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Abstract According to the principle of combination of bioactive substructure, the structure of diamide was introduced into
fluopyram, and 22 novel fluopyram derivatives containing diamide were designed and synthesized. The structures of the target
compounds were characterized by 'H NMR, 3C NMR and HRMS. The inhibitory activities of the target compounds against
four plant pathogenic fungi and in vitro insecticidal activities against Caenorhabditis elegans were studied. The results showed
that under the concentration of 50 mg/L, most of the compounds showed moderate fungicide activity against Cytospora sp. and
Sclerotinia sclerotiorum with inhibition rate over 80%. The ECso of N-(2-(3-chloro-5-(trifluoromethyl)pyridin-2-yl)ethyl)-
2-(3-fluorobenzamido)benzamide (7f) to Cytospora sp. was 6.12 mg/L, which is higher than fluopyram (35.5 mg/L), the SDH
essay showed that enzyme inhibition rate of 7f reached 90.1%, and the mortality rate against C. elegans was 87% at 200 mg/L.
The results of molecular docking show that the SDH may be a potential target of the compounds.
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Figure 1 Structures of diamide pesticide and fungicide
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Figure 2 Design of the title compounds
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Scheme 1 Synthesis route of the target compounds 7a~7v

AT pH A9, KM R MG QR CBREER, 4ME 2
Mo B3 2L EY) 3.

BALEY) 3 WEMAE R EE S, I NIRAR DY T 2
(TBAB). KHiFR 10% Pd/C, 7E 0.5 MPa [/ 2h, £
TLC Rl R RLTERK, SIS 2= 4. 5 3CHRAHE
tb, ¥/~ 4 WU SRR ETIRAE, BiRAE R TG
IK R R RIEAT B 45 i, S8 & — IR AT DA £ 50 g 2%
G 4, KK T IF(A]

BB 4 VERRAETOK R WD, N 1-2.3E-
(3-SR U T 228 ) B Ik — WP % 3R R £5(EDCI) 4-—H
ZHEMERE(DMAP) LA K A AH K R HEAT 46 & S M1 )
HriE A 5, R 5 A DURSG I o B el Bk T g 2
FIE RS2 6. &%) Ta~Tc 1Ak 6 5 HH B HUAEE
AN, HAHEMEEWE A EE 6 5N
PR/t EDCI/DMAP 45K 2 N AT BRI AL HI1S, 1232
JIT 45 XUk e 7= o Tl 508 43 Ak & 0 R e . 4 it D
CIg
1.2 KiESHh

PIMEEY) Ta M, T80 CisHCIFN;0,,
S-S TH NMR. 3C NMR B4R AT 20 4. AL 2240r
F 6 12.89 [ IE A J& v — 580 FH 2L BT CONH TG IR A,
2 o 8.86 B FIEIHJE NLIEM A, L hits o
8.60~8.53 1) % H I I J& NILhE R HIE, 6 7.61 [ I )
J& e xR R B TG TR A, 6 4.00 (dd, J=11.8, 5.9 Hz))H
J& AR H e PR AR F 3 6 3.34 (t, J=5.8 Hz) (I = H 1§
MU= A o — N 2, JEad 3C NMR AT 4, 6 36.7 5 6
33.6 AP IR, 0 167.9 5 160.5 N IHJE NP4
Tk s i B b, 0 125.64 124.1. 120.5. 117.4 JHJE N

R R R R A T
1.3 REHIEMNE

Hbrfb &) Ta~7v R & BB PE LR 1, DASUE B
BRI TERTIE . 76 200 mg/L W T IE T &)
AL IS E. b & 7E. Tp A 7s (R DRI RIFHIR
2 EHE, PHIE BN 87% T6% A1 81%. 4K HLF
FE A S5 BRI, A& 7F (3-F). g (4-F).
7p (3-C1)+ 7s (2,4-CL)¥JR I H 70% LA I BOEE M, H
tr, BLF RS A FR(TE, 3-F)ZR I R 4F R sE 1, 5
B TE 7 A R A Ps rEiE m. mla, &9 Tp 3-Cl)
F17q (4-ClIIRTZR LI EE 2R 53 R 76%F0 47%.
1.4 HIEEMENE

HAsbEY) Ta~7v 036290 B (Cyrospora
sp. )~ SEREQUR IR (Botryosphaeria berengeriana)~ 7
Hh 2K 599 J5U B (Botrytis cinerea Pers)~ IS 1% JiR 1#
(Sclerotinia sclerotiorum){EHRE 50 mg/L B (1 H] B 22
AR R A RN 2 FoR. i3 2 774, 7E 50 mg/L K
EN, REHEWEAE & P iET, 5o
PRAZ I SR B Y B R RS, KT 80%. &)
7d. 76 Thy Tis T 3R 5 ERT PR O R R
T 80%, (HATME T XS REZ5 7Rt iR Bt i, k&4 71
AN IR E] 92.5%, FELPHVEXT ], [EHA—HEHE,
AW 7ds e 730 DUAR S 5 R S5 2R I AR A S 4
BTGP, 0P S MR R AL S AT T ECso HIMNE,
GERINF 3 B, ALEW) Td. TE TiORE S SRR S
f) ECso 4319 7.39+ 6.12. 16.4 mg/L, W 3ERIEEHA
LSl PR ol = M K ok 7 J Nt i PR S
P FE GO B BERZ (35.5 mg/L).
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K1 HARE AT INFEAT L SRR L JUE (200 mg/L)
Table 1 Inhibition rate of compounds 7a~7v against Caeno-
rhabditis elegans in test tubes (200 mg/L)

FiC | Ol o
N NJ?@
H
HN
R,

Compd. R Mortality rate/%
7a CF; 20
7b n-Propyl 45
Te i-Propyl 45
7d Ph 50
Te 2-FC¢Ha 55
7t 3-FCeH4 87
7g 4-FCsHa 70
7h 3-CH3C¢Ha 60
7i 4-CH3C¢Ha 0
7j 4-CH30CsH4 0
7k 2-BrCeH4 30
7 4-BrCeH4 20
7m 2-CF3CeHa 55
n 3-CF3CeHa 10
70 4-NO2C¢H4 15
7p 3-CICsHa 76
7q 4-CICsHa 47
Tr 4-PhCeH4 0
7s 2,4-C1oCeHa 81
7t CH2-(4-OCH3)C¢Ha 70
Tu 4-C1-2-CF3CeHa 50
v 3,5-(NO2)2CsHa 66

