
Corresponding author: Sánchez-Viesca, Francisco 
Organic Chemistry Department, Faculty of Chemistry, National Autonomous University of Mexico, Mexico City (CDMX), Mexico. 

Copyright © 2021 Author(s) retain the copyright of this article. This article is published under the terms of the Creative Commons Attribution Liscense 4.0. 

The chemistry of the Wellcome test for morphine 

Sánchez-Viesca, Francisco * and Gómez Reina 

Organic Chemistry Department, Faculty of Chemistry, National Autonomous University of Mexico, Mexico City (CDMX), 
Mexico. 

Open Access Research Journal of Chemistry and Pharmacy, 2021, 01(02), 001–004 

Publication history: Received on 10 June 2021; revised on 28 July 2021; accepted on 30 July 2021 

Article DOI: https://doi.org/10.53022/oarjcp.2021.1.2.0025 

Abstract 

The use of chlorinated lime for morphine identification has several advantages. The reaction is fast and simple, and the 
reagent is inexpensive. Besides, the developed red colour comes from the organic compound, not from a reduced 
inorganic reagent. The last case only indicates oxido-reduction reaction, but it is alien to the final structure of the organic 
compound under test. In the Wellcome assay the red colour is typical of an o-quinone, the inorganic compounds being 
colourless. Since the chemistry related to this test has not been described, we provide the route from the alkaloid to the 
final colourful compound, and also a new preparation of o-quinones from o-halo phenols. 
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1. Introduction

The opium poppy, Papaver somniferum, has been used since antiquity. The Sumerians referred to it as ‘the joy plant’. 
This addictive plant is cultivated in several countries. Most of the opium poppies come from South-East Asia: Myanmar 
(Burma), Laos and Thailand. 

In 1805 the German pharmacist Friedrich Sertuerner isolated from opium the sleeping agent, in crystalline form, and 
named it morphine. Psycoactive alkaloids are classified as Stimulants, like cocaine; Hallucinogens, mescaline; and 
Depressants, morphine. 

Being morphine a restricted drug, a simple, fast, and inexpensive spot test, like the Wellcome assay, is most suitable for 
drug identification. 

In this communication we unravel what is happening at atomic level in this test. This paper is a follow up of our studies 
on reaction mechanism, [1-5]. 

2. Antecedents

In the Wellcome test for morphine a red colour is produced when chlorinated lime is added to a solution of the alkaloid, 
[6]. 

Chlorinated lime is obtained by passing chlorine over slaked lime, Ca(OH)2. The reaction product is calcium 
chlorohypochlorite, CaCl(OCl), [7]. This compound has also been named calcium oxychloride, CaOCl2, but this term does 
not distinguish between the two anions present in the compound. In this preparation calcium hydroxide still remains. 
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Other reagent involved in the ‘Discussion section’ is tert-butyl hypochlorite. The synthesis of this mixed ester has been 
described in detail, [8, 9]. 

Two other tests for morphine are the Serullas test and the Froehde reaction, [10, 11]. The first employs iodic acid and 
the second uses molybdic acid. 

3. Discussion 

The reactive group in morphine, Figure 1, is the phenol and reacts with the hypochlorite anion. A 4+2 sigma complex 
can be formed between reagent and substrate (electrostatic arrangement), Figure 2, a 

 

Figure 1 Graphic structure of morphine 

 

 

Figure 2 Partial structures of the route from morphine to a red quinone derivative 

Thus, a transient carbanion at ortho position reacts with an incipient chloronium ion and an alpha-chloro ketone is 
formed, b. Further enolization gives o-chloro phenol, c. 

In the morphine molecule the p-position is blocked, thus reaction occurs at the available ortho locus. However, our 
proposed orientation-mechanism is confirmed since phenol, with free positions, reacts with tert-butyl hypochlorite in 
CCl4 to yield o-chlorophenol, [12]. The bulky tert-butyl group can be secluded from the reaction site owing to convenient 
orientation prior to σ-complex formation, Figure 3. With this mixed ester the reaction time increases to hours and 
heating to boiling is necessary. This is due to the absence of the negative charge present in hypochlorite anion, which 
prompts reaction. A similar σ-complex explains the reactivity of acetanilide with acetyl nitrate, yielding o-nitro 
acetanilide, [13, 14]. 
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Figure 3 Sigma complex between phenol and tert-butyl hypochlorite for ortho reaction 

Having o-chlorophenol been formed, we looked for the possibility of obtaining catechol, since a catechol derivative is 
produced both in the Serullas test for morphine, as well as in the Froehde reaction. Indeed, catechol can be obtained 
from o-chlorophenol by reaction with sodium hydroxide, but in drastic conditions: at 190 °C, high pressure, and a copper 
catalyst (CuSO4), [15]. Thus, o-hydroxylation was discarded because our spot test is rapid and carried out at room 
temperature. 

Not being available in morphine a second reactive position for an electrophilic reaction, a repeated chlorination at the 
ipso carbon is invoked, Figure 2, d. The chlorine atom at C-2 precludes σ-complex formation. However, a formal 
carbanion at C-2 is stabilized by the electron attraction of the existing chlorine atom, e. There is no steric hindrance in 
the dichloro intermediate since now the carbon atom has sp3 hybridization, f. Compare to CCl4 molecule. 

