Y@ RP RS oy

522 Journal of China Pharmaceutical University 2014 ,45(5) :522 —528

BRERMEHNBEERMTEYN G R LM EIEERE
MR EEE L KER

ONHBBE2BE 2580 " UE Y 5 G HF % B 72 637007)

W OE ATERREIAHBERE FER ﬁn/\%ﬁmﬂ%éd BEEMP,RHFERT —RAHELSERALH
9 F S FATED AR CERFe TP AR TR RA, 2L ERETHEES ER KA HRF R &35 24 A B 474
My Ao ¢ %%meammmmmomme%ﬁmeA%ﬁH@mImmyamwwgwmﬁa@ﬁﬁmom
RER A2 I8 e B BTG AR, L F Te, b, e A= I d 5 HepG2 F» A549 #9438 7A4F M #5% , 1C,,
2514 2.05 ~9. 16 mol/L #2 3. 48 ~10. 81 mol/L, f£ stk #h b H 3834 T s RS og L £ %

KBIE AL BRI T REEBGHRITE

FESES  R914.5;R965 XHFEEE A XEHRES 1000 -5048(2014)05 — 0522 - 07

doi;10. 11665/j. issn. 1000 —5048. 20140503

Synthesis and antitumor activities of novel coumarin derivatives containing

chalcone moiety

LIU Wenhu' *, CHANG Jinxia’>, ZHANG Jianwu'
" Department of Pharmacy; > Department of Microbiology and Immunology, North Sichuan Medical College, Nanchong 637007, China

Abstract To explore novel coumarin derivatives with more potent antitumor activity, a series of novel compounds
were designed and synthesized by linking chalcone to coumarin’s framework. Starting from acetophenone and 4-
methylbenzaldehyde, the target compounds were prepared through a reaction cascade, including Claisen-Schmidt,
bromination, cyclization and elimination reactions affording twenty-four novel compounds whose structures were
confirmed by ' H NMR and ESI-MS techniques. In vitro antitumor activities of the compounds were evaluated
against HepG2, DU145 and A549 cell lines by the standard MTT assay. The results showed that some of the target
compounds exhibited strong anti-proliferative activities against selected tumor cells. Compounds I ¢, I b, I ¢
and I d showed excellent anti-proliferative activities against HepG2 and A549 cell lines with the ICy, values of
2.05-9. 16 mol/L and 3.48-10. 81 mol/L, respectively. The structure-activity relationship of novel coumarin
derivatives containing chalcone moiety is also discussed.
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2550 TR S S5 H A i 22 W, Shen 257
WECRMAR P REL ) 7RG FRAFINEY
X i IeE 4 bk MCF-7 \HCT-28 1 K562 1 1Cs5, ik F)
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Wi I 1 7 3R - R B A 5 050 4 o g 4
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Scheme 1  Synthetic routes of intermediates 2 and 3

Reagents and conditions: (1)90-100 °C,24 h; (ii) Eaton’s reagent; (iii) CH; COCH, COOC, Hs , H, PO,
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a:R=H;b:R=2-OCH;; ¢: R=3-OCH;;d: R=4 -OCHj ; e: R =3, 4-di-OCHj; ; f: R = 2-CI
g R=3-Cl;h: R=4-Cl;i:R=2,4-di-Cl ; j: R=2-F ; k: R=3-F ;1. R=4-F Ia-I1l

