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Design, synthesis, and antitumor activity of 2-anilinoquinoline derivatives

NING Hulin"?, GUO Yihud', LI Fengfeng', LI Rongdong'*
1. Hunan University of Chinese Medicine, Changsha, Hunan 410208, China
2. Hunan Jiudian Pharmaceutical Co., Ltd., Changsha, Hunan 410000, China

(Abstract] Objective To yield a novel 2-anilinoquinoline derivative by introducing a lipophilic aniline group at the C-2
position of the quinoline ring and a hydrophilic group at the C—7 position, and to explore its anti—-tumor cell proliferation activity.
Methods Key intermediates were synthesized from DL-phenylalanine, L—phenylalanine, and D—phenylalanine, and a series of 2-
anilinoquinoline derivatives were synthesized by linking them with quinoline nuclei. The anti-proliferative activity of the target
compound on human liver cancer cells (HepgG2) and non—small cell lung cancer cells (A549) was tested using the CCK-8 method.
The binding effects of the target compound with vascular endothelial growth factor receptor (VEGFR) and epidermal growth factor
receptor (EGFR) proteins were determined by Autodock software. Results Sixteen new 2-anilinoquinoline derivatives were synthesized,
and their structures were confirmed by 'H NMR and LC-MS. The results of in vitro anti—tumor experiments showed that the anti-
tumor activities of target compounds T-7 and T-8 were comparable to those of the positive control medicines, Gefitinib and
Lenvatinib. The test results of Autodock software were consistent with the results of in vitro anti—tumor experiments. Conclusion
The novel 2-anilinoquinoline derivatives have effects against liver cancer and non-small cell lung cancer, laying a theoretical
foundation for further exploration of quinoline derivatives as anti—tumor agents.
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AR RAESE T, fEid 209 20 AR L g4
S AR OCHYSET R B2 BT, MRS
WP e 259 B T R T RS T RCE I R B
IEFE MNP m AL 2580 A ERRE (Gefitinib )
B 5 I 24 ot M A L 9 S YR T M e 1Y) —
L2 HAE AR bR 2R f AR K R 7 A2 4 (epidermal
growth factor, EGFR) iy WA T BT 2
YIRS, A N AR F-52 K (vascular en-
dothelial growth factor receptor, VEGFR) il 57 £ i
I8 1 AR LA g e BEL L 8 200 M A R0 R R B
I TT 22—, Stk JE!) (Lenvatinib ) Fl-R 182
Je®(Cabozantinib ) ¥ &VEGFR I 577 , HAEA%
BEREHR R MEIRER

WERHR: 25 TS A R ASIE 45 4 702 DL s
FIVE R R, R DS | ARSI, B T
VFZ HA U MR R S AT A4 Bl
FPRF JE(Bosutinib ) BEHEHETG YT RS 2R I 5 5K
ABEE JE U (Neratinib ) | IR JE ) (Pyrotinib ) H T4t
FLIRIE s 55 R JE U9 (Pelitinib ) 7T LAVR YT filides . XL
B YITEVER A [ B FEAT AR A , ERb i)
6.7 735 AN R BB K R K FEATAR I 4 A7 578
WEAHTE . 1T 4-oR g s I ) 25 o R ISR
N AR 2R FE M AT A= W) AU TG PEEA T BT
KRy 2-FR A FE M AT LR W) B LR T A L 4
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BT 16 4SBT 2 AR HEEmR AT A= 4, JF il L
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MK %1 22 D1 BERE#73 (Thermo 23 7)) ; 5415R 7l 5 3
BL.OHL(Eppendorf A 1] ) ;SW-CJ-A-2FD AL 4k
TAE G (IRINE & BRA R s A bk R4
(Sheldon Manufacturing inc 23H]); NfifEg4HAERE AS549
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2.1 B EUIHER
HArfk &% T1~T16 EﬁAﬁEﬁ%ﬁn@ 2 i,

ISRy WIS 5y, S —4, UL DL-R N R |
LKA | D—zxsﬁ\iﬂ@&jﬁ_izﬂ?ﬂ,%wﬁ% fir§
b ERAEFNIA S 45 2] 8 2 ] {& B-DL-5 . B-L-5
M B-D-5, 2551, BG4 LI BT ER Ay e b
Jok}, ZlRfk R AL AL SR RO 2 BN
Ak, 155 6 AR Ik 7 2 IR AR ik —2— S s bk ( A —
8), 985 5% —&R 4 h[ali& B-DL-5 B-L-5 FiB-
D-5 DK 4 IR H R LG 4 IEFE R 2P -
4-HHR IR A-TR-2-FUA L 3-8 —4— AR v
B aA C-1~C-8, FlR 1S HAr b &
T-1~T-8, Fi X} T-8 ) 7 B It Fr&4 , 5% H
b &) T-9~T-16,
2.1.1  2-Z A -3- K FENIR (B-DL-2) [ il %

