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SYNTHESIS OF HETEROCYCLES ON THE BASIS OF PRODUCTS 
OF ADDITION OF POLYHALOALKANES TO UNSATURATED SYSTEMS. 

2.* OBTAINING ISOXAZOLE DERIVATIVES BY 1,3.DIPOLAR 
CYCLOADDITION WITH THE PARTICIPATION OF 
POLYHALO-SUBSTITUTED ALKENECARBONITRILE OXIDES 

A. A. Dudinov, L. I. Belen'kii, V. S. Bogdanov, 
B. I. Ugrak, and M. M. Krayushkin 

LrDC 547.786.1.07'412.137'371.04: 
543.422:541.621 

Oximes of 3,3-dichloropropenal and 4,4,4-trifluoro-3-chloro-l-butenal were obtained on the basis of prod- 
ucts of free-radical addition of CC14 and CF3CCI 3 to vinyl butyl ether. Generation of the corresponding ni- 
trile oxides from these oximes and reaction of the nitrile oxides in situ with vinyl butyl ether, phenylacety- 
lene, and propargyl alcohol via the scheme of 1,3-dz'polar cycloaddition are proposed as a method for the 
synthesis of  isoxazoles containing #~-dichlorovinyl and ~-trifluoromethyl-/3-chlorovinyl substituents in the 
3 position. 

The products of the addition of polyhaloalkanes to functionally substituted unsaturated systems are convenient starting 
compounds in the synthesis of various heterocycles. We have previously developed a new method for the synthesis of 1-aryl- 
5-chloropyrazoles by heterocyclization of arylhydrazones of 3,3-dichloro-2-propenal - an accessible unsaturated aldehyde ob- 
tained on the basis of products of addition of CC14 to vinyl ethers [1]. Later we subjected the production of addition of CCi4 
to methyl vinyl ketones - 3,5,5,5-tetrachloro-2-pentanone - to reactions that are characteristic for a-halo carbonyl com- 
pounds, which led to 2,2,2-trichloroethyl-substituted furans and thiazoles [2]. 

*See [1] for Communication 1. 

N. D. Zelinskii Institute of Organic Chemistry, Academy of Sciences of the USSR, Moscow 117913. Translated from 
Khimiya Geterotsiklicheskikh Soedinenii, No. 9, pp. 1250-1255, September, 1990. Original article submitted February 5, 
1990. 
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Vll;~&~b Vl la~b OBu IXa Ph Xa CH20H 

II, II1, V--X a X=CI; iI, IV--VIII b X=CFs 

In the present paper we proposed a method for the synthesis of isoxazole derivatives on the basis of products of addition 
of CCI4 and CF3CC13 to vinyl butyl ether (I) using 1,3-dipolar cycloaddition. The method makes it possible to obtain isoxa- 
zoles that have CIXC=CH- substituents (X = Cl or CF3) in the 3 position and free 4 and 5 positions, which is essential for 

the synthesis of physiologically active compounds of the series [3] and also expands the rather limited possibilities of the 
synthesis of fluorine-containing isoxazoles and simultaneously makes it possible to utilize unfavorable (in an ecological re- 
spect) freons. The synthesis of 3-(2,2-dichlorovinyl)-substituted and 3-(Z-3,3,3-trifluoro-2-chloro-2-propenyl)-substituted 
isoxazoles was carried out via the scheme presented above. 

3,3-Dichloropropenal (l]]a) was obtained by a known method [4] from vinyl butyl ether and CC14 and was convened to 

oxime Va (a mixture of E and Z isomers in a ratio of -60:40), from which nitrile oxide Via was generated in the presence of 
dipolarophiles. The addition of nitrile oxide Via to vinyl ether I gives isoxazoline VIIa which is converted in high yield to 
isoxazole VIIIa on treatment with concentrated sulfuric acid by a method similar to that in [5]. The use of phenylacetylene 
and propargyl alcohol as dipolarophiles leads to the formation of the corresponding isoxazoles IXa and Xa. 

