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Description
FIELD OF THE INVENTI!ON

[6001] The present invention relates to hydantoins, thiohydanloins, dithiohydantoins, hydantoinimines and thichydan-
toinimines compounds, methods of using such compounds in the treatment of androgen receptor-associated conditions,
such as age-related diseases, for example, prostate cancer, and to pharmaceutical compositions containing such com-
pounds.

BACKGROUND OF THE INVENTION

[0002] Prostate cancer is the most common incidence of cancer and the second Jeading cause of cancer death in
Wastaern men. When the cancer Is confined locally, the dissase can be cured by surgery or radlatlon. However, 30% of
sych cancer relapses withdistant metastatic dlsease and others have advanced disease at dlagnoses. Advanced disease
is trealed by castration and/or administration of anti-androgens, the so-called androgen deprivation tharapy, Castration
lowers the circulating levels of androgens and reduces the activity of androgen receplor (AR}, Administration of anti-
androgens blocks AR function by competing away androgen binding and therafore reduces the AR activity, Although
initially effective, these treatments quickly fall and the cancer becomes hormane refraclory,

[0003] Recenlly, overexpression of AR has been identified and validated as a cause of hermonae refraclory prostate
cancer (Nat. Med, 2004, 10, 33-39). Overexpression of AR Is sufficient to cause progression from hormone sensitive to
hormone refractory prostate cancer, suggesting that better AR inhibitors than the current drugs can slow the progresslon
of prostate cancer, |t was demonstrated that AR and its ligand binding are necessary for growth of harmone refractory
prostate cancer, Indicating that AR is stiil a targel for this disease. |l was also demonstrated that overexpression of AR
converts antl-androgens from antagonists to agonists In hormone refractory prostate cancer {(an AR antagonist inhibits
AR aclivity and an AR agonist stimulates AR activity). Data from this work explain why castration and anti-androgens
fail to prevent prostale cancer progression and reveals un-recognlzed properties of hormone refractory prostate cancer.
[0004] Bicalutamide (Brand name: Casodex) Is the most commonly used anti-androgen. While It has inhibitory effect
on AR in hormone sensitive prostate cancer, it fails to suppress AR when the cancer becomes hormene refractory. Two
weaknasses of current antiandregens are blamed for the failure to prevent prostate cancer progression from hormone
sensitive stage to hormone refractory disease and to effectively treat hormone refractory prosiate cancer. One is thelr
weak antagonistic activities and the other Is their strong agonistic activities when AR is overexpressed in hormone
refractory prostate cancer, Therefore, better AR Inhibltors with more potent antagonistic activities and minimal agonistic
activities are needed to delay disease progression and (o treat the fatal hormone refractory prostate cancer.

[0005] Nonsteroidal enti-androgens, have been preferred over steroidal compounds for prostate cancer because they
ara mote salecllve and have fewer side effects. A wide variety of such compounds were described in U.S. patent numbers
4,097,578, 5,411,881, and 5,705,654, U.S, published applications 2004/0009969 and 2007/0004753, and PCT interna-
tional applications published as WO 97/00071, WO 00/17163 and WO 06/124118,

[0006] Accordingly, Identification of compounds which have high potency lo antagonize the androgen activity, and
which have minimal agonistic activity would overcome the hermone refractory prostate cancer (HRPC} and avoid or
slowdown the progression of hormone sensilive prostale cancer (HSPC), There is a need in the art for the identification
of selective modulators of the androgen receptor, such as modulators which are non-steroidal, non-toxic, and tissue
selective,

[0007] WO 2005/042488 describes compounds that have a peptidase inhibitory action, which are useful for the proph-
ylaxis or treatment of diabetes,

[0008] WO 01/92253 describes compounds that are iphibitors of oy B, mediated cell adhesion, which could be usaful
for the treatment of inflammatory diseases,

[0009] US 5,434,176 describes compaunds having antl-androgenic activity.

[0010] WO 2006/010642 describes compounds thal are protein kinase inhibitors,

SUMMARY OF THE INVENTION
[0011] A series of compounds that medulate the function of the nuclear hormene receplors, especially the androgen

receptor, are presented, These compounds can cause disappearance of prostate cancer cells and tumors,
[0042] The invention provides a compound according to formula I1:
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Formuia I}

or a pharmaceutically acceplable salt thereof, wharsin Het is selected from the group consisting of:
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Ry N)\ Rg NA Rg X Ry X)\
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wherein Ry, Rg, Rg, and R; are Independently selected from the group consisting of hydrogen, alkyl, substltuted
alkyl, alkenyl, substituted alkenyi, atkynyl, substituled alkynyl, aryl, substituted aryl, arylaliyl, arvialkenyl, aryialkynyt,
halogenated alkyl, halogenated alkenyl, halogenated alkynyl, halogen, CN, NO, ORi;, SR.;, NRyRys
NH(CO)OR44.

NH(CONRjiRiz  NRpp(CORy;,  O(CORy,  O(COJORy;,  O(CSIRg,  NRyp(GS)Ryy,
NH(CS)NR1R{2,NR45(C8)OR; 4.

wherein any of Ry, R;, Ry, and R; can be connected to an adjacent Ry, Ry, Rg, and Ry to form a cycle which can
be aromatic, substituted aromatle, heterocyclic aromatic or non-arematic, substituted heterocyclic aromatic or non-
aromatic, cycloalkyt, or substituted cycloalkyl,

whereln X is selectad from sulfur, oxygen, and NRg, and

whereln Ry is selected from the group consisting of hydrogen, allyl, substituted alkyl, ajllkenyl, substituted afkenyl,
alkyny!, substituted alkynyl, aryl, substituted aryl, arylalkyl, arylalkenyl, arylalkynyl, halogenated alkyl, halegenated
alkenyl, halogenated alkynyl, halogen, (CO)R,4, (CO)ORy4, (CS)Ry4, and {CS)OR,,; and

wherein:

A ls sulfur and B Is axygen;

R4 and Ry, are independently selected from hydrogen, alkyl, substituted atkyl, alkenyl or substituted alkenyl, alkynyl
or substituted alkynyl, aryl, substituted aryl, arylalkyl, arylalkenyl, arylalkyny!, heterocyclic aromatic or non-aromatic,
or substituted heterocyclic aromatic or non-aromatic, or

Ry and Ry, can be connected te form a cycle which can be helerocyclic aromatic or non-aromatic, or substituted
heterocyclic aromatic,

R, is selected from aryi and substituted aryl,

R; and R4 are independently selected from hydrogen, aryi, alkyl, substituted alkyl, alkenyl, substituted alkenyl,
atkynyl, subslituted alkynyl, halogenated alkyl, halogenated alkenyi, halogenated alkynyl, arylalkyl, arylalkenyl, ar-
ylalkynyl, heterocyclic aromatic or non-aromatic, substituted heterocyclic aromatic or non-aromatic, cycloalkyl, or
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substituted cycloalkyl;

each subsiituted alkyl Is substituted with one or more groups Independently selected from hydroxyl, bromo, fluoro,
chioro, iodo, mercaplo or thio, ayano, alkylthio, heterocyclyl, aryl, hateroaryl, carboxyl, carbalkoyl, alkyl, alkenyl,
nitro, amina, alkoxyl, and amido;

each substiiuted cycloalkyl, substituted alkenyl or substiuted alkynyl is substituted with one or more groups inde-
pendently selected from halogen, alkyl, alkoxy, hydroxy, aryl, aryloxy, arylalkyl, cycloalkyl, alkylamido, alkanoylarmi-
no, oxo, acyl, arylcarbonyiamino, amino, hitra, cyano, thiol, alkyithio, brome, flucro, chloro, icdo, mercaplo, hetero-
cyslyl, heteroaryl, carboxyl, carbalkoyl, alkenyl, and amlido;

each substiluted arylalkyl, substiluted arylalkenyl, or substituled arylalkynyl is substituted on the ary! portion with
one of more groups independently selected from halogen, atkyl, alkoxy, hydroxy, aryl, aryloxy, arylalkyl, cycloalkyl,
alkylamido, alkanoylamine, oxo, acyl, aryicarbonylamino, amino, nltro, cyano, thiol, alkylthio, broma, fluore, chlore,
iodo, mercapte, heterocyclyl, heteroaryl, carboxyl, carbalkoyl, alkenyl, or amido;

each substliuted aryl or substituted aromatic Is substituted with one or more groups Independently selected from
halo, aikyl, haloalkyl, alkoxy, haloalkoxy, alkenyl, trifluoromethyl, frifiucromethoxy, alkynyl, cycloalkyt, cycloalkylalkyl.
cyciohsteroalkylalkyl, aryl, heteroaryl, aryloxyalkyl, aryfalkoxy, alkaxycarbonyl, arylearbonyl, arylalkenyl, aminocar-
banylaryl, arylthio, arylsulfinyt, arylazo, heteroarylalkyl, heteroarylalkenyl, heteroaryiheteroaryl, heteroaryloxy, hy-
droxy, nitro, cyano, amino, substituted amino, carbamoy, alkyl carbamoyl, amidified carboxy, amidifled carboxyalkyl,
alkyl amidifled carboxyalkyl, thial, alkylthlo, arylthio, heteroarylthlo, aryithioalkyi, alkoxyarylthio, alkylcarbanyl, aryl-
garbonyl, alkylaminocarbonyl, arylaminocarbonyl, alkoxycarbonyl, aminocarbanyl, alkylcarbonytoxy, arylcarbony-
loxy, alkylcarbonylamino, arylearbonylamino, arylsulinyl, arylsulfinylalkyl, arylsulfonylamino, arylsulfonaminacarb-
anyl, bromo, fluaro, chlore, lodo, mercapto or thio, heterocyclyl, carboxyl, carbalkoyl, alkoxyl, and amido;

sach substfituted heteroaryl or substituted heterocyclic aromatic is substitutad with one to four groups independantly
selecled from halogen, alkyl, alkoxy, hydroxy, aryl, aryloxy, arylalkyl, cycloalkyl, alkylamido, alkanoylamino, oxo,
acyl, aryicarbonylamino, amino, nitre, cyano, thlol, alkylthio, bromo, fluoro, chloro, lodo, mercapto, heterocyciyl,
hetaroaryl, carbaxyl, carbalkoyl, alkenyl, and amido; and

each substituted amino has 1 or 2 substituents independently selected from alkyl, aryl, heteroaryl, arylalkyl, aryloxy,
aryloxyalkyl, arylalkoxy, arylcarbonyl, arylalkenyl, arylalkynyl, aminccarbonylaryl, arylthio, arylsullinyl, arylazo, het-
eroarylalkyl, hataroarylalkenyl, heteroarylheteroaryl, hetercaryloxy, hateroarylihio, arylthicalkyl, atkoxyaryithio, ar-
ylaminocarbonyl, arylcarbonyloxy, arylcarbonylamino, arylsulfinyl, arylsulfinylalkyl, arylsulfonylamine, and arylsul-
fonaminocarbony!

[6013] For example, the compound can be A51 or A52,

NG IN\ 8 GH;
Fy G N)LN’Q/

Q
ASl

F 0
Ncﬁ i ﬁu,cua
FiG” ~F N7 N
g
A52

[0014] The invention also provides a pharmaceutical composition comprising a therapeutically effective amount of a
compound according to Formula i, or a pharmaceutically acceptable salt thereof, and a pharmaceutically acceptable
carrier, diluent, or adjuvant,

[0015] The pharmaceutical composition can Include a solution of ¢imethylsulfoxide, phosphate buffered saline solutlon,
and waler. The pharmaceutical composition can include dimethylsulfoxide, a carboxymethylcelluiose, a polysorbate,
and water.

[0018] The invention also relates to compounds for use a method for preventing or treating a disease or disorder
related to nuclear receptor activity.
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[0017] Theinvention also relates to compounds for use a method for praventing or treating a hyperproiiferative disorder,
such as hormone sensitive prostate cancer or hormone refractory prostate cancer, which can include administering a
compound according to Formula 1, or a pharmaceutically acceptable salt thereof, to a subject in need of such prevention
or treatment, thereby preventing or treating tha hyperproliferative disorder, The compound can be administered at a
dosage in the range of from about 1 mg per kg body weight per day to about 50 mg per kg body weight per day, The
compound can be administered, for example, by intravenous injection, by injectlon into tissue, Intraperitoneally, orally,
of nasally.

[0018] The compound according to Formula }| described herein is an antagonlst of a nuclear receptor or an antagonist
of an androgen receplor.

DESCRIPTION OF THE DRAWINGS
[0019]
Figure 1 is a bar chart depicting the antagonist effect of compounds A81 and A52 on HS cancer cells,
Figure 2 is a bar chart depicting the antagonist effect of compounds A51 and A52 on HS cancer cells.
Figure 3 is a bar chart depicting the antagonist effect of compounds A51 and A52 on HR cancer cells.
Figure 4 Is a graph deplcting the pharmacokinetic behavior of compound A52.
Figure 5 is & graph deplcting the effect of compound A52 on LnCaP-AR-overexpressed tumor size al 10 mg/kg.

Figure 6 presents images depicting the disappearance of Luciferase activity after 17 days of treatment with compound
AS52.

DETAILED DESCRIPTION

[0020] The presentInventlon relates to the compounds of formula I, using such compounds as modulators of androgen
receplors and to pharmaceutical compositions containing such compounds and salls therscf, Compounds of formula H
can ba used fo agenize or antagoenize the function of the nuclear receptor. The compounds can be used to antagonize
the ardregen receplor. Use of the compounds is not limited to affecting the androgen receptor, but can, for example,

also be useful for the treatment of other diseases related to nuclear raceptor function, Formuta |l can be represented as
tha structure

A
Het.. )LN# Ri
& Lrs

Formula 11,

wherein, Het is selected from the structures

Ry Rq
-
R R¢™ - Ry Rg
Ry 5 .
o Q 8
R‘IJYB Ry 'lra Ra(rfﬂ Ry Ry R
| .
Rg™ 7O R O Ry 8 ReS R
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s |
R
P 4
Rsuﬁ\ N RG,Z;»\.
Ry Ry

[0021] Hereln, Rs, Ry, Rg, and Ry are Independently selected from the group conslsting of hydrogen, alkyl, substituted
alkyl, alkenyl, substituted alkenyl, atkynyl, substituted alkynyl, aryl, substituted aryl, arylalkyl, arylalkenyl, arylalkynyl,
halogenated alkyl, halogenated alkenyl, halogenated alkynyl, halogen, CN, NO,, OR 4, 8R4y, NRy4R {3, NH(COJOR 4,
NH{COINR 4R 12, NR1{CO)R44, O(CO}R{4, O{CO)ORy, O{CS)R44, NRy5{C8)Ry, NH(CSINR 3Rz NR42(CS)OR 4.
R, Is preferably CN or NO,. Ry is preferably trifluoromethyl, halogenated alkyl, halogenated alkenyl, haloganated alkynyl
and halogen, R; and Ry are preferably hydrogen, alkyl or halogen. Any of Ry, Rs, Rg, and Ry can be connected to an
adjacent Ry, R, Rg and Ry to form a cycle which can be aromatic, substituted aromatle, heterocyclic aromatic or non-
aromatic, substituted heterocyclic aromatle or non-aromatic, cycloalkyl, substituted cycloalkyl. X Is selected from sulfur
{8), oxygen {0}, NRy whereln N Is nitrogen and Ry Is selected from the group consisting of hydregen, alkyl, substituted
alkyl, alkenyl, substituted alkenyl, alkynyl, substituted alkynyl, aryl, substituted aryl, arylalkyl, arylalkenyl, arylalkynyl,
halcgenated alkyl, haloganated alkenyl, halogenated alkynyl, halogen, (CO)Ry4, (CO)OR4, {CS)R4, (CS)OR4.
[0022] R, is aryl, or substituted aryl,

[0023] R, andR; are independently selscled from hydrogen, aryl, alkyt, substifuted alkyl, alkanyl, substituted alkenyl,
alkynyl, substituted alkynyl, halogenated alkyl, halogenated alkenyl, halogenated alkynyl, arylaikyl, arylalkenyl, aryla-
tkynyl, heterocyclic aromatic or non-aromatic, substituted heterocyclic aromatle or non-arematic, cycloalkyl, substituted
eycloalkyl.

