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DIARYLHYDANTOIN COMPOUNDS

FIELD OF THE INVENTION

fo001] The present invention relates to diarylhydantoin compounds including
diaryithiohydamivins, and methods for synthesizing them and using them in the treatmen: of hormone
refractory prostate cancer. This application claims priority from U.S. provisional applications bearing
serial numbers 60/756,552, 60/750.351, and 60/680.835, the specifications of which are hersby

meorporated by reference.

BACKGROUND OF THE INVENTION

[0002] Prostate cancer is the most common incidence of cancer and the second leading cause of
cancer death in Western men. When the cancer is confined locally, the disease can be cured by surgery
or radistion. However, 30% of such cancer relapses with distant metastatic disease and others have
advanced disease af diagnoses. Advanced disease is treated by castration andfor administration of
antiandrogens, the so-called androgen deprivation therapy. Castration lowers the circulating levels of
androgens and reduces the activity of androgen receptor (AR). Administration of antiandrogens blocks
AR function by competing away androgen binding, therefore, reducing the AR activity. Although
injtialty effective, these freatments quickly fail and the cancer becomes hormone refractory.

[0003] Recently, overexpression of AR has been identified and validated as a cause of hormone
refractory prostate cancer, See Chen, C.D., Welshie, D.S., Tran, C., Baek, 8.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 1is sufficient 1o
cause progression from hormone sensitive to hormone refractory prostate cancer, suggesting that better
AR inthibitors than the cwrent drugs can slow the progression of prostate cancer. # was demonstrated
that AR and iis ligand binding are necessary for growth of hormone refractory prostate cancer, indicating
that AR is'still a farpet for this disease. It was also demongstraied that averexpression of AR converis
anfi-androgens from antagonpists 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 amti-androgens f2il 1o prevemt prostate cancer progression and reveals unrecognized

properties of hormone refractory prostate cancer.

[0004] Bivalutamide (brand name: Casodex) is the most coi‘nmonly used anti-androgen. While

it has an inhibitory effect on AR in hormone sensitive prostate cancer, it fails to suppress AR when
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cancer becomes hormone refraciory, Two wealmesses of current antiandrogens are blamed for the failure
to prevent prostate cancer progression from the hormone sensitive stage to the hormone refractory
disease and to effectively treat hormone refractory prostate cancer. One s their weak antagonistic
activities and the other is their stromg agonistic activities when AR is overexpressed in hormone
refractory prostate cancer, Thersfore, better AR inhibitors with more potent antagonistic activities and
minimal agonistic activities are needed to deley disease progression and to treat the fatal hormone

refractory prostate cancer.

[0005] Nonsteroidal. anti-androgens, such as bicalutamide, have been preferred over steroidal
compounds for prostate cancer because they are more selective and have fewer side effects. This class of
compounds has been described in meny patents such as U.S, Patent Number 4,067,578, U.8. Pat No.
5,411,981, U.S. Pat. No. 5,705,654, PCT International Appleations WO 97/00071 and WO 00/17163,
and U.S. Published Patent Application Number 2004/0009969, all of which are hereby incorporated by

reference.

[0006] U.S. Patent No. 5,434,176 includes broad claims which encompass a very jarge number
of compounds, it synthetic routes are only presenfed for a small fraction of these compounds znd
pharmacological data are only presented for two of them, and one sldlled in the art could not readily

envision other specific compounds.

[0007] Because the mechanism of hormone refractory prostate cancer was not known, there was
no biological system to test these compounds deseribed in these patents for their effect on hormone
refractory prostate cancer. Particularly, the ability of AR overexpression in hormone refractory prostate
cancer to swiich inldbitors from antagomists to agonists was not recognized. Some new properties of
hormone refractory prostate cancer are reported in PCT applications US04/42221 and US05/05529,
wiich are hereby incorporated by reference. PCT Imternational Application US05/05529 presented =
methodology for identifying androgen receptor antagonist and agomist characieristics of compounds.
However, for each compound produced, the time consuming process of determining the antaponist and
agonist characteristics of a compound must be determined. That is, there is no method o accurately
predict characteristics rejevant to tresting prostate cancer from the chemiceal structure of a compound

alone.
[0008] There is a nesd for new thichydantoin 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 freating prostate cancer, whereas a second cormnpound way be
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ineffective, even if it differs from the first compound only slightly, say by the replacement of 2 single
substitnent.

[0609] Identification of compounds which have high potency o antaponize the androgen.
aciivity, and which have minima! agonistic activity should overcoms hormone refractory prostate cancer
(HRPC) and avoid or slow down the progression of hormone sensitive j:rosi:ate cancer (HSEC).
Therefore, there is a need in the art for the identification of selective modulators‘of the androgen receptor,

such as modulators which are non-steroidal, non-toxic, and tissue selective.

SUMMARY OF THE INVENTION

[0019] The invention provides a series of compounds having strong antagonistic
activities with minimal agonistic activities against AR. These compounds inhibit the growth of

hormone refractory prostats cancer.

0011} The invention includes a compound having the formula
NC R
X g 3
Ry
/
N N
Ry
W
Ry

E

wherein X is selected from the group consisting of trifiuoromethyl and iodo, wherein W is selected from
the group consisting of O and NR5, wherein RS is selected from the group consisting of H, methyl, and

N
/=
;

wherein D is S or O and Eis N or O and G is alkyl, aryl, substituted aiky] or substituted aryl; or D s 8
or O and E-G together are C1-C4 lower alkyl,
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{0012} wherein R1 and R2 together comprise eight or fewer carbon atoms and are selected from
the group consisting of allkyl, substituted allcyl including haloalkyl, snd, fogether with the carbon to
which they are linked, a cycloalkyl or substituted cycloalkyl group,

[0013] wherein R3 is selected from the group consisting of hydrogen, halogen, methyl, C1-C4
alkoxy, formyl, haloacetoxy, trifluoromethyl, cyano, mitro, hydroxyl, phenyl, amino, methylecarbamoyl,
methoxycarbonyl, acstamido, methanesulfonamine, methanescifonyl, 4-methanesulfonyi-1-piperazinyl,
piperazinyl, and C1-C6 alkyl or slkenyl optionally substituted with hydroxyl, methoxycarbonyl, cyano,
amino, amide, nio, carbamoyl, or substitited carbarnoyl including methylcarbamoyl,

dimethylcarbamoyl, and hydroxyethylcarbamoyl,

[0014] wherein R4 is selected from the group consisting of hydrogen, halogen, alkyl, and
‘haloalkyl, and
fO015] wherein R3 is not methylaminomeﬂlyl or dimethylaminomethyl.

[0016] RS may be

e .
—

CF; HN
CHz
H3C H;C CHj
s + H
[0017] The compound may have the formmula

NC R.
]@\ )Ej\ |
FsC
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wherein R3 is selected from the group consisting of hydroxy, methylcarbamoyl, methylcarbamoyipropyl,
methylearbamoylethyl, methylcarbamoylmethyl, methylsulfonecarbamoylipropyl, methylaminomethyl,
dimethylaminomethyl, methylsulfonyloxymethyl, carbamoylmethyl, carbamoylethyl, carboxymethyl,
methoxycarbdnyimﬂtbyl, methanesulfonyl, 4-cyano-3-trifluoromethylphenyicarbamoylpropyl,
carboxypropyl,  4-methanesulfonyl-l-piperazinyl,  piperazinyl, methoxycarbonyl,  3-cyano-4-
trifluoromethylphenylearbamoyl, hydroxyethylcarbamoylethyl, and nydroxyethoxycarbonylethy!, and

[0018] wherein R10 and R11 are both H or, respectively, F and H, or H and F. In certain
embodiments, R16 and R11 may both be H or, respectively, F and H. R3 may be methylcarbamoyi.

ro019] In some embodimenis, 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, and R3 is selected from the group
consisting of carbamoyl, alkylcarbarhoyi, carbamoylalkyl, and aliylcarbamoylalicyl, and R4 is H or For
R4 iz 3-fluoro. '

o201 In other embodiments, R} and R2 are independently methyl or, together with the carbon
to which they are linked, 2 cycloalkyl group of 4 fo 5 carbon atoms, R3 is selected from the group
consisting of cysno, hydroxy, methylearbamoyl, methylearbamoyl-substituted  alkyl, '
methyisulfonecarbamoyl-substituted alkyl, methylaminomethyl, dimethylaminomethyl,
methylsulfonyloxymethyl, methoxycarbonyl, acetamido, methanesulfonamido, carbamoyl-substituted
alkyl, carboxymethyl, methoxycarbonyimethyl, methanesulfonyl, 4-cyano-3-
trifluoromethylphenylcarbamoyt-substituted aliyl, carboxy-substituted aikyl, 4-(1,1-
dirnethylethoxy)earbonyl)-1-piperazinyl, 4-methanesulfonyi-1-piperazinyl, piperazinyl,
hydroxyethylearbamoyl-substituted alkyl, lrydroxyethoxycarbonyl-substituted alkyl, and 3-cyano-4-
triflucromethyiphenyicarbamoyl, and R4 is F.

f0021] Compounds of the invention may have the formula



NC R
S 3
/H\ R4
FoC N N '

O

wherein R3 is selected from the group conﬁisting of methylcarbonyl, methoxycarbonyl, acetamido, and
methanesulfonamido, and R4 is selected from thie group consisting of F and H.

5 [002Z] Compounds of the invention may have the formula
NC E :CN
FiC N N
O

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

j0023] In embodiments of the invention, wherein R1 and R2 together with the carbon fo which
10  they are linked are

CH;
HsC D{ . N\cm
3 ¥ r

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

15 below. Particuler compounds of the invention include
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Fal NN

o]

T2

[RD162}

F
FaC NN N~

o

E

BB NS

FoC NN N~
28

' [RDL62]

[RD162"

[RI}169]
FsC & NA!N’O/\/\ CN
an |

[RD170]

[0025] The invention also provides a pharmaceutical composition comprising a therapeutically
effective amount of a compound according to any of the preceding compounds or 2 pharmaceutically

acceptable salt thereof, and a pharmaceutically acceptable carrier or diluent,
[0026]} The invention encompasses a method for freating a hyperproliferative disorder
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comprising administering such a pharmacewtical composition to a subject in need of such treatment,
thereby treating the hyperproliferative disorder. The hyperproliferative disorder may be bormone
refractory prostate cancer. The ‘dosage may be 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, about 0.01 mg per kg body weight per day to about
100 mg per kg body weight per day, about 0.1 mg per kg body weight per day to about 10 mg per kg
body weighi per day, or about 1 mg per kg body weight per day.

[0027] The compound may be adminisiered by intravenous injection, by injection into tesue,
iniraperitoneally, orally, or nasally. The composition may have a form selected from the group
consisting of a solution, dispersion, suspension, powder, capsule, tablet, pill, time release capsule, time
release tablet, and time release pill..

[0028] The administered compound may be selected from the group consisting of RD162,
RD162", R1> 169, or RD170, or a pharmaceutically acceptable salt thereof. The administered compound
may be RD162 or a pharmaceutically acceptable salt thereof.

[0029] The invention provides a method of synthesizing a diaryl compommé of formula:
NC Rs2
S
J
FiC N N
0
Rsy

comprising mixing Compound 1

NC

F1C | N\\C
Ny

Compound 1
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with Commpound 1T

51 R
/(} R53

Comapound II

in a first polar solvent to form a mixture, heating the mixfure, addng a second polar solvent, the same as
or different from the frst polar solvent, and an aqueous acid to the mixtuwre, refluxing the muxture,
cooling the mixture and combining with water, and separating the diaryl compound from the mixture,
wherein R5! comprises an zlkyi chain of from 1 to 4 carbon atoms, R52 is selected from the group
consisting .of cyamo,  Thydroxy, methylcarbamoyl, methylcarbamoyl-substituted  alkyl,
methylsulfonecarbameyl-substituted alkyl, meﬂlylaﬁlinomethyl, dimethylaminomethyl,
methylsulfonyloxymethyl, methoxyearbonyl, 3-cyano-d-trifluoromethylphenylearbamoyl, carbamoyl-
substituted  alkyl,  carboxymethyl, methoxycarbbnylmethyl, methanesulfonyl,  4-cyano-3-
iﬁﬂuoroméﬁnylphenylcarbameyl—substituted alkyl, ocarboxy-substituted alkyl, 4-methanesulfonyl-1-
piperazinyl, piperazinyl, hydroxycthylcarbamoyl-substituted alkyl, and hydroxyethoxycarbonyl-
substituted alkyl, and R53 is selecicd from the group consisting of F and H,

7 {0.030] R51 may comprise an alkyl chain of from 1 to 2 carbon atoms, R32Z may be selected

from the group consisting of carbamoyl and methylcarbamoyl, and R53 may be F.

[0G31] The invention provides methods of synthesizing 2 compound of formula:

F O

NC s N/
)L H
FaC N” N
an

[RD162]

cornprising mixing  4-isothiocyanato-2-triflucromethylbenzonitrile  and  Aemethyl-4-(1-

‘ cyanocyclobutylamine)-2-fluorobenzamide m dimethyiformamide to form a fivst mixfumre, heating the

-9~
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first mixture fo form 2 second mixture, adding alcchol and acid to the second mixture to form a third
mixture, refluxing the third mixtre to form a fourth mixture, cooling the fourth mixture, combining the
fourth mixture with water and exiracting an organic layer; isolating the compound from the organic layer.
[6032] Likewise, the invention provides a method of synthesizing RD162' comprising maixing M-
Methyl-2-fluoro-4-(1,1-dimethyl-cyanomethyl -aminobenzamide and 4-Isothiocyznato-2-
trifluoromethylbenzonitrile in DMF and heating to form a first mixture, and processing s above.

[0033] The invention also provides a method of synthesizing RD162", comprising mixing N-
Methyl-2-fluoro-4-{1-cyanocyclopentyl)aminobenzamide, 4-isothiocyanato-2-iriflucromethyl

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

[0034] The invention further provides & method of synthesizing RD169, comprising mixing
NN-Dimsthyl  4-[4-{1-cyanocyclobutylamino)phenyllbutapamide, 4-isothiocyanato-2-trifluaromethyl

benzonitrile, and DMF and heating under reflux io form 2 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 mixiure, adding 4-(4-(7-(4-Cyano-3-
{trifluoromethyl)phenyl)-8-oxo-6-thiaxo-5,7-diazaspirof3 Aloctan-5-ylphenylbutanamide to the frst
mixture to form a second mixture; adding wiethyiamine to the second mixture to form a third mixture;
warming the third mixture and quenching with aqueoss NFLCI to form 2 fourth mixture; extracting an
prganic 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 R;
A 3
' Ré N N
R, R

B Ry

wherein RS is CN or NO2 or SO2R11, wherein R6 is CF3, alkyl, substiteted alkyl, allkenyl, substituted

alkenyl, allkynyl, substituted allymyl, halogenated alkyl, halogenated alkemyl, halogenated akynyl,

halogen, wherein A is sulfur (S} or oxygen (O), wherein B is O or S or NRS, wherein RE is selecied from

the group consisting of H, methyl, aryl, substituted aryl, alkyl, substitated alleyl, alkeny!, substituted

alkenyl, zlloynyl, substituted alicynyl, arvialkyl, aryialkenyl, arvialkynyl, heterocyclic aromatic or non-

aromatic, subsiitited heterocyclic aromatic or non-aromatic, cyecloalikyl, substittted cycloalkyl, SOZR11,
-10-



NR1IR12, (CO)OR1I, (CONRIIR12, (COIRL], (CS)R1L, (CS)NR11R12, (CS)OR11,

S

e
\—_S
O
.

HN

, and

{00373 N ,
>:0
><CH3 If
HysC  CHs G
,and

wherein D is 8 or O and E 15 N or O and G is alleyl, aryl, substituted alkyl or substitsted aryl; ¢ D is §
5 or O and B-G together are C1-C4 lower alkyl,

[0038) wherein R} and R2 are independently alkyl, haloalkyl, hydrogen, aryl, substituted alkyi,

alicenyl, substituted allenyl, alkynyl, substifuted allypyl, halogenated alkenyl, halogenated akynyl,

arylalkyl, arylalkenyl, aryialkynyl, heterocylic eromatic or non-aromatic, substifuted heterocyclic

aromatic or non-arpmatic, cycloalkyl, substitiied cycloalkyl, or R1 and R2 are comnected to form 2 cycle
10 which can be heterocyclic, substituted heterocyclic, sycloalkyl, substituted cycloalkyl,

e // : l >—CH I\\
3 , OF

CH
(60391 ? ,
[6040] whersin X is carbon or nitrogen and can be at anpy position in the ring, and
[0041] wherein R3, R4, and R7 are independently selecied from the group comsisting of

hydrogen, helogen, methyl, methoxy, formyl, haloacetoxy, trifluoromethyl, cyano, nitre, hydroxyl,
15 phenyl, amine, methylcarbamoyl, methylearbamoyl-substituted alkyl, dimethylcarbamoyl-substituted
«11-
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alkyl, methoxycarbonyl, acetamido, methanesulfonamino, carbamoyl-substituted alkyl, methanesulfonyl,
4-methanesuifonyl-1-piperazinyl, piperazinyl, hydroxysthylcarbamoyl-substituted alky!, hydroxyl-
substituted  alleyl, hydroxyl-substitured alkenyl, carbamoyl-substituied alkenyl, methoxycarbonyl-

OH

CH
substituted alkyl, cyano-substituted alkyl, 3 aryl, substituted aryl, alkyl, substituted alkyl,

alkenyl, substituted alkenyl, ajIkynyI, substituted alkynyl, halogenated alkenyl, halogenated aliynyl,
SO2R11, NR1IR12, NR12(COYORI11, NH(CONRIIR1I2, NRI2 (CO)R1L, OCOR1IL, O(CCHOR1L,
O(CS)R11, NR12 (CS)R11, NH(CS)NRI1R12, NR12 (CS)OR11, arylalkyl, arylalkenyl, arylalkynyl,
heterocyclic aromatic or non-aromatic, substituted heterocyclic aromatic or non-aromatic, cycloalkyl,
substituted cycloalkyl, hbaloalkyl, “methylsulfonecarbamoyl-substituied alkyl, methylaminomethyl,
dimethylaminomethyl, methylsulfonyioxymethyl, methoxycarbonyl, acetamido, methanesulfonamido,
carbamoyl-substituted alkyl, carboxymethyl, methoxycarbonylmethyl, methanesuifonyl, 4-cyano-3-
mifivoromethylphenylcarbamoyl-substituted atkyl, carboxy-substituted alkyl, 4-(1,1~
dimethylethoxy)earbonyl)-1-piperazinyi, hjldroxycthylcarbamoylusubstimted alicyl,
hydroxyethoxyearbonyi-substituted alkyl, 3-cyano-4-trifiuoromethylphenyicarbamoyl,

{0042] wherein R11 and R12 are mdependently hydrogen, aryi, aralkyl, subéﬁmted aralicyl,
allyl, substituted alkyl, alkenyl, substituted alkenyl, alkynyl, substituted aikynyl, halogehated al}cyl,
halogenated alkenyl, halogenated alicynyl, arylalkyl, arylalkenyl, arylalkynyl, heterocyclic aromatic or
non-aromatic, substifuted heterocyelic aromatic or non~-aromatic, cycloalkyl, or substituted cycloalkyl, or
R1I aud R12 can be comnected to form a cycle which can be heterocyclic aromatic or non-aromatic,
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.

[06044] The invention encompasses a method comprising providing at least one such compound,
measuring inhibition of androgen recepior activity for the compound and deiermining if the inhibition is

above a first predetermined level, measuring stimplafion of androgen receptor activity in hormone

_reftactory cancer cells for the compound and determining if the stimulation is below a second

predetermired level, and selecting the compound if the inhibition is above the first predetermned 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)

in an AR résponse reporter system or a prostate specific antipen secreting system, The step of measuring
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stimulation may comprise measuring fold induction by increasing comcentrations in an AR response
reporter system or a prostate specific antigen secreting system. The methed of measuring inhibifion

and/or stimulation may comprise measuring an effect of the compound on humor growth in an animal.

BRIEF DESCRIPTION OF THE DRAWINGS

[00453 The following Figures present the results of pharmacological examination of certain
compounds.
f0046] - Figure 1 is a graph depicting that bicalutarnide displays an agonistic effect on LNCaP-

AR. Agonistic activities of bicalutamide in AR-oversxpressed hormone refractory prostate cancer,
LNCaP cells with overexpressed AR were freated with increasing concentrations of DMSO as vehicle or
bicalutaraide in the absence of R1881. Activities of AR Tesponse reporier were measured.

[0047] Figure 2 is a graph depicting an antagonistic assay of bicalutamide on LNCaP-AR.
Agonistic activities of bicalutamide in hormone sensitive prosiate cancer. LNCaP cells were treated with
increasing concentrations of DMSO as vehicle or bicalutamide in the absence of R1881. Activities of AR

response Teporter were measured.

JO048} Figure 3 is a graph depicting the effect of compounds on LNCaP-AR.

[00453 Figure 4 is a graph depicting the effect of compouncis 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.

[0652] Figure 6. Inhibilion on growth of AR-overexpressed INCaP celis. Androgen starved

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

{0053] Figure 7. Inhibitory effect on growth of AR-overexpressed INCaP xenograft model.
Mice with established IN-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
bicaluiamide, example 7-3b, or vehicle for 44 days. (B), mice were treated with vehicle, 0.1, 1, or 10 mg
per kg of exemple 7-3b for 44 days.
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F0054] Figure 8. Inhibitory effect on PSA expression of AR-overexpressed LNCaP xenograft
model. Mice were treated with vehicle, 0.1, 1, or 10 mg per kg of exarple 7-3b for 44 days orally once
daily, The tumors were taken out from the mice after 44 days of treatment, fumor lysate was exwacted,
and PSA level in tissue lysate was determined by ELISA.

[oass] Figure 9. Inhibitory effect on growth and PSA. of hormone refractory LAPC4 xenograft
model. Mice with estzblished tumors were randomized and treated with 1 mg per kg of bicalutamide,
example 7-3b, or vehicle for 17 days afallly once ﬁaily; (A),‘ﬁimor gize was measured by caliber. (B), the
turnors were taken out from the mice after 17 days of treatment, tumor lysate was exiracted, and PSA
level in tissue lysate was determined by ELISA.

00565 Figure 10. Inhibitory effect on growih of hormone sensitive prostate cancer cells.
Androgen siarved INCaP cells were treated with moreasing concentrations of DMSO as vehicle or test
substances in the presence of 1 pM of R1881. After 4 days of incubation, cell growth was measured by
MTS assay.

10657] Figure 11 is a graph of tumor size. AR overexpressing LNCaP cells were injected in the
flanks of castrated SCID mice, subcutaneonsly. When tumors reached shout 100 cubic mm, they were
randomized into five groups. Each group had nine amimals. After they reached this tumor voiume, they
were given orally with either vehicle, bicalutarnide or RD162 at 10 or 50 mg/kg everyday. The mumors
were measured three-dimensionally, width, length and depth, using a caliper.

FOOSE] Figure 12 depicis experimental results of humor size. At day 18, the ammals were
imaged via an optical CCD camera, 3 hours after last dose of treatinent. 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 infravenous

(upper curve) and oral administration (fower curve),

100607 | Figure 14 is a graph depicting PSA absorbance measured for LN-AR cells afier treatmnent

with various doses of several compounds.

[0061] Figure 15 presents  table providing several characteristics of compounds. Figure 15
also presents 2 graph providing the pharmacokinetic characteristics of several compounds in terms of

compound serum conceniration as a fimction of time.

[0062] Figure 16 is a chart depicting prostate weight after treatment with various compounds.
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10, 25, or 50 mg of compound per kilogram body weight were acdministered per day, as indicaied by the
label of a bar. The compounds were administered to healthy FVB mice. After reatment with compound
for 14 days, the urogenital fract weight was determined by’ removing and weighing the semi-vesicles,
prostate, and biadder. Three mice were administered a given compound to obtain the data presented by a
bar in the chart. A set of mice was not treated with a compound: data are presented in the bar labeled
mmireated”, Another set of mice was treated only with vehicle solution: data are presented in the bar

iabeled "vehicie".

[0063] Figure 17 is 2 graph presepting 2 PSA assay performed along with the experimental
protocol presented in Fig, 6.

{0064] Figure 18 is a graph presenting the effect of various dose regimens of RD162 on fumor
volume.,
[0065] Figure 19 is a graph presenting fhe rate of photon emission associated with luciferase

activity at day 17 relative to the rate at day O after treatment with RD162 at doses of 0.1, 1, and 10 mg
per kilogram body weight per day and without treatment with RD162.

10066} 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 weated 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 Inciferase activity at day 31 shown as
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 ILN-AR cells ireated
with various concentrations of RD162, RD162', RD162", and RD170 and vehlicle solution.

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

[0069] Fipure 23 presents results of an experiment conducted with wild type nontransgenic mice
(WT), castrated Iuciferase transgenic mice (Cast), and non-casirated luciferase transgenic mice (Intact).
Data are shown for castrated luciferase transgenic mice treated with an bnplanted testosterome peilet
vielding 12.5 mg per kilogram body weight with 2 90 day release period (T/Cast), and data are shown for
non-castrated luciferase transgenic mice treated with an implanted testosterone peliet yielding 12.5 mg

per kilogram body weight with a 90 day release period (Intact+T). Data are shown for castrated
-15-
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luciferase transgenic mice teated with the implanied testosterone pellet and with bicalutamide
BIC+T/Cast) or with RD162 (RD162+T/Cast) at 10 mg per kilogram body weight per day. (A)
Urogenita] tract weight at 14 days. (B) Photon ernission rate at 14 days. ‘In all cases, a2 hormone

refractory diseass state was not indueed.

[0070} Figure 24 is 2 graph of luciferase activity of the LIAR cell line dosed with various

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

[0071] Figure 25 is 2 graph of luciferase aétivity for the LN/AR cell line for various compoumds
administered at concentrations ranging from 1.25 to 10 pmol.

[0072] Figure 26 is 2 graph of luciferase activity for the 4AR cell line for varjous cornpounds
administered at concentrations ranging from 1.25 to 10 pmol.

f0073] Figiwe 27 is & graph of PSA levele for the 1AR cell line for various cormpounds
afiministered at concentrations rapging from 1.25 to 10 pmol.

[0074] Figure 28 is a graph of PSA levels for the LN/AR. cell line for various compounds
administered at concentrations ranging from 125 nmol to 1000 nmol.

[0075] Figuré 29 is & graph of luciferase activity for various compounds administered at

concentrations ranging from 125 nmol to 1000 nmol.

DETAILED DESCRIPTION

[0076] Embodiments of the invention are discussed in detail beiow. In describing embodiments,
specific terminology is employed for the sake of clavity. However, the invention is not intended to be
Himited to the specific terminology so selected. A person skilled n the relevant art will recognize that
other equivalent parts can be employed and other methods devsloped without parting from the spirit and
scope of the invention. Al references cited herein are incorporated by reference as if each had been
mdividually mcorporated.

Synthesis of Diarylhydantoin Compounds
[0077] The invention provides for symthesis of diarylthiohydantoin compound having the

formula

-16-
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EC N N

Rn

with R7! including an alkyl chain of from 1 to 4 carbon atoms. For example, R72 can be carbamoyl,
e.g., (CO)NH,, or methylcarbamoyl, &.g., -(CO)NHCH;. An amide group bonded at the carbon atom of
the carbonyl to another structure is termed a carbamoyl substituent. For example, R73 can be & fluorine
or e hydrogen atom. That is, a fluorine atom can be aftached to any one of the carbons of the right-hand
aryl ring which are not bonded to the R72 substituent or the nitrogen atom. Alternatively, no fluorine
atom can be atiached to the carbons of the right-hand aryi ring which are not bonded to the R72
substituent or the nitrogen atom. For example, 2 hydrogen atom can be atrached to each of the carbons of
the right-hand aryl ring which are not bonded to the R72 substituent or the nitrogen atom.

{00781 Far example, as further presented below (see, for example, Figs. 3, 5, 11-13), the

compound having the formula

[RD162]

exhibited surprisingly potent antagonistic activities with minimal agonistic activities for overexpressed

AR in hormone refractory prostate cancer.

[0079] A list of several compounds according to this fuvesntion 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 weatment of prostate cancer, Tier 4 compounds being comparable to bicalutamide in
effectiveness, and Tier 5 and Tier 6 compounds being worse than bicaluizmide for the treatment of
prostate cancer. A more detajled description of the protocol used to rank the compounds into fiers is
presented below,

-17-
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Definitions

10080} As used herein, the term "alkyl" denotes branched or unbranched hydrocarbon chams,
preferably having about 1 to about 8 carbons, such as, methyi, ethyl, n-propyl, iso-propyl, n-butyl, sec-
butyl, iso-buty], tert-butyl, 2-methylpenty! pentyl, hexyl, isohexyl, hepiyl, 4,4-dimethy! pentyl, octyl,
2,2 4-trimethylpentyl and the like. "Substituted alky!" includes an alkyl group optionally substitated with
one or more fumctional groups which may be attached to such chains, such as, hydroxyl, bromo, fiuore,
chloro, iode, mercapto or thio, cyano, alkylthio, heterocycliyl, aryl, heteroaryl, carboxyl, carbalkoyl,
alkyl, alkenyl, nitro, amino, alkoxyl, amido, and the like to form alky! groups such as trifluoro methyl, 3-
hydroxyhexyl, 2-carboxypropyl, 2-flucroethyl, carboxymethyl, cyanobutyl and the like.

[0081] Unless otherwise imdicated, the term "cycloalkyl” as employed herein alone or as part of
another group inciudes saturated or partizlly umsaturaied {(containing 1 or more doubie bo_nc_is) cyclic
hydrocarbon groups conaining 1 to 3 zings, including monocyclicaﬁqu, bicyclicalkyl and fricvelicalicyl,
containing a total of 3 to 20 carbons forming the rings, preferably 3 to 10 carbons, forming the rmg and
which may be fused to 1 or 2 aromatic rings as described for aryl, which include cyclopropyl, eyciobutyl, -
cyclopentyl, ocyciohexyl, cycloheptyl, cyclooetyl, cyclodecyl and eyclododecyl, cyclohexenyl.
"Substituted oveloalkyl” includes a cycloalkyl group optionally substituted with 1 or more substituents
such as halogen, alkyl, alkoxy, hydroxy, aryl, aryloxy, arylalicyl, cycloalkyl, alkylamido, alkanoyiamino,
oxo, acyl, arylcarbonylamine, amine, nitro, cyano, thiol and/or alkylihio and/or any of the substituents
inciuded in the definition of “substiuted alkyl." For exampls,

O S R
A o O O

[0082] Uniess 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 cheain, such as vinyl, 2-propenyl, 3-butenyl, 2-butenyl, 4-pentenyl, 3-pentenyl, 2-hexenyl, 3-
218



10

20

25

30

hexenyl, 2-heptenyl, 3-hepteny!, 4-heptenyl, 3-octenyl, 3-nonenyl, 4-decenyl, 3-undecenyl, 4-dodecenyl,
4,8,12-tetradecatrienyl, and the like. “Substitmed alkenyl” ncludes an alkenyl group optionally
substituted with one or more substituents, such as the substifnents included above in the defimition of
“substituted alkyl" and "substituted cycloalkyl.®

[0083] Unless otherwise indicated, the term “alkynyl® as used herein by itself or as part of
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 iriple bonds in the
normal chain, sach as Z-propynyl, 3-butynyl, 2-butynyl, 4-pentynyl, 3-pentynyl, 2-hexynyl, 3-hexynyl, 2-
heptynyl, 3-heptynyl, 4-heptynyl, 3-octynyl, 3-nonynyl, 4-decynyi, 3-undecynyl, 4-dodecynyl and the
like. "Substituted alkvnyl* includes an alkynyl group optionally substibrted with one or more
substitents, such as the substituents included above in the defimition of "substiuted alkyl” and
"gubsiituted cycioalkyl."

{0084} The terms "arylalkyl", "arylalkeny!" and "arylalkynyl" as used alone or as parf of apother
group refer to alkyl, alkenyl and alkynyl groups as described above having an aryl substituent.
Representative examples of arylaikyl inciude, but are not limnited to, benzyl, 2-phenylethyi, 3-
phenylpropyl, phenetiyl, benzhydryl and naphthylmethy! and the like. "Substituted arylatkyl" includes
arylalkyl groups wherein the aryl portion is optionally substituted with one or more substituents, such as
thé substituents included above in the definition of "substituted alkyl" and "substituted cycloaligyl.”

[0085) The terms "arylalkyl", "arylalkenyl” and "arylaliymyl" as used alone or as part of another
group refer to alkyl, alkenyl and alkynyl groups as described above having an aryl substituent.
Representative examples of arylalkyl include, bur are not limited to, benzyl, 2-phenylethyl, 3-
phenylpropyl, phenethyl, benzhydryl and naphthyimethyl and the like. "Substituted arylaﬂcyi" includes
arylalkyl groups wherein the aryl portion is optionally substifuted with one or more subsiituents, such as
the substituents included above in the definition of "substituted alkyl" and “substituted cycloaliyl.”

10086) The term "halogen® or "halo" as used herein alone or as part of another group refers to

chlorine, bromine, fluoring, and iodine.

