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Design, Synthesis and Bioactivity Study on Novel Furan
a-Butenolactone Compounds

Li, Xiang Zhu, Kai Han, Qing Lu, Xingxing Li, Mingjun
Ling, Yun Duan, Hongxia*

(Innovation Center of Pesticide Research, Department of Applied Chemistry, College of Science,
China Agricultural University, Beijing 100193)

Abstract In recent years, the widespread use of neonicotinoid insecticides caused the resistance of pests to gradually become
stronger, especially more and more attention on the toxic effect on bees. Therefore, it is urgent to design and synthesize novel
eco-friendly alternatives to neonicotinoid insecticides. In our previous study, a novel furan a-butenolactone skeleton was found
to have aphicidal activity based on the structrue similariy searching strategy to the butenolide pharmacophore from the low-bee
toxicity commercial insecticide flupyradifurone. In this work, a series of novel furan a-butenolactone compounds were
designed and synthesized combined the characteristics of nicotinic acetylcholine receptor protein and empirical design method.
The bioassay results at the concentration of 500 pg/mL showed that all target compounds exhibited some aphicidal activity
against soybean aphid and peach aphid. Especially, (E)-3-((5-(3-chlorophenyl)furan-2-yl)methylene)-5-methylfuran-2(3H)-
one (7bh) and (E)-3-((5-ethylfuran-2-yl)methylene)-5-(p-tolyl)furan-2(3H)-one (7¢ch) were found to be more than 70% with a
mortality rate against not only soybean aphid but also peach aphid. Furthermore, the insecticidal activities of 7bh were the
same order of magnitude with pymetrozine against soybean aphid (LCs0=70.83 pg/mL) and green peach aphid (LCs0=71.96
png/mL). To our surprised, these target compounds also showed certain antifungal activity in vitro against Rhizoctonia solani at
the concentration of 50 ug/mL. Molecular docking studies indicated that the furan a-butenolactone compounds displayed
moderate aphicidal activity due to their similar interaction with flupyradifurone toward nicotinic acetylcholine receptor. The
study on new furan a-butenolactone compounds will lay a foundation for the development of new aphicidal candidates with
high efficiency and low bee-toxicity in the future.
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Table 1 Aphicidal activity of target compounds in series 7 (500 pg/mL)
O
_ O._R?
q \ )
R
Compd. R R2 . . Mortality rate/% :
Aphis glycines Mpyzus persicae
Taa CH; H 39.3 514
7ab CH; CHs3 34.8 499
Tac® CH; CH2CH3 50.8 60.2
7ad CH;3; Cl 53.8 59.5
Tae CH; Br 48.9 57.0
Taf CH; NO2 29.4 40.2
7ba CH; 4-BrCeH4 65.7 71.3
7bb CH; 4-0O2NCsHg 57.9 60.6
7bc? CH; 4-CIC¢Ha 41.1 51.7
7bd“ CH; 4-CNCsH4 47.0 59.1
7be? CH; 4-CF3CeH4 45.1 62.3
7bf* CH; 2-Br-4-Cl1-C¢H3 60.0 70.0
7bg” CH; 2-C1-4-Br-C¢H3 53.9 71.3
7bh? CH; 3-CICsHa 75.0 83.4
Tca® Ph Cl 38.2 52.9
7cb? 4-CH3CeHa Cl 53.8 64.4
Tec? 4-CH30C6H4 Cl 65.4 77.2
Ted? 4-FC¢Ha Cl 42.9 51.3
Tce? 4-ClCeHa Cl 36.4 514
Tcf* 4-BrCeH4 Cl 50.1 61.0
Teg® Ph CH2CH3 52.2 63.1
7ch® 4-CH3CsHa CH:CH3 71.6 76.5
Tci? 4-CH30C6H4 CH2CH3 50.4 68.9
Tcj” 4-FC¢Ha4 CH2CH3 48.6 59.4
7ck? 4-ClCeHa CH2CH3 28.9 433
Tl 4-BrCeH4 CH:2CH3 42.0 56.1
ML ACF 87.1 91.8
S 94.4 98.0
A LE IR A 98.5 96.4

“Novel compounds.

B AR TR IR IR LAY Thd (4-CNCeHa) B F
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Br-CoHs) X0 F B B3 5 T 50%, FiunE R* XL
BUORCOR BB A& P vT e 2 R BF— 8 s R f s e, 24
R? AN [ B AR R ORI, B AR AL & P i 4% 12
TWEEA ZEEOK, 10 Tbe (4-CICsH4) M 7bh (3-CICeH.),
LR Wk e I () A, B R B 1 E A Ak 47 o 00 0 1
T AL BRI IR 1) B bRl & 4 (R i i 4k

N TP REBZE T R AR ARSI
H bl G R iF s PRI s, (R O BERZ 45 K Hh
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A 30 BN TE PE AT I B ARAL &4 Toh,
Tee Al Teh HEAT LCso MK, 453 W% 2 fos. KM Ex
&%) Tbh R I B R s PR, IR K
(LCs50=70.83 pg/mL)FIBkIF(LCso=70.83 pg/mL)IIRiF
TR T A HGRI e I 7 [F] — AN R b, EHER
TP A B Sk B 24 75 L e 7R 50 P G i
1.5 HAEMBIHINEEM

BT A SCERIGE T AR WA A —Em)

