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Abstract
Characterizing plant ingredients has been the main topic of chemical research at the University of Vienna since the begin-
ning of the last half of the nineteenth century, especially at the IInd Chemical Institute (founded in 1870). The remarkable 
success in many fields of natural organic product structure elucidation was in part the result of the discovery of important 
identifying reactions of functional groups in organic molecules by Austrian chemists, e.g., Lieben´s iodoform test, the 
Herzig–Meyer´s method for the determination of methylamino groups or Zeisel´s method for the determination of methoxy 
groups in organic compounds. Ernst Späth was the most prominent exponent of the Viennese school of phytochemistry. 
He and his coworkers identified more than 120 phytochemical substances. His mescaline synthesis of 1919 has marked a 
milestone in the chemistry of organic natural products.
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Introduction

Without doubt, Ernst Späth was the most prominent expo-
nent of the Viennese school of phytochemistry, and his 
synthesis of mescaline in 1919 has marked a milestone in 
organic natural product chemistry.

The history of natural product investigation in the Aus-
tro–Hungarian Empire started when Joseph Redtenbacher 
(1810–1870) was appointed chair of chemistry at the Uni-
versity of Prague in 1840 [1]. Redtenbacher had been a 

student of Joseph Franz von Jacquin (1766–1839) in Vienna. 
Joseph Franz von Jacquin himself was strongly influenced by 
Antoine de Lavoisier. Joseph Franz von Jacquin succeeded 
his father Nicolaus Joseph von Jacquin (1727–1817) in 1797 
as professor of botany and chemistry at the medical faculty. 
The interconnection of research on plants and their extracts 
at that time is obvious [2]. In 1849, Redtenbacher received 
a call to establish a chair of chemistry at the philosophical 
faculty of the University of Vienna. Redtenbacher´s achieve-
ments include the discovery of acrolein and acrylic acid, 
the elucidation of the fermentation process of glycerin by 
baker’s yeast, and his research on taurine.

Redtenbacher had many important students. One of 
them was Heinrich Hlasiwetz (1825–1875). Hlasiwetz 
investigated quercetin, quercitrin, and discovered phloro-
glucinol in phloretin [3], which can be isolated from the 
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bark of fruit trees. Hlasiwetz´s successor as professor at 
the University of Innsbruck was Ludwig Barth von Bar-
thenau (1839–1890), when Hlasiwetz went to Vienna in 
1867. Together with Hlasiwetz, Barth had obtained resor-
cinol from ammoniated resin gum. In 1876, Barth became 
professor at the Ist Chemical Institute of Vienna. In 1880, 
he and his student Michael Kretschy isolated the alkaloids 
picrotin and picrotoxinin from Indian cocculus [4].

Barth´s successor was Hugo Weidel (1849–1899), who 
was especially interested in cinchonine alkaloids. The 
identification of nicotinic acid as an oxidation product of 
nicotine in 1873 [5] and Weidel´s finding of the formula 
of berberonic acid in 1879 [6] marked further milestones 
in early Austrian alkaloid chemistry. In 1880, Weidel per-
formed the first synthesis of a hydroxyquinoline together 
with his student Albert Cobenzl [7]. As a result, useful 
reagents became available.

Temporarily, the founder of pharmaceutical chemistry 
Josef Herzig (1853–1923) was appointed interim director 
of the Ist Institute (1899–1902). Prior to his appointment, 
between 1894 and 1897, Herzig and his colleague Hans 
Meyer (1871–1942) had developed the Herzig–Meyer 
alkylamino group determination [8–10]. Herzig´s succes-
sor thereafter was Rudolf Wegscheider (1859–1935), a 
former PhD student of Ludwig Barth. Wegscheider´s first 
papers described various natural products, e.g., isovanillin 
[11]. But after a study stay with Hans Heinrich Landolt in 
Berlin in 1883, Wegscheider became interested in chemi-
cal kinetics. Today, Wegscheider is considered the founder 
of physical chemistry in Vienna.

At the IInd Chemical Institute of the University of 
Vienna, Friedrich Rochleder (1819–1874), a friend of 
Redtenbacher, had been professor of general and phar-
maceutical chemistry, since 1870. Rochleder gained an 
excellent reputation in phytochemistry. He published on 
quercetin, on aesculin, on tannins, on caffeine, and devel-
oped a procedure for the extraction of pure alizarin from 
madder root [12]. He was later succeeded by Adolf Lieben 
(1876–1906), who was addressed as the doyen of organic 
chemistry [13]. In 1870, Lieben published a method of 
decomposing methylketones—the so-called iodoform 
reaction after Lieben [14, 15]. In an official speech at the 
Austrian Academy of Sciences, Ernst Späth paid tribute 
to Lieben´s achievements regarding phytochemistry: “The 
investigations of Lieben and Haitinger on chelidonic acid, 
found in Chelidonium majus, are significant. This was the 
first time a pyrone ring was discovered and the relationship 
of this ring system to the pyridine ring was revealed” [16].