Fluopyram 100

AR TR R, MPRIR BN BT
B 2 PR R VR 1, T2 5] O\ e S 3 I S0 3 S5 205 i
B NS M2 A B PR AR (75 <<7d). G0 SRR 5] A3t K R B
IKEE A I S AT T (T, 22.8%). A3 E5IAIK
J5F 5 e RS M A BT 3 (76> 7d), AT RS R TR
JE - 1 B G PR A 19 8B L T 2 % B PR 3 B PR A BT
P, I ELIE AL B ARG T 6 AL A AS AL A 2 i A
BRI E(TE>Te>Tg). Xt R HARML AP HI40
B A 2 b DR R L RIVE .
1.5 BEEEMNE

N e B AR A B R I S 1) 0 1 1
7E 100 pmoleL ' R E R XA Ta~Tv Xf 3¢ 654
973 JER BT PO BT P S () AT A 9 ek AT T I, & SR
Bl 3 fion. AWE 3 aTRUE H, BARGE R %
(BEHMEIE . Hh &9 76 3MH] 58] 90.1%, 4
5 HR 2GR0 SO i A, ELIE I %o L T S 4 e
TR I, b (1 T 1 5 e A 0 o S SRR e
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K2 HEEPIXT 4 TR B E K30 H] 250 mg/L)
Table 2 Antifungal activities of the target compounds (50
mg/L)

Inhibition rate (control effects)/%

Compd.  Cytospora Botryosphaeria B?lrytzs Sclerotinia
sp. berengeriana CHIEread  clerotiorum
Pers

7a 73.3 37.6 139 81.3
7b 73.3 16.1 36.1 72.9
Te 55.0 30.6 34.7 72.9
7d 89.4 55.9 41.7 88.2
Te 439 14.0 0 153
7f 92.5 53.8 55.6 88.9
7g 239 22.0 5.6 5.6
7h 84.4 2.7 49 69.4
7i 84.4 339 45.1 88.9
7j 79.4 32.8 55.6 90.3
7k 19.4 0 0 0
7 62.2 10.8 10.0 85.4
7m 40.6 37.6 222 87.5
n 84.4 2.7 49 69.4
70 21.1 0 139 82.6
p 65.0 0 54.5 325
7q 36.7 19.9 36.8 77.8
Tr 22.8 8.1 0 12.5
7s 60.6 5.9 0 81.9
7t 61.1 349 0 14.6
Tu 28.3 7.0 18.1 2.8
v 34.4 15.1 0 80.6

Fluopyram 95.0 90.0 91.0 92.0

R3 LA T TE Ti LS TE T T 35 SR S i Y
ECso

Table 3 ECso values of 7d, 7f, 7i, and fluopyram against Cyto-
spora sp.

Compd. ECso/(mol-L 1) Equation R?
7d 7.39 Y=1.4509x+3.74 0.98
7t 6.12 Y=1.971x+3.3379 0.99
7i 16.4 Y=0.8564x+3.9593 0.99
Fluopyram 35.5 Y=1.8794x+2.0858 0.99

© 2021 Chinese Chemical Society & SIOC, CAS
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HAEH, FH B S 3 e SR T B Pro211, M
MAREE A BEA BAEH, X2 7Tk FIREIEHZER
SR, 55t gk i —3k.

TR ERAY) 76 5 SDH 2 B3 (1 A1 B
TER 3, 5405 S0 DL R B A s PRSI 45 R — 3. 45
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B E I E . SRS IRR], FEIRIEZY 200 mg/L Y,
WEY 76 RILH P A RR & HUSE, FETH T 87%. 1E
50 mg/L IRIEF, 22 AMLEPnd UM I 1 4R B —
SE MR BRI, Forb 76 X6 SR 405 R R 1) 4l %y
92.5%, ECso N 6.12 mg/L, T FH1A: 5o BE 5 PLL 1 o iz
FUARAG S0t 30 8 120 BB SDH. B 1 5 100 B % 1k
B TR RN SDH AT R8T & ON Bt
FEAT A T E S A

3 SCIEES

31 E5EHA

W% WG LR S0 A B B i BRUKER Avance 300
MHz Z#EILIRA(TMS AWAR)IIE, =7 # 5 i i
Bruker Daltonics Bio-TOF-Q III i it 1% (ESIMS) I 5E.
S5 v R FHARGR D [ 7 S o M kR, ek 2, 3.
4 Z2ESCHR[19] 77 11 4%
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3.2 B EMHIERKR
3.2.1 e 5 a4

£ 100 mL FIRJEFEHIMALEY) 4 2.24 g (10
mmol), A 15 mL /K =& TR f#E, A EDCI 2.9 g
(15 mmol), DMAP 0.37 g (3 mmol), 4Ff5HEFEFR 2 g
(12 mmol), ¥#fFEA)E, ERSRI FERXM 6 h,
HZOIE[TLC, MR LER) @ VIFEE) © VK)=8 1 1:
VIR, 54, ik OB, R RO I 10 mL
TERE, R RS LR, MR BRSNS, A
EhoKVES, AP HRAER(G mLX2), YA LK
Na S04 T, I UE, Wel & R Z RIEF, FRY
SR EM VA M) @ MR ZE)=5 : 117 EEF
FHAMEA N-(2-(3-5-5-(= 5 F 25tk e -2-38) 2,3%)-2-
AHZE R I IZ(S) (3.13 g, WK 84%). m.p.132~134 C;
'H NMR (300 MHz, CDCl3) 6: 8.66 (d, J=1.0 Hz, 1H,
Py-H), 8.02 (dd, J=8.1, 1.0 Hz, 1H, Py-H), 7.93 (d, J=
1.6 Hz, 1H, Ph-H), 7.67 (td, J=7.5, 1.3 Hz, 1H, Ph-H),
7.53 (s, 2H, Ph-H), 6.79 (s, 1H, NH), 4.01 (d, J=5.8 Hz,
2H, CH,), 3.36 (s, 2H, CH,); 3C NMR (126 MHz, CDCl5)
5: 165.4, 159.9, 145.5, 142.6, 132.9, 132.7, 132.0, 131.0,
129.4, 127.7, 125.0, 124.8, 123.5, 122.8, 120.6, 76.3, 76.0,
75.8, 36.0, 32.9. HRMS (ESI) calcd for C;sH;;CIF3N303
[M+H]" 373.0441, found 373.0452.

