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Methodforproducingmethyl-{4,6-diamino-24142-fluorobenzy1)-1H-pyrazolo
I3,4- blovridino-3-yllpyrimidino-5-vflmethyl carbamate and its
purification for use thereof as pharmaceutical substance    The
present invention relates to a process for preparing methyl
{4,6-diamino-2-[1-(2-
5fluorobenzy1)-1H-pyrazolo[3,4-b]pyridin-3-yl]pyrimidin-5-yllmethylca
rbamate of the formula (1) 0 H3C,ii N.0 H3 113  The invention
furthermore relates to a process for purifying the crude product of
the compound of the formula (1) for use as a pharmaceutically active
compound, where, for purification, methyl 1
0{4,6-diamino-241-(2-fluorobenzy1)-1H-pyrazolo[3,4-13]pyridin-3-yl]py
rimidin-5- yHmethylcarbamate sulphinyldimethane (1:1), i.e. a
compound of the formula (II)  0 F130,Ii 



H2N  NCH3 NI-12  I I ,s, H3CCH3  -2-  The compound of the formula (I)
acts as a stimulator of soluble guanylate cyclase and can be used as
an agent for the prophylaxis and/or treatment of cardiovascular
disorders such as, for example, for the treatment of high blood
pressure and of heart failure, stable and unstable angina pectoris,
peripheral and cardiac vascular disorders, of arrhythmias, for the
treatment of thromboembolic  5 disorders and ischemias such as
myocardial infarction, stroke, transitory and ischemic attacks,
disturbances of peripheral blood flow, prevention of restenoses such
as following thrombolysis therapies, percutaneous transluminal
angioplasties (PTA), percutaneous transluminal coronary angioplasties
(PTCA), bypass and for the treatment of arteriosclerosis, asthmatic
disorders and diseases of the urogenital system such as, for example,
prostate hypertrophy, erectile dysfunction,  10 female sexual
dysfunction, osteoporosis, glaucoma, pulmonary hypertension,
gastroparesis and incontinence. The preparation of the compound of
the formula (I) and its purification are known in principle. WO
03/095451 describes the preparation of the compound of the formula
(1) by the route below.  



WO 2011/064171 (VI)   PCT/EP2010/067949  Here,initially241
-(2-fluorob enzy1)-1H-pyrazolo [3,4 -b]pyridin-3 -yl] -5-[(E)-
phenyldiazenyl]pyrimidine-4,6-diamine of the formula (III) is cleaved
by catalytic hydrogenation, 5 and the resulting trisamino compound is
isolated as 241-(2-fluorobenzy1)-111-pyrazolo[3,4-
b]pyridin-3-yl]-4,5,6-pyrimidinetriamine trihydrochloride of the
formula (IV). This trihydrochloride is then reacted with methyl
chloroformate of the formula (V) in the solvent pyridine to give
methyl
4,6-diamino-241-(2-fluorobenzy1)-1H-pyrazolo[3,4-b]pyridin-3-y1]-5-
pyrirnidinylcarbamate of the formula (VI). Alternatively, ChemMedChem
2009, 4, 853-865 10 describes that the trisamino compound is isolated
as trihydrochloride and the HC1-free base is then generated by
extraction with aqueous NaHCO3 solution and the free base is reacted
with methyl chloroformate of the formula (V) in the solvent pyridine
to give the compound of the formula (VI). The compound of the formula
(VI) is then reacted with methyl iodide of the formula (VII) in the
presence of a base to give the crude product of the compound of the
formula (I). The crude product 15 of the compound of the formula (I)
is purified according to the experimental procedure of Example 8 of
WO 03/095451 and the comparable description in ChemMedChem 2009, 4,
853-865 by triturating the crude product with dichloromethane/THF,
intermediate isolation of the product triturated with
dichloromethane/THF by filtration, boiling the isolated solid with
methanol, intermediate isolation of the solid boiled with methanol by
filtration, dissolution of the solid in a 20 mixture of dioxane,
dichloroinethane and methanol in the presence of activated carbon,
removal of the activated carbon by filtration through kieselguhr or
Celite, concentration of the filtered solution to dryness,
trituration of the solid concentrated to dryness with methanol,
isolation of the solid triturated with methanol by filtration and
(not described in WO 03/0945451 in Example 8 or ChemMedChem 2009, 4,
853-865, but objectively required) drying. Alternatively, a crude
product 25of the compound of the formula (I) concentrated to dryness
can be purified in poor yields by preparative chromatography
(RP-HPLC).  - 4 - 



