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Synthesis and cytotoxic activities of podophyllotoxin derivatives
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Abstract: Objective To modify the structure of podophyllotoxin derivatives and evaluate the antitumor activities of the derivatives.
Methods The target compounds were synthesized by multi-step reaction with podophyllotoxin and aldehyde compound as starting
material.. MTT assay was used to test antitumor activity of all the target compounds on Hela cells, K562 cells, and K562/A02 cell.
Results Eleven novel derivatives were synthesized which had not been reported in any literature and the structures were characterized
by 'H-NMR, "*C-NMR, HR-ESI-MS and melting point determination analysis. The antitumor activity screening results showed that all
the target compounds had different degrees of cytotoxic activity in vitro. Most of the compounds had significant anti-MDR activity in
vitro. Conclusion Through structural modification of podophyllotoxin derivatives, the antineoplastic activities are enhanced.
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23 TURERBEFROTEY (PEK 4) HERK
GEBE)

5 2.4 mmol BEZRALEY). 2 mmol H A4 3 ¥
T 20 mL E/AKHEEF, IMAJUHEIKLR, ShRGHE
S 1~8 h, TLC Rl j 8 56 4%, 45 1k N, HhJE,
F 10 mL Jo/K B BESEAAT 2 a1k 4., 2fleR A 70%~
95%. LTI IR B RS9 4a~4d.
24 B EMSHERREE
2.4.1 Hirb &Y 5a~5d £RLGEE) ¥ 1 mmol
IR G R A YD 4a~4d, T 15 mL JEKH
e, n\ NaBH4 (0.15 g, 4 mmol), VK R HiH:
M 3~5h, TLC il Bi564x, A 5% HCI i
pH &k, fF1bxM, ZEBFE 30 min, JRED
JEAFRL o KL ST R-BERR O BR (10 1) H4h
i, BAGEREK, BUBCEEN 65%~75%.

&) 5a: FHEE A, Y3 75%, mp 200~204
‘C; HR-ESI-MS m/z: 549.187 2 [M+H]", it
549.187 7 [M+H]". 'H-NMR (300 MHz, CDCl;)
2.95~3.03 (1H, m, H-2), 3.11~3.17 (1H, m, H-3),
3.75 (6H, s, 3, 5'-OCH3), 3.99~4.00 (1H, d, J = 3.9
Hz, H-11B), 4.03~4.17 (2H, m, 4-NH-CH,), 4.37~
4.40 (2H, m, H-1,11a), 4.58~4.60 (1H, d, J= 5.2 Hz,
H-4), 5.97 (1H, s, B-OCH,0), 5.98 (1H, s, a-OCH,0),
6.23 (2H, s, H-2, 6"), 6.51 (1H, s, H-8), 6.76 (1H, s,
H-5), 6.82~6.89 (2H, m, Ar-H-4", 5"), 7.08~7.11
(1H, d, J = 6.9 Hz, Ar-H-3"), 7.18~7.21 (1H, d, J =
7.9 Hz, Ar-H-6"); C-NMR (100 MHz, CDCl;) 6:
40.6 (C-1), 43.1 (C-2), 36.6 (C-3), 66.8 (C-4), 109.3

(C-5), 147.1 (C-6), 147.8 (C-7), 109.5 (C-8), 129.7
(C-9), 132.6 (C-10), 67.4 (C-11), 174.2 (C-12), 133.8
(C-1"), 107.3 (C-2'), 156.1 (C-3"), 132.7 (C-4"), 156.1
(C-5"), 107.8 (C-6'), 100.5 (OCH,0), 553 (3,
5-OCHj3), 59.8 (4-OCHjs), 146.4 (C-1"), 156.1 (C-2"),
123.5 (C-3"), 128.4 (C-4"), 146.9 (C-5"), 128.9
(C-6"), 66.9 (NHCHS,).

