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The year 2010 marked the centenary of the death of
Aleksandr Mikhailovich Zaitsev (Alexander Saytzeff, 1841–
1910; Figure 1), Professor of Chemistry at Kazan University,

and a pioneer in organosulfur and organozinc chemistry.[1]

Zaitsev held the Chair of Chemistry at Kazan for 39 years,
and in that time was responsible for the training of some of
the most eminent organic chemists of the next generation,
among them Egor Egorevich Vagner[2] (Georg Wagner, 1849–
1903), Sergei Nikolaevich Reformatskii (1860–1934), and
Aleksandr Erminingel�dovich Arbuzov (1877–1968). In addi-
tion, he served two terms as the President of the Russian
Physical-Chemical Society, and he was elected a Correspond-
ing Member of the Russian Academy of Sciences. Today,
Kazan is the capital of the Russian Republic of Tatarstan. It is
located approximately 750 km east of Moscow on the Volga
River, and is a city of approximately 1.2 million that is a major

scientific and economic hub. In 1804, when the university
there was founded, the population of Kazan was just over
40000; during Zaitsev�s career, the population more than
tripled from just over 60 000 to more than 200 000.

Zaitsev was born to Mikhail Savvich Zaitsev and his
second wife, Nataliya Vasil�evna Lyapunova, the sister of the
astronomer Mikhail Vasil�evich Lyapunov (1820–1868), who
also served as Professor of Astronomy at Kazan University.
Zaitsev�s family had lived in the Kazan district since the time
of Ivan the Terrible, and held a prominent place in the trading
guilds (his grandfather, Savva Stepanovich Zaitsev had been
an elder in the cathedral, and was one of the group directing
the cathedral renovation during 1824–1825). Mikhail Zaitsev
had determined that his son should follow him into the guilds,
so when the time came for young Aleksandr to complete his
education, it was only at the urging of his uncle that his father
permitted him to enter the university, and then only so long as
Aleksandr entered the Judicial-Economics faculty as a
cameralist. It was Lyapunov who taught young Zaitsev the
Latin he needed to enter the university.

As his father wished, Zaitsev entered Kazan University as
a cameralist. The cameralisty were students in training to
become government bureaucrats, and at the time that Zaitsev
entered Kazan University, all cameralisty were required to
study chemistry for two years. It was during these studies that
he encountered one of the most influential Russian organic
chemists of the nineteenth century: Aleksandr Mikhailovich
Butlerov (1828–1886; Figure 2).[3]

At the time, Butlerov was Professor of Chemistry at
Kazan. He had studied chemistry under Nikolai Nikolaevich
Zinin (1812–1880), the discoverer of the reduction of nitro-
benzene to aniline,[4] and Karl Karlovich Klaus (1796–1864),
the discoverer of ruthenium,[5] but he had written his kandidat
dissertation in entomology.[6] However, to meet the needs of
the university, he was seconded to teaching chemistry, like his
mentor, Zinin. He first became Klaus� assistant in chemistry
and, after Klaus left for Dorpat, he assumed all instruction in
chemistry. His Magistr Khimii (M. Chem.) dissertation[7] was
largely a review of the literature, although it did contain the
first report of the oxidation of alkenes with osmium tetr-
oxide.[8] His dissertation for the degree of Doktor Khimii
(Dr. Chem.), which was necessary before he could assume the
Chair in Chemistry, was also largely a historical review. It is
worthwhile noting that the faculty at Kazan did not approve
Butlerov�s dissertation for the degree of Dr. Chem., so he

Figure 1. Aleksandr Mikhailovich Zaitsev late in his career (estimated
after 1900).
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defended it at Moscow University instead. Before he left
Kazan for St. Petersburg in 1869, Butlerov had served two
terms as Rector of the university; he spent the rest of his
career at St. Petersburg. More complete reviews of his career
can be found in references [3].