[0024] R4 and Ry, are independently sslected from hydrogen, alkyl, substituted alkyl, alkenyl or substituted alkenyl,
alkynyl or substituted alkynyl, aryl, substituted aryl, arylalkyl, arylalkenyl, arylaltkynyt, heterocyellc aromatic or non-aro-
matic, substituted heterocyclic aromatic or non-aromatic, Ry and Ry, can be connected to form a cycle which can be
heterocyclic aromatic or non-aromatic, or substituted heterocyclic aromatfic,

[0025] The following definitions apply to the terms as used throughout this speclfication, unless otherwise limiied In
specific instances.

[0026) As used herein, the tarm “alkyl” denctes branched or unbranched hydrocarbon chains, preferably having about
1 to about 8 carbons, such as, methyt, ethyl, n-propyl, Isopropyl, n-butyl, see-butyl, Isobutyl, ter-butyl, 2-methyipentyl,
penlyl, hexyl, isohexyl, heptyl, 4,4-dimethylpentyl, cctyl, 2,2 4-trimethylpentyl and the like. "Substituted alkyl” includes
an alkyl group optionally substituted with one or more functional groups which are attached commonly to such chains,
such as, hydroxyl, bromo, fluore, chlero, todo, mercapto or thio, cyano, alkyithio, heterocyclyl, aryl, heteroaryl, carboxyl,
carbalkoyl, alkyl, alkenyl, nitro, amino, alkoxyl, amido, and the like to form alkyl groups such as trifluoromethyl, 3-
hydroxyhexy), 2-carboxypropyl, 2-fluorcethyl, carboxymethyl, cyancbuty! and the like.

[0027] Unless otherwise indicated, the term "cycloalkyi" as employed herein alone or as part of anothar group includes
saturated or partially unsaturated (containing 1 or more double bonds) eyclic hydrocarbon groups contalning 1 to 3 rings,
Including monocycloalkyl, bicycloalkyl and tricycloalkyl, containing a total of 3 fo 20 carbons forming the rings, preferably
3 to 10 carhons, and which can be fused lo 1 or 2 aromatle rings as described for aryl, which include cyclopropyl,
cyclobutyl, cyclopenlyl, cyclohexyl, cycloheptyl, cyclooctyl, cyclodecyl and cyclododecyl, cyclohexenyl, "SBubstituted cy-
cloalkyl” Includes a cycloatkyl group eptionally substituted with 1 or more substituents stch as halogen, alkyl, alkoxy.
hydroxy, aryl, aryloxy, arylalkyl, eycloalkyl, alkylamido, alkanoylamino, oxo, aeyl, arylcarbonylaming, amino, nitre, cyano,
thiol and/for alkylthie andfor any of the substituents included in the definition of “substituted alkyl," For example,

X o O 94
E RSl oolNe

[0028] Unless otherwise indicated, the term "alkenyl" as used herein by itself or as part of another group refers to
straight or branched chaln radicals of 2 to 20 carbons, preferably 2 to 12 carbons, and more preferakbly 2 to 8 carbons
in the normal chatn, which include one or more double bonds in the normal chain, such as vinyl, 2-propenyl, 3-butenyl,
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2-butenyl, 4-pantenyl, 3-pentenyl, 2-hexenyl, 3-hexenyl, 2-heptenyl, 3-heptenyl, 4-heptenyl, 3-octeryl, 3-nonenyt, 4-
decenyl, 3-undecenyl, 4-dodecenyl, 4,8,12-tetradecatrienyl, and the like, "Substituted alkeny!" Includes an alkenyl group
optionally substituted with one or mere substituents, such as the substituents included above in the definition of "sub-
stituted alkyl" and "substituted cycloalkyl."

[0029] Unless otherwise indicated, the term “alkynyl" as used herein by itself or as part of another group refers to
straight or branched shain radicals of 2 to 20 carpons, preferably 2 to 12 carbons and more preferably 2 to 8 carbons
in tha normal chain, which include one or more triple bonds i the normal chain, such as 2-propynyl, 3-bulynyl, 2-butynyl,
4-pantynyl, 3-pentynyl, 2-hexynyl, 3-hexynyl, 2-heptynyl, 3-heptynyl, 4-heptynyl, 3-octynyl, 3-nanynyl, 4-decynyl, 3-
undecynyl, 4-dodecynyl and the fike, "Substituted alkynyl" includes an alkynyl group oplionally substituted with one or
more substituants, such as the substituents included above In the definition of "substituted alkyl" and "substituted cy-
cloalkyl."

[0030] The terms "arylalkyl”, "arylalkenyl" and "arylalkynyl® as used alone or as part of anoiher group refer to alkyl,
alkenyl and alkynyl groups as described abrove having an aryf substituent. Representative examples of atylalkyl includs,
but are not imited to, benzyl, 1- and 2-phenyleihyl, 2- and 3-phenylpropyl, benzhydryl and naphthylmethyl and the like.
"Substituled arylalkyl” includes arylatkyl groups wherein the aryl portion is optionally substituted with one or more sub-
stituants, such as the substituenis Included abaove In the definition of "substituted atkyl" and "substituted cycloaliyl.”
[0031] The term "halogen” or "halo" as used herein alone or as part of another group refers tc chiorine, bromine,
fAuorine, and iodine,

[0032] The terms "halogenated alkyl", “halogenated alkeny!" and "halogenated atkyny!" as used hetein alone or as
pat of another group refers to "alkyl”, "alkeny!" and "alkynyl" which are substituted by one or more atoms selected from
fluorine, chlorine, braming, and lodine.

[0033] Unless alherwise indicated, the term "aryl" or "Ar" as employed herein alone or as part of ancther group refers
to moenocyclic and polycyslic aromatic groups contalning 6 1o 10 carbons in the ring portion (such as pheny! or naphthyl
including 1-naphthyl and 2-naphthyl) and ¢an optionally include one to three additional rlngs fused to a carbocyclic ring
or a heterocyclic ring (such as aryl, cycloalkyl, heteraary| or cycloheteroatkyl rings).

[0034] "Substituted aryl" includes an aryl group optionally substituted with one or more functional groups, such as
halo, alkyl, haloalkyl, alkoxy, haloalkoxy, alkenyl, irifluoromethyl, triflucromethoxy, alkynyl, cycloalkyl, cycicatkytalkyl,
cycloheteraalkylalkyl, aryl, heteroaryl, aryloxyalkyl, arylatkoxy, alkexycarbonyl, arylcarbenyl, arylalkenyl, aminocarbony-
laryl, arylthio, arylsulfinyl, arylaze, heteroarylalkyl, heteroarylalkenyl, heteroarylheteroaryl, heteroaryloxy, hydroxy, nitro,
cyano, amino, substituted amino whereln the amina includes 1 of 2 substiuents (which are alkyl, aryl or any of the other
aryl compounds mentioned in the definitions), carbamoyl, alky! carbamoy!, amidified carboxy, amidified carboxyalkyl,
alkyl amidified carboxyalkyl, thiol, alkyithio, arylthio, hetarcaryithio, arylthioalkyl, alkoxyaryithio, alkylcarbonyl, arylearb-
onyl, atkylaminecarbonyl, arylaminocarbonyl, alkoxycarbanyl, amihocarbonyl, alkylcarbonyloxy, arylcarbonyloxy, aikyl-
carbonylamine, arylcarbonyiamine, arvisulfinyl, arylsulfinylalkyl, arylsulfonylamino or arylsulfonaminocarbonyt andfor
any of the alkyl substituents set cut herain.

[0035] Unlessotherwise indlcated, the term "heterooyclic” or "heterccycle”, as usad herein, represents an unsubstituted
or substituled stable 5- to 10-membered monocydiic ring system which can be saturated or unsaturated, and which
consists of carbon atoms and from one to four hataroatoms selacted from N, O, or 8, and wherein the nitrogen and
sulfur heteroatoms can optionally be oxidized, and the nitrogen heteroatom can optlonally be quateniized. The hetero-
cyclic ring can be altached at any heteroatom or carbon atom which results in the creation of a stable struciure. Examples
of such heterocyclic groups Include, but are not limited to, piperidinyl, piparazinyl, oxopiperazinyl, oxopiperidinyl, ox-
opyrrolidinyl, azepinyl, axoazepinyl, pyrrolyl, pyrrolidinyl, furanyl, thienyl, pyrazolyl, pyrazolidinyl, imidazolyl, imidazoiinyl,
imidazolidinyl, pyridyl, pyrazinyl, pyrimidinyl, pyridazinyl, oxazolyl, oxazolidinyl, isoxazolyl, isoxazolidinyl, morpholinyl,
thiazolyl, thiazolldinyl, iscthiazolyi, thiadiazolyl, tetrahydropyranyt, thiamorpholinyt, thismorpholiny| sulfoxide, thlamor-
pholiny! sulfone, and oxadiazolyl. The term "heterocycllc aromatic” as used here In atone or as part of another group
refers 1o a 5- or 7-membered arematic ring which includes 1, 2, 3 or 4 hetero atoms such as nitrogen, oxygen or sulfur
and suchrings fused to an aryl, cycloalkyl, heteroaryl or heterocycloalkyl ring {e.q., benzothiophenyl, Indaiyt), and includes
possible N-oxides. "Substituled heteroaryl” includes a hetercaryl group optionally substituted with 1 to 4 substituents,
such as the substituents Included above In the definition of "substituted alkyl" and "substituted cycloalkyl.” Examples of
heteroaryl groups include the following:

R s o o R
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and the like.

[0036] Tha compounds of formula Il can be prasent as salts, which are also within the scope of this inventlon, Phar-
maceutically acceptable {l.e., non-toxic, physiologically acceptable) salts are preferred, If the compounds of formula N
have, for example, at least one basic center, they can form acld addition salts, These are formed, for example, with
slrong inorganic acids, such as mineral acids, for example sulfuric acid, phosphoric add or a hydrohalic acid, wilh strong
organic carboxylic aclds, such as alkanecarboxylic acids of 1 {o 4 carbon atoms which are unsubstituted or substituted,
for example, by halogen, for example acetic acid, such as saturated or unsaturated dicarboxylic aclds, for example
oxalic, malonic, succinic, maleic, fumarie, phthalic or terephthalic acid, such as hydroxysarboxylic aclds, for example
ascorbic, glycolic, lactic, malic, tartaric or citric acid, such as amine aclds, (for example aspartic or glutamic acid or lysine
or arginine), or benzoic acid, or with organic sulfonic acids, such as (C1-C4) alkyi or arylsulfonic acids which are unsub-
stituted or substituted, for example by halogen, for example methyl or p-toluene-sulfonic acid. Carrespending acid
addition salts can also be formed having, if deslred, an additionally present basic center. The compounds of formula I
having at Jeast one acld group (for example COOH) can also form salts with bases. Suitable salts with bases are, for
axample, metal salts, such as alkall metal or alkaline earth metal salts, for examgle sadium, potassium or magnesium
salts, or salts with ammonia or an organic amine, such as morpholine, thiomorpholine, piperidine, pyrrolidine, a mono,
di or tri-lower alkylaming, for example ethyl, tert-butyl, diethyl, diisopropyl, trethy, tributy] or dimethyl-propylamine, or a
mono, di or trihydroxy lower alkylamine, for example mono, di or triethanolamine. Corresponding internal salts can
furthermore be formed. Salls which are unsuilable for pharmaceutical uses but which can be employed, for example,
for the Isolation or puriftcation of free compounds of formula Il or thelr pharmaceutically acceptable salts, are also
included. Preferred salts of the compounds of formula Il which contain a basic group include monohydrochloride, hy-
drogensulfate, methanesulfonate, phosphate of nitrate. Preferred salts of the compounds of formuia Il which contaln an
acld group include sedlum, polassium and magnesium salts and pharmaceutically accepiable organic amines,

[0037] The torm "modulator” used in this invention refers to a chemical compound with capacily to either enhance
(e.g., "agonist" activity) ot Inhibit {g.g., "antagonist" activity) a functional property of blologlical activity or process (e.g.,
enzyme aclivity or receptor blnding); such enhancement or inhibltion can be contingent on the cccurrence of a specific
event, such as activation of a signal transduction pathway, and/or can be manifest only in particular cell types:

[0038] The term "prodrug esters” as employad herein includes imines, esters and carbonates formed by reacling one
or more hydroxyls of compounds of formula Il with alkyl, alkoxy, or aryl substituled acylating agents employing procedures
known tothose skilled In the art to generate acelales, pivalates, methylcarbonates, benzoales and the flke, Any compound
that can be converted in vivo to provids the bloaciive agent {i.e., the compound of farmula I} is a prodrug. Varlous forms
of predrugs are well known in the art, A compreheansive description of prodrugs and prodrug derivatives are described
In: (1) The Praciice of Medicinal Chemistry, Camille G, Wermuth et al,, Ch 31, (Academic Press, 1996); (2) Design of
Prodrugs, edited by H. Bundgaard, (Elsevier, 1985); {3) A Textboak of Drug Deslgn and Development, P, Krogsgaard-
Larson and H. Bundgaard, eds, Ch 5, pgs 113-191 {Harwaod Acadamic Publishars, 1891},

SYNTHESIS
[0039] The compounds of formula Il of the invention can be prepared as shown In the following reaction schemnes and

description thereof, as well as relavant published literature procedures that can be used by one skilled in the arl, Exemplary
reagents and procadures for these reactions appear hereinafter and in the working Examples.
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Scheme 1
B
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[0040] Asillustrated in Scheme 1, compounds of formula A4 can be prepared from intermediate A3 with an appropriate
electrophile. Intermediates of formuta A3 can be abtained by reacting Intermediates A1 with A2 in an appropriate solvent
such as N,N-dimethylformamide. Intermediates A1 and A2 can be obtained cammarclally, can be prapared by methods
known In the literature, or can be readily prepared by one skilled In the arl. Compounds of formula A3 can be lreated
with acid to afford compounds of formula AS. Compounds of formula A5 can be treated with Lawesson's reagent to
obtain compounds of formula AB.

