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a b s t r a c t

A flavinium catalyst, in conjunction with hydrogen peroxide as stoichiometric oxidant, allowed the
aqueous conversion of non-protected thioglycosides into the corresponding glycosyl sulfoxides. These
glycosyl sulfoxides displayed only very weak inhibitory activity against corresponding glycosidases.

© 2015 Elsevier Ltd. All rights reserved.
1. Introduction

Glycosyl sulfoxides, first introduced by Kahne and co-workers,1

have found significant utility as highly reactive glycosyl donors. In
particular they have been used to perform glycosylation reactions
with large or unreactive glycosyl acceptors in cases where other
donors had failed.2e4 Typically they are produced by oxidation of
the corresponding thioglycoside with meta-chloroperoxybenzoic
acid (m-CPBA), although this reagent does suffer from limitations,
including a propensity to cause over-oxidation to the sulfone, and
also the formation of by-products that are difficult to remove. Other
strategies that have been developed to circumvent the use of m-
CPBA may also result in the formation of undesired by-products,5

use equally difficult to work with reagents,6e8 or complex pro-
cedures.9 The development of a catalytic procedure that can effect
the clean conversion of thioglycosides into the corresponding
glycosyl sulfoxides would be advantageous, particularly if a low
cost and easy to handle ‘green’ stoichiometric oxidant, such as
hydrogen peroxide,10e15 could be used.

Besides their utility as glycosyl donors, glycosyl sulfoxides may
be interesting synthetic targets for a variety of other reasons.
Electrostatic interactions play an important part of the binding of
glycosidase inhibitors16 to carboxylate residues in the enzyme
(A.J. Fairbanks).
active site. In this respect, whilst it has been known for a long time
that the positive charge of protonated imino sugars is important for
their inhibitory activity, more recently sulfonium ions, such as
salacinol,17 together with an increasing number of other zwitter-
ionic species in which sulfur or selenium18 bears a positive
charge,19,20 have also been demonstrated to act as potent inhibitors
of glycosidases.21 Since the anomeric sulfur atom of a glycosyl
sulfoxide bears a partial positive charge, one may analogously
postulate that a glycosyl sulfoxide could possess electrostatic fea-
tures22 that may favour binding to the active site of a glycosidase. In
this vein, the sulfoxides of several thiosugars23,24 have been re-
ported to display weak activity against glycosidases, and the two
previous reports25,26 on the inhibitory activity of glycosyl sulfoxides
also indicated inhibitory activity at the millimolar level. In this
paper, we report the development of a catalytic aqueous oxidation
procedure for the conversion of un-protected thioglycosides to
their corresponding glycosyl sulfoxides using hydrogen peroxide as
the stoichiometric oxidant. Also reported are the activities of some
glycosyl sulfoxides against corresponding glycosidases.

2. Results and discussion

2.1. Investigation of catalysis

There has been considerable recent interest in the development
of flavin and flavinium species27 as biomimetic catalysts, which, in
conjunction with hydrogen peroxide or oxygen, may be used for a
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variety of chemoselective oxidation processes,28e32 including the
oxidation of thioethers to sulfoxides.33e37 It was reasoned that
flavin-based systems might prove useful for the conversion of thi-
oglycosides into glycosyl sulfoxides and provide an effective and
useful alternative to existing procedures.

Flavinium salt 1 was selected as a candidate catalyst, and was
synthesised as previously reported.38 A variety of known thio-
glycosides 2aef, 4a,39 5a40 and 6a41 were also synthesised as
substrates for oxidation. Although thioglycosides can be made in
one step from the reducing sugars in water, using the methodology
of Shoda,42 the current procedure is not completely stereoselective,
and separation of the mixture of anomers of completely de-
protected thioglycosides proved to be extremely problematic.
Therefore, for the current study conventional literature routes,
starting from the corresponding per-acetylated sugar, were used to
access these substrates.