322 ALEH 6 498

£ 50 mL [EJEEHF IMANLEY 5 3.73 g, 10
mmol)Fl 10 mL HEZ, 10% Pd/C (0.3 g)¥fRAE 5 mL F %
I Z S SR R, 8 =@ R, KR N
RMAEZ, RERNES, EH2K)E, RANEAA. B
BN RRL2 h, EEGREVCAME) @ MCRLER)=1 :
VIREI, J B 584 a5 1k OBE, 4 e Ak R i, Bl
PA/C. J A 2 B 2SR AR I 1) 5 15 21 38 (B 44, FR i
SE ISR 2-F HE-N-(2-(3-F-5-(=F F 2L Ik me -2- 9 ) 2,
FH I EEZ6) (3.1 g 90%). mp. 108~110 ‘C; 'H
NMR (300 MHz, CDCls) o: 8.84 (s, 1H, Py-H), 7.88 (dd,
J=8.1, 2.3 Hz, 1H, Py-H), 7.33 (dd, J=13.0, 4.8 Hz, 2H),
721 (ddd, J=8.3, 7.2, 1.5 Hz, 1H), 7.12~7.04 (m, 1H,
Ph-H), 6.67 (ddd, J=8.9, 6.1, 2.0 Hz, 2H, Ph-H), 5.56 (s,
2H, NH), 3.87 (dd, J=12.3, 5.8 Hz, 2H, CH>), 3.19 (t, J=
6.2 Hz, 2H, CH,); *C NMR (126 MHz, CDCls) &: 168.2,
160.1, 142.7, 132.9, 132.8, 131.2, 130.9, 126.1, 125.0,
124.8, 122.9, 122.4, 120.6, 116.5, 115.9, 115.3, 35.7, 33.5.
HRMS (ESI) caled for CisHi3CIFsN;O [M + H] *
343.0699, found 343.0671.

3.2.3 fubdh Ta~Te 896K

£ 50 mL [RJEHEMFAMALEY 6 0.8 g (2.33
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mmol) 1= 2% 0.35 g (3.5 mmol), 10 mL Jo/K 5 ke
VERVEFI, UK R =5 LB 0.34 g (2.56 mmol)
IR BRI, WnE e =R RN 3 h #)E
A VCAE) @ LB AE)=1 - 180, &N 5E4.
SN AAS Z8 A IR P L AN gk TR S BN R A B e AN B R K B
Y, “EFEZEEL(10 mLX2), AU TK NaxSOs T
B, I UE, BRI 2T, PR S EAE Z M VA
i) : M(CBR 4BR)=5 © 122 B &9 N-(2-(3-
A-5-(Z B mbng -2-58) 4. 35)-2-2,2,2- = OB A
BRI (Ta), 0.87 g, W& 85%. HEFEAK, mp.
134~136 ‘C; '"H NMR (300 MHz, CDCl3) 6: 12.89 (s,
1H, NH), 8.76 (s, 1H, Py-H), 8.60~8.53 (m, 1H, Py-H),
7.94 (d, J=1.7 Hz, 1H, Ph-H), 7.61 (s, 1H, NH), 7.57~
7.42 (m, 2H, Ph-H), 7.26~7.18 (m, 1H, Ph-H), 4.00 (dd,
J=11.8, 5.9 Hz, 2H, CH,), 3.34 (t, J=5.8 Hz, 2H, CH,);
3C NMR (75 MHz, CDCls) d: 167.9, 160.7, 155.1, 154.6,
143.3, 137.5, 133.7, 132.6, 131.7, 126.2, 125.6, 124.4,
124.1, 123.0, 121.2, 120.5, 120.0, 117.4, 113.5, 77.1, 76.7,
76.3, 36.7, 33.6. HRMS (ESI) calced for Ci7H;3CIFsN;0,
[M+H]" 440.0595, found 440.0588.

W& Tb~Tc &S BUEY) Ta (15 T

2- T H HE-N-(2-(3-F-5-( = 1 25 b e -2- 2% ) 2. 3%)
R HBEZ(Tb): B EIRIBAE, Y3 87%. 'H NMR (300
MHz, CDCl3) §: 11.15 (s, 1H), 8.75 (s, 1H), 8.60 (d, J=
8.1 Hz, 1H), 7.94 (d, J=1.7 Hz, 1H), 7.42 (dd, J/=7.8, 2.0
Hz, 2H), 7.35 (s, 1H), 7.10~6.99 (m, 1H), 3.97 (d, J=6.0
Hz, 2H), 3.33 (t, J=5.9 Hz, 2H), 2.51~2.28 (m, 2H), 1.77
(dd, J=15.0, 7.5 Hz, 2H), 1.01 (t, J=7.4 Hz, 3H); 13C
NMR (75 MHz, CDCly) &: 171.7, 168.6, 160.5, 143.4,
139.4, 133.6, 132.2, 131.6, 126.1, 125.7, 124.1, 122.2,
121.1, 120.5, 119.8, 77.1, 76.7, 76.3, 40.1, 36.6, 33.8, 18.7,
13.4. HRMS (ESI) caled for C19H20CIF3N302 [N[‘FH]Jr
414.1191, found 414.1191.