Seheme 2: Synthesks of AS1

1.

N N NG, N NC._ N
Dmﬁw. Lf] L )~ m .
Fal Fal Fy BTN,
At

5
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AWNWGFS o NC /N‘
i
L IS U'e
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S H,,C-@-n% &1

Abit

Synthesis of 3-(lrifluoromethyl)pyridine-N-oxide, A8

[0041] To amixture of 3-{trifluoromethyl)pyridine A7 (1.47 g, 10 mmol) and methyltrioxorhenium (0.0025g, 6.01 mmal
3 in dichloromethana (2 ml) was added 30% hydrogen peroxide {4 mi). The mixture was stirrad at coom temperature for
5 hours. A smail portion of MnO, (3 my) was added and the medium was stirred for an additional 1 hour and then
dichioromethane was added {50 ml). The medium was washed with brine, dried cver MgSQ, and concentrated to obtain
compaound A8 as an off-whita powder (1.56 g, 9.8 mmol, 96%). TH NMR (400 MHz, CDCl,) & 7.22-7.23 (m, 2H), 8.15
(d, J= 3.8, 1H), B.23 (s, 1H); 13C NMR (100 MHz, CDCly) 5 120.50 (q, J/ = 3.5 Hz), 121.58 (g, J = 271.4 Hz), 126.48,
130.10 (q, J = 34.5 Hz}, 136.52 (q, J = 3.7 Hz), 141.89,
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Synthesis of 2-cyano-3-{triflucromethyl)pyridine, A%

[0042] To a solution of 3-{frifluoromethyl)pyridina-N-oxide A8 (1.3 g, 8 mmol) in acelonitrile was added trimethylsity|
cyanide {0.89 g, 10 mmol) and friethylamine (2.02 g, 20 mmol). Tha mixtura was stirred at room temperature for 24
houts and then was washed with saturated Na,CO, and extracted with dichloromethane. The organic layer was dried
over Mg80, and concentrated to yield a brown residue which was chromatographed (EtOAc:Pentane, 1:2). Compound
A9 was obtalned as a light vellow solid (0.715g, 4.16 mmol, 52%). 'H NMR (400 MHz, CDCly) § 7.73 (dd, J, = 8.0 Hz,
Jy = 4.8 Hz, 1H), 815 (d, J = 8,0 Hz, 1H), 8.91 (d, J = 4.8 Hz, 1H); "3C NMR {100 MHz, CDCl3) § 114,18, 121.74 (g, J
=272.3 Hz), 126.65, 130.45 {q, J = 33.8 Hz), 131.25, 134.66 (g, J = 4.2 Hz), 153.44.

Synthesis of 2-cyano-3-(triflucromethyl}-8-nitropyridine, A10

[0043] To amixture of A {0.688 g, 4 mmol) and tetramethylammonium nitrate (1.09 g, 8 mmol) in % 2-dichloroethane
was added trifluoroacetic anhydride (1.68 g, 8 mmeol). The mixture was sealsd and heated to 60°C for 48 hours, The
mixture was washed with saturated sodium bicarbonate and extracted with ethyl acetate, The organic laysr was dried
over MgSQ, and concentrated to yield a yellow resldus which was chromatographed (EtOAc:pentane, 1:4) to yield
sompeound A10 {0.095 g, 0.44 mmol, 11%) and the remaining starting materiai. "H NMR (400 MHz, CDCl5} 5 8.81 (d, J
= 2.4 Hz, TH), 9.69 (d, J = 2.4 Hz, 1H); 13C NMR {100 MHz, CDCl,) 8 112,70, 120,65 (q, J = 273.5 Hz), 129.11, 130.40
(g, J = 4.4 Hz), 131.58 (g, J = 35.5 Hz), 144.22, 148.23,

Synthesis of 2-cyano-3-(trifiuoromethyl}-5-aminopyridine, A11

[0044] A mixture of 2-cyano-3-(trifluoromethyl)-5-nitropyridine A10 (0.095 g, 0.44 mmol) and lron powder (0,112 g, 2
mmol) In ethyl acetate (1 ml) and acetic acid (1 ml) was heated for 15 hours, The solid particle was filtered through Celite
and the filtrate was concentrated and chromatographed (EtOAc-pentane, 1:1) to yleld compound A11 (0.075 ¢, 0.4
mmol, 91%). TH NMR {400 MHz, CDCly) 8 6.36 (bs, 2H), 7.38 (d, J = 2.4 Hz, 1H}, 8.26 (d, J = 2.4 Hz, 1H),

[0045] Allernatively, 2-cyano-3-(trifluoromethyl)-5-nitropyridine A10 can be reacted with hydrogen over Raney-Ni to
obtain 2-cyano-3-{trifflucromethyl}-5-aminopyridine, A11,

Synthesls of 5-lsothlocyanalo-3-trifiuaromethylpyridine-2-carbonltriie, A12

10046] To a heterogensous mixture of 2-cyano-3-{trifluoromethyl)-6-nitropyridine A11 (0.075 g, 0.4 mmol) in water (2
ml) was added (hiophosgene (50 pl). The mixture was stirred for 2 hours and then washed with waler and extracted
with chloraform, The organic layer was dried over MgSO, and concentrated to yield compeund A12 (0.087g, 0.38 mmol,
95%). TH NMR {400 MHz, CDCly) 8 7.85 (d, J = 2.4 Hz, 1H), 8.72 (d, J = 24 Hz, 1H): 13C NMR (100 MHz, CDCl,) &
113,81, 121,04 {q, J = 273.1 Hz), 127.41, 130.38 {q, J = 4.3 Hz), 131.44 (q, J/ = 34.4 Hz), 133,56, 144.75, 150.30.

Synthesls of 1-{4-methytphenyl)aminocyclobutananitrile, B1

[0047] Trimelhylsily) cyanide (0.93 mi, 7 mmol) was added dropwise to a mixlure of p-toluidine (0.535 g, 5 mmol} and
cyclobutanone (0.42 g, B mmal). The reaction mixture was stirred at room temperature for 6 h and then concentrated
under vacuurm to obtain a brown liquid which was subjected to chromatography (dichloromethane} to yield B1 (0.812 g,
4.9 mmol, 98%) as a yellowish solid.

Synthesis of 5-(8-0x0-6-thioxo-5-(4-methylphenyl)-5, 7-diazasplro[3.4jcct-Tyl}-3-trifluoromethylpyridine-2-carbonitrile,
Ab1

[0048] A mixture of A12 {0.057g, 0.265 mmol) and B1 (0.05 g, 0.268 mmol} in DMF (0.5 ml) was stirred at room
temperature for 24 h, To this mixture were added methanol (2 ml) and ag, 2N HCI (1 ml). The second mixture was
refluxed for 2 h, After being cooled to room tamperature, the reaction mixture was poured into cold water (10 ml) and
extracled with ethyl acetate (20 mi). The organic layer was dried over MgS0,, concentraled and chromatographed
{dichloromethane) to yield compound A1 {0.066 g, 0.159 mmol, §0%) as a white powder.
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[0049] H NMR {(CDCly, 400 MHz) § 1.63-1.73 (m, 1H}, 2.17-2.28 (m, 1H), 2.47 (s, 3H), 2.55-2.71 (m, 4H), 7.21 (d, J
= 8.4 Hz, 2H), 7.41 (d, J = 8.4 Hz, 2H), 8.39 {d, J = 2.0 Hz, 1H), 9.1 {d, J = 2.0 Hz, 1H); 13C NMR (CDCly, 100 MHz)
$13.70, 21.38, 31.46, 67.61, 113.88, 121,36 (q, J=272.9 Hz), 129.45, 129.73, 130.40 (q, J = 34.3 Hz), 130.86, 132.14,
132,53, 434,04 (q, J = 4.3 Hz), 140,33, 152.37, 174.74, 179,17,

N-methyl-4-{1-cyanocyclobutylamlno)-2-fluorobehzamide, B2

[0080] Sodium cyanide (1.47 g, 30 mmol) was added to a mixture of N-methyl 4-amino-2-fluorobenzamide {(1.68 g,
10 mmol) and cyclobulanona (1.4 g, 20 mmol) in 80% acelic acid (20 ml). The reaction mixture was stirred at 80 °C for
24 hours, The mixture was washed with water and extracted with ethyl acetate. The organic layer was dried over
magnesium sulfate and concentraled to dryness under vacuum, The sotid was washed with a 50:50 mixture of ethyl
ether and hexane (10 ml} to remove cyclobutanone cyanohydrin to afford after filtration B2 (2.19 g, 8.87 mmol, 82%),
TH NMR (CDCly, 400 MHz) & 1.87-1.86 (m, 1H), 2.162.27 (m, 1H), 2.35-2.41 (m, 2H}, 2.76-2.83 (m, 2H), 2.97 (d, J =
4.4 Hz, 3H), 4.68 (bs, 1H), 6.29 (dd, /= 14.3, 1.8 Hz, 1H), 6.48 (dd, J = 8.3, 1.8 Hz, 1H), 6.75(q, J= 4.4 Hz, 1H), 7.90
{dd, J = 8.3, 8.3 Hz, 1H); 13C NMR {CDCl,, 100 MHz) 5 16,7, 26.7, 33.9, 48.4, 100.2 (d, J = 28.5 Hz), 110.6, 111.0 (d,
J=11.8 Hz), 133.1 (d, J = 4.2 Hz), 148.4 (d, /= 12,0 Hz), 162.0 (d, J = 244.1 Mz}, 164.4 (d, J= 3.6 Hz),

Synthesis of 4-[7-(6-cyano--trifluoromethylpyridin-3-y|)-8-oxo-8-thioxo-5, 7-diazaspiro]3.4joct-5-yl]-2-fluoro-N-methyl-
benzamide, A52

[0051] AmixtureofA12(0.03g,0.13 mmol)and B2 {0.032 g, 0.13 mmoal) in DMF {0.5 ml) was heated under microwave
Irradiation at 80 °C for 20 hours. Te this mixture was added methanol {2 ml) and aq. 2N HCi (1 ml). The second mixture
was refluxed for 2 hours. After being cooled to room temperature, the reactlon mixture was poured into cold water (10
ml) and extracted with ethyl acetate (15 mi). The organiclayer was dried over MgSQ,, concentrated and chromatographed
(dichloromethane:acetone, 95:5) to yield A52 (0.022 g, 0.046 mmol, 35%) as a white powder.

F 0

LA i

;CH;,

[0052] 'HNMR (CDCly, 400 MHz) 3 1,66-1.76 (m, 1H), 2.18-2.31 {m, 1H), 2.51-2,60 (m, 2H), 2,67-2.75 (m, 2H), 3.07
(d, J = 4.9 Hz, 3H), 8.75 (q, J = 4.8 Hz, 1H), 7.17 (dd, J = 114, 1.9 Hz, 1H), 7.26 (dd, J = 8.3, 1.9 Hz, 1H), 8.31 (dd, J
= 8.3, 8.3 Hz, 1H), 834 (d, J = 2.1 Hz, 1H), .08 (d, J = 2.1 Hz, 1H); 12C NMR (CDCl, 108 MHz) & 13.6, 27.0, 31.7,
67.8, 113.7, 118.1, 118.4, 121.4 (q, J = 272.9 Hz), 126.5, 130.0, 130.5 (4, J = 34.5 Hz), 132.2, 133.7, 134.0, (0, J= 4.2
Hz), 138,7 (d, J = 10.7 Hz), 162.2, 160.5 (d, J = 249.4 Hz), 162.6,174.1, 179.0; 1¥F NMR (CDCl5, 100 MHz) § -1 10.94,
-62.57,

Scheme 3: Synthesis of A52

[0053] In other smbodiments, the present invention is directed to the mathod of synthesizing A52 described below.
In some embodiments, Examples 1-8 can be performed sequentially to synthesize A52, However, as one of skill in the
art will appreciate, this invention is not limited to the steps in Examples 1-8 as equivalent steps 1o those below are also
encompassed by the present invention. Persons skilled in the art will recognize additional compounds that can be
prepared utilizing similar methodology.
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Synthesis of 3-(triflucromethyl)pyridin-2(1H)-one, 2

[0054]

Oy memmo. Oyl
Fe” ¥ 8% gt
1 2

[0055] A solution of 2-chlore-3-{trifluoromethyl)pyridine 1 (5.00 g, 27,564 mmol) in a mixture of glacial acetic acid (50
mi) and water {5 ml} was refluxed for 7 days. The mixture was dliuted with water {100 ml) and 6N agueous NaCH was
added until a pH of abaut § lo about 6 was reached. The mixture was exiracted with ethyl acetate (3 x 40 mi), the
combined organic phases were dried over Na,S0,, and then all solvents were removed under reduced pressure. The
resulting residue was dissolved in ethyl acetate and hexane was added lo precipilale a product. After filtratlor, 3-(irif-
luoromethylipyrldin-2(1H)-one 2 was obtalined as an offwhite powder {4.16 g, 25.51 mmol, 93%).

{0056] 'H NMR (400 MHz, DMSO) § 12.31 (bs, 1H), 7.81 (d, J = 7.1 Hz, H), 7.69 {d,J=6.4Hz tH), 630, J=6,7
Hz, 1H)

Synthesis of 5-nitro-3-{triflucromethyhpyridin-2(1H)-one. 3

[6057]

H HNO3/H2S04 n
2 I R i ®,8
F:C =3C N

2 days, 90 °C, "3
2 60% 3 0

[0058] A mixture of 3-({triflucromathyl)pyridin-2(1H)-one 2{2.00 g, 12.26 mmol) and sulfuric acld (H,80,, 3.5 mi, 30%)
was heated to 90 °C and nitrlc acid (HNOs, 2.5 mi, 65%) was added. The mixture was stirred at 90 °C for 8 hours and
additional nitric acid {1 mi, 65%) was added. The mixture was stirred for an additional 6 hours at 90 °C and was then
poured Into a beaker containing ice {30 ml). The mixture was diluted with water (30 ml) and BN agueous NaOH was
added until a pH of about 4 to about 5. The mixture was extracted with ethyl acetate {3 % 40 ml}, the combined organic
phases dried over Na,SCy4 and all solvents were removed under reduced pressure, The residue was dissolved in ethyl
acetate and the product precipitated by the addition of hexane. Afler filtration, 5-nitra-3-(trifluoromethyl)pyridin-2{1H)-one
3 was obtained as a yellow powder (1.58 g, 7.5% mmol, 62%).