Un-protected tolyl thioglycoside 2a43,44 was selected as an initial
substrate for a study into the efficacy of the catalytic oxidation
process. Unfortunately the low aqueous solubility of 2a precluded
theuseofwater as solvent. However, reactionof2a inmethanolwith
1.2 equiv of H2O2 as stoichiometric oxidant, in the presence 1.8% of
catalyst 1, at room temperature for 6 h resulted in 78% conversion to
the corresponding glycosyl sulfoxide 3a (Table 1, entry 1); no over-
oxidation to the glycosyl sulfone was observed. The use of MeCN as
an alternative solvent resulted in the formation of a mixture of
products, so that assessment of reaction efficiency was difficult
(Table 1, entry 2). A study into the effect of catalyst loading indicated
that conversion was more efficient when using 5% catalyst (Table 1
entry 3), though the use of a considerably higher catalyst loading
did not significantly increase the conversion (Table 1, entry 4). A
catalyst loading of 5% was therefore used in all subsequent
experiments.

The reaction was then applied to other thioglycosides. Ethyl
thioglycoside 2b45 was converted into sulfoxide 3b with 93% con-
version in MeOH. However, as 2b was aqueous soluble, water was
Table 1
Oxidation of gluco thioglycosides to glycosyl sulfoxides

Entrya Substrate Product So

1 2a 3a M
2 2a 3a M
3 2a 3a M
4 2a 3a M
5 2b 3b M
6 2b 3b H
7 2b 3b H
8 2c 3c M
9 2d 3d M
10 2e 3e M
11 2f 3f M

a Reaction conditions were 6 h at rt with 1.2 equiv. of H2O2 as stoichiometric oxidant
b Percentage assessed by 1H NMR of the crude reaction mixture.
assessed also as the reaction solvent. Pleasingly conversion of 2b
into 3b in water was complete; no residual starting material could
be observed by NMR. It therefore appeared that water was an
appropriate solvent for this particular catalytic oxidation process.
Extension of the oxidation process to the aryl thioglycosides 2c46,47

and 2d,42,48 the solubility properties of which required the use of
MeOH as reaction solvent, did not result in any improvement in
synthetic efficiency. The process was also found to be considerably
less efficient using protected thioglycosides 2e27 and 2f49 as sub-
strates; in these two cases solubility properties necessitated the use
of MeCN as solvent. In all of these cases, the low conversion simply
reflected the persistence of unreacted starting material, rather than
substrate degradation, the formation of other products, or any is-
sues of low substrate solubility.

Catalyst 1 would therefore appear to be effective in conjunction
with H2O2 for production of completely de-protected glycosyl sulf-
oxides, using water as the reaction solvent. A control reaction of
oxidation of ethyl thioglycoside 2b inwaterwith hydrogenperoxide
in the absence of catalyst 1 did not result in the formation of any
sulfoxide, confirming the essential role of the catalyst (Table 1, entry
7). The reaction was subsequently applied to the gluco 2b,45 manno
4a,39 and galacto 5a40 ethyl thioglycosides, and in all cases the cor-
responding glycosyl sulfoxides 3b, 4b and 5b were produced with
complete conversion of the starting material, and in good to mod-
erate yields50 (Scheme 1). The gluco 3b and galacto 5b ethyl glycosyl
sulfoxides were obtained as mixtures of diastereoisomers, whilst in
contrast the manno ethyl glycosyl sulfoxide 4b was obtained as a
single diastereoisomer, tentatively assigned as the (RS)-isomer on
the basis of previous glycosyl sulfoxide syntheses.51,52 Additionally
the reactionwas found tobe equallyapplicable to adisaccharide; the
lacto ethyl thioglycoside 6a41 was converted into the corresponding
glycosyl sulfoxide 6b, as a 1:1 mixture of diastereoisomers, under
identical conditions. Additionally in this latter case the use of other
solvents, such as MeOH, was not possible due to the limited solu-
bility of the non-protected disaccharide.
lvent Catalyst loading (%) Conversionb (%)

eOH 1.8 78
eCN 1.8 Not clean
eOH 5 87
eOH 20 92
eOH 5 93
2O 5 >99
2O 0 0
eOH 5 30
eOH 5 64
eCN 5 30
eCN 5 <10

.



