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Synthesis, Design and Three-Dimensional Quantitative Structure
Activity Relationship (3D-QSAR) Research of
Phenylpyrrole Fungicides

Xu, Hongliang” Su, Jing® Wang, Zishi** Hou, Chenxin“ Wu, Pengchong”

Xing, Yue* Li, Xiangshuai” Zhu, Xiaolei” Lu, Yuncai™“ Xu, Lijian”
(“ College of Modern Agriculture and Ecological Environment, Heilongjiang University, Harbin 150080)
(b College of Chemistry, Central China Normal University, Wuhan 430079)

Abstract In order to find new pyrrole pesticides, twenty one new pyrrole compounds based on the structure of fludioxonil
were designed and synthesized. And a methyl group was introduced into the pyrrole ring to explore the effect of N-position
substituent on the activity. All the structures of target products and intermediates were characterized and confirmed by 'H
NMR, FTIR, and single crystal X-ray diffraction, HRMS, elemental analysis and melting point determination. The single crys-
tals of sixteen final products were obtained by volatilizing at room temperature. The antibacterial activity test results on the
five pathogens show that under the concentration of 10 mg/L, 4-(2-chlorophenyl)-1H-pyrrole-3-carbonitrile (4b), 4-(2-bromo-
pheny)-1H-pyrrole-3-carbonitrile (4¢), 4-(2-(trifluoromethyl)phenyl)-1H-pyrrole-3-carbonitrile (4d), 4-(2-chloro-3-fluorophen-
yl)-1H-pyrrole-3-carbonitrile (4g), and 4-(2,3-dichlorophenyl)-1H-pyrrole-3-carbonitrile (4h) showed even better or higher
antibacterial effect on the four pathogens, the inhibitory effect of compound 4g on the three pathogens at a concentration of 1
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mg/L also reached more than 80%. The target compounds substituted with methyl at the nitrogen position showed specific
antibacterial activity against Rhizoctonia solani. In order to develop more effective antifungal compounds against Rhizoctonia
solani, the three-dimensional quantitative structure activity relationship (3D-QSAR) study on the activity of 20 compounds
against Rhizoctonia solani was preliminary conducted using comparative molecular force field analysis (CoMFA). A CoMFA
model (¢>=0.503, 2=0.974) was established, which showed good predictive ability, and also provided theoretical support for

the further optimization of this series of compounds.

Keywords pyrrole compounds; fungicide; nitrogen substitution; biological activity; three-dimensional quantitative structure

activity relationship (3D-QSAR)
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(14 7K K8 ORI B 3 1R 2E AT 9020 K = 438 A RO &
(3D-QSAR)HFFE, #5377 —MH R CoMFA i,
NG EZRN GV ST R RO T B8 SCRF

1 HR5WE

1.1 BRULEYIHEK

H bR &4 B 40 Scheme 1 iR, LL—HX
ARB B B 2 DR ORE, 7R BT AR A R
Knoevenagel 45 [ 345 B H A4 2 (2-FE N IE e LR
WD), e L REAE AT AR N, AT
BR[16] 7 DA = A E BRI 51, A TAE ik B R i
= LRI FALE(TEBA) I PA B AR RO, {RAIF 2 W 46 4
TR, JEAREE T FRIEAR 3 (TosMIC-5 H 2SR ik F 3
SRS R A AL e A IR B R Ak 2 —, T2 M AE
=2 AL RN YL bl A, IA HRIE 1) 55T TosMIC
BT REFIR, AR B, R TR S
TEIEAT A BRARAIE T 8 — 25 [N RS0 %6 R 46 P s 31 i
FERCR, R AR AT sL 36 B 4515 B Tk —;
H AR A 4 2 ph rpa) 44 2 0 rp e 44 3 38 5 in e 2 A
KIN SNSRI, B S AER M 2 PE Al AT 3 1 P 3
B R TR OB BB T, AR R TR R Bk OUEE R AR
Michael il S, FREAT IR 2 TsOH 158 H Arfb &
W) 4, 1% N B - R TR A TR TR RV, A
SN UF A T A, BRSR T MUK, AT L
HEAT IR W BRI A AR, HARG &4 5 A2 e
Fe( PRI A B ARtk &4 4 1ol RSB
EAR sz I 75 380 g 22230, i PR A 5 H Ay PR S AR S 7 3ok
REN, HEED, SRR AR A 4 0 ik
FRAM © B BE=1 1 1.2 0 1.5 &8 %465 SN B a) 3
RECR. HErMLEY) 4a~4k, 5a~5j FSEHIE 1 BT
IR,

1.2 BirtEMRNRIE
1.2.1 4B 5

AMERER, Bisb &9 4a~4k, 5a~5j HIE
2200~2260 cm ' 4 BB IREAENR L, IEBE C=NE)
H4E4REN; £ 1500~1600 cm ' ALHHFAEIEN]E C=C
MR AERSh; 7 HEsb &Y da~dk IS5 AR
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¥ N—H 8 4ERs0, ¥HBAE 3200~3300 cm ! 4b,
1M H bRk &4 Sa~5j WATE 3200~3300 cm ' 4b %A H B
3 AR AEI, 76 1100~1200 cm ™' AbH B — B R
RRIEE, B N—CH; B4Rz, XiE It Ip B R A
1 H TR hl AT, M P2 AR IR R R R AR I AR
1k.

o)
2-Cyanoacetamide/CH3;COONH NH;
cHo Y i 3 4 Q,m&—
ethanol/retlux H CN
RZ R1 R2 R']
1 2

NaSO; H,NCHO/(HCHO),
NaOH
Osozm e, OsozNa __HCooH
H,0 H,0
341 32
POCI,

Triethylamine
SO,CH,NHCHO ——— SO,CH,;NC
Dichloromethane

3-3 3

NG NC

2 = CHyl/K,CO;4 —
methanol/KOH N\_NH  DMmF \N__,
R

R? R!
4 5

R'= F, Cl, Br, CF3, Me, OCHj4
R%2=H, F, Cl, CF3, Me, OCH,
R3®=H, Me

B 1 FRIEMEIE AL S5 R 2k

Scheme 1 Synthetic route of phenylpyrrole compounds

#1 HAfeamding

Table 1 Structures of the target compounds

Compd. R! R? R3
4a F H H
4b Cl H H
4c Br H H
4d CF3 H H
4e CHs H H
4f OCHs H H
4g Cl F H
4h Cl Cl H
4i CHs CH3 H
4j OCH3 OCH; H
4k F CF3 H
Sa F H CHs3
Sb Cl H CHs3
5¢ Br H CH3
5d CF3 H CHs3
Se CHs H CHs3
5f OCH3 H CHs3
5g Cl F CH3
5h Cl Cl CHs3
5i CHs CH3 CH;
5j OCH3 OCHj3 CH;3
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1.2.2  AZEEIER 57

'H NMR B8R, HirLEY) 4a~4k, 5a~5j K
W LR HALZENI AR 6 7~8 2 8], 3K L CH; BURAI H
WEERIREAE 6 2~2.5 2 [8], [RIN HArb &4 da~4k 7EAL
A 6 11.8~12.1 Z[AXYH I —N B B A g, Bintk
IR L H, AR E Y Sa~S) TEALSEALRE O
3.69~3.73 Z [ HEL—ANE R g, BRI B H,
FRVGIE B P 2R R 1 HJR 72 Bl B AT EUA.

