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The synthesis and fungicidal activity of a novel series of 1-[(3-aryliso-
xazolin-5-yl)methyl]-1H-1, 2, 4-triazoles V¥ and 1-[(3-arylisoxazol-5-yl)meth-
yl]-1H-1,2,4-triazoles VI are discussed. The preparation of V and VI was
straightforward and highlighted by a regiospecific 1, 3-dipolar cycloaddition
of substituted benzonitrile oxides /I with l-allyl- ({//) or l-propargyl-1H-
-1, 2, 4-triazole (/V).

Dipolar cycloadditions of nitrile oxides with unsaturated compounds are of
synthetic interest since the products isoxazolines and isoxazoles, respectively,
are versatile intermediates for the synthesis of bifunctional compounds [1—3].
As a part of research on applications of the 1, 3-dipolar cycloadditions to the
synthesis of biologically effective compounds, recently, we have reported the
synthesis and biological activity of a novel class of antifungal isoxazolines, the
preparation of which involved a cycloaddition of arylnitrile oxides with aryl-
maleinimides [4, S]. Previous reports [6, 7] by a number of research laboratories
indicated that introducing a 1 H-1, 2, 4-triazole ring provided compounds having
a more potent in vivo antifungal activity. The fact that compounds bearing a
1H-1,2, 4-triazole group are of potential use in agrochemistry [8], coupled with
better pharmacokinetic profile [9] made triazole derivatives attractive and prom-
ising targets as systemic antifungal agents. With a view to studying the influence
of substituents on the fungicidal activity, reactions of some unsaturated com-
pounds possessing a 1 H-1, 2, 4-triazole ring with nitrile oxides have been inves-
tigated and the results together with the testing of fungicidal properties of the
prepared compounds are reported in this paper.

1-Allyl- and 1-propargyl-1H-1, 2, 4-triazoles (III resp. IV) were prepared by
established procedures [10] involving treatment of sodium salt of 1H-1,2,4-
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-triazole with allyl and propargyl bromide. The unstable substituted ben-
zonitrile oxides /7 (Scheme 1) formed in situ from the corresponding N-hydroxy-
benzenecarboximidoyl chlorides 7 in the presence of potassium carbonate as
acid receptor and one sterically stable nitrile oxide, viz. 2,4, 6-trimethylben-
zonitrile oxide (/Id) were chosen for the reaction with III and IV The reactions
were conducted in chloroform using equimolar amounts of reactants. In all
cases, isoxazoline and isoxazole derivatives V resp. VI, were obtained as the solo
products in very good yields. The results are summarized in Tables 1 and 2.
Surprisingly, the classical method using triethylamine [11] as acid receptor gave
lower yields of cycloadducts in comparison to potassium carbonate.
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Scheme 1

The structure of the products was determined by 'H and *C NMR spectra
and elemental analyses. As expected [2, 3], the cycloadditions were highly
regioselective, '*C NMR spectroscopy showed the presence of a single isomer in
all cases studied rather than a mixture of regioisomers. The regioselectivity
observed in these cycloaddition reactions can be explained on the basis of the
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1-[(ISOXAZOL-5-YL)METHYL]-1.2.4-TRIAZOLES
Table 1

Characterization of the prepared 1-[(3-arylisoxazolin-5-yl)methyl]-1H-1, 2, 4-triazoles V'

