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Although Aleksandr Porfir'evi¢ Borodin!l is considered one
of the outstanding Russian composers of the 19th century, he
left only a very small volume of musical work. He is
particularly renowned for the world-famous “Polovtsian
Dances” from the opera “Prince Igor” and for his member-
ship in “The Mighty Handful”. Also noteworthy, aside from
the forementioned opera “Prince Igor”, are his three symph-
onies, two string quartets, and a symphonic poem “In the
Steppes of Central Asia”. The reason for his small ceuvre is
that he considered himself a sunday composer, composing for
fun and only in his rare spare time or when he was ill. In fact,
he was a professor of chemistry, and chemistry was avowedly
his first passion.”) There were also other fields, besides
chemistry, to which he was more committed than composi-
tion. Despite this declared priority for chemistry, Aleksandr
Borodin is mostly unknown as a chemist to chemists of today,
and—much to my regret—even as composer. This surely is
not justified, since he is the discoverer of outstanding
reactions, although unfortunately at a time when it was
uncommon to name reactions after their inventors.’! This
Essay is intended to shed light on all the various facets of
Borodin, with a special focus on his chemical work.

Son of a Prince, Serf, and Aesthete

Aleksandr Borodin was born on November 12, 1833 in
Saint Petersburg as an illegitimate son of the Imeretian
(Georgian) prince Luka Stepanovich Gedianov and his 24-
year-old concubine Avdotya Konstantinovna Antonova. As
was not uncommon at that time, he was registered as the son
of one of the prince’s serfs (Porfiry Borodin), even though he
was raised exclusively through his mother. Although he
formally grew up as a serf, he was generously supported by the
prince and broadly educated by home schooling. His father
died when Borodin was seven years old; shortly before, he
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had granted freedom! to his son and provided Avdotya
Antonova with sufficient financial resources. Borodin devel-
oped a passion for both music and natural sciences, especially
for chemistry. The first preserved composition is a polka—
actually worth listening to—for piano with four hands, which
he wrote as a 9-year-old boy passionately in love with a
domestic servant. His mother was seriously alarmed by his
chemical experiments, fearing that her house would be set on
fire—not all his experiments were as harmless as his self-made
watercolors, which he used for painting. His general educa-
tion was substantial and comprehensive—for example, he
learned to speak German, English, and French fluently (later
he learnt Italian as well)—but his musical education was only
cursory. He learnt some musical instruments in a rough-and-
ready manner, mainly through private study, and studied
some composers, mostly through their chamber works.

Despite his social origin, he was admitted to the medical
faculty of the Medico-Surgical Military Academy in Saint
Petersburg!® in 1850; however, the registration formalities
made it necessary to make him one year older. He immedi-
ately became the best in the class, and he completed his
studies “cum eximia laude” in 1856. Only a bad mark in
religious studies prevented him from being honored with a
medal.

At that time, chemistry was taught in the academy by the
grandmaster of Russian chemistry, Nikolay Zinin."! Borodin
could not bring himself to approach Zinin for some consid-
erable time, but in his third academic year he explained that
he would very much like to work in this laboratory. Zinin was
quite astonished to have this request from a student in
medicine, but he accepted.

Hence Borodin finished his doctorate in 1858 with a
chemical thesis. He was, in fact, not suited to medical practice
at all because of his sensitive nature.’”! He happened to be on
duty one day when six serfs were brought in belonging to a
Colonel who had flogged them for locking him in the stables
because of the cruel way he had treated them. Borodin had
the job of pulling out the splinters from their backs. He
fainted three times at the sight of the skin hanging in tatters
from their backs; in the case of two of them, their flesh had
been flayed to the bones. From today’s standpoint it is
incredible that it would have been part of his job as a surgeon
to attend executions and to punish offenders by branding.
Knowing his character and his scientific interests, it is not
astonishing that he continued his chemical education almost
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exclusively. He became Zinin’s favorite student and his
designated successor. Nevertheless, Zinin disapproved of
Borodin’s musical activities. Once he said: “Mr. Borodin, it
would be better if you gave less thought to writing songs. I have
placed all my hopes in you, and want you to be my successor
one day. You waste too much time thinking about music. A
man cannot serve two masters.”?!