DL-ZENZ R (15 g,0.091 mol)FIK (200 mL) %
TAEHE 30 min, ZEIE IR MR A NaOH /KW,
T pH (A2 DLoENE IR 2%, 18
FRITF(15 mL,0.159 mol), ZMREHFE LT, T
pH {H AR DL Z LT 1, i IR A NaOH
TS WA - SO WY 55 M E 5 (pH=8.0) . F LI
N3 h, TLC K S5 N 56 4 J , 17 0 6k 12 91 52 1
W pH (E 2 2, =Wt e i g, T4 s

O/\)LOH (CH,C0),0 OH__HNO, OH_CH:OH _
B8O HN H,80,

B-DL-1/B-L-1/B-D-1 B-DL- Z/BLZIBDZ

H,CO on_tHzs0, he0 OCH,
CH,OH

A-1

Cla
—_—

DMF,K,CO,

CH;COOH H;CO

———————————
Fe,HCL,CH;CH,OH O/\O
A-5
A0 A \
— oL Ik
NN
0 H

N HCl

_NHyHo A0
CI—I;OI-[

C-1-C-8 T-11g
ot SO0 X
NN cl
0 N F
p 10111
H NN cl
g 8 a "B

B-DL- 3/B_L 3/B-D-3
0
Hscoj@/\)k
0
A-3
H3C0m AGO.Py
—_—
N"o CH;COOH HO' o DMAP

DMF,K;CO; CIN\OI:(N\/LN@[CI

K 15.8 g, I%.84.0%,

HtrEEY) B-D-2 B-L-2 fEs S b,
2,12 2-LMEEFE-3-(4-fi A FE) N R (B-DL-3)
MM 7E 250 mL BURER P INA 98% ki
i (4.4 mL)F 65%~68%fi5% (3.7 mL),#H-10 C
PiFE 0.5 h, AN 2- B 5L -3- R HL N TR (4.6 ¢,
0.048 mol ) fEHiHE 5 h, 44 S N B T2 IR Ak S
SN 19 h, TLC Rl B 5e 4l B 5 5] A 200 mL
VK BERE, AT HE, TEMS AR 52 ¢,
%K. 92.8%,

Hirba ) B-D-3 B-L-3 A S b,
213 2- LR HE -3 (4R IR IL) N R P R (B—
DL-4) il 55 2- £ Mtz -3 —(4— A B ARk N TR
(5.2 g,0.024 mol), FIEE(52 mL)INA 250 mL [BJFE
PR 16 85 CRHEFE 0.5 h i, ZZ1E % N 98% ik
Bfz (0.73 mL), MR A 7 h, TLC il 5 6 58 42
J& AR IR ZERR T, 2R LR (150 mL)
PR RN Na,CO5 1, 875 pH AEZ 7, 7KAHH
LR MR (50 mLx2)ZEHL, G IFA AR, 7K (50 mLx
2) PRI, K BRIREE THRA HIAH 4 h, T8, DRI
JEHAR G AR 4.5 g 0% 83.3%,

HREEY) B-D—4 B-L4RE S Fidkris,
2.1.4 2-z@ﬁﬁﬁ—&m—ﬁﬁﬂ*xﬁ)mﬁﬁﬂﬁém—
DL-5)f il 25 KEal K (9.7 ¢,0.199 mol) &
1% (0.6 g,0.013 mol) . ZF%(52 mL) 7K (13 mL)

0
___ HOCHCOOH

Q/\‘)LO/
FeNHCLCHCH,0H ~ H,N Ny
0

B-DL-5/B-L-5/B-D-5

m m G
\Ir N0 DMF \Ir N el BN

B-DL- 4IB L-4/B-D-4

HNOy
CH COOH

~1:R=B-DL-5
~2:R=B-L-5

T-9:R=N,N-dimethylpropyl-1-amino
T-10:R=N,N-Dibutylpropyl- 1-amino

T-1

T-2

T-3:R=B-D-5 T-11:R=4-Propylmorpholinyl
T-4:R=4-ethoxyformy! T-12:R=N,N-Diethyl- I-amino
T-5:R=4-Methyl T-13:R=N,N-Dioctyl- 1-amino
T-6:R=4-methoxy-2-methyl ~ T-14:R=I-pyrrolyl
T-7:R=4-bromo-2-fluoro T-15:R=1-Piperidyl