N-(2-(3-F0-5-( =90 F 28 ML g -2- 58 ) 2,38 )-2- 7 T Ik
¥ % It 2 (Te): B iR, U ZE 83%. 'H NMR
(300 MHz, CDCls) d: 11.22 (s, 1H), 8.73 (d, J=1.0 Hz,
1H), 8.56 (d, J=7.9 Hz, 1H), 7.90 (d, J=1.8 Hz, 1H), 7.39
(dd, J=12.3, 4.5 Hz, 3H), 7.00 (td, J=7.7, 1.1 Hz, 1H),
3.95 (q, J=6.0 Hz, 2H), 3.32 (t, J=6.0 Hz, 2H), 2.56 (dt,
J=13.8, 6.9 Hz, 1H), 1.28~1.23 (m, 6H); 3C NMR (75
MHz, CDCl) 0: 175.7, 168.6, 160.5, 143.4, 143.3, 139.5,
133.6, 132.0, 131.5, 126.2, 125.6, 124.1, 122.1, 121.0,
120.5, 119.9, 77.1, 76.7, 76.3, 40.1, 36.9, 33.9, 19.1.
HRMS (ESI) caled for CjoHyCIF;N;0, [M + H] *
414.1191, found 414.1191.
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3.2.4 A Td~Tv 4956 5%,

7E 50 mL RGP IMANEY 6 0.8 g (233
mmol), A 10 mL Jo/K & F M, T EDCI 0.67 g
(3.5 mmol), DMAP 0.03 g (0.23 mmol), XH & 0.34 g
(2.8 mmol), TG, ERURY T ERKEL 6 h,
M EUE[TLC, VOAME) @ MR B =1 © 1]k,
SBETE A, AF IR, FE RS A 10 mL 5§,
WRUR F R SRR MR R BR VA TR AN SRk ki, —
ARLEEER(S mLX2), AHUHHIEK NaxSOs T, i
I8, WeR A RN Z RGN, MR ER VR
WER) D MR CER)=5 - 1] BA R A aiEsgk 2-28H
T Jig - N-(2-(3- 58-5-( = 9, F 2 )Mt g - 2- ) £ 3 ) 28 R Tl f
(7d) 0.9 g, W 86%. m.p. 136~137 ‘C; '"H NMR (300
MHz, CDCL3) d: 12.22 (s, 1H), 8.81~8.72 (m, 2H), 8.04
(dd, J=7.9, 1.8 Hz, 2H), 7.91 (d, J=1.6 Hz, 1H), 7.58~
7.44 (m, 6H), 7.11~7.02 (m, 1H), 4.00 (d, J=6.0 Hz, 2H),
3.35 (d, J=6.0 Hz, 2H); '*C NMR (75 MHz, CDCls) 4:
168.8, 165.2, 160.5, 143.4, 139.7, 134.5, 133.7, 133.6,
1323, 131.6, 131.5, 128.4, 127.0, 126.3, 126.0, 125.5,
124.1, 122.2, 1212, 120.5, 110.1, 77.1, 76.7, 76.3, 36.6,
33.8. HRMS (ESI) caled for CyH;sCIFsN;O, [M+H]"
448.1041, found 448.1041.

WG Te~Tv FIE RSB EY) Td (G TTE.

N-(2-(3-58-5-( =5 )k g -2- 358 ) 2, 558 )-2-(2- 3 K
FHIG e 32 ) 2 Y B i (Te): 1 B B4, IR 86%. mup.
146~148 ‘C; '"H NMR (300 MHz, CDCls) d: 11.81 (d,
J=7.2 Hz, 1H), 8.80 (s, 1H), 8.67 (d, J=8.3 Hz, 1H), 8.00
(td, J=7.7, 1.8 Hz, 1H), 7.82 (dd, J=8.2, 2.1 Hz, 1H),
7.68 (s, 1H), 7.46 (ddd, J=9.7, 4.4, 1.6 Hz, 3H), 7.32 (d,
J=8.1 Hz, 1H), 7.26~7.19 (m, 1H), 7.16 (dd, J=6.7, 4.6
Hz, 1H), 7.09~7.02 (m, 1H), 3.86 (dd, J=12.2, 6.0 Hz,
2H), 3.17 (t, J=6.3 Hz, 2H); 3C NMR (75 MHz, CDCl5)
J9: 168.3, 162.1, 160.6, 158.3, 143.4, 138.6, 133.6, 133.0,
131.9, 131.6, 131.1, 126.3, 125.9, 125.5, 124.2, 123.0,
122.5, 122.0, 121.7, 120.5, 116.3, 116.0, 77.13, 76.70,
76.28, 36.6, 33.8. HRMS (ESI) calcd for Cy,H,7CIFsN;0,
[M+H]" 466.0940, found 466.0942.

