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Synthesis and preliminary anti-tumor activity of novel ursolic acid derivative-

chalcone conjugates

PEI Ting'*, WANG Yuying’

! Department of Medicine, the Central Hospital of Wuhan, Tongji Medical College Huazhong University of Science & Technology,
Wuhan, 430014; > Maternal and Child Health Care F. amily Planning Service Center of Xiaonan, Xiaogan, 432000, China

Abstract Ten novel conjugates with ursolic acid core and different chalcone ligands were synthesized via esteri-
fication using the natural ursolic acid as starting material. The structures of these conjugates were confirmed by
'"H NMR, "C NMR and HRMS. The preliminary biological results showed that these compounds displayed signifi-
cant antiproliferative effect on CNE2, KB, MCF-7, A549 and HepG2 cells. These compounds were more effective
than ursolic acid and tamoxifen against MCF-7 cells. Especifically, compound 11e (1Cs, =4.7 pmol/L) showed
the greatest potency against MCF-7, which was about 3-times more potent than tamosifen (ICy, =15.2 pmol/L).
Additionally, all conjugates were nontoxic to health MCF-10A and VERO cells, and had higher security than
tamoxifen.

Key words ursolic acid derivative-chalcone conjugates; synthesis; anti-tumor activity
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Figure 1 Structures of ursolic acid( UA) and chalcone
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Scheme 1  Synthetic route of ursolic acid derivatives 1-10
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CPBA) Kb 59 7 F1 8 1y C11 3 BUEHE S8 1k Al
B S8 T HEEMREER PR 10, 55—
T, DA P2 BE 8 & Rl 75 T Oy I, ok 28 B 1Y
Claisen-Schmidt ¥2EE4H A KA B8 T #2554 -1
Cha 1 ~7(}&%2). )5, RERMRATEYTE 4-—
24 H LN IE ( DMAP) 1 36 & i — W f% (DCC)
PIVEA N SEHEZE 51528 T Hisfb 549 11a ~
11e fi1 12a ~12e,

NH,OH « HCI
R ——

pyridine

MeOH
H,SO,




55 48 55 1 1] b, A TR R R RATT AR5 A AR S WD) B S AR I P A A 33

2 SLISESH

2.1 BB EARA

BrukerAM-400 Hz % #% % 3§ 1 ( TMS 1
7 ) ; ELx800 38 F fff 47 1 ( 35 & Bio-Tek A ] ) .
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Scheme 2 Synthetic route of chalcone derivatives Cha 1-5

Series |
NC DMAP, DCC
Cha 1-5
Series I1 H

MeO
Cha 1-5

1

2.2 ARIAH

3-BAAERER (1) 694 K RER R (10. 001
2,21. 9 mmol ) AL VU S WM (40 mL) B/ 1,0 C
T 1w S IR 9 1 TR o I Y B0 R (10
mL) , F0 CRARZL N 1 h, J8HE R L3715k BB 1)
M= W &E (100 mL) % fi# , 71 A1 NaCl %5 7 (30
mL) YE¥% , G HLZ I JC7K Na,SO, T8, I B L%
R, A ksl (A k- R R, 1 1) 1533
ALY 1 9.751 g, F2R 97.9% ,mp: 173 ~
175 °C ( CHkAE "™ . 172 °C) ;'"H NMR (400 MHz,
CDCl;) 8:5.40(1H,s,H-12),2.99(1H,dd,J =4.0

DMAP, DCC MeO

E=99% ) 5 GF o, 1 B JZ AL, 200 ~ 300 H A
@3 L (T B W TEAL ) ) 5 K O 28 1 K
DMEM $5 373 i F ML B Hyclone 24 7] 5 £ M
e CNE2 40 | 1 3R B AR KB 20 7L B
MCF-7 Jifi it Je8 AS49 26 fitd F1 AT HepG2 21 Jid
W B DL 2 40 R o, A S B R AT

i .
0
/
5 mol/L KOH O O
MeOH HO R R
Chal H
Cha2 OMe
Cha3 F
%
5 mol/L KOH = p
X
MeOH
HO "
Cha4 O
Cha 5 NH

NC

0 Ifl 12a-12e¢
OM F
/@ /O C/O/ /ﬂ /Q
Ar= O H
a b c d e

Scheme 3  Synthetic route of quinoxaline ursolic acid-chalcone conjugates 11-12

Hz,J' =13.6 Hz, H-18),1.26 (3H,s, CH,) 1.16
(3H,s, CH,), 1.10 (3H, s, CH, ), 1.05 (3H, s,
CH,),0.94(3H,s,CH,),0.92(3H,s,CH,),0. 86
(3H,s,CH;),

3-BARRRB T E (2) #96 m  F 3-FREEAE
HER 1(3.591 ¢,7.9 mmol) . KOH (0.442 g,7.9
mmol ) FlI CH,I(1.150 g,8. 1 mmol ) {&K ¥ i A 2|4
ARG (35 mL) vy, SR 5 B AR Z8 AR 2 (8
JNE 3 B S NS B 2 N, 1L U DR BR
N, A EaEsifb (AEE-C R O, 1 D) FE 6
WARY 2 3.517 ¢, 723 95.0% ,' H NMR (400 MHz,
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CDCl,) 8:5.41(1H,s,H-12) ,3.74(3H,s,-OMe) ,
2.98(1H,dd,J=3.6 Hz,J' =13.6 Hz,H-18) ,1.24
(3H,s, CH,),1.19 (3H, s, CH,), 1.15 (6H, s,
2 CH,),1.03 (3H,s,CH,),1.00 (3H,s, CH;),
0.88(3H,s,CH,) .

