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Abstract—Versatile synthesis of some analogues of the naturally-occurring o-glucosidase inhibitor salacinol (1), involving thioanhydro
alditol moieties with erythro, p,L-threo, xylo, ribo, p-arabino and p-manne configurations is described. Nucleophilic attack at the least-
hindered carbon atom of an L- or p-protected erythritol cyclic sulfate by the thioanhydro alditol sulfur atom yielded the desired zwitterionic
compounds. In addition, the preparation of the cyclic sulfates of 2,4-O-benzylidene-p-erythritol and 2,4-O-isopropylidene-L-erythritol was
improved. Enzyme inhibition tests showed that most of the new compounds were weak but specific inhibitors, while good inhibitory activity

was found for a six-membered ring analogue (B-glucosidase: K;= 16 uM).

1. Introduction

Salacinol 1 and kotalanol 2 are a-glucosidase inhibitors
isolated from the Hippocrateaceae plant Salacia reticulata
WIGHT, a large woody climbing plant widespread in Sri
Lanka and South India (Fig. 1). Extracts of this plant have
been traditionally used in the Ayurvedic system of Indian
medicine as a treatment for non-insulin-dependent
diabetes.! The methanol extract from the roots and stems
of 8. reticulata is reported to show inhibitory activity
against the increase in serum glucose levels after the
administration of sucrose or maltose in rats.'" It was
demonstrated that 1 and 2 were responsible for this
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inhibitory activity."™* These novel glycosidase inhibitors
have unique zwitterionic structures in which the sulfonium
cation 1s stabilized by the sulfate anion. It is assumed that
the sulfonium center permanently mimics the incremental
positive charge that forms at both the ring oxygen and the
anomeric carbon of the glycoside during hydrolysis in the
active site of a glycosidase. Variation of the chiral centers
and/or ring sizes would be expected to modulate the binding
interactions and consequently modulate the specificity
towards the glycosidases.”” In view of both its very high
glycosidase inhibitory activity and its novel structure,
chemists have conducted much rescarch on the total
synthesis of 1 and its analogues. As the absolute
configurations of the kotalanol 2 side chain have not yet
been established, all the work has focused on salacinol.>”
Nitrogen and selenium analogues have also been
described 08710

All the strategies described in the literature to obtain the
zwitterionic moiety are based on the same reaction: the
nucleophilic attack of the heteroatom of a protected or
unprotected polyhydroxylated heterocycle at the least-
hindered carbon atom of an L- or p-protected erythritol
cyclic sulfate (Scheme 1). L-protected erythritol provides
the side chain of salacinol and p-protected erythritol its
enantiomer.

In 2000, Yuasa et al. were the first to present the synthesis of
salacinol 1 and its diastercoisomer 3 (Fig. 2).* Later,
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Scheme 1. General strategy.

isolated. To shorten this part of the synthesis, we performed
the periodidate oxidation and the reduction with NaBH, in
one pot. lodine was also formed but could easily be reduced
by treatment with sodium thiosulfate. The diol 9 was
thereby isolated in very high yield (92%).

Preparations of the corresponding cyclic sulfite with good
yields have been described (82%,” > 05%), but we failed to
reproduce these results even after numerous attempts. Our
yields were around 55 to 60%: two syntheses of such cyclic
sulfite/sulfate are reported with 60% vyield'? and 62% vield.”
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Figure 2. Salacinol stereoisomers and six-membered ring analogues.

Ghavami et al. reported their own synthesis of 1, its
enantiomer 4 and the diastercoisomers 3 and 5 (Fig. 2).5 7
More recently the same group extended this method to
prepare other sulfonium analogues with two different six-
membered rings,” one of them obtained from alditols using
the procedure described by Benazza et al.'' Never observed
with the five-membered ring, the coupling reaction with a
six-membered ring resulted in the formation of two
configurations at the sulfur atom. In the series with no
hydroxymethyl group, the epimers were separated and four
diastereoisomers were obtained (6 is given as an example,
Fig. 2). When the hydroxymethyl group was present, the
separation was not possible and mixtures of epimers (¢.g.,7)
were obtained (Fig. 2)3

To add to this new class of glycosidase inhibitors, we
undertook the synthesis of several salacinol analogues
obtained with the same general strategy (Scheme 1). For
further structure—function studies, we modulated the ring
size and its stereocenters, and kept the same r-erythritol
sulfated side chain as salacinol and its enantiomer derived
from the p-erythritol. Inhibition activities towards six
commercial glycosidases are presented for all the
compounds synthesized.

2. Results and discussion

We synthesized the protected p- and L-erythritol cyclic
sulfates from 4,6-0-benzylidene-p-glucose ' by a modified
procedure previously reported with no experimental section
or description of compounds by Muraoka et al. (Scheme 2).”
The L stercoisomer synthesis has also been described from
L-glucose as starting material.*> To obtain large quantitics
of both 10 and 13, the following reactions were performed at
a scale of several grams.

In the standard protocol, the aldehyde obtained from NalOy4
oxidation of the 4,6-O-benzylidene-p-glucose is usually

We observed that this cyclic sulfite was partially unstable in
workup conditions and purification steps. Hydrolysis of the
sulfite occurred ecasily and starting diol was isolated,
although it was not present at the end of the reaction
(from TLC). To prevent this side reaction, and as the
reaction with SOCI, was total, we oxidized the sulfite to the
sulfate 10 after a simple evaporation of the crude reaction
mixture under vacuum. The non-isolated sulfite was
converted into sulfate 10 with 80% overall yield.

The diol 9 also afforded the vr-erythritol series when
correctly protected by acetonide and then subjected to
hydrogenolysis over Pd/C. The diol 12 was isolated in 84%
yield from 9.

Ph/\"D"\_
- o
O —
HDX/@”‘OH
8
l (a)
92 % e
Ph-X~0 (h) Ph/\oe_ N\ o
- —_
v e oo
B 10 (o]
9 D-erythro

(c)and (d)
84 %, two steps

o)
HO\ o ) 0"3\“‘0'*‘\
00 e B
—0O~ 69 % 0 ra\r
12 13
L-erythro

Scheme 2. Reagents and conditions: (a) NalQy, NaHCO3, HO, rt then
NaBH,;. HoO/ELOH, rt; (b} SOCl,, anh. NEl;, CH,Cl,, 0°C then RuCls,
NalOs, CH2Cl/CH3CN/MH-0, 1t (¢) CH3(OCH3)C=CH,, TsOH, DMF,
0°C; (d) 11, H,, Pd/C, EtOH, rt.

Instability of the comresponding cyclic sulfite was also
observed, and was even more marked. This problem was
also solved by applying our one-pot method. The crude
cyclic sulfite obtained after concentration under vacuum
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Scheme 3. Reagents and conditions: (a) HFIP, NayCO;, reflux; (b HyO, HY (Dowex 50 W 81, rt; (¢} Hy, PAAC, AcOH/H; O, rt.

was oxidized to give 13 in 69% yield. With these three one-
pot operations, we shortened the total synthesis of the
desired sulfates and notably increased the vields for their
preparation.

The polvhydroxvlated thiaheterocycles 14 to 19 (Table 1,
Scheme 3) used In these experiments were prepared by
Benazza et al They were obtained from expeditious
reactions of acetylated o, w-dibromoalditols with sodium
sulfide.""'"* With tetritols as substrates the bis-cyclic
sulfates'™ or the more recently described bis-cyclic
thionocarbonates'™ were also used as bis-electrophilic
intermediates.

The coupling reactions (Scheme 3) were all performed in
hexafluoroisopropanol (HFIP) as Ghavami et al. had
demonstrated its efficiency in such reactions.” Addition of
sodium carbonate increases the stability of the sulfate under
reflux.”'® The results are presented in Table 1. In some
cases (entries 1, 2, 6, 8, 10, an R/S stereocenter was created
on the sulfur atom and our mixtures were not separable. The
compounds are all characterized as mixtures of the two
configurations. In other cases (entries 3, 4, 11 and 12), the
sulfur atom is not stereogenic, correlated to the C2 axis of
the starting thiaheterocycles. As compound 15 is racemic,
two diastereoisomers were obtained after coupling reactions
corresponding to the structures 24a and 24b, and 26a and
26b (entries 3 and 4). These mixtures were also not
separable. As compound 19 1s optically pure, only one
diastereoisomer was i1solated with 10 {compound 36) and
with 13 (compound 34) {(entries 11 and 12).

