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| NVENTI ON [ 0001] The present invention relates to diaryl hydantoi n conpounds
i ncl udi ngvo2oai@amBt hi ohydant oi ns, and net hods for synt lpesiuskeng/ ot iem and
using themin the treatnent of hornone refractory prostate cancer. This
application clains priority fromU. S. provisional applications bearing
serial nunbers 60/ 756,552, 60/ 750,351, and 60/680, 835, the specifications

of which are hereby inmﬁiﬁ; f BACKGROUND OF THE
| NVENTI ON [ 0002] Prostate cance @%ﬁ@%@Mn i nci dence of cancer and

the second | eadi ng cause of cancer death in Western nen. Wen the cancer
is confined locally, the disease can be cured by surgery or radiation.
However, 30% of such can SNV hStant netastatic di sease and
ot hers have advanced di ggglé]g%at wgnoygg.g Advanced di sease is treated by
castration and/or adm nistration of 15 anti androgens, the so-called

andr B68H depri Wae i aresemier ayygntiogastetatasi ote | dwerlbydetfeinci pepandng incdudislgs of
agdr - S [IYASS YA r

prye e P%%ﬁ?%@% ol RACRRAGR S RERRL e SBkpt of homone
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effe%‘aﬁ’%umﬁé’r@s&)/’isré%gﬁ,n@@?ﬁ),’ﬁ‘t‘,‘ %%076%,%35%”& tsggciff Hoiks op%ﬁ) §re.h?ér he
refractory. [0003] Recently, overexpressidon of AR has been identified and
val | Bapreerated burfeeire. of hornone 20 refractory prostate cancer. See Chen,
C.D., Wlsbie, D.S., Tran, C., Baek, S.H, Chen, R, Vessella, R,
Rosenfeld, M G, and Sawers, C L., Mlecular determnants of resistance to
anti androgen therapy, Nat. Med., 10: 33-39, 2004, which is hereby

illcor porated by ref er enBACKGROENM QE FEBHINYEXEON sufficient to cause
progression from hornone sensitive to hornone refractory prostate cancer,

suggmsbeing t habrde@ietcliicer Hithe stk BinkRérSintiiéRe bi@nbdd Lh@ seloH@RadiRcatboyy t he
progression of prostate _cancer. | enonstrated 25 that AR and its
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denon trabgg%et hat Ocﬁverexprqu(m on of AR converts anti-androgens from
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Data fromthis %/lor k exg_l ain y cast raﬂt‘@n and anti-androgens fail to

pr evEirossr @dgedicesthe afivRy 85?%‘@%?%@?@ edi@mjsiraden ghigiggirozsos plegkser t i es

of harRNMBAGichEdy achRtidg RWHS hitlr6xef Akdg, 1LA04) BLEA WeaARAR (B anGhAaNE:
Caso,dexh |? t he nost comonly. used anti-androgen, ile it has an

i nhi Bty yiieetive desq eappentsuiekhifaihanddaneamesr Pecopiep Beraoee ©HAT®Y, it fails to
suppress AR when -1

[0003] Recently, overexpression of AR has been identified and validated as a cause of hormone
20  refractory prostate cancer. See Chen, C.D., Welsbie, D.S., Tran, C., Baek, S.H., Chen, R., Vessella, R.,
Rosenfeld, M.G., and Sawyers, C.L., Molecular determinants of resistance to antiandrogen therapy, Nat.
Med., 10: 33-39, 2004, which is hereby incorporated by reference. Overexpression of AR is sufficient to
cause progression from hormone sensitive to hormone refractory prostate cancer, suggesting that better
AR inhibitors than the current drugs can slow the progression of prostate cancer. It was demonstrated
25  that AR and its ligand binding are necessary for growth of hormone refractory prostate cancer, indicating
that AR is still a target for this disease. It was also demonstrated that overexpression of AR converts
anti-androgens from antagonists to agonists in hormone refractory prostate cancer (an AR antagonist
inhibits AR activity and an AR agonist stimulates AR activity). Data from this work explains why
castration and anti-androgens fail to prevent prostate cancer progression and reveals unrecognized

30 properties of hormone refractory prostate cancer.

[0004] Bicalutamide (brand name: Casodex) is the most cdmmonly used anti-androgen. While

it has an inhibitory effect on AR in hormone sensitive prostate cancer, it fails to suppress AR when
-1-



WO 2006/ 124118 PCT/ US2006/ 011417 cancer becones hornone refractory. Two
weaknesses of current antiandrogens are blanmed for the failure to prevent
pr ost at e wane@vi2priegr essi on fromthe hornone sensitive PCags2a06/0tt3e7 hor none
refractory disease and to effectively treat hornone refractory prostate
cancer. One is their weak antagonistic activities and the other is their
strong agonistic activities when AR is overexpressed in hornone 5
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potent antagonistic activities and mnimal agonistic activities are needed
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have been preferred over steroid onpounds for_prostate cancer because
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| nt ermigEneh AEQMiss ;ﬂcrl'@a%ﬁ ¥h glevbd 99 /dglep ﬁlse%ﬁﬁ cprwse&g@p 1@4 g8, treaiathg felalshormm i shed
Pat entfHREY proght ethcdumber 2004/ 0009969, all of which are hereby
incorporated by reference. [0006] U S. Patent No. 5,434,176 includes broad
clai ns_whi ch enconpass_a very |large_nunber 15 of conpounds, but synthetlc

rout 620034 e onl YWsEisH éﬁl%?oggpss ﬁ%?i‘l as oy e, Jpve h@g@r%faﬁe&oﬁzyﬁa gteigifigl

phar PBHPOREE foR brodialeRambe@isY tey 88 M EebidOve dniPaRf folrBQMe AR, Ofl'@s eﬂeb bted in
e art could not readily envision other _ specific conpounds.
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pros&aﬁﬁnmﬁancer to swtch inhibitors fromantagoni sts to agoni sts was not
recogni zed. Some nem/properties of hornone refractory prostate cancer are

repor, inP 0 5/ 05529, which are hereby
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char atision sthérGpedific @npommdound nust be determ ned. That is, there is no

nmet hod to accurately predict characteristics relevant to treating prostate
cancer fromthe chem cal structure of a compound alone. 30 [0008] There is
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refractory prostate cancer. Particularly, the ability of AR overexpression in hormone refractory prostate
cancer to switch inhibitors from antagonists to agonists was not recognized. Some new properties of
hormone refractory prostate cancer are reported in PCT applications US04/42221 and US05/05529,
which are hereby incorporated by reference. PCT International Application US05/05529 presented a
25 methodology for identifying androgen receptor antagonist and agonist characteristics of compounds.
However, for each compound produced, the time consuming process of determining the antagonist and
agonist characteristics of a compound must be determined. That is, there is no method to accurately
predict characteristics relevant to treating prostate cancer from the chemical structure of a compound
alone.
30
[0008] There is a need for new thiohydantoin compounds having desirable pharmacological
properties, and synthetic pathways for preparing them. Because activities are sensitive to small structural

changes, one compound may be effective in treating prostate cancer, whereas a second compound may be
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changes, one conpound nmay be effective in treating prostate cancer, whereas
a second conpound may be -2 WD 2006/ 124118 PCT/ US2006/ 011417 ineffective,
even if iwodnddensasfromthe first conpound only slightl yCTa®godew1tsne

repl acenent of a single substituent. [0009] Identification of conpounds
whi ch have hi gh potency to antagoni ze the androgen 5 activity, and which
have m ni mal agonistic activity should overcone hornone refractory prostate
canc P i r : [ itive
P ost ool Clen A N ol e Dy ARl ST LSl epBoaRr oL

i dentsubstidsgnt on of sel ective nodul ators of the androgen receptor, such as
nodul at ors which are non-steroidal, non-toxic, and tissue selective. 10
SUMVARY OF THE | NVENTI ON [ 0010] The invention provides a series of
conpdiff$ havi ddensificasion Hnecmgronndst Vieich dayq Vighi rodengy tth aviagpnied thggendogen c

acs i Victivi8S a0 lavABinitBESBn SR RAHA AR okB R BEdmd REmBROMERQ] prddQteRRR:
refractory prostate cancer. [0011] The invention includes a conmpound having
the fERRG) and pyoificorssimg dqwoRthe progyesgiorool hyrrenevsensitive pxostage sancet (BEPEr om
the OriRkRorE AR 136 B iR fhetafti th tHééfdg}ggith o208k ctifdRoattIGS Bf e Wdrshes flobitsSd

from the group consisting of NRS, wherein R5 is selected fromfhe

gr oup Ut gRosiialer Wch-fre perHgrpidalanep-tpxic.ndtissposeisiFein Dis S or 0 and E is
Nor O and Gis alkyl, aryl, substituted al kyl or substituted aryl; or Dis
S or 0 and E-G together are Cl1-C4 | ower al kyl, -3 WD 2006/ 124118

PEY/ US2006/ 011417 [ 0012] SWHYEVARY @F THRINENEY® her conpri se ei ght or
fewer carbon atons and are selected from the group consisting of alkyl,

substipdiay ed al kitle iehish NGotiaboal kitios 8N bonfRAREN Havitlet Brdd}e 26RLEAGHE O

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

hormone refractory prostate cancer.

[0011] The invention includes a compound having the formula
15

NC R
g 3

N N
}/_—l/\R2
W R I

wherein X is selected from the group consisting of triflucromethyl and iodo, wherein W is selected from

Ry

2

the group consisting of O and NR5, wherein RS5 is selected from the group consisting of H, methyl, and

—

E

G
20  wherein Dis S or O and E is N or O and G is alkyl, aryl, substituted alkyl or substituted aryl; or D is S
or O and E-G together are C1-C4 lower alkyl,



which they are |inked, a cycloal kyl or substituted cycloal kyl group, [0013]
wherein R3 is selected fromthe group consisting of hydrogen, hal ogen,

nmet hyl , GYoCGdos/B4mBkoxy, fornyl, hal oacetoxy, trifl uoromerhigkeocoyann,
nitro, hydroxyl, phenyl, am no, nethylcarbanoyl, methoxycarbonyl,
acet am do, nethanesul fonam no, nethanesul fonyl,

4- et hanesul fonyl -1 - pi perazinyl, piperazinyl, and Cl-C6 al kyl or alkenyl

opti ({0@1' h y su bs&ﬂe&éﬁ{ R aﬂ& Mto@é&ﬁ&%ﬁﬁbmse@?ﬁh@%&@ QY E‘uoxrﬁ)éﬁdi‘&e sel&ldRom
am do, nitro, car aggﬁwhyor Ssubstituted carbanmoyl including
@

met hyihe arobR veRsisting whstitsardoll inchinenalnedsy @mﬁ,yioe%thqsawﬂythe caHOp 00 14]

wher t ng of hydrogen, hal ogen,
alkyﬁMﬁgﬁgqhﬁ%ﬁﬁgﬁgyﬁgo§%§Q%Eﬁ%@?&ﬁﬁﬁ?ﬁ?ﬁ@%@&éS not ne%@%ganlnonethyl or

di metlBYA3anmi nomevheyain R3 ipwiegied omyily seoup Sorsistipg\oShydrqgen, enedyerE-C4 0 /\ ~
a m e i arflo F3C

NN ST bl SRl 18, SRR S, B bRl P afano® o

fr omrthﬁ@xg%wylc @?%4@@? rigethrnesiignaniypo, mekargiudlanBafroipthanesulfonyl-1-piperazinyl,

met hyl;ear syl B Qp;ydlkﬂ omkéﬁyh Gﬁﬁdﬂalwéﬂb@&rt{%& mtﬁ%hmkﬁ a&@@&g&&ﬂ&l&yh YCkano

nethylsulfonecarbanny propyl, nmethylam nonet hyl,  dinet hyl am nonet
net hyAdRg: f Gl x yiFEe.h ysarbagigy arﬁSyI frbtiyred  carbbady | BelAding é@ﬂﬂw&am@pﬂw 5
et hQXY&RYIBRRYIITE bithydr ét dyenyl ,
4-cyano- 3-trifl uor omet hy n Icarbannylpropyl car boxypr opyl ,
4lQret[ﬂ%1r4ésu| foﬁlylllﬂwmiﬁ‘lp\éﬁﬁzﬂﬁgy/ fromyihe arcupi aepsistineeHoxyeespbigten, @kl and- 4-
trifly Qﬁgplﬂylphenylcarbannyl hydr oxyet hyl car banoyl et hyl , and

0

hydr oxyet hoxycar bonyl et hyl , and
[0015] wherein R3 is not methylaminomethyl or dimethylaminomethyl.
[0016] R5 may be
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[0017] The compound may have the formula
NC R
:©\ /[SJ\ |



[0018] wherein R10 and R11 are both H or, respectively, F and H or H and

F. In certain enbodinents, R1O and R11 may both be H or, respectively, F

and H R3womyodes4rmt hyl car banmoyl . 10 [0019] I n sone enbedrmseas/,o1R17 and R2

are independently methyl or, together with the carbon to which they are

| i nked, a cycloal kyl group of 4 to 5 carbon atons, and R3 is selected from

the group consisting of carbanoyl, alkylcarbanoyl, carbanoylal kyl, and

al kyl car banoyl al kyl, and R4 is Hor F or R4 is 3-fluoro. [0020] In other

enbodi nents, R and R2 are independently nethyl or, together with the

car bohereinR3tis sqlmtqglrfrouth‘@y geonp cristitemof hydioys Inesaiyikgprbamehi e gyIcabamaostpreRlhon

ato N Guett¥ othyl
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met Substitut Kyl
net hghhr@thﬁa@n@umﬂb'énﬁythybdﬁm’wmfébvlaIckrwmosf’r’éﬁﬂwll aAibAwAdetyl  carboxymethyl,

dlsﬁe}x!a%bﬁ@oeﬁ%%p Wﬁﬁemah&uif&@ﬂyl oxy! e%mstmﬂﬂ&m& %@%mmmoﬁ@smm do,

nmet hanes nam do; carb g -substituted alkyl, car g

net hestheapisovly | némghanesnléqnu heglarisyly | | piperegimylo- 3mgthoxycarbonyl, ~ 3-cyano-4-
trif . tuged
PR RANRe 1 DR BSb it S bRk

4- et hanesul f onyl - | erazi nyl ? ﬁera2|nyl

hydr 8y 8k hyl ca ﬁﬂgﬂﬁkglkﬂﬁéﬁlh K1 TespigHYe Fetosly eHFeA V- - BUBEEIN ut ed

al ky kmb@tlends, R 888 lérl thiyl ol 19 BE LY RGN W 2.8 10 FBOMAy: beaidihyRbrbagnobl. 25
[0021] Conpounds of the i nvention nmay have the fornmula -5 MD 2006/124118

PCT/ US2006/ 011417 NC S R3 R4 F3C N Nn% wherein R3 i ed fromthe
dPouP%Bhsi st i MysBe srveriReRis AR are indepepdetlp gty or E?é?t ‘?ﬁvﬂ ¢ %Fﬁf on
met haegidh ﬁfé&l@ﬂg 1eRed, ANGc1RALH Srevg 0B atted chibeiafohe, HiE ®Bpis @aétsedsftrmglecgm@ and

e oo o Sl S-S el bl Erb e a LS 6 F ahe

H. R4 is 3-fluoro.

[0020] In other embodiments, R1 and R2 are independently methyl or, together with the carbon

15 to which they are linked, a cycloalkyl group of 4 to 5 carbon atoms, R3 is selected from the group
consisting of cyano, hydroxy, methylcarbamoyl, methylcarbamoyl-substituted  alkyl,
methylsulfonecarbamoyl-substituted alkyl, methylaminomethyl, dimethylaminomethyl,
methylsulfonyloxymethyl, methoxycarbonyl, acetamido, methanesulfonamido, carbamoyl-substituted
alkyl, carboxymethyl, methoxycarbonylmethyl, methanesulfonyl, 4-cyano-3-

20 trifluoromethylphenylcarbamoyl-substituted alkyl, carboxy-substituted alkyl, 4-(1,1-
dimethylethoxy)carbonyl)-1-piperazinyl, 4-methanesulfonyl-1-piperazinyl, piperazinyl,
hydroxyethylcarbamoyl-substituted alkyl, hydroxyethoxycarbonyl-substituted alkyl, and 3-cyano-4-
trifluoromethylphenylcarbamoyl, and R4 is F.

25 [0021] Compounds of the invention may have the formula



[0023] In enbodinents of the invention, wherein RL and R2 together with the
carbon to which 10 they are linked are CH3 H3C CH3 or [0024] Conpounds
of the inwenbiwnirmy be those listed in Tier 1, Tier 2, pCrars2®gs/oand? or Ti er
4, 15 below. Particular conmpounds of the invention include -6 WO
2006/ 124118 PCT/ US2006/ 011417 F ONC\\ IS+ eN H¥% F3CG N N O [RD 162]
NCSFO FBCNANN N 5[RD162'] NC):::~-NSFO F3ACAN4H O[RD
162"] NCSFSC NN\ N dt O 10 [RD169] NC:aN S F3SC N\ CN [RD 170] 15
i ion al so provi des Rgraceut i cal conposition conprising
f a conmpound according to any of the
yRyaccept abl e salt thereof, and a
di | uent.

phar ne
e Ccar

O

wherein R3 is selected from the group coﬁsisﬁng of methylcarbonyl, methoxycarbonyl, acetamido, and

methanesulfonamido, and R4 is selected from the group consisting of F and H.

5 [0022] Compounds of the invention may have the formula
NC CN
S
/H\ R4
F3C N N
0]

wherein R4 is selected from the group consisting of I and H.

[0023] In embodiments of the invention, wherein R1 and R2 together with the carbon to which
10  they are linked are

CH; 1\\

H3C CHj
» O >

[0024] Compounds of the invention may be those listed in Tier 1, Tier 2, Tier 3, and/or Tier 4,

15 below. Particular compounds of the invention include



[ 0026] The invention enconpasses a nethod for treating a hyperproliferative
di sorder -7 WD 2006/124118 PCT/ US2006/ 011417 conprising adm ni stering
such a phaormeentilgal conposition to a subject in need eCTaisedveivn=at ment ,
thereby treating the hyperproliferative disorder. The hyperproliferative

di sorder may be hornone refractory prostate cancer. The dosage may be in
the range of from about 0.001 ng per kg body weight per day to about 100
ng per kg body wei ght per day, about 0.01 ng per kg body weight per day to
about Np 10Q nmg per kg bady wei ght per day, about 0.1 ng per kg body weight
per day abouf 1 peN kg body wei ght per day, or about 1 ng per kg
body i.gh R 0027] The conpound may be adm ni stered by intravenous
injection, by'{njection into tissue, intraperitoneally, orally, or

nasal | y. The(%%ﬁégsition may have a form sel ected fromthe group
consisting of a sSolution, di-spersion, suspension, powder, capsule, tablet,
pill, ®&p1 rel ease capsule, tine 10 release tablet, and tine rel ease pill
[00285 The adm ni stered conpound may be selected fromthe group consisting
of RD162, RD162", RD 169, or RD 170, or a pharnaceutically acceptable salt
thereg{ The adm ni stéred_ conpound may be RD 162 or a pharnmaceutically
accept ab yal t St hereqQf . jf0029] The invention provides a nethod of

synt heaJ&Li a/r(@tﬁ@\gmnd of formula: NC SR52i R53 F3C NNO 15
R51  Ebmprisi Ng M Corppound | NCa F3C NCS Conpound | 20 -8 WD
2006/ 124118 % 2006/ 011417 with Conpound |

5 [RD1621
F

FaC N/U\N N~
e

[RD162"]
RO
FsC NJJ\N/@/\/Y'\{\
1 4
10 [RD169]

NC
FSCD\NJ?\N/Q/\/\CN
an |

[RD170]

15 [0025] The invention also provides a pharmaceutical composition comprising a therapeutically
effective amount of a compound according to any of the preceding compounds or a pharmaceutically

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

[0026] The invention encompasses a method for treating a hyperproliferative disorder

-



R51 Rs2 R53 JC NH N Conpound Il 5in a first polar solvent to forma

m xture, heating the m xture, adding a second pol ar sol vent, the sane as
or differwotodwamishe first polar solvent, and an aqueomsTas2@osto14he

m xture, refluxing the mxture, cooling the mxture and conbining with

wat er, and separating the diaryl conpound fromthe m xture, wherein R51
conprises an alkyl chain of from1 to 4 carbon atons, R52 is selected from
t he groompnsmg)mmgisien@ &fch@yﬂmnadeytmhabxgnpomwnyd ¢ anlijeatay Inged of such treatment,

nmet hyl car.ba bsti t ut carpa b t ut ed
Tyl R TPY e S B SR Histrat  aRe ORI RBERC I RRRY ¥ o bt
nmet hoxyﬁtatdmy)p[ybbtate Sareyia r’imezao!;age iﬂayl be c[mme kwlgqshhﬁtmh a‘mub am)yhag peangWWeaght

substi tu car box C an fonyl,

4- cyant- é@_ﬂ? ah r%%%"tr%% lfg%té’F “ta‘f@ %Pf YXe‘lgﬁt HRPES b LT
carboxiyo sugost ikt lbbdiydwagktyﬂer dzly, mad;dn ariesgl bérd«gydody we;ghpm‘rajay mglhboupil(beugaxcr kyl ,
hydr o t hyl car banmo sybstitu | k d_hydroxyet hoxycarbonyl - 15
substﬂé8 él Ipl?“%y’élraao'%giygps Es%ﬁ Bt e%ghlrtp %ﬁhe group consisting of F and
H. [0030] R51 nmay conprise an alkyl chain of from1 to 2 carbon atons, R52
may bd0®g] ect ed Thercompoind mypychepadoomistersd ibp gntofverpas bgertiyh, taridjection into tissue,

nethyl 3 b 3 td hods
of sy pizengRtly. ARG bR, DI ool i Ry Hoe b HER ERRPIRH RETR),

[ RD 162hsiisg 0bapoliing disprrsiony guspension, powder, capsule, tablet, pill, time release capsule, time
4'1§°HE&E%§8%%@%§?&&$ iU omet hyl benzonitrile and N-nethyl -4-(1-

cyanocyc utyl am no§ 3% lior obenzani de in di met hyl formam de to forma
first mxture, heatingt he -9 WD 2006/ 124118 PCT/ US2006/ 011417 first

m xt url@028d f or mThe sdoamsiernd xompand gepyi bryseddcted Hism dlrrd s@up onsisting eof FEHGRA

m Xt U fed" ey f@%ﬁlﬂbfﬂi o' ﬁ?ﬁHﬁa%eutchﬁ}J éé&p@a@letsgﬁ Hfeftof. dTI{Q z?éﬁ'dﬁ i§erb® Jn%omld?‘
fourth m xture, cooling the fourth m'xture, nbining t ourt% xture
with veayde REHE2 esa phaemaceuically aseepiablesalt fipeeef. | soI ating the corrpound fromthe
organi c | ayer.

[0029] The invention provides a method of synthesizing a diaryl compound of formula:
NC Rs2
S
A M~
3C N N
0
R.
15 51
comprising mixing Compound I
NC
FiC N
3 \C
X
S
Compound I
20



[ 0032] Likew se, the invention provides a nethod of synthesizing RD 162
conprising mxing N5
Met hyl - 2-Wburoseor24+181, 1- di et hyl - cyanonet hyl ) - ani nobenzamrcaaSacd/011417
4-1sot hi ocyanat o-2- trifluoronethyl benzonitrile in DVMF and heating to form
a first mxture, and processing as above. [0033] The invention al so
provi des a net hod of synthesizing RDL62", conprising m xing N
Met hykir 2ofbiglaqr 4- (I - cyanocycl opent yl ) am nobenzam de,
4- |sotR|oc anato 2-trifluoromethyl benzonitrile, and DVF and heati ng under
reflux to forg g first mxture, and processing as above. 10 [0034] The
i nvention fugtker provides a hod of synthesizing RD169, conprising

¥ Di 2 -cyanocyclobutylanlno)phenyl]butananlde
4-i sot hi ocya 10 e | benzonitrile, and DMF and heating under
reflux to foria fiy ; "and processing as above. [0035] The
|nvent%9nl-rOV|a-; q d of synthesizing RD170, conprising m xi ng DVSO,
dlchl§¢aﬁ%thane and oxalyl chloride to forma first m xture, adding
4-(4-(7-(4-Cyano-3- 15
(tritbmpsaaet hyl ) phenyl) - 8- oxo- 6-t hi oxo- 5, 7-di azaspi r o[ 3. 4] oct an-5-yl ) pheny
| ) butanam de to the first mxture to forma second m xture; adding
triethylamne to the second m xture to forma third m xture; warmng the
t B3i 1 gh 6k pUIR salRéht qmaﬂﬁ Bink@uiel hdatiague ﬁhb&ul’él%@fhg tQedond ﬁblar Jobugn fhe mm(é Al e;
extracting an org {ayer fromthe fourtg' ture 3 |sol t he
corrpB’iJﬂ’éfeTePb?ﬁFP‘lnﬁée Séé’ﬁ ag, Sphygpt - and  ayopgEpoug g the, uﬁlB%é ed Po the
i nvepddliag throRudré end @hibiti@s with Avadr, R3d Bdpardibg Nlel\alﬁyl cda%oalm Boﬂilthe/\hnemﬁb,n R5

is CN or or SC2R11, ar.ei bst d a
T K HDP e g U0y R O?éﬁowcm? SogR et RS el o Rat e
al r%/bonsjgaﬁg)geafat edamd, ke mydiroxy)al mg@daﬁﬂgﬁyly n)éh}ethyh@db@i@&ﬁ-suhmh&jtcﬂl n alqil,s
ur erein Bis 0.0 or

I eE’F@%IS%I aﬂfaﬁg’ g?ugﬁ%“tﬁ%ﬂm Ay of nﬁthy thy§8 ryl mﬁ?ﬁf@%’?ﬁ“ﬁ“ﬂff’%%‘yér yl,
al Ey{rwthﬂslﬂ&inlyfobﬁnﬁ&lrﬁj Kx)ﬁt}l;ox?dkal&lﬁ)ﬁyl , 3~ iéyalii&tlltﬁlﬂlﬁcﬁﬁn&l;@l}fﬂekﬁ&?tbam@l | 6a)tbahhqyl-
substituted a ryl a , a al kyn teroc c
pppint VL A s R e A A e AR
non- &ffmﬂﬂirﬂeﬂmylpthﬁglﬂdaﬂiaiﬁyjrlrsusdﬂxbﬁéd tdlltyﬂ?,d caipokyedaibkiitted S&mﬂ,llél-met-hiﬁbsNLQnyl-l-

(2(%(%;5 /Eé%%rgz]i]e)%s;a ‘%%}r%% gOGI'( %@f‘ \Z car -s%l’bstgtuc%% 05311():!]; gncc:lq hNy o]}'(%%bxyg%g n@%—l’

15 substituted alkyl, and R53 is selected from the group consisting of F and H.

[0030] R51 may comprise an alkyl chain of from 1 to 2 carbon atoms, R52 may be selected
from the group consisting of carbamoyl and methylcarbamoyl, and R53 may be F.

20 [0031] The invention provides methods of synthesizing a compound of formula:

[RD162]

25 comprising mixing  4-isothiocyanato-2-trifluoromethylbenzonitrile ~ and  N-methyl-4-(1-
cyanocyclobutylamino)-2-fluorobenzamide in dimethylformamide to form a first mixture, heating the

-9-



HN O CF3 HN CN H3C [0037] , , , and OO0O/~_)==D >CH3 E H3C CH3 G and
wherein Dis Sor 0 and Eis Nor 0 and Gis alkyl, aryl, substituted al kyl
or substiwoted/asmB; or Dis S 5 or 0 and E- G t oget her paras@os/Q411 ower

al kyl, [0038] wherein Rl and R2 are independently al kyl, hal oal kyl,
hydrogen, aryl, substituted al kyl, alkenyl, substituted al kenyl, al kynyl,
substituted alkynyl hal ogenat ed alkenyl halogenated akynyl , arylalkyl,

aryl en I, Ia k et er d J tuted
het e%l’(ﬁ% °8X%?mﬁ - %Cfa&’éaa{mho Y ldC[? Kyl §g9(;s¥lﬁlgﬂ[su H?‘%Jte cyc oaI kyl ,
or Rmnmmﬂaﬁ&mﬁmgﬂeomﬂhmﬁmdeknmﬁmaﬁmaﬁmymtmac@ﬂm&ﬁmdhmﬂammbeehembmaa bdic,

S u bs t %}@d het, Calnld %Xtracg{(? l a%a()lr K hic lart_}%y l?s%ialtlii h%go g&%@ ﬁjom%e or%?@c 14203 9]

wHer &' ogen can
p03| t[O(!m] int h@kameg: thandfer[t@fi@ﬂﬁl]wdnhemeﬂmd G&ynthSIanﬂDFéZ' w@nﬁmaw@nﬁi@ﬂt ly

h : hoxy,
Sggr ﬁ;ﬁlgﬁiﬂ 2 ug&o-%'- Xg Ehn% T Iy? %ﬁor O@garamobe%/a%,@ ﬁlnt ) anhdgggp 4rfFJﬂtﬁX$fpanJ{§Zn gxy
am nagifluvedrixyihydteeniamimiel in DR dndlheaing sovfoyh a St stixtonas aad pedcksysing as above.
di et hyl car banoyl - substituted -11 WO 2006/ 124118 PCT/ US2006/ 011417 al kyl,
th b I
T ky ISR PonY e 3%%5@69 4% %@?ﬁ&%‘%ﬁ’% ﬁf‘ Fﬂj}tl{égﬁzm ‘iiﬂl%ﬁ“%bmﬁféé?ﬁ} hﬁ;aﬁgeﬂ

al ky t hanesu anesu razi nyl per azi nyl
hydr (Mt;tbtlﬁyﬂt@&r—bﬁh@;ﬂh@@ghsmllambaizmide hydr oxy H-Jsoﬂqzm@natqﬁ atflugtopthyl

ot oy eaG DA N e PR BT S S B RS iy,

aryl, substituted aryl, alkyl, substltuted al kyl, 5 al kenyl, substituted
alkeri§034] al kynylhe inyestion futherdpravikgmns method | of gemihesizineaRR&MR ICompETieg BtS

al ky q\x}\ﬁDlmethyl 4-[4-(1-cyanocyclobutylamino)phenyl]butanamide, ~4-isothiocyanato-2-trifluoromethyl

benzonitrile, and DMF and heating under reflux to form a first mixture; and processing as above.

[0035] The invention provides a method of synthesizing RD170, comprising mixing DMSO,
dichloromethane, and oxalyl chioride to form a first mixture, adding 4-(4-(7-(4-Cyano-3-
15  (trifluoromethyl)phenyl)-8-oxo-6-thioxo-3,7-diazaspiro[3.4]octan-5-yl)phenyl)butanamide to the first
mixture to form a second mixture; adding triethylamine to the second mixture to form a third mixture;
warming the third mixture and quenching with aqueous NH,Cl to form a fourth mixture; extracting an

organic layer from the fourth mixture; and isolating the compound from the organic layer.

[0036] Further compounds according to the invention have the formula
R, X R3
A AN
Rg N N
Ry
Ry
B R,

20
wherein R5 is CN or NO2 or SO2R11, wherein R6 is CF3, alkyl, substituted alkyl, alkenyl, substituted

alkenyl, alkynyl, substituted alkynyl, halogenated alkyl, halogenated alkenyl, halogenated akynyl,
halogen, wherein A is sulfur (S) or oxygen (O), wherein B is O or S or NRS, wherein R8 is selected from
the group consisting of H, methyl, aryl, substituted aryl, alkyl, substituted alkyl, alkenyl, substituted
25  alkenyl, alkynyl, substituted alkynyl, arylalkyl, arylalkenyl, arylalkynyl, heterocyclic aromatic or non-
aromatic, substituted heterocyclic aromatic or non-aromatic, cycloalkyl, substituted cycloalkyl, SO2R11,
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SC2R11, NR11R12, NR12(CO) OR11, NH(CO NR11R12, NR12 (CORI, QCORI,
QO COORL1, QCS)RL1, NR12 (CS)R I, NH(CS)NRL1R12, NR12 (CS)OR11,
aryl al kylwoangdahkenyl , aryl al kynyl, heterocyclic aromeCIrawsee6/011417
non-aromati c, substituted heterocyclic aromati c or non-aronmatic,
cycl oal kyl, substituted cycl oal kyl, hal oal kyl,
nmet hyl sul f onecar banoyl - substituted al kyl, nethylam nonethyl, 10
di met Ryl QENE I Nt yl, acet am do,
nethaﬁgé fonanF?Mh(c car y%gglé g???ute Xb?& }ﬁgéxggggﬁgthyl
met hoxycar bonyl nmet hyl , nethanesulfonyl, 4- cyano- 3-
trifluoronethyl phen Icarbanoyl-substituted al kyl, carboxy-substituted
al kyl, 4-(1, 1- dinet hoxy) car bonyl ) - 1- pi per azi nyl ,
hydr oxyet hyl car ba | -substituted al kyl, hydroxyet hoxycarbonyl -substituted
al kyl, 3-cyan-4- fIuoronethylphenylcarbanoyl, 15 [ 0049l —wherein R| and
R12 are i ndependenty hydrogen aryl, | kyl, substit ar al kyl, al kyl,
substituted al kyl, K |, substi t ut ed ;k%eﬁyl, al |, substituted

hal ogenat ed/ al kenyl , ha
CRynyl, heENerocyclic aro

al kynyl , hal ogenat ¢ jenat ed al kynyl
aryl al kyl , aryl al i

non-aromatic, subst #gd heterocyclic arpmatic or ic,
cycl oal kyl, or substi d cycloalkyl, or/ R 1 and R1Z, can bg connected to
forma cycle which can be terocycli omati c or non 9,IC 20
subst(myted het er ocyclic G omatic, cyctoal kyl, or substi ed cycloqhhy

[0043 Such conpounds have substantral androgen receptor antagoni 5t

activity d substantlal agoni st activity on hornone refractory
prostate c 0 cell's. [\0044] The invention enconpasses a nethod conprising
provi di ng/at | east one stch conpound, neasuring inhibition of androgen
receptorQactivity for the ound and determning if the inhibitionis 25
above a f\rst edeternl ed | evel, neasuring stinulation of androgen
receptor I Vi in ho none refractory cancer cells for the conpound and
determ ni i f the sti Iatron is below a second predeterm ned |evel, and
sel ect fin§ tthBonpoun Gf the inhibition is above the first predeternlned
level and the stimition is bel ow the second predeternined |evel. The
predeterm ned | evel s may be those of bicalutam de. The step of neasuring
i nhi bivhérein Dnm§ oc Orapd ESeN e @sind iGrigalkylhirkll substitutedsik@dnt swtisiitnrd alyCp0) D3G 8N an
AR:r e ar.t er m or .a.prostate specific antigen secreting

sy3t eﬁ}ﬁ?%ﬁ be‘é)%? o arse are%isé f"hvar 5} Wo 2006/ 124118 PCT/ US2006/ 011417
strnulatron may conprrse measuring fold induction by increasing
concel®OB&t i ons wherein RARnd @&ponimdependepty 4lkyl, Isyysileinhydrogenp gyt tsalisgtusdetiiyt,i ¢
antig a i { nhiLbi:tign nd/ or
stinu?g ?g%$%%bm%%§%rl§e ﬁ%&gdﬁﬁﬁgﬂghg% €c H%¥£%ﬁ£g@%glbhﬁgﬁgﬁm?&%%WL
gr owt #rylalkylarerdalkeraf,. aslaBRhEF lﬁeo@ﬂrdvﬂo@mimﬂm -DRANINGBb§DBAE [hetEtveyclic
F Ol O AUE- BonRliE 3lbatil Sub B SeiBlnch N HIRRR AU E B XA B i

certa
10 Wthh can be heterocyclic, substituted heterocyclic, cycloalkyl, substituted cycloalkyl,

2 o T

[0039]
[0040] wherein X is carbon or nitrogen and can be at any position in the ring, and
[0041] wherein R3, R4, and R7 are independently selected from the group consisting of

hydrogen, halogen, methyl, methoxy, formyl, haloacetoxy, trifluoromethyl, cyano, nitro, hydroxyl,
15 phenyl, amino, methylcarbamoyl, methylcarbamoyl-substituted alkyl, dimethylcarbamoyl-substituted
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conpounds. [0046] Figure 1 is a graph depicting that bical utam de di spl ays
an agonistic effect on LNCaP- AR Agonistic activities of bicalutamde in
AR- over exwoeas&ed4ier nrone refractory prostate cancer. 1@ciNGa®coelds with
overexpressed AR were treated with increasing concentrations of DMSO as
vehicle or bicalutamde in the absence of R1881. Activities of AR response
reporter were measured. [0047] Figure 2 is a graph depicting an

ant a stlc as o] N ﬁg@%
blca%%?anwt°X<m§%¥wh%ﬁ§h§gh§% egaﬁ%&nBAS%ﬁga Eé%kﬁe %%Q&%?%ﬁ reated
Wi t h 4-metbanesadiong-lewpreitt, atplpmagmaf M@m@yv@hﬁm}é-swsﬁmt@alajﬁyémhdérom t he
absen f 1 o]

[004 §§§s't_181ftelﬁeréa§<§ll hﬁﬁ&dfy E\}bﬁﬁtgteﬁ) alﬁ@l lE? E\&Zc%? Elﬁ)gtltﬁ B C%ﬁrﬁg)l{gllj\rl]\ﬁ{e%gn LNCa AR.
[0049] Figure 4 is a graph deplth@g the effect of conpounds on LNCaP- AR.
[0050] Figure 5 is a graph depi;itgf the inhibition effect on LNCaP- AR

[0051] In Figures 6-10, exanple 5-3b is RD7 and exanple 7-3b is RD37. 20
[ 0052] Figure 6. Inhibition on of AR-overexpressed LNCaP cells.

Andr %gﬁsﬂm%édaaﬁ%? aoNFRRnEE] Ju§ W th OvE? exprassedidAR WoT, Sid T Gkl

i ncreasing co nirations of "OVBO as vehicle or  test°Subsfances in the
pries eficaylosutbioted MlishylRebsyl, Afbsinted adaydl. drlopmeigh Allicsr, balepinaigd FHERYwas

meas W1 pyniiiR J%Sﬁga%(d)g@ﬁ%i ﬂi@d)ﬁxlimﬂzn NRth@byRﬁf f(ﬁt@b)l@ﬁ @f(@cv)sctmqf

AR- over expresse tabl i shed LN AR

r'af
xenog?(é?ﬁlthlu PR3 (1R 1y Nﬁﬁ@ghl\@éali%dﬂmﬂe&%m taﬁylalhﬂr eléziaél@nrslo G5 A (s
or al lkﬁéﬁ%&\fﬁﬁdﬁbﬁ%c JeE;HH& &?&@b%ﬁlﬂ@&lﬁ%ﬁgﬁh&’ aﬁﬁiﬁd’u@e& -nofAomait C@yc}(\ﬁl

treate i cal utam de,” exanple 7-3b, or vehicle for 44
days .sulpssjutedni Cd@loa/v@rle haic@awbd mgfhylsuliessashagoylbsubstitated oplilly mefhylpaiorgthyly

ALy W%rﬁetﬁyﬁ{lw&g&hﬁ“ ulforyfox e th 90 %&&&}&%ﬁ@ 1482006/ %%ﬁ%uﬁ&ﬁ&%l

Fi gure tory effect jon” PSA éxpression of AR-overexpressed

x enogepmoylalidiutedvialiel, vesrwoxymethyle dn@ﬂhqucavleﬁvlme@yl omgthanesulfpnyh o4 Pﬁganeér kg
of ewﬁmr&n&nﬁ&ekﬁaaréﬁmgamsﬁﬁ@hl Y QRGE  dRbbYxy-BGithdOr S M1 € taken. out

fromthe mce after ays of treatnent, tunmor |ysate was extracted, and
PSA |dimethylpthoriesehenyl)oioerzings det er mvsearyelylErbayl-sisaord] Fi gur alky.

' nh' hfyal%&yetﬁixpe%ongrguggn@médamcb Kraho-2riMRrARRS IgHehy1@etaloyl, LAPCA xenogr af t

M<ce with established tunDrs were random zed and freated mnth 1 ny

8 of bi cal utam de exanpl e 7-3b, or vehicle for 17 days. oral once
dl.sé | JOO4Zh) | t urdieredt Rd 1 \aad R%@a%rﬂé’apwef@éﬂ ydeseen. (apyl; apfel. %;Wﬂ}t >t aken

g lrjlél fa'ﬂ%‘fn dubRitR e S tafkenyd, 7 subaitSte®@falkehR AAIRRRL, » subdtiilEd bk eheenfd BIRGL ed,
halogenated alkenyl, halogenated alkynyl, arylalkyl, arylalkenyl, arylalkynyl, heterocyclic aromatic or
non-aromatic, substituted heterocyclic aromatic or non-aromatic, cycloalkyl, or substituted cycloalkyl, or
R11 and R12 can be connected to form a cycle which can be heterocyclic aromatic or non-aromatic,

20  substituted heterocyclic aromatic, cycloalkyl, or substituted cycloalkyl.

[0043] Such compounds have substantial androgen receptor antagonist activity and no

substantial agonist activity on hormone refractory prostate cancer cells.

[0044] The invention encompasses a method comprising providing at least one such compound,
measuring inhibition of androgen receptor activity for the compound and determining if the inhibition is
25 above a first predetermined level, measuring stimulation of androgen receptor activity in hormone
refractory cancer cells for the compound and determining if the stimulation is below a second
predetermined level, and selecting the compound if the inhibition is above the first predetermined level
and the stimulation is below the second predetermined level. The predetermined levels may be those of
bicalutamide. The step of measuring inhibition may comprise measuring inhibitory concentration (IC50)

30 inan AR response reporter system or a prostate specific antigen secreting system. The step of measuring
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| evel in tissue |ysate was determ ned by ELISA. 10 [0056] Figure 10.
Inhibitory effect on growth of hornone sensitive prostate cancer cells.
Andr ogen woanaeid41IBICaP cells were treated with increasi rgTas2@entr4at i ons of
DMSO as vehicle or test substances in the presence of 1 pMof R1881. After
4 days of incubation, cell growh was neasured by MIS assay. [0057] Figure
11 is a graph of tumor size. AR overexpressing LNCaP cells were injected in
t he anks of cast D e ched
abou tsg‘ %‘B‘G 101 Bna% 2omBHe 1{1&%&91 %(c;ldr 1nﬁlllcfcfl§n bzt#?&gatsﬁlg fc:&g%k&gf?hé)\é%?p a%%%fe%]?%%% had
ni ne reportambystemAbit :eprasﬂwyspcceﬁm hrgigen bécseting mynteny.o [Thermethodegf megeyrmgginlvbifionr al | y

turo B s Eof s e RALER, oot oofborhl of s AR BNV g

caliper. [0058] Figure 12 depicts experinental results of tunor size At
day 18, the animals were 20 imaged via an optical CCD canmera, 3 hours

affer |ast dose of tregi@dEs q-?ﬂjnﬂ tunmor for
Iugelferase activity rreasurerrent I'n p‘ﬁpéon second c%re right panels is a
representation of the RO s neasurenments. [0059] Figure 13 is a 9ra ph
depi dP943h t he phharfelewike Aégvres Reerevicihe orsuitDof BiErmAcoiAsicat PEpERdigs of Cerfiver
curve) goral admnistration (lower curve). 25 [0060] , Figure 14 is a

gr aph 1(‘ﬁlepl cting PSA absorbance neasured for LN-AR cells after treatnent
wi th various doses of several corrpounds [0061] . Figure 15 presents_a_table

provilP#46h severtigure hds a stk deRisting s bicalsBudsadisplays ﬁﬁ peenjstic effed nINCaBnt s g

gr apher 0N§0?1139<9 a&tkk@uerg har iiBeRkhine il ARCHRIAGISE Hotfiche A frERUS r@&sta@@ gEeENds in
terns of onpound serum concentratjon as a_function of fine. 30 [.0062]

F QurldiCad qe&s witl PuerepEressH O Vigje Feaiet Wit ingrensing congeniptions gbbMSQy astrkifle 05 i ous
CONMP Ak Smide th4hd MO8 RiR4 1 131iPGI{ H930RE fAdelddofter W Bre nasur&. 50 ny of

corrpound per kil ogram body wei ght were adm ni stered per day, as indicated
by the |abel of a bar. The conpounds were adm nis d to he B

m ce. 0K er tr dHEHRA S\ FAPRE SRR FGEOHHICHaR O %ﬁ‘@ﬁﬁtﬁ‘&ﬁién‘?“taﬁ\’e@ égt

wei ghigonRtic ﬁﬁ%ﬁﬁ@gﬂﬁ&l@mﬂem&rﬁ@eamﬂm Igﬁiﬁtafbg:aﬁd’&:ﬁ ISRTHP-BS ek B8ated with
prostate, an adder re a canpo

obt a.lrrrraﬁega%cantwlegseqﬂ)@ PR PRI 1 raﬁsenﬁr %@{1%3? ARigES %Aﬁg*%ot

t[ﬁatre@oﬂye&époaeﬁm@ﬁg@dreddata are pr esented in the bar |abeled
"untreated". Anot her set of mce was treated onI y with vehicle solution:

BB DL TS b Srbabhime R Sl ol o DR ARG Cront 8l |

[0049] Figure 4 is a graph depicting the effect of compounds on LNCaP-AR.
[0050] Figure 5 is a graph depicting the inhibition effect on LNCaP-AR.
[0051] In Figures 6-10, example 5-3b is RD7 and example 7-3b is RD37.
20 [0052] Figure 6. Inhibition on growth of AR-overexpressed LNCaP cells. Androgen starved

LNCaP cells with overexpressed AR were treated with increasing concentrations of DMSO as vehicle or
test substances in the presence of 100 pM of R1881. After 4 days of incubation, cell growth was
measured by MTS assay.

[0053] Figure 7. Inhibitory effect on growth of AR-overexpressed LNCaP xenograft model.
25 Mice with established LN-AR xenograft tumors were randomized and treated with indicated compounds
orally once daily. Tumor size was measured by caliber. (A), mice were treated with 1 mg per kg of
bicalutamide, example 7-3b, or vehicle for 44 days. (B), mice were treated with vehicle, 0.1, 1, or 10 mg

per kg of example 7-3b for 44 days.
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protocol presented in Fig. 6. 10 [0064] Figure 18 is a graph presenting the

ef fect of various dose reginens of RD 162 on tunor volune. [0065] Figure

19 is a gvaphignredenti ng the rate of photon em ssion as®aTitat@d/onidth

|l uciferase activity at day 17 relative to the rate at day 0 after

treatment with RD 162 at doses of 0.1, 1, and 10 ng per kil ogram body

wei ght per day and without treatnment with RD 162. 15 [0066] Figure 20

PY €S fsa the rﬁ@kq o & 1RiniRddy SRS loh TRAL expfbsitbli s@Aﬁgv@em@@emmap m&@iaﬁd wi th
ce

t he R (HR) l'ine to i nduce tunor gr set of mce
t r eamedelyiMich Wermﬁ@éﬂmﬁh‘whlchm b2l &t 1%11»@@@-21%?15 eremﬂlﬁ 7p3é’rf°k‘i""r it g 3’?1”’1“158’83?
wei g HZul ?fle gx?rﬁ‘)rs He tacleI}f' Bt 1Rt theTmikd aﬁ’%r W B85 tof @kt8entORinbr WshtB way etfacle,

sol ut (A) The relative tunor volune as a function of tine shown for
eacha@bﬁs%kvwm@.sue(%ate varelgEmied yFHS4et of mice with photon enission
associated wth luciferase activity at day 31 shown as 20 col or contours.

(® Rass of phe 9&%&&%@&5&9@@%@%@ dﬂlfbl‘rﬁ@fe&&i@ao&ﬁ:j‘z LWPCy xadogwtt at
several t| nmes or each set of mce. 0067]tr F|(g1 g 21 is @%8{@%@ tgr%sentl ng
PSA #194dr Misscunesiabliphed demers e Rpdereieed|and tepled il | e oFF u

conc @fgn%@et -9 %r OdhidOER 27 dRRBERl ond AL (A), aieorRL fids &fédsulfﬁmyfbhlﬁbeﬁ@y theon.
[0068] Figure 22 is a gra ph presenting. PSA absorba&ce associ at

LN- Cimos Ve tekep gpifiom ke (Rice Rittal/ g OEEWBWW“&?‘PB §at%WaﬁW°te§ﬁf§AngRD162

bi cah&glqghggelygagwg\&gmﬁgg)ﬁpuﬁmgure 23 presents results of an experinent
conducted with wild type nontransgenic mce (W), castrated |uciferase

trans ic mce nd nop-castrat uci f erase. .t rans

(llon @r‘?] Dat glgéﬁe iéh@%ﬁltf’%’r ’@5‘5?’? ﬁ%vgglclfcli‘%f’%esé PP & OS%”%C c?ﬁc?:recet%r ‘eat ed
Wi t h AalropspdtatddeINC S Elis tnefeaitatep @lithehcreaying chldagtrahznéofrigMB@ras kihiclg roatesﬁoody
hon- GHSEREE Bt QEFFEF A0L PO SHEBBhT ek 8t aae B O S g AR oy

t est ogtesisewye pellet yielding 12.5 ng per kil ogram body weight with a 90
day rel ease period (Intact+T). Data are shown for castrated -15 WO

2006/ 118 06/01141 Iu0|fe se trans D the
ol APPL ¢ oot T f ot S Recp R TRCa BEYHECb o i

RBlGZlaﬁl&IBI CadtrdteCICST) rrad‘,e mﬁbcﬂ@nqoeﬂiy kWhelg nmimdghedveb@hﬂmpafmmm theAwere

Ur ogeni.t al ht _a B) Phaqt e 4 S.

a1 BB RS RO, BP0 Bine gL AR Tk il Bl S Y5,

Fi gumaﬁgimn&rzﬂlygm&phtheff vdhipdd, beala&muhair RDI16Y a‘otO ol rhg/RReeeyday.| Thetudosed

Wi th_various ongcent ions ranging from 125

nnol VLS 1Y ed t%rubeg% T%L?E%p w1rcllthi d'?1 éegﬁm 0$S n gaﬁﬁn

IF gur’e "uci f er ase activity for
t he LN/ AR cell line for various corrpounds
[0058] Figure 12 depicts experimental results of tumor size. At day 18, the animals were

20  imaged via an optical CCD camera, 3 hours after last dose of treatment. A ROI was drawn over the
tumor for luciferase activity measurement in photon/second. The right panels is a representation of the

ROIs measurements.

[0059] Figure 13 is a graph depicting the pharmacokinetic curves of RD162 from intravenous

(upper curve) and oral administration (lower curve).

25 [0060] . Figure 14 is a graph depicting PSA absorbance measured for LN-AR cells after treatment

with various doses of several compounds.

[0061] Figure 15 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 serum concentration as a function of time.

30 [0062] Figure 16 is a chart depicting prostate weight after treatment with various compounds.
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adm ni stered at concentrations ranging from1.25 to 10 gnol. [0072] Figure
26 is a graph of luciferase activity for the 4AR cell line for various
conmpoundswo20oéadmini st ered at concentrations rangi ng frecras2@eoi4lD nol .
[0073] Figure 27 is a graph of PSA |levels for the 1AR cell line for various
conmpounds adm nistered at concentrations ranging from1l.25 to 10 .tnol.
[0074] Figure 28 is a graph of PSA levels for the LNNAR cell line for

vari ound adm red concent r at r. | to
000 et G B5cpaft o et gt 3oy DGR Vet driliBp R 18 G el 1

vari ¢abel m*far’qaﬂurlfésomdmnds wbleraéxdmaaaterecbto meaétmr F3Bioins Aﬁ;ﬂgxea@lehr‘mﬂl d@%omrbl to
1000 .n TAl LED. DESCRI BT 7 V, re

di s CS%rngzl dz1 %&efmé)ig?nl act we lhp\l 845 ge(#rla negrf)bng é@lﬁ%%&)&/mrgglgg ﬂ} s% 'V(%ﬂ:le%

t er nmiprstaegynd tdaddemp Isz;;eeclméeowerb h@nmatoead@fglwhaompglmd kooteaia the dah@rqsmeﬂm on is
n Lnte to be imted t eclfli r

et Ot BiaP T fh'et LRl A R T bbb R AenR S BTG il
part s:umatew'e mwhemysﬁcbfamde ot eeateipdnioesh delu@b s@letibnnideth @uet prpsnted mrgthe bem t he
spi r Ve scope of the invention. Al references cited herein are

|nco rate y reference as if each had been individually incorporated.
25 Synt hesi s of Diaryl hydantoin Conpounds [0077] The invention provides for
synt 1Bt of diFaguyd 1 hisohgoah trodsentivg mpliifn dssha penfgymed elong gyithuthg expegimpyial
2006/ /011417 NC SR/21 | RfT3 FSCNNO )-6- with R71

i ncl Sﬁg%@ %%%ngg%gl n of from1l to 4 carbon atons. For exanple, R72 can
be carbanoyl, e. -(CO NH2, or rret%carbarmyl e.g. &gg{ NHCH3. An

akf dd0ddbup borremp bt istarmsanbareseningttemsfiset oftarous sloprofegimeng o Fedn WP Ct ur e
i's tﬁgﬁ(lﬁﬁl_ a carbanoyl substituent. For exanple, R73 can be a fluorine 5 or
a hydrogen atom That is, a fluorine atomcan be attached to any one of the
carbons of the right- hand aryl ring which are not bonded to the R72
subst?868knt or Figvee K fsrogeph micspringafhe aptn of PRipy emisgon pieariptad With iwie@sh be

att agae@tyta@déyhﬁz LRIERORShOfatd A Qay b Gr-tRAREEK YL RDI S0tk &brane 1Ml 1bended to

the R72
per kilogram body weight per day and without treatment with RD162.

15 [0066] Figure 20 presents the results of 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
RD162 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

20  color contours. (C) Rate of photon emission associated with luciferase activity shown at several times

for each set of mice.

[0067] Figure 21 is a graph presenting PSA absorbance associated with LN-AR cells treated
with various concentrations of RD162, RD162', RD162", and RD170 and vehicle solution.

[0068] Figure 22 is a graph presenting PSA absorbance associated with LN-CaP cells treated
25 with various concentrations of RD37, RD131, RD162, bicalutamide, and DMSO.

[0069] Figure 23 presents results of an experiment conducted with wild type nontransgenic mice
(WT), castrated luciferase transgenic mice (Cast), and non-casirated 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
30 non-castrated luciferase transgenic mice treated with an implanted testosterone pellet yielding 12.5 mg

per kilogram body weight with a 90 day release period (Intact+T). Data are shown for castrated
-15-



substituent or the nitrogen atom For exanple, a hydrogen atom can be
attached to each of the carbons of the right-hand aryl ring which are not
bonded t owbheodAz2118ubsti tuent or the nitrogen atom 10 [pe@iBhodcor14exanpl e,
as further presented bel ow (see, for exanple, Figs. 3, 5, 11-13), the
conmpound having the formula F O NC )aN C F3BC ANH O-_b [RD 162]
exhibi.ted surprisingly ent t [ ' it B iR mia
agoniaierage Jepssghty | wEe ft(r)efa%gvg}ﬂé% gr Zis g%‘%& 1%“%%6% %l%?}oérg&el ?let ractory
pr quKIﬂ“/Cﬁt)Cﬁr with cmmp (RDIL6BHT/Cdst)sa Vidr mi oo i ograr sbody corighit rgr day-t Kb
inventio res e n n o]y gnto
tier °gmﬂ? F@Fl tgﬁd@? 3%é%§%§ﬂﬁgéiﬁéf%g%%ggggﬁﬂd%?Sﬁ éwgupegﬁgp to
bi catfittcauny diseakostatt tves riot endbieednt of prostate cancer, Tier 4 conpounds being
conparable to bicalutamde in effectiveness, and Tier 5 and Tier 6
s bei b i Qﬁ“tMElAR%ﬁ ERtdodd with P4 R)%é ate
caHE&HQ?A nnrgg%%?5§qsggg@hé#ﬁ%%#%ﬁg%gﬁmﬁe prot ocol used fo rank t :
conpouwnas:ds sdnonisiesd gt Gopcenaitane rangide remdis nmeltoWgIOIoe/ 124118
PCT/ US2006/ 011417 Definitions [0080] As used herein, the term "al kyl"
dengb br anc'ﬁ%@% HQ% HQ)I? ﬁﬂlf&)(gr Q%l?&‘}h@bﬁym eell lﬁfeﬁ’f)te\faﬁ@&s)éoﬂxﬁb’dnﬂg about
ut 8 carbons, net hyl, "et hyl, n-propyl, iso-propyl,
n- bwﬁyﬁnlst@e@atcﬁncbmaylbnsmwnmryﬂ25t<e¥0tmmltyl 2- met hyl pentyl pentyl hexyl ,
i sohexyl, heptyl, 4,4- dinethyl pentyl, octyl, 2,2,4-trimethyl pentyl and t he

{M!fﬁoo-;" ubst | tﬂ%&@' ?@ ske}/ér hUdese aaw% 0] O AR Rk @Rkl idussdbSbidaut ed

e or unct groups may be attached to such chains,
ﬁhchdmgnﬂﬂvﬁﬁ@x&kn“&#Mﬁmmgﬂg@@néZSﬁtﬂhﬁmd i odo, nercapto or thio, cyano,
al kyl'thio, heterocyclyl, aryl, heteroaryl, carboxyl, carbalkoyl, alkyl,

al kﬁ@(y') 1 nitr g Lﬁ"@ﬁfﬁﬁ ﬁahrlﬁgl)ﬁék psAMHQs f@xnﬁletﬁ@ |cbl'f@1nte rof Qf‘éﬁﬂu@lcléﬂlboﬂlﬁQUps

such astrifl uofo ydroxyhexyl , 2-carboxypropyl,
2-f Iadmnrmﬂetrh@/dtt,comnmmmgnw ﬁromjtéﬁ@bmmoland the |ike. [0081] Unless
ot herwi se indicated, the term"cycloal kyl" as enpl oyed herein al one or as

part @J anot fﬁ 998404 O%g@huaeﬁsﬁ 8t ﬁtecmmr Loy ol VS ASHT BhS8nds

(co tal ing 1 o nor e e bonds c {drocarbon groups containing 1
t o Jdmimigered atohogoiratignyrargieg /e ¢2 Ikﬂ}fbl tO lﬂ()@\}ﬂmo cal kyl and tricyclical kyl, 15
contalnlng atotal of 3 to 20 carbons formng the rings, preferably 3 to 10

30053 for mmg,l B9 &id B Qb MGHLRe rzayw@efoi Y388hst &m;boeﬁds%cﬁm&@&a Gt Fings
as described for aryl, i ncl ude cycl opropyl, cyclobutyl,
concentrations ranging from 125 nmol to 1000 nmol.

DETAILED DESCRIPTION

[0076] Embodiments of the invention are discussed in detail below. In describing embodiments,
20  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 incorporated.
25 Synthesis of Diarylhydantoin Compounds

[0077] The invention provides for synthesis of diarylthiohydantoin compound having the

formula
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cycl opentyl, cycl ohexyl, cycloheptyl, cyclooctyl, cyclodecyl and

cycl ododecyl, cycl ohexenyl. "Substituted cycloal kyl" includes a cycl oal kyl
group optwonaddnp4agbstituted with 1 or nore substituent #CTAISeévcmsishal ogen,
al kyl, al koxy, hydroxy, aryl, aryloxy, arylalkyl, cycloalkyl, alkylam do,

al kanoyl am no, 20 oxo, acyl, arylcarbonyl am no, am no, nitro, cyano, thiol
and/or al kylthio and/or any of the substituents included in the definition
of "sub tuted alkyl." For exanple, » C) co [D> and the like. 25 [0082]
Unl ess ot eyryl " as used herein by itself or
as part of § i i
2 to 20 carb
carbons in the
nor mal Iz6&i n,
3-pentenyl, 2-hexenyl,
2- heptenyl, 3- heptenyl

R73 and nore preferably 2 to 8

¥ ude one or nore double bonds in the
) , 3-butenyl, 2-butenyl, 4-pentenyl,
8 WD 2006/ 124118 PCT/ US2006/ 011417 hexenyl,
enyl, 3-octenyl, 3-nonenyl, 4-decenyl,

3- undecenyl 4- dodecen 4,8712-tetradecatrienyl, and the |iKke.
"Substltuted alkenyl"()ncl eg an al kenyl group optionally substituted
with one or nore substituentRy;such as the substituents included above in
the definition of "substituted alkyl"” and "substituted cycloal kyl." 5
[0083] Unless otherwi se indicated, the term"alkynyl" as used herein by

i t sel fwithr RZESinpladihg of alk?ll’b’hbffﬂetff FROUR 4 84865 aths. S Foax@hblcOR7TVEANENGH @I N
radi cal s @5 §%%o 20 ¢c ﬁgns referably 2 to 12 carbons and nore

pref erdbl” QNH;, o ety ﬁe(ﬁg? He néi prmidggrosn bprtefl aige eavkongatomof e

t ri p| eheb&f‘tdﬁyll t8 ahdiBer sﬁi@ﬁlﬁ‘ais &Rl Bycax%bkﬁ@l @@osatugﬁto Wﬁéﬁa ﬁ ﬁWx &’dﬂyge’a ﬂuorme
entynyl, 2- hex ynyl, hexyn yny ,

en
ept Y lwdr" r?é‘ﬁ%/y fis, %H%Pf/ﬁ f cag ﬁa‘ﬁ%ﬁh‘;ﬂ to aay @&f‘cfgf gqcar@mﬂ e yighithand

4 dodeny riyb whith drd Rot Hondddke th I&Qbsilbétft&l%ﬁgr @k hamgé atbiaC | LGS ANy, %‘%aﬁh
group. ion aﬁstltut %H@‘H§¢ nore substituents, such as the
subst F?’E)féﬁ‘i% ?ﬁ%‘i"ﬁ B b5se0ons0 -hand; srghring Whichizse npl beded itk e Rznd
"subs B?ﬂ;umad oﬁﬂﬁlnﬁﬁwlggxydto F&Q&:ﬁhpl?h&lyflﬁl’g?ﬁsat ﬁ?éﬁl@d&)ﬁéhedt @a&%ﬁh{&wdnk fl':md

as . use of anot her roup refer to a
aIken?TléﬁyL%@@?ﬁﬁFga?gﬁ ngg’8%?&$%ﬁég2éﬂﬁV@mﬁévﬁﬁéﬂéﬁg&ﬁVP substltugnt.
15 Representative exanples of arylal kyl include, but are not limted to,

belizy [Q078} pheny [Fet leydmpl@ aphfeniyd prespiibd bRBRNEEDfbr el@ipd)¥aisy B, 3nd1-13), the
naphtg&£ Qan qﬂe helglke "Substituted aryl al kyl ™" i ncl udes arylal kyl
groups ¥ portion is optionally substituted with one or nore
substituents, such as t he substituents included above in the definition of
"substituted al kyl" &nd Osubstituted cycl oal kyl . "

NC s -
N H
FaC N” N

0

[RD162]

exhibited surprisingly potent antagonistic activities with minimal agonistic activities for overexpressed

15 AR in hormone refractory prostate cancer.

[0079] A list of several compounds according to this invention is presented in Tables 5 - 11.
The compounds are grouped into tiers, with Tier 1 to Tier 3 compounds being expected to be superior to
bicalutamide for the treatment of prostate cancer, Tier 4 compounds being comparable to bicalutamide in
effectiveness, and Tier 5 and Tier 6 compounds being worse than bicalutamide for the treatment of

20  prostate cancer. A more detailed description of the protocol used to rank the compounds into tiers is

presented below.
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[0085] The ternms "arylalkyl", "arylal kenyl" and "aryl al kynyl" as used al one
or as part of another 20 group refer to al kyl, al kenyl and al kynyl groups
as descriweado@bavashavi ng an aryl substituent. Represercatise@ecoxanpl es of
aryl al kyl include, but are not limted to, benzyl, 2-phenylethyl, 3-

phenyl propyl, phenethyl, benzhydryl and naphthyl nethyl and the Iike.
"Substituted arylal kyl" includes arylalkyl groups wherein the aryl portion
is optionally substituted with one or nore substituents, such as the
substituents included above in the definition of "substituted al kyl" and
"substituted cycloal kyl.” 25 [0086] The term "hal ogen" or "hal 0" as used
her eil¢figitione or as part of another group refers to chlorine, br om ne,

fluorine, and iodine. [0087] The terns "hal ogenated al kyl", "hal ogenat ed
al kenydggy and anlskaéea' hereﬁstheseﬁ Qﬁ(&p'd%not@é QHhed oﬁ%b@ﬁkﬁedq{ydﬁﬁ%&%haQ{SOUp
refers to "al kyl", "al kenyl" kynyl" which are substituted one or

nnrepﬁﬁﬁﬁﬁyéﬁﬁﬁkﬂeﬁt*FbﬁWFQ%ﬁ¥Wﬁésu@h¥bF?ﬁ%lG%Wbﬁﬂﬁ§w'ﬂ$ﬂ5ﬂﬁﬁé*‘%ﬂd%Fodlne
3G [@Q@fﬂhsmms %’ert%u@@rﬂm%%]ylp@ﬂylcg&ﬁﬂi , helkie 150%@1 "1Rpiyl, "4, Ddimety] pesyl emwloyed

her ei n | one or as part ! not | roup refers to nonocycC ic and
pol y&yed m@w&wmwr wdgheokikss "Wt dA! ecltléesrfe abiy} HB%OR%“%IH@“"%“F‘W& Wl ti on

( suchnésr REEMctiBfial Bt gsx Wikh B¢ bel stkadBedlo Radunhivb, saéitas2hyddddy, BYdmo, AGsto MY
optional ly include WO 2006/ 124118 PCT/U82006/011417 one to three

addi hisraitodo; H&%"aPtﬁs‘Edh{"o cyng.adlpdbine heteracydhy. aml ahefreqaarloeqreawk cavakoYlsuch

as amklilyl, alkWGH, Rk K Yinino, NREST, @RIQ] ardlthei@!10 RRHANGREMMs subBiflndORBAY1, 3-
ﬁyﬁgrltute aryl” |ncgﬂdes an aryl gr oup optlonally substituted with one

YHOXRERE I SRR P Bs Tuerd sarbpgimisthyh graebwiy and el hal oal kyl |,
al koxy, hal oal koxy, al kenyl, trifluoronmethyl, 5 tr|fluoronethoxy, aIkynyI,
cycloalkyl al kyl , cycloheteroalkyl cycloheteroalkylalkyl aryI

het er ar yl | 0 " kox koxycarbo yl,

oyt 8By éhﬁ Sotmire mf%rrﬁdn@erpaérrroar% sy Rysiiein, Ror e PR o

ﬁr y| ag@her @d&@r mah&ds&bfawted diqiaﬁfaﬂﬁmyéaa{rM&DYdontamh@ Eobpatoyd baibrr wadyl cyclic ]
etero ni t a am no, tltu m erein the

ot noveperefata Shiing s b P b dngirenos SR e h o B SRy e

OISI"IleI‘COIﬁ:lilylhﬁ amﬂoﬁr}ds 20rembd>rmrfaﬁm:1g1thé hﬁgsl@refkea‘bnl 5 33 td Im&}boni rﬂnﬁimg 1k g blhil 0,

arylth t thio a car on

o1 oiBamyioe KPR Lo St o Grpbuthuebrpoc e e R S

am lnrosmats)piamy?rl ,cycl@ﬂeky/lj C@r:bh?pﬁl,oqucloacrtyll cafrclaeyl oxnd, @blb&ddé@g{l?@?&lbﬁdibﬁw

aryl gar.bon anln ar ul fin sul f onyl ani no or

ARG Lot e S M S R TR L R e R R

her eisurh ad ﬁalpWQﬂkylLche@sh}dtdxg,ratwlsﬁyiomyzj|aqa=ﬂle5d,, qycloblleylt akythmideteﬁlfaﬂsymﬁha or

terocy

L PLOEY, Sy, HEE Bigs PO AR R R B Ao ot iy o (2 sib Rl 11 &

included in the definition of "substituted alkyl." For example,

A o0 O 9y
A & o o

25 [0082] Unless otherwise indicated, the term "alkenyl" as used herein by itself or as part of

and the like.

another group refers to straight or branched chain radicals of 2 to 20 carbons, preferably 2 to 12 carbons,

and more preferably 2 to 8 carbons in the normal chain, which include one or more double bonds in the

normal chain, such as vinyl, 2-propenyl, 3-butenyl, 2-butenyl, 4-pentenyl, 3-pentenyl, 2-hexenyl, 3-
-18-



be saturated or unsaturated, and which consists of carbon atons and from
one to four heteroatons selected fromN, 0 or S, and wherein the nitrogen
and sul f uwohetaserea8ons nay optional ly be oxidi zed, andpCmaseétsrnogen

het er oat om nmay optionally be quaternized. The heterocyclic ring nay be
attached at any 20 heteroatom or carbon atom which results in the creation
of a stable structure. Exanples of such heterocyclic groups include, but

i's nﬁéxeﬁylrﬂ ﬁe%féngzm-h@pta@[ |4£Hepﬁéhyl Pb@afya,zl-ﬂb)dényl aidrpéryériazidagehyl, 4- dodecenyl

oxopi peri ,. oxop ro i di ny vl epi ny}

pyr rﬁgal&fmﬂeca@ﬁ?yé’n% they |1‘gﬁy éu’b tﬁ‘?cﬁ%%r‘{}l WP‘; 2oft df ken ygr 0%) 27 ?a;llly,

i m dﬁf’b@chtht@& lmthldlﬁb dazptd ﬁ;{bﬁﬁﬂlentspyﬁchdty lthe smwtanzantsylhqluqlvﬂlrabnvq:lmrtw defpytionddzi nyl ,
oxazolyl , oxazo [ i soxazol i di nyl, rnorpholinyl,
thlaiﬁ-§¢m344%ﬂéiﬁg ﬂvwﬂgﬁﬁﬁ?ﬁvgzolyl 25 thi adi azol yl, tetrahydropyranyl,
t hi anor phol i nyl, thi anor phol i nyl squOX|de thlanDrphollnyI sul fone, and
oxadjcmzyl yl . TUﬁleEEEdStH&r's}vlfsetlﬁmquc theCteat (')zﬂkljmyb‘"asa\sed@admh@r gseifrprggs(m@ dr as

part of anothe
ol et goup et stk i BeRle sl 2R Shashs W RORI O BTN
suchadd Mee pffdgae'ay 2ao an:aﬂ)bt)(sl in tneyﬁdnlnml dtyin, whieh arcb:alc phe or mh@tteplg bymds dalfhiey|
ring en d
"SubggpPﬂgﬁﬁ'ﬂﬁ &t B?’?““ln ggbxgﬁgtggm§$§f3§%§§m@8%ﬁ%§£|on£%§$HQ§
subs heﬁtjdiyﬁd; Tvdptyhyl] 4th@pt§lms uhsdityﬁylljl,e?nhmynﬁu ¢lileqmyl Bemdeysyli #dedrewyil ped thted
" ni t ,on ;0 'S B
33 ﬁg ugs.tmg(g ’ IH &8 a0 aﬁ?T ér%g% %pﬁ&alllﬂ aﬂﬂst t&t%’ svtn}{ l&u,e q)r more

er oar Ss’I ncC oW ng -
2006@&&%&:& RGIH uszﬂ@@mﬂlﬁléﬂw inddadefl] above in mNdeeﬂiannlofo"Nb@wt@L aN@N aINJ \ S~

\\ N N and the like. Exanple 1 5

4- |soi ﬁ@%g&ﬁgré' “trifluoronethyl benzonitrile, (la) [0091]

4- Am no-2-trifl uoronet hyl benzonitrile, (2.23 g, 12 mmol) was added

por t [@i3ej se ové‘he tefrBs hiylalkyds "arpilalkenyiibandd piylagyhylf eviushé elenoyyapeatief #pReur e of

tSP: :‘)I%P?\lé %ﬁg’é é all%gqym& )alﬂyHy S{S zgﬁz aes%ged ﬁ)tové chgﬁhé ea%pﬁ'gflaELWsﬁtuent

|nue an a tlon reacttron medi um was
ebét r Bepresbntatiie rexam:smr of aryiald mclmée niuy . ard et diswitsidntod hspgyhnPehepiledel wérs

dried over VISR ADH teYAPRYALEhabhyimethyl and the like. "Substituted arylalkyl" includes

arylalkyl groups wherein the aryl portion is optionally substituted with one or more substituents, such as
the substituents included above in the definition of "substituted alkyl" and "substituted cycloalkyl."

