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Design, Synthesis and Antifungal Activities of Novel
Quinazolinone Derivatives
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Zhang, Rui Wu, Run Chen, Yang
(Sichuan Engineering Research Center for Biomimetic Synthesis of Natural Drugs, School of Life Science and Engineering,
Southwest Jiaotong University, Chengdu 610031)

Abstract Plant pathogenic fungi have caused enormous yield and economic losses in agricultural production. In order to
discover effective antifungal agents, a series of 19 novel quinazolinone derivatives 7 were designed and synthesized based on
molecular splicing approach. The classical pharmacophore of amide was introduced into N-1 of quinazolinone skeleton. The
structures were confirmed by "H NMR, '*C NMR and HRMS. Preliminary in vitro antifungal test showed that the target com-
pounds exhibited moderate to favourable activities against six kind of plant pathogenic fungi at the concentration of 50 mg/L.
Compound 7a had significant inhibitory effects on Fusarium graminearum and Rhizoctonia solani with ECso of 12.727 and
12.413 mg/L, respectively, which were better than chlorothalonil (14.323 and 13.339 mg/L). Molecular electrostatic potential
of 7a indicated that the amide moieties located in the negative potential region and might generate hydrogen bond with target
amino acid residue. The above results provided an effective strategy for the development of quinazolinone antifungal agents.
Keywords quinazolinone; quinazolinone alkaloids; amide; antifungal activity; molecular electrostatic potential
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BRI RIR=Y), BA) Z M AEYEMES. flan, F&
2455 LR A HTIE 36 14 143 5 LUl Dichroine ) A1 5y 5 b L
A P AE H ) € )l B (Tryptanthrin, 1). T gk
il A2 iR R 25 B D& SR AT E AL, Peng 2571
THE R T R IR AT AR, REZ2HUERIE R
U IR AN B R TS . Wang SISV s e ik Ja 760 g e it 4 7
PHz, 1S H s &Y 80P s i B35 HOJG B R 24
PR, X IE AP EE PR AR, Liu SO0 e pk ik i 5 00Tt
TalE AT P, ZHCH PR TR AP B
(TSWV)IEEE T BH S HE.

W AR I e PR 2 — R E B 25304, T2 AR TR
2y, R, Wk B 2R B R U (Fluquinconazole,
1)1 A 42 1% Wb (Proquinazid)'0). 3 2% H A BT i v e A
T AR R FE R EE AT Li SR e R bR R 7Y R L
I T WSIBRIE ], E 5 H ARG s K FE Ak B Al
AR 15 02 993 TR PR30 1) it P B S P00 T B o) R 2 el e
Bao URAHIIRIH 28 A9HE, wih-A T RA01E =
2 ] P v M R 7 A2, % 22 P A A i L T R 4 R 1)
TR T e AL S AN RE T IR MO KRR K
W, A R 2 S (eI ER 1) Cos AL, Ci ALY
FIROR R RIE. W AR AR TV 2 R,
92 — i 8 L 24 0 3 A U, Wk e 2R R T R E B 24
WA A A L B A, 8] G R R I S ] 7
(SDHI, FF Wk Pt fi R 93 Ik e 55, 1), BA @R i)
PURTETE, P A 12 28 2R T 77 1 o 5 ik [ 14150,

R 2R AR “3R” a8, ik 451
AL FEEPER MR BRI S ASCCURARME
WA R ] A= 47 R Tt e 7% T 1) P o e o Bl 24 A
PEBEZ, RS TEZG 2 B HHE 5, K SDHI Ay
(I i P T b b 5] NBERZ ) Ny A7, WHFRE R T —
ROV AL 1-75 I Fk-2- 75 Fk-3- 2 L s e k-4 (1 H)- B 477 A&
Y 1B 1), X AR T AR E AT R AL, it
FAHT TP R T F 5%, e AR AR AL
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1.1 HEFSERUED T HERK

Hbrb &4 k£ Scheme 1 . =i
T, BELLERET (1) 5 £ (2) 7E AU P BB 75 21 Hh [E] 44
3,3 T 5 M# R R B R A 5, 5 5 &P
6 TEAIRRN = CIEMIER N IRSA R ERMGEY 7. B
FRALEW T o Co e —AFEdL, @ Skt b, Bris
HIALA VR TE epARUe), HE 2% & il R i f = 2, IR H
Forp— P30 A8 KA Rt R RLI 7).
1.2 B#r5FrI NMR L Ef#4r

AL Tm AFI(E 2). 75 "H NMR % & T, 6 8.10
(d, J=8.7 Hz, 2H)/2& 16 Hifll 18 A7 ML 2554 CH 1)
=514, 58.06 (d, J=7.7 Hz, 1H)A 5 K CH KW, o
7.55~7.52 (m, 3H) >}y 13, 15 #1119 {7 CH {5 5%, 6 7.21
WhZ R 7 A 11 AL CH S S IMESIE, 6 7.15 b=
FIEHy 6 A2 CH FIWICIE, 6 7.05 ZbXUEIHJE T 8 fi7 CH,
0 6.92 4b =& K 12 fi7 CH FIWL I, 6 6.69 &b Blg A 2
A2 CH MIWlicld; BT Co IR 4-BE AR AR R
K, R 20 A7 CH, P ANELE 2 (0] Jie e b 52 FH AN
EMA, HAEE S RAEMEME, 4308 6 425 (dg,
J=143, 7.2 Hz, 1H), 3.25 (dq, J=14.2, 7.1 Hz, 1H); §
1.29 (t, J=7.2 Hz, 3H)N 21 7 CH; HIW i, 78 13C
NMR i &, 6 162.12. mum%ﬁAﬁEmmwwﬁ
148.16~123.16 J& T 2R3 MEWy ARSI, § 68.51 4
Co HIWL WU, 6 41.20 2 Cao MRS IE, 6 13.64 29 Cay IR
v,
1.3 B#reedn 7 BHINEEM