3-ZMBRAARR(3) WA fF 3-BRAEEAE
fig 1(2.364 g,5.2 mmol ) F1EL R ¥ % (0.792 ¢,
11. 4 mmol ) A FMERE (25 mL) Hr, SR 5 44 22 [m]
Wi, RNE 6 KON VR Ve A B A R S A KoK
150 mL v, TR ERER A 5T pH 2 3, B i 1% 2 €4 [
8 SR G N B R IE DR e 2 (1t TS RIAS
3G R MR KM G, 7 F 72.4% , mp:
186 ~189 °C ( k(g™ . 188 °C);'H NMR (400
MHz, DMSO-d, ) §:12.15 (1H,s,-COOH ), 10. 21
(1H,s,N-OH),5.42(1H,s,H-12) ,2.99 (1H, dd,
J=4.0 Hz, J' =13.6 Hz, H-18), 1.27 (3H, s,
CH,),1.20(3H,s,CH,),1.17(3H,s,CH;),1.01
(3H,s, CH;),0.96 (3H, s, CH,),0.96 (3H, s,
CH,),0.89(3H,s,CH,) .

3-HEB AR TE (4) 8946 SHILEY
3 A i, B 3-B R RE R R T R 2 AU 3-H ik
REIRIR 1 RIS Ak 4, 773875.2% ,mp:162
~164 °C;'H NMR (400 MHz, DMSO-d,) §:12.26
(1H,s,-COOH) ,10.34 (1H,s,N-OH) ,5.41 (1H,
s,H-12),3.72(3H,s,-OMe) ,2. 96 (1H,dd,J =4.0
Hz,J' =14.0 Hz, H-18),1.25(3H,s,CH,),1.18
(3H,s, CH,),1.02 (3H, s, CH,), 0.97 (3H, s,
CH,),0.95(3H,s,CH,),0.89(3H,s,CH;) ,0. 86
(3H,s,CH,) .

3-RAAM-FHRAERKR(S) ok ¥ 35
IR AESRIR 3 (2. 165 g,4. 6 mmol ) | Xif HI il it 54
(p-TsCl, 0.877 g, 4.6 mmol ) . 4-— H & & nit ng
( DMAP, 62 mg, 0.5 mmol ) & & i A 2| il B¢
(20 mL) A1, 8K J5 o SO AR 2= 13, KO 20 h,
SOV A B IR S A 7KK 100 mL o By S
R P € A 0 T4 P (il A ( — 58 R -
FEE,32: 1), AP 28] 1 A 5, 7= 3 46.3% ,
mp: 131 ~ 133 °C (Clk{E"™ . 130 C);'H NMR
(400 MHz, CDCl,) &:5.41 (1H, s, H-12),4.91
(1H,s,H24) ,4.66 (1H,s,H-24),2.97 (1H, dd,
J=3.6 Hz, J' =13.6 Hz, H-18),1.73 (3H, s,
CH,),1.25(3H,s,CH,),1.05(3H,s,CH;),1.02

(3H,s, CH;),0.99 (3H, s, CH,), 0.90 (3H, s,
CH;) .
3-RAAMH-FIRAERR T E (6) 095 % 5
WAL G 5 Byhl a7, B 3-02 05 IR AR SR IR G 4
R - IRAE R 3 il & Ak 6, j= %
51.7% , mp: 120 ~ 123 °C;'H NMR (400 MHz,
CDCL,) 6:5.39(1H,s,H-12) ,4.90(1H,s, H-24) ,
4.63(1H,s,H24),3.67(3H,s,-OMe) ,2.98 (1H,
dd,J=3.6 Hz,J' =14.0 Hz,H-18),1.72(3H, s,
CH,),1.21(3H,s,CH,),1.12(3H,s,CH,),1.00
(3H,s, CH;),0.97 (3H, s, CH,),0.89 (3H, s,
CH;) .
3-HAAM-TFRAEREIR(T) 4o % ¥ 3
FHe-A-I5-TF A RE R IR 5 5y 3-T 40 -JF IR RE R IR
FHTE 6 (3.3 mmol ) Fll 30% & % 1k B 7K %5 W (20
mL) AU A B DU SRR (5 mL) o, SR 5 i 2
13, R 24 b B SO v 20 2 =0, T SR R
AH(25 mL x3) A L2 FHTCK G FR A0 T4, 08 e
BRI, bt s (& P be-H i, 180 1) 133
wE, DG S Rk, 72 88. 6% ; LIMk &
Y6 MR, P72 62.4% , mp: 126 ~ 128 C;
'"H NMR (400 MHz, CDCL,) §:5.39(1H,s,H-12),
4.90(1H,s,H-24) ,4.63 (1H,s,H-24),2.99 (1H,
dd,J=4.0 Hz,J' =14.0 Hz,H-18) ,1.75(3H, s,
CH,),1.24(3H,s,CH,),1.00(3H,s,CH;),0.95
(3H,s,CH,),0.92(3H,s,CH,) .
3-WEs AR A-M- TR AR B (8) e b 3-
FRIE-A-IG- TR AERTR 7 (1. 459 g,3. 1 mmol ) %5
FIHEE(25 mL) Hr, SR )5 ) BBE i R fn 3 35 e i
2, T 25 CR N 72 h, W RRBR R, bt g4t
(& - H B, 30: 1) 153 21 11 & [ 4 1. 158 g,
PP T77.1% ,mp:122 ~124 °C ;'H NMR (400 MHz,
CDCly) 6:5.43(1H,s,H-12) ,4.89(1H,s, H-24) ,
4.66(1H,s,H24),3.69(3H,s,-OMe) ,2.99(1H,
dd,J=3.6 Hz,J' =13.6 Hz,H-18),1.72(3H, s,
CH,),1.24(3H,s,CH;),1.07(3H,s,CH,),0.97
(3H,s, CH;),0.92 (3H, s, CH,),0.88 (3H, s,
CH,),
12-38 K -3- B 4-W5-JF 3R A& R B (9) 09 & %,
AR T, W 3R EAE- TR RE R R T
(1.223 g,2.6 mmol) . [B] &t E 7K I iR (m-CPBA,
1.346 g, 7.8 mmol ) il NaHCO, (1.117 g, 13.3
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mmol ) KV A | CH,CL, (30 mL) H1,F 25 CF
BN 16 b, ffiFn NaCl 79 (30 mL) e, A HLZEH]
Jo/K Na,SO, 4, 9o e B 25 9 0], 24 6035 2 4k
AP -, 300 1) 5 R B A R, R
69.4% , mp; 116 ~ 119 °C;'H NMR (400 MHz,
CDCl,) §:4.87(1H,s,H24) ,4.67(1H,s,H24) ,
2.89(1H,dd,J=4.0 Hz,J' =13.6 Hz,H-18) ,1. 73
(3H,s, CH, ), 1.24 (3H, s, CH,), 0.99 (3H, s,
CH,),0.96(3H,s,CH,),0.89(3H,s,CH,) ,0. 84
(3H,s,CH,) .