wi(calc.)/%

Compound Forlzl““'a wfound)/% Yield M.p. Aae/nM)
' C H N % °C loge
Va C,H,N,O 6314 530 2454 82  104—106 260
228.25 6325 5.44 24.38 3.15
vd CHgN,O 6664 671 2072 89 71—73 234 sh
270.32 66.81 6.55 20.81 2.38
Vg C.HxN,O; 5832 559 1943 80 110112 262, 323
288.30 58.44 541 19.30 2.82, 2.60
Vi C,H,N;O; 5274 4.05 2563 90  104—106 241 sh
273.25 5263 3.99 2542 2.75
Vi C,H,N;O; 5274 405 2563 88  150—152 257
273.25 52.60 3.89 25.48 3.20
7 C,H,N;O; 5274 4.05 2563 74  169—171 304
273.25 52.55 4.00 25.48 3.05
Vn C,H,FN,O 5852 4.50 2275 85 97—99 259
246.24 58.38 430 22.91 3.02
Vo C,H,CIN,O 5486 422 21.32 87 oil 253
262.69 5471 449 21.01 2.75
Vp C,H,CIN,O 5486 422 2132 8  130—132 263
262.69 54.62 4.01 21.43 3.04
Vr C,H,CINO 5486 422 2132 78  123—125 265
262.69 5472 431 21.22 3.21
Vs C,H,CLN,O  48.50 339 1885 79  130—I132 262
297.14 48.33 341 18.66 2.64
Vi C,H,CLN,O 4850 3.39 1885 66  126—128 265
297.14 4841 3.42 1891 3.18
Vu C,H,BrNO 4692 361 1824 72 136137 267
307.15 46.86 3.73 1831 3.23

model proposed by Houk for HOMO—LUMO interactions between the react-
ing species [12, 13].

The structure of the products 1-[(3-arylisoxazolin-5-yl)methyl]-1H-1, 2, 4-
-triazole V obtained by the reaction of nitrile oxides /I with compound /I was
determined on the basis of the comparable chemical shifts of 5-methine and
4-methylene protons and carbons with those (Tables 3 and 5) of analogues
reported in the literature [14].

The chemical shift of the angular methine signal shows undoubtedly that the
orientation of the addition reactions is such as indicated in Scheme 1. Similarly,
the oxides II readily underwent the 1,3-dipolar cycloaddition with 7V This
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Table 2

Characterization of the prepared 1-[(3-arylisoxazol-5-yl)methyl]-1H-1, 2, 4-triazoles VI

wi(cale.)/%
Compound Fo;:{‘mla w;(found)/% Yield M.p. Appae /M
' C H N % °C loge
Via C,;H,(N,O 63.70 4.45 24776 92 108—109 242
226.22 63.51 440 24382 2.79
Vib C,;H;;N,O 6498 5.03 2332 82 81—83 245
240.25 64.73 S5.11 23.18 2.70
Vie C,H,N,0 6498 503 2332 78 102—103 248
240.25 64.80 5.16 23.14 2.83
vid CHN,O  67.14 601 2088 88 9495 232 sh
268.30 67.03 6.12 20.67 2.45
Vie C,H,N,0, 6092 472 21.86 71 101—103 245, 294
256.26 60.79 4.81 21.73 2.68, 2.30
vIf C H,N,0, 6092 472 2186 78 113—114 261
256.26 60.80 4.65 21.78 2.89
Vig C.H,N,0, 5873 492 19.57 82 122—124 246 sh, 318
286.28 58.64 4.85 19.65 2.56, 2.34
20 CHN,O, 5695 5.09 17.71 65 142—144 266
316.31 56.82 5.14 17.65 2.68
vii C,H,CLN,0, 4801 3.10 1723 72 96—97 244 sh
325.15 4791 3.00 17.01 2.62
vij C,H,N,O;  53.13 334 2582 92 86—88 244 sh
271.23 53.25 3.18 25.94 2.81
Vik C,H,N,O,  53.13 3.34 2582 88 109—111 232, 264 sh
271.23 53.00 3.24 25.69 3.26, 2.78
vil C,H,N,O,  53.13 334 2582 9l 136—138 277
271.23 53.21 3.41 2593 2.81
Vim C,,H,FN,O 59.01 3.71 2294 62 99—100 242
244.22 58.89 3.83 22.78 2.81
Vin C,,H,FN,O 59.01 3.71 2294 170 86—88 243
244.22 59.14 3.79 23.05 2.76
Vio C,H,CIN,O 5528 348 2149 72 65—67 237
260.67 55.41 3.58 21.61 2.85
Vip C,H,CIN,O 5528 348 2149 76 91—93 243
260.67 55.11 3.58 21.33 2.73
Vir C,,H,CIN,O 5528 3.48 2149 170 90—92 247
260.67 55.15 3.60 21.58 2.86
Vis C,;H;CLN,O 48.83 2.73 1898 75 115—117 243
295.15 48.71 290 19.10 2.76
Vit C,,H,CI,N,O 48.83 2.73 1898 80 107—109 249
295.15 48.72 2.58 18.75 2.88
Viu C,,HyBrN,O 47.07 296 18.30 88 96—97 252
305.13 4720 2.82 18.45 2.93
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1-(ISOXAZOL-5-YL)METHYL]-1.2.4-TRIAZOLES
Table 3

