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ADDITION OF NITRILE OXIDES 

TO ARYL ALLYL ETHERS 

 
E. Alksnis, V. Muravenko, V. Dirnens, and E. Lukevics 

 
3,5-Disubstituted isoxazolines with an aryloxymethyl group in position 5 have been synthesized. The 
[2+3] cycloaddition reaction of benzonitrile oxide to a 5-chlorosalicylic acid derivative containing two 
allyl groups occurs to give a compound with an oxazolinylmethyl fragment both in the ester and the 
ether parts of the molecule. The addition of nitrile oxides to the aryl allyl ethers occurs regiospecifically 
to give the 5-substituted isomer. 
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 An isoxazoline heterocycle is a valuable synthon in organic chemistry for the preparation of β-hydroxy 
ketones [1-7], γ-amino alcohols [8,9], α,β-unsaturated oximes [10, 11], and β-hydroxy nitriles [12, 13]. Amongst 
isoxazolines there are found compounds with such pharmacological properties as analgesic [14], anti-
inflammatory [15], antibacterial [16], and GPIIb/IIIa inhibiting [17, 18] activity. In biogenic amines an 
isoxazoline ring is an important part of the molecule for interaction with different receptors [19]. 
 One of the basic methods for the synthesis of these heterocycles is the [2+3] cycloaddition of nitrile 
oxides, generated from hydroxamic acid chlorides in the presence of triethylamine, or of silylnitronates to 
alkenes [20-23]. 
 3-Acetyl(benzoyl)-5-phenoxymethylisoxazolines were prepared by the addition of nitrile oxides, 
generated from acetone and acetophenone in the presence of ammonium cerium(IV) sulfate, to phenyl allyl ether 
[24]. 
 The 3-aryl-5-aryloxymethylisoxazolines 12-19 were synthesized by the addition of the arylnitrile oxides 
9-11 to the substituted aryl allyl ethers 1-8. 
 The "one-pot" reactions were carried out in the sequence: 1) reaction of an aryloxime with 
N-chlorosuccinimide in chloroform to give the corresponding arylhydroxamic acid chloride, 2) addition of the 
unsaturated compound, and 3) addition of triethylamine as dehydrohalogenating agent for generation of the 
nitrile oxide. 
 The [2+3] cycloaddition occurs regiospecifically and always forms the single 5-substituted isoxazoline 
regioisomer. 
 Addition of benzonitrile to compound 8 occurs at both allyl groups to give compound 19 which contains 
isoxazolinomethyl fragments in both the ester and the ether parts of the molecule (Scheme 1). 
 The starting ethers 1-8 were prepared by the alkylation of substituted phenols by allyl bromide under 
phase-transfer catalysis conditions (PTC) [25]. In the case of 5-chlorosalicylic acid, compound 8 was obtained 
and this contained allyl groups in both the ester and in the ether fragments of the molecule. 
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EXPERIMENTAL 
 
 1H NMR spectra for compounds 13, 14, 16-19 were recorded on a Bruker WP-90 instrument (90 MHz) 
and for compound 12, 15 on a Varian Mercury-200BB (200 MHz) instrument using CDCl3 solvent and with 
TMS as internal standard.  
 The general method for preparing the isoxazolines 12-19 is given in the study [26]. Characteristics for 
the compounds synthesized are given in Tables 1 and 2. 
 
 

TABLE 1. Characteristics of the Isoxazoline Derivatives 12-19 
 

Found, % —————— 
Calculated, % Com- 

pound 
Empirical 
formula 

Molecular
weight 

C H N 
mp, °C Yield, % 

 
12 

 
C16H13Br2NO2 

 
411.10 

 
46.90 
46.75 

 
3.20 
3.19 

 
3.40 
3.41 

 
90 

 
45 

13 C16H13BrClNO2 366.64 52.41 
52.42 

3.55 
3.57 

3.83 
3.82 

134 61 

14 C17H15Cl2NO2 336.22 60.88 
60.73 

4.52 
4.50 

4.20 
4.17 

119 48 

15 C16H12Cl3NO2 356.64 54.01 
53.89 

3.37 
3.39 

3.92 
3.93 

140 41 

16 C16H11BrCl3NO2 435.53 44.01 
44.13 

2.58 
2.55 

3.25 
3.22 

113 47 

17 C16H14N2O4 298.30 64.19 
64.42 

4.71 
4.73 

9.42 
9.39 

142 65 

18 C19H18ClNO4 359.81 63.30 
63.43 

5.02 
5.04 

3.91 
3.89 

96 57 

19 C27H23ClN2O5 490.95 65.81 
66.06

4.74 
4.72

5.73 
5.71

154 51 
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TABLE 2. 1H NMR Spectra of the Isoxazolines 12-19 
 