A FHAN TG VENT23), PRk, A SO B R T B R o
THENEEEIL S YILE 50 pg/mL W R iEAT T X KRELL
9 T R S SR B 3 A 11 B AR R v PRI, 45 R LR
3 FiR. ROBUFT A PRI a- 1 4 N B A0t K R
SURK 3 TR 250 3 T HE — 2 R B AR B P, LA R A
25%~60% 2 [A], 5 HyE I A% T 7 b Aol FE 2 55 i 1
fis. HA ik &9 Toh AMEXT KRS SO B A BT A0 B
TG (59%), T L X 3 S FE 92 95 Tt 3 B0 A A e 1) 00

22 HBIRIE o TN EESRALE4 Tbh, Tee Al Tch K FHFAIBREF ) LCso (&

Table 2 LCso value against soybean aphids and peach aphid of the novel furan a-butenolactone compounds 7bh, 7¢c and 7ch

W F Compd. LCso/(ugemL 1) (95% CL) Y gk P

7bh 70.83 (46.39~96.59) y=0.86x —1.59 0.993

Tcc 160.88 (127.70~208.09) y=1.15x—2.55 0.984

Aphis glycines 7ch 184.33 (145.56~243.61) y=1.13x —2.56 0.992

HEEEF I 27.54 (17.78~37.77) y=0.96x —1.4 0.977

R P g P 3.98 (2.22~5.71) y=0.93x+0.57 0.944

7bh 71.96 (50.64~94.38) y=1.01x—1.88 0.984

Tce 130.92 (99.38~173.73) y=0.98x —2.06 0.992

Myzus persicae 7ch 134.44 (103.56~165.32) y=0.95x —2.02 0.995

YL 57 i 28.94 (10.48~49.65) y=0.98x —1.44 0.983

SR 1 g 5.93 (2.28~9.78) y=1.96x —1.52 0.985

£33 HILAEY T RHES RSSO0 pg/mL)
Table 3 Aphicidal activity of target compounds in series 7 (50 pg/mL)
Compd. Rl R2 . . InhiPition rate/% :
Rhizoctonia solani Valsa mali

7aa CH;3 H 36 25
7ab CH;3 CH3 51 18
Tac CH;3 CH2CH;3 33 0
7ad CH;3 Cl 56 42
Tae CH;3 Br 43 21
Taf CH;3 NO2 32 0
7ba CH;3 4-BrC¢Ha 26 0
7bb CH;3 4-02NCsH4 28 5
7bc CH;3 4-ClCeHa 37 16
7bd CH;3 4-CNC¢Ha 38 5
7be CH;3 4-CF3CeHs 40 6
7bf CH;3 2-Br-4-C1-C¢H3 34 8
7bg CH;3 2-Cl-4-Br-C¢Hj3 40 9
7bh CH;3 3-CIC¢Ha 59 60
Tca Ph Cl 25 0
7cb 4-CH3CeH4 Cl 33 0
Tec 4-CH30C¢H4 Cl 32 0
Ted 4-FC¢Ha Cl 26 6
Tce 4-CIC¢Ha Cl 38 7
Tef 4-BrCe¢Ha Cl 38 0
Tcg Ph CH2CH3 51 6
7ch 4-CH3C¢Ha CH2CH3 39 0
Tci 4-CH30CeH4 CH»CH;3 43 4
7cj 4-FCeHa CH2CH;3 27 0
7ck 4-CIC¢Ha CH2CH3 33 0
7cl 4-BrCeH4 CH2CH3 48 0
1% A T 92 86
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1.6 REMUEVMSZEBBREESERHEEIERER
T E AR AL A Y Toh 5 R 2 B 4
G 8 AR ORI R LT &) Tha, RILH
5 A BERRHE Ser189 SR BRI A BAE A S A HEFR S
Tyr188 SZIEM n-n MEFRUEA. Bk, T #E— PRI
NI & B AR S HARLEY) Te K515
P B 2 18] ) AF B AR FRRAIE, AR S DL 80N POk e 7 g et
L 7e RN A TEL G Tee 5 ZBEABRRSS &
HHGCT)HAT ¥ EARB AT, SR IE 7. WK
TA R, MR Mo B F R PR LIS E A A
BEFREE Tyr195 TR BN 2.7 A HOEUEE, A esr |
MIN 5 Frl LA 8 A BTk Tyr188 JEAE v 3.2 A
A, HAMnERR ER ClL E RIS A B3 Gly-
145 JERGEE RS 3.5 A (e, TN ERBEE 1 O
JR AT M N ERIA B O Ji 15 E BRI Tyr188 TE K
FEES N 2.6 A posls. vT L, SILMRER 5 2 mEAR By
GEAZHET 2B S ERH, Xa2
FHRIHB AL R ARSI NTERE. Wkl 7B Fros, Bt
G BT BRI a- T M N BESRAL G ) Tee 2R IE i
I E O T, TMmNERMAIHE O J5F, MR
Wk ClET, a5 EA A 8 ERsRkE Glyl4s,

(A) .~

Bl 7 SRR (A)AAERNE B L& Tee (B)5 LBEAET

siaEAMmg AR
Figure 7 Binding mode of flupyradifurone (A) and target com-
pound 7ce (B) with acetylcholine binding proteins
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Tyr195, E B51)5%3E GInS7 JERUFE 524 3.0, 3.3, 3.0 A 1)
A, FRETHENBERETSER A Bk
Tyr188 JE n-n MEREH, HEMFTREIE 2 T &
Tee TREA T R0 AT S LR R 5 2 1 QB ik Jik
Z RIS G AR, A6 LRI H BT R R e v