During his first study abroad (komandirovka) in western
Europe (1857–1858), Butlerov spent time in the Paris
laboratory of Adolphe Wurtz. While there, he carried out
research with methylene derivatives, including methylene
iodide and formaldehyde; these studies included the first
synthesis of a saccharic substance (a-acrose).[9] Butlerov�s
major contribution to organic chemistry was his work to
clarify and simplify structural theory, which he incorporated
into his lectures, and which he used to predict the existence of
new isomers of organic compounds. In doing so, he also
designed experiments to verify the existence of these
compounds by synthesis, accomplishing the first designed
syntheses of simple tertiary alcohols,[10] for example. In his
address at the chemical section of the 36th Versammlung
deutscher Naturforscher und �rzte in Speyer, in September
1861, he first used and defined the term “chemical structure”,
and he set forth his version of structural theory.[11] His second
komandirovka a decade later was spent in defending his
claims to an important part in the development of structural
theory. Soviet historians during the 1950s, especially, when
politicization was rife, sought to give Butlerov credit for
inventing the theory;[12] in doing so, they missed the decisive

impact of his real contribution, which was to turn an esoteric
theory into a truly useful predictive tool for organic chemists.

It is unclear whether Butlerov considered Zaitsev one of
his disciples at this time, but it is clear that Zaitsev quickly
became enamored of chemistry, even though he continued
with his studies in the Judicial-Economics faculty. In 1862, he
graduated with his Diplom in economics. His father had died
shortly before his graduation, and the family business had
been sold, so Zaitsev used his share of the proceeds to go to
western Europe to study chemistry. He began by following his
older brother, Konstantin Mikhailovich (born 1840) to the
Marburg laboratory of Hermann Kolbe (1818–1884).[13] He
spent four semesters studying with Kolbe and then moved to
Paris, where he spent the next two semesters studying in
Wurtz� laboratory. During his time in Paris, Zaitsev inves-
tigated the synthesis of diaminosalicylic acid and the reactions
of chloroacetic ester with potassium cyanide.[14] In April 1865,
he returned to Kolbe�s Marburg laboratory for one last
semester, but by this time, his funds were almost exhausted. In
September 1865, his financial circumstances forced him to
return to Russia; Zaitzev could not follow Kolbe to Leipzig
when he took up the Chair of Chemistry there in October.

While at Marburg, young Zaitsev realized that his lack of
a kandidat degree meant that he was not eligible for
appointment to a salaried position at a university. In hope
of avoiding this undesirable outcome, in February 1863 he
submitted a hand-written dissertation[15] from Marburg to
Kazan. The dissertation championed the position of Kolbe,
structural theory�s staunchest opponent, but it was examined
by Butlerov, structural theory�s most ardent proponent. Not
surprisingly, it was an unmitigated disaster—Butlerov�s un-
usually caustic comments pointed out its many inaccurate and
unproven statements, and Butlerov described it as “a poor
translation from the German.” [16] Needless to say, Zaitsev did
not receive the degree. And yet, less than three years later, it
was Butlerov who enabled Zaitsev to return to Kazan
University (by allowing him to join his research group as an
unpaid laboratory assistant; Figure 3) and who encouraged
him to write up his work on diaminosalicylic acid and its salts
(work that he had carried out at Marburg) as his kandidat
dissertation.[17] The degree of kandidat was awarded in 1865,
and this allowed Zaitsev to be appointed to a salaried position
as an assistant in Agronomy.

Zaitsev�s ambition was to become a Professor of Chemis-
try, and to do this he needed the degree of Master of
Chemistry (Magistr Khimii, M. Chem.), which was awarded
by the Physics-Mathematics Faculty of the university. How-
ever, as a graduate in cameral science, he was not eligible to
obtain the degree of M. Chem. from the Physics-Mathematics
faculty.[18] He could, however, become eligible to pursue the
degree of M. Chem. by obtaining a doctoral degree from a
foreign university, so he submitted the results of his work at
Marburg to Hermann Kolbe at Leipzig. Presumably with
Kolbe�s help (he is listed among Kolbe�s Praktikanten at
Marburg and is in the first list at Leipzig),[19] he was awarded
the degree of Doctor of Philosophy by Leipzig University in
1866.[20] This gave him the needed qualifications to submit his
work for the degree of M. Chem. at Kazan, but he still
required Butlerov�s help to obtain permission to submit for
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Figure 2. Left: Aleksandr Mikhailovich Butlerov as a professor at Kazan
University (ca. 1867). Right: Vladimir Vasil’evich Markovnikov (ca.
1869)
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the degree of M. Chem., which he did in 1867. The
dissertation[21] described his work on the chemistry of sulfur
compounds, and the degree was awarded in 1868.