Based on the wide differences in yields obtained, the
thiaheterocycle reactivities seemed to depend on the ring
size and configurations of asymmetric carbon atoms. Thus
with the five-membered ring (entries | to 4) the vields for
zwitterionic compounds were good to excellent (from 62 to
95%). In contrast, the three six-membered rings tested
reacted poorly (entries 5 to 10). The coupling reaction did
not take place with the L-erythritol cyclic sulfate 1.3 (entries
3,7 and ) or with the compound 10 {entries 6, 8 and 10), the
vields were modest (except with 17: 60%, entry 7). The
sulfur atom of the seven-membered ring 19 (entries 11 and
12) did not react as well as the five-membered one but the
two cyeclic sulfates could even so be coupled to give the
desired zwitterionic molecules. As for the six-membered
ring, the reaction was much more ethcient with the
benzylidene protected cyclic sulfate than with acetonide
protected compound 13.

We suggest that this effect may be attributed to the size and
shape of the thiaheterocvcle ring, resulting in

nucleophilicity variation of the sulfur atom. In addition,
the steric hindrance was greater for the methyl in the
equatorial position than for the phenyl. Thus the accessi-
bility of the nucleophile at the least-hindered carbon atom of
the cyclic sulfate was reduced.

The last step was the diol deprotection. Two methods were
used: hydrolysis under acidic conditions, and benzylidene
hyvdrogenolvsis over Pd/C. All the reactions were long,
several days at room temperature. For the acid hvdrolysis,
we found 1t more convenient to use a Dowex resin as this
can be easily removed by filtration (entries 1, 3,6, 8, 10-12).
With the hyvdrogenolysis over Pd/C, atter 48 h the reaction
mixture had to be filtered to ellminate Pd/C and fresh
catalvst was added (entries 2 and 4). Probably, traces of
sulfur compounds or other impurities had poisoned the
catalyst. Given this difficulty and the longer reaction time,
the benzylidene acidic cleavage was preferred (entries 6, 10
and 12). All the vields obtained (from 23 to 82%) are
comparable to those in the literature™ and were not
optimized. Except for compounds 29.% all the compounds
synthesized are new salacinol analogues and were fully
characterized.

3. Inhibition studies

The new salacinol analogues and the thiosugars were
screened against six commercial glycosidases. The results
for the zwitterions are given in Table 2 and are compared
with the reported activity of salacinol 1.'” This compound
presents a specificity among the glvcosidase inhibitors. It is
very active against disaccharidases such as #-glucosidase
from rice and inactive against other glucosidases or
mannosidase. All the thiosugars tested are inactive. The
compounds 21 to 27, which contain the five-membered ring,
are inactive against the w-glucosidase from rice. As
salacinol is a good inhibitor of this enzyme (ICs=1.1x
103 mM ), the hydroxymethy] group 1s essential to a good
inhibition 1n this case. Except for compound 35, which was
never active, all the compounds inhibited at least one
enzyme. They were moderately selective but the activities
found were weak, around 1 to 3 mM except for compounds
29a and 29b, which exhibited a very high activity towards
B-glucosidase. In the literature, these two compounds were
reported to be inactive towards an s-glucoamylase.” All the
compounds tested were mactive against «-glucosidase from
baker's yeast and =-galactosidase from green cotfee beans.
Finally, we have shown that salacinol analogues can be not
only ¢-glucosidase inhibitors but can also be active toward
B-glucosidases.



Table 1. Coupling reactions of thizheterocycles 14-19 with 10 or 13 and deprotection reactions
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4. Conclusion

We have prepared several new salacinol analogues in good
overall vields using free heterocyeles in coupling reactions.
Furthermore, we have improved, in terms of step number
and vields on a scale of several grams, the synthesis of the
two key cyclic sulfate intermediates. The cyclic sulfates 10
and 13 were obtained efficiently and easily from inexpen-
sive p-glucose in three and five steps, respectively. As the
thiosugars are inactive against all the glvcosidases tested,
the zwitterionic structure 1s responsible for the detected
inhibition. Following the results of mhibition activities
shown in Table 2, the presence of the hydroxymethy] group
in the p-arabinothiolane moilety of salacinol seems import-
ant tor the effectiveness of the inhibition. The ring size also
seems to play arole, as a six-membered ring was found tobe
very active towards [-glucosidase, compared with the five
or seven-membered rings. This is probably due to both
the presence of more than two hvdroxyl groups and to the
conformation change. Finally, in agreement with the
reported literature results™™" the alditol ring stereochem-
1stry obviously plays an important part since among the
three configurations tested for the six-membered ring
analogues, only one was active.

3. Experimental

All the reactions were monitored by TLC with Merck 60F-
254 precoated silica (0.2 mm) on aluminium. Flash
chromatography was performed with Merck Kieselgel 60
(40—-63 pm); the solvent systems are given viv. NEt; was
distilled over CaH,. Melting points were measured with a
Reichert microscope and are uncorrected. '"H NMR
{400 MHz) and B NMR (100 MHz) spectra were recorded
on a Bruker Avance 400 in CDCls, CDsOD or D20 (see
indication). Chemical shifts () are reported in ppm and
coupling constants are given inHz. IR spectra were
recorded on a Perkin—Elmer FT-IR Paragon 500. Optical
rotations were measured on a JASCO DIP-370 polarimeter
with a sodium (589 nm) lamp at 25 "C. High resolution mass
spectra (HRMS) were recorded by the Centre Régional de
Mesures Physiques de 1"Ouest, Rennes.

5.1, Synthesis of cyelic sulfates 10 and 13

5.1 2 4-0-Benzylidene-p-eryvthritol 9. To a solution of
4,6-0-benzylidene-p-glucose'> 8 (10.0g, 37.4 mmol) in
TO0mL of water was added a solution of NalQ, (16.1 g,
754 mmol) and NaHCO5 (3.17 g, 37.7 mmol) in 130 mL of
water at 0 °C. The pH was maintained to 67 by adding few
drops of a saturated NaHCO; solution. The mixture was
stirred at room temperature for 5 h. A solution of NaBH,
(2.00 g, 52.9 mmol) in 20 mL of water was added dropwise
at 0°C. The mixture was stirred at rt for 30 min, and
neutralized with acetic acid. The precipitate formed was
filtered, and rinsed with ethyl acetate. The filtrate was
extracted with ethyl acetate (3 50 mL), the organic phases
were washed with 1 N Nax5:0: (75 mL) and with brine
(75 mL) and dried over MgS80,. The diol 9 was concen-
trated under vacuum and purified by flash chromatography
(cyvclohexane/AcOEL 3/7). A white solid (7.24 g) was
isolated in 92% vield.

The spectral data agreed with those already described.’

5.1.2. 24-0-Benzylidene-1,3-0-sultfonyl-p-ervthritol 10.
To a solution of diol 9 (3.00 g, 14.3 mmol) and anhydrous
NEt; (5.4 mL, 38.6 mmol) in 50 mL of anhydrous DCM at
0°C under Ar, was added dropwise a solution of freshly
distilled SOClz (1.4 mL, 18.6 mmol) in 50 mL of anhydrous
DCM. After complete addition (1 h), the mixture was
concentrated under vacuum to give a brown solid. To a
solution of this solid (14.3 mmol) in 100 mL of DCM/
CHaCN (5/5) containing RuCls (593 mg, 0.28 mmol) was
added a solution of NalOy (917 g, 42.9 mmol) in 50 mL of
water. The mixture was stirred for 3 h and then diluted with
200 mL of DCM. The aqueous phase was extracted with
30 mL of DCM. The organic phases were washed with brine
(200 mL), and dried over MgS50,. The sulfate 10 was
concentrated under vacuum and purified by flash chroma-
tography (cvclohexane/ AcOEDR 9/1 +0.1% NEf). A white
solid (3.11 g) was isolated in 80% wyield. Ry 0.17
(cvclohexane/ AcOEL W1 +0.1% NEtz).

The spectral data agreed with those already described.”

