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Abstract 
2,1-Benzisoxazoles or anthranyls have different types of biological activity, are used to obtain 

monomers for polymeric materials, dyes and other heterocyclic compounds. In addition, 2,1-benzisoxazoles 
attract the attention of researchers due to the presence of a weak N-O bond, which is a potential place for the 
opening of the cycle in the reactions of reduction, oxidation, and various transformations. Therefore, it is very 
important to study their structure, methods of identification and reactivity in the processes taking place with 
their participation. One of the most effective modern research methods in chemistry is chromatography-mass 
spectrometry and quantum-chemical modeling. And since the fragmentation of molecules during their electron 
impact ionization depends on the nature of the compounds and characterizes their reactivity in various types 
of chemical reactions, the aim of this work was to experimentally and theoretically study the fragmentation of 
dichloro-3-phenyl-2,1-benzisoxazoles. For this, the corresponding dichloro-3-aryl-2,1-benzisoxazoles were 
synthesized by condensation of nitroarenes with arylacetonitriles in the presence of an excess of sodium 
hydroxide. The chromatography-mass spectrometry method was used to study the directions of fragmentation 
of their molecular ions. It was found that for all the compounds studied, similar fragment fragments are 
observed in the mass spectra, which indicates similar patterns of their fragmentation. Based on the data of 
quantum chemical modeling using the PC GAMESS/FireFly 8.2 software package using the density func-
tional theory method, it was suggested that even before the decay of the molecular ions of dichloro-3-aryl-2,1-
benzisoxazoles, they rapidly transform into the corresponding cation radicals of dichloroacridinones with the 
same atomic composition. Further decomposition of dichloroacridinone ions is accompanied by the release of 
a chlorine atom, carbon monoxide and skeletal rearrangement with the formation of the corresponding 
chlorocarbazole ions. Chlorocarbazole ions then eject a hydrogen chloride molecule to form a cation with m/z 
164 and atomic composition C12H6N. 
 
 
References 
[1] Monomers for polycondensation. Ed. V.V. Korshak. Moscow: World. 1976. 632p. (russian) 
[2] V.G. Granik, V.M. Pechenina, N.A. Mukhina. 2,1-Benzisoxazoles (anthranyls). Synthesis and Disclosure 

of the Isoxazole Cycle. Khimiko-Farmatsevticheskii Zhurnal. 1991. Vol.25. No.1. P.57-66. (russian) 
[3] V.Yu. Orlov, A.D. Kotov, V.V. Ganzha, A.I. Rusakov. Functionalized nitrogen-containing aromatic and 

heteroaromatic compounds. Russian chemical journal. 2006. No.3. P.139-150. (russian) 
[4] V.Yu. Orlov, V.V. Ganzha, A.D. Kotov, V.G. Sokolov. Synthesis of Nitroacridinones from 2,1-

Benzisoxazole Derivatives. Russian Journal of Organic Chemistry. 2007. Vol. 42. No.10. P.1509-1513. 
(russian) 

[5] V.Yu. Orlov, A.D. Kotov, M.A. Prokaznikov, D.A. Bazlov, and A.V. Civov. Synthesis of nitrogen-
containing heterocyclic compounds from nitroarenes. Butlerov Communications. 2012. Vol.31. No.7. 
P.11-14. ROI: jbc-02/12-31-7-11 

[6] V.Yu. Orlov, Ya.V. Sokovikov, A.D. Kotov, and A.A. Starikov. Nucleophilic Substitution of Hydrogen 
in Activated Nitroarenes by Phenylacetonitrile Carbanion. Russian Journal of Organic Chemistry. 2000. 
Vol.36. No.12. P.1788-1791. (russian) 



EXPERIMENTAL AND THEORETICAL STUDY OF THE FRAGMENTATION OF… _______________________ 24-31 

©Бутлеровские сообщения. 2019. Т.59. №8. ______________ E-mail:  journal.bc@gmail.com _______________ 25  

[7] V.Yu. Orlov, A.D. Kotov, V.V. Ganzha, V.G. Sokolov. Participation of substituents at the ortho position 
of aryl groups in the rearrangements of 5-chloro-3-aryl-2,1-benzisoxazoles. Mendeleev Communications. 
2004. Vol.14. No.1. P.37-38. 

[8] V.Yu. Orlov, A.D. Kotov, E.B. Bystryakova, V. Kopeikin, G.S. Mironov. Functionalization of aromatic 
compounds by nucleophilic substitution of a hydrogen atom by a phenylacetonitrile carbanion. Russian 
Journal of Organic Chemistry. 1994. Vol.30. No.9. P.1407-1410. (russian) 

[9] A.D. Kotov, M.A. Prokaznikov, E.A. Antonova, A.I. Rusakov. Synthesis of Nitrogen-Containing 
Heterocycles from Nitroarenes. Chemistry of Heterocyclic Compounds. 2014. Vol.50. No.5. P.647-657. 

[10] Synthesis and properties of derivatives of 3-aryl-2,1-benzisoxazole. Kotov A.D. the dissertation for the 
degree of Doctor of Chemical Sciences. Moscow. 2001. (russian) 

[11] A.T. Lebedev. Mass spectrometry in organic chemistry. Moscow: BINOM. Knowledge laboratory. 
2003. 493p. (russian) 

[12] A. Alex. Granovsky. Firefly version 8.2. http://classic.chem.msu.su/gran/firefly/index.html 
[13] B. Miehlich, A. Savin, H. Stoll, H. Preuss. Results obtained with the correlation energy density 

functionals of becke and Lee, Yang and Parr. Chem. Phys. Lett. 1989. Vol.157. No.3. Р.200-206. 
[14] A.D. Becke. Density-functional thermochemistry. III. The role of exact exchange. J. Chem. Phys. 1993. 

Vol.98. P.5648-5653.  
[15] R.B. Davis, L.C. Pizzini. Condensation of aromatic nitrocompounds with arylacetonitriles. J. Org. 

Chem. 1960. Vol.25. No.11. P.1884-1888.  
[16] V.Yu. Orlov, A.D. Kotov, A.V. Tsivov, A.I. Rusakov. Mechanism of formation of 2,1-benzisoxazoles 

in reactions of nitroarenes with arylacetonitriles. Russian Journal of Organic Chemistry. 2015. Vol.51. 
No.2. P.245-252. (russian) 

 


