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Enantioselective Synthesis of Isoxazolecarboxamides  
and their Fungicidal Activity
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Table 1. 6-8
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Scheme 2.

Table 2. 13a–h
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Scheme 3
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Table 3. 6b 15h
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General procedure for the 1,3-dipolar cycloaddition 
reactions to obtain adducts 4a-f and 9-11.

in vacuo

General procedure for the synthesis of isoxazoles 7.
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General procedure for the synthesis of amides 6a, 8a and 
11 with tertiary amines (Method A1) 

5 7

General procedure for the synthesis of amides 6b, 6c, 8b, 
8f, 8g and 8i with tertiary amines (Method A2). 

General procedure for the synthesis of amide 8h with 
n-butyl lithium (Method B1) 

n

General procedure for the synthesis of amides 6d, 6e, 6f, 
8c, 8d, 8e, 9 and 10 with tert-butyl lithium (Method B2)
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General procedure for the synthesis of dipolarophile 
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General procedure for the enantioselective cycloaddition 
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by the usual work-up. The crude product was purified by flash 
column chromatography over silica gel and the enantiomeric 
excess of the separated regioisomers was determined by HPLC 
analysis (AD-H column).

N-(3-Bromopropyl)-3-(2,3,6-trichlorophenyl)-4,5-di-
hydro-1,2-oxazole-5-carboxamide (6a). A greenish oil. 1H 
NMR (CDCl3, 200 MHz)  7.65 (m, 3H, NH, H-4”, H-5”), 
5.26-5.18 (m, 1H, H-5), 3.76-3.36 (m, 6H, H-4, -CH2Br, 
-CH2NH], 2.11 (sept. J = 6.5 Hz, 2H, BrCH2CH2CH2NH). 
Anal. Calcd for C13H12 BrCl3N2O2: C 37.67: H 2.92. Found: C 
37.98; H .2.97.

N-(2-Bromophenyl)-3-(2,3,6-trichlorophenyl)-4,5-di-
hydroisoxazole-5-carboxamide (6b). A colorless glass. IR 
(KBr) max 3357, 3080, 2920, 2840, 1699, 1650, 1591, 1521, 
1438, 1400, 1304, 1180, 1150, 1040, 1020, 950, 870, 817, 735 
cm-1. 1H NMR (CDCl3, 200 MHz)  9.16 (s, 1H, NH), 8.33 
(dd, J = 8.3; 1.6 Hz, 1H, H-3”), 7.58 (dd, J = 8.2; 1.6 Hz, 1H, 
H-6”), 7.50 (d, J = 8.8 Hz, 1H, H-4’), 7.36 (td, J = 8.3; 1.6 Hz, 
1H, H-4”), 7.33 (d, J = 8.8 Hz, 1H, H-3’), 7.04 (td, J = 8.3; 1.6 
Hz, 1H, H-5”), 5.38 (dd, J  = 11.0; 5.3 Hz, 1H, H-5), 3.74 (d, 
J = 11.0 Hz, 1H, H-4), 3.69 (d, J = 5.3 Hz, 1H, H-4). Anal. 
Calcd for C16H10 BrCl3N2O2: C 42.85: H 2.25. Found: C 42.63; 
H .2.56.

