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Mark Efimovich Vorpin: the path to science 
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Mark Efimovich Vol 'p in  was born on May 23, 1923, 
in Simferopol into the family of  doctors. The family 
often moved to new places, and Mark Efimovich learned 
Ukrainian and Turkmenian. From his early years, he 
showed interest in chemistry. In 1938, Vol 'p ins  came in 
Moscow. At that time, a technical educational center for 
children was organized at the Polytechnic Museum; and 
young Vol 'p in  enthusiastically started to study at the 
section of  chemistry of  this center. In 1939, he became a 
winner of the first Al l -Union Olympiad for young chem- 
ists and was admitted to the Department of  Chemistry of 
the Moscow State University without entrance exams. 
He successfully completed the first year, but then his 
education was interrupted by the war. 

In 1941, M. E. Vol "pin vohmteered in the Army, but 
soon he was released because of  health. During the three 
subsequent years he worked at the central chemical 
laboratory of the Ural tank construction plant in Miass 
(Chelyabinsk Region). These were hard and lean years; 
he had to work for 12--16 hours under conditions of 
almost no accident prevention. His lungs, injured during 
these years, told on him till the end of his life. At the 
Ural plant, M. E. Vol 'p in  worked his way up from a 
laboratory assistant to deputy head of the laboratory, 
and introduced many new methods into analytical prac- 
tice. The method for quick determination of  tin in 
brot~zes developed by Mark Efimovich was presented at 
the All-Union competi t ion organized by the Ministry of  
Nonferrous Metallurgy, and was among the three best 
works. Only in 1945 did Vol 'p in  return to the Univer- 
sity. At that time, a s tudents '  scientific society was 
organized at the Department of Chemistry. A. F. Plat6, 
who was one of  the guides of  this society, became a 
teacher and a friend of Mark Efimovich for many years. 
A. F. Plat6 was the supervisor of M. E. Vo l ' p in ' s  Ph.D. 
Thesis, entitled "Reactions of alkenes with ammonia in 
the presence of  oxide catalysts; synthesis of acetonitrile" 
(1052). 

Ill 1953, M. E. Vol 'p in  started to work in the 
Section of Theoretical Organic Chemistry at the All- 
Union Institute of  Scientific and Technical Information 
(VINITI).  The Head of  the Section, Dmitrii Nikolaevich 
Kursanov, highly appreciated Vol 'p in  and invited him 
to carry out experimental research at his laboratory at 
the Institute of  Organoelement Compounds of  the USSR 
Academy of  Sciences ( INEOS).  In 1958, Vol 'p in  joined 
the staff of this Institute. Owing to his work with D. N. 
Kursanov, who was a prominent  scientist and a very 
cultured person of  encyclopedic learning, ill a company 
of  people enthusiastic about chemistry,  Mark Efimovich 
quickly showed his talent,  and very soon he obtained 
important scientific results. The subsequent scie~atific 
activity of  Vol 'p in  was entirely associated with the 
Institute of  Organoelement Compounds.  At this Insti- 
tute, he accomplished his prominent  works, which are 
recognized all over the world. 

