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Attempted Synthesis of Type-A Inositolphosphoglycan Mediators – Synthesis
of a Pseudohexasaccharide Precursor
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A block synthesis approach to the inositol-containing
pseudohexasaccharide 1 is presented. The myo-inositol
building block 6 has been prepared using a key regioselec-
tive acylation through a boron–tin exchange reaction and the
2-azido-2-deoxy glycosyl donors 15 and 17 have been syn-
thesized from D-glucosamine using a diazo transfer reaction.
The anomeric position of the mono- and disaccharide build-
ing blocks has been temporarily protected as phenyl thiogly-
coside and this function was then converted into the different

Introduction

The mechanism of signal transduction associated with in-
sulin action remains poorly understood, two main hypo-
theses having been advanced that may account for the ex-
isting experimental data: the phosphorylation cascade hy-
pothesis and the second messenger hypothesis. The second
messenger hypothesis[1–5] proposes the generation of par-
tially characterized mediators, which have been called inosi-
tolphosphoglycans (IPGs), after receptor-mediated enzym-
atic cleavage of some uncharacterized membrane glycolip-
ids, which may most likely be structurally related to glycosyl
phosphatidylinositols (GPIs). The precise chemical struc-
tures of either the IPG mediators or the GPI precursors are
presently unknown, but there is evidence for the existence
of at least two families of compounds, with different chem-
ical composition and biological activity, which have been
called type A and type P.[6,7] IPGs of type A seem to be
composed of myo-inositol, non-acetylated -glucosamine,
-galactose, and phosphate[6] and IPGs of type P have been
proposed to contain chiro-inositol, non-acetylated -galac-
tosamine, -mannose, and phosphate.[7] Type A IPGs in-
hibit c-AMP-dependent protein kinase and mimic the lipo-
genic activity of insulin in adipocytes, while IPGs of type P
activate pyruvate dehydrogenase phosphatase and mimic
the glycogenic activity of insulin in muscle.[6–9]

The determination of the structures of these compounds
is seriously hampered by the scarcity of biologically active
material that can be isolated from mammalian tissues. From
a large amount of bovine liver, we obtained[10] a partially
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leaving groups to perform the glycosylation reactions. Both
trichloroacetimidates and fluorides have been used as glyco-
syl donors for the construction of the different glycosidic link-
ages. The protected pseudohexasaccharides 44, 48–50,
which are precursors of pseudohexasaccharide 1, have been
efficiently prepared and fully characterized. Pseudohexasac-
charide 1 contains the fundamental structural features which
have been proposed for type A inositolphosphoglycans,
which may be involved in the insulin-signaling process.

purified glycolipid fraction which, after treatment with bac-
terial phosphatidylinositol-specific phospholipase C, gave a
water-soluble fraction that inhibited c-AMP dependent pro-
tein kinase. This type A IPG active material could be par-
tially sequenced and the results indicated that this family of
substances contained myo-inositol, nonacetylated -glucos-
amine, an undetermined hexose, either -mannose or -gal-
actose, and a terminal N-acetyl--glucosamine residue. In
addition, up to four α--galactopyranosyl units and up to
four phosphate groups seemed to be present in this biolo-
gically active material.[10]

These incomplete data leave a considerable uncertainty
regarding the precise chemical structure of the family of
type A IPGs. Taking into account the immunological evid-
ence that antibody probes, generated against the glycan
chain of GPI anchors (2), cross react with IPGs from rat
liver and block some of the effects of insulin,[11,12] struc-
tures such as 1, having the above-mentioned structural mo-
tifs and showing a reasonable structural overlap with the
conserved linear glycan chain of the GPI anchors (2), could
be proposed as a working hypothesis for this family of com-
pounds.

Aiming to contribute to disclose the molecular basis of
this new IPG-based receptor-mediated pathway of in-
tracellular signal transduction we are involved in a variety
of synthetic, structural and biological studies.[13–17] A num-
ber of simple substructures have been synthesized, their
shapes and spectroscopic properties have been studied and
some aspects of their potential biological activity have been
investigated. To follow up on these studies, we now report
a synthetic strategy for the preparation of structures related
to 1. This strategy has permitted the effective synthesis of
the protected pseudohexasaccharides 44, 48–50 to be car-
ried out. In spite of the fully compatible substitution pat-
tern of compound 50, the key final phosphorylation step
failed and this synthetic route was abandoned, as a more
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efficient general strategy for the synthesis of these com-
pounds was being developed in the laboratory.

Results and Discussion

The synthesis of compound 1 was envisaged according to
the retrosynthetic analysis depicted in Scheme 1 from myo-
inositol (unit a), -glucosamine (units b and d), -mannose
(unit c), and -galactose (units e and f). The anomeric posi-
tion of the disaccharide and monosaccharide building
blocks III and IV, and VI, VII, VIII, and IX has been tem-
porarily protected as a phenyl thioglycoside throughout the
synthetic route, owing to the stability and the additional
versatility of this functional group, which can be easily con-

Scheme 1

Eur. J. Org. Chem. 2000, 1547215621548

verted into different leaving groups, to perform the success-
ive glycosylation reactions.[18–23] The desired stereochem-
istry of the glycosidic linkages causes the protecting groups
at positions 2c, 2e, and 2f to be permanently nonparticipat-
ing, the NX in unit b also to be nonparticipating and the
NY in unit d to be participating. The temporary protecting
groups at 1a and 6f were chosen so as to permit orthogonal
deprotection with respect to all permanent protecting
groups in I, while those at 3c and 6c in block VII were
mutually orthogonal and allowed deprotection without af-
fecting the remaining groups at positions 1 and 4. Accord-
ing to these general lines, the preparation of building blocks
II, III and IV have been carried out as follows.

Building block II has been prepared from myo-inositol
and -glucosamine. myo-Inositol chemistry has received a
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great deal of attention in recent years, particularly with re-
gard to the preparation of regioselectively substituted and
enantiomerically pure derivatives.[24] We have prepared the
myo-inositol building block 6 as indicated in Scheme 2 fol-
lowing a procedure previously reported by us[25,26] that is
based on the well-established regioselective enhancement of
the nucleophilicity of hydroxyl groups as tributyltin ethers
or as dibutyltin acetals,[27] but overcoming the insolubility
problem of myo-inositol in most organic solvents by using a
boron–tin exchange reaction.[28–30] Compound 6 was most

Scheme 2

Scheme 3
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conveniently prepared when the cyclohexylidenation[31,32]

reaction was performed using 1-ethoxycyclohexene in cyclo-
hexanone under thermodynamic control conditions. These
conditions provided 7 as a minor product.

The 1,2-cis glycosylation of 6 was most conveniently car-
ried out using a 2-azido-2-deoxy--glucopyranosyl trichlo-
roacetimidate as glycosyl donor. 2-Azido-2-deoxy-glycosyl
donors are currently employed in oligosaccharide synthesis
but most of the methods used for the preparation of the 2-
azido-2-deoxy building blocks involve low diasteroselectiv-
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ity and a large number of steps.[33–36] We have reported the
one-pot synthesis of peracetylated 2-azido-2-deoxy sugars
from commercially available 2-amino-2-deoxy sugar hydro-
chlorides through a diazo transfer reaction from trifluoro-
methanesulfonyl azide,[37] and this method has now been
used for the preparation of the glycosyl donors 15 and 17
as shown in Scheme 3. Thus, -glucosamine hydrochloride
was converted[37] into the tetra-O-acetylated 2-azido-2-de-
oxy derivative 8 and further into thioglycoside 9,[38] which

Scheme 4

Scheme 5
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was then transformed using well-established chem-
istry[18,23,39–43] into the trichloroacetimidates 15 and 17 via
the intermediates 10–14, and 10, 11 and 16, respectively
(Scheme 3).

Glycosylation of 6 with 17 in the presence of trimethylsi-
lyl triflate in diethyl ether[23] afforded 18 as a 10:1 α/β mix-
ture in 95% yield (Scheme 4). The reductive opening of the
benzylidene acetal[41] in this mixture, however, resulted in
partial hydrolysis of the cyclohexylidene acetals and trichloro-
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acetimidate 15 was therefore preferred for the preparation
of building block II. Thus, condensation of 15 with 6 under
the above conditions gave 19 as a 9:1 α/βmixture in 73%
yield. Treatment of 19 with tetrabutylammonium fluor-
ide[44] finally afforded 20 in 83% yield.

Scheme 6

Scheme 7
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For the synthesis of building block III (Scheme 1), com-
pound 29 (Scheme 5) was synthesized to provide the man-
nose unit (unit c). Thioglycoside 29 was prepared from the
readily available 1,6-anhydro-β--mannopyranose (21)[36] as
indicated in Scheme 5. After several attempts under differ-
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Scheme 8

ent experimental conditions, the glycosylation of 29 was
most conveniently performed with fluoride 30 according to
the methodology reported by Suzuki[45,46] to give, with ex-
cellent yield and selectivity, the disaccharide 31, which was
further transformed[18,19,23] into trichloroacetimidate 33
via 32.

Block IV was prepared from β--galactopyranose pentaa-
cetate (34) (Scheme 6) that gave both glycosyl acceptor
35[38,45] and glycosyl donor 38 via 36 and 37. The glycosyl-
ation reaction of 35 and 38 afforded disaccharide 39 as a 6:1
α/β mixture in 86% yield, which was transformed[18,19,23]

into trichloroacetimidate 41 via 40.
Condensation of 33 with 20 gave tetrasaccharide 42 in

81% yield (Scheme 7). Careful experimental control of the
desilylation reaction of 42 resulted in the glycosyl acceptor
43 in good yield. The glycosylation of 43 with excess trichlo-
roacetimidate 41, in order to assure the completion of the
glycosylation reaction, gave the hexasaccharide 44 as a 6.5:1
α/β mixture in 83% yield. From the reaction mixture, tetra-
saccharide 45, disaccharide 46 and 1,6-anhydro derivative 47
were also isolated. Compound 45 was most likely formed by
reaction of 43 with the promoter and compound 46 by reac-
tion of the glycosyloxocarbonium ion generated from 41
with trichloroacetimidate.[23] The 1,6-anhydro-β--galacto-
pyranose derivative 47 may be formed by intramolecular nu-
cleophilic attack of the interglycosidic oxygen of 41 on the
glycosylcarbonium ion intermediate.[50] Having thus pre-
pared the desired, fully protected pseudohexasaccharide
backbone (44), the subsequent deprotection and final phos-
phorylation steps were undertaken. In order to avoid the
possibility of carbamate formation when removing the
phthalimido group in 44 using alkyl amines at high temper-
ature, which may complicate the deprotection sequence, re-
moval of the carbonate group at position 1 of the myo-inosi-
tol unit was first performed by treatment with excess lithium
hydroxide. This caused simultaneous removal of the acetyl
group at position 6 of the terminal galactopyranosyl unit
and partial opening of the phthalimido group. The reaction
mixture was therefore subsequently treated with acetic an-
hydride–triethylamine to give the fully protected derivative
48 in 78% yield (Scheme 8). Removal of the phthalimido
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group was then attempted under different reaction condi-
tions and finally achieved with excess ethylenediamine in n-
butyl alcohol at high temperature,[48,49] resulting in 49, after
N-acetylation, in 93% yield. O-Deacetylation of 49 gave diol
50 in 91% yield. After a careful study of experimental condi-
tions using model compounds, the phosphorylation of 50
was attempted by treatment with dibenzyl N,N-diisopropyl
phosphoramidate–tetrazole in acetonitrile, followed by ox-
idation with tert-butyl hydroperoxide.[51] Unfortunately, the
purification and characterization of the final product proved
not to be feasible in our hands. Other approaches to these
kinds of substances were in progress in our laboratory and
this synthetic route was finally abandoned.

Conclusion

A block synthesis approach to pseudohexasaccharide 44
containing the fundamental units suggested by previous
structural work for type A IPGs from bovine liver[10] has
been developed from building blocks 20, 33, and 41. Build-
ing block 20 has been prepared using an efficient approach
involving known methodologies[25,26,37] which allow for the
preparation of multigram amounts of optically active myo-
inositol derivative 6 and of 2-azido-2-deoxy trichloroaceti-
midate 15 in few steps. Building block 33 has been synthe-
sized by glycosylation of 29, prepared from 1,6-anhydro-β-
-mannopyranose, with fluoride 30.[45,46] Finally, block 41
has been prepared from β--galactopyranose pentaacetate
34 through trichloroacetimidate glycosyl donor 38 and thio-
glycoside glycosyl acceptor 35. Condensation of 33 with
20 to give 42, and of 41 with 43 to give the pseudohexasac-
caride 44 took place with good yield and selectivity using
the trichloroacetimidate glycosylation method.[23] In spite
of the compatibility of protecting groups in compound 44,
the final isolation of pseudohexasaccharide 1 failed after
attempted phosphorylation of diol 50 using the phos-
phoramidite procedure. This failure illustrates an important
but rarely discussed aspect of complex oligosaccharide syn-
thesis: the need to develop methods for the effective manip-
ulation, purification and isolation of small amounts of
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highly elaborated synthetic oligosaccharide structures that
may be utilized routinely in the synthetic laboratory.

Experimental Section

General Remarks: TLC was performed on precoated plates (Merck
aluminium sheets silica 60 F254, Art. no. 5554); detection was ef-
fected by observation under UV light (254 nm), then visualised us-
ing sulfuric acid or phosphomolybdic acid in EtOH followed by
heating. – Column chromatography was conducted with Silica Gel
60 (0.023–0.040 mm, E. Merck), using a flash procedure. – Melting
points were determined using a Reicher Jung Thermovar apparatus
and are uncorrected. – Specific rotations were measured on a Per-
kin–Elmer model 241 polarimeter. – NMR spectra were recorded
on Bruker AMX-200, Avance DRX-500, Varian Gemini-200, XL-
300 or Unity 500 spectrometers. Chemical shifts are reported in
ppm relative to the residual signal of the solvent used. – Microana-
lysis was carried out by the Analysis Department of the Instituto
de Quı́mica Orgánica General (CSIC) on a Heraus CHNO-Rapid
apparatus.

2,3:4,5-Di-O-cyclohexylidene-1-O-(–)-menthoxycarbonyl-1-D-myo-
inositol (6) and 2,3:5,6-Di-O-cyclohexylidene-1-O-(–)-menthoxycar-
bonyl-1-D-myo-inositol (7): To a solution of 1-O-(–) menthoxycar-
bonyl-myo-inositol[26] (4) (100 mg, 0.276 mmol) and dried pTsOH
(5.7 mg, 0.03 mmol) in cyclohexanone (2 mL) at room temperature
was added 1-ethoxycyclohexene (350 mL, 2.76 mmol). The reaction
mixture was stirred for 3 h 30 min, quenched with Et3N and evap-
orated. Silica gel column chromatography (hexane/EtOAc, 5:1) af-
forded 6 (73 mg, 50%) and 7 (41 mg, 28%). Compound 6: White
solid. Rf (hexane/EtOAc, 4:1) 5 0.26. Mp: 83–85 °C. [α]D 5 –50.4
(c 5 1.0, CHCl3). – 1H NMR (CDCl3, 200 MHz) δ: 0.76 (d, 3 H,
CH3 Mnt), 0.88 (d, 3 H, CH3 Mnt), 0.92 (d, 3 H, CH3 Mnt), 1.00–
1.13 (m, 1 H, Mnt), 1.37–1.76 (m, 22 H, 16 H cyclohex, 6 H Mnt),
1.92–2.00 (m, 1 H, Mnt), 2.07–2.11 (m, 1 H, Mnt), 2.70 (d, 1 H,
JOH,6 5 3.5 Hz, 1 H, OH), 3.44 (dd, J5,4 5 10.5 Hz, J5,6 5 9.0 Hz,
1 H, H5), 3.85 (dd, J4,5 5 10.5 Hz, J4,3 5 7.9 Hz, 1 H, H4), 4.10–
4.14 (m, 1 H, H6), 4.33 (dd, J3,2 5 6.2 Hz, J3,4 5 7.9 Hz, 1 H, H3),
4.54 (dt, 1 H, Ment), 4.60 (dd, J2,1 5 4.5 Hz, J2,3 5 6.1 Hz, 1 H,
H2), 4.79 (t, J1,2 5 J1,6 5 4.6 Hz, 1 H, H1). – 13C NMR (CDCl3,
50 MHz) δ: 16.6, 21.2, 22.4, 23.7, 24.0, 24.1, 24.3, 25.4, 25.5, 26.5,
31.9, 32.1, 34.5, 35.0, 36.9, 37.0, 37.2, 41.1, 47.4, 72.5, 73.7, 76.6,
78.3, 79.1, 79.6, 111.6, 113.3, 154.3. – Compound 7: Colorless oil. –
Rf: 0.14 (hexane/EtOAc, 4:1). – 1H NMR (CDCl3, 200 MHz): δ
0.77 (d, 3 H, CH3 Mnt), 0.88 (d, 3 H, CH3 Ment), 0.91 (d, 3 H,
CH3 Mnt), 1.00–1.15 (m, 1 H, Mnt), 1.37–1.69 (m, 26 H, 20 H
cyclohexylidene, 6 H Mnt), 1.93–2.09 (m, 2 H, Mnt), 2.95 (br. s, 1
H, OH), 3.40 (t, J5,4 5 J5,6 5 10.1 Hz, 1 H, H5), 3.88 (dd broad,
J4,5 5 10.6 Hz, J4,3 5 6.5 Hz, 1 H, H4), 4.01–4.13 (m, 2 H, H6,
H3), 4.58 (dt, 1 H, Mnt), 4.70 (t, J2,1 5 J2,3 5 4.7 Hz, 1 H, H2),
4.89 (dd, J1,2 5 4.4 Hz, J1,6 5 10.5 Hz, 1 H, H1). – 13C NMR
(CDCl3, 50 MHz): δ 16.8 (–), 21.1 (–), 22.4 (–), 23.9 (1), 24.0 (1),
24.4 (1), 25.4 (1), 26.7 (–), 31.9 (–), 34.5 (1), 35.2 (1), 36.8 (1),
36.9 (1), 38.2 (1), 41.2 (1), 47.6 (–), 74.5 (–), 74.6 (–), 74.7 (–),
75.3 (–), 78.4 (–), 79.3 (–), 81.8 (–), 111.4 (o), 114.0 (o), 154.5 (o).