This synthesis and the purifications have a number of disadvantages
which are very unfavourable for an industrial realization on a large
scale. This is true especially for the isolation of the trisamino
compound as trihydrochloride of the formula (IV). The addition of
hydrochloric acid requires an acid-proof industrial plant, and the
yield of the step is only an unsatisfactory 59.3% of theory (see, 5
for example, Example 8A of WO 03/095451). The realization of the
reaction of the trisamino compound of the formula (IV) or the
corresponding HC1-free base in the solvent pyridine is likewise
disadvantageous. The compound of the formula (VI) can only be
isolated by complete evaporation of the reaction mixture, which is
disadvantageous on an industrial scale (see, for example, Example 5
of WO 03/095451). On a relatively large scale, such steps generally
result in 10 considerable problems such as sticking-on or thermal
decomposition owing to the substantially longer thermal stress when a
reaction is carried out on a relatively large scale. The purification
of the product of the formula (VI) according to the experimental
procedure of Example 5 from WO 03/095451 by boiling in diethyl ether,
too, has considerable disadvantages. Because of the high flammability
of diethyl ether, this step can be realized only with increased
industrial 15expenditure. However, particularly disadvantageous are
the purification processes for the crude product of the formula (I).
An effective purification is a conditio sine qua non for use as a
pharmaceutically active compound. The described purification via RP
}{PLC, i.e. the chromatographic purification, is a laboratory method,
the realization of which on an industrial scale is very expensive. In
addition, the 20 stated yield of only 29% for the synthesis step to
the crude product of the formula (I) and its purification is very
low. The alternative preparation and purification method is very
complicated. It comprises a total of 5 isolations of solids (2
concentrations to dryness and 3 filtrations), and, as already
mentioned above, concentrations to dryness on an industrial scale are
very unfavourable. Altogether, when carrying out a chemical step, a
number of 5 isolations of solids for the 25  preparation and
purification of a pharmaceutically active compound on an industrial
scale is very disadvantageous. Accordingly, it was the object to
provide a simplified process which is safe and can also be carried
out advantageously on an industrial scale and which affords an active
compound in high yield and high purity in pharmaceutically acceptable
quality.     and its purification for use as a pharmaceutically
active compound. This novel process and the purification of the crude
product of the compound of the formula (1) differ from the processes
5 known to date in the following points: After catalytic
hydrogenation of the compound of the formula (IR), the trisamino
compound is isolated as the free base of the formula (VIII) without
intermediate formation of salts  10(STra). - The preparation of the
compound of the formula (VI) is carried out using methyl
chloroformate or dimethyl dicarbonate as reagent in a pyridine-free
process  



- 6 -  The compound of the formula (V1) is converted in a manner
known per se using a methylating agent into a crude product of the
formula (I); the purification of the crude 5 product of the formula
(I) for use as pharmaceutically active compound is carried out via
the compound methyl
(4,6-diamino-241-(2-fluorobenzyl)-111-pyrazolo[3,4-b]pyridin-3-
ylkyrinaidin-5-yllmethylcarbamate sulphinyldimethane (1:1), i.e. a
compound of the formula (II) as isolated intermediate or generated in
a mixture By virtue of these differences, it is possible to overcome
the disadvantages of the processes known to date and to obtain an
active compound in high yield and high purity and pharmaceutically
acceptable quality.  WO 2011/064171PCT/EP2010/067949 - 7 - Catalytic
hydrogenation of the compound of the formula (III) The first step of
the process according to the invention begins with a catalytic
hydrogenation of the compound of the formula (IFI).    5(11)(V111) 



(free base of the formula (IV)) This may be carried out in the
presence of Raney nickel or industrially customary Pt/carbon or
Pd/carbon catalysts. Preference is given to Pt/carbon and Pd/carbon.
N,N-Dimethylformamide (DMF), N,N-dimethylacetamide (DMA) or
N-methyl-2-pyrrolidone (NMP), preferably DMF, 10serves as solvent.
Hydrogenation conditions are temperature 40-80C, preferably 50-70C,
pressure: 2-90 bar, preferably 5-70 bar, of hydrogen, hydrogenation
time: 1-72 h, preferably 3-36 h.    After removal of the catalyst by
filtration, the product is precipitated from a CI-CI-alcohol,
preferably methanol or ethanol, and/or water. Preference is given to
a mixture of methanol, 15isopropanol or ethanol and water. In the
context of the invention, a CI-CI-alcohol is a straight-chain or
branched alcohol having Ito 4 carbon atoms. The following may be
mentioned by way of example and by way of preference: methanol,
ethanol, n-propanol, isopropanol, n-butanol and tert-butanol. This
definition also applies to the C1-C4-alcohols used hereinbelow. 20It
is also possible to remove some of the solvent prior to the
precipitation, a partial distillative removal of 0-80%, preferably
40-70%, of the solvent is in accordance with the invention.  WO
2011/064171PCT/EP2010/067949 - 8 - Reaction of the compound of the
formula (VIII) with methyl chloroformate (V) The product of the
formula (VIII) is then reacted, for example, with methyl
chloroformate of the formula (V) in a novel pyridine-free process to
give the product of the formula (VI). 



