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Synthesis of ligustrazine-chalcone derivatives and their anti-breast cancer activities
in vitro
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Abstract: Objective To design and synthesis of ligustrazine-chalcone derivatives and investigate their anti-breast cancer activities in
vitro. Methods Ligustrazine hydrochloride was used as starting material to synthesize the important intermediate 3, 5, 6-trimethyl-
pyrazine-2-formaldehyde through acid base neutralization, monooxidation, rearrangement, hydrolysis and hydroxyl oxidation reaction.
Ligustrazine-chalcone derivatives were obtained underwent Claisen-Schmidt Aldol condensation by treatment of intermediate 3, 5,
6-trimethylpyrazine-2-formaldehyde with aromatic acetone, then the methoxyl of ligustrazine-chalcone derivatives were converted
into hydroxylated ligustrazine-chalcone derivatives through application of demethylating reagent BBr;. The anti-breast cancer
activities were determined by MTT assays. Results Twenty-one ligustrazine-chalcone derivatives were synthesized and the structures
have been confirmed by "H-NMR and MS spectra. The biological results showed that all synthesized ligustrazine-chalcone derivatives
showed selective anti-breast cancer activity that has more potent against MDA-MB-231 cells than MCF-7. Specifically, ferrocenyl
ligustrazine-chalcone compound 9t exhibited the greatest potency against both MCF-7 and MDA-MB-231. Moreover, these
ligustrazine-chalcone derivatives were not toxic to normal cells. Conclusion Chalcone unit is a kind of important anti-tumor

pharmacophore, which can enhance the anti-tumor effect of ligustrazine, and this study provides a new idea for the development of
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new, high-efficient and low-toxic ligustrazine derivatives with anti-tumor activity.

Key words: ligustrazine-chalcone derivatives; ferrocenyl derivative; anti-breast cancer activity
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e B, BhAh, A 15% B S AR R SR
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i 3,5,6-= FI LA -2- FH S 1R 2 202N R
¥ H 5 EUARIR 2 & A= Claisen-Schmidt ¥R 45 &
A B 2 R A 2R AL A4 (9a~9s), FHo )i %
I 4 2 A FER 2K 9¢. 9d A1 9i i BBry HEAT It 3%
3BT N R AL A L] 9f~9g A1 9n. B 1)
AWTE T 5 R BLIX 2 H RR AL A RHar IR S MR
RUFLRIE AN MCF-7 IR 2K 524050 L e 4
i MDA MB-231 S 84T 1E . 4 Tk — 242
FPUELIREE R, B AL DL R T =%
PRFERP225 ] N B )| 20 A TR P A3 3 T AR B W)

9t; [FIN R TSR AOC R G e TG4 9t It
KETHY (8). HAMEEGYINIA B2 LI 1.
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1.1 435

Bruker AM-400Hz B! %4341 ; DF-101S £
PSR IR s Gl T TR AT
B TTAEA ) Agilent 6120 Uy - R (SEH
Agilent 22 7] ); JJ224BC B HL 1R (G EXA G&G
B RFARARD; @i TEG A -k
—)7); CKX31 RUEE BHEE (CEARERTARD;
BB16/BB5060 1 #% CO, ¥i77A (g QR 2= A%
AR 2 7)) ; ELx800 i H B b X (35 [H BioTek A ] ).
1.2 iR%