N-(3-Bromophenyl)-3-(2,3,6-trichlorophenyl)-4,5-di-
hydroisoxazole-5-carboxamide (6c). A greenish pulp. IR 
(KBr) max 3480, 3373, 3080, 2920, 1685, 1620, 1591, 1530, 
1480, 1450, 1400, 1303, 1280, 1180, 1140, 1070, 1040, 990, 
870, 820, 774, 680 cm-1. 1H NMR (CDCl3, 200 MHz)  8.54 
(s, 1H, NH), 7.89 (t, J = 2.0 Hz, 1H, H-2“), 7.51 (d, J = 8.7 Hz, 
1H, H-4‘), 7.34 (d, J = 8.7 Hz, 1H, H-5’), 7.24 (d, J = 8.1 Hz, 
1H, H-4”), 7.00 (td, J = 8.1; 0.7 Hz, 1H, H-5”), 6.86 (dm, J = 
8.1 Hz, 1H, H-6”), 5.34 (dd, J = 10.9; 5.5 Hz, 1H, H-5), 3.73 
(d, J = 10.9 Hz, 1H, H-4), 3.68 (d, J = 5.5 Hz, 1H, H-4). 13C 
NMR (CDCl3, 50 MHz)  168.92, 155.70, 138.06, 132.33, 
130.60, 128.91, 128.31, 123.23, 118.74, 79.34 (C-5), 42.21 (C-
4). Anal. Calcd for C16H10 BrCl3N2O2: C 42.85: H 2.25. Found: 
C 42.68; H .2.48.

3-(2,3,6-Trichlorophenyl)-4,5-dihydroisoxazole-
5-carboxylic acid 2-trifluorometoxy-4-bromophenylami-
de (6d). A greenish wax. IR (KBr) max 3395, 3120, 2960, 
2928, 2850, 1702, 1640, 1519, 1519, 1440, 1400, 1303, 1250, 
1211, 1190, 1150, 1080, 1044, 941, 879, 818, 753, 730, 670 
cm-1. 1H NMR (CDCl3, 200 MHz)  8.94 (s, 1H, NH), 8.33 
(d, J = 9.2 Hz, 1H, H-6”), 7.94 (d, J = 8.8 Hz, 1H, H-5’), 
7.53-7.43 (m, 3H, H-4’, H-3”, H-5”), 5.35 (dd, J = 10.8; 5.8 
Hz, 1H, H-5), 3.72 (d, J = 10.8 Hz, 1H, H-4), 3.68 (d, J = 5.8 
Hz, 1H, H-4). 13C NMR (CDCl3, 50 MHz)  168.95, 155.33, 
138.81, 133.32, 132.91, 132.44, 132.15, 131.83, 130.74, 
128.93, 128.78, 128.72, 124.73, 124.05, 122.78, 122.07, 
117.793, 116.94, 79.17, 41.91. ESI MS m/z (rel. int.) 532 
[M+] (95). Anal. Calcd for C17H9 BrCl3F3N2O3: C 38.34: H 
1.70. Found: C 38.09; H .1.56.

N-(5-Chloro-2,3,6-trifluoropyridin-4-yl)-3-(2,3,6-tri-
chlorophenyl)-4,5-dihydroisoxazole-5-carboxamide (6e). A 

max 3490, 3350, 3256, 
3080, 2925, 2850, 1715, 1623, 1500, 1474, 1440, 1400, 1320, 
1270, 1240, 1203, 1182, 1150, 1100, 1067, 1042, 1021, 869, 

818, 760, 703, 675 cm-1. 1H NMR (CDCl3, 200 MHz) d 8.81 (s, 
1H, NH), 7.53 (d, J = 8.7 Hz, 1H, H-4’), 7.35 (d, J = 8.7 Hz, 1H, 
H-5’), 5.46 (dd, J = 10.8; 5.5 Hz, 1H, H-5), 3.77 (d, J = 10.8 Hz, 
1H, H-4a), 3.73 (d, J = 5.5 Hz, 1H, H-4b). ESI MS m/z calcd for 
C15H6N3O2F3Cl4Na: 479.9064. Found: 479.9026. Anal. Calcd 
for C15H6 Cl4F3N3O3: C 39.25; H 1.32. Found: C 39.09; H .1.46.

