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It is known from the work of Needham and van
Heynigen which was published in “Nature” Vol-
ume 135 (1935) pages 585 and 586, that adenosine
triphosphoric acid is formed by the addition of
phosphoglyceric acld and adenylic acld to muscle
extract containing alkgli,. Working with muscle
extract is, however, too complicated and expen-
sive In practice, the more so because the yields
obtained are not satisfactory.

It is also known from the work of Ostern and
Terszekowec published in Hoppe-Seyley’s Zelt-
schrift fiir physlologische Chemie, Volume 250
(1937) pages 155-157 that adenosine, in the
presence of Inorganic phosphate and under the
action of yeast, forms adenosine triphosphoric
acid in addition to adenosine-5-monophosphoric
acid.

A process of this nature Is described and
claimed in U. S. A. specification 2,174,475. When
working in accordance with this process, how-
ever, adenosine-5-monophosphoric acld is mainly
obtalned; sometimes it 1s mixed with some ade-
nosine triphosphoric acid or also with some
adenosine pelyphosphoric acid.

An object of my present invention is {o ob-
tain, instead of the above-mentioned mixture
which always contalns considerable amounts of
adenosine monophosphoric acld, substentially
only adenosine polyphosphoric scids, and espe-
cially adenosine triphosphorie acld, which are
75-100% pure, and in particular, are free from
adenosine monophosphoric acld.

A further object of my invention is to obtain a
new preparation for actlng on the circulatory
system, especlally of human beings, which Is
more efficacious than the known adenosine mono-
phosphoric acid which has hitherto been used for
this purpose, namely a preparation which con-
sists for the most part of adenosine polyphos-
photic acids and especlally adenosine triphos-
phoric acid.

A still further object of my invention is to ob-
taln therapeutically valuable salts such as, for
example, calcium salts of adenosine polyphos-
phoric acids, directly from the reaction mixture
which contains the crude adenosine polyphos-
phoric acids and adenosine triphosphoric acid in
particular, that is to say without forming other
compounds of these acids.

PFinally, yet another object of my invention is
to convert the adenosine polyphosphoric acids di-
rectly or indirectly into salts of various thera-
peutically valuable metals.

Further objects and advantages of my present
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invention will be clear from the following de-
scription and examples.

Adenosine as such or any compound which can
be split up to form adenosine, such as for exam-
ple yeast nuclelc aclds, can be used as the start-
ing material in the new process as in the known
process. As the phosphate there may be used
elther inorganic phosphate buffer solutions or
also the known sugar phosphoric acid esters such
as, for example, the so-called Neuberg, Robison,
Corl, Embden, Harden and Young esters; phos-
phoglyceric acid or mixtures of organic and In-
organic phosphate can also be used. These start-
ing materials are converted by the action of fresh
yeast, dry veast or yeast extract or yeast plasmo-
lysate Into adenosine triphosphoric acid angd
adenosine polyphosphoric acid. It is Important
that the yeast be added to the reaction mixture in
prefermented condition and preferably in stages.
The yeast contains two enzymes of which the one,
namely the so-called phosphatase, has a dephos-
phorylating action, while simultaneously a sec-
ond enzyme which is present In the yeast has a
phosphorylating action, namely in the 5-position
of the ribose contained in the adenosine. It has
now been found that by a vigorous fermentetion
of the yeast the result can be obtained that this
second enzyme strongly predominates, so that the
phosphorylation of the adenosine proceeds not
only as far as muscle adenyllc acld (adenosine-5-
monophosphoric acid) but up to the desired
adenosine polyphosphoric acid. The predomina-
tion of the phosphorylating enzyme may be en-
sured, in partlcular by adding the vigorously fer-
menting yeast In stages to the reactlon mixture
in order to prevent with certainty the production
of phosphatase. As sSoon as analysis shows that
the taking up of phosphate has proceeded suffi-
clently far the mixture is quickiy boiled 1n order
to destroy the phosphatase present. ‘This bolling
must take place as quickly as possible and pref-
erably within about 10-20 minutes In order to
prevent hydrolysis of the polyphosphoric acids
formed. For the same reason the highly heated
mixture must also be rapidly coocled down since
otherwise dephosphorylation can occur by hy-
drolysis.

The solution obtalned in this manner which
contains practically the whole of the adenosine
in the form of polyphosphoric acids is preferably
worked up In the following manner.