[0085] The terms "arylalkyl", "arylalkenyl" and "arylalkynyl" as used alone or as part of another

20 group refer to alkyl, alkenyl and alkynyl groups as described above having an aryl substituent.
Representative examples of arylalkyl include, but are not limited to, benzyl, 2-phenylethyl, 3-
phenylpropyl, phenethyl, benzhydryl and naphthylmethyl and the like. "Substituted arylalkyl" includes
arylalkyl groups wherein the aryl portion is optionally substituted with one or more substituents, such as
the substituents included above in the definition of "substituted alkyl" and "substituted cycloalkyl."

25 [0086] The term "halogen" or "halo" as used herein alone or as part of another group refers to

chlorine, bromine, fluorine, and iodine.

[0087] The terms “halogenated alkyl”, “halogenated alkenyl” and “alkynyl” as used herein
alone or as part of another group refers to “alkyl”, “alkenyl” and “alkynyl” which are substituted by one

or more atoms selected from fluorine, chlorine, bromine, fluorine, and iodine.

30 [0088] Unless otherwise indicated, the term "aryl" or "Ar" as employed herein alone or as part
of another group refers to monocyclic and polycyclic aromatic groups containing 6 to 10 carbons in the

ring portion (such as pheny! or naphthyl including I-naphthyl and 2-naphthyl) and may optionally include
-19-



10 dryness under reduced pressure to yield desired product,

4-i sot hi ocyanat o-2-trifl uoronet hyl benzonitrile, (1a), as brownish solid
and was uwsedoasi2sush for the next step (2.72 g, 11.9 meCT/iSedp01E ANl e 2
2-1). (4-am nophenyl)carbamc acid tert-butyl ester, (2a) 15 [0092] An
aqueous sol ution of potassium carbonate (1.52 g, 11 nmol in 5 m of water)
was added to a solution of 1,4-diam nobenzene (3.24 g, 30 mmol) in THE (30

m ) ar;}lg tp%ee(gdg '811 ngLful le'té a cq}‘t?& i 1¥1\Q§r Qﬁ&&gcﬂhc Eﬁé‘ suajr’ syel 1. cycloalkyl,
Boea8m% % r#o?f YETR T The

pyrocarbonat e, dr opw s€ over reaction
m xt Ureteragad os eyckahetdrop 1rmﬁs)add| t| onal 4 h at room terrper ature. The m xt ure
was then poured into cold water (40 m) and extracted with chloroform (3 x

50 nhossfhe conineglior GaM oRhiass: YRS dbipe gpt%gaw@&bs!}&é@w@rmn&%%&yat ed

to yleld a brown residue which was subjecte fl ash chromat ogr aph
(di cHiestiond erane sades dale, haloallyl, taacybfhﬁlealhyl( dkowyi hrdgnenys aflearlpti @roa@%dl
t et tgﬂa&bm@tﬁ&@r alk@rg?) e y@lwowyd@ﬁ&érdauéyl a%m@etel%al&rmm 1ar$5%te1(>éi‘y?| d

based on Boc2 1-cyan-| - net é) | ) am no] phenyl}car bami ¢ aci d
t est -HVpNYL es‘tfélPXY»ZbaIZB’x{’ 3] arakenyxt vl Xwaﬂmﬂ( 0. &3legrbonylnsrsjalkeaylt one

cyanohyfdcarbohivtardl, ) @R SOhr{1duflyl WasS arytadd, VOLAQ0H{ARg118 peteroarylalkeny],
PCT/U82006/0114 7 hggtgg tor%O C)%n gylrred ovegﬁg &§ % n%%oﬁyng

down hebreandisterese peieparEloxss SHfetin dithd CYRae; an@wﬁﬂaﬂtwez‘eadnmwbermﬂhﬁr amige i ) .

The sgdiidbsWas of dubdtiticfd (RRich GHeia88l, 81 %t Shydorlfle bthdr &M%@Hlpl)ands mentloned in the

gﬁ%h yl et hy I%anlno henyl} carbamc "acid teat-butyl” ester, g g, 3.9
| de@gﬁ}@ns 5 tlgolg)a kylth1o arylthlo heteroarylthio, arylthioalkyl, alkoxyarylthlo akylcarbonyl

{4- [ 3ofibar Bdﬁ?rﬂ 3- Slkjihthiecaemiiny | pheBMinbeAbdngi, NO- ék&y%ﬂaﬂ;yhyl Zmﬁlbéa%gyr m daz
olidin-I- jphenyl}carbanlc acid tent-butyl ester, (2c) [0094]

Tri et¥pil G&FHOH@O’(SG 20lgbonyigne| ) yedesbmrslaming. a gpiGttoBrawmo a poluleyly, 2
Mo )argBdfidialky,Corfdui Bnyl2miB Rk hrylsilfeHa¥hinockEbény1 Bhd/er AP ST R Qbstiudfidifce Vs

stirre at roomtenperature for 15 h and then concentrated to yield a dark
resi AYENSEFch was subj ected to flash chromatography (ethyl 10

et her/acetone, 97:3) to afford

{ 85 [ 3049%] cy ano-Thlésk iofHebbﬂEeDﬂiﬁicbtyﬂ phe rtydn) “Ifbtelr ¢V EIR> or 5‘11&&%%&&”' asZnsed Ihepéar;

ImTijafgglgéggtls ra{% ¥ %lll{) tl‘%ﬂeedﬂl (yr Shg tltutead stzﬁ)lea Ito 16-61%{e211bgr%'c[1 ¥11|.on§csytcl€f\c[ ring sys?em vehlg'hSma}’I 0.3

4- 34 b(elbaa]mte‘&)mhmydn)ated dnddivhieh leyhsidts Gf(ﬁhr&mt Amnag ahdirdazeld @i Pud hotbrbatdms
trlfl The m xture of 2c¢_(0.15 g,

o th nitrile, 2d, .[ RD9 095

ST FRRRS B S S wrein 55 it o bnch b P T ooBEIbRe St | o
f or 2né the/@aﬁthgbn hmermgom maiy eptidnally bwqaateﬁimerﬂieuﬂ’eerocwlﬁ 1@ &y b0 Bttd¥hed au!léﬂy WaS
tracted.with_dichloroneth

PR SctdRlcfh b JauPor GboRt ittt Rt no . by bl By %’ﬁ%ﬁgt"égﬁu e
(di clhleteroomiich@rtmbaCﬁblodﬁa b 1y dod $inebdl ; [Bpdriding1)l pRRASKYI ) oxbperazinyl,

oxopiperidinyl, oxopyrrolidinyl, oxoazepinyl, azepinyl, pyrrolyl, pyrrolidinyl, furanyl, thienyl, pyrazolyl,
pyrazolidinyl, imidazolyl, imidazolinyl, imidazolidinyl, pyridyl, pyrazinyl, pyrimidinyl, pyridazinyl,
oxazolyl, oxazolidinyl, isooxazolyl, isoxazolidinyl, morpholinyl, thiazolyl, thiazolidinyl, isothiazolyl,
25 thiadiazolyl, tetrahydropyranyl, thiamorpholinyl, thiamorpholiny! sulfoxide, thiamorpholinyl sulfone, and
oxadiazolyl. The term “heterocyclic aromatic” as used here in alone or as part of another group refers to a
5- or 7-membered aromatic ring which includes 1, 2, 3 or 4 hetero atoms such as nitrogen, oxygen or
sulfur and such rings fused to an aryl, cycloalkyl, heteroaryl or heterocycloalkyl ring (e.g.
benzothiophenyl, indolyl), and includes possible N-oxides. "Substituted heteroaryl" includes a heteroaryl
30  group optionally substituted with 1 to 4 substituents, such as the substituents included above in the
definition of "substituted alkyl" and "substituted cycloalkyl." Examples of heteroaryl groups include the

following:
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di met hyl - 5- oxo- 2-t hi oxoi m dazolidin-21-yl]-2-trifluoronethyl benzonitrile,

2d, [RDO] (0.118 g, 0.29 20 mml, 97% as a yellowsolid. NC S NH2 A F3C
N N o 1hvBlewerrea0sMHz, CDCl13) S 1.54 (s, 6H), 6.73-6.7pCctms2@ei11477 00- 7. 03
(m 2H), 8.02 (dd, J, =8.2 Hz, JZ =1.8 Hz, 1H), 8.16 (d, J= 1.8 Hz, 1H),
8.20 (d, J= 8.2 Hz, 1H); 13C NWR (100 MHz, CDC13) 5 22.7, 25 66.2, 109.1,
114.3, 114.9, 120.4, 122.0 (q, J= 272.5 Hz), 127.0 (g, J= 4.9 Hz), 130.4,
132.5 , J=33.0 Hz), 133.4, 135.6, 138.5, 149.2, 175.3, 180.4. 2-5).

4-[ 3- (4 azi dopt*@nyl) 4 d| met hyo- 5- oxo- 2- tﬁl 0XOi mdazol din-1-yl]-2-

trifl I\Orret h;{S nzom@ e, 2 RDLO] owv An agiegus sol ution of
sul fu acid Yo Wt added t ion ofN2d (0.10 -22 WO
2006/ 124118 PCT/ U82006/011417 g, 0.725 mml) acetone (1 nm) at -5 C. An
aqueous sol ution of NaNO2 (0.024 g, 0.35 mml in 0.5 nmM of water) was
added gj ow y thoe above m xture over @ 1 h. Theyreaction m xture was allowed

to st t -5 an °.=' onal Nh and tmén\an aq sol ution of NaN3
75 614 o) “vat o) e

(0. 02 drop sqy Upon conpl etion
of the addltlon, e reef%tl 0 msdl u?h was warrred to roonftenperature 5 and
stirred for an additional 3 h. The product was extracted with

di chl or gnet hane (3 x 5 nl)y_The conbl ned or gani c | aygr was dr| ed over
MySO4 ¢ Cpncent gatied and ghrjmat o (dic metgh yield
4[3(Nﬂ.Ja~Z|dop r@l 44kq\lmathyld?> xp»_2th| |n1yI] 2-triflu
or onet hyl benzonitrile RD 1 ( 8 rrrml “72% as a yell ow sh

sol i hnaMGHkS! Ns F3C NN 10 0 111 NVR (400 |sz CDC13) s 1 54 (s 6H) ,
7.17-7.20 (m 211), 7.27-7.30 (m 2H), 7.84 (dd, J, = = 1.8 Hz,
1H), 7.96 (d, J= 1.8 Hz, 111), 7.97 (d, J= 8.3 Hz, 1H), 130 NI\/R (100 MHz |
coc13axa§i{,a§17 66.4, 110.1, 114.8, 120.4, 122.1 (q, J = 272.5 Hz), 127.0
131.1, 131.5, 132 3, 133.3 (q, J 33.0 Hz), 135.3, 137.1,
14% ﬂ"sit?wcéa“ai%%r“ flugyemethyibenzgpibrilestiehs  cal cul ated 430.4. found 430. 1.

15 Exaogaie 3  4-Amino-2-trifluoromethylbenzonitrile, (2.23 g, 12 mmol) was added portionwise over
15 minutes into the well-stirred heterogeneous mixture of thiophosgene (1 ml, 13 mmol) in water (22 ml)
at room temperature. Stirring was continued for an additional 1 h. The reaction medium was extracted
with chloroform (3 x 15 ml). The combined organic phase was dried over MgSO, and evaporated to

10 dryness under reduced pressure to yield desired product, 4-isothiocyanato-2-trifluoromethylbenzonitrile,
(1a), as brownish solid and was used as such for the next step (2.72 g, 11.9 mmol, 99%).

Example 2
2-1). (4-aminophenyl)carbamic acid zert-butyl ester, (2a)
15 [0092] An aqueous solution of potassium carbonate (1.52 g, 11 mmol in 5 ml of water) was

added to a solution of 1,4-diaminobenzene (3.24 g, 30 mmol) in THF (30 ml) and DMF (10 ml). To this
mixture was added di-ferz-butyl pyrocarbonate, Boc,O (2.18 g, 10 mmol), dropwise over 0.5 h. The
reaction mixture was stirred for an additional 4 h at room temperature. The mixture was then poured into
cold water (40 ml) and extracted with chloroform (3 x 50 ml). The combined organic phase was dried

20 over MgSO, and concentrated to yield a brown residue which was subjected to flash chromatography
(dichloromethane/acetone, 4:1) to afford (4-aminophenyl)carbamic acid zert-butyl ester, (2a) as a yellow
solid (1.98 g, 9.5 mmol, 95%) (yield based on Bac,0).

2-2). {4-[(1-cyano-1-methylethyl)amino] phenyl}carbamic acid zert-butyl ester, 2b
25 [0093] The mixture of 2a (0.83 g, 4 mmol), acetone cyanohydrin (4 ml) and MgSO, (2 g) was

21-



3-1). 2-(4-hydroxyphenyl am no)-2-net hyl propanenitrile, 3a [0097] A m xture
of 4-am nophenol (1.09 g, 10 nmmol ), acetone cyanohydrin (10 m) and MSO4
(2 g) waswbeateert4ti® 80 C and stirred for 4 h. After coneemtusaticom4of the
medi um under vacuum 20 conpound 3a was crystallized fromwater (20 m).
The solid was filtered and dried to yield 2-(4-

hydr oxyphenyl am no) - 2- net hyl propanenitrile, 3a (1.69 g, 9.6 nmmol, 96%.
3-2) . heated to 80 °C and stirred over 2.5 h. After cooling down to room temperature, compound 2b was

4-[3-( 4, 4-.di 2 [ l4] - 2-
trifl urgrt%?r{r%fihy gﬁgéc{)ljm Orlslri"lg1 F@B %Ogid gjgg ?Ye I’dl 3% m neq?ég 649 (- cl,an}“ nmol )
was adetbylethyp)amisajphenylpenrioni¢ acid @rt%‘ﬁ’l ester 2briidR e, hﬁdﬂl&é 98Yd).. 352 (g, 2 mol )
indry THE (5 mM). The reaction mxture was stirred at 0 C for 48 h and
then concentrated to yield a dark residue which was subjected to flash
chr omat ography (di chl oronet hane/ acet one, 85:15) to afford

4-p3-%2-hydr 0{(yiﬁF(éfeyal)a-stmﬂnqq@nethgqlpu¢nybt41ymnc2-5 5-dimethyl-2-thioxo-imidazolidin-1-

t hi | thyl b tril 3b (0.274 g, 0.68
ol AR B aga Wt adt Sleb B8LOTH Y 08 031417 | 3. 3 L5). (0-27% 0

4- [ 3- 0894y dr oxy piirtimijanyine (0£03 ignmimpl)-v6is eddsd 2o 2 srleiesiofl AP ied? wmplang 2b.-

t f l f e 1X tS fr (V) T l

LTS LSl sy St

Af t erth@eucn@e@wde@p tyéﬁld do Aark e diea Millich, W%méulu%‘élt too Hlagh xhremétomﬁlméthya:d

i ppo &@rﬂcéﬁﬁfeew §)]-Q) g}farda{llcb (@-c %ﬂ) rﬁtﬁh@&oﬂtﬁﬁ{)ﬁetnw |4—1ﬁlﬁ*ot=53§ Binleh ﬂﬂloxo-rhe

organi ¢ layer was dried over concentra chr omat ogr aphed

(dic W%Wﬂ%bﬂﬂpbf@ék}%@mgaclq feffrbuml gsftey, (2¢) (0.15 g, 0.3 mmol 15%).

4-[ 3- (4- hydr oxyphenyl ) - 4, 4- di net hyl - 5- oxo- 2-

t hi oxoi m dazolidin-1-yl]-2-trifluoromethyl benzonitrile, 3c, [RD8] (0.198 g,
0.49 mol, 98% as a white powder. NC1 \\ sI OH F3C NN 10 Ol 1H NWMR
(CDC1ZBY-400 MHz) S 1.57 4B (46111)11101619—2!6) (‘é dirgpthyl-Foxm2-ghigxpimidazofidin-1-yll€s - 7 14
(m Zdﬁﬂuoioxﬁéh;(lﬂéiuomt]meadfi[lﬂ) . J2 = 8 HZ 1H) 7. 95 7.98 (m 2H); 13C
N (CDC13, 100 NVHz) S 23. 115. 116. 8, 121.9 (q, J=
272, 710085 127. “éhe(ralxt‘{xf‘—oﬁlzw(oﬂf)gz Ofgemel) 1r1§§1 eq, /Y 511)( gpd metheggl @ m) ywas

135. 3neated 3/ reflux 1R B B, Aflef Beidg cdoBY 18 rodkR tdmBARIE tHe reaction mixture was poured into

cold water (5 ml) and extracted with dichloromethane (8 ml). The organic layer was dried over MgSO,,

concentrated and chromatographed (dichloromethane/acetone, 9:1) to yield 4-[3-(4-aminophenyl)-4,4-
dimethyl-5-ox0-2-thioxoimidazolidin-1-yl]-2-trifluoromethylbenzonitrile, 2d, [RD9] (0.118 g, 0.29
20  mmol, 97%) as a yellow solid.

POV
FsC N)kN
o)
'H NMR (400 MHz, CDCl,) & 1.54 (s, 6H), 6.73-6.75 (m, 2H), 7.00-7.03 (m, 2H), 8.02 (dd, J; = 8.2 Hz,
J,=1.8 Hz, 1H), 8.16 (d, /= 1.8 Hz, 1H), 8.20 (d, /= 8.2 Hz, 1H); *C NMR (100 MHz, CDCl,) § 22.7,

25 66.2,109.1, 1143, 114.9, 120.4, 122.0 (q, J = 272.5 Hz), 127.0 (q, J = 4.9 Hz), 130.4, 132.5 (q, J = 33.0
Hz), 133.4, 135.6, 138.5, 149.2, 175.3, 180.4.

2-5). 4-[3-(4-azidophenyl)-4,4-dimethyl-5-0x0-2-thioxoimidazolidin-1-yl]-2-
- trifluoromethylbenzonitrile, 2e, [RD10]
30 [0096] An aqueous solution of sulfuric acid (25% wt, 1 ml) was added to a solution of 2d (0.10
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Chl oroacetic acid

4-[ 3-(4-cyano-3-trifluoronet hyl phenyl)-5, 5-di net hyl - 4- oxo- 2-t hi oxoi m dazol
di n- 1-ylwpheowi24ast er, 4a, [RD13] Chl oroacetyl chl ori dectasees/ ogi410. 4
mmol ) was added to a m xture of 3c (0.101g, 0.25 mml) and 20
triethylamne (0.041 g, 0.41 mmol) in dry THE (1.5 m). The m xture was
stirred at roon1tenperature for 4 h. Triethylanine hydr ochl ori de was

filt trat hed
(ci chPor Brarhinafectap S A S U SRAGGRLE By R APRARDRE Ml 05 m

4- [ 3- CdwetgdIvas deed slowly the above mixture over 0 1 h. The reaction mixture was allowed to stir at -5

trifly ronet 5-di net hyl - X dazol i di henyl
et er "C% RAOR | B ek Bemar sE on of N VR P B ot .

A N\ aﬂde@dﬁiﬂﬁlﬂ Uponkdoieti¢r33IGH34dd#00), thdHeictiOn eBiBm(vas v@H}led 14 rébtn fefaperdithe,

7. s, 4 7.83,(.dd, , J2 = 1.9 He,  114), 7.95-7.97 (m 2H);
13%3 N%r?éi E%Qélfﬁf 0 39igre! i}kéfh? Pf%g“z *swass??‘t@“e‘?f@t 1d1°@%a%18thaff2@ 95 (gD Hhe
27225 cotidihed &ge%ucﬁi}ée% s %idbveﬂM%gO% c&f%}rgtrgﬂe%‘%z@ chr&%%tgéap}ﬂea g%&%&%gﬂa%}eggzli 5
I::))’?C)T/ Ug%%béi’%%%idppheéxéﬁpélrcgngagl 5_|_a)550—25-fh10x01rmdazoh n-1 —yl]-2-tnﬂu-oromethylbenzonlmle

2- net hy|[RB1¢140. 08yl sahesly F)aydsnoenepan@nit ril e, 5a A nixture of p-tol uidine
(1.07 g, 10 mml) and acetone cyanohydrin (10 m) was heated to 80 C and 5
stirred for 4 h. The medi um was concentrated and dried under vacuumto
yield 2-nethyl-2-(4- nethylphenyl)aninopropanenitriIe, 5a (1.72g, 9.9 mol,
99%) aNCh SQ |:g;fz; 2- et hyl - 2- (4- et hyl phenyl ) am nopr opanenitrile,

5a Sodi u 59, 15 mmol) was added to a m xture of p-toluidine

(1.07 _ cetone 10 (1.16 g, 20 nmol) in 90% acetic acid (10

n1) The reacti m xture was stirred at roomtenperature for 12 h and
gn ethyl acgtatie (50 ml) was added. The organic |ayer was washed with

materﬂ$4 X 30 g%% dri ed over nesi um sul fate and concentrat ed under
vacuu Wlawﬂ /. CO 81 s, rﬁﬁ)h'gﬂ 520 n, 2R TT bmﬁmzﬂﬁrﬁ.%@ao@mm e,

5a_(1,65¢ 5 N
a ( fnhen .98 /9813[% 5’7’\@}983%22%1%1' CAMR (100 MHz, CDCL) 8237,

4-[3-( 4 net -5 im o azolrdrn
trifl é@ﬁdriﬁtlhyll%ﬁeh%%ﬁlltnill(@,J=5?b72 5 Hz), 127.0 (q,J 4.7 Hz), 131.1, 131.5, 132-3, 1333 (g, J

=33.0 Hz), 135.3, 137.1, 141.7, 174.8, 180.1. MS for C;oH;3F:NsOS, calculated 430.4, found 430.1.

15
Example 3
3-1). 2-(4-hydroxyphenylamino)-2-methylpropanenitrile, 3a
[0097] A mixture of 4-aminophenol (1.09 g, 10 mmol), acetone cyanohydrin (10 ml) and

MgSO4 (2 g) was heated to 80 °C and stirred for 4 h. After concentration of the medium under Vaéuum,
20 compound 3a was crystallized from water (20 ml). The solid was filtered and dried to yield 2-(4-
hydroxyphenylamino)-2-methylpropanenitrile, 3a (1.69 g, 9.6 mmol, 96%).

3-2). 4-[3-(4-hydroxyphenyl)-5-imino-4,4-dimethyl-2-thioxoimidazelidin-1-yl]-2-
trifluoromethylbenzonitrile, 3b
25 [0098] Triethylamine (0.101 g, 1 mmol) was added to a solution of 1a (0.456 g, 2 mmol) and 3a

(0.352 g, 2 mmol) in dry THF (5 ml). The reaction mixture was stirred at 0 °C for 48 h and then
concentrated to yield a dark residue which was subjected to flash chromatography
(dichloromethane/acetone, ~ 85:15) to  afford  4-[3-(4-hydroxyphenyl)-5-imino-4,4-dimethyl-2-
thioxoimidazolidin-1-yl]-2-trifluoromethylbenzonitrile, 3b (0.274 g, 0.68 mmol, 34%).

30
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Triethylamne (0.101 g, 1 nmol) was added to a solution of la (0.456 g, 2
nmml) and 5a (0.348 g, 2 mol) in dry THE (3 m ). The reaction m xture was
stirred avoQog/heris2 days and then concentrated to vyi elpdTarsd@cioir4esi due
whi ch was subjected to flash chromatography (dichl oronethane/ acetone, 95:5)
to 20 afford

4-[ 3- (4- met hyl phenyl ) - 5-1 m no- 4, 4-di net hyl - 2-t hi oxoi m dazol i di n-1-yl]-2-

triflygronethyl benzonityi.l g 40 :0: 34, gl o 479, . 5-3@). o

4 [3- 1P et hyl phenyl) - 4 5-G |h%§ﬁ%‘%$“%§‘gfg' il SRY-2 é‘i@i@‘?“é‘?a%?@‘?/ s

tri f | trflvonemethylbenrzeuitiiler 3o RD&c 25 A nmi xture of 5b (0.121 g, 0.3 nmol) in
HCl ag.»; JELDRE r Af ter
bei ngg(?gé\%gédéft% 8@%%%]? 'enpepzt%ﬁir{ (le :?qt"kr?é\) ?\é}‘g@?}%&%ﬁ&%&ﬂ {}r]{éﬁvwggﬁeﬁgeﬁrt%ﬁu% % cold
wat er 2 p14fterbying pepledds rqozcicmpergiiuehthe tdagtionauistuet was o aredinto colthwator (Amilcanday er
wag dg 0, r : r r ichl t hane)
ooyt araost 1 A raf ey TP raRe Ief Ak Rg GNRRed EXlANE A8

t hi oxdirermaiegzeithed (dichlorgithanefagdtdriey @i Diveidhd Hie Mzlodiaxyplieay!)-84-didethdlsS-gro-D. 294
mmol , 0A . -\ _ [ -. . o .
a-13. ¢ e ﬁ?ﬁ%’%ﬁ%ﬁbfﬂ? - %?919@?%?‘%%2?@%5392[?@ O da2 ST TP A
uor on@aWegr-- benzonitrile, 5e, [RD7] A mixture of la (0.547 g, 2.4 mmol) and
5a (0.348 g, 2 mol) in dry DV (0.6 m) was stirred for 36 h. 35 To this
m xture were added nmethanol (20 m) and 2N HO (5 m). The second m xture
was ré¥d fog 6 Qb 2006/ 124118 PCT/ US2006/ 011417 h. After being
cool ed t@g}(ﬂ\ere, the reaction m xture was poured into cold water
(30 nfFyC an trict®d with ethyl acetate (40 m ). The organic |ayer was
dried over My concentrated and chromat ographed (dichl oronet hane) to
yiiel d 4-[ 3- (4 net hyl phenyl) - 4, 4- di net hyl - 5- oxo- 2-

" P LIS AL e R0 0
( CDC13 = 4DHzMeiz)1.8H4 18], 7(%5;7.%8H)m, 2%);434: KSR CG]B)ClgiIX).O][\I[-H).m.d, 66.52100)9, 114.9,
iy B5E NGB (Ehbe TRy 1228 B 1358 e i 1 T plle) T30 ¢

(q, JB7279570,8733,1802. 1 (q, J= 4.7 Hz), 129.2, 130.6, 132.2, 132.3, 133.4
(gs J= 33.2 Hz), 135.2, 137.2, 140.1, 175.1, 179.9. Exanple 6

Example 4

Chloroacetic acid 4-[3~(4-cyano-3-trifluoromethylphenyl)-5,5-dimethyl-4-0xo-2-thioxoimidazolidin-

1-yl]phenyl ester, 4a, [RD13]

Chloroacetyl chloride (0.045 g, 0.4 mmol) was added to a mixture of 3c (0.101g, 0.25 mmol) and
20  triethylamine (0.041g, 0.41 mmol) in dry THF (1.5 ml). The mixture was stirred at room temperature for

4 h. Triethylamine hydrochloride was filtered off. The filtrate was concentrated and chromatographed

(dichloromethane/acetone, 95:5) to yield 84% of Chloroacetic acid 4-[3-(4-cyano-3-

triﬂuoromethylphenyl)—S,S-dimethy1-4—oxo—2-thioxoimidazo]idin-1-yl]phenyl ester, 4a, [RD13] (0.101 g,

0.21 mmol) as white powder.

NC s 0 cl
AL
‘o

"H NMR (CDCl;, 400 MHz) & 1.58 (s, 6H), 4.32 (s, 2H), 7.33 (s, 4H), 7.83 (dd, J; = 8.3 Hz, J, = 1.9 Hz,
1H), 7.95-7.97 (m, 2H); *C NMR (CDCl,,100 MHz) 6 23.7, 40.8, 66.5, 110.1, 114.8, 121.9 (q, J = 272.5

Hz), 122.7, 127.1 (q, J = 4.7 Hz), 130.9, 132.3, 132.9, 133.5 (q, J = 33.2 Hz), 135.3, 137.1, 150.9, 165.5,
30 174.8, 180.0.

25
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6-1). 2-nethyl-2-phenyl am nopropanenitrile, 6a 15 A m xture of am nobenzene
(0.931 g, 10 nmol ) and acetone cyanohydrin (2 m) was heated to reflux and
stirred fwo8@/h4118fter being cold to roomtenperature, PCIAIS@E01i40N

m xture was poured into ethyl acetate (40 m) and washed with cold water
(2 x 30 nil). The organic |ayer was dried over MgSO4, concentrated under
vacuumto dryness to yield 2-nethyl-2-phenyl am nopropanenitrile, 6a (1.51
g, 9.4 mol, 94% as slurry brown liquid. 20 6-2).

4-[ 3- phenyl - 4, 4- di met hyl - 5- oxo- 2-t hi oxoi mi dazolidin-21-yl]-2-trifl uoronethyl
benzdﬁﬁamplé% 6b, [RD10] A mixture of la (0.274 g, 1.2 mml) and 6a (0.160

g, 1 =1 | To this m xture were
adde thanol q%@% Qpn%twﬁggkéﬁrwg*&gﬁlsecond m xture was refl uxed
f or 6A n28ute.of Aftblerdlrt%ﬂ 183 ec tbmew))tand porienet ympbdydinugl e mi) es heatedttd §H “Giard ur e

Wa? p&%ﬁ‘e&a q’ | Qt 0 l %e%}ne ag 2911051111}83[6%” grr\ggé%ﬁ%geg xye\"cﬁdﬁm &b {}Xéld 3&%&%192 6420

e orgam c a er concentrate
chr onettodplepyichitapr Qﬁahanmheiﬁaﬁég Ot ok PY%6) as brown solid.
4-[ 3- phenyl - 4, 4- di met hyl - 5- oxo- 2-t hi oxoi m dazol i di n-1 -
yl]1-2-trifluoronethyl benzonitrile, 6b, [RD 10] (0.276 g, 0.71 nmol, 71% as
a whi%t)powder . 2-hethSl-2-@-meg@lpliehylB@nin@8 op@eBNOB 324118 PCT/ US2006/ 011417 1H

7. 55 T ooy (G138, 3 ohyu et lra e dighbudle E10v s, ) milfaly e

100 N#AY gSZ(Emmm) i660% acditGeid, (10 1), Bhe 1katiof nfixfure Jvas stirpepat Godiz Jempefurel fof g, J
Lot 1Pl 340y A28 A8 R, o o i e 1250

1- (4-dvet opep h@glydswmldfa@@m%mncem@rﬁdt widere vachamSodinynese yarsiidé A-vethl7y(4- 3
mol ) One?a?raﬁo%ic%aﬁgn ﬁ@fﬁ% 99501]59%9%‘#) Q1o Sig2 ol ) and

cycl detic aci 3'm). The reaction
m'xture vvas stirred at room 10 tenperature for 12 h and then 20 m of

ﬁ? ?yl Cet ate was addecp[? ngms}ﬁTtP%ng‘mgﬁ- - 4%\4\@1?}% ﬂoﬁlﬁld\ﬁ%]ﬁfn-{ §H)§ 10

dl’ I ed over magnesi concentrate er vacuumto dryness
t 0 yiteifldorionfedhylbenzonitrile, Sb

Triethylamine (0.101 g, 1 mmol) was added to a solution of 1a (0.456 g, 2 mmol) and 5a (0.348 g, 2
mmol) in dry THF (3 ml). The reaction mixture was stirred at 0 °C for 2 days and then concentrated to
yield a dark residue which was subjected to flash chromatography (dichloromethane/acetone, 95:5) to

20 afford 4-[3-(4-methylphenyl)-5-imino-4,4-dimethyl-2-thioxoimidazolidin-1-yl]-2-
trifluoromethylbenzonitrile, 5b (0.136 g, 0.34 mmol, 17%).

5-3a). 4-[3-(4-methylphenyl)-4,4-dimethyl-5-0xo0-2-thioxoimidazolidin-1-yI]-2-
triflnoromethylbenzonitrile, 5S¢

25 A mixture of 5b (0.121 g, 0.3 mmol) in HCI aq., 2N (2 ml) and methanol (5 ml) was heated to reflux for
2 h. After being cooled to room temperature, the reaction mixture was poured into cold water (10 ml) and
extracted with ethyl acetate (10 ml). The organic layer was dried over MgSO,, concentrated and
chromatographed  (dichloromethane) to  yield  4-[3-(4-methylphenyl)-4,4-dimethyl-5-0xo-2-
thioxoimidazolidin-1-yl]-2-trifluoromethylbenzonitrile, S¢ (0.118 g, 0.294 mmol, 98%) as a white

30 powder.

5-3b). 4-[3-(4-methylphenyl)-4,4-dimethyl-5-0xo0-2-thioxoimidazolidin-1-yl]-2-trifluoromethyl-

benzonitrile, 5¢ , [RD7]

A mixture of 1a (0.547 g, 2.4 mmol) and 5a (0.348 g, 2 mmol) in dry DMF (0.6 ml) was stirred for 36 h.
35 To this mixture were added methanol (20 mi) and 2N HCI (5 ml). The second mixture was refluxed for 6

5.



met hyl phenyl ) am nocycl obutanenitrile, 7a (0.343 g, 1.84 mol, 92% as a
brown solid. 7-1b). 1-(4-nethyl phenyl)am nocycl obutanenitrile, 7a 15

Tri met hylwol2gé6/12yaRi de (0.93 m, 7 mml) was added dr opRCIast@ecaimiixt ure of
p-toluidine (0.535 g, 5 mol) and cycl obutanone (0.42 g, 6 nmmol). The
reaction mxture was stirred at roomtenperature for 6 h and then
concentrated under vacuumto obtain a brown |iquid which was S@Bj ct %d to
chr ohed g beiplyool¢ddioabim tasrmstakin dhe 116«%9‘&91? Biure was poured mio cold water

- 1- (44 )EH%E'EX fh%)@l) aEéOEzboChﬂb HhanRgRhicl hie, wabadddd- b2 MgSCl, Qortetated98f®) as a

yell owm s

4- ( 8chrpinptogrephicA| oXé‘DQOKOZIEﬁ@%%yI ghenyicld 5, H3f4mebyprhaydA4rdmethy-3p50%.

trif 4R NARI ot dBrethf RbehQoriri&O b TRIOM (0f596 8, (A& Bhol 74%Pasahije i N
drﬁy W%}%ﬁ% gﬁlglas%g? ded prggrzles%|%ely, ogerm']Z(g hogrs a solution of 7a

(P. 76a4vdgr.- 9 mmol) in dry DMF (3 ml) at roomtenperature. The nmedi um was
stirred for an 25 additional 4 h. After DMF being evaporated, the residue
was chr omat ographed (di chl or onet hane/ acet one, 95:5) to afford

4- (8-N¢d gHgret hyl phenyl ) - 5, 7-

di azaspi | )-2-trifluoronethyl benzonitrile, 7b (1.937 g, 4.68
mol F;E2% 7N <( 8- 0x0- 6-t hi ox0-5- (4- et hyl phenyl ) -5, 7-di azaspiro
[3.4] oct-7- - 30 trifluoronethyl benzonitrile, 7c [RD37] A m xture of

7b (0.041 g,0 mmol) in HO aq., 2N (3 m) and nethanol (1 m) was heated

to reﬁ&xﬁ%{i&ﬁ%r of) et taeirmtt?' fﬂﬂ%%‘iﬂi ?17@9@1&%&397?4 wﬁé(mtﬁﬁ 1.8A@ki on

m Xt ur e wa ed |n 0 cold extracted wth ethyI acetate

(6 nmJ)=8IHE, ai;r=gaﬁ|Hz, 1Ty 806198 (ahs 210 GWMEYIRNGBOk, 1¢9YiHa 2534 -6apft: |

S ST 5580065 LYo S0 (9818130 a3 e, oo~ 210

PCT/ llJS‘?.mClB?/Q,llZHO:Il?USdI aZ%8%piro[3.4]oct-7-yl)-2-trifluoronethyl benzonitrile,
4- (8- ox0- 6-t hi oxo- 5- (4- net hyl phenyl ) -5, 7-

di azaspiro[3.4]oct-7-yl)-2-trifluoronethyl benzonitrile, 7c (0.04 g, 0.096
mol Ex@@ple 6as a white powder. 7-3b).

4- (8 3120 6-t hi gxQ=; ?g‘%{)ﬂ&?/ﬁ%‘?{lﬁ 4 m‘ﬁ,ﬂz ¢l azaspiro[ 3. 4] oct-7- yI) 2- 5

trifluoronet hyl'ben /1 A "mixture of la (0.912 g, 4mm|)
ald Zemix0r&eBmynotenzene (093l s, H 4 Bemnn¢ypnelydria {2 wl) sgs b%atqdé?ﬁﬁﬂux and

t enp%fﬂ?édg{oﬁ%% R ﬁegbgng Jddla {omoém R fﬁ'ﬁﬁ:e W@aoﬁglgﬁﬁjxtﬁ@ %@E&Jre({ B8 éﬂﬁyl aceige HA

second m xtu was refluxed for After bei ng cool ed

to r ¢éhmb) enpendicd with coldavates 4 X ﬁ@ﬁﬂ)me ereetiglagerpens deer oYeRMeSPel cansrarad (50
%%ge %&5@ 91% Wt P/E&M lnefﬁ(j 2 -ﬁﬁe‘ﬁylgﬁgxoﬂiiobaneﬁ- 9e Yad@Bi £ 9 AYRG], VaR) & | ed
over ated an

ncent omat ogr aphed (di chl or onet hane) to yield
4- (Ssblmbelwnﬁlqg»do 5-(4-

20
6-2). 4-[3-phenyl-4,4-dimethyl-5-0x0-2-thioxoimidazolidin-1-yl]-2-trifluoromethylbenzonitrile, 6b,
(RD10]
A mixture of 1a (0.274 g, 1.2 mmol) and 6a (0.160 g, 1 mmol) in dry DMF (0.2 ml) was stirred for 48 h.
To this mixture were added methanol (10 ml) and 2N HCI (3 ml). The second mixture was refluxed for 6
25  h. After being cooled to room temperature, the reaction mixture was poured into cold water (20 mi) and
extracted with ethyl acetate (20 ml). The organic layer was dried over MgSO,, concentrated and
chromatographed (dichloromethane) to yield 4-[3-phenyl-4,4-dimethyl-5-oxo0-2-thioxoimidazolidin-1-
yl]-2-trifluoromethylbenzonitrile, 6b, [RD10] (0.276 g, 0.71 mmol, 71%) as a white powder.

O A0
30 O)ﬁ(\
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met hyl phenyl ) -5, 7-di azaspiro[ 3. 4] oct-7-yl)-2-trifluoronethyl benzonitrile,
7¢c (0.959 g, 2.31 mol, 77% as a white powder. NC )aN S CH3 F3C N N O
15 ' H NVRVOCDM6112411400 MHz) S 1.62-1.69 (m 1H), 2.16-2. P2T(USR00EM)1412. 46 (S,
3H), 2.55-2.66 (m 4H), 7.19-7.26 (m 2H), 7.36-7.42 (m 2H), 7.86 (dd,
J1= 8.3 Hz, J2 = 1.8 Hz, 1H), 796(d J=8.3 Hz, 1H), 7.99 (d, J= 1.8 Hz,
1H); 13C NI\/R(CDC13 100 MHz) 6 13.7, 21.3, 31.4, 67.4, 109.9, 114.9, 121. 9
, & 7, 7 0 ,
15, 3 AR e 1 abT oty 778751 e ol ely v AR o
8- 1) . 2 & HpgeliHhyT. %@ﬂ%(@&ﬂ)no@mp@ﬂ‘ﬂ]&rﬂ@ﬁmﬂﬂ)lﬁ@3 18664 A8t hiA &IPS (%;ggl de
0. 865 ) s e X{A4r fr p i g,
5 ol SR Ll et dnond (0 Eeh n ATy L O SRR RS
stirr %ﬂ7ﬁ%@ﬁﬁﬂenperature for 25 6 h and then concentrated under vacuum
togobtain a brown |iquid which was subjected to chromatography
(dichl oronet hane) to yield 1-(4-nethyl phenyl)am nocycl opentanenitrile, 8a
(0. 98Bxample2 9 mol, 98% as a yellow sh solid. 8-2).

4- (4- 2-t hi azaspiro[ 4. 4] non-3-yl)-2- 30
e hy%grn‘??f%. B DAL Iﬂ’g‘" eﬁltmrﬁ Tl of 1a (0206 g 1.3 mol)
and 8%dum pyagide1(0Ag,)3 mmalt yaplledgo s mistusgens mstoluidine (§-214 482 Hnmaly and hi s

t
i Xt pe e (R i raencn S3Ea 58880 15 158 rsel st 11T RO e

bé? nofcrpmitag f?rdZﬁl@@ﬁfhee %@1& af %ﬂﬂié acqtqi@wa@déﬁ Ehe orattialegervess woghed adthiwaten col d
Wat er(3(>2§)0 Hh? ageg ove@)i'ﬁd’gﬁ&tuﬁlq SMYfattéqarﬁlt &)‘Jzenﬁ'%& h&r 63 uf? ‘%? @bg?'l %ﬁ@lﬁ' Cl ayer

was dried over MgSO4i concentrated and chromatogra ronet ane)
to yisfthylphepyanyrncydoniaggwirile, 7a (i3rgy | Shewmpl )92‘2@)3sa rown solid.
di azaspi ro[ 4. 4] non-3-yl) - 2tnfluororrethylbenzonltrlIe 8b, [RD35] (0.3 g,

0.7 mol, 70%9 as a white 5 powder. NC S~ CH3 \% \
7-1b). 1- (4-methylphenyl)amlnocyclobutanemtrlle, 7a

15 Trimethylsilyl cyanide (0.93 ml, 7 mmol) was added dropwise to a mixture of p-toluidine (0.535 g, 5
mmol) and cyclobutanone (0.42 g, 6 mmol). The reaction mixture was stirred at room temperature for 6 h
and then concentrated under vacuum to obtain a brown liquid which was subjected to chromatography
(dichloromethane) to yield 1-(4-methylphenyl)aminocyclobutanenitrile, 7a (0.912 g, 4.9 mmol, 98%) as a
yellowish solid.

20
7-2). 4-(8-imino-6-thioxo-5-(4-methylphenyl)-5,7-diazaspiro[3.4]oct-7-yl)-2-
trifluoromethylbenzonitrile, 7b
To a solution of 1a (2.28 g, 10 mmol) in dry DMF (3 ml) was added progressively, over 20 hours, a
solution of 7a (1.764 g, 9 mmol) in dry DMF (3 ml) at room temperature. The medium was stirred for an

25 additional 4 h. After DMF being evaporated, the residue was chromatographed
(dichloromethane/acetone, 95:5) to afford 4-(8-imino-6-thioxo-5-(4-methylphenyl)-5,7-
diazaspiro[3.4]Joct-7-yl)-2-trifluoromethylbenzonitrile, 7b (1.937 g, 4.68 mmol, 52%).

7-3a). 4~(8-0x0-6-thioxo-5-(4-methylphenyl)-5,7-diazaspiro[3.4] oct-7-yl)-2-
30  trifluoromethylbenzonitrile, 7c [RD37]

A mixture of 7b (0.041 g, 0.1 mmol) in HCI aq., 2N (3 ml) and methanol (1 ml) was heated to reflux for

2 h. After being cooled to room temperature, the reaction mixture was poured into cold water (5 ml) and

extracted with ethyl acetate (6 ml). The organic layer was dried over MgSO,, concentrated and

chromatographed (dichloromethane)  to  yield  4-(8-ox0-6-thioxo-5-(4-methylphenyl)-5,7-

27



FBC NN O 1H NWR (CDC13, 400 MHz) S 1.47-1.57 (m 2H), 1.81-1.92 (m 2H),
2.20-2.24 (m 2H), 2.27-2.34 (m 2H), 2.43 (s, 3H), 7.18-7.22 (m 2H),
7.33-7.36W0rpoc2ieddig 7.86 (dd, J, = 8.2 Hz, J2 = 1.8 Hz, pCHUS200686144T, 10 J
= 8.2 Hz, 1H), 7.98 (d, J = 1.8 Hz, 1H); 13C NMR (CDC13, 100 MHz) S 21.3,
25.2, 36.3, 75.1, 110.0, 114.9, 121.9 (q, J= 272.5 Hz), 127.1 (q, J= 4.7
Hz), 129.5, 130.7, 123.2, 1330 1334(q J= 33.2 Hz), 135.1, 137.4,
140.Q, 176. PSP 5 (4. 57
Ry Y S el | e Giiones (metyipbenl

nol Jiavmasirasldpdt-1-gl)-2- mﬂmm@hsdwenpommlmmor% g 00%Immgl, 96%hifs \yhlﬁwawder

cycl ohexanone (0.294 g, 3 nmmol) in acetic acid 90% (3 m). The reaction

m xture was stirred at room tenperature for 12 h and then 20 m of ethyl
acet a3b).was added. The or@éﬂaom—ﬁ-ﬂy@m Shelsmethyinbenyhi-3, Frdiggaspiro34ost-793)-# ) |
dr| e ver esi u nd concentrated under vacuumto dryness to
yi eI “O(rﬂmgglgﬂ’enﬁoﬁﬂ%fe hf}lh?”i nocycl ohexanenitrile, 9a (0.398 g, 1.86
nmol A @3%Gre aﬁlaa(OtS)rl@\gn4 swhal)dandFaZ.558 g, 3 mmol) in dry DMF '(0.5 ml) was stirred at room

t4r I( ?Feil}glpnﬁ%? ﬁor h 9% %o hl{ 1%1)( HR; Qfé{) &ﬁlﬁ’éﬁyﬁ%ﬁ%mﬁ? )Zﬁl.%ﬁ'{(ﬁloaq[ N g& ‘E@)C Tﬁé ¥cdnd2-

enzon| ret was added
t o ansahnetwae mefhlfxed for 600 2\2@ @emglcqoimltq r@nﬁegaef@@reZ@& f@“'ﬂq}l mQ@f?rﬁ'ﬁf yourss dry
THE 5 20 Tk wald 5{) %ﬁ?td%&) thfgcfé& %&tbﬂfe res o, fh@%&ﬁ:ﬁﬂ%@@é&r&leﬁ%ﬂz days
and ther> concentra yi eI ark residue wh was Subjected to flash

clfr oivigSEyy aphaentrateti camaoplamatnannheéc &ligdaomghans) ’fPo mfdr ot §-oxo-6-thioxo-5-(4-

4-(4 hEAYdrdmdm trile, 7e (0.959 g, 2.31 mmol, 77%

di azaemy&%félﬁ%gégaﬁ?ﬁmﬁéqgﬁ’h?];)%uoroﬁe?%y)ﬁ%egﬁ%nénlet r|c I(e 9b (0. %%15 g, )0 08
mol as 8¥hite BGvder. 3) .

4- (4- Oxo- 2-t hi oxo-1 - (4- et hyl phenyl ) -1, 3-di azaspiro[ 4.5] dec-3-yl)-2-

t r Muor onet hyl benzonitrile, 9c, [RD481 -29 WO 2006/ 124118 PCT/ US2006/ 011417

A mxftl@ 9bS(0 935 §H30.08 nmol) in HO ag., 2N (1 m) and methanol (3
m ) vvas;‘\e ux for 2 h. After being cooled to roomtenperature,
t he was poured into cold water (5 m) and extracted with
et hyI acetate The organic | ayer was dried over MgSO4i concentrat ed
and chromat ed (di chl oronet hane) to yield

4- (4- Ox0-2-1 hi o

i S VB D a0 WG] § T P bk Ph R 20 246 (5 SR 2 STHRET 4B: 034
g, 070667 38R, 2195 %N6-B8 @, 29 1.8 @aWders.3 g 4 =S .4 HEHID), 7.96 (d, J = 8.3 Hz, 1H),

7.99 (d, J = 1.8 Hz, 1H); *C NMR (CDCls, 100 MHz) § 13.7, 21.3, 31.4, 67.4, 109.9, 114.9, 121.9 (g, J
= 272.6 Hz), 127.1 (g, J = 4.7 Hz), 129.5, 130.8, 132.2, 1324, 133.3 (q, J = 33.2 Hz), 135.2, 1373,
140.1, 175.0, 180.0.
20
Example 8
8-1). 1-(4-methylphenyl)aminocyclopentanenitrile, 8a
Trimethylsilyl cyanide (0.865 ml, 7 mmol) was added dropwise to a mixture of p-toluidine (0.535 g, 5
mmol) and cyclopentanone (0.589 g, 7 mmol). The reaction mixture was stirred at room temperature for
25 6 h and then concentrated under vacuum to obtain a brown liquid which was subjected to
chromatography (dichloromethane) to yield 1-(4-methylphenyl)aminocyclopentanenitrile, 8a (0.981 g,
4.9 mmol, 98%) as a yellowish solid.

8-2). 4-(4-Ox0-2-thioxo-1-(4-methylphenyl)-1,3-diazaspiro[4.4|non-3-yl)-2-
30 trifluoromethylbenzonitrile, 8b, [RD35]

A mixture of 1a (0.296 g, 1.3 mmol) and 8a (0.2 g, 1 mmol) in dry DMF (0.2 ml) was stirred for 48 h. To

this mixture were added methanol (10 m1) and HCI aq. 2N (3 ml). The second mixture was refluxed for 6

-28-



B3CNNF O 1H NWR (CDC13, 400 MHz) S 1.02-1.05 (m 1H), 1.64-1.76 (m 4H),
2.03-2.12 (m 5H), 2.44 (s, 3H), 10 7.12-7.15 (m 2H), 7.33-7.36 (m 2H),
7.85 (dd,wo0,2006/@408Hz, J2 = 1.8 Hz, 1H), 7.96 (d, J= 8. BCHaS2d06l011477 97 (d,
J=1.8 Hz, 1H); 13C NMR (CDC13, 100 MHz) 6 20.7, 21.3, 24.0, 32.6, 67.4,
109.9, 114.9, 122.0 (g, J= 272.5 Hz), 127.3 (q, J= 4.6 Hz), 130.0, 130.5,
132.0, 132.5, 133.3 (g, J= 33.2 Hz) 135.2, 137.3, 140.1, 174.1, 180.1. 15

Exanp 4- eny. hexane S m

oy any 10 b9is S oS AL R, RIS BARET e P Rk

mol ) exdadied o¥ithl ethepacataten@0(101)33ke grga@criaxdr)wasndrmdewec I\@SCOI @@%x(uam a)nd The
react rpom npe a

of ot Fofmibdited | SQiihkidbad. (BT AR AR B S B RRED 25 (5
10 §1§2a§t1110é¢b|4]omei3—yﬁﬁigmvégommﬂfbmlbérabmtrﬂmdibc ﬂﬁbﬁﬂlt@ Atee 0. 7umohel, 70%3 @slm wiote

dr neégtrwodep yield 1-(4- methyl phenyl)am nocycl ohexanenitrile, 10a (0.438 g,
1. éz I, 96% as a brown solid. 10-2).

4- (4-i m no-2-thi oxo-1-(4-methyl phenyl)-1, 3-di azaspiro [4. 5] undec-3-yl)-2-

trifl ygronethyl benzo |tr¢|11e | Ob 25 Triethylamne (0.05 g, 0.5 muol) was
addedto ol u mE‘(a(o 228 g, 1 mmol) and 9a (0.228 g, 1 mol) in

dry TP_:|I% ctlon m xture was stirred at roomtenperature for 2
days ahd then centrat ed to yield a dark residue which was subjected to
flash chromaty (di chl or onet hane/ acet one, 95:5) to afford

4- (4-i m no-2-Thiwsxo-1-(4-met hyl phenyl)-1, 3-

a géaw @élﬁ%@gmylﬁﬁ 4 418 POE EQ I8 505 24, 35 225
4 (4 21%02.23 (shBH) 0-18-7(2%-(Ap iy hpbemsl(h A3 7@5wsph 80 HA75 u@%cwﬁy ybd (&2-

| EOSOTEL T DS L4 8 105 el RRARIE0 MOMI00 A 348, 465,251, 190 1

m ) ahd o gl =(232. mHz) wias. 1m@azt=e¢l7 R), e B ups0f70{23 2 éke 0,ABB! ar(? td?J&L ﬁ\:tgz ﬁ@}gge?ﬂ )
toro t reacti on m xture was pour e II’I'[O co wat er
B0 SPER s a e

and acetate (6 m). The organic |ayer was dried over
MySO4, concentrated and chromat ographed (dichl oronmethane) to yield 10c
(0. 034, 91 I0 075 mmol, 94% as a white powder. 5
15 9-1). 1-(4-methylphenyl)aminocyclohexanenitrile, 9a
Sodium cyanide (0.147g, 3 mmol) was added to a mixture of p-toluidine (0.214 g, 2 mmol) and
cyclohexanone (0.294 g, 3 mmol) in acetic acid 90% (3 ml). The reaction mixture was stirred at room
temperature for 12 h and then 20 ml of ethyl acetate was added. The organic layer was washed with water
(3 x 10 ml), dried over magnesium sulfate and concentrated under vacuum to dryness to yield 1-(4-
20  methylphenyl)aminocyclohexanenitrile, 9a (0.398 g, 1.86 mmol, 93%) as a brown solid.

9-2). 4-(4-imino-2-thioxo-1-(4-methylphenyl)-1,3-diazaspiro[4.5] dec-3-yl)-2-

trifluoromethylbenzonitrile, 9b

Triethylamine (0.05 g, 0.5 mmol) was added to a solution of 1a (0.228 g, 1 mmol) and 9a (0.214 g, 1
25 mmol) in dry THF (2 ml). The reaction mixture was stirred at room temperature for 2 days and then

concentrated to yield a dark residue which was subjected to flash chromatography

(dichloromethane/acetone, 95:5) to afford 4-(4-imino-2-thioxo-1-(4-methylphenyl)-1,3-

diazaspiro[4.5]dec-3-yl)-2-trifluoromethylbenzonitrile, 9b (0.035 g, 0.08 mmol, 8%).

30 9-3). 4-(4-Oxo-2-thioxo-1-(4-methylphenyl)-1,3-diazaspiro[4.5]dec-3-yl)-2-
trifluoromethylbenzonitrile, 9c, [RD48]
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NCSI CH3 F3CNNO 1H NWR (CDC13, 400 MHz) 6 1.24-134 (m 211),
1.37-1.43 (m 2H), 1.53-1.60 (m 2H), 1.74-1.82 (m 2H), 2.19-2.25 (m
4H), 2. 4wW0=200631H1187. 16-7.19 (m 2H), 7.32-7.35 (m 211pCTASE®6(0c17 JI =
8.2 Hz, J2 = 1.8 Hz, 1H), 7.95-7.97 (m 2H); 13C NMR (CDC13, 100 MHz) 5
21.4, 22.2, 30.9, 36.3, 71.1, 110.0, 114.9, 10 121.9 (q, J= 272.5 Hz),
127.2 (q, J= 4.6 Hz), 129.6, 130.5, 132.3, 133.0, 133.2 (q, J= 33.2 Hz),
135 lﬁhnué{lu’l;g of’b (6695 Q 0. (5]87r§mglP intH S azl 2ﬁ>(ﬁirﬂl’)| Ad Jaileth:hﬁol@ ml) was heated to reflux for

roxyphenyl ) am nocyc obutanenitrile, 1l a 15 Trlnet§%$ Si é yﬂ@!de

(o 93 w\fterfoewylemroa@d@w%ﬁ\ﬁb%@a%n HEH 7S @OwFd Higy %‘ﬁ% il

(0. 542rRied withTRy) a8Mle QK%.?bTEea'afgﬁﬁc (19ye{12m@ drfdnoRk )IMeSOLe chiRfitdtd@nand Xt ur e
ra

was stirred at roomtenpe ur e h and t hen oncentrateg) qE{ vacuum
henyl)-1,3-

to olshampatograpledun (diiaremetbaneh wits suisiect EdHBochiuraldgr
(C!; Cfd an{sﬁl'Fah I@ﬂi@@-i’»%gez Qﬂﬁoro%th?])oeﬁz@m}ﬁl@'ﬂ: 1B4£100983 &,0.0768mABN195%I6%02 as a
| owi sh soli1d

4 (8“@%®P®M¥ﬁloxo 5- (4- hydroxyphenyl) 5, 7-di azaspiro [3.4] oct-7-yl)-2-

tr|fIuoronethylbenzonltrlIe lib, [RD58] A mixture of la (0.57 g, 2.5 mmol)
and 7a (0 376 g, 2 mmol) in dry DV (0.5 m) was stirred at room

tenpe fors4 GHehis nixture were added net hanol (30 M) and HC
ag. mhg@e/’} m xture was refluxed for 6 h. After being cooled to
roonﬁﬁ@np atNreN'the reaction m xture was poured 25 into cold water (40

m ) and extrag -- ith ethyl acetate (50 m). The organic |ayer was dried
over MSH, Oco ’rated and chromat ogr aphed (di chl oronet hane: acet one,
98:2) to yield | (0.659 g, 1.58 nmol, 79% as a white powder. NC )aN S ,
I O"‘H"T@@{P@D@lg,;&io MB226Q@L 151ES 1H§;T1/.6452m(&ﬁ,0&11),41@3-2mz MMRSKCR@L3s, 400 MHz)

219 T B 5 G 28 (oot sty o 15, g I o d

J= 1787ka.s 4t} ;Hz8112)1 POV c&cﬁ 1062viHDH) 20.71 3C3INMR), BAGet N €098, 11200109tz) 6

1540 5 Sl T o S e e £ R sa et 0

158. 140.1,4541,18080. 7. 5

15 Example 10
10-1). 1-(4-methylphenyl)aminocyclohexanenitrile, 10a
Sodium cyanide (0.147g, 3 mmol) was added to a mixture of p-toluidine (0.214 g, 2 mmol) and
cycloheptanone (0.337 g, 3 mmol) in acetic acid 90% (3 ml). The reaction mixture was stirred at room
temperature for 12 h and then 20 ml of ethyl acetate was added. The organic layer was washed with water
20 (3 x 10 ml), dried over magnesium sulfate and concentrated under vacuum to dryness to yield 1-(4-
methylphenyl)aminocyclohexanenitrile, 10a (0.438 g, 1.92 mmol, 96%) as a brown solid.

10-2). 4-(4-imino-2-thioxo-1-(4-methylphenyl)-1,3-diazaspiro[4.5lundec-3-yl)-2-
trifluoromethylbenzonitrile, 10b

25  Triethylamine (0.05 g, 0.5 mmol) was added to a solution of 1a (0.228 g, 1 mmol) and 9a (0.228 g, 1

' mmol) in dry THF (2 ml). The reaction mixture was stirred at room temperature for 2 days and then
concentrated to yield a dark residue which was subjected to ﬂasﬁ chromatography
(dichloromethane/acetone, 95:5) to afford 4-(4-imino-2-thioxo-1-(4-methylphenyl)-1,3-
diazaspiro[4.5Jundec-3-y1)-2-trifluoromethylbenzonitrile, 10b (0.036 g, 0.08 mmol, 8%).

30
10-3). 4-(4-0x0-2-thioxo-~1-(4-methylphenyl)-1,3-diazaspiro[4.5undec-3-yl)-2-
trifluoromethylbenzonitrile, 10¢c, [RD49]
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Example 12 12-1).1-(4-bi phenyl am no) cycl obut anecarbonitrile, 12a
Trimethylsilyl cyanide (0.2 m, 1.5 mmol) was added dropwi se to a m xture
of 4-bi phwoybenizeas( 0. 169 g, 1 nmol) and cycl obut anone PCO/BI® 611417 4
innol). The reaction mxture was stirred at roomtenperature 10 for 6 h and
t hen concentrated under vacuumto obtain a brown |iquid which was subjected
to chronmat ography (dichloronethane) to yield 12a (0.24 g, 0.97 nmmol, 97%

- 5. - bi ) - 7-
03, 5 "bdtne g odee Bos b rCR, b PRy atp b I s Bl AR 0
la (0 Zileﬁxftgr be@lg@omw)roem @enmaan(ra tumacgon OixBunamnab poured thkoycolMFaté))s 2alrdd was
ti h
et hasarers S B EHRERS (b \ P, Sl el vk UVt MBI CEBHNER, wndy 1 o1
6 h. Airpaptogephed (@dmremetb@eb tvonald Ee(8.03¢ & 10675 triveol y WSOtk @ white xavuiee was

poyred into cold water (10 nl) and extracted with ethyl acetate (15 nl).
The organic |layer was dried over MSOi concentrated and chronmat ographed

(di chl anqg t i ePds 12b (0.162 g, 0.34 mmvl, 68% 20 as a white
powder . WJ§ LE;:TE FSC NN O-b 1H NWR (CDC13 400 MHz) 6 1.67-1.76

(m 1RG22 2.59-2.74 (m 4H), 7.40-7.44 (m 3H),
7.47-7.53 (m .64-7.67 (m 2H), 7.79-7.82 (m 2H), 7.88 (dd, JI = 8.3
Hz, J2 = 1.8 &k, , 25 7.97(d, J= 8.2 Hz, 1H), 8.02 (d, J= 1.8 Hz, 1H):
13C NVR ( CDCL3, |sz) 6 13.7 31.5, 67.5, 110 0, 114.9, 122.0 (g, J=
272.6, He 127.3, 128.1, 128.7, 129.0, 130.2, 132.3,

4,7
133. 5 H i (CDCIM(OQ NElz) 5 h%‘lrl  (m, 38D 13743 m, B9 1§3-1602ng 2H), 147481 821(r9.. 9.

