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Abstract: Based on the structure of inhibitors XL765 and WR23, the quinoxaline scaffold was selected as an
attractive structure for drug design. In this protocol, the 2-position of quinoxaline was modified with a substituted

phenoxy fragment. Meanwhile, the linking chain at the 3-position was changed to a sulfonyl hydrazine or was

removed. A series of substituent groups were added at the 6-position of the quinoxaline scaffold. Twenty-two quino-
line derivatives were designed and synthesized, and their structures were confirmed by 'H NMR, *C NMR, and
ESI-MS. All compounds were screened for anti-tumor activity in vitro in A549, MCF-7, HCT-116 and HepG2
cancer cells. The results showed that P6b was effective, P6e and P6f had better activity against HCT116 (IC, =
3.24,4.78 and 4.50 umol-L™"), and P6d had strong inhibitory effect on MCF-7 (IC,, = 0.228 7 pmol-L™).
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Fofr g i Hp 231, PI3Ks E Sy I 20 R G 52 & (RTKs) Al
G 5 FBELZ K (GPCRs) Fi#I = BB, /2 PI3K/
Akt/mTOR 15 5 J8 18 b 5C B PRV N, R 0% 45 1% N 1t L
W 4,5- T2 (PIP2) 1) 3'-¥2 FE W B Ab 26 Ji i AR ok UL B
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LY294002 (] 1) 52 8 — /> nl i (9 #E 1a] PI3K 5K ik
B 7N 43 F- $0 8 77 (4 PI3K s PI3K S A PI3K B 2 41
HIZR 1C,, 20 51°4 0.50.0.57.0.97 pmol-LY). {H P&
X EAS PIBK M2 J - 3% A 1 #1, 7E 34 S5 b 1 2
BB KEFEED, XL765 (B 1) & — A5 g ik FF
IR v 3% 6 1 4 5 ATP 3% 4+ M, B3z 128 PI3K 4
il 71K mTOR XU 1 il 71)17 . & AEFH T p110a.p1104.
pl1106. p110y FI mTOR ] ICs, 43 %l 4 394 113,943,
157 nmol-L's XL765 ) 24 R 7 % P 55 40 il 3T # 4 fib
60 4T L P 8 0 490 s g L A 5 S A M R T K
FE 22 Bl N AR A rh 257 ) S P e A KA 1 S0,
WR23 (1)t 2 & v & wk B A% 1% PI3K 417 i) 551,
B B W SEU0120%0 T ) 5 A5 N bk A s W Wk 2 PI3K
5, % PI3Ka = #H0 il % 1C4, 4 0.025 pmol L.
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Figure 1 Chemical structures of LY294002, XL765 and WR23
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LR JE R}, 28 = G Bl UL R AR 2 ) 1) 53 4% BUAR S
I A5 B 6- fiF Fk -3- AR 2K A 5k v R R AT AR A (P4a~
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A5 Bk e 25 R AT 22 ) (P6a~Pef) (& Uik 2k 2). H
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AREAE RS a5
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Scheme 1 Synthesis of H6a-H6h, F6a-F6h. Reagents and conditions: (I) HCI, H,0, 90 °C, 6 h; (II) POCL,, DMF, 110 °C, 4 h; (III) DMF,

70 °C, 1 h; (IV) H,0, 1, 24 h; (V) DCM, rt, 4 h
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Scheme 2 Synthesis of P6a-P6f. Reagents and conditions: (I) HCI, H,0, 90 °C, 6 h; (II) POCI,, DMF, 110 °C, 4 h; (1II) DMF, 70 °C, 1 h;

(IV) Ethanol, rt, 4 h; (V) DCM, rt, 2 h
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Inhibitory rate curve of compound P6b—P6f, LY294002 on A549, MCF-7, HCT116 and HepG2
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Figure 3 Interaction between PI3Ka with P6d (left) and protein surface (right) PDB:5DXT

Table 1  Antitumor evaluation of quinoxaline derivatives of

aromatic sulfonyl hydrazide in vitro
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IC,,/umol-L"!

Compd. R, )
A549 MCF-7 HCT-116 HepG2
Hé6a H 3-H 61.92 200> 59.58  78.82
H6b H  3-Methoxy 157.3 200> 3559 142
Heéc H  4-Methoxy 282.6 200> 42.65 66.44
Hé6d H  3,5-Dimethoxy 200> 200> 200> 200>
Hé6e H  3-Chloro 41.77  82.83 42.65  40.68
Hof H  4-Chloro 29.09  86.67 3338  41.63
Hég H  3-Fluoro 52.53  83.85 27.81 49.51
H6h H  4-COOC,H; 200> 1474 10.88 17.61
F6a Fluoro 3-H 143.4 81.22 58.78 1449
Féb Fluoro 3-Methoxy 200> 200> 118.3 200>
Féc Fluoro 4-Methoxy 200> 120.2 78.57 141.9
Fod Fluoro 3,5-Dimethoxy 126.6  105.8 200> 200>
Fé6e Fluoro 3-Chloro 152.9 200> 142.3 200>
Fof Fluoro 4-Chloro 137.4 200> 79.19  183.1
Fég Fluoro 3-Fluoro 126 200 200> 200>
F6h Fluoro 4-COOC,H; 200> 200> 200> 200>
LY294002 - - 23.60 20.61 11.80 11.41

Table 2 Antitumor evaluation of quinoxaline derivatives of acryl-

amide in vitro
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IC,,/umol-L"

Compd. R

A549  MCF-7 HCT-116 HepG2

P6a H 80.23  30.89 20.15 20.54
P6b 3-Methoxy 1752 11.12 3.241 2431
P6c 4-Methoxy 60.33  11.56 6.199 40.96
P6d 3,5-Dimethoxy 6.004 02287 4.622 11.29
Poe 3-Chloro 29.07 18.01 4.775 18.92
Pof 3-Fluoro 189.2 36.74 4.503 27.63
LY294002 - 23.60 20.61 11.80 11.41
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AR SC LA W W BRE A% Sy 5 ) B i, 7 W R R BEAX |
2R B NHURTR SRR B B, S K 3 A7 3 432 il e o Tl Tt
s 3R, IRAE 6 ST IN — R FIHUAR I, it
G T 224 BAstb &4, JFiEid "H NMR.°C NMR |
ESI-MS #EAT T #fiiE . KA MTT ¥2: 3647 8 7% 4 il
TR, 45 SR 0 7 T A T e 24 e W AR AT 2 42 L R Sk A e
(PGP, FF LA 3,5- — A R HUAR (P6d) i T it (ICs=
0.228 7 umol-L). F| FH v1 H AL B 25 ¥ ¥ ok it AT 7
TR, R BN B &Y S5 E RSB AR
PSS SRR, A s v sege ks 7 H B RIF )
e AW REN, ZB BTt — 0
IR 2R T L5 /AL 5T, X 10 PIBK A5 518 % 1) /)N
Iy T UM 23 T K B — R R SURIANME .

