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Structure-activity relationship of diosgenin derivatives as Bcl-2 antagonists
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Abstract: The purpose of this paper is to clarify the structure-activity relationship of anti-tumor activity
of diosgenin derivatives in vitro. Study has found that diosgenin can inhibit the reproduction of tumor cells by
inducing apoptosis and the main target spot of this effect is Bcl-2. Based on the characteristics of pharmacophoric
points’ of the three-dimensional pharmacophore for Bcl-2 inhibitors, we have docked lots of diosgenin derivatives
with Bcl-2, then synthesized 31 compounds of them, finally assessed the anti-tumor activity of the diosgenin
derivatives in vitro against A375, A549, HepG-2 and K562. Preliminary studies of SAR have indicated that the
aliphatic esters, and aromatic esters of diosgenin without F ring have no anti-tumor activity in vitro. The triazole
bromides of diosgenin all achieve fairly good anti-tumor activity in vitro, and those with larger hydrophobic
group have the better activity. The stronger is the hydrogen bonding interaction and dipole-dipole interaction of
the heterocyclic of diosgenin and diosgenin without F ring and the acid ester of diosgenin without F ring, the
better is the activity of derivatives.
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Figure 1 Docking models. a: The docking model of diosgenin with Bcl-2; b: The docking model of diosgenin without F ring with
Bcl-2; c: The docking model of compound 9 with Bcl-2; d: The docking model of compound 26 with Bcl-2
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Figure 2 Chemical structures of diosgenin derivatives 1-31
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Reagents and conditions: (a) CICH,COOH, DCC, DMAP, CH,Cl,, 0 C; (b) Piperazine or piperidine or morpholine, CH,Cly, rt; (¢) Benzyl bromide,
acetone, 60 C; (d) Ac,0, pyridine, 60 C; (e) NaBH;CN, HAc/CH,Cly, rt; (f) NBS, PPhs, CH,Cl,, rt; (g) Piperazine or piperidine, K,CO3;, CH;CN, 50 C;
(h) KOH, CH;0H, 60 °C; (i) Benzyl bromide, CH3CN, 60 C; (j) BOC-Gly or BOC-Leu or BOC-Lys, DCC, DMAP, CH,Cly,rt; (k) HCI (gas)

Scheme 1 Synthetic routes of target compounds

Table1 'H NMR data of target compounds

Compd. "H NMR (CDCl3) §

12 5.38 (d, J = 4.0 Hz, 1H, H-6), 4.77-4.65 (m, 1H, H-3), 4.44-4.38 (dd, J = 7.6, 11.2 Hz, 1H, H-16), 3.49 (s, 1 H, -NH-), 3.47 (s, 1H,
H-26eq), 3.40-3.35 (t, J = 4.3 Hz, 1H, H-26ax), 3.19 (s, 2H, NCH,C=0), 2.99-2.97 (t, J = 4.8 Hz, 4H, NCH>-), 2.60 (s, 4H, NCH,-), 2.35
(d, J=7.2 Hz, 2H), 1.04 (s, 3H), 0.98 (d, J = 4.8 Hz, 3H), 0.80 (d, J = 7.5 Hz, 6H)

13 7.36-7.29 (m, SH, CsHs-), 5.38 (d, J = 4.0 Hz, 1H, H-6), 4.67-4.65 (m, 1H, H-3), 4.44 (dd, J = 7.6, 14.8 Hz, 1H, H-16), 3.64 (s, 2H,
PhCH,-), 3.49 (d, J = 4.2 Hz, 1H, H-26eq), 3.41-3.35 (t, J = 4.8 Hz, 1H, H-26ax), 3.20 (s, 2H, NCH,C=0), 2.69 (s, 8H, NCH,-), 2.34 (d,
J=11.2 Hz, 2H), 2.02-1.98 (m, 2H), 1.04 (s, 3H), 0.99 (d, J = 4.2 Hz, 3H), 0.80 (d, J = 4.4 Hz, 6H)