HARME A 7 X 6 FAE 495 IR B0 B 10 2 A0 1 3
WK S1 FizR. 75 50 mg/LKET: HAR 75 6 A
97 iR L T 20 H R R A X K SUR IR B R
&, REZEHWAERINHIZRHAE 51.47%~73.50% [f],
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Figure 1 Design strategy of target molecules
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0 2 N R'-CHO (4 N
@6\/& * /\NHZ rt. ©\)J\H DCE ref(luz( )\ 1
H e} NH, ’ H R
1 2 o 3 5
5a R'=4-MeCgH,
/\ 1 = =
RZCOCI (6), Et3N N 5b R1 3,4,5 (Meo)3C5H2
° N )\R1 5¢ R'=4-Me,NCgH,
DCM, 0 °C tort. & 5d R'=4-NO,CgH,
R2Z X0 5e R'=CH(CHj3),
7
7a  R'=4-MeCgH, R2 = CgHs 7k  R'=4-Me,NCgH, R?=4-MeCgH,
7b  R'=4-MeCgH, R2 = 2-Thienyl 71 R'=4-NO,CgH, R2 = CgHs
7c  R'=4-MeCgH, R2 = 4-MeCgH, 7m R'=4-NO,C¢Hs;  RZ?=2-Thienyl
7d R'=3,4,5(Me0);CgH, RZ=CgHs 7n  R'=4-NO,CgH;  R®?=4-CF3CgH,
7e R'=3,4,5(Me0);CgH, R?= 2-Thienyl 70 R'=4-NO,CgH, R2 = 4-MeCgH,4
7f  R'=3,4,5-(Me0);CeH, R2=4-CF3CeH, 7p R'=CHMe, R2 = CgHs
79 R'=3,4,5(Me0);CeH, R?=4-MeCgHy 79 R'=CHMe, R? = 2-Thienyl
7h  R'=4-Me,NCgH, R2= CgH5 7r  R'=CHMe, R2 = 4-CF3CgH,
7i  R'=4-Me,NCgH, R2 = 2-Thienyl 7s R'=CHMe, R? = 4-MeCgH,

7i  R'=4-Me,NCgH, R? = 4-CF;CgH,4

B 1

HAREEY Ta~Ts 16 U2

Scheme 1 Synthetic route of the target compounds 7a~7s

B2 et Tm (KR
Figure 2  Structural formula of compound 7m

Horb 7a 6RO 78.50%, 5 HHEIE(77.97%)8 4.
Te A T W SORIEA B ADH 2T 50%, =T 2R
(43.60%); 7a, Te, Tg F To X3 FEAE S0 B (1 401 288
T 60%, LT HEBMZER; (LEY Te, Te, 7f, Tn
A1 7s S F An R AR 50%, LT AR
75 (49.18%) A1 £ 14 R (38.52%); tL&4) 7a, Tb, Tc, 7f I
Ts NF /N AREEIR B ANHI R R T 60.00%, HAibh &
M) Ta (73.67%)TE MR, 5 EIE(79.63%)HH 24, XA
BBUR T, EY 7s M FE N 62.99%, Ta, Te Al Tr
P S E R 2, & T H IS (18.90%) Al £ 1 R
(43.31%).

IEELAI S T 5 R oA S AT 0, R 1
ATEL, AV Ta XF /N2 R B AN KSR 1 5
S AR, CEECE AN HIR B ECso 2 il R 12.727

1 12.413 mg/L, 5PFHPEXTFEE B#IE(14.323 1 13.339
mg/L)AH 4, AT LMENSe S — ATt oe.

WP RO RV TUR I, M EEE 5T B3
KA. M RONESE, WEEE T IR(Te vs Tb, To vs
Tm); KA EERIE N CFs BHEMEEAL(TE vs 7d, 7j vs
7h). % R? —ERS, R AW B 55 IR0 P 1 5 (71
vs 7h, 7d); R' N2 BURZK IR 35 = T S U (g vs Tk,
7e vs Tm); R! y CH(Me), i, 3t T & K IAL A (T
vs Tn, 7p vs 7Th). 24 R' F1 R 2 A0 BBV IR IR, 3
PEAR T LB F BRI (T vs Te, Tg, Tk). B4R &, LA
WK R 24 R B, W Ny AiEAT & R B IR A AL A 11,
AT DARAF I VE PR R 1 H ARk & .

1.4 EYMT HFEREEHED

T R IV 22 e 5, (H S RIARAA) 7a AT Tp
175y 3R M RS T, MR E R BLE]. 7a 71 7p 7E
HEZREBIES T, &9 T4 WMRIE2I50E 50,
SR HAT REE TH R IR R AR T 4 TR g HL 34
B, A1 2 W5 3R M A7 R g DX ek 21 T R AeF X S . A
30[HN, 7a 5 Tp M TR ARG RE ZR, &
WK I RE A% N DA B C A 119 T e 5k [ Ak T 47 rl g DX 3,
R 5 5 2k o b T 1E LT DX S R R R Bk A R AR A

K1 A YIR N R R SO 3 (1 ECso H
Table 1 ECso values of some compounds against F. graminearum and R. solani
Combd NFE TR R TFKGH A B
o ECso/(mgeL ') #HAEBIATHE  95%EAFX A ECso/(mgeL V)  #AEIEHFE  9S5%EFEXE  r
7a 12.727 y=—195+1.77x 9.081~16.472 0.994 12.413 y=—198+181x 8.867~16.035 0.993
ELRL 14.323 y=—2.77+24x 11.317~17.485 0.989 13.339 y=—2.51+223x 10.322~16.465 0.994
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Figure 3 Molecular electrostatic potential of optimized compound 7a and 7p

