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Independent Discoveries: The Wolff-Kishner Reduction

This year is the 150™ anniversary of the birth of Russian
chemist Nikolai Matveevich Kizhner (1867-1935),"? and the
160" anniversary of the birth of German chemist Ludwig
Wolff (1857-1919). These two chemists carried out seminal
studies in the reactions of compounds with N-N bonds, lead-
ing to three eponymous reactions: the Wolff-Kishner deoxy-
genation of aldehydes and ketones, the Wolff rearrangement
of a-diazoketones, and the Kishner cyclopropane synthesis.
Here we concentrate on the first.

Nikolai Matveevich Kizhner. Portrait courtesy of Tomsk Polytechnic
University. Image of the plaque by the author.

Kizhner graduated from the First Moscow Gymnasium and
entered Moscow University in 1886 as a student in the Natu-
ral Science Division of the Physics-Mathematics Faculty. Here,
two years later, he came under the influence of the mercurial
Vladimir Vasil’evich Markovnikov (1838-1904) and his col-
league, the physical chemist and thermodynamicist Vladimir
Fyodorovich Luginin (1834-1911). These two men led Kizhner
to choose organic chemistry for his career.

Following his graduation (Diplom) in 1890, Kizhner was
appointed to a supernumerary position as a laboratory assis-
tant teaching qualitative and quantitative analysis while he
pursued the M. Khim. degree. In 1894, he was elected Privat-
Docent, and was permitted to deliver lectures. At the same
time, he also taught chemistry and electrical engineering at
the Alexander Military School. During his M. Khim. period,
Kizhner published a paper* explaining the unexpected physi-
cal and chemical properties of ‘hexahydrobenzene’ obtained
by the reduction of benzene with hydrogen iodide by iden-
tifying it as methylcyclopentane rather than cyclohexane or
n-hexane.

Kizhner graduated with the M. Khim. degree in 1895.
His dissertation ‘Amines and hydrazines of the polymethylene

series, methods of their formation and transformation’ report-
ed his work in the chemistry of N-bromoamines and his first
work with hydrazines and hydrazones (Scheme 1).
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Scheme 1

In 1900, Kizhner graduated with the Dr. Khim. degree,® the
minimum qualification for appointment as Ordinary Professor
in Russian universities. In 1901, at the urging of Mendeleev,
Kizhner was offered the position of inaugural Professor of
Organic Chemistry at the new Tomsk Technological Institute
(now Tomsk Polytechnic University) in Siberia. Here, Kizhner
built the Department of Chemistry, and he used each of his
frequent trips to the West to accumulate books, journals, and
apparatus for his department. His early work here continued
his investigations of bromoamines as well as the synthesis and
reactions of small-ring compounds.

In 1902, Kizhner was diagnosed with ‘gangrene of the
limbs,” a painful and even life-threatening malady that led
to the amputation of his left foot above the ankle in 1904.
In 1910, he lost the other foot to the same disease. After his
first amputation, Kizhner continued his teaching, but he relin-
quished his research laboratory to a colleague. What is ama-
zing is that, confined to a wheelchair after his second amputa-
tion, which made his teaching extremely difficult, he returned
to the research laboratory with a vengeance. It was a year after
this second amputation that he first described his hydrazine
decomposition.?

Kizhner was a political progressive. During the Revolution
of 1905, the students at Tomsk went on strike, asking autono-
my for the universities from the Ministry of Education, and
Kizhner was supportive of their actions, helped to organize
similar activities by the faculty, and refused to impose sanc-
tions on striking students. This earned him the enmity of the
powerful Trustee of the Educational District, Leonid Ivanovich
Lavrent'ev (d. 1914). In 1906, he was branded a ‘free thinker’
and exiled from Siberia, along with several colleagues. The in-
tervention of the influential member of court, Count Witte,
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earned his reinstatement in 1907. His political enemies were
not appeased, however, and the continued machinations and
veiled threats against his family by right-wing extremists re-
sulted in Kizhner being forced from his professorship in 1912,
and him leaving Tomsk permanently in 1914. Kizhner felt a
very special bond to the Department that he had built, to his
students, and to his uncompleted research there; leaving was
very hard for him.

Still, Kizhner got the last laugh. Instead of resigning from
his professorship, he retired on medical grounds, which
provided him with a full pension! He moved to Moscow,
where his pension allowed him to work, although he never
again achieved the level of productivity he had in Tomsk. With
the help of Aleksei Yevgen'evich Chichibabin (1871-1945),
another Markovnikov student, he obtained an appointment
to the Shanyavskii People’s University, an informal institu-
tion set up by the professors who had resigned from Moscow
University in protest of the actions of the reactionary Minister
of Education, Lev Aristidovich Kasso (1865-1914). Although
it was not authorized to grant degrees, its standards were so
high that even members of the faculty of Moscow University
itself attended their lectures.

