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RARRFZE L LT EIR & BRI

HERT « FTAHE>  REAL T 8
TEE EEIE™
(P ERPE B AT T TREXMEYERFSEEARRE 28 K5E 830011)
¢ LI KA f Rl b B 201418)
CHEEREER R dERT 100049)

WE KATRLE - KRARAMAENEIRARRLEGY, FEME, 24506 T NSRS R, DRI
GASHIK B AR, GRT C-23 MR KRT R, BT ERAE L, B5287T 15 MRKRFER
TR SSATAER). L = Ff N i 4 T I B Ak S AT T WP B ia YV, 45 R B R 30 0 4 S vt N k7Nt i il e
HI(AS49) B A BT B A 30 o, H e Hm ik FE(Cso) /N T 10 pmoleL™"; 23-(3,4- = F & JE 2K B B35 IO XL
FE(6b)FH 23-(2-5-6- A F L) R R T FR (60X T N B 2 41 Bl (HeLa) /s HY 1 80T B4 5 14, 23-(4-9 K H
T e 22 ) IR K AT~ 25 (6g) R 233,500 (=93 FH 22 ) 2 PR g fie 22 1 0 K X7 2 (6mn) DU N 7L e 40 B (MICF-7) B R 4 P4 )
PR X RgE PR, XA AP IEE AT AN R N, TR AN R — e IR A, AR DI
FKEE KT ER, K CEIR; SRTA; Pumist

Synthesis and Anticancer Evaluation of Amido-Derivative of
Hydnocarpin D
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Abstract Hydnocarpins are a rare type of flavonoligan compounds occurring in nature. Because of their rarity, only a few
research has been devoted on their structural modification and activity. In this work, 23-iodo hydnocarpin D was synthesized
from silibinin, which is cheap and commericially available. After azidation, reduction and amidation, 15 amido-derivatives of
hydnocarpin D were obtained. These compounds with regard to their anticancer activities were evaluated on three kinds of
human cancer cells, and the results showed that some compounds are active on A549 with ICs, values less than 10 umol~L71.
23-(3,4-Dimethoxybenzamido)hydnocarpin D (6b) and 23-(2-chloro-4-fluorobenzamido)hydnocarpin D (6f) can strongly in-
hibit the growth of HeLa cells. 23-(4-Fluorobenzamido)hydnocarpin D (6g) and 23-[3,5-bis(trifluoromethyl)benzamido]-
hydnocarpin D (6m) showed potent activity against MCF-7 cells. These preliminary results testified that the synthsis of
amido-derivative of hydnocarpin D could be an option for the development of new anti-cancer drug candidates.

Keywords hydnocarpin D; silibinin; structural modification; anticancer activity

TR A 5 3R A2 A AR TR R B 3R) & & T2 ) — A (1a)f/K KEE B (1b, B 1), BfI1FEZMKE
FKAEY). 55 B AR 2 2 7K ] 5 (silybin i (Silybum marianum (L.) Gaertn.)HSZAIARHEFRINI K
or silibinin). 7K & #i T2 & — XFAEXS B A A4 K TR s K 2R (silymarin) B2 B HE SRR, &K TR ER I S B R
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I3, IK K 5 A AR T 25 W0 BT (Legalon™) Y 5 235 14
FROr. X PGS I 28« AV 5] A AR A DA R
SERGE B 51 I PR B T L K s
A A RPTEEAG IS M TR LR S AU DL K
KA A FUK RE R BEERARRTLUL 1 RS
FITEAFAE. BARFAE 1968 Ext O IF4h T 5 7K KAl 52
(K50 B, (R B FRokalifh, B3 2003 4F Kim 5@ i
Xf BRI S 3- 1 E-2- 831 4- 20 0F NI B UK
KA E T EOETE(CD ), B 7K RETE A (1a)f
F PN 2R3RI0R11R, /K K #] 5 B (1b)HI F A
2R3R,108,11S, NATA $5 2 Hff A 7K 6B = 1) 4 % g 2.
R A /K &8 5= BT 2 iTE T B2 2 N B SR TR gk
73, WK &5 R AT R e 2 )

LK CEI =R A — R A R Rw R E
Vi KRS 2. ENTGR BT DIEE 2K K R 3
PR 2 MTEMIKIE R 2,3 AL =), AR
Pt S EFEE H Guz A Stermitz™ & .2 JG XM
Hydnocarpus wightiana 7y B3 B PR KT RS, B 1,
WARMERKTFE D, LU FEFREM H. wightiana 5y 5515
F 1 K X F & (Hydnocarpin, 2), Hydnowightin (4) il
Neohydnocarpin (5)!'""2, R ¥ i 38, KX T & (2) Al
neohydnocarpin (5)%f T Il Tmolt; Y KA &2
e KRRF R Q) EA B H 35 BERMk
AN G EE R AT ER B NorA 12 21 24 M A HER A
FAUSL S A S AR 3 KR T 22 AT LA 58t/ N BRI 1) 7 1
PEUO Lee 25N THRIE KX T2 1T RS2 BT Wt 01175 3
HAE B-catenin /- FM5 Tl g o BA 5 05 0978 /7.

ﬁﬂ%%%%A%Eﬁ%¢mai%&m Fr DAXE

FAE VDI G A A2 R 4 GE B D , Maiti
£[18]E(}d(ﬂ¥?qj 1N S E e S ”ﬁﬂﬁiﬁﬂ FH{WJ
W7 HpumEtECCE R #R & KT =R, msths b
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OH j/\OH OMe HO
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OMe
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FRRKHFEK). F 3| LRI A 2 450 L
Z54eh, 1EW Huang Z5U°VF Gazak 25RO FT R HLH S50, 18
A BT BRI K R = KR T RS, MR
HOREH & KT RZIBEY. K REIER 23 75
SRR A SLE R, FRATAR I AN SR S = R L LB
KM = B A PR 2 b, AT RAFESE R 23 o7 fift
ECAR I R BF, S T E 7K W] 5 ) K X 3R ) 45 A o
b, 25 bE B3 TR A T 2% R0 A W 1 A= 0 R P B S L A
K, MBI ER G5B R0 T sad, WS
IRIEE A RE ST, FRATHED B N EE A R K22k
RTEI ] RE 2 BT M AE DI MR B, TR e A S i A
BEKKRT RN 23 M2 )5, K
BRI A, MR YU g . A SO HiEt %y
I 15 MNMRKAT R BRI, LT
P& TEVEA.
1 RS
BirML &Y E R
KR = 2R | B TR IDK PR E — SR o R D A
W F) VR & VA TR ﬁ?KjéﬁEEi/m?&fh(Scheme 1.
WMEF=YIH) 'H NMR ¥, AT LR B 2-H, 3-OH,
23-OH 55 Mi?éi%ﬂmlﬂiwﬁﬂmmaﬁﬁ
g, RE3-HHESM 0 4.61 Mg ZE 6 6.89, 3 H 1 dd
U HEAR Ry B, X R C-3 AL LR IE O C-2 E K
TERAUEE. 3o C-23 LIS ESE 5 6 3.33, 3.54 i1
T4 6 3.04 A1 3.38, [EH °C NMR K+ C-23 155
M 6 60.94 FifE % 6 5.31, R C-23 ALFERIEFEAL
TR R, ATDAEN SR IER T C-23 AR
KT, Bk L

