
SYNTHESIS AND PROPERTIES OF AZOLES AND THEIR DERIVATIVES. 

25.* ELECTRON-IMPACT MASS SPECTRA OF NITRO- AND 
NITROALKYL.SUBSTITUTED 3-ARYL-A2-ISOXAZOLINES 
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The fragmentation of nitro and nitroalkyl derivatives of 3-aryl-A2-isoxazotines under the influence of electron im- 
pact was investigated. It was established that the fragmentation of the molecular ions of these compounds takes 
place primarily through the nitro- and halogen-containing groups; other pathways of dissociative ionization in- 
clude the most important pathways of the fragmentation of arylisoxazoles. 

It has been observed that A2-isoxazoline derivatives have a broad spectrum of biological activity [2-6]. Some of them 
have found application as agents for plant protection [2, 3] and medicinal preparations [4]. Many are used in the synthesis of 
pharmacologically important products and intermediates [7-10], including those of natural origin. 

The present research was devoted to a study of the behavior of nitro- and nitroalkyl-substituted 3-aryt-A2-isoxazolines I- 
XIII under the influence of electron impact. Compounds that have moderate and high degrees of fungistatic activity against 
some pathogenic fungi and moderate activity with respect to staphylococcus and the tuberculosis myeobacterium have been 
previously found [5, I 1] among this group of substances. 

Depending on the structure and the character of fragmentation under the influence of electron impact, the investigated 
compounds can be subdivided into three groups, viz., I-V, VI-X, and XI-XIIL 
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I, XI R=H; II R=p-F; III, XII R---p-Cl; IV R=m-C1;V, XItI R=p-Br; VI R=RJ=R~=H; 
VII R=p-F, Rt=R2=H; VIII R=C1, RI=R2=H; IX R=Br, R'=R2--H; X R=H, 

R3 =NO2, t~=CH~ 

The mass spectra of 3-aryl-5-nitro-tk2-isoxazolines I-V basically coincide with the spectra of the 3,4-diaryl-5-nitro-A 2- 
isoxazolines that we previously investigated [12]. The fragmentation of isoxazolines I-V can be represented by Scheme I. 

The most important peculiarity of the electron-impact mass spectra of I-V (Table 1) is the absence in them of molecular- 
ion peaks (M § which, however, have significant intensifies in the case of other derivatives (VI-XIII). Intense peaks of [M - 
NOz] § (F1), [M - HNOz] § (F2), and [M - H2NOz] § (F3) ions are observed in the high-molecular-weight region of the spectra 
of 3-aryl-5-nitroisoxazolines I-V. The formation of F3 ions as a result of the elimination of a hydrogen radical from the F 2 
(F2') ions is proved by the presence of the corresponding metastable ions in the spectra. The development of F2 ions can be 
explained by the detachment of a molecule of HNO2 from M § (from the C(3) and C(4) atoms of the heterocyclic ring) with the 
formation of pseudomolecular ions of the corresponding 3-arylisoxazoles. This, in particular, is confh'rned by comparison of 
the mass spectrum of 3-phenyl-5-nitro-A2-isoxazoline (I) with the mass spectrum of 3-phenylisoxazole, which is presented in 
complete form in [13]. It should be noted that the thermal (80-130~ dehydronitrosation of these compounds also proceeds 
similarly [14]. 

*See [1] for Communication 24. 
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TABLE 1. Mass Specwa of I-XIII 
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*In the text and in the schemes the ions, the elementary compositions of which for the 
individual compounds were confirmed by accurate measurement of the masses, are desig- 
nated by the symbol F,*. 
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*Metastable transitions determined by the DADI method. 

All three fragment ions are capable of subsequently losing a molecule of CO, which leads to the development in the spec- 
tra of rather intense peaks of F,**, Fs*, and F6* ions, to which, in accordance with the data in [I2, t3, 15, 16], azirine ion 
structures were assigned. Azirine ions readily eject a molecule of HCN to give FT*, Fs*, and Fg* fragments, respectively; 
this is in complete agreement with data on the fragmentation of C-aryl-substituted azirines and aziridines [15]. 