5.1.3. 1,3-0-Benzylidene-2,4-O-isopropylidene-L-ery-
thritol 11. A solution of diol 9 (437 g, 20.8 mmol),
distilled 2-methoxypropene (6.0 mL, 629 mmol) and
TsOH (674 mg, 0.35 mmol) in non-anhvdrous DMF was
vigorously stirred at 0°C for 24 h. The mixture
was neutralized with 1.03 g of Na,COs; The precipitate
was filtered, and washed with cyclohexane. To the filtrate
was added 400 mL of water, and the aqueous phase was
extracted with 200 mL of cyvclohexane. The organic phases
were washed with brine, dried over MgS80, and concen-
trated under vacuum. The crude product was purihied by
flash chromatography (cyclohexane/AcOEt: 9/1+0.1%
NEtz) to give 11 in 96% vield as a white solid (4.99 o). R
0.39 {cyclohexane/AcOEL /1 +0.1% NEt;). |alp=+2 (¢
1.2, CHCl,). 'H NMR (CDCl3) 6 7.80-7.47 (m, 2H, H, )
T.38-7.35 (m, 3H, Hyomw): 362 (s, ITH, Hs); 4.23 (dd. 1H,
Haa, J=4.0, 10.3 Hz); 4.01-3.95 {m, 2H, H;, and Hy):
3.93-3 88 (m, 1H, Ha): 3.80-3.73 (m, 2H, H., and H2); 1.57
(s, 3H, CHs); 1.43 (s, 3H, CH3). “C NMR (CDCl3) 6 1372
(Coamls 129.2—128.3-126.1 (Cyop)s 1020 (Cs); 10010 (Cg):
75.0(Cy); 69.6 (Cy): 66.6 (C3); 62.3 (Cy): 29.1 (CH4); 193
(CHs). HRMS (ESI+) caled for [M+Na]t 273.1103.
Found 273.1113.

1.4, 2.4-0-1sopropylidene-L-ervthritol 12, To a solution
of 11 {4806 g, 194 mmol) in 160 mL of ethanol, was added
246 g of 10% Pd/C. The mixture was stirred at rt under an
atmosphere of H, (balloon) tor 3 days. The catalyst was
filtered on membrane and rinsed with methanol. The filtrate
was concentrated under vacuum and ethanol (160 mL) and
fresh 10% Pd/C (2.02 g) were added. The mixture was
stirred at rt for 5 days under an atmosphere of H,. The
catalyst was filtered on membrane and rinsed with
methanol. The filtrate was concentrated under vacuum and
the crude product was purified by flash chromatography
(cyclohexane/ AcOEL 4/6). A colorless o1l was obtained 1n
#8% yield (278 g). Ry 0.26 (cyclohexane/AcOEt 4/6).
[t]lp=+45 (¢ 1.1, MeOH). 'H NMR (CD;0D) § 3.82—
3.76 (m, 2H, H,, and H,,); 3.69-3.57 (m, 3H, H;, H,, and
Hyp): 348 (ed, IH, Ha, J=506, 9.2, 92 Hz); 148 (s, 3H,
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Table 2. Evaluation of the inhibition properties
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¢ From almond; NI: no inhibition detected; nd: not determined.

* Preliminary determined with Ky and one Ky
i Competitive inhibitor, Hanes—W oolf method.

a-Mannosidase from jack beans

CHs): 1.35 (s, 3H, CH3). “C NMR (CD;0D) 6 99.9 (Cs):
TO5(C3); 635 (Cp); 640 (C5): 63.3 (Cy); 289 (CHy); 197
(CHs). HRMS (ESI+) caled for [M+Na]™ 185.0790.
Found 1850786,

5.1.5. 24-0-lsopropylidene-1,3-0-sulfonyl-L-ervthritol
13 To a solution of diel 12 (108 g, 6.66 mmol) and
anhydrous NEt; (2.8 mL, 20.1 mmol) in 28 mL of
anhydrous DCM at (0 °C under Ar, was added dropwise a
solution of freshly distilled SOCI; (680 pL, 937 mmol) in
28 mL of anhydrous DCM. After complete addition
(453 min), the mixture was concentrated under vacuum to
give a brown solid. To a solution of this solid (6.6 mmol) in
50mL of DCM/CH;CN (5/5) contalning RuCly (33.5 mg,
(.16 mmol) was added a solution of NalQ, (4.64 g,
21.7 mmol) in 25 mL of water. The mixture was stirred
for 24 h and then diluted with 100 mL of DCM and 100 mL
of water. The aqueous phase was extracted twice with
100 mL of DCM. The organic phases were washed with
brine (2 100 mL), and dried over MgSQ,. The sulfate 13
was concentrated under vacuum and purithed by flash
chromatography (pentane/ether 9/1). A white solid (1.03 g)
was isolated in 69% vield. Ry 0.16 (pentanefether 9/1).
[a]p= —4 (¢ 1.1, CHCI;). "H NMR (CDCl3) 6 4.66 (td, 1H,
Ha, Jo 1,=54Hz, Jo y=J>3=103Hz); 461 (dd, 1H,
H-I-a- J-I-a—.'i_lla—l.h_ 10.3 HZ:]; 446 [dd., 1H, H-I-h- J.|,h_3—
48 Hz, Japaa= 103 Hz); 422 (td, 1H, Hs, Ja4n=4.8 Hz,
Ji4a=J03 =103 Hz); 4.03 (dd, IH, Hy, Jia2=54Hz,
Jla—l'h_ 10.3 HZ); 302 (dd. IH.., th. th—’_’_th—la_
10.3 Hz); 1.55 (s, 3H, CHs): 1.43 (s, 3H, CH;). *C NMR
(CDCl3) & 101.1 (Cs): 76.6 (C5): 73.3 (Cy): 64.7 (C3): 60.8
(Cy) 28.5 (CHs): 18.9 (CHs). HRMS (ESI+ ) caled for
[M+Na]* 247.0252. Found 247.0264.

5.2, General procedure for the coupling reactions

The thiaheterocycle (1 mmol) and cyclic sulfate 10 or 13
(1.2 mmol) were dissolved m 1,1,1,3.3.3-hexatluoroiso-
propanol HFIP (3 mL) under argon in the presence of
anhydrous Na;COs (0.24 mmol). The mixture was refluxed
for the time indicated in Table 1, concentrated under
vacuum and purified by flash chromatography (mixture of
DCM/MeOH, see Ry details for each compound).

5.2.1. 1 (1, 4-Anhydro-1-thioerythritol)-1-ium]-1,3-
dideoxy-24-O-isopropylidene-L-eryvthritol-3-sultate  20.
43mg as a white solid, mixture of non-separable dia-
stereoisomers 20a/20b (83/17). R 0.11 (DCM/MeOH,
B5/15).

Major isomer. 'H NMR (CD;0D) § 448-4.45 (m, 2H, H,
and Hi); 4.37—4.23 (m, 2H, Hy and Hy+); 4.16 (dd, IH, H;.,,
Jygs=34Hz, Jyy =13.0Hz), 407 idd, 1H, Hy,.
Jawz=53Hz, Jyuan=11.5Hz), 3.99 (dd, 1H, Hyyp.
Jipar=4.6Hz, Jyppa=13.6 Hz), 3.85 (dd, 1H, Hyy,
Jyn3=9.0Hz, Jy, 4,=11.5 Hz), 3.75 {dd. 2H, H;, and
Hyq J=5.0, 12,9 Hz), 3.41-3.30 {m, 2H, H, and Hy,), 1.53
(s, 3H, CH5), 1.41 (s, 3H, CH;). H(.‘NNIR((_‘D3(}D3 G101.2
(Cse): 756 (Caor C3); 751 (Ch or Cz); 70,9 (Car or Cz4); 70,4
(Caror Car): 632 (Cyed; SO.T(C 1 46,1 (Cpor Cy); 456 (C
or Cy; 285 (CH;); 19.6 (CH;).

Minor isomer. "H NMR (CD,0D) & 4.62-4.57 (m, 2H, H,



and Hs); 4.374.23 (m, 2H, Hy and Hy); 4.08 (dd, 1H, H,.,,
J=353, 11.5Hz);, 392 (dd, IH, Hy,, J=335, 134 Hz);
3.87-3.81 (m, 2H, Hyy and Hyw); 3.66-3.55 (m, 4H, 2H,
and 2Hy4); 1.53 (s, 3H, CHs); 1.41 (s, 3H, CHs5). B RMN
(CD;0D) & 74.7 (C5 or C); 74.5 (C5 or C3); 70.6 (Ca or
Cy); 479 (C, or Cy); 43.8 (C, or Cy); 284 (CHz); 19.7
(CHa).

