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Synthesis and Fungicidal Activity of a Series of Fluorinated Quinoline
Amide Compounds
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Abstract To find new fungicidal lead compounds with high bioactivity, novel lead compounds were designed by active
group splicing. The synthetic routes are as follows: 6-chloro-2-(2,6-difluorophenyl)quinoline-4-carbonyl chloride (7) was syn-
thesized using 5-chlorine isatin (4) and 2,6-difluoro acetophenone (5) as raw materials by cyclization, acyl chlorination and
other step reactions. Then 13 novel title compounds were synthesized by acylation of 6-chloro-2-(2,6-difluorophenyl)-quino-
line-4-carbonyl chloride (7) with substituted anilines (8). The structures of the compounds were confirmed by HRMS and 'H
NMR. The preliminary fungicidal activity showed that all the compounds exhibit fungicidal activity against Gaeumannomyces
graminis and Fusahum graminearum sehw, Rhizoctonia cerealis and Pyricularia grisea at concentration of 50 mg/L, part of
compounds against Gaeumannomyces graminis were more than 90% at concentration of 50 mg/L.

Keywords fluorinated quinoline; amide compounds; synthesis; fungicidal activity
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Figure 1 Quinoline compounds
M5 &, Bt IFE R — R 5 BAHRES R A I
FALEW, BRI BEAT S5 K ARALL,
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Pk &G Bk 2N Scheme 1 TR,

COOH

0(1) KoH Cl N F
2) HCI O N/ O
6 F

COCI

S0Ck O X
reflux O

R= 2-Me-4-CF(CF3)206H3, 2,5-M9206H3, 2-F-4-t-BU-CeH3,
3-MeOCGH4, 4-BrC6H4, 4-MeCGH4, 4-EtCGH4, 2-CNC6H4,
3-CNCgHa, CHyCoHa, 2-FCoHa, 4-FCaHa, 2-CICaH,

B 1 A S & R 2

Scheme 1 Synthetic route of quinoline amide compounds
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1 HR5R
1.1 BRI TE

A 6 A RS HCHR[11]. LL S-S 4l 5 R
KON, TR EERIR. 40 Scheme 2 AIT7R NI IR
RRIHVEE, S-S EELLAERME S T R AE KA, AR B R
HREIA, 755 2K B R AR 4R B OB R i 235 4 v 1]
W, Gk HAR R, ARG, &E, Mg N ORER
Jt K A3 B e = 4. 5% STk P A R P 2 AR R AT
Ve N (2SR - R - o AL 19 5 = I Rz S v |
92.3%. 1 L5256 ik A% oA R PRV SR K AE S OB A
iR, TAEHUAT, TEEIAR, oAb EEE .

o}

O
cl Cl OH -H,0
KOH S
QO —F— ~
(0] R
NH>

B2 IR L

Scheme 2 Mechanism of cyclization of cyslization

HEA 7 A RS2 SCHR[12]. ZR BN OB,
SN T B INAAENR, DME N e A, IR R, RN
WG DA ZE R H TR A I SR, 3 G — SRR 5% Y
XN B B R PR AR, BRI

HARLAY) N1~NI13 5 S5 SCHR[13]. #0 R
NI S CN ZE5mI i TR 2R IR Blifk, e ISR
TF%, XN 2 AL5I N CN AT REFELENAL BN, 77 R4
HAh A B A HA. HF BRI K, dKarE
R =), BRI B = 2.

£ 'THNMR i, HARLAPERRER P04 H )
SMEFEAET7.77~8.40 28], K74 b 67.77 KA H
e dd W, A7 E ER H RTRESZEMRER 8 LA 5 £
L H BAERIR . WA 5 67 ER 6 (3 EAE 8.40
FoA, VR d i, A7 E B H AT RERZIEIRIR 7 47 1
1 H ARG REe. PERRER 8 £ b 1) 6 18 2 244E 8.20 /i fq,
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WALy d g, A7 E B H AT RESZERAER 7 A7 F K H A%
A, 5 NH BEAHER RIS R H 1 6 2
K, EEIES 7.10 F1 7.60 /iti, HvZEIE B L
H FZHIITE 6 8.00 ify, WEAUNHIE, ARG
TRIISLARGER UL KRR R, A et — DA AT,