RN T, R R H>98%, L

BHEARA ) B mE ., 208 % OiEsy
$>98%, BT RL T AR IR IR A F] D K
AR R B Al i 7 50=98%); GF254
A 200~300 H ARt RER (5 Bifgfh
T ) KAZEMK:; DMEM B3R5k, BRI )
H Hyclone A5 FLIHE MCF-7 1 MDA-MB-231
A R [ ECDOR 27 40 L M Dy, ARSI R AT
¥
2 AESHR
2.1 ERES
2.1 JIEEE (D RE KR5S (5.269 g,
252 mmol) ¥#F 30 mL 7K, A NaOH (15.0 g,
0.1 mol) J& i N 2 h, FIBEIR LG (30 mLX3)
I, HIFENUZ, JK NapSO, T, ki,
RN A E A 3.377 g5 WL 98.4%. ESI-MS m/z:
137.2[M+H] . "H-NMR (400 MHz, acetone-d;) J:
2.71 (s, 12H, CH;X4).
2.1.2 JIEBERAESELYD () AR HiED
1 (3311 g, 22.8 mmol) ¥ T 15 mL UKESEEH, N
A 30%H,0, (5.5 mL, 45.6 mmol), JI#% 70 C
N8 h, AEIZ G 50%NaOH i 5 pH
%10, MIBERR 4B (30 mLX3) A0, &AL
7, oK NaSOs T4, IR, 7930 5 44
2911 g, Y& 83.9%. ESI-MS m/z: 153.2[M+H] .
"H-NMR (400 MHz, acetone-ds) J: 2.68 (s, 12H,
CH;X4).
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Fig. 1 Synthetic route of target compounds
2.1.3  (3,5,6-=HIAENEE-2-55) ZRHNE (3) ) 3H, CHs).
e Bt 2 (2.891 g, 19.0mmo) T 7mL 2.5 3,5,6- = FUALIENR-2-FEE (5) 45k 7E Ar

CPRIF, IR 2 h JEukHs b £ & CRE, 15
B AR 3. 177 g, W% 86.1%. ESI-MS m/z:

195.1 [M+H]". 'H-NMR (400 MHz, CDCl;) §:

521 (s, 2H, CHy), 2.61 (s, 3H, CH3), 2.55 (s,
3H, CH3), 2.46 (s, 3H, CH3), 2.23 (s, 3H, CH3).
2.1.4 2-F2FHE-3, 5, 6-—HIEMEEE () & FR
BALAY) 3 (3.108 g, 16.0 mmol) ¥ T 20%NaOH
W (60 mL) o, Fi NV 12 h J5 - IR £ (50
mL X3) A0, HIFAHZE, JoK NapSOs T4, ik
FEWGH, R Ak S A i, A3 3R St i
1.887 g, W& 77.5%. ESI-MS m/z: 153.2 [M—+H] .
'H-NMR (400 MHz, acetone-ds) J: 4.68 (d, J=
4.0 Hz, 2H, CH,), 4.29 (t, J=4.4Hz, 1H, OH),
2.57 (s, 3H, CH3), 2.51 (s, 3H, CH®), 2.42 (s,

4R, FREULSEY 4 (1.811g, 11.9 mmol) ¥ T
Ji/Kk DMSO H, N 2-BEE IR R (IBX, 5.012
g, 17.9 mmoD), =il KV 0.5 h J5 Al s i InA
100 mL 7K, FBSER 485 (50 mLX3) AHL, /KUt 3
R, oK NaSO4 T4, WEMNH, 192
FEE AL, AR - BER CER (31D PR R
HEE A 1.610 g, WE 90.1%. ESI-MS m/z: 151.1
[M+H] . '"H-NMR (400 MHz, acetone-dy) J: 2.64
(s, 3H, CH3), 2.58 (s, 3H, CH3), 2.49 (s, 3H,
CH3)-

2.1.6 JIIEEE/REZEUEY) (9a~9e, 9h~9m,

90~9t) &K K& S (120 mg, 0.8 mmol)
FAHN 2R 2 (0.8 mmol) ¥ 30 mL H T,

FEIDEFE 10 min 58 VIR E T UK AR, 208
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I KOH (224 mg, 4.0 mmol) Ji& & i 4kst i i
12 h, NS - A EES Y LLTTENTH, I8
o, JEUHEE AT T WRAELATIENT
TFHESR 2.0 (25 mLX3) ZH, SIS, L
K NapSOy F4, WM, M2~ WA ik
alitk, Al - BRCHS (40110 1) PEkAR]
b4 9a~9p.

