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Synthesis and antitumor activity of icogenin and its analogue
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Abstract—Natural saponin icogenin, namely 25(S)-22-O-methyl-furost-5-en-3b,26-dio-3-O-a-LL-rhamnopyranosyl-(1! 2)-[b-DD-
glucopyranosyl-(1! 3)]-b-DD-glucopyranoside, and one of its analogues, 25(S)-22-O-methyl-furost-5-en-3b,26-dio-3-O-a-LL-rhamno-
pyranosyl-(1! 2)-[b-DD-glucopyranosyl-(1! 3)]-a-DD-glucopyranoside, were first synthesized via line strategy and convergent
approach, respectively. It was observed that icogenin and its analogue show potent antitumor activity in vitro.
� 2006 Elsevier Ltd. All rights reserved.
It was well known that natural products are an excellent
source of chemical structures with a broad range of
promising pharmaceutical properties, including antitu-
mor activity.1 Saponins, a group of secondary metabo-
lites presented in a wide variety of plants, have been
opened as a new field of investigation of potential anti-
cancer compounds, for example, OSW-1.2

Icogenin, isolated from Dracaena draco,3 shows signifi-
cant cytotoxic effect on the growth of HL-60 with an
IC50 of 2.6 ± 0.9 lM.3 In order to further study the anti-
cancer activity of icogenin, icogenin and one designed
analogue were first synthesized.

Icogenin was synthesized from diosgenin via line strate-
gy as shown in Scheme 1. According to the reported
method,4 4 was synthesized in a facile way. Deprotection
of the benzylidene group from 4, followed by the se-
quence of oxidation with oxone and reduction, acetyla-
tion with Zn, KI, and HOAc–Ac2O, the diosgenyl
glycoside was transformed into 16,22-dione 5 within
one-pot. Treatment of 5 with hydrazine acetate in
CH2Cl2, then glycosylation with sugar donor 35 under
the promotion of NIS and a catalytic amount of
TMSOTf, trisaccharide 6 was provided in a yield of
74% over two steps. The reduction of the C16-ketone
in compound 6 with NaBH4 in i-PrOH was executed,
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and the newly generated secondary hydroxyl group cur-
rently cyclized with C17-ketone to produce the hemiketal
7 in a yield of 42%. Methylation for the C22–OH of 7 un-
der the condition of reflux in methanol for 36 h, then
deprotection of acetyl groups in the presence of MeO-
Na–MeOH, gave the target compound 1 in a yield of
41%. The spectral data of the synthesized saponin 1 were
identical to those of natural icogenin.3

During synthesis of the analogue of 11, TBDPS has been
used to protect diosgenin at rt by Cheng et al.6 to give
the corresponding protected diosgenin. Herein, taking
cheaper TBDMSiCl instead of TBDPSiCl, the silyl ether
8 was synthesized at 50 �C in a yield of 95% within
15 min (Scheme 2). During the process of transforma-
tion of 8 into 10 in the presence of oxone and NaHCO3,
intermediate 9 was first provided in a yield of 98% with a
3:2 mixture of inseparable diastereomers which was con-
firmed by the data of 1H NMR. Because of the intercon-
version between the opening and closure of the E and F
rings,7 the epoxide hemiketal 10 was also as a mixture of
four compounds. Using Cheng’s method, only a trace of
11 was produced from 10. However, at the condition of
70 �C, 11 was provided in a yield of 65%. In the presence
of CAN, 12 was furnished in a yield of 86%.

In order to get the a isomer of icogenin, one trisaccha-
ride donor 19 was designed and synthesized as described
in Scheme 3. According to the method of Nicolaou,8 13
was selectively masked by TBDMS to give 14, which
was coupled with 15,9 and disaccharide 16 was furnished
in a yield of 92%. In the presence of HF–pyridine, 16
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Scheme 1. Synthesis of icogenin (1). Reagents and conditions: (a) NIS-TMSOTf, 4 Å MS, CH2Cl2, �15 �C to rt, 94%; (b) 1 mol/L MeONa–MeOH,

reflux, 92%; (c) PhCH(OMe)2, DMF, p-TsOH, 75%; (d) i—levulinic acid, DCC, DMAP, CH2Cl2, rt, 73%; ii—NIS-TMSOTf, 4 Å MS, CH2Cl2,

