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Synthesisand in vitro antitumor activity of sulfonamide-substituted
dehydroabietyl carbamate derivatives
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Pharmaceutical Molecular Screening and Druggability Evaluation, Key Laboratory of Medical Biotechnology and
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Abstract: Nineteen kinds of N-(aminosulfonyl)dehydrofirnyl carbamate compounds were synthesized from
dehydroabietic acid via reduction, esterification and amination three step reaction, and characterized by
FTIR, '"HNMR,"®*CNMR, and ESI-MS. The antitumor activity of IVa~IVs against T-24, HepG2, MCF-7,
MGC-803 and Hela tumor cell lines was evaluated using 5-fluorouracil as positive control by
tetramethylazolium salt colorimetric assay, followed by anaysis on the preliminary mechanism of
N-[(2-bromophenyl)sulfamyl]dehydrofirnyl carbamate (IVd) vie Hoechst-33258 staining, cell colony
formation, cell cycle distribution, cell apoptosis and western blot assay. The results showed that some
compounds exhibited superior antitumor activity in comparison with positive drugs, with compound Vd
displaying the best activity against T-24 cells with a half inhibitory concentration of (14.64+0.46) umol/L,
arresting the cell cycle in the S phase thus significantly inhibiting the growth of T-24 cells. In addition,
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compound IVd could promote T-24 cells apoptosis through upregulation of proapoptotic ones Bax, Cleaved
Caspase9, Cleaved Caspase9 and downregulation of antiapoptotic protein Bcl-2, Caspase3, Caspased
expression. The introduction of sulfanilamide structure could improve the anti-tumor activity of

dehydroabietic acid derivatives.
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T-24, HepG2, MCF-7, MGC-803, Hela fil LO,
( NIEH IF4IHE ) 6 Fhempirk, mEMREE #BEE —
B i = B 4 it

SRS T S EUFR R ( CISO,NCO ). & 4k 48 a1
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) BRAR; —HEHkE (DCM ), =21 (TEA ),
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VR TARA R ; DMEM 53R 5E, FEER il
IR CHMD) AERABR AR BA- s, Wil Rty
BHE AT, SRR RIRA W . W% il (PBS,
pH=7.4), & EDTA W B AL (JBEE il o
kAR 2.5 g/L, EDTA ¥ N 0.53 mmol/L ), —H
FFA (DMSO), PO LA msEE (MTT ), JiRE
FABEH AL (AR A B R IR N 2.5 g/L), dbat
Solarbio BHEAMRAF; REMER, HEl; 5K
mEnE (5-FU), L5 RILEEARERAR,; 28
FmE (RN 40 g/l ). 45 S ge (il . 40
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WRX-4 R 530 AL, 13 5 A1 5 A B
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Rigif, HZA SANYO/AH]; ELx800 HIFFRIL, 32
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o O/ \0 o) O/ \O

m Va~IVs

IVa: Ri=H, R,=2-Cl-Ph; IVb: Ri=H, R,;=3-CI-Ph; IV c: R;=H, R,=4-Cl-Ph;

IVd: Ri=H, R;=2-Br-Ph; [Ve: R;=H, R,=3-Br-Ph; IVf: Ri=H, R,=4-Br-Ph;

Vg: Ry=H, R,=2-NO,-Ph; IVh: Ry=H, R,=3-NO,-Ph; Vi: R,=H, R;=4-NO,-Ph;
IVj: Ri=H, R=2-F-Ph; IVk:R=H, R,=3-F-Ph; IV1: R;=H, R,=2-CH,-Ph;

IVm: R;=H, R;=4-CH;-Ph; IVn: R;=H, R,=Ph; IV o: R;=Ph, R,=Ph;

IVp: Ri=C,H;, R;=Ph; IVq: Ri=CH;, R=Ph; IVr: Ri=H, R;=4-OCH,-Ph;

IVs: Ri=CF,, R;=Ph

122 XE&ME (1) 94 &

F AN SCHR[ 23] 7 vk il £ . Dhad i LiAIH,
FIJFEF], TR LIAIH, B2, Jf ks 4
il S N 0~5 °C o N e Be , G ik o & 43
BR 12%~20% A # B IR, T KR &R b R A Y
LiAIH,, KRG, &L OERAR. #EENT (A
WS 2R CBEIATRL 82 1), 193 I (0% W ik
Wik, 7=3%h 64.0%,

123 N-(RAABL )R FBR & SN B B K404
o (V) a9H &

FRECGHE & T 0.3 g (1 mmol) & T 100 mL
B RSB 7, A 20 mL DCM %% , 7EvK1A 0~3 °C
A& CISO,NCO 0.14 g (1 mmol ), FHitHkx
N 0.5 h, SRR (1), RNZEHRE,

EHEMA 0.1g(1mmol ) TEA, HZ218 i N DCM
VS 1 RN R B A s W AT RN, RN i
0~5 °C, Pt 2~3 h, TLC BRE: ik fe, 1
RNZEHRG, 46 30 mL 19 DCM Wk, RIGH
0.1 mol/L ByERFR FZE IR MR IETE 3IRANLZ, T
K NaSO, TG ZEBRA WL . IRA WA ZHr
(YR R v s - V(ZTRZTE) =4 : 1) gifk,
BEEEYN 7 R IrE A R 194 Bk 59
Va-IVs,

N-[(2- G 5L ) 2 Fk v ok 3 ] 2 5 W i 2 Sl A I
fig( Va): FffbiA, 7#% 68.8%, m.p. 99.3~101.4 °C,
FTIR (KBr), v/cm™: 3282, 2958, 2869, 1743, 1594,
1486, 1383, 1357, 1240, 1218, 1162, *HNMR (400 MHz,
CDCls), &: 7.52(dd,J=8.2, 1.4Hz, 1H), 7.30 (dd,
J =80, 1.4 Hz, 1H), 7.16 (dd, J = 8.4, 1.7 Hz, 1H),
7.08~7.03 (m, 2H), 6.90 (dd, J = 8.1.1.7 Hz, 1H), 6.78
(d, J = 1.2 Hz, 1H), 3.96 (d, J = 10.7 Hz, 1H), 3.76 (d,
J = 10.7 Hz, 1H), 2.81~2.72 (m, 2H), 2.71~2.60 (m,
1H), 2.18 (d, J = 12.6 Hz, 1H), 1.62 (dd, J = 9.3. 4.3 Hz,
2H), 1.57~1.53 (m, 1H), 1.45~1.41 (m, 1H), 1.28 (d, J =
4.0 Hz, 1H), 1.25~1.22 (m, 1H), 1.22~1.19 (m, 1H),
1.16 (s, 1H), 1.15 (s, 3H), 1.13 (s, 3H), 1.11 (s, 3H),
0.83 (s, 3H)., *CNMR (101 MHz, CDCl3), & : 150.7,

146.9, 145.7, 134.5, 132.9, 129.8, 128.0, 126.9, 126.3,
124.8, 124.2, 124.0, 121.9, 77.4, 77.1, 76.8, 75.0, 60.6,
441, 38.2, 37.4, 37.1, 35.4, 33.5, 30.0, 25.2, 24.0,