[0O87] The terms “halogenated aliyl”, “halogenated alkenyl” and “alkynyl” as used herein
alone or as part of another group refers to “alkyl”, “allenyl” and “alkynyl” which are substituted by one

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

[C088] Unless otherwise mdicated, the term "aryl" or "Ar" as employed herein alone or as part
of another group refers to monocyclic and polyeyclic arornatic groups containing 6 1o 10 carbons in the

ring portion {(such as phenyl or naphthy} including I-naphthyl and 2-naphihyl) and may optionally include
-15-
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one to three additional rings fused to 2 carbocyclic ring or a heterocyclic ring (such as aryl, cycloalkyl,
heteroaryl or cyclohétcmalkyi Tings).

f0089] "Substituted aryl” mcludes an aryl group optionally substituted with one or more
functional groups, such as halo, baloalkyl, alkyl, haloalkyl, alkoxy, haloalkoxy, alkenyl, trifluoromethyl,
triffuoromethoxy, alkvnyl, cycloalkyl-alkyl, cyclohetercalicyl, cycloheteroalkylaticyl, aryl, hetercaryl,
aryialkyl, arvioxy, arvioxyalkyl, arylelkoxy, alkexycarbonyl, arylearbonyl, arylalkenyi,
arminocarbonylaryl, arylthio, arylsulfimyl, arylazo, heteroarylatkyl, heteroarylalkenyl,
heteroarylheteroaryl, hetercaryloxy, hydroxy, nitro, cyano, amino, substitited amino wherein the amino
includes 1 or 2 substituents (which are alkyl, aryl or any of the other aryl compoinds mentioned in the
definitions), thiol, alkyltio, arylthio, heteroarylihio, arylthicalkyl, alkoxyarylthio, alkylcarbonyl,
arylearbonyl, alkylaminocarbonyl, arylaminocarbonyl, alkoxycarbonyl, arninocarbonyl,
alleylearbonyloxy,  arylearbonyloxy, alkylcarbonylamine, arylcarbonylamino, arylsulfinyl,
arylsulfinylalkyl, aryisulfonylamine or arylsulfonaminocarbonyl and/or any of the alkyl substituents set

out herein,

[6090] Unless otherwise indicated,, the term “heterocyclic” or *“heterocycle™, as used herein,
represents an unsubstituted or substituted stable 5- 1o 10-membered monocyclic ring systern which may
be saturated or wunsaturated, and which consists of carbon atoms and from one to four heterpatoms
seiscted from N, O or S, and wherein the nitrogen and sulfur heteroatoms may optionally be oxidized,
and the nitrogen hetercatom may optionatly be quaternized. The heterocyelic ring may be attached at any
heteroatom or carbon atom which results in the creation of 2 stable structure. Examples of such
heterocyclic groups include, but is not limited io, piperidinyl, piperazinyl, oxopiperazinyl,
oxopiperidinyl, oxopyrrolidinyl, oxoazepinyl, azepinyl, pyrrolyl, pyrrolidinyl, furanyl, thienyi, pyrazolyl,
pyrazolidinyl, imidazolyl, imidazolinyl, imidazolidinyl, pyridyl, pyrazinyl, pyrimidinyl, pyridazinyl,
oxazolyl, oxazolidinyl, isouxazolyl, isoxazolidinyl, morpholinyl, thiezolyl, thizzolidinyl, isothiazolyl,
thiadiazolyl, tefrahrydropyranyl, thiamorphelinyl, thiamorpholiny! sulfoxide, fiiamorpholiny] sulfone, and
oxadiazolyl. The term “beterocyclic aromatic™ as used here in alone or as part of another group refers to a
5- or 7-membered mnﬁﬁc ring which includes 1, 2, 3 or 4 hetero aioms such as nitrogen, oxygen or
sulfur and such rings fused to an aryl, cycioalkyl, Beteroary! or heterocycioalkyl ring (e.g.
benzothiophenyl, indolyl), and includes possible N-oxides. "Substituted heteroaryl" includes a heteroaryl
group optionally substituted with 1 to 4 substituents, such as the substituents included above in the
defmition of "substituted alkyl" and “substituted cycloalikyl.” Examples of heteroaryl groups include the

following:
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Example 1
4-isgthiocyanato-2-frifluoromethyibenzonitrile, {1a)
[0091] 4-Amino-2-rifluorometnylbenzonitrile, (2.23 g, 12 mmol) was added portienwise over

15 minutes into the well-stirred heterogeneous mixtare of thiophosgene (1 ml, 13 mmol) in water (22 mb)
at roorn temperature. Stirring was continued for an additional 1 h. The reaction medium was extracted
with chloreform (3 x 15 mt). The combined organic phase was dried over MgSO, and evaporated to
dryness under reduced pressure to vield desired product, 4-isothiceyanato-2-triflueromethylbenzonitrile,
{1a), as brownish solid and was used as such for the next step (2.72 g, 11.9 mmol, 99%).

Example 2 _
2-1}. {d-mminophenyl)carbamic acid fers-butyl ester, (2a)
[o692] 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 mrmol) in THF (30 ml) and DMF (10 m1}. To this
mixture was added di-fert-butyl pyrocarbonate, BocsO (2.18 g, 10 mmol), dropwise over 0.5 h. The
reaction mixture was sfirred for an additional 4 h at room temperature. The mixture was then poured info
cold water (40 ml) and exiracted with chloroform (3 x 50 ml). The combined organic phase was dried
over MgSO; and concentrated to y"ie}d a brown residue which was subjected to flash chromatography
{dichlorornethane/acetone, 4:1) to afford (4-aminophenyl)carbamic acid tert-butyl esier, {2a) as 2 yellow
solid (1.98 g, 9.5 mmol, 95%) (vield based on Boc, Q).

2-2). {4-[(1-cyanc-1-methylethyl)amino}phenylicarbamic acid tert-buty! ester, 2b
[0093] The mixture of 2a (0.83 g, 4 mmol), acetone cyanohydrin (4 ml) and MgSO, (2 g) was
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heated to 80 °C and s4mred over 2.5 h. After cooling down to room temperature, compound 2b was
crystallized into water (30 ml). The solid was filtered and dred to yield {4-[(1-cyano-1-
methylethyl)amino]phenyl}carbamic acid tert-butyl ester, 2b (1.08 g, 3.9 mmol, 98%).

2-3). {4-[3-(4-cyano-3-trifluoromethylphenyl)-4-imino-5,5-dimethyl-2-thioxo-imid azolidin-1-
yliphenyl}carbamic acid fert-butyl ester, (2c)

[0094} Triethylamine (0.202 g, 2 mmol) was added to  solution of 1a (0.456 g, 2 mmol) and 2b
(0.57 g, 2 mmol) in dry THF (5 ml). The reaction mixture wes stirred at room temperature for 15 h and
fhen concentrated to yield a dark residue which was subjected to flash chromatography (ethyl

ether/acetone, 97:3) 1o afford {4-[3-(4-cyano-3-trifinoromethylphenyl)-4-imino- 3,5 -dimethyl-2-thioxo-

imidazolidin-1-yljphenyl}carbamic acid tert-butyl ester, (2¢) {0.15 g, (.3 mmol, 15%}.

2-4). 4-[3-(4-aminophenyl)-4.4-dimethyi-5-oxo0-2-thioxoimidazelidin-1-yi}-2-
irifluoromethylbenzonitrile, 2d, [RD9Y]

. [0085) The mixture of 2¢ (0,15 g, 0.3 mmol) in HCI ag, 3N. (1 ml) and methanol (4 ml) was

heated to reflux for 2 h. After being cooled to room temperature, the reection mixture was poured into
eold water {5 ml) and extracted with dichloromethane (8 ml). The organic layer was dried over MgSO,,
concentrated and chromatographed {dichloromethene/scetone, 9:1} to yield 4-[3-{4-aminophenyl)-4,4-
dimnethyl-5-0x0-2-thioxoimidazolidin-1-yl]-2-frifinoromethyibenzonitrile, 2d, [RD9] {0.118 g, .29
mnol, 97%) as a yellow solid.

NC NHo

PNV
FaC N jN

o}_—'\

' NMR. (400 MHz, CDCly) & 1.54 (s, 6H), 6.73-6.75 (m, 2¥), 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 (4, /= 8.2 Hz, 1¥); *C NMR (100 MHz, CDCl5) § 22.7,
66.2, 109.1, 114.3, 114.9, 120.4, 122.0 (g, J = 272.5 Hz), 127.0 (g, 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-oxo-2-thioxoimidazolidin-1-y1}-2-

trifiuoromethylbenzonitrile, 22, [RD10]
{0096] An aqueous solution of sulfimic acid (25% wt, I mi) was added to a solution of 24 (0.10

27
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g, 0.25 mmol) in acetone (1 ml) at -5 °C. An agueouns splution of NalNG, ((.024 g, .35 munol, in 0.5 ml
of water) was added slowly the above mixture over 0.1 b. The reaction mixture was allowed to stir af -5
°( for an additional 1 h and then an agueous solution of NaN; (0.02 g, 0.3 mmol in 0.3 ml of water) was
added dropwise. Upon compiletion of the addition, the reaction medinm was warmed to room ternperature
and stirred for an additional 3 h. The product was extracted with dichioromethane (3 » 5 mi). The
combined organic layer was dried over MgSOy, concentrated and chromatographed (dichloromethane) to
vield 4-[3-(d-azidophenyl)-4,4-dimethyl-5-0x0-2-thioxoimidazolidin-1 ~y1}-2-triflupromethylbenzonitrile,
2e, [RD10] €0.08 g, 0.18 1mimol, 72%) a5 a yellowish soid. -

NC MNa

LT

/‘\//\ N
FC N N

O

TH NMR (400 MHz, CDCLy) 6 1.54 (s, 6H), 7.17-7.20 (m, 2H), 7.27-7.30 (m, 2H), 7.84 (dd, J, = 8.3 Hz,
Jy;=18Hz 1H), 7.96 (d, /= 1.8 Hz, 1H}, 7.97 (d, J= 8.3 Hz, 1H); B¢ NMR (100 MHz, CDCl;) 8 23.7,
66.4, 110.1, 114.8, 120.4, 122.1 (g, J = 272.5 Hz), 127.0 {q. /= 4.7 Hz), 131.1, 131.5, 132.3, 1333 (q, J
=33.0 Hz), 135.3, 137.1, 141.7, 174.8, 180.1. MS for CipHF3N;OS, calculated 430.4, found 430.1.

Example 3
3-1). 2-{4-hydroxyphenylamine)-2-methylpropanenitrile, 3a
[0097] A mixiore of 4-aminophenol (1.09 g, 10 mmol), acetone eyanohydrin (10 ml)} and

MgSO4 (2 g) was heated to 80 °C and stirred for 4 k. After copcentration of the medinm under vaf:uum,
compound 3a was crystallized from water {20 ml). The solid was filiered and dried to yield 2-(4-
hydroxyphenylamino)-2-methylpropanenitrile, 3a (1.6% g, 9.6 mmol, 96%).

32). 4-[3-(4-hydroxyphenyl)-5-imino-4,4-dimethyl-2-thioxoimidazoHdin-1-y1}-2-
triffuoromethylbenzonitrile, 3b
[0098) Triethylamine (0.101 g, 1 romol} was added to a solution of 1a (0.456 ¢, 2 mmol) and 3a

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

X
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3-3). 4-[3-(4-hydroxyphenyl)-4,4-dimethy}-5-0x0-2-thioxoimidazolidin-1-yl}-2-
trifluoremethylbenzonitrile, 3¢, [RDS)

A mixture of 3b (0.202 g, 0.5 rnel) iz HCI aq., 2N (2 mi) 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 m?) and
extracted with elhyl acetate (10 ml). The orpanic layer was dried over MgSQ,, concentrated and
chromatographed (dichloromethane/acetone, 9:1) to yield 4-[3-(4-hydroxypbenyl)-4,4-dimethy)-5-0x0-2-
thioxoimidazolidin-1-y1}-2-triftuoromethylbenzonitrile, 3¢, [RD8] (0.198 g, 0.45 mmol, 98%) as 2 white

powder.
[
FaC7 > N N =
O)'—i\

"H NMR (CDCls, 400 MHz) 6 1.57 (s, 6H), 6.26 (5, OH), 6.90-6.93 (m, 2H), 7.11-7.14 (m, 2H), 7.84 (dd,
Jy =83 He, J;= 1.8 Hz, 1H), 7.95-7.98 (m, 2H); *C NMR (CDCl,,100 MHz) 6 23.6, 66.5, 109.9, 114.9,
115.7, 116.8, 1219 (g, /= 272.7 Hz), 1272 (g, /= 4.7 Hz), 130.6; 132.3, 133.5 (q, J = 33.2 Hz), 135.3,
137.2, 157.0, 175.3, 180.2.

Example 4 .

Chloreacetic acid 4-[3-(4—cyano»«S-txiﬂlioromethylpheny!}-S,S-dimethyl-fi—-oxo»Z—thioxeimidazoiiéin-
1-yljphenyl ester, 4a, [RD13] -

Chloroacetyl chloride (0.045 g, 0.4 mmol} was added to a mixtare of 3¢ (0.101g, 0.25 mmol) and
triethylamine (0.041g, 0.41 mmol} in dry THF (1.5 ml). The mixture was stirred af room temperafure for
4 h. Triethylamine hydrochioride 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)-3,5-dimethyl-4-oxo-2-thicxoimidazolidin-1 ~yliphenyl ester, 4a, [RD13] (0.101 g,

(.21 mmol) as white powder.

NC O
PP TOR A
F3C NN
e
"H NMR. (CDCl;, 400 MHz) § 1.58 (s, 6H), 4.32 (5, 2H), 7.33 (s, 4H), 7.83 (¢4, J; = 8.3 iz, o = 1.9 Hz,
1H), 7.95-7.97 (m, 2H); C NMR (CDC1,,100 MHz) & 23.7, 40.8, 66.5, 110.1, 114.8, 121.9 (q, J = 272.5
Hz), 122.7, 127.1 (g, J= 4.7 Hz), 1309, 132.3, 132.9, 133.5 (q,/ = 33.2 Hz), 1353, 137.1, 150.9, 165.5,

174.8, 180.0,
224
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Example 5

5-1a). 2~-methyl-2-(4~methyiphenyl)aminopropanenitrile, Sa

A mixture of p-toluidine (1.07 g, 10 mmol) and acetone cyanohydrin (10 rol) was heated to 80 °C and
stired for 4 h. The medium was concentrated and dried under vacuum to yield 2-methyl-2-(4-
methylphenyl)aminopropanenitrile, 5a (1.72g, 9.9 mmol, 99%) as brown solid.

5-1b). 2-methyl-2-(4-methyiphenyl)aminopropanenitrile, 5a

Sodiurn cyanide (0.735g, 15 mmol) was added to a mixture of p-toluidine (1.07 g, 10 mmol} and acetone
{1.16 g, 20 mmol) in 0% aéeﬁc acid (10 ml). The reaction mixture was stirred at yoom temperatire for
12 h and fhen ethyl acetate (50 ml) was added, The organic layer was washed with water (4 * 30 ml},
dried over magnesium sulfate and concentrated under vacuum to dryness to yield 2-methyl-2-(4-

methylphenyl)aminopropanenitrile, 5a (1.65g, 9.5 mmol, 95%) as a brown solid.

523, 4-[3-(4-methyiphenyl)}-5-imino-4,4-dimethyl-2-thioxoimidazolidin-1-yi}-2-
triftuoromethylbenzonitrile, 5b

Triethylemine (0.101 g, I mmol) was added fo a selution of Ia (0.456 g, 2 mmol) and Sa (0.346 g. 2
mrnol) in dry THFE (3 ml). The reaction mixture was stirred at 0 °C for 2 days and then concentrated to
vield a dark residue which was subjected to flash chromatography (dichioromethanc/acetone, 93:5) 1o
afford 4-J3-(4-methyiphenyl)}-5-iminc-4,4-dimethyl-2-thioxeimidazolidin-1 -yi}-2-
trifluoromethylbenzonitile, 5b (0.136 g, 0.34 mmeoi, 17%).

5-3a). 4-[3-(4-methylphenyl)-4.4-dimethyl-5-0x0-2-thioxoimidazelidin-1-y1}-2-
triftuoromethylbenzonitrile, Sc

A maixture 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 temperaiure, {he reaction mixture was poured into cold water (10 mi} and
extracted with ethyl acetats (10 ml). The organic layer was dried over MgSQ,, concentrated and
chromatographed  (dichloromethane) to  yield  4-[3-(4-methyiphenyl)-4,4-dimethyl-5-0x0-2-
thioxoimidezolidin-1-y1)-2-irifluoromethylbenzonitrile, 5S¢ (0.118 g, 0.294 mmol, 98%) 25 a white

powder.

5-3b). 4-[3-(4-methylphenyl)-4,4-dimethyl-5-0x0-2-thioxoimidazelidin-1-yl}-2-triflucromethyl-
benzonitrile, 3¢, [RDT]

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.
To this mixture were added methanol (20 mi) and ZN HCL (5 ml). The second mixsure was refluxed for 6

~25-
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h. After being cocled te rcom temperature, the reaction mixture was poured into cold water (30 ml) and
extracted with ethyl acetate (40 mil). The organic layer was dried over MgSO,, concentrated and
chromatographed  (dichloromethape}  to vield 4~{3—(47mcthy1phenyl)-4,#dimethyl—ﬁ -0X%0-2-
thioxoimidazolidin-1-yl}-2-triffluoromethyl-benzonitrile, Se, [RD7] (0.596 g, 1.48 mmol, 74%) as a white

powder,

FaC N)LN

O
H NMR (CDClLs, 400 MEz) 6 1.61 {5, 6H), 2.44 (5, 3H), 7.17-7.20 {m, 2H), 7.33-7.36 (m, 2H), 7.86 (dd,
J, =83 Hz, J, = 1.8 Hz, TH), 7.96-7.98 (m, ZH); C NMR (CDCl;, 100 MHzZ) & 21.3, 23.6, 66.4, 110.0,

114.9, 121.9 (q, J = 272.6 Hz), 127.1 (g, /= 4.7 Hz), 129.2, 130.6, 1322, 132.3, 1334 (¢, J = 33.2 Hz),
135.2, 137.2, 140.1, 175.1, 179.9.

Example 6

6-1). z-methyl—z—phenylaminﬁpropanenitrile, 6z

A mixture of aminobenzene (0.931 g, 10 mmol) and acetone cyanohydrin (2 ml) was heated to reflux and
stired for 20 h. After being cold to room temperature, the reaction mixture was poured into ethyl acetate
(40 ml) and washed with cold water (2 % 30 ml). The organic layer was dried over MgSO,, concentrated
under vacuum to dryness fo yield 2-methyl-2-phenylaminopropanenitrile, 6a (1.51g, 9.4 mmol, 94%%) as

slurry brown lquid.

6-2). 4-[3-phenyl-4,4-dimethyl-5-0x0-2-thioxoimidazolidin-1-yl}-2-triflworomethylbenzonitrile, 6b,
(RD10]

A mixtare of 1a (0.274 g, 1.2 mmol) and 6a {0.160 g, 1 mmeol) in dry DMF (0.2 ml) was stirred for 48 k.
To this mixture were added methanol {10 ml) and 2N HCI (3 ml). The second mixture was refluxed for 6
h. After being cooled o room temperature, the reaction mixiure was poured into cold water {20 ml) and
extracted with ethyl scetate (20 ml). The organic layer was dried over MgSO,, concentrated and
chromatographed (dichioromethane) to yield 4-[3-phenyl-4,4-dimethyl-5-0x0-2-thioxotmidazolidn-1-
yi}-2-triflucromethylbenzonitrile, 6b, IRD10] (0.276 g, 0.71 mmol, 71%) as a whiie powder.

NC
JOUSE
o
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'H NMR (CDCls, 400 MHz) 6 1.60 (s, 6H), 7.28-7.31 (m, 2H), 7.50-7.58 (m, 3H), 7.85 (dd, J;= 3.3 Hz,
J>= 1.8 Hz, 1H). 7.96-7.99 (m, 2H); “C NMR (CDCl;, 100 MHz) & 23.7, 66.4, 110.2, 114.8,121.9 (g, J
= 272.6 Haz), 127.1 (g, J = 4.7 Hz), 129.5, 129.8, 129.9, 132.2, 1334 (q, J = 33.2 Hz), 135.1, 1352,

137.2, 175.0, 179.9.

Example 7

T-La}, 1-(d-methylphenyDaminocyclobutanenitrile, 7a

Sodium cyanide (0.147g, 3 mmol} was added to a mixture of p-toluidine (0.214 g, 2 mmol} and
cyclobutanone (021 g, 3 mamel) in 90% acetic acid (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-
methylphenyl)aminocyclobutanentiirile, 7a (0.343 g, 1.84 mmol, 92%) as a brown solid.

7-1b). 1-(4-methyiphenyliaminocyclobuianenitrile, 72

Trimethylsilyl cyanide {0.93 ml, 7 mmol) was added dropwise fo 2 mixture of p-toluidine (0335 g, 5
mmol) and eyclobutanone (0.42 g, 6 mmol). The reaction mixture was stirred at room temperature for 6 b
and then concentrated under vacuum to obtain a brown liquid which was subjected to chromatography

(dichloromethane) to yield 1-{4-methylphenyiammocyclobutanenitrile, 72 (6.912 g, 4.9 minol, 98%) as2

vellowish solid,
7-23. 4-(8-imino-6-thioxo-5-(4-methyiphenyl)-3,7-dizzaspiro{3.4lact-7-yl)-2-
trifisoromethybenzonitrile, 7b

To a solution of 1a (2.28 g, 10 mmol} in dry DMF (3 mi) was added progressively, over 20 hours, a
solution of 7a (1.764 g, 9 mmuol) n dry DMF (3 ml) at room temperature. The medium was stirred for an
additional 4 h After DMF being evaporated, the residue was chromatographad
{dichloromsthans/acetone, 95:5) 10 afford 4-{B-trmino-G-thioxo-5-(4-methylphenyi)-3,7-
diazaspiro[3 4joot-7-y}-2-trifluoromethylbenzoniirile, 7b (1.937 g, 4.68 mmol, 52%}.

7-3a). 4-(8-ox0-6-thioxo-5~-(4-methylphenyi)-5,7-diazaspiro]3.4}oct-7-yh-2-
trifinoremethylbenzonitrile, 7c [RD37]

A mixture of 7b ((.041 g, 0.1 mumol) in HCI aqg., 2N (3 m!} and methanol (1 ml) was heated to reflux for
2 k. After bemg 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, concenfrated and
chromatographed  {(dichloromethane) to  yield  4-(8-oxo-6-thioxo-5-{4-methyiphenyl)-5,7-
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diazaspiro[3 4}oct-7-yl)-2-trifluoromethylbenzonitrile, 4(8-ox0-6-thioxo-5-(4-methylphenyl)-5,7-
diazaspiro[3 Ajoct-7-y1)-2-riflucromethylbenzonitrile, 7¢ (0.04 g, 0,096 mmol, 96%) as a white powder.

7-3b). A4-(8-0x0-6-thinxo-5-(4-methyiphenyl)-3,7-diazaspiro {3.4joct-7-yi)-2-
trifinoromethylbenzenitrile, 7c, [RD37]

A mixture of 1a (0.912 g, 4 mmol) and 7a (0.558 g, 3 mmol) in dry DMF (0.5 ml) was stirred at room
temmperature for 24 h. To this mixture were added methanol (30 mi) and HICl ag. 2N (6 ml). The sscond
mixture was refluxed for 6 h. After being cooled to room temperature, the reaction mixiure was poured
into cold water (50 ml) and exiracted with ethyl acetate (60 ml). The organic layer was dried over
MgSO,, concentrated and chromatographed (dichloromethane) tfo yield 4-{8-oxo-6-thioxo-5-(4-
methylphenyl)-5,7-diazaspiro[3 Aoct-7-y)-2-trifluoromethylbenzonitrile, 7e (0.959 g, 2.31 mmol, T7%)

as a white powder.

BoUvel
FaC” ™~ NN
g |

' NMR. (CDCls, 400 MEz) 8 1.62-1.69 (m, 1H), 2.16-2.22 (m, 1H), 246 (s, 3H), 2.55-2.66 (m, 4H),
7.19-7.26 (m, 2H), 7.36-7.42 (x, 2H), 7.86 (dd, J, = 8.3 Hz, J; = 1.8 Hz, 1H), 7.96 (4, /=183 Hz, 1H),
7.99 {d, J= 1.8 Hz, 1H); *C NMR (CDCl;, 100 MHz) 5 13.7, 21.3, 31.4, 67.4, 109.9, 114.9, 121.9 (g, /
= 272.6 Hz), 127.1 (g, J = 4.7 Hz), 1295, 130.8, 132.2, 1324, 133.3 (g, J = 33.2 Hz), 135.2, 1373,
140.1, 175.0, 180.0.

Example 8

8-13. 1-(4-methylphenyDaminocyclopentanenitrile, 8a

Trimethylsilyl cyanide (0.865 ml, 7 mmol) was added dropwise t¢ 2 mixiure of p-toluidine {0.535 g, 3
mmol) and cyclopentanone (0.589 g. 7 mmol). The reaction mixiure was stirred at room temperature for
6 h and then concentrated umder vacuum to obtain & brown liquid which was subjecied to
chromatography {dichloromethane) to yield 1-(4-methylphenylaminocyclopentanenitrile, 8a (0.981 g,
4.9 mmol, 98%) as a yellowish sohid. :

8-2). 4-(4-Ox0-2-thioxe-1-(4-methylphenyl)-1,3~-diazaspiro[4.4]non-3-yi}-2-
frifivoromethylbenzonitrile, 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 wers added methanol (10 ml) and HCl ag. 2N (3 mi). The second mixiure was refluxed for 6
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h. After being cooled to room temperature, the reaction mixture was poured into coid water (20 md) and
extracted with ethyl acefate (30 ml). The organic layer was dried over MgS80,, concentraied and
chromatographed {dichloromethane) to  yield  4-{d-Oxo-2-thioxo-l-{4-methyiphenyl)-1,3-
diazaspiro[4.4Inon-3-y])-2-rifluoromethylbenzonitrile, 8b, [RD35] (0.3 g. 0.7 mumol, 70%) as a white

powder,

FoC” N N ‘
I

‘H NMR (CDCl,, 400 MHz) § 1.47-1.57 (m, 2H), 1.81-1.92 (m, 2H), 2.20-2.24 (m, 2H), 2.27-2.34 (m,
ZH), 2.43 (s, 3H), 7.18-7.22 (m, 2H), 7.33-7.36 (m, 2H), 7.86 (dd, J, = 8.2 Hz, J;= 1.8 Hz, 1H), 7.96 (d,
J=28.2 Hz, 1H), 7.98 {d, J = 1.8 Hz, 1H); ®C NMR (CDCl;, 100 MHz) 5 21.3, 25.2, 36.3, 75.1, iw.o,
114.9, 121.9 (g, /= 272.5 Hz), 127.1 (g, J = 4.7 Hz), 129.5, 130.7, 123.2, 133.0, 133.4 (g, /= 33.2 Hz),
135.1, 1374, 140.0, 176.3, 180.2.

Ezample 9

9-1). 1-(4-methylpbenyljaminocyctohexanenitrile, 9a ,

Sodivm cyanide (0.147g, 3 mmoel) was added to a mixtiwe of p-toluidine (0.214 g, 2 mmol) and
cyclohexanons (0.294 g, 3 mmol} In acetic acid 90% (3 ml}. The reaction mixture was stirred at room
temperature for 12 b and then 20 mi of ethyl acetfate was added. The organic layer was washed with water
(3 x 10 ml), dried over magnesium sulfate and concentrated under vacuum fo dryness to yield 1-(4-
methylphenylaminocyciohexanenitrile, 9a (0.398 g, 1.86 munol, $3%) as a brown solid,

9.2 4-(4-imino-2-thioxe-1-(4-methylphenyl}-1,3-diazaspiro[4.5]dec-3-y1)-2-
trifinoromethyibenzonitrile, 5o '

Triethylamine (0.05 g, 0.5 mumol} was added to a solution of 1a (0.228 g, | mmol) and 9a (0.214 g, 1
mmmol) in dry THF (2 ml). The reaction mixture was stitred ot room te-mperature for 2 days and then
concentrated to  yield a2 dark residue which was subjected to fiash chromatography
(dichloromeﬂ:ane‘/acetone, 95:5) to afford 4-(4-imino-2-thioxo~1 -{(4-methyiphenyl)-1,3-
diazaspiro[4.5]dec-3-yl)-2-trifluoromethylbenzonitrile, 9b (0.035 g, 0.08 mmol, 8%).

9-3). 4-(4-Oxo-2-thioxo-1-(4-methylphenyl)-1,3~diazaspire/4.5]dec-3-vI}-2-
triftuoromethylbenzonitriie, 9c, [RD48]

29,



10

i3

20

25

30

A mixtare of 9b (0.035 g, 0.08 mmol) in HCI aq., 2N (1 ml) and methanol (3 ml) was heated to refiux for
2 1. After being cooled to room temperature, the reastion mixture was poured into cold water {5 ml) and
exiracted with ethyl acetate (6 ml). The orgamic lzyer was dried over MgSO,, concenirated and
chromatographed  (dichloromethane) to  yield  4-(4-Oxo-2-thioxo-i-{4-methylphenyl}-1,3-
diazaspiro{4.5]dcc-3»yI)—Z—tz-iﬂuorometﬁylbenzoniu‘ﬂe, 9¢, [RD48] (0.034 g, 0.076 mmol, 95%) as a

white powder.

poRSeE
i .
FC” NN

'H NMR (CDCl;, 400 MHz) 8 1.02-1.05 (m, 1FD), 1.64-1.76 (m, 4H), 2.03-2.12 (m, 5H), 2.4 (s, 3H),
7.12-7.15 (m, 2H), 7.33-7.36 (m, 2H), 7.85 (dd, J, = 8.2 Hz, J; = 1.8 Hz, 1H), 7.96 (4, J = 8.3 Hz, 1H),
7.97 (d, J= 1.8 Hz, 1H); “C NMR (CDCl, 100 MEz) § 20.7, 21.3, 24.0, 32.6, 67.4, 109.9, 114.9, 122.0
(q,J=272.5 Hz), 127.3 (g, 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. |

Exampie 10

18-1). i-{4methyiphenyljaminocyclohexanenitrite, 10a

Sodiumm cyamide (0.147g, 3 mmol) was added to & mixture of p-ioluidine (0.214 g, 2 mmol} and
cycloheptanone (0.337 g, 3 mmel) i acetic acid 90% (3 mi). The reaction mixture was stirred at room
temperature for 12 h and then 20 mi of ethyl acetate was added. The organic layer was washed with water
(3 x 10 ml), dried over magnesium sulfate and concentrated under vacuum fo dryness to yield 1-(4-
methylphenylaminocyclohexanenitrile, 10a (0.438 g, 1.92 mmol, 96%) as a brown solid.

106-25. ' 4-(4-imino-Z-thioxo-1-(4-methylphenyl}-1,3-diazaspiro 4.5 andec-3-y)-2-

trifinoromethylbenzonitrile, 10b

Triethylamine (0.05 g, 0.5 mmol) was added to a solution of 1a (0.228 g, | mmol) and 92 (0.228 g, 1
mmol} in dry THF (2 ml). The reaction mixture was stirred at room temperature for 2 days and then
conceniraied to  wyield a dark residue which was subjected 1o flash chromatography
(dichloromethane/acetone, 95:5) to afford 4-(4-imino-2-thioxo-1-(4-methylphenyl}-1,3-
diazagpiro[4.5jundec-3-y1)-2-triflupromethylbenzonitrile, 10b (0..(}36 2, 0.08 mmol, 8%).

10-3). 4-(4~0x0-2-thisexo-1-(4-methyiphenyl)-1,3-diazaspire{4.5undec-3-yi}-2-
trifinoromethylbenzopitrile, 10c, [RD49]
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A mixture of 9b (0.036 g, 0.08 mmol) in HCI ag., ZN (1 ml) and methanol (3 ml) was heated to reflux for
2 h. After being cooled o room temperature, the reaction mixture was poured into cold water (5 ml) and
exiracted with ethyl aceiate (6 mi). The organmic layer was dried over MgSO, concentrated and
chromatographed (dichioremethane) to vield 18¢ (0.634 g, 6.075 mmol, 94%) as 2 white powder.

ChHs

7N

FaC

'H NMR (CDCl;, 400 MHz) & 1.24-134 (m, 2H), 1.37-1.43 (m, 2H), 1.53-1.60 (m, 2H), 1.74-1.82 (m,
2H), 2.19-2.25 (m, 4H), 2.4 (s, 3H), 7.16-7.19 (m, 2H), 7.32-7.35 (m, 2HI), 7.83 (dd, J; = 8.2 Hz, J, =
1.8 Hz, 1H), 7.95-7.97 (m, 2H); *C NMR (CDCl, 100 MHz) § 21.4, 22.2,30.9, 36.3, 71.1, 110.0, 114.9,
121.9 (g, J = 272.5 Hz), 127.2 (g, J = 4.6 Hz), 129.6, 130.5, 132.3, 133.0, 133.2 (q, J = 33.2 Hz), 135.1,
137.4, 140.0, 175.9, 179.7.

Example 11

11-1}. 1-{4-hydroxyphenylaminocyciobuianeniirile, 11a

Trimethylsityl cyanide (0.93 ml, 7 mmol) was added dropwise to a mixture of 4-hydroxyaniline (0.545 g,
5 mmeol) and cyclobutanone (0.42 g, 6 mmol). The reaction mixture was stirred at room temperatime for 6
h and then concentrated under vacuum to obtain 2 brown liquid which was subjected to chromatography
{dichloromethane:acetone, 98:2) to yield 11a (0.503 g, 4.8 mmol, $6%) as a yeliowish solid.

11-2). 4-(8-0x0-6-thioxo-5-(4-hydroxyphenyl)-3,7-diazaspire[3.4]oct-7-yI)-2-
triflnoromethylbenzonitrite, 11b , [RDS8]

A mixture of 1a (.57 g, 2.5 mmol) and 7a (0.376 g, 2 mmnol) in dry DMF (0.5 mi) was stirred at room
temperature for 40 h. To this mixture were added methanol (30 mi) and HCl aq. {5 ml). The second
mixture was refluxed for 6 h. After being cooled to room temperature, the reaction mixture was poured
into coi¢ waier (40 ml) and extracted with ethyl acetate (50 ml). The organic layer was dred over
MgS0,, concentrated and chromatographed (dichloromethane:acetone, 98:2) to vield 11b (0.65¢ g, 1.58

mmol, 79%) as 2 white powder.

NC OH
F O~ NN

}
g |
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*H NMR (CDCl;, 400 MHz) 6 1.55-1.63 (m, 1H), 2.01-2.09 (m, 1H), 2.50-2.65 (1, 4H), 6.97-7.01 (m,
2H), 7.20-7.24 (m, 2H), 8.02 (dd, J; = 8.3 Hz, J; = 1.8 Hz, 1H), 8.14 (¢, /= 1.8 Hz, 1H), 8.21 (4, /=83
Hz, 1H); *C NMR (Acetone-dg, 100 MHz) 6 13.4, 31.3, 67.5, 108.9, 114.8, 116.1, 123.5 (g, J = 271.5
Hz), 127.4 (g, J=4.9 Hz), 131.3, 131.8(g,/=32.7 Hz), 133.3, 135.5, 136.2, 138.5, 158.1, 175.1, 180.7.

Ezample 12

12-1). 1-(4-biphenylamino)cyclobutanecarbonitrile, 12a

Trimethylsilyl cyanide (0.2 ml, 1.5 rumol) was added dropwise to a mixture of 4-biphenylamine {0.169 g,
1 mmol} and cyclobutanene (0.098 g, 1.4 mmol). The reaction mixture was stirred at room terperature
for 6 h and then concenirated umder vacuum to obtain 2 brown liguid which was subjecied to

chromatography {dichloromethane) to yield 12a (0.24 g, 0.97 mmol, 97%) as a white solid.

