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Saponins comprise a diverse class of plant glycosides which
possess a broad range of interesting biological activities.1 The
structural diversity of saponins lies mainly in their “glycoforms”
(a term which is used to describe a set of oligosaccharides of a
special pattern being attached to a same peptide chain). It is
noteworthy that more than half of the triterpene saponins are
glycosides of oleanolic acid or its derivatives, with one sugar chain
attached through an ether linkage at C-3 and another through an
ester linkage at C-28 (a so-called “bidesmosidic saponin”).1b The
isolation of individual saponins from a plant species presents a
formidable task, which hinders the further development of this
important group of natural products. Chemical synthesis could
remove this bottleneck; however, to date only a few studies on
the chemical synthesis of saponins have been reported, and none
of these addresses the construction of a bidesmosidic triterpene
saponin.2 Herein we report the first such synthesis of a bides-
mosidic triterpene saponin (1), a compound first isolated from
the leaves of a commonly used Chinese medicinal herbAcan-
thopanax senicosus.3

The recent development of glycosylation procedures and
sophisticated protecting group strategies has enabled the syntheses
of a number of naturally existing oligosaccharides and glyco-
conjugates.4 However, the laborious protecting group manipulation
required between each glycosylation step results in notorious low
efficiency. To address this problem, the “one-pot sequential
glycosylation” procedure has been developed, which depends on
sufficiently disparate reactivities of a set of carefully designed
carbohydrate building blocks.5 Most of the reported one-pot
protocols have been achieved by tuning the reactivities of the
glycosyl donors through selective introduction of different
protecting groups or leaving groups. Differences in reactivities
of the hydroxyl groups or their masked forms (silyl ethers and
trityl ethers) on the saccharide acceptors have also been exploited
to steer the sequential glycosylations,5a,f,6 in a strategy called “two-

directional glycosylation”.6a-c Thus in designing our synthesis of
1 we planned to use both the one-pot glycosylation5 on the donor
side and the two-directional glycosylation6a-c on the acceptor side.

As shown in Scheme 1, saponin1 was disconnected into five
readily accessible building blocks (2-6). The trityl ester3 was
easily prepared in quantitative yield by treating oleanolic acid
with triphenylmethyl chloride (TrCl) and 1,8-diazabicyclo[5.4.0]-
undec-7-ene (DBU) in refluxing tetrahydrofuran (THF). 2,3,4-
Tri-O-benzoyl-â-L-arabinopyranosyl trichloroacetimidate (2), 2,3,4-
tri-O-benzoyl-6-O-trityl-R-D-glucopyranosyl trichloroacetimidate
(4), and phenyl 2,3-di-O-acetyl-6-O-benzoyl-1-thio-â-D-glucopy-
ranoside (5) were readily synthesized using routine transforma-
tions (Scheme 2). 2,3,4-Tri-O-acetyl-R-L-rhamnopyranosyl trichlo-
roacetimidate (6) is a known compound.7

As shown in Scheme 3, assembly of the acyl-protected saponin
14 was achieved by four successive glycosylation steps: (1) The
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Scheme 1.Retrosynthesis of Saponin1

Scheme 2.Preparation of the Monosaccharide Building
Blocks 2, 4, and5a

a Conditions: (a) BzCl, pyridine, 0°C, 96%; (b) 33% HBr/HOAc,
CH2Cl2, 1 h; (c) Ag2CO3, acetone, H2O, 89% (two steps); (d) Cl3CCN,
DBU, CH2Cl2, ∼90%; (e) TrCl, pyridine, 80°C, 10 h, then BzCl, 0°C,
96%; (f) H2NNH2‚HOAc, DMF, 79%; (g) Ac2O, pyridine, 100%; (h)
PhSH, SnCl4, CH2Cl2, 79%; (i) NaOMe, HOMe, 100%; (j) PhCH(OMe)2,
CSA (0.06 equiv), DMF; (k) Ac2O, pyridine; (l) 80% HOAc, 50°C, 75%
(three steps); (m) BzCl, pyridine,-10 °C, 93%.
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coupling of oleanolic ester3 (1.0 equiv) with trichloroacetimidate
2 (1.15 equiv) was completed within 20 min in the presence of
a catalytic amount of trimethylsilyl trifluoromethanesulfonate
(TMSOTf) (0.3 equiv) at low temperature (-60 °C), providing
the desired glycoside10,8 which was readily converted into the
acid 11 upon warming to room temperature for 20 min. (2)
Addition of a CH2Cl2 solution of the trichloroacetimidate4 (1.5
equiv) into the above mixture at 0°C resulted in the complete
consumption of the reactants (11and4) within 20 min, affording