Remarks for the minor isomer. Absent § for some carbons
means that the signals are not detected.

5.2.2. 14 L4-Anhydro-1-thioerythritol)-1-ium|-2.4-0-
benzylidene-1,3-dideoxy-p-erythritol-3-sulfate 22,
148 mg as white solid, mixture of non-separable diastereo-
isomers 22a/22b (83/17). R¢0.22 (DCM/MeOH, 80/20); mp
135°C; [alp=—45 (c 0.91, MeOH). IR KBr cm ™' 3403;
1403; 1264; 1233; 1094; 1013.

Major isomer. '"H NMR (CD:OD) & 7.49-7.45 (m, 2H,
Harom): 7.40-7.36 (m, 3H, Hiom): 3.68 (s, IH, Hs9:
4.52-4.47 (m, 1H, Hy4y); 4.45-4.40 (m, 3H, Hs, H> and
Hy) 4.39—-4.34 (m, 1H, Hye); 429 (dd, 1H, Hyy, Jyg 2=
34Hz, Jygn=139Hz); 410 (dd, 1H, Hy, Jypo=
5.1 Hz, Jyy = 139Hz); 3.83 (dd, 1H, Hys,, J=96,
9.6 Hz); 3.71 idd, 1H, Hyy or Hy,, J=35.1, 11.6 Hz); 3.69
(dd, 1H, Hy, or Hya, J=5.6, 10,9 Hz); 3.40 (dd, 1H, Hyy, or
Hyp, /=51, 134 Hz); 335 (dd, 1H, H;, or Hy,, /=356,
134 Hz). °C NMR (CD;OD) & 1384 (Cyop): 1303
129.3-127.3 (Cyaqm): 1027 (Cedy T4 (Coedy 757 (C5 or
C3); 752 (Cz or Ca); 69.9 (Cyed; 690 (Caryy 5002 (Cy0); 46.0
(Cy orCy); 458 (Cy or Cy).

Minor isomer. 'H NMR (CD,OD) § 7.49-7.45 (m, 2H,
Hyom): 7-40-7.36 (m, 3H, H,,..); 5.68 (s, IH, Hg); 4.55-
4.60 (m, 2H, H, and Hi); 4.52-4.47 (m, 2H, H,y and Hi¢):
4.39-4.34 (m, 1H, Hy); 4.04 (dd, 1H, Hyey, Jyrp2r=3.2 Hz,
JL"a—l"h_ 13.5 HZ:I; 3.94 [dd. 1H, H[-'h. J[-'h_’_!-'—S.{) Hz,
Jypopra=13.5 Hz); 387-3.79 (m, 1H, Hy): 3.65-3.51 (m,
4H, 2H, and 2H,). "*C NMR (CD;0D) 6 77.2 (Ca); 74.7
(CoorCy); TA45(C; or C5); 694 (Cy); 473 (Cpoor Cy); 459
(Cy or Cy).

Remarks for the minor isomer. Absent § for some carbons
means that the signals are not detected.

5.2.3. 1-[({14-Anhydro-1-thiothreitol)- 1-ium|-1,3-dide-
oxy-2,4-0-isopropylidenc-L-erythritol-3-sulfate 24,
259 mg as white solid, mixture of non-separable diastereo-
isomers 24a/24b (50/50). R 0.31 (DCM/MeOH, 80/20);
[a]p=+43 (c 1.06, MeOH). IR KBr cm™" 3404; 1385;
1268; 1228; 1050; 1013. For the mixture 'H NMR (CD,0D)
& 4.65 (br s, 2H, Hz and Hi); 4.61 (br 5. 2H, H: and Hs);
4.36—4.25 (m, 4H, 2Hz and 2ZHy); 4.10 idd, 1H, Hy,, J=
3.7, 5.2 Hz); 408402 im, 2H, Hyy and Hy): 3.96 (br d,
2H, 2Hy., J=4.0 Hz); 3.90-3.72 (m, YH, 2H,, 2H, H,,. H,,.
Hy4 and 2H 4o0; 3.51 (brd, 1H, Hyy, or Hyy,, J=4.5 Hz); 3.48
(brd, 1H, Hyy, or Hy,, J=4.8 Hz); 1.54 (s, 3H, CH;); 1.53 (s,
3H, CHa); 1.42 (s, 6H, CHz). ""C NMR (CD;0D) 6 79.0 (C;
orCa); TRO(MC; or Ca); TRT (Coor Cs); TR.6(Coor C3); 70.9
(Cyoor Cy): TOT (Cyoor Cae)y 706 (Cyr or Cae); 63.3 (Cyels
334 (C, or Cp); 52.5 (Cyor Cy)y 502 (C0; 494 (Cyr); 49.2
(Cy and Cy); 28.5 (CH;): 19.6 (CH3).

Remarks. Absent & for some carbons means that the signals
are not detected.

5.2.4. 1-[i L4-Anhvdro-1-thiothreitol)-1-ium]-24-0-ben-
#ylidene-1,3-dideoxy-p-ervthritol-3-sulfate 26. 243 mg as
white solid, mixture of non-separable diastereoisomers 26a/
26b (50/50). Re 0.20 (DCM/MeOH, 85/15); mp 143 °C;
[elp=—42 (¢ 1.27, MeOH). IR KBr em™ "' 3397; 1402;
1263; 1229; 1091; 1053; 1013, For the mixture '"H NMR
(CD;0D) § 7.51-747 (m, 4H, Hy ) 7.42-7.33 (m, 6H,
Hamm): 3.68 (s, 2H, 2Hs); 4.63 (br s, 2H, H; and Hi); 4.59
(br s, 2H, H> and Ha); 4.53—4.47 (m, 2H, 2Hy,); 447440
(m, 2H, 2Hx); 4.38—4.34 (m, 2H, 2H2+); 4.18 (dd, 1H, Hy,
Jygw=33Hz, Jyy yq,=13.6Hz); 4.03-4.12 {(m, 2H,
2Hy: 398 idd, 1H., Hy4 Jyar=30Hz, Jyog =
13.6 Hz); 3.86-3.76 (m, 6H, 2H4, H;,. Hi, and 2Hgyp):
3.74-370 (m, 2H, 2H,); 351 (br d, 1H, Hag or Hy, J=
13.9 Hz); 347 (br d, 1H, Hyy, or Ha, J=13.9Hz). °C
NMR.(CD;0D) 6 138.4 (Chom) 130.3-129.4-127.3 (Cyom )i
1028 (Cs); 1027 (Csedy 790 (C5 or Cy); T8O (Cs or Caks
TREB(Caor C3); 7RO (Cyor Ca); TT.5(Car); TT.3(Cyr); 699
(Cyr): 691 (Car); 53.4(C, 0or Cy)y 528 (Cy or Cy); 49.0 (Cye);
494 (Cy, Cyor Cp)y 493 (Cy, Cyoor Cyo; 491 (Cy, C4 or
Cy).

Remarks. Absent § for some carbons means that the signals
are not detected.

5.2.5. 1-[i L5-Anhydro-1-thioxylitol)-1-ium]-2,4-0-ben-
zylidene-1,3-dideoxy-p-erythritol-3-sulfate 28. 65 mg as
a white solid, mixture of non-separable diastereoisomers
28a/28b (70/30). Re 0.18 (DCM/MeOH, 85/15); mp 142 °C;
[e]p=—46 (¢ 1.02, MeOH). IR KBr em™ " 3406; 1403;
1260; 1225; 1094; 1068; 1013,

Major isomer. 'H NMR (CD:0D) § 7.50-7.45 (m, 2H.
Hyomds 741-T.34 (m, 3H, H,.); 3.69 (5, IH, Hs); 4.51-
438 (m, 3H, Hy, Hy and Hye); 4.21-4.16 (m, 2H, H, and
Hy) 4.01 (dd, 1H, Hyepo Jyip =32 Hz, Jyoy 1, =139 Hz);
391 (dd, 1H, Hy4 Jyno2r=4.9 Hz, Jypw 1= 13.9 Hz);
3.88-3.79 (m, IH, Hyw); 3.75 (dd. IH, Hi, J=351.
5.1 Hz); 3.70 (dd, 1H, Hsy or Hy,, /=23, 13.1 Hz); 3.67
(dd, 1H, H,, or Hs,, /=2.5, 13.1 Hz); 3.52-3.47 (m, 2H,
Hy, and Hey, ). 3¢ NMR 6 (CD;0D) 6 138.3 (Cyppm ) 130.4—
1294-127.3 (Cyom); 1028 (Cs); 770 (C2); 69.9 (C3); 69.8
(Cye); 692 (Car)y 687 (Cz and Cy); 43.8 (Cpe); 42.50(C,) or
Cs): 41.7 (Cy or Cs).

