Bull. Hist. Chem., VOLUME 27, Number 1 (2002)

37

THE BEGINNINGS OF SYNTHETIC ORGANIC
CHEMISTRY: ZINC ALKYLS AND THE
KAZAN’ SCHOOL
David E. Lewis, University of Wisconsin-Eau Claire

It is scant exaggeration to say that modern organic synthesis would be almost inconceivable without the important carbon-carbon bond-forming reactions involving the addition or organometallic reagents to aldehydes,
ketones and acid derivatives. Today, the addition reactions of organometallic reagents of most elements of
the periodic table have been explored in great detail,
permitting the synthetic organic chemist to exploit the
unique reactivity of the alkyl derivatives of many elements of the periodic table to obtain that degree of control that gives modern organic synthesis much of its
power.
The rise of organometallic compounds as tools in
organic synthesis is probably best traced to the development of the Grignard addition reaction in 1900 (1),
but the real origins of organometallic synthesis date from
some 30 years earlier in the city of Kazan’, at European
Russia’s eastern frontier. The position of Kazan’at the
crossroads between east and west had long been exploited in the name of trade. Its transformation to an
educational center only began with the establishment
of Kazan’ University in 1804 at the urging of the intellectuals in St. Petersburg (with little enthusiastic support from the Kazan’ community). Despite its isolation
and its location at the fringe of society, Kazan’ University had, by the end of the nineteenth century, established a school of chemistry that was pre-eminent in
Russia, supplying many department chairs and professors of chemistry to Russian and foreign universities.
The two decades following Wöhler’s 1828 discovery of the synthetic production of urea (2) were watershed years in the development of organic chemistry.

