DI ARYLTH OHYDANTO N COVPOUNDS FI ELD OF THE | NVENTI ON [ 0001] The present

i.nvention relates to diaryl hydantoi n conpounds i ncl udi ng

ditar yl tthi ohydant oi ns, 5and net hods for synthesizing themand using themin
the treatment of hornone refractory prostate cancer. This application

i ncorporates by reference PCT/US20061011417 by the sane assi gnee.
BACKGROUND GF THE | NVENTI ON [ 0002] Prostate cancer is the nost common

i ncirdence of cancer and the second | eadi ng cause of cancer death in Wstern
men. When the cancer is cOMRYEEBHIGEAPAYTONEOYPOEAHE can be cured by
surgery or 10 radiation” However, 30% of such cancer rel apses wth di.stant
netastati c di sease and ot hers have advanced di sease at di agnoses. Advanced
di sease is treated by castr [y istration of antiandrogens,

t he so-cal |l ed androgen dep#ﬁ%Lﬁggaﬂﬁig‘a%&qlgastratron | owers the
circulating | evel s of androgens and reduces the activity of androgen

recept or %’&rﬂa Ad ﬁlhr‘sr'rtat\r'BWIr giatea it fiambrdegen sodronk g Ining dimelthicndabyins,
conpetsi nghdaweyoda el ks ageziky theh mgr,usfhbere.afnomem HRaue h@@no’h@@h&%ryﬁ bdtMd Ea¥cer.

Al t hough-.nij t y effective uickly fail and the
cancer beII(]:orPBI'CQLUH "oRe re Vrr'a%rte’bcf ;?é?[ljéO@g%IﬁE eht! Vd'ﬂ‘brferggpr ession of AR has
been identified and val i dated as cause of hornone "refractory prostate
cancer. See Chen, C.D., V\el%%ﬁ*éGRBl@D OFTFIRR INVENTIBNek, S. H:., Chen, R,
Vessella, R, Rosenfeld, MG, and Sawers, CL., Ml ecuI ar det er rri nants of
resi st an€0o ant Pestdr ogedn it ﬁnem@p;npmNam inciéde of dbeer 38- -t39secadd Qédingvhiuehot 1 S

her eby i a6k pAMAH sBY nfeRf ﬁ/ﬁr@rn&cecangll%rc%ﬁ(tﬂlg@ﬁ)gllg’rlheo iseAR alrsbc%w(];b)%u%@{y to 20
cause prggressr on from hornone sensitive to hornone refLrac ory

cance?  @fgastiony et AP ob el @pcenrlapithivEh tigpn mergicrdteseud ot hwt}é‘@“%‘:an
sl ow t hedipnggr dsgben Sfvaprdsicateas Care ey castrdtiom@asl/of emon st @t Edntah@seeMRRAN
its |i ga{bdcamdrhqclr&gn "aip%\ r%ﬁ’ §1§r§9}l’ yC:I ﬁ:{trorg '1’09/% hhe ruhaQr mveqs 51%‘:15%%%50%%4 r(p rﬁ%?t at e
cancer, 1ndicating that AR Is sti a tar thi's di sease.” 1 al so
denonst r e adVOH e e%’rwoeéf%ﬁ)o rdgfrisaRios @ W’erlld@ﬂaﬁtbiodarrdlr feg?emsbyfqommtmz

ant agoni Mds JB@O@Q e.rwrsg, Shetefbord) @diIELE BRLAGHAT YIIRLAShBLE CRAGE thelAifkaiButs

ant aglqm urck an h% can gé:c'{)rlm\:/s h r¥none2r%frapod an AR agonist stimilates AR
acti vi ty‘J fl Mmthrs K expl aing” why castration and anti-androgens

fail to @revent prostate cancer ogression and reveal s unrecogni zed
propertil@803df honResHl: peferrieseion ¢f ﬁgdiéﬁt beeeidemifiedernd e BEA pB: eabeue dningee

(brand nafgtory ascﬁem)rcetss&he]emb vaBRND.Y., ReAC.aBik - dndeageRr., viMslig, Rt has

an inhib n ensiti rost at e cancer ails
Po Lonorkbaifasikeshs SR-eR &R, OSTRRTeRERR S Y SRR 1 e RS herpis NG
111111111‘1‘1(11 1913311 3904 1\11&@1*1 haaby incerperned HEBHOOL: Ovseesmyession HokRrisrefficient to

r ef r 20t Odu)ise })Idbﬂss%&rk)ﬂﬁﬁﬁﬁﬁe ehsiGudns ﬁ(ﬂﬁrori%ri@ﬂ a@t@rqrpﬁgﬁt@%ar@éresuE%?QmB%aF QRftert A1
ncer ression. fromthe hornone sensitive

falluretI([) eve rTt})dr)rostate cance
stage to't Pr‘ Orsh SR APEER Y Tin Oerﬁ“ W LhAOTYS BfECt Ngetsopy st TG one
r ef ract omy itphosd bindngoamiserssanChesrpwsth phiimomedikctan bagan catdr.ondktiiguhd WRSs and

t he ot hegijlaSarkdd &r thiS§iseRR 9 1:AG0 VS bidnfon@Glch Watt d\@é\p‘f@g&l ARR S ﬁ?gﬁrx‘mﬁr&cﬁed in
hor none refracto prostate cancer. Therefore, better AR In tors”

more pot B UHPHGDII 2STTE 1B EPTYRG F S ORNHOFHNTRET (A gBringenist BbibIsAR pgivar e
needed tad drer\ayLdrssﬁalsretepm@gmremr Dita acd tlﬁ@.\(ﬁl{‘ﬁ@hmﬁ hEv dcaafaﬂén ah@ﬁrﬁﬂrﬂ&oucns
R i e el
cancer Ué%%&%é““f‘hey are m)r e selective and have fewer side effects. This
cl ass of compounds has been described in many patents such as U S. Patent
Nurmber 4p@RY. 578, BichiGamilRatbrandNeamel Ousbdedilit 1R 8noks, conS-ll) &l .antNehdrogun/ Obni€ 34, PCT

bat ot ST uBRBLLREL 00 8 REE 880 TE A" 0 A BrBRS, A e SR P
i ncor porat ed by reference [ 0006] U. S. -Pat ent No. 54434#416—rﬂerudes—broad
cl ai e which enconpass a very | arge nunber of : ounds, but synthetic
routes are only presented for a small fraction of thenﬁmmmMMWﬁmmm and

phar macol ogi cal data are only presented for two of th skilled in
the art could not readily envision 15 other specific conposmnds.

[ 0007] Because the nechani sm of hornone refractory prostate cancer was not
known, there was no biol ogical systemto test these compounds deScribed in
these patents for their effect on hornone refractory pr

Particularly, the ability of AR overexpression in hornnmmmmmﬂ,mﬂﬂmm&
prostate cancer to
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20 switchinhibitors from antagonists to agoni sts was not recognized. Sone
new properties of hornone refractory prostate cancer are reported in PCT..
appl i cations USO4/ 42221 and US05/ 05529, which are hereby incorporated by
ref erence. PCT International Application US05/ 05529 presented a met hodol ogy
for identifying androgen receptor antagoni st and agoni st characteristics of
conpounds. However, for each conpound produced, the time consum ng process
of determining the antagoni st and agoni st characteristics of 25a conpound
must be devapstionede refiadry.i Bvo \t/ChBKELSIOESctﬁ@lllm&mﬂmdgchﬁlcﬁlﬂﬁhﬁﬂ@&@l‘e}ﬁalmr&gbr@\km
char act epiosibi: ¢cérg)r&¥a0L ke A the chem cal -
Struct ure. of a c ed gund al one. l?%l{(])&g]qgltr)ﬁz g‘%)% tgzln Bhy O"c 'c B PEB5rel to
be i nhi bft{SPE "d'fem hﬁ'é“"l“? ﬁﬁ?f@”bi"ﬁ%ﬂ‘erfgncd@r%\eﬁf‘wmk antay «amdxt oyeniesneChpoins is( AR)
Several Haverdeeanimsediass dhthgeR L@\Jrgr\ﬁaé;sc&ﬁQ&L@&&d&@n@ﬁ Fostafe CQTCQI Theletore

bi cakid a Sever r.s .of LBD have b
| dent |§f | g@]gﬁr\§9ﬁ1gﬁ§lg€jvﬁi( HOIEHJOI nt g I]LLOleIlC ﬁwgﬁggﬁ &]H]H“‘éﬂomsnc(?@‘diﬂtééﬁ ntﬂbd to

G oubet , dgay: dlbsaf PrRgPRRLON dnd:to tB@nfw tlatsl homwone BouchouxatdeayceCer ede, E.: Gall o,
D. ; Galllard- Kelly, .M; Philibert. D. .J. Steroid Boichem Adolec. Biol.
1994, 48[0003]] - | 1HonMariddDanti-pndMy: ch sut.lRlebﬂ:Sl,ulerde Mné/\@yelﬁuﬁlaeneﬁ ovdr st%lgal

hem 2000,,,43s v YOR . memmesc“ f or new t hi ohydantoin
E:onpoundg& paéﬁntggﬁéﬁftgaﬁzg bL%arﬁ@a ol 0g |caf [3/5?'6 e feae, S‘dﬁhﬂt%syrﬁhﬁé?ﬂafbcf’f

pat hways ‘TP s atieF'h@est‘r’Péﬁ‘n“‘ Bavanayals awu agi U.5.eixteatr Bugen$097.978, 1.G. Bzmarhd
St r uckour ak!ighangePa. 80es. TEFPQROY LI&YBa | %Jlﬂé‘zﬁﬁow&o'oﬁ/o&d7‘?%‘id \W@ d%h??t}

cancer e be i neffective; even
fromt hewle fr;@?s %ecaip &m ] ggm%?lm“"#w %W Q}/)o« R W At ‘é""r'@‘ﬁi"éﬂé@t‘i@fﬁed@? re&lf@?ﬁngl e

substitu 10[0010 Identlflcatlon of conpounds whi ch have hi gh potency to
ant agoni 806t he anbrfofBit det 344+ V6 indwrgs bradedrihayischrnpinmads aagorirsd dumbacki vi ty
shoul d owemcone blnorsmmm r@ftds 2 me REOREATR £ FRHE FradibRBE e gor YRid Q§ s!ow

down t he,pr, [ +RorLm ensi-tive te cancer
Ther ef oreh%?l ﬁ‘re"fg?’.“g@é%n hgfc ]Qﬁ ﬁe 2 ’F‘b’ranﬁﬂ‘ F’ﬁ"éjr\‘f e i‘r&%ﬂ“idd‘ﬁt r&’l""%@l"e@nlve

modul lat o‘i"@”éﬁec’f‘%@ma%ﬁ‘ogen receptor, such as nodul ators which

are-non- steroi dal, non-toxic, and t| ssue sel ective. 15 SUMWARY OF THE

| NVENTI C@?d 3011] TQe \{entllonm[? fOVI des a series of conpounds having strong
ant agoni act i vit1es Wt RMHN AT NEROGIERIAY Prestacianagt visaet kagent. tiste waRio These
conpoundaolpgidal gybtem tohiest ghegviolmpahdshipscridn én hek rpaextmfbym@lr At RoRRE RFractory

10] 0013] ]}&ﬂitd dam%m pmuat@qhe%bqw Q@ﬁxz%#?%%%%ﬁnd,&ﬁo ’O‘éec‘Sr%F?VZL r%) s'éa?g ﬁfr,«?egfo“t ﬁle ng

a gg ey g %; fective anpunt
precédi ng"'€b Wﬁ QO‘Bra“Qg‘bll‘féir‘Prei‘é‘é’Lﬂsl w3 1 f@&@!@érﬁ aBbres sel propdnés edfhpmand a
phar mac ewfiicoal frostagcoept adddleoredin IPCE fapditatidhd w@nmnﬁ QLTS 2b I ER LI Hreby,

enconpasg . Lfar » erpr i ve disorder conprising
adni ni st eér%ﬁ)r(;gt gﬁ%ﬂgg {l)ﬁar h&aﬁ‘gh!{:;?%a l r%ﬁpc OS1 béJS%ts g%a}’r%gﬂﬁidei‘:f“efhﬁd%écfmof

such tr dSPHERE ndoeh &55PIerwREIN Y adRgonS Chfyp@rlpm bi fatnidy e Hovser, d&reachThe
hyper pr aloinp@ndipr baneedcth SQhE@hsuiiyg ph)@ebh&f rd@f@r'ﬂﬁ"nn'f Qf]er ﬁﬁ&(ﬂ [s¥anP E&Eltstgt & ac?e%gﬁfegf The

dosa m about
day tgg g%gﬂp&]id 8us¥ lbc dersmngced Cﬂcuam t?t,re éﬁ nBtg?d taég}.uratélb@[ﬁj1c@%gictw1c9@|le\;k)gtobody

“wei ght ﬁ@i‘““dafys%'%)tda%bmm !b@@hemalpevncuk@fb@dypmagint per day, about 0.1 ng per
kg body wei ght per day to about 10 ng per kg body wei ght per day, or about
1 mu per glo Y iq per day. 20[ 0015] The conpound may be adm ni stered
by i ntraVehous mf’%tc gy déf“"eﬁfeé?d‘fﬁotﬁ?ﬁ’ tPr‘?i% ghibigs pfahe lighit iadrerdomon ¢B) ?, /
oral |y, agtromasabily. (ARheScconposd biconsary diayao axe;ftCH afelahGt ed, ftnéamatnt}@ group

conshst iOgdodl) s@crd hedl i 0 e, tablet,
pill, tine rel easeloﬁg%#sbul éhc Al?lr%gbﬁlgﬁgjééé ER% (F & mﬁd'"g@%” 'anmrg@? eHde

pi I, [FOM6] vheh St Pt er*@amewn‘bo@mﬂlsmy%ehose|Fe¢tcnem: £ GONTH.HR; G kP

consi sting of NC54, NC55, NC56, or NI C57, or a pharnmaceutically acceptable
sal.t thereof. The administered conpourd nay be NC53 or a pharmaceutically
acceptabl e salt thereof 5[0017] The invention provides a method of

synt hesi zi ng NC54 conprising m xing N Methyl-2-

fl uoro-441, 1-di net hyl - cyanonet hyl ) - am nobenzam de and

4-1 sot hi ocyanato 2-trifluoronmethyl benzonitrile in DMF and heati ng to foriri
a first mxture, and processing as above. '



[0018] The invention al so provides a nmethod of synthesizing NC55, conprising
m xi ng N-Met hy1- 2-fluoro-4-(1-cyanocycl opentyl)am nobenzam de,

4-1 sot ki ocyanat o-2-trit luoronmethyl benzonitrile, and DMF 10 and heating
under reflux to forma first mxture, and processing as above. [0019] The

i nvention further prOV|des a method of -synthesizing NC56, conprising mxing
NN D -

met hyl 4-[ 4- (1- cyanocyclobutylanlno)phenyl]butananlde 4- |soth|ocyanato 2-tri
f1  uor omgxhy M. DBHPehID: 1 brerpidaive i VBl dBie B9 ng. Lindey, vae Dot xvit ©: &&¥ 8 & |
first m xiuwgbudE) PIAcessi 80,33 33PoMe;) [0020] The invention provides a

met hod of synthesizing NC57, conprising m xi ng DMSO, 15di chl or omet hane, and
oxalyl chloride to forma first m xture, adding 444-(7-(4-Cyano-3-
(trifluorsaet hyl) piheRyd d ndd @l t]tulahﬁ?;if?torimZm bR AR L egnaﬂe gt f%pamloxpﬁhenyl '
)butanam de to the first mxture to forma s cond mxture dd

triet hsyl BipPHEY g™ pethelic BAHWVATSKIOU PePaBIef them dBecdvisy activitics urcebensmrenuorsgmtlhe
third m xt M:Etﬁa‘alasﬁﬂwgy%ﬁé: l%lﬂ;g)um tnﬂy%@%ﬁ@&ﬁ/emngdf % ;o(gtate ca uratsbl JJ] xyure;
extractin anic |layer fromthe four |Sol AT A ?%%
conpound"® ‘?%WP?H%’BFQ&HF%“?a?@?‘fQQ”FGGZETUWfaﬁ<emb®@ﬂnmhvw Hhc@npmumd has
t he for mupaicemdnOO2Zjfle sapdinRdt.ar e i ndependently methyl or, together with
the carbon to which they are linked, a cycloal kyl group of 4 to 5 carbon
atonms, R3 is selected fromthe group consisting of carbanoyl,

5al kylOcalbHhoyl , &antiiamoy loatdoypbyndalviiy eae bignpayidnad l@ﬂm,auﬁh}é@-ﬂ@ ,ancﬁ&dn activity,
cyanoal KydwhahHavBhiis: 3

phar naceut i cal c‘gn%glg: lglgcgﬁg‘g%g‘ﬁfr}l g{eu‘sd%ggrkﬁgerhglngﬂ 56%%%?0{ rosfafe C@‘ﬂcf'gglﬂgﬂ)d‘dﬁt of
a conpouf@'ILEEBY 8 ghe RECEISHP AT hogronesensiiye Prfa@%émm@aﬂﬂsy(“ niteptralilee isahded

t her eof , inamchrafoxhaidaBicetibi elakkyivaceR Pt fehCRllrbied e lorcgluéhuﬁr\%dulz’lltg's [\'99@4] The

Conpoundarg Lste[;lo(?(fal 93%6}5@4 gndl tﬂgl\é%eleche formul a | T NI C 55] 5

15 [ 0025] A phar raceuti'cal conposl ti on can conpri se a therapeutl caI |y
ef f edfi ve amount of a conpound NC54 or a pharnaceutically acceptable salt

thereof, and a pharmaceut i cablivive@oedt #RESNVENTION

[0011] The invention provides a series of compounds having strong antagonistic activities

with minimal agonistic activities against AR. These compounds inhibit the growth of homone

refractory prostate cancer,

20  [0012] Particular compounds of the invention include

[NC54]



carrier or diluent. A pharnaceutical conposition can conprise a
therapeutically effective amunt of a conpound according to claimNCS5 or a
pharmaceutically acceptable salt thereof, and a pharmaceutically acceptabl e
carrier or diluent. 20 [0026]1n an enbodi ment, a nmethod for treating a
hyperproliferative disorder conprises adm nistering a pharnaceuti cal
conposition of claim2 to a subject in need of such treatnent, thereby
treating the hyperproliferative disorder. [0027] The conposition can, for
exanmpl e, Rave a forn1se|@ct8d fromthe group conS|st|ng of a solutlon

di spersi on, pensi o powder, capsule, .tablet, pill, tine rel ease

capsul e, ¢ e rel @ eN/and tinme reI ease pill. The conpound can be

adnmi ni st eréd by(yﬁizﬁe“ ous Hnjection, by injection into tissue,

intraperitoneal | |1y, or nasally. The conposition can he adm ni stered
at a dosage of the S“conpound in the range of from about. 0.001.ng per kg
body mel mger day to about 100 ng per kg body wei ght per day. The
conposition Ccan be adm nistered at a dosage of the conmpound in the range of
from about 0.01 ng per kg body wei ght per day to about 100 ng per kg body.
wei ght pewrc ‘conposition can be adm ni stered at a dosage of the
conpound ihﬂfzg\ ge om about 0.1 nig .per kg body weight per day to
about 10 Fpe ermgg ger day. The conposition can be |

adm ni stered at 10 conpound of about 1 nmg per kg body

wei ght per day. ] There is a nmethod for treating prostate cancer
conpr|5|rggedn1n|ster|ng a pharnmaceutical conposition to a subject in need
of such 8t ment thereby treating the prostate cancer. The pharnmaceuti cal
conposition can interfere. with the transcription of prostate specific
antigen mNA The pharnaceutlcal conposi tion can prevent nucl ear

translocatl n ouen 15 receptor protein. The pharmaceutica
conposi t @ zevan Nndrogen receptor protein. The conposition
can be adhlnlst or; ly. ThE conposition can have a formsel ected from

the group consisti of a capsule, tablet, and pill. [0029]In an

enbodi nent the conmpound can be NC54, NCSS NC56, NC57, a pharnmaCeutically
acceptabng hlt Of any of these, or conblnatlons_thereof. 20 [0030] A net hod
of synthesizing a dlary] conpound of formula NC F3C. conprises m xing

Conpayn C Co wth Conpound || . Compound Il 10in a first polar-
sol vggt d[[obn]] orm zTP i ')'g)feﬂtrloe alsh’epa W‘E;S 2 ATRTREA T EPMPSRIn FgMBrisEE GO eransa cally

SO| vent , ef{eﬁé'c SEpyEt agaepmpound according to any of the preceding compounds or a pharmaceutically

acceptable salt thereof, and a pharmaceutically acceptable carrier or diluent.

[0014] The invention encompasses a method for treating a hyperproliferative disorder comprising

administering such a pharmaceutical composition to a subject in need of such treatment, thereby treating the

15 hyperproliferative disorder. The hyperproliferative disorder may be hormone refractory prostate cancer. The

| dosage may be in the range of from about 0.001 mg per kg body weight per dey to about 100 mg per kg body

weight per day, about 0.0] mg per kg body weight per day to about 100 mg per kg body weight per day,
about 0.1 mg per kg body weight per day to about 10 mg per kg body weight per day. or about 1 mg per kg. ¢

body weight per day.

5 - R , _— : S .
20 [00135] The compound may be administered by intravenous mjection, by injection into tissue
mtraperitoneally, orally, or nasally. The composition may have a form selected from the group consisting of

- a solution. dispersion. suspension, powder. capsule, tablet, pill. time release capsule. time release tablet, and

4.



different fromthe first polar solvent, and an aqueous acid to the m xture,
refluxing the mxture, cooling the m xture and conbining with water, and
separati ng the diary] conpound fromthe m xture. R51 can include an alkyl
chain of from1 to 4 carbon atonms. R52 can be cyano, hydroxy,

met hyl car banoyl , net hyl car banoyl - substituted al kyl,

nethylsulfonecarbannyl substituted al kyl, nethylaninonethyl, 15

di met hyl am nonet hyl , net hyl sul f onyl oxynet hyl ; met hoxycar bonyl, 3-cyano-4-
trlfluoromekhykpMenylcarbannyl, car banoyksubstituted al kyl, carboxynethyl,
met hoxycar bonyl net-hyl , net hanesul f onyl

4- cyano- goid)i f UOW@QEJ:MMLIQE@WJPQ@IB tﬁ%@%'sc@c‘t&%o‘m tﬁj‘!tg &8y l conystmg Pt NC54, NC3

cal - box stituted - et hanesul pi SFa%in
hydr Oxyg{\/ﬁfﬁ)elafﬁé rfﬁwp?@d%gttllitflbhaséapt«&lq(vlt Ihelé?f F?:/e adnnmblucd compound may be F\‘JICB or Y
hydr oxyet hlexycaridpydcgudstsilt i@ al kyl . R53 can be sel ected fromthe group
consisting of F and H )0 [0031]In an enbodi nent R51, conprises an al kyl
chai n sof [dorgm 1 t @he @il ProAblQMBimetRRZ0f % the. ar oy
conS|st|g§ ozlcar énﬁ Ilangonet frgar aﬁﬁ?ﬁgiﬁ N%%gé%“ﬁh .nwgbdégfﬂﬁﬁethod
of synt hE& %Ay %l‘“i‘:‘%bbﬂﬁ&ef'&f) af“b‘t"h‘ijllﬁ"de ang f-fgorhimgianate A Thereraiitiberroxiiriegn
4-isothlD&Wan@MQMQ4¢mnﬁlﬂanmnmthmhwammmmmtﬂmke and N-nethyl-4-( 1 -
cyanocyclobutylanino) 2-fl uorobenzam de in dinethylformm de to forma

first m P()t)LH] e, heatd ﬂg:nfuh\enlst) |pf0$l%esr5| 1?‘&1Wd%f§)9th£s n@)\%ﬁj% aglqﬁ']gmf, mmm, gaieﬁldldl

al cohol um09 d.to th S6Co m xture to forma 7 uxi ng
the third mxtwe%m”%ﬁﬁgwllWWW%&WW@W@&WPﬁWW@W%m%%MW%@N%
conbi i ngdthireing odertrétlupioforavadirsiniduravab&ro@nae exdbéact i ng an organi ¢ | ayer,

and isol ating the conpound fromthe organic layer. [0033]A nethod of

synt hesi porng t he copuneh Qfthet bdlifRsdh bHNGRAr syt ihnabude
met hy1- 2;f | of o- 4 ~cyan nethSw-an?ﬁ%benzaﬂ?%ﬁhggnﬁu“VN

i sot hi ocyaliat o- 2- &%&‘???ﬂ'?‘W@%HVV%éﬁg%HWPPWFe i n*BREreRAM heEd I emetiy! f or m
a first benseniyle anddF ag hetinabrdohglux andmad firstagitate;taod grb@ssii bSdhowd Xt ure to
. forma second m xture. refluxing the second m xture, cooling the second

m xture, mmmmblnlngmih@mﬁacgmdmalXMQn@dWML®mM§&ﬁ£p@ﬁﬂ e hﬂ% ag?ﬁpganlc
i’ sk

| ayer,. a Ssolatd ng. the cO m t he organi c |ayer. t hod
of synt h@gﬁl"z‘?’ﬁ‘ha npatn dogres ‘gu | [INCEE]  MIEaH O Hhgnne-

met hy1- Zi’fql'orﬂﬁ?‘wlmhenyl) 8@%@1@@%5 bplem}ytO[Q@nandbéﬂzmmanamlde to the first
ide, 4-i Srﬂfﬁ(fﬂleol@)&'&ﬂlait Sb“(%dtlﬁlktll euﬂﬁﬂ?‘ﬁ'ﬁgﬂ]\frlannr}gqg‘%}%r&ctorui Infi urﬁa{adforal 5 of mlgeat ' ng

under reflux to fo an a “fo the
first miXture ‘F fhif P‘Hh‘"éie ?’Sc%ﬂiﬁ“ﬁ% %t‘w@“%sé\“? GkiOnf@mt ﬁ@t@@emwe mwszacmrgez;n

cool i ng Qrmw%@fdmdi tr g meture. endoisaldting thie bens aeione i oxdabit Rysp t h wat er and
extracting an organic layer. and isolating the conpound from 25t he organic
| ayeno [ 0035] A met hod of synthesizing the conpound of claim8 [NC56], can

i ncl ude @a2%j Ng N, Mkan erbiodit@btydomfdhfld kas IeGorm@@ocyc | obut yl ani no) ph en

yl ] but anam de, 4-isothiocyanato-2-tri fluoromethyl benzonitrile, and DW
and heating under reflux to forma first m xture, adding an al cohol and an
acid to the first mxture to forma second m xture, refluxing the second

m xture, cooling the second m xture, conbining the second m xture with

- water and extracting, an organic layer, and isolating the conpound from:the
organi c- | ayer. [0036] A net hod of synthesizing the conpound of claim?9

[ NC57] can include m xi ng DMSO, dichl oronet hane, and oxalyl chloride to
forma first mxture, adding 4-(4-(7-(4-cyano- 3-
(tritluoronethyl)phenyl)- 8-0xo0-6-thioxo-5, 7-di azaspi ro[ 3. 4] oct an-5-y1) pheny-
| ) butanam de to the _ o _



10 first mxture to forma second m xture, adding triethylamne to the
second mixture to forma third nmixture, warmng the third m xture and
guenchirng wi th aqueous NH4ClI to forma fourth mxture, extracting an
organic layer fromthe fourth m xture, isolating the compound fromthe
organi.c |l ayer. [0037] A nethod can include providing at |east one

di aryl t hi ohydant oi n conpound, . 15 neasuring inhibition- of androgen
receptor activity for the conpound and determining if the inhibition is
above a first predeterm ned | evel, neasuring stinulation of androgen
receptor activity in hornmone refragtory cancer cells for the conpound and
determining if the stinmulation is below a second predeternined |evel,

sel ecting the.compound if the i @7 is above the first predeternlned
‘level and the @ ationljs bel ¢ second predeterm ned | evel. The
predet er m ned cégﬁﬁk}tho- hi cal utam de. 20 Measuring inhibition
can incl ude ng™~ nhi bint of entration (1 C50) in an AR response

specific antigen secreting system Measuring
stinmulation' can includ uring-fold induction by increasing
concentrations in an AR/response reporter systemor a prostate specific
antigen secreting system asuring inhibition and/or stimulation can

i ncl ude neasuring an effect of the conmpound .on tunor growth in an ani nal.
The step of neasuring inhibition and/or stinulation of androgen receptor 25
activity can include neasuring the binding affinity of an androgen receptor

to the c und he ur| tinmulation of
androgenﬁggﬁeptorﬁaéWf%lfk"m?f"e" Bt ﬂ%@&sﬁ?“ﬁgqﬁ @@ﬁ?rﬁﬂ' Gy BHEFshen
receptorQﬁ@@kﬂlmwvnﬂ"éébétwﬂéagmﬂﬁn&3o$s@wmQUHMEﬂspgmmfmmm@mgmgemb@nmancer
and prSOSBIQ}Iﬁrbﬁrﬂgﬁl éallﬁm@ﬂglk\geﬂkvﬂh@ﬁ%y%fkyl T‘b:ﬁxoshlﬁpugltoamﬁagxw kﬁlgﬁ L0, Q b I on
and/ or shlnulatlon of androgen receptor activity can 1nclude neaerlng
preventi 0ff"8f androgen receptor nucl ear translocation. The step of
measuring inhibition 30andl or stinulation of androgen receptor activity-
can i ncl W8] measuki rg debﬁ@mmmi&a@honcwdmahumndﬁOQemompeﬁeptomx@mmmﬁhm
[0038] A C

Cxpr o55i e i Ot A e R AR AL e R ARG GRBER ot et
d|aryIthN@hw@wmm@ﬂwCdbmp@mhdkmmmﬁmnéﬂﬁene with the 5 transcription of
prostate specific antigen nmRNA. "The di arylthi ohydantoin conpound can be

sel ecoedjohfapm t he TR QaipoGRNEhSbi dXampik, MCOBe (A, NCS5, NC56, and NC57. The
conmpound can prevent formation of a transcription conplex on a prostate
specific antigen gene..Thg conpound can prevent an androgen receptor
protein fJom conpl exin th a prostate specific antigen gene. The conpound
can prevent p rage || fromconplexing wth a prostate specific
antigen gene [ nethod i ncl udes contacting a mammalian cell with a
suf fici ent” amoun a di aryl thi ohydantoi n conpound to prevent nucl ear
transl ocati on of androgen receptor protein and/or to destabilize an
androgen receptor protein. 15BRI EF DESCRI PTI ON OF THE DRAW NGS [ 0040] The
fol | owi ngNCBRlgur es present the results of pharmacol ogi cal exam nation of
certain conpounds. [0041]Figure 1 is a graph depicting that bicalutan de

di spl ays an agonistic effect on LNCaP- AR Agoni stic activities of

bi cal utarnide in AR-overexpressed hom one refractory prostate cancer. LNCaP
cells 20N¢_t h _overexpreSsed AR were treated with increasing concentrations
of DWVBO as cl i utam de in the absence of R1881.-Activities of
AR respoggﬁg\; werje measur ed. [0042]Figure 2 is a graph depicting an
ant agoni stic ass of “bi caltht ami de on LNCaP- AR Agoni'stic activities of
bi caljgt ami de i ng’hof none sensitive prostate cancer. LNCaP cells were treated
wi th increasing concentrations of DMSO as vehicle or bicalutanide in the
absence of Rl 881. Activities of AR 25pesponse reporter were neasured.
‘[0043] Figure 3 is a graph depicting the effect of conpounds on LNCaP- AR
[0044] Figure 4 is a graph depicting the inhibition effect on LNCaP- AR
[0045] Figure 5. Inhibitory effect on PSA expression of AR-overexpressed
LNCaP xenograft nodel. Mce were treated with vehicle, .0.1, 1, or. 10 ng
per kg of exanple 773b (NC7) for 44 days orally once daily. The tunors were
taken out fromthe mce after 44 days of treatnment, tunor |ysate was
extracted, and PSA level in tissue |lysate was determ ned by ELI SA.

