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8-F IR EEU AR 2K S 1RV & A A H A MDA-MB-231
“ARRIBTEAYIE TN

%BORY O RTmTC AW I ¥ gk FEa
(CEHRZZ%E5 LiE 201203)
CILPREEZG K250 #5E 330004)
(LHZN R ARAT mE 330096)

WE  DL3S-THAEER NERGIER, & 5~6 DR, AT 8-FREIRN 8 NFERRLUY, ZiEsbst AFLER
FEAI AL MDA-MB-231 3458 (0 HI/E AR, 25 R 8o M R ACsy 69.3 umol/L), 2 HA BRI
(ICs) 22.5 pmol/L); K 5% f2 30 T E5 My b BB & SR BT IF, RIFE 8 A7 51 NS et LGy 2 5k R Ak, ml g — 204 b vk
(ICso 12.1 pmol/L); 7F 3 4 E43 BB AR K /ANIBACHE R (G N3 5 8 FE R 5 oA 32 AT AR FF i 1 5 7 51Nk
KR FE A AT g S A R, B IR f) P AR BE X M R B 3 I s i ek B9 Tg 1 1C s [EIA #1) 8.26 pmol/L.

KA WY R, RGN, RN E, ARG A

Synthesis of 8-Pentanyl Favonoids and Evaluation of Their
Inhibition against MDA-MB-231 Cell Proliferation

Tu, Lang®” Ma, Qiaoning” Kou, Xinhui® Sun, Ping**
Yang, Yonghua®  Lei, Xisheng™*
(“ School of Pharmacy, Fudan University, Shanghai 201203)
(® School of Pharmacy, Jiangxi University of Traditional Chinese Medicine, Nanchang 330004)
(“ Jiangzhong Pharmaceutical Co., Ltd, Nanchang 330096)

Abstract Starting from 3,5-dimethoxyphenol, eight morusin analogues bearing iso-pentanyl at the C-8 position have been
synthesized through 5~6 steps, and their inhibitory activities against MDA-MB-231 cell proliferation have been evaluated in
vitro. The tested results indicated: (1) morusin displayed more potent activity than quercetin (ICso: 22.5 pmol/L vs 69.3
pumol/L); (2) the activity could be increased (ICsp: 12.1 umol/L) if the cycloolefin ether in morusin was disconnected, namely,
iso-pentanyl was installed at the C-8 position, and all the phenolic hydroxyl groups were methoxylated; (3) the potent activity
could be retained when the substituent at C-3 position was replaced by the different bulky hydrophobic groups (H, Bn, allyl
and prenyl), respectively; (4) the introduction of the hydrophobic groups to the C-5 position might be favorable to the inhibi-
tory activity; (5) the para methoxy group at B cycle in the flavonoid seemed to have an important effect on the activity; (6)
finally, the most potent compound was 7g with ICs, value of 8.26 pmol/L.

Keywords quercetin; prenylflavonoids; morusin; synthesis; cytotoxity
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TP, BEEAZE RN R AR IR 5] L AT G,
JEH SR KT 56 5 TR I P PR AF DG PR 5

e A B B R A S A E 9 R IR S A i — 2K, 12
SRS 400 KM, ENEENEYY L&, (£
VIHAR A SR A R 22 FE R EBAE A, IR,
2 AT FE R IR B 1) S TR R B SR A S )t R I
Z P 24 B OE ME W, OO0 R 7R BT OR RE E Oy TH, Wn
Manosroi Z5PVE L 8- 57 134 3L 1 35 WAL &4 (8-prenyl-
naringenin, [ 1)%} HL60. A549 2 SKBR-3 4 i3 & %
()4 2531 I Ishibashi 2514R0E 3,6,8- = 5 i R 3
fiil artoheterophyllin D F1 heterophyllin & &AL K T
(TNF) 5 5 40 B 0 T A O A4, m ok 438 12 b 3% B0 e 40
Lee 25712 9 3,6- — 53 ) HE B 35 cudraflavone B 7] L)
b OSCC diiM A 2257 2L Dat VR I 3,8- — 5 /s
FEAIFEAR cyclomulberrin, cyclomorusin. morusin X
HeLa. MCF-7. Hep3B ¥ 4fl i H. 75 5if 1) 41 il 25 1F FH ;
Shimizu AR CVEZAERM T V2 10 TAE, MhATRI
BHNE 34 6 B8 A7 A —NECE AN S 0 A ) 2
a2 Mima i R A MMEEN, EEHRY
UM AT AR B, B AT 35 0 BB Ra v 1 7T 2

T C-R IR HEAIE 5 7 51 SR M DL A S A P s £
SFEAE, Barron A1 Higashiyama 5! TAFESE C-R /%
A A T DL R 5 B P e e e v