During the 1830s and 1840s the concept of the radical
as an entity, which passed through chemical transformations unaltered, was established, thanks to the work
of Liebig, Wöhler, Bunsen, and Dumas. Then, in 1852,
Sir Edward Frankland published the paper in which he
proposed that elements have a set saturation capacity—
the first proposal of the concept of valence (3). In the
course of this work, Frankland had synthesized the first
organometallic compounds, the dialkylzincs (3), an
achievement of crucial importance to the work that comprises the subject of this paper.
Thus, by the mid-1850s, the stage was set for the
next great advance in the discipline of organic chemistry, and the last three years of the 1850’s may, indeed,
be characterized as a nexus in the development of organic chemistry. It was during these years that Friedrich
August Kekulé and Archibald Scott Couper developed
what has become known as the structural theory of organic chemistry. On the basis of the earlier work of
Frankland and Kolbe, in which the concept of valence
had been placed on a firm footing, Kekulé (4) and Couper
(5) independently developed the concept of a compound
as a material in which all valences of all participating
atoms could be satisfied.
It is almost certain that this theory, as first proposed,
was largely designed to accommodate the known facts;
whether either Kekulé or Couper was completely aware,
when he first proposed it, of the real potential of this
new theory may be argued (6). This author contends
that the full realization of what this new theory could do
belonged first to the great Russian organic chemist,
Aleksandr Mikhailovich Butlerov (1828-1886). It was
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certainly Butlerov,
who was a professor
at Kazan’ University
at the time, and his
students who first followed up experimentally on the predictive
power of the new
theory.
By this time, the
Chemistry Department at Kazan’ had
already begun its rise
under
Nikolai
Nikolaevich Zinin
(1812-1880) and Karl A. M. Butlerov (1828-1886)
Karlovich Klaus
(1796-1864), whose contributions to chemistry have
often been overshadowed by those of his more famous
colleague. Butlerov had studied under both Zinin and
Klaus, but his commitment to a career in chemistry at
the time may have been marginal, at best (7). In fact, he
had written his kandidat dissertation on the diurnal butterflies of the Volga region (8). However, with the departure of Zinin for St. Petersburg and Klaus for Dorpat,
Kazan’ University needed an instructor in chemistry, and
Butlerov was appointed to the position, ultimately succeeding Klaus as Chair at Kazan’. The move was a
fortunate one for Russian organic chemistry, for Butlerov
became one of Russia’s greatest organic chemists.
Butlerov spent the years following his return in 1858
from a komandirovka (salaried study abroad) in Western Europe in developing and testing his own version of
structural theory. It was Butlerov who first coined the
term “chemical structure” and used that concept to systematize chemists’ thinking about compounds. By 1860
he was expounding his structural theory of organic chemistry in his classes, and his textbook (9) was the first
based solely on structural theory.
Butlerov saw that the wider acceptance of structural theory would depend in part on its ability to predict new isomers of organic compounds and on the experimental confirmation of the existence of these new
isomers by synthesis, as he stated explicitly in his presentation to the Speyer Congress on September 19, 1861
(10). He immediately began using the theory first to
predict the number of isomers of simple organic compounds and then to attempt the synthesis of these compounds. It is perhaps fitting, therefore, that Butlerov
should have been among the first to confirm predictions
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of the existence of new compounds by synthesis. It is
uncertain how the possibility of the double displacement
reaction between a dialkylzinc and an acid chloride occurred to him; but in his Speyer presentation on structural theory he explicitly mentioned the reaction between
ethylsodium and carbon dioxide to form propionic acid,
which had been reported by Wanklyn in 1858 (11). For
whatever reason, in 1863 he took the step of treating
phosgene with diethylzinc (12). The result was both
historic, this being the first synthesis of a tertiary alcohol, and ironic. The existence of tertiary alcohols had
been predicted by Kolbe (13), the most adamant opponent of the new structural theory, and this first synthesis
was accomplished by Butlerov, its most ardent champion. This reaction, which he subsequently expanded
into a general method for the synthesis of tertiary
alcohols by the reaction between a dialkylzinc and an
acid chloride, became known as the Butlerov reaction.
Butlerov continued his research into tertiary alcohols
and their dehydration products after his move to St. Petersburg in 1869, taking with him a tradition of organic
synthesis begun at Kazan’.
Butlerov was succeeded at Kazan’ by two of his
students, Aleksandr Mikhailovich Zaitsev (1841-1910)
and Vladimir Vasil’evich Markovnikov (1838-1904).
Both had come to Kazan’ University as students in economic science at a time when all students in that subject
(kameralisty, many of whom were training for bureaucratic jobs in government) were required to complete
two years of chemistry. This requirement thus brought
them into contact with Butlerov, who was a dynamic
and inspiring lecturer; both young men fell under the
master’s spell.
Butlerov may
well have seen that
the strengths of the
two young men
were complementary. Markovnikov
was a daring and
brilliant theoretician
whose master’s dissertation on structural theory (14)
broached ideas that
became widely accepted only decades
later. Zaitsev, on the
other hand, was a
superb experimen-

