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ALEOGE BX PSR U it B 2K S IRt SRR R HRIE M
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(WL TR 22402 TRE2EBE i 310014)

Hi= =

WE USRI GSNEY, 2-FEME ARG FER, M. e, B, KF. SRR, %
AT 30 ASE L ne BEE R WAL R AL A1, HAEMZ 'THNMR. BC NMR FE5 HEFRG3EAT /AL, #1202 i
PEIRSE B BN, FEWRIE N 500 mg/L 40T, IX7.IX12.0X20 DA% 1X26 K5 Hu(Mythimna separata) B2 BUF PN 100%,
Ak, 1X20 7E 500 mg/L I X S ith 588, (Spodoptera frugiperda) (% BUIE TN 100%. 2435y 200 mg/L I, IX20 %f
il ER) A SRR 50%.
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Design, Synthesis and Insecticidal Activities of Pyridyl Thiazole
Diamide Compounds

Chen, Shu Shao, Yingying Fu, Xinhao Chen, Qingwu Du, Xiaohua Tan, Chengxia™

(College of Chemical Engineering, Zhejiang University of Technology, Hangzhou 310014)

Abstract Based on the chlorantraniliprole as leading compound, thirty novel pyridyl thiazole diamide compounds using
2-cyanopyridine as the starting material were synthesized through addition, cyclization, substitution, hydrolysis, chlorination,
and ammonolysis reactions. The structures of title compounds were characterized by '"H NMR, *C NMR and HRMS. The
bioassay results indicated that at 500 mg/L, compounds IX7, IX12, IX20 and IX26 exhibited 100% insecticidal activities
against Mythimna separata, and compound IX20 exhibited 100% insecticidal activity against Spodoptera frugiperda. When

the concentration was at 200 mg/L, IX20 exhibited 50% insecticidal activity against Mythimna separata.

Keywords thiazole; diamide; pyridine; insecticidal activity

UTAER, XU M 2 o7 B PR BAT O B a1
B I v s Rtk DL S e 251058 Btk
S5 RE RO RSB A 2 R ) R R 2L S R i S Ak
EYER T B T 524K, xf 5 2R S AR S bR A
WM 2 4 FE AT IR EE ACUF. Tsuda Z5917E 1989 AR T
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Figure 1  Chemical structures of flubendiamide, chlorantraniliprole and cyantraniliprole
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Figure 3 Design strategy of the target compounds
1—4._ - _F- R2=9_ _ -
Eﬁ%ﬁgi, j\j?’fé\ﬁi VII @J VIII E/‘]Jj_‘%%EP, VIl %5 R'=4-Me, 4-F, 5-F; R*=2-Me, 3-Me, 4-Me, efc.
A5 R R A MRS, =AM LR, T R R 1 F AL AP IXT~IX30 ) i
BRI A, 2% T SRR R 4% P AL A VI Scheme 1 Synthetic route of compounds IX1~1X30

W I RE R FEANIBT () BIF S0 A0 ST B b R B, A3 A Gk Y 1.2 WEYIRSKIESHT

SRR VA A P R A VI 5N AH B HUAR SR (1 2R B, 7EUK CLE RS IXT (R RS S AT R, o 1F
KB 0.5 h 5, AR R i = .k, aT 12.32 F110.23 kb F 54K CONH _E RS I g, o
CLBA D B = i A B, TR AR VI SR n] 42 16 8.68 AbIXIE AN IERS |3 E i ik —NEm
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Wieli, o 7E 8.57 AbH HLUE N IEMEER BRI, & 7
8.54~8.15 [H] [ 22 XU E W AL IE A T AR PR AN E IR IR
U, & 7E 7.82 M HLIGEIRIR - I 5k e B A 410 A W i
U, & 7F 7.56 1) =X Ut ng I 2 2008 B — A SRR
W, 5 78 7.45~7.25 M2 BEIENZRIA EHA S I
U, 5 7E 2.41 1 2.30 FIPRAN HLUE 2R ER B A BE SR
.
1.3 EYRIRHFENE

H ¥tk &%) IX1~1X30 544 R (Mythimna separata)
5 SRR (Spodoptera frugiperda) 77 HUE 4 A 45
BN 1. WTHILE 500 mg/L IKFE N, HAMEEY IXT.
IX12. IX20 PLK 1X26 XPHGHIFETIZA 100%, A

B HEE, HFHAL A IX20 X HHh SRR Y A R
WEHEHR 100%. 2MIKREA 200 mg/L I, HisLEY)
IX7. IX12. IX20 PLJ% 1X26 kG EA — 2 R i
W, A 1X20 FIETEN 50%. X LR S5
SRR - oT LR H, 42K B R 4-Me BY 4-F
HUAR, R2 M 3-Me if AT GPRL B % UG PEEE R2 9 2-Me
1 4-Me B % H5 1H B  — 2%, 500 24 R2 Dk  SE [ B
TERIR B AT A BOREVE ERCR AR, 2 R A
4-Me 7 H R}y 2-C1 I}, £ 500 mg/L < F5E N Hegt o hh d
TN 100%, A& T RN 2-F BF0E 1, U8 R27E
A7 4% b 2 BRI B A M, AT R LR RE H R TS
PR 24 RN 4-F, R2 N 2,6-Me; I HotbkG g1 it % dhis

R HAREAY IX1~IX30 [5% BIE LT /%)
Table 1 Insecticidal activities (mortality/%) of compounds IX1~1X30

Compd. R! R? c/(mgeL ") Mythimna separata Spodoptera frugiperda
IX1 4-Me 2-Me 500 40 0
X2 4-Me 3-Me 500 60 0
IX3 4-Me 4-Me 500 30 10
X4 4-Me 2-F 500 46.7 10
IX5 4-Me 3-F 500 10 0
X6 4-Me 4-F 500 30 0

500 100 20
X7 4-Me 2-Cl 200 467 o
IX8 4-Me 3-Cl 500 10 0
X9 4-Me 4-Cl 500 10 10
I1X10 4-Me 2,6-Me2 500 5 0
IX11 4-F 2-Me 500 40 0
500 100 40
1X12 4-F 3-Me 200 20 o
IX13 4-F 4-Me 500 30 20
1X14 4-F 2-F 500 10 0
IX15 4-F 3-F 500 20 0
IX16 4-F 4-F 500 40 0
1X17 4-F 2-Cl 500 26.7 10
IX18 4-F 3-Cl 500 0 20
I1X19 4-F 4-Cl 500 20 0
500 100 100
1X20 4-F 2,6-Me2 200 50 10
1X21 5-F 2-Me 500 0 0
1X22 5-F 3-Me 500 30 0
1X23 5-F 4-Me 500 20 20
1X24 5-F 2-F 500 0 0
1X25 5-F 3-F 500 40 20
500 100 30
I1X26 5-F 4-F 200 26.7 .
1X27 5-F 2-Cl 500 30 10
1X28 5-F 3-Cl 500 0 0
1X29 5-F 4-Cl1 500 0 0
1X30 5-F 2,6-Me> 500 0 0
.. 500 100 100
Chlorantraniliprole 200 100 100

4— Refers to “not tested”.
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PN 100%, H HUEET 2-Me BUR KIS £, B0
2755 IR EE 6 o b3 i pit R R AT B AT D RE HUR R O
PEE —ESR. 4K E RN 5-F I, RN 4-F 1k
B SR G A 100%, BT R2 A 4-Me fil 4-C1, FF
HWET RN 2-F M1 3-E, #i8] R' Jy 5-F I}, R2ANNH
BRI LA F 3 (4] P 6 P, oAl PR % FRUE A
PR,

2 Zhig

ASEEG DL 2-FIEMLE AR AE R, S G
B KA SRR NS BT 30 ANHT R itk g
FER O 1 SO TG e 2B A0 B . 00285 A % B P R 4 R
7, BAEEY IX7.0X12.1X20 L /% 1X26 £ 500 mg/L
TR AT N 100%, HAP LA 1X20 5 Fh 57
PR R HE TN 100%. 243Kk N 200 me/L i, B
PR A IXT. IX12. IX20 DL IX26 Sk B — &
FA R E, B & IX20 XS diEE A 50%.
KA A 1X20 #HAT45 MMk, B SN R
AR FEY.

