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KP4 stilbene FEIFVERR K Z HEEL SRV S AN E 4751

EREC  KTLH®  FELY L BHY K #° K A
(WL TR 22 TSR BU 310032)
CT RGBS B A 255 . BAZFHI B T 510006)
(C LR RGO R AT EQIE 0 B 311300)

WE N7 IR S A UG, FET R stilbenes H2L45H, B & FRIEMEM IR 5 A A4, wit
FRCT — RIHREUR K AR B A, BT B ARG 4 R34 'TH NMR, °C NMR Fil ESI-HRMS FAEFIE.
B AR AMEIETESRR I, £ 100 mg/L IR T #BMAL ST NI BRI R oK /NBREN TR R8T S At 5 T R B S
SEAMTE L, Hrh (B)-5-1R-4-(2,6- — IR A EE)-2-(4- = 5 FF IR 20 B WE I (6p) Xf /N FE AR BRI T RO AV 3 IK B 86.7%; R
i Topl £~ 39 DNA FABCSEENNR 1AL AP0t S b 53 K88 1 (Top FIHMHIEE, 45 REHITE 50 pmol-L ™ WKFEEF, T
AR Topl ¥IRIL —EREFLHIINHNETE, Hh(E)-5-1R-4-(2,6- K HE)-2-(2- 5K LM JE ) BEME (6K ) 41 i i 1 A
Uf, JLAE 0.2 pmoleL ™" R E FAIXT Topl 3 H — & FE B b 35 k.

KRB RO R OHREEN, S R

Synthesis and Biological Activity of Natural Stilbene-Inspired
Substituted Styrylthiazole Derivatives

Zhang, Junhui” Zhu, Yabo* Weng, Jianquan™“ Yu, Qian™?’
Yuan, Jing®  Chen, Jie™*
(“ College of Chemical Engineering, Zhejiang University of Technology, Hangzhou 310032)
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Abstract In order to find novel drug leads, a series of natural stilbene-inspired substituted styrylthiazole derivatives were
designed and synthesized by hybridization of the structures of both bioactive 2,6-difluorophenylthiazole moiety and stilbene.
The structures of the title compounds were confirmed by 'H NMR, '°C NMR and ESI-HRMS. The in vitro antifungal bioassay
results indicated that some compounds showed moderate inhibition activity against FusaHum graminearum, Helminthospori-
um maydis and Mycosphaerella melonis at 100 ng/mL, and the inhibition rate of (£)-5-bromo-4-(2,6-difluorophenyl)-2-(4-tri-
fluoromethylstyryl)thiazole (6p) against FusaHum graminearum reached 86.7%. These compounds were also screened for
their topoisomerase I inhibitory activity using Topl-mediated relaxation assay. The results showed that all of them exhibited
certain Topl inhibitory activity at 50 pmoleL™!, and amongst them (E)-5-bromo-4-(2,6-difluorophenyl)-2-(2-chlorosty-
ryl)thiazole (6k) displayed promising Top1 inhibitory activity, which still remained certain activity at 0.2 pmolsL .

Keywords stilbene; styrylthiazole; synthesis; biological activity

PATRAR =W P 5 3R AT S5 R B 5 50 2 6 B TIROIRRIEATEMEA T Z I UE . JrEaR Bt
sy EE Rz 1 RIS stilbenes, Bl —3K 2 R PUA MRS BN R L & kS A
WAL, RAAYR2 215 HUE R B A A s EELTIRE, EERZG . DR SO BN TIZ O,
AR B, FEERF AR KETFIRY, Hort 427 i (Resveratrol), 2% 1H (%(Pterostilbene) LAY
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KM TR, S R, M HELAEETNS,
TR OIFE IR IR R D, SCRRRE L A
FHBL SR Rk OV g . AR A
WP TAEM IR, 5 3,5- ~HEIE K 2mtb &
B BRI R A BRI g M. ST 5 0 A s
BT R IR IR 28R AT RS YRS M 1 R
JRFAN A TR 52 BB 78 3 g o>,

TR AV T H A EY R N ALY 1,
BAEMERE—ME . HRSAAHAEG SRS, TR
ZiRIHI ) BT TR, EN— S R,
M IR K HATAE Y O R DLEAA B, #0mUON Bt
FRUTL GBS, % Bl O g e RO P (g A i .
R 2 WEME AL A ) O B2 2 FIAR 24 2 AT AL
F, ELUE RIS E . PUBAMIAER. KRR
I NgE Hh Jha AN R TR R R R B S R SCHR[2 1] 4RE DL A
R s SRR, — 2 4-(2,6- SR I EMLAT
A EA R B4R AN R HE T

B AT, oK SRRk S Y BT
MR RIA LG5 . N T gk SR B RUFAEPTE 1)
R FACE Y, AR AR BT TR
it b, RIS S5 R A G SRS, B TR O e
) —ANZRINH 4-(2,6- R IL ) EME IR B 6, Wi Gk
T — R B R WARE (R IR 207 SR e AL AP0 1),
EIR T HHU B e R Topl #IHNETE. HARLEY
(45K 514 "H NMR, C NMR #il HRMS #4EiE, &
B £ U0 Scheme 1 fTw.

