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Synthesis and Biological Activities of New 4-Phenylanilines
Containing the Diphenyl Ether Moiety
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Abstract According to the principle of "splicing-up" bioactive substructures, a new series of target compounds were de-
signed and synthesized by incorporating a diphenyl ether moiety into 4-phenylanilines. Moreover, the structures of the synthe-
sized compounds were confirmed by 'H NMR, *C NMR, HRMS and melting points measurements. The inhibitory activities
of these compounds were evaluated against succinate-cytochrome reductase (SCR). Based on the bioassay results, target com-
pound N-(4-(2-chloro-4-(trifluoromethyl)phenoxy)-3-fluorophenyl)-[1,1'-biphenyl]-4-amine (30) exhibited an inhibition rate of

46.44% at a concentration of 10 umoleL ™", which demonstrated potential values for further investigations.
Keywords 4-phenylanilines; diphenyl ether; synthesis; biological activities
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(Boscalid)*!, LA K H 74 24 bk 20 2 4 K 1A ik e ik e
(Pyraziflumid)™* % 8 7B & 47 R B 4504, 76 i I 7T
TAEH, BATE AR T — RIE KRS =%
MR TR R RAT AR, SR BN O RIR SCR A
A BTSN, D R R %R E
R R S5 R BT RE S TS P R I R 2 R R R T A
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Scheme 1 Route of the target compounds

1.1 REFHRTHE

LR RER 4-20 28 R BE(1a) T 4-ICR TR (22) 1
SRR R, AT T — RANFAFTRIEEE 1), WK 1
BT, 2 DLES R A (1 mmol) AAE HEF, BRER A (2
mmol) Jy#%, DMF (5 mL) AW, H A NS 60 h
53 65%K) Hhrfb &4 3a (Entry 1). #E—%% 7 RH
] ) S SRR, 2 SRR W K 22 H gk 1R 4 5 2
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AN AR, R Cu(OAc),*H,0 Fil Cu(OAc), AT L
PRk B AT, Hod Cu(OAc), 125 & 4F (Entries
2~8). ¥ TRimE 7 LA E WA LA LI (Entries
9~11). TN EtN B, WA BONEE MR, A5
T 75% (Entry 11). ZJ5, %L 1 ¥ 705 5N 52 1)
(Entries 12, 13), HA MeCN & F T KM AIHEAT, SR
LB 90% (Entry 13). 55, % T 8 AI X RN
152 (Entries 14~16). 4 Eh &b, HilleR g
AR, ZBFZE 0.1 equiv.h), RMBCREBR, RE 30%
(Entry 16). i € BEAR [ S B FEZAAF4: 1.00 equiv. 4-
BEORWIR, 1.00 equiv. —KEEfZ, 1.00 equiv. 17 ER 4R,
MeCN M7, 2.00 equiv. [t = Z & AE A% (Entry 13).
£1 RPFKHERITA

Table 1 Optimization of the reaction conditions

B(OH),
[Cu] Base
Solvent Air, r.t.

1a (1.00 equiv.) a (1.00 equiv.)

Swey N

®2 ACEWRE RSB

Table 2 Synthesis of the target compounds and biological activ-

Time/Yield?/

Base (equiv.) Solvent h o

Entry [Cu] (equiv.)

1 Cu(OAc), (1.00) K,CO5(2.000 DMF 60 65

2 Cu(OAc),*H,0 (1.00) K,CO; (2.000 DMF 60 58

3 CuCl, (1.00) K,CO5(2.000 DMF 60 Trace
4 CuCl*2H,O (1.00) K,CO;(2.000)0 DMF 60 Trace
5 CuBr, (1.00) K,CO5(2.000 DMF 60 Trace
6 CuCl (1.00) K,CO5(2.000 DMF 60 Trace
7 CuBr (1.00) K,CO5(2.000 DMF 60 Trace
8 Cul (1.00) K,CO5(2.000 DMF 60 Trace
9 Cu(OAc), (1.00) Cs,CO5(2.00)0 DMF 60 Trace
10 Cu(OAc), (1.00) Pyridine (2.00) DMF 60 Trace
11 Cu(OAc), (1.00) Et;N (2.00) DMF 48 75

12 Cu(OAc), (1.00) EtN(2.000 DCM 48 84

13 Cu(OAc), (1.00) EtN (2.000  MeCN 48 90
14 Cu(OAc), (0.50) EtN(2.000 MeCN 72 70
15 Cu(OAc), (0.25) EtN(2.000 MeCN 72 65
16 Cu(OAc), (1.00) EtN(2.000 MeCN 72 30

ity
0 ®
N
Entry Compd. R! R?  Yield/% 1"/%
1 3a H H 90 30.42
2 3b 4-Br H 76 36.95
3 3¢ 24-Cl H 71 36.09
4 3d 2-Cl-4-CF; H 86 39.01
5 3e 2-Br-4-Cl H 74 32.16
6 3f  2,4,6-Cly 2-Cl 94 13.72
7 3g 24-Cl 2-Cl 69 6.30
8 3h 2-Me-4-Cl 2-Cl 67 12.71
9 3i  2-Cl-4-CF; 2-Cl 74 24.47
10 3j 2-Br-4-Cl 2-Cl 68 6.81
1 3k 2-Naphthyl’ 2l 76 573
12 31  1-Br-2-naphthyl® 2-Cl 70 1.91
13 3m 24-Cl, 2-F 75 37.70
14 3n  2-Me-4-Cl 2-F 95 37.39
15 30 2-Cl-4-CF; 2-F 73 46.44
16 3p  2,4,6-Cl, 2-F 70 16.02
17 3q  2-Naphthyl’ 2F 65 2059
18 3r  1-Br-2-naphthyl®  2-F 76 7.62
19 3s  24-ClL 2,6-Cl, 50 4.07
20 3t 2-Br-4-Cl 2,6-Cl, 54 10.07
21 3u  2-Naphthyl’ 2,6Cl, 78 26.09
22 3v  1-Br-2-naphthyl® 2,6-Cl, 71 3.74
23 3w 2,4-Cl, 2,6-F, 81 38.96
24 3x  4-Cl-2-Me 2,6-F, 68 37.78
25 3y 2-Br-4-Cl 2,6-F, 62 43.25
26 3z  2-Naphthyl® 2,6-F, 61 43.20
27 3a'  1-Br-2-naphthyl® 2,6-F, 68 10.23
28 W AT ¢ 95.95

“Isolated yields.
1.2 HiRMLEMME R EDEMENIK

1E LR IR BT, ZHRE T — K5 Hirth
GYER2). N TET R, KB L 2R 8 2 N
A, IR EN B IR, B, BT AR EARR
BRI AT S B (R 52 (3 2, Entries 2~5), 47E A 3K 4 fif
B BINWR H 3 4] Br i (Entry 2), LA 76% MR 55 H
EY). Eit—S %8R A IR 2 R 4 AL BN
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“Isolated yields; ° inhibition rates at the concentration of 10 pmol/L; © the
whole ring A as this group; Yasa positive control.

