Chinese Journal of Organic Chemistry

% 4”) {t % DOI: 10.6023/cjoc201912033

T LHRESME S 1 B (ERK) /N o FHISIFIANR T, &S
TR MR

AWE O W OKIER  B#AE H

BAF  XE XHHE F R*
(RBERER L A8 230032)

NS

WE  AIMAME 5 HE S (ERK) 2 T 1 g A i R IR R Bl S0 T FHRFT LA ERK ik, SRAHE& R
FB A T P 12 AN A SRR BRI A, HAERIZ TH NMR, °C NMR f1 HRMS . ERK #1140
ML B A R S5 R B, K B AR LS5t N 45 B 40 i SW480 ATHCT-116 B A5 & ImflE M, THZ 1-4-
TR IE)-3-(5-(4-"G AR IR I YL g -2-F) IR(I8D AT 1Cso 43 AIIEF] 0.36 F1 0.55 pmol/L, X IEH AU L02 FEHRK(>10
umol/L). [FIFS, 18f A&l ERK FI3 BT 11(ICso=0.051 pmol/LYFERIL/KT-, (EAEEM A ERK FRiAF L 22 24 5%
4T A ME S TR MEK) S, i 25 S0 B 2R i 2R IR ERK M FIFIER AT AR T EESEE L.
KR 2 FFIENE QIR (MAPKSs); 4UH0ME 5 A G (ERK); — 07 &R, & 3G MR E i

Design, Synthesis and Antitumor Evaluation of Novel Small Molecule
Extracellular Regulated Protein Kinase (ERK) Inhibitors

Zhu, Zhongzhen Qiao, Yu Zhang, Zihao Gu, Mingzhen Wang, Jin

Gao, Zhiyu Guo, Wenhao Liu, Mingming Li, Rong*
(School of Pharmacy, Anhui Medical University, Hefei 230032)

Abstract Extracellular regulated protein kinase (ERK) is a key kinase in the development of cancer. 12 urea compounds
containing morpholin rings were designed and synthesized in search of novel ERK inhibitors by using merging strategy. The
structures of all compounds were confirmed by "H NMR, '*C NMR and HRMS. ERK kinase activity and cell proliferation test
results indicate that most of the target compounds have moderately inhibitory effects on human colorectal cancer cells SW480
and HCT-116, especially the ICsy of 1-(4-fluorobenzyl)-3-(5-(4-morpholinophenyl)pyridin-2-yl)urea (18f) reaches 0.36 and
0.55 pmol/L, respectively, and has low toxicity to normal cells L02 (>10 pmol/L). At the same time, 18f can inhibit ERK
kinase activity (IC5o=0.051 pmol/L) and phosphorylation level, but does not affect total ERK expression and upstream
upstream activation of mitogen-activated extracellular signal-regulated kinase (MEK) activation. These research provides
important reference for the further study of novel benzylpyridylurea ERK inhibitors.
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W%, BRH T BRAF. MEK 07 (IR BCHR. BT
ERK 2 1ZE MM NS 5701, £X ERK #F A K1)
NS AN, VRN BB A F 2, Bl T DU b
M 251 i A, D42 B KHIZ AR RoGERY, oas
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Figure 1 Chemical structures of small molecular ERK inhibitors
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Figure 2 Design of targeted compounds
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G 4 FEINGIRER, A5 HEEIAE] O 55 Lys112
A Thr108 JERESE, Bl IFA R T & IR 1)
N g RS L AR 2L S 17a~17E A1 18a~18f. M Bl 7K
PRI AR T B AR AR ERK BB 77,
MEK. ERK &1k /KT, & MEK. ERK Fik/KF-LLK
1T it 28 1) 400 o 4 .
1 GHR5TR
1.1 B EINER