Minor isomer. '"H NMR (CD;0D) & 7.50-7.45 (m, 2H,
Hawm): 7.41=-7.34 (m, 3H, Hyom); 3.69 (s, IH, Hs?); 4.51-
4.38 (m, 3H, Hy, Hsv and Hyy); 4.12-4.04 (m, 2H, 2H,/);
398389 (m, 2H, H> and Hy); 3.88-3.79 (m, 1H, Hyy);
3.62-356 (m, 3H, H,,, Hs, and H;); 3.40-3.28 (m, 2H, H,
and Hg,). BCNMR S (CD;0D) 6771 (Co); 689 (C5 0r Cyls
68.5 (CoorCy); 458 (Cy): 403 (C, or Cg)); 39.7(Cy or Cs).

Remarks for the minor isomer. Absent & for some carbons
means that the signals are not detected.

5.2.0. 1-[i L5-Anhyvdro-1-thioribitol)-1-ium]-2,4-0-ben-
zylidene-1,3-dideoxy-p-ervthritol-3-sulfate 30. Flash
chromatography eluent (DCM/MeOH, 85/15), 63 mg as a
white solid, mixture of non-separable diastereoisomers



30a/30b (67/33). R 0.15 (DCM/MeOH, R0/20); mp
decomp.; [a]lp=—38 (¢ 0.25, NaOH 0.01 N). IR KBr
cm L3451(1; 3388; 1407; 1250; 1231; 1098; 1014,

Major isomer. 'H NMR (CD,0OD) & 7.50~7.45 (m, 2H,
Hyom): 741-7.36 (m, 3H, Hyo): 5.69 (s, 1H, Hs); 4.51—
4.38 (m, 3H, H,+, Hy and Hy,); 427-4.19 (m, 2H, H, and
H.); 4.08-3.96 (m, 2H, H and Hr,); 3.88-3.81 (m, 2H, Hx,
and Haw); 3.49-3.32 (m, 2H, Hy, and Hs,); 3.31-3.28 (m,
IH, Hsy, or Hyp); 3.23 (dd, 1H, Hyy, or Hey, J= 2.7, 13.7 Hz).
BC NMR (CD50D) 6 138.3 (Cyom): 130.4-129.4-127.3
(Caram ) 102.8 (Cs); TT.1 (Cyr); TLE (C3); 69.9 (Cye); 69.0
(Ca); 66.9 (Cs or Cy); 66.7 (Ca or Cy); 40.4 (Cy1); 355 (C,
and Cs).

Minor isomer. '"H NMR (CD;0D) & 7.50-7.45 (m, 2H,
Hyomh: 741736 (m, 3H, H,, ..): 569 (s, IH, Hg): 451
4.38 (m, 3H, Hor, Har and Hyry); 4.15 (dd, 1H, Hyry, J=3.2,
13.9 Hz); 4.08-3.96 (m, 4H, Hs, Hs, Hy and Hyr,); 3. 88-3.81
(m, 1H, Hyy); 3.49-332 (m, 4H, 2H, and 2Hs). '*C NMR
(CD;0D) 6 T7.0(Cy )y TLO(C3); 69,1 (Cye); 67.6(C5 0r Cy);
67.50C; or Cy); 46.8 (Cyed; 383 (C, or Cs)i 36.9(C, or Cs).

Remarks for the minor isomer. Absent é for some carbons
means that the signals are not detected.

5.2.7. 1-lil.5-Anhydro-1-deoxy- 1-thio-p-arabinitol )-1-
inm|-2,4-0-benzylidene-1,3-dideoxy-p-eryvthritol-3-sul-
fate 32, 58 mg as a white solid, mixture of non-separable
diastereoisomers 32a/32b (530/530). By 0.19 (DCM/MeOH,
85/15); mp 141°C; |alp= —48 (¢ 0.44. MeOH). IR KBr
em ™! 3404; 1402; 1263; 1227, 1091; 1013, For the mixture
"H NMR (CD30D) 6 7.50=7.47 (m, 4H, Hyom); 7.42-7.37
(m, 6H, Hywom): 5.68 (s, 1H, Hs); 5.67 (s, 1H, Hs):
4.52-436 (m, TH, 2Hs., Hy or Hi, 2H4y and 2Ha);
4.34-4.24 (m, 3H, H,, Hy, H, or Hy); 4.18 (dd, IH,
Hyo Jypgae=3.0Hz, Jyq =144 Hz); 4.09 (dd. 1H,
Hyye Jip2=39Hz, Jyp o= 144 Hz); 404 (dd, 1H,
Hyao Jyaor=33Hz, Jyggn=141Hz); 3.97 (dd. IH,
Hym, Jypor =46 Hz, Jyg o= 14.1 Hz); 3.88-3.78 (m, 4H,
2H5 and 2H4); 3.62-3.52 (m, 3H, Hs,, H,,, Hs, or H,):
3.47-3.36 (m, 3H, Hyy. Hep, Hy, or Hgy): 3.30-3.25(m, 1H,
Hap, or Hyy): 323 (dd, 1H, Hyy, or Hey,, J=35.4, 13.4 Hz). °C
RMN (CD;0D) 6 138.3 (Caram): 1304-130.3-129.4-127.3
(Caram); 102.8 (Cse); 1027 (Cs); 773 (Caed; TT0(C20): 71T
(C5): 706 (C3); 69.8(C 4 694 (Cy, Cyor Car); 69.1 105, Cy
of Cy); 687 (G5, Cyor Car)s 68.2(C,, CyorCar )1 651 (Cy or
Co):63.2(C, or Co): 456 (Cp); 43.4 (Cp); 42.2(Cp or Cshs
3TB(Cyor Cs); 37.20(C, or Cs).

Remarks. Absent & for some carbons means that the signals
are not detected.

5.2.8. 1|ilL6-Anhydro-1-thio-p-mannitol)-1-ium]-1,3-
dideoxy-2,4-0-isopropylidene-L-erythritol-3-sultate  34.
Flash chromatography eluent (DCM/MeOH, 853/15),
23 mg as a white solid. Ry (.17 (DCM/MeOH, 80/20); mp
168 °C; [at]p = —9 (¢ 1.08, H>0). IR KBrcm ' 3388; 3349;
1390; 1276; 1225; 1091; 1059; 1012. 'H NMR (D;0) &
4.69—=4.67 (m, 1H, H> or Hs); 4.60~457 (m, 1H, Hs or
H,): 4.40 (ddd, 1H, Hye, Jy_ry=3.1 Hz, J5¢ 1y, =06.4 Hz,
jf-_;.'__-;-' =10 HZ:l, 4.37 ([d. IH.., H_—;-’, ._r3.'_|_.'_1_— 5.6 HZ.. j.’i"—-l-"h =
Jy_x=091Hz); 411 (dd, 1H, Hyy. J4y 3=56Hz,

Jaaan=119Hz); 408 (dd, 1H, Hyr, Jyo o=3.1 Hz,
Ty yw=14.1Hz): 4.09-4.03 (m, IH, Hy, or H,):
3.97 (dd, 1H, Hypw, Jyps=91Hz, Jypnaa=11.9Hz):
3.90-3.73 (m, 5H, H,, or Hg. Hs, Hyw, Hy and Hg, or
Hypk 3.66=3.62 (m, 1H, Hy, or Hg,); 1.58 (s, 3H, CH4); 146
(s, 3H, CH,). "C NMR (D,0) 6 100.8 (Cs); 743 (C or C3):
T42(C, or Cq); 704 (Car); 700 (C, or Cs); 68.8 (Cx); 66.9
(CsorCa)61.6(C 448 (C ) 43.7(Cqor Cp); 39.7(C, or
Cgli 26,8 (CHs); 18.8 (CHa).