24.0, 21.1, 19.0, 18.4, 17.2, 14.2, ESI-MS, m/Z:
Co7H35CIN,O,S [M+Na] “BEiS {H 541.19, MR {E 541.19,
N-[(3- 50 A% 5 ) 2 JE Mok ok i ) 2 ik HH R 2 A i
Big( Vb ): 1 {8 54, 7= 5% 28.2%, m.p. 65.2~67.4 °C.
FTIR (KBr), vicm™: 3269, 2958, 2869, 1723, 1597, 1476,
1405, 1350, 1245, 1214, 1160, HNMR (400 MHz,
CDCls), 0: 7.58 (d, J = 10.5 Hz, 2H), 7.18 (dd, J =
3.0. 2.0Hz, 1H), 7.12 (d, J = 2.4 Hz, 1H), 7.06 (d, J =
8.2 Hz, 1H), 6.90 (dd, J = 8.1, 1.6 Hz, 1H), 6.78 (s,
1H), 3.95 (d, J = 10.7 Hz, 1H), 3.75 (d, J = 10.7 Hz,
1H), 2.81~2.70 (m, 2H), 2.69~2.57 (m, 1H), 2.18 (d,
J=12.8 Hz, 1H), 1.62~1.58 (m, 2H), 1.41 (dd, J =
11.2.3.5 Hz, 1H), 1.27 (d, J = 13.1 Hz, 2H), 1.24~1.20
(m, 1H), 1.19 (d, J = 7.9 Hz, 1H), 1.16 (s, 1H), 1.14 (s,
3H), 1.13 (s, 3H), 1.11 (s, 3H), 0.82 (s, 3H)., *CNMR
(101 MHz, CDCl3), d: 151.4, 146.9, 145.8, 137.0,

135.1, 134.5, 130.5, 126.9, 126.3, 124.2, 124.0, 122.0,
120.1, 77.4, 77.1, 76.8, 74.9, 60.6, 44.0, 38.2, 37.3,
37.1, 354, 33.5, 29.9, 25.1, 24.0, 24.0, 21.0, 19.0,

18.4, 17.2, 142, ESI-MS, mlZ: CyHssCIN,O4S
[M+Na] " H it 541.19, iL{H 541.19,

N-[(4- G0 R 5 ) 2 L ok ok i ) 2 ik HH R 2 S P i
fis (Vec): AR, % 24.2%, mp. 1252~
127.1 °C.FTIR (KBr), viem™: 3282, 2958, 2869, 1743,



* 2496 -

A% @m & T FINE CHEMICALS

5 41 %

1616, 1594, 1486, 1457, 1357, 1240, 1218, 1162,

HNMR (400 MHz, CDCl3), &: 7.81 (s, 2H), 7.26 (d,
J=8.7Hz, 2H), 7.17 (d, J = 1.8 Hz, 1H), 7.04 (s, 1H),
6.91 (s, 1H), 4.11 (d, J = 11.3 Hz, 1H), 3.78 (d, J = 10.7
Hz, 1H), 2.87 (d, J = 6.6 Hz, 2H), 2.77~2.65 (m, 1H),
2.30 (d, J = 12.1 Hz, 1H), 1.71 (d, J = 7.5 Hz, 2H),
1.53 (d, J = 3.4 Hz, 1H), 1.46 (s, 1H), 1.44 (s, 1H),
1.36 (s, 1H), 1.32 (s, 1H), 1.30 (s, 1H), 1.26 (s, 3H),
1.24 (s, 3H), 1.22 (s, 3H), 0.93 (s, 3H). *CNMR (101
MHz, CDCls), : 157.7, 151.4, 147.3, 146.9, 145.9,

145.7, 134.9, 134.5, 134.4, 131.9, 129.6, 126.9, 124.2,
124.2, 124.0, 123.9, 123.5, 122.5, 77.4, 77.1, 76.8,
74.6, 73.0, 60.5, 44.6, 43.9, 43.8, 38.3, 38.2, 37.4,
37.3, 37.1, 37.0, 35,5, 35.3, 33,5, 30.1, 29.9, 25.3,
25.20, 24.0, 19.1, 19.0, 18.6, 18.5, 18.4, 17.4, 17.2,

17.1, 14.2, ESI-MS, m/Z: CyHs3sCIN,O,S [M+H]*
PRIBAH 519.19, ML{H 519.14,

N-[(2-75R 7% 58 ) 2, F5 i ok i ] 2 356 W T 2 S A
fis (IVd): #@&HAE, ™R 60.1%, mp. 153.3~
155.6 °C, FTIR (KBr), vicm™: 3480, 2961, 2869, 1715,
1602, 1482, 1406, 1336, 1236, 1162, 1067, *HNMR
(400 MHz, CDCl3), d: 7.66 (d, J = 17.5 Hz, 2H), 7.44
(s, 1H), 7.37 (dd, J = 5.8, 3.1 Hz, 1H), 7.16 (s, 1H),
7.01 (d, J = 9.4 Hz, 1H), 6.90 (s, 1H), 4.06 (d, J = 10.7
Hz, 1H), 3.86 (d, J = 10.7 Hz, 1H), 2.86 (qd, J = 14.2.
6.4 Hz, 2H), 2.80~2.68 (m, 1H), 2.29 (d, J = 12.8 Hz,
1H), 1.72 (dd, J = 11.3., 5.0 Hz, 2H), 1.69~1.66 (m,
1H), 1.52 (dd, J = 11.2, 3.4 Hz, 1H), 1.37 (s, 1H),
1.35~1.31 (m, 1H), 1.29 (s, 1H), 1.27 (s, 1H), 1.25 (s,
3H), 1.23 (s, 3H), 1.22 (s, 3H), 0.93 (s, 3H)., *CNMR
(101 MHz, CDCl3), J: 151.3, 146.9, 145.8, 137.1,

134.5, 130.8, 129.3, 126.9, 124.9, 124.2, 123.9, 122.9,
120.6, 77.4, 77.1, 76.7, 74.9, 60.6, 44.0, 38.2, 37.3,
37.1, 35.3, 33.5, 29.9, 25.1, 24.0, 24.00, 21.0, 19.0,

18.4, 17.2, 14.2, ESI-MS, m/Z: CyHasBrN,O,S
[M+H]* B {H 563.15, ikl 563.17.

N-[(3- R B ) 2 B sk ok o ) 2 2k HH i 2 S A e
fis (Ve): @K, 7% 55.4%, m.p. 1483~
150.2 °C . FTIR (KBr), vicm™: 3351, 3247, 2922, 1682,
1595, 1544, 1474, 1342, 1301, 1208, 1163, *HNMR
(400 MHz, CDCl3), 6: 7.66 (d, J = 17.5 Hz, 2H), 7.44
(s, 1H), 7.37 (dd, J = 5.8, 3.1 Hz, 1H), 7.16 (s, 1H),
7.01 (d, J = 9.4 Hz, 1H), 6.90 (s, 1H), 4.06 (d, J =
10.7 Hz, 1H), 3.86 (d, J = 10.7 Hz, 1H), 2.86 (qd, J =
14.2 6.4 Hz, 2H), 2.80~2.68 (m, 1H), 2.29 (d, J = 12.8
Hz, 1H), 1.72 (dd, J = 11.3. 5.0 Hz, 2H), 1.69~1.66 (m,
1H), 1.52 (dd, J = 11.2, 3.4 Hz, 1H), 1.37 (s, 1H),
1.35~1.31 (m, 1H), 1.29 (s, 1H), 1.27 (s, 1H), 1.25 (s,
3H), 1.23 (s, 3H), 1.22 (s, 3H), 0.93 (s, 3H). *CNMR
(101 MHz, CDCl3), ¢: 151.3, 146.9, 145.8, 137.1,
134.5, 130.8, 129.3, 126.9, 124.9, 124.20, 124.0, 123.0,