BC NMR # B 27R, HirtEY) 4a~4k, Sa~5j K
R AL IR R C LA RS TE 6 110~130 2 J8), ZRIR
FERIEFARFE, S8 C FF AR I B AR,
YR, ARSI i B, AR
W =37 5 MR, BRI Cl. Br 250 B J [ 0 4%
AN, THREE N F ORI, ML T &%, &
B R R 5 F R FAHIEM C R 7, MEHE—
WEAE 245 Hz oA, {ERHEDE b B WAL AE o
155~158 Z [ IR, R ALA BT 6 120~127
Z AN [FIREIL 22 AN [FIFE B AR A, 1 P S 0 1 £
HRSMBBRUNEWSE P HSH F IR TAEE; 5B
A E BB Sa~5j FIEE T, HL2EALREAE 6 36.5 A4
HEL T —NE, NEINFE B C R R, FIR
WER R A T b N, X S5 IREE 458 )

PN
=8

1.2.3 B ALY dh R s M HT

CLEFPRICEDD 4d(S AR S HBR 77T S8 S A s
Jf, CCDC: 2075823) 9, H44¥ i 78 7 Vi A L REANK
(V2 V=80 : 20)HIR-A M. il B AR K IES 2L
00375 B 11 dnt DR BT 4, 3 R o XS 2R AT S e A A3 21 H b
WE 4d 1157 F KN CioH7F3No, 2078 M,=236.20,
Triclinic, P-1 Z=[AEE. WS %0 @=9.2418(6) nm, b=
10.7743(7) nm, ¢=12.0462(7) nm; a=72.010(2)°, f=
73.121(2)°, y=88.204(3)°, ¥'=1.08945(12) nm?; D,=
1.440 g/em?®; Z=4; F(000)=480.0; x=0.123 mm !. Ffk
SERE IE IS ) — 3R T R=0.0485, wR=0.1150. AR
X FR B C B AT AR B MR A AL W4y T 451,
1 Frw.

&9 4c. de~4f. 4h~4k 117 T 4585 4d AL,
HBAA R B S BEE S8 CCDC %75 LU 59y T 451 ]
TEAHBIA R TG 1B,

CLEFRGEDD Sg( i A2 W BE 47T S d A s
&, CCDC: 2075859) /91, K Hf it 78 50 W ARAE L BEAIIK
(80 120, V: MENEAEEIF, @it BREREREL
375 B 1 et DR BT 4, 38 B i X ERATE 0, HARfb
&Y 5g 19 TN CHsCIFN,, 70 78 M,=234.65,
BRb R, P2y/n AR, WS HC 0=3.89690(10) nm,
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B 1 4d (K57 T4

Figure 1 Single molecule structure of compound 4d
b=23.4679(8) nm, ¢=11.6201(4) nm; a=90°, f=
92.1530(10)°, y=90°, ¥=1.06193(6) nm?;, D,=1.468
g/em?®; Z=4; F(000)=480.0; x=0.343 mm . FHikZ5H)
1B 1E & [ — 8 R T R=0.0483, wR=0.1304. LA FR
F T BT MR EF R A2 AL G0 73 74540, a2 Fr
Y

B2 5g T4

Figure 2 Single molecule structure of compound 5g

b5 5a. 5¢~5f. 5i~5j 45K 5 5g AL, HAk
(1 ER S 240 CCDC %5 LA K o) - 451 EITE Rl Bh
MR A VEZH 9.

DLHFMEEY) 4d 71 5d 9f), @ 5 S5 R mT DUE
H 4d 1) C—C BEEKAE 0.1364(3)~0.1493(3) nm, C—F
e KAE 0.1330(2)~0.1338(3) nm [, ALIGER (K
C—N 4 K AE 0.1337(2)~0.1367(2) nm 2 [f], C=N g
BEKN 0.1144(3) nm, B C=N 82 S H A B A 1E
104.84°~127.71° 2 [i]; 5d 1] C—C K AE 0.1368(2)~
0.1496(3) nm 2 [A], C—F f4#KAE 0.1318(3)~0.1344(3)
nm 2 Ja], MR EA C—N S KA 0.13492)~
0.1366(2) nm [, C=N KN 0.1144(2) nm, F&
C=N i 2 SO AR AT 104.6°~127.65°2 8], HL#
BE R I, TEMEns IR0 5] N F 2 T s 45 D TR G
BRI R, e AR EE X 1R &
ZER LA K, HUEERE Rt m, X5 5 SE
RE MG HETEM H R FHER)E, SEESE
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SEREURAT D S A AR 1R 2 TR INFRE,
IR MR 0 35 PR T S A B R — R a5
1.3 HIELEMEMNR

MK AL & W 6 7K 78 % R T (Fusarium monili-
forme)~ IKFELUKL I B (Rhizoctonia solani)~ &I
(Pyricularia oryzae)~ B JlNA 2295 1 (Fusarium oxysporum
f.sp. cucumerinum) F-K & AR J& 3 B (Fusarium oxyspo-
rum) 5 PP R B ROAEE VA, MRS Rk 2 FoR, 1E
10 mg/L IRFEZAME T, (LAY 4b. de. 4d. 4g. 4h KR
7B TR 2203 R 2 AP 4 o TR S50 20 I HH R A U i 4
B, HA k&Y 4b. 4d. 4h SRR TR B GI0H] R
3N 94.42%- 93.42%- 93.75%, HEIL T BH X HE G
R G NI R 93.33%, [FIIS &40 g S /KR i 993 b
M R IL ] T 89.04%; L&Y 4b. 4c. 4d. 4g.
4h Xf 7K AB SR R M 2653 A 93.50% 94.24%.
93.42%. 93.58%-. 93.50%, AT T H X A Fs T A
PRI 26 93.33%; SRR BRI K AR B 1R, B9
da~4i PRI LT AR R, FLADH 2 2 H0s T
PEXT IR A0 2. (E 1 mg/LIRBESE R, &% 4b.4c.
4d. 4g. 4h XTER T 2R Z00 B 2 A1) 4 i e 4
2RI BT BRAR, AEAR SR 5043 4b & 4 )4 ) 2R S5 BH
SRR, HEEY) 4g A1 4h X ARFHEIR B 4MH R
BN 65.00% F1 74.62%, 76 =y T FH P X R ) 90 B R
54.28%. WA 4g X R AR B B4 2202 83.56%,
[FE T P AR 28 77.92%. E i RV &
YRR SRR, LR EY) 4g A 4, ISR
I B A B 1, (A RN AT, i SR e 4
BAVINMEED) 4g R SCHERIGE T 28 i, R
EWAY) da~ak TP ERLAY) 4g MR A H 4Rk
EW, AEAT AR YE R 2 HOR Y SCRROE, R
S AR P IR 2 B % R A BT R — A
FEMAN AU, KR AY an IE R A AR
(IG5 RE, RIS A R 00T AR AR P R B IE 7 4005 v
MR LT FEE.

