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Stereoselective 2-Deoxy-β-O-glycoside Synthesis Based on Remote Activation
of Novel Oxathiine Donors
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Stable glyco-fused 1,4-oxathiine derivatives, prepared by in-
verse electron-demand Diels−Alder reactions between suit-
able 1-glycals and 3-thioxopentane-2,4-dione, have been
transformed into unusual glycosyl donors which, after ‘‘re-
mote activation’’, react efficiently with glycosyl acceptors to

Introduction

The important role played by complex glycosyl derivat-
ives such as oligosaccharides, glycolipids, and glycoproteins
in cell surface recognition and cellular communication pro-
cesses is well known and documented.[123] It is evident that
a great effort has been devoted to optimization of O-glycos-
idation reactions as a key step towards obtaining these chal-
lenging molecules. Two determining features in glycosid-
ation reactions are the availability of glycosyl donors that
are stable during synthetic manipulations but efficiently
triggered when needed and the achievement of a good level
of stereocontrol in the formation of the anomeric linkage.

Elegant glycosidation reactions, affording enantiomer-
ically enriched or enantiomerically pure glycosides, have
been reported recently.[427] However, very few of them have
been successfully employed in the preparation of 2-deoxy-
glycosides, a class of relevant compounds that includes aure-
olic acid, cardiac glycosides, and orthosomycines.[8210] As
a point of fact, the lack of assistance from proximal sub-
stituents and the low stability of donors make the stereose-
lective preparation of 2-deoxyglycosides, particularly the β-
anomer, a real challenge. Although no general methodology
suitable for the synthesis of 2-deoxysugars exists, one com-
mon strategy fruitfully employed for the stereoselective gly-
cosidation of several glycon moieties consists of the intro-
duction of a temporary participating group at the C-2 posi-
tion of the donor. Easily removable species, such as halo,
thiophenyl, or selenophenyl groups, have generally been
chosen, resulting in the corresponding 2-deoxyglycosides as
major or exclusive products. However, this strategy becomes

[a] Centro CNR ‘‘Chimica dei Composti Eterociclici’’,
Dipartimento di Chimica Organica, Università di Firenze
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afford 2-thio-β-O-glycosides with total stereoselectivity. Sev-
eral O-nucleophiles were successfully glycosylated. Reduct-
ive removal of sulfur transformed the 2-thio-β-O-glycosides
into the corresponding 2-deoxy-β-O-glycosides without af-
fecting the stereochemistry of the anomeric carbon atom.

unsatisfactory when C-2 substituted donors are too react-
ive, difficult to handle, or give limited anchimeric
assistance.[11213]

As we recently reported, a variety of glycals undergo
cycloaddition under mild conditions with the electron-poor
3-thioxopentane-2,4-dione, to give the corresponding 1,2-
glycofused 1,4-oxathiins 124 with total regioselectivity and
remarkable stereoselectivity,[14,15] and in high yields (Fig-
ure 1).

Figure 1. 1,2-Glycofused 1,4-oxathiins 124

Cycloadducts 124 present some noteworthy features: (i)
a reactive enole oxygen atom at C-1, (ii) an easily removable
sulfur atom at C-2 of the sugar moiety, and also (iii) an
oxathiine ring fused to the monosaccharide, which could
provide anchimeric assistance favoring the attack of a gly-
cosyl acceptor ‘‘anti’’ with respect to the oxathiine unit.
These unique features prompted us to view these bicyclic 2-
deoxy-2-thio-α-O-glycosides as potential donors for stereo-
selective glycosyl transfer. In this paper we report a new
strategy for achieving 2-thio-2-deoxy-β-O-glycosides with
total stereoselectivity, proceeding by ‘‘remote activa-
tion‘‘[5,16] and glycosidation of glyco-fused 1,4-oxathiine de-
rivatives quantitatively obtained from 1 and 2. Subsequent
desulfurization of the 2-thio-β-O-glucosides obtained re-
sulted in the formation of the corresponding 2-deoxy-β-O-
glucosides (Scheme 1).

Results and Discussion

We have already reported[14,15] that 3,4,6-tri-O-benzylglu-
cal and 3,4,6-tri-O-benzylgalactal reacted with the phthali-
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Scheme 1. Retrosynthetic scheme for 2-deoxy-β-O-glycosides syn-
thesis

mide derivative 5[14,17,18] in the presence of pyridine or lutid-
ine to form the corresponding cycloadducts 1 and 2, with
total regioselectivity and either high (1: α/β 5 95:5)[15] or
total stereoselectivity[14] (Scheme 2).

Scheme 2. Synthesis of cycloadducts 1 and 2

In the presence of a weak base, the phthalimido derivat-
ive 5 generated the reactive electron-poor diene 6
(Scheme 2), which was trapped by electron-rich dienophiles
such as tri-O-benzylglucal or tri-O-benzylgalactal. As ex-
pected,[19,20] preferential attack of the diene from the bot-
tom face of the double bond of the dienophiles gave the α-
cycloadducts 1 and 2. These α-O-glycosides 1 and 2, ob-
tained as crystalline compounds by flash chromatography
on silica gel, appeared suitable to be ‘‘activated’’ with protic
or Lewis acids and then treated with acceptors for selective
β-glycosyl transfer. In the first attempt, 1 was treated at
room temperature in nitromethane with catalytic amounts
of methyl triflate and an excess of 2-propanol (7) as ac-
ceptor.[21] The reaction was very slow, with starting material
still present after 23 h. After this period, 1H NMR analysis
of the crude products revealed the presence of the expected
O-glycoside 8 (60%), unchanged cycloadduct 1 (10%), and
of hydrolyzed product 9 (10%) (Scheme 3).
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Scheme 3. Synthesis of 8

The diagnostic signals of the enol protons at δ 5 17.12
(α anomer) and δ 5 16.97 (β anomer), together with those
of the isopropyl moiety at δ 5 1.19 (CH iPr) and δ 5 1.28
(2 CH3 iPr) enabled compound 8 to be structurally elucid-
ated; it was formed as mixture of 8α/8β isomers in a 10:1
ratio. To ascertain the cause of the observed lack of selectiv-
ity and the presence of residual reactant even after pro-
longed reaction times, we repeated the treatment of 1 with
7 in the presence of different promoters, and also under
different reaction conditions. Mixtures of α and β anomers
were generally formed; moreover, small quantities (7213%)
of starting material were, without exception, detected in the
crude mixtures (Table 1).

