
Description Substituted heterocycles, their use as
medicament, and pharmaceutical preparations comprising
them The invention relates to compounds of the formula
I , in which R 1, R2, R3, R4, R5, R6 and X have the
meanings stated below, to their preparation and their
use, in particular in pharmaceuticals. The compounds
of the invention of the formula I have not previously
been described. They act on the so-called Kv1 .5
potassium channel and inhibit a potassium current
which is designated the ultra-rapidly activating
delayed rectifier in the human atrium. In addition,
the compounds also act on other atrium-specific
potassium channels such as the acetylcholine-dependent
potassium channel KACh, and the 2P domain potassium
channel TASK-1 . The compounds are therefore very
particularly suitable as antiarrhythmic active
ingredients, in particular for the treatment and
prophylaxis of atrial arrhythmias, for example atrial
fibrillation (AF) or atrial flutter. Atrial
fibrillation (AF) and atrial flutter are the commonest
sustained cardiac arrhythmias. The incidence increases
with increasing age and frequently leads to fatal
sequelae such as, for example, stroke. AF affects for
example about 3 million Americans and leads to more
than 80 000 strokes each year in the USA. Although
class I and III antiarrhythmics currently in use can
reduce the rate of recurrence of AF,their use is
restricted owing to their potential proarrhythmic side
effects. There is for this reason a great medical need
for better medicaments for treating atrial arrhythmias
to be developed. It has been shown that so-called
reentry depolarization waves underlie most
supraventricular arrhythmias. Such reentries occur if
the cardiac tissue has a slow conductivity and, at the
same time, very short refractory periods. The increase
in the myocardial refractory period by prolonging the
action potential is an accepted mechanism for
terminating arrhythmias and preventing their
development. The length of the action potential is
substantially determined by the extent of repolarizing
K+ currents which flow out of the cell through the
various K+ channels. Particularly great importance is
ascribed in this connection to the so-called delayed
rectifier IK which consists of 3 different components:
IKn IK5 and IKu r . Most known class III
antiarrhythmics (for example dofetilide or d-sotalol)
block predominantly or exclusively the rapidly
activating potassium channel IK1-which has been
detected both in cells of the human ventricle and in
the atrium. However, it has emerged that these
compounds have an increased proarrhythmic risk when
heart rates are low or normal, and the arrhythmias
which have been observed are in particular those
referred to as torsades de pointes. Besides this high
risk, which is fatal in some cases, when the rate is
low, the efficacy of IKr blockers has been found to
decline under the conditions of tachycardia, which is
just when the effect is required ("negative
use-dependence"). The "particularly rapidly"
activating and very slowly inactivating component of
the delayed rectifier IKu r (= ultra-rapidly
activating delayed rectifier), which corresponds to
the Kv1 .5 channel, is of particularly great
importance for the duration of repolarization in the
human atrium. Inhibition of the IKu r potassium
outward current thus represents, by comparison with
inhibition of IKr or IKS, a particularly effective
method for prolonging the atrial action potential and
thus for terminating or preventing atriul arrhythmias.
Mathematical models of the human action potential
suggest that the positive effect of ablockade of the
IKu r ought to be particularly pronounced precisely
under the pathological conditions of chronic atrial
fibrillation (M. Courtemanche, R. J. Ramirez, S.
Nattel, Cardiovascular Research 1999, 42, 477-489:
"Ionic targets for drug therapy and atrial
fibrillation-induced electrical remodeling: insights
from a mathematical model"). In contrast to IKr and
IK5 , which also occur in the human ventricle, IKu r
plays a significant role in the human atrium, but not
in the ventricle. For this reason, if the IKu r
current is inhibited, the risk of a proarrhythmic
effect on the ventricle is precluded from the outset,
in contrast to blockade of IK1-or IK8 (Z. Wang et al,
Circ. Res. 73, 1993, 1061 - 1076: "Sustained
Depolarisation-lnduced Outward Current in Human Atrial
Myocytes"; G.-R. Li et al, Circ. Res. 78, 1996, 689 -
696: "Evidence for Two Components of Delayed Rectifier
K+ -Current in Human Ventricular Myocytes"; G. J. Amos
et al, J. Physiol. 491 , 1996, 3 1 - 50: "Differences
between outward currents of human atrial and
subepicardial ventricular myocytes"). Antiarrhythmics
which act by atrium-selective blockade of the IKu r
current or Kv1 .5 channel have not, however, been
available on the market to date. Although a blocking
effect on the Kv1 .5 channel has been described for
numerous active pharmaceutical ingredients (for
example quinidine, bupivacaine or propafenone), the
Kv1 .5 blockade in each of these cases represents only
a side effect in addition to other main effects of the
substances. A number of patent applications in recent
years have described various substances as Kv1 .5
channel blockers. A compilation and detailed
discussion of these substances has recently been
published (J. Brendel, S. Peukert; Curr. Med. Chem. -
Cardiovascular & Hematological Agents, 2003, 1,
273-287; "Blockers of the Kv1 .5 Channel for the
Treatment of Atrial Arrhythmias"). However, all Kv1 .5
blockers disclosed to date and described therein have
entirely different types of structures than the
compounds of the invention in this application. In
addition, no clinical data on the effect and
tolerability in humans have been disclosed to date for
any of the compounds disclosed to date. Since
experience has shown that only a small proportion of
activeingredients successfully overcome all the
clinical hurdles from preclinical research to 



the medicament, there continues to be a need for
novel, promising substances. It has now been found,
surprisingly, that the compounds of the invention of
the formula I and/or their pharmaceutically acceptable
salts are potent blockers of the human Kv1 .5 channel.
In addition, the compounds of the formula I and/or
their pharmaceutically acceptable salts also act on
the acetylcholine-activated potassium channel KACh and
on the TASK-1 channel, which likewise predominantly
occur in the atrium (Krapivinsky G., Gordon E.A.,
Wickman K., Velimirovic B., Krapivinsky L., Clapham
D.E.: "The Gprotein- gated atrial K+ channel lKACh s a
heteromultimer of two inwardly rectivying K+ -channel
proteins", Nature 374 (1995) 135-141 ; Liu, W., Saint,
D.A.: "Heterogeneous expression of tandem-pore K+
channel genes in adult and embryonic rat heart
quantified by real-time polymerase chain reaction",
Clin. Exp. Pharmacol. Physiol. 3 1 (2004) 174-178;
Jones S.A., Morton, M.J., Hunter M., Boyett M.R.:
"Expression of TASK-1 , a pH-sensitive twin-pore
domain K+ channel, in rat myocytes", Am. J. Physiol.
283 (2002) H181-H1 85). Because of this combined
effect on a plurality of atrium-specific potassium
channels, the compounds of the formula I and/or their
pharmaceutically acceptable salts can therefore be
used as novel antiarrhythmics with a particularly
advantageous safety profile. The compounds are
suitable in particular for the treatment of
supraventricular arrhythmias, for example atrial
fibrillation or atrial flutter. The compounds of the
formula I and/or pharmaceutically acceptable salts
thereof can also be employed for the treatment and
prevention of diseases where the atriumspecific
potassium channels, for example the Kv1 .5, the KACh
and/or the TASK-1 , are only partially inhibited, for
example by using a lower dosage.The compounds of the
formula I and/or their pharmaceutically acceptable
salts can be employed to produce medicaments with a K+
channel-blocking effect for the therapy and
prophylaxis of K+ channel-mediated diseases. The
compounds of the formula I and/or their
pharmaceutically acceptable salts can further be used
for the therapy or prophylaxis of cardiac arrhythmias
which can be abolished by prolonging the action
potential. The compounds of the formula I and/or their
pharmaceutically acceptable salts can be employed for
terminating existent atrial fibrillation or flutter to
restore the sinus rhythm (cardioversion). In addition,
the substances reduce the susceptibility to the
development of new fibrillation events (maintenance of
sinus rhythm, prophylaxis). It has further been
observed that the substances are effective for
preventing lifethreatening ventricular arrhythmias
(ventricular fibrillation) and are able to protect
from sudden heart death without, however,
simultaneously bringing about an unwanted prolongation
of the so-called QT interval. The compounds of the
formula I and/or their pharmaceutically acceptable
salts can be employed for producing a medicament for
the therapy or prophylaxis of reentry arrythmias, of
supraventricular arrhythmias, atrial fibrillation
and/or atrial flutter. The compounds of the formula I
and/or their pharmaceutically acceptable salts are
further suitable for producing a medicament for the
therapy or prophylaxis of heart failure, in particular
of diastolic heart failure and for increasing atrial
contractility. The compounds of the formula I and/or
pharmaceutically acceptable salts thereof inhibit TASK
potassium channels, for example the subtypes TASK-1
and TASK-3, in particular the subtype TASK-1. Because
of the TASK-inhibitory properties, the compounds of
the formula I and/or their pharmaceutically acceptable
salts are suitable for the prevention and treatment of
diseases caused by activation or by an activated
TASK-1 , and of diseases caused secondarily by the
TASK-1-related damage. Because of the effect of the
substances on the TASK channel, the compounds of the
formula I and/or their pharmaceutically acceptable
salts are also suitable for producinga medicament for
the therapy or prophylaxis of respiratory disorders,
especially sleep apnoeas, neurodegenerative disorders
and cancers, for example sleep-related respiratory
disorders, central and obstructive sleep apnoeas,
Cheyne-Stoke's breathing, snoring, impaired central
respiratory drive, sudden infant death, postoperative
hypoxia and apnoea, muscle-related respiratory
disorders, respiratory disorders following long-term
ventilation, respiratory disorders associated with
altitude adaptation, acute and chronic pulmonary
disorders with hypoxia and hypercapnia,
neurodegenerative disorders, dementia, Alzheimer's
disease, Parkinson's disease, Huntington's disease,
cancers, breast cancer, lung cancer, colon cancer and
prostate cancer. The present invention relates to
compounds of the formula I in which the meanings are:
R 1 phenyl, pyridyl, thienyl, naphthyl, quinolinyl,
pyrimidinyl or pyrazinyl, where each of these aryl
radicals is unsubstituted or substituted by 1, 2 or 3
substituents selected from the group consisting of F,
Cl, Br, I , CN, alkoxy having 1, 2, 3 or 4 carbon
atoms, OCF3, methylsulfonyl, CF3, alkyl having 1, 2, 3
or 4 carbon atoms, dimethylamino, sulfamoyl, acetyl,
and methylsulfonylamino; R2 phenyl, pyridyl, thienyl,
naphthyl, quinolinyl, pyrimidinyl or pyrazinyl, where
each of these aryl radicals is unsubstituted or
substituted by 1, 2 or 3 substituents selected from
the group consisting of F, Cl, Br, I , CN, COOMe,
CONH2, alkoxy having 1, 2, 3 or 4 carbon atoms, OCF3,
OH,methylsulfonyl, CF3, alkyl having 1, 2, 3 or 4
carbon atoms, dimethylamino, sulfamoyl, acetyl, and
methylsulfonylamino; 



R3 CpH2 p -R7; p 0, 1, 2, 3, 4 or 5; R7 CH3, CH F,
CHF2, CF3, cycloalkyl having 3, 4, 5, 6 or 7 carbon
atoms, CCH, CC-CH3 , alkoxy having 1, 2, 3 or 4 carbon
atoms, phenyl or 2-pyridyl, where phenyl and pyridyl
are unsubstituted or substituted by 1, 2 or 3
substituents selected from the group consisting of F,
Cl, Br, I, CF3 , OCF3 , CN, COOMe, CONH2 , COMe, OH,
alkyl having 1, 2, 3 or 4 carbon atoms, alkoxy having
1, 2, 3 or 4 carbon atoms, dimethylamino, sulfamoyl,
methylsulfonyl and methylsulfonylamino; R4 hydrogen or
alkyl having 1, 2 or 3 carbon atoms; R5 hydrogen or
alkyl having 1, 2 or 3 carbon atoms; R6 hydrogen, F,
Cl, CF3 or alkyl having 1, 2 or 3 carbon atoms; X CH
or N; and the pharmaceutically acceptable salts and
trifluoroacetates thereof. Particularly preferred
compounds of the formula I are those in which the
meanings are: R 1 phenyl, 2-pyridyl, 3-pyridyl,
4-pyridyl, 2-thienyl, 3-thienyl, 1-naphthyl, 2-
naphthyl, 2-quinolinyl, 3-quinolinyl, 4-quinolinyl,
5-quinolinyl, 6-quinolinyl, 7- quinolinyl,
8-quinolinyl, 2-pyrimidinyl, 4-pyrimidinyl,
5-pyrimidinyl, 2-pyrazinyl, 3-pyridazinyl or
4-pyridazinyl, where each of these aryl radicals is
unsubstituted or substituted by 1, 2 or 3 substituents
selected from the group consisting of F, Cl, Br, I ,
CN, alkoxy having 1, 2, 3 or 4 carbon atoms, OCF3 ,
methylsulfonyl, CF3 , alkyl having 1, 2, 3 or 4 carbon
atoms, dimethylamino, sulfamoyl, acetyl, and
methylsulfonylamino; R2 phenyl, 2-pyridyl, 3-pyridyl,
4-pyridyl, 2-thienyl, 3-thienyl, 1-naphthyl, 2-
naphthyl, 2-quinolinyl, 3-quinolinyl, 4-quinolinyl,
5-quinolinyl, 6-quinolinyl, 7-quinolinyl,
8-quinolinyl, 2-pyrimidinyl, 4-pyrimidinyl,
5-pyrimidinyl, 2-pyrazinyl, 3-pyridazinyl or
4-pyridazinyl, where each of these aryl radicals is
unsubstituted or substituted by 1, 2 or 3 substituents
selected from the group consisting of F Cl, Br 1 CN,
COOMe, CONH2, alkoxy having 1, 2, 3 or 4 carbon atoms,
OCF3, OH1 methylsulfonyl, CF3, alkyl having 1, 2, 3 or
4 carbon atoms, dimethylamino, sulfamoyl, acetyl, and
methylsulfonylamino; R3 CpH2p-R; p 0, 1, 2, 3, 4 or 5;
R7 CH3, CH2F, CHF2, CF3, cycloalkyl having 3, 4, 5, 6
or 7 carbon atoms, CCH, C C-CH3, alkoxy having 1, 2, 3
or 4 carbon atoms, phenyl or 2-pyridyl, where phenyl
and 2-pyridyl are unsubstituted or substituted by 1, 2
or 3 substituents selected from the group consisting
of F, Cl Br I, CF3 , OCF3, CN, COOMe, CONH2, COMe1OH,
alkyl having 1, 2, 3 or 4 carbon atoms, alkoxy having
1, 2, 3 or 4 carbon atoms, dimethylamino, sulfamoyl,
methylsulfonyl and methylsulfonylamino; R4 hydrogen or
alkyl having 1, 2 or 3 carbon atoms; R5 hydrogen or
alkyl having 1, 2 or 3 carbon atoms; R6 hydrogen, F,
Cl, CF3 or alkyl having 1, 2 or 3 carbon atoms; X CH
or N; and the pharmaceutically acceptable salts and
trifluoroacetates thereof. Compounds of the formula I
preferred in one embodiment are those in which the
meanings are: R 1 phenyl which is unsubstituted or
substituted by 1, 2 or 3 substituents selected from
the group consisting of F1 Cl, Br, I, CN, alkoxy
having 1, 2, 3 or 4 carbon atoms, OCF3,
methylsulfonyl, CF3, alkyl having 1, 2, 3 or 4carbon
atoms, dimethylamino, sulfamoyl, acetyl, and
methylsulfonylamino; R2 phenyl, which is unsubstituted
or substituted by 1, 2 or 3 substituents selected from
the group consisting of F, Cl, Br 1, CN, COOMe, CONH2,
alkoxy having 1, 2, 3 or 4 carbon atoms, OCF3, OH,
methylsulfonyl, CF3, alkyl having 1, 2, 3 or 4 carbon
atoms, dimethylamino, sulfamoyl, acetyl, and
methylsulfonylamino; R3 CpH2 p-R7; p O, 1, 2, 3, 4 or
5; R7 CH3, CH F, CHF , CF , cycloalkyl having 3, 4, 5,
6 or 7 carbon atoms, CCH, CsC-CH , alkoxy having 1, 2,
3 or 4 carbon atoms, phenyl or 2-pyridyl, where phenyl
and 2-pyridyl are unsubstituted or substituted by 1, 2
or 3 substituents selected from the group consisting
of F, Cl, Br, I, CF3, OCF3 , CN, COOMe, CONH2 , COMe,
OH, alkyl having 1, 2, 3 or 4 carbon atoms, alkoxy
having 1, 2, 3 or 4 carbon atoms, dimethylamino,
sulfamoyl, methylsulfonyl and 



methylsulfonylamino; R4 hydrogen; R5 hydrogen; R6
hydrogen, F or alkyl having 1, 2, or 3 carbon atoms; X
CH or N; and the pharmaceutically acceptable salts and
trifluoroacetates thereof. Compounds of the formula I
particularly preferred in one embodiment are those in
which the meanings are: R 1 phenyl, which is
unsubstituted or substituted by 1 substituent from the
group consisting of F, Cl, Br, I, CN and alkoxy having
1 or 2 carbon atoms; R2 phenyl,which is unsubstituted
or substituted by 1 substituent from the group
consisting of F, Cl, Br, I, CN and alkoxy having 1 or
2 carbon atoms; R3 CpH2 p -R7; P 0, 1, 2, 3; R7 CH3,
cycloalkyl having 3 or 4 carbon atoms or phenyl where
phenyl is unsubstituted or substituted by 1 or 2
substituents selected from the group consisting of F,
Cl, Br, I, CN, alkyl having 1 or 2 carbon atoms and
alkoxy having 1 or 2 carbon atoms; R4 hydrogen; R5
hydrogen; R6 hydrogen, F or alkyl having 1 or 2 carbon
atoms; X CH or N; and the pharmaceutically acceptable
salts and trifluoroacetates thereof. Compounds of the
formula I very particularly preferred in one
embodiment are those in which the meanings are: R 1
phenyl, which is unsubstituted or substituted by one
substituent from the group consisting of F, Cl, Br, I
, CN and alkoxy having 1 or 2 carbon atoms; R2 phenyl,
which is unsubstituted or substituted by one
substituent from the group consisting of F, Cl, Br, I
, CN and alkoxy having 1 or 2 carbon atoms; R3 CpH2
p-R7; p 0, 1, 2 or 3; R7 CH3, cycloalkyl having 3 or 4
carbon atoms or phenyl, where phenyl is unsubstituted
or substituted by 1 or 2 substituents selected from
the group consisting of F, Cl, Br, CN, alkyl having 1
or 2 carbon atoms and alkoxy having 1 or 2 carbon
atoms; R4 hydrogen; R5 hydrogen;R6 hydrogen, F or
alkyl having 1 or 2 carbon atoms; X N; and the
pharmaceutically acceptable salts and
trifluoroacetates thereof. Specifically preferred
compounds of the formula I are selected from the group
1R', 2R'-1 -(2-Cyclopropylmethoxy-i
,2-diphenylethyl)-1 H-pyridin-2-one, 1R',
2S'-1-[2-Cyclopropylmethoxy-1-(4-fluorophenyl)-2-(4-me
thoxyphenyl)ethyl]-1 Hpyridin- 2-one,
1-(2-Cyclopropylmethoxy-i ,2-diphenylethyl)-5-fluoro-1
H-pyridin-2-one,
2-[2-(4-Chlorophenyl)-2-cyclopropylmethoxy-1-phenyleth
yl]-2H-pyridazin-3-one, 1R',
2R'-5-Fluoro-1-(2-p-cyanophenoxy-1
,2-di-p-fluorophenylethyl)-1 H-pyridin-2-one,
1-[2-Cyclopropoxy-1
,2-bis(4-fluorophenyl)ethyl]-5-fluoro-1
H-pyridin-2-one,
1-[2-(4-Chlorophenyl)-2-cyclopropylmethoxy-1
-phenylethyl]-1 H-pyridin-2-one, 1R',
2R'-1-[2-Cyclopropylmethoxy-1
,2-bis(4-fluorophenyl)ethyl]-1 H-pyridin-2-one, 1R',
2S'-1 -[2-Cyclopropylmethoxy-1
,2-bis-(4-fluorophenyl)ethyl]-1 H-pyridin-2-one,
1-[2-(4-Bromophenyl)-2-cyclopropylmethoxy-1
-(4-fluorophenyl)ethyl]-1 H-pyridin-2-one,
4-[1-Cyclopropylmethoxy-2-(4-fluorophenyl)-2-(2-oxo-2H
-pyridin-1-yl)ethyl]benzonitrile, 1R',
2R'-1-(2-Cyclopropylmethoxy-1
,2-diphenylethyl)-5-fluoro-1 H-pyridin-2-one, 1R',
2R'-1-[1-(4-Fluorophenyl)-2-(4-methoxybenzyloxy)-2-(4-
methoxyphenyl)ethyl]-1 Hpyridin- 2-one,
1-[2-Cyclopropylmethoxy-1
,2-bis-(4-fluorophenyl)ethyl]-1 H-pyridin-2-one,
4-[1-(4-Chlorophenyl)-2-(2-oxo-2H-pyridin-1-yl)-2-phen
ylethoxymethyl]benzonitrile, 1-[2-Cyclopropylmethoxy-1
,2-bis-(4-fluorophenyl)ethyl]-5-fluoro-1
H-pyridin-2-one, 1R', 2R'-1 -[2-Cyclopropylmethoxy-1
-(4-fluorophenyl)-2-(4-methoxyphenyl)ethyl]-1
Hpyridin- 2-one and 1R', 2S'-1 -[1
-(4-Fluorophenyl)-2-(4-methoxybenzyloxy)-2-(4-methoxyp
henyl)ethyl]-1 Hpyridin- 2-one, and the
pharmaceutically acceptable salts and
trifluoroacetates thereof. One embodiment describes
compounds of the formula I in which R 1 is phenyl, 2-
pyridyl, 3-pyridyl, 4-pyridyl, 2-thienyl, 3-thienyl,
1-naphthyl, 2-naphthyl, 2-quinolinyl, 3-quinolinyl,
4-quinolinyl, 5-quinolinyl, 6-quinolinyl,
7-quinolinyl, 8-quinolinyl, 2- pyrimidinyl,
4-pyrimidinyl, 5-pyrimidinyl, 2-pyrazinyl,
3-pyridazinyl or 4-pyridazinyl, in particular phenyl,
where each of these aryl radicals is unsubstituted or
substituted by 1, 