U1 Scheme 1 FT7R, 4-(2-5 £.55) bk Eh 1% 2 (6) 5 X
TR IR (7) S S A5 B (Al N-2-(4-PR 2K AE Ik ) 2 B nd nnk
(8, rhIAlfh 8 55 IR AN 7 4 O I I E AR M AL R R
Suzuki BBERN, ARl N-2-(4-H F& A0 P i ek 2 Ui )
ZHEHERRO)!. AFBURIIAE R 10 5 =S RN A
R SRR b & 11, H5IE TR LR 7
T 5-VR-2-Z FE ML E i AR BRAS [V BUAR FR I e 3625 2,
FHR 12a~ 128", drfalfk 9 i alfA 12a~ 126 78 TS8R
55 P OB AL ALY Suzuki B IBE SN AR K H ARIL A4
17a~17f. WBHER(13) 5 1,4- IR (14) SR A R N-4-17
FEREN HERR(15)1, rh A4k 15 5 IDETI IR e M P 7 A A
P K AE Suzuki (6B, A= i N-4- B 2 4006 P s 32 2
AAEEHEmk(6)). Ak 16 ShlE{E 12a~12f, &
Suzuki B B AR B H ARE A 18a~ 181, HiARfL &

ViS5 23 "TH NMR, °C NMR il HRMS %5, 4
P4 IEH.
1.2 InZHAEIGTE oL

R Eb B2 )G, ERWR T BARL & nt
NGB G4 SW480 A1 HCT-116 IG5 I/ H,
T N IR 20 A Lo2 1A iE, Wt T BAstb &40
SIEHMBRIEEER 1), W 1R, Ko Biafes
Wt R TR At P R B A PR SRR R AR A, G R
YA LO2 MR, S NI A BUREER, &
) 18b~18f G TEL T 17b~17f, W] IpkIR BB St
WE BRI AR E A R T X B AV PR ETE. R
IR EONHEIEATD A 18b)EL (17 A1 18¢)HUAR AT
TR, UL IE IR G 4 i 3 (] sl L vy
REXTIE TEARI. R A SR BUR, Rl &R T
IR & Pt e, 4-A BARAR T 3-62. Btk &4, 15
IR IR 82 5 e v B 2R R A ) 447 30U T BRI B
18f VEPER AR, K SW480 A1 HCT-116 4 Jfa i 40 il /6 FH
1Cso 73 535 E] 0.36 F110.55 pmol/L, X IE # 40 L02 #5 1%
BHIK(>10 pmol/L).
1.3 ERK B#Bg5E HHIF{ER

TS bR 240 3 B B B AR B 4 M
Y)(17a. 171, 18d F1 18f), Kl 74 &4% ERK WS
FIHI54IE. ERK A ERK1 A1 ERK2 PRIV AL, &) 14
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Reagents and conditions: (i) K.CO3, DMF, 60 °C, 15 h; (ii) bis(pinacolato)diboron, PdCl,(dppf), KOAc, DMF, 80 °C, 18 h; (iii) triphosgene, sat.
NaHCO;, DCM, 0 °C, 2.5 h; (iv) 5-bromopyridin-2-amine, n-BuLi, THF, r.t., 12 h; (v) Pd(AmPhos),Cl,, Na,CO3, EtOH, H,O, Ar, 60 C, 3 h; (vi)

potassium tert-butoxide, Pd,(dba)s;, BINAP, toluene, 125 C, 8 h
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Scheme 1 Synthetic route of targeted compounds 17a~17f and 18a~18f
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Table 1 Inhibitory effects of targeted compounds on cell proliferation and ERK2 kinase activities
N
””OQQ . Q(l
17a ~ 17f 18a ~ 18f
ICso/(umoleL™")
R
Compound SW480 HCT-116 L02 ERK2
17a H 0.42 0.81 7.24 0.092
17b 3-MeO 5.48 7.36 >10 N.D.“
17¢ 4-Me >10 >10 >10 N.D./
17d 4-Cl 6.59 8.57 9.64 N.D./
17e 3-F 1.29 2.34 >10 N.D./
17f 4-F 1.02 0.84 6.24 0.147
18a H 1.37 1.28 >10 N.D./
18b 3-MeO 2.38 4.69 >10 N.D./
18¢ 4-Me 3.99 7.25 >10 N.D./
18d 4-Cl 1.70 0.85 8.14 0.189
18e 3-F 1.20 1.49 >10 N.D./
18f 4-F 0.36 0.55 >10 0.051
1 (SCH772984) 0.21 0.11 >10 0.008
N.D. represents not determined.
N 88%, LU IEPEA S B RT AR IR FI, R, 18f (umolll) 1 (umol/L)
DMSO