b &9 5a~5j BT 5a. 5b Al 5i 4k, HiAth 7 MEA
VDI AME SCRRARE I (1 A A9, I B 2 Sk
&, 1E 10 mg/L IRERMT, Sa~5j X6 T /KRGS
DAAM 4 Fh B 14 2 ARk 2] 50%E R FEAL, HEK
MVR I K AL B I, LAY Sa. Sb. Se. S5g. Si
I 2R 0] 43 BIK B 75.55%- 75.07%- 59.85%- 53.24%-
59.81%, il 50%EE 2IAF] 75%17K 3, X IE2
BT AEMEE IR B 5| NI H], SBULA YRS R A
BE Ak, VI UEZRIEAYIN AL IR 1)
IRFEIE S R A W) KRGS T B A — e 1 — M,
BNV DAL T 7 ).
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Table 2 Bactericidal activity test results of the phenylpyrrole compounds

Fusarium monili- . . . Pyricularia Fusarium oxysporum .
Rhizoctonia solani . Fusarium oxysporu
Compd. forme oryzae f.sp. cucumerinum
10mgeL ' I1mgeL ! 10mgel ' ImgLl™! 10mgL ! ImgL ! 10mglL !1mglL"! 10 mgeL ' 1 mgeL ™!
4a 80.01 28.78 83.75 54.76 56.71 7.46 6.94 4.16 84.61 53.84
4b 94.42 71.71 93.50 80.51 50.00 413 7.04 2.11 91.55 77.27
4c 63.88 4422 94.24 66.82 90.71 45.71 20.39 2.63 91.42 74.28
4d 93.42 77.63 93.42 79.6 87.85 46.42 6.08 4.72 84.86 71.71
4e 39.22 4.71 83.93 63.6 74.26 6.61 20.25 9.49 92.14 41.42
4f 10.49 1.01 65.27 28.43 58.33 2.08 8.02 3.08 71.23 6.16
4g 89.04 84.24 93.58 80.12 91.42 65.00 27.84 7.59 91.78 83.56
4h 93.75 90.00 93.50 72.07 79.85 74.62 48.00 13.33 64.28 12.33
4i 72.65 36.47 56.90 23.49 77.61 38.80 19.33 5.33 88.66 52.66
4j 10.01 0.79 20.76 1.23 0.00 0.00 7.40 2.46 6.84 4.10
5a 13.28 0.03 75.55 57.4 0.00 0.00 9.02 5.55 28.87 2.81
5b 32.87 1.78 75.07 46.54 17.60 6.33 9.85 4.92 32.66 17.33
5¢ 32.66 3.99 47.65 8.93 21.64 8.20 12.83 3.37 29.87 16.23
5d 19.79 1.00 35.96 3.73 25.71 15.71 16.44 10.52 31.33 13.33
Se 18.95 1.42 59.85 12.80 21.21 6.06 12.00 6.00 15.78 5.92
5f 10.12 0.71 22.51 0.74 15.97 13.19 10.52 1.97 7.63 4.86
5g 17.33 5.33 53.24 20.77 13.23 2.20 7.33 4.66 16.66 9.33
5h 31.69 20.42 28.84 26.92 9.23 4.61 11.42 6.42 22.30 20.00
5i 15.04 1.91 59.81 25.72 36.42 7.85 25.32 12.33 38.46 7.69
5j 8.39 0.83 22.00 2.00 4.47 1.49 5.40 3.37 15.13 4.60
Fludioxonil®  93.33 92.00 93.33 93.33 55.00 54.28 40.14 9.15 83.76 77.92

“The data in the table represents the average value for three replicates of the compound inhibition rate against different bacteria (%). ? Used as a positive control.

1.4 CoFMA &I 531

=4 B AR R (3D-QSAR)H A AL i 1 25 )
Bt ik —, B i =R AN T DSBS 35 E
7~ H IR a4k, 22 S5 0 (R A R T AR s 1 4 v,k
Mg de A SR 254, [RS8 R LFR AR ARL
SERA GG . A SO T TT R H T R A g S B
A, a5 1.3 FHEEENRSG R, RS 775
3% 43 #1 (Comparative molecular force field analysis,
CoMFA)J7 X H A& W04 KRB SO o B i PR EAT
12 3D-QSAR 43 #r, #EAL T A8 XIS UE R (g3 N 0.503.
HRAE TR BN 9 5. AR RUEA R R E ()N 0.974.
WEMRIRMEEN 81.345. brEfhTHRZEMS) N 0.219
(1) CoMFA 58!, 3k 3 . — M1 &, ¢>>0.5 K%
BRI RGBT EE 77, » F FAERCR, s {80/, A
RAUA e TRk a4,

3 CoMFA (IG5 R
Table 3  Statistical results of CoMFA analysis

e P e 5 e Co-ntribution% .
Steric Electrostatic
0.503 5 0974  0.219 81.345 0.542 0.458

¢ Leave-one-out cross-validation correlation coefficient;  optimal number of
components; ¢ non-cross-validation correlation coefficient; ¢ standard error of
estimate; ¢ significant test value.

RN, Wik 4 Prongath THEY) 4a~5) KK
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pECso (AT pECso B, H EITIE 3 frow, B £idis
WERAF, R* N 0.99377, XLEEE JR IZ AR 247 R4
i, HRARGR A TN e /1),

£4 AL EENNR pECso {55 7l pECso fH «

Table 4 Experimental pECso value and predicted pECso value
of target compounds

Compd. Experimental pECso Predicted pECso Residue
4a 2.408 2.504 —0.096
4b 3.581 3.504 0.077
4¢ 2.774 2.691 0.083
4d 2.882 3.101 —0.219
4e 2.801 2.818 —0.017
4f 1.705 1.641 0.064
4g 3.201 3.434 —0.233
4h 4.876 4.693 0.183
4i 1.487 1.582 —0.095
4j 0.789 0.766 0.023
4k 2.950 2912 0.038
5a 1.814 1.932 —0.118
5b 2.062 2.028 0.034
5¢” 1.890 2.039 —0.149
5d 1.264 1.325 —0.061
Se” 1.532 1.557 —0.025
5f 0.847 0.697 0.150
Sg 1.994 2.111 —0.117
5i 1.397 1.294 0.103
5§ 0.735 0.820 —0.085

© 2021 Chinese Chemical Society & SIOC, CAS

a*” Test set.
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.l Y = 0.98731x + 0.050207

n R? =0.99377
0 1 1 1 1 1
0 1 2 3 4 5

Experiment

B3 CoMFA ATl pECso 4552 FR pECso AR
Figure 3 Predicted pECso values of CoOMFA model vs. experi-
mental pECso values

—AEEREE 4 For, 2SS A I I TTR R
3N 54.2%F0 45.8%, U X% R Y E P
By S o), gt R 0 X AR R 35 808, ks
T 0 DI 1) S TR AR, 398 4 £ X3 1) 2 () AR B T
Bt ST, X ARIRIRATATEZRIA M) 5 A 3G
BRI S 2 A7 XA EAR 45 44, 361 32 m s
PE; AN (B X IR R I RN, 7E = 4E 553 K
M IR CN PR SR 20 60, MR 3R S IR R 5T 40 B
NI, X IR A XN AT, X
N IF LA R AR JE A B T 438 0k & 9 vk 1 1 451 52 4
WG, XNESEMRI GBIt EENE SR
S Bltn, FEFIR 3N EAR I A B AR ER ) N A7
N7 FHRB, XA T RS TR