T-8

'—8:R=3-chloro-4-fluoro T-16:R=N,N-dihexyl-1-amino

oo IO
N N Cl

T12T16

2 BRUEUHNERAR
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FIVKEERR (3 mL) B = S6e)ih , & T 90 C
MIRE P BEFE RN 1.5 h 5, A 2-Z B E -3
(4RSI ) N R H i (4.5 2,0.019 mol ) 4RZENNHA
PEFERN 3 h, 28 TLC Kl S 542 e , i g, g
Wl e 4, i — S € (150 mL) 2 B, Aok (50
mLx2) Ve, TOKBRRREE TIRANIAH 4 h, 2208, I8
W e s A3 B A A 2.6 ¢, 0%, 65.0%,
HirbAYB-D-5 B-L-51045 S Fikrik
2.1.5  (F)-3—((4-F3E-3-H 530 25 35 N M 1R H T
(A-2) % BIBLER (10 g,0.052 mol) ¥ T H B
(50 mL),90 CHHiFE 0.5 h, ZE18 7 N 98% ¥k i ik
(1.8 mL), A1V 6 h, TLC K 52 i 58 4 , 45
BN, BENEE, R R N B
(100 mL),FHNYRAT Na,COs KW, W37 pH (27,
J7K (50 mLx3) Wi, ToKBREE TIEAHLAH 4 h,
TR AR R A 10.2 g, 05 95.3% .,
2.1.6  (E)-3—((3-H S FE-4—F E ) R I M R H
BEA=-3)I 5 (E)-3—((4—F3E-3- 43k 256 N
BRI FE (102 g,0.049 mol) N,N— " F JL HI i
(DMF, 27.5 mL) S/t (5.3 mL,0.046 mol),K,CO;
(8 £,0.058 mol),75 CHEHkE 6 h, TLC A& 1 5¢
e AR N, BEIEZERE,FIA 1 000 mL 7KK
TR 2 h, HlE BT UEDE, S A EE R 123 g, 0k
#.84.2%,
2.1.7  (E)-3—((5-H & I 2 —filf B -4 KL ) A 3)
NI PR A-9 Rl #  (B)-3-(3-H A HE-4-F
AE ) AR A R I (12,3 ¢,0.041 mol ), DK iR
(50 mL),60 CHiHE 0.5 h 5, BT 25 CFHHE,
R IN HNO5(24.6 mL), S iR EE ¥ HIAE 30 C
PIF % n5e HNO; Ji , 4k&EiE 0.5 h, TLC &l 2
N SEA R AR R KRB 1 000 mL vk7K
TR 2 h, S UEAS BIUE D, UE DTS SR v (0
K14 g, 1% 98.6%.,
2.1.8  6- A -7 A FE -2 W i) (A—S) Y il 4%
(E)-3—((5-H -2 il F—4 % 53 ) K 38 I A TR
HITE(3.6 £,0.010 mol) A (17.3 ,0.310 mol) |
VKGR (36 mL)  JC/K Z W (36 mL) Flik LR HCL
(12 d) MA =SB, 90 CHLMIEFE 6 h, TLC
RO 2 ;56 42 5 A5 AR R, S A e 4
A S W B (126 mL) 7K (63 mL), fiEFE 0.5 h,

g UEMAIZK (50 mLx3) ki, g, JE T, 5K
@ik 1.6 g, 10%:552%,

2.1.9 7-RFE-6-H AL 2-MEKEA—6) I ¥
6—H AL -7 R AR I -2 (4.0 ¢, 0.014 mol) .
UKEERR (10 mL) ¥ HCI1(30 mL) A Kz B
FEE T 110 CHB s it 6 h, TLC il
|t ) S o | o @ AN R IR R LS4 B WA R e
TN EL(10 mL)BEFE 1 b5, hoE, BT e
A 2.3 o, % .85.2%,

2.1.10 67— 2 Pk AR Bk -2 - Kl (A7) 1) o1
% T-FEH-6-F S L2 MR (2.5 ¢,0.015 mol) |
ZREF(36 mL) FEAE(7.4 mL)E T 100 CHEFE 1 h
5 A 4- I EEIE (0.15 g,0.001 mol) , Ak4E
SN 6 h, TLC Kl 5 58 4 Ja 45 L SO O i
BHZE W, INE 200 mL koK PHEdE 2 h s, Al
U8 T AR AR 2.1 g, 8. 70.0%,

2111 2-%5H 6~ 4 BT £ T SR S v ok (A—8) 1) 7l
% 6-HSAIET-Z B IE 2R (23,0010 mol)
WTSEALTER (177 mL,0244 mol),80 “CHiid¥ 0.5 h
J& TN DMF(23 d) . 4kZE2)% 4 h, TLC 4 fz
VA o =i | o A AN B IR R s | =8 L AR E ]
J&i ,vkoK 800 mL, BEFE 2 h, fhig , HET, 15 (o
K23 g, 10%.:92.0%,

