
Lacosamide for add-on-therapy Description The present
invention is directed to the use of a class of peptide
compounds for the prevention, alleviation or/and
treatment of a disease that is treated with
antipsychotics, in particular psychosis, more
particular schizophrenia, in an add-on therapy to at
least one antipsychotic. Particularly, the present
invention is directed to the use of a class of peptide
compounds for the prevention, alleviation or/and
treatment of schizophrenia, bipolar disorder, autism,
attention deficit hyperactivity disorder, psychosis,
psychosis associated with schizophrenia, bipolar
disorder, autism, Alzheimer's disease, attention
deficit hyperactivity disorder, drug or/and alcohol
abuse, affective disorders, dyskinesias and related
disorders, dementia, mental retardation,
polydipsia/hyponatraemia, severe personality disorder,
acute episodes of mania, obsessive compulsive
disorder, intractable chronic insomnia, Huntington's
Disease, Tourette's syndrom, Parkinson's disease,
or/and dopaminergic therapy of Parkinson's disease,
preferably wherein psychosis is associated with
schizophrenia, in an add-on therapy to at least one
antipsychotic. Certain peptides are known to exhibit
central nervous system (CNS) activity and are useful
in the treatment of epilepsy and other CNS disorders.
These peptides which are described in the U.S. Patent
No. 5,378,729 have the Formula (Ia):wherein R is
hydrogen, lower alkyl, lower alkenyl, lower alkynyl,
aryl, aryl lower alkyl, heterocyclic, heterocyclic
lower alkyl, lower alkyl heterocyclic, lower
cycloalkyl, lower cycloalkyl lower alkyl, and R is
unsubstituted or is substituted with at least one
electron withdrawing group or electron donating group;
Ri is hydrogen or lower alkyl, lower alkenyl, lower
alkynyl, aryl lower alkyl, aryl, heterocyclic lower
alkyl, heterocyclic, lower cycloalkyl, lower
cycloalkyl lower alkyl, each unsubstituted or
substituted with an electron donating group or an
electron withdrawing group; and R2 and R3 are
independently hydrogen, lower alkyl, lower alkenyl,
lower alkynyl, aryl lower alkyl, aryl, heterocyclic,
heterocyclic lower alkyl, lower alkyl heterocyclic,
lower cycloalkyl, lower cycloalkyl lower alkyl, or Z-Y
wherein R2 and R3 may be unsubstituted or substituted
with at least one electron withdrawing group or
electron donating group; Z is O, S, S(O) , NR4, PR4 or
a chemical bond; Y is hydrogen, lower alkyl, aryl,
aryl lower alkyl, lower alkenyl, lower alkynyl, halo,
heterocyclic, heterocyclic lower alkyl, and Y may be
unsubstituted or substituted with an electron donating
group or an electron withdrawing group, provided that
when Y is halo, Z is a chemical bond, orZY taken
together is NR4NR5R7, NR OR5, ONR 4R7, OPR 4R5, PR
OR5, SNR 4R7, NR4SR7, SPR4R5 or PR4SR7, NR4PR5R6 or
PR4NR5R7, NR4 -OR5; Il R4, R5 and R6 are independently
hydrogen, lower alkyl, aryl, aryl lower alkyl, lower
alkenyl, or lower alkynyl, wherein R4, R5 and R6 may
be unsubstituted or substituted with an electron
withdrawing group or an electron donating group; and
R7is R6 or COOR8 or COR8; R is hydrogen or lower
alkyl, or aryl lower alkyl, and the aryl or alkyl
group may be unsubstituted or substituted with an
electron withdrawing group or an electron donating
group; and n is 1-4; and a is 1-3. U.S. Patent No.
5,773,475 also discloses additional compounds useful
for treating CNS disorders. These compounds are
N-benzyl-2-amino-3- methoxy-propionamide having the
Formula (Ha): Formula (Ha) whereinAr is aryl which is
unsubstituted or substituted with halo; R3 is lower
alkoxy; and R1 is methyl. However, neither the U.S.
patent No. US 5,378,729 nor the U.S. patent No. US
5,773,475 describe the use of these compounds for
treating psychosis, in particular for treating
psychosis associated with schizophrenia, in an add on
therapy to at least one antipsychotic. WO 02/074297
relates to the use of a compound according to Formula
(Ha) wherein Ar is phenyl which may be substituted by
at least one halo, R3 is lower alkoxy containing 1-3
carbon atoms and Ri is methyl for the preparation of
pharmaceutical compositions useful for the treatment
of allodynia related to peripheral neuropathic pain.
WO 02/074784 relates to the use of a compound having
Formula (Ia) or/and Formula (Ha) showing
antinociceptive properties for treating different
types and symptoms of acute and chronic pain,
especially non neuropathic inflammatory pain, e.g.
rheumatoid arthritic pain or/and secondary
inflammatory osteo-arthritic pain. Psychosis, in
particular schizophrenia, is a state of mental
impairment marked by following symptoms:  Distorted
Perceptions of Reality People with psychosis may have
perceptions of reality that are strikingly different
from the reality seen and shared by others around
them.  Hallucinations and Illusions 



Hallucinations are perceptions that occur without
connection to an appropriate source. Hallucinations
can occur in any sensory form - auditory (sound),
visual (sight), tactile (touch), gustatory (taste),
and olfactory (smell). Auditory hallucinations,
particularly the experience of hearing voices that
other people do not hear, are a common and often
prominent feature ofpsychosis.  Delusions Delusions
are false personal beliefs that are not subject to
reason or contradictory evidence and are not explained
by a person's usual cultural concepts.  Disordered
Thinking Psychosis often affects a person's ability to
"think straight." Thoughts may come and go rapidly;
the person may not be able to concentrate on one
thought for very long and may be easily distracted,
unable to focus attention. Disordered thinking is
classified largely by its effect on speech and
writing. Psychosis is considered to be a symptom of
severe mental illness, but not a diagnosis in itself.
Although it is not exclusively linked to any
particular psychological or physical state, it is
particularly associated with schizophrenia, bipolar
disorder and severe clinical depression. There are
also several physical circumstances that can induce a
psychotic state, including electrolyte disorder,
urinary tract infections in the elderly, pain
syndromes, drug toxicity, and drug withdrawal
(especially alcohol, barbiturates, and sometimes
benzodiazepines) as well as infections of or injuries
to the brain (these psychoses are now more commonly
referred to as organic mental disorders). Chronic
psychological stress is also known to cause psychotic
states, though the exact mechanism is uncertain.
Short-lived psychosis triggered by stress is known as
brief reactive psychosis. There are also some
non-psychiatric conditions which are linked
particularly to psychosis, which may include brain
tumor, dementia with Lewy bodies, hypoglycemia,
intoxication, multiple sclerosis, systemic lupus
erythematosus, or/and sarcoidosis.Psychosis is a
common condition in schizophrenia, marked by the
typical, above mentioned symptoms. In addition, people
with schizophrenia often show "blunted" or "fiat"
affect. This refers to a severe reduction in emotional
expressiveness. Schizophrenia is a chronic, severe,
and disabling brain disease found all over the world.
Approximately 1 percent of the population develops
schizophrenia during their lifetime. The severity of
the symptoms and longlasting, chronic pattern of
schizophrenia often cause a high degree of disability.
People with schizophrenia have a higher rate of
suicide than the general population. Approximately 10
percent of people with schizophrenia (especially
younger adult males) commit suicide. The first signs
of schizophrenia often appear as confusing, or even
shocking, changes in behavior. This sudden onset of
severe psychotic symptoms is referred to as an "acute"
phase of schizophrenia. Some people have only one such
psychotic episode; others have many episodes during a
lifetime, but lead relatively normal lives during the
interim periods. However, the individual with
"chronic" schizophrenia, or a continuous or recurring
pattern of illness, often does not fully recover
normal functioning and typically requires long-term
treatment, generally including medication, to control
the symptoms. There is no known single cause of
schizophrenia. Many diseases, such as heart disease,
result from interplay of genetic, behavioral, and
other factors; and this may be the case for
schizophrenia as well. It has long been known that
schizophrenia runs in families. Scientists are
studying genetic factors in schizophrenia. It appears
likely that multiple genes are involved in creating a
predisposition to develop the disorder. In addition,
factors such as prenatal difficulties like
intrauterine starvation or viral infections, perinatal
complications, and various nonspecific stressors, seem
to influence the development of schizophrenia.
However, it is not yet understood how the genetic
predisposition is transmitted, and it cannot yet be
accuratelypredicted whether a given person will or
will not develop the disorder. Basic knowledge about
brain chemistry and its link to schizophrenia is
expanding rapidly. It is likely, although not yet
certain, that the disorder is associated with some
imbalance of the complex, interrelated chemical
systems of the brain, perhaps involving the
neurotransmitters dopamine and glutamate. Many studies
of people with schizophrenia have found abnormalities
in brain structure (for example, enlargement of the
fluid-filled cavities, called the ventricles, in the
interior of the brain, and decreased size of certain
brain regions) or function (for example, decreased
metabolic activity in certain brain regions). It
should be emphasized that these abnormalities are
quite subtle and are not characteristic of all people
with schizophrenia, nor do they occur only in
individuals with this illness. Microscopic studies of
brain tissue after death have also shown small changes
in distribution or number of brain cells in people
with schizophrenia. It appears that many (but probably
not all) of these changes are present before an
individual becomes ill, and schizophrenia may be, in
part, a disorder in development of the brain.
Available treatments can relieve many symptoms, but
most people with schizophrenia continue to suffer some
symptoms throughout their lives; it has been estimated
that no more than one in five individuals recovers
completely. Medications and other treatments for
schizophrenia can help 



reduce and control the distressing symptoms of the
illness. However, some people are not greatly helped
by available treatments or may prematurely discontinue
treatment because of unpleasant side effects. Since
schizophrenia may not be a single condition and its
causes are not yet known, current treatment methods
are based on both clinical research and experience.
These approaches are chosen on the basis of their
ability to reduce the symptoms of schizophrenia and to
lessen the chances that symptoms will
return.Antipsychotic medications have been available
since the mid-1950s but they do not "cure" the
underlying disease such as schizophrenia or ensure
that there will be no further psychotic episodes.
Clinically effective antipsychotic agents include
tricyclic phenothiazines, thioxanthenes, and
dibenzepines, as well as butyrophenones and congeners,
other heterocyclics and experimental benzamides.
Virtually all of these drugs block D2-dopamine
receptors and reduce dopamine neurotransmission in
forebrain; some of these drugs, in particular the
atypical antipsychotics, also interact with Dr and D
-dopaminergic, 5-H 2A- and 5-HT2c-serotonergic and
alpha-adrenergic receptors (Goodman & Gilman's, The
Pharmacological Basis of Therapeutics, 10th edition,
McGraw-Hill, 2001: Summary of chapter 20 (p. 485)).
Antagonism of dopamine-mediated synaptic
neurotransmission is an important action of
antipsychotic drugs (same document, p. 493, left
column, 2nd para). A number of new antipsychotic
agents (the so-called "atypical antipsychotics") have
been introduced since 1990. The first of these,
clozapine, has been shown to be more effective than
other antipsychotics, although the possibility of
severe side effects - in particular, a condition
called agranulocytosis (loss of the white blood cells
that fight infection) - requires that patients be
monitored with blood tests every one or two weeks.
Even newer antipsychotic agents, such as risperidone
and olanzapine are safer than the older drugs or
clozapine, and they also may be better tolerated. They
may or may not treat the illness as well as clozapine,
however. Antipsychotic agents are often very effective
in treating certain symptoms of schizophrenia,
particularly hallucinations and delusions;
unfortunately, the drugs may not be as helpful with
other symptoms, such as reduced motivation and
emotional expressiveness. Current limitations of
antipsychotic agent therapy of psychosis, especially
psychosis associated with schizophrenia, include
limited efficacy, sideeffects and delayed onset of
action. Valproate was shown to enhance the onset of
action of olanzapine or risperidone (Casey et al.,
Neuropsychopharmacology 28:1 82ff, 2003). Furthermore,
another doubleblind placebo controlled clinical trial
demonstrated that lamotrigine, when added to
clozapine, is beneficial for the treatment of
treatment-resistant schizophrenia (Tihohen et al.,
Biol Psychiatr. 54:1241ff, 2003). It is estimated that
currently up to 50% of hospitalized schizophrenic
patients receive adjunct therapy with anti-epileptic
drugs (Citrome L., Psychopharmacology Bull
37(S2):p74ff, 2003) especially for enhancing the onset
of action, for controlling the positive symptoms, e.g.
hallucinations, the affective symptoms, e.g.
depression, as well as the cognitive symptoms, e.g.
attention deficit. However, as described in Citrome
L., Psychopharmacology Bull 37(S2): p74ff, 2003, data
on the use of anticonvulsants for add-on therapy to
antipsychotics are inconsistent. Valproate and
lamotrigine were shown to preferentially reduce the
positive symptoms of schizophrenia (same document, p.
86, last para). A possible locus of action of
valproate was said to be direct effects on voltage
gated sodium channels (same document, page 78, 2nd
para). However, the use of the anticonvulsant
carbamazepine as add-on to the antipsychotic agent
haloperidol was associated with a worse clinical
outcome compared with antipsychotic monotherapy (same
document, page 80, first para). In another study on
the use of carbamazepine there was a failure to detect
significant improvement on the total BPRS (brief
psychiatric rating scale). Adjunctive use of
lamotrigine in addition to clozapine resulted in
improvement of positive, not negative symptoms of
schizophrenia (same document, page 85, 1st para).
Reports on the use of other anticonvulsants in
schizophrenia report general worsening of psychosis
with gabapentin or deterioration in both positive and
negative symptoms of schizophrenia with topiramate
(same document, page 85, 2nd para). The reported
differences in the efficacy of anticonvulsants as
add-ontherapeutics to antipsychotics might be due to
their different modes of action. In contrast to
antipsychotic agents that share a common antagonistic
action on dopamine receptors, current anticonvulsants
are believed to work through diverse mechanisms of
action. These mechanisms of action are e.g. altering
neuronal impulse propagation via interaction with
voltage gated sodium-, calcium-, or potassium channels
or affecting neural transmission by either
potentiating inhibitory GABA systems or by inhibition
of excitatory glutamate systems. In contrast to
current anticonvulsants, lacosamide potentially has a
unique but yet unknown molecular mechanism of action.
Lacosamide does not directly interact with a variety
of known GABA receptor subtypes, nor does it directly
interact with a variety of known glutamate receptor
subtypes. In particular, lacosamide does not inhibit
voltage-gated sodium or calcium channels and does not
potentiate potassium currents. 



In an article by Jann MW, Pharmacotherapy 2004;24(1
2): 1759-1 783, which is directed to the cognitive
symptoms of schizophrenia, add-on therapy of
antipsychotics to several other active agents is
described, but no reference is made to add-on therapy
of antipsychotics to anticonvulsants. The use of
compounds of Formula (Ib) or/and Formula (lib) for
treatment of psychosis, in particular schizophrenia
or/and psychosis associated with schizophrenia, in an
add-on therapy to at least one antipsychotic agent has
not been reported. Thus, the present invention
concerns the use of said compound(s) of Formulae (Ib)
or/and (lib) for the preparation of a pharmaceutical
composition for the prevention, alleviation or/and
treatment of a disease treated with an antipsychotic,
in particular psychosis, more particular in the course
of schizophrenia, in an add-on therapy to at least one
antipsychotic. The application of lacosamide
(international non-proprietory name, also formerly
called harkoseride or SPM 927) alone had no
significant effect onprepulse inhibition in mice,
which is a model of predictive validity for psychosis,
particularly for cognitive symptoms. Surprisingly, the
compounds (Ib) or/and (lib), particularly
(R)-2-acetamide-N-benzyl-3- methoxypropionamide
(lacosamide) potentiated the increase of prepulse
inhibition of the antipsychotic agent, clozapine, when
administered together. Prepulse inhibition in mice is
a model of predictive value for psychosis associated
with e.g. schizophrenia, bipolar disorder, autism,
Alzheimer's disease, attention deficit hyperactivity
disorder, drug or/and alcohol abuse, affective
disorders, dyskinesias and related disorders,
dementia, mental retardation,
polydipsia/hyponatraemia, severe personality disorder,
acute episodes of mania, obsessive compulsive
disorder, intractable chronic insomnia, Huntington's
Disease, Tourette's syndrom, Parkinson's disease,
or/and dopaminergic therapy of Parkinson's disease.
Considering the prior art as outlined above, in
particular the multitude of modes of action of
anticonvulsants, the conflicting results in the add-on
therapy of anticonvulsants and antipsychotics, the
difference of the mode of action of valproate, the
only anticonvulsant with established usefulness in
add-on therapy with antipsychotics, as compared to
lacosamide, and the lack of mentioning of
anticonvulsants in an article on add-on therapy of
cognitive symptoms of schizophrenia (Jann MW, see
above), a person skilled in the art would not have
expected the usefulness of lacosamide in the therapy
of psychosis in an add-on therapy to at least one
antipsychotic. In a broad sense, the term
..antipsychotic agent" or ..antipsychotic" refers to
any compound known in the art for prevention,
alleviation or treatment of psychosis, including
without limitation: (-)-isofloxythepin, (+-)-idazoxan
monohydrochloride, (+)-isofloxythepin,
1,2-benzisoxazole-3- methanesulfonamide, monosodium
salt, 1H-isoindole-a,3(2H)-dione, 2-[4-[4-
(1,2-benzisothiazol-3-yl)-1
-piperazinyl]buryl]-hexahydro-, monohydrochloride,
(3aR,7aS)-rel-, 2(1H)-quinolinone, 1-[3-[4-(3-
chlorophenyl)-1-piperazinyl]propyl]-3,4-dihydro-5-meth
oxy- (OPC 14523), 2-propen-1 -one,
1-(2-fluorophenyl)-3-(4-hydroxyphenyl)-O-[2-(dimethyla
mino)- ethyl]oxime, (1Z.2E)-, (2E)-2-butenedioate
(2:1), 9H-xanthene-9-propanoic acid,
a-amino-a-[(1S,2S)-2-carboxycyclopropyl]-m(aS) (LY
341495), abaperidone, acetophenazine, aminosultopride,
amisulpride, ampalex, aplindore fumarate,
aripiprazole, asenapine maleate, benperidol,
benzquinamide, beta-uridine, bromoperidol, buramate,
butaperazine, carbadipimidine, carbamazepine,
carphenazine, carpipramine, carpipramine
dihydrochloride, centbutindole, chlorpenthixol,
chlorpromazine, chlorpromazine hydrochloride,
chlorprothixene, cis-clopenthixol, cistramadol,
cis-tramadol hydrochloride, citalopram hydrobromide,
clocapramine, clocapramine dihydrochloride, clomacran,
clopenthixol, clospirazine, clothiapine, clozapine,
cyamemazine, devazepide, divalproex sodium,
dixyrazine, droperidol, duloxetine hydrochloride,
ethyl loflazepate, farampator, fluanisone,
flubuperone, fluoxetine hydrochloride, flupentixol,
fluphenazine, fluphenazine decanoate, fluphenazine
enanthate, fluphenazine hydrochloride, fluspirilene,
flutoprazepam, fluvoxamine, fluvoxamine maleate,
haloperidol, haloperidol and haloperidol decanoate,
iloperidone, isofloxythepin, lamotrigine, loxapine
succinate, lurasidone hydrochloride, melperone,
melperone hydrochloride, mepazine, mesoridazine,
mesoridazine besylate, methoxypromazine, metofenazate,
mifepristone, minaprine, minaprine hydrochloride,
moclobemide, molindone, molindone hydrochloride,
moperone, mosapramine, mosapramine dihydrochloride,
neboglamine, nemonapride, ocaperidone, octoclothepine,
olanzapine, opipramol, paroxetine, penfluridol,
perazine, pericyazine, perimethazine, perospirone,
perphenazine, phenothiazines, pimozide,
piperacetazine, pipothiazine, pipothiazine palmitate,
pipotiazine, pramipexole, prochlorperazine, promazine,
prothipendyl, quetiapine, quetiapine fumarate, racemic
idazoxan, remoxipride, risperidone, sabcomeline,
secretine, sertraline hydrochloride, spiperone,
sulforidazine, sulpiride, sultopride, talnetrant,
tetrabenazine, thiapride, thiopropazate,
thioproperazine, thioridazine, thioridazine
hydrochloride, thiothixene, thiothixene hydrochloride,
thioxanthenes, timeperone, topiramate,
trifluoperazine, trifluoperazine hydrochloride,
trifluperidol, triflupromazine,zaprasidone,
ziprasidone hydrochloride, zonisamide, zotepine,
zuclopenthixol acetate, zuclopepthixol decanoate,
enantiomers, racemates, pharmaceutically acceptable
salts, esters, amides, prodrugs and metabolites
thereof. More particularly, term "antipsychotic" or
"antipsychotic agent" as used here 



is meant to comprise classical or so-called typical
antipsychotics, also referred to as classical or
typical neuroleptics, as well as atypical
antipsychotics, also referred to as atypical
neuroleptics. Examples for classical antipsychotics
are acetophenazine, benperidol, benzquinamide,
biriperone, bromoperidol, butaperazine,
butyrophenones, carphenazine, centbutindole,
chlorpromazine, chlorpromazine hydrochloride,
chlorprothixene, clomacran, clopenthixol, clothiapine,
cyamemazine, dibenzoxazepines, dihydroindolones,
dixyrazine, droperidol, fluanisone, flupentixol,
fluphenazine, fluphenazine decanoate, fluphenazine
enanthate, fluphenazine hydrochloride, haloperidol,
haloperidol decanoate, isofloxythepin,
levomepromazine, loxapine succinate, melperone,
melperone hydrochloride, mepazine, mesoridazine,
mesoridazine besylate, methotrimeprazine,
methoxypromazine, metofenazate, molindone, molindone
hydrochloride, moperone, neboglamine, nemonapride,
octoclothepine, penfluridol, pericyazine,
perimethazine, perphenazine, phenothiazines, pimozide,
pipamperone, pipothiazine, pipothiazine palmitate,
prochlorperazine, promazine, prothipendyl, spiperone,
sulforidazine, sultopride, talnetant, thiapride,
thiopropazate, thioproperazine, thioridazine,
thioridazine hydrochloride, thiothixene, thiothixene
hydrochloride, thioxanthenes, trifluoperazine,
trifluoperazine hydrochloride, trifluperidol,
triflupromazine, zuclopenthixol acetate,
zuclopenthixol decanoate and enantiomers, racemates,
pharmaceutically acceptable salts and derivatives,
particularly esters, amides, prodrugs and metabolites
thereof. Examples for atypical antipsychotics are
abaperidone, aminosultopride, amisulpride, ampalex,
aripiprazole, asenapine maleate, clozapine,
fluspirilene, iloperidone, mosapramine, mosapramine
dihydrochloride, ocaperidone, olanzapine, oxypertine,
. perazine,perospirone, piperacetazine, quetiapine,
quetiapine fumarate, remoxipride, risperidone,
sertindole, sulpiride, ziprasidone, ziprasidone
hydrochloride, zotepine and enantiomers, racemates,
pharmaceutically acceptable salts and derivatives,
particularly esters, amides, prodrugs and metabolites
thereof. The term "antipsychotic" further comprises
dopamine antagonists, preferably D2 antagonists. The
term "antipsychotic" or "antipsychotic agent" as used
here preferably does not comprise drugs that, although
they might also be used in the therapy of psychosis,
are no antipsychotics as defined above, such as for
example anticonvulsants (such as carbamazepine,
valproate, lamotrigine), antidepressants, such as tri-
and tetracyclic antidepressants (for example
amitryptiline, clomipramine, doxepine, imipramine,
trimipramine, nortriptyline, desipramine, maprotiline,
trazodone), selective serotoninereuptake inhibitors
(for example citaloprame, fluoxetine, fluvoxamine,
paroxetine, sertraline), selective
noradrenaline-reuptake inhibitors (for example
reboxetine), serotonine-noradrenaline-reuptake
inhibitors (for example venlafaxine, duloxetine),
serotonine-noradrenaline-specific antidepressants (for
example mianserine, mirtazapine) or monoamineoxidase
inhibitors (for example tranylcypromine, moclobemide),
lithium salts or benzodiazepines (for example
alprazolame, lorazepame, diazepame). Doses of typical
dopamine antagonists which may be employed in the
present invention are:ALCOHOL RESISTANT DOSAGE FORMS
This application claims the benefit of GB patent
application no. 0501638.1, filed on January 28, 2005,
of PCT patent application no. PCT/GB2005/050014 filed
on February 11, 2005, of US provisional application
no. 60/670,506, filed on April 12, 2005 and of US
provisional application no. 60/730,339, filed on
October 26, 2005. TECHNICAL FIELD OF THE INVENTION The
present invention relates to controlled release
formulations resistant to alcohol extraction, in
particular opioid controlled release formulations
resistant to alcohol extraction. BACKGROUND OF THE
INVENTION Pharmaceutical products are sometimes the
subject of abuse. For example, a particular dose of
opioid agonist may be more potent when administered
parenteral Iy as compared to the same dose
administered orally. Some formulations can be tampered
with to provide the opioid agonist contained therein
for illicit use. Controlled release opioid agonist
formulations are sometimes crushed, or subject to
extraction with solvents (e.g., ethanol) by drug
abusers to provide the opioid contained therein for
immediate release upon oral or parenteral
administration. Controlled release opioid agonist
dosage forms which can liberate a portion of the
opioid upon exposure to ethanol, can also result in a
patient receiving the dose more rapidly than intended
if a patient disregards instructions for use and
concomitantly uses alcohol with the dosage form.Purdue
Pharma L.P. currently markets sustained-release
oxycodone in dosage forms containing 10, 20, 40 and 80
mg oxycodone hydrochloride under the tradename
OxyContin. U.S. Patent Nos. 5,266,331; 5,508,042;
5,549,912 and 5,656,295 disclose sustained release
oxycodone formulations. Purdue Pharma L.P. is the NDA
holder of sustained-release hydromorphone in dosage
forms containing 12, 16, 24 and 32 mg hydromorphone
hydrochloride under the tradename Palladone(r). During
the development of Palladone(r), in-vitro extraction
and dissolution studies indicated that exposure of the
formulation to ethanol increased the release of
hydromorphone, as compared to release in water.
Subsequent pharmacokinetic studies in healthy subjects
have shown that the concomitant intake of ethanol with
Palladone(r) Capsules can result in the rapid release
and absorption of hydromorphone from the 