120.6, 77.4, 77.1, 76.7, 74.9, 60.5, 44.0, 38.2, 37.3,
37.1, 353, 335, 29.9, 25.1, 24.0, 24.0, 21.0, 19.0, 184,
17.2, 14.2, ESI-MS, mlZ: CyH3sBrN,O,S [M+H]
B 1H 563.15, MiA{H 563.17,

N-[(4-T5R 4% B ) 2l o i ok i ] 2 5 Y T 2 S A I
fig (IVE): REASAK, 7% 71.9%, mp. 85.2~
87.6 °C., FTIR (KBr), vicm™: 3278, 2958, 2869, 1720,
1649, 1490, 1470, 1398, 1351, 1215, 1162, HNMR
(400 MHz, CDCl3), §: 7.30 (d, J = 8.6 Hz, 2H), 7.07 (d,
J =8.1Hz, 1H), 7.01 (d, J = 8.7 Hz, 2H), 6.91 (d, J =
8.0 Hz, 1H), 6.81 (s, 1H), 3.99 (d, J = 10.6 Hz, 1H),
366 (d, J = 10.7 Hz, 1H), 2.81~2.69 (m, 2H),
2.67~2.54 (m, 1H), 2.18 (d, J = 12.7 Hz, 1H), 1.59 (dd,
J =112, 7.3 Hz, 3H), 1.42~1.38 (m, 1H), 1.24~1.20
(m, 2H), 1.18 (d, J = 2.3 Hz, 1H), 1.16 (s, 1H),
3CNMR (101 MHz, CDCl3), ¢: 151.3, 146.9, 145.9,

134.8, 134.4, 132.6, 127.0, 124.2, 124.03, 123.9, 112.0,
774, 77.1, 76.8, 74.6, 43.8, 38.2, 37.3, 37.1, 35.3, 33.5,

29.9, 25.2, 24.0, 18.9, 18.4, 17.2, 14.2, ESI-MS, ml/Z:
Co7HasBrN,O,S [M—H] HHi{H 562.15, (A 561.20,

N-[(2- 1 o 2 35 ) 0 5 i ik AL ) 2 Ok Y 7 2 DL
fEfiE (Vg): HEaik, ™% 45.4%, mp. 148.3~
150.2 °C . FTIR (KBr), vicm™: 3394, 2958, 2869, 1755,
1612, 1492, 1455, 1413, 1382, 1220, 1162, *HNMR
(400 MHz, CDCly), 6: 804 (t, J = 2.1 Hz, 1H),
8.00~7.92 (m, 1H), 7.46 (d, J = 10.0 Hz, 1H), 7.37 (t,
J = 8.1 Hz, 1H), 7.05 (d, J = 8.2 Hz, 1H), 6.90 (d, J =
10.0 Hz, 1H), 6.76 (s, 1H), 3.96 (d, J = 10.7 Hz, 1H),
3.73 (d, J = 10.7 Hz, 1H), 2.76~2.71 (m, 2H), 2.60 (dd,
J =175, 8.0Hz, 1H), 2.17 (d, J = 13.1 Hz, 1H), 1.59
(d, J = 5.8 Hz, 2H), 1.55~1.50 (m, 1H), 1.41 (d, J =
3.6 Hz, 1H), 1.35 (dd, J = 8.9, 3.7 Hz, 1H), 1.29 (d,
J=5.2 Hz, 1H), 1.25 (d, J = 3.0 Hz, 1H), 1.19 (d, J =
3.5 Hz, 1H), 1.14 (s, 6H), 1.12 (s, 3H), 1.10 (s, 3H).
®CNMR (101 MHz, CDCls), 6: 157.9, 151.4, 148.9,
147.3, 146.8, 145.8, 145.7, 137.4, 134.8, 134.4, 130.4,
127.0, 126.9, 126.9, 124.2, 124.2, 124.0, 123.9, 120.4,
115.9, 100.0, 77.4, 77.1, 76.8, 75.0, 73.1, 44.0, 43.8,
38.3, 38.2, 37.4, 37.3, 37.1, 37.0, 354, 35.3, 33.5, 30.1,
29.9, 25.3, 25.2, 24.0, 24.0, 21.1, 19.0, 18.9, 18.6, 18.4,
17.4,17.1, 142, ESI-MS, mlZ: CyHasN3OsS [M—H]
i {H 528.22, iA{H 528.20,

N-[(3- i 3o 4% 35 ) 0 56 i gk ik ) 2 ik HH 7 2 &P
FEfE (IVh): Ak, ™% 60.5%, m.p.99.3~
101.4 °C, FTIR (KBr), v/cm™: 3397, 2959, 2869,
1727, 1620, 1534, 1459, 1417, 1349, 1221, 1162,
'HNMR (400 MHz, CDCl3), 6: 8.12 (s, 1H), 8.02 (s,
1H), 7.94 (s, 2H), 7.40 (d, J = 34.4 Hz, 2H), 7.04 (d,
J =82 Hz, 1H), 6.90 (s, 1H), 6.75 (s, 1H), 3.96 (dd,
J=10.6. 4.0 Hz, 1H), 3.74 (dd, J = 10.6. 3.9 Hz, 1H),
2.77~2.71 (m, 2H), 2.60 (dd, J = 17.9. 8.1 Hz, 1H),
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2.16 (d, J = 12.5 Hz, 1H), 1.58 (s, 2H), 1.52 (s, 1H),
1.40 (s, 1H), 1.37 (s, 1H), 1.27 (s, 1H), 1.25 (s, 1H),
1.18 (s, 1H), 1.13 (s, 6H), 1.11 (s, 3H), 1.08 (s, 3H).
3CNMR (101 MHz, CDCl3), ¢: 151.3, 148.9, 146.8,
145.9, 137.2, 134.4, 130.4, 127.2, 126.8, 124.2, 124.0,
120.6, 116.1, 77.4, 77.1, 76.7, 75.0, 44.0, 38.2, 37.4,
37.3, 37.1, 37.0, 35.4, 33,5, 29.8, 252, 25.1, 24.0,
19.0, 18.3, 17.4, 17.1, ESI-MS, m/Z: CyH3sN306S
[M—H] Bie(l 528.22, ik{H 528.20,

N-[ (AT 5 4 5 ) 2 ke ik T ) 2 25 TP 7R 26 &0
BERE (IVi): B, 79 74.2%, m.p. 65.2~
67.4°C. FTIR (KBr), vicm™; 3459, 2959, 2869, 1698,
1633, 1526, 1500, 1417, 1344, 1222, 1162, *HNMR
(400 MHz, CDCl3), §: 8.57 (s, 1H), 8.27 (s, 1H), 8.18
(d, J = 9.0 Hz, 2H), 7.35 (d, J = 9.0 Hz, 2H), 7.16 (d,
J=8.2Hz, 1H), 7.03 (d, J = 6.7 Hz, 1H), 6.87 (s, 1H),
4.08 (d, J = 10.7 Hz, 1H), 3.79 (d, J = 10.7 Hz, 1H),
2.87~2.80 (m, 2H), 2.70 (dd, J = 17.5. 7.9 Hz, 1H),
2.28 (d, J = 13.0 Hz, 1H), 1.68 (d, J = 6.3 Hz, 2H),
1.63 (s, 1H), 1.51 (d, J = 2.9 Hz, 1H), 1.48 (s, 1H),
1.37 (s, 1H), 1.34 (s, 1H), 1.29 (s, 1H), 1.25 (s, 6H),
1.24 (s, 3H), 1.20 (s, 3H), “CNMR (101 MHz,
CDCl3), d: 158.2, 151.2, 147.2, 146.8, 146.0, 145.7,
144.6, 142.0, 134.8, 134.3, 126.9, 125.4, 124.2, 124.1,
123.9, 119.7, 77.4, 77.1, 76.8, 74.9, 73.2, 43.9, 43.8,
38.3, 38.2, 37.4, 37.3, 37.2, 37.0, 35.5, 35.3, 33.5,
30.1, 29.9, 25.3, 25.2, 24.0, 24.0, 19.0, 18.6, 18.3,
17.4,17.2, ESI-MS, ml/Z: CyH3sN3O0sS [M—H] Hit
fH 528.22, i (A 528.20.