Exanpbm, 23930 h e GhLe 52 1o
SCarpiem, Madah iy sl heraraoneyshspusgicaq gl eoisn, g2 10

added!-8H8pliDs &9%-9-93 (i 2ar & YR £CHGRL: ﬁafﬁﬁ@ﬁaménéz 2,039 912.@3 gfl 111}9rﬁ9[1)4 %md
cyol Obutgaaqome 2085 @ﬁﬁ 197. 2 ékim?h)z) 13918 1@6@013*2%” 15961148 8 ¢ c‘i{‘@& %}i ﬁ@e‘i'ssaf room
tenperature for hen concent rat ed undér vdcuum obtain’ a brown
I|qU|H”ﬁ%ﬂ@%O%é§9§JB]ected to chromat ography (dichl oromethane) to yield
13a (0 209 g, 0.94 mmol, 94% as a yellow solid. 5 13-2).
on 6- thloxo 5-(4- blphenyl) 5,7-di azaspiro [ 3. 4]
AMRIo 1} i £ 1 yor onet hyl benzonitril e,

11-1). 1~(4-hydroxyphenyl)aminocyclobutanenitrile, 11a

oct 7=

15 Trimethylsilyl cyanide (0.93 ml, 7 mmol) was added dropwise to a mixture of 4-hydroxyaniline (0.545 g,
5 mmol) and cyclobutanone (0.42 g, 6 mmol). The reaction mixture was stirred at room temperature for 6
h and then concentrated under vacuum to obtain a brown liquid which was subjected to chromatography

(dichloromethane:acetone, 98:2) to yield 11a (0.903 g, 4.8 mmol, 96%) as a yellowish solid.

20 11-2). 4-(8-0x0-6-thioxo-5-(4-hydroxyphenyl)-5,7-diazaspiro[3.4]oct-7-yl)-2-
trifluoromethylbenzonitrile, 11b , [RD58]
A mixture of 1a (0.57 g, 2.5 mmol) and 7a (0.376 g, 2 mmol) in dry DMF (0.5 ml) was stirred at room
temperature for 40 h. To this mixture were added methanol (30 ml) and HCI aq. (5 ml). The second
mixture was refluxed for 6 h. After being cooled to room temperature, the reaction mixture was poured
25 into cold water (40 ml) and extracted with ethyl acetate (50 ml). The organic layer was dried over
MgSO,, concentrated and chromatographed (dichloromethane:acetone, 98:2) to yield 11b (0.659 g, 1.58

mmol, 79%) as a white powder.
pol Ve
FsC N™ N
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12b, [RD85] A m xture of la (0.137 g, 0.6 nmmol) and 13a (0.111 g, 0.5 nmol)
indry DM (0.2 mMl) was stirred at roomtenperature for 3 days. To this

m xt ure weoeoeddedsnet hanol (5 m) and HOJ aq. (1 nl). Phe/usi@eveniond

m xture was refluxed for 6 h. After being cooled to roomtenperature, the
reaction mxture was poured into cold water (10 m) and extracted with
ethyl acetate (15 m ). The organic |ayer was dried over MSH,

d t h 1 6 ,
o ase AShe tuay! AUABER Poraebell(dh SRh s ARATRATY.h o G Rl B
( CDC13), 280-7N¥ifn, B1)1882 (dd6& < ¥ HeH),,= 128 HZ- 122914 @ J £H)8 H2 18),-82148, [+ 34H)
7 40 Jib 6 8.
QI 3C MR ffonglf, oAl i dThy, fr 2 ool ASTET S Btd 270500
|sz) HZ)132774; (431=6.9 gy, 131.311B0.80g, J.'L=13IZ DHz)1 238.7) 1895, 136.22133.56 1 #42)), 1 74.2,6887. 127 1
(q% J = 4.8 Hz), 127.2, 127.7, 128.0, 128.3, 129.1, 130.2, 132.2, 132.5,

33.4, 133.5 (g, J = 33.1 Hz), 20 133.6,135.2, 137.2, 175.0,180.1. Exanple
14 14EXample1% 4- net hyl - 2- pyri di nam no) - 2- net hyl propanenitrile, 14a

Trime | $icd | ),,was added dropwi se to a m xture of

2-am inic:y)fﬁe“ﬁhfgﬁ}%@%c&goﬁar@ﬁﬂ%’éﬁ%@’ arrrml) and acetone (0.58 g, 10

mol )Tmﬁﬁbylwaéestamdn (2 wl, dr5emmlé wa$ added dropwise mmmeﬁéhbiph@ylaﬁ@e (®1ehays and

then u r jected
ARSI ASI AR S T P Rl ML Rl o o

0106 ﬁqm[ﬂ h gngoghem sorceniitde undpp | vaguun8@o bhtaid) a brown liquid whlch was subjected to

L b oS RIS B0 b B8 B e 10 1y -2

PCT/ US2006/ 011417 A mi xture of la (0.91 g, 0.4 nmol) and 14a (0.053 g, 0.3
nunol N AL . To
this 13121%@ u(rie wer e tg@éig%n%)%lﬁanl lﬁ?é‘%ﬁ p@‘t"rﬂmgglﬁﬂﬁpﬁé‘ﬁ&%ﬁ‘ gﬁeggoggﬁé

m xt u¥2® [RBS7k ef | uxed for 5 h. After being cool ed to roomtenperature, the
reacti t %dgg h

et hyl %@’éﬁﬁﬁ E(OW%W@ hﬁ%cl))rdgngn]‘?(a: ayewseﬁmgﬁ %%% Shelt &
conc eRPMAeraRpr %Wél ferr dayat kegthisphistre were lafidsd @mhanelr(é )mlﬁ end/HEl a1 21 (00). Ohe g,

0. 17450 mixR&as refluxed for 6 h. After being cooled to room temperature, the reaction mixture was

poured into cold water (10 ml) and extracted with ethyl acetate (15 ml). The organic layer was dried over
MgSO,, concentrated and chromatographed (dichloromethane) to yield 12b (0.162 g, 0.34 mmol, 68%)

20  asa white powder.
BN =
FsC N™ N
I3

"H NMR (CDCl;, 400 MHz) § 1.67-1.76 (m, 1H), 2.19-2.31 (m, 1H), 2.59-2.74 (m, 4H), 7.40-7.44 (m,
3H), 7.47-7.53 (m, 2H), 7.64-7.67 (m, 2H), 7.79-7.82 (m, 2H), 7.88 (dd, J; = 8.3 Hz, J, = 1.8 Hz, 1H),

25 7.97(d,J =182 Hz, 1H), 8.02 (d, J= 1.8 Hz, 1H); *C NMR (CDCl,, 100 MHz) 6 13.7, 31.5, 67.5, 110.0,
114.9, 122.0 (q, J = 272.6 Hz), 127.1 (q, J= 4.7 Hz), 127.3, 128.1, 128.7, 129.0, 130.2, 132.3, 133.5 (q, J
=33.2 Hz), 134.2, 135.2, 137.2, 139.6, 142.8, 174.9, 179.9.

Example 13
30  13-1). 1-(2-naphthylamino)cyclobutanecarbonitrile, 13a
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as a white powder. CH3 NC S F3BC NN N O 1H NWR (CDC13, 400 MHz) 6 1.70
(s, 6H), 2.44 (s, 3H), 7.19 (d, J = 4.4 Hz, 1H), 7.45 (t, J = 0.6 Hz, 10
1H), 7.82W0cddo6/124118 8.2 Hz, J2 , 1H), 7.95 (d, PeTASBooswi14iH), 7.97
(d, J=8.2 Hz, 1H), 8.47 (d, J , 1H); 13C NWR (CDC 3i 100 MHz) 6
21.1, 24 1 67 1, 110.2, 114.8, 1 q, J = 272.6 Hz), 124.4, 125.1,
127. 3 q, = 4.8 Hz), 132.4, 133. J = 33.2 Hz), 135.3, 137.1, 149.2,
149. 175, 2. .17 515-1). .
2 (25%“3}?6%%}‘]ﬁ%é{h1°¥1"‘8 408 R PP ORR T e &0 W mistrs pL PrepincagaelEs (0. 27
m, 20midle) l\tmol)aehdbcycwbmpmnséo 098 g I xtmol)e Toé réeidon mompye web N@T(dlatG8eing, 1
mml )t 1% negatgr% gn% tgen dp%hcengate c%r Va-ggl.lem I‘;oeo etmllon m Xt urc? Wﬁlm}?wgst L LT ef%(% at
room erature A SRR el concentrate r¢ Vacuum ain a
br owto bhrqmatdg\aph}c(ldwhbmnﬁhapeém weldtlda 2081zRo. e@mh394%2@s 4 yhllowlsolidoret hane:
acet one, 60:40) to yield 15a (0.131 g, 0.81 mmol, 81% as a white solid.
15-2).
4-[ 4, 16-2}1 nmet(Bypke-B-thibx@§(4-tiphedd)y3, T-dmrzaspiro B-4] hétehyd)-2AtdAaao mathyFlenzom]j triks;
trifl Eylbenzonitrile, 15b, [RD821 A m xture of la (0.91 g, 0.4 mmol)
and 15& @gﬁ% 89, 003 mol) indry DM (0.3 ml) was stirred at room 25
t errpe‘k atixine dof da (.03 Hayke mie)tadnd 43kt lirg Ovenmol dd g PEFHAAaN]) (v3s siirjedand of
0 f 5 h.Afte [

ool ol Sl 1063 38600 ikl 0 BalhotiBh (0 Sall nf 4Pl B, 3

wh erse¢ond npiktyreawi reﬂwqeé&rédl vifehbanghgdoledde ratetefupsratute) theThaetior gintire wlaay er

122 b0, 820 MR g BOSSPLAR A A0S0 PPt o), P o
2006/MMJ@W@SZ@@@ﬁ@m&ﬂgﬁphedxl(d@hﬂoremethétﬂ) tolyidiil A2b @(145 g 0.325 mmol, 65%)

as a white powder.

OO0

15 O
"H NMR (CDCls, 400 MHz) 6 158-1.68 (m, 1H), 2.17-2.29 (m, 1H), 2.61-2.75 (m, 4H), 7.40 (dd, J, = 8.6
Hz, J, = 2.0 Hz, 1H), 7.58-7.65 (m, 2H), 7.86-8.00 (m, 5H), 8.04 (J = 1.8 Hz, 1H), 8.06 (d, J = 8.6 Hz,
1H); ®C NMR (CDCls, 100 MHz) & 13.7, 31.6, 67.7, 110.0, 114.9, 122.0 (q, J = 272.6 Hz), 126.8, 127.1
(q, J = 4.8 Hz), 127.2, 127.7, 128.0, 128.3, 129.1, 130.2, 132.2, 132.5, 133.4, 133.5 (q, J = 33.1 Hz),
20 133.6,135.2, 137.2, 175.0, 180.1.

4
1.8 Hz
5.0 Hz
2 (

.9
> (q

Example 14

14-1). 2-(4-methyl-2-pyridinamino)-2-methylpropanenitrile, 14a

Trimethylsilyl cyanide (0.27 ml, 2 mmol) was added dropwise to a mixture of 2-amino-4-methylpyridine
25 (0.108 g, 1 mmol) and acetone (0.58 g, 10 mmol). The reaction mixture was stirred at room temperature

for 6 days and then concentrated under vacuum to obtain a brown liquid which was subjected to

chromatography (dichloromethane: acetone, 60:40) to yield 14a (0.133 g, 0.76 mmol, 76%) as a white

solid.

30 14-2). 4-[4,4-dimethyl-3-(4-methylpyridin-2-yl)-5-0xo-2-thioxoimidazolidin-1-yl]-2-
trifluoromethylbenzonitrile, 14b, [RD83]
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O~ 1H NWR (CDC13, 400 MHz) 6 1.73 (s, 6H), 7.38 (dd, JI = 7.3 Hz, J2 = 5.4
Hz, 1H), 7.71 (d, J= 8.0 Hz, 1H), 7.87 (dd, J1= 8.2 Hz, J2 = 1.8 Hz, 1H
7.95 (td,wohoes/i2488Hz, J2 = 1.8 Hz, 1H), 7.95 (d, J= 1. BCiAIS2006M)1417. 98 (d,
J =8.2 Hz, 1H), 8.62 (dd, JI = 4.7 Hz, J2 = 1.3 Hz, 1H); 13C NWR (CDC13,
100 MHz) 8 5 24.2, 67.1, 110.3, 114.8, 121.9 (g, J= 272.6 Hz), 123.7,

123.8, 127.3 (q, J= 4.8 Hz), 132.4, 133.6 (g, J= 33.2 Hz), 135.3, 137.1,
138.2, 149.5 175,

1 6 179 anpl e . 16- .
1 (5 PRI SR £ e S0 b Fiafo s DBrbanleinP BAYE (07 h wgimgg o room
Tr i metelmpbraiuteyfor Gydags. A he. didRireriverehadBedniiethinolv@s nA)daedddr ap\ii 8. The debund
m xture of 3-am no-5- l.pyrazaol e (0.194 2.0, mol ) and cycl obut gnone
(0 15hfe 5o AR S REAR ABHe3AE v Fmbrooey o Bpetoe SR Vet ur e
for 4Gtdcadhdvatdngn0 adnaehéxtatied with iyl detaien il s mo Mhaiofpagic dayek whak @titdl ovd2i ch
was supipected to chr t ogr aphy (di chl or gnet hane ield 0 g,
1 §2 %ﬁ, c?lg@/éltraéescp ?%%ow@gedpéwﬁlg one n?gg i(jead iéﬂ) %609 g, 03192l m&nol,zs%%)
4- [ 5- ¢Le-wildtepplvd@H- pyr azol - 3-yl ) - 8- oxo- 6-t hi oxo-5, 7-di aza-spiro [ 3. 4]
oct-7-yl]-2- trifluoronethyl-benzonitrile, 16b, [RD841 A m xture of |a
(0.0684 g, 0.3 Mol ) and 16a (0.053 g, 0.3 Mol ) in dry DWW (0.2 m) was
stirred at roomte rature for 4 days. To this m xture were added
met hamag Q0 m and; Cl aq. 2N (2 m). The 20 second m xture was refluxed
for 5 h. er heing cooled to roomtenperature, the reaction m xture was
pouregﬂi c g0\ (30 M) and extracted with ethyl acetate (30 m).
The organic | ayer/f was dried over MSO, concentrated and chronat ographed
(di chl or onet elacetone, 97:3) to yield 16b (0.0826 g, 0.2 mmol, 67% as

a white powder. NC S HN N FSC N A N '>-CH3 25 1H NMR (acetone d6, 400 MHz)
S S 1.IMR EPYm409 MH2) P O . TP, 2Af (s1RH), 731939, (5 4-4BHy., 1), 563 ¢, 5300z, 2H) ,

2 185- 04 { det, 15, B - = 1D 5 8. = 1.6
05 P bl (SOl b s SR S8 g L
M) S50 [H33°G NMR (GDCh7109 MHgD 1.1, 26d, 67.11418.28114.8,431 8 (.9 = 32.671).4
Hz), % 824 4, 1293 (ﬂb 8 =g Hz)’k%%%.ﬁ,_gagzs =733 Hz) 134.3319,1, 1892 614933850,

139.9, 145.0 175.0, 179.6. 2006/ 124118 PCT/ US2006/ 011417
1752, 179.0.

15 Example 15
15-1). 2-(2-pyridinamino)-2-methylpropanenitrile, 15a
Trimethylsilyl cyanide (0.27 ml, 2 mmol) was added dropwise to a mixture of 2-aminopyridine (0.094 g,
1 mmol) and acetone (0.58 g, 10 mmol). The reaction mixture was stirred at room temperature for 6 days
and then concentrated under vacuum to obtain a brown liquid which was subjected to chromatography

20  (dichloromethane: acetone, 60:40) to yield 15a (0.131 g, 0.81 mmol, 81%) as a white solid.

15-2). 4-[4,4-dimethyl-3-(4-pyridin-2-yl)-5-0x0-2-thioxoimidazolidin-1-y1]-2-

trifluoromethylbenzonitrile, 15b, [RD82]

A mixture of 1a (0.91 g, 0.4 mmol) and 15a (0.048 g, 0.3 mmol) in dry DMF (0.3 ml) was stirred at room
25  temperature for 10 days. To this mixture were added methanol (5 ml) and of HCI aq. (1 ml). The second

mixture was refluxed for 5 h. After being cooled to room temperature, the reaction mixture was poured

into cold water (10 ml) and extracted with ethyl acetate (15 ml). The organic layer was dried over

MgSOs, concentrated and chromatographed (dichloromethane) to yield 15b (0.059 g, 0.153 mmol, 51%)

as a white powder.
30
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Exanpl e 17

4-[ 3- (4- hydr oxyphenyl ) -4, 4-di net hyl - 2, 5-di t hi oxoi m dazolidin-1-yl]-2-triflu
or onet hylwenaeni2érigl e, 17a, [RD59] A mixture of 3c (0. ®8T/us2008/02142m0l ) and
Lawesson reagent (0.097 g, 0.24 mmol) in toluene (3 mM) was 5 heated to
reflux for 15 h. After being cooled to roomtenperature, the reaction

m xture was poured into cold water (10 mM) and extracted with ethyl

acetdie (M Mk T rgani c | ayer was dried over MgSO4, concentrated and
chr omat hh?/(%(d chi or onet hane: pentane, 9:1) to yield 17a (0.0185 g,

0. 0440 aN’a white powder. NC 1 \\ SII OH F3SC NN 10 5 1 1H NWR
(CDC13 400 S 1 65 (s, 6H), 6.95-6.97 (m 2H), 7.15-7.18 (m 2H), 7.75
,J—82 7.86 (d, J = 1.8 Hz, 1H), 7.98 (dd, JI 8.2 Hz, J2 =

121 SZWFD@%%@'NE@%% 6%)?07 h4158 27 ) 7—7543Hz11¥g P71 éld1§=7&0 ﬂ%g g

(q, I8), 3$7de—|zf)h 823%, %, = 18013 H1 365 &d, 4 797. @ 7207 108 H%“Exé%(de T e Y,
3- (4 N o |
oyl BERSREPT 2%1%5}141) 48[%@ Fd 273 -0x9i dazold divi denidil, 180 bk )auor ome

t hyl T Hydr oger per oxi de, was
added4 ar@a\mmes flt4.8 18bP g, iJon278f6 I@f) 237 @3R12G3 (/7 ‘h&ré@) 1324 1%6 gﬂ 4Ci a

acet 283%5 1[;:])1 ]t3éfae14§l%t1w@1%§ 1§§8rred at roomtenperature for 12 h

and déetat’e was added. The organic |ayer was washed
with vvat er (3 x 15 rr1) dried over magnesiumsulfate, concentrated and
chroEaso%{qghed (di chl oronethane) to yield 18a (0.102 g, 0.261 mmol, 87%

Whrte powder. NC O OH )aN F3C N 25 O 1H NWR (CDC13, 400 I\/Hz) S 1.52
(s, G6). 1@5- Dot 2B-pyrpzodByylanyinglicyplobutapeparbujtrilez 169 (4, J= 8.4 Hz, 1H),

qgggfg‘%g%%ﬂm_@émé '@ 532:| %ﬂB élzb7 ﬁmﬁ%}B wid hadded- érlépx(/ge td 'thé— ixtie of BDaan@@ NIVR

4, "115.0, 116.7, 121.9 (q, J= 272.6
Hz) nte@FIpsragale (Q] £944g, 8.0Hzinol) 2od) cyplobuagors, (0 13@5 522 1wl The gpactpn mjgtue Wgs)

135. §t’1rrejd @rc?om geﬁa%erﬂt’urelég 461 atd fher coreEntrated under vacuum to obtain a dark liguid which

was subjected to chromatography (dichloromethane) to yield 16a (0.267 g, 1.52 mmol, 76%) as a off-
white powder.
15 ‘
16-2). 4-[5-(5-methyl-2H-pyrazol-3-yl)-8-o0x0-6-thioxo-5,7-diaza-spiro[3.4]oct-7-yl}-2-
trifluoromethyl-benzonitrile, 16b, [RD84]
A mixture of 1a (0.0684 g, 0.3 mmol) and 16a (0.053 g, 0.3 mmol) in dry DMF (0.2 ml) was stirred at
room temperature for 4 days. To this mixture were added methanol (10 ml) and HCl aq. 2N (2 ml). The
20 second mixture was refluxed for 5 h. After being cooled to room temperature, the reaction mixture was
poured into cold water (30 ml) and extracted with ethyl acetate (30 ml). The organic layer was dried over
MgSO,, concentrated and chromatographed (dichloromethane:acetone, 97:3) to yield 16b (0.0826 g, 0.2

mmol, 67%) as a white powder.
NC S pn-N
N /& CH,
FsC N~ °N
O .

25 'H NMR (acetone dg, 400 MHz) & & 1.66-1.76 (m, 1H), 2.00-2.07 (m, 1H), 3.35 (s, 3H), 2.56-2.63 (m,

2H), 2.85-2.93 (m, 2H), 8.04 (dd, J, =8.2 Hz, J, = 1.6 Hz, 1H), 8.18 (d, J = 1.6 Hz, 1H), 822 (d, /= 8.2

Hz, 1H), 11.99 (s, 1H); C NMR (acetone dj, 100 MHz) & 10.2, 13.1, 31.1, 67.4, 102.5, 109.1, 114.8,

122.5 (q, J = 271.4 Hz), 127.8 (q, J = 4.8 Hz), 131.9 (g, J = 33.6 Hz), 133.6, 135.6, 138.4, 139.9, 145.0,

175.0, 179.6.

30
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-36 WO 2006/ 124118 PCT/ US2006/ 011417 Exanple 19 19-1).

3-fluoro-2-net hyl -2-(4-net hyl phenyl)am nopropionitrile,19a Trinethyl silyl

cyani de (WORd&/1mh1181. 1 nmol ) was added dropwi se to the RCItUSR@6/011417

of p-toluidine (0.107 g, 1 nmmol) and fluoroacetone (0.082 g, 1.1 nmmol). The

reaction mxture was stirred at roomtenperature 5 for 12 h and then

concentrated under vacuumto obtain a brown |iquid which was subjected to

chron?{%]é%\ J;ly (dichl oronethane) to yield 19a (0.179 g, 0.93 nmol, 93% as

a yel solid. 19-2).

4- ( 4-4+[JGlonkeotyphenyd)rb4-Hiphetliyl-3)SedithioNviroddozdid{nd 1-yB2hy iflnbamydthylbandazatle,di n- 1-

yI) 217 at Rﬂgs,zoromet hyl benzonitrile, 19b, [RD68] 10 A m xture of la (0.16 g,

) 19a (0.096 g, 0.5 mmol) in dry DM (0.3 m) was stirred at

r oom Atnem;@r@fti"u (60§ 1log, 048minol) Tad Livwessam xdgente09LT e, QaZi@mdlot)Bﬁ Rdueat (3 thD vvnis) and
h e was refluxed f h. After i ng

coo Q%atteg%#%gﬁﬂf%r%gr §P grre%%%ﬁglmrl )éac P HPE t‘tlre’rt(&ajle \r/\efgguond‘{ﬁl?(%uae W?Srﬁogregdlﬁa

wat ercol@@atat §10amil amkextractedditiviethiil ektatel (100d). She ofgdflic miy)er wihériedrqyanMgSOay er

15ty B8 by QR A0S R il RO RCIT LARIA o L PRRIRRET Y,
F3C MZ%)@FBtheMrlH NVR (CDC13, 400 MHz) 6 1.49 (s, 3H), 2.44 (s, 3H)

435(de = 47.2 He, J2:100Hz 1H, 4.71 (dd, J, = 45.2 Hz, J2 = 10
Hz, 1;)@ 7.22-7.26 (m 2H), 7.35-7.39 (m 2H), 7.82 (dd. J, = 8.2 Hz, J2 =

1.8 11135 798 At J = 1.8 Hz, 1H), 7.98 (d, J = 8.2 Hz, 1H); 13C
NI\/R(CDC 1 17.0 (d, J = 4.6 Hz), 21.3, 69.3 (d, J = 18.3 Hz),
81 9F(3ct 109.9, 114.8, 121.8 (g, J = 272.6 Hz), 127.2 (q,

. 130.9, 131.6, 132.3, 133.3 (q, J= 33.2 Hz), 135.3,
1&70 140 5317 .1, 181.4: 19F NMR (CDC13, 376 M) s 6251109 25

xanpliodf @0k P B] PHs T S A A PR ERSLEO) BRL DRI gRRn a1 e
cyandB)di.8en(d, 3 =m.3 Hanul)nﬁg&edﬂ uns 8, at e 1(PHg)1HHRSC haak ¢dDrD, 80 @g@ﬁ&ih
vasned T ageenars e PR T sHB e Tl EEE B b0V ey 88 and

concémtJr=a$?e21Hu)|:1¢B':5r5 1303 \Aé@&,LmTB@QZQTrWness to yield 20a (2.166 g, 9.5 mol,
9529 as brown solid.

Example 18

4- [3-(4-hydroxyphenyl)-4,4-dimethyl—Z,S-dioxoimidazolidin-1-yl] ~2-trifluoromethylbenzonitrile,

18a, [RD60]

Hydrogen peroxide, 30% (3 ml, 26 mmol) was added dropwise to a solution of of 3¢ (0.121 g, 0.4 mmol)
20  in glacial acetic acid (3 ml). The mixture was stirred at room temperature for 12 h and then 20 ml of ethyl

acetate was added. The organic layer was washed with water (3 x 15 ml), dried over magnesium sulfate,

concentrated and chromatographed (dichloromethane) to yield 18a (0.102 g, 0.261 mmol, 87%) as a
white powder.

Lo
FsC N" N

25 @)
'H NMR (CDCl;, 400 MHz) 6 1.52 (s, 6H), 6.70-6.73 (m, 2H), 7.01-7.04 (m, 2H), 7.92 (d, J = 8.4 Hz,
1H), 8.00 (dd, J; = 8.4 Hz, J; = 1.8 Hz, 1H), 8.15 (d, J = 1.8 Hz, 1H); °C NMR (CDCls, 100 MHz)
23.7,63.7, 108.4, 115.0, 116.7, 121.9 (q,J 272.6 Hz), 123.5 (q, /= 4.8 Hz), 124.0, 128.5, 130.5, 133.6

(q,/=33.2 Hz), 135.5, 136.2, 153.4, 157.2, 174.5.
30
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-37 WD 2006/ 124118 PCT/ US2006/ 011417 20-2).
4- (4, 4-di nmet hyl - 5- oxo- 2-t hi oxo-3-(4-trifluoronethyl phenyl )i m dazol i di n-1-yl
)-2- trifwoareretshsl benzonitrile, 20b, [ RD66] A m xturePafi/usaoog@1miz g, 0.5
nunol ) and 20a (0.092 g, 0.4 mmol) in dry DM (0.3 m) was stirred at room
tenperature for 48 h. To this m xture were added nethanol (10 m) and HC
ag. (3 n1) The second 5 mxture was refluxed for 6 h. After being cool ed
to r;ohxa % erature, the reaction m xture was poured into cold water (20
acted with ethyl acetate (20 nil). The organic |ayer was dried
over 19mm4uomamam§rrBt@ﬂeﬁmﬁihaﬁﬂ)&nﬁo@g«mﬁhﬂﬂe,mhchI or orret hane) to yield

o 1r iR e Ty of Fast e SR SR bt oo g7y (0

2H) , 17mBibl) (addi fludrpacetoBe 80.082, g, 1J1Znmol}.. ’Blel-ﬂzacuiblh-l)mxtﬁ’re %s (sti:;redJat rdord tebdmeramltd)

11498&0'15%‘ ¢ ean"n"g}ﬁte%%gEe)WRa YL 1(%"’“%100 e i ﬁz‘)"ﬁbﬁigagosg?ﬁ%‘g X' 4.6

Hz), chidmalogtagphy @ichllordmétizgnge) th FB1d319a1B179%, 03 nimol 3B ablz yllowidBod. 133.5 (q,
J=33.3 Hz), 135.3, 136.9, 138.4, 174.6, 179.9. 15 Exanple 21 21-1).

3-chl oro- 2-chl or onet hyl - 2- (4- met hyl phenyl ) am nopropanenitrile, 2la

Tri maokyl si | yl  dy(dufiuceniefhy?-4-midthylS-oxesd-thiovas3-@adatlylgharyWimidazodbidm-Iry-2ur e of
p-t ol ui.di ne a1 and 1, 3-di chl oroacetone (0.254 g, 2 mol).
The 1" 'éV?HOSWQ‘M‘%“Z?IQ“\‘A‘%%9W§]O 80 C and stirred for 20 6 h. To the
m&t uk eistars oftkd@d 6200 fHmnedl) aatlliyi (0e(96 t2ad-& naund) it derDMELH 3 wil) Waswtitred atfGnx 20

cht ortataRRa s PRt s Yol g RSB PIEL AL 3% G e speond o

as a ﬂnxmvquwa\nﬂwred f@16 R)After being cooled to room temperature, the reacnon mixture was poured

4- 4 4 h ) k. m I
R s A U U Dl
mol )Mgi, Sheaer(@ied 28d ghrorBatéerapied didhiprotngthadto(vield19H (0.108 8, G4 mmrodB0%4) as oom
grper‘gﬁl ﬂg@‘g 10 days. To this m xture were added nethanol (10 m) and of
H

The second m xture was refluxed for 6 h. After being
cool ed to roomterrperature, the reaction m xture was poured into cold

—

wat er 20 ) and exfraegted with ethyl acetate (30 mi ). The organic |ayer
was dr| ey over 30 " Concentrated and chromat ographed (di chl or onet hane)
D 0,
to yI,_B?’|C 2 g\l .19 mmol, 38% as
CH
o CH2F3

'H NMR (CDCl,, 400 MHz) & 1.49 (s, 3H), 2.44 (s, 3H), 4.35 (dd, J; = 47.2 Hz, J, = 10.0 Hz, 1H), 4.71
(dd, J; = 45.2 Hz, J, = 10 Hz, 1H), 7.22-7.26 (m, 2H), 7.35-7.39 (m, 2H), 7.82 (dd, J; = 8.2 Hz, J,=1.8

20 Hz, 1H), 7.93 (d, J= 1.8 Hz, 1H), 7.98 (d, J = 8.2 Hz, 1H); *C NMR (CDCl;, 100 MHz) & 17.0 (d, J =
4.6 Hz), 21.3, 69.3 (d, J= 18.3 Hz), 81.9 (d, J = 179.5 Hz), 109.9, 114.8, 121.8 (g, J = 272.6 Hz), 127.2
(q, J=4.7 Hz), 129.3, 130.9, 131.6, 132.3, 133.3 (q, /= 33.2 Hz), 135.3, 137.0, 140.5, 174.1, 181.4; ¥F
NMR (CDCls, 376 MHz) § -62.5, 110.9.

25 Example 20
20-1). 2-methyl-2-(4-trifluoromethylphenyl)aminopropanenitrile, 20a
A mixture of 4-triffuoromethylaniline (1.61 g, 10 mmol), acetone cyanohydrin (5 ml) and magnesium
sulfate (2 g) was heated to 80 °C and stirred for 12 h. To the medium was added ethyl acetate (50 ml) and
then washed with water (3 x 30 ml). The organic layer was dried over MgSO, and concentrated under
30  vacuum to dryness to yield 20a (2.166 g, 9.5 mmol, 95%) as brown solid.
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a white powder. -38 WD 2006/ 124118 PCT/US2006/ 011417 NC | \\ S/ + CH3 \
F3C N N CH2C 0 CH2C! 'H NWR (CDCL3, 400 MHz) 6 2.44 (s, 3H), 3.54 (d, J =
11. 8 Hz, WOl2p06312088(d, J = 11.8 Hz, 2H), 7.37- 7.40 (m PRIUS2M6ABHTI 51 (m
2H), 7.79 (dd, Jt = 8.2 Hz, J2 = 1.8 Hz, 1H), 7.88 (d, J = 1.8 Hz, 1H)

7.98 (d, J = 8.2 Hz, 1H); 13C NMR (CDC13, 100 MHz) 6 21.4, 42.8, 74.3,
110.7, 114.7, 121.7 (q, J = 272.6 5 Hz), 127.2 (q, J= 4.7 Hz), 128.8,

131.0 31.1, 132.4 3. , J= .33.2 .ad35.5 6.9, 140.9. 169.5,
187 52 Hanpl o 25 Stz it taaiinseipidumifiin b _8272a 10
Sodi utrifbyecnabylbénzadibdle, DbnjRI6p] was added to a m xture of anthranili ? a;:ﬂl ;j
0.41 I d cet ane. 3.6, o 1N i i.d 90% )
gl'he réan%{( ?%nmrgi%x(%) 'l}?)gg\/\%g [ olcﬁ:e}néldzlj 3{&) 'P%o%ho"t & 5e)%néltdﬂyr @%4’0%1%6 Hvaéﬁté“?dh n 50
m  of roemhgrthpesatet &ird8\haTo thikdedturcfhee addgd micthaha (& mi)asd WES e @ mi)t Thelsedané (3
x 30 ic.laygr ,was dri over_ magnesium sul f at.e, concentrate
And cinkiee MAEALAATNE 6 hXRL BE SRLE SURTBANGE hlctoton Hifpic SRR EE 7
g, 2.inatowmdd wa@0930 ad) andbextrasied with dthyll 5eeR@e 220. ml). The organic layer was dried over

ai o1 MESPY BOtrldiend RO GTEL IR et B (% 8550 Ry ana
22a (®.avgftegow@®r5 nmol) in dry DMF (0.5 ml) was stirred at room

tenperature for 3 days. To this mixture were added nethanol (10 nl) and HCl
aqg. 2N, (3 m). The second 20 m xture was refluxed for 6 h. After being

cool edGg - rgom genperatt¥fe, the reaction mxture was poured into cold water
(20 m) @- act ith ethyl acetate (30 nl). The organic | ayer was
dri edr@ve NSO pncent rated and chromat ographed (ethyl acetate: pentane,
2:1) to yield (0.143 g, 0.33 nmol, 66% as a white powder. NC S )aN
F3¢ ' N COCHO
'H NMR (CDCls, 400 MHz) § 1.61 (s, 6H), 7.45-7.49 (m, 2H), 7.80-7.83 (m, 2H), 7.85 (dd, J, = 8.3 Hz,
J2=1.8 Hz, 1H), 7.97 (d, J = 1.8 Hz, 1H), 7.99 (d, J = 8.2 Hz, 1H); *C NMR (CDCls;, 100 MHz) & 23.8,
66.6, 110.3, 114.8, 121.8 (q, J = 272.6 Hz), 123.5 (q, J = 271.1 Hz), 127.0 (q, J = 4.6 Hz), 127.1 (g, J =

4.7Hz), 130.3, 131.9 (g, J = 32.9 Hz),, 132.2, 133.5 (g, J = 33.3 Hz), 135.3, 136.9, 138.4, 174.6, 179.9.

15
Example 21
21-1). 3-chloro-2-chloromethyl-2-(4-methylphenyl)aminopropanenitrile, 21a
Trimethylsilyl cyanide (0.27 ml, 2 mmol) was added dropwise to a mixture of p-toluidine (0.107 g, 1
mmol) and 1,3-dichloroacetone (0.254 g, 2 mmol). The reaction mixture was heat to 80 °C and stirred for
20 6 h. To the mixture was added 20 ml of ethyl acetate and then wash with water (2 % 20 ml). The organic
layer was dried over MgSO,, concentrated and chromatographed (dichloromethane) to yield 21a (0.192

g, 0.79 mmol, 79%) as a brown powder.

21-2). 4-(4,4-bischloromethyl—S—oxo-Z-thioxo-3-(4-methylphenyl)imidazolidin—1-yl)-2-
25  trifluoromethylbenzonitrile, 21b, [RD67]

A mixture of 12 (0.16 g, 0.7 mmol) and 21a (0.122 g, 0.5 mmol) in dry DMF (0.5 ml) was stirred at room

temperature for 10 days. To this mixture were added methanol (10 ml) and of HC] aq. 2N (2 ml). The

second mixture was refluxed for 6 h. After being cooled to room temperature, the reaction mixture was

poured into cold water (20 ml) and extracted with ethyl acetate (30 ml). The organic layer was dried over
30  MgSOs,, concentrated and chromatographed (dichloromethane) to yield 21b (0.09 g, 0.19 mmol, 38%) as

a white powder.
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25 O 1H NMR (CDC13, 400 MHz) 6 1.47 (s, 3H), 1.78 (s, 3H), 7.39 (d, J = 7.7
Hz, IH), 7.63 (t, J =7.7 Hz, 1H) 7.76-7.82 (m 2H), 7.90-7.98 (m 2H)
8.22 (d, We20s2kas 1H), 8.96 (bs, 1H); 13C NVR ( CDCL3i PLOMIS20M60)14%7 20. 6,
26.2, 67.6, 110.1, 114.8, 121.9 (q, J= 272.6 Hz), 127.2 (q, J= 4.7 Hz),
128.9, 131.0, 130.2, 132.5,133.2 (g, J= 33.3 Hz),

133.7,134. 7, 135. 4, 135. 8, 137. 3, 169. 8, 175. 3, 180. 7. -39 WD 2006/ 124118

PCT/ USZRQ6 3Hg 23 23-1).

1-(2-net pcycl obutanenitrile, 23a Trinmethylsilyl cyanide (0.66
m , Sp0 s aglded-dropwi se to the m xture of p-toluidine (0.321 g, 3 5
nmol ) and cycl tanone (0.28 g, 4 mol). The reaction mxture was stirred
at roomtenp reiChr 6 h and then concentrated under vacuumto obtain a

brown liquid Whl C \l/vas subj ected to chromatography (di chI oronet hane) to

i el dHZﬁMR((@D@%;M@,MEz 42 3HY 7 sraqyel

A (8-00 #‘E 07@ (&Hzp mg ﬁan/@l‘l@J?%?a%Zgghﬁgw 1%% }%%ZE} PY-33: 10

trifl uor%l}'r& 570% ﬁ? §=b’1 TRA%): & 1§ Re.udB, 588 (daJéOI 814, 67), 096

mml Yd.afd 823&& (16);033 NyR lSClmb)M ) r re room

§1t1 ) C}r_%_ gla}/ @C s mi)i([%)ﬁ%ﬂ%% gﬁ%éd% ﬁ Jd ?&Za%d HCl

% ?g hé= z%%&&%%&ldr &%hd31-8(q. dxed X 1w), BSIP, 1%9 é#Ob,eIl69g

cooI dd2.60 roomtenperature, the reaction m xture was poured into cold

water (20 m) and extracted with ethyl acetate (30 m). The organic |ayer

was dried over 15 MgSOXi concentrated and chromat ographed (di chl oronmet hane)

to yiEshuipR22 (0.116 g, 0.28 nmml, 56% as a white powder. NC1 \\ S F3C N
400 NHz 1.63-1.69 (m 111), 2.26 (s, 311),

20 ! GDC13
2 28 519%%“‘“"'“? Ng]) nﬁcyfb’h(%“e@ﬂl; 2227 21 (d, J= 7.6 Hz, 111), 7.39-7.49
(1% §H}lum7>y&9de( m4581 ]5—n18102 ‘HSS adagd o a]-mﬁ(tdi'é of ;ﬂlf&ramﬂ? %Zlf ﬁ%lll %’8§ Bnnag%an?i 1H),

8. 00
32. 2a&g"’/‘ {T ‘%103 gz m&’flj) g a°e‘1°2 i‘“@ 9%)4’ 3 nﬂh 7Tile Geml)m NiRtPre) Whey stirfed 4, Dotz ) |
127. Bmpg@rgior 1BMarkl thén3sh. 1], of kB2 RetatbIRs 4dded 3@1&)1‘%} ic 1der Wi RashE&ith brine

135. ) 1.138.0,175. 3, 178. 7. 25 Exanpl e
?& 13 n%)ll?hz orgamcqayef was dnedl over magnesium su?};te concentrated and chromatographed

(dichloromethane:acetone, 90:10) to yield 22a (0.551 g, 2.7 mmol, 90%) as a brown solid.

15
22-2). 2-[3-(4-cyano-3-triﬂuoromethylphenyl)-S,S—dimethyl—4-oxo-Z-thioxoimidazolidin-l—
Yl]benzoic acid, 22b, [RD65]
A mixture of 1a (0.114 g, 0. mmol) and 22a (0.103 g, 0.5 mmol) in dry DMF (0.5 ml) was stirred at room
temperature for 3 days. To this mixture were added methano] (10 mi) and HCI aq. 2N, (3 ml). The second
20  mixture was refluxed for 6 h. After being cooled to room temperature, the reaction mixture was poured
into cold water (20 ml) and extracted with ethyl acetate (30 ml). The organic layer was dried over

MgSO,, concentrated and chromatographed (ethyl acctate:pentane, 2:1) to yield 22b (0.143 g, 0.33
mmol, 66%) as a white powder.

FsC NN
)—I/\ COOH

25 0
1
H NMR (CDCL, 400 MHz) § 1.47 (s, 3H), 1.78 (s, 3H), 7.39 (d, J = 7.7 Hz, 1H), 7.63 (t, J = 7.7 Hz
LH) 7.76-7.82 (m, 2H), 7.90-7.98 (m, 2H), 8.22 (4, J = 6.8 Hz, 1H), 8.9 (bs, 1H); °C NMR (CDCly, 100
MEZ) 820.6,26.2, 67.6, 110.1, 114.8, 1219 (q, J=272.6 Hz), 1272 (q, /= 4.7 Hz), 128.9, 131.0, 1302,
132.5,133.2 (q,/=33.3 Hz), 133.7, 134.7, 1354, 135.8, 137.3, 169.8, 175.3, 180.7.
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24-1). 1-am nocycl opentanecarbonitrile, 24a Ammoni a anhydrous was bubbl e
into a mxture of cycl opentanone (0.452 g) and trinethylsilyl cyanide

(0.66 m ,wb wowi2¥118The excess of amoni a was refl uxed byca/usegosiocaiacet one
condenser. After 1 h of 30 reflux, the anmonia was allowed to degas form
the nedium and then the remaining m xture was concentrated under vacuumto
yield 24a (0.522 g, 4.75 mmol, 95% as a colorless liquid. -40 WD

2006/ 124118 PCT/ US2006/ 011417 24-2).

4- (4-1m no-2-thioxo-1, 3-di azaspiro[ 4. 4] non-3-yl )-2-trifluoromet hyl benzonitr
ile, EatbanEﬂBethyl amne (0.101 g, 0.1 mmol) was added to a solution of |a
(0.68 q;E@H 244 ) indry THE (5 m ). The reaction
m xt u?e S })l%%ggl? oéﬁg{()ﬁﬁtag%a%l?ﬁl?’e%oor 5 h and then concentrated to
yi el dTambihmlMylrcemMé 6ﬁmlcﬁnm@$) qu;qué@i d&dpwiee fol thes mixtine ofptalgidmp iy.3H g, 3
(22'5%]5{3{ %Eﬁzlh Qgﬁ&%ﬂﬁﬁrﬁecw 83 Egzgm%lygt ’ﬂqe ;Icﬁorg mlzxécllge gvgs schrlr]éd % rogrh ergmp%é foz %Olqo '

[ 4. 4] pishthen génperrated juhflay yrowwet ﬂoyllbtwnz bmwtnrllquei wildic wad RDjeéled Ao tirsnbtogragify 24b
(0. 7448 & l) met.hanol (20 nil) was heated
to refl Or&? ﬁa ﬂe&#%@?&ééﬁﬂé%o élﬁgwc?)asaggrhotwé Sgﬂgture t he reaction
mxture was poured into cold water (20 m) 10 and extracted vmth ethyl

acet a 40 m). The organ r o} con d, and
chr orr%f%f(jr aphed (di chl or orf‘eﬁ%%le/f{htl%% g%gtgz{gi{?q@{l)%%zgpgg i ?1('5 % as
a 1hi tréflyesowethylbngonitiile23h, [RIBEE/ >N O 1H NVR (CDC13, 400 M—lz) S 1.86- 190

521 :Zkbrmx&lreggf Ya @5 14 512 ?mol)zar%p@a@ 995 %0 ?5%5)17)7 gl%r g) (O% ﬂlz') waf fESrg-(gatZ 0

(bs, T te@mwmr(htm o thig @axtheyer fSaCE]@d Biethd®l 1],0 1iil) af)] HCL&y. 2N, (leﬂl) Blhel21. 8
( Q: % semx%ﬁ%x&réi%%s rfﬁ%%%i gof((ﬂh Ifg(fter b?mg ﬁgﬁ%doto ]rgcgm ?e‘mp%%ﬁue the( r%actlon mlxture wHaZs)
2 5) Aequped(imogpd e &3yl aud @krectad with ell-at¢t@e A0amla Sk oofadic 4dyeowasrie bv@- t ri f

| gor sOyle t Lkl 5 2
e PO RSSO g BRI 8250 R P 3
fl uorﬁﬁ"t’h‘@lﬁ’@ﬁé%ne (0.056 g, 0.4 nmol) in dinethylformanide (0.5 m) was
pl aced under argon in a seal ed-tube and heated to 130 C for 40 h. The
reaction mxture was poured into ethyl acetate (S m) and 25 washed with

water (2 x 10 m). The organic | ayer was dried over MgSH, concentrated and
chro 3 hed (dIC | oronmet hane) to yield 25a (0.038 g, 0.084 nmmol, 42%

CHj3

20 'HNMR (CDCl3, 400 MHz) 6 1.63-1.69 (m, 1H), 2.26 (s, 3H), 2.28-2.41 (m, 2H), 2.58-2.76 (m, 3H),
721 (4, J = 7.6 Hz, 1H), 7.39-7.49 (m, 3H), 7.89 (dd, J, = 82 Hz, J, = 1. 8 Hz, 1H), 7.97 (d, J= 8.2 Hz,
1H), 8.00 (d, J = 1.8 Hz, 1H); ®C NMR (CDCl,, 100 MHz) é 14.2, 18.0, 30.7, 32.2, 67.6, 109.9, 114.9,
121.9 (q, /=272.6 Hz), 127.0 (q, J = 4.7 Hz), 127.5, 129.8, 130.2, 131.9, 132.3, 133.4, 133.5 (q, /=343
Hz), 135.2, 135.8, 137.1, 138.0, 175.3, 178.7.
25
Example 24
24-1). 1-aminocyclopentanecarbonitrile, 24a
Ammonia anhydrous was bubble into a mixture of cyclopentanone (0.452 g) and trimethylsilyl cyanide
(0.66 ml, 5 mmol). The excess of ammonia was refluxed by a dry ice-acetone condenser. After 1 h of
30 reflux, the ammonia was allowed to degas form the medium and then the remaining mixture was

concentrated under vacuum to yield 24a (0.522 g, 4.75 mmol, 95%) as a colorless liquid.
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NCSN® A F3CNN O-41 WD 2006/ 124118 PCT/ US2006/ 011417 ' H NVR ( CDCL3,

400 MHz) S 1.53-1.56 (m 2H), 1.90-1.93 (m 2H), 2,14-2.18 (m 2H),

2.37-2. 40NOpo6/2#YI8 7. 54-7.57 (m 2H), 7.85 (dd, J1= 8. PCHAS20B/0E417 8 Hz,

1H), 7.97 (d, J= 1.8 Hz, 111), 7.98 (d, J= 8.2 Hz, 111), 8.39-8.43 (m

2H): 13C NMR (CDC13, 100 MHz) 6 25.2, 36.5, 75.3, 110.3, 114.8, 121.8 (q, J

= 272 6 Hz), 125.2, 127.0 (q, J= 4.7 Hz), 131.4, 132.1, 133.6 (q, J= 34.3
2033, 3(4-imrigp-2- thigupt 1,3-diaya@ird[4.4180r 751 @ trifBOr et EBEHRb DS, 226)

4.4
:‘r .[ %FE%?%%S?%&PES%%%%#&W SR P L ST RTINS SR
nunol®moly s diyi FEEHF aple B{esreaptlor]l mmgoe- Fasestizref Out G6dm gemRrAurd o 3 hasd then

1 uor 004806 Duct hyl £ 0
uormﬁtggg%aeg%egﬁd?n az@s‘g% ed- tét]gg}hand eats‘é‘ta ‘%{%J 190 @gofﬁ@m&@?@phyrhe

?ﬁg orgmgthenelaciiane, Bk tagtfond2db 6 Thllg, 2detmtod 76%)m ) and washed with
vvater (2 x 10 mM). The organic | ayer was dried over MgSOM, concentrated and
chro to%raphed di chl oronet hane) to yield 26a (0.023 g, 0.052 mml 26%
as aggﬁ? d4 198%dehioxa-3,3ndiazaspiro[s4inon-3GK)- ~2-trifldeB@nethiNbehzonithilMAc( @FYE, 400
M—lz) Aan&uﬁeloﬂm ofzm 2o, -2. 38

m 2y LA im 2?%01%7%1%% Qg]f“m a“é‘llﬁejfh 2B s %’Egte‘k‘i%fe H3C NVR
Uy *i\hsf)g "8012 tOZmOJBGﬂEDefaWE tg redction Bpxt&rbavag poﬁkékﬂmﬂ), coﬂcﬂﬁaté: (2(1&1 8 (q,
Jlaa 23121 Etiolgthd witB et G6btate 34 3
Hz) 133. 8, éism }@136 afinéﬁ Wf’%%&g“lla%%ro&’ dIE‘Q °r¥%r g§§4, f‘?mfﬁ‘tfated and
mefH{P2i9se ﬂwrﬁlﬁﬁth%e}ﬁ?lyl‘ﬂif; Phed 2 e N mmol P W6 astarvittite podda, Sodi um
cyanl de (0.318 g, 6.5 mmol) was added to a mi xture of p-toluidine (0.535 g,
m‘rqié and 1- 25 nethyl - 4-piperidinone (0.678 g, 6 nmml) in acetic acid
90%

I@\Thjreactlon m xture was stirred at
e

"HNMR (CDCls, 400 MHz) & 1.86-190 (m, 2H), 1.96-2.05 (m, 4H), 2.26-2.30 (m, 2H), 7.80 (dd, J, = 8.2

15 HzJ;=18Hz, 1H),7.92 (4, /= 1.8 Hz, 1H), 7.97 (4, /= 8.2 Hz, 1H) 8.20 (bs, NH); “C NMR (CDCl,
100 MHz) 6 25.3, 38.1, 71.0, 110.1, 114.8, 121.8 (q, J = 272.7 Hz), 126.8 (q, J = 4.7 Hz), 131.9, 133.6
(g, /=343 Hz), 135.3, 136.7, 176.1, 179.8.

Example 25
20 25). 4-[1—(4-nitr0phenyl)-4-oxo~2-thioxo—1,3-diazaspiro[4.4]non-3-yl]-Z-triﬂuoromethylbenzonitrile,
25a, [RD55]
A mixture of 25¢ (0.0678 g, 0.2 mmol), 1,8-Diazabicyclo[5.4.0Jundec-7-ene (0.05 g, 0.33 mmol) and 4-
fluoronitrobenzene (0.056 g, 0.4 mmol) in dimethylformamide (0.5 ml) was placed under argon in a
sealed-tube and heated to 130 °C for 40 h. The reaction mixture was poured into ethyl acetate (5 ml) and
25 washed with water (2 x 10 ml). The organic layer was dried over MgSO,, concentrated and
chromatographed (dichloromethane) to yield 25a (0.038 g, 0.084 mmol, 42%) as a white powder.

BV e
F3C N)kN
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roomtenperature for 6 h and then 100 ml of dichl oronethane was added. The
organic | ayer was washed wth a solution NaOH, 2N (2 x 50 ml), dried over

magnesi urweubdsael18concent r at ed and chromat ographed ( DEdrarsdooslogrriacet one)
to obtained 27a (0.722 g, 3.15 mnmol, 63%. 30 27.2).

4- (4-i m no- 8- net hyl - 2-t hi oxo-1-(4-met hyl phenyl ) =1, 3, 8-tri azaspiro[ 4. 5] dee- 3
-yl')-2- trifluoronethyl benzonitrile, 27b -42 WO 2006/ 124118

PCT/ US2868 (62¢4.1400 MHEked hyjB-dfor(e, £8), 020-103XnyaH),)2. Wak 1 ad6lenint £3A2.30 ML | on

of | 201 0.808vt, gl oa 80,11 5 IO AR TSR e

reaction m xture 3 t roomtTenp
concélt Hak 849833 ymelR); 3 CAIVMR (COSTA G0 MEZEM2 A S65ub5 8ctied, 1 o4, 288 (q, J =

chr onwd ogrRRIY2, 108b el £ hagstong,. 90,1 n_acetone) to
chr onm 27b>a£0_ 3 4890eh 0! §TELAIAPY 6840085 001 10 530 BBSTIASTLENF b
4( 81 e®H$9-24- oxo- 2- t hi oxo- | - (4- met hyl phenyl ) -1, 3, 8-tri azaspi r o[ 4. 5] dec- 3-y
|)-2- trifluoronethyl benzonitrile, 27c, [RD53] A m xture of 27b (0.059 g,
0.13. nmml) in HJ aq., 2N (1 m) and nethanol (3 nml) was heated to refl ux

for BXHuplaéer peing cooled to roomtenperature, the reaction mxture was
pouregel. i nto cold water (5414 xtracted wth. ethyl etate (10 m).
The %r; ani c | ayer was dri?atlllli gv%%{??@g%ﬂf %8’6%23%?‘%%’&31‘%8};% '%Hﬁ‘é‘ég’ﬂa?phed
(di cﬁf’g%%‘tthﬂﬁ@%za@éﬂsn@,mﬁb) to yield 27c (0.055 g, 0.012 mmol, 929% as
4 OWhAtSixtuROyIdaE (0.0 | - 5 1H Acet one- d6,. 400
MHZ) S 103199 mg)g?%z, 2.801-’%.%822“5%‘%%[?31)%,]@?1’e?ew%éiq)@: &%%lb?@gl-(m
2H) , TProgganobenzenq) (0.048 g5 0.4 ol jin dimiejhylfpmiside @G iy watflaced ud®r &redh il 0 2H) ,
8. 03sehldditubd dnchdited 1617 0, Ly 6 b J= 1.8 He, 1 8,22 (d,
J= 88.6% He #I‘II;% 13¢ NwR@,gccrest %ﬁ%-@% Teali%%‘ ‘R}%z“‘%e ‘§£‘Sz%°.“§e,d m@fﬁg’? a%ﬁa!t_%ﬁ . g,
65. 1209 55hed With gvaser @2 1) i), The- opmmssic layey Jwas 1RiEd Tove Ma¥o), dechiodzihied 128, O,

130, Srortrnkstaicibroniufiof 6 i 2 Pob Pofis2 A Sk Sk PBudecd 4 0 180- 6
- (8-net hyl - 4-oxo-2-thioxo-1, 3,8-triazaspiro[ 4.5]dec-3-yl)-2-trifluoronethy

| benﬂ@n/\i@e, S28/a©2/w RD52]
FsC NJ\N
a9

1
H NMR (CDCL, 400 MHz) 5 1.51-1.55 (m, 2H), 1.90-1.93 (m, 2H), 2.12-2.16 (m, 2H), 2.33-2.38 (m
2H), 7.47-7.50 (m, 2H), 7.81-7.87 (mm, 3H), 7.95-7.99 (m, 2H); °C NMR (CDCI,, 100 MHz) § 25.2, 36.5

753, 1103, 113.9, 1147, 117.5, 121.8 (q, /= 272.6 Hz), 127.0 (q, J = 4.8 Hz), 131.2, 132.1, 133.6 @ J
20 =343 Hz), 133.8, 135.3, 136.9, 140.0, 175.6, 180.1.

Example 27

27-1). 1-methyl-4-(4-methylphenylamino)piperidine-4-carbonitrile, 27a

Sodium cyanide (0.318 g, 6.5 mmol) was added to a mixture of p-toluidine (0.535 g, 5 mmol) and 1-
25  methyl-4-piperidinone (0.678 g, 6 mmol) in acetic acid 90% (5 ml). The reaction mixture was stirred at

room temperature for 6 h and then 100 ml of dichloromethane was added. The organic layer was washed

with a solution NaOH, 2N (2 x 50 ml), dried over magnesium sulfate, concentrated and chromatographed
(DCM and then acetone) to obtained 27a (0.722 g, 3.15 mmol, 63%)

30 27.2). 4-(4-imino-8-methyl—2-thioxo-1-(4-methylphenyl)-’1,3,8—triazaspiro[4.5]dec—3-yl)-2-

triftaoromethylbenzonitrile, 27b

42-



Compound 28a was synt hesi zed according to the procedure described in patent
US 5958936. NC I S F3CN-~NH OCH3 -43-" WD 2006/124118

PCT/ US20080QadsA271181H NVR ( Acet one-d6, 400 MHz) S 1. 93- PCOASEonc/02H)7
2.09-2.16 (m 2H), 2.25 (s, 3H), 2.42-2.49 (m 2H), 2.75-2.80 (m 2H),
7.97 (dd, J1= 8.2 Hz, J2 = 1.8 Hz, 111), 8.11 (d, J= 1.8 Hz, 111), 8.20 (d,
J=8.2 Hz, 1H), 9.80 (bs, NH); 13C NMR (Acet one-d6, 100 M—|z 6 32.9, 45 4,

50. 1, -
131, 5 (g mbER %%%@’% sadhgelly sofuif 1a aghe. 56D 39%6320 L3 AN
29 mmol) in dry THF (2 ml). The reaction mixture was stirred at room temperature for 20 h and then
4-13 xXy.bu , 4y di - o] t hj J z din-1-vll-2-trifl
uoronéﬁ%{eeﬁzg% TP%{%I‘% % ‘fi&* gg%g%é C?)V-h?oun‘(gja Uéugégég‘g] \?\gs%saghnt Ekgélinéz[tg%a Y
accor éﬂwi@roroethdme/amtméwul%ardﬁb@racbtenb) toyaffedi2B0.059 8, (13 Iain0{ 36%Bt er oi d.

i Qchem Mbdlec. Biol. 1994, 48(1), 111-119]. NC)aN G OH JI ~ F3C N O~
117 NWMR (CDC13, 400 MHz) S 1.55 (s, 6H), 1.58-1.62 (m 2H), 1.86-1.89 (m
2H), 273b (bs, OH)4-(8Bmedyl-Soxd2-tpxodl- !L@-mefbylﬂel()dﬁlﬁ,&ln:ia&sﬁirﬂﬂﬁl@2—3%’1)12-8 Hz,

98 (d, J = 8.0 Hz, 111); 15 13C NMR
(CDClgm%%(Sg‘ﬂﬁﬂ-’é]}’ '?J’Egnﬁsz 1'TQ})53g9 6, (43 9, 61.7, 65.2, )109.7, 114.9, 121.9
(q, JAmizmees & 2)0.05927. 18 rmol) 3=HAT .42 (1 M3 andmethdB] B 1), wadheadet 18 réfhk.
oot B PR e choled (5o, ERRLE, A0eliokyniurs wis povned info cold ey Gy
r é\0r| et extraefedhivith igbherl @ﬁetmﬂlodbl)tﬁhmeamcolam Was ®eﬂ1m¢r) MgB@s, comdentesttdsydngli | y|
d
cyant ol o3l Bk OLLnd B8419) YIR HR48bE, oTio MLSL 450 das B 1T e

3 h a centrate nes n Jantita ive).
30- 2) powder.

4- (5-met hyl - 8- oxo- 6-t hi oxo-5, 7-di azaspiro[ 3. 4] oct-7-yl)-2-trifluoronethyl en
zonltrlle 30b, 25 [RD?

Ilk@f
s

N\
CHg

15 'H NMR (Acetone-ds, 400 MHz) & 1.93-1.99 (m, 1H), 2.00-2.04 (m, 1H), 2.18 (s, 3H), 2.24-2.28 (m,
2H), 2.38 (s, 3H), 2.61-2.72 (m, 4H), 7.18-7-20 (m, 2H), 7.32-7.35 (m, 2H), 8.03 (dd, J, = 8.2 Hz, J, =
1.8 Hz, 1H), 8.16 (d, /= 1.8 Hz, 1H), 8.22 (d, /= 8.2 Hz, 1H); >C NMR (Acetone-d,, 100 MHz) & 20.3,
31.4,45.1,49.8,65.1, 109.1, 114.8, 122.4 (q, J = 275.1 Hz), 127.7 (q, J = 4.8 Hz), 130.0, 130.5, 131.9 (q,
J=32.6 Hz), 132.6, 133.5, 135.6, 138.3, 139.4, 174.0, 180.6.

20

Example 28

4-(8-methyl-4-0xo0-2-thioxo-1,3,8-triazaspiro[4.5] dec-3-yI)-2-trifluoromethylbenzonitrile, 28a,
25 [RD52]

Compound 28a was synthesized according to the procedure described in patent US 5958936.

FsC NN
V-

N\
CHs
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A mxture of la (0.114 g, 0.5 nmmol) and 30a (0.055 g, 0.5 mmol) in dry DV
(0.2 M) was stirred at roomtenperature for 0.5 h. To this mxture were
added 10 wb 20f¢/1retiRanol and 2 m of 2N HCL. The secondPOirAtS2e06/0W37
refluxed for 2 h. After being cooled to roomtenperature, the reaction

m xture was poured into cold water (20 m) and extracted wi th ethyl
acetate (30 m). The organl c layer was dried over 30 concentr at ed

7o ISR (REBRE TG LM L @‘8@%@%&%%@%@3&%#@1%%94%%5% oH Fac
N N _32H),CZ.75]:HSN[\1‘R XI{IJIHB(ddAD&?,&\a-EI)E o= %17% , 2HD. (I, J1+H)8 FR, PH), 32674, grﬁsz;%

7 0 i 1oy B0 kg G encalhegs Topingf 7.9 453, 302 65 1. Ty 58 o
MHz) JB= 28.67H2)3073, (a30= 4.8 He.131.8 (09 =72.71HA), B3.21 135.6) 1356, 13&02173.26184), 126. 9
(g5 J= 4.8 Hz), 5 132.1, 133.2 (q, J= 34.3 Hz), 135.2, 137.3, 175.1, 178.7.

30-3).
4- ( 5-Emanipd 2%, 8- di oxo- 5, 7- di azaspi ro[3 4l oct-7-yl)-2-trifluoronethyl benzoni

trile, .3 xture
of 30bd et Rgbityy-s AARRARP SREE XhlRorb S - in ARy} Beb Al

sti rerSﬁ(eroomterrperature for 10 h, the reaction m xture was poured into
et hyl t . i m). The

or gan(f C oﬁ@ﬁf;{ﬁmsgg&ﬁgalsgw t%e\%{e}gd %‘}S%\,‘é@ﬂégﬁrco\% r aat[gg%l%d %;Tﬁlr %Brat ogr aphed

(W0 chet af[dn¥ern@nBiocleet baky. Bidl. 1994 46(B0L11(109D57 g, 0.176 nmol, 88% as a
white povvder. NCA-CH FBCNN3 O 15 "H NWR (CDC13, 400 MHz) 6

1.91- 35(m 1H) 221231(m 1H), 2.50-2.61 (m 4H), 3.12 (s, 3H),

789 N@ , 1H),oq 97 (dd, J, = 8.2 Hz, J2 = 2.0 Hz, 1H), 8.12 (d,
J H)L[ (CDC13, 100 MHz) 6 13.9, 25.4, 29.3, 63.4,
108. 1F3C 1 6 (q J=272.6 Hz), 122.9 (q, J= 4.8 Hz), 127.9, 133.5

(q, J= 34.3 %35 3, 136.5, 152.7, 174.4. 20 Exanple 31 31-1).
1- met hyl am na¥ycl opent anecarbonitrile, 3la Methyl am ne was bubbled into a

ref rigerak e ol bl £ 5 155 (CRETLAANS (9282 1.8 TH), 298 (bs, Oom), 3.65-

3.71 (m, 4H), 7.74 (dd, J, = 8.0 Hz, J, = 1.8 Hz, 1H), 7.92 (d, J = 1.8 Hz, 1H), 7.98 (d, J = 8.0 Hz, 1H);

15 1°C NMR (CDCL, 100 MHZ) § 23.1, 24.7, 20.6, 43.9, 61.7, 65.2, 109.7, 114.9, 121.9 (q, J = 272.6 Hz),
127.1 (q, J=4.8 Hz), 132.2, 133.7 (q, J = 34.3 Hz), 135.2, 137.2, 175.3, 178.2.

Example 30
30-1). 1-methylaminocyclobutanecarbonitrile, 30a

20 Methylamine was bubbled into a refrigerated mixture of cyclobutanone (0.21 g, 3 mmol) and
trimethylsilyl cyanide (0.396 g, 4 mmol) until the volume doubled. The mixture was stirred 3 h and then
concentrated to dryness to obtain 30a (0.33 g, quantitative).

30-2). 4-(5-methyl-8-0x0-6-thioxo-5,7-diazaspiro[3.4]oct-7-yl)-2-trifluoromethylenzonitrile, 30b,
25 [RD73]

A mixture of 1a (0.114 g, 0.5 mmol) and 30a (0.055 g, 0.5 mmol) in dry DMF (0.2 ml) was stirred at

room temperature for 0.5 h. To this mixture were added 10 ml of methanol and 2 ml of 2N HCI. The

second mixture was refluxed for 2 h. After being cooled to room temperature, the reaction mixture was

poured into cold water (20 ml) and extracted with ethyl acetate (30 ml). The organic layer was dried over
30 MgSO,, concentrated and chromatographed (dichloromethane) to yield 30b (0.148 g, 0.435 mmol, 87%)

as a white powder.
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trimethylsilyl cyanide (0.396 g, 4 nmmol) until the volune doubl ed. The

m xture was stirred 3 h and then concentrated to dryness to obtain 3la
(0.372 g,wqQuaswi2tasi ve). 25 31-2). PCT/US2006/011417

4- (1- met hyl - 4- oxo- 2-t hi oxo- 1, 3-di azaspiro

[4.4] non-3-yl)-2-trifluoronethyl benzonitrile, 31b, [RD75] A m xture of la
(0.114 g, 0.5 mml) and 31a (0.062 g, 0.5 mol) in dry DMF (0.2 nm) was
stirredCa t oo tenperature for 0.5 h. To this m xture were added 10 m of
met hanol of 2N HO . The -45 WD 2006/124118 PCT/ US2006/ 011417
seconq:' ’ 4Gl uxed for 2 h. After being cooled to room
tenperature eaction mxture was poured into cold water (20 m) and
extracted mnthgjfgl acetate (30 ml). The organic |ayer was dried over
MySO4, concentrated and chromat ogr aphed (di chl oronet hane) to yield 31b

(0. 159Hg\IMR @HGirrdDQ MIDYY 1.99s2.¢6 (i 1B, bblﬁﬁéz (mb5IHC2i58-2-71 (&, 4H),13.4406L 3HBC N

(s, a7 i ey S0 8 i 5 oy 2P i b B vk LD Y Rhar 7,

7 91 ((@PCL1®. MH]ZIZ@ 13.H)30.31 304, NIGR, (@9:5(:134 9 1laa_) INiiz))= S 26HA), 126D(B/ =388 Hp),
73.2, . 1 126. 9 , J 4.8 Hz), 132.2,
355 1%'9',?’ D 2y 334 %gélﬁg Mﬁé:‘} 37537172 7176 8. 178. 5 95y 3) . :
4-(1-met hyl - 2, 4- dIOXO 1, 3 di aza-spiro

4.4

L4 4 000 iy SR RSAROLE S oy ‘““9&‘6%61 i i
gl aci dlydenget perozide (2 ml50‘(/<3 wab pddedfte the nijeiuregpf}0b (9668 &t0.2 )tle greieheagtie f or
10 h, t h
washed it FRGATLE Bt $hifh % 08 S K10 171 acuBERRELE vbethiq p@ind o
cohtercetate €20 amdarshthonwrdgd afithewrt¢rdR chPordhehh areniceyme driod W@I MegHde

(OO' OS%O&enQaté@%drmmat%;@wd (%?chﬁ)r&@tﬁaﬁe:gc%mg)rto y%@i §0c~(0.@517 9 O.MON'S % 20

as a white powder.