&) sb: HEE A, 1% 65%, mp 249~258
‘C; HR-ESI-MS m/z: 506.181 1 [M+H]", it
506.181 6 [M+H]. 'H-NMR (300 MHz, CDCl;) 6
2.95~3.03 (1H, m, H-2), 3.11~3.17 (1H, m, H-3),
3.75 (6H, s, 3', 5'-OCH3), 3.99~4.00 (1H, d, J = 3.9
Hz, H-11p), 4.03~4.17 (2H, m, 4'-NH-CH,), 4.37~
4.40 (2H, m, H-1,11a), 4.58~4.60 (1H, d, J= 5.2 Hz,
H-4), 5.97 (1H, s, p-OCH,0), 5.98 (1H, s, a-OCH,0),
6.23 (2H, s, H-2, 6"), 6.51 (1H, s, H-8), 6.76 (1H, s,
H-5), 6.82~6.89 (2H, m, Ar-H-4", 5"), 7.08~7.11
(1H, d, J = 6.9 Hz, Ar-H-3"), 7.18~7.21 (1H, d, J =
7.91 Hz, Ar-H-6"); "*C-NMR (100 MHz, CDCL;) 6:
41.1 (C-1), 43.4 (C-2), 37.3 (C-3), 67.3 (C-4), 109.8
(C-5), 145.9 (C-6), 146.8 (C-7), 107.0 (C-8), 129.4
(C-9), 130.5 (C-10), 67.3 (C-11), 172.6 (C-12), 132.48
(C-1"), 107.43 (C-2), 155.7 (C-3"), 132.9 (C-4"), 155.8
(C-5"), 107.4 (C-6'), 100.6 (OCH,0), 56.0 (3,
5-OCHj3), 120.6 (C-1"), 145.0 (C-2"), 115.6 (C-3"),
128.3 (C-4"), 118.8 (C-5"), 129.0 (C-6"), 55.0
(NHCHS,).

&Y Se: AEEE, UK 75%, mp 281~284
‘C; HR-ESI-MS m/z: 533.157 8 [M—H]", Hi{A:
533.157 3 [M—H]". 'H-NMR (300 MHz, CDCl;) 6:
1.50~1.81 (1H, m, 4-NH), 3.07~3.19 (1H, m, H-2),
3.70~3.72 (1H, m, H-3), 3.79 (6H, s, 3', 5-OCH3),
3.75~3.84 (2H, m, 4'-NH-CH,), 4.01~4.07 (1H, m,
H-11p), 4.29~4.34 (1H, m, H-11a), 4.69~4.71 (1H,
d, J=5.1 Hz, H-1), 4.72~4.74 (1H, d, J = 4.2 Hz,
H-4), 5.43 (1H, s, 4-OH), 5.91 (1H, d, J = 1.3 Hz,
B-OCH,0), 5.97 (1H, d, J = 1.3 Hz, a-OCH,0), 6.37
(2H, s, H-2', 6"), 6.55 (1H, s, H-8), 6.66 (1H, s, H-5),
7.56~7.62 (1H, m, Ar-H-6"), 7.64~7.69 (1H, m,
Ar-H-4"), 7.95~7.98 (1H, m, Ar-H-5"), 8.04~8.07
(1H, m, Ar-H-3"); “C-NMR (100 MHz, CDCl;)
40.7 (C-1), 43.0 (C-2), 36.5 (C-3), 66.9 (C-4), 109.5
(C-5), 147.1 (C-6), 147.8 (C-7), 106.9 (C-8), 129.7



* 4284 -

¢ £ % Chinese Traditional and Herbal Drugs 38 50 % %8 18 #§ 201949 A

(C-9), 131.2 (C-10), 66.9 (C-11), 174.2 (C-12), 133.0
(C-1"), 107.7 (C-2'), 156.0 (C-3"), 132.7 (C-4'), 156.0
(C-5"), 107.7 (C-6'), 100.5 (OCH,0), 55.5 (3,
5-OCHs), 146.4 (C-1"), 146.4 (C-2"), 123.5 (C-3"),
128.3 (C-4"), 1454 (C-5"), 128.9 (C-6"), 66.9
(NHCH,).

