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METHODS FOR PRESERVING RENAL FUNCTION USING XANTHINE
OXIDOREDUCTASE INHIBITORS

Related Application Information

This application claims the benefit of 60/858,509 filed on November 13, 2006, the

contents of which are herein incorporated by reference.

Field of the Invention

The present invention relates to methods of treating subjects in order to preserve renal
function. More specifically, the present invention involves administering to a subject in need of
preservation of renal function a therapeutically effective amount of at least one xanthine
oxidoreductase mhibiting compound or salt thercof in order to preserve the renal function of such

patients.

Background of the Invention

It has been observed that subjects with conditions such as hyperuricemia, gout, acute
gouty arthritis, chronic gouty joimnt disease, tophaceous gout, uric acid nephropathy, and/or
nephrolithiasis (kidney stones) can sometimes suffer from a reduction of, or an impairment 1n,
renal function, particularly as the conditions progress over time (See, Johnson, Blood Purif.,
24:67-70 (2006), Sw, L., et al., AJKD, 47(1):51-99 (2006) and Iseki, 1., et al., AJKD, 44(4):642-
650 (2004)).

In general, subjects are viewed as having normal renal function when their serum
creatinine levels are < 1.5 mg/dL and therr creatinine clearance 18 > 50 mL/min. If the serum
creatinine level becomes greater than 1.5 mg/dL, or 1f the creatinine clearance falls below 50
mL/min., the subject is deemed to be renally impaired. Another important measure of renal
function 1s glomerular filtration rate or GFR. GFR 1s calculated by comparing urine creatinine
levels with blood test results and 1s believed to give a more precise indication of the state of the
kidneys. For most patients, a GFR over 60 ml/minute 1s adequate. If the GFR has significantly
declined from a previous test result, however, this can be an early indicator of kidney disease

requiring medical mtervention.
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In animal models, renal function can be assessed by measuring urinary protein excretion
and glomerular hemodynamics (include whole kidney GFR, single-nephron GFR, glomerular
pressure and flow, atferent resistance and efferent resistance) using renal micropuncture
technique, among other methods known to those skilled in the art. In addition, renal histological
cvaluation for vacuolar degeneration of renal proximal tubules, tubulointerstitial fibrosis and
thickening of the afferent arteriolar vascular wall can be used to further understand the causes or
ctiology of renal discases.

Gout 1s characterized by the symptomatic deposition of urate crystals in joint tissues as a
result of urate supersaturation of extracellular fluids, a biochemical aberration reflected by
hyperuricemia (serum urate levels exceeding 7.0 mg/dL 1n men and exceeding 6.0 mg/dL 1n
women). In patients with gout, renal calculi or *““stones” occur with a frequency of 10-25% and
in those patients approximately 1% will manifest the development of a uric acid renal calculus
on an annual basis.

Long-term restoration of normal serum urate levels typically requires the use of an anti-
hyperuricemic agent. Uric acid lowering therapy 1s recommended for subjects suffering from
gout and one or more of the following conditions: acute gouty arthritis, chronic gouty joint
disease, tophaceous gout, uric acid nephropathy, and/or nephrolithiasis (kidney stones).
Although various therapies for reducing serum urate levels are known, therr impact on renal

function 1s not fully understood.

Summary of the Present Invention

In one embodiment, the present invention relates to a method of preserving renal function
in a subject in need thereof, the method mncluding the step of administering to the subject a
therapeutically effective amount of a xanthine oxidoreductase inhibitor or a pharmaceutically

acceptable salt thereof.

In another embodiment, the present invention relates to a method of preserving renal
function in a subject 1n need thercof, the method comprising the step of administering to the
subject a therapeutically effective amount of a compound or a pharmaceutically acceptable salt

thercof, wherein said compound comprises the formula:
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wherem R; and R, are each independently a hydrogen, a hydroxyl group, a COOH group,
an unsubstituted or substituted C,-C;¢ alkyl group, an unsubstituted or substituted C,-C,( alkoxy,

an unsubstituted or substituted hydroxyalkoxy, a phenylsulfinyl group or a cyano (—CN) group;

wherem Rz and R4 are each independently a hydrogen or A, B, C or D as shown below:

NN\, \ AN
el e 3?;) PeN

O

A B C D

wherem T connects A, B, C or D to the aromatic ring shown above at R, Ry Rz or Ra.

wherem Rs and Rg are each independently a hydrogen, a hydroxyl group, a COOH group,
an unsubstituted or substituted C,-C;¢ alkyl group, an unsubstituted or substituted C,-C, alkoxy,

an unsubstituted or substituted hydroxyalkoxy, COO-Glucoronide or COO-Sulfate;
wheremn R7 and Rg are each independently a hydrogen, a hydroxyl group, a COOH group,
an unsubstituted or substituted C,-C;¢ alkyl group, an unsubstituted or substituted C,-C, alkoxy,

an unsubstituted or substituted hydroxyalkoxy, COO-Glucoronide or COO-Sulfate;

wherein Ry 1s an unsubstituted pyridyl group or a substituted pyridyl group; and
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wherem Ryg 18 a hydrogen or a lower alkyl group, a lower alkyl group substituted with a
pivaloyloxy group and 1n each case, R bonds to one of the nitrogen atoms 1n the 1, 2, 4-triazole
ring shown above.