Scheme 2 Synthetic routes of the target compounds Ia-Il and ITa-IIl

Reagents and conditions; (i)4-methyl benzaldehyde , EtOH/H,0,10% KOH,r. t. ; (ii) NBS,CCl, ,AIBN,hv,2 h; (iii) K, CO; ,acetone, reflux,4 h
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sifbeea,
2.2 tFA R
2.2.1 1-BREL3-(4-FEEL)2-FH-1-8A(2a ~21)
we . SRR ], G 2a ~ 21 K& HEUR S
Pl 5 % P R A 2 T/ R 1 2 R 8 o
2.2.2 3-(4-38 F AR ) -1-BR K HL-2-7 i -1-87 (3a ~
3) e ik (D Aea 4 3h A 6))  FRRBERP A
b4 % 2h (0.513 g, 2.0 mmol) 1 NBS (0.463 ¢, 2.6
mmol ) , FEAIAFTZE R CCl, 20 mL, F{HZ 5 T 5 (AIBN)
PE51 &7, BRI 2 h, B H B, R ERE .
SRIG VR TG, 15 O O AR [ (0. 599 g, =R
89.2% ), mp:159 ~161 °C (CHR™®) mp:160 ~162 C)
FIFRIRIRE R 5 2 25 &4 3a ~ 31,
2,23 4-BAFEQ)GHEE  WIER(0.480 g,5.1
mmol ) FIK R (0. 735 ¢,5. 1 mmol ) & F KW L i #4 22
100 °C,#iE$k 3 h, TLC Wil 5, s Bk 25 5% B8 (A &l 7= 4 7
T, 5% A5 IR - 1E O bt T 45 &, AR B B DOIR B IR TR iR
PSR IETE (1) (0.693 g, W% 75.4% ), mp:69 ~71 C
(3CER" mp:70 ~71 C)
Bk A9 1(0.90 g,5 mmol) F1 Eaton i) 15 mL 7£
70 CHEFMF 4 b, A0, A VKK 80 mL, RIAG ULIEHT I,
23 U8 UK LK L T AR T A E 1R (0.629 g, Ik
#77.6% ), mp:207 ~209 °C (CE mp:209 ~211 C) .
2.2.4 3-WET-HZEF2F3)HE& AR INA
2% — M (0.551 g,5 mmol) , Lt Z MR L BE(1.17 g,
6. 5 mmol) FIHEAL & 11 B R , 28 18 43 1 T 38 W I 4 s v &
110 °C, AkEeBidE N 1 h, SR Z5 3, ¥ 51 2 20, 2818 K
VRV R BRI AL ), g A5 = . R A 50%
BTSSR O AR ES WK (0.733 ¢, I3 83.2% ) .
mp:189 ~ 191 °C (3C#R™ mp:190 ~192 C) .
2.2.5 4-[4-(3-BRB-BAREE-1-AHL)FAL]-F 5
FirAm( la~ 1) 94 m 7k (iLddh 1a A 6) =
BESCHR[ 12 ], AR 26T TRV ER 10 mL () 25 mL [ Be R
H AL G 3a(0. 602 g,2 mmol ) \4-HIE-7-52 54 R
(0.324 ¢,2 mmol ) FITC/KHRIERHH (0. 166 g,1.2 mmol) , T4
S BERE RN 4 h, TCL W 58 52 1% 5858, il , W78
BRIAFE A ML o L R A € 3 40 18 ( — 5 H -
Fi,30: 1), 459R A E {4 1a(0.30 g, 14 39.2% ) ,
FIRRIRE R 7 il B AL A& 4 Th ~ 11,
4-[4-(3-BR3-KE-1-mH L) FAREA-F2H (e
k) ERER0.30 g, UEE :39. 2% ;mp: 183 ~ 185 °C ;ESI-
MS (m/z):383.4[M+H]*;'H NMR §:4.93(2H,s,CH, ),
5.65(1H,s,3-H),7.17 ~7.22(2H, m, Ph-H) ,7.27 ~7.32
(2H,m,6-H,8-H),7.34 ~7.38 (1H,d,J =8.5 Hz,CH),
7.42 ~7.48 (2H, m, Ph-H),7.53 ~7.59 (2H, m, Ph-H) ,
7.63~7.69(1H,m,7-H) ,7.71 ~7.75(1H,m,5-H) ,7. 77 ~

