US 20060052397A1

(19) United States
(12) Patent Application Publication (10) Pub. N0.: US 2006/0052397 A1
Alonso-Alija et al.
(54) CARBAMATE-SUBSTITUTED

(43) Pub. Date:

Mar. 9, 2006

(22) PCT Filed:

Apr. 25, 2003

(86) PCT No.:

PCT/EP03/04304

PYRAZOLOPYRIDINES

(75) Inventors: Cristina Alonso-Alija, Haan (DE);
Erwin Bischo?', Wuppem? (DE); Klaus
Munter, Wulfrath (DE);
Johannesyeter Stasch, solingen (DE);

(30)

May 8, 2002

Elke Stahl, Gladbach (DE); Stefan

Weigand, Wuppertal (DE); Achim
Feurer, Wilhelrnsfeld (DE)
Correspondence Address:
JEFFREY M. GREENMAN
BAYER PHARMACEUTICALS
CORPORATION
400 MORGAN LANE
WEST HAVEN, CT 06516 (US)

Foreign Application Priority Data
(DE) ................................... .. 102 20 570.1

Publication Classi?cation

(51) Int. Cl.
A61K 31/506
0071) 471/02
(52)

(2006.01)
(2006.01)

Us. 01. .......................................... .. 514/256; 544/328

(57)

ABSTRACT

The present invention relates to compounds Which stimulate
soluble guanylate cyclase, to the preparation thereof and to

(73) Assignee: Bayer Healthcare AG, Leverkusen (DE)

the use thereof as rnedicarnents, in particular as medica
ments for the treatment of cardiovascular disorders and/or

(21) Appl. No.:

sexual dysfunction.

10/513,869

Mar. 9, 2006

US 2006/0052397 A1

CARBAMATE-SUBSTITUTED
PYRAZOLOPYRIDINES

[0001] The present invention relates to compounds Which
stimulate soluble guanylate cyclase, to the preparation
thereof and to the use thereof as medicaments, in particular
as medicaments for the treatment of cardiovascular disorders

and/or seXual dysfunction.
[0002]

One of the most important cellular transmission

systems in mammalian cells is cyclic guanosine monophos
phate (cGMP). Together With nitric oXide (NO), Which is
released from the endothelium and transmits hormonal and

mechanical signals, it forms the NO/cGMP system. Guany
late cyclases catalyse the biosynthesis of cGMP from gua
nosine triphosphate (GTP). The representatives of this fam
ily disclosed to date can be divided both according to

(Pettibone et al., Eur. J. Pharmacol. 116 (1985), 307),
isoliquiritigenin (Yu et. al., Brit. J. Pharmacol. 114 (1995),
1587) and various substituted pyraZole derivatives (WO

98/16223).
[0007] In addition, WO 98/16507, WO 98/23619, WO
00/06567, WO 00/06568, WO 00/06569, WO 00/21954 WO
02/42299, WO 02/42300, WO 02/42301, WO 02/42302,
WO 02/092596 and WO 03/004503 describe pyraZolopyri
dine derivatives as stimulators of soluble guanylate cyclase.
Also described inter alia therein are pyraZolopyridines hav

ing a pyrimidine residue in position 3. Compounds of this
type have very high in vitro activity in relation to stimulating

soluble guanylate cyclase. HoWever, it has emerged that
these compounds have disadvantages in respect of their in
vivo properties such as, for eXample, their behaviour in the

liver, their pharmacokinetic behaviour, their dose-response

structural features and according to the type of ligands into
tWo groups: the particulate guanylate cyclases Which can be

relation or their metabolic pathWay.

stimulated by natriuretic peptides, and the soluble guanylate

[0008] It Was therefore the object of the present invention
to provide further pyraZolopyridine derivatives Which act as

cyclases Which can be stimulated by NO. The soluble

guanylate cyclases consist of tWo subunits and very prob
ably contain one haem per heterodimer, Which is part of the
regulatory site. The latter is of central importance for the
mechanism of activation. NO is able to bind to the iron atom

of haem and thus markedly increase the activity of the
enZyme. Haem-free preparations cannot, by contrast, be
stimulated by NO. CO is also able to attach to the central

stimulators of soluble guanylate cyclase but do not have the

disadvantages detailed above, of the compounds from the
prior art.

[0009] This object is achieved by the compounds accord
ing to claim 1 of the invention. This neW class of pyraZol

opyridine derivatives is distinguished by having in position
3 a pyrimidine residue Which has a particular subsitution

iron atom of haem, but the stimulation by CO is distinctly
less than that by NO.

pattern, namely a carbamate residue in position 5 of the
pyrimidine ring, and an amino group in position 4 of the

[0003] Through the production of cGMP and the regula
tion, resulting therefrom, of phosphodiesterases, ion chan
nels and protein kinases, guanylate cyclase plays a crucial

pyrimidine ring.

part in various physiological process, in particular in the
relaxation and proliferation of smooth muscle cells, in
platelet aggregation and adhesion and in neuronal signal
transmission, and in disorders caused by an impairment of
the aforementioned processes. Under pathophysiological
conditions, the NO/cGMP system may be suppressed, Which
may lead for eXample to high blood pressure, platelet

[0010] The present invention speci?cally relates to com
pounds of the formula

(I)

activation, increased cellular proliferation, endothelial dys

function, atherosclerosis, angina pectoris, heart failure,
thromboses, stroke, seXual dysfunction and myocardial inf
arction.

[0004] A possible Way of treating such disorders Which is
independent of NO and aims at in?uencing the cGMP signal
pathWay in organisms is a promising approach because of
the high efficiency and feW side effects Which are to be

eXpected.
[0005] Compounds, such as organic nitrates, Whose effect
is based on NO have to date been exclusively used for the

therapeutic stimulation of soluble guanylate cyclase. NO is
produced by bioconversion and activates soluble guanylate
cyclase by attaching to the central iron atom of haem.
Besides the side effects, the development of tolerance is one
of the crucial disadvantages of this mode of treatment.

[0006] Some substances Which directly stimulate guany
late cyclase, i.e. Without previous release of NO, have been
described in recent years, such as, for eXample, 3-(5‘

hydroXymethyl-2‘-furyl)-1-benZylindaZole (YC-1, Wu et al.,
Blood 84 (1994), 4226; Miilsch et al., Brit. J. Pharmacol.

120 (1997), 681), fatty acids (Goldberg et al, J. Biol. Chem.

252 (1977), 1279), diphenyliodonium heXa?uorophosphate

in Which

[0011]
[0012] R2 is hydrogen or NH2,
[0013] R3 is hydrogen or (C1-C4)-alkyl,
[0014] R4 is (C1-C6)-alkyl,
and salts, isomers and hydrates thereof.
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[0015] Preference is given to compounds of the formula
(I) in Which

invention having a free carboXyl group. Particularly pre
ferred eXamples are sodium, potassium, magnesium or cal

[0016] R1 is —NR3C(=O)OR4,

organic amines such as, for example, ethylamine, di- or
triethylamine, di- or triethanol amine, dicycloheXylamine,

cium salts, and ammonium salts derived from ammonia or

[0017] R2 is hydrogen or NH2,

dimethylaminoethanol, arginine, lysine or ethylenediamine.

[0018] R3 is (C1-C4)-alkyl,
[0019] R4 is (C1-C4)-alkyl,

[0029] The compounds according to the invention may

and salts, isomers and hydrates thereof.

eXist in tautomeric forms. This is knoWn to the skilled
person, and the invention likeWise encompasses such forms.

[0020] Particular preference is given to compounds of the
formula (I) in Which

[0030] The compounds according to the invention may
furthermore be in the form of their possible hydrates.

