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Abstract: The 2,3,4,6-tetra-O-[(tert-butyl)dimethylsilyl]-C-B-D-
galactopyranosylformal dehyde (2,6-anhydro-1,3,4,6-tetra-O-[ (tert-
butyl)dimethylsilyl]-D-glycero-L-manno-heptose, 2) was con-
densed with isolevoglucosenone (3) in the presenc e of Et,All
to give 1,6-anhydro-3-C-{ (1R)-2,6-anhydro-3,4,5,7-tetra-O-[(tert-
butyl)dimethylsilyl]-D-glycero-L-manno-heptitol-1-C-yl} -2,3-
dideoxy-B-D-glycer o-hex-2-enopyranos-4-ulose (8). Diastereose-
lective conjugate addition of BhONHBnN to 8, followed by diastere-
oselective ketone reduction with LiBH, and treatment with
Me;SiSPh/Znl, provided phenyl 3-C-{(1R)-2,6-anhydro-3,4,5,7-
tetra-O| (tert-butyl)dimethylsilyl]-D-glycero-L-manno-heptitol-1-
C-yl} -2-[(N-benzoxyl-N-benzyl)amino] -2,3-dideoxy- 1-thio-B-D-
galacto-hexopyranoside (14).

Key words: Baylis-Hillman reaction with Et,All, C-disaccharide,
epitope T, C-B-D-galactopyranosylformaldehyde, isolevoglucose-
none, non-hydrolyzable epitope anal og

Malignancy is often associated with profound alterations
in cell surface bound carbohydrate components of glyco-
conjugates.! Such structural changes are due to incom-
plete glycosylation or nove glycosylation by tumor cells.
Among the tumor associated carbohydrate antigens the
Thomsen-Friedenreich antigen (T antigen) isfoundin car-
cinoma-associated mucins; it is a disaccharide,
Galp1—3GaNAcu—0O linked to serine or threonine. The
T antigens have been prepared and their immunogenicity
in conjugate vaccines has been confirmed.? The clustered
antigen motifs such as 1 prepared by Danishefsky and co-
workers® have demonstrated the potential for antitumor
vaccines* based on T antigen conjugates.
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Disaccharide conjugates are relatively short-lived in the
blood stream because of their hydrolysis catalyzed by
ubiquitous glycosidases. Disaccharide mimetics such as
C-linked disaccharide ana ogs offer an improved stability
towards hydrolysis as required for a disaccharide-based

vaccine. Wereport here our effortstoward the synthesis of
a C-glycoside analog of epitope T disaccharide. The syn-
thesis relies on our recently developed methodology for
the synthesis of C(1—3)-linked disaccharides based on a
Baylis-Hillmann type of condensation® between the D-ga-
lactose derived carbaldehyde 2 and isolevoglucosenone
(3) induced with adialkyl aluminum salt.

e

2 R = (t-Bu)Me,Si

4R =Bn
S|Me3
g 9 O3 2
%OAC BF2Et,0 -78°C
Me3SiOTf
TBDMSOTf 6 R = Ac (92%)
pyr, DMAP 7 R = (t-Bu)Me;Si (85%)
Scheme 1

Therequired C-B-D-gal actopyranosylformal dehyde 2 was
prepared following a procedure similar to that described
by Bednarski and co-workers® for the preparation of 4,
starting from D-gal actose pentaacetate (5).” Trimethylsilyl
triflate (2 equivalents), then BF;-OEt, (3 equivalents)
were added dropwise to a solution of 5 and propargy! tri-
methylsilane (3 equivalents) in MeCN at 0 °C. After 2 h
at 0 °C acidic work-up (1 N HCI) and flash chromatogra-
phy onsilicagel gave 6 in 92% yield. Zemplén methanol -
ysis (MeONa/MeOH) of 6 followed by silylation with
(t-Bu)Me,SiOSO,CF,/pyridine and 4-dimethylamino-
pyridine afforded 7 in 85% yield.®2 Ozonolysis (2% O, in
O,, CH,CI,, =78 °C) provided aldehyde 2 (Scheme 1), an
unstable compound that must be used directly in the next
operation (Scheme 2).