On gaining his degree of M. Chem., Zaitsev was appoint-
ed to the faculty of Chemistry as an Extraordinary Professor
in 1869. One year later, he received his Doctor of Chemistry
degree for a dissertation[22] describing the reduction of fatty
acid chlorides to the corresponding primary alcohols using
sodium amalgam in diethyl ether buffered with acetic acid,
and he was promoted to Ordinary Professor, becoming
(briefly) the colleague of Vladimir Vasil�evich Markovnikov
(1838–1904). He held this chair until 1910 (Figure 4). Mar-
kovnikov, with whom Zaitsev feuded most of his life,[23] had
been appointed as one of the two formal opponents (exam-
iners) of the dissertation, and his report was written as an
overtly positive one, but meant to be read between the lines as
a very negative one. Butlerov, who knew of the antipathy
between the two young men, was able to convince the
university faculty that the degree should be awarded; as it
was, the vote to award the degree was split, 19: 12.

Zaitsev�s time in Kolbe�s laboratory was productive, and
showcased the young man�s impressive experimental skills,
which were a hallmark of his long career. His synthesis of 3,5-
diaminosalicylic acid,[14] a compound susceptible to extremely
facile oxidation unless it is kept as its conjugate acid, and the
study of its salts, led to the first papers from his work in
Kolbe�s laboratory, and attests – his experimental prowess
(Scheme 1).

The first of his lasting chemical contributions from this
time was his discovery of the oxidation of sulfides by nitric
acid to give sulfoxides (Scheme 2).[24] Heretofore, this class of
organic compounds had been unknown, and Zaitsev�s syn-
thesis and isolation of the sulfoxides made them easily
available for study.

For many years sulfoxides were largely the province of a
small group of organic chemists, but this situation changed in
the 1960s and 1970s, when Corey began using the conjugate
base of dimethyl sulfoxide, dimsyl sodium, as a base for
preparing phosphonium ylides.[25] More recently, sulfoxides
have become important synthetic intermediates in their own
right, and there is a rich literature on the chemistry of these
versatile compounds.[26]

At the same time that Zaitsev discovered the sulfoxides,
he also discovered the sulfonium salts (Scheme 3).[27] These
compounds, like the sulfoxides, languished for years as a

curiosity. However, in the 1960s, Corey and Chaykovsky
published their landmark paper on the synthesis and use of
sulfonium ylides,[28] and these compounds, also, entered
mainstream organic synthesis. The use of sulfonium ylides in
cyclopropanation and epoxide formation has made these
species invaluable in organic synthesis.[29] More recently, the
application of chiral sulfonium ylides in the synthesis of
epoxides and cyclopropanes has been explored.[30]

Figure 3. Butlerov and a group of his students (1867—1868). Rear
row: unidentified, A. N. Popov, A. M. Zaitsev, G. N. Glinskii. Front row:
unidentified, unidentified, A. M. Butlerov, A. I. Loman, unidentified,
unidentified.

Scheme 1. Zaitsev’s synthesis of 3,5-diaminosalicylic acid.

Figure 4. Zaitsev lecturing to students in the Butlerov lecture room at
Kazan University (late 1890s).

Scheme 2. Zaitsev’s synthesis of sulfoxides.

Scheme 3. Zaitsev’s synthesis of sulfonium salts.
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Zaitsev�s Russian mentor had been Butlerov, and the
influence of Butlerov is clear in the work that Zaitsev did as
an independent researcher in the 1870s. In 1863, Butlerov had
reported the first synthesis of a tertiary alcohol by the
reaction between acetyl chloride and dimethylzinc.[10] Zaitsev
took this reaction further, replacing the pyrophoric dimethyl-
zinc with zinc metal and an alkyl iodide (which forms the
alkylzinc iodide in situ; Scheme 4).[31] With his students, he

was able to show that this facilitated the synthesis of tertiary
2-alkyl-2-propanols and 3-alkyl-3-pentanols; with his brother,
he showed that when propyl iodide was used, the product of
the reaction was the secondary alcohol rather than the
expected 4-alkyl-4-heptanol. For a quarter of a century, the
Zaitsev–Butlerov organozinc synthesis was the method of
choice for preparing alcohols. However, the reaction did not
work under all conditions, and in 1900, it was superseded
when Victor Grignard (1871–1935) discovered the alkylmag-
nesium halides and the reaction that now bears his name.[32]