SEAE . 7a IR C) 2 AN Co L0 75 2k, HELAT 5 S5
AT ESHURAS, RISIEAT, W 5R2AKE - FERUE
F. 1 7p B Co b 2, 5 R ARANRE AR nen HERUE
H, 5286 hA2ss, JF B afEsE Lo T K
ARG, S R SR

2 Zhig

AR S 777 49 v WA ] 4% A= A Al A0 R it A 7% B 70
FRY A AL AR TR 0 Dy 24 R0 BEAZ, R 245 201 B 5 O R B, s
Tk Jie 245 280 1A 5| N R IR IR P Ny 7, T B R T — R B
G5 KL T 0 1) WA PR 288 A 5. R Y R 2 A RS R R
W HXT 6 R IR B ) B AR RS, fE 50
mg/L MR LT, KEB A0 & onh (a1 2 HL Hh
S R UL B, B B INAE Y, 7a (12.727
mg/L) % /N2 7R B I AT R K SURG R TR ) ECso 30l
12.727 F1 12.413 mg/L, 5B E BEIEHH 24(14.323
A113.339 mg/L). @it TR EFEH PR, Ta
PRAN T R S8) Ab T A7 LA 23 A X3, 5 TS24 o )
TR B e A SR . AT 9 g i A gt € e A R B 256 7%
FIBITT R TR BRI 2%

3 EES
3.1 UES5HF

Brucker Avance NEO 600/400 #% mg 4R 1, LA
CDCl; 1 MeOD-ds A5, DY BEAE L (TMS) A A%,
Xevo G2-S Tof 2 =143 HE 5T itk (Waters); RY-1G ¥4 miAX.
FEZEMTREIR A H BY(E Bl 1), 200~300 H), Fr
FHR T35 2 T 5 Ak 255 A B 43 A Al ).
3.2 ZWHE
3.2.1  PIER 3 69 A%

2R ITEDT, A EELLIRIT(S mmol, 815.65 mg)
I ZH%(7.5 mmol, 337.5 mg)inT 15 mL /K, =il FiHE
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SN, T E TSR (TLC) M I s B 56 4%, HhaEdess, IR
TIRJEE A 2-EHE-N- L IE R I IE(3), K A T E
&, PRE 85.3%. m.p. 99~100 °C, & SEdE 5 CHR[18]
— .

3.2.2  “EedokER P AR 5 69 &%

SRR, CLrh(afA sa i, FrEE 3
(821.05 mg, 5 mmol)FIXFfiF FE 4 F % (755.6 mg, 5 mmol)
W 25 mL (1) 1,4- 5 NF R, IR 4 h, TLC #
W2 B 56 4. IR RAE, MIBRARYI I LB LR,
R R, WEANUHE, KRR T8, 2
T4 B A3 3 OB o a] 44 5.

2-(4- F 3 8 3k )-3- 20 B -2, 3 — A s MR Ik -4 1. H)- il
(5a): AMEK, P7F 75.4%. mp. 131~132 C; 'H
NMR (400 MHz, CDCls) 6: 7.92 (dd, J=7.8, 1.7 Hz, 1H),
7.29 (d, J=8.1 Hz, 2H), 7.21 (td, J=7.6, 1.6 Hz, 1H), 7.14
(d, J=8.2 Hz, 2H), 6.79 (td, J=7.5, 1.1 Hz, 1H), 6.55 (dd,
J=8.1, 1.1 Hz, 1H), 5.74 (d, J=1.8 Hz, 1H), 5.04 (d, J=
1.8 Hz, 1H), 3.89 (dq, J=14.3, 7.2 Hz, 1H), 2.92 (dq, J=
14.1, 7.2 Hz, 1H), 2.33 (s, 3H), 1.11 (t, J=7.1 Hz, 3H). #%
A S 5 SCBR[201AH 5

2-(3,4,5- = W AR FE A IE)-3- 2. 3-2,3- — S M I k-
4(1H)- T (Sb): B [l 4k, 77 % 80.3%. m.p. 140 ~
141 “C; 'H NMR (400 MHz, CDCl) ¢: 7.86 (dd, J=7.8,
1.6 Hz, 1H), 7.19 (ddd, J=8.1, 7.3, 1.6 Hz, 1H), 6.76 (td,
J=17.5, 1.0 Hz, 1H), 6.59~6.53 (m, 3H), 5.65 (d, J=1.2
Hz, 1H), 5.02 (d, J=12 Hz, 1H), 3.82~3.76 (m, 4H),
3.71 (s, 6H), 2.90 (dq, J=14.0, 7.0 Hz, 1H), 1.07 (t, J=
7.1 Hz, 3H).

2-(4-(N,N- - g ) R 8 )-3- 2, 36 -2, 3- 5 s AR k-
4(1H)-H (Se): #E 3O E A, =% 77.9%. mp. 145~
146 “C; 'H NMR (400 MHz, CDCly) 6: 7.95 (dd, J=7.8,
1.6 Hz, 1H), 7.27 (d, J=8.8 Hz, 2H), 7.22 (ddd, J=8.0,
7.3, 1.6 Hz, 1H), 6.82 (td, J=7.5, 1.1 Hz, 1H), 6.67 (d, J=

http://sioc-journal.cn/ 2167
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8.8 Hz, 2H), 6.51 (dd, J=7.9, 1.1 Hz, 1H), 5.69 (d, J=1.3
Hz, 1H), 4.37 (d, J=1.3 Hz, 1H), 3.83 (dq, J=14.3, 7.2
Hz, 1H), 2.95 (s, 7H), 1.09 (t, J=7.1 Hz, 3H).