5(VI) The solvent used for the reaction is a C1-C4-alcohol,
preferably ethanol, methanol, isopropanol, particularly preferably
isopropanol. The amount of methyl chloroformate is from 1.0 to 3.0
equivalents, preferably from 1.0 to 2.0 equivalents, based on the
compound of the formula (VIII) employed. 10Possible reaction
temperatures are 0-75C, preferably 15-50C. During the reaction,
hydrogen chloride is formed which forms a compound of the formula
(IX), i.e. the hydrochloride of the product of the formula (VI), in
the reaction mixture. This product of the formula (1X) can either be
isolated as HC1-containing product and be cleaved by addition of base
to the product of the formula (VI), or it can be cleaved by addition
of base even before the isolation, 15so that the product of the
formula (VI) is isolated directly.  WO 2011/064171PCT/EP2010/067949 -
9 - (v1) According to the invention, it is preferred to cleave the
product of the formula (IX) by addition of the base prior to the
isolation and to isolate the free base of the formula (VI) directly.
According to the invention, suitable bases are all bases having a pKB
which is higher than that of 



5 the compound of the formula (I). Examples which may be mentioned
are: hydroxides, carbonates and phosphates of the alkali metals and
alkaline earth metals, nitrogen-containing organic bases, such as
trialkylatnines, guanidines or amidines. Examples which may be
mentioned are: lithium hydroxide, sodium hydroxide, potassium
hydroxide, rubidium hydroxide, caesium hydroxide, magnesium
hydroxide, calcium hydroxide, strontium hydroxide, barium hydroxide,
lithium 10 carbonate, sodium carbonate, potassium carbonate, rubidium
carbonate, caesium carbonate, magnesium carbonate, calcium carbonate,
strontium carbonate and barium carbonate, sodium phosphate and
potassium phosphate, triallcylamines having straight-chain, cyclic or
branched CI-Cm-alkyl radicals, and cyclic or open-chain guanidines or
amidines Preference according to the invention is given to
triethylamine, tripropylamine, diisopropylethylamine, tributylamine,
15 dicyclohexylethylamine, cyclohexyldimethylamine,
cyclohexyldiethylamine, triisooctylamine, tridecylamine,
tridodecylamine, trihexadecylamine, N-methylmorpholine, DBU, DBN,
tetramethylguanidine, etc. Particular preference is given to
triethylamine, tributylatnine, diisopropylethylarnine,
N-methylmorpholine, DBU, DBN.      The amount of base is from 1.0 to
2.0 equivalents, preferably from 1.0 to 1.5 equivalents, based on 20
the methyl chloroformate of the formula (V) employed. Possible
reaction temperatures for the reaction with the base are 0-100C,
preferably 15-70C. The product of the formula (VI) is present in
suspension and is isolated by filtration. It is washed with the
CI-CI-alcohol and dried under reduced pressure in a customary manner.
WO 2011/064171PCT/EP2010/067949 - 10 - Reaction of the compound of
the formula (VIII) with dimethyl dicarbonate (X) In a further process
according to the invention, the product of the formula (VIII) is
reacted with dimethyl dicarbonate of the formula (X) to give the
product of the formula (VI). This reaction does not require any base
such as, for example, pyridine.    07110 



The solvents used for this reaction are CI-CI-alcohols, preferably
ethanol, methanol, isopropanol, particularly preferably isopropanol.
The amount of dimethyl dicarbonate is from 1.0 to 3.0 equivalents,
preferably from 1.0 to 2.0 10equivalents, based on the compound of
the formula (VIII) employed. Possible reaction temperatures are
0-65C, preferably 15-40C. The product of the formula (VI)
precipitates and is isolated by filtration. It is washed with the
CI-CI-alcohol and dried under reduced pressure in a customary manner.
In the reaction with dimethyl dicarbonate, the product of the formula
(VI) is obtained directly. 15Further addition of base is therefore
not required. Both processes, i.e. the reaction of the compound of
the formula (VIII) with methyl chloroformate and subsequent cleavage
of the hydrochloride of the formula (IX) with base or the reaction of
the compound of the formula (VIII) with dimethyl dicarbonate afford a
comparable quality of the product of the formula (VI), so that the
products of the formula (VI) from the two processes can be 20used in
the same manner for the further conversion into the product of the
formula (I). Both processes are preferred according to the invention.
The compound of the formula (VI) can form solvates or
solvent-containing solid forms, for example methanol-, ethanol-, or
isopropanol-containing solid forms. It is therefore possible, that,
when the hydrochloride of the formula (a) is cleaved to the product
of the formula (VI) or when the product of the formula (VI) is
synthesized directly with dimethyl dicarbonate, a solvate of the  5
CI-CI-alcohol used as solvent is obtained. The solvate may be so
stable that, during drying of the product of the formula (VI), it
does not decompose completely, and clearly noticeable solvent
residues, i.e., for example, of the C1-C4-alcohol in question, thus
remain in the product of the formula (VI). On the other hand, the
product of the formula (VI) must not be dried at temperatures which
are too hot, since it may decompose with formation of byproducts at
temperatures which are 10too high. Accordingly, according to the
invention it is preferred to dry the product of the formula (VI) from
the cleavage of the hydrochloride of the formula (IX) with base or
from the direct synthesis with dimethyl dicarbonate at a product
temperature of not more than 110, particularly preferably at a
product temperature of not more than 1000. Here, it is particularly
preferred for any residues of  15 C1-C4-alcohol present as solvate to
remain in the product of the formula (VI) and to use the product of
the formula (VI) in this form for preparing the intermediate of the
formula (1) or the product of the formula (I). According to the
invention, with very particular preference, the product of the
formula (VI) contains isopropatiol as residual solvent in a range of
from 0 to 13%. Methylation of the compound of the formula (VI) 



