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Abstract Coenzyme Q is a class of compounds that naturally exist in a variety of biological cells and have important physi-
ological functions. They have attracted extensive attention due to their own biochemical and pharmacological effects. In addi-
tion, the diaryl ether skeleton is widely present in many biologically active molecules such as medicines and pesticides. In
view of the unique structures and physiological functions of coenzyme Q, combined with the extensive biological activity of
diaryl ether fragments and the basis of our previous work, a series of coenzyme Q derivatives containing (4-aryloxylaryl)-
amino moiety were designed and synthesized. The structures of the target compounds were confirmed by nuclear magnetic
resonance spectroscopy ('"H NMR and '3C NMR), high resolution mass spectrometry (HRMS) and melting point measure-
ments. Subsequently, the in vitro inhibitory activities of these compounds against porcine heart succinate-cytochrome ¢ oxi-
doreductase (SCR) as well as their in vivo bactericidal, herbicidal and insecticidal activities were evaluated. The bioassay re-
sults indicated that some compounds demonstrated certain biological activity, showing the potential values for further investi-
gations.
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Figure 1 Structure of coenzyme Q
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Figure 2 Molecular structures of commercial diaryl ether-
containing pesticides

FERTIA AR, AUR R @ i v 4 0 235 4y P 2 T
WA IR BT — RIS =7 Bk A 1) = UM B 1 fie 26
e, MR EE R, #7 H AR SR Lok
IR AL -4 D 3R ¢ EALIE R BFE(SCR) BA KT i
R, SR, XAV A LB, OB ST
Z1. T, TAMEZHE T TAER A Bt — 22tk T H
FRor TR, AEIR AR TR — 2 & Bk 2% 1 4-
R IR A 1B 3, R T T E A&
X SCR MG, KIZFM SRR & T &
TR = R MR R RATAE Y. Oy T TR, K
TR — o7 BE AU IR € N B 38, ALK TT IR E N
A I RN SRR IS MR £ B ()
FiBE ) B M s P v A B BRI (F274) TR K -
HERMER], T H B & e A2 1L R 5 PRI T i) 2
SEFRIRIE(Y 13RI m-n HERRAE T ()23 LA s
T HE M P RS R AR T € R, AR, X
AL VNS AIE TR EAR. A, PREEZELRE R I e e 3
WAL S T PRI S B T — R 4-2 5 =57
Tk Fr BRI AR IR EE SR ) T 3)), JEVESE AR,
KRGV SCR AHAF HmdIEE, X/
WA —E BT ik, A TARRGHRE Q MRS 4-
BT mE R BRGSO IRl T R 4k 5
kS5 H ) 5HEE Q TAE(E 3). ABEAKIASU) T4
lFa) LR AR IR B U0 1) U RO BE T 5T A, T SCR & 2kkE
AT VR 1) T L AH Sy, PR IREE BN ES R B
E& U585V IDKRAEY, HhXmANE 592
H B RL)32Z BOAR P A TR TUREARIOL S5 8h, JATHE AT Y]
TARRRIL T 248 4-2 2k 551k Be ) SCR M 51
ik, ATAERIE 7 A B &% SCR A
WEE, R A I —E RE . K T A
b aPnt SCR KB RIG I 5, i 1 HiEG 4
AWIETE. 3 —J5H, iR EMA U T T A

Chin. J. Org. Chem. 2021, 41, 2045~2054



Chinese Journal of Organic Chemistry

PR RGBT, 3 Bl R R 55 2% JUd 1 (&
2). Nitt, ATARRIET RSN EYITIRE T iHERES
AHIEERE . R RIE, Mot amAa —EN
TEAEYE, R — PRI .

mﬁ L /@Rz@ .

Coenzyme Q(@Q

ﬁj g @R»Q .

O
Coenzyme Q (Qq)

