% *]L {t& % DOI: 10.6023/cjoc202101014

Chinese Journal of Organic Chemistry
— SUEM A IE-EREGTE IR & B R B SM I TR A R

wiEgT T W XHET KEXR
F O#  HEEN

CEIARZZLA 2 KEAWRRGI A F I E LS HARER 133002)

ARTICLE

WE  LL2-BEW AR5 602 R BRI AT B Ak S5 B AR B B i 28 Hh (8] 44 Sa~5j, 4 Bischer-Napieralski 56 B A R T
10 AN WLARGE i — ey R e -2 R ER AT A4 6a~6j, T4 AN IRG 2 NEEM e -2 /RERATA4) 7Ta F17b. 1@
T WEME I (MTT)VEST 11 R T R AN 1S M e e MR, 25 R W, tb&4 6a (p-F). 6d (o-Br)fl 6h (m-OCH3)
X HeLav SGC-7901 4R HUaTE PR T AZRE. MR (] 4b (<4 h)iT, 6j (3,4,5-OCH:)TEA 2 IE 7 41 i MCF-10A
HIIE O N XA MCF-7 Ro/m s A AR, (A5 — St FfiIr k.

KRR R IR - BURERATAE YD, PURRRTE; R, 29 IEE

Synthesis and Evaluation in vitro of Dihydrothiophenopyridine-
Chalcone Derivatives as Anticancer Activity Agents

Liu, Xin® Xu, Runmei’ Wang, Lin® Liu, Yaxue Chen, Zhihao

Qin, Wei Tian, Yushun™
(Key Laboratory of Natural Medicines of the Changbai Mountain, Ministry of Education, College of Pharmacy,
Yanbian University, Yanji, Jilin 133002)

Abstract The amide intermediates Sa~5j were prepared by acylation, which used 2-thiopheneethylamine and several
self-synthetic chalcone acids as starting materials. Then ten dihydrothiophenopyridine-chalcone derivatives 6a~6j which
haven't been reported before were synthesized by Bischer-Napieralski cyclization reaction from the intermediates. In addition,
two new thiophenopyridine-chalconone derivatives 7a and 7b were obtained by further dehydrogenation. The anti-cancer ac-
tivity and safety in vitro of 11 kinds of cells were evaluated by methyl thiazolyl tetrazolium (MTT) assay. The results indicated
that the compounds 6a (p-F), 6d (0-Br) and 6h (m-OCH3) exerted better anticancer activity against HeLa and SGC-7901 cells
than taxol. When treating cells for a short time (<4 h), 6j (3,4,5-(OCHs)3) showed strong anticancer activity against MCF-7
cancer cell but displayed little toxicity on normal breast cell MCF-10A. Hence, 6j deserves further research and exploitation.
Keywords dihydrothiophenopyridine-chalcone derivatives; anticancer activity; selectivity; drug uptake capacity
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HIEAF I 1,3- 2RI IG-1-0, BATUME. U
B PUREES I GBI U2, G40t HL 5 My 2 i
AN 175 T AR IE TR AT K. T Wy — L W XU A 5 4
5 EREASE R 29 BT I PURE T AE S5 4, (HCik b it
WEWY I e — R B AT AE MR AR,

AHEFE, FAPE BN ageladine A I IEIK
WA — P GE XA 5 g 5 F50 F M Iy I L E 54, IR AL I g
TR AERESE ), BOFE R TP RS 12 M RA
B AE PR IS TR — ey IF e - B R ERAT B (A 1,
WE 6a~6j [ Ta~Tb), RV H HFR Vi i
Ve gk, SRR, BEAT 7> PRI, DAAE
HUE TR R B S5 M BT AE.

Ageladine A

Bl1 Ageladine A X% EAx 54 6a~6j 5 Ta~7b H45H)
Figure 1 Structures of ageladine A and the target compounds
6a~6j and 7a~7Tb

1 ZER5VE
1.1 B#E=RE KR

H AR 6a~6j 5 Ta~Tb 1A B £ 1 Scheme 1
FioR. 5 BROSCHRIRGE ) 777k, B %, 18 GRS
KOH HHEATI 264, %o FE b 2 2 R R AN 35 A [ B
REE R BT Claisen-Schmidt 4 & [ 845 525 /K
fifg 3a~3j23. S5, BRI MYy OIEAE 1- 4 0-
(3- R B ) ik — I 2R ER(EDC) 5 4-—FI%
HENEBE (DMAP) I AAE F T A B A S5 15 1 T Jie 24
HHIE R Sa~Sj024, X N R . b T ATE
CIENEFIM TS POCL K4 Bischer-Napieralski
B SN AR i S Wy IR e R A B4 6a~ 6124, [HI (1
AR F RS e sk B R, P S AME S
Bk A 77 R BAR (12% ~ 58%), Horb (38 0tk & W 7
Pd/C EH T LS E A AT Ta~Tb,
1.2 EERE

Fi A B A= 424: 'H NMR. *C NMR £l HRMS &
BE, DMALEY 6b (B 2) 51, HAfIES R R: 6 8.01
R EC6' C2Rr RN, 5 7.76 ARSI
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Reagents and conditions: (i) KOH, CH2CH3OH, r.t., overnight (62%~
100%); (i) EDC, DMAP, CH2Clz, r.t., 2~4 h (33%~100%); (iii) POCls,
CH3CN, 60 C, reflux, 18 h (12%~58%); (iv) Pd/C (10%), reflux, 12 h
(61%~71%)
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Scheme 1 The synthetic route of the target compounds
C3. C5. C2. C6 LA FRE MWL, 5 7.57 Kb i WU g
N C7 5 C8 fif CH=CH _ERIBAE R, eI
IR A HBUE BN 15.7, 15.8 Hz, KT 12 Hz, A
DEHEN X R R E Y20 5 7.51 AZIA E CS'. C3'fr
SRR IR I 6 7.15, 7.04 43 5 9 BEWY ¥F | C10. C11
K BRI, 5 4.05~3.97, 3.01~2.96 AL = E %
33N C17. C18 FEipiAS CH, A MW itig. 6 188.9 &b
FREE CO RIS, 6 162.0 &b A MEnEIf b C15
RLHIR UG, 5 144.6, 144.5 Ab N MEN IR FT P 7 BH L C13 .
C7 7 Wi, 5 140.9 A A& IR B AL KR C1 AL
Wolieieg, & 139.3 4b5FAHERI CARL R, o
136.4 AR RIR C4 AL, 6 135.8 4b 5 Nk AH
ORI CIBLIMR U, 5 130.3 4b ER 3R _E C12 fif
FI LU, 5 129.9 AN ZEER X FRER C2, C6 hr IR IS I, o
129.0, 128.8 A AHIERIAX AL C6's C2'F1 C5'. C3'
ARSI, 5 128.4 AbZRIR EXFRREK C3+ C5 A IR IR
W, 5 125.6 A NMEWTER C11 AL WIS, § 122.2 Kb Ay
WyER b C10 A2 IR ICIE, o 121.9 AN P9 m XU C8 fif
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Figure 2 Structure of compound 6b