SCIGER Sy

RE52-98 R i i 7% )AL ; WRS-1B HU5J8 /U4 #%
WE LR R4 Bruker AVANCE I1I 400M. Bruker ascend
500M.Bruker AVANCE IITHD 600 MHz; Jii i{%: Thermo
Finnigan; Thermol Labsystems /i #7513 : Multiskan Mk3;
4-FEFEAT I —HZ (G1517071) 2K} (H1820089).3- A A M)
(L1712072)4-5 258} (J1631082) 3548 (G1528032)-
JEIA4: G (K1715100) % A28 2Rk S (L1606048).
FR W (F1526034), BilHz T AL RHS It A PR &
5 4-FRAB 2R % (C10078939), b ifg 3 vi AR ZE AL R
AR AT KA (20160510) = & & (20180111).
N,N-— F 3 FE ki (20180117), [ 25 4 31 25 1 i i A
PR & 3- F A 34 28 ) (M71420GGQO), K 7y BUE
AR IR A W] 4-F A 2R 2K (EH030124) . T4 J
I3 & (GD270002).3,5- — H A B 2K ) (FJ210258), 5% &
AR (R AIRAF .
1 EMHNERK
1.1 1,4-"SEEW-2,3- 87 (H2) A& A%
ff% 100 mmol\ HLfR — Z.fi5 100 mmol 14 mol-L' £ R 7K
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Y 80 mL, 90 °CHiHE 6 ho [N VR B VA HIHT 4241
s, R, KBE, T8, 13846514 14.29 g, I
88%. [AlvE, FH 4-TAN K AR E AR OR e & i F2, 13
LA AR R 92%., [T 4-l 3L AR AR IR B AR
AR A5 3 P2, WAt [k, E 95%.
1.2 2,3-Z&-FEEW (H3) &R 1,4- AR M-
2,3- il (H2) 60 mmol. #7 7% POCl; 120 mL. 10 mL
DMF, [Hjidi 4 he B EIA 800 mL vK7K H1, #r H
KE RO, HhUE, K, T 515K 6Ok, ET 5
H A5 AR B ERR K 10.77 g, 1R 90%.
A2 & B F3, A 408 R, 103 91%; P3, A
[ A8 AR, WL 92%
1.3 2-8-3-FEEEEW (Hda) AR 2.3- &M
W2 Ik (H3) 6.00 mmol ¥ T 10 mL DMF ', Jill K,CO,
7.20 mmol, i i1 A K B (6 mmol) ] DMF (8 mL) ¥
W, 70 °CRBE 1 he JSIEAEIN 40 mL MO £ EhK b, #
B, g, SR AR ASERE  ER 0.85 g, WLEE 55%.
]34 i H4b~H4h .F4a~F4h .P4a~ P4f.,
1.4 2-BHE-3-FSEEEW (HSa) BIEK 2-7-3-
R 4R, 3 1 E I 2.00 mmol (H4a). 80 mL Z. ¥ . 1.5 mL
85% 7K & JF, W iR 1 FE 24 h, i uE 1S AR B (0 [H 44 0.46
mg, W 91%. [[i%A K HSb~HS5h.F5a~F5h.
1.5 N'-Q-ZFaEEEMW)-4-F E X FEEL R (H6a) BY
AR 2-MEEE-3- IR A S IR IR (HS5a) 1.55 mmol & T
30 mL G0 B R, I ONORE R 5 5 1.86 mmol, Ak
WE P, IR 4 b, SR PERE IR, R, 15
AR 0.41 g, K 65%, mp: 173.6~175.1 °C; ESI-
MS (m/z): 405.10 [M—H]~; '"H NMR (400 MHz, DMSO-
dy) 6 9.95 (s, 1H), 9.84 (s, 1H), 7.77 (d, J = 8.2 Hz, 2H),
7.53~7.45 (m, 2H), 7.39 (dd, J = 12.1, 5.6 Hz, 2H),
7.32 (d, J = 7.8 Hz, 3H), 7.26 (t, J = 7.7 Hz, 2H), 7.22
(d, J = 8.3 Hz, 2H), 2.15 (s, 3H); 3C NMR (151 MHz,
DMSO-d,) 6 152.60, 147.59, 143.44, 143.41, 138.37,
137.78, 135.20, 130.16, 129.38, 128.28, 127.54, 126.60,
126.01, 125.84, 125.69, 122.31, 21.26.
[&]32: 45 i H6b~H6h .F6a~F6h.
N'-(3-(3- F AR B R A L ) W I b -2- 3 ) -4 R R O
fist 1% ik (Ho6b), % ¥ & [ 14, Y # 63%, mp: 159.3~
161.7 °C; ESI-MS (m/z): 435.10 [M-H]~; '"H NMR (400
MHz, DMSO-d,) § 9.95 (d, J = 1.8 Hz, 1H), 9.83 (s,
1H), 7.78 (d, J = 8.2 Hz, 2H), 7.42 (d, J = 7.8 Hz, 2H),
7.38 (d,J=8.2 Hz, 1H), 7.30 (d, J=7.3 Hz, 1H), 7.24 (dd,
J =125, 8.1 Hz, 3H), 6.91 (dd, J = 14.1, 5.3 Hz, 3H),
3.79 (s, 3H), 2.17 (s, 3H); *C NMR (151 MHz, DMSO-d,)
5160.72, 153.62, 147.47, 143.43, 143.41, 138.38, 137.81,