2 or 3 substituents selected from the group consisting
of F, Cl, Br, I, CN, alkoxy having 1, 2, 3 or 4 carbon
atoms, OCF3, methylsulfonyl, CF3, alkyl having 1, 2, 3
or 4 carbon atoms, dimethylamino, sulfamoyl, acetyl,
and methylsulfonylamino, preferably selected from the
group consisting of F, Cl, Br, I, CN and alkoxy having
1 or 2 carbon atoms, for example F, Cl, Br, CN or
methoxy. A further embodiment describes compounds of
the formula I in which R2 is phenyl, 2- pyridyl,
3-pyridyl, 4-pyridyl, 2-thienyl, 3-thienyl,
1-naphthyl, 2-naphthyl, 2-quinolinyl, 3- quinolinyl,
4-quinolinyl, 5-quinolinyl, 6-quinolinyl,
7-quinolinyl, 8-quinolinyl, 2- pyrimidinyl,
4-pyrimidinyl, 5-pyrimidinyl, 2-pyrazinyl,
3-pyridazinyl or 4-pyridazinyl, in particular phenyl,
where each of these aryl radicals is unsubstituted or
substituted by 1, 2 or 3 substituents selected from
the group consisting of F, Cl, Br, I CN, alkoxy having
1, 2, 3 or 4 carbon atoms, OCF3, methylsulfonyl, CF3,
alkyl having 1, 2, 3 or 4 carbon atoms, dimethylamino,
sulfamoyl, acetyl, and methylsulfonylamino, preferably
selected from the group consisting of F, Cl, Br, I,
CN, CF3 and alkoxy having 1 or 2 carbon atoms, for
example F. A further embodiment describes compounds of
the formula I in which R3 is CpH2p-R7, where p is 0,
1, 2 or 3, in particular 0 or 1, for example 1, and R7
is CH3, cycloalkyl having 3 or 4 carbon atoms or
phenyl, for example cyclopropyl or phenyl, where
phenyl is unsubstituted or substituted by 1 or 2
substituents selected from the group consisting of F
Cl, Br, CN, alkyl having 1 or 2 carbon atoms and
alkoxy having 1 or 2 carbon atoms, for example
selected from the group consisting of methoxy and CN.
A further embodiment describes compounds of the
formula I in which R4 is hydrogen or methyl, for
example hydrogen. A further embodiment describes
compounds of the formula I in which R5 is hydrogen or
methyl, for example hydrogen.A further embodiment
describes compounds of the formula I in which R6 is
hydrogen, F or alkyl having 1 or 2 carbon atoms, for
example hydrogen or fluorine. A further embodiment
describes compounds of the formula I in which X is CH.
A further embodiment describes compounds of the
formula I in which X is N. The compounds of the
formula I may exist in stereoisomeric forms. The
centers of asymmetry which are present may
independently of one another have the S configuration
or the R configuration. The invention includes all
possible stereoisomers, for example enantiomers or
diastereomers, and mixtures of two or more
stereoisomeric forms, for example enantiomers and/or
diastereomers, in any ratios. The invention thus
includes for example enantiomers in enantiopure form,
both as levorotatory and as dextrorotatory antipodes,
and in the form of mixtures of the two enantiomers in
various ratios or in the form of racemates. Individual
stereoisomers can be prepared as desired by
fractionating a mixture by conventional methods or for
example by stereoselective synthesis. If mobile
hydrogen atoms are present, the present invention also
includes all tautometic forms of compounds of the
formula I. The present invention further includes
derivatives of compounds of the formula I, for example
solvates, such as hydrates and alcohol adducts,
esters, prodrugs and other physiologically acceptable
derivatives of the compounds of the formula I, and
active metabolites of the compounds of the formula I.
The invention likewise includes all crystal
modifications of the compounds of the formula I. Alkyl
radicals and alkylene radicals may be straight-chain
or branched. This also applies to the alkylene
radicals of the formula CpH2p. Alkyl radicals and
alkylene radicals may also be straight-chain or
branched if they are substituted or are present in
other radicals, for example in an alkoxy radical or in
a fluorinated alkyl radical. Examples of alkyl
radicals are methyl, ethyl, n-propyl, isopropyl,
n-butyl, isobutyl, secbutyl and tert-butyl. The
divalent radicals derived from these radicals, for
example methylene, 1,1-ethylene, 1,2-ethylene, 1,
1-propylene, 1,2-propylene, 2,2-propylene,
1,3-propylene, 1,1-butylene, 1,4-butylene, etc. are
examples of alkylene radicals. One or more, for
example 1, 2, 3, 4, 5, 6, 7, 8, or 9 hydrogen atoms in
alkyl and alkylene radicals may be replaced by
fluorine atoms. Substituted alkyl radicals may be
substituted in any positions. Cycloalkyl radicals may
likewise be branched. Examples of cycloalkyl radicals
having 3 to 7 carbon atoms are cyclopropyl,
cyclobutyl, 1-methylcyclopropyl, 2- methylcyclopropyl,
cyclopentyl, 2-methylcyclobutyl, 3-methylcyclobutyl,
cyclopentyl, cyclohexyl, 2-methylcyclohexyl,
3-methylcyclohexyl, 4-methylcyclohexyl, cycloheptyl
etc. One or more, for example 1, 2, 3, 4, 5, 6, 7, 8,
9, 10, 11, 12, 13 or 14 hydrogen atoms in cycloalkyl
radicals may be replaced by fluorine atoms.
Substituted cycloalkyl radicals may be substituted in
any positions. Cycloalkyl radicals may also be in
branched form as alkylcycloalkyl or cycloalkylalkyl,
for example methylcyclohexyl or cyclohexylmethyl.
Phenyl radicals may be unsubstituted or substituted
one or more times, for example once, twice or three
times, by identical or different radicals. If a phenyl
radical is substituted, it preferably has one or two
identical or different substituents. Monosubstituted
phenyl radicals may be substituted in position 2, 3 or
4, disubstituted in 2,3-, 2,4-, 2,5-, 2,6-, 3,4- or
3,5-, position trisubstituted in 2,3,4-, 2,3,5-,
2,3,6-, 2,4,5-, 2,4,6- or 3,4,5- position. A
corresponding statement applies analogously also to
the Ncontaining heteroaromatic systems such as
pyridyl, quinolinyl, pyrimidinyl or pyrazinyl, the
naphthyl radical and the thienyl radical, for example
for 2-pyridyl, 3-pyridyl, 4- pyridyl, 2-thienyl,
3-thienyl, 1-naphthyl, 2-naphthyl, 2-quinolinyl,
3-quinolinyl, 4- 



quinolinyl, 5-quinolinyl, 6-quinolinyl, 7-quinolinyl,
8-quinolinyl, 2-pyrimidinyl, 4- pyrimidinyl,
5-pyrimidinyl, 2-pyrazinyl, 3-pyridazinyl or
4-pyridazinyl. If a radical is di- or trisubstituted,
the substituents may be identical or different.If the
compounds of the formula I comprise one or more basic
groups or one or more basic heterocycles, the
invention also includes the corresponding
physiologically, pharmaceutically or toxicologically
acceptable salts, especially the pharmaceutically
acceptable salts, but also the trifluoroacetates.
Thus, the compounds of the formula I which have one or
more basic, i.e. protonatable, groups or comprise one
or more basic heterocyclic rings, can also be used in
the form of their physiologically tolerated acid
addition salts with inorganic or organic acids, for
example as hydrochlorides, phosphates, sulfates,
methanesulfonates, acetates, lactates, maleates,
fumarates, malates, gluconates etc. Salts can be
obtained from compounds of the formula I by
conventional processes, for example by combining with
an acid in a solvent or dispersant or else by anion
exchange from other salts. The compounds of the
formula I may also be deprotonated on an acidic group
and be used for example as alkali metal salts,
preferably sodium or potassium salts, or as ammonium
salts, for example as salts with ammonia or organic
amines or amino acids. The invention further relates
to processes for preparing the compounds of the
formula I. The compounds of the formula I can be
prepared by various chemical processes, where R 1, R2,
R3, R4, R5, R6 and X have the same meaning as in
compounds of the formula I. The preparation takes
place for example according to scheme 1 by
N-alkylation of R6- substituted 2-hydroxypyridines or
3-hydroxypyridazines of the formula III with 2-bromo
ketones of the formula Il with subsequent reduction of
the keto function to compounds of the formula Va. The
compounds of the formula Va are then reacted by
standard processes with compounds of the formula Vl to
give the corresponding compounds of the formula Ia,
where X 1 has the meaning of an appropriate leaving
group, for example a halide such as chloride, bromide
or iodide or else tosylate.Reducing agent Scheme 1 A
further preparation process is depicted in scheme 2
and relates to the addition of appropriately compounds
of the formula IX on aldehydes or ketones of the
formula VIII using a suitable base with subsequent
reaction of the resulting alcohol function of the
formula V with a compound of the formula Vl to give a
compound of the formula Ib, where X 1 has the
abovementioned meanings. Scheme 2A further method for
preparing the compounds of the formula I is depicted
in scheme 3 below. This method uses the ring opening
of R 1 and R2 substituted epoxides of the formula Xl
by suitable compounds of the formula XII with base
catalysis as key step and affords, in contrast to the
other methods, the products in diastereoisomerically
pure form. The resulting alcohol of the formula Vb is
subsequently reacted with a compound of the formula Vl
to give the compound of the formula Ic, where X 1 has
the abovementioned meanings. Schema 3 The starting
compounds described in the synthetic methods, such as
the compounds of the formula II, III, Vl, Via, VIII,
IX, Xl and XII can be purchased or can be prepared by
or analogous to processes described in the literature
and known to the skilled worker. The working up and,
if desired, the purification of the products and/or
intermediates takes place by conventional methods such
as extraction, chromatography or crystallization and
conventional dryings. The use of the compounds of the
formula I and their pharmaceutically acceptable salts
as medicament is claimed.The compounds of the
invention of the formula I and their pharmaceutically
acceptable salts can thus be used on animals,
preferably on mammals, and in particular on humans, as
pharmaceuticals on their own, in mixtures with one
another or in the form of pharmaceutical preparations.
The present invention also relates to the compounds of
the formula I and their pharmaceutically acceptable
salts for use in the therapy and prophylaxis of the
abovementioned diseases and to their use for producing
medicaments for the abovementioned diseases and
medicaments with a K+ channel-blocking action. Also
claimed is a pharmaceutical preparation comprising an
effective amount of a compound of the formula I and/or
of its pharmaceutically acceptable salts, together
with pharmaceutically acceptable carriers and
additives, alone or in combination with other
pharmacological active ingredients or pharmaceuticals.
The pharmaceutical preparations normally comprise from
0.1 to 90 percent by weight of the compounds of the
formula I and/or their pharmaceutically acceptable
salts. The pharmaceutical preparations can be produced
in a manner known per se. For this purpose, the
compounds of the formula I and/or their
pharmaceutically acceptable salts are converted
together with one or more solid or liquid
pharmaceutical vehicles and/or excipients and, if
desired, in combination with other pharmaceutical
active ingredients into a suitable dosage form, which
can then be used as pharmaceutical in human medicine
or veterinary medicine. Pharmaceuticals which comprise
a compound of the formula I and/or its
pharmaceutically acceptable salts can moreover be
administered for example orally, 



parenterally, intravenously, rectally, percutaneously,
topically or by inhalation, and the preferred
administration depends on the individual case, for
example on the particular manifestation of the
disorder. The compounds of the formula I can moreover
be used alone or together with pharmaceutical
excipients, in particular both in veterinary and in
human medicine. The pharmaceuticals comprise active
ingredients of the formula I and/or their
pharmaceutically acceptable salts generally in an
amount of from 0.01 mg to 1 g per dose unit.The
skilled worker is familiar on the basis of his expert
knowledge with which excipients are suitable for the
desired pharmaceutical formulation. Besides solvents,
gel formers, suppository bases, tablet excipients and
other active substance carriers it is possible to use
for example antioxidants, dispersants, emulsifiers,
antifoams, masking flavors, preservatives,
solubilizers, agents for achieving a depot effect,
buffer substances or colorants. For a form for oral
use, the active compounds are mixed with the additives
suitable for this purpose, such as carriers,
stabilizers or inert diluents, and converted by
conventional methods into suitable presentations such
as tablets, coated tablets, twopiece capsules,
aqueous, alcoholic or oily solutions. Examples of
inert carriers which can be used are gum arabic,
magnesia, magnesium carbonate, potassium phosphate,
lactose, glucose or starch, especially corn starch.
Preparation can take place both as dry and as wet
granules. Suitable as oily carriers or as solvents
are, for example, vegetable or animal oils such as
sunflower oil or fish liver oil. Suitable solvents for
aqueous or alcoholic solutions are, for example,
water, ethanol or sugar solutions or mixtures thereof.
Examples of further excipients, also for other
administration forms, are polyethylene glycols and
polypropylene glycols. For subcutaneous, intramuscular
or intravenous administration, the active compounds
are converted if desired with the substances usual for
this purpose, such as solubilizers, emulsifiers or
further excipients, into a solution, suspension or
emulsion. The compounds of the formula I and/or their
pharmaceutically acceptable salts may also be
lyophilized and the resulting lyophilizates be used,
for example, for producing products for injection or
infusion. Examples of suitable solvents are: water,
physiological saline or alcohols, for example ethanol,
propanol, glycerol, as well as sugar solutions such as
glucose or mannitol solutions, or else mixtures of the
various solvents mentioned. Suitable as pharmaceutical
formulation for administration in the form of aerosols
or sprays are, for example, solutions, suspensions or
emulsions of the active ingredient of the formula I or
their pharmaceutically acceptable salts in a
pharmaceuticallyacceptable solvent, such as in
particular ethanol or water, or a mixture of such
solvents. The formulation may if required also
comprise other pharmaceutical excipients such as
surfactants, emulsifiers and stabilizers, and a
propellant gas. Such a preparation comprises the
active ingredient normally in a concentration of about
0.1 to 10, in particular of about 0.3 to 3 percent by
weight. The dosage of the active ingredient to be
administered or of the pharmaceutically acceptable
salts thereof depends on the individual case and
should be adapted to the circumstances of the
individual case as usual for an optimal effect. Thus,
it naturally depends on the frequency of
administration and on the potency and duration of
action of the particular compounds employed for
therapy or prophylaxis, but also on the type and
severity of the disease to be treated, and on the
gender, age, weight and individual response of the
human or animal to be treated, and on whether therapy
is acute or prophylactic. The daily dose of a compound
of the formula I and/or its pharmaceutically
acceptable salts for a patient weighing about 75 kg is
normally at least 0.001 mg/kg to 100 mg/kg of body
weight, preferably 0.01 mg/kg to 20 mg/kg. Even higher
dosages may also be necessary for acute episodes of
the disease, for example in an intensive care unit. Up
to 800 mg per day may be necessary, especially on i.v.
use, for instance for an infarct patient in an
intensive care unit. The dose may be in the form of a
single dose or be divided into a plurality, for
example two, three or four, single doses. Parenteral
administration by injection or infusion, for example a
continuous intravenous infusion, may also be
advantageous, especially in the treatment of acute
cases of cardiac arrhythmias, for example in an
intensive care unit. The compounds of the formula I
and/or their pharmaceutically acceptable salts can
also be combined with other pharmaceutical active
ingredients to achieve an advantageous therapeutic
effect. Thus, advantageous combinations with
substances acting on the cardiovascular system are
possible in the treatment of cardiovascular disorders.
Suitable examples of such combination partners
advantageous for cardiovascular disorders are other
antiarrhythmics, i.e. class I , class Il or class
IIIantiarrhythmics, such as, for example, IKr channel
blockers, for example dofetilide, or additionally
substances which reduce blood pressure, such as ACE
inhibitors (for example enalapril, captopril,
ramipril), angiotensin antagonists, K+ channel
activators, and alpha- and beta-receptor blockers, but
also sympathomimetic and adrenergic compounds, and
Na+/H+ exchange inhibitors, calcium channel
antagonists, phosphodiesterase inhibitors and other
substances with a positive inotropic effect, such as,
for example, digitalis glycosides, or diuretics. In
particular, combinations with beta blockers or
IK1-channel blockers are of particular interest. List
of abbreviations: tert-BuLi Tertiary butyllithium DMF
Dimethylformamide 



