
DIHYDROPYRIDONE AMIDES AS P2X7 MODULATORS This invention pertains to
compounds useful for treatment of diseases associated with P2X purinergic
receptors, and more particularly to P2X7 modulators usable for treatment of
autoimmune and inflammatory diseases. P2X purinergic receptors are
ATP-activiated ionotropic receptors having seven subtypes. The P2X7
receptor subtype (also known as the P2Z receptor) is a ligand-gated ion
channel found on mast cells, peripheral macrophages, lymphocytes,
erythrocytes, fibroblasts and epidermal langerhans cells. Activation of
P2X7 receptor on such immune system cells results in release of
interleukin-lbeta. (Solle et al., J. Biol. Chemistry 276,125-132, (2001)).
The P2X7 receptor is also found on microglia, Schwann cells and astrocytes
within the central nervous system (Donnelly-Roberts et al., Br. J.
Pharmacol. 151, 571-579 (2007)). Antagonists of P2X7 have been showned to
block P2X7-mediated IL-lbeta release and P2X7-mediated cation flux (Stokes
et al., Br. J. Pharmacol. 149, 880-887 (2006)). Mice lacking the P2X7
receptor show a lack of inflammatory and neuropathic hypersensitivity to
mechanical and thermal stimuli (Chessell et al., Pain 114, 386-396 (2005)).
P2X7 is thus believed to have a role in inflammatory responses (Ferrari et
al., J. Immunol. 176, 3877-3883 (2006)) and in the onset and persistence of
chronic pain (Honore et al., J. Pharmacol. Ex. Ther. 319, 1376-1385
(2006b)). Modulators of the P2X7 receptor thus may have utility in the
treatment of disease states such as rheumatoid arthritis, osteoarthritis,
psoriasis, allergic dermatitis, asthma, chronic obstructive pulmonary
disease, airways hyper-responsiveness, septic shock, glomerulonephritis,
irritable bowel disease, diabetes and Crohn's disease. P2X7 modulators may
also be useful for treatment of pain, including chronic pain, neuropathic
pain, and pain associated inflammatory processes and degenerative
conditions. There is accordingly a need for compounds that act as
modulators of P2X receptors, including antagonists of P2X7 receptor, as
well as a need for methods of treating diseases, conditions and disorders
mediated by P2X7 The present invention satisfies these needs as well as
others. The invention provides compounds of the formula I :- J - or
pharmaceutically acceptable salts thereof, wherein: m is 0 or 1; n is 0 or
1; R1 is: optionally substituted aryl; optionally substituted heteroaryl;
or adamantyl; R2 is: optionally substituted aryl; optionally substituted
heteroaryl; C3-6cycloalkyl; or C3-6 branched alkyl; and R3, R4 and R5 each
independently is: hydrogen; or Ci-ealkyl. The invention also provides and
pharmaceutical compositions comprising the compounds, methods of using the
compounds, and methods of preparing the compounds. Definitions Unless
otherwise stated, the following terms used in this Application, including
the specification and claims, have the definitions given below. It must be
noted that, as used in the specification and the appended claims, the
singular forms "a", "an," and "the" include plural referents unless the
context clearly dictates otherwise. "Agonist" refers to a compound that
enhances the activity of another compound or receptor site. "Alkyl" means
the monovalent linear or branched saturated hydrocarbon moiety, consisting
solely of carbon and hydrogen atoms, having from one to twelve carbon
atoms. "Lower alkyl" refers to an alkyl group of one to six carbon atoms,
i.e. Ci-C alkyl. Examples of alkylgroups include, but are not limited to,
methyl, ethyl, propyl, isopropyl, isobutyl, sec-butyl, tert-butyl, pentyl,
n-hexyl, octyl, dodecyl, and the like. "Alkenyl" means a linear monovalent
hydrocarbon radical of two to six carbon atoms or a branched monovalent
hydrocarbon radical of three to six carbon atoms, containing at least one
double bond, e.g., ethenyl, propenyl, and the like. "Alkynyl" means a
linear monovalent hydrocarbon radical of two to six carbon atoms or a
branched monovalent hydrocarbon radical of three to six carbon atoms,
containing at least one triple bond, e.g., ethynyl, propynyl, and the like.
"Alkylene" means a linear saturated divalent hydrocarbon radical of one to
six carbon atoms or a branched saturated divalent hydrocarbon radical of
three to six carbon atoms, e.g., methylene, ethylene, 2,2-dimethylethylene,
propylene, 2-methylpropylene, butylene, pentylene, and the like. "Alkoxy"
and "alkyloxy", which may be used interchangeably, mean a moiety of the
formula -OR, wherein R is an alkyl moiety as defined herein. Examples of
alkoxy moieties include, but are not limited to, methoxy, ethoxy,
isopropoxy, and the like. "Alkoxyalkyl" means a moiety of the formula
Ra-O-R b- , where Ra is alkyl and Rb is 



alkylene as defined herein. Exemplary alkoxyalkyl groups include, by way of
example, 2- methoxyethyl, 3-methoxypropyl, l-methyl-2-methoxyethyl,
l-(2-methoxyethyl)-3- methoxypropyl, and
l-(2-methoxyethyl)-3-methoxypropyl. "Alkylcarbonyl" means a moiety of the
formula -R'-R", where R' is oxo and R" is alkyl as defined herein.
"Alkylsulfonyl" means a moiety of the formula -R'-R", where R' is -SO2- and
R" is alkyl as defined herein. "Alkylsulfonylalkyl means a moiety of the
formula -R'-R"-R'" where where R' is alkylene, R" is -SO2- and R'" is alkyl
as defined herein. "Amino means a moiety of the formula -NRR' wherein R and
R' each independently is hyrdogen or alkyl as defined herein. "Amino thus
includes "alkylamino (where one of R and R' is alkyl and the other is
hydrogen) and "dialkylamino (where R and R' are both alkyl. "Alkoxyamino"
means a moiety of the formula -NR-OR' wherein R is hydrogen or alkyl and R'
is alkyl as defined herein. "Alkylsulfanyl" means a moiety of the formula
-SR wherein R is alkyl as defined herein. "Aminoalkyl" means a group -R-R'
wherein R' is amino and R is alkylene as defined herein. "Aminoalkyl"
includes aminomethyl, aminoethyl, 1-aminopropyl, 2-aminopropyl, and the-
Alike. The amino moiety of "aminoalkyl" may be substituted once or twice
with alkyl to provide "alkylaminoalkyl" and "dialkylaminoalkyl"
respectively. "Alkylaminoalkyl" includes methylaminomethyl,
methylaminoethyl, methylaminopropyl, ethylaminoethyl and the like.
"Dialkylaminoalkyl" includes dimethylaminomethyl, dimethylaminoethyl,
dimethylaminopropyl, N-methyl-N-ethylaminoethyl, and the like.
"Aminoalkoxy" means a group -OR-R' wherein R' is amino and R is alkylene as
defined herein. "Alkylsulfonylamido" means a moiety of the formula -NR SO
-R wherein R is alkyl and R' is hydrogen or alkyl. "Aminocarbonyloxyalkyl"
or "carbamylalkyl" means a group of the formula -R-O-C(O)- NR'R" wherein R
is alkylene and R', R" each independently is hydrogen or alkyl as defined
herein. "Alkynylalkoxy" means a group of the formula -O-R-R' wherein R is
alkylene and R' is alkynyl as defined herein. "Antagonist" refers to a
compound that diminishes or prevents the action of another compound or
receptor site. "Aryl" means a monovalent cyclic aromatic hydrocarbon moiety
consisting of a mono-, bi- or tricyclic aromatic ring. The aryl group can
be optionally substituted as defined herein. Examples of aryl moieties
include, but are not limited to, phenyl, naphthyl, phenanthryl, fluorenyl,
indenyl, pentalenyl, azulenyl, oxydiphenyl, biphenyl, methylenediphenyl,
aminodiphenyl, diphenylsulfidyl, diphenylsulfonyl, diphenylisopropylidenyl,
benzodioxanyl, benzofuranyl, benzodioxylyl, benzopyranyl, benzoxazinyl,
benzoxazinonyl, benzopiperadinyl, benzopiperazinyl, benzopyrrolidinyl,
benzomorpholinyl, methylenedioxyphenyl, ethylenedioxyphenyl, and the like,
including partially hydrogenated derivatives thereof, each being optionally
substituted. "Arylalkyl" and "Aralkyl", which may be used interchangeably,
mean a radical-RaRb where Ra is an alkylene group and Rb is an aryl group
as defined herein; e.g., phenylalkyls such as benzyl, phenylethyl,
3-(3-chlorophenyl)-2-methylpentyl, and the like are examples of arylalkyl.
"Arylsulfonyl means a group of the formula -SO -R wherein R is aryl as
defined herein. "Aryloxy" means a group of the formula -0-R wherein R is
aryl as defined herein. "Aralkyloxy" means a group of the formula -O-R-R"
wherein R is alkylene and R' is aryl as defined herein."Cyanoalkyl" " means
a moiety of the formula -R'-R", where R' is alkylene as defined herein and
R" is cyano or nitrile. "Cycloalkyl" means a monovalent saturated
carbocyclic moiety consisting of mono- or bicyclic rings. Cycloalkyl can
optionally be substituted with one or more substituents, wherein each
substituent is independently hydroxy, alkyl, alkoxy, halo, haloalkyl,
amino, monoalkylamino, or dialkylamino, unless otherwise specifically
indicated. Examples of cycloalkyl moieties include, but are not limited to,
cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, cycloheptyl, and the
like, including partially unsaturated derivatives thereof.
"Cycloalkylalkyl" means a moiety of the formula -R'-R", where R' is
alkylene and R" is cycloalkyl as defined herein. "Heteroalkyl" means an
alkyl radical as defined herein wherein one, two or three hydrogen atoms
have been replaced with a substituent independently selected from the group
consisting of -ORa, -NRbRc, and -S(O) nRd (where n is an integer from 0 to
2), with the understanding that the point of attachment of the heteroalkyl
radical is through a carbon atom, wherein Ra is hydrogen, acyl, alkyl,
cycloalkyl, or cycloalkylalkyl; Rb and Rc are independently of each other
hydrogen, acyl, alkyl, cycloalkyl, or cycloalkylalkyl; and when n is 0, Rd
is hydrogen, alkyl, cycloalkyl, or cycloalkylalkyl, and when n is 1 or 2,
Rd is alkyl, cycloalkyl, cycloalkylalkyl, amino, acylamino, monoalkylamino,
or dialkylamino. Representative examples include, but are not limited to,
2-hydroxyethyl, 3-hydroxypropyl, 2-hydroxy-lhydroxymethylethyl,
2,3-dihydroxypropyl, 1-hydroxymethylethyl, 3-hydroxybutyl, 2,3-
dihydroxybutyl, 2-hydroxy-l-methylpropyl, 2-aminoethyl, 3-aminopropyl, 2-
methylsulfonylethyl, aminosulfonylmethyl, aminosulfonylethyl,
aminosulfonylpropyl, methylaminosulfonylmethyl, methylaminosulfonylethyl,
methylaminosulfonylpropyl, and the 