N-(2-(3-58-5-( =5 FH ) b WE -2- 5 ) £ 58)-2-(3- K
FHIE i 22 ) 2K FR G i (76): 1 B A4, U 84%. mup.
139~141 ‘C; '"H NMR (300 MHz, CDCls) 6: 12.40 (s,
1H), 8.85 (d, J=4.5 Hz, 1H), 8.77 (dd, J=17.5, 8.1 Hz,
1H), 8.13~8.00 (m, 1H), 7.93~7.85 (m, 1H), 7.84~7.73
(m, 1H), 7.59~7.44 (m, 3H), 7.35 (dd, J=14.3, 8.7 Hz,
1H), 7.22 (dd, J=10.4, 5.9 Hz, 1H), 7.12 (d, J=7.6 Hz,
1H), 3.93 (dd, J=11.9, 6.0 Hz, 2H), 3.21 (dd, /=118, 5.8
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Hz, 2H); '*C NMR (75 MHz, CDCl;) &: '3C NMR (126
MHz, CDCl3) d: 168.1, 167.6, 163.4, 142.7, 139.1, 138.9,
138.0, 133.0, 131.8, 131.3, 130.9, 128.8, 125.5, 122.4,
122.1, 121.9, 121.4, 120.5, 119.1, 114.9, 114.7, 36.0, 33.1.
HRMS (ESI) caled for CxpHi;CIFN;O, [M + H] *
466.0940, found 466.0932.
N-(2-(3-50-5-( =5 F 2 ) b g -2- 38 ) 2, 38 )-2-(4- Bl %
PR e 56 ) 2% Bk e (7g): A A4, Yo 87%. mup.
152~154 ‘C; '"H NMR (500 MHz, CDCls) &: 12.18 (s,
1H), 8.67 (dd, J=10.2, 1.5 Hz, 2H), 8.02~7.93 (m, 2H),
7.83 (d, J=1.7 Hz, 1H), 7.46~7.32 (m, 3H), 7.13~7.06
(m, 2H), 7.03~6.95 (m, 1H), 3.91 (dd, J=11.9, 5.9 Hz,
2H), 3.25 (t, J=5.9 Hz, 2H); *C NMR (126 MHz, CDCl5)
5: 168.1, 165.0, 163.4, 163.0, 159.8, 143.2, 139.0 133.0,
131.8, 130.9, 130.0, 128.8, 125.5, 125.3, 125.0, 121.9,
120.4, 119.1, 114.8, 114.7, 36.0, 33.1. HRMS (ESI) calcd
for CooH17CIF4N;0, [M+H]" 466.0940, found 466.0942.
N-(2-(3-50-5-( = % 1 38 itk e -2- 38 ) 2,3 )-2-(3- F 3
2 PP IR e 35 26 T BE e (Th): LA, IR 84%. mup.
141~143 “C; '"H NMR (300 MHz, CDCly) 6: 12.12 (s,
1H), 8.76 (dd, J=10.1, 1.5 Hz, 2H), 7.95~7.78 (m, 3H),
7.55~7.33 (m, 5H), 7.13~7.03 (m, 1H), 4.00 (dd, J=
12.0, 6.0 Hz, 2H), 3.34 (t, J=5.9 Hz, 2H), 2.46 (s, 3H);
13C NMR (75 MHz, CDCl;) J: 168.8, 165.5, 160.5, 143.4,
139.6, 138.2, 134.5, 133.7, 132.2, 131.6, 128.3, 127.9,
126.3, 123.9, 122.4, 121.2, 120.2, 36.8, 33.9, 21.1. HRMS
(ESI) caled for CapHyCIFsN;O, [M+H]" 462.1191,
found 462.1190.
N-(2-(3-5-5-( = H 28 itk g -2- 58 ) £, 36 )-2-(4- 2
7% PR e 5 ) 28 FR G e (7i): A E A, R 88%. mup.
138~140 ‘C; '"H NMR (300 MHz, CDCls) &: 12.19 (s,
1H), 8.84 (s, 1H), 8.77 (d, J=8.2 Hz, 1H), 7.93 (d, J=8.1
Hz, 2H), 7.86 (dd, J=8.2, 2.1 Hz, 1H), 7.76 (s, 1H), 7.50
(d, J=17.7 Hz, 2H), 7.34 (d, J=10.1 Hz, 2H), 7.28 (s, 1H),
7.05 (s, 1H), 3.90 (dd, J=12.1, 5.9 Hz, 2H), 3.20 (t, J=
6.2 Hz, 2H), 2.43 (s, 3H); *C NMR (75 MHz, CDCl;) §:
168.8, 165.3, 163.2, 145.8, 142.0, 139.8, 133.5, 132.2,
131.8, 129.1, 127.1, 126.3, 123.0, 122.4, 121.1, 120.0,
38.2, 36.2, 21.1. HRMS (ESI) calcd for Ca3HaCIF3N;0;
[M-+H]" 462.1191, found 462.1183.
N-(2-(3-50-5-( =5 F 2 ) b i -2- 38 ) 2, 36 )-2-(4- F 4R,
Fo R BRI AR B RZ (7)) A EE, 1R 90%. mop.
121~122 “C; '"H NMR (300 MHz, CDCls) &: 12.18 (s,
1H), 8.87~8.81 (m, 1H), 8.78 (dd, J=9.0, 1.1 Hz, 1H),
7.94 (d, J=8.2 Hz, 2H), 7.91~7.82 (m, 1H), 7.71 (s, 1H),
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7.50 (d, J=7.7 Hz, 2H), 7.31 (d, J=8.4 Hz, 3H), 7.06 (td,
J=17.7,12 Hz, 1H), 3.91 (d, J=6.5 Hz, 2H), 3.21 (s, 2H),
2.43 (s, 3H); *C NMR (75 MHz, CDCls) 6: 168.8, 165.3,
145.8, 141.9, 139.8, 133.5, 132.2, 131.8, 129.1, 127.1,
126.3, 124.9, 124.4, 123.0, 122.4, 121.3, 120.0, 38.2, 36.2,
21.1. HRMS (ESI) caled for C23H20C1F3N303 [N[‘i‘Na]Jr
450.1400, found 450.1406.
2-JR-N-(2-((2-(3-5-5-( =3 FF 25k me -2-58) 2,38 &=
PRG3R 38 K F IR A (Tk): A AR, IR 85%. mup.
160~162 ‘C; '"H NMR (300 MHz, CDCls) 6: 12.35 (s,
1H), 8.9~8.66 (m, 2H), 7.93 (dd, J=6.4, 4.5 Hz, 3H),
7.72~7.62 (m, 2H), 7.58~7.43 (m, 3H), 7.16~7.08 (m,
1H), 4.09 (dd, J=11.9, 5.9 Hz, 2H), 3.36 (t, J=5.9 Hz,
2H); 3C NMR (75 MHz, CDCl;) d: 168.4, 166.0, 163.2,
145.8, 139.0, 138.1, 134.1, 133.3, 132.3, 131.0, 128.6,
127.3,126.3, 123.1, 121.3, 120.5, 119.4, 38.2, 36.1. HRMS
(ESI) caled for CxH7BrCIFsN;0, [M+H] © 526.0139,
found 526.0135.
2-(4- VL 2 HR B 12 )-IN-(2-(3- B~ 5-( = 980 HF 32 ) b e -2-
B CH) R B (T, FEAE Ak, W 82%. mp. 163~
165 “C; '"H NMR (300 MHz, CDCls) &: 12.33 (s, 1H),
8.85~8.66 (m, 2H), 7.90 (dd, J=6.4, 4.5 Hz, 3H), 7.70~
7.61 (m, 2H), 7.57~7.42 (m, 3H), 7.14~7.04 (m, 1H),