&Y 5d: A AR, Z 68%, mp 233~236
‘C; HR-ESI-MS m/z: 520.197 0 [M+H]", HigfH
520.197 5 [M+H]". 'H-NMR (300 MHz, CDCl;)
1.50~1.65 (1H, m, 4-NH), 2.69~2.81 (1H, m, H-2),
3.34~3.40 (1H, m, H-3), 3.75 (6H, s, 3’, 5-OCHj3),
3.86 (3H, s, 2"-OCH;), 3.62 ~ 3.86 (3H, m,
4'“NH-CH,, H-11B), 4.35~4.39 (2H, m, H-1, 11a),
4.49~451 (1H, d, J = 3.6 Hz, H-4), 5.38 (I1H, s,
4'-OH), 5.91 (2H, s, a, B-OCH,0), 6.25 (3H, s, H-8,
2',6"), 6.43 (1H, s, H-5), 6.93~7.01 (2H, m, Ar-H-3",
5"), 7.25~7.34 (2H, m, Ar-H-4", 6"); '*C-NMR (100
MHz, CDCls) d: 42.4 (C-1), 44.4 (C-2), 39.5 (C-3),
57.2 (C-4), 110.2 (C-5), 147.0 (C-6), 147.6 (C-7),
110.8 (C-8), 129.3 (C-9), 132.6 (C-10), 69.3 (C-11),
175.2 (C-12), 134.0 (C-1"), 108.3 (C-2"), 156.1 (C-3"),
132.6 (C-4"), 156.1 (C-5'), 108.6 (C-6), 101.6
(OCH,0), 56.0 (3', 5'-OCH3), 120.9 (C-1"), 157.4
(C-2"), 110.8 (C-3"), 127.7 (C-4"), 123.9 (C-5"),
129.3 (C-6"), 51.3 (NHCH,), 55.6 (OCH3).
242 HLEY Se~5k & GEE  # 1.2
mmol BG4, 1 mmol F1E4E 3, AT 15 mL
TKFREEH, INJLEK R, SRR 1~8
h, TLC £l Ri5e4s, JofsdbBE, B4 NaBH,
(0.23 g, 6 mmol), VK FHiHE XN 3~5 h, TLC
Rl s e 5845, N 5% HCL i pH ZErpt, 21k
N, ZERPEEE 30 min, JRETR, ZEERICKFREE,
Pl AW SRR AE L, ARBGRKBE 3 i, JoK
NaSO, T, AT, st ss Ca
THEE-BETR 08D AiA 1577 i o SN 55%~75%.

B Se: FEER, YLZ 70%, mp 199~201
‘C; HR-ESI-MS m/z: 512.317 3 [M+H]", HigfH
512.317 1 [M+H]". 'H-NMR (300 MHz, CDCl;)
2.72~2.84 (1H, m, H-2), 3.75 (6H, s, 3', 5'-OCHs3),
3.81~3.87 (2H, m, 4-NH-CH,), 3.29~3.35 (1H, m,
H-3), 3.91~3.92 (1H, d, J = 3.9 Hz, H-11B), 427~
438 (2H, m, H-1, 110), 4.51~4.53 (1H, d, J= 5.2 Hz,
H-4), 5.91 (1H, d, J = 1.2 Hz, B-OCH,0), 5.93 (1H, d,