12-2).  4~(8-0x0-6-thioxo-5-(4-biphenyl)-3,7-diazaspiro[3.4]oct-7-y1)-2-triflnoromethylbenzonitrile,

12b [RDS7]
A mixture of 1a (0.137 g, 0.6 mmol) and 12a (0.124 g, 0.5 mmol) in dry DME (0.2 ml) was stirred at

‘room temperatire for 3 days. To this mixture were added metbanol (5 ml} and HCI ag. 2N (1 ml). The

second mixture was refluxed for 6 ho After being cooled to room temperature, the reaction mixture was
poured into cold water (10 ml) and exiracted with ethyl acetate (15 ml). The organic layer was dried over
MgS80,, concentrated and chromatographed {dichloromethane) to vield 12b {£.162 g, 0.34 mmol, 68%)

as a white powder.

| o
NC -~y s /Eii:]/j:;:ﬂ
FscD\N’U\N A |
an

o)
'H NMR (CDCl;, 400 MEz) 6 1.67-1.76 (m, 1H), 2.19-2.31 (m, 1H), 2.59-2.74 (m, 4H), 7.40-7.44 (mm,
3H), 7.47-7.53 (m, 2H), 7.64-7.67 (m, 2H}, 7.79-7.82 (m, 2H), 7.88 (dd, J; = §.3 Hz, J, = 1.§ Hz, 1),
7.97 (4. J=18.2 Bz, 1H), 8.02 (4, /= 1.8 Hz, 1H); "CNMR (CDCl,;, 100 MHz) § 13.7, 31.5, 67.5, 110.0,
114.9, 122.0 (g, /= 272.6 Hz), 127.1 (g, /= 4.7 Hz), 127.3, 128.1, 128.7, 129.0, 130.2, 132.3, 133.5 (g, J
=33.2 Hz), 134.2, 135.2, 137.2, 139.6, 142.8, 174.9, 179.9.

Example 13
13-13, 1-{2-naphthylaminojcyclobutanecarbonitrile, 13a
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Trimethylsilyl cyanide (0.27 ml, 2 mmol) was added dropwise to a mixture of 2-aminonaphthalene
{0.143 g, 1 mmol) and cyclobutanone (0.098 g, 1.4 mmol). The reaction mixture was stirred at room
temperature for 12 h and then concentrated under vacuum to obtain 3 brown liquid whick was subjected

to chromatography (dichloromethane) to yield 132 {0.209 g, 0.94 ynmol, 94%) as a vellow solid.

13-2).  4-(8-vxo-6-thioxo-5-(4-biphenyl)-5,7-diazaspiro[3.4joct-7-yl)-2-triflaoromethylbenzonitrile,
12b, [RD85]

A mixture of 1a (0.137 g, 0.6 mmotl) and 13a (0.111 g, 0.5 mamol) in dry DMF (0.2 mi) was stirred at
room temperature for 3 days. To this mixture were added methapol (§ ml) and HCI ag. (1 ml), The
second mixture was 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 mi). The organic layer was dried over
MgS0,, concentrated and chromatographed (dichloromethane) to vield 12b (0.146 g, 0.325 mmol, 65%)

as a white powder.

F,C” > NN /

o
5 NMR (CDCl;, 406 MHz) 6 158-1.88 {m, 1FD, 2.17-2.29 (m, 1H), 2.61-2.75 (m, 47, 7.40 (dd, J, = 8.6
Bz, 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, /= 8.6 Hz,
1H): C NMR (CDCL;, 100 MHz) 5 13.7, 31.6, 67.7, 110.0, 114.9, 122.0 (g, J = 272.6 Hz), 126.8, 127.1

(g, /= 4.8 Hz), 127.2, 127.7, 128.0, 128.3, 129.1, 130.2, 132.2, 132.5, 1334, 133.5 {g, J = 33.1 Hz},
133.6, 1352, 137.2, 175.0, 180.1.

Example 14

14-1), 2-{4-methyl-2-pyridinaminc)-2-methylpropanenitrile, i4a

Trimethylsily! cyanide (0.27 mi, 2 mmol) was added dropwise to a mixture of 2-amino-4-methylpyridine
{0.108 g, 1 mumel) and acetone {0.58 g, 10 mmol). The reaction mixture was stirred at rooxﬁ temperature
for 6 days and then concenirated under vacuum io obtain a brown liguid which was subjected to
chromatography {dichloromethane: acetone, 60:40} to yield 14a (0.133 g, 0.76 mmol, 76%) as a whiie
solid.

14-2). 4[4 4-dimethyl-3-(4-methylpyridin-2-yI)-3-0x0-2-thioxoimidazolidin-1-y1-2-
trifituoromethyibenzoniirile, 14b, [RD83]
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A mixture of 1a (0.91 g, 0.4 mnol) and 14a (0.053 g, 0.3 mmol) in dry DMF (0.2 ml) was stirred at room
temperature for 6 days. To this mixture were added methanol (3 ml) and HC! aq. (Imi). The second
mixiure was refiuxed for 5 h. After being cooled to room tesuperature, the reaction mixture was poured
into cold water (10 mil) and extracted with ethyl acetate (15 mi). The organic layer was dried over
MzgS0,, concentrated and chromatographed (dichloromethane) to yield 14b (0.07 g, 0.174 mmol, 58%)

as a white powder.
CHy
FoC~ NN SN
O

'H NMR (CDCl;, 400 MHzZ) 8 1.70 (s, 6H), 2.4 (s, 3H), 7.19 (d, J = 4.4 Bz, H), 7.45 (1, J = 0.6 Hz,
1H), 7.82 (dd, J; = 8.2 Hz, J; = 1.8 Hz, 1H), 7.95 (4, / = 1.8 Hz, 1H), 7.97 (d, /= 8.2 Hy, 1H), 8.47 (¢, J
= 5.0 Hz, 1H); PC NMR (CDCls, 100 MHz) 8 21.1, 24.1, 67.1, 1102, 114.8, 121.9 (g, / = 272.6 Hz),
1244, 125.1, 1273 (q, J = 4.8 Hz), 1324, 1335 (g, J = 33.2 Hz), 1353, 137.1, 149.2, 149.5, 150.0,
175.2, 179.0.

Example 15

15-13. 2-(2-pyridinamine)-2-methyipropanenitrile, 15a

Trimethryisilyl .cyanide (0.27 ml, 2 minol} 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 termperature for 6 days
and then concentrated under vacuum to obtein a brown liquid which was subjected to chromatography
{dichloromethane: acetone, 60:40) to yield 15a (0.131 g, 0.81 mumol, 81%) as a whits solid.

15-2). 4-[4,4-dimethyt3-(4-pyridin-2-yI)-5-o0x0-2-thioxoimidazolidin-1-ylj-2-
triftusremethylbenzonitrite, 15b, [RD82]

A mixture of 1a {0.91 g, 0.4 mmol} and 15z (0.048 g, 0.3 mmol) in dry DMF (0.3 ml) was stirred at room
temperatime for 10 days, To this mixture were added methanal (5 ml) and of HCI aq, {] ml). The second
mixture was refiuxed for 3 h. After being cooled fo room temperature, the reaction mixture was poured
into coid water {10 ml) and extracted with etiyl acetate (15 ml). The organic layer was dried over
MgS0,, concentrated and chromatographed (dichioromethane) to vield 15b (0.039 g, 0.153 mmol, 51%)

as & white powder,
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8]
'H NMR (CDCl;, 400 MHz) 8 1.73 (s, 6H), 7.38 (dd, J; = 7.3 Hz, J; =354 Hz, 15), 7.71 (d, J= 8.0 Hz,
1H), 7.87 (dd, J; = 8.2 Hz, J; = 1.8 Hz, 1H), 7.95 (td, J, = 7.8 Hz, J. = 1.8 Hz, 1H), 7.95 (4, /= 1.3 Hz,
1H), 7.98 (d, J = 8.2 Hz, 1H), 8.62 (dd, J, = 4.7 Hz, J, = 1.3 Hz, 1H); *C NMR (CDCL, 100 MHz) &

242, 67.1,1103, 114.8, 121.9 (g, J = 272.6 Hz), 123.7, 123.8, 127.3 (q, /= 4.8 Hz), 1324, 133.6 (q, /=
33.2 Hz), 135.3, 137.1, 138.2, 149.5, 149.6, 175.1, 179.0,

‘Example 16

16-1). I-(S-methyl-zH—pyrnzol—?p-yiamino)-cyclabutanecarbonitrile, 16a

Trimethylsilyl cyanide (0.332 ml, 40 mmol) was added dropwise to the mixiure of 3-amimo-5-
methylpyrazole (0.194 g, 2.0 mmol) and cyclobutanone {0.154 g, 2.2 mmol). The reaction mixture was
stirred at Toom temperature for 40 h and fhen concentrated 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.

. 16-2). _4-ISu(S-methyl-ZH-pyrazoi-S-yl)~8-oxo-ﬁ-thinxn~5,7-diaza~spiro[3.4}oct-'7-y11-2—

trifleoromethyl-benzenitrile, 16b, [RD84]

A mixture of 1a (0.0684 g, 0.3 mmol} and 16a (0.053 g, 0.3 mmel} in dry DMF (0.2 ml) was stirred at
room temperature for 4 days. To this mixture were added methanol (10 mi) and HCl ag. 2N (2 ml). The
second mixture was refluxed for 5 h. After being codlcd to room temperature, the reaction mixturs was
poured into cold waier (30 ml} and extracted with ethyl acetate (30 ml). The orgenic layer was dried over
MgS0,, concentrated and chromatographed (dichloromethane:acetone, 97:3) to yield 16b (0.0826 g, 0.2

mmol, 67%) as a white powder.
NCy 8 mN-N
FsC

o

T NMR (acetone dg, 400 MEz) 8 § 1.66-1.76 (m, LH), 2.00-2.07 (m, 1H), 3.35 (s, 3H), 2.56-2.63 (m.
JE0), 2.85-2.93 (m, 2H), B.04 (dd, J; = 8.2 Hz, J; = 1.6 Hz, 1H), 818 (¢, J = 1.6 Hz, 1H), 8.22 (4, /= 8.2
Hz, 1H), 11.99 (s, 1H); °C NMR (acetone ds, 100 MEz) § 10.2, 13.1, 31.1, 67.4, 102.5, 109.1, 114.8,
122.5 (q, J = 271.4 Hz), 127.8 (q, /= 4.8 Hz), 131.9 (g, / = 33.6 Hz), 133.6, 135.6, 138.4, 139.9, 145.0,
175,0, 179.6.
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Example 17
4-[3—-(4—hydroxyphenyl)—4,4~dimethyl-Z,S-dithioxnimidazolidim—l-yl}—z-triﬂnoromethylbenzonitrile,
17a, [RD59]

A mixtare of 3¢ (0.081 g, 0.2 mmol} and Lawesson reagent (0.097 g, 0.24 mmol) in toluene (3 ml) was
heated to refiux for 15 h, After being cooled to room temperature, the reaction mixture was poured into
cold waier (10 mi) and extracted with ethyl acetate (10 ml). The organic layer was dried over MgSOs,,
concentrated and chromatographed (dichloromethane:pentane, 9:13} to yield 17a {0.0185 g, 0.044 mmel,
22%) as a white powder.

peRSen
FaC N)\N =
e
'H NMR (CDCl;, 400 MEz) 6 1.65 (s, 6H), 6.95-6.97 (m, 2H), 7.15-7.18 (m, 2H), 7.75 (4, J = 8.2 Hz,
1H), 7.86 (d, J = 1.8 Hz, 1H), 7.98 (dd, J; = 8.2 Hz, J, = 1.8 Hz, 1H); ®C NMR (CDCl,, 160 MHz) 5
27.%,77.8,110.9,114.7, 116.7, 121.9 (g, J = 272.6 Hz), 128.1 (g, J = 4.8 Hz), 129.1, 130.7, 133.3, 133.5
{q.J=133.2 Hz), 135.5, 140.3, 156.8, 179.9, 207.9.

Example 18

4-[3-(4-hydroxyphenyl)-4,4-dimethyl-2,5-dioxoimidazolidin-1-yl] -2-trifluoromethylbenzonitrile,
182, [RD60]

Hydrogen peroxide, 30% (3 ml, 26 mmel) was added dropwise to a solution of of 3¢ (0.121 g, 0.4 mmol)
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,
concenirated and chromatographed (dichloromethane) to yield 18a (0.102 g, 0.261 mmol, 87%) as a

white powder.

peSVen

Fo N)\N
anl

'H NMR (CDCl;, 400 MHz) 5 1.52 (s, 6H), 6.70-6.73 (m, 2H), 7.01-7.04 (m, 2ED), 7.92 (d, J = 8.4 Hz,
1H), 8.00 (dd, J; = 8.4 Hz, J; = 1.8 Hz, 1H), 8.15 (d, /= 1.8 Hz, 1H); C NMR (CDCl, 100 MEz) 6
23.7,63.7, 108.4,115.0, 116.7, 121.9 (g, J = 272.6 Hz), 123.5 (g, J = 4.8 Hz), 124.0, 128.5, 130.5, 133.6
{q, /=332 Hz), 135.5, 136.2, 153.4, 157.2, 174.5, '
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Example 19

18-1. 3-fluoro-2-methyl-2-(4-methylphenyl)aminopropionitrile, 19a

Trimethyisilyl cyanide (0.146 ml, 1.1 mmol) was added dropwise to the mixture of p-toluidine (0.10‘7 g,
1 mmol) and fivoroacetons (0.082 g, 1.1 mmol). The reaction mixture was stirred at room temperaturs
for 12 1 and then concemirated under vacuoum to obtain 2 brown liquid which was subjected fo

chromatography (dichioromethane) to yield 19a (0.179 g, 0.93 mmmol, 93%) a5 a yellowish solid.

19-2). 4-(4~ﬂuoromethyl—4-methyi—S-oxe-%thioxo-3-(4—methylphenyl)imidaznlidin—lvyl)uz-
trifiuoromethyibenzonitrile, 19b, [RD68]

A mixture of 1a (0.16 g, 0.7 mmol) and 19a (0.096 g, 0.5 mmo}) in dry DMF (0.3 ml) was stirred at room
temperature for 48 h. To this mixture were added methanol (10 mY) and HCI aq. 2N (2 ml). The second
mixture was refiuxed for 6 h. After being cooled to room temperature, the reaction mixture was poured
into cold water (30 ml) and extracted with ethyl acetate (30 mi). The organic layer was dried over
MgSO,, concentrated and chromatographed (dichloromethane) to yield 19b (0.168 g, 0.4 mmol, 80%) as
a white powder.

FaC NN

'H NMR (CDCls, 400 MHz) § 1,49 (s, 3H), 2.44 (s, 3H), 4.35 (dd, J, =47.2 Hz, J; = 10.0 Hz, 1H), 471
(dd, Jy = 452 Hz, J, = 10 Hz, 1H), 7.22-7.26 (m, 2H), 7.35-7.39 (m, 2H), 7.82 (dd. J, = 8.2 Hz, ;= 1.8
Hz, 1H), 7.93 (&, J = 1.8 Hz, 1H), 7.98 (4, J = 8.2 Hz, 1H); “C NMR (CDCls, 100 MHz) $ 17.0 (d, /=
4.6 Hz), 213, 69.3 (d, J = 18.3 Hz), 81.9 (&, J = 1795 Hz), 109.9, 114.8, 121.8 (g, J = 272.6 Hz), 1272
(q.J=4.7 Hz), 129.3, 1309, 131.6, 132.3, 133.3 (g, /= 33.2 Hz), 135.3, 137.0, 140.5, 174.1, 181.4; °F
NMR (CDCly, 376 MHz) 6 -62.5, 110.5.

Example 20

20-1). 2-methyl-2-(4-triflnoromethyiphenyljaminopropanenitrile, 20a

A ixture of 4-trifluoromethylaniline (1.61 g, 10 mmol), acetone cyanohydrin (5 mi} 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 ¥ 30 ml). The organic layer was dried over Mg80, and concentrated under
vacuum to dryness to yield 20a (2.166 g, 9.5 mmol, 95%) as brown solid.
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20-2). 4-(4,4-dimethyl-5-oxe-2-thioxe-3-(4-triflnoromethylphenyDimidazolidin-1-yi)-2-
triffueromethylbenzonitrile, 20h, [RDG66]

A mixture of 12 (0.114 g, 0.5 mmol} and 20a (0.092 g, 6.4 mmol) in dry DMF (0.3 ml) was stirred at
room temperature for 48 h. To this mixture were added methanol (10 ml) and HCI ag. (3 ml). The second
mixiure 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 (20 mi). The organic layer was dried over
Mg80,, concentrated and chromatographed (dichloromethane) to yvield 20b (0.117 g, 0.256 mmol, 64%)

as a white powder,

O f'\@m
FaC” NN

e
'H NMR (CDCl, 400 MHz) & 1.61 (s, 6H), 7.45-7.49 (m, ZH), 7.80-7.83 (m, 2H), 7.85 (dd, J, = 8.3 Hz,

Jy=1.8 He, 1H),7.97 (d, J = 1.8 Hz, 1H), 7.9 (4, J= 8.2 Hz, 1H); “C NMR (CDCl;, 100 MHz) § 23.8,

66.6, 110.3, 114.8, 121.8 (g, J=272.6 Hz), 123.5 (g, /= 271.1 Hz), 127.0 (g, J = 4.6 Hz), 127.1 (g, J =
4.7 Hz), 130.3, 131.9 (q, J=32.9 Hz),, 1532.2, 133.5 (g, /= 33.3 Hz), 135.3, 136.9, 138.4, 174.6, 179.9,

Example 21

21-1). 3-chlore-2-chioromethyl-2-(4-metkylphenyl)aminopropanenitrile, 21a

Trimethylsily! cyanide (0.27 mi, 2 mmol) was added dropwise to a mixmure of p-tohidine (0.107 g, 1
munol) and 1,3-dichioroacetone (0.254 g, 2 mmol). The reaction mixture was heat to 80 °C and stirred for
6 h. To the mixture was added 20 ml of ethy] acetate and then wash with water (2 x 20 ml). The organic
layer was dried over MgS8QC;, concenirated and chromatographed (dichloromethane) to visld 21a (0.192
g 0.79 mmol, 79%} as a brown powder.

21-2). 4-(4.A-bischloremethyl-5-0x6-2-thioxo-3-(4-methyiphenyDimidazolidin-1-y1)-2-
trifluoromethylbenzonitrile, 21b, {RD67]

A mixiyre of 1a (0.16 g, 0.7 mmol) and 21a (0.122 g, 0.5 mmel) in dry DMF (0.5 ml) was stirred atroom
temperature for 10 days. To this mixture were added methano! (10 1ml) and of BCJ aq. 2N (2 ml). The
second mixture was refluxed for 6 L. After being cocled 1o room temperature, the reastion mixiure was
poured into cold water (20 ml) and extracted with ethvi acetate (30 ml). The organic laver was dried over
MgS0,, concentrated and chromatographed (dichloromethene) to yield 2Ib (0.09 g, 0.19 mmmol, 38%) as
a white powder.
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O CHLl
*H NMR (CDCls, 400 MHz) § 2.4 (s, 3H), 3.54 (d, J = 11.8 Hz, 2H), 3.93 (d, /= 11.8 H, 2H), 7.37-
7.40 (m, 2H), 7.48-7.51 (m, 2H), 7.79 (44, J, = 8.2 Hz, J; = 1.8 Hz, 1H), 7.88 (4, J = 1.8 Hz, 1H), 7.98
(8, J = 82 Hz, 1H); “C NMR (CDCl,, 100 MHz) & 21.4, 42.8, 74.3, 110.7, 114.7, 121.7 (q, J = 272.6
Hz), 1272 (g, J = 4.7 Hz), 128.8, 131.0, 131.1, 1324, 133.8 (g, / = 33.2 Hz), 135.5, 136.9, 140.9, 169.5,

182.5.

Example 22

22-1). 1-(4-methylphenyDaminocyclohexanenitrile, 22a

Sodiurn cyanide {0.245g, 5 mmol) was added to a mixture of enthranilic acid {0.411 g,. 3 mmol) and
gcetone (I mi, 13.6 mmol) in acetic acid 90% (3 ml). The reaction mixture was stirred 2t room
temperature for 12 h and then 50 ml of ethyl acetate was added. The organic layer was washed with brine
(3 x 30 ml). The organic layer was dried over magnesium sulfate, concentrated and chromatographed
(dichioromethane:acetone, 90:10) fo yield 22a (0.55] g, 2.7 mmol, 90%,) as 2 brown solid.

22-2). 2—[3—{4—cyano-3-11‘iﬂuommethylphenyi)-S,S-dimethyl#oxo-z~thiuxnimidazoiidin~1~
ylibenzoic acid, 22b, [RD6S]

A mixture of 1a (0.114 g, 0. mmol) and 22 (0.103 g, 0.5 mmol) in dry DMF (0.5 ml) was stirred at Toom
temperature for 3 days. To this mixture were added methanol (10 ml) and HCI aq. 2N, (3 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
MgSQ,, concentrated and chromatographed (ethy! acetaterpentane, 2: 1) to yield 22b (0.143 g, 0.33

mmol, 66%) as 2 white powder.

NG
N5

FaC AP NS

NN
)——,& COOH
J

"HNMR (CDCL, 400 MEz) & 147 (5, 3H), 1.78 (s, 3H), 7.39 (d, J = 7.7 Hz, 1H), 7.63 (4, J = 7.7 Hz,
1H) 7.76-7.82 (m, 2H), 7.90-7.98 (o, 2, 822 (d, J= 6.8 He, 1H), 8.96 (bs, 1H); "*C NMR (CDCl, 100
MEZ) § 206,262, 67.6, 110.1, 114.8, 121.9 (¢, J = 272.6 Hiz), 127.2 (g, /= 4.7 Hz), 1289, 131.0, 130.2,
132.5,133.2 (q, /= 33.3 Hz), 133.7, 134.7, 135.4, 135.8, 137.3, 169.8, 175.3, 180.7.
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Example 23

23-1). 1-(2-methylpbenyDaminocyclobutaneniirile, 23a

Trimethylsily! cyanide (0.66 ml, 5 mmol) was added dropwise to the mixture of p-toluidine {0,321 g, 3
mmol) and cyclobutanone (0.28 g, 4 mmol). The reaction mixture was stirred at room temperature for 6 h
and then concentrated under vacuum to obtain a brown liquid which wes subjected to chromatography
(dichloromethane) to yield 23a (0.541 g, 2.91 mmol, 97%) as 2 yellowish solid.

23-2). 4-(8-0x0-6-thioxo-5 ~(2-methylp}1enyl)—5,7 -diazaspiro[3.4]oct-7-yI)-2-
trifiuoromethylbenzonitrile, 23b, [RD71]

A mixture of 1a (0.114 g, 0.5 mmol) and 23a (0.093 g, 0.5 mmol) in dry DMF (0.3 ml) was stirred at
room temperature for 3 days. To this mixture were added methanol (16 mi) and HCI aq. 2N, (3 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
MgSQ., concentrated and chromatographed (dichioromethane) to vield 23b (0.116 £, 0.28 mmol, 56%)

as a white powder,

N~ 58 &

0 ]
FaC /N)\N\
GHs

d

"H NMR (CDCI;, 400 MHz) & 1.63-1.69 {m, 1H), 2.26 (s, 3H), 2.28-2.41 (m, 2H), 2.58-2.76 (m, 3H),
7.21(4, /= 7.6 Hz, 1H), 7.35-749 (m, 3H), 7.89 (dd, J; = 8.2 Hz, J; = 1.8 Hz, 1H), 7.97 (4, J= 8.2 Hz,
1H), 8.00 (d, /= 1.8 Hz, 1H); "C NMR (CDCl;, 100 MHz) & 14.2, 18.0, 30.7, 32.2, 67.6, 109.9, 114.9,
121.9 (q./=272.6 He), 127.0 (q, J = 4.7 Hz), 127.5, 129.8, 130.2, 131.9, 132.3, 133.4, 133.5 (¢, J= 343
Hz), 135.2, 135.8, 137.1, 138.0, 175.3, 178.7.

Example 24

24-1). 1-aminocyclopentanecarbonitrile, 24a

Ammonia anhydrous was bubble into a mixture of cyclopentanone (0.452 g) and frimethylsilyl cyanide
(0.66 mi, 5 mmol). The excess of ammonia was refluxed by & dry ice-acetone condcﬁser. After L hof
reflux, the ammonia was allowed to degas form the medium and then the remaining mixture was

concenirated under vacuum to yield 24a (0.522 g, 4.75 mmol, 95%) as a colorless liguid,
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24~2)'. 4-{4~imino-2—thiaxa—1,3—diaza3piro{4‘41non~3—yl)-2~b'ﬁluorumethylbenzunitrile, 24b
Triethylamine (0.101 g, 0.1 mmol) was added to & solution of 1a (0.684 g, 3 mmol) and 24a (0.33 g, 3
mmol) in dry THF (5 ml). The reaction mixture was stirred st room temperattwe for 5 h and then
concentrated to yield a brown residue which was subjected to flash chromatography
(dichloromethane/acetone, 93:7) to afford 24b (0.741 g, 2.19 mmol, 73%).

24-3). 4—{4-oxo~2~thioxo-1,3-diazaspiro{4.4}n0n-3-yl)~2—u'iﬂuurumethylbenzonitzﬂe, 24c, [RDTT

A mixture of 24b (0.741 g, 2.19 mumol) in HCL ag., IN (4 ml) and methanol (20 ml} was heated to reflix
for 1 h. After being cooled to room temperature, the reaction mixture was poured into cold water (20 md)
and extracted with ethyl acetate (40 ml). The organic iayer was dried over MgSO,, concentrated and
chromatographed (dichlorometharie) to yield 24¢ (0.72 g, 2.12 mmol, 97%) 25 a white powder.

FaC NN
..

" NMR (CDCl;, 400 MEZ) 5 1.86-190 (m, 2H), 1.96-2.05 (m, 4H), 2.26-2.30 (m, 2H), 7.80 (dd, J, = 8.2
Hz, J;= 18 Hz, 1H), 7.92 (4, /= 1.8 Hz, 1H), 7.97 (¢, / = 8.2 Hz, 1H) 8.20 (bs, NE); “C NMR (CDCL,
100 MHz) § 25.3, 38.1, 710, 110.1, 114.8, 121.8 (¢, J = 272.7 Hz), 126.8 (g, J = 4.7 Hz), 131.9, 133.6
(g, J=34.3 Hz), 135.3, 136.7, 176.1, 179.8,

Example 25

25). 4—{1—(4-niu-ﬂphenylj-4-uxe~2—thiaxo~1,3-diazaspira{4.4]non-s-yl}«Znu'iﬂuoramethy}benzonitrile,
25a, [RD53] _

A mixture of 25¢ (0.0678 g, 0.2 mmol), I,S-Diazabioyclo[s 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 mixfure was poured into ethyl acetaie (3 ml) and
washed with water (2 x 10 mb). The orpanic layer was dried over MgS0,, concentrated and
chromatographed {dichloromethane) to yield 23a (0.038 g, 0.084 mmol, 42%) as a white powder.

NC NC
X 8 & 2
0T
FyC NN

.
I
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"H NMR (CDCl;, 400 MHz) & 1.53-1.56 (m, 2H), 1.90-1.93 (m, 25, 2.14-2.18 {m, 2H), 2.37-2.40 (m,
2H), 7.54-7.57 (m, 2H), 7.85 (dd, J; = 8.2 Hz, J,= 1.8 Hz, 1H), 7.97 (4, /= 1.8 Hz, 1H), 7.98 (4, /= 8.2
Hz, 1H), 8.39-8.43 (m, 2H); “C NMR (CDCl,, 100 MHZ) & 25.2, 36.5, 75.3, 1103, 114.8, 121.8 (g J=
272.6 Hz), 125.2,127.0 (g, /= 4.7 Hz), 131.4, 132.1, 133.6 (g, J = 34.3 Hz), 135.3, 136.9, 141.7, 148.1,
175.6,180.2.

Example 26

26). -4~{1~(4—cyanophenyl)—-4—oxo~2-thioxo-—1,S-diazaspiro[4.4}nnn—3-yi]—2~
triftuorometiylbenzonitrile, 26a, [RD54]

A misture of 24¢ (0.0678 g, 0.2 mmol), 1,8-diazabicyclo[5 4.0jundec-7-ene (0.061 g, 0.4 mmol) and 4-
fivorocyanobenzene (0.048 g, 0.4 mmol} in dimethylformamide (0.5 ml) was pleced under argon in &
sealed-tube and heated to 140 °C for 5 days. The reaction mixture was poured into ethyl acetate (5 ml)
and washed with water (2 x 10 ml). The organic layer was dried over MgSO,, concentrated and
chromatographed (dichloromethane) to yield 262 (0.023 g, 0.052 mmol, 26%) as a white powder,

H i
FaC™ N NN

]

"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 (m, 3H), 7.95-7.99 (m, 2H); *C NMR (CDCl,, 100 MHz) & 25.2, 36.5,

(753, 1103, 113.9, 1347, 117.5, 121.8 (g, /= 272.6 Hz), 127.0 (q, J = 4.8 Hz), 131.2, 132.1, 133.6 (g, /

=34.3 Hz}, 133.8, 135.3, 136.9, 140.0, 175.6, 180.1.

Example 27

27-1). 1—methyi~4-{4-methylphenylamino)piperidi_ne#carbenitri}e, 2%a

Sodium cyanide (0.318 g, 6.5 mmol) was added fo a mixtue of p-tohiidine (0.535 g, 5 mmol) and 1-
methyl-4-piperidinone (0.678 g, 6 mmol) in acetic acid 90% {5 mil). The reaction mixture was stirred at
room temperature for 6 h and then 100 ml of dichloromethane was added. The orgamic layer was washed
with & solution NaOH, 2N 2 % 50 ml), dried over magnesium sulfate, concentrated and chromatographed
(DCM and then acetone) to obtained 27a (0.722 g. 3.15 mmol, 63%).

27.2). 4—(4—imino~8-methyl—2~thioxo—-1-(&mﬂhylphenyl}-’l,3,8—triazaspiro14.5]dec—3~y])—2—

triflneromethylbenzonitrile, 275

LR
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Triethylamine (0.02, 6.2 mmol) was added to a solution of 1a (0.228 g, 1 mmol) and 27a (0.114 g, 0.5
mmol) in dry THF (2 mi). The reaction mixture was stirred at voom temperature for 20 h and then
concentrated to yield a2 dark residue which was subjected to flash chromatography
(dichloremethane/acetone, 90:10, and then acetone) to afford 27b (0.059 g, 0.13 mmol, 26%).

273} 4-(3-methyl-d-oxo-2-thioxo-1-(4-methylpkenyl)-1,3,8-triazaspiro(4.5]dec-3-y1)-2-
trifinoromethylbenzoniirile, 27¢, RD53]

A mixture of 27b (0.059 g, 0.13 wanol) in HCI aq., 2N (I ml} and methano! (3 ml) was heated to reflux
for 2 b After being cooled to room temperature, the reaction mixture was powred into cold water (5 mi)
and extracted with ethyl acetate (10 ml). The organic layer was dried over MgSO,, concentrated and
chromatographed (dichloromethane:acetone, 60:40) to yield 27¢ (0.055 g, 0.012 mmol, 92%) as a white

powder.

i
FC” NN
o)—&\

N\.
CHs

'H NMR (Acetone-dg, 400 MHz) 5 1.93-1.95 (m, 1H), 2.00-2.04 {m, 1H), 2.18 (5, 3H), 2.24-2.28 (m,
2H), 2.38 (5, 3H), 2.61-2.72 (m, 4H), 7.18-7-20 (m, 2H), 7.32-7.35 (m, 2H), 8.03 (dd, J; = 82 Hz, J: =
1.8 Hz, 1H), 8.16 (d, /= 1.8 Hz, 1H), 8.22 (d, 7 = 8.2 Hz, 1H); “C NMR (Acetone-d;, 100 MHz) § 20.3,
314,451, 49.8, 65.1, 109.1, 114.8, 122.4 (g, J = 275.1 Hz}, 127.7 (q, J= 4.8 Hz), 130.0, 130.5, 131.9 (g,
J=32,6Hz), 132.6, 133.5, 135.6, 138.3, 139.4, 174.0, 180.6.

Example 28
4~(B-methyl-4-oxo-2-thiexe-1,3,8-triazaspiro[4.5]dec-3-yI}-2-trifiuoromethylbenzonitrile, 282,
[RD52}

Compound 28a was synthesized according to the procedors deseribed in patent US 5958936,

FaC N N’H
o)—&g

N

N

CHs

43~
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*H NMR (Acetone-ds, 400 MHz) § 1.93-2.00 (m, 2H), 2.09-2.16 (m, 2H), 2.25 (s, 3H), 242-2.49 (m,
2H), 2.75-2.80 (m, 2H), 7.97 (dd, J, = 8.2 Hz, J; = L8 Hz, 1H), 8.11 (¢, /= 1.8 Hz, 1H), 820 (d, /=82
Hz, 1H), 9.80 (bs, NHJ; “*C NMR (Acetone-ds, 100 MHz) & 32.9, 45 4, 50.1, 62.3, 109.1, 114.8, 1224 (g,
J=271.6 Hz), 127.5 (g, /= 4.8 Hz), 131.8 (g, /=32.7 Hz), 133.2, 135.6, 135.6, 1380, 175.2, 180.4.

Example 29
4-[3-(4-hydroxybutyl)-4,4-dimethyl-5-0x0-2-thioxoimidazelidin-1-yi}-2-trifiuoromethylbenzonitrile,
RU 59063 '

Compound RU 58063 was-synthesized according to the procedure described by Teutsch

et al [J. Steroid. Biochem. Molec. Biol. 1994, 48(1), 111-119}.

NG~ s OH
b
Yan

"H NMR. (CDCl;, 400 MHz) § 1.55 (s, 6H), 1.58-1.62 (m, 2H), 1.86-1.89 (m, 2H), 2.25 (bs, OH), 3.65-
3.71 (m, 4H), 7.74 (3d, J, = 8.0 Hz, J, = 1.8 Hz, 1H), 7.92 (4, /= 1.8 Hz, 1H), 7.98 (d, J= 8.0 Hz, 1H);
B0 NMR (CDCls, 100 MHz) 6 23.1, 24.7, 29.6, 43.9, 61.7, 65.2, 109.7, 114.9, 121.9 (g, / = 272.6 Hz),
127.1 (g, 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

Methylamine was bobbled into & reftigerated mxture of cyclobutanone {0.21 g, 3 mmol} and
trimethylsityl cyanide (0.396 g, 4 mmol) until the volume doubled. The mixture was stirred 3 h and then
concentraied to dryness to obtain 36a {0.33 g, quantitative).