FATRRYE SCHR[ 710 I iE R B RR AL ERK2(TEPETE ) 134
BEIG S TR, S5 RAnR 1 PR, WOAME SV iR
1 ERK?2 g% 71358 A R EE i E A, 54040
FOs g AE P — 30 HrpyE i ar 2 181, 3 1Cs, 153
0.051 pmol-L ™', KW 18f X ERK2 [¥I¥leS 1 B A it
HOEUEIREEAER
1.4 {L&4 18f 3F MEK, ERK #E§1£F12 MEK, ERK
FIXHIFZM

N T HEFE 18 X ERK BEFR A /KA E iS5 38
Hszmi, FATH & A %% Bl 75 (western blot) & 1 T
MEK. ERK [FJRRALALE MEK. ERK £k /K F. wE
3 B, SRS HE — HIE T H(DMSO)AH LE, 18f k%
WL FRAE T ERK R 1k (p-ERK) /KT, #4 H 5 BH
PEXTIE 1 1EFHAEY, {HXF MEK BRI (p-MEK) L A2 i
MEK (--MEK). ERK (--ERK)FIEEA M. FiRk R,
SAY) 1 2480, 18 1T AR 4] ERK S /1A
WERR A0S, (A E3iF MEK {5 5 1% A 5.

2 #ig

BEXE A R A A2 A J b OGBS ERK, i
PRERE, WA R 12 AR 2 S SR AT HE
MR L BRI e B R B IR R & W, JRREAT 1 i 4
H S SE A ERK SRS 77 BRI ) 25 B PRI,
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Figure 3 Effects of 18f on phosphorylation and total expression
of ERK and MEK
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R200)7ERERE(300~400 H) EHH T, LR 25
R AR LC-TOF B i (ESIMS) &, A% mE3L
PRI 1% fd F Bruker 400 MHz ZREFEHRICIIE, PIARIY
FIERERE(TMS), Y77 CDCly, BT B3 i 5y
Mradi, e ARt — b gk,

32 HEAERK

320 4-(2-(4-8 K A A) T H) DIk (8) 89 & A%

7E 250 mL AEZUEIIN 4-32KE 7 (30 mmol),
4-(2-F 2.3k 2R £ 6 (30 mmol), BREREF(60 mmol)
PLA. N,N-—-H (100 mL), 60 C FHiHE 15 h, %
HE R E I IERET, M=% T 200 mL AR LEEH,
2 mol/L A MANTE 2 IR, MIAIEALENTE 2 IR, TE/KIRIR
TR, S0 VCRME) - LR LT =4 1 115
BRI EHPIRBAA 8P, R 86.1%. 'H NMR (CDCl;,
400 MHz) &: 7.72 (d, J=8.6 Hz, 2H), 6.87 (d, J=8.6 Hz,
2H), 3.84 (t, J=4.8 Hz, 4H), 3.21 (t, J=4.8 Hz, 4H), 1.32
(s, 12H); HRMS (ESI) caled for CiH,sBNO; (M+H]"
289.1958, found 289.1958.

322 4-(2-(4-(4,4,5,5-v9 F H -1,32- = & J Ak -2-
)R AHK) T H)DHk(9)89 & &

EEEFR AL EY 8 (10 mmol), B R4 (48
mmol), BEOHEZATFEEES (15 mmol) LA A2 N,N-—-H 5 F
JZ(50 mL), BRI R — %8k —
FAAAL0.1 mmol), 80 C /XM 18 h. AHIFHIEA
F B8 CERFRRE, B R K A An & Ak Al e %, oK
TREREN T8, A B [VCaMEY) @ MR LT =1 :
1515 2048 EHPR A 9, 1% 81.2%, 'H NMR (CDCl,,
300 MHz) d: 61.33 (s, 12H), 2.56~2.59 (t, J=4.6, 4H),
2.8~2.9 (m, 2H), 3.71~3.74 (t, J=4.7, 4H), 4.13~4.14
(m, 2H), 6.88~6.90 (d, J=8.5, 2H), 7.72~7.75 (d, J=
8.5, 2H); HRMS (ESI) caled for C;sH,0BNO, [M—}—H]+
333.2220, found 333.2222.

