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Design, Synthesis and Herbicidal Activity of Novel Uracil
Compounds Containing Piperidine Moiety

Pei, Hongyan"** Ye, Jialin™* Wang, Feng® Liu, Dongdong”

Yu, Yukui® Zhang, Jing ™4 Zhang, Lixin™ ¢4
(¢ School of Materials Science and Engineering, Shenyang University of Technology, Shenyang 110870)
(* Institute of Functional Molecules, Shenyang University of Chemical Technology, Shenyang 110142)
(¢ Metisa Biotechnology Co. Ltd., Nanning, 530000)
(4 University of Science and Technology Liaoning, Anshan, Liaoning 114051)

Abstract To search the novel, efficient and environmentally friendly herbicide compounds, based on the principle of
biologically active factor splicing, 26 uracil compounds with novel structures were designed and synthesized by using
2-fluoro-4-chloroaniline as raw material. The structures were confirmed by '"H NMR, '3C NMR, and HRMS spectra. The
results of post-seedling herbicidal activity test showed that the control effect of 5 compounds on broadleaved weeds (Zinnia
elegans and Abutilon theophrasti) was 90%~100% at the concentration of 37.5 g/hm?. At a concentration of 9.375 g/hm?,
there are still two compounds that have a control effect of 50%~90% on broadleaved weeds (Zinnia elegans and Abutilon
theophrasti), and have no harmful effects on gramineous weeds (Echinochloa crus-galli and Setaria glauca). Molecular
electrostatic potential showed that 2-chloro-N-((1-(cyclopropanecarbonyl)piperidin-4-yl)methyl)-4-fluoro-5-(3-methyl-2,6-
dioxo-4-(trifluoromethyl)-3,6-dihydropyrimidin-1(2H)-yl)benzenesulfonamide (8i) and saflufenacil have similar charge
distributions, which may play an important role in the docking of the compound with its target receptor. The molecular docking
results revealed that compound 8i has various interactions with protoporphyrinogen oxidase. The above results laid the
foundation for further optimization of uracil compounds.
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Figure 1 Highly active compounds containing 1-methyl-6-trifluoromethyl-3-substituted uracil units
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Figure 2 Herbicides containing sulfonamide and substituted piperidine fragments
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HE AR IR AN, SN R ke CRERSE, %
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WAV R R, N 72.8%. JaH4 RSO I EA,
HARE SRR IR A P, W RE = LHEAMIPR Y2
H AU iR 2RI N AR, R T ROV CR, &
W HU BRI N = L, IR IN — R e, i
NER, AR HREEY) 8a~8y.
K1 AFRBER HEMEEY 8i & BUCR KI5 «

Table 1 Effect of different reaction conditions on the yield of
target compound 8i

Entry Base Solvent Temperature Yield/%
1 Pyridine CH2Cl2 r.t. 359
2 Pyridine CH3CN r.t. 38.8
3 Pyridine Toluene r.t. 1.2
4  EtsN CH2Cl2 r.t. 72.8
5 EtN CH3CN r.t. 47.7
6 EtsN Toluene r.t. 2.6
7 DIPEA CH:Clz r.t. 70.5
8 DIPEA CH3;CN r.t. 51.7
9 DIPEA Toluene r.t. 3.9
10 NaHCOs3 CH2Cl2 r.t. 53.5
11 NaHCOs3 CH3;CN r.t. 56.9
12 NaHCOs3 Toluene r.t. 52
13 EtN CH:Clz Reflux 63.6

4 Reaction time is 1 h.

1.2 WEYIRILERFEE

AP ST LA 8v A, A TH NMR A A
B, T A R SRR 6 8.24 Mb DL =
I, SRR BN TE 6 8.20 A1 7.99 &b DLXLIE
HI, BRmEsEd S-ALEAE 6 6.61 AbLLERIE I, R
BENE PR 1A AR ETE 6 3.41 L DIIE N, 5
WRIE I IEE I H L AE 0 2.81 AEDA=FIGH I, WiRng
FReb 0 F 3R A2 BUTE 6 3.520 2,664 1.63 Al 1.03 4bLL
ZEIEH D, WRIEIR A VRO HJEAE 6 1.46 AbLLE H
B, O FEREIEIE 1 F R AT 6 2.98 A LADY E i HY
W, CHEEBEEE R AL 6 1.18 AL LADYE i H .
7E 3C NMR 591, R ms g S AR A R TE 6 160.65~
102.96 2 [A] H B, Hp 5 50 5 e P e i FH =
FerR RS> BIAE 5 142.11 A11102.96 AL LAPY S I& H L, R
WEIR. R IE PR () L SR T B A i (1) £, 2 LA
JeIRWEWE IR |- H 0 L R BRTE 0 48.45~7.85 2
[H HEL. 7 HRMS 1%, tb&4) 8v AI[M-+Na] ' 5 ik
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B R
K2 HIRLEY) 8a~8z MR E IR (%)
Table 2 Herbicidal activity (%) of target compounds 8a~8z
Compd. H H%(ZE) 19 R (AT) &t R H(SG) HH(EC)
150 g/hm? 37.5 g/hm? 150 g/hm?  37.5 g/hm? 150 g/hm>  37.5 g/hm? 150 g/hm? 37.5 g/hm?
8a 100 100 90 90 80 20 60 20
8b 30 20 80 50 0 0 0 0
8c 95 40 98 60 0 0 0 0
8d 90 40 80 50 0 0 0 0
8e 10 10 20 0 0 0 0 0
8f 100 70 100 70 0 0 0 0
8g 90 70 100 30 0 0 0 0
8h 95 40 95 40 0 0 0 0
8i 100 100 100 100 80 20 30 20
8j 10 0 10 0 0 0 0 0
8k 5 0 0 0 0 0 0 0
8l 100 50 100 50 0 0 0 0
8m 80 40 85 30 0 0 0 0
8n 70 20 80 25 0 0 0 0
80 100 80 80 60 0 0 0 0
8p 95 50 100 90 0 0 0 0
8q 100 50 100 90 0 0 0 0
8r 90 70 95 80 0 0 0 0
8s 50 10 30 10 0 0 0 0
8t 90 30 90 20 0 0 0 0
8u 80 20 70 20 0 0 0 0
8v 30 20 30 20 0 0 0 0
8w 20 10 30 20 0 0 0 0
8x 20 10 20 10 0 0 0 0
8y 50 20 80 30 0 0 0 0
8z 20 10 20 10 0 0 0 0
Fomesafen 100 90 40 20 0 0 0 0
Saflufenacil 100 100 100 100 100 80 80 50

¢ Commercial herbicide Fomesafen was used as positive control agent.

£33 AL AR E (%)
Table 3 Herbicidal activity (%) of some target compounds

Compd. H HH(ZE) RiFK(AT) &SR #(SG) FH(EC)
8a 80 60 0 0
8¢ 10 20 0 0
8f 10 20 0 0
8g 10 10 0 0
8h 10 20 0 0
8i 90 50 0 0
8 20 20 0 0
8p 30 50 0 0
8q 20 60 0 0
8r 30 40 0 0

Saflufenacil 100 100 10 20

WP AR, 2R EDRREERT ERIUED

Saflufenacil, {HX} RAFBMEY) 224, w X Hfk g e gt

ITHE— B

1.4 FEZRIFIROFT)IHER S FREMBBTE S
MRIEAT A IE IR, B G PUEHOMO) 5 ik
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DB 7T 2 AR 540 G 2 1 A BAE L, kit mim il
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Figure 3  Molecular structure optimization diagrams of compounds 8a (A), 8i (B) and saflufenacil (C)

L )

@ , o ® 3 ®
a":.i 1‘1“ 3 f
%o e M
a3 ¢ J J. i
.4.‘%*, &%
59, 9 ¢
(H) 9g9
4
Ga‘*f;
'\‘*‘-" -9 “ ‘%,,. z. ,“
0% ? :*.""3‘ 3 f"
¥ °

B4 157 8a (D, G), 8i (E, H)F! Saflufenacil (F, I)ff) LUMO (D, F, H)f1 HOMO (E, G, )#Li& &
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The green parts represent positive molecular orbital, and the red parts represent negative molecular orbital.