like. "Heteroaryl" means a monocyclic or bicyclic radical of 5 to 12 ring
atoms having at least one aromatic ring containing one, two, or three ring
heteroatoms selected from N, O, or S, the remaining ring atoms being C,
with the understanding that the attachment point of the heteroaryl radical
will be on an aromatic ring. The heteroaryl ring may be optionally
substituted as defined herein. Examples of heteroaryl moieties include, but
are not limited to, optionally substituted imidazolyl, oxazolyl,
isoxazolyl, thiazolyl, isothiazolyl, oxadiazolyl, thiadiazolyl, pyrazinyl,
thienyl, benzothienyl, thiophenyl, furanyl, pyranyl, pyridyl, pyrrolyl,
pyrazolyl, pyrimidyl, quinolinyl, isoquinolinyl, benzofuryl,
benzothiophenyl, benzothiopyranyl, benzimidazolyl, benzooxazolyl,
benzooxadiazolyl, benzothiazolyl,benzothiadiazolyl, benzopyranyl, indolyl,
isoindolyl, triazolyl, triazinyl, quinoxalinyl, purinyl, quinazolinyl,
quinolizinyl, naphthyridinyl, pteridinyl, carbazolyl, azepinyl, diazepinyl,
acridinyl and the like, including partially hydrogenated derivatives
thereof, each optionally substituted. Heteroarylalkyl" or "heteroaralkyl"
means a group of the formula -R-R' wherein R is alkylene and R' is
heteroaryl as defined herein. "Heteroarylsulfonyl means a group of the
formula -SO -R wherein R is heteroaryl as defined herein. "Heteroaryloxy"
means a group of the formula -O-R wherein R is heteroaryl as defined
herein. "Heteroaralkyloxy" means a group of the formula -0-R-R" wherein R
is alkylene and R' is heteroaryl as defined herein. The terms "halo",
"halogen" and "halide", which may be used interchangeably, refer to a
substituent fluoro, chloro, bromo, or iodo. "Haloalkyl" means alkyl as
defined herein in which one or more hydrogen has been replaced with same or
different halogen. Exemplary haloalkyls include -CH Cl, -CH 2CF3, -CH
2CCl3, perfluoroalkyl (e.g., -CF 3), and the like. "Haloalkoxy" means a
moiety of the formula -OR, wherein R is a haloalkyl moiety as defined
herein. An exemplary haloalkoxy is difluoromethoxy. "Heterocycloamino"
means a saturated ring wherein at least one ring atom is N,NH or Nalkyl and
the remaining ring atoms form an alkylene group. "Heterocyclyl" means a
monovalent saturated moiety, consisting of one to three rings,
incorporating one, two, or three or four heteroatoms (chosen from nitrogen,
oxygen or sulfur). The heterocyclyl ring may be optionally substituted as
defined herein. Examples of heterocyclyl moieties include, but are not
limited to, optionally substituted piperidinyl, piperazinyl,
homopiperazinyl, azepinyl, pyrrolidinyl, pyrazolidinyl, imidazolinyl,
imidazolidinyl, pyridinyl, pyridazinyl, pyrimidinyl, oxazolidinyl,
isoxazolidinyl, morpholinyl, thiazolidinyl, isothiazolidinyl,
quinuclidinyl, quinolinyl, isoquinolinyl, benzimidazolyl,
thiadiazolylidinyl, benzothiazolidinyl, benzoazolylidinyl, dihydrofuryl,
tetrahydrofuryl, dihydropyranyl, tetrahydropyranyl, thiamorpholinyl,
thiamorpholinylsulfoxide, thiamorpholinylsulfone, dihydroquinolinyl,
dihydrisoquinolinyl, tetrahydroquinolinyl, tetrahydrisoquinolinyl, and the
like."Heterocyclylalkyl" means a moiety of the formula -R-R' wherein R is
alkylene and R' is heterocyclyl as defined herein. "Heterocyclyloxy" means
a moiety of the formula -OR wherein R is heterocyclyl as defined herein.
"Heterocyclylalkoxy" means a moiety of the formula -OR-R' wherein R is
alkylene and R' is heterocyclyl as defined herein. "Hydroxyalkoxy" means a
moiety of the formula -OR wherein R is hydroxyalkyl as defined herein.
"Hydroxyalkylamino" means a moiety of the formula -NR-R' wherein R is
hydrogen or alkyl and R' is hydroxyalkyl as defined herein.
"Hydroxyalkylaminoalkyl" means a moiety of the formula -R-NR'-R" wherein R
is alkylene, R' is hydrogen or alkyl, and R" is hydroxyalkyl as defined
herein. "Hydroxycarbonylalkyl" or "carboxyalkyl" means a group of the
formula -R-(CO)-OH where R is alkylene as defined herein.
"Hydroxyalkyloxycarbonylalkyl" or "hydroxyalkoxycarbonylalkyl" means a
group of the formula -R-C(O)-O-R-OH wherein each R is alkylene and may be
the same or different. "Hydroxyalkyl" means an alkyl moiety as defined
herein, substituted with one or more, preferably one, two or three hydroxy
groups, provided that the same carbon atom does not carry more than one
hydroxy group. Representative examples include, but are not limited to,
hydroxymethyl, 2-hydroxyethyl, 2-hydroxypropyl, 3-hydroxypropyl,
l-(hydroxymethyl)-2- methylpropyl, 2-hydroxybutyl, 3-hydroxybutyl,
4-hydroxybutyl, 2,3-dihydroxypropyl, 2- hydroxy-1-hydroxymethylethyl,
2,3-dihydroxybutyl, 3,4-dihydroxybutyl and 2-(hydroxymethyl)-3
-hydroxypropyl "HydroxycycIoalkyl" means a cycloalkyl moiety as defined
herein wherein one, two or three hydrogen atoms in the cycloalkyl radical
have been replaced with a hydroxy substituent. Representative examples
include, but are not limited to, 2-, 3-, or 4-hydroxycyclohexyl, and the
like. "Urea'Or "ureido" means a group of the formula -NR'-C(0)-NR"R"'
wherein R', R" and R'" each independently is hydrogen or alkyl. "Carbamate"
means a group of the formula -0-C(0)-NR'R" wherein R' and R" each
independently is hydrogen or alkyl. "Carboxy" means a group of the formula
-0-C(O)-OH."Sulfonamido" means a group of the formula -SO2-NR R" wherein
R', R" and R'" each 



independently is hydrogen or alkyl. "Optionally substituted", when used in
association with "aryl", phenyl", "heteroaryl" "cycloalkyl" or
"heterocyclyl", means an aryl, phenyl, heteroaryl, cycloalkyl or
heterocyclyl which is optionally substituted independently with one to four
substituents, preferably one or two substituents selected from alkyl,
cycloalkyl, cycloalkylalkyl, heteroalkyl, hydroxyalkyl, halo, nitro, cyano,
hydroxy, alkoxy, amino, acylamino, mono-alkylamino, di-alkylamino,
haloalkyl, haloalkoxy, heteroalkyl, -COR, -SO R (where R is hydrogen,
alkyl, phenyl or phenylalkyl), -(CR'R") n -COOR (where n is an integer from
Oto 5, R' and R" are independently hydrogen or alkyl, and R is hydrogen,
alkyl, cycloalkyl, cycloalkylalkyl, phenyl or phenylalkyl), or -(CR'R") n
-C0NR aRb (where n is an integer from 0 to 5, R' and R" are independently
hydrogen or alkyl, and Ra and R are, independently of each other, hydrogen,
alkyl, cycloalkyl, cycloalkylalkyl, phenyl or phenylalkyl). Certain
preferred optional substituents for "aryl", phenyl", "heteroaryl"
"cycloalkyl" or "heterocyclyl" include alkyl, halo, haloalkyl, alkoxy,
cyano, amino and alkylsulfonyl. More preferred substituents are methyl,
fluoro, chloro, trifiuoromethyl, methoxy, amino and methanesulfonyl.
"Leaving group" means the group with the meaning conventionally associated
with it in synthetic organic chemistry, i.e., an atom or group displaceable
under substitution reaction conditions. Examples of leaving groups include,
but are not limited to, halogen, alkane- or arylenesulfonyloxy, such as
methanesulfonyloxy, ethanesulfonyloxy, thiomethyl, benzenesulfonyloxy,
tosyloxy, and thienyloxy, dihalophosphinoyloxy, optionally substituted
benzyloxy, isopropyloxy, acyloxy, and the like. "Modulator" means a
molecule that interacts with a target. The interactions include, but are
not limited to, agonist, antagonist, and the like, as defined herein.
"Optional" or "optionally" means that the subsequently described event or
circumstance may but need not occur, and that the description includes
instances where the event or circumstance occurs and instances in which it
does not. "Disease" and "Disease state" means any disease, condition,
symptom, disorder or indication. "Inert organic solvent" or "inert solvent"
means the solvent is inert under the conditions of the reaction being
described in conjunction therewith, including for example, benzene,
toluene, acetonitrile, tetrahydrofuran, N,N-dimethylformamide, chloroform,
methylene chloride or dichloromethane, dichloroethane, diethyl ether, ethyl
acetate, acetone, methylethyl ketone, methanol, ethanol, propanol,
isopropanol, tert-bntanol, dioxane, pyridine, and the like. Unless
specified to the contrary, the solvents used in the reactions of the
present invention are inert solvents. "Pharmaceutically acceptable" means
that which is useful in preparing a pharmaceutical composition that is
generally safe, non-toxic, and neither biologically nor otherwise
undesirable and includes that which is acceptable for veterinary as well as
human pharmaceutical use. "Pharmaceutically acceptable salts" of a compound
means salts that are pharmaceutically acceptable, as defined herein, and
that possess the desired pharmacological activity of the parent compound.
Such salts include: acid addition salts formed with inorganic acids such as
hydrochloric acid, hydrobromic acid, sulfuric acid, nitric acid, phosphoric
acid, and the like; or formed with organic acids such as acetic acid,
benzenesulfonic acid, benzoic, camphorsulfonic acid, citric acid,
ethanesulfonic acid, fumaric acid, glucoheptonic acid, gluconic acid,
glutamic acid, glycolic acid, hydroxynaphtoic acid, 2-hydroxyethanesulfonic
acid, lactic acid, maleic acid, malic acid, malonic acid, mandelic acid,
methanesulfonic acid, muconic acid, 2- naphthalenesulfonic acid, propionic
acid, salicylic acid, succinic acid, tartaric acid, ptoluenesulfonic acid,
trimethylacetic acid, and the like; or salts formed when an acidic proton
present in the parent compound either is replaced by a metal ion, e.g., an
alkali metal ion, an alkaline earth ion, or an aluminum ion; or coordinates
with an organic or inorganic base. Acceptable organic bases include
diethanolamine, ethanolamine, N-methylgluc amine, triethanolamine,
tromethamine, and the like. Acceptable inorganic bases include aluminum
hydroxide, calcium hydroxide, potassium hydroxide, sodium carbonate and
sodium hydroxide. The preferred pharmaceutically acceptable salts are the
salts formed from acetic acid, hydrochloric acid, sulphuric acid,
methanesulfonic acid, maleic acid, phosphoric acid, tartaric acid, citric
acid, sodium, potassium, calcium, zinc, and magnesium. It should be
understood that all references to pharmaceutically acceptable salts include
solvent addition forms (solvates) or crystal forms (polymorphs) as defined
herein, of the same acid addition salt. "Protective group" or "protecting
group" means the group which selectively blocks one reactive site in a
multifunctional compound such that a chemical reaction can be carried out
selectively at another unprotected reactive site in the meaning
conventionally associated withit in synthetic chemistry. Certain processes
of this invention rely upon the protective groups to block reactive
nitrogen and/or oxygen atoms present in the reactants. For example, the
terms "amino-protecting group" and "nitrogen protecting group" are used
interchangeably herein and refer to those organic groups intended to
protect the nitrogen atom against undesirable reactions during synthetic
procedures. Exemplary nitrogen protecting groups include, but are not
limited to, trifluoroacetyl, acetamido, benzyl (Bn), benzyloxycarbonyl
(carbobenzyloxy, CBZ), p-methoxybenzyloxycarbonyl,
p-nitrobenzyloxycarbonyl, tertbutoxycarbonyl (BOC), and the like. The
artisan in the art will know how to chose a group for the ease of removal
and for the ability to withstand the following reactions. "Solvates" means
solvent additions forms that contain either stoichiometric or non 