12 REEH

S (BRI RAGRE O A EREREE ) 1,
HERFRELCRE B A 0.0001 g)— & & HAstb &9, A
A 0.1%MIE-80 ¥ N,N-— F 5 HI i (DMF), i il B
AT A 5% BRE. PRI — & T & 1 il 770
XTREZGFR, J 0 284K MR G 50 mg/L BT Bk B2 1) 24
W KB 2K, EEREMETINE T B E
£ 50 mg/L T 0P JE i A A G E. A= . R R
Pt 5ok 247700 FH 78 TR /K R B A 800 o B B A 50
mg/L), [F]H 152 B T 7K R,

A3 B A 3k X ) 2 /N 32 42 U (Gaeumannomyces
graminis)~ /NZE IR (FusaHum graminearum Sehw)-
/N FF SR (Rhizoctonia  cerealis) ~ 7K 78 T8 J5 IR
(Pyricularia grisea). iX VY #EAR A2 B 77 H 8] & 95 0 =
(1), AARERPERE IR . T ELX VU A bR 2 K e A
LI R AT e A 0 3 S FH 2 B R T

AR B ARTEPEIATE. W 4 mL 5% i 51
e 1) RSPRS00 mig/L I VR 3 K 1 1) = A el e,
I\ 36 mL 50 “C 55 % 4 & BE BUIE (PDA) B 77 5,
B HIREGHEFEIANE 4 MEAEN 9 om MIREFRILH,
TC il 24 R BE 3500 50 mg/L 1) 5 PDA #5784, HER
5 mm FFTALEEREFRUF R VE LS AT R B, R 5
PRI R U EHI L2 8 PDA $igpdkdhd, BT
25 CHIREFRMAE TR, MR EEKRA, RH+F
T FE RIS EE I BEAR, THE RS E 2,
AR 1.

M1 HLAEH, (&Y N5, N6+ N8. N12 7E 50
mg/L 5RO /N 22 AT S 22703009 94.29%
92.43%- 98.43%- 96.14%, N8 [t N5. N6. N12 [fiftE
B, AU R VSR i R Bl pd AT R R
W, FOREEE BT He Bbn &, T H BG4
R G WERAEE 1 3 [ DA R R L TS5 R B T R — 2 T,
AR EE T AL A .

2 g

AL 5-FEELL () AR as R AR, 5 2,6- 5K LB
BYRBL, 135 6-50-2-(2,6- — I L) Emk-4- FH R (6), T
21 Wik J5 S5 A R 2K e [ B, - il 15— R 51 R WL ST
BRIE I B AR B & R R &), 5T
ZYIAYET 'H NMR A HRMS #E4T T 85 M RIE. 5
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£1 HIMEAWTE 50 mL/L TS @] 2/%)
Table 1 Fungicidal activity of N compounds at the concentra-
tion of 50 mg/L (Inhibition rate)

Compd. G. graminis  F.sehw  R. cerealis P. grisea
N1 61.31 21.12 21.45 46.17
N2 35.45 15.23 19.47 20.78
N3 70.46 12.56 29.14 54.87
N4 26.42 12.89 20.54 36.10
N5 94.29 18.10 32.35 70.92
N6 92.43 25.88 34.47 76.79
N7 84.57 16.69 32.19 61.49
N8 98.43 76.73 31.04 53.54
N9 56.86 20.05 28.16 27.04
N10 69.14 35.82 31.04 60.79
N11 12.86 25.88 21.90 59.67
N12 96.14 59.36 22.16 79.42
N13 20.86 15.54 33.11 21.04

= W

(triadimefon) 100 100 100
KRER 100

(ZJ0712)

SRR 0 0 0 0

© 2015 Chinese Chemical Society & SIOC, CAS

B MENRRE W, 7€ 50 mg/L WK R, —&HMEAEY)
/N A A A S AR S, SN AR . UK
TR 2 T HE Hp S5
3 IS
31 E5EHA
WRS-1A BUHCF I sSAC R TR R IE); Varian-400
BRI IR (LA DMSO 1R, LA TMS N F5); LCQ-
Advantage FUiE{(ESI-MS); 5-5(-1H-F5|P-2,3- — i (i
HH, EHFEER ARG R AA]); 2,6- — 5K LHH
(AR, EEIEH R FHARF R AR, HAR5H
b EE AR A, RE b, AR,
32 KEYMERK
32,1 6-F-2-(2,6- = AR H)EoH-4- F BR(6) 89 A A&
Z 2 CHR[11]) 735, 11 500 mL = B A
47.04 g (0.84 mol) A ALER, I 150 mL 257K, =
BT R BHFFEMA 2541 g (0.14 mol) 5-5
-1H-B5) W-2,3-fil(4), #M0 30 mL EEFKE, A
) [ S NN 21.84 g (0.14 mol) 2,6- —FiH ZHH(5),
INAENR 3 b, 2 ZEHT(TCLRI T RS, H SN R
{5\ 800 mL /KH, FiHE, DIAFGERER, 17 pH HZE 5,
ILyE, VEVEHEE TR 2R, BT, BEI413 g
[EA 6, % 92.3%. m.p. 251~256 C; 'H NMR (400
MHz, DMSO-d) d: 7.33 (t, J=8.0 Hz, 2H, ArH), 7.61~
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7.67 (m, 1H, ArH), 7.94 (d, J/=8.0 Hz, 1H, quinoline-H),
7.74 (d, J=28.0 Hz, 1H, quinoline-H), 8.19~8.21 (m,
2H, quinoline-H), 8.88 (s, 1H, quinoline-H).
322  6-3-2-(2,6- = AR KB oHk-4-Bk T(7) 49 & AR