323 Wkt9HT A4 12a~12f 894 5%

E£0 CF, KB 10 (1 mmol) I B FIE
TR EANIA(S mL)A S e mLFREH, 5
ZEM NN =£(0.35 mmol), 0 C F&M 2.5h J5, —&
HEREEN(10 mL X 2), HGIANLE, FMA SR
FEALENGESS, KRR T4, Ik 4a 13 2] (Al f4
11. ¥ 5-JRAEIE-2-%(1 mmol) I 1.5 mL PYSE BRI I
Wik, AR E TR0 mmol), NG K
TVUERRIRE (1.5 mL)EY) 11 A8, =i FHike
SUR NSNS e L AT WA ECE e s NG s il
BRIREH R 12a~12f, JEHE A, Kb Taitb B
HT .
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324 4-(4-i% R A)GHk(15) 69 &%

EEME I —IRZE 14 (10 mmol), "k 13 (10
mmol), AT B (12 mmol), ()-2,2'-X0-( - IE)-
1,1-B£25(0.5 mmol)LL & I #K(50 mL), A SJEIMA
—(ZW"%-BASE i) —48(0)(0.25 mmol), 125 CFx
R 8 h. FIRAEN G JE e 15 B0 ) B4, 245
BVCH ) @ (LR LR =4 1483 Atk 15,
R 75.6%. mp. 112.1~113.7 C (mp." 114.5~
115.5 “C); "H NMR (400 MHz, CDCl3) 6: 7.35 (d, J=8.8
Hz, 2H), 6.77 (d, J=8.8 Hz, 2H), 3.84 (t, J=4.8 Hz, 4H),
3.11 (t, J=4.8 Hz, 4H); HRMS (ESI) caled for CioHi3-
BrNO [M+H]" 242.0175, found 242.0177.

325 4-(4-(4,4,5,5-09F H-1,32- = A ZaMtz-2- )R
)5 (16) 49 &A%,

EEERIMAEY 15 (10 mmol), R4 (20
mmol), O EZATF A EE (20 mmol) L K2 N, N-—- F 3k T i
JEZ(50 mL), JBANE G AR R L) — ek —
FAAL(0.5 mmol), 125 CTF i 8~10 h. A fFHIE
G R CTEFRRE, TR U KR A S A BN 5,
TKBERINT1E, S B EAE A GEE 16 Wi
72.2%. m.p. 98.3~99.6 ‘C (m.p.'"*! 98.6~99.0 C); 'H
NMR (500 MHz, DMSO-dg) d: 7.52 (d, J=8.79 Hz, 2H),
6.82~6.98 (m, 2H), 3.66~3.79 (m, 4H), 3.08~3.23 (m,
4H), 1.26 (s, 12H); HRMS (ESI) caled for C,,H;7;BrNO,
[M+H]" 286.0437, found 286.0438.

3.2.6 BiRA4 17a~17f #= 18a~18f 49 4%,

AEHERIMA 9 5 16 (1 mmol), 1-(5-JR A ME-2-
F-3-(BUAR A ) IR 12a~12f (1.1 mmol), BFRH(3
mmol) LA & (5 mL)FI7K(1 mL), AR SFIMAZ
SB[ BT B -(4- = P B 0 5k 2R 68 ) B 148 (11)(0.01
mmol), 60 ‘C FEIV 3 h. AHEZR A iEET, @il
B[V HE) @ MR AER) @ V(FEE)=15:15:
11758 H A3k &% 17a~17f Al 18a~18f.

1--R5E-3-(5-(4-(2- N MRAR £ 50 ) 2R 5K YLt g -2- 8 ) JIik
(17a): FGFEAE, I 40.3%. mp. 129.9~131.2 C; 'H
NMR (400 MHz, CDCl;) 6: 9.86 (s, 1H), 9.21 (s, 1H), 8.31
(d, J=2.0 Hz, 1H), 7.73 (dd, J=8.6, 2.3 Hz, 1H), 7.45~
7.39 (m, 4H), 7.37~7.32 (m, 2H), 7.29~7.27 (m, 1H),
7.00~6.96 (m, 2H), 6.93~6.89 (m, 1H), 4.66 (d, J=5.7
Hz, 2H), 4.16 (t, J=5.6 Hz, 2H), 3.78~3.73 (m, 4H), 2.84
(t, J=5.6 Hz, 2H), 2.65~2.57 (m, 4H); "C NMR (151
MHz, CDCly) 0: 158.4, 156.7, 152.3, 143.7, 139.4, 136.5,
130.2, 129.6, 128.5, 127.6, 127.3, 127.0, 115.2, 112.1,
66.9, 659, 57.6, 54.1, 43.7; HRMS (ESI) caled for
C,sHaoN4O5 [M+H]" 433.2234, found 433.2238.