formulation. U.S. Patent Nos. 5,958,452; 5,965,161;
5,968,551; 6,294,195; 6,335,033; 6,706,281; and
6,743,442 disclose sustained release hydromorphone
formulations. U.S. Patent Publication Nos. 2003/01
18641 and 2005/0163856 to Maloney et al. describe an
opioid formulation which employs an ion exchange resin
in conjunction with a hydrophobic matrix that is
purportedly resistant to extraction of the opioid with
commonly available solvents.U.S Patent Publication No.
2004/0052731 to Hirsh et al. describes a
pharmaceutical composition which can purportedly be
used to reduce the likelihood of improper
administration of drugs. There continues to exist a
need in the art for an oral dosage form comprising an
opioid agonist with reduced opioid release upon
exposure to alcohol. All references cited herein,
including the foregoing patents, patent applications
and priority documents, are hereby incorporated by
reference in their entireties. OBJECTS AND SUMMARY OF
THE INVENTION It is an object of certain embodiments
of the present invention to provide an oral controlled
release dosage form comprising an opioid analgesic
which is resistant to common extraction methods, in
particular with ethanolic solutions, intended to
liberate the opioid analgesic for illicit use. It is
an object of certain embodiments of the present
invention to provide an oral controlled release dosage
form comprising an opioid analgesic which is resistant
to the release of the opioid analgesic when
concomitantly used with alcohol. It is an object of
certain embodiments of the present invention to
provide an oral controlled release dosage form
comprising an opioid analgesic which has increased
hardness and is resistant to crushing. In certain
embodiments, the present invention is directed to a
controlled release dosage form comprising an opioid
analgesic and a controlled release material; wherein
the ratio of the amount of opioid analgesic released
after 1 hour of in-vitro dissolution of the dosage
form in 500 ml and/or 900 mlof Simulated Gastric Fluid
with 20% ethanol usinga USP Apparatus I (basket)
apparatus at 100 rpm at 37 degrees C to the amount of
opioid analgesic released after 1 hour in-vitro
dissolution of the dosage form in 500 ml and/or 900 ml
of Simulated Gastric Fluid with 0% ethanol using a USP
Apparatus I (basket) apparatus at 100 rpm at 37
degrees C is 2:1 or less or less than about 2:1; 1.5:1
or less or less than about 1.5: 1; or 1:1 or less or
less than about 1:1. In certain such embodiments, the
lower limit of this ratio is 0.5:1 or 1:1. In certain
embodiments, the present invention is directed to a
controlled release dosage form comprising an opioid
analgesic and a controlled release material; wherein
the ratio of the amount of opioid analgesic released
after 1 hour of in-vitro dissolution of the dosage
form in 500 ml and/or 900 ml of Simulated Gastric
Fluid with 30% ethanol using a USP Apparatus I
(basket) apparatus at 100 rpm at 37 degrees C to the
amount of the opioid analgesic released after 1 hour
of in-vitro dissolution of the dosage form in 500 ml
and/or 900 ml of Simulated Gastric Fluid with 0%
ethanol using a USP Apparatus I (basket) apparatus at
100 rpm at 37 degrees C is 4:1 or less or less than
about 4:1; 3:1 or less or less than about 3:1; or 2:1
or less or less than about 2:1. In certain such
embodiments, the lower limit of this ratio is 0.5:1 or
1:1; or 1.7:1. In certain embodiments, the present
invention is directed to a controlled release dosage
form comprising an opioid analgesic and a controlled
release material; wherein the ratio of the amount of
opioid analgesic released after 1 hour of in-vitro
dissolution of the dosage form in 500 ml and/or 900 ml
of Simulated Gastric Fluid with 40% ethanol using a
USP Apparatus I (basket) apparatus at 100 rpm at 37
degrees C0 to the amount of the opioid analgesic
released after 1 hour of in-vitro dissolution of the
dosage form in 500 ml and/or 900 ml of Simulated
Gastric Fluid with 0% ethanol using a USP Apparatus I
(basket) apparatus at 100 rpm at 37 degrees C is 5:1
or less or less than about 5:1; 4:1 or less or less
than about 4:1; or 3:1 or less or less than about 3:1.
In certain such embodiments, the lower limit of this
ratio is 0.5:1 or 1:1; or 2.6:1.In certain
embodiments, the present invention is directed to a
controlled release dosage form comprising a plurality
of matrices comprising a therapeutically effective
amount of hydromorphone or a pharmaceutically
acceptable salt thereof, dispersed in a controlled
release material; wherein the ratio of the amount of
hydromorphone or a pharmaceutically acceptable salt
thereof released after 1 hour of in-vitro dissolution
of the dosage form in 500 ml and/or 900 ml of
Simulated Gastric Fluid with 20% ethanol using a USP
Apparatus I (basket) apparatus at 100 rpm at 37
degrees C to the amount of hydromorphone or a
pharmaceutically acceptable salt thereof released
after 1 hour of in-vitro dissolution of the dosage
form in 500 ml and/or 900 ml of Simulated Gastric
Fluid with 0% ethanol using a USP Apparatus I (basket)
apparatus at 100 rpm at 37 degrees C is less than
about 2:1. In more detail: In certain such
embodiments, the present invention is directed to a
controlled release dosage form comprising a plurality
of extruded matrices comprising a therapeutically
effective amount of hydromorphone or a
pharmaceutically acceptable salt thereof, dispersed in
an alkylcellulose. In certain such embodiments, the
present invention is directed to a controlled release
dosage form comprising a plurality of extruded
matrices comprising a therapeutically effective amount
of hydromorphone or a pharmaceutically acceptable salt
thereof, dispersed in an ethylcellulose. In certain
such embodiments, the present invention is directed to
a controlled release dosage form comprising a
plurality of extruded matrices comprising a
therapeutically effective amount of hydromorphone or a
pharmaceutically acceptable salt thereof, dispersed in
an alkylcellulose, the alkylcellulose being at least
50 %, w/w of the matrices. In certain such
embodiments, the present invention is directed to a
controlled release dosage form comprising a plurality
of extruded matrices consisting essentially of
hydromorphone or a pharmaceutically acceptable salt
thereof, dispersed in an alkylcellulose. In certain
such embodiments, the present invention is directed to
a controlled release dosage form comprising a
plurality of extruded matrices consisting essentially
of hydromorphone or a pharmaceutically acceptable salt
thereof, dispersed in an alkylcellulose, an optional
binder, and an optional plasticizer. In certain such 



embodiments, the present invention is directed to a
controlled release dosage formcomprising a plurality
of extruded matrices comprising hydromorphone or a
pharmaceutically acceptable salt thereof, dispersed in
an alkylcellulose, wherein the matrices do not
comprise an acrylic polymer. In certain embodiments,
the present invention is directed to a controlled
release dosage form comprising a matrix comprising a
pharmaceutically acceptable salt of an opioid
analgesic in a controlled release material; wherein
less than 25% of the opioid salt is released after 1
hour of in-vitro dissolution of the dosage form in
500ml and/or 900 ml of Simulated Gastric Fluid with
20% ethanol using a USP Apparatus I (basket) apparatus
at 100 rpm at 37 degrees C. In more detail: In certain
such embodiments, the present invention is directed to
a controlled release dosage form comprising a
plurality of matrices comprising a pharmaceutically
acceptable salt of an opioid analgesic in a controlled
release material. In certain such embodiments, the
present invention is directed to a controlled release
dosage form comprising a matrix comprising a
pharmaceutically acceptable salt of an opioid
analgesic in a pharmaceutically acceptable excipient;
and a layer comprising a controlled release material
disposed about the matrix, e.g. In certain such
embodiments, the present invention is directed to a
controlled release dosage form comprising a plurality
of matrices comprising a pharmaceutically acceptable
salt of an opioid analgesic in a pharmaceutically
acceptable excipient; and a layer comprising a
controlled release material disposed about each of the
matrices. In certain embodiments the present invention
is directed to the use of a sparingly water permeable
thermoplastic polymer or a hydrophobic polymer as
controlled release matrix material in the manufacture
of an opioid controlled release matrix formulation to
impart resistance to alcohol extraction of the opioid,
wherein said formulation having the sparingly water
permeable thermoplastic polymer or hydrophobic polymer
as controlled release matrix material releases less
opioid in an alcohol extraction test compared to the
same formulation but with the sparingly water
permeable thermoplastic polymer or hydrophobic polymer
substituted entirely or partly by other matrix
materials.In certain embodiments the present invention
is directed to the use of a sparingly water permeable
thermoplastic polymer as controlled release matrix
material in the manufacture of an opioid controlled
release matrix formulation to impart resistance to
alcohol extraction, wherein said formulation after 15
minutes shaking in 40 % ethanol at room temperature
using a Stuart Scientific Flask Shaker Model SFl set
at 500 to 600 oscillations per minute releases less
than 35 % of opioid. In certain such embodiments said
formulation releases less than 30 %, more preferred
less than 25 % of opioid salt, or from 15 to 25 %
opioid salt. In certain embodiments the present
invention is directed to the use of a hydrophobic
material polymer as controlled release matrix material
in the manufacture of an opioid controlled release
matrix formulation to impart resistance to alcohol
extraction, wherein less than 25 % of the opioid is
released after 1 hour of in-vitro dissolution of a
dosage form comprising said formulation in 500 ml
and/or 900 ml of Simulated Gastric Fluid with 20 %
ethanol using USP Apparatus I (basket) operating at
100 rpm at 37 C. In certain embodiments the present
invention is directed to the use of a hydrophobic
material as controlled release matrix material in the
manufacture of an opioid controlled release matrix
formulation to impart resistance to alcohol
extraction, wherein the ratio of the amount of opioid
released after 1 hour of in-vitro dissolution of the
dosage form comprising said formulation in 900 and/or
500 ml of Simulated Gastric Fluid with 20 % ethanol
using a USP Apparatus I (basket) apparatus at 100 rpm
at 37 0C, to the amount of opioid released after 1
hour of in-vitro dissolution of the dosage form
comprising said formulation in 900 and/or 500 ml of
Simulated Gastric Fluid with 0 % ethanol using an USP
Apparatus I (basket) apparatus at 100 rpm at 37 0C, is
less than about 2:1. In certain embodiments, the
present invention is directed to a method of treating
pain comprising administering to a patient in need
thereof a dosage form as disclosed herein.In certain
embodiments, the present invention is directed to a
method of deterring abuse of an opioid agonist
comprising preparing a dosage form as disclosed
herein. The formulations disclosed herein are intended
to release the drug over an extended period of time to
provide a therapeutic effect. In certain embodiments,
the controlled release formulations provide a at least
a 12 hour or 24 hour therapeutic effect. The term
"controlled release" as it applies to an opioid
agonist is defined for purposes of the present
invention as the release of the opioid from the
formulation at a rate which will provide a longer
duration of action than a single dose of the normal
(i.e., immediate release) formulation. For example, an
immediate release oral formulation may release the
drug over a 1-hour interval, compared to a controlled
release oral formulation which may release the drug
over a 4 to 24 hour interval. For purposes of the
present invention, the term "opioid analgesic" is
interchangeable with the term "opioid" and includes
one agonist or a combination of more than one opioid
agonist, and also includes the use of a mixed
agonist-antagonist; a partial agonist and combinations
of an opioid agonist and an opioid antagonist, wherein
the combination provides an analgesic effect,
stereoisomers thereof; an ether or ester thereof; or a
mixture of any of the foregoing. With respect to
certain embodiments of the present invention, the term
"opioid agonist" is interchangeable with the term
"opioid analgesic" and includes one agonist or a
combination of more than one opioid agonist, and also
includes the use of a mixed agonist-antagonist; a
partial agonist; stereoisomers thereof; an ether or
ester thereof; or a mixture of any of the foregoing.
The present invention disclosed herein is meant to
encompass the use of any pharmaceutically acceptable
salt of the opioid. The term "opioid salt" refers to
apharmaceutically acceptable salt of the opioid. Any
embodiment of the invention referring to opioid is
also meant to refer to opioid salt. Pharmaceutically
acceptable salts include, but are not limited to,
metal salts such as sodium salt, potassium salt,
secium salt and the like; alkaline earth metals such
as calcium salt, magnesium salt and the like; organic
amine salts such as triethylamine salt, pyridine salt,
picoline salt, ethanolamine salt, triethanolamine
salt, dicyclohexylamine salt,
N,N'-dibenzylethylenediamine salt and the like;
inorganic acid salts such as hydrochloride,
hydrobromide, sulfate, phosphate and the like; organic
acid salts such as 



formate, acetate, trifluoroacetate, maleate, tartrate
and the like; sulfonates such as methanesulfonate,
benzenesulfonate, p-toluenesulfonate, and the like;
amino acid salts such as arginate, asparginate,
glutamate and the like. The opioids used according to
the present invention may contain one or more
asymmetric centers and may give rise to enantiomers,
diastereomers, or other stereoisomeric forms. The
present invention is also meant to encompass the use
of all such possible forms as well as their racemic
and resolved forms and mixtures thereof. When the
compounds described herein contain olefinic double
bonds or other centers of geometric asymmetry, it is
intended to include both E and Z geometric isomers.
All tautomers are intended to be encompassed by the
present invention as well. In certain embodiments, the
matrix or plurality of matrices of the dosage form
disclosed herein consist essentially of an opioid
analgesic dispersed in an alkylcellulose; an optional
binder, and an optional plasticizer. In certain
embodiments, the dosage form as disclosed herein does
not comprise an acrylic polymer. In certain
embodiments, the matrix or plurality of matrices of
the dosage form disclosed herein do not comprise an
acrylic polymer.As used herein, the term
"stereoisomers" is a general term for all isomers of
individual molecules that differ only in the
orientation of their atoms is space. It includes
enantiomers and isomers of compounds with more than
one chiral center that are not mirror images of one
another (diastereomers). The term "chiral center"
refers to a carbon atom to which four different groups
are attached. The term "enantiomer" or "enantiomeric"
refers to a molecule that is nonsuperimposeable on its
mirror image and hence optically active wherein the
enantiomer rotates the plane of polarized light in one
direction and its mirror image rotates the plane of
polarized light in the opposite direction. The term
"racemic" refers to a mixture of equal parts of
enantiomers and which is optically inactive. The term
"resolution" refers to the separation or concentration
or depletion of one of the two enantiomeric forms of a
molecule. The term "layer" means a material disposed
about a substrate (which can include itself and one or
more optional intermediate layers such e.g., a seal
coat), which can be applied, e.g., as a coating.
Layering of substrates can be performed by procedures
known in the art including, e.g., spray coating,
dipping or enrobing. The term "disposed about" means
that the layer material disposed about the particle
covers at least a portion of the particle, with or
without an intermediate layer or layers between the
substance and the particle. In certain embodiments,
the material covers an average of at least 50% of the
surface area of the particle. In certain other
embodiments, the material completely covers the
particle.The term "resistance to alcohol extraction"
in the broadest sense refers to the ability of a
formulation to release less opioid when subjected to a
solution comprising ethanol than a comparative
formulation, notwithstanding the fact that "resistance
to alcohol extraction" can be alternatively or further
defined with respect to specific embodiments of the
invention. Within the meaning of the present invention
resistance to alcohol extraction can be tested and
defined by various "alcohol extraction tests" which
involve subjecting the formulation to a solution
comprising ethanol as described herein. The term
"controlled release matrix formulation" refers to the
composition including the controlled release materials
and the opioid. Unless specifically indicated the term
"controlled release matrix formulation" refers to said
formulation in intact form. The term "controlled
release dosage form" refers to the administration form
comprising the opioid in controlled release form as
e.g. in form of the "controlled release matrix
formulation" or in any other controlled release form
as referred to herein. Unless specifically indicated
the term "controlled release dosage form" refers to
said dosage form in intact form.. The dosage form can
e.g. be a tablet comprising the compressed controlled
release matrix formulation or a capsule comprising the
controlled release matrix formulation in the form of
multi particulates.. Resistance to alcohol extraction
can e.g. be tested by subjecting the formulation to
Simulated Gastric Fluid (SGF) with 20% ethanol. A
typical manner in order to obtain "900 ml of Simulated
Gastric Fluid (SGF) with 20% ethanol" is by mixing 800
ml of SGF with 2 10ml of 95% ethanol/water (which
provides 200 ml ethanol) and taking 900 ml of the
mixture. The effect of the additional 10 ml of water
from the 95% ethanol will be minimal in the
percentages of SGF and ethanol in the 900 ml mixture.
Resistance to alcohol extraction can also be tested
using an aqueous solution comprising 40% ethanol.BRIEF
DESCRIPTION OF THE DRAWINGS Figure 1 depicts the
in-vitro dissolution results of compositions A-F of
Example 5. Figure 2 and 3 depict the in-vitro
dissolution results of Example 9. Figure 4 depicts the
crushing test results using a Pill Crusher or Spoons
of Example 14 Figure 5 depicts the crushing test
results using Mortar and Pestle of Example 14 Figure 6
depicts the alcohol extraction test results of Example
14. Figure 7 depicts the alcohol extraction test
results of Examples 15 to 2 1 described in Example 25.
Figure 8 depicts the dissolution profiles in Simulated
Gastric Fluid with 40% alcohol of Examples 15 to 2 1
described in Example 25 Figure 9 depicts the
dissolution profiles in Simulated Gastric Fluid of
Examples 15 to 20 described in Example 25 Figure
lOdepicts the dissolution profiles in Simulated
Gastric Fluid 40% alcohol of Examples 22 to 24
described in Example 25 Figure 11 depicts the
dissolution profiles in Simulated Gastric Fluid of
Examples 22 to 24 described in Example 25 DETAILED
DESCRIPTION Drug abusers sometimes try to achieve
euphoric effects by manipulating drug formulations to
quicken the onset. The most rudimentary way of
accomplishing this is by crushing the dosage form into
a 



fine powder in an attempt to make the active
ingredient more available. Oral abusers chew and/ or
swallow the material, and nasal abusers crush the
formulations for snorting.For parenteral or
intravenous tampering, crushed material is sometimes
dissolved in water with heating and filtered into a
syringe for injection. In addition to the
aforementioned "direct tampering" techniques, more
determined abusers can also use various kinds of
"kitchen chemistry" in an attempt to completely
isolate the active ingredient from a formulation
matrix. One method involves one-step extractions into
commonly available media such as water or ethanol and
mixtures thereof. In certain embodiments, the present
invention is directed to a controlled release dosage
form comprising a matrix comprising a pharmaceutically
acceptable salt of an opioid analgesic in a controlled
release material; wherein less than 25%, or less than
20% of the opioid salt is released after 1hour of
in-vitro dissolution of the dosage form in 500 ml
and/or 900 ml of Simulated Gastric Fluid with 20%
ethanol using a USP Apparatus I (basket) apparatus at
100 rpm at 37 degrees C. In certain such embodiments,
at least 5%, or 10% opioid analgesic is released under
these dissolution conditions. In more detail: In
certain such embodiments, the present invention is
directed to a controlled release dosage form
comprising a plurality of matrices comprising a
pharmaceutically acceptable salt of an opioid
analgesic in a controlled release material. In certain
such embodiments, the present invention is directed to
a controlled release dosage form comprising a matrix
comprising a pharmaceutically acceptable salt of an
opioid analgesic in a pharmaceutically acceptable
excipient; and a layer comprising a controlled release
material disposed about the matrix. In certain such
embodiments, the present invention is directed to a
controlled release dosage form comprising a plurality
of matrices comprising a pharmaceutically acceptable
salt of an opioid analgesic in a pharmaceutically
acceptable excipient; and a layer comprising a
controlled release material disposed about each of the
matrices. In certain such embodiments the controlled
release dosage form comprises a controlledrelease
matrix formulation which does not contain more than
15% (by wt), preferably which does not contain more
than 20 % (by wt) Ci2 to C3 aliphatic alcohol selected
from the group consisting of stearyl alcohol, cetyl
alcohol and cetostearyl alcohol. In certain
embodiments, the present invention is directed to a
controlled release dosage form comprising an opioid
analgesic and a controlled release material; wherein
the ratio of the amount of opioid analgesic released
after 1 hour of in-vitro dissolution of the dosage
form in 500 ml and/or 900 ml of Simulated Gastric
Fluid with 20% ethanol using a USP Apparatus I
(basket) apparatus at 100 rpm at 37 degrees C to the
amount of opioid analgesic released after 1 hour
in-vitro dissolution of the dosage form in 500 ml
and/or 900 ml of Simulated Gastric Fluid with 0%
ethanol using a USP Apparatus I (basket) apparatus at
100 rpm at 37 degrees C is 2:1 or less or less than
about 2:1; 1.5:1 or less or less than about 1.5 :1; or
1:1 or less or less than about 1:1. In certain such
embodiments, the lower limit of this ratio is 0.5:1 or
1:1. In certain such embodiments the controlled
release dosage form comprises a controlled release
matrix formulation which does not contain more than
15% (by wt), preferably which does not contain more
than 20 % (by wt) Ci2 to C3 aliphatic alcohol selected
from the group consisting of stearyl alcohol, cetyl
alcohol and cetostearyl alcohol. In certain
embodiments the present invention is directed to the
use of a sparingly water permeable thermoplastic
polymer as controlled release matrix material in the
manufacture of an opioid controlled release matrix
formulation to impart resistance to alcohol
extraction, wherein said formulation after 15 minutes
shaking in 40 % ethanol at room temperature using a
Stuart Scientific Flask Shaker Model SFl set at 500 to
600 oscillations per minute releases less than 35 % of
opioid. In certain such embodiments said formulation
releases less than 30 %, more preferred less than 25 %
of opioid salt, or from 15 to 25 % opioid salt.In
certain embodiments the present invention is directed
to the use of a hydrophobic material polymer as
controlled release matrix material in the manufacture
of an opioid controlled release matrix formulation to
impart resistance to alcohol extraction, wherein less
than 25 % of the opioid is released after 1 hour of
in-vitro dissolution of a dosage form comprising said
formulation in 500ml and/or 900 ml of Simulated
Gastric Fluid with 20 % ethanol using USP Apparatus I
(basket) operating at 100 rpm at 37 C. In certain
embodiments the present invention is directed to the
use of a hydrophobic material as controlled release
matrix material in the manufacture of an opioid
controlled release matrix formulation to impart
resistance to alcohol extraction, wherein the ratio of
the amount of opioid released after 1 hour of in-vitro
dissolution of the dosage form comprising said
formulation in 900 and/or 500 ml of Simulated Gastric
Fluid with 20 % ethanol using a USP Apparatus I
(basket) apparatus at 100 rpm at 37 0C, to the amount
of opioid released after 1 hour of in-vitro
dissolution of the dosage form comprising said
formulation in 900 and/or 500 ml of Simulated Gastric
Fluid with 0 % ethanol using an USP Apparatus I
(basket) apparatus at 100 rpm at 37 0C, is less than
about 2:1. In any of the embodiments disclosed herein,
the dosage form can comprise a matrix comprising the
opioid analgesic and the controlled release material;
a plurality of matrices comprising the opioid
analgesic and the controlled release material; a
matrix comprising the opioid analgesic and a
pharmaceutically acceptable excipient and a layer
comprising a controlled release material disposed
about the matrix; or a plurality of matrices
comprising the opioid analgesic and a pharmaceutically
acceptable excipient and a layer comprising a
controlled release material disposed about each of the
matrices. This list is not meant to be exclusive. In
certain embodiments, the dosage form can comprise an
opioid analgesic in an osmotic core with a
semipermeable membrane surrounding the core. The
dosage form can have an optional passageway for
osmotic delivery of the opioid analgesic
uponadministration. In certain embodiments of the
present invention, the controlled release material
comprises a hydrophobic material, preferably an
alkylcellulose, and most preferably ethylcellulose. In
certain embodiments of the present invention, the
controlled release 



material comprises a sparingly water permeable
thermoplastic polymer, preferably an alkylcellulose,
and most preferably ethylcellulose. In certain
embodiments of the invention the above said
hydrophobic material or said sparingly water permeable
thermoplastic polymer is used to impart resistance to
alcohol extraction as described herein. The
embodiments described below provide a more detailed
description of the use of said hydrophobic material or
said sparingly water permeable thermoplastic polymers
to impart resistance to alcohol extraction. In certain
embodiments, the ethylcellulose is present in a weight
amount of at least 40%, at least 45%, at least 50%, at
least 55% or at least 60% of the matrix or matrices.
In other embodiments, the ethylcellulose is present in
a weight amount of at most 70%, at most 80% or at most
90% of the matrix or matrices. In certain embodiments
the present invention is directed to the use of alkyl
cellulose, preferably ethyl cellulose, in an amount
from 5 to 60 % (by wt) of the controlled release
matrix formulation, preferably from 10 to 50 % (by
wt), most preferably from 20 to 45 % (by wt) of the
controlled release matrix formulation. In certain
embodiments the present invention is directed to the
use of ethyl cellulose in combination with at least a
second controlled release matrix material selected
from a polymethacrylate polymer, preferably a neutral
water-insoluble poly (ethyl acrylate, methyl
methacrylate) copolymer.In certain embodiments,
comprising an alkylcellulose, the controlled release
material further comprises a polymethacrylate polymer
in a weight amount of at least 5%, at least 10%, at
least 15%, at least 20% or at least 25% of the matrix
or matrices. In other embodiments, the
polymethacrylate polymer is present in a weight amount
of at most 30%, or at most 35% of the matrix or
matrices. In certain embodiments comprising alkyl
cellulose, preferably ethyl cellulose, the controlled
release matrix formulation further comprises a
polymethacrylate polymer, preferably a neutral
water-insoluble poly(ethyl acrylate, methyl acrylate)
copolymer in an amount of 5 % to 66 % (by wt),
preferably 15 % to 50 % (by wt), more preferred 20 %to
45 % (by wt) and most preferred 25 % to 45 % (by wt)
of the controlled release matrix formulation. In one
aspect, the controlled release pharmaceutical
formulation may be obtained or is obtainable by melt
extrusion and may include a neutral poly(ethyl
acrylate, methyl methacrylate) copolymer and an active
ingredient. The rubber-like characteristics of this
polymer provide multi particulates which typically are
elastic and compressible without breaking, and are
preferably resilient. In one preferred form, the multi
particulates may be compressed by hand between two
rigid surfaces, for example a coin and a tabletop or
between two spoons, without breaking. The multi
particulates may be distorted but may not break or
shatter and may ideally reassume more or less their
original shape. Rubbery characteristics help impart
resistance to tamper. Tamper resistance is of especial
importance for products containing opioid analgesics
or other active ingredients which are subject to
abuse. The tamper resistance of preferred multi
particulates of the invention can be demonstrated by
shaking a dosage amount of multi particulates in water
and/or ethanol, for example 40% ethanol.When tested in
this way, preferred multi particulates will show at
least one of the following release characteristics of
active agent: 15 minutes shaking in water at room
temperature: less than 15, less than 10% release of
active agent, preferably less than 7.5% release of
active agent, more preferably less than 5% release of
active agent, for example 1.5 to 4% release of active
agent. 5 minutes standing in water at 5O0C followed by
15 minutes shaking at the same temperature: less than
20% release of the active agent, preferably less than
15% release of active agent, more preferably less than
12% release of active agent, for example 4 to 12%
release of active agent. 5 minutes standing at 750C
followed by 15 minutes shaking at the same
temperature: less than 25% release of active agent,
preferably less than 20% release of active agent, more
preferably less than 15% release of active agent, for
example 10 to 15% release of active agent. 5 minutes
standing at 1000C followed by 15 minutes shaking at
the same temperature: less than 30'% release of active
agent, preferably less than 25% release of active
agent, more preferably less than 20% release of active
agent, for example 12 to 20% release of active agent.
15 minutes shaking in 40% ethanol at room temperature:
less than 35% release of active agent, preferably less
than 30% release of active agent, more preferably less
than 25% release of active agent, for example 15 to
20% release of active agent. Alternatively, the tamper
resistance of preferred multi particulates of the
invention can be demonstrated by subjecting a dosage
amount of multi particulates to grinding in a mortar
and pestle with 24 rotations of the pestle and the
product placed in 900 ml water at 370C for 45 minutes.
The amounts of active agent extracted can then be
determined by HPLC and detection UV for instance at
210 nm wavelength.When tested using this method,
preferred multi particulates according to the
invention will show the following release
characteristics of active agent; less than 12.5%
release agent, preferably less than 10% release of
active agent, more preferably less than 7.5% release
of active agent, for example 2 to 7.5% release of
active agent. In a further method, the tamper
resistance of preferred multi particulates of the
invention can be demonstrated by crushing a dosage
amount of multi particulates between two spoons or in
a pill crusher, such as a Pill Pulverizer as sold by
Apex Healthcare Products, and then extracting in 2 ml
water heated to boiling on a spoon and filtered off.
The amounts of active agent extracted can then be
determined by HPLC and detection by UV for instance at
210 mm wavelength. When tested using this method,
preferred multi particulates according to the
invention will show the following release
characteristics of active agent; less than 27.5%
release of active agent, preferably less than 15%
release of active agent, more preferably less than 5%
release of active agent, for example 1to 5% release of
active agent. 



