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nucleophiles. In another embodiment, the methods for synthesizing diazines comprise a

palladium catalyzed cross-coupling reaction of 17-iodoandrosta-5,16-dien-3{3-ol or analogs
thereof with tributylstannyl diazines.

Compounds of the present invention are potent inhibitors of human CYP17 enzyme as
well as potent antagonists of both wild type and mutant androgen receptors (AR). The most
potent CYP17 inhibitors were: 33-hydroxy-17-(1 H-benzimidazole-1-yl)androsta-5,16-diene
(5, code named VN/124-1), 3B-hydroxy-17-(5'-pyrimidyl)androsta-5,16-diene (15) and 17-
(1H-benzimidazole-1-yl)androsta-4,16-diene-3-one (6), with ICs, values of 300, 500 and 915
nM, respectively. Compounds 5, 6, 14 and 15 were effective at preventing binding of *H-
R1881 (methyltrienolone, a stable synthetic androgen) to both the mutant and LNCaP AR and
the wild-type AR, but with a 2.2 to 5-fold higher binding efficiency to the latter. Compounds
5 and 6 were also shown to be potent pure AR antagonists. The cell growth studies showed

that § and 6 inhibit the growth of DHT-stimulated LNCaP and LAPC4 prostate cancer cells
1



the wild-type AR, but with a 2.2 to 5-fold higher binding efficiency to the
latter. Compounds 5 and 6 were also shown to be potent pure AR
antagonists. The cell growth studies showed that 5 and 6 inhibit the
growth of DHT-stimulated LNCaP and LAPC4 prostate cancer cells 1 WO
20061093993 PCT/US2006/007143 with IC50 values in the low
mivromelayrange (i.e., < 10 M). Their inhibitory potencies Wargs2006/007143
comparable to that of casodex but remarkably superior to that of
whatamidguckheRhRimacaltineliemef €empakds. TrRAGEBRIRIGEINESs were
investigated. Following s.c. administration of 50 mg/kg of 5 and 6, peak
cplasmiddevils of hér8% andemdsably/mbsrivespieativdlytasciarfgd after 30 to
60 min, both compounds were cleared rapidly from plasma (terminal
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is significantly more effective than castration in suppression of androgen-dependent prostate

tumor growth. In view of these impressive anti-cancer properties, compound 5 and others can
be used for the treatment of human prostate cancer.

Prostate cancer (PCA) is the most common malignancy and age-related cause of
cancer death worldwide. Apart from lung cancer, PCA is the most common form of cancer in
men and the second leading cause of death in American men. In the United Statesl this year
(2004), an estimated 230,000 new case of prostate cancer will be diagnosed and about 23,000
men will die of this disecase (Jemal et al., Cancer Statistics, 2004. C4 Cancer J. Clin., 2004,
54, 8-29). During the period of 1992 to 1999, the average annual incidence of PCA among
African American men was 59% higher than among Caucasian men, and the average annual
death rate was more than twice that of Caucasian men (American Cancer Society — Cancer
Facts and Figures 2003). Androgens play an important role in the development, growth, and

progress'sion of PCA (McConnell, J. D., "Physiological basis of endocrine therapy for



men will die of this disease (Jemal et al., Cancer Statistics, 2004. CA
Cancer J. Clin., 2004, 54, 8-29). During the period of 1992 to 1999, the
average annual incidence of PCA among African American men was 59%
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5a-reductase that is localized primarily in the prostate (Bruchovsky et al.
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prostate in vivo and in vitro", J. Biol. Chern., 1968, 243, 2012-2021).
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cancer treatment." Nature Rev. Cancer, 2002, 2: 389 -396). Orchi ectomy
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treatment option for most prostate cancer patients. Medical and surgical

ipPEiidettinPrapaib<sole Mﬁ@f@@%ﬁ%&jéﬁnﬁbméﬂ@ﬁ W%ﬁ@t@ﬁes but

oes ffe nthe in thea renal Istu
R A e e R g s T AR G Pactiel®
r&%ﬁ@ﬂé%&ﬁ@&dﬂ%%&hl‘g%ﬁ@ﬁﬂ%&fpﬁﬁ@@@&QE&%QQEQSM&QQ!%@&H&caI

prolongs the survival of PCA patients (Crawford, et al., "A controlled trial
ofdhidectomy reduces or eliminates androgen production by the testes but does not affect

androgen synthesis in the adrenal glands. Several studies have reported that a combination
therapy of orchidectomy with antiandrogens, to inhibit the action of adrenal androgens,
significantly prolongs the survival of PCA patients (Crawford, et al., "A controlled trial of
leuprolide with and without flutamide in protatic carcinoma", N. Engl. J. Med., 1989, 321,
419-424; Crawford, et al., "Treatment of newly diagnosed state D2 prostate cancer with
leuprolide and flutamide or leuprolide alone, Phase III: intergroup study 0036",J. Urol.,
1992, 147: 417A; and Denis, L., "Role of maximal androgen blockade in advanced prostate
cancer", Prostate, 1994, 5 (Suppl.), 17s-22s). In a recent featured article by Mohler and
colleagues (Mohler et al., "The androgen axis in recurrent prostate cancer", Clin. Cancer
Res., 2004, 10, 440-448) it was clearly demonstrated that T and DHT occur in recurrent PCA
tissues at levels sufficient to activate androgen receptor. In addition, using microarray-based