135.25, 130.55, 129.37, 128.29, 127.56, 126.66, 125.84,
125.70, 114.34, 111.69, 108.26, 55.86, 21.26.
N=(3-(4- H 50 JE 2R S AL ) 1 Wt pl - 2- 5 ) -4 R R - O
itk 19 JUF (H6c), 3% 35 € [ 44, YR % 65%, mp: 177.0~
178.6 °C ; ESI-MS (m/z): 435.10 [M—-H] ~; 'H NMR
(400 MHz, DMSO-d,) d 9.93 (s, 1H), 9.81 (s, 1H), 7.78
(d, J=8.2 Hz, 2H), 7.38 (d, J = 7.8 Hz, 2H), 7.29 (d, J =
7.9 Hz, 1H), 7.24 (dd, J = 14.1, 5.4 Hz, 5H), 7.03 (d, J =
9.0 Hz, 2H), 3.80 (s, 3H),2.16 (s, 3H); *C NMR (151 MHz,
DMSO-d,) 6 157.12, 147.95, 145.79, 143.41, 143.40,
138.28, 137.79, 135.29, 129.37, 128.28, 127.38, 126.53,
125.81, 125.64, 123.27, 115.03, 55.87, 21.26.
N'-(3-(3,5-H A 2R A Ik ) W k-2 25k ) -4- FH B O
fith W% JHF (Ho6d), ¥ 2 €4 [ {4, U 2 65%, mp: 135.1~
137.4 °C ; ESI-MS (m/z): 465.15 [M-H] ~; 'H NMR
(400 MHz, DMSO-d,) 6 9.95 (s, 1H), 9.81 (s, 1H), 7.78
(d, J=8.2 Hz, 2H), 7.45 (d, J = 8.1 Hz, 1H), 7.41 (d, J =
6.9 Hz, 1H), 7.30 (t, J = 7.6 Hz, 1H), 7.25 (d, J = 9.8 Hz,
2H), 7.22 (s, 1H), 6.54 (d, J = 2.1 Hz, 2H), 6.46 (t, J =
2.1Hz, 1H),3.76 (s, 6H),2.17 (s, 3H); *C NMR (151 MHz,
DMSO-d,) & 161.34, 154.24, 147.35, 143.40, 143.39,
138.37, 137.85, 135.26, 129.37, 128.28, 127.58, 126.72,
125.82, 125.70, 100.81, 98.01, 55.96, 21.27.
N'-(3-(3-FU R G 5L W R Ik -2- 356 ) -4 FF 5 - S Tk ik
JIF (H6e), 33 (LlE 14, 1F 67%, mp: 148.7~150.9 °C;
ESI-MS (m/2): 439.10 [M-H] ~; '"H NMR (400 MHz,
DMSO-d,) §9.99 (d, J=2.0 Hz, 1H), 9.86 (d, J= 1.7 Hz,
1H), 7.78 (d, J = 8.2 Hz, 2H), 7.57~7.50 (m, 2H), 7.47~
7.38 (m, 3H), 7.36 (dd, J = 8.1, 2.2 Hz, 1H), 7.33~7.28
(m, 1H), 7.28~7.24 (m, 1H), 7.22 (d, J = 8.1 Hz, 2H),
2.16 (s, 3H); 3C NMR (151 MHz, DMSO-d,) 6 153.32,
147.18, 143.41, 143.32, 138.53, 137.81, 135.03, 133.91,
131.55, 129.38, 128.29, 127.77, 126.70, 126.13, 125.86,
125.76, 122.61, 121.24, 21.26.
N'-(3-(4- 50K G ) 1 W I -2- 356 ) -4 FR 5 - S g
JHE (H6f), ¥ 3 €0 [l 4, R 62%, mp: 189.2~189.8 °C;
ESI-MS (m/2): 439.10 [M-H] ~; '"H NMR (400 MHz,
DMSO-d,) 6 9.96 (d, J=2.1 Hz, 1H), 9.85 (d, J= 2.0 Hz,
1H), 7.76 (d, J = 8.2 Hz, 2H), 7.56~7.52 (m, 2H), 7.40
(s, 1H), 7.39 (d, J = 2.4 Hz, 2H), 7.37 (s, 1H), 7.31~7.26
(m, 1H), 7.24 (d, J = 8.3 Hz, 1H), 7.20 (d, J = 8.1 Hz,
2H), 2.14 (s, 3H); BCNMR (151 MHz, DMSO-d,) 6
151.35, 147.32, 143.42, 143.34, 138.46, 137.79, 135.06,
130.05, 129.38, 128.28, 127.70, 126.64, 125.85, 125.75,
124.27, 21.26.
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N'-(3-(3-5 A G HE ) W R I -2- 356 ) -4 56 - 0 Tk ik
JifE (H6g), % 75t [& 44, i 68%, mp: 146.3~148.5 °C;
ESI-MS (m/z): 424.10 [M]*; 'H NMR (400 MHz, DMSO-
d;) 6 9.98 (d, J = 1.9 Hz, 1H), 9.86 (d, J = 1.8 Hz, 1H),
7.78 (d, J = 8.2 Hz, 2H), 7.54 (dd, J = 15.2, 8.2 Hz, 1H),
743 (t, J = 7.4 Hz, 2H), 7.37~7.28 (m, 2H), 7.26 (d,
J = 7.8 Hz, 1H), 7.22 (d, J = 8.1 Hz, 3H), 7.20~7.14
(m, 1H), 2.16 (s, 3H); BCNMR (126 MHz, DMSO-d,) 6
162.80 (d, J = 244.6 Hz), 153.60 (d, J = 11.3 Hz),
147.15, 143.42, 143.36, 138.54, 137.83, 135.08, 131.36
(d, J=9.5 Hz), 129.39, 128.29, 127.78, 126.73, 125.87,
125.77, 118.49 (d, J = 3.0 Hz), 112.95 (d, J = 20.9 Hz),
110.21 (d, J = 24.5 Hz), 21.25,

4-((3-5%F FE T TR k) W R B -2- 5 ) S 2 R R 2
Big (H6h), [0 &l {4, 13 65%, mp: 154.0~156.1 °C;
ESI-MS (m/z): 477.10 [M-H] ~; 'H NMR (400 MHz,
DMSO-d,) § 10.00 (d, J=2.2 Hz, 1H), 9.92 (d,J=2.1 Hz,
1H), 8.09 (d, J = 8.7 Hz, 2H), 7.78 (d, J = 8.2 Hz, 2H),
7.51 (d, J = 8.7 Hz, 2H), 7.48~7.39 (m, 2H), 7.31 (t,
J=17.6 Hz, 1H), 7.27 (d, J = 8.2 Hz, 1H), 7.22 (d, J =
8.1 Hz, 2H), 4.35 (q, J = 7.1 Hz, 2H), 2.16 (s, 3H), 1.35
(t, J = 7.1 Hz, 3H); 3C NMR (151 MHz, DMSO-d,) §
165.55, 156.49, 146.96, 143.43, 138.59, 137.77, 134.98,
132.16, 131.41, 129.38, 129.13, 128.28, 127.90, 127.43,
126.72, 122.42, 61.30, 21.26, 14.66.

N'™-(3- 2% S = - 7- 5 e Vg K -2- 55 ) -4 P 56 - 3 ik 1t
(F6a), A (B [E 4K, U2 70%, mp: 183.5~184.4 °C; ESI-
MS (m/z): 423.00 [M—H]~; '"H NMR (400 MHz, DMSO-
dy) 6 9.97 (s, 1H), 9.87 (s, 1H), 7.77 (d, J = 8.2 Hz, 2H),
7.50 (t, J = 7.8 Hz, 2H), 7.33 (d, J = 7.2 Hz, 4H), 7.27
(d, J = 6.1 Hz, 1H), 7.24 (s, 1H), 7.23~7.17 (m, 2H),
2.17 (s, 3H); 3C NMR (126 MHz, DMSO-d,) ¢ 159.80 (d,
J = 242.0 Hz), 152.46, 148.39, 143.43, 143.08, 137.82,
135.78 (d, J = 13.0 Hz), 135.30, 130.20, 129.38, 128.29,
127.43 (d, J = 9.7 Hz), 126.17, 122.30, 116.29 (d, J =
24.0 Hz), 111.14 (d, J = 22.8 Hz), 21.26.

N'-(3-(3- H 4 5 2 0 B8 ) -7- 5 e W8 b -2- ) -4- H
FEORBE W E (Feb), M € [ 4&, Y2 75%, mp: 177.6~
180.4 °C; ESI-MS (m/2): 453.05 [M-H] ~; 'H NMR
(400 MHz, DMSO-d,) 6 9.93 (s, 1H), 9.83 (s, 1H), 7.78
(d, J = 7.5 Hz, 2H), 7.40 (t, J = 8.0 Hz, 1H), 7.36~7.30
(m, 1H), 7.30~7.26 (m, 1H), 7.24 (d, J = 7.3 Hz, 3H),
6.97~6.86 (m, 3H), 3.80 (s, 3H), 2.19 (s, 3H); 3C NMR
(126 MHz, DMSO-d,) 6 159.81 (d, J=239.0 Hz), 153.46,
148.28, 143.42, 143.07, 137.85, 135.82 (d, J = 12.8 Hz),

135.32, 130.59, 129.38, 129.13, 128.30, 127.42 (d, J =
9.7 Hz), 116.31 (d, J = 24.3 Hz), 114.32, 111.90, 111.20
(d, J=122.4 Hz), 108.26, 55.89, 21.25.