[0021] R1 is —NR3C(=O)OR4,
[0022] R2 is NH2,

[0031] Alkyl is a linear or branched alkyl radical having,
as a rule, 1 to 6, preferably 1 to 4, particularly preferably 1
to 3, carbon atoms, by Way of eXample and preferably

[0023] R3 is methyl or ethyl,

methyl, ethyl, n-propyl, isopropyl, tert-butyl, n-pentyl and
n-heXyl.

[0024] R4 is methyl, ethyl or isopropyl,

[0032] Halogen is for the purposes of the invention ?uo
rine, chlorine, bromine and iodine

and salts, isomers and hydrates thereof.

[0025] Especial preference is given to the compound

methyl-4,6-diamino-2-[1-(2-?uorobenZyl)-1H-pyraZolo[3,
4-b]pyridin-3-yl]-5-pyrimidinyl(methyl)carbamate

from

Example 8:

[0033]

The present invention also relates to a process for

preparing the compounds according to the invention of the
formula

These can be prepared

[0034] [A] by reacting compounds of the formula (Ia)
F

N

| \
/

R4

N

(Ia)

/

\N

O

/
N

N/ \
\

H2N

N/

NHZ

CH3

0%?

CH3

[0026] The compounds according to the invention of the
formula (I) may also be in the form of their salts. Mention
may generally be made here of salts With organic or inor
ganic bases or acids.

[0027] Physiologically acceptable salts are preferred for
the purposes of the present invention. Physiologically
acceptable salts of the compounds according to the invention
may be salts of the substances according to the invention
With mineral acids, carboXylic acids or sulphonic acids.

Particularly preferred eXamples are salts With hydrochloric

acid, hydrobromic acid, sulphuric acid, phosphoric acid,
methanesulphonic acid, ethanesulphonic acid, p-toluenesul
phonic acid, benZenesulphonic acid, naphthaline-disul

[0035] in Which
[0036]

R4 is as de?ned above,

[0037] With compounds of the formula (II)
R3—X1

(II),

[0038] in Which

phonic acid, acetic acid, propionic acid, lactic acid, tartaric
acid, citric acid, fumaric acid, maleic acid or benZoic acid.

[0039]

R3 is as de?ned above, and

[0028] Physiologically acceptable salts may likeWise be

[0040]

X1 is a leaving group such as, for eXample,

metal or ammonium salts of the compounds according to the

halogen, preferably iodine, or mesylate,
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[0041] Where appropriate in an organic solvent With

[0048] With compounds of the formula (VI)

cooling to give compounds of the formula (I),
or

CN

(VI)

[0042] [B] by reacting the compound of the formula (III)
R3

(III)

[0049] in Which
[0050]

R3 and R4 are as de?ned above,

[0051] Where appropriate in an organic solvent With

heating to give compounds of the formula (Ib)

R4

(R1)

/

O

[0043] With compounds of the formula (IV)

0

c1

i 4

OR ,

[0044] in which

[0052] in Which

[0045]

[0053]

R4 is as de?ned above,

[0046] Where appropriate in an organic solvent to give
compounds of the formula (Ia),
or

R3 and R4 are as de?ned above.

[0054] The compounds of the formulae (II) and (IV) are
commercially available or knoWn from the literature or can
be prepared in a manner knoWn to the skilled person.

[0055] The compound of the formula (III) can be prepared

[0047] [C] by reacting the compound of the formula (V)

NH

HZN

#17
/ \

N\N

N/

5Q

as shoWn in the folloWing reaction scheme:
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-continued
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(III)

compound (V) is obtainable in a multistage synthesis from
[0056]

Compound (III) is obtainable in a tWo-stage syn

the sodium salt of ethyl cyanopyruvate, Which is knoWn

thesis by reacting compound (V) With compound (VII) to
give compound (VIII) in accordance With process step [C]
and subsequently hydrogenating compound (VIII) With

from the literature (Borsche and Manteuffel, Liebigs. Ann.
Chem. 1934, 512, 97). Reaction thereof With 2-?uoroben

aqueous Raney nickel. The hydrogenation can be carried out

sphere in an inert solvent such as dioXane results in ethyl

in an organic solvent, for eXample dimethylformamide,
preferably under elevated pressure, for eXample under 50 to

70 bar, preferably under 65 bar, stirring the reaction solution
for several hours, for eXample for 22 hours, at elevated
temperature, for eXample at 40 to 80° C., preferably at 60°
C. to 65° C.

[0057] The compound (VII) can be prepared in analogy to
L. F. Cavalieri, J. F. Tanker, A. Bendich, J. Am. Chem. Soc.,

1949, 71, 533.
[0058] The compound (V) can be prepared as shoWn in the
folloWing reaction scheme:

ZylhydraZine While heating under a protective gas atmo

5-amino-1-(2-?uorobenZyl)pyraZole-3-carboXylate, Which
can be cycliZed by reaction With dimethylaminoacrolein in
acidic medium under a protective gas atmosphere and heat

ing to give the corresponding pyridine derivative. This

pyridine derivative, ethyl 1-(2-?uorobenZyl)-1H-pyraZolo
[3,4-b]pyridin-3-carboXylate, is converted by a multistage
sequence consisting of conversion of the ester With ammonia

into the corresponding amine, dehydration With a dehydrat
ing agent such as tri?uoroacetic anhydride to give the
corresponding nitrile derivative, reacting the nitrile deriva
tive With sodium ethoXide and ?nally reaction With ammo

nium chloride into the compound
NC

O

[0059]

The compounds of the formula (VI) can be syn

thesiZed by methods knoWn to the skilled person from the

corresponding carbamates by reaction With ethyl formate.
The carbamates can be prepared in analogy to Q. Li, D. T.
Chu, A. Claiborne, C. S. Cooper, C. M. Lee, J. Med. Chem.
(Na-Salt)

HN

NHZ

39 (1996) 3070-3088.
[0060] Reaction of the compounds of the formulae (Ia)
and (II) to give compounds of the formula (I) can be carried
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out by using the reactants in equimolar amounts in an

organic solvent, for example dimethylformamide or tetrahy
drofuran, preferably in the presence of 1 to 2 equivalents,

system diseases characteriZed by disturbances of the
NO/cGMP system. They are suitable in particular for

preferably 1.1 to 1.5 equivalents, of a base such as, for

improving perception, concentration, learning or memory
after cognitive impairments like those occurring in particular

example, sodium hydride or sodium N,N-bistrimethylsily
lamide, preferably under atmospheric pressure and With

in association With situations/diseases/syndromes such as

stirring of the reaction solution for a feW hours, for example
for 1 hour, With cooling, for example at —10° C. to room
temperature, preferably at 0° C.

memory impairments, age-associated memory loss, vascular
dementia, craniocerebral trauma, stroke, dementia occuring
after strokes (post stroke dementia), post-traumatic brain
syndrome, general concentration impairments, concentra

[0061] Reaction of the compounds of the formulae (III)
and (IV) to give the compounds of the formula (Ia) can be
carried out by using the reactants in equimolar amounts in an

organic solvent, for example an organic base, preferably
pyridine, preferably under atmospheric pressure and With

mild cognitive impairment, age-associated learning and

tion impairments in children With learning and memory

problems, AlZheimer’s disease, LeWy body dementia,
dementia With degeneration of the frontal lobes including

stirring of the reaction solution for several hours, for
example for 12 hours, at 0° C. to room temperature, pref
erably at room temperature.