A REE R R N, BT NA AR HkiE, Eoin
Barton-McCombie 2% W H, Sl BEde oA

1.1

OMe
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Figure 1 Chemical structures of sylibins and hydnocarpins
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silibinin
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OMe
i'ﬂo NH,
o d HO
OH

OH O m OMe

6a: R = methyl
6d: R = 4-chlorophenyl
6g: R = 4-fluorophenyl

OH O

6j: R = 4-trifluoromethoxyphenyl
6m: R = 3,5-bis (trifluoromethyl) phenyl 6n: R = 3-bromophenyl

o
NAR
H
O
OH
OMe
6b: R = 3,4-dimethoxyphenyl
6e: R = 3,4-dichlorophenyl

6h: R = 3,4,5-trifluorophenyl
6k: R = 4-Trifluoromethylphenyl

6c¢: R = 3,5-dimethylphenyl

6f: R = 2-chloro-6-fluorophenyl
6i: R = 3,4-difluorophenyl

6l: R = 3-Trifluoromethylphenyl
60: R = naphthyl

Reagents and conditions: (a) PhsP, I, imidazole, CH,CI,/THF, r.t.; (b) DMF, NaNs, r.t.; (c) PhsP, THF/H,O (V . V=20 : 1), r.t.; (d) Acyl chloride,

EtN, THF, rt.
B 1

FUARb A I & i 2

Scheme 1 Synthetic procedure of the target compounds

thiE{k, SRJGH] BusSnH AbFE, 2 F thJE b 2475 B
i =P, Zhang SRR, F BERE AL A IV 6% R B
&Y, RIGA BN B BT 2, tm & o i 4,
HormEsk B MR AT — M, K&
B TEM 3 AL EREE T RE SN =R T, FE S
B-AWEREEE. (B BARPIHLEE A FHRANIRER.

OB RN, AR TS B EAENTE NN-
It it (DMIF) i il T O BLA B e AR T, 2 5 (A
| =28 S eI NDR I o Ttk e 229 3% S A}
B, BRIFEE L &5 & R R A 1 548 1)
TSR BARE] T C-23 ArMf BRI KT 2= AT AE
) 6a~60 (Scheme 1), F=Z7E 40%~50%Z [A].

B & IR AE Y4 "H NMR, °C NMR #1 HRMS %>
T, GRE SRS )&, BN BT 146 R R
P K KB TR K RE B A FIZK K ET R B RITRAYI(
HEHBIZ1 1), 1A 2,3-BKRPGE, T2 —
W21 1 IANE R, X S AT AE A B e .
1.2 E=YEMTEN

SEI6 A DLEE 4 J8 45 5 WA (cisplatin) /5 4 BH 4 X5t
RALAY), FHNAE/INGH il 40 AL (AS49) A FLARSE 41
JI(MCF-7) A1 's #5038 21 i (He La) = Fe 40 S P74 15 4
R IAT- R B SAT A e 2 B R P s . [
INF, 38 A A 40 L (HLL-7702) £ 386 B 400 1) 155 90 SR S Ay
G RACA YR IE AR R B A R LGR 1).

g8 I R KR o A IR AT AR A0 A AR IE 5 40 i
RN, B &% 6g, 6h, 6n 1 6i f 1Cs, /N T 40
pmolsL ' Ak, HAt 4k &1 1Cso AR KT 40 pmoleL ™!,
HA LAY 6¢, 6e Fl 60 XFF HL-7702 1] 1Cso (I AT
100 pmoleL ™' 3X 3B AHR 40 IR KR 2 (B AT 2B
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VIR IE R T4 s, R B st d—>
P g A0 R B B PR A SR B, K e & T A
FL VRS 4 HL (MCF-7) A1\ JE /IS4 i fit e 48 i (A 549) & H
B AN (ICso [/ T 25 pmoleL ™). IXFR A L
(RO A A0 4 LA A o 2 R

A 6¢ Fil 60 X T =i JLF- Ik, R
PIANME BB PUIs R, 1A 6g, 6h, 6i, 6k Al 61
X A549 HA TR G, 2R R B (1Cs0) ¥
/NF 10 umoleL ™", &% 6b il 6f %} T HeLa 4 g 1]
TR S, JUHRALAYD 6b (K3 EL B X I 24 4
SO, BbAh, LAY 6g A1 6m Xt MCE-7 & Hi T 72 )
FHEEYE. 1b &9 6k F1 61 % AS49 4l 1R = iR T H
F(BP TIEAE 10 LA L), LAY 6b XF HL-7702 4L iR
IT BB AR (T E N 17.69).

AR S S AT A, 2934 b BT Gl = R SR U
IR I R AT A AR I T R e, M
A TR = A PR A ) 2 PR TR fe RS A3 A 0 ) ke )
TH S — 28, X e gh AR IR Rk T 4 2 AT & R R
AT B L

2 #ig

I T — P A O, B EORK TG A T E
R R N A C-23 IR ITIRRIRT R, 2
RIFRK AT RN BB REHARTIRTAED, 55T
15 MR R B BRI AT A, FENR T ix e
fTEEP b P

TEXT AS49 A e R T, (&) og,
6h, 6i, 6k FI 61 ot B HPHEPEICS, $5/h T 10
umolsL ™). Hrh, k&% 6h, 6i, 6k Al 61 &7~ HHEAL T
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1 ALEY 6a~60 (141 A EIE[ICs/ (umoleL )]