2.1.12 2-ZFREK-3-(4—((6-TP A I-T- L A AL
WE Ik —2— 55) k) R B N R R (C-1) i il & 0%
2-FA-6-H S -7 L T A SEMEMR (0.8 ¢,0.003 mol)
DI 2- O R -3 -(A- A FE R NIR R (1.1 g,
0.005 mol ) AT A K W, FF T 160 “CIHiif 8 rh 4
FERNE 2 h, TLC Kl i W 58 2 e 45 Ik O, )
2, M AP EE(50 mL)  HEFE 2 b, fliE T,
A 0.6 g, % .42.8%,

HArME &Y C-2~C-8 A NS I Ek ik,
2.1.13 2-Z WA F-3-A4—((7-FF K -6 T 48 H g
Wk —2 ) 2 56 AR I N R FH R (T-1) il 8 2- 2k
R I3 (4—((6-F A I -7 - L BE AR FE M -2 - 3E) &
Fo) R AR H R (0.6 £,0.001 mol) HEE(10 mL),
BT 80 CHEFE 0.5 h, IMAZIK(2 mL), 4k8E S
6 h,TLC Kl 584 i A5k O, R R,
TR, N 50 mL pKKBERE g BT A5
[l 0.4 ¢, H.73.5%,
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HAMEEY) T-2~T-8 A S IR ik ik,
2.1.14  2—((3-FA-4-F R KL & IL)-6-H HIE-7-(3-
(T H B35 N A0 MM (T-9) A il 2 2—((3-F—4—
FAFYHIL)- 6-H4H -7 FHMEMR (1 2,0.003 mol)
7T DMF(5 mL),®&T 95 CHtHE 0.5 h, AR
B (1.3 ¢,0.009 mol) MLALEH (0.02 ¢)F1 N,N-—H
H3-FN%E(0.46 g,0.004 mol), ZKZERZN 24 h,
TLC Kl N 564 Je A5 1k RN, R EI R %I, invk
K (50 mL),$itE 2 b Al BETURDHSA ™ 6 B
FEL dis TH (5 mL) , St ke , A i 1 6
EA, g BT A AR 1.1 g, 0% 84.6%,,

HEMEAY) T-10~T-11 B& S IR Eik ik,
2.1.15 2—((3-FA-4— A ) E ) -6- A K -7-(3-
A EIL) ER(D-8) 1 il 2-((B-FA-4- A IL)
R -T-FEHE-6-H A ILEMK (0.6 ¢,0.002 mol )i
T DMF(2.1 mL), & T 75 Citdk 0.5 h, i AGRERER
(0.54 g,0.004 mol) MLALH (0.02 g)F 1,3-IAN
£¢(0.71 mL,0.008 mol), 4¥ZE/7 ) 6.5 h, TLC Kl
RNSGERIG IR, RN E R, Pk (50 mL),
BFE 2 h s T A AT 0.6 g, H03:85.7%,
2.1.16  2—((3-FA-4-F Az ) -6 F A KL -7-(3-
(T LRI R IL) M (T-12) 0 & 2—(3-F-4-
ST I -6 H A - 7-(3- AN AL MR (0.7 g,
0.002 mol)JET DMF(42 mL), & T 95 “CHt$E 05 h,
IABRERAN (031 g,0.002 mol) MHALAN (0.02 g)Fil
T ZW2(0.37 mL,0.004 mol), 4¥ZEJZ W 23 h,TLC
R S N 58 42 Ja A5 1k O, YR H B R, koK
(50 mL), Bt 2 b dhik  HETURDHRL™ &, Ko
PR T HEE (S mL) , A8 AR ER , Bt 6
TR 8 BT B AR 0.4 g, 0% 52.6%,

HErb& 9 T-13~T-16 (5 SR FiR Tk,
22 BiRUEWHEILEE
22.1 2-LIREEFE-3—(4—((T-F2Ka—6—H 48 Lk —
2B F L) A AL MR PR (T-1) B A R,
73.5%, 'H NMR (600 MHz, DMSO-dy) & 7.72 (d,
J =85 Hz, 2H), 723 (s, 1H), 7.04 (d, J = 8.4
Hz, 2H), 5.96 (d, J = 10.0 Hz, 1H), 5.77 d, J =
8.3 Hz, 1H), 5.23 (s, 1H), 4.06-4.01 (m, 1H), 3.83
(s, 3H), 3.00 (dd, J = 11.3, 5.1 Hz, 1H), 2.82 (dd,