The first studies of  M. E. Vol 'p in  were devoted to 
nonbenzenoid aromatic compounds.  He had been inter- 
ested in the problem of aromatici ty back in his student 
years. Vo l ' p in ' s  fmldamental  works dealing w i t h ' t h e  
chemistry of tropylium and cyclopropenylium cations 
are widely known.l He showed that the properties of  the 
tropylium cation are determined,  on the one hand, by 
the fact that it is a carbocation and, on the other:band,  
by the fact that it is an aromatic sys t em)  As a carbenium 
ion, tropylium reacts with a wide range of nucleophiles, 3 
whereas its aromatic nature accounts for its fairly high 
stability. Indeed, cycloheptatr ienylium cations are the 
most stable carbocations, able to exist in aqueous solu- 
tions. Since rotation of  the seven-membered ring in the 
crystal precluded direct X-ray diffraction analysis o[" 
tropylium salts, 4 Vol 'p in  proved the equivalence of  all 
the C- -C  bonds in the tropylium cation using a ~4C 
isotope label. 5 Since the formation of an aromatic sys- 
tem is favorable, the C7H7 + cation is extremely easily 
generated upon cleavage of the C - - H ,  C--O, and C - - C  
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bonds in cycloheptatriene derivatives, induced even by 
relatively weak electrophilic systems. 6 Vol 'pin discov- 
ered a very interesting interconversion of two aromatic 
systems, namely, transformation of tropylium into ben- 
zene on treatment with H20 2 and transformation of 
benzene into tropylium upon the addition of a mono- 
halocarbene. 7 Using the addition of a dihalocarbene to 
tolan, Vol 'p in  synthesized for the first t ime a novel 
compound that represented an aromatic system involv- 
ing two p-electrons, namely, diphenylcyclopropenone, 
which is the three-membered analog of tropone, s This 
work marked an important  stage in the research carried 
out by Vol 'pin:  from carbenes, he proceeded to the idea 
of possible existence of carbene heteroanalogs that could 
be used to synthesize heteroanalogs of cyclopropenylium, a 
Despite the fact that the addition of Ge l  2 and SiMe~, 
prepared in situ, to acetylene derivatives yielded only 
six-membered heterocyclic compounds,  t~ the idea of  
the possible existence of  unsaturated three-membered 
heterocycles proved to be fruitful; later, heteroanalogs of 
cyclopropene, containing various atoms such as Si, 11 
Ge,  12 B, 13 Sn, 14 SO2, t5 and p,16 have been prepared. 
Thus, the prediction that these derivatives could be 
stable proved to be correct. For the works dealing with 
non-benzene aromatic compounds,  M. E. Vol 'p in  and 
D. N. Kursanov were awarded the Lenin Prize. 

The discovery of molecular nitrogen fixation under 
mild condi t ions  was the most sensat ional  among 
Vo l ' p in ' s  works. In 1964, M. E. Vol 'p in  and V. B. Shut 
accomplished the first transformation of dinitrogen into 
ammonia under mild conditions tinder the action of 
transition metal compounds.  17,18 Later, systems able to 
serve as catalysts for this process have been fonnd. 19 The 
synthesis of aniline and its derivatives from dinitrogen 
was fundamentally important, z~ The paper by Vol 'p in  
and Shur published in Nature in 1966 t8 aroused wide 
interest it~ the world and initiated studies on nitrogen 
fixation in the USA, Japan, Great  Britain, Italy, The 
Netherlands, Germany,  Poland, Switzerland, and other 
countries. For the series of work dealing with nitrogen 
fixation, M. E. Vol 'p in  and his coworkers were awarded 
the USSR State Prize. 

At present, a large number of systems capable of 
transforming dinitrogen into ammonia ,  hydrazine, and 
amines are known; 21,22 various dinitrogen complexes 
have been synthesized, and examples of their convertion 
into various nitrogen-containing compounds on treat- 
ment with certain reagents have been found. 21-24 A. E. 
Shilov and coworkers discovered nitrogen fixation in 
protic media and developed a method for the synthesis 
of hydrazine from N2. 22 Perhaps, even more efficient 
nitrogen-fixing systems, permitting dinitrogen to be used 
as a conventional chemical reagent, can be found in the 
future. 

M. E. Vol 'piu and I. S. Kolomnikov hold the priority 
in discovering the metal-complex activation of CO,. 
Similarly to nitrogen, carbon dioxide is present in the 
atmosphere; therefore synthesis of organic compounds 

based on CO2 is of prime importance.  In 1967, Vol 'p in  
and Kolomnikov discovered z5 that many transition metal 
compounds form complexes with carbon dioxide; they 
demonstrated that CO 2 is capable of being inserted into 
M - - H  and M- -R  bonds (where  M is a transit ion 
metal), zr-z8 The metal-complex activation of carbon di- 
oxide is now a vigorously developing field of  catalysis. In a 
recent review, z9 it was claimed tha t  transformation of 
CO 2 into valuable products will be associated with the use 
of metal-complex catalysis. Undoubtedly,  the research 
along this line has been stimulated by V o l ' p i n ' s  works. 

