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Abstract:  o-Methoxycarbonylphenyl  2,3,4,6-tetra-O-benzyl-1-
thio-B-D-galactoside 1 was designed and demonstrated to serve asa
non-mal odorous thioglycosy!l donor in a-selective glycosylation re-
actionswith 4-OH galactoside and 4’ -OH lactoside to give globosyl
Gb, and Gb, saccharides, respectively.
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Globosyl ceramides (Gb,- and Gb-ceramide) are natural
ligands of Shiga-liketoxins (Stx-I and Stx-11) produced by
Escherichia coli O-157: H-7 and other pathogenic E. coli
species.! Intensive efforts have been directed to the devel -
opment of artificial Stx ligands such as Gb,-embedded
glycoconjugate polymers,?> dendrimers® starfish-like
models,* liposomes,® and so on.% In these and other syn-
thetic studies on globosyl oligosaccharides, stereoselec-
tive and high-yield construction of the Galal—4Ga
linkage wasthe key investigative step.” Among many syn-
thetic protocols for a-galactosylation, thioglycosylation
methods seem to be the most preferentially employed.®®
This is mainly because thioglycoside donors are highly
stable for storage and are chemo-sel ective under glycosy-
lation conditions. These favorable properties have provid-
ed a key basis to the recent methodologies termed
“orthogonal syntheses”'° and “ armed/disarmed glycosyla-
tions’!, which have significantly extended the utility of
thioglycosylation methods'? including the syntheses of
globosyl Gb, and Gb; oligosaccharides.'*

In our continuous efforts to develop glycoconjugate poly-
mers carrying Gb, and iso-Gb, trisaccharides? and other
biologically active oligosaccharides,'®> we have hesitated
to use the thioglycosylation method becauseit evolves un-
pleasant odor in the process of preparing the thioglycosyl
donors and isolating the glycosyl products. The malodor
of mercaptanes should be unbearable even if the reaction
achieves an excellent outcome. This communication re-
ports the convenient use of anew thiogal actosyl donor 16
that enables us to prepare both Gb, and Gb; linkages and
their cluster modelsin high yields without suffering from
the malodor in the laboratory.

The donor 1! was synthesized as a colorless crystal in
90% yield viathe S, 2 reaction of penta-O-acetyl-o-D-ga-
lactopyranosyl bromide 2 with methyl thiosalicylate 3 that
smells faintly like a blend of methyl salicylate and
thiophenol (Scheme 1). Compound 1 evolved little un-
pleasant odor during its preparation and treatment and

could be kept asan active glycosyl donor for monthswith-
out decomposition. Reactivity and stereoselectivity of 1
were examined preliminarily using cetyl alcohol as an ac-
ceptor (1.5 mol) and NI S/trifluorosulfonic acid (TfOH) as
an activator®® in CH,Cl,. The reaction gave a mixture of
a- and B-galactosides (a/p = 45:55) at 0 °C, and pB-galac-
toside predominantly (a/p = 30:70) at —40 °C. It may be
noted that the higher B-selectivity of the glycosylation at
lower temperature is a unigue phenomenon. We assume
that this unique tendency is attributable to the o-carboxy-
late function in the leaving group as shown in Scheme 2.
The sulfur atom of 1 is activated by the iodonium cation
to generate the intermediate a which affords the a-glyco-
side. The carbonyl oxygen atom of the o-carboxylate
group interacts with the anomeric carbon in an intramo-
lecular fashion to generate the ortho ester-type intermedi-
ate b which affords the B-glycoside. The presence of the
intermediate b was suggested by the finding that cetyl
thiosalicylate was obtained as a byproduct which may be
produced via transesterification of b with cetyl alcohol.
Since the electron-withdrawing o-carboxylate group re-
duces the leaving activity of the phenylthio group, the in-
termediate a is less reactive at low temperature, and the
contribution of the intermediate b becomes predominant,
which results in favored formation of p-galactoside.
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Scheme 1 Preparation of o-methoxycarbonylphenyl thiogal actosy!
donor 1

Reagents and Conditions: (a) 3, K,CO5;, DMF, r.t., 2 h, 90%; (b) NaO-
Me, MeOH, r.t., 3 h, 99%; (c) NaH, BnBr, DMF, 16 h, 91%.