HUARIEXT S BN 52, 24 2 2 5]\ C1 8% Br i, 4 47 |
I\ Cl 8¢ CF; B #RE LA 250l b iR 45 204 M H
FRALAYI(Entries 3~5). 5 %527 B 3 5] NI
X N AR, 247E B 38 2 A B 5] N HLFIE ] CL I,
PL 94% %453 21 H btk &9 (Entry 6). 1E Entry 6 [
fii b, 75 A ¥F 2 A2A0 4 57 E45355 5]\ Cl. Me. Br. CFs.
ZEINEA IR B — 5 2 820 Z I BRI 2, #RBE LA
oS 243 20 AE Y B bR &Y (Entries 7~12). 24
£ B ¥ 2 7 Bl N JEH] F I, 76 A 3 2 {70 4
Az E5r A5 Cl. Me. CF,, tH#SRELA 450 Ll
NG 45 E R B ) B ARk & 40 (Entries 13~15). A4h, %
LTI AN 2. 4. 6 f7 ErRIGIN Cl. ZEIRFIELARZE
I, #REE LA S USCR A3 2 A B H AL A 4 (Entries 16~
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18); KHEHEAE B 3 2 A0A1 6 Az B35 AW T3] Cl
W, FEPE A B2 A2 A0 4 47 B RI5IN ClL ZE3RE B ZE
I (Entries 19~22), MaA1S 2] Btk &4, B2
AT 6 7 B 5| NR B TR F, IR A BF 2 A0 F0 4 4 |
351N Cl. Mes Bry CFs. ZEIR S ZE A (Entries
23~27), HARRE LB IR 15 BAH B B An ik &4

TAR T BT & A H AR LA 0% SCR IS (R
2). 4R 3a XAEORIEM SCR IS N
30.42%, 7E A FE 4 AL E 5 AW H IR ] Brivf, BUAE A
52 NI AR a7 L A ] N N [t G e 335 11 P R e S v =
(Entries 2~5). *47E B 3 2 fi b5l AW L7 5EH] Cl, H
1E A 38 2 00 4 47 E5I ANARIBURILEZE IR, FTfdfh
H X SCR (P S A AN [ A2 B 1 B4 (% (Entries 6~
12). M7E B 2 4 BB AN T2H F, HAE A X247
A4 A7 ESI N BB RS, 15 M #& A $2 5 (Entries
13~16), {H5] NZEH )5 15 14 0 2[5 {K (Entries 17, 18).
7£ B 3 2 fifil 6 A b5l AWH 724 Cl, HAE A 3F 2
(A U A s PN N =V AV Y N TR G S ST A Y
(Entries 19~22). 7E B ¥& 2 i F 6 7 b5 N HL 73 [4]
F, HAE AR 2 (A 447 B ANAFEBURIER, 3EPERSA
$& =i (Entries 23~25), A ZEM B ZEAR 5] N T3
15 VE 1 B (Entries 26, 27).

2 g

AR T 1 0 25 R P 2 1 T N ORI T A
AN WANES S ey vl s 1D 25 RS e e N U 7
IR IER 1Y) Chan-Lam B, BGIhE T 27 AR Wik
RIE W B RS ORI AT Y. N EA
RPN NIRRT JRYE N LF . JRR S 5%

VG E. SRR ARZHAEYRT SCR A —
MR RCR, Hoh AL A 30 78 10 pmoleL " iR E R
M 2N 46.44%, ULRHIZZREE M B A i — S
rA.

3 SWES

31 X5

'H NMR, “C NMR i K $4f B Bruker Avance 500
B AARA(TMS  AWAR SRAREDT - i DMSO i
7)), B> HEFE %O B Bruker Daltonics microTOF-QII
JRIEACINE ;47 5 H Biichi MS560 %743 mAX GRE AR &
BRI E. thah, & o R H B AR A EE
Heidolph MR3001 BUfE & In#iz i #E8s  Hi 1 Biichi
R-200 B jiesk 28 KAX . [ Sartoruis B F K. ZF-200
5 AR UK A T4 DLSB R4 Z17E 3 52 - SHZ-D (I11)
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TEIFKRESIE . 70-1 BUT L AL T84 . Zk-82BB #Y
AL AEL S TIRAE A KQ-100DZ TR B bl i I I e A 2%
FEZ AT T IR it B s R AR 7 S i AL A TR &
"AEFE, M5 200~300 H. Bl A HEBSHRFEA 60~
90 C; FH eI W TR R UL, 359 7 i 4l B
b 240

3.2 XWHE

£ 25 mL BIAEIR A AR 1.00 mmol 4- X
%, 1.00 mmol — ZKFkfiE 34k &4, 1.00 mmol BEERER, A
JE I 5 mL 1) MeCN, 55 I 2.00 mmol — Z i 7E
T AT SRR TR A (TLC) W I S 87 (3RS, [ B
sgeafE, ¥MOBEKMAEZRS, JH OB ZEE(1S mLX
W, GIANIZE, TARBERINT 1, e 28 KA
ZUER, KRN B EIM L) H AR &) 3a~3a.
3.3 BirtEYINRIE

N-(4-ZR S 2R L )-[1,1- 1k 2K ]-4- 2 (3a): 303.7 mg
HEE R, B 90%. mp. 136.8~136.9 ‘C; 'H NMR
(500 MHz, CDCls) 6: 7.56 (d, J=7.6 Hz, 2H), 7.49 (d, J=
8.5 Hz, 2H), 7.41 (dd, J=7.6, 7.4 Hz, 2H), 7.35~7.26 (m,
3H), 7.11 (d, J=8.6 Hz, 2H), 7.09~7.03 (m, 3H), 7.03~
6.95 (m, 4H), 5.68 (s, 1H); >C NMR (126 MHz, CDCl;) ¢:
158.10, 151.45, 143.37, 140.85, 138.44, 133.27, 129.66,
128.71, 128.00, 126.52, 126.47, 122.69, 120.65, 120.49,
118.00, 116.86. HRMS (ESI) calcd for Co4HyNO [M+
H]" 338.15394, found 338.15428.