F4 L&Y 8a. 8i Al Saflufenacil [1HTHHLIE 2K
Table 4 Frontier molecular orbital energies of compounds 8a, 8i and Saflufenacil

Compd. AETotal/a.u. AELumo/a.u. AEnomo/a.u. AE%/a.u.
8a —2627.46164409 —0.10851 —0.24428 0.13577

8i —2510.73775329 —0.10789 —0.23744 0.12955
Saflufenacil —2510.72139594 —0.11012 —0.26993 0.15981

¢ AE=AELumo —AEnoMo-

DX () T2 AL T IR WE SR b Bt | Rk DA S IR 1.5 SFxfsE
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LEHLATDC BRI R AL IR AL ZR R, ATREAEAC V) ympk kA4 8i A Saflufenacil ST {4 5] 15 SRt 50
5 HLHE b 52 0] FE I L AR A SULEFPDB: 1sez)ld pdbqt #50ET 4 TXHE(E 6)12,

(A) (B)

Bl 5 &) 8i 5 Saflufenacil 47 F R 35 E

Figure 5 Molecular electrostatic potential (MEP) of compound 8i and saflufenacil
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Figure 6 Molecular docking of compound 8i (A) and saflufenacil (B) with protoporphyrinogen oxidase (NTPPO)
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322 2-F-4-#-5-(3-F #£-2,6- — AARA-(Z R F H)-
3,6- = A "E - 1(2H)- ) R B2 BE 2U(5) 49 A& A%,

B2 CHR[25], 20 g (62.11 mmol) a4k 4 BT
250 mL NI, IIN 120 mL &UR%ER, 130 “C [ )3 8 h,
HZ O (TLO) R S B 8 R, v H0 2 30, N
WRNS T NVIOK R, AT A s A, HhdE, [ R R
TR S ANV TRV i SR Bk, 45 G ER B Ay Fh A4 5,
it 24.89 g, 7% 95.42%. 'H NMR (600 MHz, CDCl;)
J: 8.12 (d, J=7.2 Hz, 1H), 7.56 (d, J=9.0 Hz, 1H), 6.40
(s, 1H), 3.58 (s, 3H).

3.2.3 4-(((2- #-4-#-5-(3- F £ -2,6- — AMR-4-(= & F
H)-3,6- = R E R -1Q2H)- A )R IR ) B B e L) F 2K )k
nZ-1- % BR AT BR(6) 49 A Ak

KA 5 (3 g, 7.14 mmol) B T 100 mL [ M H,
I 40 mL &P FEiE A, =R BHE NI = 21%(0.72
g, 7.12 mmol) Ml 1-FUT % Bk B -4- 2 H AL R IE (1.84 g,
8.59 mmol), ZHFE N RIS h, #EOHE(TLC)R M
RLTERE, HHUE, TR TE, 193] 3.87 g H
HTEAR 6, 723K 90.6%, %A GE AR HigH T F—
KB mp. 181.6~182.1 ‘C; 'H NMR (600 MHz,
CDCl;) 6: 8.04 (d, J=7.2 Hz, 1H), 7.45 (d, J=9.0 Hz,
1H), 6.37 (s, 1H), 5.03 (t, J=6.0 Hz, 1H), 4.27~3.93 (m,
2H), 3.60~3.53 (m, 3H), 2.86 (t, J=6.6 Hz, 2H), 2.64 (s,
2H), 1.68~1.58 (m, 3H), 1.44 (s, 9H), 1.12~1.02 (m,
2H); '3C NMR (151 MHz, CDCls) d: 159.8 (d, J=263.3
Hz), 159.6, 154.7, 150.4, 142.1 (q, J=34.5 Hz), 134.6 (d,
J=3.1 Hz), 133.8 (d, J=10.2 Hz), 133.5, 121.3 (d, J=
13.6 Hz), 120.3 (d, J=24.6 Hz), 119.3 (q, J=275.7 Hz),
103.0 (q, J=5.8, 5.3 Hz), 79.5, 48.8, 36.4, 32.8 (d, J=3.9
Hz), 29.5, 28.4; HRMS caled for Ci3Ha7F4CIN4O¢SNa
[M+Na]" 621.1174, found 621.1181.

3.2.4 B A 4 8a—8z 494 &

KA 6 (3 g, 5.02 mmol) B T 100 mL [ M,
N 40 mL S LEva i, =R T 2200 3 mL
WERER, M3 h )5, HEEE(TLOR I MY 5EmK, &
R R 46, 3] 2.02 ¢ ABEATEE 7, PEE
75.37%, BHEZMT T RN

a4 7 (0.2 g, 0.37 mmol) & T 50 mL [ S,
BN 15 mL &R GEvff, SImAHe T I = 2 (0.06
g, 0.59 mmol)FI3A P4 2 F B 50(0.04 g, 0.38 mmol), Eifi
PR RN 1 h, 732 ORE(TLC)KI & B 58 s, i€,
JEVRIR I IRAR, KL R LR B8/ A ik, v
V1i2~2: D EAS0.15 g AGEER 2-5-N-((1-GF
PR 58 3 55 ) IR g -4- % ) FH ik )-4- 3 -5-(3- F 0k -2,6- — %AR-
4-( =5 T IR )-3,6- AU NE - 1(2H)- ) AR A 0t i (8i), 7™
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% 72.80%. m.p. 234.6~235.1 C; '"H NMR (600 MHz,
DMSO-ds) 6: 8.26~8.17 (m, 2H), 8.00 (d, J=9.6 Hz, 1H),
6.62 (s, 1H), 4.29 (d, J=11.4 Hz, 1H), 4.19 (d, J=12.0
Hz, 1H), 3.42 (s, 3H), 2.95 (t, J=12.0 Hz, 1H), 2.86~2.78
(m, 2H), 2.45 (t, J=12.0 Hz, 1H), 1.97~1.90 (m, 1H),
1.69~1.53 (m, 3H), 1.04~0.95 (m, 1H), 0.91~0.82 (m,
1H), 0.72~0.62 (m, 4H); *C NMR (151 MHz, DMSO-ds)
d: 171.1, 160.5, 159.5 (d, J=259.9 Hz), 151.0, 141.4 (q,
J=33.9 Hz), 136.1 (d, J=3.4 Hz), 133.5, 133.3 (d, J=
10.7 Hz), 122.2 (d, J=13.6 Hz), 120.6 (d, J=23.9 Hz),
119.3 (q, J=275.0 Hz), 103.4 (d, J=5.8 Hz), 48.3, 45.0,
41.8, 36.4, 32.9 (d, J=3.7 Hz), 29.5, 10.8, 7.2; HRMS
caled for CoHpCIF4N4OsSNa [M+Na]™ 589.0912, found
589.0914.

KHCH B 8i A1 A 1) 775G A &) 8a~8y.

