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The early history of tartaric’” acid is representative
of almost all aspects of the history of organic
chemistry in the century prior to van't Hoff’s and
1.e Bel's great papers on stereochemistry. This
brief account of the tartaric acids in intended to
show, using a single set of stereoisomers as
illustrations, how the methods of isolation and
characterisation of compounds, the determination
of functional groups, and the concepts of chemical
structure, developed with increasing rapidity and
culminated in the elucidation of the structural
origins of stereoisomerism.

Although tartar (potassium hydrogen tartrate),
readily available from the fermentation of grape
juice, is one of the few pure organic compounds
known since antiquity, there appear to be no early
records of its conversion into other organic com-
pounds, even other salts of tartaric acid during two
millenia. In the seventeenth century tartar was
converted into other salts, including sodium potas-
sium tartrate (Rochelle salt). This was prepared
from tartar and ‘natron’ (impure sodium carbbo-
nate), substances readily availabie for at least two
thousand years, by Elie Seignette, son of an
apothecary of La Rochelle. The process remained a
profitable family secret for many years and was
rediscovered and published by Boulduc (1731}

The beginning of rapid progress in organic
chemistry in general and the study of tartaric acid
in particular began in 1770 when Retzius published
Scheele’s isolation of tartaric acid. Although Pott
(1757) had obtained crude tartaric acid from tartar
and sulphuric acid, and Cavendish (at an uncertain
date before 1770} had independently used but not
published a method almost identical to Scheele’s,
the credit for the discovery rightly belongs to
Scheele. He dramatically changed the whole ap-
proach to the isolation of involatile organic com-
pounds by developing a general and rational
method for the isolation of organic acids via
sparingly soluble calcium or lead salts, applying it
to tartaric acid in the first instance. This convenient
source of the new organic acid led (a) to extensive
studies of its chemistry, notably its salts and double
salts (Berthollet, 1776), some of which became very
important later, (b) to the development of the use of
charcoal in the purification of discoloured organic

compounds, tartaric acid being the first example
(Lavitz, 1786), and (c) to the industrial production
of tartaric acid for use in medicine and the textile
industry.

As a result of the large scale production of
ordinary tartaric acid Kestner (1818) noticed cryst-
als of the previously unrecognised racemic tartaric
acid amidst the ordinary acid. The new acid was at
first mistaken for oxalic acid but its similarity to
ordinary tartaric acid was recognized by Gay Lus-
sac (1826), who coined the name ‘racemic’ which
much later came to be used as an adjective for all
racemic compounds.

The recognition of the close relationship of the
two acids was the result of new techniques, notably
combustion analysis, which demonstrated the iden-
tity of composition of the acids and corresponding
derivatives, apart from water of crystallisation in
some cases, while polarimetry brought out the most
distinctive, albeit subtle, difference, the optical ac-
tivity of the ordinary dextrorotatory (+ )-acid and
the inactivity of the new racemic acid (Biot, 1832).
The pair of acids was an important early example of
isomerism, a word introduced by Berzelius (1830),
who concluded after a careful comparison that the
two acids were chemically identical. In seeking for
the origin of the subtle physical differences be-
tween the acids Berzelius in 1830 asked Mitscher-
lich, the discoverer of isomorphism and a very
experienced crystallographer, to investigate the
acids and their salts crystallographically, including
the double sodium ammonium salts. Although
Mitscherlich soon obtained interesting results he
became so puzzled that publication was delayed
until 1842, by which time de la Provostaye (1841)
had published an independent and very detailed
study. Most of the corresponding salts of the two
acids were crystallographically similar but readily
distinguishable. The sodium ammonium salts, how-
ever, were apparently identical (apart from optical
activity}, although the original acids could be
recovered unchanged from the salts,