N-[4-(4-TRFE I HEIE]-[1,1-BEH -4-F4(3b): 316.4
mg [ E A, IR 76%. m.p. 154.9~155.7 C; '"HNMR
(500 MHz, CDCls) 6: 7.56 (d, J=7.6 Hz, 2H), 7.50 (d, J=
8.4 Hz, 2H), 7.41 (dd, J=17.8, 5.8 Hz, 4H), 7.29 (dd, J=
7.4, 7.2 Hz, 1H), 7.11 (d, J=8.7 Hz, 2H), 7.08 (d, J=8.4
Hz, 2H), 6.96 (d, J=8.7 Hz, 2H), 6.87 (d, J=8.8 Hz, 2H),
5.70 (s, 1H); °C NMR (126 MHz, CDCl3) 6: 157.44,
150.73, 143.06, 140.80, 139.00, 133.54, 132.56, 128.73,
128.03, 126.58, 126.49, 120.65, 120.35, 119.54, 117.13,
114.97. HRMS (ESI) caled for CH;oBINO [M+H]"
416.06445, found 416.06502.

N-[4-(2,4- — GRS B ) R L -[1,1- B 2R 1-4- i< (Be):
288.5 mg A EK, IER 71%. mp. 96.3~97.5 C; 'H
NMR (500 MHz, CDCLy) 6: 7.56 (d, J=7.5 Hz, 2H), 7.50
(d, J=8.5 Hz, 2H), 7.45 (d, J=2.5 Hz, 1H), 7.41 (dd, J=
7.8, 7.6 Hz, 2H), 7.29(dd, J=7.4, 7.3 Hz, 1H), 7.16 (dd,
J=8.8,2.5 Hz, 1H), 7.13~7.05 (m, 4H), 6.94 (dd, J=6.0,
5.8 Hz, 2H), 6.87 (d, J=8.8 Hz, 1H), 5.69 (s, 1H); "*C
NMR (126 MHz, CDCly) &: 152.38, 150.66, 143.00,
140.78, 139.08, 133.58, 130.37, 128.73, 128.36, 128.03,

Chin. J. Org. Chem. 2019, 39, 2851~2859



Chinese Journal of Organic Chemistry

ARTICLE

127.88, 126.59, 126.49, 125.71, 120.32, 120.00, 119.82,
117.17. HRMS (ESI) caled for CoH;sCLNO [M+H]"
406.07600, found 406.07632.

N-{4-[2- S -4-( = 0 28 ) 2R S0 B6 ) R 2 0 -[1,10- Bk
K]-4-J%(3d): 378.3 mg H ufE {4, i# 86%. m.p. 97.7~
98.6 ‘C; '"H NMR (500 MHz, CDCl;) d: 7.72 (d, J=1.9
Hz, 1H), 7.58~7.53 (m, 2H), 7.52 (d, J=8.5 Hz, 2H),
7.45~7.39 (m, 3H), 7.30 (dd, J=7.6, 7.4 Hz, 1H), 7.17~
7.10 (m, 4H), 7.02~6.98 (m, 2H), 6.94 (d, J=8.6 Hz,
1H), 5.76 (s, 1H); *C NMR (126 MHz, CDCl;) J: 156.89,
149.25, 142.63, 140.75, 140.09, 134.00, 128.75, 128.08,
128.03 (q, J=3.7 Hz), 126.68, 126.54, 125.50 (q, J=33.3
Hz), 124.99 (q, J=3.6 Hz), 124.51, 120.99, 120.43 (q, J=
271.3 Hz), 119.91, 117.63, 117.56. HRMS (ESI) calcd for
CasH sCIFsNO [M+H]" 440.10235, found 440.10287.

N-[4-(2- VR -4- 2R 58 58 ) 78 2 1-[1,1'- 1K 2K 1-4- % (3e):
333.6 mg F G EAER, WE 74%. m.p. 106.5~107.3 C;'H
NMR (500 MHz, CDCly) 6: 7.61 (d, J=2.5 Hz, 1H),
7.58~7.53 (m, 2H), 7.50 (d, J=8.6 Hz, 2H), 7.41 (dd, J=
7.8, 7.6 Hz, 2H), 7.29 (dd, J=7.6, 7.4 Hz, 1H), 7.20 (dd,
J=8.8, 2.5 Hz, 1H), 7.15~7.03 (m, 4H), 6.96~6.90 (m,
2H), 6.84 (d, J=8.8 Hz, 1H), 5.70 (s, 1H); *C NMR (126
MHz, CDCl3) 6: 153.57, 150.61, 142.96, 140.76, 139.13,
133.58, 133.17, 128.72, 128.54, 128.02, 126.59, 126.48,
120.28, 119.99, 119.67, 117.18, 114.38. HRMS (ESI) calcd
for CyH;gBrCINO [M + H] ©  450.02548, found
450.02638.

N-[3-5-4-(2,4,6- = GRS IE) HRHE-[1,1-HE PR ]-4- i
(3): 3903 mg H B E &, WE 94%. mp. 1294~
130.7 °C; '"H NMR (500 MHz, CDCls) o: 7.56 (d, J=17.3
Hz, 3H), 7.50 (d, J=8.5 Hz, 2H), 7.45~7.38 (m, 4H),
7.30 (dd, J=7.6, 7.4 Hz, 1H), 7.06 (d, J=8.5 Hz, 2H),
6.84 (dd, J=8.8, 2.7 Hz, 1H), 6.39 (d, J=8.8 Hz, 1H),
5.64 (s, 1H); "C NMR (126 MHz, CDCLy) 6: 146.76,
146.50, 142.35, 140.68, 138.86, 134.10, 131.19, 130.37,
129.14, 128.74, 128.09, 126.69, 126.53, 123.38, 120.83,
117.72, 117.62, 115.09. HRMS (ESI) caled for Cy4H;¢Cly-
NO [M+H]" 473.99805, found 473.99937.