A 1 M solution of Et,All in toluene was added to a 1:1.5
mixture of crude 2 and isolevoglucosenone (3)°in CH,CI,
at —78 °C. After 2 h at —78 °C and acidic work-up, enone
8 was obtained as the major product of condensation in
61% yield.’® The diastereosel ectivity of the reaction was
not established unambiguously. Nevertheless, by analogy
with all the other cases of aldol condensations involving
auminum enolates derived from isolevoglucosenone
(Zimmerman-Traxler model,'*  steric ~ factors), the
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hydroxymethano linker must have the (R) configuration.®
The 'H NMR spectrum of 8 confirmed the configuration
of the C-glycosidic linkage, with 3J(H-2',H-3") = 7.0 Hz
and 3J(H-3'H-4') = 8.6 Hz.

When a neat mixture of enone 8 and O-benzyl hydroxy-
lamine was stirred at 20 °C, oxime 10 was obtained and
isolated in 70% yield. Control experiments indicated that
the initial conjugate addition of BnNONH, to 8 giving ad-
duct 9 is somewhat faster than the oxime formation, al-
though the latter reaction could not be avoided (Scheme
3). Wethuslooked for anitrogen nucleophilic reagent that
would not undergo 1,2-addition to enone 8 or to its prod-
uct of 1,4-addition. We found that N,O-dibenzyl hydrox-
ylamine adds to enone 8 between —78 °C and —15 °C in
the presence of one equivalent of Me,AICI. Thisgaverise
to pure 11, the product of conjugate addition, in 41%
yield.®? Attempts to reduce the carbonyl group of 11 with
NaBH, induced fast 1,4-elimination of BnONHBN. Using
(i-Bu),AlH led to decomposition. Finally, ketone 11 was
reduced with LiBH, in THF into the desired D-galac-
tosamine derivative 12 with high diastereosel ectivity and
good yield (70%). The structure of 12 was deduced from
its'H NMR and 2D *H-NOESY spectra. It was confirmed
by the structures of the derivatives 13 and 14 (see below).

Et,All RO 77 OR
2+3 78°C
(61%) RO
8  R=(t-Bu)Me,Si
Scheme 2

Since our C-disaccharide analog of the antigen T sugar
must be conjugated with serine and threonine we convert-
ed the anhydro moiety of 12 into amoreflexible glycoside
donor.*® With this goal in mind we obtained asingle dias-
tereomer of the phenyl thiogal actopyranoside 13, on treat-
ment with Me,SiSPh and Znl,,* in 53% yield after
column chromatography on silica gel. This compound
was not stablein the presence of water, losing its trimeth-
ylsilyl moiety rapidly at room temperature. It was thus
treated with MeOH in the presence of K,CO;, to provide
triol 14 in 85% yield. The latter product was obtained in
85% yield directly from 12 when omitting the purification
of theintermediate product 13. The*H NMR spectraof 13
and 14 confirmed their structures.’® In particular the B-C-
D-galactopyranosyl configuration of the 2-aminohexose
moiety was established by the vicinal coupling constants
3J(H-1,H-2) = 9.5 Hz, 3J(H-2,H-3) = 11.5 Hz, 3J(H-3,H-
4) and 3J(H-4,H-5) <3 Hz and by the 2D-NOESY !H
NMR spectrum of 14.

This letter describes a short and stereosel ective approach
to a partialy protected C-disaccharide analog of the oli-
gosaccharide portion of the T-antigen. Our work estab-
lishes another strategy for the preparation of C(1—3)
disaccharides that are C-glycosides of aminosugars.'®

OR BnONH \

10 (70%)

BnONHBnN LiBH4

Me,AICI THF
_78°C -781t0-15°C

(41%) (70%)

Me3SiSPh
—_—
Znly

R = (t-Bu)Me,Si

K,CO3/MeOH l:l3 R' = (CH3)3Si (53%)
(85%) 14 R' = H (85% from 12)

Scheme 3
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