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WE DA BIFAEIELER 3-2 85 -4- 2 51 - 84,5128 -3 M -2-Fil 5 R oe S B4, IRt 4-T5 500 3-f5 555
I GERIEAT ZRAEM, B &R T — RIBT S BRI T N BRI &Y, BS54 TH NMR, 1°C
NMR, =435S ik X ZRATSBRIE. B0 TR AR 45 SRR W3R 43 B AR b & % KRR SR B 279 K 2 T R =8
P AZ R R I R B TS, 0(B)-3-(1-Q2- 50 A 2 W i 58 448 )-4- (ML g -2-28)- 1 - S R MR 4, 5] 2% -3- -2l (A T) ¥ 7K
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Synthesis and Fungicidal Activity of Novel Butenolide Compounds
Containing Oxime Ether Moiety

Zhang, Qian Li, Yihao Xu, Leichuan Ma, Haoyun
Li, Xiangdong™ Wang, Ming'an™
(Innovation Center of Pesticide Research, Department of Applied Chemistry, China Agricultural University, Beijing 100193)

Abstract A series of novel butenolide compounds containing oxime ether moiety were designed and synthesized through
diversity modification of the benzene ring at 4-phenyl and the 3-oxime ether group based on the fungicidal
3-acetyl-4-phenyl-1-oxaspiro[4,5]dec-3-en-2-one oxime ether as the lead structure. Their structures were characterized by 'H
NMR, 3C NMR, HR-ESI-MS data and X-ray diffraction. The preliminary in vitro bioassay results indicated that some com-
pounds exhibited good fungicidal activities against Thanatephorus cucumeris, Sclerotinia sclerotiorum and Botrytis cinerea.
For example, (E)-3-(1-((2-chlorobenzyloxy)imino)ethyl)-4-(pyridin-2-yl)-1-oxaspiro[4.5]dec-3-en-2-one (A7) had ECso values
of 6.02, 8.25 and 15.70 mg/L against T. cucumeris, S. sclerotiorum and B. cinerea, (E)-3-(1-((2-chlorobenzyloxy)imino)-
ethyl)-4-(pyridin-4-yl)-1-oxaspiro[4.5]dec-3-en-2-one (As) had ECso values of 1.31 and 10.62 mg/L against T. cucumeris and
S. sclerotiorum, respectively. A7 had an excellent inhibition against spore germination of B. cinerea, and the inhibition rate was
95% at the concentration of 100 mg/L. The in vivo bioassay results showed that compounds A7 had a notable protective activi-
ty against tomato gray mould and rice sheath blight disease.

Keywords 3-acetyl-4-aryl-1-oxaspiro[4,5]dec-3-en-2-one; oxime ether; synthesis; fungicidal activity
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TN R K ZEDIE N EROISE. T IR N ERR &)
BATZHAEDENE, Wk RS REE R fi
e g v A IOV 3% i v MR SR 0L AE L2 B AR R AR 24
P, R R S8 7= B B8 (Stemofoline) #E AT 45 14 i 1k,
AL AL 43 3 [ % Bk 1 B (flupyradifurone, 7§ & 44
Sivanto®) A U 7120, AR IO & R G
) SEBE T T I N B AL O ST TR o it &
B AEEVEVEAN, R T — 82K BRI B TS P A 1)
S FUEE 1), WA 2 XTHkEE . B HURI NS
IR BIEE A 100%18), Hr 54 3 78 400 pg/mL ik
BT X B TRFE FE W BT 0 2 100%, K T K th 3R
DL B B RS, FE SRR b, AR TAEXLEY) 3 1)
4-75 FE AN 3- ki) 75 5 DL R SRR S R AT Ttk — 2P
ZERIRAG(Scheme 1), FHXFIXEEHAEWIHEAT T BG4 A
AR ETE VR, Ay B R B s 1 ) P 3 B A
G, WAV E %20 Scheme 2 AR,

Bl BRSBTS AR A5

Figure 1 Structures of butenolide compounds synthesized in

our previous project
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Scheme 1 Molecular optimization stretagy of novel butenolide
compounds
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R* N
|\\ N/O \\ .
Br: Pz R
NaH, CH;CN (0]
PEG-400 A1 ~ A26

M1, D1, H1, L1 X =CH, R"=H, R?=R%®=CHj;

M2, D2, H2, L2 X = CH, R = 4-F, R? + R® = (CH,)s;

M3, D3, H3, L3 X = CH, R" = 4-OCHj, R? + R3 = (CH,)s;
M4, D4, H4, L4 X = CH, R" = 4-+-Bu, R? + R® = (CH,)s;
M5, D5, H5, L5 X = CH, R" = 4-Br, R2 + R® = (CH,)s;
M6, D6, H6, L6 X = CH, R' = 2-CI, R + R3 = (CH,)s;
M7, D7, H7, L7 X =2-N, R' = H, R? + R® = (CH,)s;

M8, D8, H8, L8 X = 4-N, R' = H, R2 + R® = (CH,)s

B 2 RS B T A BRI S RO 2
Scheme 2 Synthetic route of novel butenolide compounds with
an oxime ether moiety
IR, DARE AL IE S5 4% EI TR SO, PR T
ANAREY) MT M M8, A M AT RAZER A 264 R
RAAFR AR N & % D2~D8, R H5M 4
Wil S SRS H2~H8. S5 3COEP e EY) Hl~
H8 5 ERRFR AL IR N ST DA A M R A
L1~L8, X JHE S )7 A atifh, i m R A i
AT R I E AR I A AE P AR B, e — oty 2 55
KT 10%. BB IR 5HE M T LR CEREL — S bt
t, IRIEARE 48 h, ATLASRAG — R — R B 5 4.
HIRA NS L1~L8 7355 5 AN A A HURGTR R AE 2R £ W fiE
R R, T BRMEEY A1~A26. FiG e
ME5HI8 % TH NMR. 3C NMR = 43 B B 1 fiiE.
N T B HUE H AL S PS5 F IR E I C=N XUEER)
PR RV EY A2 BT T 88 X o,
AW AN 2 PR, S RERW1ZEEY) C=
N XU I Ry E- X R, B 51T 4- T R &
Y2 L, BRI SR A MR, T 4-FEER NG
W2 R BHER, EERPFAPEAER T 55N T
TR 7T NSRS E T H AR08,

1.2 BiFEHEYINRETEMY
K F T 22 A4 Kl kU T B AR AL & Pt K AB 4L
#i 1 (Thanatephorus cucumeris) /N22 755 W (Fusarium
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Figure 2 X-ray crystal structure and two conformers of target
compound A2

graminearum)~ JHZ ¥ 1% B (Sclerotinia sclerotiorum) 7
h 2K 2% 1 (Botrytis  cinerea) F R MR 1 (Phytophthora
capsica) MR TEIEPEREAT 17PN, 45 RINEE 1 pos. 4524
BIRAE 50 mg/L HIREETR, BT H AR &t 1o
OB A998 JiR BT S s HH — E B B AR BRI I, A S
) 2SR T 70%, J-T 55k 245700 5 1T T 1) 2 TR 1
W BORRKIN, T A BRI 4-RL N IERE SR AL &)
Xf 5 A JEL T AR R A v T A=A Fe At A AR S
B, RKFEEURG TN & 4-At g BLEUAC L 2-nttne S HY
RATAI AR VELF, W A8, Al6 F1 A24 [ =
(73.5%, 72.5%, 63.0%)B1 5Lt A7, A15 F1 A23 (30| &
(70.5%, 39.5%, 37.5%) 0. A7 Al A8 P /ANMb & i P e
Hh, 0 TR A S T R T A T AR A,k
THSE B AZ T R 253 0 82.4%F1 81.9%, AT X & jili

KB A2 73.0%, BB 4-IEne 3 a1 E ) T
Pz SR WG, T 4- KR 1 H ARSI 2R
PSRRI AN R 5 — T 3-8 A
ME, 2-FBACRIEP AT 4-mEEE. 2,4- SR
Fey 4R A- R IR 4-F AR, SIBIA P RO E
i, (L&Y A6, Al4, A22 HIBARBEIG A —E R
o, AT RE IR 25 () A7 B AT EL