J = 115, 6.5 Hz, 1H), 1.78 (s, 3H), 1.63 (s, 3H).
HRMS (ESI)C,HyN;Os[M+H]* : B {H 410.171 0, 52
{E 410.171 4,

222 (S)-2-ZBEEIE-3-(4—((T-F2F -6 & Fhms
Mk —2—J5) 20 56 A 5 N R T R (T-2) st [ 4 i
#.70.2% , HRMS (ESI)C,,HxN:Os[M +H] " ; B i
410.171 0, SZill{4 410.171 4, 'H NMR (600 MHz,
DMSO-dg) & 7.70 (d, J = 8.2 Hz, 2H), 7.22 (s, 1H),
703 (d, J = 82 Hz, 2H), 595 (d, J = 100 Hz 1H),
574 (d, J = 8.0 Hz, 1H), 523 (s, 1H), 4.03-4.00
(m, 1H), 382 (s, 3H), 3.00 (dd, J = 113, 5.8 Hz, 1H),
2.82 (dd, J = 114, 6.4 Hz, 1H), 1.78 (s, 3H), 1.24
(s, 3H)o

223 (R)-2-LFEIE-3-(4—((T-FH-6-H S ILms
Ik —2—J5) 20 56) A 5L N R T R (T-3) it [ 4 i
#.67.5% , HRMS (ESI)CuHsN:Os[M+H]*: 3 i 4
410.171 0,52{& 410.171 4, 'H NMR (600 MHz,
DMSO-dg) & 7.71 (d, J = 8.5 Hz, 2H), 7.21 (s, 1H),
7.03 (d, J = 8.5 Hz, 2H), 597 (d, J = 7.3 Hz, 1H),
574 (d, J = 8.0 Hz, 1H), 5.22 (s, 1H), 4.04-3.99
(m, 1H), 3.82 (s, 3H), 3.00 (dd, J = 11.4, 5.0 Hg,
1H), 2.82 (dd, J = 11.4, 6.3 Hz, 1H), 1.78 (s, 3H),
1.24 (s, 3H),

224 4—((T-FH—6— 1 A Flnds ok —2 - ) 22 k) A
MR 2 BR(T-4) IR, 3. 67.5%, HRMS(ESI)
CioH N0, [M+H]* ; B8 5 339.133 9, 5L {4
339.130 0, 'H NMR (600 MHz, DMSO-d;) & 8.06
(d, J = 8.8 Hz, 2H), 7.90 (d, J = 8.8 Hz 3H), 7.14
(s, 1H), 7.06 (s, 1H), 6.90 (d, J = 8.6 Hz, 1H), 4.28
(q, J = 7.1 Hz, 2H), 3.86 (s, 3H), 132 (1, J = 7.1
Hz, 3H),

225 2-(RHI R RL)-7- 52 I -6 H S FEMERHR(T-5)
(5 [ A, 1% . 78.9% . HRMS(ESI)C,H oN,0,[M+
H]". #LE(H 281.128 5, 5CI{H 281.200 0, 'H NMR
(600 MHz, DMSO-dg) & 7.78 (d, J = 8.4 Hz, 3H),
709 (d, J = 83 Hz, 2H), 7.04 (s, 1H), 693 (s, 1H),
6.74 (d, J = 8.7 Hz, 1H), 3.83 (s, 3H), 225 (s, 3H).
22,6 2—((2-H H—4-H F IR H ) -T-FE 5 -6
HA BEE R (T-6) 1 (5[4, 5042 . 80.8% ., HRMS
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(ESI)CysHigN,O5[M+H]* : # S {H 311.139 0, 52 {E
311.136 3, 'H NMR (600 MHz, DMSO-dy) & 8.10
(s, 1H), 7.77 (d, J = 88 Hz, 1H), 747 (d, J = 8.7
Hz, 1H), 7.06 (s, 1H), 6.83 (d, J = 6.9 Hz, 1H),
6.77 (d, J = 8.6 Hz, 1H), 6.65 (d, J = 8.8 Hz 1H),
3.82 (s, 3H), 3.75 (s, 3H), 2.19 (s, 3H),

227 2~((2-F 4RI H I )-T-FR -6 H A I
WEO(T—7) HRMS(ESI)C\H,BrFN,O,[M+H]* ; Hig
{363.013 9, 52{H 363.014 3, AR, P,
89.2%, 'H NMR (600 MHz, DMSO-dy) & 873 d, J =
8.0 Hz, 1H), 7.90 (d, J = 8.8 Hz, 1H), 7.53 (d, J =
8.8 Hz, 1H), 7.38 (d, J = 8.1 Hz, 1H), 7.14 (s, 1H),
707 (d, J = 88 Hz, 1H), 7.02 (s, 1H), 3.85 (s, 3H),
228 2—((3-FA-4-FARL) A L) -T- I -6-H A
WERR(T-8) B [(afE A, I8 .85.7%, 'H NMR
(600 MHz, DMSO-ds) 6 8.49 (d, J = 8.3 Hz, 1H),
7.89 (d, J = 87 Hz, 1H), 7.72 (d, J = 9.0 Hz, 1H),
734 (t, J = 9.1 Hz, 1H), 7.15 (s, 1H), 7.05 (s, 1H),
6.85 (d, J = 8.7 Hz, 1H), 3.85 (s, 3H),