To gain the experience necessary for the post of adjunct
professor it was considered indispensable by Zinin and the
academy that he learn further chemical techniques and visit
foreign laboratories and chemical plants. From 1859 to 1862
he was sent to Germany and France as well as other countries.
It was intended that he would work at first in Robert Bunsen’s
laboratory in Heidelberg, but he did not find this useful and
worked instead in the laboratory of Privatdozent Emil
Erlenmeyer. At that time, Dmitri Mendeleev and Aleksandr
Butlerov were also staying in Heidelberg, and over time a
very deep and enduring friendship developed between these
three. At this time, he also became acquainted with his later
wife, the asthmatic Yekaterina Sergeevna Protopopova, who
had taken refuge in Heidelberg from the unhealthy climate in
Russia. As a gifted pianist she was a kindred spirit to Borodin,
they spent as much time together as possible. His finding that
she had absolute pitch and could determine the key of a
composition by listening possibly tipped the scales and they
fell in love. He followed her to Pisa, where she had to travel
for health reasons. In the laboratory of Sebastiano de Luca
and Paolo Tassinari he developed a synthesis of benzoyl
fluoride, one of the first syntheses of an organofluorine
compound.”!

He returned to Saint Petersburg in 1862, where he was
appointed adjunct professor and, after the retirement of Zinin
in 1864, full professor at his alma mater (Figure 1). He and
Yekaterina married one year after his appointment and over
time they adopted three daughters. His primary duty was of
course the chemical education of medical students at the
academy, but his special passion, to which he was enthusias-
tically devoted from 1872, was the higher medicinal education
of women, which was tolerated by Tsar Aleksandr II. For that
he gave special lectures and organized practical instruction
for the female students.

Borodin died when he was only 53 years old on February
27, 1887, from an apoplectic stroke or possibly a heart
attack,™" at a fancy dress party he gave for colleagues. He had
undoubtedly been weakened by the enormous workload; help
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Figure 1. Founders of the Russian Chemical Society (1868). Borodin is
standing fifth from the left. (Source: wikipedia; A detailed caption is
given in the Supporting Information.)

was not possible, even though a lot of physicians were present.
His wife, terminally ill in the last years but also a hypochon-
driac, lived only a few months longer. He was interred at the
Tikhvin Cemetery of the Alexander Nevsky Monastery in
Saint Petersburg next to his friend Modest Mussorgsky.

Aleksandr Borodin as Composer

Borodin had learnt to play the piano, flute, and cello as a
young boy, although he did not master any of these instru-
ments as a virtuoso.'” As an adolescent, during his studies
and his stays abroad, he composed chamber music and he
participated, for example, in Italy, in orchestras. Wherever he
was, he visited all kind of concerts and he studied various
composers through the available sheet music. He was
undoubtedly a dilettante and but had hardly any knowledge
of orchestration, compositional techniques, or contemporary
composers (Figure 2). In this respect, he considered it to be
one of the most important events in his life when, back in
Saint Petersburg, he met Mily Balakirev, an important
composer at that time but not significant today. He introduced
Borodin to a group of composers, whose intention was—
together with the music critic Vladimir Stasov—to promote
an original Russian music (as opposed to a Central European
music) in the style of their role model Mikhail Glinka.'™!
Besides Balakirev, this group consisted of the critic and
almost forgotten composer César Cui, the composers Nikolai
Rimsky-Korsakov and Modest Mussorgsky, and from that
time onwards also Borodin. The group was called at first
disrespectfully, but later appreciatively, “The Mighty Hand-
ful”, “The Mighty Heap”, or just “The Five”; they referred to
themselves as “Balakirev’s circle” (Figure 3). This group
inspired, motivated, and helped each other. Borodin got
familiar with contemporary composers by studying piano
scores, was instructed in the essential techniques, was given
advice and—most importantly—was assured that he was an
able composer, even though he considered himself to have
only moderate talent.
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Figure 2. Portrait of Borodin by Ilya Repin. (Source: wikipedia.)