7.82(1H, m,Ph-H) ,7.83 ~7.90 (2H, m, Ph-H) ,8.03 ~
8.07(1H,d,J=8.5 Hz,CH) ,
4-[4-(3-AAK-3-(2-F A M) FAE-1-R L) FRA]-
A2 E (LS Ib) T EEK0.29 g, 1% :35. 3% ;mp:
211 ~213 °C;ESI-MS (m/z) :413. 1[M + H]* 435.5[ M +
Na]*;'H NMR §:3.87 (3H,s,CH,),4.92(2H,s,CH, ),
5.54(1H,s,3-H),7.02 ~7. 18 (1H,m, Ph-H) ,7.20 ~7.26
(2H,m,Ph-H) ,7.28 ~7.34(2H,m,6-H,8-H) ,7.39 ~7.43
(1H,d,J =8.3 Hz,CH) ,7.46 ~7.52(2H,m,Ph-H) ,7. 54 ~
7.58(2H,m,Ph-H) ,7.62 ~7.67(1H, m,7-H) ,7.75 ~7. 80
(1H,m,5-H),7.89 ~7.93(1H,d,J =8.3 Hz,CH) ,8.05 ~
8.10(1H,d,J =2.1 Hz,Ph-H) ,
4-[4-(3-AAK-3-(3-F A M) FAE-1-RM L) FRA]-
HaFk (st Ie) HEAEKO 31 g, 1237 1% ;mp:
208 ~210 °C ;ESI-MS (m/z) :413. 1[M +H] " ,435.5[ M +
Na]*;'H NMR §:3.81(3H,s,0CH3) ,4.93(2H,s,CH, ),
5.65(1H,s,3-H),7.17 ~7.21 (2H, m,Ph-H) ,7.24 ~7.28
(1H,m,Ph-H) ,7.29 ~7.34(2H,m,6-H,8-H) ,7.37 ~7. 41
(1H,d,J =8.1 Hz,CH),7.43(1H,s,Ph-H) ,7.44 ~7.49
(1H,m, Ph-H) ,7.53 ~7.59 (2H, m, Ph-H) , 7. 63 ~ 7.69
(2H,m,Ph-H,7-H) ,7.75 ~7.79(1H,m,5-H) ,7. 88 ~7.92
(1H,d,J=8.2 Hz,Ph-H) ,
4-[4-(3-BAK-3-(4-F 8k ) K IE-1-m b k) FRAE]-
HaE(bsId) HEREEK0.26 ¢, IF:31.5% ;mp:
224 ~226 °C;ESI-MS (m/z):413. 1[M +H]* ,435.5[ M +
Na]*;'"H NMR §.3.84 (3H,s,0CH,) ,4.94(2H,s,CH, ),
5.72(1H,s,3-H) ,7.06 ~7. 10 (2H, m,Ph-H) ,7.19 ~7.23
(2H,m,Ph-H) ,7.27 ~7.33(2H,m,6-H,8-H) ,7. 56 ~7. 62
(3H,m,Ph-H,7-H) ,7.65 ~7.69 (1H,d, J =8.5 Hz,CH) ,
7.74 ~7.79(1H,m,5-H) ,7.99 ~8.03(1H,d, J = 8.4 Hz,
Ph-H),8.06 ~8. 12(2H,m,Ph-H) ,
4-[4-(3-8AK-3-(3,4-=F A FAE-1-mIH L) F A
A-FaFk (et Te) HEAREIKO.26 g, 10%:29.3% ;
mp >250 C ;ESI-MS (m/z) :443.2[ M + H]* ,465.5[ M +
Na]*;'H NMR §:3.85(6H,s,2 x OCH, ),4.92 (2H, s,
CH,),5.58 (1H,s,3-H),7.09 ~ 7.15 (1H, m, Ph-H) ,
7.16 ~7.21(2H,m,Ph-H) ,7.24 ~7.31(3H,m, Ph-H,6-H,
8-H),7.35 ~7.39 (1H,d, J =8.4 Hz, CH) ,7.43 ~7.49
(2H,m,Ph-H) ,7.54 ~7.60(1H,m,7-H) ,7. 68 ~7.74(2H,
m,Ph-H,5-H) ,7.97 ~8.01(1H,d,J =8.4 Hz,CH) ,
4-[4-(3-8RB-(2-2) FA-1-RH ) FAA|-F 24
(eeHIf)  FERE A 0.33 g, I#:39. 6% ;mp >250 C;
ESI-MS (m/z):417.9 [M + H]*,439.8 [M + Na]"*;
'"H NMR §:4.92 (2H,s,CH,),5.70 (1H,s,3-H) ,7.17 ~
7.24(2H,m,Ph-H) ,7.25 ~7.32(2H,m,6-H,8-H) ,7. 35 ~
7.39(1H,d,J =7.9 Hz,CH),7.43 ~7.49(2H, m, Ph-H) ,