2 g

AR HE TSI S AR BRI o- T N RS B
G, 456 IR O BB 52 1 45 & S B RFIE il & 2 50
Wit ik, Wit 3Eam T 26 ANEIRIE o T4 B
W&, B Hbsdib = 2519354854 'H NMR, °C NMR
A HRMS [RGIE. H15 4 BUE R 45 R R, %24k
Bkt K 0 OBk i 35 3R I — e A e, 7E 500
ng/mL KR, k&% 7bh A1 Tch X K B8 EBIER @
it 70%, L&) Tbh, Tee, Teh X kEF B T 75%
DR R VAL S Toh, Tee, Teh BEATHE 55 3 11 5 bF
TETE(LCso)illiat, &5 HREMIEH) Toh XK B IF(LCso=
70.83 ug/mL)FIBEEF(LCso=71.96 ug/mL)HIEFLAER S5t
W IR 7E TR — AN B g b, B R S PR AN R e 7 5
MERRIEER. 21 X B TSR R ML A Tee TTHE
NS OB S & E AR AR Glyl4s,
Tyr195, GIn57 JE ik 1 EBE1EH, F15 Tyr188 XL | n-n
HEB AR, BB RIS NE. £ 50 pg/mL K
T, B R BRI o T M N EESRAL S PN KRB SR
PRI — s RS AR R TS, ek &4 Thh XK
FELURE o3 B R0 S T8 42403 B ) 1) 2690 IS B 59%
60%. FIWLALAY) Toh AEXT KRG, Bhig, 1 HXK
TSR BE S 120 T S R B — 2 1 A= i
AR S TAEAREE BT, ASHIE 70 K B 7R ek
W o TN BRI G EA 2 EARHAYEE, TER
S G, BT U 5k

3 SEEY

3.1 {UFE5EHF

Bruker AVANCE NEO 500MHz ¥ 1 3EHR I 1543 (LA
TMS AN H5, DMSO i 7l); Q-Exactive iR AX; X-4 4%
S A I B IR 12 FLARIWSE TR IATE
A PR AT ASELS B AT EATREIR (200~300 H)AIEH
JERIAE B TR AR A=, Brim hHh
BT aiE i =4, BRAEERIA, B RIR & ToK
AbFE. FRE A 2-1 A a4k 6-1~6-5 BRI ST il
FEA R A R A F].
3.2 XWHE
3.2.1 PR A4 2 696 %

FREUAS [R] BRI 2R F R PO R J5URE 1 (2 mmol) AT
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50 mL =k, A 6 mL [ ZEREF, HiE T
P, B S TERIREEER 1 W, KBS min J5 s AR (45
VAR, TEUKIR A T B MANE ERKEZ N H DL
VE, FHIEICERAR R DTIE 15 A (A4 21241,

3.22  PlaARALA A 6 89L&

ML 3 & b (A 6 7 AR NN ERR 2 mL
FIANFEBUREIZE R 3 (4.8 mmol)ff] HO (20 mL)EF
Wik, BEEBIEA A0 C, £0 CHIZME N
THEREN(0.39 )i HyO (2 mL)yEREN MR &Y, &
i 1 h 43 a4, SR 5 I AHRRE (400 uL) A2 mL)
A A F A (0.12 @RI RMIBEYH, THIEZGT
SN 12 h, ik RS, BRI AT JZE A 4tk
3 a4 6.

H L 5 A R A4 6 1772200 FREL 2- 2 -1k
5k 5 (2 g)v NN-—HEF I fZ(DMF) (1.8 g) i =
FUGe R, 72 DK IR B 564 T 1) s SR o = S 4L g
(1.8 mL), FHAEUKKIB KA T AT R R BLZE W 5
[ [ S TR PP AR NN 30 mL 7K« /DB 24N, B S 1)
BRI 30 mL OBEREI=IR, WS CBkR, ez,
FrAAH i R R IR JZ A 440 45 21 h (A1 44 6.

3.2.3 HAr{L &4 Taa~7Taf, Tba~7bh, 7ca~7cl &
AR

FRECAS R AR T ¥ A (2 mmol)H )44 2 FIAS[H]
HUAR I RAR % (2. mmol) B 44 6 JIAE] 100 mL = 1%
A, JEIMA 25 mL [ ARE, WA T = O, Wik
NHHT RN, R A (TLC) AR M, & sEse s,
JERAE R 2 CBE, B i R AE E T alifh /3 H A5 th
&%) 7Taa~"7Taf, Tba~7bh, Tca~7cl24,

(E)-3-( WK W -2- FiE WP ik )-5- FH 3k K g -2(3 ) - il
(7aa): F2& 66%, AR, mp. 774~78.0 C; 'H
NMR (500 MHz, DMSO-ds) J: 7.99 (d, J=1.6 Hz, 1H),
7.11 (d, J=3.5 Hz, 1H), 7.04 (s, 1H), 6.73 (dd, J=3.5, 1.8
Hz, 1H), 6.58~6.56 (m, 1H), 2.19 (s, 3H); 3C NMR (126
MHz, DMSO-ds) 6: 169.6, 157.5, 151.7, 147.7, 121.7,
119.2, 119.1, 113.9, 103.7, 14.8; HRMS calcd for C1oHoOs
(M+H)" 177.0546, found 177.0545.

