of the
above-mentioned groups or substituent groups, in those
which is aryl or which may contain aryl moiety, the aryl
group may preferably be phenyl, naphthyl, biphenyl, anthryl
or phenanthryl. The alkyl group or alkyl moiety and the aryl
group or aryl moiety may contain one or more, usually 1 to
5 substituent(s) described for R*.

The halogenated ulosonic acids or carbohydrates as well
as the processes for producing them are known in the art, and
are described in, for example, Nagy, O. J.; Bednarski, D. M.;
Tetrahedron Lett., 1991, 32, 3953-3956, or Morra, A; Sina
y, P; Carbohydr. Res., 1989, 187, 35—42. Briefly, ulosonic
acids or carbohydrates may be halogenated by treatment
with acetyl chloride, acetic acid and methanol at room
temperature for 24 hours.

The halogenated ulosonic acid or carbohydrate is reacted
with the above-described aldehyde or ketone compound in
the presence of the above-described lanthanide metal halide.
As the solvent used in the reaction, not only THF, but also
other aprotic solvents, such as ethers, halogenated hydro-
carbons and tertiary amides such as hexamethylphosphorous
triamide (HMDA) and 1,3-dimethyl-3,4,5,6-tetrahydro-2
(1H) pyrimidinone (DMPU), may be employed.

The reaction may be carried out at a temperature between
-40 to 25° C., preferably 20° C. The concentration of the
reactant 1 (in scheme 1 below) or reactant 8 (in scheme 2

AcO
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AcHNa

6

below) or any equivalent thereof mentioned above may be
from neat to 0.01 M, preferably neat. The concentration of
the solution of SmlI, or equivalent thereof may be 0.1 M to
0.001 M, preferably 0.1 M. The concentration of the reactant
2,4 or 6 (in scheme 1) or reactant 9 or 11 (in scheme 2) or
any equivalent thereof mentioned above may be from neat to
0.01 M, preferably neat. The mixing ratio of reactant 1 or 8
(or equivalent thereof): reactant 2, 4, 6, 9 or 11 (or equiva-
lent thereof): lanthanide metal halide may preferably be
1:(0.2-10):(0.5-20), more preferably 1:(0.5-5):(1-10), still
more preferably 1:(1-2):(2-4) in terms of molar equiva-
lence. The reaction time may be 1 min. to 1 hr, preferably 30
min.

The C-glycosides of the ulosonic acids or carbohydrates
prepared by the method of the present invention may be used
as pharmaceuticals and cosmetics, such as antibacterial
agents, antiviral agents, antitumor agents by attaching the
C-glycosides to a known antibacterial agents, antiviral
agents or antitumor agents, since the C-glycosides are non-
hydrolyzable in cells. The C-glycosides of the ulosonic acids
or carbohydrates prepared by the method of the present
invention may also be used as vaccines with increased
stability.

The invention will now be described by way of examples
thereof. It should be noted that the examples are presented
for the illustration purpose only and should not be inter-
preted in any restrictive way.

EXAMPLES

In this example, we describe a new finding, that the
ulosonic acid containing C-glycosylation method developed
in our laboratory can be performed with the 2-chloro-
derivatives of NANA, KDN and KDO.

KDN and KDO were prepared according to previously
described methods.® Glycosyl chloride derivatives of KDN
and KDO were synthesized using a similar procedure to that
used for preparing NANA-glycosyl chloride. NANA-
glycosyl chloride (1) and ketone (2) (1.2 equiv.) were
reacted in an inert atmosphere with 4 equiv. of freshly
prepared 0.1 M Sml, solution in THF at room temperature.
We found that 2.5 equiv. of Sml, is the minimum amount for
this reaction while 4 or more equiv. gave the best yields. This
reaction results in a nearly instantaneous conversion to the
desired C-glycoside of NANA (3) in 95% yield (Schemel).