N-[(2- 38U B ) 2, o i ok e ] 2 6 Y T 2 S A
fs (IVj): AfE&E, ™3 665%, mp. 146.6~
148.9 °C . FTIR (KBr), vicm™: 3361, 3222, 2927, 1680,
1601, 1500, 1471, 1418, 1352, 1260, 1164, HNMR
(400 MHz, CDCl3), §: 7.44 (td, J = 7.9. 1.7 Hz, 1H),
7.09~7.04 (m, 2H), 7.02 (dd, J = 9.2, 1.3 Hz, 1H),
7.00~6.93 (m, 1H), 6.90 (d, J = 8.1 Hz, 1H), 6.78 (s,
1H), 3.97 (d, J = 10.7 Hz, 1H), 3.77 (d, J = 10.7 Hz,
1H), 2.82~2.72 (m, 2H), 2.67 (dd, J = 17.2. 8.2 Hz,
1H), 2.19 (d, J = 12.7 Hz, 1H), 1.62 (dd, /= 9.3, 4.4 Hz,
2H), 1.58~1.53 (m, 1H), 1.46~1.41 (m, 1H), 1.32~1.28
(m, 1H), 1.25 (d, J = 3.9 Hz, 1H), 1.22 (d, J = 4.1 Hz,
1H), 1.17 (d, J = 7.2 Hz, 1H), 1.15 (s, 3H), 1.13 (s,
3H), 1.12 (s, 3H), 0.84 (s, 3H), *CNMR (101 MHz,
CDCly), J: 155.6, 153.2, 151.0, 150.9, 146.9, 145.7,
134.5, 127.2, 127.1, 126.9, 125.0, 124.9, 124.2, 124.1,
123.9, 123.8, 123.7, 116.0, 115.8, 77.4, 77.1, 76.8,
75.1, 44.2, 38.2, 37.4, 37.1, 35.4, 33.5, 29.9, 25.2,
24.0, 24.0, 19.00, 18.4, 17.2, 14.2, ESI-MS, m/Z:
Ca7H35FN20,S [M—-H] Bl {f 501.23, il i {f 501.20.

N-[(3-FUAR B ) 2 S Mok ok I ) 2 2k HH 7 2 S DA
fis (Vk): AffiA, % 60.1%, m.p. 153.3~

155.6 °C, FTIR (KBr), v/cm™: 3342, 3253, 2926,
1689, 1615, 1493, 1460, 1407, 1343, 1232, 1167,
'HNMR (400 MHz, CDCl3), 6: 7.72(d, J = 36.1 Hz,
2H), 7.16~7.10 (m, 1H), 7.06 (d, J = 8.2 Hz, 1H),
6.94~6.90 (m, 1H), 6.87~6.82 (m, 1H), 6.78 (s, 1H),
3.94 (d, J = 10.7 Hz, 1H), 3.74 (d, J = 10.7 Hz, 1H),
2.80~2.69 (m, 2H), 2.68~2.56 (m, 1H), 2.18 (d, J =
12.8 Hz, 1H), 1.60 (dd, J = 10.3. 5.6 Hz, 2H), 1.54 (dd,
J=10.4, 7.0 Hz, 1H), 1.41 (dd, J = 11.0, 3.7 Hz, 1H),
1.25 (d, J = 3.2 Hz, 1H), 1.23~1.20 (m, 1H), 1.18 (s,
1H), 1.16 (s, 1H), 1.14 (s, 3H), 1.12 (s, 3H), 1.11 (s,
3H), 0.82 (s, 3H), *CNMR (101 MHz, CDCls), d:
164.3, 161.9, 151.3, 146.9, 145.8, 137.4, 137.3, 134.5,
130.8, 130.7, 126.9, 124.2, 124.0, 117.3, 117.3, 113.1,
112.9, 109.3, 109.1, 77.4, 77.1, 76.7, 74.8, 60.5, 44.0,
38.2, 37.3, 37.1, 35.4, 33.5, 29.8, 25.1, 24.0, 23.9,
21.0, 19.0, 18.4, 17.1, 14.2 ., ESI-MS, ml/Z :
Ca7H3sFN,0,S [M—H] #Hit i 501.23, i {# 501.22,
N-[(2- FF 5 O 356 ) 2 56 i ik ik ) 2 3k W 7 2 &L
BEfE (V1) AEfk, 7% 77.4%, mp. 67.2~
69.2 °C., FTIR (KBr), vicm™: 3279, 2958, 2869, 1724,
1610, 1498, 1460, 1383, 1351, 1228, 1162, HNMR
(400 MHz, CDCl3), 6: 7.42 (dd, J = 11.9. 7.6 Hz, 1H),
7.27~7.21 (m, 1H), 7.15~7.11 (m, 1H), 7.05 (ddd, J =
12.9. 7.7 #1 5.8 Hz, 3H), 6.90 (s, 1H), 6.78 (s, 1H),
3.99 (d, J = 10.6 Hz, 1H), 3.75 (d, J = 10.7 Hz, 1H),
2.83~2.63 (M, 3H), 2.25 (s, 3H), 2.19 (d, J = 12.7 Hz,
1H), 1.67~1.61 (m, 3H), 1.47~1.41 (m, 1H), 1.28 (d,
J=3.4Hz 1H), 1.25 (d, J = 4.0 Hz, 1H), 1.21 (d, J =
4.0 Hz, 1H), 1.18 (d, J = 7.1 Hz, 1H), 1.15 (s, 3H),
1.13 (d, J = 3.2 Hz, 6H), 0.84 (s, 3H). *CNMR
(101 MHz, CDCly), d: 151.4, 146.9, 145.8, 136.5,

134.5, 132.9, 130.1, 126.9, 124.2, 124.0, 123.0, 77.4,
77.1, 76.8, 74.6, 60.5, 43.9, 38.2, 37.3, 37.1, 35.3,
33.5, 31.5, 30.2, 29.9, 29.7, 25.2, 24.0, 23.9, 21.0,

19.0, 18.4, 17.2, 14.2, ESI-MS, m/Z: CgH3sN,0,S
[M=H] B 497.26, MHA{H 497.20,

N-[(4- FF R O 356 ) 2 56 it ok Rk ) 2 i WY 7 2 DL
FEfE (Vm): [, ™% 30.9%, m.p. 85.2~
87.6 °C, FTIR (KBr), vicm™: 3287, 2959, 2869, 1728,
1599, 1498, 1477, 1389, 1361, 1208, 1169, HNMR
(400 MHz, CDCl3), §: 7.21~7.16 (m, 1H), 7.07 (d, J =
8.2 Hz, 1H), 7.00 (s, 3H), 6.91 (d, J = 8.1 Hz, 1H),
6.78 (s, 1H), 3.99 (d, J = 10.7 Hz, 1H), 3.71 (d, J =
10.7 Hz, 1H), 2.80~2.63 (m, 3H), 2.25 (s, 3H), 2.18 (d,
J = 12.8 Hz, 1H), 1.63 (dd, J = 9.1, 4.4 Hz, 2H),
1.57~1.51 (m, 1H), 1.41 (dd, J = 9.0.5.7 Hz, 1H), 1.25
(d, J = 7.0 Hz, 2H), 1.21 (d, J = 3.1 Hz, 1H), 1.18 (s,
1H), 1.14 (s, 3H), 1.13 (s, 3H), 1.12 (s, 3H), 0.83 (s,
3H), CNMR (101 MHz, CDCls), 6: 151.4, 146.9,