(E)-5- Ff & -3-((5- Y 2 Wk MR -2- 2K ) I R L ) Ik g -
2(3H)- i (7ab): =3 79%, ¥ FE A, mp. 1022~
103.0 ‘C; 'H NMR (500 MHz, DMSO-ds) d: 7.02 (d, J=
3.4 Hz, 1H), 6.95 (s, 1H), 6.56~6.53 (m, 1H), 6.38 (dd,
J=3.4, 0.8 Hz, 1H), 2.40 (d, J=5.1 Hz, 3H), 2.18 (s, 3H);
13C NMR (126 MHz, DMSO-ds) J: 169.8, 157.7, 156.5,
150.5, 121.2, 120.1, 119.1, 110.6, 103.8, 14.7, 14.3; HR-
MS caled for C;H;Os (M + H) " 191.0703, found
191.0700.
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(E)-3-((5- &, B Wk Mg -2- J5% ) 37 Y 3% )-5- B 56 1 g -
2(3H)- T (Tac): 7= % 63%, & O E A, mp. 1152~
115.9 “C; 'H NMR (500 MHz, DMSO-ds) J: 7.02 (d, J=
3.4 Hz, 1H), 6.96 (s, 1H), 6.58~6.49 (m, 1H), 6.39 (d, J=
3.4 Hz, 1H), 2.75 (q, J=17.5 Hz, 2H), 2.18 (s, 3H), 1.26~
1.21 (m, 3H); 3C NMR (126 MHz, DMSO-ds) 0: 169.8,
162.9, 156.6, 150.3, 121.0, 120.2, 119.2, 109.2, 103.8,
21.7, 14.8, 12.2; HRMS calcd for Ci,H;303 (M—l—H)+
205.0859, found 205.0859.

(E)-3-((5- 5K M -2- 2 ) V. F 2k )-5- F 2 IR IR -2(3 H)-
fil(7ad): ;=2 73%. & EFEAE, mp. 116.6~117.7 C; 'H
NMR (500 MHz, DMSO-de) J: 7.18 (d, J=3.6 Hz, 1H),
6.97 (s, 1H), 6.78 (d, J=3.6 Hz, 1H), 6.53~6.45 (m, 1H),
2.20 (s, 3H); *C NMR (126 MHz, DMSO-ds) J: 169.4,
158.3, 151.6, 139.6, 122.1, 121.0, 117.8, 111.2, 103.5,
14.8; HRMS caled for CioHzClO; (M+H)" 211.0156,
found 211.0154.

(E)-3-((5-1R Mk g -2- 45 ) Y. FH % )-5- B 2L R IR -2 (3 H)-
fii(7ae): 7=Z% 69%. BE[E A, m.p. 168.2~168.9 C;'H
NMR (500 MHz, DMSO-dq) d: 7.12 (d, J=3.6 Hz, 1H),
6.97 (s, 1H), 6.86 (d, J=3.6 Hz, 1H), 6.50~6.47 (m, 1H),
2.20 (s, 3H); *C NMR (126 MHz, DMSO-ds) J: 169.4,
158.2, 153.7, 127.3, 122.1, 121.2, 117.7, 116.0, 103.5,
14.8; HRMS calcd for C;oHsBrOs (M+H)" 254.9651,
found 254.9654.

(E)-5- Fft 5 -3-((5- fiff 25 Wk WRg -2- 5k ) W7 A L ) Ik Mg -
2(3H)- il (7af): 72 % 50%. ¥ [E A, mp. 1453~
146.2 “C; '"H NMR (500 MHz, DMSO-ds) J: 7.82 (d, J=
4.0 Hz, 1H), 7.34 (d, J=4.0 Hz, 1H), 7.13 (s, 1H), 6.62 (s,
1H), 2.28 (s, 3H); 3C NMR (126 MHz, DMSO-ds) §:
172.4, 168.6, 161.9, 153.5, 127.4, 120.1, 116.5, 115.3,
103.9, 15.1; HRMS caled for C;0HNOs (M — H) *
220.0251, found 220.0248.

(E)-3-((5-(4-VR K I )R IR -2- 28 ) 7. FF 22 -5- P R i -
2(3H)-Hii (Tba): =% 62%. O [H &, mp. 172.7~
173.8 °C; '"H NMR (500 MHz, DMSO-ds) J: 7.84 (d, J=
8.6 Hz, 2H), 7.69 (d, J=8.6 Hz, 2H), 7.32 (d, J=3.7 Hz,
1H), 7.23 (d, J=3.7 Hz, 1H), 7.04 (s, 1H), 6.71 (s, 1H),
2.25 (s, 3H); *C NMR (126 MHz, DMSO-d¢) 6: 169.7,
157.8, 156.1, 151.8, 132.6, 128.6, 126.8, 122.4, 122.0,
121.6, 118.4, 110.9, 104.0, 14.9; HRMS calcd for
CisH1,BrO; (M+H)" 330.9964, found 330.9963.