20 The product of the formula (VI) obtained in this manner is reacted
in a manner known per se, for example in accordance with one of the
descriptions in WO 03/0945451 or ChemMedChem 2009, 4, 853-865, with a
methylating agent Me-X to give a crude product which contains high
amounts of the compound of the formula (I).    25(VI)(I) (crude
product)  - 12 - The methylating agent Me-X used in accordance with
the invention is methyl iodide, dimethyl sulphate, methyl
toluenesulphonate, etc., and methyl iodide or dimethyl sulphate is
preferred. Purification of the crude product of the compound of the
formula (I)   According to the invention, the crude product of the
formula (I) is purified for use as 5pharmaceutically active compound.
To this end, initially, a mixture is formed which contains high
amounts of the compound of the formula (11) as intermediate.  0 H3C'N
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(I) (crude product) To this end, the crude product of the formula (1)
is dissolved in DMSO, if appropriate in the 1 0 presence of a
pharmaceutically acceptable simple solvent from the class of the
ketones, ethers, esters or alcohols. Examples of such solvents which
may be mentioned are: methanol, ethanol, isopropanol, 1-butanol,
2-butanol, ethyl acetate, isopropyl acetate or propyl acetate, butyl
acetate, tert-butyl methyl ether, diisopropyl ether, acetone, methyl
ethyl ketone, methyl isobutyl ketone, etc. Preference is given to
ethanol, isopropanol, ethyl acetate, isopropyl acetate, butyl
acetate, methyl 15ethyl ketone, methyl isobutyl ketone; particular
preference is given to ethyl acetate. It is also possible to use
mixtures of these solvents. DMSO is added in an amount of from 100 to
750% by weight, preferably from 150 to 500% by weight, based on the
amount of the crude product of the formula (I) employed.    If
appropriate, activated carbon may be added to this mixture in an
amount of from 0.25 to 35% by 20 weight, preferably from 0.5 to 20%
by weight, based on the amount of the crude product of the formula
(I) employed. To form a solution, the mixture is heated to 40-120C,
preferably 50-100C.  - 13 - The amount of the pharmaceutically
acceptable solvent which, in addition to DMSO, is added to the
solution of the crude product of the formula (I), i.e. used prior to
the filtration, is from 25 to 200% by weight, preferably from 40 to
100% by weight, based on the DMSO. The filtration is carried out hot,
the temperatures are 40-120C, preferably 50-100C. 5After the
filtration, a pharmaceutically acceptable solvent, preferably the
same solvent as above, is added to the hot filtrate. This results in
a crystallization of the product of the formula (1). The total amount
of solvent added before and after the filtration is from 200 to 1500%
by weight, preferably 400-1200% by weight, based on the DMSO. 



The addition temperature is 30-110C, preferably 35-90C. 10Prior to
the isolation of the solid which contains high amounts of the
compound of the formula (II), to bring the precipitation to
completion, the mixture is cooled to a temperature range of 0-35C,
preferably to an ambient temperature of, for example, 20-30C.    The
isolation is carried out using customary isolation devices such as a
nutsche filter or a centrifuge. To remove the mother liquor, the
isolated material is, during isolation, washed with a
15pharmaceutically acceptable solvent, the same solvent as above
being preferred. After the DMSO redissolution, the isolated material
contains high amounts of the product of the formula (II). In
addition, small amounts of the product of the formula (I) may also
usually precipitate directly without forming a solvate with DMSO.
Also possible is the formation of solvates of a different
stoichiometry or the formation of solvent adducts with no fixed 20
stoichiometry. Moreover, DMSO may also be present in unbound form as
an adhering residual solvent. The content of DMSO in the isolated
material is usually from 10 to 25% by weight, preferably 12-17%.
According to the invention, the product of the formula (II) is
particularly preferably formed in the form of this mixture and used
for preparing the purified product of the formula (I). 25The product
of the formula (II) obtained in this manner can now be dried or,
alternatively, be used in moist form comprising solvent residues,
i.e. adhering DMSO and the precipitation solvent(s), for conversion
into the purified product of the formula (I).  WO
2011/064171PCT/EP2010/067949 - 14 - For pharmaceutical use, the DMSO
has to be removed from the product of the formula (II) or the mixture
comprising high amounts of the compound of the formula (II).    