14 5.38 (d, 1H, J = 4.0 Hz, H-6), 4.69 (m, 1H, H-3), 4.41 (q, 1H, J = 7.6, 7.2 Hz, H-16), 3.89 (s, 4H, CH,-5', CH,-7"), 3.47 (dd,1H, J = 3.2,
10.8 Hz, H-26eq), 3.40 (s, 2H, CH,-2"), 3.37 (t, 1H, J = 10.8 Hz, H-26ax), 2.88 (s, 4H, CH;-4', CH3-8"), 2.35 (d, 2H, J = 7.6 Hz, CH,-4),
1.04 (s, 3H, CH;-19), 0.97 (d, 3H, J = 6.8 Hz, CH;-21), 0.80 (s, 6H, CHs-18, CH;-27)

15 5.35 (d, 1H, J = 4.4 Hz, H-6), 4.39 (m, 1H, H-3), 3.45 (dd, 1H, J = 3.2, 10.8 Hz, H-26eq), 3.37 (q, 1H, J = 7.6, 7.2 Hz, H-16), 3.36 (¢, 1 H,
J=10.8 Hz, H-26ax), 3.19 (s, 2H, CH,-2"), 2.56 (t, 4 H, J = 4.8 Hz, CH,-4', CH,-8"), 2.32 (d, 2 H, J = 7.6 Hz, CHy-4), 1.02 (s, 3H, CH;-19),
0.96 (d, 3 H, J = 6.8 Hz, CHs-21), 0.78 (s, 6H, CH;-18, CH3-27)

21 7.24 (s, 3H, NHy), 537 (d, J = 4.4 Hz, 1H, H-6), 4.61-4.58 (m, 1H, H-3), 432-4.27 (m, 1H, H-16), 4.05-4.00 (m, 1H, H-26),
3.91-3.87 (m, 1H, H-26), 3.58-3.53 (m, 1H, Ala-NCH), 3.32-3.27 (m, 1H, H-22), 2.32-2.30 (m, 2H, CH,-4), 2.04 (s, 3H, Ac),
1.98-1.97 (m, 1H, CH-25), 1.87-1.81 (m, 3H, Gly-CHs), 1.16-1.12 (m, 3H, CH;-19), 1.06 (s, 3H, CHs-18), 1.03-1.00 (d, 3H,
J=4.8 Hz, CH;-21), 0.95-0.93 (d, J = 4.6 Hz, 3H, CH;-27)

23 8.86-8.78 (m, 3H, Leu-NH;"), 5.37 (d, J = 4.4 Hz, 1H, H-6), 4.61-4.58 (m, 1H, H-3), 4.32-4.27 (m, 1H, H-16), 4.13-4.09 (m,
1H, H-26), 4.02 (s, 1H, H-26), 3.98-3.93 (m, 1H, Leu-NCH), 3.32-3.28 (m, 1H, H-22), 2.33-2.31 (m, 2H, CH,-4), 2.03 (s, 3H,
Ac), 1.15-1.11 (m, 3H, CH;-19), 1.06 (s, 3H, CH;-18), 1.05-0.98 (m, 8H, CH;-21, Leu-CH;, CH;), 0.95-0.93 (d, J= 4.6 Hz,
3H, CH;-27)

25 8.61-8.54 (m, 3H, Lys-NH;"), 8.39-8.32 (m, 3H, Lys-NH;"), 5.36 (d, J = 4.9 Hz, 1H, H-6), 4.59-4.51 (m, 1H, H-3),4.29-4.15
(m, 1H, H-16), 4.02 (s, 1H, H-26), 3.97-3.96 (m, 1H, Lys-NCH), 3.31-3.28 (m, 1H, H-22), 2.33-2.31 (m, 2H, CH,-4), 2.18 (s,
3H, Ac), 1.22-1.20 (m, 3H, CH;-19), 1.15-1.12 (m, 5H, CH;-18, Lys-CH,-4), 1.05-0.98 (m, 3H, CH;-21), 0.95-0.93 (d, J = 4.6
Hz, 3H, CH;-27)
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"H NMR (CDCl3) §

29

30

31

5.35 (d, J=3.2 Hz, 1H, 6-H), 4.31-4.26 (m, 1H, H-3), 3.54-3.48 (m, 1H, 26-H), 3.33-3.28 (m, 1H, 26-H), 2.29-2.26 (m, 4H, piperidine-
CH,-2, CH,-6), 2.08-2.01 (m, 2H, CH,-26), 1.85-1.83 (m, 2H, CH,-7), 1.76-1.70 (m, 4H, piperidine-CH,-3, CH,-5), 1.33-1.29 (m, 2H,
piperidine-CHy-6), 1.15-1.14 (m, 2H, CH,-24), 1.02-1.00 (m, 6H, CH;-18, CH;-19), 0.96-0.92 (m, 3H, CH;-21), 0.81-0.79 (m, 3H,
CH;-27)