2-(4-fiFf FE H L )-3- 20 FE 2,3 A IR IR -4(1 H)- B
(5d): B A, =% 83.6%. mp. 160~161 C; 'H
NMR (400 MHz, CDCL3) ¢: 8.16 (d, J=8.8 Hz, 2H), 7.92
(dd, J=7.8, 1.5 Hz, 1H), 7.53 (d, J=8.7 Hz, 2H), 7.25~
7.22 (m, 1H), 6.85 (td, J=7.8, 1.0 Hz, 1H), 6.60~6.54 (m,
1H), 5.84 (d, J=2.5 Hz, 1H), 4.92 (d, J=2.5 Hz, 1H), 4.00
(dq, J=14.4, 7.2 Hz, 1H), 2.94 (dq, J=14.1, 7.1 Hz, 1H),
1.16 (t,J=7.2 Hz, 3H). ZRiEE 5 SCRR[211HH 4.

2-SH N -3 23 -2, 3- A M MR -4(1 H)-Ti (Se):
EA, 7% 69.8%. m.p. 149~150 C; 'H NMR (400
MHz, CDCLs) §: 7.86 (d, J=7.7 Hz, 1H), 7.23 (t, J=7.7
Hz, 1H), 6.78 (t, J=7.5 Hz, 1H), 6.58 (d, J=8.0 Hz, 1H),
450 (s, 1H), 4.37 (dd, J=6.3, 2.4 Hz, 1H), 422 (dq, J=
14.3,7.2 Hz, 1H), 2.93 (dq, J=14.0, 7.0 Hz, 1H), 2.16 (dq,
J=13.5, 6.8 Hz, 1H), 1.24 (t, J=7.1 Hz, 3H), 0.97 (d, J=
6.9 Hz, 3H), 0.86 (d, J=6.7 Hz, 3H).

323 HARL A Ta~Ts 4956 5%

S CHR221077%, UALEY T R, ek 5d
(150 mg, 0.5 mmol)Fl = Z.}%(126.25 mg, 1.25 mmol)i& T
10 mL &R, AHE 0 C, KR BEE(70.3
mg, 0.5 mmol)ZZI& i N M, FiRxMid®, TLC
W Z R B e A, PR R YE, AN & kT 40 mL, 1
AIEER/K(10 mL X 3) ik =, TR T15,
ENT o S A R B A &9 1.

1-2K A JE - 2-(4- R B R )-3- 2, e bR -4 (1. H)- il
(7a): AEEAK, F7% 91.1%. mp. 148~150 C; 'H
NMR (400 MHz, CDCL3) 6: 8.03 (dd, J=7.8, 1.6 Hz, 1H),
7.44~7.37 (m, 3H), 7.30~7.26 (m, 2H), 7.21~7.18 (m,
3H), 7.00 (t, J=7.7 Hz, 1H), 7.03 (d, J=8.0 Hz, 2H), 6.95
(td, J=7.8, 1.6 Hz, 1H), 6.29 (d, J=8.1 Hz, 1H), 4.23 (dq,
J=14.3,7.2 Hz, 1H), 3.20 (dq, J=14.1, 7.1 Hz, 1H), 2.22
(s, 3H), 1.28 (t, J=7.2 Hz, 3H); *C NMR (100 MHz,
CDCly) d: 168.7, 162.2, 138.5, 137.9, 133.8, 131.5, 131.3,
129.3, 129.2, 128.3, 128.0, 126.5, 125.4, 124.5, 123.1,
68.6, 41.0, 21.0, 14.2. HRMS (ESI) calcd for Ca4H23N,0,
[M+H]" 371.1760, found 371.1768.

1-(ME Wy -2- F R 35 )-2-(4- FF B 2 3L ) - 3 - 2, k1 e i -
4(1H)-Fiil (7b): ¥ 3 A [E 44, 772 41.1%. m.p. 118~
120 °C; '"H NMR (400 MHz, CDCls) 6: 8.06 (dd, J=7.7,
1.7 Hz, 1H), 7.50 (dd, J=5.0, 1.1 Hz, 1H), 7.22~7.16 (m,
3H), 7.14~7.08 (m, 2H), 7.05~7.01 (m, 3H), 6.90 (dd,
J=5.0,3.8 Hz, 1H), 6.69 (d, J=9.2 Hz, 1H), 421 (dq, J=

2168 http://sioc-journal.cn/
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14.4, 7.3 Hz, 1H), 3.19 (dq, J=14.2, 7.1 Hz, 1H), 2.24 (s,
3H), 1.27 (t, J=7.2 Hz, 3H); *C NMR (100 MHz, CDCl;)
J: 162.2, 162.0, 138.5, 137.7, 136.2, 133.6, 132.7, 131.6,
131.5, 129.3, 128.0, 127.1, 126.5, 126.0, 124.7, 123.7,
69.1, 41.0, 21.0, 13.6. HRMS (ESI) calcd for C2,H21N20,S
[M+H]" 377.1324, found 377.1358.

1-(4- FF 35 25 R L )-2- (4- LS 35 ) -3 - 2 5 I A -
4(1H)- W (Te): B €[ 44, 72 90.3%. mp. 118~
120 °C; '"H NMR (400 MHz, CDCls) J: 8.03 (dd, J=17.7,
1.4 Hz, 1H), 7.32 (d, J=8.1 Hz, 2H), 7.21~7.16 (m, 3H) ,
7.11~7.06 (m, 3H), 7.03 (d, J=8.0 Hz, 2H), 6.98 (td, J=
7.9, 1.5 Hz, 1H), 6.32 (d, J=8.0 Hz, 1H), 4.23 (dq, J=
14.4, 7.2 Hz, 1H), 3.21 (dq, J=14.2, 7.1 Hz, 1H), 2.34 (s,
3H), 2.24 (s, 3H), 1.29 (t, J=7.2 Hz, 3H); '*C NMR (100
MHz, CDCl) 0: 168.7, 162.3, 141.8, 138.4, 138.1, 133.9,
131.5, 130.9, 129.4, 129.3, 129.0, 128.0, 126.5, 125.3,
124.5, 123.0, 68.7, 41.0, 21.5, 21.0, 13.7. HRMS (ESI)
caled for CpsHpsN,O, [M + H] © 385.1916, found
385.1930.