N'-(3-(4- F 480 3k o S 3 ) - 7- 90 e W2 Ipf -2- 326 ) -4- R
FE DRl I (F6c), 11 44, W2 72%, mp: 171.1~
172.8 °C ; ESI-MS (m/z): 453.05 [M-H] ~; 'H NMR
(400 MHz, DMSO-d,) 6 9.92 (s, 1H), 9.83 (s, 1H), 7.78
(d, J= 7.6 Hz, 2H), 7.29 (d, J = 8.0 Hz, 3H), 7.26 (d, J =
13.3 Hz, 2H), 7.20 (d, J = 9.3 Hz, 4H), 2.36 (s, 3H), 2.18
(s, 3H); 3C NMR (126 MHz, DMSO-d,) ¢ 159.80 (d,
J = 241.8 Hz), 150.18, 148.56, 143.41, 143.07, 137.82,
135.85 (d, J = 12.8 Hz), 135.32, 135.25, 130.54, 129.37,
129.13, 128.29, 127.40 (d, J = 9.8 Hz), 122.05, 116.17
(d, J=124.5Hz), 111.10 (d, J = 22.5 Hz), 20.92.

N'-(3-(3,5- = F 4 2k O A k) - 7- 9 e VS - 2- ) -4-
OO - R B G DF (Fed), 15 8] 44, Y& % 75%, mp:
186.4~187.1 °C; ESI-MS (m/2): 483.10 [M—H]~; '"H NMR
(400 MHz, DMSO-d,) d 9.95 (s, 1H), 9.82 (s, 1H), 7.77
(d, J = 8.1 Hz, 2H), 7.32 (t, J = 7.6 Hz, 1H), 7.27 (dd,
J =132, 7.4 Hz, 2H), 7.23 (d, J = 8.0 Hz, 2H), 6.54 (s,
2H), 6.46 (s, 1H), 3.76 (s, 6H), 2.19 (s, 3H); *C NMR
(151 MHz, DMSO-d,) § 161.37, 159.80 (d, J = 242.2 Hz),
154.05, 148.16, 143.40, 143.01, 137.88, 135.78, 135.30,
129.37, 128.29, 127.41, 116.40, 111.34, 100.82, 98.18,
55.97,21.26.

N'=(3-(3-FUR AL )-7- 380 W -2 356 ) -4- FFY 6 DR T
Bk (F6e), A il 44, W% 70%, mp: 186.1~186.7 °C;
ESI-MS (m/2): 457.00 [M—-H] ~; 'H NMR (400 MHz,
DMSO-d,) 6 9.96 (s, 1H), 7.78 (d, J= 7.3 Hz, 2H), 7.57~
7.50 (m, 2H), 7.41 (d, J= 8.0 Hz, 1H), 7.37 (d, J= 8.2 Hz,
1H), 7.33 (d,J=8.3 Hz, 1H), 7.27 (t,J=7.9 Hz, 2H), 7.23
(d, J = 7.7 Hz, 2H), 2.18 (s, 3H); 3C NMR (126 MHz,
DMSO-d,) § 159.83 (d, J = 242.2 Hz), 153.17, 148.02,
143.43, 142.97, 137.84, 135.62 (d, J = 12.9 Hz), 135.49,
133.97, 131.58, 129.38, 128.31, 127.46 (d, J = 9.8 Hz),
126.30, 122.65, 121.26, 116.54 (d, J = 24.5 Hz), 111.25
(d, J=122.5Hz), 21.25.

N'-(3-(4- 5 AL )-7- T 1 W Mk -2 - L )-4- Y -2 g
Tk (F6f), F (& [E 14, R 70%, mp: 199.4~200.2 °C;
ESI-MS (m/z):457.00[M—HT; 'HNMR (400 MHz, DMSO-
d,) 6 9.95 (s, 1H), 9.87 (s, 1H), 7.78 (d, J = 7.9 Hz, 2H),
7.56 (d, J = 8.6 Hz, 2H), 7.41 (d, J = 8.6 Hz, 2H), 7.33
(t,J=8.7 Hz, 1H), 7.29 (d, J = 6.2 Hz, 1H), 7.23 (d, J =
7.8 Hz, 3H), 2.18 (s, 3H); *C NMR (126 MHz, DMSO-
d,) 6 159.83 (d, J = 242.0 Hz), 151.21, 148.14, 143.43,
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142.98, 137.82, 135.64 (d, J = 12.7 Hz), 135.42, 130.24,
130.10, 129.38, 128.30 (s), 127.46 (d, J= 9.8 Hz), 124.28,
116.46 (d, J=24.5 Hz), 111.18 (d, J = 22.9 Hz), 21.25.

N'-(3-(3-F A AL )-7- 50V I k-2 - 355 )-4- FFY 6 - i
i JiF (Feg), 1 €0 [l 44, W 72%, mp: 174.2~175.6 °C;
ESI-MS (m/z): 441.00 [M-H] ~; 'H NMR (400 MHz,
DMSO-d,) 69.99 (s, 1H), 9.88 (s, 1H), 7.77 (d, J=7.9 Hz,
2H), 7.54 (dd, J = 15.3, 8.1 Hz, 1H), 7.34 (t, J= 9.8 Hz,
2H), 7.27 (d, J = 5.1 Hz, 1H), 7.26~7.15 (m, 5H), 2.18
(s, 3H); 3C NMR (126 MHz, DMSO-d,) ¢ 162.80 (d,
J =244.7 Hz), 159.84 (d, J = 242.2 Hz), 153.40 (d, J =
11.3 Hz), 147.97, 143.43, 142.96, 137.85, 135.63 (d, J =
12.8 Hz), 135.47, 131.40 (d, J = 9.6 Hz), 129.39, 128.30,
127.46 (d, J = 9.9 Hz), 118.51 (d, J = 3.1 Hz), 116.54 (d,
J=24.4Hz),113.13(d,J=21.0Hz), 111.25(d,J=22.5Hz),
110.27 (d, J = 24.6 Hz), 21.25.

4 FH - ((3-(2- 2R T8 1 i) -6- 3G e W I -2- 2 ) -4- 5
5E) RBATGEE (Feh), H € B 44, 12 70%, mp: 172.2~
173.8 °C; ESI-MS (m/z): 495.05 [M—H]~; '"H NMR (400
MHz, DMSO-d,) 6 9.97 (s, 1H), 9.92 (s, 1H), 8.09 (d,
J =178 Hz, 2H), 7.78 (d, J = 7.5 Hz, 2H), 7.52 (d, J =
7.6 Hz, 2H), 7.34 (t, J= 9.4 Hz, 1H), 7.30 (d, J= 6.5 Hz,
1H), 7.25 (s, 1H), 7.23 (d, J = 7.9 Hz, 2H), 4.36 (q, J =
13.9, 7.0 Hz, 2H), 2.18 (s, 3H), 1.36 (t, J = 7.0 Hz, 3H);
13C NMR (126 MHz, DMSO-d,) 6 165.55, 159.84 (d, J =
2423 Hz), 156.29, 147.81, 143.45, 143.01, 137.82,
135.57 (d, J = 7.6 Hz), 135.54, 131.43, 129.39, 128.30,
127.64, 127.50 (d, J = 9.9 Hz), 122.49, 116.69 (d, J =
24.6 Hz), 111.23 (d, J=22.5 Hz), 61.32, 21.25, 14.66.
1.6 3-5-2-FKEE-6-TEEEMW (P5a) WA 3-
S-2- 7K 41 FE -6- Tl 2 1 VE 1k 6.00 mmol (P4a), 100 mL
CBE, NN 5% #E%, N B s S HER, 8@ A\ H,, %
TS, S E, ISR PRI, TR 7 5, 19
S E A R, I 41%.