OAc

O, OMe
O OH
OAc HsC  CHj
3
O
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-continued
ACO OAc
Cl
[e]
AcHN~ CO,CH3
AcO OAc
1
H,C H;C
O
CHO
H;C o) H;C
[e] [e]
i i
0 O
H,C CIL
4

CH,
H;C

35

Scheme 1

i. 4 Equiv of SmI,(0.1 M in THF)

Next, a very efficient synthesis of C-disaccharides (5) and
(7) was performed using the above stratagem. Coupling of 40
the glycosyl chloride (1) and sugar aldehydes (4) or (6) again
instantaneously generated the desired a-C-disaccharides (5)
and (7) in an 88% and >95% yield respectively, based on
NANA. Empirical rules'* and 'H-'>C decoupling
experiments® were used to deduce the a-configuration of 45
these products. The H-4 signals in both (5) (4.57-4.62 ppm)
and (7) (4.74-4.84 ppm) are observed at <5.00 ppm (in the
B-anomer H-4 should be observed at >5.00 ppm). Little or
no stereocontrol was observed at the newly formed stereo-

BnO OBn
o
OHC i
BnO
" OMe,
9

CHO

center on the hydroxymethylene bridge. C-disaccharide (5)
was formed in a 3:1 diastereomeric mixture while
C-disaccharide (7) was obtained as a 1:1 diastereometric
mixture (Scheme 1).

The reaction leading to NANA a-C-glycosides were next
examined using KDN and KDO glycosyl chlorides. As we
expected, KDN a-C-glycosides and KDO [-C-glycosides
were afforded in excellent yield respectively (Scheme 2).
The a-selectivity at the anomeric configuration and the
S-configuration® of alcohol in C-disaccharide (10) are
confirmed by empirical rules, molecular modeling and
IRMA calculation based on NMR data (2D ROESY and **C
NMR).?

ACO OAc
Cl
O
AcO~ CO,CH;3
AcO OAc
8
CH,
CH,
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-continued
Aco QAc o OMe OMe Aco  QAc
AcO~ AcO~
AcO OAc AcO OAc
BnO OBn
10
OAc OAc
i
1 —
CO,CH;
15
Scheme 2

i. 4 Equiv of SmI,(0.1 M in THF)

KDO-C-glycosides have been previously synthesized
through the alkylation of the ester enolate giving
B-stereoselectivity.'* The C-glycosylation of (13) is ste-
reospecific forming a single C-glycoside (15). 'H->C
decoupling experiments®® were done to assign the anomeric
configuration of KDO-C-glycoside. Some empirical
H-NMR rules have been used for deducing the anomeric
configurations of KDO derivatives. However, these rules
often lead to ambiguous assignment. This is due to the fact
that the substituents can greatly influence the chemical shifts
of the neighboring protons.'* A definitive determination of
the anomeric configurations of KDO derivatives can be
achieved by comparison of the proton-coupled *C-NMR
signals of the C-1 in o.- and B-anomers.*® In the typical >C,
chair conformation of KDO derivatives, the dihedral angels
of (C-1)~(C-2)~(C-3)«(H-3ax) in - and P-anomers are
nearly 60° and 180°, respectively. Therefore o-anomeric
configuration would give a small value for the coupling
constant between C-1 and H-3ax (Joy_ g.3,.<1 Hz) and the
p-anomer would give a relatively large coupling constant
(., 4.,=5-6 Hz) according to Karplus relationship. 16 The
Jsuna=12.5 Hz and I,,, ,=4.9 Hz confirmed that KDO-C-
glyc051de is in the 3C, conformation and also the 3J coupling
constant of J.; H_3ax—60 Hz confirmed that KDO-C-
glycoside is in the § configuration.

Suplementary Material

2. Experimental

General methods. Melting points were uncorrected. Opti-
cal rotations were measured with a Perkin Elmer 141
polarimeter at ambient temperature. ‘H NMR (500 MHz)
spectra were acquired using a Varian Unity-500 spectrom-
eter equipped with a VXR 5000 computer system. Mass
spectra were obtained using a VG ZAB-HF instrument in
fast-atom bombardment (FAB) ionization mode. All reac-
tions were monitored by thin-layer chromatography on
aluminum sheets, Silica Gel 60 F,s, (E. Merck); detection
under short wavelength UV light (254 nm) or by dipping the
plates into staining solution (1.0 g cerium ammonium sulfate
and 24.0 g ammonium molybdate in 31 mL sulfuric acid and
470 mL water) then heating. Flash chromatography was
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OMe

OH

CH,
CH,

CH,
12

CH,

CH,

CH,

performed using 230-400 mesh silica gel 60. All solvents
and reagents were obtained from Aldrich Chemical Co.
(Milwaukee, Wis., USA).