FEIEAL b, 2P0 T &4 A7, A8 F1 Al16
Xof K FERGUR BT« 6 Tt 2K 85 T R H SR TR A% BT 1) ECso fH, &5
B 2 fon. SERER AT SOKRESEE . BiKE
PRI S B A% 18 1 ECso 237N 6.02, 8.25 F1115.70 mg/L,
A16 XK FFSURG R ) ECso fE4 5.01 mg/L, A8 X JHIZE R
) ECso N 10.62 mg/L. A7 F1 A8 WML & Vst ihse
BRI A% B 03 PR T 0 BE 2 7R S B R 1 38.09 mg/L, Tfii
A8 STKFESUH ) ECso {H 1.31 mg/L 551 B& 257115 8
g 1.13 mg/L 124, 40 A7, A8 fil A16 j2fE G
WG, AT E—8 T RZEAE Y IR s
PE, SRR AT AR 7% 5 e A
BB A R seat, 25 B 3 s, 45 RGN
25 [ 6T BRI D7 BT At 08 5% 38 2% A0 K B 1D T 2R A
T, AEBEA A, XTREZGTG R ERTE S0 mg/L WK FER 1)
T B R AN N 70%, (OEREIDREE ALK, AT
7E 100 F1 50 mg/L ¥ BE I A 85 A 31 2853 08 95%
1 53%, L RMERRDEFE AR, Y AT XFE MK
B PR 0 R LA 2 2 R R AE .

TE S ARG N S at -, WK T &9 AT X3
Hitl KB AR AN KRB SRS s A ORI, 5 SR &l 4 fr
N, SRR AT 1E 100 A1 50 mg/L ¥R 5 63 i K B
W BA — 0 HE AR ORYE I, AR R EE T~ EA 1 5%
824 7] 5 1A iR B A AR S BRI DR AP TR M, AT £E 100
mg/L R I Xof 7K FE SOk i R AT I 3 PR Vs A R 3P Vs 12k,
E7E 50 mg/L ¥R I G4 P AN et BE 24 770 5 1 1, 0
HALED) AT & —/MEFHE— PR SHEY, M
KITAEELEAT .

R 1 ALEY A1~A26 (1B AR B I H1 2/%, 50 mg/L)
Table 1 In vitro fungicidal activities of compounds A1~ A26 (inhibition rate/%, 50 mg/L)

e R N TR IS R A% BRABUE B 1 B K KRB T
Al 4-NO> 163%2.0 113+52 33%12 12.6+3.5 10.6£1.1
A2 4-NO> 72434 21.0+1.0 6.0+33 15.3+0.7 15.6£2.3
A3 4-NO> 108447 12.6+2.1 1.9+4.0 10.6+8.3 17.8£0.03
A4 4-NO> 0.0%2.1 13.3+0.3 0 10.4+5.0 11.7£43
AS 4-NO> 9.0%34 552405 4.0+0.1 7.0+73 20.6+9.2
A6 4-NO> 187416 43.6+0.8 26.2+2.8 122424 45.8+3.0
A7 2-Cl 443%12 824%1.0 46.11+0.8 73.0+3.0 70.5+2.0
A8 2-Cl 30.9£1.0 81.9+ 15 21.8+1.6 53.54+2.8 73.54+0.8
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B
E R* N TR TR AZ & PR B 1A B R EE IKFEGUAE T
A9 2-Cl 35+53 56.2+2.0 53+22 25.5+0.9 10.0+3.2
A10 2-Cl 10.8+1.5 41.7+3.8 33+22 0 29.0+1.7
All 2-Cl 41%5.6 64.9+43 4.7+1.1 277%25 25.7+33
Al12 2-Cl 54131 56.7%3.1 0.0+2.0 48.1+1.8 20.6+3.8
Al3 2-Cl 3.613.0 58.2+4.1 0.0+2.0 326+14 44+4.1
Al4 2-Cl 193+1.8 28.9+2.2 14.7+3.2 30.4+6.0 40.1+0.9
Al5 4-Br 249+1.9 30.2*1.5 7.8+2.6 7.6%2.5 39.5+2.0
Al6 4-Br 29.8+1.0 31.7£1.3 233402 47.0+3.0 72.5+0.4
Al7 3,4-Clx 10.91+0.9 0 8.612.0 11.4+2.0 0
Al8 3,4-Clx 1221422 0 7.9+3.0 22.8+0.5 9.7+7.1
A19 3,4-Clx 5122 33.3+2.7 4.61+6.0 13.9+4.5 20.0+6.8
A20 3,4-Clx 7.0£2.9 0.0+3.3 0.0+2.0 17.8+6.1 63132
A21 3,4-Clx 0.6%£2.9 0 6.01+2.0 5.0+4.4 0
A22 3,4-Clx 12.0+3.1 20.6+2.9 6.0+1.0 0 35.9+0.0
A23 4-CF; 22.940.6 23.61+0.8 17.6+3.8 3.8%+0.9 37.5+1.0
A24 4-CF; 273+1.9 332403 28.0+1.3 37.3+19 63.01+0.8
A25 4-OCHs 214%28 21.1+2.9 73+09 114+1.7 47.0+1.0
A26 4-OCHs 204706 24.1+1.3 249+1.6 13.5+3.3 42.0+1.0
5 1 i 43.9+1.5 68.6+0.6 2.0+0.0 49.740.5 69.8+1.8
F£2 LG AT, A8 1 A16 [f] ECso (mgeL ™)
Table 2 ECso values of compounds A7, A8 and A16 (mgeL ')
Compd. Fungus Equation 7 ECso/(mgeL 1) (95% confidence interval)

A7 T. cucumeris y=0.96x+4.25 0.9890 6.02 (3.98~8.09)

A8 T. cucumeris y=0.56x+4.9 0.9919 1.31 (0.00~4.86)

Al6 T. cucumeris y=0.50x+4.65 0.9939 5.01 (1.52~8.58)

Trifloxystrobin T. cucumeris y=0.57x+4.95 0.9918 1.13 (0.01~2.86)

A7 S. sclerotiorum y=1.74x+2.91 0.9903 15.70 (13.39~18.58)

A8 S. sclerotiorum y=1.40x+3.57 0.9710 10.62 (8.67~12.86)

Trifloxystrobin S. sclerotiorum y=0.53x+3.59 0.9970 38.09 (30.35~59.21)

A7 B. cinerea y=132x+3.78 0.9263 8.25 (3.68~13.90)

Trifloxystrobin B. cinerea y=0.32x+4.14 0.9463 113.41 (60.30~771.46)

A3

Figure 3 Spore germination inhibition activity of A7 against B. cinerea
A: CK(3%7K); B: Trifloxystrobin, 50 mg/L; C: A7, 100 mg/L; D: A7, 50 mg/L
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CK A7 Trifloxystrobin ~ CK A7 Trifloxystrobin
100 mg/L 50 mg/L 100 mg/L 50 mg/L 100 mg/L 50 mg/L 100 mg/L 50 mg/L

CK A7
100 mg/L

I B

Trifloxystrobin

50 mg/L 50 mg/L

N

B4 ALaEw) AT XK E IR LA OK RS SR B AR DR 305
8

Figure 4 In vivo protective activity of A7 against tomato gray
mould and rice sheath blight disease

2 Zhig

TE SIS B AR RO ERE B, X5 Emk st T
BEE P BEEA () 3-F0 4-107 75 3, DL S-PiIB IR AT 45 &
T, R — RPE LMEIR T I A B A OB 2R A
RUEY, BN MZ 'TH NMR. °C NMR. &
G HEI SR S AR X 2R AT R, AR ARSS MR WIS 1)
C=N WA N E-. AW B AR RS
R, 4O A B IE IR ) 4 0 fi B e 0075 i o 3
P B 22 R T I M, T 4= AL AR 1) 2% 1 e b
WG PR RS . LAY A8 XK RS B IF] ECso
B8 1.31 mg/L, 5XFRZ7H 5 HEEA Y, LAY AT %)
T KB ECso fHN 8.25 mg/L, 30T X257
fE s, &Y AT X3 K 8 T i R B A B R
O, 76 100 F1 50 mg/L ¥ BE IS 981 1 & 3061 26
3N 95%F1 53%. AW AT 55Xt 2575 i v e o B
H R B9 KRR SR R I A A S AR R s . A
WEERE AT &2 NMETRMERL S ED.