A. M. Zaitzev (1849-1910)
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talist, as his record
plainly shows. As a student under Kolbe at
Marburg, he had completed the first synthesis
and characterization of a
sulfoxide (15). He also
accomplished the first
synthesis of a sulfonium
salt (16) and worked in
Wurtz’ laboratory on
problems in carboxylic
acid chemistry. Both
Zaitsev
and
Markovnikov graduated V. V. Markovnikov (1838-1904)
in the kameral division.
At this time, graduates from the kameral division were
not considered the equal of graduates in the physicalmathematical division when it came to assigning laboratory assistantships in chemistry. Zaitsev and
Markovnikov are among the group of brilliant chemists
whose graduation in the kameral division and desire for
further study in chemistry resulted in a re-evaluation of
this status; Butlerov helped to promote this agenda.
Despite what one might expect from their common
admiration of Butlerov and the common path of their
early careers (both worked under Butlerov and Kolbe,
and both began their independent careers as extraordinary professors at Kazan’), Zaitsev and Markovnikov
feuded bitterly for much of their lives. Indeed, Zaitsev’s
appointment to the second chair of chemistry as
Markovnikov’s junior colleague in 1870 may have been
one of the minor precipitating factors in Markovnikov’s
rancorous departure from Kazan’ shortly thereafter. (It
should be noted that Markovnikov had been one of the
official examiners of Zaitsev’s master’s dissertation and
had written a report which, while overtly positive, carried a strongly negative subliminal message.)
One may speculate on the origins of this feud, but
it is my opinion that one major contributing factor may
be traced to the time both spent in Kolbe’s laboratory.
In the kandidat disseration that Zaitsev submitted to
Kazan’ University in 1863, he had shown himself willing to compromise with Kolbe (17), who vigorously
opposed structural theory. In contrast, Markovnikov
remained inflexibly in the structural theory camp.
Zaitsev’s pliability may have seemed a betrayal of the
“Russian” position to the intensely Russian nationalist,
Markovnikov—an unpardonable sin.
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At Kazan’, Zaitsev continued the line of research
into the reactions of dialkylzincs begun by Butlerov, and
the credit for developing and extending the scope of this
synthetic method really belongs to Zaitsev and his students. In 1865 Frankland and Duppa reported the reaction between diethylzinc and diethyl oxalate to give the
ethyl ester of a-ethyl-a-hydroxybutyric acid (18). Much
of Zaitsev’s earliest work as an independent researcher
involved extending the Butlerov reaction to include the
interaction of organozinc compounds with other carbonyl compounds. Of greater importance, perhaps, was
his insight that the notoriously sensitive dialkylzinc reagents could be replaced by a mixture of the alkyl iodide and zinc metal. This in situ formation of the
alkylzinc iodide allowed much greater flexibility and
ultimately led to the development of the Grignard reaction.
This new, general synthesis of tertiary alcohols was
later extended by Zaitsev and his students to reactions
between organozinc reagents and a variety of compounds. The co-author on many of these early works
was another of the brilliant organic chemists to come
from the Kazan’ school: Egor Egorevich Vagner (18491903), who later became Professor of Chemistry at the
University of Warsaw. Better known in the west as
Georg Wagner, the terpene chemist, Vagner had entered
Kazan’ as a student in law, where he came under the
influence of Zaitsev as his mentor had come under the
influence of Butlerov when he himself had entered as a
student in economic science. By the time Vagner was a
student, the two-year chemistry requirement of graduates in the kameral
division was no
longer in force.
However, like his
own
mentor,
Zaitsev had an excellent reputation
among his students,
and it is not unreasonable to speculate that kameral
students at Kazan’
may well have
passed along to incoming students
their opinion that
Zaitsev’s lectures
were worth attending. (Even today, it
E. E. Vagner (1849-1903)
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is not uncommon for the
student “underground” to
recommend certain professors to students fulfilling science requirements
in a nonscience major).
Zaitsev’s development of organozinc synthesis proceeded apace
during the 1870s and
1880s. Under his direction, Vagner developed a
general synthesis of symmetrical secondary S. N. Reformatskii (1860alcohols from the inter- 1934)
action of ethyl formate
with dialkylzincs (19). With his student I. I. Kanonnikov,