36-2).  4-{5-methyl-8-ox0-6-thioxo-5,7-diazaspiro{3.4ject-T-yI}-2-trifinoromethylenzonitrile, 30b,
[RD73}

A mixture of 1a (¢.114 g, 0.5 mmot) and 302 (0.055 g, 0.5 mmol) in dry DMF (0.2 mi) was stirred at
room femperature for 0.5 h. To this mixture were added 10 mi of methanol and 2 mi of 2N HCL The
second mixiure was refluxed for 2 h. After being covled to room tenperature, the reaction mixture was
powred into cold water (20 mi) and extracted with eyl acetate (30 ml). The organic layer was dried over
MgS0O,, concentrated and chromatographed (dichloromethane) to yield 30b (0.148 g, 0.435 mmol, 87%)

as a whiie powder.
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N

' NMR_ (CDCl,, 400 MHz) & 1.95-2.06 (m, 1H), 2.21-2.32 (m, 1H), 2.58-2.71 (m, 4H), 3.44 (s, 35,
7.77 (44, J, = 8.2 Hz, J; = 2.0 Hz, 1H), 7.89 (6, J = 2.0 Hz, 1H), 7.93 (d, J = 8.2 Hz, 1H}); “C NMR
(CDCl,, 100 MHzZ) § 13.7, 30.3, 30.4, 66,1, 109.7, 114.9, 1219 {q, J = 272.6 Hz), 1269 (g, J/ = 4.8 Hz),
132.1,133.2 (q, J = 34.3 Hz), 135.2, 137.3, 175.1, 178.7.

30-3), 4-(5-methyl-6,8-dioxe-5,7-diazaspire(3.4joct~7 ~yi-2-triffuoromethyibenzonitriie, 30c, [RD74)
Hydrogen peroxide (2 ml, 30%) was added to the mixture of 36b (0.068 g, 0.2 mmol} 1n glacial acetic
acid (3 ml). Afier being stired at room temperature for 10 b, the reaction mixture was poured into ethyl
acetaie (20 ml) and then washed with water (2 x 20 ml). The orgamic layer was dried over MigSO,,
concentrated snd chromatographed (dichloromethane:acetone) to yield 30c (0.057 g, 0.176 mmol, 88%)

as a whits powder,

o L
"H NMR {CDCls, 400 MHz) 5 1.91-2.35 (m, 1H), 221231 (m, 1H), 2.50-2.61 (m, 45}, 3.12 (s, 3H),
789 (4, J= 8.2 He, 1), 7.97 (4d, J, = 8.2 Hz, J, = 2.0 Hz, 1H), 8.12 (4 J = 2.0 Hz, 1H),; "C NMR
(CDCL, 100 MEZ) 6 13.9, 25.4, 29.3, 63.4, 108.1, 115.1, 121.6 (g, / = 272.6 Hz), 122.9 (g, /= 4.8 Hz),
127.5,133.5 (g, /= 34.3 Hz), 133.3, 1365, 1527, 174 4.

Example 31

31-1). 1-methvlaminocyclopenianecarbonitrile, 31a

Methylamine was bubbled e a refrigerated mixture of cyclopemtanone (0.252 g 3 mmmol) and
trimethylsily! cyanide (0.396 g, 4 memel) votil the volume doubled. The mixture was stored 3 b and then

concentrated fo dryness {o obtain 31a (0.372 g, quantitative).

31-2). 4~(1-methyl-4-030-2-thioxe-1,3-diazaspire{4.4}non-3-yl}-2-trifiuoromethylbenzonitrile, 31h,

[RD75]
A mixiure of 1a (0,114 g, 0.3 mmol} znd 31a (0.062 g, 0.5 mmol) in dry DMF (0.2 ml) was stirred at
roomn temmperatuze for .5 h. To this mixiure were added 10 m of methano? and 2 mi of 2N HCL The

45-
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second mixture was refluxed for 2 b, After being cooled to room temperature, the reaction mixture was
poured into cold water (20 mi) and extracted with ethyl acetate (30 ml). The organic layer was dried over
MgS80y, concentrated and chromatographed (dichloromethane) to yield 31b (0.159 g, 0.45 mmol, 30%)

as a white powder.

FsC N7 N-CHa
2

'"H NMR (CDCl;, 400 MHz) & 1.91-2.05 (m, 6H), 2.16-2.21 (m, 2H), 3.27 (s, 3H), 7.77 (dd, J, = 8.2 Hz,
Jy= 1.8 Hz, 1H), 7.89 (4, /= 1.8 Hz, 1H), 7.91 (d, /= 8.2 Hz, 1H); *C NMR (CDCls, 100 MHz) 5 26.4,
30.3, 354, 73.2, 109.5, 114.9, 121.9 (q, J = 272.6 Hz), 126.9 (q, J = 4.8 Hz), 132.2, 133.2 (g, J = 34.3
Hz), 135.2, 137.5, 176.8, 178.5.

31-3).  4-(i-methyl-2,4-dioxe-1,3-diaza-spire[4.4Juon-3-yl)-2-trifinoromethylbenzonitrile,  3ic,
(RD76]

Hydrogen peroxide (2 ml, 30%) was added to the mixture of 31b {0.07 g, 0.2 mmeol) in glacial acetic acid
{3 ml). After being stitred at room temperature for 10 h, the reaction mixmre was poured mio ethyl
acetate (20 ml) and then washed with water (2 % 20 mi). The organic layer was dried over MgSQ,,
concentrated and chromatographed (dichloromethane:acetone) to yield 31c (0.057 g, 0.168 mmeol, 84%)

as a white powder.

BOP:
FaC N /N“CHS

'H NMR (CDCl,, 400 MHz) § 1.88-1.99 (m, 6H), 2.12-2.17 (1, 2H), 2.98 (s, 3H), 7.88 (4, J = 8.2 Hz,
1H), 7.97 (dd, J, = 82 Hz, J; = 1.8 Hz, iH), 8.12 (&, / = 1.8 Hz, 1H); “C NMR (CDCl, 100 MEZ) é
252, 26.5, 34.8, 70.1, 108.0, 115.1, 122.0 (g, J = 272.5 Hz), 122.9 (q, /= 4.9 Hz), 127.9, 1335 (g, J =
32.9 Hz), 135.3, 136.6, 152.7, 176.1.

Example 32
4-(8~-methylimino-6-thioxo-3-p-tolyl-5,7-diaza-spire]3.4joct-7-yl)-2-trifiucremethyl-benzonitrile,

32a, [RD9Y]
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A mixture of 7b (0.042 g, 0.1 mmol), DBU (0.023 g, 0.15 mmol} and iodomethane (0.073 g, 0.5 nunoal)
in DMF (0.3 ml) was stirred for 15 h at room {emperature. Afier DMF being evaporated, the medium was
chromatographed (dichloromethane) to yvield 322 (0.011g, 0.026 memol, 26%) as white powder,

Fals N7 N
N/

@

CHs
"H NMR (CDCly, 400 MHz) § 1.58-1.65 (m, 1H), 2.04-2.13 (m, 1H), 2.45 (s, 3H), 2.70-2.77 (m, 2H),
3.06-3.10 (m, 2H), 3.58 (s, CH:-N, major isomer) {2.70 (_s, CHa-N, minor isomer)], 7.20-7.34 {m, 4H),
7.75-7.91 (m, 3H); (CDCl;, 100 MHz) 6 12.6, 21.4, 30.2, 33.7 (35.3 for the other isomer), 66.9, 109.1,
1152, 122.1 (g, J = 272.5 Hz), [28.5 (g, /= 4.9 Hz), 129.8, 1304, 130.6, 132.8, 133.2 (q, J = 32.9 Hz),
133.5,134.9, 139.8, 157.0, 180.2.

Example 33
1-[3-(4-cyano-3-trifiuoromethyl-phenyl)-5,5-dimethyl-2-thioxo~1-p-tolyl-imidazolidin-4-ylidene]-3-
ethyl-thiourea, 33a, [RDY1)

A mixmre of 5b (0.06 g, 0.149 mmol), ethylthioisocyanate (0.087 g, ! munol) and Cul (0.01 g, 0.05
menol) o DMF (0.1 ml) was heated under microwave for 45 minutes. Then the medium was washed with
brine and extracted with ethyl acetate. The orgamic layer was dried over MgSO., concentratad zmd
chrpmatographed (HPLC, almmipa column) to yvield 33a (0,054 g, 0.108 mmol, 72%) as white powder,

novsey
o

SAN’\
H

"H NMR (CDCl;, 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 (g, J =
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

Tinor),

A7
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Example 34
1-7-(4-cyano-3-trifluorometbyl-phenyl)-6-thioxo-5-p-tolyl-3,7-diaza-spire[3.4joct-8-ylidene]-3-
phenyl-thiourea, 34a, [RDY2]

A mixture of 7b (0.021 g, 0.05 mmol) and phenylthicisocyante (0.027 g, 0.2 mmol) in DMF (0.3 ml) was
stired for 2 days at 60°C. After DMF being evaporated, the medium was chromatographed
{(dichloromethane) to yield 34a (0.015 g, 0.028 mmol, 57%) as white powder.

s Ly
FsC NN
N/

P

'H NMR (CDCI,, 400 MHz) § 1.59-1.67 (m, 1H}, 2.12-2.22 {m, 1H), 2.45 (5, 3H), 2.61-2.71 (m, 2H),
2.81-2.87 (m, 2H), 7.18-7.27 (m, 6H), 7.33-741 (m, 5H), 7.60-7.62 (m, 1H), 8.40 (bs, 1H); PC NMR
(CDCl, 100 MHz) § 13.6, 21.4, 32.3, 69.6, 110.7, 114.8, 121.6, 122.0 (q, /= 272.5 Hz), 126.3, 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,
180.3, 185.5.

Example 35
1-{(4-Cyano-3-trifluoromethyl-phenyl)-3-[7-{4-cyano-3-triflucromethyl-phenyl)-6-thioxo-5-p-tolyl-
5,7~-diaza-spire|3.4}oct-8-ylidene]-thicuren, 352, [RD93]

A mixture of 1a (0.5.02 g, 2.2 mmol) and 7a (0.186 g, | mmol) in DMF (1 ml) was stired af room
temperature. After 20 hours of stirring, the mixture was concentrated under reduced pressure to yield an
orenge viscous liquid, which was chromatographed (dichloromethane:acetone, 99:1) to yield 35a (0.269
g, 0.42 mmol, 42%} as a vellow powder.

-48-
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Example 36

36-1). 1-(d-hydroxymethylphenylamine)-cyclobetanecarbonitrile, 362

Trimethylsilyl cyanide (0.66 ml, 5 mmol} was added dropwise 1o a mixture of 4-aminobenzoic acid
(0.492 g, 4 mmol) and cyclobutanone (0.35 g, 5 mmol) in dichlorometbane (10 mI). The reaction mixture
was stirred at room temperature for 6 h and then concentrated under vacuum to obtain & 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-hydroxymethyiphenyl)-5-0x0-7-thioxo-6-azaspiro[3.4]ect-6-vl]-2-trifla eromethyl-
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 . To this mixture were added methanol (20 mi) and HC! ag. 2N (5 ml). The second
mixture was refluxed for 6 h. Afier being cocled to room temperature, the reaction mixture was poured
mto cold water (40 ml) and extracted with ethyl acetaie (60 ml). The organic layer was dried over

~40..
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MgSOs, concentrated and chromatographed (dichloromethane:acetone, 90:10) to yield 36b (0.296 g, 0.69
mmol, §9%) as a white powder.

el len,
FaC NJLN

S
'H NMR (CDCl;, 400 MEHz) & 1.63-1.68 (m, 1H), 2.17-2.26 (m, 1H), 2.52-2.68 (m, 4H), 4.75 (s, 2H),
7.30 (d, J = 8.1 Hz, 2H), 7.58 (d, J = 8.1 Hz, 2H), 7.88 (44, J, = 8.3 Hz, J; = 1.8 Hz, 1H), 7.95-7.98 (m,
2H); PC NMR (CDCl, 100 MHz) 6 13.7, 31.5, 64.4, 67.5, 109.9, 114.9, 121.9 (g, J = 272.6 Hz), 127.1
(q,./= 4.7 Hz), 1283, 130.0, 132.2, 133.3, 133.4 (q, /= 33.2 Hz), 134.2, 137.2, 142.9, 174.9, 179.5.

Example 37
4-15-(4-formyiphenyi)-8~ox0-6-thioxo-5,7-diuazaspire]3.4] oct-7-yl-2-triflusromethyl-benzonitrile,
37a, [RD114]
To a mixture of 36b (0.303 g, 0.7 mmol) and Dess-Martin periodinane (0.417g, 1 mmol) in
dichloromethane (5 mi) was added pyridine (1.01g, 1 mmol). The mixture was stirred for 2 hours at room
temperature and then ethyi cfahér (10 ml) was added to precipitate the by-product of the reaction. Afier
fltration and concentration wmder reduced pressure, the ixture was chromatographed
(dichloromsthane:acetone, 95:5) to yield 37a (0.24 g, 0.56 mmol, 80%) as white powder.
0O
NC
D /Qj)L "
Fal NN

O

'H NMR (CDCls, 400 MHz) 6 1.62-1.73 (m, 1H), 2.24-2.30 {m, 1H), 2.50-2.58 (m, 2D, 2.66-2.75 (m,
2H), 7.53 (d, J = 8.1 Hz, 2H), 7.85 (d4, J; = 8.3 Hz, J; = 1.8 Hz, 1H), 7.97-7.99 (m, 2H), 8.11 (&, /= &.1
Hz, 2H), 10.12 (s, 1H); “C NMR (CDCls, 106 MHz) 5 13.7, 31.7, 67.5, 110.2, 114.8, 121.9 (g, J = 272.6
Hz), 127.0 (g, /= 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.

Example 38
4-{5-[4-(1-hydroxyethyl)-phenyl}-8-oxo-6-thioxe-5,7-dizzaspiro{3.4joct-7-yl}-2-triftuoromethyl-

benzounitrile, 38a [RD116]

w50
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The mixture of 37a (0.043 g, 0.1 mmol) and dry THF (1 ml) in a flamed-dried flash was placed under
argon and cooled to -78°C. Then, methyhmagnesiur jodide (1.1 mi, 0.1 M) was added. The tmxture was
stirred at -78°C for 30 miuuées and warmed slowly to room temperature. The medium was washed with
water (3 ml) and extracted with ethyl acetate (10 ml). The organic layer was dried over MgSO,,
concentrated and chromatographed {(dichloromethane:acetone, $5:5) to yield 38a (0.037 g, 0.082 mmo},

82%) 2s a white powder.
OH
FiC N)J\N S
13

' NMR (CDCl, 400 MHz) 8 1.57 (4, J = 6.5 Hz, 3H), 1.61-1.71 (m, 1E), 2.09 (d, J = 3.2 Hz, OH),
2.16-2.28 (m, 1H), 2.52-2.60 (12, 2H), 2.63-2.69 (m, 2H), 5.00 (dd, J; = 6.5 Hz, g, J, = 3.1 Hz, 1H), 7.29
(@, J= 8.3 Hz, 2H), 7.60 (d, J = 8.2 Hz, 2H), 7.85 {dd, J, = 8.3 Hiz, J, = 1.8 Hz, 1H), 7.95-7.98 (m, 2H);
G NMR (CDCL, 100 MEZ) 5 13.7, 25.3, 31.3, 67.4, 69.8, 110.0, 1149, 121.9 (g, J = 272.6 Hz), 127.0
(@, J=4.7Hz), 127.1, 129.9, 132.2, 133.4 (q, /= 33.2 Hz), 134.1, 135.2, 137.1, 147.6, 174.9, 179.9.

Example 39

3-{4-[7-{4-cyano-3-triftucromethylphenyl)-8-oxo-6-thioxo-5,7-diazaspire[3.4] oct-5-yi]-phenyl}-
acrylic acid ethyl ester, 3%a [RD117]

A mixtre of 37a (0.043 g, 0.1 mmol) and (carbsthoxyethylidene)riphenyiphosphorane (0.039 g, 0.12
mrmol) in dichicromethane (2 ml) was stirred at room temperatere for 10 hows, The mediun was
concentrated and chromatographed (dichioromethane) fo yield 39a (0,048 g, 0.096 mmol, 96%) as white

powder,

9
FyC NN

/\/
O)/'ﬁ
td

'H NMR (CDCls, 400 MHz) 6 1.35 (t, J= 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 (g, J = 7.1 Hz, 2H), 6.51 (d, J= 16.1 Hz, 1H), 7.35 {d, J = 8.3 Hz, 2H),
7.72 (&, 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); BC NMR (CDCL, 100 MHz) § 13.7, 14.3, 31.6, 60.8, 67.5, 110.0, 114.9, 120.5, 121.8 (g, J= 2726
Hz), 127.0 (g, J = 4.7 Hz), 129.5, 130.5, 132.2, 133.4 (q, J = 33.2 H), 135.2, 136.0, 136.5, 137.0, 142.7,
166.5,174.7, 179.8.

-51-
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Example 40
4-{5-{4-(3-hydroxyprepenyl)-phenyl}-8-oxo-6-thioxo-5,7-diazaspire[3.4]oct-7-yi-2-
trifiuvcromethylbenzonitrile, 40a [RI120]

To & mixture of 392 (0.05 g, 0.1 mmel) in dichloromethane {2 mi) at ~78°C was added a solution of
diisobutylaluminum hydride t THF (0.11 ml, 1M, 0.11 mmol). The mixture was stirred at ~78°C for 3
hours. After being warmed to room temperature, the mixture was washed with an aqueous solution of
sodium thicsulfate and extracted with ethyl acetate. The orgamic layer was dried over MgSO,,
concentrated and chromatographed {dichloromethane:acetone, 95:5) to yield 40a (0.040 g, 0.089 mmoi,
899) as a white powder.

welonn
FaC NJLN

d
"H NMR (CDCls, 400 MHz) § 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, J = 4.7 Hz, 2H), 6,47 (dt, J; = 16.0 Hz, J,= 3.3 ¥z, 1H), 6.70 (d, /= 16.0 Hz, 1H), 7.29 (d,
J = 8.3 Hz, 2HD), 7.59 (d, /= 8.3 Hz, 2H), 7.85 (d4, J; = 8.3 Hz, J = 1.8 Hz, 1H), 7.96-7.98 (m, 2H); °C

NMR (CDCl;, 100 MHz) 8 13.7, 31.5, 63.4, 67.4, 110.0, 114.8, 120.5, 121.8 (g, J = 272.6 Hz), 127.0 (g,
J=47Hz),127.9,129.2, 130.1, 131.1, 132.1, 133.4 (q, /= 33.2 Hz), 135.2, 137.1, 1384, 174.8, 179.9.

Example 41

41-1} 3-{4-(1-cyanocyclobutylamine)-phenyll-propionic acid, 41a (41-1)

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 stired for 15 hours. After filtration to eliminate sodium sulfate, the medium was
concentrated under vacuum to obtain 2 brown liquid which was subjected fo chromatography
(dichloromethane:acetone, 50:50) to yield 41a (0.472 g, 1.93 mmol, 97%) as a vellowish solid.

41-2) 3-{4-{7-(4-cyano-3-triflucromethyiphenyl)-8-oxo-6-thioxo-5,7-diazaspire 3.4joct-5-yi)-
phenyl}-propionic acid methyl ester, 41b (41-2) [RD128]

A mixture of 1a (0.661 g, 2.9 mmol) and 41a (0472 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 HC aq. (S ml, 2M).
The second mixture was refluxed for 3 b, After being cooled to room temperatare, the reaction mixture
was poured into coid water (10 ml) and extracted with ethyl acetate (3 % 30 ml}. The organic layer was

-52-
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dried over Mg8O,, concentrated and chromatographed (dichloromethane) to vield 41b {0.582 g, 1.19

mmol, 62%) as a white powder.

0
SO TS R
FaC N N

o
'H NMR (CDCl;, 400 MHz) 6 1.60-1.70 (m, 1H), 2.14-2.26 (m, 1H), 2.51-2.56 (m, 2H), 2.58-2.67 (m,
2ZH), 2.71 (t, /= 7.8 Hz, 2H), 3.05 {t, /= 7.8 Hz, 2H), 3.69 (s, 3H), 7.23 (4, /= 8.2 Hz, 2H), 7.41 (4, J =
8.2 Hz, 2H), 7.85 (dd, J; = 8.3 Hz, J, = 1.8 Hz, 1H), 7.95 (d, J = 8.3 He, 1H), 7.98 (d, /= 1.8 Hz, 1H);
BC NMR (CDCl;, 100 MHz) & 13.7, 30.5, 31.4, 35.1, 51.8, 67.5, 109.9, 114.9, 121.9 (q, J = 272.7 Hz),
127.1 (g, /= 4.7 Hz), 129.9, 130.0, 133.2, 1323, 1333 (q, J = 33.2 Hz), 135.7, 1372, 142.5, 173.1,
174.9,1799.

41-3) 3-{4-[7-(4-cyano-3-trifineromethylphenyl)-8-0xo-6-thioxe-5,7-diaza-spiro[3.4loct-5-yl}-
phenyl}-propionic acid, 41c (41-3) [RD132]

A mixture of 41b (0.487 g, 1 mmo]) in methanol (10 mi) and solution of sodium hydroxide (10 ml, 2M)
was stirred at room temperature for 5 hours. Methanol was evaporated. The residue was adjusted to pH=
5 by HCl ag. (2M) and then extracted with ethyl acetate (3 x50 ml). The organic layer was dried over
MgSQ; and concentrated to dryness to obtain 41¢ (0.472 g, 0.99 mmol, 99%).

4i—-4) 3-{4-[7-(4-cyano-3-trifiuoromethylphenyl)-8-oxo-6-thioxo-5,7-diaza-spire[3.4]ect-5-yi}-
phenyl}-propionamide, 41d (41-4) [RD133]

To a suspension of 41¢ (0.094 g, 0.2 mmol) in THF (10 ml) at -5°C wag added thionyl chloride (0.019 m,
0.26 mamol). The medinm was stitred at -53°C for ome hour. Then ammonia was bubbled into the mixiure.
The excess of ammonia was condensed by reflux condenser at -78°C for 30 minutes and then was
aliowed 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.

i
FyC NN =
an

"H NMR (acetone-ds, 400 MEz) § 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 (¢, J = 7.5 Hz, 2H), 6.20 (bs, 1ED, 6.78 (bs, 1H), 7.31 (4, J = 8.2 He, 2H), 7.44 (4, J=8.2
Hz, 2H), 8.03 (dd, J; = 8.3 Hz, J; = 1.8 Hz, 1H), 8.15 (4, J = 1.8 Hz, 1H), 8.22 (d, /= £3 Hz, 1H);°C
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NMR (acetone-dy, 100 MHz) & 134, 30.7, 31.2, 364, 67.5, 109.0, 114.8, 122.5 (g, J = 2715 Hz), 127.5
(g, J = 4.7 Hz), 128.5, 130.0, 131.8 (g, J = 32.5 Hz), 133.3, 133.8, 135.6, 138.4, 143.2, 171.6, 174.9,

178.0.

41-5) 3~{4—{7-(4-Cyano-S-triﬁuoromethyiphenyl)wS—uxo-6—tixioxe~5,’7-diaza~spiro{3.4}oct—S—yl]—
phenyl}-N-methyl-propienamide, 41e (41-5) [RID134]

To a suspension of 41¢ (0.094 g, 0.2 mmol) in THF (10 ml) at -5°C was added thiony] chloride (0.019 mi,
0.26 mmol). The medium was stirred at -5°C for one hour. Then methylamine was bubbled into the
mixture et -5°C for 30 minutes. The medium was filtered. The filtrate was concentrated and
chromatographed (dichloromethane:acetone, 75:25) to yield 41e (0.092 g, 0.19 mmol, 95%) as an off-

white powder.
O
NC s = .N/
KA H
3C NN
C

"H NMR (acetone-d, 400 MHz) 6 1.51-1.60 (m, 1H), 2.01-2.11 (m, 1H), 2.48-2.58 (m, 4H), 2.61-2.67
(m, 2H), 2.77 (6, J = 4.6 Hz, 3H), 2.98 (t, J = 7.5 Hz, 2H), 7.03 (bs, NH), 7.33 (d, /= 8.2 Hz, 20, 7.42
(d, J = 8.2 Hz, 2H), 8.01 (dd, J; = 8.3 Hz, J; = 1.8 Hz, 1H), 8.13 (d, /= 1.8 Hz, 1H), 8.20 (d,J=83Hz,
LH); "C NMR (acetone-d, 100 MHz) 6 13.4, 253, 30.0, 31.2, 37.0, 67.6, 109.0, 114.8, 1225 (g, J =
271.5 Hz), 1274 (q,J = 4.7 Hz), 129.5, 130.0, 131.9 (g, /= 32.5 Hz), 133.3, 133.8, 135.6, 138.4, 143.1,
171.7, 175.0, 178.0.

41-6) 3-{4-[7-(4-cyano-3-trifluoromethylphenyl)-8-0%0-6-thioxo-5 ,7-diaza-spire[3 4]oct- S-yi}-
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 ciloride (0.019 ml,
0.26 mmol). The medium was stirred at -5°C for one howr. Then 2-gmumoethanol (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.
The filtrate was concentrated and chromeatographed (dichloromethane:acetone, 50:50) 10 yield 41f (0.083
g, 0.18 mmol, 90% as an off-white powder.

O

NCD\NEN/Q/\)L!HQ,\/OH
I3
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" NMR (acetone-ds, 400 MEz) 8 1.51-161 (m, 1H), 2.01-2.11 (m, 1H), 2.49-2.66 (m, 6H), 299 (1, / =
7.5 Hz, 2H), 3.27 (&, J; = 11.2 Hz, J, = 5.6 Hz, 3H), 3.51 (4, J, = 11.2 Hz, J, = 5.6 Tz, 2F), 3.87 {bs,
OH), 7.20 (bs, NH), 7.33 (&, J = 8.2 Hz, 2H), 7.43 (6, /= 8.2 Hz, 2H), 8.02 (dd, J; =83 Hz, J; = 1.8 Hz,
1H), 8.14 (4, J = 1.8 Hz, 1K), 822 (d, J= 8.3 Hz, 1H); “C NMR (acetone-ds, 100 MHz) § 134, 31.0,
312, 37.1, 42,0, 61.2, 67.6, 109.0, 1148, 1225 (g, J = 2715 Hz), 1274 (g, J = 47 Hz), 1296, 130,
131.9 (g, J=32.5 Hz), 133.3, 133.8, 135.6, 138.4, 143.0, 171.9,175.0, 178.1,

421} 4-[4-{1-Cyanocyclob':itylamino}phenyi}butyric acid, 42a

Trimethylsilyl cyanide (0.50 g, 5 mmol) was added cizopwise 10 & mixture of 4-{(4-aminophenyl)-butyric
acid (0.537 g, 3 mumol), cyclobutanone (0.35 g, 5 mmol) and sodium sulfate {1 g) in 1,4-dioxane (10 ml).
The rmixture was stired for 15 howrs. After fliration 1o eliminate sodiu\lm sulfate, the medimn was
concenirated under vecuum to obtain a brown liquid which was subjected to chromatography
{dichloromethane:acetone, 50:50) to yield 42a (0.665 g, 2.58 mmol, 86%) as a vellowish solid.

42-2) 4-{4—[‘7-(4-s:yano—3~h§ﬂnoromethylphenyi}-8—oxo—6-thiuxo~5,7-diazaspiro 3. 4)oct-5-vlj-
phenyl}-butyric acid methyl ester, 42b fRD129]

A mixture of 1a (0.547 g, 2.4 mmol) end 42a (0.342 g, 1.5 mmol) in dry DMF (2 ml) was stirred at oom
temperature for 15 howrs. To this mixture were added methapol (10 ml) and HCl ag. (5 ml, 2M). The
second mixture was refluxed for 3 h. After being cooled to room temperature, the reaction mixture was
poured ino cold water (10 ml) and extracted with ethyl acetate (3 % 30 ml). The organic layer was dried
aver MgSO;, concentrated and chromatographed (dichioromethane) to yield 42b (0.594 g, 1.18 o],
79%}) s a white powder, '

FoC P M 2 o]
g L]

'] NMR_ (CDCls, 400 MHz) & 1.60-1.70 (m, 1H), 1.98-2.07 (m, 2H), 2.14-2.26 (m, 1H), 2.40 (t, /=74
Fiz, 2HD), 2.52-2.60 (m, 2H), 2.62-2.68 (m, 2H), 2.74 (t, J = 7.4 Hz, 2H), 3.68 (5, 3H), 7.22. (d, /= 8.2 Hiz,
2H), 7.38 (d, J = 8.2 Hz, 2H); 7.86 (dd, J; = 8.3 Hz, J; = 1.8 Hz, 1H), 7.95 (&, J= 8.3 Hz, 1H), 798 (, 7
= 1.8 Hz, 1H); *C NMR (CDCl;, 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 (q,J = 4.7 Hz), 129.7,130.1, 132.3, 133.0, 133.3 (g, /= 33.2 Hz), 135.2, 137.2,
143.5, 173.8, 175.0, 179.9.

42-3) 4-{4-[T-(4~cyano-3-trifluoromethylphenyl)-§-0x0-6-thioxo-5,7-diaza-spire[3 Ajoct-5-y1}-
phenyl}-butyric acid, 42¢ [RD141]
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A mixture of 42b {0.501 g, 1 mmol) in methanol (10 ml) and sohation of sodium hydroxide (10 ml, 2M)
was stirred at room temperature for 5 hours. The methanol was evaporated. The residue wag adjusted to
pH = 5 by HCl ag. (2M) and then, the medium was extracted with ethyl acetate (3 x50 ml). The organic
iayer was dried over MgSO, and concenirated to dryness to obtain 42c (0,482 g, 0.99 mmol, 99%), the
structure of which is illustrated in Formula 5.

NCD\ i Q\/YOH
; O
FaC N N

8]
Formula 5

'H NMR (CDCl;, 400 MHz) 6 1.60-1.70 {m, 1H), 1.98-2.07 (m, 2H), 2.14-2.26 (m, 1H), 2.45 (t, /= 7.3
Hz, 2H), 2.51-2.59 (m, 2H), 2.62-2.68 (m, 2H), 2.77 (t, /= 7.3 Hz, 2H), 7.23 (d, /= 8.1 Hz, 2H), 7.40 (d,
J =81 Hz, 2H), 7.85 (dd, J = 8.3, 1.8 Hz, 1H}, 7.95 (d, J = 8.3 Hz, 1H), 7.67 (4, /= 1.8 Hz, 1H); °C
NMR (CDCl;, 160 MHz) 6 13.7, 25.9, 31.4, 33.4, 34.7, 67.5, 109.9, 114.9, 121.9 (g, /= 272.6 Hz), 127.1
(g, J=4.7 Hz), 120.8, 130.1, 132.3, 133.0, 1334 (g, /= 33.1 Hz), 135.2, 137.2, 343.3, 174.9, 178.5,
179.9.

42-4) 4-{4-[7-(4-Cyano-3-trifiuoromethylphenyl)-8-oxo-6-thioxo-3,7-diaza-spire]3.4] oct-5-y1}-
phenyl}-butyramide, 42d [RD130} )

To a suspension of 42¢ (0.097 g, 0.2 simo]) in THF (10 ml} at -5°C was added thiony! chloride (G.019 ml,
0.26 mmol). The medium was stirred at -5°C for one hour. Then ammonia was bubbied into the mixture.
The excess of ammonia was condensed by reflux condenser at -78°C for 30 mimgies and then was
allowed to evaporate. The medium was filiered. The filirate was concentrated and chromatographed
(dichloromethane:acetone, 70:30) to vield 42d (0.093 g, 0.19 mmo!, 95%) as an off-white powder.

BelVenet
FaC NN ©

O
"H NMR (CDCl, 400 MHz) & 1.57+1.70 (m, 1H), 2.00-2.08 (m, 2H), 2.16-2.25 (m, 1H), 2.31 (t, J=7.3
Hz, 2H), 2.51-2.59 (m, 2H), 2.62-2.68 (m, 2H), 2.77 (t, J = 7.3 Hz, 2H), 5.56 (bs, 1H), 5.65 (bs, 1),
7.22 (d,J= 8.2 Hz, 2H), 7.39 (¢, J = 8.2 Hz, 2H), 7.85 (dd, J, = 8.3 Hz, J, = 1.8 Hz, 1H), 7.95 (d, /= 8.3
Hz, 1H), 797 (4, 7 = 1.8 Hz, 1H); “C NMR (CDCl, 100 MHz) 5 13.7, 265, 314, 34.8, 35.0, 67.5,
109.9, 114.9, 1219 (g, J = 272.7 Hz), 127.1 (g, /= 4.7 Hz), 129.8, 130.1, 132.2, 133.0, 133.3 (q, .= 33.2
Hz), 135.2, 137.2, 143.5, 173.8, 174.9, 179.9. '
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42-5) 4 {4[7-{4-Cyano-3-trifivoromethylph enyl)-8-0xo0-6-thioxe-5,7-diaza-spire[3.4]oct-3-yl]-
phenyl}-N-methyl-batyramide, 42e [RD131]

To a suspension of 42¢ (0.097 g, 0.2 mmol} in THF (10 ml) at -5°C was added thicnyl chloride (0.01% ml,
(.26 mmol). The medium was stirred at -5°C for one hour. Then methylamine was bubbled into the
mixtre at -5°C for 30 minutes, The medium was filtered. The filirate was concenirated and
chromatographed (dichloromethane:acetone, 75:25) to yield 42e (0.095 g, 0.19 mmol, 95%) as an off-
white powder.

B . H
F C7 N N N ©
g [

'H NMR (CDCls, 400 MHz) § 1.52-1.64 (m, 1H), 1.94-2.01 (m, 2H), 2.10-2.17 (m, 1H), 2.20 (t, /=73
Hez, 2H), 2.46-2.62 (m, 4H), 2.69 (t, J = 7.3 Hz, 2H), 2.73 (4, = 4.7 Hz, 3H), 6.09 (bs, 1H), 7.16 (d./ =
8.2 Hz, 2H), 7.33 (d, /= 8.2 Hz, 2H), 7.82 (dd, J, = 8.3 Hz, J; = 1.8 Hz, 1H), 7.91 (d, /= 8.3 Hz, 1H),
7.94 (d, J = 1.8 He, 1H); “C NMR (CDCl;, 100 MHz) § 13.7,26.2, 26.8, 314, 35.0, 35.7, 67.5, 109.7,
1149, 121.9 (q, J = 272.7 Hz), 127.1 (g, J = 4.7 Hz), 129.7, 130.0, 132.3, 133.8, 133.3 (g, /= 33.2 Hz),
135.2, 137.3, 143.7,173.3, 174.9, 179.8.

42-6) -(4~f4-]7-(4-cyano-3-trifivoromethyiphenyl}-8-ox0-6-thioxo-3,7-diaza-spire[3.4]ect-5-
ylphenyll-butanoyl}-methanesulfonamide, 42f [RD157]
100991 A mixture of 4 {4-[7-(4-cyano-3-rifluoromethylphenyl)-8-ox0-6-thioxo-5,7-diaza-

spiro[3.4]Joct-5-yl)phenyl}butanoic acid (42c) (0.049 g, 0.1 omol), 2.4,6-trichiorobenzoyl chioride
(0.244 g, 1 mmol), 4-dimethylaminopyridine (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:scetone, B80:20) 1w yield N-(4-{4-[7-(4-cyano-3-
ifluoromethylphenyl)-8-oxo-6-thioxe-5,7-diaza -spifo [3.4Joct-5-y1]phenyl} -butenoyl)-

methanesulfonamide (42f) [RD157] (0.053 g, 0,094 mmol, 94%), the structure of which 15 illustrated in

Formula 8, as 2 white powder.