In yet another embodiment, the present invention relates to a method of preserving renal
function in a subject in need of thereof, the method comprising the step of administering to the
subject a therapeutically effective amount of a compound or a pharmaceutically acceptable salt

thercof, wherein said compound comprises the formula:

|
R;s0CO— A— Z//"\/

R14 T |

wheremn R;; and R;; are each independently a hydrogen, a substituted or unsubstituted
lower alkyl group, a substituted or unsubstituted phenyl, or R;; and R, may together form a

four- to eight-membered carbon ring together with the carbon atom to which they are attached;
wherem R;3 1s a hydrogen or a substituted or unsubstituted lower alkyl group;

wherein R4 18 one or two radicals selected from a group consisting of a hydrogen, a
halogen, a nitro group, a substituted or unsubstituted lower alkyl, a substituted or unsubstituted
phenyl, --OR ;6 and —SO,;NR 7R ;7- wherein Ry 18 a hydrogen, a substituted or unsubstituted
lower alkyl, a phenyl-substituted lower alkyl, a carboxymethyl or ester thercof, a hydroxyethyl or
cther thereof, or an allyl; R;7 and R;7- are each independently a hydrogen or a substituted or

unsubstituted lower alkyl;
wherem R;s 1s a hydrogen or a pharmaceutically active ester-forming group;
wherem A 1s a straight or branched hydrocarbon radical having one to five carbon atoms;
wherem B 1s a halogen, an oxygen, or a cthylenedithio;
wherem Y 18 an oxygen, a sulfur, a nitrogen or a substituted nitrogen;
wherein Z 18 an oxygen, a nitrogen or a substituted nitrogen; and

the dotted line refers to either a single bond, a double bond, or two single bonds.
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A subject being treated pursuant to the methods of the mmvention can have one or more of
the following conditions: hyperuricemia, gout, acute gouty arthritis, chronic gouty joint discase,
tophaceous gout, uric acid nephropathy, or nephrolithiasis. Alternatively, the subject may be
suffering from a progressive renal disease, mmcluding, but not limited to, renal tubulomterstitial
diseases, renal tubular cell injury, nephritis, glomerular diseases, glomerulonephritides, renal
1Ischemia, renal 1schemia/reperfusion injury, renal vascular diseases, renal artery or vein
thrombosis, interstitial nephritis, toxic glomerulophathies, renal stones/nephrolithiasis, long
standing hypertension, diabetic nephropathy, congestive heart failure, nephropathy from sickle
cell anemia and other blood dyscrasias, nephropathy related to hepatitis, HIV, parvovirus and BK
virus (a human polyomavirus), cystic kidney diseases, lupus nephritis, membranous
glomerulonephritis, membranoproliferative glomerulonephritis, focal glomerular sclerosis,
vasculitis, cryoglobulinemia, Anti-Neutrophil Cytoplasmic Antibody (ANCA)-positive
vasculitis, ANCA-negative vasculitis, amyloidosis, multiple myeloma, renal light chain
deposition discase, complications of kidney transplant, chronic rejection of a kidney transplant,
chronic allograft nephropathy, and the chronic renal effects of immunosuppressives. Subjects
being treated can also have impaired renal function as measured by known medical test methods.
For example, subjects being treated can have a serum creatinine level of > 1.5 mg/dL or a
creatinine clearance of < 50 mL/minute. Similarly, subjects being treated can have a GFR of <
60mg/minute. However, the subject being treated by the methods of the invention need not have
any particular condition or impairment 1if 1t 1s determined that preservation or stabilization of

renal function 1s medically necessary or desirable.

Briet Description of the Figures

Figure 1 shows the effect of febuxostat (Fx) on body weight (BW) in remnant kidney
(RK) rats with and without coexisting oxonic acid (OA)-induced hyperuricemia. -e- shows the
BW of RK rats only (control); -o- shows the BW of RK rats treated with Fx; -m- shows the BW
of RK rats treated with OA; and -0O- shows the BW of RK treated with OA and Fx.

Figure 2 shows the effect of febuxostat (Fx) on plasma uric acid (UA) m remnant kidney

(RK) rats with and without coexisting oxonic acid (OA)-induced hyperuricemia. -e- shows the
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UA of RK rats only (control); -o- shows the UA of RK rats treated with Fx; -m- shows the UA of
RK rats treated with OA; and -O- shows the UA of RK treated with OA and Fx.

Figure 3 shows the effect of febuxostat (Fx) on systolic blood pressure (SBP) in remnant
kidney (RK) rats with and without coexisting oxonic acid (OA)-induced hyperuricemia. -e-
shows the SBP of RK rats only (control); -o- shows the SBP of RK rats treated with Fx; -m-
shows the SBP of RK rats treated with OA; and -0O- shows the SBP of RK treated with OA and
FX.

Figure 4 shows the effect of febuxostat (Fx) on mean arterial pressure (under anesthesia)
in remnant kidney (RK) rats with and without coexisting oxonic acid (OA)-induced
hyperuricemia.

Figure 5 shows the effect of febuxostat (Fx) on protemuria in remnant kidney (RK) rats
with and without coexisting oxonic acid (OA)-induced hyperuricemia. -e- shows the proteinuria

of RK rats only (control); -o- shows the proteinuria of RK rats treated with Fx; -m- shows the

proteinuria of RK rats treated with OA; and -0- shows the protemuria of RK treated with OA and
FX.

Figure 6 shows the effect of febuxostat (Fx) on glomerular filtration rate in remnant
kidney (RK) rats with and without coexisting oxonic acid (OA)-induced hyperuricemia.