'"H NMR spectral data of 1-[(3-arylisoxazolin-5-yl)methyl]-1H-1, 2, 4-triazoles V'

5
Compound 3 H-5 H-5  H,4 Hg4 CH, g

s s m dd dd d arom
Va 7.91 8.23 5.10 3.53 3.29 4.42 7.41—7.67
Vd 7.99 8.39 5.12 3.30 3.07 4.52 6.87
Vg 7.93 8.26 5.07 3.62 334 4.40 6.84—7.26
Ve 8.00 8.55 5.17 3.56 3.00 4.45 7.62—8.03
Vk 7.89 8.36 5.21 3.55 3.42 4.49 7.57—8.36
Vi 7.89 8.25 5.21 3.53 3.40 4.49 7.74—8.26
Vn 7.95 8.39 5.14 3.49 3.30 447 7.06—7.61
Vp 7.93 8.30 5.14 3.48 3.31 4.46 7.25—7.58
Vr 7.90 8.24 5.13 3.47 3.29 4.44 7.35—7.54
Vs 7.91 8.25 5.15 3.66 3.44 4.44 7.24—7.43
vt 7.95 8.38 5.16 3.47 3.31 447 7.45—7.66
Vu 7.89 8.23 5.13 3.47 3.29 4.44 7.22—7.54

a) 2.27 (s, 3H, CHj), 2.11 (s, 3H, CH3,); b) 3.79 (s, 3H, OCH,), 3.78 (s, 3H, OCHj;); ¢) CD,SOCD;.

reaction gave exclusively 1-[(3-arylisoxazol-5-yl)methyl]-1H-1, 2, 4-triazole VI
in excellent yields (Tables 2, 4, 6); the alternative 1, 3-addition product described
in the reaction of benzonitrile oxide with phenylacetylene [15] was not detected
at all.

The structural resemblance between the products obtained and some of the
reported biologically active 1H-1, 2, 4-triazole derivatives [6—9] led us to test
fungicidal properties of our products. The compounds ¥ and VI were evaluated
for control of the phytopathogenic fungi Phytophthora infestans, Alternaria
species, Botrytis cinerea, and Fusarium nivale in in vitro tests and Erysiphe
graminis on barley in in vivo test [4, 5]. From the isoxazoline series V' only the
chloro- and nitro-substituted derivatives showed fungicidal activity in both in
vitro and in vivo testing. For example, V efficiently controls Erysiphe graminis
on barley, however, not sufficiently as to justify its commercializations. The
isoxazole series VI shows a large dependence between the fungicidal activity and
structure. No activity has been found with the methoxy- and bromo-substituted
derivatives VI, nitro and methyl derivatives show only moderate fungicidal
effects. The parent derivative Vla is active only in vitro and the fluoro-
-substituted derivatives in vivo. The only minor exceptions are the chloro-
-substituted derivatives VI, which exhibit fungicidal activity both in vitro and in
vivo. But none of the compounds screened showed antifungal activity, as in the
case with the reference compounds.
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Table 4

BC NMR chemical shifts of 1-[(3-arylisoxazolin-5-yl)methyl]-1H-1, 2, 4-triazoles V'