0
/O 7 ‘ S X 1
\B\*RZ \ A/*R
O ™

B3 Hisfbawmrt B
Figure 3 Design strategy of the target compounds
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Table 1 Optimization of reaction conditions
o
©/ @\ _[Pd) ligand, base _ O /©/0\©
solvent, reflux 12h ~0 N
o H
2 (0. 1 mmol) 3a (0.125 mmol) 4a
Entry [Pd] (mol%) Ligand (mol%) Base (mmol) Solvent (mL) Yield/%
1 Pd(OAc): (5) XPhos (10) Cs2C03 (0.15) Toluene (3.3) 33
2 Pd(OAc): (5) XPhos (10) Cs2C03 (0.15) Toluene (5.0) 48
3 Pd(OAc): (5) XPhos (10) Cs2C03 (0.15) Toluene (6.6) 38
4 Pd(OAc):2 (10) XPhos (10) Cs2C03 (0.15) Toluene (5.0) 62
5 Pd(OAc): (10) XPhos (15) Cs2C03 (0.15) Toluene (5.0) 63
6 Pd(OAc):2 (10) Brettphos (10) Cs2C0s5 (0.15) Toluene (5.0) Trace
7 Pd(OAc):2 (10) Xantphos (10) Cs2C0s5 (0.15) Toluene (5.0) 68
8 Pd(OAc):2 (10) ‘BuBrettphos (10) Cs2C0s5 (0.15) Toluene (5.0) Trace
9 Pd(OAc): (10) RuPhos (10) Cs2C03 (0.15) Toluene (5.0) 70
10 PdCl2 (10) RuPhos (10) Cs2C03 (0.15) Toluene (5.0) 45
11 Pda(dba); (10) RuPhos (10) Cs2C03 (0.15) Toluene (5.0) 60
12 Pd(OAc)2 (10) RuPhos (10) K2CO03(0.15) Toluene (5.0) 82
13 Pd(OAc): (10) RuPhos (10) KO'Bu (0.15) Toluene (5.0) 20
14 Pd(OAc): (10) RuPhos (10) NaH (0.15) Toluene (5.0) 25
15 Pd(OAc): (10) RuPhos (10) K2COs (0.10) Toluene (5.0) 72
16 Pd(OAc): (10) RuPhos (10) K2COs (0.20) Toluene (5.0) 79
17 Pd(OAc): (10) RuPhos (10) K2COs (0.25) Toluene (5.0) 77
18 Pd(OAc):2 (10) — K2COs (0.15) Toluene (5.0) Trace
19 — RuPhos (10) K2COs (0.15) Toluene (5.0) Trace

“NMR yield using 1,3,5-trimethoxybenzene as an internal standard.
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Cl1 8L CF; I, #Bfe L A5 U245 ZIAH R H bRt &4
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2,6 A7 b [FIB 51 NAX 550 B 25 ] CL, 76 A FF B4
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20~23), AR I G R T AN B AR LA . Bk
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H—EMGTETER, L&Y 4g.4n.4p 1 4t 7£ 1000 mg/L
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Bk, EHERT W, ZeE5 M B i — B R R E.
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Table 2 Synthesis of target compounds 4a~4w and their inhib-
itory activities against porcine heart SCR
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0 X 0 Z
| B AR
~o N e
o

Entry  Compd. R! R?  Yield/% P/%
1 4a H H 80 13.95
2 4b 4-CN H 56 19.99
3 4c 4-OCF3 H 60 9.20
4 4d 2-CN H 72 42.94
5 4e 2,4-Cla H 75 9.59
6 4f 2-C1-4-CF; H 67 14.25
7 4g  2-Naphthyle H 81 9.33
8 4h 2,4-Cla 2-F 58 14.74
9 4i 2-Cl-4-CHs3 2-F 63 2.15
10 4j 2,4,6-Cl3 2-F 57 7.65
1 4k 2-Naphthyle  2-F 73 12.90
12 4] 2,4-Cla 2-Cl 60 8.91
13 4m 2-C1-4-CF; 2-Cl 65 39.83
14 4n 2-Cl-4-CHs3 2-Cl 57 10.95
15 40 2,4,6-Cl3 2-Cl 72 3.48
16 d4p  2-Naphthyle 2-CI 75 521
17 4q 2,4-Cl 2,6-F2 62 3.60
18 4r 2,4,6-Cl3 2,6-F2 65 1.18
19 4s 2-Naphthyl®  2,6-F2 62 11.47
20 4t 2,4-Cl 2,6-Clz 91 6.62
21 4u 2-Cl-4-CF;  2,6-Cl2 67 9.37
22 4v 2,4,6-Cl3 2,6-Clz 53 9.47
23 4w 2-Naphthyl 2,6-Clh 60 8.26
24 Azoxystrobin? 92.56

“Isolated yields; ® Inhibition rates against SCR at a concentration of 1 pmol/L;
¢This group was utilized as Ring A; ¢ A commercial inhibitor.
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Table 3 In vivo bioassays of the compounds
Fungicide Assay: |1 Herbicide Assays | Insecticide Assays |
or Pythium ultimum | Phytophthora capsici | Boiryofinia fuckeliana | Gibberella seae Z'{'mm Z"';"m‘:”:””",”"’“ £ Digite 1 £ Ryt Plutella xylostella
ssessa | ]
effect & 2
2 o = ic i | Mixed pop. mortality | Mixed pop. mortality Larval mortality
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1 FIERAEE 5 STk — 30,
3.22 1bedh 2 89

FRECATAS R a4 1 (1.82 g, 0.01 mol) ¥ n &
[ EE A, FHVE S 28 B IR (0.6 mL, 0.011 mol)Jf:
F RN 2 PO, TN CCly (21 mL) % e MAA
R, REMERE TR FHAT M. TLC WM 3EFE,
By [N 554 5, sk (30 mL)# R 5 A =& BE(30
mL X 3) K, 5 i3 A VA TR R g, FE
HRRBRRER, RGEHENRR4dE 2 (1.4
g, 54%). WAEY) 2 BIFRAEEHE 5 Sk — B0,

323  HARLAY da—4aw 896 R

P ESR4(2.25 mg, 0.01 mmol). RuPhos (4.7 mg,
0.01 mmol). K,CO; (20.7 mg, 0.15 mmol). 4-ZK5EIEIK[%
3a (23.2 mg, 0.125 mmol)Fl (2.5 mL)7EFEHM K
PN BIFSEHETH Schlenk &, FREALEY) 2 (26.1
mg, 0.1 mmol)H FFZK(2.5 mL)¥A T EP & W I+ H ¥ DK
B1UF, 5 Schlenk H—EMNFEHEH. 7 =KIME
- ANIB IR JG, K Schlenk EHZE 120 CH %A
LTINS, SRR A 2 1 IR TR N
(30 min) & R MNAKRF KM 12 h. FF RN EE)E, F
R RABR LB, RN BHisb &4 4a (29.2
mg, 80%). HirL&Y) db~aw &N RS 4a 1L,
HEH 3b~3w {t# 3a.