Figure 7 shows the effect of febuxostat (Fx) on glomerular hemodynamics i remnant
kidney (RK) rats with and without coexisting oxonic acid (OA)-induced hyperuricemia.

Figure 8 shows the effect of febuxostat (Fx) on renal arteriolar morphology in remnant
kidney (RK) rats with and without coexisting oxonic acid (OA)-induced hyperuricemia.

Figure 9 shows the effect of febuxostat (Fx) on renal tubuloiterstitial fibrosis in remnant

kidney (RK) rats with and without coexisting oxonic acid (OA)-induced hyperuricemia.

Detailed Description of the Invention

Definitions

2% &6 2% &6

The terms “administer”, “administering”, “administered” or “administration” refer to any
manner of providing a drug (such as, a xanthine oxidoreductase mhibitor or a salt thereof) to a
subject or patient. Routes of administration can be accomplished through any means known by
those skilled 1n the art. Such means include, but are not limited to, oral, buccal, intravenous,

subcutancous, intramuscular, by inhalation and the like.
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L B

As used herein, the phrases "progressive renal disease”, “end stage renal disease”,
"chronic renal failure (CRF)", "chronic renal disease (CRD)", "chronic kidney discase (CKD)"
which are all used interchangeably herem, refer to any kidney condition or dysfunction that
occurs over a period of time, as opposed to a sudden event (namely, acute renal disease or renal
failure), to cause a gradual decrease of renal function 1n a subject. For example, progressive
renal disease, end stage renal disease, chronic kidney disease or chronic renal mjury, mcludes,
but 1s not limited to, conditions or dysfunctions caused by renal tubulointerstitial diseases, renal
tubular cell injury, chronic infections, chronic mmflammation, nephritis, glomerular discases,
glomerulonephritides, renal 1schemia, renal 1Ischemia/reperfusion injury, vascular diseases, renal
artery or vein thrombosis, mterstitial nephritis, drugs, toxins, trauma, renal stones/nephrolithiasis,
chronic hyperuricemia, long standing hypertension, diabetes, congestive heart failure,
nephropathy from sickle cell anemia and other blood dyscrasias, nephropathy related to hepatitis,
HIV, parvovirus and BK virus (a human polyomavirus), cystic kidney diseases, congenital
malformations, obstruction, malignancy, kidney disease of indeterminate causes, lupus nephritis,
membranous glomerulonephritis, membranoproliferative glomerulonephritis, focal glomerular
sclerosis, vasculitis, cryoglobulinemia, Anti-Neutrophil Cytoplasmic Antibody (ANCA)-positive
vasculitis, ANCA-negative vasculitis, amyloidosis, multiple myeloma, light chain deposition
discase, complications of kidney transplant, chronic rejection of a kidney transplant, chronic
allograft nephropathy, and the chronic effects of immunosuppressives.

As used herem, the term “pharmaceutically acceptable” includes moieties or compounds
that are, within the scope of sound medical judgment, suitable for use in contact with the tissues
of humans and lower animals without undue toxicity, irritation, allergic response, and the like,
and arc commensurate with a reasonable benefit/risk ratio.

As used herein, the term "subject” refers to an animal, preferably a mammal, including a
human or non-human. The terms patient and subject may be used interchangeably herem.

The terms "therapeutically effective amount” or “prophylactically effective amount” of a
drug (namely, at least one xanthine oxidoreductase inhibitor or a salt thercof) refers to a nontoxic
but sufficient amount of the drug to provide the desired effect of preserving renal function in a
subject. In other words, these terms mean a sufficient amount of, for example, the composition,
xanthine oxidoreductase inhibiting compound, or formulation necessary to preserve the subject’s

renal function, at a reasonable benefit/risk ratio applicable to any medical treatment. As with
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other pharmaceuticals, 1t will be understood that the total daily usage of a pharmaceutical
composition of the invention will be decided by a patient’s attending physician within the scope
of sound medical judgment. The specific therapeutically effective or prophylactically effective
dose level for any particular patient will depend upon a variety of factors including the disorder
being treated and the severity of the disorder; activity of the specific compound employed; the
specific composition employed; the age, body weight, general health, sex and diet of the patient;
the time administration, route of admmistration, and rate of excretion of the specific compound
employed; the duration of the treatment; drugs used 1n combination or coincidental with the
specific compound employed; and other factors known to those of ordinary skill in the medical
arts. For example, 1t 18 well within the skill of the art to start doses of the compound at levels
lower than required to achieve the desired therapeutic effect and to gradually increase the dosage
until the desired effect 1s achieved.

Accordingly, the amount of drug that 1s "effective” or “prophylactic” will vary from
subject to subject, depending on the age and general condition of the individual, the particular
drug or drugs, and the like. Thus, 1t 18 not always possible to specify an exact "therapeutically
cttective amount” or a “prophylactically effective amount”. However, an appropriate
"therapeutically effective amount™ or “prophylactically effective amount™ in any mdividual case

may be determined by one skilled n the art.

The terms "treating” and "treatment” refer to reduction in severity and/or frequency of
symptoms, ¢limination of symptoms and/or underlying cause, prevention of the occurrence of
symptoms and/or their underlymg cause, and improvement or remediation of damage. Thus, for
example, "treating"” a patient involves prevention of a particular disorder or adverse physiological
event in a susceptible mndividual as well as treatment of a clinically symptomatic individual by

inhibiting or causing regression of a disorder or discase.