profiling of isogenic PCA xenograft models, Sawyer and colleagues (Chen et al., "Molecular



leuprolide with and without flutamide in protatic carcinoma", N. Engl. J.
Med., 1989, 321, 419-424; Crawford, et al., "Treatment of newly
diagnosed state D2 prostate cancer with leuprolide and flutamide or
leuprolide alone, Phase IlI: intergroup study 0036",J. Urol., 1992, 147:
417A; and Denis, L., "Role of maximal androgen blockade in advanced
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radiemnakgianes sthetastigtep iyhechiabyathesistofdkinpkotvesrtw thkey
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agent and by virtue of inhibiting P450 enzymes, is also a modest CYP17
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(Trachtenberg et al., "Ketoconazole: A novel and rapid
clinically for the treatment of PCA (Trachtenberg et al., "Ketoconazole: A novel and rapid
treatment for advanced prostatic cancer", J. Urol. 1983, 130, 152-153). It is reported that
careful scheduling of treatment can produce prolonged responses in otherwise hormone-
refractory prostate cancer patients (Muscato et al., "Optimal dosing of ketoconazole and
hydrocrtisone leads to long responses in hormone refractory prostate cancer", Proc. Am.
Assoc. Cancer Res., 1994, 13: 22 (Abstract)). Furthermore, ketoconazole was found to retain
activity in advanced PCA patients with progression despite flutamide withdrawal (Small et
al., "Ketoconazole retains activity in advanced prostate cancer patients with progression
despite flutamide withdrawal", J. Urol, 1997, 157, 1204-1207). Although, ketoconazole has
now been withdrawn from use because of liver toxicity and other side effects this suggests
that more potent and selective inhibitors of CYP17 could provide useful agents for treating

this disease, even in advanced stages and in some patients who may appear to be hormone

refractory.
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stages and in some patients who may appear to be hormone refractory. 4
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horm - dependent prostate cancer,” Cancer Res., 2000, 60,
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of preparation of compounds which can be analogously applied to other structures, as
described below). The stimulus for preparing these C-17 heteroaryl steroids was based on
our desire to incorporate benzimidazole, benzotriazole, pyrimidinoazole and diazine moieties,
so-called “privileged substructures” (Nicolaou et al., "Natural product-like combinatorial
libraries based on privileged structures. 1. General principles and solid-phase synthesis of
benzopyrans", J. Am. Chem. Soc., 2000, 122, 9939-9953. “Privileged structures”, a term
originally introduced by Evans et al. (J. Med. Chem., 1988, 31, 2235-2246) to describe
structural motifs capable of interacting with a variety of unrelated molecular targets) in the
new molecules. These scaffolds, especially the benzimidazole scaffold, continue to receive
extensive attention in medicinal chemistry because of their diverse portfolio of biological
activities and also as entities of a variety of useful drugs (Nicolaou et al., above).

The C-17 heteroaryl steroid compounds of the invention are of the following general

formula I:



We have discovered a series of potent CYP17 inhibitors/antiandrogens,
the 17- benzoazoles, 17-pyrimidinoazoles and 17-diazines (see, e.g.,
Schemes 1 and 2, for examples of preparation of compounds which can
be analogously applied to other structures, as described below). The
stimulus for preparing these C-17 heteroaryl steroids was based on our
dewitetwinetporate benzimidazole, benzotriazole, pyrimi@ifioeszode @nds
diazine moieties, so-called "privileged substructures” (Nicolaou et al.,
"Natural product-like combmatorlal Iltg[arles based on pr|V|Ieged

benzopyrans" J Am[. Chem.
structures 4, a termy (origthall
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with a yariety of unrelatemolecular targets) in the new molecules. These
scaffolds, benzimidazole scaffold, continue to receive
extensdive.atje ealcmal chemistry because of their diverse

portfolio ofbiologicaé activities and also as entities of a variety of useful

drugs (Nicolaou et al., above). The C-17 heteroaryl steroid compounds of
vilwzeinvention are of the following general formula I: 5 WO 20061093993

PCT1US2006/007143 1217 X1113 1C 16 109214 al5 AB357

- the ABC ring structure is the A, B and C ring portions of a steroid or analog
thereof, which are optionally substituted;

- the - - - - bond at the 16,17 position is a double bond or, when the compound
is 17-(1H-benzimidiazol-1-yl)androst-3-one, a single bond; and

- X is an optionally substituted benzimidazole, benzotriazole,
pyrimidinoimidazole (purine), pyrimidinotriazole or diazine; the benzimidazole,
benzotriazole, and pyrimidinoimidazole groups being bonded to the steroid residue through a
nitrogen atom on the S-membered ring; and, the diazine groups being bonded to the steroid
residue through a carbon atom on the diazine ring.