BOW:
FsC N~ “N-CH3

o

15 'H NMR (CDCL, 400 MHz) 6 1.91-2.35 (m, 1H), 2.21-2.31 (m, 1H), 2.50-2.61 (m, 4H), 3.12 (s, 3H),
7.89 (4, J = 8.2 Hz, 1H), 7.97 (dd, J, = 8.2 Hz, J, = 2.0 Hz, 1H), 8.12 (d, J = 2.0 Hz, 1H),; *C NMR
(CDCls, 100 MHz) & 13.9, 25.4, 29.3, 63.4, 108.1, 115.1, 121.6 (q, J = 272.6 Hz), 122.9 (q, J = 4.8 Hz),
127.9, 133.5 (q, J = 34.3 Hz), 135.3, 136.5, 1527, 174.4.

20 Example 31
31-1). 1-methylaminocyclopentanecarbonitrile, 31a
Methylamine was bubbled into a refrigerated mixture of cyclopentanone (0.252 g, 3 mmol) and
trimethylsilyl cyanide (0.396 g, 4 mmol) until the volume doubled. The mixture was stirred 3 h and then
concentrated to dryness to obtain 31a (0.372 g, quantitative).

25
31-2). 4-(1-methyl-4-o0xo-2-thioxo-1,3-diazaspiroe[4.4]non-3-yl)-2-triftuoromethylbenzonitrile, 31b,
[RD75]
A mixture of 1a (0.114 g, 0.5 mmol) and 31a (0.062 g, 0.5 mmol) in dry DMF (0.2 ml) was stirred at
room temperature for 0.5 h. To this mixture were added 10 ml of methanol and 2 ml of 2N HCL. The

-45-



'H NMR (CDC13, 400 MHz) 6 1.88-1.99 (m 6H), 2.12-2.17 (m 2H), 2.98 (s,
3H), 7.88 (d, J= 8.2 Hz, 1H), 7.97 (dd, J, = 8.2 Hz, J2 = 1.8 Hz, 1H),
8.12 (d, Wwo=20de/B4H8, 1H): 13C NMR (CDC13, 100 Miz) 6 2BC2jus2@shii1434. 8,
70.1, 108.0, 115.1, 122.0 (q, J = 272.5 Hz), 122.9 (q, J = 4.9 Hz), 127.9,
133.5 (q, J = 32.9 Hz), 135.3, 136.6, 152.7, 176.1. 25 Exanple 32

4- ( 8-soRhAWikiHeRfs §€ﬂLﬁbd)ﬁ)9251 ReibObe¥dg cdoled @b Ahf éﬂbérgtu{e t}é]reagﬁon mixture was
et-7-yl)-2=trifluo ronethyl-b enzonitrile 32 -46 WO 2006/ 124118

PCT/ B32ed svtm%wem@m} @ﬁéxwteﬁw@@ﬂwh@e@te @0 mﬂ)rrilﬁb@ 9rga@81awrovae ggedpvep. 15
ol hviges], &&@&%&haﬂ&c&&nﬂ%@a&m g\%l&m&%aneb B 0k 306 (@149 3, 0MESmBbi, boRS T or
15 h at roomtenperature. Aft

bei ng evapor at ed, the medi um was
chr ottt §HapaTel™( di chl or onet hane) to yield 32a (0.011 g, 0.026 nmml, 26%
as white powder. NCI1SI / CH3 F3CNNN" I-J 5 CH3 1H NWR (CDC13, 400
VHz) 1.58-1.65 (m 1H), 2.04-2.13 (m 1H), 2.45 (s, 3H), 2.70-2.77 (m
2H) , S p6 3.10s(m 2H), 3.58 (s, CH3-N, mgjor isoner) [2.70 (s, CH3-N,
m nor i]JL?. -7.34 (m 4H), 7.75-7.91 (m 3H); (CDC13, 100 MHz) S
12.6,F301. 47 30.2N"3337 (35.3 for the other isoner), 66.9, 109.1, 115.2,
122.1 (q, J= 27#2 Hz), 128.5 (q, J= 4.9 Hz), 129.8, 130.4, 130.6, 132.8,
133.2 (q, J=032: ), 10 133.5, 134.9, 139.8, 157.0, 180.2. Exanple 33

1-[ 3- (4 cyano- 3- trlfl uor orret hyl - phenyl ) -5, 5-di net hyl - 2-t hi oxo-1-p-tolyl-im
daz ol H MR 4CHCL HONHD-5 1091R305 (ol 6B 256-2. BB(an HR0RA] (s 1BDA7 M7 kdduy.e= &2 Hap

. 0 ez 1. B EH8 e 0 SR A0 Bt 1 G Sl R hof M ot s
Then 30 Beﬁﬁad’ﬁ 2mlatks 1\1\&8 hied.ovit = 2%2 6 i), aﬂﬁl9 do tr-adBatk)wiztle, €33y(q, deetds e.

T e i ed over MgSO4, concentrated and chrpnmat ographed
(%nggq?ﬁ?ﬁlﬁi*tgﬁsﬁmi?dﬁ' yield 33a (0.054 g, 0.108 mol, 72% as white

powder. NC 1 \\ S/ F3CNNN- N' |
31-3). 4—(1—methyl—2,4-d10xo-1,3-d1aza-sp1ro[4.4]non-3-yl)-2-triﬂuoromethylbenzonitrile, 31e,
[RD76]
Hydrogen peroxide (2 ml, 30%) was added to the mixture of 31b (0.07 g, 0.2 mmol) in glacial acetic acid
15 (3 ml). After being stirred at room temperature for 10 b, the reaction mixture was poured into ethyl
acetate (20 ml) and then washed with water (2 x 20 ml). The organic layer was dried over MgSO,,
concentrated and chromatographed (dichloromethane:acetone) to yield 31c (0.057 g, 0.168 mmol, 84%)

as a white powder.

LR
FaC N~ “N-CHs

O
20

'H NMR (CDCl;, 400 MHz) 6 1.88-1.99 (m, 6H), 2.12-2.17 (m, 2H), 2.98 (s, 3H), 7.88 (d, /= 8.2 Hz,
1H), 7.97 (dd, J; = 8.2 Hz, J; = 1.8 Hz, 1H), 8.12 (d, J = 1.8 Hz, 1H); *C NMR (CDCl, 100 MHz) é
25.2,26.5, 34.8, 70.1, 108.0, 115.1, 122.0 (g, J = 272.5 Hz), 122.9 (q, J = 4.9 Hz), 127.9, 133.5 (q, /=
32.9 Hz), 135.3, 136.6, 152.7, 176.1.

25
Example 32
4—(8-methylimino-6-thioxo-S-p-tolyl-5,7-diaza-spiro[3.4]0ct—7-yl)-2-'triﬂuoromethyl—benzonitrile,
32a, [RD90]
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S N"-1 20 H 1H NVR (CDC13, 400 MHz) S 1.15 (t, J= 7.23 Hz, 3H), 1.70 [1.75
m nor isoner] (s, 6H), 2.42 (s, 3H), 3.28-3.39 (m 2H) [3.15-3.22 (m 2H),
m nor i sowerpe/R468 (bs, 1H) [6.93 (bs, 111), m nor i someTjus2a06D4r417. 18 (m
2H), 7.32-7.35 (m 2H), 7.77-7.94 (m 3H); 13C NWVR (CDC13, 100 MHz) S 13.31
(13.83 mnor), 21. 3 25. 22 (24 89 mi nor), 40 31 (40.67 mnor), 68.1,

109.9, 114.9, 122. % J= 272. %;7 127.6 , J= 25 4.9 Hz 129. 1,

129. 54 mixipe aEb Y. %?rg ho oa,szé@O g,rﬁlﬁdmpol) ambiodgmethame (0.673rd, Adrmol 32, 9
(a9, Japdr .3 1lﬁ|5)was $ed%ér (5134 rdom ﬂng&ﬁﬁure Aﬁér Ovrbdng gvapéné@:dscﬁe £0dB8n ABis
mnor), 18 acgw 06 minor), (18 mi nor? WO 2006/ 124118
PCT/ mm Qzllchm(ayﬁghxa@e)gqyleld 32a (0.011g, 0 026 mmol, 26%) as wh1te powder.
1-[7-(4-cyano-3-trifluoronethyl - phenyl)-6-thioxo-5-p-tolyl-5,7-diaza-spiro
[3.4] oct-8-ylidene]-3- phenyl-thiourea, 34a, [RD92] 5 A mi xture of 7b

(0. 020G, 505 gnol Y apd-Hshenyl t hi oi socyante (0.027 g, 0.2 mml) in DVF
(0.3 m) s/turr

2 days at 60C. After DVF bei ng evaporated, the
medi uOias chrf\bgg_ ographed (dichloronmethane) to yield 34a (0.015 g, 0.028

mmol , 57% as powder. NCS F3C NN 2 LJ SNH 10 1H NVR (CDC13, 400

M—lz) 6 1.59- N67 1H), 2.12-2.22 (m 1H), 2.45 (s, 3H), 2.61-2.71 (m
. 2.81- 2(873(m 211), 7.18-7.27 (m 6H) 7 33 41 (m 5H) , 7 60 7.62

(m 1, 13C N 6, 21.4

66 6 et o Migh s K6 B 5D 508293 205 i 2.4 o, 2 10375 (oD, 3 =

41133 ;&06-3 AR 80, DH)1298 4s, CEBN, fajok 3daker) 136 (@ d}HrN%lnoﬁgorﬁerﬁZ720 134 (4, 4i34. 9

T (2 EEn8L G tonih Mo driity Py 5 J 30053 7 T ARERS obeidresweh 9P Pdny! ) -
-t hi oXe: 25}:42—1t @l y&2725 Hli128.8(G P 29 Bz 058 -18oy! 130a9)€32.8,hBo0£T~ BbamZ) RDI3]
ﬁ?‘? Av&gg)g rg{f) %%5{ @&T%pgfe%befafugml ?Af ?2? ZS ggurlgfso?, stli prrrlolné ! '?he (
m xture was concentrated under reduced pressure to yield an
Example 33
1-[3-(4-cyano-3-trifluoromethyl-phenyl)-5,5-dimethyl-2-thioxo-1-p-tolyl-imidazolidin-4-ylidene]-3-
ethyl-thiourea, 33a, [RD91]
15 A mixture of 5b (0.06 g, 0.149 mmol), ethylthioisocyanate (0.087 g, 1 mmol) and Cul (0.01 g, 0.05
mmol) in DMF (0.1 ml) was heated under microwave for 45 minutes. Then the medium was washed with

brine and extracted with ethyl acetate. The organic layer was dried over MgSO,, concentrated and

chrpmatographed (FIPLC, alumina column) to yield 33a (0.054 g, 0.108 mmol, 72%) as white powder.
FaC N N

SN
20 H
"H NMR (CDCls, 400 MHz) & 1.15 (t, J = 7.23 Hz, 3H), 1.70 [1.75 minor isomer] (s, 6H), 2.42 (s, 3H),
3.28-3.39 (m, 2H) [3.15-3.22 (m, 2H), minor isomer], 6.50 (bs, 1H) [6.93 (bs, 1H), minor isomer], 7.14-
7.18 (m, 2H), 7.32-7.35 (m, 2H), 7.77-7.94 (m, 3H); °C NMR (CDCl;, 100 MHz) & 13.31 (13.83 minor),
21.3, 25.22 (24.89 minor), 40.31 (40.67 minor), 68.1, 109.9, 114.9, 122.3 (q, J = 272.5 Hz), 127.6 (q, J =
25 4.9 Hz), 129.1, 129.59 (129.55 minor), 130.52 (130.57 minor), 132.27 (132.15 minor), 132.9 (q, J = 32.9
Hz), 134.27 (134.15 minor), 134.9, 135.2, 156.33 (156.06 minor), 180.28 (180.06 minor), 187.24 (186.63

minor).
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orange vi scous liquid, which was chromat ographed (di chl oronet hane: acet one,
99:1) to yield 35a (0.269 g, 0.42 mml, 42% as a yell ow powder. -48 WO
2006/ 12416 2meT288006/ 011417 NC S/ F3C NN N )--h S8CHUS2006/0114CF3 CN
X-ray structure of 35a 5 Exanple 36

36-1). 1- (4- hydr oxynet hyl phenyl am no) - cycl obut anecarbonitrile, 36a
Trimethylsilyl cyanide (0.66 m, 5 nmol) was added dropwi se to a m xture of
4- am nobenzoic acid (0.492 g, 4 mol) and cycl obutanone (0.35 g, 5 nmol)
in dichloronethane (10 ml). The reaction mxture 10 was stirred at room
tenpeﬁhMmpr#or 6 h and then concentrated under vacuumto obtain a brown

l(bqg; ‘/“84 -6y aga- tri?lu brl g}ay(il gislena'([\) (r;%g%g%—?qqﬂ% ’égl Ch—lslgll{zf)ciﬁ]togéﬁlel)ideglg]-y—i eld 36a
[8 (4ph9tdt—ﬁmwrm ByimRDﬂg/]I) 5- 0x0- 7-t hi oxo- 6-azaspiro [3 4] oct-6-yl]

tr| 36D A, m X 42 g,
g A Eb212. 9 P EAGS by SrSioty bkt s SRR 4 S0 oo
t enpe Bfa‘tqdr é)rf Drdagel dh. 60T0. tAftes DMKt bicirg wea@ract eitle ntdianotvay 2BrombfogapliekdHCI
aq. 2 for, 6 h. After being cool ed
toro l&égﬁ%%?%gﬂﬁgﬁﬁfﬁ 9Og%§%g%§ﬁ$%?5595 éJWElgeurél into cold water (40
m) and extracted with ethyl acetate (60 m). The organic | ayer was dried

over &9 WO 2006/124118 PCT/ US2006/ 011417 MySO4, concentrated and
chromato ds(d| rorret hane: acet one, 90:10) to yield 36b (0.296 g,

0. 69 . -' 599 ite powder. NC + +SII / | OH
3
NFD
P
10

'H NMR (CDCl;, 400 MHz) & 1.59-1.67 (m, 1H), 2.12-2.22 (m, 1H), 2.45 (s, 3H), 2.61-2.71 (m, 2H),

2.81-2.87 (m, 2H), 7.18-7.27 (m, 6H), 7.33-7.41 (m, 5H), 7.60-7.62 (m, 1H), 8.40 (bs, 1H); °C NMR

(CDCls, 100 MHz) & 13.6, 21.4, 32.3, 69.6, 110.7, 114.8, 121.6, 122.0 (q, J = 272.5 Hz), 1263, 128.0 (q,

J =49 Hz), 128.9, 129.4, 130.7, 132.5, 133.2 (q, J = 32.9 Hz), 134.1, 134.9, 137.7, 139.2, 140.2, 154.8,
15 180.3, 185.5.

Example 35
1-(4-Cyan0-3—triﬂuoromethyl-phenyl)—3-[7-(4-cyan0-3-triﬂuoromethyl—phenyl)-6-thi0xo-5-p-tolyl—
5,7-diaza-spiro[3.4]oct-8-ylidene]-thiourea, 35a, [RD93]

20 A mixture of 1a (0.5.02 g, 2.2 mmol) and 7a (0.186 g, 1 mmol) in DMF (1 ml) was stirred at room
temperature. After 20 hours of stirring, the mixture was concentrated under reduced pressure to yield an
orange viscous liquid, which was chromatographed (dichloromethane:acetone, 99:1) to yield 35a (0.269
g, 0.42 mmol, 42%) as a yellow powder.
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J~ F3C-a NN O--b 5 1H NWR (CDC13, 400 MHz) S 1.63-1.68 (m 1H),
2.17-2.26 (m il1), 2.52-2.68 (m 4H), 4.75 (s, 2H), 7.30 (d, J= 8.1 Hz,
2H), 7. 58W()d;)06m4ﬁ81 Hz, 2H), 7.88 (dd, J, = 8.3 Hz, J2PeTAISB006i0]1141H) ,
7.95-7.98 (m 1BCNI\/R(CD013 100M—|z)6137 31.5, 64.4, 67.5,
109.9, 114.9, 121 9 (q, J = 272.6 Hz), 127.1 (q, J= 4.7 Hz),

128. 3,48 1 13 33.4 (q, J= 33.2 Hz),
134. 2, 137] ,179.9. 10 Exanple 37
4-[5- @40 .-oxo 6-t hi oxo-5, 7-di azaspiro [ 3. 4]

oct-7- yI] 2- tr|fI ororrethyl benzonitrile, 37a, [RD114] To a m xture of 36b
(0.303 g, 0.7y and Dess-Martin periodinane (0.417g, 1 mml) in

di chl ororretha e (5 mM) was added pyridine (1.01g, 1 mmmol). The m xture was
stirred for Mdrs at room 15 tenperature and then ethyl ether (10 m)
was added to precipitate the by-product of the reaction. After filtration
and concentra under reduced pressure, the m xture was chromat ographed
(di chl or onet hangeraget one, 95:5) to yield 37a (0.24 g, 0.56 nunol, 80% as
white powder. $eH F3CaN N O- 20 'H NVR (CDC13, 400 MHz) S
1.62-1.73 (m 1 2.24-2.30 (m 1H), 2.50-2.58 (m 2H), 2.69-2.75 (m

2H), 7.53 (d, J=8.1 Hz, 2H), 7.85 (dd, J1= 8.3 Hz, J2 = 1.8 Hz, 111),
7.97-7.99 (m 2H), 8.11 (d, J=8.1 Hz, 2H), 10.12 (s, 1H); '3C NWR (CDC13,
100 MHz) S 13.7, 31.7, 67 5, 110. 2, 114 84 121.9 (q, J = 272.6 Hz), 127.0
(g, J= 4.7 Hz), 129% M 2 31.0, 131. 2 W32¢l, 133.3 (g, J= 33.2 Hz), 135.3,
136.9, 140.5, 174.5 % 79.8, 19Q,8. 95 .\;--*%ﬂ

4-{5-[4-(1- hydroxyet ) - ph nyI] P ‘0X0- 5, 7 di azaspiro [3.4]

oct-7-yl}-2-trifl usF o g'"‘ .-:3!\ zoni \%§§~—.§1@\ 383 [RD116] -50 WD 2006/ 124118
PCT/ US 706/0 %M s Thg mture g £a4(0. 033455 0.1 nmol) and dry THE (1
m) in ;‘g——g o;_wf!-;- \ ‘ . argon and cooled to -78C
Then, et hyldagdesi um fepeithe LAN was added. The m xture was
,
X-ray structure of 35a
5
Example 36

36-1). 1-(4-hydroxymethylphenylamino)-cyclobutanecarbonitrile, 36a

Trimethylsilyl cyanide (0.66 ml, 5 mmol) was added dropwise to a mixture of 4-aminobenzoic acid

(0.492 g, 4 mmol) and cyclobutanone (0.35 g, 5 mmol) in dichloromethane (10 ml). The reaction mixture
10  was stirred at room temperature for 6 h and then concentrated under vacuum to obtain a brown liquid

which was subjected to chromatography (dichloromethane) to yield 36a (0.677 g, 3.36 mmol, 84%) as a

brown solid.

36-2). 4-[8-(4-hydroxymethylphenyl)-5-oxo-7-thioxo-6-azaspiro [3.4]oct-6-yl]-2-trifluoromethyl-
15  benzonitrile, 36b, [RD110]

A mixture of 1a (0.342 g, 1.5 mmol) and 36a (0.21 g, 1 mmol) in dry DMF (0.5 ml) was stirred at room

temperature for 24 h. To this mixture were added methanol (20 ml) and HCI aq. 2N (5 ml). The second

mixture was refluxed for 6 h. After being cooled to room temperature, the reaction mixture was poured

into cold water (40 ml) and extracted with ethyl acetate (60 ml). The organic layer was dried over
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stirred at -78C for 30 mnutes and warnmed slowly to roomtenperature. The
medi um was washed with water (3 nml) and extracted with ethyl acetate (10
m ). The wogaswi4iiayer was dried over MgSO4, 5 concent r aCcedSacd/011417

chr omat ogr aphed (di chl or onet hane: acetone, 95:5) to yield 38a (0.037 g,
0.082 mml, 82% as a white powder. CH NC I ~~ 1Sl CH3 F3C NNO-_b 1H
NVR (CDC13, 400 MHz) 5 1.57 (d, J = 6.5 Hz, 3H), 1.61-1.71 (m 1H), 2.09

ey, VESEs Cahensetlang o ﬁwm%tograpﬁfﬁg‘chlg%em%ng’% o o) 1 §idlach B ' ™
2H) mnﬁ@,@%)as]zWBLteZpdv&ziﬁr 2H), 7.85 (dd, J, = 8.3 Hz, J2 = 1.8 Hz, 1H),

7.95-7.98 (m 2H); 13C NVR (CDC13, 100 Miz) 6 13.7. 25.3, 31.5, 67.4.
69.8, 110.0, 114. 9 121.9 (g, J = 272.6 Hz), 127.0 (g, J= 4.7 Hz), 127.1,

129. 9,NG. %\‘ |§3 2 Hz), 134.1, 135.2, 137.1, 147.6, 174.9,

179. 9. 0

3-{4-Fiec Vamo- ﬁ t | uor onet hyl phenyl ) - 8- oxo- 6-t hi oxo-5, 7-di azaspiro[ 3. 4
] oct - 5-y1] - phe - acrylic acid ethyl ester, 39a [RD117] A m xture of 37a

(0 043 g, 0.10 and (car bet hoxyet hyl i dene)tri phenyl phosphorane (0.039
in dichloromethane (2 m) was stirred at roomtenperature

f or5 1GH A éC%f?he‘“Wé\iH@rﬁ Wad-1.68 die eH): a7 aliel 18D Hir?-68 KmpHBe 4.75 (s, 2H),

di ch |
I(o :Ngelzgo @nﬁ)z ipg 75@ 41J3%a1 ﬁQ 2%12,87 d@ ﬁ%s ﬁﬁ? Db -916é’/ﬁz aiﬁ)Wst ?93 grf? "

3H), #k6 ClNY)@ @HCls_ul@O MﬁZlélé 76%1 Lt 416?5 5 129 8,111£r 96‘1)31 Qa7 2=|~?)7g 6;1{266122 172

; 5 d, J=
gl n HZ?ch/ ﬁ;hﬁé {533, 0130(%1@2 1’421338*933 4Qq,ﬁ=§§12H£)-131462 era 1445')}7479 i%s(, e

(dd, J, = 8.3 He, J2 ='1.8 FE 1FD 7. 96 7. 98 (n1 2FD 13c NNR (CDC13i 100
Mig) Bxddoida7lé. 3, 31.6, 60.8, 67.5 110.0, 114.9, 120.5, 121.8 (q, J=
272. 6 %%Z 127.0 (g, J= 4.7 Hz), 120.5 130.5, 1322, 133.4 (g, J= 33.2
Hz), 445 @GformylphenyDrdexas6-thiexe-%7-dinggspiro(3.4iee-Tyll-2-miflyorompdykbenzgnitriley
2006/ 3724 jB1AET/ US2006/ 011417

To a mixture of 36b (0.303 g, 0.7 mmol) and Dess-Martin periodinane (0.417g, 1 mmol) in
dichloromethane (5 ml) was added pyridine (1.01g, 1 mmol). The mixture was stirred for 2 hours at room
15 temperature and then ethyl ethér (10 ml) was added to precipitate the by-product of the reaction. After
filtration and concentration under reduced pressure, the mixture was chromatographed

(dichloromethane:acetone, 95:5) to yield 37a (0.24 g, 0.56 mmol, 80%) as white powder.

FsC N N
(@)

20 'H NMR (CDCl,;, 400 MHz) 6 1.62-1.73 (m, 1H), 2.24-2.30 (m, 1H), 2.50-2.58 (m, 2H), 2.69-2.75 (m,
2H), 7.53 (d, /= 8.1 Hz, 2H), 7.85 (dd, /; = 8.3 Hz, J, = 1.8 Hz, 1H), 7.97-7.99 (m, 2H), 8.11 (d, /= 8.1
Hz, 2H), 10.12 (s, 1H); ®C NMR (CDCL, 100 MHz) & 13.7, 31.7, 67.5, 110.2, 114.8, 121.9 (q, /=272.6
Hz), 127.0 (q, /=4.7 Hz), 129.1, 131.0, 131.2, 132.2, 133.3 (q, J = 33.2 Hz), 135.3, 136.9, 140.5, 174.5,
179.8, 190.8.

25
Example 38
4-{5-[4-(1-hydroxyethyl)-phenyl]-8-0x0-6-thioxo-5,7-diazaspiro[3.4]oct-7-yl}-2-trifluoromethyl-
benzonitrile, 38a [RD116]
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Exanpl e 40

4-{5-[ 4- (3- hydr oxypr openyl ) - phenyl ] - 8- oxo- 6-t hi oxo-5, 7-di azaspiro [ 3. 4]

oct - 7- yl }wd-20aari2fii18or onet hyl benzonitril e, 40a [ RD120] 5pTo/us20060iune of 39a
(0.05 g, 0.1 mol) in dichloronmethane (2 m) at -78C was added a sol ution
of diisobutylal um num hydride in THE (0.11 nil, 1M 0.11 mol). The

m xture was stirred at -78C for 3 hours. After being warned to room

tenperature, t ] re was shed wi an aqueous .sol uti.on o odj um
t hi osUIF&E ea??fj‘%@ﬁ%%%@dl Wﬂ%aaé‘? re‘?g% iAf‘a‘%Z{ S’Ebe‘.“ a@“@‘r‘%ﬁ‘%i a3 E‘a"\‘?\‘;%nd&h ed
over apbGad codtaino eTi°Called, methylmhgmesamaglidpiiddni dildl) wasciddtd Ahemadet one,

0% Shal AL AP T B T g R g ol

(m  Ibdter @.DH-add6ktrbdiped Ridh,etlR] Get@de V0 (ui). ThRHrgand BQer( oas dmeddover HIgSQ11)

6.47 (dt =.16.0 Hz 2. 7.9 3 111 1 N - 7.29
(| Syibeyreq oo GyqhdiSorghey Gichlptonfogniblageyb's) eta o Q0B B oghmoly °
1.8 H2%)1d whife 96+dér.98 (m 2H); 13C 15 NWR (CDC13, 100 MHz) 6 13.7, 31.5,

63.4, 67.4, 110.0, 114.8,,120.5, 121.8 (q, J = 272.6 Hz), 127.0 (q, J= 4.7
Hz), 127.9, 129.2, 130
-[ 4-

, 131.1, 132.1, 133.4 (g, J= 33.2 Hz), 135.2,
0 8H; Exanple 41 41-1)

137. 1, , 194.8
3 | - ochd‘J oh | am no) - phenyl ] -propionic acid, 4la (41-1) 20
Tri neftsRyl sT1yN cyanide (0.4 g, 4 nmol) was added dropwi se to a mixture of

3- (4- am nophe ropionic acid (0.33 g, 2 mol), cycl obutanone (0.35 g,
5 mmol ) and $bdi sulfate (1 g) in 1,4-dioxane (5 m). The m xture was

stirn r h ft fibtrati o] i i, nat ' Ul f he
el U AR (CECt 3 Bfel () L LB O BR ot A e g
subj ectoedi2& @, dHD.Pridt- e @p i), 2268 @ SHatSHWdd, de etodrids, a50:=50) He.olH)i 82U 41a
(0547 93 I /) e i.sh _sohid. ;2! 2 } .

S o B a0 (RO S e SRR 280 K L Al D 9508 2D o 5
] oct - B2 MR (GINdnyi0Y M3t §i13di 25. 28114, 6bt.16918, b8k 14.91181.044.-23 2T2RH28] 274

m Xt yper.o , 12879 ) ra k. Eohodry DVF
(2 mla)i’ vaa‘gj ?’? ? ?%égqg?'g’ lr:%'()ﬁzfn1 jtané‘aﬂrﬁﬂ’e‘]r a? %% gﬁ?éézpaégﬁggﬁ ]1 ?%WASQ r%‘lbé):'?'ur e were
added nethanol (10 mM) and HOJ aq. (5 M, 2M. 30 The second m xture was
refl yxegpiedjo 3 h. After being cooled to roomtenperature, the reaction

m xture s poured into cold water (10 m) and extracted with ethyl acetate
(B x 330-[f(¢-cypac-wiftyargeethylpleanyl$soxo-65hioxo-5,7-diazaspiro[3.4]oct-5-yl]-phenyl;-

acrylic acid ethyl ester, 39a [RD117]

A mixture of 37a (0.043 g, 0.1 mmol) and (carbethoxyethylidene)triphenylphosphorane (0.039 g, 0.12

mmol) in dichloromethane (2 ml) was stirred at room temperature for 10 hours. The medium was

concentrated and chromatographed (dichloromethane) to yield 39a (0.048 g, 0.096 mmol, 96%) as white
20 powder.

0O
NC
IoN Ve aa
FaC N™ N

o)

"H NMR (CDCls, 400 MHz) & 1.35 (t, /= 7.1 Hz, 3H), 1.66-1.70 (m, 1H), 2.19-2.65 (m, 1H), 2.51-2.69
(m, 2H), 2.66-2.72 (m, 2H), 4.28 (q, J = 7.1 Hz, 2H), 6.51 (d, J = 16.1 Hz, 1H), 7.35 (d, J = 8.3 Hz, 2H),
25 7.72(d,J = 8.3 Hz, 2H), 7.73 (d,J= 16.1 Hz, 1H), 7.85 (dd, J; = 8.3 Hz, J, = 1.8 Hz, 1H), 7.96-7.98 (m,
2H); "C NMR (CDCl, 100 MHz) § 13.7, 14.3, 31.6, 60.8, 67.5, 110.0, 114.9, 120.5, 121.8 (q, J = 272.6

Hz), 127.0 (q, J=4.7 Hz), 129.5, 130.5, 132.2, 133.4 (q, J = 33.2 Hz), 135.2, 136.0, 136.5, 137.0, 142.7,
166.5, 174.7, 179.8.
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WD 2006/ 124118 PCT/ US2006/ 011417 dried over MgSHi concentrated and
chromat ogr aphed (di chl oronethane) to yield 41b (0.582 g, 1.19 mol, 62%
as a whi twoposades118O NC )aN uS O~ F3C N O- 1H NWR ( CRPCIais2¢0601Mitz) 6
1.60-1.70 (m 1H), 2.14-2.26 (m 1H), 2.51-2.56 (m 2H), 2.58-2.67 (m 5
2H), 2.71 (t, J =7.8 Hz, 2H), 3.05 (t, J =7.8 Hz, 2H), 3.69 (s, 3H), 7.23
(d, J =8.2 H, 2H), 7.41 (d, J =8.2 Hz, 2H), 7.85 (dd, J, = 8.3 Hz, J2 =
1.8 Hz, 1H), 7.95 (d, J= 8.3 Hz, 1H), 7.98 (d, J= 1.8 Hz, 1H); 13C NWR
(CDC13, 100 MHz) 6 13.7, 30.5, 31.4, 35.1, 51.8, 67.5, 109.9, 114.9, 121.9
(g, JExami'xnem Hz), 127.1 (q, J 4.7 Hz) 129.9, 130.0, 133.2, 132.3,
133.3 5.7 137 173. ﬁ 174 1@2 179.9. 10 41- 3)
HPBxoYE27 -

3 2 Hz
3-{4- [4%% [ﬂ & H& 3¥prp ?Qn?’pd’ L Tee B}%’é‘ﬂ 7%’3&%" di aza- spiro[ 3.
4] oct -tﬁﬂycbr]omeﬂiyﬂnyio}mtpile;pOa)ﬂ{nggl d, 41c (41 3) [RD132] A m xt;r eo)(z:‘ dgll()lo
S o bRt hod b 6L HETRY °é>n%e¥3 APEHESE & b g 5B en s g on of
evapoMaS@dtylaﬂmnmhydjwe 111\ﬂ‘ﬁFa(dj1ﬂJ$1ﬂ,eﬁvII(m1pi_1l:lﬁml) "rrh':e ﬁ_udmtf Ivl@i ?t&%;lsa(c 2M>(é g&gj te Pen
t e .0 .

Vosor it S ek Wead BB ity ot i 96 R R eiBnbon
41- 4) sodium thiosulfate and extracted w1th ethyl acetate. The organic layer was dried over MgSQ4, 3
4] pot SR ol U TRl B et S B i M i 088 airon o

(@9%¥$agwh1®pzwmml) in THE (10 m) at -5C was added thionyl chloride
(0 019y 26 mml e nmediumwas stirred at -5C for one hour. Then

amoni aﬁd 0 tHe Wikture. The excess of ammoni a was condensed
by ref -78Cfor 30 minutes and then was allowed to
evapor are The mediumwas filtered. The filtrate was concentrated and
chr omat ograph i chl oronet hane: acetone, 70:30) to yield 41d (0.09 g,
0.19 mmol, 95%) an off-white powder. O NC )aN S J~ NHiz F3C N 25
'H NMR (CDCls, 400 MHz) 6 1.57-1.68 (m, 1H), 2.17-2.39 (m, 1H), 2.55-2.61 (m, 2H), 2.61-2.67 (m,
2H), 4.39 (d, /= 4.7 Hz, 2H), 6.47 (dt, J, = 16.0 Hz, J, = 5.3 Hz, 1H), 6.70 (d, J = 16.0 Hz, 1H), 7.29 (d,
J =83 Hz, 2H), 7.59 (d, /= 8.3 Hz, 2H), 7.85 (dd, J, = 8.3 Hz, J, = 1.8 Hz, 1H), 7.96-7.98 (m, 2H); 1*C
15 NMR (CDCL, 100 MHz) 6 13.7, 31.5, 63.4, 67.4, 110.0, 114.8, 120.5, 121.8 (q, J = 272.6 Hz), 127.0 (q,
J=4.7THz), 127.9,129.2, 130.1, 131.1, 132.1, 133.4 (q, J= 332 Hz), 135.2, 137.1, 138.4, 174.8, 179.9.

Example 41
41-1) 3-[4-(1-cyanocyclobutylamino)-phenyl]-propionic acid, 41a 41-1)
20  Trimethylsilyl cyanide (0.4 g, 4 mmol) was added dropwise to a mixture of 3-(4-aminophenyl)-propionic
acid (0.33 g, 2 mmol), cyclobutanone (0.35 g, 5 mmol) and sodium sulfate (1 g) in 1,4-dioxane (5 ml).
The mixture was stirred for 15 hours. After filtration to eliminate sodium sulfate, the medium was
concentrated under vacuum to obtain a brown liquid which was subjected to chromatography
(dichloromethane:acetone, 50:50) to yield 41a (0.472 g, 1.93 mmol, 97%) as a yellowish solid.
25
41-2) 3-{4-[7-(4-cyano-3-triﬂuoromethylphenyl)—8-ox0-6-thioxo-5,7-diazaspiro[3.4]0ct-5-yl]-
phenyl}-propionic acid methyl ester, 41b (41-2) [RD128]
A mixture of 1a (0.661 g, 2.9 mmol) and 41a (0.472 g, 1.93 mmol) in dry DMF (2 ml) was stirred at
room temperature for 15 hours. To this mixture were added methanol (10 ml) and HCl aq. (5 ml, 2M).
30  The second mixture was refluxed for 3 h. After being cooled to room temperature, the reaction mixture

was poured into cold water (10 ml) and extracted with ethyl acetate (3 x 30 ml). The organic layer was
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1H NWVR (acetone-d6, 400 MHz) 6 1.52-160 (m 1H), 2.01-2.09 (m 1H),
2.49-2.58 (m 4H), 2.61-2.67 (m 2H), 2.98 (t, J= 7.5 Hz, 2H), 6.20 (bs,
1H), 6. 78w0hsoe/2i)1s 7.31 (d, J= 8.2 Hz, 2H), 7.44 (d, JPC®uB2006m114211),
8.03 (dd, JI =8.3 Hz, J2 = 1.8 Hz, 1H, 8.15 (d, J= 1.8 Hz, 111), 8.22 (d,
J= 8.3 Hz, 1H); 13C -53 WD 2006/124118 PCT/ US2006/ 011417 NWVR (acetone-d6,
100 Mdzipd @vet 3VgS0.3Corigent@led 2nd IBrosatogiaphed (HEBloBymetlde)sto yidd 43b (¢5820g RL. 5

), 129.5, 130.0, 131.8 (q, J = 32.5 Hz), 133.3,
133 g 1Y 6264)(15%%’@61"’%&, 171.6, 174.9, 178.0. 5 41-5)
3-{4-[7-(4-Cyano- 3- tr|fluor
mmol) in THE (10 m) at -5C was added

(D
4] oct - Bey| pheqiyl } =N
suspen5|4zsg ((
t hi ony,c GRSV 0.26 mml). The nmediumwas stirred at -5C for

one hodr. Then hyl am ne was bubbled into the mxture at -5C for 30
m nutes. The di was filtered. The filtrate was concentrated and 10
chromat ogr aphed (di chl oronet hane: acetone, 75:25) to yield 4le (0.092 g,
0.19 nHBYMRIEDE L2400 Ha) § 160411 70mp &K @r14- 2@6 NC1H).2.N-2.56 (ra, I, NS8W2HBCnO~- b

'H t 0

g, FREFRE0G POy U, NEY, P hay PR, ohroady = fp bl g 5 e
7.5 HzSZEH)ZH)W&ﬁ:B(deé 8]\Hiz J7 =338 He, 11785 @, #iz,8.2Hy, 1H), 2198 (&6J (dl 8 Uz 82 Hz,
2 & J 8 3

o Do (4, ekl mﬁﬂ@%zc?m“aaﬁgag s, Bod ey BT Tl o
31. 2, 187169 47 46, Hao 1399, 833211328 1333 @ £= 3211, mw B72, 443.9,1733, 4. 7
Hz), 3299579$30.0, 131.9 (g, J= 32.5 Hz), 133.3, 133.8, 135.6, 138.4,

143.1, 171.7, 175.0, 178.0. 20 41- 6)
3- ]{04 [ 7- (4-cyano-3-trifluoronet hyl phenyl)-8-o0xo-6-thi oxo-5, 7-di aza- spi ro[ 3.

4] oct 493yl 1 - phenylhs g#&%—ﬂ%&ﬂ%ﬂ%}l% yBréJ&Ole?ﬂ%ﬂﬁ,g-éi;at&a-ééé[@1]30@5?% o] To

a suspensi on of 4 c I'n THE
t hi onyhew-mop@glc(a@ldgi@ (fH-3) [RP138] mmol ). The nediumwas stirred at - SC for

one houkixntbefu1d-(8arNget AABLn ﬁi@th%%lognl) On P31 o} sodium hydroxide (10 ml, 2M)

was stirred at room temperature for 5 hours. Methanol was evaporated. The residue was adjusted to pH =

15 5 by HCl aq. (2M) and then extracted with ethyl acetate (3 x50 ml). The organic layer was dried over
MgSO, and concentrated to dryness to obtain 41¢ (0.472 g, 0.99 mmol, 99%).

t hyl phenyl) - 8- oxo- 6- t hi oxo0-5, 7- di aza- spi ro[ 3.
(gfopl onam de, 4le (41-5) [RD134] To a

41-4) 3-{4-[7-(4-cyano-3-trifluoromethylphenyl)-8-oxo-6-thioxo-5,7-diaza-spiro[3.4]oct-5-yl]-
phenyl}-propionamide, 41d (41-4) [RD133]

20 To a suspension of 41¢ (0.094 g, 0.2 mmol) in THF (10 ml) at -5°C was added thionyl chloride (0.019 ml,
0.26 mmol). The medium was stirred at -5°C for one hour. Then ammonia was bubbled into the mixture.
The excess of ammonia was condensed by reflux condenser at -78°C for 30 minutes and then was
allowed to evaporate. The medium was filtered. The filtrate was concentrated and chromatographed
(dichloromethane:acetone, 70:30) to yield 41d (0.09 g, 0.19 mmol, 95%) as an off-white powder.

O

NC
FsC N™ "N
25 o
'H NMR (acetone-ds, 400 MHz) § 1.52-160 (m, 1H), 2.01-2.09 (m, 1H), 2.49-2.58 (m, 4H), 2.61-2.67

(m, 2H), 2.98 (t, J = 7.5 Hz, 2H), 6.20 (bs, 1H), 6.78 (bs, 1H), 7.31 (d, J = 8.2 Hz, 2H), 7.44 (d, J = 8.2
Hz, 2H), 8.03 (dd, J; = 8.3 Hz, J, = 1.8 Hz, 1H), 8.15 (d, J = 1.8 Hz, 1H), 8.22 (d, J = 8.3 Hz, 1H); °C
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was added into the mxture at -5C. After stirring of an additional 30

m nutes, the nmediumwas filtered. 25 The filtrate was concentrated and

chr omat ogwepbed2¢dschl or onet hane: acet one, 50:50) to yi elPdTAKRGOIRPB (g,
0.18 mml, 90% as an off-white powder. 0 NC )aN S| NF3C N -54 WO

2006/ 124118 PCT/ US2006/ 011417 1H NWMR (acet one- d6 400 MHz) 5 1. 51 161 (m
1H, 2.01-2.11 (m 1H), 2.49-2.66 (m 6H), 2.99 (t, = 7.5 Hz, 3. 27

dd, J . : 5 Ji= 1 J

(2 o Byléfl;f{%%et&l oé%ﬂ:r 3%1?4"%0’("3_%1)2 9§§3§7( (16‘%0 13)145 #2225@,24 2511 2§?z% dz'?%
8.2 H® éﬁ)“éizmu éd130ﬁ 131.8 (@ Jz 32.5 20z, 1838, k85,8, 135%5, 1B.4144%0, 1762148 He,
1H), 8182.(d, J = 8 3 Hz, 1H): 13C NMR (acetone-d6, 100 M) S 13.4, 31.0,

531.2, 37.1, 42.0, 61.2, 67.6, 109.0, 114.8, 122.5 (q, J = 271.5 Hz),
127.4 (q, J = 4.7 Hz), 129.6, 130.0, 131.9 (q, J= 32.5 Hz), 133.3, 133.8,

13556, 411%? 4 3;]-{143[7(:{4 éy;ﬁo-gatrlgltz&ogletl?yf a}'l?/ﬁ%xg‘-}i-thl xo-i,z diaza- SR‘B'P[’?yﬁ]'éﬁit'IS)MI]'

4-[4-(1- anocyclo ut yl am no ric acli
cyani d%he(‘l)‘ mgthy PW}‘WﬁMﬂﬂeﬁ) RDIEH se to a nixture of

| (0,3
A iﬁ&n“a‘“‘iﬁﬁﬁﬂy@u| Bl £ e G Pl Ao TR ndac R POMGRR i iy o°
was stl4 op)oLhe| megiynyr gas Wileé @t $5°C tfpmerieoiput. Theh inmgthydenens odi bubtdad hete the

madl UthivgiSe a€ QFFCERdT 8d v o) n b qui d
P(% ed to chr ot og?glnﬁtsge?%ﬁ 21%:&13151 oRrr&gf h@%gédac oﬁ%\/\%ﬁm%(f)on‘fe\égwcglaa 42a

matpgEaphedgich Om?haag -aggtope] T304 $hyisldl 41d.(0.0% 4,.20.29) mmol, 95%) as an off-
4 } 4- [vﬁn&ﬁoﬁ&@no 3-trifluoronet hyl phenyl)-8-o0xo0-6-thi oxo-5, 7-di azaspiro[ 3.4
] oct - 5- yI] phenyl }-butyric acid nmethyl ester, 42b [RD129] A m xture of la
(0.547 24mm|)and42a 0.342 g, 1.5 mol) in dry DV (2 m) was

stirre \n mste 15 hours. To this m xture were added
nmet hanol m, 2M. The second m xture was refl uxed
for 3MC™ A erN g ooled to roomtenperature, the reaction m xture was
20 poured into water (10 m) and extracted with ethyl acetate (3 x 30
m ). The orgam c yer was dried over MySH4, concentrated and
chro raphed t hane ield 42b (0.594 g, 1.18 mol, 79%
as a%?\ﬁ’éﬁgﬁﬁ&é A ﬁ@ ﬁﬁ%" P 451300 (%v 1¥J) = A Nn,OH)bz 4315RINR, (EDQII;2. @oo
|\/H%) Gm.28902.17 @07 .6 ME)3E),12.886:2r 07 5B, 285 .03 st 25 (@ 3w, 2689 4ot -

15 (d,7=82Hz 2H), 8.01 (dd, J; = 8.3 Hz, J, = 1.8 Hy, 1H), 8.13 (4, /= 1.8 Hz, 1H), 8.20 (d, J = 8.3 Hz,

. 13
1H); ~“C NMR (acetone-ds, 100 MHz) é 134, 25.3, 30.0, 31.2, 37.0, 67.6, 109.0, 114.8, 122.5 (q, J =

271.5 Hz), 127.4 (q, = 4.7 Hz), 129.5, 130.0, 131.9 (q, J = 32.5 Hz), 133.3, 133.8, 135.6, 138.4, 143.1,
171.7, 175.0, 178.0.

20 41-6) 3-{4-[7-(4-cyano-3-triﬂuoromethylphenyl)-8-ox0-6-thi0xo-5,7—diaza—spiro[3.4]0ct-5-yl]-
phenyl}-N-(2-hydroxyethyl)-propionamide, 41f (41-6) [RD135]
To a suspension of 41¢ (0.094 g, 0.2 mmol) in THF (10 ml) at -5°C was added thionyl chloride (0.019 ml,
0.26 mmol). The medium was stirred at -5°C for one hour. Then 2-aminoethanol (0.0183 g, 0.03 mmol)
was added into the mixture at -5°C. After stirring of an additional 30 minutes, the medium was filtered.

25  The filtrate was concentrated and chromatographed (dichloromethane:acetone, 50:50) to yield 41f (0.093
8, 0.18 mmol, 90%) as an off-white powder.
O

ol o na ae
M H
Fgc %
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25 Hz, 2H), 2.52-2.60 (m 2H), 2.62-2.68 (m 2H), 2.74 (t, J= 7.4 Hz, 2H),
3.68 (s, 3H), 7.22 (d, J= 8.2 Hz, 2H), 7.38 (d, J= 8.2 Hz, 2H), 7.86 (dd,
J1= 8.3 Hp20@/m4188 Hz, 1H), 7.95 (d, J= 8.3 Hz, 1H), PcIBIseesodis1r 1.8
Hz, 1H); 13C NI\/R(CDClB 100 MHz) S 13.7, 26.1, 31.4, 33.5, 34.8, 51.7,

67.5, 109.9, 114.9, 121.9 (q, J= 272.7 Hz), 127.1 (q, J= 4.7 Hz), 129.7,

i‘;’g éN]%[%Q(abe’to éz§ 4@0 é\%ﬁ% S1L51619@, 38, 2.012)11 G3713,2.43 6@4m, 6H332.89 (t173. 8,

4- { 47§ Bz 2D)cy. 2N A3/t 1 1.2 Horb rethsiz 3R/ 1) (8- td168-Bhiox 66917 28 3 4-E%i r of 3.
4 18§, Z,
o O K R P48 ot ¥, ) 9o ?@94%? e (et el (A0, )
and =), 81k &) Jof 1.8 G UHD, 1823r(0x d8.3(Hm 1H;, Gz &mtog@cfr’ar H¥MER) 1536

T | T
agl”ﬁglt %ét)ﬁ%{ %l_?ﬁ g’é’g fho.q 16 hes, é‘ﬂ?g@f&? J e @H%PQ%?R% J The HASIZ06e 136

dium was extracted with
et hyl31ac@s bt 82.5 Bz 388. 3;11)33 STHé & i14c30 IlaS/%r”\’?\;ﬁs”&rll ed over MySO4 and
concentrated to dryness to obtain 42c (0.482 g, 0.99 mmol, 99%, the 5
structure of which is illustrated in Fornula 5. NC S CH Ati I O F3CNN
05 Ebhmujde(1 8 ybhp yiRbFROH8e)-eoyllbrtyrisadidgial 70 (m 1H), 1.98-2.07 (m
1 [/ Gk tureZo 4?an5&> enyl)Dyric
2 6 ZTEmétgyl 1}# ﬁa&&@e (é's—azg ?nﬁ]fgv_? Was a&d’ed dré%)mié,zto % 23’ﬁur f511( P Yy )a 2 40
(l@ acddd(0J53% g83 thnidd), C)@l@)utafxor@@ @ijg 5 mmel) gn od&lngsui_ﬁ%te ;(ng})m l-fl @gxapta 0 jnl)_. 8 3
£ filkaton W/R; ﬁﬁ@@l&d Sz )cheSmacBmﬁ 25. 9,
31. 4%%3‘1’%“2 “z’f‘(s%““'é‘}f%rl“?}ég%% ™01 8t a2 2.6 Fz). 127 TR
= 4. Jonkt)rated 2@nds: vm@ml to 1@ 2 pEYNQliquidIvhick qvaSJsub estﬁ 1topgHjromategraphy
137 of 648, 455 fhhol, 86% llowish solid.
4- {48TQP%?%“%}3H% T f%&gor%ﬁétz‘%@p?he%y - 8- gxo 6) ?Srﬁygx(c))mg S701d| aza-spiro[ 3.
4] oct-5-yl]- phenyl}-butyram de, 42d [RD130] To a suspension of 42c (0.097
%s o 042, ;m)') !124-]%@-{7%190 AlinAbromihyihenasleledo-b Mhioak,7 @l zasmiee3. 410cBLA- |

was stirred-at -5C for one hour. Then anmoni a was
bubbbbdlyl}mlmymmlmthyl@tera@bdRBl%%lss of ammoni a was condensed by refl ux
Cond%r}ﬁﬁ{urea(%f 1]a%§ Saf Qrz aﬁQmHI) it £6 (8850 £ henmies i@y TNmoes) tas stitrgat Abs.  The

medi um was [trate was concentrated an hro to ed
temperature for 15 hours To this mixture were added methanol (10 mg and %IC(i ml, gmp{]h

second mixture was refluxed for 3 h. After being cooled to room temperature, the reaction mixture was

20 poured into cold water (10 ml) and extracted with ethyl acetate (3 x 30 ml). The organic layer was dried
over MgSO,, concentrated and chromatographed (dichloromethane) to yield 42b (0.594 g, 1.18 mmol,

79%) as a white powder.
NC s o
F3C:©\N/U\N/©/\/\p;
O
'H NMR (CDCls, 400 MHz) 6 1.60-1.70 (m, 1H), 1.98-2.07 (m, 2H), 2.14-2.26 (m, 1H), 2.40 t,J=174
25 Hz, 2H), 2.52-2.60 (m, 2H), 2.62-2.68 (m, 2H), 2.74 (t, J = 7.4 Hz, 2H), 3.68 (s, 3H), 7.22 (d,/=8.2 Hz,
2H), 7.38 (d, J = 8.2 Hz, 2H), 7.86 (dd, J, = 8.3 Hz, J; = 1.8 Hz, 1H), 7.95 (4, /= 8.3 Hz, 1H), 7.98 (d,J
= 1.8 Hz, 1H); '*C NMR (CDCls;, 100 MHz) 6 13.7, 26.1, 31.4, 33.5, 34.8, 51.7, 67.5, 109.9, 114.9, 121.9
(q, J=272.7 Hz), 127.1 (g, J = 4.7 Hz), 129.7, 130.1, 132.3, 133.0, 133.3 (¢, /= 33.2 Hz), 135.2, 137.2,
143.5,173.8, 175.0, 179.9.
30

42-3) 4-{4-[7-(4-cyan0-3-triﬂuoromethylphenyl)-8-oxo—6-thioxo-5,7-diaza-spiro[3.4]oct-5-yl]-
phenyl}-butyric acid, 42¢ [RD141]
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(di chl or onet hane: acetone, 70:30) to yield 42d (0.093 g, 0.19 mmol, 95% as
an off-white powder. NCSf / | NH F3G~/NI M O O 1H NWR (CDC13, 400
MHz) S 1.W6-20067Q411n 1H), 2.00-2.08 (m 2H), 2.16-2.25 pam/ubk)oso2431 (t, J=
7.3 Hz, 2H), 2.51-2.59 (m 211), 2.62-2.68 (m 2H), 2.77 (t, J = 7.3 Hz,
2H) , 5.56(bs 1H), 5.65 (bs, 1H), 25722(d J—82Hz 2H), 7.39 (d, J=
8.2 Hz, 2H), 7.85 (dd, J1= 8.3 Hz, = 1.8 Hz, 795dJ-83Hz

30 b, ASvyhsr i O3le § mraoi&mgne%e@% %r%%s&a%%‘)%%ﬂ%v e (2

Hz), 128 sﬁrredl.&(}odm telhﬂﬁraﬂ;re ﬂ(ﬁ3 prrsl”Bl& Bethaghol \ﬂ'as @Epﬁated-lﬂllﬁ rés@lne ¥as dddusted, to
143.5, .173.8, .174. 2006/ 124 0 /1Q11 42-5
4 1o T2 G COD ot R PRy PRRERSF B U861 REBYos ) A8 OB Y of 3.
4] oct l5yey helas didueswgt MgSDmmgdneéaﬂmﬁd andrgheess th2ehtdilREAGD]487 @, 6.9% uipdroLOnthef
42¢.(0.097 . 2. myol 0 m) at -5C was added thionyl chloride
(0. 6 trrlvlfme ngcﬁéﬂ ulnsed “1%5‘“}%% fumwas stirred at -5C for one hour. Then
met hyl Bubbled @OHm xture at -5C-for 30 m nutes. The nmedi um
was flltﬁTh i te was concentrat ed and chronmat ographed
(di chl gy s a e, 75: %) to yield 42e (0.095 g, 0.19 mol, 95% as
an off- white er. H NC)::::~-NS~- |1 N FSC NO 10 1H NWMR (CDC13, 400
MHz) S 1.52-1. 4 1H), 1.94-2.01 (m 2H), 2.10-2.17 (m 1H), 2.20 (t, J
=73 Hz, 2H), 2.46-2.62 (m 4H), 2.69 (t, J= 7.3 Hz, 2H), 2.73(d, J= 4.7
I;)609(bs 1H), 7.16 (d, J= 8.2 Hz, 2H), 733(dJ 8.2 Hz,
ogpuledd, J 8.3 Hz, J2 = 1.8 Hz, 1H),791(dJ 8.3 Hz, 1H)
794(d J-18Hz 1H); 1SCNI\/R(CD013 100 MHz) S 13.7, 26.2, 26.8, 31.4,
35. 0, 3151sJ191R(@i¢’>c‘é5 4&&@1{2)5 115&47@(1111211) 99@12 07J(m 211‘)22714112?)6 (m%@ﬁ) 124(5C{t J~J==‘731 7

Hz), 129, 130. 0 9 Hz) ,
143 7. Iiz7§Hé 215-}212%9(1_197§HB2 6&? @)(m 2H) 277 (t, —73Hz ZI—I) 7.23°(d, J= 81Hz 2H) 740 (d

N- (@ {A= B Hz421=1yazr35 dd,ri < Reot.9met md phsy|)= 83 aK018), t7IY7quor 2.1 & 18 qng 15@‘ rof
3.4]o0 }Scl phen ‘but ano¥3) anesul f onam de,  42f JRD1571 00
mxtufxﬁmgf(c 210 z)5137 259, 31.4, 334 347 67.5,109.9, 11419, 121.9 (q, /= 272.6 Hz), 12 1

4- { 4- [(4; L 4-4cyBERp1 .8, risbiuorsrashy) pheanyl J =830x92)61390,0%8025145-11184.8-178.9,

179.9.

15 42-4) 4-{4-[7-(4-Cyano-3-trifluoromethylphenyl)-8-0xo-6-thioxo-5,7-diaza-spiro[3.4]oct-5-yl]-
phenyl}-butyramide, 42d [RD130]
To a suspension of 42¢ (0.097 g, 0.2 mmol) in THF (10 ml) at -5°C was added thionyl chloride (0.019 ml,
0.26 mmol). The medium was stirred at -5°C for one hour. Then ammonia was bubbled into the mixture.
The excess of ammonia was condensed by reflux condenser at -78°C for 30 minutes and then was
20 allowed to evaporate. The medium was filtered. The filtrate was concentrated and chromatographed
(dichloromethane:acetone, 70:30) to yield 42d (0.093 g, 0.19 mmol, 95%) as an off-white powder.

LY
FsC N)J\N ©
g
"H NMR (CDCls, 400 MHz) § 1.57-1.70 (m, 1H), 2.00-2.08 (m, 2H), 2.16-2.25 (m, 1H), 2.31 (1, J = 7.3
Hz, 2H), 2.51-2.59 (m, 2H), 2.62-2.68 (m, 2H), 2.77 (1, J = 7.3 Hz, 2H), 5.56 (bs, 1H), 5.65 (bs, 1H),
25 7.22(4,J=82Hz, 2H), 7.39 (d, J=8.2 Hz, 2H), 7.85 (dd, J, = 8.3 Hz, J, = 1.8 Hz, 1H), 7.95 (d, J=8.3
Hz, 1H), 7.97 (4, J = 1.8 Hz, 1H); *C NMR (CDCl;, 100 MHz) & 13.7, 26.5, 31.4, 34.8, 35.0, 67.5,
109.9, 114.9, 121.9 (g, J = 272.7 Hz), 127.1 (g, J = 4.7 Hz), 129.8, 130.1, 132.2, 133.0, 133.3 (g, /= 33.2
Hz), 135.2, 137.2, 143.5, 173.8, 174.9, 179.9.
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20 spiro[3.4]oct-5-yl]phenyl }butanoic acid (42c) (0.049 g, 0.1 mmol),
2,4,6-trichlorobenzoyl chloride (0.244 g, 1 mmol), 4-di nmethyl am nopyri di ne
(0.122 g,wo 200wi23118and et hanesul f onam de (0. 019 g, 0.2 pPomaiSPosGO11417

di chl oronet hane was stirred at roomtenperature for 20 hours. The m xture
was concentrated and chronmat ographed (dichl oronethane: acetone, 80:20) to
yield N(4-{4-[7-(4-Cyano- 3-

trifluoromethyl phenyl)-8-o0xo-6-thi oxo-5, 7-di aza-spiro[ 3.4 oct 5-y nyI}
- but afd§) ) 254ﬁéﬂheﬂn6mmpf3oﬁa}ww‘(thyzpyenm§1@?]6 ‘P@Xﬁé& #ﬁf}]rsp ﬁg

the s ﬁyﬁﬁ' X I ted in Fornmula 8, as a mhlte powder .

S FSCL }g&?‘%ﬁ%gﬁhﬁwﬁ %[%%%?124118 PCT/ Us2006/ 01 41}%\ Fornad 3 8 1H
NMVR (e eswnensids of 4300 NRE 05 mmgh iy BBF (19,mi) pf)-5°Crwaggdged thiopyhchlgpige (09138l
J = 57 25 %I?%WTheQme'ﬁ%nn a9 Ztﬁé@ aﬁ)?—b% fo% gﬁ%hgurfﬁ‘hénmnetﬁ#&m@ W Hubbled #ntd ﬂge Hg ,
Hz, | 2nyxturg, g2-@dfor B9 311131 es1 Te Hpedigrpy) wasg fifjored. g They 41 5171‘13"% ‘r% C%%S’““"‘%’ o4 g

J= 8. Bncblfatogta %i'@i (d&ﬁ&oﬁl@@aﬁ@sﬁ@%&”‘@S@?} 10598)d Wb 00.0951:3 049 nhol 9591 a?an &?ﬂ- 3,
35.2, 40.6, 67.6, 109.0, 114.8, 122.5 (¢, J = 271.5 Hz), 127.5 (q, J = 4.9
Hz) , EQQCE“WEBO 1, 131.9 (q, J 33.6 Hz), 133.3, 133.9, 135.6, 138.4,
143.1, 171.9, 175.0, 180.5. 42- E{)

N- net hyt .- 4 r iRl uor onet hyl phenyl ) - 6, 8- di oxo-5, 7-di azaspiro
[ 3. 4] oct - 'ranlde 42g [ RD1581 [ 00100] Hydrogen peroxi de
(3 0%, Q4 e ® to a solution of N-nethyl-4-{4-[7-(4-

Cyano- é-trlflu r ofret hyl phenyl ) - 8- oxo- 6-t hi oxo-5, 7-di aza-spiro[ 3. 4] oct-5-yl ]
phenyl}butana d 42e) (0.032 g, 0.064 mmol) in gIaC|aI acetic aC|d (0 5

m). The m xture was stirred at roomtenperature for hours and t
weldhe B WM (GREler408 MFLDt I Wet-641(ni 1D, b "1;01 fecitht 210-F F\E (Br Jhin? €0 K’faﬁeﬁ 3\/\/as

dried f t e . i A
(di Cthro %ﬁg%@@'&% }(&;)”b%é' ¢ ﬁl@s}‘fmﬁ?ﬁ 7@%& ﬂ=41'7'@hz Mfmb% apheds (d, /=

{4- [ 78LH%YENI-B-Erd T I&Zdi%ﬁﬁﬂ ﬂ Zd%ﬁz//F)g FHz, 8’2 aﬂ&(%z I W el piSoEs. Y.
oct - Syyklg pheRM ) '?Hi ¥ @%r iy 0(5 %@]13(702@2926% 30408 mb; 61951%))9 7t he

structure of which FOr mul a as a whit P NC
X: ~N1G9,/121-9|(|;},J=Fg’@7H:p] 1271 (q, J = 47Hz) 129.7, 1300 1323, 133.8, 1333 q,J= 332Hz)

15 135.2,137.3,143.7,173.3,174.9, 179.8.

42-6) N-(4-{4-[7-(4-cyano-3-trifluoromethylphenyl)-8-0x0-6-thioxo-5,7-diaza-spiro[3.4]oct-5-
yllphenyl}-butanoyl)-methanesulfonamide, 42f [RD157]
[0099] A mixture of 4-{4-[7-(4-cyano-3-trifluoromethylphenyl)-8-ox0-6-thioxo-5,7-diaza-

20  spiro[3.4]oct-5-yl]phenyl}butanoic acid (42c) (0.049 g, 0.1 mmol), 2,4,6-trichlorobenzoyl chloride
(0.244 g, 1 mmol), 4-dimethylaminopyridine (0.122 g, 1 mmol) and methanesulfonamide (0.019 g, 0.2
mmol) in dichloromethane was stirred at room temperature for 20 hours. The mixture was concentrated
and chromatographed (dichloromethane:acetone, 80:20) to yield N-(4-{4-[7-(4-cyano-3-
trifluoromethylphenyl)-8-ox0-6-thioxo-5,7-diaza-spiro[3.4Joct-5-ylJphenyl} -butanoyl)-

25 methanesulfonamide (42f) [RD157] (0.053 g, 0.094 mmol, 94%), the structure of which is illustrated in

Formula 8, as a white powder.

ROW:
N 0
FiC NN
_NH
o)/_b 02?
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O~ 20 Formula 9 1H NWR (CDC13, 400 MHz) 6 1.63-1.71 (m 1H), 1.93-2.04 (m
2H), 2.18-2.27 (m 3H), 2.44-2.53 (m 2H), 2.57-2.65 (m 2H), 2.70 (t, J=
7.3 Hz, 2AWp,20@/122118d, J= 4.8 Hz, 3H), 5.79 (bs, 1H), 7.2eT(w008m1812 Hz,
2H), 7.34 (d, J=8.2 Hz, 2H), 7.92 (d, J= 8.4 Hz, 1H), 8.03 (dd, J= 8.3,
1.8 Hz, 1H), 8.18 (d, J= 1.8 Hz, 1H). 25 Exanple 43 -58 WD 2006/ 124118
PCT/ US2006/ 011417 43-1) 4-(4-am nophenyl) - pi perazi ne-|-carboxylic acid
tent - b%nﬁl §ster 43a A m xture of 4-iodoaniline (0.654 g, 3 nmmol),

pi per aZi NMé?P-carboxylic acid tert-butyl ester (0.67 g, 3.6 mmol),

pot assi um phosphate (1.272 g, 6 mmol), ethylene glycol (0.33 n) and copper

i odi dI H(OSMB3 agptonedds, D0 MwiidE))6 1.5 - Po0pig pHNALIGEZ31 1ngn), mmb@cbd 7urlqizaaljaa,rmn in
a sea u O 0 room
Fempor 2t b 80 R A ML Rk o e AP By a4 Cabl iRt a0
et hyl Z{Be’im @ .(%ahma , PH), Bloe (dd, gasrﬁa(; L6yt a2 ¢d,ved! . @HerlH\)’g&?M(dsJ 8.3 Hz, .
congenffa chro i,C ; ; ie
43a§( Blt}ga éwgacetonfi %Z@%Aﬁgggg}‘ glie | 053 mgg%‘:ﬂg@_%?%ﬂ'a?o, 11(3.8, ?2)2§ &,‘y

4- 4- (=12t1y5aﬂz):ym BligutA+ arfi Ho) pmyusp-lpmegr ag i/re33.6 €y losy) 133.9a8Bsl6, 1384,

tert I t 10 Trinmethylsilyl cyanide (0.3 g, 3 mmol) was added
dropwb%té}{t%ﬁzg ?1{5(%3%25& 43a (0.415 g, 1.5 ninol), cyclobutanone (0.21 g,

3 mol) and sodiumsulfate (1 g) in dichloromethane (5 m ). The m xture was
stirred for 15 hours. After filtration to elimnate sodiumsulfate, the
medi um was concentrated under vacuumto obtain a brown |iquid which was

b t l.d 43b
P4, 5 |, NSRS AR ORI T5dlofil2
4-1Q. [Phe{lﬂ}lubysém@l@ﬂg [BIDléiilorret hyl phenyl ) - 8-i mi no- 6-t hi oxo-5, 7-di azaspiro[ 3

é]D iggo&wj 1 - PhgYdekn PrBRECBDNCY. A F AR dfvid%h 9 sbiffidr HWEYL St BLp7.d3C

4 { 4- [Cropot3-Efrenpihyighenyibf-oxaé-Hhijoserehiipge- BirpB-AdgcafiodlBhany 1 hitemodret K42e)

phenyl.bs0g dea Y1 £ 9 @&?&39
[ 3. 4] o(gt 5§(¥1] phen}y }é-l%)%g?egg :aﬁzé@fés{:ngrg oxyli cé (&%sostlal:%ald lfoé)lrnttergﬂ eggﬁser
43d [ Ret e Mepiwashidevigh whisr gl expracted with el geetated TUS brepic 4452r was meaaovnnm )

| nlSjr Mna@hé%uﬁri]- siThale, W@i%)eﬁt}dt&f Qﬁi ﬁﬂorﬁ&%ph%@ eg{h?:g#%tﬁxf\ﬁe% *%6%)3 to }1}31% N-

re was concentrated and I‘OITH'[O rap OI‘OITE'[ ane:ace

90 10)“1@@131 §1&1 &4 sEned hlﬂ@f@}netkwlpz%vlh ﬁainoxozﬁﬂ%lazaﬁm@[%ﬂpetcﬁt -vi-e of which is
111 ustphédyBButyRnk® REHARPASSP®.029 g, 0.06 mmol, 94%), the structure of which is illustrated in

Formula 9, as a white powder.