Zaitsev extended the synthesis to the reaction between
zinc and formate esters in the presence of a mixture of
alkyl halides to give unsymmetrical secondary alcohols
(20). He continued his work on the synthesis of unsymmetrical tertiary alcohols by exploring the reaction between alkylzinc halides and ketones (21). It was during
this work that Zaitsev discovered, with his student D.
Ustinov, that the reaction between the propylzinc reagent
and 4-heptanone gave not the expected tertiary alcohol,
but the reduction product, 4-heptanol (22). During this
same period, Zaitsev’s brother and student, Mikhail
Mikhailovich, studied the reaction between alkylzinc
halides and anhydrides, which leads to the formation of
ketones (23).
In 1875 Vagner was sent on a komandirovka at St.
Petersburg to study directly under Butlerov, a move encouraged by Zaitsev despite the impact on his own research group of losing such a talented student. Continuing his study of alkylzinc halides, Vagner extended
the Zaitsev synthesis to the addition of alkylzinc halides
to aldehydes, thus developing a general synthesis of
unsymmetrical secondary alcohols (24). This general
synthesis of alcohols from alkylzinc halides and carbonyl compounds is generally referred to as the ZaitsevVagner synthesis. One of the more noteworthy features
of the Zaitsev-Vagner synthesis is the success with which
it yields alcohols from allylic halides. The formation of
Grignard reagents from allylic halides is often problematic because of the facile coupling of the alkyl groups
by SN2 displacement of the halide from a second molecule of the allyl halide by the already-formed
allylmagnesium halide. This cross-coupling reaction is
much less a problem in the reactions of the less nucleophilic alkylzinc reagents.
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Kazan’ and Zaitsev were fortunate that Vagner’s
departure was followed fairly rapidly by the emergence
of the next synthetic organic chemist from the “nursery” at Kazan’: Sergei Nikolaevich Reformatskii (18601934), who later became Professor of Chemistry at Kiev
University. The son of a pastor, Reformatskii had been
expected to enter the priesthood; but on graduation from
the Kostroma Spiritual Seminary he entered Kazan’
University and instead encountered Zaitsev. Following
his graduation with the gold medal in 1882, Reformatskii
remained at Kazan’ and eventually began working on
the reaction that bears his name, publishing the first paper in 1887 after he had become Privatdozent at Kazan’.
It may well be that the successes obtained by using unsaturated, allylic alkyl halides suggested an extension
of the Zaitsev-Vagner synthesis to a-haloesters in place
of the allylic halides. The substitution was successful,
and Reformatskii published what became the most enduring of the synthetic methods based on zinc alkyls
(25). For the better part of a century the Reformatskii
reaction was the method
of choice for the synthesis of b-hydroxy carbonyl
compounds until the design of elegantly controlled aldol additions in
the 1980s.
The development of
the Grignard synthesis
just over a decade after
Reformatskii’s first publication spelled the end of
most organozinc syntheses of alcohols. The final paper to emerge from
A. E. Arbuzov (1877-1968)
Kazan’ on the synthesis
of
alcohols
from
alkylzinc reagents (26) was a one by another Zaitsev
student, Aleksandr Erminingel’dovich Arbuzov (18771968), who succeeded Zaitsev at Kazan’ and was to
achieve international stature for his pioneering work with
organophosphorus chemistry. The greater ease of formation and use of the Grignard reagent made it generally superior to the corresponding zinc reagent, especially in the hands of less experienced chemists. The
very dominance of the Grignard reagent after 1900, however, pays silent testimony to the experimental ability
of the Kazan’ chemists, who were able to use organozinc
reagents to prepare alcohols with such success. Even
so, the final chapter of the organozinc story may not yet
have been written, for in the early 1980s, Noyori ob-
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served that—in contrast to the Grignard reagents—
dialkylzincs are amenable to asymmetric addition to aldehydes in the presence of a chiral dialkylaminoalcohol
catalyst to give secondary alcohols with high levels of
asymmetric induction (27).
In conclusion, it is no exaggeration to assert that
modern organic synthesis would be inconceivable without the formation of carbon-carbon bonds by the reaction between an organometallic reagent and a carbonyl
compound. Thus, modern organic synthesis owes a great
debt, seldom acknowledged, to the chemists at Kazan’
University and their pioneering chemistry with zinc
alkyls.