1-2K F L 5E-2-(3,4,5- = FH A R R Ok ) -3 - £ JE e I -
4(1H)- B (7d): © [ K, =% 78.4%. mp. 110~
111 C; 'H NMR (400 MHz, CDCl;) &: 8.17 (dd, J=7.8,
1.7 Hz, 1H), 7.56~7.48 (m, 3H), 7.43~7.35 (m, 2H),
7.25~7.20 (m, 2H), 7.12 (td, J=7.8, 1.7 Hz, 1H), 6.64 (s,
2H), 6.42 (d, J=8.2 Hz, 1H), 4.30 (dq, J=14.4, 7.2 Hz,
1H), 3.87 (s, 3H), 3.84 (s, 6H), 3.38 (dq, J=14.2, 7.1 Hz,
1H), 1.42 (t, J=7.2 Hz, 3H); *C NMR (100 MHz, CDCl5)
0: 168.6, 162.2, 153.3, 138.3, 137.9, 133.7, 132.4, 131.7,
131.4, 129.2, 128.4, 127.8, 125.5, 124.6, 123.1, 103.9,
68.8, 60.7, 56.1, 41.0, 13.6. HRMS (ESI) calcd for
Ca6H27N20s [M+H]" 447.1920, found 447.1910.

1-(ME sy -2- F 36 )-2-(3,4,5- = FR AR R 3k )-3- 2 2
W P WK -4(1H)- T (7e): 35 0 [ 4, 72 % 56.2%. m.p.
114~115 “C; 'H NMR (400 MHz, CDCl;) 6: 8.08 (dd,
J=17., 1.5 Hz, 1H), 7.50 (dd, J=5.0, 1.1 Hz, 1H), 7.23
(td, J=7.6, 1.1 Hz, 1H), 7.16 (td, J=7.7, 1.7 Hz, 1H),
7.05~6.99 (m, 2H), 6.90 (dd, J=5.0, 3.8 Hz, 1H), 6.71 (d,
J=8.0 Hz, 1H), 6.51 (s, 2H), 4.16 (dq, J=14.2, 7.2 Hz,
1H), 3.76 (s, 3H), 3.73 (s, 6H), 3.24 (dq, J=14.2, 7.2 Hz,
1H), 1.28 (t, J=7.2 Hz, 3H); *C NMR (100 MHz, CDCl;)
J: 162.1, 162.0, 153.3, 138.3, 137.7, 136.1, 132.8, 132.1,
131.7, 131.7, 127.8, 127.1, 126.1, 124.9, 123.7, 103.9,
69.3, 60.7, 56.2, 41.0, 13.6. HRMS (ESI) calcd for
C24HasN,0sS [M+H]" 453.1484, found 453.1473.

1-(4- = 90 L 0K HY R 3 )-2-(3,4,5- = FR A L R 3 )-3-
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L FEEMEIR-4(1H)-BR(7F): #E O, P23 39.1%. m.p.
150~151 ‘C; '"H NMR (600 MHz, CDCl3) o: 8.09 (dd,
J=17.8, 1.2 Hz, 1H), 7.56 (d, J=8.3 Hz, 2H), 7.53 (d, J=
8.2 Hz, 2H), 7.19~7.12 (m, 2H) , 7.04 (t, J=7.5 Hz, 1H),
6.50 (s, 2H), 6.25 (s, 1H), 4.17 (dq, J=14.4, 7.2 Hz, 1H),
3.76 (s, 3H), 3.73 (s, 6H), 3.28 (dq, J=14.2, 7.1 Hz, 1H),
131 (t, J=7.2 Hz, 3H); 3C NMR (150 MHz, CDCl;) ¢:
167.1, 161.9, 153.4, 138.4, 137.2, 137.2, 133.1(q, Jec=
32.8 Hz), 131.9, 131.9, 129.6, 128.1, 126.1, 125.4(q,
3Jec=3.7 Hz), 124.5, 123.4 (q, Jsc=272.6 Hz), 123.2,
103.8, 68.8, 60.7, 56.1, 41.1, 13.6. HRMS (ESI) calcd for
Ca7Ha6F3N,Os [M+H]" 515.1794, found 515.1782.

1-(4- F LA H R 3 )-2-(3,4,5- = AR BE 2R 0 )-3- 2 0
W -4 1LH)-BF(7g): B EIPIR, 7% 91.9%; 'H NMR
(400 MHz, CDCL3) J: 8.00 (d, J=7.7 Hz, 1H), 7.27 (d, J=
8.0 Hz, 2H), 7.10~7.03 (m, 4H), 6.98 (t, J=7.7 Hz, 1H),
6.49 (s, 2H), 6.29 (d, J=8.0 Hz, 1H), 4.13 (dq, J=14.3,
7.2 Hz, 1H), 3.70 (s, 3H), 3.68 (s, 6H), 3.22 (dq, J=14.1,
7.1 Hz, 1H), 2.28 (s, 3H), 1.25 (t, J=7.2 Hz, 3H); 13C
NMR (150 MHz, CDCLy) d: 168.6, 162.2, 153.2, 142.0,
138.2, 138.1, 132.4, 131.7, 130.7, 129.4, 129.0, 127.7,
125.4, 124.6, 122.9, 103.9, 68.9, 60.6, 56.1, 41.0, 21.4,
13.6. HRMS (ESI) caled for CypHpN,Os [M+ H] "
461.2076, found 461.2085.

