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Abstract

Lindo test for strychnine identification is based on the reaction of the alkaloid with
potassium chlorate in the presence of sulphuric acid. Fages identified chlorates and
bromates using strychnine in nitric acid. In fact, it is the same reaction but with different
strong acid, and the product to be identified being interchanged. The reaction series
occurring in these tests has not being described. We provide the electron flow from the
alkaloid to the complex oxidation product resulting from the powerful oxidation

properties of chloric acid.

1. Introduction

It is important ascertain what is happening in a spot test involving a substance with
biological activity. Besides the theoretical interest of the subject, it reveals the chemical
deportment of the compound. This result can be used to enhance, or on the contrary, deter
the effect of the substance. This is related to Biochemistry, and in the case of strychnine,
to toxicology and forensic medicine.

The color tests of Lindo and Fages involve the same reaction, differing in the mineral
acid employed and in the object. That is, which of the substances that intervene is
searched for. Since the reaction course is unknown, we provide the electron flow, step by
step, from the alkaloid to the complex oxidation product whose structure was elucidated

much later.

This communication is a follow up of our studies on reaction mechanisms, [1-5].
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2. Antecedents

The identification of strychnine by means of a colour test is due to Eugene Marchand
[6, 7]. He used lead dioxide and sulphuric acid with one percent nitric acid. A succession
of colours is produced: violet-blue, purple and red. On prolonged standing it changes to
orange and yellow.

This test prompted other chemists to try other oxidants. Thus, many cognate tests
were produced and known by the names of the proposers. The sulphuric acid-dichromate
test is described in Modern Methods of Plant Analysis [8]. In a book on Drug
Identification, strychnine is recognized by the same test [9].

Following the mentioned trend, Lindo used potassium chlorate and sulphuric acid
[10]. What is different in this test is the absence of the colour series which appears when
other oxidizers are used. Only a red colour is observed.

Many years later Fages proposed the identification of chlorates and bromates using
strychnine in nitric acid, although he mentioned that this reaction was well known for
strychnine identification. The iodates and perchlorates do not give the colour reaction.
His French communication [11, 12] was reviewed in England and in the United States
[13, 14]. The reaction product is the same as the obtained in the Lindo test since a red
colour is produced, notwithstanding the different mineral acid employed. The use of
nitric acid and chlorate for strychnine identification was recorded some years before
Fages communication, the colour being reported as scarlet, [15].

Besides the dissimilar result compared to that observed in the other assays, Lindo test
is interesting due to the special properties of chloric acid, the reactive species. It is a
strong and unstable oxidizer, which in absence of a chemical reducer undergoes oxido-
reduction reactions. The preparation of chlorine dioxide is based on the reaction of
potassium chlorate with sulphuric acid. After formation of potassium sulphate and chloric
acid, the last dismutates into chlorous acid and perchloric acid. Finally chlorine dioxide
results from reaction of chloric acid with chlorous acid, [16].

3. Discussion

The strychnine molecule has the following groups: a lactam, a cyclic ether, a double
bond, and a tertiary amine, Figure 1.
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Figure 1. Strychnine structure.

The oxidation product isolated from potassium permanganate oxidation exhibits a
carbonyl group vicinal to the tertiary nitrogen, that is, a new lactam group. There are also
a ketone and a carboxylic acid. An uptake of four oxygen atoms has occurred, [17].

We provide the electron flow from the alkaloid to the oxidation product described,
Figure 2. Since chloric acid is a powerful oxidant, it will accomplish the described
oxidations to the final product. On the other hand, the functional groups obtained are in
the higher oxidation state. So, there will be no further oxidation.

Chloric acid results from the reaction of potassium chlorate with sulphuric acid.
Dehydration of chloric acid by protolysis affords the reaction species, chlorine dioxide
cation (chloryl cation). This trigonal ion reacts with strychnine double bond, Figure 2, a.
A transient carbonium ion is formed, b, which is neutralized by proton elimination from
the vicinal methylene group, enamine being formed, c.

Chlorous acid is eliminated by protolysis and the double bond is reformed, now
conjugated with an iminium ion, d. This ion is neutralized by reaction with water, giving
a carbinolamine, e. The hydroxyl group is oxidized to carbonyl after reaction with a
chloryl cation, f. Another molecule of chlorous acid is formed and a lactam results, g.

1,4-Addition of chloric acid to the conjugated system yields an intermediate, h, that
is broken down by protolysis, with concomitant epoxide formation, i. This oxirane is
opened in the acidic medium, j, and a carbocation far to the carbonyl is formed, k.
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Figure 2. Sequence of strychnine reaction with potassium chlorate in acidic medium.
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Reaction of intermediate k with chloric acid, followed by protolysis, 1, gives chlorous
acid and an aldehyde results via opening of the seven member ring, m.

Finally, the aldehyde is oxidized to carboxylic acid, arriving to the complex oxidation
product, n.

The oxidation of the aldehyde occurs by protonation by means of chloric acid and the
chlorate anion neutralizes the carbonium ion. Protolysis of the chlorate intermediate
(addendum) yields chlorous acid and the C—H group of the aldehyde is broken by a
concerted mechanism.

The remarkable oxidation properties of chloric acid are observed when a mixture of
sugar and potassium chlorate is ignited by addition of sulphuric acid, giving instant fire.

The first colours observed with other oxidants are missing in the Lindo test. This
result is explained by the chemical deportment of chloric acid, the red colour being
produced very fast (higher reaction rate).

The reduction product, chlorous acid, is unstable. Its instability is due to its tendency
to a dismutation reaction to produce hypochlorous acid and chloric acid. This auto-
oxidation/reduction occurs at ordinary temperature, [18, 19].

The growing acidity of the four oxy-acids of chlorine was correlated by Kossel with
the increasing oxidation state of the chlorine, from hypochlorous to perchloric acid. The
elimination of a proton gives an anion that stabilizes the central positive charge at the
halogen, [20]. This is important since it helps explain the inorganic mechanisms that take
place in the mentioned inorganic reactions.

The negative reaction with iodates and perchlorates mentioned by Fages can be
explained by steric hindrance. The red colour, scarlet, observed in these tests is due to
halochromism [21], proper of a substance in strong acidic medium (coloured salt
formation).

4. Conclusion

We have traced the antecedents of both Lindo and Fages colour tests that involve
strychnine and potassium chlorate. These assays are related notwithstanding the different
mineral acid employed as solvent and catalyst.

Strychnine undergoes successive oxidations, but no reaction course is known. Thus,
we provided the electron flow of the many steps that occur during the test. These steps
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are: attack to the double bond, carbinolamine formation, allylic oxidation, 1,4-addition,

epoxide intermediate, two ring-openings, aldehyde formation and oxidation to carboxylic

acid.

The reactive species are chloric acid and chloryl cation.

This way the reaction course from the alkaloid to the described final product has been

cleared up.

Other items have been also discussed
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