stoichiometric amounts of solvent. Some compounds have a tendency to trap a
fixed molar ratio of solvent molecules in the crystalline solid state, thus
forming a solvate. If the solvent is water the solvate formed is a hydrate,
when the solvent is alcohol, the solvate formed is an alcoholate. Hydrates
are formed by the combination of one or more molecules of water with one of
the substances in which the water retains its molecular state as H O, such
combination being able to form one or more hydrate. "Subject" means mammals
and non-mammals. Mammals means any member of the mammalia class including,
but not limited to, humans; non-human primates such as chimpanzees and
other apes and monkey species; farm animals such as cattle, horses, sheep,
goats, and swine; domestic animals such as rabbits, dogs, and cats;
laboratory animals including rodents, such as rats, mice, and guinea pigs;
and the like. Examples of nonmammals include, but are not limited to,
birds, and the like. The term "subject" does not denote a particular age or
sex. "Disorders of the urinary tract" or "uropathy" used interchangeably
with "symptoms of the urinary tract" means the pathologic changes in the
urinary tract. Examples of urinary tract disorders include, but are not
limited to, incontinence, benign prostatic hypertrophy (BPH), prostatitis,
detrusor hyperreflexia, outlet obstruction, urinary frequency, nocturia,
urinary urgency, overactive bladder, pelvic hypersensitivity, urge
incontinence, urethritis, prostatodynia, cystitis, idiophatic bladder
hypersensitivity, and the like. "Disease states associated with the urinary
tract" or "urinary tract disease states" or "uropathy" used interchangeably
with "symptoms of the urinary tract" mean the pathologic changes in the
urinary tract, or dysfunction of urinary bladder smooth muscle or its
innervation causing disordered urinary storage or voiding. Symptoms of the
urinary tractinclude, but are not limited to, overactive bladder (also
known as detrusor hyperactivity), outlet obstruction, outlet insufficiency,
and pelvic hypersensitivity. "Overactive bladder" or "detrusor
hyperactivity" includes, but is not limited to, the changes symptomatically
manifested as urgency, frequency, altered bladder capacity, incontinence,
micturition threshold, unstable bladder contractions, sphincteric
spasticity, detrusor hyperreflexia (neurogenic bladder), detrusor
instability, and the like. "Outlet obstruction" includes, but is not
limited to, benign prostatic hypertrophy (BPH), urethral stricture disease,
tumors, low flow rates, difficulty in initiating urination, urgency,
suprapubic pain, and the like. "Outlet insufficiency" includes, but is not
limited to, urethral hypermobility, intrinsic sphincteric deficiency, mixed
incontinence, stress incontinence, and the like. "Pelvic Hypersensitivity"
includes, but is not limited to, pelvic pain, interstitial (cell) cystitis,
prostatodynia, prostatitis, vulvadynia, urethritis, orchidalgia, overactive
bladder, and the like. "Respiratory disorder" refers to, without
limitation, chronic obstructive pulmonary disease (COPD), asthma,
bronchospasm, and the like. "Gastrointestinal disorder" ("GI disorder")
refers to, without limitation, Irritable Bowel Syndrome (IBS), Inflammatory
Bowel Disease (IBD), biliary colic and other biliary disorders, renal
colic, diarrhea-dominant IBS, pain associated with GI distension, and the
like. "Pain" includes, without limitation, inflammatory pain; surgical
pain; visceral pain; dental pain; premenstrual pain; central pain; pain due
to burns; migraine or cluster headaches; nerve injury; neuritis;
neuralgias; poisoning; ischemic injury; interstitial cystitis; cancer pain;
viral, parasitic or bacterial infection; post-traumatic injury; or pain
associated with irritable bowel syndrome. "Therapeutically effective
amount" means an amount of a compound that, when administered to a subject
for treating a disease state, is sufficient to effect such treatment for
the disease state. The "therapeutically effective amount" will vary
depending on the compound, disease state being treated, the severity or the
disease treated, the age and relative health of the subject, the route and
form of administration, the judgment of the attending medical or veterinary
practitioner, and other factors. The terms "those defined above" and "those
defined herein" when referring to a variable incorporates by reference the
broad definition of the variable as well as preferred, more preferred and
most preferred definitions, if any. "Treating" or "treatment" of a disease
state includes:(i) preventing the disease state, i.e. causing the clinical
symptoms of the disease state not to develop in a subject that may be
exposed to or predisposed to the disease state, but does not yet experience
or display symptoms of the disease state. (ii) inhibiting the disease
state, i.e., arresting the development of the disease state or its clinical
symptoms, or (iii) relieving the disease state , i.e., causing temporary or
permanent regression of the disease state or its clinical symptoms. The
terms "treating", "contacting" and "reacting" when referring to a chemical
reaction means adding or mixing two or more reagents under appropriate
conditions to produce the indicated and/or the desired product. It should
be appreciated that the reaction which produces the indicated and/or the
desired product may not necessarily result directly from the combination of
two reagents which were initially added, i.e., there may be one or more
intermediates which are produced in the mixture which ultimately leads to
the formation of the indicated and/or the desired product. Nomenclature and
Structures In general, the nomenclature used in this Application is based
on AUTONOM(tm) v.4.0, a Beilstein Institute computerized system for the
generation of IUPAC systematic 



nomenclature. Chemical structures shown herein were prepared using ISIS(r)
version 2.2. Any open valency appearing on a carbon, oxygen sulfur or
nitrogen atom in the structures herein indicates the presence of a hydrogen
atom unless indicated otherwise. Where a nitrogen-containing heteroaryl
ring is shown with an open valency on a nitrogen atom, and variables such
as Ra, Rb or Rc are shown on the heteroaryl ring, such variables may be
bound or joined to the open valency nitrogen. Where a chiral center exists
in a structure but no specific stereochemistry is shown for the chiral
center, both enantiomers associated with the chiral center are encompassed
by the structure. Where a structure shown herein may exist in multiple
tautomeric forms, all such tautomers are encompassed by the structure. All
patents and publications identified herein are incorporated herein by
reference in their entirety.Compounds of the Invention The invention
provides compounds of the formula I : or pharmaceutically acceptable salts
thereof, wherein: m is Oor 1; n is Oor 1; R1 is: optionally substituted
aryl; optionally substituted heteroaryl; or adamantyl; R2 is: optionally
substituted aryl; optionally substituted heteroaryl; C3-6cycloalkyl; or
C3-6 branched alkyl; and R3, R4 and R5 each independently is: hydrogen; or
Ci_6alkyl. In certain embodiments of formula I, R3, R4 and R5 are hydrogen.
In certain embodiments of formula I, m is 0 . In certain embodiments of
formula I, n is 0. In certain embodiments of formula I, R3 is hydrogen. In
certain embodiments of formula I, R4 is hydrogen. In certain embodiments of
formula I, R5 is hydrogen. In certain embodiments of formula I, R1 is
optionally substituted aryl. In certain embodiments of formula I, R1 is
optionally substituted phenyl.In certain embodiments of formula I, R1 is
phenyl optionally substituted one, two, three or four times with a
substituent or substituents each independently selected from: halo; C1-
alkyl; Ci- alkoxy; halo-Ci- alkyl; halo-Ci- alkoxy; Ci- alkylsulfonyl;
Ci-6alkylsulfanyl; C1- alkylsulfinyl; phenylsulfonyl wherein the phenyl
portion is optionally substituted with C1- alkyl; nitrile; hydroxy;
alkylcarbonyl; aminocarbonyl; alkoxycarbonyl; alkoxycarbonylalkoxy;
hydroxycarbonyl; hydroxycarbonylalkoxy; alkylaminocarbonylalkoxy;
alkoxyalkoxy; hydroxyalkoxy; alkylaminoalkoxy; alkylsulfonylalkoxy;
hydroxyalkyl; C3_6Cycloalkyl-Ci_6alkoxy; amino; aminoalkyl; C1- alkenyl; d
- alkynyl; or nitro; or two adjacent substituents may form a
Ci-2alkylenedioxy or halo-Ci-2alkylenedioxy. In certain embodiments of
formula I, R1 is phenyl substituted one, two, three or four times with a
substituent or substituents each independently selected from: fluoro;
chloro; bromo; iodo; methyl; ethyl; methoxy; ethoxy; trifluoromethyl;
difiuoromethoxy; methanesulfonyl; methanesulfanyl; methanesulfmyl;
toluenesulfonyl; nitrile; acetyl; aminocarbonyl; methoxycarbonyl;
methoxycarbonylmethoxy; carboxy; hydroxycarbonylmethoxy;
methylaminocarbonylmethoxy; methoxyethoxy; hydroxyethoxy;
methylaminoethoxy; methanesulfonylpropyloxy; hydroxymethyl; hydroxy ethyl;
cyclopropylmethoxy; amino; or nitro; or two adjacent substituents may form
methylenedioxy, ethylenedioxy or difluoromethylenedioxy. In certain
embodiments of formula I, R1 is phenyl substituted one, two, three or four
times with a substituent or substituents each independently selected from:
halo; Ci ealkyl; C1- alkoxy; halo-Ci ealkyl; halo-Ci ealkoxy; Ci
ealkylsulfonyl; nitrile; alkoxyalkoxy; hydroxyalkoxy; alkylsulfonylalkoxy;
hydroxyalkyl; or C3_6Cycloalkyl-Ci_6alkoxy. In certain embodiments of
formula I, R1 is phenyl substituted one, two, three or four times with a
substituent or substituents each independently selected from: fluoro;
chloro; bromo; iodo; methyl; ethyl; methoxy; ethoxy; trifluoromethyl;
difiuoromethoxy; methanesulfonyl; nitrile; methoxyethoxy; hydroxyethoxy;
hydroxymethyl; hydroxyethyl; or cyclopropylmethoxy. In certain embodiments
of formula I, R1 is phenyl optionally substituted one, two or three times
with a substituent or substituents each independently selected from:
fluoro; chloro; bromo; methyl; ethyl; methoxy; ethoxy; trifluoromethyl;
difiuoromethoxy; nitrile; methoxyethoxy; hydroxyethoxy; hydroxymethyl;
hydroxyethyl; or cyclopropylmethoxy.In certain embodiments of formula I, R1
is: 2-bromo-4,5-dimethoxy-phenyl; 2-bromo-4- chloro-5-methoxy-phenyl;
2-bromo-4-fluoro-5-methoxy-phenyl; 2,4-dichloro-5-methoxyphenyl;
2-bromo-5-methoxy-4-trifluoromethyl-phenyl; 2-bromo-4,5-dichloro-phenyl; 2-
bromo-4-chloro-5-iodo-phenyl; 2-bromo-4-chloro-5-trifiuoromethyl-phenyl;
2-bromo-5- methoxy-4-methyl-phenyl; 2-isopropyl-4,5-dimethoxy-phenyl;
2-bromo-4-chloro-5- methanesulfanyl-phenyl;
2-bromo-4-chloro-5-methanesulfonyl-phenyl; 2-bromo-4-chloro-5- 



