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Synthesis and Fungicidal Activity of Some 3,5-Disubstituted
Isoxazoline Derivatives
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(“ Department of Chemistry, Tianjin University, Tianjin 300072)

(® National Pesticide Engineering Research Center, Nankai University, Tianjin 300071)

Abstract Various substituted benzaldehydes reacted with hydroxylamine hydrochloride, followed by the chlorination with
N-chlorosuccinimide (NCS), to form the corresponding chlorobenzaldehyde oximes, which then underwent the 1,3-dipolar
cycloaddition reaction with N-vinylpyrrolidone, N-vinylpyridine and 4-vinylpyridine, respectively, to generate fifteen novel
compounds containing isoxazoline ring. All the title compounds have been characterized by '"H NMR, '*C NMR, and HRMS.
Preliminary biological activity tests in vitro indicated that compounds 3e~3o displayed excellent fungicidal activity against C.
arachidicola, P. piricola, A. solani, F. graminearum, P. capsici, S. sclerotiorum, and R. solani in the test concentration, com-
pound 3b displayed excellent fungicidal activity against B. cinerea, and compound 3c displayed excellent fungicidal activity
against 4. solani, C. arachidicola and S. Sclerotiorum.

Keywords 1,3-dipolar cycloaddition; isoxazoline; synthesis; structure characterization; fungicidal activity
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1 &R5i4e
1.1 Birk&BIEK
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ek, 28 3 RN H Y. sk R, BRI
IR S g R A N i & AR A i, T R TR A R R
. FATLLH R A 3b AR, e T 4IRS
a0 13- MBI I e e ISR 5200 . AEAH R 41
T, 3Ll CH;COOAg, EtN, K,COs K47, M
CH,CL MW, 5 —5~0 C4m Bk, W

e ETFEER, N 18 h, PEUIRIBCR Sk 70%,
86%, 67%. FATIET EtsN IR S 1 25 12 571).

1.2 WESYIRIEIES T

IZRAA W PIAZ IR 0% LU ARARL, AR Ak 2447
B, BRI EMEALAE 5 7.30~7.67 28], WZEIE; Tit
ZH 4 4 FER T AL T 6 5.84~6.80 2|1,
S dd g FIGHR S AL TSR T AL RS A T
0 3.07~3.99 Z[alffjZ Bk, 1 HocHk L 3 A EiiRIR
TAENI AL T 0 152.7~161.2 Z 1A, 5 47 _ERR 514k 2%
PIRAL T 6 81.5~83.7 2 [0), 4 Af AR AT ML AR RS AT
T 041.0~45.0 2 |A].
1.3 SRR S
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ﬁ@ﬁﬂﬁﬂﬁ?&%%%l&@ X 43 B R A S
PEIE 100%. 24 FREMRIR 5 47 B BRI 1-IEns ke
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a: X=C, R'=2-NOy; b: X=2,4-Cl,; c: X=N, R'=H; d: R'=2-NO,; e: R'=2,4-Cl,; f: R'=2-CF3; g: R'=4-NO,; h: R'=3,4-CH,0;;
i: R'=2,4-Cl; j: R'=2-NO,; k: R'=4-CI; I: R'=3-Cl; m: R'=2-Cl; n: R'=2-NO,; 0: R'=4-OCHj,

Scheme 1
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#1

FUbRA ) B AR it 45 SR (50 pg/mL)

Table 1 The fungicidal activity in vitro of target compounds (50 pg/mL)