For imparting such tamper resistance, the present
invention may include the use of a neutral poly(ethyl
acrylate, methylacrylate) copolymer in the preparation
of a pharmaceutical formulation to provide resistance
to tamper. A neutral poly(ethyl acrylate, methyl
methacrylate) copolymer may be incorporated with the
active ingredient in the formulation. In certain
embodiments of the present invention, the dosage form
further comprises a binder in a weight amount of at
least 1%, at least 3%, or at least 5% of the matrix or
matrices. In other embodiments, the binder is in a
weight amount of at most 7%, or at most 10% of the
matrix or matrices. In certain embodiments, the binder
is a hydroxyalkylcellulose such as
hydroxypropylcellulose or
hydroxypropylmethylcellulose.In certain embodiments of
the present invention, the dosage form further
comprises a plasticizer in a weight amount of at least
3%, at least 5%, at least 15%, or at least 25% of the
matrix or matrices. In other embodiments, the
plasticizer is in a weight amount of at most 30%, or
at most 40% of the matrix or matrices. In certain
embodiments, the plasticizer has a melting point of at
least 80 C. This helps to minimize the dissolution of
the dosage form in hot water in an attempt to liberate
the opioid analgesic contained therein. In certain
embodiments, the plasticizer is hydrogenated castor
oil. A hot water extraction test may be performed as
follows: Place one dosage unit of each drug product
into two separate glass scintillation vials and label
the vials 1 and 2. Add 10 mL of extraction solvent to
each vial. If specified, place the vials in a water
bath set to a specified temperature (50, 75 or 1000C)
for 5 minutes. Place both vials on a laboratory
wrist-action shaker and remove vial 1 after 15 minutes
and vial 2 after 120 minutes. Samples at room
temperature are placed directly onto the shaker. In
certain such embodiments the ratio of the weight%
amount of the opioid analgesic released at 5O0C, 120
minutes shaking, based on the total amount of opioid
in the tested controlled release formulation or dosage
form , to the weight% amount of opioid analgesic
released at RT 120 minutes shaking, based on the total
amount of opioid in the tested controlled release
formulation or dosage form is 1.2 or less, preferably
1 or less or 0.9 or less. In certain such embodiments
the ratio of the weight% amount of the opioid
analgesic released at 750C, 15 minutes shaking, based
on the total amount of opioid in the tested controlled
release formulation or dosage form , to the weight%
amount of opioid analgesic released at RT 15 minutes
shaking, based on the total amount of opioid in
thetested controlled release formulation or dosage
form is 1.2 or less, preferably 1 or less or 0.9 or
less. In certain such embodiments the ratio of the
weight% amount of the opioid analgesic released at
1000C, 15 minutes shaking, based on the total amount
of opioid in the tested controlled release formulation
or dosage form , to the weight% amount of opioid
analgesic released at RT 15 minutes shaking, based on
the total amount of opioid in the tested controlled
release formulation or dosage form is 1.3 or less,
preferably 1.2 or less or 0.9 or less. In certain such
embodiments the ratio of the weight% amount of the
opioid analgesic released at 1000C, 120 minutes
shaking, based on the total amount of opioid in the
tested controlled release formulation or dosage form ,
to the weight% amount of opioid analgesic released at
RT 120 minutes shaking, based on the total amount of
opioid in the tested controlled release formulation or
dosage form is less than 2, preferably 1.5 or less or
1 or less or 0.9 or less. In certain embodiments the
amount of the alkyl cellulose, preferably ethyl
cellulose, is less than 20 % (by wt), preferably less
than 15 % (by wt), most preferred less than 10 % (by
wt) but more than 5% (by wt) of the controlled release
matrix formulation. In more detail: In such certain
embodiments preferably the alkyl cellulose, especially
ethyl cellulose, is used in the form of particles or
aqueous alkyl cellulose dispersions. In case of ethyl
cellulose particles, the ethyl cellulose has
preferably a viscosity in the range of 3 to 110 cP,
when measured in a 5 % solution at 25 C in an
Ubbelohde viscosimeter with a solvent of 80 %toluene
and 20 % alcohol. Preferably, the viscosity is in the
range of 18 to 110 cP and most preferred in the range
of 4 1 - 49 cP. A suitableethyl cellulose is provided
by Dow Chemical Company under the trade name Ethocel
(tm) Standard 45. An alternative ethyl cellulose is
Ethocel (tm) Standard 7. In case of aqueous ethyl
cellulose dispersions, a dispersion of ethyl cellulose
20 cP with dibutyl/sebacate, ammoniumhydroxide, oleic
acid and colloidal anhydrous silica is preferred,
which is available under the trade name Surlease (tm)
E-7-7050. In certain embodiments the present invention
is directed to the use of ethyl cellulose in
combination with at least one plasticizer or second
controlled release matrix material selected from C12
to C36 aliphatic alcohols and the corresponding
aliphatic acids, preferably stearyl alcohol, cetyl
alcohol and cetostearyl alcohol and the corresponding
stearic and palmitic acids and mixtures thereof,
wherein the amount of Ci to C36 aliphatic alcohol or
aliphatic acid is preferably at least 5 %, more
preferred at least 10 % (by wt), more preferred at
least 15 % (by wt) and most preferred 20 % to 25 % (by
wt) of the controlled release matrix formulation. In
such certain embodiments of the invention, the dosage
form may comprise, besides the alkyl (ethyl) cellulose
and/or the fatty alcohol, fillers and additional
substances, such as granulating aids, lubricants,
dyes, flowing agents and plasticizers. Lactose,
glucose or saccharose, starches and their
hydrolysates, microcrystalline cellulose, cellatose,
sugar alcohols such as sorbitol or mannitol,
polysoluble calcium salts like
calciumhydrogenphosphate, dicalcium- or
tricalciumphosphat may be used as fillers. Povidone
may be used as granulating aid. Highly-dispersed
silica (Aerosil(r)), talcum, corn starch, magnesium
oxide and magnesium- or calcium stearate may
preferably be used as flowing agents or
lubricants.Magnesium stearate and/or calcium stearate
can be preferably be used as lubricants. Fats like
hydrogenated castor oil can also preferably be used.
According to such certain embodiments, a formulation
is especially preferred which 



comprises ethylcellulose, stearyl alcohol, magnesium
stearate as lubricant, lactose as filler and providone
as a granulating aid. In certain such embodiments the
present invention the controlled release matrix
formulation does not comprise a neutral water
insoluble poly (ethyl acrylate methyl acrylate)
copolymer and/or a poly(meth)acrylate
trimethylammoniummethylacrylate chloride copolymer. In
certain such embodiments of the present invention, the
hydrophobic material is an enteric polymer. Examples
of suitable enteric polymers include cellulose acetate
phthalate, hydroxypropylmethylcellulose phthalate,
polyvinylacetate phthalate, methacrylic acid
copolymer, shellac, hydroxypropylmethylcellulose
succinate, cellulose acetate trimellitate, and
mixtures of any of the foregoing. The dosage form of
the present invention can be prepared by extrusion or
by granulation in accordance with the teachings of,
e.g., U.S. Patent Nos. 5,266,331; 5,958,452; and
5,965,161. In certain embodiments, in particular
embodiments comprising alkyl cellulose, e.g. ethyl
cellulose, in combination with fatty alcohols or fatty
acids as described above (i.e. the Ci2 to C aliphatic
alcohols and the corresponding aliphatic acids), the
production of pharmaceutical formulations or
preliminary stages thereof, which are in accordance
with the invention, by extrusion technology is
especially advantageous. In one preferred embodiment,
pharmaceutical formulations or preliminary stages
thereof are produced bymelt extrusion with co- or
counter-rotating extruders comprising two screws.
Another such preferred embodiment is the production by
means of extrusion, with extruders comprising one or
more screws. These extruders may also comprise
kneading elements. Extrusion is also a
well-established production process in pharmaceutical
technology and is well known to the person skilled in
the art. The person skilled in the art is well aware
that during the extrusion process, various parameters,
such as the feeding rate, the screw speed, the heating
temperature of the different extruder zones (if
available), the water content, etc. may be varied in
order to produce products of the desired
characteristics. The aforementioned parameters will
depend on the specific type of extruder used. During
extrusion the temperature of the heating zones, in
which the components of the inventive formulation
melt, may be between 40 to 120 C or between 40 to 160
0C, preferably between 50 to 100 0C or preferably
between 50 to 135 0C, more preferably between 50 to 90
0C, even more preferably between 50 to 70 C and most
preferably between 50 to 65 0C, particularly if
counter-rotating twin screw extruders (such as a
Leistritz Micro 18 GGL) are used. The person skilled
in the art is well aware that not every heating zone
has to be heated. Particularly behind the feeder where
the components are mixed, cooling at around 25 C may
be necessary. The screw speed may vary between 100 to
500 revolutions per minute (rpm)., preferably between
100 to 250 rpm, more preferably between 100 to 200 rpm
and most preferably around 150 rpm, particularly if
counter-rotating twin screw extruders (such as a
Leistritz Micro 18 GGL) are used. The geometry and the
diameter of the nozzle may be selected as required.
The diameter of the nozzle of commonly used extruders
typically is between 1 to 10 mm, preferably between 2
to 8 mm and most preferably between 3 to 5 mm. The
ratio of length versus diameter of the screw of
extruders that may be used for production of inventive
preparations is typically around 40 : 1.Generally, the
temperatures of the heating zones have to be selected
such that no temperatures develop that may destroy the
pharmaceutically active compounds. The feeding rate
and screw speed will be selected such that the
pharmaceutically active compounds are released from
the preparations produced by extrusion in a sustained,
independent and invariant manner. If e.g. the feeding
rate is increased, the screw speed may have to be
increased correspondingly to ensure the same
retardation. The person skilled in the art knows that
all the aforementioned parameters depend on the
specific production conditions (extruder type, screw
geometry, number of components etc.) and may have to
be adapted such that the preparations produced by
extrusion provide for the required release. According
to such certain embodiments the C12 to C36 aliphatic
alcohol or aliphatic acid melts and the ethylcellulose
can be dissolved in said C12 to C36 aliphatic alcohol
or aliphatic acid during the melt extrusion process.
Opioid agonists salts useful in the present invention
include, but are not limited to, pharmaceutically
acceptable salts of any of alfentanil, allylprodine,
alphaprodine, anileridine, benzylmorphine,
bezitramide, buprenorphine, butorphanol, clonitazene,
codeine, desomorphine, dextromoramide, dezocine,
diampromide, diamorphone, dihydrocodeine,
dihydromorphine, dimenoxadol, dimepheptanol,
dimethylthiambutene, dioxaphetyl butyrate, dipipanone,
eptazocine, ethoheptazine, ethylmethylthiambutene,
ethylmorphine, etonitazene, etorphine,
dihydroetorphine, fentanyl and derivatives,
hydrocodone, hydromorphone, hydroxypethidine,
isomethadone, ketobemidone, levorphanol,
levophenacylmorphan, lofentanil, meperidine,
meptazinol, metazocine, methadone, metopon, morphine,
myrophine, narceine, nicomorphine, norlevorphanol,
normethadone, nalorphine, nalbuphine, normorphine,
norpipanone, opium, oxycodone, oxymorphone,
papaveretum, pentazocine, phenadoxone, phenomorphan,
phenazocine, phenoperidine, piminodine, piritramide,
propheptazine, promedol, properidine,propoxyphene,
sufentanil, tilidine, tramadol, pharmaceutically
acceptable salts, hydrates and solvates thereof,
mixtures of any of the foregoing, and the like. In
certain embodiments, the amount of the opioid agonist
in the dosage form may be about 75 ng to 750 mg.
Opioid antagonist or pharmaceutically acceptable salts
thereof useful in combination with opioid agonists or
pharmaceutically acceptable salts thereof as described
above are naloxone, naltrexone and nalorphine or
pharmaceutically acceptable salts thereof. Preferred
is the combination of oxycodone HCl and naloxone HCl
in an amount ratio of 2:1. In certain embodiments, the
opioid is selected from codeine, morphine, oxycodone,
hydrocodone, hydromorphone, or oxymorphone or
pharmaceutically acceptable salts 



thereof. In certain other embodiments other
therapeutically active agents / actives may be used in
accordance with the present invention, either in
combination of opiods or instead of opioids. Examples
of such therapeutically active agents include
antihistamines (e.g., dimenhydrinate, diphenhydramine,
chlorpheniramine and dexchlorpheniramine maleate), non
-steroidal anti-inflammatory agents (e.g., naproxen,
diclofenc, indomethacin, ibuprofen, sulindac),
anti-emetics (e.g., metoclopramide, methylnaltrexone),
anti-epileptics (e.g., phenytoin, meprobmate and
nitrazepam), vasodilators (e.g., nifedipine,
papaverine, diltiazem and nicardipine), anti-tussive
agents and expectorants (e.g. codeine phosphate),
anti-asthmatics (e.g. theophylline), antacids,
anti-spasmodics (e.g. atropine, scopolamine),
antidiabetics (e.g., insulin), diuretics (e.g.,
ethacrynic acid, bendrofluthiazide), anti-hypotensives
(e.g., propranolol, clonidine), antihypertensives
(e.g., clonidine, methyldopa), bronchodilatiors (e.g.,
albuterol), steroids (e.g., hydrocortisone,
triamcinolone, prednisone), antibiotics (e.g.,
tetracycline), antihemorrhoidals, hypnotics,
psychotropics, antidiarrheals, mucolytics,
sedatives,decongestants, laxatives, vitamins,
stimulants (including appetite suppressants such as
phenylpropanolamine), as well as pharmaceutically
acceptable salts, hydrates, and solvates of the same.
The present invention is also directed to the dosage
forms utilizing active agents such as for example,
benzodiazepines, barbiturates or amphetamines. These
may be combined with the respective antagonists The
term "benzodiazepines" refers to benzodiazepines and
drugs that are derivatives of benzodiazepine that are
able to depress the central nervous system.
Benzodiazepines include, but are not limited to,
alprazolam, bromazepam, chlordiazepoxied, clorazepate,
diazepam, estazolam, flurazepam, halazepam, ketazolam,
lorazepam, nitrazepam, oxazepam, prazepam, quazepam,
temazepam, triazolam, methylphenidate as well as
pharmaceutically acceptable salts, hydrates, and
solvates and mixtures thereof. Benzodiazepine
antagonists that can be used in the present invention
include, but are not limited to, flumazenil as well as
pharmaceutically acceptable salts, hydrates, and
solvates. Barbiturates refer to sedative-hypnotic
drugs derived from barbituric acid (2, 4,
6,-trioxohexahydropyrimidine). Barbiturates include,
but are not limited to, amobarbital, aprobarbotal,
butabarbital, butalbital, methohexital, mephobarbital,
metharbital, pentobarbital, phenobarbital,
secobarbital and as well as pharmaceutically
acceptable salts, hydrates, and solvates mixtures
thereof. Barbiturate antagonists that can be used in
the present invention include, but are not limited to,
amphetamines as well as pharmaceutically acceptable
salts, hydrates, and solvates. Stimulants refer to
drugs that stimulate the central nervous system.
Stimulants include, but are not limited to,
amphetamines, such as amphetamine, dextroamphetamine
resin complex, dextroamphetamine, methamphetamine,
methylphenidate as well aspharmaceutically acceptable
salts, hydrates, and solvates and mixtures thereof.
Stimulant antagonists that can be used in the present
invention include, but are not limited to,
benzodiazepines, as well as pharmaceutically
acceptable salts, hydrates, and solvates as described
herein. In certain embodiments, the opioid is
hydromorphone hydrochloride in an amount, e.g., of 2
mg, 4 mg, 8 mg, 12 mg, 16 mg, 24 mg, 32 mg, 48 mg or
64 mg hydromorphone hydrochloride. In certain
embodiments, the opioid is oxycodone hydrochloride in
an amount, e.g., of 5 mg, 10 mg, 15 mg, 20 mg, 30, mg,
40 mg, 45 mg, 60 mg, or 80 mg, 90 mg, 120 mg or 160 mg
oxycodone hydrochloride. In certain embodiments, in
particular embodiments comprising alkyl cellulose e.g.
ethylcellulose in combination with fatty alcohol
oxycodone hydrochloride is combined in the above
amounts with naloxone hydrochloride in an amount ratio
of 2:1. The present invention will now be more fully
described with reference to the accompanying examples.
It should be understood, however, that the following
description is illustrative only and should not be
taken in any way as a restriction of the invention.
EXAMPLES OF THE INVENTION EXAMPLE 1 (COMPARATIVE
EXAMPLE) Example 1 is the approved Palladone
(sustained release hydromorphone hydrochloride)
formulation and contains the following ingredients:
Hydromorphone HCl 12.0mgEudragit RSPO* 76.5mg
Ethylcellulose 4.5mg Stearyl alcohol 27.0mg
(poly(meth)acrylate with 5%
trimethylammoniummethacrylate chloride) The
formulation was prepared by the following procedure:
1. Mill the stearyl alcohol. 2. Blend the
Hydromorphone HCl, ethylcellulose, Eudragit RSPO and
milled stearyl alcohol on a v-blender 3. Extrude the
blend from (1) using a ZSE-218 extruder fitted with
counterrotating screws, and a lmm die plate. Using a
pelletizer, cut the strands to create cylindrical
pellets approximately lmm long and lmm in
diameter.EXAMPLE 2.1 EXAMPLE 2.1 The composition of
Example 2.1 is summarized below. Amt/unit Amt/batch
Ingredient (Trade Name) (mg) (g) Hydromorphone HCl
12.0 221.1* Ethycellulose (Ethocel Std. Premium 7)
61.0 1,118.3 Glyceryl palmitostearate (Precirol ATO 5)
27.0 495.0 Hydroxypropyl Cellulose (Klucel EF) 20.0
366.7 



Total 120.0 2201.1 * Weigh corrected for water and
impurities (99.5% based on Certificate of Analysis)
The processing conditions at the time of sampling are
summarized below. Extruder: Leistritz ZSE 27 Screw
Configuration: Counter-rotation Heating Zone 1 2 3-6
7-8 9-10 11-12 Temperature (0C) 15 40 125 125 125
124-125 Condition #1 Torque (%): 25 Melt Pressure
(psi): 480 Feed rate (kg/hour): 2.9 Screw speed (rpm):
90Die Plate Hole diameter (mm): 1.0 (8-hole die plate)
Condition #2 Torque (%): 25 Melt Pressure (psi): 520
Feed rate (kg/hour): 4.2 Screw speed (rpm): 90 Die
Plate Hole diameter (mm): 1.0 (8-hole die plate) The
processing steps for manufacturing the Hydromorphone
HCl 12 mg melt extruded multi particulates are as
follows: 1. Screening: The Ethylcellulose,
Hydromorphone HCl, Hydroxypropyl Cellulose and
Glyceryl Palmitostearate were screened through a #20
US mesh screen (in that order). 2. Blending: The
materials screened in Step 1 were loaded into an 8 qt.
V-blender with intensifier bar and blended for 10
minutes at ambient temperature. 3. Extrusion:
Materials blended in Step 2 were metered into a twin
screw extruder fitted with a die and processed into
approximately 1mm strands. The extruder was set on
counter-rotation with zone (barrel) temperatures
ranged from 15C to 125C. 4. Cooling: The strands were
cooled on a conveyor at ambient temperature. 5.
Pelletizing: The cooled strands were cut into pellets
approximately 1mm in length using a pelletizer. 6.
Screening: The pellets were screened through a #16 US
mesh screen and a #20 US mesh screen. The pellets
retained on the #20 US mesh screen were
collected.EXAMPLE 2.2 Example 2.2 compares the impact
of various concentrations of ethanol in simulated
gastric fluid (500 ml in Example 1; 900 ml in Example
2.1) using a USP Apparatus I (basket) apparatus at 100
rpm at 37 degrees Con the dissolution of the current
Palladone formulation and the formulation of Example
2.1 containing the same concentration of hydromorphone
(19% w/w). The current Palladone formulation contains
an ammonio methacrylate copolymer as the primary
release-rate controlling excipient whereas the
formulation of Example 2.1 contains ethylcellulose.
The results are summarized below. The data show that
the formulation of Example 2.1 is more resistant to
increases in the drug release in the presence of
ethanol. For example, for the current Palladone
formulation, concentrations of 20% ethanol in SGF
resulted in 8x the amount of hydromorphone to be
released in one hour compared to the amount released
in SGF. The same concentration of ethanol results in
an increase of approximately 1.5x theamount of
hydromorphone release for the formulation of Example
2.1 containing ethylcellulose as the rate limiting
polymer. EXAMPLE 3 EXAMPLE 3.1 The composition of
Example 3.1 is summarized below. * weight corrected
for water and impurities -99.5% based on Certificate
of Analysis The processing conditions at the time of
sampling are summarized below. Extruder: Leistritz ZSE
27 Screw Configuration: Counter-rotation Heating Zone
1 2 3-6 7-8 9-10 11-12 Temperature (0C) 15 45 100-125
100-125 100-125 100-125 Condition #1 (Barrel temp
lOOC)Torque (%): 46 Melt Pressure (psi): 2000 Feed
rate (kg/hour): 2.9 Screw speed (rpm): 90 Die Plate
Hole diameter (mm): 1.0 (8-hole die plate) Condition
#2 (Barrel temp 125C) Torque (%): 25 Melt Pressure
(psi): 690 Feed rate (kg/hour): 2.9 Screw speed (rpm):
90 Die Plate Hole diameter (mm): 1.0 (8-hole die
plate) The processing steps for manufacturing the
Hydromorphone HCl 12 mg melt extruded multi
particulates are as follows: 7. Screening: The
Ethylcellulose, Hydromorphone HCl, Hydroxypropyl
Cellulose and Hydrogenated Castor Oil were screened
through a #20 US mesh screen (in that order). 8.
Blending: The materials screened in Step 1 were loaded
into an 8 qt. V-blender with intensifer bar and
blended for 10 minutes at ambient temperature. 9.
Extrusion: Materials blended in Step 2 were metered
into a twin screw extruder fitted with a die and
processed into approximately 1mm strands. The extruder
was set on counter-rotation with zone (barrel)
temperatures ranged from 150C to 125C. 10. Cooling:
The strands were cooled on a conveyor at ambient
temperature. 



11. Pelletizing: The cooled strands were cut into
pellets approximately 1mm in length using a
pelletizer.12. Screening: The pellets were screened
through a #16 US mesh screen and a #20 US mesh screen.
The pellets retained on the #20 US mesh screen were
collected. Testing - Extraction in water at RT and
Elevated Temperature Procedure EXAMPLE 3.2 Example 3.2
compares the resistance to hot water extraction. Place
one dosage unit of each drug product into two separate
glass scintillation vials and label the vials 1 and 2.
Add 10 mL of extraction solvent to each vial. If
specified, place the vials in a water bath set to a
specified temperature (50, 75 or 100 0C) for 5
minutes. Place both vials on a laboratory wrist-action
shaker and remove vial 1 after 15 minutes and vial 2
after 2 hours. Samples at room temperature are placed
directly onto the shaker. The experimental set-up is
listed below. The results of the extraction tests are
presented below.EXAMPLE 4 Example 4 is directed to
formulations comprising ethylcellulose and
poylmethacrylate. EXAMPLE 4.1 (Prophetic) In Example
4.1, the following formulation can be prepared. The
formulation may consist of a combination of the
following ingredients: drug, ethylcellulose,
polymethacrylate, and hydroxypropyl cellulose. An
example formulation is presented below.1 200 g of
solids from an aqueous dispersion containing 40%
solids. The range of materials that could be used
within this formulation may include other control
release agents such as methacrylic acid copolymers
(Eudragits), and other cellulose based binding agents
such as methylcellulose (Methocel) or hydroxyethyl
cellulose (Natrosol).. The manufacturing process
utilizes standard / conventional pharmaceutical
processes: , wet granulation, drying, milling, and
compression. The granulation process produces a
typical granulation (i.e., it resembles a free flowing
granular powder); however, when the granulation is
compressed, the granules fuse together creating a hard
tablet which is resistant to tampering. The
manufacturing process is described below. a. Dry mix
the ethylcellulose, API (or spray dried lactose for
placebo evaluation) and hydroxypropyl cellulose in a
low/high shear mixer. b. While mixing, add the
polymethacrylate (aqueous dispersion) and continue
mixing in the low/high shear mixer until a granulation
forms. c. Dry the wet granulation in a fluid bed dryer
(or screen on oven trays and dry). d. Based on the
required need, the dried granulation can be:
compressed directly using a tablet press.  sieved to
provide specific particle size fractions for
compression or for further blending (e.g., lubricant,
additional binder).  milled to reduce the particle
size (creating a more uniform particle size profile)
that could be directly compressed, blended with other
ingredients(e.g., lubricant, additional binder), or
screened to provide specific particle size fractions
for compression or for further blending. Milling can
be achieved using a screening mill (such as a rotating
impeller or oscillating bar). e. Compress tablets to
target weight on a rotary tablet press. Further
examples 4.2 to 4.8 including ethylcellulose and
polymethacrylate.are presented below. EXAMPLE 4.2 The
composition for EXAMPLE 4.2 is below. 450 g of solids
from an aqueous dispersion containing 40% solids.The
processing steps for manufacturing the Hydromorphone
HCl tablets are as follows: f. Dry mix the
Ethylcellulose, Hydromorphone HCl, Microcrystalline
Cellulose and Hydroxypropyl Cellulose in a low/high
shear mixer. g. While mixing, add the Polymethacrylate
(aqueous dispersion) and continue mixing in the
low/high shear mixer until a granulation forms. h. Dry
the wet granulation in a fluid bed dryer (or screen
onto oven trays and dry). i. Mill the dried
granulation using a screening mill (such as a rotating
impeller or oscillating bar). j . Compress the milled
granulation to target weight on a rotary tablet press.
Tablets were compressed to a weight of 120 mg to
target a 12 mg dose. The resultant tablet composition
is provided below. The tablets were tested in vitro
using USP Apparatus 2 (paddle) in simulated gastric
fluid, simulated intestinal fluid, in 11% Ethanol and
35% Ethanol. The results are presented below.EXAMPLES
4.3 to 4.5 Compositions of Examples 4.3, 4.4 and 4.5
are summarized below. 1Amount of solids from an
aqueous dispersion containing 40% solids. The
processing steps for manufacturing the Hydromorphone
HCl tablets are as follows: a. Dry mix the
Ethylcellulose, Hydromorphone HCl, and Hydroxypropyl
Cellulose in a low/high shear mixer. b. While mixing,
add the Polymethacrylate (aqueous dispersion) and
continue mixing in the low/high shear mixer until a
granulation forms. c. Dry the wet granulation in a
fluid bed dryer (or screen onto oven trays and dry).d.
Mill the dried granulation using a screening mill
(such as a rotating impeller or oscillating bar). e.
Compress the milled granulation to target weight on a
single station tablet press. f. Cure the tablets in an
oven. Tablets were compressed to a weight of 102 mg to
target a 12 mg dose as presented below. The tablets
were tested in vitro using a USP Apparatus 2 (paddle)
at 50 rpm at 37 degrees C in 900 ml of simulated
gastric fluid to evaluate drug release. Drug release
data was collected using a UV spectrometer flow
through system at a wavelength of 280 nm. The results
are presented below.Compositions of Examples 4.6, 4.7
and 4.8 are summarized below. 1 Amount of solids from
an aqueous dispersion containing 40% solids. 