methanesulfinyl-phenyl; 2-bromo-4-chloro-5-fiuoro-phenyl;
2-bromro-5-methoxy-phenyl; 2- bromo-5-methoxy-4-methoxycarbonyl-phenyl;
2-bromo-4-chloro-5-hydroxy-phenyl; 2-
bromo-4-chloro-5-(methylamino-carbonyl-methyoxy)-phenyl;
2-methyl-4,5-dimethoxyphenyl; 2-bromo-4-chloro-5-methoxycarbonyl-phenyl;
2-bromo-4-methanesulfonyl-5- methoxy-phenyl;
2-bromo-4-methyl-5-methoxy-phenyl; 2-bromo-4-chloro-5-
(methoxycarbonyl-methoxy)-phenyl;
2-bromo-4-chloro-5-(hydroxycarbonyl-methoxy)- phenyl;
2-bromo-4-chloro-5-(2-methoxyethoxy)-phenyl; 4,5-dimethoxy-phenyl;
2-fluoro-4-chloro-5-methoxy-phenyl; 2-bromo-4-methoxycarbonyl-5-
methoxy-phenyl;6-bromo-benzo[l ,3]dioxol-5-yl;
2-bromo-4-chloro-5-(2-hydroxyethoxy)- phenyl;
2-bromo-4-difluoromethoxy-5-methoxy-phenyl; 5-methoxy-4-methyl-phenyl;
2-bromo-4-chloro-5-(2-methylamino-ethoxy)-phenyl; 2-bromo-
4-cyano-5-methyl-phenyl; 2-fiuoro-4-methyl-5-methoxy-phenyl;
2-bromo-4-chloro-5-acetylphenyl; 5-methoxy-2-methyl-phenyl;
2-bromo-4-chloro-5-(3-methanesulfonyl-propoxy)- phenyl;
2-bromo-5-methoxy-4-(tert-butoxycarbonyl)-phenyl;
5-methanesulfonyl-2-methoxy-phenyl; 2-bromo-4-chloro-5-(l
-hydroxyethyl)-phenyl; 2- fluoro-5-(2-hydroxyethoxy)-4-methyl-phenyl;
2-bromo-5-methoxy-4-aminocarbonyl-phenyl; 6-bromo-2,2-difiuoro-benzo[l
,3]dioxol-5-yl; 2,6-difluoro-phenyl; 2-bromo-4-cyano-5- methoxy-phenyl;
2,5-dimethoxy-phenyl; 3-methoxycarbonyl-2-methyl-phenyl; 3-methoxyphenyl;
4-methoxy-phenyl; 2,4-dimethoxy-phenyl; 4-chloro-5-methoxy-phenyl;
4-fluoro-5- methoxy-phenyl;
2-bromo-4-methyl-5-(tert-butoxycarbonyl)-phenyl; 3,4,5-trimethoxyphenyl;
2-bromo-4,6-difluoro-phenyl; 2-ethyl-4,5-dimethoxy-phenyl;
2-bromo-4-methoxyphenyl; 4-chloro-5-(2-hydroxyethoxy)-2-methyl-phenyl;
3-methoxycarbonyl-2-methylphenyl; 2,5-dimethyl-phenyl;
2-bromo-5-methoxy-phenyl; 2,3-dimethyl-phenyl; 2-bromo-4-
chloro-5-hydroxymethyl-phenyl; 2-bromo-3,5-dimethyl-phenyl;
4-methoxy-2-methyl-phenyl; 2,4-dimethyl-phenyl;
2-iodo-4,5-dimethoxy-phenyl; 2-chloro-4,5-dimethoxy-phenyl; 7-
bromo-2,3-dihydrobenzo[l ,4]dioxin-6-yl;
4,5-dimethoxy-2-trifiuoromethyl-phenyl; 2-bromo- 5-ethoxy-4-methoxy-phenyl;
2-bromo-4-ethoxy-5-methoxy-phenyl;
2-bromo-5-cyclopropylmethoxy-4-methoxy-phenyl;
2-bromo-4-cyclopropylmethoxy-5-methoxy-phenyl; 2-cyano-4,5-dimethoxyphenyl;
2-bromo-5-difluoromethoxy-4-methoxy-phenyl;2-bromo-4,5-
bis-difluoromethoxy-phenyl;2-bromo-4-fluoro-5-(2-methoxyethoxy)-phenyl;
2-bromo-4- fluoro-5-(2-hydroxyethoxy)-phenyl;
or4-fluoro-4,5-dimethoxy-phenyl. In certain embodiments of formula I, R1
is: 2-bromo-4,5-dimethoxy-phenyl; 2-bromo-4- chloro-5-methoxy-phenyl;
2-bromo-4-fluoro-5-methoxy-phenyl; 2,4-dichloro-5-methoxyphenyl;
2-bromo-5-methoxy-4-trifluoromethyl-phenyl; 2-bromo-4,5-dichloro-phenyl; 2-
bromo-4-chloro-5-iodo-phenyl; 2-bromo-4-chloro-5-trifiuoromethyl-phenyl;
2-bromo-5- methoxy-4-methyl-phenyl; 2-isopropyl-4,5-dimethoxy-phenyl;
2-bromo-4-chloro-5- methanesulfanyl-phenyl;
2-bromo-4-chloro-5-methanesulfonyl-phenyl; 2-bromo-4-chloro-5-
methanesulfinyl-phenyl; 2-bromo-4-chloro-5-fiuoro-phenyl;
2-bromro-5-methoxy-phenyl; 2- bromo-5-methoxy-4-methoxycarbonyl-phenyl;
2-bromo-4-chloro-5-hydroxy-phenyl; 2-
bromo-4-chloro-5-(methylamino-carbonyl-methyoxy)-phenyl;
2-methyl-4,5-dimethoxyphenyl; 2-bromo-4-chloro-5-methoxycarbonyl-phenyl;
2-bromo-4-methanesulfonyl-5- methoxy-phenyl;
2-bromo-4-methyl-5-methoxy-phenyl; 2-bromo-4-chloro-5-
(methoxycarbonyl-methoxy)-phenyl;
2-bromo-4-chloro-5-(hydroxycarbonyl-methoxy)- phenyl;
2-bromo-4-chloro-5-(2-methoxyethoxy)-phenyl; 4,5-dimethoxy-phenyl;
2-fiuoro-4- chloro-5-methoxy-phenyl;
2-bromo-4-methoxycarbonyl-5-methoxy-phenyl;6-bromobenzo[ l ,3]dioxol-5-yl;
2-bromo-4-chloro-5-(2-hydroxyethoxy)-phenyl; 2-bromo-4-
difluoromethoxy-5-methoxy-phenyl;5-methoxy-4-methyl-phenyl;
2-bromo-4-chloro-5-(2- methylamino-ethoxy)-phenyl;
2-bromo-4-cyano-5-methyl-phenyl; 2-fluoro-4-methyl-5- methoxy-phenyl;
2-bromo-4-chloro-5-acetyl-phenyl; 5-methoxy-2-methyl-phenyl; 2-bromo-
4-chloro-5-(3-methanesulfonyl-propoxy)-phenyl;
2-bromo-5-methoxy-4-(tertbutoxycarbonyl)- phenyl;
5-methanesulfonyl-2-methoxy-phenyl; 2-bromo-4-chloro-5-(lhydroxyethyl)-
phenyl; 2-fluoro-5-(2-hydroxyethoxy)-4-methyl-phenyl; 2-bromo-5-methoxy-
4-aminocarbonyl-phenyl; 6-bromo-2,2-difluoro-benzo[l ,3]dioxol-5-yl;
2,6-difluoro-phenyl; 2-bromo-4-cyano-5-methoxy-phenyl;
2,5-dimethoxy-phenyl; 3-methoxycarbonyl-2-metrrylphenyl; 3-methoxy-phenyl;
4-methoxy-phenyl; 2,4-dimethoxy-phenyl; 4-chloro-5-methoxyphenyl;
4-fluoro-5-methoxy-phenyl; 2-bromo-4-methyl-5-(tert-butoxycarbonyl)-phenyl;
3,4,5-trimethoxy-phenyl; 2-bromo-4,6-difluoro-phenyl;
2-ethyl-4,5-dimethoxy-phenyl; 2- bromo-4-methoxy-phenyl;
4-chloro-5-(2-hydroxyethoxy)-2-methyl-phenyl; 3-
methoxycarbonyl-2-methyl-phenyl; 2,5-dimethyl-phenyl;
2-bromo-5-methoxy-phenyl; 2,3-dimethyl-phenyl;
2-bromo-4-chloro-5-hydroxymethyl-phenyl; 2-bromo-3,5-dimethyl-phenyl;
4-methoxy-2-methyl-phenyl; or 2,4-dimethyl-phenyl. In certain embodiments
of formula I, R1 is: 2-bromo-4,5-dimethoxy-phenyl; 2-bromo-4-
chloro-5-methoxy-phenyl; 2-bromo-4-fluoro-5-methoxy-phenyl;
2-bromo-5-methoxy-4- methyl-phenyl; 2-methyl-4,5-dimethoxy-phenyl;
2-bromo-4-chloro-5-(2-methoxy-ethylphenyl;
2-bromo-4-chloro-5-(2-hydroxy-ethyl-phenyl; 2-bromo-4-difluoromethoxy-5-
methoxy-phenyl; 2,5-dimethoxy-phenyl; 2-ethyl-4,5-dimethoxy-phenyl;
2-methyl-5-(2- hydroxy-ethoxy)-4-chloro-phenyl; 2,5-dimethyl-phenyl;
2-bromo-5-methoxy-phenyl; or 2- bromo-4,5-dimethyl-phenyl. In certain
embodiments of formula I, R1 is: 2-iodo-4,5-dimethoxy-phenyl; 2-chloro-4,5-
dimethoxy-phenyl; 7-bromo-2,3-dihydrobenzo[l ,4]dioxin-6-yl;
4,5-dimethoxy-2- trifiuoromethyl-phenyl; 2-bromo-5-ethoxy-4-methoxy-phenyl;
2-bromo-4-ethoxy-5- methoxy-phenyl;
2-bromo-5-cyclopropylmethoxy-4-methoxy-phenyl; 2-bromo-4-
cyclopropylmethoxy-5-methoxy-phenyl; 2-cyano-4,5-dimethoxyphenyl;
2-bromo-5- difluoromethoxy-4-methoxy-phenyl;
2-bromo-4,5-bis-difluoromethoxy-phenyl;2-bromo-4- 