TE 7 A HE B W ZE R AR =, (EfE IR R
%?(morusin, 1), —Fh S REHEY) P E B R R
FiL &Y, © 5 R, AR — S A 2 AT
WA REEER, W4k E HT-29. FUE MCF-7. A
JF9# Hep3B. = #iJ HeLa Uizl Sz &
(quercetin, P DAFRIE, FEEREM 3 AL RIENAE
Rk RIHEEMRFERAE 3. 8 AL AN w3, Hd
8 Ml itk 7 A MR R T IR EE(E 2).
2010 4F Lee WA B IR SE A T B A& AR, (EW S
B 25 R S S FE T R I 1 R T R ILARE . B
I, AYGRBA G Y RET T 2 C-B O-fidk
s PR, B TS g By gk mr DL ik
T AT M TR G M, 3 AL AT SRR A [H] RN e 2
AKXV L. DUk, FRATTH R =R
5 A BRERIREATIF, 78 8 Arol ARk, kbR
PG, D73 BRI kAL, B IREE A BR 5 AL
Py R i, ek A AT LT A S5 Vit 1 T 5 A I B 28 (o £

norartocarpin

artocarpin

quercetin

B B A AR (K 5 SO SR AR AL S 4k 2K

Figure 1 The structures of quercetin and some representative prenylflavonoids
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target effect); # B ¥ AR T ARAE, LU
3 FLGIAAFER /NI, @ X e a5/ o, YA %
A X HUMRE VE RS2, Bert i B AR 2 7 an B 2 B,

Morusin

8 examples
R'=H, Me

R? = H, Allyl, Prenyl, CH,CO,Et, Bn

R® = 2-OMe, 4-OMe, 2,4-(OMe),

B2 iR ERO ) T aik

Figure 2  Structures of the designed morusin analogues
1 ZER5He

H AR T HIE B2 Scheme 1. BIRA 3,5- — HI4,
BB NEIE R, £ T, 55kt
YR T I G s k- S A N A
BEMAY 2; B JE 22 SRR T Pd/C LS
B, Bk AY 2 IR RIS SRR 3, (HA 2 RS,

RN BORAE, TR, RA=JEEE=ML
PRAFAE 1L R EAARAE, WOAH &b &) 3; 35K, h

Yy 3 A4S PR RN, RTERY R R AR 5] N S,
PG 4, A4 S Baker-Venkataraman [ MV
%1% (ArCOC1/Pyridine, KOH/pyridine)!"™, Hi4k &4 4 #

& B-ZHRIEY 5, HRMRAR, FESEHN R
AR Bk &4 4 I LDA 23RS, 2 BIEIRE T 5
BRI R B SR B, o] DA% B- BRI &%) Sa~
Sc. AR BoR > B AL Sa~Se 177E I & I I
SRR Xk, B SR M o Ry, p-
FA AT A 23 3 5 s AR I, TH]ZEF'J%@
EHIAARFEEEE, sl A g adith, EEEmRE%
PR REDTHRE, BRI BV Ta, Tb, Te,
Te, 7g, Th; L&MW Te Fl Te & =IRALERAE T, etk
5 SRR 3L, PRA AR I R A 7d RO 7E. BT
HWAMZ 'THNMR. “C NMR. MS-ESI #4F, HFrfk
&) Ta~Th B4 HRMS (ESHFEAE, HiilH o T-45#).
FE T B 2 (quercetin) A 1% #A DI HUMR VS
YLLK Y - 515, T2 DA 2 N BH X B S, W25
PR 2 F7 F (morusin) K2 A 5 B AR (144 ST o8 i
M. ARAMTUIR G MR CCKS 1, 8k & 4%t
NFLRE AR MDA-MB-231 858 (F4mdI/E/, 5 8
AR T R A B A B 2, JE IS SPSS AU
SRS 1Cs 8, SR 1| fiow.
M1 HRT LRI, FEX TR 2R (ICs 69.3 pmol/
L), RERAHEMN 3 M5l TR 8 Mgl AL
W HE 7 MBI AT IR fE, 6 R 4 i
MDA-MB-231 5 ME R % 3 f%(1Cs 22.5
umol/L); #4Ff & T 45 b B & S BEST IF, RIAE
A 8 AL I NSRS BTy R AL SR, S0

S Aol ot

MeO

OH O O oH
= e
| ——
MeO OMe \\
R3

5a: R® = 2,4-(OMe), 6

5b: R® = 4-OMe
5¢c: R = 2-OMe

OR' O

7a: R' = Me, R? = CH,CHCMe,, R® = 2,4-(OMe),

7b: R' = Me, R? = CH,CO,Et, R® = 2,4-(OMe),
,: 7c: R' = Me, R? = H, R% = 2,4-(OMe),

7d: R' =H, R? = H, R® = 2,4-(OMe),

7e: R' = Me, R? = CH,Ph, R® = 2,4-(OMe),

7f: R' = H, R2 = CH,Ph, R® = 2,4-(OMe),

79: R' = Me, R? = CH,CHCH,, R® = 4-OMe

7h: R' = Me, R? = CH,CHCH,, R® = 2-OMe

Reagents and conditions: (a) BCl3, Me;CHCH,COCI, CH,Cly, 0 C~r.t., 3 h, reflux; (b) (CzHs)3SiH, CF3COOH, r.t., overnight; (c) CH3;COCI, BCls,
CHyCly, 0 ‘C~r.t., 3 h, reflux; (d) ArCOCI, LDA, THF, —25 ‘C,1h, —78 C,3 h; (e) R2Br, K2COs3, DMF, r.t., overnight; (f) AcOH, conc. HySOy, r.t., 1.5

h; (@) ABrs, CHCN, r.t., 1.5 h.