1-2K3-3-(3,5,6- = FH LN e -2- PN 4 (9a)
h B T ) 24 A3 B B B A, R 91.4%, mp
132~134 °C.ESI-MS m/z: 253.1 [M+H]". '"H-NMR
(400 MHz, CDCl3) d: 8.04 (d, J=7.6 Hz, 2H),
7.76 (d, J=15.6Hz, 1H), 7.54 (d, J=15.6 Hz,
1H), 7.41 (m, 3H), 2.61 (s, 3H, CH3), 2.48
(s, 3H, CH3), 2.43 (s, 3H, CHy).

1-(3-F 3L 2K )-3-(3,5,6- — H SE N R 3)-2- TR s
(9b) RHh 3-FHIR LM A BRI s b4, e
94.5%, mp 128~131 °C. ESI-MS m/z: 267.3 [M+H] .
'H-NMR (400 MHz, CDCly) 8: 7.79 (d, J=16.4
Hz, 1H), 7.61 (t, J=8.0Hz, 1H), 7.47 (s, 1H),
736 (d, J=15.6 Hz, 1H), 6.99 (d, J=8.4 Hz,
1H), 6.61 (m, 1H), 2.56 (s, 3H, CH3), 2.45
(s, 3H, CH3), 2.41 (s, 3H, CH3), 2.32 (s, 3H,
CH3),

1-(4- H 48 2R 3E)-3-(3,5,6- = I FE L B 3 )-2-
0 (9¢) by HY 4-FAUBRE IR 1 44 19 21 1 e (e ]
4, % 93.9%, mp 144~145 °C .ESI-MS m/z: 283.3
[M+H] . "H-NMR (400 MHz, CDCl3) &: 7.83 (d,
J=84Hz, 2H), 7.81 (d, J=15.6Hz, 1H), 7.43
(d, J=152Hz, 1H), 7.17 (d, J=84Hz, 2H),
3.78 (s, 3H, OCH3), 2.57 (s, 3H, CHj3), 2.43
(s, 3H, CH3), 2.41 (s, 3H, CH3).

1-(3- F 48 ik 2K 36)-3-(3,5,6- — FHBL R 3k )-2- 17
T (9d) Ay 3-FVAR IR W il 4515 21 1 2 )
4, L% 96.1%, mp 133~136 °C .ESI-MS m/z: 283.3
[M-+H]". '"H-NMR (400 MHz, CDCl;) d: 7.79 (d,
J=152Hz, 1H), 7.72 (t, J=6.8 Hz, 1H), 7.47
(d, J=15.6Hz, 1H), 7.37 (m, 2H), 7.21 (m,
1H), 3.71 (s, 3H, OCHj3), 2.54 (s, 3H, CHj),
2.46 (s, 3H, CH;), 2.43 (s, 3H, CHj3).

1-(2-F 3L 2K )-3-(3,5,6- — HI SE NI R 3)-2- TR s
(9¢) A H 2-FIHER O A3 B0 s (A a4, e
91.8%, mp 125~128 °C. ESI-MS m/z: 267.3 [M+H] .
'H-NMR (400 MHz, CDCl3) 6: 7.76 (d, J=16.0 Hz,

1H), 7.32 (d, J=152Hz, 1H), 7.07 (t, J=68
Hz, 1H), 7.03 (m, 2H), 6.54 (m, 1H), 2.58 (s,
3H, CH;), 2.46 (s, 3H, CH;), 2.44 (s, 3H,
CH3), 2.19 (s, 3H, CH3).

1-(4- LA FE)-3-(3,5,6- = H LN IR L )-2- A 475 i
(Oh) NiH 4-HIHER ZMR AR s i i, fog
94.5%, mp 136~139 “C. ESI-MS m/z: 267.3 [M+H] " .
'H-NMR (400 MHz, CDCl;) §: 7.89 (d, J=17.2 Hz,
2H), 7.71 (d, J=152Hz, 1H), 7.49 (d, J=15.6
Hz, 1H), 7.33 (d, J=8.0 Hz, 2H), 2.58 (s, 3H,
CH3), 2.46 (s, 3H, CH;), 2.44 (s, 3H, CHjy),
234 (s, 3H, CH3).