ey WNKE  WEBR EERRLA BMiTE NEAT DRENE HEUEE FONKE WOEER KL
3a 269 29.4 58.3 23.5 47.1 32.1 36.4 34.6 26.9 36.4
3b 19.2 23.5 52.8 29.4 35.3 35.7 30.3 96.2 25.0 30.3
3¢ 333 92.9 64.3 73.7 80.0 11.1 70.0 28.0 93.3 78.3
3d 19.2 23.5 61.1 29.4 64.7 39.3 45.5 269 17.3 37.9
3e 83.3 92.9 929 73.7 100.0 72.2 95.0 72.0 100.0 100.0
3f 60.0 76.9 91.7 81.3 50.0 43.8 63.6 79.2 90.4 86.4
3g 22.2 100.0 85.7 68.4 80.0 33.3 95.0 36.0 86.7 73.9
3h 333 100.0 64.3 78.9 70.0 333 95.0 60.0 93.3 95.7
3i 61.1 92.9 71.4 78.9 100.0 61.1 95.0 64.0 100.0 97.8
3j 16.7 92.9 64.3 63.2 90.0 16.7 80.0 32.0 76.7 87.0
3k 72.2 92.9 100.0 84.2 100.0 72.2 70.0 72.0 933 97.8
31 66.7 92.9 929 84.2 90.0 44 .4 90.0 76.0 96.7 100.0
3m 66.7 85.7 78.6 78.9 100.0 55.6 95.0 64.0 100.0 93.5
3n 72.2 92.9 929 78.9 100.0 44 .4 80.0 60.0 93.3 89.1
30 22.2 100.0 14.3 73.7 90.0 22.2 90.0 48.0 93.3 87.0
B 83.3 75.0 92.3 73.9 73.1 81.0 82.6 96.1 96.4 96.1

3 TBES 323 B ARMLAH 3,5- S BAX FE ok AT A 4 69 B A,

3.1 HEHEHF

X-4 BUECT WoRIE AL R A A R A A,
W AR LK 1E; Bruker AVANCE 111 400M  #U % fif 4t
PRAL(TMS A bR, %74 CDCly); Bruker micrOTOF-Q
1 RS o A, A EATRES 0 7 S i T 7=
(200~300 H); It F s FURTHR I Z 20 B 2l 5 b2 41,
DI E2es v oy CL B D B LE

32 &M

32,1 FFIR LIRS AR T BT 696 A%,

DIAEEH) 1b ), {rBe HUBERFE IR T 1) 100
mL S 20 mL FEE. 7.00 g (40 mmol) 2,4-—
SUEHEE . 2.23 g (21 mmol ) BRIRAN KR, EBiEET
] Je AR B R IE NN 3.06 g (44 mmol)EhEaELE,
) 2 I i 5 SR 30 °C, TLC BRESE RNV HERE, RNV 5E4
Jo, BEZEER T, H QBEASI, AU I AT /K vk
%, FHHIJEK MgSO, 148, BRI, MREHLEY 2.4-
THEIEHEEE, R 89.2%.

322 FIRMRRART AR T BT 69 A%,

L&Y 2b Jyfl, AEREH LT WSV 50 mL
=ZIUEHIAN 1.52 g (8.0 mmol) 2,4- 54 FH s 5 A
N,N-— F K& {1 i i (DMF) 8.0 mL, 78 #t 4 F 2k in A
1.18 g (8.8 mmol) N-FAX T MLV Z(NCS), $iil sy
WAL 45 C, TLC MRER RV IHERE, RNV EHRE, B
W, KR, LR AERAI, A3 MU T D
frihkukisk, FHK MSO, T, B3, 9+
PR PR SRR R AT AL, K 83.6%.
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DIMEEY) 3b A, 7 AT 1 1 RSO I S
R 2,4- " F AR5 1.80 g (8.0 mmol). 6 mL CH,Cl, %
F, FERSRYT I 1.07 g (9.6 mmol) N-Z4HEn s
Ll () CHoCly i, TRFF R VR BEAE—5~0 C, Mk
MNARZRTAIA 1.21 g (12.0 mmol) EtsN ) CH,CL, %K,
N oe B Ja IR ARE, TLC BRER RN, SN 450 s A
MGG K RN, S8R5 CHLCL 265K, T8, B
ZHEH, PRERAREENTIRGE, 15 H LAt