Figure 3. “The Mighty Heap”—Borodin is seated on the far right.
(Source: www.stumbleupon.com/stumbler/Perko/tag/the-russian-five/;
see the Supporting Information.)

This interaction rapidly led to the finalization of a first
symphony, which at once made him renowned in the musical
world. It is very interesting to read Borodin’s report on his
first encounter with Franz Liszt, the doyen of music at that
time. The intended external promotion of two students, of
which one was his favorite student, right hand, prospective
successor, and later son-in-law Aleksandr Dianin, resulted in
him visiting Jena in 1878, and he used the opportunity to call
on Liszt, who lived in Weimar. According to the plausible
report of Borodin, Liszt welcomed him enthusiastically; he
knew Borodin’s symphony in detail and had the highest
opinion of it. The comprehensive report on this (and one
further) meeting with Liszt is worth reading, and also serves
as a useful source for research on Liszt.'Y The “Heap”
disapproved that Borodin still continued to compose chamber
music; this genre was frowned upon by the group. Besides
some further, lesser works, he composed two famous and
frequently performed string quartets. Motivated by the
positive reception of his first symphony and especially by
the encouragement of Liszt, he composed a similarly appeal-
ing second symphony. A third one was not finished; it was
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completed posthumously by Aleksandr Glazunov." Further
eminent compositions are the symphonic poem “In the
Steppes of Central Asia”, dedicated to Liszt, which exists as
a version for piano four hands and one for an orchestra, and
the very nice “Petite Suite” for piano. The humorous
ambience™ in the “Heap” is best described by the Tati
paraphrases (“Cutlet Polka™) that were initiated by Borodin
and arranged by four composers. An extremely simple theme,
played with two fingers continuously without modification,
was supplemented by rather sophisticated accompaniments
that resulted in dances and pieces with various musical
styles.™ Borodin contributed a polka, a funeral march, a
mazurka, and a requiem. The polemic reviews of the critics
made Liszt furious; he used to play these variations regularly
with his (mostly female) students. For a second edition of the
sheet music he contributed a further variation to show his
solidarity with the composers. Also from Borodin’s ceuvre are
16, partly posthumously published, very melancholic roman-
ces, whose roots deep in the Russian folk music are apparent
at first listening.

A constant worry to Borodin was his opera “Prince Igor”
(Figure 4). Its development lasted 17 years, but he did not
finish it himself. The opera was completed after Borodin’s
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Figure 4. “O, give me my freedom and | shall save my honor and free
Russia” from lgor’s aria in the 2nd act of the opera “Prince Igor”.l"™
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death by Rimsky-Korsakov and Glasunov; it was partly based
on sketches left and partly from memory,'” and the remaining
missing parts were composed in the style of Borodin. Never-
theless, the opera is afflicted with protraction and is thus
considered to be dramaturgically (but not musically) of lower
quality. Consequently, various revisions of this opera exist,
particularly trying to reconstruct the originally intended
composition of Borodin; occasionally the third act (almost
completely composed by Glasunov) is shortened or even
omitted in the performance. The parts completed by Borodin
had made such an impression on the “Heap” that his friends
did everything to make him continue composing. Circum-
stances prevented him from proceeding seriously; he made
only very slow progress.

The “Polovtsian Dances”, a scene from the opera, already
composed in 1875, today belongs to the literature of the
musical world and is known to many as a catchy tune without
awareness of its origin. The opera was accepted quickly and is
frequently performed. In 1953 the Broadway musical “Kis-
met” was completely assembled from Borodin’s music.'®! The
song “Stranger in Paradise” based on the music of the
“Polovtsian Dances”, and performed, amongst others, by
Bing Crosby, became a hit.
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Fluorine Chemistry, Hunsdiecker Degradation, and
Aldol Reaction

The chemical literature from the time when Borodin lived
is difficult to read. There were no generally accepted rules of
how to depict chemical formula; without substantiated
chemical-historical knowledge, the stoichiometry of described
compounds cannot be recognized. Qualified rules were not
defined until the famous Karlsruhe Congress of 1860, but
these were not immediately applied by everyone. Borodin
was in Heidelberg at that time and joined this congress
(together with Zinin, Mendeleev, and four more Russians®").
Although Borodin was elected as a member of the congress
committee, no contributions made by him to the discussion
are known. Nevertheless, it should be noted that the doctrine
for the representation of chemical compounds constituted at
the end of the congress was supported by him (as one of only a
few) even before the congress.?!!