Scheme 1. Reagents and conditions: (i) 1 (5%), H2O2 (1.2 equiv), H2O, rt, 6 h.
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2.2. Investigation of inhibitory activity of glycosyl sulfoxides versus
glycosidases

The monosaccharide glycosyl sulfoxides were assayed against a
panel of corresponding glycosidases. In order that any effect of
sulfoxide configuration upon biological activity could be estab-
lished it was necessary to separate the diastereoisomeric mixtures
of the gluco 3b and galacto 5b glycosyl sulfoxides before testing.
This was eventually achieved by reverse phase high-performance
liquid chromatography (RP-HPLC), and allowed the production of
pure samples of the (RS)- and (SS)-glycosyl sulfoxides of 3b and 5b.
In all cases, the sulfoxide configuration was tentatively assigned
based on differences in the chemical shifts of H-1, C-1 and H-2 for
the two diastereoisomers in the corresponding NMR spectra.51

Compounds were then assayed against their corresponding
glycosidases (Fig. 1). Neither diastereomer of the b-gluco sulfoxide
3b showed inhibitory activity against almond b-glucosidase at an
inhibitor concentration of up to 1 mM. However, the b-galacto
sulfoxides 5b were found to be inhibitors of Eschericia coli b-
galactosidase; the (SS)-diastereomer SS-5b gave a Ki of 1.0 mM, and
showed slightly stronger inhibition than the (RS)-diastereomer RS-
5b, which displayed a Ki of 1.7 mM. Both this weak inhibitory ac-
tivity at the millimolar level and the slight differences in Ki for the
two diastereomers are consistent with the recently published work
of Varela,26 which demonstrated a small difference in the Ki of the
two diastereoisomers of a b-galacto thio-linked disaccharide sulf-
oxide. Finally the (RS)-a-manno sulfoxide 4bwas found to be a very
weak inhibitor of jack bean a-mannosidase, displaying a Ki of
17 mM. This weak inhibitory activity correlates with previously
published data on the inhibitory activity of a-manno benzyl and a-
manno phenylethyl glycosyl sulfoxides.25

3. Conclusions

The organocatalytic oxidation of un-protected thioglycosides
using flavinium catalyst 1, together with H2O2 as stoichiometric
oxidant, allowed the direct aqueous synthesis of a variety of
glycosyl sulfoxides; no oxidation occurred under those reaction
conditions in the absence of catalyst. Two of the sulfoxides inves-
tigated displayed weak inhibitory activity against corresponding
glycosidases, with Kis in the low mM range.
4. Experimental

4.1. General

Melting points were recorded on an Electrothermal melting
point apparatus and are uncorrected. Proton and carbon nuclear
magnetic resonance (dH, dC) spectra were recorded on Agilent
Technologies 400 MR (400 MHz) or Varian VNMR500 (500 MHz)
spectrometers. All chemical shifts are quoted on the d-scale in parts
per million (ppm) using residual solvent as an internal standard.
High-resolution mass spectra were recorded with a Bruker maXis
3G UHR-TOF mass spectrometer. Thin layer chromatography (TLC)
was carried out on Merck silica gel 60F254 aluminium-backed
plates. Visualisation of the plates was achieved using a UV lamp
(lmax¼254 or 365 nm), and/or 5%w/v ammoniummolybdate in 2M
sulfuric acid. Flash column chromatography was carried out using
Sorbsil C60 40/60 silica. Unless preparative details are provided, all
reagents were commercially available or made following literature
procedures. Glycosidases were purchased from SigmaeAldrich and
were used without further purification. Kinetic parameters were
obtained by fitting experimental data using the non-linear curve
fitting program GraFit 5. Reverse phase high-performance liquid
chromatography (RP-HPLC) was performed on a Dionex P680 HPLC
instrument with a Phenomenex Luna C 18(2) 100 Å column (5 mm,
10�250 mm) at 40 �C.