Pharmaceutically acceptable salts of these compounds are also included in the
invention.

The optional substitution for the ABC ring structure includes one or more of: alkyl
and halogenated alkyl (preferably Ci.q); alkenyl and halogenated alkenyl (preferably Ci.¢)
including where the double bond is directly attached to the ring structure; halogen; amino;
aminoalkylene; hydroxyimino; and hydroxy. Further optionally, hydrogen substituents on
adjacent carbon atoms of the ABC ring structure may be removed and replaced by an
additional bond between the adjacent carbon atoms to result in a double bond between these

carbons in the ring structure. Preferred optional substitutions on the ABC ring structure are

methyl groups at the 10 and/or 13 positions of the ring structure.



4 6 wherein: the ABC ring structure is the A, B and C ring portions of a
steroid or analog thereof, which are optionally substituted; - the_ bond at
the 16,17 position is a double bond or, when the compound is
17-(1H-benzimidiazol-l-yl)androst-3-one, a single bond; and - X is an
optionally substituted benzimidazole, benzotriazole, pyrimidinoimidazole
(purimadpopydspdidinotriazole or diazine; the benzimidazole, R§8YIFOMWECId3
and pyrimidinoimidazole groups being bonded to the steroid residue
througheaptitirdgetsiéttoion éor thebbnpeinbekederingyiadwt, fraRidzina gralns
being bonded to the steroid residue through a carbon atom on the diazine
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the double bond is directly attached to the ring structure; halogen; amino;
rarmmdiadkydenephdisrioxyimonasand hydroxy. Further optionally, hydrogen
substituents on adjacent carbon atoms of the ABC ring structure may be
remo@éabaﬁm@makeBeb%m%l@mrr@ﬁwmﬁ%@mmmﬂd@@tmbm diazine
Srﬁggclpr; ?zlatrtorp?1 sule%? a double bond between these carbons in the
ring structure. referr Poaﬁafesﬁ%zéﬁﬁﬁlons on the ABC ring structure
are methyl groups at the 10 and/or 13 positions of the ring structure. 6
WO 20061093993 PCT1US2006/007143 The optional substitution for the
benzimidazole, benzotriazole, pyrimidinoimidazole, pyrimidinotriazole or

diazin ctures include halogen, amino, aminoalkylene, hydroxy,
N =
N < N
N» Q{ \N:%-)
S /
benzimidazole benzotriazole pyrimidinoimidazole

pyrimidinotriazole pyrimidine pyrazine
wherein the * indicates the point of attachment to the steroid residue.

In one preferred embodiment, the ABC ring structure has a C ring which has no
substitution except for preferably alkyl, particularly methyl, substitution at the carbon shared
with the D ring which is adjacent the attachment to the C-17 heteroaryl substitution, i.e., the

13-position.



-SH, -S-alkyl, alkyl and halogenated alky! (preferably C1.6). These
optional substituents will be on ring carbon atoms of the benzimidazole,
benzotriazole, pyrimidinoimidazole, pyrimidinotriazole or diazine
structures. The benzimidazole, benzotriazole, pyrimidinoimidazole,
pyrimidinotriazole or diazine structures are of the following formulae,
regpeetivebp93 N_ (?7N _N N -N N benzimidazole benzot(iazsre06/007143
pyrimidinoimidazole N N NON NN N N pyrimidinotriazole pyrimidine
pyrazineowheieidiehbodicaiestihe, moinl ofraitashment torthesstet@idhave
residue. In one preferred embodiment, the ABC ring structure has a C ring

a gehichivas! Nouctubbtiterdion3@xoaiptforpieferald i ddky bfasticulziigstmétioyl,
substitution at the carbon shared with the D ring which is adjacent the

digiachrhErRs iR e otimRR o s SRisastdrshonce! fifdol amirssiimurs WO
;0061093993 PCT1US2006/007143 In another preferred embodiment,
the A, B and C rings of the ABC ring structure have a conventional
structure based on 3p-hydroxy-androsta-5,16-diene or

3-oxo-androsta-5,16- diene. But in another embodiment the A and B rings
have one of the followmg structures 1- 25:
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The following lists the chemical names of compounds having the AB rings as in 1-25,
and the C and D rings conventional, wherein X is benzamidazole. Analogous compounds
wherein X is benzotriazole, pyrimidinoimidazole, pyrimidinotriazole, pyrazine or pyrimidine

are also contemplated.