N-[3-F-4-(2,4- Z SR EEE) R B[ 1-BE K -4- 1%
(3g): 304.1 mg HEME A&, IKE 69%. mp. 1184~
119.7 °C; '"H NMR (500 MHz, CDCl;) 6: 7.60~7.50 (m,
4H), 7.48~7.40 (m, 3H), 7.32 (dd, J=7.4, 7.2 Hz, 1H),
7.21 (s, 1H), 7.13 (d, J=8.2 Hz, 3H), 6.94 (dd, J=16.7,
8.7 Hz, 2H), 6.70 (d, J=8.8 Hz, 1H), 5.75 (s, 1H); *C
NMR (126 MHz, CDCly) &: 15222, 144.90, 141.56,

Chin. J. Org. Chem. 2019, 39, 2851~2859

© 2019 Chinese Chemical Society & SIOC, CAS

141.09, 140.58, 134.84, 131.62, 130.40, 128.78, 128.17,
127.74, 126.83, 126.60, 125.15, 124.64, 122.19, 119.34,
118.57, 118.04, 117.24. HRMS (ESI) caled for Co4H;7Cls-
NO [M~+H]" 440.03702, found 440.03731.
N-[3-50-4-(4-F-2- P B DR A ) R 2R -1, 10- B R ) -4-
f%(3h): 281.6 mg HEFEAE, I 67%. mp. 1042~
1052 ‘C; 'H NMR (500 MHz, CDCLy) ¢: 7.57 (d, J=7.6
Hz, 2H), 7.53 (d, J=8.2 Hz, 2H), 7.42 (dd, J=7.6, 7.4 Hz,
2H), 7.32 (d, J=7.0 Hz, 1H), 7.22 (s, 2H), 7.11 (d, J=8.2
Hz, 2H), 7.06 (d, J=8.7 Hz, 1H), 6.97~6.91 (m, 1H),
6.85 (d, J=8.7 Hz, 1H), 6.62 (d, J=8.6 Hz, 1H), 5.70 (s,
1H), 2.32 (s, 3H); *C NMR (126 MHz, CDCl;) J: 154.19,
146.13, 142.00, 140.63, 140.03, 134.43, 131.04, 130.07,
128.76, 128.13, 127.77, 126.76, 126.69, 126.56, 126.31,
121.42, 119.92, 118.06, 117.70, 117.36, 16.10..HRMS
(ESI) caled for CsHyyCLNO [M+H]" 420.09165, found
420.09172.
N-{3-5-4-[2-5F-4-( =30 FF 2k RS R 2R B -1, 10- B
A )-4-F% (3i): 351.0 mg [ B[R, KE 74%. mop.
149.2~150.5 ‘C; 'H NMR (500 MHz, CDCl3) 6: 7.73 (d,
J=1.9 Hz, 1H), 7.60~7.53 (m, 4H), 7.48~7.37 (m, 3H),
7.32 (dd, J=7.6, 7.4 Hz, 1H), 7.22 (d, J=2.5 Hz, 1H),
7.16 (d, J=8.5 Hz, 2H), 7.05~6.96 (m, 2H), 6.76 (d, J=
8.6 Hz, 1H), 5.79 (s, 1H); *C NMR (126 MHz, CDCl;) ¢:
156.28, 143.69, 141.96, 141.23, 140.53, 135.17, 128.80,
128.20, 128.06 (q, J=3.7 Hz), 127.46, 126.90, 126.62,
125.47 (q, J=33.4 Hz), 124.93 (q, J=3.7 Hz), 123.41 (q,
J=270.0 Hz), 123.69, 123.29, 118.97, 118.90, 116.96,
115.94. HRMS (ESI) calced for C,sH,,CLF;NO [M+H]"
474.06338, found 474.06383.
N-[4-(2-1R-4- G R AR )-3- SR L] -[1,1- B 2K )-4- i
(3j): 330.0 mg B 4E, UL 68%. mp. 133.7~
134.5 ‘C; 'H NMR (500 MHz, CDCL3) 8: 7.62 (d, J=2.3
Hz, 1H), 7.59~7.54 (m, 3H), 7.54 (s, 1H), 7.43 (dd, J=
7.6, 7.4 Hz, 2H), 7.32 (dd, J=7.4, 7.2 Hz, 1H), 7.22 (d,
J=2.3 Hz, 1H), 7.18 (dd, J=8.8, 2.3 Hz, 1H), 7.14 (d, J=
8.4 Hz, 2H), 7.01~6.91 (m, 2H), 6.67 (d, J=8.8 Hz, 1H),
5.75 (s, 1H); “C NMR (126 MHz, CDCls) d: 153.33,
144.93, 141.56, 141.16, 140.59, 134.87, 133.24, 128.78,
128.42, 128.33, 128.18, 126.95, 126.84, 126.61, 122.38,
119.33, 118.60, 117.73, 117.23, 113.24. HRMS (ESI) caled
for CyH;;BrCLNO [M + H] © 483.98651, found
483.98435.
N-[3-5-4-(F5-2-BE- 5 8 R IR - [ 1, - R -4- 2 (3K):
320.7 mg HEFEE, FE 76%. mp. 128.2~130.2 C;
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'H NMR (500 MHz, CDCl3) 6: 7.82 (dd, J=9.2, 9.0 Hz,
2H), 7.68 (d, J=8.1 Hz, 1H), 7.58 (d, J=7.7 Hz, 2H), 7.55
(d, J=8.4 Hz, 2H), 7.46~7.40 (m, 3H), 7.38 (dd, J=1.6,
7.4 Hz, 1H), 7.34~7.23 (m, 3H), 7.19~7.10 (m, 3H), 7.05
(d, J=8.7 Hz, 1H), 6.99 (dd, J=8.7, 2.4 Hz, 1H), 5.75 (s,
1H); C NMR (126 MHz, CDCl;) §: 155.81, 145.63,
141.87, 140.65, 140.62, 134.58, 134.25, 129.87, 128.77,
128.15, 127.72, 127.34, 127.03, 126.77, 126.59, 126.54,
124.44, 123.02, 119.56, 118.62, 118.32, 117.56, 111.34.
HRMS (ESI) caled for CosH, CINO [M+H]" 422.13062,
found 422.13084.