Pasteur began his work on tartaric acid in 1848
and soon met with spectacular success, largely a
result of an unusual breadth of interests and an
ability to combine evidence from very varied
sources. He combined an obscure report that ordi-
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nary, (+)-tartrate salt crystals show hemihedral
faces (Hankel, 1843; Pasteur refers to this in his
notebooks but never again), an observation missed
by Mitscherlich and by de la Provostaye, with
Herschel’s neglected correlation of the handedness
of quartz crystals with the sign of their optical
rotation (1820). In addition Pasteur was convinced
that hemihedral faces were not accidental, as many
crystallographers believed, but reflected the asym-
metry of the ultimate molecular components of
crystals, following Hauy. Pasteur reasoned that
crystals of symmetrical, optically inactive com-
pounds should not have hemihedral faces and
expected that this would be the difference, missed
by Mitscherlich, between the sodium ammonium
(+)-tartrate and racemate. He soon realised his
mistake when he found that the racemate salt
consisted not of symmetrical crystals but of a
mixture of left and right handed hemihedral cryst-
als, which he separated manually, whereas tartrate
crystals all showed the same handedness. At one
stroke he had discovered the relationship between
(+)-tartaric and racemic acids and a method for
‘resolving’ the latter. He went on to discover how to
interconvert the optically active and racemic forms,
isolated the fourth (meso) and last stereoisomeric
form, and recognised the generality of the differ-
ences in (diastereomeric) interactions between one
chiral compound and the enantiomeric forms of
another. Pasteur thought he had isolated all the
stereoisomeric forms of tartaric acid and from this
single example concluded wrongly that all optically
active compounds should have (+)-, (—)-, racemic,
and meso forms. He also believed that laboratory
synthesis would give only meso forms because op-
tical activity was a characteristically ‘vital’ effect, a
notion that was falsified almost immediately by
Perkin and Duppa’s synthesis of racemic tartaric
acid (see below). Having no structural theory as a
basis, however, Pasteur could not be certain how
many forms of tartaric acid were possible and other
‘isomers’ of tartaric acid, such as metatartaric acid,
were reported.

The gradual discovery of the chemical structure
of tartaric acid depended on the work of many
chemists in the 1850’s and 1860’s and resulted from
combining three strands of argument. These were
(a) a rational synthesis of succinic acid from
ethylene, (b) the establishment of the relationship
between succinic and tartaric acids, and (¢) ac-
cumulating evidence that tartaric acid has two
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alcoholic hydroxyl groups and two acidic carboxyl
groups.

Maxwell Simpson,’ as part of an extensive study
of aliphatic polyhalides and polycarboxylic acids,
converted ethylene into dibromoethane and thence
through succinonitrile into succinic acid. This es-
tablished the carbon skeleton of succinic acid. The
relationship between succinic and tartaric acids
was first demonstrated synthetically by Perkin and
Duppa.' They dibrominated succinic acid via the
acid chloride (the first use of this ‘ingenious’
method, as Kekulé called it,’ for facilitating sub-
stitution in carboxylic acids) and hydrolysed the
dibromosuccinic acid by heating its silver salt with
water. Their papers make it clear that they had
expected to obtain tartaric acid. Kekulé achieved
the same transformation independently.’ Pasteur®
was at first incredulous when he heard of the
synthesis but he examined a sample of Perkin and
Duppa’s product and found it to be the racemic
acid, and not the meso isomer he had expected. The
combined work of Simpson, Perkin and Duppa, and
Pasteur is memorabile as the first total synthesis of a
chiral organic compound. Tartaric and succinic
acids were also related to one another through the
reduction of tartaric acid by Schmitt," using hyd-
riodic acid, and by Dessaignes,"” using phosphorus
triiodide, almost simultaneously with Perkin and
Duppa’s synthesis. It is clear that all these authors
regarded tartaric acid as a di-alcohol and a di-acid.