3 LS
3.1 X5

Bruker AVANC IIT 500 MHz #Z®i3EL9RA%; Lilgks =
BREEAEARA R X-4 B SRR S0 e Gl B T
H#: 1F); UPLC H-CLASS/QTOF G2-XS Jiii{x; i I
F X E R A LA BR A 7] LOOYEZX98-1 ie i 8 &
1 FEENT S BN H B, F Rk
T.J7,200~300 H). AR5 5 b 4.

3.2  rhiaARRLIE-2-FRAC BEAR (1) A & AR

S CHR[20], TEEE T 2.1 g (0.02 mol) 2-F
Mg T 25 mL oK g, BEJS 0 6.8 g (0.02 mol)
ERALEE R = BN 20% KB, ERAEFERM 2 h
RZER G, R ZE RS B AR I, B A4, IR
% 97%, m.p. 136~137 C.

3.3 rhialk 2-InE-2--1,3-1EM-4-BEE ZEBE (I B &
193

S HER[21], B 2.93 g (0.15 mol) 3-VR A EAR 2. Fig
552.07 g (0.15 mol)itiE-2-BiAABEZ I 50 mL Z 5%
WP, IERRRN 3 h. KNG, HENT
Vi © Vomew=2 1 D7 BEERI AR I, & OHRSF
M, W 81%.

3.4 HEIA 2-(2-ALNEES EM-4-ERER (IV) I A A

7 100 mL FJRLEF A 2.3 g (0.01 mol) [l 4

I AT 16 mL HH KRV o - V=11 1), FHIIA 08
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g (0.02 mo)F AN, EEMFLN 2 h. SN
ZENH, T I0E B SR ER AT A, 90 ik 8 A5 3 A A
IV, L@, R 79%. mp. 224~225 C (Lit.2!
224~226 ‘C); 'H NMR (500 MHz, DMSO-ds) 6: 13.13
(s, 1H, COOH), 8.67 (d, J=4.3 Hz, 1H, Py-H), 8.58 (s,
1H, thiazole-H), 8.16 (d, J=7.9 Hz, 1H,Py-H), 8.02 (td,
J=7.7, 1.7 Hz, 1H, Py-H), 7.56 (ddd, J=7.5, 4.8, 1.1 Hz,
1H, Py-H).
3.5 FhjElfA 2-(2-MEnE & ) -4-EREE S (V) B A B

£ 50 mL BB FIIA 0.4 g (2.0 mmol)H & 44
IV A1 20 mL SALEAK, g B RN 2 h, 6 2518015
FlhaAk v, PEEAGACE R T R — 5 RN
3.6 HplElk 2-FEK R FZ (VI & R

DL 2-Z4 JE-5- B DR FR R A5, £ 50 mL 5 JRKE
I 1.5 g (0.01 mol) 2-Z FE-5-H B 2K FHER A 15 mL Sk
SEBR, AR O, 2 h, 8 28RS B EA VI, 7=
mAGALEEH T T — 2 R

7E 50 mL [RJEC KSR A I 20 mL JE 7K Y K R 75 it
R E) AR VI SN 0.01 mol 4% FE K%, 7EUK/KIG A s B
0.5 h, FWR-HEEMIN 2.0 g =21, VKM 2 h.
LIRS, FEEMTV eV emew=1 1 1) B3 2|
A VI, AGEAE, WE 81%. mp. 168~170 C
(Lit.22 170 “C); 'H NMR (500 MHz, DMSO-ds) 6: 9.61
(s, 1H, NH), 7.52 (s, 1H, Ph-H), 7.30 (d, J=6.4 Hz, 1H,
Ph-H), 7.26 (d, J=7.4 Hz, 1H, Ph-H), 7.20 (td, J=7.6, 1.7
Hz, 1H, Ph-H), 7.15 (td, J=7.3, 1.5 Hz, 1H, Ph-H), 7.04
(dd, J=8.3, 2.0 Hz, 1H, Ph-H), 6.67 (d, J=8.3 Hz, 1H,
Ph-H), 6.16 (s, 2H, NH,), 2.22 (d, J=6.4 Hz, 6H, CH;-H).

3.7 BirkEt N-2-(2-MLIEE)-"EMNE R L&
IX1~1X30 B9 &

TEZEA IR VIR RS I 3.0 mmol HH[H]
& VIIL #1120 mL & F 4, 185N 0.6 ¢ =240, 1K
W20, RNTRIE, FEEVTV wmw - Voemem=111)
5y B2 H bR A 1) 1IX1~1X30.

[4- H -2~ (0- FF 4 P 4 ) 4 6 1-2- (MHE e - 2- ) e -
4-FfER(XT): AR, B 85%. m.p. 263~264 C;
'H NMR (500 MHz, DMSO-ds) &: 12.32 (s, 1H, NH),
10.23 (s, 1H, NH), 8.68 (d, J=4.8 Hz, 1H, Py-H), 8.57 (s,
1H, thiazole-H), 8.54 (d, J=8.4 Hz, 1H, Py-H), 8.15 (d,
J=17.8 Hz, 1H, Py-H), 7.92 (td, J=7.7, 1.7 Hz, 1H, Ar-H),
7.82 (s, 1H, Ar-H), 7.56 (ddd, J=7.6, 4.8, 1.1 Hz, 1H,
Py-H), 7.45 (d, J=9.0 Hz, 2H, Ar-H), 7.32 (d, J=6.5 Hz,
1H, Ar-H), 7.25 (dtd, J=18.5, 7.3, 1.4 Hz, 2H, Ar-H), 2.41
(s, 3H, CHs-H), 2.30 (s, 3H, CH;-H); 3C NMR (126 MHz,

http://sioc-journal.cn/ 3873
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DMSO-ds) 0: 168.8, 167.5, 159.0, 151.1, 150.4, 150.2,
138.2, 136.3, 136.1, 134.4, 133.0, 132.9, 130.8, 129.4,
127.8, 127.1, 126.9, 126.5, 126.3, 122.9, 120.8, 119.8,
21.0, 18.4; ESI HRMS calcd for CoHaN4O,S [M+H]"
429.1380, found 429.1381.

N-[4-FF 2 -2-(m- R 2R FR B 5 ) R R -2 (b e -2- 25 ) g
M -4- e (IX2): A AR, e 82%. m.p. 237~
238 “C; '"H NMR (500 MHz, DMSO-ds) J: 12.28 (s, 1H,
NH), 10.51 (s, 1H, NH), 8.70 (d, /=4.8 Hz, 1H, Py-H),
8.57 (s, 1H, thiazole-H), 8.55 (d, J=8.4 Hz, 1H, Py-H),
8.30 (d, J=7.8 Hz, 1H, Py-H), 8.03 (td, J=7.7, 1.7 Hz,
1H, Ar-H), 7.77 (s, 1H, Ar-H), 7.73 (d, J=1.4 Hz, 1H,
Ar-H), 7.65 (d, J=8.3 Hz, 1H, Ar-H), 7.59 (ddd, J=17.6,
4.8, 1.1 Hz, 1H, Py-H), 7.45 (dd, J=8.5, 1.6 Hz, 1H,
Ar-H), 7.31 (t, J=7.8 Hz, 1H, Ar-H), 6.99 (d, J=7.5 Hz,
1H, Ar-H), 2.40 (s, 3H, CHs-H), 2.35 (s, 3H, CH;3-H); '*C
NMR (126 MHz, DMSO-ds) J: 168.7, 167.5, 158.9, 151.0,
150.4, 150.2, 139.2, 138.3, 138.2, 136.0, 133.0, 132.8,
129.5, 129.0, 127.7, 126.3, 125.3, 123.3, 121.5, 120.6 ,
119.7, 118.1, 21.8, 20.9; ESI HRMS calcd for Co4Ha Ny
0,S [M+H]" 429.1380, found 429.1387.