N-((1- LB MR g -4- 35 ) FF 8 )-2 - -4- R -5-(3- FF k-
2,6- EEAR-A-(Z T HE)-3,6- A MENE-1(2H)-FE) ZE Ak
fiiZ(8a): HIGEE, 77% 67.1%. mp. 106.3~107.0 C;
'H NMR (600 MHz, DMSO-ds) J: 8.26~8.17 (m, 2H),
8.00 (d, J=9.0 Hz, 1H), 6.62 (d, J=2.4 Hz, 1H), 4.29 (d,
J=12.6 Hz, 1H), 3.74 (d, J=13.8 Hz, 1H), 3.42 (s, 3H),
2.91~2.85 (m, 1H), 2.84~2.75 (m, 2H), 2.40 (t, J=12.6
Hz, 1H), 1.95 (s, 3H), 1.62~1.52 (m, 3H), 1.01~0.95 (m,
1H), 0.88~0.80 (m, 1H); 3C NMR (151 MHz, CDCl;) §:
169.0, 159.7 (d, J=262.5 Hz), 159.6, 150.4, 142.1 (q, J=
34.6 Hz), 134.8 (d, J=4.1 Hz), 134.8 (d, J=3.7 Hz),
133.9, 133.4, 121.3 (d, J=13.6 Hz), 120.3 (d, J=23.8 Hz),
119.3 (q, J=275.3 Hz), 103.0 (q, J=5.3 Hz), 48.5, 46.1,
41.2,36.4 (d, J=3.5 Hz), 32.8 (d, J=3.6 Hz), 30.1, 29.2,
21.5; HRMS calcd for CaoHzCIF4N4Os- SNa [M+Na]®
563.0755, found 563.0748.

N-((1- T B IR g -4- 35 ) FR 8 )-2- S -4- -5 -(3- Y k-
2,6- " EAAR-4-(ZH T 3E)-3,6- S MEIE-1(2H)-F5) AT I
i (8b): HEEA, =% 65.8%. m.p. 164.4~1653 C;
'H NMR (600 MHz, DMSO-ds) J: 8.26~8.17 (m, 2H),
8.00 (d, J=9.0 Hz, 1H), 6.62 (d, J=3.6 Hz, 1H), 4.32 (d,
J=13.2 Hz, 1H), 3.78 (d, J=13.2 Hz, 1H), 3.42 (s, 3H),
2.89~2.78 (m, 3H), 2.44~2.38 (m, 1H), 2.27 (q, J=7.2
Hz, 2H), 1.61~1.53 (m, 3H), 0.96 (t, J/=7.2 Hz, 3H),
0.93~0.82 (m, 2H); '*C NMR (151 MHz, CDCL) o:
172.2, 159.8 (d, J=263.2 Hz), 159.6, 150.4, 142.1 (q, J=
34.4 Hz), 134.7 (d, J=3.7 Hz), 134.6 (d, J=4.3 Hz), 133.8
(d, J=10.5 Hz), 133.4, 119.3 (q, J=275.7 Hz), 103.0 (q,
J=5.7,5.3 Hz), 48.6, 45.1, 41.3, 36.5 (d, J=4.1 Hz), 32.8
(d, J=3.6 Hz), 30.1, 29.3, 26.6, 9.6; HRMS calcd for
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CyHy;CIFN4OsSNa [M + Na] '
577.0911.

N-((1-7T PR FE MR g -4- F% ) FH 8 )-2- 5 -4- 9 -5-(3- FH 3k
2,6- AR -A-(Z A 3E)-3,6- A E -1 (2H)-FE) KT
fiZ(8c): HEE A, 2% 58.6%. m.p. 201.7~202.4 C;
'H NMR (600 MHz, DMSO-ds) 6: 8.26~8.16 (m, 2H),
7.99 (d, J=9.0 Hz, 1H), 6.60 (d, J=5.4 Hz, 1H), 4.31 (d,
J=13.2 Hz, 1H), 3.79 (d, J=13.8 Hz, 1H), 3.41 (s, 3H),
2.88~2.74 (m, 3H), 2.42~2.36 (m, 1H), 2.25~2.19 (m,
2H), 1.62~1.52 (m, 3H), 1.50~1.43 (m, 2H), 0.96~0.78
(m, 5H); 3C NMR (151 MHz, CDCls) d: 171.5, 159.7 (d,
J=263.3 Hz), 159.6, 150.4, 142.1 (q, J=34.3 Hz), 134.7
(d, J=4.4 Hz), 134.7 (d, J=3.6 Hz), 133.9 (d, J=10.2
Hz), 133.4, 121.3 (d, J=13.6 Hz), 120.3 (d, J=24.0 Hz),
119.3 (q, J=275.2 Hz), 103.0 (q, J=5.6 Hz), 48.6, 45.3,
41.3,36.5 (d, J=3.5 Hz), 35.4, 32.8 (d, J=3.5 Hz), 30.2,
29.3, 18.8, 14.0; HRMS calcd for CyH,sCIF,N4OsSNa
[M+Na]" 591.1068, found 591.1075.

2- S -4-F-N-((1- 5 T B =Wk g -4- 2k ) T 2k )-5-(3- HH
55-2,6- AR -4-( = HR)-3,6- A NE-1(2H)-2E) 2K
Tt B 12 (8d): Bt [ A, 7 & 61.8%. m.p. 208.0 ~
208.5 ‘C; 'H NMR (600 MHz, DMSO-ds) 0: 8.24~8.17
(m, 2H), 7.99 (d, J=9.0 Hz, 1H), 6.61~6.59 (m, 1H),
432 (d, J=12 Hz, 1H), 3.87 (d, J=13.2 Hz, 1H), 3.41 (s,
3H), 2.93~2.76 (m, 4H), 2.44~2.34 (m, 1H), 1.66~1.53
(m, 3H), 0.99~0.78 (m, 8H); *C NMR (151 MHz,
CDCls) &: 175.3 , 159.7 (d, J=263.3 Hz), 159.6, 150.4,
142.1 (q, J=34.2 Hz), 134.7, 133.8 (d, J=10.9 Hz), 133.4,
121.3 (d, J=13.6 Hz), 120.3 (d, J=23.8 Hz), 119.3 (q, J=
275.7 Hz), 103.0 (q, J=5.3 Hz), 48.6, 45.0, 41.4, 36.6,
32.8 (d, J=4.0 Hz), 30.4, 30.1, 29.4, 19.6, 19.4; HRMS
caled for CpHasCIF{N4OsSNa [M + Na] ™ 591.1068,
found 591.1063.

2-5-N-((1-(2- 5 LB 52 )R g -4- 35 ) 3 )-4- 98- 5-(3-
FHJE-2,6- — A AR-4-( =90 28)-3,6- A IE-1(2H)- %)
IRBE I (8e): B [EAER, P72 67.3%. mp. 108.6~
109.4 “C; '"H NMR (600 MHz, DMSO-dq) 6: 8.24 (t, J=
6.0 Hz, 1H), 8.20 (d, J=7.2 Hz, 1H), 8.00 (d, J=9.6 Hz,
1H), 6.61 (d, J=4.2 Hz, 1H), 4.35~4.28 (m, 2H), 4.24 (d,
J=11.4 Hz, 1H), 3.76 (d, J=13.2 Hz, 1H), 3.41 (s, 3H),
291 (t, J=12.6 Hz, 1H), 2.82~2.77 (m, 2H), 2.54~2.51
(m, 1H), 1.64~1.54 (m, 3H), 1.10~0.99 (m, 1H), 0.95~
0.83 (m, 1H); '*C NMR (151 MHz, CDCls) &: 165.0 ,
159.8 (d, J=263.1 Hz), 159.6, 150.4, 142.1 (q, J=34.5
Hz), 134.7, 133.9 (d, J=10.6 Hz), 133.4, 121.3 (d, J=13.6

577.0912, found
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Hz), 120.4 (d, J=24.4 Hz), 119.3 (q, J=275.5 Hz), 103.0
(q, J=5.6 Hz), 48.4, 46.0, 42.0, 41.1, 36.3 (d, J=3.0 Hz),
32.8 (d, J=3.6 Hz), 29.9, 29.0; HRMS caled for
Ca0H2CLFN4OsSNa  [M + Na] ©  597.0365, found
597.0373.