4.2. Ethyl 1-sulfinyl-b-D-glucopyranoside (3b)

Ethyl 1-thio-b-D-glucopyranoside 2b45 (0.672 g, 3 mmol) was
dissolved in H2O (8.1 mL). 1,10-Ethyleneisoalloxazinium chloride 1
(0.0417 g, 0.15mmol) was added followed by H2O2 (0.21mL, 50%w/
w inwater, 3.6mmol), and the reactionmixturewas then stirred for
6 h. The reaction mixture was freeze-dried and the residue pro-
duced was pre-adsorbed onto Florisil® and then purified by flash
column chromatography (CH2Cl2/MeOH 7:1) to afford ethyl 1-
sulfinyl-b-D-glucopyranoside 3b (0.512 g, 71%) as an orange oil
(1:1mixture of diastereoisomers); nmax (FTIR) 1042 cm�1 (S]O); dH
(400 MHz, D2O) 1.17e1.28 (6H, m, SCH2CH3S and SCH2CH3R),
2.81e2.94 (2H, m, SCHH0CH3S and SCHH0CH3R), 3.04e3.19 (2H, m,
SCHH0CH3S and SCHH0CH3R), 3.29e3.73 (10H, m, H-2S, H-2R, H-3S,
H-3R, H-4S, H-4R, H-5S, H-5R, H-6S and H-6R), 3.83 (2H, dd, J5,60



Fig. 1. Inhibition of glycosidases by glycosyl sulfoxides. (a) Lack of inhibition of b-glucosidase from almonds by SS-3b, Km¼7.0 mM±0.4 mM. (b) Lack of inhibition of b-glucosidase
from almonds by RS-3b, Km¼8.3 mM±0.9 mM. (c) Inhibition of b-galactosidase from E. coli by SS-5b, Km¼0.17 mM±0.02 mM, Ki¼1.0 mM±0.1 mM. (d) Inhibition of b-galactosidase
from E. coli by RS-5b, Km¼0.20 mM±0.02 mM, Ki¼1.7 mM±0.1 mM. (e) Inhibition of a-mannosidase from jack beans by RS-4b, Km¼4.0 mM±0.3 mM, Ki¼17 mM±1 mM.
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6.5 Hz, J6,60 11.9 Hz, H� 60S and H� 60R), 4.17 (1H, d, J1,2 9.8 Hz, H-1R),
4.47 (1H, d, J1,2 9.8 Hz, H-1S); dC (100.5 MHz, D2O) 6.5 (q, SCH2CH3S
and SCH2CH3R), 39.4 (t, SCH2CH3S), 40.1 (t, SCH2CH3R), 60.4 (d, C-6R),
60.7 (d, C-6S), 67.7 (d, C-2R), 68.6 (d, C-4R), 68.8 (d, C-4S), 69.1 (d, C-
2S), 76.9 (d, C-3R), 77.1 (d, C-3S), 80.2 (d, C-5R), 80.7 (d, C-5S), 87.7 (d,
C-1R), 90.4 (d, C-1S); HRMS (ESI-TOF): calcd for C8H16O6SNaþ:
263.0560. Found: 263.0563 (MNaþ).

4.3. Ethyl 1-(R)-sulfinyl-a-D-mannopyranoside (4b)

Ethyl 1-thio-a-D-mannopyranoside 4a39 (0.574 g, 2.56 mmol)
was dissolved in H2O (6.9 mL). 1,10-Ethyleneisoalloxazinium chlo-
ride 1 (0.0356 g, 0.13 mmol) was added followed by H2O2 (0.18 mL,
50% w/w in water, 3.07 mmol), and the reaction mixture was then
stirred for 6 h. The reaction mixture was freeze-dried and the
residue was pre-adsorbed onto Florisil® and then purified by flash
column chromatography (CH2Cl2/MeOH 7:1) to afford ethyl 1-(R)-
sulfinyl-a-D-mannopyranoside 4b (0.303 g, 49%) as a pale orange
oil; nmax (FTIR) 1036 cm�1 (S]O); dH (400 MHz, D2O) 1.26 (3H, t, J
7.4 Hz, SCH2CH3), 2.75e2.86 (1H, m, SCHH0CH3), 3.02e3.14 (1H, m,
SCHH0CH3), 3.47e3.55 (1H, m, H-5), 3.60 (1H, dd, J6,60 12.5 Hz, J5,6
5.9 Hz, H-6), 3.67 (1H, t, J 9.8 Hz, H-4), 3.73e3.79 (1H, dd, J5,60
2.0 Hz, J6,60 12.5 Hz, H-60), 3.89 (1H, dd, J3,4 9.8 Hz, J2,3 3.5 Hz, H-3a
and H-3b), 4.29e4.33 (1H, m, H-2), 4.71 (1H, s, H-1); dC (100.5 MHz,
D2O) 5.2 (q, SCH2CH3), 42.5 (t, SCH2CH3), 60.8 (t, C-6), 65.7 (d, C-4),
66.7 (d, C-2), 70.4 (d, C-3), 78.7 (d, C-5), 92.5 (d, C-1); HRMS (ESI-
TOF): calcd for C8H16O6SNaþ: 263.0560. Found: 263.0557 (MNaþ).