1 HR51HE
1.1 BR5RIE

PL 2,6- 52K OB NEIGE R, 5 R SN EAT
o-TRIL G, HS5MACEEFEHEE 4-2,6- FA

)0  FEIEIR(2), PRI 2 HIMEIESR SR R 2 A
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Figure 1 Design strategy of title compounds

SRIL)BEME(4). E A 4 1A RE v, BT S-fr e
REVEVE R TR AL, S-ALAR iR Ak, R Ak DLd i
SR AR KR S VAT SR A Tt 7/ R il N A
42 5id &1 NBS #HT — iR IR R N, UG ED &
MR AR 4. DRI, HRRAA 4 & SR U 5 R AL,
SRR 2 1 S0 E Se i SEAZ U LEL B NBS IR
k., B 132 0 rp R Ak 3 3 — B IR B4 T 5 NBS &
AN E A, 53 IR A 4. HEA 4 RITE
IR = CEs R E Arbuzov R NS R EIRES 5, NED
B S R AR AE B 2618 T I8 0d Wittig-Horner J%
MNAFEIH IR 6a~6p, HEN 47.4%~66.3%. Hixr
& W54 "TH NMR, *C NMR Al ESI-HRMS #AiE
BEUE. A TH NMR 3045 7 UG H, 55 IEmRER AR I 1 )
CH W22 6 7.14~7.37, T SR HIZE R EE CH
AR LA 6 7.31~7.74, B S MENE, HEL
W J=16.00 Hz 8% 16.50 Hz, #t¥1 T BArtb&¥his
Xy E /U2 8 ESI-HRMS &ttt m] UE H, B
A B BoR T BERM M+ H] I

1.2 HRLEMRREIEMY

KHEH LR FEHERFEPDA)ENK 7 H st

F
4

6a ~ 6p

B 1 HARL A ks 2

Scheme 1 Synthetic route of title compounds
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G WX NFE IR B B (FusaHum  graminearum), K7\
BE955 1 (Helminthosporium maydis), ¥ JI\ & 95 & (My-
cosphaerella melonis) 1 7K & S 93 B (Thanatephorus
cucumeris) VU B A4 B HIR 35 1%, 249700 IR FE A 100
pg/mL. DLW TR i (Azoxystrobin) N X B 2577, DAJC TR 7K
AR (CK), g R K 1.

WL RTINS RN, Ko B it & WHE
100 pg/mL W FE TR /N IRBEIT B« T KN B 1 A 5
JREE R T 38 230 H — € IS, B KRB S
PR SEA B PTG . 78 100 pg/mL RET, o s
VIZRIN & R DL E3RIEE, A4 6a. 6j. 6k
61, 6m. 6n 1 6p YT /N2 7R EE 5 B I 22 350885 50%,
Horbr 6. 6k 1 6p I 253 71N 67.6%-71.6% 1 86.7%,
HE R BRI b g N F 25 ] (i 2 B = 3
FORE, 4B YEYE AR ZRER b g Ak e 3k ] (n e
B AR CB ) 28It 224, I T4 &4 6+ 6k Al 6p 1E 20
A4 pg/mL W E T X /NAE R EE o B PRI 1, A TG
UV 3% P AR B2 ARG PR AC PR, E 20 pg/mL BT
PEIEATE S, A, 7E 100 pg/mL WKFE L&Y 6e. 6g

F1 60 XT T oK /INBE S BT PRI 22 250885 50%, e 6o (1)
THIEN 66.2%, L&Y 6d. 6f Al 6p X i /I & Ak 4
[ Ze it 50%, HEMES S50 2 AR ILH B 2
AR