145.8, 136.5, 134.5, 132.9, 130.1, 126.9, 124.2, 124.0,
123.0, 77.4, 77.1, 76.8, 74.6, 60.5, 43.9, 38.2, 37.3,
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37.1, 35.3, 33.5, 31.5, 30.2, 29.9, 29.7, 25.2, 24.0,
23.9, 21.0, 19.0, 18.4, 17.2, 14.2, ESI-MS, mlZ:
CagH3sN,0,S [M-H] HHit{H 497.26, i {H 498.00,
N-(R B8 LA T 32k ) 2 35 FH R 25 DA ( Vn):
H @SR, 773 77.2%, m.p. 125.2~127.1 °C, FTIR
(KBr), vicm™: 3288, 2959, 2869, 1728, 1640, 1477,
1437, 1389, 1361, 1208, 1169, *HNMR (400 MHz,
CDCl3),6:7.35(d, J = 23.4 Hz, 2H), 7.20 (s, 1H), 7.11
(d, J = 7.4 Hz, 2H), 7.06 (d, J = 8.2 Hz, 1H), 6.90 (d,
J= 8.1 Hz, 1H), 6.78 (s, 1H), 3.96 (d, J = 10.7 Hz,
1H), 3.73 (d, J = 10.7 Hz, 1H), 2.80~2.59 (m, 3H),
2.18 (d, J = 12.8 Hz, 1H), 1.63~1.59 (m, 2H), 1.57~
1.50 (m, 1H), 1.40 (dd, J = 9.7.5.0 Hz, 1H), 1.32~1.23
(m, 2H), 1.22 (d, J = 3.1 Hz, 1H), 1.18 (s, 1H), 1.14 (s,
3H), 1.13 (s, 3H), 1.11 (s, 3H), 0.82 (s, 3H). *CNMR
(101 MHz, CDCly), &: 151.4, 146.9, 145.8, 135.7,

134.5, 129.5, 126.9, 126.4, 124.2, 124.0, 122.5, 77.4,
77.1, 76.8, 74.7, 44.0, 38.2, 37.3, 37.1, 35.3, 33.5,

29.9, 25.2, 24.0, 23.9, 19.0, 18.4, 17.2, ESI-MS, m/Z:
C27H36N20,S [M—H] i {H 483.26, 1A 483.20,
N-(N',N'- 2R 5 8 R it o ) 2k P i 2 A e
fis (IVo): IREEMMIA, =% 66.5%, m.p. 146.6~
148.9 °C . FTIR (KBr), v/icm™: 3237, 2958, 2930, 1755,
1648, 1492, 1454, 1370, 1242, 1189, 1151, ‘HNMR
(400 MHz, CDCl3), §: 7.55(d, J = 7.3 Hz, 4H), 7.33
(dt, J = 20.6, 6.9 Hz, 6H), 7.19 (d, J = 8.2 Hz, 1H),
7.02 (d, J = 8.1 Hz, 1H), 6.89 (s, 1H), 4.13 (d, J = 10.7
Hz, 1H), 3.87 (d, J = 10.7 Hz, 1H), 2.97~2.76 (m, 3H),
2.30 (d, J = 12.7 Hz, 1H), 1.78 (dd, J = 9.6. 4.9 Hz,
2H), 1.67 (dd, J = 10.4.6.9 Hz, 1H), 1.55 (dd, /= 9.6
5.2 Hz, 1H), 1.42~1.30 (m, 4H), 1.24 (d, J = 1.6 Hz,
6H), 1.23 (s, 3H), 0.95 (s, 3H). *CNMR (101 MHz,
CDCly), J: 150.4, 146.9, 145.8, 140.9, 134.5, 129.5,
128.4, 127.9, 126.9, 124.2, 124.0, 77.4, 77.1, 76.8,
74.6, 44.0, 38.2, 37.3, 37.1, 35.3, 33.5, 30.0, 25.2,
24.0, 239, 19.0, 184, 172, ESI-MS, ml/Z :
Ca3H4oN20,S [M—H] i {i 559.27, A {H 559.20,
N-[(NV'- & F-N'- 25 358 ) 2 St 1 36 ) 2 B W iR 2 &
PAEERE (Vp): AEMRA, % 77.4%, m.p. 67.2~
69.2 °C., FTIR (KBr), vicm™; 3255, 2959, 2950, 1750,
1595, 1494, 1454, 1381, 1226, 1175, 1140, *HNMR
(400 MHz, CDCl3), 6: 7.33(td, /= 5.2, 2.0 Hz, 4H),
7.20 (d, J = 8.2 Hz, 1H), 7.02 (d, J = 8.1 Hz, 1H), 6.90
(s, 1H), 4.16 (d, J = 10.7 Hz, 1H), 4.02~3.91 (m, 2H),
3.85 (d, J = 10.7 Hz, 1H), 2.99~2.80 (m, 3H), 2.33 (d,
J = 12.8 Hz, 1H), 1.81 (dd, J = 10.3. 5.9 Hz, 2H),
1.73~1.67 (m, 1H), 1.58 (dd, J = 11.4, 3.5 Hz, 1H),
1.45 (d, J = 3.0 Hz, 1H), 1.43~1.35 (m, 2H), 1.28 (d,
J= 7.2 Hz, 1H), 1.25 (s, 3H), 1.24 (s, 3H), 1.22 (s,
3H), 1.12 (t, J = 7.2 Hz, 3H), 0.98 (s, 3H). “*CNMR

(101 MHz, CDClgy), J: 151.3, 147.0, 145.8, 138.0,

134.5, 129.7, 129.5, 129.1, 128.5, 126.9, 124.2, 124.0,
774, 77.1, 76.8, 74.3, 49.2, 44.0, 38.3, 37.3, 37.2,
354, 33.5, 29.9, 25.20 24.0, 23.9, 19.1, 18.4, 17.3,

14.5,14.2, ESI-MS, m/Z: CygHaoN,04S [M—H] F it
& 511.27, IMiA(H 511.26,

N-[(N'-F 3E-N'- 28 3 ) G FEfif it 6 | R I H iR 5 |
PEERE (IVg): HEMSAR, 7% 63.9%, m.p. 62.3~
65.8 °C ., FTIR (KBr), vicm™: 3255, 2959, 2950, 1750,
1595, 1494, 1454, 1381, 1226, 1175, 1140, *HNMR
(400 MHz, CDCl3), §: 7.40~7.30 (m, 4H), 7.20 (d, J =
7.2 Hz, 1H), 7.03 (d, J = 8.1 Hz, 1H), 6.91 (s, 1H),
413 (d, J = 9.5 Hz, 1H), 3.84 (d, J = 11.7 Hz, 1H),
3.51 (d, J = 1.6 Hz, 3H), 2.97~2.81 (m, 3H), 2.32 (d,
J=12.7 Hz, 1H), 1.80 (dd, J = 9.1, 4.6 Hz, 2H), 1.69
(d, J = 13.5 Hz, 1H), 1.60~1.54 (m, 1H), 1.44 (d, J =
16.0 Hz, 2H), 1.38 (s, 1H), 1.35 (s, 1H), 1.25 (s, 6H),
1.23 (s, 3H), 0.97 (s, 3H)., *CNMR (101 MHz,
CDCly), J: 151.37, 146.96, 145.78, 140.57, 134.50,
129.42, 129.32, 127.97, 126.89, 126.82, 124.16,
123.95, 118.78, 113.72, 77.39, 77.08, 76.76, 74.45,
44.03, 41.00, 38.26, 37.34, 37.16, 35.36, 33.47, 31.54,
20.94, 25.21, 24.02, 23.99, 19.04, 18.42, 17.24.
ESI-MS, m/Z: CgHasN,0,S [M—H] FHiS(H 497.26,
M (E 497.25,