12. (3) In the second flask, the phenyl thio-disaccharide13 had
been prepared during steps 1 and 2 by glycosylation of the
thioglycoside5 (2.2 equiv) with trichloroacetimidate6 (2.6 equiv)
under the promotion of TMSOTf (0.2 equiv).5b (4) Addition of
the mixture in the second flask into the first, followed by addition
of TMSOTf (1.5 equiv) andN-iodosuccinimide (NIS) (3.0 equiv)6d

at -15 °C and stirring at this temperature for 15 min, led to the
desired protected saponin14 in 62% yield (after chromatography
on silica gel, based on the oleanolic ester2). Remarkably, only
3 h was required to accomplish the four glycosylation steps and
one chromatographic purification, and a per glycosylation yield
of 89% was achieved. Selective removal of the acetate and
benzoate protections in the presence of the C-28 ester glycosidic
linkage (0.2% NaOMe/HOMe/CH2Cl2, room temperature) af-
forded the target saponin1 in 73% yield.9 The physical data
obtained were essentially identical to those reported for the natural
product.3

Progress of the successive glycosylation was conveniently
monitored by thin-layer chromatography (TLC). On TLC plates,
each desired intermediate (10-14) appeared as the dominant spot
and was well separated from less mobile spots resulting from
decomposition of the excess donors (2, 4, 6, 13). The trityl group
(Tr), which has seldom been used to protect a carboxylic acid,10

appeared to have a pivotal role in the success of these transforma-
tions. Direct glycosylation of oleanolic acid (without the trityl
ester protection) with various glycosyl donors resulted in a mixture
of products, with the 13â,28-lactones being significant byproducts.
Other protecting groups were found to be either too labile (e.g.,
trimethylsilyl, triethylsilyl) or too robust (e.g.,tert-butyldimethyl
silyl, allyl) for the protection of the 28-COOH, requiring an
additional step for deprotection. Finally, the trityl ether on
trichloroacetimidate4 was stable under the conditions for the
coupling with acid11, yet subsequently served as an acceptor
under stronger conditions (TMSOTf/NIS, Scheme 3, step e).6d

In conclusion, the first chemical synthesis of a bidesmosidic
triterpene saponin (1) was efficiently carried out using four
successive glycosylation steps. The method used represents a
conceptual advance in its use of two flasks11 and the combination
of one-pot glycosylation5 and two-directional glycosylation6

strategies. The present glycosylation procedure that has emerged
should provide an efficient entry into not only related bidesmosidic
saponins but also other complex glycoconjugates and their
libraries.
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Scheme 3.Assembly of Saponin1 by Successive
Glycosylationa

a The equivalents of the reactants and reagents were based on oleanolic
ester3. Conditions: (a) TMSOTf (0.3 equiv), CH2Cl2, 4-Å MS, -60
°C, 20 min; (b) room temperature, 20 min; (c) 0°C, 20 min; (d) TMSOTf
(0.2 equiv), CH2Cl2, 4-Å MS,-70 °C to room temperature; (e) TMSOTf
(1.5 equiv), NIS (3 equiv), CH2Cl2, 4-Å MS, -15 °C, 15 min, 62%
(overall yields based on3); (f) 0.2% NaOMe, MeOH, CH2Cl2, room
temperature, 2 h, 73%.
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