boiling in a solvent   (I) (pure product)  5To this end, the product
of the formula (II) or the isolated mixture comprising high amounts
of the product of the formula (II) is boiled in a pharmaceutically
acceptable solvent from the class of the ketones, ethers, esters or
alcohols. Examples of such solvents which may be mentioned are:
methanol, ethanol, isopropanol, 1-butanol, 2-butanol, ethyl acetate,
isopropyl acetate or propyl acetate, butyl acetate, tert-butyl methyl
ether, diisopropyl ether, acetone, methyl ethyl ketones, 10 methyl
isobutyl ketone, etc. Preference is given to ethanol, isopropanol,
ethyl acetate, isopropyl acetate, butyl acetate, methyl ethyl ketone,
methyl isobutyl ketone. It is also possible to use mixtures of these
solvents. Particular preference is given to ethyl acetate or a
mixture of ethyl acetate with ethanol.      Boiling takes place at
reflux of the solvent in question or, if appropriate, at slightly
elevated 15pressure. The temperature is 50-150C, preferably 80-120C.
The process according to the invention offers marked advantages
compared to the prior art. Surprising was in particular that the
direct isolation of the compound of the formula (VIII) (free base)
without intermediate formation of the compound of the formula (IV)
(trihydrochloride) allowed the yield to be increased markedly, with a
simultaneous markedly more simple industrial 20practice (no
acid-proof parts of the plant). The compound of the formula (VIII)
can then be converted in novel pyridine-free processes with methyl
chloroformate or dimethyl carbonate into the compound of the formula
(1/I). These novel processes are very simple and can be carried out
with minimum expense in industry. After the reaction, the product of
the formula (VI) is present suspended as a solid and can be isolated
without 25evaporation steps by filtration. The yield obtained is very
high.  - 15 - 



It is furthermore surprising that the purification of the crude
product of the formula (I) for pharmaceutical use takes place in
particular by redissolution in a DMSO-containing solvent mixture and
that the novel compound of the formula (II) is obtained as an
intermediate in this step, if appropriate in a mixture in high
proportions. By this step, all impurities are removed except for  5
small residual amounts, so that, after the DMSO content has been
removed by simple boiling, a highly pure solid of the formula (I)
remains. This solid is generally colourless to very slightly yellow
and the analytical purity (IIPLC) is markedly above 98% by weight,
which is very advantageous for pharmaceutical use. The process can be
carried out safely technically and allows a production on an
industrial scale. It  10 can be adapted flexibly to existing
apparatus in the plant. In a particularly preferred embodiment, in
the purification of the crude product of the formula (I), the
intermediate isolation of the product of the formula 010 or of the
mixture comprising high amounts of the compound of the formula (II)
is carried out in a nutsche filter dryer. Subsequent removal of the
DMSO from the product of the formula (II) isolated as an intermediate
in the nutsche filter dryer is carried out by direct addition of  15
solvent to the nutsche filter dryer with or without intermediate
drying of the product of the formula (ID . This avoids open handling
of the solid of the product of the formula (II) with the associated
risk of contamination.  - 16 - Experimental part Abbreviations and
acronyms:  abs.absolute cat.catalytic CIchemical ionization (in MS)
day(s) TLCthin-layer chromatography DMFdimethylformamide DMSOdimethyl
sulphoxide 



eeenantiomeric excess Elelectron-impact ionization (in MS)
entenantiomer/enantiomerically pure eqequivalent(s) ESIelectrospray
ionization (in MS) GC-MSgas chromatography-coupled mass spectrometry
% by weightper cent by weight hour(s) HPLChigh-pressure,
high-performance liquid chromatography conc.concentrate LC-MSliquid
chromatography-coupled mass spectrometry minminute(s) MSmass
spectrometry  - 17 - 



