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On the Mechanism of the Murexide Reaction
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Abstract The murexide test used for identification of uric acid is mentioned in many laboratory texts. It consists
in the degradative oxidation of uric acid by means of nitric acid and then a combination to yield a two ring product,
purpuric acid. This gives a purple colour on addition of ammonia. From the chemical structure of the final product,
various compounds are known to intervene for its obtention. However, the course of their formation during the
degradation-oxidation process has not been cleared up. Thus, a mechanistic approach has been provided, step by step,
in order to clarify the reaction sequence until the end product. Other compounds also formed are treated too. The
study is based on well known reactivities and experimental observations.
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The murexide test for uric acid consists in the reaction 00— —D—CH C—0
of uric acid with dilute nitric acid, followed by ammonia N, / \ /
addition: a purple colouration is produced due to the N—=C C—N
formation of ammonium purpurate or murexide. The H,f \\\\D D/'J/{ \H

reaction mixture is heated to dryness in a porcelain dish on
the water bath. The ammonia is added to the residue when

H (8] 8] H

cold, [1-5]. \ //fz \Q\ /

Murexide was used as a dye for wool, and the uric acid N—IC C—N
was isolated from guano. Urea and parabanic acid are also / \C / AN
formed in the dye synthesis. 0= \ =N _C\\\\ f’C =0

However, the reaction mechanism of murexide —c C—N
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formation has not been studied. So, we considered of / W NHe o/ N
interest to clear up the reactivities involved, continuing H o BU H

our studies on reaction mechanisms [6-10].
[ ] Figure 1. Alloxantin and murexide structures

2. Antecedents
CrQ5, AcOH
By the action of nitric acid, uric acid is converted to =< c—ph ?—c...
some extent into alloxantin, a molecular compound of

alloxan and dialuric acid. Ammonia converts alloxantin
into the ammonium salt of purpuric acid. Purpuric acid is
readily hydrolyzed into alloxan and uramil [11,12], Figure 1.

Alloxan monohydrate has been prepared by chromic

acid oxidation of benzalbarbituric acid in acetic acid,

[13,14]. Figure 2. =<
There is an extense article on dialuric acid, 5-hydroxy-

barbituric acid, including preparation and results from
different spectroscopic techniques. The compound is
obtained by reduction of alloxan with hydrogen sulphide,

[15]. Figure 3. Figure 2. Preparation of alloxan monohydrate
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Figure 3. Obtention of dialuric acid

Alloxantin, the hemiketal formed between alloxan and
dialuric acid has been prepared by partial reduction of
alloxan with hydrogen sulphide, [16,17]. Figure 4
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Figure 4. Condensation of alloxan with dialuric acid

Uramil, 5-aminobarbituric acid, is obtained from
S-nitrobarbituric acid [18] by reduction with tin and
hydrochloric acid [19]. Figure 5.
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Figure 5. Obtention of uramil

As it can be seen, the communications refer to the
chemical structures and to the preparations of the
compounds related to the murexide.

The mechanism of the degradative oxidation of uric
acid to murexide by means of nitric acid and ammonia has
not been studied and we provide it in the next section.
Other companion products are also considered.

3. Discussion

Murexide is the ammonium salt of purpuric acid. The
disconnection approach to purpuric acid shows that the
azomethine group comes from a carbonyl and an amino
group. So, the direct precursors are 5-oxobarbituric acid
(alloxan) and S5-aminobarbituric acid (uramil). Alloxan is

the principal oxidation product of uric acid with nitric acid.

Uric acid is tautomeric and presents the lactam form
(2,6,8-trioxopurine) and the lactim form (2,6,8-trioxo-
purine), Figure 6.

Uric acid crystallizes in the lactam form [20],
computational chemistry also indicating that tautomer to
be the most stable, [21].

The ureido groups are somewhat stable due to their
resonance effect. The alloxan molecule presents four
carbonyl groups in the pyrimidine ring and uric acid has
only two carbonyls in this ring. Thus, acid catalyzed
hydration of the double bond [22] provides a hydroxy
group common to both rings, Figure 7.
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Figure 6. Purine frame, and uric acid lactam and lactim forms
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Figure 7. Uric acid tautomeric forms after hydration

This pseudo hemiaminal can be visualized otherwise if
the lactim forms are considered. There is a favourable
structure, a carbinolamine, which is prone for reaction to
proceed, i.e., carbonyl formation in the six member ring
and ring opening of the five member ring, Figure 8.
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Figure 8. 5-Ureidobarbituric acid, intermediate

Acid hydrolysis of the ureido radical affords the unstable
carbamic acid and 5-aminobarbituric acid, (uramil), one of
our target molecules, Figure 9.
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Figure 9. Uramil, first component to murexide, and carbamic acid

The formation of 5-oxobarbituric acid (alloxan), the
second target molecule, involves nitramine formation,
Figure 10.

Most nitramines eliminate the nitro group by means of
acids yielding nitrous acid or nitrous oxide [23]. In the
experimental part of murexide preparation, pots of 5 or 6
litre are used for only 1 litre of nitric acid, obviously for
nitrous gas evolution [24].

Thus, protolysis of the nitramino group affords nitrous
acid and an imine, which hydrolyses to a carbonyl, giving
alloxan, Figure 11.
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Figure 10. 5-Nitraminobarbituric acid
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Figure 11. Nitramine degradation (redox step)
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Finally, reaction of alloxan with uramil yields purpuric
acid. Ammonia addition gives the purple colour of
ammonium purpurate (murexide).