N-[4-FF B -2 (- FF 2 P g 5 ) OO K )-2- (b g - 2- 3 ) g
M -4- e (IX3): AR, iR 86%. m.p. 289~
290 ‘C; '"H NMR (500 MHz, DMSO-ds) d: 12.26 (s, 1H,
NH), 10.52 (s, 1H, NH), 8.70 (d, /=4.8 Hz, 1H, Py-H),
8.57 (s, 1H, thiazole-H), 8.54 (d, J=8.4 Hz, 1H, Py-H),
8.30 (d, J=7.9 Hz, 1H, Py-H), 8.08 (td, J=7.7, 1.7 Hz,
1H, Ar-H), 7.77 (d, J=8.4 Hz, 2H, Ar-H), 7.73~7.71 (m,
1H, Ar-H), 7.60 (ddd, J=7.5, 4.8, 1.1 Hz, 1H, Py-H), 7.45
(dd, J=8.5, 1.6 Hz, 1H, Ar-H), 7.24 (d, J=8.3 Hz, 2H,
Ar-H), 2.40 (s, 3H, CH;-H), 2.32 (s, 3H, CHs-H); '3C
NMR (126 MHz, DMSO-ds) J: 169.0, 166.5, 159.3, 150.7,
150.3, 150.2, 138.4, 136.9, 136.4, 134.3, 133.6, 133.1,
132.9, 129.4, 127.6, 126.9, 126.6, 126.2, 120.4, 120.0,
20.9, 19.0; ESI HRMS calcd for CoHaiN4O,S [M+H]"
429.1380, found 429.1384.

N-(((2- 9 AR J5E ) Jo FH 19k T )-4- FH R DR )- 2Pk g - 2-
B gE W -4 PR T e (IX4): [ € [ AE, % 75%. mup.
241~242 C; '"H NMR (500 MHz, DMSO-ds) 6: 12.33 (s,
1H, NH), 10.46 (s, 1H, NH), 8.68 (d, J=4.8 Hz, 1H,
Py-H), 8.56 (d, J=7.9 Hz, 2H, thiazole-H, Py-H), 8.19 (d,
J=7.9 Hz, 1H, Py-H), 7.94 (td, J=7.7, 1.7 Hz, 1H, Ar-H),
7.82 (s, 1H, Ar-H), 7.70 (td, J=7.8, 1.6 Hz, 1H, Ar-H),
7.56 (ddd, J=7.6, 4.8, 1.1 Hz, 1H, Py-H), 7.47 (dd, J=
8.5, 1.6 Hz, 1H, Ar-H), 7.39~7.31 (m, 2H, Ar-H), 7.29
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(td, J=7.4, 1.9 Hz, 1H, Ar-H), 2.40 (s, 3H, CHs-H); 13C
NMR (126 MHz, DMSO-de) J: 168.7, 167.6, 159.0, 156.4
(d, J=247.4 Hz), 151.1, 150.3, 150.2, 138.2, 136.3, 133.4,
132.8, 129.7, 127.9 (d, J=6.6 Hz), 127.8, 127.6, 126.3,
125.6 (d, J=13.7 Hz), 124.8 (d, J=3.1 Hz), 122.0, 120.8,
119.8, 116.4 (d, J=19.7 Hz), 20.9; ESI HRMS calcd for
Ca3HisFN4O,S [M+H]™ 433.1129, found 433.1134.

N-(((3-3 R 5L ) &t F Ik i )-4- FR L SR 3 ) - 2- (b i -2-
FE ) WE M4 R i (IXS): (B [ 4, ISR 78%. mup.
248~249 ‘C; 'H NMR (500 MHz, DMSO-ds) J: 12.22 (s,
1H, NH), 10.79 (s, 1H, NH), 8.70 (d, J=5.4 Hz, 1H,
Py-H), 8.57 (s, 1H, thiazole-H), 8.54 (d, J=8.4 Hz, 1H,
Py-H), 8.33 (d, J=7.8 Hz, 1H, Py-H), 8.02 (td, J=7.7, 1.7
Hz, 1H, Ar-H), 7.94 (dt, J=11.9, 2.3 Hz, 1H, Ar-H), 7.74
(d, J=1.5 Hz, 1H, Ar-H), 7.64~7.58 (m, 2H, Ar-H,
Py-H), 7.50~7.44 (m, 2H, Ar-H), 7.01 (td, J=8.6, 2.6 Hz,
1H, Ar-H), 2.41 (s, 3H, CHs-H); 3C NMR (126 MHz,
DMSO-ds) J: 168.6, 167.9, 162.5 (d, J=241.0 Hz), 158.8,
150.9, 150.4, 150.3, 141.05 (d, J=11.1 Hz), 138.1, 136.0,
133.3, 132.8, 130.8 (d, J=9.4 Hz), 129.5, 127.7, 126.3,
123.0, 120.7, 119.8, 116.7 (d, J=2.5 Hz), 111.1 (d, J=
21.0 Hz), 107.6 (d, J=26.6 Hz), 20.9; ESI HRMS calcd
for Co3H 1sFN4O,S [M—+H] "™ 433.1129, found 433.1133.

N-((4-3 R 5L ) B F I 3 )-4- FR L SR 3 ) - 2- (b i -2-
JE ) WE M4 R i (1X6): [ A [ 1A, ISR 81%. mup.
263~264 ‘C; 'H NMR (500 MHz, DMSO-ds) J: 12.24 (s,
1H, NH), 10.65 (s, 1H, NH), 8.69 (d, J=4.8 Hz, 1H,
Py-H), 8.56 (s, 1H, thiazole-H), 8.54 (d, J=8.4 Hz, 1H,
Py-H), 8.28 (dt, J=7.9, 1.1 Hz, 1H, Py-H), 8.10 (td, J=
7.7, 1.7 Hz, 1H, Ar-H), 7.90 (d, J=9.1, 5.0 Hz, 2H, Ar-H),
7.73 (d, J=1.4 Hz, 1H, Ar-H), 7.59 (ddd, J=7.6, 4.8, 1.1
Hz, 1H, Py-H), 7.46 (dd, J=8.5, 1.6 Hz, 1H, Ar-H), 7.30
(t, J=8.9 Hz, 2H, Ar-H), 2.40 (s, 3H, CH;-H); '*C NMR
(126 MHz, DMSO-ds) 6: 168.7, 167.5, 159.0 (d, J=240.7
Hz), 158.9, 151.0, 150.4, 150.2, 138.4, 136.0, 135.6 (d, J=
2.7 Hz), 133.1, 132.8, 129.5, 127.7, 126.3, 123.1, 122.8 (d,
J=8.1 Hz), 120.7, 119.8, 115.8 (d, J=22.3 Hz), 20.9; ESI
HRMS caled for CosHisFN4O,S [M+H] ' 433.1129,
found 433.1132.

N-(((2-5 A5 ) B JE P 358 )-4- FR 6 2 ) - 2- (b e -2-
FE ) WE M4 FH R i (IX7): (B4R, ISR 75%. mup.
228~229 ‘C; 'H NMR (500 MHz, DMSO-ds) d: 12.30 (s,
1H, NH), 10.42 (s, 1H, NH), 8.68 (ddd, /=4.8, 1.6, 0.9
Hz, 1H, Py-H), 8.58~8.53 (m, 2H, Py-H, thiazole-H),
8.17 (d, J=7.8 Hz, 1H, Py-H), 7.92 (td, J=7.7, 1.7 Hz,

Chin. J. Org. Chem. 2022, 42, 3870~3879
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1H, Ar-H), 7.85~7.83 (m, 1H, Ar-H), 7.68 (dd, J=7.9,
1.5 Hz, 1H, Ar-H), 7.62 (dd, J=8.0, 1.4 Hz, 1H, Ar-H),
7.55 (ddd, J=7.6, 4.8, 1.1 Hz, 1H, Py-H), 7.49~7.43 (m,
2H, Ar-H), 7.37 (td, J=7.7, 1.6 Hz, 1H, Ar-H), 2.41 (s,
3H, CHs-H); *C NMR (126 MHz, DMSO-ds) J: 168.7,
167.7, 159.0, 151.1, 150.3, 150.2, 138.2, 136.4, 135.0,
133.4, 132.9, 130.3, 130.1, 129.5, 129.1, 128.4, 128.0,
127.8, 126.3, 122.2, 120.9, 119.9, 21.0; ESI HRMS calcd
for Co3H sCIN4O,S [M+H]" 449.0834, found 449.0835.