7.26 (s, 2H, piperazine-NH,"), 5.34 (d, J = 4.9 Hz, 1H, CH-6), 4.32-4.27 (m, 1H, H-3), 3.54-3.77 (m, 1H, H-16), 3.33-3.28 (m,
1H, H-3), 2.89-2.70 (m, 4H, piperazine-CH,-2, CH,-6), 2.49-2.370 (m, 4H, piperazine-CH,-3, CH,-5), 2.32-2.30 (m, 2H,
CH,-4), 1.06-1.05 (m, 6H, CH;-18, CH3-19), 0.94-0.92 (m, 3H, CH;-21), 0.81-0.78 (m, 3H, CH;-27)

7.47-7.38 (m, 5H, Ar-H), 5.35-5.34 (d, J = 3.4 Hz, 1H, 6-H), 4.32-4.27 (m, 1H, H-3), 3.93 (s, 2H, PhCH,), 3.28-3.26 (m, 1H, H-22),
3.31-3.30 (m, 4H, piperazine-CH,-2 ,CH,-6), 2.33-2.29 (m, 2H, CH,-4), 2.01-1.98 (m, 2H, CH,-26), 1.85-1.83 (m, 2H, CH,-7),
1.74-1.72 (m, 4H, piperazine-CH,-3, CH,-5), 1.02-0.99 (m,6H, CH;-18), 0.95-0.91 (m, 3H, CH;-21), 0.79-0.78 (m, 3H,
CH;-27)

Table 2

3C NMR data of target compounds

Compd.

3C NMR (CDCl3) &

12

13

14

15

21

23
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30

31

169.6 (C=0), 139.4 (C-5), 122.5 (C-6), 109.2 (C-22), 80.7 (C-16), 74.2 (C-3), 66.8 (C-26), 61.9 (C-17), 59.9 (-COCH,-), 56.3 (C-14), 53.5
(C-1"), 49.8 (C-9), 45.5 (C-2), 41.5 (C-20), 40.2 (C-4), 39.6 (C-13), 38.0 (C-12), 36.8 (C-1), 36.6 (C-10), 32.0 (C-7), 31.7 (C-15), 31.3
(C-8), 31.3 (C-23), 31.3 (C-2), 30.2 (C-B), 28.7 (C-25), 27.7 (C-24), 20.7 (C-11), 19.3 (C-19), 17.1 (C-27), 16.2 (C-18), 14.5 (C-21)

169.6 (C=0), 139.5 (C-5), 129.5 (Ph-C), 128.3 (Ph-C), 127.5 (Ph-C), 122.5 (C-6), 109.2 (C-22), 80.7 (C-16), 74.3 (C-3), 66.8 (C-26), 62.6
(PhCH,), 62.0 (C-17), 59.4 (-COCHx;-), 56.4 (C-14), 52.5 (C-1"), 52.4 (C-2"), 49.8 (C-9), 41.5 (C-20), 40.2 (C-4), 39.6 (C-13), 38.0 (C-12),
36.8 (C-1), 36.7 (C-10), 32.0 (C-7), 31.8 (C-15), 31.3 (C-8), 30.2 (C-23), 29.7 (C-8), 28.7 (C-25), 27.7 (C-24), 20.7 (C-11), 19.3 (C-19),
17.1 (C-27), 16.3 (C-18), 14.5 (C-21)

168.0 (C-1"), 138.4 (C-5), 121.6 (C-6), 108.3 (C-22), 79.8 (C-16), 73.6 (C-3), 65.8 (C-26), 61.0 (C-17), 55.4 (C-14), 48.9 (C-9), 65.6 (C-5"),
65.6 (C-7), 58.5 (C-2"), 52.1 (C-4"), 52.1 (C-8'"), 40.6 (C-20), 39.2 (C-4), 38.7 (C-13), 37.1 (C-12), 35.9 (C-1), 35.7 (C-10), 31.0 (C-7), 30.8
(C-15), 30.4 (C-23), 30.0 (C-2), 29.3 (C-8), 27.8 (C-25), 26.7 (C-24), 19.8 (C-11), 18.3 (C-19), 16.1 (C-27), 15.3 (C-18), 13.5 (C-21)