1-2K B R JE -2-(4-(V,N- — P fie J8 ) 2R 56 )-3- £, Sk v s
Wk-4(1LH)-BH (Th): B AR, P23 22.1%. mp. 149~
150 ‘C; 'H NMR (400 MHz, CDCLy) ¢: 8.07 (dd, J=7.7,
1.6 Hz, 1H), 7.46~7.41 (m, 3H), 7.33~7.29 (m, 2H),
7.22~7.08 (m, 4H), 7.00 (td, J=7.7, 1.6 Hz, 1H), 6.57 (d,
J=8.9 Hz, 2H), 6.35 (d, J=7.4 Hz, 1H), 422 (dq, J=
14.3, 7.2 Hz, 1H), 3.23 (dq, J=14.2, 7.1 Hz, 1H), 2.89 (s,
6H), 1.31 (t, J=7.2 Hz, 3H); 3C NMR (100 MHz, CDCl5)
5: 168.7, 162.3, 150.5, 138.0, 134.1, 131.4, 131.2, 129.2,
1283, 127.9, 127.5, 125.3, 124.6, 123.8, 123.2, 112.0,
68.8, 40.9, 40.2, 13.6. HRMS (ESI) calcd for CasHaeN30,
[M+H]" 400.2025, found 400.2042.

1-(MEWy -2- Bk 36 )-2-(4-(N,N- - i ) 2k 3k )-3- 24
B MR -4(1H)-FF(7h): R EEAE, 723 41.5%. mop.
147~148 °C; 'H NMR (600 MHz, CDCl3) 6: 8.07 (d, J=
7.5 Hz, 1H), 7.48 (d, J=4.7 Hz, 1H), 7.19 (t, J=7.5 Hz,
1H), 7.15 (d, J=8.7 Hz, 2H), 7.11 (t, J=7.3 Hz, 1H),
7.05~7.01 (m, 2H) , 6.89 (t, J=4.3 Hz, 1H), 6.70 (d, J=
8.0 Hz, 1H), 6.54 (d, J=8.7 Hz, 2H), 4.17 (dq, J=14.4,
7.3 Hz, 1H), 3.19 (dq, J=14.2, 7.2 Hz, 1H), 2.87 (s, 6H),
1.26 (t, J=7.2 Hz, 3H); 3C NMR (100 MHz, CDCl;) ¢:
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162.2, 162.0, 150.5, 137.8, 136.5, 132.5, 131.4, 131.3,
127.9, 127.6, 127.0, 125.8, 124.8, 123.7, 123.6, 112.0,
69.3, 40.8, 40.2, 13.6. HRMS (ESI) calcd for Ca3H24N30,S
[M+H]" 406.1589, found 406.1589.

1-(4- = 90 VY 8 P B )-2-(4- (N, N- R ) 2R
3)-3- ZFEE -4 ) -BH(7)): A B, 7R 77.3%.
m.p. 166~168 ‘C; '"H NMR (600 MHz, CDCL3) &: 8.08
(d, J=17.7 Hz, 1H), 7.56 (d, J=8.0 Hz, 2H), 7.53 (d, J=
8.0 Hz, 2H), 7.16~7.13 (m, 4H), 7.00 (t, J=7.2 Hz, 1H),
6.55 (d, J=8.5 Hz, 2H), 6.25 (s, 1H), 4.18 (dq, J=14.3,
7.2 Hz, 1H), 3.23 (dq, J=14.2, 7.1 Hz, 1H), 2.87 (s, 6H),
1.29 (t, J=7.1 Hz, 3H); 3C NMR (150 MHz, CDCL;) §:
167.2, 162.0, 150.6, 137.7, 137.3, 132.8(q, 2/rc=32.7 Hz),
131.7, 129.6, 128.2, 127.5, 125.8, 125.4(q, 3Jrc=3.7 Hz),
124.5, 123.5(q, 'Jec=272.9 Hz), 123.4, 123.3, 112.0, 68.8,
40.9, 40.2, 13.6. HRMS (ESI) calcd for CyHasF3N;0,
[M+H]" 468.1899, found 468.1876.

1-(4- F 36 2 R Ik 366 )-2-(4-(V,N- - R Jle ik 3 k)-3- 2
IR -4(1H)-TR (Tk): AR, P2 59.1%. mup.
150~151 ‘C; 'H NMR (400 MHz, CDCLy) o: 8.04 (dd,
J=17.7, 1.5 Hz, 1H), 7.32 (d, J=8.0 Hz, 2H), 7.16 (d, J=
8.8 Hz, 2H), 7.11~7.08 (m, 4H), 6.99 (t, J=8.3 Hz, 1H),
6.55 (d, J=8.8 Hz, 2H), 6.34 (d, J=7.9 Hz, 1H), 4.19 (dq,
J=13.9, 7.0 Hz, 1H), 3.21 (dq, J=14.2, 7.1 Hz, 1H), 2.87
(s, 6H), 2.34 (s, 3H), 1.28 (t, J=7.2 Hz, 3H); *C NMR
(100 MHz, CDCL3) 0: 168.7, 162.3, 150.5, 141.7, 138.2,
131.4, 1312, 129.3, 129.0, 127.9 127.6, 125.1, 124.6,
124.0, 123.1, 112.0, 68.9, 40.9, 40.3, 21.5, 13.6. HRMS
(ESI) caled for CysHasN3;0, [M+H]" 414.2182, found
414.2168.

1- 2 R gt - 2 - (4- T 5 2 R )-3- 2 Wk bf-4(1 ) -l
(7): WEOFEE, 77E 26.1%. mp. 148~149 C; 'H
NMR (600 MHz, CDCL3) ¢: 8.12 (d, J=8.7 Hz, 2H), 8.05
(d, J=7.7 Hz, 1H), 7.54 (d, J=8.6 Hz, 2H), 7.47~7.44
(m, 3H), 7.34~7.29 (m, 3H), 7.13 (t, J=7.6 Hz, 1H), 7.00
(t, J=7.7 Hz, 1H), 6.26 (d, J=8.0 Hz, 1H), 4.29 (dq, J=
14.4, 7.2 Hz, 1H), 3.27 (dq, J=14.2, 7.1 Hz, 1H), 1.33 (t,
J=7.2 Hz, 3H); 3C NMR (150 MHz, CDCls) J: 168.8,
162.0, 148.2, 144.3, 137.5, 133.0, 132.0, 131.8, 129.4,
128.5, 128.3, 127.7, 125.9, 124.3, 123.9, 122.6, 68.1, 41.3,
13.7. HRMS (ESI) caled for CyHyN3;O4 [M+ H]'
402.1454, found 402.1461.