3 SCIOER4Y
31 NHBE5HF
WRS-3 B B HUE AR T A IE); Bruker DPX

400 A1 500 MHz # 3 EIRAL, T™MS NWAR, CDCls ¥
A, thFALFE FH 6 2R, Agilent 1100 LC-MSD-Trap Jifi 1%
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{X(ESI-MS), Thermo Fisher MSQ-Plus 7 73 % 5 4% ;
Thermo Fisher ESCALAB 250 Y[ X SR RTH; AL
T FH % 78 AR AR . ARSI Bt A E TR N
By vEAL TA TR A 7 4 77(200~300 H), FARFI A
L= BldE VoAt Jo K 7 R 7 g A
32 KEYMERK

3.2.1 fédh M2~M8 % D2~DS8 694 Ak

&Y M2~M8 Fl D2~D8 {14 RS I8 SCRk 2
HEAT, HAE S "H NMR 30 5 SCBR[20~24]— 2.
322 fuédh H2~HS 495 5%

WAV H & S BT S 1T5k5e i, DS
Y H2 9B E 250 mL = D2 (0.67 g, 0.003
mol). 20 mL 2K, 1 mL EtN, JHEZE 60 C, 2183
B2 equiv. XL Z 47587050 g, 0.006 mol), i hN4E 5
MNARRFHRZETO C, M5 h, TLC IREE. M 5ERE, ik
JE BRI, T R I 2 M FF 1 B/ TR £, T8
BEBLABEN, 15 1% 5 A E R =) H2. SR R 7
EA T H3~HS.

3- L I -4-(4- 3 R 2 )-1- S A MR [4,5] 2% -3- S -2- il
(H2): WA EGEA, 723 85%. m.p. 89~90 C. 'H NMR
(400 MHz, CDCly) &: 7.19~7.10 (m, 4H), 2.40 (s, 3H),
1.86~1.57 (m, 10H); 3C NMR (101 MHz, CDCl;) §:
194.28, 176.00, 168.77, 163.45 (‘\Jre=251.4 Hz), 129.04
(CJec=8.4 Hz), 127.18 (“Jrc=3.6 Hz), 127.10, 116.02
(3Jrc=22.0 Hz), 88.08, 33.15, 30.52, 24.32, 21.81; HRMS
(ESI) caled for Ci7H;sFO; [M+H]" 289.1235, found
289.1238.

3- LT F -4-(4- F AR L DR 05 )- 1 - S 2R M [4,5] 5% -3- M-
2-WA(H3): B EARE AR, Y3 92%. mp. 112~114 C; 'H
NMR (400 MHz, CDCl;) d: 7.14 (d, J=8.7 Hz, 2H), 6.97
(d, J=8.7 Hz, 2H), 3.84 (s, 3H), 2.36 (s, 3H), 1.89~1.55
(m, 9H), 1.19 ~1.06 (m, 1H); *C NMR (101 MHz,
CDCls) d: 194.95, 176.45, 169.03, 160.89, 128.80, 126.61,
123.21, 114.29, 88.22, 55.47, 33.41, 30.63, 24.44, 21.93;
HRMS (ESI) caled for CisH2 04 [M+H]" 3013615,
found 301.3616.

3- LR HE-4-(4- BT HE ORI )- 1 -5 408 [4,5] 28 -3-)i-
2-fi(H4): iR A, W 74%. mp. 127~129 C;
'H NMR (400 MHz, CDCls) §: 7.44 (d, J=8.3 Hz, 2H),
7.10 (d, J=8.3 Hz, 2H), 2.34 (s, 3H), 1.90~1.66 (m, 9H),
1.33 (s, 9H), 1.16~1.10 (m, 1H); '*C NMR (101 MHz,
CDCls) d: 194.77, 176.84, 168.96, 152.95, 128.24, 126.73,
125.64, 88.21, 34.90, 33.18, 31.28, 30.58, 24.23, 21.86;
HRMS (ESI) caled for CyHy;0; [M+H]" 327.1956,
found 327.1952.

Chin. J. Org. Chem. 2022, 42, 2438~2448
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3- LTk Fh -4-(4- TR A ) 1- 58 4= 2 [4,5] %% -3- M -2- T
(H5): wEOEAAK, WE 72%. mp. 148~149 C; 'H
NMR (400 MHz, CDCL3) ¢: 7.58 (d, J=8.4 Hz, 2H), 7.03
(d, J=8.4 Hz, 2H), 2.42 (s, 3H), 1.80~1.63 (m, 9H),
1.15~1.02 (m, 1H); *C NMR (101 MHz, CDCly) §:
194.13, 175.97, 168.73, 131.99, 130.23, 128.49, 126.94,
128.47, 126.94, 124.14, 87.98, 33.09, 30.53, 24.29, 21.77;
HRMS (ESI) caled for Ci7HisBrO; [M-+H]" 349.0435,
found 349.0438.

3- Tk F -4-(2-F A ) 1- A A R (4,51 25 -3-Ji -2- T
(H6): X FH A, WE 77% mp. 109~111 C; 'H
NMR (500 MHz, CDCl;) d: 7.48~7.33 (m, 3H), 7.12~
7.09 (m, 1H), 2.46 (s, 3H), 2.05~1.63 (m, 9H), 1.20~
1.05 (m, 1H); '3C NMR (126 MHz, CDCls) ¢: 193.52,
173.81, 168.69, 131.71, 130.63, 130.52, 130.19, 127.98,
127.86, 126.81, 88.82, 33.44, 32.89, 29.81, 24.29, 21.81,
21.77; HRMS (ESI) caled for C;7H;sClO; [M+ H]"
305.7776, found 305.7771.

3- LT Fk-4- (ML g -2- 58 )-1- 58 R R [4,5] 5% -3- 455 -2- i
(H7): & A EE, B 90% mp. 223~225 C; 'H
NMR (500 MHz, CDCL3) 6: 8.69 (d, J=4.8 Hz, 1H), 7.76
(dt, J=7.8, 1.6 Hz, 1H), 7.42 (d, J=7.9 Hz, 1H), 7.35 (dd,
J=7.6, 4.8 Hz, 1H), 2.50 (s, 3H), 2.12~1.68 (m, 9H),
125~1.13 (m, 1H); *C NMR (126 MHz, CDCls) o:
195.73, 171.91, 168.98, 150.11, 149.82, 136.50, 127.89,
124.98, 124.49, 88.82, 33.83, 30.65, 24.45, 22.05; HRMS
(ESI) caled for CigH;sNOs [M+H]" 272.1283, found
272.1288.

3- LT FE-4- (ML g -4- 55 )-1- 58 R IR [4,5] 5% -3- 455 -2- i
(H8): Rl A, % 85% mp. 211~213 C; 'H
NMR (500 MHz, CDCL3) 6: 8.71 (d, J=5.8 Hz, 2H), 7.06
(d, J=5.9 Hz, 2H), 2.49 (s, 3H), 1.87~1.57 (m, 10H); 13C
NMR (126 MHz, CDCly) &: 193.53, 174.23, 168.37,
150.09, 139.98, 126.95, 121.32, 87.74, 33.03, 30.37, 24.22,
21.71; HRMS (ESI) caled for CisH;sNOs [M+H]"
272.1283, found 272.1285.

323 Aubdh L1~L8 494 %

WA L G RS BATCS S5 i, DML E)
L2 J9fi: HY 250 mL [N H2 (2.88 g, 0.010 mol).
TR FENE(0.83 g, 0.012 mol). 60 mL /K ZEE, 134k
R B2 h 7247, TLC BRI, N 5ebe. I it bR a7,
BN 30 mL /KF1 30 mL 4R g7 i, REH=IR,
G IEE VAR KPS, K NaSO, T/, JERR
] 4, ol B BRI R, FH AT BE R 28R (Vv - V=1 :
SHREVEFIEL &, FrFEAE T O Ol HERE T
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¥, B3 AnERSYL2. R ITESER T
L1~LS.