229 2-(B-FHA-FAK) HIH)-6-HHIE-T-3-(=
FH 2 B A A ME IR (T—9) B 1 (AL [T AT .84.6%
HRMS(ESI)C, HysCIFN,O,[M+H]*: BB 404.153 6,
SN 404.153 9, 'H NMR (600 MHz, DMSO-d,)
5836 (d, J = 83 Hz, 1H), 796 (d, J = 8.8 Hz, 1H),
784 (d, J = 80 Hz, 1H), 734 (t, J = 9.1 Hz, 1H),
723 (s, 1H), 7.14 (s, 1H), 692 (d, J = 87 Hz, 1H),
422 (t, J = 5.7 Hz, 2H), 3.87 (s, 3H), 3.25 (1, J =
7.2 Hz, 2H), 2.83 (s, 6H), 2.26-2.20 (m, 2H),
2210 2—((3-FA-4-F A = ) -6 A K -7-(3-
(T T &N AL ER(T-10) B @FEK IeR .
51.4% ., HRMS (ESI)C,HssCIFN;O,[M +H] " : 338 {4
488.247 5,52 {H 488.250 4, 'H NMR (600 MHz,
DMSO-d,) & 839 (d, J = 8.2 Hz, 1H), 7.94 (d, J =
8.8 Hz, 1H), 7.80 (d, J = 9.1 Hz, 1H), 7.33 (1, J =
9.1 Hz, 1H), 7.19 (s, 1H), 7.08 (s, 1H), 6.89 (d, J =
8.8 Hz, 1H), 4.15 (1, J = 6.4 Hz, 2H), 3.85 (s, 3H),
2.54 (t, J = 6.7 Hz, 2H), 2.36 (1, J = 7.1 Hz, 4H),
191-1.85 (m, 2H), 1.39-1.33 (m, 4H), 129-1.22 (m,
4H), 0.83 (1, J = 7.3 Hz, 6H),

2211 2+((3-A-4-F AR = ) -6 H K -7-(3-
ML) BRR A P 4R 3 ) s bR (T—-11) 38 P9 € [T R, iR
71.4% , HRMS (ESI)CyHsCIFN:O5 [M +H]* ; 3 38 {H
446.164 1,5C10{H 446.164 8, 'H NMR (600 MHz,
DMSO-de) 6 831 (d, J = 6.8 Hz, 1H), 7.95 (d, J =
8.8 Hz, 1H), 7.86 (d, J = 9.1 Hz, 1H), 7.34 (t, J =
9.1 Hz, 1H), 7.19 (s, 1H), 7.11 (s, 1H), 6.88 (d, J =
8.8 Hz, 1H), 4.16 (1, J = 6.4 Hz, 2H), 3.85 (s, 3H),
359 (t, J = 4.3 Hz, 4H), 246 (t, J = 7.1 Hz, 2H),
1.98-1.93 (m, 2H), 1.31-1.21 (m, 4H),

2212 2—((B3-F-4-H AR -6-F EHI-7-(3-
(CCE I ATk (T-12) B (A oK.,
52.6% , HRMS (ESI)C,;H,CIFN,O,[M +H]* ; 33 {8
432.184 9,5{H 432.187 4, 'H NMR (600 MHz,
DMSO-de) 6 834 (d, J = 82 Hz, 1H), 7.95 (d, J =
8.8 Hz, 1H), 7.82 (d, J = 7.8 Hz, 1H), 7.34 (t, J =
9.1 Hz, 1H), 7.19 (s, 1H), 7.10 (s, 1H), 6.86 (d, J =
8.7 Hz, 1H), 4.15 (1, J = 6.4 Hz, 2H), 3.85 (s, 3H),
256 (i, J = 69 Hz 2H), 249-246 (m, 4H), 1.90-1.86
(m, 2H), 0.96 (t, J = 7.1 Hz, 6H),

2213 2—((3-FA-4-F AR =) -6 H K -7-(3-
(o ) T S MO (T-13) 31 6 [, Wi
£.67.6%, HRMS(ESI)C3sHs CIFN;O,[M+H]*; B (H
600.372 7, 5214 600.373 4, 'H NMR (600 MHz,
DMSO-d6) 6 8.44 (d, J = 8.9 Hz, 1H), 7.93 (d, J =
8.8 Hz, 1H), 7.78 (d, J = 9.1 Hz, 1H), 7.31 (t, J =
9.1 Hz, 1H), 7.18 (s, 1H), 7.08 (s, 1H), 6.89 (d, J =
8.8 Hz, 1H), 4.15 (1, J = 6.2 Hz, 2H), 3.85 (s, 3H),
233 (1, J = 6.8 Hz, 4H), 1.87 (1, J = 6.3 Hz, 2H),
1.38-1.31 (m, 4H), 125-120 (m, 6H), 1.16-1.10 (m,
16H), 0.76 (t, J = 7.0 Hz, 6H),