1,1,1-Trifluoro-2,2,2-trichloroethane was obtained by treatment of freon-113 (CF2CICCI2F) with aluminum chloride [6]. 
The addition of CF3CC13 to ether I was carried out in the presence of a mixture of benzoyl peroxide and azobisisobutyronitrile 

(the separate use of the indicated initiators decreases the yield of the addition product). The substance obtained was subjected, 
without prior purification, to heat treatment, as a result of which chloroacetal IIb was isolated. The Z configuration of IIb 
was confh'med by the 19F NMR spectrum (singlet of a CF3 group that is characteristic for Z isomers [7]). In addition, in this 

case any variant of splitting out of HC1 that proceeds as trans elimination should lead to the formation of the Z isomer: 

H ~ H  ,. l ib  

CH 
C! "" "~Bu 

In contrast to chloroacetal IIa, its analog IIb does not split out BuCI on thermolysis, m,d it was therefore treated with al- 
cohol, and the resulting acetal IVb was converted, without isolation, to oxime Vb, which is a mixture of E and Z isomers in 
a ratio of -80:20. Oxime Vb was converted, without isolation, to nitrile oxide VIb in the presence of vinyl ether I, as a re- 
sult of which isoxazoline VIlb was synthesized; as described above for isoxazoline VIIa, isoxazole VIIIb was then obtained 
from isoxazoline VIIb. 

Attempts to obtain products of cycloaddition of nitrile oxides Via, b to carboxylic acid nitriles were unsuccessful. Simi- 
lar attempts to introduce a fluorine-containing nitrile oxide into 1,3-dipolar cycloaddition with nitriles were also unsuccessful 
[8]. 

We have already mentioned that oximes Va, b exist in solutions in the form of mixtures of E and Z isomers. For the 
quantitative evaluation of the isomer ratios we studied the 1H, lSN, and 13C NMR spectra of the indicated compounds. It is 
apparent from the data presented in Tables 1 and 2 that, in all of the spectra, the signals related to the --CH=N- fragment are 
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represented "in a double set." The isomer ratios were evaluated from the integral curves in the PMR spectra. The mutual as- 
signment of the 1H, 13C, and lSN signals to one or the other isomer was determined from the results of 13C-[1H} and 15N- 
{ 1H} selective double heteronuclear resonance, while the configurations of the oximes were established from the 2J15N 1H and 

1J13N 1H spin-spin coupling constants (SSCC). 
According to the data in [9-12] for oximes, imines, and hydmzones, 2JI5N,1H = -10 tO -20 Hz in the -CH=N- fragment 

if the H atom is cis-oriented relative to the unshared pair of electrons of the nitrogen atom (the Z isomer); however, in the 
case of the E isomers the absolute value of the constant is substantially lower, J = +--2-5 Hz. In this fragment the 1J13c.1H 

constant also depends on the stereochemistry: For the Z isomers its value is 12-19 Hz greater than for the E isomers [12, 13]. 
The 2J~5N 1H constants of the isomers (the signs were not determined) differ substantially and correspond to the data in [9- 

12] for Z and E isomers (see Tables 1 and 2), which also makes it possible to make the assignments, while the 1J13c 1H val- 

ues for the Z isomers are 12 Hz greater than for the E isomers (cf. [12, 13]). Let us note that the signals of the ~H, 13C, and 
15N nuclei for the --CH=N- fragment of the E isomer lie in the weaker-field region than in the case of the Z isomer. 

The structures of the compounds synthesized for the first time (isoxazolines VIIa, b and isoxazoles VIIIa, b, IXa, and Xa) 
were confn'med by PMR and mass-spectral data (Table 2). The signals of the protons of the rings of isoxazolines, which 
form an ABX system, are represented by characteristic doublets of doublets of 5-H (I-Ix) protons and multiplets of protons in 
the 4 position (the HA and Ha signals are superimposed). The butoxy groups of the isoxazolines show up in the spectra as 
triplets of CH3 groups (-1 ppm), two multiplets of CH 2 groups (1.4-1.6 ppm), and two doublets of triplets of an OCH 2 

group (3.5 and 3.8 ppm). No difficulty is encountered in interpreting the spectra of the isoxazoles. 