1-(2- A L 2R 3E)-3-(3,5,6- = F LN IR 5E)-2- T
I (91 A EH 2-FRAEE DR ) 4545 211 B (]
4, L 95.2%, mp 128~131 ‘C.ESI-MS m/z: 283.3
[M+H]". "H-NMR (400 MHz, CDCl;) d: 7.71 (d,
J=152Hz, 1H), 7.65 (t, J=6.8 Hz, 1H), 7.47
(d, J=15.6Hz, 1H), 7.34 (m, 2H), 7.02 (m,
1H), 3.78 (s, 3H, OCHj3), 2.62 (s, 3H, CHj),
2.53 (s, 3H, CH3), 2.46 (s, 3H, CHj3).

1-(4- S K H)m=3-(3,5,6- = T HE AL IR )2 14 245 ]
(95) A 4-5K QMG 43 2 s i 4k, WeR
82.9%, mp 131~133 ‘C. ESI-MS m/z: 271.3 [M+H] .
'H-NMR (400 MHz, CDCly) §: 7.72 (d, J=14.8
Hz, 1H), 7.54 (d, J=8.0 Hz, 2H), 739 (d, J=
8.0 Hz, 2H), 7.18 (d, J=15.6 Hz, 1H), 2.54 (s,
3H, CH;), 2.45 (s, 3H, CH3), 243 (s, 3H,
CH3).

1-(4- 5 25 35)-3-(3,5,6- = FF L NE 16 35 )-2- 1 945 i
(9k) K 4-FR CHRHI A5 20 s o 4k, o
89.2%, mp 142~144 ‘C. ESI-MS m/z: 287.7 [M+
H]'. 'H-NMR (400 MHz, CDCly) 6: 7.79 (d, J=
152 Hz, 1H), 7.52 (d, J=8.0 Hz, 2H), 7.31 (d,
J=8.0Hz, 2H), 7.08 (d, J=15.6 Hz, 1H), 2.56
(s, 3H, CH3), 2.46 (s, 3H, CH;y), 242 (s, 3H,
CH3).

1-(4-TR R 5E)-3-(3,5,6- — FF L L 1 i )-2- TA] 475 Tl
(O Ry H 4-K Z ) 215 B B (A [ A4, i
85.6%, mp 147~149 C. ESI-MS m/z: 271.3 [M+
H]'. 'H-NMR (400 MHz, CDCly) 6: 7.76 (d, J=
16.0 Hz, 1H), 7.62 (d, J=8.0 Hz, 2H), 7.34 (d,
J=8.0Hz, 2H), 7.12 (d, J=15.6 Hz, 1H), 2.58
(s, 3H, CH3), 2.44 (s, 3H, CH;3), 242 (s, 3H,
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CH3),

1-(2,6- - FHRE 25 36)-3-(3,5,6- — I L AL MR 55 )-2-
T (om) Ky 2, 6 FHIEZE Z Wi 415 21
FEO AR, IR 89.5%, mp 126~129 ‘C. ESI-MS
miz: 281.4 [M+H] . 'H-NMR (400 MHz, CDCl;)
§: 7.76 (d, J=16.0 Hz, 1H), 7.32 (d, J=15.2 Hz,
1H), 7.11 (t, J=7.6 Hz, 2H), 6.52 (m, 1H),
2.54 (s, 3H, CH3), 2.46 (s, 3H, CH;), 2.42 (s,
3H, CH3), 231 (s, 6H, CH3;X2).

1-(1- 28 J£)-3-(3,5,6- — H 3 it s 3 )-2- P 475 i
(90) A 1-ZE2K QIR AT B B 4k, o
87.5%, mp 121~123 ‘C. ESI-MS m/z: 303.3 [M+
H]". 'H-NMR (400 MHz, CDCly) 6: 791 (d, J=
7.6 Hz, 1H), 7.81 (d, J=152Hz, 1H), 7.63 (d,
J=88Hz, 1H), 7.56 (m, 3H), 7.47 (d, J=8.0
Hz, 1H), 7.36 (d, J=15.6Hz, 1H), 6.72 (m,
1H), 2.56 (s, 3H, CH3), 2.44 (s, 3H, CHs),
2.41 (s, 3H, CHy).