In addition, peaks of [RC6t-h] + (Flo) and [RC6HaC,,N] + (Ft~*) ions, which can arise both from M § and from fragment 
ions, are observed in the mass spectra of compounds of this group. In addition to them, rather intense peaks of [C6H3] + 
(FI2") ions, which evidently develop from F1o ions via elimination of FIR. as well as low-intensity peaks of [CHO] + (Fl3) 
ions, the appearance of which may be associated [13, 15] with cleavage of the exocyclic C-CHO bond in the F2' ion, which 
arises as a result of skeletal rearrangement of the 1:2 ion, are present at times in the low-molecular-weight region of the spec- 
tra. 
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The proposed pathways of fragmentation of the M + ions in the mass spec t ra  of I and II are confmned by the presence of 
metastable ions for the F1 ~ F4*, F2 -* F5* -* Fs*, and F2* -* F3 --" F6* "* Fg* transitions, by the precise masses of selected 
ions in the spectrum of I, and by the corresponding change in the mass numbers of the F~-Fn ions, depending on substituent 

R. 
Fragmentation with the ejection of NO2" and HNO2 particles is uncharacteristic for the VI-X group of compounds, which 

have rather stable M* ions (Table 1). The dominating pathway in the dissociative ionization of the M + ions of these com- 
pounds is splitting out of the nitro-containing substitue.nt; the elimination of CRZR2NO2 and CHR~R2NO2 particles evidently 
leads to the formation o fF  1 and F2 ions: 

0 CR~N2N02 
F t N +" F 2 

The subsequent fragmentation of these ions proceeds as in the case of the preceding group of compounds and leads to F3- 
FI3 ions (Scheme 1). It should be noted that in the ease of VI-XI the F5 ion may also develop directly from the M § ion by 
the elimination of an OCHCH2NO2 particle: 

7 § 
li I ~H =- 

CH2NO 2 
.~. Fs* 

The latter process can be considered to be the most likely since, in this case, in contrast to l-V, the peaks that formally 
correspond to Is* ions are very intense. A similar mechanism of dissociative ionization was previously detected [15, 17] for 
the molecular ions of 3-aryl-AZ-isoxazolines and led to [M - CH20] § ions. 

A fundamental peculiarity of the fragmentation of the M* ions of 3-aryl-4-nitro-5-trichloromethyl-AZ-isoxazolines XI.XIII 
is the facile ejection of an NO2" radical and complete inhibition of processes associated with the subsequent elimination of one 
or two hydrogen atoms (Scheme 2). 
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The subsequent fragmentation of the [M - NO2] § 81) ions is also determined by the presence in these molecules of a 

trichloromethyl substituent, which shows up in the mass spectrum in the form of one of the most intense cations, viz., 
[CCI3] § 81717*). In particular, the F1 ions quite readily lose a CC13 radical (see Scheme 2) to give, in all likelihood, pseudo- 
molecular ions of the corresponding 3-arylisoxazoles 82), and also successively eliminate HC1 814), CO 815), and again 
HC1 (F16). The subsequent fragmentation of the F2 ions proceeds via the pathways that are characteristic for 3-arylisoxazoles 
[13] and leads to Fs. F6, Fs, Fg, and F13 ions (see Scheme 1). Like the remaining 3-aryl-AZ-isoxazolines I-X, XI-XIII to an 
appreciable extent form [RC6H4] + 810), [RC6H4C=N] +" 8 u ) ,  and [C6H]] + 812) ions (Table 1). 

Thus an analysis of the mass spectra of I-XIII showed that the fragmentation of the molecular ions of these substances 
includes the elimination of the nitro substituent and the most important features of the dissociative ionization of 3-arylisoxa- 
zoles [13, 15, 18]. The electron-impact mass spectra are of practical interest for the identification of such compounds and 
their isoelectronic analogs. 
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EXPERIMENTAL 

The mass spectra were obtained with an LKB-9000S spectrometer using a system for the direct introduction of the sam- 
pies into the ion source; the ionizing-electron energy was 70 eV, the emission current was 50 p.A, and the temperature of the 
ion source was 250~ To avoid thermal decomposition, the spectra of I-V were recorded at the vaporization temperatures of 
the samples (25-55~ and the spectra of VI-XIII were recorded at 50-80~ According to the results of thermogravimetric 
analysis, the compounds investigated.in our research are completely stable over the 25-I50~ range. The high-resolution 
spectra were obtained with MKh-1320 and MAT-311A spectrometers. 

The methods used for the synthesis of the compounds investigated in this research and their physicochemical characteris- 
tics are presented in [14, 19-21]. 
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