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7.53~7.59(2H, m, Ph-H,7-H) ,7.63 ~7.68 (2H, m, Ph-
H),7.74 ~7.79(1H,m,Ph-H) ,7.82 ~7.87(1H,m,5-H) ,
7.92~7.96(1H,d,J=7.9 Hz,CH) ,
4-[4-(3-BAR3-(3-2) K- 1-ABK) FAK]-F 5
F (b Ig)  FAEFEKO0.29 g, % :35. 3% ;mp:230 ~
232 °C;ESI-MS (m/z) :417.9[M +H]* ,439.8[M + Na]*;
"H NMR 6:4.94 (2H,s,CH,),5.73 (1H,s,3-H) ,7.19 ~
7.23(2H,m,Ph-H) ,7.27 ~7.34(2H,m,6-H,8-H) ,7. 49 ~
7.54 (1H, m, Ph-H), 7.55 ~ 7.62 (3H, m, Ph-H, 7-H) ,
7.65~7.69(1H,d,J =8.3 Hz,CH),7.73 ~7.78 (2H, m,
Ph-H),7.81 ~7.86 (1H, m,5-H),7.89 (1H, s, Ph-H) ,
7.98 ~8.02(1H,d,J=8.2 Hz,CH),
4-[4-(3-AM-3-(4-8) R A-1-AHER) FRA]-F 2
F(fesd Th)  FAREK0.38 g, Ii%:33.8% ; mp >
250 °C ;ESI-MS (m/z) :417.9[M +H] * ,439.8[ M + Na] *;
"H NMR §:4.93 (2H, s, CH,),5.66 (1H,s,3-H) ,7.16 ~
7.22(2H,m,Ph-H) ,7.29 ~7.36(2H,m,6-H,8-H) ,7. 39 ~
7.43(1H,d,J =8.4 Hz,CH),7.47 ~7.54(4H,m,Ph-H) ,
7.57~7.63(1H,m,7-H) ,7.70 ~7.75(1H,m,5-H) ,7.79 ~
7.84(2H,m,Ph-H) ,7.90 ~9.94(1H,d,J =8.3 Hz,CH) ,
4-[4-(3-BAR-3-(2,4-=R0) FAE-1-AME) FAE]-
HFaE(SY L) HEEEK0.29 g, 1% .32.7% ;mp >
250 °C ;ESI-MS (m/z) :452.3[M+H]* ,474.3[ M+ Na] *;
"H NMR §:4.93 (2H, s, CH,),5.69 (s, 1H,3-H) ,7.16 ~
7.21(2H,m,Ph-H) ,7.27 ~7.33(2H,m,6-H,8-H) ,7. 36 ~
7.40(1H,d,J=8.1 Hz,CH),7.42 ~7.47(1H,m,Ph-H) ,
7.50 ~7.55 (2H, m, Ph-H) ,7.59 ~ 7.63 (1H, m, 7-H) ,
7.68~7.74 (2H, m, Ph-H) ,7.78 ~7.83 (1H, m,5-H) ,
7.91~9.95(1H,d,J=8.0 Hz,CH) ,
4-[4-(3-AMK-3-(2-8) FA-1-RAHER) FRA]-F 2
F(EM 1)) HOEO. 28 g, i3 :35. 6% ;mp:192 ~
194 °C ;ESI-MS (m/z) :401.4[M+H] " ,423.6[ M + Na] *;
"H NMR §:4.94 (2H,s,CH,),5.73 (1H,s,3-H) ,7. 16 ~
7.22(2H,m,Ph-H) ,7.25 ~7.32(2H,m,6-H,8-H) ,7. 34 ~
7.39(2H, m, Ph-H) ,7.48 ~7.53 (1H, m, Ph-H) ,7.56 ~
7.63(3H,m, Ph-H,7-H) ,7.66 ~7.70 (1H,d, J = 8.3 Hz,
CH),7.75 ~7.80(1H,m,5-H) ,7.82 ~7.87(1H,m,Ph-H) ,
7.99 ~8.04(1H,d,J=8.1 Hz,CH) ,
4-[4-(3-BR3-(3-8) FA-1-AMHK) FRA]-F 2%
(fesdh 1k)  EEEK0.34 g, I#:42. 1% ;mp:201 ~
203 °C;ESI-MS (m/z) :401.4[M +H]* ,423.6[ M +Na] *;
"H NMR §:4.93 (2H, s, CH,),5.72 (1H,s,3-H) ,7.19 ~
7.24(2H,m,Ph-H) ,7.28 ~7.34(2H,m,6-H,8-H) ,7.37 ~
7.42(1H,m,Ph-H) ,7.45 ~7.52(2H,m,Ph-H) ,7.55(1H,
s,Ph-H) ,7.56 ~7.63(3H,m,Ph-H,7-H) ,7. 66 ~7. 70( 1H,
d,J=7.9 Hz,CH),7.74 ~7.80(1H,m,5-H) ,7.97 ~8.01