As used herein, the term “xanthine oxidoreductase mhibitor” refers to any compound that
(1) 1s an inhibitor of a xanthine oxidoreductase, such as, but not limited to, xanthine oxidase; and
(2) chemically, does not contain a purine ring 1 1its structure (1.€. 18 a “non-puring’”).  The
phrase “xanthine oxidoreductase mhibitor” as defined herein also includes metabolites,
polymorphs, solvates and prodrugs of the such compounds, including metabolites, polymorphs,
solvates and prodrugs of the exemplary compounds described as Formula I and Formula 11

below. Examples of xanthine oxidoreductase mhibitors include, but are not limited to, 2-[4-(2-
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carboxypropoxy)-3-cyanophenyl]-4-methyl-5-thiazolecarboxylic acid and compounds having the

followimng Formula I or Formula II:

Compounds of Formula I:

R, R;

R2 R4

wherem R; and R; are each independently a hydrogen, a hydroxyl group, a COOH group,
an unsubstituted or substituted C,-C;¢ alkyl group, an unsubstituted or substituted C,-C,( alkoxy,
an unsubstituted or substituted hydroxyalkoxy, a phenylsulfinyl group or a cyano (—CN) group;

wherein Rz and R4 are each independently a hydrogen or A, B, C or D as shown below:

NN\ \ L NN
ey A9

O

A B C D

wherein T connects or attaches A, B, C or D to the aromatic ring shown above at Ry, Ry,
Rz or Ra.

wherem Rs and Rg are each independently a hydrogen, a hydroxyl group, a COOH group,
an unsubstituted or substituted C;-C;o alkyl group, an unsubstituted or substituted C;-C;¢ alkoxy,
an unsubstituted or substituted hydroxyalkoxy, COO-Glucoronide or COO-Sulfate;

wherem Ry and Rg are each independently a hydrogen, a hydroxyl group, a COOH group,
an unsubstituted or substituted C,-C;¢ alkyl group, an unsubstituted or substituted C,-C, alkoxy,
an unsubstituted or substituted hydroxyalkoxy, COO-Glucoronide or COO-Sulfate;

wherein Ry 1s an unsubstituted pyridyl group or a substituted pyridyl group; and
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wherem Ryg 18 a hydrogen or a lower alkyl group, a lower alkyl group substituted with a
pivaloyloxy group and 1n each case, R bonds to one of the nitrogen atoms 1n the 1, 2, 4-triazole
ring shown above m Formula 1.

Compounds of Formula II:

wheremn R;; and R;; are each independently a hydrogen, a substituted or unsubstituted
lower alkyl group, a substituted or unsubstituted phenyl (the substituted phenyl in this Formula 11
refers to a phenyl substituted with a halogen or lower alkyl, and the like. Examples include, but
arc not limited to, p-tolyl and p-chlorophenyl), or R;; and Ry, may together form a four- to cight-

membered carbon ring together with the carbon atom to which they are attached;
wherem R;3 1s a hydrogen or a substituted or unsubstituted lower alkyl group;

wherein R4 18 one or two radicals selected from a group consisting of a hydrogen, a
halogen, a nitro group, a substituted or unsubstituted lower alkyl group, a substituted or
unsubstituted phenyl (the substituted phenyl in this Formula II refers to a phenyl substituted with
a halogen or lower alkyl group, and the like. Examples mclude, but are not limited to, p-tolyl
and p-chlorophenyl), --OR ;¢ and —SO,;NR 7R ;7> wherein R¢ 18 a hydrogen, a substituted or
unsubstituted lower alkyl, a phenyl-substituted lower alkyl, a carboxymethyl or ester thereof, a
hydroxyethyl or ether thereof, or an allyl; R;7 and R+ are each independently a hydrogen or a

substituted or unsubstituted lower alkyl group;
wherein Rys 18 a hydrogen or a pharmaceutically active ester-forming group;
wherem A 1s a straight or branched hydrocarbon radical having one to five carbon atoms;
wherein B 1s a halogen, an oxygen, or a cthylenedithio;
wherem Y 18 an oxygen, a sulfur, a nitrogen or a substituted nitrogen;

wherein Z 1S an oxygen, a nitrogen or a substituted nitrogen; and

10
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the dotted line refers to either a single bond, a double bond, or two single bonds (for

example, when B 1s ethylenedithio, the dotted line shown in the ring structure can be two single

bonds).

As used herem, the term “lower alkyl(s)” group refers to a C;-C5 alkyl group, including,
but not limited to, including methyl, ethyl, n-propyl, 1sopropyl, butyl, 1sobutyl, sec-butyl, tert-
butyl, pentyl, 1sopentyl, hexyl, heptal and the like.

As used herein, the term “lower alkoxy” refers to those groups formed by the bonding of
a lower alkyl group to an oxygen atom, including, but not limited to, methoxy, ethoxy, propoxy,
1Isopropoxy, butoxy, isobutoxy, pentoxy, hexoxy, heptoxy and the like.

As used herein, the term “lower alkylthio group” refers to those groups formed by the
bonding of a lower alkyl to a sulfur atom.

As used herein, the term “halogen” refers to fluorine, chlorine, bromine and 10dine.

As used herein, the term “substituted pyridyl” refers to a pyridyl group that can be
substituted with a halogen, a cyano group, a lower alkyl, a lower alkoxy or a lower alkylthio
group.