Pick’s syndrome, Parkinson’s disease, progressive nuclear
palsy, dementia With corticobasal degeneration, amyo
trophic lateral sclerosis (ALS), Huntington’s disease, mul
tiple sclerosis, thalamic degeneration, CreutZfeld-Jakob

[0062] Reaction of compounds of the formulae (V) and
(VI) to give compounds of the formula (lb) or of compounds
of the formulae (V) and (VII) to give compounds of the

dementia, HIV dementia, schiZophrenia With dementia or
Korsakoff’s psychosis. They are also suitable for the treat

formula (VIII) can be carried out by using the reactants in

anxiety, tension and depression, CNS-related sexual dys
functions and sleep disturbances, and for controlling patho

equimolar amounts or With use of the compound of the
formula (VI) in slight excess in an organic solvent such as,
for example, in a hydrocarbon such as toluene or xylene or

in N,N-dimethylformamide, preferably in the presence of
2-3 equivalents, preferably 2 equivalents, of a base such as,
for example, triethylamine or sodium methanolate, prefer
ably under atmospheric pressure and With stirring of the
reaction solution for several hours, for example for 9 hours,
at elevated temperature, for example at 80-160° C., prefer
ably at 100-150° C., in particular at 110° C.
[0063] The compounds according to the invention of the
formula (I) shoW a valuable range of pharmacological

ment of central nervous system disorders such as states of

logical disturbances of the intake of food, stimulants and
addictive substances.

[0067] The compounds according to the invention of the
formula (I) are furthermore also suitable for controlling
cerebral blood flow and thus represent effective agents for

controlling migraine.
[0068] The compounds according to the invention of the
formula (I) are also suitable for the prophylaxis and control
of the sequelae of cerebral infarctions such as stroke, cere

effects Which could not have been predicted.

bral ischaemias and craniocerebral trauma. They can like

[0064] The compounds according to the invention of the
formula (I) bring about vasorelaxation and an inhibition of

Wise be employed for controlling states of pain.

platelet aggregation and lead to a reduction in blood pressure
and an increase in coronary blood flow. These effects are

mediated by direct stimulation of soluble guanylate cyclase
and an intracellular increase in cGMP. In addition, the

compounds according to the invention of the formula (I)
enhance the effect of substances Which increase the cGMP

level, such as, for example, EDRF (endothelium derived

[0069] In addition, the compounds according to the inven
tion of the formula (I) have an anti-in?ammatory effect and
can therefore be employed as anti-in?ammatory agents.
[0070] Furthermore the present invention also encom
passes the combination of at least one compound according
to the invention of the formula (I) With one or more organic

relaxing factor), NO donors, protoporphyrin IX, arachidonic

nitrates or NO donors.

acid or phenylhydraZine derivatives.

[0071] Organic nitrates and NO donors for the purposes of
the invention are generally substances Which display their
therapeutic effect via release of NO or NO species. Mention
may be made by Way of example and preferably of: sodium

[0065]

They can therefore be employed in medicaments

for the treatment of cardiovascular disorders such as, for

example, for the treatment of high blood pressure and heart

failure, stable and unstable angina pectoris, peripheral and
cardiac vascular disorders, of arrhythmias, for the treatment
of thromboembolic disorders and ischaemias such as myo

cardial infarction, stroke, transient ischaemic attacks, dis
turbances of peripheral blood ?oW, prevention of restenoses
as after thrombolysis therapies, percutaneous transluminal

angioplasties (PTAs), percutaneous transluminal coronary
angioplasties (PTCAs), bypass and for the treatment of
arteriosclerosis, asthmatic disorders and diseases of the

urogenital system such as, for example, prostate hypertro
phy, erectile dysfunction, female sexual dysfunction,

osteoporosis, glaucoma, pulmonary hypertension, gastro
paresis and incontinence.
[0066] The compounds according to the invention of the
formula (I) are also suitable for controlling central nervous

nitroprusside, nitroglycerine, isosorbide dinitrate, isosorbide
mononitrate, molsidomine and SIN-1.

[0072] In addition, the present invention also encompasses
the combination With one or more compounds Which inhibit

breakdoWn of cyclic guanosine monophosphate (cGMP).
These are preferably inhibitors of phosphodiesterases 1, 2
and 5; nomenclature of Beavo and Reifsnyder (1990), TiPS
11 pp. 150 to 155. Particularly preferred in this connection
are inhibitors of phosphodiesterase 5 (PDE V inhibitors),
especially one of the compounds sildena?l (ViagraTM, EP-A
0 463 756, WO 94/28902), vardena?l (WO 99/24433) or

tadala?l (WO 95/19978). These inhibitors potentiate the
effect of the compounds according to the invention, and the
desired pharmacological effect is increased.
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Biological Investigations
Vasorelaxant Effect In Vitro
[0073] Rabbits are stunned by a bloW to the back of the
neck and are exsanguinated. The aorta is removed, freed of
adherent tissue and divided into rings 1.5 mm Wide, Which
are put singly under tension in 5 ml organ baths containing
carbogen-gassed Krebs-Henseleit solution at 37° C. With the

following composition (mM): NaCl: 119; KCl: 4.8; CaCl2><
2H2O: 1; MgSO4><7H2O: 1.4; KH2PO4: 1.2; NaHCO3: 25;
Glucose: 10. The force of contraction is detected With

Statham UC2 cells, ampli?ed and digitiZed via A/D con

verters (DAS-1802 HC, Keithley Instruments Munich) and
recorded in parallel on chart recorders. A contraction is

generated by adding phenylephrine to the bath cumulatively
in increasing concentration. After several control cycles, the
substance to be investigated is investigated in each further
run in increasing dosage in each case, and the height of the
contraction is compared With the height of the contraction

[0079] The minimal effective dose of the compound of
Example 8 on oral administration is 0.03 mg/kg (With
simultaneous administration of 0.2 mg/kg iv. sodium nitro

prusside SNP).
Determination of Pharmacokinetic Parameters after Intrave
nous and Oral Administration

[0080] The substance to be investigated is administered
intravenously as solution to animals (eg mice, rats, dogs),
and oral administration takes place as solution or suspension

by gavage. After administration of the substance, blood is
taken from the animals at ?xed times and is hepariniZed, and

then plasma is obtained therefrom by centrifugation. The
substance is quanti?ed analytically in the plasma by LC/MS/
MS. The plasma concentration/time courses found in this
Way are used to calculate the pharmacokinetic parameters by
means of a validated pharmacokinetic computer programme.

[0081] After oral administration of 0.3 and 1.0 mg/kg (as
solution in SolutolzEtOHzWasser 1:18) to rats, the com

reached in the last preceding run. The concentration neces

pound of Example 8 shoWs the folloWing plasma concen

sary to reduce the height of the control value by 50% (ICSO)
is calculated from this. The standard application volume is
5 pl, and the DMSO content in the bath solution corresponds

trations (AUC):

to 0.1%.

[0074] The IC5O for the compound of Example 1 is 670
nM, and the corresponding value for the compound of
Example 8 is 500 nM.
Rabbit Model

[0075] Adult male chinchilla rabbits Weighing 3-5 kg are

[0082] AUCstand (0.3 mg/kg)=0.326 [kg*h/L]
[0083] AUCstand (1.0 mg/kg)=0.548 [kg*h/L]
Inhibition of Cytochrome P450 EnZymes

[0084] The potential for inhibition of P-450 isoenZymes
Which are important for metabolism is investigated auto
matically in a 96-Well format. TWo different assays are used
for this.

adapted to being kept singly for several days after delivery.

[0085]

They have free access to Water and can take feed for tWo

metabolites, recombinant enZymes (e.g. CYP1A2, 2C8,

hours a day. The animals are kept in a 10/14-hour day/night
rhythm (light on from 8.00 h), and the room temperature is
22-24° C.

ing ?uorescein or coumarin partial structures are employed.

