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“RREMRERRFERITEYIN G B & VRN

gt T R B AR L
Ty skEXT TR

(MG RS FABMAYRITNHE M ESLIE  WE 264005)

FWE DL 2-mne FERABCERCA R, B AT 17 M SRR HRR S R AR R ATAEY. Bisth &P &is
NMR I HRMS #EATEMEE. RN w400 HCT116. AFLEEZIE MDA-MB-231. A B %1 e 40 i PC-3 I/
A ZIEANM B16BL6 X B AR A YIRS U G MEEAT TR A, SRR 1-(4-50-3- =0 3R 20 -3- (4-[2-(57
PR B8 P R 25 ) M P -4- S R ) 28 6 ) 0 DR (9g) vl WD ot 40 B e 110 400 110 v MR 8060 T- PR 29 R i 3B TR, 1-3- = 0 H B -4- SR
52)-3-{4-[2-(F B 20 O 2 ) L W -4- B 22 ) 2R 22 Y B IR (9b) R 1-(3- =980 Y 2 -4- R 268)- 3 {4-[2- (57 TR 2 FH T 22 Lt g -4 - B ]
FEIBRIR9) % MDA-MB-231 4iffukk. PC-3 4k B16BL6 4fukk B TR b IE R HmHIIE 1, RINHER 73
B 9§ 5 B-Raf 24K =4 iR S5 I (SHI2)TE AL s IS5 R, AL BT R SE R iAot & et 74
=

FK4IA  B-Raf, 2 FXHEE; HUMREGME, SAREILGMIR, RMIERATAED

Synthesis and Evaluation of Antitumor Activity of Sorafenib
Derivatives Possessing Diphenylamine and Thiourea Structures

Guan, Daokun’ Sun, Shaofeng' Chen, Jing He, Zuopeng Kong, Xiangkai
Wang, Ningning ~ Yao, Jianwen®  Wang, Hongbo™
(Key Laboratory of Molecular Pharmacology and Drug Evaluation, Yantai University, Yantai 264005)

Abstract 17 novel sorafenib derivatives possessing diphenylamine and thiourea structures were designed and synthesized
using 2-picolinic acid and substituted anilines as raw materials. The structures of the target compounds were all characterized
by NMR and HRMS. In addition, the in vitro antiproliferation activity of the target compounds was studied in human colon
cancer cell HCT116, human breast cancer cell line MDA-MB-231, human prostate cancer cell line PC-3 and mouse melanoma
cell line B16BL6. The results showed that 1-(4-chloro-3-trifluoromethylphenyl)-3-(4-(2-(isopropylcarbamoyl)pyridine-4-
amino)phenyl)thiourea (9g) had better inhibitory activity against four cell lines than the positive drug sorafenib, and
1-(3-trifluoromethyl-4-chlorophenyl)-3- {4-[2-(methylcarbamoyl)pyridine-4-amino|phenyl} thiourea (9b) and 1-(3-trifluoro-
methyl-4-fluorophenyl)-3-{4-[2-(isopropylcarbamoyl)pyridine-4-amino|phenyl}thiourea (9j) had better inhibitory activity
against MDA-MB-231, PC-3 and B16BL6 cell lines. The molecular docking of the active small molecule 9j was further stud-
ied, and its binding mode with the active site of the 3-D crystal structure (SHI2) of B-Raf receptor was discussed, which pro-
vided a useful reference for the design and synthesis of novel sorafenib derivatives in the future.

Keywords B-Raf; molecular docking; an-titumor activity; diphenylamine and thiourea; sorafenib derivatives

Ras/Raf/MEK/ERK 15 5 %% T % £ 18 715 410 it J& 3 PRI, & Ras/Raf/MEK/ERK {35 % Sl i o6
YU . Ak PR RE (K s e v o A, A-Raf FI C-Raf 75 iR it A2 AR b R AR ¢
YEFH, T A-Raf. B-Raf fl C-Raf &2 % 1R/ 75 S W2 I e A%, T B-Raf [ 2848 5136 4775 T 2 AR oh, 5 4o
FEM =A%, 25 Ras/Raf/MEK/ERK 155 % S8 W, 4 N%HEEEGRE. 41%F T4 . 50~80%
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() S0 2000 . 100% 0 & REGH I A L 35 & 42 T B-Raf
e AEB o, 25 90%HTE AL R A R B TR B
RBEL 5 HI(V600E), T2 MEK [ B2 14 1 %< Lh By
AETIBEINT 500 £, {REE T MR A AE KA VEGFR
(ot sRiT, BFA A A-Raf. B-Raf Al C-Raf iBid
TE R RIVR — RAR B R R AR RIETIRE, R
— AN BARFNGIFIE G IS, 5 — AR S, 7EIX
i f5 0 R e ME Y B-Raf #0075 E R EEH, M
B-Raf '] V60OE £if s & AE RA% f=, B-Raf i) 71 v] AR 5
AR AR SE A BRI R (S 5 003 B . (R, SRAR YY)
B-Raf" """ BN T R VA T G B AR AR 08

T O EEIRIS M R R AR TR A S 2 A O R
ZR BB, W CAA R4 B-Raf. VEGFR-2.
PDGFR %5Z% Fi 52 KB A BRPAES, J& T 11 2 Raf i
FIO101 23 5 = 2] Ras/Raf/MEK/ERK 45 S 2 1%
BEERAGAS 5, IS 0 MG A . B o A FOIR AR
e B AN . MR T A0 iR SR B PR S
PO R 2 3 B AT LR D iR S Ak e R, (L
[ FSF AHL A7 T 25 2 1 ) s IS AN A I 2 S5l A, 5
VAR Ve SRS = A | N OE /I bR A i
IRILFRRI SN, 5K S [ 24 1 RURMIT A %o FL gt k4T
THOE. a2 R HIERA R R R EE R T 4
A3 R B-Raf 7, R ORI IR 2 0] (1)
RIRTH 5 5HEARRERE, LAGHNE B-Raf fl
VEGFR-2 i&VEfIREJ7. e BAZRFEMN I 1 RS
256, B-Raf RAH AR 16%, B-Raf B AR
13%"). Justin 25" HRE 746449 3 5 B-Raf ) DEG-out
PGSy TR, o) X B4 TR 3R WSR3 5 e ek
Z PGS AspS94 T T — AN EEMEE, ks
Y 3 SHRSTEEEMRE, MG e o
B-Raf""E [1] 1Cso EiL %] T 21.4 nmolsL ™", fLT-BHIEXT
ME 25 2R 3ESR ) ICso 8 120.1 nmoleL ™. [Alith, WMk
IRRZRIR Z [ i BRI AFAE XS T2 i i & 4% B-Raf (1740
VG MEIER E L. A T IFR BTN B-Raf #0615, RS
PR RN IR PRSI, ARSI DL A N A
SR A AR R T T g s