EXPERIMENTAL 

The PMR spectra of solutions of the compounds in CDCI3 were recorded with a Broker WM-250 radiospectmmeter. The 
19F NMR spectra were obtained with a Perkin-Elmer R-32 spectrometer (86.4 MHz) with CF3COOH as the external standard. 

The lSN, 13C, and 1H NMR speclra of oximes Va, b were obtained with a Bruker AM-300 spectrometer for the protons; the 
15N chemical shifts (CS) were measured relative to CH3NO2 as the external standard, while the 13C and 1H CS were measured 

relative to the solvent (chloroform), the concentration of oxime Va was 3.1 g/3.5 ml, the concentration of oxime Vb was 3.4 
g/2 ml, and the temperature was 25~ 

The mass spectra were obtained with a Varian MAT-CH-6 spectrometer at an ionization energy of 70 eV with direct in- 
troduction of the samples into the ion source. The melting (decomposition) points were determined with a Boetius micro- 
scope stage. Monitoring of the course of the reactions and the purity of the compounds was carried out by means of TLC on 
S ilufol UV-254 plates in a hexane-ethyl acetate system (1:1). 

The results of elementary analysis for all of the compounds described below were in agreement with the calculated values. 
3,3-Diehioropropenal Oxime (Va, C3H3CI2NO). Alcohol (30 ml) was added to a solution of 7.50 g (108 

mmoles) of NH2OH.HCI and 8.66 g (131 mmoles) of AcONa in 35 ml of water, the mixture was cooled to 10~ and a solu- 

tion of 13.2 g (107 mmoles) of 3,3-dichloropropenal [4] in 35 ml of alcohol was added dropwise at this temperature. The re- 
suiting solution was refluxed for 4 h, after which it was cooled and poured into 250 ml of water. The aqueous mixture was 
extracted with ether (three 100-ml portions), and the combined extracts were washed successively with water, a satnrated solu- 
tion of NaI-ICO3, and water and then dried with MgSO4. The ether was removed in vacuo at room temperature to give 13.11 
g (89%) of oxime Va with mp 39-420C. A sample for analysis was additionally purified by chromatography with a column 
packed with silica gel by elution with hexane--ethyl acetate (2:1). Oxime Va should be stored at temperatures below 0~ 
since instances of its spontaneous decomposition, which is possibly accelerated in the presence of traces of acid, were ob- 
served at room temperature. 

3-(2,2.Diehiorovinyl)-$-phenylisoxazole flXa, CllH~C12NO). A solution of 10 g (56 mmoles) of N-bro- 
mosuccinimide in 60 ml of DMF was added at 0-5~ to a solution of 6.55 g (47 mmoles) of oxime Va in 75 ml of DMF, 
after which a solution of 8 ml (57 mmoles) of triethylamine and 9.57 g (93.8 mmoles) of phenylacetylene in 20 ml of DMF 
was added dropwise at 0-70C in the course of 30 rain. The mass was maintained at room temperature for 12 h, after which it 
was poured into 350 ml of cold water, and the aqueous mixture was extracted with ether (four 75-ml portions). The ether ex- 
tract was washed thoroughly with water and dried with MgSO4, and the eeJ:ber was removed in vacuo. Crystallization of the 
residue from aqueous alcohol gave 9.24 g (82%) of isoxazole IXa with mp 63.0-63.5~ and M § 239 (for 35Cl). 

