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Abstract Simple and convergent synthesis of a tetra- and a
trisaccharide portions of an antitumor compound Julibro-
side J28, isolated from Albizia julibrissin, that showed
significant in vitro antitumor activity against HeLa, Bel-
7402 and PC-3M-1E8 cancer cell lines is reported. The
tetrasaccharide has been synthesized as its p-methoxy-
phenyl glycoside starting from commercially available D-
glucose, L-rhamnose and L-arabinose. The trisaccharide part
has been synthesized from commercially available N-acetyl
D-glucosamine, D-fucose and D-xylose using simple pro-
tecting group manipulations. Sulfuric acid immobilized on
silica has been used successfully as a Brönsted acid catalyst
for the crucial glycosylation steps.
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Introduction

Development of “Glycomics” has already opened up a new
definition of life beyond genome and proteome. It is well
understood and recognized that the carbohydrates are
responsible for various biological processes beyond its
energy storage, structural and protective roles. For long,
natural products containing carbohydrates such as saponins,
flavonoids have created a great deal of interest as potential
drug candidates for many diseases. Most of them are used
as folk medicines and their exact properties are not well
defined until recently. But the scarcity of these active
constituents in the natural sources and difficulty of
purification is causing a damaging effect on the develop-
ment in this area. Therefore, synthetic approach becomes
eminent step forward to extrapolate Mother Nature’s
resources for the betterment of humanity.

Triterpenoid saponins are glycosylated plant secondary
metabolites that are found in many major food crops [1],
synthesized by numerous plants as part of their normal
programme of growth and development. Examples include
plants that are exploited as sources of drugs, such as
ginseng and liquorice, and also crop plants, such as
legumes and oats [2]. Since many saponins have potent
antifungal properties and are present in healthy plants in
high concentration, these molecules may act as preformed
chemical barriers to fungal attack [3]. Despite commercial
interest, the genetic machinery required for the elaboration
of this important family of plant secondary metabolites is as
yet largely uncharacterized. One common feature of all
saponins is the presence of a sugar chain attached to the
aglycone at the C-3 hydroxyl position. The sugar chains
differ substantially between saponins, but are often
branched and may consist of up to five sugar units (usually
selected from glucose, arabinose, glucuronic acid, xylose or
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rhamnose) [4]. An understanding of the glycosylation
process, which is believed to be the terminal stage in the
saponin biosynthesis, is important since the presence of the
C-3 sugar chain is critical for saponin biological activity [5,
6]. To obtain a better understanding of the glycosyltrans-
ferases involved and in order to establish the order of
events in saponin biosynthesis, synthetic saccharide frag-
ments would be very useful.

The Chinese plant Alizibia julibrissin (Leguminosae) is
well known as an anti-inflammatory and sedative drug for
treating skin ulcers, wounds or swelling and pain of the lungs
[7]. Attracted by the medicinal value of the plant, Zhao et al.
have analyzed different extracts from the bark of A. julibrissin
and isolated a cytotoxic triterpenoid saponin “Julibroside J28”
(Schemes 1 and 2) which showed significant in vitro
inhibitory activity against human tumor cell lines (HeLa,
PC-3M-1E8 and Bel-7402) [8]. In continuation to our
constant effort towards synthesis of carbohydrate containing
natural products, here we report a simple and convergent
route for the synthesis of the tetrasaccharide (1) and
trisaccharide (2) portions of the natural product.

From the retrosynthetic analyses of the target tetrasac-
charide, it is evident that the construction of a protected
trisaccharide (II) and glycosylation with a suitably pro-
tected glucoside acceptor (I) would provide the target
tetrasaccharide. The trisaccharide II could be prepared from
the orthogonally protected monosaccharide building blocks
(III, IV and V) derived from commercially available D-
glucose, L-rhamnose and L-arabinose.

Results and discussion

The synthesis starts from known p-methoxyphenyl 2,3-O-
isopropylidene-α-L-rhamnopyranoside (3) [9, 10]. The
choice of the p-methoxyphenyl group is to serve as a
temporary glycoside that can be converted to other
activating glycosides such as trichloroacetimidate or thio-
glycosides for the final conjugation with the glucoside
moiety. Compound 3 was coupled with known arabinofur-
anosyl donor 4 [11] using N-iodosuccinimide in conjunc-
tion with sulfuric acid immobilized on silica (H2SO4-silica)
[12–15]1 to afford the disaccharide 5 in 87% yield. The use
of H2SO4-silica instead of TfOH or TMSOTf as the acid
source for the N-iodosuccinimide promoted activation of

thioglycoside is particularly beneficial since it is a solid and
can be weighed in small quantity. Moreover, it replaces the
anxiety of using perchloric acid immobilized on silica
(HClO4-silica) as perchloric acid is known to be a potential
explosive. Once the disaccharide 5 is in hand, the 2,3-
isopropylidene acetal was cleaved with 80% aqueous acetic
acid at 80°C to provide the corresponding diol (6) in 95%
yield. Orthoesterification of the diol 6 with trimethyl
orthoacetate and 10-camphorsulfonic acid in dry acetoni-
trile followed by rearrangement of the orthoester by
aqueous work-up with 1N HCl afforded the disaccharide
acceptor 7 in 86% yield. N-iodosuccinimide and H2SO4-
silica promoted glycosylation of the disaccharide acceptor 7
with known p-tolyl 2,3,4,6-tetra-O-acetyl-1-thio-β-D-gluco-
pyranoside (8) [16] furnished the trisaccharide (9) in 91%
yield. The next challenge was to convert the p-methox-
yphenyl trisaccharide to an activated donor for the final
coupling. Oxidative cleavage of the p-methoxyphenyl
group with ceric ammonium nitrate [17] in acetonitrile-
water (9:1) afforded the trisaccharide hemiacetal as anome-
ric mixture which was then converted to the corresponding
trichloroacetimidate donor (10) in 78% overall yield using
trichloroacetonitrile and DBU [18].

In a separate experiment, known p-methoxyphenyl 4,6-
benzylidene-β-D-glucopyranoside (11) [19, 20] was selec-
tively benzoylated at the 3-position using benzoyl chloride
in CH2Cl2-pyridine mixture at -50°C which afforded 2,3-di-
O-benzoyl, 3-O-benzoyl, 2-O-benzoyl and unreacted 11 in
a ratio of 1:5:2:1. The required 3-O-benzoyl derivative 12
was isolated in 55% yield after chromatography. The final
glycosylation was performed by the activation of trichlor-
oacetimidate donor 10 with H2SO4-silica at room temper-
ature to afford the protected tetrasaccharide 13 in 82%
yield. Again H2SO4-silica proved to be an excellent
promoter for trichloroacetimidate activation in oligosaccha-
ride synthesis. Finally, removal of the benzylidene acetal
with 80% AcOH at 80°C [21] followed by Zemplén de-O-
acylation afforded the target tetrasaccharide 1 in 85% yield
(Scheme 3). Stereochemistry of all newly formed glycosidic
bonds were further ascertained using proton coupled carbon
NMR and gave satisfactory results in favour of the desired
stereochemistry.