AU 2 g R PR AT T S, R
W H TS HER Y SR RAT SR T, X 22 5 S U 2 R
FEJRHHT T I NOE, KRB IEE 450 P B IR [ A5 e
RRAR AR, KT IR FR, iR s th e S
BT A AR AN R 2 R G B S LS SR AR R A
2R b, PREE T BRARGE M, R M iEE S T &0E
B R R R, DA — 2RI A5 R I RUR T 54
BAERERE, 836 B-Raf % HEWEE L. 45008
N FAHIFRL R itAa R T 17 MR K%
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SR PAERATAEY, FEVR T ARSI R T
A3z F 1 5o e 1 5 vk e M U AR & ) 9j
5 B-Raf P45 A 0T T 1.
1 ZR5e
1.1 BféEY 9a~9u HILFES

L 2-neme R AT G SRR, 18I S A AL R B A
B REA 22, FRAEFEAML. RSB EIFAA 4a
A1 4b, 4a A1 4b 5 4-50 Ik 2L i S B A5 3] — R ik o
(B 44 Sa. Sb. FEMA M, FRATIESE N,N- R L
J&(DMF)E R REE IR R R &, 2K & [alfk Sa. Sb
7t DMF MIEMRELT & ke, S0 EH s R, 176
DMF i o b 8 58 5 64T, 4k T I S ). BOPR R
e 5 F MR TE (8a~8)) /& & W AU I Ml 45 A3 3. DAHUARR
Je NREIRJE R, 5= 24 —IZ(TED)HI CS, KN 133|
7a~7j, H5=ABTC)RMAFE] 8a~8j. f/5, Sa.
5b 5 8a~8j M KRG IRE His &Y. B
WAL E YR A R 2 W, Scheme 1.
1.2 EYEMRSMETEN

PALZR A AE B A PP 24, SR ME W (MTT) i
W EMLEY) 9a~9q X4 TC116, MDA-MB-
231, PC-3 1 B16BL6 HIARSMEVER 7L, 45 R Wk 1.

I REKY: AR EH, LEw
9b. 9g A1 9j X} MDA-MB-231, PC-3 1 B16BL6 4 itk
A T BR M B ZG R B, 9§ A1 9g X
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BHLE MRt
H
N
R'NH,- H,0 0 H 0
| \ _S0Cl, ﬁj\ CH3OH ﬁj\ CH40H ﬁj\(R HzN /©/N | N ']‘H
Treflex O 5C hydrochloric acid _N
N”coH coct’ CO,CHy C,H5OH, 125 ~ 130 ‘C HoN R
1 ~
2 sa~ 4b 5a~3b
R2
R2 Dabco, CS, |\\ R2
|\\ toluene _ BTC, CHCl, I\\ _ 5a~5b
= 15~25C (1)-5~0C = DMFO 2°C
HN._ _SH
NH, \[S]/ (2) reflex NCS
6a ~ 6j 7a~7j 8a ~ 8] 9a~9q
9a: R' = CHj, R? = 3-CF3-4-F; 9b: R" = CH3, R? = 3-CF3-4-Cl; 9¢c: R' = CH3, R? = 3-CF3; 9d: R" = CH3, R? = 3-CI-4-F; 9e: R' = CH3, R? = 3 4-
Fy; 9f: R' = CH(CHg3),, R? = 3-CF3; 9g: R' = CH(CHj3),, R? = 3-CF3-4-Cl; 9h: R' = CH(CHa),, R? = 3,4-F5; 9i: R' = CH(CHj3),, R? = 3-Cl-4-F; 9j:
R' = CH(CH,), R? = 3-CF3-4-F; 9k: R' = CHg, R? = 3-CF3-4-Br; 91: R' = CH(CHj),, R? = 3-CF3-4-Br; 9m: R! = CH3, R? = 4-CI; 9n: R' = CH-
(CHs)p, R? = 3,5-(CF3),; 90: R = CHg, R? = 3,5-(CF3),; 9p: R! = CH(CHj3),, R? = 4-OCFg3; 9q: R' = CH3, R? = 4-OCF,4
A1 &Y 9a~9q E K
Scheme 1  Synthesis of compounds 9a~9q
R2
cl 2 N 2
o R X
N N _R? S | % |\\
NT N NRi | N " HN._SH
S HaN NH, hif NCS
4a ~ 4b 5a ~ 5b 63~6j 7a"‘7j 8a~8j
Bl 2 154 4a~4b, Sa~5b, 6a~6j, Ta~7j F 8a~8j ({145
Figure 2 Structures of compounds 4a~4b, 5a~5b, 6a~6j, 7a~7j and 8a~8j
R1 9a~9q MRS
Table 1 The anti-proliferation activities of 9a~9q
IC5¢/(umol<L™)
Compd.
HCT116 MDA-MB-231 PC-3 B16BL6 Rat podocyte
9a 209+14 31.3£3.9 18.1£5.5 46.5+3.5 ND
9b 112£1.0 20.1£3.3 8.2%0.8 21.15+5.4 71.5+4.1
9¢ 24.0£2.7 41.6 4.1 18.9£4.3 55.0+£4.2 ND
9d 23.2+£0.8 24.8%£29 17.5£3.6 47.5%2.1 ND
9e 86.0+2.8 >100 23.0+4.6 46.0x14 ND
9f 209+1.7 25.8%3.1 16.2£3.2 33.5+3.5 ND
9g 73136 12.6£2.8 72+1.8 23.0f14 447%1.5
9h 243+£19 27.1%2.7 13.7£1.5 38.7+2.1 ND
9i 16.0£3.1 20.3£3.7 9.8+0.9 80.5+3.5 ND
9j 13.4£3.1 9.8+£0.9 7.6+£0.9 24.0£4.0 43.5£3.6
9k 83+1.2 414£04 172£1.4 77.5£29 ND
91 16.5£3.6 34.5+45 24.8+44 347118 ND
9m 26.5£3.6 34.5+45 24.8+44 347+£1.8 ND
9n 83%1.1 15.8£3.0 13.4+£2.1 39.7+£3.2 64.5+£3.2
90 34.8+4.1 >100 >100 >100 ND
9p 229+33 48.8£2.7 35.1£22 69.3+0.8 ND
9q 26.2+3.2 579+1.8 13.4%+1.5 >100 ND
Sorafeinib 8.7+1.1 36.6 2.1 13.2+1.3 39.4+£22 28.4+14