�30 �C to rt, 87%; (e) 80% HOAc, 70 �C, 82%; (f) oxone, NaHCO3, CH2Cl2–acetone–H2O, 24 h, rt and then Zn, KI, HOAc–Ac2O, 50 �C, 12 h, 63%;

(g) H2NÆNH2–HOAc, CH2Cl2–MeOH, rt, 89%; (h) NIS-TMSOTf, 4 Å MS, CH2Cl2, �10 �C to rt, 83%; (i) NaBH4, i-PrOH, rt, 36 h, 42%; (j) MeOH,

reflux, 36 h then 0.1 mol/L MeONa–MeOH, reflux, 12 h, 41%.
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was converted into 17 in a yield of 93%. Under the pro-
motion of BF3ÆEt2O, sugar receptor 17 was glycosylated
by donor 1810 to give trisaccharide 19. Because of the
steric hindrance of hydroxyl in 17, the yield of 19 was
51%.

With trisaccharide donor 19 and modified sapogenin 12
efficiently synthesized in hand, their union via an idoni-
um ion promoted glycosylation11 was executed. Treat-
ment of 12 and 19 with NIS-TMSOTf in mild
condition gave the desired trisaccharide saponin 20 in
a yield of 51%. The 1H NMR analysis of 20 showed
the signals for the three anomeric protons at d 5.05 (d,
J = 3.6 Hz, H-1 0), 5.20 (br s H-100), and 5.52 (d,
J = 7.6 Hz, H-1000), respectively. Contrasting these data
to those of diosgenyl 2,3,4-tri-O-benzoyl-a-LL-rhamano-
pyranosyl-(1! 2)-[2,3,4,6-tetra-O-acetyl-b-DD-glucopyr-
anosyl-(1! 3)-4,6-benzylidene-b-DD-glucopyranoside12(d
4.68, d, J = 8.0 Hz, H-1 0), it was concluded that the
bond between the sugar and sapogenin in 20 is a form
of 1,2-cis but 1,2-trans. Treatment with 80% HOAc at
70 �C, then benzoylation, followed by reduction with
NaBH4 in i-PrOH, 20 was transformed into hemiketal
21 in an overall yield of 38%. The designed target sapo-
nin 2 was eventually afforded by methoxylation at C22

position and then deprotection of all of acyl groups in
a yield of 21% (Scheme 4).

The in vitro antitumor activities of the synthesized
icogenin (1) and the designed analogue (2) against
KETR3, PANC-1, PC-3M, H460, HCT8, BEL7402,
BGC-823, and A431 were evaluated by the standard
MTT assay.13 As shown in Table 1, both icogenin (1)
and the synthesized analogue (2) showed a broad spec-
trum of antitumor activities to the chosen cancer cells.
Though these two furostan saponins show potent antitu-
mor activity to PANC-1 with the IC50 values of 0.27 and
0.38 lM, respectively, analogue 2 having an a sugar
moiety was more potent than 1 against H460, BGC-
823 and A431 cell lines (Fig. 1).

In summary, the total synthesis of icogenin and one of
its analogue was carried out using line strategy and high-
ly convergent approach, respectively. The antitumor
activities of these two saponins were evaluated in vitro.
Antitumor activity tests of these compounds demon-
strated that the sugar moiety plays an important
role in the antitumor action. Further studies on the
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Scheme 2. Synthesis of modified saopgenin 12. Reagents and conditions: (a) TBDMSiCl, DMAP, imidazole, DMF, 95%; (b) NaHCO3, oxone,

CH2Cl2–acetone–H2O, 24 h, rt, 65%; (c) Zn, KI, HOAc–Ac2O, 54%; (d) CAN, CH2Cl2–MeOH, 86%.
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Scheme 3. Synthesis of trisaccharide donor (19). Reagents and conditions: (a) TBDMSiCl, DMAP, imidazole, DMF, 81%; (b) BF3ÆEt2O, CH2Cl2,

4 Å MS, 92%; (c) HF–pyridine, THF, 93%; (d) BF3ÆEt2O, CH2Cl2, 4 Å MS, 51%.
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Scheme 4. Synthesis of icogenin analogue 2. Reagents and conditions:

(a) TMSOTf-NIS, CH2Cl2, 4Å MS, rt, 51%; (b) i—80% HOAc, 70 �C;

ii—pyridine, BzCl; iii—NaBH4, i-PrOH, 38% overall three steps; (c)

MeOH, reflux, 36 h then 0.1 mol/L MeONa–MeOH, reflux, 12 h, 21%.