1.3 BFrE18 Top1 HIFIEM

DNA ¥ 53 1 B (fopoisomerase) & iR 254 1) =
TLRR S ARSLEG DUFR N S AUEE 1 (Top IESEAREE, K
DNA FABCSREGIAR T 50 pumoleL ' ¥ K HArb &4
6a~6p XF Topl FIHNHITEYE, LLERBE(CPT) A PH X
257, PRI FEAT CPT #HINEE, ke 'Rk
T+ 4+ + 3808 80% LA ETETE; ++ +3ROR 40%~
79%; ++ER 10%~39%; +FA/NT 10%H7E .
BASEREDEFH R, WAL LR 2. NEKFATLL
Hi, 7€ 50 pmol-L "IKEE R, A b &%t Topl 5
P — e FE R I dlE M, LAY 6¢. 6e. 6j. 61,
6m. 6n 1 6p [MAMFIIGHE AN+, (LEW 6k HIFIHE
YRR+ + 4. IRBUETEEIF A Y 6k (R=2-CI)
HHATT 125~0.2 pmoleL ™" ¥R AR E ATE MR, 2551

1 HIMLEY) 6a~6p IR B S PEEDHI /%)
Table 1 Antifungal activities of compounds 6a~6p (inhibition rate/%)

Compd. B NE IR BRI NSRRI KRS
100 pg/mL 20 pg/mL 4 pg/mL 100 pg/mL 100 pg/mL 100 pg/mL
6a H 51.2 — — 48.3 30.6 11.0
6b 2-CH;, 43.6 — — 19.2 19.8 0.0
6¢ 3-CH; 27.3 — — 25.7 21.1 6.8
6d 4-CH, 20.0 — — 5.6 57.2 13.4
6e 4-tert-C4Hy 19.7 — — 58.1 41.8 7.8
6f 2-OCH; 354 — — 12.2 50.7 9.3
6g 3-OCH; 11.9 — — 63.5 17.6 8.7
6h 4-OCH;, 335 — — 20.3 25.6 12.5
6i 4-SCH; 27.0 — — 30.0 20.0 0.0
6j 4-F 67.6 0 0 28.1 224 10.9
6k 2-Cl 71.6 16.7 0 13.6 423 14.6
61 4-Cl 51.1 — — 384 34.9 14.0
6m 2,4-Cl, 58.3 — — 0.0 39.7 0.0
6n 2-Br 52.9 — — 40.7 27.5 0.0
60 3-Br 48.1 — — 66.2 23.7 10.4
6p 4-CF, 86.7 21.6 0 32.1 56.7 18.7
Control  Azoxystrobin 94.4 87.0 45.4 79.2 91.7 90.0
CK Water 0 0.0 0 0.0

¢ — refers to “not tested”.

£ 2 50 pmoleL ' #SE FLAY) 6a~6p 1) Topl Hfil i 14
Table 2 Topl inhibitory activities of compounds 6a~6p at 50 pmolsL ™’

Compd. Relaxation assay Compd. Relaxation assay Compd.  Relaxation assay Compd. Relaxation assay
6a + Ge ++ 6i + 6m ++
6b + 6f + 6j ++ 6n ++
6¢c ++ 6g + 6k +++ 60 +
6d + 6h + 61 ++ 6p ++
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L 2. MEFETLIEH, tbEY) 6k XF Topl HIFMHI{E
F 2 A AR, B PR e 22, (24304
WREEPE A 0.2 pmolsL ™" I A S B — & B2 BE A1) i%
.

Sc DNA
Top1
Sc DNA
Top1

CPT = 6k ]
R— R—
Sc— Sc—

Lane 1 2 3 4 5 6 7 Lane 1 2 3 4 5 6 7

B2 125~0.2 pmol-L ' IKEEBHRE 1k &4 6k 4] Topl /S
) DNA FAHS5

Figure 2 Topl-mediated relaxation assay of compound 6k at
125~0.2 pmolsL™"

Lane 1, pBR322 DNA alone; Lane 2, pPBR322 DNA and Topl without
compound; Lanes 3~7, pBR322 DNA. Topl and compounds at 0.2, 1, 5,
25,125 pmol-Lfl, respectively. R, relaxed DNA; Sc, supercoiled DNA

2 #ig

BT RIA stilbenes B 451, KANETET S E
WS 5 A R S E M IR S MM e, BETF AT
16 AN DL SCHRARIE (1387 B U 20 S e 2R AL 5.
Hirb & 41354 '"HNMR, °C NMR #1 ESI-HRMS
BE. W5 AE DS MRS R W, 7E 100 mg/L i E T
A3 B AR D L B R T AR S e, S
A 6p X /INFZ AR B9 B (14 %N 86.7%; [FIRS, T
HIAEYILE 50 umoleL ' ¥ JE T EA — 52 1) Topl 1]
W, Hd b & 6k 7 0.2 pmolsL ™ WK E R I —
SEFEFEM Topl FHIEME, 45 REW ERBHABUIE 2
§ R g ek 2 1) B T — 2D AR A RV E A