1.3 BfREaPninEiEt

BT & 1 0 Ak & 0 38 ik e e S (MTT) L €8 3% 0
BEL-7402 . HepG2 . HCTI116. A549 . MGC-803 .
SGC-7901. AGS. HeLa. MCF-7. MCF-10A 5 L-02
11 FhYEM RIEAT TR SNV T ROE B TEAS, 5
21 (taxol ) fERH T X R . 2% 18 31| A IR W IR A &y B — 8
MIBUde G 1, WA SN B REARR 3a~3j kT T
PEVPAE, RS B r-ibTie. SR mE 1 PR, B
3b (p-ChAb, HALTRERER J1-F-% 5 Fhoes 4 fu 3 A — €
LS YE. tb&Y 3a (p-F)IFUR IS T 3
(p-H), T84k A Pt B A i 40 i R 1 o B
i, HIEHEIRE N m-Br>p-Br>o0-Br, ' 3e
(m-Br) & 3f (p-Br)Xf HCT116. SGC-7901 4 ()40 i
PN, FEAE 3e K 3f, XF SGC-7901 i) ICso
5 98(3.240.8) %(3.3£1.9) umol/L, iZi#Bid taxol X}
SGC-7901 #HH I AE /1(IC50>100 pmol/L). L&)
3g (p-CHs)~ 3h (m-OCH3) & 3i (p-OCH:) X} 43 Fffi 41 a1
PURTE A ZE A K. 3,4,5 hifF = A AR ED) 3j 4
BEL-7402 ¥ fu s 3 Ve e 4F, o 1Cso 1 N (8.0 £ 1.4)
umol/L.

3K L Y IR R R 5 S Gy L 4 ORI
Bk T 6b (p-Cl)J% 6j (3,4,5- = FH & HE)#h % SGC-7901 4]

i S R P e, ARk 2 o, £2—4
TEMEM L IE S EY) 6a (p-F). 6¢ (H). 6d
(0-Br)5 6h (m-OCH:)*t BT A Jih 4H M (1) 40 7% 14 LU AH B
(2 /R EER (3a 3e. 3d 5 3n)EEIEE, {H 6e (m-Br)
FIPURE R L 3e K. L&) 3b X 11 M4l RT
ICso {3 KT 100 pmol/L, {HEAAHFEHUARIEER 6b Xf
HepG2 5 SGC-7901 Py 4 ffl 2 4N 9 P B ity i
TEPEAR RS, VLRHLEX CLAIAAAE R, A MEmy kg
BN FI T3 i 2 K B P s . ¥ gy
mE 25 A AR RE Y eI (7ay Tb), PR vt B
TR, WA F BURHS, 6a LL# K BRES 3a HiiE Mk o] &
#5%, H 6a X SGC-7901 5 HeLa 40 M (PTG 1 i 3%
RFIGRTURE 29 taxol [IIETE. SRR — 2 MWy FF it
WE 25 SRR Wy I Lk U 45 K (Ta) I, B T L e 4 i
MCF-7, X e yuia e B . EE ik
M2, 7a XTFARIE 40 MCF-10A A1 FL AR 40 i
MCF-7 HEPEMERSIFEEL ST [ICsomcr-10amcr-n] KT 4,
6a 5 3a H1 A AR R DR RE 7). B IR A FIAL B 4
Br FURHIML A9 3d~3f 1, m-Br BURY) 3e Xt AT 9
Y1t K IF AR B A B 1 E P 258 T 3d R 3F. {2 6d~
6f 1, 6d (o-Br)X B 24 i P s Pk de o, ¥ 1L
N 0-Br>m-Br>p-Br. B 6f (p-Br) IS iz A
R, TN gi i, @ixh HCT116 ) 1Cso fH -
(5.2£2.1) pmol/L, HIEFEIEAEHL SI [ICsoomcr-10amcTii6)]
B Cso-o2meriie AR F 18 & 7.7. 4 B3 LA p-CH;
(3g 1 6g)f, Z— A ZHMEW IFILREL T 6g Xt
MGC-803 4 (riGPEi KT 3g, Bonih R rE s
PUREPE, HXF L-02 Mk F IR ECN 4.2, MHIFALE &
#:-OCH; (3i F1 61)F, 3i 5 3g X A K&, {H 6g X}
FLARE A0 M MCF-7 5 FLRR 1E 5 40 e MCF-10A JL %A
M, o6l XX IR IE M FR BOR T 4.0, B

#£1 HELEY 3a~3j BIHFEEE « 1=3)

Table 1 Anticancer activity of the compounds 3a~3j* (n=3)

1Cso/(umol-L 1)

Compd. R BEL-7402 HepG2 HCTI16  A549 MGC-803 SGC-7901 AGS  MCF-7 MCF-10A HeLa  L-02
3a pF 317454 >100 107422 >100 189421 220413 227478 406492 328+28 3914121212457
3 pCl >100  >100  >100  >100  >100  >100  >100  >100  >100  >100  >100
3¢ pH 143434 >100 210405 >100  >100  >100 323414 241404 474446 353423 27.1+16
3d o-Br 258433 943451 863421 >100 154461 266+46 228473 451457 372469 695488 234428
3¢ mBr 504003 117447 30420 202443 53408 32408 53435 136423 82423 235488 53403
3 pBr 103401 3554137 35419 572445 99+12 33419 128430 172445 161427 150449 114434
3g  p-CH, 160425 420432 80419 508430 151410 125415 247470 274439 289455 363479 156418
3h m-OCH, 236427 4454154 72409 >100 156408 11.7+1.1 3674102 280439 288+74 554489 188+2.1
3 p-OCH, 123431 896404 64432 >100 85408 107422 169+15 >100 SL1+57 426480 7.5+1.7