J = 1.2 Hz, 0-OCH,0), 6.26 (2H, s, H-2, 6'), 6.44
(1H, s, H-8), 6.51 (1H, s, H-5), 7.26~7.39 (5H, m,
Ar-H-2"~6"); “C-NMR (100 MHz, CDCl;) 6: 40.5
(C-1), 42.5 (C-2), 37.6 (C-3), 55.4 (C-4), 109.2(C-5),
146.2 (C-6), 146.6 (C-7), 107.3 (C-8), 130.6 (C-9),
130.2(C-10), 67.6(C-11), 174.5 (C-12), 138.7 (C-1'),
106.9(C-2"), 145.3(C-3"), 132.9 (C-4"), 145.3(C-5"),
106.9 (C-6'), 100.3 (OCH,0), 55.4 (3, 5'-OCHs),
131.6 (C-1"), 127.7 (C-2"), 1273 (C-3"), 126.5
(C-4"), 127.3 (C-5"), 127.7 (C-6"), 54.5 (NHCH,).
&) st F AR, E 55%, mp 158~163
‘C; HR-ESI-MS m/z: 533.230 5 [M+H]", it
533.230 9 [M+H]". "H-NMR (300 MHz, CDCl;)
2.70~2.84 (1H, m, H-2), 2.95 (6H, s, 4"-NCHa), 3.75
(6H, s, 3’, 5-OCHj3), 3.72~3.82 (2H, m, 4-NH-CH,),
3.29~3.35 (1H, m, H-3), 3.91~3.92 (1H, d, J = 3.8
Hz, H-11pB), 4.26~4.40 (2H, m, H-1, 11a), 4.49~4.51
(1H, d, J = 5.2 Hz, H-4), 5.91 (1H, s, B-OCH,0), 5.93
(1H, s, a-OCH,0), 6.26 (2H, s, H-2', 6'), 6.44 (1H, s,
H-8), 6.55 (1H, s, H-5), 6.71~6.74 (2H, d, J = 8.6 Hz,
Ar-H-3",5"), 7.18~7.21 (2H, d, J = 8.5 Hz, Ar-H-2",
6"); "*C-NMR (100 MHz, CDCl;) d: 42.4 (C-1), 44.4
(C-2), 39.5 (C-3), 57.1 (C-4), 110.4 (C-5), 147.1
(C-6), 147.5 (C-7), 108.6 (C-8), 131.3 (C-9), 130.6
(C-10), 69.3 (C-11), 175.3 (C-12), 133.9 (C-1"), 108.2
(C-2"), 1462 (C-3"), 132.8 (C-4)), 1462 (C-5"), 1082
(C-6"), 101.6 (OCH,0), 55.8 (3', 5-OCHj3), 128.9 (C-1"),
129.4 (C-2"), 112.9 (C-3"), 150.0 (C-4"), 112.9 (C-5"),
129.4 (C-6"), 54.9 (NHCH,), 41.5 (2 X NHCH3).
&) 5g: B, W2 60%, mp 169~172
‘C; HR-ESI-MS m/z: 506.181 1 [M+H]", #HipfH
506.181 6 [M+H] . "H-NMR (300 MHz, CDCl;)
2.04~2.21 (1H, m, 4-NH), 2.75~2.89 (1H, m, H-2),
3.30~3.39 (1H, m, H-3), 3.77 (6H, s, 3, 5'-OCHj),
3.77~3.86 (2H, m, 4-NH-CH,), 3.90~3.91 (1H, d,
J = 3.7 Hz, H-11B), 4.28~4.39 (2H, m, H-1, 11a),
4.49~451 (1H, d, J = 5.1 Hz, H-4), 5.90 (1H, s,
B-OCH,0), 5.92 (1H, s, a-OCH,0), 6.25 (2H, s, H-2",
6), 6.43 (1H, s, H-8), 6.53 (1H, s, H-5), 6.79~6.82
(2H, d, J = 8.2 Hz, Ar-H-3", 5"), 7.18~7.21 (2H, d,
J = 82 Hz, Ar-H-2", 6"); "“C-NMR (100 MHz,
CDCLy) &: 42.4 (C-1), 44.4 (C-2), 39.6 (C-3), 57.2
(C-4), 110.0 (C-5), 147.1 (C-6), 147.5 (C-7), 108.5
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(C-8), 131.2 (C-9), 131.6 (C-10), 69.4 (C-11), 175.5
(C-12), 133.9 (C-1'), 108.2 (C-2', 6'), 132.6 (C-4"),
155.1 (C-3"), 101.6 (OCH,0), 56.0 (3, 5'-OCH;),
129.7 (C-17), 1462 (C-2"), 1104 (C-3"), 131.6
(C-4"), 115.7 (C-5"), 131.2 (C-6"), 54.9 (NHCH,).

