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A simple “heavy” lipophilic tag readily prepared from inex-
pensive gallic acid can greatly simplify the purification steps
in oligosaccharide synthesis through liquid-liquid extraction
(LLE) using two immiscible organic solvents. By introducing
the tag at the anomeric position of the carbohydrate acceptor,
this simple LLE purification can be advantageously carried
out at each step throughout the synthetic route. We have de-

Introduction
In spite of recent accomplishments in solid-phase[1] and

enzymatic[2] methods, the synthesis of complex oligosaccha-
rides is still today a very challenging undertaking. In recent
years, new solution-phase techniques have been developed
to ease reaction work-up and product isolation, avoiding
the pitfalls of solid-phase approaches. These techniques in-
clude the use of soluble polymer-supported methods,[3] lipo-
philic[4] or fluorophilic[5] protecting groups, tagging meth-
ods for post-synthesis purification using scavenging resins,[6]

solid-phase capture-release strategies,[3j,3o,7] and polymer-
bound reagents and catalysts.[8] These approaches rely on
the common theme of phase tagging to assist reaction
work-up and product isolation.[9] The specific advantages
of solution phase methods as compared to the alternative
solid phase approach are well recognized: (a) solution phase
approaches have no scale limitations, (b) they allow the im-
plementation of convergent synthetic schemes, which are
not feasible in the solid phase approach, (c) monitoring of
the reactions can be easily performed using standard tech-
niques, (d) substrates usually show higher reactivity in solu-
tion than when attached to a solid support, and (e) interme-
diate product purification along the synthetic route can be
readily accomplished after each reaction step, if required.

Herein, we describe our exploratory studies on the devel-
opment of a lipophilic tag for the efficient purification of
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veloped efficient tagging and detagging procedures and
have shown that a single tag is sufficient to ensure a high
affinity of the tagged molecule for alkane solvents even in
the case of highly polar substrates.

(© Wiley-VCH Verlag GmbH & Co. KGaA, 69451 Weinheim,
Germany, 2009)

synthetic oligosaccharides using biphasic liquid-liquid ex-
traction (LLE) with two immiscible organic solvents. To
date, the use of LLE to facilitate the synthesis of oligosac-
charides by simplifying the purification steps has been ex-
clusively limited to organic/fluorous solvent mixtures by
prior labelling of the carbohydrate component with a
“heavy” fluorous tag.[5] However, fluorous solvents and
fluorous tags are still costly today and pose an environmen-
tal concern due to their high chemical stability. In addition,
“heavy” fluorous tags can drastically limit the solubility of
the labelled molecule in common organic solvents requiring
the additional use of polyfluorinated cosolvents. Tags based
on linear alkyl chains are a more environmentally friendly
alternative since they are readily biodegradable, but retain
a high chemical stability under most laboratory conditions.
These tags confer a lipophilic character to the labelled
molecule allowing its selective extraction into the most lipo-
philic phase in a LLE process using a mixture of immiscible
organic solvents. Alternatively, the tagged compound can
also be selectively recovered by adsorption onto reverse-
phase C18 silica gel.[10] The use of reverse phase C18 SPE
purification of lipophilically labelled molecules has many
precedents in carbohydrate chemistry,[4] but, surprisingly,
this is not the case for LLE,[11] which has the important
advantage of being more readily scalable.

Results and Discussion

Many literature reports on synthetic applications of lipo-
philically tagged carbohydrates rely on the use of multiple
tags, usually long-chain carboxylic acids, attached to dif-
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ferent hydroxy groups. We followed the strategy of at-
taching a single “heavy” lipophilic tag to the anomeric posi-
tion of a glycosyl acceptor. This allows manipulations of all
the other hydroxy groups through protection, deprotection
or glycosylation reactions without prior removal the tag,
thus taking advantage of its presence to assist purification
over a number of different synthetic steps.

Our general strategy for the synthesis of lipophilically
tagged carbohydrate substrates relied on the use of gallic
acid as a scaffold for the preparation of the tag (Scheme 1).
Gallic acid is readily available and inexpensive, it possesses
three phenolic hydroxy groups that allow the attachment of
1–3 alkyl chains, and it has a well developed derivatization
chemistry using long alkyl or polyfluoroalkyl chains due to
the interesting properties of the corresponding derivatives
as liquid-crystalline materials.[12] In addition, we have pre-
viously shown that a lipophilic gallic acid derivative is a
very efficient solubilizing group for unprotected glycopyr-
anosylamines in apolar organic solvents.[13]

Scheme 1. General strategy for the synthesis of lipophilically tagged
monosaccharides.

Ideally, the inherent solubility of the tag in the specific
solvent should be only marginally affected by the carbo-
hydrate component attached to it, irrespective of changes in
molecular size and functionalization of the tagged molecule
throughout the synthetic route. At the outset, we decided
to incorporate three linear octadecyl chains onto the tag
to boost its relative molecular weight and to maximize its
lipophilicity, thus guaranteeing a high partition coefficient
in alkane solvents. Accordingly, we selected 3,4,5-tris(octa-
decyloxy)benzyl alcohol (3) as the initial tag, which was
readily prepared from commercially available n-propyl gal-
late (1) and stearyl bromide (Scheme 2).[14] Preliminary
attempts at introducing 3 in a monosaccharide moiety via
a glycosylation reaction under Lewis acid catalysis met with
failure (Scheme 3a). A complex mixture of products was
formed using either peracetylated -glucose (7) or the cor-
responding thiophenyl -glucoside 8 as donors, from which
we could not isolate the expected glycoside. Milder and
neutral glycosylation conditions[15] were assayed using a
benzylated -glucosyl iodide (11)[16] as a model glycosyl do-
nor. This reaction did provide the expected glycoside 12,[17]

but in a non practical yield and as a mixture of anomers
(Scheme 3b). The instability of the electron-rich benzylic
alcohol 3 under acidic conditions and its modest solubility
in the usual solvents used for glycosylation at the low tem-
peratures normally required for a clean reaction are likely
responsible for this failure.[17]
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Scheme 2. Synthesis of the tags starting from propyl gallate (1).

Scheme 3. Attempted tagging of -glucose by chemical glycosyla-
tion of benzylic alcohol 3.

In order to overcome these difficulties, we decided to
change our initial approach. Thus, to improve the solubility
in common organic solvents, the alkyl chains were trunc-
ated from C18 to C14 and to deal with the acid lability
we decided to introduce the tag by alkylation of a glycosyl
isothiouronium salt under basic conditions, which would
afford a predictably more stable tagged thioglycoside.

The required benzyl chloride reagent 6 was readily avail-
able by chlorination of benzylic alcohol 5,[18] which was ob-
tained following a procedure similar to that described for
the C18 analog 3 (Scheme 2). As glycosyl partner, we se-
lected 2,3,4,6-tetra-O-acetyl-β--glucopyranosyl isothiou-
ronium acetate 13, readily prepared by reaction of peracety-
lated -glucose with thiourea promoted by BF3·OEt2

(Scheme 4).[19] We tested different conditions for the alky-
lation of the glycosyl isothiouronium salt 13 with benzyl
chloride 6 using either Et3N or iPr2NEt as bases and
MeCN, THF, or DMF as solvents, with or without added
water. The best yield was obtained with Et3N in a DMF/
THF solvent mixture and in the presence of a catalytic
amount of n-Bu4NI (Scheme 5). The expected tagged thio-
glycoside 14 was obtained in 61% yield as a 1:4 α/β mixture
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of anomers when the reaction was performed at room tem-
perature. The reaction time could be significantly shortened
by heating at 50 °C under microwave irradiation, to give a
55% yield of 14 as a 1:1 α/β mixture of anomers that were
readily separated by column chromatography.

Scheme 4. Synthesis of glycosyl isothiouronium salt 13.

Scheme 5.

With a lipophilically tagged monosaccharide finally in
hand, we proceeded to test its performance in LLE separa-
tions using a biphasic hexane/MeCN solvent system. To
this end, compounds 14a,b were first fully deacetylated to
yield tetraols 15a,b (Scheme 5). We used 15b as a model of
highly polar tagged carbohydrate. This model was intended
to provide a stringent test of the efficiency and selectivity
of the LLE separation process. For comparison, we in-
cluded in the study two untagged -glucose derivatives with
different protecting group patterns, peracetylated β--glu-
cose (16) and 2,3,4,6-tetra-O-benzyl--glucose (17), as typi-
cal representatives of possible glycosyl donors or side-prod-
ucts found in glycosylation reactions. The results of the
LLE for each of these compounds using an equal-volume
hexane/MeCN solvent mixture are shown in Table 1.

Table 1. Molar percent of extracted 15b, 16 or 17 in the hexane
phase after LLE using a hexane/MeCN biphasic system.

Number of mol-% of 15b mol-% of 16 mol-% of 17
consecutive LLE in hexane[a] in hexane[b] in hexane[b]

1st extraction 72 0.8 1.6
2nd extraction 24 – –
3rd extraction 2 – –
Total 98 �0.8 �1.6

[a] Conditions: 47 mg of 15b, 7 mL each of hexane and MeCN,
3 min mixing time at 22 °C, phase separation followed by two suc-
cessive re-extractions of the MeCN phase with additional 7 mL
portions of hexane. [b] Conditions: 100 mg of compound 16 or 17,
9 mL each of hexane and MeCN, 3 min mixing time, 22 °C.
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The data in the Table show that even a highly polar
tagged carbohydrate such as 15b could be practically fully
recovered in the hexane phase after a typical three-step ex-
tractive work-up protocol using a hexane-immiscible polar
organic solvent. In contrast, the non-tagged substrates were
barely extracted into hexane, remaining almost quantita-
tively (�98%) in the MeCN phase, even in the case of the
more lipophilic 17.

Easy detagging is a prerequisite for any synthetically use-
ful tag. Oxidative hydrolysis of the thioglycoside promoted
by NIS/TFA[20] provided a simple and high yielding detag-
ging method, as shown in Scheme 6 for compound 14b.
LLE of the crude reaction mixture with hexane/MeCN af-
forded almost pure 18 in the MeCN phase free from tag
by-products, and could then be further purified through a
short flash column.

Scheme 6. Hydrolytic detagging of compound 14b under oxidative
conditions.