(1H,d,J =8.0 Hz,CH) ,
4-[4-(3-BR3-(4-FOFA-1-AB X)) FAK]-F 2
(s 1) AEEE.31 g, 139, 1% ;mp:217 ~
219 °C;ESI-MS (m/z) :401.4[M +H]* 423.6[ M +Na] *;
"H NMR §:4.93 (2H, s, CH,),5.62 (1H,s,3-H) ,7.15 ~
7.20(2H,m,Ph-H),7.27 ~7.33(2H,m,6-H,8-H) ,7. 36 ~
7.40(1H,d,J =8.5 Hz,CH),7.45 ~7.52(2H, m, Ph-H) ,
7.55~7.61(3H,m,Ph-H,7-H) ,7.72 ~7.78(1H,m,5-H) ,
7.79 ~7.84(2H,m,Ph-H),7.92 ~9.96 (1H,d,J =8.4 Hz,
CH).
2.2.7 4-FRKT-{[4-(3-BAR3-BARK-1-m 5 K) F A
A -FaEsrdm(Ta ~ ) & 8 F k(s Hmla
1)

SIRSCHR 12 ]34, AL 2EH THNER 10 mL /) 25 mL
B e ke, InAAL G4 3a(0. 753 g,2. 5 mmol ) (4-H1JE-7-
FRIEAEEK(0.436 g,2.5 mmol ) FITL/K i ER #1 (0. 207 g,
1.5 mmol) , TR T HFEE G 4 h, TCL Y % Jx
N SEEE TG, W ZE R VA A S A5 SR R . ML SRR
FE 557 B ( & be-F B2 ,40: 1), 153% ({4 [ {4 la
(0.33 g,33.6% ) o

I R RE 1 s 45 4454 b ~ T,

4-9 KT [4-(B-BMRB-FA-1-RFH) FARL] | -F
2E(es i lla)  HEREK0.33 g, % .33.6% ;mp:
196 ~ 198 °C ;ESI-MS (m/z):397.4[ M + H] *;'H NMR &:
2.45(3H,s,CH,),5.13(2H,s, CH,),6.05(1H,s,3-H),
6.91(1H,s,8-H),6.94 ~6.98 (m,1H,6-H),7.22 ~7.26
(2H,m,Ph-H) ,7.27 ~7.30(1H,d,J =8.4 Hz,CH) ,7. 46 ~
7.53(3H, m, Ph-H) ,7.53 ~7.57 (2H, m, Ph-H) ,7.61 ~
7.64(1H,m,5-H),7.65 ~7.69(1H,d,J = 8.4 Hz,CH),
7.73 ~7.79(2H,m,Ph-H) .

49 KT-1 [4-(3-RAR-3-(2-F 848 ) XA 1-R B A)
FEL]-F2E(LAHIb)  [EEK .34 g, %,
32.3% ;mp:227 ~229 C;ESI-MS (m/z) :427.5[ M +H] ",
449.4[ M+ Na]*;'H NMR 8:2.45(3H,s,CH,),3.93(3H,
s,0CH,),5.15(2H,s,CH,),6.07 (1H,s,3-H) ,6.91 (1H,
s,8-H),6.93 ~6.97 (1H,m,6-H) ,7. 16 ~7.20 (1H, m, Ph-
H),7.22~7.24(1H,d,J =8.3 Hz,CH),7.26 ~7.31(2H,
m,Ph-H),7.47 ~7.53(2H,m,Ph-H) ,7.57 ~7.62(2H ,m,
Ph-H),7.64 ~7.67(1H,m,5-H) ,7.75 ~7.78 (1H,d, J =
8.3 Hz,CH),8.09 ~8. 14(1H,m,Ph-H) ,