5[ 0046] Figure 6 is a graph of tunor volume as a function of time for
treatnent with vehicle solution, Casodex, and NC53. [0047]Figure 7 is a
graph of tunor size. AR overexpressing LNCaP cells were injected in the
flanks of castrated SCID m ce, subcutaneously. Wen tunors reached about
100 CUbIC m t hey wer e randonlzed |nto f|ve groups. Each group had nine

I s I Y T b P

reporter systen1or a pr




10 given orally with either vehicle, bicalutamde or NC53 at 10 or 50 ny/ kg
everyday. The tunors were neasured three-dinensionally, width, |length and
depth, -using a caliper. [0048] Figure 8 depicts experinental results of
tunmor size. At day 18, the aninmals were inmaged via an optical CCD canera, 3
hours after |ast dose of treatnent. A RO was drawn over the tunor for

luci ferase activity neasurement in photon/second. The right panels is a
representation of the ROs neasurenents. 15[0049]Figure 9 is a graph
depi cti ng¥¢¥e pharrnacoki netic curves of NC: 53 fromintravenous (upper
curve) and oral adm nistration (lower curve). [0050] Figure 10 is a graph of
fl uorescence absorbance Aas a function of the logarithm of concentration,
whi ch refi@ blndlng(afflnltles of several conpounds to rat androgen
receptor. h\ %d presents i mages reflecting the state of
conplexaFuD re@hptor and 20 RNA polynerase Il to PSA enhancer
and to PSA prono en Casodex or NC53 are added. [0052]Figure 12
presents inages©re cting that androgen receptor translocates into the
nucl eus in the presence of Casodex, but not in the presence of NC53.
[0053] Fi purse] 13 presents images reflecting that androgen receptor
translsocates into the nucleus in the presence of Casodex. but not in the
presence of NC53. 25[0054] Figure 14 presents i mges reflecting that
androgen receptor protein is degraded in the presence of NC53.

[ 0055] Fi gute ig a chart depicting prostate weight after treatnment with
various co :gﬁds 10 % or 50 ,ng of conpound per kil ogram body wei ght
wer e admFgi ster ed” e } élcated by the | abel of a bar. The :
conpounds were aﬁﬂtgjstered toohealthy FVB mce. After treatnment with
compound for 14Cdays, the urogenital, tract wei ght was determ ned by _
_rennving\ﬁg wei ghing the sem -vesicles, -prostate, and 5 bladder. Three
m ce wer g inistered a given conpound to obtain the data presented by a
bar in the chart. A set of m.ce was not treated with a conpound: data are
presgpted in the bar | abeled "untreated". Another set of mce was treated
onIy W th vehlcle solution: data are presented in the bar |abel ed :
“vehicle". 6]S|gur- 16 is a graph presenting i PSA assay perforned

al ong mn er| prot ocol presented in Fig. 6. 10 [0057] Figure
17 is a aph egg%ggtl'- the efNect of various dose regi nens of NC53 on

tunor vol une. Figure 18 is a graph presenting the rate of photon

eni ssion associated™with luciferase activity at day 17 relative to the rate
at clay icafter treatnent with NC53 at closes of 0.1, 1, and 10 ntg per

ki | ogram body wei ght per day and w thout treatnent mﬁth NC53. 15

[ 0059] Figure 19 presents the resultsWan experinment in which SCID nice were
injected with the LNNAR (HR) cell line to induce tunor growth. One set of

m ce (yer@ods) eat edAWhﬁrkhaEéitﬂceﬂQHrﬂQd&ﬂQm Q@é’on%ns@a% a%eﬂfcalépef@n&eerm(ﬁllnl S am
body melght ggy the other set of mce were treate th vehicle
sol uti on §) 1 SR Nagreaceirally oAbl sl *aﬂt(tfnethaothmacwtw@lysmmbleor

each Setcaﬂfel I} ﬁﬁhem( BA pitﬂﬁﬂ:@tﬁm@fcoﬁﬁﬁlhms@aﬁt 8fn m&?m%ﬁehum}p&%w@%&%l &,
associ ated wi C|feraseﬁact|V|t E shown as col or contours. 20

(O) Rat 8B 6“t°8‘ g I <adp ég%ﬁ‘iaé‘taéﬁ“wt AecPRiRbIer @t dgeofatid inihtryuesisnly at
sever al aceopelle faprer ga@ldienset of m ce. [0060]. Figure 20 is a graph presenting
PSA absorbance associated with LN-AR cells treated wi th various

concept rasigns of i\NESGbdMeadhe, MNeSfiod 79, S

[006]]F|gufg 21 is a graph Present?ng PSA a sor aﬁcghasg%cﬁ%?éd“m”¥$“

LN. - CaP adatnigeringagplisgmagicntipal composition of claim 2 to a subject in need of such treatment.

thereby treating the hyperproliferative disorder.



various concentrations of NC7, NC48, NC53, bical utam de, and DWVSO

25[ 0062] Fi gure 22 presents results of an experinment conducted with wld
type nentransgenic mce (W), castrated |luciferase transgenic m.ce (Cast),
and non-castrated luciferase transgenic mce (Intact). Data are shown for
castrated luciferase transgenic mce treated wth an inplanted testosterone
‘pellet yielding 12.5 ng per kil ogram body weight with a 00 day rel ease
period (Ti Cast), and data are shown for non-castrated. |uciferase

t r ansgenil@2ni ce t ridatedpasitivh ca) fdl pdnipIE @by d LHHASHREQANR N MELIoSh skl 519
12.5 ny |ob lu mn ogram bOd%’;/& ]g ¥\nth a 90 day rel ease period (Intact+T).
Data are shown 'for  cast’ t H & T HRVfer 88 s rehhdurifi emardssst vapateding reliasehe
i npl ant ed:bﬂ«esmosmenelazee pel. | Blic @ngoutll thh ti Qalniteaaind b BAGE T Cast ))-f?]fmm]t h

NC53 ( NCR3+ L Gast, docfibae ) am body wei ght per day.
Ur oueni tcgﬁ L%aﬂg % vht 'Q’a M”"“‘S%'I'V g%)e C%'Wﬂi't‘B’ heBF Senighteied plea SC‘L’M" thays.

In all c&@@@unda” Herfmmef fl’Oef-Tbamto@ﬂyﬂﬂlpsé&%d)stvaye paraISy 18Qboul mﬁeﬁtx kﬂ oodv

[ 0063] Fi guizi péSdayS The Qﬁl@&hmﬁ'%m Gl 4dﬁ'\ng% a@?%gx LQa(QQI% (.mi:ﬁ\ il G I

cells after treatme oses of severa ?awp hc & Lﬁé’ééif’]’—’l gure
24 presedts' (Eat&tm abie D*p?":gﬁ HFIHé’e'S‘gﬁe‘raﬁP“‘dﬂ%?‘éé"tfé# |b§‘ty|‘Y?§hbﬁ€' é%rrﬂbv@dmomlﬁngur e

15 al so can be apynipigend 8 agdosggeaqFhepoopouati inghetrdbge ﬂha)mmmlsu ne,tpk,ck,:q)t}@r\a&g,,e‘gg, stics

of Sever @l GQWPH) ) ight,_pe nippsitign cin e ration as
funct of & pelr ks E&’%ﬁé&z" ngnﬁp%pglo 35)% “}' Cf‘ K ”"”éf“éedébf ey QF t he
LI eF‘f'“ﬂOi”}‘lle)fﬂ’B ed"é\ﬁi”t'ﬁ %r‘iewbpc(:@f‘ﬁpounds admi ni ster ed at concentrations

rangl ng from 125 nrnol to 1000 nnol. DETAI LED DESCRI PTI ON
15[ 0066] BNBOdi menfTaeref ist meméthaterfbi arativee pms&(buss:&ell icBmp@didl laaRBli@Wne | D
descrl bl Blg]l‘l%%l?[q rr&hé)%ﬁ‘.ltlon Oeg'lsirlt’l’]ecct tlnerfggdn l O ed for the Sake Of

clarity. Howeve i nventi on ﬁé%&*amvaﬂb[éurﬂwm-faéa 2 ths rpgate
speci fi cCZtﬂe@mPﬂ@InbgynaswuszéIcempm;onAapemt&mcﬁe s\klhlthedadsalﬂtmﬁ ot @hRMaNpeafid wi

recogni zg, t.Bat, ;i fer arts.can ed and ot her net hods
devel oped “wth’outm a?‘??"h“"@r%%a E"”‘POS'“O‘H %ané’hcae'waﬁ F GFstoriion Q¥ ahepdsrgen Al |

r ef erléncesepier P@df'“he'rr'm Wﬂ@l}aeeuth emm$rm11edn biystabiifze e nakopas rdcépt@ardicihadnbeen

i ndi vi duwlﬂpys.tz,guacea Q@ﬁxﬁﬂét@r@d oMt A8 lesn @il alYilbyd ds Exanpl e
56 | NC54] ]]LQ] O‘]a : {ol | 0 ng, air 3‘% ‘Moi st ure sﬁ@l %elﬁl\cltggp;grgctp &R wer e
conduct edU é?p5‘8?1 33 *hf¥pHer e 95usi ng oven-dried gl assware and standard

Syri nge/septa technl gues. The reactions were nonitored with a Si02 TLC

pl ate und@Pdluv i Bhtan(28kpdimery, fiol Icmmmimbycmni seaNCzat NoBs WiNd3I6a NCS7, a

Thani sal gahyAe. Rk b q it ut| on. | umm chr omat ogr aphy
was perf%?rred on S){HC&?? gel gfoa%%g a%%“?é{’e{/?/@ ‘e measured at 400 Mz
in ] .1 unless stated ot herw se and data were reported as follows in ppm

(6) fromthe internal standard (TMS, 0.0 ppn): chem cal shift

(mul ti pliP¢idy, i ntegthed ifeymthegompl didng catmstdantorhia Hz. ). 0 02N OH 5 Fornul a
37 [0068] Periodic acid (1.69g. 7.41 nmol) was di ssolved in acetonitrile (25
m.) by vi ggrous stirring,

PO e



and then chromumtrioxide (0.16 g, 1.60 mml) was dissolved into the
solution. 2-Fluoro-4-nitrotoluene (0.33 g, 2.13 MmO ) was added to the
above solution with stirring. A white precipitate fornmed inmediately with
exotherm c reaction. After 1 h of stirring, the supernatant |iquid of the
reaction m xture was decanted to 10 a flask, and the solvent was renoved by
~evaporation. The residues were extracted with nethyl ene chloride (2x30 nlL)
and water (2x30 mL). The organic |ayer was dried over MgSO4, and
concentrated to give 2- Fluoro-4-nitrobenzoic acid (Fornula 37) (0.32 ng,
81% as &n%h&%ﬂw@&kb%pmm&{ 1 NMR5 8.06 (ddd, 1 H 1=9.9, 2.2 and 0. 3),
8.13 (ddd, 1 H, 6, 2.2 and 0..9), 8.25 (ddd, | H 1=8.6, 7.0 and 0.3).
02N 15 Earnul. ‘8 [ 0069] Thi onyl chloride (0.15 g, 1.30 mml) was added
slowy to a so vy of 2-fluoro-4- nitrobenzoic acid (Formula 37) (0. 20g.
1.10 mmol) in |D m.) cooled at -5 "C. The m xture was stirred for an
addi tional 1 HKe -5 ')C Excess nethylamne (freshly distilled fromits
40% aqueo8g_'sol utron) added to the reaction nmedium The second m xture
was stirred for an addit 1 hour. Ethyl acetate (50 20 nlL) was added to
the m xture, which was was édbmnth brine (2 x 50 nl). The organic |ayer was
dried over MISX, and concentYated to yield '
N- Met hyl - nfI“ero 4-ni trobenzam de (Fornula 38) (0.18 g, 85% as a
yellomns Jor') "H NWVR (acetone-do 3 3.05 (d, 3 H J=4.3), 6.31 (dd. 1 H,
J=13.5 and 2.1), 6.40 (dd, 1F-1, 1=8.6 and 2.1), 7.64 (cid, | H J= 8.6 and
8.6). wan@ankaud9 [ 0070] A m xture of N- Met hyl - 2- f | uor o- 4- ni t r obenzani de
(Formula 38) (0.18 g, 0.91 nmol) and iron (0.31 g. 5.60 mml) in ethyl
acetate (5 nth) d acetic acid (5 nL) was refluxed for 1 h. The solid 5
particles were ered o Thksbiltrate was washed with water and
_ i . The organic |ayer was dried over MySOH,
concentrated an he rigsi wadkspurified with SiQ colum chronat ogr aphy
(dichl orone acetone, 95:5) to give N Methyl-2-fluoro-4-am nobenzam de
(Formul a (0.14 N1 9299 as an off-white solid. |F1 NVR (acetone-4) 5
2.86 (d, H 1=4.3), 5.50 (br s, 2 H, 6.37 (dd, 1 H 1=14 .7 and 2.1),
6.50 (ddconbblinddF8.6 and 2.1), 7.06 (br s, 1H), 7.68 (dd, 1H, 1=8.8 and
8.8). Fornula 40 [0071] A mi xture of N-Methyl-2-fl uoro-4-am nobenzam de
(Formula 39) (96 ng, 0.57 mmol ), acetone cyanohydrin (0.3 nL, .3.14 mol)
and rtgniesfinhrotmiohantdo oHda lnTg)t!rW\Mtu’me!&traduﬁe&déBﬁL zﬁeﬁﬁﬂp(ﬁ:irkd'lfeﬁdthé anc ls?orh TO
t he nedi er (2
o5 ITL) d‘il'tﬁgé%%#mggﬁﬁ pgl:ahéaélvgrﬁcaag? gﬁ(oe Ovelhea %g&reﬁux d‘ng%he ﬁ‘&é‘ﬁrf I‘Cg.(fh@at and t h e
re5|due‘ﬂé@mﬁU??Wg@dgﬁﬂTﬁmgl 1yl syt eiipbrraPege Aphyhe mixture. R31 can include
(dichl ormmylhamneotamentlomecartﬁ,ﬁat5:)15 tRB2@4rMR cyano, hydroxy melhylcanbamo L,
_ ZI-O;VEt hylmezhyfclallﬂgﬁ%gfl s‘hbs({l{lu’teqi aﬂ%i”ﬁ&lﬁ'\)(suggr%?dﬂ?om l}{)ét tljfecgﬂzy[] gwt? grla_‘urwr(])ngegly gOE (Tall a3 H,
e ‘W)ﬂmoamsé Tffﬂ*ﬁ'smio“rdaxyméthl' geth@yearpdny® 33)yanoB: 63 (dd, 1 F1,1=8.7 and
2 3) 6 tﬁﬁim(olﬂfeth$lpheillyllfd)bamav] Qﬁbﬂrﬁtﬂl substithted ARSI, &r@%le&yﬁ)ﬁtth&!&mbog))lmJ:hfng C

For nul a 4%'113Lesqmn% ano m uo 1eth I PI’nOer'ett) hly lbeanOI’]I b
was adde { icgl yiphenylcarbanfoyl-substituted alkyl, calbow subsmuted alkyl, 4-

mcthanc@ul(onyl i- plpcrazmvl plperazmyl hydroxyethyicarbamoyl-substituted alkyl, or

hydroxyethoxycarbonyl-substituted alkyl. R53 can be selected from the group consisting of F and H.
20

[0031] - In an embodiment R51, comprises an alkyl chain of from 1 to 2 carbon atoms. R52 is

selected from the group consisting of carbamoyl and methylcarbamoyl. and R53 is F.

0.



- -17- mminto a well-stirred heterogeneous m xture of thiophosgene (1 ni,
13 mmol) in water (22 nmL) at roomtenperature: Stirring was continued for
an additional 1 11. The reaction nediumwas extracted with chloroform (3 x
15 ml). The conbi ned organi c phase was dried over |1VIgSO4 and evaporated to
dryness under reduced pressure to yield desired product

4-| sot hi ocyanat o-2-tril |l uoronet hyl benzonitrile (Forrmula 41) 5as browni sh
solid and was used_as such for the next step (2.72 g, 11.9 muol, 99%. I11
NVR 6 7.49 (dd..I H J=8.3 and 2.1), 7.59 (d, | H J=2.1), 7.84 (d,

11-1. 1=8;8)> N ), .96~ 1 4 10 [0073] A m xture of
N-I\/tathyl-ogif]luoroGiflfetmzﬁfL)Jtgwtﬁlt‘S ”?aé?@ﬁ%ﬁ@%iyﬂT“énlnobenzanlde (For mul a 40)
(30 ng, 0.13 mml) and 4-1sot hiocyanato-2-trifluoronethyl benzonitrile
(Formula 41) (58 ng, 0.26 mmol) in DVMF (I nlL) was heated under m crowave
irradiation at 100 C. #oroll hours. To this m xture was added net hanol (20
irilL) andcag.~l N.HCl The second m xture was refluxed for 1.5 h
After bei ejm om'i enperature, the reaction m xture was poured

i nt o col gkonat€r N5 and extracted with 15 ethyl acetate (50 nmL). The
organi c | ayer “a%fEQ'Ed over MgSO4, concentrated and the residue was
purified wth SP024-dol unm chr omat ogr aphy (di chl or onet hane: acetone 95:5) to
gi ve NCS#kormula 42) (15 ng, 25% as a colorless crystal. "HNVR 5 1.61
(s, 6 1-1), 3.07 (d, 3 H 1=4.1), 6.70 (m | H, 7.15 (cid, 1H 1=11.7. and
2.0), 7.24 (dd, I1HJ=8.4 and 2] 0), 7.83 (dd, 1H,1=8.2 and 2.1), 7.95 (d,

1H, J=2. 1 in?lu@Mikidg 4-kblhiodyafhed2)- lrlﬂaoragetl()ﬂﬂmzog-llﬂle AT R n%tlf%n-d 18.4). 20 Exanple 57
l(:gI)II:"ITL: aJ)%é)é%]O%LQQZ1%]] o.rﬂé@toygnzqn (Ee in dnnct 6%&%%‘]5%6%@%? bﬁ@%ﬂpﬁgﬁgqgﬂégmﬁ%% ) and

| MSCN (Omimfeéo fogn W%“Wﬁﬂv‘y“rv\/a@d"‘rxélwl@danﬁ@c@@ tIE seqoad gifxiurent@hrrh ﬁ)ﬂnrd.xalxhuc To the

medi uin V\ﬂ&l\&ddﬁdmﬁilh&tﬁre l@@@{n&ttﬁm@ 2]1‘?‘[“2@0(“1'1]!':&16 and Hi NG, m%n%gthe fourth water (2 X

20 nl) ) over tvlizSarand concéntrated and the
reS|due']\TAg(§Ie tngﬁﬁ”ﬂdeg¥ﬁm§“]r%ﬁ”&%?*88FWWH”@HF8H%¥%UﬁaﬁhymLm“Cer

(dlchloronethane acetone, 95:5) to give N—thhyl 2-fluoro-4-(1-

cyanocyqgh®p ntyI) 6K 3% a mhlte sol id.
1H N ARq7.9§ ,@mmgq,ngﬁmeggm é&rlﬁfrzgwpg%“%g‘é ? 42{94@&) /Q éé&('aama HoJ =
8.8, 2.3nqhy-2- fb*OS?@‘*(‘dbdmyhyl csamomqmyl)samnz@t&nmme #hd@0 (lfblthl&,yaﬁ]al‘@-} 2. 99 (dd
31-1;5J trifidbr&nettlyl o 82-1.95 (m
4H). 10 NC pnttly geﬁ%@“ﬂ(eé’c’)%"uﬁ%"%q‘e%‘m fg%””ﬁ% 8‘f5f‘f‘*A°ﬂ'i’ 5%‘11?'@“‘61‘“ Kidvet hyl
2-f | uor &2 # (1! BYEKD Ky fO1d p &se8A f)ﬂéﬁ@n@ﬂ@wmmm@d(nﬁsnnermoamal)e €&hd moKtyre,0. 22
mol ) ardnéringidt eb@d yatiratvih Ratddnd EM@J{@Q@Ié}ﬁdmubﬁ/@lzQﬂllgoraluhgethﬁ(cg)mzjalng’ﬁom 65
mol ) |qw Fnik BvdtL) 15 was heated under mcrowave irradiation (open vess el)
at 130 'V for 12 hours. To this m xture was added nethanol (20 nlL) and erg.
"1 NHC1 (5 nt.). The second mixture was refluxed for 1.511. After being
cooled to roomtenperature, the reaction m xture was poured into cold mater

(50 P) [@nd ext r achetodbt fynteflyihg BeebAPINGRP i) ¢ [THSs)0f a%(c]!h&e nﬂ}(’%r
dried ove e th sf |ca gel

ncentrated and the resi due was purif
col um ch?3g3558féﬂqf’TH”%%N@P%ﬁﬂPW%WE“@E@%one 495“@?%P@“©PWéM0mﬂwmw
4-(3-( 4b@3£am0*|8ﬂ('d DMFI a"‘dmmL mydlc) NmﬂY&Bom1 2Qirst mlxtme adding an alco ol d an acid
4- 0X0- 2- thllmp Zasy| an-|-y1)- 2-fl uoro- h enzanlde

NCS5 ( Fot s 249 7 ('8 ' e ”é{é‘” ~ @tl‘é‘g;}'a FOW §¥cws|cpling m-sqcomvnxw 28
(dd, 1Ht.omblnng, 114: qecg)ndangye wn‘?h OBer et exirackg ah omzallic Bydrdzang 1s3]at916 ll(e(’elomﬁd'hd forr 1.8
Hz) , 257. %()&rﬁldcla\l_l-l J =283, 1.8 Hz), 7.27 (dd. 11-1, J 8.4, 1.8 Hz), 7.17
(dd, 1.H J =11.7, 1.8 Hz), 6.67-6.77 (m 1F1),3.07(d, 3H.J = 4.3 Hz),
©2.32-2.41 (m 2H). 2.13-2.21 (m 2H), 1.85-1.96 (m 2H), 1.49-1.59 (m 2H).
25 Exanple 58

[0035] A method of synthesizing the compound of claim § [NC 56}, can include nuxing .V, V-
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0 F3 _N Fornula 45 [0076] Tri fl uoroacetic anhydride (0.85 nth, 6.14 nmol)
was added to a solution of 4-(4- 5am nophenyl)butyric acid (0.5 g, 2.79
mvol ) in chloroform (10 m.). at 0 "C. . The m xture was warmed to room
tenperature and stirred for 3 hours. The mixture was partitioned with

chl oroform (20 nL) and water (20 nmL). The organic |ayer was dried over
MySO4, concentrated and the residue was purified with silica gel

col utmchr omat ogr aphy(di chl or onet hane: acet one, 9: 1)t oei ve44442, 2, 2-

Tri f1 uor claceby| amfummmandbuttvanmwplﬁﬁy1p;l>u(aEQﬁ.UblI ay. A&ho( Qm§§ 79r1t1@%o@1et11 jH NVR
781(brbl,l I-Ql dg)%]éd' 5 Hz), 7.22 (d, 1 Hz
2.68 (t, EFTOnljl g, €, 4 Z)H fatglg un ?ﬁ“‘ﬂ—l‘( to_toym51 tpﬁt)m]\tlnegng(npan gp«pl1oIJ111d:ax17acng Hz) .
For mul a 46thf (ﬁ&?ﬁh]\'fm onfyim ¢ kcordi mtem(em:mgm e &QonaT @ rhre WASIIAAKIEH: 30 Qi) t O @

| ut : c sné fixtur vater o) e h but d
CPor m a S0y it La o ST AR L R B L LA S i ur

was st?rr“%—fd’“?@if"&ﬁ addltl onal 1 hour at -5 C. Excess dinethyl amne (freshly
distilled fromits 40% aqueous sol ution) was added to the reaction nedi um
The second m xture was stirred for an additional 1 hour. Ethyl acetate (50

L to t)h t h t 2 50 ni Th
orzga\rll\?i ?gggf vvgs Adﬁ}tgqgéé)\% m}\}é@ 5 thmsnlm%chgt \r(méP Bf(téni é d“ch\‘fI ?/“Di‘“?’?‘ét hy?a

44442, 2, @MﬂQl(ﬁqluwroqbce@yh@immb) pieiigl th Bortran dind: dext(deosdmgas-46)7-(§ Qyakhs-19,
| ' 2H, J =
gug rl?z ag lﬂu(yrgvjzl%jtg%%&y?)oé b‘go 6- 81 ?—Yé SI\yVRazgaipn(ogf& g]gf_tﬁm 5 é(l)%lgj)'l(lgbutagimlf? tn2 @6 (t,

2H, . MO0 =fipt mippry to forpp s(cgondzmxtuﬂe, add?hglnbmylamhewtl(ep;:coﬁdi-lmlxlme tc7 t(quZt)nrd

F ! xtht 1 ixture dnd 'quenching Avi 1€00S i :
NN D ot Ry o8 5 SRR A e b S AR DR s e B

46) (0. 17xtgpretimgy, ﬂﬁ@lmlla)yel ﬁomﬁter_falmlml(@rms))laahg meom;tcmnq)ematmbrceganthe}em xture
was stirred for 14 hour. The m xture was partitioned wth chloroform (25
m.) and 5 water (25 nlL). The organic | ayer was dried over MgpSO™4, and
concentr tr()y.g and the real due.wga purified with silica gel colum

chr omat og) hy (di'cRISPEnE ha09s PErEties 2. 195t oge ffiayultinghydamitaiet deyipoungy -

ami noishemghsnbing amanmallxeot( Emfrdﬂgﬂ:haeékﬁbor (a0 for aﬁﬁ%wlaﬁ)zuad va*auta%t&r@?mlnd H&B 1 NMR
&697(d1bh fsﬂ_%d' d2HJ- P|)

2.92 (s. g ﬁjo liﬂhs%le (’it rst Cfﬂmn€7£| vq_'zlyeasuzmg8tu‘cttlat1012 angrogen'lrecyptcpqza):tlvnl 1 _
(p, . 2H hojmorig  rffratgsy. cariclr N@s KN the dempand anddd@tef OIS [rAnd it @ ©beldNy BFsRiopet hyl

4-(4- mbdu et oh'Ts ee':igr eeclz 1in lb
(52 am W?%ﬁmm%)l?w %ﬂ@tm JO%:QJ Mlrd 47\)bé:( (4 W\? tQ f Flé)ngotd% 8(?%86]% ; egnone

stirr ed stimulation s below the second predetermined evel. The predetermined lc»els can be those of blcalutamlde
20 Measuring inhibition can include measuring inhibitory concentration (IC50) in an AR response reporter
system or a prostate specific antigen secreting system. Measuring stimulation can include measuring -fold
induction by increasing concentrations in an AR response reporter system or a prostate specific antigen
secreting system. Measuring inhibition and/or stimulation can include meaéuring an effect of the compound

on tumor growth in an animal. The step of measuring inhibition and/or stimulation.of androgen receptor