3j 34,5-0CHy); 80+14  >100  >100  >100

11.0+1.4  >100

113434 21.5+43 38.8+11.8 394+1.2 58+2.6

Taxol 0.0940.02 0.9440.03 0.03+0.01 0.4440.02 0.06+0.01 >100 0.0240.01 0.084+0.01 0.18+0.02 13.0+0.4 >100

“The activity of the compound was determined by MTT colorimetry after 48 h of action, and ICsy was expressed at the concentration required to inhibit 50% cell

proliferation.
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F£2 HIRLEY 6a~6j Ml Ta~Tb HEIENE « (n=3)
Table 2 Anticancer activity of the compounds 6a~6j and 7a~7b“ (n=3)

1Cso/(umol-L 1)

Compd. R BEL-7402 HepG2  HCTI116 A549  MGC-803 SGC-7901 AGS MCF-7 MCF-10A  HeLa L-02
6a p-F 6.0+0.2 17.8+2.6 7.6+05 23.6+49 6.6+t1.1 6.0+03 83*£2.6 9.0+3.0 85+28 105+2.6 5.6*1.6
6b p-Cl 11.0+£04 >100 10.1+4.1 16.5%£2.6 13.8%+40 >100 114*14 17.8+0.7 13.7£5.0 289+11.3 15.7%1.1
6c p-H 8.7+1.0 >100 11.8%£2.8 183+9.7 143%2.1 151%6.7 104+7.6 640*t1.3 17.9+40 194+23 11.3+238
6d o-Br 38+4.8 156+03 51+05 202+35 3.6+1.7 6.7%£0.03 57+£25 102+14 7.6+12 109+56 69*1.7
6e m-Br 59+29 545+312 65+24 207x1.1 147%51 183%1.7 243+x56 14.1+57 74+22 139+56 7.2+32
6f p-Br >100 >100 52+2.1 >100 15.7+04 17.3%£6.5 37.0+12.7 >100 >100 46.1+1.6 41.1x25
6g p-CH; 21.8+32  >100 93+13 265+51 34+20 82+0.2 287+82 151£3.5 203+11.7 152+4.0 149163
6h m-OCHj; 50+3.7 192+29 61+13 159+57 56+07 9.0+1.0 59*4.6 123+4.1 105%£51 7.5%£12 6.1%£5.1
6i p-OCH; 244+49  >100 24.0%3.1 23.5+6.8 89+24 11.0+04 17.7+8.0 247£78 >100 21.8%=1.5 11.0+0.7

6j 3,45-(OCH;3); 6.1t1.3 >100

49+1.7 109+92 64+£05 >100

1.3+0.1 15.0+50 16.8+4.3 18.5%£9.7 82+2.0

7a  p-F 45+0.1 >100 17.3£32 36.2+28 12.3%09 241+64 145+35 65+1.6 27.6+3.6 24.6+4.5 10.7+5.9
7b  p-Cl 629+1.0 >100 21.0+05 >100 754+11.8 489+04 564£103 >100 >100 32.5%0.6
Taxol 0.0940.02 0.94+0.03 0.03+0.01 0.44+0.02 0.06+0.01 >100 0.02+0.01 0.08+0.01 0.18+0.02 13.0+0.4 >100

“The activity of the compound was determined by MTT colorimetry after 48 h of action, and ICsy was expressed at the concentration required to inhibit 50% cell

proliferation.
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PUEAE, AFTCHE 6 HIEFRENT AGS i 737 kb
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F[?gure 3 Effects of compound 6j on the proliferation of various
cells under different treatment time

Values were obtained from three separate experiments and represent the
mean®SD (n=3). *P<<0.05 and ***P<<0.0001 when the MCF-7 cells
and MCF-10A cells groups were compared, and “P<<0.05 when the AGS
cells and L-02 cells groups were compared.

SWE A RERKTE AR 4a~dc). LEY 6
S5HERAMN o WHF B I F R EERRIKETY AL
SRR, mHAM BRI A AR Lys254
SWEEAR p WAL S (K 4a), TIEZEEN T2
FEAE B WFE—M, 5 o WH EHSEEA SR Thr179
AR, RS G AAE p WA, N HET
Ala250 J% Lys352 S5 %8 H) P A o¢ B B L R hk ik 5
MEEA g WHEMEAE 4b). HiFLE7E binding
pocket HHIE NS5 REKW], 6j M taxol L& LB,
R85 BN, /& Leu248 K Ala354 Wi/ B iR ik A
S5MEEA p RSS2 A EMINER(E 4c). R
PR AR, WYEE A R 6f FLIMME EH
) o WEAN g MEERAN G RN IE5E, (H A Lys254
REEARERRIE G NG G, HE G IE Mg

MCF-10A
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Figure 4 Molecular modelling of compounds in complex with
tubulin (PDB: 1SA0)

Shown is the proposed binding mode and interaction between tubulin and
selected compounds. The 2D results of compounds (a) 6j and (b) taxol.
(c) Superposition of 6j and taxol in the pocket of tubulin in surface repre-
sentation. The compounds are shown in stick model with carbon atoms in
yellow (6j) and red (taxol).

2 Zhig

1tk &%) 6a~6j X BEL-7402. HCT116. MGC-803.