2,3- T FH AR -5 F R -6-((4- TR R R A 3 i ) HF -
2,5- " Hi-1,4- " fil(4a): 29.2 mg HMOHEMEK, E 80%.
m.p. 105.3~105.4 ‘C; '"H NMR (500 MHz, CDCl;) o:
7.39~7.31 (m, 2H), 7.16~7.08 (m, 2H), 7.02~6.98 (m,
2H), 6.98~6.91 (m, 4H), 4.13 (s, 3H), 3.93 (s, 3H), 1.57
(s, 3H); 3C NMR (126 MHz, CDCls) &: 183.2, 181.8,
157.1, 154.0, 147.2, 140.4, 139.5, 134.8, 129.8, 124.3,
123.4, 119.2, 118.7, 111.4, 61.4, 61.1, 12.5; HRMS (ESI)
caled for CoiHaNOs [M+H]" 366.1336, found 366.1329.

4-(4-((4,5- - F5 FE-2-F 3E-3,6- 3R C-1,4- —)f-
1-F) ) R A ) 2 H B (4b): 21.8 mg LA, g
56%. m.p. 139.8~141.2 “C; '"H NMR (500 MHz, CDCls)
5: 7.61 (d, J=8.3 Hz, 2H), 7.13 (s, 1H), 7.07~6.93 (m,
6H), 4.13 (s, 3H), 3.94 (s, 3H), 1.60 (s, 3H); 3C NMR
(126 MHz, CDCl3) o: 183.3, 181.7, 161.5, 151.1, 147.1,
140.7, 139.2, 136.7, 134.2, 124.0, 120.8, 118.7, 117.8,
112.6, 106.0, 61.4, 61.2, 12.8; HRMS (ESI) calcd for
CoH1oN,Os [M+H]" 391.1289, found 391.1281.

2,3- T H AR FE-5- 1 B -6-((4-(4-(= U A 3 ) R A 3
FIFHIR C-2,5- —Hi-1,4- " l(4c): 26.9 mg L[
i, IE 60%. m.p. 170.4~171.6 C; 'H NMR (500
MHz, CDCly) 6: 7.19 (d, J=8.5 Hz, 2H), 7.12 (s, 1H),
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7.01~6.93 (m, 6H), 4.13 (s, 3H), 3.93 (s, 3H), 1.57 (s,
3H); *C NMR (126 MHz, CDCl3) J: 183.2, 181.8, 155.8,
153.3, 147.1, 144.5 (q, J=2.1 Hz), 140.6, 139.4, 135.4,
124.3, 122.6, 120.5 (q, J=258.3 Hz), 119.5, 119.3, 111.8,
61.4, 612, 12.6; HRMS (ESI) caled for CyH oF3NOg
[M+H]" 450.1159, found 450.1149.

2-(4-((4,5- — H I 2- -3, 6- I - 1,4- —)i-
1- 33 R A ) R H B (4d): 28.1 mg LKA A, g
72%. m.p. 133.6~138.1 ‘C; 'H NMR (500 MHz, CDCl5)
8: 7.66 (d, J=6.2 Hz, 1H), 7.49 (s, 1H), 7.22~6.93 (m,
6H), 6.87 (d, J=7.6 Hz, 1H), 4.13 (s, 3H), 3.94 (s, 3H),
1.59 (s, 3H); 3C NMR (126 MHz, CDCls) 6: 183.3, 181.7,
159.6, 151.4, 147.1, 140.6, 139.2, 136.6, 134.2, 134.0,
124.0, 123.0, 120.5, 116.8, 115.8, 112.5, 103.7, 61.4, 61.2,
12.8; HRMS (ESI) caled for CyH;oN,Os [M+ H]"
391.1289, found 391.1280.

2-((4-(2,4- SR A I R 3 i 3k )-5,6- — H A 2k -3-
FHJEFR C0-2,5- —H-1,4- i (de): 32.5 mg LK O E A, Uk
Z 75%. mp. 1602~161.6 C; 'H NMR (500 MHz,
CDCLs) &: 7.47 (s, 1H), 7.20 (d, J=8.6 Hz, 1H), 7.11 (s,
1H), 6.91 (d, J=12.0 Hz, 5H), 4.13 (s, 3H), 3.93 (s, 3H),
1.56 (s, 3H); 3C NMR (126 MHz, CDCls) 6: 183.2, 181.8,
153.2, 151.4, 147.1, 140.5, 139.4, 135.4, 130.6, 129.3,
128.1, 126.5, 124.3, 121.1, 118.4, 111.8, 61.4, 61.2, 12.6.
HRMS (ESI) caled for CoHisCLNOs [M+H]" 434.0557,
found 434.0547.