The next task was to unmask one of the hydroxy groups
of the tagged monosaccharides in order to evaluate the per-
formance of the tag under standard protecting group ma-
nipulations and in the subsequent glycosylation as a glyco-
syl acceptor. Exposing the primary hydroxy group generally
proves most simple and, in addition, it provides a highly
reactive glycosyl acceptor. A classical synthetic route to this
end consists of three standard steps: regioselective protec-
tion of the primary hydroxy group as a triphenylmethyl ether,
protection of the other hydroxy groups as benzyl ethers,
and detritylation under acidic conditions. However, when
we proceeded to apply this simple protocol to tetraols 15a
and 15b we obtained an unexpected outcome (Scheme 7).
Thus, while the α-anomer 15a could be regioselectively pro-
tected with trityl chloride to give 19a in moderate yield un-
der the usual conditions (although in a slow reaction), the
corresponding β-anomer 15b was completely unreactive to
prolonged treatment with trityl chloride under similar or
modified conditions. We do not have a clear explanation for
this unusual behaviour, although a reasonable possibility
would be that the tagged carbohydrate with free hydroxy
groups probably forms inverse micellar aggregates in aprotic
organic solvents that confine the polar carbohydrate head
to the interior of the micelle, thus shielding the hydroxy

Scheme 7. Tritylation of 15a and 15b.
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groups from added reagents. In support of this explanation,
it is known that related gallic acid derivatives containing
lipophilic chains and a hydroxylated amide polar head read-
ily form reverse micelles.[21] To explain our observations one
has to additionally hypothesize that the more linear β-iso-
mer 15b should form more densely packed micelles with less
accessible, and consequently less reactive, hydroxy groups
than the corresponding α-anomer.[22]

We next tried a different three-step protocol to the same
tagged glycosyl acceptors with a primary free hydroxy
group. For this, we assayed a more electrophilic and less
sterically demanding reagent for the initial selective protec-
tion of tetraols 15a and 15b (Scheme 8). Thus, treatment of
15a and 15b with benzaldehyde dimethyl acetal under acidic
conditions gave the corresponding 4,6-di-O-benzylidene
acetals 20a and 20b in good yield. The reaction was slower
than with similar untagged analogs and, again, the β-an-
omer was less reactive than the α-anomer. Protection of the
2- and 3-hydroxy groups as benzyl ethers to give 21a and
21b followed by regioselective opening of the benzylidene
acetal with LiAlH4/AlCl3 proceeded uneventfully to give
the target glycosyl acceptors 22a and 22b. The hexane/
MeCN LLE protocol greatly facilitated purification of the
intermediate compounds throughout this synthetic route.

Scheme 8. Synthesis of the tagged glycosyl acceptors 22a and 22b.

The performance of the tagged glycosyl acceptors 22a
and 22b in glycosylation reactions was examined using per-
benzylated -glucopyranosyl trichloroacetimidate 23[23] as a
model glycosyl donor and TMSOTf as Lewis acid promoter
(Scheme 9 and Table 2). Due to the low solubility of 22a
and 22b in CH2Cl2 at low temperature, solvent mixtures
containing either toluene or cyclohexane were used to en-
sure homogeneous reaction conditions. As previously ob-
served in the preceding protecting group chemistry, the β-
anomeric glycosyl acceptor 22b showed also a reduced reac-
tivity in the glycosylation reaction as compared to the cor-
responding α-anomer 22a. Thus, in the case of 22b higher
temperatures and larger amounts of both donor 23 and
TMSOTf promoter were needed for the reaction to proceed
(Table 2, entries 1 and 2). However, even under these more
vigorous conditions only moderate yields of disaccharides
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24 were obtained. The relatively large amounts of TMSOTf
required to promote the glycosylation of 22b caused the
partial β�α anomerization of the thioglycoside center to
give finally a mixture of the four possible α�/β�,α/β-disac-
charides 24. Larger amounts of TMSOTf and longer reac-
tion times did not improve the yield, but resulted in a more
extended anomerization of the thioglycoside (Table 2; entry
1, α/β = 27:53; entry 2, α/β = 54:46). Not surprisingly, in-
creased reaction temperatures afforded a higher α�/β�
stereoselectivity in the glycosylation reaction (Table 2; entry
1, α�/β� = 95:5; entry 2, α�/β� = 80:20). The facile α/β-ano-
merization of the thioglycosidic moiety took place also in
the absence of glycosyl donor upon treatment of 22b with
TMSOTf (1 mol-equiv., 0 °C, CDCl3, 1 h), as independently
confirmed by 1H NMR (see Supporting Information). The
anomerization of thioglycosides promoted by Lewis or pro-
tic acids is a well known reaction[24] that has also found a
preparative utility.[25] In the case of TMSOTf activation,
this anomerization is probably an intramolecular process
that proceeds via attack of the hard electrophilic silicon
centre on O-5[26] with opening of the pyranose ring to give
a sulfonium ion (A) stabilized by the electron rich S-TG2
group (Scheme 10). In support of this mechanistic hypothe-
sis is the fact that we have not observed any aglycon trans-
fer[27] under the glycosylation conditions tested.

Scheme 9. Glycosylation of 22a and 22b.

Table 2. Glycosylation of 22a,b with 23 (see Scheme 9).

Entry Acc. Equiv. Equiv. T t Yield of 24 [%]
23 TMSOTf [°C] [h] (aa/ba/ab/bb)[a]

1 22b[b] 2.0 1.0 22 0.8 38 (27:0:68:5)[c]

2 22b[d] 2.5 3.0 0 16 37 (42:12:38:8)[e]

3 22a[b] 1.2 0.2 –60 to –35 5 74 (25:75:0:0)[f]

[a] Ratio of anomers = α�α/β�α/α�β/β�β was determined from the
1H NMR of the crude reaction mixture. [b] The reaction was run
in CH2Cl2/C6H12 (1:1). [c] Considering recovered unreacted 22b,
the calculated yield of 24 was 40%. [d] The reaction was run in
CH2Cl2/toluene (1:1). [e] Considering recovered unreacted 22b, the
calculated yield of 23 was 54%. [f] Considering recovered unreacted
22b, the calculated yield of 24 was 98%.

In contrast, the glycosylation of 22a with a small excess
of 23 proceeded uneventfully at low temperature and using
substoichiometric amounts of TMSOTf to give the ex-
pected disaccharide 24 in 74% yield as a separable 25:75
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Scheme 10. Proposed mechanism for the intramolecular anomeri-
zation of the tagged thioglycosides promoted by TMSOTf.

α�/β�-mixture of disaccharides, without any observable α/β-
anomerization (Table 2, entry 3). Under these non opti-
mized conditions a 24% of unreacted 22a was recovered,
which accounts for an almost quantitative conversion of
transformed 22a into glycoside 24. After reaction, the
tagged products were readily isolated by standard aqueous/
organic work-up using hexane as solvent followed by wash-
ing of the combined hexane extracts with MeCN to remove
non-tagged by-products. The crude mixture of tagged disac-
charides 24 was recovered free from untagged compounds
by evaporation of the hexane phase and it was further puri-
fied by usual flash column chromatography on silica gel to
separate the disaccharide anomers.

Conclusions
In conclusion, we have shown that a simple “heavy” lipo-

philic tag readily prepared from inexpensive gallic acid can
greatly simplify the purification steps in oligosaccharide
synthesis by means of LLE using two immiscible organic
solvents. By introducing the tag at the anomeric position of
the carbohydrate acceptor, this simple LLE purification can
be advantageously carried out at each step throughout the
synthetic route. We have developed simple tagging and de-
tagging procedures and have shown that a single tag is suf-
ficient to ensure a high affinity of the tagged molecule for
alkane solvents even in the case of highly polar substrates.
However, at this early stage of development there are sev-
eral things that could also detract from this work and re-
quire further improvement. The first is the control of the
stereoselectivity of the tagging step, which provides anom-
eric mixtures of labelled thioglycosides. The second is the
problem of possible reverse micelle formation in apolar sol-
vents when free hydroxy groups are present in the substrate,
which compromise the reactivity of these groups. Another
problem is the acid lability of the tag due to the highly
electron rich aromatic ring. And the last point that merits
attention is that, while the LLE procedure does work well,
the reaction products are not always sufficiently pure due
to side reactions and hence further purification by short
flash chromatography is sometimes required. We are now
addressing all these points and will further report on our
progress in future publications.

Experimental Section
General Methods: All melting points were measured with a Reichert
Jung Thermovar micro melting apparatus. Optical rotations were
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obtained using a Perkin–Elmer 241-MC polarimeter. Infrared (FT-
IR) spectra were obtained using a Perkin–Elmer Spectrum One
spectrophotometer and are reported in cm–1. Proton and carbon-
13 nuclear magnetic resonance (1H NMR or 13C NMR) spectra
were recorded on a BRUKER AMX-300 (300 and 75 MHz), a Var-
ian INOVA 300 (300 and 75 MHz), a Varian INOVA 400 (400 and
100 MHz) or a Varian UNITY 500 (500 and 125 MHz) spectrome-
ters. Chemical shifts are expressed in parts per million (ppm, δ
scale) downfield from tetramethylsilane and are referenced to resid-
ual protium in the NMR solvent (CHCl3: δ = 7.26; CH2Cl2: δ =
5.30 ppm). Data are presented as follows: chemical shift, multiplici-
tiy (s = singlet, d = doublet, t = triplet, m = multiplet and/or mul-
tiplet resonances, br. = broad), integration and coupling constants
in Hertz [Hz]. Proton and carbon-13 assignments are based on DQ-
COSY and HSQC correlation experiments. Thin-layer chromatog-
raphy (TLC) was performed with Merck Silica Gel 60 F254. Detec-
tion was achieved by treatment with a solution of 50 g of ammo-
nium molybdate and 1 g of cerium(IV) sulfate in 1 L of 5% H2SO4

solution in H2O and heating at 150 °C. MALDI-TOF MS were
recorded on a Voyaguer-DEPRO (Applied Biosystems) spectrome-
ter. Elemental analyses were performed in a Heraus CHN-O ana-
lyser.