3-(2-1ii§ & 2K FE )-5-(1- BH 1% e Wl F )-2,3- 5 Wt mafs g
(3a): FOMEAR, WCE 75.0%. mp. 135.0~136.8 C; 'H
NMR (400 MHz, CDCl;) 6: 8.10 (d, J=8.1 Hz, 1H), 7.73
(dd, J=11.2, 3.8 Hz, 1H), 7.66 (t, J=6.9 Hz, 2H), 6.73
(dd, J=10.3, 3.9 Hz, 1H), 3.51 (ddd, J=28.3, 16.0, 9.1
Hz, 3H), 3.23~3.15 (m, 1H), 2.47 (t, J=8.1 Hz, 2H), 2.12
(dd, J=14.4, 6.6 Hz, 2H); *C NMR (100 MHz, CDCl;) ¢:
175.6, 154.3, 147.9, 133.7, 131.4, 131.0, 124.9,124.9, 83.2,
41.9, 39.0, 31.2, 17.9. HRMS caled for C;3H3N;04Na
[M+Na]" 298.0804, found 298.0798.

3-(2,4- SR HE)-5-(1- M gt J6 Il 2% )-2,3- S I e b
(3b): AAEEK, WE 852%. mp. 945~96.5 C; 'H
NMR (400 MHz, CDCl;) d: 7.66 (d, J=8.4 Hz, 1H), 7.50
(d, J=1.6 Hz, 1H), 7.34 (dd, J=8.4, 1.6 Hz, 1H), 6.70
(dd, J/=10.0, 3.0 Hz, 1H), 3.69 (dd, J=18.1, 10.0 Hz, 1H),
3.42~3.27 (m, 3H), 2.45 (t, J=8.0 Hz, 2H), 2.17~2.01
(m, 2H); *C NMR (100 MHz, CDCl3) J: 175.4, 154.4,
136.8, 133.4, 131.5, 130.5, 127.7, 126.9, 82.7, 41.9, 39.3,
31.0, 17.8. HRMS caled for C3H;,N,0,Cl,Na [M+Na]"
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321.0174, found 321.0169.

3-(4- ML E JE )-5-(1- M Pt ) i )-2,3- 55 I A2 Bk (3c):
WO A, E 60.5%. mp. 153.2~1549 C; 'H
NMR (400 MHz, CDCLy) 6: 8.73 (d, J=5.9 Hz, 2H), 7.56
(d, J=5.9 Hz, 2H), 6.74 (dd, J=10.1, 3.7 Hz, 1H), 3.55
(dd, J=17.7, 10.1 Hz, 1H), 3.35 (dd, J=15.4, 8.7 Hz, 1H),
3.25~3.14 (m, 2H), 2.46 (t, J=7.8 Hz, 2H), 2.13~2.01
(m, 2H); *C NMR (100 MHz, CDCl3) &: 175.4, 154.0,
150.6, 136.1, 120.6, 83.0, 41.7, 36.1, 31.0, 17.8. HRMS
caled for C;;H;3N30,Na [M—|—Na]+ 254.0906, found
254.0901.

3-(2-HHHE R I )-5-(4- ML WE KE)-2,3- 5 M4k (3d): 2
AR, K% 62.3%. mp. 124.0~126.0 C; '"H NMR
(400 MHz, CDCly) 8: 8.68 (d, J=5.8 Hz, 2H), 8.10 (d, J=
8.2 Hz, 1H), 7.77~7.69 (m, 1H), 7.64 (dd, J=16.0, 8.2
Hz, 2H), 7.37 (d, J=5.7 Hz, 2H), 5.88~5.78 (m, 1H),
3.79 (dd, J=16.7, 11.1 Hz, 1H), 3.24 (dd, J=16.7, 7.7 Hz,
1H); C NMR (100 MHz, CDCLy) 6: 154.8, 150.3, 149.1,
148.0, 133.6, 131.0, 130.9, 124.9, 120.6, 81.5, 45.0.
HRMS caled for C,4H;;N;Os;Na [M—|—H]+ 270.0878,
found 270.0872.