[0076] Three to six animals are used in each treatment
group and are Weighed immediately before the start of the
test. For the i.v. administration, the substances are dissolved

in Transcutol (GATTEFOSSE GmbH) and diluted in the
ratio 3/7 With a 20% strength Cremophor solution (Cremo

In the assay based on the formation of ?uorescent

2C9, 2C19, 2D6 or 3A4) and in general substrates contain
In each case one substrate concentration and 8 concentra

tions of the potential inhibitor are used. After incubation
With the particular recombinant CYP enZyme, a ?uorescence
reader is used to measure the extent of ?uorescent metabo

lites compared With the control (Without inhibitor), and an

IC50 is calculated [Anal. Biochem. 248, 188 (1997)].

phor (BASE), Water). Avolume of 0.5 ml/kg is injected into

[0086]

the ear vein. Water-soluble substances are injected in 0.9%
sodium chloride solution.

as enZyme source, and the CYP isoform-selective substrates

In the 2nd assay, human liver microsomes are used

used are phenacetin (CYP1A2), diclofenac (CYP2C9), dex

tromethorphan (CYP2D6) and midaZolam (CYP3A4). The
[0077] For oral administration, the test substances are
dissolved in a 6:10:9.69 glycerol:Water:polyethylene glycol
mixture and administered by gavage in a volume of 1 ml/kg.

values are calculated from the reduction in metabolite for

[0078] Under resting conditions, the rabbit penis is invis
ible in the pubic region and is completely covered by the
penis skin. The erection is assessed by measuring the length

mation compared With the control (1 substrate and 3 inhibi
tor concentrations).
Induction of Cytochrome P450 EnZymes in Human Liver

of the protruding penis With a slide calliper. The measure
ment is carried out 5, 10, 15, 30, 45, 60 and 120 minutes
after administration of the substance and, after oral admin

istration, additionally after 3, 4, 5 and 6 hours. The animals
are for this purpose removed from the cage each time, held
?rmly by the neck fur and the rear paWs, turned on their
backs and measured. Corresponding solvent controls are

carried out. (Compare reference: E. Bischoff, K. Schneider,
Int. J. of Impotence Res. 2001, 13, 230-235; E. Bischoff, U.
NieWoehner, H. Haning, M. Es Sayed, T. Schenke, K. H.

Schlemmer, The Journal of Urology, 2001, 165, 1316-1318;
E. Bischoff, Int. J. Impotence Res. 2001, 13, 146-148).

formation of the particular metabolite is measured using

LC-MS/MS. Assuming that inhibition is competitive, K

Cell Cultures

[0087] To investigate the potential for side effects of the
substances according to the invention in relation to induction

of cytochrome P450 enZymes, primary human hepatocytes
are cultured With a cell density of 2.5 ><105 cells betWeen tWo

layers of collagen in 24-Well microtitre plates at 37° C. With
5% CO2 for 8 days. The cell culture medium is changed each

day.
[0088] After 48 hours in culture, the hepatocytes are
treated With different concentrations of the test substances,

comparing With the inducers rifampicin (RIF; 50 MM),
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omeprazole (OME; 100 pM) and phenobarbital (PB; 2 mM),
in duplicate determination for 5 days. The ?nal concentra
tions of the test substances are 0.01-10 pig/ml.

[0089]

The inductive effect of the test substances on the

cytochrome (CYP) P450 enzymes 1A2, 2B6, 2C19 and 3A4
is determined by adding the substrates 7-ethoxyresoru?n

(CYP1A2), [14C]-S-mephenyloin (CYP2B6 and 2C19) and
[14C]-testosterone (CYP3A4) to the cell cultures on day 8.
The inductive potential of the test substances is found from
the activities, measured in this Way, of CYP1A2, 2B6, 2C19
and 3A4 enzymes of treated cells compared With untreated
cells. Table 1 beloW shoWs the results of the compound of
Example 8 compared With the inducers RIF, PB and OME:
TABLE 1

tablets or capsules for lingual, sublingual or buccal admin
istration, suppositories, preparations for the ears and eyes,

vaginal capsules, aqueous suspensions (lotions, shaking
mixtures), lipophilic suspensions, ointments, creams, milk,
pastes, dusting poWders or implants, such as, for example,
stents.

[0096] The active ingredients can be converted in a man
ner knoWn per se into the stated administration forms. This

takes place With use of inert non-toxic, pharmaceutically

suitable excipients. These include, inter alia, carriers (for

example microcrystalline cellulose), solvents (for example
liquid polyethylene glycols), emulsi?ers (for example
sodium dodecyl sulphate), dispersants (for example polyvi
nylpyrrolidone), synthetic and natural biopolymers (for
example albumin), stabilizers (for example antioxidants
such as ascorbic acid), colourings (for example inorganic

Inductive effect on liver enzymic activities in human hepatocyte
cultures after incubation for 8 davs ( tandardized)

Control

RIF
PB
OME
Example 8

present also in microencapsulated form in one or more of the

Concentra
tion

CYP1A2

CYP2B6

CYP2C19

CYP3A4

0

1.0

1.0

1.0

1.0

n.d.
n.d.
28.57
0.76
0.70
0.90
1.38

5.15
14.69
1.54
1.92
1.62
1.85
2.54

15.21
4.00
1.61
1.30
1.30
1.12
1.97

9.15
6.70
1.45
1.37
1.60
1.51
3.47

50
2000
100
0.01
0.1
1.0
10

,uM
,uM
,uM
,ug/ml
,ug/ml
,ug/ml
,ug/ml

n.d. = not determined

[0090] The present invention further relates to medica
ments Which comprise at least one compound according to
the invention, preferably together With one or more phar
macologically acceptable excipients or carriers, and to the
use thereof for the aforementioned purposes.

[0091] The active ingredient may have systemic and/or
local effects. For this purpose, it can be administered in a

suitable Way such as, for example, oral, parenteral, pulmo

nary, nasal, sublingual, lingual, buccal, rectal, transdermal,
conjunctival, topical or as implant.
[0092] The active ingredient can be administered in
administration forms suitable for these administration
routes.

[0093]

pigments such as iron oxides) or masking ?avours and/or
odours. The active ingredient can, Where appropriate, be

Suitable for oral administration are knoWn admin

istration forms Which deliver the active ingredient rapidly

carriers indicated above.

[0097] The therapeutically effective compound of the for
mula (I) should be present in the pharmaceutical prepara
tions detailed above in a concentration of about 0.1 to 99.5,

preferably of about 0.5 to 95, % by Weight of the complete
mixture.

[0098] The pharmaceutical preparations detailed above
may, apart from the compound according to the invention of
the formula (I) also contain other active pharmaceutical

ingredients.
[0099] It has generally proved to be advantageous both in
human and in veterinary medicine to administer the active
ingredient according to the invention in total amounts of
about 0.001 to about 50, preferably 0.001 to 10, mg/kg of

body Weight every 24 hours, Where appropriate in the form
of a plurality of single doses, to achieve the desired results.
Asingle dose contains the active ingredient according to the
invention preferably in amounts of about 0.001 to about 30,

in particular 0.001 to 3, mg/kg of body Weight.
[0100] The present invention is explained in more detail
beloW by means of non-restrictive preferred examples.
Unless indicated elseWhere, all quantitative data relate to
percentages by Weight. Solvent ratios, dilution ratios and
concentration data for liquid/liquid solutions relate in each
case to volume.

and/or in a modi?ed manner, such as, for example, tablets

(uncoated and coated tablets, e.g. tablets provided With
enteric coatings or ?lm-coated tablets), capsules, sugar
coated tablets, granules, pellets, poWders, emulsions, sus
pensions, solutions and aerosols.
[0094]

Abbreviations:
ACN

acetonitrile

BABA

n-butyl acetate/n-butanol/glacial acetic acid/phosphate
buffer pH 6 (50:9:25.15; org. phase)

Parenteral administration can take place With
conc.

concentrated

intracardiac, intraspinal or intralumbar) or With inclusion of

DCI

direct chemical ionization (in MS)

an absorption (intramuscular, subcutaneous, intracutaneous,

DCM

dichloromethane

DIEA

N,N—diisopropylethylamine

avoidance of an absorption step (intravenous, intraarterial,
percutaneous, or intraperitoneal). Administration forms suit