B4 SR =4E55AE
Figure 4 Three-dimensional equipotential map of the model

2 Zhig

CABCAR 28 O IERHBE T S B T 21 AN IRIENE S
Ry, WEAH 16 NHEARMLGYREAT TR AN
k. HA &Y 4g. Sc~5h. 5§ AR SCERARIE 4
Waswy, B R AL & ) 5K AR AN AR 4
(R KA A S MRSV R B A RS, Xt 5 Fl
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95 R B A WA E A S R B 7E 10 mg/L IR
T, L&Y 4b, 4c, 4d, 4g, 4h XKFRE R E . KRS
R ER AR B K AR B B I R I B B &
TR R HTERCR, THENEY) 4g, £ 1 mg/L
WREEAAES, KRR IP B R R R JE 95 F 0 i 2 40 1)
65.00%F1 83.56%, =T FHPEXTHET) 54.28%F1 77.92%.
KUEEY) 4g BAR RS ERE, TR
RUnE g AR 245 1) e SAL S T IR A A, T N o7 FR 2
BRI &1 R 0 /K B SO s B 3R I H Lo — B0 R 7%
M, IEF) TR N L BUREENHZ 254k &4 Vi v
HYE ). [, ST R G KRS SOR 8 1 6
AW, KF CoMFA E5F 20 MUY HI /K FE ORI B8 i
PEHEAT I () 3D-QSAR WF %, EESL T —NA AIK
CoMFA #i#(42=0.503, 2=0.974), B T B I r i
Ae 71, =4S 35 E Hh BT IR 2 R 37 25500 RN L3 RN
Yz E A — Pt T EE NS E
X.

3 B
3.1 R 5EH

Bruker-400 ZUA% LRI [Bruker, #E[E, LA CDCls
B F L BN (DMSO-do) (E I 57, = FEEKE 5 (TMS)
MFR]; B RORA (A LC-20A(K i, HA), f# B8
e 41 A1 6 AL -FTIR-8400S (5 3, H AS); 5 4 JH i i
1%-Q-Exactive (HRMS) Orbitrap(ZEER K, 2£[H); M70 4
Hah i s A Bl mL, ) Jo & 75 Hr A vario
MACRO cube (Elementar, f[E). = ZJFEN 2-5 A H
M 2-5-3-oR S R 2R R &1 HARIK
B Rk 2l sk 4t

F A E WAL R B =y 9 B (HPLO) A, W)
A7 V25 AR —iE; OGS T 6 Cis R
AREIRHE, B 230 nm, JBIAHN V(SRS VB K,
WEER A AR 0 50N 0.5%)=80/20, 3% 1.0 mL/min.

32 ZWHE
32,1 PIEAR 2 696 A%

PR PR 2¢ ), TE3SAIRETE. Bikas . Fme
HEE I 250 mL DY R 2R 80 mL LB, 18.5 g (0.1
mol) 2-IR A HIEE . 9.24 g (0.11 mol)F I 4 WEfZ 1 5.01 g
(0.11 mol)EER& %, 0.3 g = ZIEFILRER(TEBA), Ik
[ 2 h, SRJE 0N 100 mL /KB 30 min, 4T H 75
Fl| E-3-(2-1R IR HE)-2-F A A iz (2¢) 15.73 g, EIEAfH
R, 4ifE 97.5%, W 62.7%. mp. 1944~1948 C
(lit.27 178.0 ‘C); 'H NMR (400 MHz, DMSO-ds) o:
7.66~7.41 (m, 2H), 8.18~7.68 (m, 4H), 8.30 (s, 1H). T+
(44 2a, 2b, 2d~2k (& 5SS 2¢ HF.
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E-3-(Q2-98 AR KE)-2- L NI e iz (2a): ([l 4K, 46
FEN 97.5%, WA 70.4%. m.p. 138.6~139.5 C (lit."
142~143 “C); 'H NMR (400 MHz, DMSO-ds) &: 7.42
(dd, J=13.0, 5.4 Hz, 2H), 7.65 (dd, J=13.9, 7.1 Hz,
1H), 7.95 (d, J=74.5 Hz, 2H), 8.09 (t, J=7.7 Hz, 1H),
8.26 (s, 1H).

E-3-(2-FRH:)-2-F L N G E(2b): Bt A, 4iRE
A 98%, WHEN 95%. mp. 164.5~165.1 C (lit.>
166~167 °C); '"H NMR (400 MHz, DMSO-ds) J: 7.62~
7.50 (m, 2H), 7.66 (dd, J=7.9, 1.2 Hz, 1H), 7.99 (dt, J=
37.2,25.2 Hz, 3H), 8.36 (s, 1H).

E-3-Q2-( = F 38 8- 2-F I W IG I Z 2d): A
[ &, 268N 97.2%, WA 40%. mp. 129.7 ~
129.8 °C; 'H NMR (400 MHz, DMSO-de) 6: 7.76 (t, J=
7.7 Hz, 1H), 7.99~7.81 (m, 4H), 8.07 (s, 1H), 8.41 (d, J=
2.1 Hz, 1H). HRMS (ESI) calcd for C1HsF3N,O [M+H]"
241.0583, found 241.0583.

E-3-(2-F BE R A0 2- U TR A Tt e (2e): 11 € [T 44,
i fE N 98%, WE A 80.5%. m.p. 159.9~160.7 C
(1it.281 161.0~161.7 C); '"H NMR (400 MHz, DMSO-ds)
5: 2.38 (s, 3H), 7.40~7.31 (m, 2H), 7.48~7.40 (m, 1H),
7.82 (t, J=13.5 Hz, 2H), 7.98 (s, 1H), 8.35 (s, 1H).

E-3-(2- P AR DR R )-2- S0 05 TR 04 T i (2): 1 T
1, iR 97.6%, WEA 47%. mp. 160.3~160.8 C
(1it.BY 165~166 ‘C); 'H NMR (400 MHz, DMSO-ds) o
3.89 (s, 3H), 7.22~7.07 (m, 2H), 7.57 (t, J=7.3 Hz, 1H),
7.81 (d, J=54.1 Hz, 2H), 7.99 (d, J=7.3 Hz, 1H), 8.40 (s,
1H).

E-3-(2-5-3- 2K Bk )-2- U0k TN 4 B i (2g): 1 0[]
1A, 4N 98%, WA 74.1%. mp. 158.7~159.4 C;
'H NMR (400 MHz, DMSO-d¢) 6: 7.67~7.55 (m, 2H),
7.83 (d, J=6.9 Hz, 1H), 8.01 (d, J=57.8 Hz, 2H), 8.33 (s,
1H). HRMS (ESI) caled for CioH,CIFN,O [M+H]"
225.0225, found 225.0226.

E-3-(2,3- UK HE)-2- FUEE U M Bt iz (2h): 1 (0 [
1A, 4N 99.5%, N 38.4%. m.p. 216.0~216.5 C;
'H NMR (400 MHz, DMSO-ds) 6: 7.57 (t, J=8.0 Hz, 1H),
7.87 (dd, J=23.5, 7.9 Hz, 2H), 8.01 (d, J=59.2 Hz, 2H),
8.35 (s, 1H). HRMS (ESI) caled for CioH,CLN,O [M+
H]" 240.9930, found 240.9930.