25 activity can include measuring the binding affinity of an androgen receptor to the compound. The step of
measuring inhibition and/or stimulation of androgen receptor activity can include measuring prevention of
androgen receptor recruitment to at least one of prostate specific antigen enhancer and prostate specific
antigen promoter: The step of measuring inhibition and/or stimulation of androgen receptor activity can
include measuring prevention ot androgen receptor nuclear translocation. The step of measuring inhibition

30 andior stimulation of androgen receptor activity can include measuring destabilization of an androven
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for 15 h. To the nedium was added ethyl acetate (2 x 20 'Tit) and then
washed with water (2 x 20 nlL). The 15 organic | ayer was dried over MgSH4
and concentrated and the residue was purified with-silica gel colum
chromat ogr aphy (di chl oronet hane: acetone, 9:1) to give NJV-D nethyl 4-[4-(1-
cyanacycl obti tyl am no) phenyl ]| but anam de (Fornula 48) (58 111Q 57%)) as a
white solid. IF1 NNVIR5 7.07 (d, 2H, J= 8.5 Hz), 6.59 (d, 21-1, J = 8.5
Hz), 3.94 (br s, 1H), 2.94 (s, 3H), 2.93 (s, 3H), 2.752.83 (m 2H), 2.60
(t, 2H, Jecsprdtporddz), 2.33-2.42 (m 2H), 2.30 (t, 2H, J = 7.6 Hz), 2.11-2.28
(m 2H), 1.93 (p, 2H, J = 7.6 Hz). 20 NC56 Formula 49 [0080] A m xture of
N, N- Di net hyl 444- (1- cyanocycl obut yl am no) phenyl ] but anam de (Fornula 48) (58
nig. O. 20 nmol ) and 4-isothioc?.,/anato-2-tri fluoromethyl henzonitrile (74
my, 0.32[98)) i n ‘DWEthed ool iyludseentising e dhanmedinn caf dapablé of chd@thg snost]'te this

t 1 n 1C1 n 1100 dl m OUH
mit ure ugs, fr@ghslﬁﬁexgﬁh?mm .é%Q. Bl mcllj?r?m il 351 f% § okl 410 t“é‘h‘ﬁ%f S e

react i on UATSEHRHO8 ARRESPBUPRg ﬁttt&ﬂt OIRN Awvafl é¢ d1("501lMc)anandompxctumaem&d sWibcteld

et hyI aC(ﬂ{)ﬁttlQ L'(ol'zhguntﬂ)tnmxh@CQnK@m ﬂckﬁ)@%o WN@H q'qc 9\{1@ un'cYQan plé»cntqr}%aetnar ated
and the residu ur dwith silica gel colum romaora‘h 5 :
(di chl or onet nsur%) l(élcteO "B oy 0“ 21 @@Stglf 5|BLbltIQIJVé,eI1 ene. The compound can prcxcnt an andr%cn
4-(4-(7- ("’4‘4@a’@@uﬂm(ﬂtcl‘?‘lﬂbI*:‘Ul(xr\ﬂmtphyllﬂt)i'MPEllﬁyﬁl)thrL@%O-Tﬁc otp@MB T, plevent an RNA

di azaspi pald-Al 0%6AR A Rhﬁnyr@muplg\hﬁh Rlpylut anam de, NCS6 (Formul a 49)
(44 nmg, 42% as a pale yellow sh solid 6 7.98 (S. 1H), 7.97 (d, 1H,
J= 8.5 397 86 %\ megﬁ;—(m%’d 2 Hz), 7. 42 (d, 2H,-J= 8.3 Hz), 7.22 (d, 2H,
J= 8.3 2 99 (s %C?gacll ln?nm/aglawt«,cllz“!ltl1 —SU?flCBEnHZ])‘nOUTQ ®2a2. 70
(m 2H), d‘?‘YEIBQhY@“@@ EinpQung ) prev2nt4Qclédr YralEHcat@n: off arbankitden r2eeftbr @otdQ abddor b H) |
2.04 (p degHblllélaﬁZarﬁlokgl)lecegio%é‘ﬂ 73 (' n, 1H) 10 Exarrpl e 59 HN CO2H NC
For-nmul a 50 [0081]. A m xture of 4-(4-am nophenyl)butyric acid (0.20 g, 1.12
rnnol ), cycl obutanone (0.17 nmL, 2.23 mmol) and TMSCN (0.30 ni.L, 2.23 mmol)
was heated to 80 C and sti rred for 13 11. To the medium was 15 added et hyl
acetatse (2 x 30 ni) and t 2 x 30 nL). The organic

| ayer was dried over %ggg’gﬁ@&&lyﬁgéﬁﬁgmﬁcﬁem due was purified

W th S_I|t a gel colum chromat ography (dichl oronet hane: acetone, 9:1) to

gi ve 444 ?‘f JQ/ano&fcfOHBUt‘%/IF%Heﬁd)%%NVI JeBHite aDrﬁcnh@,fmaqs‘iO@C(IF@ummtan 50)cefdh 21 g,
74% as a@mpedndowi sh solid. "HNWR 8 7.06 (d, 2H, J= 8.6 Hz), 6.59 (d, 2H
J=8.6 Hz), 2.75-2.83 (m 2H), 2.59 (t, 2HJ—75Hz)237(t 2H, J= 7.5

Hz), 2.3@804142 (NFigdl) is azgrz;]pix dgpug-lﬁ (e b]%H)anud% R la)( Qah aUOstrécScffect op ng%%%o 83

mol ) and 4-j sot %tl‘lt uor o benzoni

t ol uene %&Oﬁmﬁﬁc"%§ K@%ﬁ’?‘ Y SR EEIPIRRSeS B?m1P“eHE)fEﬁ€f§f\ %Iﬂtehﬂlgerntbifmcellwvas

addedOaqwitiovhtei@lssed BRIvtetelt)eatedigh in@eBIng coftontrations RB190RLs ik @or bfe@itarhia®inh-

After bejng, e reaction mxture was poured

into cold waetqlgcﬁh?dssq %Cglggﬁgﬁg%r%ﬁeg%’gmrt i n}eﬁsureg acetate (50 niL). The

or gam C I)@z)fr was_dried. over concentr at ed and the 5residue was

purified h sil |’é“éeg ef CBER CPH;H'P Aa IRy 2stdi Chi shemidechemeNadedBne,

95:5) t 045@;11\7:@ agu\(itps O bicalutamide in hormone sensitive prostate cancer. LNCaP cells were treated with

(4 WanQH(gedélt)r&&WlthQﬁlQl I6 i.roP. 4l octan-.
ég)henyl b‘ht anoi ca%bwl\%pﬂgg}{&%:g?onﬁﬁ%ngf N théd&e' ‘“’&%?F%ﬁ% wesPra8 (d,

'i“’%‘sf—fiﬁ’“”“?“ege?'“e(“d““ iH, J =8.3 Hz), 7.86 (dd, 1H, J 8.3, 1.8
), 7.42 (d, 211. J 8.5 Hz), 7 24 (d, 21-1, J = 8.5 Hz), 2.79.(t 2H, J

= 7.5 11[8%3] 2. 62- 12&‘@8" i§ m,ﬂ'alQ'H)?pin@gBliefk.cﬁgc@momﬁikﬁm LNCaAR(E, 211, J = 7.5

Hz), 2.14-2.26 (m IF!'), 2.06 (p, 2H, J = 7.5 Hz), 1.60-1.70 10(m IH).

Exanpl e [6di4NC F3Gigure 4 is a graph depicting the inhibition effect on LNCaP-AR.



ON NC57 Fornmul a 53 A solution of DNISO (0.01 nL, 0.12 mml) in dry

di chl oronet hane (In-1L) was added to a stirred solution of 15oxalyl
chloride .(0.01 m, 0.09 nmol) in dry dichl oronethane (2 nL) at -78 C.
After 15 min, a diehloronethane sol ution of :
4-(4-(7-(4-Cyano-3-(trifluoronethyl)phenyl)- 8- oxo-6-t hi oxo-5, 7-

di azaspi ro[ 3. 4l oct an-=5-yf| phenyl ) but anam de, NC47 (Formula 52) (35 ng, 0.07
rnnol ) was added to the reaction mxture. Stirring was continued for 20 mn
at -78 " Wo4dAnd t héfheuter i dbiliptloanimer 6O PO3 Jxlsqub.mO OZZ\RIIHEL)pnéA@§ 13ddpdenfufer 30
m n at r room t enperature and then
react i onzxg%d \M[Lé gﬁee%%?egtwﬂwl d@s(g?uiraé)mﬁmé err[%ﬂ h\%TP'§§r BiNoR. forrHelaysesdly i on
m xture W8 “ﬁiyl Thedanagi were dlice Rt oot thianater dintlysex tre@odne thnwk tykute was extracted,

di chl or onmtHsang-el id i uc0ys@garhCielcayRl bWasisdr i ed over MySO,, concentrated and
chr omat ogr aphed (di chl or onet hane: acetone 95:5) to yield

4- (5- (4- I 5.7-d 3.4 t 7-Y1
) 2( ( N I(’SI ; u?)%ﬁgt?ﬁrl: %gﬁlsgaor_ﬁirlt(optirmor \olN&s.}s ni‘r_rgi)(é)ﬂﬂt émg%??tzrt?dsrgln{fgt[h vslyu]:)}é)s%éggra )

vi scous BPIEXNPYNRSE 7.98 (cl, 1H, J = 1.8 Hz), 7.98 (d, IF!, J = 8.3 Hz),
7.86 (dd, 11-1. J = 8.3, 1.8 Hz). 7.43 25(d, 2H, J --- 8.4 Hz), 7.27 (d,
2H, J 8.W0H3), 2. g@uéﬂ is 2 kdrapld ot thindr i) ARZO\@r%*(@eszgg (Rrar2ddhs wée ﬁge 2d §2m{ M

2 2. 420kl of Qbrare nike, bcutaficon e funors J= 7.3 Hz
Ty 1 7hmiter aliored Spbaghe Bhenafion 3 Sdf ubi0h F%, i Py haior o ne

t he synt & é‘ézeiﬂe cf'r*F gews: h%wc%sr ﬁ“l’t*tﬁd h*ﬁke"ln%—merdhdyeqacldd gursAyata mblohd) thepupounds .
Phar macofiogi caly \enamhdatiion vehluthre coNpoURds {-0084) Jmﬁ&wdsrhz Aot GO

.synthetjg.r Gl . re identi f| ed through screening on
hor mone rieryrréa?lolc{{1 g??ﬁ%?é’ﬂ gW'dtgger'fctzra"d deePt 998} “dfff-agoni sti ¢ and agoni stic

activiti %§4 ?gar nst AR 5 utilizi nq screening procedures sinmlar to those in
PCT appl P24 i-ons UempP 4255 crregmeraisosr 05829, sizphicday . thehamalbyerk nogedar at ed

by ref ermmpecal @Chanber3 lofirs e tapoupesof exdiidit. t 2R0 PoLs @Rt 30t eganoskr ﬁcrfera:e

activitiggiiath .0l tic activities for over expressed In
hor none re‘r‘lygéfl ory 6&2%%@?%”8%@55%& PRI B s s R %’E‘?ﬁ"?‘"‘@fef”éct of

conpqun AR b reporter assay 10[ 0085] The conpounds were subjected to
t est ggugﬁ%“g? an ar %/ EEE 154 L’T‘ﬂhd?"é%‘%%% BhaFTEaselrincla cusies pidYR rirom ilfGwemDwBE upper
-refract omy/ernndantaa{timrneazmoeﬁovee&dweb| ne. In this system the prostate cancer
LNCaP cells were engineered to stably express about 5-fold higher Ievel. of
AR t han [emsdpgenous, h@wehsaTQ hEHXO/RAR S reies to
endogeno'us %Rl F\ Lot h a%e st abi Itrlégceeﬁﬁs{;lgﬁce o nt fa‘fcfld] 3n31 OB R ¥81.
The AR- OVETMEXY bfa & &ingiag dltingpes gf %Y@‘F@@P@HS tocRt gtdedsknyredepienr por at e an
AR response reporter and the reporter activity 15 of these cells shows

f eat ur ed"Gf! hor nofiery & prasents ingpeprioficaiethe strte ef coniplexaies poaE®HéOrelePh and
concent rratA giynefasall HYSh Beticer aamrp@,g%FbIrBﬂe%ﬂm Cﬁ&dék%@}\!@gj{zﬁgad%al y by high
concentrations of bicalutamde (see Table 1), and displays agonistic

activit th bic S . Consistent with

publ i shgddélIz at a, b[?%gtt ﬁmé%l eﬁra%%regect%"%th%ﬁ"‘?%%bbeﬁé)é’r FEBGFAE intoytig nysiers inot
have agélr?rpé‘t“?”éc%fét“ioﬁ‘tty‘t Pk inHlesrpreaties f@NESBt i ve prostate cancer cells (Figure
2). 20Table I [0086] W exam ned the antagonistic activity of the conpounds
for whi ¢Wsthe syriidvesidprissusdeses ichetnahna \éedréuan tc&%toprrﬁﬁl%&ﬁgrr]QItlrel-rqgleRMr of
R1881. LNCaP- al so abbreviated LN-AR) were

mai nt ai Eﬂe%%le?ﬁ@chggsl\?g&?Ph@g!n&%pg%eﬁ] %?‘r'?‘l%f% 1.0% fetal bovine serum (FBS). Two
- days ﬂorr(%r to dr 25 treatnment, the cells were grown in Iscove's nedium
cont nifgt109% cHEPEOR) PEEYS ﬁ’b”e‘éf ’F@S“'(ECEB‘"PBSI}’LWWelpr piyeinof demaledgens. The
cel | s werengplf NCSnd grown in Iscove's nedi um containing 10% CS-FBS with
100 pl A of R1881 and increasing concentrations of test conpounds. After two
days of incubation, reporter activities were assayed. [00871Table 1 |ists
the 1050 of these conpounds to inhibifg3AR in hornone refractory prostate
cancer. The control substance bical utam de has an [-C750 of 889 nM Most of
t he conpounds identified (diar)lthiohydantoins) have 1C50s between 100 to
200 [IMin inhibiting AR in hornone refractory prostate cancer. In
contrast, antiandrogenic conpounds |listed as exanples in US patent no.
5,705, 654, such as 5exanples 30-2, 30-3, 31-2, 31-3, and 24-3 ( NC24- NC28)
have no inhibitory activities on ARin this system.



Ant agoni stic activities against AR in ,hornone refractory prostate cancer,
nmeasured by an AR response reporter and by endogenous PSA expression.
|50 (aM 1C50 (nM _ Exanpl e Nanme Reporter PSA Bical utam de Conparative:
N-[ 4-cyano-3-(tritluoronethyl)phenyl]-3-[(4-

fl uor ophenyl ) sul fony11- 2- hydr oxy- 2- net hyl propanam de 889 >1000 _ 29
Conpar ative 413-(4-hydroxybutyl)-4, 4-di met hyl-5- oxo- 2-

t hi oxoi m dazolidin-1-y1]-2-trifluoronethyl benzonitrile No(*) No 6-2 (at)).

[ NC10] 4[[08*3H)henylF|4u|4'l ﬂlsﬁf&'hm&p@[m@)&ﬁb tarct\\muﬂ%ﬂlslmcg(ﬁ%lql\\'ltq'vﬁ\muég&ﬁ%un% tlr()l fl
uor onet hyl beBzon C2

4-13- ( 4- T”f‘é?r muﬁ)t conﬂunﬁ p&l}\aouam \yi wsn,lbt)ed:re glmm?stc[ed per]day as indicated by the label of
t hi oxoi nd l@i’&z@lL F@Pmmids ya} admiisterfd to braoimel /e ngenirdamichevib2bmd@Rd @r Bt days,

the urogenital tract weight was determined by removing and weighing the semi-vesicles, prostate, and
5 bladder. Three mice were administered a given compound to obtain the data presented by a bar in the chart.
A set of mice was not treated with a compound: data are presented in the bar labeled "untreated”. Another

set of mice was treated only with vehicle solution: data are presented in the bar labeled "vehicle”.

[0056] Figure 1615 a gru_ph presenting a PSA assay performed along with the experimental protocol

presented in Fig. 6.

10 [0057]) Figure 17 is a graph presenting the effect of various dose regimens of NC33 on tumor
volume.
[0058] Figure 18 is a graph presenting the rate of photon emission associated with luciferase

activity at day 17 relative to the rate at day O after treatment with NC53 at doses 61' 0.1, 1, and 10 mg per

kilogram body weight per day and without treatment with NC53.

15 [0059] - Figure 19 presents the results"6f an experiment in which SCID mice were injected with the
LN-AR (HR) cell line to induce tumor growth. One set of mice were treated with the compound NC53 at a
dose of 10 mg per kilogram body weight per day; the other set of mice were treated only with vehicle
solution. (A) The relative tumor volume as a function of time shown for each set of mice. (B) Images of
each set of mice with photon emission associated with luciferase activity at day 31 shown as color contours.

- 20 (C) Rate of photon emission associated with luciferase activity shown at several times for each set of mice.

{0060] Figure 20 is a graph presenting PSA absorbance associated with LN-AR cells treated with
various concentrations of NC53, NC54, NC55, and NC57 and vehicle solution.

[006]] Figure 21 is a graph presenting PSA absorbarnce associated with LN CaP cells treated with
various concentrations of NC7.NC48, NC53, bualumnudc and DMSO.

25 [0062] Figure 22 presents results of an experiment conducted with wild type nontransgenic mice
(WT). castrated luciferase transgenic mice (Cast), and non-castrated luciferase transgenic mice (Intact). Data
are shown for castrated luciferase transgenic mice treated with an implanted testosterone pellet yielding 12.5

mg per kilogram body weight with a 90 day release period (T/Cast), and data are shown for non-castrated

-14-



3c NC3) 443-(4- hydr oxypheny1l) - 4, 4- di met hyl-5-oxo-2- th i oxoi m daol
i(di Z\-I[-yl] 2-tri fluoronethyl benzonitri le 137 122 2-4 (2d) [NC4] -
4+[ 3- (4- am nopheny1) - 4, 4-di net hyl - 5- oxo- 2-
thI[OXf)I m dazolidin-1-yl]-2-trifluoronethyl benzonitrile 273 n/a 4 (4a) [NC5]

C hl oroacetic acid 4-[3-(4- gyanth-1 . ,

tritluoronet hyl phenyl)-5, 5-di net hy - 0X0- 2-

t hi oxoi mi cl azolidin-1-yl]phenyl ester 131 n/a 8-2 (81)) [NCQ

4- (4- OxohRidrdye myeeeclic (e redtda iprhre mydldnted tStosterone pellet vielding 12.5 mg per I\lloulam bod)

d VY wTin Q 4 c S € I n Il n’\vzl] ()['I J‘dg ll'Jlﬁ LlL4l-Zl"lé I /IN CHIC nie (70)
[ IN%Z$.SD|45 ?%ﬁoﬁ%?g—@tﬁy gi% cé) 1t1({d (i 'm‘éﬁrrP"ﬁJﬁPXle‘?% 3 trat S lticiferase transg 1 e
di azaspl Fofes. Wb die- mppgyd 2356015‘F'P'P"uB?'b‘rrﬁ'ﬂ%y‘l“belﬂ%mntutel [BHCARGs) 28 Wil 3\1((590)
[NC8] 4- (Mes0xBe Bf)Tahl(DlX@pc]:-k(léLaJ’KEleaykhﬁlbﬂrb)&laay (B Uk AZASR: Leldt- Pl A8Ss Sy L

) 2-1 I‘;I blLottJn E}%%LQKX tqg @5y9”1.1 all Ldgésea h]b?l#onglrcafraclorv disease state was not induced.

(00063] Figure 23 is a graph depicting PSA absorbance measured for LN-AR cells after treatment

with various doses of several compounds.

[00064] Figure 24 presents a table providing several characteristics of compounds. Figure 15 also
presents a graph providing the pharmacokinetic characteristics of several compounds in terms of compound

10 serum concentration as a function of time.

[0065] ~Figure 25 is a graph of luciferase activity of the L1AR cell line dosed with various

compounds administered at concentrations ranging from 125 nmol to 1000 nmol.

DETAILED DESCRIPTION

15 [0066] Embodiments of the invention are discussed in detail below. [n describing embodiments,
specific terminology is employed for the sake of clarity. However, the invention is not intended to be limited
to the specific terminology so selected. A person skilled in the relevant art will recognize that other
equivalent parts can be employed and other methods developed without parting from the spirit and scope of
the invention. All references cited herein are incorporated by reference as if each had been individually

20  incorporated.

Synthesis of Diarylhydantoin Compounds

Example 56 [NC54)

[0067] In the following, air or moisture sensitive reactions were conducted under argon atmosphere
25  using oven-dried glassware and standard syringe/septa techniques. The reactions were monitored with a Si0,

TLC plate under UV light (254 nm) followed by visualization with a p-anisaldehyde or ninhydrin staining

-15-



10-3 (10c) [NC9j 4-(4-oxo-2-thioxo-1-(4-ntethylpheityl)-1, 3-

di azaspiro[4.5]tindec-3-y1)-2- tri tluoronethylbenzonitrile 232 n/a 28
4-(8-rnedi yl1-4-oxo-2-thioxo-1, 3,8-triazaspiro[4.5]dec- No n/a Conparative
3-yl)-2-tri iluoromethyl berizonitrile. (28a) [NCl0] 27-3 (27c) [NC11]
4- ( 8- et hyl - 4- oxo- 2-t hi oxo- | -(4-nethyl phenyl)-1, 3, 8-
triazaspiro[4.5]dec-3-yl)-2-tri tluoronethyl benzonitrile 638 n/a 26 (26a)
[ NC12] . 441- (4-cyanophenyl) - 4-oxo-2-thi oxo-1, 3-

di azaspi B [lt4).n4(] dh(mm-cﬁmyﬁl])urarh@r\\lai LMQantlbmtb%mg@mplw ¢ ¢ 5a)
[NC13] 4- I\]i - i&llt 1%9 ? 13 - 0x0-2- 1 hi Oxeo1 Mli b%el}r@%cﬂ n%'lsur d’at -(0%
dlazasplro% U3 ‘?WW“?FHdPBﬁEFhVP%@FP%éWOW%WHW@IQBBmﬂﬂwxnwmﬂ

b(ﬂnddld (TMS 0.0 ppm): chemu.al shift (multiplicity, integration, coupling constant in Hz.).

O

O,N F '

5  Formula37

[0068] Periodic acid (1.69 g. 7.41 mmol) was dissolved in acetonitrile (25 mL) by vigorous stirring,

and then chromium trioxide (0.16 g, 1.60 nunol) was dissolved into the solution. 2- Fluoro-4-nitrotoluene

-(0.33 g, 2.13 mmol) was added to the above solution with stirring. A white precipitate formed immediately

with exothermic reaction. After 1 h of stirring, the superatant liquid of the reaction mixture was decanted to

10 a flask, and 1h¢ solvent was removed by evaporation. The residues were extracted with methylene chloride

(2x30 mL) and water (2x30 mL). The organic layer was dried over MgSO,, and concentrated to give 2-

Fluor0-4-nitrobcnzoic acid (Formula 37) (0.32 mg, 81%) as a white sohd 'H NMR 5 8.06 (ddd, 1 H, J=9.9,
2.2and 0.3), 8.13 (ddd, 1 H, J=8.6, 22and09) 825(ddd I H, J=8.6, 7.0 and 0.3).

oy
: H
O,N F

15  Furmula 38

[0069] Thionyl chloride (0.15 g, 1.30 mmol) was added slowly to a solution of 2-fluoro-4-
nitrobenzoic acid (Formula 37) (0.20 g, 1.10 mmol) in DMF (5 mL) cooled ét -5 °C. The mixture was stirred .
for an additional 1 hour at -5 °C. Excess methylamine {freshly distilled from its 40% aqueous solution) was |
added to the reaction medium. The second mixture was stirred for an additional 1 hour. Ethyl acetate (50

20 mL) was added to the mixture, which was washed with brine (2 x 50 ml). The organic layer was dried over
Mu804 and concentrated to yield N-Methyl-2-fluoro-4-nitrobenzamide (Formula 38) (0.18 g, 85%) as a
yellowish solid. 'H NMR (acetone-d,;) 8 3.05 (d, 3 H, J=4.3),6.31 (dd. | H, /<13.5 and 2.1), 6.40 (dd, 1H,
J=8.6.and 2.1), 7.64 (dd, 1H, J = 8.6 and 8.0).

-16-



n/a 12-2 (12b) [NC15] 4-(8-o0x0-6-thioxo-5-(4-Dbiphenyl)-5,7-

di azaspiro[3.4]oct-7-yl1)-2-tri ft uoronethyl benzonitrile -283 n/a 11-2
(11b) [NC16] 4-(8-0x6-6-th ioxo-5-(4-hydroxyphenyl)-5, 7-

di azaspiro[3.4]oct-7-y1)-2-trifluoronethyl benzbnitrile 162 n/a 17 (17a)
[ NC17] 443-(4-1tydroxyphenyl)-4, 4-di met hyl - 2, 5-

di t hi oxoi m dazolidin-1-y1]-2- trifltioronethyl berrzonitrile 278 287 18
443- (4- hydr oxypheriyl)-4, 4-di methyl -2,5- 369 511 (18a) [ NC18]

di oxoi m dazol i di 1 -yl]-2-trifluoronethyl berizonitrile . 22-2

243- (4-cyari o (L £ | uor onet hyl phenyl)-5,5-dinetityl- 523 >500 (22b) [ NC19]
4- 0X0- 2-t hi .@ nikdazoliclin- 1 -yl]benzoic acid '

HoN F

Formula 39

[0070]) A mixture of N-Methyl-2-fluoro-4-nitrobenzamide (Formula 38) (0.18 g, 0.91 mmo!) and

iron (0.31 g, 5.60 mmol) in ethyl acetate (5 mL) and acetic acid (5 mL) was refluxed for | h. The solid

5 particles were filtered off. The filtrate was washed with water and extracted with ethyl acetate. The organic
layer was dried over MgSO,, concentrated and the residue was purified with SiO, column chromatography
(dichloromethane:acetone, 95:5) to give N-Methyl-2-fluoro-4-aminobenzamide (Formula 39) (0.14 g, 92%
as an oft-white solid. '"H NMR (acetone-d,) 6 2.86 (d, 3 H, J=4.3), 5.50 (br s, 2 H), 6.37 (dd, 1 H, J=14.7 and
2.1). 6.50(dd, IH, J=8.6 and 2.1), 7.06 (br s, 1H), 7.68 (dd, 1H, /=8.8 and $.8).

O N
e
f N
%N@fﬁ'
N F
H

Formula 40

10

[0071] A mixture of N-Methyl-2-fluoro-4-aminobenzamide (Formula 39) (96 mg, 0.57 mmol),
acetone cyanohydrin (0.3 mL, 3.14 mmol) and magnesium sulfate (50 mg) was heated to 80 °C and stirred
for 12 h. To the medium was added ethyl acetate (25 mL) and then washed with water (2 x 25 mL). The
15 organic layer was dried over MgSO, and concentrated and the residue was purified with SiQ, colunm
chfomatography (dichloromethane:acetone, 95:5) to give N—Met]1yl—2—ﬂuor0-4-(l,l-dimcthyl-cyanomethyl)-
aminobenzamide (Formula 40)_(101 mg, 75%) as a white solid. '"H NMR & 1.74 (s.6 H),2.98 (dd, 3 H, J=4.8
and 1.1), 6.58 (dd. 1 H.J=14.6 and 2.3), 6.63 (dd, | H, ./=8.7 and 2.3), 6.66 (br s, | H). 7.94 (dd, 1 H, J=8.7

and 8.7).
NC
:@\ /,C//S
20 FiC N
Formula 41
[V072] 4-Anuno-2-trifluoromethyibenzonitrile (2.23 ¢. 12 mmol) was added portionwise over 13

-17-



20- 2 4- (4, 4-di net hy1l- 5- oxo- 2-t hi oxo-3-(4- 143 144 (20b) [NC20] trifl

ti oronet hyl phenyl )irnidazolidin-I-yl)-2- trill uoroniethyl benzoni true

21-2 4-(4, 4-bi schl orornethyl -5-0x0-2-thi 0x0-3-(4- 521 >500 (21b) [ NC21]
met hyl phei tyl)intidazolidin-1-yl)-2-- trill tioromethylbenzonitri le
19-2 4-(4-tltioromethyl-4-rnethyl-5-0x0-2-1h10x0-3-(4- 126 129 ( 19b)

[ NC22]

15

20

min into a well-stirred heterogencous mixture of thiophosgene (1 ml, 13 mmol) in water (22 mL) at room
temperature: Stirring. was continued for an additional | h. The reaction medium waus extrdcled with
chlorotorm (3 x 15 ml). The combined organic phase was dried over MeSO, and evaporated to dryness
under reduced pressure 10 yield desired product 4-Isothiocyanato-2-trifluoromethylbenzonitrile (Formula 41)
as brownish solid and was used as such for the next step (2.72 g. 11.9 mmol, 99%). '"H NMR & 7.49 (dd, | H,
J=8.3and 2.1), 7.59 (d, | H. /=2.1), 7.84 (d, 1 H, J=8.3).