Compound 1: 3B-Hydroxy-3a-methyl-17-(1 H-benzimidazol-1-yl)-androsta-5,16-
diene

Compound 2: 3B-Fluoro-17-(1 H-benzimidazol-1-yl)-androsta-5,16-diene

Compound 3: 3p-Chloro-17-(1H-benzimidazol-1-yl)-androsta-5,16-diene

Compound 4: 3B-Bromo-17-(1 H-benzimidazol-1-yl)-androsta-5,16-diene

Compound 5: 3p-Iodo-17-(1 H-benzimidazol-1-yl)-androsta-5,16-diene

Compound 6: 3B-Amino-17-(1H-benzimidazol-1-yl)-androsta-5,16-diene

Compound 7: 17-(1 H-benzimidazol-1-yl)-androsta-3,5,16-triene

Compound 8: 17-(1H-benzimidazol-1-yl)-androsta-2,4,16-triene

Compound 9: 17-(1 H-benzimidazol-1-yl)-3-methyleneandrosta-5,16-triene

8



o F~~/ClI'~/~/Br'vvI'v~/H7N_vv CH,12345H2CJ J\~ F2C&
F2CJJ\J 789101112CH,C/rF//[~HON\ &~ 1LHON/ FF 13 14 15
16 17 18 HON HO CI Br N 19 20 21 22 23 24 25 The following lists the
chemical names of compounds having the AB rings as in 1-25, and the C
and D rings conventional, wherein X is benzamidazole. Analogous
compowndsomherein X is benzotriazole, pyrimidinoimidaz ®€T/us2006/007143
pyrimidinotriazole, pyrazine or pyrimidine are also contemplated.
Coapyadnd:1:  17-(1H-benzimidazol-1-yl)-3-methyleneandrosta-4,16-triene
Capnpéydobdy-3a-nietHyidL 71 FbErreimidaizch 1-yl)-anidrasiy 16, didaadiene
Cosnayeada:2: 3(33ﬁ196}’6112[>71-(t[-1f6bﬁ1211mié%¥2’b|1]Yljfll)dméh‘éél@tﬁlfﬂl@a diene
ge'a 3 rl?f‘%?m( 40 'i’ﬁf )iﬁﬁa bhev dé??H‘r%été@IfBedlene
CORINGONd 4:
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Ccapwadnd: 7: 17€(Hy|dbﬁ5mmﬁujazg|flbyl)zﬂxﬂdiﬂﬁta=ﬁ)5&ﬁs§fa&ﬂ% diene
Coopwoddd:8: 173 hidbemiznnid 820l bghzmndaogta-2)4ylibetriel)y 1 6-triene

Compound 20: 3-Hydroxyimino-17-(1 H-benzimidazol-1-yl)-androsta-2,4.6,16-diene
Compound 21: 3-Hydroxy-17-(1H-benzimidazol-1-yl)-estra-1,3,5(10),16-tetraene
Compound 22: 3-Fluoro-17-(1 H-benzimidazol-1-yl)-estra-1,3,5(10),16-tetracne
Compound 23: 3-Chloro-17-(1 H-benzimidazol-1-yl)-estra-1,3,5(10),16-tetraene
Compound 24; 3-Bromo-17-(1 H-benzimidazol-1-yl)-estra~1,3,5(10),16-tetracne
Compound 25: 3-Iodo-17-(1 H-benzimidazol-1-yl)-estra-1,3,5(10),16-tetraene

Examples of optional substituents for the heteroaryl ring, X, are shown by the
following structures 26 - 40 wherein X is benzimidazole. Analogous compounds wherein X
is substituted benzotriazole, pyrimidinoimidazole, pyrimidinotriazole, pyrazine or pyrimidine

are also contemplated.



Compound 9: 17-(1H-benzimidazol-l-yl)-3-methyleneandrosta-5,16-triene
8 WO 20061093993 PCT1US2006/007143 Compound 10:
17-(1H-benzimidazol-1-yl)-3-methyleneandrosta-4,16-triene Compound
11: 3,3-Difluoro-17-(1H-benzimidazol-1-yl)-androsta-5,16-diene
Compound 12:

3,3vDiftueve3D7 -(1H-benzimidazol-1-yl)-androsta-4,16-dieneC13sppawnd3
13: 17-(1H-benzimidazol-1-yl)-3-methyleneandrosta-2,4,16-triene
Compound 14:
17-(1H-benzimidazol-1-yl)-3-methyleneandrosta-2,4,6,16-tetraene

pound
@%&iﬂuoro@yﬁ ben2| 3z0l-1- yI) Qsta-2, [jene C
; §6 é,\%;Dh;Ifuar 1%(dH- ?en midagzel-1- y;ﬁn&;gga- 6, 16; tetra

poun P\Jé Y g ;\E% e
ydroxyi -17-(1H- Imidazo andro 6-dien
@gmpou 51% 7 3- Hydroxy@§| $ ? 30 ?