4.4. Ethyl 1-sulfinyl-b-D-galactopyranoside (5b)

Ethyl 1-thio-b-D-galactopyranoside 5a40 (0.672 g, 3 mmol) was
dissolved in H2O (8.1 mL). 1,10-Ethyleneisoalloxazinium chloride 1
(0.0417 g, 0.15mmol) was added followed by H2O2 (0.21mL, 50%w/
w inwater, 3.6mmol), and the reactionmixturewas then stirred for
6 h. The reactionmixturewas freeze-dried and the residuewas pre-
adsorbed onto Florisil® and then purified by flash column chro-
matography (CH2Cl2/MeOH 7:1) to afford ethyl 1-sulfinyl-b-D-gal-
actopyranoside 5b (0.456 g, 63%) as a pale orange oil (1:0.7 mixture
of diastereoisomers); nmax (FTIR) 1050 cm�1 (S]O); dH (400 MHz,
D2O) 1.19 (3H, t, J 7.6 Hz, SCH2CH3R), 1.24 (3H, t, J 8.2 Hz, SCH2CH3S),
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2.82e2.95 (2H, m, SCHH0CH3R and SCHH0CH3S), 3.03e3.17 (2H, m,
SCHH0CH3R and SCHH0CH3S), 3.58e3.92 (12H, m, H-2R, H-2S, H-3R,
H-3S, H-4R, H-4S, H-5R, H-5S, H-6R, H-6S, H-60R and H-60S), 4.08 (1H,
d, J1,2 9.8 Hz, H-1R), 4.40 (1H, d, J1,2 9.8 Hz, H-1S); dC (100.5 MHz,
D2O) 6.4 (q, SCH2CH3S), 6.5 (q, SCH2CH3R), 39.4 (t, SCH2CH3S), 40.2
(t, SCH2CH3R), 61.0 (d, C-6S), 61.2 (d, C-6R), 65.0 (d, C-2R), 66.5 (d, C-
2S), 68.6 (d, C-3R), 68.8 (d, C-3S), 73.9 (d, C-4R), 73.9 (d, C-4S), 79.9 (d,
C-5R), 80.2 (d, C-5S), 88.4 (d, C-1R), 91.1 (d, C-1S); HRMS (ESI-TOF):
calcd for C8H16O6SNaþ: 263.0560. Found: 263.0554 (MNaþ).
4.5. Ethyl b-D-galactopyranosyl-(1/4)-1-sulfinyl-b-D-
glucopyranoside (6b)