NMRnuclear magnetic resonance spectrometry Phphenyl retention index
(in TLC) retention time (in I-IPLC) RTroom temperature
v/vvolume-to-volume ratio (of a solution) aq.aqueous, aqueous
solution  - 18 - The examples below illustrate the invention, but the
invention is not limited to the examples. Example 1 Preparationof
241-(2-fluorobenzyl)-1H-pyrazolo[3,4-blpyridin-3-y1]-4,5,6-pyrimidine
- triamine (VIII) 5In a pressure autoclave, 1100 g of the compound of
the formula (1111) were suspended in 5.4 1 of DMF. 44 g of a
conventional water-moist (about 50%) 5% Pd/carbon catalyst were
added, and the sealed autoclave was, after inertization with nitrogen
and application of hydrogen, hydrogenated at a hydrogen pressure of
65 bar and an internal temperature of about 60C for about 18 h. After
cooling to about 25C, venting and inertization, the autoclave content
was removed, rinsing with 10 650 ml of DMF. Three of such reactions
carried out in the same manner were combined, the old catalyst was
filtered off the filtercake was rinsed with 1.11 of DMF and the
filtrate was concentrated under reduced pressure to about one third
of its mass. Successively, 8.25 1 of methanol and 8.25 1 of water
were metered into the residue of about 6.5 kg, to bring the
crystallization to completion, the suspension 



15 was cooled to about 5C and the solid was filtered off and washed
with methanol/water (1:1 vol). The product was dried at 50C under
reduced pressure. The weight was 2415 g, which corresponds to 91.8%
of theory. The content of the target product of the formula (VB1)
(free base) was >98 area% or >97% by weight. The most significant
impurities were DMF (about 0.8% by weight) and water (about 0.5% by
weight). 20 Example 2 Preparation of methyl
4,6-diamino-241-(2-fluorobenzyl)-1H-pyrazolo[3,4-b]pyridin-3-y11-5-
pyrimidinylcarbamate (VI) 3063 g of the compound of the formula
(VIII) and 30.7 1 of technical grade isopropanol were initially
charged in a reaction vessel. With stirring, 1641 g of dimethyl
dicarbonate were metered in 25 at 20-25C, and the mixture was stirred
at this temperature for 22 h. The precipitated product was filtered
off with suction, washed with industrial grade isopropanol and dried
at 50C under reduced pressure. The weight of the product obtained was
3748 g or 105.9% of theory. The product of the formula (I) contained,
inter alia, about 4.7% of isopropanol virtually unremovable by drying
(partially, an isopropanol solvate was present), and the analytical
content was 89.5% by weight 30(I-TPLC). Based on this content, the
yield was 94.8% of theory.  - 19 - Example 3 Preparationof
241-(2-fluorobenzy1)-1H-pyrazolof3,4-b]pyridin-3-yll-4,5,6-pyrimidine
- triamine (VIII) In a pressure autoclave, 300 g of the compound of
the formula (III), 1600 ml of DMF and 60 g of 5 water-moist Raney
nickel were initially charged and, after inertization, hydrogenated
at an internal temperature of 60C and a hydrogen pressure of 65 bar
for about 18 h. After cooling and venting, the old catalyst was
filtered off and rinsed with 100 ml of DMF. The filtrate was
concentrated under reduced pressure to 534.5 g, and at 35-40C, 750 ml
of methanol and then, after cooling, at 0-5C, 750 ml of water were
metered into the residue. The solid was filtered off and dried at 50C
10under reduced pressure. The weight was 219.7 g or 91.8% of theory. 



Example 4 Preparation of methyl
4,6-diamino-241-(2-fluorobenzy1)-1H-pyrazolo[3,4-131pyridin-3-y1]-5-
pyrimidinylearbamate (V1) In a reaction vessel, 1.50 kg of the
compound of the formula (VIII) were initially charged in 14.25 1 15
of isopropanol, and the mixture was heated with stirring to 35C. 531
g of methyl chloroformate were, at a steady rate, metered in over a
period of 30 min, rinsing with 750 ml of isopropanol, and the mixture
was stirred at 35C for 16 h. The mixture was then heated to 50C and
3.85 1 of methanol and 606 g of triethylamine were metered in with
stirring at 50C, rinsing with 450 ml of methanol. The mixture was
then stirred at 50C for 1 h, cooled to RT and stirred at RT for 1 h.
The 20 suspended solid was filtered off with suction, washed twice
with in each case 3.0 1 of isopropanol/methanol (4:1) and once with
3.0 1 of isopropanol and sucked dry. The moist product was dried at
50C for 1 h and then at 100C for 22 h in a vacuum drying cabinet. The
weight of the product obtained was 1.793 kg or 103.3% of theory. The
product of the formula (VI) contained 6.45% of isopropanol virtually
unremovable by drying (partially, an isopropanol solvate was
25present), and the analytical content was 87.9% by weight (FIPLC).
Based on this content, the yield was 90.8% of theory. Comparative
example 5 Preparation of methyl
4,6-diamino-241-(2-fluorobenzy1)-1H-pyrazolo[3,4-b]pyridin-3-y11-5-
pyrimidinyl(methyl)earbamate (1)  - 20 - At 20-25C, 1630 g of the
compound of the formula (VI) was suspended in 16.3 1 of THF. The
suspension was cooled to from -6 to -4C, and 3480 g of a 1M solution
of bis(trirnethylsilyl)sodium amide were metered in. The mixture was
stirred, 596 g of methyl iodide were metered in, the mixture was
stirred briefly and slowly allowed to warm to about 5C. The mixture
was stirred at 5 this temperature until the reaction had ended (about
4 h). The reaction mixture was washed 4 times with 4.11 of 15%
strength ammonium chloride solution. The organic phase was
concentrated by evaporation to a residue of about 6.4 kg, and the
temperature was adjusted to about 25C. The precipitated solid was
filtered off, washed with a total of 3 1 of THF and dried at 50C
under reduced pressure. This gave 1112 g of the crude product of the
formula (I). This corresponded to a 10yield of 75.2% of theory.
Example 6 