Table 1 Cytotoxic activities [ICSO/(umol-Lfl)] of compounds 6a~60

Compd. HL-7702° A549° TI¢ HeLa’ TI¢ MCF-7' TI¢
6a 47.64+1.53 38.34+7.40 1.24 23.67+2.76 2.01 30.36+5.49 1.57
6b 89.80+1.37 >100 5.08+0.39 17.69 42.94+1232 2.09
6¢ >100 >100 >100 >100
6d 87.2140.84 16.01+2.67 5.54 36.30%+1.00 2.44 20.68+2.11 429
6e >100 23.92+0.34 >4.18 >100 31.68410.02 >3.16
of 89.984+0.59 14.58+0.65 6.17 9.03+0.08 9.96 30.07+14.88 2.99
6g 16.1840.83 9.64+0.88 1.68 25.46+1.19 0.64 9.20+3.03 1.76
6h 30.06+1.61 8.76+0.38 3.43 20.90+2.17 1.44 10.94+1.18 2.75
6i 5.9240.17 7.96+1.87 0.74 22.25+9.77 0.27 11.73£1.55 0.50
6j 77.03%+15.70 12.81+1.49 6.01 41.48+1.77 1.86 14.07+2.47 5.48
6k 90.21+1.43 8.3241.50 10.84 23.20+3.69 3.89 20.05+4.78 4.50
6l 87.09+3.09 8.25+1.57 10.56 24.40+6.66 3.57 16.49+0.97 5.28
6m 40.74+3.76 14.9340.7 2.73 26.39+2.78 1.54 9.61+1.08 4.24
6n 38.95+1.59 15.51+1.82 2.51 50.03+3.26 0.78 31.914+0.48 1.22
60 >100 >100 >100 >100

Cisplatin 25.69+6.09 8.95+0.42 20.66+0.54 13.78+0.08

¢ HL 7702 normal human liver cells; b A549 human prostate cancer cells; ¢ therapeutic index (TI), calculated on the ICsy of HL 7702 normal human liver cells versus
the ICsyof A549 line; ¢ HeLa cervical cancer cells; ¢ therapeutic index, calculated on the ICsy of HL 7702 normal human liver cells versus the ICsoof HeLa line;
/MCF-7 human breast cancer cells; ¢ therapeutic index, calculated on the ICso of HL 7702 normal human liver cells versus the ICso of MCF-7 line.

BE A 24 U0 Al i k. L& 6k A1 61 72X 5 ML
Y 6T Fe B0 = (TTEAE 10 LA E). 4644 6b A 6f
St N #9041 i (HeLa) ) ICso {H¥7E 10 pmolsL ' BAF,
117 PP BE 24T 1Cso fE KT 20 pmoleL ™', #J WX
PG A PDRE N B S0 4 L (HeLa) (¥ 40 1 7% 144 T FH
PEXT R ZG 04, A4k &4 6b 1) 1Cs, A 5.08 pmolsL ',
[FJEF 3 T BN 17.69. X N FLIR S 40 e (MCE-7) 4 i,
A1 6g, 6h, 6i, 6m I H T LU BH P XS IR 24 A B8 4
(0 ) 2

ZE LHTR, T B A S = N\ A A P S 30
HARGF AR V. VETERF IATAY, 2 HOR B
AREE AR b AT Bl = 560 PP AR IR, Rt m] AR
B IR BT DO T R U iE YA BRI Tt

YD E NS ST LARNIE, XL SR 2
PR RE I B A VA B S AL, DR Ie A o Bk — 2D R
AW FCEAT R A B v . 2 5 Mt O R R R
X AT ARG LEL B [, 4G R 2 1 & 3
B SRATA Y, LA B B A S SR BT i PR R RO T
FATAED.

3 SKEERS

AKRE R SRR TRHCARA R, =K
BB E B T AR R A IR ] R SE
HAL R GRS E PR A T BRMRI ST [ Rk AL 27
i AT BRA R HARIE 2548 F 23 pr 4t

¥ 3E4R N Varian A% INOVA-400 H(TMS NN
F). 4% s Buchi B-540 BU0E SACINIAR. 140 HER REAX
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N AB SCIEX QSTAR Elite PUZAF ®AT FIGAX. 2
WE(TLC)iEF Merk Salica Gel 60 F,s, plates B(F 5 ¥
GFasq TEHIR, TEAMT T UE. HZPriEl 200~300
H. HAhw A o al, BREERIuEEAh, &K
e Ab P E B .
3.1 ikl Il AR

FK KB (2.41 g, 5 mmol)iA T 20 mL PYS IR
BN 200 mL SRR AR, Z RN = oRE
[#(3.93 g, 15 mmol), fi#(5.08 g, 20 mmol), PKI:(1.7 g,
25 mmol), 7E=IE FHEFE 3 h o VR TG 6% AR A VA
RN, Z ARSI 300 mL 7K, FEH & H
FEAE(100 mL X 3). HHUAHE IEE FHICK B RN T 1,
JE WAL BV, K= AR R (A T e LR 2T,
Viv=1:1)zitk, 55 1.49 g Bk AR, Bdaik s,7-
TR HE2-(3-(4-F -3 H AR AR R B )-2- (R 2 )-2,3-
¥4 5 2K IR [][1,4]) —WE L -6- 3 )-4H- 0I5 -4-TH (1), 7=
52%. m.p. 202~203 °C; '"H NMR (400 MHz, DMSO-d;)
8: 12.90 (s, 1H), 10.89 (s, 1H), 9.31 (s, 1H), 7.71 (d, J=
2.2 Hz, 1H), 7.66 (dd, J=8.6, 2.2 Hz, 1H), 7.16 (d, J=8.6
Hz, 1H), 7.10 (d, J=1.9 Hz, 1H), 6.94 (dd, J=8.2, 1.9 Hz,
1H), 6.90 (s, 1H), 6.84 (d, J=8.2 Hz, 1H), 6.51 (d, J=2.1
Hz, 1H), 6.19 (d, J=2.1 Hz, 1H), 4.84 (d, J=7.5 Hz, 1H),
432 (ddd, J=8.1, 5.4, 3.1 Hz, 1H), 3.80 (s, 3H), 3.39~
3.34 (m, 2H), 3.03 (dd, J=11.5, 5.4 Hz, 1H); *C NMR
(100 MHz, DMSO-dy) 0: 182.2, 164.7, 163.1, 161.8, 157.7,
1482, 147.9, 146.5, 1443, 126.4, 124.3, 121.3, 120.7,

http://sioc-journal.cn/ 2767



BIHE

R

117.8, 115.8, 115.5, 112.1, 104.4, 104.2, 99.3, 94.5, 79.6,
75.1, 56.1, 5.7, HRMS (ESI) calcd for C,sHsI0g [M—H]
573.0052, found 573.0048.