Though o-selective galactosylation was unsuccessful with
cetyl alcohol, we attempted to apply the donor 1 to the
more hindered and |ess reactive p-nitrophenyl (pNP) 6-O-
benzyl-2,3-di-O-acetyl-B-D-gal actopyranoside 5%° which
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Scheme 2 Proposed mechanism of glycosylation of 1 with cetyl
alcohol.

was prepared in aconventional way from pNP 3-D-galac-
topyranoside via benzylidenation, acetylation, and regi-
oselective cleavage of the benzylidene aceta® (Scheme
3). Although the glycosylation was conducted under the
same conditions as for cetyl alcohol (CH,CI, at 0 °C),
much higher o-selectively (a/p = 83/17, 89% yield) was
achieved. Use of the Et,0 - CH,CI, mixture as the solvent
at —10 °C could improve the a-selectivity up to 99% to
givethe desired Gala1l—4Gal linkage 6 in 83% yield (Ta-
ble 1). The high a-selectivity may be explained similarly
asthat of the other glycosylations on the basis of the ano-
meric effect?? and also by solvent effect of Et,0.22 De-
acetylation and the subsequent catalytic hydrogenolysis
gave p-aminophenyl galabioside 7, which was converted
to aGb, glycoconjugate polymer 8 viaradical copolymer-
ization with acrylamide (Mn=4.4x10° (SEC analysis,
pullulan  standard), the molar ratio of Gb,
unit:acrylamide = 0.20:0.80). Thus, the novel galactosyl
donor 1 enabled usto prepare 8 from pNP B-D-galactoside
totally in 40% yield (8 steps). The same pathway was ex-
tended to the synthesis of a Gb; derivative 10 viao-galac-
tosylation (a:p =>99:1, 79%) using 1 of pNP lactoside
derivative 9%* (Scheme 4).

Table Coupling reaction between 1 and 5°

Run Solv. Temp. Yield o/B
mL °C %
1 CH,Cl,, 15 0 89 83/17
2 CH,Cl,= 5, Et,0= 10 0 83 92/8
3 CH,Cl,, 15 -10 88 88712
4 CH,ClL=5EL0=10  -10 86 a-only

@The glycosylations of 1 and 5 (1.5 eq) were carried out in the
presence of N-iodosuccinimide (NIS, 2 eq.) and cat. TfOH for 1 h.
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Scheme 3 Synthesis of glycoconjugate polymer carrying Gb,
bioside 8

Reagents and Conditions: (d) 1, NIS, TfOH, CH,Cl,, Et,0, -10°C, 30
min, 86%; (e) NaOMe, MeOH, r.t., 3 h, 99%; (f) Pd(OH),/C, H,, Me-
OH, r.t, 2 h, 95%; (g) acryloyl chloride, Et;N, CH,Cl,, MeOH,
0°C—r.t., 2 h, 91%; (h) acrylamide (4 eq.), 2, 2'-azobis (2-amidino-
propane) dihydrochloride (1% mol against al monomers), H,0O,
60°C, 8 h, 72%.
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Scheme4 Synthesis of Gb; trioside derivative 10
Reagents and Conditions: (i) 1, NIS, TfOH, CH,Cl,, Et,0, -10°C, 3
h, 79%.
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In conclusion, we have designed a thiogal actosyl donor 1
with an o-methoxycarbonylphenyl thio leaving group and
demonstrated its highly synthetic potential as a non-mal-
odorous thioglycosyl agent to construct the a(1-4) linkage
in Gb, and Gb, derivatives. Extension of the o-methoxy-
carbonylphenyl thio leaving group to other glycosyla
tions, e€lucidation of its reaction mechanism, and
biological applications®™ of the resulting substances are
Now in progress.
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