Synthesis of the trisaccharide 2 was first planned by simple
one-to-one glycosylation of three different monosaccharide
building blocks with orthogonal protection-deprotection route.
Thus, known 2-acetamido-2-deoxy-6-O-trityl D-glucopyranose
(14) [22, 23] was per-benzoylated with benzoyl chloride in
pyridine and subsequently the trityl group was removed using
90% TFA in CH2Cl2 to afford the acceptor 15 in 78% yield.
Chloroacetylation of known p-tolyl 3,4-O-isopropylidene-1-
thio-β-D-fucopyranose (16) [24, 25] with chloroacetic anhy-
dride in pyridine provided the donor 17 in 89% yield.
Glycosylation between acceptor 15 and donor 17 using N-

1 Preparation of H2SO4–silica: To a slurry of silica gel (10 g, 200–
400 mesh) in dry diethyl ether (50 mL) was added commercially
available conc. H2SO4 (1 mL) and the slurry shaken for 5 min. The
solvent was evaporated under reduced pressure resulting in free
flowing H2SO4-silica which was dried at 110°C for 3 h and used for
the reactions. For use in various carbohydrate reactions see: Rajput et
al. [12]; Rajput and Mukhopadhyay [13]; Mukhopadhyay [14] and
Roy and Mukhopadhyay [15].
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iodosuccinimide and H2SO4-silica afforded the disaccharide
18 in 87% yield. But at this stage selective cleavage of the
chloroacetyl group with thiourea in methanol–CH2Cl2 (2:3)
mixture in the presence of 2,4,6-collidine [26] failed to
produce the desired disaccharide acceptor 19. Even after
24 h reflux with 15-fold excess of thiourea only negligible
product was evident by TLC and the resulted product was
impossible to purify and characterize (Schemes 4, 5). It is
worth noting that hydrazine acetate also used to remove the
chloroacetyl group but resulted in an inseparable mixture of
compounds possibly due to uneven loss of other acyl
protections. It may be postulated that there is some unusual
steric hindrance arising from the adjacent 4-O-benzoyl group
of the glucosamine moiety or some hydrogen bonding that
stabilizing the chloroacetyl protection.

From the difficulties faced for the selective deprotection
of the 2-position of glycosylated D-fucose moiety, it was
anticipated that the glycosylation of protected D-xylose-
(1→2)-D-fucose disaccharide to the primary hydroxyl of the
glucosamine unit may resolve the problem. Thus, known
2,3,4-tri-O-acetyl-D-fucopyranose (20) [27] was converted
into the corresponding p-methoxyphenyl glycoside (21) in
78% yield. De-O-acetylation followed by 3,4-O-isopropy-
lidene acetal formation using 2,2-dimethoxy-propane and

10-camphorsulfonic acid in dry acetone afforded the required
acceptor 22 in 87% overall yield. N-iodosuccinimide and
H2SO4-silica promoted coupling of known methyl 2,3,4-tri-
O-acetyl-1-thio-β-D-xylopyranoside (23)11 at the 2-position
of the D-fucose moiety furnished the disaccharide 24 in 83%
yield. The isopropylidene acetal was removed using 80%
AcOH at 80°C followed by acetylation of the di-ol with Ac2O
in pyridine to afford disaccharide 25 in 81% yield. Oxidative
cleavage of the reducing end p-methoxyphenyl glycoside
with ceric ammonium nitrate followed by the reaction with
trichloroacetonitrile and DBU afforded the corresponding α-
trichloroacetimidate donor 26 in 78% yield over two steps.
H2SO4–silica promoted glycosylation of the trichloroacetimi-
date donor with glucosamine acceptor 15 went smoothly to
furnish the protected trisaccharide 27 in 76% yield. Exclusive
formation of the required β-linkage was affirmed by 1H and
13C NMR. Although neighboring group participation effect is
not available in this case, but the reaction condition and the
presence of a bulky xylose moiety at the 2-position of the D-
fucose drive the reaction to 1,2-trans glycosylation. More-
over, activation of the α-trichloroacetimidate also favoured
the SN2 attack of the reactive 6-hydroxy group of the
acceptor moiety. Zemplén de-O-acylation using NaOMe in
MeOH afforded the target trisaccharide 2 in 83% yield.
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Conclusion

In conclusion, we have synthesized the glycone parts of the
triterpenoid saponin “Julibroside J28” isolated from Albizia
julibrissin in the form of the corresponding p-methoxy-
phenyl glycoside for the tetrasaccharide that can easily be
removed and converted into its trichloroacetimidate for
glyco-conjugation with various aglycons. For the trisaccha-

ride, we have prepared the fully acylated derivative in
which the anomeric benzoate can be removed and used for
further conjugation as indented. During the synthetic
process, we have utilized H2SO4 immobilized on silica as
an alternative promoter instead of TfOH or TMSOTf which
are toxic, expensive and difficult to handle. The catalyst
proved to be general for the activation of thioglycosides (in
conjunction with NIS) and trichloroacetimidates. The yields

Scheme 3 Synthesis of the tet-
rasaccharide 1
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are good to excellent in each glycosylation step and
therefore, the total synthetic route is compatible with large
scale requirement for further use.

Experimental

General All reagents and solvents were dried prior to use
according to standard methods. [28] Commercial reagents
were used without further purification unless otherwise
stated. Analytical TLC was performed on Silica Gel 60-
F254 with detection by fluorescence and/or by charring
following immersion in a 10% ethanolic solution of sulfuric
acid. An orcinol dip, prepared by the careful addition of
concentrated sulfuric acid (20 ml) to an ice-cold solution of
3,5-dihydroxytoluene (360 mg) in EtOH (150 ml) and H2O
(10 ml), was used to detect deprotected compounds by
charring. Flash chromatography was performed with Silica
Gel 60. Optical rotations were measured at the sodium D-
line at ambient temperature. 1H NMR and 13C NMR
spectra were recorded on a spectrometer at 300 and
75 MHz. In case of the tetrasaccharide, 1H NMR values
are denoted as H for reducing end glucose, H′ for
rhamnose, H″ for arabinofuranose and H″′ for the non-
reducing end glucose. For 13C NMR assignment, similar
primes are used.

Analytical data recorded for the known compounds (3, 4,
8, 11, 14, 16, 20 and 23) were compared with the literature
data and found satisfactory.

p-Methoxyphenyl 2,3,5-tri-O-benzoyl-α-L-arabinofurano-
syl-(1→4)-2,3-O-isopropylidene-α-L-rhamnopyranoside
(5) A mixture of acceptor 3 (1.5 g, 4.8 mmol), donor 4
(2.9 g, 5.8 mmol) and activated MS 4Å (4 g) in dry CH2Cl2
(45 ml) was stirred under nitrogen atmosphere for 1 h. After
cooling in ice-water bath (10–15°C), NIS (1.6 g, 7 mmol)
was added followed by H2SO4–silica (50 mg) and the
mixture was stirred for 45 min when TLC (n-hexane–
EtOAc, 2:1) showed complete conversion of the acceptor
spot. The mixture was filtered through celite® and the
filtrate was diluted with CH2Cl2 (30 ml) and washed
successively with aq. Na2S2O3 (2×75 ml), aq. NaHCO3

(2×75 ml) and brine (75 ml). Organic layer was separated,
dried (Na2SO4) and evaporated to syrup. The crude product
was purified by flash chromatography using n-hexane–
EtOAc (3:1) to afford pure disaccharide 5 as colourless
foam (3.2 g, 87%). a½ �25D þ 36� c 1:1; CHCl3ð Þ; 1H NMR
(CDCl3, 300 MHz) δ: 7.98–7.16 (m, 15 H, ArH), 6.86, 6.69
(2d, 4 H, p-MeOC6H4), 5.70 (s, 1 H, H-1′), 5.47 (s, 1 H, H-
1), 5.45 (s, 1 H, H-2′), 5.41 (d, 1 H, J 4.5 Hz, H-3′), 4.67
(dd, 1 H, J 3.6 Hz, 12.0 Hz, H-5a′), 4.58 (dd, 1 H, J 5.4 Hz,
12.0 Hz, H-5b′), 4.43 (q, 1 H, J 4.5 Hz, H-4′), 4.35 (t, 1 H,
J 6.3 Hz, H-3), 4.21 (d, 1 H, J 3.3 Hz, H-2), 3.79 (m, 1 H,
H-5), 3.66 (s, 3 H, C6H4OCH3), 3.61 (m, 1 H, H-4), 1.49,
1.25 (2 s, 6 H, isopropylidene-CH3), 1.14 (d, 3 H, J 6.0 Hz,
C–CH3).