(E)-3- 2 T 3 -4- 2K 3k -5,5- — W1 KL K i -2 (5 H)- i Ji5
(L1): REOE A, IE 78%. mp. 207~208 C; 'H
NMR (500 MHz, CDCls) &: 9.72 (s, 1H), 7.47~7.41 (m,
3H), 7.25~7.22 (m, 2H), 1.74 (s, 3H), 1.54 (s, 6H); 1*C
NMR (126 MHz, CDCly) &: 169.42, 169.01, 148.72,
131.77, 129.69, 128.96, 128.88, 127.56, 127.12, 124.17,
86.03, 25.15, 13.71; HRMS (ESI) caled for C14HisNO;3
[M+H]" 246.1126, found 246.1129.

(E)-3- (e B -4-(4- 50 R 58 )- 1 -5 A4 W [4,5] 5% -3- M5 -2-
fHf5(L2): AT, F5% 89%. mp 174~176 C; 'H
NMR (500 MHz, CDCls) &: 9.88 (s, 1H), 7.23~7.08 (m,
4H), 1.94~1.51 (m, 12H), 1.09~1.00 (m, 1H); '3C NMR
(126 MHz, CDCls) d: 169.79, 168.69, 163.56 (d, Jec=
248.9 Hz), 148.82, 129.93 (d, *Jec=8.1 Hz), 128.23 (d,
4Jec=3.5 Hz), 125.33, 116.34 (d, 2Jec=21.5 Hz), 116.26,
87.92, 33.81, 24.64, 22.20, 13.95; HRMS (ESI) calcd for
C17H1oFNOs [M+H]" 304.1345, found 304.1348.

(E)-3- L.t F-4-(4- F A 2 2R 20 )- 1 - S A4 B [4,5] 5% -3-
I -2- B fi5 (L3): 3 v i A, e® 92%. mp 192~
193 °C; 'H NMR (500 MHz, CDCl;) 6: 9.87 (s, 1H), 7.14
(d, J=8.5 Hz, 2H), 6.94 (d, J=8.5 Hz, 2H), 3.84 (s, 3H),
1.90~1.59 (m, 12H), 1.12~1.05 (m, 1H); '3C NMR (126
MHz, CDCls) 6: 170.17, 169.72, 160.83, 149.18, 129.48,
12431, 114.57, 88.02, 55.66, 33.99, 24.74, 22.29, 14.07;
HRMS (ESI) caled for CisH,NO, [M+H]™ 316.1545,
found 316.1547.

(E)-3- LB FE-4-(4- 0T J 2R JE)-1- S I [4,5] 2% -3-
175 -2- T Ji5 (L4): 3% ot [ Ak, U 82%. mp 195~
197 “C; '"H NMR (500 MHz, DMSO-ds) d: 11.31 (s, 1H),
7.47 (d, J=8.4 Hz, 2H), 7.22 (d, J=8.4 Hz, 2H), 1.80 (s,
3H), 1.70~1.50 (m, 8H), 1.29 (s, 9H), 1.21~1.08 (m,
2H); 3C NMR (126 MHz, DMSO-ds) : 169.45, 168.57,
151.58, 146.95, 128.71, 127.52, 125.30, 124.93, 87.38,
34.44, 33.06, 30.96, 23.80, 21.72, 13.71; HRMS (ESI)
caled for CoiHasNOs [M+H]" 342.2065, found 342.2062.

(E)-3- L 5 -4-(4- 1R I )- 1 -5 J4 W [4,5] %% -3-Hs-2-
Wi fi= (LS): e Ak, 1K 91%. mp 192~194 C; 'H
NMR (500 MHz, DMSO-ds) 0: 11.33 (s, 1H), 7.67 (d, J=
8.1 Hz, 2H), 7.23 (d, J=8.1 Hz, 2H), 1.84 (s, 3H), 1.72~
1.56 (m, 9H), 1.18~1.05 (m, 1H); *C NMR (126 MHz,
DMSO-ds) d: 169.25, 167.23, 146.77, 131.50, 131.09,
129.93, 125.35, 122.59, 87.23, 32.79, 23.78, 21.71, 13.42;
HRMS (ESI) calcd for C7H1oBrNO; [M+H]" 364.0546,
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found 364.0544.

(E)-3- LIk 3 -4-(2-F R IE)- 1- 5 J4 W2 [4,5] %8 -3-J5-2-
Fif5(L6): ¥R th [l 44, U# 92%. m.p. 222~223 C;
'H NMR (500 MHz, DMSO-ds) d: 11.34 (s, 1H), 7.60~
7.54 (m, 1H), 7.48~7.41 (m, 2H), 7.39~7.33 (m, 1H),
1.85 (s, 3H), 1.82~1.43 (m, 9H), 1.10~1.06 (m, 1H); 13C
NMR (126 MHz, DMSO-ds) 0: 169.43, 164.86, 147.22,
131.56, 131.09, 131.01, 130.48, 130.15, 127.52, 127.14,
88.47, 33.83, 33.12, 24.21, 22.18, 12.84; HRMS (ESI)
caled for Ci7H;oCINO; [M + H]* 320.1044, found
320.1047.

(E)-3- LIk 5L -4- (N me -2- 35 )- 1- 56 44 W2 [4,5] 253 -0 -
2-Ff5(LT): I AE A, # 98%. m.p. 227~228 C;
'H NMR (500 MHz, CDCl3) 6: 8.71 (dd, J=4.8, 0.7 Hz,
1H), 8.45 (brs, 1H), 7.73 (td, J=7.8, 1.8 Hz, 1H), 7.38 (d,
J=17.9 Hz, 1H), 7.34~7.30 (m, 1H), 2.20~2.16 (m, 2H),
1.95 (s, 3H), 1.81~1.70 (m, 7H), 1.29~1.16 (m, 1H); 13C
NMR (126 MHz, CDCly) &: 170.15, 166.26, 151.10,
149.84, 149.65, 136.58, 131.24, 125.34, 124.16, 89.01,
34.49, 34.10, 24.57, 22.27, 14.16; HRMS (ESI) calcd for
CisH19N203 [M+H]" 287.1397, found 287.1394.

(E)-3- LTk 5L -4- (N i -4- 35 )-1- 56 44 02 [4,5] 25 -3 -0 -
2-Fif5(L8): I AE A, HE 98%. mp. 220~221 C;
'H NMR (500 MHz, CDCL3) : 11.30 (s, 1H), 8.44 (d, J=
4.7 Hz, 2H), 7.12 (d, J=4.7 Hz, 2H), 2.12 (s, 3H), 1.88~
1.56 (m, 10H); 3C NMR (126 MHz, CDCls) §: 169.72,
165.19, 148.9, 148.0, 142.16, 125.82, 123.01, 87.49, 33.58,
24.35, 21.97, 12.77; HRMS (ESI) calcd for CisHioN,Os
[M+H]" 287.1396, found 287.1398.

324  HARLASH(ALI~A26)49 5 A

IALEY) A1 N B 200 mL [REMAA L1 (0.50
g, 1.65 mmol), NaH (0.047 g, 1.98 mmol), Jo/KZfi 40
mL, 1 mL % Z " 400 (PEG-400), T =i N 6 h,
JE IINIRT(0.43 g, 1.98 mmol), =IRFEHE 24 h, JHE M
By, BN 30 mL /KA 30 mL 2R B 78 /0 fie bk, 2
=k, AIFANAE, W& KPE%, To/K NaxSOs+
e, WUE B BRVE R, BRRMEFERAEENT(V 2aew
V omw=1115~1:8), #HEAAEKLEY ALl KA
KA HIEE L T A1~A26.