As used herein, the term “four- to cight-membered carbon ring” refers to cyclobutyl,
cyclopentyl, cyclohexyl, cycloheptyl, cyclooctyl and the like.

As used herein, the phrase "pharmaceutically active ester-forming group” refers to a
group which binds to a carboxyl group through an ester bond. Such ester-forming groups can be
selected from carboxy-protecting groups commonly used for the preparation of pharmaceutically
active substances, especially prodrugs. For the purpose of the invention, said group should be
selected from those capable of binding to compounds having Formula II wherem R;s 18 hydrogen
through an ester bond. Resultant esters are effective to increase the stability, solubility, and
absorption 1n gastrointestinal tract of the corresponding non-esterified forms of said compounds
having Formula II, and also prolong the effective blood-level of it. Additionally, the ester bond
can be cleaved casily at the pH of body fluid or by enzymatic actions in vivo to provide a
biologically active form of the compound having Formula II. Preferred pharmaceutically active
ester-forming groups include, but are not limited to, 1-(oxygen substituted)-C, to C;s alkyl
groups, for example, a straight, branched, ringed, or partially ringed alkanoyloxyalkyl groups,
such as acetoxymethyl, acetoxyethyl, propionyloxymethyl, pivaloyloxymethyl, pivaloyloxyethyl,
cyclohexancacetoxyethyl, cyclohexanecarbonyloxycyclohexylmethyl, and the like, Cs to Cys
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alkoxycarbonyloxyalkyl groups, such as ethoxycarbonyloxyethyl, 1sopropoxycarbonyloxyethyl,
1sopropoxycarbonyloxypropyl, t-butoxycarbonyloxyethyl, 1sopentyloxycarbonyloxypropyl,
cyclohexyloxycarbonyloxyethyl, cyclohexylmethoxycarbonyloxyethyl,
bornyloxycarbonyloxyisopropyl, and the like, C; to Cs alkoxyalkyls, such as methoxy methyl,
methoxy ethyl, and the like, C4 to Cg 2-oxacycloalkyls such as, tetrahydropyranyl,
tetrahydrofuranyl, and the like, substituted Cs to Cy; aralkyls, for example, phenacyl, phthahdyl,
and the like, Cg to Cy; aryl, for example, phenyl xylyl, indanyl, and the like, C, to Cy; alkenyl, for
example, allyl, (2-oxo-1,3-dioxolyl)methyl, and the like, and [4,5-d1ihydro-4-oxo-1H-
pyrazolo[3,4-d]pyrimidin-1-ylJmethyl, and the like.

In R 1n Formula II, the term "ester" as used in the phrase "the ester of carboxymethyl”
refers to a lower alkyl ester, such as methyl or ethyl ester; and the term "ether" used 1n the phrase
"the ether of hydroxyethyl" means an ether which 1s formed by substitution of the hydrogen atom
of hydroxyl group in the hydroxyethyl group by aliphatic or aromatic alkyl group, such as
benzyl.

The carboxy-protecting groups may be substituted in various ways. Examples of
substituents mclude halogen atom, alkyl groups, alkoxy groups, alkylthio groups and carboxy
groups.

As used herem, the term "straight or branched hydrocarbon radical” in the definition of A
in Formula II above refers to methylene, ethylene, propylene, methylmethylene, or 1sopropylene.

As used herein, the substituent of the "substituted nitrogen" in the definition of Y and Z
in Formula II above are hydrogen, lower alkyl, or acyl.

As used herem, the term "phenyl-substituted lower alkyl” refers to a lower alkyl group
substituted with phenyl, such as benzyl, phenethyl or phenylpropyl.

As used herem, the term “prodrug’ refers to a derivative of the compounds shown mn the
above-described Formula I and Formula II that have chemically or metabolically cleavable
ogroups and become by solvolysis or under physiological conditions compounds that are
pharmaceutically active in vivo. Esters of carboxylic acids are an example of prodrugs that can
be used 1n the dosage forms of the present invention. Methyl ester prodrugs may be prepared by
reaction of a compound having the above-described formula in a medium such as methanol with
an acid or base esterification catalyst (e. g., NaOH, H,SO4). Ethyl ester prodrugs are prepared n

similar fashion using ethanol m place of methanol.
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Examples of compounds having the above Formula I are: 2-[3-cyano-4-(2-
methylpropoxy)phenyl]-4-methylthiazole-5-carboxylic acid (also known as “febuxostat™), 2-[3-
cyano-4-(3-hydroxy-2-methylpropoxy)phenyl]-4-methyl-5-thiazolecarboxylic acid, 2-[3-cyano-
4-(2-hydroxy-2-methylpropoxy)phenyl]-4-methyl-5-thiazolecarboxylic acid, 2-(3-cyano-4-
hydroxyphenyl)-4-methyl-5-thiazolecarboxylic acid, 2-[4-(2-carboxypropoxy)-3-cyanophenyl]-
4-methyl-5-thiazolecarboxylic acid, 1-(3-cyano-4-(2,2-dimethylpropoxy)phenyl)-1H-pyrazole-4-
carboxylic acid, 1-3-Cyano-4-(2,2-dimethylpropoxy)phenyl]-1H-pyrazole-4-carboxylic acid,
pyrazolo [1,5-a]-1,3,5-triazin-4-(1H)-one, 8-[3-methoxy-4-(phenylsulfinyl)phenyl]- sodium salt

(+) or 3-(2-methyl-4-pyridyl)-5-cyano-4-1sobutoxyphenyl)-1,2,4-triazole.