The structure of tartaric acid could not be
regarded as settled, however, while doubts re-
mained about its basicity. As early as 1850 Kolbe"
established that the constitution of the ‘acetyl’ radi-
cal was CH;.CL (using modern atomic weights; the
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oxygen atom in the modern acetyl radical, CH,.CO-
was added later) and therefore that the characteris-
tic grouping in simple organic acids is -CO,H, al-
though the type formulae he used obscured this.
Kolbe went on to study acids such as lactic, con-
cluding that it was diatomic but monobasic, i.e., its
type formula should have two replaceable ‘typical’
hydrogen atoms, one in a monobasic (carboxylic)
acid group and the other in an alcoholic hydroxyl
group (1859)." Schmitt,” working in Kolbe’s
laboratory at Marburg, first referred to tartaric acid
as ‘dioxybernsteinsdure’, implying the correct con-
stitutional formula in modern terms, and Wis-
licenus explicitly called this “die Kolbe'sche For-
mel” (1864)." The first complete (and correct!) con-

CH,=CH, - BrCH,.CH,Br -+ NC.CH,.CH..CN -» HO,C.CH,.CH,.CO,H -~

i
CICO.CH,.CH,.COCl— (CICO.CHBr.CHBr.COCl) - HO,C.CHBr.CHBr.CO,H
AgO.C.CHBr.CHBr.CO,Ag -+ ( =)-HO.C.CHOH.CHOH.CO.H —»
~0,C.CHOH.CHOH.CO, " .Na' .NH,' - (+)-HO,C.CHOH.CHOH.CO,H

SCHEME. The synthesis of (+)-tartaric acid, the first total synthesis of a chiral natural product
(Simpson, Perkin and Duppa, Kekulé, and Pasteur).
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stitutional formula for tartaric acid had been given
by Couper,” but without any indication how he
came to this conclusion, in his remarkable paper in
which he explained the structure of organic com-
pounds on the basis of carbon-carbon bonds.

Kolbe's conclusions about the constitution of
hydroxyacids was accepted by many chemists but
Wurtz" maintained that the atomicity and basicity
of some hydroxyacids were numerically equal, i.e.,
the ‘typical’, or as we would say hydroxylic hyd-
rogens were all characteristically acidic. This view

yperbasic
salts of tartaric acid by, e.g., Schiff.'"® These salts
were all prepared under unusual conditions and
involved heavy metals, as in the di-lead and
cadmium-antimony salts. The uncertainty induced
by these ‘hyperbasic’ salts is clearly shown by
Kekulé, who agreed with Kolbe about the constitu-
tion of hydroxy-acids. In Volume I of his Lehrbuch,
published in 1861 very soon after Kolbe’s paper on
lactic acid, Kekulé did not differentiate between
two kinds of ‘typical’ hydrogens and their replace-
ments in, e.g., lactic acid. In Volume II (1866),
however, the type formulae for tartaric acid and its
derivatives make the distinction except for the
‘hyperbasic’ salts, for which he slips back into the
older style of formulae.”

The problem seems to have been settled to most
chemists satisfaction by more detailed character-
isation of the hydroxyl groups in diethyl tartrate by
Wislicenus and by Perkin. Wislicenus prepared a
diacetate and was satisfied from its properties that
it was an ester and not a mixed anhydride, some of
which were known."” Perkin made a much more
detailed study specifically aimed at determining
whether two or four hydrogen atoms in tartaric acid
were acidic in character.” In particular he prepared
mono- and di-acyl derivatives of diethyl tartrate
and showed that these behaved as esters. He found
that diethyl tartrate and its mono-acyl, but not the
di-acyl, derivatives reacted with sodium like ordi-
nary alcohols. He also found that partial hydrolysis
by alkali converted diethyl benzoyltartrate succes-
sively into the monoethyl ester and then into
benzoyltartaric acid. He concluded that tartaric
acid is a dibasic acid and a dihydric alcohol, and
that the ‘hyperbasic’ salts, being insoluble and
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unpurifiable substances prepared at high tempera-
tures, were of uncertain constitution and not useful
evidence.

Thus the constitution of tartaric acid was settled
about seven years before van't Hoff and Le Bel
made their great discoveries and solved the prob-
lem of the origin of the stereoisomerism of tartaric
acid.
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