N-{4-[(1-7R25-2-F5) S B ) -3- S A 2L ) -[ 1,1 - B 2K ) 4-
% @31): 350.6 mg H A, i 70%. mp. 135.9~
136.9 °C, '"H NMR (500 MHz, CDCl;) &: 8.30 (d, J=8.5
Hz, 1H), 7.80 (d, J=8.1 Hz, 1H), 7.74 (d, J=8.9 Hz, 1H),
7.61 (dd, J=7.6, 7.4 Hz, 1H), 7.56 (d, J=7.5 Hz, 2H),
7.52 (d, J=8.4 Hz, 2H), 7.46 (dd, J=17.6, 7.4 Hz, 1H),
7.41 (dd, J=17.6, 7.4 Hz, 2H), 7.30 (dd, J=7.4, 7.2 Hz,
1H), 7.23 (s, 1H), 7.10 (d, J=8.4 Hz, 2H), 7.05 (d, J=8.9
Hz, 1H), 6.92 (dd, J=8.7, 2.3 Hz, 1H), 6.87 (d, J=8.7 Hz,
1H), 5.70 (s, 1H); *C NMR (126 MHz, CDCl;) d: 151.79,
146.17, 141.92, 140.62, 140.28, 134.45, 133.19, 131.05,
129.01, 128.75, 128.15, 128.10, 127.89, 126.74, 126.60,
126.54, 126.32, 125.40, 121.39, 119.78, 118.17, 118.03,
117.58, 111.31. HRMS (ESI) calecd for C,sH,,BrCINO
[M+H]" 500.04113, found 500.04210.

N-[4-(2,4- KA IE)-3- IR JE-[1,1- Bk 2K -4 Ji
(3m): 318.2 mg H MK, IZ 75%. mp. 108.6~
109.0 ‘C; '"H NMR (500 MHz, CDCl;) é: 7.57 (d, J=17.3
Hz, 2H), 7.54 (d, J=8.5 Hz, 2H), 7.46~7.40 (m, 3H),
7.32 (dd, J=17.6, 7.4 Hz, 1H), 7.18~7.13 (m, 2H), 7.12 (d,
J=2.5 Hz, 1H), 7.02~6.92 (m, 2H), 6.84~6.79 (m, 1H),
6.76 (d, J=8.8 Hz, 1H), 5.79 (s, 1H); °C NMR (126 MHz,
CDCly) d: 154.56 (d, J=248.8 Hz), 152.61, 141.50 (d, J=
15.5 Hz), 141.43, 140.57, 135.97 (d, J=12.4 Hz), 134.93,
130.33, 128.78, 128.15, 127.98, 127.71, 126.85, 126.60,
124.34, 122.92 (d, J=2.0 Hz), 118.74, 117.52, 113.46 (d,
J=3.1 Hz), 106.03 (d, J=21.4 Hz). HRMS (ESI) calcd for
CoH;CLFNO [M+H]" 424.06657, found 424.06716.

N-[4-(4-50-2- F LR A 28 )-3- U R B ][, 1- K 2K ) 4-
2 (3n): 383.7 mg H &, 1L# 95%. mp. 108.5~
109.5 °C; '"H NMR (500 MHz, CDCly) 6: 7.57 (d, J=7.5
Hz, 2H), 7.53 (d, J=8.4 Hz, 2H), 7.42 (dd, J=7.6, 7.4 Hz,
2H), 7.31 (dd, J=7.4, 7.2 Hz, 1H), 7.20 (d, J=2.0 Hz,
1H), 7.13 (d, J=8.4 Hz, 2H), 7.06 (dd, J=8.6, 2.3 Hz,
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1H), 6.96 (dd, J=12.3, 2.4 Hz, 1H), 6.91 (dd, J=8.8, 8.6
Hz, 1H), 6.80 (d, J=8.7 Hz, 1H), 6.66 (d, J=8.7 Hz, 1H),
5.75 (s, 1H), 2.33 (s, 3H); °C NMR (126 MHz, CDCL) ¢:
154.68, 154.52 (d, J=248.1 Hz), 141.85, 140.63, 140.48
(d, J=9.0 Hz), 137.28 (d, J=12.0 Hz), 134.57, 130.95,
129.74, 128.77, 128.13, 127.55, 126.78, 126.64, 126.58,
122.40 (d, J=2.5 Hz), 118.29, 116.70, 113.83 (d, J=3.0
Hz), 106.56 (d, J=21.5 Hz), 16.05. HRMS (ESI) calcd for
CasHy0CIFNO [M+H]" 404.12120, found 404.12150.

N-{4-[2-5-4-( =900 T ) R R ]-3- R Bk - [ 1, 1B
#1-4-§ (30): 3342 mg H B, IR 73%. mp.
130.1~130.6 ‘C; 'H NMR (500 MHz, CDCl3) 6: 7.72 (d,
J=1.8 Hz, 1H), 7.57 (dd, J=8.4, 8.2 Hz, 4H), 7.47~7.38
(m, 3H), 7.32 (dd, J=7.6, 7.4 Hz, 1H), 7.17 (d, J=8.5 Hz,
2H), 7.06 (dd, J=9.0, 8.8 Hz, 1H), 6.97 (dd, J=12.2, 2.6
Hz, 1H), 6.84 (dd, J=8.7, 2.9 Hz, 2H), 5.83 (s, 1H); "°C
NMR (126 MHz, CDCl3) 6: 156.60, 154.76 (d, J=249.4
Hz), 142.35 (d, J=9.1 Hz), 141.14, 140.53, 135.24, 134.74
(d, J=12.5 Hz), 128.80, 128.19, 128.01 (q, J=3.8 Hz),
126.91, 126.63, 125.47 (q, J=33.4 Hz), 124.96 (q, J=3.6
Hz), 123.71 (d, J=1.9 Hz), 123.51, 123.40 (g, J=270.0
Hz), 119.10, 115.59, 113.29 (d, J=3.0 Hz), 105.66 (d, J=
21.5 Hz). HRMS (ESI) caled for C,sH,,CIE,NO [M+H]"
458.09293, found 458.09328.