DMSO Dimethyl sulfoxide TMEDA
N,N,N',N'-Tetramethylethylenediamine The compounds of
the formula I can be prepared by various processes.
The preparation methods used to prepare the examples
are described below, where R 1, R2, R3, R4.R5, R6 and
X have the same meaning as in compounds of the formula
I . Method A:Reducing agent IV Va Va Ia 1 equivalent
of a bromoketone of the formula Il was intimately
mixed in a mortar with 1.5 to 2 equivalents of an
R6-substituted 2-hydroxypyridine or
3-hydroxypyridazine of the formula II, and the mixture
was subsequently brought to a temperature of
100-1200C. After 2-6 hours, the mixture was dissolved
in an organic solvent such as ethyl acetate or CH2CI2
and purified by chromatographic methods. The resulting
compound of the formula IV was reduced, normally with
excess NaB in methanol, to compounds of the formula
Va, resulting in two diastereomers. It was usually
possible at this stage to separate the isomers easily
by conventional chromatographic methods, for example
by separation on silica gel using heptane/ethyl
acetate mixtures as eluent, whereas this was often
possible only with difficulty at later stages. The
intermediates of the formula Va obtained in this way
could be alkylated to the compounds of the formula Ia
as follows:a) The compounds of the formula Va were
dissolved in a dipolar aprotic solvent such as, for
example, DMSO or DMF, and 1-20 mole equivalents of a
base such as, for example, powdered NaOH or NaH were
added. 3-5 mole equivalents of a compound of the
formula Vl such as, for example, cyclopropylmethyl
bromide or 4-CN-fluorobenzene, where X 1 is defined
for example as halogen such as fluorine, chlorine,
bromine or iodine, in particular fluorine or bromine,
were added at room temperature. The mixture was
stirred at room temperature for 1-10 hours until
conversion was complete, and further equivalents of
the compound of the formula Vl were added where
appropriate (variant Aa). For workup, the reaction
mixture was usually diluted with water and, in the
event that the products do not separate out as
crystals, extracted with ethyl acetate and purified
where appropriate by chromatography. b) In the case
where the compound of the formula Vl is an arylating
agent, it was possibly advantageous to subject the
compound of the formula Va firstly to a silylation,
for example by reaction with 1.1 equivalents of each
of trimethylsilyl chloride and pyridine in methylene
chloride, and then to react the arylating agent of the
formula Via, where X 1 is defined for example as
halogen such as fluorine, chlorine, bromine or iodine,
in the presence of a reagent which eliminates silyl
groups, such as, for example, tetrabutylammonium
fluoride, in a suitable solvent such as DMF, at
temperatures of 20-1200C. This process is particularly
advantageous for base-labile compounds of the formula
Id (variant Ab). Workup of the products took place in
analogy to variant Aa.Method B: 7.5 equivalents of a
compound of the formula VIII plus 5 equivalents of a
compound of the formula IX and 5.5 equivalents of
N,N,N',N'-tetramethylethylenediamine were dissolved in
10 ml of absolute THF and cooled to -700C, and 5.6
equivalents of tertbutyllithium were added. After the
usual workup, for example by adding a saturated
solution of ammonium chloride and extracting with
ethyl acetate, the mixture of the diastereoisomeric
compound of the formula V could be purified by
chromatographic methods and, in some cases, also be
separated into its individual components. The
intermediates of the formula V obtained in this way
were converted into the compounds of the formula Ib as
follows: a) 1 equivalent of a compound of the formula
V was dissolved in a dipolar aprotic solvent such as,
for example, DMSO or DMF, and 1-20 mole equivalents of
a base such as, for example, powdered NaOH or NaH were
added. 3-5 mole equivalents of a compound of the
formula Vl such as, for example, cyclopropyl methyl
bromide or 4-CNfluorobenzene, where X 1 is defined for
example as halogen such as fluorine, chlorine, bromine
or iodine, in particular fluorine or bromine, were
added at room temperature. The mixture was stirred at
room temperature for 1-10 hours until conversion was
complete, and further equivalents of the compound of
the formula Vl were added where appropriate (variant
Ba). For workup, the reaction mixture was usually
diluted with water and, in the event that the products
do not separate out as crystals, extracted with ethyl
acetate and purified where appropriate by
chromatography b) In the case where the compound of
the formula Vl is an arylating agent, it was possibly
advantageous to subject the compound of the formula Va
firstly to a silylation, for example by reaction with
1. 1 equivalents of each of trimethylsilyl chloride
and pyridine in methylene chloride, and then to react
the arylating agent of the formula Via, where X 1 is
defined for example as halogen such as fluorine,
chlorine, bromine or iodine, in particular fluorine or
bromine , in the presence of a reagent which
eliminates silyl groups, such as, for example,
tetrabutylammonium fluoride, in a suitable solvent
such as DMF, at temperatures of 20-1200C. This process
is particularly advantageous for base-labile compounds
of the formula Ie (variant Bb). Workup of the products
took place in analogy to variant Ba.1 equivalent of an
R1- and R2-substituted cis-stilbene oxide of the
formula Xl was dissolved in dimethylformamide and
stirred with a 20-50% excess of a compound of the
formula XII and with a strong base such as, for
example, sodium hydride at 80-1000C for several hours.
The resulting alcohols of the formula Vb were usually 



sterically uniform and, as a consequence of the known
geometry of the epoxide ring opening under basic
conditions, exhibited a trans arrangement of the
oxygen and nitrogen substituents. The intermediates of
the formula Vb obtained in this way were converted
into the compounds of the formula Ic as follows: a) 1
equivalent of a compound of the formula Vb was
dissolved in a dipolar aprotic solvent such as, for
example, DMSO or DMF, and 1-20 mole equivalents of a
base such as, for example, powdered NaOH or NaH were
added. 3-5 mole equivalents of a compound of the
formula Vl such as, for example, cyclopropylmethyl
bromide or 4-CNfluorobenzene, where X 1 is defined for
example as halogen such as fluorine, chlorine,bromine
or iodine, in particular fluorine or bromine, were
added at room temperature. The mixture was stirred at
room temperature for 1-10 hours until conversion was
complete, and further equivalents of the compound of
the formula Vl were added where appropriate (variant
Ca). For workup, the reaction mixture was usually
diluted with water and, in the event that the products
do not separate out as crystals, extracted with ethyl
acetate and purified where appropriate by
chromatography b) In the case where the compound of
the formula Vl is an arylating agent, it was possibly
advantageous to subject the compound of the formula Va
firstly to a silylation, for example by reaction with
1. 1 equivalents of each of trimethylsilyl chloride
and pyridine in methylene chloride, and then to react
the arylating agent of the formula Via, where X 1 is
defined for example as halogen such as fluorine,
chlorine, bromine or iodine, in particular fluorine or
bromine, in the presence of a reagent which eliminates
silyl groups, such as, for example, tetrabutylammonium
fluoride, in a suitable solvent such as DMF, at
temperatures of 20-120 0C. This process is
particularly advantageous for base-labile compounds of
the formula If (variant Cb). Workup of the products
took place in analogy to variant Ca. The starting
compounds described in the synthetic methods, such as
the compounds of the formula II, III, Vl, Via, VIII,
IX, Xl and XII can be purchased or can be prepared by
or analogous to processes described in the literature
and known to the skilled worker. The working up and,
if desired, the purification of the products and/or
intermediates takes place by conventional methods such
as extraction, chromatography or crystallization and
conventional dryings. Examples for the use of the
general synthetic methods: Example 1: 1R',
2R'-1-(2-Cyclopropylmethoxy-1 ,2-diphenylethyl)-1
H-pyridin-2-onea) Racemic cis-stilbene oxide (100 mg,
0.51 mmol) was dissolved in absolute DMF, and 18.36 mg
of a suspension of sodium hydride (90% in oil) and
72.75 mg of 2-hydroxypyridine were added, and the
mixture was stirred at 8O0C under argon for 4 hours.
The mixture was worked up with water/ethyl acetate and
chromatographed on silica gel with ethyl
acetate/n-heptane 1:1 . 1-(2-Hydroxy-1
,2-diphenylethyl)-1H-pyridin- 2-one was obtained
first, 42 mg, 28% as sterically uniform compound
which, on the basis of the known steric course of
epoxide ring openings under basic conditions, was
assigned the trans arrangement of the hydroxy group
and the pyridine ring, corresponding to a relative 1R\
2R' configuration of centers 1 and 2: b) 50 mg (0.171
mmol) of the compound obtained in stage a) were
dissolved in 1 ml of DMSO, and 5 1 mg of powdered NaOH
and 58.44 mg of cyclopropylmethyl bromide (0.433 mmol)
were added. After stirring at room temperature for 2
hours, the mixture was diluted with water, and the
precipitated crystals were filtered off with suction
and, after drying in air, stirred with n-heptane. 30
mg (51%) of the desired product 1R',2R'-
1-(2-cyclopropylmethoxy-1 ,2-diphenylethyl)-1
H-pyhdin-2-one were obtained. Example 2: 1R', 2S'-1
-[2-Cyclopropylmethoxy-1
-(4-fluorophenyl)-2-(4-methoxyphenyl) ethyl]-1
H-pyridin-2- onea) 1.015 g (5 mmol) of
1-(4-fluorobenzyl)-1 H-pyridin-2-one plus 1.016 g of
p-methoxybenzaldehyde and 0.638 g (5.5 mmol) of
N,N,N',N'- tetramethylethylenediamine were dissolved
in 10 ml of tetrahydrofuran and cooled in an
acetone/dry ice bath to -6O0C. A solution of
tert-butyllithium, 1.7 molar in n-heptane (3.8 ml, 5.5
mmol) was added dropwise over the course of 30
minutes. The mixture was allowed to reach room
temperature over the course of one hour and was
acidified with a saturated ammonium chloride solution.
After the usual workup, the reaction mixture was
chromatographed on silica gel (50 g) with
n-heptane/ethyl acetate. 294 mg of the
faster-migrating diastereoisomeric cis alcohol were
obtained: and 352 mg of a 1:1 mixture of the cis/trans
alcohols. b) 198 mg of the cis alcohol obtained in
stage a) were subsequently dissolved in 2 ml of DMSO
and stirred with 200 mg of powdered NaOH and 200 mg of
bromomethylcyclopropane at room temperature for 20
minutes. The usual aqueous workup and chromatography
on silica gel with n-heptane/ethyl acetate 2:1
resulted in 5 1 mg of the desired final product
1R',2S'-1-[2-cyclopropylmethoxy-1-(4-fluorophenyl)-2-(
4-methoxyphenyl) ethyl]-1 H-pyridin-2-one. Example 3:
1-(2-Cyclopropylmethoxy-1 ,2-diphenylethyl)-5-fluoro-1
H-pyridin-2-onea) 1.2 g (4.36 mmol) of 2-bromo-1
,2-diphenylethanone and 740 mg (6.54 mmol) of
5-fluoro-2-hydroxypyridine were intimately ground in a
mortar, and the mixture was subsequently heated at
12O0C for 2 hours. The still hot, oily mass was
dissolved in ethyl acetate. Cooling resulted in the
5-fluoro-1-(2-oxo-1 ,2-diphenylethyl)-1 H-pyridin-2-
one in crystalline form, 1.01 g (75%), which was
immediately dissolved in 15 ml of methanol. After
addition of 340 mg (9.03 mmol) of sodium borohydride,
the mixture was left at room temperature for one hour
and then diluted with water. The resulting mass of
crystals was filtered off with suction. The product
contains the 



diastereoisomeric pyhd-2-one alcohols in the ratio of
about 1:2 and was not fractionated further. b) 250 mg
of the mixture of diastereoisomeric alcohols obtained
in stage a) were dissolved in 2.5 ml of DMSO and
stirred with 242 mg of powdered NaOH and 273 mg of
bromomethylcyclopropane at room temperature for 3
hours. The usual aqueous workup was followed by
chromatography on silica gel with n-heptane/ethyl
acetate 1: 1 . The desired final product
1-(2-cyclopropylmethoxy-1 ,2-diphenylethyl)-5-fluoro-1
Hpyridin- 2-one was obtained in a yield of 90 mg (31
%). Example 4:
2-[2-(4-Chlorophenyl)-2-cyclopropylmethoxy-1
-phenylethyl]-2H-pyridazin-3- onea) 1g (3.22 mmol) of
2-bromo-1-(4-chlorophenyl)-2-phenylethanone were
melted together with 0.7 g (7.28 mmol) of
pyridazin-3-one at 1200C for 3 h. The black residue
was dissolved in hot CH2CI2 and chromatographed on 50
g of silica gel. 80 mg of cream-colored crystals were
obtained:
2-[2-(4-chlorophenyl)-2-oxo-1-phenylethyl]-2Hpyridazin
- 3-one. b) The intermediate obtained in stage a) was
dissolved in 0.5 ml of methanol and treated with
sodium borohydride (50 mg) for 1 hour. The usual
workup resulted in a mixture of the diastereoisomeric
alcohols: c) The intermediate obtained in stage b) was
reacted with bromomethylcyclopropane under the
conditions described in example 3 to give the desired
final product. Chromatography on 10 g of silica gel
were employed for purification, resulting in 16 mg of
2-[2-(4-chlorophenyl)-2-cyclopropylmethoxy-1-phenyleth
yl]-2H-pyridazin-3-one. Example 5: 1R',
2R'-5-Fluoro-1-(2-p-cyanophenoxy-1
,2-di-p-fluorophenylethyl)-1 Hpyridin- 2-onea) 345 mg
( 1 mmol) of a diastereoisomeric mixture of
6-fluoro-1-(2-hydroxy-1 ,2-di-pfluorophenylethyl)- 1
H-pyridin-2-one obtained by general method A from
2-bromo-1 ,2- bis(4-fluorophenyl)ethanone and
5-fluoro-2-hydroxypyridine was dissolved in 3.5 ml of
methylene chloride, and 79 mg of pyridine ( 1 mmol)
and 120 mg ( 1 .1 mmol) of trimethylsilyl chloride
were added. After the mixture had stood at room
temperature for 5 hours it was put, without workup and
under argon, onto a 50 g silica gel column and
chromatographed with the eluent heptane/ethyl acetate.
150 mg of a faster-migrating diastereoisomeric mixture
of the silyl alcohols, and 220 mg of the pure
diastereoisomeric silyl alcohol with the following
stereochemistry, i.e. a relative configuration of 1R',
2R' at centers 1 and 2, were obtained: b) 170 mg (0.41
mmol) of the silylated alcohol obtained in stage a)
were left with 170 mg ( 1.4 mmol) of
p-CN-fluorobenzene and 220 mg (0.84 mmol) of
tetrabutylammonium fluoride in 2.5 ml of absolute DMF
at room temperature overnight. After workup with ethyl
acetate and water, the residue was chromatographed on
silica gel.Heptane/ethyl acetate 2:1 eluted 100 mg
(55%) of the desired final product 1R\ 2R'-5- fluoro-1
-(2-p-cyanophenoxy-1 ,2-di-p-fluorophenylethyl)-1
H-pyridin-2-one. Example 6: 1-[2-Cyclopropoxy-1
,2-bis-(4-fluorophenyl)ethyl]-5-fluoro-1
H-pyridin-2-one a) 102 mg (0.3 mmol) of a
diastereoisomeric mixture of 6-fluoro-1-(2-hydroxy-1
,2-di-pfluorophenylethyl)- 1 H-pyridin-2-one obtained
by general method A from 2-bromo-1 ,2-
bis-(4-fluorophenyl)ethanone and
5-fluoro-2-hydroxypyridine were dissolved in 1.5 ml of
THF, and 0.5 ml of butyl vinyl ether was added. The
following are added in the stated sequence: 20 mg of
3,7-diphenyl-o-phenanthroline (0.06 mmol), 20 mg of
palladium bistrifluoroacetate (0.06 mmol) and 36 mg of
triethylamine (0.35 mmol). The mixture was stirred
while heating at 800C under argon for 2 hours. It was
then worked up with water and ethyl acetate and, after
evaporation of the solvent, the residue was
chromatographed on 20 g of silica gel with
n-heptane-ethyl acetate in the ratio 2:1 . 4 1 mg of
1-[2-vinyloxy-1
,2-bis-(4-fluorophenyl)ethyl]-5-fluoro-1
-pyridin-2-one were obtained. b) 42 mg of the
intermediate obtained in stage a) were dissolved in 2
ml absolute methylene chloride, and 0.54 ml of a
solution of diethyl zinc ( 1 .1 molar in toluene) and
then 0.1 ml of methylene iodide were added, and the
mixture was stirred at room temperature for 3 hours.
The mixture was diluted with water and extracted twice
with ethyl acetate. The ethyl acetate phases were
washed with water until neutral, dried with magnesium
sulfate and concentrated. The residue was
chromatographed on 20 g of silica gel with the eluent
heptane/ethyl acetate 2:1 . The desired final product
1-[2- cyclopropoxy-1
,2-bis-(4-fluorophenyl)ethyl]-5-fluoro-1
H-pyridin-2-one is obtained in a yield of 35 mg.The
following examples were prepared in analogy to the
synthetic methods described above:Pyrazolopyridine
derivatives as inhibitors of b-Adrenergic Receptor
Kinase 1 The sympathetic nervous system that is a
critical regulator of cardiac function has been
implicated in the inability of the failing heart to
respond to stress or injury. In response to stress
catecholamines (i.e. the sympathetic neurotransmitter
norepinephrine and the adrenal hormon epinephrine)
bind to myocardial adrenergic receptors (ARs). These
receptors, which include b1 and b2 ARs modulate
cardiac function by coupling to and activating G
proteins and thus belong to the large superfamily of G
protein coupled receptors (GPCRs). Agonist binding to
a bAR generates a conformational change to the
receptor. This conformational change permits the bAR
to interact with a membrane-bound G-protein. The
interaction results in the dissociation of the
G-protein heterotrimer into two components, namely the
Ga- and Gbg subunits. Either of these two subunits can
modulate cytosolic effector proteins that in turn may
regulate production of intracellular messenger
molecules. In the case of catecholamine-activated
myocardial bAR, a specific G-protein, Gs, stimulates
adenylyl cyclase to produce cAMP within the cell,
which increases cardiac chronotropy and inotropy
(Petrofski and Koch, J. MoI. Cell. Cardiol. 



