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Abstract—Two series of dioscin derivatives (4a–o and 5a–o) with selected modifications at the 6 0 and 4000 positions of the chacotriosyl
residue, respectively, were synthesized. All the 6 0-N-acyl-dioscin derivatives did not show considerable inhibitory activities at 10 lM,
while most of the 4000-O-(2-N-acyl)ethyl-dioscin derivatives behaved as potent as dioscin, against the growth of tumor cells.
� 2006 Elsevier Ltd. All rights reserved.
A quite common feature of spirostan saponins, which
occur widely and abundantly in plants, is their inhibitory
activities against the growth of tumor cells.1 And the
cytotoxic potency of spirostan saponins is highly depen-
dent on their sugar residues.2 Dioscin, diosgenin-3-yl
a-LL-rhamnopyranosyl-(1! 2)-[a-LL-rhamnopyranosyl-
(1! 4)]-b-DD-glucopyranoside (chacotrioside), represents
one of the most common plant spirostan saponins, which
has been isolated from some twenty genera, including
many vegetables and medicinal plants. Dioscin is among
the most potent cytotoxic spirostan saponins2,3 and is
relatively easy to synthesize.4 Therefore, we employed
dioscin as a lead structure to decipher the structure–ac-
tivity relationships and mechanism of action of spirostan
saponins. To this end, we have synthesized all the eight
possible mono-methylated derivatives of dioscin and
found that the 6 0- and 4000-O-methyl derivatives (1 and
2) retained largely the cytotoxicities of dioscin but other
mono-O-methyl compounds were nearly inactive.5 The
4000-O-acetyl-dioscin (3) also showed to be as toxic as
dioscin,6 and the 6 0-N-(2-N-dansyl)ethyl-dioscin retained
about 30% of the toxicity of dioscin.7 These results
prompted us to examine the influence on the cytotoxicity
of a variety of modifications at the 6 0 and 4000 positions of
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dioscin, thus, we might be able to label dioscin properly
to study its mechanism of action. Here, we report the
convergent synthesis of such two series of dioscin deriv-
atives (4a–o and 5a–o) and their inhibitory activities
against the growth of tumor cells (Fig. 1).

The synthetic route toward the 6 0-N-acyl-dioscins 4a–o
is depicted in Scheme 1. Thus, diosgenin-3-yl b-DD-
glucopyranoside (trillin)8 was subjected to selective
sulfonylation at the primary 6 0-OH with p-toluene-
sulfonyl chloride in pyridine, the desired 6 0-O-tosyl
derivative 6 was obtained in a satisfactory 73% yield.
Treatment of 6 with NaN3 in DMF at 90 �C gave 6 0-
azide 7 successfully (80%). Triol 7 was then selectively
protected with pivaloyl chloride at the 3 0-OH to afford
diol 8 in 81% yield.9 Glycosylation of the remaining
2 0,4 0-di-OHs in 8 with 2,3,4-tri-O-benzoyl-LL-rhamno-
pyranosyl trichloroacetimidate (9)10 under the promo-
tion of TMSOTf led to the desired trisaccharide 10 in
76% yield. Removal of the benzoyl and pivaloyl groups
in 10 with LiOH in MeOH provided the 6 0-azido-dios-
cin 11 in 95% yield. Reduction of the 6 0-azido into the
6 0-NH2 group with PPh3 provided the desired key
intermediate 12 quantitatively. Finally, selective cou-
pling of the 6 0-NH2 in 12 with a variety of the acyl
chlorides was achieved in the presence of Et3N in
CH3OH, furnishing the 6 0-N-acyl-dioscin derivatives
4a–o in 70 � 95% yields.11,12

mailto:byu@mail.sioc.ac.cn


O

O
Dioscin  R = H, R1 = H

1 R =  M e, R 1 = H
2 R =  H, R1 = Me
3 R =  H, R1 = Ac

O

HO

R1O

HO O

O

HO

HO

HO O

O
HO

RO

O

6'

H

H HH

H

4' ''

O

HO

HO

HO O

O

HO

HO

HO O

O
HO

NH

O

6'

R O

O

HO

O

HO O

O

HO

HO

HO O

O
HO

HO

O

NH

R

O

4' ''

4a-o

5a-o

No. R No. R

4a/5a -CH3

4b/5b -CF3

4c/5c -(CH2)2CH2Cl

4d/5d -CH= CH -CH= CH2

4e/5e -(CH2)8CH =CH2

4f/5f -(CH2)12CH3

4g/5g -(CH2)16CH3

4h/5h

4i/5i
OCH3

NO 2

I

O

O

Cl

O

4j/5j

4k/5k

4l/5l

4m/5m

4n/5n

4o/5o

igure 1. Dioscin and its derivatives with modifications at the 6 0 and 4000 positions.
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Scheme 1. Reagents and conditions: (a) TsCl, pyridine, 0 �C! rt, 24 h, 73%; (b) NaN3, DMF, 90 �C, 4 h, 80%; (c) PivCl, pyridine, 0 �C, 4 h, 81%;

