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N-BRAX AL OE B5-2-Fk B PO S BAIR-1 (2H)- B X R B AR A & B R B B 5 1

K oEY xme* FHEO  FFMEC
MHEE R

(P E RN RN AR JER 100193)
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R4 ?

WE  DIEUREEENLE A ERL, & 00 RN A RO A —— UL e B R R SR T, s 4 M REURS
AR AL S, AT 4D RFI3L 22 AT N-EUAR L RE 522k 2 PU ZE R - 1 QED-BiAR R G 54k &9 8~11. BT
A BRI S 25 "H NMR, BC NMR Al HRMS [RFIE. 9125 RS IR E B, #01b &7 375 geha ™' 51
BT, 00T I 2% 7 T R K A B R BT - i B I B AT 2 100% 2ERTIEE . #E— 25 in M iing & B, 2-[(5-FnknE-2-
Fo)BACR I B | DU SR 1 (2H)- TR ZLBE(9e)TE 45 geha™ 75N S i R A R AT5 L B 95%.
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Synthesis and Herbicidal Activities of N-Substituted Pyridyl-2-
acyltetrahydropyridazine-1(2H)-carbothioamides

Zhang, Hao" Li, Qibo* Li, Qingyang" Chen, Yahong”
Liu, Kechang”  Liu, Shangzhong™*
(“ Department of Applied Chemistry, College of Science, China Agricultural University, Beijing 100193)

(® Nutrichem Co., Ltd, Beijing 100192)

Liu, Ruiquan“

Abstract Key intermediates—substituted pyridyl isothiocyanates, which were prepared from starting material substituted
pyridyl amines via two steps, were further condensed with four substituted hexahydropyridazine intermediates to afford four
series of novel N-substituted pyridyl-2-acyltetrahydropyridazine-1(2H)-carbothioamides 8 ~11. The structures of all com-
pounds have been confirmed by 'H NMR, '*C NMR and HRMS techniques. The preliminary bioassay results indicated that
some of the title compounds exhibited approximately 100% inhibition against Abutilon theophrasti, Amaranthus retroflexus
and Digitaria sanguinalis at a dose of 375 geha '. In particular, ethyl 2-((5-chloropyridin-2-yl)carbamothioyl)tetrahydropy-
ridazine-1(2H)-carboxylate (9e) displayed the best pre-emergence herbicidal effect against Abutilon theophrasti with 95%
inhibitory activity even at 45 geha .

Keywords acyl thiosemicarbazides; hexahydropyridazine; pyridine; synthesis; herbicidal activity
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LRI 3TN s e R e P S Nk 75 2
HAEMUUR SR, ERAAERMTER . K R %
3T R AR AT R ZE T, (R IR M A LA e R A PR
i, B UA 2 IR IE 2R 5 AR PRI, 38 W] DA S bR
R PEUS YL TR BV 2 7 o 11 B R £ A
PRUSOL o) S e R . BRI . U R . AR
S AT P e A B AR IR SIN BN A AR P 5 . N-HiE
NE I DU S A R -1 H)- B A R BE R R_A 9. Tk,
ML IE 54 B0 5| AN BB R RAT A i A R B
RAFBR sV R S .
ASCIRYEE VE N 5 i B SR B, etk 1 N-HUACtt
NGE 3 VU M R - 1 (2 H)- T AP I e P A B kT e
CETPEEE . R B 2- IR 4-SOR A O 5
NEEIRERIHIUEERIE b, B R T 44 R EIFE 22 4N
N-HUA R i -2- I ik DY S0k - 1 (2 H)- Bt A X L A 2 4
EYE D). BARACE ISR 2T 5 70 B S5
WRAE. W12 DS ENNAER ], Fao e s Aa IR
MR G TE. B E S & 20 Scheme 1 TR,

L HK
R? "N~ \[r RY .
________ S . ST
- , =
SRORRIO N N@Rq
_____________ LN
s R e R
: NJ\N : X TM1: R2=H
o M TM2: R? = CO,CH,CHs
: R4 R TM3: R2 = CO,CH,CCH o)
: o ! —4
NIRRT () TM4: R? = C'QO o

Me
Bl1 Hisfb&wnset

Figure 1 Design strategy for target compounds

1 ZR5WR
1.1 LAY & RRAUBIEHHIE

KRILERT 2 M RZERER (4K 3 Al 6, Horr 3
N 2-HE-4- SRS SIS AR Y S R R (2)
SR S R AR 4 F S, i R e I R IR (7) =2 & 1 B
PRSP SRBE P E) A, LI d 2 L e ARG~k
Hile%. A TR A R RIS, Sid—
RKINIOAL, FATEL T LA 2 R iy 2 FE g
JERL, S5 AR AR = £ M R B AN SN AR
AR E TR, A% saith, BEEIMA=81M
PRV WK — AR 2 P IR 6 20 A4S B A0 5 1) S Tt
BRER )77, 2B R @R OISR A, & S
B = e S R R FER IR, R, K 4 AR R
& 3~6 7055 R EIRER(7) R BNAF 2] H s L 54 8~
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11.