Propyl 3,4,5-Tris(octadecyloxy)benzoate (2): To a MeCN/THF
solution (120 mL, 2:1) of propyl 3,4,5-trihydroxybenzoate (2.0 g,
9.42 mmol) and 1-bromooctadecane (12.6 g, 37.7 mmol) was added
K2CO3 (9.2 g, 66.0 mmol) and KI (70 mg, 0.47 mmol) and the reac-
tion mixture was stirred at 85 °C for 6 h. The cooled mixture was
dissolved in EtOAc and aq. 1  HCl was added dropwise to adjust
to pH�3. The aqueous layer was successively washed with EtOAc
and the organic layers were combined, dried with Na2SO4 and the
solvents evaporated. The residue was purified by silica gel column
chromatography (hexane/EtOAc 13:0.1) to afford 2 (8.5 g, 93%) as
a white solid; m.p. 60–61 °C; Rf = 0.5 (10:1 hexane/EtOAc). 1H
NMR (400 MHz, CDCl3): δ = 0.88 (t, J = 6.9 Hz, 9 H, CH3), 1.02
(t, J = 7.4 Hz, 3 H, CH3), 1.25–13 [m, 92 H, (CH2)15], 1.44–1.51
(m, 6 H, OCH2CH2CH2), 1.71–1.85 (m, 8 H, OCH2CH2-propyl,
OCH2CH2), 4.01 (t, J = 6.5 Hz, 6 H, OCH2), 4.26 (t, J = 6.7 Hz,
2 H, OCH2-propyl), 7.26 (s, 2 H, Ar-H) ppm. 13C NMR (100 MHz,
CDCl3): δ = 10.5 (CH3-propyl), 14.1 (CH3), 22.2 (OCH2CH2-pro-
pyl), 22.7, 26.1 (OCH2CH2CH2), 26.1 (OCH2CH2CH2), 29.3, 29.4,
29.4, 29.6, 29.6, 29.7, 29.7, 30.3, 31.9, 66.5 (OCH2-propyl), 69.1
(2OCH2), 73.5 (OCH2), 108.0 (ArCH), 125.0, 142.3, 152.8, 166.5
ppm. FT-IR (KBr): ν̃ = 2917, 2850, 1717, 1589, 1504, 1471, 1431,
1388, 1339, 1219, 1124, 1014, 766, 719 cm–1. MS-APCI: m/z =
969 (M+), 968 (M-1), 391, 279. MALDI: m/z = [M]+ 968.01, [M +
H]+ 969.02, [M + Na]+ 991.01. C64H120O5 (969.63): calcd. C 79.28,
H 12.47; found C 79.57, H 12.18.

3,4,5-Tris(octadecyloxy)benzyl Alcohol (3): To an ice-chilled anhy-
drous Et2O solution (31 mL) of 2 (1 g, 1.03 mmol) was added Li-
AlH4 (0.05 g, 1.30 mmol) under argon atmosphere and the mixture
was refluxed for 2 h. After the mixture was cooled, EtOAc (1.5 mL)
was added and the mixture was stirred for 10 min. Then, water
(200 µL) and aq. 15% NaOH (200 µL) were added dropwise to
give a precipitate. The filtered solid was treated with THF and the
undissolved products were removed by filtration. The filtrate was
concentrated in vacuo and the residue was recrystallized from 2-
propanol to give pure 3 (0.94 g, 99.9%) as a white solid; m.p. (2-
propanol) 72 °C; Rf = 0.8 (toluene/Et2O, 10:0.1), Rf = 0.23 (5:1
hexane/EtOAc). 1H NMR (300 MHz, CDCl3, 30 °C): δ = 0.88 (t,
J = 6.7 Hz, 9 H, CH3), 1.18–1.46 [br. s, 90 H, (CH2)15], 1.71–1.82
(m, 6 H, OCH2CH2), 3.91–3.99 (m, 6 H, OCH2), 4.59 (d, J =
5.6 Hz, 2 H, 1�-H), 6.56 (s, 2 H, Ar-H) ppm. 13C NMR (50 MHz,
CDCl3): δ = 14.1 (CH3), 22.7 (CH2CH3), 26.1–30.3 (13CH2), 31.9
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(CH2CH2CH3), 65.6 (2 � OCH2), 69.1 (C1�), 73.4 (OCH2), 105.3,
136.0, 137.5, 153.3 ppm. FT-IR (KBr): ν̃ = 3473, 2918, 2850, 1595,
1504, 1464, 1439, 1387, 1330, 1224, 1122, 1059, 813, 721 cm–1.
MALDI: m/z = [M]+ 912.09, [M + Na]+ 935.05. C61H116O4

(913.57): calcd. C 80.20, H 12.80; found C 79.98, H 12.57.

Propyl 3,4,5-Tris(tetradecyloxy)benzoate (4): To a dry DMF solu-
tion (71 mL) of propyl 3,4,5-trihydroxybenzoate (3.0 g, 0.014 mol)
and 1-bromotetradecane (17 mL, 0.057 mol) was added K2CO3

(15.5 g, 0.112 mol) and KI (0.101 g, 0.70 mmol) and the reaction
mixture was stirred at reflux for 4 h. The cooled mixture was dis-
solved in EtOAc and aq. 1  HCl was added dropwise to adjust to
pH�3. The aqueous layer was successively washed with EtOAc and
the organic layers were combined, dried with Na2SO4 and the sol-
vents evaporated. The residue was purified by silica gel column
chromatography (hexane/EtOAc, 10:0.1) to afford 4 (10.1 g, 90%)
as a white solid; m.p. 42–44 °C; Rf = 0.76 (5:1 hexane/EtOAc). 1H
NMR (400 MHz, CDCl3): δ = 0.86 (t, J = 6.8 Hz, 9 H, CH3), 1.00
(t, J = 7.4 Hz, 3 H, CH3-propyl), 1.24 [br. s, 60 H, (CH2)10], 1.42–
1.49 (m, 6 H, OCH2CH2CH2), 1.70–1.81 (m, 8 H, OCH2CH2,
OCH2CH2-propyl), 3.99 (t, J = 6.5 Hz, 6 H, OCH2), 4.23 (t, J =
6.8 Hz, 2 H, OCH2-propyl), 7.24 (s, 2 H, Ar-H) ppm. 13C NMR
(100 MHz, CDCl3): δ = 10.5 (CH3-propyl), 14.1 (CH3), 22.1
(OCH2CH2-propyl), 22.7, 26.0, 26.1, 29.3, 29.4, 29.4, 29.6, 29.6,
29.7, 29.7, 29.7, 30.3, 31.9, 66.5 (OCH2-propyl), 69.1 (OCH2), 73.4
(OCH2), 108.0 (ArCH), 125.0, 142.3, 152.8, 166.5 ppm. FT-IR
(KBr): ν̃ = 2950, 2917, 2850, 1716, 1588, 1471, 1430, 1388, 1339,
1215, 1112, 765, 719 cm–1. MALDI: m/z = [M]+ 800.12, [M + H]+

801.13, [M + Na]+ 823.12. C52H96O5 (801.32): calcd. C 77.94, H
12.08; found C 78.10, H 12.21.

3,4,5-Tris(tetradecyloxy)benzyl Alcohol (5): To an ice-chilled anhy-
drous Et2O solution (114 mL, 0.033 ) of 4 (3 g, 3.75 mmol) was
added LiAlH4 (0.195 g, 4.88 mmol) under argon atmosphere and
the mixture was refluxed for 3 h. After the mixture was cooled,
EtOAc (6 mL) was added and the crude was stirred 10 min. Then,
water (8 mL) and aq. 15% NaOH (8 mL) were added dropwise to
give a precipitate. The filtered solid was treated with THF and the
undissolved products were removed. The filtrate was concentrated
in vacuo and the residue was recrystallized from 2-propanol to give
pure 5 (2.79 g, 99.9%) as a white solid; m.p. (2-propanol) 56–57 °C;
Rf = 0.19 (hexane/EtOAc, 5:1). 1H NMR (300 MHz, CDCl3): δ =
0.89 (t, J = 6.6 Hz, 9 H, CH3), 1.27 [br. s, 60 H, (CH2)10], 1.67–
1.84 (m, 6 H, OCH2CH2), 3.91–3.98 (m, 6 H, OCH2), 4.57 (s, 2 H,
CH2OH), 6.54 (s, 2 H, Ar-H) ppm. 13C NMR (75 MHz, CDCl3):
δ = 14.1 (CH3), 22.7 (CH2CH3), 26.1–30.3 [(CH2)10], 31.9
(CH2CH2CH3), 65.6 (CH2OH), 69.1 (OCH2�2), 73.4 (OCH2),
105.3 (C2), 136.0 (C1), 137.5 (C4), 153.3 (C3) ppm. FT-IR (KBr):
ν̃ = 3435, 2919, 2851, 1591, 1507, 1470, 1438, 1384, 1337, 1229,
1126, 721 cm–1. MALDI: m/z = [M]+ 744.21, [M + Na]+ 767.19.
C49H92O4 (745.25): calcd. C 78.97, H 12.44; found C 78.67, H
12.71.

3,4,5-Tris(tetradecyloxy)benzyl Chloride (6): To a solution of 5
(0.40 g, 0.54 mmol) in anhydrous CH2Cl2 (3.5 mL, 0.15 ) was
added SOCl2 (55 µL, 0.75 mmol) and a catalytic amount of DMF
(15 µL) under an argon atmosphere and the mixture was stirred for
2 h at room temperature. The solvent and excess of SOCl2 were
removed at reduced pressure, affording the pure product (0.41 g,
99%) as a pale yellow solid; m.p. 56–57 °C; Rf = 0.83 (hexane/
EtOAc, 3:1). 1H NMR (400 MHz, CDCl3): δ = 0.89 (t, J = 6.9 Hz,
9 H, CH3), 1.27 [br. s, 60 H, (CH2)10], 1.34–1.50 (m, 6 H,
OCH2CH2CH2), 1.70–1.83 (m, 6 H, OCH2CH2), 3.93–3.99 (m, 6
H, OCH2), 4.51 (s, 2 H, CH2Cl), 6.57 (s, 2 H, Ar-H) ppm. 13C
NMR (100 MHz, CDCl3): δ = 14.1 (CH3), 22.7, 26.1
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(OCH2CH2CH2 � 3), 29.4, 29.4, 29.6, 29.6, 29.7, 29.7, 29.7, 30.3,
31.9, 47.0 (OCH2Cl), 69.1 (OCH2), 73.4 (OCH2), 107.0 (ArCH),
132.3, 138.3, 153.2 ppm. FT-IR (KBr): ν̃ = 2920, 2849, 1593, 1506,
1466, 1441, 1393, 1334, 1245, 1232, 1124, 723, 701, 673 cm–1.
MALDI: m/z = [M+] 762.64, [M + Na]+ 785.65, [M + K]+ 809.71.
C49H91ClO3 (763.70): calcd. C 77.06, H 12.01, Cl 4.64; found C
76.94, H 12.26, Cl 4.76.

1-O-Acetyl-2,3,4,6-tetra-O-benzyl-D-glucopyranoside (10):[28] Pyr-
idine (0.6 mL, 7.45 mmol) and acetyl chloride (0.4 mL, 5.92 mmol)
were added to a stirred solution of 2,3,4,6-tetra-O-benzyl--glucop-
yranoside (9) (800 mg, 1.48 mmol) in CH2Cl2 (3 mL) at 0 °C. After
stirring the mixture at room temp. for 3 h, it was diluted with
CH2Cl2 (15 mL) and washed with H2SO4 2  (2�) and brine (1�).
The crude product was purified by column chromatography (hex-
ane/EtOAc, 7:1) to afford 10 as a colorless oil (860 mg, 100%),
mixture of anomers α/β = 9:1. Anomer α: Rf (hexane/EtOAc, 4:1)
= 0.3. 1H NMR (300 MHz, CDCl3): δ = 2.18 (s, 3 H, COCH3),
3.65–4.06 (m, 6 H), 4.50–5.05 (m, 8 H, 4 PhCH2), 6.42 (d, J =
2.5 Hz, 1 H, 1-H), 7.17–7.42 (m, 20 H, Ar-H) ppm. Anomer β: Rf

(hexane/EtOAc, 4:1) = 0.3. 1H NMR (300 MHz, CDCl3): δ = 2.10
(s, 3 H, COCH3), 3.65–4.06 (m, 6 H), 4.50–5.05 (m, 8 H, 4 PhCH2),
5.67 (d, J = 7.9 Hz, 1 H, 1-H), 7.17–7.42 (m, 20 H, Ar-H) ppm.