13C NMR (CDCl3, 75 MHz) δ: 165.8, 165.4, 165.0
(3 COC6H5), 155.0, 150.3, 133.4, 132.8, 130.1, 130.0,
129.9, 129.4, 129.3, 128.5, 128.2, 117.5, 114.6 (ArC), 109.8
(isopropylidene C), 104.2 (C-1′), 96.1 (C-1), 82.0 (C-2′),
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Scheme 5 Synthesis of the tri-
saccharide 2
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81.9 (C-4′), 78.3 (C-3′), 78.2 (C-3), 76.4 (C-4), 76.1 (C-2),
64.9 (C-5), 64.0 (C-5′), 55.4 (C6H4OCH3), 28.0, 26.6
(isopropylidene–CH3), 17.9 (C-CH3). HRMS calcd. for
C42H46O13N (M+NH4): 772.2969; found m/z 772.2972.

p-Methoxyphenyl 2,3,5-tri-O-benzoyl-α-L-arabinofurano-
syl-(1→4)-α-L-rhamnopyranoside (6) To a solution of
disaccharide 5 (3 g, 4.0 mmol) in AcOH (40 ml), H2O
(10 ml) was added and the mixture was heated at 80°C for
2 h when TLC (3:1 n-hexane–EtOAc) showed complete
conversion to a slower running component. Solvents were
evaporated in vacuo and co-evaporated with toluene. Flash
chromatography (5:1 n-hexane–EtOAc) of the crude prod-
uct thus obtained, afforded pure disaccharide 6 as light
yellow glass (2.7 g, 95% ). a½ �25D þ 48� c 0:9; CHCl3ð Þ; 1H
NMR (CDCl3, 300 MHz) δ: 8.02–7.31 (m, 15 H, ArH),
6.98, 6.81 (2d, 4 H, p-MeOC6H4), 5.66 (s, 1 H, H-1′), 5.64
(d, 1 H, J 2.1 Hz, H-3′), 5.46 (bs, 1 H, H-2′), 5.36 (s, 1 H,
H-1), 4.78 (dd, 1 H, J 3.6 Hz, 12.0 Hz, H-5a′), 4.66 (m,
2 H, H-5b′, H-4′), 4.11 (dd, 1 H, J 3.0 Hz, 9.0 Hz, H-3),
4.02 (bs, 1 H, H-2), 3.75 (m, 1 H, H-5), 3.65 (s, 3 H,
C6H4OCH3), 3.59 (m, 1 H, H-4), 3.21 (bs, 1 H, OH), 1.32
(d, 3 H, J 6.0 Hz, C-CH3).

13C NMR (CDCl3, 75 MHz)
δ:166.7, 166.0, 165.5 (3 COC6H5), 154.8, 150.3, 133.8,
133.6, 133.0, 130.1, 130.0, 129.9, 129.7, 129.6, 128.9,
128.6, 128.5, 128.3, 117.4, 114.5 (ArC), 107.4 (C-1′), 98.1
(C-1), 84.2, 80.2, 80.0, 76.6, 71.7, 71.1, 67.0, 63.8 (C-5′),
55.5 (C6H4OCH3), 17.8 (C–CH3). HRMS calcd. for
C39H42O13N (M+NH4): 732.2656; found m/z 732.2659.

p-Methoxyphenyl 2,3,5-tri-O-benzoyl-α-L-arabinofurano-
syl-(1→4)-2-O-acetyl-α-L-rhamnopyranoside (7) To a so-
lution of 6 (2.5 g, 3.5 mmol) in dry CH3CN (2.5 ml),
trimethyl orthoacetate (585 μl, 4.6 mmol) was added
followed by CSA (50 mg) and the mixture was allowed to
stir at room temperature until complete conversion of the
starting material was evident by TLC (3:1 n-hexane–
EtOAc). After 45 min, the solution was neutralized by
Et3N and evaporated in vacuo. The resulting syrupy mass
was dissolved in CH2Cl2 (30 ml) and washed successively
with 1N HCl (3×50 ml) to rearrange the orthoester to
corresponding 2-O-acetate, followed by aq. NaHCO3 (2×
50 ml) and brine (50 ml). Organic layer was separated,
dried (Na2SO4) and evaporated to syrup. The crude product
was purified by flash chromatography (4:1 n-hexane–
EtOAc) to give pure disaccharide acceptor 7 (2.3 g, 86%)
as colourless foam. a½ �25D þ 33� c 1:1; CHCl3ð Þ; 1H NMR
(CDCl3, 300 MHz) δ: 7.99–7. 18 (m, 15 H, ArH), 6. 84,
6.66 (2d, 4 H, p-MeOC6H4), 5.58 (s, 1 H, H-1′), 5.53 (bd,
1 H, J 2.1 Hz, H-3′), 5.33 (bs, 1 H, H-2′), 5.19 (s, 1 H, H-
1), 5.17 (bs, 1 H, H-2), 4.67 (bd, 1 H, J 11. 2 Hz, H-5a′),
4.52 (m, 2 H, H-5b′, H-4′), 4.29 (dd, 1 H, J 2.7 Hz, 9.3 Hz,
H-3), 3.79 (m, 1 H, H-5), 3.61 (s, 3 H, C6H4OCH3), 3.59

(m, 1 H, H-4), 3.49 (bs, 1 H, OH), 2.03 (s, 3 H, COCH3),
1.22 (d, 3 H, J 6.0 Hz, C-CH3).

13C NMR (CDCl3,
75 MHz) δ: 170.1 (COCH3), 166.4, 165.7, 165.3 (3
COC6H5), 155.0, 150.2, 133. 6, 133.5, 132.9, 130.1,
129.9, 129.8, 129.7, 129.0, 128.8, 128.5, 128.3, 128.2,
128.1, 117.6, 114.5 (ArC), 107.4 (C-1′), 96.4 (C-1), 84.0,
80.2, 79.8, 77.4, 72.4, 69.9, 67.2, 63.7 (C-5′), 55.3
(C6H4OCH3), 20.9 (COCH3), 17.9 (C-CH3). HRMS calcd.
for C41H44O14N (M+NH4): 774.2762; found m/z 774.2765.

p-Methoxyphenyl 2,3,5-tri-O-benzoyl-α-L-arabinofurano-
syl-(1→4)-2-O-acetyl-3-O-(2,3,4,6-tetra-O-acetyl-β-D-glu-
copyranosyl)-α-L-rhamnopyranoside (9) A mixture of
disaccharide acceptor 7 (1.5 g, 2.0 mmol), donor 8 (1.2 g,
2.6 mmol) and activated MS 4Å (2 g) in dry CH2Cl2
(25 ml) was stirred under nitrogen atmosphere for 1 h. After
cooling in a ice-water bath (10–15°C), NIS (702 mg,
3.1 mmol) was added followed by H2SO4–silica (25 mg)
and the mixture was stirred for 45 min when TLC (n-
hexane–EtOAc, 2:1) showed complete conversion of the
acceptor spot. The mixture was filtered through celite® and
the filtrate was diluted with CH2Cl2 (30 ml) and washed
successively with aq. Na2S2O3 (2×50 ml), aq. NaHCO3