General procedure for C-glycosidation. Glycosyl chlo-
rides (Neu5Ac, KDN, KDO) (150 mg) and 1.2-2.0 equiv. of
electrophile (ketone or sugar aldehyde) were dried together
under high vacuum for 4 h, then dissolved in degassed
anhydrous THF (0.5-1 mL). Sml, (4 equiv., freshly pre-
pared from Sm and ICH,CH,I, 0.1 M in THF) was added in
one portion at room temperature with vigorous stirring.
After 10 min, the reaction mixture was directly filtered, and
the filtrate was concentrated under reduced pressure, then
purified on silica gel column with EtOAc as eluent.

Methyl 5-acetamido-4, 7,8,9-tetra-O-acety-2, 6-anhydro-
3, 5-dideoxy-2-(C-1-hydroxy-Acet-1-yl)-D-erythro-1-
monno-nononate (3). The C-disaccharide was obtained
(95% yield) from the reaction of 1 with ketone 2 using the
general procedure described above. The product was
obtained by flash column chromatography using 2:1 petro-
leum ether EtOAc as eluent: [at],>°~14° (¢ 0.3, CHCL,); 'H
NMR (CDCL,): 1.20, 1.30 (2s, 2x3H, C (CH,),), 1.95 (t, 1H
Vs, 30~12.5 Hz, J3a4—125 Hz, H- 3y_x) 1.98, 2.02, 2.03,
2 11 318 (5s, 5><3H 5Ac) 2.55 (dd, 1H, J3e .=2.1 Hz,

3..), 3.80 (s,3H, COOCH) 4.00— 420(m 3H H 5, H-6,
H 9a 4.38 (dd, 1H,Jg0,=1.2 Hz, Jo,0,=11.6 Hz, H- 9b),
4.80 (ddd 1H, J5,, =], s=12.5, J4NH—8 9Hz,H-4),5.30 (d,
1H, NH), 5.40— -5.45 (m, 1H, H7) 5.52— 560(m 1H, H-8).
HRFABMS caled for C23H35N013(M+Na)+ 556.2019.
Found: m/z 556.2006 (M+Na)*.

10-Acetamido-9, 12,13,14-tetra-O-acetyl-7, 11-anhydro-
8, 10-dideoxy-7-(C-Methoxycarbonyl)-1,2:3,4-di-O-
isopropylidene-D-arabino-L-gulo-(L-ido)-D-galacto-
tetradeca-1, 5-pyranose (5). The C-disaccharide was
obtained (88% yield) from the reaction of 1 with sugar
aldehyde 4 using the general procedure described above. A
small amount of pure major isomer was obtained by flash
column chromatography using 1:3 petroleum ether-EtOAc
as a eluent: [a],%°-3.7° (c 0.4, CHCL,); *H NMR (CDCL,):
(major isomer)1.32, 1.38, 1.50, 1.53, 1.86, 2.03, 2.05, 2.13,
2.17 (9s, 9x3H), 2.63 (dd, 1H), 3.14 (d, 1H), 3.60 (d, 1H),
3.79 (s, 3H), 3.90-3.96 (m, 2H), 4.03 (t, 1H), 4.10 (dd, 1H),
4.13 (dd, 1H), 4.28 (br s, 2H), 4.30 (dd, 1H), 4.48 (d, 1H),
4.58 (dd, 1H), 4.76 (ddd, 1H), 5.12 (d, 1H), 5.29 (dd, 1H),
5.47 (br d, 1H), 5.52 (d, 1H). HRFABMS calcd for
C5,H,gNO,, (M+H): 734.2871. Found: m/z 734.2881
(M+H).
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11-Acetamido-10, 13,14,15-tetra-O-acetyl-8,
12-anhydro-9, 11-dideoxy-7-(C-Methoxycarbonyl)-1,2:3,4-
di-O-isopropylidene-D-arabino-L-gulo-(1-ido)-D-galacto-
tetradec-1, 5-pyranose (7). The C-disaccharide was obtained
(>95% yield) from the reaction of 1 with sugar aldehyde 6
using the general procedure described above. The product
was obtained by flash column chromatography using 2:1
petroleum ether EtOAc as eluent: [a]5*°-3.7° (c 0.4,
CHCL,); 'H NMR (CDCL,): (R,S mixture), 1.31, 1.38, 1.40,
1.47, 1.50, 1.54, 1.56 (8s, 1H), 1.75 (t, 1H, H-3,)), 1.88 (1,
1H, H-3,)), 2.01, 2.02, 2.03, 2.04, 2.05 (5s, 5x3H, 5Ac),
2.13,2.14, 2.15, 2.16, 2.18 (5s, 5x3H, 5Ac), 2.38 (dd, 1H,
H-3,)), 2.47 (dd, 1H, H-3,,.), 3.77 (s, 3H, COOCH,), 3.79
(s, 3H, COOCH,), 3.87-4.40 (m, 22H, H-2', H-3', H-4', H-5',
H-6, H-6, H-9a, H-9b, H-5, H-7"), 4.62 (dd, 2H, H-1,
4.74-4.84 (m, 2H, H-4), 5.07 (dd, 2 NHAc), 5.30-5.36 (m,
2H, H-7), 5.42-5.85 (m, 2H, H-8). HRFABMS calcd for
C33H,0sNO g (M+Na)*™: 770.2853. Found: m/z 770.2847
(M+Na)*.