Preferred compounds having the above Formula I are: 2-[3-cyano-4-(2-
methylpropoxy)phenyl]-4-methylthiazole-5-carboxylic acid, 2-| 3-cyano-4-(3-hydroxy-2-
methylpropoxy)phenyl]-4-methyl-5-thiazolecarboxylic acid, 2-| 3-cyano-4-(2-hydroxy-2-
methylpropoxy)phenyl]-4-methyl-5-thiazolecarboxylic acid, 2-(3-cyano-4-hydroxyphenyl)-4-
methyl-5-thiazolecarboxylic acid, 2-[4-(2-carboxypropoxy)-3-cyanophenyl]-4-methyl-5-
thiazolecarboxylic acid. These preferred compounds have also been found not have an effect at a
therapeutically effective amount 1n a subject on the activity of any of the following enzymes
involved in purme and pyrimidine metabolism: guanine deaminase, hypoxanthine-guanine
phosphoribosyltransferse, purine nucleotide phosphorylase, orotate phosphoribosyltransferase or
orotidine-5-monophosphate decarboxylase (1.€., meaning that it 1s “selective” for none of these
enzymes which are involved in purine and pyrimidine metabolism). Assays for determining the
activity for each of the above-described enzymes 1s described in Yasuhiro Takano, et al., Life
Sciences, 76:1835-1847 (2005). These preferred compounds have also been referred to m the

literature as nonpurine, selective mhibitors of xathine oxidase (NP/SIXO).

Examples of compounds having the above Formula II are described m U.S. Patent No.

5,268,386 and EP 0 415 566 Al.

With the exception of pyrazolo [1,5-a]-1,3,5-triazin-4-(1H)-one, 8-[3-methoxy-4-

(phenylsulfinyl)phenyl]- sodium salt (£), methods for making xanthine oxidoreductase mhibiting

compounds of Formulas I and II for use in the methods of the present invention are known 1n the
art and are described, for example, i U.S. Patent Nos. 5,268,386, 5,614,520, 6,225,474,
7,074,816 and EP 0 415 566 Al and 1n the publications Ishibuchi, S. et al., Bioorg. Med. Chem.
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Lett., 11:879-882 (2001) and which are each herein incorporated by reference. Other xanthine
oxidoreductase inhibiting compounds can be found using xanthine oxidoreductase and xanthine
in assays to determine 1f such candidate compounds mhibit conversion of xanthine into uric acid.

Such assays arc well known 1n the art.

Pyrazolo [1,5-a]-1,3,5-triazin-4-(1H)-one, 8-[3-methoxy-4-(phenylsulfinyl)phenyl]-

sodium salt () 1s available from Otsuka Pharmaceutical Co. Ltd. (Tokyo, Japan) and 1s
described 1n the following publications: Uematsu T., et al., “Pharmacokinetic and
Pharmacodynamic Properties of a Novel Xanthine Oxidase Inhibitor, BOF-4272, in Healthy
Volunteers, J. Pharmacology and Experimental Therapeutics, 270:453-459 (August 1994), Sato,
S., A Novel Xanthine Deydrogenase Inhibitor (BOF-4272). In Purine and Pyrimidine
Metabolism in Man, Vol. VII, Part A, ed. By P.A. Harkness, pp.135-138, Plenum Press, New
York. Pyrazolo [1,5-a]-1,3,5-triazin-4-(1H)-one, 8-[3-methoxy-4-(phenylsulfinyl)phenyl]-

sodium salt (+) can be made using routine techniques known 1n the art.

Description of the Invention

As mentioned briefly above, the present mnvention relates to methods of preserving renal
function 1n subjects 1n need thercof. It has been discovered that a class of compounds known as
xanthine oxidoreductase inhibitors can be used not only to reduce serum urate levels 1n subjects,

but also to preserve renal function 1n said subjects over time.

Because the xanthine oxidoreductase mhibitors of the present mnvention are effective 1n
reducing serum urate levels, these compounds can be used to treat subjects suffering from
hyperuricemia, gout, acute gouty arthritis, chronic gouty disease, tophaceous gout, uric acid
nephropathy, and/or nephrolithiasis. Such treatments involve the administration of sufficient
amounts of xanthine oxidoreductase mhibitor to reduce uric acid levels 1n the subject with a
quick onset (namely, within one week of first beginning treatment with a xanthine
oxidoreductase mhibitor (See, Becker M, Kisicki J, Khosravan R, Wu J, Mulford D, Hunt B,
MacDonald P, Joseph-Ridge N., Nucleosides Nucleotides Nucleic Acids, 23(8 & 9):1111-1116
(October 2004)) and maintain a reduction in the subject’s serum urate level for a prolonged
period, preferably for at least 4 weeks (See, Becker MA, Schumacher HR Jr, Wortmann RL,
MacDonald PA, Palo WA, Eustace D, Vernillet L, Joseph-Ridge N, Arthritis Rheum.,
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52(3):916-923 (March 2005)), more preferably for at least a year, still more preferably for at
least two years, and still more preferably for in excess of 30 months and beyond (See, Becker
MA, Schumacher HR Jr, Wortmann RL, MacDonald PA, Eustace D, Palo WA, Streit J, Joseph-
Ridge N., N Engl J Med., 354(6):1532-1533 (April 2006)).