[6] 7% 4 X PSb~P5f.

1.7 N-Q-FEE-3-[IEEM-6 &) AIEELRE (P6a) Y
B 3-F-2- R HE-6- FE M IR IR 0.30 mmol (PSa),
10 mL & H HE, T 0 °CF I A TR 4 Bt 4 0.45 mmol,
B E IR 2 hy, R, BRI AT 7 B, 499 o [
& (P6a), UH 65%, mp: 154.8~156.2 °C, ESI-MS (m/z):
324.10 [M-H] ", 'H NMR (400 MHz, DMSO-d,) 6 11.11
(s, 1H), 8.99 (s, 1H), 8.40 (d, J = 9.2 Hz, 1H), 8.20 (d,
J=9.0 Hz, 1H), 8.01 (d, J = 7.6 Hz, 2H), 7.90~7.83 (m,
3H), 7.00 (dd, J=16.9, 10.0 Hz, 1H), 6.86 (d, /= 16.5 Hz,
1H), 6.36 (d, J = 10.1 Hz, 1H); *C NMR (101 MHz,

DMSO-d,) 6 164.13, 153.05, 152.38, 139.65, 139.58,
139.49, 135.56, 131.96, 130.31, 128.26, 127.69, 126.22,
124.41, 122.03, 115.60.

[H]7% 4 X P6b~P6f .

N-(2-(3- FF 48 35 o 41 0 )-3- G0 R I -6 325 ) 74 4 T
ff& (P6b), ¥ 8 [ 14, 2 65%, mp: 151.4~152.7 °C,
ESI-MS (m/2): 354.00 [M—-H] ~, '"H NMR (400 MHz,
DMSO0-d,) §10.59 (s, 1H), 8.49 (s, 1H),7.91 (d,/=9.1 Hz,
1H), 7.73 (d, J = 8.3 Hz, 1H), 7.41 (t, J = 7.5 Hz, 1H),
6.96 (d, J = 12.3 Hz, 1H), 6.92 (s, 2H), 6.50 (dd, J =
16.5,10.1 Hz, 1H), 6.36 (d, J=16.7 Hz, 1H), 5.86 (d, J =
9.8 Hz, 1H), 3.79 (s, 3H); *CNMR (126 MHz, DMSO-
dy) 0 164.13, 160.91, 154.08, 152.32, 139.62, 139.59,
139.50, 135.62, 131.96, 130.70, 128.27, 127.74, 124.41,
115.58, 114.02, 112.01, 107.99, 55.89.

N-(2-(4- F B 35 2 4 35 ) -3- S0 1 R K -6 358 ) 7R s ok
% (P6c), ¥ 3 (B[ 14, K 67%, mp: 158.4~159.7 °C,
ESI-MS (m/2): 354.00 [M—-H] ~, '"H NMR (400 MHz,
DMSO-d,) ¢ 10.58 (s, 1H), 8.47 (s, 1H), 7.90 (d, J =
8.9 Hz, 1H), 7.69 (d, J = 9.2 Hz, 1H), 7.28 (d, J=7.7 Hz,
2H), 7.05 (d, J = 7.9 Hz, 2H), 6.50 (dd, J = 16.8, 10.0 Hz,
1H), 6.35 (d, J = 16.9 Hz, 1H), 5.85 (d, J = 10.0 Hz,
1H), 3.82 (s, 3H); 3C NMR (126 MHz, DMSO-d,) ¢
164.11, 157.31, 152.73, 146.25, 139.59, 139.42, 139.34,
135.60, 131.97, 128.22, 127.60, 124.34, 123.05, 115.61,
115.19, 55.91.

N-(2-(3,5- — FF AR i 2R 4 26 ) -3- S U b -6 ) T
I Tk e (P6d), % B 0 [ 44, i 60%, mp: 147.9~
149.5 °C, ESI-MS (m/z): 384.00 [M-H] ~, 'H NMR
(400 MHz, DMSO-d,) 6 10.60 (s, 1H), 8.49 (s, 1H), 7.91
(d, J=9.0 Hz, 1H), 7.77 (d, J= 9.1 Hz, 1H), 6.56 (s, 2H),
6.55~6.48 (m, 1H), 6.47 (s, 1H), 6.36 (d, J = 16.8 Hz,
1H), 5.86 (d, J = 10.3 Hz, 1H), 3.77 (s, 6H); *C NMR
(126 MHz, DMSO-d,)  164.14, 161.55, 154.74, 152.25,
139.61, 139.52, 135.69, 131.96, 131.90, 128.28, 127.82,
124.42,115.57, 100.54, 98.30, 55.98.

N-(2-(3- 54 5 HE ) -3- S0 M R bk -6 5% ) 1A s I i
(P6e), 7 75 0 [ 14, 2K 70%, mp: 174.5~176.2 °C,
ESI-MS (m/2): 359.95 [M-H] ~, '"H NMR (400 MHz,
DMSO-d,) 6 10.61 (s, 1H), 8.50 (s, 1H), 7.91 (d, J =
9.2 Hz, 1H), 7.75 (d, J = 9.2 Hz, 1H), 7.63~7.48 (m,
2H), 7.40 (dd, J = 18.3, 8.1 Hz, 2H), 6.50 (dd, J = 16.8,
10.1 Hz, 1H), 6.36 (d, J = 16.8 Hz, 1H), 5.86 (d, J =
10.3 Hz, 1H); *C NMR (126 MHz, DMSO-d,) 6 164.17,
153.78, 152.17, 139.78, 139.67, 139.54, 135.45, 134.10,
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131.95, 131.73, 128.34, 127.81, 126.39, 124.49, 122.47,
121.05, 115.56.

N-(2-(3-5R ) - 3-SR k-6 J22) A A Bk (Pef),
R 0 [ A4, W 68%, mp: 167.8~168.5 °C, ESI-MS
(m/2): 341.95 [M-H]~, 'H NMR (400 MHz, DMSO-d,) 6
10.61 (s, 1H), 8.50 (s, 1H), 7.91 (d, J= 9.0 Hz, 1H), 7.75
(d, J=9.0 Hz, 1H), 7.56 (dd, J = 15.3, 8.0 Hz, 1H), 7.36
(d, J=9.8 Hz, 1H), 7.22 (dd, J = 19.1, 8.9 Hz, 2H), 6.50
(dd, J = 16.9, 10.1 Hz, 1H), 6.36 (d, J = 16.6 Hz, 1H),
5.86 (d, J=10.1 Hz, 1H); 3C NMR (126 MHz, DMSO-
dy) 5 164.16, 162.92 (d, J = 244.9 Hz), 154.04 (d, J =
11.4 Hz), 152.08, 139.78, 139.69, 139.53, 135.47, 131.95,
131.55 (d, J = 9.6 Hz), 128.32, 127.82, 124.49, 118.27,
115.55, 113.20 (d, J = 20.9 Hz), 110.03 (d, J = 24.6 Hz).
1.8 rhEMAMEEHEERSGE  2,3- &SR (H3), 'HNMR
(400 MHz, DMSO-d,) & 8.13~8.05 (m, 2H), 7.99~7.92
(m, 2H).