Methyl-4, 5,7,8,9-penta-O-acetyl-2, 6-anhydro-3-deoxy-
2-C {(S)-hydroxy-[methyl 2,4,6-tri-O-benzyl-3-deoxy-c-D-
galactopyranosidyl)]-methyl}-D-erythro-L-monno-nononate
(10). The C-disaccharide was obtained (>90% yield) from
the reaction of 8 with sugar aldehyde 9 using the general
procedure described above. The product was obtained by
flash column chromatography using 2:1 petroleum ether-
EtOAc as a eluent: [a],*°-48° (c 0.1, CHCLy); '"H NMR
(CDCL,): 8=1.977, 2.008, 2.011, 2.030, 2.158 (5s, 15H, 5
COCH,), 2.05 (dd, 1H, 15, 5.,=13.1 Hz, 15, ,'=11.0 Hz,
H-3ax), 2.57 (dd, 1H, J,.,, ,=4.8 Hz, H- Seq) 2.74 (bd, 1H,
J, 5=6.4Hz,J; jandJ; 5. <0 5 Hz, H-3) 3.45 (s, 3H, OCH,),
3.56-3.60 (m, 2H, 2H- 6) 3.76 (s, 3H, COOCH,), 3.88 (bs,
1H, H-3"),3.97 (dd, 1H, 1, ,=3.2 Hz,J, ;=6.0 Hz, H-2), 4.00
(dd, 1H, Js. =103 Hz, J; ,=1.8 Hz, H-6"), 4.05 (dd, 1H,
Jo, 0p=125 Hz, I, Qa—54 Hz, H-9'a), 4.27 (dd, 1H,
Jg. 'op=2.3 Hz, H-9b), 4.37-4.40 (m, 2H, H-5 and OH at
C3”) 4.41, 4.61 (2d, 2H, J=12.6 Hz, PhCH,—), 4.45, 4.64
(2d, 2H, J=12.0 Hz, PhCH,—), 4.47 (bs, 1H, J4}5<05 Hz,
H-4) 4.51,4.58 (2d, 2H, J=12.4 Hz, PhCH,—), 4.73 (d, 1H,
H-1), 4.82 (t, 1H, 1, 5=J5 4=10.3 Hz, H-5'), 4.95 (ddd, 1H,
H-4'),5.31(dd, 1H, J4=8.6 Hz, H-7"), 5.42 (ddd, 1H, H-8"),
7.20-7.40 (m, 15H, 3 Ph.). HRFABMS calcd for
C,oHgoNO,, (M+Na)": 975.3627. Found: m/z 975.3635
(M+Na)*