Table 1. Cytotoxicity activity of icogenin and its designed analogue against

Compound

KETR3 PANC-1 PC-3M H46

1 5.15 0.270 4.35 >10

2 3.78 0.380 2.76 8

a The standard MTT assay was followed.
b All the cell lines come from ATCC.
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Icogenin: R=α-L-rhamnopyranosyl-(1→2)-[β-D-glucopyranosyl(1→ 
3)]-β-D-glucopyranosyl (1);   
The designed analogue of icogenin: R=α-L-rhamnopyranosyl-(1→2)-[β-

D-glucopyranosyl(1→3)]-α-D-glucopyranosyl (2);   

Figure 1. Icogenin and its designed analogue.
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structure–activity relationship of icogenin and its ana-
logue are in progess.
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J = 6.4 Hz, 3H, H-600), 1.06 (d, J = 6.4 Hz, 3H), 1.02 (s,
3H), 0.96 (d, J = 6.8 Hz, 3H), 0.92–0.84 (m, 6H), 0.79 (s,
3H). 13C NMR (75 MHz, CDCl3): 217.90, 213.29, 171.27,
170.98, 170.69, 170.15 (2· C), 169.84, 140.38, 121.35,
99.64, 97.37, 79.21, 76.30, 71.51, 71.34, 71.14, 69.54, 69.16,
69.00, 66.32, 66.13, 62.43, 51.17, 49.67, 43.32, 41.63, 39.67,
38.54, 38.44, 37.15, 36.78, 2.04, 31.55, 30.89, 29.52, 26.67,
22.77, 20.94, 20.89, 20.79, 20.50, 20.12, 19.14, 17.21, 16.78,
15.35, 14.37, 14.08, 12.96, 11.36. ESI-MS: 1014.6
(M+Na)+.
Compound 7 1H NMR (400 MHz, CDCl3), d 8.01–7.30
(m, 20H, OBz), 6.04 (t, J = 9.6 Hz, 1H, 1H, H-3000), 5.71
(dd, J = 9.9, 9.6 Hz, 1H, H-4000), 5.44–5.36 (m, 3H, H-6, H-
100, H-200), 5.33–5.29 (dd, J = 3.3, 10.5 Hz, 1H, H-300),
5.16–5.04 (m, 2H, H-1000, H-2000), 4.86 (t, J = 9.9, 9.3 Hz,
1H, H-400), 4.66–4.61 (dd, J = 3.0, 12.3 Hz, 1H, H-6a000),
4.56–4.50 (dd, J = 4.8, 12.3 Hz, 1H, H-6b000), 4.43–4.38 (m,
2H, H-1 0, H-500), 4.25–4.19 (m, 1H), 4.17–4.00 (m, 2H),
3.69 (t, J = 8.0 Hz, 1H), 3.48–3.33 (m, 3H), 2.18 (s, 3H,
OAc), 2.08 (s, 3H, OAc), 2.05 (s, 3H, OAc), 2.02 (s, 3H,
OAc), 2.03 (s, 3H, OAc), 1.90 (s, 3H, OAc), 1.23 (s, 3H),
1.08 (d, J = 6.0 Hz, 3H, H-600), 1.01 (s, 3H), 0.97 (d,
J = 6.6 Hz, 3H), 0.79 (d, J = 2.4 Hz, 3H), 0.78 (s, 3H). 13C
NMR (75 MHz, CDCl3): 170.84, 170.68, 170.17, 169.95,
169.34, 166.08, 165.44, 165.15, 165.09, 140.19, 133.32,
133.19, 132.99, 129.89, 129.79, 129.70, 129.60, 129.24,
129.08, 128.84, 128.44, 128.33, 128.19, 128.12, 121.96,
109.28, 99.22 (2· C), 96.58, 80.76, 80.23, 78.73, 76.10,
72.75, 72.58, 72.17, 71.32, 71.07, 69.87, 66.76, 68.81, 68.15,