As reported in Table 1, the best results were obtained
with 0.2 equiv. of trimethylsilyl triflate as promoter (Entry
1). The use of 1.0 equiv. of the same promoter permitted
exclusive formation of the α isomer, but 8 was isolated in
poor yields since decomposition of starting material also
occurred (Entry 2). Trifluoromethanesulfonic acid (triflic
acid) (Entry 4) gave the same selectivity as obtained with
trimethylsilyl triflate (see Entry 1), with comparable yields
(68%). A remarkable degree of decomposition of starting
material was also observed when the glycosidation was per-
formed in the presence of p-toluenesulfonic acid (Entry 5).
As mentioned for trimethylsilyl triflate (see Entry 2), meth-
anesulfonic acid afforded 8 with good selectivity but in low
yields (Entry 9). All the other promoters tested (trifluo-
roacetic anhydride, trifluoroacetic acid, aluminum trichlor-
ide, and titanium tetraisopropoxide) gave no interesting re-
sults, since the formation of side products was predominant
or exclusive. In dichloromethane, as expected,[22] a slower
reaction and a reversed α/β ratio were observed (Entry 3);
indeed, after 23 h, the 1H NMR spectrum of the crude mix-
ture showed the formation of 8 in 1:8 α/β ratio and with
40% of starting material still unchanged.

The presence of small quantities of starting material al-
ways detected with glycosyl derivative 8 suggested that the
reaction depicted in Scheme 3 might be an equilibrium.
This was tested by treating O-glycoside 8 in nitromethane
with a catalytic amount of trimethylsilyl triflate (Scheme 3).
After 23 h at room temperature, the 1H NMR spectrum of
the crude mixture clearly showed the formation of cycload-
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Table 1. Treatment of cycloadduct 1 (1.0 equiv.) and 2-propanol (7) (2.0 equiv.) with different promoters in nitromethane

Entry Promoter[a] Equiv. React. time (h) Temp. (°C) α/β ratio[b] Yield of 7 (%)[c]

1 TMSOTf 0.2 23 25 9:1 75
2 TMSOTf 1.0 23 25 α 31[d]

3 TMSOTf 0.2 23 25 1:8 30[e]

4 TfOH 0.2 23 25 9:1 68
5 TsOH 0.2 23 220 to 5 1:2 30[d]

6 BF3·OEt2 0.2 23 25 3.5:1 49[d]

7 TiCl4 0.2 23 25 1:2 trace[d]

8 TiCl4 1.0 40 220 to 5 2 , 15[d]

9 MeSO3H 0.2 48 25 . 10:1 40[d]

[a] Other promoters, used unsuccessfully, are not reported. 2 [b] Estimated from the 1H NMR signal ratio of the crude mixture. 2 [c]

Isolated yields. 2 [d] Decomposition of starting material was observed. 2 [e] In CH2Cl2 as solvent.

duct 1 (7%), which had probably derived from the intramo-
lecular attack of the enole oxygen atom of an intermediate
oxonium ion onto the anomeric carbon atom. Glycosyl
transfer on the basis of the cleavage of the anomeric
carbon2oxygen bond of 1 was extended to more hindered
glycosyl acceptors such as cholesterol (10) (Scheme 4).

Scheme 4. Synthesis of 11

As shown in Scheme 4, this reaction afforded the corres-
ponding β-O-glycoside 11[23] as a single product, but in dis-
appointing low yields. Cycloadduct 1 (40%) was also reco-
vered from the reaction mixture in this case.

Since glycosyl transfer of cycloadduct 1 was not satisfact-
ory, we tried to achieve ‘‘remote activation’’[5,16] of the an-
omeric group.[21,24] Conversion of the α,β-unsaturated ke-
tone into an allyl acetate would produce a system suitable
to undergo remotely triggered substitution at the anomeric
carbon atom.

Reduction of 1 with LiAlH4 selectively afforded the allyl
alcohol 12 (94%), which was then acetylated with acetic an-
hydride under standard conditions to give the allyl acetate
13 in quantitative yield. After removal of pyridine and ex-
cess of acetic anhydride under vacuum, the unusual donor
13 was treated, without further purification, with the appro-
priate acceptors 7 and 14216 in the presence of a catalytic
amount of methyl triflate. The reactions were performed in
dry nitromethane at room temperature and quenched with
pyridine on the turning of the color of the mixture from
pale yellow to reddish, affording the β-glycosides
17220[25] (Scheme 5).
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Scheme 5. Synthesis of 2-deoxy-2-thio-β-O-glycosides 17220

The timing of quenching is crucial for the success of β-
glycosidation: the color change practically indicates the be-
ginning of isomerization from β to α. The time at which
this occurs depends on the individual glycoside (from 5 min
for 17 to 35 min for 20). Thus, a single glycosidation reac-
tion can provide either anomer by careful tuning of the re-
action time.[26] Attempts to use the alcohol 12 as the donor

Scheme 6. Oxonium ion 21 generation
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for ‘‘remote activation’’[5,16] did not afford the desired gly-
cosides,[27] while use of a better leaving group than acetyl
(mesyl) made the starting material highly unstable.

In contrast to 1, the total β-stereoselectivity of glycosid-
ation of 13 could be due to the higher reactivity of the acet-
ate: the developing positive charge induced on 13 by the
catalyst might be trapped by the acceptor before ring-open-
ing of the oxathiine, as shown in Scheme 6, permitting a
β-stereospecific glycosidation. Subsequent α,β-equilibration
presumably proceeds through an oxonium intermediate 21
(Scheme 6), analogously to that giving rise to the product
mixture in the glycosidation of the ketone 1.

A further improvement on this glycosylation methodo-
logy was achieved by transforming the alcohol 12 into the
corresponding tert-butyldimethylsilyl derivative 22, which,
unlike the acetate 13, can be purified by column chromato-
graphy on silica gel and stored at 24 °C for several days
without decomposition. Compound 22 was obtained by tre-
ating 12 with tert-butyldimethylsilyl triflate at 0 °C in dry
dichloromethane in the presence of an excess of pyridine.
The reaction was complete within 10 min and the crude
diastereomeric mixture was purified by column chromato-
graphy on silica gel to give 22 (93%) (Scheme 7).

Although each diastereomer was perfectly separable by
column chromatography, 22 was used as a diastereomeric
mixture, since this did not influence the subsequent glycos-

Scheme 7. Synthesis of silyl derivative 22

Table 2. Glycosidation of 22 with acceptors 14, 16, 23, and 24

[a] Isolated yields.
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idation. The silyl derivative 22 was treated with different O-
nucleophiles (14, 16, 23, and 24), in dry dichloromethane
as solvent[28] and with trimethylsilyl triflate as promoter, to
afford the corresponding β-O-glycosides (18, 20, 25, and 26)
in reasonable to good yields and with total stereoselectivity.
Reaction conditions and yields are reported in Table 2.

This methodology was successfully extended to the donor
silyl derivative 27, which in turn was obtained from the gal-
acto derivative 2 as reported for 22 (see Scheme 7). Treat-
ment of 27 with 2 equiv. of (1R,2S,5R)-(2)-menthol (23)
afforded the 2-deoxy-2-thio-β-O-glycoside 28 in good yield
(68%) and with total stereoselectivity (Scheme 8).

The thiosubstituted glycosides 17220, 25, and 26 were
readily transformed into the corresponding 2-deoxy-β-O-

Scheme 8. Syntheses of silyl derivative 27 and of 2-deoxy-2-thio-β-
O-glycoside 28

Table 3. Desulfurization of 17220, 25, 26 with Raney nickel

[a] Isolated yields.
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glycosides 29234 by desulfurization with Raney nickel.
Compounds obtained and reaction yields are reported in
Table 3.