http://sioc-journal.cn/ 1987



BIHE

R

1-(3- A 3 )-3-(5-(4-(2- M R AR, 2 B2 368 ) 2 35 i
WE-2-3)IR(17b): EEE g, I 36.7%. mp. 146.5~
147.8 “C; '"H NMR (600 MHz, CDCls) 6: 9.81 (s, 1H),
8.32 (d, J=2.0 Hz, 1H), 8.10 (s, 1H), 7.75 (dd, J=8.5, 2.4
Hz, 1H), 7.44~7.41 (m, 2H), 7.28~7.24 (m, 1H), 7.00~
6.97 (m, 3H), 6.95~6.94 (m, 1H), 6.82~6.79 (m, 2H),
4.62 (d, J=5.8 Hz, 2H), 4.15 (t, J=5.7 Hz, 2H), 3.80 (s,
3H), 3.76~3.73 (m, 4H), 2.83 (t, J=5.7 Hz, 2H), 2.61~
2.58 (m, 4H); “C NMR (151 MHz, CDCl;) ¢: 159.9,
158.5, 156.4, 152.1, 143.7, 141.0, 136.5, 130.2, 129.7,
129.5, 127.6, 119.6, 115.2, 113.0, 112.5, 112.0, 66.9, 66.0,
57.6, 55.2, 54.1, 43.7; HRMS (ESI) calcd for C,sH31N4O,
[M+H]" 463.2340, found 463.2342.

1-(4- F 35 2 3 )-3-(5-(4-(2- M I A, 2 480 368 ) 24 ik y i
WE-2-FE)IR(17¢): EAE AR, R 43.6%. mp. 179.4~
180.7 °C; '"H NMR (400 MHz, CDCl;) 6: 9.82~9.74 (m,
1H), 9.37 (s, 1H), 8.30 (d, J=2.3 Hz, 1H), 7.72 (dd, J=
8.6, 2.4 Hz, 1H), 7.45~7.40 (m, 2H), 7.31~7.28 (m, 2H),
7.17~7.13 (m, 2H), 7.00~6.96 (m, 2H), 6.96~6.92 (m,
1H), 4.61 (d, J=5.7 Hz, 2H), 4.15 (t, J=5.7 Hz, 2H),
3.77~3.73 (m, 4H), 2.83 (t, J=5.7 Hz, 2H), 2.62~2.58
(m, 4H), 2.33 (s, 3H); *C NMR (151 MHz, CDCl;) ¢:
158.4, 156.4, 152.2, 143.8, 136.6, 136.5, 136.3, 130.3,
129.6, 129.2, 127.6, 127.3, 115.2, 111.9, 66.9, 66.0, 57.6,
54.1, 43.5, 21.1; HRMS (ESI) calcd for Co6H3 N,O5 [M+
H]" 447.2391, found 447.2395.

1-(4- 5 J )-3-(5-(4-(2- " Rk AR, 2 4 5 ) R 58 ) e -
-3 R(170): B AR, WE 39.5%. mp. 154.6~
155.9 ‘C; '"H NMR (400 MHz, CDCls) 6: 9.94 (s, 1H),
8.99~8.98 (m, 1H), 8.33 (d, J=2.2 Hz, 1H), 7.75 (dd, J=
8.6, 2.4 Hz, 1H), 7.44~7.42 (m, 2H), 7.33~7.27 (m, 1H),
7.18~7.16 (m, 1H), 7.13~7.10 (m, 1H), 7.00~6.97 (m,
2H), 6.95~6.92 (m, 1H), 6.89~6.87 (m, 1H), 4.64 (d, J=
5.9 Hz, 2H), 4.15 (t, J=5.7 Hz, 2H), 3.77~3.72 (m, 4H),
2.83 (t, J=5.7 Hz, 2H), 2.63~2.57 (m, 4H); C NMR
(151 MHz, CDCl3) o: 158.5, 156.8, 152.2, 143.6, 138.0,
136.5, 132.7, 130.2, 129.7, 128.7, 128.6, 127.6, 115.2,
112.1, 66.9, 66.0, 57.6, 54.1, 43.1; HRMS (ESI) calcd for
CasHpsCIN,O; [M+H]" 467.1844, found 467.1845.