The processing steps for manufacturing the Oxycodone
HCl tablets are as follows: a. Dry mix the
Ethylcellulose, Oxycodone HCl, and Hydroxypropyl
Cellulose in a low/high shear mixer. b. While mixing,
add the Polymethacrylate (aqueous dispersion) and
continue mixing in the low/high shear mixer until a
granulation forms.c. Dry the wet granulation in a
fluid bed dryer (or screen onto oven trays and dry).
d. Mill the dried granulation using a screening mill
(such as a rotating impeller or oscillating bar). e.
Compress the milled granulation to target weight on a
single station tablet press. Tablets were compressed
to a weight of 100 mg to target a 10 mg dose as
presented below. The tablets were tested in vitro
using a USP Apparatus 2 (paddle) at 50 rpm at 37
degrees C in 900 ml of simulated gastric fluid to
evaluate drug release. Drug release data was collected
using a UV spectrometer flow through system at a
wavelength of 230 nm. In addition, Example 4.8 was
tested in 40% Ethanol / SGF to evaluate the impact of
ethanol on drug release. The results are presented
below.EXAMPLE 5 Compositions A through F of Example 5
are summarized below. The processing conditions at the
time of sampling are summarized below: Extruder:
Leistritz ZSE 27 Screw Configuration: Counter-rotation
Heating Zone 1 2 3-6 7-8 9-10 11-12 Temperature (0C)
15 40 125 125 125 135Conditions. Feed rate (kg/hour):
4.2 Screw speed (rpm): 90 Die Plate Hole diameter
(mm): 1.0 (8-hole die plate) The processing steps for
manufacturing the Hydromorphorphone HCl 12 mg melt
extruded multi particulates are as follows: 1.
Screening: The Ethylcellulose, Hydromorphone HCl and
Hydroxypropylcellulose were screened though a #20 US
mesh screen. 2. Blending: The materials screened in
Step 1 were loaded into an 8 qt. V-blender with
intensifier bar and blended for 10 minutes at ambient
temeperature. 3. Extrusion: Materials blended in Step
2 were metered into a twin screw extruder fitted with
a die and processed in to approximately 1mm strands.
The extruder was set on counter-rotation with zone
(barrel) set-temperatures ranged from 150C tol35C. 4.
Cooling: The strands were cooled on a conveyor at
ambient temperature. 5. Pelletizing: The cooled
strands were cut into pellets approximately 1mm in
length using a pelletizer. 6. Screening: The pellets
were screened through a #16 US mesh screen and a #20
US mesh screen. The pellets retained on the #20 US
mesh screen were collected. Formulations A, C and F
were tested in vitro using a USP Apparatus I (basket)
apparatus at 100 rpm at 37 degrees 0C in various
concentrations of ethanol in 500 ml simulated gastric
fluid in order to determine the impact of ethanol on
drug release. The results are presented below.The
results above show that hydromorphone release from
formulations A, C, and F was unchanged in ethanol
concentrations up to and including 20% v/v. This is an
improvement on Example 1 (the current Palladone
formulation) which has an eight-fold increase in
hydromorphone release under these conditions. At 30%
and 40% v/v ethanol there was an increase in release
for formulations A, C and F but the increases relative
to release in SGF were lower than those obtained with
Example 1 (the current Palladone formulation). EXAMPLE
6 Oxycodone/naloxone dosage form comprising 10 mg
oxycodone hydrochloride and 5 mg naloxone
hydrochloride1) calculated based on expected moisture
content  qualitative composition: see below EXAMPLE 7
) Oxycodone/naloxone dosage form comprising 20 mg
oxycodone hydrochloride and 10 mg naloxone
hydrochloride2) calculated based on expected moisture
content  qualitative composition: see below EXAMPLE 8
Oxycodone/naloxone dosage form comprising 40 mg
oxycodone hydrochloride and 20 mg naloxone
hydrochloride3) calculated based on expected moisture
content  qualitative composition: see below
Qualitative composition of the film coat The above
described dosage forms were prepared by melt
extrusion. Oxycodone hydrochloride and naloxone
hydrochloride are blended with povidone,
ethylcellulose, stearyl alcohol and lactose, the blend
is screened to remove agglomerates and further
blended. The blend is melt extruded utilizing a heated
twin screw extruder, to form strands which are milled
to produce granules. The granules are blended with
talc and magnesium stearate, compressed into capsule
shaped tablets, which are then film coated.EXAMPLE 9
Dissolution test The dissolution apparatus was
assembled in accordance with the USP basket/1
00rpm/900ml dissolution media method as described e.g.
in USP 23. The specified dissolution media were
transferred into each vessel with the bath temperature
set to 37.0  0.5 C. All ethanolic media were prepared
by transferring the appropriate amount of ethanol in
USP Simulated Gastric Fluid (SGF) without pepsin (i.e.
9 mL of ethanol with 891 mL of SGF for a 1% ethanol
media). A single tablet was transferred into each
vessel. A sample was drawn from each vessel at four
time points: 10, 30, 60 and 120 minutes. Using the
HPLC test method samples and (corresponding) standards
were injected onto the column to determine the amount
of 



oxycodone HCl and naloxone HCl dissolved. Twelve
different concentrations of ethanol were tested, 0%,
2%, 4%, 8%, 12%, 16%, 20%, 24%, 28%, 32%, 36% and 40%.
Example 9 / dissolution results of Example 6Example 9
/ dissolution results of Example 7Example 9 /
dissolution results of Example 8 The dissolution
results of Example 6 to 8 are shown in Fig. 2 and 3.
Fig. 2 shows the dissolution (%) of oxycodone after
two hours for example 6 (OX/N 10/5 PR), example 7
(OX/N 20/10 PR) and example 9 (OX/N 20/40 PR). Fig. 3
shows the corresponding dissolution (%) of naloxone
after two hours. Between 0 and 20 % ethanol, the
amount of released active even decreases, while
between 20 and 40 % ethanol the release is stable.
This can be observed for oxycodonehydrochloride and
naloxone hydrochloride with respect to all three
dosage forms of examples 6 to 8. EXAMPLES 10 TO 13 The
compositions of Examples 10 to 13 are below. S = solid
weight D = dispersion weight Eudragit RS PO:
poly(meth) acrylate with 5%
trimethylammoniummethacrylate chloride * Eudragit RL
PO: poly(meth) acrylate with 10%
trimethylammoniummethacrylate chloride * Eudragit NE
40 40% dispersion (% w /w), water lost by evaporation
neutral poly(ethylacrylate methyl methacrylate)
copolymerA procedure for preparing multi particulates
of Examples 10 to 13 in the form of pellets is
approximately: Step 1. The oxycodone was blended for 5
minutes with ethyl cellulose and/or Eudragit RS PO/ RL
PO and stearyl alcohol in the Gral 10 high shear mixer
Step 2. Eudragit NE 40 D dispersion was slowly added
by aid of a peristaltic pump onto the blended
materials from Step 1 in the Gral 10 mixing bowl,
pre-warmed for Examples 12 and 13 to 290C, whilst
maintaining mixing/chopping. Step 3. The application
of Eudragit NE 40 D was continued until granule
formation occurred - all the Eudragit NE 40 D was
added. Step 4. The application of Eudragit NE 40 D was
periodically halted to permit scraping of the sides of
the mixing bowl. Step 5. After all the Eudragit NE 40
D had been added, the wet granules were extruded
through a conventional extruder and then dried in a
fluid bed dryer at approximately 44C. Step 6. The
dried granules were cooled to room temperature and
collected. Step 7. The granules were then fed at a
controlled rate to a Leistritz Micro 18 extruder
equipped with a 1.0 mm die-plate, a conveyor and
pelletiser and heated stations (zones) torque and melt
pressure as follows;. Example Temperature (0C) Melt
Pressure (bar) Torque (%) Zones 3-8 Zones 9-10 10
115-120 115-120 63-72 59-62 11 110-115 110-115 70-72
50-60 12 80-105 90-100 73-86 64-72 13 90-100 100-110
76-96 67-85The feed rate was 2.0 to 2.6 kg/hr and the
screw speed 100 to 141 rpm. The extruded strands were
carried away from the die-head on a conveyer and cut
into cylindrical multi particulates. Hypothetically,
an alternate cutting procedure can be considered.
Extrudate emerges from the orifices of the die-head of
a Leistritz extruder. A rotary cutter with two blades
would be used to cut the extruded mix as it emerges
under pressure and still molten from the orifices of
the die plate. The blades would sweep over the surface
of the die-head to pass the orifices. As they expand
and cool, the cut extrudate particles would tend to
form rounded surfaces. Hypothetically, although in the
above Examples a Leistritz Micro 18 extruder could be
used, a larger extruder, for example a Leistritz Micro
27, may be preferred to handle materials requiring a
higher torque for processing. EXAMPLE 14: The multi
particulates from Examples 10 to 13 were tested to
determine their potential for tamper resistance as
follows: 1) 400 mg of the multi particulates from
Examples 10 to 13 were either crushed between two
spoons or in a pill crusher, such as a Pill Pulverizer
as sold by Apex Healthcare Products, and then
extracted in 2 ml water heated to boiling on a spoon
and filtered off. The amounts of oxycodone extracted
were then determined by HPLC and detection by UV at
210 nm wavelength and are shown in the chart of Figure
4 and below.* Values are the mean of two repetitions
of the test. 2) 400 mg of the multi particulates from
Examples 10 to 13 were subjected to grinding in a
mortar and pestle with 24 rotations of the pestle and
the product placed in 900 ml water at 37 0C for 45
minutes. The amount of oxycodone dissolved was then
determined by the method described in 1) above and the
results are represented in the bar chart of Figure 5
and below. * Values are the mean of two repetitions of
the test. 3) In each of extractions a) to e) 400 mg of
the multi particulates from one of Examples 10 to 13
were treated respectively as follows: the multi
particulates were placed in the solvent indicated in a
glass flask which was then heated (if heating is
indicated) over a water bath. The flask was then
subjected to shaking for the time indicated using a
Stuart Scientific Flask Shaker Model SFl set at 500 to
600 oscillations per minute. After extraction the
amount of oxycodone dissolved was then determined by
the method used in 1).a) 15 minutes shaking in 10 ml
water at room temperature; b) heating for 5 minutes in
10 ml water at 50 C followed by 15 minutes shaking; c)
heating for 5 minutes in 10 ml water at 75 C followed
by 15 minutes 



shaking. d) heating for 5 minutes in 10 ml water at
100 0C followed by 15 minutes shaking. e) 15 minutes
shaking in 10 ml 40 % ethanol at room temperature. The
test results are shown in the attached bar chart of
Figure 6 and below.EXAMPLES 15 TO 24 Further Examples
15 to 24 are presented in Table 1 below. EXAMPLE 25
Alcohol Extraction Test and dissolution profiles 400
mg of the multi particulates from one of Examples 15
to 2 1 were placed in 10 ml 40% ethanol at room
temperature and subjected to shaking for 15 minutes
using a Stuart Scientific Flask Shaker Model SFl set
at 500 to 600 oscillations per minute. After
extraction the amount of oxycodone dissolved was then
determined with detection by HPLC with UV at 206 mm
wavelength. The extraction results are presented in
Table 2 and Figure 7. The dissolution profiles are
determined using the Ph. Eur. Basket Apparatus at 100
rpm at 37C in 900 ml SGF optionally with 40% ethanol
and detection by HPLC with UV at 206 nm wavelength.
The dissolution results of Examples 15 to 2 1 in SGF
with 40% ethanol are presented in Table 3 and Figure
8. The dissolution profiles of Examples 15 to 2 1 in
SGF are provided in Table 4 and of Examples 15 to 20
also in Figure 9. The dissolution results in SGF with
40% ethanol and in SGF for Examples 22 to 24 are
provided in Tables 5 and 6 and Figures 10 and 11,
respectively.TABLE 1 UlTABLE 2 Extraction Results for
Examples 15 to 21 (40% ethanol at room temperature
with shaking for 15 minutes) l)Mean values are taken
from two runs of the test for each of Examples 15 to 2
1 TABLE 3 Dissolution Results for Examples 15 to 21 in
SGF with 40% ethanol l)Mean values are taken from two
runs of the test for each of Examples 15 to 2 1TABLE 4
Dissolution Results for Examples 15 to 21 in SGFTABLE
5 Dissolution Results for Examples 22 to 24 in SGF
with 40% ethanol l)Mean values are taken from two runs
of the test for each of Examples 22 to 24 TABLE 6
Dissolution Results for Examples 22 to 24 in
SGFHETEROCYCLYL SUBSTITUTED PHENYL METHANONES AS
INHIBITORS OF THE GLYCINE T RANSPORTER i The present
invention relates to compounds of general formula I
wherein 5 R1 is halogen, -OR 1, -SR1 , cycloalkyl,
cyclic amide, heterocycloalkyl, aryl or 5-or 6-
membered heteroaryl, containing one, two or three
heteroatoms, selected from the group consisting of
oxygen, sulphur or nitrogen; R1/R1 are hydrogen, lower
alkyl, lower alkyl substituted by halogen, -(CH
2)c-cycloalkyl or-(CH 2)x-aryl; 10 R2 is -S(0) 2-lower
alkyl, -S(O) 2NH-lower alkyl, NO2 Or CN; is an
aromatic or partially aromatic bicyclic amine, which
may contain one or two additional N-atoms, selected
from the group consisting ofand wherein one of the
additional N-ring atom of the aromatic or partially
aromatic bicyclic amine maybe available in form of its
oxide ; R3 to R10 are hydrogen, hydroxy, halogen, =O,
lower alkyl, cycloalkyl, heterocycloalkyl, lower
alkoxy, CN, NO2, NH2, aryl, 5-or 6-membered heteroaryl
containing one, two or three heteroatoms, selected
from the group consisting of oxygen, sulphur or
nitrogen, -NH-lower alkyl, -N(lower alkyl)2, cyclic
amide, -C(O)-cyclic amide, S-lower alkyl, -S(O)2-lower
alkyl, lower alkyl substituted by halogen, lower
alkoxy substituted by halogen, lower alkyl substituted
by hydroxy, -O-(CH 2)r lower alkoxy,
-O(CH2)yC(O)N(lower alkyl)2, -C(O)-lower alkyl, -O-(CH
2)x-aryl, -O-(CH 2)x-cycloalkyl, -O-(CH
2)x-heterocycloalkyl, -C(O)O-lower alkyl,
-C(O)-NH-lower alkyl, -C(O)-N(lower alkyl)2,
2-oxy-5-aza-bicyclo[2.2.1]hept-5-yl or
3-oxa-8-aza-bicyclo[3.2.1]oct-8-yl; R and R in group
e) may form together with -(CH 2)4- a six membered
ring; or R, R', R" and R'" are independently from each
other hydrogen or lower alkyl; and wherein all aryl-,
cycloalkyl-, cyclic amide, heterocycloalkyl- or 5 or 6
membered heteroaryl groups as defined for R1, R1 , R1
and R3 to R10 may be unsubstituted or substituted by
one or more substituents selected from the group
consisting of hydroxy, =O, halogen, lower alkyl,
phenyl, lower alkyl substituted by halogen or lower
alkoxy; n, m, o, p, q, r, s and t are 1 or 2; x is 0,
1 or 2; y is 1 or 2; and to pharmaceutically
acceptable acid addition salts thereof. Compounds
encompassed by the present invention are those of the
following structure: IT ALwherein the definitions are
described above. The present invention relates also to
processes for preparation of those compounds, to
pharmaceutical compositions containing them and to
their use in the treatment of neurological and
neuropsychiatric disorders. It has surprisingly been
found that the compounds of general formula I are good
inhibitors of the glycine transporter 1 (GIyT-1), and
that they have a good selectivity to glycine
transporter 2 (GlyT-2) inhibitors. Schizophrenia is a
progressive and devastating neurological disease
characterized by episodic positive symptoms such as
delusions, hallucinations, thought disorders and
psychosis and persistent negative symptoms such as
flattened affect, impaired attention and social
withdrawal, and cognitive impairments (Lewis DA and
Lieberman JA, Neuron, 2000, 28:325-33). For decades
research has focused on the "dopaminergic
hyperactivity" hypothesis which has led to therapeutic
interventions involving blockade of the dopaminergic
system (Vandenberg RJ and Aubrey KR., Exp. Opin. Ther.
Targets, 2001, 5(4): 507-518; Nakazato A and Okuyama
S, et al, 2000, Exp. Opin. Ther. Patents, 10(1): 



75-98). This pharmacological approach poorly address
negative and cognitive symptoms which are the best
predictors of functional outcome (Sharma T., BrJ.
Psychiatry, 1999, 174(suppl. 28): 44-51).A
complementary model of schizophrenia was proposed in
the mid- 1960' based upon the psychotomimetic action
caused by the blockade of the glutamate system by
compounds like phencyclidine (PCP) and related agents
(ketamine) which are non competitive NMDA receptor
antagonists. Interestingly in healthy volunteers,
PCPinduced psychotomimetic action incorporates
positive and negative symptoms as well as cognitive
dysfunction, thus closely resembling schizophrenia in
patients (Javitt DC et al., 1999, Biol. Psychiatry,
45: 668-679 and refs. herein). Furthermore transgenic
mice expressing reduced levels of the NMDARl subunit
displays behavioral abnormalities similar to those
observed in pharmacologically induced models of
schizophrenia, supporting a model in which reduced
NMDA receptor activity results in schizophrenialike
behavior (Mohn AR et al., 1999, Cell, 98: 427-236).
Glutamate neurotransmission, in particular NMDA
receptor activity, plays a critical role in synaptic
plasticity, learning and memory, such as the NMDA
receptors appears to serve as a graded switch for
gating the threshold of synaptic plasticity and memory
formation (Hebb DO, 1949, The organization of
behavior, Wiley, NY; Bliss TV and CoUingridge GL,
1993, Nature, 361: 31-39). Transgenic mice
overexpressing the NMDA NR2B subunit exhibit enhanced
synaptic plasticity and superior ability in learning
and memory (Tang JP et al., 1999, Nature: 401- 63-69).
Thus, if a glutamate deficit is implicated in the
pathophysiology of schizophrenia, enhancing glutamate
transmission, in particular via NMDA receptor
activation, would b e predicted to produce both
anti-psychotic and cognitive enhancing effects. The
amino acid glycine is known to have at least two
important functions in the CNS. It acts as an
inhibitory amino acid, binding to strychnine sensitive
glycine receptors, and it also influences excitatory
activity, acting as an essential co-agonist with
glutamate for N-methyl-D-aspartate (NMDA) receptor
function. While glutamate is released in an
activity-dependent manner from synaptic terminals,
glycine is apparently present at a more constant level
and seems to modulate/control the receptor for its
response to glutamate. One of the most effective ways
to control synaptic concentrations of neurotransmitter
is to influence their re-uptake at the synapses.
Neurotransmitter transporters by removing
neurotransmitters from the extracellular space, can
control their extracellular lifetime and thereby
modulate the magnitude of the synaptic transmission
(GainetdinovRR et al, 2002, Trends in Pharm. ScL,
23(8): 367-373).Glycine transporters, which form part
of the sodium and chloride family of neurotransmitter
transporters, play an important role in the
termination of post-synaptic glycinergic actions and
maintenance of low extracellular glycine concentration
by re uptake of glycine into presynaptic nerve
terminals and surrounding fine glial processes. Two
distinct glycine transporter genes have been cloned
(GIyT-I and GlyT-2) from mammalian brain, which give
rise to two transporters with ~50 % amino acid
sequence homology. GIyT-1 presents four isoforms
arising from alternative splicing and alternative
promoter usage (Ia, Ib, Ic and Id). Only two of these
isoforms have been found in rodent brain (GlyT-la and
GIyT-Ib). GlyT-2 also presents some degree of
heterogeneity. Two GlyT-2 isoforms (2a and 2b) have
been identified in rodent brains. GIyT-I is known to
be located in CNS and in peripheral tissues, whereas
GlyT-2 is specific to the CNS. GIyT-I has a
predominantly glial distribution and is found not only
in areas corresponding to strychnine sensitive glycine
receptors but also outside these areas, where it has
been postulated to be involved in modulation of NMDA
receptor function (Lopez- Corcuera B et al., 2001,
MoI. Mem. B ol, 18:"13-20). Thus, one strategy to
enhance NMDA receptor activity is to elevate the
glycine concentration in the local microenvironment of
synaptic NMDAreceptors by inhibition of GIyT-1
transporter (Bergereon R. Et al., 1998, Proc. Natl.
Acad. ScL USA, 95: 15730-15734; Chen L et al., 2003, /
. Neurophysiol, 89 (2): 691-703). Glycine transporter
inhibitors are suitable for the treatment of
neurological and neuropsychiatric disorders.The
majority of diseases states implicated are psychoses,
schizophrenia (Armer RE and Miller DJ, 2001, Exp.
Opin. Ther. Patents, 11 (4): 563-572), psychotic mood
disorders such as severe major depressive disorder,
mood disorders associated with psychotic disorders
such as acute mania or depression associated with
bipolar disorders and mood disorders associated with
schizophrenia, (Pralong ET et al., 2002, Prog.
Neurobiol., 67: 173-202), autistic disorders (Carlsson
ML, 1998, / . Neural Transm. 105: 525-535), cognitive
disorders such as dementias, including age related
dementia and senile dementia of the Alzheimer type,
memory disorders in a mammal, including a human,
attention deficit disorders and pain (Armer RE and
Miller DJ, 2001, Exp. Opin. Ther. Patents, 11 (4):
563-572). Thus, increasing activation ofNMDA receptors
via GIyT-1 inhibition may lead to agents that treat
psychosis, schizophrenia, dementia and other diseases
in which cognitive processes are impaired, such as
attention deficit disorders or Alzheimer's
disease.Objects of the present invention are the
compounds of general formula I per se, the use of
compounds of formula I and their pharmaceutically
acceptable salts for the manufacture of medicaments
for the treatment of diseases related to activation
ofNMDA receptors via Glyt-1 inhibition, their
manufacture, medicaments based on a compound in
accordance with the invention and their production as
well as the use of compounds of formula I in the
control or prevention of illnesses such as psychoses,
disfunction in memory and learning, schizophrenia,
dementia and other diseases in which cognitive
processes are impaired, such as attention deficit
disorders or Alzheimer's disease. The preferred
indications using the compounds of the present
invention are schizophrenia, cognitive impairment and
Alzheimer's disease. Furthermore, the invention
includes all racemic mixtures, all their corresponding
enantiomers and/or optical isomers. As used herein,
the term "lower alkyl" denotes a saturated straight-
or branchedchain 



group containing rrom 1 to 6 carbon atoms, for
example, methyl, ethyl, propyl, isopropyl, n-butyl,
i-butyl, 2-butyl, t-butyl and the like. Preferred
alkyl groups are groups with 1 - 4 carbon atoms. As
used herein, the term "cycloalkyl" denotes a saturated
carbon ring, containing from 3 to 6 carbon atoms. As
used herein, the term "heterocycloalkyl" denotes a
saturated carbon ring, containing from 3 to 6 carbon
atoms as defined above, and wherein at least one of
the carbon atoms is replaced by a heteroatom, selected
from the group consisting of N, O or S. Examples of
such groups are tetrahydropyran-2, 3 or 4-yl,
tetrahydrofuran-2 or 3-yl, oxetan-3-yL
[l,4]dioxin-2-yl and the like. The term "alkyl,
substituted by halogen" denotes for example the
following groups: CF3 CHF2, CH2F, CH2CF3, CH2CHF2,
CH2CH2F, CH2CH2CF3, CH2CH2CH2CF3, CH(CF 3)CH2CH3 C[(CH
3)2]-CF3, CH2CH2Cl, CH2CF2CF3 CH2CF2CHF2, CF2CHFCF3,
C(CH 3)2CF3, CH(CH 3)CF3 or CH(CH 2F)CH2F. Preferred
are CH2CF3, CF3 or CH(CH 3)CF3. The term "lower
alkoxy" denotes a saturated straight- or
branched-chain group containing from 1 to 6 carbon
atoms as described above and which groups are
connected via an oxygen atom.The term "aryl" denotes a
one or two membered aromatic carbon ring, for example
phenyl, benzyl or naphthyl. The term "cyclic amide"
denotes a heterocycloalkyl group as defined above and
wherein the N-atom is linked to the aromatic or
partially aromatic bicyclic group or to the phenyl
ring as defined in claim 1, for example piperidine,
piperazine, morpholine, thiomorpholine,
di-oxo-thiomorpholine, pyrrolidine, pyrazoline,
imidazolidine, azetidine, and the like. Such groups
can be substituted by one or more substituents,
selected from the group consisting of halogen,
hydroxy, phenyl, lower alkyl, lower alkoxy or =O. The
term "5 or 6-membered heteroaryl" denotes for example
furanyl, thienyl, pyrrolyl, imidazolyl, pyrazolyl,
triazolyl, thiazolyl, isothiazolyl, isoxazolyl,
pyridinyl, pyrazinyl, pyrimidinyl or the like. The
term "pharmaceutically acceptable acid addition salts"
embraces salts with inorganic and organic acids, such
as hydrochloric acid, nitric acid, sulfuric acid,
phosphoric acid, citric acid, formic acid, fumaric
acid, maleic acid, acetic acid, succinic acid,
tartaric acid, methane-sulfonic acid,
p-toluenesulfonic acid and the like. Most preferred
compounds of formula I are those of formula I A.
Especially preferred compounds of formula I A are
those, wherein R1 is OR1 and R1 is as described above.
The following specific compounds relate to this group:
(5,6-dichloro-l,3-dihydro-isoindol-2-yl)-(2-isopropoxy
-5-methanesulfonyl-phenyl)- methanone,
rac-(5,6-dichloro-l,3-dihydro-isoindol-2-yl)-[5-methan
esulfonyl-2-(2,2,2-trifluoro-lmethyl- ethoxy) -phenyl]
-methanone,
[5-methanesulfonyl-2-((S)-2,2,2-trifluoro-l-methyl-eth
oxy)-phenyl]-(5-trifluoromethyll,
3-dihydro-isoindol-2-yl)-methanone,
(5,6-dichloro-l,3-dihydro-isoindol-2-yl)-(2-isopropyls
ulfanyl-5-methanesulfonylphenyl) -methanone,
[5-methanesulfonyl-2-((R)-2,2,2-trifluoro-l-methyl-eth
oxy)-phenyl]-(5- trifluoromethyl-
1,3-dihydro-isoindol-2-yl) -methanone,
(5-chloro-6-methyl-l,3-dihydro-isoindol-2-yl)-[5-metha
nesulfonyl-2-((S)-2,2,2-
trifluoro-l-methyl-ethoxy)-phenyl]-methanone,
(5-chloro-6-methoxy-l,3-dihydro-isoindol-2-yl)-[5-meth
anesulfonyl-2-((S)-2,2,2-trifluoro-
l-methyl-ethoxy)~phenyl] -methanone,
(5-ethylsulfanyl-l
3-d.ihydro-isoindol-2-yl)-[5-methanesulfonyl-2-((S)-2,
2,2-trifluoro-lmethyl- ethoxy) -phenyl] -methanone,
(2-isobutoxy-5-methanesulfonyl-phenyl)-(5-trifluoromet
hyl-l,3-dihydro-isoindol-2-yl)- methanone,
4-isopropoxy-N-methyl-3-(5-trifluoromethyl-l,3-dihydro
-isoindole-2-carbonyl)- benzenesulfonamide,
(5-chloro-6-methyl-l
3-dihydro-isoindol-2-yl)-[5-methanesulfonyl-2-((R)-2,2
,2- trifluoro- l-methyl-ethoxy)-phenyl] -methanone,
(5-chloro-6-methyl-l
3-dihydro-isoindol-2-yl)-(2-isobutoxy-5-methanesuIfony
lphenyl)- methanone,
(5-chloro-6-ethylsulfanyl-l,3-dihydro-isoindol-2-yl)-[
5-methanesulfonyl-2-((R)-2,2,2-
trifluoro-l-methyl-ethoxy)-phenyl]-methanone,
(2-isopropox7-5-methanesulfonyl-phenyl)-(5-methoxy-l,3
-dihydro-isoindol-2-yl)- methanone,
[[5-methanesulfonyl-2-((S)-2,2,2-trifluoro-l-methyl-et
hoxy)-phenyl]-(5-methyl-6-
trifluoromethyl-l,3-dihydro-isoindol-2-yl)-methanone,
[[5-methanesulfonyl-2-((S)-2,2,2-trifiuoro-l-methyl-et
hoxy)-phenyl]-(5-methoxy-6-
trifluoromethyl-l,3-dihydro-isoindol-2-yl)-methanone,
[5-methanesulfonyl-2-((S)-2,2,2-trifluoro-l-methyl-eth
oxy)-phenyl]-(5- trifluoromethoxy-
1,3-dihydro-isoindol-2-yl)-methanone,
[5-methanesulfonyl-2-((S)-2,2,2-trifluoro-l-methyl-eth
oxy)-phenyl]-[5-(4-methylthiazol-
2-yl)-l,3-dihydro-isoindol-2-yl] -methanone,
[5-methanesulfonyl-2-((S)-2,2,2-trifluoro-l-methyl-eth
oxy)-phenyl]-[5-(2-methylpyridin-
4-yl)-l,3-dihydro-isoindol-2-yl]-methanone,
[5-methanesulfonyl-2-((S)-2,2,2-trifluoro-l-methyl-eth
oxy)-phenyl]-[5-(5-methylthiophen-
3-yl)-l,3-dihydro-isoindol-2-yl] -methanone,
[5-methanesulfonyl-2-((S)-2,2,2-trifluoro-l-methyl-eth
oxy)-phenyl]-(5-thiazol-2-yl-l,3-
dihydro-isoindol-2-yl)-methanone,
(5-ethylsulfanyl-6-trifluoromethyl-l,3-dihydro-isoindo
l-2-yl)-[5-methanesulfonyl-2-
((S)-2,2,2-trifluoro-l-methyl-ethox7)-phenyl]
-methanone, 