Hbstb 291 "THNMR o, L5498 1) SRR AE/E
T, BEREIA 2 AL AUE T EREIR 2 AL A A
RN, BN REAE 5 3.5~3.6 &b, WEWREA 6 ik iR T
IR 55 R 2 — g, PAFELE 6 4.3 L. 42
BN JEF PRI S, &% 9~11 1) 'H
NMR Hxt R NH AS 5825, AR 6 4.3 B 6 £2 CH,
) e AR P 2H 2 B g, (L AIRE  ilAE 6 5.5 Fl4.2
Bz, fHZERE, IF HHPECRIEE HEZ 8 13 Hz
HE X R I R ) R RT RRAE T, 7ERA R IR 1 R A B
W, 6 ALk BB R AR R T A, A
By, &k b2 MEEAEN(E 2).
1.2 BRESEMEMNR

ZHRSCHR 21 7 4, FATR B AR &9 4 0 R H
LIgEALEE 2R AR B R T VEREAT AR R, DA
J= HLA XTI 2% B TR} BR (Abutilon theophrasti)~ A Wi
(Amaranthus retroflexus) Fll . F - % B I B (Digitaria
sanguinalis)~ FRE(Echinochloa crus-galli). V)= 3R
Tk et B2 70, i = PR PRI S R AR 1. 7 375
geha 'FIER, (LAY 8 A1 11 FEATRREIEME, (&Y
9, 10 KZ BHAM T HH] 0 54 K s tE, H
358 Ao PR Ik T 2R AR FR R, HR A 9,
10 XF LI 2R B IS — K, HH 9e~9g Xt 5 JE
PIZERTHIHIZE KT 95%. MRIEVITHEE R, XML& 9b,
9e~9g MERFIEVERT 7RI, B REE 2)ER1E
187.5 geha ' FIE T, 4 MELAPIXTHIRR S D) 25 7
I 2RI KT 80%, AT R 24 711 = SR BEMEXT THIRR . I
RO M 260N 35%F0 75%. HoHh 9e Fil 9g X B 3 (1
HIR AT 80%. HE—BMIR KA 45 geha '
T, B 9e Xof 1] R I TEPEATSIE 95%.

AW A HME 1 RRBREIEYE, M
BRI RAAT TR . WA, R SHTbE
PRk F R MR B, 2 R ¥ CO,CH,CH; 8¢
CO,CH,CCH Itf, FHFIAL A 9, 10 BB g P f i B4
R* AZ NA BRI K 2- F E-4- R R A BRI, M
ML AP 8, 11 LR E. oW R fp Bt AL &
T IAMAR 2 5o B AR S EERR NS & TR — &R
Hl, R' AR B stk &S g i i, 4 R
9 5-X (9b, 9e, Of, 10b, 10e, 10f)F1 5-CF; (9g, 10g)1if, 9,
10 FAHRAL AP B =, 1E 375 geha ' FIE R XS]
JRFN SR DA 2R IE 100%; 24 R AE(9a) Al NG bk (9i)
I, FEMERIEREAS; 2 R' O9FIE9d, 10d)F1F4EIE(9),
10j)FF, G PEHA FTREK. RY 2 BRI 0 7 B XS
WA, a1 9b (5-F)FNEMERT 9¢ (3-F), I H ZHUR
KR FEUETERRE, W& of (5-Br)fiE 4 & T 9h

http://sioc-journal.cn/ 1507



BT it

o

/@i O -COOH S0, 0\)1\@ o BTC :—\O _/<o
cl Me OH THF , G
1 ] CI}IH Me:©/0|
N
i -CHO (1) BI(CH)4Br, KCOs C’?‘H'HC' FLN/THF jo]/:o
HN. ..o (2)HCI, MeOH :H , C'.“H
Et;N/THF NTO\&
Os
" (1) (Boc),0, THF N-CO%Ft el CN/COOEt
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"G oo TGP sors Cﬁ "
N (2) FeCly 6H,0 or “R2
7 8~11
a: pyridin-2-yl, R' = H f: pyridin-2-yl, R = 5-Br 8 R?=H
b: pyridin-2-yl, R'=5-F  g: pyridin-2-yl, R" = 5-CF3 9: R? = CO,CH,CHj3
c: pyridin-2-yl, R'=3-F  h: pyridin-2-yl, R = 3,5-Br, 10: R? = CO,CH,CCH
d: pyridin-2-yl, R' = 5-Me i: pyridin-3-yl, R' = 6-morpholino o2
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B 1 B &G ik
Scheme 1 Synthetic route for the target compounds
R 1 ALEW 8~11 78 375 geha ' FIE TR EE1E(%)
Table 1 Herbicidal activities (%) of compounds 8~11 at dose of 375 geha™'
Compd LA EANYGE]
) THi JBR S BEL 5 THJBR S BEL 5
8d 0.0 0.0 0.0 0.0 14.4 0.0 0.0 0.0
8e 0.0 21.7 0.0 0.0 28.5 17.5 0.0 0.0
8j 8.1 56.0 0.0 10.0 34.6 40.5 10.0 0.0
9a 18.4 16.0 0.0 13.3 16.2 10.8 0.0 0.0
9b 100.0 100.0 13.7 82.3 100.0 24.0 17.4 0.0
9 64.3 88.0 33 35.4 95.0 15.4 0.0 0.0
9d 80.6 97.8 7.2 31.6 100.0 12.9 0.0 0.0
9e 100.0 100.0 69.8 97.5 100.0 46.1 433 36.5
9f 100.0 100.0 75.6 97.5 100.0 90.3 62.5 17.6
9g 100.0 100.0 14.0 98.7 100.0 22.6 16.9 0.0
9h 86.4 90.2 15.9 2.5 80.7 5.0 0.0 0.0
9i 10.9 22.8 0.0 0.0 0.0 0.0 0.0 0.0
9j 57.2 97.8 10.2 63.2 100.0 41.9 15.1 5.0
10b 95.0 95.0 10.0 30.0 5.0 20.0 10.0 15.0
10d 80.0 18.0 11.0 30.0 0.0 30.0 15.0 10.0
10e 100.0 100.0 52.9 41.3 81.4 99.0 46.9 29.2
10f 100.0 100.0 61.7 68.6 88.4 100.0 50.1 26.1
10g 100.0 100.0 30.0 25.0 60.0 50.0 20.0 55.0
10§ 90.0 90.0 25.0 38.5 15.0 37.0 27.0 17.0
11d 0.0 10.0 0.0 0 6.0 30.0 0.0 20.0
1le 0.0 7.9 5.2 0 0.0 14.5 0.0 5.3
11j 0.0 0.0 0.0 0 0.0 0.0 0.0 0.0
Acifluorfen 50.0 97.0 60.6 100 100.0 97.0 87.0 65.0
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K2 HMAED 9 AR FIRIBREIEE(%)
Table 2 Further herbicidal activity (%) of some compounds 9 at lower dose