ACKNOWLEDGMENTS
It is a pleasure to acknowledge the assistance of Natalya
Borisovna Kaganovich during the translation of material from several Russian sources.

REFERENCES AND NOTES
1.

2.
3.

(a) V. Grignard, “Sur quelques nouvelles combinaisons
organometalliques du magnésium et leur application à
des synthèses d’alcools et d’hydrocarbures,” C. R. Hebd.
Séances Acad. Sci., Ser. C, 1900, 130, 1322-1324; “Action des éthers d’acides gras monobasiques sur les
combinaisons organomanésiennes mixtes,” ibid., 1901,
132, 336-338, “Sur les combinaisons organomanésiennes
mixtes,” ibid., 1901, 132, 558-561; “Action des
combinaisons organomanésiennes sur les éthers _cétoniques,” ibid., 1902, 134, 849-851; “Über gemischte
Organomagnesiumverbindungen und ihre Anwendung
zu Synthesen von Säuren, Alkoholen und
Kohlenwasserstoffen,” Chem. Zentralbl., 1901, pt. II,
622-625; “Sur les combinaisons organomanésiennes
mixtes et leur application a des synthèses d’acides,
d’alcohols et d’hydrocarbures,” Ann. Chim., 1901, [vii]
24, 433-490. (b) L. Tissier and V. Grignard, “Sur les
composés organométalliques du magnésium,” C. R.
Hebd. Séances Acad. Sci., Ser. C, 1901, 132, 835-837;
V. Grignard and L. Tissier, “Action des combinaisons
organomanésiennes mixtes sur le trioxyméthylène:
synthèses d’alcools primaires,” ibid., 1902, 134, 107108; errata, ibid., 1260. (c) L. Tissier and V. Grignard,
“Action des chlorures d’acides et des anhydrides d’acides
sur les composés organo-metalliques du magnésium,”
ibid., 1901, 132, 683-685.
F. Wöhler, “Ueber künstliche Bildung des Harnstoffs,”
Ann. Phys., 1828, 12, 253-256.
E. Frankland, “On a new series of organic bodies containing metals,” Philos. Trans. R. Soc. London, 1852,
142, 417-444; “Ueber eine neue Reihe organischer

41
Körper, welche Metalle enthalten,” Ann. Chem. Pharm.,
1853, 85, 329-373.
4. A. Kekulé, “Ueber die Constitution und die
metamorphosen der chemischen Verbindungen und über
die chemische Natur des Kohlenstoffs,” Ann. Chem.
Pharm., 1858, 106, 129-159.
5. A. S. Couper, “On a new chemical theory,” Philos. Mag.,
1858, [4] 16, 104-116; “Sur une nouvelle théorie
chimique,” Ann. Chim. Phys., 1858, [3] 53, 469-489.
Also see On a New Chemical Theory and Researches
on Salicylic Acid: Papers by Archibald Scott Couper
(1858), Alembic Club Reprint No. 21, Alembic Club,
Edinburgh, 1933, which contains the short note, “Sur
une nouvelle théorie chimique,” which appeared in C.
R. Hebd. Séances Acad. Sci., Ser. C, 1858, 46, 11571160. The English version of the paper appears in the
Alembic Club reprint (pp. 14-33), but also includes an
English translation of the concluding paragraphs of the
full French version, which do not appear in the original
English version.
6. A.J. Rocke, “Hypothesis and Experiment in the Early
Development of Kekulé’s Benzene Theory,” Ann. Sci.,
1985, 42, 355-381.
7. N. M. Brooks, “Alexander Butlerov and the
Professionalization of Science in Russia,” Russ. Rev.,
1998, 57, 10-24.
8. A. Butlerov, Dnevnye babochki Volga-Ural’skoi Fauny
[Diurnal Butterflies of the Volga-Ural Fauna], kandidat
diss., in A.M. Butlerov, Sochineniia [Collected Works],
Izd. Akademii Nauk SSSR, Moscow, 1958, Vol. 1, 3-60.
9. (a) A.M. Butlerov, Vvedenie Polnomu Izucheniiu
Organicheskoi Khimii [Introduction to the Complete
Study of Organic Chemistry], Kazan’, 1864-1866. (b)
A. Butlerow, Lehrbuch der organischen Chemie zur
Einführung in das specielle Studium derselben, Leipzig,
1867-1868.
10. A. Butlerow, “Einiges über die chemische Struktur der
Körper,” Z. Chem. Pharm., 1861, 4, 549-560; “Ueber
Verwandschaft der mehraffinen Atome,” ibid., 1862, 5,
297-304.
11. J. A. Wanklyn, “Ueber die Bildung der Propionsäure aus
Kohlensäure und eine Aethylverbindung,” Ann. Chem.
Pharm., 1858, 107, 125.
12. (a) A. Butlerow, “Studien über die einfachsten
verbindungen der organischen Chemie,” Z. Chem.
Pharm., 1863, 6, 484-497. (b) A. Butlerow, “Sur l’alcool
pseudobuylique tertiare ou alcool méthylique
triméthylé,” Bull. Soc. Chim. Fr., 1864, N.S. 2, 106-116.
(c) A. Butlerow, “Über die tertiären Pseudobutyl, oder
dreifach methylirten Methylalkohol,” Chem. Zentralbl.,
1865, 36, 168-173. This paper cites A. Butlerow, “Sur
quelques composés organiques simples,” Bull. Soc.
Chim. Fr. , 1863, 582-594. Bull. Soc. Chim. Paris, Nouv.
Sér., II, 106, Août 1864. See also the discussion of
Butlerov’s work in Jahresber. Fortschr. Chem., 1863,
475; ibid., 1864, 496.