In 1883, Simon Zeisel (1854–1933), a student of Lie-
ben, tried to elucidate the structure of colchicine [17], the 
main alkaloid in meadow saffron. Zeisel proposed a test 
reaction for colchicine and related compounds [18] that is 

still used today: the Oberlin–Zeisel reaction. Well known 
is also Zeisel´s determination of methoxy groups.

After Lieben´s retirement in 1906, his pupil Zdenko Hans 
Skraup (1850–1910) was appointed professor at the IInd 
Institute. Skraup was successful in elucidating the structure 
of some quinoline alkaloids. In 1880, he discovered a syn-
thesis of quinoline [19], which was named after him. When 
Skraup died unexpectedly at the age of 60 in 1910, the min-
istry of education decided that Prof. Guido Goldschmiedt 
(1850–1915) should move from Prague to Vienna. Gold-
schmiedt had previously contributed to the knowledge on 
flavones, on ellagic acid, on scutellarin, etc. His constitution 
analysis of papaverine represents the first determination of 
an opium alkaloid structural formula [20].

Späth´s mescaline synthesis of 1919

“Since Heffter´s stoichiometric formula for mescaline 
 C11H17O3N was correct, one may make allowance for the 
formula 1 regarding the fact that the oxidized product of 
this alkaloid is trimethylgallic acid” [21]. This sentence 
marks the beginning of Ernst Späth´s argumentation for 
a new hypothesis on the structural formula of mescaline. 
Arthur Heffter, at that time Liebreich Chair Professor at the 
Humboldt University Berlin, had previously determined the 
empirical formula of mescaline and had found that upon 
oxidation the base yields trimethylgallic acid [22]. Heffter 
synthesized N–(3,4,5-trimethoxybenzyl)methylamine and 
found that it was not identical but isomeric to mescaline. In 
his argumentation, Späth continued that no natural alkaloids 
of a benzylamine type had been reported up to date, whereas 
α-phenyl-β-aminoethane derivatives were already known to 
be very common.

To verify his hypothesis that mescaline is indeed 
2-(3,4,5-trimethoxy-phenyl)ethylamine, Späth reduced 
3,4,5-trimethoxybenzoyl chloride to the corresponding 
aldehyde using the Rosenmund method, and further con-
densed this aldehyde with nitromethane yielding β-nitro-
3,4,5-trimethoxystyrene. Next, this styrene was reduced to 
the oxime using zinc dust and acetic acid, and the oxime 
further reduced to 2-(3,4,5-trimethoxy-phenyl)ethylamine 
(1) by sodium amalgam (Scheme 1) [23].

Who was Ernst Späth?

In 1919, Privatdozent Dr. Ernst Späth was an unknown 
33-year-old assistant of Prof. Rudolf Wegscheider at the 
Ist Chemical Institute of the University of Vienna. He 
was born on May 14, 1886 in the small town Bärn in the 
Olomouc District of Moravia (today Moravský Beroun 
in the Czech Republic) as the son of a farrier. The hope 
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of his father, Alois Späth, was that Ernst would succeed 
him as a smith. But his mother, Marie Späth, née Walter, 
strongly advocated that Ernst attended the “Realschule”. 
In 1906, after passing additional examinations in Latin 
and Greek, Späth began to study natural sciences at the 
University of Vienna [24, 25]. In 1909, Späth´s first sci-
entific paper–written together with his doctoral supervisor 
Rudolf Wegscheider—was published in Chemical Monthly 
[26]. On July 16, 1910, Ernst Späth earned his doctoral 
degree with his thesis “Über die Anlagerung von Säure-
anhydriden an Aldehyde und Ketone”. Already in 1913, he 
was interested in new possibilities of syntheses in connec-
tion with Grignard reagents. He published a new synthesis 
of stilbenes in 1914 [27] and a new synthesis of aldehydes 
in the following year [28]. Despite serving as an officer 
at the “Festungsartillerieregiment Nr. 4″ at Brioni island 
in the Adriatric Sea during World War I, he published a 
paper on new derivates of opianic acid in 1916 together 
with Wegscheider [29]. In 1917, he not only habilitated 
in chemistry, but also married Anna Amalie Schmarek 
(1890–1986), whom he knew from childhood.