Methyl-4, 5,7,8,9-penta-O-acetyl-2, 6-anhydro-3-deoxy-
2-C-(1-hydroxy-tert-butyl cyclohex-1-yl)-pD-erythro-L-
monno-nononate (12). The C-disaccharide was obtained
(95% yield) from the reaction of 8 with ketone 11 using the
general procedure described above. The product was
obtained by flash column chromatography using 2:1 petro-
leum ether-EtOAc as a eluent: [a],>°-38° (¢ 0.1, CHCL,);
H NMR (CDCl,): 0.92 (s, 9H, C(CH,);), 0.95-1.86 (m,
10H, cyclohexyl H and OH), 1.97 (t,1H, J;5,. ;.=
Jaax, 4=13.4 Hz, H-3ax), 2.00 (s, 6H, 2, CH;CO0), 2.05, 2.09,
2.19 (3s, 3x3H, 3 CH,CO) 2.55 (dd, 1H, Jsoy 4=1.8 Hz,
H-3eq), 3.81 (s, 3H, COOCH,), 4.09 (dd, 1H, J5 6—9 6 Hz,
Js7<1Hz, H-6),4.13 (dd, 1H, Jo, o5=12.1 Hz, J¢ 0a=5.1 Hz,
H-9A), 427 (d, 1H, J; op<1 Hz, H-9B) 4.79 (t 1H, 1, 5=
J56=9.6 Hz, H-5), 484(ddd 1H, H-4) 533 (d, 1H, J, ;.=8.9
Hz, H-7), 5.41-5.47 (m, 1H, H-8). HRFABMS calcd for
C;0H,NO,, (M+Na)*: 653.2785. Found: n/z 653.2809
(M+Na)*.

Methyl-4, 5,7,8-tetra-O-acetyl-3-deoxy-2-C-(1-hydroxy-
tert-butyl cyclohex-1-yl)-f-D-monno-2-octulopyronaside)
onate. (15). The C-disaccharide was obtained (85% yield)
from the reaction of 13 with ketone 11 using the general
procedure described above. The product was obtained by
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flash column chromatography using 2:1 petroleum ether-
EtOAc as a eluent: 'H NMR (CDCL,): 0.89 (s, 9H,
C(CHs,);), 0.97-1.90 (m, 10H, cyclohexyl and OH), 1.98,
2.01, 2.07, 2.12 (4s, 12H, 4 COCH,), 2.26 (dd, 1H,
Jsoy 4=4.94 Hz, H36q)231(t 1H,J,,. .=12.5Hz,H-3 ),
3.81 (s 3H, COOCH3) 4.09 (dd, 1H J6 -=5.12 Hz, H-6),
4.27 (dd, 1H, Jg, ¢,=13.1 Hz, J; ,=7.33 Hz, H-8a), 4.36 (d,
1H, J; 4,=3.48 ‘Hz, H- 8b) 4.78-4.84 (m 1H, H-4),
5.00-5.14 (m, 1H, H- 7), 5.27 (bs, 1H, H-5). 3C NMR:
171.3, 171.06, 171. 61, 170.3, 170.09 (C 1 and 4 Ac), 86.5
(C-2), 71.2 (C-6), 70.6 (C-S), 68.72 (C4), 66.7 (C-8), 52.7
(OCH,). HRFABMS calcd for C,,H,,0,, (M+Na)*
558.6220. found: m/z 558.6217 (M+Na)*.

This study demonstrates a new simple procedure for the
C-glycosylation of ulosonic acids through their chloro-
derivatives under Barbier conditions.
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What is claimed is:

1. A method for synthesizing C-glycosides of ulosonic
acids comprising the step of reacting a halogenated ulosonic
acid with an aldehyde or ketone compound in the presence
of a lanthanide metal halide.

2. A method for synthesizing C-glycosides of carbohy-
drates containing a quaternary carbon comprising the step of
reacting a halogenated carbohydrate containing a tertiary
carbon with an aldehyde or ketone compound in the pres-
ence of a lanthanide metal halide.

3. A method for synthesizing C-glycosides of neuraminic
acids or sialic acids comprising the step of reacting a
protected halogenated neuraminic acid or sialic acid with an
aldehyde or ketone compound in the presence of a lan-
thanide metal halide.

4. A method for synthesizing C-glycosides of 3-deoxy-
D-manno-octulosonic acid (KDO) comprising the step of
reacting a protected halogenated 3-deoxy-D-manno-
octulosonic acid with an aldehyde or ketone compound in
the presence of a lanthanide metal halide.

5. A method for synthesizing C-glycosides of 3-deoxy-
D-glycero-D-galactonulosonic acid (KDN) comprising the
step of racting a protected halogenated 3-deoxy-D-glycero-
D-galactonulosonic acid with an aldehyde or ketone com-
pound in the presence of a lanthanide metal halide.