DMSO

dimethyl sulphoxide

able for parenteral administration are, inter alia, preparations
for injection and infusion in the form of solutions, suspen

DMF

N,N—dimethylformamide

EA

ethyl acetate

EI
ESI

electron impact ionization (in MS)
electrospray ionization (in MS)

sions, emulsions, lyophilizates and sterile poWders.
[0095]

Suitable for the other routes of administration are,

for example, pharmaceutical forms for inhalation (inter alia

poWder inhalers, nebulizers), nasal drops/solutions, sprays;

h

hour

HPLC
LC-MS

high pressure, high performance liquid chromatography
coupled liquid chromatography/mass spectroscopy
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Starting Compounds:
-continued
EXAMPLE 1A
Abbreviations:

LDA
MCPBA

lithium diisopropylamide
m-chloroperoxybenzoic acid

m.p.

melting point

MS

mass spectroscopy

NMR

nuclear magnetic resonance spectroscopy

Rf

retention index (in TLC)

RP-HPLC
RT

reverse phase HPLC
room temperature

R‘

retention time (in HPLC)

sat.

saturated

THF
TLC

tetrahydrofuran
thin layer chromatography

Ethyl 5 -amino-1-(2-?uorobenZyl)pyraZole-3-car

boxylate

[0110]
F

HZN

N

Mobile Phases for Thin-Layer Chromatography:

[0101]
[0102]
[0103]
[0104]

T1 E1: toluene/ethyl acetate (1:1)

O

T1 EtOH1: toluene/ethanol (1:1)
C1 E1: cyclohexane/ethyl acetate (1:1)
C1 E2: cyclohexane/ethyl acetate (1:2)

LCMS and HPLC Methods:

[0111]

111.75 g (75 ml, 0.98 mol) of tri?uoroacetic acid

are added to 100 g (0.613 mol) of sodium salt of ethyl
cyanopyruvate (prepared in analogy to Borsche and Man

teuffel, Liebigs Ann. 1934, 512, 97) in 2.5 lof dioxane under
Method 1 (LCMS)

[0105] Instrument: Micromass Platform LCZ, HP1100;
column: Symmetry C18, 50 mm><2.1 mm, 3.5 pm; eluent
A: acetonitrile+0.1% formic acid, eluent B: Water+0.1%
formic acid; gradient: 0.0 min 10% A—>4.0 min 90%
A—>6.0 min 90% A; oven: 40° C.; ?oW rate: 0.5 ml/min;
UV detection: 208-400 nm.

argon with efficient stirring at room temperature, and the
mixture is stirred for 10 minutes during Which much of the

precursor dissolves. Then 85.93 g (0.613 mol) of 2-fluo
robenZylhydraZine are added, and the mixture is heated

under re?ux overnight. After cooling, the crystals of sodium
tri?uoroacetate Which have separated out are ?ltered off With
suction and Washed With dioxane, and the solution is reacted
further as it is.

Method 2 (LCMS)
[0106] Instrument: Micromass Quattro LCZ, HP1100; col
umn: Symmetry C18, 50 mm><2.1 mm, 3.5 pm; eluent A:

acetonitrile+0.1% formic acid, eluent B: Water+0.1% for
mic acid; gradient: 00 min 10% A—>4.0 min 90% AQ6.0
min 90% A; oven: 40° C.; ?oW rate: 0.5 ml/min; UV

EXAMPLE 2A

Ethyl 1 -(2-?uorobenZyl)- 1H-pyraZolo[3,4-b]pyri
dine-3-carboxylate

[0112]

detection: 208-400 nm.
F

Method 3 (LCMS)
[0107] Instrument: Waters Alliance 2790 LC; column:
Symmetry C18, 50 mm><2.1 mm, 3.5 pm; eluent A:
Water+0.1% formic acid, eluent B: acetonitrile+0.1% for
mic acid; gradient: 00 min 5% BQ5.0 min 10% B—>6.0
min 10% B; temperature: 50° C.; ?oW rate: 1.0 ml/min;
UV detection: 210 nm.

N

N

/

\

\N

/

Method 4 (HPLC)
[0108] Instrument: HP 1100 With DAD; column: Kromasil
RP-18, 60 mm><2 mm, 3.5 pm; eluent: A=5 ml of HClO4/l
of H20, B=ACN; gradient: 0 min 2% B, 0.5 min 2% B,
4.5 min 90% B, 6.5 min 90% B; How rate: 0.75 ml/min;
temp.: 30° C.; detection UV 210 nm.

Preparative RP-HPLC

[0109] Column: YMC gel; eluent: acetonitrile/Water (gra
dient); ?oW rate: 50 ml/min; temp.: 25° C.; detection UV
210 nm.

[0113] The solution obtained from Example 1A is mixed
With 61.25 ml (60.77 g, 0.613 mol) of dimethylaminoac
rolein and 56.28 ml (83.88 g, 0.736 mol) of tri?uoroacetic
acid and boiled under argon for 3 days. The solvent is then
evaporated in vacuo, and the residue is added to 2 l of Water
and extracted three times With 1 l of ethyl acetate each time.

The combined organic phases are dried With magnesium
sulphate and concentrated in a rotary evaporator. Chroma

Mar. 9, 2006

US 2006/0052397 A1

tography is carried out on 2.5 kg of silica gel, eluting With
a toluene/toluene-ethyl acetate=4:1 gradient. Yield: 91.6 g
(49.9% of theory over tWo stages).

[0114] Melting point 85° C.
[0115] Rf (5102, T1 E1): 0.83
EXAMPLE 3A

sodium bicarbonate solution and With 1N hydrochloric acid,
dried With magnesium sulphate and concentrated in a rotary

evaporator.
[0121] Yield: 33.7 g (100% of theory)
[0122] Melting point: 81° C.

[0123] Rf (5102, T1 E1): 074

1 -(2-FluorobenZyl)- 1H-pyraZolo[3,4-b ]pyridine-3

EXAMPLE 5A

carboxamide

Methyl 1-(2-?uorobenZyl)-1H-pyraZolo[3,4-b]pyri

[0116]

[0117]

dine-3-carboximidate

10.18 g (34 mmol) of the ester obtained in Example

2A are introduced into 150 ml of methanol Which has been
saturated With ammonia at 0-10° C. The mixture is stirred at
room temperature for tWo days and then concentrated in
vacuo.

[0125] 30.37 g (562 mmol) of sodium methoxide are
dissolved in 1.5 l of methanol, and 36.45 g (144.5 mmol) of

3-cyano-1-(2-?uorobenZyl)-1H-pyraZolo[3,4-b]pyridine

(from Example 4A) are added. The mixture is stirred at room
temperature for 2 hours and the resulting solution is

employed directly for the next stage.