24 -3- 25 S L W R Ik (H4a), 'H NMR (400 MHz,
DMSO-d,) ¢ 8.06~7.98 (m, 1H), 7.80~7.66 (m, 3H),
7.53 (t,J = 7.9 Hz, 2H), 7.36 (dd, J = 15.0, 7.7 Hz, 3H).

2-JIFFE-3-FR L AR I (HSa), '"H NMR (400 MHz,
DMSO-d,) 6 8.95 (s, 1H), 7.61 (d, J = 8.0 Hz, 1H), 7.50
(t, J = 7.9 Hz, 2H), 7.46~7.39 (m, 2H), 7.32 (dd, J =
13.1, 7.6 Hz, 3H), 7.24 (t,J = 7.1 Hz, 1H), 4.59 (s, 2H).

2- 5 -3-(3- AR AR R A AR E IR (H4b), 'H NMR
(400 MHz, DMSO-d,) 6 8.14~7.88 (m, 1H), 7.80~
7.71 (m, 3H), 7.41 (t, J = 8.2 Hz, 1H),7.00 (t, J = 2.2 Hz,
1H), 6.93 (td, J = 8.6, 2.2 Hz, 2H), 3.78 (s, 3H).

2-JFHE-3-(3-H AR LR S ) MR IR (HESD), 'H NMR
(400 MHz, DMSO-d,) 6 8.92 (s, 1H), 7.60 (d, J = 7.6 Hz,
1H), 7.45~7.40 (m, 2H), 7.38 (t, J = 8.2 Hz, 1H), 7.24
(t, J = 7.6 Hz, 1H), 6.92 (t, J = 5.2 Hz, 2H), 6.90~6.85
(m, 1H), 4.57 (s, 2H), 3.78 (s, 3H).

2- (-3~ (4- I 580 5 % 4 2 ) ME R IR (H4e), 'TH NMR
(400 MHz, DMSO-d,) 6 8.01 (d, J = 7.5 Hz, 1H), 7.74
(dt, J = 14.6, 7.4 Hz, 3H), 7.29 (d, J = 9.0 Hz, 2H), 7.05
(d, J=9.0 Hz, 2H), 3.81 (s, 3H).

2-JIE-3-(4- F AR R IR R M IR R (HSe), 'H NMR
(400 MHz, DMSO-d,) 6 8.91 (s, 1H), 7.59 (d, J = 7.9 Hz,
1H), 7.41 (t, J = 8.5 Hz, 2H), 7.24 (dd, J = 12.7, 6.3 Hz,
3H), 7.03 (d, J = 9.0 Hz, 2H), 4.57 (s, 2H), 3.80 (s, 3H).

2-3-3-(3,5- A B R A SRR bk (H4d), '"H NMR
(400 MHz, DMSO-d,) 6 8.02 (d, J = 6.9 Hz, 1H), 7.83~
7.68 (m, 3H), 6.58 (d, J = 2.0 Hz, 2H), 6.48 (s, 1H), 3.76
(s, 6H).

2- k2 -3-(3,5- - H 4A R R AR ) M T IRk (HISA),
'H NMR (400 MHz, DMSO-d,) J 8.91 (s, 1H), 7.60 (d,
J = 8.1 Hz, 1H), 7.45 (dd, J = 17.1, 7.6 Hz, 2H), 7.26
(dd, J =11.0, 4.1 Hz, 1H), 6.55 (d, J = 2.2 Hz, 2H), 6.45
(t,J=2.2 Hz, 1H), 4.57 (s, 2H), 3.76 (s, 6H).

2- 5 -3-(3- & K A ) & U2 Ik (Hde), '"H NMR
(400 MHz, DMSO-d,) ¢ 8.03 (d, J = 8.3 Hz, 1H), 7.76
(d, J= 6.1 Hz, 2H), 7.59 (d, J = 2.1 Hz, 1H), 7.55 (d, J =
8.1 Hz, 1H), 7.43 (d, J = 8.1 Hz, 1H), 7.39 (dd, J = 8.2,
2.2 Hz, 1H).

2- Jifk HE -3 (3- S 2K S AE) M R Ik (HSe), '"H NMR
(400 MHz, DMSO-d,) 6 8.97 (s, 1H), 7.61 (d, J = 8.4 Hz,
1H), 7.53 (t, J = 8.2 Hz, 2H), 7.45 (d, J = 7.9 Hz, 2H),
7.38 (t, J = 9.2 Hz, 2H), 7.25 (t, J = 7.7 Hz, 1H), 4.60
(s, 2H).

2- & -3-(3- & 7K A 3L M IR Wk (H4f), '"H NMR
(400 MHz, DMSO-d,) 6 8.03 (d, J= 7.7 Hz, 1H), 7.80~
7.71 (m, 3H), 7.60~7.57 (m, 2H), 7.47~7.41 (m, 2H).

2- JIF 5 -3- (4- & 7K A ) v R ik (HEST), 'H NMR
(400 MHz, DMSO-d,) 6 8.98 (s, 1H), 7.61 (d, J = 8.6 Hz,
1H), 7.58~7.53 (m, 2H), 7.43 (d, J = 7.6 Hz, 2H), 7.42~
7.39 (m, 2H), 7.25 (dd, J=11.1, 4.0 Hz, 1H), 4.59 (s, 2H).

2- 5 -3-(3- A AL M R Ik (H4g), 'H NMR
(400 MHz, DMSO-d,) 6 8.04 (d, J = 8.5 Hz, 1H), 7.78
(s, 1H), 7.70 (dd, J = 6.2, 3.5 Hz, 1H), 7.62~7.54 (m,
2H), 7.39 (dd, J = 8.9, 6.9 Hz, 1H), 7.29 (d, J = 10.4 Hz,
1H), 7.21 (t, J = 8.5 Hz, 1H).

2- JiF 3 -3 (3- %8 K A 2R ) & 1R R (HSg), '"H NMR
(400 MHz, DMSO-d,) § 8.97 (s, 1H), 7.61 (d, J = 7.4 Hz,
1H), 7.54 (dd, J = 15.1, 8.1 Hz, 1H), 7.48~7.42 (m, 2H),
7.34 (d, J = 10.1 Hz, 1H), 7.25 (dd, J = 13.3, 7.0 Hz,
2H), 7.18 (t, J = 8.4 Hz, 1H), 4.59 (s, 2H).

4-((3- % W TR Wk -2- J5 ) 5 ) 2K B R 4 T (H4h),
'H NMR (400 MHz, DMSO-d,) ¢ 8.13~8.09 (m, 2H),
8.04 (dd, J=6.7,2.8 Hz, 1H), 7.82~7.72 (m, 3H), 7.57~
7.52 (m, 2H), 4.36 (q, J=7.1 Hz, 2H), 1.35 (t,J= 7.1 Hz,
3H).

4-((3- Jifk 2 W W R -2- ) 40 3 ) 2K IR 2 1B (HISh),
'H NMR (400 MHz, DMSO-d,) ¢ 9.02 (s, 1H), 8.08 (d,
J = 8.6 Hz, 2H), 7.62 (d, J = 8.2 Hz, 1H), 7.51 (d, J =
8.6 Hz, 2H), 7.48~7.41 (m, 2H), 7.27 (d, J = 7.0 Hz,
1H), 4.60 (s, 2H), 4.34 (q, J = 7.1 Hz, 2H), 1.34 (t, J =
7.1 Hz, 3H).