3,4,5-Tris(octadecyloxy)benzyl 2,3,4,6-Tetra-O-benzyl-D-glucopyr-
anoside (12):[17] To a CH2Cl2 (1.6 mL, 0.1 ) solution of 10 (90 mg,
0.155 mmol) at 0 °C was added trimethylsilyl iodide (30 µL,
0.217 mmol). The reaction mixture was stirred at room temp. for
45 min and the solvent was evaporated at reduced pressure to af-
ford the glycosyl iodide 11, which was used in the next step without
further purification.

To a solution of nBu4NI (0.118 g, 0.313 mmol), DIEA (54 µL,
0.313 mmol), 3,4,5-tris(octadecyloxy)benzyl alcohol (3) (0.070 g,
0.077 mmol), and 4 Å MS in CH2Cl2/cyclohexane (1:1, 2 mL) was
added a solution of crude 11 (100 mg, 0.154 mmol) in CH2Cl2
(1.2 mL). After stirring the mixture at reflux for 20 h, the volatiles
were removed at reduced pressure and the residue was purified by
column chromatography (hexane/EtOAc, 9:1) to give 12 (0.066 g,
30%) as a mixture of anomers (α/β = 2:3). Anomer α: Rf (hexane/
EtOAc, 8:1) = 0.26, 1H NMR (300 MHz, CDCl3): δ = 0.86 (m, 9
H, CH3), 1.23–1.45 (m, 90 H, 15CH2), 1.70–1.75 (m, 6 H,
OCH2CH2), 3.64–4.10 (m, 12 H), 4.45–5.00 (m, 9 H, 4PhCH2 and
1�-H), 6.07 (d, J = 3.8 Hz, 1 H, 1-H), 6.56 (s, 2 H, Ar-H), 7.14–
7.36 (m, 20 H, Ar-H) ppm. 13C NMR (100 MHz, CDCl3): δ = 14.1
(CH3), 22.7 (CH2CH3), 26.1 (OCH2CH2CH2), 29.4–30.3 (13CH2),
31.9 (CH2CH2CH3), 65.7, 67.7, 69.1, 73.0, 73.3, 73.4, 73.5, 75.2,
75.8, 76.4, 79.8, 81.4, 93.9, 105.8, 127.7–128.6, 136.0, 137.4, 137.6,
138.0, 138.5, 153.7 ppm. Anomer β: Rf (hexane/EtOAc, 8:1) = 0.32,
1H NMR (400 MHz, CDCl3): δ = 0.86 (m, 9 H, CH3), 1.23–1.45
(m, 90 H, 15CH2), 1.70–1.75 (m, 6 H, OCH2CH2), 3.53 (dd, J =
3.7, J = 9.5 Hz, 1 H, 2-H), 3.59–3.62 (m, 1 H, 4-H), 3.68–3.72 (m,
1 H, 6-H), 3.79–3.82 (m, 1 H, 5-H), 3.83–3.94 (m, 7 H, OCH2, 6�-
H), 4.04 (t, J = 9.2 Hz, 1 H, 3-H), 4.52 (d, 2 H, 1�-H), 4.52 (dd, J
= 12.0 Hz, 2 H, PhCH2), 4.53 (dd, J = 12.1 Hz, 2 H, PhCH2), 4.63
(dd, J = 10.8 Hz, 2 H, PhCH2), 4.84 (d, J = 3.5 Hz, 1 H, 1-H),
4.89 (dd, J = 10.8 Hz, 2 H, PhCH2), 6.57 (s, 2 H, Ar-H), 7.10–7.33
(m, 20 H, Ar-H) ppm. 13C NMR (100 MHz, CDCl3): δ = 14.1
(CH3), 22.7 (CH2CH3), 26.1 (OCH2CH2CH2), 29.4–30.4 (13CH2),
31.9 (CH2CH2CH3), 69.1 (OCH2, C6), 70.3 (C1�), 72.7–75.0
(PhCH2), 75.8 (C5), 79.6 and 82.2 (C2, C3 and C4), 94.9 (C1),
107.2 (C3�), 127.7–128.4, 132 (C2�), 138.1, 138.8, 153.1 (C4�) ppm.

2,3,4,6-Tetra-O-acetyl-β-D-glucopyranosyl Isothiourea Derivative
(13): Compound 13 was prepared according to the described pro-
cedure[18] (94% yield); m.p. (2-propanol) 180–184 °C. 1H NMR
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(300 MHz, [D6]DMSO): δ = 1.97, 1.99, 2.02, 2.05 (4s, 12 H, OAc),
4.08 (dd, J = 11.6, J = 1.7 Hz, 1 H, 6-H), 4.10–4.18 (m, 1 H, 5-H),
4.20 (dd, J = 12.1, J = 4.9 Hz, 1 H, 6-H), 5.10 (t, J = 9.5 Hz, 1 H,
4-H), 5.11 (t, J = 9.7 Hz, 1 H, 2-H), 5.32 (t, J = 9.4 Hz, 1 H, 3-H),
5.60 (d, J = 10.0 Hz, 1 H, 1-H), 9.11 (br. s, 4 H, NH2) ppm. 13C
NMR (75 MHz, [D6]DMSO): δ = 20.3, 20.4, 20.5, 20.6, 61.8, 67.5,
68.8, 72.5, 75.5, 80.0 (C1), 166.4 [SC(NH2)2], 169.4, 169.5, 169.7,
170.2 ppm. FT-IR (KBr): ν̃ = 3309, 3268, 3056, 1755, 1657, 1428,
1373, 1253, 1224, 1123, 1084, 1057, 1035, 960, 908, 807, 702, 600,
533 cm–1. MS-API-ES: m/z = 407 [M], 331 [M – 76].

3,4,5-Tris(tretradecyloxy)benzyl 2,3,4,6-Tetra-O-acetyl-1-thio-α-D-
glucopyranoside (14a). Microwave Procedure: To a suspension of 13
(0.32 g, 0.68 mmol), 3,4,5-tris(tetradecyloxy)benzyl chloride
(0.40 g, 0.52 mmol) and nBu4NI (10 mmol-%, 0.025 g) in DMF/
THF (12 mL, 7:5) was added Et3N (0.7 mL, 1 ) and the mixture
was heated at 50 °C for 6 h in a CEM microwave reactor. The vola-
tiles were removed at reduced pressure to afford a crude residue
that was partitioned in hexane/MeCN (50 mL each), the hexane
phase was separated and the MeCN layer was extracted with hex-
ane (2�20 mL). The combined hexane phases were concentrated
and the resultant residue was purified by column chromatography
(hexane/EtOAc, 6:1) to give 14 (0.32 g, 55%, 1:1 α/β-mixture). The
mixture of anomers could be separated by carefull flash chromatog-
raphy under the same conditions.

Room Temperature Procedure: To a suspension of 13 (0.8 g,
1.7 mmol), 3,4,5-tris(tetradecyloxy)benzyl chloride (1 g, 1.3 mmol)
and nBu4NI (cat, 0.13 g) in DMF/THF (50 mL, 1:2) was added
Et3N (2 mL, 1 ) and the mixture was stirred at room temperatura
for 4 d. The volatiles were removed at reduced pressure to afford a
crude residue that was partitioned in hexane/MeCN (70 mL each),
the hexane phase was separated and the MeCN layer was extracted
with hexane (2�30 mL). The combined hexane phases were con-
centrated and the resultant residue was purified by column
chromatography (hexane/EtOAc, 6:1) to give 14 (0.86 g, 61%, 1:4,
α/β). The mixture of anomers could be separated by carefull flash
chromatography under the same conditions.

14a: White solid; m.p. 43–45 °C; Rf = 0.50 (hexane/EtOAc, 3:1).
[α]D20 = +106.6 (c = 0.49, CHCl3). 1H NMR (300 MHz, CDCl3): δ
= 0.88 (t, J = 6.7 Hz, 9 H, CH3), 1.26 [br. s, 60 H, (CH2)10], 1.40–
1.52 (m, 6 H, OCH2CH2CH2), 1.68–1.83 (m, 6 H, OCH2CH2),
2.00, 2.00, 2.03, 2.09 (4s, 12 H, OAc), 3.62 (s, 2 H, SCH2), 3.89–
3.96 (m, 6 H, OCH2), 4.00 (dd, J = 12.3, J = 2.0 Hz, 1 H, 6-H),
4.28 (dd, J = 12.3, J = 4.3 Hz, 1 H, 6-H), 4.41 (ddd, J = 10.3, J =
4.3, J = 2.0 Hz, 1 H, 5-H), 5.01–5.07 (m, 2 H, 2-H, 4-H), 5.38 (t,
J = 9.8 Hz, 1 H, 3-H), 5.56 (d, J = 5.7 Hz, 1 H, 1-H), 6.46 (s, 2 H,
Ar-H) ppm. 13C NMR (75 MHz, CDCl3): δ = 14.1 (CH3), 20.6,
20.6, 20.6, 20.6, 20.7, 22.7, 26.1, 26.2, 29.4, 29.4, 29.5, 29.6, 29.7,
29.7, 29.7, 29.8, 29.8, 30.3, 31.9, 34.3 (SCH2), 61.9 (C6), 67.8 (C5),
68.6, 69.2 (OCH2 �2), 70.4, 70.7 (C3), 73.5 (OCH2), 81.3 (C1),
107.3 (ArCH), 131.9, 137.5, 153.1, 169.6 (CO), 169.6 (CO), 169.9
(CO), 170.5 (CO) ppm. FT-IR (KBr): ν̃ = 2956, 2919, 2851, 1747,
1591, 1468, 1430, 1377, 1336, 1232, 1115, 1041, 917, 803, 721 cm–1.
MALDI: m/z = [M+] 1090.75, [M + Na]+ 1113.77, [M + K]+