[011s] Rf (5102, T1 E1): 0.33
EXAMPLE 6A
EXAMPLE 4A

3-Cyano-1 -(2-?uorobenZyl)-1H-pyraZolo[3,4-b]
pyridine
[0119]

1-(2-FluorobenZyl)-1H-pyraZolo[3,4-b]pyridine-3
carboxamidine

[0126]
F

/N

\

N\N/

\

H
/
N

\
NH

H

[0127] The solution of methyl 1-(2-?uorobenZyl)-1H

[0120] 36.1 g (133 mmol) of 1-(2-?uorobenZyl)-1H-pyra
Zolo[3,4-b]pyridine-3-carboxamide from Example 3A are
dissolved in 330 ml of THF, and 27 g (341 mmol) of pyridine
are added. Then, over the course of 10 minutes, 47.76 ml

(71.66 g, 341 mmol) of tri?uoroacetic anhydride are added,
during Which the temperature rises to 40° C. The mixture is

pyraZolo[3,4-b]pyridine-3-carboximidate in methanol
obtained from Example 5A is mixed With 33.76 g (32.19 ml,
562 mmol) of glacial acetic acid and 9.28 g (173 mmol) of
ammonium chloride and stirred under re?ux overnight. The
solvent is evaporated in vacuo, the residue is thoroughly
triturated With acetone, and the precipitated solid is ?ltered
off With suction. It is added to 2 l of Water, 31.8 g of sodium
carbonate are added While stirring, the mixture is extracted
three times With a total of 1 l of ethyl acetate, and the organic

stirred at room temperature overnight. It is then added to 1
l of Water and extracted three times With 0.5 l of ethyl acetate

phase is dried With magnesium sulphate and evaporated in

each time. The organic phase is Washed With saturated

vacuo.
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[0128] Yield 27.5 g (76.4% of theory over tWo stages)
[0129]

[0134] 5 g (11.38 mmol) of 2-[1-(2-?uorobenZyl)-1H

pyraZolo[3,4-b]pyridin-3-yl]-5-[(E)-phenyldiaZenyl]-4,6

m.p.: 86° C.

pyrimidinediamine from Example 7A are hydrogenated With

[0130] Rf (510,, T1 EtOHl): 0.08
EXAMPLE 7A

2-[1-(2-FluorobenZyl)- 1H-pyraZolo[3,4-b]pyridin-3
yl] -5 -[(E)phenyldiaZenyl]4,6-pyrimidinediamine

800 mg of 50% Raney nickel in Water in 60 ml of DMF
under a pressure of 65 bar of hydrogen at 62° C. for 22

hours. The catalyst is ?ltered off With suction through
kieselguhr, and the solution is evaporated in vacuo and
stirred With 5N hydrochloric acid. The yelloWish broWn
precipitate Which separates out is ?ltered off With suction

and dried. 3.1 g (59.3% of theory) of the targeted compound

[0131]

are obtained. The free base is obtained by shaking With
dilute sodium bicarbonate solution and extracted With ethyl
acetate. The solid insoluble in both phases is ?ltered off With
suction. The ethyl acetate phase also contains small amounts
of the free base.
EXAMPLE 9A

Methyl cyanomethyl(methyl)carbamate
[0135]

CH3

[0132]

3.87 g of sodium methanolate and then 12.2 g (71.7

mmol) of phenylaZomalononitrile (L. F. Cavalieri, J. F.
Tanker, A. Bendich, J. Am. Chem. Soc., 1949, 71, 533) are
added to a stirred solution of 21.92 g (71.7 mmol) of

1-(2-?uorobenZyl)-1H-pyraZolo[3,4-b]pyridine-3-carboxa
midine in N,N-dimethylformamide from Example 6A. The

prepared in analogy to: Q. Li, D. T. Chu, A. Claiborne, C. S.
Cooper, C. M. Lee, J. Med. Chem. 1996, 39, 3070-3088.

mixture is stirred at 110° C. overnight and allowed to cool.
The solid Which precipitates is ?ltered off With suction and

EXAMPLE 10A

Washed With ethanol. Drying results in 23 g (73% of theory)
of the target compound.

Sodium (E)-2-cyano-2-[(methoxycarbonyl)(methy

EXAMPLE 8A

l)amino]ethenolate
[0136]

2-[1-(2-FluorobenZyl)- 1H-pyraZolo[3,4-b]pyridin-3
yl] -4,5 ,6-pyrimidinetriamine trihydrochloride
[0133]
Na’r
O.

)\ iO

/

N/

N

|

O

/

CH3

CH3

[0137] 0.46 g (0.01 mmol) of sodium methoxide is added
under argon to tetrahydrofuran (solution A). Then 1.00 g

(0.01 mmol) of methyl cyanomethyl(methyl)carbamate
from Example 9A is added to 1.73 g (0.02 mmol) of ethyl
formate. Solution A is sloWly added dropWise to this mix
ture. The mixture is stirred at RT overnight. The solvent is
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concentrated in vacuo in a rotary evaporator, and diethyl
ether is added to the residue. The crystals Which have
separated out are ?ltered off With suction and dried under
high vacuum.

[0138] Yield: 1.05 g (76% of theory).

[0139] HPLC (Method 4): Rt=1.35 ml.

[0143] Yield: 20.2 mg (2% of theory)
[0144] LC/MS (Method 2): Rt=3.01 min
[0145] MS (EI): m/Z=408 (M+H)+
[0146] 1H-NMR (300 MHZ, DMso-d6); d=3.09 (s, 3H),
3.29 (s, 3H), 5.83 (s, 2H), 7.09-7.42 (m, 5H), 8.20 (s, 1H),
8.64 (dd, 1H). 8.94 (dd, 1H), 9.27 (br. s, 2H).

[0140] 1H-NMR (200 MHZ, DMso-d6); d=2.90 (d, 1H),
3.35 (s, 3H), 3.47 (s, 3H).
EXAMPLES

Example 1

Example 2

Ethyl 4,6-diamino-2-[1 -(2-?uorobenZyl)- 1H-pyra
Zolo[3,4-b ]pyridin-3-yl]-5-pyrimidinylcarb amate

[0147]

Methyl 4-amino-2-[1 -(2-?uorobenZyl)- 1H-pyraZolo
[3,4-b ]pyridin-3-yl]-5 -pyrimidinyl(methyl)carb am
ate

[0141]

N

| \
/

Kb

N

\N

/
N

N/ \
\

NHZ
N —CH3

cH3

0%

O

/
H3C

[0148] 107.35 mg (0.31 mmol) of 2-[1-(2-?uorobenZyl)

1H-pyraZolo[3,4-b]pyridin-3-yl]-4,5,6-pyrimidinetriamine

from Example 6A, 0.51 g (2.86 mmol) of sodium (E)-2

trihydrochloride from Example 8A are added to 5 ml of
pyridine, and the mixture is cooled to 0° C. 33.25 mg (0.31
mmol) of ethyl chloroformate are added, and the reaction is
left to stir at RT overnight. The pyridine is evaporated in
vacuo in a rotary evaporator, and the residue is puri?ed by

cyano-2-[(methoxycarbonyl)(methyl)amino]ethenolate

preparative RP-HPLC.

[0142] Under argon, 0.80 g (2.61 mmol) of 1-(2-?uo

robenZyl)-1H-pyraZolo[3,4-b]pyridine-3-carboxamidine
from Example 10A and 0.53 g (0.73 ml, 5.23 mmol) of
triethylamine are added to 50 ml of toluene. The mixture is
heated under re?ux for 9 hours. It is then cooled to RT again
and is mixed and extracted With dichloromethane and Water.

The organic phase is dried over magnesium sulphate, ?ltered
and concentrated in vacuo in a rotary evaporator. The

residue is mixed With 5 ml of diethyl ether and crystalliZes
thereWith. The crystals are ?ltered off With suction, dried and

puri?ed by preparative RP-HPLC.