BewVe
FaG NN ©

NH
02?
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Formnia 8

'H NMR (scetone-ds, 400 MEzZ) 5 1.51-160 (m, 1H), 1.96-2.11 (1m, 3H), 2.49 (1, J = 7.3 He, 2H), 2.51-
2.57 (m, 28}, 2.61-2.67 (m, 2H), 2.75 {t, J= 7.5 Hz, 2H), 2.94 (bs, 1H), 3.24 (s, 3H), 7.33 (4. /= 8.3 Hz,
2H), 7.43 (4, J= 8.2 Hz, 2H), 8.02 (dd, /=83, 1.6 Hz, 1H), 8.02 (d, J= 1.6 Hz, 1H), 8.21 (4, /= 8.3 Hz,
1H); *C NMR (acetone-ds, 100 MEz) & 13.4, 25.8, 31.2, 34,3, 35.2, 40.6, 67.6, 109.0, 114.8, 122.5 (g, /
= 271.5 Hz), 127.5 (g, J = 4.9 Hz), 128.6, 130.1, 1319 (g, J = 33.6 Hz), 133.3, 133.9, 135.6, 138.4,
143.1, 1718, 175.0, 180.5.

42-T)  N-methyl-4~{4-[7-(4-cyano-3-irifluoromethylphenyl)-6,8-dioxo-5,7-diazaspiro[3.4joct-3-yl}-
phenyl}butyramide, 42g [RD158]

[00100) Hydrogen peroxide (30%, 0.4) was added dropwise to & solution of Nomethyl4-{4-[7-(4-
Cyano-3-trifluoromethylphenyl)-8-0xo-6-thioxo-5,7-diaza-spiro[3 4}oct-5-yIjphenyl } butanamide  {42e)
(0.032 g, 0.064 mmol) in glacial acetic acid (0.5 ml). The mixture was stirred at room temperatuze for 3
bours and then washed with water and extracted with ethy! acetate. The organic layer was dried over
magnesium sulfate, concentrated and chromatographed (dichloromethaneiacetone, 80:20) to yield M-
methyl-4-{4-[7-(4-cyano-3-triflucromethylphenyl)-6,8-dioxo-3,7-diazaspiro[3.4]oct-5-y1]-
phenyl}butyramide (42g) [RD158] {0.029 g, 0.06 mmuol, 94%), the structure of which is illustrated in

Formula 9, 2s 2 white powder.

peBlenas
E,C NJ\N ©
¢

Formula &

‘H NMR (CDC;, 400 MHz) § 1.63-1.71 {(m, 1K), 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), 7.21 (&, /= 8.2
Hz, 2H), 7.34 (d, /= 8.2 Hz, 2H), 7.92 (4, J = 8.4 He, 1H), 8.03 (dd, F= 8.3, 1.8 Hz, 1H), 8.18 (4, /= 1.8
Hz, 1H).

Example 43

-58.
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43-1) 4»{4—aminophenyl)—piperazine-lucarbaxyﬁc acid zer-butyl ester, 43a

A mixture of 4-iodoaniline (6.654 g, 3 mmol), piperazine-1-carboxylic acid fert-butyl ester (0.67 g,3.6
yrmol), potessium phosphate (1.272 g 6 mmol), ethylene glycol (0.33 mil) and copper iodide {0.03 g,
0.15 mmol) in 2-propanol (3 mi) was placed under argon in a sealed-tube and heated to 80°C for 30
hours. After being cooled o room temperature, the mediom was washed with water (50 ml) and extracted
with ethyl acetate {100 ml). The organic layer was dried over MgSO,, concentrated and chromatographed
(dichloromethane:acetons, 70:30) to yield 43a (0.36 g, 1.3 mmol, 43%) as a yellow powder.

43-2) 4~[4—(1-cynnecyclobutylamino)phenyl]—piperazine-1~carb0xyiic acid fert-butyl ester, 43b
Trimethylsilyl cyanide (0.3 g. 3 mmol) was added dropwise to 2 mixture of 43a (0.415 g, 1.3 mmol),
cyclobutanone (0.21 g, 3 mmol) and sodium sulfate (1 g) in dichloromethane (5 mi). The mixture was
stirred for 15 hours. Afier filiration to eliminate sodium sulfate, the medium was concenirated under
vacuum o obtain a brown liguid which was subjected to chromatography {dichloromethane:acetone,
75:25) to yield 43b (0.448 g, 1.26 mmol, 84%) as 2 yellow sohd.

43-3) 4—{4-[7~(4—cyano-3~triﬂuoromethylphenyk}-ﬂ—imine-ﬁ—thiuxo-s,7-diazaspiro[3.4]act—5—yl}-—
phenyl}-piperazine-i-carboxylic acid tert-butyl ester, 43¢ [RD139]

and 4-§4- {7-(4-cyano-3~triﬂuoromethy!phenyl}‘—s-(4-cyano-3-n'iﬂuoromethyl-
p}:enylthiﬁcarbamayiimim}-é»thiaxo—iﬂ—diazaspirn[3.433ct-5-yi}-phenyl}~piperazine—1—carboxyﬁc
acid tert-butyl ester, 43d [RIx140]

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
tempperature for 20 hours. The mixture was concentrated and chrormatograpbed (dichloremethans: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, (.21 mmol, 33%), the structure of which is flustrated in Formula 11,

as & yellow powdet,

~Boc

N
NC N\)

Formula 10

'H NMR (CDCl,, 400 MHz) 8 1.48, (s, 91, 1.57-1.67 (m, 18), 2.01-2.09 (m, 1H), 2.55-2.70 (m, 4H),

325 (4, J=5.1Hz, 4H), 3.59 {1, J=4.9 Hz, 41, 7.02 (4, 7= 8.9 Hz, 2H), 7.20 (d, /= 8.9 Hz, 2H), 7.81
50



10

15

20

{d, /= T4 Hz, 1H), 7.93 (s, 1H), 7.97 (&, J= 8.1 Hz, 1H).

SLL LT
gs

=3
HN

7\

——

CN'

~Boe

CFg

Formula 11

"H NMR (CDCl;, 400 MHz) & 1.48, (s, 9H), 1.57-1.64 (m, 1H), 2.01-2.10 (m, 1H), 2.60-2.89 (m, 4H),
3.24 (t, /=>5.1 Hz, 4H), 3.57 (¢, J = 4.9 Hz, 48), 7.02 (d, J = 8.9 Hz, 2H), 7.20 (4, J = 8.9 Hz, 21, 7.54-
7.98 (m, 4T0), 7.97 (4, J = 8.1 Hz, 1H), \

43-4) 4—-[8-03:0—5—{4—piperazin-l—yl—phenyl)-ﬁ-thjexo-5,7-dia_zaspiro§3.é}oct;-7=yl}-z~
trifinoromethylbenzonitrile, 43e fRD137]

A mixture of 43¢ (0.117 g, 0.2 mmeol), methanol (5 ml) and HCl aq. (2 ml, 2M) was refluxed for 2 hours,
After bemg cooled to Toom temperature, the reaction mixfure was poured into cold water (10 m!) and
extracted with ethyl acefate (3 x 30 ml). The organic layer was dried over MgSO,, concentrated and
chromatographed (dichloromethane:acetone, 5¢:50 and then methanol:acetone, 50:50) to yield 43e (0.089
g, 0.184 mmol, 929%) as 2 white powder.

~TNH

' |
O o

i i il
R0 N NS

"H NMR (CD50D, 400 MHz) 5 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 (¢, J = 8.9 Hz, 2H), 7.16 (d, /= 8.9 Hz, 2H), 7.86 (dd, J, =R.3 Hz, /= 1.8
Hz, 1H), 8.02 (d, J'= 8.3 Hz, 1H), 8.07 (4, J = 1.8 Hz, 1H); “C NMR (CD;0D, 100 MHz) § 13.2, 30.9,
45.1, 48.9, 67.5, 108.9, 114.8, 115.9, 122.3 (g, /= 271.7 Hz), 126.4, 1273 (g, / = 4.7 Hz), 130.4, 132.2
(g, /=33.2Hz), 133.0, 1354, 138.1, 152.1, 175.4, 180 4.

60
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43-5)  4-[5.[4-(4-methanesulfonylpiperazin-1-¥i)-phenyl}-8-oxo-6-thioxe-5,7-diazaspiro[3.4joct-7-
yh-2-trifluoromethylbenzonitrile, 43£ [RD138]

A mixture of 43e (0.049g, 0.1 mmol}; methanesulfonyl chioride {0.012 mi, 0.15 mmol) and iristhylamine
{0.15 ml) in dichloromethane was stirred at room temperature for 5 hours. The medium was filtered. The
filtrate was concenfrated and chromatographed (dichloromethane: acstone, 95:5) to vield 431 (0.042 g,
0.074 mmol, 74%) as a white powder.

o,
W,

N

'H NMR (CDCls, 400 MEz) 6 1.62-1.70 (m, 1H), 2.14-2.23 {m, 1H), 2.51-2.58 (m, 2H), 2.61-2.67 (m,
2H), 2.84 (s, 350), 3.39 (s, 8H), 7.05 (d, /= £.9 Hz, 2H), 7.20 (4, J = 8.9 Hz, 2H), 7.84 (dd, J; = 8.3 Hz, J»
= 1.8 Hz, 1H), 7.95 (¢, J= 8.3 Hz, 1H), 7.97 (d, /= 1.8 Hz, 1H); “C NMR (CDCL;, 100 MHz) 6 13.7,
314, 34.6, 45.7, 484, 67.5, 109.8, 114.9, 117.0, 121.9 (g, J = 272.7 Hz), 126.8, 127.1 {q, J = 4.7 Hz),
130.7, 132.3, 133.4 (g, /= 33.2 Hg), 135.2, 137.3, 151.1, 175.0, 180.2.

Example 44

44-1) 3-{4{7=-(#~-Cyano-3-trifncromethyl-phenyl)-8-oxe-6-thioxo-5,7-diaze-spiro[3.4]oct-3-y1}-
phenyl}-acrylic acid, 44a |

A mxture of 3%9a (0.023 g, (.03 mmol) in methano! (2 ml) and solution of sodium hydroxide (2 ml, 2M)
was stirred at room temperature for 5 hours. Methano! was evaporated. The residue was adjusted to pH =
5 by HCI ag. (2M) and then exiracted with efhyl acetate (3 x50 ml). The organic layer was dried over
MgS8O, and concentrated fo dryness to obtain 44a (0.02 g, 0.042 mmol, 85%).

44-2) 3-{4- E?—{#Q'ﬁnn-ﬁ-iriﬂuoromet’hyi-phenyi)~8-oxo-6wthioxo~5,7-diaza-spim[3.4]oct—5-yi}-
phenyl}-acrylamide, 44b [RD119]

To a suspension of 44b (0.02 g, 0.042 mmol) in THF (1 ml) af -5°C was added thionyl chloride (0.007
ml, 0.1 mmol). The medium was stirred at -5°C for one hour, Then ammmonia was bubbled into the
mixture. The excess of armmonia was condensed by reflux condenser at -78°C for 30 minuies and then
was allowed to evaporate. The medium was filtered. The filtrate was concentrated and chromatographed
(dichloromethane:acetone, 70:30) o vield 44b (0.014 g, 0.03 mmol, 71%) as an off-white powder.
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"H NMR (DMSO-d;, 400 MHz) § 1.49-1.52 (m, 1H), 1.88-1.93 (m, 1H), 2.37-2.46 {m, 2H), 2.57-2:62
(o, 2H), 6.66 (d, J = 15.9 Hz, 1H), 7.16 (bs, 1H), 7.43 (4, J = 8.3 Hz, 2H), 7.47 (d, J = 15.9 Hz, 11},
7.58 (bs, 1H), 8.03 {dd, J, = 8.3 Hz, ;= 1.8 Hz, 1H), 8.23 (d, /= 1.8 Hz, 1H), &34 (d, /= 8.3 Hz, 1H).

Example 45 [RD145]

[00101] Trimethylsilyl cyanide (0.4 g, 4 mmol) was added dropwise to a mixture of 4-
methanesulfonylphenylamine hydrochloride (0.415 g, 2 mmol), cyclobuianone {0.28 g, 4 mmol) and
sodium sulfate {1 g) i DMF (3 ml}. The mixiure was stirred for 15 hours at 120 °C. After Sltration to

- remove the sodium sulfate, the filtrate was washed with brine and extracted with ethyl acetate. The

orgamic layer was concentrated and chromatographed (dichloromethane:acetone, 90:10) to vield 1-(4-
methanesulfonylphenylamino)cyclobutanecarbonitrile (45a) {0.116 g, 0.44 mmol, 22%) as a yellowish
solid. 4-methanesulfonyiphenylamine (0.201g, 1.17 mmol, 59%) was also recovered.

[00102] A mixture of 4-isothiocyanato-2-iriflucromethylbenzonitrile (1a) (0.0.141 g, 0.62 mmol)
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 mixtumre were added methanol (10 ml) and aq. 2N
HCE (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 » 30 mi). The
organic layer was dried over MpSO,, concentrated and chromatographed (dichloromethane:acetone,
97:3) to  yield - 4-[5-(4-methanesulfonylphenyl)-8-0%0-6-thioxo-5 . I-Giazaspira(3 .4joct~7-§i]-2-
trifluoromethylbenzonirile (45b) [RD145] (0.031 g, 0.065 mmol, 15%), the stucture of which is

itlustrated in Formula 14, as a white powder.

8]
e
NC =3 5 — S\\
(A AL
FaC N N

Forrnuia 14

"H NMR (CDCly, 400 MHz) 8 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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2H), 3.16 (s, 3H), 7.57 (4, J = 8.3 Hz, 2H), 7.85 (d4, J= 8.3, 1.8 Hz, 1H), 7.97 (d, J= 1.8 Hz, 1H), 7.98
(4, J= 83 Hz, 1H), 8.17 (d, J = 8.3 Hz, 2H); C NMR (CDCl;, 100 MHz) é 13.6, 31.8, 44.4, 67.5, 110.2,
114.8, 122.4 (g, J=271.5 Hz), 127.0 (g, /= 4.9 Hz), 1294, 131.4, 132.1, 133.6 (g, J = 33.3 Hz), 135.3,
136.8, 140.3, 141.8, 174.4, 179.9.

Example 46

100103} Tomethyisilyl cyamide (0.69 g, 7 mmol) was added dropwise to a mixture of 4-
ammophenylacetic acid (0.735 g, 5 mmol} and cyclobutanene (0.49 g, 7 mmol) in dioxane (26 ml). The
mixture was stirred for 8 hows at 80 °C. The mixture was concentrated and chromatographed
{dichloromethane:acetone, 60:40) to vield [4-(i -cyanocyclobutylaminophenyljacetic acid (462) (1.138 g,
4.95 mmel, 99%) as 2 white solid.

46-1) RD146

100104] A mixture of 4-isothiocyanato-2-triflucromethylbenzonitrile (1a) (0.638 g, 2.8 mmol)
and [4-(1-cyanocyclobutylamino)phenyljacetic acid (46a) (0.46 g, 2.0 nol) 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).
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 sthyl acetate (3 x 50 mi). The organic layer was
dried over MgS8Q concepirated and chromatographed (dichloromethane pure and then
dichicromethane:acetone, 93:5) to yield {4-[7-(4-cyano-3-triflucromethylphenyl)-8-oxo-6-thioxo-5,7-
diaza-spiro[3.4Ject-S-yliphenyl}acetic acid methyl ester {46b) [RID146) {0.532 g, 1.124 mmol, 56%), the
smuctre of which is illustrated in Formula 15, as a white powder.

NC s OMe
; |
FsC N)\N = ©
g ]
Formula 13

- *H NMR (CDCls, 400 MEz) 5 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 (4, J = 8.3 Hz, 2H), 7.50 (d, /= 8.3 Hz, 2H), 7.84 (dd, /= 8.3, 1.8 Hz, 1H), 7.94
(4, J=8.2 Hz, 1H), 7.97 (4, J = 1.6 Hz, 1H); *C NMR (CDCl,, 100 MHz) § 13.7, 31.4, 44.7, 52.3, 67.4,
109.9, 114.9, 122.0 (g, J = 272.5 Hz), 127.0 (g, /= 4.9 Hz), 130.0, 131.1, 132.3, 133.0 (g, J = 33.3 Hz),
134.1,135.2,135.9, 137.2, 171 4, 174.9, 179.9.
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46-2) RD147

[60103] A mixtore of {4—[7-(4-{:}'3110-3-triﬂuoromethyipheuyl)-S—oxo-é—fhioxo-5,7-»diaza-
spiro[3.4Joct-5-yljphenyl} acetic acid methyl ester (46b) (0.095 g, 0.2 mmol) and a solution of sodium
hydroxide (1 ml, 2M) in methanol (2 ml) wes stirred at room temperature for 2 hotrs. The methanol was
evaporated. The residue was adjusted to pi 5 by aq. ZM HCI and then the mixture was extracted with
ethyl acetate (3 ¥10 ml), The organic layer was dried over MgSO, and concentrated to dryness to obtain
{4-[7-(4-cyano-3-triflucromethylphenyl)-§-oxo-6-thioxe-5 ,7-diaza-spiro[3.4]Joct-5-yi]phenyl }acetic acid
(460) (RD147] (0.087 g, 0.19 mmol, 95%), the structure of which is illustrated in Formula 16.

poSvens
FaC N° N ©

0

Formula 16

‘I NMR (CDCls, 400 MHz) 6 1.60-1.69 (m, 1H), 2.15-2.25 (m, 1H), 2.50-2.64 (m, 4H), 3.73 (s, 2H),
7.26 (4, J=8.3 Hz, 2H), 7.51 (&, = 8.3 Hz, 2H), 7.84 (dd, /= 8.3, 1.8 Hz, 1H), 7.95 (d, /= 8.2 Hz, 1H),
7.96 (d. J= 1.6 Hz, 1H); “C NMR (CDCl;, 100 MHzZ) 5 13.7, 31.4, 40.2, 40.8, 67.4, 109.9, 114.9, 122.0
(6, J=272.5 Hz), 127.0 (g, J= 4.0 Hz), 120.9, 131.2, 132.3, 133.3 (g, J = 33.3 Hz), 133.9, 135.2, 136.1,
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-cyzno-
3-trifluoromethyiphenyl)-8-oxo-6-thioxe-5,7-diaza-spire[ 3.4Joct-5-yljphenyl} acetic acid (46¢) (0.357 g,
0.777 mmol) in THF (5 mi) cooled to 0 °C. The mixture was stirred for I hour at room temperature and
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 aliowed to evaporate. The medium was filtered and the filtrate was
concentrated and chromatographed {(dichioromethans:acetone, 70:30) to yield 2-{4-[7-{(4-cyano-3-
trifluoromethylphenyl)-8-oxo-6-thioxo-5,7-Giaza-spiro{3 4Joct-5-yl]phenyljacetamide  (46d; [RD148]
(0.345 g, 0.75 mmol, 97%), the structure of which is illustrated in Formula 17, as an off-white powder.
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Formula 17

'H NMR (CDCls, 400 MHz) & 1.62-1.66 (m, 1H), 2.18.2.23 (m, 1H), 2.49-2.55 (m, 2H), 2.61-2.66 (m,
2H), 3.63 (s, 2H), 5.91 (bs, 1H), 6.10 (bs, 1H), 7.27 (d, J = 8.1 Hz, 2H), 7.50 (d, J = 8.1 Hz, 2H), 7.83
(dd, J= 8.3, 1.8 Hz, 1H), 7.95 (d, /= 8.2 Hz, 1H), 7.96 (d,/ = 1.6 Hz, IH); ’C NMR (CDCl;, 100 MHz)
§13.7,31.5,42.5, 674, 109.9, 114.9, 121.9 (q, /= 2724 Hz), 127.1 {q, J= 4.9 Hz), 130.2, 131.1, 132.2,
133.3 {q, J=133.3 Hz), 134.1, 135.2, 136.8, 137.2,172.8, 174.8, 180.6.

46-4) RD149

[001073 Thionyl chloride {0.238 g, 2 mmol) was added dropwise to a mixture of {4-[7-(4-cyano-
3-trifluoromethyiphenyl}-8-ox0-6-thioxo-5,7-dizza-spiro[3.4joct-5-yl]phenyl }acetic acid (46c) {0.357 g,
0.777 mmol) in THF {5 ml) cooled o 0 °C. The mixfure was stirred for ! hour at room temperature and
then methylamine (0.5 ml) was added into the mixhure. The mixture was stirred for an additional 2 hours.
The medium was filtereé and the filtrate was concenmirated and chromatographed
{dichloromethane:acetone, 80:20) to yield Numethyl-2- {4-[7-(4-cyano-3-triflucromethylphenyl)-8-0x0-6-
thioxo-5,7-dtaza-spirof 3.4Joct-5-ylJphenyl}acetamide (46e) [RD145] (0.348 g, 0.738 mmol, 95%), the
structiure of which is illustraied in Formula 18, a¢ an off-white powder,

- H
BONSOAD
FsC /:N/N\ o

N

Formula 18

"H NMR (CDCl, 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 (4, J = 4.8 Hz, 3H), 3.62 (s, 2H), 7.27 (&, J= 8.3 Hz, 2H), 7.50 (4, J = 8.3 Hz, 2H), 7.84 (dd, J
= 8.3, 1.8 Hz, 1H), 7.95 (d, 7= 82 Hz, 1H), 7.96 (& J = 1.6 Hz, 1H); “C NMR (CDCL, 160 MHz) §
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, 1310,
132.2, 1333 (q,/ = 33.3 Hz), 134.1, 135.2, 137.0, 137.1, 170.1, 174.8, 179.9.

Example 47 |

N-{4-[3-(4-cyano-3-trifluoromethylphenyl)-5,5-dimethyl-4-ox0-2-thioxo-imidazolidin-1-
yijpkenylhmethanesulfonamide (47a) [RD150]

[00108] A mixtare of 4-{3-(4-3minophenyl)-4,4~d:'mathy1—5~0Xo~2~t§}ioxo§midazohdm—1—yl]—?.-
‘ ~65-
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trifiuoromethylbenzonitrile (2d) (0.02 g 0.05 mmol), methanesulfony} chiorids (0.009g, 0.075 mmol)
and pyridine (0.006 g, 0.075 mmol) in dichioromethane (1 mi) was stirred at room temperature for 15
hours. The medium was washed with water (2 m!) and extracted with efhyl acetate (5 ml). The organic
layer was dried over MgSQ,, concenirated and chromatographed (HPLC, alumina columm) to yield N-{4-
[3-(4-cyano-3-triﬂuoromeﬂ1ylpheny1}—5,S-dﬂnefhyl-df-oxo-z-thioxo—imidazoiidin—1-

ylphenyl} methanesuifonamide (47a) [RDD150} (0.009 g, 0.018 mmol, 36%), the siructure of which is
iHustrated in Formula 2, as a white powder. '

NC._ O
£ 87
D\ )J\/@O/ ~
FiC l\‘l N
(9]

Formula 2

' NMR (DMSO-dq, 400 MHz) 6 1.46 (s, 6H), 3.07 (s, 3H), 7.32 (s, 4H), 8.05 (dd, J = 8.2, 1.2 Hz, 1H),
826 (d, /= 1.2 Hz, 1H), 8.35 (¢, J = 8.2 Hz, 1H), 10.08 (bs, 1H); °C NMR (DMSO-ds, 100 MHz) 5
233, 40.4, 66.7, 109.0, 115.5, 119.9, 122.6 (g, J = 272.2 Hz), 128.5 (g, J= 4.7 Hz), 130.8, 131.2, 131.5
(¢, /= 32.3 Hz), 134.5, 136.6, 138.6, 139.5, 175.4, 180.4.

Exampie 48

N-{4-]3-(4-cyano-3-triflucromethylphenyl)-5,5-dimethyl-4-oxo0-2-thioxo-imidazolidin-1-
vljphenyliacetamide, 48a, [RD151]

(001097 A& mixture of 4-[3-(4-aminopheryl)4,4-dimethyl-5-0xo-2-thioxoimidazolidin-1-y1]-2-
triftuoromethylbenzonitrile (2d) [RDY] (0.008 g, 0.02 mmol), acetyl chioride (0.004g, 0.03 mmol) and
triethylamine (0.003 g, 0.03 mmol) in dichioromethane (1 ml) was stimed at § °C for 2 hours. The
mixture was concentrated and chromatographed (dichloromethane:acetone, 90:10) to yield N-{4-{3-(4-
cyano-3-irifivoromethylphenyl)-5,5-dimethyl-4-o0x0-2-thioxo-imidazolidin-1-yliphenyl }acetamide, 482,
[RD151] (0.007 g, 0.016 mmol, 80%), the structre of which is iliustrated in Formula 3, as 2 white

powder.
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NC v, g & Nm/

FacMNJ\NQ/ 0_
(8] i

Formula 3

*H NMR (CDCls, 400 MEz) 6 1.58 (s, 65, 2.21 (5, 3H), 7.24 (d, J = 8.6 Hz, 2), 7.48 (bs, 1H), 7.69 (d,
J = 8.6 Hz, 2H), 7.83 (dd, J = 8.2, 1.9 Hz, 1H), 7.96 {4, J = 1.2 Hz, 1H), 7.97 (d, / = 8.2 Hz, 1H); ¥C
NMR (CDCL,, 100 MEHz) & 23.6, 53.4, 66.4, 110.0, 114.8, 120.7, 122.6 (g, J = 272.2 Hz), 127.1 (g, J =
4.7 Hz), 129.1, 130.2, 132.2, 133.5 (g, J = 32.3 Hz), 135.2, 137.1, 139.2, 168.1, 175.0, 180.0.

Exampie 49

(001147 Concentrated sulforic acid was slowly added 1o a mixture of 4-aminobenzoic acid (4 g,
29.2 rmmol) in methanol cooled to 0 °C. After the addition, the mixture was stirred at room temperaiure
for 5 hours, The mixture was washed with a saturated solution of soditun bicarbonate and extracted with
ethyl acetate. The organic layer was dried over MgSO, and concentrated vmder vacuum to obtain 4
arninobenzoic acid methyl ester (4%92) (4.22 g, 27.9 mmol, 96%) as an off-white solid.

{o0111] A mixture of 4-aminobenzoic acid methyl ester (0.32 g, 2.12 mmol), acetoneccyanchydrin
(3ml) and sodivm sulfate (1 g) was refiuxed for 15 hours, After filtration o remove the sodium sulfate,
the filtrate was washed with brine and extracted with ethyl acetate. The organic layer was concentrated
and chromatographed (dichloromethaneiacetone, 60:40) to yield &{(cwnodiﬁmthyimsthyl)—amino}-
benzoic acid methyl ester (490) (0.398 g, 1.95 mmol, 92%) as 2 white solid.

49-1) RD152

[0o1121 A mixture of 4-isothiocyanate-2-trifluoromethylbenzonitriie (ia) (0.228 g, 1 mmol} and
4-[{cyanodimethyimetityl)-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 howrs, To this mixture were added methanol (6
mi) and ag. 2N HC! (2 m]), The second mixture was refluxed for 4 h, Affer being cooled to room
temnperatare, the reaciion mixture was poured into cold water (10 ml} and exiracted with ethyl acetate (3
%X 30 ml} The organic layer was dried over MgSQ, concentrated and chromatographed
(dichloromethane; dichloromethane:acetone, 75:25) to yield 4-13-(4-cyano-3-trifluoromethylphenyl)-5,5-
dimethyl-4-oxo0-2-thioxo-imidazolidin-1-ylibenzoic acid methyl ester (49¢) [RD152] (0.18 g, 0.4 mmol,
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63%), the structure of which is illvstrated in Formuta 19, as a white powder,

Formula 19

'H NMR (CDCL,, 400 MHz) § 1.60 (s, 6H), 3.95 (s, 35}, 7.40 (d, J = 8.6 Hz, 2E[), 7.84 (dd, /= 8.2, 1.9
Hz, 1H), 7.96 (d, /= 1.2 Hz, 1H), 7.97 (4, J = 8.2 Hz, 1H), 8.21 (4, J = 8.6 Hz, 2H); “C NMR (CDCl,,
100 MHZ) § 23.8, 52.6, 66.6, 1103, 114.8, 121.9 (q, J= 272.7 Hz), 127.1 (q, J= 4.7 Hz), 129.8, 1312,
1314, 1322, 133.5 (g, /= 32.3 Hz), 135.3, 137.0, 139.2, 163.9, 174.7, 179.7.

49-2) RDIS3

{00113] A mixtare of 4-[3-(4-cyano-3-trifluoromethylphenyl)-5,5-dimethyl-4-oxo-2 -thioxo-

‘imidazolidin-1-viJbenzoic acid methyl ester (49¢) (0.02 g, 0.0435 mrol) and methylamine (2 ml distilled

from its 40% aqueous solution) was kept at -20 °C for 15 hours. After evaporetion of the methylamine,
the mixture was clwromatographed {dichloromethane:acetone, 80:20) to wield 4-{3-(4-cyzno-3-
trifluoromethylphenyl)-5,5-dimethyl-4-oxo-2 -thioxo-imidazolidin-1-y[}-N-methylbenzaryide {494)
[RDI153] (0.01 g, 0.0224, 51%), the structure of which is flinstrated in Formula 20. The ester 4-[3-(4-
cyano-3-trifluoromethylphenyl)-5,5-dimethyl-4-oxo-2-thioxo-irmidazolidin-1 -yl }benzoic  acid  methyl

" ester (49¢) {0.08 g, 0.0179 mmol, 41%) was also recovered.

O
M
F3C)\/\NAN)\\\/
O/
Formula 20

"H NMR. (Acetone-ds, 400 MEz) 5 1.60 (s, 65, 2.90 (&, J = 4.6 Hz, 3H), 7.48.(d, J = 8.6 Hz, 2H), 7.80
(bs, 1HI}, 7.99 (4, 7= 8.6 Hz, 2H), 8.06 (dd, /= 8.2, 1.8 Hz, 1H), 8.18 (d, /= 1.8 Hz, 1H), 8.25 (d, /=82
Hz, 1H); ®C NMR (Acetone-dg, 100 MEz) & 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 (q, 7 = 32.3 Hz), 135.7, 135.8, 138.2, 138.3, 139.2, 166.0,
174.9, 179.7.
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Exampte 50
50-1) RD154

f00114) A mixfure of 4-[8-{4-hydroxymethyiphenyl)-5-oxo-7-thioxo-6-azaspiro[3.4Joct-6-y1}-2-
trifluoromethyl-benzonifile (36b) (0.086 g 0.2 mmol) and methanesulfonyl anhydride (0.07 g, 04
mmol) in dichioromethane (1 ml) was stirred at room temperature for 15 hours. The mixture was
concentrated and chromatographed (dichloromethane:acetone, 98:2) 1o yield Methanesulfonic acid 4-[7-
(4-cyano-3-mifluoromethyiphenyl)-8-oxo-6-thioxo-5,7-diazaspiro[ 3 4]oct-5-yliphenyimethyl ester (50a)
[RD154] {6.089 g, 0.173 romol, 88%), the structure of which is illustrated in Formula 22, as a white

powder,

LR S
FaC NN

&)
Formula 22

"H NMR (CDC;, 400 MEz) 4 1.63-1.70 (m, 1E), 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 (d, J = 8.3 Hz, 25, 7.62 (4, J = 8.3 Hz, 2H), 7.84 (dd, /= 8.3, L.§
Hz, 1H),7.97 (4, /= 8.2 Hz, 1H), 7.98 (d, /= 1.6 Hz, 1H).

50-2) RD155

{00115] Methylamine (0.5 ml) was bubbled inte 2 mixture of Methanesubfonic acid 4-{7-(4-
cyano-3-riflucromethyiphenyl}-§-oxo-6-thioxo-5,7-diazaspiro[3 4joct-5-ylphenylmethyl  ester  (50a)
(0.059 g, 0.115 mmol) in THF (3 ml) cooled to -78 °C. After | hour of reaction at -78 °C, the mixture was
concentrated and chromatographed (dichloromethane:aceione, 95:5, methanol) to yield 4-J5-(4-
methylaminomethylphenyl)-8-oxo-6-thioxo-5, 7-diazaspiro[3.4loct-7-y1}-2-triflucromethylbenzonitrile
{50b) [RD155] {0.042 g, 0.095 mmol, 82%), the structare of which is illustrated in Formuia 23, as a
white powder. ‘

peUlen:
L H
FyC N/L\N/K/
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Formula 23

' NMR (CDCls, 400 MHz) § 1.57-170 (m, 1E), 2.16-2.24 (m, 1H), 2.52 (s, 3H), 2.53-2.57 (m, 2H),
2.60-2.68 (mn, 2H), 3.85 (s, 2H), 7.27 (d, J = 8.3 Hz, 2H}, 7.55 (4, /= 8.3 Hz, 2H), 7.84 (ad, /=83, 18
Hz, 1H), 7.95 (d, J = 8.2 Hz, 1H), 7.97 (4, /= 1.6 Hz, 1H); *C NMR (CDCl;, 100 Mz) § 13.7, 315,
36.4, §5.6, 67.4, 110.0, 114.9, 122.0 (g, J = 272.5 Hz), 127.0 (3, J = 4.9 Hz), 129.1, 129.6, 129.8, 132.2,
133.3 (g, J=33.3 Hz), 133.7, 135.2, 142.4, 174.8,179.9.

50-3) RDIS6

[00116] A mixture of Methanesulfonic acid 4-[7-(4-cyano-3-trifluoromethylphenyl)-8-oxo-6-
thioxo-5,7-diazaspiro]3 4]oct-5-yl]phenylmethyl ester (502) (0.02 g, 0.039 zhmol) and dimethylamine
(0. 5 mi; distilled from its 40% aqueous solution) in THF (1 ml) was stirred for 2 hours at -78 °C. The
tixture was concentrated and chromatographed (dichloromethane:acetone, 95:5;acetone) to yield 4—{5—
(4-dimethylaminomethylphenyl)-8-oxo-6-thioxo-3,7-diazaspire[3.4joct-7-y1]-2-

triffuoromethyloenzoniirile (50c) [RD156) (0.017 g, 0.037 mmeol, 95%), the structure of which is

illustrated in Formula 24, as & white powder.