(1H-benzimidazol-I-yl)- drosta 4,16-diene Co und 19:
roxyi =17 - (1H -b |dazol ndros I\;L6 trlenQ\

: $O und, 2 .
ydroxy|§n 17 (1H E)E@mldazoﬁ% androéﬁi%\él .6, 16 d ej|ﬁ§ ?
{-Compound

3Hydroxy- 131|H ben2|m|ﬂazol 1-yl)- es.?cﬁa 1,3 5(10)3156 tetraene 37

Compound 22: ¢ )
3-Fluoro-17-(1H- zimidFaCzo ) -estra-1 ?10) 16-tetraene Compound
23: 3-Chloro-17X1¥-yenZimi }LI yI)F es ﬁS(lO) ,16-tetraene

Compound 24:

3-Bromo-17- (1f—|j®12|m|da§jﬁ/k/yl) estreij:\s\%(m) 16-tetraene

Compound 25

3-lodo-17-(1H- be?r8z|m|dazol 13A)-estra-1 348110) 16-tetraene Examples of
optional substituents for the heteroaryl ring, X, are shown by the following
structures 26 - 40 wherein X is benzimidazole. Analogous compounds
wherein X is substituted benzotriazole, gxerlmldlnmmldazole

pyrinffFGTAZRIES ObgPLoML B UAR dih &1 e BBt e s
fc%%w@ng s%%gt €S 4& T%%{%Qrmq S%OIZ g‘lﬂ)gtltuted C-17-azabenzimidazole (i.e.,

pyrimidinoimidazole or purine). Analogous compounds wherein X is substituted
benzimidazole, benzotriazole, pyrimidinotriazole, pyrazine or pyrimidine are also

contemplated.

N NH; N NH:

s N N Ne.

N N ﬁ% N«/ fo
J J S
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N\/N\/N\/NNon SH Z'y'l/~,~\N)~CH20H NCHZCN NZCOZH N°
KNHi 26 27 28 29 30 31\/N\/N\/ ~~F N-k C] Br CN N 32 33 34 35 36
37 C CIBrFF3C NSH N~SH N-kSH 38 39 40 Other examples of
optional substituents for the heteroaryl ring, X, are shown by the following
structures 41 - 46 wherein X is substituted C-17-azabenzimidazole (i.e.,
pyweminomeidazole or purine). Analogous compounds Wheggins0(007143
substituted benzimidazole, benzotriazole, pyrimidinotriazole, pyrazine or
pyrinpdinelang plgerredeiepplaieds NN NI, f51MEIZuCLN O, M Sib 1
IN21 22N-jZZN~ZN~tNJN~N_414243444546 10 WO
apPB¥B9093993 PCT1US2006/007143 Particularly preferred compounds
are those of the following structures M5, M6, M9 and M10. Q/1 J-\J N
Q\W/-N NNN'N'

O oy oy
NJ NJ NN
M5 M6 M9

The inhibitory activities of these compounds compared to CYP17 and steroid 5a-

M10

reductases, the binding to and transactivation of androgen receptors, and their
antiproliferative effects against two human prostate cancer cell lines, LNCaP and LAPC-4
were studied. The pharmacokinetics of compounds 5 and 6 were evaluated in mice and the in
vivo antitumor activities against human LAPC-4 prostate carcinoma were also evaluated in
mice. To our knowledge, all the compounds described here, with the exception of compound
15 represent novel entities (Haidar et al., "Novel steroidal pyrimidyl inhibitors of P450 17
(17a-hydroxylase/C17-20-lyase)", Arch. Pharm. Med. Chem., 2001, 334, 373-374; and
Haidar et al., "Effects of novel 17a-hydroxylase/C17,20-lyase (P45017, CYP17) inhibitors
on androgen biosynthesis in vitro and in vivo", J. Steroid Biochem. Molec. Biol., 2003, 84,
555-562).

The preparation of the new 17-benzoazoles and 17-diazines is outlined in Schemes 1
and 2, respectively. These methods can be applied analogously to other analogs described
herein.

The key intermediate in our synthesis of the 17-benzazoles, 3 3-acetoxy-17-chloro-16-
formylandtrosta-5,16-dine (2) was obtained from (1) by our routine procedure as previously
described (Njar et al., "Nucleophilic vinylic “addition-elimination” substitution reaction of