N-[3-9-4-(2,4,6- = AR E L) AR EE - [1,1- AR ]-4- %
(3p): 321.1 mg HEFE K, UKE 70%. mp. 1149~
116.0 “C; '"H NMR (500 MHz, CDCL3) §: 7.58~7.53 (m,
2H), 7.50 (dd, J=5.8, 5.6 Hz, 2H), 7.42 (d, J=7.5 Hz,
2H), 7.40 (s, 2H), 7.30 (dd, J=7.6, 7.4 Hz, 1H), 7.07 (dd,
J=5.8, 5.6 Hz, 2H), 6.98 (dd, J=12.5, 2.6 Hz, 1H),
6.72~6.67 (m, 1H), 6.51 (dd, J=9.0, 8.8 Hz, 1H), 5.67 (s,
1H); *C NMR (126 MHz, CDCl;) d: 152.32 (d, J=247.5
Hz), 146.63, 142.15, 140.66, 139.15 (d, J=8.8 Hz), 138.67
(d, J=11.6 Hz), 134.23, 131.03, 130.25, 129.11, 128.74,
128.08, 126.71, 126.54, 117.85, 116.63 (d, J=2.0 Hz),
113.71 (d, J=3.2 Hz), 107.23 (d, J=21.0 Hz). HRMS
(ESI) caled for C4H,sCIsFNO [M+H]" 458.02760, found
458.02802.

N-[3- 9 -4-(ZE -2- 5 B ) R - [1,1- B K 1-4- 2 (3q):
263.6 mg A, KF 65%. mp. 127.9~128.1 C;
'H NMR (500 MHz, CDCLy) 6: 7.87~7.79 (m, 2H), 7.70
(d, J=8.2 Hz, 1H), 7.60 (d, J=7.5 Hz, 2H), 7.57 (d, J=
8.4 Hz, 2H), 7.50~7.42 (m, 3H), 7.39 (dd, J=7.4, 7.2 Hz,
1H), 7.37~7.30 (m, 2H), 7.21 (d, J=1.7 Hz, 1H), 7.18 (d,
J=8.4 Hz, 2H), 7.10 (dd, J=9.0, 8.8 Hz, 1H), 7.01 (dd,
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J=12.2, 2.5 Hz, 1H), 6.86 (d, J=8.6 Hz, 1H), 5.79 (s,
1H); *C NMR (126 MHz, CDCl;) d: 156.19, 155.13 (d,
J=248.4 Hz), 141.74, 141.00 (d, J=9.1 Hz), 140.62,
136.60 (d, J=12.3 Hz), 134.62, 134.24, 129.85, 129.79,
128.76, 128.10, 127.70, 127.00, 126.77, 126.57, 126.52,
124.38, 123.64 (d, J=2.4 Hz), 118.48, 118.35, 113.71 (d,
J=3.0 Hz), 110.81, 106.31 (d, J=21.7 Hz). HRMS (ESI)
caled for CyH,; FNO [M + H]+ 406.16017, found
406.16030.
N-{4-[(1-7R25-2-F5) S 55 ) -3- U A 22 ) -1, 1- B 2K ) 4-
% (3r): 368.1 mg HEFEME, U 76%. mp. 128.2~
128.9 °C; '"H NMR (500 MHz, CDCl;) 6: 8.30 (d, J=8.5
Hz, 1H), 7.80 (d, J=8.1 Hz, 1H), 7.75 (d, J=8.9 Hz, 1H),
7.65~7.59 (m, 1H), 7.57 (dd, J=8.2, 0.9 Hz, 2H), 7.53 (d,
J=8.5 Hz, 2H), 7.46 (dd, J=11.1, 4.0 Hz, 1H), 7.42 (dd,
J=17.8,7.6 Hz, 2H), 7.31 (dd, J=7.6, 7.4 Hz, 1H), 7.13 (d,
J=8.6 Hz, 2H), 7.11 (d, J=9.0 Hz, 1H), 7.01~6.92 (m,
2H), 6.79 (dd, J=8.7, 1.3 Hz, 1H), 5.75 (s, 1H); *C NMR
(126 MHz, CDCly) 0: 154.44 (d, J=248.4 Hz), 152.11,
141.77, 140.70 (d, J=9.0 Hz), 140.62, 137.35 (d, J=12.1
Hz), 134.61, 133.15, 131.00, 128.99, 128.76, 128.14,
128.12, 127.90, 126.78, 126.60, 126.58, 125.35, 122.28 (d,
J=2.1 Hz), 118.37, 117.56, 113.74 (d, J=3.1 Hz), 110.85,
10644 (d, J = 21.4 Hz). HRMS (ESI) calcd for
C,3HBrENO [M+H]" 484.07068, found 484.07195.
N-[3,5- - 5-4-(2,4- S ORI AR L[ 1, 1- B K ] -4-
[fZ(3s): 237.6 mg HEEE, EFE 50%. mp. 182.2~
183.8 °C; '"H NMR (500 MHz, CDCl;) o: 7.58 (d, J=8.4
Hz, 4H), 7.50~7.42 (m, 3H), 7.34 (dd, J=7.6, 7.4 Hz,
1H), 7.19 (d, J=8.4 Hz, 2H), 7.09 (dd, J=8.8, 2.4 Hz,
1H), 7.07 (s, 2H), 6.49 (d, J=8.8 Hz, 1H), 5.81 (s, 1H).
C NMR (126 MHz, CDCls) d: 151.62, 142.46, 140.38,
140.13, 139.59, 136.17, 130.42, 129.99, 128.83, 128.32,
127.54, 127.50, 127.08, 126.70, 123.35, 120.15, 116.38,
115.04. HRMS (ESI) caled for CoH cCILNO [M+H]"
473.99805, found 473.99877.
N-[4-(2-1R-4-F R A IE)-3- E IR ]-[1, - R A ]-4- i
(3t): 280.6 mg [ &, ULZE 54%. mp. 183.5~
184.6 °C; '"H NMR (500 MHz, CDCl;) 6: 7.62 (d, J=2.4
Hz, 1H), 7.58 (d, J=8.3 Hz, 4H), 7.44 (dd, J=7.8, 7.6 Hz,
2H), 7.34 (dd, J=7.6, 7.4 Hz, 1H), 7.18 (d, J=8.4 Hz,
2H), 7.14 (dd, J=8.8, 2.4 Hz, 1H), 7.06 (s, 2H), 6.46 (d,
J=8.8 Hz, 1H), 5.81 (s, 1H); >C NMR (126 MHz, CDCl;)
9: 152.57, 142.46, 140.37, 140.13, 139.72, 136.16, 133.26,
130.00, 128.83, 128.32, 128.19, 127.81, 127.08, 126.70,
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120.13, 116.37, 114.82, 111.85. HRMS (ESI) caled for
Co4H (BrCI;NO [M+H]" 517.94754, found 517.94743.