[0059] TH NMR (400 MHz, DMSO) 8 13.47 (bs, 1H), 8.95 (d, S = 2.7 Hz, 1H), 8.46 (d, J = 2.5 Hz, 1H).2

Synthesis of 2-chloro-5-nitro-3-(triflucromethyl jpyridine, 4

[0060]

OIHJ\ POC/PCls Cljl/\Nj\
FaC” 7 NOz 8h 110°C, FaC”~ ™ “NO2
3 96% 4

[og81] A mixiure of 5-nitro-3-{triflucromethyljpyridin-2(1H)-one 3 (1.50 g, 7.21 mmol), POCl, (2.76 g, 18,02 mmoi} and
PCl; (1.4 g, 10.09 mmol} is heated to ahout 110-120 °C for 8 hours and then poured into lce water. The mixture is
neutralized with solid NaHCQ, and extracted with ethyl acetate (3 X 40ml). The combined organic phases is dried over
Na,S0, and all solvenis removed under reducad pressure to obtain 2-chloro-5-nitro-3-(trifluoromethyl)pyridine 4.
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Synthesis of B-chloro-5-{triflucromethyl)pyridin-3-amine, 5

[0062]
Hz
Cl N . Cl N
! ; Raney-Ni ! >
FaC NO2 1 day, 22°C FsC NH:
4 ‘ &5

[0063] 2-Chloro-5-nitra-3-{trifluoromethylipyridine 4 (1.57 g, 6.93 mmol) is dissolved in tetrahydrofuran (THF) (10mi)
and addad to a suspansion of Raney-Ni (200 mg) In THF {20 mi). Mydrogen gas Is slowly bubbled through the stirred
solution for 24 hours using a balloon. The mixture is filtered through Celite® (avaliable from World Minerals, Inc., Lompoc,
California) and tha golvent is removed under reduced pressure to obtain 6-chloro-5-{{rifiusramethylipyridin-3-amine 5.

Synthesis of 1, 1-dimethylethylcarbamate N-6-chloro-5-(trifluoromethylipyridin-3-yl,6

[0064]

Cho Ny Boc2O,  Cl~ ~Ng
- pyridine D
FaC NHz FaC NHBoc
5 8

[0065] The crude 6-chloro-5-(trifluoromethy()pyridin-3-amine 5§ (1.3 g crude, 681 mmol) Is dissolved in pyridine (10
mi) and 4-dimethylaminopyridine (DMAP) (50 mg) is added. Di-tert-butyt dicarbonate (2.17 g) is added dropwise and
mixture stirred at 22 °C for 4 hours, Toluene (20 ml) is added and all solvents is removad under reduced prassure. The
resldue Is filtered through a plug of sllica gel (hexane/sthyl acetate 2:1) to obtaln tert-butyl N-8-chioro-5-(trifluorome-
thyl)pyridin-3-ylcarbamate 8.

Synthesls of 5-amino-3-{trifluoromethyl)pyridine-2-carbonitrite, 8

[c066]
mm KCN/CUCN NCINj\ L8 NCJE/\Nj\
= Phepunthroline P . 56 % =
FiC NHBoc [ensntimeline g, »@J ?més Fol Nk
é 110 °C (2h) 7 rorm 3) 8

[0667] The crude lert-butyl N-B-chloro-5-{iriflueromethyl)pyridin-3-ylcarbamate 6 (2.4 g, 6.61 mmoti} is dissolved in
dimsthylacetamide (DMA) (26 ml} and phenanthroline {120 mg, 0,68 mmol) is added. The mixture |z heated to 80 °C
and KCN (0,47 g, 7.27 mmol) is added. After stirring the mixture stirred for 10 min, GUCN (118 mg, 0.13 mmol} is added
and the mixture slirred for 2 hours at 110 °C. The ccoled mixliure is poured into a phosphate buffer (160 ml, pH 7), ethyl
acetate (60 ml} Is added and the mixture Is filtered through Celite®. The layars are separated and the aqueous phase
is extracted with elhyl acetate {3 x 40 ml}. The combined organic phases are washed with saturated aqueous NaCl (4
X 30 mi), dried over Na,S0, and all solvents removed under reduced pressure to produce the crude N-t-butoxycarbonyl
nitriie 7.

[0068] The crude N-t-buloxycarbonyl nitrile 7 is dissolved In dichloromethane {20 ml} and triflucroacetic acld {TFA) (4
mi is added. The mixture is stirred for 3 hours and evaporated. The residus is purified by column chromatography on
silica gel {hexane/sthyl acetate 2:1) to obtaln 5-amino-3-(irifluoromethyl)pyridine-2-carbonitrile 8,

Synthesis of S-isothiocyanalo-3-{trifluoromethylpyridine-2-carbonitrile, 9

[0069]
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N
e
F,C ™~ N, H,0 FoC o ™ “Nes
s 22 °C .
3h

[0070] 5-Amino-3-(trifiuoromethyl)pyridine-2-carbonitrile 8 (1.141 g, 6.1 mmeol} Is mixed with chloroform (5 mi) and
water {40 mi) to give a white suspension, Thiophosgene (0.701 ml, 9.15 mmol) Is added and the reaction stirred for 2
hours at 22 °C to give a clear biphasic system, Chloroform (20 ml) is added and the phasaes are separated, The agueous
layer Is extracted with chlorofarm (30 ml} and the combined aorganic |s washed with saturated aqueous NaHCO, and
water, died over MgS0, and the solvent s removed under reduced pressure. The ciude S-isothiocyanato-3-(irifluor-
omethyl) pyridine-2-carbonitriie 9 is dried under vacuum and used as such In the noxt step, for example, in the step
described in Example 8 below,

Synthesis of 4-(7—(6-cyano-5-(lriﬂuoromethyl)pyridln-3-y|)-8-oxo-6—thioxo-5,?-dIazaspIro{3.4]0::13n—5-yl)-2-ﬁuom-
N-methylbenzamide 11, A52

[0G71]

DMF

pwave Me
N 80 °C
i . N Me  oom i N
7 e b E F

7\
X NCS F HC S
MeOH Xo}
E/{(2k) Q

o

2

10 1
[0072] Crude S-isothiocyanato-3-(triflucromethylipicolinonitrite 9 (1.390 g, 6.07 mmol) is placed in a 50 ml round-
bottomed flask and 4-(1—cyanocyclobutylamino)-z-fluoro—N-melhylbenzamide 10 (0.5 g, 2.022 mmel} is added to the
flask. The mixture Is left under vacuum {using an oil pump} for 1 hor. N,N-dimethylformamide (DMF) (6 ml) is added,
the flask sealed under argon with a stopper and heated to 80 °G In a CEM microwave reactor for 20 hours. Methanol
{10 mi) and 2N HGC! (6 mi) is added and the mixture Is refluxed for 2 hours, The mixture is diluted with water {30 mi} and
saturated agueous NaHCO; (30 ml) is added, The mixture is extracted with ethyl acetate (3 X 20 ml).
[0073] Thae combined organic layers Is washed with salurated agueous NaCl (20 ml), dried over. NapSO,, filtered and
concentrated under reduced pressure. The crude product is purified by column chromatography on silica gel (dichlo-
romethanefacetons 95:5) to obfain 4—(7-(B~cyano-5-({riﬂuoromathyl)pyridin-3~y1)-8-oxo-6-thioxo-5,7-diazaspirc[3.4]oc-
tan-6-yl}-2-fluoro-N-methylbenzamide 11.

Scheme 4: Synthesis of A52

Example 1: Synihesis of 2-bromo-5-nitro-3-{trifiuoromethyl)pyridine, 21

[0074]
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[6075]  S-nitro-3-(triflucromethyl)pyridin-2(1H)-one 3 is obtained by the routes provided In Examples 1 and 2 of Scheme
3, above,

[0076] A mixture of 5-nitra-3-{trifluoromethyl)pyridin-2(1H)-one 3, POBry4 (1.5 equivalents), PBry {4 equivalents), and
Br, (2 equivalents) Is heated fo about 80-110 °C and Is then poured into ce water. The mixture Is neulralized and
extracted. The comblned organic phases are dried over Nay,80, and all solvents removed under reduced pressure to
obtain 2-bromo-5-nitro-3-(trifluaromethyl)pyridine 21 in a yleld of 88%,

[0077} Alternatively, POBry is substituted by POCI4 to yield a mixture in the product having a ratio of bromine lo chlorine
sybstituents of 6:1 or better.

Synthesis of 5-nitro-3-{trifluorcmathyl)pyridine-2-carbonitrite, 22

[0078]
B N NC N
= l o
oz 0- a -
FiC ﬁﬂl-/ CuCN / phenanthroline  F3C ﬂ‘*‘/
o 6T% E ©

{0679] The crude 2-bromo-&-nitre-3-{triflucromethyljpyridine 21 Is dissolved In dimethylacetamide (DMA) and phen-
anthroline (0.2 equlvalents) is added. The mixture is heated to 160 °C and CuCN (2 equivalents) Is added. The mixture
is stirred for 40 minutes. Chromatography is performed to produce the S-nitro-3-{triffuoromethylipyridme-2-carbonitrile
22 in a yield of 67%,

Synthesls of 5-amino-3-(triffucromethyl)pyridine-2-carbonitrile, 8

[0080]
NG Neg
i NC N
e N T acon, Fe
0 91 % FyC NH,
22 B

[0081] A mixture of 5-nitro-3-(trifluoromethyl)pyridine-2-carbonitrile 22 and Iren powder in acetic acid is heated. 5-
amino-3-(trifluoromethyl}pyridine-2-carbonitrile, 8 is obtained in a yield of 91 %,
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Synthesls of 4-{7-(6-cyano-5-{triflucromethyl }pyridin-3-yl)-8-oxa-6-thioxo-5,7-diazaspire[3.4]octan-5-yl)-2-fluoro-

N-methylbenzamide 11, A52

[0082] 5-amino-3-(frifluoromethyl)pyridine-2-carbonitrile B is treated as dlscussed In Example 7 of Scheme 3, above,
fo obtain 5-isothiocyanate-3-(trifluoromethyl)pyridine-2-carbonitrile 9.

[0083] 5B-sothiocyanato-3-(trilluoromethyl)pyridine-2-carbonitrile, 9 is reacted with 4-{1-cyanocyclobutylamino)-2-
fluoro-N-methylbenzamide 10 as discussed in Example 8 of Scheme 3, above, to obtain 4-{7-(6-cyano-5-{trifluorome-
thyl)pyridin-3-yl}-8-oxo-§-thioxo-5, 7-diazaspiro[3 4]octan-5-yl)-2-flucro-N-methylbenzamide 11 (A52),

Scheme 5: Alternative Synthesis of A52

Synthesis of 3-(trifluoromethyl)-B-isothiocyanatopyridine-2-carbonitrile (A}

10084]
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[0085] A solution of 2-hydroxy-3-(triluoromethylpyridine C in a mixiure of N-iodosuccinimide (NIS), acelonitrile, and
dimethylformamide (DMF) is heated at B0 °C for 2 hours to produce 2-hydroxy-3-trifluioromethyl-5-(lode)pyridine | (greater
than 80% yield). The 2-hydroxy-3-trifluaramethyl-5-{lodo}pyridine 1 is than mixed with POClg in DMF and heated to 130
“C in a microwave for 20 minutes to produce 2-chloro-3-trifluoromethyl-5-(lodo)pyridme J {yield of 50 to 55%). The 2-
chiora-3-trifluoromethyl-5-(iode)pyridine K is reacted In a solutlen of pMBnNH,, palladium{ll) acetate, 2,2"-bls(dlphenyl-
phosphine}-1,1-binaphthyl (BINAP), triethviamine, and ceslum carbonate in toluene to produce 5-{{4-methoxyphe-
nylmethylamino)-2-chlore-3-(irifluoromethyl)pyridine K {yield o1 40%). The 5-{{4-methoxyphenyl)imethylamino}-2-chio-
ro-3-(triffuoromethyl)pyridine K is reacted In a sclufion of zine cyanide, tris(dibenzylideneacetone)dipalladium
{Pdg(dba)y), and 1,1'-bis (diphsnylphosphino)ferrocane (dppf) in DMF to provide 5-(¢-methoxybenzylamine)-2-cyano-
3-(irifluoromethyl)pyridine K (yleld of 82%), The 5-(4-methoxybenzylamine)-2-cyano-3-(triffucromethylpyridine K is re-
acted in a solution of dichloromethans and trifluoroacetic acid to provide 2-cyano-3-trifluoromethyl-6-(amino)pyridine H
{yield greater than 95%). The 2-cyano-3-triflucromethyl-6-(amino)pyridine H is reacted with thicphosgene in water at 25
=C for 2 hours to provide 5-isothlocyanato-3-(trifluoromethyl Jpyrldine-2-carboniirite A (vield of 74% to 95%).

Synthesls of 4-(1-cyanooyclobutylamino)-2-fluoro-N-methylbenzamide Intermadiate B

[0086]
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[0087] A solution of 2,4-diflucro-benzoylchloride D in & solution of methylamine and tetrahydrofuran (THF) is allowed
to react to produce 2, 4-difluora-N-methylbenzamide M (quaniilative yield). The 2,d4-diflucro-N-methylbenzamide M is
mixed with in a solution of acetonitrile and 4-methoxy-benzenemethanamine and heated in a microwave for 20 minutes
at 190 °C 1o produce 2-fluoro-4-(4-methoxybtenzylamino)-N-methylbenzamide S {yield of 40%). The 2-fluoro-4-(4-meth-
oxybenzylamine)-N-mathylbenzamide S is reacted in a solution of dichloromethane and trifivoroacetic acld to produce
2-ftuoro-4-amino-N-methylbenzarnide T {yield greater than 95%). The 2-fluoro-4-amino-N-methylbenzamide T is reacted
with a sclution of sodium cyanide and cyclobulanone to produce 4-(1-cyanocyclobutylamino)-2-fluoro-N-methylbenza-
mide B,

Coupling of A and B to produce 4-(7-(8-cyano-5-{triflusromethyl)pyridin-3-yl)-8-oxo-6-thioxo-5,7-diazaspiro[3.4]octan-
5-yl})-2-fluoro-N-methylbenzamide, A52

[0088]

O
| 1) DM, pwave 809G, 20 1 N 3 W
\;U\ ~F 2) HOH, MeOH, * 2 b N‘?‘”‘Y}N}LN e
35-87 % =
{23 9.} 9 . FsC 4 As2

[0089] 5-isothiocyanato-3-{trifluoromethylipyridine-2-carbonitrile, 9, A Is reacted with 4-(t-cyanocyclobutylamino)-2-
fluoro-N-methylbenzamide B in DMF solution by heating In a microwave at 80 °C for 20 hours. Methanot and hydrochloric
acld are then added and the reactlon allowed to proceed for 2 hours {o produce 4-(7-{-cyano-§-(rifluoromethy! )pyridin-
3-yl}-8-ox0-6-thloxo-5,7-dlazaspho|3.4joctan-5-yl)-2-flucre-N-methylbenzamide, AB2 (yield 35 to 87%).