1-(2- 2% 3£)-3-(3,5,6- — HF JE 0L 5 J )-2- 1A 445 Il
(9p) MHH 2-Z5OK SR A3 B A A4, ik
91.2%, mp 126~128 ‘C. ESI-MS m/z: 303.3 [M+
H]". 'H-NMR (400 MHz, CDCl;) §: 7.82 (m,
3H), 7.79 (d, J=15.6Hz, 1H), 7.70 (s, 1H),
7.51 (m, 2H), 7.42 (d, J=15.2 Hz, 1H), 6.69
(m, 1H), 2.57 (s, 3H, CH3), 2.46 (s, 3H, CH3),
2.43 (s, 3H, CH3).

- 9E-3-(3,5,6-— FRFENEVRIL ) 2- TG (9q)
hy EH 2-PRIR 2 T ) 464 81 P s A, W 93.9%,
mp 116~119 ‘C. ESI-MS m/z: 303.3 [M+H]". 'H-
NMR (400 MHz, CDCl3) §: 7.57 (d, J=15.6 Hz,
1H), 7.51 (d, J=12Hz, 1H), 7.45 (d, J=15.6
Hz, 1H), 6.69 (d, J=3.6 Hz, 1H), 6.59 (m, 1H),
2.56 (s, 3H, CH3), 2.44 (s, 3H, CH;), 2.41 (s,
3H, CH3).

-G 3E-3-(3,5,6-— FR LN BRIL ) -2-PS 94 (9q)
Shy FH 2-PRIR R L ) 444 1 PR S 44, IR 93.9%,
mp 116~119 ‘C. ESI-MS m/z: 303.3 [M+H]'. 'H-
NMR (400 MHz, CDCls) é: 7.57 (d, J=15.6 Hz,
1H), 7.51 (d, J=12Hz, 1H), 7.45 (d, J=15.6
Hz, 1H), 6.69 (d, J=3.6 Hz, 1H), 6.59 (m, 1H),
2.56 (s, 3H, CH3), 2.44 (s, 3H, CH;), 241 (s,
3H, CHj).

1-BEWy HE-3-(3,5,6- = H HENE R ) -2- AT i (9r)

T 2-WEWy IR W % 4 2 1 w0 AR, fOR
94.6%, mp 125~127 ‘C. ESI-MS m/z: 259.3 [M+
H]". 'H-NMR (400 MHz, DMSO-dy) 6: 7.87 (d,
J=32Hz, 1H), 7.71 (d, J=152Hz, 1H), 7.65
(d, J=5.6Hz, 1H), 7.37 (d, J=15.6Hz, 1H),
7.15 (m, 1H), 2.55 (s, 3H, CH3), 2.44 (s, 6H,
CH;X2).

1- 1tk g Kk -3-(3,5,6- — T 56 bk I8 ik )-2- TAT 445 il
(9s) hy H1 2-ME s 2R £ i i) % 1 380 1R e £ T 4, e
93.9%, mp 116~119 °C. ESI-MS m/z: 42.3 [M—+H] .
'H-NMR (400 MHz, DMSO-dy) 6: 12.06 (s, 1H,
NH), 7.71 (d, J=152Hz, 1H), 7.61 (d, J=152
Hz, 1H), 7.43 (m, 1H), 7.17 (m, 1H), 6.25 (m,
1H), 2.56 (s, 3H, CH;), 2.45 (s, 3H, CH3),
243 (s, 3H, CH3).