N-[(4- TP AR BE AR L) S AL R L S/ L T R 2 A
PAEERE (IVr): A&, 7% 59.4%, m.p. 120.6~
122.9 °C, FTIR (KBr), v/cm™: 3255, 2959, 2950,
1750, 1595, 1494, 1454, 1381, 1226, 1175, 1140.
'HNMR (400 MHz, CDCl3), 6: 7.13 (s, 1H), 7.05 (d,
J=9.1Hz, 2H), 6.91 (d, J = 9.5 Hz, 1H), 6.79 (s, 1H),
6.70 (d, J = 12.2 Hz, 2H), 4.01 (d, J = 10.5 Hz, 1H),
3.72 (d, J = 10.8 Hz, 1H), 3.70 (d, J = 3.5 Hz, 3H),
2.80~2.64 (m, 3H), 2.19 (d, J = 12.8 Hz, 1H), 1.65 (s,
2H), 1.58~1.53 (m, 1H), 1.43 (d, J = 7.3 Hz, 1H), 1.38
(d, J = 21.9 Hz, 1H), 1.28 (d, J = 4.5 Hz, 1H), 1.23 (s,
1H), 1.17 (d, J = 7.2 Hz, 1H), 1.14 (s, 3H), 1.12 (s,
6H), 0.84 (s, 3H). **CNMR (101 MHz, CDCl3), 6:
158.5, 151.5, 146.9, 145.8, 134.5, 128.1, 126.9, 125.5,
124.2, 124.0, 114.7, 77.4, 77.1, 76.7, 74.6, 55.5, 43.9,
38.2, 37.33 37.1, 35.3, 33.5, 29.9, 25.2, 24.0, 23.9,
19.0, 18.4, 17.2, 14.2. ESI-MS, m/Z: CygH3sN,05S
[M+Na] "Bl {8 537.25, ik {4 537.24,

N-[(N'- =350 - - 3 ) S L it otk 4 2 iR
ELEMEERE (Vs): HEMSIK, 773 59.4%, m.p.
120.6~122.9 °C, FTIR (KBr), v/cm™. 3255, 2959,
2950, 1750, 1595, 1494, 1454, 1381, 1226, 1175,
1140, *HNMR (400 MHz, CDCl3), &: 7.90 (s, 1H),
7.45 (d, J = 8.5 Hz, 2H), 7.22 (d, J = 8.4 Hz, 2H), 7.06
(d, J = 8.2 Hz, 1H), 6.91 (d, J = 8.1 Hz, 1H), 6.78 (s,
1H), 3.97 (d, J = 10.8 Hz, 1H), 3.68 (d, J = 10.7 Hz,
1H), 2.78~2.69 (m, 2H), 2.65~2.55 (m, 1H), 2.17 (d,
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J =129 Hz, 1H), 1.63~1.57 (m, 2H), 1.53~1.48 (m,
1H), 1.39 (dd, J = 11.3, 3.2 Hz, 1H), 1.25 (s, 1H), 1.21
(d, J = 3.6 Hz, 1H), 1.18 (s, 1H), 1.16 (s, 1H), 1.13 (s,
3H), 1.12 (s, 3H), 1.10 (s, 3H), 0.80 (s, 3H). *CNMR
(101 MHz, CDCly), d: 151.3, 146.8, 145.9, 139.1,

134.4, 128.0, 126.9, 126.8, 126.7, 125.2, 124.2, 124.0,
122.5, 121.0, 77.4, 77.1, 76.7, 74.7, 60.6, 43.8, 38.2,
37.3, 37.1, 35.3, 335, 29.8, 25.2, 24.0, 23.9, 21.0,
18.9, 18.3, 18.2, 17.2, 142, ESI-MS, mlZ :

CagHasF3N20,S [M—H] #if 551.22, (. 551.22,
124 MTT %%

# T-24. HepG 2. MCF-7. MGC-803. Hela il
LO, 6 FhZH itk LA 4L 3000 >4 f:mh 2 96 FLAR
I, B 180 pL, HAREFRF T 37 CHiFE 24
h JEINATEIN 258, W& 6 2y B W B ah
AR RE 3 I, AL 20 pL. FHEXT
8 Ry SR EE (5-FU ), BT R AL A & 1B
# 1% DM SO [ DMEM #5352 5L , il A K5 3240 4k 2 1%
FEAAh M MTT (BT 59/l ), &AL 20 L,
PRSI FR 4 h &0k /NOIRFEFLN B SR P
VW, FLm 150 pL () DMSO, #% 10 min, fifi
45 YT v e, FTEAR(UAE 490 nm KT I e
WCRE (OD ). ARFE T =0T gnpd: Kol %, 7
FH SPSS B AT A 25 M fil e BE (1Cs0 )

~ 0D,
JHAL 100 (1)

125 @i %GR %k

5 T-24 40 i L) A:FL 3000 1~ Y 28 B 1 ) R T 6
L. FEXEFRAA T 37 °CHEE 24 h)E, Hf 3
ASFL I R TR R & 3 FRIE IV (30, 20,
10 pmol/L ) T et B R (3 AR RS 20 1908 A
TR 10%I0L3%5 9 DMEM 353238 ), %540 1AL
R IR AR E R R34 0.1% DMSO 153 fif 3%
FRWAE R S xf B2, ffL 20 uL o AF 3d B —ik
Rigei, ¥ig% 12d )5, KBRIGFRW, HBEERE R
40 g/L 2 R P A MR B E 15 min 5, FEFH4SE g
By 15 min, FFRghisyekl, H PBSIEVE 3
WA B T HRAGRT A T 37 °CT4 30 min,
SRR T Image J B4 Ge it e BT iR
TR IR 1% = T A 20 B A5 2 R A0 L4 X 100 (2)
126 Wi EFHIHER

W T-24 40l BB AN M B, O LASEFL 1x20°
AN A 2 B AP T 6 fLik b, T 37 CHi
24hJ5, H 3AFLNMH RS IR T R 7 3 Fhvk i
IVd (30, 20, 10 pmol/L ) B &EEREFEW, Sk 1
ANFLIE 8% 5 W ol 5 R FRL 4R %L 0.1% DM SO
) 0 15 SRV R S B X B4, BEFL 20 pL ., 4kSE

Wit 48h )5, HAKFRWITH PBSHEUE, Brst
EHE AN, FA Hoechst-33258 YL {1k 78 1
FES, EIREOCHCE 3~5 min, SAJE W4 Hoechst-
33258 YAl PBS WUEFEAY 3 Wk, B 3~
5 min, i Ji B4 PR A 9T A5 5O R R 58 i
BN AR,
1.2.7 ke B =i