“ Values are averages of three independent experiments;

? ICs is the concentration of compound required to inhibit the cell growth by 50% compared to an untreated

control;  ND indicates not detection.

MDA-MB-231 4 fg #k [ 4001 5 7343 751 =2 BH PR RE 245 1
3.75 #1 3 5, HRALTRBIEE. 9b. 9g. 9j X PC-3 4
JOAR B E 150 R R R FEJER) 1.61. 1.83 Al 1.74

f&. X 3 MEEYIXT B16BL6 41 Mtk (4 #1NE f135 & T
FEE TR 1.64 3% 245, X HCT116 48t (30035 71 5 BH
PEXT R 25 R B JE B AH 24, 9n X MDA-MB-231 ZHjE 40
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FEE R RN IERM 2.3 5, X HCT116. PC-3 Hl
B16BL6 2 Jfd 1) 0 i 3% 14 A 2R L R JEAH 4. k] 0,
&4 9b. 9g. 9n A1 9j (HIFHAT F—LHF 7K.

N T VI 9b. 9g. 9n Al 9 X 4 MLk &
e, BATCH MTT V050 T A AT AR A RS % 1
KRR AL B /NER 2 41 i (Rat Podocyte) IEEPEE F, &
L 9b. 9g. 9n Fl 9j XY ML EHXT Rat Podocyte

A A EVE SR T REBFEE, S R TR 24
ESUEIDEL IR E
1.3 2FxHZE

PDB:5HI2 #1422 #k[20]. M Protein Data Bank
JiE B R % B-Raf S2ARM =24 SR 45 #)(SHI2) ) PDB ¢
4, PEBUARINE R FIL A 95, FIH SYBYL-X 2.0
(") Docking Suite fEHXI LAY 9 AT S5 AL ALY
R T X 4, XHHesE A Pymol HEAT AN, Wil 3 A
N, WA 9) v LMRITHi S B-Raf ¥ DFG-out #4) A 45
A, 9j HIIBRIREE I AN EUR T AR R T 0l 5 &
LR GLU-501 F1 ASP-594 5385 X T il S, 7 7R 2 Ik i
SRR T H R IR R CYS-532 RS EH.
AR 3- = G A IR -4 DA R IR AT D4 N 2 25 T ke Ak
VAL-504. ILE-572. LEU-567. ILE-513 FZRG)5ERGME
48, R SR R PR 86 4 v] DL B 42 4 O\ 2 R TR
LYS-483, LEU-314. PHE-595 R K M 48, fi
EH 9§ 5 Ul G 45 A BN (.

B3 &Y 9) 5 B-Raf 24k T Xt E
Figure 3 Molecules docking of compound 9j with B-Raf

2 Zhig

BT 1T AT KR R AR e fiTAE W) 9a~9q,
K MTT BV T 17 Mb& %% HTC116, MDA-MB-
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231, PC-3 1l B16BL6 MRS TG E. 45 RE
B —RBESLA Y 9b. 9g. 95 9n EUE LT AR R
2 % WO OB M oW BrOow M

FIFAGRIR 546 B eIk 4k, FIF PR RSB S A%
B, #BMEY 9b HANT IR R4 FEE 4
. 2R A 4-C1 DL A7t BE SR K F (9/9§) 5% L 7 1 5
5511 Br (9k/9K)« H (9¢/96) IUARIF iE 1 S5 PR AIK. 24 DAHL A7
PEEARH F (9e/9h). Cl (9d/9i)% #: 9a 1 3-CF;, L H
(9m) & 9b H1[1) 3-CF;, Lh OCF; (9q/9p) % 1t 9¢/9f
1] 3-CFs, th &R MES R, 24 R' BL CH(CH,), BU
9b ) CH; 15 23 M FE 35 () 9g, 9a~9e. 9k. 0. 9q,
WA RGET 95+ 92+ 9f. 9i. 9h. 91. 9n. 9p.

MR R L R BRIR &5 46 5 e iR 45 44, FIH
iR B A iE R, [JRIMNEMILE R A RRAEE
TEVETEAE; R0 3 47 LLBR I 73 CF; BUREH L & 410
TR, WA TN T R, R A 4 4 DA
THEEF R CL BURIHE e, DA 71 5 i el o
5 ) 3 BB UGE PEBRAG; R' BL CH(CHS), BUIE A
T CH; BUR. fL&% 9b. 9g. 9j Al 9n Xt 4 Fham i
N T RAF AR, AT BT T AR
R RATAED I R T — 5 K, HE s
Wi VEATY 55 T BRAE T B S 4, DR ZE K AE AR A 1 2
fih AT — D SRR AL AT 5T

3 SEEERSY
3.1 UESIF

WRS-1B #F45 mi A (IR E A BT TR A 7));
Jeol Resonance ECZ 4008 #% i 3E##1%; Thermo Scientific
Q Exactive =43 #ii i1 ; Agilent Technologies 6530
Accurate-Mass Q-TOF LC/M; DMSO-ds (D, 99.9%)+
0.03% TMS (Cambridge Isotope Laboratories, Inc.). H[d]
WA G 8a~8) 7 SCRR[19]4 . S50 FH (3] A S5
RHE R 43 B Al Ak 2 41
32 SEWAE
321 4-F-2-9w F BR F B5 (3a) A9 6 K