2214 2—(B-F-4-F AL B -6-F EHI-7-(3-
(MHE Joe— 1 -3 PR AR 30 s MR (T-14) ¥ 1 L[ i
K .80.0% , HRMS(ESI) C3HosCIFN;O,[ M+ H " B8
{8430.169 2,5ZM{E 430.169 6, 'H NMR (600 MHz,
DMSO-de) 6 831 (d, J = 8.8 Hz, 1H), 7.95 (d, J =
88 Hz, 1H), 786 (d, J = 105 Hz 1H), 735 (, J = 9.1
Hz, 1H), 7.19 (s, 1H), 7.10 (s, 1H), 6.87 (d, J =
8.8 Hz, 1H), 4.16 (t, J = 6.5 Hz, 2H), 3.85 (s, 3H),
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257 (t, J = 7.1 Hz, 2H), 245 (1, J = 5.1 Hz, 4H),
1.98-1.93 (m, 2H), 1.71-1.68 (m, 4H),
2.2.15 2~((3-FH-4-FRIL) H IL)-6-F A HE-7-(3-
(WR IGE —1 -5 ) P 48035 M bk (T-15) ¥ (3 (0 [ it
#.89.6%, HRMS(ESI)C,Hy,CIFN;O,[M+H]*: Bl{&{H
444.184 9,5} .444.185 4, 'H NMR (600 MHz,
DMSO-dy) 6 832 (d, J = 82 Hz, 1H), 795 (d, J = 8.8
Hz, 1H), 788 (d, J = 7.7 Hz, 1H), 734 (1, J = 9.1 Hz,
1H), 7.20 (s, 1H), 7.11 (s, 1H), 691 (d, J = 8.8 Hz,
1H), 4.15 (t, J = 6.4 Hz, 2H), 3.85 (s, 3H), 243 (i,
4H), 197 (, J = 68 Hz, 2H), 157 - 1.49 (m, 6H), 1.27-
1.22 (m, 2H),
2216 2—((3-FH-4-F AR &) -6-F 4 H-7-(3-
(T ) N A L) R (T-16) A (IR, I
72.7% ., HRMS (ESI)Cy H;sCIFN;0, [M +H]* ; 38
544310 1,52i{H 544309 6, 'H NMR (600 MHz,
DMSO—dy) & 842 (d, J = 84 Hz 1H), 795 (d, J= 8.8
Hz, 1H), 7.82 (d, J = 8.2 Hz, 1H), 7.33 (1, J= 9.1
Hz, 1H), 7.21 (s, 1H), 7.10 (s, 1H), 6.92 (d, J= 8.7
Hz 1H), 444 (1, J = 5.6 Hz, 2H), 420 (s, 3H), 3.32-
3.26 (m, 2H), 1.32-1.16 (m, 16H), 0.85 (1, J =
8.8 Hz, 12H),
2.3 RSN TE SR

KM CCK-8 £ & HAnfb &4 T1~T16 X A
A/ IV il 93 20 Bt AS49 AN A 88 4 S HepG—2 119
PRSI S AR 525, o3 i LA R e F AR AR e
SR BT BR 254, R Ab TR K AS49 JEE AN
M HepG2 Js A MIEEFN T-96 £LAR H (1x10° ~/mL),
BT 37 °C.5% CO, 5:11F T HUEEFARIRERS SR 24 h,
FERIFHSRAE, S () B SRR
CCK-8 ¥ , NS AN 5 259 5 (2) 1R W X HREH . &
AN B3R CCK-8 W, A& 25W1; (3) 254
H AU B 3REE  CCK-8 W 259 ; 25 Wi IR
WEFSIE 0.5.1.5.10,25.50,100 wmol - L™ 4525 (5
YR 6 A~ AL) , BfL 100 pL, & T 37 C,
5% CO, Bifeffirh e, A% 48 h)a, &L
A CCK-8 10 wL 5530 B TR P52 1 h
J&i , FAEEFRAXAE 450 nm PR FMIHLODE , HIH5H
BALEYIR IC, 1 (F 1),

®1 BRULAYHARSEIBER

EE &) A549/1Csy/(pumol - L) HepG2/ICsy/(pumol - L)
AR 28.68 —
SRR — 25.08

T-1 127.20 71.58
T-2 117.80 160.60
T-3 63.46 >200.00
T-4 60.14 109.16
T-5 66.57 59.51
T-6 35.24 125.70
T-7 20.36 28.53
T-8 29.84 56.94
T-9 >200.00 >200.00
T-10 >200.00 170.43
T-11 >200.00 131.22
T-12 162.50 14331
T-13 135.20 81.04
T-14 141.60 87.30
T-15 >200.00 135.70
T-16 >200.00 106.15