However this is not all since other products are also
produced and this demands formation routes and reaction
mechanisms. The additional compounds are urea,
alloxantin and parabanic acid.

Urea must come from the pyrimidne ring in accordance
with a secondary split, Figure 12.

Due to the electron density shift from the nitrogen to
the oxygen, protonation of amides in acid solution occurs
predominantly at the oxygen and not at the nitrogen [25].
Hydrolysis occurs via a tetrahedral intermediate after
water addition. Proton exchange yields the carboxylic acid
and ammonia, [26].

The kinetics of acid catalyzed hydrolysis of lactams
indicates a tetrahedral intermediate, similar to that found
for acyclic amide hydrolysis, involving acylium ion
formation, [27].

Other component in the reaction medium is alloxantin,
the hemiketal formed between alloxan and 5-
hydroxybarbituric acid (dialuric acid).

Thus, we must clear up the source of dialuric acid in the
reaction medium. This may come from S-amino-barbituric
acid by a van Slyke reaction [28], i.e., nitrosation,
isomerization to the hydroxyazo group, nitrogen
elimination by protolysis and reaction of the resulting
carbocation with water. Figure 13.
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Figure 12. Pyrimidine ring opening and chain hydrolysis. 3D structures
showing the preferred rotamers
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Figure 13. Dialuric acid formation via van Slyke reaction

The presence of nitrous gases is observed
experimentally, and they are produced during the
nitramine degradation, as mentioned before.



World Journal of Organic Chemistry 17

However, it has been found that, unexpectedly,
S-aminobarbituric acid (uramil) is susceptible of
hydrolysis to dialuric acid, and better in the presence of
alloxan or other oxidizing agents [29].

Thus, there are two ways to dialuric acid. Nevertheless,
in the one pot experimental conditions, the nitrosylation
reaction appears to be important.

The catalyzed hydrolysis of uramil was explained [29]
by assuming the following reversible reaction:

Uramil + alloxan = dialuric acid + alloxan imine

We propose the mechanism in Figure 14.
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Figure 14. Assisted hydrolysis of uramil, and 3D structure showing the
angular molecule of the hemiaminal

The hemiaminal as key intermediate is sustained
because carbinolamines in five- or six-member rings are
more stable than acyclic systems [30].

The proposed synchronous mechanism avoids a
carbonium ion between two carbonyl groups.

Although alloxantin can be an intermediate in murexide
formation, it is by no means the principal way to this dye
since this route involves two extra steps: ammonolysis and
condensation, Figure 15.

The direct route advanced above by us avoids these steps.

The enolate group in murexide has cross conjugation
that adds to the system; besides lactim forms can extend
conjugation. Thus, the purple colour of murexide can be
explained by a chromophore, although being a salt,
halochromism must also be considered. Figure 1.

Parabanic acid (oxalyl urea) is other compound found
in the nitric acid oxidation of uric acid. It has been
indicated that parabanic acid can also be prepared from
alloxan and pretty strong nitric acid, [31].

Its presence as a secondary product in the general
method starting from uric acid can be deduced since the
specific Asche’s method to prepare it is much more drastic
[32]. He employs fuming nitric acid and several
successive heatings. Uric acid is gradually added to nitric
acid (d. 1.3) at 70° and heated to dryness on the water bath;
the residue is treated again two times with nitric acid
(d. 1.4) and the residue crystallized from boiling water.
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Figure 15. Purpuric acid 3D structure and formation from alloxantin
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Figure 16. Steps to parabanic acid from alloxan monohydrate
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Our reaction mechanism starts from alloxan, making
use of the above experimental information, Figure 16.

The alloxan monohydrate molecule presents two
unsymmetrical imido groups. Due to electronic effects,
hydrolysis favours cleavage of an acyl group vicinal only
to one nitrogen atom, not the acyl group of the ureido,
vicinal to two nitrogen atoms.

After ring opening, the very reactive gem diol is
favourable to a 5-member ring closure, affording alloxanic
acid. This has been obtained in alkaline medium in
biological studies [33]. Decarboxylation yields a
hemiaminal which is oxidized by nitric acid to carbonyl,
giving parabanic acid.

4. Conclusions

We have provided reaction mechanisms for the series of
steps occurring during the degradative oxidation of uric
acid into purpuric acid.

The following reactions from uric acid to alloxan have
been considered: double bond hydration, hemiaminal
dissociation, hydrolysis, nitramine formation, degradation
by protolysis, imine formation, and hydrolysis.

Other interesting point to treat is the presence of
dialuric acid in the reaction medium. A possible route to
this compound is via a van Slyke reaction, although it has
been informed that, unexpectedly, uramil is susceptible of
hydrolysis to dialuric acid. The pertinent mechanisms
have been given.

Since we provide a direct route to purpuric acid,
alloxantin is not a key intermediate since it requires
dialuric acid, a secondary product, and two additional
steps after alloxantin is formed, ammonolysis and
condensation.

The purple colour of murexide has been looked from
the chromophore point of view, and also as intervening
halochromism.

The routes to other compounds isolated in the murexide
large scale preparations were also taken into account and
reaction mechanisms have been advanced.

The case of parabanic acid is of special interest. It
involves alloxan hydrolysis, ring closure to hemiaminal,
decarboxylation, hemiaminal nitrate, and oxidation via
nitrous acid elimination by protolysis.

The study is based on insight and well known
reactivities (nomothetic explanations).
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