2,3- 50 -6-F ¥ R Ik (F3), '"H NMR (400 MHz,
DMSO-d,) 6 8.19 (dd, J = 7.7, 6.1 Hz, 1H), 7.96 (d, J =
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9.2 Hz, 1H), 7.90 (t, J = 8.9 Hz, 1H).

3- 5 -6- i -2- A G HE ¥ R MK (F4a), 'TH NMR
(400 MHz, DMSO-d,) 6 8.10 (t, J = 7.0 Hz, 1H), 7.66 (t,
J= 8.8 Hz, 2H), 7.54 (dd, J = 14.6, 8.0 Hz, 3H), 7.39 (d,
J=6.9 Hz, 2H), 7.34 (s, 1H).

3- JIF 5 -6- 98 -2- 2K 4 5L 1 TR Ik (FSa), 'H NMR
(400 MHz, DMSO-d,) 6 8.95 (s, 1H), 7.66~7.60 (m,
1H), 7.50 (t, J = 7.6 Hz, 2H), 7.42~7.26 (m, 4H), 7.22
(d, J=10.2 Hz, 1H), 4.57 (s, 2H).

3- 50-2-(3- AL 2 O L )-6- i ME R MR (F4b),
'H NMR (400 MHz, DMSO-d,) ¢ 8.10 (dd, J = 9.2,
5.9 Hz, 1H), 7.66 (td, J = 8.8, 2.8 Hz, 1H), 7.60 (dd, J =
9.8, 2.7 Hz, 1H), 7.42 (t, J = 8.2 Hz, 1H), 7.00 (t, J =
2.3 Hz, 1H), 6.93 (td, J = 7.8, 2.3 Hz, 2H), 3.78 (s, 3H).

3- P 2 -2-(3- FH R 25 R A R ) -6- R0 M R T (FSb),
'H NMR (400 MHz, DMSO-d,) & 8.93 (s, 1H), 7.62 (dd,
J=9.0, 5.9 Hz, 1H), 7.39 (t, J = 8.2 Hz, 1H), 7.32 (td,
J=28.8,2.9 Hz, 1H), 7.25 (dd, J=9.8, 2.9 Hz, 1H), 6.96~
6.87 (m, 3H), 4.56 (s, 2H), 3.78 (s, 3H).

3- G -2-(4- F ARk OR AR JR ) -6- B M IR IR (Fde),
'H NMR (400 MHz, DMSO-d,) 6 8.21 (dd,J=9.3, 5.9 Hz,
1H), 8.03~7.96 (m, 1H), 7.69~7.61 (m, 1H), 7.31 (d,
J=18.2Hz, 2H), 7.24 (d, J = 8.5 Hz, 2H), 2.37 (s, 3H).

3- Pk 2 -2- (4- PP AR O SR ) -6- M R R (F'Sc),
'H NMR (400 MHz, DMSO-d,) d 8.94 (s, 1H), 7.61 (dd,
J =90, 5.9 Hz, 1H), 7.35~7.30 (m, 1H), 7.30~7.26
(m, 2H), 7.24~7.15 (m, 3H), 4.55 (s, 2H), 2.36 (s, 3H).

3-50-2-(3,5- = AL R A L) -6- S TR Ik (F4d),
'H NMR (400 MHz, DMSO-d,) 6 8.20~7.99 (m, 1H),
7.73~7.53 (m, 1H), 6.57 (s, 2H), 6.47 (s, 1H), 3.75 (s,
6H).

3-Wkdk-2-(3,5- = F A B 2R AR ) -6- SRR i (F5d),
'H NMR (400 MHz, DMSO-d,) 6 8.88 (s, 1H), 7.69~
7.55 (m, 1H), 7.30 (dd, J = 16.4, 9.0 Hz, 2H), 6.55 (s,
2H), 6.45 (s, 1H), 4.53 (s, 2H), 3.75 (s, 6H).

3- 5 -2-(3-F KAL) -6- T E B Ik (Fde), 'TH NMR
(400 MHz, DMSO-d,) 6 8.11 (dd, J = 9.1, 5.8 Hz, 1H),
7.72~7.65 (m, 1H), 7.62 (dd, J = 9.7, 2.7 Hz, 1H), 7.58
(t,J=2.0 Hz, 1H), 7.55 (d, J = 8.1 Hz, 1H), 7.47~7.42
(m, 1H), 7.39 (dd, J = 7.8, 1.8 Hz, 1H).

3-JFHE-2-(3- R IE)-6- S E IR Kk (FSe), 'H NMR
(400 MHz, DMSO-d,) 6 8.96 (s, 1H), 7.67~7.61 (m,
1H), 7.54 (t,J = 8.1 Hz, 2H), 7.43~7.36 (m, 2H), 7.33 (d,
J=9.4Hz, 1H), 7.27 (d, J = 9.7 Hz, 1H), 4.62 (s, 2H).

3--2-(3-F AR A S -6- 7 M IR Wk (F4f), 'H NMR

(400 MHz, DMSO-d,) 6 8.10 (dd, J = 9.2, 5.8 Hz, 1H),
7.67 (td, J = 8.8, 2.8 Hz, 1H), 7.60 (dd, J = 6.6, 4.5 Hz,
3H), 7.47~7.40 (m, 2H).

3- L -2-(3- S K S 3L )-6- S IR IR (F5F), 'H NMR
(400 MHz, DMSO-d,) 6 8.98 (s, 1H), 7.67~7.59 (m, 1H),
7.56 (d, J= 8.7 Hz, 2H), 7.41 (d, J = 8.8 Hz, 2H), 7.37~
7.30 (m, 1H), 7.25 (d, J = 10.2 Hz, 1H), 4.65 (s, 2H).

3-5H-2-(3-F K L) -6- R E IR IR (Fdg), 'H NMR
(400 MHz, DMSO-d,) d 8.15~8.08 (m, 1H), 7.69 (t, J =
8.9 Hz, 1H), 7.62 (d, J = 9.8 Hz, 1H), 7.60~7.54 (m,
1H), 7.38 (d, J = 8.1 Hz, 1H), 7.29~7.21 (m, 2H).

3-JHHE-2-(3- A A IE) -6- S IR I (F5g), 'H NMR
(400 MHz, DMSO-d,) ¢ 8.97 (s, 1H), 7.70~7.58 (m,
1H), 7.54 (t, J = 8.1 Hz, 2H), 7.44~7.36 (m, 2H), 7.36~
7.31 (m, 1H), 7.27 (d, J = 10.8 Hz, 1H), 4.65 (s, 2H).

4-((3-5-6- T E R IHR-2- 5 ) S8 5 ) K R £ I (F4h),
'H NMR (400 MHz, DMSO-d,) 6 8.12 (t, J = 7.5 Hz,
3H), 7.69 (t, J = 8.8 Hz, 1H), 7.56 (t, J = 10.1 Hz, 3H),
436 (q, J = 6.9 Hz, 2H), 1.36 (t, J = 7.0 Hz, 3H).