B 1 HAMEEWR & R

Scheme 1 The synthetic route of target compounds
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F1 R R LI Ta~Th $HASHIE LM MDA-MB-
231 M5 B0 1

Table 1 The inhibitory activities of morusin and its analogues
7a~Th against MDA-MB-231 cell proliferation in vitro

Compd. R' R’ R’ ICso/(umol * L)

Quercetin — — — 69.3

Morusin  — — — 22.5
7a  Me CH,CH=CMe, 24-(MeO), 12.1
7b  Me CH,CO,CH,CH; 2,4-(MeO), 46.4
7¢  Me H 2,4-(MeO), 11.4
7d H H 2,4-(MeO), 29.4
7¢  Me CH,Ph 2,4-(MeO), 11.1
7t H CH,Ph 2,4-(MeO), >300
7g¢  Me CH,CH=CH, 4-MeO 8.26
7Th Me CH,CH=CH, 2-MeO 136

HE— 45 (Ta, ICso 12.1 pmol/L); BEJE XT3 £ 1) 7 IR )
F 20K /N 1 A s 2 1 R R HUAR (7b, ICs, 46.4
pumol/L), &M FTB&MK, (EJ2H H s B G, 6k
TREEAAE(Te, Te), $EnAE 3 47 LT LARVFAS A K /N5
KB AR, AR PSR AT REAR; Wil 5 7 A
MR s, MWEHEA BTRER7d, 76), JLHEY 3
A TR S A5 A K R A P 3 B, 3 L 9 2k (7,
1Cs0>>300 pumol/L), UiHI 5 137 428 %) vl PR A 3 K R
WRAE 3 AL gl AT 2E . PR FE B AL A R (B2
SRAT AT 1 A, A2 v P (7g, 1Csp 8.26 umol/L),
2, WA B IALAL AL . (H 22 B i F 4R
e, NEE 2 PR (Th, ICs 136 pmol/L), ¥l B ¥R
oA AR S G SRR M R R EE .

2 Zhig

oz PR, BATLL 3,5-— ALK N GG R R
4 5~6 M, AT 8- RIE-3-EILEUIRHY 8 NS
Fem B, 57 Hoot NFURE 4L MDA-MB-231
BEFMANEER. RIS R, MXFE R, A%
KIFEETE, BSR40 AR A& ST I B
Xy 2 5L F AL RE B AR =S 1, AN, REUEI 3 47
ERTARVEAFR AN E K PEEEAAAAE; 5 A1 5] NBiK
PEIE AT AT RN, B PR (1K) F A2 3 6o 36 2 B i
#, mINACEYIN 1Cs {HiAF] 8.26 pmol/L.

3 SWES

3.1 UES5HF

'H NMR(400 MHz)#1 “C NMR (100 MHz)i H
Bruker #ZHEILIROGEI, TTARG DT J9iE ), DY RN
WHRZEIR TIlE; Fi%H Agilent 1100 45, &5 35
%4 ] Bruker micro TOF II (EST)JI75; WC-1 % & ks
RGN 5E I RGBS R 22 0E). W2 )24 43 T (TLC) il
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© 2015 Chinese Chemical Society & SIOC, CAS

RSN EERERET . BEEHER. WU R AT, MEE
Mrd B AL Z M LS H (300~400 H PAK 100~200 H)
B B & A A

FiZK, THF, DMSO, & F ¥, DMF Fl £ i 55 57
18 F AT I d bR SR B AT T K SR A . B 2T BT i
FI T8 T8 AN A i Bk 55 D [ 24 42 A4k 53055 A =] 1 49
Mrgai s, ik = EIWE Acros, [EZ, Bt T, &R
T8 R 22 i 5 45 L 5K 1R AR A
3.2 XWHE
3.2.1 J Friedel-Crafts Bti R 2 %) & 1-(2-#%-4,6-
Z PRI EE)-3-F E-1-T EA(2)

250 mL T = DR EEE FABEE, EES
R, Tk A E—5 CLLF, mHd AT
SV HH 1 mol/L BCly [ CH,Cl, (20 mmol, 20 mL);
ARSI 3,5-— H AR LR 3(3.08 g, 20 mmol) T 20 mL
(176K CHCL H1, N BRI, T+ & =R I e
15 min; J 5 R (26 mmol)iaT 10 mL J57K CH,Cl,
W, SRS\ BRI R, SN [AIZE 20 min BA L f0EE,
FHWE 60 Cyhigaarh, AN hInFE 3 h, BEE A
FE R, R0 mL, 1 mol/L)¥¥ K [z %, CH,Cl, 5L
(20 mL X 3), 7K¥E(20 mL), A& KPEEQ20 mL),
IKBRFR AT %, U8, JURRYE, Bk A E T4l
TR ENTIRGER: VOB @ M EF )=2 1], &
HE A 4.33 g, R 92%. R=0.66 [V(H k) @ V(<
22 l8)=3 : 1]. mp. 49~51 C(5CHrE—%""); 'H
NMR (400 MHz, CDCly) d: 14.17 (s, 1H, OH), 6.07 (d,
J=2.4Hz, 1H, Ar-H), 5.92 (d, J=2.4 Hz, 1H, Ar-H), 3.85
(s, 3H, OCHj3), 3.82 (s, 3H, OCH3), 2.86 (d, J=6.7 Hz,
2H, COCH,), 2.33~2.06 (m, 1H, CH), 0.97 (d, J=6.7 Hz,
6H, 2CH;); *C NMR (100 MHz, CDCl;) d: 205.56,
167.71, 165.72, 162.55, 105.89, 93.57, 90.74, 55.49, 53.02,
25.29, 22.80; ESI-MS m/z: 239.0 [M+H]".