4.00 (dd, J=11.9, 5.9 Hz, 2H), 3.34 (t, J=5.9 Hz, 2H);
13C NMR (75 MHz, CDCls) d: 168.7, 164.2, 160.5, 143.3,
139.7, 134.8, 132.4, 132.0, 131.6, 128.7, 126.2, 125.6,
124.1, 122.6, 121.1, 120.5, 119.8, 36.7, 33.8. HRMS (ESI)
caled for CyH;7BrCIFsN;0, [M+H]" 526.0139, found
526.0135.
N-(2-(3-5-5-( =5 H 8 )Mk WE -2-F%) £ 58)-2- (=3
FH ) 2 Ik i 3 ) 2 PR B e (Tm): BB, IR 89%.
m.p. 112~1116 ‘C; 'H NMR (300 MHz, CDCl;) &: 11.72
(s, 1H), 8.80 (s, 1H), 8.69 (d, J=8.1 Hz, 1H), 7.83 (dd,
J=17.9,2.1 Hz, 2H), 7.73 (d, J=17.5 Hz, 1H), 7.59 (dd, J=
18.3, 6.8 Hz, 3H), 7.52~7.44 (m, 2H), 7.09 (dd, J=7.6,
0.9 Hz, 1H), 3.78 (d, J=6.2 Hz, 2H), 3.12 (d, J=7.2 Hz,
2H); *C NMR (75 MHz, CDCl;) d: 168.3, 165.8, 163.2,
145.8, 139.1, 136.1, 133.5, 132.3, 131.8, 129.7, 127.8,
127.5, 127.1, 126.7, 125.3, 124.4, 123.1, 121.7, 120.3,
38.1, 36.0. HRMS (ESI) calcd for C,3H;sCIF¢N3O,Na
[M+Na]" 538.0727, found 538.0725.
N-(2-(3-5-5-( =3 FF 28k mg -2-58) 2, 35)-2-(3-( =36
FH 3 ) 2 P T e 32 ) 2 R I e (Tm): 1 B LA, U 85%.
m.p. 150~152 °C; 'H NMR (300 MHz, CDCls) &: 12.49
(s, 1H), 8.77 (dd, J=6.7, 4.8 Hz, 2H), 8.36 (s, 1H), 8.20
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(d, J=7.8 Hz, 1H), 7.93 (d, J=1.9 Hz, 1H), 7.82 (d, J=
7.7 Hz, 1H), 7.67 (t, J=7.8 Hz, 1H, 7.58~7.35 (m, 3H),
7.17~7.07 (m, 1H), 4.06~3.89 (m, 2H), 3.35 (t, J=5.9
Hz, 2H); 3C NMR (75 MHz, CDCls) 6: 168.7, 163.7,
160.5, 145.9, 143.4, 139.5, 135.5, 133.66, 132.5, 131.6,
131.3, 130.8, 129.8, 129.0, 128.0, 126.4, 125.6, 125.3,
124.6, 124.1, 122.9, 121.7, 121.2, 120.5, 119.8, 36.7, 33.8.
HRMS (ESI) caled for Cy3HjsCIFgN;O, [M + H] *
516.0908, found 516.0909.
N-(2-(3-5-5-( = FF J5 )tk g -2- 38 ) 2, 3% )-2-(4- g #%
2% B ) 2 H B B (o) 35 B [ A4, ISR 90%. mup.
162~164 ‘C; '"H NMR (300 MHz, CDCls) &: 12.67 (s,
1H), 8.78 (d, J=8.5 Hz, 2H), 8.39~8.31 (m, 2H), 8.24~
8.16 (m, 2H), 7.94 (d, J=1.7 Hz, 1H), 7.60~7.48 (m,
3H), 7.19~7.10 (m, 1H), 4.07~3.97 (m, 2H), 3.35 (t, J=
5.9 Hz, 2H); 3C NMR (75 MHz, CDCl;) d: 168.6, 162.9,
160.4, 149.4, 143.4, 140.1, 139.5, 133.7, 132.6, 131.6,
128.2,126.2, 123.6, 123.2, 121.1, 119.6, 36.7, 33.7. HRMS
(ESI) caled for CyH;7CIFsN4OsNa [M+Na]" 515.0704,
found 515.0704.
N-(2-(3-50-5-( =5 F 2 )k e -2- 38 ) 2, 36 )-2-(3- & %
FF Bk fr 228 ) 2R HR G i (Tp): o G [ A, CR 87%. mup.
136~138 ‘C; '"H NMR (300 MHz, CDCls) &: 12.32 (s,
1H, 8.74 (d, J=7.9 Hz, 2H), 8.03 (t, J=1.8 Hz, 1H), 7.89
(ddd, J=7.5, 3.9, 1.6 Hz, 2H), 7.59~7.33 (m, 5H), 7.15~
7.00 (m, 1H), 4.00 (dd, J=12.0, 6.0 Hz, 2H), 3.34 (t, J=
6.0 Hz, 2H); 3C NMR (75 MHz, CDCl;) &: 168.7, 163.7,
160.5, 145.9, 143.4, 139.5, 135.5, 133.7, 132.5, 131.6,
131.3, 130.8, 129.8, 129.0, 128.0, 126.4, 125.9, 125.6,
125.3, 124.6, 124.1, 1229, 121.7, 121.2, 120.5, 119.8,
36.7, 33.8. HRMS (ESI) calcd for CoH;7Cl,F3N;0, [M+
H]" 482.0644, found 482.0651.
N-(2-(3-50-5-( =5 F 2 ) b e -2- 38 ) 2, 36 )-2-(4- S %
FF Bk fr 228 ) 2R HR G i (7q): ¥ ([ AA, IR 85%. mup.
138~140 ‘C; '"H NMR (300 MHz, CDCls) &: 12.32 (s,
1H), 8.75 (dd, J=4.2, 3.3 Hz, 2H), 8.01~7.95 (m, 2H),
7.92 (d, J=1.7 Hz, 1H), 7.50 (t, J=8.5 Hz, 5H), 7.11~
7.03 (m, 1H), 4.00 (q, J=5.9 Hz, 2H), 3.34 (t, J=5.9 Hz,
2H); *C NMR (75 MHz, CDCL) &: 168.7, 164.1, 160.5,
143.4, 139.6, 137.8, 133.6, 133.0, 132.4, 131.6, 128.6,
126.1, 125.6, 124.1, 122.6, 121.1, 119.8, 36.7, 33.8. HRMS
(ESI) caled for CpH7CLFsN;O, [M+H]" 482.0644,
found 482.0651.
N-(2-((2-(3-5-5-( =3 FF 28 bk g -2- 3% ) £, 38 ) &= R
FEOREE)[1,1-BK 2R 1-4- I )iz (7r): & B A, e
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82%. m.p. 136~138 ‘C; 'H NMR (300 MHz, CDCls) o:
12.31 (s, 1H), 8.82 (d, J=7.9 Hz, 1H), 8.76 (d, J=0.9 Hz,
1H), 8.13 (d, J=8.4 Hz, 2H), 7.92 (d, J=1.7 Hz, 1H), 7.76
(d, J=8.4 Hz, 2H), 7.70~7.64 (m, 2H), 7.56~7.46 (m,
5H), 7.43 (d, J=7.2 Hz, 1H), 7.13~7.04 (m, 1H), 4.02 (q,
J=5.9 Hz, 2H), 3.35 (t, J=5.9 Hz, 2H); *C NMR (75
MHz, DMSO) J: 168.8, 165.0, 160.5, 144.2, 143.4, 139.8,
1342, 133.1, 132.3, 131.6, 128.6, 127.6, 127.0, 126.3,
126.0, 125.5, 122.5, 121.2, 120.0, 36.8, 33.8. HRMS (ESI)
caled for C23H22C1F3N302 [l\/[‘}'H]Jr 524.1349, found
524.1347.