4-[(3-JHFIE-6-FUE IR b2 - I ) S8 I K R £ T (F'Sh),
'H NMR (400 MHz, DMSO-d,) 6 9.00 (s, 1H), 8.17~
8.04 (m, 2H), 7.73~7.66 (m, 1H), 7.66~7.58 (m, 1H),
7.58~7.49 (m, 2H), 7.40~7.21 (m, 1H), 4.59 (s, 2H),
437 (q, 2H), 1.36 (t,J = 7.1 Hz, 3H).

2,3- 5 -6-fif F R Ik (P3), 'TH NMR (400 MHz,
DMSO-d,) § 8.95~8.86 (m, 1H), 8.62 (dd, J = 9.2, 0.7
Hz, 1H), 8.33 (d, J=9.2 Hz, 1H).

3- 5 -6- i FE -2- IR 4 KL v IR Bk (P4a), 'H NMR
(400 MHz, DMSO-d,) 6 8.83 (d, J = 2.4 Hz, 1H), 8.44
(dd, J=9.2,2.6 Hz, 1H), 7.90 (d, J= 9.2 Hz, 1H), 7.59~
7.50 (m, 2H), 7.41 (d, J= 7.7 Hz, 2H), 7.37 (d, J= 7.4 Hz,
1H).

3- 5 -2-(3- F A R R A B ) -6- fild R W TR IR (P4b),
'H NMR (400 MHz, DMSO-d,) ¢ 8.84 (d, J = 2.5 Hz,
1H), 8.45 (dd, J = 9.2, 2.6 Hz, 1H), 7.94 (d, J = 9.2 Hz,
1H), 7.44 (t, J = 8.2 Hz, 1H), 7.02 (t, J = 2.3 Hz, 1H),
7.00~6.93 (m, 2H), 3.78 (s, 3H).

3- G -2- (4- H 4 35 O G G ) -6- i O 1 TR R (P4c),
'H NMR (400 MHz, DMSO-d,) 6 8.82 (s, 1H), 8.47~
8.41 (m, 1H), 7.90 (d, J = 9.2 Hz, 1H), 7.32 (d, J = 9.0
Hz, 2H), 7.07 (d, J = 9.0 Hz, 2H), 3.82 (s, 3H).

3-F-2-(3,5- WAL R A IR -6- T L e IR IR (P4a),
'H NMR (400 MHz, DMSO-d,) 6 8.84 (d, J = 2.5 Hz,
1H), 8.45 (dd, J = 9.2, 2.6 Hz, 1H), 7.98 (d, J = 9.2 Hz,
1H), 6.62 (s, 1H), 6.61 (s, 1H), 6.51 (t, J = 2.2 Hz, 1H),
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3.77 (s, 6H).

3-F-2-(3-FUR A ) -6- i KL IR Ik (Pde), 'H NMR
(400 MHz, DMSO-d,) 6 8.85 (d, J = 2.5 Hz, 1H), 8.46
(dd, J=9.2,2.6 Hz, 1H), 7.96 (d, J=9.2 Hz, 1H), 7.62~
7.60 (m, 1H), 7.58 (d, J= 8.1 Hz, 1H), 7.47 (ddd, J = 8.1,
2.0,0.9 Hz, 1H), 7.42 (ddd, J = 8.2, 2.2, 0.9 Hz, 1H).

3-F-2-(3-F AR KL )-6- T B R R Ik (P4f), 'H NMR
(400 MHz, DMSO-d,) 6 8.85 (d, J = 2.5 Hz, 1H), 8.46
(dd, J=9.2, 2.6 Hz, 1H), 7.95 (d, J = 9.2 Hz, 1H), 7.60
(td, J = 8.3, 6.8 Hz, 1H), 7.40 (dt, J = 9.9, 2.3 Hz, 1H),
7.32~7.22 (m, 2H).

3-G-2- RS 6-F HEE R IR (PSa), '"H NMR (400
MHz, DMSO-d,) § 7.55 (d, J = 2.5 Hz, 1H), 7.42 (dd,
J=6.2,2.6 Hz, 1H), 6.80 (d, J= 7.2 Hz, 1H), 6.64~6.60
(m, 2H), 6.41 (d, J = 7.2 Hz, 2H), 6.37 (d, J = 6.4 Hz,
1H), 5.94 (s, 2H).

3- G -2-(3- AR 2 O AR 0k ) -6- 0 ik g TR IR (PSD),
'H NMR (400 MHz, DMSO-d,) 6 7.46 (d, J = 9.0 Hz,
1H), 7.36 (t, J = 7.9 Hz, 1H), 7.16 (d, J = 8.8 Hz, 1H),
6.90 (d, J = 12.4 Hz, 2H), 6.82 (d, J = 8.5 Hz, 2H), 5.96
(s, 2H), 3.78 (s, 3H).

3-5H-2-(4- FH A L IR A 3L ) -6-F G E IR TR (PSc), 'H
NMR (400 MHz, DMSO-d,) § 7.41 (d, J = 9.1 Hz, 1H),
721 (d, J = 7.8 Hz, 2H), 7.13 (d, J = 9.2 Hz, 1H), 7.01
(d, J = 7.7 Hz, 2H), 6.90 (s, 1H), 5.91 (s, 2H), 3.80
(s, 3H).

3-F-2-(3,5- WAL R A L) -6- 2 B e IR IR (PSa),
'H NMR (400 MHz, DMSO-d,) 6 7.48 (d, J = 8.7 Hz,
1H), 7.15 (d, J = 9.0 Hz, 1H), 6.89 (s, 1H), 6.44 (s, 2H),
6.41 (s, 1H), 5.95 (s, 2H), 3.74 (s, 6H).

3-F-2-B-FREIL)-6-Z FEE IR IR (PSe), 'TH NMR
(400 MHz, DMSO-d,) 6 7.51 (d, J = 8.3 Hz, 1H), 7.47
(d, J=7.2 Hz, 2H), 7.36 (d, J = 8.2 Hz, 1H), 7.28 (d, J =
8.3 Hz, 1H), 7.17 (d, J = 9.2 Hz, 1H), 6.91 (s, 1H), 5.99
(s, 2H).

3-F-2-3-F AR E L) -6-Z HE IR Ik (PST), 'H NMR
(400 MHz, DMSO-d,) 6 7.55~7.49 (m, 1H), 7.48 (d,
J=9.1 Hz, 1H), 7.26 (d, J = 10.3 Hz, 1H), 7.16 (t, J =
9.0 Hz, 3H), 6.91 (s, 1H), 6.00 (s, 2H)

2 EEMENER

FH LY294002 {F Ay BH 14 5 HE Ak &4, R MTT 2%,
CLFE /IS 41 o fifi g AS49 . N 7L IR 41 e MCF-7. A\ 45
i 92 4 Jfl HCT-116 A1\ JH- e 40 Jid HepG2 4 Fji 41 Ji

TR B, o AR 22 A B bR S P EAT R ST kR
TEED . T 96 FLAR A i Ak % B3 1) 8 24 i
L5134, #5524 h E DRl Ak & 0. 4k ks 77
48 h 5 NN MTT ¥ 20 L, #5554 h J5 3¢ IS W, o
A DMSO 200 mL, #&%7, FAr{X 570 nm 3% £ OD 1A,
3K, BCPIIME, THEAR 1Cs. 2R (%) = (Oh
21 OD {H %4 2420 OD {f )/ B8 41 OD 18)x100% .
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