2-((4-(2- 5 -4-( =5 FH 28 2R AR 0 ) R ) i 3k )-5,6- —
PG JE-3- SR 3R -2,5- —-1,4- - iF(4f): 31.3 mg K
44, WK 67%. mp. 130.1~130.3 C; 'H NMR (500
MHz, CDCl3) d: 7.74 (d, J=1.7 Hz, 1H), 7.49~7.43 (m,
1H), 7.13 (s, 1H), 7.02~6.90 (m, 5H), 4.13 (s, 3H), 3.94
(s, 3H), 1.59 (s, 3H); 3C NMR (126 MHz, CDCls) o:
183.3, 181.7, 156.0, 151.9, 147.1, 140.7, 139.3, 136.3,
128.2 (q, J=3.8 Hz), 126.3 (q, J=33.6 Hz), 125.3, 125.1
(q, J=3.6 Hz), 124.1, 123.3 (q, J=272.1 Hz), 119.8,
118.6, 112.4, 61.4, 61.2, 12.7; HRMS (ESI) calcd for
CxHsCIFsNOs [M+H]" 468.0820, found 468.0810.

2,3- 7 AR FE -5 F 3 -6-((4-(25-2- 5803 ) 28 3 ) i 3k )
M h-2,5- " 0i-1,4- - Fi(4g): 33.6 mg LA AR, W
81%. m.p. 180.6~181.4 ‘C; '"H NMR (500 MHz, CDCls)
5: 7.83 (t, J=8.3 Hz, 2H), 7.70 (d, J=8.1 Hz, 1H), 7.46
(ddd, J=8.1, 6.8, 1.4 Hz, 1H), 7.41 (ddd, J=8.1, 6.8, 1.3
Hz, 1H), 7.30 (d, J=2.3 Hz, 1H), 7.24 (d, J=2.4 Hz, 1H),
7.15 (s, 1H), 7.06~6.99 (m, 2H), 6.96 (d, J=8.8 Hz, 2H),
4.13 (s, 3H), 3.93 (s, 3H), 1.60 (s, 3H); '*C NMR (126
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MHz, CDCls) 6: 183.2, 181.8, 155.0, 153.9, 147.2, 140.5,
139.5, 135.1, 134.3, 130.2, 130.0, 127.7, 127.1, 126.6,
124.8, 124.4, 119.7, 119.4, 114.0, 111.6, 61.4, 61.2, 12.6.
HRMS (ESI) caled for CpsH;NOs [M+H]"™ 416.1493,
found 416.1489.
2-((4-(2,4- ~ SR IL)-3- 5 R ) Jie ik )-5,6- — F 4R
Fe3-FHEIAE-2,5- T 4-1,4- ff(4h): 26.1 mg (A
i, IR 58%. m.p. 153.5~155.0 ‘C; 'H NMR (500
MHz, CDCls) : 7.48 (d, J=2.5 Hz, 1H), 7.19 (dd, J=8.8,
2.5 Hz, 1H), 7.09 (s, 1H), 6.97 (t, J=8.8 Hz, 1H), 6.82~
6.76 (m, 2H), 6.73~6.69 (m, 1H), 4.15 (s, 3H), 3.96 (s,
3H), 1.65 (s, 3H); *C NMR (126 MHz, CDCl;) o: 182.4
(d, J=221.3 Hz), 154.6, 152.6, 151.7, 147.0, 140.9, 139.3
(d, J=11.9 Hz), 138.7, 137.2 (d, J=8.6 Hz), 130.5, 128.9,
127.9, 125.2, 121.3, 118.7, 118.1 (d, J=3.3 Hz), 114.1,
111.1 (d, J=20.8 Hz), 61.4, 61.2, 13.0; HRMS (ESI) calcd
for Co/H;7CLENOs [M+H]" 452.0462, found 452.0452.
2-((4-(4-50-2- T B A ) 3- A 3 e 0)-5,6- —
AFE-3-HIEIA C-2,5- - 1,4- i (4i): 27.2 mg KA [H
i, IR 63%. mp. 129.3~129.9 C; 'H NMR (500
MHz, CDCl3) d: 7.22 (d, J=2.2 Hz, 1H), 7.11~7.04 (m,
2H), 6.87 (t, J=8.8 Hz, 1H), 6.77 (dd, J=11.4, 2.5 Hz,
1H), 6.67 (dd, J=8.5, 5.4 Hz, 2H), 4.13 (s, 3H), 3.94 (s,
3H), 2.29 (s, 3H), 1.62 (s, 3H); 3C NMR (126 MHz,
CDCls) o: 183.3, 181.6, 153.7, 153.5 (d, J=250.2 Hz),
147.0, 140.8, 140.5 (d, J=11.6 Hz), 138.9, 136.2 (d, J=
8.5 Hz), 131.2, 130.3, 128.4, 126.9, 120.7 (d, J=2.1 Hz),
118.3 (d, J=3.3 Hz), 117.8, 113.5, 111.3 (d, J=20.8 Hz),
61.4, 61.2, 16.0, 12.9; HRMS (ESI) calcd for CaHaCl-
FNOs [M+H]" 432.1009, found 432.1005.
2-((3-F-4-(2,4,6- = F R A L) HK ) i i )-5,6- — H
AFE-3- A C-2,5- - 1,4- i (4)): 27.6 mg 4[]
7, WE 57%. mp. 172.4~175.0 ‘C; 'H NMR (500
MHz, CDCls) 6: 7.41 (s, 2H), 7.05 (s, 1H), 6.83~6.74 (m,
1H), 6.59 (d, J=8.9 Hz, 1H), 6.53 (t, J=8.7 Hz, 1H), 4.12
(s, 3H), 3.93 (s, 3H), 1.59 (s, 3H); 3C NMR (126 MHz,
CDCls) 6: 183.2, 181.5, 151.7 (d, J=249.8 Hz), 147.0,
146.2, 140.9 (d, J=11.1 Hz), 140.7, 139.0, 135.4 (d, J=
8.3 Hz), 131.4, 130.1, 129.2, 118.0 (d, J=3.5 Hz), 115.9
(d, J=1.9 Hz), 113.2, 111.5 (d, J=20.4 Hz), 61.4, 61.2,
12.7; HRMS (ESI) caled for CyH;sC:FNOs [M+H]"
486.0073, found 486.0065.
2-((3-F-4-(Z5-2- A ) R Jk ) i 58 )-5,6- — H 4 2k -3-
H L ER C-2,5- —H-1,4- —l(4k): 31.6 mg LA, Uk
F 73%. mp. 132.6~132.8 C; 'H NMR (500 MHz,