Ethyl b-D-galactopyranosyl-(1/4)-1-thio-b-D-glucopyranoside
6a41 (1.16 g, 3 mmol) was dissolved in MeOH (8.1 mL). 1,10-
Ethyleneisoalloxazinium chloride 1 (0.0417 g, 0.015 mmol) was
added followed by H2O2 (0.21 mL, 50% w/w in water, 3.6 mmol),
and the reaction mixture was then stirred for 6 h. The reaction
mixture was freeze-dried and the residue was pre-adsorbed onto
Florisil® and then purified by flash column chromatography
(MeCN/MeOH 5:1) to afford ethyl b-D-galactopyranosyl-(1/4)-1-
sulfinyl-b-D-glucopyranoside 6b (0.51 g, 42%) as a colourless solid
(1:1 mixture of diastereoisomers); mp 175e177 �C (MeOH); nmax
(FTIR) 1056 cm�1 (S]O); dH (400 MHz, D2O) 1.17e1.29 (6H, m,
SCH2CH3a and SCH2CH3b), 2.83e2.94 (2H, m, SCHH0CH3a and
SCHH0CH3b), 3.05e3.17 (2H, m, SCHH0CH3a and SCHH0CH3b), 3.44
(2H, s, H-2Ba and H-2Bb), 3.53e3.84 (20H, m), 3.86e3.94 (2H, m,
H� 60Aa and H� 60Ab), 4.18e4.23 (1H, m, H-1Ab), 4.32e4.39 (2H, m,
H-1Ba and H-1Bb), 4.46e4.51 (1H, m, H-1Aa); dC (100.5 MHz, D2O)
6.5 (q, SCH2CH3a and SCH2CH3b), 39.5 (t, SCH2CH3a), 40.2 (t,
SCH2CH3b), 60.0, 61.0, 61.0, 67.5, 68.5, 68.9, 70.9, 70.9, 72.5, 72.5,
75.3, 75.3, 75.4, 75.6, 77.0, 77.2, 79.0, 79.6 (20�C), 87.5 (d, C-1Ab),
90.3 (d, C-1Aa),102.8 (d, C-1Ba and C-1Bb); HRMS (ESI-TOF): calcd for
C14H27O11Sþ: 403.1269. Found: 403.1284 (MHþ).
4.6. Separation of sulfoxide diastereomers by HPLC

Portions of the diastereomeric mixtures of gluco glycosyl sulf-
oxides 3b and galacto glycosyl sulfoxides 5b were separated by
HPLC (eluent: 0.05% TFA in H2O; flow rate: 3.5 mL/min; detection:
UV 210 nm) to afford single diastereomers, which were used in
enzyme assays:
4.6.1. Ethyl 1-(S)-sulfinyl-b-D-glucopyranoside (SS-3b)
tR¼10.9 min; dH (400 MHz, D2O) 1.23 (3H, t, J 7.4 Hz, SCH2CH3),

2.81e2.93 (1H, m, SCHH0CH3), 3.04e3.15 (1H, m, SCHH0CH3), 3.32
(1H, t, J 9.0 Hz, H-4), 3.41e3.53 (2H, m, H-3 and H-5), 3.55e3.68
(2H, m, H-2 and H-6), 3.82 (1H, d, J6,60 12.5 Hz, H-60), 4.46 (1H, d, J1,2
9.8 Hz, H-1).
4.6.2. Ethyl 1-(R)-sulfinyl-b-D-glucopyranoside (RS-3b)
tR¼12.0 min; dH (400 MHz, D2O) 1.19 (3H, t, J 7.4 Hz, SCH2CH3),

2.82e2.93 (1H, m, SCHH0CH3), 3.05e3.17 (1H, m, SCHH0CH3), 3.37
(1H, t, J 9.4 Hz, H-4), 3.46e3.55 (2H, m, H-3 and H-5), 3.60 (1H, t, J
9.4 Hz, H-2), 3.69 (1H, dd, J6,60 12.5 Hz, J5,6 4.7 Hz, H-6), 3.83 (1H, dd,
J6,60 12.5 Hz, J5,60 1.6 Hz, H-60), 4.16 (1H, d, J1,2 9.8 Hz, H-1).
4.6.3. Ethyl 1-(S)-sulfinyl-b-D-galactopyranoside (SS-5b)
tR¼7.8 min; dH (400 MHz, D2O) 1.25 (3H, t, J 7.6 Hz, SCH2CH3),

2.82e2.94 (1H, m, SCHH0CH3), 3.05e3.16 (1H, m, SCHH0CH3),
3.60e3.68 (2H, m, H-5 and H-6), 3.69e3.76 (2H, m, H-3 and H-60),
3.80 (1H, t, J 9.6 Hz, H-2), 3.90 (1H, d, J4,5 3.1 Hz, H-4), 4.41 (1H, d, J1,2
9.8 Hz, H-1).
4.6.4. Ethyl 1-(R)-sulfinyl-b-D-galactopyranoside (RS-5b)
tR¼6.9 min; dH (400 MHz, D2O) 1.20 (3H, t, J 7.6 Hz, SCH2CH3),

2.85e2.96 (1H, m, SCHH0CH3), 3.07e3.18 (1H, m, SCHH0CH3),
3.62e3.70 (2H, m, H-5 and H-6), 3.72e3.80 (2H, s, H-3 and H-60),
3.84e3.92 (2H, m, H-2 and H-4), 4.09 (1H, d, J1,2 9.8 Hz, H-1).

