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ABSTRACT

OH OH

Anemoclemoside B 1

Anemoclemoside B (1), the first natural product containing a brand-new glycosidic linkage, the open-chain cyclic acetal linkage, was synthesized.

In 1999, Vinogradov and Bock discovered a new type of
sugar-sugar linkage in the core region of the lipopolysac-
charides (LPS) from the outer membrane of tRmteus
bacteriat The new linkage consisted of an open-chain
N-acetylgalactosamine linked as a cyclic acetal to positions
4 and 6 of a normal galactosamiaepyranoside unit (Figure

1), which has since been found in several other strains of
Gram-negative bacterfaThe new glycosidic linkage prob-
ably arises from a new, but as yet unknown, biosynthetic

T Dalian Institute of Chemical Physics.

* Shanghai Institute of Organic Chemistry.

(1) (a) Vinogradov, E.; Bock, Kl 4999 38, 671.
(b) Vinogradov, E.; Bock, K. asssmtessies 1999 319 92. (¢)
Vinogradov, E.; Bock, K tiiaiatiises1999 320, 239.

(2) (a) Vinogradov, E.; Sidorczyk, /nssiasiiisaes2001 330 537.
(b) Vinogradov, E.; Korenevsky, A.; Beveridge, infiiamie <2003
338 1991. (c) Moule, A. L.; Galbraith, L.; Cox, A. D.; Wilkinson, S. G.
Sasasiawseeming s °004 339, 1185. (d) Michael, F. S.; Brisson, J. R,;
Larocque, S.; Monteiro, M.; Li, J. J.; Jacques, M.; Perry, M. B.; Cox, A.
D. aaishusimiig <2004 339 1973.

10.1021/0l050324y CCC: $30.25
Published on Web 04/21/2005

© 2005 American Chemical Society

pathway? Prior to the 1999 report, an open-chain cyclic
acetal glycosidic linkage had only been found in two
compounds isolated from plant extracts. Thus, Li et al., in

Figure 1. Open-chain linkage in the LPS of bacteria.
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Scheme 1
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1995, disclosed the structure of the two triterpenoid glyco- the knownL-arabinose derivative® into open-chain thioketal
sides, anemoclemosides A and B (Figure 2; congener A lacks3 and O-acetylated the primary OH 8kelectively to obtain
the terminala-rhamnopyranosyl residue in B), which they 4. Unfortunately, however, the subsequent glycosylation of
had obtained from extracts of the roots Ahemoclema 4 with 2,3,4-triO-acetyl+-rhamnopyranosyl N-phenyl)-
glaucifolium a folk medicinal plant distributed at an altitude ~trifluoroacetimidate §) using TMSOTf or BE-OEt as

of 1600-3000 m in the Yangtse River valley region of Promoters failed to afford the desired coupling product.
China? The unique structures of anemoclemosides A and B Instead, intermolecular ethylthio transfer prevailed, and ethyl
make them chemotaxonomic markers of the native plant. 2,3,4-tr-O-acetyl-1-thioe-L-rhamnopyranoside was obtained

Herein, we report an effective approach to the
open-chain cyclic acetal glycosidic linkages in
of a synthesis of anemoclemosidelB

synthesis of @ the major reaction product.

In light of this, we began investigating a new strategy that
did not involve us glycosylating with a thioketal present.
Accordingly, we converted the pyranose hemiac@taito
linear alcohol5 by reduction with NaBH?® Protection of
the vicinal 1,2-OHs as a@-isopropylidene acetal followed

the context

Anemoclemoside B 1

by protection of the remaining 5-OH as dbD-acetate
provided6. The 1,20-isopropylidene o6 was then removed
with 80% ag HOAc, and the resulting €EDH was selec-
tively protected with a TBS group, giving with its C2-
hydroxyl free. Coupling of7 with the rhamnopyranosyl
trifluoroacetimidate8® using 0.05 equiv of TMSOTf in CH
Cl, in the presencefat A MS at 0°C afforded the desired
disaccharided in a satisfactory 88% vyield. The CGIOH

Figure 2.

on 9 was then desilylated with 80% ag HOAc at 46,2
and the resulting alcohol was oxidized with Desdartin
periodinane to give the desired disacchati@en excellent

A major challenge in the synthesis of anemoclemoside B
1 is construction of the unique open-chain cyclic acetal
linkage between the @-a-L-rhamnopyranosyl-
arabinose component and the 3,23-diol of hederagenin. A
suitably protected disaccharide derivati¥® having the
L-arabinose C1l-aldehyde component in open-chain form was
synthesized as shown in Scheme 1. Initially, we converted

yield.
To construct the targeted open-chain cyclic acetal linkage,
model reactions between 2,3,4,5-te@&enzyl+ -arabinose
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Scheme 2

OBn OBn SEt HgCl,, HgO, CH,CN/H,0,
H reflux, 4 h, 60%
H SEt
OBn OBn
1
HO TMSOTf (1.0 equiv), 4AMS, OBn
H CH,CI,, -78 °C, 30 min
BnO 12
BnO OMe
13
OAc
TMSOTTf (1.0 equiv), 4A MS,
CH,CI,, rt, 30 min, 70%
13 + 10
Me’
Acl
AcO

i o
OBn OBn BnO

WO
H [e)
OBn O pyo
BnO

OBn OBn

OBn OBn
12

OBn

BnO
14b (20%)