4-(((2- B -4- . -5-(3- H 3 -2,6- — AR -4-( = H
55)-3,6- S NE -1 (2 H)-5) 24 J8 ) i ok fri i ) HH 66 ) R -1 -
PR A G (8F): I €L [l 44, 7= 2 62.3%. mp. 1789~
179.6 ‘C; 'H NMR (600 MHz, DMSO-ds) 6: 8.26~8.15
(m, 2H), 7.98 (d, J=9.0 Hz, 1H), 6.60 (s, 1H), 3.90 (s,
2H), 3.56 (s, 3H), 3.42 (s, 3H), 2.79 (t, J=6.6 Hz, 2H),
2.66 (s, 2H), 1.61~1.48 (m, 3H), 0.99~0.86 (m, 2H); '*C
NMR (151 MHz, CDCls) 6: 159.8 (d, J=262.6 Hz), 159.6,
155.9, 150.4, 142.1 (q, J=34.2 Hz), 134.6 (d, J=3.5 Hz),
133.9, 133.5, 121.3 (d, J=14.4 Hz), 120.3 (d, J=23.8 Hz),
119.3 (q, J=275.1 Hz), 103.0 (q, J=5.8, 5.3 Hz), 52.6,
48.7, 43.5, 36.3, 32.8 (d, J=3.6 Hz), 29.4; HRMS calcd
for CyH2CIF4N4OsSNa [M + Na] = 579.0704, found
579.0707.

2- 5 -4 F-N-((1-(2- 48 3 2. T 56 ) DR gt -4- 326 ) Y
££)-5-(3- H1 2£-2,6- — S AR -4-( =9 HT 35 )-3,6- — S5 g -
1(2H)-25) R 1 i (8g): M (Ll 44, 72% 67.6%. m.p.
163.7~164.6 ‘C; 'H NMR (600 MHz, DMSO-ds) o
8.23~8.18 (m, 2H), 7.99 (d, J=9.0 Hz, 1H), 6.62~6.59
(m, 1H), 4.25 (d, J=12.6 Hz, 1H), 4.08~3.96 (m, 2H),
3.69 (d, J=13.2 Hz, 1H), 3.41 (s, 3H), 3.25 (s, 3H), 2.85~
2.75 (m, 3H), 2.44 (t, J=12.6 Hz, 1H), 1.61~1.52 (m,
3H), 1.02~0.91 (m, 1H), 0.91~0.81 (m, 1H); *C NMR
(151 MHz, CDCly) 6: 167.4, 159.7 (d, J=263.3 Hz),
159.6, 150.4, 142.1 (q, J=34.5 Hz), 134.7 (d, J=5.7 Hz),
133.9 (d, J=10.3 Hz), 133.4, 121.3 (d, J=13.6 Hz), 120.3
(d, J=24.0 Hz), 119.3 (q, J=275.5 Hz), 103.0 (q, J=5.8
Hz), 71.8, 59.0, 48.5, 44.6, 41.6, 36.4, 32.8 (d, J=3.9 Hz),
30.1, 29.3; HRMS calcd for Ci;Hy;3CIF4N4OsSNa [M+
Na]” 593.0861, found 593.0858.

N-((1- P Js T 225 IR P -4- 255 ) FR 056 )-2- S -4- 3-5-(3-
H£-2,6- A4S 3E)-3,6- A MELE-12H)- 5 #
Tt 9% i (8h): [ [ &, ;=2 64.5%. mp. 135.8~
136.7 “C; 'H NMR (600 MHz, DMSO-d) o: 8.24~8.17
(m, 2H), 7.98 (d, J=9.0 Hz, 1H), 6.76 (dd, J=16.2, 10.2
Hz, 1H), 6.61 (s, 1H), 6.05 (dd, J=16.8, 2.4 Hz, 1H), 5.63
(dd, J=10.8, 2.4 Hz, 1H), 434 (d, J=12.6 Hz, 1H),
4.01~3.94 (m, 1H), 3.41 (s, 3H), 2.91 (t, J=12.0 Hz, 1H),
2.84~2.75 (m, 2H), 2.55~2.51 (m, 1H), 1.65~1.55 (m,
3H), 0.99~0.85 (m, 2H); '3C NMR (151 MHz, CDCl3) ¢:
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165.4, 159.7 (d, J=263.3 Hz), 159.6, 150.4, 142.1 (q, J=
34.9 Hz), 134.7, 133.9 (d, J=10.2 Hz), 133.4, 127.8,
127.6, 121.3 (d, J=13.6 Hz), 120.3 (d, J=23.8 Hz), 119.3
(q, J=275.7 Hz), 103.0 (q, J=5.6 Hz), 48.5, 45.5, 41.8,
36.5, 32.8 (d, J=3.9 Hz), 30.2, 29.2; HRMS calcd for
CyH2CIFgN4OsSNa [M + Na] ©  575.0755, found
575.0753.

2-F-N-((1-C T e ik Wik g -4~ ) A 26 )-4-36(-5-(3-
HJE-2,6- AR 4-(Z 0 H 3)-3,6- A IE-1(2H)-2%)
2R Tt e (8)): L [E AR, PR E 70.2%. mp. 2141~
214.8 C; 'H NMR (600 MHz, DMSO-ds) 0: 8.22~8.17
(m, 2H), 7.98 (d, J=9.0 Hz, 1H), 6.60 (d, J=2.4 Hz, 1H),
4.30~4.24 (m, 1H), 3.60 (d, J=13.8 Hz, 1H), 3.41 (s,
3H), 3.30~3.24 (m, 1H), 2.81~2.74 (m, 3H), 2.44~2.36
(m, 1H), 2.14~2.08 (m, 2H), 2.06~1.99 (m, 2H), 1.91~
1.81 (m, 1H), 1.74~1.66 (m, 1H), 1.60~1.51 (m, 3H),
0.91~0.79 (m, 2H); C NMR (151 MHz, CDCl) o:
173.0, 159.8 (d, J=263.2 Hz), 159.6, 150.4, 142.1 (q, J=
34.5 Hz), 134.7 (d, J=4.9 Hz), 133.8 (d, J/=10.3 Hz),
133.4, 121.3 (d, J=13.6 Hz), 120.3 (d, J=23.9 Hz), 119.3
(q, J=275.7 Hz), 103.0 (q, J=5.4 Hz), 48.6, 44.6, 41.4,
37.3, 36.6 (d, J=4.2 Hz), 32.8 (d, J=3.7 Hz), 30.2, 29.3,
25.3, 25.0, 17.9; HRMS caled for Cp3H,sCIFsN4OsSNa
[M+Na]" 603.1068, found 603.1075.