(2×50 ml) and brine (50 ml). Organic layer was separated,
dried (Na2SO4) and evaporated to syrup. The crude product
was purified by flash chromatography using n-hexane–
EtOAc (3:1) to afford pure trisaccharide 9 as colourless
foam (2.0 g, 91%). a½ �25D þ 49� c 1:0; CHCl3ð Þ; 1H NMR
(CDCl3, 300 MHz) δ: 8.11–7. 02 (m, 15 H, ArH), 7.00,
6.83 (2d, 4 H, p-MeOC6H4), 5.73 (s, 1 H, H-1′), 5.68 (bd,
1 H, J 3.6 Hz, H-3′), 5.38 (bs, 1 H, H-2′), 5.32 (m, 2 H, H-
1, H-2), 5.30 (t, 1 H, J 9.6 Hz, H-4″), 5.08 (d, 1 H, J
7.8 Hz, H-1″), 5.07 (t, 1 H, J 9.6 Hz, H-3″), 4.93 (dd, 1 H, J
7.8 Hz, 9.6 Hz, H-2″), 4.85 (dd, 1 H, J 2.1 Hz, 11.2 Hz, H-
5a′), 4.74-4.66 (m, 2 H, H-4′, H-5b′), 4.51 (m, 1 H, H-3),
4.25 (m, 2 H, H-6a″, H-6b″), 3.96–3.88 (m, 3 H, H-4, H-5,
H-5″), 3.78 (s, 3 H, C6H4OCH3), 2.14, 2.13, 2.11, 1.89,
1.48 (5 s, 15 H, 5 COCH3), 1.34 (d, 3 H, J 6.0 Hz, C-CH3).
13C NMR (CDCl3, 75 MHz) i: 170.6, 170.1, 169.7, 169.5,
168.6 (5 COCH3), 166.0, 165.6, 165.5 (3 COC6H5), 155.1,
150.1, 133. 6, 133.5, 133.1, 130.1, 129.7, 129.6, 129.5,
128.8, 128.7, 128.5, 128.3, 128.1, 117.8, 114.5 (ArC),
105.8 (C-1′), 99.7 (C-1″), 96.6 (C-1), 82.3, 82.0, 78.0, 76.5,
74.4, 72.7, 72.2, 71.6, 71.4, 69.1, 67.2, 63.6 (C-5′), 61.7
(C-6″), 55.5 (C6H4OCH3), 20.8, 20.6, 20.5, 20.4(2) (5
COCH3), 18.1 (C-CH3). HRMS calcd. for C55H62O23N
(M+NH4): 1104.3713; found m/z 1104.3717.

p-Methoxyphenyl 3-O-benzoyl-4,6-O-benzylidene-β-D-glu-
copyranoside (12) To a suspension of compound 11
(3.0 g, 8 mmol) in dry CH2Cl2 (30 ml), pyridine (4 ml)
was added and the mixture was stirred at −50°C under
nitrogen atmosphere for 30min. ThenBzCl (1.0ml, 8.8mmol)
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was added and stirring continued at −50°C for 3 h. MeOH
(2 ml) was added to quench the reaction and the solvents were
evaporated in vacuo. The crude product was purified by flash
chromatography to give pure 12 (2.1 g, 55%) as white foam.
a½ �25D þ 79� c 1:2; CHCl3ð Þ; 1H NMR (CDCl3, 300 MHz) δ:
8.10-7.31 (m, 10 H, ArH), 7.05, 6.83 (2d, 4 H, p-MeOC6H4),
5.56 (t, 1 H, J 9.3 Hz, H-3), 5.54 (s, 1 H, CHC6H5), 5.04 (d,
1 H, J 7.5 Hz, H-1), 4.40 (dd, 1 H, J 4.8 Hz, 10.5 Hz, H-6a),
4.00 (t, 1 H, J 9.3 Hz, H-4), 3.92–3.83 (m, 2 H, H-2, H-6b),
3.78 (s, 3 H, C6H4OCH3), 3.66 (m, 1 H, H-5). 13C NMR
(CDCl3, 75 MHz) δ: 165.4 (3 COC6H5), 154.6, 149.6, 135.5,
132.4, 132.1, 128.9, 128.7, 128.4, 128.1, 127.8, 127.2,
127.1, 126.9, 125.0, 124.9, 117.6, 113.4 (ArC), 101.7
(CHC6H5), 100.3 (C-1), 77.1, 73.2, 72.2, 67.4, 65.4 (C-6),
54.4 (C6H4OCH3). HRMS calcd. for C27H30O8N (M+NH4):
496.1971; found m/z 496.1973.

p-Methoxyphenyl 2,3,5-tri-O-benzoyl-α-L-arabinofurano-
syl-(1→4)-2-O-acetyl-3-O-(2,3,4,6-tetra-O-acetyl-β-v-glu-
copyranosyl)-α-L-rhamnopyranosyl-(1→2)- 3-O-benzoyl-4,
6-O-benzylidene-β-D-glucopyranoside (13) To a solution of
compound 9 (1.8 g, 1.65 mmol) in CH3CN–H2O (9:1,
30 ml) was added CAN (1.8 g, 3.3 mmol) and the mixture
was stirred at room temperature for 45 min. The solvents
were evaporated and the residue was dissolved in CH2Cl2
(30 ml) and washed with H2O (2×50 ml); organic layer was
separated, dried (Na2SO4) and evaporated to syrup. It was
re-dissolved in dry CH2Cl2 (20 ml), CCl3CN (500 μl,
5.0 mmol) was added followed by DBU (270 μl, 1.8 mmol)
and the mixture was stirred at room temperature for 1 h.
After that, solvents were evaporated and the residue was
charged directly to a flash column and eluted with n-
hexane–EtOAc (2:1) to afford pure trichloroacetimidate
donor 10 (1.4 g, 78%). Next, a mixture of acceptor 12
(480 mg, 1.0 mmol), trisaccharide donor 10 (1.1 g,
1.0 mmol) and activated MS 4Å (1 g) in dry CH2Cl2
(15 ml) was stirred under nitrogen atmosphere for 1 h.
H2SO4-silica (25 mg) was added and the mixture was
stirred for 30 min when TLC (n-hexane–EtOAc, 2:1)
showed complete consumption of the acceptor. The
mixture was filtered through celite® and the filtrate was
diluted with CH2Cl2 (20 ml) and washed successively
with aq. NaHCO3 (2×30 ml) and brine (30 ml). Organic
layer was separated, dried (Na2SO4) and evaporated to
syrup. The crude product was purified by flash chroma-
tography using n-hexane–EtOAc (2:1) to afford pure
protected tetrasaccharide 13 (1.2 g, 82%) as colourless
foam. a½ �25D þ 66� c 1:0; CHCl3ð Þ; 1H NMR (CDCl3,
300 MHz) δ: 8.07–7.26 (m, 25 H, ArH), 7.03, 6.79 (2d,
4 H, OC6H4OMe), 5.64 (t, 1 H, J 9.0 Hz, H-3), 5.65 (s,
1 H, H-1′), 5.54 (bd, 1 H, J 3.6 Hz, H-2″), 5.51 (s, 1 H,
CHPh), 5.44 (s, 1 H, H-1″), 5.12 (bt, 2 H, J 9.6 Hz, H-3″
′, H-4″′), 5.07 (d, 1 H, J 7.8 Hz, H-1″′), 4.95 (m, 2 H, H-

1, H-2″′), 4.81 (m, 2 H, H-3″, H-4″), 4.64 (m, 3 H, H-2,
H-5a″, H-5b″), 4.41 (dd, 1 H, J 1.8 Hz, 6.3 Hz, H-3′),
4.17 (m, 4 H, H-4′, H-5, H-6a″′, H-6b″′), 3.99–3.78 (m,
4 H, H-5′, H-5″′, H-6a, H-6b), 3.71 (s, 3 H, C6H4OCH3),
2.06, 2.02, 1.86, 1.85, 1.56 (5 s, 15 H, 5 COCH3), 1.33
(d, 3 H, J 6.3 Hz, C-CH3).