12-308-3- 5 Ak -4-0- 7 2R A& R BR F 85 (10) 89
G RGN 9 Wk T, B 3-H R4 -0-
FEIRRER R 8 OB 3-RELA-IG-TT IR RE IR 7 il &
PR R 10, 77 68.8% ,mp: 112 ~ 114 C;
'"H NMR (400 MHz,CDCL,) 6:4.89(1H,s,H-24),
4.66(1H,s,H24),3.67(3H,s,-OMe) ,2.90(1H,
dd,J=4.0 Hz,J' =14.4 Hz,H-18),1.71(3H, s,
CH,),1.18(3H,s,CH;),1.03(3H,s,CH,),0.99
(3H,s, CH,),0.95 (3H, s, CH, ), 0.92 (3H, s,
CH;) .

& F&(Chal~5)846m WIRPTH
Fii (10. 1 mmol ) F1AH i i % ( 10. 1 mmol ) %5 fi% 3|
FE (20 mL) 1, 70 C Fim A KOH(2.828 g,
50.5 mmol) , i # 10 min J5 ¥ 5z N I & T+ =
25 °C, i 12 h, FH 2 mol/L [ % £ g I8 35 )2 b
W) pH 3, BT HS A% 3 00 [ A 8 T4 S R A 3 4
Hi Chal ~5,

1-(4-FH K £ )3- KL 2-% 48 (Cha 1)
[ K, 77 % 32.4% , mp: 91 ~94 °C;'H NMR
(400 MHz, Acetone-d, ) 6:8.01 (2H,d, J = 8.4
Hz),7.76(1H,d,J=16.0 Hz),7.57(1H,m) ,7. 52
(1H,d,J =15.6 Hz),7.42(3H,m) ,6.99(2H,d,
J=8.4 Hz);"” C NMR (100 MHz, Acetone-d, ) §:
188.78, 164.52,141. 69, 134. 65, 131. 25, 130. 16,
130.07,128.96,128. 42 ,121. 81,114. 37,

1-(4-F 388 ) -3-(4-F B R AL ) -2- i R
(Cha 2)  #% {5 [ {&, % 24.6% , mp: 102 ~
104 °C ;'H NMR (400 MHz, Acetone-d, ) §:8.05(d,
J=8.4 Hz,2H),7.61(d,J =16.0 Hz,1H) ,7.55
(d,J=8.4 Hz,2H),7.53(d,J =16.0 Hz,1H) ,7. 40
(d,J=8.0 Hz,2H),7.11(d,J =8.4 Hz,2H),3.77
(s,3H,-OCH,) ;" C NMR (100 MHz, Acetone-d, ) §:

188.71, 163.82, 144.05, 134.88, 131.12, 129. 86,
129.39,128.42,128.42,121. 81,113. 88,55. 47,

1-(4-% 3 K R )-3-(4-8 K &) -2-m I &9
(Cha 3) {6 [ {4, % 21.3% , mp: 86 ~
89 °C ;'H NMR (400 MHz, CDCl;) §:8.07 (2H,d,
J=8.8 Hz),7.88(1H,d,J=15.6 Hz),7.83 (2H,
d,J=8.4 Hz),7.69 (1H,d, J =15.6 Hz),7.46
(2H,d,J =8.4 Hz),7.00 (2H,d,J =8.4 Hz);
“C NMR(100 MHz, Acetone-d, ) &: 187.85,
164.04,141.95,136. 13, 135.21, 131. 96, 131. 51,
130.90,130. 28,129. 88 ,123. 75,116. 48 ,116. 13,

1-(4-% 3% ) 3-vk v A -2-7 ¥ 87 (Cha 4)
W R, 77 % 27. 8% , mp:99 ~ 102 °C;'H NMR
(400 MHz, Acetone-d, ) 8:7.86 (1H,d, J = 16.4
Hz),7.74(1H,d,J=1.6 Hz) ,7.71(2H,d,J =8. 4
Hz),7.53(2H,d,J =8.0 Hz),7.41 (1H,d,J =
15.6 Hz),7.32(1H,d,J =4.0 Hz),6.74 (1H,
m) ;" C NMR (100 MHz, Acetone-d, ) &: 188. 84,
163.72,161. 86, 143.77,132.27,131.73, 131. 31,
128.24,119.68,116.39,116. 45,

1-(4-F AR K ) 3-8 K 2-7 M8 (Cha 5)
W A, 753 30. 6% ,mp:104 ~ 106 °C ;'H NMR
(400 MHz, Acetone-dy ) §;11.18 (1H, s,-NH-),
9.01(1H,s,-OH),7.73(1H,d,J =16.0 Hz),7.67
(2H,d,J =7.6 Hz),7.51 (1H,d,J =15.6 Hz),
7.30(1H, m),7.22(1H, m),6.92(2H,d,J =8.0
Hz),6.31 (1H, m) ;" C NMR (100 MHz, Acetone-
dy) 8:179.32,160.48, 142.38, 134.45, 131. 26,
127.82,126.39,120. 43 ,117.08,116.75,111. 12,