20 Formula 9

"H NMR (CDCls, 400 MHz) 6 1.63-1.71 (m, 1H), 1.93-2.04 (m, 2H), 2.18-2.27 (m, 3H), 2.44-2.53 (m,
2H), 2.57-2.65 (m, 2H), 2.70 (t, J = 7.3 Hz, 2H), 2.79 (d, J = 4.8 Hz, 3H), 5.79 (bs, 1H), 721 (d, J= 8.2
Hz, 2H), 7.34 (d, J= 8.2 Hz, 2H), 7.92 (d, J = 8.4 Hz, 1H), 8.03 (dd, J= 8.3, 1.8 Hz, 1H), 8.18 (d, J= 1.8
Hz, 1H).

25

Example 43
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of f-white powder and 43d (0.169 g, 0.21 nmol, 33%, the structure of which
Is illustrated in Fornmula 11, 25 as a yellow powder. [N Boc NC S N F3C N
N HN\~_b wbanosul2a1180 1H NVR (CDC13, 400 MHz) 6 1.48, (sSPCIH)S200E/05iA41. 67 (m
1H), 2.01-2.09 (m 1H), 2.59-2.70 (m 4FD, 30 3.25 (t, J =51 Ft, 4H) ,
3.59 (t, J = 4.9 Hz, 4H), 7.02 (d, J 8.9 Hz, ZFD .20 (d, J = 8.9 Hz,
2H), 7.81 - 59 VO 2006/ 124118 PCT/ U82006/ 011417 J- 7.4 Hz, 1H) , 7.93
(s, 143-1) 47(4umipophenyd)-gippragine-§-eqrboxylipaeid axgbytyl e)“e*"Nf ENFSCNN S HN

O CF3 rd n%( J—%h@&n%%e %d%g)ﬁl\é? 3(1@@% 391)@&%3%%0@3/110 £ teétébutﬂ IBBtcr 0.63%; 1.664

3 57 (ntrgol),] pcﬁasmugl pl@sph4‘qe|)(1 2?2 626 (nanolh ethy@n@ g]pqtz‘ol (926 nﬂ)7arébco(paer 13dlge é)(gz %4H)
4 [ s é(? Lllrgnz 1%?)2 éﬁ?an%i’?& mb)- Web dlsbed ditdB a %ﬁ)hﬁm aJsbBled-#hBe 4dd heated to 80°C for 30

azin-1-y h I 7-di .
oct- 7haurd. Afier heprigfopled HrFeeH Wnﬁgﬁgg%lt%% m?déunli %@wmgiﬂ?éa% 5?&%&5‘%“%?“‘43 c
( 0 1 1%}‘{9 ethgl a%etgf;?i()b nf)lel n@@i%@llnc {eertas dB8loVdMeB80,, chikefitated?dli cii@matogfapheded

ter cooled to roomte ure, ther actlon m xture
was pﬁhmomﬁh@eé@t@ev@ﬁg’? tqyigld 439 (Oé?&’lé%f“i‘r{g’c"lge/é A Y‘Hlto tH‘i’W acetate (3 X
30 mM). The organic |ayer was dried over MgpSO4, concentrated and

chromat ogr aphed (di chl or onet hane: acet one, 50 50 nd hen ne no acet one
50: 5043-2pA-4-dreyauszclplpipguingyphenyl-pipergfe: 'Q"Z%XY dRrbry ‘E?ﬁ‘ﬁe%b NH NC I
\ JoN Trimethylsilyl cyanide (0.3 g, 3 mmol) was added dropwise to a mixture of 43a (0.415 g, 1.5 mmol),

cyclobutanone (0.21 g, 3 mmol) and sodium sulfate (1 g) in dichloromethane (5 ml). The mixture was

stirred for 15 hours. After filtration to eliminate sodium sulfate, the medium was concentrated under
vacuum to obtain a brown liquid which was subjected to chromatography (dichloromethane:acetone,
75:25) to yield 43b (0.448 g, 1.26 mmol, 84%) as a yellow solid.
15
43-3) 4-{4-[7-(4-cyan0-3-triﬂuoromethylphenyl)-8-imin0-6-thi0xo—5,7—diazaspiro[3.4]0ct-5—yl]—
phenyl}-piperazine-1-carboxylic acid tert-butyl ester, 43¢ [RD139]
and 4-{4-[7—(4-cyan0-3-triﬂu0romethylphenyl)-8—(4-cyano-3-triﬂuoromethyl—
phenylthiocarbamoylimino)-6-thioxo—5,7—diazaspir0[3.4]oct-5—yl]-phenyl}-piperazine-l-carboxylic
20 acid tert-butyl ester, 43d [RD140]
A mixture of 1a (0.228 g, 1 mmol) and 43b (0.472 g, 0.63 mmol) in dry DMF (1 ml) was stirred at room
temperature for 20 hours. The mixture was concentrated and chromatographed (dichloromethane:acetone,
90:10) to yield 43¢ (0.173 g, 0.296 mmol, 47%), the structure of which is illustrated in Formula 10, as a
off-white powder and 43d (0.169 g, 0.21 mmol, 33%), the structure of which is illustrated in Formula 11,

25 asayellow powder.

NC N
HN

Formula 10

'H NMR (CDCl, 400 MHz) & 1.48, (s, 9H), 1.57-1.67 (m, 1H), 2.01-2.09 (m, 1H), 2.59-2.70 (m, 4H),
30 3.25 (t,J = 5.1 Hz, 4H), 3.59 (t, J = 4.9 Hz, 4H), 7.02 (d, J = 8.9 Hz, 2H), 7.20 (d, /= 8.9 Hz, 2H), 7.81
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~\\' F3CNN 15 1H NWR (CD30D, 400 MHz) 6 1.51-1.61 (m 1H), 2.01-2.11
(m 1H), 2.48-2.59 (m 4H), 2.90-2.97 (m 4H), 3.25-3.30 (m 4H), 7.03 (d,
J= 8.9 Hzwo2bl)6/1241186 (d, J= 8.9 Hz, 2H), 7.86 (dd, J, =pr8TASkime/odR1* 1.8
Hz, 1H), 8.02 (d, J= 8.3 Hz, 1H), 8.07 (d, J= 1.8 Hz, 1H); 13C NWR (CD3OD,
100 MHz) 6 13.2, 30.9, 45.1, 48.9, 67.5, 108.9, 114.8, 115.9, 122.3 (q, J=
271.7 Hz), 126.4, 127.3 (q, J= 4.7 Hz), 130.4, 132.2 20 (g, J= 33.2 Hz),

122 08081 el g minoh (B 1D, -0 V0 2000/ 1261

4-{5-[ 4- (4- et hanesul f onyl pi perazi n-1-yl ) - phenyl ] - 8- oxo- 6-t hi oxo-5, 7-di azas
piro[3.4]oct-7- yI}-2-trH£ku rBoeet hyl benzonitrile, 43f [RD138] A m xture of
43e (0.2598, 0.1 mmol), \Lﬁﬁnesulfonyl chloride (0.012 m, 0.15 nmol) and
triethV i (8.1 di chl oronet hane was stirred at room tenperature
for 5 hou Thglpe was filtered. The 5 filtrate was concentrated and
chr ondfts&gr aphe® (N chtor omet hane: acetone, 95:5) to yield 43f (0.042 g,
0.074 nmol, 749 a white powder. 0 NS NCS/ I NJ FBCNN\/ o 1H
NVR (CDC13, 4 6 1.62-1.70 (m 1H), 2.14-2.23 (m 1H), 2.51-2.58 (m

2H), 2.61-2.67 2H), 2.84 (s, 3H), 3.39 (s, 8H), 7.05 (d, J= 8.9 Hz,
2H), 7.20 (dHiNJ= 8.9 Hz, 2H), 7.84 (dd, J, = 8.3 Hz, J2 10 = 1.8 Hz, 1H),
7.95 (d, J= 88—z, 111), 7.97 (d, J= 1.8 Hz, 1H): 13C NMR (CDC13, 100 MHz)

6 13.7, 31.4, .CH5.7, 48.4, 67.5, 109.8, 114.9, 117.0, 121.9 (q, J =
272.7 Hz), 12678 127.1 (g, J = 4.7 Hz), 130.7, 132.3, 133.4 (q, J= 33.2
Hz), 135.2, 137.8N 151.1, 175.0, 180.2. Exanple 44 15 44-1)
3-{4-[7-(4-Cyano-3-trifluoronethyl - phenyl)-8-0xo0-6-thi oxo-5, 7-di aza-spiro[ 3
. 4] octopryh i phenyl }-acrylic acid, 44a A mixture of 39a (0.025 g, 0.05
mml ) in net%anol (2 mM) and solution of sodiumhydroxide (2 m, 2M was

stirred at roomtenperature for 5 hours. Methanol was evaporated. The
resi dul N4B (Q@ﬁhssﬂ&gl\%) pH4S, (s, 9H), 1.57-1.64 (m, 1H), 2.01-2.10 (m, 1H), 2.60-2.89 (m, 4H),

5 324 (t,J=>5.1Hz, 4H),3.57 (t,J= 4.9 Hz, 4H), 7.02 (d, J = 8.9 Hz, 2H), 7.20 (d, J = 8.9 Hz, 2H), 7.54-
7.98 (m, 4H), 7.97 (d, J = 8.1 Hz, 1H).

43-4) 4-[8-Oxo-5-(4-piperazin-1-yl-phenyl)-6-thioxo-5,7-diazaspiro[3.4] oct-7-yl]-2-
trifluoromethylbenzonitrile, 43e [RD137]

10 A mixture of 43¢ (0.117 g, 0.2 mmol), methanol (5 ml) and HCI aq. (2 ml, 2M) was refluxed for 2 hours.
After being cooled to room temperature, the reaction mixture was poured into cold water (10 ml) and
extracted with ethyl acetate (3 x 30 ml). The organic layer was dried over MgSQ,, concentrated and
chromatographed (dichloromethane:acetone, 50:50 and then methanol:acetone, 50:50) to yield 43e (0.089
g, 0.184 mamol, 92%) as a white powder.

FaC N™ "N

15 O
"H NMR (CD;OD, 400 MHz) & 1.51-1.61 (m, 1H), 2.01-2.11 (m, 1H), 2.48-2.59 (m, 4H), 2.90-2.97 (m,
4H), 3.25-3.30 (m, 4H), 7.03 (d, J = 8.9 Hz, 2H), 7.16 (d, J = 8.9 Hz, 2H), 7.86 (dd, J, = 8.3 Hz, J,= 1.8
Hz, 1H), 8.02 (d, J = 8.3 He, 1H), 8.07 (d, /= 1.8 Hz, 1H); “*C NMR (CD,0D, 100 MHz) 6 13.2, 30.9,

45.1, 489, 67.5, 108.9, 114.8, 115.9, 122.3 (q, J = 271.7 Hz), 126.4, 127.3 (q, J = 4.7 Hz), 130.4, 132.2
20 (q,/=33.2Hz), 133.0, 135.4, 138.1, 152.1, 175 4, 180.4.
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5 by HO aq. (2M and then extracted with ethyl acetate (3 x50 m ). The
organic |layer was dried over 20 MJSO4 and concentrated to dryness to
obt ai n 4480000402498 0. 042 Mol , 85% . 44-2) PCT/US2006/011417
3-{4-[7-(4-Cyano-3-trifluoronethyl -phenyl)-8-0xo0-6-thioxo-5,7-di aza-spiro[3
.4]oct-5-yl]- phenyl}-acrylam de, 44b [RD1191 To a suspension of 44b (0.02
91 0. Og25)mmual-{5- [um4-ﬂdﬁlaﬁllsdlﬂoilyl§ipera5ﬁ-w§l§-p 0B-b:1bL 62 MhibxoCH)T-QfakzakPiro 3.416k(-7- 25

: e’é %& ?lpqﬂe stirred at C for one hour. Then anmoni a was
bubbl M ‘Fﬁ'é‘et 'H?PE“I BRI s of anmoni a was condensed by refl ux
condens afixték of £8G01099g, 8Q nithél)) n@thaddrdlféryRshlori$0.a1 @N\@dshﬁncﬂ)/ﬁﬁ%éﬁﬁannﬁ@e

ed. The filtrate was concentrated and chyomat ogr aphed

medi u s filt

(di ch%ﬁ%mm&w loroypethags, as stired @) ropyg tw@raaura% S(hgutyq Bhegnediurg Wagdiirred. Fhe oy
as &an fafrite wai b@lcaﬁiﬂ&ﬁzﬁrand <Brbmd0e AP/ (dikAIbABnefierd: UEAOMEHD 3 thldeld @31\@ diib*?g
F30) a ﬁl Jél" mll\{R DI\éBO de, 400 MHz) S 1.49-1.52 (m 1H), 1.88-1

(m 1@2‘“@"} /%SE 1tOPgWdes 57 2 62 (m 2H), 6.66 (d, J = 15.9 Hz, 1H),
7.16 (bs, 1H), 7.43 (d, J-833Hz 211), 7.47 (d, J = 15.9 Hz, 1H), 7.58
(bs,lH),8.03(dd,J=.MJ2:18H2 1H), 8.23 (d, J= 1.8 Hz, 1H),
8.34 (d, J= 8.3 Hz, lH) 5 EXargpl e 45 [ RD1451 [00101] Trinethyl silyl
cyanid NG, @ added dropwi se to a m xture of 4-

met hanesl phen i ne hydrochloride (0.415 g, 2 muol ), cycl obut anone
(0.28 |©C 4 pDN) &hd >sodium sulfate (1 g) in DV (3 nl). The m xture was
stirred for 15 s at 120 C. After filtration to 10 renove the sodi um
sulfate, the fQltkdte was washed with brine and extracted with ethyl

o RS ALY 6o SR P DA P B TE T B B S 27 o
met harpsgd. Sﬂa}el}pltemds,mﬂ)n'b(l&wcy@lawt}aanHﬁﬁkzoIle U< 4. eH6.488) 7.40dd.16 =8.3 92,44

TR oo e ahay Bl 6 e Bk o LR M R BB B v 3955,

4- i sotNidpB46nkitio44167.5, 11028 onewhyimnznm(q i+ g7 A Ha), 186€)8,0.2%4 Y q 01 =Q.76@z)hmol )

15 an y ecarbonitrile (45a) (0.11
2&7 é’F?E 326‘43?1 D]I{AQ—E%%P%{?)IQ% i‘ﬁ ﬂsg)d&j%@tafroom tenperature for 3

days To this m xture were added nmethanol (10 m) and ag. 2N HO (5 m).

The s ond rgétxture was refluxed for 3 h. After being cooled to room

t enpe !a t he

15  44- 1) 3-{4-[7-(4-Cyano-3-trifluoromethyl-phenyl)-8-oxo-6-thioxo-5,7-diaza-spiro[3.4] oct-5-yl]-
phenyl}-acrylic acid, 44a

A mixture of 39a (0.025 g, 0.05 mmol) in methanol (2 ml) and solution of sodium hydroxide (2 ml, 2M)

was stirred at room temperature for 5 hours. Methanol was evaporated. The residue was adjusted to pH =

5 by HCl aq. (2M) and then extracted with ethyl acetate (3 x50 ml). The organic layer was dried over
20 MgSO, and concentrated to dryness to obtain 44a (0.02 g, 0.042 mmol, 85%).

44-2) 3-{4-[7-(4-Cyano-3-trifluoromethyl-phenyl)-8-0x0-6-thioxo-5,7-diaza-spiro[3.4]oct-5-yl] -
phenyl}-acrylamide, 44b [RD119]
To a suspension of 44b (0.02 g, 0.042 mmo]) in THF (1 ml) at -5°C was added thiony] chloride (0.007

25  ml, 0.1 mmol). The medium was stirred at -5°C for one hour. Then ammonia was bubbled into the
mixture. The excess of ammonia was condensed by reflux condenser at -78°C for 30 minutes and then
was allowed to evaporate. The medium was filtered. The filtrate was concentrated and chromatographed

(dichloromethane:acetone, 70:30) to yield 44b (0.014 g, 0.03 mmol, 71%) as an off-white powder.
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reaction mxture was poured into cold water (10 nil) and extracted with
ethyl acetate (3 x 30 ml). The organic |ayer was dried over MgSO4,

concent r aveco@nid4alr omat ogr aphed (di chl or omet hane: acet oRreT/UR2008/013)17t O
yield

4-[ 5- (4- met hanesul f onyl phenyl ) - 8- oxo- 6-t hi oxo-5, 7-di azaspiro[ 3. 4] oct-7-yl]-
2- trifluoronethyl benzonitrile (45b) [RD145] (0.031 g, 0.065 nmmol, 159%,

t he str\lécture of which is ifflustrated in Formula 14, as a white powder. O
NC I nd Formula 14 25 'H NWR (CDC13, 400 MHz) S

S& ~
1.63-1.71I;ﬂ\, -2.28 (m 1H), 2.46-2.54 (m 2H), 2.68.2.74 (in,
- 62 WHs20067 12

PCT7 US2006/ 011417 2H), 3.16 (s, 3H), 7.57 (d, J= 8.3

11
Hz,2H) 7853&%&83 1.8 Hz, 1H) 7.97 (d, J= 1.8 Hz, 1H), 7.98 (
J= 8 7 (d, J= 8.3 Hz, 13C NMVR (CDd 3, 100M—Iz)8136,

L5 5 e i o 08 500 R A, 90 0 B

141 8 (m17H), 4661&9}@155@@]}1};%64& L6008 (4T =rsed Hy, | 280)) Y47 cy and 1:te9ﬁ9 68,9, 7

o5 ARG SR SR O e e [ o BRI gtk

m ¥t ure was stlrred for 8 hours at 80 C. The m xture was concentrated and

chro i chl or onet hane: acet one, 60:40) to yield
[ 4- (ga%g&ho jﬁ%ﬁsﬂyl am no) phenyl Jacetic acid (46a) (1.138 g, 10 4.95

mml, 99% as a white solid. 46-1) RD146 [00104] A m xture of
4-i sot[(mlﬁt:]yanat drimnethylsflylucyanidet (G g,eﬁzmmot)rwhseaddea) droPvied 8o ga, n&{t&emsmh)

d t 46 , |
end | Siacimsnniel iy BRI B by o Rl (05 By D™
m xt usediye selfacides) imPMIEA(ob) ( De: mixwrawds gigred 200 18Gouss 10 120 YC. Alffer Titetise eond
m pet UbémotdShd St gtﬁfateo rthelﬁlg'ate’%t/&se\kfaspgy Wg]t‘l %rqxl( %%i %’ﬁ‘ actgﬁ yl&&%ﬁnga?%%gs\}“ IEe'}[_Ihe

reacti on m xture oure

et hy| orgeeic dayer (vas xorﬁantmte)i ang tvrogratperapbed @mtormhanetmmem@m)l\tgsmd 1-(4-
con fg{eg%ﬁee?ﬁla%gfﬁh&%!ag@)agkﬁg%? %&9&&{4 RSQBURENE 0 R SN Dot '8N, yeliowish
{ 4- [ 75¢lig. dymatepngsuifpiyiphenrlonioe fﬂyZOpg,elny?I hm6l; 5%06) astakso cocovded -

[00102] A mixture of 4-isothiocyanato-2-trifluoromethylbenzonitrile (1a) (0.0.141 g, 0.62 mmol)
15 and 1-(4-methanesulfonylphenylamino)cyclobutanecarbonitrile (45a) (0.11 g, 0.42 mmol) in dry DMF (2
ml) was stirred at room temperature for 3 days. To this mixture were added methanol (10 ml) and aq. 2N
HCI (5 ml). The second mixture was refluxed for 3 h. After being cooled to room temperature, the
reaction mixture was poured into cold water (10 ml) and extracted with ethyl acetate (3 x 30 ml). The
organic layer was dried over MgSO,, concentrated and chromatographed (dichloromethane:acetone,
20 97:3) to yield 4-[5~(4-methanesulfonylphenyl)-8-ox0-6-thioxo-5,7-diazaspiro[3 4AJoct~7-y1]-2-
trifluoromethylbenzonitrile (45b) [RD145] (0.031 g, 0.065 mmol, 15%), the structure of which is

illustrated in Formula 14, as a white powder.
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Formula 14

25 'HNMR (CDCls, 400 MHz) & 1.63-1.72 (m, 1H), 2.21-2.28 (m, 1H), 2.46-2.54 (m, 2H), 2.68.2.74 (m,
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di aza-spiro[ 3. 4] oct-5-yl ] phenyl }acetic acid nmethyl ester (46b) [ RD146]
(0.532 g, 1.124 mmol, 56%, the 20 structure of which is illustrated in
Formul a W0 2a/24mBite powder. NC1 S :5:- 1 Ove ~/ \ @CTRZ0sION4O-
Formula 15 'H NMR (CDC13, 400 MHz) 8 1.60-1.69 (m 1H), 2.15-2.25 (m 1H),
250258(m2H) 261266(m 2H), 3.72 (bs, 5H), 727(d J= 8.3 Hz,
7.50 (d, J= 8.3 Hz, , 7.84 (dd, J= 8.3, 1.8 Hz, , 7. 94 25 (d,

ié oy 1&33;3@) 13 49+ 6%3511 7%9“?@5 AR Rt Y Igg%ﬁd;onl S 198 o

(g, JAdAI93BEHe, 11306.10(d, ¥31..31Hz, DR lmNm@dlgl?mmﬁﬁamﬁzsy 884443167;511113&‘\; 2,

135.9, 7 4 1 1

iass) WP aBebs TS B ar a gy 49 B, 18 230 e ud L P28 AN

{4-[ 7-1348cifanso18-8,1i74.4 Usp0net hyl phenyl ) - 8- oxo- 6-t hi oxo-5, 7-di aza-

spi ro[3 4] oct-5-yl ] phenyl }acetic acid nethyl ester (46b) (0.095 g, 0.2
% Iution of sodium hydroxide (1 nil, 2M in nethanol (2 m)

vvas stl rré’ at roomtenperature for 2 hours. The nethanol was 5 evaporated.

The residue was adjusted to pH 5 by aqg. 2M HO and then the m xture was

ext rad@@@ﬂmi th Tairhephylalokcpanale( 3.6 4,07 mhinol) Thee sidghnigpwisyer a waistudy bed- over

o0 FARERELI AR 10 L G300 R 040 7 popdin g, Q08 70t . 4
oct-5 rgﬂlm]u% émls}la’eétfprc 8 aledugh af &66’53 [Eh@lmﬂ(}uré Ova8 8dbnggntrdted SnAnakomB&gphed he

10, For popani el g 30 SOy R8P ungtchppy 2 i@ N e

1H0 zl%molaﬁP‘Ve)rﬁsamm)tesqzld?s (s, 2H), 7.26 (d J= 8.3 Hz, 7.51 (d J=
8.3 Hz, 7.84 (dd, J= 8.3, 1.8 Hz, 1H), 7.95 (d, J—82Hz 1H), 7.96
(d, Jaﬁjl 6 He, 1@4 13C NMR (CDC13, 100 MHz) S 13.7, 31.4, 40.2, 40.8,

67. 4, 105 9, 114.9, 122.0 (q, J= 272.5 Hz), 127.0 (q, J= 4.9 Hz), 129.9,

131. 2, ég .3, 133.3 (q, J= 33.3 Hz), 133.9, 135.2, 136.1, 15 137.2, 174.1,
174.9. 'T0 A nuxture of 4-1sothlocyanato-2-tr1ﬂuoromethylbenzomtrﬂe (la) (0.638 g, 2.8 mmol)

and [4-(1- cyanocycIobutylamlno)phenyl]acetw acid (46a) (0.46 g, 2.0 mmol) in DMF (5 ml) was stirred
at room temperature for 15 hours. To this mixture were added methanol (20 ml) and aq. 2N HCI (10 ml).

15 The second mixture was refluxed for 1 h. After being cooled to room temperature, the reaction mixture
was poured into cold water (10 ml) and extracted with ethyl acetate (3 x 50 ml). The organic layer was
dried over MgSO,, concentrated and chromatographed (dichloromethane pure and then
dichloromethane:acetone, 95:5) to yield {4-[7-(4-cyano-3-trifluoromethylphenyl)-8-ox0-6-thioxo-5,7-
diaza-spiro[3.4Joct-5-yl]phenyl}acetic acid methyl ester (46b) [RD146] (0.532 g, 1.124 mmol, 56%), the

20 structure of which is illustrated in Formula 15, as a white powder.

NC: : i /@/\”/OMG
FsC N N 0
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Formula 15

'H NMR (CDCl, 400 MHz) 6 1.60-1.69 (m, 1H), 2.15-2.25 (m, 1H), 2.50-2.58 (m, 2H), 2.61-2.66 (m,
2H), 3.72 (bs, SH), 7.27 (d, J = 8.3 Hz, 2H), 7.50 (d, J = 8.3 Hz, 2H), 7.84 (dd, J= 8.3, 1.8 Hz, 1H), 7.94

25 (d,J=82Hz 1H),7.97 (d,J= 1.6 Hz, 1H); °C NMR (CDCl,, 100 MHz) 6 13.7, 31.4, 44.7, 52.3, 674,
109.9, 114.9, 122.0 (q, J = 272.5 Hz), 127.0 (g, / = 4.9 Hz), 130.0, 131.1, 132.3, 133.0 (q, J = 33.3 Hz),
134.1,135.2, 135.9, 137.2, 171.4, 174.9, 179.9.
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46-3) RD148 [00106] Thionyl chloride (0.238 g, 2 nunol) was added dropw se

to a mxture of {4-[7-(4-cyano-

3-trifl uowormiadmehaenyl ) - 8- oxo- 6-t hi oxo-5, 7- di aza- spi r op8TAjse@is/5t4yt ] phenyl

}acetic acid (46¢c) (0.357 g, 0.777 mmol) in THE (5 mM) cooled to 0 C. The

m xture was stirred for 1 hour at roomtenperature and 20 then ammoni a was

bubbl gglay nto t hgp@axture. The excess ammoni a was condensed by a refl ux

condenser at -78 C for 30 minutes and then was allomed to evaporate. The
mediumwas filtered and the filtrate conc d and _chro r aphed

(di ch[08?‘Q§ﬂret hand: aB&tGRe, °70:(405 (& ‘iya&lf?m%“bﬂ“?“{n% Sip )c'§f8%ﬁ‘b6 1S, -

trifl yeopnmidylyppemyl)eeBe QX nistiyd le.(s'té!l{(iléo)?(f) dwg,ae Sﬁmﬁaj a4 autiitioh-of Ispditreny| } a

t d 6d 48 0. he . st f. which
is ?H‘Xﬁig‘ixlgdé‘t é)aﬂa.[%%e Plrihetol 3 s g v e arrpe bt 2 bR kBt
F3E€ Newdporfled. Orhe Vi 00 B4 i%éﬂté(ﬁtoﬁ@iw UﬁZQOZM MC144d thefr@lienlxaurd Was’l.b:kthMai @hC13,

3. 61, Shjacyt; sty grgoraaclo gy et Sy asonandigongnidlo e opin 5

8. 1 Hu-[72)cyanb- ﬁﬁlﬂ(ldroméf‘ﬁy@hény%oxﬁd)-thmio83’ difzddpira] 3. 4&)385-ymp}&nﬂj{aceﬂd-l)ac1d7 95

(5?3 ;_"ég) [@Z%7lé&5%7&%£g@fé°q=1 40 )9t%ei‘§‘fm§e‘gf?hl°jusgﬂ’7‘g’ d&EC?C PGOO(QM )3—54 9

Hz), 130.2, 131.1, 132.2, 133.3 (g, J= 33.3 Hz), 134.1, 135.2, 136.8,

137. 2,Nd , 1%4.8,_-180-0 0O#6-4) RD149 [00107] Thi onyl chlori de (0.238 g,
2 mol ) 0 selto a mxture of {4-[7-(4-cyano-

3-triEld . AN\ ) - & oxo- 6-t hi oxo- 5, 7- di aza- spi ro[ 3. 4] oct - 5-yl ] phenyl
}acetic acid ( (0.357 g, 10 0.777 mmol) in THE (5 nil) cooled to 0 C
The m xture S rred for 1 hour at roomtenperature and then nethyl am ne
(0.5 M) was added into the m xture. The m xture was stirred for an
additional 2 hours. The nediumwas filtered and the filtrate was
cdfceRerrladd and chronat ographed (di chl or onet hane: acet one, 80:20) to yield
N net hyl - 2-{4-[7- (4-cyano- 3-tri fl uoronet hyl phenyl) - 8- oxo- 6-

t hi oxgr vk mmg @OMM)% OIS @nyiﬂ)pbqwlzlsqgﬁmmm 1.66@), 443019915, £8),348

e 15 structure which Is illustrated in Fornmul a

%8 agzg@tgﬁssvg{ﬁg%)gmgrf 8 Hyalh, 84 O, SRS & B 1704 B 59 s b QB!

7.96 (d, J = 1.6 Hz, 1H); °C NMR (CDCl, 100 MHz) & 13.7, 31.4, 40.2, 40.8, 67.4, 109.9, 114.9, 122.0
(q, J=272.5 Hz), 127.0 (q, J = 4.9 Hz), 129.9, 131.2, 132.3, 133.3 (g, J = 33.3 Hz), 133.9, 135.2, 136.1,
15 137.2,174.1,174.9, 179.9.

46-3) RD148

[00106] Thionyl chloride (0.238 g, 2 mmol) was added dropwise to a mixture of {4-[7-(4-cyano-
3-trifluoromethylphenyl)-8-ox0-6-thioxo-5,7-diaza-spiro[3.4]oct-5-yl|phenyl}acetic acid (46¢) (0.357 g,
0.777 mmol) in THF (5 ml) cooled to 0 °C. The mixture was stirred for 1 hour at room temperature and
20  then ammonia was bubbled into the mixture. The excess ammonia was condensed by a reflux condenser
at -78 °C for 30 minutes and then was allowed to evaporate. The medium was filtered and the filtrate was
concentrated and chromatographed (dichloromethane:acetone, 70:30) to yield 2-{4-[7-(4-cyano-3-
trifluoromethylphenyl)-8-oxo0-6-thioxo-5,7-diaza-spiro[3.4]oct-5-yl[phenyl }acetamide (46d) [RD148]
(0.345 g, 0.75 mmol, 97%), the structure of which is illustrated in Formula 17, as an off-white powder.

FaC N)LN ©
y J17
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FSC NN/ O Fornula 18 'H NMR (CDC13, 400 MHz) & 1.61-1.70 (m 1H),
2.17-2.31 (m 1H), 2.50-2.56 (m 2H), 2.61-2.68 (m 2H), 2.82 (d, J = 4.
Hz, 3H), woedogr4118H), 7.27 (d, J = 8.3 Hz, 2H), 7.50 (@CcTAdS2008/0B14itz, 2H)
7.84 (dd, J 20 =8.3, 1.8 Hz, 1H), 7.95 (d, J = 8.2 Hz, 1H), 7.96 (d, J
1.6 Hz, 1H); 13C NMR (CDC13, 100 MHz) 6 13.7, 26.6, 31.5, 43.1, 67.4,
110.0, 114.9, 122.0 (g, J = 272.5 Hz), 127.1 (g, J = 4.9 Hz), 130.2, 131.0,
132.2, 133.3 (q, J= 33.3 Hz), 134.1, 135.2, 137.0, 137.1, 170.1, 174.8,
179. 9.Foppulagie 47 25
N-{4-[3-(4-cyano-3-trifluoromethyl phenyl)-5, 5-di net hyl - 4- oxo- 2-t hi oxo-i m da
zol[ gdi(lﬂ-NMRy_ ddmingmlmb }«1}&94 ba_t&a;xta‘ (ltm)am),d:mf(z.ﬂ.tiﬁam,[lmlég)s}-zfs@m,@ﬁb, A.6:1riz>.@26qrr§6§f
-[3-(4-a phenyl ) -4, 4- di -5-0x0-2-t hi 0XO0i oljdin-1-yl]-2- -
WO 20@@?&%&%8%/9@%3%%@4@; 1“§>r7|94)f7|0 Go Egelt ﬁfnzgén%%yt ? I %%Héd%m( 6392 g,
?6050r(ﬂmu)=, 8.Br,$t81HZ]&|$I;)l,l7_f,95r(§l,!J=€lkllz Ofzj LE)F]Q.@&S @099, 1.08 15);HFONMR @BLIRY00 HiHK

: : [ C r t S_ S ed.at ro
{erber'abi a1 po-1 8 1gads ARkl v iae Hadnta Gort 4L 1s0h i) ke
ext r aciBed (yit-h33%3 iyl 13cet 3. E 16&8,M3Y 2, The, o14gnneeo. | ayer was dried over
MySO4, concentrated and chromat ographed (HPLC, alumna colum) to yield N
{4 5 46-4 . . . .
[ 3-(4- cyéno- 3-t rlluﬂ‘ﬁoromet hyl phenyl ) -5, 5- di net hyl - 4- oxo- 2-t hi oxo-i m dazolid
in-1- yl]phenyl } net hanesul f onam de (47a) [RD150] (0.009 g, 0.018 mmol,
369, [®H&7Et r uctThieybéhlastie ¢h238sg, 2inhel} wenidddd dmopFoe tod mixBire as{4a] 7vihicyo-

6By s eiioblpy -l P8 M e Ao MG B 20,

1H0  0g77Z gnrfiel) inJTHE (5, 181) lelpgleditel)0, °C8 TBSm{xtyre JvasstBred féiz] holikpt rodf. t@Bpefdisre add) ;
13C N . . 66.7. 109 .0 115 5 119 .9 122 6
(q, J ol ,@% (Ojﬁg‘ggwég%%dgd el iyt 9 2t 4 24 Rugioiel PhoutS: 3

Hz), 134, Spedi®@l. 6was138liGed 138d 5,thd 75iltdgte 18Bis 4. cobentrxtadpla@d 4 8chromatographed

N-{ 4- @L-]§lg.r- saathld Rh.YEY 1 _I%_— - dimethyl - 4- - 2-t.hi,0x0-i m da
2ol i dijfr] chla og%é?l%ﬁeén%%{l afééé?@ rﬁS%ﬁe?J‘%g%%F% %?](AF cyan(grg trlHuoromé%lzfy?phenylglk—oxo-6—
thioxo-5,7-d1aza-spiro[3.4]oct-5-yl]phenyl }acetamide (46e) [RD149] (0.348 g, 0.738 mmol, 95%), the
15 structure of which is illustrated in Formula 18, as an off-white powder.

FsC N)J\N o

o)

8

Formula 18

'H NMR (CDCl;, 400 MHz) 8 1.61-1.70 (m, 1H), 2.17-2.31 (m, 1H), 2.50-2.56 (m, 2H), 2.61-2.68 (m,
2H), 2.82 (d, J = 4.8 Hz, 3H), 3.62 (s, 2H), 7.27 (d, J = 8.3 Hz, 2H), 7.50 (d, J= 8.3 Hz, 2H), 7.84 (dd, J

20 =83, 1.8 Hz, 1H), 7.95 (d, J = 8.2 Hz, 1H), 7.96 (d, J = 1.6 Hz, 1H); *C NMR (CDCl,, 100 MHz) &
137, 26.6, 31.5, 43.1, 67.4, 110.0, 114.9, 122.0 (q, J = 272.5 Hz), 127.1 (q, J = 4.9 Hz), 130.2, 131.0,
132.2,133.3 (g, /=33.3 Hz), 134.1, 135.2, 137.0, 137.1, 170.1, 174.8, 179.9.

Example 47
25  N-{4-[3-(4-cyano-3-trifluoromethylphenyl)-5,5-dimethyl-4-0xo0-2-thioxo-imidazolidin-1-
yl]phenyl}methanesulfonamide (47a) [RD150}
[00108] A mixture of 4-[3-(4-aminophenyl)-4,4-dimethyl-5-oxo-2-thioxoimidazolidin-1-y1]-2-
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[00109] A m xture of

4-[ 3- (4- am nophenyl ) -4, 4- di net hyl - 5- oxo- 2-t hi oxoi m dazol i di n-1-yl]-2-

trifl uoronethydenzonitrile (2d) [RDO] (0.008 g, 0.02 nmolr)us2@cet w7

chloride (0.004g, 0.03 nmol) and 20 triethylamne (0.003 g, 0.03 mmol) in

di chl oronethane (1 m) was stirred at 0 C for 2 hours. The m xture was

concentrated and chromat ographed (di chl oronet hane: acetone, 90:10) to yield

N {4-[3-(4-

cy ano-diuordnfethybreormittiipl (3he (302 £.5).65 wimebt mythenesyfagybeniondskB09%% 84Z0Mmbh- 1-y

] phe@XcLl\b Ia(lﬁ]ogi? Z, ¢8% mn[og%ﬁgc]ﬂof&ne% e @ mB- @a%@ﬁff@%’\gb ro&g%mpet[zﬂ&e bt uCct ure
ich™1s 111us

of wh ated I n , as a

2006/ hours. Thhe PERIVISTHOBADE ity waigr (dgnB and Rmaﬁed SRS Rpepst é?ﬁp‘a @1619118%
(70201 er4x9:g W ))ve‘?‘l\/ﬂg(igﬁ c()ﬁcenﬁal'tgd ar@- c%%rrﬁ@graéff@d (H?L@‘]allﬁrﬂma é(ﬁu@nﬁco g&ld ]9—'{'}

7. 96 (4 Qyaro- 1t12ﬂqqzome1hadpherrylb575@aneﬂwl4 %Oé-tmfxo-mjim%el 5 NI\/R (CDC13 100
MHz) Q.018 kil 6% the) structif o2 whig} i

127 1§§]g@n§x}m§t§an%sulﬁ§arﬁl’de %4—7@) @Dﬂ%ﬁ&(ﬁ(b :1))% (171’8133 s ? ?]t‘] _stléuéz 3 OHZ ;V 1585 5.
137. 111@3@@1111*‘95@@2 ai?WhGeP%B@TO Exanpl e 49 [00110] Concentrated sul furic
acid was slowy added to a m xture of 4-am nobenzoic acid (4 g, 10 29.2
nmol ) in nethanol cooledHto O C. After the addition, the m xture was

stirredCat oomde kg Ofor 5 hours. The m xture was washed with a
sat ur at eti n oy bi carbonate and extracted with ethyl acetate.
The orgatrl AMErN ried over MgJSH and concentrated under vacuumto
obtain 4- amn oic acid nmethyl ester (49a) (4.22 g, 27.9 mol, 96% as
an off-white l'ild. [00111] A m xture of 4-am nobenzoic acid nethyl ester
(0.32 g, 2.12 mmol), acetonecyanohydrin 15 (3ml) and sodiumsulfate (1 g)
was r%flu for 15 hours. After filtration to renove the sodiumsulfate,
the fi'P was washed with brine and extracted with ethyl acetate. The

organic I ayer was concentrated and chronmat ographed
( diGe hl'ENMR (DBISO:-BoANHEZ) BD461Q) 6H)p3.97 &) 8IHY 732 ¢y 4Hpd.0Fetidyl=n®L.Hy2 Bz di)no] -

ZS?S’ e e ggtl{l]%l(}ﬁ%.?%(ﬁ%) 2 40 330 1808 fos? PR NnRC3MES- o 102! ! O
4- | SOLRBOLYAIBATOHB-T, 1115.5,U00 6)TERI6YLDEA2TAL Hr), 1128.§ @) (47 B2B 180.8,13i@pl)1.5and

4'[(Cm%dgzpéﬁﬁ%I'férﬁ.(%,'1?%,'1%.’5,%@5918%.4@“ d nethyl ester (49b) (0.14 g,

0. 64

15 Example 48

N-{4-[3-(4-cyano-3-trifluoromethylphenyl)-5,5-dimethyl-4-oxo-2-thioxo-imidazolidin-1-
yllphenyl}acetamide, 48a, [RD151]

[00109] A mixture of 4-[3-(4-aminophenyl)-4,4-dimethyl-5-0x0-2-thioxoimidazolidin-1-y1]-2-
trifluoromethylbenzonitrile (2d) [RD9] (0.008 g, 0.02 mmol), acetyl chloride (0.004g, 0.03 mmol) and
20 triethylamine (0.003 g, 0.03 mmol) in dichloromethane (1 ml) was stirred at 0 °C for 2 hours. The
mixture was concentrated and chromatographed (dichloromethane:acetone, 90:10) to yield N-{4-[3-(4-
cyano-3-trifluoromethylphenyl)-5,5-dimethyl-4-0x0-2-thioxo-imidazolidin-1-ylJphenyl}acetamide, 48a,
[RD151] (0.007 g, 0.016 mmol, 80%), the structure of which is illustrated in Formula 3, as a white

powder.
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was heated under m crowave irradiation at 60 C for 12 hours. To this

m xture were added nethanol (6 m) and ag. 2N HO (2 nml). The second

m xt ure wae 2@fi2uxed for 4 h. After being cooled to roorcZASke@apersat ure,
the reaction m xture was poured into cold water (10 ml) and extracted with
ethyl acetate (3 x 30 ml). The organic |ayer was dried over MySO4,
concentrated and chronatqlgraphed (di chl or onet hane;

dichlo ane: cete N7 5) to yield
4-[3-(4-c hyI phenyl) -5, 5-
di et 3 I OXO- | mOdazoI idin-1-yl]benzoic acid nethyl ester (49c)

[RD1521 (0 18 . , -67 WD 2006/ 124118 PCT/ US2006/ 011417 63%, the
structure of v is illustrated in Formula 19, as a white powder. O NC
)aNASNFBC/ o \ Forrrula 19 'H NWR (CDC13, 400 MHz) 6 1.60 (s, 6H),
3.95 (s, 3H) 7.40 (d, J 8.6 Hz, 2H), 7.84 (dd, J =8.2, 1.9 5 Hz, 1H),
7.96 (F(P“n99=31 2 Hz, 1H), 7.97 (d, J= 8.2 Hz, 1H), 8.21 (d, J= 8.6 Hz, 2H);
13C NWR (CDC13, 100 MHz) 6 23.8, 52.6, 66.6, 110.3, 114.8, 121.9 (q, J =

272. 7 '‘HAMRY2HC 400Mﬁz%14587 s 2% 1 1 =
s 1%(5 3113 73 Bsg(sre, ??s @I%) 3@1(@.} 81§ﬂlz42H£ Bds %3]}{3%?91@? A
i xt ure: 86 Hz, 28, 7.83 (dd J= 82 19Hz 1H) ’796(d J—12Hz 1H), 797(d J=8.2 Hz, 1H); '

4- 8- (mX@D@i3 iGOrNﬂ{E)J&29@E§3hNB@heﬂY5|OZIﬁI-§'1§0 ﬁEfszs' 4J0>5:92 Q}fz 9% 91

i m dazo Jnl:{%l n- 1 #J enzoi c_aci % est er {&% g 435 n?ml) and
met hy 2 Rel P2 103418421 1p2q (q’f’ro%%% 3, 3% é%iubd ZsléMtW 9 1805 kept at - 20
C for 15 hours. After evaporation of the nethylamne, the m xture was

chr omat ogr aphed (di chl or onet hane: acet one, 80:20) to yield 4-[3-(4-cyano- 3-
trifluoromet hyI phenyl ) -5, 5-di net hyl - 4- oxo- 2-t hi oxo-i m dazol i din-1-yl]-Nnet
hyl berié‘ (49d) [ RD1531 (0.01 g, 0.0224, 51%, the structure of which
is ill gfnipet din Fornmula 20. The ester 4-[3-(4 15

cyano-3-trifl uoronet hyl phenyl) -5, 5-di nmet hyl - 4- oxo- 2-t hi oxo-i m dazolidin-1-y
| ] benZ¢1d0kci d @hbﬁptrate@&ﬂﬁhc @i as §0wBBadded . DmikfBe BIPlamirtbbdfzoidasid h $O

I
re(Pveh %qnmcl)) n meti-lano coo?ed to 0 °C |_Q‘{\Ilter tﬁe acadltlon éw rmxtur?was stirred at room temperature
for 5 hours. The mixture was washed with a saturated solution of sodium bicarbonate and extracted with
ethyl acetate. The organic layer was dried over MgSO, and concentrated under vacuum to obtain 4-

aminobenzoic acid methyl ester (49a) (4.22 g, 27.9 mmol, 96%) as an off-white solid.

foorin] A mixture of 4-aminobenzoic acid methyl ester (0.32 g, 2.12 mmol), acetonecyanohydrin

15 (3ml) and sodium sulfate (1 g) was refluxed for 15 hours. After filtration to remove the sodium sulfate,
the filtrate was washed with brine and extracted with ethyl acetate. The organic layer was concentrated
and chromatographed (dichloromethane:acetone, 60:40) to yield 4-[(cyanodimethylmethyl)-amino]-
benzoic acid methyl ester (49b) (0.398 g, 1.95 mmol, 92%) as a white solid.

49-1) RD152
20
[00112] A mixture of 4-isothiocyanato-2-trifluoromethylbenzonitrile (1a) (0.228 g, 1 mmol) and

4-[(cyanodimethylmethyl)-amino]-benzoic acid methyl ester (49b) (0.14 g, 0.64 mmol) in DMF (2 ml)
was heated under microwave irradiation at 60 °C for 12 hours. To this mixture were added methanol (6
ml) and ag. 2N HCI (2 ml). The second mixture was refluxed for 4 h. After being cooled to room
25  temperature, the reaction mixture was poured into cold water (10 ml) and extracted with ethyl acetate (3
X 30 ml). The organic layer was dried over MgSO,, concentrated and chromatographed
(dichloromethane; dichloromethane:acetone, 75:25) to yield 4-[3-(4-cyano-3-trifluoromethylphenyl)-5,5-
dimethyl-4-oxo-2-thioxo-imidazolidin-1-yl]benzoic acid methyl ester (49¢) [RD152] (0.18 g, 0.4 mmol,
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Formula 20 'H NMR (Acetone-d6, 400 MHz) 6 1.60 (s, 6H), 2.90 (d, J = 4.
Hz, 3H), 7.48 (d, J = 8.6 Hz, 211), 7.80 20 (bs, 1H), 7.99 (d, J= 8.6
2H), 8. 06w0ddo6/12#118. 2, 1.8 Hz, 1H), 8.18 (d, J= 1.8 Hz, PCHUS286BD144T, J
8.2 Hz, 1H); '3C NWR (Acetone-d6, 100 MHz) 6 23.8, 54.0, 66.5, 110.3,
114.8, 121.9 (q, J = 272.7 Hz), 127.1 (q, J = 4.7 Hz), 128.2, 129.9, 133.5
J =32.3 Hz), 135.7, 135.8, 138.2, 138.3, 139.2, 166.0, 174.9, 179.7.
08 V0 008 1211 ST R000L LT RPIP) 680,500 FOLS4 [00113) A
4-[ 8- (4- hydr oxynet hyl phenyl ) - 5- oxo- 7-t hi oxo- 6-azaspiro[ 3. 4] oct-6-yl]-2- 5
trifluoronethyl-benzonitrgle (36b) (0.086 g, 0.2 mmol) and net hanesul f onyl

6
|_|21

anhydr inge ol ) in dichloronethane (1 m) was stirred at room
tenperatu . Phe mixture was concentrated and chromat ogr aphed
(di chl o1y , 98:2) to yield Methanesulfonic acid 4-[7-

(4- cyart 3- trlfl oronethylphenyl) 8- 0x0- 6-t hi oxo-5, 7-di azaspi r o[ 3. 4] oct - 5-yl
] phenyl et hyl r (50a) |[RD154] (0.089 g, 0.175 nmol, 88%, the
structure of ich is illustrated in Formula 22, as a white 10 powder. NC

S/ OMs \ F3CNNO Formula 22 1H NMR (CDC13, 400 MHz) 5 1.63-1.70 (m
1H), Formull81 (m 1H), 2.48-2.57 (m 2H), 2.64-2.70 (m 2H), 3.04 (s,
3H), 5.30 (s, 2H), 7.37 (d, J = 8.3 Hz, 2H), 7.62 (d, J = 8.3 Hz, 2H), 7.84

(10|0I ggﬁ\zlﬁR 11)51;%840 MLz 5&/3)‘%& |617.I) %5((@3}%%50(% ﬂsé&@ ,ZHX 79831((@ JI8211 6 HZf
M:%ar;g@ pcynqq,(d rd 2433, ¥EQ.4 t 7 @ L 82(Hz 1H), 21 Gy= 86Hz, ZH) n}coNﬁmr?c)Sclﬂ,e ©

cyano- @otMHilms)@@tshad@hwyh)m% pzqozr ?hlz%ﬁri_%ﬂmdllg&%&plrlﬂﬁgﬁﬁ 1&}9@313{15: yllp
cool e o -

henyl met hyl est %W
C. Aft®d 411%113%? %éaé@ﬁ )a1t35 3’7@7@ 1397 164 getluﬁ‘@»]ﬂ/ﬁg 20 concentr at ed and

chromat ogr aphed (di chl oronet hane: acetone, 95:5; nethanol) to yield 4-[5-(4-
et hylgoiynonet hyRpsznyl ) - 8- oxo- 6-t hi oxo- 5, 7-di azaspiro[ 3. 4] oct-7-yl]-2-trif
| uor onet hyl benzonitrile (50b) [ RD155] (0.042 g, 0.095 nmmol, 82%, the
str UCt[H5113?f whi [gh n!msim{r . L%S 4- —(3C(i:yr!mrc])-3Et?1lﬁgyrlogle%ylphenyl)-85,5-dlmethyl-4-oxo-2-thioxo—
10  imidazolidin-1-yl]benzoic acid methyl ester (49¢) (0.02 g, 0.0435 mmol) and methylamine (2 ml distilled
from its 40% aqueous solution) was kept at -20 °C for 15 hours. After evaporation of the methylamine,
the mixture was chromatographed (dichloromethane:acetone, 80:20) to yield 4-[3-(4-cyano-3-
trifluoromethylphenyl)-5,5-dimethyl-4-oxo0-2-thioxo-imidazolidin-1-y1]-N-methylbenzamide (49d)
[RD153] (0.01 g, 0.0224, 51%), the structure of which is illustrated in Formula 20. The ester 4-[3-(4-
15  cyano-3-trifluoromethylphenyl)-5,5-dimethyl-4-oxo-2-thioxo-imidazolidin-1-yl[benzoic  acid methyl

ester (49¢) (0.08 g, 0.0179 mmol, 41%) was also recovered.

o)
NC s N
M H
FsC N” N
I

Formula 20

'H NMR (Acetone-ds, 400 MHzZ) & 1.60 (s, 6H), 2.90 (d, J = 4.6 Hz, 3H), 7.48 (d, J = 8.6 Hz, 2H), 7.80

20  (bs, 1H), 7.99 (d, J = 8.6 Hz, 2H), 8.06 (dd, J= 8.2, 1.8 Hz, 1H), 8.18 (d, /= 1.8 Hz, 1H), 8.25 (d, /= 8.2
Hz, 1H); *C NMR (Acetone-ds, 100 MHz) 5 23.8, 54.0, 66.5, 110.3, 114.8, 121.9 (q, J = 272.7 Hz),
127.1 (g, J = 4.7 Hz), 128.2, 129.9, 133.5 (q, J = 32.3 Hz), 135.7, 135.8, 138.2, 138.3, 139.2, 166.0,
174.9, 179.7.
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white powder. NC)aN S/ I N-' H F3C/N- O ~-1 -69 WO 2006/ 124118

PCT/ US2006/ 011417 Formula 23 'H NMR (CDC13, 400 MHz) S 1.57-1.70 (m 1H),
2. 16- 2. 24v0rpoclidy1182. 52 (s, 3H), 2.53-2.57 (m 2H), 2. ®0TA16@6(M412H) ,
3.85 (s, 2H), 7.27 (d, J = 8.3 Hz, 2H), 7.55 (d, J = 8.3 Hz, 2H), 7.84 (dd,
J=8.3, 1.8 Hz, 1H), 7.95 (d, J =8.2 Hz, 1H), 7.97 (d, J = 1.6 Hz, 1H);
13C NWMR (CDC13, 100 MHz) S 13.7, 31.5, 5 36.4, 55.6, 67.4, 110.0, 114.9,
122.0 (q, J = 272.5 Hz), 127.0 (q, J = 4.9 Hz), 129.1, 129.6, 129.8, 132.2,
133.3 (q, J= 33.3 Hz), 133.7, 135.2, 142.4, 174.8, 179.9. 50-3) RD156
[00116] A m xture of Methanesul fonic acid

4-[ 7- (BxBypeso 3-tri fl uoronet hyl phenyl ) - 8- oxo- 6-

t hi oxo-5, 7-di azaspi ro[ 3. 4] oct - 5-yl ] phenyl net hyl ester (50a) (0.02 g, 0.039
nmol ) %ﬂg di met ine 10 (0.5 m; distilled fromits 40% aqueous
solution) in TH ) was stirred for 2 hours at -78 C. The m xture was
concentrated and chromat ographed (di chl oronet hane: acet one, 95:5; acetone) to
yi el d Wo113} A mixture of 4-[8-(4-hydroxymethylphenyl)-5-0xo0-7-thioxo-6-azaspiro[3.4]oct-6-y1]-2-

4-di hyl ami t hyl.phepvl ).- 8- 0xQ-.6- t hi -5 7-dj ' 3.4]act-7-yl]-2
E t?: At %%n%‘ﬂy Fibhen ey %9-0?%8%) 1 %T?g%(n%( 6‘?’%‘& IS@?"%ESSPI@@%"%%O?OC@%%% %he
st r uctmmel) gf didhicgbmdtiane i (Il | ld twaatsticted At FoortdneRdre & B Whir. eTHeomtare wWiE

:>N S F3C 15.C F | 1H NVR 13 0 1.57-1.7

Ly StoppSightabhettniemd Sk Edorih R bocis e AR M ey o6 417

2H) , 3453ar(os3-triZlprom@th@Phény))-8oxo-BthRxbis, 7-Ridpspird[ G odteh -y [bhenyBnhytizeste? HQa) 7. 84
dd, Jo7 8 1H) s 0alen J= 8.2 Hz, . .97 (d, L= 1.6.Hz,
Ty IRIRARO ks 41173 g gty Stuetts o7 ahics ghbkoredpBorblly 217 g4 o
11409, pod@2r. 0 (g, J = 272.5 Hz), 127.0 (q, J = 4.9 Hz), 129.1, 129.6, 129.8,
132.2, 133.3 (q, J= 33.3 Hz), 133.7, 135.2, 142.4, 174.8, 179.9. Exanple

51 [003%7] Sodium cyani de (0,245 g, 5 nmol) was added to a m xture of
4-am no er C Zﬁid (002'%‘4 g, 2 nmmol) and cycl obutanone (0.21 g, 3
nmol ) {:r& 9Q A i (4.5 mM). The reaction m xture
3
Yan

Formula 22

'H NMR (CDCls, 400 MHz) & 1.63-1.70 (m, 1H), 2.17-2.31 (m, 1H), 2.48-2.57 (m, 2H), 2.64-2.70 (m,
2H), 3.04 (s, 3H), 5.30 (s, 2H), 7.37 (4, J = 8.3 Hz, 2H), 7.62 (d, J = 8.3 Hz, 2H), 7.84 (dd, J = 8.3, 1.8
15  Hgz, 1H),7.97 (4, J= 8.2 Hz, 1H), 7.98 (d, /= 1.6 Hz, 1H).

50-2) RD155

[00115] Methylamine (0.5 ml) was bubbled into a mixture of Methanesulfonic acid 4-[7-(4-
cyano-3-trifluoromethylphenyl)-8-oxo0-6-thioxo-5,7-diazaspiro[3.4]oct-5-yl]phenylmethyl ~ester (50a)
(0.059 g, 0.115 mmol) in THF (3 ml) cooled to ~78 °C. After 1 hour of reaction at -78 °C, the mixture was
20  concentrated and chromatographed (dichloromethane:acetone, 95:5; methanol) to yield 4-[5-(4-
methylaminomethylphenyl)-8-0x0-6-thioxo-5,7-diazaspiro[3.4]oct-7-yl]-2-triflucromethylbenzonitrile
(50b) [RD155] (0.042 g, 0.095 mmol, 82%), the structure of which is illustrated in Formula 23, as a

white powder.

NC s N/
M H
FsC N” N
e
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was stirred at roomtenperature for 15 hours. The m xture was washed with
aqueous HCO (pH 2) and extracted with ethyl acetate. The organic | ayer was
dri ed oveworragviesiiam sul fate and concentrated to -70 WeCc20086¢06241u418

PCT/ US2006/ 011417 dryness under vacuumto yield

4- (1-cyanocycl obutyl am no) benzoic acid (51a) (0.426 g, 1.97 mmol, 99% as
a white solid. 51-1) RD159 and RD160 5 [00118] A m xture of

4-isot hi ocyanato-2-trifluoronet hyl benzonitrile (la) (0.51 g, 2.22 mmvl)

and 4opleydnocycl obutyl ami no) benzoic acid (51a) (0.343 g, 1.59 mmol) in
DMF (2 mM) was heated under mcrowave irradiation at 60 C and stirred for

16 hOHrﬁMRT(@ﬁdu aomvﬁiz%q mrﬁ) q@g m izam% (110 2.50ik, )3 nelsn 57 2 HOL (5
m ). The seco ours. Afte &peagaﬁfogled to

r oom2 qoe?r%%tzﬁilr)é 85[ Q%’eZHr)e%%? {doﬁ r?i %(Hﬁrz@vga? oliF & 51?112 4 Bb3(2d n)
and gx, ﬂﬁytm (WI yh 8ethz/|1H§Cﬁ§7a(HeJ €368z X F300INMR TOBCR! UBMNVEZ) BYRT, IVSS
dried ove ncentrated and chro

(ot chiedr St 61 éi,,,éi%étlzbﬂ,elzzggq,% -3 Hay F S8 FR ), 1201, 12936, 129.8, 1322,

4- [ 7-164:3qyan0333s kiyy 143uon optiayk phveryl79:98- oxo- 6- t hi oxo- 5, 7-

di azaspiro[ 3. 4]oct 5- yI] benzoic acid nmethyl ester (51b) [RD159] (0.09 g,
0. 196__mol , ,%M the structure of which is illustrated in Formula 25, as
a whit%e) povvder HSGN-(S cyano- 4-

trifluoromethyl phenyl)-4-[7-(4-cyano-3-trifluoronethyl phenyl)-8-o0xo-6-thi ox
0- 5, fodil@raspi ra @ﬁmﬁdQﬁUwahﬁﬁm&%hhemﬂamHuQ4¢ﬁ&b3ﬁﬂﬂaﬁwﬁa$wmmu@88gmo@ 45

i GRS R S SRpeptiepn pes (o0I0R £ 0  RRITa8 s e
( UZIDCZI(B,S 0 QishviRe) frém 1ts 0% hquebug malutiok) in PHR QF &)2Gas(stiyred Fr,2 Hdusb®t 27&5%5@&% dZH?] ,
8 §n1x%xre](vgé conﬁ_rbtraﬁé a@(% clzramgtﬁgraﬁgh édlﬁgoro&uggxane.?acgtgne, ?a 3; a\kjeto%; :}o iqzl% -&D

8. 26 (@dhmemy1anﬁomhylaw)ly1)-x&@omo(c@mﬁ&zaspﬁa[ammz;) 7§1128.7, 31.6, 52.6, 67.5,

12 Bondond ol fosd g5 gl 5, 845k, ing Blogd oo L

179. AlludBated GFBormiMa@ 24, as a white powder.

LY
FsC NN
15 O

Formula 24

'H NMR (CDCls, 400 MHz) 6 1.57-1.70 (m, 1H), 2.16-2.24 (m, 1H), 2.32 (s, 6H), 2.55-2.60 (m, 2H),
2.63-2.69 (m, 2H), 3.53 (s, 2H), 7.27 (d, J = 8.3 Hz, 2H), 7.55 (d, J = 8.3 Hz, 2H), 7.84 (dd, J=8.3, 1.8
Hz, 1H), 7.95 (d, J = 8.2 Hz, 1H), 7.97 (d, J = 1.6 Hz, 1H); °C NMR (CDCl,, 100 MHz) 6 13.7, 31.5,

20 45.5, 63.7, 67.4, 110.0, 114.9, 122.0 (q, J = 272.5 Hz), 127.0 (q, J = 4.9 Hz), 129.1, 129.6, 129.8, 132.2,
133.3 (q, /= 33.3 Hz), 133.7, 135.2, 142.4, 174.8, 179.9.

Example 51

[00117] Sodium cyanide (0.245 g, 5 mmol) was added to a mixture of 4-aminobenzoic acid
25  (0.274 g, 2 mmol) and cyclobutanone (0.21 g, 3 mmol) in 90% acetic acid (4.5 ml). The reaction mixture
was stirred at room temperature for 15 hours, The mixture was washed with aqueous HC1 (pH 2) and
extracted with ethyl acetate. The organic layer was dried over magnesium sulfate and concentrated to
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SI HCNF3CNAN\ O-71 WO 2006/124118 PCT/ US2006/ 011417 Fornula 26 1H
NVR (CDC13i 400 MHz) 8 1.67-1.71 (m 1H), 2.18-2.26 (m 1H), 2.50-2.58 (m
2H), 2. 68WD.26¢k/12m18 2H), 7.47 (d, J= 8.5 Hz, 2H), 7.83 edr/ub2008/0T14z, 1H),
7.84 (dd, J=8.3, 1.9 Hz, | H), 7.96 (d, J=8.0 Hz, 1H), 9.97 (d, J= 1.9
Hz, 1H), 8.10-8.14 (m 3H), 8.21 (d, J= 1.9 Hz, 1H), 8.88, (s, 1H). 5 51

B 2) &l Lﬁi@&laa%urﬁt%?éldm?l Eyanocyclobutylamlno)benzow acid (51a) ;0 426 g, 1.97 mmol,

4-cyan-3-trifludronethyl phényl)=-8-o0xo-6-thioxo-5
d| aza %) se[hitgpelid - 5-y| ] - benzoi ¢ acid nethyl ester (51b) (0.046 g, 0.1
mmwol) and methylanmine (1 m  distilled fromits 40% aqueous sol ution) was
kept sgly)- 20 C fgyy 595&4“{3560 After evaporation of the nethylamne, the
mxture was chromat ogr aphed (di chl oronet hane: acet one, 80:20) to yield

4 10
[ ?m(s L cy no-3-tri milxl Jgrogr?étsﬁhlf)%' ato_ _m% 05%(%6%’ ?eﬁiz%liuc}l%(h})- g)i'salz szp%zr Icl)lfml»?.l)4] oct -
5- y| pivk Az hayadecycBbetylamjridEazjc @o@d (m) (9:340. 98559 B9, in {INF 42 mik was beatdd whi ch
is i l)a 27
11 R BRGS0 Hynbftof 16 ndyy’ ol bl fie o PRI 28

(m 2 and2q6BUHCALS (). The Second) mixBresag wfluged-font] JBhaups, ABH) beirgy @pled stoomH) |

A TR N et b P diogd Syl tog ey g iitadiia 15

lq) ¥ 30 20, Theizyrganie 7lager ( gyas Jdried, Ptz )Mg@g concengaied. arrdsz:hmmampbed( q, J=

C ron (0 gt b g Do 7 Breyadbd smbftindinbhindh s ek BRI 7 0%
sol utliagaspiod[3 Aloct-frytl bemzoicnpdid otsehyk gbter éfdb)j [RD189} @,091% GRS Jomioh 136F). B0 ni )
cool Sucre - §f Qvlgglbels lg}sﬁlzg’c&} W3S K3 . eﬁ-xh{l:{ e% f Qt ?egh%,ddf)&\ﬁdepaéndl ]\h@ucryal% 4-5 C

Met hyl am ne I'sti | omits 40% aqueous
sol uttmﬂvmomvél!ylpmmséh‘l{b(%qyenw%b:&up@met@hah@m\l) Srive0-GHiexad, hilinzagiieo [ hdlectsti r r ed

fpjr @nb&%jrhﬁlé %ﬂ@l) [f(DIi'@(H [0.28 g, 0.45 mmol, 29%), the structure of which is illustrated in Formula

26, as a white powder.

Formula 25

'H NMR (CDCls, 400 MHz) 6 1.67-1.71 (m, 1H), 2.20-2.26 (m, 1H), 2.49-2.57 (m, 2H), 2.66-2.73 (m,

20 2H), 3.96 (s, 3H), 7.42 (d, J = 8.4 Hz, 2H), 7.85 (dd, J = 8.3, 1.7 Hz, 1H), 7.97 (d, J= 8.3 Hz, 1H), 7.98
(d, J= 1.7 Hz, 1H), 8.26 (d, J= 8.3 Hz, 2H); "C NMR (CDCL, 100 MHz) 6 13.7, 31.6, 52.6, 67.5, 110.1,
114.8, 121.8 (q, J=272.7 Hz), 127.0 (q, J = 4.7 Hz), 130.2, 131.4, 131.5, 132.2, 133.4 (q, /= 33.2 Hz),
135.2,137.0,139.2, 165.9, 174.6, 179.7.

CF
NC s N CN
/IL H
FoC ;%
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25 Ethyl acetate (300 m) was added to the m xture, which was washed with
brine (3 X 150 m ). The organic |ayer was dried over MgS&™4, and

concent r avedodeni2yiiel d N- et hyl - 2-f | uor o- 4- ni t robenzam dectARa)oc21489 - 72
WD 2006/ 124118 PCT/ US2006/ 011417 g, 14.6 mmol, 91% as a yellow solid. 1H
NVR (Acetone d6, 400 MHz) 6 3.05 (d, J= 4.3 Hz, 3H), 6.31 (dd, J= 13.5,
2.1 Hz, 6.40 (dd, J= 8.5, 2.1 Hz, 1H), 7.64 (dd, J= 8.6, 8.6 Hz, 1H).
[0012&%}{@ m xture of N-met hyl - 2-fl uor o- 4-ni trobenzam de (52a) (2.89 g, 14.6
nmol ) 12260 (5.04 g, 90 mmol) in ethyl acetate (40 m) and acetic acid
(40 M) was refluxed for 1 hour. The solid 5 particles were filtered off.