(d) TMSOTf (0.1 equiv), 4 Å MS, CH2Cl2, 0 �C! rt, 1 h, 76%; (e) LiOH, THF–MeOH–H2O (1:1:1), 40 �C, overnight, 95%; (f) PPh3, THF–H2O

(4:1), 60 �C, 2 h, 100%; (g) acyl chloride, CH3OH, Et3N, 0 �C! rt, 1 h, 70 � 95%.
The 4000-O-(2-N-acyl)ethyl-dioscin derivatives 5a–o were
synthesized starting from ethyl 2,3-O-isopropylidene-1-
thio-LL-rhamnopyranoside (13)13 (Scheme 2). Treatment
of 13 with 1-tosyloxy-2-azidoethane14 in the presence
of NaH in THF provided 14 in a good 63% yield. Cou-
pling of the readily available disaccharide 159b with thio-
glycoside 14 under the action of NIS/TfOH afforded the
trisaccharide 16 in 81% yield. Removal of all the protec-
tive groups (benzoyl, pivaloyl, and isopropylidene
groups) with LiOH followed with H+ resin provided
the 4000-O-(2-azido)ethyl-dioscin 17 in 86% yield. Reduc-
tion of the terminal –N3 into –NH2 group with PPh3 led
to the key intermediate 18. Finally, selective coupling of
the appending NH2 group in 18 with a variety of the
acyl chlorides in the presence of Et3N in CH3OH fur-
nished the desired 4000-O-(2-N-acyl)ethyl-dioscins 5a–o
in 70 � 95% yields.11,15
The inhibitory activities of the dioscin derivatives 4a–o,
5a–o, 11, 12, 17, and 18 against the growth of three tu-
mor cell lines, that is, A549 (human lung carcinoma
cell), BGC-823 (human gastric cancer cell), and HGC-
27 (human gastric carcinoma cell), were evaluated fol-
lowing a standard MTT assay with dioscin as a positive
control.16 The results are listed in Table 1. All the deriv-
atives with the 6 0-N-modifications (4a–o, 11, and 12) did
not show considerable inhibition at a concentration of
10 lM toward all the three cell lines. While most of
the derivatives with the 4000-O-substituents were remark-
ably active with the only exceptions of compounds 5f
and 5g which bear the longest fatty chains. Compound
5e bearing a CH2@CH(CH2)8- residue was the most ac-
tive compound, showing IC50s of 2.6, 1.8, and 0.8 lM,
respectively, toward the three cell lines. Interestingly,
the aryl groups in the 4000-O-(2-N-acyl)ethyl residue
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Scheme 2. Reagents and conditions: (a) NaH, THF, rt! 80 �C, then N3CH2CH2OTs, 50 �C, 48 h, 63%; (b) NIS, TfOH, 4 Å MS, CH2Cl2,

0 �C! rt, 1 h, 81%; (c) LiOH, THF–MeOH–H2O (1:1:1), 40 �C, overnight, then H+ resin, rt, 24 h, 86%; (d) PPh3, THF–H2O (4:1), 60 �C, 2 h, 87%;

(e) acyl chloride, CH3OH, Et3N, 0 �C! rt, 1 h, 70 � 95%.

Table 1. Inhibitory activities of the dioscin derivatives against the

growth of tumor cells

Compound IC50 (lM)

A549 BGC-823 HGC-27

4a–o, 11,12 ND ND ND

5a 10.3 3.1 4.7

5b 3.7 4.0 8.3

5c 10.1 11.0 9.2

5d 4.9 1.9 3.3

5e 2.6 1.8 0.8

5f, 5g ND ND ND

5h 11.2 5.1 1.3

5i 10.3 1.9 11.9

5j 15.3 1.6 15.0

5k 4.2 12.8 3.8

5l 7.7 16.4 4.2

5m 7.4 1.2 8.8

5n 11.2 2.6 13.1

5o 3.6 6.1 2.0

17 9.5 2.2 3.3

18 9.2 11.2 7.0

Dioscin 4.2 2.0 5.9

ND: IC50 not determined. These compounds did not show consider-

able inhibitory activities at a concentration of 10 lM.
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affected the sensitivity of the dioscin derivatives toward
different cell lines (i.e., 5h–n). The present results indi-
cate clearly that modifications on the 4000-OH would
not affect considerably the cytotoxicities of dioscin.
Thus, the synthesis of the dioscin derivatives with a vari-
ety of the fluorescence and affinity labels at the 4000-OH
and the studies of their mechanisms of action on tumor
cells become our current interest, and the results will be
reported in due course.
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