NCD\ )SL Q/\T/
FaC N N
g

Formula 24

H NMR (CDCls, 400 MEz) 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 (4, J = 8.3 Hz, 2H), 7.55 (d, J = 8.3 Hz, 2H), 7.84 (dd. /= 8.3, 1.8
Hz, 1H), 7.95 {d, J= 8.2 Hz, 1H), 7.97 (4, = 1.6 Hz, IH); *C NMR (CDCl;, 100 MHz) & 13.7, 31.5,
45.5, 63.7, 67.4, 110.0, 114.9, 122.0 (g, J = 272.5 Hz), 127.0 (q, / = 4.9 Hz), 129.1, 129.6, 129.8, 1322,
133.3 (g, /= 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 2 mixture of 4-aminobenzoic acid

(0274 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 honrs. The mixture was washed with agueous HC! (pH 2) and

extracted with ethy] acetate. The organic layer was dried over magnesium sulfate and concentrated 1o
-70-



dryness under vacuum fo yield 4-(1-cyanocyslobutylamino)benzoic acid (S1a) (0.426 g, 1.97 mmol,

99%) as a white solid,
51-1) RP159 and RD160
5 [00118} A mixture of 4-isothiocyanato-2-rifleoromethylbenzonitdie (1a) (0.51 g, 2.22 mmol)

and 4-(1-cyanocyclobutylamino)benzoic acid (51a) (0.343 g, 1.59 mumol) in DMF (2 ml) was heated
under microwave irradiation at 60 °C and stirred for 16 hours, To this mixture were added methanol (10
ml) and aq. 2M HCI (5 ml). The second mixture was refluxed for 12 hours, After being cooled to room
temperature, the reaction mixture was poured into cold water (20 ml) and extracted with ethyl acetate (3
10 x 30 ml). The orpamic layer was dried over MgSO,, concentrated and chromatographed
{dichloromethane:acetone, 95:5) to yield 4-[7-(4-cyano-3-mifluoromethylphenyl)-8-oxo-6-thiexo-5,7-
diazaspiro]3.4joct-5-ylj-benzoic acid methyl ester (5 1b) [RD159] (0.69 g, €.196 mmol, 12%), the
structure of which is illustrated in Formula 25, as & white powder and N-(3-cyano-4-
triflnoromethylphenyl)-4~{ 7-(4-cyano-3-trifluoromethylphenyl)-8-ox0-6-thioxo-5,7-diazaspiro[ 3 Aloct-5-
15 yljbenzamide (51b%) [RD160] (0.28 g, 0.45 mmol, 29%), the swructure of which is illnstrated in Forrouia

26, as a white powder.

i
LT
FaC N N

o] t j

Formula 25

"I NMR (CDCls, 400 MHz) 6 1.67-171 (m, 1H), 2.20-2.26 (m, 1H), 2.49-2.57 (m, 2H), 2.66-2.73 (m,

20 2H), 3.96 (s, IH), 742 (&, J = 8.4 Hyz, 2H), 7.85 (44, J = 8.3, 1.7 Hz, 1H), 7.97 (&, J = 83 Hz, 1H), 7.98
(d, /= 1.7 Hz, 1H), 8.26 (. /= 8.3 Hz, 2H); °C NMR (CDCl, 100 MHz) 6 13.7, 31.6, 52.6, 675, 110.1,
114.8, 121.8 (q, J= 272.7 Hz), 127.0 (q, 7= 4.7 Hz), 130.2, 1314, 1315, 132.2, 133.4 (q, /= 33.2 Hz),
135.2, 137.0, 139.2, 165.9, 174.6, 179.7.

NC 8 N CN
/l}\ H
FsC N” N
YN
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Formula 26

"H NMR (CDCl;, 400 MHz) & 1.67-1.71 (m, 1H), 2.18-2.26 (m, 1H), 2.50-2.58 (mn, 2H), 2.68-2.74 (m,
2H), 747 (4,J=8.5 Hz, 2H), 7.83 (d, /= 8.7 H, 1H), 7.84 (dd, J= 8.3, 1.9 Hz, 11, 7.96 (d, /= 8.0 Hz,
1H), 997 (d, J= 1.9 Hz, 1H), 8.10-8.14 (m, 3H), 8.21 (d, /= 1.9 Hz, 1H), 8.88, (s, 1H).

51-2) . RDisl

[00119] A Tmixture of 4-[7-(4-cyano-3-trifluoromethylphenyi)-8-oxo-6-thioxo-5,7-
diazaspiro[3.4joct-5-yl]-benzoic acid methyl ester (51b) (C.046 g, 0.1 mmnol) and methylamine (1 m}
distilied from its 40% agueous solution) was kept at -20 °C for 15 hours. After evaporation of the
me!_;ﬁy]a:mjne, the mixture was chromatographed (dichloromethane:acetone, 80:20) to yield N-methyl-4-
{7-(4-cyano-3-triflucromethylphenyl)-8-oxo-6-thioxo-5,7-diazaspiro[3.4}oct-5-yiJbenzamide (51c)
[RD161] (0.041 g, 0.083, 849%), the structure of which is iHlustrated in Formmla 27.

O
NC s 7 N/
LT
FsC N N
an

Forraula 27

"H NMR (CDCL,, 400 MHz) § 1.63-1.70 (m, 1H), 2.18-2.26 (m, 1I), 2.48-2.56 (m, 2H), 2.65-2.71 (m,
2H), 3.05 (d, J = 4.8 Hz, 3H), 6.32 (bs, 1H), 7.39 (4, J = 8.3 Hz, 2H), 7.84 (dd, J = 83, 1.7 Hz, 1H),
7.95-7.98 (m, 4H); “C NMR (CDCL,, 100 MHZ) 6 13.6, 27.0, 31.6, 674, 1103, 114.8, 121.8 (g, J =
272.7 Hz), 127.0 (g, J = 4.7 Hz), 128.7, 130.3, 132.1, 133.3 (g, / = 33.2 Hz), 135.2, 136.3, 137.0, 137.8,
167.2, 174.6, 179.8.

Ezample 52 [RD162]

{00120 Thionyl chioride (238 g, 20 mmol} was added slowly to 2 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; freshiy distilied from its 40% aqueous
solution) was added to the reaction medium. The second mixture was stivved for an additional 1 hour.
Ethyl acetate (300 ml} was added to the mixture, which was washed with brine (3 > 150 m}), The organic
layer was dried over MgSO,, and concentrated to yield N-methyl-2-fiuoro-4-nitrobenzamide (52a) (2.89
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g, 14.6 mmol, 91%) as a vellow solid. *H NMR (Acetone d6, 400 MHz) 8 3.05 (4, J= 4.3 Hz, 3H), 6.31
(dd, /= 13.5, 2.1 Hz, 1H), 6.40 (dd, /= 8.5, 2.1 Hz, 1H), 7.64 (dd. J= 8.6, 8.6 Hz, 1H).

[06121] A mixture of Nemethyi-2-finoro-4-nitrobenzamide (52a) (2.89 g, 14.6 mmol) and iron
{5.04 g, 90 mmol) in ethyl acetaie (40 ml) and acetic acid (40 ml) was refluxed for I hour. The solid
particles were filtered off. The filtrate was washed with water and extracted with ethy} acesate, The
organic layer was dried over MgSO,, concentrated and chromatographed (dichloromethane:acetone,
95:5) to yield N-methyl-2.fluoro-4-aminobenzamide (52b) (2.3 g, 13.7 mmol, 94%) as an off-white solid.
*H NMR (acetone-dg, 400 MHz) 6 2.86 (d, J = 4.3 Hz, 3H), 5.50 (bs, 2H), 6.37 (dd, J; = 14.7 Hz, J,=2.1
Hz, 1H), 6.50 (ad, J = 8.5, 2.1 Hz, 1H), 7.06 (bs, 1H), 7.68 (dd, J = 8.8 8.8 Hz, 1H); *C NMR (acetone-
ds, 100 MI1z) & 25.8, 99.6 (d, = 13.8 Hz), 109.2 (d, /= 12.8 Hz), 110.0 (4, /= 1.6 Hz), 132.5 (4, /= 4.8
Hz), 1535 (d, /= 12.6 Ha), 162.2 (&, J=242.5 Hz), 164.0 (d, /= 3.1 Hz).

[06122] Sodium cyznide (1.47 g, 30 mh:mi) was added fo 2 mixtwre of N-methyl-2-fluoro-4-
aminobenzamide (52b) (1.68 g, 10 mmol) and cyclobutanone (1.4 g, 20 wmol) in 90% acetic acid (20

" mb). The reaction mixture was stirred at 80 °C for 24 hours. The mixture was washed with water and

extracted with ethyl acetate. The organic lgyer was dried over magnesium sulfate and concentrated to
drynéss under vacuurn. The solid was washed with a 50:50 mixture of ethyl ether and hexane (10 mi) to
remove cyclobutanone cyanohydrin to afford after filtration N-methyl-4-(1-cyanocyclobutylamino)-2-
fluorebenzamide (52c) (2.19 g, 8.87 mmol, 89%). "H NMR (CDCls, 400 MHz) & 1.87-1.95 (m, 1H),
2.16-2.27 (m, 1H), 2.15-2.41 {m, 2H), 2.76-2.83 (m, 2H), 2.97 (d, J = 4.4 Hz, 3H), 4.68 (bs, 1H), 6.29
(dd, J =143, 1.8 Hz, 1H), 6.48 (dd, J= 8.3, 1.8 Hz, 1H), 6.75 (g, /= 4.4 Hz, 1H), 7.90 (dd, /= 8.3, 83
Hz, 1H); *C NMR (CDCL, 100 MHz) § 15.7, 26.7, 33.9, 49.4, 100.2 (d, /= 29.5 Hz}, 110.6, 111.0 (4, /
= 11.8 Hz), 133.1 (d, /= 4.2 Hz), 148.4 (d, /= 12.0 H2), 162.0 (d, /= 244.1 Hz), 164.4 (4, /= 3.6 Hz}.

[00123] A mixture of 4-isothiocyanato-2-trifiuoromethylbenzonitrile (1a) (2.16 g, 9.47 mmol}
and N-methyl-4-(1-cyanocyciobutylammo)-2-fluorobenzamide (52¢) (1.303 g, 5.27 mmol) in DMF (20
mi) was heated under microwave trradiation at 80 °C for 16 hours. To this mixture was added methanol
(50 ml) and ag. 2N HC! (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 extracied with ethyl
acetate (150 mi). The organic layer was dried over MgSO,, concentrated and chromatographed
(dichloromethane:aceione, 95:5) to yield N-methyl-4-[7-(4-cyano-3-trifluoromethytphenyi)-8-oxo-6-
thioxo-3,7-diaza-spiro[3.4]Joct-5-y1]-2-fluorebenzamide (52d) [RD162] (143 g, 3.0 mmol, 57%), the
structure of which is illusrated in Formula 28, as & vellow powder.
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Formula 28

"H NMR (CDCl,, 400 MHz) 8 1.65-1.75 (m, 1H), 2.18-2.30 (m, 1H), 2.49-2.57 (m, 2H)}, 2.67-2.73 (m,

© 2H), 3.07(d, J= 4.4 Hz, 3H), 6.75 (q, /= 4.6 Hz, 1H), 7.17 (dd, = 11.5, 1.9 Hz, 1H), 7.26 (dd, J= 8.3,

1.9 Hz, 1H), 7.83 (dd, /= 8.2, 2.0 Hz, 1H), 7.95 (4, /= 1.8 Hz, 1H), 7.97 (d, J = 8.3 Hz, 1H) 8,30 (dd, J -
= 83, 83 Hz, 1H); C NMR (CDCl,, 100 MHz) 5 13.6, 27.0, 31.7, 674, 110.3, 114.8, 1182, 118.5,
121.9 (g, J = 272.7 Hz), 126.6, 127.0 (g, J = 4.8 Hz), 132.1, 133.3 (q, /= 33.2 Hz), 133.§, 135.3, 136.8,
139.1.(d, J = 10.9 Hz), 160.5 (¢, J = 249.1 Hz), 162.7 (d, / = 3.3 Hz), 174.3, 179.8; "°F NMR (CDCL,
100 MHz) § -111.13, -62.58.

Example 53 [RD163]

. [00124] A mixture of 4-nitro-3-fiuorophenol (0.314 g, 2 mmol) and iron (0.56 g, 10 mmol) in

ethyl acetate (4 ml) and acetic acid (2 mi) was refluxed for 3 hour, The solid particles were filtered off.
The filtrate was washed with water and extracted with cthyl acetate. The organic layer was dried over
Mg80,, concentrated to yicld 4-amino-3-fluorophenct (53a) (0.25 g, 19.6 mmol, 98%) as a brown solid.
"H NMR (CDCl,, 400 MHz) § 6.48-6.58 (m, 2H), 6.61-6.70 (1o, 1ED), 7.87 (bs, 3H).

001251 Sodium cyanide (0.194 g, 4 mmol) was added to a mixture of 4-zmine-3-fluorophenol
(0.29 g, 2.28 mmol) and cyclobutanone {£.175 g, 2.5 mmol} in %0% acetic 2cid (3 ml). The reaciion
mixture was stirred at room termperature for 15 hours. The medium was washed with water and extracted
with ethyl acetate. The orgenic layer was dried over magnesim  sulfate, concentrated and
chromatographed (dichloromethaneiacetone, 90:10) to vyield 1-(2-fluoro-d-hydroxyphenylamine)-
cyclobutanecarbonitrile (53b) (0.271 g, 1.31 mmol, 58%) as an off-white solid. 'H NMR (CDCl;, 400
MHz) 6 2.13-2.20 {m, 2H), 2.36-2.41 (m, 2H), 2.70.2.75 (an, 2H), 4.00 (bs, 1H), 6.46 (bs, TH), 6.52 (ddd,
J;=22Hz, J; =065 Hz, J;= 022 Hz, 1H), 6.57 (d, /= 2.3 Bz), 6.62 (dd. J, = 3.0 Hz, J; = 0.67 Uy,
1H); "CNMR (CDCls, 100 MHz) 6 15.7, 34.1, 50.9, 104.0 (d, /= 21.9 Hz), 111.0 (d, /= 3.4 Hz), 115.8
(d,/=3.7Hz), 121.8, 125.3 (d, /= 12.3 Hz), 150.1 (d, J= 10.4 Hz), 152.8 (d, J=239.3 Hz).

[00126] A mixture of 4-isothiocyanato-2-trifluoromethyibenzonitrile (12} (0.228 g, 1.0 mmob)

and 1-{2-fluoro-4-hydroxyphenylamino)-cyclobutanecarbonitrile {53b) (0.145 g, 0.7 mmol) I dry DMF

(2 mi) was stirred at room termperature for 24 bours. To this mixture were added methanol (10 ml) and
4



10

15

20

25

ag. 2M HCI (2 mi). The second mixture was refluxed for 1 howr. After being cocﬁcd to room femperature,
the reaction mixture was poured into cold water (10 mi) and extracted with ethyl acetate (50 ml). The
orgemic layer was dried over MgSQy, concentrated and chromatographed (dichloromethane pure and then
dichloromethane:acetone, 90:10) to yield  4-[5-(2-flnoro-4-hydroxyphenyl)-8-ox0-6-thioxo-5,7-
diazaspiro[3 4joct-7-yl}-2-riftuoromethylbenzonitrile (53c) [RD163] (0.17 g, 0.39 mmol, 56%), the
structure of which is illustrated in Formula 29, as 2 off-whiie powder.

NG OH
F3CNiNQ

E
o

Formula 29

"H NMR (CDCl;, 400 MHz) & 1.66-1.75 (m, 1H), 2.18-2.28 (m, 1H), 2.42-2.50 (m, 1H), 2.54-2.67 (m,
3H), 6.76 (4, J = 2.2 Hz, 2H), 7.15 {t, J= 2.1 Hz, 1H), 7.35 (bs, 1H), 7.87 (dd, J; = 8.2 Hz, J, = 1.2 Hz,
1H), 7.97 (4, J = 8.2 Hz, 1H), 7.98 (d, /= 1.8 Hz, 1H); "C NMR (CDCl,, 100 MHz) & 13.8, 31.0, 67.6,
104.8 (4, /=22.3 Hz), 109.8, 112.6, 114.4 (d, /= 13.1 Hz), 1149, 121.9 (g,J = 272.8 Hz), 127.1 (g, J=
4.8 Hz), 132.0, 132.3, 133.5 (g, / = 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 (CDCls, 100 MHz) 6 -117.5, -62.48,

Exampie 34 [RD168]

(00127} A mixture of 4-nitro-2-fluorobenzonitrile (1.83 g, 5 mmol) and iron (1.68 g, 6 mmol) in 2
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
over megnesium suifate, concenirated and chromatographed (dichloromethane:acetone, 95:5) to vield 4-
amino-2-fluorobenzonitrile (54a) (0.653 g, 4.8 mmol, 96%).

(00128} Sodium cyamide (0.74 g, 15 mmeol) was added to s mixture of 4d-amino-2-
fluorobenzenitrile (1.36 g, 10 mmol) and cyclopentanone (1.26 g, 15 mmol) in 90% acetic aeid {10 ml).
The reaction mixture was stirred at yoom temperature for 3 hours and then the medium was hearted to 80
°C and stirred for an additional 5 hours. The medium was washed with water and extracted with ethy?
acetate. The orgapic layer was dried over magnesium sulfate, concentrated and chromatographed
{dichloromethane:aceione, 97:3) o yield 4~(1-cyanocyclopentylamino)-2-fluorobenzonitrile {543) (2.07
g, 9.03 mmol, 90%) as a yellow solid. "H NMR (CDCl;, 400 MHz) & 1.69-1.91 {m, 4H), 2.13-2.18 {(m,
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2H), 2.37-2.42 (m, 2H), 5.08 (bs, 1H), 6.54-6.62 (m, 2H), 7.39 (1, J = 7.3 Hz, 1H); “C NMR (CDCl;, 100
MHz) 5 23.7, 39.8, 56.8, 89.6 (d, J = 15.8 Hz), 101.2 (d, J= 23.8 Hz), 110.9, 115.2, 120.8, 134.1 (d, /=
24 Hz), 150.3 (d, /= 11.2 Hz), 164.5 (d, /= 254.1 Hz).

[00129] A mixture of 4-isothiocyanato-2-triflnoromethylbenzonitrile (1a) €0.171 g, 0.75 mmol)
and 4~(1-cyanocyclopentylamino)-2-fluorobenzonitrile (54b) (0,115 £, 0.5 mmol) in dry DMF (1 ml) was
heated vmder microwave irradiation at 60 °C for 48 hours. To this mixture were added methanol (3 ml)
and aq 2M HC} (2 ml). The second mixtwre was refluxed for 1 hour. Affer being caoled to Toom
temperature, the reaction mixture was poured into cold water (10 mi) and extracted with ethyl acetate (15
ml). The organic layer was dried over MgSO. concentrated and chromatographed
(dichloromethane:acetone, 98:2) 1o yield 4-{1-(4-cyano-3-fluorophenyl)-4-oxo-2-thioxo-1,3-
diazaspiro[4.4]non-3-y1]-2-trifluoromethylbenzonitrile (54c) [RD168] (0.017 g, 0.037 mmol, 7%), of
which the structure is illustrated in Formula 30, a5 an off-white powder.

F
N~y s @/w
| 1‘
Fio” N’l\N
g

Formulzs 30

"H NMR (CDCls, 400 MEz) b 1.53-1.63 (m, 2H), 1.85-2.00 (m, 2H), 2.09-2.16 (m, 25, 2.35-2.42 (m,
2H), 7.27-7.37 (m, 2H), 7.78-7.90 (m, 3H), 7.95 (d, /= 1.8 Hz, 1H), 7.97 (¢, J = 8.3 Hz, 1H); “C NMR
(CDCls, 100 MHz) 8 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 (g, /= 272.8 Hz), 127.0 (g, 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.

Example 55 [RD136 and RD142]

f00130] Additional diarylhydantoin compounds can be synthesized, including the foliowing
compounds ifustrated it Formulas 35 and 36.
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Formula 36 [RD142]

Example 56 [RI162']

j00131) In the following, air or moisiwe sensitive reactions were conducted under argon
atmosphere using oven-dried glassware and standard syringe/septa technigques. The reactions were
monitored with 2 Si0, TLC plate under UV light (254 nm) followed by visualization with & p-
anisaldehyde or ninhydrin staining solution. Column chromatography was performed on sifica -gel 60. 'E
NMR. spectra were measured at 40C MHz in CDCl; unless stated otherwise and data were reporied as
foliows in ppm (8) from the internal standard (TMS, 0.0 ppm): chemical shift (multiplicity, integration,
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Formula 37

[00132] Periodic acid (1.69 g, 7.41 mmol) was dissoived in acetonitrile (25 mL) by vigorous
stirring, and then chrondurm trioxide (0.16 g, 1.60 mmeol) was dissolved into the solution. 2-Fluore-4-
nitrototuene (6.33 g, 2.15 mmol) was added to the above solution with stirring. A white precipitate
formed immediately with exothermic reaction. After 1 b of stirring, the supematant lquid of the reaction
mixture was decanted to a fizsk, and the solvent was removed by evaporation. The residues were
extracted with methylene chloride (2x30¢ mL) and water (2%30 mL). The organic laver was dried over
MgSQ,, and concentrated to give 2-Fluoro-4-nitrobenzoic acid (Formula 37) (0.32 mg, 81%) as a white
solid. "H NMR 3 8.06 (ddd, 1 H, /=9.9, 2.2 and 0.3), 8.13 (ddd, 1 H, /=8.6, 2.2 and 0.9), 8.25 (ddd, 1 H,
J=8.6, 7.0 and 0.3).

O
jons
H
Ooi F

Formuia 38

[060133] Thionyl chloride (0.15 g, 1.30 mmol) was added slowly to a solution of 2-fluoro-4-
nitrobenzoic acid (Formula 37) (0.20 g, 1.10 mmol) in DMF (5 mL} cooled at -5 °C. The mixture was
stitred for an addifional 1 hour at -5 °C. Excess methjiarrrine (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 % 50 ml). The organic
layer was dried over MgSO,, and concentrated to yield N-Methyl-2-fluoro-4-mitrobenzamide (Formula
38) (0.18 g, 85%) as a yellowish solid. '"H NMR (acetone-d,) & 3.05 (d, 3 H, /=4.3), 6.31 (dd, 1 H, /~13.5
and 2.1}, 6.40 {dd, 1H, »=8.6 and 2.1}, 7.64 (dd, 1H, J= 8.6 and £.6).

O

-

Forrouiz 39
~78.
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[00134) A mixiure of N-Methyl-z-ﬂuoro—ft—mtrobénzamide (Formula 38) (0.18 g, 0.91 mmol) and
iron (0.31 g, 5.60 mmel) in ethyl acetate (5 mL) and acetic acid {5 ml) was refluxed for 1 b. The solid
particles were filtered off. The filtrate was washed with water and extracted with ethyl acetate. The
organic lzyer was dried over MgSO,, concentrated and the residue was purified with Si0, columm
chromatography  (dichloromethane:acetone, 95:5) to give N-Methyl-2-fluoro-4-aminobenzamide
(Formula 39) (0.14 g, 92%) as an off-white solid. 'H NMR. (acetone-dy) 6 2.86 (4, 3 H, /=4.3), 5.50 (b 5,
2 H), 6.37 (dd, 1 H, J=14.7 and 2.1), 6.50 (dd, 1H, J=8.6 and 2.1}, 7.06 (br s, 1H), 7.68 (dd, 1H, J=8.8
and 8.8).

Q
-~
N
N F
H

Formula 40

1001351 A mixture of N-Methyl-2-fluoro-4-aminobenzamide (Formula 39) (96 mg, 0.57 pmol),
acetone cyanohydrin (0.3 mL, 3.14 mmol) and magnesium sulfate (50 mg) was heated to 80 °C and
stirred for 12 h. To the mediurn was added ethyl acetate (25 mL) and then washed with water {2 % 25
mil.). The organic layer was dried over MgS0, and concentrated and the residue was purified with Si0;
columm chromatography (dichioromethanec:acetons, 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),
2.9% (dd, 3 H, /=4.8 and 1.1), 6.58 (dd, 1 H, J=14.6 and 2.3), 6.63 (dd, 1 H, /=8.7 and 2.3}, 6.66 (brs,
H), 7.94 (dé, 1 H, J=8.7 and 8.7).

T
=5
FaC N”C

Formula 41

[00136] 4-Amino-2-irifivoromethylbenzonitrile (2.23 g 12 mmol) was added portionwise over
15 min into a well-stizred heterogencous mixture of thiophosgene (1 mL, 13 mmof) in water {22 ml)at
room temperature, Stiring was continued for an additional 1 h. The reaction medium was exiracted with
chloroform (3 x 15 ml). The combined organic phase was dried over MgS0, and evaporated to dryness
under reduced pressure 1o yield desired product 4-Tsothioeyanato-2-triflucromethylbenzonitrile (Formula
471) as brownish solid and was used 28 such for the next step (2.72 g, 11.9 mmol, 99%). I NMR & 7.49
(dd, 1 E, /=83 and 2.1),7.59 (&, L H, J=2.13, 7.84 (4, 1 H, =83
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RD162' (Formmila 42)

. 56-1) RD162"

[00137] A mixtre of N-Methyl-2-fluoro-4-(1,1-dimethyl-cyanomethyl)-aminobenzamide
(Formula 40} (36 mg, .13 mmol) and 4.Jsothiocyanato-2-trifluoromethyfbenzonitrile (Formuia 41) (58
mg, 0.26 mmol) in DMF (1 mL) was heated under microwave irradiation at 100 °C for 11 hours. To this
mixture was added methanol (20 mlL) and ag. 1 N HCI (5 ml.). The second mixture was refluxed for 1.5
h. After being cooled to room temperature, the reaction mixture was poured into ¢oid water (50 mL) and
extracted with ethyl acstate (50 mL). The organic layer was dried over MgS0,, concentrated and the
residue was purified with SiO, columm chromatography (dichioromethane:acetone, 95:5) to give RD162°
(Formula 42) (15 mg, 25%) as a colorless crystal. I NMR & 1.61 (s, 6 H), 3.07 (4, 3 H,/~4.1), 6.71 (m,
1 H), 7.15 (dd, 1H, J=11.7 and 2.0), 7.24 (dd, 1H, /=8.4 and 2.0), 7.83 (dd, 1H, JF=82 and 2.1}, 7.95 (4,
1H, /=2.1), 7.99 (d, 1H, /=8.2), 8.28 (44, 1H, /=8.4 and 8.4).

Example 57
O
2 N~

O

N F

#
Formula 43
{00138} A mixture of N-Methyl-2-fluoro-4-aminobenzamide (Formulz 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
for 13 b To the medium was added ethyl acetate (2 % 20 wL) and then washed with water (2 x 20 wL).
The organic tayer was dried over MgSO, and concenfrated and the residue was purified with silica gel
column chromatography (dichloromethane:acetone, 95:5) fo give N-Methyl 2-fluoro-4-(1-
cyvanocyclopentyl)aminobenzamide (Formule 43) (61 mg, 63%) as a white solid. 1 NMR §7.95 (dd,
1H, J = 8.8, 8.8 11z}, 6.65 (br s, 1H), 6.59 (dd, 1H, J=18.8, 2.3 Hz), 6.50 (dd, 18, J = 14.6, 2.3 Hz), 4.60

(brs, 150), 2.99 (36, 30, J=4.8, 1.} Hz), 2.36-2.45 (m, 2H), 2.10-2.18 (m, 2H), 1.82-1.95 (m, 4H).
-80-
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RP162" (Formula 44)
57-1) RD162"

[00139) A mixture of N-Methyl 2-fluoro-4-(1-cyanocyclopentyl)aminobenzamide (Formula 43)
(57 mg,"0.22 mmol) and 4-isothiocyanato-2-trifluoromethyl benzomitrile (0.15 g, 0.65 mmol) in DMFE (3
mL) was heated under microwave irradiation {open vessel) at 130 °C for 12 hours. To this mixtire was
added methanol (20 mL) and ag. 1 N HCI (5 mL). The second rmixture was refluxed for 1.5 b, Afier
being cooled to Toom temperature, the reaction mixture was poured info cold water (50 mL) and exiracted
with ethyl acetate (50 mL). The organic layer was dried over MgSO,, concentrated and the Tesidue was
purified with silica gel column chromatography (dichloromethane:acetone, 95:5) to give 4-(3-(4-Cyano-
3-(tn'ﬂuoromethyl)phcnyl)#oxo—2-thioxo~1,3~d1'azaspiro{4.4]nonan-1-yi)-2»ﬂuﬁrmN—methylbmzamide,

BD162" (Formula 44) (8 mg, 7%) as a pale yellowish solid. *H NMR & 8.28 (dd, 1H, J= 8.4, 8.4 Hz),
7.98 (4, 1H, /= 8.3 Hz), 7.96 (d, 1H, J= 1.8 Hz), 7.84 (dd, 1H, J = 8.3, 1.8 Hz), 7.27 (dd, 11, J = 8.4,
1.8 Hz), 7.17 {dd, 1H, /= 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),
2.13-2.21 {m, 2H), 1.85-1.96 (m, 2H), 1.49-1.59 {m, 2H).

.9 =¥

FEC/K&M\/\”\C OH

Formula 45

{00140 Triflucroacetic 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 chioroform (10 reL) at 0 °C. The mixture was warmed to
Toom temperature and stirred for 3 hours, The mixture was partitioned with chloroform (20 ml) and
water (20 mL). The organic Jayer was dried over MgSQ,, concentrated and the residue was purified with
sitica gel column chromatography (dichloromethane:acetons, 9:1) to give 4{4-(2,2.2-
TriflnoroacetylaminojphenylJbutanoic acid (Formula 45) (0.53 g, 69%): "H NMR. & 7.81 (or s, 1H), 7.48
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(d, 2H, J = 8.5 Hz), 7.22 (4, 25, J= 8.5 Hz), 2.68 (1, 2H, J = 7.5 Hz), 238 (1, 2H, J = 7.5 Hz), 1.96 (p,
28, /=75 Ha).

O
e A
H ™~

O

Formaula 46

[00141] Thianyl chloride {71 mg, 0.60 mmol) was added slowly to a solution of 4-[4-(2,2,2-
Trifluoroacetylantino)phenyljbutanoic acid (Formula 45) (0.15 g, 0.55 mmel) in DMF (5 mL) cooled at -
5 *C, The mixfure was stirred for an additional 1 bour at -5 °C. Excess dimethylamine (freshty distilled
from its 40% aqueous solution) was added 1o the reaction medium. The second mixture was stirred for an
addifional 1 hour. Ethyl acetate (50 ml.) was added to the mixture, which wes washed with brime (2 x 50
ml). The orgamic layer was dried over MgSO., and conceatrated to yield NAN-Dimethyl 4-[4-(2,2,2-
Triﬂuoroasetylamino)pheny}}butanamide (Formula 46) (0.17 g, quant.) as 2 yellowish solid. "H NMR &
9.70 (brs, 1H), 7.55 (d, 28, J=8.6 Hy), 7.11 (d, 2H, J = 8.6 Hz), 2.91 {5, 3H), 2.89 (s, 5H), 2.60 {z, 2H.J
=77 Hz),2.27 (t, 24, J = 7.7 Hz), 1.89 (p, 2H, J = 7.7 Hz).

/
HZN’@/\/Y“\

O
Formuta 47

[00142] 1 N NaOH solution (3 mlL) was added to a solution of N.N-Dimethyl £-[4-(2,2,2-
Triflucroacetylamino)phenyi]butanamide (Formula 46) (0.17 g, .55 mmol) in methanol (2 mL} at room
temperature. The mixture was stirred for 14 hour. The nrixture was partitioned with chioroform (25 mL)
and water (25 mL). The organic layer was dried over MgSO,, and concentrated and the residue was
purified with silica gel colurn chromatography (dichloromethane:acetone, 9:1) to give N,N-Dimetiiyl 4-
(4-aminophenybbutanamide (Formula 47) (74 mg, 66%) as 2 white solid. HINMR 6 6.57 (4, 2H, J=8.3
Hz), 6.61 (G, 2B, J= 8.3 Hz), 3.56 (brs, ZH}, 2.92 (s, 6 H}, 2.56 (t, 2H, J=7.7 Hz), 2.28 (¢, ZH, J= 7.7
Hz), 1.1 (p, 2H, 7= 7.7 Hz).

NC‘E o

Formula 48
-82.
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[00143] A mmixture of N,N-Dimethyl 4~(4-aminophenyl)butanamide (Formula 47) (74 mg, (.36
mrmol), cyclobutanone (54 mg, 0.78 mmol) and TMSCN (77 mg, 0.78 mmol) was heated to 80 °C and
stirred for 15 h. To the medium was added ethyl acetate (2 % 20 L) and then washed with water {2 x20
mL). The arganic layer was dried over MgS0q and concentraed and the residue was purified with silica
gel cohmnn chromatography (dichloromethane:acetone, 9:1} to give NN-Dimethyl 4-[4-(1-
cyanocyclobutylamino)phenyl}butanan:;jdc (Bormula 48) (58 mg, 57%) as a white solid. 'H NMR § 7.07
(4, 2H, J = 8.5 Hz), 6.59 (&, 2H, J = 8.5 Hz), 3.94 (br s, 1H), 2.94 (s, 3H), 2.93 (s, 3D, 2.75-2.83 (m,
2E0), 2.60 (¢, 2E, J = 7.6 Hz), 2.33-2.42 (m, 2H), 2.30 (¢, 2L J = 7.6 Hz), 2.11-2.28 (m, 2H), 1.93 (p, 28,
J=17.6Hz). '

T N’O/\/\;'N\
17

RD169 Formula 49

[00144] A mixture of N,N-Dimethyl 4-[4-{1-cyanocyclobutylamino)phenyl|butanamide (Formula
48) (58 mg, 0.20 mmol) and A-isothiccyanato-2-trifiuoromethyl benzonitrile (74 mg, 0.32 ramol) in DMF
(3 mL) was heated nnder reflux for 2 hours. To this mixiure was added methanol (20 ml) and ag. 1 N
HC] (5 ml). The second mixiure was refluxed for 1.5 h. After béing cooled to room temperature, the
rezction mixture was poured into cold water (50 mi) and extracted with ethyl acetate (50 mL). The
organic layer was dried over MgSO,, concentrated and the residue was purified with silica gel cohwm
chromatography (dichloromethane:acetone, 95:5) to give 4—(4{7-(&0}*&:\30-3-(tdﬂuoromet’nyl)pheuyl}-&-
oxo-6-thioxo-3 ,7—diaz_aspiro[3.4]ectan-5—yl)phenyl)»N,]\f—dimethylbutanamide, RD169 (Formula 49) (44
mg, 42%) as a pale yellowish solid. "H NMR & 7.98 (s, 1H), 7.97 (d, 1H, J = 8.2 Hz), 7.86 (4,15, J=82
Hz), 7.42 (4, 2H, J= 8.3 Hiz), 7.22 (d, 21, J = 8.3 Hz), 2.99 (s, 3H), 2.96 (s, 3H), 2.78 (&, 2", J=17.5Ha),
9 62-2.70 (m, 2H), 2.52-2.63 (m, 2H), 2.40 (¢, 2H, J =175 Hz), 2.15-2.30 {m, 1H), 2.04 (p, 2H, /=75
Hz), 1.62-1.73 (m, 1H).