#1125 mL SALEFIIA 250 mL H) [ B, £R

IRAE 45 CRAWIHFE T /- fmA 2-MEng iR (34 g, 275
mmol), FHEFIFZN 14 h, 4510, FERER, A
200 mL 2K, 930 28 1R S AL SRR, 45 38 3 € [T TR
EW. 50 mL HEE, fEZ=RARRDEFER N2 h, HhjE,
HORL, T, 15 36.9 g TR UE A 3a, 773 78.5%. mup.
52~54 COCHRME: 51~54 ‘CEY); 'TH NMR (DMSO-d;)
5: 8.69 (d, J=5.4 Hz, 1H), 8.07 (d, J=2.1 Hz, 1H), 7.82
(dd, J=5.4,2.1 Hz, 1H), 3.89 (s, 3H).
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3.2.2 N-W & -4-5-2-7rt72 VP BLl(42) 09 & A&

¥ 4-5-2-nk e R FER(10 g, 58.3 mmol)nA 70
mL FEER A, Bk TR AR 0~5 C, REA
WA S 0 (5.4 g, 175 mmol)[IZKIAEW(40 mL),
WINJELE 0~5 C R M 4 h. 38K BIETR, 5Ravin
A 200 mL LR ZBs, fidk, ik, A A K bE
B, KRBV T, R YE . 458h . fhiE. BE%.
A, 135 9.4 g PRI OG5 4a, 5 94. 5%. m.p. 41~
42 C(OCBRE: 41~42 CP); '"H NMR (400 MHz,
DMSO-d;) 5: 8.87~8.85 (m, 1H), 8.61 (d, J=5.1 Hz, 1H),
8.01 (d, J=2.4 Hz, 1H), 7.75~7.73 (dd, J=2.4, 5.7 Hz,
1H), 2.82 (d, J=5.1 Hz, 3H).

W B AR AL S 4 4b G T 2 BB (A 4a (1) 6 B
J7 i A 3.

N-J TR B -4-50-2- L BE F LR (4b): =% 89.2%,
O [E K. m.p. 44~46 C; 'H NMR (400 MHz, DMSO-d)
J: 8.63 (dd, J=5.3, 0.6 Hz, 1H), 8.56 (d, J=8.4 Hz, 1H),
8.03 (dd, J=2.2, 0.6 Hz, 1H), 7.78~7.75 (m, 1H), 4.18~
4.09 (m, 1H), 1.21 (d, J=6.6 Hz, 6H); °C NMR (400
MHz, DMSO-ds) &: 162.14, 152.46, 150.44, 145.06,
126.81, 122.44, 41.49, 22.62; HRMS (positive-ESIMS)
caled for CoH;;CIN,NaO [M—l—Na]+ 221.0452, found
221.0468.
3.2.3  4-(2-(N-F 35 P Bt A )-4-wb g A ) K e (5a) 69
AR

0 4-FJE 22K 4(4.50 g, 30.0 mmol) A [f]44 4a
(5.12 g, 30.0 mmol)T 100 mL F[J, FHEZE 125~
130 °C, WFHRIEN 2 h ok R =i, 25l
IAANTE/K 0 35 mL AR ERER 7.5 mL, FHRFER 1.5 h,
IS 8 g AT 1 e I Iy e S LR N T
RBAIF I 30 mL 7K fE, 7E 45~50 C FiAZRK
W pH 7~8, W1 PRI N 1.5 h, A 400 mL 2
& 2.8 F1 100 mL HOR1 £ 3K, A HURE A& 2Rk vk
=R, KRR TR, KRG R T, 152 7.5 g KA
1Ak 5a, P23 67.6%, m.p. 162~165 ‘C; '"H NMR (400
MHz, DMSO-ds) 0: 2.95 (d, J=5.0 Hz, 3H), 3.69 (br s,
2H), 6.65 (d, J=8.3 Hz, 2H), 6.71 (dd, J=5.4, 1.6 Hz,
1H), 6.91~6.70 (m, 3H), 7.66 (s, 1H), 8.06 (d, J=5.6 Hz,
1H), 8.10 (br s, 1H).

HE AL B4 Sb S IRALEY) Sa 106 BT 1 415
).

4-(3-Z B R A R )-N- S T4 - 2- L g HY R iz (Sb): 7
K 65.3%. wEOEK, mp. 92~94 C; '"H NMR (400
MHz, CDCly) 6: 1.25 (d, J=6.6 Hz, 6H), 3.67 (br s, 2H),
4.19~4.27 (m, 1H), 6.37 (s, 1H), 6.42 (d, J=8.0 Hz, 1H),
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6.54 (d, J=8.0 Hz, 1H), 6.94 (dd, J=5.6, 2.4 Hz, 1H),
7.14 (t, J=8.0 Hz, 1H), 7.72 (d, J=2.3 Hz, 1H), 7.93 (br
d, 1H), 8.34 (d, J=5.6 Hz, 1H).
324 4-{4-[3-[3-Z= A F A -4- AR AR HMR AR &
F-N-F A ke -2- F BE A (9a) 69 A AR