3554 http://sioc-journal.cn/

© 2021 Chinese Chemical Society & SIOC, CAS

SGC-7901+ AGS. MCF-7 J& HeLa EA BT 1445 1FH
(<10 pmol/L), HH 6a. 6d %} HeLa, SGC-7901 4ilffi )
PUE R T RAZEE. 6 I 7 R Z Mtk &4, W 6c.6f.
6g. 6i. 6j 5 7a A RLF LR EPURIG M. X FLAREK
PN MCF-7 5 1E % 40 MCF-10A >R, 5w,
FrnknE-A/REASE M 6 R4 B ¥ p-r A5 ik i1 5 4] 5k
TR, AT R — % W BT AE T, 1T
FL A AR P U vE M, (ELEy FR I e - 7 R R
G587 RN B IR p- A A W R A AN A )
IRIE PR VS T

b HE I TR (<4 h)IF, 6 X6 FL R 41 g MCF-7
KMARIEF A MCF-10A [FEBEDUETREGED 10,
VL 6j G [A] A3 AT A S0 1E 5 40 B i 1% I 5
A TR SR, A E N — ol AL b L e 7t
— IR MA.

EAS TR EE R, 6j Fl taxol A B LS
ANE, PRSPt hiEt Leu248 & Ala354 PHANE
ERBESHMEEA p TR AHESH MDA,
R T 5E AR R, 8 6j it #L1a) fil
EEAM o WEEA B H MG 385, HES
SIS G RIS, ARt — P e HA .

3 SCIEEe

3.1 ME5YHE

3-(4,5- I L IEME2-3E)-2 5- T R LD H-PU MR R AL
B:(MTT)IW H Sigma- Aldrich 23 7] (35 [ % 75 B £ 5
).

BEL-7402 TE40MI, HepG2 TSR, HCT116 [
FEANHD, AS49 JfifE4ii, MGC-803 Mii4r1k B Je 41 i,
SGC-7901 W71k BIw4iM, AGS BAE4IN, HeLa &
SR AN, L-02 1EH BT 4H 0, MCF-7 3L 20
MCF-10A 1E% AL IR0 B American Type Culture
Collection (ATCC, Manassas, VA, USA). RPMI-1640.
DMEM (Dulbecco's modified Eagle's medium). ffi 2~ MILi
(FBS)}2 100 IU/mL #H#HEM 100 mg/mL #EHRINH
Gibco A F](Grand Island, NY, USA). 4iiffi;&fH RPMI-
1640 5 DMEM(¥5 1% 5% & A 10% FBS), 7£37 C
5% CO, i 2% 1 F 557,

3.2 {UE5EF

1E AV-300 (Bruker, Fiit) 373 T '"H NMR Al 13C
NMR %, FAEH T™MS 1E A bRiE. (L # Ll § o,
S T AN, (56 W) DR 2Z(Ho)RoR. &
S HEFELE Thermo Scientific Q Exactive Jii it it il &
(Bruker Dartonik, #2[E). A3 if#5 v Ak, ¥4
ST, e SO 2 AR R RO AT BR
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EE. HARGA YR HE s TR ) 3 B 1 2 A il e
RIERRIE.
3.3 WEYIMER
33.1 & REABL 3a~3j 694l ik

¥ 4-WEEZERERA) (1.0 mmol)F1ZE Z.8d(2) (1.0
mmol)7E ZFE(15 mL)HFiRE, UKt FINAE AN (2.0
mmol), FEiEHFE 10 h. M 50 mL ZE0R/KFRE, I
RO pH & 6~7, [FEENTH, HhiE, HR O
ZReaith, BETRREY) 3a~3). HA R SR
I8 1) T EHEAT, RALEAE S SCER— 8032, ol J
18 MR 3 BR.

£3 B 3a~3) PR KBS
Table 3  Yields and melting points of compounds 3a~3j

Compd. R m.p./C Yield/%
3a p-H 212~213 61.8
3b p-F 255~256 79.7
3¢ p-Cl 259~260 95.3
3d 0-Br 232~233 83.9
3e m-Br 206~207 74.7
3f p-Br 246~247 773
3g p-CHs 242~243 81.9
3h m-OCH3 101~102 66.3
3i p-OCH3 224~226 84.6
3 3,4,5-(0CHs)s  223~224 61.7

4 Reaction conditions: 4-formylbenzoic acid (1, 1.0 mmol), acetophenone (2,
1.0 mmol), KOH (2.0 mmol), EtOH (15 mL), yield after purification.

3.3.2  BuiE P EMR Sa~5j 696 i ik

1% HE Tamayo FEPARI L, K 2-EW 2% (4) (1.0
mmol), ZE/REIER 3a~3j (2.0 mmol), 4,4- — HF & LML
(1.0 mmol)Fl 1-Z,F-(3- - I FR S B P 268 ) ik — WP i R 2
£8(2.0 mmol)fE 15 mL Jo/K ZE e iR G, =B
REMBESIFHEARY, ZRTHAE 4 h, ALK
CTEA 10%ERBRIE A, 7 B A5 2 A HUZ KA
SN BE R, KRR AN T8, IR R 2
WA, MR E N aith, FE & R RA R
Gl /33| sa~5j, RERMEEZEHT T M.
3.3.3  HARLEH 6a~—6j 496 %

AR BB RIS RAE OISR, BRI = SR
(4 equiv.) B BAR R, 76 60 CHEFE 24 h, KA
HEER, ESRERLER, BR05%E. BREER
T & b b JE B R Bk B L BN KV V(50 mL) e ik,
S EA U, FWMEAB KBRS, KRR T
e, HUE, BEZERR RIE R, & 4R /A
Ve Sk A E AT 2043 2] B AR~ 6a~6j.

(E)-1-(4- 50 A 3k )-3-(4-(6,7- — A BEWy I [3,2-c] ML I -
4-FE) K FE)-T5-2-Hi5-1-BH (6a): BEi% 5a (0.315 g, 0.917
mmol)JEEFE 5 mL LG, E I — S E 5 (0.483
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mL) TR BAE R, BRI FRRn bRk, 4irs 208 o
ik 6a. =& 0.080 g, WLZ 27%. m.p. 113~114 C;
'H NMR (300 MHz, CDCl3) &: 8.14~8.06 (m, 2H, C6',
C2'-H), 7.85 (d, J=15.7 Hz, 1H, C7-H), 7.76 (q, J=8.5
Hz, 4H, C3, C5, C2, C6-H), 7.58 (d, J=15.7 Hz, 1H,
C8-H), 7.21 (dd, J=12.0, 5.3 Hz, 2H, C5', C3"), 7.15 (d,
J=5.2 Hz, 1H, C10-H), 7.04 (d, J=5.2 Hz, 1H, C11-H),
4.08~3.92 (m, 2H, C17-H), 3.05~2.90 (m, 2H, C18-H);
13C NMR (75 MHz, CDCL) ¢: 188.6 (s, C9), 167.3 (s,
C15), 163.9~162.1 (s, J=135.0 Hz, C4"), 144.6 (s, C13),
144.2 (s, C7), 140.8 (s, C1), 136.0 (s, C4), 134.4 (s, C1"),
131.10 (d, J=9.8 Hz, C6', C2'), 130.3 (s, C12), 128.8 (s,
C2, C6), 128.4 (s, C3, C5), 125.7 (s, C11), 122.2 (s, C10),
121.76 (s, C8), 115.9 (s, C5"), 115.6 (s, C3"), 48.3 (s, C17),
22.2 (s, C18). HRMS(ESI) calcd for CHicFNOS [M—+
H]" 362.1009; found 362.1001.