6. A method for synthesizing C-glycosides of N-acetyl
neuraminic acid (NANA) comprising the step of reacting a
protected halogenated N-acetyl neuraminic acid with an
aldehyde or ketone compound in the presence of a lan-
thanide metal halide.

7. The method according to any one of claims 1 to 6,
wherein said lanthanide metal halide is a halide of samarium
an.

8. The method according to claim 7, wherein said halide
is Sml,.

9. The method according to claim 1, wherein said halo-
genated ulosonic acid is a chlorinated ulosonic acid.

10. The method according to claim 1, wherein said
halogenated ulosonic acid is prepared by a method compris-
ing replacing a hydroxyl group in said ulosonic acid with a
halogen atom.
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11. The method according to claim 10, wherein said
halogen atom is attached to the 2-position of said ulosonic
acid.

12. The method according to claim 3, wherein said
protected halogenated neuraminic acid or sialic acid is
represented by the formula [I]:

RrR2

R2

RrR2

(wherein R' is a halogen; R independently is any group or
atom which does not hinder the reaction; R is any group or
atom which does not hinder the reaction; and X is oxygen,
alkylamine, arylamine, methylene or substituted
methylene).

13. The method according to any of claims 1 to 6, wherein
said aldehyde or ketone is represented by the formula [IT]:

RS_ (CHZ)n

R’ R*

R6OC R®

(wherein R is any group which does not hinder the reaction;
R® independently is any group which does not hinder the
reaction; R° is hydrogen, alkyl group or aryl group; X is
oxygen, alkylamine or arylamine, methylene or substituted
methylene; n is an integer of 0 or 1).

14. The method according to claim 3, wherein said
protected halogenated neuraminic acid or sialic acid are
represented by the following formulae:

Formulae
2
r2 R
COR?
R2.
R2 R2
(:OR3
COR? COR?
R? x R!
RZ
RZ
COR? 2R: O, R?
Rl
X
R2 R R?
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-continued

ZR_
o) e
2R
Rl
ZR RZ

wherein R is a halogen, R* independently is any group or
atom which does not hinder the reaction; R> is any group or
atom which does not hinder the reaction; and X is oxygen,
alkylamine, arylamine, methylene or substituted methylene.

15. The method according to any one of claims 1 to 6,
wherein said aldehyde or ketone is represented by one of the
following formulae:

p R? , COR®
R®OC 5 R 5
COR COR
R X R* R O R*
R? R2 R? R2
SROC R3(CHy),
¢} X
R’ R* R COR®
R® R’ R’ R®
R3(CHy)y R3(CHyp),
X X
R® R®> RPOC R®
R’ COR® R® R’
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-continued
R¥CHy),

R® R’

R°OC R

wherein R* is a halogen, R* independently is any group or
atom which does not hinder the reaction; R? is any group or
atom which does not hinder the reaction; and X is oxygen,
alkylamine, arylamine, methylene or substituted methylene.

16. The method according to claim 2, wherein said
halogenated carbohydrate is obtained by a process compris-
ing replacing a hydroxyl group in said carbohydrate with a
halogen atom.

17. The method according to claim 16, wherein said
halogen atom is attached to the 2-position of said carbohy-
drate.

18. The method according to claim 3, wherein said
halogenated neuraminic acid or sialic acid is obtained by a
process comprising replacing a hydroxyl group in said
neuraminic acid or sialic acid with a halogen atom.

19. The method according to claim 18, wherein said
halogen atom is attached to the 2-position of said neuraminic
acid or sialic acid.

20. The method according to claim 1, wherein said
halogenated ulosonic acid is obtained by reacting an
ulosonic with acetyl chloride, acetic acid and methanol at
room temperature for 24 hours.

21. The method according to claim 2, wherein said
halogenated carbohydrate is obtained by reacting a carbo-
hydrate with acetyl chloride, acetic acid and methanol at
room temperature for 24 hours.

22. The method according to claim 3, wherein said
halogenated neuraminic acid or sialic acid is obtained by
reacting a neuraminic acid or sialic acid with acetyl chloride,
acetic acid and methanol at room temperature for 24 hours.

#* #* #* #* #*