3-(2,2-Dichlorovinyl)-5-hydroxymethylisoxazole (Xa, C~HsCI2NO2). This compound was obtained as in 
the case of isoxazole IXa, but 5.3 g (94 mmoles) of propargyl alcohol was used as the dipolarophile. Workup gave 4.31 g 
(48%) of isoxazole Xa with bp 153-157~ (0.6-1.0 mm), mp 56-59.5~ (crystallized on standing after distillation), and M + 
193 (for 35C1). 
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5.Butoxy-3.(2,2-dichlorovinyl)-2-isoxazoline (VIIa, C9H13CI2NO2). This compound was obtained from 
4.6 g (33 mmoles) of oxime Va, 7.02 g (39 mmoles) of N-bromosuccinimide, 5.5 g (39 mmoles) of Et3N, and 6.58 g (65.7 
mmoles) of vinyl ether I under the conditions used for the synthesis of IXa. Workup gave 5.28 g (68%) of isoxazoline VIIa 
with bp 99-I02.5~ (0.05 mm), nD 2~ 1.5100, and M § 237. 

3-(2,2-Dichiorovinyl)isoxazole (VIIIa, CsH3CI2NO). A solution of 3.57 g (15 mmoles) of isoxazoline VIIa 
in 5 ml of concentrated H2SO4 was stirred for 8 h at room temperature, after which it was poured into water, and the aqueous 
mixture was extracted with ether. The ether extract was washed successively with water, NaHCO3 solution, and water and 
dried with MgSO4. The ether was then removed by distillation, and the residue was fractionated to give 1.71 g (70%) of 
isoxazole VIIIa with bp 106-108~ (32-33 mm), no 2~ 1.5357, and M + 163. 

Z-1-Butoxy-4-trif luoro-l ,3-dichloro-2-butene (IIb, CsHllC12F30 ). A mixture of 180 g [114 ml (0.96 
mole)] of CF3CC13 [6], 31.7 g [41 ml (316 mmoles)] of vinyl ether I, 1.31 g of benzoyl peroxide, and 0.25 g of azobisisobu- 
tyronitrile was stirred and refluxed for 12 h, after which the excess CF3CCI 3 was removed by distillation at atmospheric pres- 

sure, and the residue was heated (at a bath temperature of 160-190~ until hydrogen chloride evolution ceased. The residue 
was fractionated to give 67.9 g (86%) of IIb with bp 52-54.5~ (2-3 mm) and nD 2~ 1.4122. PMR spectrum: 0.95 (t, CH3), 
1.33-1.50 (m, CHz), 1.53-1.72 (m, CHz), 3.58 (1H, d.t, OCH2), 3.98 (1H, d.t, OCH2), 6.32 (d, H~y~), 6.76 ppm (d, CHCI), 
J = 8 Hz. 19F NMR spectrum: -8.03 ppm (s). 

5-Butoxy-3-(3,3,3- t r i f luoro-2-ehioro-2-propenyl) isoxazol ine (VIIb, CIoH14CIF3NO2). A solution of 
20.22 g (80 mmoles) of chloroacetal IIb in 8 ml of CC14 and 10 ml (171 mmoles) of anhydrous ethanol was refluxed until 
HC1 evolution ceased, after which the excess alcohol and CC14 were removed in vacuo, and the residue was dissolved in 50 ml 
of alcohol. A solution of 5.3 g (76 mmoles) of NH2OH.HCI in 15 ml of water was added to this solution, and the mixture 
was refluxed for 4 h. The solvent was removed by distillation in vacuo, and 70 ml of DMF was added to the residue, which 
contained oxime Vb and a small amount of butanol. The resulting solution was cooled to 0-5~ and was then treated under 
the conditions described above for the synthesis of isoxazoline VIIa [16.8 g (93 mmoles) of N-bromosuccinimide, 14.86 g 
(148 mmoles) of vinyl ether I, and 12.7 ml (90 mmoles) of Et3N]. Fractionation yielded 11.35 g (52% based on lib) of 
isoxazoline VIIb with bp 84-88~ (0.05-0.06 mm), nD 2~ 1.4493, and M + 271. 

3-(3,3,3.Trif luoro-2.chloro-2.propenyl) isoxazole (VIIIb,  C~H3CIF3NO). The reaction of 4.78 g (17.6 
mmoles) of isoxazoline VIIb under the conditions used for the synthesis of isoxazole VIIIa gave 2.48 g (71%) of isoxazole 
VIIIb with bp 82~ (35 mm), nD 2~ 1.4432, and M § I97. 
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