(5-chloro-6-methox7-l,3-dihydro-isoindol-2-yl)-[5-meth
anesulfonyl-2-((R)-2,2,2- trifluoro-
1-methyl-ethoxy)-phenyl]-methanone
(5-chloro-6-methox7-l,3-dihydro-isoindol-2-yl)-(2-isob
utoxy-5-methanesulfonylphenyl) -methanone,
(5-fluoro-6-trifluoromethyl-l
3-dihydro-isoindol-2-yl)-[5-methanesulfonyl-2-((S)-2,2
,2- trifluoro- l-methyl-ethoxy)-phenyl]
-methanone,(5-ethox7-6-trifluoromethyl-l,3-dihydro-iso
indol-2-yl)-(2-isopropox7~5-
methanesulfonyl-phenyl)-rnethanone,
(5-chloro-6-morpholin-4-yl-l,3-dihydro-isoindol-2-yl)-
(2-isobutoxy-5- methanesulfonyl-phenyl)-methanone,
(5-chloro-6-morpholin-4-yl-l,3-dihydro-isoindol-2-yl)-
(2-cyclobutylmethoxy-5-
methanesulfonyl-phenyl)-rnethanone,
(2-isopropoxy-5-methanesulfonyl-phenyl)-[5-(tetrahydro
-pyran-4-yl)-l,3-dihydroisoindol- 2-yl] -methanone,
[5-methanesulfonyl-2-((S)-2,2,2-trifluoro-l-methyl-eth
oxy)-phenyl]-[5-(tetrahydropyran- 4-yl)
-1,3-dihydro-isoindol-2-yl] -methanone,
(2-isobutoxy-5-methanesulfonyl-phenyl)-[5-(tetrahydro-
pyran-4-yl)-l,3-dihydroisoindol- 2-yl] -methanone,
(2-cyclopropylmethoxy-5-methanesulfonyl-phenyl)-
[5-(tetrahydro-pytan-4-yl)-l,3- dihydro-isoindol-2-yl]
-methanone,
(2-cyclobutylmethoxy-5-methanesulfonyl-phenyl)-[5-(tet
rahydro-pyran-4-yl)-l,3-
dihydro-isoindol-2-yl]-methanone,
[2-(2,2-dimethyl-propoxy) -5-methanesulfonyl-phenyl] -
[5-(tetrahydro-pyran-4-yl)- 1,3-
dihydro-isoindol-2-yl] -methanone,
[5-(3,3-difluoro-piperidin-
l-yl)-l,3-dihydro-isoindol-2-yl] -
[5-methanesulfonyl-2-((S)-
2,2,2-trifluoro-1-methyl-ethoxy) -phenyl]-methanone,
[5-methanesulfonyl-2-((S)-2,2,2-trifluoro-l-methyl-eth
oxy)-phenyl]-[5-(2,2,2-trifluoroethyl)-
l,3-dihydro-isoindol-2-yl] -methanone,
[5-methanesulfonyl-2-((S)-2,2,2-trifl.uoro-l-methyl-et
hoxy)-phenyl] - [( lR,5S)-5-(3-oxa-
8-aza-bicyclo[3.2.1]oct-8-yl)-l,3-dihydro-isoindol-2-y
l]-methanone,
[5-methanesulfonyl-2-((S)-2,2,2-trifluoro-l-methyl-eth
oxy)-phenyl]-[5-methyl-6-
(tetrahydro-ryran-4-yl)-l,3-dihydro-isoindol-2-yl]
-methanone, [5-methanesulfonyl-2-((S)
-2,2,2-trifluoro- 1-methyl-ethoxy)-phenyl] -
[5-(tetrahydrofuran- 3-yl)-l,3-dihydro-isoindol-2-yl]
-methanone, [5-chloro-6-(tetrahydro-pyran-4-yl)-l
>3-dihydro-isoindol-2-yl]-[5-methanesulfonyl-2-
((S)-2,2,2-trifluoro-l-methyl-ethoxy)-phenyl]
-methanone,
[5-methanesulfonyl-2-((S)-2,2,2-trifluoro-l-methyl-eth
oxy)- rhenyl]-[5-(tetrahydropyran-
3-yl)-l,3-dihydro-isoindol-2-yl] -methanone,
[5-methanesulfonyl-2-((S)-2,2,2-trifluoro-
1-methyl-ethoxy)-phenyl] -(5-pyridin-4-yl-
1,3-dihydro-isoindol-2-yl) -methanone,
[5-methanesulfonyl-2-((S)-2,2,2-trifluoro-l-methyl-eth
oxy)-phenyl]-(5-py tidin-3-yll,
3-dihydro-isoindol-2-yl)-methanone,
[5-methanesulfonyl-2-((S)-2,2,2-trifluoro-l-methyl-eth
oxy)-phenyl]-(5-phenyl-l,3-dihydro-isoindol-2-yl)-meth
anone,
[5-(2-chloro-phenyl)-l,3-dihydro-isoindol-2-yl]-[5-met
hanesulfonyl-2-(2,2,2-trifluoro- 1-methyl-ethoxy)
-phenyl] -methanone, [5-methanesulfonyl-2-(2
2,2-trifluoro-l-methyl-ethoxy-)-phenyl]-(5-thiophen-3-
yl-l 3- dihydro-isoindol-2-yl)-methanone,
[5-methanesulfonyl-2-(2,2,2-trifluoro-l-methyl-ethox7)
-phenyl]-[5-(4-methylthiophen- 2-yl)
-1,3-dihydro-isoindol-2-yl] -methanone,
[5-methanesulfonyl-2-(2,2,2-trifl uoro-l
-methyl-ethoxy)-phenyl]- [5-(3-methylthiophen-
2-yl)-l,3-dihydro-isoindol-2-yl] -methanone,
[5-(4-fluoro-phenyl)-l,3-dihydro-isoindol-2-yl]-[5-met
hanesulfonyl-2-(2,2,2-trifluorol-
methyl-ethoxy)-phenyl] -methanone,
[5-(3-fluoro-phenyl)-l,3-dihydro-isoindol-2-yl]-[5-met
hanesulfonyl-2-(2,2,2-trifluoro-
1-methyl-ethoxy)-phenyl] -methanone,
[5-(2-fluoro-phenyl)-l,3-dihydro-isoindol-2-yl]-[5-met
hanesulfonyl-2-(2,2,2-trifluorol-
methyl-ethoxy)-phenyl]-methanone,
[5-(3,5-difluoro-phenyl)-l,3-dihydro-isoindol-2-yl]-[5
-methanesulfonyl-2-(2,2,2-
trifluoro-l-methyl-ethoxy)-phenyl] -methanone,
[5-methanesulfonyl-2-(2,2,2-trifluoro-l-methyl-ethoxy)
-phenyl]-[5-(3-methoxyphenyl)-
l,3-dihydro-isoindol-2-yl] -methanone,
[5-methanesulfonyl-2-((S)-2,2,2-trifluoro-l-methyl-eth
oxy)-phenyl]-(5-thiophen-2-yll,
3-dihydro-isoindol-2-yl)-methanone,
[5-methanesulfonyl-2-((S)-2,2,2-trifluoro-l-methyl-eth
ox7)-phenyl]-[5-(4-methylthiophen-
3-yl)-l,3-dihydro-isoindol-2-yl]-methanone,
[5-methanesulfonyl-2-((S)-2,2
2-trifluoro-l-methyl-ethox7)-phenyl]-(5-pyrazol-l-yll,
3-dihydro-isoindol-2-yl)-methanone,
[5-methanesulfonyl-2-((S)-2,2,2-trifluoro-l-methyl-eth
ox7)- rhenyl]-[5-(2,2,2-trifluoroethoxy)-
l,3-dihydro-isoindol-2-yl] -methanone,
[5-chloro-6-(tetrahydro-furan-3-yl)-l,3-dihydro-isoind
ol-2-yl]-[5-methanesulfonyl-2-
((S)-2,2,2-trifluoro-l-methyl-ethox7)- rhenyl]
-methanone,
rac-(2-isopropoxy-5-methanesulfonyl-phenyl)-[5-(tetrah
ydro-furan-3-yl)-l,3-dihydroisoindol- 2-yl]
-methanone, rac-[5-methanesulfonyl-2-(2,2
33,3,3-pentafluoro-propox7)-phenyl]-[5-(tetrahydrofura
n- 3-yl)-l,3-dihydro-isoindol-2-yl] -methanone, rac-
(2-isopropox7-5-methanesulfonyl-phenyl) -
[5-(tetrahydro-pytan-3-yl)-1,3-dihydroisoindol- 2-yl]
-methanone,
[5-chloro-6-(3-oxa-8-aza-bicyclo[3.2.1]oct-8-yl)-l,3-d
ihydro-isoindol-2-yl]-[5-
methanesulfonyl-2-(2,2,3,3,3-pentafluoro-propoxy)-phen
yl] -methanone,rac-[5-methanesulfonyl-2-(2,2
33,3,3-pentafluoro-propoxy)-phenyl]-[5-(tetrahydropyra
n- 3-yl)-l,3-dihydro-isoindol-2-yl] -methanone, ((lS
>4S)-5-chloro-6-2-oxa-5-aza-bicyclo[2.2.1]hept-5-yl-l,
3-dihydro-isoindol-2-yl)-[5- 



methanesulfqnyl-2- ((S) -2,2,2-trifluoro-
1-methyl-ethoxy)-phenyl] -methanone,
[5-fluoro-6-(tetrahydro-pyran-4-yl)-l,3-dihydro-isoind
ol-2-yl] - [5-methanesulfonyl-2-
((S)-2,2,2-trifluoro-l-methyl-ethoxy)-phenyl]
-methanone, [5-methanesulfonyl-2- ((S)
-2,2,2-trifluoro- 1-methyl-ethoxy)-phenyl] - [5-
(tetrahydropyran- 4-yloxy)-1,3-dihydro-isoindol-2-yl]
-methanone,
[5-(3-fluoro-oxetan-3-yl)-l,3-dihydro-isoindol-2-yl]-[
5-methanesulfonyl-2-((S)-2,2,2- trifluoro-
1-methyl-ethoxy) -phenyl] -methanone,
[5-methanesulfonyl-2-((S)-2,2,2-trifluoro-l-methyl-eth
oxy)-phenyl]-[5-(3,3,3-trifluoropropoxy)-
l,3-dihydro-isoindol-2-yl] -methanone,
(5-fluoro-6-morpholin-4-yl-l,3-dihydro-isoindol-2-yl)-
[5-methanesulfonyl-2-((S)-2,2,2- trifluoro-
l-methyl-ethoxy)-phenyl] -methanone,
(5-fluoro-6-morpholin-4-yl-l,3-dihydro-isoindol-2-yl)-
[5-methanesulfonyl-2-(2,2,3,3,3- pentafluoro-propoxy)
-phenyl] -methanone,
(2-isopropoxy-5-methanesulfonyl-phenyl)-[5-(tetrahydro
-pyran-4-yloxy)-l,3-dihydroisoindol- 2-yl] -methanone,
[5-methanesulfonyl-2-(2,2,3,3,3-pentafluoro-propoxy)-p
henyl]-[5-(tetrahydro-pyran-4-
yloxy)-l,3-dihydro-isoindol-2-yl] -methanone,
[5-chloro-6-(tetrahydro-pyran-4-yloxy)-l,3-dihydro-iso
indol-2-yl]-[5-methanesulfonyl- 2- ((S)
-2,2,2-trifluoro- 1-methyl-ethoxy)-phenyl] -methanone,
[5-chloro-6- (tetrahydro-pyran-4-yloxy)
-1,3-dihydro-isoindol-2-yl] -(2-isopropoxy-5-
methanesulfonyl-phenyl)-methanone,
[5-fluoro-6-(tetrahydro-pyran-4-yloxy)-
l,3-dihydro-isoindol-2-yl] - [5-methanesulfonyl-
2-((S)-2,2,2-trifluoro-l-methyl-ethoxy)-phenyl]
-methanone,
[5-fluoro-6-(tetrahydro-pyran-4-yloxy)-l,3-dihydro-iso
indol-2-yl]-(2-isopropoxy-5-
methanesulfonyl-phenyl)-methanone, [5-fluoro-6-
(tetrahydro-pyran-4-yloxy) -1,3-dihydro-isoindol-2-yl]
- [5-methanesulfonyl-
2-(2,2,3,3,3-pentafluoro-propoxy)- rhenyl] -methanone
or
[5-chloro-6-(tetrahydro-pyran-4-yloxy)-l,3-dihydro-iso
indol-2-yl] - [5-methanesulfonyl-
2-(2,2,3,3,3-rentafluoro-propoxy)- rhenyl] -methanone.
Preferred compounds of formula I A are further those,
wherein R1 is unsubstituted or substituted phenyl, for
example the following compounds:
(5-chloro-6-morpholin-4-yl-l,3-dihydro-isoindol-2-yl)-
(4-methanesulfonyl-biphenyl-2-
yl)-methanone,(5-chloro-6-morpholin-4-yl-l,3-dih7dro-i
soindol-2-yl)-(3'-fluoro-4-methanesulfonylbiphenyl-
2-yl) -methanone,
(5-chloro-6-morpholin-4-yl-l,3-dih7dro-isoindol-2-yl)-
(4'-fluoro-4-methanesulfonylbiphenyl- 2-yl) -methanone
or (4'-fluoro-4-methanesulfonyl-biphenyl-2-yl) -
[5-(tetrahydro-pyran-4-yl) -1,3-dihydroisoindol- 2-yl]
-methanone. The following compounds of formula I Bare
preferred:
(2-cyclobutyhnethoxy-5-methanesulfonyl-phenyl)-(3-trif
luoromethyl-5,7-dihydropyrrolo
[3,4-b]pyridin-6-yl)-methanone,
(2-isobutoxy-5-methanesulfonyl-phenyl)-(3-trifluoromet
hyl-5,7-dihydro-pyrrolo[3,4- b]pyridin-6-yl)
-methanone,
[5-methanesulfonyl-2-((R)-2,2,2-trifluoro-l-methyl-eth
ox7)-phenyl]-(3-
trifluoromethyl-5,7-dihydro-pyrrolo[3,4-b]pyridin-6-yl
)-methanone,
(4'-fluoro-4-methanesulfonyl-biphenyl-2-yl)-(3-trifluo
romethyl-5,7-dihydropyrrolo
[3,4-b]pyridin-6-yl)-methanone,
(3',4'-difluoro-4-methanesulfonyl-biphenyl-2-yl)-(3-tr
ifluoromethyl-5,7-dihydropyrrolo [3,4-b
]pyridin-6-yl)-methanone,
[5-methanesulfonyl-2-(2,2,3,3,3-pentafluoro-propoxy)-p
henyl]-(3-trifluoromethyl-5,7-
dihydro-pyrrolo[3,4-b]pyridin-6-yl)-methanone,
[5-methanesulfonyl-2-(2,2,3,3-tetrafluoro-propox7)-phe
nyl]-(3-trifluoromethyl-5,7-
dihydro-pyrrolo[3,4-b]pyridin-6-yl)-methanone,
[5-methanesulfonyl-2-((S)-2,2,2-trifluoro-l-methyl-eth
ox7)-phenyl]-(2-methyl-3-
trifluoromethyl-5,7-dihydro-pyrrolo[3,4-b]pyridin-6-yl
)-methanone,
[3-(4-fluoro-phenyl)-5,7-dihydro-pyrrolo[3,4-b]pyridin
-6-yl]-[5-methanesulfonyl-2-
((S)-2,2,2-trifluoro-l-methyl-ethoxy)-phenyl]
-methanone,
[5-methanesulfonyl-2-((S)-2,2,2-trifiuoro-l-methyl-eth
oxy)-phenyl]-(3-trifluoromethyl-
5,7-dihydro-pyrrolo[3,4-b]pyridin-6-yl)-methanone or
[2-(4-fluoro-phenyl)-5,7-dihydro-pyrrolo[3,4-b]pyridin
-6-yl]-[5-methanesulfonyl-2- ((S) -2,2,2-trifluoro-
1-methyl-ethoxy) -phenyl] -methanone Preferred
compounds of formula IC are the followings:
(2-cyclobu1ylmethox7-5-methanesulfonyl-phenyl)-(6-trif
luoromethyl-l,3-dihydropyrrolo[
3,4-c]pyridin-2-yl)-methanone,
(4'-fluoro-4-methanesulfonyl-bi
rhenyl-2-yl)-(6-trifluoromethyl-l,3-dihydropyrrolo[
3,4-c]pyridin-2-yl) -methanone,
(3',4'-difluoro-4-methanesulfonyl-biphenyl-2-yl)-(6-tr
ifluoromethyl-l,3-dihydropyrrolo[3,4-c]pyridin-2-yl)-m
ethanone,
[5-methanesulfonyl-2-(2,2,3,3,3-pentafluoro-propoxy)-p
lienyl]-(6-trifluoromethyl-l J3- dihydro-pyrrolo
[3,4-c] pyridin-2-yl)-methanone,
[5-methanesulfonyl-2-(2,2,3,3-tetrafluoro-propox7)-phe
nyl]-(6-trifluoromethyl-l,3- dihydro-pyrrolo [3,4-c]
pyridin-2-yl) -methanone,
[6-(4-fluoro-phenyl)-l,3-dihydro-pyrrolo[3,4-c]pyridin
-2-yl]-[5-methanesulfonyl-2-
((S)-2,2,2-trifluoro-l-methyl-ethox7)-phenyl]
-methanone or
[5-methanesulfonyl-2-((S)-2,2,2-trifluoro-l-methyl-eth
oxy)- rhenyl]-(6-morpholin-4-yll,
3-dihydro-pyrrolo[3,4-c]pyridin-2-yl)-methanone.
Specific compounds of formula I D are the followings:
[5-methanesulfonyl-2-((S)-2,2,2-trifluoro-l-methyl-eth
oxy)-phenyl]-(2-t pfluoromethyl-
5,7-dihydro-pyrroIo[3,4-d]pyrimidm-6-yl)-methanone,
(2-isopropoxy-5-methanesulfonyl-phenyl)-(2-trifluorome
thyl-5,7-dihydro-pyrrolo[3,4-
d]pyrimidin-6-yl)-methanone, 



(4-methanesulfonyl-biphenyl-2-yl)-(2-trifluoromethyl-5
,7-dihydro-pyrrolo[3,4- d]pyrimidin-6-yl) -methanone,
(2-isorropoxy-5-methanesulfonyl-phenyl)-(2-methyl-5,7-
dihydro-pyrrolo[3,4- d]pyrimidm-6-yl)-methanone or
[5-methanesulfonyl-2-((S)-2,2,2-trifluoro-l-methyl-eth
ox7)-phenyl]-(2-methyl-5 >7-
dihydro-pyrrolo[3,4-d]pyrimidin-6-yl)-methanone.
Preferred compounds of formula I E are
l-(4-methanesulfonyl-biphenyl-2-carbonyl)-2,3-dihydro-
lH-indole-4-carbonitrile,
l-[5-methanesulfonyl-2-((S)-2,2,2-trifluoro-l-methyl-e
thoxy)-benzoyl]-2,3-dihydrolH- indole-4-carboxylic
acid methyl ester,
l-(2-isopropoxy-5-methanesulfonyl-benzoyl)-2,3-dihydro
-lH!-indole-4-carboxylic acid methyl ester or
(4-bromo-2,3-dihydro-indol-l-yl)-[5-methanesulfonyl-2-
((S)-2,2,2-trifluoro-l-methylethoxy)
-phenyl]-methanone. Specific compounds of formula I F
are the followings:
(5-bromo-xndol-l-yl)-[5-methanesulfonyl-2-((S)-2,2
>2-trifiuoro-l-methyl-ethoxy)- phenyl] -methanone,
l-[5-methanesulfonyl-2-((S)-2,2,2-trifluoro-l-methyl-e
thoxy)-benzoyl]-lH-indole-6- carbonitrile,
(6-chloro-indol- 1-yl) - [5-methanesulfonyl-2- ((S)
-2,2,2-trifluoro- 1-methyl-ethoxy) - phenyl]
-methanone
or(4-bromo-ind.ol-l-yl)-[5-methanesulfonyl-2-(2,2,2-tr
ifluoro-l-methyl-ethox7)-phenyl]- methanone. Specific
compounds of formula I G are the followings:
[5-methanesulfonyl-2-((S)-2,2,2-trifluoro-l-metriyl-et
hoxy)-phenyl]-(5-nitro-indazol-lyl)- methanone,
(5-chloro-indazol- 1-yl) - [5-methanesulfonyl-2- ((S)
-2,2,2-trifluoro- 1-methyl-ethoxy) - phenyl]
-methanone or
(5,7-Dichloro-mdazol-l-yl)-[5-methanesulfonyl-2-((S)-2
,2,2-trifluoro-l-methylethoxy)- phenyl] -methanone. A
specific compound of formula I H is the following:
(5,6-dimethyl-benzoimidazol-l-yl)-[5-methanesulfonyl-2
-((S)-2,2,2-trifiuoro-l-methylethoxy)- phenyl]
-methanone. The present compounds of formula I and
their pharmaceutically acceptable salts can be
prepared by methods known in the art, for example, by
a process described below, which process consists in
a) reacting a compound of formula selected from the
group consisting ofwith a compound of formula in the
presence of an activating agent, such as TBTU, to a
compound of formula which include the following
structures I G I Hwherein the definitions are given
above, or b ) reacting a compound of formula wherein
hal is an halogen group such as Br or Cl with a
compound of formula in the presence of a base, such as
sodium hydride, to compound of formulas wherein the
substituents are as defined above, and,if desired,
converting the compounds obtained into
pharmaceutically acceptable acid addition salts. The
compounds of formula I maybe prepared in accordance
with the process variant as described above and with
the following schemes 1 - 2. The starting materials
are either commercially available, are otherwise known
in the chemical literature, or may be prepared in
accordance with methods well known in the art. The
following abbreviation has been used: TBTU =
(2-(lH-benzotriazole-l-yl)-l,l,3,3-tetramethyluroniumt
etrafluoroborate) Scheme 1 Preparation of compounds of
formulas I A, I B, I C, I D, I E, I F, I G and I
H:Process and apparatus for the polymerization of
ethylene The invention relates to a process for the
polymerization of ethylene or of ethylene with further
1- olefins, in which the ethylene is polymerized in
the presence of a catalyst in a gas-phase reactor and
reaction gas comprising propane and unpolymerized
ethylene is circulated to remove the heat of
polymerization, wherein the polymer particles are
discharged continuously or discontinuously from the
reactor, the polymer particles are separated from the
major part of the concomitantly discharged gas and the
polymer particles are degassed. It also relates to an
apparatus for carrying out the process. Gas-phase
polymerization processes are economical processes for
the polymerization of ethylene and propene or for the
copolymerization of ethylene or propene with other
C2-C8-1 -olefins. Such gas-phase polymerization
processes can, in particular, be designed as gas-phase
fluidized-bed processes in which the polymer particles
are kept in suspension by means of a suitable gas
stream. Processes of this type are described, for
example, in EP-A-O 475 603, EP-A-O 089 691 and EP-A-O
571 826, which are hereby fully incorporated by
reference. In such processes, the polymer particles
present in the fluidized bed are discharged
continuously or discontinuously and conveyed
pneumatically into a degassing vessel. Especially in
the copolymerization of ethylene with further
1-olefins such as 1-butene or 1 hexene, considerable
amounts of the comonomers together with further
relatively high-boiling gases present in the reaction
gas or liquids such as hexane remain in the polymer
particles. These are therefore treated with a
stripping gas to remove a considerable proportion of
the relatively high-boiling comonomers in the
degassing vessel. For cost reasons, nitrogen is
usually used for this purpose. Particularly in the
case of the chromium-catalyzed polymerization of
ethylene, the nitrogen has to be pure nitrogen (02 < 2
vppm, H2O < 2 vppm), which incurs not inconsiderable
costs. In addition, EP-A-683 176, for example,
describes the use of the reaction mixture or of
constituents 