The liquor which s freed from insoluble mat-
ter by filtration is treated with a concentrated
solution of a salt of an alkaline earth metal, such
as barium acetate for example, in order to pre-
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cipitate the whole of the adenosine polyphos-
phorie aclds in the form of their barium salts.
This barium salt is then treated with dilute sul-
phuric acid in such a way that the whole of the
barium is present as sulphate. The solution,
which contains the free adenosine triphosphotic
acid and adenosine polyphosphoric acid s rapidly
separated from the precipitate by centrifuging in
order that the excess of acid may cause ho harm-
ful hydrolysis and is then poured into 5-10 times
its amount of alcohol. By this means adenosine
triphosphoric acid is separated as a white pow-
der. It is practically free from inorganic phos-
phate and is contaminated only by a small quan-
tity of hexose diphosphoric acid from which it
can easily be separated if this is desired.

Anpther method which leads directly to thera-
peutically useful salts of adenosine polyphos-
phorlc aclds is to treat the solution, after bolling
and filtering, with a concentrated solution of a
calcium salt, for example calcium chloride, in
the calculated quantity and to add alcohol. In
this way the calcium salts of adenosine polyphos-
phoric acids are precipitated and can be used
directly as a medicament.

The adenosine polyphosphoric acids which are
obtalned in a degree of purity from 75-100%
can be used for the manufacture of potassium,
sodlum, magnesium, manganese salts and s0
forth which are Important as agents for affect-
ing the clreulatory system.

The invention will now be explained in greater
detail with the ald of the following exsmples.

Example 1

1 kg. of beer yeast 1s stirred with 1 litre of
20% glucose solutions, 3 litres of
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sodlum phosphate (pHT7) and § litres of a 1%
adenosine solution are added and the mixture
is fermented at 37° C. After 1 hour 1 kg. of yeast,
which has been caused to ferment with 1 litre of
10% glucose solution and 300 cc. of toluene are
added and the addition of the yeast 15 repeated
after a further hour. ‘The stirring is continued
during the whole experiment. The amount of
inorganic phosphorus taken up Is continuously
checked and the experiment is broken off when
phosphorus 1s no longer taken up. Then the
solution 1s rapidly bolled and then Immediately
cooled down and filtered. The solution iIs made
alkaline with caustlc soda solution and is pre-
cipifated with barlum acetate. The crude barium
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adenosine polyphosphate is centrifuged and
washed with water and alcohol.

If the ecrude phosphate, while being cooled, Is
stirred with the necessary quantity of dilute sul-
phuric acid and at once centrifuged and the
solution poured Into several times its volume of
alcohol and stirred, a white flocculent product
is obtained which consists substantially of crude
adenosine polyphosphoric acids. This is at once
filtered off and washed with alcohol and ether.
I} is very sensitive to moisture and must be dried
at once In the desiccator.

Example 2

1 kg. of beer yeast Is stirred with 1 litre of 10
glucose solution, 3 litres of
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sodium phosphate (pHT) and 5 litres of 1% ade-
nosine solution are added and the mixture is
fermented at 37° C. After 20 minutes 75 grams
of the sodium salt of fructose diphosphoric acid
(1 litre dissolved) and 300 cc. of toluene are
added and after a further 20 minutes 1 kg. of
yeast which has been prefermented with 1 ltre
of 10% glucose solution is agaln added. Instead
of fructose diphosphoric acid the corresponding
quantity of phosphoglyceric acid can be taken.
The further treatment is carried out in the same
way as In Example 1,

Example 3

1 kg. of beer yeast Is stirred with 1 Hire of 10%
glucose solution and after the vigorous fermen-
tation has begun 5 litres of 1% adenosine solu-
tion, 150 grams of the sodium selt of fructose-
diphosphoric acid in 3 litres of water, or the
corresponding quantity of the sodium salt of
phosphoglyceric acid, and 300 cc. of toluene are
added, The mixture Is stirred and is kept at a
temperature of 37° C. After 30 minutes 1 kg,
of beer yeast which is fermenting with 1 litre of
10% glucose solutlon is again added. The fur-
ther treatment then proceeds as described in
Example 2.

Bome preferred methods of carrying the in-
vention Into effect have been descrived in detall,
but the invention is not limited in any way to

.the reaction temperatures, concentratlons and

other conditlons which have been numerically
Indicated. These can be varied according to the
circumstances of a particular case without de-
parting from the scope of the Invention.
HERBERT SCHWANEBERG,