1- R4k 55 -3+(3,5,6- — FH BE AL IR 35 )-2- 7 445 ]

(9t) LMWL = k)& 13 B 20 i A, ok
95.2%, mp 126~128 ‘C. ESI-MS m/z: 240.3 [M+
H]". '"H-NMR (400 MHz, DMSO-d¢) d: 7.71 (d,
J=152Hz, 1H), 7.34 (d, J=15.6Hz, 1H), 4.83
(s, 2H), 449 (s, 2H), 4.12 (s, 5H), 2.59 (s,
3H, CH;), 2.45 (s, 3H, CH3), 243 (s, 3H,
CH3).
2.1.7 I EGEERELAKE S Y1) 5 1 (9F~9g,
9n) 7 Ar RN, FEULEY) 9¢~9d 1 9n (141
mg, 0.5 mmol) ¥ T 25 mL J&/K CH,Cl, 1, =20 C
NZEME N BBry (1.4 mL, 17.9 mmol), 4k%E% W
12h, I 2 mL FEEACK N, BERRLBE (40 mLX
3) FEHG, HIFAPUZEIA 50 mL A NaHCO;
WIRVEYR, /K NapSO, T, kIR, 73204
PR B AAY, £ - BRSOl (3011
1 YEBA RIS 9f~9g 1 9n.

1-(3-F2 FL T HE)-3-(3,5,6- = I LML MR I )-2- T I
M (9f): FE[E A, WK 90.6%, mp 126~129 C.,
ESI-MS m/z: 283.3 [M+H] . 'H-NMR (400 MHz,
Acetone-dg) J: 8.99 (s, 1H, OH), 7.79 (d, J=
152 Hz, 1H), 7.47 (d, J=152Hz, 1H), 7.23 (1,
J=8.0Hz, 1H), 7.03 (s, 1H), 6.85 (d, J=8.0 Hz,
1H), 6.77 (d, J=8.4 Hz, 1H), 2.56 (s, 3H, CH3),
245 (s, 3H, CH;), 2.42 (s, 3H, CHj3).

1-(4-F A IE)-3-(3,5,6- = H FE L 182 3 )-2- P s
fiil (9g): A A, I 93.9%, mp 144~145 C.
ESI-MS m/z: 269.1 [M+H] . 'H-NMR (400 MHz,
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CD;0D) 6: 9.41 (s, 1H, OH), 7.65 (d, J=15.6
Hz, 1H), 7.21 (d, J=15.6 Hz, 1H), 7.14 (d,
J=8.0 Hz, 2H), 6.89 (d, J=8.0 Hz, 2H), 2.63
(s, 3H, CH3), 2.54 (s, 3H, CH3), 2.46 (s, 3H,
CH3)

1-(2-F2 HEHEHE)-3-(3,5,6- = H FEME R )-2- P 4
i (9q): #AE A, HZ 85.2%, mp 131~134 C.
ESI-MS m/z: 269.1 [M+H] . 'H-NMR (400 MHz,
Acetone-dg) J: 1246 (s, 1H, OH), 7.74 (d, J=
16.0 Hz, 1H), 7.47 (d, J=15.6 Hz, 1H), 7.27 (d,
J=8.0 Hz, 1H), 7.11 (t, J=8.0 Hz, 1H), 7.01
(d, J=8.0Hz, 1H), 6.94 (m, 1H), 2.55 (s, 3H,
CH3), 2.46 (s, 3H, CH3), 2.42 (s, 3H, CHj3).
2.1.8  3-(3,5,6-— HJENMLMRIL)- NG TR Ol (6) (1)
B AE A RYR, KA ) 5(570 mg, 3.8 mmol)
BT 20 mL oK R, A NaH (182 mg, 7.6
mmol) FIEE 1% — 415 (852 mg, 3.8 mmol),
FEEBEE N 10 h, JIAEA NaCl i, HES IR
LT (50 mLX3) L, GHANZ, T/K NapSOy
T, R, 12T ke, Al
fik - WAL 06 (8 D PRMBiAF 303 3 4 [ 4 598 mg,
# 71.5%. 'H-NMR (400 MHz, CDCly) d: 7.53
(d, J=15.6Hz, 1H), 6.17 (d, J=152Hz, 1H),
4.03 (m, 2H), 2.81 (s, 3H, CH3), 2.61 (s, 6H,
CH3;X2), 121 (t, J=72Hz, 3H, CH3).
2.1.9 3-(3,5,6- = HIIEMEMEIL)-NIGIR () &k ¥
A4 6 (550 mg, 2.5 mmol) ¥ T THF - /KR
BV (201, 30mL) 1, A KOH (280 mg,
5.0 mmol), FEif /N 16h, ] 2 mol/L EHFERIHTIH
W pH HA 4, HBSIRCEE (30 mLX3) I, &
HEWLZ, JoK NapSOy T4, WIS, 1520k
PEARE R, &R - R (90 D PE
REML AR E O 344 mg, ICE 71.5%.
'H-NMR (400 MHz, CDCly) 8: 7.47 (d, J=16.0
Hz, 1H), 6.13 (d, J=152 Hz, 1H), 2.81 (s,
3H, CH3), 2.65 (s, 6H, CH3;X2).,
21,10 1- Rk HE-3-(3,5,6- — F LN HE L )-2- TA 4
i (8) (A fE Ar R T, FREL G4 7 (154
mg, 0.8 mmol) ¥ T 5 mL J/K DMF ', JiIA NHS
(184 mg, 1.6 mmol) F1 EDCI (460 mg, 2.4 mmol),
FWSY 1 h JEFFIAZIE % (852 mg, 3.8
mmol), 44L& W 12 h, A 100 mL 7K BB 5 M.
HIBEIR 4.5 (30 mL X 3) ZKIOY, /K¥EE 3 K, A