é
Compound
C-3 C4 C-5 C-3 C-5 CH, Cirom

Va 156.65 37.79 78.40 152.10 144.21 52.28  130.50, 128.81,
126.77

vd® 157.64  41.27 71.73 151.61 144.33 52.00 139.12, 136.33,
128.55, 125.26

Vgt 156.25 40.19 78.43 151.92  144.12 5247  153.50, 118.13,
113.22, 11291

Vi 154.87 37.55 78.83 151.61 144.91 51.45 147.94, 133.23,
131.26, 131.60,
124.30, 122.94

Vk 155.03 37.24 79.16 15222  148.46 52.07  132.21, 130.53,
129.94, 124.96,
121.59

Vi 155.14 37.12 79.30 152.20 143.81 52.13 134.66, 127.51,
124.06

Vn .55.66 37.80 78.37 151.45 14431 52.44  165.66, 128.82,
12493, 116.17

Vp 155.60 37.48 78.62 151.90 144.02 52.29 134.84, 130.48,
130.39, 130.05,
126.76, 124.78

Vr 155.73 37.56 78.59 152.03  144.30 52.23  136.56, 129.10,
127.97, 127.18

Vs 155.73 39.71 79.06 152.10 144.38 52.17  136.73, 133.45,

131.30, 130.43,
127.52, 126.74
|43 154.90 37.60 78.78 151.93 14445 5234 13471, 133.24,
130.87, 128.60,
125.75,  128.50
Vu 155.82 37.50 78.62 152.10  144.18 52.30 129.10, 127.96,
127.61, 124.88

a) 21.05 (g, CH,), 19.58 (q, CH,); b) 56.10 (q, OCH,), 55.85 (g, OCH,); ¢) CD;SOCD,.

Experimental

Melting points were determined with a Kofler apparatus. 'H and '*C NMR spectra
were obtained from deuterochloroform solutions, relative to tetramethylsilane, on a
Varian VX 300 instrument (300 MHz). Ultraviolet spectra were obtained on a spec-
trometer M-40 (Zeiss, Jena) in methanol. Values of € are given in m*mol~' The progress
of the reaction was followed by thin-layer chromatography (TLC) on silica gel plates.
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1-[(ISOXAZOL-5-YL)METHYL)-1.2, & TRIAZOLES
Table 5

'H NMR spectral data of 1-[(3-arylisoxazol-5-yl)methyl]-1H-1, 2, 4-triazoles V1

é
Compound

H-4 H-3 H-5 CH, H.om CH,
Via 6.57 8.02 8.26 5.54 7.44—17.87 -
VIb 6.55 8.02 8.29 5.54 7.25—17.59 2.39
vic 6.99 8.05 8.72 5.73 7.29—17.75 2.49
vid 6.21 8.02 8.31 5.57 6.92 2.10—2.30
vif 6.51 8.02 8.29 5.53 6.96, 7.71 3.85
Vig* 6.89 8.05 8.72 5.74 7.07—7.26 3.80, 3.73
VIn® 7.06 8.05 8.71 5.73 7.13 3.84, 3.71
vi° 6.97 8.06 8.73 5.79 7.75—7.84 3.72
2/] 6.42 8.03 8.36 5.58 7.26—8.04 —
Vik 6.67 8.04 8.30 5.59 7.64—38.61 —
Vim® 7.09 8.06 8.72 5.76 7.35—17.73 —
Vin® 7.04 8.05 8.72 5.75 7.31—17.94 —
Vio 6.74 8.00 8.27 5.55 7.26—1.70 —
Vip* 7.12 8.06 8.73 5.76 7.54—17.93 -
vir 7.08 8.05 8.72 5.75 7.56—17.90 —
VIs" 6.95 8.06 8.79 579 7.55—7.84 —
Vi 7.06 8.06 8.73 5.76 7.69—7.83 —

a) CD,SOCD,.

Compounds Il and IV were prepared according to [10]. N-Hydroxybenzenecar-
boximidoyl chlorides I were prepared by chlorination of the corresponding benzal
oximes in chloroform according to [16], N-hydroxymethoxybenzenecarboximidoyl
chlorides were obtained by treatment of oxime with nitrosyl chloride [17], IId was
synthesized according to [18].