Reaction of the intermediate 6, 6-dichlorocyclohexa.2, 4-dien-1-one with sodium hydroxide (nucleophilic substitution) 
yields the geminal chloro alcohol (gem-halohydrin), g. Finally, basic catalyzed chloride elimination affords an ortho-
quinone, h, (oxidative hydrolysis). Cf. [16]. This compound must be red colored as other o-quinones [17, 18, 19], and it 
is the colour observed in the Wellcome test. This result is important because the colour comes from the tested organic 
compound, not from reduced inorganic compounds as those obtained in other tests for morphine: brown-red iodine 
(Serullas), or molybdenum blue (Froehde). 

The Wellcome test confirms completely that morphine oxidation with several reagents gives the ortho-quinone 
derivative. The route here proposed is in accordance with the fact that ortho-halogenated phenols are oxidatively 
equivalent to mono-protected catechols, and they have been reported to undergo reaction with Pb(IV) reagents to give 
o-quinones, [20]. 

Thus, in this communication we provide a new reagent that affords o-quinones from o-halo phenols. 

4. Conclusion 

The chemistry of the Wellcome test for morphine has been cleared up. We provided the route from the alkaloid to the 
red o-quinone that is responsible for the colour observed in the assay. The steps are ortho-halogenation via a 4+2 sigma 
complex (oxyphilic interaction), repeated chlorination at the ipso position, hydroxyl substitution, and base catalyzed 
chloride elimination with concomitant o-quinone formation (oxidative hydrolysis). 

This test fully confirms the nature of the oxidized product in the morphine test. 

Compliance with ethical standards 

Acknowledgments 

Thanks are given to Martha Berros for support. 

Disclosure of conflict of interest 

There is no conflict of interest among the authors or any other person. 



Open Access Research Journal of Chemistry and Pharmacy, 2021, 01(02), 001–004 

4 

References 

[1] Sánchez-Viesca F, Gómez R. The chemistry of the Weyl-Salkowski test for creatinine. Am. J. Chem. 2021; 11(1): 
18-21. 

[2] Sánchez-Viesca F, Gómez R. The chemistry of Lindo and Fages colour tests. Earthline J. Chem. Sci. 2021; 5(1): 119-
125. 

[3] Sánchez-Viesca F, Gómez R. The mechanism of nitric acid degradation of the C-glycoside Aloin to Aloe-emodin. 
Am. J. Chem. 2020; 10(1): 1-5. 

[4] Sánchez-Viesca F, Gómez R. The chemistry of Marchand’s test for strychnine identification. Magna Scientia Adv. 
Res. & Rev. 2020; 01(01): 018-022. 

[5] Sánchez-Viesca F, Gómez R. Formation mechanism of the colored compounds derived from Eserine 
(Physostigmine). World J. Org. Chem. 2020; 8(1): 1-4. 

[6] Cohn AI. Tests and Reagents. New York: J. Wiley & Sons. 1903; 326. 

[7] Latimer WM, Hildebrand JH. Reference Book of Inorganic Chemistry. New York: Macmillan. 1963; 177. 

[8] Mintz MJ, Walling C. t-Butyl Hypochlorite. Org. Synth. 1969; 49: 9-10. 

[9] Simpkins NS, Chia JK. t-Butyl Hypochlorite. Encyclopedia of Reagents for Organic Synthesis. New York: Wiley. 
2009. 

[10] Sánchez-Viesca F, Gómez R. On the mechanism of the Serullas test for morphine. World J. Org. Chem. 2020; 8(1): 
7-10. 

[11] Sánchez-Viesca F, Gómez R. On the mechanism of the Froehde Reaction. World J. Org. Chem. 2019; 7(1): 1-4. 

[12] 2-Chlorophenol, Chemical Book. On line, access with the title. Last login. 21 June 2021. 

[13] Sánchez-Viesca F, Gómez R, Berros M. Electric hindrance and precursor complexes in the regiochemistry of some 
nitrations. J. Chem. Ed. (ACS). 2011: 88(7); 944-946. 

[14] Sánchez-Viesca F, Gómez R, García JM. Teoría de la regioquímica en la nitración con nitrato de acetilo y con ácido 
nítrico. TIP Rev. Esp. Cienc. Químico-Biol. 2011; 14(1): 24-29. 

[15] Fieser LF, Fieser M. Química Orgánica Superior, Barcelona, Spain: Grijalbo. 1966; 2: 1313. 

[16] Marvel CS, Sperry WM. Benzophenone. Org. Synth. 1928; 8: 26-28. 

[17] Beyer H. Organic Chemistry. Frankfurt/Main and Zürich: H. Deutsch. 1963; 402. 

[18] Heilbron I, Bunbury HM. Dictionary of Organic Compounds, London: Spottiswoode. 1953; 3: 566. 

[19] Heilbron I, Bunbury HM. Dictionary of Organic Compounds, London: Spottiswoode. 1953; 4: 525. 

[20] Knochel P, Molander GA, Eds. Comprehensive Organic Synthesis, 2nd. ed. Amsterdam: Elsevier. 2014; 403-404. 