NC54 (Formula 42)
56-1) NC54
[0073] A mixture of N-Methyl-2-fluoro-4-(1.1-dimethyl-cyanomethyl)-aminobenzamide (Formula

40) (30 mg, 0.13 mmol) and 4-Isothiocyanato-2-triflucromethylbenzonitrile (Formula 41) (58 mg, 0.26
mmol) in DMF (1 mL) was heated under microwave irradiation at 100 °C for 11 hours. To this mixture was
added methanol (20 mL) and ag. 1 N HCl (5 mL). The second mixture was refluxed for 1.5 h. After being
cooled to room temperature, the reaction mixture was poured into cold water (50 mL) and extracted with
ethyl acetate (50 mL). The organic layer was dried over MgSQ,, concentrated and the residue was purified
with SiO; column chromatography (dichloromethane:acetone, 95:5) to give NC54 (Formula 42) (15 mg,
25%) as a colorless crystal. '"H NMR § 1.61 (s, 6 H), 3.07 (d, 3 H, J=4.1), 6.71 (m, 1 H), 7.15 (dd, 1H,
J=11.7 and 2.0), 7.24 (dd, 1H. J=8.4 and 2.0), 7.83 (dd, IH, /=8.2 and 2.1), 7.95 (d, 1H, J=2.1), 7.99 (d. 1H,
J=8.2), 8.28 (dd, 1H, J=8.4 and 8.4).

Example 57
O
~
N
O
N F
H
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met hyl phenyl )i m dazoliclin-1-yl1l)-2- tri tl Lioromethylbenzonitri le 23-2
(23b) [NC23] 4. (8-0x0-6-thioxo-5-(2-nmethy | phenyl)-5, 7-

dirazaspiro[ 3. 4] oct-7-yl1)-2-trifluoronetivibenzonitri le 258 232 30-2
Conpar ati ve (30b) [ NC24]

4- (5-met hyl - 8- oxo- 6-t hi oxo-5, 7-di azaspiro[ 3. 4] oct-7- yl)-2-tri
fluoronet hyl enzonitri e No No 30-3 Conparative (30c) [NC25]

4- (5-met hyl-6, 8-clioxo-5, 7-di azaspiro[ 3. 4] ocl-7-y1l) - 2-
trithiordémethybbenzonitri e No No 31-2 Conparative (31b) [ NC26]

4- (1-met hyl- 4- oxo- 2-t hi oxo- 1, 3-di azaspiro[ 4. 4] non-3- yl)-2-tri

fluor orre?}d@yjlbenzon\l Fufxhurd Qf NcMelle7 ﬁahlé-[l%qﬂ}?ﬂlﬁz‘%}nl \{:35 lmula)?‘)[ NQZIW 0.37 mmol),

4-(1- et di oxo-1 di aza-spiro
2- trlfl ub’t‘@ﬁ%‘f"ﬁi}']‘b(é(ﬁz‘&npﬂﬂ R a '\N&Nz@ LB Ahamab Meshefi@o B0 {ONG2 Silred for

4- (4- oxo42nthi tﬁﬁ(lﬁcdlmfmﬂla&&*@$mklra@£tﬂe é]ﬂ@(nm@)' b MseR washed with water (2 x 20 mL). The

trifluoronethyl benzonitri
Uo grgamu leer wa LRIC over lv&%(l.’}band concentrated and the residue was purified with silica ge! column
chromatography (dichloromethane:acetone, 95:5) to give N-Methyl - 2-fluoro-4-(1-

cyanocyclopentyllaminobenzamide (Formula 43) (61 mg, 63%) as a white solid. 'H NMR & 7.95 (dd, 1H, J
= 8.8, 8.8 Hz), 6.65 (brs. 1H), 6.59 (dd, 1H, J=8.8. 2.3 Hz), 6.50 (dd, 1H, J = 14.6, 2.3 Hz), 4.60 (br s, 1H),
2,99 (dd, 3H. J=4.8, 1.1 Hz), 2.36-2.45 (m, 2H). 2.10-2.18 (m, 2H), 1.82-1.95 (m, 4H). |

FiC N/H\N N7

.NCSS (Formula 44)
57-1) NC55

[0075) ‘A mixture of N-Methyl 2-fluoro-4-( 1_-cyanocyclopentyl)aminoBenzamide (Formula 43) (57
mg, 0.22 mmol) and 4-isothiocyanato-2-trifluoromethyl benzonitrile (0.15 g, 0.65 mumol) in DMF (3 mL)

15 was heated under microwave irradiation (open vessely at 130 °C for 12 hours. To this mikture was added
methanol (20 mL) and «g. 1 N HCI (5 mL). The second mixture was refluxed for 1.5 h. After being cooled to
room temperature, the reaction mixture was poured into cold water (50 mL) and extracted with ethy! acetate
(50 mL). The organic layer was dried over MgSO,, concentrated and the residue was purified with silica gel
column chromatography (dichloromethane:acetone, 935:5) to give 4-(3-(4-Cyano--3—(triﬂuoromethyl)pheny])-

20 4-0x0~2—thioxo-1.3-diazaspiro[4.4]nonan-l-yl)—?.-ﬂuoro-N—methylbenzamide,- NC55 (Formula 44) (8 mg,
7%) as a pale yellowish solid. 'H NMR 3 8.28 (dd, 1H..J = 8.4, 8.4 Hz), 7.98 (d. IH, J = 8.3 Hz). 7.96 (d,
I1H,J = 1.8 Hz), 7.84 (dd. 1H. J = 8.3, 1.8 Hz), 7.27 (dd. 1H, /= 8.4, 1.8 Hz), 7.17 (dd, 1H. J = 11.7. 1.8
Hz), 6.67-6.77 (m, tH), 3.07 (d, 3H, J = 4.3 Hz), 2.32-2.41 (m, 2H). 2.13-2.2] (m. 2H). 1.85-1.66 (m, éH),
1.49-1.59 (m. 2H). |

25

-19.



15-2 (15b) [ NC29] 4[4, 4-di nethyl-3-(4-pyridin-2-yl)-5-0xo0-2-

_thioxoi mdazolidin- 1 -yl]-2-trifluoronethyl benzonitrile 723 n/a 14-2 (14b)
[ NC30] .444, 4-di rnet hy1- 3- (4- et hyl pyri di n-2-y1) - 5- 0x0- 2-.

t hi oxoi m dazolidin- 1 -y11-2-trifluoronethyl benzonitrile 457 n/a 16-2

Conparative (16b) [ NC31] 445-(5-nethyl-2H pyrazol -3-yl) - 8- o0xo- 6-t hi oxo-5, 7-

di aza-spiro[3.4]oct-7-yl]-2-tri fl uoronethyl- benzonitrile >1000 n/a 13-2

(12b) [ NC32] 4-(8-o0xo0-6-thi oxo-5-(4-biphenyl)-5,7- diazaspiro[3. 4]oct 7-yl

)-2-trifl|Exhinpie 8812t hyl benzonitri e >1000 n/a 32 (32a) [ NC33]

4- (8-net hyl i m no-6-thi oxo-5-p-tolyl-5, 7-diaza-

spiro[ 3.4] oco-7-yl) - 2 tritluoronethyl-benzonitri le 222 421 33.. (33a)

[ NC34] 14&;@@ cﬁia i tboronethyl -phenyl)-5,5-di net hyl - 2-thi oxo- |

“p-tol yl - T m dézOLidi n- 4-gbirdene] - 3- et hyl - 157 239
Formula 45
[0076] Trifluoroacetic anhydride (0.85 mL, 6.14 mmol) was added to a solution of 4-(4-

5 aminqphenyl)butyric acid (0.5 g. 2.79 mmol) in chloroform (10 mL).at 0 °C. The mixture was warmed to
room temperature and stirred for 3 hours. The mixture was partitioned with chloroform {20 mL) and water
(20 mL). The organic layer was dried over MgSO,, conceﬁtrated and the residue was purified with silica gel
column ' chromatography (dichloromethane:acetone, 9:1) 1o give 4-[4-(2,2.2-
.Triﬂuoroacet’ylamino)phenyl]butanoic acid (Formula 45) (0.53 g, 69%). '"H NMR & 7.81 (br s, 1H), 7.48 (d,
10 2H,J=8.5Hz),7.22(d, 2H. /= 8.5 Hz). 2.68 (t, 2H. J = 7.5 Hz). 2.38 (t. 2H.J = 7.5 Hz), 1.96 (p, 2H, J =

7.5 Hz).
O :
= :
H N
0
Formula 46
[0077] Thionyl chioride (71 mg, 0.60 mmol) was added slowly to a solution of 4-[4-(2.2.2-

15 Trifluoroacetylamino)phenyl]butanoic acid (Formula 45) (0.15 g, 0.55 mmol) in DMF (5 mL) cooled at -5
°C. The mixture was stirred for an additional 1 hour at -5 °C. Excess dimethylamine (freshly distilled from its
40% aqueous solution) was added to the reaction medmm The second mixture was stirred for an additional 1
hour. Ethyl acetate (50 mL) was added to the mixture, which- was washed with brine (2 x 50 ml). The organic
layer was dried over MgSO,, and concentrated to yield NV N-Dimethyl — 4-[4-(2.2.2-

20 Trlﬂuoroacetylammo)phen)l]butanamlde (Formula 46) (0.17 g, quant.) as a yellowish solid. "H NMR § 9.70
(brs, IH), 7.55 (d. 2H, J = 8.6 Hz), 7.11 (d, 2H. J = 8.6 Hz), 2.91 (s, 3H), 2.89 (s, 3H), 2.60 (1. 2H. /= 7.7
Hz), 2.27 (1. 2H,J= 7.7 Hz), 1.89 (p, 2H.J = 7.7 Hz).

Pl

: /
N \’”ET/N\
0



thiourea 34 147-(4-cyano-3-tri tltioronethyl-phenyl)-6-tni oxo-5-p- 176
276 (34a ) [ NC35]

tolyl-5,77cliaza- sp|r0[3 4] oct - 8-yl i dene] - 3- phenyl thi ourea 35

1- (4- Cyano- 3-trifluoronet hyl - phenyl)-347-(4-cyano- 144 158 (35a) [ NC36].
3-trill uoronethyl-phenyl)-6-thipxo-5-p-1lolyl-5.7- diaza-spiro[3.4]oct-8-yl
i dene] -thiourea  36-2 (361:) [NC37] . _

4-[ 8- (4- hydr oxynet hyl - phenyl ) - 5- oxo- 7-t hi oxo- 6- aza-

-spiro[ 3. Byroele486-yl ] -2-tri fluoronethyl-benzonitri |le 311 337 37 (37a)

[ NC38] 4-[5-(4-fon-nyl phenyl )-8-o0xo0-6-thioxo-5,7- -

di azaspi jootsg. 4] oct- - wioht Zadiich fb UL ks REBZOMLLE L hev BhRug03 30 .6382)

4- :544- dr e
di azaspl ?‘13)1 oi cly B 1¥ plij%ihﬁlpat]?m&f 4[“6@}%#&9 I(ﬂ/'l7 Lbé}ﬁ‘idﬁml)ﬂﬁ|me|thénol (2 mL) at room

temperature. The_ mixture was stirred for 14 hour. The mixture was partitioned with chloroform (25 mL) and

5 water (25 mL). The organic layer was dried over MgSO,, and concentrated and the residue was purified with
silica gel column chromatography (dichloromethane:acetone, 9:1) to give N.N-Dimethyl 4-(4-
aminophenyl)butanamide (Formula 47) (74 mg, 66%) as a white solid. 'H NMR & 6.97 (d. 2H, J = 8.3 Hz),
0.61 (d, 2H, J = 8.3 Hz). 3.56 (br s, 2H), 2.92 (5. 6 H), 2.56 (¢, 2H. J = 7.7 Hz), 2.28(t, 2H, J = 7.7 Hz). 1.91
(p.2H, /= 7.7 Hz).

/
HN/(::y/ﬂ\/ﬂh/N\
NC767 o

10

Formula 48

[0079] ~ A nuxture of N.N-Dimethyl 4-(4-aminophenyl)butanamide (Formula 47) (74 mg. 0.36
mmol), cyclobutanone (54 mg, 0.78 mmol) and TMSCN (77 mg, 0178 mmol) was heated to 80 °C and stirred
for 15 h. To the medium was added ethyl acetate (2 x 20 mL) and then washed with water (2 x 20 mL). The
15 organic layer was dried over MgSO, and concentrated and the residue was purified with silica gel column
chromatography (dichloromethane:acetone, 9:1) to give NN-Dimethyl 4-[4-(1-
cyanocyclobutylammo)phenyl}butanamldc (Formula 48) (58 mg, §7°/,) as a white solid. '"H NMR § 7.07 (d,
2H,J = 8.5 Hz), 6.59(d, 2H, J = 8.5 Hz), 3.94 (br s, IH), 2.94 (s, 3H). 2.93 (s, 3H), 2.75:2.83 (m, 2H), 2.60
(t, 2H,J =7.6 Hz), 2.33-2.42 (m, 2H), 2.30 (t, 2H, J = 7.6 Hz), 2.11-2.28 (m, 2H), 1.93 (p. 2H.J=7.6 Hz).

NC S :
M /
- F3C N N- N\
0
20 o%‘b

NC56 Formula 49

[0080] A mixture of N N-Dimethyl 4-[4-( I-cyanocyclobutylamino)phenyl]butanamide (Formula 48)

(38 mg. 0.20 mmol) and 4-isothiocyanato-2-lriﬂuoromethyl benzonitrile (7.4 mg. 0.32 mmol) in DMF (3 mL)

21-



n/a 187 [ NC39] 39 (39a) [NAO0] 3- : 447-(4-cyano-3-trifl

uor orret hyl pheny1) - 8- oxo- 6- tbi oxo-5, 7-di azaspiro[ 3. 4] oct - 5- A-phenyl
-acrylic acid ethyl ester n/a 197 40

-4-1544- ( 3- hydr oxypr openy0- pheny1] - 8- oxo- 6- thIOXO- nla 114 (40a) [ NC41]
5,7-di azaspiro[3.4]oct-7-y11.-2- tri fluoronethyl benzonitrile 41-2 (41lb)
[ NC42] 3-1447-(4-cyano-3-tri fluoronl et hyl phenyl)-8. oxo6

t hi oxo-5, 7-di azaspi ro[ 3. 4] oct - 5-y1l - phenyl }-propionic acid nmethyl ester
n/ a 41- 4w3-1tddlunidrapano2 Bodrds Mo fhisua Kt&%&lh&(‘d&hﬁtﬁ%@lTﬁfxﬁ)lZ()meﬁnq. Z&AH@/(f’-n\()‘}ld)

10

The sec.ond mixture was refluxed for 1.5 h. After being cooled to room temperature. the reaction mixture was
p_oured to cold water (30 mL) and extracted with ethyl acetate (50 mL). The orcanic layer was dried over
MgSO,, concentrated and  the residue  was  purified with -sihea  gel  column  chromatography
(dichloromethane:acetone, -95:5) to give 4-(4-(7-(4-Cyano-3 (trlﬂumonmhyl)phcnvl) 8-o0x0-6-thioxo-3,7-
diazaspiro[3.4Joctan-5-yl)phenyl)-N.N-dimethylbutanamide, NC56 (Formula 49) (44 mg, 42%) as a pale
yellowish solid. "H NMR § 7.98 (s. 1H). 7.97 (d, tH, J = 8.2 Hz), 7.86 (d. I1H, J= 8.2 Hz), 7.42 (d, 2H, J =

© 263 (m. 2H), 2.40 (t, 2H, J = 7.5 Hz), 2.15-2.30 (m, 1H), 2.04 (p. 2H. J = 7.5 Hz), 1.62-1.73 (m. 1H).

Example 59

HN’JC:i>r/\\//\COQH
o

Formula 50

[0081]. A mixture of 4-(4-aminophenyl)butyric acid (0.20 g, 1.12 mmol), cyclobutanone (0.17 mL,
2.23 mmol) and TMSCN (0.30-mL, 2.23 mmol) was heated to 80 °C and stirred for 13 h. To the medium was
added ethyl acetate (2 x 30 mL) and then washed with water (2 x 30 mL). The organic layer was dried over
MgSO, and concentrated and the residue was purified with silica gel column chromatography
(dichIoromethdne:acctone. 9:1) to give 4-[4-(1-Cyanocyclobutylamino)phenyl]butanoic acid (Formula 50)
(0.21 g, 74%) as a yellowish solid. 'H NMR 6 7.06 (d, 2H. J = 8.6 Hz), 6.59 (d. 2H. J = 8.6 Hz), 2.75-2.83
(m, 2H), 2.59 (1, 2H, J = 7.5 Hz), 2.37 (t, 2H, J = 7.5 Hz), 2.33-2.42 (m, 2H), 2.11-2.28 (m, 2H). 1.92 (p, 2H,
J=7.5Hz).

Formula 31

[0082] A mixture of 4-[4-(1-Cyanocyclobutylamino)phenyllbutanoic acid (Formula 50y (0.21 g,

220
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t hi oxo-5, 7-di aza-spi ro[ 3. 4l oct-5-y11- phenyl |- [ NCA3] propi onam de
3-1447- (4- Cyano- 3-trit luoronet hyl phel-yl)-8-o0xo0-6- 234 n/a
(41le).thioxo-5,7-di aza-spiro[ 3. 4] oct-5-yl1] - phenyll- N [ NC44]

met hyl - propi onam de  41-6 3-14-[7, (4-cyano-3-tri

f1 uoronet hyl phenyl) - 8-oxo-6- 732 n/a (41f)th

| 0X0-5, 7-di aza-spiro[ 3. 4] oct-5-y1 I-phenyl --N (. 2- [ NC4A5] hydr oxyet h

yl) - propi onam de

15

0.83 mmol) and +4-isothiocyanato-2-tritfluoro benzonitrile (0.25 g, 1.08 mmol) in toluene (10 mL) was heated

under reflux for 1 hours. To this mixture was added ag. 1 N HCI (5 mL). The second mixture was refluxed

~for 1.5 h. After being cooled to room temperature, the reaction mixture was poured into cold water {50 mL)

and extracted with ethyl acetate (50 mL). The organic 'layer was dried over MgSQ,, concentrated and the
residue was purified with silica gel column chromatography (dichloromethane:acetone, 95:5) to give 4-(4-(7-
(4—(‘yano-3-(triﬂuoromclhyl)phenyl)-8-0x0-6-111i0.\'0-5,7-diazaspiro[3.4]octan—5-yl)phenyl)butanoic acid,
NC122 (Formula 51) (60 mg. 15%). 'H NMR 8 7.98 (d, 1H, J = 1.8 Hz), 7.97 (d. IH, J = 8.3 Hz). 7.86 (dd,
IH.J = 8.3, 1.8 Hz), 7.42 (d, 2H. J = 8.5 Hz), 7.24 (d, 2H, J= 8.5 Hz), 2.79 (t. 2H, J = 7.5 I1z). 2.62-2.68
(m. 2H), 2.51-2.59 (m. 2H), 2.47 (t, 2H, J = 7.5 Hz), 2.14-2.26 (m, IH), 2.06 (p, 2H,J = 7.5 Hz), 1.60-1.70
(m, 1H).

“Example 61

NC57 Formula 53

A solution of DMSO (0.01 mL, 0.12 mmol) in dry dichloromethane (1 mL) was added to a stirred solution of

oxalyl chloride (0.01 mL, 0.09 mmol) in dry dichloromethane (2 mL) a-t -78 °C. After 15 min. a
dichloromethane solution of 4-(4~(7-(4-Cyano-3-(trifluoromethyl)phenyl)-8-0x0-6-thioxo-5,7-
diazaspiro[3.4]Joctan-5-yl)phenyl)butanamide, NC47 (Formula 52) (35 mg, 0.07 mmol) was added to the
reaction mixture. Stirring was continued for 20 min at -78 °C, and then ;rlethylamme (0.03 mL, 0.22 mmol)
was added. After 30 min at -78 °C, the reaction mixture was warmed to room témperature and then reaction
was quenched with saturated ag. NH,Cl solution. The reaction mixture was diluted with dichloromethane,
and extracted with dichloromethane. The organic layer was dried over MgSO,, concentrated and
chromatographed (dichloromethane:acetone, 95:5) to yield 4-(5—(4-(3-Cyanopropyl)phenyl5—8-0x0-6-tl1i0x0-
5.7-diazaspi1'0[3.4]octan—7-yl)-2-(triﬂuoromethyl)benzonitrile,l NCS57 (Formula 53) (29 mg, 87%) as a
viscous oil. 'H NMR & 7.98 (d. 1H, /= 1.8 Hz), 7.98 (d. 1H,J = 8.3 Hz), 7.86 (dd, IH. /= 8.3, 1.8 Hz). 7.43
(d. 2H.J = 8.4 Hz), 7.27 (d, 2H. J = 8.4 Hz), 2.90 (1, 2H. /= 7.3 Hz), 2.63-2.73 (m. 2H), 2.52-2.62 (m, 2H),
2.42(t. 2H, J= 7.3 Hz), 2.18-2.30 (m, 1H), 2.07 (p. 2H. J = 7.3 Hz), 1.63-1.73 (m, 1H).

[0083] ~ One skilled in the art could modify and/or combine the syntheses described herein to make
23
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42-2 (42b) [NC46] 4- 1447-(4-cyano-3-tri fluoromet hyl phenyl )- 8- oxo- 6-

t hi oxo-5, 7-di azaspi roP. 4l oct-5-yl | -phenyl : -butyric acid nethyl

ester 432 .

ni-a 42-4 4-1447-(4-Cyano-3-trifluoromethyl phenyl)-8-oxo-6- 112 n/a (42d)
t hi oxo- 5, 7-di aza- spi ro[ 3. 4l oct - 5-y1J-phenyl |-  [NC47] butyram de 42-5

4-1447- (4- Cyano-3-tritluoromet hyl phenyl)-8-o0xo0-6- 92 n/a (42e)

"t hi oxo-5, 7-di aza-spiro[ 3. 4] oct-5-yl]-phenyl }-N [ NC48] net hyl - but yr ani de

43-4

15
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other diarylhydantoin compounds.
Pharmacological examination of the compounds

[0084] Compounds for which synthetic routes are described above were identitied through
screening on hormone refractory prostate cancer cells for antagonistic and agonistic activities against AR
utilizing screening procedures similar to those in PCT applications US04/42221 and US05/05529, which are
hereby incorporated by reference. A number of compounds exhibited potent antagonistic activities with

minimal agonistic activities for over expressed AR in hormone refractory prostate cancer.

In vitro biological assay

Effect of compounds on AR by a reporter assay

[0085] ‘The compounds were sﬁbjecled to tests using an artificial AR response reporter system in a
hormone refractory prostate cancer cell line. In this system, the prostate cancer LNCaP cells were engineered
to stably express about S-fold higher level of AR than endogenous level. The exogenous AR has similar
properties to endogenous AR in that both are stabilized by a synthetic androgen R1881. The AR-over
expressed cells were also engineered to stably incorporate an AR response reporter and the reporter activity
of these cells shows features of hormone refractory prostate cancer. It responds to low concentration of a
synthetic androgen R1881, is inhibited only by high concentrations of bicalutamide (see Table 1), and
displays agonistic activity with- bicalutamide (Figure 1 and Table 2). Consistent with published data,

bicalutamide inhibited AR response reporter and did not have agonistic activity in hormone sensitive prostate

* cancer cells (Figure 2).

Table 1

[0086] ‘ We examined the antagonistic activity of the compounds for which the synthesis is described
above in the presence of 100 pM of R1881. Engineered LNCaP cells (LNCaP-AR. also abbreviated LN-AR)
were maintained in Iscove’s medium containing 10% fetal bovine serum (FBS). Two days prior to drug
treatment, the cells were grown in Iscove’s medium containing 10% charcoal-stripped FBS (C'S-FBS) to
deprive of androgens. The cells were split and grown in Iscove's medium containing 10% CS-FBS with 100
pM of RIS8! und increasing concentrations of test compounds. After two days of incubation. reporter

activities were assayed.



448- 0x0- 5- (4- pi perazi n-1-yl - phenyl ) - 6-t hi oxo-5, 77 718 n/ a (43e)

di azaspiro[3.4]oct-7-yl]-2-tri fluoronethyl benzon itri le [ NC49] 43-5

41544 ( 4- met hanesul f onyl pi perazi n-1-y1)-phenyl]-8- 138 n/a (43f) .

0X0- 6-t hi oxo-5, 7-di azaspiro[ 3. 4l oct-7-y11-2- [ NC501

trifluoromethyl benzonitrile. 44-2 44-2) _

3-1447- (4- Cyano- 3-tri l1luoronet hyl - phenyl)-8- 113 (44b) _

0X0- 6-t hi oxo-5, 7-di aza-spiro[ 3. 4] oct-5-yl ] -phenyl 1- [ NC51]
[0087] Table 1 lists the IC50 of these compounds to inhibit AR in hormone refractory prostate
cancer. The control substance bicalutamide has an IC50 of 889 nM. Most of the cdmpounds identitied
(diarylthiohydantoins) have IC50s between 100 to 200 nM in inhibiting AR in hormone refractory prostate
cancer. In contrast, antiandrogenic compounds listed as examples in US patent no. 5,705,654, such as

S examples 30-2, 30-3, 31-2, 31-3, and 24-3 (NC24-NC28) have no inhibitory activities on AR in this system..

Antagonistic activities against AR in hormone refractory prostate cancer, measured by an AR response

reporter and by endogenous PSA expression.

IC50 (nM){1IC50 (nM)| -
Example Name Reporter PSA
Bicalutamide |N-{4-cyano-3-(tritluoromethyl)phenyl]-3-[(4- 889 >1000

~ |Comparative |fluorophenyl)sulfonyl}-2-hydroxy-2-

methylpropanamide

29 4-[3-(4-hydroxybutyl)-4,4-dimethyl-5-0x0-2- No(*) No
Comparative |thioxoimidazolidin-1-yl]-2-trifluoromethylbenzonitrile -

6-2 4-[3-phenyl-4,4-dimethyl-5-0x0-2-thioxoimidazolidin- 149] n/a (™)
(6b) 1-yl]-2-trifluoromethylbenzonitrile -

[NC-IO] .