of the reaction mixture, preferably in a mixture with
nitrogen. As constituents of the reaction mixture,
mention is made not only of ethylene and hydrogen but
also of nitrogen and C1-C12-, preferably C4-C8-alkanes
as inert constituents. When the polymer particles are
discharged from the reactor, not inconsiderable
amounts of ethylene are also discharged from the
reactor together with the polymer particles and,
because separation of nitrogen and ethylene is quite
complicated or costly, e.g. by means of a membrane
unit, this ethylene is usually not recovered and is
lost to the process. In addition, JP 60-079017
discloses degassing of the polymer particles in a
downstream silo by means of inert hydrocarbons, with
the hydrocarbon used for degassing having the same
number of carbon atoms as the 1-olefin to be removed.
US 5 376 742 and WO 03/01 1920 disclose a process for
polymerization of olefin monomer including ethylene
and/or propylene with at least one alpha-olefin in a
fluidized bed gas phasereactor wherein part of the
effluent stream (recyle gas) from the reactor is
separated and used for degassing the polymer. The
heavy hydrocarbons and, in WO 03/01 1920, additionally
the monomers are removed from the gas before its use
for the degassing. The disadvantage of this degassing
method is that the gas is taken from the recycle line
and fed back to it after the degassing. Therefore the
degassing cycle is highly dependent on the conditions,
particularly the pressure, in the reactor. Further the
heat removal from the polymerization reactor is
limited by the use of nitrogen. It is therefore an
object of the present invention to overcome the
abovementioned disadvantages of the prior art and to
provide a process and an apparatus which makes
possible not only a high heat discharge from the
reactor, satisfactory degassing of the discharged
polymer particles and recovery of the reaction gas
discharged together with the polymer particles but
also the provision of the gas used for degassing the
polymer particles. This object is achieved by a
process for the polymerization of ethylene or of
ethylene with further 1-olefins, in which the ethylene
is polymerized in the presence of a catalyst in a
gas-phase reactor to form polymer particles and
reaction gas comprising propane and unpolymerized
ethylene is circulated to remove the heat of
polymerization, wherein the polymer particles are
discharged continuously or discontinuously from the
reactor, the polymer particles are separated from the
major part of the concomitantly discharged gas and the
polymer particles are degassed, the gas is freed of
entrained fine particles the gas is separated from a
low-boiling fraction comprising ethylene or from a
high boiling fraction containing further 1-olefins or
alkanes having from 4 to 12 carbon atoms in a first
separation stage, a propane fraction is separated off
in a second separation stage and this propane fraction
is used for degassing the polymer particles discharged
from the reactor, with the partial pressure of
ethylene in the propane fraction used for degassing
being less than 6000 Pa and the partial pressure of
the sum of further 1-olefins and alkanes having from 4
to 12 carbon atoms in the propane fraction being less
than 10000 Pa. Unless indicated otherwise, all
statements made regarding the composition of the
reaction gas are based on the conditions prevailing in
the reactor and those made regarding the recycle gas
are based on the composition in the recycle gas line
upstream of the first separation column.The present
invention ensures a high heat discharge from the
reactor both in the noncondensed mode and in the
condensed mode and sufficient degassing of the
discharged polymer particles. The corresponding
work-up and use of the propane used in the recycle gas
for degassing the discharged polymer particles ensures
a high degree of recovery of the reaction gas
comprising ethylene and propane and of the stripping
gas which preferably consists essentially of propane
under particularly economical operating conditions. In
particular, ethylene recovery is also maximized by
means of the present invention, since only small
amounts of ethylene are removed from the recycle gas
together with the discharged ethane. Further
advantages of the present invention can be derived
from the following description. The gas-phase reactor
can be any type of gas-phase reactor, for example
either.a gas-phase fluidized-bed reactor or a stirred
gas-phase reactor, with the use of proportions of
condensed - material also being possible. For the
purposes of the process of the invention, it is
important that at least part of the reaction fluid is
in the gaseous state and the polymer is in particulate
form. Discharge from the reactor can be carried out
pneumatically or with the aid of mechanical discharge
systems, with pneumatic discharge being preferred. In
the simplest and particularly preferred case,
discharge is achieved by means of the pressure
gradient prevailing between the reactor and a
downstream degassing vessel. The separation of the
polymer particles discharged from the reactor from the
major part of the discharged gas can be carried out
together with or separately from the degassing of the
polymer particles by means of the propane fraction,
either in terms of time or in terms of space. For
example, the separation of the particles from the gas
can be carried out in a first vessel and the stripping
with the propane can be carried out subsequently in a
second vessel. As an alternative, in the case of
discontinuous discharge, the major part of the
reaction gas can firstly be separated off from the
particles and the degassing with propane can
subsequently be carried out in the same vessel.
However, preference is given to the degassing of the
polymer particles by means of the propane fraction and
the separation of the polymer particles from the major
part of the discharged gas to be effected
simultaneously and/or in the same place. The degassing
of the polymer particles by means of the propane
fraction and the separation of the polymer particles
from the major part of the discharged gas is
particularly preferably effected immediately after
discharge from the reactor in one degassing vessel.
The parallel arrangement of two or more degassing
vessels is obviously possible. The degassing of the
polymers is preferably performed
counter-currently.Degassing of the polymer particles
according to the present invention means that the
content of further 1-olefins and/or alkanes having 4
to 12 carbon atoms in the polymer particles is reduced
by means of gas to a given. In the degassing vessel as
first degassing stage, the residual loading of the
polymer with the relatively high-boiling dissolved
components such as butene, hexene or hexane should be
very low so as to keep the loss of hydrocarbons as low
as possible. Preference is given to a residual loading
of less than 2500 ppm by weight, particularly
preferably less or equal 500 ppm by weight. To achieve
this low residual loading, the propane used for
degassing in the degassing vessel under the degassing
conditions should have a partial pressure of less than
10000 Pa, preferably 



less than 2500 Pa, more preferably less than 500 Pa,
of further 1-olefins and alkanes having from 4 to 12
carbon atoms. The partial pressure proportion of
1-olefins and alkanes having from 4 to 12 carbon atoms
in the propane fraction is particularly preferably
less than 250 Pa, in particular less than 25 Pa mol%.
For common pressures in the degassing vessel the
corresponding total proportion of further 1- olefins
and alkanes should preferably be less than 4 mol%,
more preferably less than 1 mol%, more preferably less
than 0.2 mol%, particularly preferably less tan 0.1
mol%, most preferably less than 0.01 mol%. To improve
degassing, the propane fraction can additionally be
brought to elevated temperatures by means of a heat
exchanger. However, the temperature should in this
case be significantly below the softening temperature
of the polymer to be degassed. Furthermore, the
proportion of ethylene in the propane fraction used in
the degassing vessel should be less than 6000 Pa is
preferably less than 1500 Pa, more preferably less
than 750 Pa, in particular less than 300 Pa. For
common pressures in the degassing vessel the
corresponding total proportion of Ethylene in the
propane fraction should be less than 4 mol%,
preferably less than 1 mol%, more preferably less than
0.5 mol%, in particular less than 0.2 mol%. As a
result of this low ethylene content,
after-polymerization in the degassing vessel is
largely suppressed. Customary separation methods are
employed for separating off the low-boiling fraction
in the first separation stage and for separating off
the propane fraction in the second separation stage.
Examples of separation techniques which may be
employed here are separation by distillation and
separation by means of selectively permeable
membranes, without the invention being restricted to
these. Rather, it is possible to use any separation
unit to achieve the advantages of the process of the
invention, as long as the purity according to the
invention of the propane fraction can be achieved
using this. Preference is given to separation by
distillation. Since the degassing cycle is decoupled
from the main recycling stream of the reactor the
pressure in the degassing cycle can be set to higher
values than in the reactor. This allows depending on
the siteconditions the use of cooling water to
condensate the distillate instead of using a
refrigeration unit to provide the necessary cooling.
Preference is given to selecting the 1-olefins from
among 1 butene, 1-hexene and 1-octene and/or selecting
the alkanes from among n-butane, n-hexane and n
octane. In addition to ethylene and propane, the
reaction gas can further comprise additional inert
gases such as nitrogen (N2). In addition, ethane is
always present in varying amounts in the ethylene. To
provide a sufficient amount of propane for degassing,
the proportion of propane in the reaction gas should
be 30 mol% or more. As an alternative, fresh propane
can be introduced in addition to the propane fraction
upstream of the degassing vessel, but this is less
advantageous. In an advantageous embodiment of the
present invention, a maximum of 10 mol%, particularly
preferably a maximum of 5 mol%, of other gases or
liquids are present in addition to ethylene, further
1-olefins and propane in the reactor. The reaction gas
is particularly preferably free of inert gases with
the exception of aliphatic hydrocarbons. Very
particular preference is given to the reaction gas
consisting essentially of only ethylene, if
appropriate further 1-olefins and propane. When
nitrogen is completely replaced by propane, the
specific heat capacity of the recycle gas is
maximized, as a result of which the recycle gas volume
flow necessary for removing the heat of polymerization
can be minimized. In this way, it is possible to make
peripheral apparatuses such as compressors, heat
exchangers, recycle gas line, etc., smaller or
increase the output. In addition, when the amount of
nitrogen is very small it is possible to pass the
ethane bled off from the recycle gas directly as feed
to a cracker, instead of burning it for heating
purposes or flaring it. The heat discharge from the
gas-phase fluidized-bed reactor can be achieved
exclusively by the circulated gas in the noncondensed
mode. It can also be advantageous to take the reaction
gas from the reactor, partly condense the reaction
gas, preferably containing mainly propane, and
recirculate the condensate together with or separately
from the uncondensed gas, so that the reactor is
operated in the condensed mode. In a preferred variant
of the present invention, the ethylene separated off
in the first separation stage is recirculated to the
reactor together with other low boilers such as
ethane. Furthermore, preference is given to at least
part of the ethane separated off in the first
separation stage being discharged from the process as
a purge gas stream. The removal of the fine particles
(fines) from the gas entering the fist separation
stage can be performed by any method. The removal is
preferably performed by using filters. Preferred
filter systems are described in Freeing according to
the present invention means the fine particles are
removed from the gas stream to an extend avoiding
polymerization in the separation stages. Preferably
the fine particles are essentially removed.In a
particular preferred embodiment of the present
invention a process for the polymerization of ethylene
or of ethylene with further 1-olefins is provided, in
which the ethylene is polymerized in the presence of a
catalyst in a gas-phase reactor to form polymer
particles and reaction gas comprising propane and
unpolymerized ethylene is circulated to remove the
heat of polymerization, wherein the polymer particles
are discharged continuously or discontinuously from
the reactor, the polymer particles are separated from
the major part of the concomitantly discharged gas and
the polymer particles are degassed, the gas is freed
of entrained fine particles the gas is separated from
a low-boiling fraction comprising ethylene in a first
separation stage, a propane fraction is separated off
in a second separation stage and this propane fraction
is used for degassing the polymer particles discharged
from the reactor, with the proportion of ethylene in
the propane fraction used for degassing being less
than 1 mol% and the proportion of the sum of further
1-olefins and alkanes having from 4 to 12 carbon atoms
in the propane fraction being less than 4 mol%. The
present invention further provides as a first
alternative an apparatus for carrying out the process
according to any of the preceding claims comprising a
gas-phase reactor containing a bed of polymer
particles, a recycle gas line connected to the reactor
for carrying away and recirculating the reaction gas
comprising propane and unpolymerized ethylene, a
product offtake line for continuously or
discontinuously taking off polymer particles from 



the reactor, which line is connected to a degassing
vessel for the separation of polymer particles and
gas, a particle precipitation unit for freeing the gas
of entrained fine particles connected to the degassing
vessel,a first separation unit for separating off a
low-boiling fraction comprising ethylene connected to
the particle precipitation unit, a second separation
unit for separating off a propane fraction connected
to the bottom of the first separation unit, a propane
line which is connected to the top of the second
separation unit and is in turn connected to the
degassing vessel to make it possible to degas the
polymer particles by means of the propane fraction,
which is passing the polymer, wherein the first
separation unit is designed so that the partial
pressure of ethylene in the propane fraction entering
the degassing vessel is less than 6000 Pa and the
second separation unit is designed so that the
proportion of 1-olefins and alkanes having from 4 to
12 carbon atoms in the propane fraction entering the
degassing vessel is less than 10000 Pa. In alternative
but less preferred embodiment the present invention
provides an apparatus for carrying out the process
according to any of the preceding claims comprising a
gas-phase reactor containing a bed of polymer
particles, a recycle gas line connected to the reactor
for carrying away and recirculating the reaction gas
comprising propane and unpolymerized ethylene, a
product offtake line for continuously or
discontinuously taking off polymer particles from the
reactor, which line is connected to a degassing vessel
for the separation of polymer particles and gas, a
particle precipitation unit for freeing the gas of
entrained fine particles connected to the degassing
vessel, a first separation unit for separating off a
high-boiling fraction comprising further 1-olefins
and/or alkanes having 4 to 10 carbon atoms connected
to the particle precipitation unit (9), a second
separation unit for separating off a propane fraction
connected to the top of the first separation unit, a
propane line which is connected to the bottom of the
second separation column and is in turn connected to
the degassing vessel to make it possible to degas the
polymer particles by means of the propane fraction
after passing an evaporation unit,wherein the first
separation unit is designed so that the proportion of
1-olefins and alkanes having from 4 to 12 carbon atoms
in the propane fraction entering the degassing vessel
is less than 10000 Pa and the second separation unit
is designed so that Pa the partial pressure of
ethylene in the propane fraction entering the
degassing vessel is less than 6000 Pa. Preference is
given to using a first separation unit and/or a second
separation unit which allow separation by
distillation. Particular preference is given to
appropriately designed separation columns. The first
alternative is preferred if a distillation is used
since an evaporation of the propane fraction coming
from the bottom of the second column can be avoided if
the propane fraction is the top product of the second
separation unit. Finally, the present invention
provides for the use of propane having a proportion of
ethylene of less than 4 mol% and a proportion of the
sum of 1-olefins and alkanes having from 4 to 12
carbon atoms of less than 4 mol%, in each case based
on the total amount of gas, for degassing ethylene
homopolymers or ethylene copolymers. Part of this
propane is obtained from the gas discharged from a
gas-phase polymerization reactor together with the
polymer particles. The invention is illustrated below
by way of example with the aid of drawings for a
gas-phase fluidized-bed reactor and the
copolymerization of ethylene with 1 hexene, without
the invention being restricted thereto. In the
figures: Fig. 1 shows the flow diagram of a
polymerization plant of a preferred embodiment of the
invention, Fig. 2 shows the dependence of the ethylene
content of the propane fraction as a function of the
mode of operation of the first separation column.
Figure 1 shows the flow diagram of a polymerization
plant according to a preferred embodiment of the
invention having a gas-phase fluidized-bed reactor 1.
The gas-phase fluidized-bed reactor 1 comprises a
cylindrical tube in which the fluidized bed, which
usually consists of polymer particles kept in
suspension in the gas phase by means of a stream of
gas, is located. The velocity of the reaction gas has
to be high enough firstly to fluidize the mixed bed of
polymer particles which is located in the tube and
serves as polymerization zone and secondly to remove
the heat of polymerization effectively. To improve
heat removal, it is possible, if desired, to make
additional use of the enthalpy of vaporization of
condensed reaction gas constituents by feeding a
reactiongas comprising not only a gas or a gas mixture
but also condensed fluids which vaporize in the
reactor into the fluidized bed. The fluidized bed is
usually bounded at the bottom by a gas distributor
plate. At the top, the cylindrical part is usually
adjoined by a widening disengagement zone which
reduces the discharge of particles from the reactor 1.
In an alternative embodiment, the disengagement zone
can also be omitted. The reaction gas leaves the
reactor 1 at the upper end of the disengagement zone
and is conveyed in the recycle gas line 3 via* a
cyclone 4 to the compressor 10b and from there via a
heat exchanger 17 in which the recycle gas is cooled
back to the reactor I The recycle gas can, if
appropriate, be cooled to below the dew point of one
or more of the recycle gas components in the heat
exchanger so as to operate the reactor with condensed
material, i.e. in the condensed mode. When the
apparatus is used for the polymerization of ethylene,
the circulated reaction gas (recycle gas) comprises a
mixture of ethylene, if desired a molecular weight
regulator such as hydrogen and propane and/or further
saturated hydrocarbons such as ethane, butane, pentane
or hexane. In addition, depending on the catalyst,
further additives and auxiliaries such as metal
alkyls, antistatics, catalyst poisons, etc., can also
be used. The use of nitrogen in conjunction with the
degassing by means of propane is less advantageous,
since it can only be separated off from the ethylene
again with considerable difficulty. In addition, the
reaction gas can further comprise C3-C8-1 -olefins
such as propene, 1-butene, 1-pentene, 2-methylpentene,
1 hexene, 1-heptene and 1-octene as comonomers, and
these can also be present in condensed form.
Preference is 



given to a process in which ethylene is copolymerized
with 1-hexene or 1-butene. To set constant reaction
conditions, the constituents of the reaction gas can
be fed into the gas-phase fluidizedbed reactor either
directly or via the circulated reaction gas. The
capacity of the gas-phase fluidized-bed reactor 1 is
known to be limited by the cooling capacity of the
circulated reaction gas. The cooling capacity is
dependent not only on the heat capacity, i.e. the
chemical composition, of the reaction gas but also,
inter alia, on the pressure of the reaction gas or at
which the (co)polymerization is carried out. Here, it
is generally advisable to work at pressures of from
0.1 to 10 MPa, preferably from 1 to 8 MPa,
particularly preferably from 1.5 to 5 MPa, in
particular from 2 to 3 MPa. The cooling capacity also
depends on the reactor temperature at which the
(co)polymerization in the fluidized bed is carried
out. For the purposes of the process of the invention,
it is advantageous to work at temperatures of from 30
to 1250C, particularly preferably from 75 to 1180C,
with temperatures in the upper part of this range
preferably being set for copolymers of relatively high
density and temperatures in the lower part of this
range preferably being set for copolymers of
relatively low density. Furthermore, the amount of
catalyst introduced determines the product output.The
catalyst or catalysts is/are introduced via one or
more catalyst metering devices 7, for example by means
of the dry metering device disclosed in EP-A-226935,
which is hereby fully incorporated by reference. In
combination with the degassing by means of propane, it
Is particularly advantageous for the metered addition
likewise to be carried out by means of propane,
preferably by means of liquid propane, as in WO
04/092229, which is hereby fully incorporated by
reference. The propane is preferably likewise taken
from the propane fraction. As catalysts, it is
possible to use all known types of catalyst which are
suitable for olefin polymerization. Particular mention
may be made of Ziegler catalysts, chromium-based
Phillips catalysts and single-site catalysts, in
particular metallocene catalysts, without being
restricted thereto. For the purposes of the present
invention, single-site catalysts comprise, unlike
chromium and Ziegler/Natta catalysts, at least one
defined organometallic transition metal compound and
usually further activating compounds and, if
appropriate, support and also further additives and
auxiliaries. Combinations -of catalysts (hybrid
catalysts) can also be used advantageously, with
combinations of different single-site catalysts being
preferred. The catalysts can be immobilized together
on a support or can be metered separately into the
reactor. Depending on the catalyst used, the polymer
particles usually have a mean size of from a few
hundred to a few thousand microns. In the case of
chromium catalysts, the mean particles have a size of
from about 400 to 600 mm, and in the case of Ziegler
catalysts the mean particle size is about 1500 - 2000
mm. The polymer particles are taken from the reactor 1
pneumatically via one or more product offtake lines 2
. The product can be discharged continuously or
discontinuously, with discontinuous discharge being
preferred. The polymer is freed of the major part of
the gas carried with it in a degassing vessel 5 and is
treated with purified propane which has been worked up
as described in more detail below. The pressure in the
degassing vessel 5 is about 0.1-0.4 MPa, preferably
0.15 to 0.35 MPa. The degassing by means of propane
reduces the residual content of further 1- olefins and
relatively nonvolatile inert gases, for example
hexane, adsorbed on the polymer particles to contents
of about 0.25% by weight, preferably less than 0.05%
by weight. The degassed polymer particles are
subsequently taken from the degassing vessel 5 by
means of star feeders 18 and conveyed to a degassing
silo (not shown) where further degassing by means of
nitrogen or as described in WO 04/047959 is carried
out. To prevent impurities from travelling back from
downstream work-up apparatuses into the degassing
vessel 5, a further propane gas stream can be fed in
as barrier gas between the star feeders 18. The
residence times of the polymer in the degassing vessel
are between 10 minutes and 8 hours depending on the
content of further 1-olefins and/or alkanes having 4
to 12 carbon atoms. Preferred are 15 minutes to 5
hours.The gas which has been freed of the polymer
particles in the degassing vessel 5, which normally
contains considerable amounts of entrained fine dust,
is passed to a recycle gas filter 9 in which the gas
is largely freed of the fine dust. The purified gas is
compressed in a compressor 10a to a pressure of from
2.0 to 4 MPa, preferably 2.3 to 3.5 MPa , and is,
after condensed material has been separated off in a
liquid precipitator 11, subjected to a two-stage
separation by distillation. In a first separation
unit, configured as a separation column 12, a
low-boiling fraction containing ethylene, preferably
consisting essentially of ethylene and ethane, up to
55 % of propane and possibly further low-boiling
recycle gas components like hydrogen (C2 fraction) is
separated off and conveyed from the top of the column
via the gas return line 14 to the recycle gas line 3.
This ensures minimization of the ethylene losses via
the discharge system, since the ethylene goes back to
the polymerization circuit. To avoid accumulation of
ethane in the circuit, which is a by-product of the
cracker and/or is generated as a by-product during
polymerization, ethane is bled off via the ethane
purge line 19. The ethane discharged can be fed
directly as feed to a cracker. Together with the
ethane further undesirable by-products otherwise
accumulating in the circuit can be removed. Since
ethane discharging causes also propane losses a side
stream of the low boiling fraction (top-product of
column 12) may be fed to a further columns (not shown)
to separate the propane residues and to concentrate
the low boiling content like ethane, ethylene and
hydrogen. The bottoms from the first separation column
12 which are enriched in relatively high-boiling
hydrocarbons (C3+ fraction), consisting essentially of
propane, the other 1-olefins and saturated
hydrocarbons, are fed via a connecting line 13 to a
second separation unit configured as a separation
column 15. Essentially pure propane is obtained at the
top of this second separation column 15, while all
heavier hydrocarbons are present in the bottoms. The
column is designed so that the content of higher
hydrocarbons such as 1-hexene, 1-butene or n hexane is
preferably less than 0.1 mol% and that of ethylene is
less than 1 mol%, corresponding to 150 and 15 Pa at a
degassing pressure of 0.15 MPa, respectively. The
dependence of the ethylene content of the propane
fraction as a function of the mode of operation of the
first separation column is shown in figure 2 as an
example. In an alternative embodiment not shown in
fig. 1 the separation columns can be exchanged. In
this way the high boiling fraction containing the
further 1-olefins and alkanes having 4 to 12 carbon
atoms is separated in the first stage and afterwards
the top product (distillate) is split into a clean
propane fraction and the low boiling fraction
containing ethylene and ethane.The design of columns
is generally known to those skilled in the art. In
particular, the amount of 



propane obtained can be set in a simple manner via the
power of the vaporizer of the second separation column
or by a valve located between the second distillation
column 15 and the degassing vessel. The purity of the
propane in respect of ethylene can be influenced by
the power of the vaporizer of the first column, while
the content of higher hydrocarbons in the propane is
adjusted via the reflux ratio in the second separation
column 15. The temperature of the bottom product in
the second separation column 15 should be below 12O0C
in order to allow utilising low pressure steam as
heating medium and to avoid ongoing reaction with
1-olefins. The temperature of the liquid bottom
product is adjusted by means of the flow of distillate
(C2 fraction) in the first separation column. The
dependence of the ethylene content of the propane
fraction on the power of the vaporizer (right-hand
scale) and condenser (left-hand scale) of the first
separation column 12 is shown as an example in figure
2. The higher the heat stream to the vaporizer of the
column 12 the lower is the content of ethylene in the
propane fraction. As an alternative, one or both of
the columns can also be replaced by a membrane
separation unit or other separation unit although it
is less preferred. The bottom temperature of column 15
is regulated by mass flow rate of the bottom fraction.
The bottom temperature should on the one hand be low
enough to allow the heating of the bottom vaporizer of
column 15 by low pressure steam. On the other hand
very high temperature should be avoided to suppress
the polymerization of ethylene and further 1- olefins
with catalyst residues. The propane which has been
purified in this way is conveyed via the propane line
16 to the heat exchanger 17, heated to a temperature
which is from 5 to 2O0C below the softening point of
the polymer, preferably to about 100C, and
subsequently fed into the degassing vessel 5. In the
degassing vessel the primary degassing of the polymer
particles is carried out and the stripping loop is
closed. The low hexene content of the propane ensures
degassing of the polymer to a low residual hexene
content, while the low ethylene content prevents
appreciable after-polymerization and thus the
formation of oligomers (gels). Particularly the
quality of film products is highly decreased by such
gels. The use of the propane used for removal of the
heat of polymerization as inert gas for the degassing
of the polymer also makes it possible to achieve a
high degree of recovery both of the ethylene and of
the degassing agent, which is advantageous both from
an economic point of view and from an ecological point
of view. Furthermore, propane has a significantly
greater heat capacity than nitrogen, which increases
the heat discharge. The 1-hexene and any hexane
enriched in the bottoms from the second separation
column 15 is/are recirculated via the gas return line
8 and a condensation vessel (not shown) to thereactor
1. Any hexane present can subsequently be employed for
metering in reaction auxiliaries such as antistatics
or metal alkyls (scavengers). The small losses of
propane which occur despite the use of the process of
the invention are compensated by introduction of
appropriate amounts of fresh propane into the recycle
gas line 3. Alternatively, particularly if Ziegler
Catalyst used, the propane may have its source from
that used for catalyst preparation and/or for catalyst
feeding. A particularly advantageous aspect is that
the purified propane can also be used for the metered
addition of the catalyst. For this purpose, propane is
depressurized in the catalyst metering device 7 into
the reactor 1 and thus vaporized, as described in WO
2004/092229. The propane can be used in this way in
liquid form or as a gas. The fine dust separated off
from the reaction gas in the cyclone 4 is
advantageously added to the product in the degassing
vessel 5 via the fine dust line 6 or alternatively fed
back into the reactor 1. In this case it is very
useful to add a catalyst poison to the recycling gas
before entering the cyclone ensuring that no active
catalyst residues enter the degassing vessel 5 . It
may be emphasized that the specific embodiments
described here merely serve to illustrate the
invention and do not constitute a restriction. In
particular, the process can also be applied to other
polymerization processes in the condensed phase, as
long as relatively high-boiling components (e.g.
butene/butane, pentene/pentane, hexene/hexane) can be
removed from the polymer by means of propane and are
to be removed in this way. In addition, further
embodiments by means of which use can be made of the
inventive idea described are also conceivable. The
present application claims priority of the German
Patent application No. 10 2005 005 506.0 which is
fully incorporated herein by reference. All
percentages and parts of this application are related
to mass except otherwise indicated. Examples The
solubility of gases like hexane, hexene and butene in
the polymer and the corresponding vapour pressures
have been determined by laboratory experiments for two
typical polyethylene products using a Ziegler and a
Chromium catalyst. From these data the necessary
amounts of strip gas (propane) have been calculated
using fundamental thermodynamic equations to achieve a
concentration of hexane and hexane below 500 ppm by
mass. The production rate of the reactor was 40 t/h.
The results are displayed in the following table.The
use of the non-opiate analgesic drug flupirtine for
the treatment of overactive bladder and associated
diseases including urge incontinence, urinary flow
problems as a result of prostate hyperplasia and
irritable bowl syndrome Description Field of the
invention The present invention is directed to the
prevention, reversal and medical treatment of lower
urinary tract dysfunction including bladder
instability and other related diseases as described
below including urinary flow problems, urgency and
incontinence as a result of prostate hyperplasia (BPH)
and to the prevention, reversal and medical treatment
of irritable bowl syndrome (IBS) with special focus on
the diarrhea-predominant and mixed
diarrheaconstipation type IBS, both in human beings
and animals. Background of the invention Many people
suffer from urinary incontinence. Often, it is
believed that incontinence is mainly due to a reduced
function of the bladder sphincter (i.e. the muscle
keeping the bladder closed) and adjunct parts of the
urogenital tract. However, this view is obviously not
correct. While under certain circumstances a reduced
sphincter function can be found which often 