In the 1980s, however, the synthesis of alcohols using
organozinc reagents underwent a major revival when Noyori
discovered the asymmetric synthesis of secondary alcohols by
the reaction between an aldehyde and a dialkylzinc, catalyzed
by a chiral b-aminoalcohol.[33] That Noyori shared the Nobel
Prize in Chemistry for 2001 reflects the importance of
organozinc nucleophiles in modern synthesis. This renais-
sance of organozinc chemistry has been continued by the
work several research groups, as illustrated by the number of
reviews in this area in the past two decades;[34] one may gauge
how active this area of research is by the number of papers
appearing in the last two years.

The original Zaitsev synthesis of alcohols using allyl
iodide and zinc as the organometallic reagent (presumably
allylzinc iodide) has itself been the subject of a major
resurgence during the last twenty years, although the reaction
has been incorrectly ascribed to Phillipe Antoine Barbier
(1848–1922) rather than to Zaitsev. In particular, the use of
propargyl halides and zinc or indium metal provides a version
of the reaction that can be carried out in aqueous medium.[35]

As noted earlier, Zaitsev�s Dr. Chem. dissertation de-
scribed the reduction of acid chlorides by sodium amalgam in
ether (Scheme 5).[36] The critical part of this work was
Zaitsev�s observation that the reduction reaction becomes
exceptionally slow as the pH of the solution increases, and
that buffering with acetic acid is necessary to obtain a good
yield of the desired alcohol. In the course of this research,
Zaitsev discovered g-butyrolactone, which he prepared by the
reduction of succinyl chloride.[37] Industrially, g-butyrolactone
is an important solvent with applications such as in de-inking.
Its large-scale production today relies on the catalytic hydro-

genation of succinic or maleic anhydride in the gas phase. This
provides an interesting historical continuity with Zaitsev�s
original synthesis by reduction of a succinic acid derivative.

The uses of g-butyrolactone are not, however, all benign.
Its use today as an illicit drug (the “date rape” drug[38]) has
once again brought Zaitsev�s work into the spotlight, albeit in
a less-than-flattering light.

Zaitsev also examined, albeit briefly, oxidation reactions.
In 1886, he described the oxidation of oleic and elaidic acids
with aqueous potassium permanganate to give dihydroxys-
tearic acids.[39] He did not pursue this reaction further, but his
student, Wagner, did, with the result that the reaction became
a method of choice for locating double bonds in alkene
hydrocarbons, and became known as the “Wagner oxidation”.

The reason that most organic chemists remember Zait-
sev�s name today is not, however, for his accomplishments in
organosulfur chemistry or in the synthesis of alcohols. It is for
a single paper in 1875, in which he first set forth the rule that
now bears his name.[40] In this paper, which contains—
unacknowledged, for some reason—elements of work by his
students, Wagner and Grabovskii, as well as work done by
another Butlerov student, Aleksandr Nikolaevich Popov
(1840–1881), Zaitsev shows that the elimination of hydrogen
halides from alkyl halides gives the alkene with the more
substituted double bond, which means that elimination is not,
in fact, the exact reverse of addition, as had been speculated
by Markovnikov at the time he carried out his seminal studies
on addition reactions. It has been suggested[23] that the feud
between Zaitsev and Markovnikov may have been one factor
behind the work that led to Zaitsev�s Rule.