1-(3- 380 55 )-3-(5-(4-(2- M R AR, 2, B 28 ) 25 356 ) bt e -
- IR (17e): E A FE A, IE 41.8%. mp. 1323~
134.0 °C; '"H NMR (400 MHz, CDCl3) 6: 9.94 (s, 1H),
9.50~9.42 (m, 1H), 8.32 (d, J=2.2 Hz, 1H), 7.74 (dd, J=
8.6, 2.4 Hz, 1H), 7.47~7.40 (m, 2H), 7.33~7.26 (m, 1H),
7.18~7.16 (m, 1H), 7.14~7.11 (m, 1H), 7.01~6.96 (m,
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2H), 6.95~6.92 (m, 2H), 4.64 (d, J=5.9 Hz, 2H), 4.15 (t,
J=5.7 Hz, 2H), 3.79~3.72 (m, 4H), 2.83 (t, J=5.7 Hz,
2H), 2.65~2.54 (m, 4H); *C NMR (151 MHz, CDCl5) ¢:
163.9, 162.2, 158.5, 156.5, 152.0, 143.7, 142.1, 136.6,
130.1, 129.9, 127.6, 122.8, 115.2, 114.2, 113.9, 112.0,
66.9, 66.0, 57.6, 54.1, 43.2; HRMS (ESI) caled for
C,sH,,FN,O5 [M+H]" 451.2140, found 451.2141.

1-(4- 30 55 )-3-(5-(4-(2- M R AR, 2, 40 88 ) 25 356 ) bt e -
2-FH R @76): B EE K, E 40.1%. mp. 141.0~
142.3 C; '"H NMR (400 MHz, CDCl;) 6: 9.87 (s, 1H),
9.54 (s, 1H), 8.31 (d, J=2.2 Hz, 1H), 7.73 (dd, J=8.6, 2.3
Hz, 1H), 7.45~7.41 (m, 2H), 7.39~7.34 (m, 2H), 7.04~
6.96 (m, 4H), 6.95~6.90 (m, 1H), 4.60 (d, J=5.8 Hz,
2H), 4.15 (t, J=5.7 Hz, 2H), 3.77~3.72 (m, 4H), 2.83 (t,
J=5.7 Hz, 2H), 2.63~2.57 (m, 4H); >C NMR (151 MHz,
CDCly) d: 162.0, 158.5, 156.5, 152.1, 143.7, 136.6, 135.2,
130.2, 129.8, 128.9, 127.6, 115.3, 115.2, 112.0, 66.9, 66.0,
57.6, 54.1, 43.1; HRMS (ESI) calcd for C,sH,sFN4O;
[M-+H]" 451.2140, found 451.2141.

1-"F J-3-(5-(4- N MR AR 2R S Bk g -2- 5 ) ik (18a):
O E A, WR 43.2%. mop. 203.2~204.5 C; 'H NMR
(400 MHz, CDCl3) 6: 9.85 (s, 1H), 8.76 (s, 1H), 8.32 (d,
J=2.3 Hz, 1H), 7.75 (dd, J=8.6, 2.4 Hz, 1H), 7.46~7.42
(m, 2H), 7.42~7.38 (m, 2H), 7.37~7.32 (m, 2H), 7.29~
7.26 (m, 1H), 7.00~6.96 (m, 2H), 6.89~6.85 (m, 1H),
4.65 (d, J=5.8 Hz, 2H), 3.91~3.86 (m, 4H), 3.23~3.19
(m, 4H); C NMR (151 MHz, CDCl;) d: 156.4, 151.9,
150.7, 143.5, 139.6, 136.4, 129.8, 128.8, 128.5, 127.3,
127.2, 127.0, 115.9, 111.9, 66.8, 49.0, 43.7; HRMS (ESI)
caled for CpHysN4O, [M + H] ' 389.1972, found
389.1972.