3-(2,4- UK I )-5-(4- ML BE F)-2,3- 7 I PR Ik (Be):
AR, KK 63.7%. mp. 73.2~75.5 ‘C; 'H NMR
(400 MHz, CDCly) 8: 8.66 (d, J=5.9 Hz, 2H), 7.65 (d, J=
8.4 Hz, 1H), 7.47 (d, J=2.0 Hz, 1H), 7.33 (dd, J=13.0,
4.1 Hz, 3H), 5.79 (dd, J=11.1, 7.5 Hz, 1H), 4.00 (dd, J=
17.1, 11.1 Hz, 1H), 3.47 (dd, J=17.1, 7.5 Hz, 1H); °C
NMR (100 MHz, CDCly) &: 155.1, 150.3,149.3, 136.7,
133.5, 131.4, 130.5, 127.6, 126.9, 120.4, 81.4, 45.0.
HRMS caled for C4H;oN,OCLLNa [M+H]" 293.0248,
found 293.0258.

3-(2- = 3 LR )-5-(4- ML E Jik)-2,3- S g AR (31):
AR, KK 60.3%. mp. 78.6~79.2 ‘C; 'H NMR
(600 MHz, CDCl5) &: 8.68~8.62 (m, 2H), 7.76 (d, J=7.8
Hz, 1H), 7.58 (ddd, J=23.7, 15.6, 7.5 Hz, 3H), 7.34 (d,
J=5.8 Hz, 2H), 5.80 (dd, J=11.1, 7.3 Hz, 1H), 3.86 (dd,
J=17.2, 11.1 Hz, 1H), 3.27 (dd, J=17.2, 7.3 Hz, 1H); *C
NMR (101 MHz, CDCL) d: 155.6, 150.3, 149.5, 132.1,
130.7, 130.0, 128.1, 126.8, 126.7, 120.4, 81.1, 46.6.
HRMS caled for C4H;;N;Os;Na [M—|—H]+ 293.0901,
found 293.0907.

3-(4-TH HE A HE)-5-(2- Mk i ik )-2,3- 53 R Mk (3g):
AR, % 82.0%. m.p. 153.0~155.0 C; 'H NMR
(400 MHz, CDCLy) 8: 8.62 (d, J=4.7 Hz, 1H), 8.28 (d, J=
8.9 Hz, 2H), 7.89 (d, J=8.9 Hz, 2H), 7.77 (td, J=7.7, 1.7
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Hz, 1H), 7.58 (d, J=7.8 Hz, 1H), 7.30 (s, 1H), 5.95 (t, J=
9.2 Hz, 1H), 3.85 (d, J=9.2 Hz, 2H); *C NMR (100 MHz,
CDClLy) 6: 158.8, 155.2, 149.6, 148.5, 137.1, 135.4, 127.6,
124.0, 123.3, 121.0, 83.5, 40.5. HRMS calcd for C,Hy;-
N;0;Na [M—+H]" 270.0878, found 270.0872.

3-(3,4- 7 F 3k A R L )-5-(2- ML I e )2, 3- S M e b
(3h): EHELO A, R 89.0%. m.p. 103.2~105.4 C;
'H NMR (400 MHz, CDCl3) 6: 8.60 (d, J=4.7 Hz, 1H),
7.73 (td, J=7.7, 1.7 Hz, 1H), 7.59 (d, J=7.9 Hz, 1H), 7.33
(d, J=1.5 Hz, 1H), 7.24 (dd, J=7.0, 5.3 Hz, 1H), 7.08
(dd, J=8.1, 1.6 Hz, 1H), 6.83 (d, J=8.1 Hz, 1H), 6.02 (s,
2H), 5.84 (dd, J=11.0, 6.8 Hz, 1H), 3.80 (dd, J=16.6,
11.1 Hz, 1H), 3.67 (dd, J=16.6, 6.8 Hz, 1H); C NMR
(100 MHz, CDCL3) 0: 160.0, 156.1, 149.4, 149.4, 148.1,
137.0, 123.4, 122.9, 121.8, 120.6, 108.2, 106.6, 101.5,
82.4, 41.7. HRMS calcd for C;sH;,N,O3Na [M+Na]®
291.0746, found 291.0742.