Example 59

HN"@/\/\COZH

NC

Formula 50
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[00145] A mixture of 4-(4-aminophenylbmyric acid (0.20 g, 1.12 mmol), cyclobutanone (0.17
ml., 2.23 mmol) and TMSCN (0.30 mal., 2.23 omnol} was heated to 80 °C and stirred for 13 h. To the
medium was added ethyl acetate (2 x 30 mL) and then washed with water (2 % 30 mL), The organic layer
wag dried over MgBO, and concentrated and the residue was purified with silica gel column
chromatography (dichloromethane:acetone, 9:1) to give 4-[4<{1-Cyanocyclobutylamino)phenyl]butanoic
acid (Formula 50) (0.21 g, 74%) as 2 yellowish solid. *H NMR & 7.06 (d, 2H, J = 8.6 Hz), 6.59 (d, 2H, J
= 8.6 Hz), 2.75-2.83 (m, 2H), 2.59 (t, 2H, J = 7.5 Hz), 237 (t, 2, J = 7.5 Hz), 2.33-2.42 (m, 2H), 2.11-
2.28 (m, 25D, 1.92 (p, 7H, J = 7.5 Hz).

Formuls 5}

[00146) A mixture of 4-[4-(1-Cyanocyclobutylamino)phenyifbutanoic acid (Formula 50) (0.21 g,
0.83 mmaol) and 4-sothiocyanato-2-trifluore benzenitrile (0.25 g, 1.08 mmol) in toluene (10 mL) was
heated under refiux for 1 hours. To this mixture was added ag. 1 N HC! (5 mL). The second mixture was
refluxed for 1.5 b After being cooled to room temperature, the reaction mixture was poured into cold
water (50 ml) and exiracied with ethyl acetate (50 ml). The organic layer was dried over MgSOs,
concentrated  ané  the residue ~was purified with silica gel column chromatography
{dichloromethane:acetone, 95:5) to give 4-(4~(7-(4-Cyano-3-{trifluoromethylphenyl)-8-oxo-6-thioxo-
3,7-diazaspiro[3.4Joctan-3-yl)phenyl)butanoic acid, RD141 (Formula 51) (60 mg, 15%). 'H NMR § 7.98
(4, 1H, J= 1.8 Hz), 7.97 (d, 1H, J= 8.3 Hz}, 7.86 (d¢, 1H, J=8.3, 1.8 Hz), 7.42 (d, 2H, /= 8.5 Hz), 7.2¢
(d, 28, J = 8.5 Hz), 2.79 (, 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

o °

RP130 Formula 52

[00147] To =z solution of 4-(4-(7-(4-Cyano-3-(irifluoromethyl)phenyl}-8-oxo-6-thioxo-5,7-
-84-
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diazaspiro[3.4]octan-5-yl)phenylbutancic acié, RD141 (Forrmula 51) (60 mg, 0.12 mmol) in DMF (3
mL) was added thionyl chioride (0.01 mL, 0.15 mmol) at 0 °C. The mixture was stirred at 0 °C for 1 how.
Then ammonia was bubbled into the mixture. The mixture was partitioned with ethyl acetate (25 mlL) and
water (25 mL). The organic layer was dried over MgSO,, concentrated and chromatographed
(dichleromethane:acetone, 70:30) to yield 4e{Ae(7<(4-Cyano-3-(trifiroromethylphenyl}-§-oxo-6-thioxo-
S,T-diazaspjro[S.4]octan-5-yl)pheuy])butanamide, RD130 (Formula 52) (37 mg, 61%) 25 a white poWder.
' NMR §7.97 (d, 1H, J= 1.8 Hz), 7.95 (d, 1H, /= 8.3 Hz), 7.85 (dd, 1H,/ =83 Hz), 7.39 (d, 2H, /=
8.3 Hz), 7.22 (d, 28, J = 8.3 Hz), 5.59 (br s, 2H), 2.77 (t, 2H, J = 7.5 Hz), 2.62-2.68 (m, 2H), 2.51-2.59
(m, 2HD), 2.31 (t, 28, J = 7.5 Hz), 2.16-2.25 (m, 1H), 2.05 (p, 2H, J = 7.5 Hz}, 1.57-1.70 (m, 1H).

Example 61

RD17¢ Formula 53

A solution of DMSO (0.01 mk, 0.12 mmol) in dry dichloromethane (1 ml) was added to a stirred
sotution of oxalyl chloride (0.01 mL, 0.09 mmol) in dry dichloromethane (2 mL) at -78 °C. After 15 min,
a dichloromethane solution of  444-(7-(4-Cyano-3-(trifluoromethyljphenyl)-8-oxo0-6-thioxo-5,7-
diazaspiro[3.4]octan-3-yl)phenyl)butanamide, RD130 (Formula 52) (35 mg, 0.07 mmol) was added fo
the reaction mixture, Stirring was continued for 20 min at -78 °C, and then triethylamine (0.03 mi, 0.22
mmol) was added. After 30 min at -78 °C, the reaction mixture was warmed 10 room termperaiure and
then reaction was quenched with satrated ag. NILCI solution. The reaction mixture was dilmed with
dichloromethane, and extracted with dichloromethane. The organic layer was dried over MgS30,,
concentrated and  chromatograpbed  (dichloromethaneiacetone, 95:5) to  yield 4-(5-(4-(3-
Cyapopropyiphenyl}-8-0xo-6-thioxo-3 7-diazaspiro[3.4}octan-7-y1)-2-(trifluoromethyl)benzonitrile,
RD176 (Formuia 53) (29 mg, 87%) as a viscous oil, " NMR. 5 7.98 (d, 1H, /= 1.8 Hz), 7.98 (d, 1H, /=
£.3 Hz), 7.86 (dd, 1H, J= 8.3, 1.8 Hz), 743 {d, 20, J=38.4 Hz), 7.27 (4, 2H, J= 8.4 Hz), 2.90 {t, 2H, J=
7.3 Hz), 2.63-2.73 (m, 2H), 2.52-2.62 (m, 2H), 2.42 (1, 2H, /= 7.3 Hz), 2.18-2.30 {m, 18, 2.07 (p, 2K, J
=73 He), 1.63-1.73 (m, 1H).

{00148} One slalled in the art could modify and/or combine the syntheses deseribed herein to
make other diarythydantoin compounds.

{00149 Inventive compounds also include those with the following formulas.
-B5.
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Whete R is selected from hydrogen, aryl, substituted aryl, alkyl, substituted alkyl, alkenyi,
substituted alikenyl, alkynyl, substituted alkynyl, halogenated alkyl, halogenated alkenyl, halogenated
akynyl, arylalkyl, arylalkenyl, arylalkynyl, beterocyclic aromatic or non-aromatic, substituted
heterocyclic aromatic or non-arornatic, cycloalkyl, substituted cycloaliyl, halogen, B8O:R;;, NRyjRy,
NR;:(CO)OR;;, NEH(CO)NRyjRpz, NRp(CORy;, O(CORy, O(CO)ORy;, O(CS)Ru, NRyz(CS)Riy,
NH{CSYNR 1Ry, NRp{CSYOR;.

B; and R, are independently selected from hydrogen, aryl, alkyl, substituted alkyl, alkemyl,
substituted alkenyl, alkynyl, substituted alkynyl, halogenated alkyl, halogenated alkenyl, halogenated
akynyl, arylalky], arylalkenyl, arylalkynyl, heterocylic aromaric or non-aromatic, sbstituted heterocyclic
aromatic or non-arornatic, cycloalkyl, substituted cycloaliyl. :

R, and R, can be commected to form a cycle which can be heterocyclic, substituted heterocyclic,
cycloakyl, substifuted cycloalkyl.

R; is selected from aryl, substituted aryl, alkyl, substituted alkyl, alkenyl, substituted alkenyl,
aliynyl, substituted alkymyl, arylalkyl, arylalkenyl, arylalkynyl, beterocyclic aromatic or non-aromatic,
substitnted heterocyclic aromatic or nop-aromatic, cyclealkyl, substituted cycloalkyl, 30R4, NR Ry,
(COYOR 1, (COINR Rz, (COWRy, (CS)Ry;, (CE)R;1, (CHNR4:R 1, (C8YORy;.

Rsis CN or NO» or SOsRy;

R¢ is CFa, alkyl, substituted alkyl, alkenyl, substituied alkenyl, allymyl, substituted alioymyl,
halogenated alkyl, halogenated alkenyl, halogenated akynyl, halogen.

A is sulfur atom (S) or oxygen atom (O).

BisOorSorNR;

X is carbon or nitrogen and can be st any position i the ring,

Ry and Ry, are independently selected from hydrogen, aryl, aralky!, substitnted aratkyl. alkyl,
substituted alkyl, alkenyl, substituted alkenyl, alloynyl, substituted alkynyl, halogenated alkyl,
halogenated alkenyl, halogenated akymyl, arvialkyl, aryialkenyl, arylalicynyl, heterocyclic aromatic or
non-aromatic, substituted heterocyelic aromatic or non-aromatic, eyelolakyl, substituted cycloalkyl,
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Ry and Ry» cen be connected to form a cycle which can be heterocyclic aromatic or non-
aromatic, substituied heterocyclic aromatic, cycloakyl, substituted cycloalkyl.
[00150]

Pharmacclogical examination of the componnds

[00151] Comnpounds for which synthetic routes are described above were identified through
screening on hormone refractory prostate cancer cells for antagonisiic and agonistic activities against AR
utilizing screening procedures similar to those in PCT applications US04/427221 and 'US05/05529, which
are hereby incorporated by reference. A number of compounds exhibitad potent antagonistic activities

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

In vifro biolegical asgsay

Effect of compounds on AR bv a reporter assay

[00152} The compounds were subjecied to tests using an artificial AR response reporter system in
& hormone refractory prostate cancer cell line, In this system, the prostate cancer LNCaP cells were
enginesred 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 glso engineered {o stably mcorporate an AR response reporter and the
reporier 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 concenirations of bicalutamide
{see Table 1), and displays agonistic activity with bicalutamide (Figure 1 and Table 2). Consistent with
published data, bicalutamide mhibited AR response reporter and did not have agonistic activity in

horimone sensitive prostate cancer cells (Figure 2).

[00153] We exanuped the antagomstic activity of the compounds for which the synthesis is
described above in the presence of 100 pM of R1881. Enginecred LNCaP cells (LNCaP-AR, also
abbreviated LN-AR) were maintained in Iscove’s medivm containing 10% fetal bovine serum (FBS).
Two days prior to drug treatment, the cells were grown in Iscove’s medium confaizﬁng 10% charcoal-
stripped FBS (CS-FBS) to deprive of androgens. The cells were split and grown in Iscove's medium
corttaining 10% CS-FBS with 100 pM of R1881 and increasing concentrations of test compounds, After

iwo days of incubation, reporter activities were assayed.

[00154} Table 1 iists the TC50 of these compounds to inhibit AR in hormone refractory prostate

-87-



cancer, The control substance bicalutamide has an IC50 of 889 nM. Most of the compounds identified
({diarylthiolydantoins) have IC50s between 100 o 200 nM in inhibiting AR in hormone refractory
prostate cancer. In conirast, antiandrogenic corpounds listed as examples in US patent ne. 5,705,654,
such as examples 30-2, 30-3, 31-2, 31-3, and 24-3 (RD73-RD77) have no inhibitory activities on AR in

this system.
Table 1
Antagonistic activities against AR in bormone refraciory prostate cancer,
measured by an AR response reporter and by endogenons PSA expression.

ACH0 (nM)1C50 {niV1)
Example Name Reporter PSA
Bicalutamide {N-[4-cyano-3-(trifluoromethyljphenyl]-3-f{4- 889 >1000
Comparative |fluorophenylstlfonyl}-2-hydroxy-2-

methylpropanamide

28 4-[3-(4-hydroxybutyl}-4,4-dimethyl-5-0x0-2- No(*) No
Comparative {thioxoinadazolidin-1-yi]-2-trifluoromethylbenzonitrile
6-2 4-[3-phenyl-4,4-Gimethyl-3-0xo-2-thioxoimidazolidin- 149] nfa ()
(6b) 1-yl}-2trifluoromethylbenzonitrile
[RD10]
530 4-3-(4-methyipheny!)-4 4-dimethyl-5-ox0-2- 125 132
{5¢c) thioxoimidazolidin-1-yl]-2-trifluororethyl-
[RD7] benzonifrile
3-3 4-[3-(4-hydroxyphenyl}-4,4-dimethyl-5-0x0-2- 137 122
(3¢} [RDE] thioxoimidazolidin-i <yij-2-tiflnoromethylbenzonitrile
2-4 4-{3-{4-aminophenyl)-4,4-dimethyl-5-ox0-2- 273 n/a
(2d) [RDY]  |thioxoimidazolidin.l.yl}-2-wriflucromethylbenzonitrile
4 Chloroacetic acid 4-{3-{4-cyano-3- 131 n/a

(42) [RD13] |rifluoromethylphenyl)-5,5-dimethyl-4-oxo-2-
thioxoimidazolidin-1-yl]phenyl ester

8-2 4-(4-Ox0-2-thioxo-1 -(4-methylphenyl)-1,3- 147 n/a
(8b) [RDAS]  |diazaspivo[4.4]non-3-y])-2-rifluoromethylbenzonitrile
7-3b 4-(8-oxo-6-thioxo-5-(4-methyiphenyl)-§,7- 124 128

(7¢}[RD37] [|diazaspiro[3.4]oct-7-vi)-2-mifluoromethylbenzonitrile

B8
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(2c} IRD48]

4-{4-Ox0~2-thioxo-1-(4-methylphenyl)-1,3-
diazaspirof4.5]dec-3-yh-2 -friflucromethytbenzonitrile

184

nia

10-3
{10c)y [RD48]

4-{4-pX0-2thioxo-1-(4-methyiphenyl}-1,3-
diazaspiro[4.5Jundec-3-yl1)-2-
irifteoromethylbenzonitrile

232

nfé

28
Comparative
{28a) [RD52]

4-(8-methyl-4-oxo-2-thioxo-1,3,8-triazaspirof4.51dec-
3-ylj-2-irifluoromethylbenzonitrile

Ng

n/a

27-3
(27¢) [RDB3]

4.{8-methyl-4-oxo-2-thioxo-1-(4-methylphenyl)-1,3,8-
triazaspirol4.5)dec-3-y])-2-rifluoromethylbenzonitrile

638

nla

26
{28a) [Rb54)

4.{ I-{(4-cyanophenylj-4-oxo-2-thioxe-1,3-
dia'zaspiro[4.4]non~3 ~y1}-2-triflupromethylbenzonitrile

469

nfa

25
{25a) [RD55]

4-[1-{4-pitrophenyl)-<4-oxo-2-thioxo-1,3-
diazaspirof4.4]non-3-yl}-2-mifluoromethylbenzonitriie

488

nia

12-2
(12b) [RD57)

4-{B-oxo~6-tinoxo-5-(4-biphenyl)-5,7-
dinzaspiro{3.4Jjoct-7-yh-2-trifluoromethylbenzonitrile

283

n/a

11-2
{11b) [RD58]

4 B-0x0-6-thioxo-5-(4-hydroxypbenyl}-5,7-
diazaspiro[3 . 4)oct-7-yl}-2-trifluoromethylbenzonitrile

162

nfa

17
(172) [RD58]

4-[3-(4-hydroxyphenyl)-4,4-dimethyl-2,5-
dithioxoinndazolidin-1-y1]-2-
trifluoromethyloenzonitrile

278

287

18
{18a} {RD&U]

43 -(4-hydroxypheryi)-4,4-dimethyl-2,5-
dioxoimidazolidin-1-y1}-2«riflugromethylbenzonitrile

369

511

22-2
(22b) [RDB5]

2-I3-(4-cyano-3-iflucromethyiphenyl)-5,5-dimethyl-

4-oxo-2-thioxoimidazolidin-1-yilbenzoic acid

523

=500

20-2
(20b) [RDE8B]

4-(4 4-dimethy]-5-ox0-2-thioxo-3-(4-
trifluoromethyiphenyljimidaizotidin-1-y1)-2-
triffuoromethylbenzonitrile

143

144

21-2
{21b) [RD&T]

4-(4,4-bischloromethyl-5-oxo-2-thioxo-3-(4-
methylphenyl)imidazolid;n-l -y1}-2-
triflucromethylbenzonitrile

521

=500

18-2
{19b) [RDEE]

4.(4.fluoromethyl-4-methyl-5-oxo-2-{hioxo-3-(4-
methyiphenyl)imidazolidin-1-y1)-2-
trifinoromethylbenzonitrile

126

129
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232
(23b) [RD71]

4-(8-ox0-6-thioxo-5-(2-methyiphenyl)-3,7-
diazaspiro{3.4joct-7-y])}-2 rifluoromethylbenzonitrile

258

232

30-2

(30b) [RDT3)

4-(5-methyl-§-oxo-6-thioxo-3,7-diazaspiro[3 4Joct-7-
Comparative |yI)-2-trifluoromethylenzonitrile

No

No

30-3
Comparative
(30c) [RD74]

4-(5-methyl-6,8-dioxo-5,7-diazaspiro[ 3 .4Joot-7-y1)-2-
trifiuoromethytbenzonitrile

No

No

31-2
Comparative
(31b) [RD75]

4-(1-methyt-4-ox0-2-thioxo~1,3-diazaspiro[4.4Jnon-3-
yi)-2-rifluoromethylbenzonitriie .

No

No

31-3
Comparative
{31c) [RD78]

4-(1-methyl-2 4-dioxo-1,3-diaza-spiro[4.4non-3-y1)-
2-trifluoromethylbenzonitrite

No

No

24-3
Comparative
(24c) [RD77]

4-(4~oxe-2-thioxo-1,3-diazaspiro[4.4]pon-3-y1}-2-

trifiuoromethylbenzoniirile

No

No

15-2
{15b) [RD82]

4-14 4.dimethyl-3-(4-pyridin-2-yI)}-S-ox0-2-
thioxoimidazolidin-1-y1j-2-trifluoromethylbenzonitrile

723

na

14-2
{(14b) [RD83]

4.-[4,4-dimethyl-3-(4-methylpyridin-2-y1}-5-0x0-2-
thioxoimidazolidin-1-y1]-2-trifluoromethylbenzonitrile

457

n/a

16-2
Comparative
{16b) [RD&4]

4{ 5-(5-methyl-2H-pyrazol-3-vl)-8-oxo-6-thioxoe-3, 7-
diaza-spiro[3 4Joet-7-y1}-2-triflucromethyl-

Ibenzonitrile

>1000

na

13-2
L{"I 2b) [RD85]

4-(B-ox0-6-thioxo-5-(4-biphenyl}-5,7-
diazaspiro[3 4joct-7-y1}-2-triflucromethylbenzonitrile

>1000

n/a

32
{32a) [RDY0}

4-(8-methylinnno-6-thioxe-5-p-tolyl-3, 7-diaza-
spiro[3 4joct-T-yl}-2-irifluoromethyl-benzonitrile

222

421

33
(332) [RDOM]

1-{3-{4-cyano-3-irifinoromethyl-phenyl)-3,5 -dimethyl-
2-thioxo-1-p-tolyl-imidazolidin-4-ylidene]-3-ethyl-

thionres

157

239

34
(34a) [RDS2]

1-{7(4-cyano-3-trifluoromethyl-phenyl)-6-thioxo-5-p-
tolyl-5,7-diaza-spiro[3.4}oct-8-ylidene]-3-phenyl-

thiourea

176

276
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35 1-(4-Cyano-3-trifluoromethyl-pheny!)-3-[7-(4-cyano- 144 158
{35a) [RDO3] |3-rifinoromethyl-phenylj-6-thioxo-5-p-foiyl-5,7-

diaza-spiro] 3.4 joct-S-ylidene]-thiourea
36-2 4-{ &-(4-hydroxymethyl-phenyl}-5-oxo-7-thioxo-6-aza- 311 337
{36b) spiro[3.4Joct-6-yil-2-trifluoromethyl-benzonitrile
[RD110)
37 4-[5-{4-formyiphenyl)-8-oxo-6-thioxo-5,7~ n/a 283
(37a) diazaspiro[3.4]oct-7-yl1]-2-triflucromethyl-benzonitrile
[RD114]
38 4-{5.14-{ 1-hydroxyethyl)-phenyl]-8-oxo-6-thioxo-5,7- n/a 187
{382} dazaspire{3 .4)oct-7-y1}-2-irifluoromethyl-benzonitrile
[RDG116]
39 3-{4-{7-{A-cyano-3-rifivoromethylphenyl}-8-ox0-6- n/a 197
(39a) thioxo-5,7-diazaspiro[3.4Joct-3-yl}-phenyl }-acrylic
[RD117] acid ethyl ester
40 4-{5-[4-(3-hydroxypropenyl}-phenyl}-8-0x0-6-thioxo- n/a 114
{(40a) 5,7-dhazaspiro[3.4joct-7-y1}-2-
[RD4120] trifiuoromethylbenzonitrile
41-2 3-{4-[7-(4-cyano-3-trifiuoromethyiphenyl)-8-oxo0-6- Ne nla
(41b) thioxo-5, 7-dHazaspiro[3.4Joct-5-y1]-phenyl} -propiomic
[RD128] acid methyl ester '
41-4 3-{4-[7-(4-cyano-3-riflucromethylpbenyl}-8 -oxo0-6- 224 nia
{41d) thioxo-5, 7-diaza-spiro[3.4]Joct-5-yl}-phenyl} -
[RD133] propicnarmide
41-5 3-{4-[7-{4-Cyano-3-rifluoromeihyiphenyl)-8-oxo-6- 234 n/a
(41e) thioxo-5,7-digza-spirof3 4loet-5-yil-phenyl}-N-
JRD134] imethyl-propionamide
41-8 3-{4.[7-{4d-cyano-3-trifluoromethylphenyl)-8-oxo0-6- 732 n/a
{41%) thioxo-5,7-diaza-spirof3.4joct-5-yi}-phenyl}-N-(2-
[RD135] hydroxyethyl)-propioramide
42-2 4. {4F7{4-cyano-3-triflucromethyiphenyl}-8-ox0-6- 432 n/a
{42h) thioxo-5,7-diazaspire[3.4Joct-5-yl]-phenyl  -butyric '
[RD129] acid methyl ester
424 4 {47 ~(4-Cyano-3-rifluoromethylphenyl)-8-ox0-6- 112 n/a
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(42d) thioxo-5,7-diaza-spirof3.4joct-5-yl]-phernyl;-

[RD130] butyramide

42-5 4. {4—[7-(4-—Cyano~3—h‘iﬂuorcmcmylphenyl)-8-0x0-6— 82 n/a
{42e) thioxo-5,7-diaza-spiro[3.4Joct-5 ~yl}-phenyl}-N-

[RD131) methyl-butyramide

43-4 4~[8-0x0—5—(4«pipsrazin—l-y!«phenyl}-ﬁ-ﬂnoxoé,’? - 718 n/a
{43e) diazaspiro{3.4Joct-7-y1) -Z-riflusromethylbenzontirile

[RD137]

43-5 . 4—-{5-[4—(4~methanesulfonylpipcrazin-i-yl)—phenyl]-g— ' 138 n/a
{4.3f) oxo-6-thioxo-3,7-diazaspiro]3.4Joct-7-y1} -2-

[RD138] trifiuoromethylbenzonitrile _

44-2 44-2) 3-{4- [7-(4-Cyano-3-trifluoromethyl-phenyl)-&- 113
{44b) oxo-6-thioxo-5,7-diaza-spirof3.4Joct-5-y1]-phenyl} -

ERD’I’!Q} acrylamide,

{*) No: the compound did not inhibit AR response reporter; (*¥) n/a: the compound was not examined in
this agsay.

[060155] One previously unrecopnized property of AR oversxpression in hormone refractory
prostate cancer is its ability to switch antagonists to agonists. Therefore, only those compounds with
minimal or no agomistic activities are qualified to be anti-androgens for this disease. To determine
agonistic activities of different compounds, we sxamined their stimuiating 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
agonigtic activities of different compounds. Consistent with previous results, bicalutamide activated AR
in hormone refractory prostate cancer. The diarylthiohydantoin derivatives such ag examples 7-3b
(RI37), 33 (RD91), 34 (RDIY2), and 35 (RD93) have no agonistic activity. In contrast, RUZ9063, and
other anti-androgenic compounds lsted 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

Cancer.

Table 2
Agonistic activities of selective test substances on
AR response reporter in hormaone refractory prostate cancer

Fold induction by increasing
-02.



concentrations of compounds

Example IName 0.1 uM 1M 10 pM
DMSO  [Dimethyl sulfoxide 1.00 (%) 1.00 1.00
R1881 |methyltrienclone 44331  nfa(**) nia
Bicaluta  |N-[4-cyano-3-{triflucromethyl)phenyl}-3-[(4- 1.66 3.04 10.40
mide flusrophenyl)suffonyl}-2-hydroxy-2-

rmethylpropanamide
29 4-[3-(4-hydroxybutyl)-4,4-dimethyl-5-ox0-2- 10.99 20.84 34.62
Comp. |thioxoimidazolidin-T-y{}-2-

triflucromethylbenzonitrile
7-3b 4-(8-0x0-6-thioxo-5-{4-methylphenyl)-5,7- 0.87 1.18 0.88
{7} diazaspiro{3.4)oct-7-y1}-2-
[RD37]  {rifluoromethylbenzonitile
33 1-[3«(4-cyano-3-trifluoromethyl-phenyl)-3,5- 1.30 1.18 1.28
{33a) dimethyi-2-thioxo-1-p-tolyl-imidazelidin-<4-
[RDO1}  |vlidene]-3-ethyi-thiourea
34 1-{7-(4-cyano-3-trifiuoromethyl-phenyl)-6- 1.19 1.41 1.17
{34a) thioxo-3-p-tolyl-5,7-diaza-spiro[3 4]oct-3-
[RDO2] ylidene]-3-phenyl-thiourea
35 I{4-Cyano-3-trifluoromethyi-phenyi)-3-[7-(4- 1.26 1.10 1.30
(35a} cyano-3-trifluorometiryl-phernyl}-6-thioxo-5-p-
{RD83]  [tolyl-5,7-diaza-spiro{3.4]oct-8-ylidene]-thiourea
30-2 4-(5-rmethyl-8-0x0-6-thioxo-5,7- 14.88 16.41 35.22
Comp. |diazaspiro[3.4}oct-7-y1)-2-
{30b) iriflucromethylenzonitrile
[RD73]
30-3 4-(S-methyl-6,8-dioxo-3,7-diazaspire[3 4]oct-7- 11.39 14.28 30.683
Comp. yD-2-trifluoromethylbenzonitrile
{30c)
[RD74}
31-2 4-(1 -methyi-d-oxo-2-fhioxo-1,3- 17.03 16.63 3377
Comp.  |diazaspirof4.dinon-3-y)-2-
{31h) irifluoremethylbenzonitrile
[RD76]
31-3 4-(1-metiyl-2 4-dioxo-1,3-diaza-spirof4.4inon- 11.89 19.77 38,95
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Comp. |3-yD-2-wiflucromethylbenzonitrile
{31¢c)
[RD786]

24-3 4-(4-ox0-2-thioxo-1,3-diazaspiro[4.Amon-3-y1}- 14.88 22.48 37.06
Comp. [Z-rifluoromethylbenzonitrile
(24¢)
[RO77]

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

n/a: the compound was not examined in this assay.

[00156) To examine the specificity of AR inhibitors, selective compounds were tested in LNCaP
celis with an over expression of glucocorticoid receptor (GR), the closest member of AR in the nuclear
receptor family. Thess cells also carry 2 GR respense reporter and.the Teporter activity was induced by
dexamethasone, a GR agonist and the induction was blocked by RU486, a GR. inhibitor. Example 7-3b
(RD37) (4-(8-ox0-6-thioxo-5-(4-methylphenyl)-5,7-diazaspiro[3.4]oct-7-y1)-2 rifluoromethyl
benzonitrile) had no effect on GR in this system. '

Effect of compounds op AR by measuring secreted lavels of
prostate specific antigen (PSA)

fO0157] 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
gbbreviated LN-AR). The LNCaP-AR cells are 2 line of lymph node carcinoma of prostaie cells
transduced with 2 plasmid that makes express androgen receptors, LNCaP-AR cells were maintained in
Iscove’s medium contaiming 10% FBS. Two days prior to drug treatment, the celis were grown in
Iscove’s medium contzining 10% CS-FBS to deprive of androgens. The cells w:;:re split and grown m
Iscove's medium comtaining 10% CS-FBS with approprzate concentrations of R1881 and the test
compounds. After four days incubation, secreted PSA jevels were assayed using PSA ELISA idfs
{American Qualex, San C‘lemenre, CA)

[00158] The secreted PSA leve] of LNCaP-AR cells was strongly induced by 25 pM of R1881. In
conirast, PSA was not induced in the parental LNCaP cells unti] concentration of R1881 reached 100 pM.

This is consistent with owr previous report that the AR in hormone refractory prostate cancer is hyper-
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| sepsitive to androgens. A dose~dependent inhibition on AR activity was carried out to determine the

IC50s of different compounds in imhibiting PSA expression, and the resulis were listed in Table 1. 1050¢
of the selective compounds on PSA expression closely resemble those measured by the reporter assay,
confirming that the diarylhydantoin derivatives are strong inhibitors of AR in hormone refractory prostate

canocer.

[001597 We also examined agonistic activities of selective compounds on AR in hormone
refractory prostate cancer using secreted PSA as the surrogate marker, To do this, androgen-starved AR
over expressed LNCaP cells were imeubated with increasing concentrations of the compounds for which a
synthesis is described above in the absence of RI881 and secreted PSA in the culfure medium was

measured 4 days later,

[00160] Teble 3 lists the agonistic activities of the selective compounds. Consistent with the
results obtained from the reporter assay, the diarylthiochydantoin derivatives such as examples 7-3b
(RD37), 33 (RD9I), 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
(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

Fold inductien by increasing concentrations ef compounds

Example |Name . 0.1 pM 1M 10 uM
DMSO  [Dimethyi sulfoxide 1.00 (%) 1.00 1.00
R1881 |methyliriencione 20,69, n/a(™) nfa
Bicalu N-id-cyano-3-(friflucrometny)phenyil-3-[{4- 2.00 2.55 5.55
mide fiucrophenylsuifonyil-2-hydroxy-2-

methylpropanamide
29 4-[3-{4-hydroxybutyl)-4,4-dimethyl-5-0x0-2- 6.88 11.50 21.50
Comp.  Ithioxoimidazolidin-1-y1}-2~

trifluoromethylbenzonitrile
7-3b 4-{8-ox0-6-thioxo-5-(4-methylphenyl)-3,7- 1.25 1.20 1.15
(7e)  diazaspiro[3 4loot-7-y1}-2-
[RD37] [|rifluoromethylbenzonitrile
33 " |1+ 3-(4-cyano-3-trifluorometiryl-phenvi)-5, 5~ 1.06 1.30 0.85
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(33a) dimethyl-2-thioxo-1-p-tolyl-imidazolidin-4~
[RDO1]  |ylidene)-3-ethyl-thiourea

34 1-{7-(4-cyano-3-triflusromethyi-phenyl)}-6- 1.31 1.05 0.80
(34a)  ithioxo-5-p-tolyl-5,7-diaza-spiro[3.4joct-8- '
[RD9Z]  iylidene]-3-phenyl-thiourea

35 14{4-Cyanc-3 -irifincrometnyl-phenyl}-3-[7-(4- 1.44 1.30 1.05
(35a) cyano-3-trifluoromethyl-phenyl)-6-thioxo-5-p-
[RDO3] [lwolyl-5,7-diaza-spiro[3.4]oct-8-yhdene}-thionurea

30-2 4-(5-methyi-8-ox0-6-thioxe-5,7- 6.25 17.95 25.685
Comp.  |diazaspire[3.4}oct-7-y])-2- :
{30h} trifluoromethylenzonitrile

[RO73) o
303 |4-(5-methyl-6,8-dioxo5.-dazaspiol3 Aot - | 70| 15201 3575
Comp. |yl)-2-trifluoromethylbenzonitrile

{(30c} '

[RD74]

31-2 4-( 1 -methyl-4-oxo-2-thioxo-1,3- 8.13 18.20 17.50

Comp. |diazaspiro[4.4}non-3-y1}-2-
{31b) trifluoromethylbenzonitrile
[RD75]

(*) Fold induction: activities induced by 2 specific test substance over activities in DMSO vehicle; (**)

o/a: the compound was not examined in this assay.

[06161]
Effect of compounds on AR mitochondrial activity by MTS assay
[00162) 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 celis.
Overexpressed LNCaP celis were used because these celis behave as hormone refractory prostate cancer
cells in vitro and in vivo (7). We measured mitochondria activity by MTS assay, a surrogaie for growth,
INCaP cells with overexpressed AR (LN-AR) were maintained in Iscove’s medium contaiming 10%
FBS. Two days pror fo drug treatment, the cells were grown in Iscove's medium coptaming 10% CS-
FBS to deprive of androgens. The celie 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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[0D163] Consistent with the reporter assay and PSA assay, growth of the AR-overexpressed
LNCaP was stimulated by 25 microM of R1881, but the parental cells were not stimulated until R1831
concentration reached 100 microM. Figure 2 shows the inhibitory effect of selected compounds on
growth of hormone refractory prostaie cancer in the presence of 100 pM of R1881. The current climeal
drog bicalutamide did not inhibit hormone refractory prostate cancer. In contrast, example 5-3b RD7)
{4-[3~(4-methylphenyl)-4,4-dimeathyi-5-oxo-2-thioxoimidazolidin-1 -y1}-2-mriflucromethyl-benzonitrile)
and example 7-3b (RD37) (4-(R-ox0-6-thioxo-5-(4-methylphenyl)-3,7-diazaspiro[3 4]oct-7-yl}-2-
triﬂuommeﬁjlbenzoﬁiﬁrﬂe) inhibited hormone refractory prostate cancer with high potency.

[00164] We exarmined if growth inhibition in the MTS assay occurs by targeting AR, exemple
536 (RD7) (4-[3-(#me&xylphanyl)%é—dime’rhyl-s—oxo-Z—thioxoimidazeﬁdin-l-yl]—.?.—t-iﬂuoromcthyl-
benzonitrile) and example 7-3b (RD37) (4-(8-03{0-6-‘(1'11’0;;0—5-(4—methy1pheny1)~5,7-diazaspiro[3.4}oct—
7-y])-2-triflnoromethylbenzonitrile) were tested in DU-145 cells, a prostate cancer cell line that lacks AR
expression. These‘éompomds had no growth inhibitory effect on DU-145 celis. The corpounds did not
inhibit cells other than AR-expressed prostate cancer cells, as they had no growth effect on MCF7 and

QkBr3, two commonly used breast cancer cells, or 3T3, a normal mouse fibroblast cell line.