(E)-1-(4- A FHE)-3-(4-(6,7- & WEWy H[3,2-c] ML e -
4-F )R FL)- T -2- 47 -1-FH (6b): EEfi% Sb (2.20 g, 6.78
mmol)EMEAE 5 mL LJiEH, 3Z T N = S % (3.40
mL) TR R, BRI R Bk, 4iies 28 5
A& 6b. 775 0.630 g, % 30%. m.p. 145~148 C;
'H NMR (300 MHz, CDCl3) 6: 8.01 (d, J=8.6 Hz, 2H,
C6', C2'-H), 7.88 (d, J=15.7 Hz, 1H, C7-H), 7.76 (d, J=
8.4 Hz, 4H, C3, C5, C2, C6-H), 7.57 (d, J=15.8 Hz, 1H,
C8-H), 7.51 (d, J=8.6 Hz, 2H, C5', C3"-H), 7.15 (d, J=
5.2 Hz, 1H, C10-H), 7.04 (d, J=52 Hz, 1H, CIl1-H),
4.05-3.97 (m, 2H, C17-H), 3.01~2.96 (m, 2H, C18-H);
3C NMR (75 MHz, CDCl3) 6: 188.9 (s, C9), 162.0 (s,
C15), 144.6 (s, C13), 144.5 (s, C16), 140.9 (s, C1), 139.3
(s, C4"), 136.4 (s, C4), 135.8 (s, C1"), 130.3 (s, C12), 129.9
(s, C2, C6), 129.0 (s, C6', C2'), 129.8 (s, C5', C3"), 128.4
(s, C3, C5), 125.6 (s, C11), 122.1 (s, C10), 121.8 (s, C8),
48.4 (s, Cl17), 222 (s, C18). HRMS (ESI) caled for
CH cCINOS [M+H]" 378.0713; found 378.0710.

(E)-3-(4-(6, 7-—5WEWy 3 [3,2-c] ML g -4-J5) R 5E)-1-
I -2-0%5-1-Fl (6¢): BEAZ S5¢ (0.100 g, 3.07 mmol)i#F
fRLE 5 mL ZHEH, BN =& (1.70 mL)T &N
RFEF, B FATR, aifhfs 200 bk 6c.
P 0361 g, WK 38%. mp. 113~114 °C; 'H NMR
(300 MHz, CDCl;) d: 8.06 (d, J=7.7 Hz, 2H, C6', C2'-H),
7.87 (d, J=15.7 Hz, 1H, C7-H), 7.78 (q, J=8.2 Hz, 4H,
C3, C5, C2, C6-H), 7.63 (d, J=5.3 Hz, 1H, C8-H), 7.60
(d, J=3.8 Hz, 1H, C4-H), 7.58~7.50 (m, 2H, C5',
C3'-H), 7.15 (d, J=5.0 Hz, 1H, C10-H), 7.05 (d, J=5.1
Hz, 1H, C11-H), 4.11~3.96 (m, 2H, C17-H), 3.06~2.93
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(m, 2H, C18-H); 3C NMR (75 MHz, CDCl;) d: 190.3 (s,
C9), 162.1 (s, C15), 144.6 (s, C13), 144.0 (s, C7), 140.7 (s,
C1), 138.1 (s, C1"), 136.1 (s, C4), 132.9 (s, C4'), 130.3 (s,
C12), 128.8 (s, C3, C2), 128.6 (s, C6, C5), 128.5 (s, C6',
C2"), 1284 (s, C5', C3'), 125.7 (s, Cl1), 122.7 (s, C10),
121.8 (s, C8), 48.3 (s, C17), 22.2 (s, C18). HRMS (ESI)
caled for CpH;ZNOS [M + H] ©  344.1103; found
344.1096 .

(E)-1-(2-1R 43k )-3-(4-(6,7- — A EWy I [3,2-c] ML I -
4-FE)ZE - -2-H5-1-FH (6d): BEZ 5d (0.401 g, 0.992
mmol)IEAEAE 5 mL ZJFHh, BN =S5 % (0.558
mL) T Stk R, BAREfRw ERriR, aifhss 2068
tlEAR 6d. P=HE: 0.090 g K 23%. m.p. 98~99 C; 'H
NMR (300 MHz, CDCl;) d: 7.75 (d, J=8.3 Hz, 2H, C2,
C6-H), 7.70 (t, 1H, J=8.9 Hz, 3H, C3, C5, C7-H), 7.50 (d,
J=11.4 Hz, 1H, C5"-H), 7.46 (d, J=2.5 Hz, 1H, C2-H),
7.43 (d, J=17.5 Hz, 1H, C8-H), 7.40~7.34 (m, 1H, C4"-H),
7.20 (s, 1H, C3'-H), 7.14 (d, J=4.3 Hz, 1H, C10-H), 7.02
(d, J=52Hz, 1H, C11-H), 4.03~3.96 (m, 2H, C17-H),
3.00~2.94 (m, 2H, C18-H); '*C NMR (75 MHz, CDCl;)
9: 194.5 (s, C9), 162.0 (s, C15), 145.7 (s, C13), 144.6 (s,
C7), 141.0 (s, C1"), 135.6 (s, C1), 133.4 (s, C4), 131.4 (s,
C4Y, 130.3 (s, C12), 129.2 (s, C5"), 128.8 (s, C2, C6),
128.5 (s, C3, C5), 127.4 (s, C2'), 126.8 (s, C3"), 125.6 (s,
Cl11), 121.8 (s, C10, C8), 119.5 (s, C6"), 48.3 (s, C17), 22.2
(s, C18). HRMS (ESI) calcd for C»H;sBrNOS [M+H]"
422.0208; found 422.0201.