(E)-5-FF 3E-3-((5-(4- R FE R 2 ) W g -2- 356 ) WP HH 56 ) K
-2(3H)-BH(7bb): P2F 73%. K@k, mp. 168.4~
168.9 C; 'H NMR (500 MHz, DMSO-ds) d: 8.32 (d, J=
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8.9 Hz, 2H), 8.14~8.12 (m, 2H), 7.56 (d, J=3.7 Hz, 1H),
7.29 (d, J=3.8 Hz, 1H), 7.08 (s, 1H), 6.76 (s, 1H), 2.27 (s,
3H); *C NMR (126 MHz, DMSO-ds) J: 169.5, 158.7,
154.7, 153.2, 147.1, 135.1, 125.6, 125.0, 122.8, 121.9,
118.0, 113.9, 104.2, 15.0; HRMS caled for CisH;2NOs
(M+H)" 298.0710,, found 298.0704.
(E)-3-((5-(4-5 A% ) R IR-2-58) WV Ff 356 )-5- B R M-
203H)-{ (Tbe): 72 F 79%. ¥ A E 4K, mp. 2265~
2273 C; 'H NMR (500 MHz, DMSO-ds) 0: 7.94~7.88
(m, 2H), 7.60~7.51 (m, 2H), 7.31 (d, J=3.7 Hz, 1H),
7.23 (d, J=3.7 Hz, 1H), 7.04 (s, 1H), 6.71 (s, 1H), 2.25 (s,
3H); *C NMR (126 MHz, DMSO-d¢) &: 169.7, 157.8,
156.0, 151.7, 133.8, 129.7, 128.3, 126.6, 121.9, 121.5,
118.4, 110.8, 104.0, 14.9; HRMS calcd for CisH2CIOs
(M+H)" 287.0469, found 287.0471.
(E)-4-(5-((5- F 3 -2- S R R -3 (2 H)- U £, 4k ) FR 2 ) Ik
W -2- %) 2K F RS (7bd): 77 % 63%. 3 0 [H 4K, mop.
255.6~256.0 ‘C; 'H NMR (500 MHz, DMSO-ds) ¢: 8.05
(d, J=8.5 Hz, 2H), 7.94 (d, J=8.5 Hz, 2H), 7.49 (d, J=
3.7 Hz, 1H), 7.27 (t, J=5.7 Hz, 1H), 7.06 (s, 1H), 6.73 (s,
1H), 2.26 (s, 3H); '*C NMR (126 MHz, DMSO-ds) &
169.5, 158.4, 155.1, 152.7, 133.5, 133.3, 125.3, 122.5,
121.8, 119.2, 118.1, 113.1, 110.9, 104.1, 14.9; HRMS
caled for C7H;2NO3; (M+H)" 278.0812, found 278.0810.
(E)-5-H1 55-3-((5-(4-( =980 1 25 ) 2 Ik ) i - 2- ) Y. R
)W -2(3H)- Tl (Tbe): 77 % 63%. & €4 [E &, m.p.
211.0~211.4 °C; 'H NMR (500 MHz, DMSO-dj) J: 8.06
(d, J=7.8 Hz, 2H), 7.82 (d, J=7.9 Hz, 2H), 7.42 (d, J=
2.8 Hz, 1H), 7.24 (d, J=2.7 Hz, 1H), 7.05 (s, 1H), 6.67 (d,
J=40.3 Hz, 1H), 2.25(s, 3H); *C NMR (126 MHz,
DMSO-ds) d: 169.6, 158.2, 155.3, 152.4, 133.0, 129.0,
128.7, 126.5, 125.7, 125.3, 123.5, 122.2, 121.7, 118.2,
112.3, 104.1, 14.9; HRMS calcd for Ci7H2F50; (M+H)"
321.0733, found 321.0738.
(E)-3-((5-(2-1R-4- G R J ) R R -2- 5 ) WY FH i )-5- T
BRI -2(3H)-H (7bf): P73 68%. m.p. 252.0~252.6 C;
'H NMR (500 MHz, DMSO-ds) : 7.96 (d, J=2.0 Hz,
1H), 7.91 (d, J=8.5 Hz, 1H), 7.63 (dd, J=8.5, 2.0 Hz,
1H), 7.40 (d, J=3.7 Hz, 1H), 7.27 (d, J=3.7 Hz, 1H), 7.08
(s, 1H), 6.66 (s, 1H), 2.23 (s, 3H); 3C NMR (126 MHz,
DMSO-ds) d: 169.5, 158.2, 153.6, 151.8, 134.3, 134.0,
131.1, 129.0, 128.9, 122.4, 121.1, 120.3, 118.3, 114.8,
103.9, 14.9; HRMS caled for CigH;;BrClOs (M +H)"
364.9575, found 364.9575.
(E)-3-((5-(4-TR-2- R J ) R R -2- 5k ) W1 FH 4 )-5- T
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W -2(3H)-Bi(7Tbg): 723 54%. EEAFEK, m.p. 255.3~
256.0 ‘C; 'H NMR (500 MHz, DMSO-ds) 6: 7.94~7.88
(m, 2H), 7.71 (dd, J=8.5, 2.0 Hz, 1H), 7.40 (d, J=3.8 Hz,
1H), 7.26 (d, J=3.8 Hz, 1H), 7.08 (s, 1H), 6.66 (s, 1H),
2.23 (s, 3H); *C NMR (126 MHz, DMSO-d¢) 6: 169.5,
158.3, 152.4, 151.7, 133.6, 131.6, 131.0, 130.4, 127.1,
122.5, 122.4, 121.3, 118.2, 115.2, 103.9, 14.9; HRMS
caled for C;sH;BrClOs (M + H) © 364.9575, found
364.9580.

