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Abstract

In this communication the reaction route of the interaction of narcotine with ammonium vanadate in sulphuric acid is
provided (Johannson test). Besides the theoretical interest of know what is happening in the test tube at molecular level,
the blood-red colour developed in this assay is a good approach to narcotine which can be confirmed by a positive result
with another colour test. The chemistry is as follows: The active species is protonated meta-vanadic acid, formed in situ.
Nucleophilic attack of an oxygen atom of the methylenedioxy group present in narcotine to the positive species,
eliminates a water molecule and an oxonium ion is formed. This is neutralised by ring opening via concerted reaction
of a water molecule and the 6+ methylene group. An organometallic vanadate and a hemiacetal result. Finally, acidolysis
of the ester gives rise to a degradation. Vanadous acid and formaldehyde are eliminated and in the organic part an ortho-
benzoquinone is formed. The production of the last three compounds involves six electron shifts in a concerted reaction
mechanism.
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1. Introduction

Narcotine is the second opioid alkaloid according to its density in raw Papaver somniferum, was first isolated by
Robiquetin 1817. It is used to suppress cough frequency and intensity in bronchial asthma and pulmonary emphysema,

similar to codeine, [1].
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Figure 1 Narcotine structure

In 1831 Robiquet published a note about narcotine where he remarked that this substance, although perfectly neutral,
has the property of combining with acids, largely neutralising them and forming crystallizable salts, [2, 3].

It is the first alkaloid to appear in the poppy plant, and may be detected three days after the seeds have sprouted. The
mother liquors from morphine production contain narcotine in considerable quantities. It crystallizes from alcohol in
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colourless prisms, and melts at 175°. Narcotine has no effect on litmus and may be extracted by organic solvents from
strongly acid solutions, [4]. Figure 1.

In this communication we provide the reaction route of narcotine with ammonium vanadate in sulphuric acid.

This paper is a follow up of our studies on reaction mechanism, [5-9].

2. Antecedents

The reaction under study is due to Professor Johannson [10, 11]. He used Mandelin Reagent, a 1% solution of ammonium
vanadate in concentrated sulphuric acid, [12-15].

Johannson employed the same, as well as, different substrates in order to obtain colour reactions.

Some notes about the reagent. Ammonium vanadate (metavanadate) is NH4VOs, a pentavalent-vanadium salt. It is a
white or slightly yellow crystalline substance, d=2.3 g/cm3, [16]. Exposure to it can cause headache, tremors and
dizziness. Inhaling ammonium vanadate can irritate the lungs, [17]. The solution in sulphuric acid can be used as a spray
colour-revealing device in analytical toxicology of drugs, [18]. It is most frequently used for illicit drug testing.

In this communication we provide the reaction route, at molecular level, of Johannson blood-red colour test for
narcotine. Each step is fully commented and the electron flow is also given.

3. Discussion

The dissolution of ammonium vanadate in sulphuric acid forms meta-vanadic acid whose protonation gives the reactive
species. Figure 2. Narcotine shows a methylenedioxy group. three methoxy groups, a lactone, and a tertiary amine. The
methylenedioxy group is more reactive than a methoxyl, [19, 20]. Thus, one oxygen of the five-member cycle reacts with
the protonated vanadic acid (nucleophilic reaction), with elimination of a water molecule and formation of an oxonium
salt (ammonium oxonium sulphate) which explains the red-blood colour observed in the test and due to halochromism,
[21, 22].
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Figure 2 Oxido-degradation of narcotine with ammonium vanadate in sulphuric acid

Reaction with water at the 8+ methylene group neutralises the oxonium ion by ring opening, with concomitant
formation of an organic vanadate and a hemiacetal. Acidolysis of the vanadium ester gives rise to a concerted mechanism
involving six electron shifts. Vanadous acid and an ortho-benzoquinone are formed (inorganic-organic redox-reaction),
with elimination of formaldehyde.
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4. Conclusion

The reaction route of the interaction of narcotine with ammonium metavanadate in sulphuric acid has been established.
It is a redox-process in which vanadium (V) is reduced to vanadium (1II), vanadous acid, and the organic compound is
degraded (loss of formaldehyde) and oxidized to an ortho-benzoquinone. The electron flow of each step has been given.

Compliance with ethical standards

Acknowledgments

Thanks are given to Martha Berros for support.

Disclosure of conflict of interest

There is no conflict of interest to declare.

References

[1]
[2]
[3]
[4]

Demirkapu MJ.,Yananli HR. Opium alkaloids. Retrieved from: https://www.intechopen.com/chapters/71219
Robiquet P. Note about Narcotine. J. de Pharm. et Sci. Ac. 1831; 17(1): 637-643.
Wisniak J., Pierre-Jean Robiquet. Ed. Quim. 2013; 24(51): 139-149.

Small LF, Lutz RE. Chemistry of the Opium Alkaloids. Issue 103 of United State Public Health Service. Washington,
U.S. Government Printing Office. 1932; 42-138.

Sanchez-Viesca F, Gémez R. On apomorphine detection by colour reactions. ] Chem. Biol. and Phys. Sc. 2024;
15(1): 001-005.

Sanchez-Viesca F, Gomez R. A novel transamination reaction in a murexide-like sequence for caffeine detection.
Earthline J. of Chem. Sci. 2024; 11(1): 437-444.

Sanchez-Viesca F, Gomez R. A complete and sustained organic/inorganic reaction mechanism of Baeyer’s test.
World J. Chem. and Pham. Sci. 2024; 4(2): 1-5.

Sanchez-Viesca F, Gomez R. Mechanism of the interaction of alkaline tungstate with uric acid. J. of Chem. Biol. and
Phys. Sc. 2024; 14(4): 311-315.

Sanchez-Viesca F, Gdmez R. On the Chemistry of Beckurt’s test for physostigmine: A novel hydride transfer.
Magna Scientia Adv. Res. and Rev. 2023; 08(02): 022-025.

Merck E. Merck’s Reagentien Verzeichnis. Darmstadt: Springer, 1903; 73.

Cohn Al Test and Reagents. New York, ]. Wiley & Sons. 1903; 147-148.

Mandelin Reagent. https://www.oxfordreference.com>mandelin-test

Hock K, Arnold C, Mandelin K. On the colour reactions for alkaloids. Ztschr fiir anal. Chem. 1884; 23(1): 228-241.
Merck E. Merck’s Reagentien. Verzeichnis. Darmstadt: Springer, 1903; 93.

Mandelin Reagent. https://en.wikipedia.org/wiki/mandelin_reagent

Ammonium metavanadate. National library of Medicine. PubChem CID 516859.

Ammonium vanadate. https://www.sciencedirect.com>topics>ammonium-vanadate

Seiler HG, Sigel H, Sigel A. (eds.). Handbook on the Toxicity of Inorganic Compounds. New York, M. Dekker. 1988;
751.

Teitel S, O'Brien ], Brossi A. Preferential cleavage of an aromatic methylenedioxy group in the presence of
methoxyil with boron trichloride. J. of Org. Chem. 1972; 37(21): 3368-3369.

Adaeva OI, Demchuk DV, Semenor VV. 6,7-Dihydroxy-5,8-dimethoxy-2H-chromen-2-one. Molbank (3) M1702.
Miall S, Miall M. Chemical Dictionary. Atlante, México, 1953; 515.
Pesez M, Poirier P. Methods and Reactions of Organic Analysis. Masson, Paris. 1954; 3, 227.