3B-acetoaxy-17-chloro-16-formylandrosta-5,16-diene: A novel and general route to 17-
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HO O {O O M5 M6 M9 M10 The inhibitory activities of these compounds
compared to CYP17 and steroid 5a- reductases, the binding to and
transactivation of androgen receptors, and their antiproliferative effects
against two human prostate cancer cell lines, LNCaP and LAPC-4 were
studied. The pharmacokinetics of compounds 5 and 6 were evaluated in
miv® and/apsedin  vivo antitumor activities against human LRPTU&2pm@state
carcinoma were also evaluated in mice. To our knowledge, all the

sdsmpedndssaesdsibed hasathwithdhe exceptian-of Casmpaynaitibrepngsent
novel entities (Haidar et al., "Novel steroidal pyrimidyl inhibitors of P450
hydroxytaee/hyaPdxsia IO 2 8itpag dyed\ farerPhetind Ietl 2CHerd 782004,
3- 374 an Halda[ tal. ects of nove
Sl v LS s Ot v L het e
L t%@a@ e} @mhmteéaf endoSHSLRI BIREPENN MQIGE, Bi@bs A0,
84, 555-562). The preparation of the new 17-benzoazoles and
- i2yliazinesis datinkdd-Gthenes thapds2ysestectvely DMese methods
can be applied analogously to other analogs described herein. The key

amtex'm@mt@?ﬁ gve Syardbransib3ffatrio 1 i ddzberaleddazole 3 in near quantitative
acetoxy 17-chloro-16- formylandtrosta 5 16-dine (2) was obtained

y’ﬁ 3r‘Y61PE??‘fE’tBIr%6“e€B‘iﬁ‘?§l%§%dﬂFé‘R‘/ &R?‘“ﬁ‘@%@rﬂ?é’&tmfé? ghezgoal in
refll\llll)j((ilggprbzlclllﬁt}ﬂn}/%%lvggdItl gﬁ val'\', 1Oc re&cflon % Je the

30-acetoaxy-17-chloro- I6m1%rmylan diene: nov general

rd @& %?&&W@%QB&?&%&@%%%M §8§&§A&Q%¢Mﬁon of 5 afforded the
substituted-Al16-steroids. Part 1. Synthesis of novel 17-azolyl-016

catespidginnhibitors @hibg 6. hydroxylase/17,20-lyase (P450170", Bioorg.
Afed. Chem. Lett., 1996, 6, 2777 - 2782; and "Novel 17-azolyl steroids;
potenthintsiisiioro 0} vittoetmotriezdlid 50tk Teetopdr ok iy 1V 20HyaSse

approximately 80°C gave the desired 3f-acetoxy-17-benzo-1H-1,2,3-triazole 7h in excellent
yield, together with the 2H-1,2,3-triazole regioisomer 7a in approx 5% yield. These two
regioisomers were readily separated by flash column chromatography (FCC) on silica gel and
were also easily identified by their respective proton NMR spectra. Thus, the four aromatic
protons of the symmetrical 2H-1,2,3-triazole 7a appeared as two pairs of doublets at & 7.43,
7.45, 7.88 and 7.90 while the four aromatic protons of the unsymmetrical 1H4-1,2,3-triazole
7b appeared as multiplet at 6 7.46 (2H) and doublets at & 7.57 (1H) and 8.15 (1H),
respectively. In addition, the 16-CHO proton in 7a was significantly shifted downfield to &
10.66 compared to that in 7b at 3 9.59. Deformylation of 7b with in situ generation of
Rh(1,3-bis(diphenylphosphino)propane), "CI catalyst [Rh(dppp), "Cl7 in refluxing xylenes
gave compound 8, and following hydrolysis of the 3B-acetoxy group, we obtained the target
3B-hydroxy-17-(benzo-1H-1,2,3-triazol-1-yl)androsta-5,16-diene (9) in 90% yield. Oxidation
of 9 afforded 10 in good yield.

Synthesis of the 17-diazines, (17-diazine 14 and17-pyrimidine 15) commenced from

the readily available dehydroepiandrosterone (11, Scheme 2), which was converted to the
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(P45017a): Potential agents for the treatment of prostate cancer”, J. Med.
Chew., 1998, 41, 902 - 912). Treatment of 2 with benzimidazole in the
presence of K2CO3 in DMF at approximately 80C gave the desired
30-acetoxy-17-1H-benzimidazole 3 in near quantitative yield. Compound
3 was smoothly deformylated with 10% palladium on activated charcoal in
reffuxasgplogaazonitrile to give compound 4 in 93% yield, froRCWAi2#96/007143
hydrolysis gave the required 3[3-hydroxy 17-benzimidazole 5. Modified

cdppendiugn Dxjdation: of Syaftarded thie heoriaspRREeAIhHRXR NERgP .
The reaction of 2 with benzotriazole in the presence of K2CO3 in DMF at

prgpilgpé;y, ﬁ?éféﬁ?@@(f@%@ttﬂe Y eepspient, large-scale synthesis of abiraterone
30-acetoxy-17-benzo-1H-1,2,3-triazole 7b in excellent yield, together with

AR ORP 1T XY A LRSI RA GRS 7 0 1SS b ARO SO A) R iRk T featment
ioj , il f tagraphy .
o D S TE o

tHRretamNMR spectiaaniiingsthadas bamomaticyINroiens ok the.eymmetkiaal -
2H-1,2,3-triazole 7a appeared as two pairs of doublets at 6 7,43, 7.45,