[00165] Examples of in vitro biological activity of diaryithichydantoin dertvatives are shown in
the Figures 3, 4 and 5. For example, based on relative luciferase activity, Fig. 3 indicates that at a
concentration of 500 nM the compounds ranked, in order of most active to least active as follows: RD132
> RD153 > RD145 > RD163 > RD161 = RD162 > bicalutamide. For example, based on yelative PSA
level, Fig 4 indicates that at 2 concentration of 500 nM the compounds ranked, in order of most active to
least active as follows: RD138 > RD131 > RD37 > RD133 > RD134 > RD137 > RD138 > RD135 >
bicalutarmide, For exampie, besed on relative MTS units, Fig. 5 indicates that at a concentration of 300
M the compounds ranked, in order of most active to least active as follows: RD168 > RD37 > RD141 >
RD162 > bicatatamide.

Tnhibitory 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 4}oct-7-
ylF2-trifluoromethylbenzonitrile) was used to examine if the diarvihydantoin derivatives have in vivo
efiects on hormone refractory prosiate cancer. First we examined this compound on xenograft fumors
estblished from AR-oversxpressed LNCaP celis. The engmeered cells in Matrigel (Collaborative
Biomedical) were injected subcutaneously into the flanks of the castraied male SCID mice. Tumor size
was measured weekly in three dimensions using calipers. Afier xenograft tumors established (umor stze
resched at Jeast 40 mm®, mice with tumors were randomized and treated with different doses of
07
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compounds orally once daily. Consistent with clinical observation, current climical drug bicalutamide did
not inhibit growth of hormone refractory prostate cancer (same as vehicle) (Figire 7a). In conirast,
example 7-3b (RD37) (4—(8—oxo«6-ihiox0~5-(4~meﬂ1y§phcnyi)-S,7~diazaspiro[3 Aloct-7-y1)-2-
trifluoromethylbenzonitrile) strongly inhibited prowth of these tumors (Figure 7a) and the inhibition is
dose-dependent (Figure 7b). Furthermore, example 7-3b (RD37) inhibited PSA, expression (Figure 8), the
clinical marker for hormone refractory prostate cancer.

[00167] Example 7-3b (RD37) (4-(8-ox0-6-thioxo-5-(4-methylphenyl)-3,7-diazaspiro[3.4]oct-7-
yh-2-triftsoromethylbenzoniirite) was also tested in another xenografi mode] of hormone refractory
prostate cancer, hormone refractory LAPC4. This model was established from passaging of hormons
sensitive prostate cancer in castrated mice, which mimies the clinical progression of prostate cancer (2.
Similar to the finding using AR-oversxpressed INCaP xenograft model, current clinical drug
bicalutamide did not inhibit growth and PSA expression in hormone refractory LAPC4 xenograft mode]
{same as vehicle) (Figure 92 and 9b). In contrast, example 7-3b (RD37) strongly inhibited growth and
PSA expression of these fumors (Figure 92 and 9b),

Inhibitory effect on growth of hormone sensitive prostate cancer cells,

100168} To determine if the diarylthiahydantoin derivatives also inhibit hormone sensitive
prostate cancer cells, we tested some selective compounds on growth of LNCaP cells by measuring MTS
of mitochondria activities. In contrast to have no effect on growth of hormone refractory prostate cancer,
the owmrent clinical drug bicalutarmide mildly inhibited hormone sensitive INCaP cells in 2 dose-
dependent  manner. Example 5-3b (RD7) (4—[3~(4-methyIphenyi)-4,4—dimethyi—5-oxo~2—
thioxoimidazoiidin-1-y1]-2-trifluoromethyl-benzonitrile) and example 7-3b (RD37) (4-(8-0x0-6-thioxo-5-
(4-methylphenyl)-5,7-diazaspiro[3.4]oct-7-y1)-2-trifiluoromethylbenzonitrile) inhibited hormone sensitive
prostate cancer with a 10-fold higher potency than bicalutamide (Figure 10}

In vive biclogical assay

00169} All anima) experiments were performed in compliance with the guidelines of the Anima}
Research Committee of the University of California at Los Angeles, Animals were bought from Taconic
and mamtained in a laminar flow tower in a defined flora colony. LNCaP-AR and LNCaP-vector cells
were maintained in RPMI medium suppieménted with 10% FBS. 10° cells in 100 ul of 1:1 Matrigel to
RPMI medium were injected subcutaneously into the flanks of intact or castrated male SCID mice.
Tumor size was measured weekly in three dimensions (length x width x depth) using calipers, Mice were
randomized to treatment groups when fumor size reached approximately 100 mm’. Drugs were given
orally every day at 10 mg/kg and 50 mg/kg. To obtain pharmzcodynamic readout, the animals were
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imaged via an optical CCD camera, 3 hours after last dose of the treatment. A ROI is drawn over the
tumor for luciferase activity measurement in photon/second. The right panels were a representation of the
ROIs measurements. Data are shown in figures 11 and 12. Over 18 days RD162 was effective to prevent
funor growth and even to cause fumor shrinkage, and was distinctly more effective than bicaltamide.

[00170] The pharmacokinetics of bicalutamide, 4-[7-(4-cyano-3 -trifluoromethyiphenyl})-8-oxo-6-
thigxe-5,7-diaza-spiro[3.4]Joct-5-y1}-toluens [RD37], N-methyl-4-{4-[7-(4-cyano-3-
m'ﬂuommethylphenyl)—8—oxo—6-thioxo-5,7-diaza-spjro[B.4}oct-5—yl}phenyl}butanamide [RD131], and N-

‘ methyl-4-[7-(4-cyano-3-triflucromethylpheny?)-8-ox0-6-thioxo-5, 7-diaza-spiro]3 Aloct-5-y1]-2-

fluorobenzamide (52d) [RD162] were evaluated in vivo using 8 week-old FVB mice which were
purchased from Charles River Laboratories. Mice were divided into groups of three for each time poinis.
Two mice were not freated with drug and two other mice were treated with vehicle solution. Each group

was weated with 10 mg per kilogram of body weight.

F0G171] The drug was dissolved in 2 mixture 1:5:14 of DMSO : PEG400 : H.0. {Vehicle
solution) and was administered into mice through the tail vein. The animals are warmed under 2 heat
larap for approximately 20 minutes prior to treatment to dilate their tajl vein. Each mouse was placed into
2 mouse restrainer (Fisher Sci. Cat# 01-288-32A) and was injected with 200 pl of drug in vehicle
solution into the dilated tail vein. After drug administration, the animals were euthamized via CO,
inthalation at different timepoints: 5 mm, 30 mn, 2 &, § b, 16 b, Animals were immediately bieed after
exposurs to CO, via cardiac puncture (1 mi BD syringe + 27G 5/8 peedis). For oral dosage, the drug was
dissolved in a mixture 50:10:1:989 of DMSO : Carboxymethyleellulose : TweenS0:-H20 before oral
adminisiration via a feeding syringe.

[00172] The serumn samples were apalyzed to determine the drug’s conceniration by the HPLC
which (Waters 600 pump, Waters 600 controller and Waters 2487 detector) was equipped with an
Alltima C18 colurm (3, 150 mmx4.6 mm). The RD37, RD131, and RDI162 cormpounds were detected
at 254 nm wave length and bicalutemide was detected at 270 nm wave length,

[06173] 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 2 10 uM solution of an internal standard and 520 ul of

acetonitrile. Precipitation ocowrred,

~ The mixture was vortexed for 3 minutes and then placed under ulirasound for 30 minutes,
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- The solid ;iariicles were filtered off or were separated by centrifugation,

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

acetonitrile before analyzing by HPLC to determine the drug concentration.

- Standard curve of drug was used to improve acouracy,

[00174)

and from oral administration is shown in figure 13. The steady state concentration (Css) of bicalutamide,
RD131, and RD162 is shown in Table 4. The conceniration at sieady state of RD162 is essentially as
~ good as that of bicalutamide, and subsizntially better than RD131,

The concentration of RD162 in plasma as a fimetion of time resulting from intravenous

Name 1IC50 InM] LogP Css,10mg/ks : Css25mghg | Css,50 mp/kg
[upd] [uMj [uM]
Bic, 1600 2.91 10.0 11.4 119
RD131 92 3.44 (.39 0.43 0.40
RD162 122 3.20 9.9 10.7 10.2

Table 4. Steady-state concentration of bicaluamide, RD131, and RD162 in mice i}iasma.

Ranking of Compownnds in Tiers

[00175] Tables 5 ~ 10 present diarylhydantoin compomnds grouped into Tiers 1-6. Tabie 11
presents diarylhydantoir compounds which have not been placed into a tier. The placement of
corapounds into tiers was based on available date coupled with analytical judgment. Data considered
inclnded 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
luciferage reporter gene, pharmacokinetic assays based on blood plasma levels). Not every compound
was subjected {0 each assay, Not all data that was generated is shown. Judgment was applied in ranking
compounds relative to each other for their wility in treating prostate cancer, in particular when ranking
two compounds for which the same experiments were not performed. Characteristics considered in
establishing the ravking include AR antagomism activity, lack of AR agonism in hormone refractory
cells, prevention of tumor growth, tumor shrinkage, and pharmacokinetic behavior, with & longer

residence time i blood being advantageous.

Tier 1
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{00176) Generally, Tier 1 compounds are diarylthiohydantoins with a disubstituted left hand
aryl ring that are disubstituted on the right hydantoin carbon, and have either an oxygen or N substituent
on the left hydantoin carbon. It is expected that the amido substituent hydrolyzes to an oxygen in
aqueous solutions such as encountered in biclogical systems, in vitro and in vivo, RDI00 has good
activity with an iodine instead of 2 CF; substituent on the left hand aryl ring.

100177) Tier 1 compounds (see Table 5) were judged to be much better than bicalutamide for
treating prostate cancer. However, RD37 and RD131 were fond to metabolize fast, thai is, have a short
residence time in blood. RD162 had desirable pharmacokinetics.

fOG178] Figure 17 shows that under treatment with bicalutamide, PSA levels for LNCaP cells
stayed the same or increased relative to treatment with vehicle solution, whereas under treatment with
RD162, PSA Jevels decreased. Figure 18 illustrates that under ireatment with vehicle solution, tumors
continned to increase in size. By contrast, under treatment with RD162 at a dose of 1 mg per kg body
weight per day, the rate of tumor increass decreased, and the size of the fumor appeared to be siabilizing
after about 17 days. Under treatment with RD162 at 2 dose of 10 mg per kg body weight per day, tumnor
size decreased with time. Figure 19 iliustrates 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 treatmeni with RD162 at this dose resulted in a decrease or stabilization of tumor size and 2 decrease

in photon emission associated with luciferase activity.

[00179] Figure 21 shows that under treament with RD162, RD162, RD162", RD169, and
RD170 at doses of 100, 200, 500, and 1000 nM, PSA levels of LN-AR celis decreased. Moreover, the
higher the dose, the lower the PSA level. Figure 23 presents urogenital tract weight aud rate of photon
emission associated with Iuciferase 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
imtnct and castraied nuice. Treatrnent of casirated mice with RDD162 resulted in a decrease in weight and

photon erission with respect to the untreated castrated mice, as did freatment with bicalutaride.

[00180] Thus, Tier 1 compounds are particularly advantageous for use as AR antagonists, and
as therapeutic agents for hormone refraciory 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 mmay alse be useful as modulators of other nuclear recepiors, such as glucovorticoid receptor,
estrogen receptor, and peroxisome proliferator-activated receptor, and as therapeutic agents for diseases
in which nuclear receptors play 2 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 1 COMPOUNDS
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Tier 2
[60181] Tier2 cormpounds (see Table 6) were significantly better than bicalutamide for treating

prosiate cancer, although there were indications that RD34 could act as an agonist. Figure 3 illustrates
that compounds RD145, RD152, RD153, RD162, and RD163 in Tier 1 and RD161 in Tier 2 dosed at
concentrations ranging from 125 oM to 1000 nM acted to reduce Iuciferase activity m LINCaP-AR cells
whereas control solutions of DMSO and of bicalutermide had little or no effect, Figure 4 illustrates, for
example, that at coneentrations of 1000 oM, compounds RD37 and RD131, in Tier 1, caused a greater
decrease in PSA level of LNCaP-AR cells than RD133, RDI134, and RD138 in Tier 2. Figure 11 presents
tumor volume over time, and illustrates that under treatment with bicalutamide or vehicle solution,
tumors continued to grow, whereas under treatment with RDi62, in Tier 1, tumors decreased in size.
Figure 12 jllustrates that photon emission associated with kuciferase ackivity rempained about the same or
increased under treatment with bicalutarnide relative to treatment with vehicle solution, whereas photon
emission decreased under weatment with RD162. Figure 14 iliusirates that under treatroent with
bicalutarnide, there was little or no decrease in PSA levels, whereas under treatment with RD131 and
RD162, PSA levels decreased. Figure 15 illustrates that the IC; for RD37, RD 131, and RD162, in Tier
1, was much lower than the ICs, for bicalutamide.

f00182) Generally, Tier 2 compounds ere structurally similar to Tier 1 compounds, but with
different substituents on the right hand aryl ring. Tier 2 compounds are advantageous for use as AR
antagonists, and as therapeutic agents for hormone refractory prostate cancer. They may be useful to
treat other AR related diseases or condifons such as benign prostate hyperplasia, hair loss, and acne.
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These and related compounds may aiso be vseful as modulators of ather muclear recepiors, such &g
esirogen receptor and peroxisome proiix’sfatur—acﬁvaﬁedmcepmr, and a5 therapeutic apents for diseases in
which nuciear receptors play & role, such as breast cancer, ovarian cancer, Gimbetes, cardias Giseasss, and
metabolism Telated disemses. They may be useful in asseys S.g. as smndsrds, or as misrmediates or
prodrugs,
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ez 3 commotemds (see Tebiz 7) were judged to be shightly bster fhan bicaivramids for

treaung prostate cancer. RDD133, RD134, and RDI38 (i Tier 2) caused a greater decrs:

of LNCaP-AK celis than RD

ase m PSA lzvel

and RD137, ir Tier 3. ADl of these compounds caused z preater

decrease 1o PSA leve] than bicalutamide.

Otper Tier 3 compounds {not shown) wers not diarylthichydantoms, and wi

cormparable in activity to prior a1 monoarylnydantoin compoumds RD2, RD4, and RDS.
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[O0185] _ Thus, Tier 3 compounds are useful as AR amtagonisis, and as {herapeuiic agent for
hommone refrastory prostats cancer, They oy be useful to weat ofher AR related diseages or conditions
such as benign prostate hyperplasiz, hair loss, and acne. These and related compounds mey aisp be
useful as modulators of other muclesr Teceptors, such as eswogen Tecepior and peroxisome proliferator.
5 actvated receptor, and as therapeutic agents for diseases in which nuclear receptors play a role, such as
breast cancer, ovarian cancer, diabetes, cardiac diseases, and metwbolism related diseases. They may be

usefull in assays e.g. as standards, or as intermedistes or vrodrugs.
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Tier 4
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foD1BE) Tier 4 compounds (sec Teble B) were judged o be no better than bicahwtamide for
weating prostats cancer, Tier 4 RD 39 and RD40 and Tier 1 RD37, for example, differ oniy i toe
substitnent on fhe lower right carbon of the nydsnioin ring. The substituents on the right hand syl ring

oAy aiso affect activity,

{00187] Some Tier 4 compownds {mcluding those shown end others that are not shown) were
ot tizryl compomxﬁds (iacking the right hand aryl ring), were not thichvdantoins, were not disubstinrted
on the carbon on the lower right hand of the hvaanioin ring, and/or had substtuents other than oxygen ot
amide on the lower itft hand carbon of the hydamoin Ting. This provides evidence of the SUIprising
advantages of dizrvihichydantoing that ars disubstitmied on the lower right hand carbon of fhe hydantein

Ting and have oxygen or amido on the lower leff hand carbon of the hiydantoin Ting.

Thus, Tier 4 compowmds may be usefil as AR antagonists, and a5 therspeufic agenrs for hormone
refractory prostate cancer, at least to the sxtent that fhey ars comparable to bicalutarmide. They may be
ussful io treat other AR related dissases or condifions such as bemign prosmis hyperpiasiz, hadr loss, and
acne. These and related compomnds may alse be useful as modniators of other m;cl_eér Tecepiors, Such as
ssiropen recepior and peroxisoms proliferator-activaied f%eptor,- &nd a5 therapeutic agents for diseases m
whith nuclear recepiors play a2 role, such as breast cancer, ovariap caseer, diabetes, cardiac diseases, and

metaboiism related diseases. They may be usciul mn assays =.g. as standards, or as miermmediaies or

Prodrugs.
TABLE §
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[00188) Tier 5 compounds (sez Table 9) wers inactive or netrly factve, and thns, were worse

them bicelutmrmde for Teaiing prostate cancer. The substituents on fhe night hand exyl ring are importan:

o detenmimng astivity.

{001 897 Some Tier 5 compoimds (some of which are shown and some that are not SHOWE) were
not ciaryl corapownds (acking the might hand aryl Ting}, were nat thionydantoins, wers not digubstiiated
on the carbon on the lower right hand of the hydanioin 1ing, and/or had subsiftusnts ofher fan oxygen or
amjdo on fre lower left hand carbon of the nydaniom ﬁng. This provides evidence of the 5w Drising
advantages of diarylfnionydantoims that ars dsubstinned on the lower right hand carbon of the hydantoin
Tmg and have oxygen or amidoe on fne lower ieft hand carbon of fhe hydantcin Ting, In particular, the
terminal substiment in RD153, RD 156, sud 158 (CELNR,E., where By = H or methyl) is not seen as

confribuing to sotivity in thess compounds.

[00150] Tewer 5 compounds would not be desirabie for treatment of Drosiate cencer or as AR
sntagomsts, aithough fhese and relsied compounds may be usefil as roodulators of ofner nuciea
TECEPIOTS, Such A5 eswoger Teceptor and peraxisoms Droliferator-activated receptor, and as therapeutic
egents for diseases i which nuclesr receprors piay a role, such as breast cancer, ovarian caneer, dlabetes,
cardiac diseases, and metabolism reisied diseasss. They may be usefid m assays .t as standards, or as

InterTnediztes or Drodrups.

TABLE ¢

TIER 5 COMPOTUNDS
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Tier 6
[00151) Tier 6 compounds (see Table 10) were inactve or pearly inecfive, and firthermors

were swong agomists, and thus wers mueh worse then picahmewrdde for weating prostaie cancer. The
comparaiive commounds Tenked very poor reiative to foe mventive compounds. Notably, RD72 had very
poor activity, witt ¢ ohiorine suostituenmt om the Ieft hamd aryl nng. whereas RD7, witt 2
wifivoromethans, and RD100, with iodine, renked m Tier L. The resulis for the Tier 6 compounds
Trovide evidence oF the surprising advantages of Marvlthiohvdantoins that are disubsttuied on the lower
right hand carbon of {ne hydanioin ring &nd nave oxygen or amido on tos jower 18f hend carbon of the

bydantom ring, and have certam substiments on the leff hand arviting.

[00192] Tier 6 compounds would not be cesivebls for weatment of proswate sancer or as AR

ANTAgOnIsts,
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TABLE 10

TIER 6 COMPOUNDS
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Untiered compounds
[00183] For severel compounds, there was msufficient experimental data to rapi tnem. Thess
urtfiered compounds ere preseated in Table 11,
[0c154) Based on the date and methods of the invention, and zpplyng judpment based on

review of many compounds, including some 0ot shown hers, one ean maks some oossrvatons about the
untiered compounds. Comperative sxampie RD? is expected 1o be in Tier 3 with comparative examples
RD3-RD3E. BDES is expecied 10 nydrolyze o RD37.(Tier 1}, end should tasrefors have commarable
achvify. RD104 is sxpected to hydrolyzs o RDSE (Tier 1}, and snould fnerefors have COmMpEraEDie
activity. RDI103 is expected 10 hvdroivze to RDE (Tier 1), and RD 139 and RDI40 ars expested to

hydrolyze o RD138 (Iier 2), and they should thersfore have comparable activity,

TABLE 11

UNTIERED COMPOUNDS
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UNTIERED COMPOUNDS
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{00195] I short, novel compounds whick show evidence of being far superior to bicalutzmids

mn treating prostate cancer wers identifed and produced.

Semsifivity of Anti-Cancer Activity of Compounds w Stracural Differences

foo1es - The inventors have deterruned that what mighe apnear o be 2 small coangs m the
swucture of nydamoln compounds may resulf in a largs change in {hat compound’s performance in
treanng prostate cancer. For exampie, RD161 and RD162 differ only by s singie finorine substiment on
an aryi ring, and RD16Z is in Tier &, while RD161 is in Tier 2, both bemg beter than bicaiusamids for the
ireatment of prosute caucer, but RD162 being supericr. However, RD149, which differs from RD 161
only in paving an additional carbon atom berween the muetnyicarbamoyl group and the arvl Ting, is no
betier thao bicalamide for fhe weatmeni of Droswate cancer and is tanked m Tier 4. The affest of
RDI61, RD162, and RD 146 on luciferase acivity oan e seen in Figurs 24, Atg given concenmation of
compound, be luciferase activity upon exposurs o RD161 and RD162 is isss than the hciferase activiry

upon exposurs 10 RD146,
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[00197] RD$ differs from RD& only in that an amino group is substituted for a hydroxyl group.
However, whereas RDS is in Tier 1, much better than bicalutamide for the treatment of prostate cancer,
RDY is in Tier 4, no beiter than bicalutamide. The effect of RDE and RD9 on luciferase activity in the
LAR cell line can be seen in Figure 27. For a given dose, the luciferase activity upon exposure to RDS is
less than the luciferase activity upon exposurs io RD9. The effect of RD8 and RDY on luciferase activity
i the 4AR cell line can be seen in Figure 26. For e given dose, the luciferase activity upon exposure io
RDS is less than the luciferase acHivity upon exposure to RD9. The effect of RDS and BEDY an PSA
leveis in the LN/AR cell line can be seen in Figure 25. For a given dose, the PSA level upon exposure to
RD# 15 less then the PSA level upon exposure to RDS.

f6G198] R1>130 and RD131 differ from each other only by a methyl substituent on the end of
carbamoy! group and bot;n compounds are ranked in Tier 1, although RD131 has been foumd #o be
particularly advantageous. RD129 is the same as RD130, with the exception of a methoxy group being
substituted for an amino group, However, RI2129 is ranked in Tier 3. RD128 is simmilar to RDi29, but
has one less carbon in the chain Imking the ester group to the aryl ring; KD128 is ranked in Tier 3. The
effect of RD130, RDD131, RD128, and RD129 on PSA levels in the LN/AR cell line can be seen in Figure
28. For a given concentration, the PSA level upon exposure to RD130 and RD131 is less than the PSA
level upon exposure to RD128 and RID129,

[00159) RD153 and RD155 differ from each other in that the former has a methyicarbarnoyl
group attached to an aryl ring and a dimethyl substituent attached to the thiohydantoin group, whereas the
latter has a methylamino group attached to the right hand ary] ting and a cyclobuty] substituent attached
to the thichydanioin group. Whereas RD153 is in Tier 1, much better than bicalutamide for the treatment
of prostate cancer, RD155 is in Tier 3, inactive or nearly inactive in the treztment 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 RID153 is less than the luciferase activity

upon exposure to RD153,

[060200] RDS58 and RD60 differ from each otber in the substitution of 2 thio for an oxo group
and a direthyl substituent for a cyclobutyl substituent. Whereas RD58 is in Tier 1, RD60 is in Tier 4.

Pharmaceutical Compositions and Administration

[00201} The compounds of the invention ars useful as phannaécutical compositions prepared
with 2 therspeutically effective amount of 2 compound of the invention, as defmed herein, and a

pharmaceutically acceptable carrier or diluent.

[602027 The diarylhydantoin compounds of the invention can be formulated as pharroaceutical
-115. '
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compositions and administered o a subject in need of treatment, for example a mamynal, such as 2 human

 patient, in a variety of forms adapted to the chosen route of administration, for example, orally; nasally,

initraperitoneally, or parenterally, by intravenous, intramuscular, topical or sibcutaneous Toutes, or by

injection into Hssue.

{00203] Thas, diarylhydantoin compounds of the invention may be systemically administered,
e.g., orally, in combination with a pharmacsutically 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 dist. For oral therapeutic administration, the diarylhydantoin corapounds may be combined with
one or more excipients and used in the form of ingestible tablets, buccal tablets, troches, capsules, elixirs,
suspensions, syrups, wafers, and the iike. The diarylhydantoin corapounds may be combined with a fme
inert powdered carrier and inbaled by the subject or insufflated. Such compositions and preparations
should contain at least 0.1% diarylhydantoin compounds. The percentage of the compositions and
preparations ay, of course, be varied and may conveniently be between about 2% to about 60% of the
weight of 2 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 guin tragacanth, acacia, corn starch or gelatin; excipients such as dicaleium phosphate; a
disiniegrating agent such as corn starch, potato starch, alginic acid and the like; a lubricant such as
magnesilm 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 coniain, in addition o marerisls of the above type, a liquid camrer, such as a
vegetable oil or a polyethylene glyool. Various other materials roay be present as coatings or fo
otherwise modify the physical form of the solid unit dosage form. For instance, tabléts, pills, or capsnies
mzy be coated with gelatin, wax, sheliac or sugar and the Hke. A syrup or elixir may contain the active
compound, sucrose or fructose a8 & sweetening agent, methyl and propyiparabens as pfsservatives, a dye
and flavoring such as cherry or orange flaver. 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
devices. Tor example, the diarylhydantoin compounds may be incorporated into time release capsules,

time release tablets, and time release pills.

[00205] The Giarylhydantoin compounds may also be administered intravenously or
intraperitoneally by infusion or injection. Solutions of the diarylhydantoin compounds can be prepared
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in water, optionally mixed with a nontoxic surfactant, Dispersions can also be prepared in glycerol,
Hquid polyethylene glycols, triacetin, and mixtures fhereof and in oils, Under ordinary conditions of

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

[00206] The pharmaceutical dosage forms suitable for inmjection or infusion can include sterile
aqueous solutions or dispersions or sterile powders comprising the diarylhydantoin compounds which are
adapted for the extemporaneous preparation of sterile injectable or infustble solutions or dispersions,
optionally encapsulated in liposomes. In ali cases, the ultimate dosage form should be sterile, fluid and
stable under the conditions of menufacture and storage. The liquid carrier or vehicle can be a solvent or
hquid dispersion medium comprising, for example, water, ethanol, a polyol (for example, glycerol,
propylene glycol, liquid polyethyiene glycols; and the iike), vegetable oils, nontoxic glyceryl esters, and
suitable mixtures thereof. The proper fluidity can be maintained, for example, by the formation of
liposomes, by the maintenance of the required particle size in the case of dispersions or by the use of
surfactants. The prevention of the action of microorganisms can be brought about by various
antibacterial and antifungal agents, for example, parabens, chiorobutano!l, phenol, sorbic acid, thimerosal,

- and the like. In many cases, it will be preferabie to include isotonic agents, for example, sugars, buffers

or sodium chioride. Prolonged absorption of the injectable compositions can be brought about by the use
in the compositions of agents delaying absorption, for example, aluminum monostearate and gelatin,

F00207] Sterile injectable solutions are prepared by incorporating the diarylhydentoin
compounds in the required amount in the appropriate soivent with various of the other ingredients
enumerated above, as required, followed by filter sterilization. In the case of sterile powders for the
preparation of sterile injectable solutions, the preferred methods of preparation are vacuum drving and
frecze drying techniques, which vield a powder of the active ingredient plus any additional desired

ingredient present in the previously sterile-filtered sohstions.

[60208] For topical administration, the diarylhydantoin compounds may be applied in pure
form. However, it will generally be desirable to adminpister them to the sidn as compositions or

formulations, in combination with a dermatologically acceptable carrier, which may be a solid or a liguid.

f00209] Useful solid carriers include fmely divided solids such as taic, clay, microcrystalline
cellulose, silica, alumina and the like. Other solid carriers include nontoxic polymeric nanoparticles or
microparticles. Useful liquid carriers melude water, aicohols or glycols or water/alcohol/glycol blends,
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 agenis can be
added to opfimize 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
' -117-
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pump-fype or aerosol sprayers.

- [006210] Thickeners such as synibefic polymmers, fatty acids, fatty acid salts and esters, fatty

aleohols, modified celluloses or modified mineral materials can also be employed with liquid carriers to
form spreadable pastes, gels, ointments, soaps, and the like, for application directly to the skin of the

USeT.

{00211] Examples of useful dermatological compositions which can be used to deliver the
diarythydantein compounds to the glkan are known to the art; for example, see Jacquet et al. (U.S. Pat,
No. 4,608,392), Geria (U.S. Pat No. 4,992,478), Smith et al. (UJ.S. Pat. No. 4,559,157) and Wortzman
{(U.5. Pat. No. 4,820,508), all of which are hereby incorporated by reference.

{00212] Useful dosages of the compounds of formuls I can be determined by comparing their
in vitro zctivity, and in vivo activity in animal models. Meathods for the extrapolation of effective
dosages in mice, and other amimals, fo humans are known 1o the arf; for exampie, see U.S. Pat. No.

4,938,949, which is hereby incorporated by reference.

[00213} For example, the concentration of the diaryihydantoin compounds in a Iiquid
composition, such as 2 lotion, can be from about 0.1-25% by weight, ar from about 0.5-10% by weight.
The concentration in a semi-solid or solid composition such as 2 gel or & powder can be about 0.1-5% by
weight, or about 0,5-2.5% by weight.

[00214] The armount of the diarylhydantoin compounds required for use in treatment will vary
not only with the particular salt selected but also with the route of adminisiration, the nature of the
condition bemg treated and the age and condition of the patient and will be ultimately at the discretion of

the attendant physician or clinician,

[00215] Effective dosapges and routes of adminisiration of agents of the invention are
conventional. The exact appount (effective dose) of the agent will vary from subject to subject,
depending on, for example, the species, age, weight and general or clinical condition of the subject, the
severity or mechanism of any disorder being treated, the particuiar agent or vehicle used, the method and
scheduling of admunistration, and the like. A therapeutically effective dose can be determined
empirically, by conventional procedures known to those of skill in the art. See, eg., 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
amimal 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 deterrnine useful doses and routes for

administration in humans. A therapeutic dose can also be selected by analogy to dosages for comparabie
-118-
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therapeutic agents.

[00216] Tke particular mode of administration and the dosage regimen will be sclected by the
attending clinician, taking into account the particulars of the case (e.g., the subject, the disease, the
disease state involved, and whether the treatment is prophylactic). Treatment rmay involve daily or mulii-

daily doses of compound(s) over a period of 2 few days to months, Or even years.

[oo2L7] In general, however, a suitable dose will be in the range of from about 0.001 to about
100 meg/kg, e.g., from about 0.01 to about 100 mg/kg of body weight pér day, such as above about 0.1 mg
per kilogram, or in a range of from about ! to about 10 mg per kilogram body weight of the recipient per
day. For example, a suitsble dose may be about ! mg/kg, 10 mgke, or 50 mp/kg of body weight per day.

[00218] The diarylhydantoin compounds are conveniently adminisiered in umit dosage form;
for example, containing 0.05 to 100600 mg, 0.5 to 10000 mg, 5 to 1000 mg, or about 100 mg of active

ingredient per unit dosage form,

[00215] The diarylhydantoin compounds can be administered to achieve peak plasma
concentrations of, for example, from aSbut'G.S to about 75 uM, about 1 to 50 uM, about 2 to about 30
uM, or about 5 to about 25 pM. Exemplary desirabie piasma concentrations include at least or no more
than 025, 0.5, 1, S, 10, 25, 50, 75, 100 or 200 uM. For example, plasma levels may be from zbout 1 to
100 micromolar 61‘ from about 10 to abowt 25 micromoiar, This may be achieved, for example, by the
intravenous injection of a 0.05 o 5% solution of the diarylhydantoin compounds, optionally in saline, o
orally administersd as a bolus containing about 1-100 mg of the diarylhydantoin cormpownds. Degirable
blood levels may be mainmined by contimuous infusion to provide about 0.00005 - 5 mg per kg body
weight per hour, for example st least or no more than 0.00005, 0.0005, 0.005, 0.05, 0.5, or 5 mg/keg/hr,
Alternatively, such levels can be obtained by mftermitient infusions containing about 0.0002 - 20 mg per
kg body weighs, for example, af jeast or no more than 0.0002, 0.002, 0.02, 0.2, 2, 20, or 50 mg of the
diarylhydantoin compounds per kg of body weight.

{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 2 number of discrete joosely spaced

administrations; such as multiple inhalations from an insufflator.

002213 A number of the above-ideniified compounds exhibit little or no agonistic activities
with respect to hormone refractory prostate cancer cells. Because these compound$ are stong AR
inhibitors, they can be used not only in ireating prostate cancer, but also in treating other AR reiated

diseases or conditions such as benign prostate hyperplasia, hair Joss, and acne. Because AR belongs to
«118-
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the family of nuclear recepiors, these compounds may serve as scaffolds for drug synthesis targeting
other nuclear receptors, such as estrogen receptor and peroxisome proliferator-activated receptor.
Therefore, they may be further developed for other diseases such as breast cancer, ovarian cancer,

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

[06222] The embodiments illustrated and discussed in this specification are intended only to
teach those skilled in the art the best way known to the inventors to tnake and use the invention. Nothing
in this specificetion should be considered s limiting the scope of the present invention. All examples
presented are representative and non-limiting. The above-described embodiments of the invenfion may
be madified or varied, without departing. from the invention, as appreciated by those skifled m the artin
light of the above teachings. It is therefore to be understood that, within the scope of the claims and their

equivalents, the invention may be practiced otherwise than as specifically described.
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CLAIMS

1 A compound, having the formula

(R 62]

2. A pharmaceutically acceptable sait of a compound according to claim L.

3. A pharmaceutical composition comprising a therapeutically effective
amount of & compound according to claim 1 or a pharmaceutically acceptable salt of a

compound of claim 1 and a pharmaceutically acceptable carrier or difuent.

4, A pharmaceutical composition according to clairm 3, wherein the

compound is disselved.

5. A pharmaceutical composition according to claim 3, comprising a sofvent.

6. A pharmaceutical composition according to claim 3 comprising one or

more of dimethylsulfoxide (DMSO), polyethylene glycol (PEG), and water.

7. A pharmaceutical composition according to claim 3, comprising

dimethylsulfoxide (DMSO), polyethylene glycol (PEG), and water.
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