In July 1919, Späth could prove that Aribin (2), isolated 
from Arariba rubra Mart. by Reiner Rieth in 1861 [30], 
is identic to Harman, isolated from Peganum harmala and 
described by Otto Fischer in 1901 [31]: i.e., 1-methyl-
9H-pyrido[3,4-b]indole (2, Fig. 1) [32].

Ordinarius at the IInd chemical institute

When Wilhelm Schlenk (1879–1943)—since 1916 ordi-
narius at the IInd Chemical Institute—accepted a call to the 
Emil Fischer Chair at the University of Berlin in 1921, Adolf 
Franke (1874–1964) temporarily became head of the insti-
tute. Concerning Schlenk´s succession, the Ministry of Edu-
cation held hearings with Roland Scholl, Julius von Braun, 
Hans von Euler-Chelpin, and Karl Freudenberg, but all of 
them refused [33]. Finally, in 1924, Ernst Späth who had 
received the title of extraordinary professor in 1921 became 
ordinarius and director of the IInd Chemical Institute of the 
Viennese University. In 1926, he was elected to the Austrian 
Academy of Science as a full member. During the academic 
year 1932/33, he was dean of the philosophical faculty and 
1937/38 rector of the University Vienna (Fig. 2).

His main field of work remained natural product chemis-
try. The results of his work on cytisine (3) (extracted from 
parts of the plant laburnum) [34] was decisive for being 
awarding the Ignaz–Lieben–Preis in 1920. In oxyacanthine 
and curine (a component of the arrow poison curare), he 
recognized two compounds derived from benzylisoquinoline 
(4) [35]. He was able to characterize the main alkaloid of 
celandine, chelidonine (5) [36–38], as well as tazettine (6) 
[39] (a narcissus alkaloid) by structural formulas. In 1921, 
Späth and Erich Tschelnitz [40] reported the constitutional 
formula of the pyridine alkaloid ricinine (7), isolated like the 
extremely poisonous ricin from Ricinus communis (Fig. 3).

In 1928, Späth and Hermann Bretschneider published the 
first synthesis of nicotine (Scheme 2) [41], whereby they 
confirmed the nicotine formula postulated by Adolf Pinner 
in 1893.

Späth especially came into prominence regarding the 
minor tobacco alkaloids. As an example, he identified ana-
basine (8) together with his research assistant Friederike 
Kesztler [42]. Späth’s research on myosmine (9) (together 
with Adolf Wenusch and Emil Zajic [43]) led to a synthe-
sis of myosmine, published together with Luigi Mamoli in 
1936 [44]. In 1929, Späth and Otto Hromatka [45] proved 
a structural formula of apomorphine (10) proposed by Rob-
ert Pschorr, and in 1938, Späth and Wilhelm Gruber [46] 

Scheme 1 

Fig. 1  1-Methyl-9H-pyrido[3,4-b]indole (2)
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established the previously isolated khellin (11) (from Ammi 
visnaga L.) as a furochromone derivate (Fig. 4). Overall, 
Späth elucidated the constitution of more than 120 plant 
ingredients, especially tobacco alkaloids and coumarins.

What happened after March 15, 1938?

On March 15, 1938, the Austrian Ministry of Educa-
tion issued an instruction for Dr. Fritz Knoll, botanist and 
NSDAP member, to take over the rectorate of the University 
of Vienna. On March 16, Knoll took over the official duties 
from former rector Ernst Späth and was, thus, appointed 
“Acting Rector” [47]. Although removed from his post as 
rector, Späth continued to hold the position of general sec-
retary of the Austrian Academy of Sciences from 1938 to 
1945. At an extraordinary session of the Academy on Octo-
ber 30, 1945, Späth was elected president of the Academy 
[48]. In 1946, Späth initiated a new foundation of the “Ver-
ein Österreichischer Chemiker” and was appointed mem-
ber of the editorial board of Chemical Monthly. Späth died 
unexpectedly during a journey to Zurich on September 30, 
1946.

Späth´s academic tree

Späth had a great number of students. What follows is an 
arbitrary selection (Fig. 5).

Fig. 2  Ernst Späth, photography 1927, Theo Bauer, Archiv der Uni-
versität Wien. Signatur: 106.I.1269

Fig. 3  Structures of compounds 
3–7 

3 4 5

6 7
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Prafulla Kumar Bose (1898–1983) was born in West Ben-
gal. In 1922, he passed his M.Sc. Examination at Calcutta 
University, and in 1933, he proceeded to Europe, where he 
first worked with Prof Wieland and then with Prof Späth. In 
Vienna, he became interested in the chemistry of coumarins 
and continued his collaborative work with Späth even after 
returning to India. This resulted in the elucidation of some 
new coumarin structures from Indian plants [49].