ZHEBR12107VE#AT. ¥ 35.16 g (0.11 mo)ib&
6 A 500 mL VB, A 200 mL — &UER,
INFEIA 5 h, TLC Rl S RiskfE, [, & H7%
T 2R SR, 1935 A 7. mp. 124~129 C.
AGSEAEEA T NP R
323  HARM A N1~NI13 895 nkil ik

Z2E R3]/ 759%, [ 50 mL B ORI
0.42 g (0.01 mol)fb &7, IO 15 mL VUSRI,
FHIRA 0.01 mol (IEUARTT BEZ AT 0.02 mol (=2 J%. =
T A FE S 5 h. TLC Rl S 2t B2, O Rigs s, i,
i A5 [ 4k, TEK £ 45 4 B 1S B AR &) N1~
N13.

6-5-2-(2,6- R IAIL)-N-[2- F H-4- (A A i-2-3E)
HEIE EIR-4- TR (NT): RO TE, R 68%. mup.
201~205 °C; 'H NMR (CDCls, 400 MHz) d: 2.40 (s, 3H,
ArCHa), 7.09 (t, J=8.0 Hz, 2H, ArH), 7.43~7.59 (m, 3H,
ArH), 7.75 (s, 1H, quinoline-H), 7.78 (dd, J=38.0, 1.2 Hz,
1H, quinoline-H), 8.19 (d, J=28.0 Hz, 1H, quinoline-H),
8.36 (d, J=4.0 Hz, 1H, ArH), 8.40 (d, /=1.2 Hz, 1H,
quinoline-H), 7.81 (s, 1H, CONH); HRMS calcd for
CysH14CIFgN,0 577.0724, found 577.0765.

6-5-2-(2,6- AL )-N-(2,5- = H A& 3 ) g ik -4- H1
T (N2): R Bk, 1% 80%. m.p. 236~240 C;
"H NMR (CDCls, 400 MHz) §: 2.30 (s, 3H, ArCHj3), 2.40
(s, 3H, ArCHj;), 7.00~7.16 (m, 4H, ArH), 7.42~7.47 (m,
1H, ArH), 7.58 (s, 1H, ArH), 7.77 (dd, J=38.0, 1.2 Hz, 1H,
quinoline-H), 7.81 (s, 1H, quinoline-H), 8.18 (d, J=8.0
Hz, 1H, quinoline-H), 845 (d, J = 1.2 Hz, 1H,
quinoline-H), 7.88 (s, 1H, CONH); HRMS calcd for
Cy;H,,CIF,N,0 423.1070, found 423.1112.

6-50-2-(2,6- AL )-N-(2- i -4- 4 T FE I ) e k-
4- TP i (N3): % 3 f A, R 79%. mup. 166~
170 °C; 'H NMR (CDCl;, 400 MHz) J: 1.34 (s, 9H, CHs),
7.06~7.20 (m, 3H, ArH), 7.26 (s, 1H, ArH), 7.43~7.45
(m, 1H, ArH), 7.76 (dd, J=38.0, 1.6 Hz, 1H, quinoline-H),
7.79 (s, 1H, quinoline-H), 7.96 (s, 1H, CONH), 8.18 (d,
1H, J=28.0 Hz, quinoline-H), 8.34~8.37 (m, 1H, ArH),
8.40 (d, J=1.6 Hz, 1H, quinoline-H); HRMS calcd for
Cy6H,oCIF3N,0 469.1289, found 469.1318.