(E)-1-(3-TR IR FE)-3-(4-(6,7- - ZWEWy F:[3,2-c] Mk I -
4-FE)HHE)- TR -2- I -1- (6e): BEf% Se (0.205 g, 0.507
mmol)¥AMTE 5 mL L5, E RN =& A 1(0.286
mL) T ik g2, Bk R ERTR, 4ifhqs 2088
K 6e. F7EE: 0.110 g YKHE 58%. m.p. 139~140 C;
'H NMR (300 MHz, CDCl) J: 8.18 (s, 1H, C7-H), 7.98 (d,
J=7.8 Hz, 1H, C6-H), 7.88 (d, J=15.7 Hz, 1H, C4-H),
7.77 (dd, J=14.7, 8.2 Hz, 5H, C3, C5, C2, C6, C2'-H),
7.54 (d, J=15.7 Hz, 1H, C8-H), 7.42 (t, J=7.9 Hz, 1H,
C3'-H), 7.16 (d, J=5.2 Hz, 1H, C10-H), 7.05 (d, J=5.2
Hz, 1H, C11-H), 4.06~3.95 (m, 2H, C17-H), 3.03~2.93
(m, 2H, C18-H); 3C NMR (75 MHz, CDCl;) ¢: 188.8 (s,
C9), 162.0 (s, C15), 144.9 (s, C7), 144.6 (s, C13), 141.0 (s,
C1), 139.9 (s, C1), 135.8 (s, C4), 135.7 (s, C4'), 131.5 (s,
C3", 130.3 (s, C12), 130.2 (s, C6"), 128.8 (s, C2, C6),
128.5 (s, C3, C5), 127.0 (s, C2"), 125.7 (s, C11), 123.0 (s,
C5"), 122.0 (s, C10), 121.8 (s, C8), 48.4 (s, C17), 22.2 (s,
C18). HRMS (ESI) caled for CnH;sBrNOS [M+H]"
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422.0208; found 422.0201.

(E)-1-(4-TRFFE)-3-(4-(6,7- ~EMEW) F[3,2-c] M mE -
4-FE) IR L )- T 2- 45 - 1- T (6f): BEA%Z 5F (0.790 g, 1.95
mmol)IFfESE 5 mL L&, ZEW I =& E B (1.10
mL) TR BE R, HARGEFRan bRk, s 275
ik of. P2 &: 0.184 g. WL 25%. m.p. 154~156 C;
'H NMR (300 MHz, CDCls) 8: 7.91 (d, J=8.5 Hz, 2H,
C6', C2'-H), 7.85 (d, J=15.7 Hz, 1H, C7-H), 7.76 (d, J=
8.3 Hz, 2H, C2, 6-H), 7.71 (d, J=8.4 Hz, 2H, C3, C5-H),
7.66 (d, J=8.4 Hz, 2H, C5', C3'-H), 7.53 (d, J=15.7 Hz,
1H, C10-H), 7.13 (d, J=5.2 Hz, 1H, C11-H), 7.02 (d, J=
5.2 Hz, 1H, C8-H), 4.05~3.94 (m, 2H, C17-H), 3.03~
2.90 (m, 2H, C18-H); 3C NMR (75 MHz, CDCl;) §: 189.2
(s, €9), 162.0 (s, C15), 144.6 (s, C13, C7), 141.0 (s, C1),
136.8 (s, C1"), 135.8 (s, C4), 131.9 (s, C5', C3"), 130.3 (s,
C12), 130.0 (s, C6', C2'), 128.8 (s, C2, C6), 128.4 (s, C3,
C5), 128.0 (s, C4'), 125.7 (s, C11), 122.1 (s, C10), 121.8 (s,
C8), 48.4 (s, C17), 22.2 (s,18). HRMS (ESI) calcd for
CxH 6BrNOS [M+H]" 422.0208; found 422.0201.

(E)-3-(4-(6,7- — & W& Wy JF [3,2-c] WL 0E -4- L ) o
FE)-1-(4- FF 2 3E)- 15 -2-45-1- T (6g): BEl% 5g (0.910 g,
2.68 mmol)¥AfETE 5 mL ZJEH, 2N = A ik
(1.49 mL) T e Mifk g, B bRk, gifbis 3]
T SHOEL 6g. 7 E: 0.080 g I 13%. m.p. 146~
147 °C; 'TH NMR (300 MHz, CDCl3) &: 7.96 (d, J=8.1 Hz,
2H, C6', C2'-H), 7.84 (d, J=15.6 Hz, 1H, C7-H), 7.73 (q,
J=8.3 Hz, 4H, C3, C5, C2, C6-H), 7.60 (d, J=15.7 Hz,
1H, C8-H), 7.32 (d, J=7.9 Hz, 2H, C5', C3'-H), 7.13 (d,
J=5.2 Hz, 1H, C10-H), 7.03 (d, J=5.2 Hz, 1H, C11-H),
4.07~3.93 (m, 2H, C17-H), 3.03~2.89 (m, 2H, C18-H),
245 (s, 3H, C4-CH;); ')C NMR (75 MHz, CDCls) ¢
189.8 (s, C9), 162.1 (s, C15), 144.5 (s, C13), 143.7 (s, C7),
143.6 (s, C4"), 140.7 (s, C1), 136.2 (s, C4), 135.5 (s, C1"),
130.4 (s, C12), 129.3 (s, C5', C3"), 128.7 (s, C6', C2'),
128.7 (s, C2, C6), 128.3 (s, C3, C5), 125.7 (s, C11), 122.7
(s, C10), 121.7 (s, C8), 48.4 (s, C17), 22.2 (s, C18), 21.7
(s, C4'-CH3). HRMS (ESI) caled for Co3HoNOS [M+H]"
358.1260; found 358.1252.