13C NMR (CDCl3, 75 MHz) δ:
170.7, 169.9, 169.4 (2), 168.6 (5×COCH3), 166.1, 165.6,
165.5, 165.3 (4×COC6H5), 155.6, 150.8, 136.7, 133.6,
133.4, 133.3, 133.1, 130.1, 129.9, 129.8, 129.7, 129.6,
129.0, 128.9, 128.5, 128.3, 128.2, 126.1, 118.1, 114.6
(ArC), 105.9 (C-1″), 101.5 (CHPh), 101.2 (C-1″′), 99.4
(C-1), 98.3 (C-1′), 82.3, 81.8, 78.4, 78.2, 74.1, 73.8,
72.8, 71.4, 71.3, 71.1, 68.6, 68.3, 67.5, 66.3, 63.8
(C-6), 61.0 (C-6″), 55.6 (C6H4OCH3), 22.7, 20.7, 20.6,
20.5, 18.1 (5×COCH3), 14.1 (C-CH3). HRMS calcd. for
C75H80O29N (M+NH4): 1458.4816; found m/z 1458.4818.

p-Methoxyphenyl α-L-arabinofuranosyl-(1→4)-3-O-(β-D-
glucopyranosyl)-α-L-rhamnopyranosyl-(1→2)- β-D-gluco-
pyranoside (1) To a solution of compound 13 (1.0 g,
0.7 mmol) in AcOH (16 ml), H2O (4 ml) was added and the
suspension was stirred at 80°C for 3 h when TLC (1:1 n-
hexane–EtOAc) showed complete conversion of the starting
material to a slower running component. Solvent were
evaporated in vacuo and co-evaporated with toluene. The
resulting syrupy mass was dissolved in dry MeOH followed
by NaOMe and stirred at room temperature for 8 h. The
solution was neutralized with DOWEX 50 W H+ resin,
filtered and evaporated to afford pure target tetrasaccharide 1
(432 mg, 85%) as white foam. a½ �25D þ 23� c 1:0; H2Oð Þ; 1H
NMR (D2O, 300 MHz) δ: 6.97, 6.86 (2d, 4 H, ArH), 5.17 (bs,
1 H, H-1″), 5.07 (s, 1 H, H-1′), 5.06 (d, 1 H, J 6.3 Hz, H-1″′),
4.47 (d, 1 H, J 6.6 Hz, H-1), 3.64 (s, 3 H, C6H4OCH3), 1.13
(d, 3 H, J 6.0 Hz, C-CH3).

13C NMR (D2O, 75 MHz) δ:
153.3, 149.8, 116.3, 113.9 (ArC), 108.6 (C-1″), 102.8 (C-1),
99.5 (C-1″′), 98.0 (C-1′), 82.4, 80.8, 78.9, 77.4, 76.2, 75.4,
75.2, 75.0, 74.7, 72.2, 68.8, 68.5, 66.6, 60.1 (C-6″′), 59.4
(C-6), 54.6, 47.6 (C6H4OCH3), 15.7 (C-CH3). HRMS calcd.
for C30H46O20Na (M+Na): 749.2480; found m/z 749.2482.

Benzoyl 2-acetamido-2-deoxy-3,4-di-O-benzoyl-β-D-gluco-
pyranose (15) To a cold solution (Ice-bath) of compound
14 (2 g, 4.3 mmol) in dry pyridine (30 ml) was added BzCl
(1.8 ml, 15.5 mmol) and the solution was allowed to stir for
4 h with slow warming up to room temperature. Then
MeOH (3 ml) was added to quench the reaction and
solvents were evaporated in vacuo. The resulting semi-solid
mass was dissolved in CH2Cl2 (50 ml) and washed
successively with ice cold 1N HCl (2×50 ml), aq. NaHCO3

(2×50 ml) and brine (50 ml). Organic layer was collected,
dried (Na2SO4) and evaporated. The residue was dissolved in
CH2Cl2 (30 ml) followed by addition of 90% aq. TFA
(10 ml) and allowed to stir at room temperature till TLC
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showed complete conversion of the starting material to a
slower running spot (1 h). The solution was diluted with
CH2Cl2 (20 ml) and washed with H2O (2×50 ml), aq.
NaHCO3 (2×50 ml) and brine (50 ml). Organic layer was
collected, dried (Na2SO4) and purified by flash chromatog-
raphy after evaporation to afford pure 15 (1.8 g, 78%) as
white amorphous powder. a½ �25D þ 106� c 1:0; CHCl3ð Þ; 1H
NMR (CDCl3, 300 MHz) δ: 8.20–7. 36 (m, 15 H, ArH), 6.60
(d, 1 H, J 3.6 Hz, NH), 6.07 (d, 1 H, J 8.7 Hz, H-1), 5.91 (dd,
1 H, J 9.9 Hz, 10.8 Hz, H-3), 5.70 (t, 1 H, J 9.9 Hz, H-4),
4.84 (dt, 1 H, J 3.6 Hz, 8.7 Hz, 9.9 Hz, H-2), 4.15 (m, 1 H,
H-5), 3.79 (dd, 1 H, J 2.1 Hz, 12.9 Hz, H-6a), 3.71 (dd, 1 H,
J 3.9 Hz, 12.9 Hz, H-6b), 1.83 (s, 3 H, NHCOCH3).

13C
NMR (CDCl3, 75 MHz) δ: 170.3 (NHCOCH3), 167.4, 165.7,
164.4 (3 COC6H5), 134.0, 133.7, 133.6, 129.9, 129.8, 128.8,
128.5, 128.4 (ArC), 91.5 (C-1), 72.8, 71.1, 68.5, 60.9 (C-6),
51.8 (C-2), 22.8 (NHCOCH3). HRMS calcd. for C29H31O9N2

(M+NH4): 551.2030; found m/z 551.2032.

p-Tolyl 2-O-chloroacetyl-3,4-O-isopropylidene-1-thio-β-D-
fucopyranoside (17) A solution of compound 16 (2.5 g,
8 mmol) in dry CH2Cl2 (25 ml) and pyridine (5 ml) was
cooled to −20°C for 30 min. Chloroacetic anhydride
(760 mg, 9.6 mmol) was added and the solution was stirred
at the same temperature for 45 min. After addition MeOH
(2 ml) to quench the reaction, solvents were evaporated and
the residue was purified through flash using 4:1 n-hexane–
EtOAc as eluent to afford pure 17 (2.75 g, 89%) as light
yellow foam. a½ �25D þ 72� c 1:1; CHCl3ð Þ; 1H NMR (CDCl3,
300 MHz) δ: 7.35, 7.08 (2d, 4 H, ArH), 4.95 (dd, 1 H, J
7.2 Hz, 10.2 Hz, H-2), 4.46 (d, 1 H, J 7.2 Hz, H-1), 4.11
(dd, 1 H, J 10.2 Hz, 5.4 Hz, H-3), 4.09 (s, 2 H, COCH2Cl),
4.01 (dd, 1 H, J 2.1 Hz, 5.4 Hz, H-4), 3.83 (m, 1 H, H-5),
2.34 (s, 3 H, SC6H5CH3), 1.49, 1.32 (2 s, 6 H, isopropy-
lidene–CH3), 1.41 (d, 3 H, J 6.6 Hz, C-CH3).

13C NMR
(CDCl3, 75 MHz) δ: 165.8 (COCH2Cl), 138.0, 133.3, 129.7
(ArC), 110.4 (isopropylidene C), 85.5 (C-1), 77.2, 76.4,
73.4, 72.8, 40.8 (COCH2Cl), 27.8, 26.6 (isopropylidene–
CH3), 21.3 (SC6H5CH3), 16.9 (C-CH3). HRMS calcd. for
C18H27O5N2ClS (M+NH4): 404.1298; found m/z 404.1295.

