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Abstract—p-Octyloxybenzenethiol (2) was synthesized as a new odorless benzenethiol. Moreover, preparation of thioglycosides
using 2 and their application for glycosylation reactions were attempted. As a result, it was found that the thioglycosides were
as excellent glycosyl donors as 4-dodecylphenyl 1-thio-glycosides, which were previously reported by our group, and more useful
than the previous donors in terms of fine chemistry in glycosylation reaction activated with silver triflate and N-iodosuccinimide
(NIS). In addition, this method was applicable to the sialylation with NIS and triflic acid. All procedures from the preparation
of thioglycosides to the glycosylation reaction could be attained completely under conditions where no malodor was generated.

© 2006 Elsevier Ltd. All rights reserved.

Phenyl 1-thio-glycosides have been used as excellent gly-
cosyl donors in glycosylation reaction not only by con-
ventional methods but also on solid or polymer
supports;! however, malodorous smells are unavoidable
on synthesizing the thioglycosides and during the glyco-
sylation reactions due to liberated benzenethiol. We
have developed odorless organosulfur reagents, for
example, dodecylmercaptane and dodecyl methyl sul-
fide, and exhibited their utility in organic reactions, such
as Corey—Kim oxidation and demethylation of methyl
ethers.? Our strategy for designing odorless organosul-
fur reagents was simple, for example, the higher molec-
ular weight organosulfur reagents are less malodorous.
Moreover, we recently published the preparation of 4-
dodecylphenyl 2,3.,4,6-O-tetraacetyl-1-thio-p-glucoside
and its application to glycosylation reaction, where p-
dodecylbenzenethiol (1) prepared by reduction of the
corresponding benzenesulfonyl chloride with lithium
aluminum hydride was used as an excellent substitute
of benzenethiol.?> In spite of the fact that the reaction
proceeded in good yield, the reaction condition activat-
ed with BF5'Et,O and N-iodosuccinimide (NIS) seemed
to be too drastic to apply to the synthesis of more com-
plex biologically active oligosaccharides. In addition,
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commercially available p-dodecylbenezenesulfonyl chlo-
ride includes undecylbenzenesulfonyl and trid-
ecylbenzenesulfonyl chlorides as contaminants because
the sulfonyl chloride could be prepared from the corre-
sponding sulfonic acid, which is mainly purchased as
industrial material for cleansers or detergents. Since
the contaminants in the sulfonyl chloride were difficult
to be removed by distillation, synthetic intermediates
in each step contained inseparable analogs having more
or less methylenes in the linear dodecyl chains.

Therefore, we herein would like to report the design and
synthesis of a new odorless benzenethiol (2) and further
application of the odorless benzenethiol to the synthesis
of more complex oligosaccharides than that prepared in
the previous report, while Kobayashi reported utility of
thiosalycylate in the synthesis of galacto- and fuco-
oligosaccharides.* In the present study, we chose
B-D-N-acetylglucosaminyl(1-2)-B-p-mannopyranosyl(1-6)-
a-D-glucopyranoside (3a) as a target molecule because it
was reported that a neoglyco-conjugate bearing 3a as a
glycosyl moiety was a good substrate of N-acetylglucos-
aminyltransferase V (GnTase V), of which the activity
is related to the metastatic potency of tumor cells, and
O-methylated and deoxygenated derivatives (3b,3¢) are
potent inhibitors against GnTase V (Fig. 1).°

First, in order to synthesize 2, phenol (4) was alkylated
with octyl bromide in the presence of potassium carbon-
ate to afford octyl phenyl ether (5), which was next
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Figure 1. Target trisaccharide (3a) and its related compounds.

treated with concentrated sulfuric acid at room temper-
ature. The obtained p-octyloxybenzenesulfonic acid (6)
was derived to the corresponding sulfonyl chloride (7)
with thionyl chloride, and successive reduction of 7 with
lithium aluminum hydride gave 2, which was completely
odorless, in 59% overall yield (Scheme 1).”

Thus, 2,3,4,6-tetra-O-acetyl-o-D-mannopyranosyl ace-
tate (8) and 2-acetamido-3,4,6-tri-O-acetyl-D-glucopyr-
anosyl acetate (9) were treated with 2 in the presence
of boron trifluoride etherate to prepare the glycosyl do-
nors. While the former (8) was transformed to 1-phen-
ylthiomannoside (11) in excellent yield (96%), the
latter reaction employing 9 as a substrate did not
proceed well but afforded 12 albeit in quite low yield.
And then, 2-phthalimido-3,4,6-tri-O-acetyl-p-glucopyr-
anosyl acetate (10) was subjected to the same reaction
shown above and the desired 1-thio-glycoside (13)®
was obtained in good yield (89%). The corresponding
p-dodecylphenyl 1-thio-glycosides (14,15) were also
synthesized in order to compare the reactivities in
glycosylation reactions (Scheme 2).°

Next, transformation of the thiomannosides (11, 14) to
aryl 3-O-benzyl-4,6-benzyliden-1-thio-mannosides (16,
17) was attempted. The acetyl groups of 11 and 14 were
cleaved by saponification with 0.5 % potassium hydrox-
ide in methanol, and the hydroxyl groups of the gener-
ated aryl I-thio-pD-mannosides (18, 19) were treated
with dichlorotoluene to afford benzylidene protected
mannosides (20, 21). In order to cleave the protecting
group of the hydroxyl group at the C-2 position reduc-
tively, 20 and 21 were treated with lithium aluminum hy-
dride in the presence of aluminum chloride.