Chin. J. Org. Chem. 2021, 41, 2045~2054

© 2021 Chinese Chemical Society & SIOC, CAS

CDCLy) 6: 7.85 (t, J=8.7 Hz, 2H), 7.71 (d, J=7.7 Hz, 1H),
7.48 (ddd, J=8.2, 6.8, 1.4 Hz, 1H), 7.42 (ddd, J=38.1, 6.8,
1.3 Hz, 1H), 7.29 (dd, J=6.7, 2.6 Hz, 1H), 7.22 (d, J=2.6
Hz, 1H), 7.13 (s, 1H), 7.10 (t, J=8.7 Hz, 1H), 6.83 (dd,
J=114, 2.6 Hz, 1H), 6.74 (dt, J=8.7, 1.9 Hz, 1H), 4.16
(s, 3H), 3.97 (s, 3H), 1.69 (s, 3H); 3C NMR (126 MHz,
CDClLy) 6: 183.3, 181.6, 155.3, 154.2 (d, J=250.5 Hz),
147.0, 140.8, 139.9 (d, J=11.8 Hz), 138.9, 136.8 (d, J=
8.7 Hz), 134.2, 130.1, 130.0, 127.7, 127.1, 126.7, 124.7,
122.3 (d, J=2.1 Hz), 118.5, 118.3 (d, J=3.3 Hz), 113.7,
1119, 111.2 (d, J=20.9 Hz), 61.4, 612, 12.9; HRMS
(ESI) caled for CasHy FNOs [M+H]" 434.1398, found
434.1395.

2-(3-5-4-(2,4-  FUR U)K I ) -5,6- —
e 3-HREFR C-2,5- - M-1,4- i (41): 28.0 mg LA [ 14,
& 60%. m.p. 172.4~173.8 ‘C; 'H NMR (500 MHz,
CDCl3) §: 7.50 (d, J=2.5 Hz, 1H), 7.20 (dd, J=8.8, 2.5
Hz, 1H), 7.08 (s, 1H), 7.05 (d, J=2.6 Hz, 1H), 6.89 (d, J=
8.7 Hz, 1H), 6.83 (dd, J=8.7, 2.6 Hz, 1H), 6.77 (d, J=8.7
Hz, 1H), 4.15 (s, 3H), 3.96 (s, 3H), 1.64 (s, 3H); 3C NMR
(126 MHz, CDCl;) J: 183.3, 181.6, 151.3, 148.0, 147.0,
140.9, 138.8, 136.9, 130.6, 129.2, 128.0, 125.9, 125.5,
124.2, 121.6, 120.4, 119.4, 113.8, 61.4, 61.2, 13.0; HRMS
(ESI) caled for CyiH7C1sNOs [M+H]" 468.0167, found
468.0156.