ACTIVITY
Ltility

[0080] The compounds of the present invention modulale the function of the nuclear hormone receptlors, particularly
the androgen receptor, and inciide compounds which are, for example, seleclive agonists or selective antagonisis of
the androgen receptor (AR}, Thus, the present compounds are useful in the treatment of AR-assoclated conditions. An
"AR-associated condition," as used herein, denotes a condition ar disorder which can be treated by modulating the
function or activity of an AR in a subjecl, wherein treatment comprises prevention, partial alleviation or cure of the
condition or disorder, Modulatlon can occur locally, for example, within certain tissues of the subject, or more extensively
throughout a subject being treated for such a condition or disorder. Preferably, the compounds with potent antagonistic
activity are used for the freatment of androgen related prostate cancer,

Combination

[0091] The presentinvention Includes within its scope pharmaceutical composlitions comprising, as an activeingredient,
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a therapeutically effective amount of at least one of the compounds of formula I, atone or in combination with a phar-
macautical carrier or diluent. Optienally, compounds of the present Invention can be used alone, in combination with
other compounds of the invention, or in combinalion with one or more other therapeutic ageni{s), e.g., an antibiotic or
other pharmaceutically active materlal,

Pharmacological Assay

[0092] The compoundsinhis invention were Identified through screening on hormone senslive and hormona refractory
prostate cancer cells for antagonistic and agonistic activilies. The compounds with antagonist activity are potenlial drugs
for the treatment of prostate cancer, both harmone sensitive and hormone refractory.

[0093] The biclogical activity of the compound of formula Il was measured by secreted levels of prostate specific
antigen (PSA). Il is well established thal PSA levels are indicators of AR acfivities in prostate cancer. To examine if the
compounds affect AR function In a physiological environment, we determined secreted levels of endogenous PSA
induced by R1881 In the hormone sensitive (HS) and hormone refractory (MR) cancer cells, HR cells are | .NCaP cells
angineered to express elevated levels of androgen receptor protein (LNCaP/AR cells), analogous to levels observed in
patienis with HR cancer who relapse while taking current antiandrogens such as bicalutamide, which acquire agonist
propettles when AR is highly expressed. LNCaP cells {or LNGaP/AR cells) were maintained in Iscove's madium containing
10% FBS. Five days prior to drug treatment, the cells were grown In lscove’s medium containing 10% CS-FBS to deprive
of andragens, Tha cells wara splitand grown in Isceve’s madium contalning 10% CS-FBS with appropriate concentrations
of R1881 and the test compounds. After & days of incubatlon, secreted PSA |evels were assayed using PSA ELISA kils
{American Qualex, San Clemente, CA} (See Flg. 1 and Fig. 3). The MTS assay was also used to examine the growth
inhibltion of the compounds of formula 1 {See Fig. 2).

Pharmacokinetic data

[0084] The pharmacokinetics of A52 was evaluated In viva using B week-old FVB mice which were purchased from
Charles River Laboratories, Mice were divided into groups of three for each time point (See Fig. 4). Two mice were not
treated with drug and two other mice were treated with vehicle solution, Each group was treated with 10 mg per kilogram
of body welight. The drug was dissolved in a mixture 50 ; 10: 1 : 989 of DMSO ¢ Carboxymaethyicellulose 1 T Tween 80 :
H,0 (Vehlcle solution) and was administered orally. After drug administration, the animals were euthanlzed via CO,
inhalation at diffarent timepeints: 1 min, 5 min, 15 min, 30 min, 2 h, 4 h, 8h, 16 h, Animals were Immediately bleed after
exposure to CO; via cardiac puncture {1 m! BD syringe + 276 518 needie),

[0095] The serum samples were analyzed to delermine the drug's concentration by the HPLC which {Waters 600
pump, Waters 600 controller and Waters 2487 detector) was equipped with an Alltima C18 column {3p, 150 mmx4.6
mm). Ali RD compounds were detected at 264 nm wava langth and blealutamide was datacted at 270 nm wave length.
[0096] The sampies for HPLC analysis were prepared according to the following procedure;

- Blood cells were separated from serum by cenfrifugation.

- To400 ylof serum were added 80 ! of a 10 pM solution of RD75 In acetonitrile as internal standard and 520 pJ of
acelonitrile. Precipitation cccurred,

- The mixture was vortexed for 3 minutes and then placed under ultrasound for 3¢ minutes.

- The solid particles were filtared off or were separated by cantrifugation,

- The fillrate was dried under an argon flow to dryness, The sample was reconstructed to 80 pl with acetonitrile before
analyzing by HPLG 1o determine the drug concentration.

- Standard curve of drug was used to improve accuracy.

In vivo assay

[0097] All animal experiments were parformed In compliance with the guidelines of the Animal Research Commiitee
of the University of Callfamia at Los Angeles. Animals were bought from Tacanic and maintained In a laminar flow tower
in a defined flora colony, LNCaP-AR and LNCaP-vactor cells were maintained In RPMI medium supplemented with 10%
FBS. 108 cells In 100 wl of 1:1 Matrigel to RPMI medium were injected subcutanoousty into the flanks of Intact or castrated
rmale SCID mice. Tumor size was maasured weekly in three dimensions (length X width x depth} using calipers. Mice
were randomized to treatment groups when tumer size reached approximately 100 mm3. Drugs ware given orally everyday
at the dose of 10 mg/kg, (See Fig. 5 and Fig. 6) At a dally dose of 10 mgfkg, compounds A51 and A52 were found to
completely retard tumor growth,

[0098] Other doses were also trled. At a daily dose of 1 mg/kg, compounds A51 and AB2 were found to have a mild
effect, At a dally dose of 25-50 mglkg, compounds As1 and A52 were found induce some tumeor cytotoxicity.
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[0099] Prostate cancer celllines were used for xenografts, For example, a LNCaP xenograft, LAPC4 xenograft, LAPCSY
xenograft, and xenografts of the hormone refractory counterparts of these cell lines were made. Other cell lines inciuded
V-cap, CWR22 and LAPC4 celt lines. Two cell nes that over express the andregen receptor were generated, LNCaP
AR and LAPC4 AR, Prostate cancer progression in these engineered call linas was found {o differ from their parental
counterparis, Under androgen ablation, the LNCaP AR and LAPC4 AR lines continued fo grow, thus behaving iike
hormone refractory celis.

[0100] Some of the cell lines were found to not take well in mice in tumor formation when xenografted. However, with
LNCaP, 2 million cells gave a 85% take, As few as 1 million cells can be used. These cells requirad at least 25% Matrigel
but no more than 50%. Since high concentrations of cells are required fos good tumer lake rate, a 276G needte was found
to be the smallest approptigte needte.

[0101] The LAPCA4 cell line was found 1o be very difficult to grow In animals. The cells nead te be resuspended and
filered through a micron mesh filter, for example, a 40-100 micron mesh filter, because they frequently form large
aggregates. Resuspending and running through a filter helps normalize the cell number betwaen each animal and
therefore gives more consistent results. LAPCA requires from about 25%-50% Matrigel, for example, 50% Matrigsl, but
can be grafted successfully at a lower concentration at 105 cells,

{0102] Tumortakein SCID mice was found to be better than In nude mice. For example, the tumor take across individual
animal in nude mice was found to be very Inconsistent, CB17 SCID mice were used in the sludy.

[0103] Injections were made subcutaneously on the right flank of the mouse. Slow Injection was found to help to
produce a round tumor that was easierto measure and could be measured mora accurately. In addition, because of the
usage of Matrigel, injection of no mors than 200 ul was found appropriate. Injection of 100-200 ul was found appropriate,
Injecting too large a volume created leakage upon needle withdrawal,

[0104] An alternative method to help prevent leakage from needla puliout can be to warm the Matrigel:mediaicells
filled syringe a couple of seconds to produce & gal-like form. When injecting the gel-like liquid, no leakage should occur.
However, allowing the Maltrigel to heat for toc long a time can cause the suspension to solldify and become uninjectable.

PHARMACEUTICAL COMPOSITIONS AND ADMINISTRATION

[0165] The compounds of the invention are useful as pharmaceutical compositions prepared with a therapeutically
effective amount of a compound of the invention, as defined herein, and a pharmaceutically acceptable carrier or diluent.
[0106] The compounds of the invention can be formulated as pharmaceutical composltions and administered to a
subject in need of trealment, for example a mammal, such as a human patient, in a variety of forms adapted to the
chosen route of administration, for example, orally, nasally, intraperitoneally, or parenterally, by Intravenous, intramus-
cular, topical or subcutaneous routes, or by Injection ito tissue. Such compasitions and preparations should contaln at
least 0.01% of a compound or compounds of the invention. The percentage of the compositions and preparations may,
of course, be vatied and may, for example, be betwaen about 0.05% to about 2% of the weight of a given unit dosage
form. The amount of compounds in such therapeutically useful compositions is such that an effective dosage leve! will
e cbtained.

[0107] Thus, compounds of the invention may be systemically administered, e.g., orally, In combination with a phar-
maceutically accepiable vehicle such as an inert diluent or an asgimllable edible carrier, or by inhalation or insuffiation.
They may be enclosed in hard or sofl shell getatin capsules, may be compressed into tablets, or may be incorporated
directly with the food of the patient's diet. For oral therapeutic administration, the compounds may be combined with
one or more exciplents and used in tha form of ingestible tablets, buceal tablets, roches, capsules, elixirs, suspensions,
syrups, wafers, and the like, The compounds may be combined with a fine inert powdered carrier and inhaled by the
subject or insufflated. Such compositions and preparations should contain atleast 0.1% of a compound or compounds
of the Invention. The percentage of the compositions and preparations may, of course, be varied and may convenlently
be between about 2% to about 60% of tha welght of a glven unit dosage form, The amount of compounds In such
therapeutically useful compositions is such that an effective dosage lavel will be obtained.

[0108] Thatablets, troches, pills, capsules, and the like may afso contain the following: binders such as gum tragacanth,
acacla, corn starch, or gelatin; excipients such as dicalcium phosphate; a disintegrating agent such as carn starch,
potato starch, alginic acld, and the like; a lubricant such as magnesium stearate; and a swestening agent such as
sucrose, fructose, lactose, or aspartame, or a flavering agent such as peppermint, oll of wintergrean, or cherry flavoring
may be added. When the unit dosage form s a capsule, it may contain, in addition to materials of the above type, a
liquid carrier, such as a vegetable oil or a polyethylane glycol. Various other materials may be present as coatings or to
otherwise madify the physical form of the solid unit dosage form. For instance, tablets, pills, or capsules may be coated
with gelatin, wax, shellac, sugar, and the like. A syrup or elixir may contain the active compound, sucrose or fructose
as a sweetoning agent, methyt and propylparabens as preservatives, a dye, and flavoring such as cherry or erange
flavor, Of course, any material used In preparing any unit dosage form should be pharmaceutically acceptable and
substantially non-toxic in the amounts employed. In addition, the compounds of the invention may be Incorporated into
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sustalned-release preparations and devices. For example, the compounds may be incorporated into fime release cap-
sules, time release tablets, and time release pilis.

[0109] The compounds of the invention may also be administared intravenously or intraperitonsally by infusion or
Injection. Soiutions of the compounds can be prapared in water, optionally mixed with a nontoxic surfactant. Dispersions
can also be prepared in glycerol, liquid polyethylene glycols, triacatin, and mixiures thereof and in oils, Under ordinary
conditions of storage and use, these preparations can contain a preservative to prevent the growth of microorganisms.
[0110] The pharmaceutical dosage forms suitable for injection or infusion can Include sferile agueous solutions or
dispersions or sterile powders comprising the compounds of the invention which are adapted for the extemparaneous
praparation of sterile injectable or infusible solutions or dispersions, optionally encapsulated in liposomes. Ini alf cases,
the ultimate dosage form should be sterile, fuld, and stable under the conditions of manufaciure and storage, The liquid
carrer or vehicle can be a solvent or liguld dispersion medium comprising, for example, water, ethanol, a polyol (for
example, glycerol, propylene glycol, liquid polyethylene glycols, and the like), vegetable oils, nontoxic glyceryl esters,
and stltable mixtures thereof, The proper fluidity can be maintained, for example, by the formatlon of lposcires, by the
malntenance of the required particle slze in the case of dispersions, or by the use of surfactants. The prevention of the
action of microorganisms can be brought about by various antibacteriai and antifungal agents, for example, parabens,
chiorobutanal, phenal, sorbic acid, thimerosal, and the fike. In many cases, it will be preferable ta include Isotonic agents,
for example, sugars, buffers, or sodium chloride, Prolonged absorption of the injectable compositions can be brought
about by the use In the compositions of agents delaying absorption, for example, aluminum monostearate and gelatin,
[0111] Sterileinjectable solutions are prepared by incorporating the compounds of the invention In the raguired amount
in the appropriate solvent with varlous of the other Ingredients enumerated above, as required, followed by fitar sterili-
zation. In the case of sterile powders for the preparation of sterlle Injectable solutlons, the preferred methods of preparation
are vacuum drying and freaze drylng technigues, which yield a powder of the active ingredient plus any additlonal desired
ingredlent present In the previously sterlle-fitered solutions.

[0112] Fortopical administration, the compounds of the Invention may be applied in pura form. However, itwillgenarally
be desirable to administer them to the skin as compositions or formulations, In combination with a dermatologically
acceptable carrier, which may be a solid or a liquid.

[0113} Useful solid carriers include finely divided solids such as talc, clay, microcryslalline celiuloss, silica, alumina,
and the like. Other 5o0lid carfiers indlude nontoxic pelymeric naneparticles or micraparticles. Useful liquid carriers include
water, aleohols, o glycols or water/alcoholiglycol blends, In which the compounds of the invention can he dissolved or
dispersed at effectlve levels, optionally with the ald of non-toxic surfactants. Adjuvants such as fragrances and addltional
antimicrobial agents can be added to optimize the properties for a given uss. The resultant liguid compositions can be
applied from absorbent pads, used to Impragnate bandages and other dressings, or sprayed onto the affected area
using pump-type o aerosol sprayers.

[0114] Thickeners such as synthetic polymers, falty acids, fatly acid salts and esters, fatty alcohols, modified celluloses,
or madified mineral materials can also be employed with liquid camiers fo form spreadabte pastes, gsls, ointments,
soaps, and the like, for application directly to the skin of the user.

[0115] Examples of useful darmatological compositions which can be used to deliver the compounds of the present
Invention to the skin are known to the art; for example, see Jacquet e al. (U.S. Pat. No. 4,608,392}, Gerla (U.S. Pat No.
4,892,478), Smith et al, (U.S. Pat, No, 4,569,157}, and Wortzman {U.S. Pat. No. 4,920,508).

[0116] Uselul dosages of the compounds of Formula Il can be determined by comparing their in vitro activity, and by
comparing thelr In vivo activity In animal models. Methods for the extrapolation of effective dosages in mice and other
animals i humans are known to the art; for example, see U5, Pat. No. 4,838,949,

{0117] For example, the concentration of the campounds in a liquid composition, such as a lotion, can be from about
0.1 to about 25% by waight, or from about 0,5 to about 10% by welght. The concenlration in a semi-solic or solld
composition such as a gel or a powdar can be from about 0.1 to abeut 5% by welgh!, or from about 0.5 to about 2.5%
by weight,

[0118] The amount of the compounds of tha Inventlon required for use In treatment will vary not only with the particular
sait selected bul also with the route of agministration, the nature of the condition being treated and the age and condition
of the patient and will be uitimately at the discretlon of the attendant physiclan or clinlcian,

[0119] Effective dosages and routes of administration of agents of the inventlon are conventional. The exact amaunt
{effactive dose) of the agent will vary from subject to subject, depending on, for example, the specles, age, welghl, and
general or clinical condition of the sublect, the severity or mechanism of any disorder being treated, the particuiar agent
or vehicle used, the methed and scheduling of administration, and the like. A therapautically effective dose can be
determined empirically, by conventional proceduras known fo those of skilt in the art, Ses, e.g., The Phammacological
Basls of Therapeutics, Goodman and Gilman, eds., Macmillan Publishing Co., New York. For example, an effective
dose can be estimated initially either in cell culture assays or in suitable animal models. The animal model may also be
used to determine the appropriate concentration ranges and routes ot administration. Such information can then be used
to determine usefuyl doses and routes for administration in humans. A therapeulic dose can also be selected by analogy
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to dosages for comparable therapsutic agents.