~ gL ZEIH b

Compd. Dose/(geha ! — — —
P (geha ) FiR R o B
187.50 82.5 90.0 80.4
% 93.75 72.0 88.0 74.6
187.50 100.0 95.0 82.3 100.0
9e 93.75 100.0 90.0 100.0
45.00 94.6 733
187.50 100.0 95.0 69.6 100.0
of 93.75 100.0 60.0 100.0
45.00 88.6 61.6
187.50 100.0 80.0 87.3 57.2
9% 93.75 88.3 20.0 428
. 187.50 347 745 70.0
Acifluorfen 93.75 7.0 427 512

sH N N
g

Hst
07 R?

X

B2 NMR G 9~11 s RN
Figure 2 Van der Waals effect of compounds 9~11 in NMR

(3,5-Bry)
2 #ig

A LB e S S A R B 7 Ay A a4,
s 4 ANPURSNEREE R A 3~6 N, ST 4
AN Z 51 22 AN N-BUAR I e 3 -2 -k 3 DU S A - 1 (2 H) -
REBELEAED, FX AT T BREEENR, R
TR, £ 375 geha | FIE R, tbEW S, 11 A
TERRETEYE, FE A 9, 10 X XUF- 44 78] bR M S
ol AN B I R R I B EL ) 100% S AT T
LAY 9e 7F 45 geha ' 75 X 17 JBR AR 400l 247304 2]
95%, it T IR 2G5 =R R, R4 R, R* 201K
5-Cl, CO,CH,CH; By PE e f. AR URL XS 9e (1t —20
AT AR 22 A VRN LB AT PE FEAT H.

3 IEES
3.1 UFESHF

Stuart SMP-3 & sl €A (R IE); Bruker Avance
DPX300 # A% ARI(CDCL NIET], TMS NAR);
Agilent 1100 LC-MSD-Trap Jii &4 (ESI-MS). Fi iR
BN A al, S ACEL S (. A 7S Sk
IR E(3). 2-HH-4-FORE OB A EAF R
liE(2). VUSMEWR-12H)- R LR Eh R £5(6)~ HUAR L
W B 1 R TR (7) 43 A 228 SCiR[2, 20 ~23 ]l 4%
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32 ZWHE
3.2.1 a4k 4,5 694 %

HAREAEDIRUL 2-F B -4- GRS P 28 DY Sk v
Fi(4)B& BB 1) 250 mL = EORFIA 2.5 g (20
mmol)/NEREBEER R L 3. 2.2 g (22 mmol) = ZJEA A,
WRI 70 mL, UKIG&AMET, SN 4.4 ¢ (20 mmol) 2-
L 4-GUORE WD), W5, =R 2h 5, ¥k
IEVR 43 ) 7K RT B K 2 3, TE/KBRBREE T8, Mt
WAL ORE 48 g W 90%. '"H NMR (300 MHz,
CDCLy) 6: 7.13~7.09 (m, 1H), 7.05 (dd, J=8.6, 2.6 Hz,
1H), 6.65 (d, J=8.6 Hz, 1H), 4.88 (s, 2H), 3.63 (br, 2H),
3.39 (br, 1H), 2.93 (t, J=5.1 Hz, 2H), 2.28 (s, 3H), 1.77~
1.63 (m, 4H).