2-((3- G -4-(2- T -4-( = 50 AR ) 2R SRR ) R L) ik
5£)-5,6- — H A HE-3- R IR O0-2,5- 0 -1,4- i (4m):
32.6 mg LA, FE 65%. m.p. 149.5~151.0 'C; 'H
NMR (500 MHz, CDCLy) 8: 7.74 (d, J=2.3 Hz, 1H), 7.43
(dd, J=8.8, 2.2 Hz, 1H), 7.08 (s, 1H), 7.05 (d, J=2.6 Hz,
1H), 7.02 (d, J=8.7 Hz, 1H), 6.86 (dd, J=8.7, 2.7 Hz,
1H), 6.76 (d, J=8.6 Hz, 1H), 4.13 (s, 3H), 3.95 (s, 3H),
1.64 (s, 3H); '*C NMR (126 MHz, CDCL) 6: 183.3, 181.5,
155.5, 147.0, 146.7, 141.0, 138.6, 137.8, 128.2 (q, J=3.9
Hz), 126.8, 126.2 (q, J=33.6 Hz), 125.1 (q, J=3.6 Hz),
124.4, 124.0, 123.3 (q, J=272.2 Hz), 121.9, 121.5, 116.8,
114.4, 61.4, 61.2, 13.1; HRMS (ESI) caled for CooH7Cl-
F3NOs [M+H]" 502.0430, found 502.0415.

2-((3-F-4-(4-F-2- LR A B R Jlg ik )-5,6- — HH
AIE-3-HI A CO0-2,5- - 1,4- i (4n): 25.5 mg 4[]
14, W 57%. m.p. 97.7~98.7 ‘C; '"H NMR (500 MHz,
CDCl3) 8: 7.23 (d, J=2.2 Hz, 1H), 7.10 (dd, J=8.6, 2.4
Hz, 1H), 7.06 (s, 1H), 7.03 (d, J=1.5 Hz, 1H), 6.78 (d, J=
1.3 Hz, 2H), 6.66 (d, J=8.6 Hz, 1H), 4.13 (s, 3H), 3.94 (s,
3H), 2.26 (s, 3H), 1.60 (s, 3H); 3C NMR (126 MHz,
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CDCls) 6: 183.3, 181.6, 153.2, 149.0, 147.0, 140.7, 138.9,
135.9, 131.3, 130.7, 128.7, 127.0, 125.3, 124.4, 121.8,
119.4, 118.6, 113.2, 61.4, 61.2, 16.0, 12.8; HRMS (ESI)
caled for CpHyCLNOs [M + H] ' 448.0713, found
448.0704.

2-((3-F-4-(2,4,6- = TR AL KAL) e ik )-5,6- — F
AE-3-FIEIA £-2,5- 0-1,4- —Ti{(d40): 36.1 mg £
i, IR 72%. mp. 163.3~164.5 C; 'H NMR (500
MHz, CDCly) 6: 7.43 (s, 2H), 7.06 (d, J=2.5 Hz, 1H),
7.03 (s, 1H), 6.71 (dd, J=8.8, 2.5 Hz, 1H), 6.41 (d, J=8.8
Hz, 1H), 4.12 (s, 3H), 3.93 (s, 3H), 1.58 (s, 3H); '*C NMR
(126 MHz, CDCl3) o: 183.3, 181.6, 148.8, 147.1, 146.2,
140.7, 139.0, 135.4, 131.5, 130.2, 129.2, 124.8, 123.2,
121.6, 114.5, 113.0, 61.4, 61.2, 12.7; HRMS (ESI) calcd
for C21H1sCLNOs [M+H]" 501.9777, found 501.9767.

2-((3-F-4-(Z5-2- 5 J8) R Ik Jig ik )-5,6- — FH 4R ik -3-
FIEIA C-2,5- 2 0-1,4- - Jif(4p): 33.7 mg LMAE1A, Ik
F 75%. m.p. 150.7~152.1 C; 'H NMR (500 MHz,
CDCls) 6: 7.84 (d, J=9.0 Hz, 1H), 7.82 (d, J=8.3 Hz,
1H), 7.69 (d, J=8.1 Hz, 1H), 7.46 (ddd, /=82, 6.8, 1.4
Hz, 1H), 7.41 (ddd, J=8.1, 6.9, 1.3 Hz, 1H), 7.26~7.22
(m, 1H), 7.18 (d, J=2.2 Hz, 1H), 7.09 (s, 1H), 7.07 (d, J=
2.5 Hz, 1H), 7.02 (d, J=8.7 Hz, 1H), 6.83 (dd, J=8.7, 2.5
Hz, 1H), 4.13 (s, 3H), 3.95 (s, 3H), 1.65 (s, 3H); *C NMR
(126 MHz, CDCls) d: 183.3, 181.6, 154.9, 148.7, 147.0,
140.8, 138.9, 136.5, 134.2, 130.2, 130.1, 127.8, 127.1,
126.7, 126.4, 124.8, 124.3, 121.8, 121.3, 118.9, 113.4,
112.6, 614, 612, 12.9; HRMS (ESI) caled for
CasH2 CINOs [M+H]" 450.1103, found 450.1099.

2-((4-(2,4- — IR HE)-3,5- IR IE) Ik )-5,6-—
FAR L -3-FH L PR 2-2,5- U 0-1,4- il (4q): 29.1 mg &0
A, R 62%. m.p. 139.8~140.6 ‘C; 'H NMR (500
MHz, CDCls) : 7.45 (d, J=2.1 Hz, 1H), 7.12 (dd, J=8.8,
2.1 Hz, 1H), 7.00 (s, 1H), 6.65 (d, J=8.8 Hz, 1H), 6.55 (d,
J=8.7 Hz, 2H), 4.12 (s, 3H), 3.96 (s, 3H), 1.70 (s, 3H);
13C NMR (126 MHz, CDCl;) d: 183.3, 181.3, 156.7, 154.7,
1522, 146.8, 141.4, 138.0, 130.5, 128.4, 127.7, 123.8,
116.8, 115.8, 105.4, 105.2, 61.4, 61.3, 13.3; HRMS (ESI)
caled for CyHisCLF.NOs [M+H]" 470.0368, found
470.0363.

