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Abstract—A metal-free, mild, efficient and chemoselective hydrolysis of several thioalkylglycosides (1) into their corresponding
1-hydroxy sugars (2) using sodium N-chloro-p-toluenesulfonamide trihydrate (chloramine-T) without affecting other functional

groups is reported.
© 2004 Published by Elsevier Ltd.
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A judicious choice of anomeric protecting groups is
often of decisive importance in planning strategy for
synthesizing complex oligosaccharides. In addition to
the obvious requirement of stability towards the reac-
tion conditions employed, it is desirable that the ano-
meric protecting group should be removed selectively or
that it can be transformed into an activated derivative
for further glycosylation.! Suitably protected 1-hydroxy
sugars are useful synthons for synthesizing various gly-
cosyl donors to be used in glycosylation reactions.
Protected glycosyl hemiacetals can be prepared from (a)
peracylated sugars by using toxic hydrazine salts or or-
ganic bases like benzylamine or butylamine;? (b) alkyl
glycosides by acid hydrolysis of the glycosidic bond?* or
(¢) by hydrolysis of thioglycosides. The generation of
glycosyl hemiacetals from their corresponding thiogly-
cosides is more convenient due to their availability and
stability under various reaction conditions such as in
the protection and deprotection steps for hydroxyl
groups of saccharide molecules. Under hydrolytic con-
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ditions a thioglycoside is converted to its corresponding
hemiacetal, which may either be converted to another
glycosyl donor such as a trichloroacetimidate,* or the
hemiacetal can be utilized as a substrate for Wittig or
Horner-Emmons or related reactions for chiral® syn-
theses of various natural products. Therefore, the
hydrolysis of thioglycosides is quite often used for
preparation of desired glycosyl hemiacetals. The
reported methodologies®* for this conversion includes
the involvement of (a) toxic thiophilic heavy metal salts,
(b) N-bromosuccinimide in moist acetone, (c) a combi-
nation of trityl tetrakis(pentafluorophenyl)borate,
sodium periodate and a Lewis acid, (d) Hg(CF;COO),
in moist THF, (e) vanadium pentoxide-H,O,-NH4Br
and (f) (NH4)6MO7024'4H207H202 or H2M004'H207
H,0,, HCIO,~NH4Br. However, in spite of their
potential utility, many of these methods suffer from
drawbacks such as relatively low yields, use of expensive
reagents, incompatibility with other functional groups
and relatively harsh reaction conditions. Therefore, the
development of mild, efficient, metal-free and neutral
reaction conditions would extend the scope of this
conversion.

Sodium N-chloro-p-toluenesulfonamide trihydrate
(chloramine-T) has long been known for its oxidizing
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capability in cycloaddition reactions’ of oximes with
dipolarophiles, for example, alkenes or alkynes and as a
nitrogen-atom transferring agent.® The usefulness of
chloramine-T is that it behaves as sources of both a
‘halonium’ cation as well as a ‘nitrogen anion’. The
synthetic applications of chloramine-T have been well
documented for aminohydroxylations, amino chalco-
genation of alkenes, allylic aminations and aziridination
of alkenes.’

As a part of our ongoing program to prepare 1-hy-
droxy sugars for their use in the synthesis of enantio-
merically pure natural products, it was envisioned that
the activation of a thioglycoside by chloramine-T may
lead to the formation of a 1-hydroxy sugar through in
situ formation of a chlorosulfonium ion intermediate,
followed by its hydrolysis in which chloramine-T acts as
a chloronium ion source (Scheme 1). We are pleased to
report here an easy, practically metal-free protocol for
the hydrolysis of thioglycosides into their corresponding
hemiacetals using chloramine-T. The reaction is carried
out without requirement of any additive, leaving a
variety of functional groups attached to the substrate
intact. This straightforward operation that involves a
low-cost, neutral activator, short reaction times and a
simple purification of products are the key points of this
methodology.