3-(2,4- AR K )-5-(2- M HE )-2,3- S5 W AR IR (3i):
WA, BE 83.6%. mp. 39.3~41.0 'C; '"H NMR
(400 MHz, CDCl;) d: 8.61 (d, J=4.7 Hz, 1H), 7.77~7.76
(m, J=7.7, 1.7 Hz, 1H), 7.62 (dd, J=23.8, 8.1 Hz, 2H),
7.46 (d, J=2.0 Hz, 1H), 7.34~7.22 (m, 2H), 5.89 (dd, J=
11.0, 7.1 Hz, 1H), 3.99 (dd, J=17.2, 11.0 Hz, 1H), 3.84
(dd, J=17.2, 7.1 Hz, 1H); *C NMR (100 MHz, CDCl;) ¢:
159.4, 155.7, 149.5, 137.0, 136.4, 133.6, 131.4, 130.5,
127.4, 127.3, 123.1, 120.6, 83.3, 43.5. HRMS calcd for
C14H,oN,OCI,Na [M+Na]" 315.0068, found 315.0062.

3-(2-fif HE R KL )-5-(2-Mb e JE)-2,3- SR HE PR IbR (3f): %
WO, BE 86.3%. mp. 60.8~62.6 C; 'H NMR
(400 MHz, CDCLy) d: 8.62 (d, J=4.4 Hz, 1H), 8.06 (d, J=
8.1 Hz, 1H), 7.87~7.75 (m, 1H), 7.70 (t, J=7.4 Hz, 1H),
7.66~7.54 (m, 3H), 7.30 (s, 1H), 5.95 (dd, J=11.0, 6.9
Hz, 1H), 3.78 (dd, J=16.8, 11.1 Hz, 1H), 3.61 (dd, J=
16.8, 6.9 Hz, 1H); *C NMR (100 MHz, CDCl;) §: 159.3,
155.3, 149.4, 148.1, 137.1, 133.4, 131.1, 130.7, 125.3,
124.8, 123.1, 120.8, 83.4, 43.5. HRMS caled for
C1,H;1N;O;Na [M+Na]" 292.0698 , found 292.0699.

3-(4-FUHRHE)-5-(2-MEWE F)-2,3- S M Bpk (3K ): 3 7
WAk, W% 69.3%. mp. 83.0~85.0 ‘C; 'H NMR (400
MHz, CDCLy) d: 8.61 (d, J=4.6 Hz, 1H), 7.72~7.76 (m,
J=17.7, 1.6 Hz, 1H), 7.65 (d, J=8.6 Hz, 2H), 7.59 (d, J=
7.8 Hz, 1H), 7.39 (d, J=8.6 Hz, 2H), 7.26 (dd, J=7.2, 5.3
Hz, 1H), 5.88 (dd, J=11.0, 7.0 Hz, 1H), 3.82 (dd, J=16.8,
11.0 Hz, 1H), 3.72 (dd, J=16.7, 7.0 Hz, 1H); *C NMR
(100 MHz, CDCly) §: 159.6, 155.7, 149.4, 137.0, 136.2,

http://sioc-journal.cn/ 1803
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129.0, 128.1, 127.8, 123.1, 120.7, 82.7, 41.2. HRMS calcd
for C,4H;;N,OCINa [M+Na]" 281.0458, found 281.0456.

3-(3- A IE)-5-(2-ME Mg I )-2,3- S EMERR (31): I
A, & 59.0%. 'H NMR (400 MHz, CDCl3) 6: 8.61 (d,
J=4.5 Hz, 1H), 7.75 (dd, J=10.9, 4.4 Hz, 1H), 7.70~
7.64 (m, 1H), 7.61 (d, J=7.8 Hz, 1H), 7.43 (d, J=7.8 Hz,
1H), 7.40~7.29 (m, 2H), 7.25 (dd, J=6.8, 5.4 Hz, 1H),
5.88 (dd, J=11.0, 7.0 Hz, 1H), 4.01 (dd, J=17.2, 11.0 Hz,
1H), 3.83 (dd, J=17.2, 7.0 Hz, 1H); C NMR (100 MHz,
CDCly) d: 159.5, 155.6, 149.4, 137.0, 134.8, 131.1, 130.2,
130.0, 126.9, 124.9, 123.0, 120.7, 82.8, 41.0. HRMS calcd
for C,4H;;N,OCINa [M+Na]" 281.0458, found 281.0456.