Although it was reported that the hydroxyl group at the
C-2 position was selectively regenerated from mannose
derivatives having an (R)-configured benzylidene group
while the hydroxyl group at the C-3 position was ob-
tained from the derivative with (S)-configuration under
the same condition,'® mixtures of (R)- and (S)-isomers
of 20 and 21 were, respectively, subjected to the reaction
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Scheme 1. Synthesis of p-octyloxybenzenethiol (2). Reagents: (a)
C3H17Bl', K2C03; (b) H2504; (C) SOCIQ, (d) L1A1H4
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Scheme 2. Synthesis of thioglycosides using odorless benzenethiols
(1 and 2).

due to difficulty of separation. The reaction of 21 affor-
ded the desired product (17) in higher yield (67%) than
the conversion from 20 to 16'! (44%). It was in good
contrast with the report by Liptak!® that the products,
in which only the hydroxyl group on the C-3 position
was deprotected, were not observed but aryl 3,4-di-O-
benzyl-1-thio-pD-mannosides (22, 23) were obtained as
minor products in both cases (Scheme 3).

On the other hand, 2-trimethylsilylethyl 2,3,4-tri-O-ben-
zyl-B-p-glucopyranoside (24) was synthesized as a glyco-
syl acceptor by a synthetic route, where I-bromo-
2,3,4,6-tetra-O-acetyl-D-glucopyranose (25) was treated
with 2-trimethylsilylethanol in the presence of silver
oxide in dichloromethane, followed by a series of four
reactions comprising saponification of the acetyl group
with methanolic sodium hydroxide, protection of pri-
mary alcohol at the C-6 position with trityl chloride in
pyridine, O-benzylation of the remaining hydroxyl
groups, and acid treatment for deprotection of the trityl
group at C-6 (Scheme 4).

Mannosylation of allyl 2,3,4-tri-O-benzyl-a-D-glucoside
with 17 in the presence of BF5Et,O and NIS, which
was attempted as a pretest, did not afford the desired
product but gave 1,1-linked dimannoside (26); there-
fore, the hydroxyl groups of 16 and 17 were acetylat-
ed with acetic anhydride and pyridine to yield 27 and
28, respectively. Thus, mannosylation of 24 with 27
and/or 28 by the activation with silver triflate and
NIS,!? a milder activator than a combination of re-
agents employed previously,® was tried and gave disac-
charides 29" in good yield (83% from 27, and 90%
from 28). After cleavage of the acetyl group of 29
with sodium methoxide, the obtained o-D-manno-
syl(1-6)-B-p-glucopyranoside derivative (30) was N-
acetylglucosaminylated with 13 and/or 15 in the pres-
ence of silver triflate and NIS to give trisaccharide 31
in excellent yield (93% from 13, and 92% from 15).!4
The phthaloyl group of 31 was removed by hydrazine
hydrate to yield 32, of which the amino group was
acetylated to derive to acetamide (33),'° followed by
deprotection with saponification with sodium methox-
ide and successive hydrogenation with palladium-—car-
bon in acidic medium composed of methanol and
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Scheme 3. Synthesis of aryl 1-thio-p-mannoside derivatives. Reagents: (a) KOH, MeOH; (b) PhCHCl,, pyr.; (¢) LiAlH,, AICI;.
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Scheme 4. Synthesis of acceptor substrate (24). Reagents: (a) Ag,O,
Me;SiCH,CH,OH; (b) KOH, MeOH; (¢) TrCl; (d) BnBr, NaH; () HCI.

formic acid. A series of the reactions gave the desired
trisaccharide (3a) (Scheme 5).

For further application of the odorless benzenethiols to
glycosylation reaction, we attempted synthesis of sialyl
oligosaccharides. Methyl 5-acetamido-2.,4,7,8,9-penta-
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Scheme 5. Synthesis of trisaccharide (3a). Reagents and conditions: (a) Ac
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33: R = NHACc (73%, 2 steps)

4

31: R = NPhth (93% from 13, 92% from 15)

O-acetylneuraminate (34) was first treated with p-octyl-
oxybenzenethiol (2) and p-dodecylbenzenethiol (1) to
give 4-octyloxyphenyl 2-thio-sialoside (35) and 4-dode-
cylphenyl 2-thio-sialoside (36), respectively, in satisfac-
tory yield. Sialylation of methyl-2,3,4-tri-O-acetyl-o-D-
galactoside with 35 or 36 in the presence of triflic acid
and NIS in acetonitrile'® afforded sialoside (37) in good
yield (64% and 74%) (Scheme 6).

In conclusion, we have succeeded in establishing a new
practical method of glycosylation where odorless ben-
zenethiols (1,2) were used as reagents for the synthesis
of thioglycosides and no malodor was produced during
preparation of the thioglycosides and synthesis of saccha-
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Scheme 6. Synthesis of Sialoside (37). Reagents and conditions: (a) 1 or 2, BF3-Et,0; (b) methyl 2,3,4-tri-O-acetyl-1-O-a- D-galactoside, TfOH (cat.),

NIS (2 equiv), CH3CN, —40 °C.
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rides. It is noteworthy that there were almost no differenc-
es in terms of chemical yield and anomeric selectivities be-
tween the reactions using thioglycosides prepared with 2
and those prepared with 1. Thus, newly synthesized odor-
less thiol 2 was convenient to use for the purpose of fine
chemistry while the previously prepared thiol was useful
for industrial and large-scale synthesis. Our method
would be widely acceptable as a general method in many
syntheses of biologically active oligosaccharides subject-
ed in both solid and homogeneous phases.
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