Phenyl 3,4,6-Tri-O-acetyl-2-azido-2-deoxy-1-thio-D-glucopyranoside
(9): To a solution of 1,3,4,6-tetra-O-acetyl-2-azido-2-deoxy--gluc-
opyranose[37] (2.10 g, 5.63 mmol) in CH2Cl2 (45 mL) at room tem-
perature was added thiophenol (1.15 mL, 11.25 mmol) and boron
trifluoride–diethyl ether (3.12 mL, 25.31 mmol). The reaction mix-
ture was stirred for 8 days, diluted with CH2Cl2, washed with NaCl,
and dried with Na2SO4. Silica gel column chromatography (hexane/
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EtOAc, 3:1) afforded 9 (1.58 g, 66%), as a 3:1 α/β mixture, and
recovered 8 (0.53 g, 25%). – Rf (hexane/EtOAc, 3:1) 5 0.27. – 1H
NMR for 9α, taken from the spectra of the α/β mixture, (200 MHz,
CDCl3) δ: 1.96 (s, 3 H, CH3CO), 1.99 (s, 3 H, CH3CO), 2.04 (s, 3
H, CH3CO), 3.96 (dd, J6a,6b 5 12.4 Hz, J6a,5 5 2.2 Hz, 1 H, H6a),
4.02 (dd, J2,3 5 10.6 Hz, J2,1 5 5.7 Hz, 1 H, H2), 4.23 (dd, J6b,6a 5

12.4 Hz, J6b,5 5 5.1 Hz, 1 H, H6b), 4.53 (ddd, J5,4 5 10.2 Hz,
J5,6b 5 5.1 Hz, J5,6a 5 2.2 Hz, 1 H, H5), 4.96 (t, J4,3 5 J4,5 5

10.1 Hz, 1 H, H4), 5.27 (dd, J3,2 5 10.4 Hz, J3,4 5 9.8 Hz, 1 H,
H3), 5.58 (d, J1,2 5 5.7 Hz, 1 H, H1), 7.20–7.45 (m, 5 H, ArH). – 1H
NMR for 9β, taken from the spectra of the α/β mixture, (200 MHz,
CDCl3) δ: 1.94 (s, 3 H, CH3CO), 1.97 (s, 3 H, CH3CO), 2.02 (s, 3
H, CH3CO), 3.34 (t, J2,3 5 J2,1 5 10.1 Hz, 1 H, H2), 3.63 (ddd,
J5,4 5 9.8 Hz, J5,6b 5 4.9 Hz, J5,6a 5 2.6 Hz, 1 H, H5), 3.92–4.21
(m, 2 H, H6a, H6b), 4.42 (d, J1,2 5 10.1 Hz, 1 H, H1), 4.86 (t, J4,3 5

J4,5 5 9.7 Hz, 1 H, H4), 5.01 (t, J3,2 5 J3,4 5 9.7 Hz, 1 H, H3),
7.20–7.45 (m, 5 H, ArH).

Phenyl 2-Azido-4,6-O-benzylidene-2-deoxy-1-thio-D-glucopyrano-
side (10): To a solution of 9 (3.00 g, 7.09 mmol) in MeOH (110 mL)
at room temperature was added sodium methoxide in MeOH (0.3,
5 mL). After 20 min, the solution was neutralized with Amberlite
IR-120, filtered and evaporated. The crude mixture of phenyl 2-
azido-2-deoxy-1-thio--glucopyranosides obtained was dissolved in
CH3CN (30 mL). Benzaldehyde dimethyl acetal (5.32 mL,
35.45 mmol) and p-toluensulfonic acid (67.4 mg, 0.35 mmol) were
added and the reaction mixture was stirred for 2 h at room temp.,
quenched with Et3N and evaporated. Silica gel column chromato-
graphy (hexane/EtOAc, 6:1) afforded 10α (1.85 g) and 10β (0.80 g,
7:3 ratio, 97% total yield). – Data for 10α: white solid. – Rf (hexane/
EtOAc, 3:1) 5 0.34. Mp: 127–128 °C. [α]D 5 1226.9 (c 5 1.09,
CHCl3). – 1H NMR (200 MHz, CDCl3) δ: 2.90 (d, JOH,3 5 2.0 Hz,
1 H, OH), 3.58 (t, J4,3 5 J4,5 5 9.3 Hz, 1 H, H4), 3.76 (t, J6a,5 5

J6a,6b 5 10.2 Hz, 1 H, H6a), 3.92 (dd, J2,3 5 9.8 Hz, J2,1 5 5.4 Hz,
1 H, H2), 4.07 (dt, J3,4 5 J3,2 5 9.6 Hz, J3,OH5 2.0 Hz, 1 H, H3),
4.24 (dd, J6b,6a 5 10.2 Hz, J6b,5 5 4.9 Hz, 1 H, H6b), 4.41 (dt, J5,4 5

J5,6a 5 10.2 Hz, J5,6b 5 4.9 Hz, 1 H, H5), 5.57 (s, 1 H, H7), 5.58
(d, J1,2 5 5.4 Hz, 1 H, H1), 7.30–7.56 (m, 10 H, ArH). – 13C NMR
(50 MHz, CDCl3) δ: 63.46, 63.91, 68.51, 70.72, 81.68, 87.81,
102.18, 126.19, 126.29, 128.01, 128.40, 129.18, 129.42, 132.47,
133.05, 136.80. – C19H19N3O4S: calcd. C 59.21, H 4.97, N 10.90, S
8.32; found C 59.13, H 5.08, N 10.71, S 8.13. – Data for 10β: white
solid. – Rf (hexane/EtOAc, 3:1) 5 0.36. – Mp: 152–154 °C. –
[α]D 5 –65.8 (c 5 0.96, CHCl3). – 1H NMR (200 MHz, CDCl3) δ:
2.88 (d, JOH,3 5 2.1 Hz, 1 H, OH), 3.35 (dd, J2,1 5 10.2, J2,3 5

9.0 Hz, 1 H, H2), 3.41–3.52 (m, 2 H, H4, H5), 3.73 (dt, J3,2 5 J3,4 5

8.9 Hz, J3,OH5 2.1 Hz, 1 H, H3), 3.77 (t, J6a,6b 5 J6a,5 5 10.2 Hz,
1 H, H6a), 4.38 (dd, J6b,6a 5 10.2 Hz, J6b,5 5 4.4 Hz, 1 H, H6b),
4.52 (d, J1,2 5 10.2 Hz, 1 H, H1), 5.53 (s, 1 H, H7), 7.35–7.61 (m,
10 H, ArH). – 13C NMR (50 MHz, CDCl3) δ: 65.20, 68.41, 70.27,
74.11, 80.22, 86.83, 101.94, 126.24, 128.38, 128.67, 129.12, 129.41,
130.88, 133.67, 136.74. – C19H19N3O4S: calcd. C 59.21, H 4.97, N
10.90, S 8.32; found C 59.09, H 4.65, N 10.81.

Phenyl 2-Azido-3-O-benzyl-4,6-O-benzylidene-2-deoxy-1-thio-D-glu-
copyranoside (11): To a solution of 10β (546 mg, 1.42 mmol) in
DMF (9 mL) at room temperature was added sodium hydride
(43 mg, 1.70 mmol) and then benzyl bromide (0.21 mL,
2.84 mmol). The reaction mixture was stirred for 40 min, quenched
with a saturated aqueous solution of NaHCO3, and dried with
Na2SO4. Silica gel column chromatography (hexane/EtOAc) af-
forded 11β in 98% yield. Following the same procedure, 11α was
synthesized using 10α as starting material in 95% yield. Data for
11β: white solid. – Rf (hexane/EtOAc, 3:1) 5 0.58. – Mp: 106–108
°C. [α]D 5 –121.0 (c 5 0.93, CHCl3). – 1H NMR (200 MHz,
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CDCl3) δ: 3.38 (dd, J2,1 5 10.2, J2,3 5 9.1 Hz, 1 H, H2), 3.45 (m,
1 H, H5), 3.60–3.69 (m, 2 H, H3, H4), 3.81 (t, J6a,6b 5 J6a,5 5

10.2 Hz, 1 H, H6a), 4.41 (dd, J6b,6a 5 10.2 Hz, J6b,5 5 4.9 Hz, 1 H,
H6b), 4.51 (d, J1,2 5 10.2 Hz, 1 H, H1), 4.87 (dd, 2 H, CH2Ph),
5.59 (s, 1 H, H7), 7.31–7.61 (m, 15 H, ArH). – 13C NMR (50 MHz,
CDCl3) δ: 64.75, 68.50, 70.50, 75.19, 80.97, 81.31, 86.67, 101.29,
125.97, 128.00, 128.30, 128.42, 128.72, 129.11, 133.92, 137.09,
137.58. – C26H25N3O4S: calcd. C 65.67, H 5.30, N 8.84, S 6.74;
found C 65.91 H, 5.21, N 8.52, S 6.58. Data for 11α: white solid. –
Rf (hexane/EtOAc, 3:1) 5 0.54. – Mp: 145–147 °C. [α]D 5 1125.6
(c 5 0.74, CHCl3). – 1H NMR (200 MHz, CDCl3) δ: 3.73–3.83 (m,
1 H, H4), 3.78 (t, J6a,6b 5 J6a,5 5 10.3 Hz, 1 H, H6a), 3.92–4.04 (m,
2 H, H2, H3), 4.24 (dd, J6b,6a 5 10.3 Hz, J6b,5 5 5.0 Hz, 1 H, H6b),
4.44 (dt, J5,4 5 J5,6a 5 10.3 Hz, J5,6b 5 5.0 Hz, 1 H, H5), 4.92 (dd,
2 H, CH2Ph), 5.58 (m, 1 H, H1), 5.62 (s, 1 H, H7), 7.30–7.53 (m,
15 H, ArH). – 13C NMR (50 MHz, CDCl3) δ: 63.61, 63.84, 68.60,
75.18, 77.82, 82.74, 87.90, 101.51, 126.01, 127.95, 128.23, 128.30,
128.42, 129.09, 129.17, 132.47, 133.01, 137.12, 137.67. –
C26H25N3O4S: calcd. C 65.67, H 5.30, N 8.84, S 6.74; found C
65.50, H 5.12, N 8.68, S 6.42.

Phenyl 2-Azido-3,6-di-O-benzyl-2-deoxy-1-thio-D-glucopyranoside
(12): A solution of 11β (447 mg, 0.94 mmol) in THF (9.4 mL) con-
taining 3Å molecular sieves was stirred for 30 min at room temper-
ature. After this, sodium cyanoborohydride (1.201 g, 18.16 mmol)
was added. A saturated solution of hydrogen chloride in diethyl
ether was then added dropwise until the evolution of gas had
ceased (pH , 7) and TLC analysis showed conversion of all the
starting material. The mixture was neutralized with a saturated
aqueous solution of NaHCO3, diluted with CH2Cl2, filtered
through celite, washed with water, and dried with Na2SO4. Silica
gel column chromatography (hexane/EtOAc, 3:1) afforded 12β
(430 mg, 96%) as a colorless oil. Following the same procedure, 12α
was synthesized using 11α as starting material in 87% yield. Data
for 12β: Rf (hexane/EtOAc, 3:1) 5 0.28. – [α]D 5 –64.2 (c 5 1.10,
CHCl3). – 1H NMR (200 MHz, CDCl3) δ: 2.70 (d, JOH,4 5 2.4 Hz,
1 H, OH), 3.27–3.41 [m (ABX), 2 H, H2, H3], 3.47 (m, 1 H, H5),
3.65 (dt, J4,3 5 J4,5 5 8.5 Hz, J4,OH 5 2.4 Hz, 1 H, H4), 3.75 (dd,
J6a,6b 5 10.4 Hz, J6a,5 5 4.3 Hz, 1 H, H6a), 3.81 (dd, J6b,6a 5

10.4 Hz, J6b,5 5 4.9 Hz, 1 H, H6b), 4.45 [m (ABX), J1,2 5 9.9 Hz,
1 H, H1], 4.59 (dd, 2 H, CH2Ph), 4.87 (dd, 2 H, CH2Ph), 7.28–7.61
(m, 15 H, ArH). – 13C NMR (50 MHz, CDCl3) δ: 64.55, 70.27,
71.88, 73.72, 75.42, 78.05, 84.60, 86.23, 127.66, 127.82, 128.08,
128.17, 128.33, 128.45, 128.59, 128.96, 131.29, 133.48, 137.71,
137.86. – C26H27N3O4S: calcd. C 65.39, H 5.70, N 8.80, S 6.71;
found C 65.61, H 5.35, N 8.58, S 6.35. – Data for 12α: Rf (hexane/
EtOAc, 3:1) 5 0.31. – [α]D 5 1124.9 (c 5 1.34, CHCl3). – 1H
NMR (200 MHz, CDCl3) δ: 2.51 (d, JOH,4 5 2.7 Hz, 1 H, OH),
3.62–3.75 (m, 3 H, H3, H6a, H6b), 3.77 (dt, J4,3 5 J4,5 5 8.0 Hz,
J4,OH 5 2.7 Hz, 1 H, H4), 3.92 (dd, J2,3 5 10.0 Hz, J2,1 5 5.4 Hz,
1 H, H2), 4.35 (m, 1 H, H5), 4.56 (dd, 2 H, CH2Ph), 4.91 (dd, 2 H,
CH2Ph), 5.58 (d, J2,1 5 5.4 Hz, 1 H, H1), 7.25–7.54 (m, 15 H,
ArH). – 13C NMR (50 MHz, CDCl3) δ: 63.59, 69.72, 71.05, 72.36,
73.63, 75.39, 81.32, 87.28, 127.68, 127.80, 128.11, 128.17, 128.43,
128.65, 129.05, 132.16, 133.43, 137.71, 137.95. – C26H27N3O4S:
calcd. C 65.39, H 5.70, N 8.80, S 6.71; found C 65.74, H 6.05, N
8.81, S 6.60.
Phenyl 2-Azido-3,6-di-O-benzyl-4-O-(tert-butyldimethylsilyl)-2-de-
oxy-1-thio-D-glucopyranoside (13): A solution of 12β (345 mg,
0.72 mmol) and collidine (287 µL, 2.17 mmol) in CH2Cl2 (1 mL)
was cooled at 0 °C. tert-Butyldimethylsilyl triflate (249 µL,
1.08 mmol) was added dropwise during 2 h. The mixture was
stirred for 10 min and quenched with water/ice, diluted and ex-
tracted with CH2Cl2, washed with brine, and dried with Na2SO4.
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Silica gel column chromatography afforded 13β (405 mg, 95%) as
a colorless oil. 13α was synthesized similarly using 12α as starting
material in 98% yield. Data for 13β: Rf (hexane/EtOAc, 5:1) 5

0.69. – [α]D 5 –0.2 (c 5 0.65, CHCl3). – 1H NMR (200 MHz,
CDCl3) δ: 0.01 (s, 3 H, CH3), 0.03 (s, 3 H, CH3), 0.88 (s, 9 H, tBu),
3.24–3.40 [m (ABX), 2 H, H2, H3], 3.45 (m, 1 H, H5), 3.57–3.68
(m, 1 H, H4), 3.64 (dd, J6a,6b 5 10.7 Hz, J6a,5 5 5.4 Hz, 1 H, H6a),
3.78 (dd, J6b,6a 5 10.7 Hz, J6b,5 5 2.1 Hz, 1 H, H6b), 4.50 [m
(ABX), J1,2 5 9.7 Hz, 1 H, H1], 4.59 (dd, 2 H, CH2Ph), 4.84 (dd,
2 H, CH2Ph), 7.20–7.66 (m, 15 H, ArH). – 13C NMR (50 MHz,
CDCl3) δ: –4.74, –3.78, 17.98, 25.91, 65.74, 69.12, 70.55, 73.37,
75.57, 80.70, 85.48, 86.49, 127.51, 127.59, 128.11, 128.33, 128.97,
131.71, 133.71, 137.98, 138.37. – C32H41N3O4SSi: calcd. C 64.94,
H 6.98, N 7.10, S 5.42; found C 65.45, H 7.00, N 6.96, S 5.32. –
Data for 13α: Rf (hexane/EtOAc, 5:1) 5 0.62. [α]D 5 1160.0 (c 5

1.38, CHCl3). – 1H NMR (200 MHz, CDCl3) δ: 0.02 (s, 3 H, CH3),
0.05 (s, 3 H, CH3), 0.90 (s, 9 H, tBu), 3.58 (dd, J3,2 5 10.1 Hz,
J3,4 5 8.4 Hz, 1 H, H3), 3.71 (bd, J 5 3.8 Hz, 2 H, H6a, H6b), 3.74
(Ψt, J4,3 5 8.4 Hz, J4,5 5 9.4 Hz, 1 H, H4), 3.95 (dd, J2,3 5 10.1 Hz,
J2,1 5 5.4 Hz, 1 H, H2), 4.37 (dt, J5,4 5 9.4 Hz, J5,6a 5 J5,6b 5

3.8 Hz, 1 H, H5), 4.55 (dd, 2 H, CH2Ph), 4.87 (dd, 2 H, CH2Ph),
5.63 (d, J1,2 5 5.4 Hz, 1 H, H1), 7.21–7.61 (m, 15 H, ArH). – 13C
NMR (50 MHz, CDCl3) δ: –4.75, –3.71, 18.03, 25.94, 64.78, 68.91,
71.29, 73.13, 73.17, 75.20, 81.84, 87.41, 127.30, 127.47, 127.70,
128.27, 129.01, 132.44, 133.62, 138.06, 138.15. – C32H41N3O4SSi:
calcd. C 64.94, H 6.98, N 7.10, S 5.42; found C 65.26, H 6.77, N
7.20, S 5.50.