3 IEES
3.1 UFESHF
Bruker AVANCE III 500 MHz #% k4 353R4% (PA CDCly
R, TMS AN FF), Shimadzu LCMS-IT-TOF Jii i#{X
(ESI), X-4 A% 7 S oms mO0 8 A (RS T AR REIE). ARk
56 BT AR A T A al. Al 2-1R-1-(2,6- K
) (1) 2 BOCER[27] A B, IR 92.6%; H IE] 44
4-(2,6- R AR FE )-2- F BE E M (2) 2 HE SR [28] B Bk, UK
£ 90.9%.
32 EVMERK
32,1 5-i8-4-(2,6- = AR H)-2-F e (3) 89 &k,
¥ 4-(2,6- K A )-2- FE R EME(2) (2.11 g, 10
mmol)Fl N-JRAX T Wi Z(NBS) (1.96 g, 11 mmol)#
T 20 mL LR ZEgH, SR INIE RN 3 h, A EI%E
R, K, AHUETEE, BRI, B R JEK
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CBEE L BRI A A 5-7R-4-(2,6- AR HL)-2-F 3L
BEME(3) 2.44 g, WF 84.0%. mp 71~72 C; 'H NMR
(500 MHz, CDCl;) 0: 7.46~7.33 (m, 1H), 7.00 (t, J=7.50
Hz, 2H), 2.73 (s, 3H). 0 i A% B 5 SC k>l —
2.

322 WEM4R 5-iR-2-(i8 F H)-4-(2,6- = AR ER)EE
(4) 898 %,

FrplalfA 3 (2.90 g, 10 mmol)fl NBS (1.96 g, 11
mmol)%& T 20 mL Z &, 15 W LED 4T (& A=450~
465 nm) S N E IR R 2 AR (TLO) A R M
AR, 294 hfERMSEEE. A 50 mL 418 B, KIKH
TR B R SN AR BB, AN T8, ORI, Frfs
] 1 G 7K 2 T B 485 40 49 31 38 0 T A 5-3-2-(IR
B)-4-(2,6- IR IE ) BEM(4) 2.81 g, LK 76.1%. m.p
85~86 ‘C; 'H NMR (500 MHz, CDCl3) 6: 7.48~7.34
(m, 1H), 7.02 (dd, J=8.50, 7.50 Hz, 2H), 4.72 (s, 2H).
355 5 B AR EAR 5 SO — S
325 T HA(4-(2,6-= AR A )Eeg 23 F A B AL
B5(5) 89 A A&

Kk 4 (3.70 g, 10 mmol) AL iR = 215 (3.34
g, 20 mmol)¥ T 20 mL H 2K, IHAE RN 2 h, &
PEEETR, el I 2SR R B R — B, 13 BITRER
PR A, B RABERR R 5 b, A& ftal Hiit
AN TP B
3.2.6  HAR A H(E)-5-i%-4-(2,6- — AR 2 )-2- I A
R U R (6) 89 A R

B LB EBEEREE 5. BUCIE H (12 mmol) F
NaOH (0.48 g, 12 mmol)¥# T 20 mL DMF 1, & T
eSO, TLC A S MO FE. OSSR, AN 50 mL K,
PEEBEFE 30 min, 4RJ5 A CHCl; ZEH(30 mL X 3), HHl
BEEH, TKBRBRAN T e, R BE, A
FEEMT V(A ) @ V(CBR HR)=S5 @ 11464645 2 H bx
&4 6a~6p.

(E)-5-1R-4-(2,6- ~ A KL )-2-2K M FEEME (6a): 35
A, $E 53.2%. mp. 103~105 C; 'H NMR (500
MHz, CDCl3) 6: 7.54 (d, J=7.50 Hz, 2H), 7.49~7.33 (m,
5H), 7.27 (d, J=16.50 Hz, 1H), 7.09~7.00 (m, 2H); "*C
NMR (125 MHz, CDCls) d: 167.2, 160.7 (dd, J=250.00,
6.25 Hz), 144.3, 135.5, 135.3, 131.1 (t, J=10.00 Hz),
129.3, 128.9, 127.2, 121.1, 111.7 (dd, J=20.00, 5.00 Hz),
1112 (t, J=18.75 Hz), 109.0. HRMS (ESI) calcd
Ci-H;BrF,NS [M+H]" 377.9765, found 377.9759.