H ] 44 DY Sk -1 (2 H)- F BR B TR R (S) PR & i 7 V2
A 4.: WK, WE 88%. '"H NMR (300 MHz, CDCl5)
8: 4.66 (d, J=2.5 Hz, 2H), 3.56~3.46 (m, 2H), 2.91~
2.81 (m, 2H), 2.46 (t, J=2.5 Hz, 1H), 1.63~1.57 (m, 4H).
322 BiRA4 8~11 #945%

7£ 100 mL = FUR KR II 2.0 mmol ML 2 567
FIREE 7, 2.0 mmol 8] {4 3 (5 4~6), 2.0 mmol = Z.Ji%
(P a1 8 6 BHAIPYERRRE 16 mL, =R,
TLC Rz R PT64s, KEe, T8, B, RRvaEsE
SRR OHR) - VOIECH) =1 : 11464613 B A5 =4.

N-(5-FF e g -2- 2% ) DU S8 8 - 1 (2 H)- i AR Y T i
(8d): WEE G, WE 67%. mp. 175.0~1762 C;'H
NMR (300 MHz, CDCl;) §: 10.40 (s, 1H), 8.74 (d, J=8.4
Hz, 1H), 8.11 (d, J=2.3 Hz, 1H), 7.51 (dd, J=8.5, 2.3 Hz,
1H), 4.30 (br, 2H), 3.67 (t, J=7.4 Hz, 1H), 2.99 (dt, J=
7.4, 5.4 Hz, 2H), 2.29 (s, 3H), 1.89~1.64 (m, 4H); "°C
NMR (75 MHz, CDCl;) d: 176.91, 150.20, 147.42, 137.69,
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128.84, 114.77, 47.40, 47.13, 24.89, 23.61, 17.59; HRMS
caled for C; H7N,S [M+H]" 237.1168, found 237.1166.

N-(5- Gk mE -2-2 ) DY S AR -1 2 H)- B AR FH BE % (8e):
H A, R 85%. mp. 152.0~156.3 C; 'H NMR
(300 MHz, CDCls) 6: 10.50 (s, 1H), 8.97 (dd, J=9.0, 0.7
Hz, 1H), 8.23 (dd, J=2.7, 0.7 Hz, 1H), 7.65 (dd, J=9.0,
2.7 Hz, 1H), 4.31 (br, 2H), 3.55 (t, J=7.5 Hz, 1H), 3.08~
2.95 (m, 2H), 1.90~1.67 (m, 4H); *C NMR (75 MHz,
CDCly) 0: 176.85, 150.75, 146.08, 136.71, 126.29, 115.36,
47.54, 47.23, 24.91, 23.55; HRMS calcd for C;oH;3CIN,S
[M+H]" 257.0622, found 257.0623.

N-(2-F A ML g -4- 255 DU S AR - 1 (2 H) - A & FF Ik fi
8j): BEEmEE, WE 76%. mp. 130.6~131.3 C; 'H
NMR (300 MHz, CDCl;) &: 10.06 (s, 1H), 8.03 (d, J=5.8
Hz, 1H), 7.46 (d, J=1.9 Hz, 1H), 7.20 (dd, J=5.8, 1.9 Hz,
1H), 4.30 (br, 2H), 3.92 (s, 3H), 3.61 (t, J=7.4 Hz, 1H),
3.05~2.92 (m, 2H), 1.88~1.65 (m, 4H); *C NMR (75
MHz, CDCly) 0: 177.42, 164.84, 148.24, 146.62, 110.24,
101.08, 53.33, 47.48, 47.07, 24.76, 23.47; HRMS calcd for
CiH7N,OS [M+H]" 253.1118, found 253.1117.

2- (M -2- BE A AR 2 HH B2 DU Sk R - 1 2 H)- FH R
ZiR9a): AEAK, W 61%. mp. 105.1~106.3 C;
'H NMR (300 MHz, CDCl;) 6: 9.19 (s, 1H), 8.83 (d, J=
8.5 Hz, 1H), 8.32~8.23 (m, 1H), 7.74~7.68 (m, 1H),
7.06~7.03 (m, 1H), 5.55 (d, J=13.4 Hz, 1H), 429~4.18
(m, 3H), 3.12~2.99 (m, 2H), 1.86~1.66 (m, 4H), 1.28 (t,
J=7.1 Hz, 3H); “C NMR (75 MHz, CDCly) ¢: 177.24,
155.75, 152.05, 147.49, 137.14, 11991, 115.64, 63.31,
4743, 46.18, 22.82, 22.42, 14.26; HRMS calcd for
C13HoN4O,S [M+H]" 295.1223, found 295.1224.

2-[(5- F M i -2- 6 ) A = 2 T ) DY Ak R -
1Q2H)-F & ZBE9b): HERE A, 182 79%. mp. 85.6~
86.5 ‘C; '"H NMR (300 MHz, CDCl;) d: 9.26 (s, 1H), 8.78
(dd, J=9.2, 4.1 Hz, 1H), 8.12 (d, J=3.0 Hz, 1H), 7.48~
7.41 (m, 1H), 5.51 (dt, J=13.5, 3.5 Hz, 1H), 4.32~4.14
(m, 3H), 3.16~2.97 (m, 2H), 1.87~1.72 (m, 4H), 1.28 (t,
J=7.1 Hz, 3H); °C NMR (75 MHz, CDCLy) J: 177.44,
156.44 (d, Jor=250.3 Hz), 155.71, 148.15 (d, Jor=2.3
Hz), 134.89 (d, Jor=25.4 Hz), 123.97 (d, Jor=19.5 Hz),
117.13 (d, Jor=4.1 Hz), 63.34, 47.45, 46.28, 22.81, 22.41,
14.24; HRMS caled for C;3H;sFN4O,S [M + H] -
313.1129, found 313.1135.