AL R BR-F F BG4 (11 ~12) 6965 %,

AT R R AEY 5 5 10 (0.45
mmol ) F1#t H-lii] Cha 1 ~5(0.5 mmol ) #fi# 2| Jo /K
TAEMEEC10 mL) 0 CTR A TR N N
A DMAP (0.1 mmol) F1 DCC (0.1 mmol) , #if £
10 min J5 5 SO IR ETH 2 25 °C, KU 24 b SR [
FOWIEAA 30 mL 7K, ] 5 H 46 (20 mL x 3)
I, A B2 TR RN T4, WUE R KA, &
RERCAEAifE (CAhEE- LR O lR,2: 1 ~1: 1) 155 H
FREAW 11 ~12,

Bod la FEER, 73R 72.2% ,mp: 121 ~
124 °C; IR (KBr,v):2 266,1 752,1 677 e¢m™';
"H NMR (400 MHz,CDCl,) 8:8.06(1H,d,J =8.4
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Hz),7.82(1H,d,J=16.0 Hz) ,7.64(2H,t,J =7.2
Hz),7.52(1H,d,J=16.4 Hz) ,7.42(3H,t,] =7.6
Hz),7.17(2H,d,J =8.0 Hz) ,5.38(1H,s,H-12),
4.90(1H,s,H-24) ,4.66 (1H,s,H-24),2.99 (1H,
dd,J=3.6 Hz,J' =14.0 Hz,H-18),1.74 (3H, s,
CH,),1.21(3H,s,CH;),0.98 (3H,s,CH;),0.95
(3H,s, CH,),0.93 (3H, s, CH, ), 0.90 (3H, s,
CH,); "C NMR(100 MHz, CDCl, ) §: 189.73,
176. 13, 155. 12, 147. 16, 145. 43, 143. 81, 135.92,
135.20, 131. 05, 129. 40, 128. 89, 128. 71, 122. 74,
122.23, 120.60, 114.64, 51.06, 47.70, 46.03,
42.73,41.94,39.88,39.69,38.24,34.77,34.23,
33.45,32.68,31.82,31.15,30.11,28. 16, 26. 08,
24.52,24.12,23.99,23.40,19.50,17.92,11.96;
ESI-MS Calcd. for C,;H NO,[ M + H] " ,658.426 0;
Found 658. 426 5,

LA 11b  FHERER, 2R 78.5% ,mp: 118 ~
120 C; IR (KBr,»):2 271,1 742,1 686 cm™';
'"H NMR (400 MHz,CDCl,) §:8.04(2H,d,J =8.4
Hz),7.80 (1H,d,J=16.4 Hz),7.61(2H,d,J =
8.0 Hz),7.40(1H,d,J =15.6 Hz),7.16 (2H,d,
J=7.6 Hz) ,6.95(2H,d,J =8.8 Hz),5.38(1H,s,
H-12),4.90 (1H, s, H24) ,4.66 (1H, s, H24 ),
3.85(3H,s,-OMe) ,2.99 (1H,dd,J =4.0 Hz,J' =
14.0 Hz,H-18),1.74 (3H,s,CH,),1.25(3H, s,
CH,),0.98(3H,s,CH;),0.95(3H,s,CH;),0.93
(3H,s, CH,),0.90 (3H,s, CH, ) ;" C NMR ( 100
MHz, CDCL, ) §:189.34,175.71 161.71,154.48,
146.72, 144. 86, 143.38,135. 79, 130. 23, 129. 92,
127.49,122.28,121.69, 120. 15, 119. 46, 114. 40,
114.18,55.39,50. 64 ,47.24 /45.59 ,42.28 ,41.49,
39.43,39.24,37.80,34.34,33.79,33.00,32.23,
31.38,30.70,27.71,25.63,24.07,23.67,23.53,
22.95,19.05,17.47,11.52; ESI-MS Caled. for C,
HNO, [M +H] " ,688.436 6;Found 688.436 9,

ot e HEAREIK, 72 79.4% ,mp:123 ~
125 °C;IR (KBr,») :2 236,1 761,1 645 ¢cm™';'H
NMR (400 MHz, CDCl,) &:8.02 (2H,d,J =8.4
Hz),7.81 (1H,d,J=16.4 Hz),7.66(2H,d, J =
8.4 Hz),7.58(1H,d,J=7.6 Hz) ,7.50(1H,d, /] =
15.6 Hz),7.47(1H,d,J =8.0 Hz),7.09 (2H,d,
J=8.4 Hz),5.37(1H,s,H-12),4.90 (1H, s, H-

24),4.66(1H,s,H24),2.99(1H,dd,J =3. 6 Hz,
J' =14.0 Hz,H-18),1.74(3H,s,CH,),1.20(3H,
s,CH,),0.98 (3H,s,CH,),0.95(3H,s, CH, ),
0.93(3H,s,CH,),0.90 (3H,s, CH,);"” C NMR
(100 MHz, CDCL, ) §: 190.32, 175.86, 152.79,
146.71,143.78,143.39,138. 10, 132. 82, 132. 29,
129.53,128. 62, 128.47,122.24,122. 17, 121.91,
120. 17, 114.20, 50.69, 47.18, 45.94, 42.27,
41.48,39.42,39.23,37.77,34.32,33.79,33.03,
32.25,31.38,30.71,27.70,25. 64,24.07,23.67,
23.61,23.55,22.97,19.07,17. 48, 11. 52 ; ESI-MS
m/z676.416 6 M + H] " ( Caled. for C,Hy FNO,,
676.416 9) ,