5-3b - {4-[3-(4-methylphenyl)-4,4-dimethyl-5-0ox0-2- 125 132
(5¢) thioxoimidazolidin-1-y!]-2-trifluoromethy!l-

[NC2] benzonitrile

3-3 4-[3-(4-hydroxyphenyl)-4,4-dimethyl-5-0x0-2- . 137] - 122

(3¢) [NC3] thioxoimidazolidin-1-yl]-2-trifluoromethylbenzonitrile

2-4 4-[3-(4-aminophenyl)-4,4-dimethyl-5-ox0-2- 273 n/a

(2d) [NC4]  |thioxoimidazolidin-1-yl]-2-trifluoromethylbenzonitrile

4 ‘|Chloroacetic acid 4-[3-(4-cyano-3- 131 n/a
{4a) [NC5] rifluoromethylphenyl)-5.5-dimethyl-4-oxo-2-

thioxoimidazolidin-1-vllphenyl ester

82 4-(4-Ox0-2-thioxo-1-(-methylphenyl)-1.3- . 147 n/a
(8b) [NC6] diazaspiro[4.4]non-3-yl)-2-trifluoromethylbenzonitrile

7-3b 4-(8-0x0-6-thioxo-5-(4-methylphenyl)-5,7- ' 124 128
(7¢c) [NC7} diuzaspir_o[3.4]oci-7-§1)-l-triﬂuoromcthylbenzonitriIe

-25-.



acryl am de, (*) No: the conpound did not inhibit AR response reporter;
(**) n/a: the conpound was not exam ned in this assay. 5Table 2 [0088] One
previously unrecogni zed property of AR overexpression in hornmone refractory
prostate cancer is its ability to switch antagoni sts to agoni sts.
Therefore, only those conpounds with minimal or no . agonistic activities
are qualified to be anti-androgens for this disease. To deternine agonistic
activities of different conmpounds, we exam ned their stinulating activities
on AR usferly the AR(+espbnbeo-I-epMilyghads-10€ 10 NEaSUTgginT the i N- AR system

in the of{ Rl .881. s the agon|stic aqtivities of
differengiﬁgnp$u gg&“%%%”(g%éﬁﬁ”gnﬁﬂomFgUVBﬂggw Bsul ts, Hical utanide
activat €d9AR i n héfhwméthe@ﬂddmwmym@mgﬁﬂate cancer. The n/a '

-

di aryl t hi@hyndapt|@hns gmhy@&kuggasuch as exanples 7-3b (INC7), 33 (NC34). 34
(NC35), |and 35 ( ave no agonistic activity.- In cgntrast, RU50063.

and ot her- anti-anWﬂHﬂéWﬂH”ﬁ%ﬂﬁbﬁhds listed as e)xanples|in US Patent Number
5, 705, 6548 such as«&mammhes;ﬁﬂm&;|3@n&um§&q¢”m§1-d, angh[24= 3 1dNC24- NC28)

str Ongl YCQ&EérEf'f’JeE yﬁ‘RnJﬁtﬂong[ rg?thZon?nle factory prosfate cancer. . Agoni st ic
activitile lleCtive test substances on AR response reporter in hormone

refractoP?aHN8§W te 5 cancer Fold i nduction by ijnc -easiing Exapple Nanme 0.1

1.1. M 1 [pz-51 10 pNG VEh, DN mmwmsumr@eshmmyim {1t pgr-06 1881
Bi cal uta m de i

met hyl t rlj.en n

hM4-cyang§§ﬂb??ﬁfTﬁ%%%Hg '%QH@H&HT“@“F%%“”mmk
fIuoropr@hyl)sulf%ﬁy#%w@mhydb@xyeZﬂmﬂﬁnhylpropananlde4@;.bb 3504
(26a) [NC12] |diazaspiro[4.4]non-3-yl}-2-trifluoromethylbenzonitrile

25 4-_[l-(4-nilrophcnyl)-'4~0x0—2-thioxo—1,3- ’ - 498 n/a
(25a) [NC13] |diazaspiro[4.4]non-3-yl]-2-trifluoromethylbenzonitrile
12-2 4-(8-0x0-6-thioxo-5-(4-biphenyl)-5,7- - 283 n/a

(12b) [NC195] [diazaspiro{3.4]oct-7-yl)-2-trifluoromethylbenzonitri l.e

11-2 4-(8-0x0-6-thioxo-3-(4-hydroxyphenyl)-3.7- 162 n/a
(11b) [NC16] |diazaspiro[3.4]oct-7-yl)-2-trifluoromethylbenzonitrile

17 4-[3-(4-hydroxyphenyl)-4,4-dimethyl-2,5- 278 287
(17a) [NC17] |dithioxoimidazolidin-1-yl}-2-

trifluoromethylbenzonitrile

18 4-[3-(4-hydroxyphenyl)-4,4-dimethyl-2,5- | 369 511
(18a) [NC18] |dioxoimidazolidin-1-yl]-2-trifluoromethylbenzonitrile |

22-2 2-{3~(4-cyano-3-trifluorometh ylphenyl)-5,5-dimethyl- 523 >500
(22b) [NC19] |4-ox0-2-thioxoimidazolidin-1-yl ]benzoic acid

20-2 4-(4.4-dimethyl-5-0x0-2-thioxo-3-(4- 143 144

(20b) [NC20] [trifluoromethylphenyl)imidazolidin-1-y1)-2-

trifluoromethylbenzonitrile

21-2 4-(4,4-bischloromethyl-5-0x0-2-thioxo-3-(d- 521 >500
(21b) [NC21] methylphenyl)imidazolidin-1-yl)-2-

trifluoromethylbenzonitrile

19-2 4-(4-ﬂuoromethyl-4-methyl-S-oxo—Z-thioxo—B-(él- 126 129

-206-



10.40 29 Conp. 4-[3-(4-hydroxybutyl)-4, 4-di net hyl-5-0xo0-2- thioxoi m dazol
idin-1 -y1]-2- trilluoronethyl benzonitrile 10.99.20.84 34.62 7-3b (7c)

[ NC7] 4- (8-0x0-6-thioxo-5-(4-nethyl phenyl)-5, 7-

di azaspiro[3.4]oct-7-yl)-.2- trifluoronethyl benzonitrile 0.87 1.19 0.89 33
(33a) [NC34] 1 -[3-(4-cyano-3-trifluoronethyl-phenyl)-5,5-

di met hy1l- 2-t hi oxo-1-p-tolyl-imciazolidin-4- ylidene]-3-ethyl-thiourea 1.30
1.18 1.28 34 (34a) [NC35] 1 47-(4-cyano-3-trilluoronethyl-phenyl)- 6-

t hi oxo- 618 X[BCYT b tligdptierabiavidpilitog -vhInct - 8- ylldeneJ-3-pTeny|- iourea 1.19
1.41 " 1.17 . 35 I(lt:l)’é)ﬂ)mc hu%lgimmle :
23-2 4-(8-0x0-6-thioxo-5-(2-methylphenyl)-3.7- 258 232

(23b) [NC23] diazaspiro[3.4]Joct-7-yl)-2-trifluoromethylbenzonitrile h

30-2 4-(5-methyl-8-0x0-6-thioxo-5,7-diazaspiro[ 3.4]oct-7- No No
Comparative yl)—l’—triﬂuorofnethylenzonitrilc

(30b) [NC24]

30-3 4-(5-methyl-6,8-dioxo-5,7-diazaspiro[ 3.4Joct-7-yl)-2- No No
Comparative [trifluoromethylbenzonitrile ‘
(30c) [NC25] .

31-2 4 l—methyl—4—oxo-2-thioxo-l,3-diazaspiro[4.4]non—3- N.o ‘ No

Comparative |yl)-2-trifluoromethylbenzonitrile
(31b) [NC26}
31-3 4-(1-methyl-2,4-dioxo-1,3-diaza-spiro[4.4]non-3-yl)- No — No

Comparative |2-triflucromethylbenzonitrile
(31¢) [NC27] '
24-3 4-(4-ox0-2-thioxo-1,3-diazaspiro[4.4Jnon-3-yl)-2- No No

Comparative |triflucromethylbenzonitrile
(24c) [NC28]

15-2 4-[4,4-dimethyl-3-(4-pyridin-2-yl)-5-ox0-2- 723 n/a
(15b) [NC29] [thioxoimidazolidin-1-yl]-2-trifluoromethylbenzonitrile
14-2 - 4-[4,4-dimethyl-3-(4-methylpyridin-2-y1)-5-0x0-2-. 457 n/a

(14b) [NC30] |thioxoimidazolidin-1-yl}-2-trifluoromethylbenzonitrile

16-2 4-[5-(5-methyl-2H-pyrazol-3-yl)-8-ox0-6-thioxo-5,7- >1000 n/a
_|Comparative (diaza-spiro[3.4]Joct-7-yl]-2-trifluoromethyl-
(16b) [NC31] {benzonitrile

13-2 4-(8-oxo-6-thioxo-5-(4-biphenyl)-5,7- ’ >1000 n/a
(12b) [NC32] |diazaspiro[3.4]oct-7-yl)-2-trifluoromethylbenzonitrile

32 4-(8-methylimino-0-thioxo-3-p-tolyl-5.7-diaza- 222 421
(32a) [NC33] |spiro[ 3.4]Joct-7-yl)-2-triflucromethyl-benzonitrile

133 I-[3-(4-cyano-3-trifluoromethyl-phenyl)-5,5-dimethyl- 157 239
(33a) [NC34] |2-thioxo-1-p-tolyl-imidazolidin-4-ylidene]-3-ethyl-

27



1 -(4-Cyano--3-trifluoronethyl -phenyl)-347-(4- :

cyano- 3-trifluoronethyl - phenyl)-6-thi oxo-5-ptolyl-5,7-diaza-spiro[3.4joct-8:
-yl i denephiourea 1.26 . 1.10 1.30 30-2 Conp. (30b)

4- (5- et hyl - 8- oxo- 6-t hi oxo-5. 7- di azaspiro[3.4]oct-7-yl)-2-
trilluoronethylenzonitrile 14.88 19.41 35.22 [ NC24] 30-3 Conmp. (30c)

- [ NC25] 4-(5-nethyl-6, 8-di oxo-5, 7-di azaspiro[3.410ct-7- y | )-2-tri

t | uoronet hyl benzonitrile 11.39 14.26 30.63 31-2 Corn p. (31b) [NC27]

4-(1-nethy1-4-ox0h@u¢hioxo-1,3- clTazaspiro[4-4pon-3~yI)y=2=tvi
AR I ST I e e R M R
f1 uor ongt ?] [H@ﬁ@dﬂlylti.]'-.qli@za-spiro[l4]oct-8—ylidene]-_l—phenyl—
thiourea
35 ' l-(4-Cyano—3-triﬂuoromethyl—phcnyl)-3-[7—(4—cyano- 144 158
{35a) [NC36] 3-triﬂuoromcthyl-phenyl)-6-1I1ioxo-5-p-lolyl;5.7-
diaza-spiro[ 3.4]Joct-8-vlidene]-thiourea _

36-2 4-[8-(4-hydroxymethyl-phenyl)-3-0x0-7-thioxo-6-aza- 311 337

(36b) [NC37] [spiro[3.4Joct-6-yl]-2-tritluoromethyl-benzonitrile

37 {4-[5-(4-formylphenyl)-8-0x0-6-thioxo-5,7- n/a 263

(37a) [NC38] diazaspiro[3.4Joct-7-yi]-2-trifluoromethyl-benzonitrile

38 4-15-[4-(1-hydroxyethyl)-phenyl]-8-0x0-6-thioxo-5,7- n/a 157

(38a) diazaspiro[3.4]Joct-7-yl} -2-trifluoromethyl-benzonitrile

[NC39] _ A

39 3-14-[7-(4-cyano-3-triflucromethylphenyl)-8-0x0-6- ) n/a 197

(39a) thioxo-5,7-diazaspiro[3.4]oct-5-yl}-phenyl ! -acrylic

[NC40Q] acid ethyl ester '

40 4-1 5-[4-(3-hydroxypropenyl_)-phe_wl]—8-0x0-6-thioxo- n/a 114

(40a) 5,7-diazaspiro[3.4]oct-7-yl }-2-

[NC41] trifluoromethylbenzonitrile

41-2 : 3-{4-[7-(4-cyano-3-trifluoromethylphenyl)-8-0x0-6- | _ No n/a

(41b) thioxo—S,7-diazaspiro[3.4]oct-5-yl]-phenyl -propionic | -

[NC42] acid methyl ester _

41-4 3-14-[7-(4-cyano-3-tri ﬂuoromelhylphe|1yl);8-oxo-6- 224 n/a

(41d) thioxo-5,7-diaza-spiro[3.4]oct-5-yl]-phenyl } -

[NC43] propionamide '

41-5 . 3-14-[7-(4-Cyano-3-tritluoromethylphenyl)-8-0x0-6- 234 n/a

(41e) ° thioxo-5,7-diaza-spiro[ 3.4]Joct-5-yl]-phenyl} -N-

[NC44] methyl-propionamide

41-6 3-14-[7-(4-cyano-3-trifluoromethyiphenyl)-8-0x0-6- 732) - n/a

(41f) thioxo-5.7-diaza-spiro[ 3.4]Joct-5-yl]-phenyl t -N-(2-

[NC45] hvdroxyethyl)-proptonamide

28-



11.99 19.77 38.95 24-3 Conp. (24c) [NC28].
4- (4- oxo- 2-t hi oxo-1, 3-di azaspiro[ 4. 4] non- 3-y1) -
2-trifluoronethyl benzonitrile 14.88 22.48 37.09 (*) Fold induction:
activities induced by a specific test substance over activities in DVSO
vehicle; (**) n/a: the conmpound was not exam ned in this assay. [0089] To
exam ne the specificity of AR inhibitors, selective conpounds were tested
in LNCaP 5 cells with an over expression of glucocorticoid receptor (CR).
t he cl ode&s® menbér [ igi-(ARands- m.ma»rwmiy@aémracﬁmog fam§3p] Theggl cel I's al so

carry a respomse rter rter tivity was induced by
dexanet gﬁ’ I%ﬁ“} bgﬁf‘§fp"gq3%f i%’&'ggt?”ﬁﬁ"" wds bl ockeéd by RU486, a CR
i nhi bi t NC@kanphendel INC7)
(4- (8- oy -t OXOrA7LAc n@wm brﬂ‘ﬁéw{ e g3z st T ppAtogty 7-y1) - 2-tri
f | uorongt h%)l benzo;qu(rl;a 2d Yh]fm )gé{n% CRin tﬁl 5 sys%ﬁém 10Ef f ect
‘of conpaddR®s on ARCBY - M%@ﬁ?‘i"h@ %éé‘?/%t"éﬂyw evel s |of prostate specific

anti gen [(\JN ) [H0O2@ydet is well establ i shed t hat PSA I evels are indicators
of AR agijytttesyin exam-ne— -t -the conpounds

af f ect /d% ?unctl ISkt [V(d’@vaho ?"Lﬂao'o'ml ‘i[phc'H\)l rc}ﬂr(hart, we c?at erniAled secreted

| evel s (f42%9ndouel1ba§> %Aﬂfﬂﬁldwb%ﬂObevlmlgsi' Nn thd AR-overexpresised LNCaP

celI's (LjNCaB} AR, naeluggb@bm,@evl ated LN-AR). The LNCaP-AR cells ?j're a line of
|yrrph node—carci nrostate cells transduced with A nI as d that makes

expr ess [4lr tir ogen ??é%ﬁﬁgP‘ge’azLN(%{@"%ﬁ)éé‘l P8-wer e mai M'8| ned VA | scove' s
medi um |B3&€ont ai miaagpild¥4)eBS.y! - Twoildaysthpbdnadnittie [drug treat nent|, the cells
were grapgabn | s¢ove' s nmedi um contai ning 10% CS{FBS to deprive of
andr oger 1]hp cells were split and grown in |scove's nedi um contai ni ng 10%
CS- FBS Wixh appr dpildtemebnesinyarsens!-oi-rirdBB] and ©B8E t eswalconpounds.
After faqusf)days joRethadbon.dissgifgt.qet-PSA-2l evel s (were assayed ysing PSA
EL1SA ki Aner n Clemente, CA) [[0091] The secrgted PSA | evel
of LNCalikiée&] el m&o'oth?\’lge" Ci"\?all nduced by 25 pM|of RI188[L. In |I() contrast,
PSA was |4#6d | ndugéd) i-it-7heCpar-emiabronM@dRhoeh®s lunti| concentsjati on of

R1881 rqagdied 10QxnbhniokhisS- dhga_ﬁ,gglguﬁgtgn}, l;yh oyr previpus regort that the
AR in ho e refrac tory prostate cancer is persensitjive to |androgens. A
dose-deﬂ&gg i AFYBTEFon on AR activity was ca ried out to determne the
1C5Cs of di ffer ent conpounds I n 1nhibiting PSA expression, and the results
wer e | i 9t)ed: iha copepioiing dd, notli@BisARDfespoire repartee ¢ 1) vie: tixenppundSason cRSAne@XPnhieSsi on
cl osely kgsenbl e those neasured by the reporter assay, confirmng 15t hat

t he di aryl hydantoin derivatives are strong inhibitors of AR in hornone
refractory prostate cancer. [0092] W al so exam ned agonistic activities of
sel ective conpounds on AR in hornone refractory prostate cancer using
secreted PSA as the surrogate marker. To do this, androgen-starved AR over
expressed LNCaP. cells were incubated with increasing concentrations of the
conpofinds for which a synthesis is dﬂﬁmi bed above in the absence of R1881

and secr PSA ur e. neasur ed 4, days | ater.
_ 20[ 0093][%§fe 3 l(%)lgtphtx %hsg"]unre(.ogiuz% prope ove §\p6er531?nH% h%%‘é?d‘f'fa%“ (‘?5’%‘6unds
Consi st épfcenvip tihabtlieto ﬁé%latﬂgeoolbtﬁ & ‘meudstsf fquqqf@rh@nkyerpm togporagsaiyh, miihe! or no

di ar yI t hL&ﬂMQ@d]tfnﬂésrhléj@rallﬁé@rttd MEMti e e RStoCXRMRESS TZ'dgigm(xwgzan’lsng%n(' NG34), 34
no agonistic activities. |In contrast F&J5063,

(N

and ot hgffgﬁfHE ﬁ“&ﬁ?ﬂﬁ%ﬁg%ﬁ%“‘% 8%‘8@1"1 eSERdicnen AR AHPA BEAR FesRIBSHEOBHIS Ho .
5, 7050 65#asugug thed &N- eRaysph'es UBOb@ndeNCR43]1. TR0 BLifsNGR2 Dopistandi ks 3f {iMNG2H)
Sti mul atgg R EXRUERSHADIMALIRNE LM RS Ahky RROR B Eas RS 2oqaple 3

Agoni sti c Activities of selective stances enous PSAYF n
hor mone SPEfT Bectdarythisiygateip ée”cawesewudu:meépnwﬁdaéb (7 )3p Nﬁé%)e’a}sﬂ\'ﬁg*) and 35
concent naticpns.cob (cONPOLNGS, EXanalse RNSYIB3. and other anti- -androgenic compounds listed as

220.

v




0.1 jaM1 'AM 10 pM DMSO Di net hyl sul foxide 1.00 (*) 1.00 1.00 R1881
met hyl trienol one 20.69 .n/a(**) n/a Bicaluta mde

N[ 4- cyano- 3- (trlfluoronethyl)phenyl] 3-[(4-
fl uor ophenyl ) sul fonyl ] - 2- hydr oxy- 2- net hyl propanam de 2.00 2.55. 5.55 29

Conp. 443-(4-hydroxybuty1) 4, 4- di net hy1- 5- Oxo- 2-
t hi oxoi m dazolidin-1-yl]-2- tr|tIuoronethylbenzonltrlIe 6.88 11.50 21.50

7-3b (7c) [NC. 7] 4-(8-o0xo0-6-thioxo-5-(4-nethyl phenyl)-5, 7-
di azaspi eopd LAhOBUH@my&)m34/o¢mﬁkumh0G&hBMlbﬁﬂZ@ﬂhlhnw|ﬁl&J25(%629Néw¥5 33

strongly activated AR i hormone refractory prostate cancer.

Agonistic activities of selective test substances on AR response reporter in hormone refractory prostate

S cancer
Fold induction by increasing
concentrations of compounds
Example [Name _ 0.1 uM 1 uM 10 uM
DMSO  |Dimethyl sulfoxide 1.00 (™) 1.00 1.00
R1881 |methyltrienolone : 44.33] n/a(*") n/a
Bicaluta |N-[4-cyano-3-(trifluoromethyl)phenyl]-3-[(4- 1.66 3.04 10.40

mide fluorophenyl)sulfonyl]-2-hydroxy-2-
methylpropanamide
29 4-[3-(4-hydroxybutyl)4,4-dimethyl-3-ox0-2- - 10.99 20.84 3462

Comp. [thioxoimidazolidin-1-y1]-2-

trittluoromethylbenzonitrile

7-3b 4-(8-0x0-6-thioxo-5-(4-methylphenyl)-5,7- 0.87]. 1.19 0.89
(7c) diazaspiro{3.4]oct-7-yl)-2-
[NC7] triﬂuoromethylbenzonitﬁle
33 1-[3-(4-cyano-3-triﬂuoromethyl-plicnyl)-s.5- 1.30 1.18 1.28

(33a) dimethyl-2-thioxo-1 -p-tolyl-imidazolidin-4-
[NC34] yl'idenc]-3-ethyl-thiourea

34 1-[7-{4-cyano-3-trifluoromethyl-phenyl)-6- 1.19 1.41]. 1.17
(34a)  [thioxo-5-p-tolyl-5.7-diaza-spiro[3.4]oct-8- '
[NC35] |ylidene]-3-phenyl-thiourea

35 © |1-(4-Cyano-3-trifluoromethyl-phenyl)-3-[7-(4- 1.26 1.10 -1 .30

(35a) cyano-3-trifluoromethyl-phenyl)-6-thioxo-5-p-
[NC36] [toly!-5,7-diaza-spiro[3.4]oct-8-ylidene]-thiourca
30-2 4-(5-methyl-8-0x0-06-thioxo-5.7- , 14.88 19.41 3522

Comp. |diazaspiro[3.4]oct-7-y1)-2-

(30b) trifluoromethylenzonitrile

-30-



(33a) [NC34] 113-(4-cyano-3-trifluoromnethyl-phenyl)-5, 5-
clinmethyl-2-thioxo-1-0-tolyl-inidazolidin-4- ylidene]-3-ethyl-thiourea 1.06
1.30 0:85 34 (34a) [NC35] 147-(4-cyano-3-trifluoromethyl-phenyl)-6-

t hi oxo-5-p-tolyl-5, 77di aza-spiro[ 3. 4] oct-8- ylidene]-3-phenyl-thiourea 1.31
1.05 0.90 35 (35a) [NC36] 1-(4-Cyano-3-trifluoronethyl-phenyl)-347-(4-
cyano- 3-trifluoronet hyl - phenyl)-6-thi oxo-5-ptolyl-5, 7-dlaza-spiro[3.4]oct-8
-ylidenel-thiourea 1.44 . 1.30 1.05 30-2 Conp. (30b) [ NC24]

4- (5- net [{iyd248- 0xo- 6- t hi oxo-5, 7- di azaspiro[ 3. 4Jocft-7-yT)-2- tni fl
uor onet NghBMZom Ll &8 FodS Aduagird3ane-r-| o077 3a/ o Hzal 258 aal N2>

Comp.  |yl)-2-triflucromethylbenzonitrile

(30c)

[NC25]

31-2° 4-(1-methyl-4-ox0-2-thioxo-1.3- 17..03 16.63 33.77
Comp. (diazaspiro[4.4]non-3-yl)-2-

(31b) trifluoromethylbenzonitrile

[NC27]

31-3 4-(1-methyl-2,4-dioxo-1 .3-diaza-spiro[4.4|non- 11.99 19.77 38.95
Comp. 3-yl)—2-triﬂ.uoromethylbenzonitrile

(31c)

INC27] -

24-3 4-(4-0x0-2-thioxo-1 J3-diazaspiro[4.4]non-3-yh)- 14.88 22.48 37.09
Comp. Z‘friﬂuoromelhy]benzonitrile

(24c)

[NC28}

(*) Fold induction: activities induced by a specific test substance over activities in DMSO vehicle; (**) n/a:

the compound was not examined in this assay.

{0089] To examine the specificity of AR inhibitors, selective compounds were tested in LNCaP
5 cells with an over expression of glucocorticoid receptor (GR), thé closest member of AR-in the nuclear
rece'ptor family. These cells also carry a GR response reporter and the reporter activity was induced by
dexamethasone. a GR agonist and the induction was blocked by RU486, a GR inhibitor. Example 7-3b
(NC7) (4-(8-oxo-(>—thioxo-S-(4-mcthy[phc:nyl)—5,7-diazaspir0[3.4]oct.-7-yl)—2-triﬂuoromethyl benzonitrile)

had no effect on GR in this system.

10 ; Effect of compounds on AR by measuring secreted levels of

prostate specific anticen (PSA)

[{0090] It is well established that PSA levels are indicators of AR activities in prostate cancer. To

3]



4- (5-nmet hyl - 6, 8-di oxo-5, 7-di azaspi ro[ 3. 4] Oc1- 7-

yl)-2-trifluoronethyl benzonitrile 7.50 15.20 23.75 31-2 Conp. (31lb)tri

[ NC26] - 4- (1- net hyl - 4- oxo- 2-t hi oxo-1, 3- diazaspiro[4.4] non-3-yl1)-2- |1

ti oromet.hyl benzoni tri le 8.13 18.20 17.50 (*) Fold induction: activities
i nduced by a specific test .substance over activities in DIV1SO vehicl e;
(**) nia: the conpound was not examined in this assay. [0094] Effect of
conmpounds on AR mitochondrial activity by MIS assay [0095] LNC aP-AR cells
wer e mai AETEEdhecampoyedswbites ARgdicummicopityaibingiagedvlonneBSyve BRENICQATRAWIAS er-e
exam nedof Qogt ey s AehduBGly I ofveOrIRREFEF FaCt or ostate cancer
cells. 5 Tg/ﬁ?{geﬁgress‘ed LN&@%&W@%@P’S% &g’ Egggﬂ:ﬁ@s (&ﬁéé)é’g)‘éé‘ﬁl’ébbbféﬁ%i\*/e as
hor mone F ct ‘?%/N%’rpd%*f 548 apeahbisrof dupihgnoficapiitome of prdstate calli wanscedMith a
measur edplmintibhiondes apast indiotan dtpidhS IAESPUR @NSHEE AFALES B s @IOW, Dy LNCaP
cel 1S s LK B RE S 308 oyl D A T D B e e i ot
containing 10% FBS. Two days prror o dr g t's S5F st I bae weidjug weriaingr own
in 1 scovE s CHERP e ALEIdioses 1t cdl vOS-sFBS¢ godepriicve soficdamdbagrng 10v] he
cel I's wecgFBhienh spkdptia@dehcBioMis bNR I RE QLS (B Al ping, 10% Cs- FBS
with 10 approprd ate concentrati §%s% f R_l88§ tgﬁgdn?b%ﬁgg\sﬂ%nd} e GHE SV ons
of the test compounds. “Affersf g%f%“isr%'ﬂ‘ﬁﬁ'f‘i Rlex.cal (lenrsvEN was

moni tored by MIS (Pronega, Madison, W). [0096] Consistent with the reporter
assay and”PsA ass R SCHFEVIEI I57e! PRINGRR-AR eslle wpr romsidindubGa 2681 stk el af ed by
25 miOr ohhiobt, RIGEI robllct R, (AAFRALBNGS! LS WEF &0 2Rk I RALALEHHND) by 881

concent ratd Qn, [.8as 100 mcroM Figure 2 shows the inhibitory effect of
sel ect ed conp%lﬁﬁ‘g’g hﬁﬂ ‘gr bWt 'R0t p(’ﬁlot":ﬂlirg'ﬁeg}i?)” BPPECEHYPypriesetcataacer rivear- i n

t he pres®fEwe E?fa“dl‘c)@mp/r\/g‘ef?-dﬂt%&t.inhTHt’nt?eoncou ARentvitg visithugiad outlibugerhiie aleut @ghde did
not i nhi difdrenh osnippings MEhRBIGEOPYA RIPSLE GnLADCENIs b AL Igke | e%@5Pl €, 5-3b
(NCZ) (Llségc-.u(/éléoqeg h}ﬁ&l m%ﬂy&é{ 41’ L}-cl ely r Ig tl -c o o (? -“e-

di met hyl =52 0%0- 2- 't hi OXOT i BEZ 0P CATH-TFepa'f thoseppeaured Sy Beeapprier asemecofiinting | e)
and éx aer’ﬂIt the ¢u“3b)’c{aN@7)iCl'(lei\(eBare strong inhibitors of AR in hormone refractory prostate cancer.

0X0- 6-t hi oxo- 5- (4- et hyl pheny1) -5, 7-di azaspiro[ 3. 4] oct-7-y1)-2-trifl uoromet
hyl benzdeotri | eye hshixhhiherchehodiorieiELfrkashar c%m{?((uf?&toﬂ%\% gpncer with high

. . acto
E;t teg?ég{%ﬁtek%}%&ﬂg%ﬁ%ﬁ%ﬂé}%dﬁ llgefé'ur ot;éz(ajtgvltngrktlzrn "Ihol d%ltfgié, gxi;]drolggn—starveed AR ovg'seipa;glssgccur >
(NC2) (443&(&3-6%&% ipheFgAL ity ingreghingBbinyhtraBens>00 112-op XA 67 Hiaanh k@iiss 3
- y1 ] - 2- taedchibed B0OSR bR YbsencP SMZ@BI 1nf kdcRled PO Emdd; 3b2€}" NCT) ved 4 dave 1
(448- 0x0- 6- t hi 0x0- 5- ( 4- et hyl pheny1) -5, 7- ﬁﬁe(leicg@bﬁ rol3 Y 8‘5?5;’7‘.' $4ys tater.
2-trpd | yggoonet hyl Lol were tested in DU-145 cells, a prostate
cancer gel |§)] li ne T?ﬁgfzg q)llgg%ﬁégo E”fe%?p')r”é? §’f§)‘ﬁ SelepiE SBMRYPAS L AHEIEh D the regrliowt h
i nhi bi t GP§ek Fas fhe gpportin-a395 the Hielthidhydanonyrounids stiéhcasnaimpsi i dicty), ael | s
other t mﬂm%%ﬁm@ﬁ%ﬁd 3pr(qma§@t Bve "ﬁ@ngtgnis?i@![zlttﬁ'hiegslntJ&%fgftgﬁ%(%?&%%%]%v‘%peﬁef fect

on MCF7 and, SkBr3, t nmonl sed breast cancer ce or nal
mouse f iaq;‘dg%ng_l]s'% Cd(?]é’f)l\fll\]%? Iﬁs?]eéi.as cxz%p"és mn US patent no. 5,705,654, such as examples 30-2 (NC24),

"30-3 (NC25). and 31-2 (NC26) stimulated PSA expression in hormone refractory prostate cancer. .

25 Table 3
Agonistic activities of selective test substances on endogenous PSA in hormone refractory prostate cancer

Fold induction by increasing coneentrations of compounds

Example [Name 0.1puM[ 1M 10 uM|
DMSO  Dimethy! sulfoxide 1.00 (*) 1.00 1.00
R1881 methyltrienoclone 20.69| . n/a(**) n/a

-32.