5.2.9, 1-[i{L6-Anhydro-1-thio-p-mannitol )-1-ium|-2,4-0)-
benzylidene-1,3-dideoxy-p-erythritol-3-sulfate 36. Flash
chromatography eluent (DCMMeOH, 85/15), 84 mg as a
white solid. Ry 0.20 (DCM/MeOH, B0/20). Mp 160 °C.
[]p= —03 (¢ 0,92, MeOH). IR KBr cm ''3387; 1414;
1258; 1219; 1096; 1060; 1013. 'H NMR é; (CD;0D) &
7.46-T7.500m, 2H, Hyom): 7.34-T7 .41 {m, 3H, Hyom): 5.67 (s,
1H, Hs): 4.52—-4.58 (m, 1H, H; or Hs); 4.42—4.50 (m, 2H,
Hy and Hyp); 440 (ed, 1H, Hg or Hy, J=1.5, 1.5, 8.6 Hz);
4.334.37 (m, IH, Hy): 4.11 {dd, IH, Hy,, Jyey >r=3.5 Hz,
Jyae=14.1Hz); 398 (dd, 1H, H;+, Jyp =48 Hz,
Jypre=14.1Hz); 3.96 idd, IH, Hgy, or Hy, J=3§.35,
13.1 Hz); 3.79-3.86 (m, IH, Hyw): 3.69-3.76 (m, 3H, Hi,
H; and Hg, or Hyyl; 3.66 (dd, 1H, H,, or Hg,, J=8.0,
14.4 Hz): 3.54 (dd, 1H, Hy, or Hg,., J= 1.2, 14.4 Hz). "C
NMR (CD,OD) & 138.4 (Cyom): 130.3-129.4-127.3
(Caom)y 1028 (Cs); T7.3 (Car); 761 (Cy or Cq); 758 (Cy
orCsz); 712 {Csor Cs); 699 (Cye); 69.0(C;5, Csor Ca); 683
(Ch, Coor Cy); 474 0(C 1) 46.6 (Cp or Cy ), 420 (C) or Cg).

5.3, General procedure for isopropylidene and
benzylidene protecting groups removal

Method A. (Condiions (b)). The protected zwitterion
(0.224 mmol) and 151 mg of Dowex S0WXE (1640
mesh, H* form) in 7 mL of distilled water were stirred at
rt for the time indicated in Table 1. The mixture was filtered,
and the resin washed with water. The water was removed
under vacuum and the residue was punfied by flash
chromatography (mixture of DCM/MeOH/H>0, see Ry
details for each compound).

Method B. (Conditions (c)). The benzyvlidene protected
zwitterion (0.237 mmol) and 10% Pd/C (20 mg) in 4.5 mL
of AcOH/H-0 (4/1) were stirred under an atmosphere of H»
(balloon) at rt for several days. As the reaction slowed
down, the catalyst was removed by filtration over a
membrane and washed with MeOH and distilled water.
The filtrate was concentrated under vacuum, and 4.5 mL of
AcOH/MH-0 (4/1) and 76 mg of 10% PA/C were added. The
reaction was stirred under an atmosphere of Hs at rt for the
total time indicated in Table 1. The catalyst was removed by
filtration over a membrane and washed with distilled water.
The mixture was concentrated under vacuum and purified
by flash chromatography (mixture of DCM/MeOH/H-0, see
Ry details for each compound).

531 1< il 4-Anhydro-1-thioerythritol)-1-ium|-1,3-
dideoxy-L-eryvthritol-3-sulfate 21. Method A. 56 mg as a
colorless o1l, mixture of non-separable diastereolsomers
21a/21b (83/17). Ry 026 (DCM/MeOH/H,0, 55/4(/5);
[2]p= +22 (c 1.06, H;0). IR KBrem ™' 3398; 1253; 1234;
1096; 1057; 1013; 920,



Major isomer. 'H NMR (D50 6 4.62—-4.57 (m, 2H, H, and
Hs): 4.30—4.40 (m, 2H, Hy+ and Hy); 4.07 (dd, 1H, Hyry, J=
3.4, 13.6 Hz); 3.95 (dd, 1H, Hyr, J=3.1,9.7 Hz); 3.93-3.89
(m, 1H, Hy,): 3.87-3.80 (m, 3H, H,,, Hy, and Hyy): 3.47
(td, 2H, Hy, and Hapy, J=5.4, 13.2, 13.2 Hz). *C NMR
(D20} 6 79.7 (Ca); T3.4 (Ca or C3); 733 (Ca or C3); 65.6
(Car): 595 (Car)s 51,1 (Cy); 44.2(C) or C4 438 (Cy or Cy).

Minor isomer. "H NMR (D=0 6 4.75-4.70 (m, 2H, H> and
Hi): 4.40-4.30 (m, 2H, Hy and Hs: 3.89-3.93 (m, 1H,
Hye): 3.80-3.87 (m, 2H, H,, and Hy); 3.63-3.77 (m, 5H,
2H;, 2H, and Hyqy). 3C NMR (D0) 6 T9.9 (Cye); T2.8(C5
or C3); 7271005 or Cy); 634 (Cae); 484 (Cype); 443 (C or
C,): 43.5 (C, or Cy). HRMS (ESI+) caled for [M+Na]*
327.0184. Found 327.0186.

Remarks for the minor isomer. Absent 6 for some carbons
means that the signals are not detected.

5.3.2. 14l 4-Anhydro-1-thioerythritol)-1-ium]-1,3-
dideoxv-p-ervthritol-3-sulfate 23, Methiod B. 23 mg as a
colorless o1l, mixture of non-separable diastereoisomers
23a/23bh (36/14). Ry 0.25 (DCM/MeOH/H,0, 55/40/5);
lalp=—22(c 1.05, H,O); IR KBr cm 1'3306; 1405; 1253;
1231; 1095; 1013,

Major isomer. 'H NMR (D,0) 4 4.65-4.60 (m, 2H, H,
and Hs); 440 (ddd, 1H, Hy, Ja_;,=35Hz, Jo 0=
7.5 Hz, Jo 3= 14.8 Hz); 4.38—4.35 (m, 1H, Hs); 4.10 (dd,
IH, Hya, Jyra2=3.5Hz, Jyayn=13.6 Hz); 399 (dd, 1H,
Hyy, J=3.3, 12.8 Hz); 3.96 (dd, 1H, Hy, Jy4 2 =7.5 Hz,
Jipora=13.6 Hz); 3.97-3.83 (m, 3H, Hy., Ha, Hy): 3.51
(2dd, 2H, H, and Hy,, J=35.4, 13.3 Hz). B NMR (D, 6
T8 (Cy); 73.5(C50r C3); 73.4 (Cy or C3); 65.7 (Ca); 506
(Caqrks S110C0); 44.2 (Cp or Cy); 43.9 (Cy or Cy).

Minor isomer. "H NMR (D50 6 4.77-4.73 (m, 2H, H, and
Hi): 4.43—4.38 (m, 2H, Hy and Hie); 3.97-3.83 (m, 3H, Hy,
and 2H¢); 3.82-3.66 (m, 5H, 2H,, 2H, and H,+,). B NMR
(D200 6 729 (Cz or Ci); 44.4 (Cp or Cy); 43.6 (Cy or Cy).
HRMS (ESI+) caled for [M+Na]t 327.0184. Found
327.0182.

Remarks for the minor isomer. Absent & for some carbons
means that the signals are not detected.