2,4- " E-N-(2-((2-(3-Fl-5-( =% 3 )k g -2-3%) 24
B EH I8 ) R 3 ) IR FH B i (7s): R B R A, iR
85%. m.p. 138~140 C; 'H NMR (300 MHz, CDCl;) ¢:
11.75 (s, 1H), 8.73 (d, J=8.8 Hz, 2H), 7.92 (d, J=1.9 Hz,
1H), 7.60 (d, J=8.3 Hz, 1H), 7.56~7.39 (m, 4H), 7.35
(dd, J=8.3, 2.0 Hz, 1H), 7.16~7.08 (m, 1H), 3.94 (dd,
J=11.9, 5.9 Hz, 2H), 3.29 (t, J=5.9 Hz, 2H); 3C NMR
(75 MHz, CDCL) d: 168.3, 16.0, 160.5, 143.4, 138.9,
136.4, 134.3, 133.6, 1323, 132.0, 131.6, 130.0, 127.14,
126.1, 125.6, 124.1, 123.1, 121.3, 120.5, 36.6, 33.7.
HRMS (ESI) caled for C22H16C13F3N302 [M‘}'H]Jr
516.0255, found 516.0256.

N-(2-(3-50-5-( =5 F 2 M g -2- 3% ) 2,38 )-2-(2-(4-FF
SRR L) 2 ) R H B (TY): A, R 87%.
m.p. 142~144 °C; 'H NMR (300 MHz, CDCl) o: 11.16
(s, 1H), 8.74 (d, J=1.0 Hz, 1H), 8.55 (d, J=8.4 Hz, 1H),
7.93 (d, J=1.6 Hz, 1H), 7.45~7.36 (m, 2H), 7.34~7.23
(m, 3H), 7.07~6.97 (m, 1H), 6.95~6.87 (m, 2H), 3.92
(dd, J=12.0, 5.9 Hz, 2H), 3.80 (s, 3H), 3.66 (s, 2H), 3.30
(t, J=6.0 Hz, 2H); *C NMR (75 MHz, CDCls) 6: 169.9,
168.4, 160.5, 158.5, 143.4, 139.2, 133.6, 132.0, 131.6,
130.1, 126.5, 126.0, 125.5, 1242, 122.4, 121.1, 120.4,
113.9, 54.9, 44.4, 36.6, 33.9. HRMS (ESI) calcd for
Ca4HCIF3N;0; [M+H]" 492.1299, found 492.1290.

4-F0-N-(2-((2-(3-5-5-(= 9 FH 2 g 2-38) 2,38 &=
FH gt 5 ) 8 6 )- 2 - (=3 P ) R F B i (7m): - (LA, i
Z 86%. m.p. 152~154 “C; '"H NMR (300 MHz, CDCl;)
5: 12.59 (s, 1H), 8.81~8.70 (m, 2H), 8.42 (d, J=1.9 Hz,
1H), 8.11 (dd, J=8.4, 2.1 Hz, 1H), 7.94 (d, J=1.9 Hz,
1H), 7.66 (d, J=8.3 Hz, 1H), 7.51 (dd, J=8.2, 6.9 Hz,
3H), 7.13 (s, 1H), 4.01 (d, J=5.9 Hz, 2H), 3.35 (t, J=5.8
Hz, 2H); 3C NMR (75 MHz, CDCl;) §: 168.6, 162.7,
160.5, 143.4, 139.5, 135.5, 134.3, 132.6, 131.61, 130.7,
128.9, 128.5, 127.0, 126.2, 125.6, 124.1, 123.0, 121.1,
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120.4, 119.6, 36.7, 33.7. HRMS (ESI) caled for
CpsHisCLFN;ONa [M + Na] © 572.0338, found
572.0338.