The fiH NV @€D@ls 20834184 v 4701 V\@gﬁn}ﬁn@h%%%tﬁ? st*l 5%t HVbH?Czeésa%] mhe

organ#lg)rg%za" Wg aIgrl g!gr over concentrate hromat ogr a

(di ch =35 6783(9515§7t}{g, el -8 (dd, J = 33, 19Hz 1H), 7.96 5,72 80Hz

N- et 11y), 9.27 {d, Werio Kz, am), oveze, dg). 2219, /=21 319, 1}%38 g3 ?g‘ﬂ?hg 949 as an

off-white solid. 1H NVR (acet one- de, 00M—|z 3 4.3 Hz, 3H),
H) ,

5. 50 2H) , (de:147Hz J2:21Hzl 6.50 (dd, J= 8.5,
g ké‘bsle) g’églb 7.68 (dd, J= 8.8 8.8 Hz, 1H): 13C NMR (acet one

10 d6, 100 N+z) 6 25.8, 99 6 (d, J= 13.8 Hz), 109.2 (d, J= 12.8 Hz), 110.0

(2 22 éﬁﬁ&gl% Hz) , A132.rhixfuek, J—0f4 8 4- ﬁzmvcym-glfﬁlﬂnom%ﬁyﬂpaerﬁll)tgéxo -6L8Zox8- 5(7d J‘

0dl um cyanl
o bt od stttz aka g (o957 AT 05 r Rl ftion g 6
g, 10distitiell Jiroanis @9%l a:qlnetiuarsemeor()lwéh Igpt ao 2oml ﬂzoznﬁ }&Q{)@ aeelt bﬁp&ﬁh&l 6f2@16 m).
Xtur.e was our xture

The r Lon
was he’%gtﬁ PR TS Wf% a?é’iag%d\/@ WO’@P}‘?WH%??ETPH‘? égo 2%@ 36‘?1@ éfﬂp‘ffhifl?fyer
wa8  dif7édymmektriftagnesthyiphayl)Babe-ahibxe S TaknbinRbBH 6@ 5-yibyRasaic Under;s kacuum

lo rOSL D BRIRBh e aniprt Vot Pl ¥ omia Pl ration

N-rret hyl - 4- (1- cyanocycl obut yl am no) - 2- fl uorobenzam de (52c) (2.19 g, 8.87
mmol, 89% . 1H NWR (CDC 400 MHz) 6 1.87-1.95 (m 1H), 2.16-2.27 (m

1H), N®@5-.2 41 (m 2,76-2.83 (m 2H), 2.97 (d, J = 4.4tz 3H), 4.68
o, ok I s
6. 75 £ =%,

| 4.3, 1.8 Hz, 1H), 6.48 (dd, J= 8.3, 1.8 Hz, 1H)
100M—]% 6 15.Y./26.7, 33.9, 49.4, 1002(d J= 29.5 Hz), 110.6, 111.0 (d,
4;

.90 (dd, J=8.3, 8.3 Hz, 1H); 13C NWR (CDC13,
J =11.8 H)¢ 1831 (d, J= 4.2 Hz), 148.4 (d, J= 12.0 Hz), 162.0 (d, J=
244.1 Hz), 164. d, J= 3.6 Hz). [00123] A mixture of
4-i sot hi ocyanat o- 2 trlfluoronethyl benzonitrile (la) (2.16 g, 9.47 muol)
and Nqrplayy - 4- (1 cyanocycl obut yl ani no) - 2-f | uor obenzani de (52c) (1.303 g,
5.27 mmol ) in DWMF (20 25 nl) was heated under microwave irradiation at 80 C

f0r 1‘@1M@3Ddﬁ394¥)@1\/ﬁ{£5“6x1t63rﬁ70’\6§1 uxedé?é pﬂgﬂp 2489 581 3Af 2390 ANAC

The second m xture was ref ours. “After Being coo "ed to

r 6%m %}bm%? & re4-8ie 3Hb £c32 (bh WDXT-30 @l ViersS- p blar 3D, 7r$ﬂdd(tdl=d8 dat-eHz( 10 nl)
and exbq. @% &, avint et cﬁt@le%b ?\41(12;5%01% )27 é)T@FsOéﬁz?"lHG 3| #Ed 1988 (frted

over I\% concentrat ed and chr omat ogr a
272.7Hz), 127.0 (q, J = 4.7 Hz), 128.7, 130.3, 1321 1333(q,J 33.2 Hz), 135.2, 136.3, 137.0, 137.8,

167.2,174.6, 179.8.

20 Example 52 [RD162]

[00120] Thionyl chloride (2.38 g, 20 mmol) was added slowly to a solution of 2-fluoro-4-
nitrobenzoic acid (2.97 g, 16 mmol) in DMF (50 ml) cooled at -5 °C. The mixture was stirred for an
additional 1 hour at -5 °C. Methylamine (0.62 g, 20 mmol; freshly distilled from its 40% aqueous
solution) was added to the reaction medium. The second mixture was stirred for an additional 1 hour.
25  Ethyl acetate (300 ml) was added to the mixture, which was washed with brine (3 x 150 ml). The organic
layer was dried over MgSO,, and concenirated to yield N-methyl-2-fluoro-4-nitrobenzamide (52a) (2.89
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(di chl or onet hane: acetone, 95:5) to yield

N- et hyl - 4-[7- (4-cyano-3-trifl uoronet hyl phenyl ) -8-0x0-6 30

t hi oxo- 5,wodb@za48pi r o[ 3. 4] oct -5-yl ] -2-fl uorobenzam de @&Zd)s290e0i6G2] (1. 43
g, 3.0 mol, 57%, the structure of which is illustrated in Formula 28, as
a yell ow powder. -73 WD 2006/ 124118 PCT/ US2006/ 011417 F ONC aN S ~ | HF3C

|( N 1@14]60151sz|1 8192 Bas b NWRsd1EEDAL 3IMKE ,chlwﬂz)is&o@l»ﬁ@z 3537@5 ((1”.?] EE)HZE %121)1%3¥ 30
6. 75 (/513 g%zslé& 1@%“%@9&{278(%&21 Hz, 1&‘?7564@ d=+$z6 8m}z 1H).26 (dd, J= 8’ 3,

5 1.9 He, 111) 7.83 (dd, J= 8.2, 2.0 Hz, 1H), 7.95 (d, J= 1.8 Hz, 1H),

7 97 ai21y= 8. 3AHzJ,xmid-|§of Bafhy(-Adluosb-dniloBenzBnide t2a) P9 ¢, 113G % (a@@%ﬁ 100

7. 10,3, 114.8, 1
277 798y 385 m i Godd b zRa e stinduo B vl Yot BTy sy
igg gpartig%'s \Bere Iﬂtﬁre& off. flﬂfg fﬂira(tdjiv;sé Wgsh]:ﬂ’ v@th:;l{&éter Afd0sxradtel wikh -ct}giﬂgcselatéllzﬁl 1he13
"52. cgettic, e, Yot HEL opstlesh. efedinedhind Sropdonroind (fenarePeessnol
(0. 3195:9,to Qlewf?ﬂ-h)ethahﬁ-ﬂudiro?l @ﬁncﬁﬁn@mdb({ﬂ‘ﬁ)‘m ) g) 13.7 by D4%Pﬁtaato‘ﬂf &Hitergbl)id and
acet i 0 rfic
it eragscelehontid, M5RpTp 38 1nckBie T 1ot R Auhly B 56 TTR 281 ny1
acet als 1H)e5W@dal 8.5) 2y He, WHS7.06 (be,le)ygB8 (RAD5O8.8 &@Hfzelmx)rlécm Qacytold- d

S

TR 1YY S50 50Rg Ve R B vt R a5 Tl s,
3H). EIﬂOlﬁﬁ(dSbﬁhlmﬁrmyaﬁlﬁei (62494 Hy), 144.00) V)= 3nbHz)added to a mi xture of
4-am no- 3-fl uorophenol  (0.29 g, 2.28 mmol) and cycl obut anone (0.175 g, 2.5

| 0% Th t t.
o) 0P290% o6y B3, o SBSCR o| KOUIE YOS A S o
wi t h astihgienzeoedalsadb) (1168 gpi Qamiad) dndyegrlomasnode (el g,oﬂbmnwﬁgméﬁ%mmmidaqze

Crar ! P A R AR RL AR of Sl I IRE VAE SR il

yi el uor o- dr ox am no anecar bont
( 05 27extrgoted wih efhyb hcet%%ie argagin lgkef wahitial ool ndgnegibmNvIZate Ca‘@d:]:&;cenﬂtemad tNHz) 6

2. 13- 4
6 a5 Ty iy Shhly B fnPodGuida, fll p 6sdBndug 3e by b dBe o)
(d,J jzn@vmyclot@tamne( dunayddn EHeafad :@ter‘a Tilttetion Nirkfthyl ¥3(C-dyiR ey BDOL3mifi6)e- |sz)
S 15. 3 1
o ygrPpgmalise) B gs's mpdt, Shep) T {purt ka8 piiia’s §57bs dv, 2°
(d, J=16387 gmHE), 2.35-2.41 (m, 2H), 2.76-2.83 (m, 2H), 2.97 (d, J = 4.4 Hz, 3H), 4.68 (bs, 11), 6.29

20 (dd, J=14.3, 1.8 Hz, 1H), 6.48 (dd, J= 8.3, 1.8 Hz, 1H), 6.75 (q, J = 4.4 Hz, 1H), 7.90 (dd, J = 8.3, 8.3

Hz, 1H); >C NMR (CDCl, 100 MHz) § 15.7, 26.7, 33.9, 49.4, 100.2 (d, J = 29.5 Hz), 110.6, 111.0 (d, J

=11.8 Hz), 133.1 (d, /= 4.2 Hz), 148.4 (d, J = 12.0 Hz), 162.0 (d, J = 244.1 Hz), 164.4 (d, J = 3.6 Hz).

[00123] A mixture of 4-isothiocyanato-2-trifluoromethylbenzonitrile (1a) (2.16 g, 9.47 mmol)
and N-methyl-4-(1-cyanocyclobutylamino)-2-fluorobenzamide (52¢) (1.303 g, 5.27 mmol) in DMF (20
25 ml) was heated under microwave irradiation at 80 °C for 16 hours. To this mixture was added methanol
(50 ml) and aq. 2N HCI (20 ml). The second mixture was refluxed for 3 hours. After being cooled to
room temperature, the reaction mixture was poured into cold water (100 ml) and extracted with ethyl
acetate (150 ml). The organic layer was dried over MgSO,, concentrated and chromatographed
(dichloromethane:acetone, 95:5) to yield N-methyl-4-[7-(4-cyano-3-trifluoromethylphenyl)-8-0x0-6-
30 thioxo-5,7-diaza-spiro[3.4]oct-5-yl]-2-fluorobenzamide (52d) [RD162] (1.43 g, 3.0 mmol, 57%), the

structure of which is illustrated in Formula 28, as a yellow powder.
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[00126] A m xture of 4-isothiocyanato-2-trifluoronethyl benzonitrile (la)
(0.228 g, 1.0 mmol) and

1- ( 2- f | uowo-2dedmpairiexyphenyl am no) - cycl obut anecar boni t ri IPeET(B3Wp/0§ 31145 g,
0.7 mmol) indry DMV (2 m) was stirred at roomtenperature for 24 hours.
To this m xture were added nethanol (10 m) and -74 WD 2006/ 124118

PCT/ US2006/ 011417 ag. 2M HO (2 m ). The second m xture was refluxed for 1
hour. After being co@ edyto roomtenperature, the reaction mxture was
pour edyéntg cold watdr (JLO m) and extracted with ethyl acetate (50 nl).

The org Iﬁjfr riNed over MgSO4, concentrated and chromat ogr aphed
(di chl LOREENE ﬁ nd Hhen dichl oromet hane: acet one, 90:10) to yield
4-[5-{§-fluoro 4-fydroxyphenyl ) - 8- oxo- 6-t hi oxo-5,7 5
diazaspiro[3.é%6é§77-yl]-2-trifluoronethylbenzonitriIe (53c) [RD163] (0.17
g, 0.39 mml, “56%~ the structure of which is illustrated in Formula 29,

as a off-white powder. NC OH F3C )aN N F Fornmula 29 1H NWR (CDC13, 400

MHz) Soufbegl. 75 (m 1H), 2.18-2.28 (m 1H), 2.42-2.50 (m 1H), 2.54-2.67

(n1 10 3H), 6.76 (d, J= 2.2 Hz, 2H), 7.15 (t, J= 2.1 Hz, 1FD 7.35 (bs,
J2 = 2 Hz

7 98 (%M?ﬁbgﬂ,,@o 1\%16?) o LETI N %@c&és%égbmmlﬁ) 2§9§L23578(m 2.0 676?7£(|;|)n

104. 82Ky 3.00 (& J224.3 Bz )H), 898 @ -Ueus, 11—1%‘21;4174((1& dr= 01]1 z ?};931{2 111%)7, 26\ Jg—-:]8 35

e J 3,27
(q5 1@&3%&&%%“ }59‘3% éogﬁ z JH), 17f5édk(z=)}3i§911® 187 (3= 823152,71H)raz3)0 (dd.75. 2,
180 5 mlﬁmmﬁmmmﬂmjnoﬁmﬁﬁ 13.6, 288, #1%, 6315 ﬁﬁfﬁh@s%s[ 8]
[0012%l nlxt 91ﬁ$ %6%1i% é‘fluorobenzonltrlle dﬁg and iron
(1.68 d T @ b 48084 1924133 g/ i3 2 léﬁﬁyIBSa?cé%%e (40
m ) Waso. ef Uu?(ﬁx:b Hey, 180. :hgur/s:t z4§h?{zgowz?hoﬂ/aﬁf3:d ey g;ﬁht 3 qf7§r ﬁa’ﬁﬂm\/ﬁ@ éﬂ>¢1t rate
nd extracted wi e acetate e organic Iayer

Yﬁ@%ﬁg (}\%\rfl?rr&g?ﬁgm um sul f at e, concent)r/at ed and chr omat ographed g

(dlchloronethane acetone, 95:5) to yield 4- am no-2-fluorobenzonitrile

(94a) E¢an@b 33 (RD163 nmol , 96% . [00128] Sodi um cyanide (0.74 g, 15 mmol)
was added to a m xture of 4-am no-2- fluorobenzonitrile (1.36 g, 10 mmol)

0
Feact Ot ur 8 Fabe BF 4 Purg 20 TRk Gl bt oD e ondlne Bamemlim ne
medi upthylesecthie &4 hﬁ)dmﬂcaceﬂia a2i (I?Znﬂ)’ldas&bﬂlbd‘e& ﬁ)rf301{ouﬁ IThadélid paoiads verd &l off he
medi u%é"'ﬁﬁra%vg asﬁ\édt vrvllt}\ll\@‘v%t%rr an%negtrgc édr %1 gtﬂylvgctetgte?’tfﬂy (l)rganic layer was dried over
MgSO,, concentrated to yield 4-amino-3-fluorophenol (532) (0.25 g, 19.6 mmol, 98%) as a brown solid.
15  'HNMR (CDCL, 400 MHz) 6 6.48-6.58 (m, 2H), 6.61-6.70 (m, 1H), 7.87 (bs, 3H).

[00125] Sodium cyanide (0.194 g, 4 mmol) was added to a mixture of 4-amino-3-fluorophenol
(0.29 g, 2.28 mmol) and cyclobutanone (0.175 g, 2.5 mmol) in 90% acetic acid (3 ml). The reaction
mixture was stirred at room temperature for 15 hours. The medium was washed with water and extracted
with ethyl acetate. The organic layer was dried over magnesium sulfate, concentrated and
20  chromatographed (dichloromethane:acetone, 90:10) to yield 1-(2-fluoro-4-hydroxyphenylamino)-
cyclobutanecarbonitrile (53b) (0.271 g, 1.31 mmol, 58%) as an off-white solid. "H NMR (CDCls, 400
MHz) 6 2.13-2.20 (m, 2H), 2.36-2.41 (m, 2H), 2.70.2.75 (m, 2H), 4.00 (bs, 1H), 6.46 (bs, 1H), 6.52 (ddd,
J1 =22 Hz, J; = 0.65 Hz, J; = 0.22 Hz, 1H), 6.57 (d, J = 2.3 Hz), 6.62 (dd, J, = 3.0 Hz, J, = 0.67 Hz,
1H); C NMR (CDCls, 100 MHz) 6 15.7, 34.1, 50.9, 104.0 (d, /=219Hz),111.0 (d,/=3.4 Hz), 115.8
25 (d,/=3.7Hz), 121.8,125.3 (d, J=12.3 Hz), 150.1 (d, J = 10.4 Hz), 152.8 (d, J=239.3 Hz).

[00126] A mixture of 4-isothiocyanato-2-trifluoromethylbenzonitrile (1a) (0.228 g, 1.0 mmol)
and 1-(2-fluoro-4-hydroxyphenylamino)-cyclobutanecarbonitrile (53b) (0.145 g, 0.7 mmol) in dry DMF
(2 ml) was stirred at room temperature for 24 hours. To this mixture were added methanol (10 ml) and
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acetate. The organic | ayer was dried over magnesi um sul fate, concentrated
and chromat ographed (di chl oronet hane: acetone, 97:3) to yield

4- ( 1- cyarnwoyoeécopensyl am no) - 2- f | uor obenzonitril e (54b) e2TAR2009/012103 Mol ,
90% as a yellow solid. 1H NVR (CDC13i 400 MHz) S 1.69-1.91 (m 4H),
2.13-2.18 (m -75 WD 2006/ 124118 PCT/ US2006/ 011417 211), 2.37-2.42 (m
211), 5.08 (bs 1H) 6 54 6.62 (m 211) 7 39 (t J- 7.3 Hz, 114); 13C NWR
(CDCL3, 131(%?1 39.8, 56, 8, 6 (d = 15.8 Hz), 101.2 (d, J =
23. 8 1M H{ 8 I&"sse%ondf%t%e wapgofluged %Pr 1 hous. Aﬁerzbemz)coolq_csto r@ont tbmpgratute] . 2

Hz) tmﬁﬂaaa]o@dmxﬂm &554poluddzl}1to doROFA (16\nt1) aﬁdt@x%‘ra&éd Wlth ethyl acetate goo %) The
othloc%gnato trlflug onet hyl benzonitrile X I) 5

and A5G eﬁ&“&%xél?e&ﬁ’é(?ﬁl‘{iﬁ frepeated gt SEEr omR 11(6@ qsqmqthf(n@ pupBngthen. 5

nmrol )dightoromythbfacdidnerl oMBE theaiad uBan-fii Sxybhdrdl] C for
48 hod"azas O%th? ﬂé&%‘e wer e gélded rrgte%ano %W )Yb r@ﬂ Saé}éomh%%?iz

The sSecont G & i rgemgihalrenaspitile 33e) [RRfl Hr Ogidi &gO- é%é’l’fé‘d 66}

t enpetrattucef whick isribaabie® h Forhld 28, M8 SfRMHHe@Ewhdkt 0 cold water (10 nl) and
extracted with ethyl acetate (15 nl). The organi c | ayer was dried over
MySO4ycconcentrated and romat ogr aphed 10 (di chl or omet hane: acet one, 98: 2)
to vyi eI 0 1-(8-c¢ -T1 uorophenyl) - 4- oxo- 2-t hi oxo- 1, 3-

di aze}_s ’A\fl])ﬁo vl ]-2-trifluoronethyl benzonitrile (54c) [RD168] (0.017
g, 0.'G37 nino 9 ,]of which the structure is illustrated in Formula 30,
as an of f- mhlt//\g‘éwdér. F NCS/ CN FBCNAN-~ O Fornula 30 15 111 NWR
(CDC13, 400 |9—|z) 1.53-1.63 (m 2H), 1.89-2.00 (m 2H), 2.09-2.16 (m 2H),
2.35-2.42 (m 2H), 7.27-7.37 (m 2H), 7.78-7.90 (m 3H), 7.95 (d, J= 1.8
Hz, ¥bdhulaZo 97 (d, J= 8.3 Hz, 1H); 13C NMR (CDC13, 100 MHz) 6 25.2, 36.5,
75.3, 103.2 (d, J—153Hz) 1104 112.8, 114.7, 119.2 (d, J= 20.7 Hz),
12191@@% 272. 8 0 (g, J= 4.8 Hz 1321 133.7 (q, J= 33.2 Hz),
134. 61 (§DChgd0 13%186 17§4&1, gHY, @,18928 n51H1)24211330 ('), 2.54-261 (5, Hz) ,

di e 3H’m@ofﬁaé?@%ﬁ?,?ﬁ?gkmﬁz%?%] R A A

corrpﬁbg’cydj éda ﬁs@ﬁé%nzgaHP - 984T 48 His 1) §'CISMR. (FHCLs, 100 MHz) 6 13.8, 31.0, 67. 6
104.8 (d, /=22.3 Hz), 109.8, 112.6, 114.4 (d, /= 13.1 Hz), 114.9, 121.9 (q, /= 272.8 Hz), 127.1 (q, J =
4.8 Hz), 132.0, 132.3, 133.5 (q, J = 33.3 Hz), 135.3, 137.2, 159.3 (d, J = 11.2 Hz), 159.6 (d, J = 249.7
Hz), 175.2, 180.5; F NMR (CDCl,, 100 MHz) 6 -117.5, -62.49.

15
Example 54 [RD168]

[00127] A mixture of 4-nitro-2-fluorobenzonitrile (1.83 g, 5 mmol) and iron (1.68 g, 6 mmol) in a
mixture of acetic acid (40 ml) and ethyl acetate (40 ml) was refluxed for 2 hours. The solid was filtered
off and the filtrate was washed with water and extracted with ethyl acetate. The organic layer was dried
20  over magnesium sulfate, concentrated and chromatographed (dichloromethane:acetone, 95:5) to yield 4-

amino-2-fluorobenzonitrile (54a) (0.653 g, 4.8 mmol, 96%).

[00128] Sodium cyanide (0.74 g, 15 mmol) was added to a mixture of 4-amino-2-
fluorobenzonitrile (1.36 g, 10 mmol) and cyclopentanone (1.26 g, 15 mmol) in 90% acetic acid (10 ml).
The reaction mixture was stirred at room temperature for 3 hours and then the medium was hearted to 80
25  °C and stirred for an additional 5 hours. The medium was washed with water and extracted with ethyl
acetate. The organic layer was dried over magnesium sulfate, concentrated and chromatographed
(dichloromethane:acetone, 97:3) to yield 4-(1-cyanocyclopentylamino)-2-fluorobenzonitrile (54b) (2.07
g, 9.03 mmol, 90%) as a yellow solid. 'H NMR (CDCls, 400 MHzZ) 6 1.69-1.91 (m, 4H), 2.13-2.18 (m,
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2006/ 124118 PCT/ US2006/ 011417 O NC S F3C NN O OH Fornula 35 [ RD136]
\Kl\g FBC NN ONCCF3 5 Fornmula 36 [RD142] Exanple 56 [RD162'] [00131] In
the fol | omorgee/@irIsor noi sture sensitive reactions wer epPconSa@sediuNder
argon atnosphere using oven-dried glassware and standard syringe/septa
techni ques. The reactions were 10 monitored with a Si02 TLC plate under W
light (254 nn) followed by visualization wwth a p ani sal dehyde or ninhydrin

i ni i I t h s perforned on, silica gel 60. 1H
\R opanery i G reb STl B G0 SR RS 6 i 84T Skt RGPS tand
dat a WEiz 6128(J089.8056e8589.6 ¢, revis.si my) pam2(@) s £ bORMNEHE 156t ﬁlg!}?l%%’?‘é gggﬂqu{gTMS
0.0 p T~ i.cal_ shjft i pl ty, Integration, -7/ 2 118
M @%’F)i ﬁﬁg”éc@n&%%lﬁ@ Hz.). 0 (oH Q2N F Fornula 37
[00132] Periodic acid (1.69 g, 7.41 mmol) was dissolved in acetonitrile (25
m) biPN2Yor ous A Hixsire bf HiigthicpshatobEB i fubloa iy Behdoh @K ¢£) ((9.-(1%16%30.751“1@1%??@)

wasg di ) MY, I sol\ution. 2-Fluoro-4- nitrotol uene ;

e A R A N O A

f or mebeafodrimdératietoyvavd iradietient den T Corr BABLEOTo A ﬁlg&uré vx{éregefdtd@& hlét]@l%%bg € }ngﬁ q

super pat el i/ he reaction mxture s decanted to a ,

t he s%lﬁvgcﬂth/ﬂwgg ' r(%rrng 'elt ebsgcog\%%%c[ PEhICIPRE) 195 Belie Abter being cooled to room
temperature, the reaction mixture was poured into cold water (10 ml) and extracted with ethyl acetate (15
ml). The organic layer was dried over MgSO,4, concentrated and chromatographed

10  (dichloromethane:acetone,  98:2) to yield  4-[1-(4-cyano-3-fluorophenyl)-4-oxo-2-thioxo-1,3-

diazaspiro[4.4]non-3-yl]-2-trifluoromethylbenzonitrile (54c) [RD168] (0.017 g, 0.037 mmol, 7%), of
which the structure is illustrated in Formula 30, as an off-white powder.

F
FsC N)LN
I

15 'H NMR (CDCl;, 400 MHz) & 1.53-1.63 (m, 2H), 1.89-2.00 (m, 2H), 2.09-2.16 (m, 2H), 2.35-2.42 (m,
2H), 7.27-7.37 (m, 2H), 7.78-7.90 (m, 3H), 7.95 (d, J = 1.8 Hz, 1H), 7.97 (d, J = 8.3 Hz, 1H); *C NMR
(CDCL, 100 MHz) 6 25.2, 36.5, 75.3, 103.2 (d, /= 15.3 Hz), 1104, 112.8, 114.7, 119.2 (d, J = 20.7 Hz),
121.9 (q, /= 272.8 Hz), 127.0 (q, J = 4.8 Hz), 132.1, 133.7 (q, J = 33.2 Hz), 134.6, 135.3, 135.8, 136.8,
141.8 (d,J=9.5 Hz), 163.4 (d, J=261.5 Hz), 175.3, 180.1.

Formula 30

20
Example 55 [RD136 and RD142]

[00130] Additional diarylhydantoin compounds can be synthesized, including the following

compounds illustrated in Formulas 35 and 36.
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extracted with nethyl ene chloride (2x30 nL) and water (2x30 nL). The
organic | ayer was dried over 10 MgSO4i and concentrated to give

2- Fl uor o-weonneabaszoi ¢ acid (Formula 37) (0.32 ng, 8l%pcaasSaoosiitse7 sol id.
IHNWR S 8.06 (ddd, 1 H, J=9.9, 2.2 and 0.3), 8.13 (ddd, 1 H J=8.6, 2.2
and 0.9), 8.25 (ddd, 1 H J=8.6, 7.0 and 0.3). O H 2N ,F Fornula 38 15

[ 00133] Thionyl chloride (0.15 g, 1.30 nmol) was added slowy to a sol ution
of 2-fluoro-4- nitrobenzoic acid (Formula 37) (? 20 g, 1.10 mmol) in I M (5
m.) coqh@d at -5 C. The mixture was stirred fo an additional 1 hour at -5
C. ExcessS™\ X4 3 40% aqueous sol ution)
was added t was stirred for an
additional m.) was added|to the m xture, which
was wa ) fe¢ organic 20 | ayer was dried over
MySO4, a d concentrat@ to ﬂNeId N-Met hyl - 2-f 1 uor i i

3.05 (d, 3 H, =4. 3), ' =13. : : : ,
and 2.1), 7. 64 (dd, 1M/ J= § and 8.6). 0 H H2OHF Forrmula 39 -78 WD

2006/ 124118 PCT/ US200%8/ 0114 [00134] A mi xture of

N- Met hyl - 2- quoro 4-nitrobenzam de (Formula 38) (0.18 g, 0.91 nmol) and
iron %0 31 g, 5.60 mol) in ethyl acetate (5 nL) and acetic acid (5 nL) was
reflu @EmhéﬁlkDﬂ&ﬂThe solid particles were filtered off. The filtrate was
washed with water and extracted with ethyl acetate. The organic |ayer was
dried over MgSM4, concentrated and the residue was purified with Si02
colum 5 chromat ography (dichl oromet hane: acetone, 95:5) to give

N- Met hyl - 2-f | uor o- 4- am nobenzam de (Fornula 39) (0.14 g, 929 as an

of f - whin 1H NMR (acetone-df) 6 2 86 (d, 3 H J=4.3), 5.50 (br s, 2
H), 6.37 J=14. K and 2 ' d, 1H, J=8.6 and 2. 1), 7.06 (br
s, 1H), J=8{8 ang |l H NF
O
F3C N N

CF3
5 Formula 36 [RD142]
Example 56 [RD162']
[00131] In the following, air or moisture sensitive reactions were conducted under argon

atmosphere using oven-dried glassware and standard syringe/septa techniques. The reactions were
10 monitored with a SiO, TLC plate under UV light (254 nm) followed by visualization with a p-
anisaldehyde or ninhydrin staining solution. Column chromatography was performed on silica gel 60. 'H

NMR spectra were measured at 400 MHz in CDCl; unless stated otherwise and data were reported as
follows in ppm (8) from the internal standard (TMS, 0.0 ppm): chemical shift (multiplicity, integration,
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H 10 Formula 40 [00135] A m xture of N Methyl-2-fluoro-4-am nobenzam de
(Formula 39) (96 ng, 0.57 mmol), acetone cyanohydrin (0.3 nm., 3.14 mol)
and magnespuemdankfiate (50 ng) was heated to 80 C and stPrmrsdooboni4l2 h. To
t he nedi um was added ethyl acetate (25 nlL) and then washed with water (2 X
25 nlL). The organic layer was dried over MgSO4 and concentrated and the
residue was purified with Si02 15 col um chronmat ogr aphy

(di chl - one, 95:5) to give N-Methyl-2-fluoro-4-(I, 1-dinmethyl -
cyanoﬁgl%pﬁgg)g@ge%ﬁtn%gghzam de (Formula 40) (101 ny, 75% as a white solid. "H
NVR6 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), 6.639(dd, 1 H J=8.7 and 2.3), 6.66 (br s, 1 H), 7.94 (dd, 1 H,
J=8.7 an(l)\llg: .S F3C N, C 20 Formul a 41 [00136]

4- Am no- 2 fl uor onet hyl benzonitrile (2.23 g, 12 mml) was added

porti @aMi se”over 15 min into a well-stirred heterogeneous m xture of

t hi ophosgene (1 nmL, 13 nmol) in water (22 nlL) at roomtenperature.
Stirrig yas, continued for an additional 1 h. The reaction medi um was
extracted with chloroform (3 x 15 m ). The conbi ned organi c phase was
dried over MJSO4 and evaporated to dryness 25 under reduced pressure to
yi el d[Mé83Ir ed pPeotndit ackd (Is& fi DEY aMBE)OWR- dissofvbdiat arBRInRMlen@H ZAT)i By ¥ibGous

Far | Sb | id .an S ed as such for the next ste
(2o ing, S, i iR, ot il 5 T p035mol] s By Jusg e selepiop: Aoombio (o,
1 H, Oiptoluene 10.3%g( 13 uk]) JaBadiked to IR MOV OAlfch2wtd StiR6T/ Msaﬁﬁgfr @it/ NC
SF - 3 . RD162' 0 .42 56-1) RD162' 0137] A
i xt o et PR s Shqehis Tt o LB G eowetiyny Dand aobersdiwde 5
El F?r g Oyas(Boantyy, to0a T3skymand )tl;leafﬂgvent was removed (bg evapciratiolllli)l"he(: é%sidues welg 26
-1so - - ri [ enzonitlile mul a . nmgy, O.
oty 1 R g ol TR0 T 358 RRE by Fhiatio hvsveoeRorsy 11
hd0Qr sMg$04 tahil soncentrated to give 2-Fluoro-4-nitrobenzoic acid (Formula 37) (0.32 mg, 81%) as a white

solid. "H NMR & 8.06 (ddd, 1 H, /=9.9, 2.2 and 0.3), 8.13 (ddd, 1 H, J=8.6, 2.2 and 0.9), 8.25 (ddd, 1 H,
J=8.6, 7.0 and 0.3).

O

dN/
H
O,N F

Formula 38

15 [00133] Thiony! 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 at -5 °C. ;l‘he mixture was
stitred 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 mL) was added to the mixture, which was washed with brine (2 x 50 ml). The organic

20  layer was dried over MgSOQ,, and concentrated to yield N-Methyl-2-fluoro-4-nitrobenzamide (Formula
38) (0.18 g, 85%) as a yellowish solid. '"H NMR (acetone-ds) 6 3.05 (d, 3 H, /=4.3), 6.31 (dd, 1 H, /=13.5
and 2.1), 6.40 (dd, 1H, J=8.6 and 2.1), 7.64 (dd, 1H, J = 8.6 and 8.6).

0

joal
H
HoN F

Formula 39
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m xture was added nethanol (20 nL) and ag. 1 NHCO (5 nL). The second

m xture was refluxed for 1.5 h. After being cooled to roomtenperature,

t he reactwonrroewéuBe was poured into cold water (50 ni) pamaS2éstoiraet ed with
ethyl acetate (50 nL). The organic |ayer was dried over MgSO4, concentrated
and the 10 residue was purified with Si 02 col um chronatography

(dic 'ﬂdo‘? f’ﬁ met hane, ARt ?ﬂ@ Me%ﬁl’\gjﬂu&g 4%1% Aé&(FOI(HEL{'?&{ é@l é@ . 9(1 HgandZS%

as a colorless crysta S1 61 6.71
(m iron (31 g 5169 roupdl) inl ethyl pectate (5 mhhargl a@ytw apldz aSIPﬂUX§é§OT41 larTée 20

7.83 %rﬂ%es %%f f'illgegedzoi‘ifl ezﬁlg{%te woas %%xl(eq » witht '\?}atetj agd &tractzd %%th( Qlallzyl Lbtatd. “ﬁiez)

8. 28 4 an For nmul a
[ 001 @enin lepiex twes edrigdh okEMER{), -cgnqen%¢ ami ﬁﬁlfﬁ%@@n‘fmlﬂéieé ST cybl)mn( 62

0. 74Qh1%‘z‘f%ﬁ %&%%QR%BQ Q&'ﬂﬁe( GBsS) mt- nge7‘N ?—2-@1{1&0]&%&92%11&@—

to 80 C and stirred” 20 f To the nmedi um was
adde dFamhlp|39n@eldz, 82%0pasn pE-while selifd H NMR (ﬁé@tﬁ@ddzf)/\ﬁ ¥ﬁ6 Wa@éi JeB3ISPHMEE) . The
orga n r ngqt 8(g§ng¢3was
B L L e
95 SPHQ&Sblve N- Met hyl 2-fl uoro-4-(1- cyanocyclopentyl)anlnobenzanlde
(Formula 43) (61 ng, 63% as a white solid. "HNWMR 5 7.95 (dd, 1H, J= 8.8,
8.8 Hz), 6.65 (@r s, 1H), 6.59 (dd, 1H J= 8.8, 2.3 Hz), 6.50 (dd, 1H, J=
14. 6, 4.60 25 (br s, 1H), 2.99 (dd, 3H, J= 4.8, 1.1 Hz),
: . 2.10-2.18 (m 2H), 1.82-1.95 (m 4H). -80 WO 2006/ 124118
PCT/ Us2Q06 NCFpS F3C141 NN-CH O RD162" (Fornula 44) 57-1)
RD162" [10139] A m xture of N Mt hyl
2- fluoro 4- (1- cyanocycl opentyl )am nobenzam de (Fornula 43) 5 (57 ng,"' 0.22
hbﬁﬁﬂ 4q1 sot hi ocyanato-2-trifluoronmethyl benzonitrile (0.15 g, 0.65
nnDI) fm% (3 nlL) was heated under mcrowave irradiati on (open vessel)
at 130 C for 12 hours. To this mxture was added nethanol ééo ?} d aq.
1 N HO36E i) .A mhieueeef dhtfethykd-fireodaainebensgpsls Fopmula £)1496 mey @p7 5

((:ggl egstg é&g(gqy&hglge@ﬁ %Lu 84 1&11'3@1) aﬁ@%@ﬁé@mﬁa éiﬁfd{ee(SU‘@"ﬁg)Wérlﬁﬁed & 20 eolagd Wat er

stirred for 12 h. To the medium was added ethyl acetate (25 mL) and then washed with water (2 x 25

mL). The organic layer was dried over MgSO,4 and concentrated and the residue was purified with SiO,

15 column chromatography (dichloromethane:acetone, 95:5) to give N-Methyl-2-fluoro-4-(1,1-dimethyl-
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, 1 H, J=8.7 and 2.3),6.66 (brs, 1
H), 7.94 (dd, 1 H, J=8.7 and 8.7).

20 Formula 41

[00136] 4-Amino-2-trifluoromethylbenzonitrile (2.23 g, 12 mmol) was added portionwise over
15 min into a well-stirred heterogeneous mixture of thiophosgene (1 mL, 13 mmol) in water (22 mL) at
room temperature. Stirring was continued for an additional 1 h. The reaction medium was extracted with
chloroform (3 x 15 ml). The combined organic phase was dried over MgSO, and evaporated to dryness

25  under reduced pressure to yield desired product A-Isothjocyanato-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, 1 H, /=8.3 and 2.1), 7.59 (d, 1 H, /=2.1), 7.84 (d, 1 H, /=8.3).
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with ethyl acetate (50 nL). The organic |ayer was dried over MgSHA,
concentrated and the residue was 10 purified with silica gel colum

chr omat ogwephge/12d¢i1i8hl or omet hane: acet one, 95:5) to give 2CTareeesQyanD- 3
-(trifluoronethyl)phenyl)-4-oxo-2-thioxo-1, 3 -diazaspiro

[4.4] nonan-1-yl)-2 -fluoro-N-nethylb enzam de, RD162" (Formula 44) (8 ng,
7% as a pale yellowish solid. 1HNWR S 8.28 (dd, 1H, J= 8.4, 8.4 Hz),

7.98 , 1H, J— 8 3 Hz) 7. 96 (d 1H, J= 1.8 Hz), 7.84 (dd, 1H, J= 8.3, 1.8
Hz) , .8 Hz), 7.17 (dd, 1H, J= 11.7, 1.8 Hz),
6676 ,/3H J= 4.3 Hz), 2.32-2.41 (m 2H), 15
213F2C21(mN2 ) 51H96(m 2H), 1.49-1.59 (m 2H). Exanple 58 O
F3C--~J H\ Formul a 45 20 [00140] Trifluoroacetic anhydride (0.85

m., 6.14 nndP s added to a solution of 4-(4- am nophenyl)butyric acid

(0.5 g, 2.79 nnDI) in chloroform (10 nL) at O T. The m xture was warned to

r oomRDA6peFatmiaat2and stirred for 3 hours. The m xture was partitioned with

chloroforn1(20 m.) and water (20 nmL). The organic |ayer was dried over
g zxrated and the residue was purified with silica gel col um

chronat graphy (dichl oronet hane: acetone, 9:1) to give 4-[4-(2,2,2 25

Trifl uoroacetyl am no) phenyl ] butanoic acid (Formula 45) (0.53 g, 69%.

NI\/R 01381 (br As, nikpre 7 048 N-MpthylWbilRooel- @%@mthpbvﬁwﬂh»é}wm@fvzanmf 2H

1 a t
2; ?F cﬁm‘%ﬁt)%?_‘g Ozrgfi ((gtg x%slﬁol) Jnf 4&50%11%)?%022 ﬁﬁlu(ﬁome@lﬂibeﬂzo‘éourzlrp}gfgﬂﬂié 5 0881211]
Thi omd, 086 lrrnsmql)dne ¥V ( ) @yasahﬁamﬁm}er mm&ﬁf@eﬂaadsqt@waquod’caforsw hoprsoho

4 [ 4- r@gm% mTvés aI&édfngahg@&l?xa&@h%ﬂ) 3 Bp) RIAEY( dﬂgt @H&ée@oxﬁﬁh&nﬁgﬁﬁmh&eé@r 1(0. 15

cooled at - he m xture was stirred for an
addl th. Afterl beingtvooled tatroors teDpetE e ke 1gadHan ﬁw\erm“ﬁé peyredit §pldvales 69 &) and om

Its %Qt(gc%ggﬁigyét?ﬁe g 'Jec@@ n%ST}%dﬂszﬁlué ﬁyérh@as r £R8 ovQ@MEBO], YR cediiaspaans

m xt ure ti i tronal hour. Ethyl "acetate (50 mi) was
abltle dedidye tae purified il Sl%«rqitnnrv\ﬁgorm%wy &ﬁlflﬂoremﬁh@le(azetwas g5:5) to give RD162

(Formula 42) (15 mg, 25%) as a colorless crystal. "H NMR § 1.61 (s, 6 H), 3.07 (4, 3 H, J=4.1), 6.71 (m,
1 H), 7.15 (dd, 1H, J=11.7 and 2.0), 7.24 (d4, 1H, J=8.4 and 2.0), 7.83 (dd, 1H, J=8.2 and 2.1), 7.95 (4,
1H, /=2.1), 7.99 (d, 1H, J=8.2), 8.28 (dd, 1H, J=8.4 and 8.4).

15 Example 57

O
-
N
N F
H
Formula 43

[00138] A mixture of N-Methyl-2-fluoro-4-aminobenzamide (Formula 39) (62 mg, 0.37 mmol),

cyclopentanone (0.07 mL, 0.74 mmol) and TMSCN (0.1 mL, 0.74 mmol) was heated to 80 °C and stirred
20 for 13 h. To the medium was added ethyl acetate (2 * 20 mL) and then washed with water (2 x 20 mL).

The organic layer was dried over MgSO, and concentrated and the residue was purified with silica gel

column chromatography (dichloromethane:acetone, 95:5) +to give N-Methyl 2-fluoro-4-(1-

cyanocyclopentyl)aminobenzamide (Formula 43) (61 mg, 63%) as a white solid. 'H NMR & 7.95 (dd,

1H, J = 8.8, 8.8 Hz), 6.65 (br s, 1H), 6.59 (dd, 1H, J=8.8, 2.3 Hz), 6.50 (dd, 1H, J=14.6, 2.3 Hz), 4.60
25 (brs, 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).
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10 mM). The organic |layer was dried over MgSO4, and concentrated to yield
N, N-Di nethyl 4-[4-(2,2,2- Trifluoroacetyl am no)phenyl ] butanam de (Fornul a
46) (0. 1wQ,2oquiamt1i8) as a yell owi sh solid. 1H NVR 6 9. POT(USeoos/jo1it), 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 (t, 2H, J =7.7 Hz), 2.27 (t, 2H, J =7.7 Hz), 1.89 (p, 2H J =7.7
Hz). HZN NN O 15 Fornmula 47 [00142] 1 N NaCH solution (3 nL) was added to
a solution of N,NDinethyl 4-[14-(2,2,2-

TriflJYr yl &ni no) ghen@l ] but anani de (Fornula 46) (0.17 g, 0.55 mmol) in
met hanol ) Jlat 1 oK enperature. The mixture was stirred for 14 hour.

The nmF@ureg was pe oney with chloroform (25 nL) and water (25 nL). The
organi c | ayer wasg—dried over MgSO4, and concentrated and the resi due was 20
i fi i a gel colum chromat ography (dichl oronet hane: acet one,
9:1) to give N,NBX nethyl 4- (4-am nophenyl)butanam de (Formula 47) (74 ng,
66% as a white solid. "HNWR 8 6.97 (d, 2H, J =8.3 Hz), 6.61 (d, 2H, J=
FRDlGB'(B&n(uﬂH44$, 2H), 2.92 (s, 6 H, 2.56 (t, 2H, J=7.7 Hz), 2.28 (t,

2H J=7.7 1.91 (p, 2H, J=7.7 Hz). HN\ M NCtl O 25 Fornula 48
-82 V@ qg§4]:k24118 PCT/ US2006/ 011417 [00143] A m xture of N, N-Di net hyl
4- (4-am’nophényl ) but ananmi de (Fornula 47) (74 ng, 0.36 nmmol), cycl obutanone

(54 mg, 0.78 mmol ) and TMSCN (77 nmg, 0.78 mmmol) was heated to 80 C and
stir r[@@ll3r9ibr 15 h.miwre bieN-dbdhyl 2-frpso-addednaiytiypent RindoBerzdmitle 2Porula A5d

then wa r nic layer was dried over MySO4
-and conc ht 7ArEyy) g% lﬁ%%ngFag%«%%‘?“ﬂng?ﬁg’%ﬁ l‘ﬁ(% 131 8 Opogngel) indOME eh
chr ormallogesdshted @nldec hhnommtmaadmioac(qieﬁ vesselP at1])30t°g i3 llﬁhd}slrd\ﬁ@itﬁf@hﬁb&ﬁr 47ak 4- (1-
cyanagygd nyl.] For mul a. 48) 57% as a white
ool ke ) e LS .0 LR W e
(br peingidpoledtogdont tempBidure, TheGhclian mkire WRS r%‘ﬁrea e c&lﬂ’lwate?—?b mI% a8@clttactedH  J=
7.6 0 2
. 93'?!?1}}1 eﬂ%rl %get% ﬁ.‘%ﬂ‘g@ Tl?l%_%fgﬁ&c %yﬁrg\&ésléﬁ} Rye ré/IgSO4, concentrated and the resgdue Waé_i)

10 pur1ﬁed with silica gel column chromatography (dichloromethane:acetone, 95: 5) to give 4-(3~(4-Cyano-
3-(trifluoromethyl)phenyl)-4-oxo-2-thioxo- 1,3-d1azasp1ro[4.4]nonan- -yl)-2-fluoro-N-methylbenzamide,
RD162" (Formula 44) (8 mg, 7%) as a pale yellowish solid. "l NMR & 8.28 (dd, 1H, J = 8.4, 8.4 Hz),

7.98 (d, 1H, J = 8.3 Hz), 7.96 (4, 1H, J = 1.8 Hz), 7.84 (dd, 1H, J = 8.3, 1.8 Hz), 7.27 (dd4, 1H, J = 8 4,
1.8 Hz), 7.17 (dd, 1H, J = 11.7, 1.8 Hz), 6.67-6.77 (m, 1H), 3.07 (d, 3H, J = 4.3 Hz), 2.32-2.41 (m, 2H),
15 2.13-2.21 (m, 2H), 1.85-1.96 (1, 2H), 1.49-1.59 (m, 2H).

Example 58
0O
N CO,H
Formula 45
20 [00140] Trifluoroacetic anhydride (0.85 mL, 6.14 mmol) was added to a solution of 4-(4-

aminophenyl)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,, concentrated and the residue was purified with
silica gel column chromatography (dichloromethane:acetone, 9:1) to give 4-[4-(2,2,2-
25  Trifluoroacetylamino)phenyl]butanoic acid (Formula 45) (0.53 g, 69%): 'HNMR § 7.81 (br s, 1H), 7.48
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10 O RD169 Forrnula 49 [00144] A m xture of N, N-Di net hyl

4-[ 4- (1-cyanocycl obut yl am no) phenyl ] but anam de (Formula 48) (58 ng, 0.20

mrol ) andw@-20&oi2lilecyanat o- 2-tri fl uor onet hyl benzoni tri lPeT(U840061911407 32

mml) in DM (3 nmL) was heated under reflux for 2 hours. To this m xture

was added methanol (20 nL) and ag. 1 N 15 HCO (5 nL). The second m xture

was refluxed for 1.5 h. After being cooled to roomtenperature, the

react X t er Ngkyext h

S e S et S R e S R B v

concéht /at/édland the residue was purified with silica gel colum

chromat ogr aphy (di chl oronet hane: acetone, 95:5) to give

4-(4-(7- (- Cyago-3-(trifluoronethyl)phenyl)-8-

0XO0- g: 0X0y ¥ azaspi/r o[ 3. 4] oct an-5-yl ) phenyl ) - N, N- di net hyl but anam de,

RD16 %Fo Na_49) (44 N\ng, 42% as a pale yellowi sh solid. 1H NVR b 7.98

(s, 1H, J}’*97(d 1H, @)= 8.2 Hz), 7.86 (d, 1H, J= 8.2 Hz), 7.42 (d, 2H, J=

8.3 Hz), 7.22 (d, 2H, J= 8.3 Hz), 2.99 (s, 3H), 2.96 (s, 3H), 2.78 (t, 2H,

J— 7I5 ﬁég ¢ 2-62-2.70 (m 2H), 2.52-2.63 (m 2H), 2.40 (t, 2H, J = 7.5
PR30 (m 1H), 2.04 (p, 2H J = 7.5 Hz), 1.62-1.73 (m 1H).

Exarrpl e 59 HN\ CO2H 25 NC~ Formula 50 -83 WD 2006/ 124118

PCY/ U830/ 01 141kiony] olonds] (7TA mﬁ&tﬁ@rlemolr) whs (addeghdleroly e rayofusion \of i4d 4422 8- (0 20

L e

mol ) vwas Stirred medi um Was a
et hyl5 %t Fbhamixt@® was 3Grred for amafiditivnsl 1v0@§h etdS Wit Broggst dimethglaing @frephly. dlSPIHéd

or ganj &, it@zyc%a%u SGfuhsaﬁ v&\;F&deA/ﬁ)St%ﬁa&Qn%aﬁﬁmm@; darp&u&@@amﬁwfs? aas

purified w I ca ge romat ogr aphy romet hane: acet one,

9: 1) additigay & hau BthylacSipter(Btyk) whsadgecdtnithropphen yiti oransped veithibeing (2ot ﬁQn a

59% g(x%h&ZﬁhegFPrg%ﬁc/qaygls g@i_iz}{?&ll %%&g}ﬁé) én? cou;é N&@l Bo gerpN(]\lergé'hyl ‘11‘[%1%2 6 2Hz

(t, ZHiflugreaetBarkinp)phenytBuignarmide((Fprnpid)46) £0. mg, c@lalzte ag myel;mylsh soligp'H EMRzﬁ J =
7 5 Hzo oNC1u5,3G5)@Pa1, M-8 04 1 Qb; B I £010Yhd 134 31), 2.89 (s, 31), 2.60 (t, 2H, J

=77Hz),2.27 (t, 2H, J=7.7Hz), 1.89 (p, 2H, J = 7.7 Hz).

/
HoN N

)

15 Formula 47

[00142] 1 N NaOH solution (3 mL) was added to a solution of N,N-Dimethyl 4-[4-(2,2,2-
Trifluoroacetylamino)phenyl]butanamide (Formula 46) (0.17 g, 0.55 mmol) in methanol (2 mL) at room
temperature. The mixture was stirred for 14 hour. The mixture was partitioned with chloroform (25 mL)
and water (25 mL). The organic layer was dried over MgSQ,, and concentrated and the residue was

20 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 6.97 (d, 2H, J = 8.3
Hz), 6.61 (d, 2H, J = 8.3 Hz), 3.56 (br s, 2H), 2.92 (s, 6 H), 2.56 (t, 2H, /= 7.7 Hz), 2.28 (t, 2H, J = 7.7
Hz), 1.91 (p, 2H, J="7.7 Hz).

% /
HN N

Nc—b o

25 Formula 48
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[00146] A m xture of 4-[4-(1-Cyanocycl obutyl am no)phenyl ] butanoi c aci d
(Formula 50) (0.21 g, 0.83 nmol) and 4-isothiocyanato-2-trifluoro
benzoni t rwbeofdi2268g, 1.08 nmol) in toluene (10 L) wasPpChamb@dounder
reflux for 1 hours. To this mxture was added ag. 1 N HCO (5 nmL). The
second m xture was refluxed for 1.5 h. After bei ng cooled to room

LoTPRRRE" S | ASRRGRE L el 8 AR AR B i oy WP G nl2081) AN

extr ani c layer was dried over
My S%mol)p@mmmam@te QSM ap, d) 4 mﬁmroesand IS (7ﬁung,f0| @dnmol) hvas |hbat@htog3@l Comlumm

SR e S AR el g -

7- GhL 2138 Pl gafik 3ay61] Wi @fed ovat Nigt vl Mmémmdcanadledﬁmﬂamm p@ﬂiﬁdmuﬂmm (60

?gd é_e_5|}|.i| coljuj:'nEBN On’ft%fﬁgngj Cgé}ﬁﬁor&lgﬁanfz’ﬁcg%ne )9 %) I-go)7 élge 2&' ;1&1 4&%]! 7. 86

HZ) cand&clobutyldininoyphenyl[Butandrznjle (Farmda 23)@ 88 (ngq 57))as adwlbie-spli DNAHIR ) F07 2. 47

B = o B B o 2420 20 Mot 1 O R sty T, B iy 160 1. 70

[001417{} 270 (8280 1V j6GHY),3.33-2.42 (m, 2H), 2.30 (1, 2H J= 76Hz) 2.11-2.28 (m, 2H), 1.93 (p, 2H,
4-(4-( 74%@ Cyano-3-(trifluoronethyl)phenyl)-8-o0xo0-6-thioxo-5,7- -84 WO
2006/ TZ£HM8- PCT/ US2006/ 011417 di azaspi ro[ 3. 4] oct an-5-yl ) phenyl ) but anoi c
acid, RD141 (Formula 51) (60 ng, 0.12 nmml) in DW (3 nL) was added

thionyc chiori (0 01 nmL, 0.15 mmol) at 0 C. The m xture was stirred at O
C for #% DRI @ was; bubbled into the m xture. The m xture was
partqib. eV Nety N25 nm) and water (25 nlL). The organic

| ayer was dri ver i 'ondéntrated and chromat ographed 5

q{chloronethgﬂafgcetone, 70:°30) to yield

41 4-(7-(4-Cyano-3-(trifluoronethyl)phenyl)-8-o0xo0-6-thi oxo-

5, 7-di azaspi ro[ 3. 4] oct an- 5-yl ) phenyl ) but anam de, RD130 (Formula 52) (37 ny,

61% RI16Q Famwle4dhowder. 1H NVR S 7.97 (d, 1H, J= 1.8 Hz), 7.95 (d, |11, J=

8. Ft) 7.85 (dd, 111, J= 8.3 Hz), 7.39 (d, 2H, J= 8.3 Hz), 7.22 (d, 211,
[601'2’4 . 5. B filiire 9f NAHDimethyl 4- 4(L-c;%ﬁcic,ycld'ﬁm?laﬁnbb;aﬁenyl]bﬁtﬁnaﬁnm@mulez11)

gHS 13428) %8 5ng(,.|g] )20 %&%)pnﬂ 4giept}€1%?ya&ai%?-ﬁ1f11@rqgggl{y%%@z%rj}&ﬁﬁ-\éll mg$6 ) m%wl) in %)1\85 (p,
(3 mL) was heated under reflux for 2 hours. To this mixture was added methanol (20 mL) and ag. 1 N
15 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 MgSOs, concentrated and the residue was purified with silica gel column
chromatography (dichloromethane:acetone, 95:5) to give 4-(4-(7-(4-Cyano-3-(irifluoromethyl)phenyl)-8-
oxo-6-thi0xo—5,7-diazaspir0[3.4]octan-5-yl)phenyl)-N,N-dimethylbutanamide, RD169 (Formula 49) (44
20 mg, 42%) as a pale yellowish solid. 'H NMR § 7.98 (s, 1H), 7.97 (d, 1H, J= 8.2 Hz), 7.86 (d, 1H, J=8.2
Hz), 7.42 (d, 2H, J= 8.3 Hz), 7.22 (4, 2H, /= 8.3 Hz), 2.99 (s, 3H), 2.96 (s, 3H), 2.78 (t, 2H, /= 7.5 Hz),
2.62-2.70 (m, 2H), 2.52-2.63 (m, 2H), 2.40 (t, 2H, J = 7.5 Hz), 2.15-2.30 (m, 1H), 2.04 (p, 2H, J=T7.5
Hz), 1.62-1.73 (m, 1H).

Example 59

HN/Q/\/\COZH

NC
25
Formula 50
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F3C NNCN RD170 Formula 53 A solution of DVSO (0.01 niL, 0.12 mmol) in dry
di chl oronethane (1 nL) was added to a stirred solution of oxalyl chloride
(0.01 nL,wO0.20&/1218l ) in dry dichloronmethane (2 nL) at PT@/UB20060iEM7 15 m n,
15 a di chl oromet hane sol uti on of
4-(4-(7-(4-Cyano-3-(trifluoronethyl)phenyl) - 8-o0xo-6-thioxo-5,7
diazaspiro[3 4]octan 5-yl) phenyl)butanam de, RD130 (Fornula 52) (35 ngy

0. 07 dded t he react jon m xture. Stlrrlng was contlnued for
20 il s! . 76° & Siire PR P HR 160 65 0he, 11 oD islopuimeese daded.

Af t ermi3Q. 18 ﬁim@I) md EMICN [0 BBCA. DD ABIPE AL 1R 108 B W‘@%ﬁjd §t9reﬁ%’1ni3t ﬁ%ﬁﬁé‘t ure

and %& en reaction was %uenched W th saturated aqg. Cl solution
4

r eactTEHhIVaG aded il aggt ?J@éﬁ%ﬁ’%}'lanﬁh%v@ﬁhﬁmmmr@x 38 mel) Rtercaganisdaysi t h

di chlvekodmichang . MEBO, hdaRhenhAYE hnd'aGe qiééld%l@ Qé(se m'}@ei%th § %C g}t @&&9 and

chr omat ogr aphed i.chl or onet hane; acet one, 1 el %

W%n%ﬁ?ﬂ%%g?a@ﬁ% @?Worgmﬁ%leécqt?ﬂeo%l ) grve- éﬂz@s@iarl@ﬂys%hl}tylamm)phenyl]butanow

oct aneid-(Foohmul 409 (0.41 &ona e t ar

o7 ﬂ?ﬁﬁ“.“ 0 L R ONILRBRZON 1Ny o TERIE Dl TRrdB D, 63 (L 3] 7.
Hza§S6 %) é% T3, (g 2D, 359ét 3H, Jl é‘SHi , 2.5 6PH,d = bﬂsz%é 24424y 2H) 221 (d,

2H Jms&nﬂzmz)wzzp 9@, f+753H). J= 25 7.3 Hz), 2.63-2.73 (m 2H), 2.52-2.62

(m 211), 2.42 (t, 211, J= 7.3 Hz), 2.18-2.30 (m 1H), 2.07 (p, 2H J =
7.3 Hﬁ , 1 63 1.73 (m 1H). [00148] One skilled in the art could nodify

and/ or a ne she s heses described herein to make other
di aryl h 0149] I nventive conpounds al so i nclude those
with Ft?:ﬁe oI I I as. cogb WO 2006/ 124118 PCT/US2006/ 011417 R/ A\

R R6 NNR2 1 mhere R is selected fromhydrogen, aryl, substituted
aryl, aIkyI,Céu ituted al kyl, al kenyl, substituted al kenyl, al kynyl,
substituted al kynyl, hal ogenated al kyl, hal ogenated al kenyl, hal ogenated 5
aky N¥brmfs ¥ al kyl, aryl al kenyl, aryl al kynyl, heterocyclic aromatic or
non-aromat 1 c, substltuted het erocyclic aromati ¢ or non-aronati c,
cycloalkéR substi t ut ed cycl oal kyl, hal ogen, SO2R11, NR11R12,

I 1,

NR12 (@b MHOBOrRA 4R -CNRI IO RADino B0 Rlinoi {GOFoRil 5O(CS) RL1,
NRlZ()@)IB;]ﬂ-I) and 4-isothiocyanato-2-trifluoro 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 HC] (5 mL). The second mixture was
refluxed for 1.5 h. After being cooled to room temperature, the reaction mixture was poured into cold

15  water (50 mL) and extracted with ethyl acetate (50 mL). The organic layer was dried over MgSO,,
concentrated and the residue was purified with silica gel column chromatography
(dichloromethane:acetone, 95:5) to give 4-(4-(7-(4-Cyano-3-(trifluoromethyl)phenyl)-8-oxo0-6-thioxo-
5,7-diazaspirof3.4]octan-5-yl)phenyl)butanoic acid, RD141 (Formula 51) (60 mg, 15%). "H NMR & 7.98
(d, IH, J=1.8 Hz), 7.97 (d, 1H, J = 8.3 Hz), 7.86 (dd, 1H, J = 8.3, 1.8 Hz), 7.42 (d, 2H, J=8.5 Hz), 7.24

20 (d,2H,J=8.5Hz), 2.79 (t, 2H, J =.7.5 Hz), 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, 1H), 2.06 (p, 2H, J= 7.5 Hz), 1.60-1.70 (m, 1H).

Example 60

F3C N r\r@/\/}rNH2
O% 0

RD130 Formula 52

25 [00147] To a solution of 4-(4~(7-(4-Cyano-3-(trifluoromethyl)phenyl)-8-oxo-6-thioxo-5,7-
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NH( CS) NR11R12, NR12(CS)OR11. 10 Rl and R2 are independently sel ected from
hydr ogen, aryl, alkyl, substituted al kyl, alkenyl, substituted al kenyl,
al kynyl , wohsas/utied al kynyl , hal ogenat ed al kyl, hal ogeratras2@icloeray?

hal ogenated akynyl, arylal kyl, aryl al kenyl, arylal kynyl, heterocylic
aromaric or non-aromatic, substituted heterocyclic aromatic or
non-aromatic, cycloal kyl, substituted cycloalkyl. RL and R2 can be

] . | esWhi ch i i d
ot or iplohs HRLIL S PUELEIAGR, SR Riftal BghpBflh o mRa0T MR RF Gom
aryl , méhiyss ddded éebnglroplorida kol mL, isstrmsihstedCalhothixtuad Wanyitred SISt bt Licad

al ken , Ltuted, al nvl. aryl al |, aryl al keny] ,
eyt bbb EMOP A St PHE ey Rt Bartine Wi il ER g5 )
het er wetgc (2T nalt)orfitei orgamic nlayer awssmetisdc overy MgSal, k yoncemtabedt biditcRdmapglapialdky| |

L TN N U T ST

subst b f/wieaespadRyHlqctaal IediphenyDbutastnide RBA 3G (Hoenylh 52)aB K yngyd %) b sithité pdveddr.

nal oo M S LSZERAY Rt I8 By TR At T 1B /PR I8 M5

i s caBBdh),0r22n({d} 2Hglen8.aktk),ca9 (bes, aH), W (PQH, ¥ i=ons Ha), 2622168 1@, 2181 2.580039R12

are ipd I el d en, |, | kyl stj.tuted

ar ol I AR P TR AR B ot Bt R e B! 2yt
substituted al kynyl, hal ogenated al kyl, hal ogenated al kenyl, hal ogenat ed
akgnyl , arylal kyl, aryl al kenyl, arEsaalpte/6lyl , het erocyclic aromatic or
non-aromati c, substituted heterocyclic aromatic or non-aromati c,

cycl olpakyl . substituted cycl oal kyl. -86 WD 2006/ 124118 PCT/ US2006/ 011417
R 1 and rgected to forma cycle which can be heterocyclic

ar omat.i Cc, substituted heterocyclic aromatic, cycl oakyl,
substitluted cycl ¥ [0015®] 5 Pharnacol ogi cal exanination of the
conpounds [0 1 npounds for which synthetic routes are described above

were identified ough screening on hornone refractory prostate cancer
cells for antagonistic and agonistic activities against AR wutilizing
scr eeRDAG0 Porowladi3r es simlar to those in PCT applications USO4/ 42221 and
US05/ 05529, which are hereby incorporated by reference. A nunber of

;Onp%{‘%%tﬁé %%\%1@8 (B}BE G @ %%%lr'ji R0 a Eiomlnile}t%ﬂag%l %&I)"\@&shadﬁld‘io@ tirred
goni St1Cc activitres tor Gver exp essed I N nor ne refractory prostate
cancesqlution of oxalyl chloride (0.01 mL, 0.09 mmol) in dry dichloromethane (2 mL) at -78 °C. After 15 min,
15 a dichloromethane solution of 4-(4-(7-(4-Cyano-3-(trifluoromethyl)phenyl)-8-oxo-6-thioxo-5,7-
diazaspiro[3.4]octan-5-yl)phenyl)butanamide, RD130 (Formula 52) (35 mg, 0.07 mmol) was added to
the reaction mixture. Stirring was continued for 20 min at -78 °C, and then triethylamine (0.03 mL, 0.22
mmol) was added. After 30 min at -78 °C, the reaction mixture was warmed to room temperature and
then reaction was quenched with saturated ag. NH,Cl solution. The reaction mixture was diluted with
20 dichloromethane, and exiracted with dichloromethane. The organic layer was dried over MgSO,,
concentrated and chromatographed (dichloromethane:acetone, 95:5) to yield 4-(5-(4-(3-
Cyanopropyl)phenyl)-8-oxo0-6-thioxo-5,7-diazaspiro[3.4]octan-7-yl)-2-(trifluoromethyl)benzonitrile,
RD170 (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, 1H, J= 8.3, 1.8 Hz), 7.43 (4, 2H, J= 8.4 Hz), 7.27 (d, 2H, J= 8.4 Hz), 2.90 (t, 2H, /=
25 7.3 Hz),2.63-2.73 (m, 2H), 2.52-2.62 (m, 2H), 2.42 (, 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).

[00148] One skilled in the art could modify and/or combine the syntheses described herein to

make other diarylhydantoin compounds.

[00149] Inventive compounds also include those with the following formulas.
-85-



In vitro biological assay Effect of conpounds on AR by a reporter assay

[ 00152] The conpounds were subjected to tests using an artificial AR
response weposdruiisystemin a hornone refractory prost ace/usancenideel |

line. In this system the prostate cancer LNCaP cells were 15 engi neered
to stably express about 5-fold higher Ievel of AR than endogenous |evel.
The exogenous AR has simlar properties to endogenous AR in that both are
stabilizedrb wat heti ¢ androgen 81. The AR-over expressed cells were
al so engi neer e AR response reporter and the
reporter activi s of hornone refractory
entration of a synthetic androgen
R1881, is {phi bited on y hi co trations of bicalutam de 20 (see
Table 1), aﬁd di spl ays agpnistjc activity with bicalutamde (Figure 1 and
Table 2). Consistent with i gad data, bicalutam de inhibited AR
response reporter and di g/not [hav 2agonlstlc activity in hornone sensitive
prostate cancer cells (Bigurel?2). [00153] W exam ned the antagonistic
activity of the conpounds forRﬁhrch the synthesis is described above in
the presence of 100 pM of R1881. Engi neered LNCaP cells (LNCaP-AR, also 25
abbreviated LN-AR) were maintained in Iscove's nedi um containing 10% feta
bovi ne sewusie (IFB@)selecTéQDﬁdtﬁyt@dﬂfg&Q rarﬂilO sibstitgte ragaf ARyl ,suﬁsﬁﬁlteﬁedlf(}ﬂ MRdn§1, gr own

in Iscove cont nrn 0% rcoal - stripped - 0

R e RS g S R R R o e

co nt&myln@rﬁlg%lc&?ﬁaﬁeﬂylt htr}ilﬂﬁyrgl\/:c ﬁéterB&}%B& fBflatid Cdre asdh- a@nﬁacncetrﬂsﬁrateaons of

t est ounds ter two days .of incubat.i [ wer e

B R SRR DT LU e TN Y A o Rt

in hRRpEIBORS] rMH(tGH)NthR@s R CO)RY, WCCQQQQ/ D2AMTR, PCD(CHRAD N0 L TBIRT

can ﬂﬁ‘g‘ :ﬁggstance bi cal utam de has an 1C50 of 889 nM Most of

t he éﬁﬁ§ s Hcf (di aryl t hi ohydant oi ns) have | C50s betmeen 100 to

200 nMin inhibiting AR in hornone refractory prostate cancer.

ntrast,_an ndro d as e a | es .in

g8705 65481 2 ‘édugh 2tes g?é’éﬁ‘tf‘tig %SCQ‘*?F fr S‘Zé’% rogn, 7 : 1??8“‘#? %glﬂ%{i%’ygeo77)

havesulbﬁhﬁlt&h ey lloael, |sum1uﬁai OkynAR halogenatet haﬂlsjl s;awgamted'r #kdrel, haldpdragoni sti c
AR.in h refractor rostate.ca ured by

act i ti.es i ns e
an. ARPECEYRGE: PRlsUEE: AR MRS URrs SR R PELY. SHSE 4 SRR coo
( M aromxtingd hen-NanmktidRepddalet, sishiuted cycloalkyl.
R; and R, can be connected to form a cycle which can be heterocyclic, substituted heterocyclic,
15 cycloakyl, substituted cycloalkyl.