2-F-N-((1-CA Rt B i YWk g -4 ) FF 4 )-4-980-5-(3-
FH 2 -2,6- AR -4-(= 9 3)-3,6- A MENE-1(2H)-2%)
2R I e (8K): [ A4, PP E 70.4%. mp. 193.5~
1942 °C; 'H NMR (600 MHz, DMSO-ds) 6: 8.23~8.18
(m, 2H), 7.98 (d, J=9.0 Hz, 1H), 6.60 (d, J=4.8 Hz, 1H),
432 (d, J=12.6 Hz, 1H), 3.90 (d, /=13.8 Hz, 1H), 3.41
(s, 3H), 2.96~2.74 (m, 4H), 2.44~2.36 (m, 1H), 1.73~
1.67 (m, 2H), 1.63~1.54 (m, 7H), 1.52~1.44 (m, 2H),
0.95~0.87 (m, 1H), 0.86~0.79 (m, 1H); '*C NMR (151
MHz, CDCls) 6: 174.4, 159.8 (d, J=263.3 Hz), 159.6,
150.4, 142.1 (q, J=34.3 Hz), 134.7 (d, J=6.1 Hz), 133.8
(d, J=10.9 Hz), 133.4, 121.3 (d, J=13.6 Hz), 120.3 (d,
J=24.4 Hz), 119.3 (q, J=275.5 Hz), 103.0 (q, J=5.4 Hz),
48.6, 45.1, 41.6, 41.1, 36.7 (d, J=3.3 Hz), 32.8 (d, J=3.6
Hz), 30.4, 30.3, 30.0, 29.4, 26.0, 26.0; HRMS calcd for
C4H2CIFN4OsSNa [M + Na] ©~  617.1225, found
617.1229.

N-((1-2 PP RS IR v -4- 25 ) F 06 )-2- 5 -4- 3 -5-(3-
5-2,6- HAR-4-(Z A 5E)-3,6- A ERE-1(2H)-FE) K
Tt W i (81): Mt [ AR, 2% 69.4%. mp. 239.4~
240.4 °C; '"H NMR (600 MHz, DMSO-ds) 0: 8.24 (t, J=
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5.4 Hz, 1H), 8.21 (d, J=7.8 Hz, 1H), 7.99 (d, J=9.0 Hz,
1H), 7.48~7.41 (m, 3H), 7.37~7.30 (m, 2H), 6.62 (s,
1H), 4.41 (s, 1H), 3.49 (s, 1H), 3.42 (s, 3H), 2.99~2.77
(m, 3H), 2.76~2.60 (m, 1H), 1.74~1.46 (m, 3H), 1.11~
0.92 (m, 2H); 3C NMR (151 MHz, CDCl;) d: 170.4, 159.8
(d, J=263.3 Hz), 159.6, 150.4, 142.1 (q, J=34.5 Hz),
136.1, 134.6 (d, J=3.6 Hz), 133.8 (d, J=10.3 Hz), 133.4,
129.6, 128.5, 126.8, 121.3 (d, J=13.6 Hz), 120.3 (d, J=
24.3 Hz), 119.3 (q, J=275.6 Hz), 48.5, 47.4, 41.8, 36.5,
32.8 (d, J/=3.4 Hz); HRMS calcd for C,sH23CIFsN4OsSNa
[M+Na]" 625.0912, found 625.0905.

2- 5 -4-F-5-(3- FH #:-2,6- S A -4-(=ZFH 3)-3,6-
AU E - 1 (2H)- 55 )-N-((1-PHE I T L MR e -4- 5k ) BT 3L ) 2
Tl BBt % (8m): 1 €4 [ 44, ;= # 51.4%. mp. 211.7~
212.2 °C; 'H NMR (600 MHz, DMSO-ds) : 8.67~8.62
(m, 2H), 8.23 (t, J=6.0 Hz, 1H), 8.20 (d, J=7.2 Hz, 1H),
7.99 (d, J=9.6 Hz, 1H), 7.35~7.30 (m, 2H), 6.61 (s, 1H),
4.40 (d, J=12.6 Hz, 1H), 3.41 (s, 3H), 3.36 (s, 1H), 2.92
(t, J=12.0 Hz, 1H), 2.87~2.76 (m, 2H), 2.68 (t, J=12.6
Hz, 1H), 1.74~1.58 (m, 2H), 1.51 (d, J=12.6 Hz, 1H),
1.11~0.94 (m, 2H); '3C NMR (151 MHz, DMSO-ds) &
167.0, 160.5, 159.6 (d, J=259.8 Hz), 151.1 (d, J=11.1
Hz), 150.5, 144.3, 141.4 (q, J=33.9 Hz), 136.0, 133.5,
133.3 (d, J=11.1 Hz), 123.2, 122.2 (d, J=13.6 Hz), 121.4,
120.7 (d, J=24.0 Hz), 119.3 (q, J=275.0 Hz), 103.4 (d,
J=5.7 Hz), 48.1, 47.0, 41.4, 36.1, 32.9 (d, J=3.6 Hz),
30.0, 29.3; HRMS caled for Cp4Hp;CIF4NsOsS [M+H]"
604.1045, found 604.1051.

2-F-4-Fi-5-(3- FH 9 -2,6- — AR -4-( = 3E)-3,6-
TSR IE -1 (2 H )-F )-N-(1 -0 5k 25 IR W -4- 55 ) FR 88 ) R T 7
f(8n): FIEEE, =% 54.8%. mp. 175.9~176.6 C;
'H NMR (600 MHz, DMSO-ds) J: 8.63 (dd, J=4.8, 1.2
Hz, 1H), 8.58~8.54 (m, 1H), 8.23 (t, J=6.0 Hz, 1H), 8.20
(d, J=7.8 Hz, 1H), 7.98 (d, J=9.6 Hz, 1H), 7.79~7.76
(m, 1H), 7.48~7.43 (m, 1H), 6.61 (s, 1H), 4.41 (d, J=
10.2 Hz, 1H), 3.45 (d, J=10.2 Hz, 1H), 3.41 (s, 3H),
3.03~2.90 (m, 1H), 2.88~2.76 (m, 2H), 2.69 (s, 1H),
1.72~1.60 (m, 2H), 1.53 (d, J=9.6 Hz, 1H), 1.12~0.98
(m, 2H); *C NMR (151 MHz, CDCL3) 6: 167.6 , 159.7 (d,
J=263.3 Hz), 159.6, 150.5 (d, J=17.9 Hz), 147.6, 142.1
(q, J=34.9 Hz), 135.1, 134.7 (d, J=3.4 Hz), 133.9 (d, J=
10.2 Hz), 133.4, 132.0, 123.6, 121.3 (d, J=13.6 Hz), 120.4
(d, J=23.8 Hz), 119.3 (q, J=275.7 Hz), 103.0 (q, J=5.5
Hz), 48.4, 47.5, 42.0, 36.4, 32.8 (q, J=3.5 Hz); HRMS
caled for CaqHy:CIFsNsOsS [M + H] " 604.1045, found
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604.1048.