N-(((3-FUR L) &= I F i 2 )-4- F SR 3 ) - 2- (M e - 2-
B ) g W -4 FE R i (1X8): I [E A, E 83%. mup.
259~260 ‘C; 'H NMR (500 MHz, DMSO-de) J: 12.26 (s,
1H, NH), 10.75 (s, 1H, NH), 8.70 (d, J=4.4 Hz, 1H,
Py-H), 8.56 (d, J=8.1 Hz, 2H, Py-H, thiazole-H), 8.32 (d,
J=17.8 Hz, 1H, Py-H), 8.21 (t, J=1.9 Hz, 1H, Ar-H), 8.05
(td, J=7.7, 1.6 Hz, 1H, Ar-H), 7.75~7.71 (m, 2H, Ar-H),
7.62~7.58 (m, 1H, Py-H), 7.46 (t, J=8.1 Hz, 2H, Ar-H),
7.25~7.22 (m, 1H, Ar-H), 2.40 (s, 3H, CH;-H); 3C NMR
(126 MHz, DMSO-ds) 0: 168.7, 167.8, 158.9, 151.0, 150.4,
150.3, 140.8, 138.2, 136.1, 133.5, 133.3, 132.8, 130.9,
129.6, 127.7, 126.3, 124.3, 122.8, 120.7, 120.4, 119.7,
119.3, 20.9; ESI HRMS caled for Co3H sCIN4O,S [M+
H]" 449.0834, found 449.0844.

N-(((4-FUR ) &I F IR 2 )-4- SR 3 ) - 2- (T e - 2-
B ) g W -4 R i (1X9): I E A, R 77%. mop.
282~283 ‘C; 'H NMR (500 MHz, DMSO-d¢) J: 12.17 (s,
1H, NH), 10.72 (s, 1H, NH), 8.69 (d, J=4.8 Hz, 1H,
Py-H), 8.57 (s, 1H, thiazole-H), 8.54 (d, J=8.4 Hz, 1H,
Py-H), 8.27 (d, J=7.9 Hz, 1H, Py-H), 8.12 (td, J=7.7, 1.7
Hz, 1H, Ar-H), 7.92 (d, J=8.9 Hz, 2H, Ar-H), 7.73 (d, J=
1.5 Hz, 1H, Ar-H), 7.60 (ddd, J=7.6, 4.8, 1.1 Hz, 1H,
Py-H), 7.51 (d, J=8.9 Hz, 2H, Ar-H), 7.46 (dd, J=8.5, 1.6
Hz, 1H, Ar-H), 2.40 (s, 3H, CH;-H); '*C NMR (126 MHz,
DMSO-ds) J: 168.7, 167.6, 158.9, 151.0, 150.4, 150.2,
138.4, 138.3, 135.9, 133.2, 132.9, 129.6, 129.1, 128.3,
127.7, 126.3, 123.2, 122.4, 120.7, 119.8, 20.9; ESI HRMS
caled for CyH;sCIN,O,S [M+H]" 449.0834, found
449.0843.

N-(2-((2,6- — FH 2 % O ) 2 5 W I 0k )-4- HH L O
BE)-2- (M mE-2- 2 e M4 R (1X10): (0 [ 1, Yk
86%. m.p. 213~214 “C; 'H NMR (500 MHz, DMSO-de)
5:12.20 (s, 1H, NH), 10.14 (s, 1H, NH), 8.67 (ddd, J=4.8,
1.6, 0.9 Hz, 1H, Py-H), 8.57 (s, 1H, thiazole-H), 8.55 (d,
J=8.4 Hz, 1H, Py-H), 8.06 (d, J=7.8 Hz, 1H, Py-H), 7.84
(td, J=7.7, 1.7 Hz, 1H, Ar-H), 7.81 (d, J=1.6 Hz, 1H,

Chin. J. Org. Chem. 2022, 42, 3870~3879

© 2022 Chinese Chemical Society & SIOC, CAS

Ar-H), 7.55 (ddd, J=7.6, 4.8, 1.1 Hz, 1H, Py-H), 7.46 (dd,
J=8.5, 1.6 Hz, 1H, Ar-H), 7.21~7.15 (m, 3H, Ar-H), 2.41
(s, 3H, CHs-H), 2.26 (s, 6H, CH3-H); 3C NMR (126 MHz,
DMSO-ds) J: 168.8, 167.4, 159.0, 151.1, 150.4, 150.2,
138.1, 136.1, 136.0, 135.2, 132.9, 132.8, 129.1, 128.3,
127.8, 127.5, 126.3, 123.3, 120.8, 119.8, 21.0, 18.6; ESI
HRMS calced for CosHa3N40,.S [M+H]" 443.1536, found
443.1541.
N-[4-58-2~(o- FF 28 FH g 25 ) 2R 5 1-2-(Pbk g -2 e A -
4- F B iz (IX11): A B FE A, 1% 84%. mup. 266~
267 “C; '"H NMR (500 MHz, DMSO-de) d: 12.28 (s, 1H,
NH), 10.30 (s, 1H, NH), 8.69~8.64 (m, 2H, Py-H), 8.60
(s, 1H, thiazole-H), 8.14 (d, J=7.8 Hz, 1H, Py-H), 7.92
(td, J=7.7, 1.6 Hz, 1H, Ar-H), 7.88~7.84 (m, 1H, Ar-H),
7.57~7.51 (m, 2H, Py-H, Ar-H), 7.47 (d, J=7.3 Hz, 1H,
Ar-H), 7.34~7.31 (m, 1H, Ar-H), 7.29~7.22 (m, 2H,
Ar-H), 2.30 (s, 3H, CHs-H); '*C NMR (126 MHz, DMSO-
ds) 9: 168.9, 166.2, 159.1, 157.72 (d, J=243.2 Hz), 150.8,
150.4, 150.2, 138.2, 136.0, 135.1, 134.4, 130.9, 128.1,
127.1 (d, J=6.4 Hz), 126.5, 126.3, 124.6 (d, J=6.4 Hz),
123.0 (d, J=7.5 Hz), 122.9, 119.8, 119.2 (d, J=21.9 Hz),
115.9 (d, J=23.9 Hz), 18.4; ESI HRMS calcd for C»3H;sF-
N4O,S [M+H]" 433.1129, found 433.1136.
N-[4-F8-2-(m- 2% FP g 25 ) 2R 56 )-2- (b g -2 - 25 ) e -
4- FE i (IX12): H 4R, ZE 79%. mp. 232~
233 “C; '"H NMR (500 MHz, DMSO-ds) d: 12.25 (s, 1H,
NH), 10.58 (s, 1H, NH), 8.70 (d, J=5.3 Hz, 1H, Py-H),
8.66 (dd, J=9.2, 5.2 Hz, 1H, Py-H), 8.60 (s, 1H, thia-
zole-H), 8.30 (d, J=7.8 Hz, 1H, Py-H), 8.04 (td, J=7.7,
1.7 Hz, 1H, Ar-H), 7.81 (dd, J=9.3, 3.0 Hz, 1H, Ar-H),
7.75 (s, 1H, Ar-H), 7.64 (d, J=8.2 Hz, 1H, Ar-H), 7.60
(ddd, J=7.6, 4.8, 1.1 Hz, 1H, Py-H), 7.53 (td, J=8.7, 3.0
Hz, 1H, Ar-H), 7.32 (t, J=7.8 Hz, 1H, Ar-H), 7.01 (d, J=
7.5 Hz, 1H, Ar-H), 2.35 (s, 3H, CHs-H); 3C NMR (126
MHz, DMSO-ds) 6: 168.3, 165.6, 158.5, 157.2 (d, J=
241.8 Hz), 150.3, 149.9, 149.7, 138.4, 137.9, 137.7, 134.4,
128.6, 127.5, 125.9, 125.0, 124.5 (d, J=6.2 Hz), 122.2 (d,
J=8.0 Hz), 121.1(d, J=6.8 Hz), 119.2, 118.7 (d, J=23.7
Hz), 117.8, 115.5 (d, J=21.5 Hz), 21.3; ESI HRMS calcd
for C23H1sFN40,S [M+H]" 433.1129, found 433.1137.
N-[4-58-2~(p- FF 8 FH g 25 ) 2R i 1- 2Pk g -2 e e -
4- F B i (IX13): e i 4k, e ® 86%. m.p. 256~
257 “C; 'H NMR (500 MHz, DMSO-ds) d: 12.25 (s, 1H,
NH), 10.59 (s, 1H, NH), 8.71~8.69 (m, 1H, Py-H), 8.66
(dd, J/=9.2, 5.2 Hz, 1H, Py-H), 8.59 (s, 1H, thiazole-H),
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8.29 (d, J=7.8 Hz, 1H, Py-H), 8.08 (td, J/=7.7, 1.7 Hz,
1H, Ar-H), 7.80 (dd, J=9.3, 2.9 Hz, 1H, Ar-H), 7.76 (d,
J=8.4 Hz, 2H, Ar-H), 7.60 (ddd, J=7.5, 4.8, 1.1 Hz, 1H,
Py-H), 7.52 (td, J=8.9, 3.0 Hz, 1H, Ar-H), 7.25 (d, J=8.3
Hz, 2H, Ar-H), 2.32 (s, 3H, CH3-H); '*C NMR (126 MHz,
DMSO-ds) 0: 168.8, 166.0, 159.0, 157.7 (d, J=241.6 Hz),
150.7, 150.4, 150.2, 138.3, 136.5, 134.8, 134.0, 129.6,
128.0, 126.4, 125.1 (d, J=5.5 Hz), 122.7 (d, J=7.2 Hz),
121.0, 119.8, 119.2, 116.01 (d, J=24.4 Hz), 21.0; ESI
HRMS caled for CosHisFN4O,S [M+H] " 433.1129,
found 433.1133.