(E)-3-(1-(4- hi§ F2E % S 2L W0 i 36 ) 20 36 )-4-(4- 3 K
F)-1-5 A2 R [4,5] 28 -3- 0 -2- T (A1): (i 4k, R
62%. m.p. 88~90 C; "H NMR (500 MHz, CDCl) J: 8.11
(d, J=8.5 Hz, 2H), 7.23 (d, J=8.5 Hz, 2H), 7.09~7.02
(m, 2H), 6.98~6.94 (m, 2H), 5.05 (s, 2H), 2.06 (s, 3H),
1.83~1.60 (m, 9H), 1.14~1.02 (m, 1H); *C NMR (126
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MHz, CDCl3) 6: 169.81, 169.21, 162.94 (d, 'Jec=250.2
Hz), 149.83, 147.33, 145.54, 129.65 (d, 3Jrc=8.0 Hz),
127.76, 127.59 (d, “Jrc=3.5 Hz), 125.04, 123.47, 115.34
(d, 2Jec=21.4 Hz), 88.19, 74.48, 33.35, 24.29, 21.87,
14.36; HRMS (ESI) caled for CHaFN,Os [M+H]"
439.1666, found 439.1669.

(E)-3-(1-(4- 3L A JE W i Ik ) 2,38 )-4-(4- F AR B ok
Fo)-1-5 24 1R [4,5] 25 -3- U -2- B (A2): A Bk, ek
66%. m.p. 114~116 ‘C; 'H NMR (500 MHz, CDCls) ¢:
8.07 (d, J=8.7 Hz, 2H), 7.22 (d, J=8.7 Hz, 2H), 7.06~
7.01 (m, 2H), 6.81~6.76 (m, 2H), 5.10 (s, 2H), 3.79 (s,
3H), 2.03 (s, 3H), 1.84~1.65 (m, 9H), 1.16~1.01 (m,
1H); *C NMR (126 MHz, CDCls) 6: 170.32 (d, J=14.9
Hz), 160.30, 150.28, 147.30, 145.89, 129.29, 127.93,
124.49, 123.67, 123.49, 113.77, 88.53, 74.52, 55.34, 33.61,
24.47, 22.06, 14.79; HRMS (ESI) calcd for CasHy7N2Og
[M-+H]" 451.1864, found 451.1865.

(E)-3-(1-(4-F 2R 8 R 0 e 2 ) 2,38 )-4-(4- U T 2%
Fo)-1-5 AR MR [4,5] 2% -3- 45 -2- T (A3): A B [E A, Yl
53%. m.p. 54~58 C; 'H NMR (500 MHz, CDCls) ¢:
8.13 (d, J=8.7 Hz, 2H), 7.37 (d, J=8.3 Hz, 2H), 7.33 (d,
J=8.7 Hz, 2H), 7.10 (d, J=8.3 Hz, 2H), 5.10 (s, 2H), 1.96
(s, 3H), 1.83~1.65 (m, 9H), 1.32 (s, 9H), 1.16~1.08 (m,
1H); 3C NMR (126 MHz, CDCl) §: 170.50, 170.14,
152.65, 150.20, 147.48, 145.70, 128.77, 128.23, 127.65,
125.37, 124.59, 123.61, 88.48, 74.73, 34.87, 33.62, 31.33,
24.45, 22.0, 14.89; HRMS (ESI) caled for CysH33N,Os
[M+H]" 477.2380, found 477.2382.

(E)-3-(1-(4- hif§ 2L 5% 50 FE W it 9L ) 20 3 )-4-(4- I 2K
Fo)-1-5 24 1R [4,5] 25 -3- U -2- B (A4): A BBk, ek
56%. m.p. 130~132 °C;'H NMR (500 MHz, CDCls) ¢:
8.13 (d, J=8.7 Hz, 2H), 7.39 (d, J=8.5 Hz, 2H), 7.19 (d,
J=8.7 Hz, 2H), 6.95 (d, J=8.5 Hz, 2H), 5.04 (s, 2H), 2.08
(s, 3H), 1.80~1.57 (m, 9H), 1.16~0.98 (m, 1H); '3C
NMR (126 MHz, CDCl;) &: 169.87, 168.98, 149.92,
147.50, 145.69, 131.47, 130.74, 129.45, 127.76, 125.04,
123.67, 123.53, 88.23, 74.64, 33.46, 24.39, 21.98, 14.41;
HRMS (ESI) caled for C24Ha4BrN,Os [M+H]" 499.0864,
found 499.0868.

(E)-3-(1-(4- A 22 5 580 O 0 B 32 ) 20 38 )-4-(2- R
Fo)-1-5 AR MR [4,5] 2% -3- 45 -2- T (A5): A B E A, Yl
44%. m.p. 76~78 °C;'H NMR (500 MHz, CDCL) J: 8.06
(d, J=8.7 Hz, 2H), 7.26 (d, J=5.8 Hz, 1H), 7.21~7.09
(m, 4H), 7.07~7.00 (m, 1H), 5.02~4.85 (m, 2H), 2.16 (s,
3H), 1.89~1.40 (m, 9H), 1.09~1.05 (m, 1H); '*C NMR
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(126 MHz, CDCly) 6: 169.79, 166.16, 150.19, 147.30,
146.00, 132.15, 131.20, 129.87, 129.80, 129.43, 127.75,
126.30, 126.25, 123.57, 89.08, 74.49, 33.69, 33.42, 24.41,
22.08, 21.99, 13.34; HRMS (ESI) calcd for C24H4CIN,Os
[M+H]" 455.1366 found 455.1363.
(E)-3-(1-(4-RBE A S 28 G 3k ) £ 98 )-4- 2K 3k -5,5-—
R IR -2(SH)- il (A6): 1 (L [ A, I 81%. mup.
125~126 “C; '"H NMR (500 MHz, CDCl3) J: 8.10~8.05
(m, 2H), 7.36~7.31 (m, 3H), 7.23 (d, J=8.7 Hz, 2H),
7.17~7.12 (m, 2H), 5.08 (s, 2H), 2.04 (s, 3H), 1.53 (s,
6H); 3C NMR (126 MHz, CDCls) §: 169.84, 169.78,
150.01, 147.37, 145.72, 131.54, 129.40, 128.53, 128.08,
127.68, 124.40, 123.6, 86.73, 74.64, 25.15, 14.68; HRMS
(ESI) caled for CyHyN,Os [M+H]" 381.1448, found
381.1451.
(B)-3-(1-2-F R AL W i Bk ) 4 Fk)-4- (e we -2- 3% )-1-
AR [4,5] 28 -3- 4 -2- B (A7) ABREA, WE 66%.
m.p. 59~60 C; 'H NMR (500 MHz, CDCl;) : 8.63 (d,
J=4.7 Hz, 1H), 7.52 (dd, J=7.8, 2.0 Hz, 1H), 7.38 (d, J=
7.8 Hz, 1H), 7.30 (d, J=7.8 Hz, 1H), 7.23~7.17 (m, 4H),
5.14 (s, 2H), 2.24~2.15 (m, 2H), 2.14 (s, 3H), 1.85~1.66
(m, 7H), 128~1.15 (m, 1H); *C NMR (126 MHz,
CDCls) d: 170.40, 166.46, 150.97, 149.91, 149.42, 136.09,
135.77, 129.44, 129.39, 128.89, 126.79, 125.52, 125.49,
123.89, 89.23, 73.34, 34.05, 24.56, 22.26, 14.84; HRMS
(ESI) calcd for Co3HyCIN,O3 [M+H]" 411.1472, found
411.1470; CHa3CIN;NaO; [M+Na]* 433.1289, found
433.1293.
(E)-3-(1-2-FU R AR W i L) £ Fk)-4- (Mg -4-J%)-1-
A AR [4,5] 28 -3- 45 -2- Tl (A8): A B A, ILFE 61%.
m.p. 50~51 ‘C;'H NMR (500 MHz, CDCls) 6: 8.56 (d,
J=5.9 Hz, 2H), 7.31 (dd, J=8.0, 1.0 Hz, 1H), 7.21 (d, J=
8.0 Hz, 1H), 7.12 (dd, J=7.0, 1.0 Hz, 1H), 7.04 (d, J=5.9,
2H), 6.99 (dd, J=8.0, 1.0 Hz, 1H), 5.01 (s, 2H), 2.12 (s,
3H), 1.84~1.67 (m, 7H), 1.65~1.55 (m, 2H), 1.13~1.01
(m, 1H); 3C NMR (126 MHz, CDCls) J: 169.64, 166.45,
149.71, 148.92, 140.38, 135.48, 133.04, 129.44, 129.15,
128.96, 126.76, 125.52, 122.60, 87.92, 73.29, 33.48, 24.36,
21.96, 14.09; HRMS (ESI) caled for Co3HyCIN,O3 [M+
H]" 411.1472, found 411.1472; Cy3HyCINNaO; [M+
Na]" 433.1289, found 433.1294.
(E)-3-(1-Q2-F R 2L T i ik ) 20 58 )-4-(4- T R 3 )-1-
AR IR[4,5]28-3-0-2- T (A9): R EE LR, IR 61%.
'H NMR (500 MHz, CDCl3) d: 7.31 (d, J=7.8 Hz, 1H),
7.22~7.17 (m, 1H), 7.15~7.08 (m, 3H), 7.05 (d, J=7.0