322 #& 2-FRA-35-=F AAKEQ3)

FEESARA BT 100 mL S SO I N B
(11 mmol), T = LBR(16 mL);, =& FHisk, 2%
153 I = 2. 3E6E5((4.5 mL, 28 mmol), & %M 5E4S A,
PR ZEBR = O TR, 50 ik B R AN B R S AN TE V(70
mL)FRE, 2R ZEEREEN(50 mLX3), /K¥E(50 mL), 1
A KB (50 mL), To/KBREREN T &, U8, I
JEA AR, 5B VAL E A a6 A 2 BTk e R VO
k) - (&R - V(B =20 : 10 © 0.1], 15 A Al
& 5.03 g, WE 89%. R=0.56 [V(fiiifk) @ MR
fig)=5 : 1]; m.p. 55~57 C(53CHkE —5""); '"H NMR
(400 MHz, CDCls) 6: 6.08 (d, J=2.0 Hz, 1H, Ar-H), 6.03
(d, J=2.0 Hz, 1H, Ar-H), 4.85 (s, 1H, OH), 3.77 (s, 3H,
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Chinese Journal of Organic Chemistry

OCH3), 3.75 (s, 3H, OCH3), 2.57~2.49 (m, 2H, CH,),
1.63~1.51 (m, 1H, CH), 1.39~1.30 (m, 2H, CH,), 0.94
(d, J=5.8 Hz, 6H, 2CH;); >C NMR (100 MHz, CDCl;) ¢:
159.01, 158.80, 154.55, 109.57, 93.23, 91.26, 55.56, 55.24,
38.55,28.15, 22.55, 20.53; ESI-MS m/z: 225.0 [M+H]".
323 #&1-Q-FA-3-FRAE4,6-=F AL KIE)-1-
CER(4)

FWERT TR Friedel-Crafts BEAL SN i 4 1% 40 &
V), BRSSO Sl ARSI vCa ) © (=
AR MR CER)=50 © 11 1, fRRs A, Yk
2 63%. Re=0.73 [V(fihlk) - (& SE)=1: 1]. m.p.
101~102 C(53HkfE—5""); 'H NMR (400 MHz,
CDCly) d: 13.94 (s, 1H, OH), 5.94 (s, 1H, Ar-H), 3.89 (s,
3H, OCH3), 3.88 (s, 3H, OCH;), 2.61 (s, 3H, COCHj3),
2.59~2.51 (m, 2H, CH,), 1.62~1.50 (m, 1H, CH), 1.36~
1.28 (m, 2H, CH,), 0.93 (d, J=6.4 Hz, 6H, 2CH;); "*C
NMR (100 MHz, CDCl;) d: 203.33, 163.56, 163.33,
161.48, 110.86, 105.74, 85.60, 55.37, 55.27, 38.05, 33.18,
28.20, 22.57, 20.06; ESI-MS m/z: 267.2 [M~+H]".

3.2.4 #1& p-—ER KNSy — AL

FEG/ AR BT 100 mL J2 S AN B
7 F (4.8 mmol)F1 8 78 () — &UIAN(1S mL), Jn#kElii
2 h JEAHEER, EZER S TR H B0
mL X 2)ZFRER S, FRIKEBE S G, KB
WET 15 mL Jo/K Y S BKRE(THF) H & H.

FEG ORI N HCS — AT 100 mL MR, N
A SHAZEALEP0(4 mmol)i&f# T+ 10 mL Jo7K THF Hr, #
HAE—40 C, Whn 2.0 mol/L #J 5 mL LDA V&, 7+
WmZE—25 CEAH, RFEREIA —30~—40 C; £ 1
h JE4RSEAEREFE —78 C, &8N & B &R,
e 3~4 h; AEEER(10 mL, 1 mol/L)H KM, FHE=
I 2R ZBEZEEL(50 mLX3), /K¥E(50 mLX2), 1
A FRIKBEER (50 mL X 2), Jo/KIRIRIN T o, i,
TR ARG, BB YA EATS 77 .

1-(2,4- — A L IR IE)-3-(2-F2 Jk-3- 7 [l gk -4,6- — H
AFE I BE-1,3- B (5a): AL E ML V(£
fif) - & HKE) - MCIRATEE)=35 1517, Bl
e, IR 54%(0 B /B X = 5/1). Re=0.72 [V(f i
fif) : & HGE) - MCRR OE)=2 1. 1]; mp. 115~
117 °‘C; '"H NMR (400 MHz, CDCl;) §: 15.97 (s, 1H,
C-OH), 13.63 (s, 0.2H, OH), 13.31 (s, 1H, OH), 7.94 (d,
J=8.7 Hz, 1H, Ar-H), 7.64 (s, 1H, CHCO), 6.57 (d, J=
8.8 Hz, 1H, Ar-H), 6.49 (s, 1H, Ar-H), 6.43 (s, 0.2H,
Ar-H), 5.98 (s, 1H, Ar-H), 5.87 (s, 0.2H, Ar-H), 4.50 (s,
0.2H, COCH,CO), 3.92 (s, 6H, 20CH;), 3.86 (s, 6H,
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20CH3), 3.75 (s, 0.6H, 20CHj3), 3.60 (s, 0.6H, 20CH3),
2.65~2.49 (m, 2H, CH,), 1.61~1.51 (m, 1H, CH), 1.40~
1.30 (m, 2H, CH,), 0.94 (d, J=6.4 Hz, 6H, 2CH3); "°C
NMR (100 MHz, CDCly) &: 200.26, 193.89, 193.80,
174.08, 164.90, 163.72, 163.61, 163.53, 162.77, 162.52,
160.98, 160.87, 160.25, 160.16, 132.98, 131.56, 120.19,
116.26, 111.56, 111.17, 105.66, 105.52, 105.15, 104.96,
102.27, 98.93, 98.27, 86.72, 85.79, 60.13, 55.71, 55.66,
55.63, 55.53, 55.44, 55.34, 38.29, 38.16, 28.37, 28.31,
22.74,20.42, 20.20; ESI-MS m/z: 431.2 [M+H]".