&) Sh: A AR, B 73%, mp 192~196
‘C; HR-ESI-MS m/z: 536.189 0 [M+H]", BEit(E
536.189 7 [M+H]". 'H-NMR (300 MHz, CDCl;)
2.74~2.85 (1H, m, H-2), 3.29~3.36 (1H, m, H-3),
3.76 (6H, s, 3', 5-OCHs), 3.91 (3H, s, 4"-OCH3),
3.69~3.80 (3H, m, H-11p, 4-NH-CH,), 4.30~4.39
(2H, m, H-1, 1l0), 4.52~4.54 (1H, d, J = 5.1 Hz,
H-4), 5.92~5.94 (2H, d, J = 3.3 Hz, a, p-OCH,0),
6.26 (2H, s, H-2', 6"), 6.48 (1H, s, H-8), 6.57 (1H, s,
H-5), 6.82~6.91 (3H, m, Ar-H-2", 5", 6"); '*C-NMR
(100 MHz, CDCl3) &: 42.4 (C-1), 44.4 (C-2), 39.5
(C-3), 59.2 (C-4), 110.4 (C-5), 147.1 (C-6), 147.5
(C-7), 108.6 (C-8), 131.2 (C-9), 132.6 (C-10), 69.2
(C-11), 175.2 (C-12), 133.9 (C-1'), 108.2 (C-2’, 6),
146.6 (C-3"), 132.6 (C-4), 146.6 (C-5"), 101.7
(OCH,0), 56.7 (3', 5-OCHj;), 131.6(C-1"), 111.0
(C-2"), 145.0 (C-3"), 146.2 (C-4"), 114.6 (C-5"),
121.4 (C-6"), 55.3 (NHCH,), 56.04 (OCH3).

&Y 5i: AAEE, BeE 75%, mp 198~203
‘C; HR-ESI-MS m/z: 550.208 9 [M+H]", FEig{H
550.208 5 [M+H]". 'H-NMR (300 MHz, CDCl;) :
2.75~2.86 (1H, m, H-2), 3.30~3.37 (1H, m, H-3),
3.72 (6H, s, 3', 5'-OCHj3), 3.79 (3H, s, 4-OCHj3), 3.91
(3H, s, 4"-OCHjs), 3.48~4.46 (1H, m, H-11p), 3.70~
3.80 (2H, m, 4'-NH-CH,), 4.31~4.39 (2H, m, H-1,
110), 4.52~4.54 (1H, d, J = 5.1 Hz, H-4), 5.92~5.94
(2H, d, J = 3.7 Hz, o, p-OCH,0), 6.25 (2H, s, H-2',
6'), 6.45 (1H, s, H-8), 6.58 (1H, s, H-5), 6.80~6.90
(3H, m, Ar-H-2", 5", 6"); "C-NMR (100 MHz,
CDCl;) d: 42.3 (C-1), 44.6 (C-2), 39.5 (C-3), 59.2
(C-4), 110.4 (C-5), 147.2 (C-6), 147.6 (C-7), 108.5
(C-8), 131.5 (C-9), 132.5 (C-10), 69.2 (C-11), 175.1
(C-12), 137.0 (C-1'), 108.6 (C-2', 6"), 152.3 (C-3"),
135.7 (C-4"), 152.3 (C-5), 101.7 (OCH,0), 56.7 (3,
5-OCHj), 61.4 (4-OCHs), 131.5 (C-1"), 111.0 (C-2"),
145.0 (C-3"), 146.6 (C-4"), 114.6 (C-5"), 121.4
(C-6"), 55.3 (NHCH,), 56.1 (OCH3).