[0149] Yield: 56.2 mg (43% of theory)

[0150] LC/MS (Method 1): Rt=2.66 min
[0151] MS (EI): m/Z=423 (M+H)+
[0152] 1H-NMR (300 MHZ, DMso-d6); 6=1.17-1.33 (m,
3H), 3.97-4.14 (m, 2H), 5.80 (s, 2H), 6.14 (br. s, 4H),
7.07-7.17 (m, 2H), 7.22 (t, 1H). 7.29-7.40 (m, 2H), 7.97 (br.
s, 1H), 8.60 (d, 1H), 9.07 (d, 1H).
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Example 3

Example 4

Isopropyl 4,6-diamino-2-[1-(2-?uorobenZyl)-1H
pyraZolo[3,4-b]pyridin-3-yl]-5-pyrimidinylcarbam

Neopentyl 4,6-diamino-2-[1-(2-?uorobenZyl)-1H
pyraZolo[3,4-b]pyridin-3-yl]-5-pyrimidinylcarbam

ate

ate

[0153]

[0159]

F

N

F

N

| \

\N

/

N

N

/

/

| \

/
N

\N
N

N/ \

N/ \

\

NHZ

HZN

\

NHZ

HZN

NH

NH

0%
.14
O

CH3

[0154] Prepared in analogy to Example 2 With 150 mg

(0.43 mmol) of 2-[1-(2-?uorobenZyl)-1H-pyraZolo[3,4-b]
pyridin-3-yl]-4,5,6-pyrimidinetriamine
trihydrochloride
from Example 8A, 7.5 ml of pyridine and 52.47 mg (0.43
mmol) of isopropyl chloroformate. The residue is taken up

0%

CH3 0

H3C$J
H3C

[0160] Prepared in analogy to Example 2 With 100 mg

(0.29 mmol) of 2-[1-(2-?uorobenZyl)-1H-pyraZolo[3,4-b]
pyridin-3-yl]-4,5,6-pyrimidinetriamine
trihydrochloride

in a dichloromethane/methanol mixture, ?ltered and dried.

from Example 8A, 5 ml of pyridine and 43 mg (0.29 mmol)
of neopentyl chlorocarbonate.

[0155] Yield: 165 mg (88% of theory)

[0161] Yield: 54 mg (41% of theory)

[0156] LC/MS (Method 1): Rt=2.84 min

[0162] LC/MS (Method 1): Rt=3.10 min

[0157] MS (EI): m/Z=437 (M+H)+

[0163] MS (EI): m/Z=465 (M+H)+

[015s] 1H-NMR (300 MHZ, DMSO-d6): d=126 (d, 6H),
4.82 (qlliIL, 1H), 5.92 (s, 2H), 7.07-7.20 (m, 2H), 7.25 (t,
1H). 7.31-7.43 (m, 2H), 7.47-7.57 (m, 1H), 8.16 (br. s, 1H),
8.74 (dd, 1H), 8.98 (dd, 1H).

[0164] 1H-NMR (400 MHZ, DMSO-d6): d=095 (br. s,
9H), 3.74 (s, 2H), 5.79 (s, 2H), 6.10 (br. s, 4H), 7.08-7.17 (m,
2H), 7.22 (t, 1H), 7.29-7.39 (m, 2H), 8.00 (br. s, 1H), 8.60

(dd, 1H), 9.06 (dd, 1H).
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Example 5

Example 6

Methyl 4,6-diamino-2-[1 -(2-?uorobenZyl)-1H-pyra
Zolo[3,4-b ]pyridin-3-yl]-5 -pyrimidinylcarbamate

Ethyl 4,6-diamino-2-[1-(2-?uorobenZyl)-1H-pyra
Zolo[3,4-b]pyridin-3-yl]-5-pyrimidinyl(methyl)car

[0165]

bamate

[0171]

F

N

N

/

/

| \

\N
N

N/ \
\
NH

NHZ

HZN

N—cH3
O
O

kcm
[0166] 30.5 g (87.0 mmol) of 2-[1-(2-?uorobenZyl)-1H
pyraZolo[3,4-b]pyridin-3-yl]-4,5,6-pyrimidinetriamine tri
hydrochloride from Example 8A are dissolved in 30 ml of
pyridine. The resulting solution is cooled to 0° C. 8.22 g

(87.0 mmol) of methyl chloroformate are added, and the
mixture is stirred at 0° C. for a further 2 hours. It is
subsequently alloWed to Warm to room temperature and is
stirred for a further 12 hours. After concentration in vacuo,

[0172] 54 mg (0.13 mmol) of ethyl 4,6-diamino-2-[1-(2

?uorobenZyl)-1H-pyraZolo[3,4-b]pyridin-3-yl]-5-pyrimidi
nylcarbamate from Example 2 are added to 5 ml of DMF, the
mixture is cooled to 00 C., and 7.67 mg (0.19 mmol) of
sodium hydride are added. Then 18.14 mg (0.13 mmol) of
iodomethane are added dropWise, and the mixture is stirred
for one hour. The mixture is mixed With Water and extracted

cation is effected by stirring in 300 ml of boiling diethyl
ether. The precipitated product is ?ltered off With suction

With dichloromethane. The combined organic phases are
dried over magnesium sulphate and concentrated in a rotary
evaporator. The residue is puri?ed ?rst by column chroma

and dried in vacuo.

tography (mobile phase: dichloromethane/methanol=10:1)

the residue is Washed With Water and dried. Further puri?

and then by preparative RP-HPLC.

[0167] Yield: 32.6 g (92% of theory)
[0168] LC/MS (Method 1): Rt=2.61 min
[0170] 1H-NMR (400 MHZ, DMSO-d?): d=3.61 (s, 3H),
5.80 (s, 2H), 6.19 (br. s, 4H), 7.08-7.16 (m, 2H), 7.22 (t, 1H),
7.28-7.39 (m, 2H), 7.99 (br. s, 1H), 8.60 (dd, 1H), 9.05 (dd,

1H).

[0173] Yield: 32 mg (58% of theory)

[0174] LC/MS (Method 2): Rt=2.91 min
[0175] MS (EI): m/Z=437 (M+H)+
[0176] 1H-NMR (200 MHZ, DMSO-d?): d=1.0s (t, 3H),
2.99 (s, 3H), 2.93-4.11 (m, 2H), 5.79 (s, 2H), 6.35 (br. s, 4H),
7.06-7.14 (m, 2H), 7.16-7.28 (m, 1H), 7.28-7.32 (m, 2H),
8.59 (dd, 1H), 9.06 (dd, 1H).
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Example 7

Isopropyl 4,6-diamino-2-[1-(2-?uorobenZyl)-1H
pyraZolo[3,4-b]pyridin-3-yl]-5-pyrimidinyl(methyl
)carbamate

Example 8

Methyl 4,6-diamino-2-[1-(2-?uorobenZyl)-1H-pyra
Zolo[3,4-b]pyridin-3-yl]-5-pyrimidinyl(methyl)car
bamate

[0183]

[0177]

[0184] Prepared in analogy to Example 6 With 310 mg

(0.76 mmol) of methyl-4,6-diamino-2-[1-(2-?uorobenZyl)
1H-pyraZolo[3,4-b]pyridin-3-yl]-5-pyrimidinylcarbamate
from Example 5, 27.32 mg (1.14 mmol) of sodium hydride
and 215.5 mg (1.52 mmol) of iodomethane. The mixture is
Worked up by adding Water and 2 molar potassium hydrox
ide solution and extracting With dichloromethane. The com

bined organic phases are dried With magnesium sulphate and
concentrated in a rotary evaporator. The residue is puri?ed

by preparative RP-HPLC.
[0185] Yield: 93 mg (29% of theory)
[0186]

Larger amounts of the compound of Example 8 can

be prepared by the folloWing synthetic method:

[0187] 20.0 g (49.0 mmol) of methyl 4,6-diamino-2-[1
[0178] Prepared in analogy to Example 6 With 75 mg (0.17

(2-?uorobenZyl)-1H-pyraZolo[3,4-b]pyridin-3-yl]-5-pyrim

mmol) of isopropyl-4,6-diamino-2-[1-(2-?uorobenZyl)-1H

idinylcarbamate from Example 5 are dissolved in 257 ml of
tetrahydrofuran and cooled to 0° C. 53.9 ml (49.0 mmol of
a 1M solution in tetrahydrofuran) of lithium bis(trimethyl

pyraZolo[3,4-b]pyridin-3-yl]-5-pyrimidinylcarbamate from
Example 3, 10.31 mg (0.26 mmol) of sodium hydride and
24.4 mg (0.17 mmol) of iodomethane. The residue is puri
?ed by preparative RP-HPLC.