2-Azido-3,6-di-O-benzyl-4-O-(tert-butyldimethylsilyl)-2-deoxy-D-
glucopyranose (14): A solution of 13β (331 mg, 0.56 mmol) in acet-
one (12 mL) was cooled to –15 °C in darkness and NBS (129 mg,
0.73 mmol) was added. After 45 min, the reaction mixture was
quenched with a saturated aqueous solution of NaHCO3, diluted
and extracted with EtOAc, washed with brine, and dried with
Na2SO4. Silica gel column chromatography (hexane/EtOAc, 7:1)
afforded 14 (279 mg), as a 11:1 α/β mixture of anomers (quantitat-
ive yield). The same procedure was used for 13α to afford 14 in
91% yield. – Rf (hexane/EtOAc, 6:1) 5 0.15. – M.p.: 76–78 °C. –
1H NMR for 14α (200 MHz, CDCl3) δ: –0.04 (s, 3 H, CH3), –0.03
(s, 3 H, CH3), 0.84 (s, 9 H, tBu), 3.35 (dd, J2,3 5 10.1 Hz, J2,1 5

3.5 Hz, 1 H, H2), 3.49 (dd, J6a,6b 5 10.1 Hz, J6a,5 5 6.9 Hz, 1 H,
H6a), 3.54 (dd, J4,3 5 8.5 Hz, J4,5 5 9.7 Hz, 1 H, H4), 3.69 (dd,
J6b,6a 5 10.1 Hz, J6b,5 5 2.1 Hz, 1 H, H6b), 3.81 (dd, J3,2 5 10.1 Hz,
J3,4 5 8.5 Hz, 1 H, H3), 4.04–4.14 (m, 1 H, H5), 4.59 (dd, 2 H,
CH2Ph), 4.84 (dd, 2 H, CH2Ph), 5.37 (bd, J 5 3.2 Hz, 1 H, H1),
7.28–7.41 (m, 10 H, ArH). – 13C NMR (50 MHz, CDCl3) δ: –
4.81, –4.74, –3.75, 17.93, 25.85, 64.45, 67.78, 69.25, 71.16, 71.65,
71.83, 73.34, 73.47, 74.99, 76.07, 77.18, 80.11, 83.10, 92.05, 96.30,
127.38, 127.44, 127.66, 127.77, 127.91, 128.22, 128.42, 137.71,
138.15. – C26H37N3O5Si: calcd. C 62.50, H 7.46, N 8.41; found C
62.80, H 7.08, N 8.15.

2-Azido-3,6-di-O-benzyl-4-O-(tert-butyldimethylsilyl)-2-deoxy-D-
glucopyranosyl Trichloracetimidate (15): To a solution of 14
(241 mg, 0.48 mmol) in CH2Cl2 (2.5 mL) at room temperature,
were added trichloroacetonitrile (484 µL, 4.83 mmol) and flame-
dried potassium carbonate (67 mg, 0.48 mmol). After 1 h 45 min,
the reaction mixture was diluted with CH2Cl2, filtered through cel-
ite and evaporated at reduced pressure. Silica gel column chromato-
graphy (hexane/EtOAc, 10:1) afforded 15α (198 mg) and 15β
(85 mg, 7:3 ratio, 91% total yield). Data for 15β: Rf (hexane/EtOAc,
6:1) 5 0.43. – [α]D 5 128.5 (c 5 2.10, CHCl3). – 1H NMR
(200 MHz, CDCl3) δ: 0.07 (s, 3 H, CH3), 0.09 (s, 3 H, CH3), 0.87
(s, 9 H, tBu), 3.35 (dd, J 5 9.6 Hz, J 5 8.4 Hz, 1 H, H4), 3.54–
3.83 (m, 4 H, H3, H5, H6a, H6b), 3.69 (dd, J2,3 5 10.6 Hz, J2,1 5
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8.3 Hz, 1 H, H2), 4.59 (dd, 2 H, CH2Ph), 4.86 (dd, 2 H, CH2Ph),
5.71 (d, J1,2 5 8.3 Hz, 1 H, H1), 7.28–7.40 (m, 10 H, ArH), 8.80
(s, 1 H, NH). – 13C NMR (50 MHz, CDCl3) δ: –4.82, –3.83, 18.00,
25.92, 66.13, 68.27, 70.28, 73.23, 75.07, 77.64, 83.42, 96.95, 127.36,
127.47, 127.54, 128.30, 138.15, 138.34, 161.01. Data for 15α: Rf
(hexane/EtOAc, 6:1) 5 0.38. – [α]D 5 194.7 (c 5 1.38, CHCl3). –
1H NMR (200 MHz, CDCl3) δ: 0.06 (s, 3 H, CH3), 0.08 (s, 3 H,
CH3), 0.90 (s, 9 H, tBu), 3.65–3.95 (m, 6 H, H2, H3, H4, H5, H6a,
H6b), 4.57 (dd, 2 H, CH2Ph), 4.89 (dd, 2 H, CH2Ph), 6.50 (d, J1,2 5

3.4 Hz, 1 H, H1), 7.32–7.41 (m, 10 H, ArH), 8.75 (s, 1 H, NH). –
13C NMR (50 MHz, CDCl3) δ: –4.83, –3.76, 18.00, 25.94, 63.68,
68.24, 70.48, 73.26, 74.90, 75.07, 80.38, 94.98, 127.34, 127.48,
128.22, 128.26, 137.90, 138.12, 160.81. – C28H37Cl3N4O5Si: calcd.
C 52.22, H 5.79, N 8.70; found C 52.51, H 5.45, N 8.48.

2-Azido-3-O-benzyl-4,6-O-benzylidene-2-deoxy-D-glucopyranose
(16): To a solution of 11α (80 mg, 0.168 mmol) in acetone (1.7 mL),
cooled at –15 °C in the dark was added NBS (51.5 mg,
0.289 mmol). After stirring for 1 h 15 min, the reaction mixture was
quenched with a saturated aqueous solution of NaHCO3, diluted
and extracted with EtOAc, washed with brine, and dried with
Na2SO4. Silica gel column chromatography (hexane/EtOAc, 2:1),
afforded 16 (62 mg, 96%) as a white solid, mixture of α/β (1:1)
isomers. Rf (hexane/EtOAc, 2:1) 5 0.41. – M.p.: 115–117 °C. – 1H
NMR (CDCl3, 200 MHz) δ: 3.08 (bd, JOH,1 5 3.0 Hz, 1 H, OH),
3.31 (dd, J2,1 5 7.7 Hz, J2,3 5 8.8 Hz, 1 H, H2α), 3.30–3.37 (m, 1
H, H5α), 3.39 (dd, J2,1 5 3.7 Hz, J2,3 5 10.0 Hz, 1 H, H2α), 3.51 (t,
J4,3 5 J4,5 5 9.2 Hz, 1 H, H4α), 3.60–3.73 (m, 4 H, H3β, H6β, 23

H6α), 3.98–4.07 (m, 2 H, H6α), 4.20 (dd, J6,5 5 4.9 Hz, J6,6’ 5

10.3 Hz, 1 H, H6), 4.24 (dd, J6,5 5 5.0 Hz, J6,6’ 5 10.5 Hz, 1 H,
H6), 4.50 (bdd, J1,OH 5 3.1 Hz, J1,2 5 7.8 Hz, 1 H, H1b), 4.78 (dd,
2 H, CH2Phβ), 4.80 (dd, 2 H, CH2Phα), 5.16 (bt, J1,2 5 J1,OH 5

3.1 Hz, 1 H, H1α), 5.49 (s, 1 H, H7β), 5.51 (s, 1 H, H7α), 7.16–7.44
(m, 10 H, ArH). – 13C NMR (CDCl3, 50 MHz) δ: 62.7, 63.5, 66.3,
67.2, 68.4, 68.9, 74.9, 75.1, 76.2, 79.0, 81.4, 82.7, 92.7 (C-1α), 96.4
(C-1β), 101.3 (C-7), 101.4 (C-7), 125.9, 126.0, 127.9, 128.2, 128.3,
128.4, 129.1, 137.0, 137.1, 137.7.

2-Azido-3-O-benzyl-4,6-O-benzylidene-2-deoxy-D-glucopyranosyl
Trichloracetimidate (17): To a solution of 16 (177 mg, 0.46 mmol)
in CH2Cl2 (2.5 mL) at room temperature, were added trichloroace-
tonitrile (463 µL, 4.62 mmol) and activated potassium carbonate
(64 mg, 0.46 mmol). After 1 h 30 min, the reaction mixture was di-
luted with CH2Cl2, filtered through celite and evaporated. Silica
gel column chromatography (hexane/EtOAc, 3:1) afforded 17β
(99 mg) and 17α and 17β (125 mg, 1:5 mixture, respectively), (92%
total yield, 1:10 α/β mixture). Data for 17β: Rf (hexane/EtOAc,
4:1) 5 0.45. – [α]D 5 –59.9 (c 5 0.99, CHCl3). – 1H NMR
(200 MHz, CDCl3) δ: 3.56–3.89 (m, 5 H, H2, H3, H4, H5, H6’), 4.41
(dd, J6,5 5 4.8 Hz, J6,6 5 10.5 Hz, 1 H, H6), 4.90 (dd, 2 H, CH2Ph),
5.60 (s, 1 H, H7), 5.70–5.74 (m, 1 H, H1), 7.30–7.52 (m, 10 H,
ArH), 8.77 (s, 1 H, NH). – 13C NMR (CDCl3, 50 MHz) δ: 65.5,
66.9, 68.3, 74.9, 79.0, 81.1, 96.7 (C-1), 101.4 (C-7), 125.9, 127.9,
128.1, 128.2, 128.3, 129.1, 136.9, 137.6, 160.8. Data for 17α: Rf
(hexane/EtOAc, 4:1) 5 0.36. – 1H NMR (200 MHz, CDCl3) δ:
3.60–3.88 (m, 3 H), 4.00–4.12 (m, 1 H, H5), 4.19 (t, J 5 9.5 Hz, 1
H), 4.35 (dd, J6,5 5 4.7 Hz, J6,6’ 5 10.2 Hz, 1 H, H6), 4.94 (dd, 2
H, CH2Ph), 5.63 (s, 1 H, H7), 6.38 (d, J1,2 5 3.7 Hz, 1 H, H1),
7.31–7.51 (m, 10 H, ArH), 8.75 (s, 1 H, NH).

6-O-[2-Azido-3-O-benzyl-4,6-O-benzylidene-2-deoxy-α-D-gluco-
pyranosyl]-2,3:4,5-di-O-cyclohexyliden-1-O-menthoxycarbonyl-1-D-
myo-inositol (18α): A mixture of 17β (56 mg, 0.11 mmol), 6 (23 mg,
0.04 mmol), and powdered 4Å molecular sieves in diethyl ether
(1.1 mL) was stirred for 45 min at room temperature. At this time,
a solution of trimethylsilyl triflate in diethyl ether (0.108 , 76 µL,
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0.008 mmol)) was added dropwise. The reaction mixture was stirred
for 15 min, quenched with triethylamine, diluted with CH2Cl2, fil-
tered through celite, and evaporated in vacuo. Silica gel column
chromatography (hexane/EtOAc, 12:1) afforded 18 (37 mg, 95%) as
a 10:1 α/β mixture of anomers. Data for 18α: Rf (hexane/EtOAc,
6:1) 5 0.38. – 1H NMR (500 MHz, CDCl3) δ: 0.77 (d, 3 H,
CH3Mnt), 0.88 (d, 3 H, CH3Mnt), 0.92 (d, 3 H, CH3Mnt), 1.04–
1.12 (m, 2 H, Mnt), 1.27–1.74 (m, 25 H, cyclohex, Mnt), 1.90–2.02
(m, 1 H, Mnt), 2.10–2.18 (m, 1 H, Mnt), 3.41 (dd, J2b,3b 5 9.8 Hz,
J2b,1b 5 3.9 Hz, 1 H, H2b), 3.57 (dd, J5a,4a 5 10.7 Hz, J5a,6a 5

8.8 Hz, 1 H, H5a), 3.72 (Ψt, J4b,3b 5 9.3 Hz, J4b,5b 5 9.8 Hz, 1 H,
H4b), 3.74 (t, J6b,6b’ 5 J6b,5b 5 10.0 Hz, 1 H, H6b), 3.99 (dd, J4a,5a 5

10.7 Hz, J4a,3a 5 7.8 Hz, 1 H, H4a), 4.05 (dd, J6a,5a 5 8.8 Hz,
J6a,1a 5 2.9 Hz, 1 H, H6a), 4.07 (Ψt, J3b,4b 5 9.3 Hz, J3b,2b 5

9.8 Hz, 1 H, H3b), 4.14 (dt, J5b,6b’ 5 4.9 Hz, J5b,6b 5 10.2 Hz,
J5b,4b 5 9.8 Hz, 1 H, H5b), 4.31 (dd, J6b’,6b 5 10.0 Hz, J6b’,5b 5

5.1 Hz, 1 H, H6b’), 4.39 (t, J3a,2a 5 J3a,4a 5 7.3 Hz, 1 H, H3a), 4.50–
4.55 (m, 1 H, Mnt), 4.56 (dd, J2a,3a 5 6.9 Hz, J2a,1a 5 4.1 Hz, 1 H,
H2a), 4.86 (dd, 2 H, CH2Ph), 4.95 (Ψt, J1a,2a 5 3.9 Hz, J1a,6a 5

2.9 Hz, 1 H, H1a), 5.27 (d, J1b,2b 5 3.9 Hz, 1 H, H1b), 5.57 (s, 1 H,
H7b), 7.25–7.35 (m, 10 H, ArH). – 13C NMR (CDCl3, 50 MHz) δ:
16.1, 20.7, 21.9, 23.2, 23.5, 23.7, 23.8, 24.9, 25.0, 26.0, 31.4, 34.0,
34.6, 36.2, 36.4, 36.6, 40.6, 47.0, 62.7, 62.8, 68.8, 73.1, 74.9, 76.2,
76.3, 76.4, 76.7, 79.0, 82.6, 97.5 (C-1b), 101.4 (C-7b), 112.1 (Cipso

cyclohex), 113.3 (Cipso cyclohex), 125.9, 126.0, 127.8, 128.0, 128.2,
128.3, 128.4, 137.3, 137.9, 154.2.