E-3-(2,3- W RR R AR 2- UL Y A Bk Jiz (21): 1 £ [
1, @ifER 97.7%, WEA 30%. mp. 169.0~169.2 C;
'H NMR (400 MHz, DMSO-ds) &: 2.25 (s, 3H), 2.29 (s,
3H), 7.23 (t, J=7.7 Hz, 1H), 7.33 (d, J=7.4 Hz, 1H), 7.56
(d, J=17.7 Hz, 1H), 7.88 (d, J=85.0 Hz, 2H), 8.42 (s, 1H).
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HRMS (ESI) caled for CoHisNoO [M+H]™ 201.1022,
found 201.1022.

E-3-(2,3- 2 FH A B R0 -2- B TN s o e (2): 7R 3%
AR, AN 98.7%, WX# A 30.9%. m.p. 1744~
175.1 °C; 'H NMR (400 MHz, DMSO-ds) : 3.81 (s, 3H),
3.86 (s, 3H), 7.34~7.19 (m, 2H), 7.61 (dd, J=7.8, 1.1 Hz,
1H), 7.86 (d, J=70.7 Hz, 2H), 8.33 (s, 1H). HRMS (ESI)
caled for C;HisN,O3 [M + H] © 233.0921, found
233.0919.

E-3-(2- -3 (= 960 ) 8 8 )- 2 - S5 TR s T e (2 ):
H A, SN 98%, IR N 35%. mp. 154.0~
154.6 ‘C; '"H NMR (400 MHz, DMSO-ds) o: 7.62 (t, J=
7.9 Hz, 1H), 8.17~7.85 (m, 3H), 8.27 (s, 1H), 8.33 (t, J=
7.2 Hz, 1H). HRMS (ESI) caled for C;1H7F4N,O [M+H]"
259.0489, found 259.0489.

322 HiruA 4 4a—4k 895

HrEAR 3 1A TS JEOCER[16) HARAEHdE 5 S
R — 2L

CLEARMEEY) 4c R, TERA IR BidEds. [
T . WORSF) 250 mL B9V R P3N 50 mL
FE, INNHIEA 2¢ 3.95 g (0.016 mol)F1 3.1 g (0.016
mol) FA]{A 3 (TosMIC), 7EVKIE 264 R iR i 20 mL
FEAN 1.79 g (0.032 mol) KOH IR &, fE% IR
TN 3 h SRR ZEH R, I 50 mL KR 0.5 h,
o T S A R R A SRR R A E AR R 4-2-1R K
FE)-1H-ME % -3-fi5 (4e): 2.97 g, 4 96.8%, WK 75.2%.
m.p. 139.4~140.5 “C; '"H NMR (400 MHz, DMSO-ds) 9:
7.10 (s, 1H), 7.26~7.32 (m, 1H), 7.37~7.447 (m, 2H),
7.66~7.77 (m, 2H), 11.93 (s, 1H); *C NMR (101 MHz,
DMSO-ds) 6: 134.01 (s), 132.96 (s), 131.89 (s), 129.27 (s),
127.71 (s), 127.19 (s), 124.43 (s), 122.99 (s), 119.49 (s),
116.63 (s), 92.14 (s); IR (KBr) v: 3278, 2220, 1452, 1027,
754, 749 cm !. Anal. calcd for C;;H;BrN,: C 53.47, H
2.86, N 11.34; found C 53.41, H 2.83, N 11.22. Hizxtb&
Y) 4a. 4b. 4d~4k PG BCPIRE 4 MHIA.

4-Q2-FF R EL)- 1 H-ME % -3- i (da): B [EAAH K, 46
& 98%, WK 98%. m.p. 104.2~104.5 ‘C; '"H NMR (400
MHz, DMSO-ds) 6: 7.21 (d, J=1.7 Hz, 1H), 7.24~7.39
(m, 3H), 7.62 (td, J=7.7, 1.5 Hz, 1H), 7.74 (s, 1H), 12.01
(s, 1H); 3C NMR (101 MHz, DMSO-dq) d: 158.83 (d, Je.r
=246.1 Hz), 129.48 (d, J=3.5 Hz), 128.71 (d, J=8.2 Hz),
128.34 (s), 124.66 (d, J=3.5 Hz), 120.88 (d, J/=14.3 Hz),
119.89 (d, J=6.5 Hz), 118.38 (s), 116.96 (s), 115.94 (d,
J=22.2 Hz), 90.76 (s); IR (KBr) v: 3274, 2223, 1463,
1220, 814, 744 cm ™ !. Anal. caled for C;;H;FN,: C 70.96,
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H 3.79, N 15.05; found C 70.48, H 3.66, N 15.55.

4-(2-FRIHL)-1 H-IE s -3-JiE (4b): H AR R, 4l
£ 98.5%, W% 75.1%. m.p. 130.5~131.2 ‘C; '"H NMR
(400 MHz, DMSO-ds) 6: 7.14 (s, 1H), 7.28~7.60 (m, 4H),
7.71 (s, 1H), 11.96 (s, 1H); 3C NMR (101 MHz, DMSO-
ds) 0: 132.14 (s), 131.92 (s), 131.65 (s), 129.83 (s), 128.96
(s), 127.44 (s), 127.24 (s), 122.49 (s), 119.75 (s), 116.69
(s), 92.04 (s); IR (KBr) v: 3283, 2220, 1455, 1085, 749,
729 cm™'. Anal. caled for C;1H;CINy: C 65.20, H 3.48, N
13.82; found C 65.25, H 3.66, N 13.55.

4-2-(Z 5 )R- 1 H-ME g -3- 5 (4d): il ik
AR, 4 98%, WFE 50%. m.p. 100.7~102.5 C; 'H
NMR (400 MHz, DMSO-ds) J: 6.98 (s, 1H), 7.46 (d, J=
7.6 Hz, 1H), 7.59 (t, J=7.7 Hz, 1H), 7.74~7.68 (m, 2H),
7.82 (d, J=7.8 Hz, 1H), 11.92 (s, 1H); 3C NMR (101
MHz, DMSO-ds) d: 133.07 (s), 132.17 (s), 128.12 (s),
127.78 (s), 127.05 (s), 126.04 (q, J=5.6 Hz), 125.40 (s),
122.68 (s), 122.39 (s), 119.28 (d, Jor=2.8 Hz), 116.38 (s),
92.64 (s); IR (KBr) v: 3285, 2222, 1313, 1035, 770, 755
cm !. Anal. caled for C;oHsF3N2: C 60.61, H 3.00, N
11.71; found C 61.02, H 2.99, N 11.86.

