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Synthesis of 5(6)-dihydro-OSW-1 by using the
intact skeleton of tigogenin
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Abstract—5(6)-Dihydro-OSW-1 (1), an analogue of OSW-1 with the potent anticancer activity, was synthesized by utilizing
the intact skeleton of tigogenin in 13 steps in 9.0% overall yield. This synthesis demonstrated an effective and reasonable synthetic
strategy for bioactive steroids with side chains as compared with their routine synthesis.
� 2007 Elsevier Ltd. All rights reserved.
OSW-1 and its analogues were isolated from Ornitho-
galum saundersiae bulbs.1 They are members of the
cholestane glycoside family characterized by the attach-
ment of a disaccharide to the C-16 position of the
steroid aglycone. Their IC50 values against human
leukemia HL-60 cells range from 0.1 nM to 0.3 nM.2

OSW-1, the main constituent of the bulbs, exhibits
extraordinary cytostatic activities against various
human malignant tumor cells. Its anticancer activities
are 10–100 times more potent than some of the well-
known anticancer agents currently in clinical use, such
as mitomycin C, adriamycin, cisplatin, camptothecin,
and taxol, but its toxicity to normal human pulmonary
cells is significantly lower (IC50 1500 nM). Recently,
Yu and co-workers reported that 5(6)-dihydro-OSW-1
(1) (Fig. 1) with simplified and easy prepared structure
was slightly more potent than OSW-1 against the tested
three cancer cell lines [including AGS (stomach cancer
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Figure 1. The structures of OSW-1 and 5(6)-dihydro-OSW-1.
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cells) IC50 0.71 lM, 7404 (liver carcinoma cells) IC50

0.025 lM, and MCF-7 (breast cancer cells) 0.029 lM].3

The routine synthesis for OSW-1 and its analogues is
starting from dehydroepiandrosterone.3,4 It was pre-
pared through the degradation of diosgenin, the proce-
dure including thermal fragmentation in acetic acid at
200 �C, chromic oxide induced oxidation, elimination,
oximation, and rearrangement.5 As one part of our
projects on the study of rational utilization of resource
compounds,6 we wish exploring a new synthesis of
5(6)-dihydro-OSW-1 (1) directly from tigogenin rather
than the degradated product of diosgenin, epiandro-
sterone. Different from the reported synthesis of 5(6)-
dihydro-OSW-1, the basic skeleton, 27-carbon atoms
and functional groups of starting material tigogenin
were fully, rationally utilized in our new synthetic strat-
egy of 5(6)-dihydro-OSW-1 aglycon (Scheme 1).
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Comparing the structure of 5(6)-dihydro-OSW-1 with
the E/F ring-opened product of tigogenin, it is easy to
find that both have similar side chains and the same dis-
posal of the C-16 hydroxyl and the 21-methyl groups.
To synthesize the aglycon of 5(6)-dihydro-OSW-1 (1)
starting from the E/F ring-opened product of tigogenin
directly, one only needs to introduce a hydroxyl group
at C-17 in the latter (Scheme 1). Obviously, it is a rea-
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Scheme 2. Reagents and conditions: (a) Ac2O, Py, 45 �C, 99%; (b) oxone�, N
89%; (d) Zn, NH4Cl, EtOH, 93%; (e) HSCH2CH2SH, BF3ÆOEt2, CH2Cl2, 9
EtOH, rt, 99%; (h) HOCH2CH2OH, HC(OEt)3, BF3OEt2, CH2Cl2, 81%; (i) re
99% for two steps; (l) OsO4, Py, ether, �78 �C to rt, 10 h, then H2S bubbled t
(o) 4 Å MS, 16, then TMSOTf (0.05 equiv), �20 �C, CH2Cl2, 80%; (p) AcO
sonable synthetic strategy according to the principle of
atom economy in the organic synthesis.7

According to our synthetic plan shown in Scheme 2, tigo-
genin (2), an abundant and cheap steroidal sapogenin
isolated from industrial waste, was readily acetylated
with Ac2O in the presence of pyridine to afford the C-
3 acetate of tigogenin in 99% yield. Tigogenin acetate
3 underwent regioselective oxone� oxidation of C-16
to produce 4 in 90% yield.6d,e The reaction of 4 with
HOAc/HBr in CH2Cl2 afforded the E/F ring-opened
brominated product 5 in 89% yield.8 The reduction of
5 with Zn and NH4Cl in refluxing ethanol gave the
key intermediate 6 in 93% yield.