It was discovered that administering xanthine oxidoreductase mhibitors i quantitics that
are effective to reduce a subject’s serum urate level for such prolonged periods 1s also
therapeutically effective in preserving the subject’s renal function during such periods.
Preservation of renal function can be assessed by well-known measures, such as creatinine
levels, creatinine clearance, and the GFR. It will be understood that preservation of renal
function entails not only better renal function i xanthine oxidoreductase inhibitor-treated
subjects than 1 placebo-treated subjects, but also maintaining renal function reasonably close to
bascline levels, 1.¢., at stable levels, not necessarily improving renal function from reduced or
impaired levels to adequate levels. In other words, while administration of xanthine
oxidoreductase inhibitors 1s effective to preserve renal function at the subject’s existing levels,
1.¢., stabilize renal function, it 1s not necessarily effective to improve renal function significantly
beyond those levels. Nevertheless, maintaining existing levels of renal function 1s of importance
to subjects suffering from conditions like hyperuricemia, gout, acute gouty arthritis, chronic
gouty disease, tophaceous gout, uric acid nephropathy, and/or nephrolithiasis, since it may slow

the progression of kidney disease 1n such patients.

When GFR 1s used as the measure of renal function, preserving the subject’s renal
function involves maintaining the subject’s GFR at a level of at least approximately 75% or
greater when compared to the subject’s baseline levels; more preferably, at a level of at least
approximately 80% or greater when compared to the subject’s baseline levels; and, still more
preferably, at a level of at least approximately 90% or greater when compared to the subject’s

baseline levels.

In addition, it has also been found that the administration ot the xanthine oxidoreductase
inhibitors of the present invention can also be used to preserve the renal function 1n subjects
suffering from progressive renal disease. Such subjects may or may not also be suffering from
hyperuricemia, gout, acute gouty arthritis, chronic gouty disease, tophaceous gout, uric acid
nephropathy, and/or nephrolithiasis. The treatment of subjects suffering from progressive renal

disease involves the administration ot sufficient amounts of xanthine oxidoreductase imnhibitor to
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maintain or improve renal function in a subject with a quick onset (namely, within two weeks of
first beginning treatment with a xanthine oxidoreductase inhibitor) and maintain such improved
renal function 1n the subject for a prolonged period, preferably for at least 4 weeks, more
preferably for at least a year, still more preferably for at least two years, and still more preferably
for in excess of 30 months and beyond. The methods described previously herein for measuring
the preservation of renal function can also be used to measure the preservation of renal function
in subjects suffering from progressive renal disease. It will be understood that preservation of
renal function entails not only better renal function i xanthine oxidoreductase inhibitor-treated
subjects than 1n placebo-treated subjects, but also maintaining renal function reasonably close to
bascline levels, 1.¢., at stable levels, not necessarily improving renal function from reduced or
impaired levels to adequate levels. In other words, while administration of xanthine
oxidoreductase inhibitors 1s effective to preserve renal function at the subject’s existing levels,
1.¢., stabilize renal function, it 1s not necessarily effective to improve renal function significantly
beyond those levels. Nevertheless, maintaining existing levels of renal function 1s of importance
to subjects suffering from progressive renal disease, since 1t may slow the progression of the

discase 1n such patients.

Compositions containing at least one xanthine oxidoreductase mhibitor are contemplated
for use 1 the methods of the present invention. Using the excipients and dosage forms described
below, formulations containing such combinations are a matter of choice for those skilled 1n the
art. Further, those skilled 1n the art will recognize that various coatings or other separation

techniques may be used 1 cases where the combination of compounds are incompatible.

Compounds for use in accordance with the methods of the present invention can be
provided in the form of pharmaceutically acceptable salts derived from norganic or organic
acids. Pharmaceutically acceptable salts are well-known 1n the art. For example, S. M. Berge et
al. describe pharmacecutically acceptable salts in detail in J. Pharmaceutical Sciences, 66: 1 et
seq. (1977). The salts can be prepared in situ during the final 1solation and purification of the
compounds or separately by reacting a free base function with a suitable organic acid.
Representative acid addition salts include, but are not limited to, acetate, adipate, alginate,
citrate, aspartate, benzoate, benzenesulfonate, bisulfate, butyrate, camphorate, camphor
sulfonate, digluconate, glycerophosphate, hemisulfate, heptanoate, hexanoate, fumarate,

hydrochloride, hydrobromide, hydroiodide, 2-hydroxyethansulfonate (1sothionate), lactate,
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maleate, methane sulfonate, nicotinate, 2-naphthalene sulfonate, oxalate, palmitoate, pectinate,
persulfate, 3-phenylpropionate, picrate, pivalate, propionate, succinate, tartrate, thiocyanate,
phosphate, glutamate, bicarbonate, p-toluenesulfonate and undecanoate. Also, basic nitrogen-
contaming groups can be quaternized with such agents as lower alkyl halides such as methyl,
cthyl, propyl, and butyl chlorides, bromides and 10dides; dialkyl sulfates like dimethyl, diethyl,
dibutyl and diamyl sulfates; long chain halides such as decyl, lauryl, myristyl and stearyl
chlorides, bromides and 10dides; arylalkyl halides like benzyl and phenethyl bromides and
others. Water or o1l-soluble or dispersible products are thereby obtamned. Examples of acids
which can be employed to form pharmaceutically acceptable acid addition salts include such
inorganic acids as hydrochloric acid, hydrobromic acid, sulphuric acid and phosphoric acid and

such organic acids as oxalic acid, maleic acid, succinic acid and citric acid.