42
13. See the discussion of Kolbe’s predictions of tertiary
alcohols in Alan J. Rocke, The Quiet Revolution:
Hermann Kolbe and the Science of Organic Chemistry,
University of California Press, Berkeley, CA, 1993, 192
ff.
14. V. V. Markovnikov, Ob Izomerii Organicheskikh
Soedinenii [On the Isomerism of Organic Compounds],
Master of Chemistry dissertation, in V. V. Markovnikov,
Sochineniia [Collected Works], Izd. Akademii Nauk
SSSR, Moscow, 1955, 13-124.
15. (a) A. Saytzeff, “Ueber eine neue Reihe organischer
Schwefelverbindungen,” Ann. Chem. Pharm., 1866, 139,
354-364. (b) A. Saytzeff, “Ueber die Einwirkung von
Saltpetersäure auf Schwefelmethyl und Schwefeläthyl,”
Ann. Chem. Pharm., 1867, 144, 148-156.
16. A. Saytzeff, “Ueber die Einwirkung von Jodmethyl auf
Schwefelamyläthyl,” Ann. Chem. Pharm., 1867, 144,
145-148.
17. In February, 1863, Zaitsev had sent back to Kazan’ a
75-page handwritten Kandidat dissertation composed in
Marburg, Teoreticheskie Vzglyady Kol’be Na
Ratsional’nuyu Konstitutsiyu Organicheskikx Soedinenii
I Ikh Svyaz’ S Neorganicheskimi. [The Theoretical
Views of Kolbe on the Rational Constitution of Organic
Compounds and Their Relationship to Inorganics], in
which Kolbe’s views were lauded in opposition to structural theory. Butlerov attacked it with uncharacteristic
vitriol in his examination; see A. S. Kliuchevich and G.
V. Bykov, Aleksandr Mikhailovich Zaitsev, 1841-1910,
Nauka, Moscow, 1980, 11-16, 65-67; D. E. Lewis,
“Aleksandr Mikhailovich Zaitsev: Markovnikov’s Conservative Contemporary” Bull. Hist. Chem., 1995, 17/
18, 21-30.
18. E. Frankland and B.F. Duppa, “Notizen aus
Untersuchungen über die Säuren der Milchsäure-Reihe.
II. Ueber die Einwirkung des Zinks auf eine Mischung
von Jodäthyl und oxalsauren Methyl,” Ann. Chem.
Pharm., 1865, 135, 25-29; “Notizen aus Untersuchungen
über die Säuren der Milchsäure-Reihe. III. Ueber die
Einwirkung des Zinkäthyl auf leucinsaures Aethyl,” Ann.
Chem. Pharm., 1865, 135, 29-40.
19. G. Wagner and A. Saytzeff, “Synthese des
Diäthylcarbinols, eines neuen Isomeren des
Amylalkohols,” Ann. Chem. Pharm., 1875, 175, 351374.
20. (a) J. Kanonnikoff and A. Saytzeff, “Neue Synthese des
secundären Butylalkohols,” Ann. Chem. Pharm., 1875,
175, 374-378. (b) J. Kanonnikoff and A. Saytzeff,
“Ueber Einwirkung eines Gemisches von Jodallyl mit
Jodäthyl und Zink auf das ameisensaure Aethyl,” Ann.
Chem. Pharm., 1877, 185, 148-150.
21. (a) M. Saytzeff and A. Saytzeff, “Synthese des
Allyldimethylcarbinols,” Ann. Chem. Pharm., 1877, 185,
151-169. (b) A. Saytzeff, “Synthese der tertiären
gesättigten Alkohole aus den Ketonen; Vorläufige
Mittheilung,” J. Prakt. Chem., 1885, 31, 319-320. (c)