fluoro-5-(2-methoxyethoxy)-phenyl;
2-bromo-4-fluoro-5-(2-hydroxyethoxy)-phenyl; or 4-
fluoro-4,5-dimethoxy-phenyl. In certain embodiments of formula I, R1 is
2-bromo-4,5-dimethoxy-phenyl. In certain embodiments of formula I, R1 is
2-bromo-4-chloro-5-methoxy-phenyl. In certain embodiments of formula I, R1
is 2-bromo-4-fluoro-5-methoxy-phenyl. In certain embodiments of formula I,
R1 is 2-bromo-5-methoxy-4-methyl-phenyl. In certain embodiments of formula
I, R1 is 2-methyl-4,5-dimethoxy-phenyl. In certain embodiments of formula
I, R1 is 2-bromo-4-chloro-5-(2-methoxy-ethyl-phenyl. In certain embodiments
of formula I, R1 is 2-bromo-4-chloro-5-(2-hydroxy-ethyl-phenyl. In certain
embodiments of formula I, R1 is 2-bromo-4-difluoromethoxy-5-methoxy-phenyl.
In certain embodiments of formula I, R1 is 2,5-dimethoxy-phenyl. In certain
embodiments of formula I, R1 is 2-ethyl-4,5-dimethoxy-phenyl. In certain
embodiments of formula I, R1 is
2-methyl-5-(2-hydroxy-ethoxy)-4-chloro-phenyl. In certain embodiments of
formula I, R1 is 2,5-dimethyl-phenyl. In certain embodiments of formula I,
R1 is 2-bromo-5-methoxy-phenyl. In certain embodiments of formula I, R1 is
2-bromo-4,5-dimethyl-phenyl. In certain embodiments of formula I, R1 is is
optionally substituted heteroaryl. In certain embodiments such heteroaryl
may comprise: pyridinyl; indazolyl; indolyl; quinolinyl;thiophenyl;
benzimidazolyl; benzofuranyl; dihydroindolyl; tetrahydroquinolinyl; each of
which may be optionally substituted one, two or three times with a
substituent or substituents independently selected from: fluoro; chloro;
bromo; methyl; methoxy; ethoxy; trifluoromethyl; difluoromethoxy; nitrile;
methoxyethoxy; hydroxyethoxy; hydroxymethyl; hydroxyethyl; or
cyclopropylmethoxy. In certain embodiments of formula I, R1 is optionally
substituted heteroaryl. In certain embodiments such heteroaryl may
comprise: pyridinyl; indazolyl; indolyl; quinolinyl; or benzofuranyl; each
of which may be optionally substituted one, two or three times with a
substituent or substituents independently selected from: fluoro; chloro;
bromo; methyl; methoxy; ethoxy; trifluoromethyl; difluoromethoxy; nitrile;
methoxyethoxy; hydroxyethoxy; hydroxymethyl; hydroxyethyl; or
cyclopropylmethoxy. In certain embodiments of formula I, R1 is adamantyl.
In certain embodiments of formula I, R2 is optionally substituted aryl. In
certain embodiments of formula I, R2 is optionally substituted phenyl. In
certain embodiments of formula I, R2 is phenyl optionally substituted one,
two, three or four times with a substituent or substituents each
independently selected from: halo; Ci_ alkyl; Ci- alkoxy; halo-Ci- alkyl;
halo-Ci- alkoxy; Ci- alkylsulfonyl; Ci- alkylsulfanyl; Ci_ alkylsulfinyl;
phenylsulfonyl wherein the phenyl portion is optionally substituted with
Ci_ alkyl; nitrile; alkylcarbonyl; aminocarbonyl; alkoxycarbonyl;
alkoxycarbonylalkoxy; hydroxycarbonyl; hydroxycarbonylalkoxy;
alkylaminocarbonylalkoxy; alkoxyalkoxy; hydroxyalkoxy; alkylaminoalkoxy;
alkylsulfonylalkoxy; hydroxyalkyl; C3_6cycloalkyl-Ci_ alkoxy; amino;
aminoalkyl; or nitro; or two adjacent substituents may form a Ci-
2alkylenedioxy or halo-Ci-2alkylenedioxy. In certain embodiments of formula
I, R2 is phenyl optionally substituted one, two, three or four times with a
substituent or substituents each independently selected from: fluoro;
chloro; bromo; iodo; methyl; ethyl; methoxy; ethoxy; trifluoromethyl;
difluoromethoxy; methanesulfonyl; methanesulfanyl; methanesulfmyl;
toluenesulfonyl; nitrile; acetyl; aminocarbonyl; methoxycarbonyl;
methoxycarbonylmethoxy; carboxy; hydroxycarbonylmethoxy;
methylaminocarbonylmethoxy; methoxyethoxy; hydroxyethoxy;
methylaminoethoxy; methanesulfonylpropyloxy; hydroxymethyl; hydroxyethyl;
cyclopropylmethoxy; amino; or nitro; or two adjacent substituents may form
methylenedioxy, ethylenedioxy or difluoromethylenedioxy.In certain
embodiments of formula I, R2 is phenyl optionally substituted one, two,
three or four times with a substituent or substituents each independently
selected from: halo; Cialkyl; Ci- alkoxy; halo-Ci- alkyl; halo-Ci- alkoxy;
Ci- alkylsulfonyl; nitrile; alkoxyalkoxy; hydroxyalkoxy;
alkylsulfonylalkoxy; hydro xyalkyl; or C3_6Cycloalkyl-Ci_6alkoxy. In
certain embodiments of formula I, R2 is phenyl optionally substituted one,
two, three or four times with a substituent or substituents each
independently selected from: fiuoro; chloro; bromo; iodo; methyl; ethyl;
methoxy; ethoxy; trifluoromethyl; difluoromethoxy; methanesulfonyl;
nitrile; methoxyethoxy; hydroxyethoxy; hydro xymethyl; hydroxyethyl; or
cyclopropylmethoxy. In certain embodiments of formula I, R2 is phenyl
optionally substituted one, two or three times with a substituent or
substituents each independently selected from: fiuoro; chloro; bromo;
methyl; ethyl; methoxy; ethoxy; trifluoromethyl; difluoromethoxy; nitrile;
methoxyethoxy; hydroxyethoxy; hydroxymethyl; hydroxyethyl; or
cyclopropylmethoxy. In certain embodiments of formula I, R2 is phenyl
substituted once or twice with a substituent or substituents each
independently selected from: halo; methyl; methoxy; trifluoromethyl;
difluoromethoxy; nitrile; or methanesulfonyl. In certain embodiments of
formula I, R2 is phenyl substituted once or twice with a substituent or
substituents each independently selected from: fiuoro; chloro; methyl;
methoxy; or nitrile. In certain embodiments of formula I, R2 is phenyl
substituted once or twice with fiuoro. In certain embodiments of formula I,
R2 is: phenyl; 4-fluoro-phenyl; 3-fluoro-phenyl; 2- fluoro-phenyl;
2-chloro-phenyl; 3,4-difiuoro-phenyl; 3,5-difluoro-phenyl; 3-methyl-phenyl;
4-methyl-phenyl; or 3-cyano-phenyl. In certain embodiments of formula I, R2
is: phenyl; 4-fluoro-phenyl; 3-fluoro-phenyl; 2- fluoro-phenyl;
2-chloro-phenyl; 3,4-difiuoro-phenyl; or 3,5-difluoro-phenyl. 



In certain embodiments of formula I, R2 is 4-fluoro-phenyl. In certain
embodiments of formula I, R2 is 3-fluoro-phenyl. In certain embodiments,
the compounds of formula I may be more specifically of formula II:wherein:
p is from Oto 3; R6, R7, R8, R9 and R10 each independently is: hydrogen;
halo; Ci-ealkyl; Ci_6alkoxy; halo-Ci- alkyl; halo-Ci- alkoxy; Ci-
alkylsulfonyl; Ci-6alkylsulfanyl; Ci-6alkylsulfrnyl; phenylsulfonyl wherein
the phenyl portion is optionally substituted with Ci- alkyl; nitrile;
hydroxy; alkylcarbonyl; aminocarbonyl; alkoxycarbonyl;
alkoxycarbonylalkoxy; hydroxycarbonyl; hydroxycarbonylalkoxy;
alkylaminocarbonylalkoxy; alkoxyalkoxy; hydroxyalkoxy; alkylaminoalkoxy;
alkylsulfonylalkoxy; hydroxyalkyl; C3_6cycloalkyl-Ci_ alkoxy; amino;
aminoalkyl; or nitro; or two adjacent substituents may form a C1-
2alkylenedioxy or halo-Ci-2alkylenedioxy; and each R1 1 independently is:
halo; Ci- alkyl; Ci-6alkoxy; halo-Ci- alkyl; halo-Ci alkoxy; Ci-
alkylsulfonyl; or nitrile. In certain embodiments of formula II, the
subject compounds may be more specifically of formula Ha or formula lib;
wherein p, R6, R7, R8, R9, R10 and R1 1 are as defined herein. In certain
embodiments of the invention, the subject compounds are of formula Ha. In
certain embodiments of the invention, the subject compounds are of formula
lib. In certain embodiments of any of formulas II, Ha and lib, at least two
of R6, R7, R8, R9 and R10 are not hydrogen. In certain embodiments of any
of formulas II, Ha and lib, at least three of R6, R7, R8, R9 and R10 are
not hydrogen. In certain embodiments of any of formulas II, Ha and lib, R6,
R7, R8, R9 and R10 each independently is: hydrogen; fluoro; chloro; bromo;
iodo; methyl; ethyl; methoxy; ethoxy; trifluoromethyl; difluoromethoxy;
methanesulfonyl; methanesulfanyl; methanesulfinyl; toluenesulfonyl;
nitrile; acetyl; aminocarbonyl; methoxycarbonyl; methoxycarbonylmethoxy;
carboxy; hydroxycarbonylmethoxy; methylaminocarbonylmethoxy; methoxyethoxy;
hydroxyethoxy; methylaminoethoxy; methanesulfonylpropyloxy; hydro xymethyl;
hydroxyethyl; cyclopropylmethoxy; amino; or nitro; or two adjacent
substituents may form methylenedioxy, ethylenedioxy or
difluoromethylenedioxy. In certain embodiments of any of formulas II, Ha
and lib, R6, R7, R8, R9 and R10 each independently is: hydrogen; halo; Ci-
alkyl; Ci- alkoxy; halo-Ci- alkyl; halo-Ci- alkoxy; C1- alkylsulfonyl;
nitrile; alkoxyalkoxy; hydroxyalkoxy; alkylsulfonylalkoxy; hydroxyalkyl; or
C - cycloalkyl-Ci-ealkoxy. In certain embodiments of any of formulas II, Ha
and lib, R6, R7, R8, R9 and R10 each independently is: hydrogen; fiuoro;
chloro; bromo; iodo; methyl; ethyl; methoxy; ethoxy; trifiuoromethyl;
difluoromethoxy; methanesulfonyl; nitrile; methoxyethoxy; hydroxyethoxy;
hydroxymethyl; hydroxyethyl; or cyclopropylmethoxy. In certain embodiments
of any of formulas II, Ha and lib, R6, R7, R8, R9 and R10 each
independently is: hydrogen; fiuoro; chloro; bromo; methyl; ethyl; methoxy;
ethoxy; trifiuoromethyl; difluoromethoxy; nitrile; methoxyethoxy;
hydroxyethoxy; hydroxymethyl; hydroxyethyl; or cyclopropylmethoxy. In
certain embodiments of any of formulas II, Ha and lib, R7 and R10 are
hydrogen. In certain embodiments of any of formulas II, Ha and lib, R6 is:
hydrogen; halo; or methyl. In certain embodiments of any of formulas II, Ha
and lib, R8 is: hydrogen; methoxy; halo; methyl; or difluoromethoxy. In
certain embodiments of any of formulas II, Ha and lib, R9 is: methoxy;
hydrogen; 2- hydroxy-ethoxy; 2-methoxy-ethoxy; 1-hydroxy-ethyl; or
cyclopropylmethyl. In certain embodiments of any of formulas II, Ha and
lib, p is 0, 1 or 2. In certain embodiments of any of formulas II, Ha and
lib, R1 1 is halo. In certain embodiments of any of formulas II, Ha and
lib, R1 1 is fiuoro. In certain embodiments of any of formulas II, Ha and
lib: R6 is: hydrogen; halo; methyl; or ethyl; R7 is hydrogen; methyl;
methoxy; or methoxycarbonyl; R8 is: hydrogen; methoxy; halo; methyl; or
difluoromethoxy; R9 is: hydrogen; methoxy; hydrogen; 2-hydroxy-ethoxy;
2-methoxy-ethoxy; or 1- hydroxy-ethyl; and R10 is hydrogen; or halo. In
certain embodiments of any of formulas II, Ha and lib: R6 is: halo; or
methyl; R7 is hydrogen;R8 is: methoxy; halo; methyl; or difluoromethoxy; R9
is: methoxy; 2-hydroxy-ethoxy; 2-methoxy-ethoxy; or 1-hydroxy-ethyl; and R,
io .is hydrogen; or halo. In certain embodiments of any of formulas II, Ha
and lib: R6 is: bromo; or methyl; R7 is hydrogen; R8 is: methoxy; chloro;
fluoro; methyl; or difluoromethoxy; R9 is: methoxy; 2-hydroxy-ethoxy;
2-methoxy-ethoxy; or 1-hydroxy-ethyl; and R10 is hydrogen. In certain
embodiments of any of formulas II, Ha and lib, p is 1 or 2 and R1 1 is
halo. In certain embodiments of any of formulas II, Ha and lib, p is 1 or 2
and R1 1 is fluoro. 