Chin. J. Org. Chem. 2022, 42, 2438~2448

© 2022 Chinese Chemical Society & SIOC, CAS

Hz, 1H), 6.98 (t, J=8.6 Hz, 2H), 5.08 (s, 2H), 2.06 (s, 3H),
1.86~1.60 (m, 9H), 1.15~1.04 (m, 1H); '*C NMR (126
MHz, CDCl;) 0: 170.09, 169.07, 163.03 (d, Jec=249.5
Hz), 149.26, 135.68, 132.87, 129.88 (d, 3Jrc=8.7 Hz),
129.29, 129.09, 128.73, 127.63 (d, “Jrc=3.4 Hz), 126.65,
125.33, 115.44 (d, 2Jsc=21.4 Hz), 88.24, 73.12, 33.4,
24.4, 22.00, 14.43; HRMS (ESI) calcd for C24Ha4CIFNO;
[M~+H]"428.1422, found 428.1420.
(E)-3-(1-QQ-FA N AL g ) 47 )-4-(4- A R R
Fo)-1-5 44 02 (4,51 28 -3- 0 -2- TR (A10): 8l 44, Yok
63%. m.p. 114~116 C;'H NMR (500 MHz, CDCls) &:
731 (d, J=7.8 Hz, 1H), 7.28~7.17 (m, 1H), 7.17~7.07
(m, 4H), 6.84 (d, J=7.9 Hz, 2H), 5.15 (s, 2H), 3.82 (s,
3H), 2.01 (s, 3H), 1.99~1.60 (m, 9H), 1.15~1.08 (m,
1H); 3C NMR (126 MHz, CDCls) §: 170.34, 170.00,
160.31 149.65, 135.82, 132.86, 129.46, 129.22, 128.65,
126.66, 124.65, 123.74, 113.85, 88.39, 73.17, 55.35, 33.71,
24.52, 22.10, 14.80; HRMS (ESI) calcd for CasHy7CINO,
[M-+H]" 440.1622, found 440.1625.
(E)-3-(1-Q2-F R A BE 0 i 3 ) 20 F8 )-4-(4- BT 2R
F)-1-58 J 12 4,51 28 -3- 5 -2- i (A11): [ (B[ 44, I
68%. m.p. 105~107 “C; 'H NMR (500 MHz, CDCls) o:
7.36 (d, J=7.8 Hz, 2H), 7.32 (d, J=7.0 Hz, 1H), 7.25~
7.09 (m, 5H), 5.11 (s, 2H), 1.98 (s, 3H), 1.85~1.66 (m,
9H), 1.33 (s, 9H), 1.14~1.08 (m, 1H); '*C NMR (126
MHz, CDCLs) 8: 170.24, 152.33, 149.44, 135.62, 132.95,
129.29, 129.21, 128.71, 127.65, 126.61, 125.19, 124.70,
88.30, 73.16, 34.74, 33.52, 31.23, 24.36, 21.99, 14.69;
HRMS (ESI) caled for CosH3CINO; [M+H]" 466.2144,
found 466.2148.
(E)-3-(1-2-F R W i Bk ) 5 )-4-(4- TR 2R JE)-1-
QIR [4,5]28 -3- i -2- T (A12): AR, IR 91%.
m.p. 125~126 ‘C; 'H NMR (500 MHz, CDCLy) &: 7.41
(d, J=8.0 Hz, 2H), 7.32 (d, J=8.0 Hz, 1H), 7.22 (t, J=7.8
Hz, 1H), 7.13 (t, J=7.6 Hz, 1H), 7.04~6.96 (m, 3H), 5.08
(s, 2H), 2.08 (s, 3H), 1.84~1.58 (m, 9H), 1.14~1.02 (m,
1H); 3C NMR (126 MHz, CDCls) §: 170.02, 168.70,
149.22, 135.65, 132.85, 131.48, 130.69, 129.55, 129.33,
129.04, 128.80, 126.69, 125.27, 123.48, 88.16, 73.16, 33.4,
24.41, 22.00, 14.39; HRMS (ESI) calcd for Ca4H,4NBr-
ClO; [M+H]" 488.0624, found 488.0621.
(E)-3-(1-Q2-F T W i k) 58 )-4-(2- F R 3 )-1-
AL IR [4,5] 2% -3-H5-2- T (A13): (A, 1R 49%.
m.p. 130~131 “C; 'H NMR (500 MHz, CDCls) J: 7.33~
7.06 (m, 7H), 7.02 (d, J=7.5 Hz, 1H), 4.92 (s, 2H), 2.16
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(s, 3H), 1.97~1.47 (m, 9H), 1.10~1.06 (m, 1H); '3C
NMR (126 MHz, CDCly) &: 169.87, 166.15, 149.29,
135.80, 131.27, 129.84, 129.74, 129.11, 128.91, 128.52,
126.67, 126.29, 126.23, 88.84, 73.08, 33.66, 33.42, 24.41,
22.06, 21.98, 13.09; HRMS (ESI) calcd for C24H24CLNO3
[M+H]" 444.1127, found 444.1129.
(E)-3-(1-2-F R B W i 5k ) & 5 )-4- K 5k-5,5- —
FEIRIE-2(SH)-HH(A14): HERE A, 103 75%. mp. 98~
99 ‘C;'H NMR (500 MHz, CDCls) d: 7.40~7.29 (m, 4H),
7.24~7.16 (m, 3H), 7.16~7.13 (m, 2H), 5.12 (s, 2H),
2.03 (s, 3H), 1.55 (s, 6H); 3C NMR (126 MHz, CDCl) &:
169.91, 169.55, 149.37, 135.71, 133.01, 131.55, 129.46,
129.32, 128.78, 128.52, 127.87, 126.76, 124.62, 86.6,
73.28, 25.26, 14.69; HRMS (ESI) caled for Cy1H, CINO;
[M+H]" 370.1204, found 370.1206.
(E)-3-(1-(4-VR R 0 i B8 ) £ 58 )-4-(ME g -2-55) - 1-
A AR [4,5] 2% -3-05-2- T (A15): A EE, IR 60%.
m.p. 499~51 ‘C;'H NMR (500 MHz, CDCls) J: 8.66~
8.57 (m, 1H), 7.45 (td, J=7.8, 1.7 Hz, 1H), 7.38 (d, J=8.3
Hz, 2H), 7.25~ 7.20 (m, 2H), 7.06 (d, J=8.3 Hz, 2H),
4.96 (s, 2H), 2.17~2.13 (m, 2H), 2.09 (s, 3H), 1.85~1.63
(m, 7H), 121~1.14 (m, 1H); *C NMR (126 MHz,
CDCls) d: 170.36, 166.41, 150.89, 149.76, 149.42, 137.21,
136.05, 131.50, 129.76, 125.44, 125.27, 123.85, 121.71,
89.20, 75.27, 34.00, 24.51, 22.22, 14.83; HRMS (ESI)
caled for CyHpBrN,O; [M + H] " 455.0965, found
455.0968.
(E)-3-(1-(4-VR R 0 i B ) £ 58 )-4-(ME g -4-55) - 1-
A AL IR [4,5] 2% -3-05-2- T (A16): O EAE, WK 72%.
m.p. 130~132 °C;'H NMR (500 MHz, CDCl;) J: 8.59 (d,