is related with a location of the bladder too deep
inside the pelvic cavity, this is only one aspect and
one possible cause of incontinence. The bladder
function can be seen as a delicate balance between the
activity of the sphincter and the detrusor, i.e. the
muscle which is responsible for getting the urine out
of the bladder during voiding and which is represented
by the muscular wall of the bladder. Not the
malfunction or reduced tension of the sphincter is
often the main cause, but rather the imbalance between
the tonus of the sphincter and the function of the
detrusor. The bladder detrusor and sphincter
combination is one of the two smooth muscle groups
which human beings (and also some animals) learn to
control directly via central functions while all other
smooth muscles are notvoluntarily controlled (the
other smooth muscle represents the sphincter of the
anus). As can be easily understood, this control of
the balance involves peripheral and central neuronal
functions, to enable the voluntary micturation
response. But it also contains in-voluntary components
as filling of the bladder finally triggers the urgent
need for micturation. This complex circuit and
delicate balance, involving filling of the bladder due
to renal function, sphincter activity to keep the
bladder close and detrusor activity induced by filling
but triggered also by CNS driven nerve function, can
easily be disturbed. For example, stress often can
result in a need for micturation without an adequate
filling of the bladder. Also, the absence of ability
to reach a toilet in many persons triggers such an
urgency and excessive exaltation such as during
laughter can result in in-voluntary voiding. While
these examples indicate how delicate the balance is,
this is not a disease. But such disturbances can
results in disease stages if the disturbance persists
over a long period. The cause for such a disturbance
can be manifold. A chronic stress syndrome can result
in urgency and incontinence, but also other diseases
can cause urgency and ultimately incontinence. Such
diseases can be but are not limited to prostate
hyperplasia, infections of the urinary tract,
different CNS diseases such as Parkinson's disease,
Alzheimer's disease, dystonia, anxiety disorders, post
traumatic stress syndrome and others. Urge
incontinence or inadequate urgency is also a frequent
side effect of neuroleptic treatment. It is to be
noted that the disease is not the incontinence which
only is a possible symptom but rather the
un-physiological urgency, i.e. the need to go to the
toilet despite the fact that that would not be
necessary on the basis of filling of the bladder. Such
diseases may be related to morphological changes in
the urinary tract such as hyperplasia or hypertrophy
of the bladder wall, inflammation or hypertrophy of
the mucosa, miss-placement of the bladder or
morphological changes in other parts of the urogenital
tractsuch as prostate or urethra, but in many cases no
morphological changes can be found as functional
changes including functional changes in the central
control of micturation may be the underlying cause.
This is especially the case in children suffering from
overactive bladder and ultimateively from incontinence
(mostly nocturnal incontinence) which can be a big
problem for both, children and families. According to
a comprehensive review of terminology of lower urinary
tract function/dysfunction, the International
Continence Society (ICS) has recommended the use of
the terms overactive bladder syndrome (OAB) and
detrusor overactivity for this group of diseases.
Detrusor overactivity is defined as a urodynamic
observation characterized by involuntary detrusor
contractions during the filling phase that may be
spontaneous or provoked. Detrusor overactivity is
subdivided into idiopathic detrusor overactivity and
neurogenic detrusor overactivity. Because detrusor
overactivity is a urodynamic diagnosis, it is possible
to record symptoms and signs during urodynamic studies
to correlate them with any involuntary contractions.
The ICS 2002 report describes 2 types of detrusor
overactivity: (1) phasic, which may or may not lead to
urinary incontinence; and (2) terminal, which is a
single involuntary detrusor contraction that often
results in complete bladder emptying. OAB, as defined
by ICS 2002, is a new term and is a symptomatic
diagnosis. OAB is defined as urgency, with or without
urge incontinence, and usually with frequency and
nocturia. A more general term used is lower urinary
tract dysfunction. This all inclusive term applies to
a cluster of distinguishable disorders however with
common or largely overlapping symptomatology whose
definitions continue to evolve as they become better
understood. The symptoms are: - Urge or urgency
(intense sensing that the bladder has reached its
threshold) - Frequency of urination (8 ore more times
per day) - Nocturia (sleep disturbance accompanying
the need to urinate) - In some cases, obstruction of
urine flow- AIn other cases, urinary incontinence -
Urogenital or pelvic pain Disorders which are grouped
under the term lower urinary tract dysfunction
include: Stress urinary incontinence (inability to
prevent leakage of urine during activities that
increase abdominal pressure) Urge urinary
incontinence: Incontinence episodes driven by detrusor
overactivity - Mixed urinary incontinence (a mixture
of both) - Overactive bladder syndrome: An inclusive
term which not only included 



the above mentioned ones but also the "dry" overactive
bladder without incontinence but with urgency,
urinating frequency and nocturia. Overactive bladder
is also seen frequently in children resulting in
urgency, nocturia, and incontinence. Even in children,
often pharmacological treatment is indicated to
prevent incontinence, especially during the night (C.
Persspm de Geeter 2004, Der Urologe Volume 7, page
807ff). - Benign prostatic hyperplasia/lower urinary
tract symptoms: urinary storage difficulties typical
of OAB plus obstruction of urinary flow, coincident
with enlargement of prostatic mass - Neurogenic
bladder: Catastrophic loss of bladder control on
patients with spinal cord injury, stroke, multiple
sclerosis, Parkinsons disease and other CNS diseases.
All these diseases have one keys symptom in common: an
imbalance of detrusor activity and sphincter activity
of the bladder. In addition, all diseases are not
primarily smooth muscle diseases, but rather are
nervous system diseases as this delicate balance is
established and maintained by central and peripheral
nervous system activity. While all the mentioned
diseases relate to bladder function, a very similar
situation can be found in a different disease, the
irritable bowl syndrome(IBS). In IBS patients, a
dys-regulation of gut function is central to the
disease. While in most patients, this results in
hypermotility and diarrhea, in others it results in
hypomotility and constipation while in again other
both, diarrhea and constipation can be observed. IBS
is due to these colonic symptoms classified as either
diarrhea predominant, constipation predominant or
mixed type. While pain including abdominal pain is
part of IBS symptomatology, it is to be noted that
this invention is not directed to the pain as a
secondary symptom of this disease but to the
dys-regulation of gut function. However, in all these
cases the disturbance can be expected to be found in
the nerval control of the gut activity, i.e. in the
intestinal nervous system and the control thereof.
Current treatment of IBS often includes a combination
of antidiarrheals, antispasmodics, and sometimes
antidepressants. The aim of the treatment in both
cases, lower urinary tract dysfunction and IBS, is to
restore the balance and to normal function focussing
either on the nervous system control or directly on
the smooth muscle function. Lower urinary tract
dysfunction is a very common disease with high
prevalence, but often neglected. The prevalence of
overactive bladder increases with age, ranging from
4.8% in females below age of 25 to 30.9% in those >65
years of age (P. Abrahams 2003, Urology Volume 62,
Supplement 5B, page 28ff). Similar prevalence's can be
found in male patients over the age of 65, however due
to BPH. The prevalence of the other diseases are
somewhat lower. IBS, likewise, is also a very common
disease and is also often neglected. The prevalence of
IBS was found to be 12% among adults in the USA. The
prevalence world wide can be expected to be similar
(H. R. Mertz. Irritable bowel syndrome (Review
article); New England Journal of Medicine 349:2136-46,
2003). New treatment is urgently needed since
currently available, mostly symptomatic treatment is
often insufficient and not free of side
effects.Current treatment Current treatment is mainly
based on anticholinergic drugs, i.e. drugs which block
the muscarine receptors. Such a pharmacological
intervention is not entirely satisfactory. While the
pharmacological effect, being statistically
significant, may not be strong giving a 30% reduction
in number of daily micturations only (getting the
patients down from 15 times to approximately 11 times
per day) even this small effect is associated with
unpleasant side effects including mouth dryness, dry
eyes and dry skin, constipation, and negative effects
on cognition and memory. Other side effects include
blurred vision and problems to accommodate. Further,
central aspects of the disease, i.e. the urgency, is
even less treated with such compounds. Currently,
newer drugs with selectivity to the M3 subtype of the
muscarine receptor, are about to be marketed. While
the claim is, that they have a better separation
between side effects and effects, this may not be
fully correct. Constipation seems to be even a larger
problem and efficacy is not improved. As the M3
receptor is also present in the eye, blurred vision
and accommodation problems may remain. Other drugs
used include antidepressants, alphal adrenoceptor
antagonists, and, for BPH only, dalpha reductase
inhibitors. Newer targets tested include 5HT receptor
antagonists, potassium channel openers, and other
targets. A list of targets currently evaluated in
clinical trials can be found in an article from AP.
Ford, Drug Discovery World, Issue Fall 2003, page
9-17, which is herein incorporated by reference. While
current treatment for IBS often focuses on
anti-diarrheals and antispasmodics, sometimes even
antidepressants, anticholinergic drugs used for the
treatment of incontinence are also active as they are
good antidiarrheal agents. Newer drug targets include
among others modulators of calcium activated potassium
channels. Based on this data review, we can conclude,
that there is a well defined medical need for the
development of new drugs for the treatment of OAB,and
also more general for the treatment of lower urinary
tract dysfunction. There also is an urgent need to for
the development of newer drugs for the treatment of
IBS. Such drugs should better address the
over-activity which 



is a key symptom of both, IBS and OAB, without
reducing the ability of the bladder detrusor to
contract fully (in the case of OAB). This
differentiation is essential. Drugs which are just
relaxing smooth muscles often can also relax the
detrusor muscle (and the sphincter muscle). Such
relaxation, for example induced by calcium
antagonists, may be active, but does result in two
different risks. On one hand, the reduced contraction
force can lead to residual volume remaining in the
bladder. Such residual volume can be the cause not
only for chronic infections but also for formation of
cystic calculi. On the other hand, a plain smooth
muscle relaxation also will relax the sphincter. In
this case, the balance between sphincter activity and
detrusor activity may not be positively influenced.
Therefore, calcium antagonists are not in use for
treatment of incontinence. Instead, calcium
antagonists such as Diltiazem are used for the
treatment of hypertension and angina pectoris due to
their general effects to relax smooth muscles
including vascular smooth muscles. Other drug targets
are being evaluated, such as potassium channel openers
with a focus on openers of the ATP sensitive potassium
channel. However, while potent effects in models of
hyperreactive bladder can be achieved, such drugs can
not be used since they also relax smooth muscles of
the vascular bed resulting in strong effects on blood
pressure. Therefore none of these drug candidates has
yet made it into a successful drug. New drugs for the
treatment of OAB should be active on the bladder
detrusor activity without reducing the contraction
force, should not or only slightly be active on
vascular smooth muscles to avoid unwanted effects on
blood pressure and should be safe with regard to other
side effects including all cardiovascular side
effects. New drugs for the treatment of IBS should
normalize the activity of the overactive intestine
without paralyzing the smooth muscle, i.e. they should
not interfere with the ability of the gut to contract
but rather interfere with the control of the gut
motility.Description of the Invention We have tested
flupirtine in an animal model of lower urinary tract
dysfunction focussing on detrusor activity and urge
incontinence in rats. The selected model represents a
setup where the interplay of the central nervous
system activity and the smooth muscle (detrusor)
activity can be observed. The model also is predictive
for effects in IBS. Unexpectedly, we have found that
flupirtine was very active in suppressing spontaneous
detrusor contractions induced by infusion of warm
saline into the bladder of the anaesthetized rat. The
potency of flupirtine with regard to the frequency of
contraction was largely comparable to the used
reference compounds oxybutynin, which is a compound
often clinically used for the treatment of OAB and
incontinence, and duloxetine
(Yentreve(r)/Ariclaim(r)), which is a new drug used
for the treatment of moderate to severe stress urinary
incontinence (SUI) in women. In contrast to oxybutynin
flupirtine did not exert the unwanted effect on the
contractility force leaving the maximal contraction
not affected, while oxybutynin treatment lead to a
substantial reduction in contraction force as can be
seen in a reduction in recorded amplitude of the
contraction. Also at higher doses a paradox increase
in contraction frequency could be observed with
oxybutynin resulting in an even higher contraction
rate compared to the control measurement. In the case
of duloxetine, on the other hand, the contraction
force was slightly reduced at a dose of 3.0 mg/kg
only, while at lower or higher doses of administration
the maximal contraction was not affected. At the dose
of 3.0 mg/kg, however, a slight increase in
contraction frequency could be observed with
duloxetine as well. The data thus may be summarized
that flupirtine was found to be very active in this
animal model predictive for effects on detrusor
overactivity. In addition, flupirtine did not cause
the unwanted effects observed with the reference
compounds duloxetine and the clinically used drug
oxybutynin, i.e. increase in frequency at higher doses
and effects on contraction amplitude. Flupirtine did
also not cause any effect on peripheral blood
pressure. Thefirst effects of flupirtine became
visible at intraduodenal doses of 3 mg/kg. These doses
are lower than doses reported to exert analgesic
effects in the same species, i.e. the rat. This
indicates that the pharmacological effect of
flupirtine is to be expected to be seen at doses which
are very well tolerated. The doses needed to exert the
wanted effects on the bladder detrusor activity can be
expected to be lower or in the same range as doses
used for analgesia in man. A detailed description of
the experiment is given below in the Example. A
different model of bladder hyperactivity/detrusor
instability induced by chronic partial outflow
obstruction is also useful to evaluate the efficacy of
a compound. Partial obstruction is achieved using
partial ligation of the proximal urethra in rats.
Within 6 weeks, this results in pronounced bladder
instability and increased bladder wall thickness. This
can be recorded using cystometry. This model more
closely resembles the situation during prostate
hyperplasia and other diseases resulting in outflow
obstruction. Flupirtine is also active in this model.
Flupirtine was also tested in an in vitro model of
detrusor muscle activity. In this model, isolated
organ strips of rat bladder was introduced in an
isolated organ bath system. Contraction of the bladder
muscle strip was induced by application of potassium
chloride (40 mM) and the relaxant effect of flupirtine
was tested to determine the IC50, i.e. the
concentration of flupirtine needed to counteract the
contractile response of potassium chloride by 50%. In
this 



model, flupirtine did show some activity, but the
concentration needed to relax the bladder strip was
rather high. The IC50 amounted to 7.5 mM which is well
above the concentration reached after intraduodenal
administration of 3 mg/kg in rats. These data
indicate, that the main target for pharmacological
action can be expected to be the nervous system
controlling the bladder function. Direct effects on
the bladder wall may be of limited relevance for the
pharmacological effect. Indeed, this is in line with
the observation that the contraction force of the
detrusor in above mentioned in vivo models was not
influenced at doses which clearly hadpharmacological
effects on micturation frequency. Flupirtine, a
triaminopyridine compound with antinociceptive
effects, is marketed in Germany and some other
countries for the treatment of centrally mediated pain
under the trademark Katadolon(tm). It is an analgesic
that has been used in Europe to treat pain association
with surgery, cancer, trauma, dental pain,
degenerative rheumatic arthrosis, inflammatory
rheumatoid arthritis, interstitial cystitis and liver
disease. It acts via central nervous system through
nonopiate pain pathways, possibly involving the
thalamus or spinal pain pathways. In some, but not
all, studies flupirtine has been found to be as
effective as opiates in relieving pain. Moreover,
flupirtine offers a clear advantage over opiates in
that it is not addictive and there have been no
reports of abuse. The drug is very well tolerated and
is free of effects on the cardiovascular system in
patients. The mechanism of this drug is not well
understood. While the compound is positioned as
centrally acting-non-opioid analgesic with some muscle
relaxant property, several different mechanisms of
action have been proposed. Early work based on
antagonism studies concluded that the antinociceptive
activity of flupirtine is due to activation of
descending noradrenergic pathways (Szelenyi and
Nickel, Postgrad Med J. 1987;63 Suppl 3:57-60). Later
work concluded that flupirtine limits the calcium
influx of cells resulting, among other effects, in
neuroprotection (Rupulla et al., Eur J Pharmacol. 1995
Dec 29;294(2-3):469-73). Again other authors concluded
that flupirtine acts as a functional NMDA antagonist
by enhancing the magnesium mediated block of the NMDA
receptor (Kornhuber et al., J. Neural Transm. 1999;
106(9-1 0):857-67). Other mechanisms proposed are
activation of G-protein coupled inwardly rectifying
potassium current. It was also published to act as a
positive GABA modulator. Based on these available
data, a specific mechanism of action of flupirtine is
not yet identified and the complex pharmacology may be
due to the concert of different mechanisms of
action.Several patent documents relate to the use of
flupirtine. Early work focussed on the analgesic
activity. This was lately extended to the use of
flupirtine for the treatment of canine and feline
arthritis (EP-A-1 242 078). In view of its analgesic
properties flupirtine has also been used for the
treatment of interstitial cystitis (Vahlensieck,
Urologe [A] 2005;44:41-45). Combination therapy of
flupirtine and morphine was also claimed to further
improve the analgesic activity (EP-A-O 595 3 11).
Lateron especially neuroprotective effects and
cytoprotective effects were published in several
patents, for example in EP-A-O 716 602, DE-A- 196 25
582, and EP-A- 0 912 177. This was extended to
disorders in, e.g. myocardial infarction, renal shock
or pulmonal shock, in EP-A-O 912 177. A different
therapeutic target was defined to be the
haematopoietic system, e.g in DE-A-195 4 1 405 or
EP-A-O 859 613. Other diseases to be treated with
flupirtine include tinnitus, e.g. DE-A-100 48 969
muscular tension, e.g. EP-A- 0 659 410, fibromyalgia
and related conditions, e.g. WO 00/59487, Batten
disease, e.g. WO 01/39760, or Parkinson disease, e.g.
USA-5,284,861 . Furthermore different dosage and
administration forms, are described in DE-A-102 55
415, or EP-A-O 615 754. However, despite of the
widespread use and examination of flupirtine, it has
not previously been known to be useful for the
treatment of lower urinary tract dysfunction or IBS.
The present invention is based upon the finding that
flupirtine is unexpectedly effective in treating,
inhibiting or preventing IBS and lower urinary tract
dysfunction. Chemical Form of Flupirtine The present
invention is not limited to any particular chemical
form of flupirtine and the drug may be given to
patients either as a free base or as a
pharmaceutically acceptable derivative, e.g. an acid
addition salt or an amide. For example, the
hydrochloride and maleic salts are generally preferred
but other salts derived from pharmaceutically
acceptable organic or inorganic acids may be also
used. Examples of such acids include,without
limitation, hydrobromic acid, phosphoric acid,
sulphuric acid, methane sulfonic acid, phosphorous
acid, acetic acid, tartaric acid, lactic acid,
succinic acid, citric acid, malic acid, aconitic acid,
salicylic acid, phthalic acid, embonic acid, enanthic
acid, and the like. Furthermore, amides of flupirtine
with pharmaceutically acceptable acids, particularly
amides with carboxylic or sulfonic acids may be used.
The preparation of flupirtine,
2-amino-3-carbethoxyamino-6-(4-fluorobenzylamino)-pyri
dine, and its physiologically acceptable salts is
described in German patents DE- 1,795,858 and DE-3,
133,51 9. Dosage The total daily dosage of flupirtine
administered to a patient should be at least the
amount required to prevent, reduce or eliminate one or
more of the symptoms associated with lower urinary
tract dysfunction or IBS, preferably the urgency and
the frequency of daily micturations with respect to
lower 



urinary tract dysfunctions and the diarrhea related
symptoms in IBS. The typical daily dosage particularly
for use in humant patients will be between 50 and 1000
mg, in general, e.g. between 100 mg and 400 mg
calculated on the basis of the free base form of
flupirtine. Higher doses are tolerated by some
patients and daily dosages of 2,000 mg or more may be
considered in refractory cases or in patients
receiving concomitant drug treatment with agents may
lower the serum concentration and half-life of
flupirtine (e.g., cytochrome P450 inducing compounds
such as carbamacepine, phenytoin, phenobarbital and
rifampin) as well as in cigarette smokers. In
contrast, elderly patients, patients with renal or
hepatic dysfunction, and patients receiving
concomitant drugs which inhibit the cytochrome P450
system should receive lower initial and maintenance
doses, e.g., 25 to 200 mg. These dosage are simply
guidelines and the actual dose selected for an
individual patient will be determined by the attending
physician based upon clinical conditions and using
methods well-known in the art. Flupirtine maybe
provided in either a single or multiple dosage regimen
or on an asneeded regime. Examples are: a patient may
take 100 mg of flupirtine orally three times a day or
alternatively 200 mg of flupirtine twice a day. A once
daily administration may also be possible, based on
the individual symptoms and the extend and duration of
relief achieved. A controlled release formulation as
described in EP-A-O 615 754, a cutaneous form as
described in DE-A-102 55 415 or other formulations may
as well be used, but a clinical effect in the said
diseases is not dependent on the use of these specific
dosage forms. Dosage Forms and Route of Administration
Any route of administration and dosage form is
compatible with the present invention and flupirtine
may be administered as either the sole active agent or
in combination with other therapeutically active
drugs. Although compositions suitable for oral
delivery are preferred, other routes that may be used
include peroral, internal, pulmonary, rectal, nasal,
vaginal, lingual, transdermal, intravenous,
intraarterial, intramuscular, intraperitoneal,
intracutaneous and subcutaneous routes. Specific
dosage forms include tablets, pills, capsules,
powders, aerosols, suppositories, skin patches,
parenterals, and oral liquids including oil aqueous
suspensions, solutions and emulsions. Sustained
release dosage forms may be used. All dosage forms may
be prepared using methods that are standard in the art
(see e.g., Remington's Pharmaceutical Sciences, 16th
ed., A. Oslo Editor, Easton PA (1980)). Specific
guidance for the preparation of dosage forms for
various routes of delivery is provided by U.S. patents
4,668,684; 5,503,845; and 5,284,861 . Flupirtine may
be used in conjunction with any of the vehicles and
excipients commonly employed in pharmaceutical
preparations, e.g., talc, gum arabic, lactose, starch,
magnesium stearate cocoa butter, aqueous or
non-aqueous solvents, oils, paraffin derivates,
glycols, ets. Coloring and flavouring agents may also
be added to preparations, particularly to those for
oral administration. Solution can be prepared using
water or physiologicalcompatible organic solvents such
as ethanol, 1,2-propylene glycol, polyglycols,
dimenthyl sulfoxide, fatty alcohols, triglycerides,
partial esters of glycerine and the like. Parenteral
compositions containing flupirtine may be prepared
using conventional techniques and include sterile
isotonic saline, water, 1,3-butanetiol, ethanol,
1,2-propylene glycol, polyglycols mixed with water,
Ringer's solution, etc. Medical Indications The
invention is useful for inducing, assisting or
maintaining desirable bladder control or gut function
control, respectively, in a mammal experiencing or
being susceptible to bladder instability or urinary
incontinence or, more generally, lower urinary tract
dysfunction or IBS. The invention also includes
prevention, treatment or inhibition of recurrence of
symptoms after a period of symptoms (relapse
prophylaxis). Symptoms may be lower urinary tract
dysfunction, bladder-related urinary conditions and
bladder instability, urinary urgency, including
nocturnal enuresis (bedwetting), nocturia, voiding
dysfunction, and urinary incontinence. Also treatable
or preventable is bladder instability secondary to
prostate hypertrophy and other diseases causing such
symptoms as part of the symptomatology, such as
Parkinson's disease, Alzheimer's disease and other
diseases. Flupirtine is also useful in promoting the
temporary delay of urination whenever desirable. The
invention may also be utilized to stabilize the
bladder and treat or prevent incontinence with urge
urinary incontinence, stress urinary incontinence, or
a combination of urge and stress incontinence in a
mammal, which may also be referred to as mixed urge
and stress incontinence. The invention also includes
assistance in preventing or treating urinary
incontinence associated with secondary conditions such
as prostate hypertrophy. The invention may be utilized
to allow a recipient to control the urgency and
frequency of urination. The invention includes the
treatment, prevention, inhibition and amelioration of
urge urinary incontinence, also known as bladder
instability, neurogenic bladder, voiding dysfunction,
hyperactivebladder, detrusor over-activity,
detrusor-hyper-reflexia, or uninhibited bladder. As
described above, the invention includes treatment,
prevention, inhibition or amelioration of symptoms of
hyperactive of instable bladder, neurogenic bladder or
hyperreflexic bladder. These uses include, but are not
limited to, 



those for bladder activities and instabilities in
which the urinary urgency is associated with
prostatitis, prostatic hypertrophy, interstitial
cystitis, urinary tract infections or vaginitis. The
invention may also be used to assist in inhibition or
correction of the conditions of
Frequency-Urgency-Syndrome, and lazy bladder, also
known as infrequent voiding syndrome. The invention is
directed to treating lower urinary tract dysfunctions
by exerting an effect on the respective diseases
and/or conditions instead of providing analgesic
activity only, and does therefore not comprise pain
treatment in interstitial cystitis. Preferably, the
lower urinary tract dysfunction does not comprise
interstitial cystitis. Further, the invention may be
used to treat, prevent, inhibit, or limit the urinary
incontinence, urinary instability or urinary urgency
associated with or resulting from administration of
other medications, including diuretics, vasopressin
antagonists, anticholinergic agents, sedatives or
hypnotic agents, narcotics, alpha-adrenergic agonists,
alpha-adrenergic antagonists, or calcium channel
blockers. Furthermore, the invention is useful for
inducing or assisting in urinary bladder control or
preventing or treating the maladies described herein
in humans in need of such relief, including adults and
pediatric uses. However, it may also be utilized for
veterinary applications, particularly including canine
and feline bladder control methods. If desired, the
invention may also be used with other pet animals or
farm animals, such as ovine, porcine and equine
breeds. The invention are also useful for the
treatment or preventable of symptomsof IBS, especially
with a focus on diarrhea and hypermotility related
symptoms. Method of Treatment Flupirtine is very well
tolerated. Thus, the proposed effective dose may be
given making no titration of the possibly effective
dose necessary for safety reasons. However, based on
the good activity in the disease models, one may start
with a low dose. A patient may be initially given a
low dose of flupirtine, e.g., 100 mg per day. Although
flupirtine is relatively safe when used at dosages
lower than 600 mg per day, a number of side effects
have been reported. Among these are dizziness,
drowsiness, puritus, dry mouth, and, less frequently,
nausea, depression, sleep disturbance, and headache.
If adverse effects are not experienced by the patient
and if a full control of the symptoms is not achieved
with the initially selected dose, dosage may be
gradually increased until a satisfactory alleviation
of the symptoms is achieved. Since flupirtine is
non-addictive, treatment may be safely maintained over
a prolonged period of time. The daily dose of
flupirtine may be administered as a single tablet or
capsule, but it is generally preferable to divide the
daily dosage into two or more separate aliquots.
Alternatively, a patient may simply take flupirtine as
needed, up to the maximum tolerated daily dosage.
Flupirtine administration may be combined with the
administration of other therapeutically active agents,
such as anticholinergic drugs or, in case of IBS, also
antidepressants and other CNS active drugs, depending
upon the individual needs of a patient. Such
combination therapy of flupirtine with other agents
used to treat the above diseases is of special
interest since treatment with flupirtine benefits addi
from combination treatment with compounds commonly
used in these diseases. Examples for such combinations
comprise muscarine receptor agonists in the case of
detrusor hyperactivity and 5-alpha-reductase
inhibitors in the case of prostate hyperplasia,
spasmolytics andantidepressants as used in case of
IBS. In addition to these compounds, other commonly
used compounds for the treatment or prevention of
symptoms in such disease stages are also well suitable
for combination therapy. As the molecular target of
flupirtine is neither the muscarine receptor nor the
enzyme 5-alpha reductase or other targets of
pharmacologically active drugs, an at least additive
effect can be expected for any such combination
therapy. Description of Figures Figure 1: Effects of
different intraduodenal (i.d.) doses of flupirtine
maleate on the frequency [n/10 min] (A) and the
amplitude [mm Hg] (B) of the rhythmic bladder
contractions. Bars represent the mean number of peaks
[n/10 min] = frequency (upper, hatched bars), or the
mean height of the peaks [mm Hg] = amplitude (lower,
non hatched bars) with their standard deviations (sd),
recorded 'pre1 = and 'post1 = ED 20-30 min;  50-60
min, co = control group. Values above the bars are
mean change in percent from base value (D%). Figure 2:
Effects of different i.d. doses of oxybutynin
hydrochloride on the frequency [n/10 min] (A) and the
amplitude [mm Hg] (B) of the rhythmic bladder
contractions. Bars represent the mean number of peaks
[n/10 min] = frequency (upper, hatched bars), or the
mean height of the peaks [mm Hg] = amplitude (lower,
non hatched bars) with their standard deviations (sd),
recorded 'pre1 = and 'post' = 20-30 min;  50-60 min,
co = control group. Values above the bars are mean
change in percent from base value (D%). Figure 3:
Effects of different i.d. doses of duloxetine
hydrochloride on the frequency [n/10 min] (A) and the
amplitude [mm Hg] (B) of the rhythmic bladder
contractions. Bars represent the mean number of peaks
[n/10 min] = frequency (upper, hatched bars), or the
mean height of the peaks [mm Hg] = 



amplitude (lower, non hatched bars) with their
standard deviations (sd), recorded 'pre' = p and
'post' = 20-30 min; 50-60 min, co = controlgroup.
Values above the bars are mean change in percent from
base value O) . Example: Flupirtine in a Rat Model of
Overactive Bladder (OAB) 1 INTRODUCTION Overactive
bladder (OAB) is a serious condition for which no
effective treatment without undesirable side effects
exists today. OAB is often cause of urinary
incontinence but can be frequently seen also without
incontinence as urgency syndrome. OAB may be a symptom
of a complex disease such as benign prostate
hyperplasia or Parkinson's disease, but exists also as
a disease of its own. OAB can be seen in humans at all
ages including children and elderly. If conservative
management forms of treatment fail, pharmacotherapy,
currently in most cases in the form of anticholinergic
drugs (e.g. oxybutynin hydrochloride) is initiated.
Oxybutynin hydrochloride, a drug with both
anticholinergic and calcium antagonistic effects,
decreases peripherally bladder contractility, but side
effects like inhibition of saliva production and
increased residual urine content are present (Wein,
Exp. Opin Invest Drugs 10:65-83, 2001). In the search
for new drugs compounds are of interest which affect
the central nervous system circuits involved in
micturation as well as the peripheral nerves resulting
in a decrease in the frequency of the voiding reflex
without any effect on bladder contractility. In search
for drugs for the treatment of lower urinary tract
dysfunction with focus of OAB, we have established an
animal model to evaluate possible drug candidates. The
method utilises spontaneous, volume-induced
contractions of the urinary bladder in anaesthetised
rats and was developed and first described by Dray (J.
Pharmacol. Meth. 13:157-165, 1985) to assess the
central activity of substances with opioid properties
on bladder function. As this model clearlymimics the
interplay between smooth muscle function and neuronal
control thereof, this model can be also used to
predict drug effects in a different disease, i.e.
irritable bowl syndrome (IBS). A centrally acting drug
compound is duloxetine (Yentreve(r)/Ariclaim(r)) which
was recently introduced in the EU market for the
treatment of moderate to severe stress urinary
incontinence (SUI) in women (Lilly and Boehringer
Ingelheim). The cellular/molecular mechanism of
duloxetine is a centrally acting selective inhibitor
of serotonin (5-HT) and norepinephrine reuptake.
Flupirtine maleate (Katadolon(tm)) is another
centrally acting non-opioid analgesic drug. The
mechanism of Flupirtine is by no means fully
understood. While it was published to have functional
or direct antagonistic effects on glutamatergic
neurotransmission with focus on NMDA receptor
function, other have found that the compound has GABAA
agonistic properties and increases potassium
conductance (Friedel and Fitton, Drugs 45:548-569,
1985). In addition, flupirtine maleate was shown to
have a musculutropic-spasmolytic effect if
administered at high concentrations in vitro. To
evaluate whether flupirtine maleate may be active in
lower urinary tract dysfunction (here termed, for the
ease of use only, overactive bladder) and also,
whether flupirtine may also be active in IBS, we have
tested this compound in the rat model of OAB. Aim of
the study: To characterise the effects of the
analgesic flupirtine maleate on the bladder function
we used the model volume-induced contractions of
urinary bladder in urethane anaesthetised rats.
Oxybutynin hydrochloride and duloxetine hydrochloride
were tested as reference. The compounds at the dose
range 0.1-10 mg/kg were intraduodenally administered
to anaesthetised rats. The intraduodenal route was
chosen to mimic the oral route and to avoid the use of
solvents necessary for intravenous administration.2
MATERIALS AND METHODS 2.1 Animals Species: Sprague
Dawley rat Sex: Female Body weight: 200-270 g Breeder:
Charles River, Sulzfeld Food/ Tap water: pellets,
ssniff M/R 15, ad libitum, Spezialdiaten GmbH,
Soest/Westfalen, FRG Conditions in animal housing:
Rats were kept conventionally in groups of 6 in
macrolon cages No.4. Room temperature: 20-24 0C
Relative humidity: 40-70%, deviations from the maximum
range caused during cleaning procedure are possible
Light/ Dark rhythm: 12/12 h light/dark cycle, light on
at 6:00 a.m. The food was withdrawn 16 hours before
intraduodenal drug administration. Tap water was
available ad libitum. 2.2 Chemicals Test compound:
Flupirtine maleate Chemical name:
[(2~Amino-6~(4-fluorophenyl)-methylamino-
3-pyridinyl)-carbamicacid ethylester maleate] 