[0120] The particular mede of administration and the dosage regimen will be selected by the attending cliniclan, taking
into account the particulars of the case (e.g., the subject, the disease, the disease state invelvad, and whether the
treatmant is prophylactic). Treatment may involve daily or mutti-daily doses of compound(s) ovar a period of a few days
to months, or even years.

[0121] In general, however, a sultable dose will be In the range of from about 0.01 to about 502 mg/kg per day, &.g.,
from about 0.1 to about 500 my/kg of body weight per day, such as from about 0.1 to about 100 mg per kilogram body
welghl of the recipient per day, For example, a sultable dose may be about 1 mg/kg, 10 mg/kg, or 50 mg/kg of body
weight per day.

[0122] The compounds of the invention are conveniently administered in unit dosage form: for aexample, containing
from about 00005 to about 500 mg, from about 0,01 to about 50 mg, from about 0,05 to about 10 mg, or about 5 mg of
active ingredient per unit dosage form.

{0123] The compotinds of the Inventlon can be administered to achleve peak plasma concentrations of, for example,
from about 0.5 lo about 75 uM, about 1 to 50 M. about 2 to about 30 pM, or about 5 to about 25 wM, Exemplary
desirable plasma concentrations include at least or no more than 0,25, 0.5, 1, 5, 10, 25, 50, 75, 100 ar 200 M., This
may be achieved, for example, by the intravenous injection of a 0.05 to 5% solution of the compounds of the present
invention, optionally In safine, or orally administered as a bolus containing about 1-1000 mg of the compounds. Desirable
blood levels may be maintained by continuous infusion te provide from about 0.0005 (o about 25 mg per kg body weighl
per hour, for example at least or no more than 0.0005, 0.008, 0,05, 0.5, 5, or 25 mgfkg/hr, Allernativaly, such levels can
be obtained by intermitient infusions containing from about 0,002 to about 100 mg per kg body weight, for example, at
least or no more than 0.002, 0.02, 0.2, 2, 20, 50, or 100 mg of the compounds per kg of body weight.

[0124] Tha compounds of the nvantion may convenlently be prasented in a single dose or as divided doses admin-
islered at appropilate intervals, for exarnple, as two, lhree, four or more sub-doses per day. The sub-dose itself may be
further divided, e.g., into a number of discrete loosely spaced administralions: such as multiple inhalations from an
insuffiator,

EXAMPLE: INTRAVENOUS FORMULATION

[0125] A compound presently disclosed, for example, compound AS1 or A52, can be in a formulation sultable for
intravenous dosing. In an embodiment, the compound Is dissolved in from about 10% o about 25% dimethylsulfoxide
{DMSO). 1X phosphate buffered saline (PBS) is then mixed info the solution as the balance, and the solution s sonicated
with a water bath sonicator until it is homageneous.

[0126] Atacompound concentration of 1.5 mg/mL, 5 minutes of sorication may be sufficient to dissolve the compound.
At a compound concentration of 2 ma/ml, more than 5 minutes of sonication may be required to dissolve the compound
and a polyethylens gleyol can be added to keep the compound in suspenslon. For example, 5 to 40% PEG-400 (a
polyethylene glycol), such as, 5-10% PEG-400, can be added.

[0127] The above solution, including either A51 ar A52, was found to be stable at room temperature for at [east a week,
[0128] Before administration, the above solution should be sonicated for a few minutes. A maximum appropriate
administration volume for mice was found to be 0.2 mL.

[0129] When adminisiered to mice, hardening of the skin and skin irrilation around the injection site was observed,
and this was atlributed to the use of DMSO. Although compounds A51 and A62 are soluble In ethanol, ethano) was
found to reduce the stabllity of the compounds in vivo,

[0130] Over a period of 2 weeks following administration of the above solution, mice were observed to lose 15% of
body weight.

EXAMPLE: ORAL FORMULATION

[0131] A compound prasently disclosed, for example, compound A5+ or A2, can be In a formulalion sultable for ora
administration, In an embodiment, the compound is dissolved in 100% DMSO,

[0132] Additional chemicals can be added, stich as a carboxymethylceliulose, a polysorbate, or water, For example,
the components of the solution other than AS1 or A52 can be present al concentrations of from about 10% to about 20%
BMSO, from about 1% to about 2% carboxymethylcellulose (CMC), and 0.1% Tween 80 (a polysorbate), with the halance
being water, The concentration of compound AB1 or AB2 in the oral foundation can be about 1.5 mg/mL. The solution
is mechanically homogenized for at least 30 seconds. The compound AS1 or A52 was found to stay in suspension for
anly a couple of hours and, therefore, the oral formulation must be administored withln a coupte of hours of preparation.
[0133] When more than 2% carboxymethylcelivlose {CMC) was included in the solution, the formulation was found to
be very viscous, so that when administered to a test animal with a gavage syringe, much of the formulation was left
behind on the walls of the syringe, preventing accurate drug administration. A solution of 10% DMSO that included CMC
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and Tween 80 was found 1o keep the compound In suspension when mechanical homogenization was applied. Thatis,
more than 10% DMSO was noi required, A minimum of DMSO should be used, because It was found to iritate the mice,
andwas assotiated with aloss ofup to 10% of the bodyweight of the mice over a period of 2 weeks following administration,
[0134] A maximum appropriate administration volume for mice was found to be 0.2 mL.

[0135] The halfilfe of the compound was found to be longer when it was administered infravenously than when it was
administered orally. However, daily oral dosing resulted in an acceptable steady state serum concentration of the com-
pound, comparable to the steady state concentration seen with bicalutamide. Oral administration may be more canvenient
than intravenous administration.

[0138] Compounds A51 and A52 have a beneficial effect on tumors in an in vivo assay administered as described.
[0137] The embodiments Hlustrated and discussed in this specification are Intended only to teach those skiilad in the
art the best way known to the inventors to make and use the invention. Nothing in this specification should be considered
as limiting the secope of the present invention. All examples presented are representative and nonlimiting, 1t is therefore
to be understood that, within the scape of the clalms and their equivalents, the Inventlon may be practiced otherwlse
than as specifically described.

Claims

1. A compound according to formula [

A

HetHN/U\

R
B R23

N-R1

Formula TI

or a pharmaceutically acceplable salt thereof,
wherein Het i3 selected from the group consisting of:

Rg Rg

Ry
R, N R
0 o O e o
= P P
Rg Rs “ R N/ Ré N/ Rg N)\ R¢
Re Re

Rs
Q 5 I} g (@] 8
Ry Rs Ry Rs Ry Rs Ry Ry N4 Re Ry Rg
8 8 (] () [ ] (]
Ry 0 Rg™ "0 RS S Ry S Rg Z Rg™ °N
7 R+
e} 8 R
PO RSN
| ’z/_\S\ I»\-\
Rg ‘T‘)\ R '?’/K Rs™ R x
R'; R?

wherein Ry, Rs, Rg, and Ry are independently selected from the group consisting of hydrogen, alkyl, sub-
stituted alkyl, alkenyl, substituted atkenyl, alkynyl, substituled alkynyl, aryl, substituled aryl, arylalkyl, ary-
latkenyl, arylalkynyl, halogenated alkyl, halogenated alkenyl, halogenated alkynyl, halogen, CN, NGy, ORy4,
SRys, NRy(Riz NH{CO)ORyy, NH(COMNRRyy, NR4(CO)Ryy, O(CCIRyy, O{COIOR¢qy, O(C8)Ryy,
NR5{CSIRyq, NH{CSINR 2Rz NR1p{CSIOR, 4,
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wherein any of R, R;, Rg, and Ry can be connected to an adjacent Ry, R, R, and Ry to form a cycle
which can be aromatic, substituted aromatic, heterosyclic aromatic or non-aromatic, substituied heterocyclic
aromatic or non-aromatic, cycloalkyl, or substituted cycloalkyt,

wherein X Is selected from sulfur, axygen, and NRy, and

wherein Ry Is selected from the group consisting of hydrogen, alkyl, substituted alkyl, alkenyl, substituted
alkenyl, alkynyl, substituted alkynyl, aryl, substituted aryl, arylalkyl, arytalkenyl, arylalkynyl, halogenated
alkyl, halogenated atkenyl, halogenated alkynyi, halogen, (CO)R,4, {(COYOR,4, (C8)R44, and (CS)OR,4;
and wherein:

A ls sulfur and B s oxygen;

R,y and Ry, are independently selectad from hydrogen, alky!, substituted alkyl, alkenyl or substituted
alkenyl, alkyny! or substituted alkynyl, aryl, substituted aryl, arylalkyl, arylalkenyl, arylalkynyl, hetero-
cyclic aromatlc or non-aromatic, or substitutad heterocyclic aromatlc or non-arcmatic, or

R14 and R4 can be connected to form a cycle which can be heterocyclic aromatic or non-aromatic, or
substituted heterocyclic aromatic,

R Is selected from aryl and substituted aryl,

R, and R, are independantly selectad from hydrogen, aryl, alkyl, substituted alkyl, alkenyl, substituted
alkenyl, alkynyl, substituted alkynyl, halogenated alkyl, halogenated alkenyl, halogenated alkynyl, ar-
ylalkyl, arylalkenyl, arylalkynyl, heterocyclic aromatic or non-aromatic, substituted heteracyclic aromatic
or non-aromatic, cycloalkyl, or substituted cycioalkyl;

each substituted alkyl is substituted with one or more groups independently selected from hydroxyl,
bromao, fluoro, chloro, iodo, mercapto or thlo, cyano, alkylthio, heterocyclyl, aryl, heteroaryl, carboxyl,
carbalkoyl, alkyl, alkenyl, nitro, amino, alkoxyl, and amido;

each substituted cycloalkyl, substliuted alkenyi or substituted alkynyl is substituted with one or more
groups indepandentiy selected from halogen, alkyl, alkoxy, hydroxy, aryl, arylaxy, arylalkyl, cycloatkyl,
alkylamido, alkanoylamino, oxo, acyl, arylcarbonylamino, amino, nitro, cyane, thiol, alkylthio, bromo,
fluoro, chloro, lodo, mercapto, haterocyclyl, heteroaryl, carboxyl, carbalkoyl, alkenyl, and amido,
each substituted arylalkyl, substituted arylalkenyl, or substituted arylalkynyl is substiluted on the aryl
portion with one or more groups independently selected from halogen, alkyl, alkoxy, hydroxy, any,
aryloxy, arylalkyl, cycloalkyl, alkylamldo, alkanoylamine, oxa, acyl, arylcarbonylamino, aming, nitro,
cyano, thiol, alkykthio, bromo, fluoro, chloro, iodo, mercaplo, heterocyclyl, hetsroaryl, carboxyl, carbal-
koyl, alkenyl, or amido;

each substituted aryl or substituted aromatic is substituted with one or more groups independently
selscted from halo, alkyl, haloalkyl, alkoxy, haloalkoxy, alkenyl, trifluoromethyl, triflucromethoxy, alky-
nyl, cycloalkyl, cycloalkylalkyl, cycloheteroalkylalkyt, aryl, heteroary), aryloxyalkyt, arylalkoxy, alkoxy-
carbanyl, arylcarbonyl, arylalkenyl, aminocarbonylaryl, aryithlo, arylsulfinyl, arylazo, heteroarylalkyl,
heteroarylalkenyl, heteroarylheteroaryl, heteroaryloxy, hydroxy, nitro, cyano, amino, substituiad amino,
carbamoyt, alkyl carbamoyl, amidified carboxy, amidified carboxyalkyl, alkyl amidified carboxyaikyl,
thiol, alkylthio, arylthlo, heteroarylthio, arylthloalkyl, alkoxyarylthio, alkylcarbonyl, arylcarbonyl, alkylami-
necarbonyl, arylaminocarbonyl, alkoxycarbonyl, aminccarbonyl, alkylcarbonyloxy, arylcarbenyloxy,
alkylcarbonylamine, arylcarbonylamino, arylsulfinyl, aryisulfinylalkyl, arylsuffonyiamino, arylsulfonami-
nocarbonyl, bromo, fluore, chloro, iodo, mercapto or thio, heterocyelyl, carboxyl, carbalkoyl, alkoxyl,
and amido;

each substituted heteroaryl or substituted heterocyclic aromatic is substituted with one to four groups
Independently selected from halogen, alkyl, alkoxy, hydroxy, aryl, aryloxy, arylatikyl, cycloalkyl, atkyla-
mido, alkanoylamino, oxe, acyl, arylcarbonylamino, amino, nitro, cyano, thlol, alkylthio, bromo, fluoro,
chlorg, ioda, mercapto, heterocyclyl, heteroaryl, carboxyl, carbalkoyl, alkenyl, and amida; and

each substituted amino has 1 or 2 substituents independently selected from alkyl, aryl, heteroaryl,
arylalkyl, aryloxy, aryloxyatkyl, arylalkoxy, arytcarbonyt, arylalkenyl, arylalkynyl, aminocarbonylaryi,
aryithio, arylsulfinyl, arylazo, heteroarylalkyl, heteroarylalkenyl, heteroarylhetaroaryl, heteroaryloxy,
hetercarylithio, aryithioalkyl, alkoxyarylthio, arylaminocarbonyl, arylcarbonyloxy, arylcarbonylamino, ar-
yisulfinyl, arylsulfinvlalkyl, arylsulfonylamino, and aryl suifonaminocarbonyt,

2. Acompound of ctalm 1 or a pharmaceutically acceptable salt thereof, wherein:
{(a} Ry is aryt substituted by at jeast one fluorine atom; or

{b} Ry and R are independently selected from the group consisting of methyl, ethyl, cyclopropyl, cyclobutyl,
cyclopentyl, cyclohexyl, fluoromethyt, chloromethyl, and bromomethyl,
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3. A compound of ¢claim 1 or a pharmacaeutically acceptable salt thereof,

wherein Ry is selacted from the group consisting of CN and NO,,

wharain Ry Is selectad from the group consisting of trifluoromethyl, halogenated alkyl, halegenatad alkenyl,

halogenated alkynyl, and halogen, and

wherein Rg, and R, are independentiy selected from the group consisting of hydrogen, alkyl, and or halogen.
4, A compound of glaim 3 or a pharmaceutically acceptable salt thereof,

whereln R Is selected from the group consisting of trifiuoromethyl and lodide and

wherein Ry and R, are Independently selected from the group consisting of hydrogen and halogen,

5 A compound according fo any ona of claims 1 to 4 or a pharmacsutically acceptable salt thareof for use as a
medicamant.