2-((3- 96U MhE WE -2- 5 ) Tt A 2 i P O ) DY Ak 1R -
1Q2H)-F T .8 (9¢): HERE A, 183 64%. m.p. 83.0~
84.8 ‘C; '"H NMR (300 MHz, CDCl;) d: 9.01 (s, 1H), 8.23
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(d, J=4.6 Hz, 1H), 7.52~7.43 (m, 1H), 7.32~7.20 (m,
1H), 5.51~5.38 (m, 1H), 4.28 (q, J=7.1 Hz, 2H), 4.16 (d,
J=13.2 Hz, 1H), 3.24~3.01 (m, 2H), 1.96~1.64 (m, 4H),
1.31 (t, J=7.1 Hz, 3H); °C NMR (75 MHz, CDCL;) ¢:
180.19, 155.67, 153.94 (d, Jer=259.5 Hz), 143.17 (d,
Jer=5.5 Hz), 14143 (d, Jer=11.6 Hz), 124.54 (d,
Jer=18.1 Hz), 123.38, 63.17, 47.21, 22.91, 22.47, 14.23;
HRMS caled for C3H;gFN,O,S [M+H] " 313.1129,
found 313.1130.

2-[(5- P 5k bk g -2- ) o A A P g ) DY Sk R -
12H)-HE .86 (9d): B EEE, 13 66%. m.p. 119.9~
121.2 °C; 'H NMR (300 MHz, CDCl5) &: 10.01 (s, 1H),
8.19 (d, J=1.5 Hz, 1H), 7.86 (d, J=8.3 Hz, 1H), 7.61 (dd,
J=8.3, 1.5 Hz, 1H), 5.24 (d, J=12.8 Hz, 1H), 4.17 (g, J=
7.1 Hz, 2H), 4.02 (d, J=12.8 Hz, 1H), 3.03~2.95 (m,
2H), 2.27 (s, 3H), 1.71~1.61 (m, 4H), 1.21 (t, J=7.1 Hz,
3H); “C NMR (75 MHz, CDCL) o: 177.37, 155.77,
149.86, 147.37, 137.68, 129.42, 115.65, 63.23, 47.35,
46.23, 22.81, 22.44, 17.59, 14.26; HRMS calcd for
C1sH21N40,S [M+H]" 309.1380, found 309.1377.

2-[(5- UMt mE -2- 66 ) X = 2 HE T ] DY Ak R -
1Q2H)-FE 2.6 (9e): FEE A, 103 83%. mp. 118.1~
119.5 “C; '"H NMR (300 MHz, CDCl;) §: 10.22 (s, 1H),
8.41 (d, J=2.6 Hz, 1H), 8.02 (d, J=8.8 Hz, 1H), 7.90 (dd,
J=8.8,2.6 Hz, 1H), 5.21 (d, J=13.3 Hz, 1H), 4.16 (g, J=
7.1 Hz, 2H), 4.02 (d, J=13.3 Hz, 1H), 3.33 (s, 3H), 3.06~
2.94 (m, 2H), 1.74~1.57 (m, 4H), 1.20 (t, J=7.1 Hz, 3H);
BC NMR (75 MHz, CDCly) 6: 177.22, 155.68, 150.41,
145.99, 136.71, 126.90, 116.40, 63.39, 47.53, 46.22, 22.81,
22.39, 14.25; HRMS calcd for Ci3HsCIN,O,S [M+H]"
329.0834, found 329.0838.

2-[(5- R MHE W -2- 5 ) ot A = 26 P B ] DY Ak R -
12H)-HE Z.BR(9f): B lE A, W 81%. mp. 121.7~
124.8 C; '"H NMR (300 MHz, CDCl;) 6: 9.05 (s, 1H),
8.86 (dd, J=8.9, 0.7 Hz, 1H), 8.32 (dd, J=2.5, 0.7 Hz,
1H), 7.80 (dd, J=8.9, 2.5 Hz, 1H), 5.52 (dt, J=13.4, 3.1
Hz, 1H), 4.30~4.20 (m, 3H), 3.14~2.95 (m, 2H), 1.90~
1.67 (m, 4H), 1.29 (t, J=7.1 Hz, 3H); *C NMR (75 MHz,
CDCLy) 6: 177.14, 155.68, 150.79, 148.27, 139.51, 116.78,
114.87, 63.42, 47.55, 46.22, 22.82, 22.39, 14.27, HRMS
caled for C;3H;sBrN,O,S [M+H]" 373.0328, found
373.0331.