Preparation of a mixture consisting of methyl
4,6-diamino-241-(2-fluorobenzy1)-1Hpyrazolo[3,4-131pyridin-3-y1]-5-py
rimidinyl(methyficarbamate (I) and methyl (4,6-diamino-2-
[1-(2-fluorobenzy1)-111-pyrazolo[3,4-blpyridin-3-yl]pyrimidin-5-yfime
thylcarbamate 15sulphinyldimethane (II) with high amounts of the
product of the formula (II) 9.0 g of a crude product of the formula
(I) which had been prepared in a manner comparable to Comparative
Example 5 were dissolved in 16 ml of DMSO at 100C. (The clarification
by filtration which would have been required at this point to achieve
a pharmaceutically acceptable product quality was dispensed within
this laboratory experiment). The mixture was then allowed to 20 cool
to 75C, 110 ml of ethyl acetate were added and the mixture was cooled
slowly to about 25C. The precipitated solid was filtered off, washed
with a total of 28 ml of ethyl acetate and dried at 50C under reduced
pressure. The weight was 9.6 g or 90.0% of theory. Example 7
Preparation of purified methyl
4,6-diamino-241-(2-fluorobenzy1)-1H-pyrazolo [3,4-b]pyridin25
3-y11-5-pyrimidinyl(methyficarbamate (I) The entire amount of the
product of the formula (1) prepared in the above Example 6 was
stirred in 135 ml of ethyl acetate at reflux (about 78C) for 1 h and
cooled to about 25C. The solid was filtered off with suction, washed
with a total of 36 ml of ethyl acetate and dried under reduced
pressure. The weight was 7.6 g or 93.8% of theory. The content of the
product was markedly above 30 98% by weight (HPLC). As solvent, ethyl
acetate was present in an amount of about 0.2%. The DMSO content was
below 0.1%.  -21 - Example 8 Preparation of purified methyl
4,6-diamino-241-(2-fluorobenzy1)-1H-pyrazolo[3,4-131pyridin-
3-y1]-5-pyrimidinyl(methyficarbamate (1) with intermediate isolation
of a mixture comprising high amounts of methyl
{4,6-diamino-241-(2-fluorobenzy1)-111-pyrazolo3,4-131pyridin-3- 5
yl]pyrimidin-5-yfimethylcarbamate sulphinyldimethane 01) as moist
product 



193.5 g of a crude product of the formula (I) which had been prepared
in a manner comparable to Comparative Example 5 were dissolved in 344
ml of DMSO and 172 ml of ethyl acetate at about 96C. 19.4 g of
activated carbon and 172 ml of ethyl acetate were then added, and the
hot mixture was stirred. The hot mixture was then filtered off to
remove the activated carbon, rinsing with 10 172 ml of ethyl acetate.
The temperature of the filtrate was adjusted to 78C, and 1850 ml of
ethyl acetate were added slowly. Over about 2-3 h, the mixture was
cooled to about 25C, and the solid was filtered off and washed with a
total of 772 ml of ethyl acetate. The moist product, which contained
high amounts of the compound of the formula (II) in a mixture was
suspended in 2900 ml of ethyl acetate, heated at reflux for 1 h and
cooled to about 25C. The solid was filtered 15 off with suction,
washed with a total of 774 ml of ethyl acetate and dried at 50C under
reduced pressure. The weight obtained was 155.1 g or 80.2% of the
starting material. The content of the product was markedly above 98%
by weight (HPLC). As solvents, virtually only ethyl acetate and DMSO
were present in small amounts. Example 9 20Preparation and analytical
characterization of methyl {4,6-diamino-2-[1-(2-fluorobenzy1)-1H-
pyrazolo[3,4-b]pyridbi-3-yllpyrimidin-5-yfimethylcarbamate
sulphinyldimethane (11) 14.8 g of a crude product of the formula (1)
which had been prepared in a manner comparable to Comparative Example
5 were dissolved in 28.9 g of DMSO and 11.85 g of ethyl acetate at
about 94C. 1.5 g of activated carbon Norit A-Supra and a further
11.85 g of ethyl acetate were then 25 added, the mixture was stirred
at reflux (88-90C) for 1 h and the hot mixture was then filtered to
remove the activated carbon. The solid, some of which had already
precipitated, was re-dissolved by warming to about 78C, and the
solution was then allowed to cool slowly. The precipitated solid was
filtered off with suction at RT, washed three times with in each case
50 ml of ethyl acetate and dried in a drying cabinet at 30C for 18 h.
This gave 9.2 g or 52.5% of theory of a slightly 30 yellowish crystal
powder of the compound of the formula (1). HPLC:99.90 area% (without
taking the DMSO into account) DMSO (GC): 14.7% by weight  - 22 - 