2003, 35, 1167-1 174). Homologous desensitization of
bARs occurs via a familiy of serine/threonine kinases
known as G-protein coupled receptor kinases (GRKs).
Seven GRK family members have been identified to date.
Two (GRK1 or rhodopsin kinase and GRK7) are localized
primarily in the retina, whereas the remaining five
(GRK2-7) are ubiquitously expressed in several tissues
including the heart. GRKs have a tridomain structure
with a central catalytic domain, flanked by
amino-terminal (NT) and carboxy-terminal (CT) domains
that contain specific regulatory sites (laccarino and
Koch, Assay and Drug Develop. Technol. 2003, 1(2),
347-355). An interaction between the Gbg subunit and
the CT of the cytosolic GRK results in translocation
of GRK to the membrane, where it can phosphorylate the
activated receptor. Gbg binding takes place with an
approximate 100 amino acid stretch that is part part
of the pleckstrin homology (PH) domain found in the CT
of GRK2. Desensitization inthe face of persistent
agonist presence is termed homologous desensitization
and requires not only a GRK but also an additional
protein, b-arrestin. b-arrestins sterically prevent
Gs-coupling to the catecholamine bound bAR (Petrofski
and Koch, J. MoI. Cell. Cardiol. 2003, 35, 1167-1
174). Desensitization may be an adaptive response to
GPCR stimulation, but can also lead to pathological
loss of receptor signaling. Importantly, in the human
heart failure, chronic activation of the sympathetic
nervous system has adverse implications and can
accelerate cardiac pathology. Constant stimulation of
adrenergic receptors by catecholamines leads to
selective b1AR downregulation (Bristow et al., New
Engl. J. Med. 1982, 307 (4), 205- 2 11). I n end-stage
human heart failure; GRK2 mRNA and protein, and
activity-are elevated approximately threefold and this
causes dysfunctional bAR signaling and the loss of
inotropic reserve in the frailing heart (Ungerer et
al., Circulation 1993, 87, 454- 463). Furthermore,
myocardial ischemia and hypertension, both important
causes in heart failure, are also correlated with
elevated GRK2 levels (Petrofski and Koch, J. MoI.
Cell. Cardiol. 2003, 35, 1167-1 174). Rockman et al.
(Nature 2002, 415, 206-212) have shown that GRK2 has
an important role in the pathophysiology of cardiac
failure. Targeted GRK2 inhibition therefore represents
a therapetic approach to treatment of the failing
heart. Besides chronic heart failure GRK2 inhibitors
may be of value in the treatment of hypertension since
elevated GRK2 levels have been demonstrated in
peripheral blood lymphocytes of a subgroup of
hypertensive patients with impaired b2AR-mediated
vasodilation. Because b1AR regulation in lymphocytes
parallels that observed in vascular smooth muscle
cells in hypertensive subjects, the GRK2 up-regulation
seen in these lymphocytes is suggested to underlie the
attenuation of b2AR-mediated vasodilation in the
hypertensive subjects studied (Gros R et al., J. Clin.
Invest. 1997, 99, 2087-2093).GRK2 inhibitors may be
also be applied in the treatment of myocardial
ischemia since elevated GRK2 levels could be
demonstrated in rat heart muscle deprived of oxygen
for prolonged periods and this up-regulation
correlates temporally with diminishing responsiveness
of b-adrenergic receptor stimulated cyclase activity
(Ungerer et al., Circ. Res. 1996, 79, 455-460). The
finding that increased GRK2 levels could be detected
in the locus coerulus of rats after chronical
treatment with morphine suggests that GRK2 inhibitors
can be used to prevent opiate addiction. The increased
GRK2 activity may both compensate for hyperstimulation
of central nervous system opioid receptors and
contribute to the problem of opiate tolerance
(Terwilliger et al.,J. Neurochem 1 994 63 1983-1 986)
WO 2003054228 (Axxima Pharmaceuticals AG) discloses
that GRK2 (among other protein kinases,
metalloproteases and phosphatases) is a potential
target for medical intervention against hepatitis C
virus (HCV) infections. The terms G-protein coupled
receptor kinases 2 (GRK2) and b-Adrenergic Receptor
Kinase 1 (bARK-1 ) are used synonymously. WO
2004/076450 describes 6-heterocyclyl or phenyl
substituted pyrazolopyridine derivatives useful as p38
kinase inhibitors. WO 03/068773 describes
pyrazolopyridine derivatives as GSK-3 inhibitors
useful for a variety of indications wherein the
6-position is optionally substituted by (C3 -C8
)cycloalkyl, heterocyclyl, heteroaryl or aryl. WO
03/045949 describes pyrazolopyridine derivatives as
GSK-3 inhibitors wherein the 6- position is
unsubstituted.WO 95/34563 and EP 1149583 describes
generically describes pyrazolopyridine derivatives
useful as CRF antagonists wherein the 6-position is
substituted by (C1-C4 ) alkyl, fluoro, chloro, bromo,
iodo, -CH2OH, -CH2OCH3 , -O(C 1-C3 )alkyl, -S(C 1-C3
)alkyl, or -SO2 (C1-C3 )alkyl. The present invention
relates to compounds of the formula (I) wherein R1 is
H or (C1-C6 )alkyl, wherein the (C1-C6 )alkyl group is
unsubstituted or substituted by one or more OH,
halogen or NH2 groups; and R2 is phenyl, (C3 -C10
)cycloalkyl or a (C4 -C1 0)heterocyclyl group which
are unsubstituted or substituted by 1, 2 or 3 residues
independently selected from 1. (C1-C6 )alkyl, 2. (C2
-C6 )alkenyl, 3. (C2 -C6 )alkynyl, 4. (C1-C6
)alkylene-COOH, 5. (C1-C6 )alkylene-C(O)O-(C 1-C6
)alkyl, 6. (C1-C6 )alkylene-C(O)NH 2 , 7. (C1-C6
)alkylene-C(O)NH-(C 1-C6 )alkyl, 



8. (C1-C6 )alkylene-O-(C 1-C6 )alkyl, 9. (C1-C6
)alkylene-OH,10. (C1 -C6 )alkylene-NH 2 , 11. (C1 -C6
)alkylene-NH-(C 1-C6 )alkyl, 12. (C1 -C6
)alkylene-N[(C 1 -C6 )alkyl]2, 13. CN, 14. COOH, 15.
C(O)O-(C 1 -C6 )alkyl, 16. C(O)NH 2 , 17. C(O)NH-(C 1
-C6 )alkyl, 18. C(O)N[(C 1 -C6 )alkyl] 2 , 19 C(O)-(C
1 -C6 )alkyl, 20. halogen, 2 1. NH2 , 22. NH(C1 -C6
)alkyl, 23. N[(C 1 -C6 )alkyl] 2 , 24. NH-C(O)-(C 1
-C6 )alkyl, 25. OH, 26. O-(C 1 -C6)alkyl, 27. O-(C2
-C6 )alkenyl, 28. O-(C2 -C6 )alkinyl, 29. O-(C 1 -C6
)a lkylene-C(O)OH, 30. O-(C 1 -C6 )alkylene-C(O)O-(C 1
-C6 )alkyl, 31. O-(C 1 -C6 )alkylene-C(O)NH 2 , 32.
O-(C 1 -C6 )a lkylene-C(O)NH-(C 1 -C6 )alkyl, 33. O-(C
1 -C6 )alkylene-OH, 34. O-(C 1 -C6 )alkylene-O-(C 1
-C6 )alkyl, 35. O-(C 1 -C6 )alkylene-NH 2 , 36. O-(C 1
-C6 a) lkylene-NH-(C 1 -C6 )alkyl,37. O-C(O)-(C 1-C6
)alkyl, 38. S-(C 1-C6 )alkyl, 39. S(O)2-(C 1-C4
)alkyl, 40. (C6 -C1 0 )aryl, 4 1. (C4 -C 10
)heterocyclyl, 42. (C1-C6 )alkylene-(C 6 -C10 )aryl,
43. (C1-C6 )alkylene-(C 4 -C1 0 )heterocyclyl, 44.
(C1-C6 )alkylene-O-(C 6 -C10 )aryl, 45. (C1-C6
)alkylene-O-(C 4 -C1 0 )heterocyclyl, 46. O-(C6 -C10
)aryl, 47. O-(C4 -C1 0 )heterocyclyl, 48. O-(C 1-C6
)alkylene-(C 6 -C10 )aryl, 49. O-(C 1-C6 )alkylene-
(C4 -C1 0 )heterocyclyl, wherein the (C6 -C1 0 )aryl
and (C4 -C1 0 )heterocyclyl groups in residues 40. to
49. are unsubstituted or substituted by 1, 2 or 3
residues independently selected form OH, halogen, NH2
, O-(C 1-C6 )alkyl, (C1-C6 )alkyl, S(O)2-(C 1-C4
)alkyl or (C3 -C10 )cycloalkyl; and/or is vicinally
substituted by a residue of the formula -O-(CH2 )n
-O-, wherein n is 1, 2 or 3 and wherein one or more
hydrogen atoms may be replaced by halogen atoms; and
R3 is H; (C1-C6 )alkyl or O-(C 1-C6 )alkyl, wherein
the (C1-C6 )alkyl group is unsubstituted or
substituted by OH, halogen, NH2 , NH(C1-C6 )alkyl or
N[(C 1-C6 )alkyl]2; or (C3 -C10 )cycloalkyl, wherein
(C3 -C10 )cycloalkyl is unsubstituted or substituted
by one or more fluoro atoms; or a physiologically
acceptable salt thereof.The terms (C1-C4 )alkyl,
(C1-C6 )alkyl or (C1-C6 )alkylene are understood as a
hydrocarbon residue which can be linear, i.e.
straight-chain, or branched and has 1, 2, 3 or 4, or
1, 2, 3, 4, 5 or 6 carbon atoms, respectively. This
also applies if an alkyl group occurs as a substituent
on another group, for example in an alkoxy group
(O-alkyl), a thio group (S-alkyl) or a -O(CH2 )n -O-,
an alkoxycarbonyl group or an arylalkyl group.
Examples of alkyl groups are methyl, ethyl, propyl,
butyl, pentyl or hexyl, the n-isomers of all these
groups, isopropyl, isobutyl, 1-methylbutyl, isopentyl,
neopentyl, 2,2-dimethylbutyl, 2-methyl pentyl,
3-methyl pentyl, isohexyl, sec-butyl, tert-butyl or
tert-pentyl. Alkyl groups may - if not otherwise
stated - be halogenated once or more, i.e. alkyl
groups may be fluorinated, i.e. perfluorinated.
Examples of halogenated alkyl groups are CF3 and
CH2CF3 , OCF3 , S-CF3 , -O-(CF 2 )2 -O-. Alkenyl are,
for example, vinyl, 1-propenyl, 2-propenyl (= allyl),
2-butenyl, 3-butenyl, 2- methyl-2-butenyl,
3-methyl-2-butenyl, 5-hexenyl or 1,3-pentadienyl.
Alkynyl are, for example, ethynyl, 1-propynyl,
2-propynyl (= propargyl) or 2-butynyl. (C3 -C 10
)cycloalkyl groups are cyclic alkyl groups containing
3, 4, 5, 6, 7, 8, 9 or 10 ring carbon atoms like
cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl or
cyclooctyl, which can also be substituted and/or
unsaturated. Unsaturated cyclic alkyl groups and
unsaturated cycloalkyl groups like, for example,
tetrahydronaphthyl, cyclopentenyl or cyclohexenyl can
be bonded via any carbon atom. The term alkyl as used
herein also comprises cycloalkylsubstituted alkyl
groups like cyclopropylmethyl-, cyclobutylmethyl-,
cyclopentylmethyl-, 1- cyclopropylethyl-,
1-cyclobutylethyl-, 1-cyclopentylethyl-,
2-cyclopropylethyl-, 2- cyclobutylethyl-,
2-cyclopentylethyl-, 3-cyclopropylpropyl-,
3-cyclobutylpropyl-, etc. in 



which groups the cycloalkyl subgroup as well as
acyclic subgroup can be unsaturated and/or
substituted. Of course, a cyclic alkyl group has to
contain at least three carbon atoms and an unsaturated
alkyl group has to contain at least two carbon atoms.
Thus, agroup like (C1-C4 )-alkyl is to be understood
as comprising, among others, saturated acyclic (C1-C4
)-alkyl, (C3 -C4 )-cycloalkyl, cyclopropyl-methyl. A
(C6 -C10 )aryl group means an aromatic ring or a ring
system which comprises two aromatic rings which are
fused or otherwise linked, for example a phenyl,
naphthyl, biphenyl, tetrahydronaphthyl, alpha- or
beta-tetralon-, indanyl- or indan-1-on-yl group.
Phenyl is a preferred (C6 -C1 0 )aryl group. A (C4
-C10 )heterocyclyl group means a 4-10 membered mono-
or bicyclic ring system which comprises, apart from
carbon, one or more heteroatoms such as, for example,
1, 2, 3 or 4 nitrogen atoms, 1 or 2 oxygen atoms, 1 or
2 sulfur atoms or combinations of different hetero
atoms. For example, a C6 -heterocyclyl may contain 5
carbon atoms and 1 nitrogen atom as is the case in
pyridyl or piperidinyl. The heterocyclyl residues can
be bound at any positions, for example on the
1-position, 2-position, 3-position, 4-position, 5-
position, 6-position, 7-position or 8-position.
Heterocyclyl comprises (1) aromatic (C5 -C10
)heterocyclyl groups [(C5 -C10 ) heteroaryl groups] or
(2) saturated (C4 -C10 )heterocyclyl groups or (3)
mixed aromatic/saturated fused (C8 -C10 )heterocyclyl
groups. (C5 -C10 )heteroaryl groups are preferred as
(C4 -C10 )heterocyclyl group. Suitable (C4 -C1 0
)heterocyclyl group include acridinyl, azetidine,
benzimidazolyl, benzofuryl, benzomorpholinyl,
benzothienyl, benzothiophenyl, benzoxazolyl,
benzthiazolyl, benztriazolyl, benztetrazolyl,
benzisoxazolyl, benzisothiazolyl, carbazolyl,
4aH-carbazolyl, carbolinyl, furanyl, quinazolinyl,
quinolinyl, 4H-quinolizinyl, quinoxalinyl,
quinuclidinyl, chromanyl, chromenyl, cinnolinyl,
decahydroquinolinyl, 2H,6H-1 ,5,2- dithiazinyl,
dihydrofuro[2,3-b]-tetrahydrofuran, furyl, furazanyl,
homomorpholinyl, homopiperazinyl, imidazolidinyl,
imidazolinyl, imidazolyl, 1H-indazolyl, indolinyl,
indolizinyi,indolyl, 3H-indolyl, isobenzofuranyl,
isochromanyl, isoindazolyl, isoindolinyl, isoindolyl,
isoquinolinyl (benzimidazolyl), isothiazolyl,
isoxazolyl, morpholinyl, naphthyridinyl,
octahydroisoquinolinyl, oxadiazolyl,
1,2,3-oxadiazolyl, 1,2,4-oxadiazolyl,
1,2,5-oxadiazolyl, 1,3,4-oxadiazolyl, oxazolidinyl,
oxazolyl, oxazolidinyl, pyrimidinyl, phenanthridinyl,
phenanthrolinyl, phenazinyl, phenothiazinyl,
phenoxathiinyl, phenoxazinyl, phthalazinyl,
piperazinyl, piperidinyl, prolinyl, pteridinyl,
purynyl, pyranyl, pyrazinyl, pyroazolidinyl,
pyrazolinyl, pyrazolyl, pyridazinyl, pyridonyl,
pyridooxazoles, pyridoimidazoles, pyridothiazoles,
pyridinyl, pyridyl, pyrimidinyl, pyrrolidinyl,
pyrrolinyl, 2H-pyrrolyl, pyrrolyl, tetrahydrofuranyl,
tetrahydroisoquinolinyl, tetrahydroquinolinyl,
6H-1,2,5-thiadazinyl, thiazolyl, 1,2,3-thiadiazolyl,
1,2,4-thiadiazolyl, 1,2,5-thiadiazolyl,
1,3,4-thiadiazolyl, thienyl triazolyl, tetrazolyl and
xanthenylrPyridyl stands both for-2-, 3- and
4-pyridyl. Thienyl stands both for 2- and 3-thienyl.
Furyl stands both for 2- and 3-furyl. Also included
are the corresponding N-oxides of these compounds, for
example, 1-oxy-2-, 3- or 4-pyridyl. Substitutions in
(C4 -C1 0)heterocyclyl residues can occur on free
carbon atoms or on nitrogen atoms. Preferred examples
of (C4 -C10 )heterocyclyl residues are 2- or
3-thienyl, 2 or 3-furyl, 1-, 2- or 3-pyrrolyl, 1-, 2-,
4- or 5-imidazolyl, 1-, 3-, 4- or 5-pyrazolyl,
1,2,3-triazol-1-, -4 or -5- yl, 1,2,4-triazol-i-, -3
or -5-yl, 1- or 5-tetrazolyl, 2-, 4- or 5-oxazolyl,
3-, 4- or 5-isoxazolyl, 1,2,3-oxadiazol-4 or -5-yl,
1,2,4-oxadiazol-3 or -5-yl, 1,3,4-oxadiazol-2-yl or
-5-yl, 2-, 4- or 5-thiazolyl, 3-, 4- or
5-isothiazolyl, 1,3,4-thiadiazol-2 or -5-yl,
1,2,4-thiadiazol-3 or -5-yl, 1,2,3-thiadiazol-4 or
-5-yl, 2-, 3- or 4-pyridyl, 2-, 4-, 5- or
6-pyrimidinyl, 3- or 4-pyridazinyl, pyrazinyl, 1-, 2-,
3-, 4-, 5-, 6- or 7-indolyl, 1-, 2-, 4- or
5-benzimidazolyl, 1-, 3-, 4-, 5-, 6- or 7-indazolyl,
2-, 3-, 4- , 5-, 6-, 7- or 8-chinolyl, 1-, 3-, 4-, 5-,
6-, 7- or 8-isochinolyl, 2-, 4- , 5-, 6-, 7- or
8-chinazolinyl, 3-, 4- , 5-, 6-, 7- or 8-cinnolinyl,
2-, 3-, 5-, 6-, 7- or 8-chinoxalinyl, 1- , 4- , 5-,
6-, 7- or 8-phthalazinyl. Enclosed are also the
respective n-oxides, for example 1- oxy-2 - , -3 or
-4-pyridyl. Particularly preferred (C4 -C 10 )
heterocyclyl residues are 2- or 3- furyl, 2- or
3-pyrrolyl, 3 - , 4- or 5-pyrazolyl, and 2-, 3- or
4-pyridyi.In monosubstituted phenyl groups the
substituent can be located in the 2-position, the 3-
position or the 4-position, with the 3-position and
the 4-position being preferred. If a phenyl group
carries two substituents, they can be located in
2,3-position, 2,4-position, 2,5-position,
2,6-position, 3,4-position or 3,5-position. In phenyl
groups carrying three substituents the substituents
can be located in 2,3,4-position, 2,3,5-position,
2,3,6- position, 2,4,5-position, 2,4,6-position, or
3,4,5-position. The above statements relating to
phenyl groups correspondingly apply to divalent groups
derived from phenyl groups, i.e. phenylene which can
be unsubstituted or substituted 1,2- phenylene,
1,3-phenylene or 1,4-phenylene. The above statements
also correspondin l apply-to-the aryl subgroup in
arylalkylene groups. Examples of arylalkylene groups w
can also be unsubstituted or substituted in the aryl
subgroup as well as in the alkylene subgroup, are
benzyl, 1-phenylethylene, 2-phenylethylene,
3-phenylpropylene, 4- phenylbutylene,
1-methyl-3-phenyl-propylene. "Halogen" means fluoro,
chloro, bromo or iodo. Pyrazolopyridine substitution
pattern are numbered according to IUPAC rules: A
preferred embodiment of the present invention is a
compound of the formula (I) wherein R1 and R3 are as
defined above; and R2 is phenyl or a (C4 -C10
)heterocyclyl group which are unsubstituted or
substituted as defined above. A further preferred
embodiment of the present invention is a compound of
the formula (I) whereinR 1 is H; R2 is phenyl or a (C4
-C10 )heterocyclyl group which are unsubstituted or
substituted as 



defined above; and R3 is H; (C1-C6 )alkyl which is
unsubstituted or substituted by OH, halogen, NH2 ,
NH(C1-C6 )alkyl or N[(C1-C6 )alkyl]2 ; or a (C3
-C10)cycloalkyl group which is unsubstituted or
substituted by one or more fluoro atoms; or a
physiologically acceptable salt thereof. A further
preferred embodiment of the present invention is a
compound of the formula (I) wherein R1 is h ; R2 is
phenyl or a (C4 -C10 )heterocyclyl group which are
unsubstituted or substituted as defined above; and R3
is H; or a physiologically acceptable salt thereof. A
further preferred embodiment of the present invention
is a compound of the formula (I) wherein R1 is H; R2
is phenyl or a (C5 -C10 )heteroaryl group which are
unsubstituted or substituted as defined above or; and
R3 is H; or a physiologically acceptable salt thereof.
A further preferred embodiment of the present
invention is a compound of the formula (I) wherein R1
is H;R2 is a (C5-C10 )heteroaryl group which is
unsubstituted or substituted as defined above; and R3
is H; or a physiologically acceptable salt thereof.
Preferred (C5-C10 )heteroaryl groups as group R2 are
benzofuranyl, indolyl, furanyl, pyridyl, pyrrolyl,
pyrazolyl, pyrazinyl, pyrimidyl, quinolinyl, thienyl,
tetrazolyl, triazolyl, morpholine, pyrrolidinyl,
piperazinyl and piperidinyl. Especially preferred are
benzofuranyl, indolyl, furanyl, pyridyl, pyrrolyl and
pyrazolyl. More preferred, the R2 group is (C5-C10
)heteroaryl of the formula (II), , wherein X is N-R4
or O, R4 is H, (C1-C4 )alkyl, (C1-C4 )alkenyl, (C1-C4
)alkinyl, (C1-C4 )alkylene-phenyl or C(O)-(C 1-C4
)alkyl; R5 is 1. H, 2. (C 1-C4 )alkyl, 3. (C1-C4
)alkenyl, 4. (C2 -C4 )alkynyl, 5. (C1-C4
)alkylene-phenyl, 6. C(O)-(C 1-C4 )alkyl, 7. COOH 8.
C(O)O-(C 1-C4 )alkyl,9. C(O)NH2 , 10. halogen, 11. OH,
12. O-(C 1-C4 )alkyl, 13. O-(C 1-C-4)alkylene-OH, 14.
O-(C 1-C4 )alkylene-NH 2 , 15. O-(C 1-C4
)alkylene-O-(C 1-C-4)alkyl, 16. O-(C 1-C4
)alkylene-phenyl, 17. O-(C 1-C4 )alkylene-(C5-C 6
)heterocyclyl, 18. O-(C 1-C4 )alkylene-C(O)OH, 19.
O-(C 1-C4 )alkylene-C(O)O-(C 1-C6 )alkyl, or 20. O-(C
1-C4 )alkylene-C(O)NH 2 ; m is 1 or 2; or a furanyl
group; or a pyridyl group; or a pyrrolyl group which
is unsubstituted or substituted by (C1-C6 )alkyl; or a
pyrazolyl group which is unsubstituted or substituted
by phenyl. A further preferred embodiment of the
present invention is a compound of the formula (I)
wherein R 1 is H; and R is a (C5 -C10 )heteroaryl
group of the formula (II), , wherein X is N-R4, R4 is
H, CH3 , CH(CH 3 )2 , benzyl, C(=O)CH 3 , CH2 CH=CH 2
or CH2 C CHR5 is H, CH3 , OCH3 , COOH, C(O)OCH3 ,
C(O)NH2 , O-benzyl, F, Cl, Br OH, O(CH2 )2OH, O(CH2 )
OCH3 , O(CH2 )2NH2 >OCH2 C(O)OH OCH2 C(O)NH2 , OCH2
C(O)O-(tert-butyl), m is 1 or 2; or R2 is a pyridyl
group; or R2 is a furanyl group; or R2 is a pyrrolyl
group of the formula (VII) wherein R8 is H or (C1-C6
)alkyl; 