24 BRUEHRSFI#E

M RCSB 25 14 ZE M3 (hitps://www. resb.org/) 3k
HUEGFR & Y X-1IT T fb A L5449 (PDB i 524 21-
TYR") Fl VEGFR £ 119 X115t fh AR 2544 (PDB 4
54y 3WZD2) , FIH Autodock #RAFRHE PR AFHY H
Frb& ¥ T-7.T-8 55 VEGFR .EGFR #1754 F %
o XHESRNER 2 s, BinfeEY T-7.T-8 5
EGFR % [l VEGFR 5 1 i 45 58X 151 L 5] 3—
4,T-7.T-8 RERLF I AR S5 A D48 S
RO 8] Bl S R i 3k & AE A BAEFE , 22 R i
IKVERIFIESEAE R . EARIL G T-7 5 3WZD i
AR R CYS-919 JE iU &5 , 3R K7 5 ASP-
1046 \VAL-899 GLU-885 J& it K1, 45 & A
AEN-5.52 keal -mol™, [FIFTH5 2ITY & A =B R
5% 3 MET - 793 1 PRO-794JE i U, 454 F g
-5.59 kcal-mol”, HArfb G4 T-8 5 2ITY HHIE
HRFE I GLU-865 ARG-836 TE Il A 5, T-8 4514
H 2R LR 5 LEU-862 Fl THR-892 & i /K
YER, 454 A B N-6.15 keal-mol”, HFRELAHIT-7
1 T-8 MZEARES N TR & A HBE-5 kealsmol ™,
AHEI B A5 Ak A i i 90 ] EGFR 5% VEGFR &
I R PRI T
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x2 BHRUAYERESS TIEER

RN iAEY] 53wzD R4 A 5 21TY ¥R A4 &
fit/(keal - mol™) fit/(kcal - mol™)
T-7 -5.52 -5.59
T-8 — -6.15

4 BiFEWS5 2ITY (EGFR)SEEAXEER
"B A B H T-7 5 2ITY (EGFR) %45 5K C.D H T-8 5
20TY (3WZD) X 4545 5

3 i

ASCLABTER R A SRk, it Bk R SEE Ak
A AR e, B n AR B Kk A-8,
¥ P E & B-DL-5 B-L-5 il B-D-5 L\ & 4-&Jt
AR Mg 4T B8 2T L4 - F AU RE R |
4-TR-2- AN 3-H—-4- AT A-8 1 2 fi,
FEXTIL 7 7 ) SRR S B AR &4 T-1~
T-8, %K Ja Xt T-8 #AT 15 2 Btk &4 T-
9~T-16,% 'H NMR LC-MS HE{ 45 I FRAE

KM CCK-8 i % Hirfb &4 T-1~T-16 #t47
WAL s VRO o | SEge 45 SRR I . Y sk REA% 2 37
BURH 3-G-4-FUREIE, 7 UL L (T-8)
PR i e S8 3 (T-9 . T-10 \ T-11  T-12 T-13
T-14 T-15 T-16) i}, Hrfb- 54 T-8 Bt scr
B, e C=7 AU FR 0 ek BEA% C-7 {7
IR N EE | C-2 A IR A [m] Y AR 2 5k (T -
1.T-2.T-3.T-4.T-5.T-6 T-7.T-8) B}, T-7 #iiik

TRy, 3 2 (BRI A 2-F—4- TR E L, [F]
i, BARfLE Y T-7 s bt 575 468 e LR
R e A, T-8 (PRI 1 5 75 AR e AR 2 i
i Autodock F AL H ARG T-7 A1 T-8 St
/N AR A DG A EGEFR 3 85 85 19 LA B e o
HALAHOCH) VEGFR ¥ SR M ZE AR ) 45 1R B
~ BFrb & T-7 #1 T-8 5 EGFR LA} VEGFR
HAA B S ARG, H I B hR b &9 nT g il
A0 VEGFR 5% EGFR & H 1M A 54T e 16 1

ARWFFEBET AT — R 2-F S S kAl
He Wy, W HERRER 2 (57 1 7 AR T A B IS E] 16
ASHAMEEY), IFid 'H NMR LC-MS PG HZ5H |
Zo VRN TR S, & B H AR A9 T-7 AN
T-8 BB 16 14 5 FH AR XS BR 25 35 R 8 e DL & Ak
PAREJEA Y s 3 TR R R BB Y SEGFR |
VEGFR #0 s A BAFIES SRR 0 HAn b &9
i M EGFR 8 VEGFR 2 1 & 8 bt b Jag 7%
M, ASBISE R itE— 20 R I 2 R 2R e ik
WSS A M HR AR
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