The scientific work of Borodin was comprehensively
analyzed and compiled by Rae.” Borodin published about 20
major papers. His first contribution was his doctoral thesis
dealing with the chemical and toxicological analogy of arsenic
acid and phosphoric acid. In Zinin’s laboratory and at the
beginning of his time in Heidelberg he worked on amarine
(triphenylimidazolidine)®! and benzidine,” although this
work was unproductive and of minor significance.

Ph
Ph Ph benzidine
amarine

He stayed in Paris for several months, where he met Louis
Pasteur. Here he worked on the action of bromine on silver
carboxylate[zsl and found a reaction, which was later redis-
covered by Heinz and Claire Hunsdiecker without having
knowledge of Borodin’s contribution.” This reaction is today
referred to as the Hunsdiecker reaction, and only occasionally
as the Borodin—Hunsdiecker reaction (Scheme 1).

o) Br,

)J\ OAg

Scheme 1. The degradation of silver carboxylate with bromine, known
as the Hunsdiecker reaction.

Me-Br + CO,} + AgBr

Borodin’s previously mentioned stay in Pisa was very
productive. Enthusiastically, he realized that the laboratory of
de Luca and Tassinari was equipped with platinum crucibles,
which allowed experimental work with hydrogen fluoride. He
took the opportunity and worked on the synthesis of organo-
fluorine compounds. The reaction of benzoyl chloride with
potassium hydrogenfluoride (KHF,) led to the formation of
benzoyl fluoride (Scheme 2).”7

The eight original publications published during his
postdoctoral studies met with universal approval on his
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Scheme 2. Synthesis of benzoyl fluoride.

return to Saint Petersburg; nothing got in the way of his
election to the post of adjunct professor. From that time on he
performed his most important scientific investigations. From
1863 on he was definitely the first to work systematically on
the aldol addition. The reaction of valeric aldehyde, enan-
thaldehyde (heptanal), and acetaldehyde with sodium as a—
from today’s point of view, uncommon—base led to several
products. Borodin paid particular attention to the identifica-
tion of the alcohol, which is known to be the product of an
aldol addition (Scheme 3) and the product of an aldol

o) Na OH O o
)J\ - * + CyoHysOy
Bu” "H Bu H Bu” ™ H
Pr Pr

Bu/\K\OH

Q H, Q 2x Pr
X H - +
Bu Bu H  cannizzaro o)
Pr Pr reaction
Bu OH
Pr

Scheme 3. Aldol addition of valeric aldehyde. Products described by
Borodin.

condensation. The constitution of some higher condensation
products could not be elucidated unambiguously. Further
products, which depended on the reaction conditions, were
formed by hydrogenation of the double bonds in the presence
of hydrogen, which was used as a protective atmosphere, or by
Cannizzaro disproportionation of the aldehyde. Furthermore,
he was the first to note that the aldol addition is a reversible
process, with the monomeric aldehyde returning on heating
the aldol.

The precedence of Borodin’s aldol results is unambigu-
ously clear, his first publication available to all of Europe was
printed in the Journal fiir praktische Chemie in 1864.7"
Nevertheless, he soon had the feeling that August Kekulé
was usurping his field of research. Kekulé first published in
this field in 1869, but he only cited Borodin in his second
paper (1870). Here, he claimed he would no longer work on
the condensation of valeric aldehyde, the primary subject of
Borodin’s research.”” Borodin claimed to expand his priority
on other aldehydes, but saw no chance to compete with the
rival groups of Kekulé and Adolphe Wurtz,®! and thus
decided not to insist on his priority: “I made up my mind not
to answer Kekulé but simply to continue my work. Otherwise
he can think that I was really startled by his statement. When
my work is finished, I will make a casual note in passing on
Kekulé. This is far more tactful.” P

The development of a new method for the quantitative
determination of urea in urine is frequently added to
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Borodin’s achievements, although the chemical foundation
was most probably not developed by him (Scheme 4). Only
the clearly tricky apparatus was undoubtedly designed by
him. !