or R2 is a pyrazolyl group of the formula (VIII)
wherein Rg is phenyl; and R3 is H; or a
physiologically acceptable salt thereof. Optically
active carbon atoms present in the compounds of the
formula (I) canindependently of each other have R
configuration or S configuration. The compounds of the
formula (I) can be present in the form of pure
enantiomers or pure diastereomers or in the form of
mixtures of enantiomers and/or diastereomers, for
example in the form of racemates. The present
invention relates to pure enantiomers and mixtures of
enantiomers as well as to pure diastereomers and
mixtures of diastereomers. The invention comprises
mixtures of two or of more than two stereoisomers of
the formula I, and it comprises all ratios of the
stereoisomers in the mixtures. In case the compounds
of the formula (I) can be present as E isomers or Z
isomers (or cis isomers or trans isomers) the
invention relates both to pure E isomers and pure Z
isomers and to E/Z mixtures in all ratios. The
invention also comprises all tautomeric forms of the
compounds of the for u (1). Diastereomers, including
E/Z isomers, can be separated into the individual
isomers, for example, by chromatography. Racemates can
be separated into the two enantiomers by customary
methods, for example by chromatography on chiral
phases or by resolution, for example by
crystallization of diastereomeric salts obtained with
optically active acids or bases. Stereochemically
unifom compounds of the formula (I) can also be
obtained by employing stereochemically uniform
starting materials or by using stereoselective
reactions. Physiologically acceptable salts of the
compounds of formula (I) are nontoxic salts that are
physiologically acceptable, in particular
pharmaceutically utilizable salts. Such salts of
compounds of the formula (I) containing acidic groups,
for example a carboxylic group COOH, are for example
alkali metal salts or alkaline earth metal salts such
as sodium salts, potassium salts, magnesium salts and
calcium salts, and also salts with physiologically
acceptable quaternary ammonium ions such as
tetramethylammonium or tetraethylammonium, and acid
addition salts with ammonia and physiologically
acceptable organic amines, such as methylamine,
dimethylamine, trimethylamine, ethylamine,
triethylamine, ethanolamine or
tris-(2-hydroxyethyl)-amine. Basic groups contained in
the compounds of the formula I, for example amino
groups or amidino groups, form acidaddition salts, for
example with inorganic acids such as hydrochloric
acid, hydrobromic acid, sulfuric acid, nitric acid or
phosphoric acid, or with organic carboxylic acids and
sulfonic acids such as formic acid, acetic acid,
oxalic acid, citric acid, lactic acid, malic acid,
succinic acid, malonic acid, benzoic acid, maleic
acid, fumaric acid, tartaric acid, methanesulfonic
acid or p-toluenesulfonic acid. The present invention
also includes acid addition salts of compounds of the
formula (I) which contain, for example, two basic
groups, with one or two acid equivalents. Salts of
compounds of the formula (I) can be obtained by
customary methods known to those skilled in the art,
for example by combining a compound of the formula (I)
with an inorganic or organic acid or base n a solvent
or diluent, or from other salts by cation exchange or
anion exchange. The present invention also includes
all salts of the compounds of the formula (I) which,
because of low physiologically tolerability, are not
directly suitable for use in pharmaceuticals but are
suitable, for example, as intermediates for carrying
out further chemical modifications of the compounds of
the formula (I) or as starting materials for the
preparation of physiologically acceptable salts. The
anions of the mentioned acids that may be present in
acid addition salts of the compounds of the formula I
are also examples of anions that may be present in the
compounds of the formula (I) if they contain one or
more positively charged groups like trialkylammonio-
substituents, i. e. groups of the formula (alkyl) 3N
bonded via the positively charged nitrogen atom,
representing R, or quaternized ring nitrogen atoms in
heterocyclic groups. In general a compound of the
formula (I) contains one or more physiologically
acceptable anions or anion equivalents as counterions
if it contains one or more permanently positively
charged groups like trialkylammonio. Compounds of the
formula (I) which simultaneously contain a basic group
or a positively charged group and an acidic group, for
example an amidino group and a carboxy group, can also
be present as zwitterions (betaines) which are
likewise included in the present invention. The
present invention furthermore includes all solvates of
compounds of the formula (I),for example hydrates or
adducts with alcohols. The invention also includes
derivatives and modifications of the compounds of the
formula I, for example prodrugs, protected forms and
other physiologically acceptable derivatives including
esters and amides of acid groups, as well as active
metabolites of the compounds of the formula I . The
compounds of the formula (I), which on account of its
chemical structure occurs in enantiomeric forms, can
be resolved into the pure enantiomers by salt
formation with enantiomericaily pure acids or bases,
chromatography on chiral stationary phases or
derivatization by means of chiral enantiomericaily
pure compounds such as amino acids, separation of the
diastereomers thus obtained, and removal of the chiral
auxiliary grou s The compounds of the formula (I) can
be isolated either in free form or, in the case of the
presence of acidic or basic groups, converting it into
physiologically acceptable salts. The preparation of
physiologically acceptable salts of compounds of the
formula (I) capable of salt formation, including their
stereoisomeric forms, is carried out in a manner known
per se. With basic reagents such as hydroxides,
carbonates, hydrogencarbonates, alkoxides and also
ammonia or organic bases, for example trimethyl- or
triethylamine, ethanolamine or triethanolamine or
alternatively basic amino acids, for example lysine,
ornithine or 



arginine, the carboxylic acids form stable alkali
metal, alkaline earth metal or optionally substituted
ammonium salts. If the compounds of the formula (I)
contain basic groups, stable acid addition salts can
also be prepared using strong acids. For this, both
inorganic and organic acids such as hydrochloric,
hydrobromic, sulfuric, phosphoric, methanesulfonic,
benzenesulfonic, p-toluenesulfonic,
4-bromobenzenesulfonic, cyclohexylamidosulfonic,
trifluoromethylsulfonic, acetic, oxalic, tartaric,
succinic or trifluoroacetic acid are suitable. The
present invention therefore also relates to the
compounds of the formula (I) and/or their
physiologically acceptable salts and/or their prodrugs
for use as pharmaceuticals (or medicaments), to the
use of the compounds of the formula (I) and/or their
physiologically acceptable salts and/or their prodrugs
for the production of pharmaceuticals for thetreatment
and prevention of chronic heart failure, hypertension,
myocardial ischemia and hepatitis C virus (HCV)
infections, and for the prevention of opiate
addiction. The present invention furthermore relates
to pharmaceutical preparations (or pharmaceutical
compositions) which contain an effective amount of at
least one compound of the formula (I) and/or its
physiologically acceptable salts and/or its prodrugs
and a pharmaceutically acceptable carrier, i . e. one
or more pharmaceutically acceptable carrier substances
(or vehicles) and/or additives (or excipients). The
pharmaceuticals can be administered orally, for
example in the form of pills, tablets,
lacqueredtablets, coated tablets, granules, hard and
soft gelatin capsules, solutions, syrups, emulsions,
suspensions or aerosol mixtures. Administration,
however, can also be carried out rectally, for example
in the form of suppositories, or parenterally, for
example intravenously, intramuscularly or
subcutaneously, in the form of injection solutions or
infusion solutions, microcapsules, implants or rods,
or percutaneously or topically, for example in the
form of ointments, solutions or tinctures, or in other
ways, for example in the form of aerosols or nasal
sprays. The pharmaceutical preparations according to
the invention are prepared in a manner known per se
and familiar to one skilled in the art,
pharmaceutically acceptable inert inorganic and/or
organic carrier substances and/or additives being used
in addition to the compound(s) of the formula (I)
and/or its (their) physiologically acceptable salts
and/or its (their) prodrugs. For the production of
pills, tablets, coated tablets and hard gelatin
capsules it is possible to use, for example, lactose,
corn starch or derivatives thereof, talc, stearic acid
or its salts, etc. Carrier substances for soft gelatin
capsules and suppositories are, for example, fats,
waxes, semisolid and liquid polyols, natural or
hardened oils, etc. Suitable carrier substances for
the production of solutions, for example injection
solutions, or of emulsions or syrups are, for example,
water, saline, alcohols, glycerol, polyols, sucrose,
invert sugar, glucose, vegetable oils, etc. Suitable
carrier substances for microcapsules, implants or rods
are, for example, copolymers of glycolic acid and
lacticacid. The pharmaceutical preparations normally
contain about 0.5 to about 90 % by weight of the
compounds of the formula (I) and/or their
physiologically acceptable salts and/or their
prodrugs. The amount of the active ingredient of the
formula (I) and/or its physiologically acceptable
salts and/or its prodrugs in the pharmaceutical
preparations normally is from about 0.5 to about 1000
mg, preferably from about 1 to about 500 mg. In
addition to the active ingredients of the formula (I)
and/or their physiologically acceptable salts and/or
prodrugs and to carrier substances, the pharmaceutical
preparations can contain one or more additives such
as, for example, fillers, disintegrants, binders,
lubricants, wetting agents, stabilizers, emulsifiers,
preservatives, sweeteners colorants, flavorings, aron
atizers; thickeners, diluentsrbuffer substances,
solvents, solubilizers, agents for achieving a depot
effect, salts for altering the osmotic pressure,
coating agents or antioxidants. They can also contain
two or more compounds of the formula (I) and/or their
physiologically acceptable salts and/or their
prodrugs. In case a pharmaceutical preparation
contains two or more compounds of the formula (I) the
selection of the individual compounds can aim at a
specific overall pharmacological profile of the
pharmaceutical preparation. For example, a highly
potent compound with a shorter duration of action may
be combined with a long-acting compound of lower
potency. The flexibility permitted with respect to the
choice of substituents in the compounds of the formula
(I) allows a great deal of control over the biological
and physico-chemical properties of the compounds and
thus allows the selection of such desired compounds.
Furthermore, in addition to at least one compound of
the formula (I) and/or its physiologically acceptable
salts and/or its prodrugs, the pharmaceutical
preparations can also contain one or more other
therapeutically or prophylactically active
ingredients. As inhibitors of GRK2 the compounds of
the formula (I) and their physiologically acceptable
salts and their prodrugs are generally suitable for
the therapy and prophylaxis of conditions in which the
activity of GRK2 or bARK-1 plays a role or has an
undesired extent, or which can favorably be influenced
by inhibiting GRK2 or bARK-I or decreasingits
activity, or for the prevention, alleviation or cure
of which an inhibition of GRK2 or bARK-1 or a decrease
in its activity is desired by the physician. When
using the compounds of the formula (I) the dose can
vary within wide limits and, as is customary and is
known to the physician, is to be suited to the
individual conditions in each individual case. It
depends, for example, on the specific compound
employed, on the nature and severity of the disease to
be treated, on the mode and the schedule of
administration, or on whether an acute or chronic
condition is treated or whether prophylaxis is carried
out. An appropriate dosage can be established using
clinical approaches well known in the medical art. In
general, the daily dose for achieving the desired
results in an adult weighing about 75 kg is from about
0.01 to about 100 mg/l< preferably from about 0.1 to
about 50 mg/kg, in particular from about 0.1 to about
10 



mg/kg, (in each case in mg per kg of body weight). The
daily dose can be divided, in particular in the case
of the administration of relatively large amounts,
into several, for example 2, 3 or 4, part
administrations. As usual, depending on individual
behavior it may be necessary to deviate upwards or
downwards from the daily dose indicated. Furthermore,
the compounds of the formula (I) can be used as
synthesis intermediates for the preparation of other
compounds, in particular of other pharmaceutical
active ingredients, which are obtainable from the
compounds of the formula I, for example by
introduction of substituents or modification of
functional groups. The compounds of the formula (I)
can generally be prepared according to the following
scheme:In a first route, R2-aldehyde (ll),
3-aminopyrazole (III) and R3 -containing methyl
pyruvate (IV) are mixed in dichloroethane (DCE) in the
presence of an acid, preferably acetic acid,and the
mixture is heated to 50-120 C, preferably 60-100C, and
subsequently the reaction mixture is oxidized,
preferably by exposure to air whereby the aromatic
1HPyrazolo[ 3,4-b]pyridine system (Vl) is formed. In
an alternative route, R2-aldehyde (II),
3-aminopyrazole (III) and R3 -containing methyl
pyruvic acid (V) are mixed in ethanol and heated to
50-120C, preferably 60-100C. Subsequent oxidization,
preferably by exposure to air yields the
1H-Pyrazolo[3,4- b]pyridine acid derivative (VII).
Ester cleavage can be achieved by standard methods by
e.g. exposing the ester (Vl) base. Details on methods
for the preparation are given in various standard
reference: like, for example, J. March, Advanced
Organic Chemistry, 4th ed., John Wiley & Sons, 1992.
The respective amides of the formula (I) wherein R1 is
hydrogen can be formed by reacting the ester (Vl) with
a suitable reagent such as e.g. ammonia in methanol or
by activating the carboxylic acid derivative (VII)
with BOC2O and treating the resulting tertbutyl ester
with NH4HCO3. In the case a tert-butyl ester is formed
at N1 or N2 of the pyrazolopyridine, it can be removed
by treatment with TFA. Compounds of the formula (I)
wherein R1 is an optionally substituted (C1-C6 )alkyl
group can be obtained by coupling the respective
(C1-C6 )alkyl-NH 2 derivative (VIII) to (VII) in the
presence of a standard coupling reagent such as e.g.
DIC, dicyclohecyl carbodiimide, EDC, HOBT etc.
Protective groups that may still be present in the
products obtained in the coupling reaction are then
removed by standard procedures. For example,
tert-butyl protecting groups, in particular a
tert-butoxycarbonyl group which is a protected form of
an amidino group, can be deprotected, i . e. converted
into the amidino group, by treatment with
trifluoroacetic acid. As already explained, after the
coupling reaction also functional groups can be
generated from suitable precursor groups. In addition,
a conversion into aphysiologically acceptable salt or
a prodrug of a compound of the formula (I) can then be
carried out by known processes. In general, a reaction
mixture containing a final compound of the formula (I)
or an intermediate is worked up and, if desired, the
product is then purified by customary processes known
to those skilled in the art. For example, a
synthesized compound can be purified using well known
methods such as crystallization, chromatography or
reverse phase-high performance liquid chromatography
(RP-HPLC) or other methods of separation based, for
example, on the size, charge or hydrophobicity of the
compound. Similarly, well known methods such as amino
acid sequence analysis, NMR, IR and mass spectrometry
(MS) can be used for characterizing a compound of the
invention. It is understood that modifications that do
not substantially affect the activity of the various
embodiments of this invention are included within the
invention disclosed herein. Accordingly, the following
examples are intended to illustrate but not limit the
present invention. Abbreviations: ACN acetonitrile
anh. anhydrous cpd. compound DIAD diisopropyl
azodicarboxylate DIC diisopropyl carbodiimid DMSO
dimethyl sulfoxide Et2O ethyl ether MeOH methanol DMF
dimethylformamide DCM dichloromethane D E:
1,2-dichloroethane eq equivalent(s)HPLC high
performance liquid chromatopgraphy r.t. room
temperature THF tetrahydrofuran TFA trifluoroacetic
acid TLC thin layer chromatography h hour(s) R
retention time Synthesis of Intermediates:
4-Hydroxy-1-methyl-1 H-indole-3-carbaldehyde (l-1)
Step 1: Synthesis of
4-Hydroxy-1-methyl-N-methyl-indole-3-carbaldehyde To a
solution of 4-Benzyloxy-1 H-indole-3-carbaldehyde
(0.5g, 2.0mmol) in anhydrous DMF (8.OmL) was added
methyl iodide (0.148mL, 2.40mmol) and potassium
carbonate 