[0179] Yield: 32 mg (41% of theory)

[0180] LC/MS (Method 1): Rt=2.97 min

silyl)amide are added dropWise over the course of 15

minutes. After stirring at 0° C. for 20 min, 6.95 g (53.9
mmol) of iodomethane are added. After one hour, the
mixture is alloWed to Warm to room temperature, and the

reaction is stopped by adding saturated aqueous ammonium
chloride solution. The phases are separated. The aqueous
phase is extracted several times With ethyl acetate and
dichloromethane. The combined organic phases are concen
trated in vacuo. The residue obtained in this Way is sus

[0182] 1H-NMR(300 MHZ, DMSO-d?): d=1.09 (d, 6H),
2.98 (s, 3H), 4.80 (qlliIL, 1H), 5.79 (s, 2H), 6.31 (br. s, 4H),
7.05-7.16 (m, 2H), 7.22 (t, 1H), 7.28-7.40 (m, 2H), 8.59 (dd,
1H), 9.07 (dd, 1H).

pended in a mixture of dichloromethane and tetrahydrofuran
(1:1). The insoluble crystals are ?ltered off With suction and
taken up in methanol. The mixture is re?uxed for one hour.

After cooling, the precipitate Which has separated out is
?ltered off. The red solid obtained in this Way is suspended
in 100 ml of a mixture of dioxane and dichloromethane (1:1)
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and, While boiling, 20 ml of methanol are added until a clear
solution forms. Activated carbon is added, and the mixture

1. A compound of the formula (I)
(I)

is boiled brie?y and ?ltered hot through kieselguhr. The

R1

solution obtained in this Way is evaporated to dryness. The
suspension after taking up in methanol is stirred at room
temperature for one hour. The White crystals are ?ltered off
With suction.

R2

\N

NH2
N

/

[0188] Yield: 14.9 g (72% of theory)

\

N< \ /’

[0189] LC/MS (Method 3): Rt=1.85 min
[0190] MS (EI): m/Z=423 (M+H)+
[0191] 1H-NMR (200 MHZ, DMSO-d?): 6=3.01 (s, 3H),
3.57 (s, 3H), 5.92 (s, 2H), 7.05.7.17 (m, 2H), 7.18-7.46 (m,
3H), 7.47-7.61 (m, 2H), 7.59-7.97 (m, 214), 8.71-8.81 (m,
1H), 8.97 (dd, 1H).
Example 9

Isopropyl 4,6-diamino-2-[1-(2-?uorobenZyl)-1H
pyraZolo[3,4-b ]pyridin-3 -yl] -5 -pyrimidinyl(ethyl

)carbamate
[0192]

N

N

F

in Which

R2 is hydrogen or NH2,
R3 is hydrogen or (C1-C4)-alkyl,

R4 is (C1-C6)-alkyl,
or a salt, isomer or hydrate thereof.

2. The compound of claim 1, in Which

R1 is —NR3C(=O)OR4,

F

R2 is hydrogen or NH2,

R3 is (C1-C4)-alkyl,
R4 is (C1-C4)-alkyl,
N

N

| \

or a salt, isomer or hydrate thereof.

\N

/

3. The compound of claim 1, in Which

/

R1 is —NR3C(=O)OR4,
R2 is NH2,

N

N/ \
\

NHZ

R3 is methyl or ethyl,
R4 is methyl, ethyl or isopropyl,
or a salt, isomer or hydrate thereof.

HZN

N/\
0

)\ CH3
O

H3C)\CH3

4. The compound of claim 1 having the folloWing struc
ture:

methyl 4,6-diamino-2-[1 -(2-?uorobenZyl)-1H-pyraZolo
[3,4-b ]pyridin-3 -yl] -5 -pyrimidinyl(methyl)carb amate
F

[0193] Prepared in analogy to Example 6 With 60 mg (0.14

mmol) of isopropyl 4,6-diamino-2-[1-(2-?uorobenZyl)-1H
pyraZolo[3,4-b]pyridin-3-yl]-5-pyrimidinylcarbamate from
Example 3, 4.95 mg (0.21 mmol) of sodium hydride and
21.4 mg (0.17 mmol) of iodoethane. To complete the reac
tion, the same amount of sodium hydride and iodoethane are

added once again. The residue is puri?ed by preparative
RP-HPLC.

[0194] Yield: 43 mg (67% of theory)

[0195] LC/MS (Method 1): Rt=2.97 min
[0196] MS (EI): m/Z=465 (M+H)+
[0197] 1H-NMR (200 MHZ, DMSO-d?): 6=0.96-1.06 (m,
3H), 1.09 (d, 6H), 2.79-2.93 (m, 2H), 4.82 (qlliIL, 1H), 5.80
(s, 2H), 6.25 (br. s, 4H), 7.01-7.14 (m, 2H), 7.15-7.50 (m,
3H), 8.60 (dd, 1H) 9.09 (dd, 1H).

CH3
or a salt isomer or hydrate thereof.
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5. Process for the preparation of compounds of the
formula (I) as de?ned in claim 1, characterized in that either

in Which
R4 is as de?ned in claim 1,

[A] compounds of the formula (Ia)

or

4

(Ia)

/R

[C] the compound of the formula (V)

O

>=O

(V)

HN

NH2

NH

_

HZN

\

HZN

\

N

/

N /

N\
\

\

/

N

N

N< N \ N/ ’
F

F

is reacted With compounds of the formula (VI)

in Which
4

.

.

.

R is as de?ned in claim 1,

0

CN

N +

(v1)

a

are reacted With compounds of the formula (II)
R3—X1

R4\ i )\/O-,
(II),

0

1|“

in Which

R3

R3 is as de?ned in claim 1,
and

in Which

X1 is a leaving group>

R3 and R4 are as de?ned in claim 1,

or

to give compounds of the formula (Ib)

[B] the compound of the formula (III)
HZN

(III)

NH;

/

—

HZN

(1b)

R4
O

\N /

N

R3—

>=

O

NHZ

\

/

—

N\

\
N

/7
N

\
N

N
/
\

N/\
F

\

/’

N

N

is reacted With compounds of the formula (IV)
F

(W)

o

i
Cl

in which
OR“,

3

4

.

.

R and R are as de?ned in claim 1.

6. (canceled)
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7. A pharmaceutical composition comprising at least one
compound of the formula (I) as de?ned in claim 1, and at
least one further excipient.
8. A pharmaceutical composition comprising at least one
compound of the formula (I) as de?ned in claim 1 in
combination With at least one organic nitrate or NO donor.

9. A pharmaceutical composition comprising at least one
compound of the formula (I) as de?ned in claim 1 in
combination With at least one compound Which inhibits the

breakdown of cyclic guanosine monophosphate (cGMP).
10. A method for the treatment of cardiovascular disor

ders, comprising administering to a patient in need thereof
a therapeutically effective amount of a compound of claim
1.

11. A method for the treatment of hypertension, compris
ing administering to a patient in need thereof a therapeuti
cally effective amount of a compound of claim 1.

12. A method for the treatment of thromboembolic dis

orders and ischaemias comprising administering to a patient
in need thereof a therapeutically effective amount of a

compound of claim 1.
13. A method for the treatment of sexual dysfunction,
comprising administering to a patient in need thereof a
therapeutically effective amount of a compound of claim 1.
14. The method of any of claims 10 to 13, Where com
pounds of the formula (I) as de?ned in claim 1 are employed
in combination With at least one organic nitrate or NO donor
or in combination With at least one compound Which inhibits

the breakdoWn of cyclic guanosine monophosphate (cGMP).
15. The method of claim 13, Wherein the sexual dysfunc
tion is erectile dysfunction or female sexual dysfunction.