R; is selected from aryl, substituted aryl, alkyl, substituted alkyl, alkenyl, substituted alkenyl,

alkynyl, substituted alkynyl, arylalkyl, arylalkenyl, arylalkynyl, heterocyclic aromatic or non-aromatic,
substituted heterocyclic aromatic or non-aromatic, cycloalkyl, substituted cycloalkyl, SO,R;;, NRy;Rys,
(CO)OR;;, (CO)NR;1R 2, (CO)Ry1, (CS)Ryy, (CS)Ry1, (CSNR; ;R yp, (CS)OR;.
20 Rsis CN or NO, or SO;Ry;
Rs is CF;, alkyl, substituted alkyl, alkenyl, substituted alkenyl, alkynyl, substituted alkynyl,
halogenated alkyl, halogenated alkenyl, halogenated akynyl, halogen.
A is sulfur atom (S) or oxygen atom (O).
BisOor S orNR;
25 X is carbon or nitrogen and can be at any position in the ring.
R;; and Ry, are independently selected from hydrogen, aryl, aralkyl, substituted aralkyl, alkyl,
substituted alkyl, alkenyl, substituted alkenyl, alkynyl, substituted alkynyl, halogenated alkyl,
halogenated alkenyl, halogenated akynyl, arylalkyl, arylalkenyl, arylalkynyl, heterocyclic aromatic or

non-aromatic, substituted heterocyclic aromatic or non-aromatic, cyclolakyl, substituted cycloalkyl.

-86-



Bi cal utam de N-[4-cyano-3-(trifluoromethyl)phenyl]-3-[(4- 889 >1000
Conpar ative fluorophenyl)sul fonyl]-2-hydroxy-2 methyl propanam de 29
4-[ 3- (4- hworooeyiautigl ) - 4, 4- di net hyl - 5- oxo-2- No(*) No Ceoparsatncwe1417

t hi oxoi mi dazolidin-1-yl]-2-trifluoronethyl benzonitrile 6-2

4-[ 3- phenyl - 4, 4- di met hyl - 5- oxo- 2- t hi oxoi m dazolidin- 149 n/fa (**) (6b)
1-yl]-2- trlfluoronethylbenzonltrlIe [ RD 10] 5-3b

3- (4- mEth#dRenkpr)beconngicqep Hom 8-gygls- Vzhlchlz@ hezheterogygjic aromatic or non-

O)éﬁblnfihéi@ﬂ&'tltu@gdﬂre%rdéwlrcarcﬁﬂahtz Iy lé_ltg?%ﬂﬁm{eﬁz c]loal?l?gzom trile 3-3

[
hi
ioi@ﬁ ydr oxyphenyl ) -4, 4- di net 0X0- 2 71 (3c) [ RDS]
[

h dazolidin-1-yl]-2- trlfluoronethylbenzonltrlIe 2-4

3- (4- am nophenyl ) -4, 4-di et hyl - 5-ox0-2- 273 n/a (2d) [RD9] _ _
hi oxoi m dazolidin-1-yl]-2-trifluoronethyl benzonitrile 4 Chl oroacetic acid
4-13-(4-cyano-3- 131 n/fa (4a) [Rq 13] o 4 i di m- 1y ph I
trd fl uoronet hyl phenyl - 4- QX0 t |ox0|n1 azolidin-1-yl]pheny
ester 8-2 4-( 4 Oco. 3. i’h %&Pg‘(ﬂ‘ﬂ %’Bﬂ‘f?’i‘?}h‘éfﬁ h¢ sompoynds; 47 1/ 5 (8b) [ RD35]

di azaspiro[ 4. 4] non-3-yl)-2-trifluoronethyl benzonitrile 7-3b
4- ( 8{@MHLI6- t hi @ontur(dd-fmeWhiﬁh psthﬁhe;tic) robted arel @heritd8 abOveC WefeR@enfified through

i | -88.\WD 20Q6/ 4118
ncr BB g HotiSe rdiabloly i, i R R A pltyficic fry s B
( 9c) utﬂﬁmcredmag ampedum[s 4u15]]ad’@)dh(3‘,eyﬂ pep aﬁﬂlbitioﬂ@UﬂWﬂMﬂ bedws0s/03529,evhidr 3
h h
i o ity ot e RR0Y | RGN oo 8 eliSien bBiER antaggmisti activities

40 8Wntbmh1}4h1al4&gpmﬁc23ct1hne»<for dveBexPrdsseld aPaimfhiornifnd réitadiesy priidat@iéamcerConpar at i ve
3-yl)-2-trifluoronethyl benzonitrile (28a) [RD52]

In vitro biological assay

4-
t
4-
t
4-
t

Effect of compounds on AR by a reporter assay

[00152] The compounds were subjected 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
15  engineered to stably express about 5-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
20  (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).

[00153] 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
25 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 (CS-FBS) to deprive of androgens. The cells were split and grown in Iscove’s medium
containing 10% CS-FBS with 100 pM of R1881 and increasing concentrations of test compounds. After

two days of incubation, reporter activities were assayed.

30 [00154] Table 1 lists the IC50 of these compounds to inhibit AR in hormone refractory prostate
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27-3 4-(8-nethyl

- 4- 0x0- 2-t hi oxo- | - (4- net hyl phenyl )-1, 3,8- 638 n/a

(27c)

[ RD53] triazaspiro[4.5]dec-3-yl)-2-trifluoronethyl benzonitrile 26
4-[ 1- (4- cyeno@hempB) - 4- oxo- 2-t hi oxo-1, 3- 469 n/a

di azaspiro[ 4. 4] non-3-yl]-2-trifluoronethyl benzonitrile 25

4-[1-(4-nitrophenyl)-4-oxo-2-thioxo-1,3- 498 n/ a

di azaspiro[ 4. 4]non
0- 6- th|o§§

4- (8- 0x
R

di aza¥PFFofs

5,7- 283 n/la
ediBt BNyl 585

phenyl

tsul?s %PF3 blﬁaltl‘iamf

hice s

(26a) PLCRDB4406/011417

(25a) [

RD55]

yI] 2-trifluoronethyl benzonitrile 12-2
1 2b)

RD57]
iMgst pfthg pompounds identified

4-( 8- @Xa@ylﬁr&?daﬁ%ﬁrsﬁhﬁ%‘ opds ®xmRBe M0 do 2007 aM1B2inAbRing (AR Q)ho['lﬁpé%ﬁactory

di azas
4- [ 3-R8sHH

|roE¥B?J

oct - )-2-trif]luoroneth

| benzonitrile 17

%‘W‘F‘S)t %ltlanda?s?@e rympaungs ligergasygyqmples m S [prN0. 5,705,654,

dl t hl @X@hsmxd@ﬁl@é B@lp m0ls, )B|1]2' 218 rdnfi uor@ps RYHERze 'i‘xbtlﬁﬂlﬂnﬁ)ry Qd%vﬂ:les on AR in

xo WPQ%

2 [ 3- (4-cyan-3-trifluoronet hyl phenyl)-5, 5-di net hyl -

droxyphenyl)
Z6lidin-1-yl]- 2 trlfluoronethylbenzonltrlIe 22 2
523 >500

dlnethyl 2,5- 369 511

(18a)

4- 0x0- 2-t hi oxoi m dazol i di n-1-yl ]| benggyel aci d 20- 2

4- (4, 4-di met hy!

- 5- 0X0- 2-t hi ox0- 3- (4- 143 144

(20b) [ RDG6]

(22b) [ RDBS]

trifluoronethylphenyl)inidazolidin | -yl)-2 trifluoronethyl benzonitrile

21-2 4-(4,4-bisgh
met hyl phenyl )i m
4- (4-fluoronet hyl -

| 4- 521 >500 (21 b RD67
KRR e P % heSR e oo aRetert 6. 10-5
4- nethyl 5- 0x0- 2-thi oxo-3-(4- 126 129 (1 9b) [ RD68]

met hyl phenyl ) i me@mmdlbwdn ARlrestlohseZerorterf dnd by emdebdnphibPIX expréssioche - 89 WO

4210(()2/ oxo. bt E.”é’x?fs”k"z” et hyl phenyl ) -5, 7- 258 23p 'Cp24IIGE8AEM)
oz vl o 7). 21 orone{ Ty Thenzon (Roberd 7 P
M L o B S et B = R
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
[RD10]
5-3b 4-[3-(4-methylphenyl)-4,4-dimethyl-5-0x0-2- 125 132
(5¢) thioxoimidazolidin-1-yl]-2-trifluoromethyl-
[RD7] benzonitrile
33 4-[3-(4-hydroxyphenyl)-4,4-dimethyl-5-0x0-2- 137 122
(3¢c) [RDS] thioxoimidazolidin-1-y1]-2-trifluoromethylbenzonitrile
2-4 4-[3-(4-aminophenyl)-4,4-dimethyl-5-0x0-2- 273 n/a
(2d) [RD9]  |thioxoimidazolidin-1-yl]-2-trifluoromethylbenzonitrile
4 Chloroacetic acid 4-[3-(4-cyano-3- 131 n/a
(4a) [RD13] [irifluoromethylphenyl)-5,5-dimethyl-4-0x0-2-
thioxoimidazolidin-1-yl]phenyl ester
8-2 4-(4-Oxo-2-thioxo-1-(4-methylphenyl)-1,3- 147 n/a
(8b) [RD35]  |diazaspiro[4.4]non-3-yl)-2-trifluoromethylbenzonitrile
7-3b 4-(8-0x0-6-thioxo-5-(4-methylphenyl)-5,7- 124 128
(7c) [RD37]  |diazaspiro[3.4]oct-7-yl)-2-trifluoromethylbenzonitrile

-88-



(30b) [RD73] 30-3 4-(5-nethyl
No Conparative trifluoronethyl benzonitr
4- ( 1- met hyb-2de6o20H18- t hi oxo- |

yl)-2-trifluoronethyl benzonitrile (31 b) [RD75] 31-3

-6, 8-di oxo-5, 7-di azaspiro[ 3. 4] oct-7-y1)-2- No
le (30c) [RD74] 31-2

, 3-di azaspi ro[ 4. 4] non- 3- No PRo/USGmaparsat i ve

4- (1-met hyl - 2, 4- di oxo-1, 3-di aza-spiro[4.4]non-3-yl)- No No Conparative
2-trifl uororret hyl benzonltrl | e (31 c) [ RD76] 24-3
4- (4_ ee—2—t-hi (\ AoR-3-y)-2-_ No Ng omparati ve
trifI|dot omet hyI‘g@r@S’rﬁ ???%021-?‘2&%%@{’@5‘771?]1 315.2 194 n/a
4-[ 4,/ B[RE48]Y |dl&aipﬁ‘owﬁlﬂddtmylgiﬁlﬂuoﬁnﬁﬁﬂ@d&nzoﬁﬁﬁler/ a (15b) [RD82]
t hi ox o.mazol et -2 *"“-mmn:e,t_h?d_be,nz_om.t_t.i_l_e 14
4-1 430 et hy [ H6-a-2biong 1 fGmedviphon) .35 oxo- 2- 457 RPA| ( 14BR|[ RDB3]
t hi 0Xiox) (RD4Y] | daAsplropd Jjondted- Bin)LgJor onet hyl benzonijtrile 16} 2
4-[ 5-|( 5- net hyl }) 8- 0x0- 6-t hi oxo0-5,{7- >1000{ n/a Cgpnparative
di azg- spi ro[ 3. zWEE‘$XWet§5f en?"’%/ﬁ)l‘?l uor omet hyl (16b)| [ RDB84] penzonifrile 13-2
4- (8-[gg0- 6-Thi (W@-rﬁetﬁﬁ =406 LMYIxb-1 3, 8CriaZaspirip4 Fade- [( 1Z0)  NED8S] n/a
di azaﬁgl ro{B 4] 0 “PP%{ ) - 2- tr| fl uororret hyl benzonijtrile 32
4- ( 8-|rEIRG(lE n’bY%Zt wxgnilogayiiles, 7- di aza- 242 421 (B2a) [RDIO]
spi roEA %IREEZ] T-yl)-2-trifluoronethyl-benzonitrilje 33
1-[ 3- cyano-3-trifluoronethyl-phenyl)-5 G-dipgetlhyl - 157 239 (383a) [ RD91
] 2-t[87Sxo- 1-p 44 Srypstbylrf- e 2othicrprl-Grgativirbam-B3.&tlhy| ¢ KBl ea N
1- [ 7-|(Hpct preB] Sribzabdito Etps]awei Diyh-RRERYhdhAsdnbdRiR|5- p- 176} 276  (B4a) [ RDIZ]
tol yli - -spiro Joct-8-ylidene]-3-phenyl! thiourep -90
2006/(2804118 PCHIS2E0®PheaH#-0x0-2-thioxo-1,3- 469 n/a
(26a) [RD54] |diazaspiro[4.4]non-3-y1]-2-trifluoromethylbenzonitrile
25 4-[1-(4-nitrophenyl)-4-oxo-2-thioxo-1,3- 498 n/a
(25a) [RD5%5] |diazaspiro[4.4]non-3-y1]-2-trifluoromethylbenzonitrile
12-2 4-(8-0x0-6-thioxo-5-(4-biphenyl)-5,7- 283 n/a
(12b) [RD57] |diazaspiro[3.4]oct-7-y1)-2-trifluoromethylbenzonitrile
11-2 4-(8-0x0-6-thioxo-5-(4-hydroxyphenyl)-5,7- 162 n/a
(11b) [RD58] |diazaspiro[3.4]oct-7-y1)-2-trifluoromethylbenzonitrile
17 4-[3-(4-hydroxyphenyl)-4,4-dimethyl-2,5- 278 287
(17a) [RD59] |dithioxoimidazolidin-1-y1]-2-
trifluoromethylbenzonitrile
18 4-[3-(4-hydroxyphenyl)-4,4-dimethyl-2,5- 369 511
(18a) [RD60] (dioxoimidazolidin-1-y1]-2-trifluoromethylbenzonitrile
22-2 2-[3-(4-cyano-3-trifluoromethylphenyl)-5,5-dimethyl- 523 >500
(22b) [RD65] |4-0x0-2-thioxoimidazolidin-1-yl]benzoic acid
20-2 4-(4,4-dimethyl-5-0x0-2-thioxo-3-(4- 143 144
(20b) [RD66] (trifluoromethylphenyl)imidazolidin-1-y1)-2-
trifluoromethylbenzonitrile
21-2 4-(4,4-bischloromethyl-5-oxo0-2-thioxo-3-(4- 521 >500
(21b) [RD67] |methylphenyl)imidazolidin-1-y1)-2-
triflyoromethylbenzonitrile
19-2 4-(4-fluoromethyl-4-methyl-5-0x0-2-thioxo-3-(4- 126 129
(19b) [RD68] |methylphenyl)imidazolidin-1-y1)-2-
trifluoromethylbenzonitrile

-89-



35 1-(4-Cyano-3-trifluoronethyl-phenyl)-3-[7-(4-cyano- 144 158 (35a)
[ RDO3] 3-trifluoronethyl-phenyl)-6-thioxo-5-p-tolyl-5,7 diaza-spiro
[ 3. 4] oct -oyvbhicdenaR- t hi ourea 36- 2 PCT/US2006/011417
4-[ 8- (4- hydr oxynet hyl - phenyl ) - 5- oxo- 7-t hi oxo- 6-aza- 311 337 (36b)
spiro[3.4]oct-6-yl]-2-trifluoromethyl-benzonitrile [RD110] 37
4-[5-(4- fornylphenyl) 8 0XO0- 6- thloxo 5, 7 n/a 263 (37a)
di azasgi U|_OZ|' r-onet-hv hp7n|fr||pr 141 38
4-{5-[4 2(1 hydr og%/e’f%gjfl*oxﬁﬁ‘e(ﬁﬂﬁth@%Qﬂl %‘71 hi oxo-5, 7- n/2R8lL87 238a)
di azaj$3ah) BRO( Y] distaspiroy3 YloetZ7-91)-b b fluiorcaiseiyliehzoapAgoni tri l e | RD116] | 39
3-{ 4- A—cyafipr3—trueropethylphenyl ) - 8- 0x0-8-_n/a 19 (39a)
t hi oxBOg 7-di a;gg%?l‘?%{’]é'ﬂ’] 'ﬁl%o;kﬁ:dlﬁ‘}%‘&?ﬁ}‘ﬂa@ﬂyl i c [ RO¥e[] aciN®jet hyl
est er|Compardtive [|¥)-L-Biffuoeinmtypmegeiiy ) - phenyl | - 8- oxo- 6-t hi oko- n/a|114 (40a)
5,7-d}$% ﬁﬂ&z§[3.4]oct-7-yl}-2 [ RD 120] trifluordgnethyl bepzonitrile 41-2
3-{4-k -? -6@ n0- 3-trifl uoronethyl phenyl)-8-0x0-§- No n/al (41 b)
t hi 0X80B, 7- di aiBEPMER}I%,AHo%-S, SMdzi?QB[@Q}/dctﬂ HoptonT T TRE 128 gt d met hyl
ester -4 3- 4- ano -triftluoronet hyl phenyl )-8} oxo- 224 n/ a
(41 d?é%W35§HeHH§LﬂP%?Q ﬁ??%?@34]oct 5-yl]-phenyl } [RD13B] propionanide
41-5 QMC{HHIHH 4- Cyano-3 -trifluoronethyl phenyl)-8-0x0-6-{ 234 n/fa (41 e)
t hi oxXe- eh-aza—spirof3-4loct-5-yl]-phenyl} - N [|RDM34] t hyl - pr opi onam de
41-6 3! ?4 [ 7- ( HodyasBy =% iosp-d detiasp mimEdinon-3- oxo- 6-NG[32 n/ Blo| ( 41f )
t hi oXCefmpdrativena)>-5piffefometlydehzoninyik] - phenyl } - N- (2 [ RD135]
hydr g B Gﬁi? Dr opi onam de 42-2
4-{4-%%-5 - f%wo 3-trifluoronethyl phenyl)-8-oxo-6- 432 n/la (42b
thi ox®t-3, 7-di a Fihétﬁghiﬁ-,ﬂdi%blr,@-'cliékd@pﬂ‘aﬁlrlﬁ']hdniﬁyl‘)y me No No

Comparative |2-trifluoromethylbenzonitrile

(31c) [RD76]

24-3 4-(4-0x0-2-thioxo-1,3-diazaspiro[4.4]non-3-yl)-2- No No

Comparative |trifluoromethylbenzonitrile

(24c) [RD77]

156-2 4-[4,4-dimethyl-3-(4-pyridin-2-yl)-5-0x0-2~ 723 n/a

(15b) [RD82] |thioxoimidazolidin-1 -yl]-2-trifluoromethylbenzonitrile

14-2 4-[4,4-dimethyl-3-(4-methylpyridin-2-yl)-5-0x0-2- 457 n/a

(14b) [RD83] |thioxoimidazolidin-1-yl] -2-trifluoromethylbenzonitrile

16-2 4~[5-(5-methyl-2H-pyrazol-3-yl)-8-oxo-6-thioxo-5,7- >1000 n/a

Comparative diaza-spiro[3.4Joct-7-yl]-2-trifluoromethyl-

(16b) [RD84] (benzonitrile

13-2 4~(8-0x0-6-thioxo-5-(4-biphenyl)-5,7- >1000 n/a

(12b) [RD85] diazaspiro[3.4]oct-7-yl)-2-trifluoromethylbenzonitrile

32 4~(8-methylimino-6-thioxo-5-p-tolyl-5,7-diaza- 222 421

(32a) [RD9Q] (spiro[3.4]Joct-7-y1)-2-trifluoromethyl-benzonitrile

33 1-[3-(4-cyano-3-trifluoromethyl-phenyl)-5,5 -dimethyl- 157 239

(33a) [RD91] 2-thioxo-1-p-tolyl-imidazolidin-4-ylidene]-3-ethy]-

thiourea
34 1-[7-(4-cyano-3-trifluoromethyl-phenyl)-6-thioxo-5 -p- 176 276
(34a) [RDO2] |tolyl-5,7-diaza-spiro[3 AJoct-8-ylidene]-3-phenyl-
thiourea

-90-



[ RD129] acid nethyl
--(4-Cyano-3-trifluoronet hyl phenyl)-8-o0xo-6- 112 n/a

ester 42-4 4-{4-]

-91 WO 2006/ 124118

PCT/ US20080Qadeb7118( 42d) t hi oxo-5, 7-di aza- spi ro[ 3. 4] oct PETxiSpeosherayt }
[ RD130] butyram de 42-5 4-{4-[7-(4-Cyano-3-trifluoronethyl phenyl)-8-o0xo- 6-
92 n/a__(42e) thioxo-5,7-diaza-spiro[3.4]oct-5-yl]-phenyl}-N[RD 131 ]

et hyjasbut yr am feq é3ms-AainBe K emorddni- 2B @z e 4. - v = phenyi)=6=-4#H oxo- 5, 7-
718 nf a &43%l d?aégdgpi roLS?%oc?—lgl-w -E{({aﬁyﬁduqronet ﬁ%benzo#f rile [RD
137] 4353 [AD9S 3-rriffugromethyhniessvi) Oohipkps-peelalzd. i 1 -yl ) - phenyl ] -8- 138 n/a
(43f)| oxo- 6-t hil@XR-Birdr3 I RLASALL - ct-7-yl}-2 [ RD138]
trifl boronet hylhpnzsggi L:ll e }H- ZHQ%%I-O{Z}%CQ
3- { 4- [38:] 4- Oy anbiBEtydtaxymebytetbgl)-enyijox8-6-4z43 (441811 337
ox0- 6f4¢H) 0x0- 5. Z5,tisR e SRIT. Ll ol Boctbda@fteny! | [ROL1S| acryl qmi de, (*)
No: t;(le gorrpour% dggﬁﬂnot%];\%&ﬁ]lut 0%% ?’espoclnnée repgrter; (*f) n/a: (the
conpollRB1¥s nat examined in this assay. 5 [00155] One pfeviouslly
unr ecBgNT Zet PN RPEA B ool e E B s o T hornone—+efractoryy prostate
cancef is its ef‘gﬁs{t'yn{g%psw cﬁ%ﬁ%é%%%’&s t o agoni stsi'.?/al'her e‘?‘%:sﬂ e, only
t hos e|(&@poundgdigdastirol T Inétriayl]-dtriffvoraampthyi-benzenimidd i vi ties pre quallified to
be ank[li{D@mrogens for this disease. To determ ne | agonist|c acti \“ ties of
diffefent conpgunds, we examined their stimulating activifies on|AR using
t he ARS8 r espong®{F-EpQdriyEroxgshylhphenh8wrecitiiota®74N- AR sy/af em i 187 he absence
of ngﬁga Tabl 4.2 L. 6, J0 ¢ istic.activitiles of different |[conpounds.
Consipstent wth 1prals\}l L%@%r}?s%?tzggﬁ)'&r%}éﬁt@@%z lélltrg%ti vated AR in hornone
ref r afffB#1Blpr ogt ate cancer. The diarylthi ohydantdi n derivptives such as
exanplsgs 7= 3 RBBT i moeo A RES D — 34 RO8 ) —and—35—(RB93)—haveo
agoni g’ti c acti ﬁgy.f q4ncy§1§)n% rﬁ%@“f’f‘)“ﬁ@gg d,fﬁa?\’ﬁ’aé other an?fi’g‘a andr ogeni c
conpolids | i st gdlions-SGxdimgebpe®[3.41odtS-yPathentl} hiplier |5, 705, 654, such|as
exanp 0-2,. 30- -2, 31-3, and 24-3 (RD73-|RD77) stfongly activated
AR i n“ﬁ%w ne ﬁaecfér)eat%{lg%r prostate 15 cancer. Table 2

40 4-{5-[4-(3-hydroxypropenyl)-phenyl]-8-ox0-6-thioxo- n/a 114

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

[RD120] trifluoromethylbenzonitrile

41-2 3-{4-[7-(4-cyano-3-trifluoromethylphenyl)-8-ox0-6- No n/a

(41b) thioxo-5,7-diazaspiro[3.4]oct-5-y1]-phenyl} -propionic

[RD128] acid methyl ester

41-4 3-{4-[7-(4-cyano-3-trifluoromethylphenyl)-8-0x0-6- 224 n/a

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

[RD133] propionamide

41-5 3-{4-[7-(4-Cyano-3-trifluoromethylphenyl)-8-oxo0-6- 234 n/a

(41e) thioxo-5,7-diaza-spiro[3.4]Joct-5-y1]-phenyl} -N-

[RD134] methyl-propionamide

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

(41f) thioxo-5,7-diaza-spiro[3.4]oct-5-y1j-phenyl } -N-(2-

[RD135] hydroxyethyl)-propionamide

42-2 4-{4-[7-(4-cyano-3-trifluoromethylphenyl)-8-0x0-6- 432 n/a

(42b) thioxo-5,7-diazaspiro[3.4]oct-5-y1]-phenyl} -butyric

[RD129] acid methy] ester

42-4 4-{4-[7-(4-Cyano-3-trifluoromethylphenyl)-8-ox0-6- 112 n/a

-01-



Agoni stic activities of selective test substances on AR response reporter

i n hornmone refr

2006/ 1241w 6 2peT2US8006/ 011417
M 10 M DMSO Di net hyl

M |
met hyl tri enol on

actory prostate cancer

e 44.33 n/a(**) n/fa Bicaluta

Fol d i nduction by increasing
concentrations of com ourd3/USz@wpiaiNane 0.1
sul foxide 1.00 (*) 1.00 1.00 R1881

-92 WO

N-[ 4- cyano- 3- (trlfluoronethyl)phenyl] 3 [(4 1.66 3.04 10.40 mde

\\\\\ nanat r~|_e ’)Q
Ll Fgr Vi dr oxyE lw%jﬂéﬁg%’ﬂhgﬁﬂ"ﬁ{” ﬂo@%“ﬂi *F0. 90| 20. 84 34,62 Cop.
t hi ox¢iR Pﬂégkolléﬂwﬁmm@ﬂ] 2 trlfluoronethylbenzonl1g|Legq7-?g ‘
C.
g;g§é>p|rg[énhfﬁq??;%ny&fgmﬁﬁé &F¢¥¢?ﬁ%p§ﬁ¥Pﬁylbenzcwnqall e 3J¥a
1- [ 3- (#2®)yan- 3- thmxbﬁxbdlazmpnynwgﬂwa?yl%phénﬁ}1[\%[)30 1.18 1.28- (33a)
[ | -i m dazol i di n-
S:Fﬁg?ﬁb1§ﬂgPL0 ?k 5% d§4|1 [ 7- (4-cyan- 3- trlfluoronethll-phenyl)-G- 1.19
1.41 B3¥%  (343¥-[8-Dkofa4pigerabaml iy l-gheryi)k- m;;sp;:c | iorb?r:e fﬁiﬁ 6ph :ny % 5 [7-(4
[ 53- ph ano riflu - -
X!Egegg%% 1?38nM?@%%ygy%@%H;Q}%?$ﬁ$%%W%W@Fﬁ?P“BWenyI)-6-t1|oxo-5-p [ RD93]
tonII@DT3Hiaza-sp|ro[3 4]oct 8-yl i dene] -t hi our ea 30-2
4- (5- pBtgyt=28= Lﬁ\g T, t4 OxO e% 11AI‘QQI 10 41 135 g_? Ln'np‘l?:iS 2 30.3
di azaspi ro[ 3. 4] P TH A nsthanefuliopytbipprazin i sipherl B enzoni t138[ e | 131
4- (5- ji#dhyl - 6, Joxdi-Gthioxb;ST~dbazasop 40ft3-djoct - 7- 1. 39 14. P6 30. 63
[RD138] trifluoromethylbenzonitrile
44-2 44-2) 3-{4-[7-(4-Cyano-3 -trifluoromethyl-phenyl)-8- 113
(44b) 0x0-6-thioxo-5,7-diaza-spiro[3.4]oct-5-y1]-phenyl} -
[RD119] acrylamide,

(*) No: the compound did not inhibit AR response reporter; (**) n/a: the compound was not examined in

One previously unrecognized property of AR overexpression in hormone refractory

prostate cancer is its ability to switch antagonists to agonists. Therefore, only those compounds with

minimal or no agonistic activities are qualified to be anti-androgens for this disease. To determine

agonistic activities of different compounds, we examined their stimulating activities on AR using the AR

response reporter as the measure in the LN-AR system in the absence of R1881. Table 2 lists the

agonistic activities of different compounds. Consistent with previous results, bicalutamide activated AR

in hormone refractory prostate cancer. The diarylthiohydantoin derivatives such as examples 7-3b
(RD37), 33 (RD91), 34 (RD92), and 35 (RD93) have no agonistic activity. In contrast, RU59063, and
other anti-androgenic compounds listed as examples in US Patent Number 5,705,654, such as examples

30-2, 30-3, 31-2, 31-3, and 24-3 (RD73-RD77) strongly activated AR in hormone refractory prostate

this assay.
5 [00155]
10
15 cancer.

Table 2

Agonistic activities of selective test substances on

AR response reporter in hormone refractory prostate cancer

Fold induction by increasing

-92.



Comp. yl)-2-trifluoronethyl benzonitrile (30c)
- 4-0x0-2-thioxo-1,3- 17.03 16.63 33.77 Conp.

4- (1- met hyl

[RD741 31-2

di azaspi repaoesinmens3-yl)-2 (31 b) trifluoronmethhyl benzonipcmriuseoos[oRAT6] 31- 3

4- (1 -methyl -2, 4-di oxo-1, 3 -diaza-spiro[4. 4] non-

11.99 19.77 38.95

-93 WO

2006/ 124118 PCT/ US2006/ 011417 Conp. 3-yl)-2-trifluoronethyl benzonitrile

(31 c [ RD76] 24-3 4-(4- ox02th|ox013dd 8 on-3-yl)- 14.88
22. A8[EXanffle [NamR®. 2- L1111 Uor omet hytbenzomi L.ﬁe@ a} 4%%;{160‘ RS2 () Fold
inducftion: aptivities induced by a specifig test" qubst zﬂ%e 3\9&]\" activities
i n DVEDYIS@hi cDI@eﬂ’(yFsl)lfoxidEa: t he conpound wds 1nad (*ﬁxam’ﬂ in 1.bdls assay.
[0015m pectetty—of—AR+H-bitor %I—ercu_v-e_corrpounds
were Lested {hw@gbblsggcel s with an over exp4 @l oR/at") gl ucd¥Rirti coi d
r ecepfRidalut —[4P¢w\no439&rﬁ%rdlmfbﬁrph9ﬁyl}4@[(nn the megil ears od[ecerg ol famly.
These S reporter and|the regorter gctivity was
i nducgﬁg%y g?(%ﬁe?'ﬁ?@égﬁo@qqg 1i st and the induction was bllocked by
RU486, a GR mmhsbpmpanarﬁmanpl e 7- 3b (RD37
(4-(8 < O—6— e ;.. hanvl ). 5 giazaspiiro[ 3 4lloct-7-yl)-2-triflu
or ometz‘ﬁJ .ért%ﬁj‘-‘#f’%yé’)‘ cff‘?f ey spxo- %n GR i19-9%i s 2484 em 34@2|Ef f ect of
corrpo@mdsp ontlﬁ&obyldm&wh-ylgzsecret ed | evels of prostate speciflic antigen
(PSA) [00157#4} V\Eg est.abl | shed that IPSA | evel s are|indicatjors of AR
activjties i "ioﬁoé?eélf PR exanine|if the|conpounds afcht AR
functén in [a- (%x&ﬁ@lﬁ@gﬂ 5—@4-m@t[1y1bﬁéﬁ53l')$r’}’t We— delpgg7m Neq FHCr et level s of
endogg us FE u[ggﬂ)F %; 881 in fhe AR pver expressed L[NCaP cells
( LNCa ?6“&%0 Bi?3red LN-AR). The|LNCaP-AR cells are a|line of
Iyrrph[RmZd@ G&ffhbfiﬁ%yﬂj‘enmmﬁbate cells transduced with a plasmjd that
mak e s—expr-esis—andr ceptors. LNCaP-ARlcells were mailntained in

33" 1- [34 (4* cyaﬁo-S-trlﬁuoromethyl-phenyl) 5,5- 1.30 1.18 1.28

(33a) dimethyl-2-thioxo-1-p-tolyl-imidazolidin-4-

[RDO1]  |ylidene]-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-

[RD92] |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-

[RD93] [tolyl-5,7-diaza-spiro[3.4]oct-8-ylidene]-thiourea

30-2 4-(5-methyl-8-0x0-6-thioxo-5,7- 14.88 19.41 35.22

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

(30b) trifluoromethylenzonitrile

[RD73]

30-3 4-(5-methyl-6,8-dioxo-5,7-diazaspiro[3.4]oct-7- 11.39 14.26 30.63

Comp.  |yl)-2-trifluoromethylbenzonitrile

(30c)

[RD74]

31-2 4-(1-methyl-4-oxo0-2-thioxo-1,3- 17.03 16.63 33.77

Comp. |diazaspiro[4.4]non-3-yl)-2-

(31b) trifluoromethylbenzonitrile

[RD76]

31-3 4~(1-methyl-2,4-dioxo-1,3-diaza-spiro[4.4]non- 11.99 19.77 38.95
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| scove' s nmedi um cont ai ni ng 10% FBS. Two days prior to drug treatnent, the
cells were grown in |Iscove's nediumcontaining 10% CS-FBS to deprive of
andr ogenswOBh&/iceliBs were split and grown in |scove' s mediusaoosontdai ni ng
10% CS-FBS with appropriate concentrations of R1881 and the test 20
conpounds. After four days incubation, secreted PSA | evel s were assayed
using PSA ELISA kits (American Qual ex, San O enente, CA) [00158] The
Secr"Eed PSAtevel—of LNCaP-AR cells was strongly induced by 25 pM of
R1881COMR  danDrsifluoremsahylbenzapiiile nduced i p the parental |LNCaP dell's until
conce@icat i gn of R1881 reached 100 pM Thi{s is copnsistent wth|our

previ egort that the AR in hornone reffactory|prostage cance¢r is hyper-
-94 6/]124118 PCT/ US2006/ 011417 sens|tive to androgens. A
dose-|{d¢pendg 4bim2-ﬂi16}dooln3-ﬁi@z rAE -8 Y HWAS _ aarggled o Fegger mne the
IC50§ of di fgj( ﬂ?ﬂgt con*ﬁ)oun S a:eﬁhlﬁﬁhllnbl t%\g Psiaggoreszg%sn, fzg?gf he results
wer e |PPEP Fsthylbepganifdle of t he sel eftive cpnpounds on PS& expressi on
cl osetg,n,cyesenbl e those neasured by the repprter agsay, ¢onfirm/ng that the
di ary ntjoin derivatives are strong inhjbitorsjof AR in hormpne

refrg r'y prostate 5 cancer. [00159] We @l so expm ned {1goni stic
activities of selective conpounds on AR TN hormone Tefractoryprostate

cance(*) Bsld RglusRar ftiefeH 98 b et FRGabGIBERE hetivi *
andr o&e starved AR over expirlegps?ed LNCaP éle | s V\(I:EI‘Vle fﬁg)lg[gte hl\?\%e *)

i ncre hegcoé‘??ﬂ%‘f’a}sé‘ﬂ%‘ﬁ@“ﬁfl“%%a&%}‘rpounds for which a synthesis is
descri bed above in the absence of R1881 and secreted PSA in the cul ture
medi um was 10 neasured 4 days later. [00160] Table 3 lists the agonistic
acti vj of e sel ecftive conmpounds. Consistent with the results
obt ai Lg!ﬁ?r om t & AN %?pe‘é‘gg‘;@(’f%@hﬂ’i‘t%syqf’%eﬁ‘i“@wa’ﬁﬁ‘ﬂf@ﬁ iweegdestedan L8P such
ass exadiip vith 317 03y exﬁr’é’@ﬁy?l)of gﬁﬁo&oﬂE&i@rsc thr 23 me,cl&&@ n%ﬁlbél%p@ 1rht?1¥ Guli&r

and

agoni st | :%1 ties. contra ot her anti and r ogeni ¢
conpolinds” lyectjr & 684(5 @gyis rg%@?félts"eﬁt”% andsthy gepogismactizi asnisdeod ipl es
30-2 dﬁar(lmﬁ&)e a 8k FoafsDiidl) the BiAGH3A was 6ISEXea )by Hi4¥é| 2 GRIink %reﬁﬁ é?@ﬂ in

h f t st Tabl e 3 Agonistic activities o
sel oclLId teat subLPRREEah Bro-EMTBE LB DEA irFAmoR ect br Aot Iyt at e

Cancehienikﬁhtﬁka)hhdlmcétfecttloﬁlo}lh‘yitlhlﬁle%ﬁﬁl ng concentrations of conpounds Exanple
Nanme 0.1 gM 1| gM 10 gM DMSO Di net hyl sulfoxide 1.00 (*) 1.00 1.00

10 Effect of compounds on AR by measuring secreted levels of

prostate specific antigen (PSA)

[00157] It is well established that PSA levels are indicators of AR activities in prostate cancer. To
examine if the compounds affect AR function in a physiological environment, we determined secreted
levels of endogenous PSA induced by R1881 in the AR-overexpressed LNCaP cells (LNCaP-AR, also
15 abbreviated LN-AR). The LNCaP-AR cells are a line of lymph node carcinoma of prostate cells
transduced with a plasmid that makes express androgen receptors. LNCaP-AR cells were maintained in
Iscove’s medium containing 10% FBS. Two days prior to drug treatment, the cells were grown in
Iscove’s medium containing 10% CS-FBS to deprive of androgens. The cells wére split and grown in
Iscove’s medium containing 10% CS-FBS with appropriate concentrations of R1881 and the test

20  compounds. After four days incubation, secreted PSA levels were assayed using PSA ELISA Kits
(American Qualex, San Clemente, CA)

[00158] The secreted PSA level of LNCaP-AR cells was strongly induced by 25 pM of R1881. In
contrast, PSA was not induced in the parental LNCaP cells until concentration of R1881 reached 100 pM.

This is consistent with our previous report that the AR in hormone refractory prostate cancer is hyper-
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RI 881 nethyltrienolone 20.69 n/a(**) n/a Bicaluta _
N-[4-cyano-3-(trifluoromethyl)phenyl]-3-[(4- 2.00 2.55 5.55 nide

f | uor ophewgl2peui2iryl | - 2- hydr oxy- 2 net hyl propanam de 2®CT/US2006/011417
4-[3-(4-hydroxybutyl) -4, 4-di met hyl - 5-oxo-2- 6.88 11.50 21.50 Conp.
t hi oxoi m dazolidin-1-yl]-2 trifluoronethyl benzonitrile 7-3b

4- (8- 0x0- 6-t hi oxo-5- (4-net hyl phenyl )-5,7- 1.25 1.20 1.15 (7c¢)

i aza 7- r|quo | benzonitrile 3
O e TRl th o b Bt s SSAR RGOS G506 89 5 o the
2006/ ICA04 vBdiFTEAdSRP OB InlidtiFiting BSA Jexpression, and the results were listed in Table 1. IC50s
di nmet t al m dazo I,n-4 1
yli deﬁ%’ih gelg&hgﬁ&fl%ug%sroena %%e)ipr‘fs?o? ﬁioéﬁ%ﬁeég@%oﬁl BEBveE Opry e IR 1Rys2%-
1. 31 donfigmig g@t th¢ 8ig)hytinitox derbrafivdsatedirong ifhibit@z af AR drdodd @ﬁrﬁc‘c&fr RAAR]
yl gde&%]: 3- phenyl -t hi ourea 35 1-(4-Cyano-3-trifluoronethyl-phen -3-[7-(4-
1.44 ('5 1.05 (35a) cyano-3-trifluoronethyl-phenyl)-6-thioxo-5-p [ RDO3]

tolyl-5,7-diaza-spiro[ 3.4] oct-8-ylidene]-thiourea 30-2
4- (5- E?Bii%}l - 8- X3 Fsq lekasxineds agonistic 215t1\ﬂifies9& %cﬁﬁa c&appnds on AR in hormone

di az a&ﬁh&t&{y%rcﬂa@ecéanger Ylé)l% ge&ﬁe"lse(‘t’iq)SA £s t g M{eg ngd{' télr nl?é)zr% -3

4-(5-nmeth zaspliro
yl ) 20%ef Pxnrmﬁddmaﬂ?welﬂﬁemo mpuhatddml(lﬂ@nuéasmg Rméitrau&mz th@-c()ﬂnpounds for which a

ciazadpre ol g arnon 3oyt et et ¢ ARL RO ot BEn o s e mecim s

measured 4 days later.

[00160] Table 3 lists the agonistic activities of the selective compounds. Consistent with the
results obtained from the reporter assay, the diarylthiohydantoin derivatives such as examples 7-3b
(RD37), 33 (RD91), 34 (RD92), and 35 (RD93) have no agonistic activities. In contrast, RU59063, and
other antiandrogenic compounds listed as examples in US patent no. 5,705,654, such as examples 30-2

IS (RD73), 30-3 (RD74), and 31-2 (RD75) stimulated PSA expression in hormone refractory prostate

cancer.

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

cancer

20  Fold induction by increasing concentrations of compounds

Example [Name 0.1 M 1puM] 10 uM
DMSO |Dimethyl sulfoxide 1.00 (%) 1.00 1.00
R1881 |methyltrienolone 20.69| n/a(**) n/a
Bicaluta |N-[4-cyano-3-(trifluoromethyl)phenyl}-3-[(4- 2.00 2.55 5.55
mide fluorophenyl)sulfonyl]-2-hydroxy-2-

methylpropanamide
29 4-[3-(4-hydroxybutyl)-4,4-dimethyl-5-0x0-2- 6.88 11.50 21.50

Comp. |thioxoimidazolidin-1-yl]-2-

trifluoromethylbenzonitrile

7-3b 4-(8-0x0-6-thioxo-5-(4-methylphenyl)-5,7- 1.25 1.20 1.15
(7¢) diazaspiro[3.4]oct-7-y1)-2-
[RD37] |trifluoromethylbenzonitrile
33 1-[3-(4-cyano-3-trifluoromethyl-phenyl)-5,5- 1.06 1.30 0.85
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[ RD75
over

]

(*) Fold induction:
activities in DVBO vehicl e;

activities induced by a specific test substance

(**)

n/ a:

t he conmpound was not exam ned

in this aseayoe/200861] Effect of conpounds on AR m t ochenarisadocact4ivi t yby
MIS assay 5 [00162] LNCaP-AR cells were maintained in Iscove' s nmedium
contai ning 10% FBS. The

of horrrone refractory prostate cancer cells.

conmpounds were exami ned for their effect on growh
Over expressed LNCaP cel ls

Wer e acauca Ls ve as-ho fractory prostate cancer
cel | c@ﬁ Vi tglﬁegﬁhz'tmo’tﬂ’\/B‘t‘(lyﬂ)lnnwlﬂﬁ’a‘éur ed mtochondrialactivify by MIS
assay[RED1§ urylaad])S-sioyl-tgoeed h.  LNCaP cel I 5 with pverexpfessed AR (LN-AR)
wer e HatathredJtnr—scove s nediumcontaining 10% 10 EBS! Twa _days prior to
dr ug 4 eat meHf(%%n%éﬂ@we@ygptﬁm)ﬁn | scovel$Tnedi &@Pcont 899 ng 10% CS-
FBS t(34d)3pr|me)x@f5 @m@nggeﬁ&a_sgr{%q Rd-g& werge then split aDd grown in

I SCOV[%EQ? TEﬂ gnt ai g CS-FBS with appropriate goncentfations of
R188 ip @r % P ReR ﬁ]&‘ 'r‘ff“‘fratrons of the|test cpmpounds. After four days
i ncubgg i on, Cydho Btriflu¥yeme PRI RA M- MTS (g [reEga ars W). -96 WO
2006/é§4é /U82006/0114 ﬂﬁﬂqj 1%’1)2% %onpr stlleJrlrﬂt@ W t ?13twr1e rg]roboj ter assay
and H ssaﬁyamg Hirfueremetintgh W@Pé@c&Pessed LNCaP was| st i nul Flt ed by 25
m cr 815, 1hifdzalsiRoDAMBM-PiachglhiSuupr € not stimul aped unt}l R1881
conc ln_reached mcro Figure 2| shows the jnh|bitory effect of
sel eds%d corﬁ)‘(ﬁ]‘f‘i‘ﬁ@y]ogtox‘g@ BiPR-5et hor mone rief ra@2Bpy A7 &5} at @&ancer in the
pr esepsmpof &Q@Sﬂ;m[pj, ofttBdje. The current cfinical|5 drugjbicalufam de did
not | bit |har mone refractory prostate cancer. I'p contrast, exanple 5-3b

( RD7) trifluoromethylenzonitrile

(4-] hyl phenyl ) - 4, 4- di met hyl - 5- oxo-2- t hi oxpi m dazplidin-{-yl]-2-trif
| uor benzonitril P\ and exarml e 7-3b (RD37)

(4-( 48ty 3-dioket AytiagreigBYl®t-7- [di azaSPf r o 3.28] ocR3T5)1 ) - 2-
triflloem _mtﬁyt%%gt@lgeg}oﬂﬁﬁl bi ted horjnone refractory prostate cancer
wi t h|hi Dt ency examined if growth fnhibitjon in fhe MIS
assay(°8 . by targeting AR example 10 [5-3b (RD?7)

(4- [ ROY4pethyl phenyl) - 4, 4-di met hyl - 5- oxo-2- t hi oxjoi m dazpl i di n- h-yl ]-2-trif
| uor y henzanitrile) and exanple 7-3b (RD37)

(4-( ‘tfh-@%bylsﬂcqmquyrl@henyr) 5, 7-|di az&48j r o|82a] octl7.50

7-yl Yeadmp! | f&%g]ﬁm#m{&p@ 1§9m trile) were [tested jn DU-145 cel I 5, a
prostate cancer ce 1 ne"that |acks AR expressijpn. These corrpounds had no
gr owf&1Phni tmﬂb?rymeﬂlﬂéem@hﬂ@u 145 cel | s. (The conpounds (i d not{ inhibit
cel | yrpi7REr |t han AR-expressed prostate cancer cells, as they had no growh
effect —on” MCF7 and 15 SkBr3, two commonly used breast cancer cplls, or
3T3, a normal nouse fibroblast cell line. [00165] Exanples of in vitro

bi ol d§} B¢ indegtion; aciivigies induged/bit dipetificiiasitsulstancterviey artiiviviesindNGSQ vehisie;i ()

n/a: the compound was not examined in this assay.

[00161]

[00162]

Effect of compounds on AR mitochondrial activity by MTS assay

LNCaP-AR cells were maintained in Iscove’s medium containing 10% FBS. The

compounds were examined for their effect on growth of hormone refractory prostate cancer cells.

Overexpressed LNCaP cells were used because these cells behave as hormone refractory prostate cancer

cells in vitro and in vivo (7). We measured mitochondria activity by MTS assay, a surrogate for growth.

LNCaP cells with overexpressed AR (LN-AR) were maintained in Iscove’s medium containing 10%

10

FBS. Two days prior to drug treatment, the cells were grown in Iscove’s medium containing 10% CS-

FBS to deprive of androgens. The cells were then split and grown in Iscove’s medium containing 10%

CS-FBS with appropriate concentrations of R1881 and increasing concentrations of the test compounds.

After four days incubation, cell growth was monitored by MTS (Promega, Madison, WI).
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the Figures 3, 4 and 5. For exanple, based on relative luciferase activity,
Fig. 3 indicates that at a concentration of 500 nMthe conpounds ranked,
in order wO 2nwei24E8ti ve to | east active as foll ows: RD PE2/US200@D16437 > RD145
> RD163 > RD161 = RD162 > bical utam de. For exanple, based on relative PSA
20 level, Fig 4 indicates that at a concentration of 500 nMthe conpounds

ranked, in order of nost active to le active as,fallows, 1 >. RD131
A RE81sa] Rop 5 dSansietat tRoteaiies sy 550 T gt 2o o e AR -ohftecca
exanpli€p WasathuRkdry! Bt MVBSR BE ] ut tHei [grenfal teildiveat B stilvalited ungl R1881

concentration of nM .conpounds .r ank i rder. of ive to

| eastonsfapraiipa rﬁ%‘;hF‘gﬁ&bWé‘?m%%i%‘?nz S&ﬁ’ﬁt 1%5%{{ egfealiﬁ%%g?ctgd %? %g?lﬁg %R‘%{de. 25

I[ nhi Qb\}vﬂaroxf heﬁflioas treffagtohqsrmﬁte chrfbir i Cieqfryse et 1l 60 pMoaIRISE 1 XEm ogret cliticaror s.
00166] . Exanpl e 7-3b .(RD

(3. (SvbERBRRHF A1 O BRPPD RGPy O PSS ) B aple 720 G

yl) - @=[B1d-frlethoraem Y by-bieRagns oko- iowasidemtidint oyl pX-ifluveorhdthyl henzonitrile)

di aryl hydant oi n_derjvativ ave j.n viVv ffects op hor ragtory

or o5t EE e 30 AL we (BB Y S R o S asgrar FLrsp 5
est abifiuslaRehfbarvhiRie) neisxa hessad rdihidaly peetateacandh evitb highmeened cel |s in
Matrigel (Collaborative Bionedical) were injected subcutaneously into the

flan t he strated.mal e. SCI.D..nmM ce j u ly in
t hr e@&‘%’ nsi o% %%W&g&%‘%?‘ﬁ%rléggﬁ geilrthiie(&rtlf)%ésg tgct%ldrrsf\g‘? s &3t bflt;l?’g‘:ﬁ%%ﬁ% t unor
10z e5-36 qRONTEd (&{3-(4edsthylgfnyi)y@)4-din - Sadrok2-thimroing damelidin+l afldb hriflewmeial-

treated wW. differen of,, .« 97 ! 4
conp ‘T?ﬁ‘a’émge?ﬁ# VAol eeg‘égi?@%)cgﬁg'% o 10\%9%%4%,% ?%IIC 31%%3)-%)2] ?r%\g%? {r(g))[%l‘f%ﬂr r ent
cl i nirgpl2-wiflugohéthpbetizamirike vebiatesterbin Ot Soetls, gmowtate @hicdroelhiiredhat éfckatRor y
Fngg%afatrgsiglg r1L(‘Eneesre cgr%%gl%dg ﬁadvr?ohér(o:\lvﬁm) ml‘(lﬁ'tog}p Et?ec? 89 DUI-ﬂLSQ:QﬁQ. NG Eompo%@srﬁ?ch fot7- 3b
E 4- ]g a:ﬁhmo;eﬁsE ﬁh?rgham—&{efprp&lfsbdlydopjbte gticye @15, adithey depinp @f@ﬁgﬁ@z o 1\4KtF137- ad
r.i f L.uorone nzoni.trile I i ese tunors
(51 oA TR s %a%‘%??\&ingﬁn‘g 5_%%_5"‘3‘%%6%‘2%%%& Fl?s_éurneﬁ%) .
Furthernore, exanple 7-3b (RD37) inhibited PSA expression (Figure 8), the
gl ig)gi[(lﬂaGSJ r7rar kiExzfmplesmfrimwm higlbgiced aesivity of f@ggbﬁt)c ‘g@t?!?r ‘??TlD’WEB?FmI et ,
- - (S ox0-6-1hi  3Z35iRis .4].0ct - 7-
yl)- ﬂl(efgg%r%su%r“o%r% %yl%l‘)’gﬁ’%%‘r??%%f @Ei‘)ﬁm’g%zgggi tt%gt e fyhtF%g’tlﬁgﬁtggno raft
nmode koménthtemelife0 nkf the céngyopndspeksd,an er cwst achpy idenet AcBYT agde :
Thi s ' [l URBEGS2G] h ash kMR psast at e
cancé@ﬁgggg@}gﬁ%gﬂ%igﬁmﬁlch mm cgfc?g%g%ﬁei (r%iroggﬁ%nppr;%éj)%ssi on ofe, prostate
CINC devel, B4 in@atis| that at pcanientrtionéidg0 ok thycomovndsrraniise <3 Sulgr ofiNeeebaskiEnBgr af t
Mode] sast Al T fofidid D REA B %rMQBlbiy Rphytagble digaet wphhi kogsowtiniase PSA

expréésagt’la(gn i N "hornone refractor C4 xenograft nodel (sanme as vehicle)
(Fi gibiceluBaniden Fodbjamplan based on aslative dEmpiits, Fig-3bindirpes7thatsat @ saRIeY3tiaR °br e d

gr OthR/I %Q gomp%%ﬁﬁs%ﬁ{egﬁﬁ iopd%r fo m&slf' £RiSe {&i@%{ §cti(14: &s%ﬁ&v@@lﬁ@gb )37 > RD141 >

RD162 > bicalutamide.
25 Inhibitory effect on hormone refractory prostate cancer xenograft tumors.
[00166] Example 7-3b (RD37) (4-(8-ox0-6-thioxo-5-(4-methylphenyl)-5,7-diazaspiro[3 Aloct-7-

yl)-2-trifluoromethylbenzonitrile) was used to examine if the diarylhydantoin derivatives have in vivo
effects on hormone refractory prostate cancer. First we examined this compound on xenograft tumors
30 established from AR-overexpressed LNCaP cells. The engineered cells in Matrigel (Collaborative
Biomedical) were injected subcutaneously into the flanks of the castrated male SCID mice. Tumor size
was measured weekly in three dimensions using calipers. After xenograft tumors established (tumor size
reached at least 40 mm®”, mice with tumors were randomized and treated with different doses of
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15 Inhibitory effect on gromh of hornone sensitive prostate cancer cells.
[00168] To determne if the diarylthiahydantoin derivatives also inhibit
hor nrone swoWadre118pr ost ate cancer cells, we tested someCTalSe@biovE17
conpounds on growt h of LNCaP cells by nmeasuring MIS of mtochondria
activities. In contrast to have no effect on growmh of hornone refractory
prostate cancer, the current clinical drug bicalutamde mldly inhibited
?ng;) }6m ( 4§&£'1§é( Sﬂaﬁ}em{ﬂ%@aﬁ % Pﬁllt g'ltg cglg?zﬁ %s%grd &8 eQ%leerl]l cllmcapgrug blEcélu{TB‘u(ﬁ: d5 d 3b
t hi ox@Phd ﬁ’lb&fpmhnOfyhOym?nezmﬁﬂ¢t¢1WuUDmtctrycbr Gengz enivticleeFiane 78X apberadt 3b

( P8 ke 8- 0xts 6-

(4- rre X | ph fﬁ%/j/f“%ﬂj d| azas[gyl rog 64t1mx 5§4 mIe hylfh?nty |1)f5I 7u%1f€l %aﬁ%lf‘ﬂ%f‘%&% Rt e
i nh| praitgleh sranglyeinhipitessgraw th qfakmerumm Figurd (a)f anld dhehinggidition is

potsemay { epehdbht ap). ¢ 169]

Al anj Snenl exp e@%t? \/\/gl;[}gﬁ%glréfeg?#%7 3rlt])re%jg5 ﬁ?lgﬂﬁ%g%\?’mp*t%p&e 510“3(u gare|8|[>q %5 of

the ASlRggl maFl@§@&h@rﬁmﬂbﬁﬁwt@@@r@fﬁqw@cwm versity of California at Los

Angel es. Animals were bought from Taconic and maintained in a |lamnar flow

t ower [@016?] def | mREmpib oL H GAHINY4-( ﬂ-mﬂﬁﬁo%@ﬁ@e}@gg9rdla[czFngrgl;% 4?%6? of

mai nt ai in RPM_nedi um suppl emented wth
1: 1 MIPrA-g8poremethpdbspzonide)uwsielpe tasie de aether repograth eends] yf horone hefrabloank s

of i NpagtateOfanbdShdrAbid S grﬁs%?% ly in
tgw etpdl rrtensalnons (1 engﬁe;\m;&\ym dt h in%%p)l%lg&l ﬁg?ggta@glfeﬂ ers’ %ﬁ Sfih&%&?n
d

ofATSEYe P@S&a?éa%%mcagfaéf@p@cmwmelﬁms the qlmlqab@regresﬁlcmpﬁrpmstmamey (200

8. Bikigs WeHR GhMeH usDbahRYoveNgp¥sst@M MNtaplQ g / Q.. Qpt ai n
phar rrgcodénachﬁr ea ouutS rgt he Oanl Qn%rlss? wer e l eﬂ%ﬁﬁfgggl g‘if%g tiftical dn?gb
USY

PCT/ pot i sravih WP oppreesom iotoreemaeiactosy HARES xerfoeeft magsk
dose @dankhe vthies) Gﬁﬁl&e 92 eridIb). 1 18 OB eﬁa‘ﬁﬁﬂe vhe (Rbﬁ'ﬁ‘%'&oﬂé?& 1rlhlrlﬁt!e£1 SF AR and

acti vgg%t rreasure in photon/second. The right panels were

r epr eS BRI }Fi‘?éumﬂ@(@g‘ﬁé %Eﬂde"r%nts. Data are shown in f| gures | 1 and
12. Over 18 days RD 162 was effective to prevent tunor growh and even to
cause tunor shrinkage, and was distinctly nore effective than bical utam de.

5 [500170] The phaibiRepkifaebn gﬁ)v@fl obPhdilolt Rki#iPe prostate cancer cells.

4-17- ano- 3- r|fluoro 0X0-.6-
t hl[ Oxi)%ég - di az S?ﬁ ?"BTI{? y(ll%ykfh %/hy%lq:plt% rfiéntrw]also inhibit hormone sensitive
N et Ip;ols'eaté-cérﬂeef dellé 4wd:t?¢§iémsoﬁle selective compounds on growth of LNCaP cells by measuring MTS

triflu t hyl phe 0x0- 6-t hi ox0o- 5, 7-di aza-spi ro[ 3. 4] oct-5-yl [ phenyl } b
ut ana %ﬁ t1v1§ I.nl\ci_onéast to have no effect on growt%l of igrmone refractory prostayte cfancer yi}

met hy |the4e1{rrEﬂ( 4hmgaar&nfg bichlflatiieOMEI1R yihEBigddy hormBned ¥@is v NINDED- &i1d -ifliadddeSPi I O

4] qct 1]1-2 fluo ben am 5 RD: wer e evaluated in: vivo_using
b 2o e RASTOF BTIEE P lor o510 B Bhad BT+ BRERE e P S or 2
Labor dtiaoireigazohliia g }mpl-a‘lfdiownﬁéﬂﬁfl -btizonifHle) URG x@: ﬁtehﬂ BRI @a8xbictRioRRENt S.

veni oFERebFborbfls R G ab o G P e Efberrilo e il foibrid hgioaor oy

wei ghprostate cancer with a 10-fold higher potency than bicalutamide (Figure 10).

In vivo biological assay

25 [00169] All animal experiments were performed in compliance with the guidelines of the Animal
Research Committee of the University of California at Los Angeles. Animals were bought from Taconic
and maintained in a laminar flow tower in a defined flora colony. LNCaP-AR and LNCaP-vector cells
were maintained in RPMI medium supplemented with 10% FBS. 10° cells in 100 pl of 1:1 Matrigel to
RPMI medium were injected subcutaneously into the flanks of intact or castrated male SCID mice.

30  Tumor size was measured weekly in three dimensions (length x width x depth) using calipers. Mice were
randomized to treatment groups when tumor size reached approximately 100 mm’. Drugs were given

orally every day at 10 mg/kg and 50 mg/kg. To obtain pharmacodynamic readout, the animals were
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[00171] The drug was dissolved in a mxture 1:5:14 of DVSO : PEX400 : H20.
(Vehicle solution) and was adm nistered into mce through the tail vein.
The ani mawe 2a0ee12vaisned under a heat 15 | anp for approxipocatuskgoc@Di4mi nut es
prior to treatnment to dilate their tail vein. Each nobuse was placed into a
nouse restrainer (Fisher Sci. Cat# 01-288-32A) and was injected with 200 |
of dr yg.ol i Gl j into the.dilated. tail vejn. ter drug

i i el O Gl G W R AP 3% et Pl bmmgver e

di f f efwe farilypifobnact vitbmeasyre@entimphofonfsecdid Hhe Hzhtpandn ivel aSepreefiatidiordicat el y
bl eed .\ i puncture ( BD syringe + 27G
515 neul SRR bl S sl i Gl (BT 05 i Bt tha i Bk reren

50: 10 umog gHwH antigmed to ca@e bunoy sietoltygecsld vuls distnctly TweesfBtivi20ahnMianiak al

adm nistration via a feeding syringe. [00172] The serum sanples were

anal o det ] : P t i,on b HPL i WAt er s
500 phop Wt or <SRG st St B ARGRR LM 2o bl ot oas Rl et v ¢
an APy -Eaa-spipldrtiect-3-yll4ei0enenk4. 6 nfD37The RDB7 N-REDBY- (AT 4RDLE-

W) -OR0-0-thibx8-5, 75 - Oct-3- then dub.a ! -
et bot oy oM gHaLBR v %‘?"ggﬁf‘?%ﬁ%é{@% < 2 al e BT P e o
pr epaPE@Y Lttt sary-1-Biftuawonte Ipbedyhie-progieibitun;7-diazaBbive(d 4fuet-5-31]vier €
separ flicbehtaiiies BF2dMRY 165 Wdrd fey?@attédoﬂ' vivo T&ngofg év%elf‘?&gfﬁ\r/%g‘gi%‘% whi q?vgr% 80 |

of .a 10 M so] uti on of[,an internal standard an

pridci PirehaesddipmyEhasles Biyer Beporatories Mick wene dlivided into igteegedf thios @ endhisiesoiand
then phased whdss: tehibd 3%AY ' e treg 096/ 241

PCT/ US2006/ 011417 - The sﬂ‘?iaﬁﬁ’é’é"?@?‘%ﬂn@ﬁé ‘&grre ge?t?‘?W\e%) é"é“" f ?03“62)‘}-01“3\%“8 group
separ Ytsdtrals( witB P memggislaseam of bodtheeitht t r at e was dri ed under an argon flow
to dryness. The sanple was reconstructed to 80 | wth acetonitrile before
anal ypor] by HPHG g delselifoned g 4 : L9 prGaghan gurve of
drug Wﬁé‘ Lsseng to irm‘r?oveS alccutaclzﬁlio 5tg%%%fg%ﬁeﬁ%%(zée%ﬁgépi-o%’?d(")gvﬁﬁdiez in
pl asniWHEWA Frrs adpinigiered it mice lrorgh e tailbyain. (b avemduae vanded walm o hedt

adsi nesp FortapsbximSte SRS friod W & L SE concentratiqn (Css)
of bi cal ut a%ﬁdé, eggmwi Séé\d RD f62 f%@ﬁ%&lﬁﬁﬁﬁl%&g&rﬁgm .Oufﬁga%@ﬁ%gmtéati on
at steHgysesesiagmep (Vg fep Gait BL3%ni2Adldny wees infgoted! wath 200! f drbg calveiasi de,
and suhsbamith ahd HilR&E tAr vl \l%&r% L GR0 IaM LogP Gss. 10 mg/kg

Css, 25, o/ kg Css, 50 o) kéém%?ege[aﬁﬁg %dgmnlil P‘é’.cai Ll\gi’* &t g nﬁ‘?llaﬁé’g
RD13 ]}nlgxéa ign apydiffergnt {gmepings: 40mn, 30 mn, 2 h, 6 h, 16 h. Animals were immediately bleed after

exposure to CO, via cardiac puncture (1 ml BD syringe + 27G 5/8 needle). For oral dosage, the drug was
20  dissolved in a mixture 50:10:1:989 of DMSO : Carboxymethylcellulose : Tween80:H20 before oral

administration via a feeding syringe.

[00172] 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 (3p, 150 mmx4.6 mm). The RD37, RD131, and RD162 compounds were detected

25  at254 nm wave length and bicalutamide was detected at 270 nm wave length,

[00173] The samples for HPLC analysis were prepared according to the following procedure:

- Blood cells were separated from serum by centrifugation.

- To 400 pl of serum were added 80 pl of a 10 MM solution of an internal standard and 520 pl of
acetonitrile. Precipitation occurred.

30 - The mixture was vortexed for 3 minutes and then placed under ultrasound for 30 minutes.
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[00175]

presents diarylhydantoin compounds which have not been placed into a tier.
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the rate of tunor

kg bod
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the tunor appeared to be stabilizing after about 17 days.

with RD 162 at a dose of 1qhy%ngof _wei ght per day,

Compoun s in Tiers

t unor

and the size of
Under. treat nent

Tables 5 — 10 present diarylhydantoin compounds grouped into Tiers 1-6. Table 11

The placement of

compounds into tiers was based on available data coupled with analytical judgment. Data considered

included in vitro assays (AR response reporter system in LNCaP cell line, PSA level measurement, MTS

mitochondrial assay) and in vivo experiments (tumor 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. 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.

Tier 1
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di aberBE62, BAAdERR ddti8486 € BigureaIBAI1BMLAD lai SMlcf BLaALEH vHNSRARRSsol RS YullBY Pe
' S e.g.. as_standards, or as internediates or prodrugs. -101

ful J. . ]
\l;\zez%d’éﬁuln‘”z’g?"ig‘ 5P/ &30 0By Genupaty undppBpatment iR 1 6@ ek pdomDs | NEpér 18 ey RD7
NC \ w&ht/pei@dy, thefatd offtindor thdredde REBeaked! arld tHeside cthdNulor Ppied beManflziE NC

BBS N F aN N
Me F\;tlgtlero ab%u (?ayé. El’l?)d%r frel\elmner}t Wﬁ%%l@ at a dose of 10 mg per kg body weight per day, tumor
15  size decreased with time. Figure 19 illustrates that under treatment with RD162 at a dose of 10 mg per

kg body weight per day, photon emission associated with luciferase activity decreased. Figure 20 shows
that treatment with RD162 at this dose resulted in a decrease or stabilization of tumor size and a decrease

in photon emission associated with luciferase activity.