2-((3,5- R -4-(2,4,6- — TR A L) R L) i 3)-5,6-
T3 IR C-2,5- - 1,4- T EA(4r): 32.7 mg &
EE A, K 65%. m.p. 167.1~168.3 C; 'H NMR (500
MHz, CDCls) 0: 7.34 (s, 2H), 6.98 (s, 1H), 6.48 (d, J=9.2
Hz, 2H), 4.12 (s, 3H), 3.94 (s, 3H), 1.65 (s, 3H); '*C NMR
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(126 MHz, CDCls) 6: 183.3, 181.4, 153.9 (dd, J=250.1,
6.4 Hz), 148.0, 146.9, 141.0, 138.3, 135.9 (t, J=11.5 Hz),
130.4, 129.3 (t, J=13.7 Hz), 129.0, 128.3, 115.5, 105.7
(dd, J=25.3, 6.4 Hz), 61.4, 61.3, 13.1; HRMS (ESI) caled
for Co1H;sCLIsFaNOs [M+H]" 503.9978, found 503.9969.
2-((3,5- A -4-( 25 -2- 5 2 ) R R Jle B)-5,6- — TR
Fe3-HREFR C-2,5- - M-1,4- i (4s): 28.0 mg L1 [ 1,
I 62%. m.p. 143.3~144.2 ‘C; 'H NMR (500 MHz,
CDCls) 6: 7.81 (t, J=8.3 Hz, 2H), 7.66 (d, J=8.2 Hz, 1H),
7.44 (t, J=7.1 Hz, 1H), 7.41~7.35 (m, 1H), 7.30 (dd, J=
9.0, 2.5 Hz, 1H), 7.10 (d, J=1.6 Hz, 1H), 7.04 (s, 1H),
6.59 (d, J=8.7 Hz, 2H), 4.13 (s, 3H), 3.96 (s, 3H), 1.74 (s,
3H); 3C NMR (126 MHz, CDCLy) d: 183.3, 181.4, 156.3
(dd, J=251.3, 6.7 Hz), 155.7, 146.8, 141.2, 138.2, 137.5
(t, J=13.7 Hz), 134.0, 130.0, 129.9, 127.7, 127.1 (t, J=
15.1 Hz), 126.7, 124.6, 117.3, 116.3, 109.4, 105.5 (dd, J=
20.2, 6.3 Hz), 61.5, 61.3, 13.3; HRMS (ESI) calcd for
CasHa0FaNOs [M+H]™ 452.1304, found 452.1300.
2-((3,5- ~F-4-(2,4- R E L) I L )-5,6-
A JE-3- SR 3R -2,5- —i-1,4- - fif(4t): 45.6 mg K
A, WE 91%. mp. 151.3~152.5 ‘C; 'H NMR (500
MHz, CDCls) 6: 7.47 (d, J=2.3 Hz, 1H), 7.09 (dd, J=8.8,
2.4 Hz, 1H), 7.01 (s, 1H), 6.92 (s, 2H), 6.40 (d, J=8.8 Hz,
1H), 4.13 (s, 3H), 3.96 (s, 3H), 1.69 (s, 3H); 3C NMR
(126 MHz, CDCLy) 6: 183.3, 181.3, 151.2, 146.9, 142.5,
141.3, 138.4, 138.0, 130.6, 129.8, 128.0, 127.6, 123.6,
121.4, 116.3, 115.0, 61.5, 61.3, 13.3; HRMS (ESI) calcd
for C21H16CLLNOs [M+H]" 501.9777, found 501.9763.
2-((3,5- A -4-Q2-F-A-( = P B R A S R ik
H)-5,6- AR FE-3- 1 B3R £-2,5- —-1,4- i (4u): 35.8
mg LG E R, E 67%. m.p. 146.6~147.4 C; '"HNMR
(500 MHz, CDCls) §: 7.75 (s, 1H), 7.40 (d, J=8.5 Hz,
1H), 7.05 (s, 1H), 6.94 (s, 2H), 6.55 (d, J=8.6 Hz, 1H),
4.13 (s, 3H), 3.96 (s, 3H), 1.70 (s, 3H); *C NMR (126
MHz, CDCl3) 6: 183.3, 181.3, 154.7, 146.8, 141.9, 141.3,
138.7, 137.9, 129.7, 128.3 (q, J=3.6 Hz), 125.9 (q, J=
33.6 Hz), 125.0 (q, J=3.7 Hz), 123.3 (q, J=271.8 Hz),
121.3, 116.5, 114.1, 61.5, 61.3, 13.4; HRMS (ESI) calcd
for CoxH6CLsFsNOs [M+H]" 536.0041, found 536.0026.
2-((3,5- Z 5 -4-(2,4,6- — SRS L) R L) i AL )-5,6-
TR IE-3- IR 2-2,5- T -1,4- - Fl(4v): 28.3 mg &
AR, R 53%. m.p. 156.6~158.1 “C; '"H NMR (500
MHz, CDCls) 6: 7.31 (s, 2H), 7.00 (s, 1H), 6.85 (s, 2H),
4.12 (s, 3H), 3.94 (s, 3H), 1.63 (s, 3H); 3C NMR (126
MHz, CDCL3) d: 183.3, 181.4, 147.4, 146.9, 144 .4, 141.0,
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138.3, 136.7, 129.3, 129.1, 127.0, 126.9, 122.1, 115.0,
61.4, 61.3, 13.1;, HRMS (ESI) calcd for C;H;sCIsNOs
[M-+H]" 535.9387, found 535.9374.

