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Preparation of Tetrahydroxyquinone and Rhodizonic Acid Salts from the Product
of the Oxidation of Inositol with Nitric Acid*

By PauL W. PREISLER AND Louls BERGER

Some confusion exists in the literature concern-
ing the identification of the salts of rhodizonic
acid (dihydroxy-diquinone) and of tetrahydroxy-
quinone. The quantitative analytical procedures
usually employed for this purpose do not distin-
guish with certainty between substances of such
close elementary composition, especially when
they are hydrated or cannot be properly dried.!
These materials have now been conclusively iden-
tified by application of electrometric oxidation-
reduction potential measurements.

Modification of the methods for the prepara-
tion of these substances from the products of the
oxidation of inositol (cyclohexanehexol) by nitric
acid have been devised and crystalline materials
of high purity have been prepared. The quanti-
ties of rhodizonate or of tetrahydroxyquinone salt

* Presented before the American Chemical Society at St. Louis,
Mo., April, 1941.
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have been found to be affected by the rate of the
addition and the basic properties of the salt added
to the oxidized inositol, and by the degree of agi-
tation with air or oxygen of the mixture so formed.
When potassium acetate is used, pure potassium
rhodizonate is obtained, whereas with potassium
carbonate mixtures with tetrahydroxyquinone,
salts usually result.

Salts of rhodizonic acid and of tetrahydroxy-
quinone are utilized as indicators in the volumet-
ric determination of sulfates with barium salt
solution.? A comparison of the properties of the
pure substances indicates that the color changes
when used as indicators are probably due to salts
of rhodizonic acid rather than of tetrahydroxy-
quinone.

Preparation of Oxidation Products of Inositol.—To en-
sure uniform reproducible results the procedure is given in

(2) G. Gutzeit, Helv. Chim. Acta, 12, 725 (1829); W. A. Peabody
and R. S. Fisher, Ind. Eng. Chem., Angl. Ed., 10, 651 (1938);
W. C. Schroeder, Ind. Eng. Chem., Anal. Ed., 5, 403 (1033);
8, 127 (1936); 9, 69 (1937); 10, 208 (1938); R. Strebinger and L,
Zombhory, Z. anal, Chem., T9, 1 (1920).
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detail: 10 g. of anhydrous inositol was added to 25 ml. of
concentrated nitric acid contained in a Pyrex glass cylinder
(35 X 120 mm.). The solution was mechanically stirred
in a stirred water-bath maintained at 60°. After about
fifteen minutes, evolution of brown fumes began, continu-
ing for about thirty minutes. After three hours, the solu-
tion was diluted with water to 100 ml., filtered clear and
divided into two portions.

The di-potassium salt of rhodizonic acid was prepared
from this solution in the following manner. While rapidly
bubbling air through one 50-ml. portion of this solution
contained in a 250-ml. graduate, a clear filtered 509, potas-
sium acetate solution (100 g. per 100 ml, H;O) (free from
alkaline earth salts) was added dropwise until one drop
produced a permanent yellow color (about 20 ml.), and
then 50 ml. more of the potassium acetate solution was
quickly added. Aeration was continued for thirty
minutes, after which the purple crystals formed were fil-
tered from the dark red solution by suction on a hardened
paper, washed once with potassium acetate and repeatedly
with 959, alcohol to remove potassium acetate; 1.2 g. of
purple prisms of di-potassium rhodizonate was obtained.
Further aeration of the filtrate produced an additional 1.2
to 1.3 g. in seventeen hours; total yield 2.5 g. (from 5 g. of
inositol).

pH 9.26

—300 o Rnodizonic aeid \ |
80 60 !
& %Te?rahydroxyqumone . . X )
= [ 20 40 80 60 40 20
%Hexchydroxybenzene
I 26 40 60 80
i
{
~400 ‘—
L ‘
5 i
| |
i |
i
| |
Fig. 1.