(E)-5-1R-4-(2,6- iR 3E)-2-(2- FH I 5K 2,0 32 ) e s
(6b): E O, WK 49.7%. mp. 128~130 C; 'H
NMR (500 MHz, CDCl3) d: 7.64~7.58 (m, 2H), 7.43 (m,

Chin. J. Org. Chem. 2020, 40, 1055~1061
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1H), 7.30~7.16 (m, 4H), 7.08~7.01 (m, 2H), 2.47 (s,
3H); *C NMR (125 MHz, CDCly) §: 167.5, 160.7 (dd, J=
250.00, 6.25 Hz), 144.3, 136.7, 134.3, 133.3, 131.1 (t, J=
10.00 Hz), 130.8, 129.1, 125.5, 124.8, 122.3, 111.7 (dd,
J=20.00, 5.00 Hz), 111.1 (t, J=20.00 Hz), 108.9, 19.9.
HRMS (ESI) caled CisHsBrFoNS [M+H]" 391.9915,
found 391.9912.

(E)-5-TR-4-(2,6- —FiFEFE)-2-(3- L5 2005 8 ) g e
(6c): HEOEE, U 65.3%. mp. 68~70 ‘C; '"H NMR
(500 MHz, CDCls) 8: 7.47~7.39 (m, 1H), 7.37~7.32 (m,
3H), 7.31~7.24 (m, 2H), 7.17 (d, J=7.50 Hz, 1H), 7.04
(dd, J=8.50, 7.5 Hz, 2H), 2.39 (s, 3H); *C NMR (125
MHz, CDCly) 6: 167.2, 160.7 (dd, J=250.00, 6.25 Hz),
1442, 138.5, 135.6, 135.2, 131.0 (t, J=10.00 Hz), 130.1,
128.8, 127.9, 124.3, 120.8, 111.6 (dd, J=20.00, 5.00 Hz),
111.1 (t, J=20.00 Hz), 108.8, 21.3. HRMS (ESI) calcd
CsH3BrF,NS [M+H]" 391.9915, found 391.9928.

(E)-5-TR-4-(2,6- — = FE)-2-(4- I BL 25 2035 58 ) g e
(6d): FE O, ULE 63.4%. mp. 144~146 C; 'H
NMR (500 MHz, CDCl;) d: 7.46 (d, J=8.00 Hz, 2H), 7.44
(d, J=16.50 Hz, 1H), 7.37 (d, J=16.50 Hz, 1H), 7.35~
7.31 (m, 1H), 7.21 (d, J=8.00 Hz, 2H), 7.02 (t, J=8.00
Hz, 2H), 2.39 (s, 3H); °C NMR (125 MHz, CDCl;) o:
166.7, 160.6 (dd, J=250.00, 6.25 Hz), 144.1, 139.2, 134.9,
132.9, 129.7, 129.6, 129.6, 127.1, 120.6, 118.9 (t, J=2.50
Hz), 112.8 (t, J=17.50 Hz), 111.8 (dd, J=21.25, 5.00 Hz).
HRMS (ESI) caled CisH;sBrF,NS [M+H]" 391.9915,
found 391.9941.

(E)-5-1R-4-(2,6- A HE)-2-(4-FU T FE 2K 205 55 ) e
M (6e): #E ALTRAA, ULZE 60.1%. '"H NMR (500 MHz,
CDCly) §: 7.48 (d, J=8.50 Hz, 2H), 7.44~7.39 (m, 3H),
7.35 (d, J=16.50 Hz, 1H), 7.25 (d, J=16.50 Hz, 1H),
7.08~7.01 (t, J=8.50 Hz, 2H), 1.35 (s, 9H); *C NMR
(125 MHz, CDCLy) ¢: 167.4, 160.7 (dd, J=250.00, 6.25
Hz), 152.7, 144.2, 135.4, 132.5, 131.0 (t, J=10.00 Hz),
127.0, 125.9, 120.3, 111.7 (dd, J=20.00, 5.00 Hz), 111.2
(t, J=18.90 Hz), 108.6, 34.8, 31.2. HRMS (ESI) calcd
C,H oBrF,NS [M+H]" 434.0384, found 434.0411.