Benzoyl 2-O-chloroacetyl-3,4-O-isopropylidene-β-D-fuco-
pyranosyl-(1→6)-2-acetamido-2-deoxy-3,4-di-O-benzoyl-
β-D-glucopyranose (18) A mixture of acceptor 15 (1.5 g,
2.8 mmol), donor 17 (1.3 g, 3.4 mmol) and activated MS
4Å (2 g) in dry CH2Cl2 (25 ml) was stirred under nitrogen
atmosphere for 1 h. After cooling in a ice-water bath (10–
15°C), NIS (920 mg, 4.1 mmol) was added followed by
H2SO4-silica (40 mg) and the mixture was stirred for 45
min when TLC (n-hexane–EtOAc, 3:1) showed complete
conversion of the acceptor spot. The mixture was filtered
through celite® and the filtrate was diluted with CH2Cl2
(30 ml) and washed successively with aq. Na2S2O3 (2×

50 ml), aq. NaHCO3 (2×50 ml) and brine (50 ml). Organic
layer was separated, dried (Na2SO4) and evaporated to syrup.
The crude product was purified by flash chromatography
using n-hexane–EtOAc (3:1) to afford pure trisaccharide 18
(1.9 g, 87%) as colourless foam. a½ �25D þ 47� c 1:0; CHCl3ð Þ;
1H NMR (CDCl3, 300 MHz) δ: 8.17–7.26 (m, 15 H, ArH),
6.54 (d, 1 H, J 3.6 Hz, NH), 5.94 (d, 1 H, J 8.7 Hz, H-1),
5.77 (t, 1 H, J 9.6 Hz, H-3), 5.65 (t, 1 H, J 9.6 Hz, H-4), 5.58
(d, 1 H, J 5.4 Hz, H-1′), 4.75 (dt, 1 H, J 3.6 Hz, 8.7 Hz,
9.6 Hz, H-2), 4.50 (dd, 1 H, J 1.5 Hz, 9.6 Hz, H-3′), 4.37
(bd, J 5.7 Hz, H-4′), 4.26 (m, 1 H, H-5), 4.08–3.99 (m, 2 H,
H-2′, H-5′), 3.73 (m, 2 H, H-6a, H-6b), 3.71 (d, 2 H, J
3.0 Hz, OCOCH2Cl), 1.79 (s, 3 H, NHCOCH3), 1.42, 1.31
(isopropylidene–CH3), 1.19 (d, 3 H, J 6.3 Hz, C-CH3).

13C
NMR (CDCl3, 75 MHz) δ: 169.8 (NHCOCH3), 167.2,
164.9, 164.0 (3 COC6H5), 133.8, 133.5, 133.4, 130.4, 129.9,
129.8, 129.7, 129.1, 128.8, 128.4, 117.8 (ArC), 108.9
(isopropylidene-C), 97.4 (C-1′), 91.3 (C-1), 72.7, 71.4,
71.1, 70.5, 70.1, 68.9, 63.8, 62.7 (C-6), 51.8 (C-2), 42.3
(OCH2Cl), 26.0, 24.4 (isopropylidene–CH3), 22.8
(NHCOCH3), 15.7 (C-CH3). HRMS calcd. for
C40H46O14N2Cl (M+NH4): 813.2638; found m/z 813.2640.

p-Methoxyphenyl 3,4-O-isopropylidene-β-D-fucopyranoside
(22) To a solution of compound 20 (2.0 g, 6 mmol) in dry
CH2Cl2 (20 ml) was added p-methoxyphenol (1.1 g,
9 mmol) followed by BF3.OEt2 (1.5 ml, 12 mmol) at 0°C
and the mixture was stirred at the same temperature for 3 h.
After complete conversion, the solution was diluted with
CH2Cl2 (20 ml) and washed successively with H2O (2×
50 ml), aq. NaHCO3 (2×50 ml) and brine (50 ml). Organic
layer was separated, dried (Na2SO4) and evaporated to
syrup. The crude product was purified by flash chromatog-
raphy using n-hexane–EtOAc (3:1) to afford pure p-
methoxyphenyl 2,3,4-tri-O-acetyl-β-D-fucopyranoside (21)
(1.9 g, 78%) as colourless syrup.

To a methanolic solution of compound 21 (1.8 g,
4.5 mmol), NaOMe was added and stirred at room
temperature for 2 h. The solution was then neutralized with
DOWEX 50 W H+ resin and filtered. Solvents were
evaporated in vacuo and the residue was suspended in dry
acetone (20 ml). 2,2-DMP (820 μl, 6.75 mmol) was added
followed by CSA (25 mg) and the mixture was stirred at
room temperature until TLC (3:1 n-hexane–EtOAc) showed
complete conversion to a faster moving spot (1 h). After
neutralization with Et3N, solvents were evaporated in vacuo
and the crude product was purified by flash chromatogra-
phy (4:1 n-hexane–EtOAc) to afford compound 22 (1.2 g,
87%) as colourless glass. a½ �25D þ 54� c 1:2; CHCl3ð Þ; 1H
NMR (CDCl3, 300 MHz) δ: 6.95, 6.78 (2d, 4 H, p-
MeOC6H4), 4.59 (d, 1 H, J 8.4 Hz, H-1), 4.09 (dd, 1 H, J
5.7 Hz, 8.4 Hz, H-2), 4.00 (dd, 1 H, J 1.8 Hz, 5.7 Hz, H-3),
3.88 (m, 1 H, H-5), 3.76 (s, 3 H, C6H4OCH3), 3.73 (bs,
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1 H, H-4), 1.56, 1.37 (2 s, 6 H, isopropylidene–CH3), 1.40
(d, 3 H, J 6.3 Hz, C-CH3).

13C NMR (CDCl3, 75 MHz) δ:
155.4, 151.2, 118.8, 114.4 (ArC), 109.8 (isopropylidene C),
96.1 (C-1), 78.9, 76.1, 73.0, 69.1, 55.5 (C6H4OCH3), 28.2,
26.3 (isopropylidene CH3), 16.6 (C-CH3). HRMS calcd. for
C16H26O6N (M+NH4): 328.1760; found m/z 328.1762.

p-Methoxyphenyl 2,3,4-tri-O-acetyl-β-D-xylopyranosyl-
(1→2)- 3,4-O-isopropylidene-β-D-fucopyranoside (24) A
mixture of acceptor 22 (1.0 g, 3.2 mmol), donor 23 (1.45 g,
3.8 mmol) and activated MS 4Å (2 g) in dry CH2Cl2 (25 ml)
was stirred under nitrogen atmosphere for 1 h. After cooling
in a ice-water bath (10–15°C), NIS (1.0 g, 4.6 mmol) was
added followed by H2SO4–silica (40 mg) and the mixture
was stirred for 45 min when TLC (n-hexane–EtOAc, 2:1)
showed complete conversion of the acceptor spot. The
mixture was filtered through celite® and the filtrate was
diluted with CH2Cl2 (25 ml) and washed successively with
aq. Na2S2O3 (2×50 ml), aq. NaHCO3 (2×50 ml) and brine
(50 ml). Organic layer was separated, dried (Na2SO4) and
evaporated to syrup. The crude product was purified by flash
chromatography using n-hexane–EtOAc (3:1) to afford pure
disaccharide 24 (1.5 g, 83%) as white foam.
a½ �25D þ 76� c 0:9; CHCl3ð Þ; 1H NMR (CDCl3, 300 MHz)
δ: 6.94, 6.76 (2d, 4 H, p-MeOC6H4), 5.08 (t, 1 H, J 7.2 Hz,
H-3′), 4.97 (d, 1 H, J 5.4 Hz, H-1′), 4.88 (t, 1 H, J 7.2 Hz, H-
4′), 4.87 (dd, 1 H, J 5.4 Hz, 7.2 Hz, H-2′), 4.67 (d, 1 H, J
8.1 Hz, H-1), 4.23 (dd, 1 H, J 2.1 Hz, 7.2 Hz, H-5a′), 4.10 (t,
1 H, J 8.1 Hz, H-2), 3.97 (dd, 1 H, J 1.8 Hz, 5.4 Hz, H-3),
3.85 (m, 2 H, H-4, H-5), 3.74 (s, 3 H, OC6H5OCH3), 3.45
(dd, 1 H, J 2.1 Hz, 5.4 Hz, H-5b′), 2.08, 2.05, 1.94 (3 s, 9 H,
3×COCH3), 1.53, 1.33 (2 s, 6 H, isopropylidene–CH3), 1.39
(d, 3 H, J 6.6 Hz, C-CH3).