Com- 
pound Chemical shifts, δ, ppm (SSCC, J, Hz) 

 
12 

 
3.56 (1H, dd, J = 8.3, J = 17.1, CH); 3.60 (1H, dd, J = 9.3, J = 17.1, CH); 
4.17 (1H, dd, J = 5.1, J = 10.0, CH); 4.21 (1H, dd, J = 4.4, J = 10.0, CH); 
5.05-5.21 (1Н, m, СН); 6.84 (1Н, d, J = 8.8, Нarom.); 7.37 (1H, dd, J = 2.4, J = 8.8, Нarom.); 
7.42-7.47 (3Н, m, Нarom.); 7.68 (1Н, d, J = 2.4, Нarom.); 7.74-7.80 (2Н, m, Нarom.) 

13 3.28 (1H, dd, J = 7.4, J = 15.2, CH); 3.49 (1H, dd, J = 9.2, J = 15.2, CH); 
4.01(1H, dd, J = 5.6, J = 10.1, CH); 4.16 (1H, dd, J = 4.2, J = 10.1, CH); 
4.94-5.25 (1Н, m, СН); 6.81 (2Н, d, J = 8.6, Нarom.); 7.18 (2Н, d, J = 8.6, Нarom.); 
7.52 (4Н, s, Нarom.) 

14 2.03 (3H, s, CH3); 3.32 (1H, dd, J = 7.4, J = 16.6, CH); 3.52 (1H, dd, J = 9.2, J = 16.6, CH); 
4.03 (2H, m, CH2); 4.96-5.27 (1Н, m, СН); 6.69 (1Н, d, J = 8.8, Нarom.); 
6.98-7.14 (2Н, m, Нarom.); 7.36 (2Н, d, J = 8.4, Нarom.); 7.61 (2Н, d, J = 8.4, Нarom.) 

15 3.51 (1H, dd, J = 7.3, J = 17.0, CH); 3.61 (1H, dd, J = 10.2, J = 17.0, CH); 
4.16 (1H, dd, J = 5.1, J = 9.9, CH); 4.22 (1H, dd, J = 4.2, J = 9.9, CH); 
5.02-5.21 (1Н, m, СН); 7.08 (1Н, s, Нarom.); 7.45-7.47 (4Н, m, Нarom.); 
7.72-7.77 (2Н, m, Нarom.) 

16 3.43 (1H, dd, J = 9.8, J = 16.3, CH); 3.58 (1H, dd, J = 10.3, J = 16.3, CH); 
4.09 (1H, dd, J = 5.9, J = 9.9, CH); 4.21 (1H, dd, J = 4.8, J = 9.9, CH); 
4.55-5.29 (1Н, m, СН); 7.25 (2Н, s, Нarom.); 7.52 (4Н, s, Нarom.) 

17 3.32 (1H, dd, J = 7.2, J = 14.2, CH); 3.58 (1H, dd, J = 9.6, J = 14.2, CH); 
4.14 (1H, dd, J = 5.2, J = 8.4, CH); 4.25 (1H, dd, J = 4.2, J = 8.4, CH); 
4.98-5.29 (1Н, m, СН); 6.94 (2Н, d, J = 9.2, Нarom.); 7.32-7.45 (3Н, m, Нarom.); 
7.54-7.69 (2Н, m, Нarom.); 8.14 (2Н, d, J = 9.2, Нarom.) 

18 1.34 (3H, t, J = 7.0, CH3); 3.29 (1H, dd, J = 7.6, J = 15.4, CH); 3.49 (1H, dd, J = 9.4, 
J = 15.4, CH); 4.07 (1H, dd, J = 5.8, J = 9.2, CH); 4.21 (1H, dd, J = 4.4, J = 9.2, CH); 
4.32 (2H, q, J = 7.0, CH2); 4.96-5.27 (1Н, m, СН); 6.85 (2Н, d, J = 8.0, Нarom.); 
7.34 (2Н, d, J = 8.4, Нarom.); 7.58 (2Н, d, J = 8.4, Нarom.); 7.94 (2Н, d, J = 8.0, Нarom.) 

19 3.12 (1H, dd, J = 7.2, J = 16.3, CH); 3.18 (1H, dd, J = 8.2, J = 16.8, CH); 
3.43 (1H, dd, J = 10.3, J =16.3, CH); 3.49 (1H, dd, J = 13.5, J = 16.8, CH); 
4.12-4.16 (2Н, m, СН2); 4.29-4.36 (2Н, m, CН2); 4.81-5.29 (2Н, m, 2×CН); 
6.94 (1Н, d, J = 8.6, Нarom.); 7.32-7.40 (6Н, m, Нarom.); 7.58-7.72 (6Н, m, Нarom.)  
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