N-(2-((2-(3-5-5-( =3 FF 2 itk g -2- 3% ) 2, 38 ) &= R
Fo) IR HE)-3,5- A B R F M i (Tv): AR, g
85%. m.p. 176~178 ‘C; 'H NMR(300 MHz, CDCl;) o:
12.74 (d, J=7.7 Hz, 1H), 9.00 (d, J=6.2 Hz, 4H), 8.84 (d,
J=0.9 Hz, 1H), 8.38 (dd, J=18.3, 4.8 Hz, 2H), 7.82~
7.72 (m, 1H), 7.62~7.52 (m, 1H), 7.26 (t, J=7.2 Hz, 1H),
3.75 (dd, J=12.7, 6.6 Hz, 2H), 3.28 (t, J=6.9 Hz, 2H);
13C NMR (75 MHz, DMSO) d: 168.6, 161.0, 160.5, 148.5,
144.0, 138.2, 137.4, 134.2, 132.3, 131.2, 128.4, 127.2,
124.8, 124.3, 122.1, 121.4, 37.7, 34.5. HRMS (ESI) calcd
for C2,H1sCIF3NsO [M+H]" 538.0736, found 538.0727.
3.3 EEMEMR
33.1  BAMLART AT ISATA R 6) 5 RIEH LI

H AR A B 3% HUE 22 2 SCRU220-22), e & 0
JEK B I NGM 55772, 7EEFFRERN 150 uL K%
R OPS0, iRIAIL], FrHIET AR kAN, ET
22 CHEEMRFE. 3 dFHUH, H M9 Ll Ha K i 75
A2k RS 7R 2L, B ARUEE R 2 mL BOEH, HO
Fk B, EEV IR EELMEFIIMA 2 mL BT
ZRTR, JRA), T E 20 min J5, 3000 r/min B0, FEE
TEV, FH MO ZE Rt 3 k. 4 HROI I T AT OPSO0
INGM H, BT 22 ClEEMHFF 3 d B84 H. H
KEKMPe L, SR)5 3800 r/min B OALEE, FEAHR
gy FIEV, W N R, AN e HUK S S & .

S FRELHFRL A 1 mg, 050 pL DMSO %1,
PO 10 mL 1% 80 KA. 7£ 48 FLAR BRI
250 uL AFEAEDKIER, TEHEDIRES 100
ng/mL FIREDL NI E, BB = A FATI25, DA
e RS IR 2657, FEANFLAFINN 10 uL & 4R 4T 175 B AT
2 TS KT, BUE R BN, R E IR E LG
B, 24 h JFICFAAEEUE, I B i, ZligH
T ORFFTE 100~200.

332 BAMAMeYIr I E LA KEEEE

AR08 e R rp A N BN RO AT L AR HE(NY/T
1156.2-2006), K F 18 22 A Kl Rk 2047 0 e 2324, H
353 22— W R 43 Sl Bk ARy £ 2 R S e T T e
20 mg, JIAZE] 10 mL B0 W, H 2 mL DMSO i,
Hl#& R 1 mg/mL (BRE. B E AT, fEECHILT
FBETFH 85 R AR R AR 50 mg/L A& FRES R 25 AR,
AT AT S AR, S EE 3 R KIS
I BRE SRR . SE RSO SR AZ B DA R
IREE R, BRSNS P ERAE THERAN S
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mm [PFTFLERITHL, VIECE D, H S S FRIPEH
PP G I & 2R R b o, & R R0 B TR 7%
Farp g TR, WHE ZAPATR, S-S RIEECE A,
3.3.3  HARMGAM 0 B ) B L8

HRE 225 SCHR (251418 1) J7 iR R B Rk B 3 IR
o3 02993 B A P T S 4 2 A 4 B 3IR (PDA) R 97 2 |
SRJE 25 CHEFEESFR 7 d. AFTILES M PDA KiRitin
A HE RS AL T AL, B D\ 5% 4 %) B R i)
(PDB)H, REIKMEFIEIFE 7 d (25 °C, 180 r/min). K BA
B IR S, F/NTIVIRCINER, TN 20 mL e fifk
FEHUA (10 mmolsL ' KH,PO4, 10 mmolsL ' KCI, 10
mmoleL™ ! MgCl,, 0.5 mmoleL ' FEH¥, 0.2 mmolsL !
EDTA, 2 mmoleL ™! 7% Jk F BL i fot 550(PMSF)). FH 8 75 1l
PERRRE B (200 W, 15 s, [AIBE 20 s, fE30 6 i), SRIE &
DB (4 °C, 5000 g, 10 min), B EiEW. & 13000
g &0 20 min, FF_IEWR, VIUERALRARURL. BB
TFAEAH R 22 vl b . SRR B IE RSN 10
mg/mL, A&7 T —80 C.

SR FH A ot A I A ) TR 9 BT 8 R o S B
RGN E LAY Ta~Tv 1 SDH BEIHETE. A0 H
PSR T DMSO H, LLDMSO i I, 2k fA
TFIRAE SR AR 1/10, FE4E 10 mmolsL ™' BEFH
FRAFEAE T 30 CTMGE 30 min, W LRbiAA HARL &Y
JL0EE 3 min, 730 CF#EAT DCPIPILJR, H4mtafE
TH7E 600 nm R WL, W5 5 F1 65 s IR EEEAR LA,
34 NFXIIE

NT &Y YS SDH M4, A
Sybyl-X2.0 BEAT 73 T X #EMT 58, B4 ChemBioDraw
16.0 it H b6 50104544, #8)5 P ChemBio3D16.0 £
AN = e S5, FRAE Sybyl Bt % H MMFF94
Ji3it AT Ak, 75 PDB %04k FE (http://www.ncbi.nlm.nih.
gov/protein/) N %k SDH (1) fa k&1 (4ysz), £ Sybyl Fft:
T, E SRR, R T, BRI, A
S KA 5 SDH s ME 048, 4R f5iEid Surflex-Dock 4k
BEAT o TR A, R R, M T 5 EAR
gh4 77 A B AH HAE H.

4 BBl (Supporting Information) {L&4%) 7a~7v [

'H NMR 1 3C NMR 3. X 2epopfh ] DL 5 2% A AT
sfi(http: //sioc-journal. cn/) b N %K.
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