6-O-[2-Azido-3,6-di-O-benzyl-4-O-(tert-butyldimethylsilyl)-2-deoxy-
α-D-glucopyranosyl]-2,3:4,5-di-O-cyclohexylidene-1-O-menthoxy-
carbonyl-1-D-myo-inositol (19α): A mixture of 15β (180 mg,
0.28 mmol), 6 (73 mg, 0.14 mmol), and powdered 4Å molecular
sieves in diethyl ether (3 mL) was stirred for 45 min at room tem-
perature. At this time, a solution of trimethylsilyl triflate in diethyl
ether (0.108 , 194 µL, 0.02 mmol) was added dropwise over
45 min. The reaction mixture was stirred for 15 min, quenched with
triethylamine, diluted with CH2Cl2, filtered through celite, and
evaporated in vacuo. Silica gel column chromatography (hexane/
EtOAc) afforded 19 (102 mg, 73%) as a 9:1 α/β mixture of anomers.
Data for 19α. Rf (hexane/EtOAc, 3:1) 5 0.76. – M.p.: 72–74 °C.
[α]D 5 147.2 (c 5 1.36, CHCl3). – 1H NMR (500 MHz, CDCl3)
δ: –0.03 (s, 3 H, CH3Si), 0.02 (s, 3 H, CH3Si), 0.76 (d, 3 H, Mnt),
0.86 (s, 9 H, tBu), 0.87 (d, 3 H, CH3Mnt), 0.92 (d, 3 H, CH3Mnt),
1.00–1.10 (m, 2 H, Mnt), 1.20–1.70 (m, 25 H, cyclohex., Mnt),
1.90–1.97 (m, 1 H, Mnt), 2.07–2.13 (m, 1 H, Mnt), 3.32 (dd,
J2b,3b 5 9.8 Hz, J2b,1b 5 3.4 Hz, 1 H, H2b), 3.59 (dd, J5a,4a 5

10.7 Hz, J5a,6a 5 8.8 Hz, 1 H, H5a), 3.64 (dd, J6b,6b’ 5 10.9 Hz,
J6b,5b 5 1.9 Hz, 1 H, H6b), 3.72 (dd, J6b’,6b 5 10.9 Hz, J6b’,5b 5

3.7 Hz, 1 H, H6b’), 3.76 (Ψt, J3b,4b 5 J3b,2b 5 9.8 Hz, 1 H, H3b),
3.81 (Ψt, J4b,3b 5 J4b,5b 5 9.8 Hz, 1 H, H4b), 3.98 (dd, J4a,5a 5

10.7 Hz, J4a,3a 5 7.3 Hz, 1 H, H4a), 3.98–4.02 (m, 1 H, H5b), 4.14
(dd, J6a,5a 5 8.8 Hz, J6a,1a 5 3.4 Hz, 1 H, H6a), 4.37 (t, J3a,2a 5

J3a,4a 5 7.3 Hz, 1 H, H3a), 4.52 (dt, 1 H, Mnt), 4.55 (dd, 2 H,
CH2Ph), 4.58 (dd, J2a,3a 5 7.3 Hz, J2a,1a 5 3.4 Hz, 1 H, H2a), 4.82
(dd, 2 H, CH2Ph), 5.00 (t, J1a,2a 5 J1a,6a 5 3.4 Hz, 1 H, H1a), 5.31
(d, J1b,2b 5 3.4 Hz, 1 H, H1b), 7.25–7.35 (m, 10 H, ArH). – 13C
NMR (50 MHz, CDCl3) δ: –4.95, –3.65, 16.13, 18.04, 20.76, 21.92,
23.22, 23.52, 23.63, 23.83, 23.90, 24.90, 25.06, 25.92, 31.43, 34.09,
34.53, 36.33, 36.65, 40.62, 47.01, 63.46, 68.40, 70.66, 72.14, 73.26,
74.51, 76.21, 76.55, 76.71, 77.18, 79.21, 80.39, 96.80, 112.06,
113.23, 127.30, 127.42, 128.24, 138.26, 154.14. – C55H81N3O12Si:
calcd. C 65.77, H 8.13, N 4.28; found C 65.72, H 8.40, N 4.28.

6-O-(2-Azido-3,6-di-O-benzyl-2-deoxy-α-D-glucopyranosyl)-2,3:4,5-
di-O-cyclohexylidene-1-O-menthoxycarbonyl-1-D-myo-inositol
(20α): To a solution of 19α (82 mg, 0.08 mmol) in THF (0.8 mL)
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was added a solution of tetrabutylammonium fluoride in THF
(1 , 204 µL, 0.24 mmol). The reaction mixture was stirred for
45 min, quenched with water, diluted and extracted with CH2Cl2,
and washed with brine. Silica gel column chromatography (hexane/
EtOAc, 6:1) afforded 20α (61 mg, 84%). Rf (hexane/EtOAc, 3:1) 5

0.46. – M.p.: 74–76 °C. [α]D 5 125.9 (c 5 0.99, CHCl3). – 1H
NMR (200 MHz, CDCl3) δ: 0.77 (d, 3 H, Mnt), 0.89 (d, 3 H,
CH3Mnt), 0.93 (d, 3 H, CH3Mnt), 0.99–1.17 (m, 2 H, Mnt), 1.23–
1.75 (m, 25 H, cyclohex., Mnt), 1.87–2.05 (m, 1 H, Mnt), 2.07–2.20
(m, 1 H, Mnt), 2.75 (d, JOH,4b 5 2.2 Hz, 1 H, OH), 3.35 (dd,
J2b,3b 5 9.9 Hz, J2b,1b 5 3.6 Hz, 1 H, H2b), 3.57 (dd, J5a,4a 5

10.8 Hz, J5a,6a 5 8.5 Hz, 1 H, H5a), 3.67 (dd, J6b,b’ 5 10.1 Hz,
J6b,5b 5 4.9 Hz, 1 H, H6b), 3.77–3.86 (m, 3 H), 4.00 (dd, J4a,5a 5

10.8 Hz, J4a,3a 5 7.4 Hz, 1 H, H4a), 4.01–4.09 (m, 1 H), 4.06 (dd,
J6a,5a 5 8.5 Hz, J6a,1a 5 2.6 Hz, 1 H, H6a), 4.40 (t, J3a,4a 5 J3a,2a 5

7.2 Hz, 1 H, H3a), 4.46–4.60 (m, 2 H, H2a, Mnt), 4.58 (dd, 2 H,
CH2Ph), 4.89 (dd, 2 H, CH2Ph), 4.99 (dd, J1a,2a 5 3.9 Hz, J1a,6a 5

2.6 Hz, 1 H, H1a), 5.26 (d, J1b,2b 5 3.6 Hz, 1 H, H1b), 7.29–7.45
(m, 10 H, ArH). – 13C NMR (50 MHz, CDCl3) δ: 16.12, 20.73,
21.92, 23.22, 23.50, 23.65, 23.81, 23.88, 24.94, 25.04, 25.98, 31.42,
34.07, 34.55, 36.23, 36.49, 36.57, 40.61, 46.98, 62.50, 69.67, 70.50,
72.85, 73.16, 73.74, 76.19, 76.55, 76.70, 79.23, 79.72, 97.15, 112.12,
113.24, 127.66, 127.83, 127.90, 128.00, 128.44, 128.53, 137.69,
138.21, 154.16. – C49H67N3O12: calcd. C 66.12, H 7.59, N 4.72;
found C 65.91, H 7.67, N 4.52.

1,6-Anhydro-3-O-(4-methoxybenzyl)-β-D-mannopyranose (23): To a
solution of 1,6-anhydro-2,3-O-endo-(4-methoxybenzylidene)-β--
mannopyranose[36] (3.5 g, 12.5 mmol) in CH2Cl2 (125 mL) at 0 °C
was added slowly a solution of DIBALH in toluene (1 , 40 mL,
40 mmol). After 5 h, Et3N and MeOH were added. The crude reac-
tion mixture was diluted with EtOAc, washed with a solution of
HCl (10%), and extracted with EtOAc. The organic layers were
evaporated and the crude was purified by silica gel column chroma-
tography (CH2Cl2/MeOH, 20:1) affording 23 (2.8 g, 79%). – Rf
(CH2Cl2/MeOH, 20:1) 5 0.16. – M.p. 108–110 °C. – [α]D 5 –66.8
(c 5 0.72, CHCl3). – 1H NMR (acetone, 200 MHz) δ: 2.88 (s, 1 H,
OH), 3.33 (d, 1 H, OH), 3,56 (bt, 1 H, H-6), 3.62–3.68 (m, 1 H,
H2), 3.78 (s, 3 H, CH3O), 3.92 (d, 1 H, H3), 4.08 (d, 1 H, H6’), 4.27
(d, 1 H, H4), 4.40 (d, 1 H, H5), 4.56 (dd, 2 H, CH2Ph), 5.12 (br. s,
1 H, H1), 6.91 (d, 2 H, ArH), 7.31 (d, 2 H, ArH). – 13C NMR
(CDCl3, 50 MHz) δ: 55.1, 64.5, 65.8, 69.0, 73.4, 75.7, 78.0, 101.8
(C-1), 129.2, 129.3, 129.5, 158.4.

1,6-Anhydro-2,4-di-O-benzyl-3-O-(4-methoxybenzyl)-β-D-manno-
pyranose (24): To a solution of 23 (2.4 g, 8.5 mmol) in DMF
(20 mL) at room temperature were added NaH (472 mg,
18.7 mmol) and BnBr (1.9 mL, 25.5 mmol). After 2 h, MeOH was
added and the reaction mixture was diluted with EtOAc, washed
with H2O, dried with Na2SO4, and evaporated. Silica gel column
chromatography (hexane/EtOAc, 3:1) afforded 24 (3.9 g, quantitat-
ive yield). Rf (hexane/EtOAc, 2:1) 5 0.31. – M.p. 68–70 °C.
[α]D 5 –20.3 (c 5 0.84, CHCl3). – 1H NMR (CDCl3, 200 MHz) δ:
3.48 (bt, 1 H, H4), 3.60 (dd, J2,1 5 1.7 Hz, J2,3 5 5.3 Hz, 1 H, H2),
3.66 (dd, J6,6’ 5 7.0 Hz, J6,5 5 6.0 Hz, 1 H, H6), 3.74 (s, 3 H,
CH3O), 3.74–3.80 (m, 1 H, H3), 4.18 (dd, J6’,5 5 0.9 Hz, J6’,6 5

7.1 Hz, 1 H, H6’), 4.35–4.56 (m, 7 H, H5, 3 CH2Ph), 5.41 (bt, 1 H,
H1), 6.89 (d, 2 H, ArH), 7.26–7.40 (m, 12 H, ArH). – 13C NMR
(CDCl3, 50 MHz) δ: 55.1, 64.8, 71.1, 71.2, 72.7, 73.9, 74.4, 76.4,
100.0 (C-1), 127.5, 127.6, 127.8, 128.2, 128.3, 129.7, 137.6, 137.9,
159.2.

1,6-Di-O-acetyl-2,4-di-O-benzyl-3-O- (4-methoxybenzyl)-
α-D-mannopyranose (25): A solution of 24 (94.88 g, 10.55 mmol)
and trimethylsilyltrifluoromethanesulfonate (240 µL, 1.24 mmol) in
acetic anhydride (33 mL) was stirred for 1 h at 0 °C and for 2 h at
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room temperature. The reaction mixture was diluted with EtOAc,
carefully washed with a saturated aqueous solution of NaHCO3,
extracted with EtOAc, and dried with Na2SO4. Silica gel column
chromatography afforded 25α (4.72 g, 79%) and 25β (169 mg,
3%). – Data for 25α: Rf (hexane/EtOAc, 2:1) 5 0.36. – [α]D 5

128.1 (c 5 0.78, CHCl3). – 1H NMR (200 MHz, CDCl3) δ: 2.04
(s, 3 H, CH3CO), 2.05 (s, 3 H, CH3CO), 3.72 (Ψt, J2,1 5 J2,3 5

2.4 Hz, 1 H, H2), 3.81 (s, 3 H, CH3O), 3.82–4.03 (m, 3 H, H3, H4,
H5), 4.30–4.33 (m 2 H, H6a, H6b), 4.54 (s, 2 H, CH2Ph), 4.75 (dd,
2 H, CH2Ph), 4.77 (dd, 2 H, CH2Ph), 6.18 (d, J1,2 5 2.1 Hz, 1 H,
H1), 6.83–7.40 (m, 14 H, ArH). – 13C NMR (50 MHz, CDCl3) δ:
20.79, 20.91, 55.24, 63.17, 71.71, 72.39, 73.38, 73.80, 75.25, 78.77,
91.65, 113.80, 113.95, 127.78, 127.86, 128.11, 128.35, 128.42,
129.37, 130.04, 137.78, 138.00. – C32H36O9: calcd. C 68.08, H 6.43;
found C 68.29, H 6.12. – Data for 25β: Rf (hexane/EtOAc, 2:1) 5

0.31. – [α]D 5 10.7 (c 5 4.22, CHCl3). – 1H NMR (200 MHz,
CDCl3) δ: 2.05 (s, 3 H, CH3CO), 2.09 (s, 3 H, CH3CO), 3.55–3.66
(m, 1 H, H5), 3.63 (dd, J3,2 5 2.8 Hz, J3,4 5 9.1 Hz, 1 H, H3), 3.82
(s, 3 H, CH3O), 3.87–3.96 (m, 2 H, H2, H4), 4.30–4.35 (m 2 H, H6a,
H6b), 4.57 (dd, 2 H, CH2Ph), 4.76 (dd, 2 H, CH2Ph), 4.87 (s, 2 H,
CH2Ph), 5.60 (d, J1,2 5 0.9 Hz, 1 H, H1), 6.84–7.48 (m, 14 H,
ArH). – 13C NMR (50 MHz, CDCl3) δ: 14.10, 20.80, 20.93, 55.16,
60.27, 63.25, 71.78, 73.37, 73.81, 74.07, 74.36, 75.03, 81.75, 92.92,
113.81, 127.61, 127.79, 128.00, 128.10, 128.14, 128.35, 129.24,
129.76, 137.83, 138.16, 159.28, 168.8, 170.74. – C32H36O9: calcd. C
68.08, H 6.43; found C 67.84, H 6.71.

1,6-Di-O-acetyl-2,4-di-O-benzyl-α-D-mannopyranose (26): To a so-
lution of 25 (100 mg, 0.18 mmol) in CH2Cl2 (1.5 mL) was added
trifluoroacetic acid (50 µL) in CH2Cl2 (2 mL). The reaction mixture
was stirred for 3 h at room temperature, neutralized with a satur-
ated aqueous solution of NaHCO3, extracted with CH2Cl2, and
dried with Na2SO4. Silica gel column chromatography (hexane/
EtOAc, 3:1) afforded 26 (77 mg, 98%). Rf (hexane/EtOAc, 2:1) 5

0.24. – [α]D 5 129.7 (c 5 1.52, CHCl3). – 1H NMR (200 MHz,
CDCl3) δ: 2.08 (s, 3 H, CH3CO), 2.09 (s, 3 H, CH3CO), 2.43 (d,
JOH,3 5 9.7 Hz, 1 H, OH), 3.68 (t, J4,3 5 J4,5 5 9.6 Hz, 1 H, H4),
3.74 (dd, J2,3 5 3.8 Hz, J2,1 5 1.8 Hz, 1 H, H2), 3.88 (dd., J5,4 5

9.8 Hz, J5,6a 5 4.6 Hz, J5,6b 5 2.3 Hz, 1 H, H5), 4.01 (dt, J3,4 5

J3,OH 5 9.6 Hz, J3,2 5 3.8 Hz, 1 H, H3), 4.30 (dd, J6a,6b 5 12.0 Hz,
J6a,5 5 4.6 Hz, 1 H, H6a), 4.38 (dd, J6b,6a 5 12.0 Hz, J6b,5 5 2.3 Hz,
1 H, H6b), 4.71 (dd, 2 H, CH2Ph), 4.78 (dd, 2 H, CH2Ph), 6.27 (d,
J1,2 5 1.8 Hz, 1 H, H1), 7.30–7.41 (m, 10 H, ArH). – 13C NMR
(50 MHz, CDCl3) δ: 20.80, 20.91, 63.14, 71.47, 71.62, 72.67, 75.05,
75.63, 76.78, 90.73, 127.98, 128.11, 128.25, 128.48, 128.64, 128.64,
137.15, 137.91, 168.91, 170.74. – C24H28O8: calcd. C 64.86, H 6.35;
found C 64.44, H 6.38.

1,6-Di-O-acetyl-2,4-di-O-benzyl-3-O-(tert-butyldiphenylsilyl)-α-D-
mannopyranose (27): To a solution of 26 (1.40 g, 3.15 mmol), 4-
dimethylaminopyridine (170 mg, 1.39 mmol) and imidazole
(857 mg, 12.60 mmol) in DMF (5 mL), was added tert-butyldi-
phenylsilyl chloride (1.64 mL, 6.30 mmol). The reaction mixture
was stirred for 17 h at room temperature, diluted with diethyl ether,
washed with water and brine and dried with Na2SO4. Silica gel
column chromatography (hexane/EtOAc, 10:1, 4:1) afforded 27
(1.91 g, 89%). Rf (hexane/EtOAc, 2:1) 5 0.55. – M.p. 107–109 °C. –
[α]D 5 144.8 (c 5 1.13, CHCl3). – 1H NMR (200 MHz, CDCl3)
δ: 1.14 (s, 9 H, tBu), 1.89 (s, 3 H, CH3CO), 2.04 (s, 3 H, CH3CO),
3.03 (br. s, 1 H, H2), 3.85 (ddd, J5,4 5 9.6 Hz, J5,6a 5 4.3 Hz, J5,6b 5

2.2 Hz, 1 H, H5), 4.07 (bt, J4,3 5 J4,5 5 9.2 Hz, 1 H, H4), 4.22–
4.37 (m, 2 H, H6a, H6b), 4.32 (dd, J3,4 5 8.9 Hz, J3,2 5 3.1 Hz, 1
H, H3), 4.42 (dd, 2 H, CH2Ph), 4.58–4.72 (bm, 1 H, CH2Ph), 4.99–
5.12 (bm, 1 H, CH2Ph), 5.95 (d, J1,2 5 2.1 Hz, 1 H, H1), 7.24–7.77
(m, 20 H, ArH). – 13C NMR (50 MHz, CDCl3) δ: 19.32, 20.81,
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27.06, 63.22, 72.05, 72.69, 72.99, 75.23, 76.36, 77.05, 91.30, 127.21,
127.31, 127.46, 127.66, 127.72, 127.77, 128.00, 128.18, 128.38,
129.83, 130.03, 133.12, 134.13, 135.92, 136.08, 137.86, 138.16. –
C40H46O8Si: calcd. C 70.36, H 6.79; found C 70.61, H 6.77.

