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This invention relates to a process for the
manufacture of nucleosides from nuclele acids.
The invention is more particularly concerned
with a process in which the nucleosides in nucleic
acids are obtained by the action of hases on nu-
cleic acids at an elevated temperature.

Attempts have already been made to Isolate
nucleasides from nucleic aclds by means of am-
monia at temperatures of 175-180°C in an auto-
clave, but the yields of the individual nucleosides
which were obtalned in this manner were onky
small. In particular the working up of the solu-
tion obtained by this process was an extremely
laborious and complicated operation. Attempts
to split up nuclelc acids by means of alkall at
temperatures below 175-180°C have hitherto al-
ways led to the production of nucleotides and
not to the production of nucleosides. The pro-
duction of nucleosides In a satisfactory manner
by a chemical process has therefore not yet been
accomplished.

On the other hand it is also known to obtain
nucleosides from nuclelc acids with relatively geod
yields by a fermentative hydrolysls, The disad-
vantage of a process of this nature lles mainly in
the difficulty of producing a ferment sultable for
the splitting up of the nucleic acids. Further,
after the nuclelc acid has been split up the fer-
ment employed must again be removed from the
solution by heating.

Omne object of the present invention is to ob-
taln nucleosides from nuclelc acids without it
belng necessary to make a speclal ferment and
to effect the splitting up of the nucleic acid by
purely chemical methods. A further object of
the invention is to considerably shorten the time
necessary for the hydrolysis of the nuclel¢ acids
as compared with the time necessary when the
hydrolysis is effected with ferments, A still fur-
ther object of the invention is to make it unnec-
essary to heat up the solution after the hy-
drolysis Is complete for the purpose of remov-
ing the ferment.

As compared with the previously known purely
chemical process of splitting up nucleic acids an
object of the present invention is to considerably
improve the yleld of nucleosides and in partlcu-
lar to obtaln approximately quantitative ylelds
of nucleosides such as guanosin, adenisine, cyti-~
dine and uridine. Another object is to avoid, dur~
ing the hydrolysis, any Injury to the sensltive
chemical compounds with which the present in-
vention Is concerned. In this connection a par-
ticular oblect of the Invention s to ohtain the
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nucleosides in a practically pure state and prefer-
ably directly in & ¢rystalline form.

A stil] further object of the invention is to re-
duce the temperature necessary for the chemical
hydrolysis of the nucleic acids so that the use
of an autoclave can, in general, be dispensed
with. Finally, yet another object of the inven-
tion is to slmplify and cheapen the process of
obtaining nucleosides from nuclelc acids by re-
covering from the solution which is treated by
the process of the invention the base which is
employed for splitting up the nucieic acld and
using it again for splitting up the next batch of
fresh nuclelc acid.

These and other objects of the invention are
realised by splitting up nucletc acids in an alka-
line medium at a temperature lying helow 175—
180°C and continuing the hydrolysis for a longer
period than in the known processes which have
only led to the separation of nucleotides. I have
found that, by working in this manner, nucleic
acids split up without trouble Into nucleosides.
Thus, for example, if nuclelc acid 1s boiled under
a reftux cooler in an alkaline solution, that is to
say for example with an addition of caustic sodh
or potash golution or baryta water, or if the so-
lution. is merely heated on the water bath, the
nucleic acld is split up with the formation of
nucleosides. By working up the solution ob-
tained in this manner I have succeeded in ob-
taining the nucleosides. It 15 true that the sepa-
ration of the nucleosides from the solution ob-
tained presents some difficulty because alkail
phosphate is produced during the hydrolysis
which sometimes prevents the crystallisation of
the guanosine In the solution from proceeding
smoothly.