N-(2,6-Difluoro-3,5-dichloropyridin-4-yl)-3-(2,4,5-tri-
fluorophenyl)-4,5-dihydroisoxazole-5-carboxamide (6f).  

max 3360, 3280, 
3080, 2915, 2850, 1709, 1630, 1597, 1540, 1512, 1485, 1437, 
1409, 1373, 1260, 1230, 1191, 1140, 1060, 1040, 1005, 916, 
890, 804, 781, 735 cm-1. 1H NMR (CDCl3, 200 MHz) d: 8.59 
(1H, NH), 7.72 (m, 1H, H-6’), 7.05 (td, J = 10.2; 6.3 Hz, 1H, 
H-3’), 5.36 (t, J = 8.4 Hz, 1H, H-5), 3.87 (d, J = 8.4 Hz,  
1H, H-4a), 3.86 (d, J = 8.4 Hz, 1H, H-4b). ESI-MS m/z calcd 
for C15H6O2N3F5Cl2Na: 447.9655. Found: 447.9655. Anal. 
Calcd for C15H6 Cl2F5N3O2: C 42.28; H 1.42. Found:  
C 42.07; H .1.59.

N,N-Diisopropyl-3-(4-trifluoromethylphenyl)-4,5-di-
hydroisoxazole-5-carboxamide (8a). A colorless glass. IR 

max 3440, 3121, 2974, 2910, 1645, 1478, 1437, 1380, 
1323, 1175, 1120, 1063, 1040, 1020, 990, 951, 920, 846, 820, 
760, 690 cm-1. 1H NMR (CDCl3, 200 MHz) d 7.95 (d, J = 8.2 
Hz, 1H, H-3’, H-5’), 7.75 (d, J = 8.2 Hz, 2H, H-2’, H-6’), 4.11 
(m, 1H, CH, CH(CH3)2), 3.63 (m, 1H, CH, CH(CH3)2), 1.54 
(d, J = 6.2 Hz, 6H, HC(CH3)2), 1.31 (d, J = 6.2 Hz, 6H, 
HC(CH3)2). 13C NMR (CDCl3, 50 MHz) d 167.27 (C=O), 
161.33 (C-3), 157.94 (C-5), 132.66 (C-1‘), 131.97 (m, C-4‘), 
127.40 (2C, C-2‘, C-6‘), 126.23 (q, J = 3.6 Hz, 2C, C-3‘, C-5‘), 
104.10 (C-4), 50.93 (HC(CH3)3), 47.07 (HC(CH3)3), 21.17 
(2C, CH, HC(CH3)2), 20.39 (2C, HC(CH3)2). 19F NMR 
(CDCl3, 471 MHz) d -63.35 (s, 3F, F3C-Ar). ESI MS m/z calcd 
for C17H19O2N2F3Na: 363.1296. Found: 363.1262.

N-Cyclohexyl-3-(4-trifluoromethylphenyl)isoxaz-
ole-5-carboxamide (8b). A yellowish semisolid. IR (KBr) 

max 3460, 3318, 3287, 3160, 2936, 2854, 1650, 1536, 1521, 
1450, 1438, 1326, 1283, 1260, 1240, 1181, 1135, 1115, 
1095, 1070, 1020, 950, 832, 782, 761, 670 cm-1. 1H NMR 
(CDCl3, 200 MHz) d 7.96 (d, J = 8.4 Hz, 2H, H-5’, H-3’), 
7.75 (d, J = 8.4 Hz, 2H, H-6’, H-2’), 7.28 (s, 1H, H-4), 6.53 
(s, 1H, NH), 3.99 (m, 1H, -CH, NHCH(CH)2, H-1”), 2.07-
1.08 (m, 10H, -CH2, H-2”, H-3”, H-4”, H-5”, H-6”). Anal. 
Calcd for C17H17F3N2O2: C 60.35; H 5.06. Found: C 60.07; 
H .5.27.