1129.74. C63H110O12S (1091.61): calcd. C 69.32, H 10.16, S 2.94;
found C 69.11, H 10.35, S 2.94.

14b: As a pale white solid; m.p. 52–53 °C; Rf = 0.47 (3:1 hexane/
EtOAc). [α]D20 = –56.5 (c = 0.31, CHCl3). 1H NMR (400 MHz,
CDCl3): δ = 0.88 (t, J = 6.9 Hz, 9 H, CH3), 1.26 [br. s, 60 H,
(CH2)10], 1.42–1.47 (m, 6 H, OCH2CH2CH2), 1.67–1.82 (m, 6 H,
OCH2CH2), 2.00, 2.02, 2.03, 2.10 (4s, 12 H, OAc), 3.61–3.66 (m, 1
H, 5-H), 3.78–3.83 (m, 2 H, SCH2), 3.91–3.96 (m, 6 H, OCH2),
4.14 (dd, J = 12.4, J = 2.4 Hz, 1 H, 6-H), 4.27 (dd, J = 12.4, J =
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5.0 Hz, 1 H, 6-H), 4.37 (d, J = 9.8 Hz, 1 H, 1-H), 5.09 (t, J =
9.6 Hz, 1 H, 4-H), 5.09 (t, J = 9.7 Hz, 1 H, 2-H), 5.18 (t, J =
9.3 Hz, 1 H, 3-H), 6.48 (s, 2 H, Ar-H) ppm. 13C NMR (100 MHz,
CDCl3): δ = 14.1 (CH3), 20.6, 20.6, 20.7, 20.8, 22.7, 26.1, 29.4,
29.4, 29.5, 29.6, 29.7, 29.7, 29.7, 29.8, 29.8, 30.4, 31.9, 34.1 (SCH2),
62.1 (C6), 68.3, 69.2 (OCH2), 69.7, 73.4 (OCH2 �2), 73.8 (C3), 75.8
(C5), 82.1 (C1), 107.6 (ArCH), 131.5, 137.5, 153.1, 169.4 (CO),
169.4 (CO), 170.2 (CO), 170.6 (CO) ppm. FT-IR (KBr): ν̃ = 2956,
2919, 2851, 1747, 1591, 1468, 1430, 1377, 1336, 1232, 1115, 1041,
917, 803, 721 cm–1. MALDI: m/z = [M+] 1090.75, [M + Na]+

1113.77, [M + K]+ 1129.74. C63H110O12S (1091.61): calcd. C 69.32,
H 10.16, S 2.94; found C 69.11, H 10.35, S 2.94.

3,4,5-Tris(tretradecyloxy)benzyl 1-Thio-α-D-glucopyranoside (15a):
To a solution of 14a or 14b (0.07 g, 0.0625 mmol) in MeOH
(1.5 mL) and CH2Cl2 (0.8 mL), was added K2CO3 (0.004 g) and
the reaction mixture was stirred at room temp. for 3 h. The reaction
mixture was neutralized with Amberlite IR-120 H+, the resin was
filtered and rinsed with CH2Cl2, and the solvent was evaporated to
afford 15a or 15b (0.04 g, 95%) as white solids; 15a: 1H NMR
(500 MHz, CDCl3): δ = 0.88 (t, J = 6.7 Hz, 9 H, CH3), 1.26 [br. s,
60 H, (CH2)10], 1.42–1.46 (m, 6 H, OCH2CH2CH2), 1.70–1.77 (m,
6 H, OCH2CH2), 3.30–3.50 (br. s, 1 H, OH), 3.45–3.55 (m, 2 H, 5-
H, 3-H), 3.65 (m, 2 H, SCH2), 3.69 (d, J = 11.5 Hz, 1 H, 6-H),
3.74 (dd, J = 8.6, J = 5.3 Hz, 1 H, 2-H), 3.70 (d, J = 10.8 Hz, 1 H,
6-H), 3.88–3.93 (m, 7 H, OCH2 �3, 4-H), 5.25 (d, J = 4.9 Hz, 1
H, 1-H), 6.49 (s, 2 H, Ar-H) ppm. 13C NMR (125 MHz, CDCl3):
δ = 14.1 (CH3), 22.7, 26.2, 26.2, 29.4, 29.5, 29.6, 29.7, 29.7, 29.8,
29.8, 30.4, 31.9, 35.2 (SCH2), 61.6 (C6), 69.2 (OCH2 �2), 69.7, 71.5
(C2), 72.1, 73.5 (OCH2), 75.0 (C3), 85.5 (C1), 107.5 (ArCH), 132.5,
137.3, 153.0 ppm. 15b: 1H NMR (500 MHz, CDCl3): δ = 0.88 (t,
J = 6.9 Hz, 9 H, CH3), 1.26 [br. s, 60 H, (CH2)10], 1.41–1.44 (m, 6
H, OCH2CH2CH2), 1.70–1.76 (m, 6 H, OCH2CH2), 3.25 (m, 1 H,
5-H), 3.42 (m, 1 H, 2-H), 3.48 (dd, J = 8.6, J = 8.1 Hz, 1 H, 3-H),
3.60 (dd, J = 9.3, J = 8.6 Hz, 1 H, 4-H), 3.78–3.85 (m, 4 H, SCH2,
6s-H), 3.89–3.95 (m, 6 H, OCH2 �3), 4.31 (d, J = 9.3 Hz, 1 H, 1-
H), 6.50 (s, 2 H, Ar-H) ppm. 13C NMR (125 MHz, CDCl3): δ =
14.1 (CH3), 22.7, 22.9, 26.2, 26.2, 29.4, 29.5, 29.5, 29.7, 29.7, 29.8,
30.4, 31.9, 34.9 (SCH2), 61.8 (C6), 69.2 (OCH2), 69.2 (C4), 72.5
(C2), 73.5 (OCH2 �2), 77.9 (C3), 79.4 (C5), 84.8 (C1), 107.4
(ArCH), 132.1, 137.3, 153.1 ppm.

Oxidative Hydrolysis of Compound 14b: To a vigorously stirred
solution of thioglycoside 14b (15.5 mg, 0.014 mmol) in CH2Cl2
(0.5 mL) and H2O (50 µL) was added at 0 °C NIS (16 mg,
0.071 mmol) and TFA (6 µL, 0.078 mmol). After stirring for 3 h at
0 °C, the reaction was quenched with satd aq. Na2S2O3 and washed
with satd aq. NaHCO3. The organic layer was dried with Na2SO4

and concentrated in vacuo. The crude residue was dissolved in a
1:1 v/v mixture of MeCN and hexane (10 mL). The phases were
separated and the MeCN layer was extracted with hexane (5 mL).
The MeCN layer was evaporated at reduced pressure and the crude
residue was further purified through a short (2 mL) silica cartridge
(EtOAc/hexane, 1:1) to afford 18[19] (4.2 mg, 84%).

3,4,5-Tris(tretradecyloxy)benzyl 6-O-Trityl-1-thio-α-D-glucopyrano-
side (19a): A solution of 15a (0.036 g, 0.038 mmol) and trityl chlo-
ride (0.021 g, 0.076 mmol) in pyridine (0.4 mL, 0.1 ) under argon
atmosphere was stirred for 3 d at room temperature. Pyridine was
removed at reduced pressure to afford a residue that was purified
by column chromatography (CH2Cl2/Et3N, 9:0.1) to give 19a
(0.028 g, 65%) as a colorless oil. Rf = 0.8 (CH2Cl2/MeOH/Et3N,
9:0.1:0.1). 1H NMR (400 MHz, CDCl3): δ = 0.88 (t, J = 6.9 Hz, 9
H, CH3), 1.26 (br. s, 60 H, 10CH2), 1.36–1.49 (m, 6 H,
OCH2CH2CH2), 1.69–1.76 (m, 6 H, OCH2CH2), 2.25 (br. s, 1 H,
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OH), 2.50 (br. s, 1 H, OH), 2.84 (br. s, 1 H, OH), 3.38 (dd, J =
10.1, J = 5.5 Hz, 1 H, 6-H), 3.45 (dd, J = 10.0, J = 3.8 Hz, 1 H,
6-H), 3.49 (t, J = 9.2 Hz, 1 H), 3.62 (t, J = 9.2 Hz, 1 H), 3.76 (m,
2 H, SCH2), 3.71–3.96 (m, 1 H), 3.86 (t, J = 6.5 Hz, 6 H,
OCH2 �2), 3.91 (t, J = 6.6 Hz, 3 H, OCH2), 4.16 (ddd, J = 9.5, J
= 5.3, J = 4.1 Hz, 1 H, 5-H), 5.30 (d, J = 5.5 Hz, 1 H, 1-H), 6.51
(s, 2 H, Ar-H), 7.22–7.32 (m, 9 H, Ar-H), 7.45–7.48 (m, 6 H, Ar-
H) ppm. 13C NMR (100 MHz, CDCl3): δ = 14.1 (CH3), 22.7, 26.1,
26.1, 29.4, 29.4, 29.5, 29.7, 29.7, 29.7, 29.7, 29.7, 29.8, 29.8, 30.4,
31.9, 34.5 (SCH2), 63.9 (C6), 69.1 (OCH2), 70.8, 71.6, 71.9, 73.4
(OCH2), 75.3, 84.2, 87.1, 107.5 (ArCH), 127.2, 127.3, 127.7, 128.0,
128.6, 132.0, 137.4, 143.6, 153.1 ppm.

3,4,5-Tris(tretradecyloxy)benzyl 4,6-O-Benzylidene-1-thio-α-D-gluco-
pyranoside (20a): PhCH(OMe)2 (43 µL, 0.303 mmol) was added to
a solution of 15a (0.093 g, 0.101 mmol) in dry DMF (0.6 mL) con-
taining Å MS at room temperature under argon atmosphere. After
stirring the mixture for 30 min, was added CSA (0.005 g,
0.020 mmol) and the reaction mixture was stirred at 65 °C for 24 h.
The solvent was evaporated under reduced pressure to give a crude
residue that was partitioned in hexane/MeCN (10 mL each), the
hexane phase was separated and the MeCN layer was extracted
with hexane (2�5 mL). The combined hexane phases were concen-
trated and the resultant residue was purified by silica gel column
chromatography (hexane/EtOAc, 20:1 to 4:1) to give 20a (0.071 g,
70%) as a white solid. 1H NMR (500 MHz, CDCl3): δ = 0.88 (t, J
= 7.0 Hz, 9 H, CH3), 1.26 [br. s, 60 H, (CH2)10], 1.43–1.49 (m, 6
H, OCH2CH2CH2), 1.70–1.81 (m, 6 H, OCH2CH2), 3.48 (dd, J =
9.5, J = 9.0 Hz, 1 H, 4-H), 3.70–3.77 (m, 3 H, SCH2, 6-H), 3.80 (t,
J = 9.2 Hz, 1 H, 3-H), 3.86 (dd, J = 9.3, J = 5.4 Hz, 1 H, 2-H),
3.91–3.97 (m, 6 H, OCH2 �3), 4.18–4.22 (m, 2 H, 5-H, 6-H), 5.31
(d, J = 5.6 Hz, 1 H, 1-H), 5.51 [s, 1 H, PhCH(OC)2], 6.51 (s, 2 H,
Ar-H), 7.35–7.38 (m, 3 H, Ar-H), 7.47–7.50 (m, 2 H, Ar-H) ppm.
13C NMR (125 MHz, CDCl3): δ = 14.1 (CH3), 22.7, 26.1, 26.1,
29.4, 29.4, 29.4, 29.5, 29.6, 29.7, 29.7, 29.7, 29.7, 29.7, 29.8, 30.3,
31.9, 35.4 (SCH2), 63.5 (C5), 68.8 (C6), 69.2 (OCH2 �2), 72.2, 72.2,
73.4 (OCH2), 81.1 (C4), 85.9 (C1), 102.0 [PhCH(OC)2], 107.4
(ArCH), 126.3, 128.3, 129.3, 132.1, 136.9, 137.5, 153.1 ppm.