&Y 55 BtaEfE, B3 65%, mp 207~210

‘C; HR-ESI-MS m/z: 534364 9 [M+H]", Hit{H
534.364 6 [M+H] . 'H-NMR (300 MHz, CDCl;) 6:
1.50~1.80 (1H, m, 4-NH), 2.69~2.83 (1H, m, H-2),
3.35~3.42 (1H, m, H-3), 3.72 (6H, s, 3', 5'-OCH3),
3.72 ~3.85 (2H, m, 4-NH-CH,), 3.86 (3H, s,
2"-OCHj3), 3.78 (3H, s, 4-OCHj), 3.64~3.93 (1H, m,
H-11p), 4.37~4.44 (2H, m, H-1, 1la), 4.50~4.51
(1H, d, J = 5.1 Hz, H-4), 591 (2H, s, a, B-OCH,0),
6.25 (2H, s, H-2', 6'), 6.27 (1H, s, H-8), 6.42 (1H, s,
H-5), 6.93~6.99 (2H, m, Ar-H-3", 5"), 7.22~7.24
(1H, d, J = 9.2 Hz, Ar-H-6"); 7.29~7.35 (1H, m,
Ar-H-4"); C-NMR (100 MHz, CDCl;) 6: 42.2 (C-1),
44.6 (C-2), 39.7 (C-3), 56.9 (C-4), 110.2 (C-5), 147.1
(C-6), 147.4 (C-7), 110.8 (C-8), 129.1 (C-9), 132.7
(C-10), 69.3 (C-11), 175.3 (C-12), 137.0 (C-1"), 108.5
(C-2"), 152.3 (C-3"), 135.8 (C-4"), 152.3 (C-5'), 108.6
(C-6"), 101.6 (OCH,0), 56.0 (3, 5-OCHs), 61.4
(4-OCHj3), 120.7 (C-1"), 157.4 (C-2"), 110.8 (C-3"),
127.7 (C-4"), 123.9 (C-5"), 129.3 (C-6"), 51.3
(NHCH,), 55.7 (OCHj3).

&Y sk: E AR, 1EE 75%, mp 187~192
‘C; HR-ESI-MS m/z: 549.187 7 [M+H]", Hit{H
549.187 4 [M+H] . 'H-NMR (300 MHz, CDCl;) 6
1.50~1.81 (1H, m, 4-NH), 2.80~2.92 (1H, m, H-2),
3.30~3.36 (1H, m, H-3), 3.73 (6H, s, 3', 5'-OCH3),
3.88 ~ 397 (2H, m, 4-NH-CH,), 3.79 (3H, s,
4'-OCH;), 4.10~4.18 (1H, m, H-11p), 4.28~4.38
(2H, m, H-1, 1la), 4.55~4.57 (1H, d, J = 5.2 Hz,
H-4), 5.94 (1H, s, B-OCH,0), 5.96 (1H, s, a-OCH,0),
6.25 (2H, s, H-2', 6'), 6.49 (1H, s, H-8), 6.65 (1H, s,
H-5), 7.52~7.54 (2H, d, J = 8.5 Hz, Ar-H-2", 6"),
8.18~8.21 (2H, d, J = 8.6 Hz, Ar-H-3", 5"); "C-NMR
(100 MHz, CDCls) d: 42.2 (C-1), 44.6 (C-2), 39.4
(C-3), 61.4 (C-4), 110.7 (C-5), 147.3 (C-6), 147.8
(C-7), 108.5 (C-8), 131.6 (C-9), 131.9 (C-10), 68.9
(C-11), 174.7 (C-12), 137.1 (C-1"), 108.4 (C-2', 6"),
152.4 (C-3"), 1355 (C-4'), 152.4 (C-5'), 101.8
(OCH,0), 56.9 (3', 5-OCHj3), 57.0 (4-OCHj3), 146.9
(C-1"), 128.8 (C-2", 6"), 123.9 (C-3"), 147.3 (C-4"),
123.9 (C-5"), 68.9 (NHCH,).
3 g
3.1 BRTFERLRESRITEY C-4 B REIIE