BnO
14a (50%)

OMe}

OBn

O OMe
15

Ac

(12) and methyl 2,3-di®-benzyle-b-glucopyranosidel3)
were first examined (Scheme P)Acetalization with diols

at —78 °C produced the desireth in only trace amount.
Nevertheless, upon raising the temperature-i® °C, 15

in the presence of an excess amount of an alkoxysilane andvas generated as a single isomer in 70% yiékpparently,

a catalytic amount of TMSOT# has previously been

the hindered 23-a-L-rhamnopyranosyl substituent discour-

successfully applied for the effective condensation of sugar aged formation of the corresponding axiallySloriented

lactones with pyranoside-4,6-didi®.However, our applica-
tion of similar conditions as described in the literature
(TMSOMe (5~10 equiv), TMSOTf (catalyst), Cyl,)11b
provided the acetalization produict in less than 46% vyield.
The bulk of aldehydd 2 had been transformed mainly into
the corresponding dimethylacetal derivative, and @i&ihto
the 4,6-diO-TMS product. Treatment of the 4,6-@-TMS
compound with aldehyd&2 under the catalysis of TMSOTf
led to 14 in only trace amount¥®¢ Replacing MeOTMS
with PhCH(OTMS)CH prevented formation of the alkyl-
acetal byproduct, but did not improve the yield bf. We
also tried the condensation of dithioacetat? and diol 13
under glycosylation conditions for thioglycosides {Of
1-benzensulfinylpiperidine (BSP¥)but failed to obtain the
desired adduct4. Fortunately, acetalization betwegkand
13 could be achieved nicely under the action of-1200
equiv of TMSOTf at low temperature—78 °C) in the
presence b4 A MS; this afforded a pair of the diastereo-
isomersl4aand14bin 50 and 20% vyields, respectively.

Cyclic acetalsl4aand14b, with the open sugar chain in
equatorial (IR) and axial (19 orientations, respectively,
should be in a thermodynamic equilibrium favoring the
formation of the thermodynamically more stablela
Evidently, treatment o14b with TMSOTf at room temper-
ature produced an equilibrium in favor dfla

Treatment of diolLl3 with disaccharide aldehydEd under
similar conditions (1.0 equiv of TMSOT# A MS, CH,Cl,)
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isomer.

With an effective protocol for the construction of the open-
chain cyclic acetal glycosidic linkage now available, we set
about our final assembly of the target natural product,
anemoclemoside Bl (Scheme 3). Hederagenib6 was
converted into its 28-benzyl estdi7 in three convenient
steps, involving protection of the 3,23-di-OHs with an
O-isopropylidene acetal, C28-benzyl ester formation, and
cleavage of the 3,28-isopropylidene unit. Condensation
of hederagenin 3,23-didl7 with disaccharide aldehydE)
under conditions similar to those described above (2 equiv
of TMSOTTf, —78 °C to rt) furnishedl8 as a single isomer
in an excellent 92% yield. Removal of the acetyl group was
best achieved with NaOH at room temperature. This left the
28-benzyl ester group intact. Finally, all the benzyl groups
were removed by hydrogenolysis in the presence of Pd/C;
notably, the 12,13-double bond in the triterpenoid skeleton
was not affected® The sample of thus obtained synthetic
matched the natural product in every resgéét.

In summary, an effective approach to the synthesis of the
open-chain cyclic acetal linkage, a new glycosidic linkage
in Nature, was developed. Acetalization of linear sugar
aldehyde with 1,3-diols proceeds smoothly under the action

(14) Acetall4awas transformed into the corresponding 2,3 2,5 -
hexa©O-acetyl derivative 19 via hydrogenolysis and acetylation (see
Supporting Information), which provided diagnostic NOE correlations
between the'tH and the 4-H and 6-H, thus confirming thé&konfiguration
in 14a Similarly, compoundl5 was converted into the corresponding
2,2'3,3,3",4,4" 5-octaO-acetyl derivative20 (see Supporting Informa-
tion). Compound0 provided diagnostic NOE correlations between thel1
and the 4-H and 6-H.

(15) Hydrogenolysis of the diphenylmethyl oleanolate derivatives has
been performed; see: Seebacher, W.; Weis, R.; Jurenitsch, J.; Rauchen-
steiner, K.; Haslinger, 00Q 131, 985.

(16) For the preparation and characterization of all compounds mentioned
in the context, see Supporting Information.
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Scheme 3
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of 1—2 equiv of TMSOTTf in the presencéd 4 A MS, leading
to the successful synthesis of anemoclemoside e first

Supporting Information Available: Experimental pro-
cedures and spectroscopic data for new compounds and

natural product discovered to possess such a glycosidicreproduction ofH NMR spectra for compounds 4—7, 9,

linkage.
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10, 14alb, 15, and 17-20 and *3C NMR spectra for
compounds10, 14ab, 15 and 17—20. This material
is available free of charge via the Internet at http:/
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