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Preface

The present monograph is devoted to the chemistry of nitroazoles, one of the most 
interesting series of heteroaromatic compounds. The azoles hold a special position 
in the chemistry of heterocycles. Their unique properties and specific biological 
activity attract much attention of research chemists all over the world. During the last 
years the interest in the chemistry of nitroazoles has increasing. The nitro derivatives 
of azoles have found a wide application in various fields of industrial chemistry, 
agriculture, and medicine. Medical products developed by nitroazoles incluce azo-
mycin, metronidazole, misonidazole, tinidazole, nitazole, etc., ionic liquids, high-
energy materials, synthons for nanocompounds, universal bases in peptide nucleic 
acids, plant growth regulators, and intermediates for organic synthesis.

The investigations in the field of energetic compounds have received enormous 
interest in recent years. Energetic materials on the base nitroazoles – explosives, 
propellants, and pyrotechnics – are widely used for both civilian and military 
applications. Nitroazoles, especially polynitroazoles, possess higher heat of forma-
tion, density, and oxygen balance than their carbocyclic analogs. A number of 
ongoing research programs worldwide are aimed for the development of new 
explosives and propellants with higher performance characteristics or enhanced 
insensitivity to thermal or shock insults and pyrotechnics with reduced smoke. The 
preparation of nitroazoles demonstrates its great synthetic potential. At the same 
time, feasibility and availability of the starting molecules make this strategy a pow-
erful method for high-energy material construction. The introduction of electron-
withdrawing nitro groups into azole cycle tends to produce energetic materials with 
high density, low sensitivity, and good thermal stability. Synthesis, molecular 
design, and explosive characteristics of new energetic compounds based on nitroa-
zole have been studied in the famous Lawrence Livermore National Laboratory 
(USA). The investigations of research teams of A. Katritzky, A. Pozharskii,  
J. Elguero, S. Shevelev, V. Semenov, A. Sheremetev and so on, unveil the wide 
synthetic possibility of producing nitroazoles.

We consider azoles as five-membered heteroaromatic compounds and their 
annelated derivatives containing at least two endocyclic heteroatoms, one of which 
is nitrogen (pyrazole, imidazole, 1,2,3-triazole, 1,2,4-triazole, oxazole, thiazole, 
selenazoles, tetrazole, indazole, benzimidazole, benzoxazole, benzothiazole, ben-
zoselenazoles, benzotriazole, etc.).
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A large body of information on the methods of synthesis, application, structure, 
and properties of all known five-membered nitroazoles – pyrazoles, imidaz- 
oles, triazoles, tetrazoles, oxazoles, isoxazoles, oxadiazoles, thiazoles, isothiazoles, 
thiadiazoles, selenazoles, selenadiazoles, and their benzo analogs – indazoles,  
benzimidazoles, benzoxazoles, benzisoxazoles, benzoxadiazoles, benzothiazoles, 
benzoisothiazoles, benzothiadiazoles, benzotriazoles, benzoselenazoles, and ben-
zoselenadiazoles has been systematized, summarized, and critically discussed in 
this monograph.

Chapters 1 and 2 give comprehensive data on the preparation methods of all 
known C- and N-nitroderivatives of five-membered azoles and their condensed ana-
logs. This book focuses on the nitration reaction, one of the main synthetic routes to 
nitroazoles. General information on the theory of nitration is given prior to the chapter 
covering synthetic methods. A separate section in the monograph is given to the special 
class of nitroazoles – polynitroazoles.

The critical evaluation of a large body of the information on the study of nitroa-
zoles by physical/chemical methods (NMR, NQR, ESR, UV, IR- spectroscopy, 
X-ray, mass spectrometry, polarography, dipole moments, and other methods) is 
presented in Chap. 3.

Chapter 4 is devoted to the application of nitroazoles, many of which are impor-
tant building blocks in drug discovery, well-known medicines, and hypoxic cell 
radiosensitizers.

Special attention is paid to those nitroimidazole derivatives among which are 
medicines with a vividly expressed therapeutical activity (azomycine, metronida-
zole, ipronidazole, carnidazole, dimetridazole, secnidazole, and many others) and 
to nitrotriazoles, nitrotetrazoles, and polynitroazoles used as high-energy 
compounds.

Our extensive investigations of the tautomerism, reactivity, electrochemistry, 
and structure of nitro derivatives of azoles are also included. Enormous number of 
facts are covered in the book.

This treatise constitutes the first complete collection of information on the 
chemistry of azoles containing a nitro group in the cycle. The monograph of Prof. 
Boyer (1986) on nitroazoles deals with only the C-nitro derivatives of N- and N,O-
containing five-membered heterocycles, whereas the N-nitro derivatives presenting 
a new class of the oxide nitrogen generators (in particular, N-nitropyrazoles), as 
well as also thia- and selenazoles and all benzazoles remained unheeded. Prof. J.H. 
Boyer has noted that “that ‘rapid development’ of the chemistry of the nitroazoles 
in the Soviet Union began about 1960 and has provided more journal publications 
of research in the area than were found for any other country” and “the Russian 
emphasis on investigating” nitroazoles “has been outstanding.”

This monograph provides comprehensive systematization of data on C- and 
N-nitroazole chemistry with in-depth information on structure and preparation, that 
is, nitration reactions and heterocyclization.

The monograph is mainly addressed to research professionals, research scien-
tists (chemists, physicists, pharmaceutics, biochemists, chemical technologists), 
engineers, and “physicians—especially those dealing with oncology”. This book can 
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be used as a textbook for postdoctorals and graduate students in chemistry, bio-
chemistry, medical pharmacology, agricultural bioapplications, and for all who 
want to get acquainted with the chemistry and structure of nitroazoles.

The book may be of interest for the specialists dealing with the production of 
high-energy compounds (gas generators for air-bags, explosives, propellants, and 
pyrotechnics), nanomaterials, polymers, fibers, superelectrophiles, nonlinear opti-
cal materials, dyes (including fluorescent and cyanine dyes), and inhibitors of metal 
corrosion. It is also useful for people working in pharmaceutical industry.

We hope that it will be an invaluable reference for professionals in the field of 
heterocyclic chemistry, and that this book will initiate new investigations in this area. 

The recent nature of the material and a large number of references (~2,200) 
make the book interesting for a wide range of specialists.

The authors would greatly appreciate receiving from readers any suggestions, 
comments, and recommendations.
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