1-(WEE 1y -2- F B 266 ) - 2- (4T 25 2R 0 ) -3 - 2, ke A ik -
4(1H)- i (7m): 38 € B 4K, 772 52.8%. mp. 140~
141 “C; '"H NMR (600 MHz, CDCls) d: 8.10 (d, J=8.7
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Hz, 2H), 8.06 (d, J=7.7 Hz, 1H), 7.55~7.52 (m, 3H),
7.23~7.19 (m, 2H), 7.15 (t, J=7.1 Hz, 1H), 7.05 (d, J=
3.1 Hz, 1H), 6.92 (t, J=4.3 Hz, 1H), 6.69 (d, J=8.0 Hz,
1H), 4.25 (dq, J=14.3, 7.2 Hz, 1H), 3.25 (dq, J=14.2, 7.1
Hz, 1H), 1.29 (t, J=7.2 Hz, 3H); *C NMR (100 MHz,
CDCl3) d: 162.1, 162.0, 148.2, 144.0, 137.3, 135.4, 133.3,
132.7, 132.0, 128.3, 127.7, 127.3, 126.5, 124.5, 123.9,
123.2, 68.5, 41.2, 13.6. HRMS (ESI) calcd for Co1H;sN304
[M+H]" 408.1018, found 408.1038.

1-(4- = 5 P O R g 0L )-2-(4- i 2 PR 2k )-3- 2 ke
IRk -4(1H)-Bid(Tn): (AR, 7% 55.3%. mp. 158~
160 ‘C; 'H NMR (600 MHz, CDCl3) d: 8.12 (d, J=8.7
Hz, 2H), 8.08 (d, J=7.7 Hz, 1H), 7.59 (d, J=8.2 Hz, 2H),
7.56 (d, J=8.1 Hz, 2H), 7.52 (d, J=8.7 Hz, 2H), 7.30 (s,
1H), 7.18 (t, J=7.6 Hz, 1H), 7.03 (t, J=7.6 Hz, 1H), 6.21
(d, J=17.7 Hz, 1H), 4.28 (dq, J=14.3, 7.2 Hz, 1H), 3.29
(dq, J=14.2, 7.1 Hz, 1H), 1.33 (t, J=7.2 Hz, 3H); 13C
NMR (100 MHz, CDCl:) d: 167.3, 161.8, 148.3, 143.8,
136.9, 136.5, 133.4 (q, 2rc=133.0 Hz), 132.3, 129.7,
128.6, 127.6, 126.9, 126.5, 125.5 (q, *Jec=11.3 Hz),
124.1, 124.0, 123.4(q, "Jrc=272.6 Hz), 122.7, 68.0, 41.3,
13.7. HRMS (ESI) caled for CyH9F3N3;04 [M+H] "
470.1328, found 470.1305.

1-(4- S OR F I 38 ) - 2~ (4- i R TR 355 )-3- £, 5 s k-
4(1H)-R (70): TR, 723 50.5%; 'H NMR (600
MHz, CDCl3) d: 8.10 (d, J=8.9 Hz, 2H), 8.04 (dd, J=17.8,
1.5 Hz, 1H), 7.54 (d, J=8.5 Hz, 2H), 7.34 (d, J=8.1 Hz,
2H), 7.27 (s, 1H), 7.14~7.10 (m, 3H), 7.01 (td, J=8.1, 1.6
Hz, 1H), 6.29 (d, J=8.1 Hz, 1H), 428 (dq, J=14.4, 7.2
Hz, 1H), 3.27 (dq, J=14.2, 7.1 Hz, 1H), 2.35 (s, 3H), 1.32
(t, J=7.2 Hz, 3H); '*C NMR (100 MHz, CDCls) J: 168.8,
162.1, 148.1, 144.4, 142.6, 137.8, 132.1, 130.0, 129.5,
129.1, 128.3, 127.7, 125.7, 124.3, 123.9, 122.4, 68.1, 41.3,
21.6, 13.7. HRMS (ESI) caled for C24H22N304 [M‘i‘H]Jr
416.1610, found 416.1631.

1-% FR R L -2- 3 TR 3k -3- £ FE W Wk Wk -4(1 F)- il (7p):
H @ EAER, 7% 66.1%. mp. 110~111 “C; 'H NMR (400
MHz, CDCL3) 6: 8.03 (dd, J=7.7, 1.5 Hz, 1H), 7.43~7.38
(m, 1H), 7.35~7.25 (m, 4H), 7.20 (td, J=7.6, 1.0 Hz,
1H), 7.12 (td, J=7.8, 1.5 Hz, 1H), 6.47 (d, J=7.6 Hz,
1H), 5.72 (d, J=10.0 Hz, 1H), 4.42 (dq, J=14.3, 7.2 Hz,
1H), 2.99 (dq, J=14.0, 7.0 Hz, 1H), 2.03~1.89 (m, 1H),
1.27 (t, J=17.1 Hz, 3H), 1.07 (d, J=6.7 Hz, 3H), 0.93 (d,
J=6.7 Hz, 3H); 3C NMR (100 MHz, CDCl;) d: 168.5,
161.5, 138.4, 134.2, 131.5, 131.0, 128.9, 128.3, 128.2,
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125.5, 124.4, 123.7, 72.8, 42.7, 32.1, 18.8, 18.5, 13.7.
HRMS (ESI) caled for CoHaN,0, [M+H]" 323.1760,
found 323.1763.