A wide variety of thioglycosides were transformed in
excellent yields into their corresponding hemiacetals
using 1.5Mequiv of chloramine-T trihydrate in com-
mercial grade acetonitrile as a solvent at ambient tem-
perature. Subsequently, we have attempted to optimize
the reaction conditions by varying the quantity of
chloramine-T. Upon treatment with 0.5 M equiv of the
activator, the reaction did not reach completion. How-
ever, the use of a stoichiometric quantity of the activator
takes considerably longer reaction time (~48h) to fur-
nish the expected product. After some experimentation
with respect to the molar ratio of the activator, the
reaction conditions (temperature/time) and the nature of
the solvent, it was observed that the use of 1.5 M equiv
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Scheme 1. Plausible mechanism for the hydrolysis of thioglycoside.
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of chloramine-T in acetonitrile as a solvent consistently
produced excellent yields of 1-hydroxy sugars without
affecting a variety of protecting groups. It is noteworthy
that no direct oxidation of sulfur atoms or formation of
aziridines in the double bonds present as a protecting
group of the substrate was observed, and silyl and acetal
protecting groups were quite stable under these reaction
conditions (Table 1, entries 4, 7, 11). Formation of a 2,3-
unsaturated glycosyl hemiacetal by activation of a 2,3-
unsaturated thioglycoside (a Ferrier product) without
formation of any Perlin aldehyde or 2-deoxy-3-thioalkyl
products is an added advantage of this methodology
(Table 1, entry 21). In order to study the rate of
hydrolysis of differentialy functionalized thioglycosides,
a series of alkyl- and acyl-protected thioethyl, thiophe-
nyl, thiotolyl and thiobenzyl glycosides were tested
(Table 1), and it was observed that the rate of hydrolysis
for acyl-protected thioglycosides is slightly slower than
that for an alkyl-protected one, which may be explained
by considering the activation of ‘armed’ or activated and
‘disarmed’ or deactivated thioglycoside concept. Being
armed, the thioglycosides having an alkyl group at the
C-2 position are more reactive towards the CIT ion
and thereby form the desired product at a faster rate
compared to their 2-O-acyl counterparts. In another
approach, a series of peracetylated benzyl thioglycosides
were tested for their reactivity towards chloramine-T,
and it was found that all benzyl thioglycosides afforded
their corresponding hemiacetals in excellent yields. The
observed rate of hydrolysis of the substituted benzyl
thioglycosides (benzyl thioglycoside = 3,4-dimethylbenzyl
thioglycoside > p-methoxybenzyl thioglycoside > p-nitro-
benzyl thioglycoside) may be explained by considering the
presence of electron-donating and -withdrawing groups
present on the benzene nucleus of the benzyl groups;
however, the substitutions on the benzene nucleus of
substituted benzyl thioglycosides have a little influence
on the overall rate of hydrolysis (Table 1). A series of
solvents were tested for their efficacy under the reaction
conditions, and CH3;CN was found as the one best-
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Table 1. Hydrolysis of thioglycosides using Chloramine-T in CH;CN at room temperature®

887

Entry Thioglycosides (1) Products (2) Time (h) Yield (%)®  Reference
OBz OBz OBz OBz
o) 0
1 2.0 92 6e
BzO SEt BzO
OBz OBz OH
OBz OBz
0 o
BzO BzO
2 BzO SEt BzO 2.0 87 6e
OBz OBz OH
OAc OAc
3 AcO o AcO 0
AcO SEt AcO 1.5 85 6f
OAc OAc OH
OTBDPS OTBDPS
o) o
BzO BzO
4 820 SEt 60 2.5 86 10
OBz OBz OH
OAll OBn OAll OBn
o) o)
3 MBnO SCeH4CH3(p) MBnO 1.0 76 —
OH
OBn OBn
OBn OBn 0Bn OBn
0 o
6 B0 sph 60 0.5 9 of
OBn OB OH
Ph/wo Ph’?o
o) ‘o)
7 ° ° 1.5 88 11
BzO SPh BzO
OBz OBz OH
OAc OAc OAc OAc
Q o}
8 2.0 90 6f
AcO SPh ACO
OAc o OH
AcO OAc AcO OAcC
(o]
AcO - 0
9 o AcO 2.0 92 —
¢ AcO
SEt OH
SEt o}
° oH
OBz
10 OBz 2.5 84 —
oBz OBz
OBz OBz
OBz
OBz
Ph Ph
&0 ko
0 o}
Q 0
11 1.5 86 12
AllO SPh AllO oH
OAIl OAll