(E)-3-((5-(3-F 2K 2 R -2- 28 ) 7. FY 25 )-5- Y R e i -
2(3H)- il (7bh): 72 % 72%. i A E K, mp. 214.1~
214.6 ‘C; "H NMR (500 MHz, DMSO-ds) 6: 7.92 (t, J=
1.8 Hz, 1H), 7.84 (dd, J=6.6, 2.5 Hz, 1H), 7.56~7.52 (m,
1H), 7.45 (ddd, J=6.9, 3.4, 2.6 Hz, 1H), 7.38 (d, J=3.7
Hz, 1H), 7.23 (t, J=4.4 Hz, 1H), 7.04 (s, 1H), 6.69 (s, 1H),
2.25 (s, 3H); *C NMR (126 MHz, DMSO-ds) J: 169.6,
158.0, 155.5, 151.9, 134.5, 131.6, 129.0, 124.3, 123.2,
121.8, 121.7, 118.3, 111.4, 110.5, 104.0, 14.9; HRMS
caled for Ci Hi,ClOs (M+H) ™ 287.0469, found 287.0471.

(E)-3-((5- SR IR -2-56) I i 3 )-5- IR FL IR i -2 (3 H)-
fid(7ca): P22 77%. #AEMA, mp. 190.0~190.7 C;'H
NMR (500 MHz, DMSO-dq) J: 7.86 (dd, J=8.1, 1.5 Hz,
2H), 7.55~7.49 (m, 3H), 7.35 (d, J=3.7 Hz, 1H), 7.32 (d,
J=0.7 Hz, 1H), 7.14 (s, 1H), 6.86 (t, J=6.7 Hz, 1H); 1*C
NMR (126 MHz, DMSO-de) J: 168.8, 164.6, 162.6, 154.7,
153.8, 128.3, 128.3, 128.1,121.9, 121.8, 119.3, 116.9,
116.7, 116.5, 102.0; HRMS calcd for CsH,0C10; (M+H)"
273.0313, found 273.0315.

(E)-3-((5- SRR -2- 5 ) 37 HH 6 )-5-(Of B 4% 22 ) I g -
2(3H)- i (Teb): 72 F 83%. ([ 4K, mp. 2133~
214.1 °C; '"H NMR (500 MHz, DMSO-ds) 6: 7.76 (d, J=
8.2 Hz, 2H), 7.35 (s, 1H), 7.33 (d, J=3.3 Hz, 2H), 7.26 (s,
1H), 7.10 (s, 1H), 6.84 (d, J=3.6 Hz, 1H), 2.38 (s, 3H);
3C NMR (126 MHz, DMSO-ds) 6: 168.9, 155.9, 151.8,
141.2, 140.1, 130.2, 125.7, 125.4, 122.1, 121.47, 118.78,
111.62, 101.32, 21.58; HRMS calcd for Ci6H2ClO; (M+
H)" 287.0469, found 287.0471.

(E)-3-((5-F R Mg -2-22) . FF 8 )-5-(4- FFY 4 2 2R 35 ik
W-2(3H)-Hl (Tce): P2 77%. EHOFEE, mp. 228.1~
228.9 ‘C; 'H NMR (500 MHz, DMSO-ds) d: 7.82 (d, J=
8.9 Hz, 2H), 7.30 (d, J=3.6 Hz, 1H), 7.18 (s, 1H), 7.08 (d,
J=8.9 Hz, 2H), 7.05 (s, 1H), 6.83 (d, J=3.6 Hz, 1H), 3.84
(s, 3H); 3C NMR (126 MHz, DMSO-ds) J: 169.1, 161.7,
155.8, 151.9, 139.9, 127.7, 122.3, 121.0, 120.6, 117.9,
1152, 111.6, 100.2, 55.9; HRMS calcd for CicH2ClO,

Chin. J. Org. Chem. 2023, 43,202~213



Chinese Journal of Organic Chemistry

(M~+H)" 303.0419, found 303.0417.

(E)-3-((5- SR -2- 35 ) T0 FHY 3k )-5-(4- 9K 55 ) I T -
203H)- i (Ted): 72 % 77%. ¥ B E A, mp. 209.3 ~
2102 “C; 'H NMR (500 MHz, DMSO-dq) d: 7.93 (dd, J=
8.7, 5.5 Hz, 2H), 7.40~7.33 (m, 3H), 7.31 (s, 1H), 7.13 (s,
1H), 6.85 (d, J=3.6 Hz, 1H); 3C NMR (126 MHz,
DMSO-ds) d: 168.8, 164.7, 162.7, 154.7, 151.7, 140.3,
128.3, 128.3, 124.8, 121.9, 121.8, 119.4, 116.8, 116.7,
111.7, 102.0; HRMS caled for C;sHoCIFO; (M+H)"
291.0219, found 291.0221.

(E)-3-((5- SR MR -2- 58 ) 7. 8 )-5-(4- S 2 55 ) P i -
23H)- il (Tce): 7= % 68%. B% 4 [E &, mp. 2264~
227.2 ‘C; 'H NMR (500 MHz, DMSO-ds) d: 7.92 (dd, J=
8.3, 5.6 Hz, 2H), 7.40~7.32 (m, 3H), 7.30 (s, 1H), 7.12 (s,
1H), 6.84 (d, J=3.5 Hz, 1H); *C NMR (126 MHz,
DMSO-ds) d: 169.0, 155.9, 135.7, 134.0, 133.8, 132.7,
130.1, 129.7, 128.4, 128.4, 125.5, 124.9, 124.8, 116.9,
116.7, 101.4, 101.3; HRMS calcd for C15HoCL,O3 (M+H)"
305.992850, found 305.9925.