170.0 (C-1"), 139.6 (C-5), 122.5 (C-6), 109.3 (C-22), 80.8 (C-16), 74.2 (C-3), 66.9 (C-26), 62.1 (C-17), 56.4 (C-14), 49.9 (C-9), 60.1 (C-2"),
54.1 (C-4"), 54.1 (C-8), 41.6 (C-20), 40.3 (C-4), 39.7 (C-13), 38.1 (C-12), 36.9 (C-1), 36.7 (C-10), 32.0 (C-7), 31.8 (C-15), 31.4 (C-23),
31.4 (C-2), 30.3 (C-8), 28.8 (C-25), 27.8 (C-24), 25.6 (C-5"), 25.6 (C-7"), 23.7 (C-6"), 20.8 (C-11), 19.3 (C-19), 17.1 (C-27), 16.3 (C-18),
14.5 (C-21)

176.6 (Ala, C-1), 170.4 (Ac, C-1), 139.6 (C-5), 122.3 (C-6), 90.0 (C-22), 83.1 (C-5), 73.8 (C-22), 69.6 (C-16), 65.0 (C-3), 56.8 (C-26), 50.0
(C-17), 49.9 (C-13, 9, 14, Ala-NCH), 40.6 (C-15), 39.3 (C-4), 38.0 (C-10), 36.9 (C-1), 36.6 (C-12), 32.7 (C-25), 32.1 (C-31), 49.0 (C-24),
30.7 (C-23),27.7 (C-2), 21.4 (Ac, C-2),20.7 (C-11), 19.3 (C-18), 18.9 (C-19, 21), 16.7 (Ala, C-3), 16.4 (C-27)

170.5 (Leu, C-1), 169.7 (Ac, C-1), 139.6 (C-5), 122.3 (C-6), 89.9 (C-22), 83.1 (C-16), 73.8 (C-3), 70.9 (C-26), 64.9 (C-17), 56.8 (Leu, C-2),
51.6 (C-13,9), 49.9 (C-14), 40.6 (Leu, C-3), 39.5 (C-15), 39.3 (C-4), 37.9 (C-10, 1), 37.8 (C-12), 32.5 (C-25), 32.1 (C-7), 31.9 (C-24), 31.4
(C-23), 27.6 (C-2), 24.4 (Leu, C-4, 5, 6), 21.4 (Ac, C-2), 20.5 (C-11), 19.2 (C-18, 19), 18.9 (C-21), 16.4 (C-27)

169.9 (Lys, C-1), 169.7 (Ac, C-1), 139.7 (C-5), 122.2 (C-6), 89.4 (C-22), 82.7 (C-16), 73.3 (C-3), 64.7 (C-17), 56.4 (Lys, C-2), 51.8 (C-13,
9), 49.8 (C-14), 40.5 (Lys, C-6), 37.9 (C-10), 37.7 (C-1), 36.7 (C-12), 32.2 (Lys, C-3), 31.6 (C-7), 31.3 (C-24), 30.4 (C-23),29.9 (C-2), 27.6
(Lys, C-5), 26.3 (Ac, C-2), 22.0 (Lys, C-4), 21.36 (Ac, C-2),20.4 (C-11), 19.2 (C-19, 18), 18.9 (C-21), 16.7 (C-27)

140.8 (C-5), 121.1 (C-6), 90.3 (C-22), 83.0 (C-16), 71.2 (C-3), 66.2 (C-17), 65.0 (C-26), 56.9 (C-piperidine, C-1), 55.0 (piperidine, C-5),
50.0 (C-13, 8, 9, 14), 42.2 (C-4), 40.5 (C-15), 39.4 (C-17), 37.8 (C-10), 37.2 (C-6), 36.5 (C-12), 32.3 (C-1), 32.1 (C-7), 31.9 (C-2), 31.5
(C-25), 25.6 (piperidine, C-3, 4), 24.4 (C-piperidine, C-5), 20.6 (C-20), 19.3 (C-11), 18.9 (C-18, 19), 18.4 (C-21), 16.3 (C-27)