2-[(5- =5 FF B bt g - 2- 58 ) o K 2 2 Y 7 5 DO &k
B -1Q2H)- F R 46 (9g): A @E A, IR 71%. m.p.
89.5~91.4 ‘C; 'H NMR (300 MHz, CDCl;) d: 9.25 (s,
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1H), 9.12 (d, J=8.9 Hz, 1H), 8.53 (dd, J=1.6, 0.9 Hz,
1H), 7.92 (dd, J=8.9, 2.5 Hz, 1H), 5.53 (dt, J=13.6, 3.1
Hz, 1H), 4.31~4.23 (m, 3H), 3.13~3.01 (m, 2H), 1.94~
1.70 (m, 4H), 1.29 (t, J=7.1 Hz, 3H); °*C NMR (75 MHz,
CDCly) 0: 177.20, 155.61, 154.79, 144.75 (q, Jer=42
Hz), 134.43 (q, Jor=3.3 Hz), 123.33 (q, Jor=269.9 Hz),
122.33 (q, Jer=33.0 Hz), 114.44, 63.46, 47.66, 46.17,
22.79, 22.32, 14.18; HRMS caled for CiH;sF3N,0,S
[M+H]" 363.1097, found 363.1092.

2-[(3,5- VRN g -2 i AR 2 2 P I R 1 U A ik R -
12H)- H 18 £, T (9h): % 3 B i 4R, 1% 70%. m.p.
97.3~98.8 “C; 'H NMR (300 MHz, CDCl;) ¢: 8.52 (d,
J=2.2 Hz, 1H), 8.09 (d, J=2.2 Hz, 1H), 5.52~5.39 (m,
1H), 4.37~4.17 (m, 3H), 3.24~3.00 (m, 2H), 1.95~1.69
(m, 4H), 1.33 (t, J=7.1 Hz, 3H); °C NMR (75 MHz,
CDCly) 8: 179.13, 155.80, 148.49, 148.25, 143.35, 118.38,
117.71, 63.42, 47.32, 46.91, 22.78, 22.42, 14.38; HRMS
caled for C;3H;;Br,N,O,S [M—i—H]+ 450.9433, found
450.9429.

2-[(6- M5 MR bk g -3- 5 ) i A A P g S ] DY ik -
12H)-HE B8 (91): H A4, i 64%. m.p. 153.6~
1542 ‘C; '"H NMR (300 MHz, CDCl;) o: 8.14 (s, 1H),
8.04 (d, J=2.6 Hz, 1H), 7.64 (dd, J=9.0, 2.6 Hz, 1H),
6.64 (d, J=9.0 Hz, 1H), 5.50~5.44 (m, 1H), 4.37~4.16
(m, 3H), 3.87~3.76 (m, 4H), 3.55~3.45 (m, 4H), 3.16~
2.98 (m, 2H), 1.94~1.68 (m, 4H), 1.32 (t, J=7.1 Hz, 3H);
C NMR (75 MHz, CDCly) 6: 180.66, 157.54, 155.91,
145.28, 136.50, 126.20, 105.88, 66.48, 63.20, 47.06, 45.43,
22.76, 22.47, 14.37; HRMS caled for C;7H,,NsO3S [M+
H]" 380.1751, found 380.1747.

2-[(2- HH A 258 Pk i -4 258 ) it 2 Y B 26 D Sk s -
1Q2H)-FE B8 09)): HElE Ak, 13 74%. mp. 1502~
151.4 °C; '"H NMR (300 MHz, CDCl;) 6: 8.61 (s, 1H),
8.05 (d, J=5.7 Hz, 1H), 7.27 (d, J=1.8 Hz, 1H), 7.17 (dd,
J=5.7, 1.8 Hz, 1H), 5.56~5.43 (m, 1H), 4.31~4.13 (m,
3H), 3.91 (s, 3H), 3.07~2.96 (m, 2H), 1.75 (m, 4H), 1.28
(t, J=7.1 Hz, 3H); >C NMR (75 MHz, CDCl;) §: 178.03,
164.83, 155.89, 148.01, 146.73, 111.33, 102.86, 63.49,
53.40, 47.49, 46.39, 22.74, 22.38, 14.31; HRMS calcd for
C1sH2N4O5S [M+H]" 325.1329, found 325.1332.

2-[(5- 96U bt WE -2- 5 ) Tt A 2 i Y B ] DY Ak 1R -
1Q2H)- F B HL A B (10b): [ B 1k, U 69%. m.p.
117.4~119.0 “C; 'H NMR (300 MHz, CDCl;) 6: 9.24 (s,
1H), 8.73 (dd, J=9.2, 4.1 Hz, 1H), 8.12 (d, J=3.0 Hz,
1H), 7.48~7.41 (m, 1H), 5.53 (d, J=13.3 Hz, 1H), 4.79
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(t, J=2.7 Hz, 2H), 4.21 (d, J=13.3 Hz, 1H), 3.19~3.00
(m, 2H), 2.51 (t, J=2.4 Hz, 1H), 1.94~1.69 (m, 4H); "*C
NMR (75 MHz, CDCls) §: 177.66, 156.63 (d, Jey=251.0
Hz), 155.19, 148.17 (d, Jor=2.3 Hz), 135.00 (d, Jor=
25.4 Hz), 124.16 (d, Jor=19.4 Hz), 117.66 (d, Jor=4.0
Hz), 76.92, 75.72, 54.58, 47.83, 46.83, 22.81, 22.67;
HRMS caled for C4H¢FN,0,S [M+H] " 323.0973,
found 323.0969.