(E)-5-(4- 15 2R Fk )-3-(5- G W IR -2- 5k ) W7 R ) Ik g -
2(3H)-Hd (Tef): 72 % T1%. ¥ (0 [ &, mp. 243.1~
244.0 ‘C; '"H NMR (500 MHz, DMSO-ds) 6: 7.84~7.78
(m, 2H), 7.71 (dd, J=9.5, 7.7 Hz, 2H), 7.39 (s, 1H), 7.36
(d, J=3.6 Hz, 1H), 7.17 (s, 1H), 6.85 (d, J=3.6 Hz, 1H);
3C NMR (126MHz, DMSO-ds) o: 168.8, 164.7, 162.7,
154.7, 153.8, 128.3, 128.1, 124.8, 121.9, 121.8, 119.3,
116.9, 116.7, 116.5, 102.0; HRMS calcd for C;sHoBrClOs
(M+H)" 350.9418, found 350.9418.

(E)-3-((5- £ 5 Wk g -2- J% ) 7 FHY 36 )-5- 2 66 1R g -
2(3H)- T (Teg): 77 & 66%. & o[l 4, mp. 177.2~
178.4 ‘C; '"H NMR (500 MHz, DMSO-ds) 6: 7.84~7.81
(m, 2H), 7.54~7.49 (m, 2H), 7.49~7.46 (m, 1H), 7.35 (s,
1H), 7.19 (d, J=3.4 Hz, 1H), 7.14 (s, 1H), 6.47 (d, J=3.5
Hz, 1H), 2.83 (q, J=7.6 Hz, 2H), 1.28 (t, J=7.6 Hz, 3H);
13C NMR (126 MHz, DMSO-de) 6: 169.2, 163.9, 154.3,
150.5, 130.7, 129.5, 128.4, 125.4, 122.1, 120.8, 119.9,
109.7, 102.6, 21.8, 12.2; HRMS calcd for C;7H;5s03 (M+
H)" 267.1016 , found 267.1015.

(E)-3-((5- £, FE W i -2- 3 ) W B 36k )-5- (et FHF 2 L ) Ik
-2(3H)-Ff(Tch): F=3 77%. A, mp. 195.6~
196.5 C; 'H NMR (500 MHz, DMSO-de) 6: 7.72 (d, J=
8.1 Hz, 2H), 7.33 (d, J=8.1 Hz, 2H), 7.28 (s, 1H), 7.17 (d,
J=3.4 Hz, 1H), 7.10 (s, 1H), 6.46 (d, J=3.4 Hz, 1H), 2.83
(q, J=17.5 Hz, 2H), 2.37 (s, 3H), 1.28 (t, J=7.6 Hz, 3H);
13C NMR (126 MHz, DMSO-dq) 6: 169.3, 163.7, 154.5,
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150.3, 140.7, 130.1, 125.6, 125.4, 121.7, 120.2, 120.0,
109.6, 101.8, 21.7, 21.6, 12.2; HRMS calcd for CigH;705
(M+H)" 281.1172, found 281.1171.

(E)-3-((5- £, FE MR IR -2- 38 ) 37 F 3% )-5-(4- 4 2R 0 )
W -2(3H)-Bi(Tei): 723 84%. A, m.p. 202.7~
203.5 ‘C; 'H NMR (500 MHz, DMSO-ds) 0: 7.80~7.74
(m, 2H), 7.19 (s, 1H), 7.14 (d, J=3.4 Hz, 1H), 7.10~7.07
(m, 1H), 7.06 (dd, J=6.0, 3.2 Hz, 2H), 6.45 (d, J=3.4 Hz,
1H), 3.83 (s, 3H), 2.82 (q, J=7.5 Hz, 2H), 1.28 (t, J=7.6
Hz, 3H); 3C NMR (126 MHz, DMSO-ds) J: 169.4, 163.4,
161.4, 154.5, 150.6, 127.3, 121.2, 120.9, 120.3, 119.5,
115.1, 109.5, 100.6, 55.9, 21.7, 12.2; HRMS calcd for
CisH1704 (M+H)" 297.1121, found 297.1121.

(E)-3-((5- £ FEPRIRG-2-38) MV Y 36 )-5-(4- F A< 2 ) R I -
2(3H)- i (Tcj): 77 % 71%. & G K, mp. 185.1 ~
186.0 “C; 'H NMR (500 MHz, DMSO-ds) o: 7.92~7.87
(m, 2H), 7.38~7.34 (m, 2H), 7.33 (s, 1H), 7.19 (d, J=3.4
Hz, 1H), 7.13 (s, 1H), 6.47 (d, J=3.5 Hz, 1H), 2.83 (q, J=
7.6 Hz, 2H), 1.28 (t, J=7.6 Hz, 3H); 3C NMR (126 MHz,
DMSO-ds) d: 169.1, 163.9, 162.5, 153.4, 150.5, 128.0,
127.9, 125.1, 122.1, 120.9, 119.9, 116.8, 116.6, 109.7,
102.5, 21.8, 12.2; HRMS calcd for C;7H;sFO; (M+H)"
285.0927, found 285.0927.