(0.552g, 4.0mmol) with vigorous stirring. This
solution was then allowed to stir for 36h at r.t. The
solvent was evaporated to give a white solid. The
solid was dissolved in ethyl acetate (10OmL), filtered
and evaporation of the solvent gave a light grey
solid. The solid was triturated with Et O to remove
residual DMF and filtration gave the product as a
fluffy light grey solid 0.4Og (yield: 75%); 1H NMR
(DMSO d6 ) 3.85 (s, 3H), 5.35 (s, 2H), 6.9 (dd, 1H),
7.20 (m, 2H), 7.40 (m, 3H), 7.55 (m, 2H), 8.1 (s, 1H),
10.3 (s, 1H); MS m/e 265 (M+ ).Step 2: The compound
derived from step 1 (0.5g, 1.9mmol) was dissolved in
DCM (10mL) and to the solution was added 48% HBr
(3.0mL). This solution was allowed to stir overnight
at r.t. The solvent was evaporated to give a dark
purple solid. The crude was triturated twice with
ethyl acetate, (following subsequent removal of ethyl
acetate under reduced pressure). The crude material
was purified by column chromatography. Conditions:
0.75g of crude compound on 25g of flash grade silica;
hexanes/ethyl acetate (50/50). The appropriate
fractions were collected and evaporated to give the
product as a light green solid 0.275g (yield: 82%) 1H
NMR (DMSO d6 ) 3.85 (s, 3H,), 6.60 (d, 1H), 7.00 (d,
1H), 7.20 (t, 1H), 8.35 (s, 1H), 9.6 (s, 1H), 10.6 (s,
1H); MS m/e 175 (M+ ) . 5-Hydroxy-1 -methyl-1
H-indole-3-carbaldehyde (I-2) To a solution of
5-Methoxy-1 -methyl- 1H-indole-3-carbaldehyde (4.5g,
23.8 mmol, in 150 ml DCM) was added BBr3 solution (2 M
in DCM, 60 ml, 5 eq) at -10 C with stirring for 5 min.
The cooling bath was removed and the reaction mixture
was slowly warmed up to r.t. The reaction was
monitored by TLC (2% MeOH in DCM) and LCMS (after 3.5
h, no starting material remained). The reaction
mixture was then cooled to -10 C, and 16 ml of MeOH
were slowly added. The pH of mixture was adjusted to 8
by adding sat. NaHCO3 and/or 4 N NaOH. The organic
solvents were removed under reduced pressure and the
remaining aqueous mixture was extracted with ethyl
acetate (30 mlx5). The organic layers were combined,
washed with brine ( 10mIx1 ) , dried over Mg2 SO4 ,
filtered and dried under reduced pressure to give the
title compound as 4.06 g purple powder (yield:
97%)that was used without further purification. LCMS
(2-85 % ACN/H 2O in 7 min): 176.1 (40%). Rf 0.1 1 (2%
MeOH in DCM). 4-[2-(2-pyridyloxy)ethyl]-1-methyl-1
-indole-3-carbaldehyde (I-3) A solution of-88mg (0.5
mmol) 1-1, 262 mg (1 mmol) PPh3 and 123_mg ( 1mmol)
dry 2 pyridyl-1-ethanol in 4 ml dry THF, and a
solution of 202 mg ( 1 mmol) DIAD in 1ml dry THF were
cooled to -10C and quickly mixed. The temperature was
raised to r.t. and stirred for 2 hours. The reaction
was monitored by LCMS, evaporated and purified on HPLC
(RP YMC-Pack ODS-AM, AM12S05-2520WT, S-5um, 12nm,
gradient C / water (+0.1% TFA), 10-100 % in 20 min,
10ml/min, UV detection 280nm). Relevant fractions were
lyophilized overnight. LCMS (2 to 85% ACN/H 2 O):
shows MH+ ion m/z = 281 (100%). Yield: 90mg (64%).
5-(N-piperidinoethyloxy)-1-methyl- 1
-indole-3-carbaldehyde (I-4) In analogy to the
preparation of 1-3, starting from 88 mg (0.5 mmol) of
1-2 and 129 mg (1mmol) of 2-(N-piperidino)-ethanol
LCMS shows MH+ ion m/z = 287 (100%). HPLC purification
provided yield 65mg (yield: 45 %) from
HPLC/lyophilization.3-(3-formyl-1-methyl-1H-indol-5-yl
oxymethyl) iperidine-1-carboxylic acid tert-butyl
ester (I-5) To a solution of aldehyde I-2 (400 mg, 2.3
mmol) in DMF (10 ml), 3-bromomethylpiperidine-
1-carboxylic acid tert-butyl ester (760 mg, 2.7 mmol)
and N'"-tert-butyl-
N,N,N',N',N",N"-hexamethyl-phosphorimidic triamide
(1.16 ml, 4.6 mmol) were added. After-heating at-100 C
for 6-h,-evaporation,_and_purificatLQD_Jby sjLica gel
chromato gra (ethyl acetate:hexane 6:4) 350 mg (Yield:
2 1 %) of the title compound could be yielded as solid
after evaporation to dryness. LC/MS (M+H) + 373.
2-(3-FormyI-1 -methyl-1 H-indol-5-yloxy)-acetamide
(I-6) 5-Hydroxy-1 -methyl-1 H-indole-3-carbaldehyde
(I-2) (0.5 g, 2.86 mmol), 2-Bromoacetamide (0.43g, 3.1
mmol), and N'"-tert-butyl-N,N,N' N'
N'',N"-hexamethylphosphorimidic triamide (2.18 ml_,
8.6 mmol) were dissolved into anh. DMF (3 ml_) in a
seal tube. The resulting solution was then sealed and
heated at 120 C (monitored by LCMS). The reaction
completed after 3.5 h. The mixture was cooled to room
temperature, added 20 ml_ of water, and 6 N HCI to pH
2-3. The mixture was then extracted with ethyl acetate
(20 ml_x6). The organic layers were combined, washed
with brine (10mLx2), dried over Mg2SO4, filtered and
dried under reduced pressure to give the title
compound as 0.5 g orange powder (crude yield: 76%,
used without furtherpurification). LCMS (2-85 %
ACN/H2O in 7 min): M+ 233.1 (100%); 95% purity (at 220
nM). Synthesis of Examples Compounds:
4-{-4-[2-(2-pyridyloxy)ethyl]-1-methyl- 1H-indolyl}-
7-aza-indazole-6-carboxamide (Example 1) Step 1:
Synthesis of 4-{-4-[2-(2-pyridyloxy)ethyl]-1 -methyl-
1H-indolyl}-6-methoxycarbonyl- 7-aza-indazole: The
solution of 86mg aldehyde 1-3 (0.2mmol), 18 mg methyl
pyruvate (0.2 mmol) and 20mg of 3-aminopyrazole (0.2
mmol) in DCE (2 ml, 1% acetic acid) was heated in a
closed tube at 90 C for 12 hours and cooled to r.t.
The reaction mixture was evaporated under reduced
pressure and the residue separated by prep-HPLC (RP
YMC-Pack ODSAM, AM12S05-2520WT, S-5um, 12nm, gradient
ACN/water (+0.1% TFA), 10-100 % in 20 min, 10ml/min,
UV detection 280nm) Raw yield 32 mg (39 %), Step 2:
The raw product from step 1 was dissolved into 2ml of
7 N NH^MeOH, sealed and heated at 80 C for 6 h and the
solvent was removed under reduced pressure. The
residue was purified via prep-HPLC (RP YMC-Pack
ODS-AM, AM12S05-2520WT, S- 



5um, 12nm, gradient ACN/water(+0.1% TFA), 10-100 % in
20 min, 10ml/min, UVdetection 280nm) and after
lyophilization 1 mg pure product ( 1 % overall yield)
were obtained. 1H NMR (600 M Hz, DMSO-d6 , SM_6425) d
(ppm): 13.63 (bs, 1H), 8.41 (d, J = 5.0, 1H), 8.23 (s,
1H), 8.09 (s, 1H), 7.97 (bs, 1H), 7.84 (s, 1H), 7.65
(bs, 1H), 7.52 (m,1H), 7.23 (m, 1H) 7.19 (dd, = 8.1,
7,1 Hz, 1H), 7.14 (d, J = 8.1 Hz, 1H), 6.87 (bd, 1H),
6.71 (d, J = 7.1Hz, 1H), 4.37 (t, 2H), 3.84 (s, 3H),
3.13 (t, 2H). LCMS (2 to 85% ACN/H2O): shows MH+ ion
m/z = 413 (100%), Rt = 3,27.
5-[(N-piperidinoethyloxy)-1-methyl -1
-indol-3-yl]-7-aza-indazole-6-carboxamide (Example 2)
Step 1: Synthesis of 5-(N-piperidinoethyloxy)-1-methyl
-1 -indol-3-yl}-6-methoxycarbonyl-7-azaindazole
Preparation in analogy to step 1 of example 1,
starting from 65 mg of I-4. Prep-HPLC purification
provided 17 mg (yield: 18 %) that were used in the
next step. Step 2: Preparation in analogy to step 2 of
example 1, starting from 17 mg of the above described
compound. Prep-HPLC purification provided 7 mg solid
(yield: 7%) 1H NMR (600 M Hz: DMSO-d6 , SM_6425) d
(ppm): 13.77 (bs, 1H) 8.50 (s, 1H), 8.26 (s, 1H), 8.1
1 (s, 1H), 8.00 (bs, 1H), 7.71 (bs, 1H), 7.56 (d, J =
9.0Hz, 1H), 7.49 (d, = 2.4Hz, 1H), 7.07 (dd, J = 9.0,
2.4 Hz 1H), 4.36 (t, 2H), 3.90 (s, 3H), 3.40-3.58 (m,
6H), 1.58- 1.75 (m, 6H). (LCMS main peak: 287mmu). Rt
= 3,31 .
4-(1-methyl-5-(piperidin-3-ylmethoxy)-1H-indol-3-yl)-1
H-pyrazolo(3,4-b)pyridine-6- carboxylic acid amide
(Example 3) Step i : Synthesis of
4-(5-(tert-Butoxycarbonyl-piperidine-3-ylmethoxy)-1-me
thyl-1H-indol-3-yl)-
1H-pyrazolo(3,4-b)pyridine-6-carboxylic acid methyl
ester) To a solution of I-5 (350 mg, 946 umol) in DCE
(4ml) were added a solution of 1H-pyrazol- 3-ylamine
(83 mg, 1 mmol) in DCE (4 ml), a solution of methyl
pyruvate (102 mg, 1 mmol) in DCM (4 ml) and acetic
acid (500 ml). The solution was stirred at 80C for 8h,
evaporated and purified by prep-HPLC (in water with
0.1 % TFA using a gradient of 25 to 85 % ACN over 9
minutes.) Evaporated to dryness yielded 108 mg (yield:
22%) of the compound as a solid. LC/MS (M+H)+ 520 Step
2: The product obtained from step 1 (200 mg, 385 mmol)
was treated with 20 ml 7N ammonia in methanol at 70 C
for 3 h, and evaporated to dryness. The solid was
treated with 50% TFA in DCM (6 ml) for 2 h, and
evaporated to dryness. Purification by prep-HPLC (in
water with 0.1 % TFA using a gradient of 5 to 45 % ACN
over 3 minutes) yielded 40 mg (yield: 48 %) of the
product as a solid.H NMR 600 MHz (DMSO-d6) d (ppm):
3.90 ( 1H, m), 3.86 (3H, s) , 6.92 ( 1H, d), 7.41 ( 1H
s), 7.46 (1H, d), 7.69 (1H s),7.99 (1H m), 8.12(1H,
s), 8.23 ( 1H (s), 8.51 (1H, s), 13.82 (1H, s); NOE
confirmed the assigned structure. LC/MS (M+H)+ 405. Rt
= 3,38. 4-(1-Methyl- 1H-indol-3-yl)-1
-indazole-6-carboxylic acid amide (Example 4) Step 1:
Synthesis of 4-(1 -Methyl- 1H-indol-3-yl)-
1H-indazole-6-carboxylic acid methyl ester A solution
of 1-Methyl- /H-indole-3-carbaldehyde (4 mmol, 0.636
g), methyl pyruvate (4 mmol, 0.361 ml) and
3-aminopyrazole (4 mmol, 0.388 g) in DCE (12 ml, 1%
acetic acid) was heated in a sealed tube at 100 C for
17.5 hours. After that the mixture was cooled down to
r.t. and evaporated under reduced pressure.
Subsequently, 10 ml of Et2 O was added to the residue
and the resulting precipitate was filtered, washed
with Et2O (10mlx2) and dried. The new precipitate from
the mother liquid (reduced to 20mL) was filtered and
washed again. After 2 additional cycles, 0.8 g crude
product was obtained. The remaining solution was
condensed again, 10 ml of MeOH was added and the new
precipitate was filtered and washed twice with 1 ml
Et2O. After twice repetitions 1.3 g of crude product
could be obtained (LCMS: >90% pure @ 220 nM) and used
without further purification in the next step. 70 mg
of this crude product was furtherpurified by
MS-detected HPLC to afford 2 1 mg of the pure title
compound as red powder. (LCMS main peak: 307mmu). Step
2 : 0.67 g of the above mentioned crude product was
dissolved into 7 N NH3/MeOH (25 ml), sealed and heated
at 70-80 C for 18 h. The solvent was removed under
reduced pressure. The residue was purified via silica
gel chromatography (ethyl acetate/hexane) and 0.2 g of
raw product was obtained, and re-purified by
MS-triggered HPLC. Finally 7 mg of pure compound was
obtained (overall Yield: 10 %). 1H NMR (600 M Hz,
DMSO-d6 ) d (ppm): 13.80 (br, 1H), 8.56 (s, 1H)1 8.29
(s, 1H), 8.: 1H), 8.13 (s, 1H), 8.00 (d, J = 8.1 Hz,
1H), 7.73 (s, 1H), 7.62 (d, J = 8/\ Hz7iH), 7.34 , J =
8.1 , 8.1 Hz, 1H), 7.29 (dd, J = 8.1 , 8.1 Hz, 1H),
3.94 (s, 3H), NOE study (DMSO-d6) confirmed the
structure assignment. (LCMS main peak: 292.2 mmu). Rt
= 4,10.
4-(5-Bromo-1H-indol-3-yl)-1H-pyrazolo(3,4-b)pyridine-6
-carboxylic acid amide (Example 5) To a solution of
5-bromo-1-H-indole-3-carbaldehyde (1220 mg, 5.4 mmol)
in dry ethanol (18 ml) was added a solution of pyruvic
acid (475 mg, 5.4 mmol) in dry ethanol (18 ml). The
mixture was heated at 80C for 1 h, and a solution of
1H-pyrazol-3-ylamine (448 mg, 5.4 mmol) in dry ethanol
(18 ml) added. The reaction was heated at 80C for
24h,exposed to air at r.t. for 24 h and evaporated to
dryness to yield a raw solid. The solid was dissolved
in pyridine/ethyl acetate 1: 1 (60 ml) and treated
with ammonium bicarbonate (948 mg, 12 mmol) and
di-tert-butyl dicarbonate (2.19g, 12 mmol) for 16h at
r.t. The mixture was then evaporated to dryness,
redissolved in ethyl acetate (100 ml), and washed with
water/brine (3x), dried (Na2 SO4 ) , filtered, and
evaporated to dryness. The 



solid was treated with TFA (50% in DCM) for 2h at r.t,
neutralized carefully with aqueous Na2 CO3 , extracted
with ethyl acetate, dried (Na2 SO4 ), filtered,
evaporated and purified by silica gel chromatography
(ethyl acetate:hexane 8:2 to pure ethyl acetate
gradient). The product was then re-purified by
prep-HPLC chromatography in water with 0.1 % TFA using
a gradient of 15 to 85 % ACN over 9 minutes. 3.3 mg
(<1 % yield) of the produc' could be obtained as a
solid. 1H NMR (600 M Hz DMSO-d6 ) d (ppm): 7.37. (d,
1H), 7.51 (d, 1H), 7.63 (s, 1H), 8.01 (s, 1H) 8.09 (s,
1H), 8.29 (s,1 H), 8.48 (s, 1H), 12.12 (s, 1H), 13.80
(s,1 H). NOE confirmed the assigned structure. LC/MS
(M+H)+ 356. Rt = 4,1 1. 4-(4-methyl-1 H-indol-3-yl)-1
H-pyrazolo(3,4-b)pyridine-6-carboxylic acid amide
(Example 6) In analogy to the preparation of example
5, 4-methyl-1-H-indole-3-carbaldehyde (477 mg, 3 mmol)
was converted yielding 11mg (yield: 1%) of a solid
product.1H NMR 600 MHz (DMSO-d 6 ) d ppm: 2.20(s, 3H),
6.87 (d, 1H), 7.09 (dd, 1H), 7.33 (d, 1H), 7.71 (s,
1H), 7.72 (s, 1H), 7.78 (s, 1H), 8.01 (s, 1H), 8.12(s,
1H), 11.72 (s, 1H), 13.79 (s, 1H); NOE confirmed the
assigned structure. LC/MS (M+H) + 292. Rt = 3,86.
4-(4.6-dimethoxy-1-methyl-1H-indol-3-yl)-1H-pyrazolo(3
,4-b)pyridine-6-carboxylic acid amide (Example 7) In
analogy to the preparation of example 5,
4,6-dimethoxy-1 -methyl-1 H-indole-3- carbaldehyde
(657 mg, 3 mmol) was converted yielding 11mg (yield: 1
%) of a solid product. LC/MS (M+H)+ 352. 1H NMR 600
MHz (DMSO-d6) d (ppm): 3.71 (s, 3H), 3.79 (s, 3H),
3.82 (s, 3H), 6.32 (s, 1H), 6.68 (s, 1H), 7.59 (s, 1H)
7.74 (s, 1H), 7, 90(s, 1H), 8.1 1 (s, 1H), 8.23 (s,
1H), 13.66 (s, 1H); NOE confirmed the assigned
structure.4-(5-Carbamoylmethoxy-1-methyl-1H-indol-3-yl
)-1 H-pyrazolo[3,4-b]pyridine- 6- carboxylic acid
amide (Example 8) Step 1: Synthesis of
4-(5-Carbamoylmethoxy-1-methyl-1 H-indol-3-yl)-1
H-pyrazolo[3,4-b]pyridine- 6-carboxylic acid methyl
ester A mixture of 2-(3-Formyl-1
-methyl-1H-indol-5-yloxy)-acetamide (I-6, crude, ~ 3
mmol, 0.7 g), methyl pyruvate (3 mmol, 0.3 mL),
3-aminopyrazole (3 mmol, 0.29 g) and Na2 SO4 (anh. 0.5
g) in DCE (10 mL) was heated with vigorously stirring
in a sealed tube at 100 C for 17 hours. After that the
mixture was cooled down to r.t. and evaporated under
reduced pressure. Subsequently, 12 ml of H2O, 12 ml of
DMF and 15 ml of MeOH were added to the residue. The
mixture was sonicated for 5 minutes and stirred for
additional 10 minutes. The resulting precipitate was
filtered, washed with H2O (2 ml_x5) and dried (0.3 g).
Both liquid layer and precipitate were analyzed by
LCMS, and the precipitate contained most of the
expected title compound (M+: 380.2 (100%); LCMS: 90%
purity @ 220 nM). The crude product was used without
further purification in the next step. Step 2 :
Synthesis of 4-(5-Carbamoylmethoxy-1-methyl-1
H-indol-3-yl)-1 -pyrazolo[3,4-b]pyridine- 6-carboxylic
acid amideThe above crude product (0.3 g) was
dissolved into 7 N NH3/MeOH (60 ml), sealed and heated
at 80 C overnight. The solvent was removed under
reduced pressure. The residue was dissolved into DMSO
(5 ml), filtered and purified by MS-triggered HPLC,
and gave 0.1 g pure compound (overall Yield: 10%).
LCMS (2 to 85% ACN/H 2 O): 365.2 (100%); 100 % purity
at 220 nM. Rt = 3,38. 1H NMR (600 M Hz, DMSO-d6 ) d
(ppm): 13.81 (s, 1H), 8.52 (s, 1H), 8.27 (s, 1H), 8.15
(s, 1H), 8.01 (s, 1H), 7.74 (s, 1H), 7.62 (s, 1H),
7.57 (d, J = 9.0 Hz, 1H), 7.50 (d, J = 2.3 Hz, 1H),
7.39 (s, 1H) 7.07 (dd, J = 2.3, 9.0 Hz, 1H), 4.47 (s,
2H), 3.93 (s, 3H). NOE study (DMSO-d 6 ) confirmed the
structure assignment. The examples in the following
Table 1 can be obtained in analogy to the above
procedures. MS peaks are given as parent main peaks. A
slight modified procedure was applied for Example 55
which was prepared in analogy to example 5 yielding
the corresponding carboxylic acid and was subsequently
coupled with aminoethanol according to standard amid
coupling conditions using DIC as coupling reagent. The
LC/MS system used to obtain the r.t. and MS main peak
data was a Waters 2790-ZQ, the column a YMC ProC18 S-5
120A 2x50 mm, the method was 0.1% TFA in water with a
gradient of ACN 2-85% over 6.85 minutes. MS ionization
method was ESI technique.Table 1:COMPACT REFORMING
REACTOR FIELD OF THE INVENTION This invention relates
to an integrated and compact reform ing reactor for
the production of hydrogen to be used in industrial
applications such as in the metallurgical indus try,
chemical and pharmaceutical industry and fuel cell
power plants. In particular the invention relates to a
compact reforming reactor for the conversion of
hydrocarbon feedstocks to hydrogen where the reformed
gas of the reac tor is further enriched in hydrogen by
passage through a Pressure Adsorption Swing (PSA)
unit, a Pd-alloy membrane, water-gas shift unit or by
Preferential Oxidation- (PROX) . More particularly the
invention relates to a compact re forming reactor for
the conversion of methanol to a hydro gen gas suitable
for use in fuel cell plants, especially where the
reformed gas of the reactor is further enriched in
hydrogen by passage through a PSA unit. The invention 