(E)-3-(4-(6,7- — & W& Wy JF [3,2-c] WL g -4- B ) 2K
F)-1-3- AR IL)-N-2-f-1-F(6h): W% Sh (0.553
g, 1.56 mmol)JAMRLE 5 mL ZfEHh, Z i =& ek
(1.30 mL) T itk &, BARE R FRrR, 4itk33)
P EEAR 6h. PP HE: 0.080 g UK 12%. mp. 112~
115 °C; 'H NMR (300 MHz, CDCl;) 0: 7.85 (d, J=15.7
Hz, 1H, C7-H), 7.78~7.73 (m, 2H, C2, C6-H), 7.73~7.68
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(m, 2H, C3, C5-H), 7.64~7.61 (m, 1H, C2'-H), 7.61 (dd,
J=3.6, 2.6 Hz, 1H, C3'-H), 7.57~7.54 (m, 1H, C8-H),
7.43 (t,J=7.9 Hz, 1H, C6-H), 7.17~7.13 (m, 1H, C4'-H),
7.13~7.11 (m, 1H, C10-H), 7.02 (d, J=5.2 Hz, 1H,
C11-H), 4.03~3.94 (m, 2H, C17-H), 3.90 (d, J=2.4 Hz,
3H, C5'-OCH3), 2.99~2.91 (m, 2H, C18-H); 3C NMR (75
MHz, CDCls) 8: 190.0 (s, C9), 162.1 (s, C15), 159.9 (s,
C3'), 144.6 (s, C13), 144.0 (s, C7), 140.8 (s, C1"), 139.5 (s,
C1), 136.1 (s, C4), 130.4 (s, C12), 129.6 (s, C5"), 128.8 (s,
C2, C6), 1283 (s, C3, C5), 125.7 (s, C11), 122.8 (s, C10),
121.7 (s, C8), 121.1 (s, C6'), 119.4 (s, C4"), 112.9 (s, C2"),
55.5 (s, C5'-OCH3), 48.4 (s, C17), 22.2 (s, C18). HRMS
(ESI) caled for CpsHioNO,S [M-+H]" 374.1209; found
374.1201.

(E)-3-(4-(6,7- — & & Wy JF [3,2-c] Mk BE -4- B ) oK
F)-1-(4-FR AR I )- TN -2-0- 1-F(6i): BEA% 51 (1.59 g,
4.46 mmol)/EfARAE 5 mL ZAEH, & N = S
(2.46 mL) T R Rifk Z i, BRI A, aitkfs3)
P AE A 6l 7 E: 0.100 g UER 20%. mp. 134~
136 °C; '"H NMR (300 MHz, CDCL;) : 8.06 (d, J=8.7 Hz,
2H, C6', C2'-H), 7.83 (d, J=15.9 Hz, 1H, C7-H), 7.74 (dd,
J=14.9, 8.2 Hz, 4H, C2, C6, C3, C5-H), 7.61 (d, J=16.0
Hz, 1H, C8-H), 7.14 (d, J=5.0 Hz, 1H, C10-H), 7.04 (d,
J=52 Hz, 1H, Cl1-H), 7.00 (d, J=8.5 Hz, 2H, C5
C3-H), 4.04 ~3.95 (m, 2H, C17-H), 3.90 (s, 3H,
C4'-OCH3), 3.03-2.92 (m, 2H, C18-H); 3C NMR (75
MHz, CDCl;) 6: 188.5 (s, C9), 163.5 (s, C15), 162.3 (s,
C4'), 144.9 (s, C13), 143.1 (s, C7), 140.2 (s, C1), 136.4 (s,
C4), 131.0(s, C12), 130.8 (s, C6', C2", 130.3 (s, Cl",
128.8 (s, C2, C6), 128.3 (s, C3, C5), 125.8 (s, C11), 122.6
(s, C10), 121.9 (s, C8), 113.9 (s, C5', C3'), 55.5 (s,
C4'-OCH3), 48.1 (s, C17), 22.2 (s, C18). HRMS (ESI)
caled for CpHpNOS [M + H] © 374.1209; found
374.1201.

(E)-3-(4-(6,7- — & WE Wy JF [3,2-c] ML € -4- ) oK
5£)-1-(3,4,5- FH A JE 2R 068 )- 1 -2- 05 - 1- T (6): I iz 5
(0.530 g, 1.28 mmol)¥AfR{E S mL Z &, N =4
EA(0.720 mL) T ik R, BRI @ ERTA, 46
A3 IR B SR AL A 6§, 778 0.150 g UK 30%. m.p.
165~168 ‘C; '"H NMR (300 MHz, CDCls) 6: 7.88 (d, 1H,
C7-H), 7.77 (g, J=8.3 Hz, 4H, C2, C6-H, C3, C5-H), 7.56
(d, 1H, J=15.7 Hz, C8-H), 7.32 (s, 2H, C6', C2'-H), 7.16
(d, J=5.1 Hz, 1H, C10-H), 7.06 (d, J=5.2 Hz, 1H,
C11-H), 4.03 (d, J=8.1 Hz, 2H, C17-H), 3.99 (s, 6H, C5',
C3'-OCH3), 3.97 (s, 3H, C4'-OCHs3), 3.02 (t, J=7.9 Hz,
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2H, C18-H); '*C NMR (75 MHz, CDCls) 6: 189.0 (s, C9),
162.0 (s, C15), 153.2 (s, C5', C3"), 144.6 (s, C13), 143.9 (s,
C7), 142.6 (s, C4"), 140.8 (s, C1), 136.1 (s, C4), 133.4 (s,
C1'), 130.3 (s, C12), 128.8 (s, C2, C6), 128.3 (s, C3, C5),
125.6 (s, C11), 122.4 (s, C10), 121.7 (s, C8), 106.2 (s, C6',
C2'), 61.0 (s, C4'-OCH3), 56.4 (s, C5', C3'-OCH3), 48.4 (s,
C17), 22.2 (s, C18). HRMS (ESI) caled for CasH:NO4S
[M+H]" 434.1420; found 434.1411.