1-(3- F AR 28 )-3-(5-(4- M MR AR 2R 3 ) e g -2- 358 ) IR
(18b): MM E A, W 40.8%. m.p. 201.8~203.1 C; 'H
NMR (600 MHz, CDCl5) d: 9.82 (s, 1H), 8.33 (d, J=2.1
Hz, 1H), 8.09 (s, 1H), 7.76 (dd, J=8.5, 2.3 Hz, 1H), 7.44
(d, J=8.7 Hz, 2H), 7.28~7.25 (m, 1H), 6.98 (d, J=8.7
Hz, 3H), 6.95~6.94 (m, 1H), 6.82~6.79 (m, 2H), 4.62 (d,
J=5.8 Hz, 2H), 3.90~3.87 (m, 4H), 3.80 (s, 3H), 3.22~
3.19 (m, 4H); °C NMR (151 MHz, DMSO-d,) J: 159.8,
158.5, 155.3, 152.3, 150.9, 143.0, 136.0, 129.9, 129.7,
127.1, 119.6, 115.8, 113.2, 113.0, 112.4, 112.1, 66.5, 55.4,
48.7, 43.4; HRMS (ESI) caled for C,4H,7N40; [M—|—H]+
419.2078, found 419.2080.

1-(4- F 27 2k )-3-(5-(4- e MpR AR AR 228 ) ik e -2- 228 ) ik
(18¢c): HMEAE, W 42.5%. mp. 197.1~198.2 C; 'H
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NMR (400 MHz, CDCL3) §: 9.85~9.75 (m, 1H), 9.27 (s,
1H), 8.32 (d, J=2.2 Hz, 1H), 7.74 (dd, J=8.6, 2.4 Hz,
1H), 7.46~7.41 (m, 2H), 7.32~7.27 (m, 2H), 7.17~7.13
(m, 2H), 7.00~6.96 (m, 2H), 6.95~6.91 (m, 1H), 4.61 (d,
J=5.7 Hz, 2H), 3.91~3.86 (m, 4H), 3.23~3.17 (m, 4H),
2.34 (s, 3H); *C NMR (151 MHz, CDCl;) 6: 156.2, 151.9,
150.7, 143.6, 136.6, 136.3, 136.3, 129.8, 129.2, 128.8,
127.3, 127.2, 115.9, 111.8, 66.8, 49.0, 43.5, 21.1; HRMS
(ESI) caled for CoyHyN,O, [M+H]" 403.2129, found
402.2132.

1-(4- SR 25 )-3-(5-(4- 1 Wbk A 2 I3k ) mk g -2- 35k ) JIR
(18d): A [E A, UK 37.8%. m.p. 180.2~181.8 ‘C; 'H
NMR (400 MHz, CDCl3) §: 9.91 (s, 1H), 9.30 (s, 1H), 8.33
(d, J=2.1 Hz, 1H), 7.75 (dd, J=8.6, 2.3 Hz, 1H), 7.46~
7.42 (m, 2H), 7.35~7.28 (m, 4H),7.00~6.96 (m, 2H),
6.89~6.85 (m, 1H), 4.60 (d, J=5.8 Hz, 2H), 3.91~3.85
(m, 4H), 3.23~3.18 (m, 4H); “C NMR (151 MHz,
DMSO-dy) 0: 151.6, 147.0, 146.0, 138.8, 133.3, 131.6,
128.0, 125.2, 124.1, 123.9, 123.9, 122.5, 111.1, 107.1,
62.0, 44.3, 38.4; HRMS (ESI) caled for Cy3H,4CIN,O,
[M-++H]" 423.1582, found 423.1587.

1-(3- R ) -3-5-(4- " Ik AR 2R L I g -2- 3 ik (18e):
o E AR, R 45.2%. mp. 212.3~213.4 ‘C; '"H NMR
(400 MHz, CDCl5) 6: 9.92 (s, 1H), 8.91 (s, 1H), 8.34 (d,
J=2.2 Hz, 1H), 7.76 (dd, J=8.6, 2.3 Hz, 1H), 7.44 (d, J=
8.8 Hz, 2H), 7.33~7.26 (m, 1H), 7.16 (d, J=7.7 Hz, 1H),
7.11 (d, J=9.9 Hz, 1H), 6.98 (d, J=8.9 Hz, 2H), 6.94 (dd,
J=8.3,2.2 Hz, 1H), 6.88 (d, J=8.4 Hz, 1H), 4.63 (d, J=
5.9 Hz, 2H), 3.91~3.86 (m, 4H), 3.23~3.18 (m, 4H); *C
NMR (151 MHz, CDCl;) d: 167.5, 160.1, 157.0, 155.6,
149.0, 148.4, 140.8, 135.5, 134.1, 132.6, 131.8, 128.2,
120.6, 118.9, 118.7, 116.8, 71.2, 53.4, 47.4; HRMS (ESI)
caled for C,H»FN,O, [M + H] ™ 407.1878, found
407.1879.