140.8 (C-5), 121.2 (C-6), 90.3 (C-22), 83.0 (C-16), 71.3 (C-3), 66.1 (C-17), 66.0 (C-5), 56.9 (C-26), 54.9 (piperazine, C-1, C-4), 50.0
(C-13), 46.0 (C-8, 9, 14), 46.2 (piperazine, C-2, C-3), 40.6 (C-14), 39.4 (C-15), 37.8 (C-10), 37.2 (C-1), 32.2 (C-7), 31.9 (C-2), 31.5 (C-25),
31.5 (C-23), 30.8 (C-11), 20.6 (C-18), 19.3 (C-19), 18.9 (C-21), 16.4 (C-27)

140.8 (C-5), 133.7 (benzylpiperazine, C-6), 130.7 (benzylpiperazine, C-7, C-11), 129.3 (benzylpiperazine, C-8, C-10), 128.8 (benzylpiperazine,
C-9), 121.3 (C-6), 89.7 (C-22), 83.26 (C-16), 71.6 (C-3), 64.8 (C-17), 63.5 (benzylpiperazine, C-5), 61.3 (C-26), 56.8 (benzylpiperazine,
C-1, 4), 50.7 (benzylpiperazine, C-2, 3), 50.7 (C-13, 8), 49.9 (C-9, 14), 42.3 (C-4), 40.6 (C-15), 39.3 (C-17), 37.9 (C-10), 37.18 (C-6),
36.58 (C-12), 32.2 (C-1), 31.9 (C-7), 31.5 (C-2, 25), 20.6 (C-20), 19.4 (C-11), 18.7 (C-18, 19), 16.4 (C-21), 7.3 (C-27)
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VEB Ll 1~2 AR &, PSR R

SLECICMh IR ], DL g B e AT o0 IR F B2 ER
FTLED I B AR B AE X B R 5 P R S o A5 B
THED 12~15 (K 5), WEW 13 Z LRI T
&Y 12 Kifpa A, aEw 14 F1015 505 L
BB T RS AR TS 12 WRIRER | 1 K i 4
JiT, AW 12 M LR AR, 35 k2 S i 1,
T LIAE A375 A1 HepG-2 Wi fukk |, it
A B SR | AR AR A B R PR AT AR 40 () 0 i e
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Table 3 The anti-tumor activity in vitro of the the triazole
bromides of diosgenin. *Values are means of three parallel
experiments

ICso / pmol-L™'?

Compd.
A375 A549 HepG-2 K562
3 3.33 5.75 4.40 2.08
4 15.84 7.83 28.33 10.34
5 6.19 6.25 7.48 -
6 12.30 13.24 14.41 4.82
7 8.52 7.92 8.92 2.38
8 27.76 27.35 >30 >30
9 6.97 10.62 14.88 11.49
10 12.61 23.68 9.19 -
11 13.54 24.34 19.53 >30

Table 4 The anti-tumor activity in vitro of the aliphatic esters
and aromatic esters of diosgenin. “Means no result, "Values are
means of three parallel experiments

1Cso / umol-L71

Compd.

A375 A549 HepG-2 K562

1 - - - -

2 _ _ _ _
16 >30° >30 >30 >30

17 >30 11.99 15.78 -
18 >30 >30 >30 >30
19 >30 >30 >30 >30

Table 5 The anti-tumor activity in vitro of the heterocyclics
of diosgenin and diosgenin without F ring. *Means electrostatic
energy, "Values are means of three parallel experiments

ICso / pmol-L™'°

Compd. EE*

A375 A549 HepG-2 K562
12 -1.03 4.48 25.66 7.44 20.76
13 -0.77 >30 >30 5.20 >30
14 -0.23 11.95 11.83 18.68 >30
15 —-0.05 >30 >30 14.24 >30
27 —0.07 >30 >30 >30 >30
28 —0.01 >30 >30 >30 >30
29 —0.01 >30 >30 >30 >30
30 -2.05 5.00 17.91 17.90 -
31 -1.22 10.55 17.50 14.41 10.34

PR . EHUE T 0K F IR AT AE Y IR TiXx—
A WAL E) 27 A28 23 1, 2, 4- = MK e
RALE Y 30 FINRERIR, (LA 29 HIBR R PV &
) 30 Wk BRI U 1, A& 31 DLW IR T
&1 30 Wk K o AR T EIAL LAY 30 BTG TE
U, R R IR A Mok A375 L