Hermann Bretschneider (1905–1985) studied with Ernst 
Späth and Rudolf Wegscheider, graduated in 1928, became 
assistant at the Pharmacological Institute and later at the 
IInd Chemical Institute. From 1936 to 1940, he worked at 
the “Chinoinwerke” in Budapest and later at the company 
Boehringer/Ingelheim until 1946. He habilitated in 1947 and 
was appointed ordinarius at the newly founded Institute of 
Organic Chemistry at the University of Innsbruck in 1952. 
As a student of Späth, he mainly investigated the synthesis 
of compounds with potential pharmacodynamic effects [50].

Alfred Burger (1905–2000) was an American chem-
ist of Austrian descent. With his thesis “Synthesen in der 
Reihe der Opiumalkaloide”, he earned his PhD at the Uni-
versity of Vienna in 1928. From 1929, he was employed at 
the University of Virginia. Burger’s focus was on medici-
nal chemistry, especially the mode of action, the chemical 
structure and the abuse of drugs. He was the founder and 
first editor-in-chief of the Journal of Medicinal Chemistry 
[51].

Holger Erdtman (1902–1989) studied chemistry at 
Stockholm University (at that time ‘Stockholms Hög-
skola’). He completed his thesis during the autumn of 1931 
in the laboratories of Professors Fritz Fichter in Basel and 
Ernst Späth in Vienna. Before being appointed professor 
of organic chemistry at the Royal Institute of Technology 
in Stockholm, Holger Erdtman worked as a research fel-
low at the Swedish Forest Products Laboratory. Erdtman´s 
most significant achievement was the structural elucida-
tion of conifer tropolones. The fundamental importance of 
this work has been recognized not only by natural product 
chemists, but also by theoretical chemists [52].

Fritz Feigl (1891–1971) was not really a student of 
Späth. However, Späth actively supported Feigl following 
the definitive rejection of Feigl’s application for habili-
tation at the Technische Hochschule due to his Jewish 
descent and his political attitude in 1926. One year later, 
Feigl was awarded with the venia docendi for experimen-
tal and analytical inorganic chemistry at the University of 
Vienna [53]. In 1924, Feigl married Dr. Regina Schorr, née 
Freier (1897-1976), one of his students at the laboratory of 
the IInd Chemical Institute. Feigl became famous for the 

Scheme 2 

Fig. 4  Structures of compounds 
8–11 
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development of his spot test analysis. In 1938, Feigl and 
his family emigrated via Switzerland, Belgium, France, 
and Portugal to Brazil.

Around 1936, Friedrich Galinovsky (1908–1957) dis-
covered the tricyclic structure of cytisine (3) together with 
Späth [54]. This discovery is a good example for the pro-
gress achieved in the chemistry of natural products regarding 
complexity within two decades. Galinovsky was honored 
by being invited to write a review on “Lupine Alkaloid and 
Related Compounds” in the journal Progress in the Chemis-
try of Organic Natural Products in 1951. Späth himself was 
one of the editors of this journal [55].

Otto Hromatka (1905–1999) was a research assistant of 
Späth following his doctorate, earned in 1929. After ten 
years at the Merck KGaA in Darmstadt, Hromatka returned 
to Vienna in 1941 as a docent of organic chemistry. He 
became famous for his invention of submersed vinegar 
fermentation (together with Heinrich Ebner in 1949) [56]. 
From 1963 until his retirement in 1975, Otto Hromatka was 
Professor for organic chemistry at the Technische Hochs-
chule in Vienna.

Percy Lavon Julian (1899–1975) was born in Montgom-
ery, Alabama, as the son of a railway mail clerk and the 
grandson of slaves. Julian studied at DePauw University in 
Greencastle, Indiana, and completed a master’s degree in 
organic chemistry at Harvard University. In 1929, Julian 
travelled to Vienna to begin his doctoral studies on the 
chemistry of medicinal plants. Two years later, he and a 
Viennese colleague, Josef Pikl (1904–1989), took positions 

back in the United States at Howard and two years later 
moved to DePauw University. There they accomplished the 
first total synthesis of physostigmine, the active principle of 
the Calabar bean, used since the end of the nineteenth cen-
tury to treat glaucoma. In the 1940s, Julian produced steroids 
via stigmasterol from soybeans at the Glidden Company in 
Chicago [57].