(continued on next page)
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Table 1 (continued)

Entry Thioglycosides (1) Products (2) Time (h) Yield (%)®  Reference
OCA _OBn OCA _OBn
o o)
12 1.0 80 —
cro SEt cro
OBn oBn oM
OH
13 HaC o SPh H,C o
7 OEn OBn 1.0 86 —
BnO BnO
OBn OBn
OAc OAc
Q 0
AcO AcOr
14 A&SH oH 13 86 -
NG AcO
N_O
"9 "o
OAc OAc OAc OAc
o OAc o OAc
15 o] o O, 2.5 80 e
AcO o SEt AcO
OAc AcO OAc AcO o
OAc OAc
OAc OAc
OAc OAc
AcO AcO
16 onc ) o oac Io) 3.0 76 -
AcO SPh AcO oH
OAc OAc
OAc OAc
o) o)
AcO AcO
17 Ao SCH,Ph 1.0 87 of
AcO
OAc oAc oH
OAc OAc
(o] o
18 AcO AcO 2.5 80 6f
AcO SCH,CgH4NO,(p) AcO
OAc OAc OH
OAc OAc
o) o)
AcO AcO
19 1.0 90 of
ACO SCH,CgH3-3,4-(CHg), ACO
OAc OAc OH
OAc OAc
20 AcO 2 AcO 2 1.5 92 6f
AcO SCH,CgH3OCH3(p) AcO
OAc OAc OH
OAc OAc
o o]
21 AcO AcO 1.0 78 —
SPh OH

*Products all known compounds gave acceptable '"H NMR spectra that matched data reported in the cited references. New compounds are char-
acterized according to identity and purity (see data in Experimental section).
®Isolated yield.

of the hydrolyzed products from the corresponding
thioglycosides can be explained as follows: Chloramine-

suited solvent in comparison to other commonly used
solvents like dichloromethane and THF. The formation
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T produces an active chloronium ion (CI") that reacts
with the sulfur atom to form a chlorosulfonium
complex, which is then finally hydrolyzed to furnish the
1-hydroxy compound (Scheme 1).

In conclusion, a simple and useful methodology has
been devised for chemoselective hydrolysis of thiogly-
cosides to their corresponding 1-hydroxy counterparts
using chloramine-T under very mild, metal-free condi-
tions. It is significant to mention that addition of any
extra additive is not required for this reaction, and most
of the functional groups used for protection of glycosyl
hydroxyl groups, including acid-labile acetal protecting
groups and base-labile silyl protecting groups, are quite
stable under these conditions. Due to its operational
simplicity, generality, efficacy and cost effectiveness, this
method is expected to have much wider applicability
for the chemoselective hydrolysis of thioglycosides. A
study on stereoselective glycosylation by extending this
methodology is currently in progress.

1. Experimental
1.1. General methods

NMR spectra were measured with an Avance DPX 200
FT Bruker Robotics Spectrometer for solutions in
CDCl; using Me,Si as the internal reference. FAB mass
spectra were recorded on a Jeol SX 102/DA 6000 mass
spectrometer using Argo/xenon (6kV, 10mA) as the
FAB gas. Aluminium sheets coated with Silica Gel 60
Fjs4 (E. Merck) were used for TLC. Viewing under a
short wavelength UV lamp, followed by heating the
plates sprayed with 5% H,SO, in EtOH, effected detec-
tion of reaction products. Column chromatography was
performed with Silica Gel 100-200 mesh (SRL, India).
Chloramine-T trihydrate was purchased from Aldrich
Chemical Company, USA.