In certain embodiments of any of formulas II, Ha and lib, p is 1 and R1 1
is fluoro. In certain embodiments of any of formulas II, Ha and lib, p is 1
and R1 1 is fluoro at the 4- position. In certain embodiments, the
compounds of formula I may be more specifically of formula III: wherein R6,
R8, R9 and R1 1 are as defined herein. In certain embodiments of formula
III, the subject compounds may be more specifically of formula Ilia or
formula HIb; Ilia; Illb; wherein R6, R8, R9 and R1 1 are as defined
herein.In certain embodiments of any of formulas III, Ilia and HIb, R6 is:
halo; methyl; or ethyl. In certain embodiments of any of formulas III, Ilia
and HIb, R8 is: methoxy; halo; methyl; or difluoromethoxy. In certain
embodiments of any of formulas III, Ilia and HIb, R9 is: methoxy;
2-hydroxyethoxy; 2-methoxy-ethoxy; or 1-hydroxy-ethyl. In certain
embodiments of any of formulas III, Ilia and HIb, R6 is: bromo; or methyl;
In certain embodiments of any of formulas III, Ilia and HIb, R8 is:
methoxy; chloro; fluoro; methyl; or difluoromethoxy. In certain embodiments
of any of formulas III, Ilia and HIb, R9 is: methoxy; 2-hydroxyethoxy;
2-methoxy-ethoxy; or 1-hydroxy-ethyl. In certain embodiments of any of
formulas III, Ilia and HIb, R1 1 is halo. In certain embodiments of any of
formulas III, Ilia and HIb, R1 1 is fluoro. Where any of R1, R2, R3, R4,
R5, R6, R7, R8, R9, R10 or R1 1 is alkyl or contains an alkyl moiety, such
alkyl is preferably lower alkyl, i.e. Ci-C alkyl, and more preferably
Ci-C4alkyl. The invention also provides methods for treating a disease or
condition mediated by or otherwise associated with a P2X7 receptor, the
method comprising administering to a subject in need thereof an effective
amount of a compound of the invention. The invention also provides methods
for treating an inflammatory, respiratory or diabetes condition, the method
comprising administering to a subject in need thereof an effective amount
of a compound of the invention together with an effective amount of a P2X3
inhibitor. The disease may be an inflammatory disease such as arthritis,
and more particularly rheumatoid arthritis, osteoarthritis, psoriasis,
allergic dermatitis, asthma, chronic obstructive pulmonary disease, airways
hyper-responsiveness, septic shock, glomerulonephritis, irritable bowel
disease, and Crohn's disease. The disease may be a pain condition, such as
inflammatory pain; surgical pain; visceral pain; dental pain; premenstrual
pain; central pain; pain due to burns; migraine or cluster headaches; nerve
injury; neuritis; neuralgias; poisoning; ischemic injury; interstitial
cystitis; cancer pain; viral, parasitic or bacterial infection;
post-traumatic injury; or pain associated with irritable bowel syndrome.
The disease may be a respiratory disorder, such as chronic obstructive
pulmonary disorder (COPD), asthma, or bronchospasm, or a gastrointestinal
(GI) disorder such as Irritable Bowel Syndrome (IBS), Inflammatory Bowel
Disease (IBD), biliary colic and other biliary disorders, renal colic,
diarrhea-dominant IBS, pain associated with GI distension.The disease may
be diabetes. Representative compounds in accordance with the methods of the
invention are shown in Table 1, together with pICso values for
P2X7.PRECOMPACTED FAST-DISINTEGRATING FORMULATIONS OF COMPOUNDS WITH A LOW
ORAL BIOAVAILABILITY This invention relates to the field of pharmaceutical
chemistry. Embodiments of the present invention relate to, and provide
precompacted fast-disintegrating formulations of compounds with a low oral
bioavailability. BACKGROUND Many new drug molecules emerging from drug
discovery programs have a poor bioavailability after oral administration.
Bioavailability is mainly determined by two factors: first pass clearance,
and absorption. Absorption is mainly influenced by the solubility of a
compound, its dissolution rate, and/or its permeability. First pass
clearance is a result of both intestinal and hepatic clearance (Thakker,
D.R., "Strategic use of preclinical pharmacokinetic studies and in vitro
models in optimizing ADME properties of lead compounds", in: Optimizing the
"Drug-Like" Properties of Leads in Drug Discovery", eds. R. T Borchardt,
E.H. Kerns, M. J. Hageman, D. R. Thakker, J. L. Stevens, AAPS
press/Springer, 2006). As a consequence of the above, in principle three
different types of hindered bioavailability can be described. A drug
molecule can have a low oral bioavailability caused by ( 1 ) a poor
dissolution rate, (2) a poor solubility, or (3) a limited permeability
rate. Depending on the cause, different strategies to improve oral drug
absorption have been pursued. Attempts to improve dissolution rates of
poorly soluble drug molecules include formulation approaches such as
micronization, nanonization or the formulation of drug molecules as solid
dispersions or solid solutions. The bioavailability of solubility rate
limited drug substances can be improved by different solubilization
techniques, for instance by using large quantities of surfactants,
cyclodextrins, micelles, polymeric micelles, liposomes or dendrimers. To
address the problem of poor permeability, the literature suggests many
permeability improving substances, including mucoadhesive polymers, pH
modifiers, permeation enhancers and efflux inhibitors. Permeability
improving substances can be liquid, semisolid or solid excipients that are
added to the solid dosage form as permeation enhancer, in cases wherein
oral bioavailability is limited due to poor drug absorption. Recent
research activities were mainly focused on the development or the
improvement 



of new formulation approaches to increase the bioavailability of
problematic compounds. Fewer efforts have been undertaken to also develop
final solid dosage forms that maintain or even improve the beneficial
release profile of the drug formulated in relatively sophisticated ways.
For the success of a selected formulation technique it is essential that
the beneficial properties of the formulation are also maintained in the
final solid dosage form. One standard approach to decrease disintegration
time of solid dosage forms is the use of disintegrants. A disintegrant isan
excipient that is added to a solid dosage form, e.g. a tablet or a capsule
formulation, to aid in the break up of the compacted mass when it is put
into a fluid environment. This is especially important for immediate
release products where rapid release of drug substance is required. A
disintegrant can be added to a powder blend for direct compression or
encapsulation. It can also be used with products that are wet granulated
(http://www.pformulate.com/disintegrs.htm ) . Many disintegrants have been
described {Rowe, R.C , P.J. Shesky and S.C. Owen (editors), Handbook of
Pharmaceutical Excipients, 5th Edition, Pharmaceutical Press, London,
Chicago, 2006). The use of large quantities of surfactants (for
solubilization approaches), or polymers (e.g. for solid dispersion), can
impair the disintegration behavior of the resulting solid dosage forms
significantly. Some solid dosage forms becomes "gummy", and never dissolve
or disintegrate completely. Compacting formulations containing drug
nanoparticles can also lead to a significant decrease in dissolution
velocity by a pronounced agglomeration of the drug nanoparticles. This
contrary effect is not wanted. Thus, an increased disintegration time
caused by compaction of the total formulation can compensate, or even
overcompensate, the positive effect of a bioavailability enhancing
formulation approach. It is therefore of importance to provide formulation
approaches for solid dosage forms that need an enhanced disintegration
behavior. US 4,072,535 discloses the use of a free-flowing
binder-disintegrant powder material, consisting of a precompacted-starch
powder, specially adapted for use in direct compression tabletting machines
to produce non-friable tablets having excellent disintegration properties.
US 6,303,560 discloses the use of a compacted disintegrant granulate to
improve the disintegration of compression-molded articles. In particular
this patent discloses the use of a compacted disintegrant granulate for
tablets, comprising at least 60-99% (w/w) cellulose, insoluble in water,
1-40% (w/w) of at least one polymeric binder, and 0-7% (w/w) of at least
one liquid surfactant forming a gel in water. The goal of US 6,303,560 was
to develop a formulation for direct compression with the following
properties:  free flowing uniform particles, for easy pre-blending with
active ingredients, and easy loading of tabletting machines;  a bulk
density suitable to provide uniform compressibility to tablets of high
hardness, low friability and uniform dosage, that remain constant in size
after tabletting, and will withstand the required handling;  inert material
compatible with active ingredient and suitable for oral ingestion;
effective disintegration rate; and  readily available at low cost.EP
1070741 disclosed the use of a precompacted mixture of a disintegrant and
microcrystalline cellulose. This approach has some disadvantages:  A
relatively high excipient load in the final dosage form, resulting in
either a large tablet size or a low drug load. The size could be reduced if
pure disintegrant would be used.  Use of a disintegrant-filler combination
increases the complexity of a formulation. When roller-compaction is used
to produce the filler-disintegrant mixture, one has to discard incompletely
processed material to guarantee a reproducible process. This would not be
the case if only a single component, like pure disintegrant, would be
processed.  Additional filler material results in a larger granulate
volume, which eventually results in slower filling of the mould during the
tabletting process. No documents describe the use of a bioavailability
enhancing formulation approach together with a precompacted disintegrant to
enhance the bioavailability of a drug substance with low intrinsic
bioavailability. The purpose of the present invention is to provide
improved formulations for drug molecules with intrinsic low
bioavailability. DISCLOSURE This invention relates to precompacted
fast-disintegrating formulations of compounds with a low intrinsic
bioavailability. To solid pharmaceutical formulations for oral
administration, comprising an active pharmaceutical ingredient, a
hydroswelling polymer, and a precompacted granulate of a swellable
excipient. Further embodiments provide one or more formulations wherein
said precompacted granulate is made by applying a compression force to the
swellable excipient. Useful compression force may be evoked by an apparatus
chosen from rollers under friction, roller or cube presses, extruders, ring
matrix presses, and pelletizing presses. The invention also relates, in
some embodiments, to formulations as described above further comprising
permeation enhancing excipients or a surfactant. Other embodiments provide
one or more formulations as described above wherein said active
pharmaceutical ingredient is in the form of nanoparticles. In preferred
embodiments of the invention, the swellable excipient is 'polyvinyl
pyrrolidone cross linked'; the hydroswelling polymer is chosen from the
hydroxypropyl methylcelluloses HPMC E5 and HPMC E6, microcrystalline
cellulose and polyvinyl pyrrolidone K12, and the surfactant is chosen from
sodium dodecyl sulphate and 'vitamine E TPGS 1000'.The invention also
relates to a process to prepare formulations as described above, comprising
the steps of: (ia) preparing a clear solution of a hydroswelling polymer by
heating water, and thereafter adding the hydroswelling polymer while
stirring, until a homogeneous suspension is 