[ 0098] Exanpl es

derivatives are shown in the

of in vitro biologica

Figures 3 and 4. For exanpl e,

activity of diarylthiohydantoin

based on

relative luciferase activity. Fig. 3 indicates that at a concentration of

500 nkl

exanpl e. based

concentration of 500 ntvl the conpounds ranked,

t he conpounds ranked,

on relative PSA | evel ,

in order

_ in order of nost active to |east active as
fbllows: NC67 > NC68 > NC66 > 30NC69 > NC77 NC53 > bical ut am.de.

it was found that at a -34-
of nobst active to

For

| east aciBioakitaa sN{4otviaoms-(trilNGEDNethyNOH®B Y- 3ING/

NC45 > Dbligad ut
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A
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25 thioxo-5, 7-di aza-spiro[ 3. 4l oct-5-y1]-tol uene [ NC7],

.11/ -met hyl - 4-14-[7- (4-cyano-3-tritl uor onet hyl pheny1) - 8-

0x0- 6-t hi oxo-5, 7-di aza-spi ro[ 3. 4] oct-5-yl | phenyl | but anam de [ NC48], and

N-i net hyl-447- (4-cyano-3- tri

t | uor onet hyl phenyl) - 8- oxo- 6-t hi oxo-5, 7-di aza-spiro[ 3. 4] oct-5-yl]-2-fl uorobe
nzam de (52d) [NC53] were evaluated in vivo using 8 week-old FVB m ce which
were purchased from Charles River Laboratories. Mce were divided into
groups of®PHree for each time points. Two mice were not treated with drug
and two other 30m ce were treated with vehicle solution. Each group was

treated with 10 ny pegiiekiol @@bah AR MBI civin[HQHRELIhe drug was
dissolved in a mxture 1:5:14 of DWVSO : PEG400 : flzo (Vehicl e sol utlon)

and was afpi)ni st ened pAko through, t in. The animals ar
war med u?\(g}er a heat 'anp R ?eglr Q\Ereprné'imgd[ ?“%‘6 5rﬁ“F"n fresopriey 1o 'f‘?%atTrlr“ént to
dilate t ﬁ‘é’i"’r‘““tdél‘1‘”e\/éT"W”“‘E&f‘C’h"‘Hblﬂé@f washfmThGédmrlm19 reirantoussomaskxlmxnens

(Fi shex Sctle\p@a&d #NOIp- &88n326{)cd %ELQusWQl%sd nineedied an1E|h1(7gpgtlpc1o:]'nP srg{
vehicl e sﬁq vein, At ni s | on

fs lrln \Ilﬁ)g' undnlt Qw:[) \ge measm nt cﬁ %Jln ti M 135 rrggat |
the animal s were" eut hani ze PRRAIALTISHY Bt MdP P é‘f*ént’ Qe F‘r’é}f)étor‘ﬁ‘s 5
i nn, 30 RNCaPxels wittgovgrpxprepgd H\R (AHr/’riﬁl\srcweanemnqd‘rmmm ‘ehydibh eethiald ©r, msposur e
to CO2 VIF&O Q@& @ll&cto @H QIthﬁﬁn (tljrc o wgpgﬁ&(\m nmgs@oveig‘n?c%ugggmal]pmtr! @) CS- I'%rS oral

dosage, y Ofalg A § in a mxture

Car boxyrreetph LAY &F'os e“f £ ‘?\‘kéfé H%Wn*-*idz‘é S0P Bt 8ot e ditithionpigng A% 6HFRS aita

f eedi g qumég%w"%tf@@@l@'ﬂ]l&&i@ncserramngampéxmstnonebfaheawaakw@dndsOAert"ogfdmme t he
drug's CRRGRhI@N koRnBYs hhsoEPhLG 0 punp, \Waters 600
controller anc] V\a%ers} 22,317 &let%@orgpp%eéy\g&ﬁlgoﬁ Vg with an Alltinm C18
colum (3} 150 ) 8, and NC53 conpounds were

det ect ed[%at o 254 n%onbmm T'tme' ?‘idssﬁ‘i %]gl gﬁéﬁt"’d&"\‘?@’é”d@t@c‘?‘éﬁ‘%seQ?GC?ﬂn wave
| engt h. VoOCLOENTHY ’éanml\ésfﬁléﬂ HPLCparnmzilySissfemmempmatapahhﬂdlsalc&zﬁfeﬁhaﬂ& to
the fol | e agloprlm&murg 155 W@I iRagisel) S € ed from

cent ri.f ugat | ]t IO'reE " tser]tlJm \X/erré%lf lgﬁgg&]am TS O S Ofkl}fr%%‘/eutl on
of an’int e?cr?é’I pr%sfaé?rfﬂ%ffrd“%l B‘e%‘%ﬁo] 10P PMay RA38bt T purmept)c "CaPi*fea:blp!iLmaatde(drd not

occur r edirhibit Tgy@om xfragroey messatey @ndee X e dorfiiadt, é&ammuhsfw@ﬂm iﬁ@nﬂe&l)@%?) Mpder

ul tr aSOU(ngtﬂ)Q-ra 03&7 mld:lHHr:(ﬁ?ollall] Td/ﬂ 2%9111J0g0{1gﬁ\r ltbe{%?om?rlleg abLFex‘grap]ﬁﬁagl(N%H (éo wer e

separated by centrifugation, r(Ejon
flow to YPYHHELY>- %ﬁli”‘%'ﬁ%)’lﬁ WwaigzapreGridact Uigh-2ttifluro@@hyjltgnashitre)ac et owmibtiedi | e
bef ore dnahoz refrgeiday prbdititdahoer igthah bRyt he drug concentration. - Standard
curve of drug was used to inprove accuracy. [00109] The concentration of
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e\pressmn These Lompounds hdd no urowth ihibitory effect on DU-145 cells. The compounds did not

25 inhibit cells other than AR-expressed prostate cancer cells, as they had no growth eftect on MCF7 and

SkBr3, two commonly used breast cancer cells, or 3T3. a normal mouse fibroblast cell line.

[0098] Examples of in vitro biological activity of diarylthiohydantoin derivatives are shown in the
Figures 3 and 4. For example, based on relative luciferase activity, Fig. 3 indicates that at a concentration of
500 nM the compounds ranked. in order of most active to least active as follows: NC67 > NC68 > NC66 >

30 NC69 > NC77 = NCS3 > bicalutamide. For example. based on relative PSA level, it was found that at a
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15[ 001131NC53 i nhi bited androgen receptor nuclear translocation in LNCaP
cells. Figures 12 and 13 present the results of the study. LNCaP cells were
pltated.in 5% CSS. A first set of cells was treated with 10 uM NC53 (R), a
second set of cells was treated with 10 uM bicalutam de (C), and a third
set of cells was treated with 1 nMR 881 (+). Afourth set of cells served
as a control (-). TOPO I (Santa Cruz, cat# sc32736) was used to control for
nucl ear fraction, and GAPDH (Santa Cruz, cat# sc-20357) was used to control
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Characteristics considered in establishing, the ranking include ﬁﬁ

ant agoni smactivity, lack of AR agoni-min hornone refractory cells,
prevention of tunor growth, tunmor shrinkage, and pharmacoki netic behavi or,
with a longer residence tine in blood being advant ageous. 25Tier 1

[00116] General ly, Tier 1 conpounds are diarylthiohydantoins with a

di substituted |eft hand aryl ring that are disubstituted on the right
hydarmoi n carbon, and have either an oxygen or.N substituent on the |eft
hydantoin carbon. It is expected that theam do substituent hydrolyzes to an
oxygen in aqueous solutions such as encountered in biological systens, in
vitro and in vivo. NC63 has good activity with an iodine 30instead of a CF:
substituent on the left hand aryl ring. . [00117]Tier 1 conpounds (see
Tabl e 5) were judged to be much better than bicalutam de for treating
prostate cancer. However, NC7 and NC48 were found to netabolize fast, that
is, have a short resi dence time in bl ood. NC53 had de5|rable
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20t he untreated castrated mce, as did treatnment with bi.cal utam de.

[ 00120] Thus, Tier 1 conpounds are particul arly advantageous for use as AR
antagoni sts, and as therapeutic agents for hormone refractory prostate
cancer. They may be useful to treat other AR rel ated di seases or conditions
such as benign prostate hyperplasia, hair | oss, and acne. These and rel ated
conpounds may al so be useful as nodul ators of other nuclear receptors, such
as glucocorticoid receptor, estrogen receptor, and peroxi sone
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di abetes, cardi C, di seases, and netabolismrel ated di seases.
usef ul ‘ri"”oé'é]}avg 2Q Pyiules Prera HRAYRRRS to qlpte Jieir it isinkgh aress ver p'meédwm\ousc TABLE

5 TI ERchlJ(ﬁ@\(PMDS Cat:NQ R’S@QM :S1d \\ANU]QC((:d with 7OON¢0 @um \Fl?&gglsolutwﬁ nQ(mﬁe Ve
Me SVQ (!hlamg: t"ﬁll \eFSQtter cil‘llllbl‘(l)dmllnLQ mtlon th(, amma \\GES%alﬁyid via CO, nhalation at different

timepoints: 5 mn, 30 mn, 2 h, 6 h, 16 h. Animals were immediately bleed after exposure to COs via cardiac
puncture (I ml BD syringe + 27G 5/8 needle). For oral dosage, the drug was dissolved in a mixture
50:10:1:989 of DMSO : Carboxymethylcellulose : Tween80:H20 before oral administration via a feeding

syringe.

10 [00107] The serum samples were analyzed to determine 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 (3, 150 mm=4.6 mm). The NC7, NC48, and NC53 compounds were detected at 254 nm wave

length and bicalutamide was detected at 270 nm wave length.
[00108] The samples for HPLC analysis were prepared according to the following procedure:
15 - Blood cells were separ_ated from serum by centrifugation.

- To 400 ul of serum were added 80 ! ofa 10 uM solutlon of'an internal standard and 520 jt| of acetonitrile.

Precipitation occurred.
- The mixture was vortexed for 3 minutes and then placed under ultrasound for 30 minutes.
- The solid particles were filtered off or were separated by centrifugation.

20 - The filtrate was dried under an argon flow to dryness. The sample was reconstructed to 80 pl with

acetonitrile before analyzing by HPLC to determine the drug concentration.
- Standard curve of drug was used to improve accuracy.

[00109] The concentration of NC53 in plasma as a function of time resulting from intravenous and
from oral administration is shown in figure 9. The steady state concentration (Css) of bicalutamide. NC48,
25 and NC53 is shown in Table 4. The concentration at steady state of NC33 is essentially as good as that of

bicalutamide, and substantially better than NC48.
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Table 4. Steady-state concentration of bicalutamide, NC4S8. and NC33 in mice plasma.
{00110] The androgen receptor activity can encompass several aspects of stimulation and of
inhibition of androgen receptor behavior,. including, but not limited to, the following: inhibitory
5 concentration (IC50) in an AR response reporter system or a prostate specific antigen secreting system; fold
induction associated with increasing concentrations in an AR response reporter system or a prostate specific
antigen secreting system; associated tumor growth in an animal; the binding affinity of an androgen receptor
to a compound; androgen receptor recruitment to a prostate specific antigen enhancer or a prostate specific
antigen promoter; androgen receptor nuclear translocation: - and destabilization of an androgen receptor

10 protein.
In vitro assays

[00111) Figure 10 presents the relative binding affinities of compounds for the ligand binding
domains of rat androgen receptor (rat AR) as determiined with competitor assay Kits {(Invitrogen).
Fluorescence polarization was used as a read-out. Each hormone dose’ was performed in triplicate and the
15 relative rror was determined by calculating the standard error of the three values from the mean. The study
controlled for minimal competition (vehicle alone), 1o receptor, no fluorescent tigand, and maximal
competition (10° M R1881, progesterone, E2 or dexamethasone). The curves were fit using a single binding
site competition model (the Prism statistical analysis software package was used. R1881 had the lowest
equilibrium dissociation constant, Ki = 4 nM (and thus the rat androgen receptor had the highest affinity for
20 R1881 of the four compounds tested). RU59063 had an equilibrium dissociation constant of Ki = 20 nM.
and NC53 had an equilibrium dissociation constant of Ki = 0.8 uM. Casodex had an equilibrium dissociation
constant of Ki = 0.4 uM (and thus the rat androgen receptor had the lowest affinity for Casodex of the four
compounds tested). NC53 and Casodex had- similar cquilibrium dissociation constants, and, thus, rat

androgen receptor had a similar affinity for these compounds.

t9
N

foor112] NCS3 prevented androge_n receptor (AR) recruitment and RNA polymerase 11 (Pol 1)
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25

recruitment to PSA enhancer and to PSA promoter. Figure 11 presents the results of the study.- .Ma:t.éi'iuls
used were Chromatin [P with AR (Upstdte. caty 06-680) and Pol 11 (Covance, cats MMS-126R). . LNCaP

(ATCC) cells were plated in full serum. On the day of the experiment. the plate was washed once with Ix

PBS und 5% CSS was added for 3 days. Fora first set of experiments 10 uM of NC33 was added (R), for a

second set of experiments 10 uM of bicalutamide (C) was added. and for a third set of experiments | nM of

R1S81 was added (+). Euch ot these compounds was added for 6 hours. In a fourth set of experiments, a

control, no additional compound was added (-). 6 hours timepoint was run at 28 cycles. ChIP kits from

Upstate (cat# 17-295) were used. Enhancer and promoter primers were obtained from Louie (PNAS 2003

Vol. IOO,'pp. 2226-2230) and Shang (Molecular Cell 2002 vol. 9, pp. 601-610), respectively. The darker
image for experiments in which NC53 (R) was added indicated that NC53 prevented androgen receptor and
prevented RNA polymerase 11 from forming a transcription complex on the prostate specific antigen (PSA)
gene. By contrasi, the lighter image for experiments in which bicalutamide (Casodex. C) was added
indicated that in the presence of bicalutamide androgen receptor and RNA polymerase I were still recruited

to the PSA elements to transcribe PSA mRNA.

{00113] NC53 inhibited androgen receptor nuclear translocation in LNCaP cells. Figures 12 and
13 present the results of the study. LNCaP cells were plated in 5% CSS. A first sct of cells was treated with
10 uM NC53 (R), a second set of cells was treated with 10 uM bicalutamide {C), and a third set of cells was
treated with 1 oM RI881 (+). A fourth set of cells served as a control (-). TOPO I (Santa Cruz, cat# sc-
32736) was used to control for nuclear fraction, and GAPDH (Santa Cruz, cat# sc-20357) was used to control
for cytoplasmic fraction. LNCaP cells were harvested for subcellular fractionation or stained with a FITC
(Santa Cruz) labeled antibody against androgen receptor (AR) (Santa Cruz, cati sc-815).  From - the
subcellular fractionation, images were obtained, as shown in Fig. 12. The darker image in the nuclear
fraction for the bicalutamide (Casodex, C) treated sample indicated that bicalutamide induced androgen
receptor nuclear translocation. The light image for the NC53 (R) treated sample indicated that NC53
abrogated nuclear translocation. For the AR-FITC assay, cover sfips were mounted on glass slides using
DAPl-containing medium, and cells were imaged 24 hours later using a fluorescence Nikon microscope at
X60 with filters for DAPl and FITC. In the AR-FITC assay, the nuclei of the R1881 and of the bicalutamide
treated cells were distinctly green, as shown in Fig. 13 indicating that nuclear translocation of the androgen

reccptor occurred. By contrast, the nuclei of the DMSO and of the NC53 treated cells were kess green.

[00114] © NC53 destabilized androgen receptor proteins in LNCaP cells. Figure 14 shows the results

of the study. The study was conducted by plating 10° LNCaP (tgc) cells in 5% CSS for 3 days. 100 pM of
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RISST was added to a first set of cells (+), 10 uM of bicalutamide was added to a second set of cells (B). 10

uM of NCS53 was added to a third set of cells (RD), 100 pM of RISSI and 10 uM of bicalutamide was added.

to a fourth set of cells (B+). and 100 pM of RlSSl and 10 uM of NC53 was added to a fifth set of cells

" (RD#+). Neither R1881. bicalutamide, nor N( 53 was added to a sixth set of cells (-). The cells were allowed

5 toreside with the dleLd bicalutamide, NC53, and/or R1881 for 24 hours {or in the case of the (-) set. without
any of these for 24 hours). In Fig. 14, the dark tmage for the set to which biculutamide (B) was added and

for the set to which bicalutamide and R1881 (B+) were added indicated that the androgen receptor protein

was level when these combinations of compounds were added. By contrast. the light image for the set to
which NC53 (RD) was added and for the set to which NC53 and R1881 (RD+) were added indicated that the

10 addition of NC53 resulted in the degradation of androgen receptor proteins, whether or not R1881 was

present.

Ranking of Compounds in Tiers

[00115] Tables 5 — 10 present diarylhydantoin compounds grouped into Tiers 1-6. Table 11
15 presents diarylhydantoin compounds which have not been placed into a tier. The placement of compounds
into tiers was based on available data coupled with analytical judgment. Data considered included in vitro
assays (AR response reporter sVstcm in LNCaP cell line, PSA level measurement, MTS mitochondrial assay)
and in vivo expenments (mmor size measured directly or by emission induced by luciferase reporter gene,
pharmacokinetic assays based on blood plasma levels). Not every compound was subjected to each assay.
20 Not all data that was generated is shown. Judgment was applied in ranking compounds relative to each other
for their utility in treating prostate cancer, in particular when ranking two compounds for which the same
experiments were not performed. Characteristics considered in establishing. the ranking include AR
antagonism activity, lack of AR agonism in hormone refractory cells, prevention of tumor growth, tumor

shrinkage, and pharmacokinetic behavior, with a longer residence time in blood being advantageous.

25  Tier 1
[00116] Generally, Tier 1 compounds are diaryithiohydantoins with a disubstituted left hand aryl
ring that are disubstituted on the right hydantoin carbon, and have either an oxygen or N substituent on the
left hydantoin carbon. It is expected that the-amido substituent hydrolyzes to an oxygen in aqueous solutions
such as-encountered in biological systems, in vitro and in vivo, NC63 has good aclivity with an iodine

30 instead of a CF; substituent on the left hand aryl ring. .
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[60117] Tier 1 compounds (see Table 5) were judged to be much better than bicalutamide for
treating prostate cancer. However, NC7 and NC48 were found to mietabolize fast. that is. have a short

restdence time in blood. NC53 had desirable pharmacokinetics.

-[001 1.8] * Figure 16 shows that under treatment with bicalutamide, PSA levels for LNCaP cells

5 stayed the same or increased relative to treatment with \-"ehicle solution, whereas under treatment with NC53.
PSA levels decreased. 'Figure 17 illustrates that under treatment with vehicle solution, tumors continued to
increase in size. By contrast, under treatment with NC53 at a dose of | mg per kg body weight per day, the

rate of tumor increase decreased, and the size of the tumor appeared lo be stabilizing after about 17 days.
Under treatment with NC53 at a dose of 10 mg per kg body weight per day, tumor size decreased with time.

10 Figure 18 illustrates that under treatment with NCS3 at a dose of 10 mg per kg body weight per day, photon
e’miss.ion associated with. luciferase activity decreased. Figure 19 shows that treatment with NC53 at this

dose resulted in a decréase or stabilization of tumor size and a decrease in photon emission associated with

luciferase activity.

[00119] Figure 20 shows that under treatment with NC53, NC54, NC55, NC56. and NC57 at doses
15  of 100, 200, 500, and 1000 nM, PSA levels of LN-AR cells decreased. Moreover, the higher the dose, the
lower the PSA level. Figure 22 presents urogenital tract weight and rate of photon emission associated with
luciferase activity initially and after 14 days of treatment with bicalutamidé or with NCS53 for intact and
castrated mice. The weight and rate of photon emission increased for both intact and castrated mice.
Treatment of castrated mice with NC533 resulted in a decrease in weight and photon emission with respect to

20 the untreated castrated mice, as did treatment with bicalutamide.

[00120] Thus, Tier 1 compounds are particularly advantageous for use as AR antagonists. and as
therapeutic agents for hormone refractory prostate cancer. They may be useful to treat other AR related
diseases or conditions such as benign prostate hyperplasia, hair loss, and acne. These and related compounds
25 may also be useful as modulators of other nuclear receptors, such as glucocorticoid receptor, estrogen
receptor, and peroxisome proliferator-activated receptor. and as therapeutic agents for diseases in which
nuclear receptors play a role, such as breast cancer, ovarian cancer. diabetes, cardiac diseases, and

metabolism related diseases. They may be useful in assays e.g. as standards. or as intermediates or prodrugs.
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Tier 2 S

{ooiz2n Tier 2 compbumls (see Table 0) were significantly better than bicalutamide tor treating
prostate cancer, although there were indications that NC12 could act as an agonist. Figure 3 illustrates that
compounds NC66, NC67, NC68, NCS3, and NC6Y in Tier l. and NC77 in Tier 2 dosed at concentrations
ranging from 125 oM to 1000 nM acted to r_educé luciferase activity in LNCaP-AR cells whereas control
solutions of DMSO and of bicalutamide had little or no effect. It was tound that at concentrations of 1000

nM, compounds NC7 and NC48, in Tier 1, caused a greater decrease in PSA level of LNCaP-AR cells than

NC43, NC44, and NC50 in Tier 2. Figure 7 presents tumor volume over time, and illustrates that under

treatment with bicalutamide or vehicle solution, tumors continued 1o grow, whereas under treatment with
NCS53, in Tier 1, tumors decreased in size. Figure 8 illustrates that photon emission associated with
luciferase activity remamed about the same or increased under treatment with bicalutamide relative to
treatment with vehicle solution, whereas photon emission decreased under treatment with NC53. Figure 23
illustrates that under treatment with bicalutamide, there was little or no decrease in PSA levels. whereas
under treatment’with NC48 and NC53, PSA levels decreased. Figure 24 illustrates that the ICs, for NC7,

NC48, and NC53, in Tier 1, was much lower than the 1C;, for bicalutamide.

[00122]) Generally, Tier 2 compounds are structurally similar to Tier 1 compounds,.but with
different substituents on the right hand aryl ring. Tier 2 compounds are advantageous for use as AR
antagonists, and as therapeutic agents for honmone refractory prostate cancer. They may be useful to treat
other AR related diseases or conditions such as benign prostate hyperplasia, hair loss, and acne. These and
related compounds may also be useful as modulators of other nuclear receptors, such as estrogen receptor
and peroxisome proliferator-activated receptor, and as therapeutic' agents for diseases in which nuclear
receptors play a role, such as breast cancer. ovarian cancer. diabetes, cardiac diseases, and metabolism

related diseases. They may be useful in assays e.g. as standards, or as intermediates or prodrugs.
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Tier 3

[00123] Tier 3 compounds (see Table 7) were judged to be slightly better than bicalutamide for
treating prostate cancer.  NC43, NC44, and NC30 (in Tier 2) caused a greater decreasc in PSA level of
LNCaP-AR cells than NC45 and NC49, in Tier 3. All of these compoundé caused a greater decrease in PSA

5 level than bicalutamide.

[00124] Other Tier 3 compounds (not shown) were not diarylthiohydantoins, and were comparable

Cin-activity to pridr art monourylhydanmm compounds NC83, NC79, and NC80.

{00125] Thus, Tier 3 compounds are useful as AR antagonists, and as therapeutic agents for
hormone refractory prostate cancer. They may be useful to treat other AR related diseases or conditions such
10 as benign prostate hyperplasia, hair loss, and acne. These and related compounds may also be useful as
modulators of other nuclear receptors, such as estrogen receptor and peroxisome prolifefator-activaled
receptor, and as therapeutic agents for diseases in which nuclear receptors play a role. such as breast cancer,
ovarian cancer, diabetes, cardiac diseases, and metabolism related diseases. They may be useful in assays

e.g. as standards, or as intermediates or prodrugs.
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Tier 4
[001206] Tier 4 compounds (see Table 8) were judged.to be no better than bicalutamide for treating
prostate cancer. Tier 4 NC93 and NC94 and Tier 1 NC7. for example, difter only in the substituent on the

tower right carbon of the hydantoin ring. The substituents on the right hand aryl ring may also aftect

N

activity.

[00127] Some Tier 4 compounds (including those shown and others that are not shown) were not
“diaryl compounds (lacking the right hand aryl ring), were not thiohydantoins, were not disubstituted on the
carbon on the lower right hand of the hydantoin ring, and/or had substituents other than oxygen or amido on

the lower left hand carbon of the hydantoin ring. This provides evidence of the surprising advantages of

10 diarylthiohydantoins that are disubstituted on the lower right hand carbon of the hydantoin ring and have

oxygen or amido on the lower left hand carbon of the hydantoin ring.

Thus, Tier 4 compounds may be usetul as AR antagonists, and as therapeutic agents for hormone
refractory prostate cancer. at least to the extent that they are comparable to bicalutamide. They may be

useful to treat other AR related diseases or conditions such as benign prostate hyperplasia, hair loss, and

,..
N

acne. These and related compounds may also be useful as modulators of other nuclear receptors, such as
estrogen receptor and peroxisome proliferator-activated receptor, and as therapeutic agents for diseases in
which nuclear receptors play a role, such as breast cancer, ovarian cancer, diabetes, cardiac diseases, and

metabolism related diseases. They may be useful in assays e.g. as standards, or as intermediates or _prodrugs.
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NC A/ Cl/ 2. OCH3 F3C 10141111 Me 0 m NC NC 4/601010 F30 0 00113 0 .,.."NC
NH N6 ../%11 F3C CH NH NC 4041.0 rvc qyF3c Tier 4 [00126] Tier 4
conpounds (see Table 8) were judged. to be no better than bical utam de for

treating

“Tier §
[00128} Tier 5 compounds (see Table 9) were inactive or nearly inactive, and thus, were worse
than bicalutamide for treating prostate cancer. The substituents on the right hand aryl ring are tmportant to

determining activity.

5 [00129] Some Tier 5 compounds (some of which are shown and some that are not shown) were not
diaryl compounds (lacking the right hand aryl ring). were not thiohydantoins, were not disubstituted on the
curbon on the lower right hand ot the hydantoin ring, and/or had substituents other than oxygen or amido on
the lower left hand carbon of the hydantoin ring. This provides evidence of the surprising advantages of
diarylthiohydantoins that are disubstituted on the .lower right hand carbon of the hydantoin ring and havé

10 oxygen or amido on the lower left hand carbon of the hydantoin ring. In particular, the terminal substituent
in NC103, NC104, and NC106 (CH,NR.R,, where R, , = H or methyl) is not seen as contnbuting to activity

in these compounds.

[00130] Tier 5 compounds would not be desirable for treatment of prostate cancer or as AR
antagonists, although these and related compounds may be useful as modulators of other nuclear receptors,
15 such as estrogen receptor and peroxisome proliferator-activated receptor, and as therapeutic agents for
diseases in which nuclear receptors play a role. such as breast cancer, ovarian cancer, diabetes, cardiac
diseases, and metabolism related diseases. They may be useful in assays e.g. as standards, or as

intermediates or prodrugs.
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Tier 6

[0o131] Tier 6 compounds (see Table 10) were inactive or nearly inactive, and furthermore were
strong agonists. and thus were much worse than bicalutamide for treating prostate cancer. The comparative
compounds ranked very poor relative to the inventive compounds.  Notably, NC107 had VEry poor activity,
with a chlorine substituent on the left hand aryl ring, whereas NC2. with a trifluoromethane, and NC63, with
iodine, ranked in Tier 1. The results for the Tier 6 compounds provide evidence of the surprising advantages
of diarylthiohydantoins that are disubstituted on the lower right hand carbon of the hydantoin ring and have
oxygen or amido on the lower left hand carbon of the hydantoin ring, and have certain substituents on the left

hand ary! ring.

[00132] Tier 6 compounds would not be desirable for treatment of prostate cancer or as AR

antagonists,
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Untiered compounds

[00133] For several compounds, there was insufficient experimental data to rank them. These |

untiered compounds are presented in Table 11.

[00134] Based on the data and methods of the invention, and applying Judgment based on review
5 of many compounds, including some not shown here, one can make some observations about the untiered
compounds. Comparative example NC108 is expected to be in Tier 3 with comparative examples NC78-
NC80. NCI113 is expected to hydrolyze to NC7 (Tier 1), and should therefore have comparable activity.
NC114 is expected to hydrolyze to NC16 (Tier 1), and should therefore have comparable activity. NC115 is
expected to hydrolyze to NC3 (Tier 1), and NC120 and NC121 are expected to hydrolyze to NC50 (Tier 2),

10 and they should therefore have comparable activity.
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than bicalutam de for treating prostate cancer. The substituents on the
right hand aryl ring are inportant to determning activity. 5 [00129] Sone
Ti‘er 5:conpounds (sone of which are.-shown and sone that are not shown) were
not diaryl conpounds (Il acking the right hand aryl ring), were not

t hi ohydant oi ns, were not disubstituted on the carbon on the |ower right
hand of the hYdantoin ring, and/or had substituents other than oxygen- or

am do on the lower |lett hand carbon of the hydantoin ring.. This provides
evi dence of the surprising advantages of diarylthiohydantoins that are

di substituted on the | ower right hand carbon of the hydantoin.ring and have
10 oxygen or amido on the |ower |eft hand carbon of the hydantoin ring. In
particular, the term nal substituent in NC 103, NC104, and NC 106

(CH NR Rjoptashere Rin shenHwoOd’l cERIofiyk JvhicS sHIAtev RERAL BB InE AR L IHk A td BGikL@GLT Vi ty
in these ounds woul d not be desirable for
treat nen ant agoni sts, al though these and

rel at ed conpounds may be useful as nodul ators of other nuclear receptors,
15 such as estrogen receptor and peroxisone proliferator-activated
receptor, and as therapeutic agents for diseases in which nuclear receptors
play & role, sucKemgivity gagti-(Gane artvigvaCsBpous@nCSiycthiahfieses car di ac

di seases, and netabolismrel ated di seases. They may be useful in assays
€.g. as basla;iar ds, TQ(F nﬁ@ntdriﬂhﬁE rH@Igllnﬁk@Sh@rWhQr lqg?tu%cm 10 ‘gtBlszsmgll chdgEER lﬁl 0 s

COMPOUND:! CF fie
0 E 3CNA r[\llclune'QI 1y, ﬁN_llNC(TESp Baylresil tim :1 large clcanwbm Mn@wds pellommnce in treating

prostate cancer. For example, NC77 and NCS3 differ only by a single fluorine substituent on an aryl ring,

{re(‘ElP pl ()Splgt LJI{CLI W eu lg)cnlmcq ancliarodﬂga

and NC53 is in Tier 1, while NC77 is in Tier 2, both being better than bicalutamide for the treatment of
10 prostate cancer, but NC53 being superior. However, NC98, which differs from NC77 only in having an
additional carbon atom between the methylcarbamoy! group and the aryl ring, is no better than bicalutamide
for the treatment of prostate cancer and is ranked in Tier 4. The effect of NC77, NCS3, and NC98 on
luciferase activity can be scen in Figure 25. At a given concentration of compound, the luciferase activity

upon exposure to NC77 and NC53 is less than the luciferase activity upon exposure to NC98.