B rhiEA T (3 g, 5.23 mmol)i& T 50 mL N,N- - H %
LR T, I\ NaN; (679.4 mg, 10.45 mmol), 7E% iR
THEFEE 12 h JE 0 300 mL 2R ZBEFR R SONR, K
(100 mLX 6 AR R NN-—FIEHE . AU
FA T /K BREREN T J5 e 48, 1581 2.7 g M=, BPHalfk
2-(2-(B 5 H 3L)-3-(4-F2 L -3- AR L 2R 3L )-2,3- Rk OR
FH[bI[1,4] ML -6-FE)-5,7- — F2 -4 H- (0 475-4-FR (IT). 1
FEMIAR A H AT T — 0 R

B laA 1T (3.24 g, 6.63 mmol)VE TR A FHIIUE
g/ KV D V=201, 50 mL)F, TIAN=ZKIERE(3.472
g, 13.25 mmol), fE=E FHFE 12 h, RMNEEFHKE
DUREFE A, e Y, R S BT R e AR
i, 153 2.4 g K7W, BPAREAR 2-(2-(FHE T 3)-3-(4-
F2 R -3 HR B A I )-2,3- R AL IR IR [A][1,4] L E DL -6-
55)-5,7- 5k -4H- ()7 -4-FA (1), BT 7= W0 AR ME V5 i,
IRMEXT AT A4k, RfulE— D A B 34T T — P
N FREAR TSGR AR, mp. 204~206 C; HRMS
(ESI) caled for C,sHy)NOg [M—H] 462.1194, found
462.1191.

3.2 k&4 6a~60 AR

A T (100 mg, 0.22 mmol)¥& T 10 mL PU5
WRHR SV I N A [R] B B8E 520(0.22 mmol) il = 2%
(71.3 mg, 0.55 mmol)7E Z il FHHE 1 h J5 7KK Y,
R S 5610 mLX3)ZEE. GHAEIE, BT
IKERBREA T8 5 W 46, ISR =4 FAE E b (& e/
HEE, V2 V=120 : DALEE 2 H LAY 6.

N-((6-(5,7- ¥ 3 -4-H R -4 H- o} -2-F5)-3-(4- 1 k-
3-H AR B R )-2,3- TR LR R [b][1,4] —EGE-2- 3 ) H
B OB (6a): AR, FPE 42.6%. mp. 207~
209 ‘C; "H NMR (400 MHz, DMSO-d;) : 12.89 (s, 1H),
10.88 (s, 1H), 9.21 (s, 1H), 8.01 (t, J=5.4 Hz, 1H), 7.68
(d, J=2.2 Hz, 1H), 7.64 (dd, J=8.6, 2.2 Hz, 1H), 7.11 (d,
J=8.6 Hz, 1H), 7.02 (d, J/=1.9 Hz, 1H), 6.91~6.84 (m,
2H), 6.82 (d, J=8.1 Hz, 1H), 6.50 (d, J=2.1 Hz, 1H), 6.19
(d, J=2.1 Hz, 1H), 4.93 (d, J=7.8 Hz, 1H), 4.40 (td, J=
7.8, 3.4 Hz, 1H), 3.79 (s, 3H), 3.25~3.10 (m, 2H), 1.82 (s,
3H); *C NMR (100 MHz, DMSO-ds) &: 182.1, 169.8,
164.7, 163.2, 161.8, 157.7, 148.0, 147.7, 146.6, 1443,
127.0, 124.1, 121.0, 120.5, 117.8, 115.8, 115.5, 112.2,
104.3, 104.2, 99.3, 94.5, 77.0, 76.5, 56.0, 39.8, 22.8;
HRMS (ESI) caled for CpH,NOy [M—H] ™ 504.1300,
found 504.1299.
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N-((6-(5,7- =32 He-4- 5 AR-AH-t0 )i -2- ) -3-(4-F2 2L
3- AR R IR B )-2,3- R B IR IR (][ 1,4] HE DL -2-55) FH
F)-3,4- HE LK HEEZ(6b): EEM R, 75K 55.4%.
m.p. 151~153 ‘C; 'H NMR (400 MHz, DMSO-dy) §:
12.89 (s, 1H), 10.86 (s, 1H), 9.20 (s, 1H), 8.43 (t, J=5.4
Hz, 1H), 7.69 (d, J=2.2 Hz, 1H), 7.63 (dd, /=8.6, 2.2 Hz,
1H), 7.44 (dd, J=8.5, 2.2 Hz, 1H), 7.38 (d, J=2.2 Hz,
1H), 7.11 (d, J=8.5 Hz, 1H), 7.07 (d, J=2.0 Hz, 1H), 7.00
(d, J=8.6 Hz, 1H), 6.92 (dd, J=8.1, 2.0 Hz, 1H), 6.88 (s,
1H), 6.83 (d, J=8.1 Hz, 1H), 6.51 (d, J=2.1 Hz, 1H), 6.19
(d, J=2.1 Hz, 1H), 5.02 (d, J=7.5 Hz, 1H), 4.56 (td, J=
7.5,3.9 Hz, 1H), 3.80~3.77 (m, 9H), 3.50~3.37 (m, 2H);
C NMR (100 MHz, DMSO-d;) o: 181.8, 166.0, 164.2,
162.8, 161.4, 157.3, 1512, 148.1, 147.6, 1472, 146.1,
143.9, 126.7, 126.3, 123.7, 120.6, 120.5, 120.2, 117.4,
115.4, 1152, 111.9, 110.8, 110.6, 103.9, 103.8, 98.9, 94.1,
76.9, 75.9, 55.7, 55.6, 55.5, 40.4; HRMS (ESI) calcd for
C3,HsNOy; [M—H]™ 626.1668, found 626.1666.

N-((6-(5,7- =32 He-4- 5 AR -4 H-t0 )i -2-5)-3-(4-F2 2k
3- AR R IR BE)-2,3- R B IR IR (][ 1,4] HE DL -2- 55 ) FH
F£)-3,5- " FH L IR B R i (6c): TEER R, PR 48.3%.
m.p. 258~260 C; 'H NMR (400 MHz, DMSO-d;) J:
12.90 (s, 1H), 10.85 (s, 1H), 9.20 (s, 1H), 8.35 (t, J=5.5
Hz, 1H), 7.69 (d, J=2.2 Hz, 1H), 7.63 (dd, J=8.6, 2.2 Hz,
1H), 7.36 (s, 2H), 7.14 (s, 1H), 7.11 (d, J=8.6 Hz, 1H),
7.07 (d, J=2.0 Hz, 1H), 6.92 (dd, J=8.2, 2.0 Hz, 1H),
6.88 (s, 1H), 6.83 (d, J=8.2 Hz, 1H), 6.51 (d, J=2.1 Hz,
1H), 6.19 (d, J=2.1 Hz, 1H), 5.02 (d, J=7.6 Hz, 1H), 4.56
(td, J=7.6, 4.0 Hz, 1H), 3.78 (s, 3H), 3.54~3.44 (m, 1H),
3.40~3.34 (m, 1H), 2.30 (s, 6H); *C NMR (100 MHz,
DMSO-dg) d: 181.8, 166.8, 164.2, 162.8, 161.4, 157.3,
1477, 147.3, 1462, 143.9, 137.3 (2C), 1342, 132.4,
126.7, 125.0 (2C), 123.7, 120.7, 120.2, 117.5, 115.4, 115.1,
111.9, 104.0, 103.8, 98.9, 94.1, 76.9, 75.8, 55.7, 40.4, 20.8
(2C); HRMS (ESI) caled for CyHxNO, [M — H] ™
594.1770, found 594.1770.