AHUZ, /K NapSOs 8, WA, 73208~
WALk, Ak - B ClE (20 D BE
BRAY) 235 mg, 775K 78.3%. mp 144~147 C.
ESI-MS m/z: 240.3 [M+H]". 'H-NMR (400 MHz,
DMSO-dg) d: 11.10 (s, 1H, NH), 7.55 (d, J=
15.6 Hz, 1H), 7.21 (d, J=15.2 Hz, 1H), 4.86 (s,
2H), 4.53 (s, 2H), 4.45 (s, 5H), 2.61 (s, 3H,
CH3), 2.46 (s, 3H, CH3), 2.45 (s, 3H, CH3).
2.2 MEBREEMEMR

VEBUCHL I MCF-7 il MDA-MB-231 4 Jit il
RN Mbk, IR RFLE R 40 MCF-10A 4% 1
NMabk, KA MTT 2066 )1 & e 2 25 4k
GYATHCAN R . LAY 8 F1 9a~9t
FH DMSO %) » 48 J5i Fl DMEM 15 95 5L R B R 50,
20, 10, 5. 1. 0.5. 0.1. 0.01 pumol/L AN,
IO B0 A=A A 0 4t B T 10% 1 2 13
(1 CEY 21 DMEM K55k, 4l 96 FL4i Mk F= Kk
o, REFLIIN 100 pl 20 JR A o A7 400 i 5 A I e )
FEEJFBEIRW, M 100 pL &4 IR 254 1 335 55
), ¥igE3dJE, BSLIMA 30 uL 5 mg/mL MTT,
H 37 C. 5%CO, HiFRAH h 4k & 4 h, RIE RS
AN 100 pL —HIEHR. {3 R PR AT 490 nm P
MR LR (O {H, A aEYEsANK
FEXPPATINR 3 ¢, vHSER000 2490 0] b8 40 i (e 41
2, K AL [RDAR R 2 1] S 2 7] B0 i 2k
H OriginPro #AFUHE L EANHIKE (ICse) 1H,
W 1,

WHER= (4 aw—A s0) /4 an

k44 8 Fl 9a~9t X MCF-7 Al MDA-MB-231
X PR A L 4 I 38 A RS P, L 1Cso (AR 0.8~
14 pmol/L, /NG IINIE M, I E ]
MCF-7 Fl MDA-MB-231 [fJ ICso {57374 15.8.19.3
umol/L; It4h, 54 8 Fl 9a~9t LU )1 E5 X},
JiR L 5z 41 s MCF-10A (1] ICs0 3K 100 pmol/L.
3 g
3.1 &ERERS

A A G S I, A T 9N, W5
TH AR A A 1 5 VR TR R ke £ 281 e 5
Yy, AR R E N, B ) A A A
(PRAN ARG B AL =1 . (H2, XD B
AT XU N VAT A