K 4-(2-(N-FF 38 R L )-4- M g 20 328 ) 75 1% (S, 0.55
g, 2.28 mmol)fIA 100 mL =1 M+, Il DMF 15
mL HEREAR, VKIBBEIRZE 0 C, 187N 3- =4 -
A-5R K SR E R (8a, 0.51 g, 2.28 mmol)f¥) DMF ¥ 6
mL, 0~2 C&M 1.5 h, #EUKIR)EERRMNZ) 6 h, I
200 mL Z.JR ZEEAT 100 mL HF1Er kK, A AU
KGR IR, ToKREREN T8, RS 2T, T/
55 0.42 g 1-(3- =50 FF 34 25 58)-3- (4-[2-(FF A H
T 22 L Mg -4 BE 2R 2L VIR IR (9a), 723 50.8%. T Ok
FARE A, mp. 174~176 C; '"H NMR (400 MHz,
DMSO-dg) 8: 10.03 (s, 1H), 9.91 (s, 1H), 9.09 (s, 1H),
8.62~8.65 (m, 1H), 8.22 (d, J=5.7 Hz, 1H), 7.96 (dd, J=
3.0, 6.5 Hz, 1H), 7.81 (d, J=4.1 Hz, 1H), 7.60 (d, J=2.4
Hz, 1H), 7.49 (d, J=9.0 Hz, 1H), 7.46 (d, J=8.8 Hz, 2H),
7.23 (d, J=8.8 Hz, 2H), 7.04 (m, 1H), 2.81 (d, J=4.9 Hz,
3H); "C NMR (400 MHz, DMSO-d;) J: 180.60, 165.21,
152.17, 151.46, 149.47, 137.61, 137.03, 134.64, 131.12,
131.03, 127.76, 125.93, 124.38, 123.03, 121.55, 117.66,
117.44, 116.41, 110.79, 107.37, 26.42; HRMS (posi-
tive-ESIMS) caled for C, H,sF,NsOS [M+H]" 464.1163,
found 464.1166.

HARE A4 9b~9u Z AL 54 9a 1A BT 121 4%
23

1-(3- =90 - 4- UK A )-3- {4-[2-(FF S P e 2 it
WE-4- 20 LR FE L B IR(9b): PR 51.6%. KA Ul 1A,
m.p. 177~179 C; 'H NMR (400 MHz, DMSO-dy) J:
10.09 (s, 1H, NHCS), 10.04 (s, 1H), 9.08 (s, 1H), 8.62~
8.65 (m, 1H), 8.22 (d, J=5.6 Hz, 1H), 8.11 (d, J=2.5 Hz,
1H), 7.83 (dd, J=2.4, 8.7 Hz, 1H), 7.67 (d, J=8.7 Hz,
1H), 7.60 (d, J=2.4 Hz, 1H), 7.45 (d, J=8.8 Hz, 2H), 7.22
(d, J=8.8 Hz, 2H), 7.02 (dd, J=2.5, 5.7 Hz, 1H), 2.80 (d,
J=49 Hz, 3H); °C NMR (400 MHz, DMSO-d;) o:
180.23, 165.22, 152.12, 149.52, 139.86, 137.68, 134.56,
131.98, 129.01, 126.84, 126.53, 125.89, 125.53, 124.63,
122.96, 122.90, 121.91, 121.52, 110.80, 107.38, 26.43;
HRMS (positive-ESIMS) caled for CyH3CIF;N50S [M+
H]" 480.0867, found 480.0869.

1-(3- = 90 L R 3 )-3- {4-[ 2-(FF L 2 FPY R 35 ) i e -4-
FHRE MR 9e): F2E 62.6%. 2 H Ek AR [ 4,
m.p. 172~175 C; 'H NMR (400 MHz, DMSO-d,) o:

&
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10.02 (s, 1H), 9.99 (s, 1H), 9.07 (s, 1H), 8.64 (d, J=4.7
Hz, 1H), 8.22 (d, J=5.6 Hz, 1H), 7.99 (s, 1H), 7.79 (d, J=
8.1 Hz, 1H), 7.60~7.65 (m, 2H), 7.48 (s, 1H), 7.46 (s,
2H), 7.22 (d, J=8.8 Hz, 2H), 7.02 (dd, J=2.4, 5.7 Hz,
1H), 2.80 (d, J=4.9 Hz, 3H); C NMR (400 MHz,
DMSO-ds) o: 180.31, 165.24, 152.17, 151.49, 149.51,
141.11, 137.53, 134.76, 129.95, 129.63, 129.32, 127.85,
125.99, 125.81, 123.28, 121.54, 121.04, 120.37, 110.76,
107.38, 26.43; HRMS (positive-ESIMS) caled for
C,H oF3NsOS [M+H]" 446.1257, found 446.1258.

1-(3- -4~ T 2 2 )-3- {4-[2-( FF 35 S P I 368 ) bt e -4-
IRV BNR(9d): 77 55.8%. T AU AR [ 4k,
m.p. 166~168 C; 'H NMR (400 MHz, DMSO-d;) o:
9.92 (s, 1H), 9.81 (s, 1H), 9.06 (s, 1H), 8.63 (d, J=4.8 Hz,
1H), 8.22 (d, J=5.7 Hz, 1H), 7.79 (dd, J=6.8, 2.5 Hz,
1H), 7.59 (d, J=2.2 Hz, 1H), 7.47 (dd, J=2.8, 4.7 Hz,
2H), 7.42 (d, J=4.6 Hz, 1H), 7.38 (d, J=8.9 Hz, 1H), 7.24
(dd, J=9.0, 3.0 Hz, 2H), 7.01 (dd, J=5.4, 1.8 Hz, 1H),
2.80 (d, J=4.9 Hz, 3H); "°C NMR (400 MHz, DMSO-d;)
9: 180.47, 165.21, 152.20, 151.45, 149.48, 137.46, 137.34,
134.84, 126.41, 125.87, 125.24, 125.17, 121.53, 119.27,
119.08, 117.02, 116.81, 110.75, 107.35, 26.43; HRMS
(positive-ESIMS) caled for C,0HsCIFN;OS [M+H]"
430.0899, found 430.0900.