All reactions were performed in wet THF, using commer-
cially available activated Raney nickel, with yields compar-
able to those reported in the literature.[24,29] The use of dif-
ferent solvents (benzene or ethanol) and of different desulf-
urizing agents (NiCl2/NaBH4

[30] or NICRA[31]) for the syn-
thesis of the 2-deoxydisaccharides 31[20] (51%) and 32 (56%)
produced no substantial improvements in yields.

Conclusions

These results clearly indicate that the acetate 13 and the
silyl ether 22, readily available with the aid of trivial and
quantitative chemical transformations, are effective new
donors for the stereospecific synthesis of 2-deoxy-2-thio-β-
O-glycosides. The glycosidation, based on ‘‘remote activa-
tion’’ of 13 and 22, was successfully accomplished with sev-
eral acceptors and was fruitfully extended to the galacto
derivative 27. Desulfurization of 2-thio-β-O-glycosides
17220, 25, and 26 readily afforded the corresponding 2-
deoxy-β-O-glycosides 29234, useful precursors for a wide
number of biologically important molecules. The extension
of this method to the synthesis of 2-deoxyoligosaccharides
is currently under investigation in our laboratories.

Experimental Section

General Remarks: Solvents were purified and dried according to
standard procedures. All reactions were performed under nitrogen
in dry solvents unless otherwise stated. 2 TLC was performed on
glass-backed silica gel (Macherey2Nagel, Durasil-25-UV254). De-
tection was effected by treatment with a solution of vanillin (3 g)
and H2SO4 (4 mL) in EtOH (250 mL). 2 Flash chromatography
was carried out on silica gel (Macherey2Nagel, 60M). Petroleum
ether used was of the boiling range 35270 °C; EtOAc was distilled
before use. 2 CHCl3 was washed with water and dried with CaCl2
before use. 2 Optical rotations were determined at 25 °C with a
Jasco DIP-370 polarimeter (1-dm cell). 2 NMR spectra were re-
corded with a Varian Gemini 200 instrument using CDCl3 as solv-
ent for 1H NMR and 13C NMR (δH 5 7.26 and δC 5 77.0, respect-
ively) as reference. 2 Melting points are uncorrected and were re-
corded with a Büchi 510 apparatus. 2 Elemental analyses were
performed with a Perkin2Elmer Elementary Analyzer 2400 Series
II.

General Procedure for the Synthesis of O-Glycosides 8, 11: Com-
pound 1 was dissolved in dry solvent (1 mL, 0.1 mmol) under N2.
Acceptor (2.0 equiv.) and TMSOTf (0.2 equiv.) were added at room
temperature; the mixture was stirred for 20 h, then quenched with
2 drops of pyridine. The crude product was purified by flash chro-
matography on silica gel.

Isopropyl 2-S-(19-Acetyl-29-hydroxypropenyl)-3,4,6-tri-O-benzyl-2-
thio-α/β-D-glucopyranoside (8): This compound was obtained ac-
cording to the general procedure; compound 1 (53.7 mg,
0.10 mmol) and 2-propanol, after 23 h in dry CH3NO2, afforded 8
(39.7 mg, 75%) as a pale yellow oil (α/β 5 9:1). Unreacted starting
material (10 mg, 18%) and hydrolyzed product 9 (8%) were also
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isolated. 2 TLC (petroleum ether/EtOAc, 4:1): Rf 5 0.8. 2 1H
NMR (CDCl3, 200 MHz): δ 5 1.19 (d, J 5 8.0 Hz, 3 H), 1.28 (d,
J 5 8.0 Hz, 3 H), 2.40 (s, 3 H, CH3COα), 2.42 (s, 3 H, CH3COβ),
2.81 (dd, J2,3 5 12.0, J1,2 5 4.0 Hz, 1 H, 2α-H), 2.87 (dd, J2,3 5

10.0, J1,2 5 8.0 Hz, 1 H, 2β-H), 3.4123.96 (m, 6 H, 6a-H, 6b-H, 3-
H, 4-H, 5-H, CH iPr), 4.4824.99 (m, 7 H, 1-H, 3 CH2Ph), 7.08-
7.42 (m, 15 H), 16.97 (s, 1 H, OHβ), 17.12 (s, 1 H, OHα). 2 13C
NMR (CDCl3, 50 MHz) of α anomer: δ 5 21.1, 23.2, 24.9, 57.1
(C-2), 68.3 (C-6), 69.7 (CH iPr), 70.8 (C-3), 73.5, 75.1, 75.7, 79.8
(C-4), 80.4 (C-5), 96.8 (C-1), 104.5, 127.1, 127.4, 127.5, 127.6,
127.7, 127.8, 127.9, 128.3, 128.4, 137.8, 137.9, 138.4, 197.7. 2

C35H42O7S (606.8): calcd. C 69.28, H 6.98; found C 69.07, H 6.97.

Cholesteryl 2-S-(19-Acetyl-29-hydroxypropenyl)-3,4,6-tri-O-benzyl-
2-thio-β-D-glucopyranoside (11): This compound was obtained ac-
cording to the general procedure; compound 1 (51 mg, 0.09 mmol)
and 10 (69.4 mg, 0.18 mmol), after 23 h in dry CH2Cl2, afforded
11 (16 mg, 20%) as a β anomer, together with unchanged starting
material (20 mg, 40%). 2 TLC (petroleum ether/EtOAc, 8:1): Rf 5

0.6. 2 Yellowish oil 1H NMR (CDCl3, 200 MHz): δ 5 0.85 (s, 6
H), 0.9022.40 (m, 38 H), 2.43 (s, 6 H), 2.89 (dd, J1,2 5 8.0, J2,3 5

10.0 Hz, 1 H, 2-H), 3.4123.69 (m, 6 H, 3-H, 4-H, 5-H, 6a-H, 6b-
H, 1-HChol), 4.4924.87 (m, 7 H, 1-H, 3 CH2), 5.3025.34 (m, 1 H),
7.1527.37 (m, 15 H,), 16.97 (s, 1 H, OH). 2 13C NMR (CDCl3,
50 MHz): δ 5 11.8, 18.7, 19.3, 21.0, 22.5, 22.8, 23.8, 24.3, 25.1,
28.0, 28.2, 29.4, 30.0, 31.8, 31.9, 35.7, 36.2, 36.8, 37.2, 37.7, 39.5,
39.7, 42.3, 50.2, 56.0, 56.1, 56.8 (C-2), 68.9 (C-6), 73.4 (C-3), 74.7,
74.8, 76.0, 77.3, 79.4 (C-4), 83.1 (C-5), 101.2 (C-1), 104.3, 122.1,
127.6, 127.7, 127.8, 127.9, 128.0, 128.4, 128.5, 137.9, 138.1, 138.2,
140.1, 196.7. 2 C59H80O7S (933.3): calcd. C 75.93, H 8.64; found
C 76.01, H 9.00.