J=5.9 Hz, 2H), 7.38 (d, J=8.3 Hz, 2H), 7.01 (d, J=5.9
Hz, 2H), 6.91 (d, J=8.3 Hz, 2H), 4.80 (s, 2H), 2.06 (s,
3H), 1.84~1.52 (m, 9H), 1.14~0.99 (m, 1H); '*C NMR
(126 MHz, CDCls) 8:169.55, 166.34, 149.78, 148.77,
140.49, 136.75, 131.55, 129.48, 125.38, 122.51, 121.84,
87.84, 75.40, 33.43, 2431, 21.92, 14.05; HRMS (ESI)
caled for CyHyBrN,Os [M + H] ™ 455.0965, found
455.0966.
(E)-3-(1-(3,4- = SR S L W iG 5 ) 2 38 )-4-(4- 5 ¢
Ho)-1-5 J8 B2 [4,5] 2% -3- 4 2- B (A17): (B E AR, i
80%. m.p. 103~104 C; 'H NMR (500 MHz, CDCls) &:
7.26 (d, J=8.2 Hz, 1H), 7.14 (d, J=2.0 Hz, 1H), 7.05~
6.98 (m, 2H), 6.97~6.90 (m, 2H), 6.86 (dd, J=8.2, 2.0
Hz, 1H), 4.82 (s, 2H), 1.95 (s, 3H), 1.77~1.53 (m, 9H),
1.06~1.00 (m, 1H); *C NMR (126 MHz, CDCls) §:
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170.05, 169.22, 163.13 (d, 'Jec =250.3 Hz), 149.61,
138.44, 132.44, 131.79, 130.39, 129.83, 129.77, 129.67,
127.75 (d, “Jse=4.3 Hz), 127.01, 125.25, 115.53 (d, 2Jec=
21.5 Hz), 88.28, 74.56, 33.51, 24.45, 22.03, 14.50; HRMS
(ESI) caled for C24Ha3sCLENOs [M+H]" 462.1035, found
462.1037.
(E)-3-(1-(3,4- ~ SR AL W k) 2,3 )-4-(4- F 4 3
FRFE)-1-5H S0 [ 4,528 -3--2- T (A18): A, Wk
50%. m.p. 131~132 ‘C; 'H NMR (500 MHz, CDCls) ¢:
7.32 (d, J=8.2 Hz, 1H), 7.27 (d, J=2.0 Hz, 1H), 7.11~
7.06 (m, 2H), 6.97 (dd, J=8.3, 2.0 Hz, 1H), 6.86~6.81
(m, 2H), 4.96 (s, 2H), 3.83 (s, 3H), 1.96 (s, 3H), 1.84~
1.67 (m, 9H), 1.16~1.07 (m, 1H); 3C NMR (126 MHz,
CDCls) 8: 170.31, 170.13, 160.42, 149.97, 138.61, 130.36,
129.76, 129.39, 127.20, 123.74, 113.88, 88.46, 74.54,
55.44, 33.73, 24.55, 22.11, 14.85; HRMS (ESI) calcd for
CasHasCLLNO, [M+H]" 474.1234, found 474.1232.
(E)-3-(1-(3,4- G R L WL IE) 2, 38)-4-(4- KU T
RFL)-1-5H S 24,5128 -3- 1 -2- T (A19): 3% B K, IR
% 47%. 'H NMR (500 MHz, CDCL3) 6: 7.39~7.32 (m,
4H), 7.12~7.09 (m, 2H), 7.04 (dd, J=8.5, 2.0 Hz, 1H),
4.93 (s, 2H), 1.91 (s, 3H), 1.77~1.69 (m, 9H), 1.33 (s,
9H), 1.14~1.10 (m, 1H); 3C NMR (126 MHz, CDCL) ¢:
170.35, 170.18, 152.58, 149.80, 138.36, 132.37, 131.74,
130.38, 130.00, 128.78, 127.63, 127.38, 125.37, 124.63,
88.38, 74.65, 34.86, 33.63, 31.33, 24.46, 22.09, 14.83;
HRMS (ESI) caled for CosH3,CLNOs [M+H]" 500.1755,
found 500.1758.
(E)-3-(1-(3,4- S A i 58 ) 2,38 )-4-(4- R 2%
F)-1-5 44 2 (4,51 28 -3- 0 -2- T (A20): A (il 44k, Yk
70%. m.p. 103~104 ‘C;'H NMR (500 MHz, CDCls) ¢:
7.45 (d, J=8.4 Hz, 2H), 7.35 (d, J=8.2 Hz, 1H), 7.21 (d,
J=1.7 Hz, 1H), 6.98 (d, J=8.4 Hz, 2H), 6.90 (dd, J=8.2,
1.7 Hz, 1H), 4.88 (s, 2H), 2.02 (s, 3H), 1.84~1.58 (m,
9H), 1.14~1.01 (m, 1H); 3C NMR (126 MHz, CDCl3) ¢:
169.91, 168.80, 149.51, 138.37, 132.42, 131.77, 131.56,
130.78, 130.44, 129.61, 129.46, 126.94, 125.14, 123.57,
88.15, 74.58, 33.49, 24.40, 21.99, 14.42; HRMS (ESI)
caled for CyH»BrCLNO; [M+H]" 522.0233, found
522.0236.
(E)-3-(1-(3,4- ~ &R E I g JL) 2. F8)-4-- A %K
Fo)-1-5 44 02 (4,51 28 -3- 0 -2- TR (A21): A (il 44k, Yok
57%. m.p. 150~151 °C;'H NMR (500 MHz, CDCls) ¢:
7.28~7.16 (m, 4H), 7.08 (d, J=1.6 Hz, 1H), 7.03 (dd, J=
8.2, 2.0 Hz, 1H), 6.85 (dd, J=8.2, 1.7 Hz, 1H), 4.76 4.79
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(d, J=13.3 Hz, 1H), 4.73 (d, J=13.3 Hz, 1H), 2.14 (s,
3H), 1.92~1.46 (m, 9H), 1.13~1.01 (m, 1H); *C NMR
(126 MHz, CDCly) 6: 169.86, 166.14, 149.78, 138.76,
132.01, 131.43, 131.14, 130.23, 129.79, 129.41, 129.29,
126.77, 126.29, 126.16, 88.97, 74.34, 33.68, 33.42, 24.42,
22.09, 22.00, 13.20; HRMS (ESI) calcd for C24H23CLNO3
[M+H]" 478.0736, found 478.0739.

(E)-3-(1-3,4- ~ S WL W I 3L ) 2.3 )-4- 7K 5 -5,5-
—HIER-2(5SH)-(A22): A EE A, KE 78%. mop.
89~90 ‘C; 'H NMR (500 MHz, CDCls) &: 7.38~7.29
(m, 4H), 7.22 (d, J=1.8 Hz, 1H), 7.17~7.13 (m, 2H),
6.95 (dd, J=8.2, 1.9 Hz, 1H), 4.91 (s, 2H), 2.00 (s, 3H),
1.54 (s, 6H); 3C NMR (126 MHz, CDCL) 6: 169.85,
169.75, 149.63, 138.48, 131.66, 131.52, 130.39, 129.80,
129.38, 128.47, 127.65, 127.19, 86.65, 74.57, 25.19, 14.61;
HRMS (ESI) caled for C21HaCLNOs [M+H]™ 404.0816,
found 404.0812.