AW 20~26 %42 T HH BT 0K F REAER
BRI AT AR A ) SR | A B AE FH 1) 52 5 65 A e e e
PEMISEm (R 6), 1b& 20 EFH EAF LK F 2R

26-07 10177 B IRERAT W, &) 21~24 & E W21
TGRSR F 3R 260 2 LAY, (&) 25,26 2%
BUSTF IO F 3R 3 A7 26-07 #0234 o (1 2
FEIRAT W), IR 4 015N, LAY 25, 26 [P0 D
REAHI8IL B T -3.56, 1MLAY 21~24 X HL g
15 —=1.5 e 47, A &9 20 (i L RefH A —0.09, il
TG TE BRI T o R, AU AR
SRIGAT DS TR . TR Rtk &4 20 HLE
Al HRIGEBELE A, T 21~24 7G84 T D3.D4.
D5 M i, 5 Bel-2 #A BRI S &, &)
25.26 W Hes b A T RPN AL AT R A
L EREN (B 1d).

Table 6 The anti-tumor activity in vitro of the acid esters of
diosgenin without F ring. “Means electrostatic energy, "Values
are means of three parallel experiments

1Cso / um01~L’1 b

Compd. EE*

A375 A549 HepG-2 K562
20 —0.09 >30 >30 >30 >30
21 -1.98 9.07 21.89 18.23 14.2
22 -1.35 - 35.6 27.45 9.22
23 -1.36 6.76 21.56 19.39 10.9
24 -1.63 >30 >30 23.28 8.64
25 -3.56 5.58 13.77 10.03 7.69
26 -3.56 11.70 15.45 12.27 13.61

24 g EFRA UK F I 26-0 RN R Y
T RBERAT LD LT B A AR s 1 e
H o =AM ER SRAT A I = e A RO I i
KA (AT AR D A A B b e s MR L, SRR T T
KM F IR BATED . EH et ok F gk
TR IR RAT AR RE TP BB o U S AR T AT A= 1)
WEMERELE . M2, RSO IR T LR E R e o R
F TP ARSI R O R, 3] T — Lol
HEME R, AR oo RT AR PR i v
eI R A — 2 1

I E S
1 URER5RF

'H NMR & "*C NMR ] BrukerAc-E200 Al Varian
Unity NOVA400/54 G0N % (BL CDCls A%
A, TMS A AAR); X4 807 W ies s Adb st glek
Hik AR AT, HIEARKIE. Diosgenin (M 54T
PR R IR A A, B BUe 1 oo L AT A T
IR, 2o, MR, HAKH . B 5
Mraki,
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2 KEEH

©hEW A BYEIE K1 g (2.40 mmol) AT
JG~ 456 mg (4.00 mmol) % . 167 mg (0.12 mmol)
4-— HFIEMLBE (DMAP) % T 10 mL & F ki,
P4 5~10 min, 0 °C R i1 750 mg (0.36 mmol) —Ff
O W (DCC) (1) 5 e i S Y. 20 mins
SN 564 I, T U U S BR R, Ak AT €1 Al Ak,
VEME A Al ik LR g, 19 1t E A 950 mg, mp
200~202 C, W% 80.6%.

wEY 12 B9%1%F I 123 mg (0.25 mmol) b5
¥ A. 108 mg (1.25 mmol) JE/KIRWE, ¥+ 5 mL A
firt, 60 ‘C FEIAMN 1 h, TLC Kl & N 5E 4,
IEE, WEZERREAL, A 10 mL K, B KRR A
Ak, ok, JEUFRIKPESS 3k, BEHIK S mL, FL7F
TR Tk, SR tRtalith, vElFh &
e/ Wz, #5120 mg HEE A, mp 151~153 C,
) 88.7%.

L& 13 B9FIF I 130 mg (0.24 mmol) 1k
A1 12, 85 mg (0.48 mmol) WHEWET 5 mL K,
60 CIHIYL Y 12 h, RN 5E4AE, S tikaft, 13
F 95 mg [ @A, mp 165~167 C, WHK 62.7%. I
65 mg (0.10 mmol) %[44, H] 5 mL 50 e #E
filt, WATHREAE A (2 min), Hrit KEHG
Bk, ouE, H OmEES 2 K, K3 mL, TEHE
50 mg 1 [E 44, mp 206~208 C, HF 75.0%.