2-((3,5- A -4-(FE-2- ) R EE ) I FE)-5,6- — A
Fe3-HEIF E-2,5- T 0-1,4- fid(4w): 29.0 mg L {h[H
i, IE 60%. m.p. 159.7~159.9 C; 'H NMR (500
MHz, CDCls) ¢: 7.86 (d, J=9.0 Hz, 1H), 7.83 (d, J=8.0
Hz, 1H), 7.67 (d, J=8.1 Hz, 1H), 7.46 (ddd, J=8.2, 6.8,
1.4 Hz, 1H), 7.42~7.38 (m, 1H), 7.29~7.25 (m, 1H), 7.09
(s, 1H), 6.99 (s, 2H), 6.95 (d, J=2.6 Hz, 1H), 4.16 (s, 3H),
3.99 (s, 3H), 1.75 (s, 3H); *C NMR (126 MHz, CDCls) 8
183.3, 181.4, 154.6, 146.9, 143.1, 141.3, 138.2, 138.0,
134.1, 130.2, 130.0, 129.9, 127.8, 127.0, 126.6, 124.5,
121.7, 117.3, 115.9, 109.1, 61.4, 61.3, 13.3; HRMS (ESI)
caled for CosHaCLNOs [M + H] " 484.0713, found
484.0707.

3.4 JEMMRKGE

SCR 11 HAAE PR 5 7 1% 2 5 AR 2H /i A 1 5L
FRUASL, T ¥ A0S M I X 4 2R H 26 IETA (Syngenta) 23 7] 42
Bt RBEVEEVEAN RN T 973 1 22 4 K,
MR A PIAE 2 mg/L WK LT X B %5 (Phytoph-
thora capsica)JHNHNETE, BUAE 20 mg/L FIIREE T X5
B B (Pythium dissimile) & 57 ) %] {4 B (Botryotinia
fuckeliana). & 78 /5% (Gibberella zeae) /N3 A Tl
(Zymoseptoria tritici)FFNHINEPE. B 224K B0 3 B 3L
HIS — M T2 4 BPFI A 2R (0, 55, 90, 100, Hrp
100 7R A HHIZE AR, 90 FRom KIEEEHIH], 55 %
ANERAI A, 0 FORBA ). RN TR
BEEARAX R GUREAT 5 ZvPA5(0, 55, 70, 90, 100, FH1 100 %
N TR 22 AR K R R I sE A ). — ek, AR
I 7 EREAT 2~13 d J5 T, BRI IEE R AL
AWAE 10 mg/L 9K BE R XTI = 40 4 g g
(Arabidopsis thaliana)FIFRFIEVE, 8L EWI7E 32 mg/L
MR B R X 5 i (Digitaria  sanguinalis) P 5 55 4.
AR 853509 UFFT 7 d, D 6 d. BREETE
545 44(0, 20, 50, 70, 90, HA 0 FoREATEME, 90
FoneaEhi). A REEE 2N EP7E 50 mg/L
IR E R Xk (Myzus persicae), 500 mg/L 5% 7Nk
(Plutella xylostella) 8% 1000 mg/L B} X — BE M- i
(Tetranychus urticae) )7 HUEPE, @i N THEEELAN T
MR A ) 7 SOEAT I E, fE B ATt gy, BRI
PEVEAbRIE N 3 (100, 80 AT 0, i 100 FoR 58 4% i,
80 LR ZHULT:, 0 LRIARR), /MR 4 T
FRiE(100, 80, 50 A0, Horb 100 Fom g 442, 80 &
INZHIET, 50 RoRFAIET:, 0 RREHUR), —5
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K 2 2 ARiE(100 5% 0, FHidr 100 Fon 2 HE
T2, 0 FoREA MR, R\ 7%, EiZi)E 5~9 d
Z [ SE P, BRI A4, &I A E A 35 B
PEXT AL G T AR BB A ST E . 5 T
AP B, FH 2% ORI s (10 e ol e R e g, T
F T BRI E F & i e ba . T T ik sz 56, id
SR AT B R HCE 4.

#HBh#1 kL (Supporting Information) Hirfb &%) 4a~
4w [¥] 'H NMR. '3C NMR Fl HRMS K3, ixepppiny
LG B AR 1) R 3% (http://sioc-journal.cn/)_ F %%,
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