Glucopyranoside Derivative 12: LiAlH4 (8.7 mg, 0.23 mmol) was ad-
ded to an ice-cooled solution of 1 (250 mg, 0.46 mmol) in dry THF
(2.5 mL). After 30 min, the reaction was complete; the mixture was
diluted with CH2Cl2 and washed at 0 °C with a saturated solution
of NH4Cl (3 3 10 mL). The organic phase was dried with anhyd-
rous Na2SO4, concentrated, and purified by column chromato-
graphy on silica gel (petroleum ether/AcOEt, 3:1), affording 12
(237 mg, 94%) as a mixture of two diastereoisomers. 2 TLC (petro-
leum ether/EtOAc, 3:1): Rf 5 0.6, 0.5. 2 Pale yellow oil. 2 1H
NMR (CDCl3, 200 MHz): δ 5 1.36 (d, J 5 6.6 Hz, 3 H), 1.55 (bd,
1 H, OH), 1.65 (bd, 1 H, OH), 1.99 (s, 3 H), 3.22 (dd, J2,3 5 10.0,
J1,2 5 3.0 Hz, 1 H, 2-H), 3.6723.84 (m, 4 H, 3-H, 4-H, 6a-H, 6b-
H), 3.99 (m, 1 H, 5-H), 4.5125.04 (m, 7 H), 5.53 (d, J1,2 5 3.0 Hz,1
H, 1-H), 7.1427.40 (m, 15 H). 2 13C NMR (CDCl3, 50 MHz): δ 5

17.5, 22.0, 41.9 (C-2), 72.4 (C-6), 73.4, 75.1, 76.1, 66.1, 68.1, 78.1,
78.5, 94.81 (C-1A), 94.82 (C-1B), 102.4, 127.6, 127.7, 127.8, 127.9,
128.3, 137.7, 137.8, 138.2, 144.1. 2 C32H36O6S (548.7): calcd. C
70.05, H 6.61; found C 69.93, H 6.65.

Glucopyranoside Derivative 13: Ac2O (51.5 µL, 0.55 mmol) and pyr-
idine (43 µL, 0.55 mmol) were added to a solution of 12 (149.5 mg,
0.27 mmol) in dry CH2Cl2 (2.0 mL), followed by a catalytic amount
of DMAP. After 15 h, the solution was filtered and the solvent
evaporated to afford the acetyl derivative 13 (160 mg, 97%) as a
mixture of diastereoisomers, which was used without any other
purification. 2 Pale yellow oil. 2 1H NMR (CDCl3, 200 MHz):
δ 5 1.40 (d, J 5 6.6 Hz, 3 H), 2.02 (s, 3 H), 2.07 (s, 3 H), 3.1523.24
(m, 1 H, 2-H), 3.6723.82 (m, 4 H, 3-H, 4-H, 6a-H, 6b-H), 3.95 (m,
1 H, 5-H), 4.4825.05 (m, 6 H), 5.53 (d, J1,2 5 3.0 Hz, 1 H, 1-H),
5.78 (bq, J 5 6.6 Hz, 1 H, 199-H), 7.1127.44 (m, 15 H).

General Procedure for the Synthesis of β-O-Glycosides 17220 (Pro-
cedure A): Compound 13 was dissolved in dry solvent (1 mL,
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0.1 mmol) under N2; acceptor (2.0 equiv.) and MeOTf were added.
After 5 min at room temperature, the reaction was quenched with
a few drops of pyridine. The crude product was purified by flash
chromatography on silica gel.

Isopropyl 2-S-(19-Acetyl-29-methylethenyl)-3,4,6-tri-O-benzyl-2-
thio-β-D-glucopyranoside (17): This compound was obtained ac-
cording to Procedure A; compounds 13 (48 mg, 0.08 mmol) and 7,
with MeOTf (0.4 equiv. in CH2Cl2; 0.2 equiv. in CH3NO2), afforded
17 (67% in CH2Cl2; 89% in CH3NO2) as a pale yellow oil. 2 TLC
(petroleum ether/EtOAc, 4:1): Rf 5 0.4. 2 [α]D25 5 254.8 (c 5 0.25,
CHCl3). 2 IR (neat): ν̃ 5 3030, 2972, 1677, 1570 cm21. 2 1H
NMR (CDCl3, 200 MHz): δ 5 1.13 (d, J 5 6.0 Hz, 3 H), 1.22 (d,
J 5 6.0 Hz, 3 H), 2.09 (d, J 5 7.0 Hz, 3 H), 2.38 (s, 3 H), 3.34 (dd,
J2,3 5 10.6, J1,2 5 8.4 Hz, 1 H, 2-H), 3.4223.77 (m, 5 H, 3-H, 4-
H, 5-H1 6a-H, 6b-H), 3.9224.05 (m, 1 H), 4.4124.92 (m, 7 H, 1-
H 1 3 CH2Ph), 6.90 (q, J 5 7.0 Hz, 1 H), 7.1627.48 (m, 15 H).
2 13C NMR (CDCl3, 50 MHz): δ 5 17.2, 21.7, 24.0, 27.6, 52.4 (C-
2), 69.0, 70.9, 73.4, 74.7 (C-4), 74.8 (C-6), 79.3 (C-3), 83.5 (C-5),
102.8 (C-1), 128.1, 128.2, 128.3, 128.4, 128.8, 128.9, 138.5, 138.7,
139.6, 142.0, 196.9. 2C35H42O6S (590.8): calcd. C 71.16, H 7.17;
found C 70.91, H 7.20.

Mirtenyl 2-S-(19-Acetyl-29-methylethenyl)-3,4,6-tri-O-benzyl-2-thio-
β-D-glucopyranoside (18): This compound was obtained according
to Procedure A; compounds 13 (96.5 mg, 0.16 mmol) and 14, with
MeOTf (0.6 equiv.) in dry CH3NO2, afforded 18 (67 mg, 61%) as
a pale yellow oil. 2 TLC (petroleum ether/EtOAc, 3:1): Rf 5 0.6.
2 [α]D25 5 244.4 (c 5 0.38, CHCl3). 2 1H NMR (CDCl3,
200 MHz): δ 5 0.82 (s, 3 H, CH3 mirt.), 0.91 (d, J 5 6.0 Hz, 1 H),
1.17 (d, J 5 8.0 Hz, 1 H), 1.25 (s, 3 H, CH3), 2.08 (d, J 5 6.8 Hz,
3 H), 2.2422.42 (m, 5 H), 3.28 (dd, J1,2 5 10.0, J2,3 5 8.0 Hz, 1
H, 2-H), 3.4123.70 (m, 5 H, 3-H, 4-H, 5-H, 6a-H, 6b-H), 3.8124.16
(AB part of an ABX system, JAB 5 12.0 Hz, JAX 5 JBX 5 2.0 Hz,
2 H), 4.37 (d, J1,2 5 10.0 Hz, 1 H, 1-H), 4.5024.89 (m, 6 H, 3
CH2Ph), 5.45 (m, 1 H), 6.94 (q, J 5 6.0 Hz, 1 H), 7.1327.44 (m,
15 H). 2 13C NMR (CDCl3, 50 MHz): δ 5 16.8, 21.1, 26.1, 27.0
(4 CH3), 31.2 [C-(CH3)2], 31.6, 37.9, 40.8, 43.3, 52.7 (C-2), 68.8
(CH2), 71.9, 73.4, 74.8 (C-4), 75.0 (C-6), 78.8 (C-3), 83.1 (C-5),
103.4 (C-1), 112.3 (Cq), 119.7, 127.5, 127.7, 127.9, 128.2, 128.3,
128.4, 138.0, 138.3, 142.8, 144.2 (Cq). 2 C42H50O6S (682.9): calcd.
C 73.87, H 7.38; found C 73.29, H 7.55.

