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Professor Nikolai Zefirov

A Tribute

This special issue of Arkivoc is to celebrate the 70" anniversary of the birth of Nikolai
Zefirov on 13 September, 2005

Nikolai Zefirov was born in Yaroslavl, Russia, on 131 September, 1935. He obtained a M. S.
degree in Chemistry from Moscow State University in 1958 and remained there to pursue a

Ph. D. degree with Professor Yuriev. He holds a Cand. Sci. (1961) and a D. Sci. degrees (1966)
from Moscow State University. From his first appointment as a research chemist, Nikolai
Zefirov has worked in Moscow State University for 45 years where he has held various teaching
and research appointments in the Department of Chemistry. Following a year (1970-71) at
Princeton University as a Visiting Scientist, he was appointed as Head of the Heterocyclic
Compounds Laboratory in 1971 and became a full professor of Moscow State University in
1981.

At that stage the work of Zefirov’s laboratory enjoyed recognition for research excellence
both inside and outside Russia. He was elected a Corresponding Member of the Russian
Academy of Sciences in 1981 and a Full Member (Academician) in 1987. These high academic
ranks reflect the outstanding contribution Professor Zefirov has made to organic synthesis,
reactivity, and theory.

The record of his research output includes inter alia synthesis of various polycyclic and cage
hydrocarbons such as  heteroadamantanes, dihomocubanes, bicyclo[3.3.1]nonanes,
tricyclodecanes, which were either unknown before or hard to synthesize. A new class of spiro-
condensed cyclopropanes — triangulanes — was discovered and general synthetic methods were
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devised for chain, branched, and cyclosubstituted triangulanes. An unprecedented phenomenon
of competitive covalent binding of nucleofugal anions in carbocationic processes was opened up,
which resulted in (i) dozens of new conjugated addition reactions, (ii) the introduction of many
new reagents such as p-oxodiphenyliodosotriflate (Zefirov reagent), and (iii) the synthesis of
new and hard to obtain covalent perchlorates and fluorosulfates. He became interested in the
activation of weak electrophiles and SOs-modified electrophilic addition which resulted in
several new synthetic methods. In the course of studying the regioselectivity of electrophilic
addition reactions, a new method of increasing effective electrophilicity of weak electrophiles,
the “doping addition”, was discovered.

His studies in conformational analysis and dynamic stereochemistry are well known and
became textbook material. He discovered new conformational effects such as the “hockey sticks”
effect, the effect of coordination stabilization of unstable conformations and the effect of boat-
like conformations in diheterobicyclononanes. A general equation relating the product ratio with
the rate constants for conformationally mobile systems was derived the well known cases of
Curtin-Hammett and conformational-equilibria control being the limiting cases. On the basis of a
combinatorial approach, algebraic chirality criteria for point 3D configurations and their
superpositions were deduced. The general approach to the quantitative description of cyclic
molecule conformations based on the functions of torsional angles was suggested and
successfully used in numerous stereochemical studies.

Being a Russian Academician, Professor Zefirov was appointed as Director of the Institute of
Physiologically Active Compounds of the Russian Academy of Sciences in 1989, retaining at the
same time his university positions. In addition, in 1993 he took the Organic Chemistry Chair at
Moscow State University. He carries out a colossal research, pedagogical, and organizational job
in his three current affiliations: Institute of Physiologically Active Compounds, Moscow State
University, and the Zelinsky Institute of Organic Chemistry where he is Head of the Laboratory
of Mathematical Chemistry and Computer-Aided Organic Synthesis.

His career has been marked by outstanding academic achievement with more than 900
research papers. His scientific and professional contributions have been recognized by numerous
awards and duties. Twice he was awarded the Prize of the Government of Russia for scientific
contributions, in 1989 and in 2001. Nikolai Zefirov holds two Russian state orders: Order of
Honor (1985) and Order of Friendship of Nations (1995). In 1983, he received the Lomonosov
Award from Moscow State University for published works and excellent teaching. In 1994, the
Russian Academy of Sciences awarded him the Butlerov Award for outstanding results achieved
in dynamic stereochemistry. Zefirov was Head of the Division of Organic Chemistry in the
Russian Mendeleev Chemical Society in 1974-1991; currently he is President of the Russian
Society for Medicinal Chemistry, a member of the Russian Chemical Society and the American
Chemical Society.
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Research Interests

The research interests of Nikolai Zefirov have ranged widely over theoretical and synthetic
organic chemistry, including such rapidly growing branches as medicinal chemistry and
computer-aided molecular design. In fact, Zefirov is a founder of systematic in silico medicinal
chemistry studies in Russia.

Mathematical chemistry and computer-aided molecular design. Development of advanced
methodologies and computer programs for the design of (a) new organic reactions, (b) organic
compounds with desirable properties; creation of formal logical approach to organic reactions;
development of new molecular descriptors for QSAR, application of artificial neural networks in
QSAR/QSPR, development of the molecular field topology analysis method and the solution of
inverse problem in QSAR for various descriptors.

Design and synthesis of organic structures, novel organic reagents and reactions.
Investigations in the field of competitive binding of nucleofugal anions and new prospective
reactions such as deamination, deiodination, nitrosylation, efc. Novel reagents in organic
chemistry: derivatives of hypervalent iodine, selenium, tellurium, halogeno- and nitrosulfates,
sulfofluorides of trivalent iodine, carboxylates of xenon, novel fluorinating reagents and others.
Novel types of unique structures such as organic perchlorates, triflates, stable azides, compounds
bearing bond C — xenon. Synthetic studies of strained, high-energetic hydrocarbon structures,
heterocycles, crown-ethers, and cage compounds.

Medicinal chemistry. A new model of neurodegenerative changes induced by B-amyloid was
recently developed in the field of neuroprotector compounds. The construction of 3D models of
all glutamate, adenosine, and melatonin receptors resulted in the development of new, highly
active neuroprotective agents. Discovery of potent anticancer agents based on using original
methods of "structure—biological activity" analysis and unique laboratory cancer models. The
prospective anticancer agents under study are some natural lactones, indole-type heterocycles,
and some insect toxins as precursors.

Vladimir A. Palyulin
Department of Chemistry,

Moscow State University,
Moscow 119992, Russia
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