obtained, which is allowed to cool, (ib) dissolving an active
pharmaceutical ingredient and a weak acid into a surfactant, by stirring
and heating, (ic) mixing the solution resulting from step (ia) with that
resulting from step (ib) , and spray drying the mixture, or, (id)
dissolving an active pharmaceutical ingredient and a hydroswelling polymer
in a solvent, and removing the solvent by evaporation, to give an amorphous
dispersion, (ii) compressing a swellable excipient (disintegrant) to a
tablet, (iii) braking the large tablet into granules , (iv) mixing a sieve
fraction of these granules with the spray-dried product of step (ic) , or
the amorphous dispersion obtained in step (id) (v) pressing a tablet of the
obtained mixture. In preferred embodiments of the processes, the swellable
excipient is 'polyvinyl pyrrolidone cross linked'; the hydroswelling
polymer is chosen from the hydroxypropyl methylcelluloses HPMC E5 and HPMC
E6, microcrystalline cellulose and polyvinyl pyrrolidone K12, the weak acid
is citric acid, and the surfactant is chosen from sodium dodecyl sulphate
and 'vitamine E TPGS 1000'. DEFINITIONS Within the context of this
description, the term 'swellable excipient' includes a material that is
able to absorb a fluid medium under high volume expansion. The swelling
rate can be gravimetrically determined via the water absorption capacity.
The water absorption determined in this way is preferably from 500 to
2000%, including 600, 700, 800, 900, 1000, 1100, 1200, 1300, 1400, 1500,
1600, 1700, 1800, and 1900%, inclusive of all values and subranges therein
between. A preferred swellable excipient is polyvinyl pyrrolidone cross
linked, also referred to as polyvinyl polypyrrolidone or PVP-CL.
'Hydroswelling polymers', also referred to as 'water-soluble polymers',
include hydroxypropyl methylcellulose (HPMC), hydroxypropyl cellulose
(HPC), hydroxyethyl cellulose (HEC), carboxymethyl cellulose (CMC).
Preferable hydroswelling polymers are thehydroxypropyl methylcelluloses
HPMC E5 and HPMC E6, microcrystalline cellulose and polyvinyl pyrrolidone
K12. The cellulose ethers that can be used in the present invention are
well known in the art and are available in pharmaceutical grades and with
different average molecular weights leading to different viscosities of a
solution of these cellulose ethers. Hydrophilic polymers may be
characterized by their viscosities in a 2% w/w aqueous solution as low
viscosity (less than about 1,000 mPas), medium viscosity (about 1,000 mPas
to about 10,000 mPas) and high viscosity (greater than about 10,000 mPas).
Hydrophilic hydroxypropyl methylcellulose polymers (HPMCs) are available in
different viscosity grades from Dow Chemical Co. under the brand name
Methocel(r) and from Shin Etsu under Metolose(r). Examples of low viscosity
polymers are Methocel E5(r), Methocel E-15LV(r), Methocel E50LV(r),
Methocel K100LV(r) and Methocel F50LV(r), whose 2% aqueous solutions at
250C have viscosities of 5 mPas, 15 mPas, 50 mPas, 100 mPas and 50 mPas,
respectively. Examples of medium viscosity HPMCs are Methocel E4M(r) and
Methocel K4M, whose 2% aqueous solutions at 250C have viscosities of 4,000
mPas. Examples of high viscosity HPMCs are Methocel K15M(r) and Methocel
K100M(r) whose 2% aqueous solutions at 25 0C have viscosities of 15,000
mPas and 100,000 mPas. Hydrophilic hydroxyethyl cellulose polymers (HECs)
are available in different viscosity grades from AQUALON under the brand
name Natrosol(r) and from Amerchol Corporation under Cellosize(r). Examples
of low viscosity polymers are Natrosol L(r) en Natrosol J(r), whose 2%
aqueous solutions at 25 0C have viscosities of 10 mPas and 20 mPas,
respectively. Examples of medium viscosity polymers are Natrosol G(r) and
Natrosol K(r) whose 2% aqueous solutions at 25 0C have viscosities of 200
mPas and 1,500 mPas, respectively. Examples of high viscosity polymers are
Natrosol M(r) and Natrosol HH(r) whose 2 % aqueous solutions have
viscosities at 25 0C of 4,000 mPas and 90,000 mPas, respectively. Citric
acid is an example of a 'weak acid', and sodium dodecyl sulphate (SDS) and
Vitamine E TPGS 1000' [d-a-Tocopheryl polyethylene glycol 1000 succinate)
are examples of 'surfactants'. The term 'intrinsic bioavailability'
describes the theoretically determined oral bioavailability based on the
quantitative structure property relationship (QSPR) without considerations
of formulation parameters like particle size or crystallinity (Kim, J. et
al., "Improvement of bioavailability of water insoluble drugs: Estimation
of intrinsic bioavailability", Korean J. Chem. Eng., 25(1 ) , 171-175
(2008)). The term 'oral bioavailability' describes the rate and extent of
an active pharmaceutical ingredient that reaches the systemic circulation
when absorbed after oral administration. It can be expressed as absolute
oral bioavailability when it is compared with the corresponding plasma
concentration after intravenous administration of the same API. In the
context of the present invention an absolute oral bioavailability of less
than 20% is regarded as 'low oral bioavailability'.A 'precompacted
granulate' according to the present invention refers to a granulate that is
produced only by means of applying a compression force to a powder
formulation of a swellable excipient resulting in a more dense agglomerate
of the swellable excipient. The term 'nanoparticle' defines a particle
comprising an active pharmaceutical ingredient with a mean size below 1000
nm. The term 'mean size' m the framework uf the present invention refers tu
an effective average diameter determined by dynamic hght scattering methods
(e g , photocorroiation spectroscopy (PCS), laser diffraction (LD),
low-angle a r hght scattering (LALLS), medium-angio laser hght scattering
(MALLS), light obscuration methods (Coulte! method, for example), rheoiogy,
o! microscopy (light or electron) within the sanges set 



forth above) An "'effective average partide size of less than about X nm"
refers to a subbtance uf which at leabt 90% of the particles have an
average Size uf less than about X nm. when measured by tho ahovomontsonod
techniques The term 'solid dispersion' defines a system in a solid state
(as opposed to a liquid or gaseous state) comprising at least two
components, wherein one component is dispersed more or less evenly
throughout the other component or components. A solid dispersion that is
chemically and physically uniform or homogenous throughout or consists of
one phase as defined in thermodynamics can be also referred as 'solid
solution' (WO97/044014). The solid matrix can be either crystalline or
amorphous. The drug can be dispersed molecularly or exist in amorphous
particles (clusters) as well as crystalline particles (solid dispersion).
Examples of such a solid dispersion are the tebufelone formulation
described in US 5,281 ,420 and the bioactive peptide formulation described
in WO 2005/053727. The term 'permeability enhancing excipient' includes
excipients known as permeability improving substances, for instance
mucoadhesive polymers, pH modifiers, permeation enhancers, and efflux
inhibitors. The terms 'form' and 'crystal form' encompass all solid forms
of the same compound. For example: polymorphs, solvates, and amorphous
forms. 'Cocrystals' are multicomponent crystals with a unique lattice: new
chemical species produced with neutral compounds. 'Amorphous forms' are
non-crystalline materials with no long range order, and generally do not
give a distinctive powder X-ray diffraction pattern. To provide a more
concise description, some of the quantitative expressions given herein are
not qualified with the term "about". It is understood that whether the term
"about" is used explicitly or not, every quantity given herein is meant to
refer to the actual given value, and it is also meant to refer to the
approximation to such given value that would reasonably be inferred based
on the ordinary skill in the art, including approximations due to
experimental or measurement conditions for such given value.Throughout the
description and the claims of this specification the word "comprise" and
variations of the word, such as "comprising" and "comprises" is not
intended to exclude other additives, components, integers or steps. In the
present invention 'disintegration time' is defined as the time needed to
transform a tablet into a swollen soft mass with no firm core. A
'pharmaceutical composition' comprises at least one active pharmaceutical
ingredient (API), together with one or more pharmaceutically acceptable
carriers thereof, and with or without one or more other therapeutic
ingredients. The carrier(s) must be 'acceptable' in the sense of being
compatible with the other ingredients of the formulation and not
deleterious to the recipient thereof. The term "composition" as used herein
encompasses a product comprising specified ingredients in predetermined
amounts or proportions, as well as any product that results, directly or
indirectly, from combining specified ingredients in specified amounts. In
relation to pharmaceutical compositions, this term encompasses a product
comprising one or more active ingredients, and an optional carrier
comprising inert ingredients, as well as any product that results, directly
or indirectly, from combination, complexation or aggregation of any two or
more of the ingredients, or from dissociation of one or more of the
ingredients, or from other types of reactions or interactions of one or
more of the ingredients. In general, pharmaceutical compositions are
prepared by uniformly and intimately bringing the active ingredient into
association with a liquid carrier or a finely divided solid carrier or
both, and then, if necessary, shaping the product into the desired
formulation. The pharmaceutical composition includes enough of the active
object compound to produce the desired effect upon the progress or
condition of diseases. By "pharmaceutically acceptable" it is meant the
carrier, diluent or excipient must be compatible with the other ingredients
of the formulation and not deleterious to the recipient thereof. The term
"therapeutically effective amount" as used herein refers to an amount of a
therapeutic agent to treat a condition treatable by administrating a
composition of the invention. That amount includes the amount sufficient to
exhibit a detectable therapeutic or ameliorative response in a tissue
system, animal or human. The effect may include, for example, treating the
conditions listed herein. The precise pharmaceutically effective amount for
a subject will depend upon the subject's size and health, the nature and
extent of the condition being treated, recommendations of the treating
physician (researcher, veterinarian, medical doctor or other clinician),
and the therapeutics, or combination of therapeutics, selected for
administration. Thus, it is not useful to specify an exact pharmaceutically
effective amount in advance. In the framework of the present invention the
terms 'biologically active substance', 'pharmaceutically active substance',
'drug', 'active compound', and 'active ingredient' are used interchangeably
to refer to a chemical substance or chemical compound that, when
administered to a human or animal being, induces a pharmacological
effect.EXAMPLE 1: COMPOUNDS USED IN FORMULATIONS
(4R)-3-(4-chlorophenyl)-4,5-dihydro-N-methyl-4-phenyl-N'-(1-piperidinylsulf
onyl)-1 H-pyrazole-1- carboximidamide ('compound 1') was synthesized as
described in WO 2003/026648, and (3S)-
3-[[[1-[4-[[3-(dimethylamino)propyl]methylamino]-4-oxo-(2S)-2-carboxybutyl]
cyclopentyl]carbonyl]- amino]-2,3,4,5-tetrahydro-2-oxo-1 H-1-benzazepine-1
-acetic acid ('compound 2') was synthesized as described in WO 2005/030795.
compound 1 Aeropearl 300V, Aerosil(r) 200V (amorphous anhydrous colloidal
silicon dioxide), citric acid, hydroxypropyl methylcelluloses (HPMC E5 and
HPMC E6), hydroxypropyl methylcellulose phtalate, grade 55 (HPMC P),
Labrasol(r), microcrystalline cellulose, polyvinyl pyrrolidone K12,
polyvinyl pyrrolidone cross linked, PRUV(r) (sodium stearyl fumarate),
sodium dodecyl sulphate 



(SDS) and vitamine E TPGS 1000 were obtained from commercial sources.
EXAMPLE 2 : PREPARATION OF SPECIFIC FORMULATIONS FORMULATION 1: Preparation
of a bioavailability enhanced oral solid dosage form (swelling excipient:
polyvinyl pyrrolidone cross linked). Formulation per tablet: Poorly soluble
active pharmaceutical ingredient: compound 1: 25.0 mg Vitamine E TPGS 1000:
473.0 mg Hydroxypropyl Methylcellulose (HPMC E5): 150.0 mg Citric acid: 2.4
mg Polyvinyl pyrrolidone cross linked: 400.0 mg Aeropearl 300V: 400.0 mg A
solution of 10% m/m HPMC E5 was prepared by first heating water to 65C, and
thereafter adding the HPMC E5 while stirring, until a homogeneous
suspension was obtained. This was allowed to cool, resulting in a clear
solution. Overnight, COMPOUND 1 and citric acid weredissolved into Vitamin
E TPGS 1000 by stirring and heating at 600C. This solution was mixed with
the HPMC E5 solution and spray dried (INLET temperature = 1600C, OUTLET
temperature = 8 1C) yielding a powder wherein Vitamin E TPGS 1000 and
compound 1 were thermostably embedded in a HPMC E5 matrix, further referred
to as 'powder A'. A tablet was pressed using the powder mixture, containing
compound 1, Aeropearl 300V and a swelling excipient. Disintegration time: >
45 minutes. FORMULATION 2 : Preparation of a bioavailability enhanced oral
solid dosage form (swelling excipient: polyvinyl pyrrolidone cross linked).
Formulation per tablet: Poorly soluble active pharmaceutical ingredient:
compound 1: 38.0 mg Vitamine E TPGS 1000: 719.0 mg Hydroxypropyl
Methylcellulose (HPMC E5): 228.0 mg Citric acid: 1.6 mg Polyvinyl
pyrrolidone cross linked: 608.0 mg 'Powder A' was prepared as described
above, and was mixed with 'polyvinyl pyrrolidone cross linked'. This powder
mixture was compressed into a large tablet using a hydraulic press
(diameter = 52 mm, thickness  7 mm, compression force = 6 tons), then
broken into granules, which, using a hydraulic press (length = 22.3mm,
width = 10.7mm, thickness 12.0mm, compression force = 600 kg), were then
pressed into tablets containing compound 1 and a swelling excipient.
Disintegration time > 30 minutes. FORMULATION 3: Preparation of a
bioavailability enhanced oral solid dosage form (swelling excipient:
polyvinyl pyrrolidone crosslinked). Formulation per tablet: Poorly soluble
active pharmaceutical ingredient: compound 1: 38.0 mg Vitamine E TPGS 1000:
719.0 mg Hydroxypropyl Methylcellulose (HPMC E5): 228.0 mg Citric acid: 1.6
mg Polyvinyl pyrrolidone crosslinked: 608.0 mg 'Powder A', prepared as
described above, was compressed into a large tablet using a hydraulic press
(diameter = 52 mm, thickness  7 mm, compression force = 6 tons), then
broken into granules. Polyvinyl pyrrolidone cross linked was mixed together
with these granules and pressed into tablets using a hydraulic press
(length = 22.3mm, width = 10.7mm, thickness 12.0mm, compression force = 600
kg), containing compound 1 and a swelling excipient. Disintegration time >
30 minutes.FORMULATION 4: Preparation of a bioavailability enhanced oral
solid dosage form (swelling excipient: polyvinyl pyrrolidone cross linked).
Formulation per tablet: Poorly soluble active pharmaceutical ingredient:
compound 1: 38.0 mg Vitamine E TPGS 1000: 719.0 mg Hydroxypropyl
Methylcellulose (HPMC E5): 228.0 mg Citric acid: 1.6 mg Polyvinyl
pyrrolidone cross linked: 608.0 mg Polyvinyl pyrrolidone cross linked was
compressed into a large tablet using a hydraulic press (diameter = 52 mm,
thickness  7 mm, compression force = 6 tons), then broken into granules
(precompaction via slugging). A sieve fraction (500 - 1250mm) of these
granules was mixed with 'powder A', prepared as described above. A tablet
was pressed using a hydraulic press (length = 22.3 mm, width = 10.7 mm,
thickness 12.0 mm, compression force = 600 kg), containing compound 1 and
the pre-compacted swelling excipient. The disintegration time of this
improved formulation according to the present invention was approximately 5
minutes. FORMULATION 5: Preparation of a fast disintegrating
bioavailability enhanced oral solid dosage form (swelling excipient:
polyvinyl pyrrolidone cross linked). Formulation per tablet: Poorly soluble
active pharmaceutical ingredient: compound 1: 2 1.0 mg Vitamine E TPGS
1000: 420.2 mg Hydroxypropyl Methylcellulose (HPMC E5): 49.3 mg Citric
acid: 2.5 mg Polyvinyl pyrrolidone cross linked: 187.0 mg Polyvinyl
pyrrolidone cross linked was compressed into a large tablet using a
hydraulic press (diameter = 52 mm, thickness  7 mm, compression force = 6
tons), than broken into granules. A sieve fraction (500 - 1250 mm) of these
granules was mixed with 'powder A', prepared as 