4.7. Inhibition assays

4.7.1. b-Glucosidase
b-Glucosidase from almonds, obtained as a lyophilised powder

(3.4 mg), was dissolved in sodium phosphate buffer solution
(600 mL, 0.05M, pH 6.8). A stock solution of 60mM o-nitrophenyl b-
D-glucopyranoside (0.36 g, 1.2 mmol) was prepared in sodium
phosphate buffer (20mL, 0.05M, pH 6.8). A stock solution of 10mM
ethyl 1-(R)-sulfinyl-b-D-glucopyranoside RS-3b (23.6 mg, 0.098
mmoL) was prepared in sodium phosphate buffer (10 mL, 0.05 M,
pH 6.8). A variety of volumes of each solution (100e500 mL of
substrate, 0e500 mL of inhibitor RS-3b) were mixed, and the
resulting solutions made up to 1 mL with sodium phosphate buffer
(0.05 M, pH 6.8). The solution was then incubated at 25 �C for
10 min. Enzyme solution (1 mL, as prepared above) was added, and
the change in absorbance followed at 420 nm. A similar procedure
was followed for ethyl 1-(S)-sulfinyl-b-D-glucopyranoside SS-3b
(21.7 mg, 0.090 mmol).

4.7.2. b-Galactosidase
b-Galactosidase from E. coli was obtained as a lyophilised

powder (1.68 mg), which was dissolved in a buffer solution (600 mL,
pH 7.0) containing TriseHCl (10 mM), MgCl2 (10 mM) and b-mer-
captoethanol (1 mM). A portion of the resulting solution (10 mL)
was then diluted with the above buffer (40 mL, pH 7.0) to obtain an
appropriate concentration of enzyme. A stock solution of 1.2 mM o-
nitrophenol b-D-galactopyranoside (36 mg, 0.12 mmol) was pre-
pared in sodium phosphate buffer (100 mL, 0.1 M, pH 7.0) con-
taining 0.15 M NaCl. A similar stock solution of 10 mM ethyl 1-(S)-
sulfinyl-b-D-galactopyranoside SS-5b (27.2 mg, 0.11 mmol) was
prepared in sodium phosphate buffer (10 mL, 0.1 M, pH 7.0). A
variety of volumes of each solution (100e500 mL of substrate,
0e500 mL of inhibitor SS-5b) were mixed, and the resulting solution
made up to 1 mL with sodium phosphate buffer (0.1 M, pH 7.0). The
solution was then incubated at 37 �C for 10 min. Enzyme solution
(1 mL, as prepared above) was added, and the change in absorbance
followed at 420 nm. A similar procedure was followed for ethyl 1-
(R)-sulfinyl-b-D-galactopyranoside RS-5b (62.4 mg, 0.26 mmol,
20 mL of buffer).

4.7.3. a-Mannosidase
a-Mannosidase from Jack beans was obtained as an ammonium

sulfate suspension, which was diluted with sodium acetate buffer
solution (400 mL, 0.1 M, pH 4.5). A stock solution of 25 mM p-
nitrophenol a-D-mannopyranoside (0.151 g, 0.50 mmol) was pre-
pared in sodium acetate buffer (20 mL, 0.1 M, pH 4.5). A similar
stock solution of 40 mM ethyl 1-(R)-sulfinyl-b-D-mannopyranoside
5b (96 mg, 0.40 mmol) was prepared in sodium acetate buffer
(10 mL, 0.1 M, pH 4.5). A variety of volumes of each solution
(100e500 mL of substrate, 0e500 mL of inhibitor 5b) were mixed
and the resulting solutions made up to 1 mL with sodium acetate
buffer (0.1 M, pH 4.5). The solution was then incubated at 37 �C for
10 min. Enzyme solution (2 mL, as prepared above) was added, and
the change in absorbance followed at 405 nm.
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