6. A compound according to any one of clalms 1 to 5 or a pharmaceutically acceptable sal{ thereof for use in a method
for trealing a disease or disorder related to nuclear receptor activity or a hyperproliferative disorder or prostate
cancer, or hormone sensitive prosiate cancer or hormone refraciory prosiate cancer,

7. The compound as claimed in any ona of claims 1 to 6 or a pharmaceutically acceptable salt thereof, wharein the
compound Is administered by intravenous injection, by injection into tissue, intraperitoneally, orally or nasaliy,

8. The compound of any ons of claims 1 lo 7 which has a form selected from the group consisiing of a solution,
dispersion, suspension, powder, capsule, tablet, pill, time release capsule, time release tablet and time release pill.

9. A pharmacsutical composition comprising a therapeutically effective amount of a compound of any one of clalms 1
to 4, or a phammaceutically acceptable salt thereof, and a pharmaceutically acceptable carrler, diuent, or adjuvant.

10, A pharmaceutical composlition according to claim 9 for use as a madicament,

11. A pharmaceufical composition according 1o ctaims 9 or 10 for use in a method for treating a disease or disorder
related to nuclear receptor activity or a hyperproliferative disorder or prostate cancer, or hormone sensitlve prostate
cancer or hormone refractory prostate cancer,

12. The pharmaceutical composition of any ane of claims 9 to 11, wherein the composilion is administered by Intravenous
injection, by injection into tissue, intraperitoneally, orally or nasally.

13. The pharmaceutical composition of any one of claims 9 to 12 which has a form selected from the group consisting
of a solulion, dispersion, suspension, powder, capsuls, tablet, pill, time release capsute, time release tablet and
time release pill,

Patentanspriiche

1. Verbindung nach Formel I

A
HeimN/U\NJ-R1

R
B R23

Formel 1l

oder ein pharmazeutisch vertrigliches Salz davon,
worln Het ausgewdhlt ist aus der Gruppe, bestehend aus:
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7
Rg

s
e U s s
N
SIS R
Rs ;?E/l\ Rs r}l/l\ RS X RB X
Ry Ry

worin Ry, Rs, Rg, und Ry unabhingig ausgewihlt sind aus dar Gruppe, bestehand aus Wasserstoff, Alkyl,
substituiertem Atky!, Alkenyl, subsiituiertem Alkeny!, Alkinyl, substituiertem Alkiny), Aryl, substituiertem Aryl,
Arylalkyl, Arylalkenyl, Arylalkinyl, halogeniertem Alkyl, halogeniertem Alkenyl, halogeniertem Alkinyl, Ha-
logen, CN, NO,, ORyy, BRyp NRyyRyz NH{COJOR.,, NH{COINR 4Ry NRy,{COJRy,, O{CORyy,
O(CO)OR;q, O{CS)R11, NRy5{CS)Ry1, NH(CSINR 4R 12, NR;2(CS}OR 4,

worin jeder Rest Ry, Rg, Ry und R, verkniipft sein kann mil einem benachbarten Ry, Rg, Rg und Ry, um
einen Ring zu bifden, welcher aromatisch, substituiert aromatisch, heteracyclisch aromatisch oder nicht-
aromatisch, substituiert heterocyclisch aromatisch oder nicht-aromatisch, Cycloalkyl oder substituiertes
Cycloalkyl sein kann,

worln X ausgewahlt ist aus Schwefel, Sauerstoff und NRg, und

worin Ry ausgewshit ist aus der Gruppe, bestehend aus Wasserstoff, Alkyl, substituiertem Alkyl, Alkenyl,
substitulertem Alkenyl, Alkinyl, substituiertem Alkinyl, Aryl, substituteriem Aryl, Arylalkyl, Arylalkenyl, Aryl-
alkinyl, halogeniertem Alkyl, halogeniertem Alkenyl, halogeniertem Alkinyl, Halogen, (CO)Ry4, (CO)OR44,
(CS)R44 und (CS)OR44:

und worin

A Schwefel| ist und B Sauersioff ist;

Rys und Ry, unabhéngig ausgewshlt sind aus Wasserstoff, Alkyl, substituiertem Alkyl, Alkeny! cder sub-
stituiertem Alkenyl, Alkiny! oder substituleriem Alkinyl, Aryl, substitulertem Aryl, Arylalkyl, Arylalkeny!, Aryl-
alkinyl, aromatischem oder nicht-aromatischem Heterocyclus, oder substituiertem aromatischem oder nicht-
aromatischem Heterocyelus, ader

R4y und Ry, verknlipft sein kénnen, um einen Ring zu bilden, der aromatisch oder nicht-aromatisch hete-
rocyclisch oder substitulert aromatiach heterocyclisch sein kann,

Ry ausgewihl ist aus Aryl und substituiertem Aryl,

R, und Ry unabhéinglg ausgewahlit sind aus Wasserstoff, Aryl, Alkyl, substituiertem Alkyl, Alkenyl, substi-
tuiertem Alkenyl, Alkinyl, substitulertem Alkinyl, halogeniertem Alkyl, halogeniertem Alkenyl, halogeniertem
Alkinyl, Arylalkyl, Arytalkenyl, Arylalkinyl, aromatischem oder nicht-aromaltischem Helerocyclus, substilu-
iertarn aromatischem oder nicht-aromatischem Heterocyclus, Cycloaikyl oder substituiertem Cycloalkyl;
jeder substitulerte Alkylresi substifuiert ist mit elner oder mehreren Gruppen, unabhéngig ausgewéhlt aus
Hydroxyl, Brom, Fluor, Chlor, lod, Mercapto oder Thic, Cyano, Alkyithio, Heterocyclyl, Aryl, Heteroaryl,
Carboxyl, Carbalkoyt, Alkyl, Atkenyl, Nitro, Aminc, Alkoxyl und Amido;

jeder substitulerte Cycloalkyl-, substituierte Alkenyl- oder substituierte Alkinylrest mit elner oder mehreran
Gruppen substituiert ist, unabhangig ausgewéhlt aus Halogen, Atkyl, Alkoxy, Hydroxy, Aryl, Aryloxy, Aryl-
alkyl, Cycloalkyl, Alkylamido, Alkanoylamino, Oxo, Acyl, Arylcarbonylamino, Amine, Nitro, Cyano, Thiol,
Alkylthio, Brom, Fluor, Chlor, lod, Mercapto, Heterocyclyl, Heleroary), Carboxyl, Carkalkoyl, Alkenyl und
Amido;

Jeder substitulerte Arylatkyl-, substituierte Arylalkenyl- oder substituierte Arylalkinylrest an dem Aryitail mit
einar oder mehreren Gruppen substituiert ist, unabhénglg ausgew&hlt aus Halogen, Alkyl, Alkoxy, Hydroxy,
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Aryl, Aryloxy, Arylalkyl, Cycloalkyl, Aliytamido, Alkanoylamino, Oxo, Acyl, Arylearbonylamine, Amine, Nitro,
Cyana, Thiol, Afkylthio, Brom, Fluer, Chlor, jod, Mercapto, Heterocyclyl, Heteroaryl, Carboxyl, Carbalkayl,
Alkenyl oder Amido;

Jeder substituierte Aryl- oder substitulerte aromatische Rest mit einer ader mehraren Gruppen substituiert
ist, unabhanglg ausgewdhit aus Halogen, Alkyl, Halogenalkyl, Alkoxy, Hatogenatkoxy, Alkenyl, Trifluorme-
thyl, Triflusrmethoxy, Alkinyl, Cycioalkyl, Cycloalkylalkyl, Cycloheteroalkylalkyl, Aryl, Heteroaryl, Arylaxy-
alkyl, Arylalkoxy, Alkoxycarbonyl, Arylcarhonyl, Arylalkenyl, Aminocarbonylaryl, Arytihio, Arylsulfinyl, Aryl-
azo, Heteroarylalkyl, Heteroarylalkenyl, Heteroarylheteroaryl, Heteroaryloxy, Hydroxy, Nitro, Cyano, Amino,
subsituigrtem Amino, Carbamoyi, Alkylcarbamoyl, amidiertern Carboxy, amidiertemn Carboxyalkyl, alkyla-
midlertem Carboxyalkyl, Thiol, Alkylthio, Arylthio, Heteroarylthio, Arylthioalkyl, Alkoxyaryithio, Alylcarbonyl,
Arylearbonyl, Alkylaminocarbonyl, Arylaminocarbonyl, Alkoxycarbonyl, Amlnocarbonyi, Alkylcarbonyloxy,
Arylcarbonyloxy, Alkylcarbonylamino, Arylcarbonylamino, Arylsulfinyl, Arylsulfinylaikyl, Aryisulfonylamino,
Arylsulfonaminocarbonyl, Brom, Fluor, Ghlor, lod, Mercapte odar Thio, Heteracyclyl, Garboxyl, Carbalkoyl,
Alkoxyl und Amldo;

Jeder substituierte Heteroanyl- oder substituierte heterocyclische aromatische Rest substituiert ist mit einer
bis vier Gruppen, unabhinglg ausgewahlt aus Halogen, Alkyl, Alkoxy, Hydroxy, Aryl, Aryloxy, Arylalkyl,
Cycloalkyl, Alkylamido, Alkanoylamino, Oxo, Acyl, Arylcarbenylamino, Amino, Nitro, Cyano, Thiol, Alkyithio,
Brom, Fluor, Chlor, lod, Mercapto, Heterocyclyl, Heteraaryl, Carboxyl, Carbalkoyl, Alkenyl und Amido; und

Jecer substlulerta Aminorest einen oder zwel Substituanten hat, unabhéngig ausgewahlt aus Alkyl, Aryl, He-
teroaryl, Arylalkyl, Aryloxy, Aryloxyalkyl, Arylatkoxy, Arylcarbonyl, Arylalkenyl, Arylalkinyl, Aminocarbonylaryl,
Arylthio, Arylsulfiny!, Arylazo, Heteroarylalkyi, Heteroarylalkenyl, Heteroarylheteroaryl. Heteroaryloxy, Heteroa-
rylthlo, Arylthioalkyl, Alkoxyarylthio, Arylaminocarbonyt, Arylcarbonyloxy, Arylcarbonylamino, Arylsulfinyl, Aryl-
sulfinylatkyl, Arylsulfenylamino und Arylsulfonaminocarbonyl.

Verbindung nach Anspruch 1 oder ein pharmazeutlsch vertrigliches Salz davon, wotin;

(a} Ry Aryl, substituiert mit mindestens einem Fluoratom, ist; oder
{b} Ry und Ry unabhéinglg ausgewiihit sind aus der Gruppe, bestehend aus Methyl, Ethyl, Cyclopropyl, Cycio-
butyl, Gyclopentyl, Cyclohexyl, Fluormethyl, Chlormethyl und Brommethyl,

Varbindung nach Anspruch 1 oder ein pharmazeutisch veriragliches Salz davon,

worin R4 ausgewahlt ist aus der Gruppe, bestehend aus CN und NOy,

warin Ry atsgewshlt st aus der Gruppe, bestehend aus Trifluormethyl, halogenlertern Alkyl, halogeniartem
Alkenyl, halogeniertem Afkinyl und Halogen, und

worin Rg und Ry unabhénglg ausgewshit sind aus der Gruppe, bestehend aus Wasserstofl, Alkyl undfoder
Halogan.

Verbindung nach Anspruch 3 oder ein pharmazeutisch verirégliches Salz davon,

worin Rg ausgew&hlt ist aus der Gruppe, bestehend aus Trifluormethyl und todid und
worin Rg und Ry unabhéngig ausgewahlt sind aus der Gruppe, bestehend aus Wasserstoff und Halogen,

Verbindung nach einem der Ansprilche 1 bls 4 oder ein pharmazeutisch veriragliches Salz davon zur Verwendung
als Arznelmittel,

Verbindung nach elnem der Anspriiche 1 bis 5 oder ein pharmazeutlsch veriréigiiches Salz davoen zur Verwendung
In einem Verfahren zur Behandlung einer Erkrankung oder Stérung im Zusammenhang mit Kernrezeptoraklivitat
odar siner hypetproliferativen Stérung oder Prostatakrebs, odar hormonsensitivem Prostatakrebs oder hormonre-
sistentem Prostatakrebs.

Verhindung wie in einem der Anspriiche 1 bis 6 beansprucht oder ein pharmazeutisch vorirdgliches Salz davon,
wobal dle Verbindung verabreicht wird durch intravendse Injektion, durch Injektion In Gewsbe, intraperitonsal, oral
oder nasal.

Verbindung nach elnem der Anspriiche 1 bis 7, dle eine Form aufweist, ausgewdhlt aus der Gruppe, bestshend
aus etner Lésung, Dispersicn, Suspension, einern Pulver, einer Kapsel, Tablette, Pille, Retardkapsel, Relardtablette
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und Retardpille.

9. Pharmazeulische Zusammensetzung, umfassend eine therapeutisch wirksame Menge einer Verbindung nach el-
nem der Anspriiche 1 bis 4 oder ain pharmazeutisch vertrigliches Salz davon und ein(en) pharmazeutisch vertrég-
lichen/vertriigliches Trigerstoff, Verdiinnungsmittel oder Zusatzatoff,

10. Pharmazeutische Zusammensetzung nach Anspruch 9 zur Verwendung als ein Arzneimittsl.

11. Pharmazeutische Zusammensetzung nach Anspruch 9 oder 10 zur Verwendung in einem Verfahren zur Behandiung
einer Erkrankung oder Stérung im Zusammenhang mit Kernrezeptoraktivitdt oder einer hyperproliferativen Stérung
oder Prostatakrebs, oder hormonsensitivam Prostatakrebs oder harmonresistentsm Prostatakrebs.

12. Pharmazeutische Zusammenssetzung nach einem der Anspriche 9bis 11, wobel die Zusammensetzung verabrelcht

wird durch intravendse Injektlon, durch Injektion in Gewebe, intraperitoneal, oral oder nasal.