2- 5 -4-F.-5-(3- F 3:-2,6- B AR -4-( = 3 3)-3,6-
A -1 (2H)- 5 )-N-(1-(2- FF 24 P 32 ) DR i -4- 32 )
RO ) K B % (8o): I AL [l 4K, 7= % 57.4%. m.p.
157.3~157.6 “C; '"H NMR (600 MHz, DMSO-ds) o
8.24~8.19 (m, 1H), 8.18 (d, J=5.4 Hz, 1H), 7.97 (d, J=
9.6 Hz, 1H), 7.32~7.15 (m, 3H), 7.15~7.03 (m, 1H), 6.59
(d, J=3.0 Hz, 1H), 4.46 (d, J=13.2Hz, 1H), 3.40 (s, 3H),
3.25~3.14 (m, 1H), 2.88~2.74 (m, 3H), 2.68~2.58 (m,
1H), 2.24~2.13 (m, 3H), 1.74~1.37 (m, 3H), 1.09~0.78
(m, 2H); 3C NMR (151 MHz, CDCls) 6: 169.9 (d, J=15.8
Hz), 159.7 (d, J=263.2 Hz), 159.6, 150.4, 142.1 (q, J=
34.5 Hz), 136.4, 134.7 (d, J=3.8 Hz), 134.7 (d, J=3.2
Hz), 134.1 (d, J=23.5 Hz), 133.9 (d, J=10.7 Hz), 133 .4,
130.4 (d, J=19.7 Hz), 128.8 (d, J=8.6 Hz), 125.9 (d, J=
18.6 Hz), 125.6 (d, J=16.7 Hz), 121.3 (d, J=13.6 Hz),
120.3 (d, J=24.2 Hz), 119.3 (q, J=275.6 Hz), 103.0 (q,
J=5.3 Hz), 48.5 (d, J=10.6 Hz), 46.2, 36.5 (d, J=5.5
Hz), 32.8 (d, J=3.6 Hz), 30.2 (d, J=88.5 Hz), 29.4, 19.0
(d, J=33.8 Hz); HRMS calcd for Cy¢H2sCIFsN4Os- SNa
[M+Na]" 639.1068, found 639.1069.

2- 5 -4-F-5-(3- F 9E-2,6- B AR -4-( =3 3E)-3,6-
A E - 1(2H)-J )-N-(1-(3- F 3 2% g i ) DR P -4- % )
PO ) K il 9K Ji2 (8p): I [l A&, 72 54.9%. mup.
129.5~130.3 ‘C; 'H NMR (600 MHz, DMSO-ds) o
8.26~8.15 (m, 2H), 7.97 (d, J=9.6 Hz, 1H), 7.29 (t, J=
7.8 Hz, 1H), 7.25~7.20 (m, 1H), 7.15~7.06 (m, 2H), 6.60
(s, 1H), 4.38 (s, 1H), 3.60~3.43 (m, 1H), 3.40 (s, 3H),
2.93~2.75 (m, 3H), 2.68~2.55 (m, 1H), 2.31 (s, 3H),
1.72~1.42 (m, 3H), 1.09~0.88 (m, 2H); '*C NMR (151
MHz, CDCls) 6: 170.6, 159.8 (d, J=263.3 Hz), 159.6,
150.4, 142.1 (q, J=34.8 Hz), 138.4, 136.1, 134.7 (d, J=
4.0 Hz), 133.9, 133.4, 130.3, 128.3, 127.5, 123.7, 121.3 (d,
J=13.7 Hz), 120.3 (d, J=23.8 Hz), 119.3 (q, J=275.8
Hz), 103.0 (q, J=5.3 Hz), 48.6, 47.4, 41.8, 36.5, 32.8 (d,
J=3.8 Hz), 29.8 (d, J=129.7 Hz), 21.4; HRMS calcd for
Ca6HasCIF4N4OsSNa [M + Na] ©  639.1068, found
639.1071.

2-F-4- T -5-(3- T 9 -2,6- — S A -4-( = 3E)-3,6-
AR WE -1 (2H)- 25 )-N-(1-(4- FF 22 2 HR B 228 ) R g -4- 228
HHOE ) OR T Bt iz (8q): M1 B[ A4, 7% 50.8%. mup.
150.4~151.0 “C; 'H NMR (600 MHz, DMSO-ds) §:
8.25~8.14 (m, 2H), 7.97 (d, J=7.8 Hz, 1H), 7.21 (s, 4H),
6.59 (s, 1H), 4.36 (s, 1H), 3.51 (s, 1H), 3.40 (s, 3H),
2.96~2.71 (m, 3H), 2.69~2.55 (m, 1H), 2.31 (s, 3H),
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1.69~1.39 (m, 3H), 1.05~0.88 (m, 2H); '*C NMR (151
MHz, CDCls) 6: 170.6, 159.7 (d, J=262.7 Hz), 159.6,
150.4, 142.1 (q, J=34.9 Hz), 139.7, 134.7 (d, J=4.0 Hz),
133.9 (d, J=10.5 Hz), 133.4, 133.1 , 129.0, 127.0, 121.3
(d, J=13.6 Hz), 120.3 (d, J=24.0 Hz), 119.3 (q, J=275.6
Hz), 102.9 (q, J=5.5 Hz), 48.5 , 47.5,41.9, 36.5, 32.8 (d,
J=3.4 Hz), 29.8 (d, J/=124.2 Hz), 21.4; HRMS calcd for
CaHasCIF,N4OsSNa [M + Na] ©  639.1068, found
639.1070.

2- G -4- R -N-((1-(2- A 7 Tt 2k ) R i -4- ik ) R L )-
5-(3-F:-2,6- A AC-4-(Z 50 3E)-3,6- A MENE-1(2H)-
)Rt e (8r): A A, 7% 50.9%. m.p. 237.9~
238.7 ‘C; '"H NMR (600 MHz, DMSO-dq) J: 8.23 (t, J=
6.0 Hz, 1H), 8.19 (d, J=7.8 Hz, 1H), 7.98 (d, J=9.0 Hz,
1H), 7.51~7.44 (m, 1H), 7.36~7.32 (m, 1H), 7.29~7.25
(m, 2H), 6.61 (d, J=4.2 Hz, 1H), 4.44 (d, J=12.0 Hz,
1H), 3.41 (s, 3H), 3.31~3.27 (m, 1H), 2.92 (s, 1H), 2.86~
2.75 (m, 2H), 2.71~2.64 (m, 1H), 1.74~1.65 (m, 1H),
1.65~1.45 (m, 2H), 1.09~0.88 (m, 2H); '*C NMR (151
MHz, CDCl3) 6: 165.2, 159.8 (d, J=259.6 Hz), 159.6,
158.1 (d, J=243.9 Hz), 150.4, 142.1 (q, J=34.3 Hz),
134.6, 133.8 (d, J=10.8 Hz), 133.4, 131.2 (d, J=7.8 Hz),
129.0 (d, J=3.7 Hz), 124.7 (d, J=3.3 Hz), 124.3 (d, J=
18.0 Hz), 121.3 (d, J=13.6 Hz), 120.4 (d, J=24.3 Hz),
119.3 (q, J=275.6 Hz), 115.8 (d, J=21.5 Hz), 103.0 (q,
J=5.0 Hz), 48.5, 41.6, 36.5, 32.8 (d, J=3.7 Hz), 30.0,
29.3; HRMS caled for C,sHyCIFsN4OsSNa [M+Na]®
643.0817, found 643.0808.