1-(3,4- A FE)-3- {4-[2-( P o 2 1Y B 68 Pk g -4-
FVREDBRIR(9e): PEF 53.9%. KM ARE A, m.p.
180~182 °C; '"H NMR (400 MHz, DMSO-d;) 6: 9.87 (d,
2H), 9.06 (s, 1H), 8.63 (s, J=4.7 Hz, 1H), 8.22 (d, J=5.6
Hz, 1H), 7.71~7.74 (m, 1H), 7.59 (d, J=2.4 Hz, 1H),
745 (d, J=8.7 Hz, 2H), 7.41~7.44 (m, 1H), 7.25 (d,
J=9.0 Hz, 1H), 7.21 (d, J=8.8 Hz, 2H), 7.01 (dd, J=6.0,
2.5 Hz, 1H), 2.80 (d, J=4.9 Hz, 3H); °C NMR (400 MHz,
DMSO-dg) 0: 180.37, 165.23, 165.21, 152.19, 152.18,
151.48, 149.50, 148.00, 137.45, 134.87, 125.86, 121.51,
120.95, 117.51, 117.33, 113.79, 113.59, 110.75, 107.34,
26.43; HRMS (positive-ESIMS) caled for C,yH;3F,N50S
[M-+H] 414.1195, found 414.1195.

1-(3- =50 JE 2 )-3- {4-[2- (5 TR 2= FH B 258 ) b i -4
FEE )R BRIR(9D): 7= 55.8%. R #H Ry AR [l 44,
m.p. 170~172 ‘C; 'H NMR (400 MHz, DMSO-dy) 9
10.02 (s, 1H), 9.98 (s, 1H), 9.08 (s, 1H), 8.32 (d, J=8.4
Hz, 1H), 8.22 (d, J=5.7 Hz, 1H), 7.98 (s, 1H), 7.79 (d, J=
8.3 Hz, 1H), 7.58~7.62 (m, 2H), 7.45~7.48 (m, J=8.7
Hz, 3H), 7.22 (d, J=8.8 Hz, 2H), 7.02 (dd, J=5.7, 2.5 Hz,
1H), 4.08 (d, J=8.3 Hz, 1H), 1.18 (d, J=6.6 Hz, 6H);"*C
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NMR (400 MHz, DMSO-d;) J: 180.31, 163.60, 151.45,
149.41, 141.11, 137.49, 134.80, 129.95, 129.63, 129.32,
129.00, 127.84, 125.99, 125.81, 123.28, 121.57, 121.04,
121.00, 120.36, 120.32, 110.91, 107.32, 22.80; HRMS
(positive-ESIMS) caled for Cp3HyFsNsOS [M + H] '
474.1570, found 474.1567.

1-(4-50-3- =900 FF 3L 2R E)-3- (4-[2-( TR & R 33 it
WE-4-Z BE PR RIR9g): 7R3 49.1%. KA A AR
& 44, m.p. 186~189 °C;'H NMR (400 MHz, DMSO- d;)
8: 10.10 (s, 1H), 10.04 (s, 1H), 9.09 (s, 1H), 8.32 (d, J=
8.4 Hz, 1H, 8.22 (d, J=5.6 Hz, 1H), 8.11 (d, J=2.4 Hz,
1H), 7.82~7.85 (m, 1H), 7.69~7.59 (m, 2H), 7.46 (d, J=
8.7 Hz, 2H), 7.23 (d, J=8.7 Hz, 2H), 7.02 (dd, J=5.7, 2.4
Hz, 1H), 4.09 (d, J=7.4 Hz, 1H), 1.18 (d, J=6.6 Hz, 6H);
BC NMR (400 MHz, DMSO-ds) o6: 180.24, 163.59,
152.21, 151.44, 149.40, 139.86, 137.65, 134.60, 131.98,
128.99, 126.85, 126.55, 126.24, 125.88, 125.53, 124.63,
122.94, 121.91, 121.55, 110.95, 107.33, 41.14, 22.80;
HRMS (positive-ESIMS) calcd for Cp;Hp,CIF;NsOS [M+-
H]" 508.1180, found 508.1180.

1-(3,4- 5 A IR )-3- {4-[2-( 57 TN 2 Y I 25 ) P g -4- 21
BRI RRON): P2 66.9%. FH O AR BE A, mop.
184~186 °C; "H NMR (400 MHz, DMSO-d;) J: 9.89 (s,
1H), 9.85 (s, 1H), 9.07 (s, 1H), 8.32 (d, J=8.4 Hz, 1H),
8.22 (d, J=5.7 Hz, 1H), 7.71~7.75 (m, 1H), 7.59 (d, J=
2.5 Hz, 1H), 7.48 (m, 2H), 7.40 (d, J=2.8 Hz, 1H), 7.28 —
7.23 (m, 1H), 7.23 (m, 2H), 7.01 (dd, J=5.7, 2.4 Hz, 1H),
4.08 (m, J=6.6 Hz, 1H), 1.18 (d, J=6.6 Hz, 6H); "°C
NMR (400 MHz, DMSO-d;) d: 180.37, 152.27, 151.45,
150.43, 149.40, 148.00, 145.70, 145.57, 137.42, 137.05,
134.91, 125.86, 121.55, 120.94, 117.50, 117.33, 113.78,
113.58, 110.90, 107.28, 41.14, 22.80; HRMS (posi-
tive-ESIMS) calcd for C,,H,F,NsOS [M—I—H]+ 442.1508,
found 442.1507.

1-(3- G -4- 2R 58 )-3- {4-[2-( 5 A & HF Ik 265 ) b g -4-
TRV FAR9Y): 77 46.7%. B AREE, m.p.
168~171 °C; 'H NMR (400 MHz, DMSO-dj) J: 10.29 (s,
1H), 10.22 (s, 1H), 9.12 (s, 1H), 8.32 (d, J/=8.4 Hz, 1H),
8.28 (s, 2H), 8.22 (d, J=5.7 Hz, 1H), 7.79 (s, 1H), 7.61 (d,
J=2.4 Hz, 1H), 7.45 (d, J=8.7 Hz, 2H), 7.24 (d, J=8.8
Hz, 2H), 7.03 (dd, J=5.7, 1.8 Hz, 1H), 4.03~4.12 (m,
1H), 1.18 (d, J=6.6 Hz, 6H); *C NMR (400 MHz,
DMSO-dg) o: 180.28, 163.56, 152.15, 151.44, 149.40,
142.50, 137.91, 134.25, 130.98, 130.65, 130.33, 130.00,
126.04, 125.15, 124.03, 122.44, 121.54, 117.27, 111.01,
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107.37, 41.14, 22.79; HRMS (positive-ESIMS) calcd for
C,,H,CIFN5OS [M+H]" 458.1208, found 458.1211.