6-50-2-(2,6-  J A I )-N-(3- FF 48 22 3 ) B Tk -4 P
i (N4): R AR, SR 68%. mp. 219~224 C; 'H

Chin. J. Org. Chem. 2015, 35, 2218~2222
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NMR (CDCls, 400 MHz) o: 3.87 (s, 3H, OCHj3), 6.79 (dd,
J=4.0, 1.6 Hz, 1H, ArH), 7.07 (t, J=28.0 Hz, 2H, ArH),
7.16 (d, J=4.0 Hz, 1H, ArH), 7.31 (t, J/=12.0 Hz, 1H,
ArH), 7.41~7.46 (m, 2H, ArH), 7.76 ~7.77 (m, 2H,
quinoline-H), 7.88 (s, 1H, CONH), 8.17 (d, /=8.0 Hz, 1H,
quinoline-H), 8.37 (d, J=1.6 Hz, 1H, quinoline-H);
HRMS caled for C,3H sCIF,N,O, 425.0863, found
425.0895.

6-58-2-(2,6- AR I )-N-(4- YR 25 35 e -4 P G i
(N5): FE g, W 62%. mp. 207~212 C; 'H
NMR (CDCl3;, 400 MHz) o: 7.00~7.04 (m, 2H, ArH),
7.39~7.44 (m, 1H, ArH), 7.52 (d, J=4.0 Hz, 2H, ArH),
7.60 (d, J/=4.0 Hz, 2H, ArH), 7.70 (s, 1H, quinoline-H),
7.74 (dd, J=38.0, 1.2 Hz, 1H, quinoline-H), 8.13 (d, /=8.0
Hz, 1H, quinoline-H), 8.15 (s, 1H, CONH), 8.30 (d, J=1.2
Hz, 1H, quinoline-H); HRMS calcd for Cy,H;,CIF,N,OBr
473.6099, found 474.9872.

6-50-2-(2,6- " F I )-N-(4- F 7% 358 ) g k-4 FF T g
(N6): kB i din Ak, R 55%. mp. 229~233 C; 'H
NMR (CDCl;, 400 MHz) o: 2.37 (s, 3H, ArCHz), 7.04 (t,
J=8.0 Hz, 2H, ArH), 7.21 (d, /J=28.0 Hz, 2H, ArH),
740~743 (m, 1H, ArH), 7.56 (d, J=28.0 Hz, 2H,
quinoline-H), 7.73~7.75 (m, 2H, quinoline-H and ArH),
7.92 (s, 1H, CONH), 8.15 (d, J=8.0 Hz, 1H, quinoline-H),
8.36 (s, 1H, quinoline-H); HRMS calcd for Cy;H,5CIF,N,O
409.0914, found 409.0951.

6-5-2-(2,6- AR KL )-N-(4- 2,75 3k ) v -4 FF 7 frie
(N7): Ak, W& 78%. mp. 163~168 C; 'H NMR
(CDCl3, 400 MHz) ¢: 1.26 (t, J=8.0 Hz, 3H, CH,CHy),
2.68 (q, J=8.0 Hz, 2H, CH,CH5), 7.07 (t, J=12.0 Hz, 2H,
ArH), 7.25 (d, J=28.0 Hz, 2H, ArH), 7.41~7.46 (m, 1H,
ArH), 7.60 (d, J=1.6 Hz, 2H, quinoline-H), 7.75~7.77
(m, 2H, quinoline-H and ArH), 7.80 (s, 1H, CONH), 8.17
(d, J=8.0 Hz, 1H, quinoline-H), 8.39 (d, /=1.6 Hz, 1H,
quinoline-H); HRMS calcd for C,4H;,CIF,N,O 423.1070,
found 423.11009.

6-58-2-(2,6- B T )-N-(2- Tk 2 35 ) s b -4 PP
JZ(N8): Wi (o dniAk, R 54%. mp. 236~240 C; 'H
NMR (DMSO-ds, 400 MHz) 6: 7.27 (t, J=12.0 Hz, 3H,
ArH), 7.61~7.73 (m, 2H, ArH), 7.86 (dd, /=38.0, 4.0 Hz,
1H, quinoline-H), 7.93~7.96 (m, 1H, ArH), 8.02 (d, J=
8.0 Hz, 1H, quinoline-H), 8.13 (d, J=4.0 Hz, 2H,
quinoline-H and CONH), 822 (d, J=4.0 Hz, 1H,
quinoline-H), 8.37 (s, 1H, ArH); HRMS calcd for
Cp3H,CIF,N;0 420.0710, found 420.0746.