15 [00137] NC4 differs from NC3 only in that an amino group is substituted for a hydroxyl group.
However, whereas NC3 is in Tier 1, much better than bicalutamide for the treatment of prostate cancer, NC4
is in Tier 4, no better than bicalutamide. The effect of NC3 and NC4 on luciferase activity in the 1AR cell
line was studied by administering various compounds at concentrations ranging from 1.25 to 10 umol and
observing PSA levels. For a given dose, the luciferase activity upon exposure to NC3 is less than the

20 luciferase activity upon exposure to NC4. The effect of NC3 and NC4 on lucit‘érase activity in the 4AR cell
line was studied by administaring various compounds at concentrations ranging from 1.25 to 10 pumol and
observing luciferase activity. For a given dose, the luciferase activity upon exposure to NC3 is less than the
luciferase activity upon exposure to NC4. The effect of NC3 and NC4 on PSA levels in the LN/AR cell line

was studied by administering various compounds at concentrations ranging from 1.25 to 10 pmel and

[
(9]

observing luciferase activity. For a given dose. the PSA level upon exposure to NC3 is less than the PSA

level upon exposure to NC4.

[00138] NC47 and NC48 differ from each other only by a methyl substituent on the end of a

carbamoy! group and both compounds are ranked in Tier 1. although NC48 has been found to be particularly.

advantageous. NCH0 is the same as NC47, with the exception of a methoxy group being substituted for an
-00-
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amino group. However, NC46 is ranked in Tier 3. NC42 is similar to NC46, but has one less carbon in the
chain linking the ester group to the aryl ring; NC42 is ranked in Tier 3. The effect of NC47, NC48, NC42,
and NC46 on PSA levels in the LN/AR cell line was studied by admimistering various compounds at
concentrations ranging trom 125 nmol to 1000 nmot and observing PSA levels. ‘For a given concentration;

the PSA level upon expoéure to NC47 and NC48 is less than the PSA level upon exposure to NC42 and

5
NC46.
[00139] NC68 and NC103 ditfer from each other in that the former has a methylcarbamoyl group

attached to an aryl ring and a dimethyl substituent attached to the thiohydantoin group. whereas the Jatter has

a methylamino group attached to the right hand aryl ring and a cyclobutyl substituent attached to the:
10 thiohydantoin group. Whereas NCG68 is in Tier I, much better than bicalutamide for the treatment of prostate
cancer, NC103 is in Tier 5, inactive or nearly inactive in the treatment of prostate cancer. The effect of
NC68 and NC103 on luciferase activity in the LN/AR cell line was studied by adxhinistering various
compounds at concentrations ranging from 125 nmol to 1000 nmol and observing luciferase activity. For a
given concentration, the lucifefase activity upon exposure to NCG8 is less than the luciferase activity upon

15 exposure to NC103.

[00140] NC16 and NC18 differ from each other in the substitution of a thio for an oxo group and a

dimethyl substituent for a cyclobutyl substituent. Whereas NC16 is in Tier 1, NC18 is in Tier 4.
Pharmaceutical Compositions and Administration

100141] The compounds of the invention are useful as pharmaceutical compositions prepared with
20  atherapeutically effective amount of a compound of the invention, as defined herein, and a pharmaceutically

acceptable carrier or diluent.

[00142] The diarylhydantoin compounds of the invention can be formulated as pharmaceutical
compositions and administered to a subject in need of treatment, for exainple a mammal, such as a human
patient, in a variety of forms adapted to the chosen route of administration, for example, orally, nasally,
25 intraperitoneally, or parenterally, by intravenous. intramuscular, topical or subcutancous routes, or by

injection into tissue.

[00143) Thus, diarylhydantoin compounds of the invention may be systemically administered. e.g.,
orally. in combination with a pharmaceutically acceptable vehicle such as an inert diluent or an assimilable
edible carrier, or by mhalation or insufflation. - They may he enclosed in hard or soft shell gelatin capsules,
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NC 1010 F3C 0 NH M Tier 6 [00131] Tier 6 conpounds (see Table 10) were
I nactive or nearly inactive, and furthernore were strong agoni sts, and thus
were much worse than bicalutam de for treating prostate cancer. The
conpar ati ve conpounds ranked very poor relative to the inventive
conmpounds.. Notably. NC 07 had very poor activity, 5 wth a chlorlne
substituent on the left hand aryl ring, whereas NC2, with a
trifluoronmethane, and NC63, with iodine, ranked in Tier 1. The results for
the Tier (conpounds .provide evidence of the surprising advantages of

di aryl t hi ohydantoins that are disubstituted on the | ower right hand carbon

of the hydahQommmnmhgmamdwhavmwoxy@@ﬂmm&uanmdmnmnwn&ﬁokmmﬁﬁmhemh rangy
nts on the |eft

car bon Of k,‘F; (:Q l(hy S 101 'y 1 CO leLrbt la Su t t U
hand arylh r]Pnn (ﬂ%ﬁ?ﬂ Iy lrh!f Qg Ih@%qlon ﬁ“xamdi 11 rh ¢ &0 Pcdbgt TPRE P HYE é\g,fpdjll][b
treat rrenf‘“‘b?“‘gf”o%ﬂt R (’b #;i‘r!%"t‘?lé?'L Gbleds bLAR' atcagomvhet spsulcTABKIE. 1@pensaCOYREUNDS

| TI ER N@Xe€s] Nd the like. The diarythydantoin compounds may be combined with a fime inert powdered carrier
5 and inhaled by the subject or insufflated. Such compositions and preparations should contain at least 0.1%
diarylhydantoin compounds. The percentage of the compositions and.prcpurations may, of course, be varied

and may conveniently be between about 2% to about 60% of the weight of a given unit dosage form. The

amount of diarylhydantoin compounds in such therapeutically useful compositions is such that an effective

dosage level will be obtained.

10 [00144] The tablets. troches, pills, capsules, and the like may also contain the tbllowing.: binders
such as gum tragacanth, acacia, corn starch or pelatin: excipients such as dicalcium phosphate; a
disintegrating agent such as corn starch, potato starch, alginic acid and the like: a lubricant such as
magnesium stearate; and a sweetening agent such as sucrose, fructose, lactose or aspartame or a tlavoring
agent such as peppermint, oil of wintergreen, or cherry flavoring may be added. When the unit dosage form

I5 isacapsule, it may contain, in addition to materials of the above type, a liquid carrier, such as a vegetable oil
or a polyethylene glycol. Various other materials may be present as coatings or to otherwise modify the
physical form of the solid unit dosage form. For instance, tablets. pills, or capsules may be coa{éd with
gelatin, wax, shellac or sugar and the like. A syrup or elikir may contain the active compound, sucrose or
fructose as a sweetening agent, methyl and propylparabens as preservatives, a dye and flavoring such as

20 cherry or orange 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
diarylhydantoin compounds may be incorporated into sustained-release ‘preparations aﬁd devices. For
example, the diarylhydantoin compounds may be incorporated into time release capsules, tune release

tablets, and time release pills.

25  [001453] The diarylhydam_oin compounds may also be administered travenously  or
intraperitoneally by infusion or injcc.tion. Solutions of the diarylhydantoin compounds can be prepared in
water, optionally mixed with a nontoxic surfactant. Dispersions can also be préparcd in glveerol, liquid
polyethylene glycols. triacetin, and mixtures thereof and in oils. Under ordinary conditions of storage and

use, these preparations can contain a preservative to prevent the growth of microorganisms.

30 [00140] The pharmaceutical dosage forms suitable for injection or infusion can include sterile
aqueous solutions or dispersions or sterile powders comprising the diarylhydantoin compounds which are
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adapted for the extemporaneous preparation of sterile mjectable or infusible solutions or dispersions,
optionally encapsulated in liposomes. In all cases, the ultimate dosage form should be sterile, fluid and
stable under the conditions of manufacture and storage. The liquid carrier or vehicle can be a solvent or
liquid dispersion medium comprising, for example, water, ethanol. a polyol (for example, glycerol, propylene
5 glycol, liquid polyethylene glycols, and the like), vegetable oils, nontoxic glyceryl esters, and suitable
mixtures thereof. The proper fluidity can be maintained, for example, by the formation of liposomes, by the.
maintenance of the required particle size in the case of dispersions or by the use of surfactants. The
prevention of the action of microorganisms can be brought about by various antibacterial and antifungal
agents, for example, parabens, chlorobutanol, phenol, sorbic acid, thimerosal, and the like. In many cases, it
10 will be preferable to 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.

[00147] Sterile injec'lable solutions are prepared by incorporating the diarylhydantoin compounds
in the required amount in the appropriate solvent with various of the other ingredients enumerated above, as
15 required, followed by filter sterilization. In the case of sterile péwders for the preparation of sterile inject.ible
solutions, the preferred methods of preparation are vacuum drying and freeze drying techniques, which yield
a powder of the active ingredient plus any additional desired ingredient present in the préviously sterile-

filtered solutions.

[00148] For topical administration, the diarylhydantoin compounds may be applied in pure form.

20 However, it will generally 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.

[00149] Useful solid carriers include finely divided solids such as talc, clay. microcrystalline
cellulose, silica, alumina and the like. Other solid carriers include nontoxic polymeric nanoparticles or
microparticles. Useful hquid carriers include water, alcohols or glycols or water/alcohol/glycol blends, in

25 which the diarylhydantoin compounds can be dissolved or dispersed at effective levels, optionally with the
* aid of non-toxic surfactants. Adjuvants such as fragrances and additional antimicrobial agents can be added

to optimize the propertics for a given use. The resultant Jiquid compositions can be applied from absorbent

pads. used to impregnate bandages and other dressings, or sprayed onto the affected area using pump-type or

aerosol sprayers.

30 [001301 Thickeners such as synthetic polymers, fatty acids, fatty acid salts and esters. fatty
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1L: ntiered conpounds [00133] For several conpounds, there |I'as insufficient
experinental data to rank them These untiered conpounds are presented in
Tabl e 11. [00134] Based on the data and net hods of the invention, and
appl yi ng judgnent based on review 5 of many conpounds, including sone not
shown here, one can nake sone observations about the untiered conpounds.
Conparati ve exanple NCL08 is expected to be in Tier 3 wwth conparative
exanpl es NC78- NC80. NCI 13 is expected to hydrolyze to NC7 (Tier 1), and
shoul d therefore have conparable activity. NCl 14 is expected to hydrolyze
to NC16 (Tier 1), and should therefore have conparable activity. NC 115 is
expect ed?tdokyedibikd sedulpsgs NOBAETY reinerhlnatcainld cINGER B: campthydGHR liqald enexpeehed to

hydr ol yz&da@bNGR&:s ( s:gke{m Bduts. sb ﬁnlqd Illbﬁlyc §)h |i(,‘ s gL &L Qr t.‘ShI Ve ]Cgl)qnpar abl e
activity TR L s Rl LR R Rl
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diarylhydantoin compounds to the skin are known to the art: for example, see Jacquet et al, (U.S. Pat. No.
5 4,608.392), Geria (U.S. Pat No. 4.992.478), Smith et al. (U .S. Pat. No. 4.559,157) and Wortzman (U.S. Pat,

No. 4,820.508), all of which are hereby incorporated by reference.

[00152] . Useful dosages of the compounds of formuta | can be determined by comparing their in
. . . .. . . . . .

vitro activity, and”in vivo activity in animal models. Methods for the extrapolation of etfective dosages in

mice, and other animals, to humans are known to the art; for example, see U.S. Pat. No. 4.938,949, which is

10 hereby incorporated by reference.

[00153] For example, the concentration of the diarylhydantoin compounds in a liquid composition,
such as a lotion, can be from about 0.1-25% by weight, or from about 0.5-10% by weight. The concentration
in a semi-solid or solid composition such as a gel or a powder can be about 0.1-5% by weight, or about 0.5-

5% by weight.

15 [00154) + The amount of the diarylhydantoin compounds required for use in treatment will varv not
only with the particular salt selected but also with the route of administration, the nature of the condition
being treated and the age and condition of the pdllent and will be ultimately at the discretion of the attendant

physician or clinician.

[00153] Etfective dosages and routes of administration of agents of the invention are conventional.
20 The exact amount (effective dose) of the agent will vary from subject to subject, depending on. for example,
the species, age, weight and general or clinical condition of the subject, the severity or mechanism of any
disorder being treated, the particular agent or vehicle used, the method and scheduling of administration. and
the Itke. A therapeutically effective dose can be detennined empirically, by conventional procedures known

to those of skill in the art. See, e.g.. The Pharmacological Busis of Therapeurics, Goodman and Gilman,

[\
w

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 of administration,  Such information can then be used to
deternune usctul doses and routes lor administration in humans. A therapeutic dose can also be se{ccted by

analogy to dosages for comparable therapeutic agents.
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[00156] The particular mode of administration and the dosage regimen will be selected by the
attending clinician. taking into account the particulars of the case (e.g.. the subject. the disease, the discase
state involved, and whether the treatment is prophylactic). Treatment may mvolve daily or multi-daily doses

of compound(s) over a period ot a few days to months, or even years.

5 [00157] In general, however, a suitable dose will be in the range of tron about 0.001 to about 100
my/kg, e.g., from about 0.01 to about 100 mg/kg of body weight per day, such as above about 0.1 mg per
kilogram, or in a range of from about 1 to about 10 mg per kilogram body weight of the recipient per day.

Forexample, a suitable dose may be about 1 mg/kg, 10 mgikg, or 50 mg/kg of body weight per day.

[00158] The diarylhydantoin compoun{ds are conveniently administered in unit dosage form; for
10 example, containing 0.05 to 10000 mg, 0.5 to 10000 mg, 5 to 1000 mg. or about 100 myg of active ingredient

per unit dosage form.

f00159] The diarylhydantoin compounds can be administered to achieve peak plasma
concentrations of, for example, from about 0.5 to about 75 pM, about 1 to 50 uM. about 2 to about 30 HM, or

about 5 to about 25 uM. Exemplary desirable plasma concentrations include at least or no more than (.25,

—
(]

- 0.5, 1,5, 10, 25,50, 75, 100 or 200 uM. For example, plasma levels may be from about 1 to 100 micromolar
or from about 10 to about 25 micromolar. This may be achieved, for example, by the intravenous injection
of a 0.05 to 5% solution of the diarylhydantoin compounds. optionally in saline, or orally admlmstered as a
bolus containing about 1-100 mg of the diarylhydantoin compounds. Desirable blood levels may be
maintained by continuous infusion to provide about 0.00005 - 5 mg per kg body weight per hour, for

20 example at least or no more than. 0.00005, 0.0005. 0.005, 0.05. 0.5, or 5 mg/kg/hr. Alternatively, such levels

can be obtained by intermittent infusions containing about 0.0002 - 20 mg per kg body weight, for example,

at least or no more than 0.0002, 0.002, 0.02, 0.2, 2, 20, or 50 mg of the diarylhydantoin compounds per kg of

body weight.

[00160] The diarylhydantoin compounds may conveniently be presented in a single dose or as
25 divided doses administered at appropriate intervals. for example, as two. three, four or more sub-doses per
day.  The sub-dose itself may be further divided. e.g.. into a number of discrete loosely spaced

administrations: such as multiple inhalations from an insuftlator.

[00161] A numbcer of the above-identified compounds exhibit little or no agonistic activities with
respect to hormone refractory prostate cancer cells. Because these compounds are strong AR inhibitors, they

30 can be used not only in treating prostate cancer, but also in treating other AR related diseases or conditions
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such as benign prostate hyperplasia, hair loss, and acne. Because AR belongs to the t'znnily.ol‘ nuclear
receptors. these compounds may serve as scaffolds for drug synthesis targeting other nuclear receptors. such
as estrogen receptor and peroxisome  proliferator-activated receptor. Therefore, they may be further
developed for other diseases such as breast cancer, ovarian cancer, diabetes, cardiac diseases. and

metabolism related diseases, in which nuclear receptors play a role.

[00162] A sequence for the chemical synthesis of several compounds according to the
invention is shown below. The cyanohydrins 10abe are converted into the four ditferent

cyanmoamines 12abed by reaction with the three different anilines 11abc (10a and 11a give 12a, 10b

“and 1la give 12b, 10c and 11b give 12¢, and 10c and lic give 12d). In a separate process the

aniline 13 is converted in one step into the isothiocyanate 14. Addition of 12abed to 14 followed
by treatment with mild acid produces the desired thiohydantoins 4 (NCS4), 5 (NC35), 6 (NC50).

and 7in good yield.

X
R OH 11abc R NHOY
X X
R CN R CN
10a R = Me _ : 12aR=Me X =F Y = CONHMe
10b R = R = (CH,), _ 12b R = R=(CH,); X = F Y = CONHMe
10c R = R = (CHy)3 12¢ R =R = (CH,)3 X =H Y = (CH5);CONMe,
12d R = R =(CHj)3 X = H Y = (CH,);CONMe,CN
F O
M
Z NV I\'Ae
. l H N.
HoN". H,N CN  HoN Me
11a 11b _ 11c¢ ©

NC NC 1)r¢act NC S ~ ] Y
J@ Cl,C=8 D\ with 12abcd . N/U\N “~
FiC7 7 “NH, FiC N=c=g 2)HiO* ’
13 14 O R
4R=Me X=FY=CONHMe
5R=R=(CH,), X =F Y = CONHMe
6 R=R = (CH,); X = H Y = (CH,);CONMe,
7R =R = (CHy)y X = H Y = (CH,);CONMe,CN
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[00163]

[001064) The embodiments ilustrated and discussed in this specitication are intended only to teach
those skilled in the art the best way known to the inventors to make and use the invention. Nothing in this
5 specification should be considered as limiting the scope of the present invention. All examples presented are
representative and non-limiting.  The above-described embodiments of the invention may be modified or
varied, without departing from the invention, as appreciated by those skilled in the art in light of the above
teachings. It is therefore to be understood that, within the scope of the claims and their equivalents, the

invention may be practiced otherwise than as specifically described.
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risi,h NH 11111 CF3 Arc/2"71 Ove ¢ 3r. 110100 ..... oJ . NCO F 3C 00
OH /VC A, NC upsOMs 0 F3C [00135]In short, novel conpounds which show

evi dence of being far superior to bicalutamde in treating prostate cancer
were identified and produced. 5Sensitivity of Anti-Cancer Activity of
Compounds to Structural D fferences [00136] The i nventors have determ ned

t hat what m ght appear to be a snmall change in the structure of hydantoin
conpounds may result in a large change in that conmpound' s performance in
treating prostate cancer. For exanple, NC77 and NC53 differ only by a
single fluorine substituent on an aryl ring, and NC53 is in Tier 1, while
NC77 is wWg tiLafvie, both being better than bicalutam de for the treatnent of
10 prostate cancer, but NC53 being superior. However, NC98, which differs
from NC7Y. onl ycdnpob@vhiig i@iodedi tional carbon atom between the

met hyl car banoyl group and the aryl ring, is no better than bical utamde for
the treatnment of prostate cancer aRg is ranked in Tier 4. The effect of
NC77, NC53, and NC98 on luciferase|activity can be seen in Figure 25. At a
gi ven cond¥ntratien of conpound, the |ucRferase activity upon exposure to
NC77 and NC53 s thaf the fuciFerase activity upon exposure to NC98.
15[ 09137] NA4 d fromiNC3 offly infthat an am no group i s substituted
for a hydrox ) op~._Ho r,.whereas NC3 is in Tier 1, nuch better than
bi cal utanfde for the tMNeatmeNt of Pprostate cancer, NC4 is in Tier 4, no
better than bicalutam dg. ThHe effect of NC3 and NC4 on luciferase activity
inthe AR cell line st udi-@d by adm ni stering various conpounds at
concentrations rangi ngfroml1.25 to 1 () punol and observing PSA | evel s. For
a given dose, the Iuciferas%'activity upon exposure to NC3 is less than the
20 luciferase activity upon exposure to NCA. The effect of NC3 and NC4 on

| uci ferase activity in the 4AR cell |line was studied by adm ni stering

various conpouats Raind®one edipeddeiht Yl PR ObRGed Wi MeLarBeh b Q-‘higiptllwwlnkgjpp_

observingdLHﬁngﬁﬁggKggg%&jﬁxm For -a given dose, the luciferdse activity
upon exposuréeé to NC3 is less than the . luciferase activity upon exposure
to NC4.. The e&ffreigRs gpelades iram e Kodp onsisignof cegalosl. ilkyltatbembyNcARineelalkyl | ne was
st udi ed dwylcadimdyiaBleERgaMaydnQus, e@npounds at concentrations ranging from
1.25 to 10 Ihﬂghnangh%g%q§grving luci ferase activity. For a given dose, the
PSA | evel upon exposute o N%"Fs | ess than the PSA

2. A pharmaceutical composition comprising a therapeutically effective amount of a compound

according to claim 1 or a pharmaceutically acceptable salt thereof, and a pharmaceutically acceptable carrier

or diluent.

3. The compound of claim [, having the formula
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| evel upon exposure to NC4. [00138] NC4A7 and NCA8 differ from each ot her
only by a nethyl substituent on the end of a carbarnoyl group and both
conpounds are ranked in Tier 1. although NC48 has he'en found to be
particul arly. advantageous. NC4.6 is the same as NC47, with the .exception
of a nmethoxy group being substituted for an am no group. However, NC46 is
ranked in Tier 3. NC42 is simlar to NC46, but has one |l ess carbon in the
chain linking the ester group to the aryl ring; NC42 is ranked in Tier 3.
The effect of NC47, NC48, NC42, and NC46 on PSA levels in the LN AR cel
line was studied by adm ni stering various conpounds at concentrations

rangi ng fir om-feontyaRild o‘iQll%qollenlrmp‘onﬂtnq observing PSA levels. For a given
concentratlon 5 the PSA Ievel upon exposure to NCA7 and NCA8 is |ess than

the PSA e pO@ exposur® to NC42 and NC46. [00139] NC68 and NC103 differ
fronteach 0| @P&gﬁﬁhﬁ former has a methyl carbanoyl group attached to -
an aryl Fitg and*a yIHsubstltuent attached to the thiohydantoin
group, whereas t tter has a met hyl anmino group attached to the right
hand aryl ring Qnd a cycl obutyl substituent attached to the 10

t hi ohydam@itn group. Whereas NC68 is in Tier 1, nuch better than

bi cal utam de for the treatnment of prostate cancer, NCI 03 is in Tier 5
inactive or nearly inactive in the treatnment of prostate cancer. The effect.
of NC68 and NOMOBcawhcal wepfseionsepastd mthdrypeitivaltyreediN ARuaeald cohpngd was

st udi ed Qyor@fht Bligi £ h'ﬂ&u“@édtl@iﬂ@ a&%%qqgl%er@(h dgg)plgttqp] aaealttcagnascwr)ggg cary erf rom
125 nnnlrdq 1000 nnol and observing luciferase activit a

concent rati'6h; the Il uciferase activity upon exposure to NCB68 is Iess t han

t he IUC|ferase activity upon 15 exposure to NC 103. [00140] NC16 and NC18

differ fgom eqachnBbiighs didht NGvisURSLIAME i on of a thio for an oxo gToup and a
di net hyl substltuent for a cyclobutyl substituent. Wiereas NC 16 is in Tier

1, NCI 8N Ti gr Phapnmaceut i cal Conpesitions and Admi nistration

[ 00141] Thou ds @ he¢ i nvention are useful as pharnaceuti cal
conposi t FeNs™pr epa h Qﬁ'a therapeutically effective anount of a
conpound of the jnyention, as defined herein, and a pharnmaceutically
accept abl e carrPer di | uent . [ 00142] The diarylhydantoin conmpounds of the
i nvention can be fornul ated as pharmaceutical conpositions and adm ni stered
to a subjéetl in need of treatment, for exanple a nmammal, such as a human
patient, in a variety of forns adapted to the chosen route of

adm ni stration, for exanple, orally, nasally, 25intraperitoneally, or
parenterally,FﬁVm?ﬁWF§§@H6ﬁ§m”PW@WﬁWﬂ§Eﬁ@amumtdﬁﬁwahmdmtgubQUMBMEOUS
routes. aofordig to €l}i@Gtor Dphainatdtidal SEUabE MR IARLT BUS, h&h&%&%hh&ﬁéﬂ&&MJ&nm
compounds 4kt he invention may be system cally admnistered, e.g., orally.
in conbination with a pharmaceutical |y acceptable vehicle such as an inert
diluent or an assim|able edible carrier, or by inhalation or insufflation.

They maw. he ernchrsad biiahar, qav@fgtlfe@drtnul%hel | gelatin capsules. -61- nmay be
conpressgd into tabIets or may be incorporated directly with the food of

t he patlent olg@\ oraI therapeutlc adm ni stration, the

dlarylhy conblned with one or nore excipients and
used in t e for stlbld tablets buccal tablets, troches. capsules,
elixirs, suspe , syrups, “wafers, and the |ike. The di aryl hydant oi n

conpounds may he combined with a flue inert powdered carrier 5 and inhal ed
by the gndjgct or insufflated. Such conpositions and preparations should
contain at least 0. |'Yo diaryl hydantoi n conpounds. The percentage of the
conpositions and preparations liny, of course, be varied and may

conveni ently be between .about 2%to about 60% of the weight of a given
unit dosage form The anmount of diaryl hydantoin conmpounds in such

t herapeutically useful conpositions is such that an effective dosage |evel
w Il be obtained. 10[00144] The tablets, troches, pills, capsules, and die

| i ke may al so contain the foll ow ng:.¢fi nders such as gum tragacant h,

acacia, corn starch or gelatin; excipients such as dical cium phosphate; a.
di sintegrating agent such as corn starch, potato starch, alginic acid and
the like; a lubricant such as magnesi um stearate; and a sweeteni ng agent
such as sucrose, fructose, |actose or aspartane or a flavoring agent such
as peppermnt, oil of wintergreen, or cherry flavoring may he added. Wen
the unit dosage form 15 is a capsule, it may contain, in addition to
materials of the above type, a liquid carrier, such as a vegetable oil or a
pol yet hyl ene glycol. Various other materials may be present as coatings or
to otherwise nodify the physical formof' the solid unit dosage form For
|nstance tablets pills, or capsules may be coated mnth gelatln wax,

I T I _,__I M - . T o, o



intraperitoneally by infusion or injection. Solutions of the
di aryl hydant oi n. conpounds can be prepared in water, optionally mxed wth
a'nontoxi c surfactant. Dispersions can al so be prepared in glycerol, liquid
pol yet hyl ene glycols. triacetin, and m xtures thereof and in oils. Under
ordinary conditions of 'storage and use, these preparations can contain a
preservative to prevent the growth of m croorganisns: 30[00146] The
pharmaceuti cal dosage forns suitable for injection or infusion can include
steril e aqueous solutions or dispersions or sterile powders conprising the
di aryl hydant oi n conpounds which are -62- adapted for the extenporaneous
preparato.on ofe &bl difih @Cfaailk @ RFmiinf usi bl e sol utions or dispersions,
opt i onal Iy eicapsulated in liposonmes. in all cases, the ultimte dosage

S l

f orm shoul ril fluid and stabl e under the conditions of
manuf act u %é;?/He/k uid carrier or vehicle can be a solvent or
liquid dlsperS|o compr F8ing, for exanple, water, ethanol, a polyol

(for exanpl e, ol , propylene 5 glycol, liquid polyethylene glycolS,
and the |ike), vege able oils, nontoxic glyceryl esters, and suitable

m xt ur esINCH&F eof The proper quidity can be muintained, for exanple, by the
formation of |iposones, by the maintenance of the required particle size in
the case of dispersions or by the use of surfactants. The prevention of the
action of% nlc}%%WﬁéHW§ﬁ%5t@ﬁ“ﬁ@“%Pbﬁgﬁfmabﬁﬂwmwya%ﬁWP@usaﬂﬁﬂﬁbﬁ@?%r|aI and
om tti ngtomag@int st clafro? togxsalnPl @ ngedpésuabensienicitretyelaihamehypefphenralive sor bi c
acid, thifgrpsal, and the like. In nmany cases, it 10 will be preferable to
i nclude 1sotonic agents, for exanple, sugars, buffers or sodium chloride.
Prol onged absorption of the injectable conmpositions can be brought about by
t he use iin t hec comMaesiliimansvieicinagenhsosael iay h Rgn sl p&iu o8 LlOIr;ﬁUO%%ﬁEW' e,

al um nu 0 ati.n e injectab | ut1ons are
prepareg’]g‘g{hé\r %$b§%§ %ﬁg1?§e afasm%ggﬂaH1§Wﬁ'%g%ﬁ ghﬁém ﬁd?ﬁﬁq%%dUired

armount itimarHesapbr opriate solvent with various of the other ingredients
enuner at ed above, as 15 required, follomed by filter sterilization. In the
case of st er'ﬁwmﬁhq‘ﬁd | lgr oL he prepar a of sterile injectable

sol utions; the pre er?%” ¥ﬁ65§€6P1%¥% é? H e SR sen Y g and
freeze dnwmmgmwe@hﬂmqugymnmﬁy@h”yweMQma powder of the active i nwedi ent pl us
any additional desired ingredient present in the previously
sterile-filtered s tion sol utions. [00148] For topical adm nistration,
“the dlarVIhygﬁﬁpﬂ?ﬁ @3Wﬁ6§ﬁ@§eﬁﬁvcﬂﬂxﬁﬂﬁF?%H"Wﬁ”ﬁh?%“ﬁ@?HUWQOFB%E¢@NW it

wi | | genergabf fionixoud @80 Irredpeek t lodadizimpes tidrio stoermot Mg hdi@y Sl Reigi p&@EPOSI ti ons
or formulations, in conmbination with a dermatol ogically acceptable carrier,
whi ch nay be a SO|Id or a liquid. [00149] Useful solid carriers include
finely di*vi ddbe adiof g&clandy wherein d1ecomropingy, is adminisregdyasa dobdep plahecempashbiB die
silica, ralgint e and0.bhey pdr kebodDivbigk: p&@hy d ag@r fODﬂfL%ﬂ'kQG(Lde@mﬂ%@it(QW C

pol yneric nanoparticles or mcroparticles. Useful liquid carriers include
wat er, al cohols or glycols or water/al cohol/glycol blends, in 25 which the
di ar yI hyldant drrmeierpiolnd $0-cdrcibdiedinysslivedidomitisiper dege eftthegbhipotd v €

| evel s, @Rt boral dbdtt W il ptrire b&l)d\c@f}t paQfl tonKéu@lengr ‘t@&b U‘}t §cwlf?‘w1 M ants such as
fragrances and additi onal antinicrobiaf agents can be added to optlnlze t he
properties for a given use. The resultant |iquid conpositions can be

appl i ed 'pr omlebsobeiaipddshereg dd cenposinpriegnatserdandagesotardoofdgs of

dr essi Ngseut e SRKAYRC OB Qetdhe affected area using punp-type or aerosol
Sprayers. 30[5 150] Thi ckeners” such as synthetic polyners, fatty acids,
fatty .acid salts and esters. fatty alcohols, nodified cellul oses or
nDdlfled7n1nem&hmMBtﬁhmah&mﬁammahsan@ememnhmy@dLm&hﬁo%kﬂu&&uﬁﬂhrIerS to
form spr I , and the |ike, for

appl i CatJ?lgﬂ I7I’qoe‘g>? c?ﬁ] ncgiﬁoésusu cdum”?ﬂ% |g]b\ uunlngﬁwfnwﬁitgtﬂ T§xarrp| es of useful

der mat al ogi cal conp05|t|ons mhlch can be used to deliver the

di aryl hydant oi n conpounds to the skifovare known to the art: for exanple,
see Jacquet et al. (U S. Pat. No. 54,608,392), Ceria (US. Pat No.
4,992,478), Smth et al. (U-S. Pat. No. 4.559,157) and Wrtzman (U. S. Pat.
No. 4,820,508), all of which are hereby incorporated by reference.