TEG ) B W2 e A R AL A 9f~9g Al
9n I, W) EEA AR ER W 5 0EY 5 3T
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Table 1 Antiproliferative activity of target compounds
e ICs¢/(umol-L™") e ICs¢/(umol-L™")

MCF-7 MDA-MB-231 MCF-10A MCF-7 MDA-MB-231 MCF-10A
9a 8.840.99 544024 >10 91 7.1£2.57 2.3%0.67 >10
9b 7.94+0.85 5.240.78 >10 9m 12.4+1.68 9.9+1.94 >10
9¢ 8.61+1.68 2.5+0.19 >10 9n 10.3+1.33 3.6+0.57 >10
9d 9.1+1.32 42+0.46 >10 90 13.8+2.07 10.5+1.62 >10
9e 11.5+2.45 7.7+1.09 >10 9p 11.741.48 11.84+1.33 >10
of 5.1+0.74 2.3+0.53 >10 9q 2.7+0.32 1.1£0.16 >10
9¢g 4.8+0.55 1.2+0.28 >10 or 2.0+0.17 1.4+0.28 >10
%h 6.3+1.47 3.1+0.62 >10 9s 1.5+0.43 0.94+0.11 >10
9i 10.7£1.08 6.710.64 >10 9t 0.8+0.24 0.5+0.15 >10
9j 54+1.13 2.4+0.83 >10 8 1.1+1.54 0.7+0.42 >10
9k 8.3+1.32 2.8+0.24 >10 N0 15.81+1.47 19.3%1.17 >10

Claisen-Schmidt F2EE4E A [ N A %, HAEFERE £
PR, 3RS T E f Oy, FIH T 46 A RNV,
JITEL 9f~9g I 9n IR IRAL (<5%), XAFT
RKFBEAE =, DR, SR 0 FF R A0 ) 1] 25 g 4R
FEAREIL A 9e~9d F 9i BEAT I FH R4 4% 75
SERTEY) 9f~9g F1 On, 7EIEPEE F LA, X}
tbT HBr. ZiEE4N. AICL. AEREEhEREE Al BBrs
XA EGR A, Hod BBrs it RS (O, 2k
FE BARE AR Sy alid, IF HIlE .
3.2 MEBREEN
AN TS AR S R, AR
(19 115 g 25 7R B 2540 & W) LR MCF-7 Rl
MDA-MB-231 4 il v W] 5l o i T BHARAL 54
JNEE, XL G 1Cso fHE /T 15.0 pmol/L,
X MDA-MB-231 41 g I H T 58 i R s 8
X2 BB 5 N A R B B TC RE 8 B8 s B FL IR S
PEo RS, ST AP ROE Z ) LRI A 7K I
LG PE R MR K . M A R 2R R B
(9a~9q), ZRIF F IR TENT B DL Cy AR TGP
58T C3 e Co A7 B 21 OMe HUAAE /K i 5ot
Cy PLIIAE A 9¢ FF MDA-MB-231 (0135 2 B &
Hha T IR & 7RI FL T G A7 IS 9d T Cy
PEEIEAE Y 910 BE— DR Cy ATHURIE I &I, Xt
AR R P m b L v 1, IR 5L A
(OH. F. Cl. Br) HURHEEE R T4 T (Me.
OMe); fHJE, K /R i 5 G [ 2R B0 2 ) 47 B4
KIGFEEHE (2.6-FIELZRIE, 1-283E, 2-2838) AR

Ja B T pUMIR I E s TR 28EA (BRI A L IR 2R
MEREER . ORERAED HCACHT I N N T RS
P, JEHOZ RS ot FEBLI T SR i BUsLAR
FE ks SR, QRSERE —IRBRAL A 9t 1A IR I e
REENEAL 57 8 Ja A AR T L iid vk, XL
SERUU, AR B G — UM 2R - b,
FITA 1) HARE B0 TR IO FUIR 1 B 40l MCF-10A
B S8 LRI, AURENR )1 2GR 2K —
AR B OCHEERAST B T DUBR IS T B SR A £
Y, AR R AR5 BRR TR 254
FEAL TR IR R
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