3,4,5-Tris(tretradecyloxy)benzyl 4,6-O-Benzylidene-1-thio-β-D-gluco-
pyranoside (20b): PhCH(OMe)2 (100 µL, 0.366 mmol) was added
to a solution of 15b (0.225 g, 0.244 mmol) in dry DMF (0.8 mL)
containing 4 Å MS at room temperature under argon atmosphere.
After stirring the mixture for 30 min, CSA (0.011 g, 0.049 mmol)
was added and the reaction mixture was stirred at 65 °C for 32 h.
The solvent was evaporated under reduced pressure to give a crude
residue that was partitioned in hexane/MeCN (30 mL each), the
hexane phase was separated and the MeCN layer was extracted
with hexane (2�20 mL). The combined hexane phases were con-
centrated and the resultant residue was purified by silica gel column
chromatography (hexane/EtOAc, 4:1) to give 20b (0.191 g, 78%) as
a white solid; m.p. 69–80 °C; Rf = 0.40 (hexane/EtOAc, 2:1). 1H
NMR (400 MHz, CDCl3): δ = 0.88 (t, J = 6.8 Hz, 9 H, CH3), 1.26
[br. s, 60 H, (CH2)10], 1.43–1.49 (m, 6 H, OCH2CH2CH2), 1.71–
1.82 (m, 6 H, OCH2CH2), 3.43 (dt, J = 9.7, J = 4.9 Hz, 1 H, 5-H),
3.50–3.58 (m, 2 H, 2-H), 3.73–3.81 (m, 2 H, 6-H), 3.86 (s, 2 H,
SCH2), 3.90–3.97 (m, 6 H, OCH2 �3), 4.33 (dd, J = 10.4, J =
4.9 Hz, 1 H, 6-H), 4.39 (d, J = 9.8 Hz, 1 H, 1-H), 5.53 [s, 1 H,
PhCH(OC)2], 6.51 (s, 2 H, Ar-H), 7.35–7.39 (m, 3 H, Ar-H), 7.46–
7.50 (m, 2 H, Ar-H) ppm. 13C NMR (100 MHz, CDCl3): δ = 14.1
(CH3), 22.7, 26.1, 29.3, 29.4, 29.4, 29.6, 29.7, 29.7, 30.3, 31.9, 34.9
(SCH2), 68.5 (C6), 69.1 (OCH2 �2), 70.5 (C5), 73.2, 73.4 (OCH2),
74.6, 80.3, 85.4 (C1), 101.9 [PhCH(OC)2], 107.3 (ArCH), 126.2,
128.3, 129.3, 131.8, 136.8, 137.4, 153.2 ppm. MALDI: m/z = [M+]
1010.75, [M + Na]+ 1033.77, [M + K]+ 1049.74. C62H106O8S
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(1011.57): calcd. C 73.61, H 10.56, S 3.17; found C 73.37, H 10.81,
S 2.99.

3,4,5-Tris(tretradecyloxy)benzyl 4,6-O-Benzylidene-2,3-di-O-benzyl-
1-thio-α-D-glucopyranoside (21a): To a stirred solution of 20a
(0.070 g, 0.069 mmol) in DMF (0.9 mL, 0.08 ) under argon atmo-
sphere was added NaH (60%, 0.028 g, 0.694 mmol). After 15 min,
benzyl bromide (84 µL, 0.694 mmol) was added and the reaction
mixture was stirred at room temp. for 24 h. The reaction was
quenched with MeOH and stirred for 30 min. The crude was di-
luted with CH2Cl2 and washed with water. The organic layer was
dried with Na2SO4, filtered and evaporated at reduced pressure.
Column chromatographic purification of the residue (hexane/
EtOAc, 35:1) afforded 21a (0.061 g, 74%) as a white solid; m.p. 48–
52 °C; Rf = 0.40 (hexane/EtOAc, 6:1). [α]D20 = +81.5 (c = 0.52,
CHCl3). 1H NMR (500 MHz, CDCl3): δ = 0.81 (t, J = 6.9 Hz, 9
H, CH3), 1.25 [br. s, 60 H, (CH2)10], 1.34–1.42 (m, 6 H,
OCH2CH2CH2), 1.70–1.73 (m, 6 H, OCH2CH2), 3.53 (t, J =
9.3 Hz, 1 H, 4-H), 3.57 (s, 2 H, SCH2), 3.66 (t, J = 10.2 Hz, 1 H,
6-H), 3.69 (dd, J = 9.2, J = 5.7 Hz, 1 H, 2-H), 3.82 (t, J = 9.3 Hz,
1 H, 3-H) 3.84–3.88 (m, 6 H, OCH2 �3), 4.15 (dd, J = 10.1, J =
4.9 Hz, 1 H, 6-H), 4.26–4.31 (m, 1 H, 5-H), 4.41 (d, J = 11.8 Hz,
1 H, PhCH2), 4.48 (d, J = 11.8 Hz, 1 H, PhCH2), 4.74 (d, J =
11.4 Hz, 1 H, PhCH2), 4.78 (d, J = 11.4 Hz, 1 H, PhCH2), 5.16 (d,
J = 5.7 Hz, 1 H, 1-H), 5.48 [s, 1 H, PhCH(OC)2], 6.47 (s, 2 H, Ar-
H), 7.16–7.23 (m, 8 H, Ar-H), 7.26–7.33 (m, 5 H, Ar-H), 7.41–7.43
(m, 2 H, Ar-H) ppm. 13C NMR (125 MHz, CDCl3): δ = 14.1
(CH3), 22.7, 26.1, 26.1, 29.4, 29.4, 29.4, 29.5, 29.6, 29.7, 29.7, 29.7,
29.7, 29.7, 29.8, 30.3, 31.9, 33.9 (SCH2), 63.2 (C5), 68.9 (C6), 69.0
(OCH2 �2), 72.0 (PhCH2), 73.4 (OCH2 �1), 75.3 (PhCH2), 78.4
(C2), 78.9 (C3), 81.7 (C4), 83.1 (C1), 101.2 [PhCH(OC)2], 107.3
(ArCH), 126.0, 127.5, 127.7, 127.9, 128.2, 128.2, 128.3, 128.9,
132.7, 137.3, 137.5, 138.6, 153.0 ppm. MALDI: m/z = [M + Na]+

1213.94, [M + K]+ 1229.91. C76H118O8S (1191.81): calcd. C 76.59,
H 9.98, S 2.69; found C 76.74, H 10.21, S 2.49.

3,4,5-Tris(tretradecyloxy)benzyl 4,6-O-Benzylidene-2,3-di-O-benzyl-
1-thio-β-D-glucopyranoside (21b): To a stirred solution of 20b
(0.189 g, 0.187 mmol) in DMF (1.5 mL, 0.1 ) under argon atmo-
sphere was added NaH (60%, 0.077 g, 1.868 mmol). After 15 min,
benzyl bromide (0.3 mL, 1.868 mmol) was added and the reaction
mixture was stirred at room temp. for 24 h. The reaction was
quenched with MeOH and stirred for 30 min. The crude was di-
luted with CH2Cl2 and washed with water. The organic layer was
dried with Na2SO4, filtered and evaporated at reduced pressure.
Column chromatographic purification of the residue (hexane/
EtOAc, 35:1) afforded 21b (0.198 g, 89%).as a white solid; m.p. 72–
81 °C; Rf = 0.74 (hexane/EtOAc, 4:1). [α]D20 = –34.6 (c = 0.77,
CHCl3). 1H NMR (400 MHz, CDCl3): δ = 0.88 (t, J = 6.9 Hz, 9
H, CH3), 1.26 [br. s, 60 H, (CH2)10], 1.40–1.51 (m, 6 H,
OCH2CH2CH2), 1.70–1.80 (m, 6 H, OCH2CH2), 3.39 (ddd, J =
9.9, J = 9.1, J = 5.0 Hz, 1 H, 5-H), 3.50 (dd, J = 9.8, J = 8.0 Hz,
1 H, 2-H), 3.72 (t, J = 9.3 Hz, 1 H, 4-H), 3.77 (dd, J = 9.3, J =
7.9 Hz, 1 H, 3-H), 3.80 (t, J = 10.4 Hz, 1 H, 6-H), 3.87 (m, 2 H,
SCH2), 3.89–3.95 (m, 6 H, OCH2 �3), 4.48 (d, J = 9.9 Hz, 1 H, 1-
H), 4.78 (d, J = 11.3 Hz, 1 H, PhCH2), 4.78 (d, J = 10.3 Hz, 1 H,
PhCH2), 4.83 (d, J = 10.3 Hz, 1 H, PhCH2), 4.93 (d, J = 11.3 Hz,
1 H, PhCH2), 5.58 [s, 1 H, PhCH(OC)2], 6.52 (s, 2 H, Ar-H), 7.26–
7.40 (m, 15 H, Ar-H), 7.47–7.50 (m, 2 H, Ar-H) ppm. 13C NMR
(100 MHz, CDCl3): δ = 14.1 (CH3), 22.7, 26.1, 26.1, 29.4, 29.4,
29.5, 29.7, 29.7, 29.7, 29.7, 29.8, 30.3, 31.9, 35.3 (SCH2), 68.7 (C6),
69.0 (OCH2 �2), 70.2 (C5), 73.4 (OCH2), 75.2 (PhCH2), 75.8
(PhCH2), 81.1 (C2), 81.6 (C4), 82.7 (C3), 84.7 (C1), 101.1
[PhCH(OC)2], 107.3 (ArCH), 126.0, 127.7, 127.8, 128.0, 128.1,
128.2, 128.3, 128.3, 129.0, 132.1, 137.2, 137.3, 137.9, 138.3, 153.1
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ppm. MALDI: m/z = [M + Na]+ 1213.94, [M + K]+ 1229.91.
C76H118O8S (1191.81): calcd. C 76.59, H 9.98, S 2.69; found C
76.74, H 10.21, S 2.49.