[ 00152] Usef ul dosages of the conpounds of fonuila |I can be determ ned by
conmparing their in vitro activity, and'in vivo activity in aninm

model s. Methods for the extrapol ation of effective dosages in mce, and

ot her animats, to humans are known to the art; for exanple, see U S. Pat.
No. 4,938,949, which is 10 hereby incorporated by reference. [00153] For
exanpl e, the concentration of the diaryl hydantoin conpounds in a |liquid
conposi tion, such as a | oti on, can be fron1about 0 1- 25% by melght or from
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" be adm ni

[ 00155] Ef fecti ve dosages and routes of adm nistration of agents of the

i nvention are conventional. 20 The exact. anmount (effective dose) of the
agent will vary from subject to subject, depending on, for exanple, the
speci es, age, weight and general or clinical condition of the subject, the
severity or nechanismof ally disorder being treated, the particul ar agent
or vehicle used, the nethod and scheduling of adm nistration. and the I|ike.
A therapeutically effective dose can be determ ned enpirically, by .
conventional procedures known to those of skill in the art. See, e.g., The
Phar macol ogi cal Basis of Therapeutics, Goodman and G| man, 25 eds. '
Macm | | ars. PUbiItShﬂh&gorGQrm 10NeM VO K pha R QEeuBX AR &itiof the iy Le@]‘irr tM:eI 1ﬂ§2§|§roﬁ§in be
est i mat ed HQ@EJ YU' Pe in cell culture assays or in suit able ani mal
model s. TA& QR HEIWSUR “ray al so be used to determine the appropriate
concentratron ranges and routes of adm nistration. Such information can
then be used 0 nRGSESr R e oUSIRE tlrglqrﬁr%ﬁge‘?r qlgoﬁg(gcﬁr%rr bilend mmleerlrSansr Qtnlro(r?n in
humans. A therapeutic dose can al so be sel by anal og 85 for
conparabfem?H%?éb%ﬂf?@“&gents [ 00156] The particul ar nDde of

adm ni stration and the dosage reginen will be selected by the attending

ClInICIa t ﬂ]C cin DIdITIIacey COMPOSILION des i
subj ect, ﬂ{heag$gg%%2ﬁ9 ﬁ”%QEEEagggégg{% ﬁnbore gO]leHbVﬁeTH@$°¥ﬁeiW?Eatnent

is prophWP%wtrc) Treatnent may involve daily or multi-daily doses of
conpound(s) over a period of a feM/days to nmonths, or even years,
5[00157] n gener, in the range of from

r
about 0.001 to a@hﬁ?piﬂﬁ”% lﬁm"ﬁH"”m“”P?%ﬁf§BH Fe%mdy to about 100 ngy/ kg of
body wei ght- per day, such as above about 0.1 ng per kilogram or in a range

of fromaboutrnd mttRoddOmtn 1010\ RB tREmds Itr@fgﬁa@mmqyecré@krgn% %foug Qgsrsrm ifgl en
per day: g, a sui tabl e dose may be about f

50 ngy/ kg ght per day. [00158] The drarylhydantorn conpounds are
conveniently adnlnrstered in unit dosage form for 10 exanple cont ai ni ng

0.05 to 7]3»0OOQ'lnlgrﬁlrttlch 05(:15191 1@%@@111%%05&&1% rl‘geQthéaTEOm FE} rrada Lorrsrs:llirr of W*-?f active

i ngr edi &é unr; dosage form I ar onpounds can
fPer - b 7a%’Hi‘“é‘r?éC”b‘é‘HﬂkaCﬁ‘fPa‘§lﬁaa“(?éﬁb’éhH’?Satdl“bmibﬂi?m"ﬂf hyrecdxanpl e, from
about 0.5 to about 75 jiM -about 1 to 50 p.M about 2 to about 30 JAM or
about 5 {0 a asma concentrati ons
|nclude’gt lgggﬁaggoﬂ%%ﬁﬁggﬁgegﬂk %%Q ém%gghxg&mpmmgma%éamﬁgmﬁgﬁf 75, 100
or 200 j.IM For exanple, plasma |levels may be fromabout 1 to 100
m cronolzar orA hetleioadantsizhQa tlr@ryaﬁﬁ}ry@un@&fﬁmﬁfaoml ar. This may be achieved,
for exanple, by the intravenous injection of a 0.05 to 5% solution of the
di aryl hyddftoi n pounds, optiong Rsal ine, or orally adm nistered as
a bol us contai about 100 e di aryl hydant oi n compounds.
Desirabl e bl og el s may| be ng ed—By3 conti nuous infusion to provide
about 0.00005 ) ght per hour, for 20 exanple at | east
or no norfeCt han U. 0000' ~005, 0.05, 0.5, or 5 ng/kg/hr.
Al ternatively, such levels can be obtained by intermttent infusions
cont ai ni ng about 0.0002 per kg body wei ght, for exanple, at |east
or no nore than 0.00024" 0.002,/0.02, 0.2, 2, 20, or 50 ng of the
di aryl hydant oi n conpounds p R_kg of body merght [ 00160] The di aryl hydantoi n
conpounds may conveniently be- bresented in a srngle dose or as 95di vi ded
doses adm ni stered at appropriate intervals, for exanple, as two, three,
four or nore sub- doses per day. The sub-dose itself may be further divided.
e.g., ifPBPERINEES Py gécrete | oosel y spaced admi nistrations: such as
mul tiple inhalations froman insufflator. [00161] A nunber of the
above-identified conpounds exhibit little or no agonistic activities lvith
respect to hornone refractory prostate cancer cells. Because these
conpounds are strong AR inhibitors, they 30can be used not only in treating
prostate cancer, hut also in treatingiother AR rel ated di seases or
conditions -65- such as benign prostate hyperplasia, hair |oess, and acne.
Because AR belongs to the famly of nuclear receptors, these conpounds may
serve as scaffolds for drug synthesis targeting other nuclear receptors,
such as estrogen receptor and peroxi sone proliferator-activated receptor.
Therefore, they may he further devel oped for other di seases such as breast
cancer, ovarian cancer, diabetes, cardi ac di seases, and 5netabolismrel ated
di seases, in which nuclear receptors play a role. [001 62] A sequence for
the chem cal synthesis of several conpounds according to the invention is
shown bel ow. The cyanohydrins 10ab¢c are converted into the four different
cyanoanrnes 12abcd by reactron mnth the three drfferent anilines Ilabc (10a
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= CONHMe 12b R = R = (CH2)4 X = F Y = CONHwe
(CH2)3CONMe2 12d R=R = (CH2)3 X = HY =
(CH2) 3CONME2CN Me Me 11c 1) reactNC with 12abcd N=C=S 2) H30+F3C OR 4 R =
M X=FY=CON\H\e 5 R=R=(CH)4 X=FY=CON\HWe 6 R=R = (CH)3 X =
Hy = (CH2)3CONMe2 7 R=R = (CH2)3 X = HY = (CH2) 300NMe2CN [00163]
[00164] The enbodi ments illustrated and discussed in this specification are
intended only to teach those skilled in the art the best way known to the
inventors to make and use the invention. Nothing in this 5 specification
shoul d be considered as limting the scope of the present invention. A
exanpl es presented are representative and non-limting. The above-descri bed
enbodi ment™s ¢ inverition may be nodified or varied, w thout departing
fromthe inve as appreciated by those skilled in the art in light of
t he above teac It is therefore to be understood that, within the
scope of the-Chaiss and their equivalents, the invention may be practiced .
ot her wi sef'than as speciftically described. 10 WE CLAIM 1. A conpound havi ng

R NH RXCN 12a R = Me X

Y
12c R= R = (CH2)3 X -

= F
HY
1) r

the formul a wher ei and R 7 are independently methyl or, together
with the carbon to which th\y\ re linked, a cycloal kyl group of 4 to 5
car bon at ons, wherei n is selected fromthe group consisting of

carbanny¢mmﬁmmylcarbanoyl, car banoyl al kyl , al kyl car banoyl al kyl , cyano, and
cyanoal kyl, and wherein R is hydrogen or fluorine. 2. A pharnaceuti cal
conposition conprising a therapeutically effective anount of a conpound
accor di ntt@mePars | or a pharmaceutically acceptabl e salt thereof, and a
pharmaceutical ly acceptable carrier .or diluent. 3. The compound of claiml,

havi ng the forié

Compound [I

In a first polar solvent to form a mixture,

heating the mixture, ,

adding a second polar solvent, the same as or different from the first polar solvent, and an aqueous acid to the
mixture, '
refluxing the mixture,

cooling the mixture and combining with water, and

separating the diary] compound from the mixture,

wherein R51 comprises an alkyl chain of from 1 to 4 carbon atoms, R52 is selected from the group consisting
of cyano, hydroxy, methylcarbamoyl, methylcarbamoyl-substituted alkyl, methylsultonecarbamoyl-
substituted alkyl, methylaminomethyl, dih]Cthylaminomethyl, methylsulfonyloxymethyl. methoxycarbonyl,
3-cyano-4-trifluoromethylphenylcarbamoyl, carbamoyl-substituted alkyl. carboxymethyl.
methoxycarbonylmethyl, methanesulfonyl, 4-cyano-3-trifluoromethylphenylcarbamoyl-substituted alkyl,
carboxy-substituted alkyl, 4-methanesulfonyl-1-piperazinyl, piperazinyl. hydroxyethylcarbamoyl-substituted
alkyl, and hydroxyethoxycarbonyl-substituted alkyl, and R53 is selected from the group consisting of F and
H.

~J)
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4.' Me conpound of claiml, having the fornmula. NCO 5.. A pharnaceuti cal
conposition conprising a therapeutically effective anmount of a conpound
according to claim4 or a pharmaceutically acceptable salt thereof, and a
pharmaceutical ly acceptable carrier or diluent. [NC 551 7. A pharnmaceuti cal
conposition conprising a therapeutically effective anpbunt of a conpound
according to claim6 or a pharmaceutically acceptable salt thereof', and a
pharmaceutically acceptable carrier or diluent. 8. The compound of claiml,
having the fornula s O [ NC56] The conpound of claiml. having the formula
CN [NC57] | O0..A nethod for treating a hyperproliferative disorder

conpri si Ag admknicdbertichgh . pladineaeubprea an GRIMLESI dinem 165 2 @1'1 R3h fods. kRS2 2

subj.ect treatln t.he er rollferatlve
d|sgrderLﬂuggﬁg}ﬁzuﬁgnhMHMl0“ QWH?E@§mW£%Y@FHm¥h@ 8ﬁb%s¥3|oﬁ has a form

selected fromthe group consisting of a solution, dispersion, suspension,
powder QapSUA ﬁhc:th(tda)bl;)ﬂﬂmslﬂiulalcﬂnﬂo'{nmtr(@ll\@@se CapSL” e, time release tablet,
and tinme release pill. 12. The nethod of claim 10, wherein the conmpound is
admi ni stered by intravenous injection, by | njection into tissue,

i ntraperitoneally, ora‘IyO or nasally. 13. The nethod of claim 10, wherein

t he conpd¥i-ti i g ad ed at a dosage of the conpound in the range of
f rom about Eiéﬁ}/ﬂg ( :ﬁgdy wei ght per day to about 100 ng per kg body
wei ght pé&cday. N1 e nmethod of claim 10, wherein the conposition is

adm ni stered at,%*gﬁsage of the compound in the range of from about 0.01 ng
per kg body mei8ht er .clay to about 100 ng per kg body wei ght per day.

15. The petshod of claim 10. wherein the conposition is admnistered at a
dosage of the compound in the range of from about 0.1 ng per kg body wei ght
per clay to about 10 ng per kg body weight per clay. 16. The nethod of

cl ai m 10¢o"®i@ei n the conposition is adm ni stered at a dosage of the

conmpound of %DQHM llotlmym%fo 7kt9ﬂLQ%§éth%élggnlmquld dﬂ%t‘lwl—f-ll(r anocr}qobut gmmog)
treating statgﬂc gc r com?r|5|n dm ni stering nb Fron At %dlng

to paragWﬁb gy By BETatigs th PEH2 Bt BiyuK: treatnent thereby treating the
prost at e candenting the fir§. miNthve tonfetrhoelcopd madtued, m 10, mhereln t he pharnmaceutica
conposi tion i rfg(¢§dgéggl he prostate specific antigen
TRNA. 19, Thle l%éc orah l € CO%JI%V\E]%IJ)H) mé)ﬂllrgmﬁx 'rremaceutl cal COITpOSI ti on
prevents nucF%ﬁF“%?%ﬂ%qHEEFT%HWBFRHW“aﬁWﬁbgen receptor protein. 20. The
met hod of cl avamgdiBs fowdtaniedur, t he pharmaceutical conposition -destabilizes an

andr Qgen r ec%&tnb(?]{ing the fourth mixture with water and extractilig an organic layer;

isolating the compound from the organic layer. -

28. A method of synthesizing the compound of claim 4 [NC354], comprising
mixing N-methyl-2-fluoro-4-(1,1-dimethyl-cyanomethyl)-aminobenzamide and 4-
isothiocyanato-2-trifluoromethylbenzonitrile in DMF and heating to form a first mixture;
adding an alcohol and an acid to the first mixture to form a second mixture: *-
refluxing the second mixture;
cooling the second mixture, _
combining the second mixture with water and extracting an organic layer:

1solating the compound from the organic laver.

29, A method of synthesizing the compound of claim 6 [NC55], comprising
mixing N-methyl-2-fluoro-4-( 1-cyanocyclopentyhaminobenzamide, 4-isothiocvanato-2-
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protein. The method of claim 10, wherein the conposition is adm nistered
orally. '11The nethod of claim 10, wherein the conposition has a form

sel ected fromthe group consisting of a capsule, tablet, and pill

The net hod of claim 10, wherein the conmpound is selected fromthe group
consi sting of NC54, NC55, NC56, NC57, a pharmaceutically acceptable salt of-
any of these, and conbinations thereof: 24. The nethod of claim 10, wherein
t he conpound is NC53 or a pharnaceutically acceptable salt . 25. A nethod
of synthesizing a diaryl conpound of formula: NC F3C conprising m Xxing
Compound 1 Conpound | with Conpound Il Conpound Il in a first polar

sol vent  #iQudr@iaiyBoeRloXitr ik, 8 INERAHdMEhtih D& &M Form AL REk @e.S€CONd pol ar

sol vent, the same as o& ifﬂ%rent_fron1the‘fir§t pol ar solvent, and an
aqueous aci d fO"AE Y TPECD e BE EVIRYEHE I CEUH 8% Gol | ng t he ni xture
and conbi ni ngetiwkinhthovataed misawel separating the diary] compound fromthe

m xture, whergjin, Rekc.s@nphises an alkyl chain of from1l to 4 carbon atons,
R52 is selected fromthe group consisting of cyano, hydroxy,

met hy| car bamoy | CMRENRDE &5 S0y Vel BEtapdeEetiag doypreanic fayer;

met hyl sul f onecasdbanoiid Suhaini froih @d oahky layer.ret hyl am nomet hyl ,

di met hyl am nonet hyl , net hyl sul f onyl oxynet hyl . met hoxycar bonyl ,
3-cyano-4-trifluoronet hyl phenyl car banoyl, carbanoyl -substituted al kyl,

car boxymét hy 1A Msted Roxyibaiz e iy kool of clpmtHAR &g wbmpromy| | :
4-cyano-3-trMﬁMMpwmnm&Myhghenmh&@mmﬁmgmhn§mﬁ%@?ﬁu$§m¢§Lgmhmwmmmg_ _

car Doxy AR b o RANSSULL O i RIRSRARLEY! - P perazinyl
hydr oxyet hoxyddisio pydholgindat acid it eelfiratnkiythre teatineh Ro@nd sixaed: ect ed from t he group
consi sting Oferlxin@Rdkeldnd mixdfe; The nmet hod of claim 25, wherein R51 conprises
an al kyl chaLnrqj froml to 2 carbon atonms, R52 is selected fromthe group
consi sting of *¢% BV TSN et hyl carbamoyl, and R53 is F. 27. A metliod
of synt hesi zicmgpiangsorrpouhdixofe Wit @d ektrabtiniiah &gk 15NC5 3]

tsolating the compound from the organic layer.

tad
—

A method of synthesizing the compound of claim 9 [NC57), comprising

mixing DMSO, dichloromethane, and oxalyl chioride to form a first mixture,

adding 4-(4-( 7—(4-cyano-3—(triﬂuoromethyl)phenyl)—8—0x0-6-thiox0-5,7-diazaspiro[3.4]octan-5-
yhphenyl)butanamide to the first mixture to form a second mixture;

adding triethyiamipe to the second mixture to form a third mixture;

warming the third mixture and quenching with aqueous NH,CI to form a fourth mixture: .
extracting an organic layef from the fourth mixture;

isolating the compound from the organic layer.

[
19

A method comprising:
providing at least one diarylthiohydantoin compound;
measuring inhibition of androgen receptor activity for the compound and determining if the
inhibition is above a first predetermined level,
measuring stimulation of androgen receptor activity in hormone reﬁuctorj cancer cells for:
the compound and determining if the stimulation is below a second predetermined level.
selecting the compound if the inhibition is above the first predetermined level and the

stimulation is below the second predetermined level.
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conpri sing m xi ng 4-isothiocyanato-2-trifluoronethyl benzonitrile
and N-met hyl - 4-(1-cyanocycl obut yl am no)-2- tl uorobenzam de in
di‘met hyl formami de to forma first mxture, heating the first mxture to
forma second m xture, adding alcohol and acid to the second m xture to
forma third mxture, refluxing the third mxture to forma fourth m xture,
cooling the fourth m xture, conbining the fourth mxture with water and
extracting an organic |layer; isolating the conpound fromthe organic |ayer.
28. A nethod of synthesizing the conpound of claim4 [NC541, conprising
m xi ng N-met hyl-2-fluoro-4-(1, 1-di met hyl - cyanonet hyl ) - am nobenzani de and 4-_
i sot hi ocyanat o- 2- tritI uor onet hyl benzonitrile in DM and heating to forma "~
. first m>§1;ure an al cohol and an acid to the first mxture to forma
'second ni’xt ur@hc W ‘éf ?‘Lb@i‘“hg' PRECTS BE BRE SHPiREd el uE et Hendecond ni xture,
conbining the second m xture with water and extracting art organic |ayer:.
i sol at i ng+t heTlporpolisidlufm Hhwbdian be gamf01611581%@’1nhlbﬁnoﬁ'ﬁ(ﬁxhﬁl@kschasﬁrylﬂtnh'lﬁ»’tﬁtbx%l ng the
conpound .. NEOH res ci ! syste
N ot hy1:2 m‘f'%?#@‘” ! cyanfsgi'%ﬂ%%%%t PR Ta Rsmsi =gem sorrggpn
i ocyanat Qz 2- Lrd ‘ ugy o rY zonitrile, and DIVF and heating under
reflux to forﬂ%‘fé“" og Qi S ﬂreée"" ‘588 ‘E&“ﬁi}’f”‘élsﬁ’lﬁtﬂﬂ‘l"“ TR e Estdd t he first
m xt ure tdudior m iscrescondceniadoniregn ARetdpuxE Rortehestar 6antbsaieXpedifie anigaol i ng t he
second mggky,q@ysl&,prrbl ning the second mxture with water and extracting an
organic layer; isolating the corrpound fromthe organic layer. 30. A nethod
of synt hesi zi the. c aim8 [NG-5 npri si ng m Xi ng
NN oty i SSERO SieGuT fehp otV e eeston compris
4-1 sot hi ocyanmtdmefzfuctfﬂwi:t:dnummtdmetlhypl grbethzomiabiral €, and DMF and heating under
reflux to forma first m xture: adding an al cohol and an acid to thF fi rsL
m xture fo second m xture; retluxing the second m xture; cooling the
second mt‘itu i{? ngf”rﬁ' 33 iBereia b HEP HnerifE it ton e es stinarsioesitandieseq ng an
organi c teagper pctii lwblapmsesgntmhen@mﬂ@ﬁxundnffnmpmjahhﬂil@elgua&bter th @¥@6mpodk: A Net hod
of synthesizing the conmpound of claim9 [NC57], conprising mxing DVSO -

di chl or onet hane, and oxal}yl chloride to forma first m xture,.
addi ng 38. The method of claim wherein the step of measuring inhibition and/or stimulation of androgen

444- ( 744recpaniiBey(chmpriskslboh Qe ﬁi%kl)t@h@fh}'xa{bﬂeaT@ﬁﬂir Bedulth X BaDleabt Sk B84ARRI Rlro[ 3. 4

joctan-5 dL) t anam irst mxture to forma second
m xt ure; Spe%} aqh’”en%/lllh)'é'%c aInd ?noﬁ‘ge Sfm'fc sifgh el's 'H?Jerm xture to forma third

‘m xture;

39, The method of claim 32, wherein the step of measuring inhibition and/or stimulation of androgen

receptor activity comprises measuring prevention of androgen receptor nuclear translocation.

40. The method of claim 32, wherein the step of measuring inhibition and/or stimulation of androgen

receptor activity comprises measuring destabilization of an androgen receptor protein.



warming the third mxture and quenching with agueous M.,Cl to forma
fourth mxture; extracting an organic |ayer fromthe fourth m xture;

i sol ating the conpound fromthe organic |ayer. A nethod conprising:

provi ding at | east one diarylthiohydantoi n conpound;

measuring inhibition of androgen receptor activity for the conmpound and
determning if the inhibition is above a first predeterm ned | evel,
measuring stinulation of androgen receptor activity in hornone refractory
cancer cells for the conpound and determning if the stinulation is below a
second predeterm ned |evel. sel ecting the compound if the

i nhi bi tian isTRBQVRI bNGiH kT Sherlf wStimlation is
bel ow t he second predeterm ned | §€§%§mn&§$gmhﬁXﬁ#Hﬂﬂgsm gamgf claim 32,
wherein the predetermned | evels are thrpge of bicalutamde. 34. The

met hod of claim 32, wherein the step of {neasuring inhibition conprises
measuri ng i nhi biGory ag\gentration (1C58)_ in RN AR response reporter system

or a prostate speci ant i genssecre yStem 35. The nethod of claim
32, wherein the st pasur ||ng st | on conprises neasuring fold

i nduct i on by incres €8 cenﬂ&at|a~

a prostate spelific antigen

an AR response reporter system or
Nsecréﬂlng system 36. The nethod of claim 32,

‘wherein the steps of measurifRg i phibition and/or stimulation conprise

measuring an effect of the ¢gnpoimdgron tunor growth in an animal. 37. The

met hod of claim 32, whereig’the step of neasuring inhibition and/or

stinul ati on of androgen receptorRmctivity conpri ses neasuring the binding

affinity of an androgen receptor to the conmpound. 38. The nmethod of claim

32, wherein tHEdtRegndh: appandererdenty ol b tisadrer siidhomnrbst ionicatliepme bfke@ndr ogen

r ecept or cxadblkigtoyp CrANPS ta8@6 aBRASUr i Ng preventi on of androgen recept or

recruitnment t rostate s ifi en enhancer and

pr ost at e Specvl%elgin daﬁsfs?lgctc%rh%m(?l OUP (.ons;é(Qm ofr)(ﬁg) fﬁ@ cay d"l??’la‘f"ma@?yl ‘”Wher ein

t he step“bﬂ“ﬁ%@gmﬁbhgwmnnﬁ veieghyland/ or stinmul ation of androgen receptor

activity conprlieeRR,meagtdh Bguphieventi on of androgen receptor nucl ear

transl ocation. 40. The nethod of claim 32, wherein the step of neasuring

i nhibition and/or stimulation of androgen receptor activity conprises

measur i n§- dest aphddicgaprison cofactang 2 andmogenelr @b e b OdxpRd D @ioﬂale spcuhc antigen Wher ei n

R and R.vu]ﬁd’s@xﬁk@ﬁi%@n@ﬂﬂ@ﬁtdta)’yltn'@lt)JaMxltonp&)mpglglgﬁ)tlmglfer V\4bF1ﬂ1w transc.n}%on ornp1 osgtem\l\}]g?ei n

they are i ycl oal Kyl group of

Rs: is s?ﬁ%@?@ﬂxFPgﬁﬁthe group conS|st|ng of carbanoyl alkylcarbanoyl,
carbanoyl al kyl, al kyl carbanoyl al kyl, cyano, and cyanoalkyl and wherein R4 -
i s hydrogen r > n ntactln a mamal i an
“cel | capgﬁlqu?&ggg?gggﬁﬁg4ﬁ?§§”§52Q§88§%WR““C amg?as\}\ie?lm’é{gsufficient
anount of a diarylthiohydantoin conpound to |nterfere with the
transcription of prostate specific,antigen nRNA. 43. The nmethod of claim
42, wherein the diarylthi ohydant oijf compound has the fonnul a

wherein Rycand R2 are independent| ) netD%I or, together with the carbon to
whi ch t hey are- 1 imk v of 4 to 5 carbon at ons,

‘wherein R is friom t hej|group consisting of carbanoyl,

alkylcarbanny panmoyl al kyl , car banoyl al kyl , cyzno, and cyanoal kyl .
and wher et R, 5 hydgogenmyer f ne. 44. The method of claim42,
wherei n t he dlarylthlo dant/oi n conpound is selected fromthe group

consi sting of NC53, Nggy——#%5§k NC56, and NC57. ,

0

Ry

wherein R, and R; are independently methyl or, together with the carbon to which they are linked. a
cycloalkyl group of 4 10 5 carbon atoms,
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45. The nethod of claim42, wherein the conpound prevents formation of a
transcription conplex on a prostate specific antigen gene. 46. The nethod
of claim 42, wherein the conpound prevents an androgen receptor protein
fron1coaneX|ng with a prostate specific antigen gene. 47. The met hod of
claim 42, wherein the conmpound prevents an RNA polymerase Il from _
coaneX|ng wWth a prostate specific antigen gene. 48. A nethod conpri si ng
contacting a manmalian cell with a sufficient amount of a

di ar yl t hi Ohyd@l@(ﬂ'R”lb@Q&Q@“@ﬂ tll:eorlola% g\ﬁgghw GHQ Ibglﬁgvl t ﬁ\@i”% 91C>glt car mm%yfal P

andr ogen ceptor protein and/ destabil1z¢e¢ an” an recepto
g 1|l~.» uubapnm)lalkel cyano, and cyanoalkyl. and

protein.
wherein R, 1s hydrogen or fluorine.
44, The method ot claim 42, wherein (he diarylthiohyduntoin compound is selected from the group

consisting of NC53, NC54, NC35, NC56, and NC57.

45. The method of claim 42, wherein the compound prevents formation of a transcription complex on a

prostate specific antigen gene.

46. The method of claim 42, wherein the compound prevents an androgen receptor protein from

complexing with a prostate specific antigen gene.

47. The method of claim 42, wherein the compound prevents an RNA polymerase 11 from complexing

with a prostate specific antigen gene.

38. A method, comprising contacting a mammalian cell with a sufficient amount of a
diarylthiohydantoin compound to prevent nuclear translocation of an androgen receptor protein and/or to

destabilize an androgen receptor protein.