1-(PgE Py -2- PP I 5 )-2- S A 6 -3- £k AR AR -4 (1 ) -
fiil(7q): #EMEA, P2 63.1%. mp. 117~119 C; 'H
NMR (400 MHz, CDCls) 6: 8.05~8.02 (m, 1H), 7.46 (dd,
J=49, 1.0 Hz, 1H), 7.31~7.23 (m, 2H), 6.92~6.84 (m,
3H), 5.61 (d, J=10.0 Hz, 1H), 4.37 (dq, J=14.3, 7.2 Hz,
1H), 2.94 (dq, J=14.0, 7.0 Hz, 1H), 1.96~1.87 (m, 1H),
121 (t, J=7.1 Hz, 3H), 1.04 (d, J=6.7 Hz, 3H), 0.91 (d,
J=6.7 Hz, 3H); 3C NMR (100 MHz, CDCl;) J: 161.8,
161.4, 138.2, 136.4, 132.4, 131.4, 131.2, 1282, 127.0,
126.1, 124.7, 124.3, 73.4, 42.6, 32.0, 18.8, 18.6, 13.6.
HRMS (ESI) caled for CisHaN,0,S [M+H]" 329.1324,
found 329.1351.

1-(4- =5 F 26 2K F R 3 )-2- S5 TR 26 3- £ 1 Ak I -
4(1H)- R (Tr): 38 O [ AR, 2% 75.1%. mp. 120~
121 “C; 'H NMR (400 MHz, CDCl3) ¢: 8.03 (dd, J=7.7,
1.5 Hz, 1H), 7.53 (d, J=8.2 Hz, 2H), 7.42 (d, J=8.1 Hz,
2H), 7.22 (td, J=17.6, 1.0 Hz, 1H), 7.14 (td, J=7.8, 1.3 Hz,
1H), 6.41 (d, J=5.3 Hz 1H), 5.71 (d, J=9.7 Hz, 1H), 4.41
(dq, J=14.3, 7.2 Hz, 1H), 2.99 (dq, J=14.0, 7.0 Hz, 1H),
1.99~1.89 (m, 1H), 1.26 (t, J=7.1 Hz, 3H), 1.05 (d, J=
6.7 Hz, 3H), 0.90 (d, J=6.7 Hz, 3H); '*C NMR (100 MHz,
CDCl;) 6: 167.1, 161.4, 137.8, 137.6, 132.7(q, 2Jrc=32.9
Hz), 131.8, 129.3, 128.5, 126.1, 125.4 (q, *Jec=3.7 Hz),
124.2, 123.9, 123.5(q, Jec=272.7 Hz), 72.8, 42.8, 32.1,
18.7, 18.5, 13.6. HRMS (ESI) calcd for CoiHnF3N,O,
[M+H]" 391.1633, found 391.1658.

1-(4- F 5 2 PR I 6 )-2- g T k-3 - £ R R IR AR -4(1 HY) -
fiil(7s): AR, =R 64.5%. mp. 110~111 C; 'H
NMR (400 MHz, CDCl;) é: 8.00 (td, J=7.9, 1.7 Hz, 1H),
7.26 (d, J=8.1 Hz, 1H), 7.23~7.15 (m, 3H), 7.12 (td, J=
7.6, 1.6 Hz, 1H), 7.06 (d, J=8.0 Hz, 2H), 6.48 (d, J=7.8
Hz, 1H), 5.69 (d, J=10.0 Hz, 1H), 4.40 (dq, J=14.3, 7.2
Hz, 1H), 2.97 (dq, J=14.0, 7.0 Hz, 1H), 2.33 (s, 3H),
1.98~1.89 (m, 1H), 1.25 (t, J=7.1 Hz, 3H), 1.04 (d, J=
6.7 Hz, 3H), 0.91 (d, J=6.8 Hz, 3H); '*C NMR (100 MHz,
CDCL) d: 168.5, 161.6, 141.5, 138.7, 131.5, 130.2, 129.2,
129.1, 128.9, 128.1, 125.4, 124.4, 72.9, 42.8, 32.1, 21.5,
18.8, 18.5, 13.6. HRMS (ESI) calcd for C2HysN,0, [M+
H]" 337.1916, found 337.1928.

3.3 E¥EMENE
3.3.1  HEETE Wb
K B 22 4 K Rk B AR &) Ta~Ts Xt
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3 JL IR JH 5 TR (Colletotrichum  gloeosporioides), ¥F#¢
4097 B (Botryosphaeria berengriana f.sp.piricola), 7l
L% 9% T (Alternaria solani), /NZZ 7% %5 94 W (Fusarium
graminearum), %% % B 95 B (Cochliobolus heterostro-
phus), E KGO B (Rhizoctonia solani) F & AR 31 V&
PE, B RIE A2 B R BT R 2, AT EE IR (E
(25+1) CREFH 72 h G, M7 AN EwEEE
72, IR ZE R i DL A kA7 5
TR 22 A KA 28 (%) = (2% O BT VR BT — A PR B %
AR/ 0 HE R 7 B4R — T F ELAR) X 100%
PR AR FE(ECso) FIME : ARG kT,
K EERARRE, 70 mlER 100, 50, 25, 12.5, 6.25
mg/LIs B30 2, FI I SPSS# At 5L ECso 155 /7 1] I
JitE.
332 T R@FHEHAL
2y T IR R AR HE B I SR, 2
ety oy 15 52 AR EM BAE P A B AR . B Hy
AL, (IS ZREER 7Ta A1 Tp AWFRXN R, KA
Gaussian 09 Fl GaussView 6.0 #RAF2425] BT 2572 bR
e, i/ B3LYP/6-31G (d, p)BEdixt o145k 47 ik
b, SRIE XA S R BEAT 7 7 R AL, JF
il i L B 1.

4 BT KL (Supporting Information) [f]{& 5a~5e [
'HNMR i, HFrEEY) 7a~7s 1 'H NMR, '*C NMR
MRS PE. X LR AT DL A 2 AR T I 35 (http://sioc-
journal.cn/) I R %,
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