(E)-3-(1-(4- =5 F 0 S L 0 Jig ik ) 2,06 )-4- (i i -
2-35)-1-5 AU [4,5] 58 -3-0-2- i (A23): A (ulfl 44, Yok
79%. m.p. 87~88 C; 'H NMR (500 MHz, CDCls) :
8.60 (d, J=4.5 Hz, 1H), 7.52 (d, J=8.1 Hz, 2H), 7.40 (td,
J=17.8, 1.6 Hz, 1H), 7.29 (d, J=8.0 Hz, 2H), 7.23 (d, J=
7.9 Hz, 1H), 7.18 (dd, J=7.5, 4.9 Hz, 1H), 5.07 (s, 2H),
2.20~2.13 (m, 2H), 2.12 (s, 3H), 1.80~1.66 (m, 7H),
121~1.18 (m, 1H); 3C NMR (126 MHz, CDCl;) o
170.32, 166.56, 150.88, 150.07, 149.42, 142.36, 135.95,
129.86 (q, 2Jrc=32.6 Hz), 127.94, 125.34, 125.31, 125.21,
124.24 (q, 'Jec=262.0 Hz), 123.85, 123.20, 89.21, 75.12,
33.99, 24.50, 22.21, 14.82; HRMS (ESI) caled for CaqHas-
F3sN,O; [M+H]" 445.1736, found 445.1733.

(E)-3-(1-(4- =580 11 L U BRI i 4R ) 2 3% )-4- (i g -
4-F)-1-5 AU 4,528 -3-0-2- B (A24): ¥ CRAK, YR
76%. '"H NMR (500 MHz, CDCl;) d: 8.58 (d, J=5.5 Hz,
2H), 7.53 (d, J=8.0 Hz, 2H), 7.16 (d, J=38.0 Hz, 2H), 7.02
(dd, J=5.5, 1.4 Hz, 2H), 4.92 (s, 2H), 2.11 (s, 3H), 1.85~
1.54 (m, 9H), 1.15~1.02 (m, 1H); 3C NMR (126 MHz,
CDCls) d: 169.53, 166.49, 149.77, 149.11, 141.84, 140.50,
129.97 (q, Yrc=32.6 Hz), 127.94, 125.40 (q, 3Jrc=3.5
Hz), 12525, 12424 (q, Jec=272.7 Hz), 87.89, 75.28,
33.43,24.31, 21.92, 14.07; HRMS (ESI) caled for CosHos-
F3N,Os [M+H]™ 445.1736, found 445.1731.

(E)-3-(1-(4- F 35 3% 480 3 W0 i 3k ) £, 36 )-4- (i e -2-
Ho)-1-H 28 12 [4,5] 2% -3- M5 -2- i (A25): (i 4k, i
71%. m.p. 97~98 C; 'H NMR (500 MHz, CDCls) :
8.65 (d, J=4.4 Hz, 1H), 7.50 (td, J=7.8, 1.7 Hz, 1H), 7.36
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(d, J=7.9 Hz, 1H), 7.28~7.21 (m, 1H), 7.12 (q, J=38.1
Hz, 4H), 5.00 (s, 2H), 2.35 (s, 3H), 2.22 (td, J=13.4, 4.5
Hz, 2H), 2.07 (s, 3H), 1.80~1.64 (m, 7H), 1.29~1.17 (m,
1H); *C NMR (126 MHz, CDCl3) J: 170.44, 166.07,
150.96, 149.37, 149.20, 137.51, 136.11, 134.9, 129.10,
128.22, 125.66, 125.55, 123.83, 89.17, 76.18, 34.05, 24.54,
22.25, 21.31, 14.88; HRMS (ESI) caled for CsH27N,03
[M-+H]" 391.2015, found 391.2012.

(E)-3-(1-(4- F 3 % S0k 0 i 5k ) 2 6 )-4-( MLk g -4-
H)-1-S IR R [4,5] 55 -3- M -2- i (A26): [ (L 4, Ui
86%. m.p. 114~115 °C; 'H NMR (500 MHz, CDCI;) ¢:
8.60 (d, J=4.5 Hz, 2H), 7.09~7.05 (m, 4H), 6.96 (d, J=
7.8 Hz, 2H), 4.83 (s, 2H), 2.34 (s, 3H), 2.05 (s, 3H), 1.85~
1.54 (m, 9H), 1.14~1.01 (m, 1H); 3C NMR (126 MHz,
CDCl3) ¢: 169.70, 166.11, 149.77, 148.20, 140.57, 137.70,
134.60, 129.14, 128.06, 125.64, 122.69, 87.82, 76.27,
33.50, 24.37, 21.96, 21.34, 14.08; HRMS (ESI) calcd for
C24H»7N,0;3 [M+H]" 391.2015, found 391.2014.

3.3 L&Y A2 BIRIK X SEAITS

Az 20 mg (LAY A2 TN 5 mL iEWIEE
gers/ M, B 3 mL OB OFRVEME, & FIRGEEE
FAEDREFIEE E3RFL 2~3 AL, PRIFIT AR A DL —
TE T ARG K, K2 6~7 d JEHT o g BTRDIR
p k. ZWE YRR S H: SRR/ 0.32 mmX
0.27 mmX0.27 mm, 5 T3\ CasHaeN2Os, M=450.48,
triclinic, a =0.93796(7) nm, b= 1.00572(7) nm, ¢ =
1.31207(9) nm, o= 108.975(6)°, B = 99.132(6)°, y=
102.267(6)°, V'=1.10843(13) nm?, p=1.350 mg/mm?, =
[a]#E P-1, Z=2, u(Mo Ka)=0.097 mm ', F(000)=476,
S=1.048. £ T=120.25 K i & F 353 8339 Tt
R, Herb 4241 AMSZATH RU(Rin=0.0323) T S K it b
Ak S, AT R =0.0680, wR,=0.1149 (all
data). L&Y A2 KIFTHZHA G B CIRAFAESIT
s ARG BE 0, CCDC ID 2162525, iXS6%4E af LA
G B IS M i A G5 Bt b0l L B Wk SR A
www.ccdc.cam.ac.uk /data_request/cif.

34 bt AMFHENR

BRI AT 70 BT AR S 1 /N 22 7%
% W (Fusarium graminearum) M 2 1% A% B (Sclerotinia
sclerotiorum)~ Tl 2K 5% W (Botrytis cinerea)~ MR
(Phytophthora capsici) F1 7K §8 UG W (Thanatephorus
cucumeris) H H B KMV K ZEAEY) R 2 B A A0 38 2 7
BIFORAE, ISP 75 B — A, (A A TS
A 3% TR 000 3 4 R T SR FH T 2 A A AR R DS 8
ATI5E, AT dn A 3% B 7 M B TR A AR B2 50), A
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MRILX

HES =, BREBEARER. Vil E, SR
T R B WBie 5 AR BER LN E ECso {H, I
Jlid SPSS Statistics 25 B AFE4T K Ab .

e A R R PR R SR ) ARERF N 24 i A7
IR IR, IS 0.5% MR 1) 25 5
T KR BT 75 9 & (200 mg/L, 100 mg/L). 28 1/K¥k
SR IR A A W, o AITEEE A BN 20
pL FF BRI S SRR £ B T IK (A 2H), 20 pL &
TR SRR B 100 mg/L i 1 BR /K I (B 2H), 20 pL fid
T B AR 200 mg/L A7 JKIEHR(C 4H), 20 pL
o 7B SRR 100 mg/L AT /KIEH(D 41), &
HPATIANER, 1E25 CRIEHMIAEE FH#4~5h,
T-E B NS G T R A

AR S IR 20, SR EB K. S
0.5% 3 Y 25 B F /K B 100, 50 mg/L ) A7 /KW
100 F1 50 mg/L 19 i B g 7K V890 70 51l 240 50 3 G 7 25 ot S
SEAN L B KRB AE AR b, T4 A 0 2K B b AR ARG
SURG R AE TR R BOK FERE AR b, ERE IR R AR K, X
TR IER 6 d, THFN YU F 11 K RE AR R WL
3d, BAFAT3IAEE, Il kLA k.

%4 Bh #4 B} (Supporting Information) 1L & ¥/ 'H
NMR, *C NMR, HRMS, Bk S s AL, fhik X
ST AT S50 S 8. IR SRR AT A G 9 AR T IR sl
(http://sioc-journal.cn/) . N K.
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