(o}

J +2Na0Br —= N} + 2H,0 + 2NaBr + CO,
HN" NH,

Scheme 4. Determination of urea in urine.

It is not easy to decide whether Borodin considered his
pupils’ contributions to be a part of his work, as did most of
his contemporaries in Central Europe. It was not uncommon
that the doctoral advisers published without even mentioning
the co-authorship of their students.**! Borodin frequently
gave accounts at Russian congresses of his students’ scientific
studies. These reports were abstracted in the journal Berichte
der Deutschen Chemischen Gesellschaft, mostly by Victor
von Richter and Georg Wagner. These synopses make it clear
that Borodin reported on his students’ work and not on his
own research. This indirect publication of his students’
research amusingly led to the confusion that von Richter
was mentioned as the inventor of the oxidative dimerization
of naphthol in a important review on biaryls.” In fact,
von Richter abstracted a report of Borodin on Dianin’s
discovery of this reaction, which is frequently used nowa-
days.*®! Nevertheless, the distinguished Borodin researcher,
his grandson Sergei Dianin, the son of his favorite student and
son-in-law Aleksandr Dianin, always mentioned Borodin as a
co-author in the context of his father’s work.””

The Final Years

In his later years Aleksandr Borodin was increasingly
depressive, felt miserable, and doubted the meaning of his
work. “His once so beloved work at the university became a
burden, even a torture.” He was worried about the
deteriorating health of his wife, which forced him to move
from Saint Petersburg with its detrimental climate to the
scientifically and musically nonproductive neighborhood of
Moscow during the summer months. As a consequence of her
sickness, his wife could not sleep before early morning; since
he used to get up very early for his compositions, he had only
very few hours of sleep. A further reason preventing his
recovery were his numerous relatives and friends living in his
rather small official residence.™ In his final years he was
virtually unproductive in his scientific research. Unlike, for
example, his colleagues in Germany, he had no scientific
assistants who supported his research or helped him with his
teaching duties.’” The bureaucracy in the tsardom forced him
to cooperate in numerous commissions and to sit in meetings
which lasted for hours.™ He was shattered by the information
that his favorite project, the medical education of women, was
no longer allowed under the regency of Tsar Aleksandr III
from 1882 on and had to be stopped definitively in 1885.
Borodin burst into tears when the women'’s laboratory had to
be closed. Various honorary positions were offered to him,
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which he did not refuse because of his good nature, but these
brought a greater workload. Despite increasing musical
success—his compositions were now performed regularly all
over Europe and even in the United States; in Russia he was
still not appreciated by the critics and musical directors—he
had serious financial problems that made his scientific
research increasingly impossible. He hardly found time to
compose: “In winter I cannot compose unless I am sick and
obliged to give up my lectures. So my friends, contrary to
custom, never say to me, 'Try and keep well!" but rather, 'Try
and fall sick "™

In an environment of permanently changing amities and
enmities, Borodin was a calming influence; he was the only
one that maintained friendly contacts with all members of the
“Heap”. Everybody held him in high regard because of his
friendly character. Rimsky-Korsakov wrote about him: “Bor-
odin was a man of rare kindness and of high education, a
stimulating and inimitably witty conservation partner.”™ His
generosity was often taken advantage of. Even if the circum-
stances were not favorable, his altruistic character would
come to the fore; it was most probably this characteristic that
contributed significantly to his early passing. He left compo-
sitions of incredible density—virtually all are of similarly high
quality™ and had significant influence on most of his
successors. Chemically he performed some eminent reactions
for the first time, for example, the aldol reaction, although
one has to admit that, in the long term, chemistry would have
developed in a similar way without his contributions.*!

Borodin was neither a composer nor a scientist in the first
line; nevertheless he deserves our attention because of his
double gift and his significant achievements. I hope that this
Essay helps him to receive adequate recognition.

I thank Guido Herrmann and Martin Klufimann for inspiring
discussions, and Moritz Biskup, Kye Masters, and Stephanie
Arzt for their help in the preparation of the manuscript.
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