N-(4-380-2-((2-Fi R Jk ) = 3k HR I 32 ) R i ) -2 - (b e -2-
By mE 4 F G i (IX4): A B A, WF 75%. mop.
239~240 ‘C; 'H NMR (500 MHz, DMSO-d¢) J: 12.29 (s,
1H, NH), 10.56 (s, 1H, NH), 8.68 (q, J=5.2 Hz, 2H,
Py-H), 8.60 (s, 1H, thiazole-H), 8.18 (d, J=7.8 Hz, 1H,
Py-H), 7.95 (td, J=7.7, 1.6 Hz, 1H, Ar-H), 7.86 (dd, J=
93, 2.8 Hz, 1H, Ar-H), 7.72 (td, J=7.9, 1.3 Hz, 1H,
Ar-H), 7.58~7.53 (m, 2H, Py-H, Ar-H), 7.41~7.33 (m,
2H, Ar-H), 7.30 (td, J=7.3, 6.8, 2.0 Hz, 1H, Ar-H); 1*C
NMR (126 MHz, DMSO-ds) J: 168.8, 166.3, 159.1, 157.6
(d, J=241.9 Hz), 156.3 (d, J=247.8 Hz), 150.8, 150.3,
150.2, 138.2, 135.2 (d, J=2.2 Hz), 128.1, 128.0, 127.6,
126.3, 125.3 (d, J=12.3 Hz), 124.9 (d, J=3.6 Hz), 123.8
(d, J=7.6 Hz), 122.9 (d, J=7.9 Hz), 119.8, 119.7 (d, J=
21.7 Hz), 116.4 (d, J=19.7 Hz), 116.1 (d, J=24.2 Hz);
ESI HRMS caled for CH;sFaN4O,S [M+H]" 437.0878,
found 437.0883.

N-(4-F-2-((3- T A< Fok ) 2 ik HH gk 26 ) AR ik )-2- (ML Wi -2-
B e M -4 R i (1X15): A EBE AR, R 79%. mp.
256~257 “C; '"H NMR (500 MHz, DMSO-dg) &: 12.20 (s,
1H, NH), 10.83 (s, 1H, NH), 8.71~8.68 (m, 1H, Py-H),
8.65 (dd, J=9.2, 5.2 Hz, 1H, Py-H), 8.59 (s, 1H, thia-
zole-H), 8.32 (d, J=7.8 Hz, 1H, Py-H), 8.01 (td, J=7.7,
1.6 Hz, 1H, Ar-H), 7.92 (dt, J=11.8, 2.2 Hz, 1H, Ar-H),
7.82 (dd, J=9.3, 3.0 Hz, 1H, Ar-H), 7.62~7.58 (m, 2H,
Ar-H, Py-H), 7.54 (td, J=8.7, 3.0 Hz, 1H, Ar-H), 7.50~
7.45 (m, 1H, Ar-H), 7.02 (td, J=8.4, 2.1 Hz, 1H, Ar-H);
13C NMR (126 MHz, DMSO-ds) d: 168.7, 166.4, 162.5 (d,
J=241.4 Hz), 158.9, 157.6 (d, J=241.8 Hz), 150.7, 150.4,
150.2, 140.8 (d, J=11.1 Hz), 138.1, 134.9 (d, J=2.6 Hz),
130.9 (d, J=9.4 Hz), 128.0, 126.4, 124.6 (d, J=6.4 Hz),
122.8 (d, J=7.9 Hz), 119.8, 119.5 (d, J=21.8 Hz), 116.8,
116.1 (d, J=24.3 Hz), 111.3 (d, J=21.2 Hz), 107.8 (d, J=
26.7 Hz); ESI HRMS calcd for CyoH,sFaN40,S [M+H]"
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437.0878, found 437.0884.

N-(4-F-2-((4-FA R 358 ) 2 25k I 28 ) 2 58 ) -2- (bt e -2-
JE)E M -4- B e (1X16): (At [E AR, R 80%. mup.
265~266 C; 'H NMR (500 MHz, DMSO-ds) d: 12.23 (s,
1H, NH), 10.70 (s, 1H, NH), 8.70~8.63 (m, 2H, Py-H),
8.57 (s, 1H, thiazole-H), 8.27 (d, J=7.8 Hz, 1H, Py-H),
8.09 (td, J=7.7, 1.5 Hz, 1H, Ar-H), 7.89 (dd, J=9.0, 5.0
Hz, 2H, Ar-H), 7.81 (dd, J=9.3, 2.9 Hz, 1H, Ar-H), 7.58
(dd, J=7.0, 5.3 Hz, 1H, Py-H), 7.52 (td, J=8.8, 2.9 Hz,
1H, Ar-H), 7.30 (t, J=8.9 Hz, 2H, Ar-H); 3C NMR (126
MHz, DMSO-ds) d: 168.8, 166.1, 159.2 (d, J=241.0 Hz),
159.0, 157.7 (d, J=241.7 Hz), 150.7, 150.4, 150.2, 138.4,
135.4 (d, J=2.4 Hz), 134.9 (d, J=2.4 Hz), 127.9, 126.3,
124.7 (d, J=6.4 Hz), 122.9 (d, J=8.0 Hz), 122.7 (d, J=
7.5 Hz), 119.8, 119.3 (d, J=22.0 Hz), 116.0 (d, J=26.4
Hz), 1158 (d, J=22.4 Hz); ESI HRMS calcd for
CxHisFaN4O,S [M+H]' 437.0878, found 437.0879.