Subsequently, 6 underwent regioselectively thioketaliza-
tion to afford C-16 mono-thioketal 7.9 16-Thioketal 7
reacted with Ac2O in the presence of 70% HClO4 to
produce 16(17)-alkene 8 through a thioketal-opening-
acetylization (TOA reaction).6d,e Desulfurization of 8
with W-2 Raney nickel at room temperature afforded
compound 9. Unlike their 5(6)-dehydro analogues, com-
pound 8 and 9 were sensitive to the epimerization at
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C20,6d so we got a mixture of 21a-methyl and
21b-methyl steroids. The mixture appears a single point
on thin layer chromatography and is inseparable. The
C-22 carbonyl group of 9 was protected by ethylene
glycol ketal6d,10 to give 20-epimers. Fortunately, the
two isomers of 10 could be separated by simple recrys-
tallization. We performed similar transformations
according to the literature,3,6d that is, conversion of
3-OAc in 10 to 3-OTBS in 11, dihydroxylation of the
16,17-alkene function in 11 with OsO4, Swern oxidation
of the 16a-OH group in 12, and stereoselective reduction
of the 16-keto group in 13 to the 16b-OH group in 14.
Thus, the protected aglycone of 5(6)-dihydro-OSW-1
was synthesized with 13 steps in 9.0% overall yield.
The glycosylation of aglycone 13 with disaccharide
trichloroacetimidate 1611 in the presence of TMSOTf
provided the corresponding protected 5(6)-dihydro-
OSW-1 15 in 80% yield. Removal of all of the protecting
groups in AcOH/H2O (v/v = 3:1) at 70 �C afforded the
desired 5(6)-dihydro-OSW-1 (1) in 60.2% yield. Its spec-
tral data are identical with that of reported in the
literature.3,12
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D �18.3 (c 0.38, CH3OH, lit.3 �12.6 (c 0.8,
CH3OH)); 1H NMR (500 MHz, C5D5N): d 8.40 (d,
J = 8.6 Hz, 2H), 7.16 (d, J = 8.6 Hz, 2H), 5.76 (t,
J = 8.2 Hz, 1H), 5.63 (t, 1H), 5.20 (d, J = 7.6 Hz, 1H),
4.87 (s, 1H), 4.67 (d, J = 6.0 Hz, 1H), 4.47 (br s, 1H), 4.32–
4.22 (m, 6H), 3.83 (s, 3H), 3.25 (q, J = 7.6 Hz, 1H), 2.12 (s,
3H), 1.35 (d, J = 7.2 Hz, 3H), 1.05 (s, 3H), 0.96 (d,
J = 7.2 Hz, 3H), 0.94 (d, J = 7.2 Hz, 3H), 0.91 (s, 3H). 13C
NMR (125 MHz, C5D5N): d 219.05, 169.38, 165.55,
164.01, 132.54, 114.37, 114.24, 103.79, 100.95, 88.51,
85.78, 81.10, 76.46, 75.25, 72.18, 70.83, 70.76, 67.16,
55.61, 54.31, 48.27, 47.00, 46.45, 45.29, 39.44, 39.38, 37.57,
35.90, 35.64, 33.07, 32.81, 32.61, 29.22, 27.84, 22.93, 22.59,
21.01, 14.03, 12.61, 11.95; MS (ESI): 897 (M+Na+), 874
(M+).
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