¥ T-24 A0 AR A0 Bk, JF LAEEL 1x10°
AANHE Y 2 B K A T 6 LA L, BT CO K55
b, T 37 CHigE 24 hm, Hih 3 FLAmg B
FEW R & 3 FEIVd (30, 20, 10 pmol/L )
MIRTEERT SR, J340 1 AFL HE 35 3R 4ok B
U458 0.1% DM SO F953 e 15 75 W A R S 36 6 HEAH
FRfL 20 UL, AkZE8E5E 48 hm, WoE BRI E
AALXT R Y 10 mL B0 H oS LN ITA 2 mL 4 °C
) PBS BFE Ve AL, SR5 ¥ PBSIE W L4 2 iR
ST RO . FLNFRIA 0.5 mL B2 i
THACAN , T Ak 5 IRl VA 2 A5 LG I ) 5 L R
FHI 5 mL AR5 75%11) 4 °Cok ZFERF 24, T
4 CUKFHVE TARAT 24 h J5 B [ 2 40, 500 L
) PI/RNAseA [ & RNAseA HIHULPIEE (PI) Jufn,
W) (JREME 100 ug/ml ), FERmeiiE g, iRk
5t 30 min, it 300 H i fE A A MG T
1.2.8 mjaA T Lk

¥ T-24 4R T 70 mm AUREIRILA, 340
oA K 22 5 5 L AR Y 80%, B T CO, &5 554k,
T 37°CHEFE 24nh )5, Horb 3SR ol % 3
Rk BEIVd (30, 20, 10 umol/L ) Fr)Hr e 55 35k
FiAh 1A KRR U ok & R FH 3%k 0.1% DM SO 11y
SRS IR E N SR B, AkSERE R 48 h e,
JC EDTA JEERHH AL, o 8 TRl S, &1
BREES FBINA S uL B9 Pl AT S uL AY Annexin
V-FITC (FE4H A Annexin V-FITC), %3 241,
ZE IR B 30 min, Sl A 100 pL % 1xbinding buffer
(W4 4s a2 i ), 3 300 H i 5 il 7 i =X 40 it
A AT IR (% AYE . PLBAYY  Annexin V-FITC
PAYL P T AN AE R RN GL )& DNA &
AT S HIJE DNA A ; G2 )& DNA & i
Ja 1 ).
129 &8GR LIk ipiE ik

¥ T-24 4HHEHERDT 70 mm B3R, R4
KBS 80%, i 4 M EFEmd A
AR EMALA IV (0, 10, 20, 30 umol/L ) X%
FEW, BEREFRIL 20 uL AL PR 48 h, SR 2l
211 e A g o R e = S OO = D
FH B TN 05 B e B e L vk ( SDS-PAGE ) 73 B Jm 4 7%
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R W )% (PVDF) LI L, K E T 2
WEESN 0.05 o/mL WMEAE A=W A 2h J5, A
A& AR EBUR, T 4 CIMBE R, A
IEE 2 h, fea A B RIAGIEA TR I o 1k 51
LA p-NLshE E( -actin WE N S8 0E  JH Image
I A5 BT 25T 1 DK B I 3330 8 11 T A AR R

HREWR

21 MBS L RO

# 1 WHEA Y Na-lVs X T-24, HepG2,
MCF-7. MGC-803 H1 Hela 4 fid it {4 #t fifryed 1 1k
e 25 5

#1 LAY Va-lVs RSNt it

Tablel Antitumor activities of compounds IVa~IVsin vitro

e 1Cso/(umol/L)

T-24 HepG2 MCF-7 MGC-803 Hela LO,
Va 35.38+2.36 >100 47.81+0.53 43.11+4.31 43.67+1.21 74.22+1.93
Vb 46.45+1.19 >100 49.21+1.35 42.76+2.31 47.31+2.13 81.65+1.67
Ve 47.89+0.94 >100 68.41+0.75 45.31+2.78 49.44+1.77 64.87+2.99
vd 14.64+0.46 >100 35.74+0.23 32.16+1.82 21.67+0.86 81.55+1.73
Ve 34.67+0.79 89.31+2.12 42.17+1.63 44.1242.17 43.23+1.21 78.33+2.75
vVf 32.56+1.95 79.32+1.73 39.38+1.43 42.38+3.01 40.02+3.11 64.37+1.73
Vg 35.68+2.37 68.79+3.88 65.09+1.43 49.76+1.03 46.39+3.09 49.33+1.29
Vh 48.58+1.57 68.91+2.19 52.38+1.51 48.33+3.57 47.12+2.33 64.44+2.30
Vi 47.89+2.16 32.77+£1.86 43.92+1.19 47.41+3.31 49.24+1.18 71.22+1.53
IVj 72.46+£2.03 92.34+1.83 74.12+1.33 68.34+1.66 72.34+£1.56 >100
Vk 79.57+3.08 62.33+2.06 53.37+0.73 69.34+2.00 92.14+2.98 >100
I\ 45.88+1.39 43.72+1.14 38.79+0.97 46.11+3.03 48.44+1.12 69.32+1.91
Vm 56.44+2.47 64.36+4.11 42.77+1.02 48.29+2.60 69.34+1.38 88.34+3.03
Vn 60.38+0.93 82.36+3.90 45.77+1.13 62.17+1.19 61.48+2.06 72.91+2.67
Vo 31.56+1.63 61.01+2.67 38.68+0.71 44.39+3.46 42.33+0.67 >100
Vp 76.74+1.39 >100 62.89+0.59 >100 85.37+1.94 >100
Vg 78.91+3.65 89.34+2.67 36.51+1.97 79.31+£1.55 82.42+2.87 83.09+3.45
Vr 33.88+1.32 32.21+0.56 35.89+1.31 41.06+0.99 41.53+1.88 >100
Vs 32.36+1.49 64.98+1.53 37.93+£0.21 42.88+1.32 43.22+1.78 >100
DHA >100 >100 >100 >100 >100 >100
DHO 63.59+0.82 >100 44.98+0.13 >100 >100 80.84+0.27
5-FU 32.89+1.67 43.41+0.88 48.45+2.38 38.49+3.08 49.77+2.03 46.45+1.91

& 1AL, RS HIREEY NVa-lVs
B BT P 8 3 4 A B A fE A 4 ( DHA 5 DHO)
—ERE, Wk S YIEEL T B X B 5-FU,
MOk, ik NVa-Vs % T-24. MCF-7
H1 Hela 30 A8 47 1) 20 i = M & M, X HepG2
Fl MGC-803 4 i s M G M3 55 . LA IVd 2t
AR AL A9 F %+ T-24 . MCF-7 . MGC-803 #1 Hela
20 B e A3 S AL S 1, 1Cso 43 1) K (14.64+0.46)
(35.74%0.23) . (32.16+1.82)#1(21.67+0.86) umol/L,
fEXTIER 00 (LO, ) BEPEHAIK (1Cs=(81.55+1.73)
pumol/L J,

YT T-24 4000, AR EAWHE IR (—F,
—Cl, —Br. —NO,) i}, 2 fipyfiE ML 3. 4
MEBARITE LT, ik S IVa G BT 3. 4
MRV flVe; SrEASY T, BURESE
PRI R H—Br>—CI>—F, k&% Nd. Vf., Vo
Vs JTEPEDL T BHPEXT B XFF MCF-7 #1 Hela

YR, S BARE S A FE R T B XS R, R
W L#EAR—Br B, kAWML, EH—F
ISR 2 . % T HepG2 F MGC-803 4l fits H A 4>
SCA YT BT
22 EREFHEWERST

K1 e AV 1] T-24 401 38 5E 45 51

30 pmol/L

XoF R

10 pmol/L

K1 AP IVd i T-24 400 3G s 45
Fig. 1 Proliferation of T-24 cellsinhibited by compound IVd

20 pmol/L

MIE LR LIE H, FFgefEil 12d )5, amN
d X} T-24 2 A #6819 se B A i BE A A
PR 25 253 BB N g 5 o 5% IRZAAHEE . 10,
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20, 30 pumol/L FIHEL IV d HIREFN 1 40 o A K
TN 5 R R0 3l 18.67% ., 59.17%7F1 77.50%.
2.3 Hoechst-33258 St B 45 R4 47

& 2 k&Y IVd 23 T-24 41 48 h 5 40 i 4
TR AR LS 5 .