For this reason therefore I prefer a method of
operation in which organic hases are employed
as the agent for splitting up the nuclelec acids.
The use of volatile organic bases such as pyri-
dine, quinoline, aniline and their homologues,
analogues and derivatives has proved to be par-
ticularly advantageous. Instead of such organic
bases I can also use aliphatic bases such as, for
example, mono-methylamine, diethylamine, tri-
methylamine and their homologues or derivatives.
Thus, for example If nuclelc aclds are hoiled for
gome time in aqueous pyridine under a reflux
cooler it 1s readily split up to form nucleosides.
The duration of the splitting-up process depends
malinly on the degree to which the phosphoric
acld Is split off from the nucleic acid. This split-
ting off of phosphoric acld can be easily deter-
mined analytically by methods which are known
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to the chemist. As distinguished from alkalles,
pyridine as well as other volatile bases can be
separated by distillation. In this way the
guanosine can be directly isolated In crystalline
form. The filtrate from the guanosine can be
treated directly with plcric acid whereby adeno-
sine plcrate Is obtalned in a really pure state.
The decomposltion of the adenosine picrate and
the recovery of the pure adenocsine proceeds with-
out trouble. For this purpose the process de-
scribed In my prior German specification No.
650,847, i1s preferably employed. Adlnosine can
however be obtained directly as such in crystal-
line form from the flltrate from the guanosine
after removing the phosphoric aeid and any im-
purities by methods which are known to the
chemist.

As will be clear from what has already been
stated above, the new process is carried out at

considerably lower temperatures and without the -

use of an autoclave. By this means destruction
of the sensitive chemical compounds which are
in question, and, in particular, the nucleic acids
and the nucleosides 1s avolded. The yields ob-

talned are consequently decidedly improved and .

guanosine and adenosine In particular are ob-
talned with nearly quantitative yields. When an
organic base is used as the agent for splitting up
the nucleie acid the worklng up of the solution
is enormously facllitated, glnce when the split-
ting up is effected, as descrlbed in the technical
literature by means of ammonla, a gelatinous
mass Is obtalned which must first be purified.
Further, in the latter case the arhmonium phos-
phate formed must be removed, otherwlse when
pierie acld i1s added it would precipliate together
with the adenosine picrate in the form of the
dificultly soluble ammonium picrate,

As compared with the fermentative splitting
up of the nucleic acids, the present lnhvention not
only has the advantage that the process is inde-
pendent of the ferment and its tnamufacture but
the duration of the hydrolysis is considerably
shortened, the ylelds are also Improved and s
product of greater purity is obtained. In par-
tleular the adenosine plerate obtained by the
prooess of the present invention I8 in general
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purer than the plerate obtained when the split-
ting up is performed by fermentation.

The volatile base which is recovered by dis-
tillation from the solution produced by the
process can be used again for the next batch of
nucteic acld to be treated whereby the process is
considerably simplified and the cost reduced.
Owing to the adenosine being obtalned in a pure
crystallised state the process of obtaining the
cytidine and urldine ls improved and simplified.

The process will now be explained with the ald
of the following example. The invention is in no
way limited to the individual measures described
in the example or to the exact sequence of opera-
tlons as numerous modiflcations can be made
which will be at once obvious to the techniclan.

Example

50 grams of yeast nucleic acid are boiled in 300
cc of aqueous pyridine under a refiux cooler until
the phosphoric acid has been completely split off,
that 1s to say for about 88 hours. After clarifi-
cation with animal charcoal the solution is evap-
orated In vacuo. The residue is taken up In
water and again evaperated. The guanosine
which Is insoluble after the addition of water is
filtered off after cooling dewn in the ice chest.
The yield Is about 10 grams. The filtrate is
treated with some NaOH for removal of the re-
mains of pyridine and evaporated. The residue
is taken up wlth water, the aqueous solution is
heated slightly and treated with 25 grams of
pleric acld. After cooling in the ice chest the
liguid {s Bitered off from the adehosine picrate
which separates. The yield is about 18-22 grams.
The pyrimidine nucleosides, cytidine and uridine,
are obtalned in known manner by working up
the Altrate. To obtain the free adenosine direct-
ly, the flltrate from the guanosine Is freed from
phosphoric acid with baryta water and then from
any Impurities with lead acetate or with an or-
ganle solvent miscible with water. The adenosine
crystallises out of the filtrate, which if necessary
may he reduced. The flltrate can be worked up
directly to cytidine and uridine.
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