6-[2-S-(19-Acetyl-29-methylethenyl)-3,4,6-tri-O-benzyl-2-thio-β-D-
glucopyranosyl]-1,2:3,4-di-O-isopropylidene-α-D-galactopyranoside
(19): This compound was obtained according to Procedure A; com-
pounds 13 (130 mg, 0.22 mmol) and 15, with MeOTf (0.2 equiv.)
in dry CH3NO2, afforded 19 as a pale yellow oil (β/α 5 12:1).
Column chromatography exclusively yielded 19 (70 mg, 40%) as the
β anomer. 2 TLC (petroleum ether/EtOAc, 4:1): Rf 5 0.4. 2 IR(-
neat): ν̃ 5 3033, 2935, 1680, 1598, 1452 cm21. 2 1H NMR (CDCl3,
200 MHz): δ 5 1.31 (s, 3 H, CH3), 1.34 (s, 3 H, CH3), 1.43 (s, 3
H, CH3), 1.45 (s, 3 H, CH3), 2.09 (d, J 5 6.0 Hz, 3 H), 2.37 (s, 3
H, CH3CO), 3.2524.91 (m, 18 H), 4.41 (d, J1,2 5 7.6 Hz, 1 H, 1-
H), 5.51 (d, J 5 4.8 Hz, 1 H), 7.02 (q, J 5 5.8 Hz, 1 H, 29-H),
7.1427.46 (m, 15 H). 2 13C NMR (CDCl3, 50 MHz): δ 5 16.9,
25.0, 26.0, 26.1, 27.1, 52.3 (C-2), 67.1, 68.7, 68.8, 70.4, 70.6, 71.4,
73.5, 74.80, 74.84, 78.5, 83.0, 96.2, 104.5 (C-1), 109.1 (2 Cq), 127.4,
127.5, 127.7, 127.8, 127.9, 128.3, 128.4, 137.7, 138.1, 138.4, 144.3,
196.9. C44H54O11S (791.0): calcd. C 66.81, H 6.88; found C 66.92,
H 6.83.

Methyl 6-O-[2-S-(19-Acetyl-29-methylethenyl)-3,4,6-tri-O-benzyl-2-
thio-β-D-glucopyranosyl]-2,3,4-tri-O-benzyl-β-D-glucopyranoside
(20): This compound was obtained according to Procedure A; com-
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pounds 13 (102 mg, 0.17 mmol) and 16, with MeOTf (0.4 equiv.)
in dry CH3NO2, afforded 20 (99 mg, 58%) as a white solid. 2 TLC
(petroleum ether/EtOAc, 4:1): Rf 5 0.2. 2 M.p. 982100 °C. 2

[α]D25 5 27.1 (c 5 0.3, CHCl3). 2 1H2NMR (CDCl3, 200 MHz):
δ 5 2.05 (d, J 5 8.0 Hz, 3 H), 2.27 (s, 3 H), 3.3023.75 (m, 14 H),
3.96 (m, 1 H), 4.33 (d, J 5 8.0 Hz, 1 H), 4.4424.97 (m, 13 H, 1-
H, 6 CH2), 6.80 (q, J 5 6.0 Hz, 1 H), 7.1127.37 (m, 30 H). 2 13C
NMR (CDCl3, 50 MHz): δ 5 16.7, 26.9, 52.1 (C-2), 57.2, 68.2,
68.7, 73.5, 74.6, 74.7, 74.9, 75.1, 74.8, 74.9, 78.2, 78.6, 82.1, 83.2,
84.6, 104.3, 104.4, 127.5, 127.6, 127.8, 127.9, 128.0, 128.1, 128.2,
128.4, 138.0, 138.1, 138.3, 138.5, 138.6, 138.9, 141.4, 196.7. 2

C60H66O11S (994.4): calcd. C 72.41, H 6.68; found C 72.42, H 6.90.

Glucopyranoside Derivative 22: Pyridine (46 µL, 0.60 mmol) was
slowly added to an ice-cooled solution of 12 (160 mg, 0.30 mmol)
in dry CH2Cl2 (2.0 mL), followed by dropwise addition of
TBDMSOTf (103 µL, 0.45 mmol). The reaction was complete after
10 min. After dilution with CH2Cl2 (10 mL), the mixture was
washed at 0 °C with a saturated solution of NH4Cl (2 3 8 mL)
and dried with anhydrous Na2SO4. Evaporation of the solvent and
column chromatography on silica gel (petroleum ether/EtOAc, 3:1)
afforded 22 (185 mg, 93%) as a mixture of two diastereoisomers
(A/B 5 1:3). 2 TLC (petroleum ether/EtOAc, 3:1): Rf 5 0.7. 2

Pale yellow oil. 2 1H NMR (CDCl3, 200 MHz): δ 5 0.0620.10
(m, 6 H), 0.8820.94 (m, 9 H), 1.39 (d, J 5 6.6 Hz, 3 H), 1.91 (s, 3
H, CH3COA), 1.99 (s, 3 H, CH3COB), 3.1623.30 (m, 1 H, 2-H),
3.6923.87 (m, 4 H, 3-H, 4-H, 6a-H, 6b-H), 4.0424.09 (m, 1 H, 5-
H), 4.5325.17 (m, 7 H), 5.45 (d, J1,2 5 2.6 Hz, 1 H, 1B-H), 5.52
(d, J1,2 5 2.6 Hz, 1 H, 1A-H), 7.1527.48 (m, 15 H). 2 13C NMR
(CDCl3, 50 MHz): δ 5 24.5 (CH3A), 24.8 (CH3A), 24.9 (CH3B),
25.0 (CH3B), 17.5, 18.0, 18.1 (tBuA), 18.2 (tBuB), 23.6, 24.0, 25.8,
41.7 (C-2B), 43.0 (C-2A), 67.5, 67.8, 68.2, 72.4 (C-3B), 72.5 (C-3A),
73.5, 75.2 (C-6), 78.4 (C-4A), 78.6 (C-4B), 78.9 (C-5B), 79.3 (C-5A),
94.6 (C-1), 104.6 (C-29B), 104.8 (C-29A), 127.6, 127.7, 127.8, 127.9,
128.0, 128.1, 128.3, 128.4, 137.8, 138.0, 138.3, 138.3, 140.0 (C-19B),
141.6 (C-19A). 2 C38H50O6SiS (662.9): calcd. C 68.84, H 7.60;
found C 68.82, H 7.62.