Bamp1d  [OEER, 7274, 5% mp: 117 ~
119 °C; IR (KBr, »):2 236,1 752,1 684 em™';
'"H NMR (400 MHz,CDCl,) 8:8.06(2H,d,J =8.4
Hz),7.61(1H,d,J=16.0 Hz),7.53(1H,s),7. 40
(1H,d,J =16.0 Hz),7.14(2H,d,J =8.0 Hz),
6.72(1H,t,J=3.6 Hz) ,6.52(1H,d,J =1.6 Hz),
5.38(1H,s,H-12) ,4.90 (1H,s,H24) ,4.66 (1H,
s,H-24),2.98(1H,dd, J, =3.6 Hz, ], =14.0 Hz,
H-18),1.73 (3H,s,Me ), 1.24 (3H,s, Me ), 1.20
(3H,s,Me),0.98 (3H,s,Me),0.94(3H,s,Me),
0.89(3H,s,Me) ;" C NMR (100 MHz, CDCl, ) §:
188.60, 175. 68, 154. 65, 151. 54, 146. 72, 144. 99,
143.36,135.41,130. 84, 129. 96, 122. 28, 121. 75,
118.92, 116.47, 112.71, 50.60, 47.23, 45.57,
42.27,41.48,39.42,39.22,37.77,34.31,33.77,
33.01,32.21,31.36,30.70,29.66,27.70,25.63,
24.05,23.66,23.53,22.95,19.06,17.46,15.51,
11. 51 ;ESI-MS m/z 648.405 3[ M + H] * ( Caled. for
C,,H,,NO, ,648.405 8) ,

gmam e [N, P25 81.7% ,mp:123 ~
126 °C; IR (KBr, »):2 245,1 779,1 647 cm™';
'"H NMR (400 MHz, CDCI,)8:8.01 (2H,d,J =8.8
Hz),7.95(1H,d,J=15.6 Hz),7.41(2H,d,J =
5.2 Hz),7.36(1H,d,J=3.6 Hz),7.31(1H,d,J =
16.4 Hz),7.16 (2H,d,J =8.8 Hz),7.08 (1H,t,
J=4.0 Hz),5.38 (1H, s, H-12),4.90 (1H, s, H-
24),4.65(1H,s,H24),2.98(1H,dd,J =4.0 Hz,
J' =14.0 Hz,H-18),1.73(3H,s,CH,),1.20(3H,
s,CH,),0.98 (3H,s,CH,),0.94 (3H,s, CH, ),
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0.93(3H,s, CH;),0.90 (3H,s, CH;) ;" C NMR
(100 MHz, CDCL, ) §: 188.61, 175.65, 154. 64,
146.71,143. 36, 140. 25, 137. 35, 135. 39, 132. 18,
129.91,128.91, 128.37, 122. 28, 121. 77, 120. 46,
120.15, 114.18, 50.61, 47.24, 45.58, 42.27,
41.49,39.42,39.23,37.79,34.33,33.78,33.01,
33.22,30.70,29. 66,27.71,25.63,24.06,23.67,
23.54,22.95,19.05, 17.47, 15.51; ESI-MS m/z
647.4213 [ M + H]* ( Caled. for C, H,sN,0,,
647.421 8) .,

mom12a [EER, 2 83.3% ,mp 127 ~
130 °C; IR (KBr,v):1 761,1 657 em™';'H NMR
(400 MHz, CDCL,) 6:8.02(2H,d,J =8.4 Hz),
7.81(1H,d,J =15.6 Hz),7.67 (2H,d,J =8.4
Hz),7.48(1H,d,J=16.0 Hz) ,7.27(2H,t,/ =8.0
Hz),7.24(1H,t,/ =7.6 Hz) ,7.15(2H,d, ] =8. 4
Hz) ,4.92(1H,s,H-24) ,4.74 (1H,s,H-24) ,3. 69
(3H,s,-OMe) ,2.84(1H,dd,J =3.6 Hz,J =13.6
Hz,H-18),1.72(3H,s,CH;),1.20(3H,s,CH, ),
0.99(3H,s,CH,),0.95(3H,s,CH,),0.91(3H,s,
CH,),0.87 (3H, s, CH,);"” C NMR (100 MHz,
CDCL, ) &: 209.22, 194.36, 179.84, 176.86,
162.87,156. 78, 147.77, 147. 63, 136. 80, 133. 51,
132.61,132.45,129.07, 126. 33, 126. 15, 125. 98,
57.38,52.37,51.27,49.46,48.51,46. 10, 45. 69,
45.42 44.15,43.38,37.59,36.94,36.45,35. 34,
34.63,31.73,29.69,27.51,27.32,26.93,25.60,
22.57,21.60; ESI-MS m/z 647.4213 [ M + H]"
(Caled. for C,;H 4 N,0,,647. 421 7)

ZAHM12b  FEEER, 75 75.6% ,mp:116 ~
119 C; IR (KBr,»):1 779,1 642 ¢cm™';'H NMR
(400 MHz, CDCl,) 6:8.00(2H,d,J =8.4 Hz),
7.74(1H,d,J =16.0 Hz),7.54 (2H,d, J =8.0
Hz),7.36(1H,d,J =16.4 Hz),7.17(2H,d, J =
8.0 Hz) ,6.87(2H,d,J=8.0 Hz) ,4.87(1H,s, H-
24),4.69(1H,s,H-24) ,3.77(3H,s,-OMe) , 3. 63
(3H,s,-OMe) ,2.78 (1H,dd,J =3.6 Hz, ] =14.0
Hz,H-18),1.72(3H,s,CH,),0.97(3H,s,CH, ),
0.95(3H,s,CH,),0.93(3H,s,CH,),0.86(3H,s,
CH,),0.84 (3H, s, CH,);"” C NMR ( 100 MHz,
CDCL, ) §&: 210.79, 188.79, 178.02, 171.13,
161. 46, 153. 73, 146.23, 144. 55, 135. 65, 130. 04,