http://sioc-journal.cn/ 2221



BIHE

6-5-2-(2,6- G AR FE )-N-(3- Ik 4 JL ) W bk -4- P
JZ(N9): {0 Ak, W 79%. m.p. 276~279 C; 'H
NMR (DMSO-ds, 400 MHz) 6: 7.35 (t, J=12.0 Hz, 2H,
ArH), 7.62~7.67 (m, 3H, ArH), 7.96 (dd, /=38.0, 1.6 Hz,
1H, quinoline-H), 7.99~8.01 (m, 1H, ArH), 8.07 (s, 1H,
quinoline-H), 8.22 (d, J=28.0 Hz, 1H, quinoline-H), 8.29
(t, J=2.0 Hz, 1H, ArH), 8.30 (d, J=1.6 Hz, 1H,
quinoline-H), 11.20 (s, 1H, CONH); HRMS calcd for
CpH,CIF,N;0 420.0710, found 420.0745.

6-50-2-(2,6- — FUK BE)-N-"1 HE W IR -4- 1Y Tt Ji2 (N11.0):
FLE R, % 60%. mp. 177~181 C; 'H NMR
(CDCl;, 400 MHz) ¢: 4.74 (d, J=4.0 Hz, 2H, CH,), 6.48
(t, J=8.0 Hz, 1H, ArH), 7.04 (t, J=8.0 Hz, 2H, ArH),
7.32~740 (m, 6H, ArH and CONH), 7.63 (s, 1H,
quinoline-H), 7.73 (dd, J=38.0, 1.6 Hz, 1H, quinoline-H),
8.12 (d, J/=8.0 Hz, 1H, quinoline-H), 8.36 (d, /=1.6 Hz,
1H, quinoline-H); HRMS caled for C,3H;sCIF,N,O
409.0914, found 409.0958.

6-50-2-(2,6- R A HL)-N-(2- JBL A L ) W Ik -4 F i i
(N11): O 5AA, R 58%. mp. 193~198 C; 'H
NMR (CDCls, 400 MHz) ¢: 7.07 (t, J=8.0 Hz, 2H, ArH),
7.15~7.25 (m, 3H, ArH), 7.42~7.47 (m, 1H, ArH), 7.77
(dd, J=28.0, 1.2 Hz, 1H, quinoline-H), 7.80 (s, 1H,
quinoline-H), 8.04 (s, 1H, CONH), 8.18 (d, /=8.0 Hz, 1H,
quinoline-H), 8.40 (d, /=1.2 Hz, 1H, quinoline-H), 8.50
(t, J=8.0 Hz, 1H, ArH); HRMS calcd for C,H;,CIF;N,O
413.0663, found 413.0710.

6-50-2-(2,6- - FARHE )-N-(4- T 5k ) W Wb -4- F T %
(N12): ¥ ik, % 53%. mp. 177~183 C; 'H
NMR (CDCl;, 400 MHz) ¢: 7.02 (t, J/=8.0 Hz, 2H, ArH),
7.07~7.10 (m, 2H, ArH), 7.38~7.43 (m, 1H, ArH),
7.64~7.67 (m, 2H, ArH), 7.69 (s, 1H, quinoline-H), 7.73
(dd, J=8.0, 1.6 Hz, 1H, quinoline-H), 8.12 (d, J=4.0 Hz,
1H, quinoline-H), 8.22 (s, IH, CONH), 8.29 (d, /=1.6 Hz,
1H, quinoline-H); HRMS caled for C,,H;,CIF;N,O
413.0663, found 413.0705.

6-50-2-(2,6- R KL )-N-(2- G4 HE ) W Ik -4 F i
(N13): Ak, W 61%. mp. 207~212 C; 'H
NMR (CDCls, 400 MHz) ¢: 7.10 (t, J=8.0 Hz, 2H, ArH),
7.18 (td, J=12.0 Hz, 1H, ArH), 7.40~7.47 (m, 3H, ArH),
7.78 (dd, J=38.0, 1.6 Hz, 1H, quinoline-H), 7.85 (s, 1H,
quinoline-H), 8.20 (d, J=28.0 Hz, 1H, quinoline-H), 8.30
(d, J=1.2 Hz, 1H, CONH), 8.46 (d, J=1.6 Hz, 1H,

2222 http:/sioc-journal.cn/
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quinoline-H), 8.60 (d, /=4.0 Hz, 3H, ArH); HRMS calcd
for C,,H;,CIL,F>N,0 429.0368, found 429.0410.

HBh A1 &l (Supporting Information) #2177 #Z% ff 3Lk
ZUE(H NMR)FIE 73 98 5 E(HRMS). X 288447 BLAy
2 WAFI 3 (http://sioc-journal.cn/) | N %K.
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