Phenyl 6-O-Acetyl-2,4-di-O-benzyl-3-O-(tert-butyldiphenylsilyl)-1-
thio-α-D-mannopyranoside (28α): To a solution of 27 (1.80 g,
2.64 mmol) in CH2Cl2 (26 mL) at room temperature were added
thiophenol (592 µL, 4.80 mmol) and boron trifluoride–diethyl ether
(1.32 mL, 10.5 mmol). The reaction mixture was stirred for 30 min,
quenched with a saturated aqueous solution of NaHCO3 and the
organic layer dried with Na2SO4. Silica gel column chromatography
(hexane/EtOAc, 10:1) afforded 28α (1.735 g) and 28β (115 mg) in a
total yield of 97% (15:1 α/β ratio). Data for 28α. Rf (hexane/EtOAc,
5:1) 5 0.40. – [α]D 5 1126.1 (c 5 1.21, CHCl3). – 1H NMR
(200 MHz, CDCl3) δ: 1.17 (s, 9 H, tBu), 2.02 (s, 3 H, CH3CO),
3.29 (m, 1 H, H2), 3.97–4.07 (m, 1 H, H4), 4.21–4.37 (m, 5 H, H5,
H6a, H6b, CH2Ph), 4.37 (dd, J3,4 5 8.8 Hz, J3,2 5 2.8 Hz, 1 H, H3),
4.59–4.68 (bm, 1 H, CH2Ph), 4.97–5.18 (bm, 1 H, CH2Ph), 5.26 (d,
J1,2 5 1.5 Hz, 1 H, H1), 7.21–7.84 (m, 25 H, ArH). – 13C NMR
(50 MHz, CDCl3) δ: 19.32, 20.79, 27.17, 29.67, 63.57, 71.03, 71.83,
74.04, 74.08, 75.25, 76.13, 77.19, 79.59, 85.23, 127.28, 127.36,
127.42, 127.27, 127.76, 127.89, 127.97, 128.17, 128.26, 128.36,
128.81, 129.82, 129.96, 131.62, 133.11, 134.31, 136.08, 138.00,
138.26, 170.72. – C44H48O6SSi: calcd. C 72.10, H 6.60, S 4.37;
found C 72.31, H 6.35, S 4.12.

Phenyl 2,4-Di-O-benzyl-3-O-(tert-butyldiphenylsilyl)-1-thio-α-D-
mannopyranoside (29): To a solution of 28α (100-mg, 0.14 mmol)
in methanol (2 mL), was added sodium methoxide in methanol (1
, 0.4 mL). The reaction mixture was stirred for 1 h at room tem-
perature, neutralized with Amberlite IR-120 H1, filtered, and evap-
orated. Silica gel column chromatography (hexane/EtOAc, 3:1) af-
forded 29 (95 mg, quantitative yield). Rf (hexane/EtOAc, 3:1) 5

0.46. – M.p. 46–48 °C. – [α]D 5 1131.1 (c 5 1.17, CHCl3). – 1H
NMR (200 MHz, CDCl3) δ: 1.16 (s, 9 H, tBu), 3.32 (m, 1 H, H2),
3.77–3.81 (m, 2 H), 4.05–4.08 (m, 2 H, H4), 4.32 (dd, 2 H, CH2Ph),
4.38 (dd, J3,4 5 8.8 Hz, J3,2 5 3.1 Hz, 1 H, H3), 4.62–4.77 (bm, 1
H, CH2Ph), 4.97–5.10 (bm, 1 H, CH2Ph), 5.20 (d, J1,2 5 1.7 Hz, 1
H, H1), 7.21–7.84 (m, 25 H, ArH). – 13C NMR (50 MHz, CDCl3)
δ: 19.31, 27.16, 62.21, 72.24, 73.34, 73.89, 75.16, 76.02, 127.39,
127.41, 127.63, 127.71, 127.88, 128.23, 128.33, 128.90, 129.77,
129.92, 131.66, 133.21, 134.46, 136.07, 138.27. – C42H46O5SSi:
calcd. C 73.10, H 6.71, S 4.64; found C 73.12, H 6.43, S 4.37.

3-O-Benzyl-4,6-O-benzylidene-2-deoxy-2-phthalimido-β-D-
glucopyranosyl Fluoride (30): To a solution of phenyl 3-O-benzyl-
4,6-O-benzylidene-2-deoxy-2-phthalimido-1-thio-β--glucopy-
ranoside[46] (100 mg, 0.17 mmol) in CH2Cl2 (1.7 mL) at –15 °C,
diethylaminosulfur trifluoride (68 µL, 0.52 mmol) was added drop-
wise, followed by NBS (46 mg, 0.26 mmol). The reaction mixture
was stirred for 4 h 30 min, quenched with a saturated solution of
NaHCO3 in water/ice, extracted with CH2Cl2, and dried with
Na2SO4. Silica gel column chromatography (hexane/EtOAc, 4:1)
afforded 30 in quantitative yield. Rf (toluene-EtOAc, 10:1) 5

0.56. – M.p.: 173–175 °C. – [α]D 5 162.0 (c 5 0.99, CHCl3). – 1H
NMR (200 MHz, CDCl3) δ: 3.60–3.78 (m, 1 H), 3.84–3.96 (m, 2
H), 4.24–4.52 (m, 3 H), 4.65 (dd, 2 H, CH2Ph), 5.64 (s, 1 H, H7),
5.90 (dd, 1 H, JF,1 5 53.4 Hz, J1,2 5 7.6 Hz, H1), 6.84–7.80 (m, 14
H, ArH). – 13C NMR (50 MHz, CDCl3) δ: 41.98, 55.57, 55.98,
65.72, 65.82, 68.36, 73.74, 73.93, 74.15, 82.36, 101.48, 102.93,
107.22, 123.49, 126.04, 127.52, 128.07, 128.30, 129.12, 131.51,
134.04, 137.04, 137.62. – C28H24FNO6: calcd. C 68.70, H 4.94, N
2.86; found C 68.48, H 5.10, N 2.85.
Phenyl O-(3-O-Benzyl-4,6-O-benzylidene-2-deoxy-2-phthalimido-α-
D-glucopyranosyl)-(1R6)-2,4-di-O-benzyl-3-O-(tert-butyl-

Eur. J. Org. Chem. 2000, 154721562 1557

diphenylsilyl)-1-thio-α-D-mannopyranoside (31): A mixture of 29
(475 mg, 0.688 mmol), zirconocene dichloride (800 mg,
2.68 mmol), silver triflate (1.39 g, 5.37 mmol), and powdered 4Å
molecular sieves in CH2Cl2 (14 mL) was stirred in the dark and at
room temperature for 30 min. At this time, the reaction mixture
was cooled to –40 °C and 30 (437 mg, 1.3 mmol) in CH2Cl2 (6 mL)
was added dropwise over 30 min. After stirring for 1 h 30 min, the
mixture was quenched with a saturated aqueous solution of
NaHCO3, diluted with CH2Cl2, washed with brine, dried with
Na2SO4, concentrated, and purified by chromatography (diethyl
ether/cyclohexane, 1:2) to yield 31 (654 mg, 82%). Rf (hexane/
EtOAc, 3:1) 5 0.36. – M.p. 82–85 °C. – [α]D 5 189.6 (c 5 0.95,
CHCl3). – 1H NMR (500 MHz, CDCl3) δ: 0.99 (s, 9 H, tBu), 3.15
(br. s, 1 H, H2d), 3.61 (dt, J5d,4d 5 J5d,6d 5 9.8 Hz, J5d,6d’ 5 4.9 Hz,
1 H, H5d), 3.70–3.79 (m, 4 H), 3.99–4.08 (m, 3 H), 4.17–4.25 (m, 3
H), 4.30–4.36 (m, 2 H), 4.41–4.54 (m, 2 H), 4.63 (dd, 2 H, CH2Ph),
5.13 (br. s, 1 H, Hc), 5.29 (d, J1d,2d 5 8.3 Hz, 1 H, H1d), 5.56 (s, 1
H, H7d), 7.18–7.66 (m, 39 H, ArH). – 13C NMR (50 MHz, CDCl3)
δ: 19.21, 27.09, 55.57, 66.12, 68.48, 68.70, 71.57, 72.17, 73.72,
74.03, 74.63, 75.91, 76.66, 76.81, 77.20, 77.42, 78.00, 78.15, 79.58,
82.97, 85.27, 99.00, 101.30, 123.21, 126.07, 126.94, 127.18, 127.31,
127.51, 127.60, 127.99, 128.19, 128.27, 128.80, 128.97, 129.63,
129.84, 131.13, 131.65, 133.17, 133.59, 134.35, 134.89, 136.03,
137.42, 138.00, 138.31. – C70H69NO11SSi: calcd. C 72.45, H 5.99,
N 1.21, S 2.76; found C 72.21, H 6.10, N 1.29, S 2.57.

O-(3-O-Benzyl-4,6-O-benzylidene-2-deoxy-2-phthalimido-β-D-
glucopyranosyl)-(1R6)-2,4-di-O-benzyl-3-O-(tert-butyl-diphen
ylsilyl)-α-D-mannopyranose (32): To a solution of 31 (105 mg,
0.09 mmol) in acetone (1.8 mL) in the dark at –15 °C, NBS (24 mg,
0.14 mmol) was added. Ten minutes later, the reaction mixture was
quenched with a saturated aqueous solution of NaHCO3, diluted
and extracted with EtOAc, washed with brine, and dried. Silica gel
column chromatography (hexane/EtOAc, 3:1) afforded 31 (91 mg,
94%). Rf (hexane/EtOAc, 3:1) 5 0.15. – M.p. 74–76 C. – 1H NMR
(200 MHz, CDCl3) δ: 1.04 (s, 9 H, tBu), 2.60 (d, JOH,1c 5 2.5 Hz,
1 H, OH), 3.03 (Ψt, J2c,1c 5 J2c,3c 5 2.8 Hz, 1 H, H2c), 3.41–3.90
(m, 7 H), 4.11–4.80 (m, 12 H), 5.55 (d, J1d,2d 5 8.3 Hz, 1 H, H1d),
5.60 (s, 1 H, H7d), 7.10–7.71 (m, 34 H, ArH). – 13C NMR (50 MHz,
CDCl3) δ: 19.22, 27.18, 55.88, 66.13, 68.19, 68.85, 72.51, 72.79,
73.21, 74.01, 74.36, 74.57, 74.65, 75.79, 76.67, 77.20, 77.40, 78.19,
78.32, 83.26, 92.32, 98.86, 101.38, 123.24, 126.09, 127.34, 127.48,
127.62, 127.68, 127.80, 128.19, 128.01, 128.15, 128.26, 128.97,
129.56, 129.69, 129.83, 131.56, 131.63, 133.53, 133.76, 133.91,
134.37, 136.12, 137.44, 137.80, 137.98, 138.59. – C64H65NO12Si:
calcd. C 71.96, H 6.13, N 1.31; found C 71.71, H 5.85, N 1.37.

O-(3-O-Benzyl-4,6-O-benzylidene-2-deoxy-2-phthalimido-β-D-
glucopyranosyl)-(1R6)-2,4-di-O-benzyl-3-O-(tert-butyldiphen-
ylsilyl)-α-D-mannopyranosyl Trichloracetimidate (33): To a solution
of 32 (53 mg, 0.05 mmol) in CH2Cl2 (0.25 mL) at room temper-
ature, were added trichloroacetonitrile (50 µL, 0.50 mmol) and
flame-dried potassium carbonate (7 mg, 0.05 mmol). After 4 h, the
reaction mixture was diluted with CH2Cl2, filtered through celite,
and evaporated. Silica gel column chromatography (hexane/EtOAc,
3:1) afforded 33 (53 mg, 88%) as a 13:1 α/β mixture. – Data for
33α: Rf (hexane/EtOAc, 3:1) 5 0.36. – M.p. 76–78 °C. – [α]D 5

134.2 (c 5 0.61, CHCl3). – 1H NMR (200 MHz, CDCl3) δ: 1.02
(s, 9 H, tBu), 3.21 (m, 1 H, H2), 3.56–3.87 (m, 6 H), 4.04–4.62 (m,
9 H), 4.64 (dd, 2 H, CH2Ph), 5.28 (d, J1d,2d 5 8.2 Hz, 1 H, H1d),
5.60 (s, 1 H, H7d), 5.74 (m, 1 H, H1c), 7.10–7.65 (m, 34 H, ArH),
8.09 (s, 1 H, NH). – 13C NMR (50 MHz, CDCl3) δ: 19.23, 27.13,
55.69, 66.09, 68.84, 72.19, 72.96, 73.87, 74.02, 74.76, 75.54, 76.23,
83.04, 95.81, 99.22, 101.32, 123.19, 126.08, 127.23, 127.29, 127.52,
127.67, 127.97, 128.19, 128.25, 128.96, 129.59, 129.80, 131.72,
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133.08, 133.51, 134.27, 136.02, 137.44, 137.85, 138.04, 138.33,
159.80, 167.54. – C66H65Cl3N2O12Si: calcd. C 65.37, H 5.40, N
2.31; found C 65.10, H 5.10, N 2.07.

Phenyl 6-O-Acetyl-2-O-benzyl-3,4-O-isopropylidene-1-thio-β-D-gal-
actopyranoside (36): To a solution of phenyl 2-O-benzyl-3,4-O-isop-
ropylidene-1-thio-β--galactopyranoside (35)[45] (193 mg,
0.48 mmol) in pyridine (0.77 mL) and DMAP (cat.) at 0 °C, was
added dropwise acetic anhydride (0.11 mL, 1.20 mmol). After stir-
ring for 5 min at 0 °C, and for 90 min at room temperature, the
reaction mixture was evaporated. Silica gel column chromato-
graphy (hexane/EtOAc, 4:1) of the crude afforded 36 (213 mg,
quantitative yield). Rf (hexane/EtOAc, 3:1) 5 0.35. – [α]D 5 19.2
(c 5 1.10, CHCl3). – 1H NMR (300 MHz, CDCl3) δ: 1.35 (s, 3 H,
iPr), 1.41 (s, 3 H, iPr), 2.06 (s, 3 H, Ac), 3.54 (dd, J2,3 5 6.2 Hz,
J2,1 5 9.4 Hz, 1 H, H2), 3.94 (dt, J5,4 5 2.1 Hz, J5,6 5 6.0 Hz, 1
H, H5), 4.19 (dd, J4,5 5 2.0 Hz, J4,3 5 5.8 Hz, 1 H, H4), 4.28 (t,
J3,4 5 J3,2 5 6.0 Hz, 1 H, H3), 4.34 (d, J6,5 5 6.1 Hz, 2 H, H6a,
H6b), 4.63 (d, J1,2 5 9.4 Hz, 1 H, H1), 4.76 (dd, 2 H, CH2Ph), 7.25–
7.57 (m, 10 H, ArH). – 13C NMR (50 MHz, C6D6) δ: 20.33, 26.29,
27.73, 63.92, 73.52, 73.89, 74.42, 78.81, 79.89, 86.38, 110.27,
127.52, 127.83, 128.28, 128.92, 129.62, 130.02, 130.24, 132.58,
134.82, 138.73, 169.87. – C24H28O6S: calcd. C 64.85, H 6.35, S 7.21;
found C 65.17, H 6.08, S 7.25.