129.71,127.21,121.44,119.06, 114. 17, 113.93
55.12,51.60,51.53,49. 84, 46.98,42.22,40.76,
40.51,38.68,38.48,35.99,34.14,33.16,32.90,
32.63,31.71,30.37,30.01,28.09,27.33,24.12,
22.99,22.95,22.46,20.18,18. 82, 15. 63 ; ESI-MS
m/z 737.983 O [ M + H]" ( Caled. for C,, Hy, O,,
737.983 4)

wow 12¢ [EEE, 72.70.6% ,mp:126 ~
128 C;IR(KBr,»):1 746,1 675 ¢cm ';'H NMR
(400 MHz,CDCI,)5:8.07(2H,d,J =8. 8 Hz) ,7. 84
(1H,d,J =16.0 Hz),7.65(2H,d,J =7.6 Hz),
7.53(1H,d,J =15.6 Hz),7.42(2H,d,J =8.0
Hz),7.23(2H,d,J =8.4 Hz) ,4.92(1H,s,H-24) ,
4.74(1H,s,H24),3.69(3H,s,-OMe) ,2. 81 (1H,
dd,J =4.0 Hz,J' =14.0 Hz,H-18) ,1.73 (3H, s,
CH,),1.04(3H,s,CH;),1.01(3H,s,CH;),0.99
(3H,s,CH,),0.91(6H,s,2 CH,) ;" C NMR (100
MHz,CDClL, ) §:217.61,188.39,175.68,173.60,
155.15, 148. 56, 143. 16, 141. 63, 140. 92, 134. 79,
130.15,128.91, 125. 44, 124.20, 122.79, 122. 02,
55.27,47.40,47.34,46.79,45.65,41.93,41.52,
39.46,39.12,36.72,34.10,33.77,33.00, 32.30,
32.27,30.70,29. 65,27.77,26.41,25.69,23. 54,
23.03,21.45,19.54, 17.31, 15.03; ESI-MS m/z
725.4217 [ M + H]* ( Caled. for C,Hy FO,
725.4223) .

Giap12d  HEAREIK, #476.3% ,mp:116 ~
119 °C;IR (KBr,»):1 763,1 652 ¢cm™';'H NMR
(400 MHz, CDCL,) 6:8.02(2H,d,J =8.4 Hz),
7.57(1H,d,J=15.6 Hz) ,7.50(1H,s) ,7.42(1H,
d,J=15.6 Hz),7.19(2H,d,J =7.6 Hz),6.70
(1H,d,J=2.4 Hz) ,6.68(1H,d,J=3.2 Hz) ,4. 89
(1H,s, H-24),4.71 (1H, s, H-24),3.66 (3H, s,
-OMe),2.80 (1H,dd,J =3.6 Hz,J =14.0 Hz, H-
18),1.74(3H,s,CH,) ,1.00(3H,s,CH,) ,0. 98 (3H,
s,CH,),0.95(3H,s,CH,),0.87 (6H,s,2 CH,);
“C NMR(100 MHz, CDCl, ) §&: 211.02, 188.38,
178.20, 171.26, 153.99, 151.43, 146.40, 144.91,
135.45, 130.71, 129.87, 121.61, 118.79, 116.34,
114.04,112. 60, 51.74,51. 69, 50. 02, 47. 13, 42. 36,
40.90, 40. 65, 38.81, 38.61, 36.12, 34.27, 33.26,
33.01, 32.75, 31.82, 30.50, 30.16, 28.22, 27.45,
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24.25,23.10,23.05,22.57,20.31,18.95,15. 77 ; ESI-
MS m/z 697.410 4[M + H] " ( Caled. for C,,Hs,0,,
697.410 8) ,

ot 12¢  HEREAK, 7% 71.9% ,mp:
112 ~ 115 C; IR (KBr,»):1 781,1 646 c¢cm™';
'"H NMR (400 MHz, CDCl,)8:8.04 (2H,d,J =8.8
Hz),7.95(1H,d,J=15.4 Hz),7.42(1H,d,] =4.0
Hz),7.42(1H,d,J =2.4 Hz),7.31(1H,d,J =16. 4
Hz),7.22(1H,d,J =8.8 Hz),7.08 (1H, m) ,4.91
(1H,s, H24),4.73 (1H, s, H24),3.68 (3H, s,
-OMe),2.82(1H,dd,J =3.6 Hz,J =13.6 Hz, H-
18),1.77(3H,s,CH,) ,1.02(3H,s,CH,) ,1. 00(3H,
s,CH;),0.98 (3H,s,CH,),0.90 (6H,s,2 CH,);
"C NMR(100 MHz, CDCl, ) §: 211.10, 188.61,
178.32, 171.36, 154.08, 146.52, 140.26, 137.38,
135.55, 132.19, 129.95, 128.92, 128.35, 122.73,
120.43,114. 14, 51. 84 ,51.81,50. 15, 47.25,42. 47,
41.01, 40.77, 38.92, 38.73, 36.23, 34.38, 33.36,
33.11, 32.86, 31.92, 30.61, 30.28, 28.34, 27.56,

24.25,24.36, 23.19, 23.15, 22.68, 20.42, 19.05,
15.88; ESI-MS m/z 696.934 4[M + H] " ( Caled. for
€, HNO, ,696.934 9)

3 HbhEiE N

TR R 5l Jes CNE2 20 ifd | F i 5% B FE 988 KB
AR 2L R R MCF-7 | fili B 98 A549 46 Jf Al AT 93
HepG2 #fi Jid 4y I 40 B i , DAAth 58 55 Sk BH 4 X6
HRZY , SR A MTT %06 Bl i) s B 240 & W i 17
PO TG PEPEAN o B BAE K 0 % I 3K A0 i
BT 10% fa 4 3 W JC M 21 DMEM 8% 57 5
o 2R 96 FL AN s SR Al b 1 40 M o8 4 0 RE
J& , IR IR R IR, IS A I 2 ) R SR T
100 pL K552 3 d J5, BfL A 5 mg/mL MTT 30
pl, & T 37 C 5% CO, FFA ke BiE4 h,
SR G BEFL A Z H E B ( DMSO) 100 L % i .
it FH AR AXCZE 490 nm 35 4 I 5 5 L 1) MR AC
TSR A R IR 1C, AR ILER 1

Table 1 Whole cell antiproliferative activity of target compounds (x +s,n=3)

1C5y/ ( mol/L)

Entry Compd.