The color of the product varied with changes in the pro-
cedure, being dark purple, blue or green prisms or lustrous
green octahedra by reflected light, but all were red in
transmitted light; all were transformed into a purple-red
powder on grinding. Analyses for potassium by ignition
and conversion into potassium sulfate gave, within
allowable experimental error, the correct value for potas-
sium. Potentiometric titrations showed all were identical.
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Salts of rhodizonic acid cannot be purified by recrys-
tallization without great loss, due to conversion into cro-
conate, so that the original material must be prepared
pure. The conditions for the above preparations were
carefully regulated because a comparative study was being
conducted; however, for ordinary preparation of potassium
rhodizonate the temperature of the oxidation need not be
so carefully regulated, but must be above 60°. The im-
portant factor is the proper regulation of the acidity by the
addition of the acetate before aeration. The maximum
vield is produced by aeration in twelve to eighteen hours.

Solutions of potassium rhodizonate are rapidly oxidized
by atmospheric oxygen to potassium croconate taking up
approximately one atom of oxygen per mole. For analyti-
cal reagent indicator purposes, the dry potassium rhodi-
zonate may be diluted by adding it to the proper amount
of some material which will not affect the titrations and
powdering the mixture, a measured quantity of the dry
mixture then being added before the titration.

The di-potassium salt of tetrahydroxyquinone (contain-
ing some di-potassium rhodizonate) was prepared in a
manner similar to the foregoing by adding a potassium
carbonate solution instead of potassium acetate to the other
50 ml. portion of oxidized inositol. 509, potassium
carbonate {100 g. per 100 ml, H,O) was added dropwise to
the first permanent yellow color {about 10 ml.) and then
80 ml. more of potassium carbonate was added quickly.
The solution became dark red, and was scon transformed
to a dark yellow-green color with the precipitation of dark
purple crystals principally of the di-potassium salt of
tetrahydroxyquinone; 1.5 to 1.7 g. of di-potassium tetra-
hydroxyquinone contaminated with a little potassium
rhodizonate was obtained (from 5 g. of inositol). Further
aeration produced little additional substance,

Tetrahydroxyquinone was prepared from this product
in very good yields (85 to 909,) by dissolving 1 g. in 20 ml.
of boiling normal hydrochloric acid and cooling. The
bluish-black plates which formed were filtered and washed
with slightly acidified cold water. Reduction of the hot
filtrate with a piece of metallic zinc and subsequent cooling
produced a small additional amount of tetrahydroxyqui-
none. The sum of the two quantities was practically the
theoretical yield. The reduction of di-potassium rhodi-
zonate by this method produced almost the theoretical
yields of tetrahydroxyquinone.

Di-potassium tetrahydroxyquinone (free of rhodizonate)
was prepared in an atmosphere of deoxygenated commer-
cial nitrogen by the addition of potassium acetate solution
to a hot acid solution of tetrahydroxyquinone, prepared as
above.

The di-potassium salts of rhodizonic acid and of tetra-
hydroxyquinone are easily distinguishable by their re-
spective solubilities in water and in cold normal hydro-
chloric acid. In water the salt of rhodizonic acid was
much more easily soluble and gave a deep yellow solution
while the salt of tetrahydroxyquinone was relatively in-
soluble, imparting a very pale purple tint to the solution.
The rhodizonate dissolved readily in cold hydrochloric acid
producing a colorless solution, whereas the tetrahydroxy-
quinone remained insoluble being slowly converted into
insoluble tetrahydroxyquinone and coloring the solution
pale purple.
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Potentiometric titrations of rhodizonate and tetra-
hydroxyquinone were used for identification and quantita-
tive estimation of these substances or their mixtures.
The usual potentiometric oxidation—-reduction potential
apparatus and procedure for conducting titrations in the
absence of oxygen was employed, details of which have
been described previously.® The titrations were carried
out in buffer of pH 9.26 where the components of the
two systems, rhodizonic acid-tetrahydroxyquinone, and
tetrahydroxyquinone-hexahydroxybenzene were stable and
yet sufficiently separated to make interpretation of the
results easy.4

The sample of potassium rhodizonate (3 to 4 mg. weighed
to 0.1 mg.) was added as solid to 55 ml. of buffer, deoxy-
genated by passage of purified nitrogen, and titrated with
deoxygenated sodium hydrosulfite (NasS;04) in the same
buffer, resulting in a curve as illustrated in the figure.
A sample was reduced with hydrogen gas in the presence of
colloidal palladium and, after hydrogen gas removal by
purified nitrogen, was reoxidized by titration with standard
potassium ferricyanide contained in the same buffer. A
curve similar in form to that obtained in the hydrosulfite
reduction was obtained. Slightly less than four equiva-
lents of ferricyanide were used in the reoxidation.