General Procedure for the Synthesis of β-O-Glycosides 18, 20, 25,
and 26 (Procedure B): Compound 22 was dissolved in dry CH2Cl2
(1 mL, 0.1 mmol) under N2; acceptor (2.0 equiv.) and TMSOTf
(CH2Cl2, 1 ) were added. After 5 min at room temperature, the
reaction was quenched with a few drops of pyridine. The crude
product was purified by flash chromatography on silica gel.

Compound 18: This compound was obtained according to Proced-
ure B; compounds 22 (84 mg, 0.13 mmol) and 14, in the presence
of TMSOTf (0.02 equiv.), afforded 18 (34 mg, 39%) as a pale yel-
low oil.

Compound 20: This compound was obtained according to Proced-
ure B; compounds 22 (34.5 mg, 0.05 mmol) and 16, in the presence
of TMSOTf (0.13 equiv.), afforded 20 (20 mg, 38%) as a yellow oil.

Menthyl 2-S-(19-Acetyl-29-methylethenyl)-3,4,6-tri-O-benzyl-2-thio-
β-D-glucopyranoside (25): This compound was obtained according
to Procedure B; compounds 22 (51.2 mg, 0.08 mmol) and 23, in the
presence of TMSOTf (0.017 equiv.), afforded 25 (36 mg, 68%) as a
pale yellow oil. 2 TLC (petroleum ether/EtOAc, 4:1): Rf 5 0.6. 2

[α]D25 5 165 (c 5 0.40, CHCl3) . 2 1H NMR (CDCl3, 200 MHz):
δ 5 0.72 (d, J 5 10.0 Hz, 3 H), 0.78 (d, J 5 6.0 Hz, 3 H), 0.85 (d,
J 5 8.0 Hz, 3 H), 0.9021.19 (m, 1 H), 1.2621.32 (m, 1 H),
1.4021.62 (m, 2 H), 2.02 (d, J 5 6.0 Hz, 3 H), 2.1422.28 (m, 1
H), 2.31 (s, 3 H), 3.3823.74 (m, 7 H, CH2, 2-H, 3-H, 4-H, 5-H, 1-
HMenth), 4.43 (d, J1,2 5 8.0 Hz, 1 H, 1-H), 4.4824.95 (m, 6 H, 3
CH2), 6.78 (q, J 5 8.0 Hz, 1 H), 7.1527.45 (m, 15 H). 2 13C NMR
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(CDCl3, 50 MHz): δ 5 15.8, 16.5, 20.9, 22.34, 25.05, 27.1, 31.3,
34.5, 39.5, 48.0, 51.3, 69.3 (C-6), 73.7, 74.0, 74.7, 74.8, 75.9, 78.5,
83.0, 100.5 (C-1), 127.4, 127.6, 127.7, 127.8, 128.3, 128.4, 136.1,
138.3, 138.5, 139.7, 139.8, 196.3. 2 C42H54O6S (686.9): C 73.43, H
7.92; found C 73.70, H 8.09.

Fluorenyl 2-S-(19-Acetyl-29-methylethenyl)-3,4,6-tri-O-benzyl-2-
thio-β-D-glucopyranoside (26): This compound was obtained ac-
cording to Procedure B; compounds 22 (225 mg, 0.34 mmol) and
24, in the presence of TMSOTf (0.12 equiv.) afforded 26 (125 mg,
52%) as a pale yellow oil. 2 [α]D25 5 122 (c 5 0.35, CHCl3). 2 1H
NMR (CDCl3, 200 MHz): δ 5 1.71 (S, 3 H, CH3CO), 1.72 (d, J 5

8.0 Hz, 3 H), 3.5123.82 (m, 6 H, 2-H, 3-H, 4-H, 5-H, 6a-H, 6b-H),
4.5224.89 (m, 7 H, 1-H, 3 CH2Ph), 5.73 (s, 1 H, 1-HFluor), 6.37 (q,
J 5 8.0 Hz, 29-H), 7.1727.71 (m, 23 H). 2 13C NMR (CDCl3,
50 MHz): δ 516.2 (CH3), 26.0 (CH3), 51.1 (C-2), 69.0, 73.6, 74.3,
74.8, 75.0, 78.4, 78.9, 82.8, 103.2 (C-1), 119.4, 119.8, 126.3, 126.9,
127.1, 127.5, 127.6, 127.7, 127.8, 127.9, 128.2, 128.4, 128.9, 129.0,
138.2, 138.3, 138.4, 140.3, 140.8, 141.0, 143.3, 196.4. 2 C45H44O6S
(712.9): C 75.82, H 6.22; found C 75.70, H 6.29.

Galactopyranoside Derivative 27: LiAlH4 (4.0 mg, 0.11 mmol) was
added to an ice-cooled solution of 2 (120 mg, 0.22 mmol) in dry
THF (2.0 mL). After 30 min, the reaction was complete; the mix-
ture was diluted with CH2Cl2 and washed at 0 °C with a saturated
solution of NH4Cl (3 3 10 mL). The organic phase was dried with
anhydrous Na2SO4, and removal of the solvent under reduced pres-
sure afforded the corresponding allyl alcohol (98%) as a mixture of
two diastereoisomers. The crude product was used without further
purification. 2 TLC (petroleum ether/EtOAc, 3:1): Rf 5 0.49, 0.45.
2 1H NMR (CDCl3, 200 MHz): δ 5 1.34 (d, J 5 6.6 Hz, 3 H,
CH3CHA), 1.38 (d, J 5 6.6 Hz, 3 H, CH3CHB), 1.85 (s, 3 H,
CH3COA), 1.95 (s, 3 H, CH3COB), 3.5323.79 (m, 6 H), 4.00 (m, 1
H), 4.153 (bq, J 5 6.2 Hz, 1 H, CH3CH), 4.4024.96 (m, 6 H), 5.55
(d, J 5 2.6 Hz, 1 H, 1-H), 7.2627.41 (m, 15 H). 2 Pyridine (35
µL, 0.44 mmol) was slowly added to an ice-cooled solution of the
crude alcohol (121 mg, 0.22 mmol) in dry CH2Cl2 (2.0 mL), fol-
lowed by dropwise addition of TBDMSOTf (76 µL, 0.33 mmol).
Reaction was complete after 10 min. After dilution with CH2Cl2
(10 mL), the mixture was washed at 0 °C with a saturated solution
of NH4Cl (2 3 8 mL), and dried with anhydrous Na2SO4. Evapora-
tion of the solvent and column chromatography on silica gel (petro-
leum ether/EtOAc, 3:1) afforded 27 (131 mg, 90%) as a mixture of
two diastereoisomers (A/B 5 1:1.6) 2 TLC (petroleum ether/
EtOAc, 3:1): Rf 5 0.8. 2 Pale yellow oil. 2 1H NMR (CDCl3,
200 MHz): δ 5 0.03 (s, 3 H, CH3A), 0.06 (s, 3 H, CH3A), 0.08 (s, 3
H, CH3B), 0.10 (s, 3 H, CH3B), 0.95 (s, 9 H, tBuA), 0.98 (s,9 H,
tBuB), 1.2621.36 (m, 3 H, CH3CH), 1.86 (s, 3 H, CH3COA), 1.94
(s, 3 H, CH3COB), 3.5623.71 (m, 3 H), 3.9023.96 (m, 1 H),
4.1624.24 (m, 1 H, 5-H), 4.3824.95 (m, 8 H, 1-H, 19-H, 3 CH2Ph),
5.43 (d, J1,2 5 1.8 Hz, 1 H, 1B-H), 5.52 (d, J1,2 5 2.5 Hz, 1 H, 1B-
H), 7.2727.44 (m, 15 H). 2 13C NMR (CDCl3, 50 MHz): δ 5