described above. A tablet was pressed using the powder mixture, containing
compound 1 and the pre-compacted swelling excipient. The disintegration
time of this improved formulation according to the present invention was
approximately 5 minutes. FORMULATION 6: Preparation of a fast
disintegrating bioavailability enhanced oral solid dosage form (swelling
excipient: polyvinyl pyrrolidone cross linked). Formulation per
tablet:Poorly permeable active pharmaceutical ingredient: compound 2 :
100.0 mg Labrasol(r): 12.5 mg Hydroxypropyl Methylcellulose (HPMC E6): 12.5
mg Microcrystalline cellulose: 102.6 mg Polyvinyl pyrrolidone cross linked:
302.6 mg Aerosil(r) 200V (amorphous anhydrous colloidal silicon dioxide):
2.6 mg PRUV(r) (sodium stearyl fumarate): 5.1 mg A solution of 10% m/m HPMC
E6 was prepared by first heating water to 65C, and thereafter adding the
HPMC E6 while stirring, until a homogeneous suspension was obtained. This
was allowed to cool, resulting in a clear solution. Labrasol(r) was
dispersed in the HPMC E6 solution and spray dried (INLET temperature =
145C, OUTLET temperature = 88C) to obtain a powder wherein Labrasol(r) was
thermostably embedded in a HPMC E6 matrix. Polyvinyl pyrrolidone cross
linked was compressed into a large tablet using a hydraulic press (diameter
= 52 mm, thickness  7 mm, compression force = 6 Tons), then broken into
granules. A sieve fraction (500 - 1250 mm) of these granules was taken and
mixed together with compound 2, microcrystalline cellulose, Labrasol(r)
embedded in HPMC, Aerosil(r) and PRUV(r). A tablet was pressed using the
powder mixture, containing compound 2 and the pre-compacted swelling
excipient. FORMULATION 7 : Preparation of a fast disintegrating solid
dispersion oral dosage form (swelling excipient: polyvinyl pyrrolidone
cross linked). Formulation per tablet: Poorly soluble active pharmaceutical
ingredient: compoundi : 200.0 mg Polyvinyl pyrrolidone K12: 484.0 mg
Polyvinyl pyrrolidone cross linked: 516.0 mg Compound 1 and polyvinyl
pyrrolidone K12 were dissolved in a mixture of acetone and ethanol (3:1
v/v). The solvent was removed by flash evaporation resulting in an
amorphous dispersion. Polyvinyl pyrrolidone cross linked was compressed
into a large tablet using a hydraulic press (diameter = 52 mm, thickness  7
mm, compression force = 6 tons), then broken into granules. A sieve
fraction (500 - 1250mm) of these granules was taken and mixed together with
the amorphous dispersion of compound 1. A tablet was pressed using a
hydraulic press (length = 22.3 mm, width = 10.7 mm, thickness 9.8 mm,
compression force = 600 kg), containing compound 1 and the pre-compacted
swelling excipient. The disintegration time of this improved formulation
according to the present invention was approximately 2 to 3
minutes.FORMULATION 8 : Preparation of a fast disintegrating solid
dispersion oral dosage form (swelling excipient: polyvinyl pyrrolidone
cross linked). Formulation per tablet: Poorly soluble active pharmaceutical
ingredient: compound 1: 200.0 mg Hydroxypropyl Methylcellulose Phtalate,
grade 55 (HPMC P): 460.0 mg Polyvinyl pyrrolidone cross linked: 516.0 mg
Sodium dodecyl sulphate (SDS): 2.4 mg Compound 1, HPMC P and SDS were
dissolved in a mixture of acetone and ethanol (3:1 v/v). The solvent was
removed by flash evaporation resulting in an amorphous dispersion.
Polyvinyl pyrrolidone cross linked was compressed into a large tablet using
a hydraulic press (diameter = 52 mm, thickness  7 mm, compression force = 6
tons), then broken into granules. A sieve fraction (500 - 1250 mm) of these
granules was taken and mixed together with compound 1 amorphous dispersion.
A tablet was pressed using a hydraulic press (length = 22.3 mm, width =
10.7 mm, thickness 9.8 mm, compression force = 600 kg), containing compound
1 and the precompacted swelling excipient. The disintegration time of this
improved formulation according to the present invention was approximately
30 seconds. Table 1: Compositions (mg) of formulations 1 to 8 EXAMPLE 3 :
MEASUREMENTS OF DISINTEGRATIONS Disintegration tests were performed in a
disintegration apparatus (PTZ-auto, Pharma-test, Hainburg, Germany) in a
beaker with 800 ml purified water (temp 37 3 C). Disintegration isdefined
as that state wherein any residue of the tablet remaining on the screen of
the test apparatus, or adhering to the lower surface of the disc, is a soft
mass having no firm core. EXAMPLE 4 : PRESENT FORMULATIONS COMPARED WITH
THOSE OF EP 1 070 741 Different formulations have been prepared according
to the procedures disclosed in EP 1 070 741 and compared to a formulation
according to the present invention. The composition of the tablets is given
in Table 2. The tablets 11AT, 11BT and 11CT have been produced according to
the procedure disclosed in EP 1 070 741 . Tablets 09DT2 were produced
according to the present invention (Example 2, formulation 5). In all
formulations the amounts of compound 1 and PVP-cross linked were kept
constant. The PVP-CL/microcellulose(MCC) ratio, respectively 60/40, 3/97
and 10/90 in tablets 11AT, 11BT and 11CT, was varied within the two
extremes disclosed in EP 1 070 741 . Tablets were produced as follows:
Polyvinyl pyrrolidone cross linked, with or without MCC, was compressed
into a large tablet using a hydraulic press (diameter = 52 mm, thickness  7
mm, compression force = 6 tons) and broken into granules. A sieve fraction
(500 - 1250 mm) of these granules was mixed with 'powder A', prepared as
described in Example 2, and pressed into tablets using a hydraulic press. 



Table 2 : compositions (mg) of formulations according to EP 1070741 and a
present one * not applicable Obviously, the differences between volumes of
the granulates used to press one tablet of each formulation are
substantial: Use of an additional binder (MCC) results in a larger tablet
size, also expected in view of the weights of the tablets (Table 2). The
smallest tablet size was obtained when the tablet was produced according to
the present invention.Additionally, tablets 09AT, 09BT and 09CT were
produced according to EP 1 070 741 , but with a constant weight, similar to
that of tablet 09DT2 (680 mg). The composition and disintegration times of
these formulations are listed in Table 3. Table 3: compositions (mg) of
formulations according to EP 1070741 and a present one resulting in tablets
of the same weight Taking into account the disintegration times of the
formulations listed in tables 2 and 3, the following observations were
made:  Tablets 09DT2, produced according to the present invention,
containing the same amount of disintegrant as tablets 09AT, 09BT and 09CT,
had much shorter disintegration times.  Another surprising aspect of
formulations 09DT2, produced according to the present invention, was an
improved reproducibility of the disintegration times. Apart from the
disintegration time, determined according to the PhEur, also disintegration
behavior was determined. This was defined as 'time needed to transform a
tablet into a swollen soft mass without a firm core'. The disintegration
behavior of formulations 18AT and 18DT were directly compared. These
tablets were chosen because of their nearly similar size. Their
compositions, disintegration times and disintegration behaviors are given
in table 2 (wherein tablets correspond to formulations 11AT and 09DT2,
respectively). Upon submerging the tablets into water, within 1 minute,
tablets 09DT2 started to disintegrate. After 5 minutes, tablets 09DT2 were
transformed into soft swollen material, contrary to tablets 11AT, which
were still intact. At this point, the formulations 09DT2 were regarded as
'disintegrated' according to the definition given above. After 16 minutes,
tablets 09DT2 had fully dissolved, whereas tablets 11AT were still
intact.CLAIMS: 1. A solid pharmaceutical formulation for oral
administration, comprising ( 1 ) an active pharmaceutical ingredient, (2) a
hydroswelling polymer, chosen from the hydroxypropyl methylcelluloses HPMC
E5 and HPMC E6, microcrystalline cellulose and polyvinyl pyrrolidone K12,
and (3) a precompacted granulate of polyvinyl polypyrrolidone cross linked.
2. A pharmaceutical formulation as claimed in claim 1, wherein said
precompacted granulate is made by applying a compression force to polyvinyl
polypyrrolidone cross linked. 3. A pharmaceutical formulation as claimed in
claim 2, wherein said compression force is evoked by an apparatus chosen
from rollers under friction, roller or cube presses, extruders, ring matrix
presses, and pelletizing presses. 4. A pharmaceutical formulation as
claimed in any one of the claims 1-3, wherein said active pharmaceutical
ingredient is in the form of nanoparticles. 5. A pharmaceutical formulation
according to any one of the claims 1-4, further comprising one or more
permeation enhancing excipients. 6. A pharmaceutical formulation according
to any one of the claims 1-4, further comprising a surfactant. 7. A
pharmaceutical formulation according to any one of the claims 1-4, further
comprising one or more permeation enhancing excipients and a surfactant. 8.
A pharmaceutical formulation according to claim 6 or claim 7, wherein said
surfactant is chosen from sodium dodecyl sulphate and 'vitamine E TPGS
1000' 9. Process to prepare a formulation according to claim 1, comprising
the steps of: (ia) preparing a solution of a hydroswelling polymer, chosen
from the hydroxypropyl methylcelluloses HPMC E5 and HPMC E6,
microcrystalline cellulose and polyvinyl pyrrolidone K12, by heating water,
and thereafter adding the hydroswelling polymer while stirring, until a
homogeneous suspension is obtained, which is allowed to cool, (ib)
dissolving an active pharmaceutical ingredient and a weak acid into a
surfactant, by stirring and heating,(ic) mixing the solution resulting from
step (ia) with that resulting from step (ib) , and spray drying the
mixture, or, (id) dissolving an active pharmaceutical ingredient and the
hydroswelling polymer in a solvent, and removing the solvent by
evaporation, to give an amorphous dispersion, (ii) compressing polyvinyl
polypyrrolidone cross linked to a tablet, (iii) braking the large tablet
into granules , (iv) mixing a sieve fraction of these granules with the
spray-dried product of step (ic) , or the amorphous dispersion obtained in
step (id) (v) pressing a tablet of the obtained mixture. 