1-(2-F2FE-3- 57 ik -4,6- — FH AR FE IR I )-3-(4- F A AL
AR FE-1,3- ZFid (Sb): AFJZATIRGER: VOA hEE)
VIR ZEE) : V(TE)=40 : 8 : 0.2, HE Mk, B
67% (EER/EI =2/1). R7=0.38 [V BF) @ V(&
%) MR ZHER)=35 151 7]; mp. 107~109 C; 'H
NMR (400 MHz, CDCl;) §: 15.80 (s, 1H, COH), 13.68 (s,
0.5H, OH), 13.28 (s, 1H, OH), 7.95 (d, J=8.8 Hz, 1H,
Ar-H), 7.84 (d, J=9.2 Hz, 2H, Ar-H), 7.25 (s, 1H,
CHCO), 6.93~7.00 (m, 2H; 1H, Ar-H), 6.01 (s, 1H,
Ar-H), 5.84 (s, 0.5H, Ar-H), 4.50 (s, 1H, COCH,CO), 3.95
(s, 3H, OCHjy), 3.89 (s, 1.5H, OCHj3), 3.88 (s, 3H, OCH3),
3.87 (s, 3H, OCHj), 3.84 (s, 1.5H, OCH;), 3.50 (s, 1.5H,
OCH,), 2.63~2.49 (m, 2H; 1H, 2CH,), 1.78~1.49 (m,
1H; 0.5H, CH), 1.40~1.28 (m, 2H; 1H, 2CH,), 0.98~
0.90 (m, 6H; 3H, 2CH3); >C NMR (100 MHz, CDCl;) o:
199.15, 193.58, 193.55, 175.98, 164.09, 164.01, 163.68,
162.94, 162.75, 162.70, 160.84, 160.24, 130.54, 129.93,
128.65, 126.89, 114.10, 113.98, 111.77, 111.50, 105.64,
104.71, 97.35, 86.76, 85.88, 55.97, 55.65, 55.59, 55.34,
54.87, 38.30, 38.14, 28.40, 28.36, 22.76, 20.43, 20.22;
ESI-MS m/z: 401.0 [M+H]".

1-(2-F 3353 R34, 6- = FRAR L R L) -3-(2-FR A 3
AREYHFE-1,3- 8l (5¢): FEENTMRSER: VO )
VTR CTiR)=5 1 1, i tfElik, Wi 36% (e =/
X=9/1). Re=033 [V(AMEE) : MR LER)=3 " 1];
m.p. 116~119 C; '"H NMR (400 MHz, CDCl;) d: 15.73
(s, 1H, COH), 13.61 (s, 0.1H, OH), 13.25 (s, 1H, OH),
791 (dd, J=7.8, 1.7 Hz, 1H, Ar-H), 7.87 (dd, J=7.8, 1.7
Hz, 0.1H, Ar-H), 7.61 (s, 1H, CHCO), 7.49 (t, J=7.8 Hz,
0.1H, Ar-H), 7.47~7.40 (m, 1H, Ar-H), 7.05 (dd, J=11.6,
4.3 Hz, 1H, Ar-H), 6.99 (d, J=8.4 Hz, 1H, Ar-H), 6.00 (s,
1H, Ar-H), 587 (s, 0.IH, Ar-H), 4.55 (s, 0.2H,
COCH,CO), 3.95 (s, 3H, OCH3), 3.92 (s, 3H, OCH,), 3.88
(s, 3H, OCH3), 3.85 (s, 0.3H, OCH;), 3.80 (s, 0.3H,
OCHy), 3.59 (s, 0.3H, OCHj), 2.62~2.54 (m, 2H; 0.2H,
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BIHE

CH,), 1.63~1.51 (m, 1H; 0.1H, CH), 1.40~1.30 (m, 2H;
0.2H, CH,), 0.97~0.91 (m, 6H; 0.6H, Me,); *C NMR
(100 MHz, CDCl3) d: 199.75, 195.56, 163.85, 163.72,
160.83, 159.06, 134.30, 132.47, 130.94, 130.09, 127.10,
120.91, 120.84, 111.76, 111.34, 105.64, 85.78, 60.30,
55.82, 55.58, 55.51, 55.34, 38.18, 28.34, 22.76, 20.23;
ESI-MS m/z: 401.0 [M+H]".