A REAREY RS L, RA 1A
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L KB E) C-4 /TR, BIH R H &R
B A-BRRAFTRMORN . HTRARE C4 -
WK T, PRk B2 AR Ed i SN, ATLEE AR A%
T A, WO AR SNy HLEEEAT, AR il IE
B, T C-1 AR KRR 37,47, 5- = A BRI,
FRARFN SR E M C I _EALBAE /NG B AL L
Moo BLIERCE N B R, AR AR AL 4B-8 5 -4-
A RFARER, AR AR L& %8
JEHA & C-4 [, BHf C-4 A7 HUARHE FIH A A
A, AL I X- AT IR 2 5 A A Y
K2 NHFRMLAY) 5F 1 X-B AT S, M
BT LIS E S, RAHR CH L4 RN
B, NERITIR R R R AORES o

El2 & st X-BRITETHLEH
Fig. 2 Molecular structure of compound 5f
3.2 RIMARIEEMITN R X R

KA MTT ¥, DMRFEATE (VP-16) AFHPEXT
MB2G, MR TIh &Y 4a~4e. Sa~5k XN B HiE
HeLa 20 NP2 M58 M (M5 S AR IHAN I K562 A
LR B KM 250k K562/A02 KRNI EEEME . BT
it 3R 355 1 Bt DA BRI (ICs) #oR!P), &5
R 1,

M 1 RS R AT LIE ARSI AR T 4 N EZ
FA 11 AR IR R R 3= RATEN, K24
TAEM B MG RSN 5505 PE . /£ HeLa 4HM0
IR, L &% 4a. 4c. 4d. 5b. 5i. 5e FILH
TR R PR E T, S T B P R 2
VP-16, TMTE K562 40, A 5a. Se.
5d. Se. 5h. 5i. 5j. 5k X} K562 ZHH0 AR SN
JEETELE VP-16 58, /& VP-16 ] 3~40 5. {H13E
B, TR 25 MR 40 irk K562/A02 (i,
k&%) 4a~4d. 5a. 5c¢. 5d. Se. 5f. 5h. 5i. 5k
XTI 2451 K562/A02 40t 2 AT bL i i s k. H
&) 4a~4d. 5d. 5f. Sh. 5k %245 K562/A02
Y1 A S s HE B K562 200 At o 53 P 40 Pt 2 5

Fz1 A 4a~4d. Sa~5Sk 3THERAEVKIETEINGE M
Table 1 Structures of compounds 4a—4d, Sa—5k and their

antitumor activities

ICso/(umol-L™")

&Y RF
HeLa K562  K562/A02

4a 041 4421 0.08 0.002
4b 6.62  >100 3.47 —

4c 093  37.01 0.13 0.004
4d 1.07 2537 6.43 0.250
5a 5.46 0.99 5.07 5.120
5b 0.30 — — —

5c 6.92 1.90 2.76 1.450
5d 4.24 5.83 1.88 0.320
5e 0.10 1.13 6.20 5.490
5f 8.94  >100 3.47 —

5g 340  39.53 18.29 0.460
5h — 1279 437 0.340
5i 0.05 0.55 1.14 2.070
5j 12.21 5.81 >100 —

5k 3.10 7.72 2.76 0.360
VP-16 140 2571 8.02 0.310

“—7 RMEME; RE-PIZGHET, RF =1Cso (K562/A02)/1Cs (K562)
“—” not detected; RF-resistant factor, RF = ICsy (K562/A02)/ICs
(K562)

BGTER TP IR Z) VP-16. KREATLARH AR

R Fe AB-HURR IR R T R ATAEYIXT K562

Y A BNEVE RN S BT R 46009 OCH; B

OH i 2%, N-4B-HUR R Z2E-4-li AR R H B R ATE

YIRS T N-AB-BU R I E-4-4'- I A R R 75

RATAEY . HBUREEMER, BURFRIZRRHEARER

ATEYIXT K562 4R A 1k 5 T 2 HE 2R T 3 31 AT

. R EYBA B TR S A 2 2

M2, RA RN FRANE .
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