Samples of tetrahydroxyquinone oxidized to rhodizonic
acid with ferricyanide at pH 9.26 used essentially the two
required equivalents; however, when first reduced to
hexahydroxybenzene (hydrogen gas with palladium as
catalyst) and reoxidized to rhodizonic acid with ferri-
cyanide, somewhat less than four equivalents were re-
quired. The above observations indicate that during the
reduction with hydrogen a portion of the hexahydroxy-
benzene was converted into an electromotively inactive
substance, possibly to inositol.®

For the quantitative determination of a mixture, the

(3) P. W. Preisler and L. H, Hempelmann, THIS JoURNAL, 88,
2305 (1936).

(4) P. W. Preisler, E. S. Hill, E, Ronzoni and L. Young, J.
Biol. Chem., 128, XCV (1938); complete report in publication.

(56) H. Wieland and R. S. Wishart, Ber., 47, 2082 (1914),
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ratio of tetrahydroxyquinone to rhodizonic acid was deter-
mined from the oxidation-reduction potential of the bui-
fered solution containing the sample. Titration of a
weighed sample with standard ferricyanide determined
the amount of tetrahydroxyquinone present. From these
data the amount of each could be calculated.
Potentiometric observations of solutions of the original
oxidized product give an indication of its structure. The
colorless, water-soluble material obtained by oxidation of
inositol with nitric acid, when added (about 6 mg. to 55
ml) to deoxygenated buffer of pH 9.87 yielded a yellow
solution. The oxidation-reduction potential of this solu-
tion, as determined by the usual procedure,t at first was
such as to indicate the presence of rhodizonic acid salts
with a little tetrahydroxyquinone salt. The yellow
color then slowly faded to a very pale purple, and the po-
tential after about twenty-five minutes indicated the
presence of virtually only tetrahydroxyquinone salt.
During the next twenty-five minutes the potential became
progressively more negative, and finally indicated a ratio
of about 259, tetrahydroxyquinone salt to 75% hexa-
hydroxybenzene salt. This phenomenon together with
the slowness of formation of potassium rhodizonate dur-
ing its preparation even in the presence of excess oxygen
as described above, indicates that the original oxidized
inositol product was principally a substance, probably
triketo-trihydroxycyclohexane, which slowly liberated
hexahydroxybenzene at low acidities or alkalinities.

Summary

Methods for the preparation of pure salts of
rhodizonic acid and tetrahydroxyquinone are de-
scribed.

The color changes obtained when using these
substances as an indicator for sulfate titrations
with barium salts are probably due to salts of
rhodizonic acid.
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9-Vinylphenanthrenes.

III.

a-(9-Phenanthryl)-stilbene

By FELIX BERGMANN

In a recent paper! we described the synthesis
of a-(9-phenanthryl)-stilbene (II) by dehydration
of the carbinol I. From the mother liquors
of IT there was obtained an isomeric hydrocarbon
(ITa) the structure and reactions of which are
discussed in this paper.

By addition of lithium the isomers II and
IIa could both be converted into «-(9-phenan-
thryl)-dibenzyl (III). They therefore represent
a pair of geometric isomers although the simul-

(1) F. Bergmann and E. Bergmann, Tais JoUrNaL, 62, 1699
(1940).

taneous formation of cis—irans isomeric ethylenes
on dehydration of an alcohol has rarely? been
observed. The relationship between the two
“stilbenylphenanthrenes” is further proved by
conversion of IIa into II by heatling with iodine
in nitrobenzene solution. The behavior of 1T and
IIa toward alkali metal might be expected to
resemble the analogous behavior of stilbene and
isostilbene, each of which gives® the same mix-

(2) See BE. Bergmann and Weiss, Ber., 64, 1485 (1931); E. Berg-
mann, ef al., Ann., 500, 122 (1933).

(3) Schlenk and E. Bergmann, ibid., 468, 106 (1928).

(4) Wright, TH1s JourNaAL, 61, 2106 (1939).