Tireg8ladid:7 96 wivilenive fowtingorndivayctons e hith Elonbyminsiyidal
IH-1,2,3-triazole 7b a}(g)peared as multiplet at 6 7.46 §2H2 and doublets at

Gg)?s.‘gef“@?ﬁ} At 8. 15 (i s a8 S Rdehishiime® CHO proton in
ighifi | ifted field to.S. 10.66 in.zZ
§ iR s e

& b éﬁ&&%ﬂ%‘%ﬂéM,@E{%ﬂ@Elgsfdﬁ%kﬁf‘i@t&%@l(ﬁ?%l%ﬁ&ﬂ&U

refluxing xylenes gave compound 8, and following hydrolysis of the

d13[3-ase10%y, JE4p WS, OltaiBR Y ite txHgek 3wo cross-coupling reactions may be
(3-hydroxy-I7-(benzo-1H-1,2,3-triazol-1-yl)androsta-5,16-dime (9) in 90%

dysatdneidiatiofthostenafididiad azimtgoutiyie daSimthesidioftmaployed. The
17-diazines, (17-diazine 14 and | 7-pyrimidine 15) commenced from the

SFREHHTY AVARABRS GRRPRUEpIAAISohER Y, SHER RSP YR
SRR NG A WR: ARGA QPERYT- Bl b RSB0/ ebhred as three

singlets at & 8.35, 8.48 and 8.70, while for the three protons of the 17-pyrimidine moiety in
15, two equivalent protons appear as a singlet at & 8.73 and one proton appeared at & 9.07.
Furthermore, the 17-diazine groups of 14 and 15 exhibit different influences on the chemical
shifts of their respective 16-olefinic protons with respect to the 16-proton of the precursor
A'-17-iodide 13: the 16-H in 14 appeared as a singlet at § 6.77, being significantly
deshielded compared to the 16-H in 13 (8 6.14); the 16-H in 15 appeared at & 6.11, similar to
13. Asindicated above, compound 15 was previously reported Haidar et al., however, it was
synthesized by a procedure that is different from the one described herein.

A representative sample of the novel compounds were then subjected to extensive in
vitro and in vivo studies as described in detail in the following sections.

The present invention also relates to method of treating prostate cancer or prostate
hyperplasia comprising administering to a subject in need thereof an effective amount of a

compound in accordance with the present invention. The term “treating” is used
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corresponding 17 hydrazone 12 by treatment with hydrazine hydrate and
hydrazine sulfate as previously described by Potter et al., A convenient,
large-scale synthesis of abiraterone acetate
[3(3-acetoxy-17(3-pyridyl)androsta-5,16-diene], a potential new drug for
the treatment of prostate cancer. Org. Prep. Proc. Int., 1997, 29, 123-128.
Treaumesientss?2 with iodine in the presence of PCT/US2006/007143
1,1,3,3-tetramethylguanidine gave the vinyl 17-iodide 13 in excellent yield.
cdvenpallaliwn. chtalynegharasa-cat plingupactionis: (@hoshoeioalbatihgtal
synthesis of Grossularines-1 and-2." J Org. Chenz., 1995, 60, 5899-5904)
albfvigngitsing ekgIsranIRRaA e Ot G-wise A/ Sanmpysimiitied with

ded to giye 333-h -17- (2- )-androsta-5,16-di (14,
L AT Tt e e
hgsaiaﬁgg\(@hyﬁ)r Qﬁdlgwsaé@@ac@r D8 SE-OWRiCtAsR:CQHRIRg) reactions may be

ue to instability of the stannyldiazine reagents under the reaction

conditiengeeifiptoyetdvdlhed stietisyes’ dfstae tasgeicasppatingsychd anetyS
were readily identified by their proton NMR spectra: The three
ohBrietuivensiteshs e ibT ehi@ePepiicaiiv ppleeynh Tumngihebrcntaktande
1s.ir%gletls at 6 8.35f 8.48 and 86170’ hile for the three protons of the .
By T 7 01 & A B G o AT AU B PO LB a H SiFigHx at
nexfh (AL P06 R0, RPSRIRA M O0d mEWHREYBPR RS A sdiazine

groups of 14 and 15 exhibit different influences on the chemical shifts of
hifpeislisispectiveeifroleittic praioasipithd especidaitiacla;pralanmntboe: 1
precursor Al16-17-iodide 13: the 16-H in 14 appeared as a singlet at 6
g, wrbee A0S Rgrficémiposresridisdly ebrwpdray to abritllgHnigrends. 6lha):;
the 16&H in 15 eared at 6 6,11, similar%g 13. As ind'i ted above,
T R T T Tt a it T S A e A e S
punihesized.pYApocadarehal isdiferent domdag %%tmgmd)erem-
A representative sample of the novel compounds were then subjected to
opixtansivedmlittacanabitoviyustLidigscas desstibhaa dtod atsitimibadpllowing
sections. The present invention also relates to method of treating prostate
i Mo B iPFeETatE lahYet| SSPA O rh PP thy Sty ith endutjabedal.
need thereof aP effective. amount of g .. ) L )
etc. A compound of the present invention can be administered alone, or in combination with

any other ingredient(s), active or inactive, for example, with physiologically acceptable
vehicles to make suitable pharmaceutical compositions.