4-F 5-7-1 [4-(3-AAK-3-(3-F &) FXA-1-R B A)
FRAV-FaiE (s le) HAEKO.33 ¢, k.
31.5% ;mp:216 ~218 C ;ESI-MS (m/z):427.5[M +H] ",
449.4 [M+ Nal*;'H NMR §:2.42(3H,s,CH,),3.81(3H,
s,0CH,),5.12(2H,s,CH,),6.05(s,1H,3-H),6.90( 1H,s,
8-H),6.91 ~6.95(1H,m,6-H),7.15 ~7.21 (1H,m, Ph-H) ,
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7.27~7.30(1H,d,J =8.3 Hz,CH),7.22 ~7.26(2H,m, Ph-
H),7.37(1H,s,Ph-H),7.43 ~7.49 (1H, m, Ph-H) ,7.54 ~
7.59(2H, m, Ph-H) ,7.61 ~7.65(1H,m,5-H) ,7.73 ~7.75
(1H,d,J=8.3 Hz,CH),7.79 ~7.83(1H,m,Ph-H) ,

4-F 5-7-1 [4-(3-AAR-3-(4-F /L) FAE-1-m ML)
FREA-Fat(esHmId) HEEKO.36 g, .
34.0% ;mp:238 ~240 °C ;ESI-MS (m/z) :427.5[M +H] ",
449.4[M + Na]*;'H NMR §:2.44(3H,s,CH,) ,3. 84(3H,
s,0CH,),5.13(2H,s,CH,) ,6.07 (1H,s,3-H) ,6.91 (1H,
s,8-H) ,6.93 ~6.98 (1H, m,6-H) ,7.08 ~7. 14 (2H, m, Ph-
H),7.25~7.28(1H,d,J =8.1 Hz,CH) ,7.24 ~7.29(2H,
m,Ph-H) ,7.57 ~7.63 (2H, m,Ph-H) ,7.64 ~7.68 (1H,m,
5-H),7.75~7.79(1H,d,J =8.3 Hz,CH) ,8. 11 ~8.16(m,
2H,Ph-H) ,

4- K-7-1 [4-(3-AR3-(3,4-=F &) K Ah-1-A M
B)FRE]-A2F (bt le) HEREKO.34 g,k
#%.29. 4% ;mp >250 °C;ESI-MS (m/z) :456.2[M + H] ",
479.5 [M + Na]*;'H NMR §:2.42 (3H,s, CH,), 3. 88
(6H,s,2 x OCH,),5.15(2H,s,CH,) ,6.06 (1H,s,3-H) ,
6.93(1H,s,8-H),6.95 ~7.02 (1H, m,6-H) ,7.12 ~ 7. 17
(1H,m,Ph-H),7.23 ~7.27(1H,d,J =8.0 Hz,CH) ,7.29 ~
7.33(2H,m,Ph-H) ,3.37 (1H,s,Ph-H) ,7.55 ~7.61 (2H,
m,Ph-H),7.65 ~7.69 (1H,m,5-H) ,7.74 ~7.78 (1H,d,
J=8.1Hz,CH),7.81 ~7.85(1H,m,Ph-H) ,

4-9 K -7-{ [4-(3-2AK-3-(2-8) R A&-1-A i &) F &
Alt-Fad (s y af) [ EEEK 0.37 g, ik,
34.1% ;mp > 250 °C; ESI-MS (m/z):431.9[M + H] "
"H NMR §:2.43(3H,s,CH,) ,5. 12(2H,s,CH, ) ,6.03(1H,s,
3-H),6.89(1H,s,8-H),6.94 ~6.99 (1H, m,6-H) ,7.23 ~
7.27(2H,m,Ph-H) ,7.29 ~7.32(1H,d,J =8.3 Hz,CH),
7.42~7.47(2H, m, Ph-H),7.57 ~7.61 (2H, m, Ph-H) ,
7.64 ~7.68(2H,m,Ph-H,5-H) ,7.73 ~7.76 (1H,d,J =8.2
Hz,CH),7.81 ~7.86(1H,m,Ph-H) ,