L& 14 B9FIE I 400 mg (0.82 mmol) L&
YA T 12 mL Wik, =l BRERRE, 2.5 h S,
TLC Fill 58 56 4% o K S AR VKK i B, A K
A O AR, hIE, KYEE C A, AT
FA3 420 mg F A, B 95.2%, mp 148~151 C.
I 54 mg (0.10 mmol) €44, F 5 mL 5 F4<d
PEE A, WA TR EAAE A (2 min), HTH K&
g, duE H OmEEE 2 Ik, BEK 3 mL, T
Jif3 45 mg FIAE R, mp 168~170 C, W FK 78.9%.

&M 15 B9FI&E I 500 mg (1.02 mmol) L&
¥ A. 780 mg (9.19 mmol) WRWE T 6 mL & H ki,
T RS A, TLC A3 R, 12 h RN 5EEE . 7
IIAFEORGEFE, H ST BEAI 3 I, B 10 mL,
HIEHAE. FBMELBRRESR 3 K, X 15
mL, JC/KBREREN T, I8, K46, 15 500 mg ¥
WA F AR R (s alidh, £ LR SRR
HYENT, 73 430 mg FIE AR, W3R 78.3%, mp 143~
146 C. B 54 mg (0.10 mmol) A 4A, ] 5mL —
SR B, AT E AR (2 min), #T

WO L A, YR, SR PESR 3 IR, BRR 1 mL,
T3 48 mg AL, mp 194~196 C, WK
83.9%.

HEMBRYFEIE  H2.00 g (4.78 mmol) i E
1704 mL (40.23 mmol) ZFREFAI 8 mL HHkIE i A &2
MO, SEAEVKHE R HERE 30 min J5, B & 60 CHE
F£2.5h. TLC K3ll, SOV 5ERE, A1, K s N B
300 mL vK/KFHERE 1 h, $hIE, JEUHHUKOKYE, B2
T, 15 3-CB-EHie ool 1.81 g, AEBAR
[l 44, 772 82.49%.

I 1.50 g (3.26 mol) 3-Z - E i e olR & T )
MO, A 8 mL & LT, 20 mL UKESIR, it
10 min Ji5, 2L 1.06 g (16.51 mmol) fRIEHN AL
By, FWPEEE S hJE, IAUK 15 mL, #i3E 10 min, [
A REARIN, T R R R U K R 3 K,
A EKTE 1k, JoKIRBREA T8, I8, IR 2R
W, R AR R TR AR g Ak, 15 0 4k
MK 1.26 g, BItLEY) B, 77% 84.01%, mp 104~105
‘€ iR mp 105~106 C).

wEW 21 BFlE K& B EUE 0.50 g (1.09
mmol) JNE| KNS, FHIMA 0.57 g (2.18 mmol)
DCC. 1.12 g (1.2 mmol) 4- —FIEHEMEmE. 045 g
N-Boc-L-HE M 10 mL 5 F 4%, TLC Kl /s
SEA R . DR 10% B R A B TR VE BT IR, il
G ALK BN — IR, ToKBR R T4, 198,
T, A R LA 0 Al Ak 1R OIR A4 . 1)
PR I N A RN R IR AR IR 1R L TR
i +E 20 min, TLC 2R J5URE S8 AT 2% o ok 28 B
A, AN 10 mL SRkt u&, JEUFH SRR 3 Ik, 14
WA A 0.31 g, 775 53.76%, mp 96~98 C.

WEM 23 WEHlE ZSHALEY 21 MWERTTE,
AR AEE K, 723 77.30%, mp 158~160 C.

WEM 25 WElE SHALEY 21 MERTTE,
AT A E K, P23 58.4%, mp 178~180 C,

HEMCHIHIE FEHUE ok F I 3-41-26-
A& R B 1.00 g (2.18 mmol) k&4 B M
1.66 g (6.33 mmol) — KILM, BT 35 mL PSR,
FHE 20 min J5, VKA TN 0.92 g (9.32 mmol)
N-JRAT B, WA 4 h, BET, AEtakal
b, VR A i £ % LT, 15 R AR E A
0.74 g, " HH 65.2%.