13C NMR (CDCl3, 75 MHz) δ:
169.5 (2), 169.1 (3×COCH3), 155.3, 151.5, 118.7, 114.4
(ArC), 109.9 (isopropylidene C), 100.6 (C-1′), 99.4 (C-1),
79.1, 78.5, 76.1, 70.3, 70.2, 68.7, 68.5, 61.2, 55.4
(OC6H5OCH3), 28.0, 26.4 (isopropylidene CH3), 20.7,
20.6, 20.5 (3×COCH3), 16.6 (C-CH3). HRMS calcd. for
C27H40O13N (M+NH4): 586.2500; found m/z 586.2503.

p-Methoxyphenyl 2,3,4-tri-O-acetyl-β-D-xylopyranosyl-
(1→2)- 3,4-di-O-acetyl-β-D-fucopyranoside (25) A suspen-
sion of compound 24 (1.4 g, 2.5 mmol) in 80% aq. AcOH
(20 ml) was stirred at 80°C for 2 h to remove the
isopropylidene acetal. After evaporation of the solvents,
the residue was dissolved in pyridine (10 ml) followed by
addition of Ac2O (10 ml) and the solution was stirred at room
temperature for 2 h. Solvents were evaporated and co-
evaporated with toluene and the crude product thus obtained
was purified by flash chromatography (3:1 n-hexane–EtOAc)
to afford pure 25 (1.2 g, 81%) as colourless glass.
a½ �25D þ 81� c 1:1; CHCl3ð Þ; 1H NMR (CDCl3, 300 MHz) δ:
6.98, 6.78 (2d, 4 H, p-MeOC6H4), 5.19 (bd, J 1.8 Hz, H-4),

5.08 (t, 1 H, J 7.2 Hz, H-3′), 5.02 (dd, 1 H, J 1.8 Hz, 7.2 Hz,
H-3), 4.91–4.75 (m, 4 H, H-1, H-1′, H-2′, H-4′), 4.26 (dd,
1 H, J 1.8 Hz, 5.4 Hz, H-5a′), 4.05 (dd, 1 H, J 7.2 Hz, 8.1 Hz,
H-2), 3.85 (m, 1 H, H-5), 3.78 (s, 3 H, OC6H5OCH3), 3.43
(dd, 1 H, J 2.1 Hz, 5.4 Hz, H-5b′), 2.13, 2.08 (2), 2.05, 1.94
(5 s, 15 H, 5×COCH3), 1.29 (d, 3 H, J 6.6 Hz, C-CH3).

13C
NMR (CDCl3, 75 MHz) δ: 170.1, 169.7, 169.5, 169.4, 169.0
(5×COCH3), 155.5, 151.3, 118.8, 114.4 (ArC), 101.2 (C-1′),
99.9 (C-1), 74.2, 73.3, 70.5, 70.4 (2), 69.0, 68.6, 61.4, 55.4
(OC6H5OCH3), 20.6, 20.5, 20.4, 20.3, 20.2 (5×COCH3),
16.1 (C-CH3). HRMS calcd. for C28H40O15N (M+NH4):
630.2398; found m/z 630.2396.

Benzoyl 2,3,4-tri-O-acetyl-β-D-xylopyranosyl-(1→2)- 3,4-
di-O-acetyl-β-D-fucopyranosyl-(1→6)-2-acetamido-2-de-
oxy-3,4-di-O-benzoyl-β-D-glucopyranose (27) To a solution
of compound 25 (1.1 g, 1.8 mmol) in CH3CN–H2O (9:1,
20 ml) was added CAN (2.0 g, 3.6 mmol) and the mixture
was stirred at room temperature for 45 min. The solvents
were evaporated and the residue was dissolved in CH2Cl2
(30 ml) and washed with H2O (2×50 ml); organic layer was
separated, dried (Na2SO4) and evaporated to syrup. It was
re-dissolved in dry CH2Cl2 (20 ml), CCl3CN (540 μl,
5.4 mmol) was added followed by DBU (300 μl, 2 mmol)
and the mixture was stirred at room temperature for 1 h.
After that, solvents were evaporated and the residue was
charged directly to a flash column and eluted with n-
hexane–EtOAc (2:1) to afford pure trichloroacetimidate
donor 26 (915 mg, 78%). Next, a mixture of 26 (900 mg,
1.4 mmol), acceptor 15 (750 mg, 1.4 mmol) and MS 4Å
(1 g) in dry CH2Cl2 (15 ml) was stirred under nitrogen
atmosphere for 1 h. H2SO4–silica (15 mg) was added and
the mixture was stirred at room temperature for 2 h. The
mixture was filtered through celite® after neutralization
with Et3N. The solvents were evaporated and the residue
was purified through flash chromatography (2:1 n-hexane–
EtOAc) to afford pure trisaccharide 27 (1.1 g, 76%) as
white foam. a½ �25D þ 41� c 1:1; CHCl3ð Þ; 1H NMR (CDCl3,
300 MHz) δ: 8.22–7.36 (m, 15 H, ArH), 6.52 (d, 1 H, J
3.6 Hz, NH), 5.96 (d, 1 H, J 8.4 Hz, H-1), 5.79 (t, 1 H,
9.3 Hz, H-4), 5.75 (t, 1 H, J 9.3 Hz, H-3), 5.25 (dd, 1 H, J
1.8 Hz, 7.8 Hz, H-3′), 5.21 (bs, 1 H, H-4′), 5.02 (t, 1 H, J
8.4 Hz, H-4″), 4.97 (d, 1 H, J 6.0 Hz, H-1′), 4.87 (m, 2 H,
H-2″, H-3″), 4.64 (d, 1 H, 6.3 Hz, H-1″), 4.20 (m, 1 H, H-
5), 4.16 (m, 3 H, H-2, H-2′, H-6a), 3.88 (dd, 1 H, J 3.3 Hz,
10.5 Hz, H-6b), 3.81 (m, 2 H, H-5′, H-5a″), 3.41 (dd, 1 H, J
5.4 Hz, 10.2 Hz, H-5b″), 2.15, 2.03 (3), 2.00 (3 s, 15 H, 5×
COCH3), 1.73 (s, 3 H, NHCOCH3), 0.98 (d, 3 H, J 6.3 Hz,
C-CH3).

13C NMR (CDCl3, 75 MHz) δ: 169.6, 169.5 (2),
169.3, 169.2, (5×COCH3), 169.1 (NHCOCH3), 167.6,
164.9, 164.3 (3×COPh), 133.9, 133.6, 133.5, 130.0,
129.9, 129.7, 128.8, 128.7, 128.5 (ArC), 101.1 (C-1″),
98.4 (C-1′), 91.3 (C-1), 74.6, 71.5 (2), 70.3, 69.8, 69.1,
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68.4, 68.3, 66.4, 64.4, 61.3, 52.0 (C-2), 22.9 (NHCOCH3),
20.7 (4), 20.5 (5×COCH3), 15.6 (C-CH3). HRMS calcd. for
C50H59O22N2 (M+NH4): 1039.3560; found m/z 1039.3563.

β-D-xylopyranosyl-(1→2)-β-D-fucopyranosyl-(1→6)-2-
acetamido-2-deoxy-β-D-glucopyranose(2) To a solution of
protected trisaccharide 27 (920 mg, 0.9 mmol) in dry
MeOH (25 ml), NaOMe (25 mg) was added and the
solution was stirred at room temperature for 6 h. After
completion, the solution was neutralized with DOWEX
50 W H+ resin, filtered and evaporated to a semi-solid
mass. It was then partitioned between H2O and CH2Cl2 to
remove methyl benzoate. The water layer was collected and
freeze-dried to furnish pure trisaccharide 2 (370 mg, 83%)
as white amorphous powder. HRMS calcd. for
C19H33O14NNa (M+Na): 522.1799; found m/z 522.1801.

Acknowledgment We thank SAIF (CDRI) for instrumental facility.
BR is thankful to CSIR, New Delhi, India for fellowship. The work is
funded by DST, New Delhi, India through SERC Fast-Track Grant
SR/FTP/CS-110/2005.

Supporting Information Available Experimental details and Cop-
ies of 1H and 13C spectra of all new compounds.