Following the October Revolution, Kizhner became the
guiding force of the Soviet dye industry,>" and he was elected
a Corresponding Member of the USSR Academy of Sciences in
1929, and an Honorary Member in 1934. It is worth noting
that in all of Kizhner’s papers, he carried out the experimental
work himself, in spite of his disabilities, and he also insisted
on an equal level of care in the work of his students. It is fully
in keeping with his character that he died just hours after re-
turning home after a typically long day in the laboratory.

In contrast to the wealth of information about Kizhner,
biographies of Wolff? are few, and usually devoid of much de-
tail. Wolff was born in Neustadt an der Haardt in 1857 and
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graduated from the Gymnasium at Speyer in 1876. Typical of
young German chemists of this time, Wolff studied at several
universities before taking his doctorate. From 1876-1881, he
studied first at the University of Wiirzburg and the Techni-
cal University of Munich, and then at the University of Stras-
bourg, where Rudolf Fittig (1835-1919) and Adolf von Baeyer
(1835-1917) were professors. He passed the Diplom exam-
inations in 1880 and the State examinations for admission as
a student in the higher schools of Bavaria in 1881.

He held the position of Assistant in the Chemical Institute
at Strasbourg from 1882-1891. As a graduate student, Wolff
chose to study with Fittig. His research focused on §-lactones
and their derivatives and on levulinic acid and its derivatives.
His work with 8-lactones led to his doctoral dissertation en-
titled ‘Uber eine einfache Darstellungsweise und die Constitu-
tion des Valerolactons und tiber das chemische Verhalten der
0-Oxycapronsdure.” He qualified for faculty status by earning
his Habilitation at Strasbourg in 1885 for his treatise ‘Uber
einige Abkommlinge der Livulinsdure.” In 1891, he joined the
faculty at Jena, where he remained for the rest of his career.

At Jena, Wolff became a colleague of Ludwig Knorr
(1859-1921), who was Director of the Laboratory. It was
Knorr who called Wolff to Jena to teach analytical chemistry,
but itis also reported that Wolff, known as an organic chemist,
was not subjected to questioning about analytical chemistry
before he was hired! Nevertheless, he did teach analytical che-
mistry so well that he became the Head of the new Division
of Analytical and Inorganic Chemistry. In his obituary of his
colleague,* Ludwig Knorr described Wolff as a quiet man who
did not court publicity, and who found his greatest satisfac-
tion in carrying out his duties well. Knorr describes him as
an excellent and dedicated teacher, and reports that, even in
the final throes of his illness, he maintained his office and its
duties with his characteristic efficiency - in spite of the pain.
Wolff died of a painful internal disease (possibly cancer) at the
relatively young age of 61.

N N

)

o Com N  COH

Wolff Ber. Dtsch. Chem. Ges. 1893, 26, 1830-1833

Scheme 2
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In contrast to his teaching, Wolff’s research at Jena was
exclusively in organic chemistry. He closely followed the ca-
reers of his students, advancing their interests wherever pos-
sible. In his early independent work, he continued his studies
of the chemistry of brominated levulinic acids and extended
this work to the synthesis of heterocycles (Scheme 2).’

The deoxygenation of the hydrazones of aldehydes and ke-
tones by base is now over a century old, discovered by Kizhner
in 1911.8 Because Kizhner had published his results only in
Russian, they were not widely known in Western Europe.
Consequently, the reaction was discovered independently, in
the form of the decomposition of semicarbazones by base, by
Wolff in 1912.° Initially, the reaction was known as the Wolff
reduction, but in 1913 Wolff wrote to Kizhner to acknowledge
his priority for the discovery. Since that time, the reduction
has borne the names of both chemists, and it holds a central
position in the organic chemist’s arsenal of carbonyl reduc-
tions.°

In the first of his two papers in 1911, Kizhner described
the reduction of a series of saturated ketones by heating their
hydrazones with solid potassium hydroxide (Scheme 3). In
the second paper, he extended the reaction to unsaturated ke-
tones, including conjugated cyclic ketones.

In 1912, Wolff independently described the base-pro-
moted decomposition of the monohydrazone of a p-benzo-
quinone derivative. The product of the reaction was a phenol,
clearly obtained by tautomerization of the 2,5-cyclohexa-
dienone (Scheme 4).

Since 1911, the reaction has been modified many times'!
in an effort to improve yields and lower the reaction tempera-
ture (Scheme 5).
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