4-5-N-((6-(5,7- 2 7 -4-SF AR -4 H-( J5 -2- 55 )-3-(4-
Fo Ak -3- AR L 2R L )-2,3- RS IR IR [B][1,4] - FE-2-
) H B IR B iz (6d): B (R R, F= 3 53.6%. m.p.
183~185 °C; "H NMR (400 MHz, DMSO-dj) 0: 12.89 (s,
1H), 10.92 (s, 1H), 9.20 (s, 1H), 8.64 (t,=5.4 Hz, 1H),
7.81 (d, J=8.6 Hz, 2H), 7.69 (d, J=2.2 Hz, 1H), 7.63 (dd,
J=8.5, 2.2 Hz, 1H), 7.52 (d, J=8.6 Hz, 2H), 7.11 (d, J=
8.5 Hz, 1H), 7.06 (d, J=2.0 Hz, 1H), 6.91 (dd, J=8.3, 2.0
Hz, 1H), 6.87 (s, 1H), 6.82 (d, J=8.3 Hz, 1H), 6.50 (d, J=
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2.1 Hz, 1H), 6.19 (d, J=2.1 Hz, 1H), 5.02 (d, J=7.6 Hz,
1H), 4.57 (td, J=7.6, 3.7 Hz, 1H), 3.77 (s, 3H), 3.48~
3.38 (m, 2H); *C NMR (100 MHz, DMSO-d;) J: 182.2,
165.9, 164.8, 163.2, 161.8, 157.8, 148.1, 147.7, 146.6,
144.3, 136.5, 133.3, 129.7 (2C), 128.7 (2C), 127.1, 124.2,
121.1, 120.6, 117.9, 115.9, 115.6, 112.3, 104.2, 99.4, 94.5,
772, 762, 66.8, 56.1, 40.9; HRMS (ESI) caled for
C3,H3CINOy [M—H]™ 600.1067, found 600.1070.

3,4- S -N-((6-(5,7- — & 2 -4- S AR 4H- 1) -2-
5)-3-(4-F2FE-3- A FE 5K 3E)-2,3- R IE IR I [b][1,4]
A2 ) B L) 2R H ik i (6e): BB R, PR 48.7%.
m.p. 181~183 “C; 'H NMR (400 MHz, DMSO-d;) §:
12.89 (s, 1H), 10.85 (s, 1H), 9.19 (s, 1H), 8.76 (t, J=5.5
Hz, 1H), 8.02 (d, J=2.0 Hz, 1H), 7.77 (dd, J=8.4, 2.0 Hz,
2H), 7.73 (d, J=8.4 Hz, 2H), 7.69 (d, J=2.2 Hz, 1H), 7.63
(dd, J=8.6, 2.2 Hz, 1H), 7.11 (d, J=8.6 Hz, 1H), 7.06 (d,
J=2.0 Hz, 1H), 6.91 (dd, J=8.3, 2.0 Hz, 1H), 6.87 (s,
1H), 6.82 (d, J=8.3 Hz, 1H), 6.50 (d, J=2.1 Hz, 1H), 6.19
(d, J=2.1 Hz, 1H), 5.02 (d, J=7.6 Hz, 1H), 4.57 (td, J=
7.6, 4.1 Hz, 1H), 3.78 (s, 3H), 3.54~3.38 (m, 2H); "°C
NMR (100 MHz, DMSO-d;) J: 181.8, 164.3, 162.8, 161.4,
157.3, 147.6, 147.3, 146.1, 143.9, 134.4, 134.1, 131.2,
130.6, 129.3, 127.6, 126.6, 123.8, 120.7, 120.2, 117.5,
115.4, 115.1, 111.9, 104.0, 103.8, 98.9, 94.1, 76.8, 75.7,
55.7, 54.9, 40.5; HRMS (ESI) caled for C3,H»CLNO,
[M—H]™ 634.0677, found 634.0677.

2-5-N-((6-(5,7- — 2 B -4-F R -4H-t0 )i -2-55)-3-(4-
FREL 3R B AR I 3- TR L IR IR [B][1,4] L HE DL -2-
) 3)-6- 50 2 B R (6f): B R, R 51.2%.
m.p. 177~179 ‘C; 'H NMR (400 MHz, DMSO-d;) 9
12.89 (s, 1H), 10.86 (s, 1H), 9.25 (s, 1H), 9.00 (t, J=5.4
Hz, 1H), 7.70 (d, J=2.2 Hz, 1H), 7.65 (dd, J=8.6, 2.2 Hz,
1H), 7.48 (td, J=8.2, 6.1 Hz, 1H), 7.37 (d, J=8.2 Hz,
1H), 7.30 (t, J=8.6 Hz, 1H), 7.11~7.05 (m, 2H), 6.93 (dd,
J=8.1, 2.0 Hz, 1H), 6.88 (s, 1H), 6.85 (d, J=8.1 Hz, 1H),
6.51 (d, J=2.1 Hz, 1H), 6.20 (d, J=2.1 Hz, 1H), 5.00 (d,
J=7.9 Hz, 1H), 4.52 (td, J=7.9, 4.9 Hz, 1H), 3.80 (s, 3H),
3.42 (t, J=5.2 Hz, 2H); °C NMR (100 MHz, DMSO-dy)
5: 181.8, 164.3, 162.8, 162.0, 161.4, 159.9/157.5 (d, J=
247.5 Hz), 157.3, 147.7, 147.3, 146.2, 143.8, 131.3, 131.0,
126.5, 126.1, 125.3, 123.7, 120.6, 1202, 117.4, 115.5,
115.1, 114.7, 114.5, 111.8, 103.8, 98.9, 94.1, 76.2, 75.7,
55.7,30.7; HRMS (ESI) calcd for C3,H,,CIFNOy [M—H]™
618.0973, found 618.0967.