Manufacturer: ASTA Medica GmbH, Frankfurt, FRG MoI.
Weight of flupirtine maleate: 420.4 g/mol MoI. Weight
of flupirtine free base: 304.33 g/mol Reference
compound: Oxybutynin hydrochloride Chemical name:
(a-Phenylcyclohexaneglycolicacid 4-
[diethylamino]-2-butynyl ester hydrochloride
Manufacturer: Sigma Chemie Deisenhofen, FRG MoI.
Weight of oxybutynin HCI: 394.0 g/mol MoI. Weight of
oxybutynin 357.54 g/mol free base:Reference compound:
Duloxetine hydrochloride Brand name: Yentreve(r),
Ariclaim(r) Chemical name:
(+)-(S)-N-Methyl-N-[3-(naphthalen-1-
yloxy)-3-(2-thienyl)propyl]amine hydrochloride
Manufacturer: Boehringer lngelheim Pharma GmbH & Co.
KG, Ingelheim, FRG Batch: A069673A, usable to 03/2006
MoI. Weight of duloxetine HCI: 333.88 g/mol MoI.
Weight of duloxetine 297.38 g/mol free base: Vehicle:
Chemical name: hydroxyethylcellulose (tylose)
Supplier: Merck-Schuchardt, Hohenbrunn, FRG
Anaesthetic: INN: urethane Supplier: Sigma Chemie,
Deisenhofen, FRG Route of administration: subcutaneous
Dose: 1.25 g/kg bw. 2.3 Drug administration schedule/
dosage Applied volume: 0.4 ml/100 g body weight (b.w.)
Conversion of tested dose in mg/kg b.w. into the
content of free base and molar amount/kg body
weight:Preparation of test compounds for intraduodenal
administration as a suspension: Flupirtine maleate or
oxybutynin hydrochloride were suspended in
hydroxyethylcellulose (0.5%) in demineralised water.
The substances were ground in a mortar with pistil.
The suspensions were placed on a magnetic stirrer
before and during dosing procedures. The substances
were freshly prepared in the morning and applied
intraduodenally in a volume of 0.4 ml/100 g body
weight. Control rats received hydroxyethylcellulose
(0.5%) i.d.. For the preparation of the duloxetine
hydrochloride suspension the content of commercially
available Yentreve(r) 40 mg hard gastro-resistant
capsules containing duloxetine hydrochloride and
auxiliary material was used. The total amounts of the
filling material of the individual 40 mg capsules used
amounted to 0.2192-0.2227 g (minimum-maximum). The
filling material, consisting of small globules, was
ground in a mortar with pistil. Thereafter the
grounded material was suspended in
hydroxyethylcellulose (0.5%) in demineralised water.
The suspensions were placed on a magnetic stirrer
before and during dosing procedures for 10 minutes.
The suspensions werefreshly prepared in the morning
and applied intraduodenally in a volume of 0.4 ml/100
g body weight to rats. Control rats received the same
amount of hydroxyethylcellulose (0.5%) i.d.. 2.4
Experimental procedure Female Sprague Dawley rats
(200-270 g) were anaesthetised by a subcutaneous
injection of urethane (1.25 g/kg). The body
temperature was maintained at 37C by means of an
heated small operating table and 2 red light heating
lamps. The left carotid artery was prepared and a
catheter for continuous blood pressure measurement was
inserted and connected to a Statham pressure
transducer (Model P23 Db) and connected with a
computer-controlled physiological recorder (PMS PR
800, Mumed Systems Ltd London, GB). For intraduodenal
drug administration a polyethylene catheter was
inserted into the upper part of the duodenum, about 5
cm downwards from the pylorus and fixed with a
purse-string suture. Bilateral ureters were ligated
proximally to the bladder to prevent the bladder
filling with urine. Urine of the kidneys was drained
onto cotton swabs within the abdomen. The urinary
bladder was catheterised via the urethra by use of PE
50 polyethylene tubing filled with physiological
saline and secured in place by a ligature at the lower
part of the urethra. Using a "T"-connector, the
bladder catheter was connected to a Statham pressure
transducer (Model P23 Db) connected with the
physiological recorder (PMS PR 800) to measure
intravesicular pressure and to a Infusion pump (TSE,
FRG). Continuous recordings of intravesicular pressure
and arterial blood pressure were captured onto a 4
channel Linearcorder WR3310 (Western Graphtec, Inc.,
USA). The experiment was started infusing (0.05
ml/min) the bladder with warmed saline (37-38C) to
evoke rhythmic bladder contractions by means an
infusion pump up to a maximal volume of 1.0 ml. The
infusion is stopped after reaching the final volume or
with the start of rhythmic bladder
contractions.Following a 15 min period of
isovolumetric, rhythmic bladder contractions
intraduodenal (0.4 ml_/100g bw) drug administration
was performed. The 



continuous registration lasted 1 hr. The amplitude of
the urinary bladder contractions was evaluated for 5
min before (baseline) and up to 60 min after substance
administration in intervals of 15 min each. The
frequency was evaluated for 10 min before (baseline)
and within the observation period in intervals of 10
minutes starting 5, 20, 35 and 50 min after drug
administration. For intraduodenal dosing, drugs were
administered via a duodenal polyethylene tube to
animals in aqueous suspension of 0.5%
hydroxyethylcellulose. 3 RESULTS The rapid distension
of the urinary bladder by filling them with warmed
physiological solution in urethane anaesthetised rats
produced a series of rhythmic bladder voiding
contractions. By examining the cystometrograms of a
number of animals (25 animals) we observed, that the
mean basal frequency of the voiding contractions was
0.81 peaks/min (8.1 peaks in 10 min of observation,
range 6-13 peaks). The mean value of the amplitude of
the basal peaks was 3 1.0 mm Hg (range 16-48 mm Hg).
The basal mean arterial blood pressure amounted to 9
1.4 mm Hg (range 75-128 mm Hg). In 4 control rats used
for evaluation of flupirtine maleate and oxybutynin
hydrochloride intraduodenal administration of vehicle
(0.4 mL/100 g bw hydroxyethylcellulose 0.5%) had no
clear inhibitory effects on bladder contractions in
the observation period of 1 hour. 2-4 times lack of a
single amplitude or maximally 6 min absence of
voiding-contractions were observed in 3 control
animals. The mean contraction amplitude maximally
decreases on average by 11% without changing the
voiding frequency over the time period (by -3%). The
mean arterial blood pressure decreases by 10% (see
table 1).In 6 control rats used for evaluation of
duloxetine hydrochloride intraduodenal administration
of vehicle (0.4 mL/100 g bw hydroxyethylcellulose
0.5%) had no clear inhibitory effects on bladder
contractions in the observation period of 1 hour. 1-4
times lack of a single amplitude or maximally 6 min
absence of voiding-contractions were observed in 3
control animals. The mean contraction amplitude
maximally decreases on average by 12% combined by a
slight reduction of the voiding frequency over the
time period (by 13%). The mean arterial blood pressure
decreases by 11% (see table 2). Tables 3 and 4 show
the effects of flupirtine maleate, oxybutynin
hydrochloride and duloxetine hydrochloride,
respectively, with regard to the presence or absence
of bladder contractions, influence on voiding
frequency and pressure amplitude of each animal tested
in a 55 min time period (starting 5-8 min after
intraduodenal administration of either vehicle or drug
suspension). Figures 1-3 show the effects of different
i.d. doses of flupirtine (1), oxybutynin (2) or
duloxetine (3) on the mean frequency and the mean
amplitude of the rhythmic bladder contractions in
anaesthetised rats. Flupirtine maleate, oxybutynin
hydrochloride and duloxetine hydrochloride were tested
at the dose range 0.1-10 mg/kg by intraduodenal drug
administration as suspensions in aqueous tylose. In
lower doses the onset of the drug action occurred
mainly within 3-5 min resulting in a plateau effect of
20-30 min after drug administration. At higher doses
very often the voiding contractions were fully blocked
with varying length of the time interval starting 3-5
min after drug administration (see tables 3 and 4 as
well as figures 1-3). Flupirtine maleate 0.1 mg/kg
i.d. induced a short block of bladder contraction in 2
out of 3 animals (duration 4 or 8 min, respectively).
No effect on frequency or amplitude of the remaining
contractions could be observed.At the dose 1 mg/kg
i.d. flupirtine maleate lead to a short block of
bladder contraction in 2 out of 3 animals. In one
animal, two blocks were observed, each 4-5 min
duration. In the second animal the contractions were
blocked for 16 min. After re-occurrence of the
contractions in these animals the frequency was
reduced by 17% and 23%, respectively. The amplitude of
the contractions remained unchanged. In the remaining
rat flupirtine maleate (1 mg/kg i.d.) had no influence
on volume-induced bladder contractions. At the dose 3
mg/kg i.d. flupirtine maleate lead to a short block of
bladder contraction in all three animals tested
(duration 5-14 min) combined with a marked decrease in
the mean voiding frequency by 40% of the re-occurring
contractions. In one animal a second episode of
contraction block could be observed at the end of the
observation period. The amplitude of the voiding
contractions remained unchanged. At the dose 10 mg/kg
i.d. flupirtine maleate abolished voiding contractions
in 1/3 animals over the whole observation period. In
the other two rats flupirtine maleate lead to a
partial blockade of bladder contractions (duration 26
or 29 min) starting immediately (3-5 min) after drug
administration. When the rhythmic bladder contractions
reappeared (at the time interval 40-60 min), these
animals showed a reduction of the amplitude of the
peaks by 26% and the voiding frequency by 57%. In all
3 animals flupirtine maleate had no influence on the
mean arterial blood pressure. As in control animals a
slightly decrease of the blood pressure was observed
(by 11%) which therefore could not be attributed to
the drug treatment. Oxybutynin hydrochloride 0.1 mg/kg
i.d. lead to sporadic repetitive blocks of bladder
contraction. In each animal 1-4 episodes of blocked
voiding contractions could be observed, each lasting
4-6 min. The re-occurring contractions were decreased
in the frequency. In addition, short increases of 



the voiding frequency were observed initially or
during the observation period. The mean pressure peaks
of the amplitude were slightly diminishedby 13%. At
the dose 1 mg/kg i.d. oxybutynin hydrochloride induced
sporadic repetitive blocks of bladder contraction (3-6
episodes of block, duration of 4- 30 min). In 2/3
animals this was combined with a marked decrease in
the mean frequency of the remaining contractions by
68%. In the remaining rat two voiding blocks were
observed (2 times, duration 9 and 30 min), starting 3
and 30 min after drug administration. In this animal,
the voiding contraction did not re-appear at the end
of the observation period. The mean pressure peak
amplitude was reduced by 20%. Oxybutynin hydrochloride
(10 mg/kg i.d.) lead to sporadic repetitive blocks of
bladder contraction (minimal to maximal duration 4-30
min) in all animals tested. In all 3 animals in
addition intermittently episodes with increased
contraction frequencies were observed. The mean
frequency averaged over all animals tested was
increased by 22%. The mean pressure peaks of the
amplitude were maximally reduced by 38%. With
oxybutynin hydrochloride a slight fall of the mean
arterial blood pressure was observed (by 24%).
Duloxetine hydrochloride 0.1 mg/kg i.d. (n=3 animals
per group) lead to sporadic repetitive blocks of
bladder contractions. In each animal 2-4 episodes of
blocked voiding contractions could be observed, each
lasting 2- 5 min (minimum-maximum). The mean frequency
averaged over all animals tested was decreased by 47%.
The mean pressure peaks of the amplitude remained at
the same level (slightly increased by 1.7%). The mean
arterial blood pressure was not influenced by the drug
(slightly decreased by 15%). At the dose 1 mg/kg i.d.
duloxetine hydrochloride (n=3 animals per group)
induced sporadic repetitive blocks of bladder
contraction (1-6 episodes of block, duration of 2.5-10
min). In 1/3 animals this was combined with a marked
decrease in the mean frequency of the voiding
contractions by 70%. In two rats the re-occurring
contractions after blockage showed short increases of
the voiding frequency (repetitive bursts) initially or
during theobservation period. The mean frequency
averaged over all animals tested was decreased by 60%.
The mean pressure peaks of the amplitude were slightly
diminished by 5.4%. The mean arterial blood pressure
was not influenced by the drug (slightly decreased by
1.8%). At the dose 3 mg/kg i.d. duloxetine
hydrochloride (n=3 animals per group) induced sporadic
repetitive blocks of bladder contraction (1-2 episodes
of block, duration of 5-28 min). Two of the three
animals react with intermittent episodes with
increased contraction frequencies. In the remaining
rat the voiding frequency decreased slowly and led to
complete cessation of the bladder contractions
starting from the 32nd up to 60th min. The height of
the amplitude remained unchanged. The mean frequency
averaged over all animals tested was slightly
increased (by 2.8%). The mean pressure peaks of the
amplitude were diminished by 14%. The mean arterial
blood pressure was not influenced by the drug
(slightly decreased by 11%). Duloxetine hydrochloride
(10 mg/kg i.d.) led to sporadic repetitive blocks of
bladder contractions (minimal to maximal duration 2-10
min) in 4/5 animals tested. In this four animals in
addition intermittently episodes with increased
contraction frequencies as well as repetitive
micro-contractions (repetitive bursts) or degenerative
irregular contractions could be observed. The mean
blood pressure increased over the whole observation
period. In the remaining rat the high dose of
duloxetine (10 mg/kg) led to a strong increase in the
frequency with maximum value by 110% in the time
period 20-30 th min after drug administration i.d..
Five minutes later, at the time point 35th min, a
reduction of the height of the amplitude started and
blockage of the voiding contractions was observed.
This effect on the voidings was combined with the fall
of mean arterial blood pressure to 0 mm Hg and exitus
of the animal in the 60th min. The mean frequency
averaged over all animals tested was slightly
decreased by 4.8%. The mean pressure peaks of the
amplitude were slightly diminished by 3.4%. This high
dose of duloxetine hydrochloride led to aconsistent
increase in the mean arterial blood pressure (on
average by 21%). In conclusion: The treatment of
animals by a single dose of flupirtine maleate in the
range of 0.1-10 mg/kg i.d. (0.24-23.7 mmol/kg i.d.)
caused a dose-dependent block of the voiding
contractions. The frequency of the reoccurring voiding
contractions was dose dependently reduced. This effect
was not accompanied with a reduction of the pressure
amplitude of the voiding contractions up to a dose of
3 mg/kg i.d. in urethane anaesthetised female rats. At
the high dose 10 mg/kg i.d. the voiding contractions
were blocked with varying time period starting 3-5 min
after drug administration. In addition, 10 mg/kg i.d.
decreased the peaks of the amplitude by 26% and the
voiding frequency by 57%. The efficacy of the
centrally acting analgesic flupirtine maleate on the
bladder function is comparable in potency to that of
oxybutynin hydrochloride, a muscarinergic spasmolytic
drug, but with a different profile of action avoiding
sporadic increases in contraction frequency and
without a strong effect on the amplitude of the
voiding contractions. Duloxetine hydrochloride, which
exhibits a centrally acting compound as well, was also
very active in this model, but increasing the dose
lead again, as already seen with oxybutinin
hydrochloride, to an increase in frequency of small
irregular bladder contractions which is not envisioned
as acceptable drug effect but rather as unwanted side
effect. As can be learned from these results,
flupirtine thus can be seen to be not 



only as effective as but also not inducing the
unwanted effects on the bladder as observed for both,
a drug acting directly on the muscarinic receptors of
the bladder and a drug acting on the central control
mechanisms of micuration.Table 1: Effects of
flupirtine maleate and oxybutynin hydrochloride on
volume-induced rhythmic urinary bladder contractions
(amplitude / frequency) and mean arterial blood
pressure as well as blockade of bladder contraction in
urethane anaesthetised rats after single intraduodenal
administration Legend: Data are presented as mean  sd,
pre and post compound administration in a 20- 60 min
or 30-60 min time period and change in percent from
base value (D%) CB = complete blockade with or without
isolated contractions (contractions were
abolished)block = blockade (min duration) mean BP =
mean arterial Blood Pressure Table 2: Effects of
duloxetine hydrochloride on volume-induced rhythmic
urinary bladder contractions (amplitude / frequency)
and mean arterial blood pressure as well as blockade
of bladder contraction in urethane anaesthetised rats
after single intraduodenal administration Legend: Data
are presented as mean  sd, pre and post compound
administration in a 20- 60 min or 30-60 min time
period and change in percent from base value (D%)
block = blockade (min duration) mean BP = mean
arterial Blood PressureTable 3: Effects of flupirtine
maleate and oxybutynin hydrochloride on rhythmic
urinary bladder contractions in urethane anaesthetised
rats The table shows the presence / absence of bladder
contractions in a 55 min time period (starting 5-8 min
after intraduodenal administration of each
dose)Legend: no block = volume-induced rhythmic
bladder contractions present during 55-60 min
observation period, 2-4 times lack of a single
contraction amplitude, block = blockade,
volume-induced rhythmic bladder contractions abolished
over a time period + or (+) = contractions abolished
during 5-10 min time period, ++ = contractions
abolished during 10-30 min time period, +++ =
contractions abolished during 30-60 min time period
Animal no. = internal number of animal testedTable 4:
Effects of duloxetine hydrochloride on rhythmic
urinary bladder contractions in urethane anaesthetised
rats The table shows the presence /absence of bladder
contractions in a 55 min time period (starting 5-8 min
after intraduodenal administration of each
dose)Legend: no block = volume-induced rhythmic
bladder contractions present during 55-60 min
observation period, 2-4 times lack of a single
contraction amplitude, block = blockade,
volume-induced rhythmic bladder contractions abolished
over a time period + or (+) = contractions abolished
during 5-10 min time period, ++ = contractions
abolished during 10-30 min time period, +++ =
contractions abolished during 30-60 min time period
Animal no. = internal number of animal tested4
DISCUSSION The key symptom of overactive bladder is
the overactivity of the detrusor resulting in urgency
to urinate in the absence of an adequate filling of
the bladder. Therefore, drugs which are reducing the
frequency of voiding contractions of the bladder are
of special interest. However, this effect should not
be accompanied by an effect on the contraction force
since a full bladder contraction is necessary to
achieve a full emptying of the bladder. Both, the
contraction frequency and the muscular force of the
detrusor, can be observed in the model of volume
induced voiding contractions in the anaesthetised rat.
Flupirtine maleate at the dose range 0.1-10 mg/kg
i.d., was active only on the frequency of the voiding,
inducing a complete cessation of bladder contractions
for a time period generally related to the
administered dose. When the contractions reappeared,
on the other hand, contractions had the same amplitude
as before drug administration (basal value). At the
high dose 10 mg/kg i.d. flupirtine maleate blocked
bladder contraction and after recurrence, in addition
to the pronounced decrease in frequency a minor
reduction in amplitude could be also seen. Oxybutynin
hydrochloride induced a decrease in the amplitude of
the pressure peaks, which was often accompanied by an
intermittent increase of the frequency of the
remaining contractions. This frequency increase was
pronounced at the dose of 10 mg/kg The reduction in
the amplitude amounted generally to no more than 60%
of the basal value. At higher doses, also a full block
could be observed. When the contractions reappeared,
however, their amplitude was lower than that shown in
the basal observation period. Duloxetine hydrochloride
(0.1-10 mg/kg i.d.) reduced the voiding frequency
dose-dependently and long lastingly. The reduction in
frequency was accompanied by a temporary full block of
the voiding contractions which increased in duration
with increasing doses in some animals. An effect on
voiding frequency at low doses however was overlaid
with a paradoxicalfrequency increase to be seen at the
highest dose tested. As a result the mean frequency
was not reduced at the higher doses 3.0 and 10 mg/kg
i.d. due to the sporadic increase in the frequency of
the voiding in 2/3 animals and 4/5 animals,
respectively. The mean amplitude of the voiding
contractions was not influenced at the doses 0.1 , 1.0
and 10 mg/kg while at the dose of 3.0 mg/kg, which
resulted in 1/3 animals a full block from 30-60 min,
the mean amplitude of the 3 animals was reduced by
14%. In our tests the threshold dose of duloxetine was
not reached, because already with the dose 0.1 mg/kg
the frequency decreases about 47%. In further
examinations 



the dose 0.01 mg/kg i.d. should be tested to determine
the threshold dose. In pharmacological investigations
aiming at showing the clinically established analgesic
dose flupirtine maleate showed first efficacy at
higher doses (25-50 mg/kg p.o.) in rodents (Jakovlev
et al. 1985, Arzneim. Forsch/Drug Res 35:30-43,1985).
The dose-dependent analgesic effect in the Haffner
test in mice is shown at the dose range 12.5-50 mg/kg
p.o., with an ED50 value of 28 mg/kg p.o.. In the
inflammation induced pain test (Randall-Selitto test)
in rats is flupirtine maleate active with an ED50
value of 39 mg/kg p.o. In the model volume-induced
contractions in urinary bladder flupirtine maleate has
an therapeutic effect at the doses 1-3 mg/kg p.o.
indicating 3-10 fold higher activity of flupirtine in
this model. Flupirtine maleate may thus be active in
humans with overactive bladder at doses below the
doses used to induce analgesic effects. Comparing
flupirtine with oxybutynin and duloxetine, we can
conclude that the three compounds are equipotent,
however with a different profile of the
pharmacological effect. The main effect of flupirtine
maleate was seen affecting the voiding frequency also
resulting in a temporary full block of all
contractions with increase in duration with increasing
doses, while oxybutynin hydrochloride and duloxetine
hydrochloride also affected the frequency, however
accompanied by paradoxic effects resulting in
frequency increases. In addition, a central part of
the activity of oxybutynin hydrochloride was found to
be a reduction in the contraction amplitudeindicating
musculotropic spasmolytic effects which could not be
seen for flupirtine maleate to the same extend. These
data indicate, that flupirtine is a very interesting
drug candidate for the treatment of lower urinary
tract dysfunction, and in addition for the treatment
of IBS.Claims 1. Use of flupirtine or a
pharmacologically acceptable derivative thereof as an
active agent for the manufacture of a medicament for
the treatment, inhibition or prevention of a lower
urinary tract dysfunction or an irritable bowl
syndrome in a mammal. 2. The use of claim 1 wherein
the medicament is for inducing or maintaining bladder
or an irritable bowl syndrome control in a mammal. 3.
The use of claim 1 wherein the medicament is for
treatment, inhibition or prevention of urinary
incontinence in a mammal. 4. The use of claim 3
wherein the urinary incontinence is selected from the
group consisting of urge incontinence, urinary
incontinence which is secondary to prostate
hypertrophy, and urinary incontinence which is mixed
urge and stress incontinence. 5. The use of claim 3
wherein the urinary incontinence is secondary to any
disease resulting in bladder dysfunction, either as a
part of the symptoms of the disease, or as a result of
drug treatment. 6. The use of any one of claims 1-5
wherein the mammal is a human. 7. A use of any one of
claims 1-6 wherein the mammal is a pet animal,
especially a cat or a dog. 8. The use of any one of
claims 1-7, where the active agent is a
pharmacologically acceptable salt or amide.9. The use
of any one of claims 1-8, wherein the active agent is
for administration at a daily dose of between 50 and
1000 mg per day, calculated on the basis of the free
base form of flupirtine. 10. The use of claim 9,
wherein the active agent is for administration at a
daily dose of between 100 and 400 mg per day,
calculated on the basis of the free base form of
flupirtine. 11. The use of any one of claims 1-9,
wherein the medicament is for administration using the
oral route. 12. The use of any one of claims 1-9,
wherein the medicament is for administration using the
parenteral route. 13. A method for the treatment,
inhibition or prevention of a lower urinary tract
dysfunction in a manual the method comprising
administering to a mammal in need thereof a
pharmacological effective amount of flupirtine or
pharmaceutically acceptable derivative thereof. 