3,4,5-Tris(tretradecyloxy)benzyl 2,3,4-Tri-O-benzyl-1-thio-α-D-gluco-
pyranoside (22a): To a solution of 21a (0.061 g, 0.051 mmol) in
Et2O/CH2Cl2 (1 mL, 1:1 v/v) under argon atmosphere was added
LiAlH4 (0.009 g, 0.241 mmol). After stirring the reaction mixture
at 50 °C (bath temperature), was added a solution of AlCl3
(0.027 g, 0.205 mmol) in Et2O (0.5 mL). The suspension was stirred
at 50 °C for 3 h. When the reaction was judged complete by TLC
analysis, EtOAc and H2O were sequentially added dropwise, and
the mixture was extracted with CH2Cl2. The organic layer was
dried with Na2SO4, and evaporated at reduced pressure. The resi-
due was purified by silica gel column chromatography (hexane/
EtOAc, 15:1) to afford 22a (0.60 g, 99%) as a white solid; m.p. 42–
44 °C; Rf = 0.24 (hexane/EtOAc, 5:1). [α]D20 = +95.7 (c = 1.15,
CHCl3). 1H NMR (500 MHz, CDCl3): δ = 0.88 (t, J = 7.0 Hz, 9
H, CH3), 1.26 [br. s, 60 H, (CH2)10], 1.41–1.46 (m, 6 H,
OCH2CH2CH2), 1.71–1.80 (m, 6 H, OCH2CH2), 3.53 (dd, J = 9.8,
J = 9.0 Hz, 1 H, 4-H), 3.61 (m, 2 H, SCH2), 3.72 (dd, J = 9.5, J =
5.4 Hz, 1 H, 2-H), 3.74–3.76 (m, 2 H, 6s-H), 3.86 (t, J = 9.3 Hz, 1
H, 3-H), 3.90–3.95 (m, 6 H, OCH2 �3), 4.09 (dt, J = 9.8, J =
3.2 Hz, 1 H, 5-H), 4.43 (d, J = 11.7 Hz, 1 H, PhCH2), 4.51 (d, J =
11.7 Hz, 1 H, PhCH2), 4.64 (d, J = 11.0 Hz, 1 H, PhCH2), 4.78 (d,
J = 10.8 Hz, 1 H, PhCH2), 4.88 (d, J = 11.2 Hz, 1 H, PhCH2), 4.96
(d, J = 11.0 Hz, 1 H, PhCH2), 5.21 (d, J = 5.6 Hz, 1 H, 1-H), 6.54
(s, 2 H, Ar-H), 7.22–7.36 (m, 15 H, Ar-H) ppm. 13C NMR
(125 MHz, CDCl3): δ = 14.1 (CH3), 22.7, 26.1, 26.1, 29.4, 29.4,
29.4, 29.5, 29.6, 29.7, 29.7, 29.7, 29.7, 29.7, 29.8, 30.3, 31.9, 33.9
(SCH2), 61.9 (C6), 69.1 (OCH2 �2), 71.4 (C5), 71.7 (PhCH2), 73.4
(OCH2), 75.1 (PhCH2), 75.7 (PhCH2), 76.9 (C4), 79.0 (C2), 82.1
(C1), 82.5 (C3), 107.3 (ArCH), 127.6, 127.8, 127.8, 127.9, 128.0,
128.1, 128.3, 128.4, 128.5, 132.8, 137.1, 137.5, 138.0, 138.6, 153.0
ppm. FT-IR (KBr): ν̃ = 3436, 2919, 2850, 1593, 1506, 1468, 1442,
1381, 1337, 1238, 1133, 1117, 1085, 1027, 735, 695 cm–1. MALDI:
m/z = [M + Na]+ 1215.94, [M + K]+ 1231.93. C76H120O8S
(1193.83): calcd. C 76.46, H 10.13, S 2.69; found C 76.18, H 10.16,
S 2.57.

3,4,5-Tris(tretradecyloxy)benzyl 2,3,4-Tri-O-benzyl-1-thio-β-D-gluco-
pyranoside (22b): To a solution of 21b (0.061 g, 0.051 mmol) in
Et2O/CH2Cl2 (1 mL, 1:1 v/v) under argon atmosphere was added
LiAlH4 (0.009 g, 0.246 mmol). After stirring the reaction mixture
at 50 °C (bath temperature), was added a solution of AlCl3
(0.027 g, 0.205 mmol) in Et2O (0.5 mL). The suspension was stirred
at 50 °C for 1.5 h. When the reaction was judged complete by TLC
analysis, EtOAc and H2O were sequentially added dropwise, and
the mixture was extracted with CH2Cl2. The organic layer was
dried with Na2SO4, and the solvents evaporated. The residue was
purified by silica gel column chromatography (hexane/EtOAc, 15:1)
to afford 22b (0.52 g, 85%) as a white solid; m.p. 61–63 °C; Rf =
0.32 (hexane/EtOAc, 4:1). [α]D20 = –10.1 (c = 0.41, CHCl3). 1H
NMR (400 MHz, CDCl3): δ = 0.88 (t, J = 6.8 Hz, 9 H, CH3), 1.26
[br. s, 60 H, (CH2)10], 1.41–1.50 (m, 6 H, OCH2CH2CH2), 1.70–
1.80 (m, 6 H, OCH2CH2), 3.29 (ddd, J = 9.6, J = 4.8, J = 2.7 Hz,
1 H, 5-H), 3.44 (dd, J = 9.7, J = 8.8 Hz, 1 H, 2-H), 3.56 (t, J =
9.3 Hz, 1 H, 4-H), 3.66 (t, J = 8.9 Hz, 1 H, 3-H), 3.66–3.69 (m, 1
H, 6-H), 3.79–3.94 (m, 9 H, OCH2 �3, 6-H, SCH2), 4.39 (d, J =
9.8 Hz, 1 H, 1-H), 4.64 (d, J = 11.0 Hz, 1 H, PhCH2), 4.72 (d, J =
10.3 Hz, 1 H, PhCH2), 4.84 (d, J = 10.8 Hz, 1 H, PhCH2), 4.85 (d,
J = 10.9 Hz, 1 H, PhCH2), 4.86 (d, J = 10.1 Hz, 1 H, PhCH2), 4.90
(d, J = 11.0 Hz, 1 H, PhCH2), 6.49 (s, 2 H, Ar-H), 7.24–7.33 (m,
15 H, Ar-H) ppm. 13C NMR (100 MHz, CDCl3): δ = 14.1 (CH3),
22.7, 26.1, 29.4, 29.4, 29.4, 29.7, 29.7, 29.7, 30.3, 30.9 (acetone),
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31.9, 35.4 (SCH2), 62.1 (C6), 69.0 (OCH2 �2), 73.4 (OCH2), 75.1
(PhCH2), 75.4 (PhCH2), 75.8 (PhCH2), 77.6 (C4), 79.2 (C5), 81.6
(C2), 84.0 (C1), 85.4 (C3), 107.2 (ArCH), 127.7, 127.8, 127.8, 128.0,
128.0, 128.1, 128.4, 128.4, 128.5, 132.3, 137.3, 137.9, 138.3, 153.1
ppm. FT-IR (KBr): ν̃ = 3436, 2919, 2850, 1593, 1506, 1468, 1442,
1381, 1337, 1238, 1133, 1117, 1085, 1027, 735, 695 cm–1. MALDI:
m/z = [M + Na]+ 1215.94, [M + K]+ 1231.93. C76H120O8S
(1193.83): calcd. C 76.46, H 10.13, S 2.69; found C 76.18, H 10.16,
S 2.57.

General Procedure for Glycosylation: To a solution of 2,3,4,6-tetra-
O-benzyl--glucopyranosyl trichloroacetimidate 23 and compound
22 (0.03–0.04  in 22) under the reaction conditions showed in
Table 2 was added TMSOTf. After stirring the indicated time, the
reaction mixture was quenched with Et3N (1 drop). The crude was
diluted with hexane and washed with aq. sat. NaHCO3. The or-
ganic layer was washed with MeCN and the MeCN layer was back-
extracted with hexane (2�). The combined hexane phases were
dried (Na2SO4) and concentrated at reduced pressure. The crude
product was purified by a silica gel chromatography (hexane/
EtOAc, 10:1), to afford the disaccharide products 24 with the yields
and stereoselectivities shown in Table 2. Compounds 24aa, 24ab,
and 24ba could be obtained pure, while 24bb was obtained partially
contaminated with 24ab.

6-O-(2,3,4,6-Tetra-O-benzyl-α-D-glucopyranosyl)-3,4,5-tris(tretrade-
cyloxy)benzyl 2,3,4-Tri-O-benzyl-1-thio-α-D-glucopyranoside (24aa):
Colorless solid; m.p. 49–51 °C. 1H NMR (500 MHz, CDCl3): δ =
0.88 (t, J = 7.0 Hz, 9 H, CH3), 1.25 [br. s, 60 H, (CH2)10], 1.33–
1.48 (m, 6 H, OCH2CH2CH2), 1.67–1.74 (m, 6 H, OCH2CH2), 3.52
(dd, J = 9.6, J = 3.4 Hz, 1 H, 2�-H), 3.56 (dd, J = 10.4, J = 1.8 Hz,
1 H, 6�-H), 3.59–3.65 (m, 5 H, 4-H, 4�-H, 6�-H, SCH2), 3.65 (dd,
J = 9.5, J = 5.7 Hz, 1 H, 2-H), 3.72 (bd, J = 10.6 Hz, 1 H, 6-H),
3.77 (ddd, J = 9.8, J = 5.2, J = 2.4 Hz, 1 H, 5�-H), 3.84–3.91 (m,
8 H, OCH2 �3, 6-H, 3-H), 3.95 (t, J = 9.3 Hz, 1 H, 3�-H), 4.29
(dd, J = 10.1, J = 3.7 Hz, 1 H, 5-H), 4.32 (d, J = 11.6 Hz, 1 H,
PhCH2), 4.41 (d, J = 12.0 Hz, 1 H, PhCH2), 4.43 (d, J = 10.6 Hz,
1 H, PhCH2), 4.43 (d, J = 11.5 Hz, 1 H, PhCH2), 4.56 (d, J =
12.1 Hz, 1 H, PhCH2), 4.63 (s, 1 H, PhCH2), 4.63 (d, J = 9.8 Hz,
1 H, PhCH2), 4.65 (d, J = 10.9 Hz, 1 H, PhCH2), 4.67 (d, J =
10.8 Hz, 1 H, PhCH2), 4.74 (d, J = 10.7 Hz, 1 H, PhCH2), 4.80 (d,
J = 11.0 Hz, 1 H, PhCH2), 4.87 (d, J = 10.9 Hz, 1 H, PhCH2), 4.91
(d, J = 11.1 Hz, 1 H, PhCH2), 4.92 (d, J = 10.8 Hz, 1 H, PhCH2),
4.96 (d, J = 3.4 Hz, 1 H, 1�-H), 5.20 (d, J = 5.6 Hz, 1 H, 1-H), 6.55
(s, 2 H, Ar-H), 7.08–7.33 (m, 35 H, Ar-H) ppm. 13C NMR
(125 MHz, CDCl3): δ = 14.1 (CH3), 22.7, 26.1, 29.4, 29.4, 29.5,
29.7, 29.7, 30.3, 31.9, 33.4 (SCH2), 68.4 (C6), 69.0 (C6�, OCH2 �2),
70.2 (C5�), 71.2 (C5), 71.7 (PhCH2), 72.4 (PhCH2), 73.4 (OCH2,
PhCH2), 74.9 (PhCH2), 75.0 (PhCH2), 75.5 (PhCH2), 75.7
(PhCH2), 77.4 (C4, C4�), 79.2 (C2), 79.9 (C2�), 81.6 (C1), 81.8
(C3�), 82.7 (C3), 97.4 (C1�), 107.3 (ArCH), 127.5, 127.5, 127.6,
127.7, 127.7, 127.8, 127.8, 127.9, 128.0, 128.0, 128.2, 128.3, 128.3,
128.3, 128.4, 132.8, 137.0, 137.6, 137.9, 138.4, 138.7, 153.0 ppm.
C110H154O13S (1716.46): calcd. C 76.97, H 9.04, S 1.87; found C
76.86, H 8.95, S 1.73.