N-((6-(5,7- =72 He-4- 58 AR -4 H- T )i -2- 5 -3-(4-F2 2k
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3-H AR BRI )-2,3- R FE IR [b][1,4] —RETE-2-J ) HH
Fo)-4- 5 K LR (6g): TE ARy R, FFE 52.4%. mop.
204~206 ‘C; "H NMR (400 MHz, DMSO-dj) d: 12.90 (s,
1H), 10.88 (s, 1H), 9.23 (s, 1H), 8.61 (t, J=5.5 Hz, 1H),
7.87 (ddd, J=8.9, 5.6, 2.8 Hz, 2H), 7.70 (d, J=2.2 Hz,
1H), 7.64 (dd, J=8.6, 2.2 Hz, 1H), 7.33~7.24 (m, 2H),
7.11 (d, J=8.6 Hz, 1H), 7.07 (d, J=1.9 Hz, 1H), 6.95~
6.88 (m, 2H), 6.82 (d, J=8.1 Hz, 1H), 6.51 (d, J=2.1 Hz,
1H), 6.19 (d, J=2.1 Hz, 1H), 5.03 (d, J=7.7 Hz, 1H), 4.57
(td, J=7.7, 3.9 Hz, 1H), 3.77 (s, 3H), 3.46~3.36 (m, 2H);
C NMR (101 MHz, DMSO-d;) 6: 182.2, 165.6, 165.5/
163.1 (d, J=248.6 Hz), 164.7, 163.2, 161.8, 157.8, 148.1,
147.7, 146.6, 144.3, 131.0, 130.4, 130.3, 127.1, 124.1,
121.1, 1206, 117.9, 1159, 115.7, 115.6, 115.5, 112.3,
104.4, 104.2, 99.3, 94.5, 77.2, 70.2, 56.1, 40.8; HRMS
(ESI) calcd for Cs;Hy3FNOy [M—H]  584.1362, found
584.1362.

N-((6-(5,7- —F2 5 -4- S8 AR -4 H- (0 ) -2-38)-3-(4-F2 3k -
3-H AR BRI )-2,3- TR HE IR [b][1,4] —RETE-2-J) H
$)-3,4,5- =K FEEHZ (6h): FEOM K, F5FR 482%.
m.p. 185~186 C; 'H NMR (400 MHz, DMSO-d;) o:
12.89 (s, 1H), 10.86 (s, 1H), 9.18 (s, 1H), 8.73 (t, J=5.4
Hz, 1H), 7.77~7.68 (m, 3H), 7.69 (d, J=2.2 Hz, 2H),
7.63 (dd, J=8.6, 2.2 Hz, 1H), 7.12 (d, J=8.6 Hz, 1H),
7.05 (d, J=2.0 Hz, 1H), 6.90 (dd, J=8.2, 2.0 Hz, 1H),
6.88 (s, 1H), 6.81 (d, J=8.2 Hz, 1H), 6.50 (d, J=2.1 Hz,
1H), 6.19 (d, J=2.1 Hz, 1H), 5.02 (d, J=7.7 Hz, 1H), 4.56
(td, J=7.7, 4.2 Hz, 1H), 3.77 (s, 3H), 3.5~3.39 (m, 2H);
C NMR (100 MHz, DMSO-d;) o: 182.2, 164.7, 163.7,
163.2, 161.8, 157.8, 151.5/149.1 (d, J=235.0 Hz, 2C),
148.0, 147.8, 147.7/145.6 (d, J=217.8 Hz), 146.5, 144.3,
130.8, 127.0, 124.2, 121.1, 120.6, 117.9, 115.8, 115.6,
112.9, 112.9, 112.3, 104.4, 104.2, 99.3, 94.5, 77.2, 76.0,
56.1, 41.0; HRMS (ESI) caled for C3,H, FsNOy [M—H]™
620.1174, found 620.1170.

N-((6-(5,7- —F2 5 -4- S8 AR -AH- (0 ) -2-35)-3-(4-F2 2k -
3-H AR LRI )-2,3- TR AL IR [b][1,4] —RETE-2-J ) HH
5)-3,4-ZH K FELZ61): FEENK, F7F 52.8%. m.p.
209~210 ‘C; "H NMR (400 MHz, DMSO-dj) 6: 12.89 (s,
1H), 10.86 (s, 1H), 9.19 (s, 1H), 8.67 (t, J=5.2 Hz, 1H),
7.83 (ddd, J=11.6, 7.8, 2.2 Hz, 1H), 7.76~7.66 (m, 2H),
7.63 (dd, J=8.6, 2.2 Hz, 1H), 7.53 (td, J=11.6, 7.8 Hz,
1H), 7.11 (d, J=8.6 Hz, 1H), 7.06 (d, J=2.0 Hz, 1H), 6.91
(dd, J=8.1, 2.0 Hz, 1H), 6.87 (s, 1H), 6.82 (d, J=8.1 Hz,
1H), 6.50 (d, J=2.1 Hz, 1H), 6.19 (d, J=2.1 Hz, 1H), 5.02
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(d, J=7.6 Hz, 1H), 4.56 (td, J=17.6, 4.0 Hz, 1H), 3.77 (s,
3H), 3.51~3.38 (m, 2H); *C NMR (100 MHz, DMSO-d;)
5: 181.8, 164.3, 164.3, 162.8, 161.4, 157.3, 152.5/150.3 (d,
J=218.9 Hz), 150.0/147.9 (d, J=214.5 Hz), 147.6, 147.3,
146.1, 143.9, 131.5, 126.6, 124.8, 123.8, 120.7, 120.2,
117.4, 116.8, 116.6, 115.4, 115.1, 111.9, 104.0, 103.8, 98.9,
94.1, 76.8, 75.7, 55.7, 40.5; HRMS (ESI) calcd for
C3,H2F,NOy [M—H]™ 602.1268, found 602.1268.

N-((6-(5,7- =72 He-4- 58 AR -4 H- T )i -2- 5 -3-(4-F2 2k
3- AR R IR 5L )-2,3- R B IR I [h][1,4] —ME DL -2-F5) F
F)-3-( = B ) 2K B iZ (65): B A oK, R
46.5%. m.p. 139 ~ 140 C; 'H NMR (400 MHz,
DMSO-ds) d: 12.89 (s, 1H), 10.84 (s, 1H), 9.20 (s, 1H),
8.77 (t, J=5.5 Hz, 1H), 7.85 (dt, J=7.8, 1.5 Hz, 1H), 7.76
(t, J=1.5 Hz, 1H), 7.70 (d, J=2.2 Hz, 1H), 7.67~7.56
(m, 2H), 7.54 (dt, J=7.8, 1.5 Hz, 1H), 7.11 (d, J=8.6 Hz,
1H), 7.07 (d, J=2.0 Hz, 1H), 6.92 (dd, J=8.1, 2.0 Hz,
1H), 6.88 (s, 1H), 6.83 (d, J=8.1 Hz, 1H), 6.51 (d, J=2.1
Hz, 1H), 6.19 (d, J=2.1 Hz, 1H), 5.04 (d, J=7.6 Hz, 1H),
4.58 (td, J=7.6, 3.7 Hz, 1H), 3.78 (s, 3H), 3.52~3.38 (m,
2H); “C NMR (100 MHz, DMSO-dy) J: 181.8, 164.9,
164.3, 162.8, 161.4, 157.3, 148.3, 147.6, 147.3, 146.1,
143.9, 136.3, 130.5, 126.7, 126.4, 126.3/124.0/121.3/118.8
(dd, J=257.7, 241.6 Hz), 123.8, 123.7, 120.7, 120.2,
119.8, 117.5, 115.4, 115.2, 111.9, 104.0, 103.8, 98.9, 94.1,
76.7, 75.7, 55.7, 40.5; HRMS (ESI) calcd for Cs3H,3F3-
NO,, [M—H]~ 650.1280, found 650.1279.