13. Pharmazeutische Zusammensetzung nach einem der Anspriiche 9 bis 12, die eine Form aufweist, ausgewahit aus
der Gruppe, bestehend aus einer Losung, Dispersion, Suspension, einem Pulver, siner Kapsel, Tabletts, Pllle,
Retardkapsel, Retardtablette und Retardpille,

Revendications

1. Composé de formule (II) :

Het*-N N»R*‘
B R2R3

dans laquelle formule -

- Het représenta une entité cholsle parmi les groupes répondant aux formules sulvantes :

R7 RB Rﬂ
P o =
Rs R¢ Ry N7 Ry N R N/‘\ RS
Rg R6

Re
o g o 8 o] S
|| Pl |
R 70 Rg™ "0 Rg™ S Rg S Ry™ N Rg™ "N
Rz Ry
oL i s I "
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Ry ’:{)‘\ RS NJ\ Rg X Rﬁlz;)-\
Ry Ry
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étant entendu gue

R4 Rs. Rg &t Ry représentent chacun une entitd choisle, indépendamment, dans l'ensembie constitué par
les alomes d’hydrogéne et d'halogéne, las groupes alkyle, alkyle & substituani(s), alcényle, alcényle &
substituant{s), aloynyle, alcynyle & substituant(s), aryle, aryle & substituant(s), aryl-alkyle, aryl-alcényle,
aryl-aleynyle, halogéno-alkyle, halogéno-alcényle, halogéno-aloynyle, cyano et nitro, et les groupes sym-
bolisés par les formules OR, 4, BRy;, NRy4Rqz, NH{COJOR,, NH{COINR {{R4z, NR4»{CO)R4, O(CCIRyy,
O(CO)OR 4, O(CSIR 4, NR5{CS)Ry4, NH(CSINR (R4, &t NR5(CS)ORy,,

'une quelconque des entités représentees par Ry, Ry, Rg et Ry peut éfre reliée & une entlié adjacente
représentée par Ry, Rg, R ou Ry el former ainsi un cycle qui peut étre un sysiéme aromatique, aromatique
a substituant(s), hétérocyclique aromatlgite ou hon aromatigue, ou hétérocyclique, aromatigue ou hon
aromatique, porteur de substituant(s), ou un groupe cycloalkyle ou cycloalkyle & subsfituani(s),

X représente un atame de soufre ou d'oxygéne, ou un groupe symbolisé par NRg,

et Rg représente une antité choisie dans l'ensemble constitué par les atomes d’hydrogéne at d’'halogéne,
les groupes alkyle, alkyle & substituani(s), alcényle, alcényle a substituant(s), alcynyte, alcynyle & substi-
tuaniis), aryle, aryle 3 substituani(s}, aryl-alkyle, aryl-alcényle, aryl-alcynyle, halogéno-alkyle, halogéno-
alcényle et halogéno-aicynyle, st les groupaes symbalisés par tes formules {CO)R4q, (GOJOR44, (CS)R44
et {CS)ORy4,

et dans laqualle formule ;

- A représente un atome de soufre, et B représente un aiome d'oxygéne ;

étant entendu que

Ry et Ry; représentent chacun une entité choisie, indépendamment, dans 'ensemble constitué par
I'atore d’hydrogéne, les groupes alkyle, alkyle & substituant(s), alcényle, alcényle a substituant(s},
alcynyle, alcynyle & substituani(s), aryle, aryle & substituant(s), aryl-alkyle, aryl-alcényle et aryl-alcynyle,
les systémes hétérocycliques aromafigues ou non aromatiques, et les sysidmes hétérocycliques, aro-
matiques ou non aromatiques, porleurs de substituant{s),

ou bien les entités représentées par R4y et Ry, peuvant étre relides 'une & l'autre et former ainsi un
cycle qui peut étre un systéme hétérocyclique aromatique ou non aromatlgue, ou hétérocyclique aro-
matigue et porteur de substituant(s),

- Ry représente un groupe aryle ou aryle & substituant(s} ;

- R, et Ry représentent chacun une entité choisie, indépendamment, dans I'ensemble constitué par ['atome
d’hydrogéne, les groupes aryle, alkyle, alkyle & substituani(s}, alcényle, alcényle & substituani(s), alcynyle,
alcynyle & substituant(s}, halogéno-alkyle, halogéno-alcényle, halogéno-alcynyle, aryl-alkyle, aryl-alcényle
et aryl-alcynyle, les systdémes hétérocycliques aromatiqgues ou non aromatiques, les systémes hétérocy-
cliques, aromaliques ou hon aromatiques, porteurs de substifuant(s), et les groupes cycloalkyle et cycloalk-
yle & substituant(s} ;

étant enfendu que

chague groupe alkyle & substituani{s) porie un ou plusisurs substituant(s) cholsi{s), indépendammaent,
dans I'ensemble conslitué par les groupes hydroxyle, mercapto (sulfanyle) ou thio, cyano, alkyl-thio,
heteroayclyle, aryle, hétéroaryle, carboxyle, carbalcoyle, alkyle, alcényle, nitro, amino, alooxy el amido,
et les substituants bromo, fluoro, chloro et lodo,

chague groupe cycloalkyle & substituant(s), alcényle 4 substituant{s) ou aleynyls 4 substituant(s}, porte
un ou plusieurs substliuant{s) choisi(s), indépendamment, dans fensemble constitué par les alomas
d'halogéne, les groupe alkyls, alcoxy, hydroxyle, aryle, aryloxy, aryl-alkyls, cycloalkyle, alkyl-amido,
alcanoyl-amine, acyle, aryl-carbonyl-amino, amino, nltro, cyano, thiol (sulfhydryle), alkyl-thlo, mercapto
(sulianyle), hétérocyclyla, hétéroaryle, carboxyle, carbalcoyle, alcényle et amido, et las substituants
oxo, bromo, fluoro, chloro et lodo,

chaque groupe aryl-atkyle & substitvant(s}, arylalcényle & substituant(s) ou aryl-alcynyle & substl-
tuant{s), porte sur son fragment aryle un ou plusieurs substituant(s) choisi(s), indépendamment, dans
{'ensemble constitud par les atomes d'halogéne, les groupes alkyls, alcoxy, hydroxyls, aryle, aryloxy,
aryl-alkyle, cycioalkyle, alkyl-amids, alcanoyl-amino, acyle, aryl-carbonyl-amino, amino, nifro, cyano,
thiol (sulfhydryle), alkyl-thio, mercaplo (sulfanyle), hétérocyclyle, hétéroaryle, carboxyle, carbalcoyle,
alcényle et amido, et les substituants oxo, bromeo, flucre, chloro et lodo,

chague groupe aryle 4 substiluant{s) ou systéme aromatique porteur de substituant(s) porte un ou
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plusieurs substituani{s} cholsi(s), Indépendamment, dans 'ensemble constitué parlas atomes d’halogé-
ne, les groupes alkyle, halogéno-atkyle, alcoxy, halogéno-alcoxy, alkcényle, trifluorométhyle, ifluoro-
méthoxy, alcynyle, cycloalkyle, cycloalkyl-alkyle, hétérocycioalkyl-alkyle, aryle, hétéroaryle, aryloxy-
alkyle, aryl-alcaxy, alcoxy-carbonyle, aryl-carbonyle, aryl-alcényle, amino-carbonyl- aryle, aryl-thio,
aryl-sulfinyle, arylazo, hétéroaryl-alkyle, hétéroaryl-alcényle, hétéroaryl-hétéroaryle, hétéroaryloxy, hy-
droxyle, nitro, cyano, amine, amino porleur de substituant(s), carbamyle, alkyl-carbamyle, carboxyle
amldifig, carboxy-alkyle amidifié, carboxy-alkyle alkyl-amidifié, thiol (seuifhydryle}, alkyl- thio, aryl-thio,
hétéroaryl-thio, aryl-thio-alkyle, alcoxy-aryl-thio, atkyl-carbonyle, aryl-carbonyle, alkyl-amino-carbony-
le, aryl-amino-carbonyle, alcoxy-carbonyle, amino-carbonyle, alkyt-carbonyloxy, aryl-carbonyloxy, aik-
yl-carbonyi-amino, aryl-carbonyl-amino, aryl-sulfinyle, aryl-sulfinyl-alkyle, aryl-suifonyl-amino, aryksul-
fonyl-amino-carbonyle, mercapto (suifanyie) ou thio, hétérocyclyle, carboxyle, carbalcoyle, alcoxy et
amido, ¢t les substituants bromo, fluoro, chloro et iode,

chaque groupe hétéroaryle a substituani(s) ou systéme hétérocyclique aromatlque porteur de substi-
tuant(s) porte 1 4 4 substituant(s) chelsi{s), indépendamment, dans 'ensemble constitué par les atomes
d'halogéne, les groupes alkyle, alcoxy, hydroxyle, aryle, aryloxy, aryl-alkyle, cycloatkyle, alkyl-amido,
alcanoyl-amino, acyle, aryl-carbonyl-amino, amino, nitro, cyano, thiol (sulfhydryle), alkyl-thio, mercapio
(sulfanyle), hétérocyclyle, hétéroaryle, carboxyle, carbalcoyla, alcényle et amido, et les substituants
oxo, bramo, fluore, chioro et iado | et chague groupe amino porteur de substituani(s) porte 1 ou 2
substituani(s) choisl(s), inddpendamment, dans P'ensemble constitué par les groupes alkyle, aryle,
hétéroaryle, aryl-alkyle, aryloxy, aryloxy-alkyle, aryl-alcoxy, aryl-carbonyls, aryl-alcényle, aryl-alcynyle,
aminc-carbonyl-aryle, aryl-thio, aryl-sulfinyle, arylazo, hétércaryl-alkyle, hétéroaryl-alcényle, hétéroa-
ryl-hétéroaryla, hétéroaryloxy, hétéroaryi-thio, aryl-thlo-alkyle, alcoxy-aryl-thlo, aryl-amino-carbonyle,
arykcarbonyloxy, aryl-carbonyl-amino, aryl-sulfinyte, aryl-sulfinyl-alkyle, aryl-sulfonyl-armino et aryl-sul-
fonyl-amino-carbonyle,

ou sal pharmacologiguement admissible d'un tel composé.

Composé conforme 2 la revendication 1 ou sel pharmacologiquemant admissible d'un el composé, dans Jaquel :
(a) R représente un groupe aryle portant au molns un atome de fluor comrme substituant,
{b) ou R, et R, représentent chacun, indépendamment, un groupe méthyle, éthyle, cyclopropyte, cyclobutyle,
cyclopentyle, cyclohexyle, fluorométhyte, chlorométhyle ou bromométhyle.

Composé conforme a la revendication 1 ou sel pharmacologiquement admissible d'un tel composé, dans lequel .
- R4 représents un groupe cyano ol hitro,
- Ry représente un alome d'halogéne ou un groupe triflusrométhyle, halogéno-alkyle, halogéno-alcényle ou
halogéno-alcynyle,
- et Rg el Ry représentent chacun, indépendamment, un atome d*hydrogéne ou d'halogéne, ou un groupe alkyle,

Composé conforme 4 la revendication 3 ou sel pharmacologiquement admissible 4'un tel composé, dans lequel :

-~ Ry représente un atorne d'iode au un groupe trifluorométhyle,
- et Rg et Ry représentent chacun, indépendamment, un atome d'hydrogéne ou d'halogene.

Composé conforme 4 'une quelconque des revendications 1 & 4, ou sel pharmacologiquement admissible d'un tel
composé, pour utllisation en tant que médicament,

Composé conforme 4 'une quelconque des revendications 1 a 5, ou sel pharmacologlquement admisstble d’un tel
composé, pour ulilisation dans un procédé de traltement d'une maladie ou d'un trouble associé & ['activité de
récepteurs nucldaires, ou d’'un trouble 4 caractére hyperproliférant ou d'un cancer de la prostate, ou d'un cancer
de la prostate hormono-sensible ou d'un cancer de Ia prostate hormono-réfractaire,

Composé conforme 2 I'une gusiconque des revendications 1 & 6, ou sel pharmacologiquement adrissible d'un tel
composé, qui est administré par injection intraveineuse, par Injection au sein d'un tissu, en Intrapéritonéal, par voie

orale ou par voie nasale,

Composé conforme a I'une quelcongue des revendications 1 47, qui se présente sous une forme cholsie dans le
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groupe suivant : solution, dispersion, suspension, poudre, capsule, comprimé, piluls, capsule a libérafion progres-
sive, comprimé a libération progressive et pilule 4 libération progressive,

Compostion phammaceutiqua comprenant, en une quantité exergant un effet thérapeutique, un composé conforme
a 'une quelconque des revendications 1 & 4, ou un sel pharmacologlquement admissible d'un tel composé, etun
véhicule, diluant ou adjuvant pharmacologlguement admissible.

Compesltion pharmaceutique conforme a la revendication 9, pour utllisation en tant que médicament,

Composition pharmaceutique conforme & la revendication 9 ou 16, pour utiiisation dans un procédé de traitement
d'une maladie ou d'untrotible assoclé 4 'activilé de récepteurs nucléalres, ou d'un trouble & caractére hyperproliférant
oud'un cancerde la prostate, ou d'un cancer de 1a prostate hormonoe-sensible ou d'un cancer de la prostate hormono-
réfractaire,

Composifion pharmaceutique conferme 2 'une quelconque des revendications 8 4 11, qui est adminisirée par
injection Intraveineuss, par Injection au sein d'un tissu, en Infrapéritonéal, par voie orale ou par voie nasals.

Campostlien pharmaceutique conforme & F'une quelconque des revendications 9 3 12, qui se présente sous une

farme cholsie dans le groupe suivant : solution, dispersion, suspension, poudre, capsule, comprims, pilule, capsule
3 libératlon prograssive, comprimé a libération progressive et pilule a libération progressive.

3



PSA vnlts {absorhance)

EP 2004 181 B3

14

3 100 nM
200 nM
03 600 nM
£3 1000 nM




" 184

MTS units {absorbance}

EP 2 004 181 B3

FIG. 2

33

A52

o 100 nM
® 200 nM
O 500 nM
o 1000 nM




EP 2004 181 B3

£ 100 nM
200 oM
0 500 nM
31000 nM

1.6 4

1.4 4

(pto3) souRUOSTE YSd

DMSO

A52

-ASY

Bical

FIG. 3

34



EP 2004 181 B3

Plasma concentration [ul]
O 2 N W h O N0 D

: Gavage PK of A52

2 Avarage A52 |

e ABY aOITElALON

:

F1G. 4

36




Tumor V&iume (fold}

EP 2004 18183

T (days)

FIG. 5

36

—a—Vehicle
—8—A52-10



EP 2004181 B3

Day 0 Day 17
Veh. RD162 A52 Veh. RD162 A52

0 01 1 10 10

37



EP 2 004 181 83

REFERENCES CITED IN THE DESCRIPTION

This list of references cifed by the applicant is for the reader's convenience anly. Il does not form part of the Europsan
patent document, Even though great care has been taken In compliing the references, errors or omissions cannot be

excluded and the EPQ disclaims all llability in this regard,

Patent documents clted in the description

+  US 4097578 A [0005]

+  US 5411981 A [0005]

+  US 5706654 A [0005]

+ US 20040009969 A [0005]
+ US 20070004753 A [0005)
« WO 9700071 A [0005)

+ WO 0017163 A [0005]

+ WO 06124118 A [0005)

+ WO 2005042488 A [0007]

Non-patent literature cited in the description

+  Nal. Med, 2004, vol. 10, 33-39 [0003]

+ CAMILLE G. WERMUTH et al. The Practice of Me-
dicinal Chemistry, Academic Press, 1996 [0038]

+  Design of Prodrugs. Elsevier, 1985 [0038]

38

WO 0192253 A [0008]

US 5434176 A [0008]

WO 2006010642 A [0010]

US 4608302 A [0115]

US 4992478 A, Geria [0115]

US 4559157 A, Smith {0115]

US 4920508 A, Worlzman [0115]
US 4938949 A [0116]

A Textbook of Drug Design and Development. Har-
wood Academic Publishers, 1991, 113-191 [0038]
The Pharmacological Basis of Tharapautics, Macmil-
tan Publishing Co, [0119]