further involves a process for reforming the
hydrocarbon feedstock into a hydrogen gas using this
reactor. BACKGROUND OF THE INVENTION Fuel cell plants
require often the supply of hydrogen as fuel source
and accordingly a reforming reactor is normally
integrated in fuel cell plants. The reforming reactor
con verts a suitable hydrocarbon feedstock acting as
energy carrier, such as methane, liquid petroleum gas,
gasoline, diesel or methanol, into a hydrogen rich
gas, which then may be passed through a
hydrogen-enrichment unit before entering a fuel cell
assembly. Compact fuel cell power plants may today
provide about 20 kW of power and even more, for
instance up to 50 kW, thereby promoting a wide range
of ap plications. One such application is the use of
compact fuel cell plants in the automotive industry.
For widespread application, methanol is still regarded
as the best hydrocarbon feedstock for the production
of hydro gen-rich gas, not only in connection with
fuel cell plants but also for application in small
plants in other indus trial fields. Roughly, methanol
is particularly suitable where the demand for hydrogen
is the range 50-500 NmVh, which is typical for small
plants. For a hydrogen demand of above 500 Nm3/h a
hydrocarbon feedstock such as natural gas is often
more expedient. Below 50 Nm3/h electrolysis or bottled
hydrogen is normally more expedient. Reactors for the
reforming of fuel gases, particularly methanol, and
which are used in fuel cell plants are known in the
art. Dusterwald et al. disclose in Chem. Eng . Technol
. 20 (1997) 617-623 a methanol steam reformer
consisting of four reactor tubes that are individually
balanced. Each reactor tube consists of two stainless
tubes arranged con centrically with catalyst filling
the inner tube and in which the heat needed for the
endothermic reaction of a methanol-water mixture is
provided by condensing steam that flows in the gap
between the tubes. It is also known from US Patent No.
4861347 to oxidise a raw fuel, such as metha nol, in
order to obtain an exothermic reaction, whereby the
heat generated by this reaction is used for the
endothermic reforming reaction of the hydrocarbon
feedstock, which is normally a mixture of methanol and
water. The heat istransferred from the combustion
section of the reactor to its reforming section by
means of heat tubes through which a hot flue gas from
the combustion section is passed or as in
JP-A-63248702 by means of heat pipes arranged in the
reactor. As a result, the heat generated in the
combustion system can be evenly distributed to the
rest of the reac tor, whereby a uniform temperature
distribution is ob tained. Often the heat transfer
system in the reforming reactor is not rapid enough to
achieve the desired operating tempera ture after
changes in process conditions, such as after sudden
load changes or during start-ups and shut-downs, es
pecially when separate heat pipes are provided in the
reforming reactor. Normally a number of more or less
sequen tial steps are required for the start-up of the
reforming reactor, resulting in a procedure that may
be significantly tedious and time-consuming. In the
particular field of fuel cells, the advent of fuel
cells with increased power, for instance of up to 20
kW or even more, for instance up to 50 kW has resulted
in a need for providing a plurality of catalyst tubes
in a single re forming reactor. This in turn imposes
more demands in reactor design in terms of i.e.
compactness, better temperature distribution and
thermal efficiency. In particular, the provision of a
uniform temperature distribution by which all catalyst
tubes inside the reactor are heated to the same
temperature becomes more difficult to achieve when the
heating required in reforming has to be provided by
means of a single burner in the reactor.In addition,
the catalyst within the catalyst tubes may of ten be
not evenly distributed so that the catalyst may for
instance be better packed in some tubes than others.
This may create undesired variation in temperature
conditions across the catalyst tubes. SUMMARY OF THE
INVENTION It is therefore an object of the invention
to provide a reforming 



reactor with improved temperature distribution across
all catalyst tubes. It is also an object of the
invention to provide a reform ing reactor which is
compact and free for mechanical means for circulating
a heat exchanging medium from the high tem perature
section of the reactor to the reforming section of the
reactor. It is a further object of the invention to
provide a reforming reactor which is compact whilst at
the same time is able to rapidly and simply achieve or
maintain its operat ing temperature after a change in
process conditions, such as a change in hydrocarbon
feed flow or temperature or a change in burner
conditions or during a start-up operation. It is
another object of the invention to provide a reform
ing reactor which is less sensitive to divergent
catalyst packing across the catalyst tubes. It is
another object of the invention to provide a reform
ing reactor which is simple in its construction,
inexpensive and with lower heat loss than in
conventional reform ing reactors. It is yet another
object of the invention to provide a reforming reactor
which is compact and suitable for use in fuel cell
plants, particularly for fuel cell plants capable of
producing up to 20 kW of power or even more, for in
stance up to 50 kW. These and other objects are
achieved by the reactor and process of the invention.
In a first aspect of the invention we provide a
reforming reactor for the conversion of a process
fluid into hydrogen comprising: a reforming section
which is contained within a closed volume, a boiler
section and a combustion section, in which said
reforming section contains one or more cata lyst tubes
filled with reforming catalyst, said boiler sec tion
is provided with one or more flow channels for the
passage of flue gas from the combustion section and
said combustion section is provided with at least one
burner, wherein the heat exchanging medium required
for the reform ing of said process fluid in the one or
more catalyst tubes is a gas-liquid mixture that
self-circulates and is encapsulated inside said closed
volume and wherein at least a portion of said closed
volume protrudes inside said boiler section.
Accordingly, in the invention a gas-liquid mixture
circulating outside the catalyst tubes in the
reforming section and which absorbs heat by the
passage of flue gas in the boiler section provides for
a large heat sink that enablesthe accumulation and
supply of heat for the reforming reac tion so that all
metal parts within the reactor, particu larly the
catalyst tubes, maintain or rapidly reach the same
temperature, and a robust operation of the reactor is
obtained as it becomes i.a. less sensitive to
temporary changes in process conditions, such as
changes in burner duty. The portion of said closed
volume inside which the gasliquid mixture
self-circulates protrudes inside the boiler section as
a single elongated element or as a number of elongated
elements so as to form a plurality of
circumferentially and radially spaced elongated
elements, preferably in the form of tubes, and in
which said elongated elements are in fluid
communication with one another by virtue of the
gas-liquid mixture that self-circulates inside. The
space in between the elongated elements defines a
number of flow channels through which hot flue gas is
able to pass. The gas-liquid mixture encapsulated
inside the elongated elements in the boiler section of
the reactor and thereby inside said close volume is
able to receive and accumulate heat from hot flue gas
generated in the combustion section. The boiler
section of the reactor is the region of the reactor
where flue gas is in contact with at least a portion
of said closed volume inside which the gas-liquid
mixture self -circulates . By the term
"self-circulates" it is meant that the gasliquid
mixture acting as heat exchanging medium moves in
ternally in the reactor without the need of any
mechanical means. The gas flows to surfaces or
catalyst tube wallswhere condensation takes place in a
movement driven by the 



slightly lower pressure created by the volume
reduction of the gas as it transforms into liquid.
Liquid flows then to the boiler section driven by
gravity forces. To ensure a better heat transfer the
boiler section of the reactor may be provided with a
number of vertically spaced or horizontally spaced
baffles in which said baffles are arranged
substantially transverse to the flow direction of the
flue gas generated in the combustion section. Hence,
the baffles are arranged substantially transverse to
the length direction of said elongated members and
they impart a zig-zag flow pattern in the flue gas as
it travels along the length direction of the elongated
members in the boiler section. After delivering heat
to the gas-liquid mixture inside the elongated members
the flue gas leaves the boiler section by passage into
an annular region in the reactor located outside said
boiler section and said closed volume. The one or more
elongated members, which are preferably formed as
tubes, may be provided with a sleeve so as to al low
for the passage of flue gas through the annular region
defined by said elongated member and said sleeve.
After de livering heat to the gas-liquid mixture
inside the elongated members the flue gas leaves the
boiler section by passage into an annular region in
the reactor located out side said boiler section and
said closed volume. In the reactor of the invention at
least one process feed tube carrying the process fluid
to be converted, such as a liquid mixture of methanol
and water, may extend inside said closed volume of the
reactor. Accordingly, the atleast one process feed
tube may extend into any location inside said closed
volume containing the reforming and wherein at least a
portion of said closed volume protrudes inside said
boiler section. For example the at least one process
feed tube may extend from a region at the top of the
reactor and above the reforming section into this re
forming section or even further into the boiler
section ar ranged below. The at least one process feed
tube carrying the process fluid to be converted is
introduced to the reactor through a conduct in the
outer wall of the reactor and may then extend into the
reactor from said conduct ar ranged in the outer wall.
Preferably said process feed tube extends
substantially co-axially of the reactor wall inside
said closed volume from the reforming section of the
reactor to as close to the boiler section of the
reactor as possible, for instance in the region of the
closed volume from which the one or more elongated
members protrude. This enables the provision of a
compact reactor as the at least one process feed tube,
for example a single substantially straight tube or a
tube bundle, is advantageously inte grated within the
reactor whereby the preheating or evapo ration of the
process fluid can advantageously be effected as the
gas in the self-circulating gas-liquid mixture out
side the tube condenses. Hence it is possible to
integrate the required evaporation stage inside the
reactor thus avoiding the inexpedient provision of
separate evaporation means outside the reactor. By the
term "extends substantially co-axially" it is meant
that a portion of the process feed tube, particularly
the inlet portion cooperating with the conduct in the
outer wall of the reactor, may extend into the center
of the reactor in a direction which is perpendicular
to the reactor length axis, thereafter bending 90 and
consequently ex tending vertically into the reforming
section or boiler section below. The at least one
process feed tube may extend vertically into a
transition compartment from which at least one proc
ess tube carrying process gas to be converted extends
ver tically upwards inside the closed volume of the
reactor and wherein the at least one process tube
carrying the process gas is formed as a coil.
Preferably, a single process tube descends from the
conduct in the outer wall where the hy drocarbon feed
for example a liquid hydrocarbon feed enters the
reactor to the transition compartment. The transition
compartment is arranged as a box having inlet openings
adapted to accommodate the at least one process tube
carry ing a process fluid present in substantially
liquid form 



and outlet openings adapted to accommodate the at
least one process tube carrying a process fluid
present in substantially gas form. These tubes extend
vertically upwards and are formed as a coil or spiral.
This ensures a better heat transfer for the preheating
of the process gas prior to re forming and provides at
the same time a compact reactor de sign as the same
heat transfer area as for instance a straight tube can
be accommodated in a lower height. Fur thermore, the
use of a coil or spiral imparts a centrifugal effect
on the two-phase flow (gas-liquid) , thereby enabling
backflow of any liquid not yet evaporated and
facilitating the upward flow of process gas. The at
least one process tube may extend from a transition
compartment inside the closed volume near the boiler
section of the reactor to the reforming section in
order to ensure that the process gas is heated to the
proper reac tion temperature in the reforming section.
In the invention it is also possible to extend the at
least one process feed tube into a transition
compartment located in a flue gas region in the boiler
section or even in the combustion section.
Accordingly, it is possible to extend the at least one
process feed tube into a transition compartment
located outside said closed volume. In this
specification the term "hydrocarbon feedstock" is used
interchangeably with the term "process fluid" or "feed
process fluid". Normally, the feed inlet to the
reactor, for example a mixture of methanol and water
is present in liquid form whereas when entering into
the reforming sec tion it is present in gas form. When
entering the reactor, the hydrocarbon feed is also
referred as process fluid and after evaporation in the
process tube the resulting fluid is also referred as
process gas. The term "process feed tube" as used
herein refers to the at least one tube carry ing the
process fluid and which enters the transition com
partment. The tubes protruding from the transition
compart ment and carrying the evaporating gas that is
directed to the reforming section are referred simply
as "process tubes". In another embodiment of the
invention the at least one process feed tube carrying
the process fluid to be converted enters the reactor
through a conduct arranged in the outer wall of the
reactor and said process fluid is pre heated by
indirect contact (i.e. across a heat transfersurface)
with exiting converted gas from the reforming sec tion
of the reactor, in which said exiting converted gas
preferably passes in the annular region of said
conduct. Normally the PSA unit downstream requires a
relatively cold stream of hydrogen-rich gas and
accordingly cooling means such as an air cooler
downstream the reactor is used. Hence, this embodiment
enables the reformed gas from the reactor
(hydrogen-rich gas) to be cooled from normally about
280 0C , which is typical for the reforming of
methanol, to about 150 0C , thereby reducing the
effect required in the air cooler downstream and
accordingly also reducing its size. The portion of the
at least one process tube car rying the process fluid
which is in contact with the exit ing converted gas
from the reforming section may advantageously be
formed as a coil to ensure an even more compact
reactor design without too noticeable protruding
parts. Said conduct is preferably located in the upper
portion of the reactor, e.g. near its top. In an
alternative embodi ment, an outlet tube carries the
exiting converted gas and runs parallel with the
process feed tube inside said con duct. In the
combustion section arranged preferably in the lower
portion of the reactor and below the boiler section, a
suitable fuel, such as methanol is injected through a
fuel inlet and is subjected to a reaction with
preheated combus tion air in the at least one burner.
Hot flue gases are produced by the exothermic
oxidation of methanol and are then passed to the
boiler section. The flow channels for the passage of
said flue gases may extend vertically from the
combustion section into the boiler section and after
the flue gas has delivered heat to the gas-liquid
mixturethat self-circulates inside the elongated
members, the flue gas is forced to flow in radial
direction towards an annu 



lar section of the reactor. The major portion of the
boiler section or preferably the whole boiler section
is contained within a housing which is preferably
defined by a cylindrical wall. From the wall one or
more baffles may be arranged substantially traverse to
the length direction of the elongated members. Since
the boiler section of the reactor as used herein is
defined by the region of the reactor where flue gas is
in contact with at least a portion of said closed
volume inside which the gas-liquid mixture
self-circulates (e.g. elongated mem bers), a portion
of the boiler section, preferably a minor portion of
the boiler section may not be contained within said
housing. Particularly, the region near the closed vol
ume from which the one or more elongated members
protrude and where the flue gas is forced to flow in
radial direc tion towards an annular section of the
reactor may be outside said housing. In the boiler
section the hot flue gas supplies heat to the
gas-liquid mixture inside the elongated members
thereby evaporating part of the liquid and promoting
its circulation upwards internally in the reactor
within said closed volume. Part of the heat in the
gas-liquid mixture is also delivered to the at least
one process tube carrying the gas or liquid or
gas-liquid mixture to be converted, e.g.
methanol-water . The process tubes extend away from
for instance the closed volume just above the boiler
section and upwardly through the middle portion of the
reactor and fur ther up to the reforming section
inside which one or morevertical catalyst tubes are
disposed. The reforming section is also contained
within the same compartment or closed volume, and is
preferably arranged separately in the upper portion of
the reactor. The term catalyst tube means that these
tubes are filled with solid catalyst particles suit
able for the reforming of a given hydrocarbon
feedstock such as a mixture of methanol and water.
Prior to reforming, the process gas to be reformed
leaves the process tubes at a suitable position in the
reformer section, preferably above the one or more
catalyst tubes. The one or more catalyst tubes are
normally arranged as a plurality of circumf erentially
and radially spaced catalyst tubes. Often the number
of catalyst tubes is over 5 or 20, more often over 50
and even above 100 or 200, depending on the hydrogen
capacity of the reactor. The process gas to be
reformed enters the catalyst tubes and flows downwards
through the catalyst particles so as to be gradually
con verted along its passage through the catalyst
tubes. The heat required for the reforming reaction is
provided by the gas-liquid mixture which
self-circulates outside said cata lyst tubes. A s the
gas-liquid mixture delivers heat to the catalyst
tubes, the gas condenses and via gravity is forced to
flow downwards to the boiler section. The gas-liquid
mixture acting as heat exchanging medium moves
therefore inside the reactor in a self-circulating
manner in a region which is encapsulated inside said
closed volume containing the reforming section and
which protrudes inside said boiler section. This
enables the continuous circulation of the gas-liquid
mixture through said boiler section and said reforming
section inside the reactor.It would therefore be
understood that the gas-liquid mix ture
self-circulates outside the at least one process feed
tube, outside the at least one process tube carrying
the process gas to be converted, and outside the one
or more catalyst tubes in a hermetically sealed
compartment, i.e. closed volume. The gas or liquid in
the mixture, for in stance steam when the mixture is a
saturated water-steam mixture, is not utilised for
other purposes other than as heat transfer medium as
described above. Preferably at least said reforming
and boiler sections are arranged co-axially in the
reactor so as to be able to fit into an outer
substantially cylindrical housing. Accord ingly, in
one embodiment said combustion, reforming and boiler
sections are arranged co-axially in the reactor. In
another embodiment the reforming and boiler section
may be arranged co-axially in the reactor while the
combustion section may be arranged normal to said
boiler section so as 



to form an L-shaped reactor. This enables a lower
length in the reactor and may facilitate its transport
under circum stances where reactor length is a
limiting factor. Said reforming section is preferably
arranged in series with respect to the boiler section
in which the at least one process tube carrying the
process gas and optionally the at least one process
feed tube carrying the process fluid inlet are
disposed co-axially. The boiler section is preferably
arranged in series with respect to a combustion
section, which apart from the one or more burners may
also comprise a fuel inlet for the introduction of a
suitable fuel, preferably methanol, and optionally a
co-axially ar ranged fuel inlet for the introduction
of another fuel,which is preferably off-gas from the
PSA unit or any other off-gas from a hydrogen
enrichment step. Typically during normal operation of
the reactor, the off-gas from the PSA serves as main
fuel, whereas methanol serves as supporting fuel,
whereas upon a start-up it is methanol that serves as
the main fuel. The use of off-gas from the PSA unit
and op tionally the anode off-gas from the fuel cell
enables bet ter overall thermal efficiency in for
instance a fuel cell plant comprising said reactor and
said accompanying PSA unit. The combustion section of
the reactor is also provided with at least one burner.
Because of the requirement of reactor compactness the
number of burners is kept at a minimum. Preferably a
single burner is provided; more preferably a single
catalytic burner is provided. The catalytic burner may
be a ceramic hollow cylinder with oxidation catalyst
on its outer surface to which fuel gas premixed with
air is supplied internally. The catalytic burner is
preferably a burner arranged in a flow channel and
provided as wire mesh layers arranged in series which
are coated with ceramic and impregnated with an
oxidation catalyst. The heat generated in the
combustion is transferred by a convection mechanism to
the self-circulating gas-liquid system via the
generated flue gas. Accordingly, in another embodiment
of the inven tion, in the reactor said combustion
section is provided with a single catalytic burner and
wherein said catalytic burner is provided as wire mesh
layers arranged in series which are coated with
ceramic and impregnated with an oxidation catalyst,
whereby the heat generated in the combus tion is
transferred by a convection mechanism to the
selfcirculating gas-liquid mixture via the generated
flue gas.This enables a better transfer of heat than
in for instance systems in which heat transfer occurs
by a radiation mecha nism, while at the same time
enables a compact reactor de sign since only a single
burner is used. In another embodiment of the invention
said reforming sec tion and boiler section are
substantially surrounded by an insulated housing,
wherein said insulated housing is en cased by a first
annular region carrying flue gas and a second annular
region carrying combustion air. This enables a low
heat loss to the surroundings since the hotter parts
within the main body of the reactor containing the
reform ing section, combustion section and the
compartment or closed volume carrying the gas-liquid
system serving as heat exchanging medium is encased by
first an insulated housing, then a sleeve through
which flue gas is passed and finally a second (outer)
annular region carrying combustion air to be used in
the burner. This may also enable that combustion gas
and any other suitable fuel gas, such as off-gas from
a hydrogen-purification unit downstream, be preheated
by indirect heat exchange with the flue gas, which
preferably runs counter-currently on its way out of
the reactor. In a preferred embodiment, the flue gas
enters into said first annular region directly from
the boiler section via an annular region located
outside said boiler section and said closed volume.
This annular region is fed with flue gas that has
delivered its heat to the selfcirculating gas-liquid
mixture inside the one or more elon gated members in
the boiler section. The flue gas may also enter into
said first annular region directly from the com
bustion section of the reactor, whereby a higher
tempera ture in the flue gas may be effected.By the
term "substantially surrounded by an insulated hous 