3.2.5 p-—ERA R AL S Wb kr A B A IR A B K R
K7 ] & R AL A dh 0 — A AL )T

AR TR 100 mL NS, A g-—
AL E4)(0.215 g, 0.50 mmol)MTC/KERIRHH (76 meg,
0.55 mmol), ¥#f#T 5 mL i) DMF 1, i A xi{847(0.55
mmol), LR F 30 mL KE KRN, LR LEREE
HU(30 mLX3), 7K¥E(30 mLX2), A1k KB 30
mL X2), oK TSR, S8, BUERYE, 35t
FAAH .

76 50 mL JRIEH, N IR 5, BET S mL
VKEEER ) W NIKAREZ (0.02 mL, ) 1~2 i), =i&
(25 C)#idE 1.5h; A 30 mL /KK, & H B A E
(20 mLX3), 7Ky, WA EhKBEE:, To/KmiERaN T
R, IR, BURIRAR, BRI RN .

2-(2,4-Z HVEUREL)-8- ¢ [ Fk-5,7- WA R 2k~ 3-(3-
H L -2- T 0 -1-28)-4 H- (0 )5 -4- T (7a): ¥ JZ BT K 3 551
VOB @ MR ER)=5 © 4, 15985 (R SOIR [E 44,
W 71%. Re=0.41 [V(AER) @ & ) @ NCR
ZW8) © V(FE$)=35:5:4:1]. '"H NMR (400 MHz,
CDCly) §: 7.28 (d, J=7.9 Hz, 1H, Ar-H), 6.60~6.50 (m,
2H, 2Ar-H), 6.37 (s, 1H, Ar-H), 5.21 (t, J=6.8 Hz, 1H,
CH=C), 3.98 (s, 3H, OCH3), 3.92 (s, 3H, OCH;), 3.88 (s,
3H, OCHj3), 3.78 (s, 3H, OCHj3), 3.04 (s, 2H, CH,), 2.67~
2.59 (m, 2H, CH,), 1.59 (s, 3H, C=CHj), 1.54~1.44 (m,
1H, CH), 1.41 (s, 3H, C=CHj;), 1.38~1.29 (m, 2H, CH,),
0.84 (d, J=6.8 Hz, 6H, Me,); °C NMR (100 MHz,
CDCly) d: 178.17, 162.29, 160.66, 159.16, 158.58, 157.89,
156.90, 131.72, 131.05, 122.87, 122.80, 115.64, 110.99,
108.58, 104.25, 98.63, 91.11, 56.38, 55.87, 55.61, 55.53,
38.50, 28.12, 25.85, 25.12, 22.64, 20.52, 17.76; ESI-MS
m/z: 481.3 [M+H]+; HRMS (ESI) caled for CyoH3504
[M+Na]™ 503.2404, found 503.2403.

L3 2-(2-(2,4- — HEE R IE)-8- 3 [ At -5, 7- — HAH -
4-FRBL-AH- (0 )75-3-38) LR BR (Tb): A EATMkEER): V(A
B © MR ZE)=5 . 4, BENE, BEH -
B kse, 1988 Ok, WP EARIE 69%, m.p. 127~
129 C. R=0.31 [V(fihl¥) : ZFRZB)=1:1]; 'H
NMR (400 MHz, CDCl;) d: 7.42 (d, J=8.3 Hz, 1H, Ar-H),
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6.64~6.52 (m, 2H, 2Ar-H), 6.39 (s, 1H, Ar-H), 4.12 (q,
J=7.1 Hz, 2H, OCH,), 3.97 (s, 3H, OCHs), 3.93 (s, 3H,
OCHj), 3.87 (s, 3H, OCHj3), 3.79 (s, 3H, OCHj3), 3.32 (s,
2H, CH,CO), 2.74~2.58 (m, 2H, CH,), 1.58~1.45 (m,
1H, CH), 1.41~1.30 (m, 2H, CH,), 1.23 (t, J=7.1 Hz, 3H,
CH3), 0.86 (d, J=6.4 Hz, 6H, Me,); *C NMR (100 MHz,
CDCLy) 6: 177.43, 171.66, 162.67, 161.00, 159.14, 158.41,
156.86, 131.83, 117.60, 114.69, 111.07, 108.06, 104.58,
98.68, 91.42, 60.65, 56.48, 55.94, 55.59, 55.49, 38.45,
32.21, 28.14, 22.58, 20.53, 14.30; MS (ESI) m/z: 498.8
[M+H]"; HRMS (ESI) caled for C,sH3,05 [M+H]"
499.2326, found 499.2323.