4-(2-FZREL)- 1 H-ML g -3- i (de): I EE Aok R, 4l
£ 98%, WO 46%. m.p. 114.3~115.2 °C; 'H NMR (400
MHz, DMSO-ds) : 2.29 (s, 3H), 7.01 (t, J=2.2 Hz, 1H),
7.16~7.34 (m, 4H), 7.60~7.76 (m, 1H), 11.86 (s, 1H);
3C NMR (101 MHz, DMSO-ds) 6: 135.79 (s), 132.74 (s),
130.26 (s), 130.01 (s), 127.21 (s), 127.19 (s), 127.16 (s),
125.71 (s), 125.07 (s), 118.78 (s), 117.17 (s), 91.84 (s),
20.22 (s); IR (KBr) v: 3248, 2224, 1523, 1088, 764, 753
cm . Anal. caled for C1oH;oN»: C 79.10, H 5.53, N 15.37;
found C 79.00, H 5.74, N 15.21.

4-(2- FVEA FE IR 3E)- 1 H- T % -3- 1 (4): 1 €5 ] 448y
K, 40P 97.7%, WIF 41.9%. m.p. 134.9~1352 C; 'H
NMR (400 MHz, DMSO-de) 6: 3.79 (s, 3H), 6.98 (td, J=
7.5, 0.9 Hz, 1H), 7.0~7.15 (m, 2H), 7.22~7.31 (m, 1H),
7.43 (dd, J=1.5, 1.6 Hz, 1H), 7.56~7.70 (m, 1H), 11.78
(s, 1H); 3C NMR (101 MHz, DMSO-ds) J: 156.07 (s),
129.17 (s), 128.19 (s), 127.30 (s), 121.93 (s), 121.29 (s),
120.42 (s), 119.41 (s), 117.48 (s), 111.48 (s), 91.37 (s),
55.21 (s); IR (KBr) v: 3260, 2216, 1523, 1025, 792, 760
em ', Anal. caled for CioHioN,O: C 72.71, H 5.09, N
14.13; found C 72.11, H 5.24, N 13.86.

4-(2-F-3- T AR I )- 1 H-ME 0 -3- 15 (4g): A €[] 444
K, 4ifF 97%, BK 87.5%. m.p. 134.0~134.5 C; 'H
NMR (400 MHz, DMSO-de) d: 7.21 (d, J=2.0 Hz, 1H),
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7.27~7.34 (m, 1H), 7.36~7.48 (m, 2H), 7.75 (d, J=2.0
Hz, 1H), 12.05 (s, 1H); *C NMR (101 MHz, DMSO-d) J:
157.90 (d, Jer=245.7 Hz), 134.26 (s), 128.31 (d, J=8.8
Hz), 127.76 (s), 127.03 (d, J=2.8 Hz), 121.20 (s), 120.17
(s), 118.96 (d, J=17.4 Hz), 116.48 (s), 115.48 (d, J=21.6
Hz), 91.97 (s); IR (KBr) v: 3284, 2224, 1443, 1086, 795,
770 cm !, Anal. caled for C;HsCIFN,: C 59.88, H 2.74, N
12.70; found C 59.05, H 2.72, N 12.38.

4-(2,3- EUORTL)-1H-ME % -3- JiF (4h): = 5[] 44 8
K, 4ifE 99.5%, WHE 78.4%. mp. 150.0~1503 C
(1it.BY 152~153 “C); 'H NMR (400 MHz, DMSO-ds) &:
7.19 (d, J=1.7 Hz, 1H), 7.37~7.45 (m, 2H), 7.60~7.66
(m, 1H), 7.74 (d, J=1.6 Hz, 1H), 12.04 (s, 1H); 3C NMR
(101 MHz, DMSO-de) 0: 134.45 (s), 132.38 (s), 130.43 (s),
130.35 (s), 129.55 (s), 128.10 (s), 127.57 (s), 122.32 (s),
120.08 (s), 116.46 (s), 92.06 (s); IR (KBr) v: 3298, 2224,
1459, 1086, 782, 765 cm™ '. Anal. caled for C;;H¢CLN,: C
55.73, H 2.55, N 11.82; found C 55.56, H 2.52, N 11.72.

4-(2,3- T HI R ER)- 1 H-IE s -3- 5 (4i): LR 408 K,
4l 98.2%, ULH 77.6%. m.p. 150.9~151.7 C; 'HNMR
(400 MHz, DMSO-ds) J: 2.17 (s, 3H), 2.28 (s, 3H), 6.92 (s,
1H), 7.10 (ddd, J=15.1, 9.7, 6.6 Hz, 3H), 7.67 (s, 1H),
11.83 (s, 1H); '*C NMR (101 MHz, DMSO-de) J: 136.74
(s), 134.58 (s), 132.90 (s), 128.81 (s), 128.08 (s), 126.93
(s), 125.91 (s), 125.14 (s), 118.63 (s), 117.11 (s), 92.24 (s),
20.35 (s), 16.55 (s); IR (KBr) v: 3302, 2225, 1518, 1146,
744, 727 cm ', Anal. calcd for Ci3H1oN2: C 79.56, H 6.16,
N 14.27; found C 78.58, H 6.35, N 13.95.

4-(2,3- I TR I )- 1 - -3- i (4g): 3 (0 4
WK, 4iRE 96%, W 26.5%. m.p. 122.9~123.5 C; 'H
NMR (400 MHz, DMSO-ds) 6: 3.61 (s, 3H), 3.83 (s, 3H),
7.00 (dd, J=6.4, 3.3 Hz, 1H), 7.06~7.13 (m, 2H), 7.15 (d,
J=1.6 Hz, 1H), 7.67 (d, J=1.3 Hz, 1H), 11.85 (s, 1H); 1*C
NMR (101 MHz, DMSO-ds) &: 152.94 (s), 145.87 (s),
130.16 (s), 128.90 (s), 127.31 (s), 123.93 (s), 120.89 (s),
119.40 (s), 117.38 (s), 111.75 (s), 91.11 (s), 59.68 (s),
55.73 (s); IR (KBr) v: 3306, 2219, 1470, 1002, 791, 745
cm . Anal. caled for C;3H;2N.O»: C 68.41, H 5.30, N
12.27; found C 67.62, H 5.42, N 12.08.

A-(2-F-3-( = H I8 I - 1 H-mE s -3- i (4k): (I Ea
[ A48y oK, 4l 98.3%, W% 55.6%. m.p. 1443~
144.6 ‘C; 'H NMR (400 MHz, DMSO-ds) d: 7.34 (s, 1H),
7.48 (t, J=7.8 Hz, 1H), 7.71 (t, J=7.0 Hz, 1H), 7.80 (s,
1H), 7.93 (t, J=7.3 Hz, 1H), 12.15 (s, 1H); *C NMR (101
MHz, DMSO-ds) 0: 155.56 (d, Jer=255.1 Hz), 134.25 (s),
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128.73 (s), 125.55 (d, J=4.3 Hz), 125.11 (d, J=4.3 Hz),
124.09 (s), 122.61 (d, J=13.5 Hz), 121.39 (s), 120.65 (d,
J=6.4 Hz), 117.41 (dd, Jer=32.0, 12.8 Hz), 116.61 (d,
J=21.7 Hz), 90.95 (s); IR (KBr) v: 3254, 2232, 1530,
1146, 784, 738 cm ™ '. Anal. calcd for Ci3H12N2O»: C 56.70,
H 2.38, N 11.02; found C 56.30, H 2.40, N 10.96.