3.3.4 B ARMLAH Ta~Tb 696

EH 6a 5L 6b 1) —HZRER I PA/C (10%),
KSR A E G SARY A 120 CHLE 24 FHPd 7.
HE OIS IREE SN T4, NI H 2R, ek £
Pd/C(Fl CH.CL, k), WL LBRANE, M=ME& L%
6/ Tk B 2 S AR BIai =) 7.

(E)-1-(4-F 7K FE )-3-(4-(WE Wy 5 [3,2-c] ML e -4-JE ) 7
F)-P5-2-J4-1-FF(7a): ¥ 6a (0.100 g, 0.293 mmol)i&ET 5
mL —HZREF, AN 0.1 g PA/C(10%), MR R4
HAFEHEARY, 120 CRBL 12 h, B0 by
ik, A BF R EEA Ta. PR 0.060 g R 61%.
m.p. 165~166 ‘C; '"H NMR (300 MHz, CDCls) 6: 8.61 (d,
J=5.5Hz, 1H, C17-H), 8.12 (dd, J=8.8, 5.4 Hz, 2H, C3,
C5-H), 7.98~7.93 (m, 2H, C18, C7-H), 7.86 (d, J=11.2
Hz, 1H, C10-H), 7.84 (d, J=8.1 Hz, 2H, C6', C2'-H),
7.69~7.63 (m, 2H, C11, C8-H), 7.58 (t, J=4.5 Hz, 2H,
C2, C6-H), 7.22 (t, J=8.6 Hz, 2H, C5', C3'-H); 3C NMR
(75 MHz, CDCl;) d: 188.7 (s, C9), 167.3~163.9 (s, J=
255 Hz, C4"), 1542 (s, C17), 148.5 (s, C15), 144.3 (s,
C13), 142.4 (s, C7), 142.0 (s, C1), 135.2 (s, C12), 134.5 (s,
C4), 133.5 (s, C1", 131.2 (d, C6', C2'), 129.7 (s, C3, C5),
128.7 (s, C2, C6), 127.4 (s, C10), 123.1 (s, C8), 122.1 (s,
C18), 116.5 (s, C11), 115.9 (s, C5"), 115.6 (s, C3"). HRMS
(ESI) caled for CyH4FNOS [M-+H]" 360.0852; found
360.0846.

(E)-1-(4- 5 2K 25 )-3-(4-(ME W3 I [3,2-c] ML g -4- 25 ) 2
3)-TH-2-J4-1-F(7b): ¥ 6b (0.100 g, 0.308 mmol)i& T 5
mL IR, A 0.1 g PA/C (10%), SNk Z 4
HA AR, 120 CRM 12 h, BfAJ5%un BAr
ik, Ak BRI EEA Tb. R 0.070 g IE 71%.
m.p. 132~134 C; '"H NMR (300 MHz, CDCl) 6: 8.61 (d,
J=5.5 Hz, 1H, C17-H), 8.03 (d, J=8.5 Hz, 2H, C3,
C5-H), 7.96 (d, J=7.9 Hz, 2H, C6', C2'-H), 7.88 (d, J=
9.2 Hz, 1H, C7-H), 7.83 (d, J=8.2 Hz, 2H, C11, C18-H),
7.67 (s, 1H, C8-H), 7.63 (s, 1H, C10-H), 7.58 (d, J=4.2
Hz, 2H, C2, C6-H), 7.52 (d, J=8.3 Hz, 2H, C5', C3-H);
3C NMR (75 MHz, CDCl3) 6: 189.0 (s, C9), 154.1 (s,
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C17), 148.6 (s, C15), 144.6 (s, C13), 142.2 (s, C7), 141.9
(s, C1), 139.3 (s, C4"), 136.4 (s, C12), 135.2 (s, C1"), 133.6
(s, C4), 129.9 (s, C3, C5), 129.7 (s, C6', C2'), 129.0 (s, C5',
C3"), 128.7 (s, C2, C6), 123.1 (s, C10), 122.1 (s, C18, C8),
116.6 (s, C11). HRMS (ESI) caled for CoH4CINOS [M+
H]" 376.0557; found 376.0552.
3.4  HpETEMEMIR
3.4.1  tmfO3G A H] G MK

BT BUE KA A EETE 96 FLAR Y, B D4 i 25
FETE 30%~40%7/c 47, AR IR % s, 43 0 FH DURpAS
R BRI A H(1. 105 50 F1 100 pmol/L)AbFEAN A, 48
B NPH R R, 4000 & 48 h J5 FRi R I% 3L, A
2 mg/mL MTT ¥ 150 uL & 96 LR+, HiFE 4h. &
2 MTT ¥, I 150 pL —F3ETA(DMSO) (Sig-
ma-Aldrich, St Louis, MO, USA). #& K5 DARf {4 FH #E
SEAME AR, MAE 492 nm KL IWRERE. F AT = YO
SESEEG, SEIRSEERONE | MK 2 Fos. Wi o R
2B 4 e 2 B A R

FHI (%) =(1—OD 11/OD i) X 100%

OD v N R E VAR EAE; OD wwae NAS
0 REZH P 3RO G FEAE. A 103 11 LA 50%4H i
S GE Py 75 RV BE R 35 1Cs.
342 FRETFALAM 6) t0T IR 5 mie g A 4] A0
XK F 6K

7 3.4.0 BJ7E, KOBEERIZRM 1. 10, 50 AN
100 umol/L FIMLEH 6f 73 I AbFE 2. 4 5 6 h, F2: J5iks
FRdE, MMTEEREFRIEYS 2 UK, IINE 10% FBS & 1%
P/S IR i B FR FL 4k B85 97 48 h, JRJ5 H MTT ¥AGE.
35 HFxESH

AT A O R T REIS ik, AT
FAR AR R4 B SRS 6f AT
Iy RERTA. B RRE B A AR oRIE T R B e PR
(PDB  code: 1SAO0, https://www.rcsb.org/structure/
1SA0)81, Xt #25#F N Discovery Studio 4.0 L {Euih
CDOCKER. #ZAH EAE FI B AR 48 73 200 i B 24 45 2R,
FH 50 HE O SR A2 T

45 B4 %} (Supporting Information) H Anfb &%
MESLIREE  Bocil A v 0 I . X e k) mr DL 4 9%
M W3k (http://sioc-journal.cn/)_E T %K,
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