CNE2 KB MCF-7 A549 HepG2
1 1 34.9+1.22 78.2 £0.93 60.4 +£3.16 50.7 £1. 63 32.1+2.27
2 2 36.4 +2.56 62.5+1.45 57.3 £3.68 33.4+£2.44 67.3 £4.28
3 3 28.1+ 3.12 34.1+5.34 31.8+2.12 28.2 0. 68 21.6£1.44
4 4 32.6+1.79 44.1 £5.37 23.6 £2.57 41.6 £2.82 20.4 £1.15
5 5 22.4 +0. 86 17.4 +1.46 16.2 £1.53 27.7 +2.41 29.4 £0.97
6 6 26.7 +1.15 23.4£2.5 21.5+2.96 47.2£3.23 43.5£2.71
7 7 28.2+2.93 26.9 +1.38 27.8 £2.46 29.1+2.38 34.7+£2.55
8 8 47.4 +4.28 30.2+£1.36 41.4 +0.89 22.5+1.93 45.8 £3.22
9 9 32.7+2.46 28.3 £2.27 23.6£1.17 61.5+5.26 20.8 £1.16
10 10 25.1+1.52 20.4 £3.22 18.9 +2.36 28.8 £4.75 21.5+0. 84
11 11a 14.9 £1.36 27.8 £0.35 12.4 £0.74 20.6 £1.22 22.3+1.67
12 11b 17.3 £4.72 16.4 £1.77 13.9£2.93 17.8 £1.56 16.8 £2.38
13 11c 11.7 £2.45 19.1£1.26 7.8 +1.12 7.1x0.74 10.7 £1. 44
14 11d 15.9 £2.52 22.5+£2.49 5.9+1.57 10.2 £2.41 11.3+£2.27
15 11e 10.7 £2.19 21.9 £2.27 4.7 +0.85 17.8 £2.76 9.4+£2.12
16 12a 8.5+0.56 28.8 £3.52 12.8 £ 1. 64 21.2£2.13 25.9+1.17
17 12b 16.7 £0.97 17.4 £4.67 11.5+1.23 25.4 £3.68 11.1+0.78
18 12¢ 9.8 x1.15 21.7£3.25 9.9 £0.87 19.9 £2.76 16.1 £1. 65
19 12d 18.3 +2.39 15.7 £2.58 6.6 +£2.92 9.7 +1.48 21.4 £2.88
20 12e 14.1£1.35 20.3 £2.35 5.1£2.35 11.7 £2.36 17.3 £2.35
21 Cha 1 21.4 £3.17 37.1+£3.73 51.4+£3.23 32.7+2.72 36.7 £2.17
22 Cha 2 24.8 £1.48 19.3 +1.47 15.9 +1.67 27.4 +1.47 25.6 +1.18
23 Cha 3 25.4£2.01 21.7£2.26 32.1+3.24 43.8 £2.88 18.2 £ 1. 64
24 Cha 4 22.2 £1.87 27.1+£3.73 37.4+2.92 38.1+2.53 23.7+2.15
25 Cha 5 27.9 £1.15 12.4 £0. 94 21.8 £1. 66 48.8 £3.69 11.6 £1.96
26 UA 31.6 £0.91 26.7 1. 15 34.4 £2.60 41.3 £2.15 24.3 £2.27




55 48 55 1 1] £

i
b

JAF BT R RR AR AT A S A H RS 0 B S LT UM R IS PR BT 39

4 HRSHR

4.1 & &
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Kbl 3 i@ id Beckmann FEHER N A5 ERIR A
PR N LG AR 30710, P4 N IR A T 7K A A
FUARRL AT R0 o (R R IR 3 5550 A 4 3

FBt S A1 DMAP £EJC/K MERE H 1130 18 h Z84F T 4135
A 138 Beckmann BLHE™ ) , i & 5 (19 1 AL
BYS. XATRERE T RERIR 4 7 B2 AHEER
NS EEA TR D el SRS PO IS
PSR TGRS R IE T AR AR
Beckmann # 7= #y, H 5w ML AT BE dn B 2
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Figure 2 Possible reaction mechanism of 2-cyano-2 ,3-seco4-yliden-olean-12-enoic-acid (5)

4.2 RhEE®

1 WoR, P RERIR C3 -3 3 4 fb itk 5k
(B 1) 5, Pl 6 P B 2 B 3 — 24 X
3-PRFEREIRIR 1 54k 3- B IERE R G 2 /5, 3L
B Je 0 PR T A 4, R AR T X CNE2 i
HepG2 21 g B4 il i v 5 (HLU KAk 59 2 ~ 3 119
SRR (G 3 ~4) &5 T X CNE2,
MCF-7 F1 HepG2 X 3 Tl i ()40 il 16 M . 4kt
IGERAC A 3 ~4 KA FEHER AT 2L &4
5 ~6 AR REAS Of B HL BT Mg T 1, 0 R T ER
G 5 XX 5 Fh 2 A1 Aok 4l s 2, TR
A S B REKIBSREEG (kB 7) , Hathh
SIS PE AN AT REAI s SR B T 1 C3 R
BRI IS (A5 8) , oy 1% 1k k25 BRI
AL 5 T F 8 1y C12 {3 XUERE 4 1k il o 5 s
(&4 9 ~10) 5 5 25 A4 s A Be Mg 36 44, Horp
LAY 10 X535 Rl 4 it R BE T s pd i
TG PR B b, e BB R 1 PR R R Y R 5 RN
10 1ER 5 AL G Wit — 20 % HAB i