Basic addition salts can be prepared in situ during the final 1solation and purification of
compounds by reacting a carboxylic acid-containing moicty with a suitable base such as the
hydroxide, carbonate or bicarbonate of a pharmaceutically acceptable metal cation or with
ammonia or an organic primary, seccondary or tertiary amine. Pharmaceutically acceptable salts
include, but are not limited to, cations based on alkali metals or alkaline earth metals such as
lithtum, sodium, potassium, calcium, magnesium and aluminum salts and the like and nontoxic
quaternary ammonia and amine cations including ammonium, tetramethylammonium,
tetracthylammonium, methylammonium, dimethylammonium, trimethylammonium,
tricthylammonium, dicthylammonium, and ethylammonium among others. Other representative
organic amines useful for the formation of base addition salts include ethylenediamine,
cthanolamine, dicthanolamine, piperidine, piperazine and the like.

The at least one xanthine oxidoreductase inhibiting compound or salts thercof, may be
formulated 1n a variety of ways that 1s largely a matter of choice depending upon the delivery
route desired. For example, solid dosage forms for oral administration imnclude capsules, tablets,
pills, powders and granules. In such solid dosage forms, the xanthine oxidoreductase mhibiting
compound may be mixed with at least one inert, pharmaceutically acceptable excipient or carrier,
such as sodium citrate or dicalcium phosphate and/or a) fillers or extenders, such as, but not
limited to, starches, lactose, sucrose, glucose, mannitol and silicic acid; b) binders, such as, but
not limited to, carboxymethylcellulose, algiates, gelatin, polyvinylpyrrolidone, sucrose and

acacia; ¢) humectants, such as, but not limited to glycerol; d) disintegrating agents, such as, but
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not limited to, agar-agar, calctum carbonate, potato or tapioca starch, alginic acid, certain
silicates and sodium carbonate; ¢) solution retarding agents, such as, but not limited to, paraftin;
f) absorption accelerators, such as, but not limited to, quaternary ammonium compounds; g)
wetting agents, such as, but not limited to, cetyl alcohol and glycerol monostearate; h)
absorbents, such as, but not limited to, kaolin and bentonite clay; and 1) lubricants, such as, but
not limited to, talc, calcium stearate, magnesium stearate, solid polyethylene glycols, sodium
lauryl sulfate and mixtures thereof.

Solid compositions of a similar type may also be employed as fillers m soft and hard-
filled gelatin capsules using such excipients as lactose or milk sugar as well as high molecular
weight polyethylene glycols and the like.

The solid dosage forms of tablets, capsules, pills and granules can be prepared with
coatings and shells such as enteric coatings and other coatings well-known 1n the pharmaceutical
formulating art. They may optionally contain opacitying agents and may also be of a
composition such that they release the active ingredient(s) only, or preferentially, 1in a certain part
of the intestinal tract, optionally, 1n a delayed manner. Examples of embedding compositions
which can be used include polymeric substances and waxes.

Liquid dosage forms for oral administration include pharmaceutically acceptable
emulsions, solutions, suspensions, syrups and clixirs. In addition to the xanthine oxidoreductase
inhibiting compounds, the liquid dosage forms may contain mert diluents commonly used 1n the
art such as, for example, water or other solvents, solubilizing agents and emulsifiers, such as, but
not limited to, ethyl alcohol, 1sopropyl alcohol, ethyl carbonate, ethyl acetate, benzyl alcohol,
benzyl benzoate, propylene glycol, 1,3-butylene glycol, dimethyl formamide, oils (in particular,
cottonseed, groundnut, corn, germ, olive, castor and sesame o1ls), glycerol, tetrahydrofurfuryl
alcohol, polyethylene glycols and fatty acid esters of sorbitan and mixtures thereof.

The compositions can also be delivered through a catheter for local delivery at a target
site, via an mntracoronary stent (a tubular device composed of a fine wire mesh), or via a
biodegradable polymer.

Compositions suitable for parenteral mjection may comprise physiologically acceptable,
sterile aqueous or nonaqueous solutions, dispersions, suspensions or emulsions and sterile
powders for reconstitution mto sterile injectable solutions or dispersions. Examples of suitable

aqueous and nonaqueous carriers, diluents, solvents or vehicles include, but are not limited to,
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water, cthanol, polyols (propylene glycol, polyethylene glycol, glycerol, and the like), vegetable
oils (such as olive o1l), injectable organic esters such as ethyl oleate, and suitable mixtures
thercof.

These compositions can also contain adjuvants such as preserving, wetting, emulsifying,
and dispensing agents. Prevention of the action of microorganisms can be ensured by various
antibacterial and antifungal agents, for example, parabens, chlorobutanol, phenol, sorbic acid,
and the like. It may also be desirable to include 1sotonic agents, for example, sugars, sodium
chloride and the like. Prolonged absorption of the injectable pharmaceutical form can be brought
about by the use of agents delaymg absorption, for example, aluminum monostearate and gelatm.

Suspensions, 1n addition to the active compounds (1.¢., xanthine oxidoreductase imnhibiting
compounds or salts thercof), may contain suspending agents, as for example, ethoxylated
1sostearyl alcohols, polyoxyethylene sorbitol and sorbitan esters, microcrystalline cellulose,
aluminum metahydroxide, bentonite, agar-agar and tragacanth, or<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>