Just as Zaitsev�s independent career and the course of his
research program had been strongly influenced by his mentor,
Butlerov, so one can trace the influence of Zaitsev himself on
the careers of his own students. Three of his students, who
have already been mentioned, attained positions of interna-
tional eminence: Wagner, Reformatskii, and Arbuzov (Fig-
ure 5). The first of Wagner�s contributions to synthetic
chemistry, begun while he was a student at Kazan, was his
extension of the Zaitsev–Butlerov synthesis of alcohols by
using aldehydes and formate esters as the carbonyl partner,
thus providing a reliable method for the synthesis of both
symmetrical and unsymmetrical secondary alcohols. Al-
though the early papers in the series were co-published with
Zaitsev,[30a,e] later Wagner published his results under his own
name, without Zaitsev as a coauthor.[41] This reaction, which
became known as the Wagner–Zaitsev reaction, is now once
again an important method for the synthesis of alcohols owing

Scheme 5. Zaitsev’s synthesis of butyrolactone (top) may be contrast-
ed with the modern large-scale synthesis from maleic or succinic
anhydride (bottom).

Scheme 4. Zaitsev (top) and Zaitsev–Wagner (bottom) syntheses of
alcohols.
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to the discoveries of Noyori, alluded to above, and with the
development of organozinc chemistry as a viable alternative
to other organometallic reactions. As has become apparent
over the years, organozinc reagents do have the great
advantage over organomagnesium and organolithium re-
agents of being tolerant to a wide range of functional groups.

Wagner later went on to become a pioneer in the
oxidation of alkenes with permanganate; his important
contribution[42] was to extend and systematize his mentor�s
work by determining the effects of permanganate concen-
tration on the course of the reaction. He found that it is
critical to keep the concentration of permanganate below
4%, and to keep the pH of the solution basic if one wishes to
avoid over-oxidation of the alkene. Under these conditions,
however, good yields of the diol can often be obtained, and
this remains an important oxidation reaction (Scheme 6).

Most famously, Wagner introduced the concept of rear-
rangements[43] to the chemical community, work that was
completed by Hans Leberecht Meerwein (1879–1965).

Reformatskii was the Zaitsev student whose independent
work most closely mirrored that of his mentor. As a student in
Zaitsev�s laboratory, Reformatskii was encouraged to study
the reactions of ketones with zinc metal and a-halocarbonyl
compounds in an obvious extension of Zaitsev�s discovery
that allyl halides and zinc form an intermediate compound
that adds to aldehydes and ketones to give homoallylic
alcohols (Scheme 7). The one organozinc synthesis of alco-
hols that the Grignard reaction failed to displace was
published by Reformatskii under his own name, without
Zaitsev as a coauthor, in 1887.[44]

Having noted that allylic iodides reacted much better than
their saturated counterparts in the synthesis of alcohols,
Zaitsev may have suggested to his student, Refomatskii, that

he try making organozinc reagents from the carbonyl
analogue of an allylic halide. Reformatskii�s discovery of this
synthesis of b-hydroxyesters gave organic chemists a reaction
that is still in use today, although it has been replaced
somewhat since the late 1970s by the use of strong amide
bases for the generation of lithium enolates.

The last Zaitsev student to synthesize an alcohol by the
organozinc route was Aleksandr Arbuzov. In 1900, just
months before Grignard published his papers on the use of
organomagnesium halides, Arbuzov completed the synthesis
of 2-phenylpent-4-en-2-ol by the organozinc method, follow-
ing this a year later by a synthesis by means of the Grignard
procedure.[45] Of course, the Grignard reaction rendered his
proposed dissertation topic obsolete, and he turned to what
was to become both his life�s work, and chemistry that led to
his international reputation. Arbuzov�s kandidat dissertation
was on the unique hydrogen atom in phosphorus acid, and this
started his over sixty years as an eminent phosphorus chemist,
a career that included the discovery of the Arbuzov rear-
rangement.[46] In 1911, Arbuzov followed his mentor and
assumed the Chair of Chemistry at Kazan University.

Aleksandr Zaitsev may have had the good fortune to live
in an era when there was much to discover in organic
chemistry, and he did, indeed, discover much. In addition, his
students extended some of those discoveries to make them
even more useful. His work has endured for over a century,
and it is interesting to note that much of his chemistry has, in
fact, undergone a renaissance since the last quarter of the
twentieth century. What has not survived (unfairly, in my
opinion) is the connection of Zaitsev�s name to the very
chemistry he pioneered.[47]
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Figure 5. Zaitsev’s students who themselves achieved eminence.
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Scheme 6. Oxidations of oleic and elaidic acids studied by Zaitsev
(1869) and Wagner (1888).

Scheme 7. The Reformatskii reaction.
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