2- 0 -4- R -N-((1-(3- 9 2K H I 268 ) Wik I -4- 2k )
5 )-5-(3- F 9:-2,6- AR -4-( = % 36)-3,6- A mE e -
1(2H)-52) AT e I (8s): L[ 14, 77% 48.6%. m.p.
178.0~178.8 C; '"H NMR (600 MHz, DMSO-ds) J: 8.23
(t, J=6.0 Hz, 1H), 8.20 (d, J=7.8 Hz, 1H), 7.98 (d, J=9.0
Hz, 1H), 7.51~7.44 (m, 1H), 7.30~7.25 (m, 1H), 7.21~
7.14 (m, 2H), 6.61 (s, 1H), 4.38 (s, 1H), 3.51~3.37 (m,
4H), 2.98~2.74 (m, 3H), 2.66 (s, 1H), 1.73~1.56 (m,
2H), 1.51 (s, 1H), 1.11~0.93 (m, 2H); '3C NMR (151
MHz, CDCl;) d: 168.9, 162.5 (d, J=248.4 Hz), 159.8 (d,
J=262.8 Hz), 159.6, 150.4, 142.1 (q, J=34.2 Hz), 138.1
(d, J=6.7 Hz), 134.6 (d, J=3.4 Hz), 133.8 (d, J=10.3
Hz), 133.4 , 130.3 (d, J=7.9 Hz), 122.5 (d, J=3.3 Hz),
121.4 (d, J=13.7 Hz), 120.4 (d, J=24.4 Hz), 119.3 (q, J=
275.1 Hz), 116.6 (d, J=21.4 Hz), 114.2 (d, J=22.6 Hz),
103.0 (q, J=5.6 Hz), 48.5,47.3,41.9, 36.5, 32.8 (d, J=3.6
Hz), 29.7 (d, J=136.5 Hz); HRMS calcd for C,sH»ClI-
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FsN4OsSNa [M+Na]" 643.0817, found 643.0826.

2- G -4- FL-N-((1-(4- 3 7% F I % ) IR 1 -4- %)
H£)-5-(3- F 5E-2,6- — SR -4-( =960 )-3,6- L 5 E -
L(2H)-H5) R T It i (8t): A EA [ 44, =2 43.9%. m.p.
124.1~124.6 ‘C; 'H NMR (600 MHz, DMSO-d¢) J: 8.23
(t, J=6.0 Hz, 1H), 8.20 (d, J=7.2 Hz, 1H), 7.99 (d, J=9.0
Hz, 1H), 7.44~7.38 (m, 2H), 7.25 (t, J=9.0 Hz, 2H), 6.61
(s, 1H), 4.38 (s, 1H), 3.48 (s, 1H), 3.41 (s, 3H), 3.02~2.57
(m, 4H), 1.76~1.43 (m, 3H), 1.14~0.89 (m, 2H); 1*C
NMR (151 MHz, CDCl:) 0: 169.5, 163.4 (d, J=249.2 Hz),
159.8 (d, J=262.8 Hz), 159.6, 150.4, 142.1 (q, J=34.7
Hz), 134.6 (d, J=3.5 Hz), 133.8 (d, J=10.4 Hz), 133.4,
132.0 (d, J=3.3 Hz), 129.2 (d, J=8.0 Hz), 121.3 (d, J=
13.7 Hz), 120.3 (d, J=23.8 Hz), 119.3 (q, J=275.7 Hz),
115.6 (d, J=21.7 Hz), 103.0 (q, J=5.5 Hz), 48.5, 47.5,
42.1, 36.5, 32.8 (d, J=3.6 Hz), 29.7 (d, J=121.2 Hz);
HRMS caled for CysH»nCIFsN4OsSNa [M + Naj *
643.0817, found 643.0817.

2-F-4- T -5-(3- T 3 -2,6- S A -4-( = 3E)-3,6-
AR E -1 (2H)-2)-N-((1-( FF ZE Bl I 228 Uik i -4- 3 ) FF 2
ARTEWENZ (8u): A, 725 57.94%. mp. 249.5~
250.0 ‘C; '"H NMR (600 MHz, DMSO-ds) o: 8.26 (t, J=
5.4 Hz, 1H), 8.21 (d, J=7.2 Hz, 1H), 8.00 (d, J=9.0 Hz,
1H), 6.62 (s, 1H), 3.52~3.46 (m, 2H), 3.42 (s, 3H), 2.86~
2.81 (m, 5H), 2.62~2.55 (m, 2H), 1.71~1.63 (m, 2H),
1.51~1.41 (m, 1H), 1.14~1.03 (m, 2H); *C NMR (151
MHz, CDCls) 6: 159.8 (d, J=263.3 Hz), 159.6, 150.4,
142.1 (q, J=34.8 Hz), 134.8 (d, J=3.5 Hz), 133.9 (d, J=
10.4 Hz), 133.4, 121.4 (d, J=13.6 Hz), 120.4 (d, J=24.0
Hz), 119.3 (q, J=275.6 Hz), 103.0 (q, J=5.6 Hz), 48.4,
45.5,35.8, 34.8, 32.8 (d, J=3.6 Hz), 29.1; HRMS calcd
for C19H21C1F4N4O682Na [l\/l‘i‘Na]Jr 599.0425, found
599.0419.

2- 5 -4-F-5-(3- F 3:-2,6- B AR -4-( =3 3E)-3,6-
AN -1 (2H)-3E)-N-((1-( £ HE R TR 3L ) R i -4- 56 ) F 3 )
RTEME N (8v): A A, 22 47.94%. mp. 234.7~
235.4 ‘C; '"H NMR (600 MHz, DMSO-ds) 6: 8.24 (t, J=
6.0 Hz, 1H), 8.20 (d, J=7.2 Hz, 1H), 7.99 (d, J=9.0 Hz,
1H), 6.61 (s, 1H), 3.55~3.49 (m, 2H), 3.41 (s, 3H), 2.98
(q, J=7.8 Hz, 2H), 2.81 (t, J=6.6 Hz, 2H), 2.70~2.62
(m, 2H), 1.68~1.59 (m, 2H), 1.51~1.41 (m, 1H), 1.18 (t,
J=17.8 Hz, 3H), 1.09~0.98 (m, 2H); *C NMR (151 MHz,
CDCl3) d: 159.8 (d, J=263.3 Hz), 159.6, 150.4, 142.1 (q,
J=34.9 Hz), 134.7 (d, J=3.5 Hz), 133.9, 133.4, 121.4 (d,
J=13.9 Hz), 120.3 (d, J=23.8 Hz), 119.3 (q, J=275.8
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Hz), 103.0 (q, J=5.6 Hz), 48.4, 45.5, 44.2, 35.9, 32.8 (d,
J=4.0 Hz), 29.5, 7.9; HRMS calcd for CyH2;CIF4-
N4O6S:Na [M+ Na]" 613.0581, found 613.0581.

2- 5 -4-F-5-(3- FH #:-2,6- S -4-(=ZFH 3)-3,6-
AR IE -1 (2H)-FE)-N-((1-(P T e 528 ) R e -4- 258 ) FHY 26 2K
Tt Ik e (8w): B [ f&, 722 50.53%. m.p. 207.9~
208.8 ‘C; 'H NMR (600 MHz, DMSO-de) J: 8.25 (t, J=
5.4 Hz, 1H), 8.21 (d, J=7.2 Hz, 1H), 8.00 (d, J/=9.0 Hz,
1H), 6.62 (s, 1H), 3.96~3.49 (m, 2H), 3.43 (s, 3H), 2.98~
2.93 (m, 2H), 2.83 (t, J=6.0 Hz, 2H), 2.69~2.62 (m, 2H),
1.70~1.62 (m, 4H), 1.52~1.43 (m, 1H), 1.10~1.00 (m,
2H), 0.98 (t, J=7.2 Hz, 3H); 3C NMR (151 MHz, CDCl;)
5:159.8 (d, J=263.1 Hz), 159.6, 150.4, 142.1 (q, J=34.7
Hz), 134.7 (d, J=3.4 Hz), 133.9 (d, J=10.4 Hz), 133.4,
121.4 (d, J=13.7 Hz), 120.4 (d, J=24.3 Hz), 119.3 (q, J=
275.8 Hz), 103.0 (q, J=5.6 Hz), 51.3, 48.4, 45.4, 35.9,
32.8 (d, J=3.6 Hz), 29.5, 16.9, 13.2; HRMS calcd for
CoiHasCIF,N4O6S;Na [M + Na] © 627.0738, found
627.0732.