66.83, 66.54, 62.94, 62.43, 62.06, 56.44, 50.02, 41.59, 40.24,
39.70, 38.27, 37.11, 36.87, 32.07, 31.82, 31.39, 30.27, 29.67,
29.46, 28.78, 20.81, 20.75, 20.67, 19.26, 17.12, 16.27, 14.50.
ESI-MS: 1595.8(M+Na)+.
Compound 16: 1H NMR (400 MHz, CDCl3), d 8.07–7.23
(m, 20H, OBz), 5.81 (br s, 1H, H-2 0), 5.78 (dd, J = 3.2,
9.6 Hz, 1H, H-3 0), 5.68 (s, 1H, H-1 0), 5.60 (t, J = 10.0 Hz,
1H, H-4 0), 5.46 (s, 1H, PhCH), 4.93 (m, 1H, H-5 0), 4.65 (d,
J = 9.6 Hz, 1H, H-1), 4.36 (dd, J = 4.4, 10.8 Hz, 1H, H-
6a), 4.10 (t, J = 8.0 Hz, 1H), 3.83 (t, J = 8.0 Hz, 1 H), 3.73
(t, J = 10.0 Hz, 1H), 3.55–3.44 (m, 2H), 2.87–2.80 (m, 2H),
1.40–1.30 (m, 6H, SCH2CH3, H-6 0), 0.65 (br s, 9H, CMe3),
�0.01 (2s, 6H, SiMe2). ESI-MS: 910.2 (M+Na)+.
Compound 21: 1H NMR (400 MHz, CDCl3), d 8.70–6.88
(m, 40H, OBz), 6.70 (dd, J = 2.4, 10.4 Hz, 1H, H-300), 6.51
(br s, 1H, H-200), 6.37 (d, J = 8.4 Hz, 1H, H-1000), 6.30 (t,
J = 10.0 Hz, 1H, H-400), 6.13 (t, J = 9.2, 8.8 Hz, 1H), 5.99
(t, J = 9.6 Hz, 1H), 5.78 (t, J = 9.6 Hz, 1H), 5.72 (br s, 1H,
H-100), 5.64 (d, J = 3.6 Hz, 1H, H-1 0), 5.35 (dd, J = 9.2,
9.6 Hz, 1H), 5.29 (br s, 1H, H-6), 4.96–4.87 (m, 10H),
4.82–4.75 (m, 2H), 4.70–4.59 (m, 3H), 4.37–4.34 (dd,
J = 3.6, 9.6 Hz, 1H), 4.12–4.08 (dd, J = 6.4, 10.8 Hz, 1H),
4.09–3.96 (dd, J = 6.4, 10.8 Hz, 1H), 3.87 (m, 1H), 2.92
(m, 1H), 2.77 (m, 1H), 2.29–2.24 (m, 2H), 2.00 (s, 3H,
COCH3), 1.59 (d, J = 7.0 Hz, 3H), 1.34 (d,J = 6.8 Hz, 3H,
H-600), 1.09 (s, 3H), 0.95 (s, 3H), 0.92 (d, J = 6.4 Hz, 3H).
13C NMR (400 MHz, CDCl3): 169.60, 165.48, 165.15,
164.99, 164.91, 164.68, 164.57, 164.33, 139.13, 133.65,
133.36, 109.31, 99.41, 98.58, 96.05, 80.84, 79.98, 79.01,
74.43, 72.20, 71.01, 70.68, 70.42, 70.14, 68.19, 67.35, 62.60,
55.45, 49.06, 39.68, 39.50, 38.77, 35.83, 32.13, 31.31, 30.50,
29.30, 27.75, 27.05, 19.98, 19.56, 18.29, 17.04, 15.86, 15.32,
15.21. ESI-MS:1905 (M+Na+1)+(base).
Compound 2: 13C NMR (100 MHz, pyridine-d5): 140.71,
121.77, 109.22, 105.20, 101.79, 99.91, 81.94, 81.06,
78.46, 78.24, 78.04, 77.70, 77.25, 76.18, 74.93, 74.07,
72.72, 72.43, 71.14, 69.46, 66.82, 62.84, 62.01, 61.83,
56.58, 50.22, 41.92, 40.41, 39.80, 38.87, 37.44, 37.08,
32.26, 32.19, 31.79, 31.64, 30.57, 30.10, 29.96, 29.23,
21.06, 19.36, 18.64, 17.31, 16.31, 15.03. ESI-MS: 907
(M+Na�MeOH)+.
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