6-O-Acetyl-2-O-benzyl-3,4-O-isopropylidene-D-galactopyranose (37):
To a solution of 36 (115 mg, 0.259 mmol) in acetone (5 mL) at –15
°C were added NBS (60 mg, 0.336 mmol) and water (5 µL,
0.284 mmol). After stirring for 10 min, the reaction mixture was
quenched with a saturated aqueous solution of NaHCO3, diluted
and extracted with EtOAc, washed with brine, and dried with
Na2SO4. Silica gel column chromatography (hexane/EtOAc, 3:1)
afforded 37 (86 mg, 94%). Rf (hexane/EtOAc, 2:1) 5 0.17. – M.p.
122–124 °C. – 1H NMR (200 MHz, CDCl3) δ: 1.34 (s, 3 H, iPrα1β),
1.43 (s, 3 H, iPrα), 1.46 (s, 3 H, iPrβ), 2.09 (s, 3 H, Acα), 2.10 (s, 3
H, Acβ), 3.32 (d, JOH,15 6.4 Hz, 1 H, OH), 3.52 (t, J2,1 5 J2,3 5

5.5 Hz, 1 H, H2α), 3.67 (dd, J2,1 5 3.8 Hz, J2,3 5 5.7 Hz, 1 H, H2α),
4.08 (ddd, J 5 2.1 Hz, J 5 4.8 Hz, J 5 7.0 Hz, 1 H, H5α), (dt, J 5

4.3 Hz, J 5 1.6 Hz, 1 H, H5α), 4.21–4.39 (m, 4 H, H3α, H4, H6a,
H6b), 4.45 (t, J 5 6.0 Hz, 1 H, H3α), 4.75 (dd, 2 H, CH2Ph), 4.85
(dd, J1,OH 5 5.4 Hz, J1,2 5 7.9 Hz, 1 H, H1α), 5.22 (dd, J1,2 5

3.8 Hz, J3,OH 5 6.3 Hz, 1 H, H1α), 7.29–7.39 (m, 5 H, ArH). – 13C
NMR (50 MHz, C6D6) δ: 13.38, 20.90, 25.58, 25.75, 27.15, 27.24,
63.74, 63.89, 66.85, 70.14, 72.96, 73.17, 73.41, 74.07, 75.36, 78.46,
90.57, 95.66, 109.95, 110.33, 127.92, 128.03, 128.18, 128.46, 128.58,
137.41, 137.70, 170.84. – C18H24O7: calcd. C 61.36, H 6.86; found
C 61.14, H 6.66.

6-O-Acetyl-2-O-benzyl-3,4-O-isopropylidene-D-galactopyranosyl
Trichloracetimidate (38): To a solution of 37 (81 mg, 0.230 mmol)
in CH2Cl2 (1.2 mL) at room temperature, were added trichloroace-
tonitrile (230.5 µL, 2.30 mmol) and flame-dried potassium carbon-
ate (76 mg, 0.552 mmol). After 5 h 45 min, the reaction mixture
was diluted with CH2Cl2, filtered through celite, and evaporated.
Silica gel column chromatography (hexane/EtOAc, 6:1) afforded
38α (29 mg) and 38β (76 mg) (92% total yield). – Data for 38β: Rf
(hexane/AcOEt, 3:1) 5 0.17. – 1H NMR (300 MHz, CDCl3) δ: 1.35
(s, 3 H, iPr), 1.42 (s, 3 H, iPr), 2.08 (s, 3 H, Ac), 3.70 (dd, J2,3 5

6.3 Hz, J2,1 5 7.3 Hz, 1 H, H-2), 4.12–4.17 (m, 1 H, H-5), 4.23 (dd,
J4,5 5 2.2 Hz, J4,3 5 5.9 Hz, 1 H, H-4), 4.30–4.38 (m, 3 H, H-3,
H-6a, H-6b), 4.34 (dd, 2 H, CH2Ph), 5.76 (d, J1,2 5 7.6 Hz, 1 H,
H-1), 7.28–7.40 (m, 5 H, ArH), 8.66 (s, 1 H, NH). – Data for 38α:
Rf (hexane/AcOEt, 3:1) 5 0.37. – 1H NMR (300 MHz, CDCl3) δ:
1.35 (s, 3 H, iPr), 1.41 (s, 3 H, iPr), 2.05 (s, 3 H, Ac), 3.81 (dd.,
J2,3 5 6.8 Hz, J2,1 5 3.5 Hz, 1 H, H2), 4.23–4.49 (m, 5 H, H3, H4,
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H5, H6a, H6b), 4.76 (dd., 2 H, CH2Ph), 6.43 (d, J1,2 5 3.6 Hz, 1 H,
H1), 7.28–7.37 (m, 5 H, ArH), 8.64 (s, 1 H, NH).

Phenyl O-(6-O-Acetyl-2-O-benzyl-3,4-O-isopropylidene-α-D-galacto
pyranosyl)-(1R6)-2-O-benzyl-3,4-O-isopropylidene-1-thio-β-D-
galactopyranoside (39): A mixture of 38α (64 mg, 0.129 mmol), 35
(45 mg, 0.112 mmol), and activated powdered 4Å molecular sieves
in diethyl ether (2.1 mL) was stirred for 90 min at room temper-
ature. At this time, a solution of trimethylsilyl triflate in diethyl
ether (0.108 , 155 µL, 0.017 mmol) was added. The reaction mix-
ture was stirred for 45 min, quenched with triethylamine, diluted
with CH2Cl2, filtered through celite, and evaporated in vacuo. Silica
gel column chromatography (hexane/EtOAc) afforded 39α (62 mg)
and 39β (10 mg) in a total yield of 86%. – Data for 39α: Rf (hexane/
EtOAc, 2:1) 5 0.42. – M.p.: 45–47 °C. – [α]D 5 148.3 (c 5 0.88,
CHCl3). – 1H NMR (300 MHz, C6D6, 30 °C) δ: 1.24 (s, 3 H, iPr),
1.26 (s, 3 H, iPr), 1.35 (s, 3 H, iPr), 1.41 (s, 3 H, iPr), 1.77 (s, 3 H,
Ac), 3.50–3.59 (m, 2 H, H5e, H6e), 3.69 (dd, J2e,3e 5 6.3 Hz, J2e,1e 5

9.5 Hz, 1 H, H2e), 3.71 (dd, J2f,3f 5 7.7 Hz, J2f,1f 5 3.5 Hz, 1 H,
H2f), 3.76 (dd, J4e,5e 5 1.9 Hz, J4e,3e 5 5.7 Hz, 1 H, H4e), 3.85 (dd,
J4f,5f 5 2.6 Hz, J4f,3f 5 5.5 Hz, 1 H, H4f), 4.05 (t, J3e,4e 5 J3e,2e 5

6.0 Hz, 1 H, H3e), 4.19 (dd, J6e’,6e 5 9.5 Hz, J6e’,5e 5 7.0 Hz, 1 H,
H6e’), 4.44 (ddd, J5f,4f 5 2.6 Hz, J5f,6f 5 8.0 Hz, J5f,6f 5 4.1 Hz, 1
H, H5f), 4.46–4.63 (m, 2 H, H6f, H6f’), 4.56 (dd, J3f,4f 5 5.5 Hz,
J3f,2f 5 7.7 Hz, 1 H, H3f), 4.68 (d, J1e,2e 5 9.5 Hz, 1 H, H1e), 4.75
(dd, 2 H, CH2Ph), 4.84 (dd, 2 H, CH2Ph), 4.96 (d, J1f,2f 5 3.5 Hz,
1 H, H1f), 7.01–7.64 (m, 15 H, ArH). – 13C NMR (50 MHz, CDCl3)
δ: 20.82, 26.29, 27.72, 27.96, 63.35, 65.56, 66.90, 72.43, 73.37,
73.73, 74.90, 75.85, 76.18, 78.00, 79.59, 84.74, 96.68, 109.15,
110.14, 126.58, 127.76, 127.89, 128.19, 128.25, 128.32, 128.76,
129.76, 134.57, 137.65, 138.06, 170.59. – C40H48O11S: calcd. C
65.20, H 6.57, S 4.35; found C 65.05, H 6.54, N 4.14. – Data for
39β: Rf (hexane-AcOEt, 2:1) 5 0.33. – 1H NMR (300 MHz, C6D6,
30 °C) δ: 1.33 (s, 3 H, iPr), 1.35 (s, 3 H, iPr), 1.37 (s, 3 H, iPr),
1.42 (s, 3 H, iPr), 2.09 (s, 3 H, Ac), 3.39 (dd, J2f,3f 5 6.4 Hz, J2f,1f 5

7.8 Hz, 1 H, H2f), 3.55 (dd, J2e,3e 5 6.1 Hz, J2e,1e 5 9.2 Hz, 1 H,
H2e), 3.88 (dt, J5f,6f 5 J5f,6f ’ 5 6.1 Hz, J5f,4f 5 2.0 Hz, 1 H, H5f),
3.94–4.21 (m, 4 H), 4.10 (dd, J4f,5f 5 2.0 Hz, J4f,3f 5 5.7 Hz, 1 H,
H4f), 4.14 (t, J3f,4f 5 J3f,2f 5 6.0 Hz, 1 H, H3f), 4.28 (t, J3e,4e 5

J3e,2e 5 5.9 Hz, 1 H, H3e), 4.33 (d, J6e,5e 5 J6e’,5e 5 6.1 Hz, 2 H,
H6e, H6e’), 4.42 (d, J1f,2f 5 7.8 Hz, 1 H, H1f), 4.72 (d, J1e,2e 5

9.2 Hz, 1 H, H1e), 4.66–4.84 (m, 4 H, 2 CH2Ph), 7.16–7.53 (m, 15
H, ArH). – 13C NMR (50 MHz, CDCl3) δ: 20.85, 26.30, 27.66,
63.47, 69.09, 70.70, 73.39, 73.44, 73.87, 75.81, 77.96, 78.72, 79.16,
79.42, 86.00, 103.10, 110.12, 110.21, 127.01, 127.46, 127.73, 128.19,
128.28, 128.84, 131.12, 137.83, 138.22, 170.70.

O-(6-O-Acetyl-2-O-benzyl-3,4-O-isopropylidene-α-D-galacto-
pyranosyl)-(1R6)-2-O-benzyl-3,4-O-isopropylidene-D-galacto-
pyranose (40): To a solution of 39α (233 mg, 0.316 mmol) in acet-
one (6.5 mL) at –15 °C, were added NBS (73 mg, 0.411 mmol) and
water (6.3 µL, 0.348 mmol). After stirring for 5 min, the reaction
was quenched with a saturated aqueous solution of sodium bicar-
bonate. The mixture was diluted and extracted with EtOAc and
washed with brine. Silica gel column chromatography (hexane/
EtOAc, 3:1) afforded 40 (203 mg, quantitative yield). Rf (hexane-
EtOAc, 2:1) 5 0.12. – 1H NMR (200 MHz, CDCl3) δ: 1.30 (s, 3
H, iPr), 1.33 (s, 3 H, iPr), 1.38 (s, 3 H, iPr), 1.40 (s, 3 H, iPr), 2.05
(s, 3 H, Acα), 2.06 (s, 3 H, Acβ), 2.74 (s, 1 H, OH), 3.37 (t, J2e,3e 5

J2e,1e 5 6.3 Hz, 1 H, H2eβ), 3.52 (dd, J2f,3f 5 7.7 Hz, J2f,1f 5 3.6 Hz,
1 H, H2f), 3.63 (dd, J2e,3e 5 5.7 Hz, J2e,1e 5 3.7 Hz, 1 H, H2eα),
3.68–3.92 (m, 2 H), 4.00–4.46 (m, 8 H), 4.66–4.84 (m, 6 H), 4.82
(m, 1 H, H1eα), 7.26–7.38 (m, 10 H, ArH). – 13C NMR (50 MHz,
CDCl3) δ: 20.85, 21.03, 25.78, 25.89, 26.34, 27.31, 27.41, 28.02,
63.71, 63.87, 65.38, 65.56, 67.34, 67.60, 67.88, 71.40, 72.26, 72.35,
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72.97, 73.07, 73.50, 73.68, 74.20, 75.41, 75.88, 75.97, 78.31, 78.58,
79.22, 79.31, 79.54, 90.54, 96.20, 97.08, 97.28, 109.37, 109.41,
109.57, 109.93, 127.72, 127.81, 127.86, 127.97, 128.01, 128.14,
128.33, 128.50, 137.59, 137.99, 138.16, 138.23, 170.01. 171.75.

O-(6-O-Acetyl-2-O-benzyl-3,4-O-isopropylidene-α-D-galacto-
pyranosyl)-(1R6)-2-O-benzyl-3,4-O-isopropylidene-D-galacto-
pyranosyl trichloracetimidate (41): To a solution of 40 (185 mg,
0.287 mmol) in CH2Cl2 (1.5 mL), were added trichloroacetonitrile
(288 µL, 2.870 mmol) and flame-dried potassium carbonate
(80 mg, 0.574 mmol). The reaction mixture was stirred for 2 hours,
diluted with CH2Cl2, and filtered through celite. The solvent was
evaporated at reduced pressure and the crude was purified by silica
gel column chromatography (hexane/EtOAc, 4:1), affording 41α
(69 mg) and 41β (111 mg) (80% total yield). – Data for 41α: Rf
(hexane/EtOAc, 2:1) 5 0.49. – 1H NMR (200 MHz, CDCl3) δ: 1.31
(s, 3 H, iPr), 1.32 (s, 3 H, iPr), 1.37 (s, 3 H, iPr), 1.39 (s, 3 H, iPr),
2.04 (s, 3 H, Ac), 3.51 (dd, J2f,3f 5 7.7 Hz, J2f,1f 5 3.4 Hz, 1 H,
H2f), 3.72 (dd, J6e,6e’ 5 10.5 Hz, J6e,5e 5 5.2 Hz, 1 H, H6e), 3.80
(dd, J2e,3e 5 6.6 Hz, J2e,1e 5 3.6 Hz, 1 H, H2e), 3.88 (dd, J6e’,6e 5

10.5 Hz, J6e’,5e 5 7.1 Hz, 1 H, H6e’), 4.14 (dd, J 5 2.5 Hz, J 5

5.6 Hz, 1 H), 4.17–4.50 (m, 5 H, H3e, H3f, H5e, H5f), 4.30 (d, J5f,6f 5

8.4 Hz, 2 H, H6f, H6f’), 4.65–4.85 (m, 4 H, 2 CH2Ph), 4.72 (d,
J1f,2f 5 3.5 Hz, 1 H, H1f), 6.38 (d, J1e,2e 5 3.6 Hz, 1 H, H1e), 7.25–
7.38 (m, 10 H, ArH), 8.57 (s, 1 H, NH). – Data for 41β. Rf (hexane-
AcOEt, 2:1) 5 0.27. – [α]D 5 166.8 (c 5 0.92, CHCl3). – 1H NMR
(200 MHz, CDCl3) δ: 1.32 (s, 6 H, iPr), 1.38 (s, 3 H, iPr), 1.39 (s,
3 H, iPr), 2.05 (s, 3 H, Ac), 3.53 (dd, J2’,3’ 5 7.5 Hz, J2’,1’ 5 3.4 Hz,
1 H, H2’), 3.67 (dd, J2,3 5 6.1 Hz, J2,1 5 7.7 Hz, 1 H, H2), 3.71
(dd, J6a,6b 5 10.0 Hz, J6a,5 5 5.6 Hz, 1 H, H6a), 3.94 (dd, J6b,6a 5

10.3 Hz, J6b,5 5 6.8 Hz, 1 H, H6b), 4.08–4.38 (m, 8 H, H3, H3’, H4,
H4’, H5, H5’, H6’a, H6’b), 4.74 (dd, 2 H, CH2Ph), 4.83 (dd, 2 H,
CH2Ph), 4.85 (d, J1’,2’ 5 3.4 Hz, 1 H, H1’), 5.72 (d, J1,2 5 7.8 Hz,
1 H, H1), 7.26–7.41 (m, 10 H, ArH), 8.63 (s, 1 H, NH). –
C36H44Cl3NO12: calcd. C 54.80, H 5.62, N 1.77; found C 55.00, H
5.76, N 1.81.