N-((6-(5,7- 523 -4-H R -4 H- o} -2-F5)-3-(4- 1 k-
3-H AR FE IR )-2,3- LR IF[b][1,4] HEE2-JL)
3)-4-( =9 38 ) 2K L% (6K): TR R, 77 F 53.4%.
m.p. 178~179 ‘C; 'H NMR (400 MHz, DMSO-d;) o
12.89 (s, 1H), 10.87 (s, 1H), 9.20 (s, 1H), 8.80 (t, J=5.6
Hz, 1H), 7.99 (d, J=8.1 Hz, 2H), 7.83 (d, J=8.1 Hz, 2H),
7.69 (d, J=2.2 Hz, 1H), 7.63 (dd, J=8.6, 2.2 Hz, 1H),
7.11 (d, J=8.6 Hz, 1H), 7.08 (d, J=2.0 Hz, 1H), 6.93 (dd,
J=8.2,2.0 Hz, 1H), 6.87 (s, 1H), 6.83 (d, J=8.2 Hz, 1H),
6.50 (d, J=2.1 Hz, 1H), 6.19 (d, J=2.1 Hz, 1H), 5.03 (d,
J=17.6 Hz, 1H), 4.59 (td, J=17.6, 3.9 Hz, 1H), 3.78 (s, 3H),
3.52~3.40 (m, 2H); "C NMR (100 MHz, DMSO-d) o:
181.7, 165.4, 164.3, 162.8, 161.4, 157.3, 147.7, 147.3,
146.1, 143.9, 137.9, 131.3, 131.0/128.1/125.3/122.6 (dd,
J=285.9, 273.8 Hz), 1282 (2C), 126.7, 125.3, 125.2,
123.8, 120.7, 1202, 117.4, 115.5, 115.1, 111.9, 104.0,
103.8, 98.9, 94.1, 76.8, 75.7, 55.7, 40.4; HRMS (ESI)
caled for Cy;3HpFiNO, [M — H] ™ 634.1330, found

2770 http://sioc-journal.cn/

© 2020 Chinese Chemical Society & SIOC, CAS

634.1327.

N-((6-(5,7- —F2 5 -4- S8 AR -AH- (0 ) -2-38)-3-(4-F2 2k -
3-H AR BRI )-2,3- R HE IR [b][1,4] —RETE-2-J ) HH
BL)-3-(Z T L) K L Z(61): B R, 7R 51.5%.
m.p. 194~195 “C; '"H NMR (400 MHz, DMSO-d;) o
12.89 (s, 1H), 10.85 (s, 1H), 9.19 (s, 1H), 8.86 (t, J=5.6
Hz, 1H), 8.14 (s, 1H), 8.10 (d, J=7.9 Hz, 1H), 7.90 (d, J=
7.9 Hz, 1H), 7.77~7.68 (m, 2H), 7.63 (dd, J=8.6, 2.3 Hz,
1H), 7.11 (d, J=8.6 Hz, 1H), 7.07 (d, J=2.0 Hz, 1H), 6.93
(dd, J=8.1, 2.0 Hz, 1H), 6.88 (s, 1H), 6.82 (d, J=8.1 Hz,
1H), 6.51 (d, J=2.1 Hz, 1H), 6.19 (d, J=2.1 Hz, 1H), 5.04
(d, J=7.6 Hz, 1H), 4.60 (td, J=7.6, 3.8 Hz, 1H), 3.78 (s,
3H), 3.52~3.38 (m, 2H); *C NMR (100 MHz, DMSO-d;)
5: 182.2, 165.5, 164.7, 163.3, 161.9, 157.8, 148.1, 147.8,
146.6, 144.3, 135.4, 131.8, 130.1, 129.7, 128.4, 128.3/
127.1/124.4/123.1 (dd, J=149.4, 126.0 Hz), 127.1, 124.3,
1242, 121.1, 120.6, 117.9, 115.9, 115.6, 112.4, 104.4,
1042, 99.4, 94.5, 77.2, 76.2, 56.1, 40.9; HRMS (ESI)
caled for Cy;3HpFsNOy [M — H] ™ 634.1330, found
634.1329.

N-((6-(5,7- - F2 - 4- A -4 H- )5 -2- 55)-3-(4-Fa k-
3- AR R IR BE)-2,3- R B IR IR (][ 1,4] HE DL -2- 55 ) FH
F£)-3,5- 00 (=56 H B8 ) 28 F Mt i (6m): 38 (kR 7R 3
50.7%. m.p. 172~173 “C; 'H NMR (400 MHz, DMSO-
dg) 6: 12.89 (s, 1H), 10.87 (s, 1H), 9.12 (t, J=5.5 Hz, 1H),
8.44 (s, 2H), 8.31 (s, 1H), 7.70 (d, J=2.3 Hz, 1H), 7.63
(dd, J=8.6, 2.3 Hz, 1H), 7.12 (d, J=8.6 Hz, 1H), 7.07 (d,
J=2.0 Hz, 1H), 6.92 (dd, J=8.2, 2.0 Hz, 1H), 6.87 (s,
1H), 6.81 (d, J=8.2 Hz, 1H), 6.50 (d, J=2.1 Hz, 1H), 6.19
(d, J=2.1 Hz, 1H), 5.05 (d, J=7.6 Hz, 1H), 4.61 (td, J=
7.6, 3.9 Hz, 1H), 3.77 (s, 3H), 3.60~3.43 (m, 2H); "*C
NMR (100 MHz, DMSO-d;) d: 181.7, 164.4, 163.6, 162.8,
161.4, 157.3, 147.6, 147.3, 146.0, 143.9, 136.2, 130.6,
130.2, 128.1, 128.0, 127.9/125.0/121.8/117.5 (dd, J=
311.3, 302.3 Hz, 2C), 126.6, 124.9, 123.8, 120.7, 120.2,
118.8, 115.4, 115.2, 111.9, 104.0, 103.7, 98.9, 94.1, 76.8,
75.7, 55.6, 40.6; HRMS (ESI) caled for Cs;HyFeNO,
[M—H]~ 702.1204, found 702.1200.