1H-NMR (400 MHz in DMF-d7): d = 2.59 (s, about 6H, 2 C113 at DMSO),
3.13 (s, 3H, N-CH3), 3.58 + 3.67 (two s, 3H, hindered rotation at
0-CH3), 5.91 (s ,2H, -CH2-), 6.53 (s, 4H, 2 -NH2), 7.05-7.40 (in, 5H,
4 aromatic H at the o-fluorobenzyl substituent and 1H at the pyrido
ring meta to the pyrido nitrogen), 8.60 (dd, 1H, at 5the pyrido ring
ortho to the pyrido nitrogen), 9.12 (dd, 1H, at the pyrido ring para
to the pyrido nitrogen). Elemental analysis.  found C: 52.2%
calculated C: 52.79%   H: 4.9% 



H: 5.03% 10  N: 22.7%  N: 22.39%  - 23 - Claims 1. Process for
preparing methyl {4,6-diamino-241-(2-fluorobenzy1)-1H-pyrazolo[3,4-
13]pyridin-3-yl]pyrimidin-5-yllmethylcarbamate of the formula (I),
characterized in that 241 -(2-fluorob enzy0-1H-pyrazolo
[3,4-b]pyridin-3-yl] -5 -[(E)-phenyldiaz enyl] 5
pyrimidine-4,6-diamine of the formula (ll) is cleaved by catalytic
hydrogenation and in that
241-(2-fluorobenzy1)-1H-pyrazolo[3,4-14yridin-3-y1]-4,5,6-pyrimidinet
riamine of the formula (VDT) is isolated without intermediate
formation of salts 2. Process for preparing methyl
{4,6-diamino-241-(2-fluorobenzy1)-1H-pyrazolo [3,4-
b]pyridin-3-yl]pyrimidin-5-yl}methylcarbamate of the formula (I),
characterized in that
10241-(2-fluorobenzy1)-1H-pyrazolo[3,4-b]pyridin-3-y1]-4,5,6-pyrimidi
netriami1ie of the formula (VDT) is reacted with 



a) methyl chloroformate of the formula (V) or b) dimethyl dicarbonate
of the formula (X)             to give methyl
4,6-diamino-241-(2-fluorobenzy1)-1H-pyrazolo[3,4-13]pyridin-3-y1]-5-
15pyrirnidinylcarbamate of the formula (VI) via a pyridine-free
reaction route. 3. Process according to Claim 1 or 2, characterized
in that methyl 4,6-diamino-241-(2-
fluorobenzy1)-1H-pyrazolo[3,4-b]pyridin-3-y1]-5-pyrimidinylcarbamate
of the formula (Vi) is reacted with a methylating agent to give
methyl {4,6-diamino-211-(2-
fluorobenzy1)-111-pyrazolo[3,4-b]pyridin-3-yl]pyrimidin-5-yDmethylcar
bamate of the 20formula (I). 4. Process for purifying methyl
{4,6-diamino-241-(2-fluorobenzy1)-1H-pyrazolo[3,4-
1Thyridin-3-ylbyrimidin-5-y1}methylcarbamate of the formula (I),
characterized in that the crude product of the compound of the
formula (I) is dissolved in dimethyl sulphoxide and the resulting
methyl {4,6-diamino-211-(2-fluorobenzy0-1H-pyrazolo[3,4-b]pyridin-
253-ylipyrimidin-5-yl}methylcarbamate sulphinyldimethane of the
formula (II) 5. is isolated and the dimethyl sulphoxide is
subsequently removed again by boiling in a pharmaceutically
acceptable solvent.  7. Methyl
{4,6-diamino-241-(2-fluorobenzy1)-1H-pyrazo1o[3,4-b]pyridin-3-yllpyri
rnidin-5- yl}methylcarbamate of the formula (I), obtainable by the
process and/or the purification according to any of Claims 1 to 4.
58. Use of
methyl{4,6-diamino-241-(2-fluorobenzy1)-1H-pyrazolo[3,4-1Thyridin-3-
yl]pyrimidin-5-yllmethylcarbamate of the formula (1), obtainable by
the process and/or the purification according to any of Claims 1 to
4, for preparing a medicament for the treatment of cardiovascular
disorders and erectile dysfunction. 