25.1, 24.9, 24.7, 17.8, 18.0, 23.6, 23.9, 25.6, 25.7, 37.9 (C-2A),
39.4 (C-2B), 67.6, 67.7, 68.5, 71.0, 71.2, 73.3, 73.6, 73.7, 74.7, 75.6,
76.5, 95.0 (C-1B), 95.1 (C-1A), 105.0 (C-29A), 105.5 (C-29B), 127.5,
127.6, 127.7, 127.8, 128.1, 128.2, 128.3, 137.7, 138.0, 138.1, 138.3,
138.4, 139.4, 141.1. 2 C38H50O6SSi (662.9): C 68.84, H 7.60; found
C 68.90, H 7.79.

Menthyl 2-S-(19-Acetyl-29-methylethenyl)-3,4,6-tri-O-benzyl-2-thio-
β-D-galactopyranoside (28): This compound was obtained accord-
ing to Procedure B; compounds 27 (75 mg, 0.11 mmol) and men-
thol 23, in the presence of TMSOTf (0.12 equiv.), afforded 28 (30
mg, 40%) as a pale yellow oil. 2 TLC (petroleum ether/EtOAc,
7:1): Rf 5 0.6. 2 [α]D25 5 254.5 (c 5 0.34, CHCl3). 2 1H NMR
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(CDCl3, 200 MHz): δ 5 0.69 (d, J 5 6.6 Hz, 3 H), 0.83 (d, J 5

6.8 Hz, 3 H), 0.89 (d, J 5 6.2 Hz, 3 H), 0.9521.26 (m, 2 H),
1.5621.65 (m, 2 H), 2.02 (d, J 5 6.8 Hz, 3 H), 2.1722.23 (m, 1
H), 2.30 (s, 3 H), 3.3323.83 (m, 7 H, CH2, 2-H, 3-H, 4-H, 5-H,
199-H), 4.35 (d, J1,2 5 8.6 Hz, 1 H, 1-H), 4.3524.90 (m, 6 H), 6.77
(q, J 5 7.0 Hz, 1 H), 7.2527.40 (m, 15 H, Ph) δ. 2 13C NMR
(CDCl3, 50 MHz): δ 5 15.6, 16.5, 20.9, 22.3, 23.1, 24.7, 27.0, 31.4,
34.4, 39.6, 47.8, 49.1 (C-2), 69.2 (C-6), 72.3, 72.4, 73.3, 73.5, 74.3,
76.2, 81.7, 100.6 (C-1), 126.9, 127.1, 127.3, 127.4, 127.6, 127.8,
128.1, 128.3, 128.4, 137.9, 138.0, 138.8, 139.6, 139.9, 196.7 δ. 2

C42H54O6S (686.9): C 73.43, H 7.92; found C 73.30, H 7.99.

General Procedure for Raney Nickel Reductive Desulfurization:
Commercially available Raney nickel[33] (0.6 mL) was added to an
ice-cooled solution of 2-thioglycopyranoside (0.08 mmol) in THF
(1.0 mL). The mixture was stirred at 0 °C for 10 min and the ice
bath was then removed. After complete disappearance of starting
material (TLC monitoring), the mixture was filtered through Celite.
Evaporation of the solvent and column chromatography on silica
gel afforded the desired compounds.

Isopropyl 3,4,6-Tri-O-benzyl-2-deoxy-β-D-glucopyranoside (29):
This compound was obtained according to the general procedure;
compound 17 (31 mg, 0.05 mmol) afforded compound 29 (17 mg,
67%) as a yellow oil. 2 TLC (petroleum ether/EtOAc, 3:1): Rf 5

0.7. 2 1H NMR (CDCl3, 200 MHz): δ 5 1.16 (d, J 5 6.2 Hz, 3
H), 1.27 (d, J 5 6.2 Hz, 3 H), 1.6421.75 (m, 1 H, 2ax-H),
2.1822.36 (ddd, J 5 1.8, J 5 4.6, J 5 12.4 Hz, 1 H, 2eq-H),
3.4223.53 (m, 2 H, 3-H, 4-H), 3.6223.81 (m, 3 H, 5-H, 6a-H, 6b-
H), 3.9624.08 (m, 1 H, CH iPr), 4.5024.94 (m, 7 H, 1-H, 3
CH2Ph), 7.2127.36 (m, 15 H). 2 13C NMR (CDCl3, 50 MHz): δ 5

21.8 (CH3), 23.5(CH3), 37.2 (C-2), 69.5 (C-6), 70.7 (C-19), 71.3 (C-
4), 73.4, 74.9, 75.1, 78.2 (C-3), 79.6 (C-5), 97.8 (C-1), 127.5, 127.7,
127.7, 128.0, 128.3, 128.4, 138.4. 2 C30H36O5 (476.6): C 75.60, H
7.61; found C 75.53, H 7.77.

Mirtenyl 3,4,6-Tri-O-benzyl-2-deoxy-β-D-glucopyranoside (30): This
compound was obtained according to the general procedure; com-
pound 18 (28 mg, 0.04 mmol) afforded 30 (16 mg, 69%) as a color-
less oil. 2 TLC (petroleum ether/EtOAc, 8:1): Rf 5 0.6. 2 [α]D25 5

238.8 (c 5 0.38, CHCl3). 2 1H NMR (CDCl3, 200 MHz): δ 5

0.80 (s, 3 H), 1.19 (d, J 5 12.0 Hz, 1 H), 1.28 (s, 3 H), 1.6321.75
(m, 1 H, 2ax-H), 2.1022.44 (m, 6 H, 2eq-H, 5 H mirt), 3.3623.81
(m, 5 H, 3-H, 4-H, 5-H, CH2), 3.9024.24 (AB part of an ABX
system, JAB 5 12.8 Hz, JAX 5 1.8 Hz, JBX 5 1.4 Hz), 4.4324.93
(m, 7 H, 1-H, 3 CH2Ph), 5.50 (m, 1 H), 7.1827.39 (m, 15 H). 2
13C NMR (CDCl3, 50 MHz): δ 5 21.1 (CH3), 26.2 (CH3), 31.2
(CH2), 31.5 (CH2), 36.6 (C-2), 40.8 (CH), 43.4 (CH), 69.4, 71.3,
73.4, 75.2, 76.4 (CH), 78.2 (CH), 79.5 (CH), 98.6 (C-1), 120.0,
127.5, 127.7, 127.8, 128.0, 128.4, 138.5, 144.6 (Cq). 2 C36H42O5

(554.7): C 77.95, H 7.63; found C 77.90, H 7.59.