N-(4-Chloro-3-nitrofenyl)-3-(4-trifluoromethylphe-
nyl)isoxazole-5-carboxamide (8c). A white-brownish sol-
id. mp. max 3416, 3100, 2920, 2880, 
1696, 1615, 1595, 1534, 1480, 1438, 1350, 1325, 1245, 
1175, 1132, 1067,1019, 950, 850, 828, 755, 680 cm-1. 1H 
NMR (CDCl3,, 200 MHz) d 8.48 (s, 1H, NH), 8.40 (d, J = 
2.6 Hz, 1H, H-2”), 7.99 (d, J = 8.1 Hz, 2H, H-5’, H-3’), 7.83 
(dd, J = 8.7; 2.6 Hz, 1H, H-6”), 7.79 (d, J = 8.1 Hz, 2H, 
H-6’, H-2’), 7.59 (d, J = 8.7 Hz, 1H, H-5”), 7.44 (s, 1H, 
H-4). Anal. Calcd for C17H9 ClF3N3O4: C 49.59; H 2.20. 
Found: C 49.41; H .2.38.

N-(2-Chloro-5-nitrofenyl)-3-(4-trifluoromethylphenyl)
isoxazole-5-carboxamide (8d). A white semisolid. IR (KBr) 
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N-(2-Chloro-4-trifluoromethyl-6-nitrophenyl)-3-(4-(tri-
fluoromethylphenyl)isoxazole-5-carboxamide (8e). 

J
J J

J

N-(Pyridin-4-yl)-3-(4-trifluoromethylphenyl)isoxaz-
ole-5-carboxamide (8f). o

J
J 

J 
J 

F3

N-(Furan-2-yl-methyl)-3-(4-trifluoromethylphenyl)is-
oxazole-5-carboxamide (8g). 

o

J J
J

H H J

J

m/z

4-Benzyloxazolidinone-2-3-(4-trifluoromethylphenyl)
isoxazole-5-carboxamide (8h). 

o

J 
J

H J
J 

J
J

J

m/z

Pyrrolidine-3-(4-trifluoromethylphenyl)isoxazole-
5-carboxamide (8i). o

, J
J

J J

J

m/z
N-(4-Trifluoromethyl-2-chloro-6-nitrophenyl)-3-(tert-

butyl)-4,5-dihydroisoxazole-5-carboxamide (9). 
B2,

J J
J

J J
H3  

N-(4-Trifluoromethyl-2,6-dichlorophenyl)-3-(tert-
butyl)-4,5-dihydroisoxazole-5-carboxamide (10). 

B2  o

J J
H3

C
C

N,N-Diisopropyl-3-(tert-butyl)-4,5-dihydroisoxazole-
5-carboxamide (11). A1,

J J
J J

H J H
J J

CH3 J H3 , J
H3 H3 m/z

N-Phenylacrylamide (13a).



171

, HN J
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H2C J
H2C J CH

m/z

 13b 13d
N-(4-sec-Butylphenyl)acrylamide (13c). 
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J
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N-(3-Methoxyphenyl)crotonamide (13g)
 A2

CH J 
HC H3C J 

H3C

N-(4-Trifluoromethylphenyl)crotonamide (13h)
 A2

J 
J , J

CH J 
HC J H3C

N-Phenyl-3-(4-trifluoromethylphenyl)-4,5-dihydrois-
oxazole-5-carboxamide (14a). 

 
, HN J

J J
, J

J J
J J

N-(4-sec-Butylphenyl)-3-(4-trifluoromethylphenyl)-4,5-
dihydroisoxazole-5-carboxamide (14b).
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J J
J

J J
J CH

CH2 J H3C J
H3C m/z

 

14c-g  15c-g 
N-(2-Methoxyphenyl)-4-methyl-3-phenyl-4,5-dihy-

droisoxazole-5-carboxamide (14h). 
o R,R o

S,S

J J
J

m/z

N-(2-Methoxyphenyl)-5-methyl-3-phenyl-4,5-dihy-
droisoxazole-4-carboxamide (15h)

J 
J J

m/z

 
Fungicidal testing 

in vi-
tro Fusarium culmorum Phytoph-
thora cactorum Alternaria alternata 
Rhizoctonia solani Botrytis cinerea 
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