(E)-5-1R-4-(2,6- A HE)-2-(2-H SR FE 2K 20 225 ) e
Me(6f): T EWAA, INE 53.6%. 'H NMR (500 MHz,
CDCly) d: 7.42 (m, 1H), 7.36~7.28 (m, 2H), 7.26 (d, J=
16.50 Hz, 1H), 7.12 (d, J=8.00 Hz, 1H), 7.09~7.00 (m,
3H), 6.91 (dd, J=8.00, 2.50 Hz, 1H), 3.83 (s, 3H); "°C
NMR (125 MHz, CDCl3) §: 167.0, 160.7 (dd, J=250.00,
6.25 Hz), 159.9, 144.3, 136.6, 135.3, 131.0 (t, J=10.00
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Hz), 129.9, 121.3, 119.9, 1152, 112.0, 111.6 (dd, J=
20.00, 5.00 Hz), 111.1 (t, J=20.00 Hz), 109.0, 55.2.
HRMS (ESI) caled C;sH3BrF,NOS [M+H]™ 407.9864,
found 407.9869.
(E)-5-17-4-(2,6- - Fi R Fk)-2-(3- H 48 I 7 200 3k ) g
M (6g): FE AR, ULF 47.4%. '"H NMR (500 MHz,
CDCLy) 6: 7.47~7.39 (m, 1H), 7.36~7.29 (m, 2H), 7.26
(d, J=16.00 Hz, 1H), 7.13 (d, J=7.50 Hz, 1H), 7.09~
7.01 (m, 3H), 6.91 (dd, J=8.00, 2.50 Hz, 1H), 3.84 (s,
3H); *C NMR (125 MHz, CDCl3) 6: 166.3, 160.4 (dd, J=
300.00, 6.30 Hz), 144.1, 137.0, 134.8, 129.9, 129.8, 129.7,
129.6, 121.7, 119.9, 119.2, 115.0, 112.6 (t, J=17.50 Hz),
111.8 (dt, J=21.00, 6.30 Hz), 55.2. HRMS (ESI) calcd
CisHsBrF,NOS [M+H]" 407.9864, found 407.9867.
(E)-5-1-4-(2,6- G R Fk)-2-(4- H 48 I 2 205 3k ) g
ME(6h): B E AR, IR 66.3%. mp. 102~103 C; 'H
NMR (500 MHz, CDCl;) : 7.48 (d, J=9.00 Hz, 2H), 7.43
(m, 1H), 7.31 (d, J=16.00 Hz, 1H), 7.14 (d, J=16.00 Hz,
1H), 7.07~7.00 (m, 2H), 6.93 (d, J=8.50 Hz, 2H), 3.85
(s, 3H); °C NMR (125 MHz, CDCl;) d: 166.9, 160.6 (dd,
J=250.0, 6.25 Hz), 160.4, 144.0, 134.6, 129.6 (t, J=10.00
Hz), 128.6, 128.4, 119.5, 118.6, 114.3, 112.9 (t, J=17.50
Hz), 111.8 (dd, J=21.25, 6.25 Hz), 55.3. HRMS (ESI)
caled C;gH;sBrFoNOS [M + H] © 407.9864 found.
445.9884.
(E)-5-1R-4-(2,6- — F AR HE)-2-(4-Fnt FF 2 205 0k ) g
Me(6i): B OEAE, WER 60.1%. mp. 102~104 C; 'H
NMR (500 MHz, CDCl;) 0: 7.49~7.38 (m, 3H), 7.31 (d,
J=16.00 Hz, 1H), 7.28~7.16 (m, 3H), 7.04 (dd, J=8.50,
7.50 Hz, 2H), 2.52 (s, 3H); >*C NMR (125 MHz, CDCl;) 6:
167.2, 160.7 (dd, J=250.00, 6.25 Hz), 144.3, 140.5, 134.8,
132.0, 131.1 (t, J=10.00 Hz), 127.5, 126.3, 120.2, 111.7
(dd, J=20.00, 5.00 Hz), 111.2 (t, J=20.00 Hz), 108.8,
15.3. HRMS (ESI) caled C;sH3BrFoNS, [M + H] ©
423.9635, found 423.9636.
(E)-5-1R-4-(2,6- — 5 A L )-2-(4- TR & 45 Bk ) e e
(6j): FEOMEE, WHE 57.3%. mp. 105~106 C; 'H
NMR (500 MHz, CDCl3) §: 7.51 (dd, J=8.50, 5.50 Hz,
2H), 7.43 (m, 1H), 7.33 (d, J=16.00 Hz, 1H), 7.18 (d, J=
16.00 Hz, 1H), 7.09 (t, J=8.50 Hz, 2H), 7.04 (t, J=8.50
Hz, 2H); >C NMR (125 MHz, CDCLy) J: 166.9, 163.3 (d,
J=251.25 Hz), 160.7 (dd, J=250.00, 6.25 Hz), 144.4,
134.1, 131.6 (d, J=3.75 Hz), 131.1 (t, J=11.25 Hz),
129.0, 128.9, 120.8 (d, J=2.50 Hz), 116.1, 116.0, 111.7
(dd, J=20.00, 5.00 Hz), 111.1 (t, J=20.00 Hz), 109.0.

http://sioc-journal.cn/ 1059



BIKE

HRMS (ESI) caled C,/H,(BrFsNS [M~+H]" 395.9664,
found 395.9688.