Of the numerous studies carr ied out by M. E. Vol 'p in  
in the field of organometallic chemis t ry ,  we will con-  
sider two series of work. M. E. V o l ' p in  and 1. Ya. 
Levitin performed elegant exper iments  in which they 
were able for the first t ime to stabil ize a metal in a high 
oxidation state; more precisely, they  obtained Co and 
Rh with an oxidation number of  + 4  stabilized in chelate 
complexes containing meta l - -ca rbon  bonds. It was shown 
that the M- -C  bond in these complexes  can undergo not 
only homolytic cleavage (this had  been a known fact) 
but also heterolytic cleavage. 3~ 

The idea of another work related to organometal l ic  
chemistry was outlined in the  report  presented by 
M. E. Vol 'pin at the Presidium of  the Academy of 
Sciences. It read: "If we look at graphite from the 
viewpoint of nonclassical concepts  of  the modern chem- 
istry of transition metals, we can  imagine possible for- 
mation of new types of organometa l l ic  compounds  from 
it. It can be expected that, by analogy with sandwich 
compounds like d ibenzenechromium,  we could obtain a 
sort of "puff-pastry" in which metal  atoms, located 
between the graphite layers, form n-bonds with the 
aromatic networks of graphite." Proceeding from this 
idea, M. E. Vol 'p in  and Yu. N.  Novikov synthesized 
compounds of transition metals with graphite. In these 
studies, they discovered diverse types of  bonding be- 
tween metal atoms and graphi te  networks. Graphi te  
compounds with molybdenum were built as bis-arene 
complexes, whereas those with i ron were half-sandwiches; 
nickel formed a planar hexagonal  network, and the 
compound with cobalt consisted of  corrugated layers of 
metal atoms arranged between the graphite networks. 
Some of the complexes exhibi ted interesting catalytic 
properties. 33-37 V o l ' p i n ' s  works dealing with graphite 
compounds have been awarded the A. N. Nesmeyanov 
Gold Medal. 

Synthesis of new types of  compounds  and activation 
of inert molecules have always been the focus of atten- 
tion of M. E. Vol 'pin.  His approach  to various tasks has 
been distinguished by interest in fundamental  problems 
and search for simple solutions.  M. E. V o l ' p in  and his 
coworkers were the first to carry out works on nucleo- 
philic activation of Hg, 3s cleavage of inert S i ~ C  bonds 
in silaparaffins by transition metal  compounds,  39 and 
cleavage of Si--H bonds iu trialkylsilanes under the 
act ion of fluoride ions. 4~ Later ,  the act ivat ion of  
organosilicon compounds by transit ion metal compounds 
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and ionic fluorides has become a routine method in 
organosilicon synthesis. These studies have stimulated 
M. E. Vo l ' p in ' s  work on the activation of 6-bonds in 
alkanes. 

In the late 1960s, vigorous development of the chem- 
istry of  alkanes began. Leading scientific groups in vari- 
ous countries became engaged in this research. Never- 
theless, M. E. Vol 'p in  and 1. S. Akhrem were able to 
find original approaches to this problem. They discov- 
ered new efficient catalysts for hydrocracking of alkanes 
based on Ziegler type complexes and small osmium 
clusters stabilized by carbon-containing ligands. 41-a3 
However, the most impressive of Vol ' p in ' s  achievement 
along this line is certainly the development of new types 
of superelectrophiles, whose reactivity toward alkanes 
substantially exceeds the reactivities of  all the known 
electrophil ic  systems including the strongest protic 
superacids. ~ Under  the action of the novel super- 
electrophilic complexes, alkanes and cycloalkanes have 
been involved in a broad range of transformations, in- 
cluding direct functionalization, many of which are 
selective and give products in high yields. Study of  the 
nature of the active systems revealed the large diversity 
of the types of  superelectrophiles. 46 The discovery of  the 
new type of superelectrophiles was a step forward to the 
direct synthesis of  organic compounds from alkanes and 
cycloalkanes. 