References

1. Price, K.R., Johnson, I.T., Fenwick, G.R.: The chemistry and
biological significance of saponins in foods and feeding-stuffs.
CRC Crit. Rev. Food Sci. Nutr. 26, 27–133 (1987)

2. Haralampidis, K., Trojanowska, M., Osbourn, A.E.: Biosynthesis of
triterpenoid saponins in plants. Adv. Biochem. Eng. Biotechnol. 75,
31–49 (2002)

3. Papadopoulou, K., Melton, R.E., Legget, M., Daniels, M.J.,
Osbourn, A.E.: Compromised disease resistance in saponin-
deficient plants. Proc. Natl. Acad. Sci. U SA 96, 12923–12928 (1999)

4. Hostettmann, K.A., Marston, A.: Saponins. Chemistry and
Pharmacology of Natural Products. Cambridge University Press,
Cambridge, UK, (1995)

5. Paczkowski, C., Wojciechowski, Z.A.: Glucosylation and galactosyla-
tion of diosgenin and solasodine by soluble glycosyltransferase(s) from
Solanum melongena leaves: Phytochemistry 35, 1429–1434 (1994)

6. Wojciechowski, Z.A.: Biosynthesis of oleanolic acid glycosides
by subcellular fractions of Calendula officinalis seedlings:
Phytochemistry 14, 1749–1753 (1975)

7. Pharmacopoeia Committee of China. Chinese Pharmacopoeia,
Vol. 1, p. 97. Chemical Industry Press, Beijing (2005)

8. Liang, H., Tong, W.-Y., Zhao, Y.-Y., Cuib, J.-R., Tuc, G-Z.: An
antitumor compound julibroside J28 from Albizia julibrissin.
Bioorg. Med. Chem. Lett. 15, 4493–4495 (2005)

9. Werz, D.B., Seeberger, P.H.: Total Synthesis of Antigen Bacillus
Anthracis Tetrasaccharide—Creation of an Anthrax Vaccine
Candidate. Angew. Chem. Int. Ed. 44, 6315–6318 (2005)

10. Sarkar, K., Mukherjee, I., Roy, N.: Synthesis of the Trisaccharide
Repeating Unit of the O-Antigen Related to the Enterohemorrhagic
Escherichia coli Type O26:H. J. Carbohydr. Chem. 22, 95–108 (2003)

11. Yin, H., D’Souza, F.W., Lowary, T.L.: Arabinofuranosides from
Mycobacteria: synthesis of a highly branched hexasaccharide and

related fragments containing β-Arabinofuranosyl residues. J. Org.
Chem. 67, 892–903 (2002)

12. Rajput, V.K., Roy, B., Mukhopadhyay, B.: Sulfuric acid immobi-
lized on silica: an efficient reusable catalyst for selective
hydrolysis of the terminal O-isopropylidene group of sugar
derivatives. Tetrahedron Lett. 47, 6987–6991 (2006)

13. Rajput, V.K., Mukhopadhyay, B.: Sulfuric acid immobilized on silica:
an efficient reusable catalyst for the synthesis of O-isopropylidene
sugar derivatives. Tetrahedron Lett. 47, 5939–5941 (2006)

14. Mukhopadhyay, B.: Sulfuric acid immobilized on silica: an
efficient promoter for one-pot acetalation-acetylation of sugar
derivatives. Tetrahedron Lett. 47, 4337–4341 (2006)

15. Roy, B., Mukhopadhyay, B.: Sulfuric acid immobilized on silica:
an excellent catalyst for Fischer type glycosylation. Tetrahedron
Lett. 48, 3783–3787 (2007)

16. Mukhopadhyay, B., Kartha, K.P.R., Russell, D.A., Field, R.A.:
Streamlined Synthesis of Per-O-acetylated Sugars, Glycosyl
Iodides, or Thioglycosides from Unprotected Reducing Sugars.
J. Org. Chem. 69, 7758–7760 (2004)

17. Classon, B., Garegg, P.J., Samuelson, B.: The p-methoxybenzyl
group have protective group of the anomeric center. Selective
conversions of hydroxy groups into bromo groups in p-methox-
ybenzyl 2-deoxy-2-phthalimido-β-D-glucopyranoside. Acta.
Chem. Scand. Ser. B, 419–422 (1984)

18. Kerékgyártó, J., Szurmai, Z., Lipták, A.: Synthesis of
p-trifluoroacetamidophenyl 6-deoxy-2-O-3-O- [2-O-methyl-3-
O-(2-O-methyl-α-D-rhamnopyranosyl)- α-L-fucopyranosyl]-α-
L-rhamnopyranosyl-α-L- talopyranoside: a spacer armed
tetrasaccharide glycopeptidolipid antigen of Mycobacterium
avium serovar 20. Carbohydr. Res. 245, 65–80 (1993)

19. Nitz, M., Bundle, D.R.: Efficient synthesis of 3,6-Dideoxy-β-D-
arabino-hexopyranosyl-Terminated LacdiNac Glycan Chains of the
Trichinella spiralis Parasite. J. Org. Chem. 65, 3064–3073 (2000)

20. Meijer, A., Ellervik, U.: Interhalogens (ICl/IBr) and AgOTf in
Thioglycoside Activation; Synthesis of Bislactam Analogues of
Ganglioside GD3. J. Org. Chem. 69, 6249–6256 (2004)

21. Jain, R.K., Kohata, K., Abbas, S.A., Matta, K.L.: Synthesis of the
isomeric trisaccharides, methyl O-α-L-fucopyranosyl-(1→3, 4,
and 6)-O-(2-acetamido-2-deoxy-β-D-glucopyranosyl)-(1→3)-β-
D-galactopyranoside. Carbohydr. Res. 172, 27–35 (1988)

22. Lievre, C., Frechou, C., Demailly, G.: Réaction d’aldoses
partiellement protégés avec des ylures d’arsenic stabilisés:
synthèse de dérivés insaturés E acycliques et de dérivés C-
glycosyle. Carbohydr. Res. 303, 1–16 (1997)

23. Mann, M.C., Thomson, R.J., Dyason, J.C., McAtamney, S., von
Itzstein, M.: Modelling, synthesis and biological evaluation of
novel glucuronide-based probes of Vibrio cholerae sialidase.
Bioorg. Med. Chem. 14, 1518–1537 (2006)

24. Sarkar, K., Roy, N.: Synthesis of p-Tolyl 4-Azido-3-O-benzyl-4,6-
dideoxy-2-S-(p-tolyl)-2-thio-α-D-mannopyranosyl-(1 (2)-4-azido-
3-O-benzyl-4,6-dideoxy-1-thio-β-D-glucopyranoside. J. Carbohydr.
Chem. 23, 41–48 (2004)

25. Sarkar, K., Roy, N.: Synthesis of p-tolyl 3,4-O-isopropylidene-2-O-
(methylthiomethyl)-b-D-fucopyranose. Indian J. Chem. Sect. B 41,
639–641 (2002)

26. Takeo, K., Maki, K., Wada, Y., Kitamura, S.: Synthesis of the
laminara-oligosaccharide methylβ-glycosides of dp 3–8. Carbohydr.
Res. 245, 81–96 (1993)

27. Sjoelin, P., George, S.K., Bergquist, K.-E., Roy, S., Svensson, A.,
Kihlberg, J.: Synthesis of deoxy and alanine-substituted deriva-
tives of a T cell stimulating glycopeptide-An investigation of
conditions for cleavage from the solid phase and deprotection. J.
Chem. Soc. Perkin Trans. 1 12, 1731–1742 (1999)

28. Perrin, D.D., Amarego, W.L., Perrin, D.R.: Purification of
Laboratory Chemicals. Pergamon, London (1996)

166 Glycoconj J (2008) 25:157–166


	Synthesis of a tetra- and a trisaccharide related to an anti-tumor saponin “Julibroside J28” from Albizia julibrissin
	Abstract
	Introduction
	Results and discussion
	Conclusion
	Experimental
	References




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for journal articles and eBooks for online presentation. Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