(E)-5- 1R -4-(2,6- - T A 5k )-2-(2- IR £ ) Bt ) e e
(6K): F A, E 60.3%. mp. 145~147 C; 'H
NMR (500 MHz, CDCLy) d: 7.74 (d, J=16.00 Hz, 1H),
7.70~7.64 (m, 1H), 7.48~7.38 (m, 2H), 7.33~7.24 (m,
3H), 7.11~6.98 (m, 2H); °C NMR (125 MHz, CDCl;) ¢:
166.9, 160.7 (dd, J=250.00, 6.25 Hz), 144.5, 134.1, 133.5,
131.4, 131.1 (t, J=10.00 Hz), 130.1, 127.2, 126.9, 123.7,
111.7 (dd, J=20.00, 5.00 Hz), 111.1 (t, J=18.75 Hz),
109.7. HRMS (ESI) caled C,;H,(BrCIF,NS [M+H]"
411.9368, found 411.9380.

(E)-5- 18 -4-(2,6- 38 7% 58 )-2-(4- T £, ) 5 ) e e
(61): A, WF 55.1%. m.p. 117~119 C; 'HNMR
(500 MHz, CDCly) 6: 7.46 (d, J=8.50 Hz, 2H), 7.43~
7.40 (m, 1H), 7.36 (d, J=8.50 Hz, 2H), 7.32 (d, J=16.00
Hz, 1H), 7.22 (d, J=16.00 Hz, 1H), 7.04 (m, J=8.50 Hz,
2H); *C NMR (125 MHz, CDCl;) d: 166.6, 160.7 (dd, J=
250.00, 6.25 Hz), 144.5, 135.0, 133.9, 133.8, 131.2 (t, J=
10.00 Hz), 129.2, 128.3, 121.5, 111.7 (dd, J=20.00, 5.00
Hz), 111.1 (t, J=18.75 Hz), 109.3. HRMS (ESI) calcd
C7H,(BrCIF,NS [M+H]" 411.9368, found 411.9384.

(E)-5-1R-4-(2,6- "SR H)-2-(2,4- K L0753 ) e
ME(om): B E 4K, IE 59.3%. mp. 99~100 C; 'H
NMR (500 MHz, CDCLy) d: 7.66 (d, J=16.50 Hz, 1H),
7.60 (d, J=8.50 Hz,1H), 7.46~7.41 (m, 2H), 7.30~7.28
(m, 1H), 7.25 (d, J=16.50 Hz, 1H), 7.04 (t, J=8.50, 2H);
BC NMR (125 MHz, CDCLy) &: 165.7, 160.6 (dd, J=
250.00, 6.25 Hz), 144.5, 134.9, 134.4, 132.5, 129.8 (t, J=
8.80 Hz), 129.5, 127.6, 127.5, 124.5, 119.9 (t, J=3.75 Hz),
112.6 (t, J=17.50 Hz), 111.9 (dd, J=20.00, 5.00 Hz).
HRMS (ESI) caled C,;HsBrCLF,NS [M+H]" 445.8986,
found 445.8981.

(E)-5-1R-4-(2,6- - Fo A 55 )-2-(2- TR 7K £, I 2= ) e e
(6n): FEOFEMA, UE 51.9%. mp. 141~143 C; 'H
NMR (500 MHz, CDCl3) d: 7.70 (d, J=16.00 Hz, 1H),
7.66 (dd, J=8.00, 1.50 Hz, 1H), 7.62 (dd, J=8.00, 1.00
Hz, 1H), 7.43 (m, 1H), 7.35 (t, J=7.50 Hz, 1H), 7.27~
7.17 (m, 2H), 7.04 (dd, J=8.50, 7.50 Hz, 2H); *C NMR
(125 MHz, CDCLy) ¢: 166.8, 160.7 (dd, J=250.00, 6.25
Hz), 144.5, 135.2, 134.0, 133.4, 131.1 (t, J=10.00 Hz),
130.3, 127.8, 127.1, 124.6, 123.9, 111.7 (dd, J=20.00,
5.00 Hz), 111.1 (t, J=18.75 Hz), 109.7. HRMS (ESI)
caled C;H;(Br,F;NS [M + H] " 4558863, found
455.8855.
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(E)-5-VR-4-(2,6- 50 A FE ) MEME-2-(3- YR 2K 2, 0 Bk )Mo
M (60): B [E K, ULFE 47.9%. mp. 85~87 C; 'H
NMR (500 MHz, CDCls) d: 7.68 (t, J=2.00 Hz, 1H),
7.51~7.39 (m, 3H), 7.33~7.20 (m, 3H), 7.04 (dd, J=
8.50, 7.50 Hz, 2H); *C NMR (125 MHz, CDCl;) : 166.3,
160.7 (dd, J=250.00, 6.25 Hz), 144.6, 137.5, 133.6, 132.0,
131.2 (t, J=10.00 Hz), 130.4, 130.0, 125.7, 123.1, 122.2,
111.7 (dd, J=20.00, 5.00 Hz), 111.0 (t, J=18.75 Hz),
109.6. HRMS (ESI) caled Cj;H;(Br,F,NS [M + H] "
455.8863, found 455.8873.