L& 29 BIFIE K 0.60 g (1.5 mmol) &4
C. 0.70 g (8.81 mmol) WKFE. 0.48 g (3.4 mmol) JL/K
BRI AN 15 mL S5 I RN, 70 *C Y. 4 h i,
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JET, FHMIA 0.20 g (3.6 mmol) S EEALEN, 60 °C KN
1 h, ek, Selash s/ L g, HEa
A28 0.51 g, %N 69.4%, mp 165~166 C.

WEM 30 WklE SHRILEY 29 ME KT,
AR Ak, 772% 4 50.03%, mp 179~180 C.

L& 31 BFIE K 0.18 g (0.35 mmol) L&
) 30, 0.14 g (0.82 mmol) 7. 0.16 g (1.7 mmol) &
JKTRBRPFAN 15 mL I RN, 71 60 C KWV
6 ho JEZERRERGMA 30 mL & FkE, AR
TR S AN L P UK, ORI B b KT — K, /KB
B, RLUE, W, B RE il YRl A
LR T, B AMEA 0.14 g FFN 60.4%, mp
220~221 C,

3 RSN R

PASCHRUPHRGE ) 1-(3B-ZH1 21T I0)-3-"5 LIk
WAL (S0 B F TR 7 V26 )k BH X L
DLNCENE S 0 20040 i A375. AN IRIE 41 AS49.
NI 40 HepG-2 LA S NS 1 8 5t 1 10093 41 f ik
K562 40 Motk A ¥4 i, B MTT &0 4k &9 (b
T TE, LR EE 3 K.

WX B A B, S VO T i, R A A i
WO, REFLANN 200 L, AR A A5 00 400 i 5 5 5 &5
1x10°~1x10%/4L (L ZALTI T H PBS 1 78). 5% CO,-
37 CHFE R4 M 2 5L (96 FLF ), H
HAS RIS TR, B INNIREERE B2 (6 MBRJE,
HE4L 200 pL, B 3 AN AL o IR IE R X AR VARC ) o
5% CO,. 37 CHFH 48 h, fBI'E Bils FWEE. FFAL
I 20 uL MTT %3 (5 mg-mL™", Bl 0.5% MTT),
REERETR 4 h R EOERTR, (A4S MTT Refg [,
Al S B A IR AR IRI, VDR PBS i 2~3 i,
FEIDANS MTT 3552, DO E LR TR,
FUIAN 150 uL —HIEEAA, EHEIK HRERS 10
min, {45 5P 7 o R . AR S B A A 570 nm
Ak 0 5 LI R A o (R B R T R AL (B IR
MTT. HEAR), XL (4 AR R 5 1) 2454
RN B TR MTT AR . @ ik SPSS13.0
L2 4N ] 22 58 ICso 1A

Bt DU K 2 G B B R A T R K S
T 2L T 0D 5 A B ) PR AN T 40 I S B, 7E O
Bift .
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1

MIUBE (AEFM) RIKEZ

[ P B AR BT R EA T R R 2 R

H R S RSO 2 ) 5B ST PR I ATk R e 3, 2007 4R 15 IROTRF, R =4FPPE— IR, AEk S AN
DRAR 5 R B RBK, L R RRAT M B 5 O R I — S IRl o 55— i o S PSBORT 32 5 IR e S 391 T
o 20104 9 ATFMAITE, Lk A T b BEAER . BRE . LRI M ARADKE IR, £
RILH 3325 GrELEARL R, JE 478 FRIEAS. IR EAR A T AR . 4% R R S AR L BT 2
LG H, FFRARCT 3 7 10 HIERXSM A AT AEARKIRELIH F, 20 AT (BH. ARHITI% 10
A) RAF BT 22, 39 AT (BHIT) 19 AL AERHIIT] 20 A%) SRAFHRBUT 252 4422 . 29 ASRALRL

BT T E 5000 2 ARSI o KCF,

(yfogdi) ST 22 AU ME — 3R A5 L ARBURF 4R 44

RMHT . (ot i) SIS, R4 [ 255 TAR 2 8810 SR, TR 20 507 o ] 24 27 2 e [ B2
FRA BT 2 AE R IR I SCHF o (27224 R (5 O AE R BT 252 AR SRR,

KA (2R AR 25 2A I P K G A

(22 dR) Gt