ing" as used herein is meant that some portions of the
re actor may not be insulated. For instance it is
possible that part of the reforming section does not
require insula tion. It is also possible that a small
portion of the re forming or boiler section is not
surrounded by said insu lated housing. For instance,
the insulated housing may not cover the lower portion
of the boiler section closest to the combustion
section. The reactor may be adapted to cooperate with
a Pressure Swing Adsorption unit (PSA), which is the
preferred hydro gen-purification unit for the further
treatment of the reformed process gas leaving the
reactor. As mentioned above, the off-gas from the PSA
unit may be utilised in the reac tor as fuel. Hence,
in yet another embodiment of the inven tion an inlet
is adapted to said second annular region car rying
combustion air for the passage of PSA off-gas. This
enables the preheating of said off-gas prior to
introduc tion into the at least one burner in the
combustion sec tion. Instead of a PSA-unit a Pd-alloy
membrane may also be used to enrich the reformed
process gas. Normally a higher de gree of purity may
be obtained by using Pd-alloy membranes which may be
incorporated into the reactor. Accordingly, in the
invention it is also possible that a hydrogen purifica
tion unit, such as a Pd-alloy membrane is integrated
within the reactor. However, a PSA purification unit
is still pre ferred as it is less sensitive and more
inexpensive than Pd-alloy membranes. Normally a
Pd-alloy membrane requiresalso a relatively high
temperature in the reformed gas, for instance about
350 0C . Hence, in methanol reforming the re formed
gas leaving the reactor at about 300 0C will require
heating in order to conform to the requirements of a
Pdalloy membrane. Other hydrogen enrichment units such
as conventional water-gas shift step, e.g. low shift
and the selective oxidation of carbon monoxide in what
is also re ferred as Preferential Oxidation (PROX) of
carbon monoxide, may advantageously be used,
particularly in connection with fuel cells. The
water-gas shift and PROX steps enable the removal of
carbon monoxide from the reformed hydrogen-rich gas.
This results in an increase in the efficiency of elec
trochemical reactions in proton exchange membrane
(PEM) fuel cells, since carbon monoxide adsorbed in
the Pt anode of the PEM fuel cell inhibits the
dissociation of hydrogen to protons and electrons and
consequently strongly reduces the power output or
performance of the PEM fuel cell. The second annular
region of the reactor carrying the combustion air is
preferably connected to the combustion sec tion.
Accordingly, said second annular region may prefera
bly extend into the combustion section in order to
ensure that the preheated combustion air enters into
the burner together with the inlet fuel, which
preferably is methanol and the other fuel, which
preferably is off-gas from the PSA unit. It would be
understood that instead of air, any other suitable
oxidant, such as oxygen enriched air, may be used. The
gas-liquid mixture is preferably a saturated
steamwater system that self-circulates at a pressure
of about 55 to 110 bar g , preferably 65 to 110 bar g
and a temperatureof 270 0C to about 320 0C ,
preferably 280 to about 320 0C . Most preferably the
saturated steam-water system selfcirculates at a
pressure of 65 bar g and a temperature of 28O 0C . It
would be understood that the temperature is determined
by the saturated steam pressure in the circulating
system, in this case 280 0C where the pressure of the
satu rated steam-water system is 65 bar g .
Accordingly, the saturated steam-water system may also
self-circulate at a pressure of 110 bar g and a
temperature of about 320 0C , or at a pressure of 55
bar g with a temperature of 27O 0C . The saturated
steam-water system enables the provision of a
self-circulating system in which the temperature
required in the reforming section for the conversion
of methanol to hydrogen, for example 280 0C , is
easily achieved. The above pressures and temperatures
are particularly suitable when the process gas to be
reformed comprises methanol, for ex ample a mixture of
methanol and water, since the reforming 



of methanol normally occurs in the temperature range
of 250-350 0C . Accordingly, in another embodiment of
the invention the process fluid entering the reactor
is a mixture of methanol and water and the gas-liquid
mixture is a satu rated steam-water system circulating
at a pressure of 55 to 110 bar g and a temperature of
270 0C to about 320 0C (more specifically 318 0C). The
high heat capacity of the saturated steam-water system
enables therefore the provision of a large heat sink
in the reactor. Heat is accumulated and ready to be
used when the circumstances, e.g. changes in reactor
operation or burner duty, so require it. Heat is
distributed throughout the reactor by the
self-circulating steam-water system, in which water is
vaporized by heat ex change with hot flue gas from the
catalytic burner, while steam condenses where heat is
consumed.In yet another embodiment the process fluid
entering the reactor contains dimethyl ether (DME) .
DME is normally ob tained by the dehydration of
methanol. The process fluid entering the reactor may
thus comprise methanol, DME or a mixture of DME and
methanol. When utilizing DME as process fluid the
decomposition of DME to hydrogen proceeds by a two
step reaction. In a first reaction the ether is
hydrated to methanol by the reaction: CH3 OCH 3 + H2 0
= 2CH 3 OH (1) and methanol produced during hydration
of DME is in a sec ond step decomposed to carbon
oxides and hydrogen: CH3 OH + H2 0 = CO2 + 3H2 (2) CO2
+ H2 = CO + H2 O (3) Both reactions may take place in
gas and liquid phase. Reaction (1) proceeds in the
presence of weak acids at a very low reaction rate and
the reaction is thermodynamically unfavourable to
methanol. Methanol decomposition by the above
reactions (2) and (3) is known to be catalyzed by a
solid catalyst, usually based on copper, zinc and alu
minum oxides. Thermodynamically it is favoured by high
tem perature, low pressure and high steam
concentration. The reaction rate during hydration of
DME to methanol by reaction (1) may be improved
significantly by carrying out the reaction in presence
of a solid acid as described in US Patent No .5 ,837
,217 . The overall reaction of DME to hydrogen rich
gas by the reaction CH3OCH3+ 3H2O = 2CO2+ 6H2 proceeds
at reasonable reaction rates and at high product yield
and selectivity for the formation of hydrogen
andcarbon oxides, when overcoming the equilibrium
limitations of DME hydration reaction (1) by removing
produced methanol as it forms through the reaction of
methanol to hydrogen and carbon oxides according to
the above reactions (2) and (3). The dimethyl ether is
therefore preferably reacted with water in presence of
an ether hydration catalyst se lected from the group
of solid acids and a methanol decom position catalyst
being arranged in physical admixture within the
catalyst tubes in the reactor. A suitable catalyst for
the hydration of dimethyl ether is any of the solid
acids. Preferably, the hydration catalyst comprises
acidic zeolites, most preferably ZSM-5 in its H-form.
The DME hydration catalyst is physically admixed with
the methanol decomposition catalyst of, preferably,
Cu-Znalumina in a weight ratio of between 1:5 and 5:1.
On the process fluid side, the pressure is kept at a
lower level, normally in the range of 3 to 30 bar g ,
such as 20 to 30 bar g . For instance the pressure of
the process fluid entering the reactor, here a liquid
mixture of methanol and water, may be about 22 bar g
and its temperature in the range O0C to 500C , while
in the reformed gas leaving the reactor the pressure
may be slightly lower, for example 20 bar g and the
temperature in the range 120 0C to 27O 0C . The
hydrogen production from the reactor (exiting reformed
gas) is normally in the range 10-5000 Nm3/h, often
15-1000 NmVh, preferably 25-1000 NmVh, more preferably
25-500 NmVh. Normally the composition of said reformed
gas is about 65% vol. H2, 11% vol. H2O , 2.1% vol. CO,
23% vol. CO2 and 1.4% vol. methanol. The methanol
conversion in the re actor is normally above 90%,
often above 95%, for example 97% to 99%. For a reactor
having a hydrogen capacity (production) of 600 Nm3/h
the number of catalyst tubes is nor mally in the range
110-120. The catalyst tubes are normally 



2.5 to 3.0 m long and with internal diameter of 20 mm.
The temperature in the reactor across the catalyst
tubes in the reforming section is kept at a uniform
level, for instance at 280 0C , and this level is
determined by the saturated steam pressure in the
circulating system, in this case 65 bar g . For higher
temperature applications, the selfcirculating system
may comprise sodium or potassium instead of a
water-steam mixture. The reactor may further comprise
a fixed bed of catalyst arranged above said catalyst
tubes, in which said fixed bed covers substantially
the whole horizontal cross section of the reactor and
wherein said fixed bed is adapted to re ceive the
process gas to be converted prior to the passage of
said gas into said catalyst tubes. The fixed bed of
catalyst may surround the one or more process tubes
carry ing the process gas to be converted.
Accordingly, the fixed bed is arranged upstream the
one or more catalyst tubes of the reforming section.
The one or more process tubes carry ing the process
gas extends through the fixed bed and may protrude
slightly away from the bed. The process tubes may thus
be provided with an outlet opening right above the
fixed bed to allow the passage of process gas through
said bed and subsequently through the catalyst beds
inside the one or more catalyst tubes. The fixed bed
of catalyst cov ering substantially whole horizontal
cross section of the reactor serves as a poison guard
catalyst layer and enables often that the process gas
flows into the catalyst tubes downstream evenly and
consequently better temperature distribution across
the horizontal cross section of the reac tor is
achieved. It would be understood that the integrated
and compact reactor according to the invention
integrates in a single unit a number of process units
or steps which may otherwise require stand-alone
operation outside the reactor, such as heaters for the
preheating and evaporation of the hydrocar bon
feedstock, preheating of combustion air and optionally
preheating off-gas from a PSA unit, as well as
catalytic burners and the closed volume encapsulating
said gas-liquid mixture (gas-liquid system) serving as
heat exchanging me dium. The reactor does not require
the use of moving parts such as valves and pumps, for
instance it is not necessary to have a pump to provide
for the internal circulation of the gas-liquid mixture
serving as heat exchanging medium inside the reactor.
In a second aspect the invention encompasses also a
process for the production of hydrogen. Accordingly,
we provide a process for the production of hydrogen
from a feed process fluid in a reactor containing a
combustion section, a boiler section and a reforming
section as described herein, the process comprising: -
optionally preheating a feed process fluid by indirect
heat exchange with exiting reformed process gas from
said reforming section, - optionally further heating
and evaporating said feed process fluid in the reactor
to form a preheated process gas by indirect heat
exchange with a gas-liquid mixture that
self-circulates and is encapsulated inside a closed
volume containing said reforming section and wherein
atleast a portion of said closed volume protrudes
inside said boiler section, - passing a preheated
process gas through said reforming section, - heating
the at least one catalyst tube in the reforming
section by indirect heat exchange with a gas-liquid
mixture that self-circulates and is encapsulated
inside a closed volume containing said reforming
section and wherein at least a portion of said closed
volume protrudes inside said boiler section, -
retrieving reformed process gas from said reforming
sec tion and optionally cooling said reformed process
gas by preheating of the feed process fluid, -
introducing a fuel into the at least one burner in the
combustion section together with combustion air, in
which said combustion air is preheated by indirect
heat exchange with flue gas from the boiler section, 



- retrieving flue gas from the burner and passing said
flue gas through a boiler section, and - heating said
gas-liquid mixture that self-circulates and is
encapsulated inside a closed volume in the reactor con
taining said reforming section and wherein at least a
por tion of said closed volume protrudes inside said
boiler section by indirect heat exchange with the flue
gas passing through said boiler section. The process
enables the production of reformed process gas which
is rich in hydrogen and which is particularly suit
able for use in PSA-units. Alternatively, where a
Pd-alloy membrane or similar is used as
hydrogen-purification unit instead of a PSA, further
heating of the reformed process gas may advantageously
be effected by means of indirectheat exchange with
flue gas. The hydrogen-purification unit may thus be a
membrane which may also be integrated within the
reactor. The fuel introduced into the at least one
burner in the combustion section together with
combustion air may be a hydrocarbon fuel, such as
methanol, but is often only offgas from a PSA-unit
downstream used as hydrogen-enrichment unit . The
above process may further comprise the steps of: -
passing the cooled reformed process gas through an air
cooler, - subsequently passing said cooled reformed
process gas through a hydrogen-purification unit to
form a hydrogenenriched gas, and - introducing off-gas
from said hydrogen-purification unit into the at least
one burner of the reactor. Where the
hydrogen-purification unit is a PSA-unit, this unit
and the air cooler are preferably located outside the
reactor. The off-gas from the PSA unit may then be
intro duced into the at least one burner, as described
above. The hydrogen-enriched gas from the
hydrogen-purification unit may then be used for any
suitable industrial application, such as in the
metallurgical industry, electronics, chemi cal and
pharmaceutical industry or as hydrogen source in fuel
cell plants.BRIEF DESCRIPTION OF THE DRAWINGS The
invention is further illustrated by the accompanying
drawings in which Figure 1 shows a schematic of the
reactor according to one embodiment of the invention
where the pas sage of flue gas in the boiler section
is diverted by baf fles and Figure 2 shows a schematic
of the reactor accord ing to another embodiment of the
invention where the flue gas in the boiler section is
forced to pass through sleeves provided in the one or
more elongated members. DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT In Figure 1 a cylindrical
integrated reactor 1 with capacity of 80 NmVh of
hydrogen contains a combustion section 2 , boiler
section 3 and reforming section 4 . The cylindri cal
reactor 1 has a total weight of 300 kg and is about
1.6 m high, with a diameter (except for the combustion
section) of about 0.4 m . The total volume of the
reactor is about 0.275 m3, while the total catalyst
volume is 0.020 m3 The reforming section 4 encompasses
also a fixed bed of re forming catalyst 5 arranged
above the region of the reform ing section in which
catalyst tubes are disposed. These sections are
arranged co-axially in the reactor so as to be able to
fit into an outer substantially cylindrical hous ing.
A mixture of methanol and water is introduced to
reactor 1 through a conduct 6 in the outer wall of the
reactor. Through the conduct 6 runs a process feed
tube 7 carrying the process fluid (methanol and water
mixture) . The processtube extends vertically downward
to a region inside closed volume 8 above boiler
section 3 . The boiler section is arranged in a
housing comprising at least a portion of closed volume
8 here illustrated by the hatched region, and which
protrudes inside the boiler sec tion 3 as elongated
elements 9 . Inside the closed volume 8 and thereby
also inside the elongated elements 9 a satu rated
water-steam mixture 10 self-circulates. The saturated
water-steam mixture moves therefore inside the reactor
in a self-circulating manner in a region which is
encapsulated 



inside the closed volume 8 containing the elongated
ele ments 9 and the reforming section 4 . The
elongated elements create flow channels 11 through
which hot flue gas 12 from the combustion section 2
arranged below passes. A number of vertically or
horizontally spaced baffles 13 are arranged
substantially transverse to the flow direction of the
flue gas 12 generated in combustion section 2 . In
combustion section 2 arranged in the lower portion of
the reactor below the boiler section 3 , a suitable
fuel such as methanol is injected through fuel inlet
14 which is adapted as a spray nozzle. Methanol is
then subjected to a reaction with preheated combustion
air entering via inlet 15 in a single catalytic burner
16 comprising wire meshes impregnated with oxidation
catalyst and which is disposed in a flow channel
co-axially of the cylindrical reactor 1 . Hot flue
gases 12 are produced and are then passed to boiler
section 3 . After delivering heat to the water-steam
mixture 10 inside the elongated members 9 the flue gas
leaves the boiler section towards an annular section
17 of the reactor.In the closed volume 8 just above
the boiler section 3 part of the heat in the saturated
water-steam mixture 10 is de livered to a system of
process tubes 18. The process tubes 18, here formed as
a coil or spiral extend away from a transition
compartment 19 and upwardly through the middle portion
of the reactor and further up to the reforming sec
tion 4 . The reforming section 4 inside which one or
more vertical catalyst tubes 20 are disposed is
arranged in the compartment or closed volume 8 in the
upper portion of the reactor. The process gas to be
reformed travelling inside process tubes 18 leaves
above the fixed bed of catalyst 5 , passes through
this bed and enters the catalyst tubes 20. The
reformed gas leaves the reforming section through out
let pipe 21 at the bottom of the catalyst tubes 20 and
is used to preheat the hydrocarbon feed being
transported in side process feed tube 7 in conduct 6
at the outer wall of the reactor. The reforming
section 4 , 5 and boiler section 3 are surrounded by
an insulated housing 22. This insulated housing 22 is
encased by a first annular region 23 carrying flue gas
and a second annular region 2 4 carrying combustion
air which enters via inlet 15. The combustion air is
preheated by indirect heat exchange with the flue gas
12 running counter-currently in annular section 23
towards the flue gas exit 24. The combustion section 2
is also surrounded by a separate insulated housing 25.
Off-gas from a PSA-unit downstream is also used as
fuel and enters via inlet 26 to the burner 16. The
flue gas 12 enters into said first annular region 23
directly from the boiler section via annular region 17
outside said boiler section. The second annularregion
2 4 carrying the combustion air is connected to the
combustion section 2 via narrow passageway 27.
Referring now to Figure 2 , the reactor 1 as in Figure
1 also contains a combustion section 2 , boiler
section 3 and reforming section 4 . The reactor has
the same elements as described in connection with Fig.
1 except that no baffles are provided in the boiler
section 3 and the elongated mem bers 9 , preferably
formed as elongated tubes are provided with sleeves
11a so as to allow for the passage of flue gas through
the annular region defined by said elongated mem bers
9 and said sleeve 11a. Thus, this annular region
serves as flow channel for the passage of flue gas.
The wall 28 defining the housing of the boiler section
may serve as a part of the sleeve or outer wall for
the outer most elongated elements. After delivering
heat to the gasliquid mixture inside the elongated
members the flue gas leaves the boiler section by
passage into annular region 17 in the reactor located
outside said boiler section and said closed
volume.CLAIMS 1 . Reforming reactor for the conversion
of a process fluid into hydrogen comprising: a
reforming section which is contained within a closed
volume, a boiler section and a combustion section, in
which said reforming section con tains one or more
catalyst tubes filled with reforming catalyst, said
boiler section is provided with one or more 



flow channels for the passage of flue gas from the
combustion section and said combustion section is
provided with at least one burner, wherein the heat
exchanging medium re quired for the reforming of said
process fluid in the one or more catalyst tubes is a
gas-liquid mixture that selfcirculates and is
encapsulated inside said closed volume and wherein at
least a portion of said closed volume pro trudes
inside said boiler section. 2 . Reactor according to
claim, 1 in which the portion of said closed volume
inside which the gas-liquid mixture self-circulates
protrudes inside the boiler section as a single
elongated element or as a number of elongated ele
ments so as to form a plurality of circumf erentially
and radially spaced elongated elements, and in which
said elon gated elements are in fluid communication
with one another. 3 . Reactor according to claim 2 ,
in which the boiler section of the reactor is provided
with a number of verti cally spaced or horizontally
spaced baffles in which said baffles are arranged
substantially transverse to the flow direction of the
flue gas generated in the combustion sec tion.4 .
Reactor according to claims 2 or 3 , wherein the one
or more elongated members, which are preferably formed
as tubes, are provided with a sleeve so as to allow
for the passage of flue gas through the annular region
defined by said elongated member and said sleeve. 5 .
Reactor according to any preceding claim, in which at
least one process feed tube carrying the process fluid
to be converted extends inside said closed volume of
the reactor. 6 . Reactor according to claim 5 , in
which the at least one process feed tube carrying the
process fluid to be con verted enters the reactor
through a conduct arranged in the outer wall of the
reactor and wherein said process fluid is preheated by
indirect contact with exiting converted gas from the
reforming section of the reactor. 7 . Reactor
according to claims 5 or 6 , in which said at least
one process feed tube extends vertically into a
transition compartment from which at least one process
tube carrying process gas to be converted extends
vertically in side the closed volume of the reactor
and wherein the at least one process tube carrying the
process gas is formed as a coil. 8 . Reactor according
to any preceding claim, in which said closed volume
containing said reforming section and boiler section
are substantially surrounded by an insulated housing,
wherein said insulated housing is encased by a first
annular region carrying flue gas and a second annular
region carrying combustion air.9 . Reactor according
to any preceding claim wherein the process fluid
entering the reactor comprises methanol, DME or a
mixture of DME and methanol . 10. Reactor according to
claim 9 , wherein the process fluid entering the
reactor is a mixture of methanol and wa ter and the
gas-liquid mixture is a saturated steam-water system
circulating at a pressure of 55 to 110 bar g and a
temperature of 270 0C to about 320 0C . 11. Reactor
according to any preceding claim, wherein said
combustion section is provided with a single catalytic
burner and wherein said catalytic burner is provided
as wire mesh layers arranged in series which are
coated with ceramic and impregnated with an oxidation
catalyst, whereby the heat generated in the combustion
is transferred by a convection mechanism to the
self-circulating gas-liquid mixture via the generated
flue gas. 