N-(2-((2- GR35 ) B PP I 8 )-4- i R L )-2- (L g - 2-
FE)BE M -4- B e (1X17): A AR, R 77%. mup.
257~258 “C; 'H NMR (500 MHz, DMSO-ds) d: 12.25 (s,
1H, NH), 10.54 (s, 1H, NH), 8.69~8.65 (m, 2H, Py-H),
8.60 (s, 1H, thiazole-H), 8.17 (d, J=7.8 Hz, 1H, Py-H),
7.92 (td, J=7.7, 1.7 Hz, 1H, Ar-H), 7.85 (dd, J=9.2, 2.8
Hz, 1H, Ar-H), 7.69 (dd, J=7.9, 1.5 Hz, 1H, Ar-H), 7.62
(dd, J=8.0, 1.4 Hz, 1H, Ar-H), 7.59~7.54 (m, 2H, Py-H,
Ar-H), 7.46 (td, J=7.7, 1.4 Hz, 1H, Ar-H), 7.38 (td, J=
7.8, 1.6 Hz, 1H, Ar-H); '3C NMR (126 MHz, DMSO-d) ¢:
168.8, 166.4, 159.1, 157.7 (d, J=241.9 Hz), 150.8, 150.4,
150.2, 138.2, 135.2 (d, J=2.6 Hz), 134.7, 130.4, 130.2,
129.2, 128.7, 128.1, 128.0, 126.3, 123.9 (d, J=6.3 Hz),
123.1 (d, J=7.5 Hz), 119.9, 119.7 (d, J=21.8 Hz), 115.9
(d, J=24.6 Hz); ESI HRMS calcd for C,:H;sCIFN4O,S
[M-+H]" 453.0583, found 453.0589.

N-(2-((3-F PR3 ) B P I 8 )-4- i R O )-2- (L g - 2-
FE)WE M4 F I e (1X18): [ B [E AR, IR 73%. mup.
259~260 “C; 'H NMR (500 MHz, DMSO-ds) J: 12.24 (s,
1H, NH), 10.80 (s, 1H, NH), 8.70 (ddd, J=4.8, 1.5, 0.9
Hz, 1H, Py-H), 8.67 (dd, J=9.2, 5.2 Hz, 1H, Py-H), 8.59
(s, 1H, thiazole-H), 8.31 (d, J=7.8 Hz, 1H, Py-H), 8.19 (t,
J=2.0 Hz, 1H, Ar-H), 8.06 (td, J=7.7, 1.7 Hz, 1H, Ar-H),
7.84 (dd, J=9.3, 3.0 Hz, 1H, Ar-H), 7.71 (dd, J=7.8, 1.5
Hz, 1H, Ar-H), 7.60 (ddd, J=7.6, 4.8, 1.1 Hz, 1H, Py-H),
7.55 (td, J=8.3, 3.0 Hz, 1H, Ar-H), 7.47 (t, J=8.1 Hz, 1H,
Ar-H), 7.25 (ddd, J=8.0, 2.1, 0.8 Hz, 1H, Ar-H); B3C
NMR (126 MHz, DMSO-ds) J: 168.8, 166.5, 159.0, 157.6
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(d, J=241.5 Hz), 150.7, 150.4, 150.2, 140.5, 138.2,
135.0(d, J=2.2 Hz), 133.5, 130.9, 128.0, 126.4, 124.5,
124.5 (d, J=6.7 Hz), 122.7 (d, J=7.6 Hz), 120.5, 119.7,
119.5, 119.4, 116.1 (d, J=24.4 Hz); ESI HRMS calcd for
C2H 5CIFN4O,S [M+H]" 453.0583, found 453.0590.
N-(2-((4- R ) S 5 PP I 8 )-4- 2R 3 )-2- (kg - 2-
S WE M -4- H B i (1X19): [t [l A, iR 81%. mup.
276~277 "C; '"H NMR (500 MHz, DMSO-de) J: 12.15 (s,
1H, NH), 10.77 (s, 1H, NH), 8.70 (d, J=4.5 Hz, 1H,
Py-H), 8.65 (dd, J=9.2, 5.2 Hz, 1H, Py-H), 8.59 (s, 1H,
thiazole-H), 8.27 (d, /=7.8 Hz, 1H, Py-H), 8.12 (td, J=
7.7, 1.6 Hz, 1H, Ar-H), 7.91 (d, J=8.9 Hz, 2H, Ar-H), 7.82
(dd, J=9.2, 2.9 Hz, 1H, Ar-H), 7.60 (dd, J=7.4, 5.8 Hz,
1H, Ar-H), 7.57~7.50 (m, 3H, Py-H, Ar-H); 3C NMR
(126 MHz, DMSO-ds) 6: 168.8, 166.2, 159.0, 157.7 (d, J=
252.7 Hz), 150.7, 150.4, 150.2, 138.4, 138.0, 134.9 (d, J=
2.8 Hz), 134.3, 129.2, 128.5, 128.0, 126.3, 124.8, 122.5,
119.8, 119.5, 116.1 (d, J=23.7 Hz); ESI HRMS calcd for
C2HsCIFN4O,S [M+H]" 453.0583, found 453.0591.
N-(2-((2,6- — F kO Bk ) 0 Bk FR ok % )-4- 5 K
HE)-2- (M mE-2- e -4 i (1X20): F Ea [ 1, e
86%. m.p. 241~242 “C; 'H NMR (500 MHz, DMSO-d)
5: 12.21 (s, 1H, NH), 10.24 (s, 1H, NH), 8.70~8.65 (m,
2H, Py-H), 8.60 (s, 1H, thiazole-H), 8.06 (d, J=7.8 Hz,
1H, Py-H), 7.88~7.79 (m, 2H, Ar-H), 7.58~7.52 (m, 2H,
Py-H, Ar-H), 7.22~7.15 (m, 3H, Ar-H), 2.26 (s, 6H,
Ar-H); 3C NMR (126 MHz, DMSO-ds) J: 168.9, 166.1,
159.1, 157.7 (d, J=241.8 Hz), 150.8, 150.4, 150.1, 138.1,
136.1, 135.0 (d, J=2.7 Hz), 134.8, 128.3, 128.1, 127.7,
126.3, 124.7 (d, J=6.2 Hz), 122.9 (d, J=7.9 Hz), 119.7,
119.2 (d, J=21.9 Hz), 115.5 (d, J=24.1 Hz), 18.5; ESI
HRMS caled for Cz4H20FN40zS [M‘i‘H]Jr 447.1286,
found 447.1291.
N-[5-9.-2-(o0- FF 2R R 5 ) R R 1-2- (ML e - 2- ) e A -
4- FH I i (1X21): [ 4R, e# 84%. m.p. 260~
261 ‘C; '"H NMR (500 MHz, DMSO-ds) d: 12.80 (s, 1H,
NH), 10.28 (s, 1H, NH), 8.68 (d, J=4.3 Hz, 1H, Py-H),
8.63 (s, 1H, thiazole-H), 8.53 (dd, J=11.9, 2.6 Hz, 1H,
Py-H), 8.15 (d, J=7.8 Hz, 1H, Py-H), 8.13~8.09 (m, 1H,
Ar-H), 7.93~7.88 (m, 1H, Ar-H), 7.56 (ddd, J=7.5, 4.8,
1.0 Hz, 1H, Py-H), 7.47 (d, J=7.4 Hz, 1H, Ar-H), 7.34 (d,
J=7.4Hz, 1H, Ar-H), 7.27 (dtd, J=20.7, 7.3, 1.3 Hz, 2H,
Ar-H), 7.18 (td, J=8.4, 2.6 Hz, 1H, Ar-H), 2.31 (s,
3H,CH;-H); 3C NMR (126 MHz, DMSO-ds) 0: 168.9,
166.8, 164.2 (d, J=247.6 Hz), 159.5, 150.6, 150.4, 150.1,
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141.1 (d, J=12.4 Hz), 138.2, 136.1, 134.5, 131.6 (d, J=
10.6 Hz), 130.9, 128.5, 127.2, 127.0, 126.5, 126.3, 119.8,
118.7 (d, J=2.7 Hz), 110.3 (d, J=21.5 Hz), 107.4 (d, J=
28.0 Hz), 18.4; ESI HRMS calcd for C3HisFN4O,S [M+
H]" 433.1129, found 433.1133.
N-[5-F80-2-(m- 2% FP g 25 ) 2R 56 )-2- (b g -2- 25 ) e -
4- W i (IX22): i 4R, f0# 87%. mup. 243~
244 °C; 'H NMR (500 MHz, DMSO-de) d: 12.76 (s, 1H,
NH), 10.53 (s, 1H, NH), 8.69 (d, J=4.7 Hz, 1H, Py-H),
8.61 (s, 1H, thiazole-H), 8.52 (dd, J=11.9, 2.7 Hz, 1H,
Py-H), 8.31 (d, J=7.8 Hz, 1H, Py-H), 8.06~7.99 (m, 2H,
Ar-H), 7.77 (s, 1H, Ar-H), 7.64 (d, J=8.2 Hz, 1H, Ar-H),
7.61~7.57 (m, 1H, Py-H), 7.32 (t, J=7.8 Hz, 1H, Ar-H),
7.16 (td, J=8.4, 2.7 Hz, 1H, Ar-H), 7.00 (d, J=7.5 Hz,
1H, Ar-H), 2.36 (s, 3H,CHs-H); '*C NMR (126 MHz,
DMSO-ds) J: 168.8, 166.7, 164.2 (d, J=247.3 Hz), 159.3,
150.5, 150.4, 150.1, 141.0 (d, J=12.5 Hz), 139.1, 138.3,
138.2, 131.7 (d, J=10.3 Hz), 129.0, 128.4, 126.4, 125.4,
121.6, 119.8, 119.0 (d, J=2.7 Hz), 118.3, 110.2 (d, J=
22.1 Hz), 107.2 (d, J=28.1 Hz), 21.8; ESI HRMS calcd
for Co3H sFN4O,S [M+H]" 433.1129, found 433.1133.
N-[5- 5 -2-(p- FF 2% F I 5k ) 2% 6 1-2-( b g -2- 266 ) W
ME-4- FE i (1X23): AR, UEE 80%. mup. 270~
271 “C; 'H NMR (500 MHz, DMSO-de) d: 12.76 (s, 1H,
NH), 10.54 (s, 1H, NH), 8.68 (s, 1H, Py-H), 8.61 (s, 1H,
thiazole-H), 8.51 (d, J=11.0 Hz, 1H, Py-H), 8.31 (d, J=
7.5 Hz, 1H, Py-H), 8.10~7.99 (m, 2H, Ar-H), 7.77 (d, J=
7.4 Hz, 2H, Ar-H, Py-H), 7.59 (s, 1H, Ar-H), 7.25 (d, J=
7.4 Hz, 2H, Ar-H), 7.15 (s, 1H, Ar-H), 2.32 (s, 3H,
CH;-H); 3C NMR (126 MHz, DMSO-ds) 0: 168.8, 166.6,
164.1 (d, J=248.8 Hz), 159.3, 150.5, 150.4, 150.2, 140.9
(d, J=12.4 Hz), 138.3, 136.6, 133.8, 131.7 (d, J=9.7 Hz),
129.6, 128.3, 126.4, 121.1, 119.9, 119.1, 110.2 (d, J=22.0
Hz), 107.2 (d, J=27.7 Hz), 21.0; ESI HRMS calcd for
Ca3H1sFN40,S [M+H]" 433.1129, found 433.1135.
N-(5-38-2-((2- TR J25 ) 2 ok P I ) 2R 0 )-2- (b g - 2-
JE)HE M4 B e (1X24): A B[R, R 88%. mup.
249~250 °C; 'H NMR (500 MHz, DMSO-ds) J: 12.80 (s,
1H, NH), 10.52 (s, 1H, NH), 8.69~8.67 (m, 1H, Py-H),
8.63 (s, 1H, thiazole-H), 8.54 (dd, J=11.9, 2.7 Hz, 1H,
Py-H), 8.19 (d, J=7.8 Hz, 1H, Py-H), 8.11 (dd, J=8.7, 6.4
Hz, 1H, Ar-H), 7.94 (td, J=7.7, 1.7 Hz, 1H, Ar-H), 7.71
(td, J=7.8, 1.5 Hz, 1H, Ar-H), 7.56 (ddd, J=7.6, 4.8, 1.1
Hz, 1H, Py-H), 7.41~7.34 (m, 2H, Ar-H), 7.31 (td, J=
7.4, 1.9 Hz, 1H, Ar-H), 7.18 (td, J=8.4, 2.7 Hz, 1H,
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Ar-H); 3C NMR (126 MHz, DMSO-ds) J: 168.9, 166.9,
164.4 (d, J=247.7 Hz), 159.5, 156.4 (d, J=247.8 Hz),
150.5, 150.4, 150.1, 141.3 (d, J=13.2 Hz), 138.2, 132.0
(d, J=10.9 Hz), 128.5, 128.0 (d, J=7.4 Hz), 127.7, 126.3,
125.5 (d, J=12.2 Hz), 124.8 (d, J=3.3 Hz), 119.8, 117.9,
116.4 (d, J=19.9 Hz), 110.4 (d, J=21.7 Hz), 107.3 (d, J=
27.7 Hz); ESI HRMS calcd for CyoH,sFaN4,0,S [M+H]"
437.0878, found 437.0886.