5.3.3. 1-[il14-Anhydro-1-thiothreitol)-1-ium|-1,3-dide-
oxv-L-ervthritol-3-sulfate 25, Method A, T2 mg as a
colorless o1l, mixture of non-separable diastereolsomers
25a/25b (50/50). R¢ 0.52 (DCM/MeOH/H-0, 55/40/5);
[olp=+23 (¢ 101, H;0). IR KBrem ™! 3394; 1404; 1254;
1229; 1053; 1011. '"H NMR (D-0) 6 4.85 (br s, 2H, H and
Haz:); 4.80 (brs, 2H, Hy and Ha); 4.45-4.35 (m, 4H, 2H3+ and
2Hary; 4.06-3.80 (m, 14H, 4Hy, 4Hy, Hya, Hae, 2Hy and
2H,); 3.68 (br d, IH, Hyy, or Hyy,, /=154 Hz); 3.65 (br d,
1H, Hyy, or Hyy,, J= 14.6 Hz). BC NMR (D-0) 6 799 (Ca);
TOT7(Ca); TT20(C, or C3); 77.2(C0r Cq); 771 (Ch or Cy);
TTO(C; or C3); 659 (Cy); 65,6 (Cad; 596 (Cya: 511 (T,
Cyor Cp) 5050C, Cyor Cpeyy 504 (Cy, Cy or Cy); 50.2
(Cy, Cyoor Cy); 47.6 (Cy or Cy); 47.3 (Cy or Cy). HRMS
(ESI+) caled for [M+Na]™ 327.0184. Found 327.0188.

Remarks for the minor isomer. Absent § for some carbons
means that the signals are not detected.

534, 1]l 4-Anhydro-1-thiothreitol)-1-ium]- 1,3-dide-
oxy-p-ervthritol-3-sulfate 27. Method B. 32 mg as a
colorless o1l, mixture of non-separable diastereoisomers
27a/27h (50/50). Ry 0.54 (DCM/MeOH/H,0, 55/40/45);
[elp= —24 (¢ 1.04. H;0). IR KBr cm '3395; 1404; 1254;
1233; 1051; 1009. '"H NMR (D) 6 4.82-4.80 (m, 2H, H,
and Ha); 4.77—4.75 (m, 2H, H» and Hi); 4.41-4.31 (m, 4H,
2Har and 2Ha); 4.02-3.77 (m, 14H, 4Hy, 4Hy Hy, Ha,,
2H, and 2H,4); 3.65 (brd, 1H, Hy, or Hy, J=14.9 Hz); 3.61
(br d, 1H, H, or Hy,, J=14.7 Hz). BC NMR (D,0) 6799
(Ca ) TOT(Ca); TT.2(C0r C3); TT.1 (Coor C3); 771 (Czor
Ca); 770 (Cr0r C3); 659 (C); 655 (Cx): 595 (Cy); 5101
(Cy, Cyoor Cyeky 505 (Cy, Cy or Cyey 504 (Cy, Cy or Cpe;
02(C,, ChiorCy; 47.5(C,) or €y 47.3(C or Cy). HRMS
(ESI+) caled for [M+Na]t 327.0184. Found 327.0179.

5.3.5. 1-[(1,5-Anhydro-1-thioxylitol)-1-ilum -1 3-dideoxy-
p-erythritol-3-sulfate 29, Method A. 24 mg as a colorless
oll, mixture of non-separable diasterecisomers 2Ya/29b
(77/23). R 0.37 (DCM/MeOH/H,O, 535/40/5); [a]p= —14
(¢ 1.06, H,0). IR KBrem ™ ' 3397; 1403; 1250; 1063; 1009.

Major isomer. '"H NMR (D=0 6 4.53-4.43 (m, 1H, Hx);
442436 (m, 1H, Hz); 4.32-4.27 (m, 2H, Hy and Hz);
A4.06-3.95 (m, 1H, Hy,): 3.92-3.86 (m, 2H, Hy, and Hyy):
3.85-370(m,4H, H,,, Hs,. H;, and Hy); 3.61-3.50 (m, 2H,
Hy, and Hgp ). Be NMR (Dy0) 6 T8 (Cy ) 715 (Cy): 666
(Cy and C3); 6535 (Ca); 59.5 (Cy); 42,9 (Cy; 38.70(C, or
Cs); 38.5(Cy or Cs).

Minor isomer. 'H NMR (D20 § 4.53-4.43 (m, 1H, Hy);
442436 (m, 1H, Hy): 4.06-3.95 (m, 4H, H;+,, Hyy, H; and
Hy); 3.92-3.86 (m, 2H, Hyy and Hyg); 3.85-3.70 (m, 2H,
Hy, and Hsg); 3.61-3.50 (m, 1H., Hs); 342 (brd. IH, Hs, or
Hyp. J=11.7THz); 3.39 (br d, 1H, H,, or Hg,, J=11.7 Hz).
B NMR (D0 6 75.6 (Cy); 67.3 (C, or Cy); 65.2 (Cy);
A7.9(C ) 407 (Cy or Cg); 40,6 (Cy or Cs). HRMS (ESI+)
caled for [M4Na]4+357.0290. Found 3570203,

Remarks for the minor isomer. Absent § for some carbons
means that the signals are not detected.

5.3.6. 1-[(1,5-Anhydro-1-thioribitol)-1-ium -1 3-dideoxy-
p-eryvthritol-3-sulfate 31, Method A. 24 mg as a colorless
o1l, mixture of non-separable diasterecisomers 3la/31b
(804200, Ry 0.16 (DCM/MeOH/M-0, 5540/5). [alp= —19
(¢ 0,51, H,O). IR KBrem ™' 3403; 1403; 1254; 1231; 1089;
1016,

Major isomer. '"HNMR (D=0 6§ 4.50-4.34 (m, 4H, Hx, Hy,
Hs and Ha); 4.10-4.08 (m, 1H, H3); 4.00 (dd, 1H, Hye,,
Jya =33 Hz, Jyo gp=12.8 Hz); 3.89 (dd, 1H, Hgs,
Jyn =29 Hz, Jyq 4n=12.8Hz); 3.83 (dd, 1H, Hy,
Jyg =34 Hz, Jyy =138 Hz); 3.70 (dd, 1H, H,s,
Jip2r =77 Hz, Jyp_pa=13.8Hz): 3.61-3.52 (m, 2H,
Hy, and Hsy): 3.49-3.40 (m, 2H, H;p, and Hsp). C NMR
(D50 6 79.8 (C3); 69.6 (C1); 65.5 (Cy, Coor Cark; 65.2 (Cy
Cy, 0r Cy): 595 (Cy); 41.7(C1): 356 (C, or Cs): 35.5 (C,
or Cs).



Minor isomer. "H NMR (D,0) § 4.50-4.34 (m, 2H, H; and
Ha); 4.20—4.14 (m, 3H, H,, Hs and H,); 4.01-3.96 (m, 2H,
Hyry and Hyp): 3.90-3.86 (m, 2H, Hy4, and Hyp): 3.61-3.52
(m, 2H, H,, and Hs,); 3.49-3.40 (m, 2H, Hy;, and Hsp). °C
NMR (D50} 6 79.8 (C3): 701 (C4): 65.8 (C, and C,); 47.8
(Cy): 35.2(C, or Cs); 34.9 (C, or Cs). HRMS (ESI+) caled
for [M+Na]" 357.0290. Found 357 0289.

Remarks for the minor isomer. Absent & for some carbons
means that the signals are not detected.

5.3.7. 1-(1,53-Anhydro-1-thio-p-arabinitol )-1-ium]-1,3-
dideoxy-p-ervthritol-3-sultate 33. Method A. 25mg as a
colorless o1l, mixture of non-separable diastereoisomers
33a/33b (50050). Re 0.40 (DCM/MeOH /H,0, 55/40/5).
[a]p= —44 (¢ 0.99, H,0). IR (KBr) em™ "' 3400, 1251;
1069; 1014, '"H NMR (D,0) § 4.58 (td, 1H, H, or H,, J=
24, 24, 6.8 Hz) 450 (td, 1H, Hy or H,, J=2.1, 6.0,
6.0 Hz); 4.47-4.30 {m, 6H, 2(H; or Hy), 2H3+ and 2Har);
401-3.86 (m, 9H, 4Hy., 4Hy and Hs); 3.82-3.73 (m, 3H,
Hya Haand Hsg ); 3.67 (dd, 1H, Hs, or Hy,, J=2.3, 13.3 Hz);
3.60-3.53 (m, 3H, 2(Hs, or Hyy) and Hy, or Hey)s 3.51 (dd,
IH, Hyy, or He,, J=9.7, 124 Hz); 3.32 (dd, 1H, H,, or Hs,
J=9.1, 12.9 Hz). ®C NMR (D,0) & 79.8 (C3); 798 (Cy):
TL.6(Cs) 692 (Cs); 66.0 (Cy or Ca); 658 (Cy or Ca); 65.3
(Ca); 64.9(ChorCo); 646 (C, 0r Ca); 5395 (C0; 46.00C;
45.7(C ) 407 (Cyor Cs): 389 (C, or Cs): 388 (Cy or Cs);
36.8 (C, or Cs). HRMS (ESI+) caled for [M+Na]®
357.0290. Found 357.0290).