25 -N=((1-(FR P 22 1 I 255 ) IR W -4- 2% ) P 568 )-4- -
5-(3-F:-2,6- A AC-4-(Z 5 3E)-3,6- A MENE-1(2H)-
BRI i (8x): AR, =% 54.8%. m.p. 249.5~
250.0 ‘C; 'H NMR (600 MHz, DMSO-de) J: 8.24 (t, J=
5.4 Hz, 1H), 8.20 (d, J=7.2 Hz, 1H), 7.99 (d, J=9.6 Hz,
1H), 6.61 (s, 1H), 3.55~3.51 (m, 2H), 3.41 (s, 3H), 2.82
(t, J=6.6 Hz, 2H), 2.69~2.62 (m, 2H), 2.53~2.51 (m,
1H), 1.68~1.62 (m, 2H), 1.51~1.42 (m, 1H), 1.11~
1.02(m, 2H), 0.98~0.93(m, 2H), 0.90~0.86 (m, 2H); 1*C
NMR (151 MHz, DMSO-ds) & 160.5, 159.5 (d, J=259.2
Hz), 151.0, 141.4 (q, J=33.9 Hz), 136.1 (d, J=3.4 Hz),
133.5, 133.3 (d, J=10.6 Hz), 122.2 (d, J=13.5 Hz), 120.6
(d, J=24.5 Hz), 119.3 (q, J=275.4 Hz), 103.0 (q, J=5.6
Hz), 48.1, 45.9, 35.5, 32.9 (d, J=3.4 Hz), 29.3, 25.6, 4.3;
HRMS caled for CyHpCIFsN4OsS:Na [M + Na] ©
625.0581, found 625.0575.

2- 5 -4-F-5-(3- FH #:-2,6- S A -4-(=ZFH 3)-3,6-
A ENE -1 (2H)-3E)-N-(1- F R R L S DR g -4- 3% ) F 3 ) 2R
fif Wk Bz (8y): H ([ 4K, =% 56.8%. m.p. 103.9~
104.7 “C; 'H NMR (600 MHz, DMSO-d) : 8.22~8.12
(m, 2H), 7.97 (d, J=9.6 Hz, 1H), 7.59 (d, J=8.4 Hz, 2H),
7.43 (d, J=17.8 Hz, 2H), 6.59 (s, 1H), 3.57 (d, J=11.4 Hz,
2H), 3.40 (s, 3H), 2.76 (t, J=6.6 Hz, 2H), 2.40 (s, 3H),
2.14~2.06 (m, 2H), 1.66~1.59 (m, 2H), 1.33~1.23 (m,
1H), 1.12~1.03 (m, 2H); 3C NMR (151 MHz, CDCl3) ¢:
159.8 (d, J=263.3 Hz), 159.5, 150.4, 143.5, 142.1 (q, J=
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34.3 Hz), 1344 (d, J=3.5 Hz), 133.8 (d, J=10.3 Hz),
133.4, 133.1, 129.6, 127.7, 121.3 (d, J=13.6 Hz), 120.3
(d, J=24.4 Hz), 119.3 (q, J=275.4 Hz), 102.9 (q, J=5.6
Hz), 48.3, 45.8, 35.8, 32.8 (d, J=3.5 Hz), 28.9, 21.5;
HRMS caled for CpsHasCIFsN4OgS;Na [M + Na] *
675.0738, found 675.0740.

¥rhiEfk 7 (0.2 g, 0.37 mmol)T 50 mL M,
BN 15 mL N,N-— FF 2 R RG f, sS I bE B IR
2 4 (0.08 g, 0.58 mmol) J & Z & H I (0.06 g, 0.39
mmol), FiRHEE TN 1 h, #EORE(TLC)RK M [ b
SERG, BERREZETE, IR, JERURIRAE, HEENT
(BEBLFIRN R B8/ A mEE, Vi v=1:1~2. )&,
B3] 2-(4-(((2-FH-4-5-5-(3-HF %£-2,6- ~FAR- 4-(ZHH
$5)-3,6- SR NE -1 (2 H)-H) R J8 ) il It e J25 ) PR B8 ) DR g - 1 -
)R HE8z): HEAEFEA, 0.10 g, 7% 45.4%. m.p.
150.6~151.5 C; 'H NMR (600 MHz, DMSO-ds) o
8.20~8.13 (m, 2H), 7.98 (d, J=9.6 Hz, 1H), 6.60 (s, 1H),
3.59 (s, 3H), 3.41 (s, 3H), 3.15 (s, 2H), 2.80~2.68 (m,
4H), 2.02 (t, J=10.8 Hz, 2H), 1.59~1.50 (m, 2H), 1.34~
1.25 (m, 1H), 1.03 (g, J=12.0 Hz, 2H); '3C NMR (151
MHz, CDCL) 6: 170.9, 159.7 (d, J=262.5 Hz), 159.5,
150.4, 142.0 (q, J=34.4 Hz), 134.6 (d, J=3.5 Hz), 133.8
(d, J=10.2 Hz), 133.4, 121.3 (d, J=13.6 Hz), 120.3 (d,
J=23.9 Hz), 119.3 (q, J=275.2 Hz), 103.0 (g, J=5.5 Hz),
59.6, 52.9, 51.7, 48.8, 35.6, 32.8 (d, J=4.1 Hz), 29.4;
HRMS caled for CyHyCIFsN4O6S [M+H]" 571.1041,
found 571.1041.
3.3 HBEZREWLDFT)RS FERBEB DT

T HUGT 2% B B Bk RUCR B AL S ) 8a 8 St 3k
&%) Saflufenacil NWFAXT %, K Gaussian 091261F1
GaussView 6.0 #1458 0% FEi2 B B(DFT) 15, B 1%
FEIZ BB FEE, ] B3LYP/6-311G(d,p)FE2H % 73 1 45 14
HEATPRARCT281 %) FAT 284 FHUE AT 704, SR E Xt
AR EE R BEAT 3 R I R HAH 5, FEL i R 3 R
K.
34 HFXIE

I FE H AR A ) 5 T b bk 5 A Ak i ) 45 G 1 A
HAEH, ¥k&¥ 8i A Saflufenacil 705l 52K EAZ
[AEAT 40T X5 2, SRAIW 775 8 1 5 AT ReA7AE IFE
7730 M PDB ##E FE (https://www.rcsb.org/)H T HHH &
o () JE bk R 4 AL B (N TPPO) BT 58 40 %, PDB 4% 5 N
Isez. HAREALEMIE PyMOL 8 pEHh B R L (A FI/K
Iy, TR TS5 IR LA O e R I R 4
K. 2t B 8i 1 = 4EgE K. MR AH G SR A 4,
NTPPO i 1t 48 T4 Gk, R4 G I R
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JIRNEE IS K% IR (FAD) 45 6 8l rh 0o 29300, gt IX s 12
BT, ] AutoDock vina #AEK K S A2 4k
AT, fith 20 MOHEREE R, GHET 4 e 0T
FR G AT 7 #T. B 5 FIH PyMOL Al Discovery Studio
THAEKE, RMZHEY 8i 522 RMAHEAE
H.

B4 B (Supporting Information) HFr L&Y 8a~
8z ] "H NMR. *C NMR 1 HRMS G5 . X sedspl
AJ LA 9l AT 9 3 (http://sioc-journal.cn/)_F %K.
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