6-O-(2,3,4,6-Tetra-O-benzyl-α-D-glucopyranosyl)-3,4,5-tris(tretrade-
cyloxy)benzyl 2,3,4-Tri-O-benzyl-1-thio-β-D-glucopyranoside (24ab):
1H NMR (500 MHz, CDCl3): δ = 0.88 (t, J = 7.0 Hz, 9 H, CH3),
1.25 [br. s, 60 H, (CH2)10], 1.38–1.45 (m, 6 H, OCH2CH2CH2),
1.69–1.75 (m, 6 H, OCH2CH2), 3.21 (t, J = 9.3 Hz, 1 H, 2-H), 3.40
(ddd, J = 9.6, J = 2.9, J = 2.9 Hz, 1 H, 5-H), 3.58 (t, J = 9.1 Hz,
1 H, 3-H), 3.59 (dd, J = 9.5, J = 3.3 Hz, 1 H, 2�-H), 3.64 (dd, J =
10.3, J = 1.3 Hz, 1 H, 6�-H), 3.64–3.68 (m, 1 H, 4�-H), 3.72 (d, J
= 9.9 Hz, 1 H, 6�-H), 3.72–3.75 (m, 2 H, 4-H, SCH2), 3.84 (d, J =
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2.8 Hz, 2 H, 6s-H), 3.86–3.91 (m, 8 H, OCH2 �3, 5�-H, SCH2),
4.02 (t, J = 9.3 Hz, 1 H, 3�-H), 4.32 (d, J = 9.9 Hz, 1 H, 1-H), 4.44
(d, J = 11.0 Hz, 1 H, PhCH2), 4.45 (d, J = 12.3 Hz, 1 H, PhCH2),
4.51 (d, J = 10.3 Hz, 1 H, PhCH2), 4.62 (d, J = 12.0 Hz, 1 H,
PhCH2), 4.66 (d, J = 10.3 Hz, 1 H, PhCH2), 4.67 (d, J = 11.1 Hz,
1 H, PhCH2), 4.71 (d, J = 10.8 Hz, 1 H, PhCH2), 4.74 (d, J =
12.0 Hz, 1 H, PhCH2), 4.78 (d, J = 11.0 Hz, 1 H, PhCH2), 4.85 (d,
J = 11.7 Hz, 1 H, PhCH2), 4.82 (d, J = 10.6 Hz, 1 H, PhCH2), 4.84
(d, J = 10.7 Hz, 1 H, PhCH2), 4.87 (d, J = 10.7 Hz, 1 H, PhCH2),
4.93 (d, J = 10.8 Hz, 1 H, PhCH2), 5.14 (d, J = 3.3 Hz, 1 H, 1�-
H), 6.50 (s, 2 H, Ar-H), 7.09–7.41 (m, 35 H, Ar-H) ppm. 13C NMR
(125 MHz, CDCl3): δ = 14.2 (CH3), 22.7, 26.2, 29.4, 29.5, 29.5,
29.7, 29.7, 31.9, 34.7 (SCH2), 65.4 (C6), 68.4 (C6�), 69.0
(OCH2 �2), 70.0 (C5�), 72.2 (PhCH2), 73.3 (PhCH2), 73.4 (OCH2),
74.8 (PhCH2), 75.0 (PhCH2), 75.3 (PhCH2), 75.5 (PhCH2), 75.6
(PhCH2), 77.4 (C4�), 77.6 (C4), 78.9 (C5), 80.0 (C2�), 81.6 (C2),
81.7 (C3�), 83.2 (C1), 86.4 (C3), 97.0 (C1�), 107.2 (ArCH), 127.4,
127.6, 127.9, 128.0, 128.1, 128.2, 128.3, 128.3, 128.3, 128.4, 128.4,
132.3, 137.1, 137.9, 137.9, 138.1, 138.4, 138.5, 138.5, 138.7, 153.0
ppm. C110H154O13S (1716.46): calcd. C 76.97, H 9.04, S 1.87; found
C 76.86, H 8.95, S 1.73.

6-O-(2,3,4,6-Tetra-O-benzyl-β-D-glucopyranosyl)-3,4,5-tris(tretrade-
cyloxy)benzyl 2,3,4-Tri-O-benzyl-1-thio-α-D-glucopyranoside (24ba):
Colorless solid; m.p. 57–58 °C. 1H NMR (500 MHz, CDCl3): δ =
0.88 (t, J = 7.0 Hz, 9 H, CH3), 1.26 [br. s, 60 H, (CH2)10], 1.38–
1.49 (m, 6 H, OCH2CH2CH2), 1.69–1.77 (m, 6 H, OCH2CH2), 3.43
(ddd, J = 9.4, J = 4.8, J = 1.8 Hz, 1 H, 5�-H), 3.50 (dd, J = 9.0, J
= 7.8 Hz, 1 H, 2�-H), 3.56–3.65 (m, 5 H, 4-H, 4�-H, 3�-H, SCH2),
3.68 (dd, J = 10.9, J = 4.8 Hz, 1 H, 6�-H), 3.73 (dd, J = 9.6, J =
5.5 Hz, 1 H, 2-H), 3.74 (dd, J = 10.8, J = 1.6 Hz, 1 H, 6�-H), 3.78
(dd, J = 11.2, J = 4.6 Hz, 1 H, 6-H), 3.84 (t, J = 9.4 Hz, 1 H, 3-
H), 3.83–3.93 (m, 6 H, OCH2 �3), 4.21 (dd, J = 11.1, J = 1.7 Hz,
1 H, 6-H), 4.34 (ddd, J = 10.1, J = 4.4, J = 1.7 Hz, 1 H, 5-H), 4.39
(d, J = 7.8 Hz, 1 H, 1�-H), 4.39 (d, J = 11.7 Hz, 1 H, PhCH2), 4.48
(d, J = 11.7 Hz, 1 H, PhCH2), 4.50 (d, J = 11.1 Hz, 1 H, PhCH2),
4.53 (d, J = 10.9 Hz, 1 H, PhCH2), 4.54 (d, J = 12.2 Hz, 1 H,
PhCH2), 4.61 (d, J = 12.2 Hz, 1 H, PhCH2), 4.69 (d, J = 11.0 Hz,
1 H, PhCH2), 4.72 (d, J = 11.1 Hz, 1 H, PhCH2), 4.77 (d, J =
11.0 Hz, 1 H, PhCH2), 4.78 (d, J = 11.0 Hz, 1 H, PhCH2), 4.81 (d,
J = 11.3 Hz, 1 H, PhCH2), 4.90 (d, J = 10.9 Hz, 1 H, PhCH2), 4.93
(d, J = 10.9 Hz, 1 H, PhCH2), 4.97 (d, J = 11.0 Hz, 1 H, PhCH2),
5.26 (d, J = 5.5 Hz, 1 H, 1-H), 6.51 (s, 2 H, Ar-H), 7.15–7.34 (m,
35 H, Ar-H) ppm. 13C NMR (125 MHz, CDCl3): δ = 14.1 (CH3),
22.7, 26.1, 29.4, 29.4, 29.4, 29.5, 29.6, 29.7, 29.7, 29.8, 29.8, 30.3,
31.9, 33.6 (SCH2), 68.5 (C6), 68.9 (C6�), 69.0 (OCH2 �2), 70.9
(C5), 71.6 (PhCH2), 73.4 (PhCH2), 73.4 (OCH2), 74.9 (PhCH2),
75.0 (C5�), 75.6 (PhCH2), 75.7 (PhCH2), 77.6 (C4), 77.8 (C4�), 78.8
(C2), 82.0 (C2�), 82.1 (C1), 82.5 (C3), 84.8 (C3�), 103.8 (C1�), 107.2
(ArCH), 127.5, 127.6, 127.6, 127.6, 127.7, 127.7, 127.7, 127.7,
127.8, 127.9, 127.9, 128.0, 128.3, 128.3, 128.3, 128.4, 128.4, 133.0,
137.0, 137.5, 138.0, 138.1, 138.2, 138.3, 138.4, 138.7, 153.0 ppm.
C110H154O13S (1716.46): calcd. C 76.97, H 9.04, S 1.87; found C
76.86, H 8.95, S 1.73.

6-O-(2,3,4,6-Tetra-O-benzyl-β-D-glucopyranosyl)-3,4,5-tris(tretrade-
cyloxy)benzyl 2,3,4-Tri-O-benzyl-1-thio-β-D-glucopyranoside (24bb):
1H NMR (500 MHz, CDCl3): δ = 0.88 (t, J = 7.0 Hz, 9 H, CH3),
1.25 [br. s, 60 H, (CH2)10], 1.38–1.45 (m, 6 H, OCH2CH2CH2),
1.69–1.75 (m, 6 H, OCH2CH2), 3.41–3.96 (m, 20 H), 4.20 (d, J =
9.5 Hz, 1 H), 4.38 (d, J = 9.8 Hz, 1 H, 1-H), 4.41 (d, J = 7.8 Hz,
1 H, 1�-H), 4.50–5.03 (m, 14 H, PhCH2), 6.43 (s, 2 H, Ar-H), 7.13–
7.47 (m, 35 H, Ar-H) ppm. 13C NMR (125 MHz, CDCl3): δ = 83.9
(C1), 104.2 (C1�), 107.2 ppm.
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Supporting Information (see also the footnote on the first page of
this article): 1H NMR of the anomerization reaction of 22b pro-
moted by TMSOTf.
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