4- K -T-1 [4-(3-AAR3-(3-R) & A-1-A M &) F &
All-Aafx (ey Ug) HEREIKO35 g k.
32.7% ;mp:241 ~243 °C ;ESI-MS (m/z) :431.9[M +H] *;
"H NMR §:2.42(3H,s,CH, ) ,5. 13(2H,s,CH, ) ,6. 04 (1H,s,
3-H,),6.90(1H,s,8-H) ,6.93 ~6.99 (1H, m,6-H) ,7.24 ~
7.29(2H,m,Ph-H) ,7.30 ~7.33 (1H,d,J =8.0 Hz,CH) ,
7.52 ~7.59(3H,m,Ph-H) ,7.66 ~7.71 (3H,m, Ph-H,5-H) ,
7.74 ~7.77(1H,d,J =8.1 Hz,CH) ,7.86(s,1H,Ph-H) ,

4- K -7-1 [4-(3-AAR3-(4-8) R A-1-A &) F &
All-F2 & (s Th) 16K O0.34 g, k.
32.2% ;mp > 250 °C; ESI-MS (m/z):431.9 [M + H] "
"H NMR 6:2.43 (3 H,s,CH,),5.11 (2H, s, CH, ), 6.07
(1H,s,3-H) ,6.88(1H,s,8-H) ,6.93 ~6.99 (1H,m,6-H) ,

7.21 ~7.25(2H,m,Ph-H),7.29 ~7.32(1H,d,J =8.4 Hz,
CH),7.47 ~7.53 (2H,m, Ph-H),7.55 ~ 7. 61 (2H, m, Ph-
H),7.63 ~7.68 (1H,m,5-H),7.70 ~7.73 (1H,d, ] =8.3
Hz,CH),7.85 ~7.91(2H,m,Ph-H) ,

4-1 R T-1[4-(3-AAR3-(2,4-= 1) K A-1-A &)
FRA]-Faf(eas i) HEEIRKO 41 g k.
34.9% ;mp > 250 °C; ESI-MS (m/z):466.3[M + H]";
'"H NMR §:2.45(3H,s,CH, ) ,5. 13(2H,s,CH, ) ,6.05(1H,s,
3-H),6.90(1H,s,8-H) ,6.95 ~6.99 (1H, m,6-H),7.22 ~
7.28(2H,m,Ph-H),7.30 ~7.34(1H,d,J =8.3 Hz,CH),
7.47 ~7.52 (1H, m, Ph-H),7.55 ~ 7.61 (3H, m, Ph-H) ,
7.63 ~7.68(1H,m,5-H;),7.70 ~7.73(1H,d,J =8.3 Hz,
CH),7.76(1H,s,Ph-H) .

4-T 71 [4-(3-AR3-(2-R) R E-1-A K &) F A
Ali-Aaf (s Uj)  HERERKO3L g xR,
30. 1% ;mp:199 ~201 °C;ESI-MS (m/z) :415.4[ M+ H] "5
'"H NMR §:2.42(3H,s,CH, ) ,5. 12(2H,s,CH, ) ,6.05(1H,s,
3-H),6.91(1H,s,8-H) ,6.94 ~6.99 (1H,m,6-H),7.23 ~
7.27(2H,m,Ph-H),7.29 ~7.32(1H,d,J =8.1 Hz,CH),
7.34 ~7.40 (2H, m, Ph-H) ,7.55 ~ 7.61 (2H, m, Ph-H) ,
7.64 ~7.68(2H,m,Ph-H,5-H) ,7.73 ~7.76 (1H,d, ] = 8.2
Hz,CH),7.92 ~7.97(1H,m,Ph-H) .

4 71 [4-(3- A R3-(3-R) R &-1-A i k) F &
AlI-FaE(eshk)  HEE0.34 g IHK.32.5%;
mp:210 ~212 C;ESI-MS (m/z) :415.4[M + H] " ;' H NMR
§:2.44(3H,s,CH,),5. 16 (2H,s,CH,) ,6.04 (1H,s,3-H) ,
6.88(1H,s,8-H),6.97 ~7.03 (1H, m,6-H),7.19 ~7.23
(2H,m,Ph-H),7.27 ~7.30(1H,d,J =8.2 Hz,CH) ,7.35 ~
7.46(2H,m,Ph-H),7.52 (1H,s,Ph-H) ,7.55 ~ 7. 63 (3H,
m,Ph-H),7.67 ~7.72(1H,m,5-H),7.76 ~7.79 (1H,d,
J=8.2 Hz,CH) ,