N-[3,5- = 50-4-(%5-2- 3-8 Jh ) R 56 ) -[1,1- B R -4- iz
(3u): 356.0 mg HE[FEE, KZE 78%. mp. 158.6~
159.2 °C; '"H NMR (500 MHz, CDCl;) 6: 7.83 (d, J=9.0
Hz, 1H), 7.80 (d, J=8.1 Hz, 1H), 7.67 (d, J=8.2 Hz, 1H),
7.59 (d, J=8.3 Hz, 4H), 7.47~7.40 (m, 3H), 7.39~7.31
(m, 2H), 7.29 (dd, J=8.9, 2.5 Hz, 1H), 7.21 (d, J=8.5 Hz,
2H), 7.12 (s, 2H), 6.99 (d, J=2.4 Hz, 1H), 5.81 (s, 1H);
BC NMR (126 MHz, CDCls) d: 155.18, 141.90, 140.48,
140.45, 140.26, 135.84, 134.20, 130.39, 129.90, 129.79,
128.82, 128.30, 127.99, 127.74, 127.01, 126.69, 126.52,
124.27, 119.83, 117.42, 116.74, 109.00. HRMS (ESI) calcd
for CosH,0CLNO [M~+H]" 456.09165, found 456.09226.

N-{4-[(1-1R 25 2-FE) S 2E)-3,5- SR 6 ) -[1,1- Bk
K 1-4- (3v): 380.0 mg M B 4&, UK 71%. mp.
211.1~211.8 “C; 'H NMR (500 MHz, CDCl;) J: 8.32 (d,
J=8.6 Hz, 1H), 7.78 (d, J=8.1 Hz, 1H), 7.70 (d, J=9.0
Hz, 1H), 7.63~7.60 (m, 1H), 7.58 (d, J=8.3 Hz, 4H),
7.44 (dd, J=17.8, 7.6 Hz, 3H), 7.33 (dd, J=7.6, 7.4 Hz,
1H), 7.19 (d, J=8.5 Hz, 2H), 7.09 (s, 2H), 6.81 (d, J=9.0
Hz, 1H), 5.81 (s, 1H); °*C NMR (126 MHz, CDCl;) §:
151.57, 142.20, 140.43, 140.35, 140.31, 135.99, 133.30,
130.59, 130.32, 128.82, 128.75, 128.30, 128.11, 127.92,
127.04, 126.69, 126.40, 124.96, 119.97, 116.58, 114.40,
108.62. HRMS (ESI) caled forCosH sBrCLNO [M~+H]"
534.00216, found 534.00266.

N-[4-(2,4- " FREIE)-3,5- T FAREE[1,1- kK ]-4-
fZ(3w): 358.3 mg H[E A, & 81%. m.p. 120.9~
122.4 °C; '"H NMR (500 MHz, CDCl;) 6: 7.58 (d, J=8.2
Hz, 4H), 7.47~7.40 (m, 3H), 7.34 (dd, J=7.6, 7.4 Hz,
1H), 7.19 (d, J=8.5 Hz, 2H), 7.11 (dd, J=8.8, 2.5 Hz,
1H), 6.73~6.64 (m, 3H), 5.85 (s, 1H); >C NMR (126
MHz, CDCls) 6: 156.39 (dd, J=249.2, 6.7 Hz), 152.63,
142.20 (t, J=12.0 Hz), 140.37, 140.03, 136.23, 130.34,
128.83, 128.28, 127.80, 127.57, 127.09, 126.71, 123.43,
123.41, 120.36, 115.43, 99.99 (dd, J=20.2, 5.2 Hz).
HRMS (ESI) caled for C,H;(CLF.NO [M + H] ©
442.05715, found 442.05790.

N-[4-(4-5-2- F R 2R 4 55 )-3,5- R R -1, 10- K
A 1-4-§% (3x): 286.9 mg [ [l A, UK 68%. m.p.
135.1~135.7 ‘C; '"H NMR (500 MHz, CDCl;) : 7.65~
7.52 (m, 4H), 7.44 (dd, J=17.8, 7.6 Hz, 2H), 7.38~7.29
(m, 1H), 7.23~7.12 (m, 3H), 7.03 (dd, J=8.5, 2.2 Hz,
1H), 6.68 (d, J=8.5 Hz, 2H), 6.57 (d, J=8.6 Hz, 1H), 5.81
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(d, J=4.3 Hz, 1H), 2.39 (s, 3H); °C NMR (126 MHz,
CDCly) d: 156.67 (dd, J=248.4, 7.1 Hz), 155.14, 141.48
(t, J=11.9 Hz), 140.42, 140.35, 135.92, 130.86, 128.83,
128.64, 128.25, 127.13, 127.04, 126.69, 126.43, 124.37 (t,
J=15.9 Hz), 120.00, 113.97, 100.29 (dd, J/=20.2, 6.2 Hz),
16.01. HRMS (ESI) caled for C,sH,oCIF,NO [M+H]"
422.11177, found 422.11210.

N-[4-(2- TR -4- & 2K 80 2K )-3,5- — 96 R 2k J-[1,1- BX
#1-4-F 3y): 301.8 mg H K, UE 62%. m.p.
132.8~133.8 ‘C, 'H NMR (500 MHz, CDCl;) 6: 7.60 (d,
J=2.4 Hz, 1H), 7.57 (dd, J=8.2, 8.0 Hz, 4H), 7.44 (dd,
J=17.8,7.6 Hz, 2H), 7.33 (dd, J=7.6, 7.4 Hz, 1H), 7.19 (d,
J=8.5 Hz, 2H), 7.16 (dd, J=8.8, 2.4 Hz, 1H), 6.68 (dd,
J=8.4, 8.2 Hz, 3H), 5.85 (s, 1H); "C NMR (126 MHz,
CDCly) 6: 156.39 (dd, J=249.3, 6.8 Hz), 153.63, 142.21
(t, J=11.6 Hz), 140.36, 140.02, 136.22, 135.21, 133.15,
128.83, 128.27, 128.06, 127.09, 126.70, 123.49, 120.34,
115.14, 111.84, 100.00 (dd, J=20.5, 5.4 Hz). HRMS (ESI)
caled for CoyH;(BrCIF,NO [M+H]" 486.00664, found
486.00709.