(E)-5-1R-4-(2,6- AR HE)-2-(4- =5 F HK 20 )
BEME(6p): PR, IF 65.3%. mp. 89~91 C; 'H
NMR (500 MHz, CDCl;) d: 7.70~7.59 (dd, J=8.50, 5.00
Hz, 4H), 7.44 (m, 1H), 7.39 (d, J=16.50 Hz, 1H), 7.33 (d,
J=16.50 Hz, 1H), 7.09~7.01 (m, 2H); "C NMR (125
MHz, CDCl;) 6: 165.4, 160.6 (dd, J=250.00, 6.25 Hz),
144.6, 139.1, 132.9, 130.5 (d, J=32.50 Hz), 129.9 (t, J=
11.25 Hz), 127.2, 125.8 (q, J=2.50 Hz), 123.7, 122.9,
119.9 (t, J=2.50 Hz), 112.6 (t, J=16.25 Hz), 111.9 (dd,
J=20.00, 5.00 Hz). HRMS (ESI) caled C,sH,oBrFsNS
[M-+H]" 445.9632, found 445.9643.
3.3 REVEMEME

T MR R 25 R R AP B 500
mg/L WEWZE 2 mL, IIANRHIZE 45 CH) 8 mL )
PDA 1, il BRI E N 100 mg/L (15 2515 37 364 BA
6% B 16 (Azoxystrobin) % HE 24 751, LAJG B /K R 2= %
HR(CK). ZRJE IS IR AT IR0 T R VA U 25 B 4 mm B
Rz, BEEARFEL, BAE 3 KER. 4H
SeHE, BT Q4+1) CHtERAMEFREPEEIE, 12h )5
MERFEA, HEAKRMZE. (tEAXWT:

A KA (%) = [(23 N RE TR VR B4 — A B B 7R

B2/ AR IR HTE EAR]X 100 %
3.4 Top1 $MHE MK

K DNA FABCSZEGINR T 50 pmoleL ™ 3K E T b &
Wikt Topl IFMHINEYE, LAERIBR(CPT) A BH P X HE 2471
SHE MBI ST T 125~0.2 pmoleL ™" R EEH
FERRE NN, BAR SR R an T
341 A

RILZSE(20 pl): 0.2 pg fIRERY ik pBR322
DNA 1 uL, 0.5 U] Topl 1 pL, 50 pmolsL ™' £ll 4t &4 1
ul, SR (20 mmoleL ™" Tris, pH 7.5, 0.1 mmoleL™"
EDTA, 10 mmolsL™' MgCl,, 100 mmolsL™" KCI, 50
pg/mL acetylated BSA)#hEAT. BCEIFF 5, £
37 CF#E 05 h. IHTEEMA 4 uL 6 X Loading
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NOTE

buffer &, HIA 0.8%35 EHEEEL IFE i FL 1, 4.6 Viem
HK 1.5 h. BIKZR)E, FETEHEEER BN 1 X gel red
(7K Gt 0.5 h, JEAH.
342 REME

WITHE AR G o A dl % 0.2, 1, 5, 25,
125 pumoleL ' FIFFMIAL &4, MR SE(20 uL): 0.5 pg fit
RN S Y 5k pBR322 DNA 1 uL, 1 U i Topl 1 uL, 0.2,
1, 5, 25, 125 pmoleL ™' fFMIALAD) 1 L, (20
mmoleL " Tris, pH 7.5, 0.1 mmolsL ™' EDTA, 10 mmols L
~! MgCl,, 100 mmolsL ™" KCI, 50 pg/mL acetylated BSA)
HNEARRL S5 SRR R

4 BT KL (Supporting Information) L&) 6a~6p [
'H NMR, "*C NMR Fil ESI-HRMS &, X £e44 810 PG
2 AT W 3ifi (http://sioc-journal.cn) | T 2K,
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