(E)-5-(4-F A IE)-3-((5- L FE MR -2- 358 ) 7 FFY 35 ) g -
2(H)- il (Tek): 77 3% 69%. ¥ 0 [fH 44, mp. 207.3 ~
208.5 ‘C; 'H NMR (500 MHz, DMSO-ds) 0: 7.94~7.86
(m, 2H), 7.41~7.32 (m, 3H), 7.19 (d, J=3.4 Hz, 1H),
7.14 (s, 1H), 6.47 (d, J=3.4 Hz, 1H), 2.83 (q, J=7.6 Hz,
2H), 128 (t, J=7.6 Hz, 3H); “C NMR (126 MHz,
DMSO-ds) d: 169.2, 164.4, 163.9, 153.4, 150.5, 128.0,
127.9, 125.1, 122.1, 120.9, 119.9, 116.8, 116.6, 109.7,
102.5, 21.8, 12.2; HRMS calcd for Ci7H;2C105 (M—H)~
299.0480, found 299.0480.

(E)-5-(4-TR 7K 5E)-3-(5- £, FE MR IR -2- 358 ) 37 FFY 266 ) Wk g -
23H)- i (Tel): 7= % 64%. ¥ (0 [ &, mp. 233.8~
238.6 ‘C; 'H NMR (500 MHz, DMSO-ds) 0: 7.94~7.84
(m, 2H), 7.40~7.33 (m, 2H), 7.33 (s, 1H), 7.19 (d, J=3.4
Hz, 1H), 7.13 (s, 1H), 6.47 (d, J=3.5 Hz, 1H), 2.83 (q, J=
7.6 Hz, 2H), 1.28 (t, J=7.6 Hz, 3H); *C NMR (126 MHz,
DMSO-ds) d: 169.0, 164.2, 153.2, 150.5, 132.5, 127.6,
127.3, 123.9, 122.5, 121.3, 119.7, 109.8, 103.5, 21.8, 12.2;
HRMS caled for Ci7H;4BrO; (M+H)" 345.0121, found
345.0123.

3.3 UWAYMIBFRAEEMK
I FHOK S ARk g o DA Ak 247 it e

http://sioc-journal.cn/ 211



BH=E MR
WhK - AEE A7 PR SRUEL PR R R £ BEL 12 o B, DL 0.5 mL ) — H 4 BI#1 K (Supporting Information) HFr{b &4 7aa~

FH(DMSO)F 9.5 mL [ i 438 Triton X-100 (5%o)¥k
HKE N FI L AR 2 g BRAERD AN 98 g /K, 7EFM
BN, 1S s JEEGH, In#ER, i pkE B B
REVAW, BN 12 FLAR, EARBE T4 F . BEJa 45 PH Mo T
247 FNAF I HARME &Y DMSO ¥R, TR & #h iz
KRR ZE 500 pg/mL VWL KR 2T TR
i A B U)K R B LS AR A 15 mme [ skd
JEEE RS, RIS AR IR 2577058 H br
a5 )5, ¥ EATRAEFERGE
T 125U, Kb A R, RS Y dg K
AN BN LA, @ AR B AN
AbEE 20 SkiF Pl b, HE 3 ORI, B TEENQRSE
1) CHIANTAMEET, 48 h 5K Adf hpeT 4. & fhrh
1, PLSE AN Eh#E AT,

RIEFET (%) = (Ff M AE T35 — 25 (O BB T 3R/

(1= EXFTIRBET %) X 100%

FEAGHEIET-RNT 5% ABEIE, KT 20%H
TR

BB A A E (LCso) M 52 - S = R G ML &4
7bh, 7ce 1 Tch WE HBBCHIREAE, R R,
K ZE A5 M B 4 R BE > 500.00, 250.00, 125.00,
62.50, 31.25 pg/mL WIS, A5G 5
55 R 45 ik 7 2 (SPSS) THREBEH K FE LCso
34 EVMMEAEINEEMENE

SR FH B 22 42 K 3RS 58 A A H R LA P
W9 D BB 2R L A TR R o ) S K RS SR T
(Rhizoctonia solani)~ 3ERJE VR E (Valsa mali), EFE
st 1A 245 7] R P A1 S B P T R

¥ 10 mg HrMb &Y% T 1 mL DMSO H, Bl ik
10 mg/mL BRI, FEFCH]LF 0 BEEAH B5 72 5 MR 50
mg/L [ R TR, RIS AR = G
MR, SACEES 3 K BET(Q5+12) CHIFEM T R
Rk, DL ISR TAE G B R 3 AT T AR,
R AN R VE A K 7o e, F A SO RS B A
B2, BUPHER). B2 A K d R g LR ARt
H
I % (%) = (DMSO Xf BB A HF — A H E % B
#£)/(DMSO X} & 7% HA2 — B P E4E 5 mm) X 100%

3.5 HFIE

K Sybyl A Surflex-dock FEHLB0 B HLAL
RVEIRIE o T s P B IR A0 A 4 R0 S8UILE Ik e ] 2 1) 5
JRA 2, Tk JE B 45 45 2% 11 (PDB:3C79)#E47 70 1 % 20T 7T,
a7~ B An b &5 80k A R 1E 7 AR g A st
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7af, Tba~7bh, 7ea~7cl ] 'H NMR, *C NMR 1 HRMS
Bl DL A Tbh 55 008 2 IR IE B 25 A 2 1 AR AH ELAR RS
FCELL X SRR AT DL G 9% AR T 9 328 (hitp://sioc-journal.
cn/) bR ER.
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