5358, 1-iL6-Anhydro-1-thio-p-mannitol)-1-ium]-1, 3-
dideoxy-L-eryvthritol-3-sulfate 35. Method A. 14 mg as a
colorless oil. Re 0.34 (DCM/MeOH/H-0, 55/40/5);
[a]lp=—29 (¢ 1.19, H,0). IR (KBr) cm ''3397, 1248,
1103; 1056; 1019, 'H NMR (D50) 6 4.70-4.68 (m,1H, H, or
Hs); 4.61-4.58 (m, 1H, Hy); 442 (td, 1H, Hs or Hz, J=3.3,
7.9, 79Hz), 439433 (m, 1H, Ha); 4.15 (dd, IH, Hy,, J=
8.8, 132 Hz); 402 (dd, 1H, Hg, or Hy,, J=3.4, 100 Hz);
3.99(dd, 1H, Hy,, J=3.1, 8.6 Hz); 3.91-3.85 (m, 3H, H, or
Hi, Hyy, and Hyq,): 3.80 (dd, IH, H; or H,. J=1.8, 8.8 Hz);
3.78-3.70(m, 2H, Hy; or Hg and Hgp or Hyp); 3.65-3.60 (m,
IH, Hyp or Hgp). B NMR (D20 & 79.9 (Car); 743 (Cy or
Ca)y T4 1Cor Ca); 9.9 (CoorCsk; 66.9(Can; 65.5(Cs or
C3): 595 (Cy): 474 (Cyor Cy); 43.7 (Cye; 391 (Cy or Cg).
HRMS (ESI+) caled for [M+Na]* 387.0396. Found
3870396,

5.3.9. 1-|il,6-Anhydro-1-thio-p-mannitol)-1-ium]-1, 3-
dideoxy-p-erythritol-3-sulfate 37. Method A. 11 mg as a
colorless oil. Ry 036 (DCM/MeOH/H-0, 55/40/5).
[a]lp= —T0 (¢ 0.83, H;O). IR (KBr) cm R 3404; 1405;
1249; 1102; 1054; 1013. '"H NMR (D0 & 4.60-4.67
{m.IH, H> or Hs); 4.61-4.58 (m, 1H, Hz); 440433 (m,
2H, Ha» and Hs or Ha); 4.13 (dd, 1H, Hyy, J=8.06, 13.0 Hz);
402397 (m, IH, Hg, or Hy ): 3.98 (dd, 1H, Hy,, J=2.7,
12.7 Hz); 3.89-3.75 (m, 5H, Hs, H; Hg, or Hyy,, Hyy, and
Hym): 372 (dd, 1H, Hy, or Hs,, J=7.6, 149 Hz); 3.65-3.61
{m, IH, Hyy or Hep). C NMR (D20) 6 TO8 (Car); T4.3(Cy
or Ca); 741 (Cy or C3); 69.9 (Coor Cs); 668 (Cor): 654 (Cs
or Ca); 59.5 (Cye); 47.5 (Cg or Cy); 43,1 (Cye); 39.4 (Cy or
“6). HRMS (ESI+) caled for [M+Na]t 387.03%96. Found
3870391,

3.4. Inhibition studies

g-glucosidase from rice, «-glucosidase from baker’s veast,
f-glucosidase from almond, w-galactosidase from green
coffee beans, B-galactosidase from Aspergillus oryvzae,
g-mannosidase from jack beans and all substrates (4- or
2-nitrophenyl « or B-glycopyranosides) were purchased
from Sigma. Assays were run at 25 °C in a phosphate buffer
(25 mM) at pH 6.8 using the corresponding 4-nitrophenyl-
glvcoside in a total volume of 1 mL. The potential inhibitors
were tested at a final concentration of 1 mM and the amount
of enzyme of each assay was adjusted so that the system
would give the initial rate. After two incubation times (5 and
30min) of the enzyme in the presence of the tested
molecule, the substrate was added and the optical
absorbance was followed at 400 nm. The initial rate was
determined, compared with that obtained without the test
compound, and the percentage inhibition was calculated.
When the percentage inhibition was higher than 33%, the K
was determined by the Hanes—Woolf method. Four
substrate concentrations (0.04 to 2.5 mM) and four inhibitor
concentrations (0.005 to (0.8 mM) were chosen. The K; was
then calculated from the Michaelis—Menten (K and four
K'n1) constants obtained in the presence or absence of
inhibitor. When the percentage of inhibition was between 33
and 10%, the K; was determined with the equation K;=
(K" /K3y — 1), using only one K’y value.

References and notes

1. (a) Yoshikawa, M.; Murakami, T.; Shimida, H.; Matsuda, H.;
Yamahara, J.; Tanabe, G.; Muracka, O. Teirahedron Let.
1997, 38, 8367, (b) Yoshikawa, M.; Morikawa, T.; Matsuda,
H.: Tanabe, G.; Muraoka, Q. Bioorg. Med. Chem. 2002, 10,
1547, (¢) Yoshikawa, M. Muorakami, T.; Yashiro, K.
Matsuda, H. Chem. Pharm. Bull 1998, 446, 1339,
. Lilkelund, V. H.; Jensen, H. H.; Liang, X.; Bols, M. Chem. Rev.
2002, 102, 515.
3. Seczeping, M. G Johnston, B. D Yuan, Y.; Svensson, B.;
Pinta, B. M. J. Am. Chem. Soc. 2004, 126, 12458,
4. Yuasa, H.; Takada, 1.; Haslimoto, H. Tefrafedron Leir. 20000,
41, 6615,
5. Ghavami, A.; Johnston, B. D.; Pinto, B. M. J. Org. Chem.
2001, 66, 2312,
6. Ghavami, A Johnston, B. D Maddes, M. D.; Chinapoo,
5.M Jensen, M. T, Svensson, B.; Pinto, B. M. Can. J. Chem.
2002, 80, 937,
7. Ghavami, A.; Sadalapure, K. 5.; Johnston, B. D.; Lobera, M.;
Snider, B. B.; Pinlo, B. M. Syalett 2003, 1259,
®. Ghavami, A.; Johnston, B. D.; Jensen, M. T.; Svensson, B.;
Pinto, B. M. J. Am. Chem. Soc. 2001, 123, 6268,
9. Muracka, O.; Ying, 5.; Yoshikai, K.; Matsuura, Y.; Yamada,
E.; Minematsu, T.; Tanabe, G.; Masuda, H.; Yoshikawa, M.
Chem. Pharm. Bull. 2001, 49, 1503,
10, Johnston, B, D.; Ghavami, A.; Jensen, M. T.; Svensson, B.;
Pinto, B. M. J. Am. Chem. Soc. 2002, 124, 8245,

11. Halila, 5.; Benazza, M.; Demailly, G. Tetrahedron Lett. 2001,
42, 3307,

12, Banli, P. L.; Berti, G Catelani, G.; Cini, C.; " Andrea, E;
Mastrorilli, E. Carbohydr. Res. 1995, 278, 43,

(=]



. Finto, B.; Johnston, B. D.; Ghavami, A. International patent

WO OL/49674 A2, 2001,

. Benarza, M. Hahla, 5. Viot C; Danguigny. Ao Piermo, C

Demailly, G. Tetrahedron 2004, 60, 2889,

o) Glagon, V. Benazza, M.; Beaupére, D.; Demailly, G

Tetrahedron Lete. 2000, 41, 5053 (b) Halila, S.; Benazza, M ;
Demailly, G. Tetrahedron Len. 2002, 43, 815,

16. Lemaire, M.; Veny, N Gallienne, E.; Chenevert, R.; Bolte, 1.
Syalert 2002, 1359,

17. Yuasa, H.; Takada, J.: Hashimow, H. Bioorg., Med. Chem.
Lew. 2000, 11, 1137,