1.2. Typical experimental protocol

1.2.1. 2,3,4,6-Tetra-O-acetyl-a,p-p-galactopyranose. To
a well-stirred solution of phenyl 2,3,4,6-tetra-O-acetyl-1-
thio-B-p-galactopyranoside (440.0mg, 1.0mmol) in
CH;CN (5.0mL) was added chloramine-T trihydrate
(425.0mg, 1.5mmol) at room temperature. The reaction
mixture was allowed to stir at room temperature until
the reaction was complete (2.0h) (Table 1, entry 8).
When TLC indicated the disappearance of starting
material, the mixture was diluted with CH,Cl, and
washed with water. The organic layer was dried over
Na,SO, and concentrated in vacuo. The crude product
was purified by column chromatography on SiO, using
2:1 hexane-EtOAc to furnish pure 2,3,4,6-tetra-O-ace-
tyl-a,,B-D-galactopyranose (315.0mg, 90%). Mp: 143-
145°C; '"H NMR: § 2.03-2.21 (4s, 12H, 4COCH}), 4.07—

4.16 (m, 3H), 4.19 (m, 1H), 4.29 (m, 1H), 5.18 (dd,
J =34 and 10.8 Hz, 1H), 5.44 (d, 1H, J = 2.2 Hz), 6.32
(d, 1H, J=36 HZ) FABMS: calcd for C14H20010, m/z
348; found, m/z 331 [(M-H,0)+1].

'"H NMR and mass spectroscopic data for the hemi-
acetal products are as follows:"

1.2.2. 2,3,4,6-Tetra-O-benzoyl-a-p-galactopyranose. 'H
NMR: § 7.34-8.13 (m, 20H), 6.08 (m, 2H), 5.90 (dd,
1H), 5.75 (m, 1H), 4.60 (m, 2H), 4.45 (m, 1H). FABMS:
caled for CyHxOy, m/z 596; found, m/z 579
[M-H,0)+1].

1.2.3. 2,3,4,6-Tetra-O-benzoyl-a-p-glucopyranose. 'H
NMR: 6 7.28-8.06 (m, 20H), 6.24 (t, 1H), 5.76 (d, J
3.0Hz, 1H), 5.73 (t, 1H), 5.28 (dd, 1H), 4.62 (m, 2H),
4.46 (m, 1H). FABMS: calcd for C34Hy501g, m/z 596;
found, m/z 579 [M-H,0)+1].

1.2.4. 2,3,4,6-Tetra-O-acetyl-a-p-glucopyranose. 'H NMR:
06.25(d,J 2.0Hz, 1H), 5.46 (t, 1H), 5.44 (d, J 1.5Hz, 1H),
5.08 (t, 1H), 4.95 (dd, 1H), 4.14 (m, 2H), 2.01-2.12 (4s,
12H). FABMS: calcd for C4Hy Oy, m/z 348; found, m/z
331 [M—-H,0)+1].

1.2.5. 4-0-Allyl-2,6-di- O-benzyl-3-O-(p-methoxybenzyl)-
a-D-glucopyranose. 'H NMR: § 6.84-7.73 (m, 14H), 5.90
(m, 1H), 5.14-5.24 (m, 3H), 4.52-4.79 (m, 8H), 4.18 (m,
2H), 3.80 (s, 3H, OCHs;), 3.50-3.63 (m, 3H). FABMS:
caled for C;H;3;07, m/z 520; found, m/z 503
[M-H,0)+1].

1.2.6. 2,3,4,6-Tetra-O-benzyl-a-p-galactopyranose. 'H
NMR: 6 7.26-7.34 (m, 20H), 5.24 (br s, 1H), 4.98 (m,
1H), 4.48-4.88 (4dd, 8H), 3.97 (m, 2H), 3.63 (m, 3H).
FABMS: caled for C33H360¢, m/z 540; found, m/z 523
[M-H,0)+1].