3-(2-F AR IE)-5-(2-MEmE IE)-2,3- S RE MR (3m): R
A, & 75.3%. '"H NMR (400 MHz, CDCl3) 6: 8.61 (d,
J=4.5 Hz, 1H), 7.75 (t, J=7.7 Hz, 1H), 7.70~7.63 (m,
1H), 7.61 (d, J=7.8 Hz, 1H), 7.43 (d, J=7.8 Hz, 1H),
7.40~7.19 (m, 3H), 5.88 (dd, J=11.0, 7.0 Hz, 1H),
3.90~3.93 (m, J=24.2, 17.2, 9.0 Hz, 2H); *C NMR (100
MHz, CDCl;) 6: 159.5, 155.6, 149.5, 137.0, 134.8, 131.1,
130.1, 130.0, 126.9, 124.9, 123.0, 120.7, 82.8, 41.0.
HRMS caled for C4H;;N,OCINa [M—I—Na]+ 281.0458,
found 281.0458.

3-(3-Hif R I )-5-(2-ME e £5)-2,3- S RE MMk (3m): [
AR, R 73.3%. m.p. 96.0~98.0 ‘C; 'H NMR (400
MHz, CDCl;) 6: 8.63 (d, J=4.7 Hz, 1H), 8.51 (s, 1H),
8.33~8.23 (m, 1H), 8.12 (d, J=7.8 Hz, 1H), 7.76 (td, J=
7.7, 1.6 Hz, 1H), 7.69~7.57 (m, 2H), 7.30 (s, 1H), 5.96 (d,
J=9.1 Hz, 1H), 3.87 (d, J=9.1 Hz, 2H); *C NMR (100
MHz, CDCl;) 6: 158.9, 155.0, 149.6, 148.5, 137.1, 132.4,
1312, 129.8, 124.6, 1233, 121.7, 1209, 83.2, 40.6.
HRMS caled for C4H;N;OsNa [M+Na]® 292.0698,
found 292.0697.

3-(4- FH A JE R 3E)-5-(2- ML e 3 )-2,3- 57 B I bk (30):
WK, % 85.2%. mp. 69.3~71.0 ‘C; 'H NMR
(400 MHz, CDCl;) J: 8.60 (d, J=4.7 Hz, 1H), 7.73 (td,
J=17.7, 1.7 Hz, 1H), 7.66 (d, J=8.8 Hz, 2H), 7.61 (d, J=
7.7 Hz, 1H), 7.24 (dd, J=6.8, 5.3 Hz, 1H), 6.93 (d, J=8.8
Hz, 2H), 5.84 (dd, J=11.0, 6.7 Hz, 1H), 3.88~3.80 (m,
4H), 3.69 (dd, J=16.7, 6.7 Hz, 1H); *C NMR (100 MHz,
CDCly) 6: 161.2, 160.2, 156.1, 149.3, 137.0, 128.4, 122.9,
121.8, 120.6, 114.1, 82.2, 55.4, 41.8. HRMS calcd for
CysH14N,O,Na [M+Na]" 277.0953, found 277.0948.

3.3 HEYEMHENR
KB LN 2 50 mg/L Wk, LA H
5 A 2y X B TR 25990 B (Fusarium  oxysporium),

1804 http://sioc-journal.cn/
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16 E B 18 (Cercospora arachidicola), V-SL56 400 14
(Physalospora piricola), F& Hfi - & W W (Alternaria
solani), /NFTREEIN W (Fusarium graminearum), %2
e % 95 (Rhizoctoniasolani), R W ¥%& %% W%
(Phytophthora capsici), 3)NK#95 W (Botrytis cinerea),
TS %W B (Sclerotinia  Sclerotiorum), 7K FESURIR B
(Rhizoctonia solani) 1P BN wE RS, BUINA
SRR KRR TR 2 O IR, A AR
WEAR, R T A .

I 2 (%) = OO R P8 97 BB AT — A BR R 35 9 1L
FLAR)/ O BB 35 HUELAT) X 100%

B A1 EL(Supporting Information) 7 & At & 411
'H NMR, "C NMR, HRMS i, iX2epp kil LG 3
A Wk (http://sioc-journal.cn/)_F %
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