4- &-T-{ [4-(3-AR3-(4-R) R &-1-7 5 &) F R
EI-FaE (esm I HEEK0.34 g, i,
31.7% ;mp:215 ~217 “C;ESI-MS (m/z) :415.4[ M+ H] "5
'"H NMR §:2.43(3H,s,CH, ) ,5. 13(2H,s,CH, ) ,6.06( 1H,s,
3-H),6.89(s, 1H,8-H),6.93 ~6.99 (1H, m,6-H),7.24 ~
7.30(2H,m, Ph-H),7.33 ~7.36 (1H,d,J = 8.3 Hz, CH),
7.41 ~7.46 (2H, m, Ph-H),7.56 ~7.62 (2H, m, Ph-H) ,
7.64 ~7.68(1H,m,5-H),7.73 ~7.77(1H,d, ] = 8.3 Hz,
CH),7.83 ~7.89(2H,m,Ph-H)

3 EENE
ZMSCIK[ 13 ], R MTT 3E3E4 7L & XS
NI HepG2 | Fir 81 B 21 i DU14S Lz Jii I

2N ASA9 1 FE I 0 5 35 1, ARG e ( CTXO)
A 52 AR D P B S g a5 R WAk 1.
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PEIMEIVET, e b W0 AS49 F1 HepG2 it
AN T35 i 5 T PH R X IR R AN AR
X AS49 241 it B 4 A B i AL S 4 b Te,
ICs, H7(3.48 +1.09) pmol/L, k4% Ic, b 1 1d
2/ B B B BT A, 1G5, 23 531 9 (10. 81 =
1.67),(6.16 +1.33) FI(5.05 = 1. 32) wmol/L; ffij
X HepG2 21 /it B 39 i 41 FH 5z 5k ) 1 45 4 0 1A,

Table 1

1Cs 4 (2.05 +£1.07) pmol/L; fL 44 1c. b il Ic
W EHA B Wb 58 AE T, 1G5, 43 0 8 (6. 31 +
1.29) .(9.16 +1.52) Fl(3. 12 £0. 96 ) pmol/L, 52
B 50T 280 HARAL A Wy DULAS 240 47038 4l
TEFIA B3, Brib 59 e 1) 1C5, (9.56 £1.32)
pmol/L 5 CTX (10. 63 = 1.29) pmol/L A1 %44}, £
HALA Y 105, KT 30 wmol/L, I 7 th 55 B 4t /i
SRAHA T AR

Inhibitory activities of the coumarin derivatives containing chalcone moiety against human tumor cell lines

1C5y/ ( wmol/L) 1C5y/ ( wmol/L)
Compd. Compd.
HepG2 DU145 A549 HepG2 DU145 A549

Ia >30 >30 >30 Ila 27.33 £3.12 >30 19.52 £2.04
Ib 14.16 £1.79 >30 16.16 +1.99 b 9.16 £1.52 >30 6.16 +1.33
Ic 6.31 +£1.29 >30 10. 81 = 1. 67 Ilc 3.12£0.96 23.57 +1.94 3.48 £1.09
Id 18.17 +2. 14 >30 12.05 +1.82 Id 2.05+1.07 18.29 £1.91 5.05+1.32
Ie 22.05+1.72 27.47 £2.06 25.28 +1.05 Ile 14.99 +0. 63 9.56 +1.32 16.38 1. 67
If 27.92 £2.59 >30 25.41 +2.37 f 12.51 +1.23 >30 14.84 +1.23
Ig 22.33 £2.27 >30 23.74 +£2.16 Iig 14.63 +1.94 21.17 £2.54 11.51 £1.03
Th 24.72 £2. 11 >30 21.06 +2.33 ITh 17.51 1. 21 16.37 +1.23 12.51 +1.51
Ii >30 >30 >30 Il 29.07 £3.22 >30 20.51 2. 19
Ij >30 >30 >30 Ij 18.92 +2.74 >30 >30

Ik 27.83 £2.57 >30 >30 Ik 21.58 +2.36 27.55+2.43 13.17 £1.62
11 29.70 £2.91 >30 24.47 £2.51 m 23.92 £2.37 >30 12.59 +1.54
CTX 14.57 £1.83 10.63 +1.29 >30

Coumarin >30 >30 >30

Chalcone >30 >30 >30
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