30 umol/L

20 pmol/L

K2 Rt IES R
Fig. 2 Morphological change of apoptosis

M 2 Af LIE Y, % BB 2H 40 1 | Hoechst-33258
Y LA RIS, RBIEFNEGOE, &
FILSFUL; IV ZE IR T-24 i 20 i 56 20 %
PR R 2 A e £ S 4 AN AZ R Y X R AR T A
bRk o [R5 259750 i Th i, T4
KAV REWEE S T-24 Mg AR T, JIF
B — 2 A ) O
24 RABBERSW

R A Ao Ak G IV d X T-24 248 5] 18]
R, S5 ULE 3 fEk 2.

MWK 3k 2l LIE L, Z49fEf 48h)5, 5
SHIEZHAH G, 10, 20, 30 umol/L FHE4H Y S W20 it
TR 41.92%5% 5 7H 2 60.72%, G140 1 43
Rl 50.47% A 2 31.52%, G2 AL 7 4y 348
EARK, SREABMAMM (XFRA ) ML, s
YV d 75 S 40 i B Sk BT S

8003 -
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Fig. 3 Effect of compound IVd on cell cycle of T-24 cells

Fe 2 RIS [ FEL S0 B
Table 2 Percentage of cells in different groups and different

cycles
) A AL B R %
IVd # & /(umol/L)
Gl G2 S

0 (XTHEZ) 50.47 7.64 41.92
10 47.62 9.48 42.92
20 31.52 9.50 58.98
30 34.08 5.20 60.72

25 Annexin V-FITC #1 Pl & &R 5

K Annexin V-FITC 1 PI Je (a7 3 2040 A%
R IMAS [] e B2 A IV d AL BE T-24 4SS AR T2 5856,
gERL LI 4 Fng 3,
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MIE 4 Figk 3T RIAE N, EaYIVd DLK K

) e T-24 4UAEE T, XHRE4L L 10, 20,
XTRRZH 10 pmmol/L
Ql Q2 Q1
< 1 6 < 6 L
) x10° £ 0.39 285| & 1x10° £ 0.40
% 1x105 O Bk
< <
E 1x104 ‘ E. 1x10% ¢
£ ix100f sl £ 1x10° |
S Q4 Q| S Q4 T Q3
1x102 _?4.5 . 2.25I 1x102 + 80.9 4.40

1x10% 1x10* 1x10° 1x10¢ 1x107

Comp-FLI-A::Fitc-A Comp-FLI-A::Fitc-A

1x10° 1x10% 1x10° 1x10° 1x107

30 pmol/L i &t 21 () 40 M 98 T % 43 o 5.11%
18.70%. 65.00%7 75.50%.

20 ummol/L 30 ummol/L
Ql Q2 Ql Q
F1.16 38.5| < 1x10°¢7.91 57.6
- 53} a5 i
=9
3 1x10°
<
o 1x10¢
i
D0 oy Q3 § 110 Q4 3
1x102k 31.8 285 | © 1402} 16.5 17.9

1x10° 1x10* 1x10° 1x10° 1x107
Comp-FLI-A::Fitc-A

1x10° 1x10* 1x10° 1x10° 1x107
Comp-FLI-A::Fitc-A

B A R AU X AL e A A8 18 5 QL ACRHUMAR M A AL s Q2 fURBEI A T ARSI AAE s Q3 IURF MM T4 ; Q4 Lk
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K4 Aba®IVd Xt T-24 240006 T 5
Fig. 4 Effect of compound IVd on apoptosis of T-24 cells

# 3 AV BT A RRRS A 40 A
Table 3 Proportion of cells in different states at different
IV d concentrations

NVd ke AREINDEETAFEPRSHMLGI% g0

(umol/L) Q1 Q2 Q3 Q4  HATIEI%
0 (Xffid4H)  0.39 2.85 2.25 94.50 5.11
10 0.40 14.30 4.40 80.90 18.70
20 116 3850 2850  21.80 65.00
30 79.10 57.60 17.90 16.50 75.50

2.6 %S Bax/Bcl-2, Caspase 3. Caspase 9 HJRiX
HEROW
&l 5 FI 4 AR TRVER BERY IV d X T-24 21 i Bax

Bcl-2., Caspase3 Fil Caspase9 35 /K A 540l
Bax

Bcl-2

Caspase3
— w—— - - =

Cleaved-Caspase3

Caspase9

Cleaved-Caspase9
B-Actin

T e S S

0 10 20 30
£ /(umol/L)
K 5 AFEEERMNVD X T-24 40 Bax, Bcl-2, Caspase3
1 Caspase9 % ik /K- ) 7 i
Fig. 5 Effect of compound IVd with different concentrations

on expression level of Bax, Bcl-2, Caspase3 and
Caspase9 in T-24 cells

ME 5 FZk 4 T LIE 1, SR Western blot /1
D7 VERGIN IV d 238 48 h 5 T-24 F A &8 H & A4 B i
Ak, FELR BT, AWV RelE L T-24
ijfirh Bax. Cleaved Caspase3. Cleaved Caspase9
FIF ¥ Bel-2, Caspase3., Caspase9 fJ#RiAKF, F
IV feugiE I N TR LR R TE B 5 S T-24 1909
T-, Bcl-2 KEHE M Caspases ZiE A iES S
TiHESEEDE T-24 A T T2,

K4 ARV TR ARk

Table 4 Relative protein expression at different IVd
concentrations
. XS A RIE A (B-Actin)
HH

O pmol/L 10 pmol/L 20 pmol/L 30 pmol/L
Bax 0.1133 0.1467 0.2987 0.9997
Bcl-2 0.9997 0.6890 0.4050 0.3243
Caspase3 0.9970 0.7346 0.1949 0.1632
Cleaved-Caspase3  0.0576 0.0924 0.1963 1.0649
Caspase9 0.9487 0.1364 0.0562 0.0295
Cleaved-Caspase9  0.1094 0.1575 0.2674 0.8656

3 it

PLZEEMIR M IERE, 25 LiAIH, B 515 3 £ 4
WA, 55 CISO,NCO JFAv Jsz [ I 70 ik Jile K ot 51 A
il iE PR A, A3 3] 19 A4S N-(G L f ok L ) 2 L
iR EEMERRZEEEY (Na-Vs), iiF H
bk & 45 2 FTIR. NMR fil ESI-MS il .

(1) #B4yr B bsb A Yo b 36 P00 T BH 1 24
5-FU, Hrfr N-[(2-1 5L ) Z Fe i ok ] 2 L P R 22 &
WAEERE (IVd) XHEEDERE A fIbE T-24 0940 M eI
P, 1C50=(14.64+0.46) pmol/L .
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