6-(3,4,6-Tri-O-benzyl-2-deoxy-β-D-glucopyranosyl)-1,2:3,4-di-O-
isopropylidene-α-D-glucopyranoside (31): This compound was ob-
tained according to the general procedure; compound 19 (48 mg,
0.06 mmol) afforded 31 (21 mg, 51%) as colorless oil. 2 TLC (pet-
roleum ether/EtOAc, 4:1): Rf 5 0.4. 2 1H NMR (CDCl3,
200 MHz): δ 5 1.32 (s, 3 H, CH3), 1.33 (s, 3 H, CH3), 1.44 (s, 3
H, CH3), 1.54 (s, 3 H, CH3), 1.68 (m, 1 H, 2ax-H), 2.46 (m, 1 H,
2eq-H), 3.3723.74 (m, 6 H, 4-H, 59-H, 6a-H, 6b-H, 6a9-H, 6b9-H),
3.9824.32 (m, 4 H, 3-H, 5-H, 29-H, 49-H), 4.4824.92 (m, 8 H, 1-
H, 39-H, 3 CH2Ph), 5.55 (d, J19,29 5 5.0 Hz, 1 H, 19-H), 7.1427.32
(m, 15 H). 2 13C NMR (CDCl3, 50 MHz): δ 5 24.4, 25.0, 26.00,
26.04, 36.5 (C-2), 67.7, 68.8, 69.2, 70.4, 70.7, 71.2, 71.5, 73.5 (C-
5), 74.9 (C-29), 75.1 (C-59), 78.0 (C-39), 79.4 (C-49), 96.4 (C-19),
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100.4 (C-1), 108.7 (Cq), 109.4, 127.6, 127.7, 127.8, 127.9, 128.1,
128.3, 128.4, 138.3, 138.5. 2 C39H48O10 (676.8): C 69.21, H 7.15;
found C 69.03, H 6.90.

Methyl 2,3,4-Tri-O-benzyl-6-O-(3,4,6-tri-O-benzyl-2-deoxy-β-D-glu-
copyranosyl)-β-D-glucopyranoside (32): This compound was ob-
tained according to the general procedure; compound 20 (43 mg,
0.04 mmol) afforded 32 (21 mg, 56%) as a yellow oil. 2 TLC (pet-
roleum ether/EtOAc, 3:1): Rf 5 0.7. 2 M.p. 96298 °C. 2 [α]D25 5

260.2 (c 5 0.83, CHCl3). 2 1H NMR (CDCl3, 200 MHz): δ 5

1.6421.75 (m, 1 H, H-2ax), 2.2222.30 (m, 1 H, 2eq-H), 3.3723.73
(m, 13 H, 3-H, 4-H, 5-H, 29-H, 39-H, 4-H9, 6a-H, 6b-H, 6a9-H, 6b9-
H, OCH3), 4.1524.20 (m, 1 H, 59-H), 4.30 (d, J19,29 5 7.8 Hz, 19-
H), 4.39 (bd, J 5 8.0 Hz, 1 H, 1-H), 4.5024.97 (m, 12 H, 6
CH2Ph), 7.2027.34 (m, 30 H). 2 13C NMR (CDCl3, 50 MHz): δ 5

36.5 (C-2), 57.0 (OCH3), 68.4, 69.2, 74.5, 74.7, 74.8, 74.9, 75.2,
75.7, 71.4, 73.4, 78.0, 78.1, 79.2, 82.2, 84.6, 100.4 (C-1), 104.6 (C-
19), 127.5, 127.7, 127.8, 127.9, 128.0, 128.1, 128.3, 128.4, 138.1,
138.3, 138.4, 138.5. 2 C55H60O10 (881.1): C 74.98, H 6.86; found
C 74.58, H 6.94.

Menthyl 3,4,6-Tri-O-benzyl-2-deoxy-β-D-glucopyranoside (33): This
compound was obtained according to the general procedure; com-
pound 25 (54 mg, 0.08 mmol), after 30 min, afforded 33 (29 mg,
65%) as a pale yellow oil. 2 TLC (petroleum ether/EtOAc, 6:1):
Rf 5 0.7. 2 [α]D25 5 243.2 (c 5 0.30, CHCl3). 2 1H NMR (CDCl3,
200 MHz): δ 5 0.7121.16 (m, 13 H), 1.2021.32 (m, 1 H),
1.5821.74 (m, 3 H, 2ax-H, 2 Hment.), 1.9722.03 (m, 1 H), 2.2422.35
(m, 2 H, 2eq-H, 1 Hment.), 3.3423.73 (m, 6 H, 6a-H, 6b-H, 3-H 1

4-H, 5-H,19-H), 4.5224.94 (m, 7 H, 1-H, 3 CH2Ph), 7.2627.33 (m,
15 H). 2 13C NMR (CDCl3, 50 MHz): δ 5 21.0 (CH3), 22.3 (CH3),
25.1 (CH3), 29.6(CH2), 31.4 (CH), 34.3 (CH2), 37.2 (CH2), 40.6 (C-
2), 47.8 (CH), 69.7 (C-6), 71.1, 73.6, 75.0, 75.1, 76.2, 78.2, 79.7,
96.3 (C-1), 127.5, 127.6, 127.7, 128.0, 128.1, 128.3, 128.4, 138.5. 2

C37H48O5 (572.8): C 77.59, H 8.45; found C 77.30, H 8.56.

Fluorenyl 3,4,6-Tri-O-benzyl-2-deoxy-β-D-glucopyranoside (34):
This compound was obtained according to the general procedure;
compound 26 (125 mg, 0.18 mmol) afforded 34 (66 mg, 67%) as a
yellow oil. 2 TLC (petroleum ether/EtOAc, 4:1): Rf 5 0.6 2 [α]D25 5

18.6 (c 5 0.18, CHCl3). 2 1H NMR (CDCl3, 200 MHz): δ 5

1.7621.89 (m, 1 H, 2ax-H), 2.3822.47 (ddd, J 5 1.4, J 5 4.4, J 5

12.2 Hz, 1 H, 2eq-H), 3.4623.79 (m, 5 H, 3-H, 4-H, 5-H, 6-H),
4.5624.96 (m, 7 H, 1-H 1 3 CH2Ph), 5.76 (s, 1 H, 19-H), 7.1827.85
(m, 23 H). 2 13C NMR (CDCl3, 50 MHz): δ 5 37.2 (C-2), 69.6
(C-6), 71.4, 73.6, 75.0, 75.3 (C-19), 78.1, 79.6, 80.6, 99.5 (C-1),
119.7, 120.0, 125.9, 126.7, 127.4, 127.7, 127.8, 127.9, 128.0, 128.5,
129.0, 129.1, 138.4, 138.5, 140.5, 140.8, 143.2, 143.6. 2 C40H38O5

(598.7): C 80.24, H 6.40; found C 80.38, H 6.29.
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