2-(2,4- WA R )-8~ [l Fk-5,7- — WA R -4 H-
O )d-4-T(Te): B — ALY, & LR PRIt H i
TERRME A NG, HEENTRBER: M & H k) © v(H
BE)=40 : 1~4 1, FHGEEEIKER 96%. R=0.27
V(A5 - VFEE)=40 : 1]; m.p. 121~123 C; 'H
NMR (400 MHz, CDCl;) 6: 7.86 (d, J=8.8 Hz, 1H, Ar-H),
6.98 (s, 1H, Ar-H), 6.59 (d, J=8.8 Hz, 1H, Ar-H), 6.55 (s,
1H, Ar-H), 6.37 (s, 1H, Ar-H), 3.96 (s, 3H, OCHj3), 3.91 (s,
3H, OCH;), 3.89 (s, 3H, OCH;), 3.85 (s, 3H, OCH;),
2.83~2.73 (t, J=7.6 Hz, 2H, CH,), 1.69~1.58 (m, 1H,
CH), 1.48~1.36 (m, 2H, CH,), 0.96 (d, J/=6.8 Hz, 6H,
Me,); *C NMR (100 MHz, CDCly) §: 179.17, 162.91,
160.96, 159.61, 158.90, 158.11, 156.55, 130.04, 113.61,
111.97, 111.09, 108.62, 105.01, 98.87, 91.30, 56.41, 55.83,
55.65, 55.60, 38.49, 28.60, 22.72, 21.11; ESI-MS m/z:
413.3 [M+H]"; HRMS (ESI) calcd for CoH,506 [M+
H]" 413.1959, found 413.1958.

3-FE-2-(2,4- T A K IR )-8- S I AR5, 7- AR
Fe-AH-(f-4-T (Te): FEEMTMRGER: VCATE) @ (&
BR . BE)=5 4, e ElEiE, PP BAEIRE 81%. R—
0.27 V(A Bk - (LR 4 BE)=5 : 4]; mp. 129~
131 “C; '"H NMR (400 MHz, CDCl3) 6: 7.22~7.02 (m,
6H, 6Ar-H), 6.57~6.47 (m, 2H, Ar-H), 6.37 (s, 1H,
Ar-H), 3.96 (s, 3H, OCH;), 3.91 (s, 3H, OCH;), 3.86 (s,
3H, OCH3), 3.73 (s, 2H, CCH,), 3.67 (s, 3H, OCH;),
2.70~2.57 (m, 2H, CH,), 1.54~1.42 (m, 1H, CH), 1.38~
1.29 (m, 2H, CH,), 0.83 (d, J=6.8 Hz, 6H, Me,); "°C
NMR (100 MHz, CDCly) &: 177.84, 162.39, 160.78,
159.20, 158.98, 158.46, 156.86, 140.97, 131.50, 128.65,
127.95, 125.45, 122.61, 115.47, 111.02, 108.56, 104.29,
98.68, 91.22, 56.38, 55.87, 55.59, 55.36, 38.48, 31.10,
28.08, 22.62, 20.51; ESI-MS m/z: 502.8 [M+H]"; HRMS
(ESI) caled for CyH30¢ [M+H]" 503.2428, found
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503.2428.
305 T JE 8- S IR -5, 7- AR O 2-(4- PR
Fo)-AH- 0075 -4- TR 10 1) 4% (Tg): AR EMTatkuk 700 VO
k) MR TR =S5 4, Bk AR, R 84%.
Ry=0.26 [Vl @ (& F k) © NZIRZE)=2 :
21 1]; mp. 115~117 “C; "H NMR (400 MHz, CDCl;) ¢:
7.50~6.95 (m, 4H, Ar-H), 6.41 (s, 1H, Ar-H), 6.23~6.04
(m, 1H, CH), 5.19~4.97 (m, 2H, CH,), 3.99 (s, 3H,
OCH;), 3.94 (s, 3H, OCH3), 3.85 (s, 3H, OCHj3), 3.30 (d,
J=4.3 Hz, 2H, CH,), 2.82~2.62 (m, 2H, CH,), 1.74 (s,
2H), 1.64~1.49 (m, 1H, CH), 1.47~1.32 (m, 2H, CH,),
091 (d, J=6.0 Hz, 6H, Me,); *C NMR (100 MHz,
CDCly) d: 177.85, 161.03, 160.95, 159.65, 159.17, 156.39,
136.92, 130.20, 125.85, 118.72, 115.16, 113.71, 110.79,
107.93, 91.25, 56.32, 55.86, 55.48, 38.61, 30.27, 28.43,
22.68, 20.78; ESI-MS m/z: 423.2 [M+H]"; HRMS (ESI)
caled for CogH300s [M+H]" 423.2166, found 423.2174.

305 T Jk 8- S IR KL -5, 7- AR O 2-2- AR
B)-4H-(0)f5-4-FR(Th): FEEHTBRBER: VORI @ (=
W) - MR TR =52 ¢ 1, 150 5 (0 RO [
i, R 64%. Re=0.22 [V(AMEE) @ V(& F k) :
(2.8 ZH8)=5 2 1 1]. '"H NMR (400 MHz, CDCl;) ¢:
7.50~7.42 (m, 1H, Ar-H), 7.37 (dd, J=7.5, 1.7 Hz, 1H,
Ar-H), 7.07~6.96 (m, 2H, 2Ar-H), 6.39 (s, 1H, Ar-H),
5.98~5.85 (m, 1H, CH), 4.92~4.80 (m, 2H, CH,), 3.98
(s, 3H, OCH3), 3.92 (s, 3H, OCH3), 3.80 (s, 3H, OCH,),
3.08 (s, 2H, CH,), 2.69~2.57 (m, 2H, CH,), 1.54~1.42
(m, 1H, CH), 1.38~1.29 (m, 2H, CH,), 0.81 (d, J=6.4
Hz, 6H, Me,); *C NMR (100 MHz, CDCl;) d: 177.69,
160.81, 159.19, 158.39, 157.14, 156.88, 136.33, 131.48,
130.69, 122.34, 121.27, 120.20, 114.89, 111.10, 111.04,
108.48, 91.26, 56.36, 55.87, 55.51, 38.46, 30.11, 28.05,
22.57, 20.47; ESI-MS m/z: 423.2 [M+H]"; HRMS (ESI)
caled for CygH30Os [M+H]" 423.2166, found 423.2168.
32,6 H1&2-(2,4-=F ARA)-5-FHA-8-F R E-T-F
A K -AH- &1 -4-FR(7d)