2-[(5- H JE bk mg -2- 25 ) it A 2 25 Y I 2 ] DU Ak 1R -
12H)- AR R (10d): [ & E A&, 1% 61%. m.p.
106.8~108.5 C; '"H NMR (300 MHz, CDCl;) 6: 9.29 (s,
1H), 8.57 (d, J=8.5 Hz, 1H), 8.08 (s, 1H), 7.52 (dd, J=
8.7, 2.4 Hz, 1H), 5.55 (d, J=13.8 Hz, 1H), 4.77 (t, J=3.6
Hz, 2H), 4.19 (d, J=13.8 Hz, 1H), 3.19~2.99 (m, 2H),
2.50 (t, J=2.1 Hz, 1H), 2.29 (s, 3H), 1.90~1.69 (m, 4H);
BC NMR (75 MHz, CDCls) 6: 177.60, 155.22, 149.88,
147.43, 137.84, 129.70, 116.20, 77.02, 75.61, 54.49, 47.73,
46.81, 22.82, 22.71, 17.73; HRMS calcd for C;sH;sN,40,S
[M-+H]" 319.1223, found 319.1215.

2-[(5- S ML WE -2- 5 ) fnd A 2 26 P I 6 ] DY Ak VR -
1QH)- H B HL A g (10e): [ 4K, % 75%. m.p.
139.4~141.0 ‘C; '"H NMR (300 MHz, CDCls) 6: 9.27 (s,
1H), 8.78 (dd, J=8.9, 0.7 Hz, 1H), 8.20 (dd, J=2.6, 0.7
Hz, 1H), 7.67 (dd, J=8.9, 2.6 Hz, 1H), 5.53 (dt, J=13.6,
3.3 Hz, 1H), 4.78 (t, J=2.4 Hz, 2H), 421 (d, J=13.6 Hz,
1H), 3.19~3.00 (m, 2H), 2.52 (t, J=2.4 Hz, 1H), 1.93~
1.70 (m, 4H); “C NMR (75 MHz, CDCly) §: 177.37,
155.14, 150.40, 146.07, 136.86, 127.17, 116.82, 76.87,
75.75, 54.61, 47.89, 46.75, 22.79, 22.63; HRMS calcd for
C1:H,4CIN,0,S [M+H]"339.0677, found 339.0681.

2-[(5- 15 bk WE -2- 5 ) ot A 2 i P B ] DY Ak 1R -
1Q2H)- F BR e T Big (106): (1 8 [ 44, & 72%. m.p.
142.1~143.3 C; '"H NMR (300 MHz, CDCl;) 6: 9.16 (s,
1H), 8.78 (d, J=8.9 Hz, 1H), 8.31 (d, J=2.4 Hz, 1H), 7.80
(dd, J=8.9, 2.4 Hz, 1H), 5.53 (d, J=13.7 Hz, 1H), 4.79 (t,
J=2.7 Hz, 2H), 4.22 (d, J=13.7 Hz, 1H), 3.15~3.03 (m,
2H), 2.51 (t, J=2.5 Hz, 1H), 1.91~1.69 (m, 4H); "*C
NMR (75 MHz, CDCly) d: 177.28, 155.17, 150.80, 148.37,
139.67, 117.15, 115.16, 77.41, 76.99, 76.87, 76.57, 75.79,
54.65, 47.94, 46.76, 22.81, 22.65; HRMS caled for
C14H,6BrN,0,S [M+H]383.0172, found 383.0176.

2-[(5- =5 PP B bt g - 2- 358 ) i A 2 kR B 2 DU & mik
BE-12H)- R R A BE(10g): B EAE, IR 64%. m.p.
85.8~87.3 ‘C; 'H NMR (300 MHz, CDCls) d: 9.30 (s,
1H), 9.07 (d, J=8.9 Hz, 1H), 8.52 (dt, J=2.3, 1.1 Hz,
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1H), 7.93 (dd, J=8.9, 2.4 Hz, 1H), 5.54 (dt, J=13.7, 3.1
Hz, 1H), 4.80 (t, J=2.4 Hz, 2H), 4.25 (d, J=13.7 Hz, 1H),
3.16~3.04 (m, 2H), 2.51 (t, J=2.5 Hz, 1H), 1.92~1.72
(m, 4H); *C NMR (75 MHz, CDCl3) d: 177.28, 162.26,
155.18, 154.79, 144.95 (q, Jer=4.2 Hz), 134.70 (q, Jer=
3.4 Hz), 128.86, 123.46 (q, Jcr=270.0 Hz), 122.69 (q,
Jer=33.2 Hz), 114.59, 76.79, 75.87, 54.76, 48.12, 46.74,
22.85, 22.64; HRMS caled for C;sH;¢F5N,0,S [M+H]"
373.0941, found 373.0946.

