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Abstract

This communication is a theoretical organic chemistry study on the interaction of uric
acid with ammonium molybdate in acidic medium (Gigli test for uric acid). Colour tests
give rapid, visible, results. However, it is interesting know what is happening in the test
tube at molecular level. In the present paper we describe the reaction route of the above
mentioned assay. Each step is fully commented and the electron flow is also given. The
key stages are: addition of molybdic acid to the C-C double bond, acidolysis of the
organometallic ester with reduction to molybdenum (IV) and epoxide formation
(oxidation step). Ring opening of the oxirane and reaction with water. A glycol is formed
followed by opening of the five-member ring giving a carbonyl and an ureido chain.
Finally, elimination of urea gives rise to 2,4,5,6-tetraoxo-hexahydropyrimidine (alloxan)
which is hydrated. The blue colour observed (molybdenum blue) is a mixture of several

oxides.

1. Introduction

The medical importance of uric acid is well-known. Hyperuricemia produces gout
and kidney stones. That is why uric acid has attracted the attention of chemists and
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physicians in order to identify and determine uric acid. Several colour tests for uric acid
have been developed. These experimental assays are very useful, but it is interesting

know what is happening at molecular level in the test tube.

In the present communication we describe the chemical route of the interaction of
sodium urate with ammonium molybdate in acidic medium. Each step is fully
commented and the electron flow is given. This paper is a follow up of our studies on

reaction mechanism, [1-5].

2. Antecedents

The test under study is due to Dr. T. Gigli from Pavia, Italy. He published his article
in the Chemist Newspaper in K&then, Saxony, [6], and is recorded in the Pharmaceutical

Central Portal of Dresden, [7]. It is registered in a book on chemical tests, [8].

The test is as follows: If a neutral 7.5% solution of ammonium molybdate is mixed
with a solution of potassium urate and the mixture is acidified with sulphuric acid, and
then after some minutes sodium hydrate solution is added until the reaction is alkaline,
blue molybdenum oxide and a blue solution are obtained. Oxidizing agents such as
chlorine or bromine, hypochlorite, hypobromite, potassium permanganate, decolorize the
blue liquid. Then there must be a relationship between the uric acid present and the blue
oxide formed, and there must also be a relationship between the amount of blue
molybdenum oxide and that of the oxidizing agent necessary to decolorize the blue

liquid. These reactions can be used for a volumetric determination of uric acid.

Some remarks about uric acid and ammonium molybdate. In 1882 the Ukrainian-
Austrian chemist Ivan Horbaczewski first synthesized uric acid by melting urea with
glycine, [9]. In 1962 Bills and coworkers published a complex new synthesis of uric acid,
[10].

Molybdenum is an essential element that is present in enzymes like xanthine oxidase,
sulfite oxidase and aldehyde oxidase, [11].

Ammonium molybdate, HsMoN,O,, is a white to greenish-yellow solid. Sink sand
mixes with water. It exists in several hydrate forms (di-, tetra-, hexa-, and heptahydrate).
It is intravenously administered as an additive to solutions for total parental nutrition,
[12]. IUPAC nomenclature is Ammonium Dioxido(Dioxo)Molybdenum Hydrate (2:1:4),
[13].
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Ammonium molybdate tetrahydrate is a plant micronutrient that has been shown to
aid in the conversion of nitrogen to ammonium, [14]. This compound is also used as
analgesic [15], and in the oxidation of sulfides to sulfonyls [16]. It improves chlorophyll
synthesis [17].

There is an interesting review (experimental) about the reduction of ammonium

molybdate in acid solution [18].

3. Discussion

The first reactions with sulphuric acid are formation of uric acid and molybdic acid
from the salts employed. There is addition of molybdic acid to the C-C double bond in
uric acid. The first step is protonation at C-5, leaving a carbonium ion far from the
carbonyl group at C-6. The carbocation is neutralized by a molybdate anion. Acidolysis
of the organometallic ester occurs via protonation of a Mo-O double bond, originating
molybdenum (IV) oxide hydrate (reduction step) with concomitant epoxide formation

(oxidation step) by elimination of a hydrion from C-5. Figure 1.
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Figure 1. Route of the interaction of uric acid with ammonium molybdate in sulphuric
acid

Ring opening of the oxirane by acid, followed by reaction with water, gives rise to a
vicinal diol (glycol). Each hydroxyl is part of a pseudo carbinolamine. Ring opening of
the 5-member ring is favored by the dipolar structure of the near amido group and the
electrodotic [19-21] properties of the hydroxyl. A carbonyl group is formed in the
6-member ring, plus an ureido chain in the vicinal site. A second reaction eliminates a
urea molecule, giving 2,4,5,6-tetraoxo-hexahydropyrimidine (alloxan) which is hydrated
to alloxan monohydrate. This compound is formed in oxidations carried in acidic medium
[22].

The blue compounds formed in this test are MoO,; [23], M0,0Os [24] and Mo0;0g [25].
4. Conclusion

The reaction route from uric acid to alloxan monohydrate has been established. It
comprises addendum to double bond, acidolysis of organometallic ester, redox reactions
giving molybdenum (I'V) oxide hydrate, and an epoxide. Ring opening of the oxirane and
reaction with water originates a glycol which is part of two pseudo carbinolamines.
Rearrangement to carbonyl and ring opening gives rise to alloxan and elimination of a

urea molecule. The blue colour observed in the test is due to three identified compounds.
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