[00179] Figure 21 shows that under treatment with RD162, RD162", RD162",_RD169, and
20 RDI170 at doses 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 23 presents urogenital tract weight and rate of photon
emission associated with luciferase activity initially and after 14 days of treatment with bicalutamide or
with RD162 for intact and castrated mice. The weight and rate of photon emission increased for both
intact and castrated mice. Treatment of castrated mice with RD162 resulted in a decrease in weight and

25  photon emission with respect to the unireated castrated mice, as did treatment with bicalutamide.

[00180] 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 may also be useful as modulators of other nuclear receptors, such as glucocorticoid receptor,
30  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
[00181] Tier 2 compounds (see Table 6) were significantly better than bicalutamide for treating
prostate cancer, although there were indications that RD54 could act as an agonist. Figure 3 illustrates
5 that compounds RD145, RD152, RD153, RD162, and RD163 in Tier 1 and RD161 in Tier 2 dosed at
concentrations ranging from 125 nM to 1000 nM acted to reduce luciferase activity in LNCaP-AR cells
whereas control solutions of DMSO and of bicalutamide had little or no effect. Figure 4 illustrates, for
example, that at concentrations of 1000 nM, compounds RD37 and RD131, in Tier 1, caused a greater
decrease in PSA level of LNCaP-AR cells than RD133, RD134, and RD138 in Tier 2. Figure 11 presents
10 tumor volume over time, and illustrates that under treatment with bicalutamide or vehicle solution,
tumors continued to grow, whereas under treatment with RD162, in Tier 1, tumors decreased in size.
Figure 12 illustrates that photon emission associated with luciferase activity remained about the same or
increased under treatment with bicalutamide relative to treatment with vehicle solution, whereas photon
emission decreased under treatment with RD162. Figure 14 illustrates that under treatment with
15  bicalutamide, there was little or no decrease in PSA levels, whereas under treatment with RD131 and
RD162, PSA levels decreased. Figure 15 illustrates that the ICso for RD37, RD 131, and RD162, in Tier

1, was much lower than the ICs, for bicalutamide.

[00182] 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
20  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.
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Tier 3

[00183] Tier 3 compounds (see Table 7) were judged to be slightly better than bicalutamide for

treating prostate cancer. RD133, RD134, and RD138 (in Tier 2) caused a greater decrease in PSA. level
5 of LNCaP-AR cells than RD135 and RD137, in Tier 3. All of these compounds caused a greater

decrease in PSA level than bicalutamide.

[00184] Other Tier 3 compounds (not shown) were not diarylthiohydantoins, and were
comparable in activity to prior art monoarylhydantoin compounds RD2, RD4, and RD5.
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prost NAINC o VIS S8 Tiorn o vedRh 8% (R R oB) i g et B et
decr ehgmohwreﬁ@ﬁoﬂyw@tate 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-
5 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 discases. They may be

useful in assays e.g. as standards, or as intermediates or prodrugs.
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\ 0 Mnido 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

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

Thus, Tier 4 compounds may be useful 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
acne. These and related compounds may also be useful as modulators of other nuclear receptors, such as

15 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.
TABLE 8
20
TIER 4 COMPOUNDS
NC NC NH
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TABLE 8 20 TIER 4 COVPOUNDS RD2 NC I \\ S RD9O NC\ S/ NH2 F3C-\% N'"N
N, FBCNNM M 0 M OM (conparative) NC:AON SMe NC S/ Me D21 RD22
Ja F3C WB2@eN2M18 O OV -108 WO 2006/ 124118 PCT/ US20@6/rQE2ebe/011411 ER 4

COVPOUNDS RD23 J~ NC Il Me RD24 NC/ A\ I Me s F3C):::~NNF3C NN Ow O
Me RD25 NC :aN S OCH3 RD26 NC S OCH3 F3C FSC ON N O Me RD27 NC C OCH3
RD30 NC :aN S CNF3BC NNF3SCNCF3 M +tM OMe OMe f ° \ | Me RD31 NC I

[ \+—ENRES—)—a—F3CNT1 TR ICOMPOUNDSY VME OVE NC ST VE NC S M
NG ¥
RD149 :@\ j\ /©/\y( “Me s j@ it /©/ \s/*
FaC N7 N °
o)_b 0 Me
RD151 j@\ A /©/
O Me
Tier 5
[00188] 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 important

5  to determining activity.

[00189] 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 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
10  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. In particular, the
terminal substituent in RD155, RD 156, and 158 (CH,NRR,, where R,y = H or methyl) is not seen as

contributing to activity in these compounds.

[00190] Tier 5 compounds would not be desirable for treatment of prostate cancer or as AR
15 antagonists, although these and related compounds may 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.
20

TABLE 9

TIER 5 COMPOUNDS
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O
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Tier 6
{00191] 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
5 comparative compounds ranked very poor relative to the inventive compounds. Notably, RD72 had very
poor activity, with a chlorine substituent on the left hand aryl ring, whereas RD7, with a
trifluoromethane, and RD100, 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

10 hydantoin ring, and have certain substituents on the left hand aryl ring.

[00192] Tier 6 compounds would not be desirable for treatment of prostate cancer or as AR

antagonists.
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(comparative)

Untiered compounds

[00193] For several compounds, there was insufficient experimental data to rank them. These

5 untiered compounds are presented in Table 11,

[00194] Based on the data and methods of the invention, and applying judgment based on
review of many compounds, including some not shown here, one can make some observations about the
untiered compounds. Comparative example RD1 is expected to be in Tier 3 with comparative examples
RD3-RD5. RDB89 is expected to hydrolyze to RD37 (Tier 1), and should therefore have comparable

10  activity. RD104 is expected to hydrolyze to RD58 (Tier 1), and should therefore have comparable
activity,. RD105 is expected to hydrolyze to RDS (Tier 1), and RD 139 and RD140 are expected to
hydrolyze to RD138 (Tier 2), and they should therefore have comparable activity.

TABLE 11

UNTIERED COMPOUNDS
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[00195] In short, novel compounds which show evidence of being far superior to bicalutamide

in treating prostate cancer were identified and produced.

5 Sensitivity of Anti-Cancer Activity of Compounds to Structural Differences

[00196] The inventors have determined that what might appear to be a small change in the
structure of hydantoin compounds may result in a large change in that compound's performance in
treating prostate cancer. For example, RD161 and RD162 differ only by 2 single fluorine substituent on
an aryl ring, and RD162 is in Tier 1, while RD161 is in Tier 2, both being better than bicalutamide for the
10  treatment of prostate cancer, but RD162 being superior. However, RD149, which differs from RD 161
only in having an additional carbon atom between the methylcarbamoyl 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
RD161, RD162, and RD149 on luciferase activity can be seen in Figure 24. At a given concentration of
compound, the luciferase activity upon exposure to RD161 and RD162 is less than the luciferase activity

15  upon exposure to RD149.
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[00197] RD?9 differs from RDS only in that an amino group is substituted for a hydroxyl group.

However, whereas RD8 is in Tier 1, much better than bicalutamide for the treatment of prostate cancer,
RD9 is in Tier 4, no better than bicalutamide. The effect of RD8 and RD9 on luciferase activity in the
1AR cell line can be seen in Figure 27. For a given dose, the luciferase activity upon exposure to RDS is

5 less than the luciferase activity upon exposure to RD9. The effect of RD8 and RD9 on luciferase activity
in the 4AR cell line can be seen in Figure 26. For a given dose, the luciferase activity upon exposure to
RD8 is less than the luciferase activity upon exposure to RD9. The effect of RDS and RD9 on PSA
levels in the LN/AR cell line can be seen in Figure 25. For a given dose, the PSA level upon exposure to
RD8 is less than the PSA level upon exposure to RD9.

10  [00198] RD130 and RD131 differ from each other only by a methyl substituent on the end of a
carbamoyl group and bofh compounds are ranked in Tier 1, although RD131 has been found to be
particularly advantageous. RD129 is the same as RD130, with the exception of a methoxy group being
substituted for an amino group. However, RD129 is ranked in Tier 3. RD128 is similar to RD129, but
has one less carbon in the chain linking the ester group to the aryl ring; RD128 is ranked in Tier 3. The

15  effect of RD130, RD131, RD128, and RD129 on PSA levels in the LN/AR cell line can be seen in Figure
28. Tor a given concentration, the PSA level upon exposure to RD130 and RD131 is less than the PSA
level upon exposure to RD128 and RD129.

[00199] RD153 and RD155 differ from each other in that the former has a methylcarbamoyl
group attached to an aryl ring and a dimethy] substituent attached to the thiohydantoin group, whereas the
20  Ilatter has a methylamino group attached to the right hand aryl ring and a cyclobutyl substituent attached
to the thiohydantoin group. Whereas RD153 is in Tier 1, much better than bicalutamide for the treatment
of prostate cancer, RD155 is in Tier 5, inactive or nearly inactive in the treatment of prostate cancer. The
effect of RD153 and RD155 on luciferase activity in the LN/AR cell line can be seen in Figure 29. Fora
given concentration, the luciferase activity upon exposure to RD153 is less than the luciferase activity

25  upon exposure to RD155.

[00200] RD58 and RD60 differ from each other in the substitution of a thio for an oxo group
and a dimethy] substituent for a cyclobutyl substituent. Whereas RD5S is in Tier 1, RD60 is in Tier 4.

Pharmaceutical Compositions and Administration

[00201] The compounds of the invention are useful as pharmaceutical compositions prepared
30  with a therapeutically effective amount of a compound of the invention, as defined herein, and a

pharmaceutically acceptable carrier or diluent.

[00202] The diarylhydantoin compounds of the invention can be formulated as pharmaceutical
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bei ng better than bicalutam de for the 10 treat ment of prostate cancer, but

navi 08 a1 Ea g AT somPRat G A e RS LRSS aBlis R no
aryl erg,mgslly, s cmnblnatlon with a pharmaceutically acceptable vehicle such as an inert diluent or an
assimilable edible carrier, or by inhalation or insufflation. They may be enclosed in hard or soft shell
gelatin capsules, may be compressed into tablets, or may be incorporated directly with the food of the
patient's diet. For oral therapeutic administration, the diarylhydantoin compounds may be combined with
10 one or more excipients and used in the form of ingestible tablets, buccal tablets, troches, capsules, elixirs,
suspensions, syrups, wafers, and the like. The diarylhydantoin compounds may be combined with a fme
inert powdered carrier 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
preparations may, of course, be varied and may conveniently be between about 2% to about 60% of the
15 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.

[00204] The tablets, troches, pills, capsules, and the like may also contain the following:
binders such as gum tragacanth, acacia, corn starch or gelatin; excipients such as dicalcium phosphate; a
disintegrating agent such as corn starch, potato starch, alginic acid and the like; a lubricant such as
20  magnesium stearate; and a sweetening agent such as sucrose, fructose, lactose or aspartame or a flavoring
agent such as peppermint, oil of wintergreen, or cherry flavoring may be added. When the unit dosage
form is a capsule, 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
25 may be coated with gelatin, wax, shellac or sugar and the like. A syrup or elixir may contain the active
compound, sucrose or fructose as a sweetening agent, methyl and propylparabens as pteservatives, a dye
and flavoring such as 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 and
30  devices. For example, the diarylhydantoin compounds may be incorporated into time release capsules,

time release tablets, and time release pills.

[00205] The diarylhydantoin compounds may also be administered intravenously or

intraperitoneally by infusion or injection. Solutions of the diarylhydantoin compounds can be prepared

-116-



better than bicalutam de for the treatnent of prostate cancer and is ranked
in Tier 4. The effect of RD161, RD 162, and RD149 on luciferase activity
can be sew02wo0v/Big8re 24. At a given concentration of eomus2e0d/01t4ne

| uci ferase activity upon exposure to RD 161 and RD 162 is |less than the

| uci ferase activity 15 upon exposure to RD 149. -114 WD 2006/ 124118

PCT/ US2006/ 011417 [00197] RD9 differs fromRD8 only in that an am no group
i s subistviatddt @lioha¥y @ixBY W@ hon! Slersiddigr e D8 is in Tier 1,
much get ter tt]%g;gi fal ut ani de %%uf]ﬁfgd%?'g?tl%ﬁsf%%fc a%?%%tﬁgtpéepﬁrﬁﬂd%lgi,yce@w is
in Ti el PONSIRInE @lycelaragstinaandtmiiuers. therens agd fire ofls. of n&DDrdingly BRI of

| uci f esxcage add ideVihéy prdparhtichs ¢ AT en in, FLqure 27, For a
gi ven dose, the Iuc#)fdgr ase a%fb:%\l}%ﬁl yalplf%)gg{r}’g%‘%ggg%r%%n%?‘ o] gﬁfﬁhf)é’%%rqoégfglsfnﬁan t he
| uci fg()@z'a act i vii, pon exposure to RD9. The effect of RD8 and RD9 on

| uci ferase' acti vi ‘%)ép aeeRica] Arsage fermp isyitebledfor iniecbmen infasith guriecld®. stdrid a

gi ven adeses solitiend eiGiishekdseorattileiolers P i IS less,than the
luci fgrase %Ciii Vi %JS on exposlue\r?g to R%gpr%¥%gﬁéje§1&%? dag%pggﬁ%h&ﬁe PSA
| evel %P9 IRE TengX p@EaI“FO“IS iPPEHM Blsterde Anipatably guingisibl: sdhgions ogthesmsicis e,

t he PS$ptidnelebncupanicaXpUposbRed On aRP8sek Shd P vel .upon
Fo8] ROAS0 e RD’%%%“I&% bt %?‘F‘Sﬁqélelg@% SRS/, by

exposg{aﬁletug Rﬁa 1% .(LOO 98 di;

a met Ayl < suBs e qBHETS P! mrrufagtiye ard gorage B hayid cqrrisugr whidletvat he € sotpatinds
ar e r dinkid dlispersibh ahedlym abipuagh &I hpha rticularly
adl\()ani)%%ﬁ%’ﬁjs'l RE;IZE in; t he sane as %égaggh%a%%gd%OHcégﬁfgg%?le’aéiﬁ?f%oxy
group o S0 diaridpebigthylsre glicokpibthg Histlpvesriable vidy, nombxid @9cdrgl asarskad i N
Ti er 8uitaBlD mMiRBirds Sthakdfi | B RIS, - a i.n_the chain
li nki gosfghe sghesr r oup teoﬁrg%e a?ry ia?%m%%ﬁgg@?gll g%ﬁ?%drb?ﬁgeﬁoé?m?n ﬁ’{:e 15
ef f ecp or %% \° ‘ﬂ%&@‘i,ﬂcﬁﬁﬁ 8 FeqEr Rtido sign Pl chse o dispémsiotsher HyNhARsece |

| i ne eafactosts.se®he iprevbitur & theSactibi® lof amids ; tr.ad i he PSA |.evel
| 1T o6 m%p%glp I%%Aﬂljoﬁg{t/eﬁtbo‘gtpg 8RP6sur e

upon osure. to gﬁ%S@g and RD131 is less than t

taéRD ARG BOFI8IE) 4955) RBEEPlea Aratens shlorbrteal, thewsa sebidrcit, Hémerbsl t hat
t He f ordnthe likeasn aanype tdsyd, Gtavih dEBpeleratld @URkialet; ring and. a

di met iyl qsubstiLuent. atta 1heg.B to.1 he thi oh)}%g%%gﬁﬁa’?gru%{a%&ﬁﬁué%gﬁ}"% " 20
latter has s iefAralenrsed agsomiion of ths dtiestpblesommesitiong an becmolight stoutrtiyrhe aad a

cyc| obubadonpoditdrisiofiamhts atlkaahadodhor, hﬁeﬂ_ﬁgﬁé}mﬂ{ﬁi | RodHsiiRre awg%?q%s RD153

isin Tier 1, nuch better than bicalutam de for the treatnen prostate

cancefygo 155 isS{FnleTiier aZ) inlgcti ve or nearly inactive in the treatnent of
prostate tancer. The "Hf¥ I sgiptions, &7 AreaerRbIEyS 1gAerHogpsing ethas dianditydariteiy i n

the LIGnpRugielih the reguitainarheins &€ thei dpplopats @oRSht Wl vatoudio¥ §iL gtg%clg hakd on,
e

the |4gi ctivity upon exposure to RD153 is less than't uciferase
ac'?i v%ﬁtﬁf;}’gﬁ{fg%ﬁ%‘%hgse&eﬁ%ﬁs{eﬁr O(?‘P%Ye %g%r sterdigoitny] IrrbBean @l REGIE nowdére forf thom

each nsetaention af sterdle snjbxsdbiet soluitions, @e RefeéOmb@dsaT pebBrabllbP B vacuum drying and
freeze drying techniques, which yield a powder of the active ingredient plus any additional desired

ingredient present in the previously sterile-filtered solutions.

[00208] For topical administration, the diarylhydantoin compounds may be applied in pure
25 form. 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.

[00209] 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 liquid carriers include water, alcohols or glycols or water/alcohol/glycol blends,
30 in 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 properties for a given use. The resultant liquid compositions can be applied from

absorbent pads, used to impregnate bandages and other dressings, or sprayed onto the affected area using
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and a dinethyl substituent for a cyclobutyl substituent. Whereas RD58 is in
Tier 1, RD60 is in Tier 4. Pharnmaceutical Conpositions and Adm nistration
[ 00201] TWwe 20@vmaeusds of the invention are useful as phacrasewsiocal?
conpositions prepared 30 with a therapeutically effective anbunt of a
compound of the invention, as defined herein, and a pharmaceutically
acceptable carrier or diluent. [00202] The di aryl hydant oi n conpounds of the
i nvention can be fornul ated as pharmaceutical -115 WO 2006/ 124118

PCT/ WS206BE®I 89125P! SRERfSosi t i ons and administered to a subject in need of
treatment, for exanple a mammal, such as a human patient, in a variety of
for ngoexapt ed t OTHIO@N&GE OFRNas! Fhith&icOfoly3aN, ThiBil 4ads] ity Jof saBX BHPESers, LR} | Y,
nasa%%% intraperitoneally, or parenterally, by intravenous, i

i nt r 2AGReE mpditied Gelyleses epmadified mgrabmaterialy saalso be epployed ek fifiih carriers to

ti ssuBem Epré-deh20dstetNitss, obitaéntd, RYHaNinQithe HRRRWRHEcaRn bRl RY 8RtkANRY be
s%gtenlcally adm nistered, e.g., orally, in conbination with a

phar ti%eut i cal | y acceptabl e vehicle such as an inert diluent or an
assimlable edible carrier, or by inhalation or insufflation. They nay be
eng: ge@d1ij n har ci:gamp&@fo&“ usétel a%nnéu_elogicmlrbmpﬁﬁmﬁym?w%&% G@Eﬁb eRERM tha1t O
tablets,, or may be incorporate i rect Wi the food of the_ patient's

di ot RGP EREIT OREPUE i (8 SRARIEPR dp G t SHUPRF-yenIAdas 85 4 (BripBiinds
may he. 6083 928,0GeNat(lr.SL P08, A[99PRTS), SHiiE @iakNIES.and Nuseds9, 157 bed Worbmad

i ngest.i abl buccal .tablets, .troches, capsules, elixirs,
sugpéhjsﬁp%%s,"-%ﬁﬁ%%?% #};cffg’\‘hé&l "‘é%lafr%’ﬁéncﬂpﬁ‘é‘f‘e%ﬂiégf 8%y | hydant oi n conmpounds

may be conbined with a fine inert powdered carrier and inhaled by the
slbj d@2212F i nsuftfdefil ddsagSudhhec@mpotids iod fismalad cpi B adtaidied Dy compating tBa@nt ai n

at le 0, 1% di aryl hydant.oi n. co und T. rcentage of the conpasitions
and “g r%%atrp? aarcglfn(i{yo fod n%f/}/ Voo?ctﬂgl% "5 %H?Bgleme%}sr egggﬁgs ?859{1% g’r‘ﬁ/ﬂé’ﬂ]ia%?ﬁ P& et ween
aboutdo2%es in railbbeuind GE% efintalye tdl burnuai giet knofvn do dhevat) funétanpes ageUSoPM Nbhe
anmount iaryl.hydantoin c ounds in such therapeutically useful

conpggp ?@%gﬁ?%lg%%%yfCQFmQ%Q@WFQ%?PV% dosage | evel will be obtained.

[ 00204] The tablets, troches, pills, capsules, and the |like nmay al so

cont 400213lhe f ol |Koni sxgmplepithed @pcestatin asf the nilibuyfaydandoih hgonpoacks ain ¢ dligunidst ar ch
0{z g 1.0 .excl pient.s s dic I hosphat e; a . disintegrati. agent
S{JSC h %g@f’dcsgfroﬁ’ %gg?gc f,&%% tchf ge %?né ra%%u?bgl ég?’m ch%%gl? o O et ?FQ@ A’gl%?' ‘i"ﬂgl%i cant
such Tas ca@enmtjeremiamms sadidroa sa@id camgositionwedt s ni gaboragemtdersuan be siousUtSOSISy,

fruc 3 5“859 ane or a flavoring agent such as peppern nt,

oi | Eﬁgé%ﬁ%%%éﬁgg%g/o G%Q%Ty flavoring may be added. Wien the unit dosage
formis a capsule, it may contain, in addition to materials of the above

t ype [0R14li qui d cheramepnt of gehdimrgihpdanipeyeinmonels oéquired for ugeoinrettimghtemid vgtyy col .
Vari qys HaLeL € - coat.i . herw.se sodify
the DRyt BF pREh Aol eE BREARTKE e R iRy, MOERYLRR 0

pZQ | sondiffoncbaing dreeted and the age and condition of the patient and will be ultimately at the discretion of

the attendant physician or clinician.

[00215] Effective dosages and routes of administration of agents of the invention are
conventional. 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
25 severity or mechanism of any disorder being treated, the particular agent or vehicle used, the method and
scheduling of administration, and the like. A therapeutically effective dose can be determined
empirically, by conventional procedures known to those of skill in the art. See, e g., The
Pharmacological Basis of Therapeutics, Goodman and Gilman, eds., Macmillan Publishing Co., New
York. For example, an effective dose can be estimated initially either in cell culture assays or in suitable
30  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 determine useful doses and routes for

administration in humans. A therapeutic dose can also be selected by analogy to dosages for comparable
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25 may be coated wth gelatin, wax, shellac or sugar and the like. A syrup
or elixir may contain the active conpound, sucrose or fructose as a

sweet eni iyoageni411aet hyl and propyl parabens as preser varcrasooa/odpue7 and
flavoring such as cherry or orange flavor. O course, any material used in
preparing any unit dosage form should be pharmaceutically acceptable and
substantially non-toxic in the anobunts enployed. In addition, the

di aryl. pgﬁgg&hg conpounds nmay be incorporated into sustai ned- rel ease
preparations and 30 devices. For exanple, the diaryl hydantoin conpounds may
be incorporated into tine rel ease capsules, tine release tab{et

rel eB9214)i | |'s. [lboPOYulareodgiohpgrniHEGNG the sloprse Aesmeh Y LPesSS 65@3 byt

adm DSERE SHnibiod, rt@lﬁﬁ@%& l¥coBfit the PhatieRES It AReast Ye. BY tHeNdublfbi0 EheQﬁselai&:L @etion.
Sol utions of thé diaryl hydantoi n conmpounds can be prepared -11

2006fisczad dge pegivedspahwhatier the frepimepids Biophydastitlo Héffwnﬁﬁ% §vaive F}a%Y %Sﬁ%tbxu c
syr f aﬁh@ages op«':o?rﬂ)%fn?d(g RSerGAerifd S0 10F dRYQPALRMs, loRe@hyegEol , liquid

pol yet hyl ene glycols, triacetin, and m xtures thereof and in oils. Under
or di nar condl tions of st orage and use, hes tions cont in a
pr esmﬁ'{l ve t o IpedehtiovREtg Bttt & ?Sel’f‘i‘ 5%%?543%{ ‘T@Mé?&r boy

phar ieeabki cal, dasage: od.artaabsardehl/ e f)pb"ody RicREf je Bay) Euch R tlsive Bbodam 1 infaC| ude
sterile aquequs sol utions or dispersions or ste;)(ill ﬁomggrs con%ﬁl si ng
the BFAOSRAPIAAR &FHee SiIL AR Win ufalroéng %ﬁ&%&?%ﬂ 89y gt BBus

pr epasatioPBkaitplesh flithbl6 dbsRin@G e Rbsut Ding/Waf LshBke of 6 tipikens bedy veblg‘mﬁérﬂajans
optionally encapsulated in liposones. In all cases, the ultinmte dosage

form shoul d be sterj f|UId and stable un r the itiaon

nut®@ettre and i“ a&é’éy 2R ‘Tolrrﬁ’ﬂl'“liisc?éer fqoge y\?glﬁ‘fnéﬁ%eé ‘gg’nmﬂt go:ia%eoqo%nt or
| quited ed&rﬁ;ﬂero%m@lmn@mobsum 1000WiE,S0. A eh 10000 mpx 8l @0 mateabowetiidng of aatiypol yol
(for, ex ceral , 10 propylene glycol, liquid polyethylene glycols,
and f%ée mg?/éﬁ%‘?éﬁ‘?“é oils, nontoxic gl yceryl esters, and suitable
m Xt ures ther eof . The proper £l uidity can be maintained, for exanple, by
the famensiti on ofThel dipgthydmsqin bgontpbmdsraéant b cadoenigéred hte  rebdpye r gk pelagniac| e
size in the case. of di rsion b e.of t o
pr evgmcpgﬁ%gqs HEr %Wﬁep a??lo r(g%trog%ﬁ'ins 20! %Lgro t%aB t(s)%% 3 i ous
ant i pagbesboat 5 &ﬂﬂboﬁ%l m\m n @aém;agy tsrablk plas@x amqobrez;anmnadimdw,t leg$tloonongteanol

oGl 050, 801 LTS g ke S SRRl ] Pe

sodi uoo afidréholateor ﬂ%mohmgﬁﬁtoedbsqutnmmmtart fikis |rmajyé1etaalnb®dcﬁmpmnl¢, brpsghecan be

ansonerne pisriameliftE o sl iinERERAELINALIaR o BN TRNS PR BBatpr o

St er iotatly iainivesterdal as aslfolustcbmmmngrahom rlelpalrxgcbf loye dlmlhyqlmtom c(mgpmm@. Desirable

0in mpounds in the requir t '
g MDA SRBh RGNS e e AL OB Bl b0, SEREGRE K20y
r equiweiilt pdr oo e dxdayplé bt least ozsﬁoemoﬂelt]zmt(] @005, 00005 .98 s@ 0D f0.5 e b imgégowder s

f ! | | hod
019 ' pf/ﬂtsglpgsfe?f c§ﬁ%ve a‘.%rll,l B‘?Sng %ﬂg}gﬁb 1n{e§%1tttenl% uﬁ‘us%ons cBntglm%g agglﬁ OQ)rOﬁ Ehd &Q pQ;Bt 0das

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

ahndtlrre

diarylhydantoin compounds per kg of body weight.

25 [00220] The diarylhydantoin compounds may conveniently be presented in a single dose or as
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 insufflator.

[00221] A number of the above-identified compounds exhibit little or no agonistic activities
30 with respect to hormone refractory prostate cancer cells. Because these compounds are strong AR
inhibitors, they can be used not only in treating prostate cancer, but also in treating other AR related

diseases or conditions such as benign prostate hyperplasia, hair loss, and acne. Because AR belongs to
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freeze drying techni ques, which yield a powder of the active ingredient
plus any additional desired ingredient present in the previously

steril e- fwbtesed4mel uti ons. [00208] For topical adm ni sPCatuseevs/ol a7

di aryl hydant oi n conpounds may be applied in pure 25 form However, it wll
generally be desirable to adm nister themto the skin as conpositions or
fornulations in conbination with a dermatologically acceptable carrier,

d | iquid. 00209] Usef i.nelud
o CTh e el o Lo EEOEL S8k e
Si | i Gaher aludighm eccapiéls,t hiehl dskéstro@nhm’ce}ﬁﬁrl bl pabchmuas prahﬁﬂraidleachwecbxécﬁptor

pol yneri articl or Cr.oQ cl.es. u a Iude
et or BB e TGy 51 SR s Er PAFCERET o bt i Enite STl Sptg

di ar ydidvyedarb@ian dﬁmmunﬂﬁetﬂmhsrbeelaiecsdmlamdn wrmcbl ins@er s@cbta‘s peffedti ve

| evel s, optionally with the aid of non-toxic surfactants. Adjuvants such
as; fr ces A r t 19RLI M ze
e R St T v A S AT
appl |tea:&hfmo@mlqlwdsmﬂb enttherlnstswaydme\dn togh¢ impententwtreeki ambl@ﬁgély inyrotion. Wdething

PCT) R30S EERTY HRge ey phiefr T PR AR, UF el iy e e P

as symesasitd erepqirys&ﬁaisve ahémblyhmmMS The abavg-dassritledserhttodiments af sheeingentipm iy

al co oIs dlfle e
crmpl it Rt SRl oaR e o BE i LNEhR oBRLF LA S SRR D,

s b@pslighaeiithd mw: tekcéung[s ol isthgkforssb bo nn@rsmdtthay withint mesopm of tb¢ clmné andthger

[ 00211 e i ich can be used to
dellv§¥wgﬁ%nq %?%%ﬂyﬁg %%F%g%%§%6%ﬁ% e Sﬁ#&d%%éb nown to the art;

for exanple, see Jacquet et al. (U S Pat. No. 4,608,392), Ceria (U S. Pat
No. 4,992,478), Smith 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. 10
[00212] Useful dosages of the conpounds of fornmula | can be determ ned by
conparing their in vitro activity, and in vivo activity in ani mal nodels.
Met hods for the extrapol ation of effective dosages in mce, and ot her
animals, to humans are known to the art; for exanple, see U S. Pat. No.
4,938,949, which is hereby incorporated by reference. [00213] For exanpl e,

t he concentration of the diaryl hydantoin conpounds in a liquid 15
conposition, 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 sem-solid or solid
conposition such as a gel or a powder can be about 0.1-5%by weight, or
about 0.5-2.5% by wei ght. [00214] The anmount of the diaryl hydantoin
conpounds required for use in treatnent will vary
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not only with the particular salt selected but also with the route of

adm nistration, the nature of the 20 condition being treated and the age
and condiwoanoeof4tiBe patient and will be ultinmately at theeesnetsion of
the attendant physician or clinician. [00215] Effective dosages and routes
of adm ni stration of agents of the invention are conventional. The exact
anount (effective dose) of the agent will vary from subject to subject,
dependi ng on, for exanple, the spggé§§§ age, weight and general or clinical
condition of the subject, the 25 ty or nechani smof any disorder
being treated, the particular agent or vehicle used, the nmethod and

scheghi N9 aAf copfiditatigtiegsnuand the Iike. A therapeutically effective
dose can be determ ned "enpirically, by conventional procedures known to

those of skill in the art. See, e.g., The Pharnmacol ogi cal Basis of
Ther apeutics, Goodman and G | man, eds.,_Macm |l an Publishing Co., New
Yor k. NEs xehpl e, an effectivedls gft3be estimated initially either in

cell cult ays or pPn suit D ani mal nodel s. The ani mal nodel may
al so be us &4concentration ranges and routes
of adm ni 0 Such Naf oprma an then be used to determ ne usefu
doses and rout'es forN adm N stratYon in humans. A therapeutic dose can al so
be sel ected by anal ogy to dosages for conparable -118 WD 2006/124118

PCT/ US2006/ 011417 th gg agents. [00216] The particul ar node of

adm ni stration and t dogage 2eginmen will be selected by the attending
clinician, taking iNo acgqunt the particulars of the case (e.g., the

subj ect, the disease, the “disease state invelved, and whether the

treat nent whéeigsag?é{%c?ecﬁtﬁo(a theglro ?E&Eﬂﬁngr@ﬁiﬂlﬂ)Y&ﬁéﬂ%dQﬁiib&o,or multi- 5 daily
doses of conpound(s) over a period of a few days to nonths, or even years.
[00217] | wheeindY & selettodromthe smoupforsiiipgof@aed MRl be in the range of from
about 0.001 1. inglof AMMBAoUind. 01 to about 100 ng/ kg
of body mgiaﬁgR%gggﬁggﬁqgggﬁé%gmgﬁgggnggggf 0.%'ng per kilogram or in a
range of fromabout 1 to about 10 ng per kil ogram body wei ght of the

reci pient per day. For exanple, a suitable dose nay be about 1 ng/kg, 10
ng/ kg, or 50, ng/ kg of body wei ght per day. 10 [00218] The di aryl hydantoin
conpounds ar veniently adm nistered in unit dosage form for exanple,
containing 0.05 to 10000 ng, 0.5 to 10000 ng, 5 to 1000 ngy, or about 100 ny
of active K ngredient per unit dosage form [00219] The di aryl hydantoin
conmpounds dan be adm nistered to achi eve peak plasma concentrations of,
for exanpl & from about 0.5 to about 75 M about 1 to 50 M about 2 to
about 30 wh5eMD RS GlPsd Bis Nor@PaiatG R21kM, afyk eutptimited atkgborrsabytietqul aadne
concentrations include at |ea re than 0.25, 0.5, 1, 5, 10, 25,

st_ar . no
50, 75, 180s§er Ognd G msrthenex Pgﬁkﬁﬁﬁg ‘|l evel s may be fromabout 1 to

wherein R1 and R2 together comprise eight or fewer carbon atoms and are selected from the
group consisting of alkyl, substituted alkyl including haloalkyl, and, together with the carbon to which

they are linked, a cycloalkyl or substituted cycloalkyl group,
wherein R3 is selected from the group consisting of hydrogen, halogen, methyl, C1-C4 alkoxy,

formyl, haloacetoxy, trifluoromethyl, cyano, nitro, hydroxyl, phenyl, amino, methylcarbamoyl,
methoxycarbonyl, acetamido, methanesulfonamino, methanesulfonyl, 4-methanesulfonyl-1-piperazinyl,
piperazinyl, and C1-C6 alkyl or alkenyl optionally substituted with hydroxyl, methoxycarbonyl, cyano,
amino, amido, nitro, carbamoyl, or substituted carbamoyl including methylcarbamoyl,
dimethylcarbamoyl, and hydroxyethylcarbamoyl,

wherein R4 is selected from the group consisting of hydrogen, halogen, alkyl, and

haloalkyl,

wherein R3 is not methylaminomethyl or dimethylaminomethyl.

Claim2. The compound of claim 1, wherein R5 is
-121-



100 mcronolar or fromabout 10 to about 25 micronolar. This may be

achi eved, for exanple, by the intravenous injection of a 0.05 to 5%

sol uti on wb 20dwe12di1ar yl hydant oi n conpounds, optionally i rcsaiscevso1mm7 orally
adm ni stered as a bol us containing about 1-100 ng of the diaryl hydantoin
conpounds. Desirable 20 bl ood | evels may be mai ntai ned by conti nuous

i nfusion to provide about 0.00005 - 5 ng per kg body weight per hour, for
exanple at | east or no nore than 0.00005, 0.0005, 0.005, 0.05, 0.5, or 5
mg/ kg/ hr. Alternatively, such levels can be obtained by intermttent

i nfusi ons contai ni ng about 0.0002 - 20 ng per kg body weight, for exanple,
at | east\or no nore than 0.0002, 0.002, 0.02, 0.2, 2, 20, or 50 ng of the
di aryl hy 8i n conpounds per kg of body wei ght. 25 [00220] The

di aryl hydant oi n conpounds rmay conveni ent\y be presented in a single dose or

as dHN¥ ded doses adm nisteged at approp 8 interval s\ for exanple, as
two, thnee, four or nore sub s per/day. The sub-dosg==t@el f may be
further d#ded, e.g., into/a nuhber BN discrete | oosely spaced

adm ni s \S; Eﬁ&h as tiple inhalations froman gnsufflator. [00221]
A nunbe Me a e-ident Nfi ed conmpounds—exhi bit | itt}(%rcﬂm agoni stic
activitiy 30 with respect do hornone fefractory prostagKe cancer cells.
Because t hese\ conpounds are/strong AR i bif/ors, they/can be used not

only in treati pr ost at éig€ancer, but al treatngCothgﬁéAR rel ated

di seases or conditions.such as beni gn prostate hyg¥rplasia, hair 'l oss, and
acne. Because AR belongs to -119 WD 2006/ 124118 PCT/ US2006/ 011417 the
famly of nuclear receptors, these conpounds may serve as scaffolds for
drug synthesis targeting other nuclear receptors, such as estrogen

rece an i [ Otora@hi vated receptor. Therefore, they
may E%gﬁartﬂ%g%ggég@gggﬁgég¥h%§%g? di seases such as breast cancer, ovarian
cancer. di abet es, cardi ac di seasg tabolismrel ated di seases, in
mhichlﬁa , S ‘ > [ 00222] The enbodi nents illustrated
and di scuss i 6 afion are intended only to teach those
skilled in ; to the inventors to nmake and use the
i nventi op n should be considered as limting
; : ekdnpl es presented are
representative and nontlinm/ting. The above-descri bed enbodi nents of the

i varﬂ%mq w t hout departing fromthe invention,
as appreciated by th‘ gd in the art in 10 Iight of the above
teachings. It is therefore To-be understood that, within the scope of the
clainms and their equivalents, the invention may be practiced otherw se
than as specifically described. -120 WO 2006/ 124118 PCT/ US2006/ 011417

CLAI M5 wherein R3 is selected from the group consisting of hydroxy, methylcarbamoyl,

dge sk

methylcarbamoylpropyl, methylcarbamoylethyl, methylcarbamoylmethyl,
methylsulfonecarbamoylpropyl, methylaminomethyl, dimethylaminomethyl, methylsulfonyloxymethyl,
carbamoylmethyl, carbamoylethyl, carboxymethyl, methoxycarbonylmethyl, methanesulfonyl, 4-cyano-
3.trifluoromethylphenylcarbamoylpropyl, carboxypropyl, 4-methanesulfonyl-1-piperazinyl, piperazinyl,
methoxycarbonyl, 3-cyano-4-trifluoromethylphenylcarbamoyl, hydroxyethylcarbamoylethyl, and
hydroxyethoxycarbonylethyl, and

wherein R10 and R11 are both H or, respectively, F and H, or H and F.
Claim4. The compound of claim 3, wherein R10 and R11 are both H.

Claim5. The compound of claim 3, wherein R10 and R11 are, respectively, F and H.

Claim 6. The compound of claim 3, wherein R3 is methylcarbamoyl.
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Claim1. A compound having the formula NCSR3 | | R4 XNNR2 WRL
wherein X is selected fromthe group consisting of trifluoronethyl and

i odo, whwoeanews/1Mi1s sel ected fromthe group consisting eCTASacd/0NRD7
wherein R5 is selected fromthe group consisting of H nethyl, and '~=D E
wherein Dis Sor O and Eis Nor 0 and Gis alkyl, aryl, substituted al kyl
or substituted aryl; or Dis Sor 0 and E-G together are C 1-C4 | ower

al kyl, wherein RI and R2 together conprise eight or fewer carbon atonms and
are selected fromthe group consisting of alkyl, substituted al kyl

i ncl wdiiag. hateadokybundfdlaint Hgeehar RMstletiylvarbambyiand Ro0 wii RH ar¢,hey are

| i nked, a cycl oal kyl or substituted cycl oal kyl group, wherein R3 is

sel eé‘fSEEFtlf"?%rﬁat“sré{'group consi sting of hydrogen, hal ogen, nethyl, Cl1-C4

al koxy, fornyl, hal oacetoxy, trifluoronethyl, cyano, nitro, hydroxyl,

phenyl , am ng, nethylcarpanpyl, nethoxycarbonyl, acetam do,
met hgﬁ%@ﬁ-foﬁ%ﬁﬁo%?%ﬁé?ﬁgﬁlggul fonyl, 4-nethanesul fonyl -1 -pi perazinyl,

Ei ger az: Nyhereti W1 4ld-FOGar@inkapen@ntipkpldr, topitiepnith khe caibbs td whitledleyart h
ydroxyl, met hgxycarbonyl , cyano, amno, am do, nitro, carbanoyl, or
subsﬁlﬂ\‘/‘?ﬁ? %ﬂyci‘ﬁﬁ‘ﬂg% 045&8?66‘?5%3%?4‘1@ carbanoyl, dinet hyl carbanoyl, and
hydr oxyet IRl is aldeadipin thvretetdnsifihg of cabims, etkyfcabambylgcaghaowplatighsadst i ng of
hydr ogen, hal , alkyl. and hal oal kyl, wherein R3 is not
met h)?ﬁ%(ﬁ?‘i‘i’&‘i’?%ﬁ%g’]’%ﬂgpgﬁlﬁgt%gl am nonethyl. Claim2. The conpound of claim
1, wherein R5 is -121 WO 2006/ 124118 PCT/ US2006/ 011417 x1:::::::~S S S|
o] CF?T .HI\A o] : . .

Claim 9. ~ The compound of claim 8, wherein R4 is 3-fluoro.

Claim 10. The compound of claim 1,

wherein R1 and R2 are independently methyl or, together with the carbon to which they are
linked, a cycloalkyl group of 4 to 5 carbon atoms,

R3 is selected from the group consisting of cyano, hydroxy, methylcarbamoyl, methylcarbamoyl-
substituted alkyl, methylsulfonecarbamoyl-substituted alkyl, methylaminomethyl, dimethylaminomethyl,
methylsulfonyloxymethyl, methoxycarbonyl, acetamido, methanesulfonamido, carbamoyl-substituted
alkyl, carboxymethyl, methoxycarbonylmethyl, methanesulfonyl, 4-cyano-3-
trifluoromethylphenylcarbamoyl-substituted alkyl, carboxy-substituted alkyl, 4-(1,1-
dimethylethoxy)carbonyl)-1-piperazinyl, 4-methanesulfonyl-1-piperazinyl, piperazinyl,
hydroxyethylcarbamoyl-substituted alkyl, hydroxyethoxycarbonyl-substituted alkyl, and 3-cyano-4-
trifluoromethylphenylcarbamoyl, and R4 isF.

Claim 11. The compound of claim 1, having the formula

NC R
g 3

) Ry

FsC N N

@)

wherein R3 is selected from the group consisting of methylcarbonyl, methoxycarbonyl, acetamido, and

methanesulfonamido, and R4 is selected from the group consisting of F and H.
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CH3 CN H3C or H3C CH3 ddaim 3. The conpound of claim1, having the
formula ~3 NC)C~--"NS R F3C NI/ RIO R | wherein R3 is selected from
t he groupwoan@irtileg of hydroxy, nethyl carbanoyl, nethpcrasbesoyi4pr opyl ,
nmet hyl car banoyl et hyl , net hyl car banoyl net hyl , net hyl sul f onecar banoyl propyl ,
met hyl am nonet hyl , di net hyl am nonet hyl , net hyl sul f onyl oxynet hyl ,

car banoyl net hyl , car banoyl et hyl , car boxynet hyl, net hoxycar bonyl net hyl ,

met hanesul fonyl, 4-cyano- 3-trifluoronethyl phenyl car banoyl propyl ,

car boxypropyl, 4-nmethanesul fonyl-1-piperazinyl, piperazinyl,

met hexygas bomd comBoeMaReik 1, hhvihgipe ey | phenyl car banoyl ,

hydr oxyet hyl car banoyl et hyl , and hydroxyethoxycarbonylethyl and wherein

R10 angcR 1 are both H or, respeetivel yoNF and H or Hand F. Caim4.
The conpotvd ann3$mme| ahd R are both H daimb5. The
conmpound of 3, whejiein R10 C R%Se respectively, F and H
Claim6. The gund of ¢l aim i s nmethyl carbanoyl. -122 WO
2006/ 01T 7. The conpound of claim 3, wherein R3

and Rl 1 are, respectively, F and H C aim 8.
The conpound of cl aim herein R and R2 are independently methyl or,
together with the carbl ch they are |I|inked, a cycloal kyl group of 4
to 5 carbon atons, apy ected fromthe group consisting of

car banoyl , alkylcarbannyl, panoyl al kyl , and al kyl car banoyl al kyl, and R4
is Hor F. daim9. The conpound of claim8, wherein R4 is 3-fluoro. Cdaim

%refh ﬁ%&ﬁm C’fé&%ﬂl'e'aoja c&ﬁ%ﬁﬁ%&ﬂnd@ﬁd R2 are independently nethyl or,

to ether wt e on"to which they are linked, a cycloal kyl group of 4
to 5 carbon atons, R3 is selected fromthe group consisting of cyano,

hydr Qxym 138t RYLEBELATEKb dindB v ¢ AVRAFPR and R2 together with the carbon to which

they are linked are

D o T

Claim 14. A compound selected from the compounds of Tier 1 and Tier 2.

Claim 15. The compound of claim 1, having the formula

[RD162]

Claim 16. The compound of claim 1, having the formula
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substituted al kyl, nethyl sul fonecar banoyl -substituted al kyl,

nmet hyl am nonet hyl , di net hyl am nonet hyl, net hyl sul f onyl oxynet hyl ,

met hoxycawbangdi24m8et am do, net hanesul f onam do, car banoylcTaisbaiion st zd

al kyl, carboxymet hyl, nethoxycarbonyl nmet hyl, nethanesul fonyl, 4-cyano-3-
trifluoronethyl phenyl carbanoyl - substituted al kyl, carboxy-substituted

al kyl, 4-(1,1- dinethylethoxy)carbonyl)-1-piperazinyl,

4- nethanesulfonyl-I-p#pera2|nyI pi perazi nyl,
hydr ox¥g.eih Ica@pannyl substltuted al kyl , hydroxyet hoxycar bonyl - substi t ut ed
al kyl, - cyjano-/4 fIuoronethylphenylcarbanDyI and R4 is F. Cdaim

gyt e T, having the formula NCSR3 R4 FSCNN O
wherein R3 is | ected fromthe group consisting of nethyl carbonyl,
nethoxycarbo@%fﬁLécetanido,_and met hanesul f onam do, and R4 is sel ected
fromthe %roup consisting of F and H -123 WO 2006/ 124118 PCT/ US2006/ 011417
C ai RBY21The conpound of claim1, having the formula NCa CN S| R4 F3C
NN/ -b Owherein R4 is selected fromthe group consisting of F and H.
Claim 13. A conpound according to claiml, wherein R and R2 together with
the &&Bdd- t“éﬁe\mmeﬁundtqﬁé&%l%} aying b forpp ni@ CH3 H3C CH3 or Caimi14. A
conpo d sel ected fronlt e conpounds of Tier 1 and Tier 2. Caim15. The

cmmo ﬁftﬁhﬁmlifwmgthefmmﬂaFC)NCI\\S/ | N

[RD162"]
Claim 18. The compound of claim 1, having the formula
NC 3
J /
FaC N” N N_
)”767 O
o}

[RD169]

Claim 19. The compound of claim 1, having the formula

[RD170]

Claim 20. A pharmaceutical composition comprising a therapeutically effective amount of a compound
according to any of claims 1-19 or a pharmaceutically acceptable salt thereof, and a pharmaceutically

acceptable carrier or diluent.

Claim 21. 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.
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\ FBC NA NO [RD162] O aim16. The conpound of claim1l [
forImJI a -124 WD 2006/124118 PCT/ U82006/m(311417 NCSF O Ahli\?ilcngl }\Ihl(i~ [ RD
162' ] O avonadk/12dhie conpound of claim 1, having the forruras2eEos47 O F3C N
NH OJ[RD 162"] C aim 18. The conpound of claim1, having the formula NC
S/ AR CMNM M 1-b [RD 169] O aim 19. The conmpound of claim 1, having
tEe forrru![fa INC SF3ICXINN\ ~CN d-b [RD 170] daim?20. A 1

phar maceuti cal conposition conprisin t her j |
o L e
acc %Eéc@&lh%o%ﬁk& of el Btimacaically apleathiacdtihereal] ind a Rheweseishlly a@@?@?ﬁ%@r or

di | uent. aim 21. phar maceuti cal conposition conprising a
thercaﬁ@n?l‘ld_él&mty ef fective anount of a conmpound according to claiml1, or a
pharmaceutically acceptable salt thereof, and a pharmaceutically accépt abl e

Claim 23. A method for treating a hyperproliferative disorder comprising administering a
pharmaceutical composition of claim 20 to a subject in need of such treatment, thereby treating the

hyperproliferative disorder.

Claim 24. The method of claim 23, wherein the composition is administered at a dosage of the
compound in the range of from about 0.001 mg per kg body weight per day to about 100 mg per kg body
weight per day.

Claim 25. The method of claim 23, wherein the composition is administered at a dosage of the
compound in the range of from about 0.01 mg per kg body weight per day to about 100 mg per kg body
weight per day.

Claim 26. The method of claim 23, wherein the composition is administered at a dosage of the
compound in the range of from about 0.1 mg per kg body weight per day to about 10 mg per kg body
weight per day.

Claim 27. The method of claim 23, wherein the composition is administered at a dosage of the

compound of about 1 mg per kg body weight per day.

Claim 28. A method for treating a hyperproliferative disorder comprising administering a composition
according to claim 21 to a subject in need of such treatment, thereby treating the hyperproliferative

disorder.

Claim 29. The method of claim 28, wherein the composition is administered at a dosage of the
compound in the range of from about 0.1 mg per kg body weight per day to about 10 mg per kg body
weight per day.

Claim 30. The method of claim 28, wherein the composition is administered at a dosage of the

compound of about 1 mg per kg body weight per day.

Claim 31. The method of claim 23, wherein the hyperproliferative disorder is hormone refractory
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carrier or diluent. -125 WO 2006/ 124118 PCT/ US2006/ 011417 Caim 22. A

phar maceuti cal conposition conprising a therapeutically effective anount of
a conpoumwio 2s@ciesdsng to claim9, or a pharnmaceuti cal | yprataspiabieisal t

t hereof, and a pharnmaceutically acceptable carrier or diluent. Caim23. A
met hod for treating a hyperproliferative di sorder conprising adm ni stering
a pharmaceutical conposition of claim20 to a subject in need of such
treatnment, thereby treating the hyperproliferative disorder. Caim24. The
met hB@SBE CI°8- m 23, wherein the conposition is administered at a dosage of
the conmpound in the range of from about 0.001 ng per kg body wei ght per

day to. about 100 er. kg body. wei ght per day., Cd.ai m,25, . h of

Cl i o 32 B GRS b SR comamiinr bl B P eng By B
conpakiRbod Mtd freue RBgRridhedliypsminhotiiasfly0l ny per kg body wei ght per day to
about 100 ng per kg body weight per day. O aim26. The nethod of claim 23,
wherein the conposition is adm nistered at a dosage of the conpound in the
r angelaeh 381 OMeaRahtd od clAinZB, P@Erelighd@ehpovisorgib bdmigistettgyordlly. about 10 nmg per kg
body weight per day. Claim27. The nethod of claim 23, wherein the
conposition is adm nistered at a dosage of the conpound of about 1 ng per
kg bogymwei ghte maloddaylainChR iwier2f. thdcompbitich an férmeatettad) fram the group
hyperprol.iferatjve disorder conprising adm.ni ri.ng. a itq

ne o PaeiTe & “ep i SEDTHR B Do K Saa - b e R R ey

t r eatdldige tablet, Bydrafrgrehdefpiir.at i ve  di sorder. Cdaim29. The nethod of claim
28, wherein the conposition is adm nistered at a dosage of the conpound in
the range of from about 0.1 ng per kg body weight per day to about 10 ny
per kmpiRody Thehghdd qielain g whedeai the Bapoditien Imet oh wfecell fomtB8growther ei n t he
conposition |s adm pistered _at a dosage of the conpound of about 1 ng per
kg bBWIS\%g@‘lrﬂca %’?g%hé%a H'm 31. The nmethod of claim 23, wherein the P
hyperproliferative disorder is hornmone refractory -126 W) 2006/ 124118

PCT/ %?23803%/ 0%1}64m1<3th0dpgf% agrr{i1 EE, \ %%?netilé compound is selected from the group consisting of

RD162', RD162", RD 169, or RD170, or a pharmaceutically acceptable salt thereof.

Claim 37. The method of claim 28, wherein the compound is N-methyl-4-[7-(4-cyano-3-
trifluoromethylphenyl)-8-0x0-6-thioxo-5,7-diaza-spiro[3.4]oct-5-y1]-2-fluorobenzamide [RD162] or a

pharmaceutically acceptable salt thereof.

Claim 38. A method of synthesizing a diaryl compound of formula:
NC Rs2
S
1 T
F3C N N
0
Rs1

comprising mixing Compound I
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Claim 32. The nethod of claim 23, wherein the conmpound is adm ni stered by

i ntravenous injection, by injection into tissue, intraperitoneally,

orally, owoneasa2bms C aim 33. The nethod of claim 28, wreraiseosloe1417
conposition is admnistered orally. Caim34. The nethod of claim 23,
wherein the conposition has a formselected fromthe group consisting of a

sol ution, dispersion, suspension, powder, capsule, tablet, pill, tine

rel eas (?apsule, time release tablet, and tine release pill. Caim35. The
met hod 2t wherein the conposition has a formselected fromthe
group consj|sting jof a capsule, tablet, and pill. Caim36. The nethod of

cl aim 28, ereln t he conmpound is selected fromthe group consisting of
RD162' , D69, or RDL70, or a pharmaceutically acceptable salt

t her eofsC A ai M737. TR&.net hod of claim 28, wherein the compound is

N net hyl -4-[ 7- (4- cyano-
trifluoronethylphenyl)-8-0¥§g6-thioxo-5,7-diaza-spiro[3.4]oct-5-y|]-2-f|uor
obenzami de [ RD162] or a pharSmaceutically acceptable salt thereof. Caim
38. A nmethod of synthesizing a diaryl conpound of fornula: NC S Rs2 R53

F3C NPNppopnd Rs 1 conprising m xing Conpound | -127 WD 2006/ 124118

PCT/ US2006/ 011417 NC F3C C S Conpound | with Conpound Il R51 Rs2 R53
% NH |

with Compound 11

Rsi
Rs2
Rs3
G NH
Compound II

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 diaryl 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,
methylsulfonecarbamoyl-substituted alkyl, methylaminomethyl, dimethylaminomethyl,
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.

Claim 39.  The method of claim 38, wherein 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.
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Compound Il in a first polar solvent to forma m xture, heating the

m xture, adding a second pol ar solvent, the same as or different fromthe
first polwoe@/nens, and an aqueous acid to the m xturecTrustéoaning?t he

m xture, cooling the m xture and conbining with water, and separating the
di aryl compound fromthe m xture, wherein R51 conprises an al kyl chain of
froml to 4 carbon atons, R52 is selected fromthe group consisting of
cyano, hydroxy, nethyl carbanoyl, methyl carbanoyl -substituted al kyl,

met hyl sul f onecar banoyl - substituted al kyl, net hyl am nonet hyl ,
d'”Ebﬂ¥£§@1”O”R%&mkﬂxﬁBﬁRM%&ﬁgb%@ﬁyﬂ@&yﬁﬁhﬂﬂﬁ net hoxycar bonyl ,
3-cyano-4-trifluoronet hyl phenyl car banoyl, carbanoyl - substituted al kyl,
car boxynet hyl , met hoxycar bonyl net hyl , nethanesulfonyl, 4-cyan- 3-
trifIuoronethylphenylca}bannyl-substituted al kyl, carboxy-substituted

al kylyc 4- net hanesul fonyl -1 - pi perazinyl, piperazinyl,

hydr oxy cafba substituted al kyl, and hydroxyet hoxycar bonyl -

subst. REB is selected fromthe group consisting of F and
H C &rm 39. h met hod of claim 38, wherein R51 conprises an al kyl chain
of from1l to bon atons, R52 is selected fromthe group consisting of
car banoyl an% ylcarbannyl, and R53 is F. -128 WD 2006/ 124118

PCT/USBQQ§/011417 Claim40. A nethod of synthesizing a conmpound of
formula: FO NCSII / I N FSCNI NO [RD 162] conprising mXxing
4-isot hi ocyanat o-2-trifl uoronet hyl benzonitrile and N-nethyl -4-(1-
cyan@&yﬁﬁmﬁutylanino) 2-f1 uorobenzam de in dinmethylformamde to forma

first mxture fhéoc%r%lagohf-trrﬂ 81%E'ne fﬁgﬁgoﬁﬂlQaﬁﬁwﬁle tysggand m xture, adding

al cohol aﬂﬂmﬁ%4ﬁm Secon ure to forma third nixture, refluxing
t he tchdnbelchobutylarénd)a-fhorabeszamisigrn dimethyermemide to form a first mixture,

heating the first mixture to form a second mixture,

adding alcohol and acid to the second mixture to form a third mixture,
refluxing the third mixture to form a fourth mixture,

cooling the fourth mixture,

combining the fourth mixture with water and extracting an organic layer;

isolating the compound from the organic layer.

Claim 41. A method of synthesizing the compound of claim 16 [RD162'], 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;

isolating the compound from the organic layer.

Claim 42. A method of synthesizing the compound of claim 17 [RD162"], comprising

mixing N-Methyl-2-fluoro-4-(1-cyanocyclopentyl)aminobenzamide, 4-isothiocyanato-2-
trifluoromethyl benzonitrile, and DMF and heating under reflux 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;
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cooling the fourth m xture, conbining the fourth mxture with water and
extracting an organic layer; isolating the conpound fromthe organic

| ayer. Clwormekli2z4Asnet hod of synt hesi zi ng the conmpound eCTaisaéosioit7

[ RD162' ], conprising mXxing

N- Met hyl - 2-f | uor o-4- (1, 1- di net hyl - cyanonet hyl ) - am nobenzam de and 4-

| sot hi ocyanato-2-trifl uoronethyl benzonitrile in DM and heating to forma
first mxture; adding an al cohol and a cid to the. fiirst mxture to form
a second mi wmb@}ngrthﬁfqeeeﬁdﬁax‘%‘ﬁe“%‘ﬁ%ﬁ&“ﬂf’%a 108,21 °E56 ciléf?éjﬁs’t he second

mi xture, CongiRingtheBRpsRadRch b seuticlapit h wat er and extracting an organic
| ayer; isolating the conpound fromthe organic |layer. Caim42. A nethod
of synthesi zing the conmpound of claim 17 [RD162"], conprising m Xxing

N- !\/]?lbﬁ‘a){ﬁﬂg.' f}ﬁ H{éfhgdéfs(y&ﬂlﬁyﬁilﬂg)@ly@&rﬁmﬁﬂdd i c)agmim(@hl_@t@&rdocimisiﬂg i sot hi océyanat 0- 2-
trifluoronethyl benzonitrile, an an at r .t ekl Jorma
first m xmiFes Né\@am?glyéﬁ'[%ﬁ16%6‘?”%%%@?‘?‘“&8&56 ggﬁﬁ%%?%’ étlS%%‘lh%ﬁIrag to forma
s eCoReh Mottty benzsikildl idOMEREd BRaanchdsi veflun to forooofiishigixtie second ni xt ur e;
-129 WO 20067124118 PCT/ US2006{ 011417 co inaisrégo tihe second mxture with
wat er and 2dding acalgohel 28R 2 ph e the gl BEr R A 55 T he  Cofpound from t he

or gani ¢ | ayfking GleAbdBnf ixttyelet hod of synthesi zing the conpound of claim18
[ RD169], conprising m xing N, NDi net hyl

4- [ 4- (1- cyariBeyha sseat VidMCno) phenyl ] but anami de, 4-i sot hi ocyanat o- 2-

trif1 uor orgehbining RNGEAH fiktlne, witinehiddd extdctingan orggniadeger reflux to forma
first mxture; adding an_alcohol and an acid to the first mxture to forma
second mi xtolptiag thecampeppd FgmtAEOTe MG A i xt ure; cooling the second ni xture:
conbining the second m xture with water and extracting an organic |ayer;

i solating the conpound fromthe organic .l. i - met hod of
synt HéaimAdn g Arpdhad phpethiesi 25 e ﬂl?lcﬁfﬂﬂﬁg"fgf)geﬂil%ﬁm%ogr@rﬁ s?ﬁ%mém xi ng DMSO,
di chl or ongLRABSMSMdidhicbidthaeb) 08 bekylichlofidr tnfarnf 4 firstmiriwe.ur e, addi ng

4;1]( gég ;.I-’lf ;}1%223&-%7'-54t-6§a%39(¥n uo%oh elth)yB&‘lequ 15-23-6%6-%2&?1'0)@6-5,mdgﬁg)sbﬁo[g.'4?(10@&?1555 piro[3

yl)phenyl)butanamide to the first mixture to form a second mixture;
adding triethylamine 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 layer from the fourth mixture;

isolating the compound from the organic layer.

Claim 45. A compound having the formula

R N X
Il)k S .
Rg N N/[)\%C
S
Ry
B Ry

wherein Rs is CN or NO, or SOzRy1,
wherein R is CF, alkyl, substituted alkyl, alkenyl, substituted alkenyl, alkynyl, substituted

alkynyl, halogenated alkyl, halogenated alkenyl, halogenated akynyl, halogen,
wherein A is sulfur (S) or oxygen (O),
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yl ) phenyl ) butanam de to the first m xture to forma second m xture; adding
triethylamne to the second m xture to forma third mxture; warm ng the
third m xwoneocandiiguenchi ng with aqueous NH4Cl to form acirasedod/om4xt ur e;
extracting an organic layer fromthe fourth m xture; isolating the conpound
fromthe organic layer. Caim45. A conmpound having the formula RA\ R

| R4 RE NNR7 R2ZBRL wherein RS is CN or N2 or SO2R11, wherein R6 is
CF3, al kyl, substituted_al kyl, al kenyl, substituted al kenyl, al kynyl,

subst i t ut waereigBdy Ry S Ié@@genat ed al kyI hal ogenat ed al kenyl hal ogenat ed

akynyl, hahogam, lsvyeﬁét@d ﬂoﬁtﬂe%r@iplcﬁhﬂisn(@))fﬂ,rm@kﬂ,gﬂyi {ubytituted 9L, WEY12006/ 124118
PCT/ US2006/ 0114i

e hSar L Sy S BB g =1 1rom
s :JES%JY%HJYQQ 1?4;#% choaa&dﬁﬂdﬂl‘jé :or né@Ldrshaticll i@dltﬂlbﬁhﬁﬂgtbqycmt kymyﬂxc orgghgqox?clt gdor
ﬁo ny‘é}f%&?%’ ubs%‘i‘}%g PY“?‘E%@@ SE’E‘? %ﬁﬂéaﬁ% y{JO wﬁagﬁp

cyclgﬁf }1 . iy RLuted cycl oal kyl, SO2R11, NR11R12 (CO)CRll (CO NR11R12,

(CO) (CS)NRL1R12i (CS)ORL1, S HN S CF3 HN S HN CH3 ON H3C
\ , and, and D E
S
0)
CH;
CH
, and HsC . , and

@

wherein D is S or O and E is N or O and G is alkyl, aryl, substituted alkyl or substituted aryl; or

Dis S or O and E-G together are C1-C4 lower alkyl,

wherein R1 and R2 are independently alkyl, haloalkyl, hydrogen, aryl, substituted alkyl, alkenyl,
substituted alkenyl, alkynyl, substituted alkynyl, halogenated alkenyl, halogenated akynyl, arylalkyl,
arylalkenyl, arylalkynyl, heterocylic aromatic or non-aromatic, substituted heterocyclic aromatic or non-
aromatic, cycloalkyl, substituted cycloalkyl, or R; and R, are connected to form a cycle which can be

heterocyclic, substituted heterocyclic, cycloalkyl, substituted cycloalkyl,

CHs N\

H;C CHs

s » OF s

wherein X is carbon or nitrogen and can be at any position in the ring, and

wherein R3, R4, and R7 are independently selected from the group consisting of hydrogen,
halogen, methyl, methoxy, formyl, haloacetoxy, trifluoromethyl, cyano, nitro, hydroxyl, phenyl, amino,
methylcarbamoyl, methylcarbamoyl-substituted alkyl, dimethylcarbamoyl-substituted alkyl,
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G wherein Dis Sor O and Eis Nor 0 and Gis alkyl, aryl, substituted

al kyl or substituted aryl; or Dis S or 0 and E-G together are CL-C4 | ower
al kyl , whwoenes/iRi11and R2 are i ndependently al kyl, hal oalPkylus2évgadiagen,

aryl, substituted al kyl, alkenyl, substituted al kenyl, al kynyl,
substituted al kynyl, hal ogenated al kenyl, hal ogenated akynyl, aryl al kyl,
aryl al kenyl, aryl al kynyl, heterocylic aromatic or non-aromatic, substituted

heterocycllc aromatic_or - t | k b | oal k
e 0 PSS Y GLSRL SHRI M S ! 02

iliPStmétﬁ%@ﬁl 18 LS dkny p1p6ﬁé@1hyla1|1}}dydxyetﬁylbﬁbanhdyl adbsmiyteﬂ aliyIklyydroxyl- "1 1-1
re is ca an be at
any rfﬁéﬁtlﬂt@rﬁufyﬁ hﬁ’ﬂ"@x}‘l‘sﬁb‘°’“ (f(ﬁ?f(ﬂ)@’r Cél?%‘?‘nﬁ?él S“k%%gé)% i gl(rggl%% gr%gne}ﬁdent ly
selected fromthe group consisthﬂ§of hydr ogen, hal ogen, nethyl met hoxy,
t

fornmyl, hal oacetoxy, trifluorone cyano, nitro, hydroxyl, phenyl,
am no, nethyl carbanoyl, nethylgﬂ;ﬁfnnyl-substituted al kyl ,

dinethylcarbanoyl substituted al -131 WD 2006/ 124118 PCT/ US2006/ 011417

met hox carbon ,_acet am do thane§§HBonan1no s
aIkyI“g ﬂWW%h?‘Sw%aiﬂ@“hanesulfony1rw' bﬁéﬁégﬁﬂpy&ﬂpﬁggﬁgégﬁgﬁ
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Claim 46. The compound of claim 45, wherein the compound has substantial androgen receptor

antagonist activity and no substantial agonist activity on hormone refractory prostate cancer cells.

Claim 47. A method comprising:

providing at least one compound according to claim 45;

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 refractory 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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measuring i nhibition conprises neasuring inhibitory concentration (I1C50)
in an AR response reporter systemor a prostate specific antigen secreting
system C aim50. The nmethod of claim47, wherein the step of measuring
stinmulation conprises neasuring fold induction by increasing
concentrations in an AR response reporter systemor a prostate specific
antigen secreting system Caimb51. The nethod of claim47, wherein the
steps of measuring inhibition and/or stimulation conprise nmeasuring an
effect of the conpound on tunor growh in an animl. -133
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