N-(5-98-2-((3- T AR J ) 2 ik Y g I ) 2 I )-2- (ML g -2-
Ho) e M -4- I B (1X25): A R, R 83%. mup.
241~242 “C; 'H NMR (500 MHz, DMSO-d¢) &: 12.73 (s,
1H, NH), 10.78 (s, 1H, NH), 8.68 (d, J=4.4 Hz, 1H,
Py-H), 8.59 (s, 1H, thiazole-H), 8.50 (dd, J=11.8, 2.7 Hz,
1H, Py-H), 8.33 (d, J=7.8 Hz, 1H, Py-H), 8.04 (dd, J=
8.7, 6.4 Hz, 1H, Ar-H), 8.00~7.92 (m, 2H, Ar-H), 7.63~
7.56 (m, 2H, Ar-H, Py-H), 7.50~7.43 (m, 1H, Ar-H), 7.16
(td, J=8.4, 2.7 Hz, 1H, Ar-H), 7.01 (td, J=8.4, 2.2 Hz,
1H, Ar-H); 3C NMR (126 MHz, DMSO-ds) J: 168.7,
167.1, 164.3 (d, J=247.9 Hz), 162.5 (d, J=241.0 Hz),
159.3, 150.4, 150.4, 150.2, 141.1 (d, J=12.3 Hz), 140.9
(d, J=11.2 Hz), 138.0, 131.8 (d, J=10.8 Hz), 130.8 (d,
J=9.3 Hz), 128.3, 126.3, 119.8, 118.6 (d, J=2.3 Hz),
116.8 (d, J/=1.9 Hz), 111.1 (d, J=21.3 Hz), 110.2 (d, J=
22.2 Hz), 107.8 (d, J=26.8 Hz), 107.2 (d, J=27.7 Hz);
ESI HRMS caled for CoH;sFaN40,S [M+H]" 437.0878,
found 437.0883.

N-(5-38-2-((4-Fo AR Jk ) 2 2k Y g e ) 2 0 )-2- (ML g -2-
H) e I -4 I B (1X26): A R, R 85%. mup.
283~284 ‘C; 'H NMR (500 MHz, DMSO-dq) &: 12.73 (s,
1H, NH), 10.66 (s, 1H, NH), 8.69~8.67 (m, 1H, Py-H),
8.61 (s, 1H, thiazole-H), 8.51 (dd, J=11.9, 2.7 Hz,
1H,Py-H), 8.29 (d, J=7.9 Hz, 1H,Py-H), 8.09 (td, J=7.7,
1.7 Hz, 1H, Ar-H), 8.04 (dd, J=8.8, 6.4 Hz, 1H, Ar-H),
7.90 (dd, J=9.1, 5.0 Hz, 2H, Ar-H), 7.58 (ddd, J=17.5,
4.8, 1.1 Hz, 1H, Py-H), 7.30 (t, J=8.9 Hz, 2H, Ar-H), 7.17
(td, J=8.4, 2.7 Hz, 1H, Ar-H); 3C NMR (126 MHz,
DMSO-ds) J: 168.8, 166.7, 164.2 (d, J=247.7 Hz), 159.3,
159.1 (d, J=241.0 Hz), 150.5, 150.4, 150.1, 141.0 (d, J=
12.4 Hz), 138.4, 135.5 (d, J=2.0 Hz), 131.8 (d, J=10.3
Hz), 128.3, 126.3, 123.0 (d, J=8.0 Hz), 119.8, 118.8,
115.8 (d, J=22.3 Hz), 110.2 (d, J=21.8 Hz), 107.2 (d, J=
28.0 Hz); ESI HRMS caled for CooH;sFoN40,S [M+H]"
437.0878, found 437.0884.