3.2.3  HARLAH) Sa~5) 496 %

TEREA IR BERERS . AR . R H
250 mL U0 D3R A 3 N 50 mL N,N- - B 3 FR R A
(DMF), JIIA 4-(2-1RZKFE)-1 H-ME-3-f5(5¢) 2.47 g (0.01
mol), 1.1 g (0.0075 mol)BERHH, VKift 10 “C Fihn 2.84
g (0.02 mol) FH A, N 5E7E IR AC I R R 1 h 5k
JE 7% HU K ER 4 DMF, I 50 mL /K$FE$E 0.5 h, L1145
S FH P 3 45 A5 31 1 [ AR R 4-(2- 1R IR HE)-1- Y -
g -3-1i5 (Se) 1.95 g, 48R 97%, W 74.7%. m.p.
66.9~68.3 ‘C; '"HNMR (400 MHz, DMSO-ds) J: 3.72 (s,
3H), 7.11 (d, J=2.2 Hz, 1H), 7.29 (td, J=7.9, 1.9 Hz, 1H),
7.42 (dtd, J=9.4, 7.6, 1.4 Hz, 2H), 7.66 (d, J=2.2 Hz,
1H), 7.73 (dd, J=8.0, 0.8 Hz, 1H); 3C NMR (101 MHz,
DMSO-ds) 8: 133.66 (s), 133.00 (s), 131.77 (s), 130.10 (s),
129.39 (s), 127.76 (s), 124.81 (s), 123.22 (s), 122.82 (s),
116.21 (s), 91.86 (s), 36.49 (s); IR (KBr) v: 3132, 2223,
1529, 1155, 811, 743 cm . Anal. caled for C;oHoFN,: C
55.20, H 3.47, N 10.73; found C 54.85, H 3.43, N 10.57.
HArb &4 5a. 5by 5d~5j &KL RS 5c .

A-(2-FR IR FE)-1- H JE- ML -3- T (Sa): 1 (8 [ 4K oK,
4l 97.5%, W 60.5%. m.p. 75.2~76.2 ‘C; 'H NMR
(400 MHz, DMSO-de) 0: 3.73 (s, 3H), 7.22 (t, J=2.1 Hz,
1H), 7.24~7.40 (m, 3H), 7.61 (td, J=7.8, 1.7 Hz, 1H),
7.71 (d, J=2.2 Hz, 1H); *C NMR (101 MHz, DMSO-ds)
9: 158.73 (d, J=246.3 Hz), 131.17 (s), 129.22 (d, J=3.4
Hz), 128.85 (d, J=8.3 Hz), 124.71 (d, J=3.4 Hz), 123.58
(d, J=6.9 Hz), 120.49 (d, J=14.1 Hz), 118.67 (s), 116.51
(s), 115.98 (d, J=22.1 Hz), 90.42 (s), 36.53 (s); IR (KBr)
v: 3128, 2218, 1492, 1152, 820, 777 cm '. Anal. calcd for
CiHoFN,: C 71.99, H 4.53, N 13.99; found C 70.06, H
4.59,N 13.39.

4-(2-5 AR IE)-1-F ML -3 (Sb): A Eu 40k &R,
4l 98.6%, W 66.4%. m.p. 85.5~86.7 ‘C; 'H NMR
(400 MHz, DMSO-ds) 0: 3.72 (s, 3H), 7.15 (d, J=2.1 Hz,
1H), 7.39 (dqd, J=14.0, 7.3, 2.3 Hz, 3H), 7.53~7.58 (m,
1H), 7.68 (d, J=2.1 Hz, 1H); *C NMR (101 MHz,
DMSO-ds) 6: 131.99 (s), 131.55 (s), 131.48 (s), 130.34 (s),
129.86 (s), 129.06 (s), 127.28 (s), 123.49 (s), 122.81 (s),
116.27 (s), 91.71 (s), 36.51 (s); IR (KBr) v: 3131, 2212,
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1471, 1158, 815, 763 cm™!. Anal. caled for C;,HyCIN,: C
66.52, H4.19, N 12.93; found C 66.35, H 4.29, N 12.78.

A-(2-( =5 AR ) R )- - H I 31 (5d): LB
AR A, 40 97%, IH 69.2%. m.p. 96.9~98.1 C;
'H NMR (400 MHz, DMSO-ds) 0: 3.72 (s, 3H), 6.99 (s,
1H), 7.44 (d, J=17.6 Hz, 1H), 7.60 (t, J=7.7 Hz, 1H), 7.67
(d, J=2.1 Hz, 1H), 7.72 (t, J=7.6 Hz, 1H), 7.83 (d, J=7.7
Hz, 1H); 3C NMR (101 MHz, DMSO-ds) J: 132.99 (s),
132.23 (s), 131.71 (s), 129.98 (s), 128.24 (s), 127.81 (d,
J=28.9 Hz), 126.06 (q, Jcr=5.3 Hz), 125.36 (s), 123.05
(d, J=2.4 Hz), 122.73 (d, J=20.0 Hz), 115.96 (s), 92.34
(s), 36.46 (s); IR (KBr) v: 3127, 2219, 1510, 1131, 818,
772 em™ . Anal. caled for C13HoF:Ny: C 62.40, H 3.63, N
11.20; found C 62.07, H 3.69, N 11.02.

4-(2-FAORBE)-1-F B b g -3-fif (Se): 1 (A [ A4 M oK,
g 98%, UL 46%. m.p. 76.6~782 C (lit.B? 87~
89 ‘C); 'H NMR (400 MHz, DMSO-ds) 6: 2.29 (s, 3H),
7.01 (t, J=2.2 Hz, 1H), 7.16~7.34 (m, 4H), 7.60~7.76
(m, 1H), 11.86 (s, 1H); '*C NMR (100 MHz, CDCls) ¢:
136.88 (s), 130.02 (s), 129.90 (s), 129.54 (s), 127.74 (s),
126.31 (s), 119.89 (s), 116.93 (s), 91.11 (s), 36.95 (s),
21.17 (s); IR (KBr) v: 3128, 2214, 1524, 1153, 821, 756
em . Anal. caled for CioH oNy: C 79.56, H 6.16, N 14.27;
found C 79.50, H 6.37, N 14.16.

4-(2- FH AR L ORI )-1- FE LI -3- i (50): 11t i 4
WA, 4 97.7%, BE 40%. mp. 83.3~84.0 ‘C; 'H
NMR (400 MHz, DMSO-ds) 6: 3.69 (s, 3H), 3.80 (s, 3H),
6.98 (t, J=7.2 Hz, 1H), 7.10 (dd, J=13.4, 5.2 Hz, 2H),
7.25~7.32 (m, 1H), 7.43 (dd, J=7.5, 1.6 Hz, 1H), 7.60 (d,
J=2.2 Hz, 1H); 3C NMR (101 MHz, DMSO-dj) d: 156.00
(s), 130.23 (s), 128.96 (s), 128.32 (s), 123.29 (s), 121.68
(s), 121.55 (s), 120.43 (s), 117.05 (s), 111.51 (s), 91.03 (s),
55.22 (s), 36.39 (s); IR (KBr) v: 3129, 2214, 1494, 1155,
813, 764 cm '. Anal. caled for C3H12N,O: C 73.56, H
5.70, N 13.20; found C 73.07, H 5.82, N 13.01.