N-[3,5- 58 -4-( 25 -2- 5 3 ) 2R JE )-[1, - B R )-4- iz
(3z): 258.3 mg FE[E &, L& 61%. mp. 129.0~
129.8 C; "H NMR (500 MHz, CDCl;) 6: 7.81 (dd, J=8.2,
8.0 Hz, 2H), 7.68 (d, J=8.2 Hz, 1H), 7.58 (d, /=8.2 Hz,
4H), 7.48~7.40 (m, 3H), 7.38 (d, J=7.6 Hz, 1H), 7.36~
7.30 (m, 2H), 7.22 (d, J=8.4 Hz, 2H), 7.15 (s, 1H), 6.73
(d, J=9.6 Hz, 2H), 5.86 (s, 1H); *C NMR (126 MHz,
CDCly) d: 156.93 (dd, J=248.8, 7.1 Hz), 156.17, 141.60
(t, J=12.5 Hz), 140.45, 140.38, 135.93, 134.15, 129.90,
129.80, 128.82, 128.26, 127.73, 127.02, 127.00, 126.70,
126.57, 124.37, 124.15, 120.06, 117.43, 109.20, 100.35
(dd, J=21.0, 5.6 Hz). HRMS (ESI) calcd for CosH,0F,NO
[M-+H]" 424.15075 found 424.15110.

N-{4-[(1- 1R 25 2- 3 ) S 3£ 1-3,5- R 28 ) -[1,1- Bk
A ]-4-1% (3a%): 341.6 mg FA[FEE, KFE 68%. mp.
168.1~170.0 ‘C, 'H NMR (500 MHz, CDCl;) 6: 8.31 (d,
J=8.6 Hz, 1H), 7.79 (d, J=8.1 Hz, 1H), 7.73 (d, J=9.0
Hz, 1H), 7.62 (d, J=7.6 Hz, 1H), 7.58 (d, J=7.1 Hz, 4H),
7.50~7.40 (m, 3H), 7.33 (dd, J=7.4, 7.2 Hz, 1H), 7.20 (d,
J=8.4 Hz, 2H), 7.03 (d, J=8.9 Hz, 1H), 6.70 (d, J=9.6
Hz, 2H), 5.85 (s, 1H); *C NMR (126 MHz, CDCl;) o:
156.65 (dd, J=249.1, 6.6 Hz), 152.48, 141.79 (t, J=11.9
Hz), 140.41, 140.24, 136.03, 133.12, 130.74, 128.86,
128.82, 128.26, 128.10, 127.97, 127.04, 126.70, 126.50,
125.10, 124.33 (t, J=15.7 Hz), 120.13, 114.87, 108.85,
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100.20 (dd, J=18.8, 6.3 Hz). HRMS (ESI) calcd for
CosH oBrF,NO [M+H]" 502.06126, found 502.06200.
3.4 EMMIRTGE

SCR TGP E 73R —20 C HIUKAR HLEL
HIEAERMBREE o, EFEEGFHRE. N
—80 CHIVKAE B RAEIIEE, TN CAEVK B EIH)
Na,HPO,-NaH,PO, Zz /iAW, #MifEZE 18 nmol/L, 4k%:
TEVKH A RAH. Pl 3 mL WAt e, 2R)5m
SAEFA 1.8 mL A& R R R AR O 900 pL 0.2
mol/L /] Na,HPO,-NaH,PO, Z& ¥l (pH=6.5), E&IKST
N 100 mmol/L; A 120 pL 30 mmol/L /] EDTA ¥,
BLYRIEN 2 mmol/L; A 180 uL 1 mmol/L [ 4 ff &
oI, ELIKEN 100 pmol/L; I 9 uL 12 mmol/
L MEBRAR, &I 60 umol/L; I 13.5 uL 0.1
mol/L f2:¥55 lauryl maltoside (n-dodecyl-f-D-malto-
side)iF, ELWREN 750 pmol/L; i 7K EAARFA
1795 uL. o, S22 BRI BRIV IZ B (1 23k
BT, I HABRA 5 KA B S E . FrLAERH
TN AN ik e R 2B IR, A 1% B AT DA —
MR [ 25757 (lauryl maltoside)$i], F H1E pH=6.5
E‘] Na,HPO,-NaH,PO, %@/ﬁ%ﬁﬁjﬂ%ﬂ&, ﬁt%éﬂﬁ%ﬂ'ﬂ
Pl KHZBR- MR EER o SR EEEEE. BT e
23 CIEIE/KHE. 600 r/min fIREL SRS T FFUREAT
W, FELER T E AR S RAE B S S0 RDE
fig, FFIs% 100 s; BB RIZEFROR I AR/ SOV E 2.
A5 uL 18 nmol/L I 5 3l S S, WIS 4 22 Hh BRI B2 oy
0.05 nmol/L, X 5 min, 7E# KN 550 nm &b W5
A 8 2R SRR N, IR AR et Y Bl A 1Y) S R
PRI FE R AT 5%. R o MEERKIELER
¥4 18.5 mLemol 'ecm . HEBLAE KNI E) N 4 (O 2R
c WIEJE /= EHMA LR, FHBRIEE B R 2
B3 3 BB S I RL R T8 R

RS A3 5606 BETHIN E IR E AN IR E T, ANIF]
TR FE () ) 7008 B IORL BN ) 2. S R EE H
buffer X} . 7E 1.8 mL &R IMAJEYF 2 uL DMSO,
TN JE B S 2, D g Jo 700 I B (00 . R
U0 (A B, 007 o) )% Pl 12 () ). s Ah
AR B bE R e A, R RO FE e 4 = R BE, X B
V] 2 1 A0L 5 45 B0 2. K i 5 X FROAH LG B H A o]
2, 1Cso EARYE F i ) A LA 133
max —min
1+10x—logIC50
ATy skl L 2 H ) 75 Bl R A B S A A
HIFE PR & 43 b, maxs min N S FEHEZRE B RS
P, R T AR AR R e ML, xR S 5 v

y=min+

Chin. J. Org. Chem. 2019, 39, 2851~2859
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JE, ICso JBR BRE LY 50% 0T A0 il 7194 5.

¥ Bh#1%L(Supporting Information) Hirfb &%) 3a~
3a') '"H NMR. "C NMR Fil HRMS JF4 & i, ixLett
REAT DL 2 MAS T 335 (http://sioc-journal.cn/)_E N %K.
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