3-PR-N-((6-(5,7- — 2 B -4-F R-4H- (0 )i -2-52)-3-(4-
Fo Ak -3- AR L 2R L )-2,3- RS IR IR [B][1,4] S ETE-2-
) H ) IR FH B iz (6n): B (R R, PP & 47.8%. mup.
197~199 °C; 'H NMR (400 MHz, DMSO-dj) d: 12.90 (s,
1H), 10.86 (s, 1H), 9.20 (s, 1H), 8.70 (t, J=5.5 Hz, 1H),
7.98 (t, J=1.9 Hz, 1H), 7.80 (dt, J=8.0, 1.3 Hz, 1H), 7.73
(ddd, J=8.0, 1.9, 1.3 Hz, 1H), 7.69 (d, J=2.3 Hz, 1H),
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7.63 (dd, J=8.6, 2.3 Hz, 1H), 7.42 (t, J/=8.0 Hz, 1H), 7.11
(d, J=8.6 Hz, 1H), 7.07 (d, J=2.0 Hz, 1H), 6.92 (dd, J=
8.1, 2.0 Hz, 1H), 6.87 (s, 1H), 6.83 (d, J=8.1 Hz, 1H),
6.50 (d, J=2.1 Hz, 1H), 6.19 (d, J=2.1 Hz, 1H), 5.03 (d,
J=17.6 Hz, 1H), 4.57 (td, J=17.6, 3.8 Hz, 1H), 3.78 (s, 3H),
3.56~3.34 (m, 2H); “C NMR (100 MHz, DMSO-d;) ¢:
181.8, 165.0, 164.3, 162.8, 161.4, 157.3, 147.6, 147.3,
146.1, 143.9, 136.3, 134.0, 130.5, 130.0, 126.7, 126.5,
123.7, 121.6, 120.7, 120.2, 117.5, 115.4, 115.1, 111.9,
104.0, 103.8, 98.9, 94.1, 76.7, 75.7, 55.7, 40.4; HRMS
(ESI) caled for Cs;,HyBrNOy [M—H]  644.0562, found
644.0562.

N-((6-(5,7- =72 He-4- 58 AR -4 H- T )i -2- 5 -3-(4-F2 2k
3- AR R IR BE)-2,3- R B IR I [h][1,4] —hEDE-2-F5)
H)-2-ZE Wi i (60): T AR, =% 50.2%. m.p. 176~
177 °C; '"H NMR (400 MHz, DMSO-ds) : 12.90 (s, 1H),
10.86 (s, 1H), 9.22 (s, 1H), 8.67 (t, J=5.5 Hz, 1H), 8.35
(d, J=1.8 Hz, 1H), 8.06~7.93 (m, 3H), 7.87 (dd, J=8.6,
1.8 Hz, 1H), 7.71 (d, J=2.2 Hz, 1H), 7.64 (dd, J=8.6, 2.2
Hz, 1H), 7.60 (ddd, J=6.8, 4.1, 1.8 Hz, 2H), 7.13 (d, J=
8.6 Hz, 1H), 7.10 (d, J=2.0 Hz, 1H), 6.95 (dd, J=8.2, 2.0
Hz, 1H), 6.88 (s, 1H), 6.85 (d, J=8.2 Hz, 1H), 6.51 (d, J=
2.1 Hz, 1H), 6.20 (d, J=2.1 Hz, 1H), 5.07 (d, J=7.6 Hz,
1H), 4.63 (td, J=7.6, 4.0 Hz, 1H), 3.79 (s, 3H), 3.59~
3.41 (m, 2H); “C NMR (100 MHz, DMSO-d;) J: 181.8,
166.6, 164.3, 162.8, 161.4, 157.3, 147.7, 147.3, 146.2,
143.9, 134.1, 132.1, 131.5, 128.9, 127.8, 127.6 (20),
127.5, 126.8, 126.7, 1242, 123.7, 120.6, 120.2, 117.5,
115.5, 115.2, 112.0, 104.0, 103.8, 98.9, 94.1, 76.9, 75.8,
55.7, 40.5; HRMS (ESI) calcd for C3HyNOy [M—H]
616.1613, found 616.1611.
3.3 MRS

AR R 96 fLARH, HER/EIRSECN 10%
G A T3S RS S 97 24 h, ARG B FE T AR RIRE 2
Yrh (100, 10, 1, 0.1, 0.01 moleL™"). JEAAAT — FFI 3L VAR
(DMSO) 7 HIAE A BH T AT B X . A 72 h /&,
20 pL/AFLAIEEREIE(MTT)A (S mg/mL, KGR
SREME R MA BB, FIRE 4 h KIRIER
ASFLH NN 100 pL S ER(50 g + B 3L IR, 25 mL
S TEE, 0.5 mL HCL, PAHE4E/KEZR S 500 mL), LAH#
FH S SR, VAR —7 )5, 6570 nm  FHEEAR G &5 7L
W St 5 (OD). 3 R4k 4 4 1 0 i) 28 1H 53 i s 1) 4 3K
e 0 (%) = (ODeontrol — ODyreated)/ODeontrol X 100%.
FA 1Cso B P IX e 4b A4 1) 1

Chin. J. Org. Chem. 2020, 40, 2764~2771
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3.4 EFEMIXT

JR R PE N HL-7702 A0 S5 B i AR ar Bl
FUT, MCF-7, A549 Fl HeLa £ Q4 Ml 3K H 32 E AR 50h5
FRVEEAT FE(ATCC, 3 [E 5 B 22 J 3% 52 48 /K 1i7). HL-
7702 F AS49 2 MO AE i i 4 - A v 42 ST ST BT (RPMID)
1640 R 353195, HeLa 1 MCF-7 ZE 1k R AM 72 2k BL A7
MR BE IR 5L (DMEM) 5 7%, Rl 77 4l DUAAR 73 3
A 10% G4 M5 (FBS) MR 2 E0h 1%54dE R (H &
KMEER). Pra ML 37 CNESH R BN
5% CO, 3G FRFE S IR,

B4 #(Supporting Information) {L54%) 6a~6o 1]
"HNMR Fil C NMR ¥ [&]. iX bkl a] LA 5 AT
¥ (http://sioc-journal.cn/) b F %X,
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