Bt J , 38 2ok T A SR o — 37 P B O A H R
FEFRERERATAEY) 5 A1 10 1Y) C28 (iS5 T &Y
11a ~11e il 12a ~12e, WA RIS PN S Fh
96 240 A 41 Aok ) A R T 4, O BRI B

BRI MR T RE R R M e b5 5 RN 10,
X S 48 S B A L — NS R RT R L PE
RN BHAL G Y b RE G s BRI W 1 BT R
W, B Cha 1 ~5 (entries 21 vs 25) Z< &5t
R T UG R, (HJE SRR R A 5 R
10 A LY, JHR 0 EER A B B e 1% AT SR 05 , 31X
UEEHZE A Wb I g 0 1k 32 2R ok T RE R IR AT AR
Yy, i 5 B BT HUS SR ER S W TS IS ke
EMER . Glan, R RMATEY 1 ~10 h fb 5
Y15 110 XF LR MCF-7 4 A5 %58 3 ) 30 1] 7%
PERERENE, [ HATR A 11 ~12(5R 1)
WXf MCF-7 J 3t 17 A0 o %) 490 o 3% 1 AR S 49 e
B2 HH 49 (Cha 1 ~5) 208 X AL,
41 Cha 2 % Cha 7 gyl il i% 452 T Cha 1 1 Cha
3 ~5, X% MCF-7 A Sesm i il i vk i 2854 11 1)
FAAHE Cha s BoT, F5E, EEY P A H R
FATTRNE PR AR , Horh &0 4 R 2 A B 0T
MIZEE4) 11d ~11e F1 12d ~ 12e X MCF-7 ({4
TE YRR T3 AR A B Ao ) 28 5 ) 11a ~ 1
Ml 12a ~12¢ (£ 2) ; [N, 3% 4 A5 PR HR Y 2%
B (11d ~11e,12d ~ 12e) [HTFL I PER I K
N 2B S (TAM, IC,, = 15.2 pmol/L) /Yy
2.3 ~3. 24, SR 2 an 8 3 frn
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Table 2 Comparison of different chalcone units of conjugates 11 and 12 antiproliferative effects on MCF-7 cells (x +s,n=3)

Y 0
12
Ar 1C5y/ ( umol/L) Compd. 1C5y/ ( umol/L)
O 11a 12.4 +£0.74 12a 12.8+£1.64
OMe
©/ 11b 13.9+2.93 12b 11.5+£1.23
F
©/ 11c 7.8+1.12 12¢ 9.90.87
Z/O\S 11d 5.9+1.57 12d 6.6+£2.92
!\
NN 11e 4.7+0.85 12e 5.1+2.35
H
Table 3  In vitro therapeutic index (IVTI) of ursolic acid derivative-
1 -
00 chalcone conjugates 11-12, UA and tamoxifen (n=3)
30| Compd. MCF-10A VERO IVTI*
4 4 11a >100" >100 >8.06
2 11b >100 >100 >7.19
2 60t
E 11c >100 > 100 >12.82
g 10 11d >100 >100 >16.94
3 1le >100 >100 >21.27
12a >100 > 100 >7.81
207 12b >100 >100 >8.69
12¢ >100 >100 >10. 10
0 1 1 1 1 1 1
12d > 100 > 100 >15.10
-70 -65 -6.0 -55 -50 -45 -40
i 12e >100 > 100 >19. 60
g¢ Cha 4 >100 >100 >2.67
—m—11d;—e—1le;—a—12d;—v—12e Cha 5 >100 >100 >4.58
Figure 3  Illustrative dose-response curves for antiproliferative effects UA >100 53.2+1.87 >2.90
on MCF-7 breast cancer cells of compounds 11d-11e and 12d-12e (x Tamoxifen 42.2£2.17  15.1+2.21 2.71

s,n=3)

TAN T I E X R G YR, I
LIRS b B2 L MCF-10A A I 24 1 40
VERO fiCh % BN MR AN X S 25 W i 1, OF
A HARSIMEITH5 %4 (in vitro therapeutic index,
IVTL) AL &0 IVTL G 4 bhbis ™, gk 3
7, BER R AT AR W) -5 H R 285 Wy 0) I Y LR
I b K 4 L MCF-10A 3R P 46 5 4 il VERO
BEA T (1Cs, > 100 wmol/L) , 171y BH 1 245 1 fih 5<
HIF(TAM) AU I 1 — 2 1y 805 [W i, 265
P11 ~12 BRYF IR EC(ITVE > 7) 5 T A8 2R 1R
B o5

* IVTI = IC5yMCF-10A/IC5MCF-7 ;" IC5; not determinable up to high-

est concentrations tested

5 &

-l

i 34 U 1 0T A S A B AR L R AT A
Y R T 10 MR EER R-AE WA S Y.
23 R B 28 45 0 O BILIRE TG 1k % B, HL X S i
ff 9 CNE2 20 | 171 i 3% B2 P98 KB 20 e ZL IR 95
MCF-7 il i 5 A549 21 i Al JHF 98 HepG2 41l g 35
A P P, 0 X L R e AT A R 1) 0 o 3
RN, I 5 T RE R R A0 fh 25 2% . [l B, X
KEAYRIEH MCF-10A F1 VERO 40 il I% A #
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