Antifungal screening assay was described in [4].

Triazoles Va—Vu and VIa—VIu

II1 (5.5 g; 0.05 mol) or IV (5.4 g; 0.05 mol) was dissolved in chloroform (50 cm?) and
mixed with an aqueous solution (20 cm®) of potassium carbonate (3.8 g; 0.0275 mol).
The stirred mixture was kept at 0 °C for 10 min, and N-hydroxybenzenecarboximidoyl
chlorides (0.05 mol) were added during 1 h. The reaction mixture was then stirred at 0 °C
for 1 h and at room temperature for 5 h. Organic layer was separated and combined with
chloroform extracts (2 x 20 cm®) of the aqueous layer, dried over Na,SO, and evap-
orated. Products were isolated by column chromatography (silica gel/chloroform).

The cycloadditions of I/d were performed by the following way: The nitrile oxide
(0.05 mol) and dipolarophile III or IV (0.05 mol) in dry benzene (30 cm®) were heated
to 80 °C for 4 h. After cooling, the mixture was concentrated and worked up as described
above.
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Table 6
BC NMR chemical shifts of 1-[(3-arylisoxazol-5-yl)methyl]-1H-1, 2, 4-triazoles VI
é
Compound
cy Cc4 C5  C3 C-5  CH, Coon
Via 162.87 102.15 165.48 152.68 143.62 4487 130.42, 129.02,

128.25, 126.84
VIb® 162.97  102.21 16535  152.57  138.81 4491 131.18,  128.90,
128.11, 127.42,
123.98
Vi 162.02  101.81 167.18  152.04  144.82 43.88 140.14,  129.126,
126.53, 125.31
vid* 162.60  105.50 164.78  152.43  143.59 44.95 139.17, 137.07,
128.46, 125.18
vif 162.46 10195 165.12  152.50  143.60 44.95 161.31, 128.27,
120.73, 114.43
vige* 159.57  104.98 166.23  152.03 14481 43.74 153.06, 151.16,
117.18, 117.11,
113.69, 11347
VIR 162.12  102.12  167.27  152.07 144.82 43.95 153.32, 139.11,
123.55, 104.07
viie* 158.19  104.30  167.50 152.08  144.88 43.75 152.71, 131.57,
129.39,  129.04,
127.75, 125.17
Vij 160.40  104.53 16532 15273  143.41 44.75 148.41,  133.20,
131.72, 131.02,
124.72, 123.64

Vik 161.04  102.09 166.63  152.79  143.67 44.80 132.50, 130.22,
130.07,  125.00,
121.87

Vim* 164.29  102.15 167.75 152.09 144.86 43.89 164.03, 131.40,
130.39, 122.81,
117.39, 113.37
Vin" 164.91 101.93  167.50 152.05 144.83 43.88 161.62, 129.08,
124.71, 116.33
Vio 161.46 10539 164.68 152.60  143.63 44.79 132.86, 131.23,
130.94,  130.46,
127.52, 127.20
Vip" 161.35 102.32  168.05 152.32  145.10 44.17 134.16, 131.35,
130.51, 130.39,
126.89, 125.50

vi’ 161.25 101.99  167.70  152.13  144.10 43.89 135.11, 129.27,
128.47, 127.00
vis' 159.99  104.81 167.00  152.11 144.20 43.72 135.61, 13285,

132.28, 129.97,
128.00, 126.38
1204 161.57  102.19 16795 152.32  145.09 44.14 132.40, 12891,
127.60, 124.10

a) 21.36 (g, CH,); b) 20.94 (g, CH,); ¢) 21.11, 20.24 (q, CH,); d) 55.38 (g, OCH,); ¢) 56.20, 55.53
(q, OCHy,); f) 60.09, 56.07 (q, OCH,); g) 61.40 (q, OCHj,); &) CD,SOCD,.
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