2-((2- AR B MLk g -4- 222 ) Bt A 2 25 P T 266 ) DY S e R -
LQ2H)- H g e A Big (10):  E & [ 44, % 77%. m.p.
115.5~117.1 “C; 'H NMR (300 MHz, CDCl;) 6: 8.37 (s,
1H), 8.07 (d, J=5.7 Hz, 1H), 7.25 (d, J=1.9 Hz, 1H), 7.15
(dd, J=5.7, 1.9 Hz, 1H), 5.52 (d, J=13.6 Hz, 1H), 4.81 (t,
J=2.4 Hz, 2H), 4.25 (d, J=13.6 Hz, 1H), 3.93 (s, 3H),
3.15~2.97 (m, 2H), 2.53 (t, J=2.4 Hz, 1H), 1.82~1.74
(m, 4H); C NMR (75 MHz, CDCl;) J: 178.04, 164.88,
155.23, 147.88, 146.83, 111.46, 103.07, 76.78, 75.85,
54.59, 53.47, 47.79, 46.83, 22.67, 22.56; HRMS calcd for
C1sH1oN4O5S [M+H]" 335.1172, found 335.1165.

2-[2-(4- 5 -2- 1 FE K 41)) 2 Tk 5 )-N-(5- HF & I e -2-
B VA BE R -1H)- B A B e (11d): A A lE A, Wiz
71%. m.p. 98.5~99.7 °‘C; '"H NMR (300 MHz, CDCL) ¢:
9.14 (br, 1H), 8.03 (br, 1H), 7.57 (dd, J=8.8, 2.5 Hz, 1H),
7.08~6.99 (m, 3H), 6.67 (d, J=8.6 Hz, 1H), 5.58 (br,
1H), 4.72 (s, 3H), 4.56 (d, J=14.0 Hz, 1H), 3.13~2.90
(m, 2H), 2.31 (s, 3H), 2.22 (s, 3H), 1.87~1.74 (m, 4H);
BC NMR (75 MHz, CDCls) 6: 179.60, 170.43, 154.86,
149.88, 147.56, 138.77, 138.71, 130.63, 129.17, 126.27,
126.01, 116.08, 112.67, 66.66, 58.32, 49.45, 23.03, 22.57,
17.76, 16.12; HRMS caled for C,0H,,CIN,O,S [M+H]"
419.1303, found 419.1299.

2-[2-(4-F-2- I HE IR ) L BE 3 ]-N-(5- S e -2- 3% )
VY &k R -1(2H)- Bt A 7 K Jie (11e): 1 R [k, e 26
86%. m.p. 143.7~145.3 °C; "H NMR (300 MHz, CDCl;)
5: 9.13 (s, 1H), 8.75 (d, J=8.9 Hz, 1H), 8.22 (d, J=2.5
Hz, 1H), 7.68 (dd, J=8.9, 2.6 Hz, 1H), 7.09~6.97 (m,
2H), 6.63 (d, J=8.4 Hz, 1H), 5.61 (d, J=13.6 Hz, 1H),
4.70 (d, J=3.4 Hz, 2H), 4.59 (d, J=13.6 Hz, 1H), 3.14
(m, 2H), 2.18 (s, 3H), 1.93~1.72 (m, 4H); *C NMR (75
MHz, CDCl3) 0: 178.84, 170.89, 154.60, 149.74, 146.51,
137.07, 130.74, 129.15, 127.94, 126.32, 126.30, 116.29,
112.46, 66.70, 49.64, 44.03, 22.79, 22.37, 16.05; HRMS
caled for C,;oH,,CLLN,O,S [M—}—H]+ 439.0757, found
439.0749.
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2-[2-(4-F-2-H B R B 5E - NV-(2- H A 2L ik g -4-
B VY RA R -1 H)- B AR G e (1): A e A, IR
83%. m.p. 173.9~175.6 “C; "H NMR (300 MHz, CDCl;)
0: 8.97 (s, 1H), 8.02 (d, J=5.7 Hz, 1H), 7.19 (s, 1H),
7.08~6.98 (m, 3H), 6.56 (d, J=8.4 Hz, 1H), 5.63 (d, J=
13.3 Hz, 1H), 4.76 (d, J=15.7 Hz, 1H), 4.64 (d, J=15.7
Hz, 1H), 4.49 (d, J=13.3 Hz, 1H), 3.93 (s, 3H), 3.16~
3.01 (m, 1H), 2.90 (s, 1H), 2.10 (s, 3H), 1.98~1.71 (m,
4H); “C NMR (75 MHz, CDCl;) d: 180.19, 171.50,
164.87, 154.46, 147.60, 146.92, 130.96, 128.91, 126.66,
126.39, 112.38, 111.52, 103.67, 66.86, 53.58, 50.24, 43.78,
23.01, 22.08, 16.06; HRMS calcd for ChyH,4CIN,O;S
[M-+H]435.1252, found 435.1251.

% B #1 %} (Supporting Information) ¢t & ¥ 'H
NMR, "C NMR [543 BRI, G2kl n] B4 3 A
AF] WX 3k (http://sioc-journal.cn/) b F %,
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