B 50 mL 4% S SO N (2.79 mmol) ) R, 78
NGRS B — DT ERBOEESRT T, #A
AlBr; 2.90 g (10.9 mmol), VEA 58 mL f] ZIEECEL 5%
(g/mL) IR & ;o OB EEN R, 5 7
KON FIRIAESFE 1.5 h J5, B SEREIN ERER (100
mL, 1 mol/L)H K i, fifvE it peab ¥, &P
ZHL(50 mLX3), HKAEH DB, KBS0
mL X 2), MFIE EhKPEE(50 mL X 2), Jo/KBER TIg
R, R, ORI, FRE A ETE . AR
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WRBEFR: [VCAmEE) @ V(& ) © V(RED) =50 : 6 -
1], BEEGREAE 0.115 g, IHE 56%. R=0.79 [V(fiiH
%) © M(ZBR 2 H8)=2 : 1]; m.p. 155~156 C; 'H NMR
(400 MHz, CDCly) §: 12.99 (s, 1H), 7.89 (d, J=8.8 Hz,
1H, Ar-H), 7.01 (s, 1H, Ar-H), 6.60 (dd, J=8.8, 2.1 Hz,
1H, Ar-H), 6.54 (d, J=2.1 Hz, 1H, Ar-H), 6.37 (s, 1H,
Ar-H), 3.92 (s, 3H, OCH3), 3.88 (s, 6H, 20CH;), 2.82~
2.70 (m, 2H, Ar-CH,), 1.70~1.60 (m, 1H, CH), 1.47~
1.37 (m, 2H, CH,), 0.98 (d, J=6.8, 6H, Me,); °C NMR
(100 MHz, CDCly) o: 183.46, 163.30, 162.65, 161.12,
160.08, 159.73, 154.34, 130.22, 113.32, 108.84, 108.71,
105.15, 104.83, 98.85, 94.59, 55.86, 55.58, 55.54, 38.48,
28.37, 22.57, 20.66; ESI-MS m/z: 399.3 [M+H]"; HRMS
(ESI) caled for CyH30s [M+H]" 399.1802, found
399.1805.

327 #HE3-ERKTPTHE2-24-=F AKK)-5-H#HAS-F
R -T7-F A -AH- &1 -4-BR)(T1)

Hil & VA A E DD 7d, FEENTIRSER): VCa ) -
V(&R - V(R EE)=50 © 5 0 1, ks, U
K 83%. Ry=0.26 [VCAMEL) : & W5 @ M(TEE)=
50 :5:1]; mp. 108~109 ‘C; 'H NMR (400 MHz,
CDCLy) &: 12.99 (s, 1H, OH), 7.23~7.00 (m, 6H, Ar-H),
6.56~6.50 (m, 2H, 2Ar-H), 6.38 (s, 1H, Ar-H), 3.87 (s,
6H, 20CH;), 3.74 (s, 2H, CH,), 3.68 (s, 3H, OCH,),
2.66~2.58 (m, 2H, ArCH,), 1.55~1.44 (m, 1H, CH),
1.38~1.30 (m, 2H, CH,), 0.84 (d, J=6.8 Hz, 6H, Me,);
C NMR (100 MHz, CDCls) o: 182.86, 162.76, 162.75,
162.16, 160.30, 158.51, 154.94, 140.15, 131.42, 128.31,
128.21, 125.89, 120.01, 115.02, 108.94, 104.98, 104.53,
98.77, 94.62, 56.03, 55.64, 55.41, 38.61, 30.73, 28.03,
22.66, 20.25; ESI-MS m/z: 489.3 [M+H]"; HRMS (ESI)
caled for C30H3,06 [M+H]" 489.2272, found 489.2269.
3.2.8 ARINFUAFIG P K,

AN R G R CCKS %, B B4R K 41 g
MDA-MB-231, Fl5e4 85 F- A B4 ik 1.0 X 10*
mL~!, #RT 96 LR b, 5L 200 uL, £ 37 C. 5%
CO, NIFAE 24 h. WEX MRN8 ANk LR
(0.06. 0.12. 0.23. 0.47. 0.94. 1.88. 3.75. 7.50 umol * L
N, LE AR FRIEMIAE R, Bl quercetin i H X}
M. M b B 3 N EAL, FEAL 200 pL TR, 7E37 C.
5% CO, NiFE 72 h. &L CCKS8 7] 20 pL, W&
1 h. HEEFRMCE 450 nm (WG RE, TH A4 it
TN 2. 1Cso 3B L SPSS B AL & fih R ph £k Je it 5
3.
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%5 Bh#1 ¥k (Supporting Information)

HFrtb & An

[A] ) "H NMR A1 °C NMR % . 3 24k n] B4 3
AT 3k (http://sioc-journal.cn/)_F T %K.
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