1-(3- =90 B4R 3E)-3- {4-[2-Cr N & P B2 it
WE-4-Z L R IE R (9)): TEF 61.4%. KEEE AR, mop.
173~177 °C; '"H NMR (400 MHz, DMSO-d) & 10.02 (s,
1H), 9.89 (s, 1H), 9.08 (s, 1H), 8.32 (d, J/=8.4 Hz, 1H),
8.22 (d, J=5.7 Hz, 1H), 7.95 (dd, J=6.5, 3.0 Hz, 1H),
7.80~7.84 (m, 1H), 7.60 (d, J=2.4 Hz, 1H), 7.49 (d, J=
10.1 Hz, 1H), 7.01~7.46 (m, 2H), 7.22 (d, J=8.8 Hz,
2H), 7.02 (dd, J=5.7, 2.4 Hz, 1H), 4.13(m, 1H), 1.18 (d,
J=6.6 Hz, 6H); >C NMR (400 MHz, DMSO-ds) o:
180.23, 165.93, 152.15, 151.30, 149.43, 139.86, 137.64,
134.59, 131.97, 128.97, 126.86, 126.55, 125.88, 125.54,
125.53, 124.63, 122.93, 121.91, 121.53, 110.94, 107.26,
23.28, 6.31; HRMS (positive-ESIMS) calcd for CyHy;-
F,NsNaOS [M+Na]* 514.1295, found 514.1285.

1-(3- =90 B4R IR IE)-3- {4-[2-(FF R R 56 )it
WE-4- R I R IR (9K): 77 50.7%. KA AR
44, m.p. 179~181 “C;'H NMR (400 MHz, DMSO-d;)
5: 10.10 (s, 1H), 10.04 (s, 1H), 9.07 (s, 1H), 8.61~8.63
(m, 1H), 8.22 (d, J=5.6 Hz, 1H), 8.10 (d, J=2.5 Hz, 1H),
7.82 (d, J=8.7 Hz, 1H), 7.74 (dd, J=2.4, 8.7 Hz, 1H),
7.59 (d, J=2.3 Hz, 1H, 7.45 (d, J=8.8 Hz, 2H), 7.22 (d,
J=8.8 Hz, 2H), 7.02 (dd, J=5.7, 2.5 Hz, 1H), 2.80 (d, J=
4.9 Hz, 3H); °C NMR (400 MHz, DMSO-d) J: 180.15,
165.22, 152.12, 151.50, 149.52, 140.33, 137.67, 135.38,
134.56, 128.97, 128.65, 128.35, 125.87, 124.73, 123.17,
123.11, 121.51, 113.21, 110.80, 107.38, 26.43; HRMS
(positive- ESIMS) caled for C,H;sBrF;NsOS [M+H]"
524.0362, found 524.0362.

1-(3- =30 F -4 1R 3 )-3- {4-[2-(F TR B 8 g
WE-4-Z FL )R B BRIROOD): 72 77.0%. 2 ok AR [
&, m.p. 176~178 °C; "H NMR (400 MHz, DMSO-d;) o:
10.12 (s, 1H), 10.06 (s, 1H), 9.09 (s, 1H), 8.32 (d, J=8.4
Hz, 1H), 8.22 (d, J=5.6 Hz, 1H), 8.11 (d, J=2.5 Hz, 1H),
7.82 (d, J=8.7 Hz, 1H), 7.75 (dd, J=,2.4, 8.7 Hz, 1H),
7.60 (t, J=2.5 Hz, 1H), 7.46 (d, J=8.7 Hz, 2H), 7.22 (d,
J=8.8 Hz, 2H), 7.02 (dd, J=2.4, 5.7 Hz, 1H), 4.01~4.13
(m, 1H), 1.18 (d, J=6.6 Hz, 6H); °C NMR (400 MHz,
DMSO-dg) 6: 180.14, 163.59, 152.20, 151.46, 149.42,
140.33, 137.64, 135.37, 134.60, 128.93, 128.66, 128.36,
125.86, 123.14, 122.45, 122.02, 121.54, 120.63, 113.20,
110.95, 107.33, 41.14, 22.80; HRMS (positive-ESIMS)
caled for C,3H,,BrF;NsOS [M—|—H]+ 552.0675, found
552.0670.
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1-(4- A HE )-3- {4-[2-( FF JE 0 P I 228 ) i g -4- 0 2 ]
HEEVERAROOm): FE R 60.3%. KK AR E A, mop.
183~186 °C; "H NMR (400 MHz, DMSO-d;) J: 9.87 (s,
1H), 9.85 (s, 1H), 9.06 (s, 1H), 8.64 (d, J=4.8 Hz, 1H),
8.21 (d, J=6.0 Hz, 1H), 7.59 (d, J=2.4 Hz, 1H), 7.55 (s,
1H), 7.53 (s, 1H), 7.48 (s, 1H), 7.46 (s, 1H), 7.38 (dd, J=
8.9, 2.5 Hz, 2H), 7.20 (d, J=8.7 Hz, 2H), 7.04 (dd, /=54,
2.4 Hz, 1H), 2.80 (d, J=4.9 Hz, 3H); *C NMR (400 MHz,
DMSO-dg) 0: 180.20, 165.22, 152.25, 151.43, 149.46,
139.11, 137.28, 135.07, 128.87, 128.78, 128.73, 125.81,
125.71, 121.54, 110.72, 107.34, 60.29, 26.44, 21.29, 14.62;
HRMS (positive-ESIMS) calcd for CyyH;9CINsOS [M-+
H]" 412.0994, found 412.0991.