N-(2-((2- U e P ) -5 G ) - 2- (MR i -2-
B WE M -4- HE i (1X27): A A, R 79%. mop.
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268~269 ‘C; '"H NMR (500 MHz, DMSO-ds) 0: 12.77 (s,
1H, NH), 10.50 (s, 1H, NH), 8.68 (d, J=4.7 Hz
1H,Py-H), 8.64 (s, 1H, thiazole-H), 8.54 (dd, J=11.9, 2.6
Hz, 1H, Py-H), 8.18 (d, J=7.8 Hz, 1H,Py-H), 8.12 (dd,
J=8.7, 6.4 Hz, 1H, Ar-H), 7.91 (td, J=7.7, 1.7 Hz, 1H,
Ar-H), 7.69 (dd, J=7.9, 1.5 Hz, 1H, Ar-H), 7.64 (dd, J=
8.0, 1.4 Hz, 1H, Ar-H), 7.56 (ddd, J=17.5, 4.8, 1.1 Hz, 1H,
Py-H), 7.47 (td, J=7.7, 1.4 Hz, 1H, Ar-H), 7.39 (td, J=
7.8, 1.6 Hz, 1H, Ar-H), 7.20 (td, J=8.4, 2.7 Hz, 1H,
Ar-H); 3C NMR (126 MHz, DMSO-ds) J: 168.9, 167.0,
164.4 (d, J=246.9 Hz), 159.5, 150.5, 150.4, 150.1, 141.3
(d, J=12.2 Hz), 139.8, 138.2, 134.9, 131.8 (d, J=10.3
Hz), 130.5, 130.1, 129.3, 128.6 (d, J=4.5 Hz), 128.0,
126.3, 119.9, 118.0, 110.4 (d, J=21.4 Hz), 107.4 (d, J=
28.0 Hz); ESI HRMS calcd for CoH,5CIFN,O,S [M+H]"
453.0583, found 453.0587.

N-(2-((3- G PRI ) 2 B P % ) - 5- 3 R Ik )-2- (ML g -2-
I ) g e 4 FR B i (1X28): (1 e [ 4R, R 86%. mup.
246~247 °C; '"H NMR (500 MHz, DMSO-ds) 0: 12.75 (s,
1H, NH), 10.74 (s, 1H, NH), 8.69 (d, J=4.3 Hz, 1H,
Py-H), 8.61 (s, 1H, thiazole-H), 8.53 (dd, J=11.9, 2.7 Hz,
1H, 1H, Py-H), 8.33 (d, J=7.8 Hz, 1H, 1H,Py-H), 8.21 (t,
J=2.0 Hz, 1H, 1H, Ar-H), 8.08~8.01 (m, 2H, Ar-H),
7.72~7.69 (m, 1H, Ar-H), 7.59 (ddd, J=7.5, 4.9, 1.0 Hz,
1H, Py-H), 7.46 (t, J=8.1 Hz, 1H, Ar-H), 7.24 (ddd, J=
8.0, 2.0, 0.8 Hz, 1H, Ar-H), 7.17 (td, J=8.4, 2.7 Hz, 1H,
Ar-H); 3C NMR (126 MHz, DMSO-ds) J: 168.8, 167.1,
164.4 (d, J=247.3 Hz), 159.3, 150.4, 150.4, 150.2, 141.2
(d, J=12.3 Hz), 140.6, 138.2, 133.5, 131.9 (d, J=10.4
Hz), 130.8, 128.4, 126.4, 124.4, 120.5, 119.7, 119.4, 118.5
(d, J=2.1 Hz), 110.2 (d, J=22.1 Hz), 107.2 (d, J=28.3
Hz); ESI HRMS caled for CyH;sCIFN,O,S [M+H]"
453.0583, found 453.0591.

N-(2-((4-F R ) B R L 8 ) - 5- R 3k )-2- (ML g - 2-
JE ) WE M4 F R e (1X29): (A B[R, R 83%. mup.
298~299 °C; '"H NMR (500 MHz, DMSO-ds) J: 12.66 (s,
1H, NH), 10.72 (s, 1H, NH), 8.71~8.67 (m, 1H, Py-H),
8.62 (s, 1H, thiazole-H), 8.51 (dd, J=11.8, 2.7 Hz,
1H,Py-H), 8.29 (d, J/=7.9 Hz, 1H, Py-H), 8.11 (td, J=7.7,
1.7 Hz, 1H, Ar-H), 8.04 (dd, J=8.8, 6.4 Hz, 1H, Ar-H),
7.92 (d, J=8.9 Hz, 2H, Ar-H), 7.60 (ddd, J=7.6, 4.8, 1.1
Hz, 1H, Py-H), 7.52 (d, J=8.9 Hz, 2H, Ar-H), 7.17 (td,
J=184, 2.7 Hz, 1H, Ar-H); *C NMR (126 MHz,
DMSO-de) 0: 168.8, 166.9, 164.3 (d, J=248.0 Hz), 159.3,
150.4, 150.4, 150.1, 141.0 (d, J=12.2 Hz), 138.4, 138.2,

Chin. J. Org. Chem. 2022, 42, 3870~3879



Chinese Journal of Organic Chemistry

131.9 (d, J=11.3 Hz), 129.1, 129.0, 128.4, 126.4, 122.6,
119.8, 118.8 (d, J=2.1 Hz), 110.2 (d, J=22.1 Hz), 107.3
(d, J=27.8 Hz); ESI HRMS calcd for CaH;sCIFN4O,S
[M+H]" 453.0583, found 453.0587.

N-(2-((2,6- — FH 2 % Bk ) o & H I R )-5- 960 R
B8)-2-(MHE g -2-J55 ) E P -4- F I 2 (1X30): A B il Ak, Wi
88%. m.p. 239~240 °C;'H NMR (500 MHz, DMSO-dc)
9: 12.68 (s, 1H, NH), 10.20 (s, 1H, NH), 8.67 (d, J=4.4
Hz, 1H, Py-H), 8.63 (s, 1H, thiazole-H), 8.53 (dd, J=11.8,
2.6 Hz, 1H, Py-H), 8.12~8.05 (m, 2H, Py-H, Ar-H), 7.84
(td, J=7.7, 1.6 Hz, 1H, Ar-H), 7.55 (ddd, J=7.5, 4.9, 1.0
Hz, 1H, Py-H), 7.19 (q, J=5.5 Hz, 4H, Ar-H), 2.27 (s, 6H,
Ar-H); 3C NMR (126 MHz, DMSO-d) J: 168.9, 166.6,
164.1 (d, J=246.9 Hz), 159.4, 150.6, 150.4, 150.1, 140.9
(d, J=12.2 Hz), 138.1, 136.2, 135.0, 131.2 (d, J=10.2
Hz), 128.5, 128.3, 127.6, 126.3, 119.8, 119.0 (d, J=2.3
Hz), 110.4 (d, J=21.9 Hz), 107.4 (d, J=28.1 Hz), 18.5;
ESI HRMS caled for CasH20FN40,S [M+H]" 447.1286,
found 447.1289.

3.8 HEYEMNR

A= P R S e AR O AR 24 A D P VR A
SOPCGR HAIH)) , KA FIRBUENE T Hisb &9
IX1-IX30 X K5 B (Mythimna separata) F1 5 3 5% 7% i
(Spodoptera frugiperda) 7% B M.
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