1.2.7. 2,3,4,6-Tetra-O-acetyl-a-p-mannopyranose. 'H
NMR: 6 5.41 (dd, 1H), 5.27 (m, 3H), 4.24 (m, 2H), 4.14
(m, 1H), 2.00-2.22 (4s, 12H). FABMS: calcd for
C14H20010, m/z 348, found, m/z 331 [(M—H20)+1]

1.2.8. 2,3,5,6-Tetra-O-benzoyl-a-p-galactofuranose. 'H
NMR: ¢ 7.19-8.10 (m, 20H), 6.11 (m, 2H), 5.85 (d, J
3.0Hz, 1H), 5.72 (br s, 1H), 4.88 (t, 1H), 4.61 (m, 1H),
4.38 (Il’l, lH) FABMS: calcd for C34H28010, I’I’l/Z 596,
found, m/z 579 [(M—-H,0)+1].

1.2.9. 3,4-Di-O-chloroacetyl-2, 6-di-O-benzyl-a-pD-galac-
topyranose. 'H NMR: § 7.24-7.35 (m, 10H), 5.54 (d, J

T Although, both o- and B-anomers formed under the reaction
conditions, spectral data for the a-anomers are given for the sake
of simplicity.
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3.0Hz, 1H), 5.38 (dd, 1H), 5.30 (d, J 3.0Hz, 1H), 4.68
(s, 2H), 4.56 (dd, 2H), 4.40 (dd, 1H), 3.94 (m, 4H), 3.81
(m, 2H), 3.48 (m, 1H). FABMS: calcd for m/z 513;
found, m/z 496 [(M—H,0)+1].

1.2.10. 2,3,4-Tri-O-benzyl-a-L-fucopyranose. 'H NMR: ¢
7.23-7.35 (m, 15H), 5.23 (d, J 3 Hz, 1H), 4.60-4.96 (3dd,
6H), 4.07 (m, 1H), 4.01 (dd, 1H), 3.98 (dd, 1H), 3.55 (m,
1H), 1.15 (d, 3H). FABMS: calcd for C,;H30Os, m/z
434; found, m/z 417 [(M-H,0)+1].

1.2.11. 2-Deoxy-2-phthalimido-3,4,6-tri- O-acetyl--p-glu-
copyranose. '"H NMR: 6 7.70-7.92 (m, 4H), 5.85 (t, 1H),
5.65 (m, 1H), 5.20 (t, 1H), 4.25 (m, 3H), 3.90 (m, 1H),
1.87, 2.05, 210 (3s, 9H). FABMS: caled for
CyH, 1 NOyy, m/z 435; found, m/z 418 [(M-H,0)+1].

1.2.12. 2,3,4,6-Tetra-O-acetyl-p-p-galactopyranosyl-(1 —
4)-2,3,6-tri-O-acetyl-a-p-glucopyranose. 'H NMR: §
5.45 (t, 1H), 5.26 (br s, 2H), 4.89 (dd, 1H), 4.88 (dd, 1H),
4.47 (m, 1H), 4.37 (m, 2H), 4.13 (m, 3H), 4.03 (m, 1H),
3.88 (m, 1H), 1.88-2.08 (7s, 21H). FABMS: calcd for
C26H36018, m/z 636, found, m/z 619 [(M—H20)+1]

1.2.13. 2,3,4,6-Tetra-O-acetyl-a-D-glucopyranosyl-(1 —
4)-0-2,3,6-tri- O-acetyl-a-p-glucopyranose. 'H NMR: §
5.57 (d, J 3.0Hz, 1H), 5.39 (m, 1H), 5.33 (d, J 3.0 Hz,
1H), 5.03 (m, 1H), 4.89 (m, 1H), 4.70 (m, 1H), 4.52 (m,
2H), 3.90-4.15 (m, 5H), 3.77 (m, 1H), 1.92-2.18 (7s,
21H) FABMS: calcd for C26H3(,013, m/z 636, fOUl’ld,
m/z 619 [(M-H,0)+1].

1.2.14. 4,6-Di-O-acetyl-2,3-dideoxy-a-p-erythro-hex-2-
enopyranose. 'H NMR: § 590 (m, 2H), 5.46 (br s,
1H), 5.28 (m, 1H), 4.22 (m, 3H), 2.05, 2.08 (2s, 6H).
FABMS: calcd for CgH40¢, m/z 230; found, m/z 213
[(M=H,0)+1].
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