A-(2-F-3-FAIE)-1- FF BE- I -3- i (Sg): (1 il 4
MR, 46 97.9%, WH 63.4%. mp. 163.9~164.8 C;
'H NMR (400 MHz, DMSO-de) J: 3.73 (s, 3H), 7.22 (d,
J=2.2 Hz, 1H), 7.30 (dd, J=5.0, 3.3 Hz, 1H), 7.37~7.50
(m, 2H), 7.72 (d, J=2.2 Hz, 1H); '*C NMR (101 MHz,
DMSO-ds) 6: 157.90 (d, Jor=245.8 Hz), 133.87 (s),
130.66 (s), 128.38 (d, J=8.7 Hz), 126.86 (d, J=3.0 Hz),
123.87 (s), 121.51 (s), 118.83 (d, J=17.3 Hz), 116.07 (s),
115.60 (d, J=21.5 Hz), 91.65 (s), 36.57 (s); IR (KBr) v:
3131, 2221, 1448, 1156, 812, 788 ¢cm'. Anal. calcd for
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C12HgCIFN,: C 61.42, H 3.44, N 11.94; found C 61.41, H
3.48,N 11.84.

4-(2,3- ZEAREL)-1- LML -3- 5 (Sh): 1 Cu ] {4
¥R, 4ifF 99.5%, WE 94.7%. m.p. 189.5~190.4 C;
'"H NMR (400 MHz, DMSO-ds) 6: 3.73 (s, 3H), 7.19 (d,
J=2.0 Hz, 1H), 7.37~7.45 (m, 2H), 7.64 (dd, J/=7.6, 1.8
Hz, 1H), 7.71 (d, J=2.0 Hz, 1H); *C NMR (101 MHz,
DMSO-dy) : 134.06 (s), 132.43 (s), 130.47 (s), 130.30 (s),
130.19 (s), 129.65 (s), 128.16 (s), 123.77 (s), 122.60 (s),
116.05 (s), 91.76 (s), 36.55 (s); IR (KBr) v: 3131, 2221,
1411, 1161, 813, 791 cm™ . Anal. calcd for C;,HsCIN,: C
57.40,H 3.21, N 11.16; found C 57.52 H 3.37, N 10.92.

4-(2,3- R IR )-1-FEE-E i -3- i (5i): A (i 1
Wi, i 97.1%, I 20%. m.p. 98.7~99.8 C; 'H
NMR (400 MHz, DMSO-dy) 0: 2.17 (s, 3H), 2.28 (s, 3H),
3.71 (s, 3H), 6.92 (d, J=2.2 Hz, 1H), 7.04 (d, J=7.3 Hz,
1H), 7.07~7.18 (m, 2H), 7.63 (d, J=2.2 Hz, 1H); 13C
NMR (101 MHz, DMSO-ds) : 136.82 (s), 134.47 (s),
132.56 (s), 129.85 (s), 128.91 (s), 127.93 (s), 126.39 (s),
125.18 (s), 122.50 (s), 116.70 (s), 91.89 (s), 36.40 (s),
20.32 (s), 16.53 (s); IR (KBr) v: 3127, 2213, 1523, 1156,
816, 798 cm !. Anal. calcd for C4H14sN,: C 79.97, H 6.71,
N 13.32; found C 79.66, H 6.92, N 13.15.

4-(2,3- "SRR AL )-1- LI -3- 55 (5)):
4Ky R, 245 96.7%, YW 53.3%. m.p. 79.1~89.6 C;
'"H NMR (400 MHz, DMSO-ds) &: 3.62 (s, 3H), 3.71 (s,
3H), 3.83 (s, 3H), 7.00 (dd, J=7.5, 2.2 Hz, 1H), 7.03~
7.12 (m, 2H), 7.14 (d, J=2.2 Hz, 1H), 7.64 (d, J/=2.2 Hz,
1H); 3C NMR (101 MHz, DMSO-d) 6: 152.93 (s), 145.80
(s), 130.53 (s), 126.65 (s), 123.95 (s), 123.27 (s), 121.14
(s), 120.82 (s), 116.97 (s), 111.86 (s), 90.79 (s), 59.76 (s),
55.72 (s), 36.45 (s); IR (KBr) v: 3129, 2218, 1524, 1108,
799, 756 cm . Anal. caled for Ci4H14sN,O,: C 69.41, H
5.82, N 11.56; found C 69.14, H 5.98, N 11.46.

3.2.4  HAMLAY I E E R

R AR A R0 H AR A B P AT 40 TR A
TR DK T 9 B (Fusarium  moniliforme) 7KFEEL
K993 i (Rhizoctonia solani) F&I&J% W (Pyricularia ory-
zae) ¥ JNAL 2 B (Fusarium oxysporum f.sp. cucu-
merinum) MK G AR J& I # (Fusarium oxysporum) 5 T
J5 R W B AL £E TS B AR AR BL R 3R R
(DMSO-de) AT, B &AL G YIEC B RO R Y
I F . IS A DAL A 0 T TR TR 7 A e R A
=50%F1) 8 MREFLE, KAk &L RERMAC
KB PDA(L R - &b 8, ARG H2

Chin. J. Org. Chem. 2021, 41, 3560~3570

© 2021 Chinese Chemical Society & SIOC, CAS

Ja, BINCKRF R TR IR S 2R, f B EE
3R FEARE S mm B FLARAERT TR 4 d AR B A id
GOUHT I R R T LIRS 2R R, fEQ74+2) T
TEIRIGFRAE TR TR, NS R DMSO-ds M3 7R 3EH
TAXNE. R AN E R E AR, A
KA, SRIGE ] Origin 2018 #FHE T R Ab
B, FE S AR AR 2R EE BCso A (GR 4)F0
HHR R EL(r).
I Z(%) =W R T R B — AR R
HR)/ B EY R EAT) X 100%
3.2.5 CoMFA #A ¢y %

HE ) 20 S BAE AR T 3D-QSAR B AL, IF
4 LB MAF ) K FE SRR B 1) ECso fEEL 0N pECso 1
(—log ECso)**. HIEEFTA KI5 T 451 ECso I
pECsofH, 154 Frzx. 15648 H ChemDraw 19.0 £:1il {t,
EWEERE, T Sybyl-x 2.0 H1 FFI FH Minimize 54t L 7
TG =4e s if, aeE U SbritE 4.184
kJ/mol, i KIEACREL 10000 ¥k, EFRAE Tripos /137 K,
113 Gasteiger-Huckel Hifif, “KH Powell HE &1L
1k.

T 75Kl CoMFA J7iE# AR, % 20 ME &%
AL 5 01 BRI S I ZREE (Training set) FTIAR
(Test set). FHAMNRLE 4 N FEK 4 PLL*"RIR, &
9 SRR ST (— M EURE AR Hh AR v 1 d e 1) 20 )
FIAERET . SR)5 K Align database fBR, JT 9 S
WRaFHIAIELE, SRl IZERMNRE ST 75+
A, EHCRIBAR 731 A o B A 4.

HBh A4 8l (Supporting Information) FT & & H #nft
%) 'H NMR &, 3C NMR &, FTIR &, #5
TEE M ERAH RS . XL AT DL A 2 AT R sy
(http://sioc-journal.cn/)_F T %k,
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