O-(3-O-Benzyl-4,6-O-benzylidene-2-deoxy-2-phthalimido-β-D-
glucopyranosyl)-(1R6)-O-[2,4-di-O-benzyl-3-O-(tert-butyldiphenyl-
silyl)-α-D-mannopyranosyl]-(1R4)-O-[6-O-(2-azido-3,6-di-O-
benzyl-2-deoxy-α-D-glucopyranosyl)] -2,3:4,5-di-O-cyclo-
hexylidene-1-O-menthoxycarbonyl–-1-D-myo-inositol (42): A mix-
ture of 33 (281 mg, 0.232 mmol), 20 (147 mg, 0.165 mmol) and
powdered 4Å molecular sieves in diethyl ether (3.3 mL) was stirred
for 45 min at room temperature. At this time, a solution of trime-
thylsilyl triflate in diethyl ether (0.108 , 275 µL, 0.030 mmol) was
added dropwise. The reaction mixture was stirred for 15 min,
quenched with triethylamine, diluted with CH2Cl2, filtered through
celite, evaporated in vacuo, and purified by chromatography (tolu-
ene/EtOAc 20:1) to yield 42 (261 mg, 81%), 33 (44 mg, 18% referred
to starting 33), and unchanged 20 (22 mg, 15%). Rf (hexane/
EtOAc, 3:1) 5 0.46. – M.p. 104–107 °C. – [α]D 5 140.6 (c 5 1.31,
CHCl3). – 1H NMR (500 MHz, CDCl3) δ: 0.69 (d, 3 H, Mnt), 0.81
(d, 3 H, CH3Mnt), 0.83 (d, 3 H, CH3Mnt), 0.90 (s, 9 H, tBu), 0.91–
1.01 (m, 2 H, Mnt), 1.08–1.15 (m, 1 H, Mnt), 1.16–1.23 (m, 1 H,
Mnt), 1.30–1.70 (m, 23 H, cyclohex., 3 Mnt), 1.85–1.92 (m, 1 H,
Mnt), 2.01–2.06 (m, 1 H, Mnt), 2.75 (br. s, 1 H, H2c), 3.13 (dd,
J2b,3b 5 9.6 Hz, J2b,1b 5 3.4 Hz, 1 H, H2b), 3.42–3.55 (m, 8 H),
3.57 (dd, J5a,4a 5 10.9 Hz, J5a,6a 5 8.4 Hz, 1 H, H5a), 3.60–3.69
(m, 4 H), 3.65 (t, J4d,3d 5 J4d,5d 5 8.9 Hz, 1 H, H4d), 3.79–3.87 (m,
3 H), 3.95 (dd, J4a,5a 5 10.9 Hz, J4a,3a 5 7.3 Hz, 1 H, H4a), 4.08
(dd, J6a,5a 5 8.4 Hz, J6a,1a 5 2.4 Hz, 1 H, H6a), 4.12–4.18 (m, 2
H), 4.21 (dd, J2d,3d 5 10.3 Hz, J 2d,1d 5 8.3 Hz, 1 H, H2d), 4.32
(dd, J 3d,2d 5 10.3 Hz, J 3d,4d 5 8.9 Hz, 1 H, H3d), 4.36 (t, J3a,4a 5

J3a,2a 5 7.3 Hz, 1 H, H3a), 4.39–4.52 (m, 6 H), 4.53 (dd, J2a,3a 5
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6.9 Hz, J2a,1a 5 4.0 Hz, 1 H, H2a), 4.67 (dd, 1 H, CH2Ph), 4.87 (br.
s, 1 H), 4.96 (dd, J1a,2a 5 4.0 Hz, J1a,6a 5 2.4 Hz, 1 H, H1a), 5.13
(d, J1d,2d 5 8.3 Hz, 1 H, H1d), 5.25 (d, J1b,2b 5 3.4 Hz, 1 H, H1b),
5.44 (s, 1 H, H7d), 6.76–7.61 (m, 44 H, ArH). – 13C NMR (50 MHz,
CDCl3) δ: 16.08, 19.31, 20.78, 21.92, 23.17, 23.60, 23.73, 23.90,
24.77, 25.06, 25.93, 26.97, 31.43, 34.08, 34.52, 36.16, 36.30, 36.68,
40.60, 47.00, 55.57, 62.68, 66.10, 68.73, 69.43, 70.44, 71.23, 72.09,
73.10, 73.25, 73.95, 74.66, 76.50, 76.70, 78.84, 79.28, 80.00, 82.91,
96.22, 98.07, 98.90, 101.24, 112.19, 113.49, 123.12, 126.08, 126.61,
126.77, 127.29, 127.51, 127.72, 127.91, 127.97, 128.10, 128.20,
128.26, 128.95, 129.69, 129.81, 131.54, 133.46, 133.62, 134.48,
136.07, 137.46, 137.75, 138.05, 138.59, 154.16. – C113H130N4O23Si:
calcd. C 69.95, H 6.75, N 2.89; found C 69.78, H 6.85, N 2.72.

O-(3-O-Benzyl-4,6-O-benzylidene-2-deoxy-2-phthalimido-α-D-
glucopyranosyl)-(1R6)-O-(2,4-di-O-benzyl-3-β-D-mannopy-
ranosyl)-(1R4)-O-[6-O-(2-azido-3,6-di-O-benzyl-3-deoxy-α-D-gluco-
pyranosyl) ] -2,3:4,5-di-O-cyclohexylidene-1-O-menthoxy-
carbonyl-1-D-myo-inositol (43): A solution of tetrabutylammonium
fluoride in THF (0.92 , 6 m) buffered with acetic acid, was added
to 42 (71 mg, 0.036 mmol). The reaction mixture was stirred for 10
days at 50 °C, then cooled and quenched with water, diluted and
extracted with CH2Cl2, and dried with Na2SO4. Silica gel column
chromatography (hexane/EtOAc, 3:1) afforded 43 (55 mg, 88%
yield). Rf (hexane/EtOAc, 3:1) 5 0.23. – M.p. 103–105 °C. – [α]D 5

137.9 (c 5 0.60, CHCl3). – 1H NMR (300 MHz, C6D6) δ: 0.69–
0.71 (m, 1 H, Mnt), 0.81 (d, 3 H, CH3Mnt), 0.95 (d, 6 H, CH3Mnt),
0.87–1.80 (m, 24 H), 1.99–2.03 (m, 2 H, Mnt), 2.13 (d, J3c,OH5

9.5 Hz, 1 H, OH), 2.15–2.27 (m, 2 H, Mnt), 3.17 (dd, J2b,3b 5

10.4 Hz, J2b,1b 5 3.5 Hz, 1 H, H2b), 3.49–3.53 (m, 2 H), 3.62–3.65
(m, 1 H), 3.67 (dd, J2c,3c 5 3.3 Hz, J2c,1c 5 1.5 Hz, 1 H, H2c), 3.72–
3.89 (m, 4 H), 4.18 (dd, J3b,2b 5 10.2 Hz, J3b,4b 5 9.0 Hz, 1 H,
H3b), 3.96–4.48 (m, 13 H), 4.58 (dd, J 6a,1a 5 2.9 Hz, 1 H, H6a),
4.68 (dd, J2a,3a 5 6.7 Hz, J2a,1a 5 4.1 Hz, 1 H, H2a), 4.56–4.91 (m,
9 H), 5.33 (s, 1 H, H7d), 5.40 (d, J1c,2c 5 1.4 Hz, 1 H, H1c), 5.44
(dd, J1a,2a 5 3.9 Hz, J1a,6a 5 3.1 Hz, 1 H, H1a), 5.50 (d, J1d,2d 5

8.1 Hz, 1 H, H1’’’), 5.69 (d, J1b,2b 5 3.5 Hz, 1 H, H1b), 6.78–6.83
(m, 2 H, ArH), 6.85–6.90 (m, 2 H, ArH), 7.04–7.40 (m, 26 H, ArH),
7.47–7.41 (m, 2 H, ArH), 7.66–7.69 (m, 2 H, ArH). – 13C NMR
(50 MHz, C6D6) δ: 16.53, 20.86, 22.01, 23.57, 23.94, 24.10, 24.35,
25.14, 25.42, 26.48, 31.46, 34.23, 35.06, 36.67, 36.88, 37.08, 40.89,
47.50, 56.35, 63.21, 66.42, 68.57, 68.83, 69.84, 71.65, 71.81, 71.98,
72.06, 73.57, 73.83, 74.15, 74.87, 75.30, 76.32, 76.72, 77.04, 77.25,
77.43, 77.96, 79.20, 79.29, 80.45, 83.35, 97.12, 98.79, 99.26, 101.43,
112.15, 113.48, 118.92, 123.26, 126.65, 127.70, 128.98, 129.48,
129.66, 129.92, 132.16, 133.46, 138.32, 138.43, 138.62, 138.75,
139.30, 139.37, 154.90, 167.91. – C97H112N4O23: calcd. C 68.46, H
6.63, N 3.29; found C 68.11, H 6.55, N 3.33.

O-(6-O-Acetyl-2-O-benzyl-3,4-O-isopropylidene-α-D-galacto-
pyranosyl)-(1R6)-O-(2-O-benzyl-3,4-O-isopropylidene-α-D-
galactopyranosyl)-(1R3)-O-[O-(3-O-benzyl-4,6-O-benzylidene-
2-deoxy-2-phthalimido-β-D-glucopyranosyl)-(1R6)-]-O-(2,4-di-
O-benzyl-α-D-mannopyranosyl)-(1R4)-O-[6-O-(2-azido-3,6-di-
O - benzy l -2 -deoxy- α - D - g l uc opyran os y l ) ] - 2 , 3 : 4 ,5 -d i - O -
cyclohexylidene-1-O-menthoxycarbonyl-myo-inositol (44): A solu-
tion of 41β (94 mg, 0.119 mmol), 43 (45 mg, 0.026 mmol), and ac-
tivated powdered 4Å molecular sieves in diethyl ether (0.6 mL) was
stirred for 90 min at room temperature. At this point, a solution of
trimethylsilyl triflate in diethyl ether (0.108 , 37 µL, 0.004 mmol)
was added. The reaction mixture was stirred for 45 min, quenched
with triethylamine, diluted with CH2Cl2, filtered through celite, and
evaporated in vacuo. Silica gel column chromatography (2 3 cyclo-
hexane/Et2O, 5:2) afforded 44α (44 mg) and 44β (7 mg) in 83% total
yield, 45 (2.3 mg, 5% relative to starting 43), 46 (35.5 mg, 38% rel-
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ative to starting 41β), and 47 (2.8 mg, 8% relative to starting 41β). –
44α: Rf (hexane/EtOAc, 3:1) 5 0.26. M.p.: 93–96 °C. – [α]D 5

154.1 (c 5 0.880, acetone). – 1H NMR (500 MHz, C6D6, 70 °C)
δ: 0.62–0.71 (m, 1 H, Mnt), 0.76 (d, 3 H, CH3Mnt), 0.88 (d, 3 H,
CH3Mnt), 0.89 (d, 3 H, CH3Mnt), 1.20 (s, 3 H, iPr), 1.29 (s, 3 H,
iPr), 1.33 (s, 6 H, iPr), 0.84–1.78 (m, 24 H), 1.74 (s, 3 H, Ac), 1.89–
1.93 (m, 2 H, Mnt), 2.12–2.18 (m, 2 H, Mnt), 3.35 (dd, J2b,3b 5

10.4 Hz, J2b,1b 5 3.7 Hz, 1 H, H2b), 3.44–3.46 (m, 1 H), 3.49 (t,
J 5 9.9 Hz, 1 H, Hd), 3.58–3.61 (m, 2 H, H2e, Hd), 3.64 (dd, J2f,1f 5

3.4 Hz, J2f,3f 5 7.6 Hz, 1 H, H2f), 3.67–3.74 (m, 2 H, Ha), 3.96 (t,
J 5 9.2 Hz, 1 H), 3.99–4.01 (m, 2 H, He), 4.06–4.20 (m, 9 H, Hf,
Hd, H2c, Ha), 4.23 (t, J 5 9.6 Hz, 1 H, Hb), 4.30–4.69 (m, 24 H),
4.71 (dt, 1 H, Mnt), 4.78–5.00 (m, 4 H, CH2Ph), 4.94 (d, J1f,2f 5

3.1 Hz, 1 H, H1f), 5.13 (d, J 5 3.0 Hz, 1 H, He), 5.3 (s, 1 H, H7d),
5.33 (t, J1a,2a 5 3.5 Hz, 1 H, H1a), 5.42 (m, 1 H, H1d), 5.58 (d,
J1b,2b 5 3.7 Hz, 1 H, H1b), 5.62 (d, J1c,2c 5 1.8 Hz, 1 H, H1c), 6.76–
7.57 (m, 44 H, ArH). – 13C NMR (75 MHz, C6D6, 50 °C) δ: 16.67,
20.52, 20.84, 21.99, 23.79, 24.14, 24.24, 24.38, 25.28, 25.50, 26.45,
26.65, 26.99, 28.19, 30.12, 31.56, 34.38, 35.14, 36.75, 37.03, 37.23,
41.01, 47.63, 56.47, 63.15, 64.06, 66.51, 66.56, 67.35, 67.64, 68.93,
70.14, 71.34, 71.79, 72.63, 72.79, 73.52, 73.66, 73.89, 74.01, 74.24,
74.74, 74.93, 75.61, 76.22, 76.91, 77.06, 77.23, 77.48, 78.02, 78.16,
78.81, 79.31, 80.97, 83.42, 97.56 (C1N3), 97.94 (C1Man, C1Gal’),
99.36 (C1NPht), 99.43 (C1Gal), 101.57 (Benzylidene), 108.94 (iPr),
109.56 (iPr), 112.16 (CHex), 113.42 (CHex), 123.36, 126.69, 127.03,
127.20, 129.28, 129.36, 132.33, 133.51, 138.75, 138.87, 138.94,
139.03, 139.50, 139.65, 154.88 (carbonate), 167,97 (NPht), 169.99
(Npht). – Data for 44β: Rf (hexane/EtOAc 3:1) 5 0.25. – [α]D20 5

138.1 (c 5 0.69, CHCl3). – 1H NMR (C6D6, 500 MHz, 50 °C): δ
0.71–1.76 (m, 25 H, cyclohex, 5 H Mnt), 0.72 (d, 3 H, CH3Mnt),
0.84 (d, 3 H, CH3Mnt), 0.86 (d, 3 H, CH3Mnt), 1.23 (s, 3 H, iPr),
1.27 (s, 3 H, iPr), 1.37 (s, 3 H, iPr), 1.48 (s, 3 H, iPr), 1.74 (s, 3 H,
CH3CO), 1.93–1.98 (m, 2 H, Mnt), 2.16–2.20 (m, 2 H, Mnt), 3.08
(dd, J2b,3b 5 10.2 Hz, J2b,1b 5 3.7 Hz, 1 H, H2b), 3.34–3.38 (m, 1
H), 3.42–3.65 (m, 5 H, 23 Hd), 3.68–3.75 (m, 2 H, Hf), 3.85–4.86
(m, 39 H, H1e), 4.91–4.97 (m, 4 H, H1f), 5.29 (s, 1 H, H7d), 5.43–
5.46 (m, 3 H, H1a, H1c, H1d), 5.48 (d, J2b,1b 5 3.8 Hz, 1 H, H1b),
6.72–7.61 (m, 44 H, ArH). – 13C NMR (C6D6, 75 MHz, 50 °C): δ
16.4, 20.6, 20.9, 22.0, 23.5, 24.2, 25.3, 25.5, 26.4, 26.6, 26.7, 27.2,
28.0, 28.3, 30.1, 31.4, 34.3, 35.0, 36.7, 37.0, 40.9, 47.5, 56.3, 63.7,
64.1, 66.4, 68.8, 70.0, 71.5, 71.9, 72.4, 72.9, 73.1, 73.3, 73.5, 73.8,
74.2, 74.8, 75.0, 75.3, 75.7, 76.9, 77.5, 77.7, 79.1, 80.0, 83.5, 97.4
(C-1b), 97.7 (C-1f), 99.0 (C-1c), 100.3 (C-1e), 101.0 (C-1d), 101.5
(C-7d), 109.5 (iPr), 109.8 (iPr), 112.2 (cyclohex), 113.4 (cyclohex),
123.3, 126.7, 127.5, 128.0, 128.4, 129.3, 132.2, 133.5, 138.4, 138.7,
139.1, 139.4, 154.8 (OCO2), 168.9 (NCO), 170.0 (CH3CO). – Data
for 45: Rf: 0.49 (hexane/EtOAc 2:1). – 1H NMR (CDCl3,

300 MHz): δ 0.00 (s, 9 H, (CH3)3Si), 0.78–2.09 (m, 29 H, cyclohex,
Mnt), 0.75 (d, 3 H, CH3Mnt), 0.81 (d, 3 H, CH3Mnt), 0.85 (d, 3
H, CH3Mnt), 3.39–3.41 (m, 2 H, H2b, H2c), 3.50–4.00 (m, 14 H),
4.10–4.85 (m, 18 H), 4.99 (dd, J1a,2a 5 2.7 Hz, J1a,6a 5 3.9 Hz, 1
H, H1a), 5.16 (d, J1c,2c 5 2.0 Hz, 1 H, H1c), 5.20 (d, J1d,2d 5 8.0 Hz,
1 H, H1d), 5.30 (d, J1b,2b 5 3.2 Hz, 1 H, H1b), 5.53 (s, 1 H, H7d),
6.82–7.52 (m, 34 H, ArH). – Data for 46: Rf: 0.27 (hexane/EtOAc,
2:1). – 1H NMR (CDCl3, 200 MHz): δ 1.29 (s, 3 H, iPr), 1.34 (s, 3
H, iPr), 1.35 (s, 3 H, iPr), 1.50 (s, 3 H, iPr), 2.06 (s, 3 H, CH3CO),
3.47 (dd, J2f,3f 5 8.0 Hz, J2f,1f 5 3.3 Hz, 1 H, H2f), 3.56 (dd, J6,6’ 5

10.3 Hz, J6,55 4.3 Hz, 1 H, H6), 3.81 (dd, J6’,6 5 10.2 Hz, J6’,5 5

7.7 Hz, 1 H, H6’), 3.93 (dd, J 5 4.6 Hz, J 5 3.2 Hz, 1 H, H4), 4.13–
4.48 (m, 7 H), 4.52–4.58 (m, 1 H), 4.66 (m, 2 H, CH2Ph), 4.74 (m,
2 H, CH2Ph), 4.78 (d, J1f,2f 5 3.5 Hz, 1 H, H1f), 5.65 (dd, J1e,2e 5

4.6 Hz, J1e,NH 5 8.5 Hz, 1 H, H1e), 7.29–7.41 (m, 10 H, ArH), 8.57
(s, JNH,1e 5 8.5 Hz, 1 H, NH). – Data for 47: Rf: 0.38 (hexane/
EtOAc, 2:1). – 1H NMR (CDCl3, 300 MHz): δ 1.28 (s, 3 H, iPr),
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1.46 (s, 3 H, iPr), 3.51 (dd, J6,6 5 7.6 Hz, J6,55 5.4 Hz, 1 H, H6),
3.52 (s, 1 H, H2), 4.01 (d, J6’,6 5 7.6 Hz, 1 H, H6’), 4.17 (d, J3,4 5

7.0 Hz, 1 H, H3), 4.39 (Ψt, J4,3 5 6.8 Hz, J4,5 5 6.0 Hz, 1 H, H4),
4.44 (Ψt, J5,45 5.7 Hz, J5,65 5.4 Hz, 1 H, H5), 4.59 (dd, 2 H,
CH2Ph), 5.36 (s, 1 H, H1), 7.18–7.30 (m, 5 H, ArH).