1-(4- FL R 25 )-3-(5-(4- 15 Wbk A 2 5k ) mk g -2- 35k ) JIR
(18f): [ E K, WK 43.9%. mp. 186.5~187.9 C; 'H
NMR (400 MHz, CDCl5) 6: 9.84 (s, 1H), 8.62 (s, 1H), 8.33
(d, J=2.2 Hz, 1H), 7.76 (dd, J=8.6, 2.4 Hz, 1H), 7.46~
7.42 (m, 2H), 7.39~7.33 (m, 2H), 7.05~7.00 (m, 2H),
7.00~6.95 (m, 2H), 6.84 (d, J=8.5 Hz, 1H), 4.59 (d, J=
5.8 Hz, 2H), 3.91~3.85 (m, 4H), 3.24~3.17 (m, 4H); *C
NMR (151 MHz, CDCl;) d: 162.0, 156.2, 151.7, 150.8,
143.5, 136.5, 135.1, 130.0, 128.9, 128.6, 127.2, 115.9,
1153, 111.8, 66.8, 49.0, 43.1; HRMS (ESI) calcd for
C,3H2,FNLO, [M+H]™ 407.1878, found 407.1882.
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3.3 A YHNE LRARETE TE MK

B HCT-116 Ziffuiz 5X10° NFLEMT 96 FLIR,
37 C. EVEON 5% CO, 564 S 951595 24 h, 1540
MG EE fS, IO RS2 380k &), dkaliEo% 48 h,
AERFREL, A 200 pL & 0.5 mg/mL MEMEEE(MTT)
MI¥EFEEE, 37 CTWHE 4 h FREEFRE, BALIMA 150
uL DMSO, {%i#Z3% 10 min. B#H#{X(PE VICTOR Nivo)
EIE 570 nm AL, AR A Y, WE 6
WRRERRRE, IR X AL O = (7)), TS
. ARIEANF AR (R4 #, A Graph Pad Prism
TR HEM IR BE (1Cs).
3.4 A INE ERK2 BEEE MK

KH Z'-LY TE® B A5 14575 & (ThermoFisher), [
F%¢ ' fe B LR B8 (FRET) B 7 VE K I B R 1. ERK2
PG VG 1. AR 4R U WIS, 7 384 fLAR(Corning Cat.
#3676)H, MIA 5 uL BRI ERK2 A1 S YIRS
(Ser/Thr 03), 2.5 pL ZiRW AW, 2.5 pL JREEPS A% T — 1
FR(ATP)ETR, =¥ 30 s, =M HE 1 h 5, A 5 uL
Development Reagent %, &% 30s, =i E 1 h. H
R FRASCR I ¢ 3 E (PE VICTOR Nivo, R GIRK N
400 nm, KWK 445 nm. 520 nm). BEE 100%H%
FRAL LI N ER AL AR BOAT 0% ERILZLCR N ATP %
) 73 AAE R B R BH MG R, RRAE 100% 5 R 44 41 F1
0% i 2 b 4L 1 ¢ Yo B, v 55 2 3 A0 & 0 A 4 1) 2%
FH5 ICs, 1H.
3.5 WwEYESHEMATIR

HOW B A K HCT-116 4, IMAAFEIR ) fk
A0 18f 5, DMSO(FHPEXT ), 37 ‘CH;9% 24 h, EEA
BETH AL AT BE, BERRZE MR (PBS)YE, M 100 uL 1X
binding buffer T2, MM 5 puL Annexin-V FITC F 5
uL PLYS, BB % ) = TR E 15 min, AR
M1 (Beckman CytoFLEX S)43HT 4 i i 1=
3.6 EHERRENT

HOMHUE K 0 HCT-116 4HAE, DA FIHK FE 4k
A0 18f 5L DMSO AbH 24 h. ISR ZL AN, &
9 A B (BCA) IR & I e e R, A b
FEGEMR, WKW 5~10 min. EEAREHZ SDS-PAGE
HEkE B, =EE M 1L h, NP4 CHAEE,
YA, WA RO R B, BT T AR A
(Bio-Rad ChemiDoc XRS")H &5, M4 H.

i Bh#1 KL (Supporting Information) fiiE HIs L&
f¥) "H NMR & °C NMR i . xSkl ar BL 4 5 AR T
i (http://sioc-journal.cn/) b T %K.
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