Bull. Hist. Chem., VOLUME 27, Number 1 (2002)

22.

23.

24.

25.

26.

27.

A. Saytzeff, “Bemerkung über Bildung und
Eigenschaften der in den vorhergehenden Abhandlungen
beschriebenen ungesättigten Alkohole,” Ann. Chem.
Pharm., 1877, 185, 175-183.
D. Ustinoff and A. Saytzeff, “Über die Einwirkung von
Jodpropyl und Zink auf Butyron. Bildungsweise des
Dipropylcarbinols,” J. Prakt. Chem., 1886, 34, 468-472.
(a) M. Zaitsev, “O deistvii tsink-natriia na smes’
iodistogo efila ili mefila s uksusnym angidridom” [“On
the action of zinc-sodium on a mixture of ethyl or methyl iodide with acetic anhydride,”] Zh. Russ. Khim.
Obshch., 1870, 2, 49-51. (b) J. Kanonnikoff and M.
Saytzeff, “Zur Darstellung des Jodallyls und des
Essigsäureanhydrids,” Ann. Chem. Pharm., 1877, 185,
191-192.
(a) G. Wagner, “Ueber die Einwirkung von Zinkäthyl
auf Acetaldehyd,” Ann. Chem. Pharm., 1876, 181, 261264. (b) G. Wagner, “Synthese ungesättigter Alkohole,”
Ber. Dtsch. Chem. Ges., 1894, 27, 2436-2439.
(a) S. Reformatsky, “Neue Synthesen zweiatomiger
einbasischer Säuren aus den Ketonen,” Ber. Dtsch. Chem.
Ges., 1887, 20, 1210-1211. (b) S. Reformatsky, “Neue
Darstellungsmethods der b,b-Dimethylglutarsäure aus
der entsprechende Oxysäure,” Ber. Dtsch. Chem. Ges.,
1895, 28, 3262-3265. (c) S. Reformatsky, “Die
Einwirkung eines Gemenges von Zink und
Bromisobuttersäureester auf Isobutyraldehyd: Synthese
der secundären _-Oxysäuren,” Ber. Dtsch. Chem. Ges.,
1895, 28, 2842-2847. (d) S. Reformatsky and B.
Plesconossoff, “Die Einwirkung eines Gemenges von
Zink und Bromisobuttersäureester auf Aceton: Synthese
der Tetramethyläthylenmilchsäure,” Ber. Dtsch. Chem.
Ges., 1895, 28, 2838-2841. (e) S. N. Reformatskii,
Deistvie smesi tsinka i monokhloruksusnovo efira na
ketony i al’degidy [Reaction of the Mixture of Zinc and
Ethyl Monochloroacetate with Ketones and Aldehydes],
Doctor of Chemistry dissertation, University of Warsaw,
1890.
A. E. Arbuzov, “Ob allilmetilfenilkarbinoli” [“On
Allylmethylphenylcarbinol”], Zh. Russ. Fiz.-Khim.
Obshch., 1901, 33, 38-45.
See the review by R. Noyori, “Chiral Metal Complexes
as Discriminating Molecular Catalysts,” Science, 1990,
248, 1194-1199.

ABOUT THE AUTHOR
David E. Lewis is Professor of Chemistry, University
of Wisconsin-Eau Claire, Eau Claire, WI, 54702-4004;
lewisd@uwec.edu. His research interests are in synthetic organic chemistry and the contributions of 19thand early 20th-century Russian organic chemists to the
development of modern organic chemistry.