O-( 6-O-Acetyl-2-O-benzyl-3,4-O-isopropylidene-α-D-galacto-
pyranosyl)-(1R6)-O-(2-O-benzyl-3,4-O-isopropylidene-α-D-
galactopyranosyl)–(1R3)–O-[O-(3-O-benzyl-4,6-O-benzylidene-
2-deoxy-2-phtalimido-β-D-glucopyranosyl)–(1R6)]-O-(2,4-di-
O-benzyl-α-D-mannopyranosyl)-(1R4)-O-[6-O-(2-azido-3,6-di-O-
benzyl-2-deoxy-α-D-glucopyranosyl)]-2,3:4,5-di-O-cyclohexylidene-1-
O-acetyl-1-D-myo-inositol (48): A solution of 44α (11.5 mg, 4.94
µmol) in 3:2 tetrahydrofuran/methanol (2.2 mL) was treated at
room temperature with aqueous lithium hydroxide (2.1 , 0.35 mL,
0.741 mmol). After 31 h, the reaction mixture was diluted with
dichloromethane and washed with water, the water phase washed
with dichloromethane, and the combined organic phases dried with
sodium sulfate and twice co-evaporated with toluene. The residue
was suspended in chloroform (0.25 mL) and triethylamine (0.7 mL,
4.94 mmol) added to the suspension. After cooling at 0° C, acetic
anhydride (0.12 mL, 1.23 mmol), and dimethylaminopyridine were
added. The reaction mixture was kept at room temperature for six
days with further additions of triethylamine and acetic anhydride
as above, every 24 h. The reaction mixture was diluted with dichlor-
omethane, washed with water, the aqueous phase washed with
dichloromethane and the combined organic phases washed with a
saturated aqueous solution of sodium chloride and dried with so-
dium sulfate and evaporated. The residue was chromatographically
purified. The NMR spectrum of the reaction mixture revealed a
5.5:1 mixture of 48 and an intermediate compound, and the mix-
ture was therefore dissolved in chloroform (0.25 mL), treated with
triethylamine (0.7 mL, 4.94 mmol), cooled at 0° C, treated with
acetic anhydride (0.12 mL, 1.23 mmol) and dimethylaminopyridine
and warmed at 40° C. The reaction mixture was kept at this tem-
perature for four days, cooled at room temperature, and worked up
as above to give 8.4 mg (78%) of 48. – 1H NMR (500 MHz, C6D6,
50° C) δ: 1.27 (s, 3 H, iPr), 1,35 (s, 3 H, iPr), 1.41 (s, 3 H, iPr),
1.44 (s, 3 H, iPr), 1.78 (s, 3 H, CH3CO), 1.79 (s, 3 H, CH3CO),
1.30–1.86 (m, 20 H, cyclohex), 3.43 (dd, J2b,3b 5 10.0 Hz, J2b,1b 5

3.7 Hz, 1 H, H2b), 3.48–3.58 (m, 2 H), 3.63–3.71 (m, 2 H, H5d),
3.65 (dd, J2e,1e 5 3.5 Hz, J2e,3e 5 7.6 Hz, 1 H, H2e), 3.72 (dd,
J2f,1f 5 3.6 Hz, J2f,3f 5 7.7 Hz, 1 H, H2f), 3.77 (dd, J 5 8.7 Hz, J 5

10.2 Hz, 1 H, H5a), 3.79 (dd, J 5 6.0 Hz, J 5 10.1 Hz, 1 H), 4.04
(t, J 5 8.9 Hz, 1 H), 4.07–4.12 (m, 3 H, H4e, H4d, H6d), 4.15 (dd,
J 5 2.4 Hz, J 5 5.5 Hz, 1 H, H4f), 4.17–4.21 (m, 2 H), 4.22 (s, 1
H, H2c), 4.25–4.36 (m, 7 H, H3a, H4a, H3b), 4.38–4.49 (m, 6 H, H6a,
H3d, H3e), 4.52–4.78 (m, 15 H, H2a, H3f, H2d, H6d), 4.87 (d, 1 H,
CH2Ph), 4.98 (dd, 2 H, CH2Ph), 5.00 (d, J1f,2f 5 3.5 Hz, 1 H, H1f),
5.13 (d, 1 H, CH2Ph), 5.20 (d, J1e,2e 5 3.4 Hz, 1 H, H1e), 5.36 (s,
1 H, H7d), 5.47–5.50 (m, 2 H, H1a, H1d), 5.60 (d, J1b,2b 5 3.7 Hz,
1 H, H1b), 5.76 (d, J1c,2c 5 2.0 Hz, 1 H, H1c), 6.80–7.66 (m, 44 H,
ArH). – 13C NMR (C6D6, 125 MHz, 50 °C) δ: 20.2, 20.3, 23.6,
23.9, 24.0, 25.0, 25.1, 26.2, 26.8, 27.9, 28.0, 34.7, 36.7, 36.9, 37.0,
56.2, 62.7, 63.8, 66.2, 67.0, 67.3, 68.6, 71.4, 72.3, 72.4, 72.5, 73.1,
73.4, 73.6, 73.7, 74.0, 74.6, 75.3, 76.0, 76.6, 76.7, 76.8, 76.9, 77.2,
77.4, 78.0, 78.5, 80.6, 83.1, 97.4 (C1), 97.5 (C1), 97.6 (C1), 99.0
(C1), 101.3 (C7d), 108.7 (Cipso), 110.0 (Cipso), 111.5 (Cipso), 113.0
(Cipso), 123.1, 126.4, 127.0, 127.1, 127.1, 127.2, 127.3, 127.3, 127.4,
127.5, 127.6, 127.6, 127.7, 127.8, 127.8, 127.9, 128.0, 128.0, 128.1,
128.2, 128.2, 128.2, 128.3, 128.4, 128.4, 128.7, 132.0, 133.3, 138.2,
138.5, 138.6, 138.6, 138.7, 139.2, 139.4, 169.1, 169.7.

O-(6-O-Acetyl)-2-O-benzyl-3,4-O-isopropylidene-α-D-galacto-
pyranosyl)-(1R6)-O-(2-O-benzyl-3,4-O-isopropylidene-α-D-
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galactopyranosyl)-(1R3)-O-[O-(2-acetamido-3-O-benzyl-4,6-O-
benzylidene-2-deoxy-β-D-glucopyranosyl-(1R6)]-O-(2,4-di-O-
benzyl-α-D-manopyranosyl)-(1R4)-O-[6-O-(2-azido-3,6-di-O-
benzyl-2-deoxy-α-D-glucopyranosyl)]-2,3:4,5-di-O-cyclohexylidene-
1-O-acetyl-1-D-myo-inositol (49): To a solution of 48 (8.4 mg, 3.84
µmol) in n-butyl alcohol (0.77 mL), ethylenediamine (167 µL, 2.50
µmol) was added at room temperature. After 90 minutes, the tem-
perature was raised to 90 °C and the reaction mixture was kept at
this temperature for 18 h, then cooled, evaporated, and the residue
coevaporated twice with toluene. The residue was dissolved in chlo-
roform (0.25 mL), treated with triethylamine (0.8 mL, 5.76 mmol)
and the solution cooled to 0° before adding acetic anhydride
(0.25 mL, 2.69 mmol) and a catalytic amount of dimethylaminopy-
ridine. The reaction mixture was allowed to warm and kept at room
temperature for 20 h. The solvent was then evaporated, and the
residue purified by column chromatography (2:1 hexane/ethyl acet-
ate) to give pure 49 (7.5 mg, 93%). – 1HNMR (C6D6, 500 MHz,
50° C): δ 1.29 (s, 3 H, iPr), 1.38 (s, 3 H, iPr), 1.42 (s, 6 H, 2 iPr),
1.78 (s, 3 H, CH3CO), 1.81 (s, 3 H, CH3CO), 1.25–1.84 (m, 23 H,
ciclohex, CH3CO), 3.22–3.31 (m, 1 H, H2d), 3.34–3.39 (m, 1 H,
H2b), 3.47–3.53 (m, 1 H, H5d), 3.57 (t, J6d,5d5J6d,6d5 10.0 Hz, 1 H,
H6d), 3.61–3.66 (m, 1 H, H4d), 3.73–3.77 (m, 3 H, H5a, H2e, H2f),
3.79–3.84 (m, 1 H, H6e), 3.86–3.90 (m, 1 H), 4.06 (d, J6b,6b 5

10.2 Hz, 1 H, H6b), 4.15–4.19 (m, 3 H, H4f, H6d, H6e), 4.21–4.44
(m, 12 H, H4e, H6b, H3a, H4a, H3b, H2c, H6a, H3c, H4b), 4.50–4.87
(m, 19 H, H5b, H3e, H3f, H2a, H3d, H4f, H5e), 4.98 (d, 1 H, CH2Ph),
5.03–5.07 (m, 4 H, CH2Ph, H1d, H1f), 5.21 (d, JNH,2d5 6.7 Hz, 1
H, NH), 5.38 (d, J1e,2e 5 3.3 Hz, 1 H, H1e), 5.40 (s, 1 H, H7d), 5.44
(d, 1 H, CH2Ph), 5.45 (t, J1a,2a 5 J1a,6α 5 3.8 Hz, 1 H, H1a), 5.55
(d, J1b,2b 5 3.2 Hz, 1 H, H1b), 5.91 (s, 1 H, H1c), 7.05–7.65 (m, 40
H, ArH). – 13C NMR (C6D6, 125 MHz, 50 °C): δ 20.2, 20.3, 23.6,
23.9, 24.0, 25.0, 25.1, 26.2, 26.6, 27.9, 28.0, 34.7, 36.7, 36.9, 37.1,
59.1, 63.0, 63.8, 65.9, 66.3, 67.2, 67.4, 68.9, 69.4, 71.3, 71.4, 72.5,
72.6, 73.6, 73.6, 73.7, 73.8, 73.9, 74.4, 74.5, 74.7, 76.2, 76.6, 76.7,
76.8, 77.0, 77.4, 78.1, 80.7, 83.1, 97.4, (C1b), 97.7 (C1d, C1f), 98.1
(C1c), 100.3 (C1e), 101.3 (C7d), 108.8 (Cipso, iPr), 109.3 (Cipso, iPr),
111.5 (Cipso, cyclohex), 113.0 (Cipso, cyclohex), 126.4, 127.3, 127.4,
127.6, 127.8, 127.8, 127.9, 127.9, 128.0, 128.0, 128.1, 128.2, 128.2,
128.2, 128.2, 128.3, 128.3, 128.4, 128.4, 128.6, 138.3, 138.5, 138.6,
138.7, 139.2, 139.2, 169.1, 169.8.

O-(2-O-Benzyl-3,4-O-isopropylidene-α-D-galactopyranosyl)-(1R6)-
O-(2-O-benzyl-3,4-O-isopropylidene-α-D-galactopyranosyl)-
(1R3)-O-[O-(2-acetamido-3-O-benzyl-4,6-O-benzylidene-2-deoxy-
β - D -g lucopyranosy l ) - (1R6 ) - ] -O - ( 2 ,4 -d i -O - benzy l - α - D-
mannopyranosyl)-(1R4)-O-[6-O-(2-azido-3,6-di-O-benzyl-2-
deoxy-α-D-glucopyranosyl)]-2,3:4,5-di-O-cyclohexylidene-
1-D-myo-inositol (50): To a solution of 49 (9.8 mg, 4.67 µmol) in
3:7 tetrahydrofuran/methanol (0.5 mL), a solution of sodium meth-
oxide in methanol (0.2 , 70 µL, 14.0 µmol) was added at room
temperature. After 8 h, the reaction mixture was neutralized with
Dowex 50WX resin, filtered, and evaporated. The residue was puri-
fied by column chromatography (3:2 hexane/ethyl acetate) to give
50 (8.6 mg, 91%). – 1H NMR (C6D6, 500 MHz, 50 °C): δ 1.31 (s,
3 H, iPr), 1.33 (s, 3 H, iPr), 1.39 (s, 3 H, iPr), 1.43 (s, 3 H, iPr),
1.22–1.43 (m, 5 H, cyclohex), 1.45–1.75 (m, 18 H, cyclohex,
CH3CO), 1.05 (s, 1 H, OH), 2.69 (d, JOH,1???? 5 2.3 Hz, 1 H, OH),
3.24–3.28 (m, 1 H, H2d), 3.30–3.34 (m, 1 H, H2b), 3.48–3.53 (m, 1
H, H5d), 3.57 (t, J6d,5d 5 J6d,6d 5 10.0 Hz, 1 H, H6d), 3.61–3.66
(m, 1 H, H4d), 3.73 (dd, J2f,1f 5 3.6 Hz, J2f,3f 5 7.4 Hz, 1 H, H2f),
3.75 (dd, J 5 8.5 Hz, J 5 10.1 Hz, 1 H, H5a), 3.82 (dd, J2e,1e5

3.4 Hz, J2e,3e 5 7.4 Hz, 1 H, H2e), 3.85–3.91 (m, 2 H, H4c), 3.94–
4.01 (m, 2 H, H6e), 4.04 (d, J6b,6b 5 11.3 Hz, 1 H, H6b), 4.10–4.16
(m, 3 H, H4f, H1a, H6e), 4.19–4.23 (m, 3 H, H6d), 4.24 4.04 (dd,
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J6b,5b 5 2.9 Hz, J6b,6b 5 11.1 Hz, 1 H, H6b), 4.29–4.56 (m, 14 H,
H2a, H3a, H4a, H6a, H3c, H2c, H3b, H4b, H5b, H3f, H4e), 4.65–4.86
(m, 9 H, H3e, H3d, H5e), 4.99 (d, 2 H, CH2Ph), 5.07 (d, J1f,2f 5

3.5 Hz, 1 H, H1f), 5.08 (d, 1 H, CH2Ph), 5.17–5.19 (m, 2 H, H1d,
H1b), 5.23 (d, JNH,2d 5 7.1 Hz, 1 H, NH), 5.41 (d, 1 H, CH2Ph),
5.41 (s, 1 H, H7d), 5.42 (d, J1e,2e 5 3.2 Hz, 1 H, H1e), 5.83 (s, 1 H,
H1c), 7.14–7.65 (m, 40 H, ArH). – 13C NMR (C6D6, 125 MHz, 33
°C): δ 20.7, 23.2, 23.5, 23.8, 23.9, 24.0, 24.1, 25.0, 25.1, 26.2, 26.4,
27.9, 28.0, 33.6, 36.6, 36.6, 36.9, 59.2, 62.5, 62.8, 65.8, 67.4, 67.9,
68.9, 69.2, 71.3, 71.4, 72.6, 72.8, 73.0, 73.6, 73.8, 74.1, 74.4, 75.7,
76.1, 76.4, 76.4, 76.7, 76.8, 77.2, 77.3, 77.4, 78.5, 80.6, 83.3, 96.8,
(C1), 98.2 (C1), 98.5 (C1), 100.0 (C1), 101.3 (C7d), 108.9 (Cipso,
iPr), 109.1, (Cipso, iPr), 111.1 (Cipso, cyclohex), 126.5, 127.3, 127.4,
127.7, 128.1, 128.2, 128.3, 128.4, 128.6, 128.7, 138.3, 138.4, 138.7,
138.8, 139.3, 169.8.

Attempted Phosphorylation of 50: To a solution of 50 (6 mg, 2.98
µmol) in acetonitrile (0.25 mL), dibenzyl N,N-diisopropylphospho-
ramidite (16 µL, 47.6 µmol) and a solution of tetrazol (2,2 mg, 31.3
µmol) in acetonitrile (0.35 mL) were added at room temperature.
After 1 h, an additional amount of dibenzyl N,N-dibenzylphospho-
ramidite (16 µL, 47.6 µmol) was added and 1 h later a further
amount of tetrazol (2.2 mg, 31.3 µmol) was also added. Decom-
position products were observed by tlc after 2.5 h, and the temper-
ature was decreased to 0° before adding a solution of tert-butyl
peroxide in isooctane (4.7 , 35µL, 0.155 mmol). The temperature
was then allowed to rise and the reaction mixture kept at room
temperature for 45 min. The solvent was evaporated and the res-
idue fractionated by column chromatography (5:1 toluene/acetone)
and subjected twice to chromatography (2:3 cyclohexane/ethyl acet-
ate). Two chromatographically pure fractions, whose structures
could not be ascertained, were obtained.
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