In recent years, M. E. Vol 'p in  made a contribution 
to the field of  fullerenes. He suggested that if a biologi- 
cally active hydrophobic group is attached to the bulky 
fullerene group, the resulting fullerene derivatives would 
exhibit unusual biological activities. Together  with 
Z. N. Pames, 45 he synthesized a number of water- 
soluble monosubstituted amino-acid and dipeptide de- 
rivatives. The first results showed that these compounds 
increase the activity of immunoactivating agents by sev- 
eral orders of  magnitude, ke., they exhibit adjuvant 
capacity. 

Being a broad-minded scientist, M. E. Vol 'p in  took 
great interest in the chemical aspects of life and was 
constantly trying to apply his chemical knowledge to 
biology and medicine.  He was indubitably among the 
pioneers in bioinorganic chemistry. Vol 'p in  suggested 
that transition metal complexes with chelating macrocy- 
clic ligands, which catalyze oxidation of natural snb- 
strates by oxygen, should be active in biological systems. 

Since the late 1960s, M. E. Vol 'p in  and G. N. 
Novodarova have studied the ability of transition metal 
compounds to "shunt" the enzymatic reactions that de- 
termine the vitally important processes of respiration, 
photosynthesis, etc. 46 A significant result obtained in 
these studies is the proof of formation of active forms of 
oxygen from O 2 molecules upon the action of  a natural 
reducing agent, ascorbic acid, in the presence of  cobalt 
and iron complexes in chemical and biochemical sys- 
tems. 47,4s The active forms of oxygen affect the key cell 
targets, DNA a~ld RNA, and normally induce nonselec- 
tive rupture of  their challis. However, if an addressing 

oligonucleotide is grafted to the metal complex,  then 
this complementary chain will be fixed near the DNA 
target in such a way that each nitrogen base of  the 
nucleotide is bound to the corresponding nitrogen base 
of the DNA target. In this case, rupture of the DNA 
target will be selective. This idea was realized. 49 It is 
clear that this approach opens up the way for specified 
structural transformations of  the genetic cell apparatus. 

In the last several years, M. E. Vol 'p in  directed 
much effort toward development of anticancer prepara- 
tions. The foundations for this research were laid by his 
earlier studies dealing with the synthesis and chemical 
properties of transition metal chelates including their 
behavior in biochemical systems. According to the ap- 
proach used by M. E. Vol 'p in ,  transition metal com- 
plexes acting as sources of  free radicals have been em- 
ployed as selective anti tumor preparations. Two types of  
compounds were especially interesting. Tile first type 
included complexes that generate active forms of  oxy- 
gen. The selectivity of their action is due to the specific 
affinity of polydentate ligands (for example,  porphyrins) 
for tumor tissue. The second type comprised tridentate 
cobalt chelates with Schiff bases coiataining C o - - C  bonds 
and behaving as pH-dependent  sources of  carbon-cen-  
tered free radicals. 3t,32 Since a tumor  cell is character-  
ized by increased acidity, it has been expected that it is 
in this cell that free radicals would be formed. The first 
papers, 5~ reports at conferences, 52 and materials for 
patenting appeared in 1996, which was the last year of 
Mark Efimovich's  life. 

M. E. Vol 'pin "s studies in organometal l ic  chemistry. 
have received wide recognition all over the world, hi 
1979, he was elected a Corresponding Member of the 
USSR Academy of Sciences, and in 1987, he became a 
Full Member of  the Academy. In 1991, M. E. Vol 'p in  
was elected a member  of  the European Academy 
(Academia Europea). 

M. E. Vol 'p in  possessed great talent and remarkable 
scientific intuition; he passed on his creative energy to 
people around him. V o l ' p i n ' s  contribution to science 
cannot be evaluated merely by the number of published 
papers, trained pupils, and honorary rewards. The main 
thing he gave to scie,~ce can be expressed by the follow- 
ing words: he gave food for thought. His ideas, heard 
and taken up by other people, will be influencing the 
development of  science for many years to come and will 
thus continue his legacy. 
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