Friederike Kesztler (married Kesztler Gandini) got an 
employment as Späth´s research assistant in 1936. She was 
born in Hermannstadt (Nagyszeben, Sibiu) in Transylvania 
in 1912 and enrolled at the University of Vienna in 1931 
[58]. With Späth, she published papers on anhalonidine, 
l-benzyltetrahydroisoquinoline, N-methylmyosmine, l-ana-
tabine, l-anabasine, and d,l-nornicotine [42]. Obviously, she 
was dismissed in 1938. After the war, she continued her 
work “interrupted due to external circumstances”. In 1952 
and 1960, papers containing experimental results of her the-
sis from 1936 appeared in Chemical Monthly [59, 60].

The title of Georg Koller’s (1894–1985) thesis (under 
Späth´s academic supervision) was “Über die Konstitution 
und Synthese des Ricinins”. From 1924, Koller worked at 
the IInd Chemical Institute and published on pseudoephed-
rine, coniine, acridine, acridic acid, and acridone. In the 
1930s, he became a specialist on lichen acid chemistry. In 
1936, he joined the NSDAP and during World War II, he 
served as a contact man between the university and NSDAP. 
In 1945, he was discharged [61].

Together with Friedrich Kuffner (1905–1989), Späth 
wrote the concluding contribution of volume 2 of the 

Fig. 5  Academic tree of Ernst Späth



955On the occasion of the 100th anniversary: Ernst Späth and his mescaline synthesis of 1919  

1 3

monograph series “Progress in the Chemistry of Organic 
Natural Products” in 1939, entitled “Tobacco Alkaloids”. 
Kuffner was Späth´s assistant from 1936 to 1941 [62]. From 
1948 on, he headed a department at the IInd Chemical Insti-
tute. In 1954, Kuffner and Erich Kaiser identified the minor 
tobacco alkaloid nicotelline as a terpyridyl derivate.

Edgar Lederer (1908–1988) received his PhD at the 
University of Vienna in 1930. Thereafter, he worked with 
Richard Kuhn at Heidelberg. In 1933, Lederer emigrated 
from Heidelberg to Paris. He became director at the Centre 
National de la Recherche Scientifique. Lederer applied the 
chromatographical method to the isolation of many natural 
products, such as carotenoids (astracene from red boiled 
lobster shells, vitamin A2), lipids and peptides of microbes, 
pheromones, etc. [63].

Léo Edmond Marion (1899–1979) was a Canadian 
organic chemist. He was born in Ottawa, studied at Queen’s 
and McGill University and spent a year at the University of 
Vienna. After his return to Canada, Marion became Rich-
ard Helmuth Frederick Manske´s (1901–1977) assistant at 
the National Research Council Laboratories (NRC). When 
Manske left the NRC in 1942, Marion became chief organic 
chemist. His dedication to basic research enabled him to 
build an internationally recognized school of alkaloid chem-
istry [64].

Matthias Pailer (1911–2011) received his doctorate in 
1936 and habilitated after wartime interruptions in 1949. In 
1971, he was appointed Chair of the Institute of Pharmaceu-
tical Chemistry in Vienna. Besides great achievements in the 
field of structure elucidation of complex natural products, 
Pailer had also considerable success in organic synthesis 
and analytics. Prof. Pailer made a decisive contribution to 
determining the constitution of the emetines and cephalins, 
evonine, and evonoline, as well as two alkaloids from Cortex 
Condurango, Kondurangamin A and B [65].

Hans Eduard Schmid (1917–1976) was born in 
Gränichen, Switzerland, but moved to Vienna in 1926. From 
1935 on, he studied chemistry at the University of Vienna, 
and in 1941, he earned his doctoral degree with a thesis on 
coumarin. The following year, he went to the University of 
Zurich as assistant to Paul Karrer. There, he habilitated in 
1944. He was particularly concerned with the structure elu-
cidation of natural products from plants and insects, such as 
curare alkaloids and toxiferines [66].

Already during World War II, Späth offered his student 
Karl Schlögl (1924–2007) a job at the institute, which 
Schlögl accepted. Schlögl spent 1954–1955 at the Univer-
sity of Manchester where he dealt with organometallic com-
pounds. The occupation with ferrocene was to be a defining 
feature of Schlögl’s future scientific life [67].

Friedrich Wessely (1897–1967) was a long-term assis-
tant at the IInd Chemical Institute. He habilitated in 1929 
and followed Späth as head of the IInd Institute in 1948. 

Wessely published several papers on podophyllotoxin and 
cotoin together with Späth. He was a pioneer in the synthe-
sis of low- and high-molecular peptides. He clarified the 
structure of pharmacologically important natural products, 
especially coumarins and flavones, and was concerned with 
extraneous female sex hormones [68].

Obituary
Wessely F (1947) Österreichische Chemiker-Zeitung 

48:57.
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