1-(3,5- X0 = 98 FF 6 2R 28 )-3- {4-[2-( 5 TR & P B 255 ) it
WE-4-F F R I B IR (9n): 72K 59.5%. A U E A,
m.p. 172~175 ‘C; 'H NMR (400 MHz, DMSO-d;) §:
9.93 (s, 1H), 9.83 (s, 1H), 9.10 (s, 1H), 8.33 (d, J/=8.3 Hz,
1H), 8.21 (d, J=5.7 Hz, 1H), 7.78 (dd, J=6.8, 2.4 Hz,
1H), 7.58 (d, J=2.4 Hz, 1H), 7.46 (s, 1H), 7.43 (s, 1H),
7.41~7.46 (m, 1H), 7.37 (d, J=8.9 Hz, 1H), 7.19~7.22
(m, 2H), 7.00 (dd, J=5.7, 2.5 Hz, 1H), 4.02~4.11 (m,
1H), 1.17 (d, J=6.6 Hz, 6H); *C NMR (400 MHz,
DMSO-dg) 0: 180.46, 163.48, 155.88, 153.45, 152.36,
137.38, 137.34, 134.94, 134.94, 126.37, 125.84, 125.84,
125.22, 125.15, 121.61, 121.61, 119.25, 119.06, 117.04,
116.82, 110.88, 107.29, 41.16, 22.80; HRMS (posi-
tive-ESIMS) calcd for CoyHyFeNsOS [M+H]"™ 542.1444,
found 542.1444.

1-(3,5- X0 = 480 HF 3k 2 3 )-3- {4-[2-( F B & P B 22 it
WE -4-Z FE ) A FE L IR (90): T2 56.1%. ¥RIK Bk AR
&4, m.p. 196~198 C;'H NMR (400 MHz, DMSO- d;)
8: 1028 (s, 1H), 10.21 (s, 1H), 9.10 (s, 1H), 8.64 (q, J=
4.8 Hz, 1H), 8.29 (s, 2H), 8.23 (d, J=5.6 Hz, 1H), 7.79 (s,
1H), 7.61 (d, J=2.4 Hz, 1H), 7.43~7.48 (m, 2H), 7.22~
7.27 (m, 2H), 7.03 (dd, J=5.7, 2.5 Hz, 1H), 2.80 (d, J=
4.9 Hz, 3H); °C NMR (400 MHz, DMSO-d) ¢: 180.29,
165.21, 152.05, 151.51, 149.53, 142.50, 137.96, 134.21,
130.65, 130.32, 130.00, 127.87, 126.05, 125.15, 124.07,
124.02, 122.44, 121.50, 117.24, 110.87, 107.43, 26.42;
HRMS (positive-ESIMS) calcd for Cp,H;sFsNsOS [M+H]
"514.1131, found 514.1129.

1-(4- = 30 400 2K 358 )-3- {4-[2-( 5 T 2 Y Ok 8 ) it
WE-4-Z FE )R BRIR9p): 72K 64.4%. IR ER AR
[ 44, m.p. 174~176 °C; '"H NMR (400 MHz, DMSO-d;)
5:9.91 (s, 1H), 9.88 (s, 1H), 9.07 (s, 1H), 8.32 (d, J=8.4
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Hz, 1H), 8.22 (d, J=5.6 Hz, 1H), 7.59~7.65 (m, 2H),
7.60 (d, J=2.4 Hz, 1H), 7.48 (d, J=8.8 Hz, 2H), 7.33 (d,
J=8.3 Hz, 2H), 7.21 (d, J=8.8 Hz, 2H), 7.01 (dd, J=5.7,
2.5 Hz, 1H), 4.04~4.13 (m, 1H), 1.18 (d, J=6.6 Hz, 6H);
BC NMR (400 MHz, DMSO-ds) o: 180.34, 163.59,
152.32, 151.41, 149.36, 145.07, 145.06, 145.04, 145.02,
139.38, 137.29, 135.07, 125.71, 124.49, 121.94, 121.65,
121.58, 119.40, 116.85, 110.87, 107.28, 41.14, 22.79;
HRMS (positive-ESIMS) calcd for C,3Hp3F3N50,S [M+
H]" 490.1519, found 490.1517.

1-(4- = 35 H 400 0k 28 356 )-3- {4-[2-( P i 356 Y i 6 ) it
ME-4- R IR IV B R(9q): 77 69.0%. L F O AR
&4, m.p. 178~180 °C; '"H NMR (400 MHz, DMSO-d;)
5: 10.16 (s, 1H), 10.14 (s, 1H), 9.09 (s, 1H), 8.62~8.66
(m, 1H), 8.21 (d, J=5.7 Hz, 1H), 7.68 (d, J=2.1 Hz, 1H),
7.66 (d, J=2.1 Hz, 1H), 7.59 (d, J=2.4 Hz, 1H), 7.51 (d,
J=8.9 Hz, 2H), 7.35 (s, 1H), 7.32 (s, 1H), 7.23 (m, 2H),
7.02 (dd, J=5.7, 2.5 Hz, 1H), 2.80 (d, J=4.9 Hz, 3H); *C
NMR (400 MHz, DMSO-ds) d: 180.22, 165.22, 152.27,
151.42, 149.44, 144.95, 139.38, 137.22, 135.11, 125.52,
125.45, 125.40, 124.24, 122.42, 121.63, 121.52, 120.62,
119.40, 110.68, 107.35, 26.42; HRMS (positive- ESIMS)
calcd for C,;H;3F3NsNaO,S [M-l-Na]+ 484.1026, found
484.1020.

32,5 AdEMM

17 ASEAA YR ST e 8 3 PR VA7 FH e e
(MTT)VEIEAT. BB fh 21 96 FLKF 7R b (B FLEF] 4
X10° NHAR), BN 37 CHEEREFRAEEIE 24 h {H4000
WHEE, 24 h JE ¥R TR, I &G AR &
VIS PHPEZG (35 7R, AR A Wik B L 3
ASPATAL, XTREFLIMA AT DMSO, H-4H fi =557 i
[ FER B IR 72 h, 72 h J5 ) MTT 600 88 20 i vt
71, W E A A DS AR SR,
Microsoft Excel 2010 ] EXP £l ICso {H. BE)5, H
Rat Podocyte 4l R KM A P 2RV LA 1)
FRZGPEAT YIS BIVEAD .

4 Bh# %} (Supporting Information) 73 H 8] 4 J2 f

KPS . B A E . IX ek R AT DL A B
AT 355 (http://sioc-journal.cn/)_E N %K.
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