The entire disclosure of all applications, patents and publications, cited herein and of
US Provisional Application No. 60/657,390, filed March 2, 2005, is incorporated by
reference herein.

Without further elaboration, it is believed that one skilled in the art can, using the
preceding description, utilize the present invention to its fullest extent. The following
preferred specific embodiments are, therefore, to be construed as merely illustrative, and not

limitative of the remainder of the disclosure in any way whatsoever.
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compound in accordance with the present invention. The term "treating" is
used 13 WO 20061093993 PCT/US2006/007143 conventionally, e.g, the
management or care of a subject for the purpose of combating,
alleviating, reducing, relieving, improving, etc., one or more of the
symptoms associated with the prostate disease. Examples of prostate
diseagew/thaptan be treated include, e.g., prostatic hyperptagiaz(BPpiy43
and prostate cancer (e.g., prostatic adenocarcinoma). The specific dose
level lankt fkeegeenpcyndfrdbs age wirgyexanylcdepandiRgtipe arasiafiaty of
factors, including the activity of the specific active compound, its metabolic
uBeamttydan degesny tislorastiball parts sfdnaretiosrs Mo be vegightitdesfotherwise
. dmiraistration, the age, body weight, health condition, gender, diet, etc.,
1%%’% subject, and the severity of the prostate cancer or hyperplasia. Any
effective amount of the compound can be administered, e.g., from about 1
mg to about 500 mg per day, more specifically about 50 mg to about 150
mg per day. The compounds caxiAMmdIBinistered in any form by any
effective route, including, e.g., oral, parenteral, enteral, intraperitoneal,
Biejsigiat! fadidermal (e.g., using any standard patch), ophthalmic, nasally,
local, -oral, such as aero ay,.jnhalation, subcutaneous,.
s e S B S AR oo o ou
plbltBaytasiah-aRch LIAECH LA GAPROMBSAHIS RIsSERLIRVE/ion
can be administered alone, or in combination with any other ingredient(s),
uathselpeingat eyterexamypiestwith Ghysinlog Pl Bregpiaite Pyalitlra to
make suitable pharmaceutical compositions. The entire disclosure of all
celppilicatibnisp perrening ayepublicaubrd otilest-héveifr king ohibigrPrdvidional
Application No. 60/657,390, filed March 2, 2005, is incorporated by
BatarenddNefbin’ RitAbuediritsriepiperationitie plene(d d-thitsnaikiney
Andte. gt ean, using the preceding descriotion. 128 {06 PIERERY. 6230,

mvenﬁo ng

ICsp values of the compounds are determined from dose-response curves and are listed in

Table 1. The ICsy values for ketoconazole, abiraterone (a CYP17 inhibitor in clinical trials
(O'Donnell, above), Chart 1) and 3p-hydroxy-17-(1H-imidazole-1-yl)androsta-5,16-diene
(VN/85-1, compound 16, Chart 1, believed to be the most potent CYP17 inhibitor (Njar et
al., Current Pharm. Design, 1999, 5: 163-180; and J. Med. Chem., 1998, 41, 902 - 912,
above) are also determined in the same assay system for comparison. Some of the new 17-
heterocycles exhibit potent inhibition of CYP17 with ICso values of 300 — 915 nM. The
benzimidazoles, 5 and 6 are 4- to 6-fold more potent than the benzotriazoles 9 and 10. This
result suggests that the electronic nature of the 17-heterocycle influence inhibitory activity.
Furthermore, compounds with the A%-3p-ol functionality, 5 and 9 are at least 3-fold more
potent than the corresponding analogs with A*-3-one functionality, 6 and 10, respectively.
These results are in contrast to our previous results for the simple 17-azole CYP17 inhibitors.
In that series of inhibitors, there is no marked difference in the inhibitory potencies between

the A>-3B-ol azoles and the corresponding A*-3-one analogs (Njar et al., J. Med. Chem., 1998,
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preferred specific embodiments are, therefore, to be construed as merely
illustrative, and not limitative of the remainder of the disclosure in any way
whatsoever. 14 WO 20061093993 PCT1US2006/007143 In the foregoing
and in the following examples, all temperatures are set forth uncorrected
in degrees Celsius and, all parts and percentages are by weight, unless
otlvepvigeosisdicated. EXAMPLES Biological Studies CYPRZTIRBibiei0oNT143
Studies: A CYP17 inhibition assay is performed according to our
1precvicusly sepeytac pyide dusanitonhichvi e stisdoenEer6les bind differently
P450c17-expressing E. coliis used as the enzyme source (Grigoryev et

aighe actip ek efife PEBoe sE7bdhastbe difrepetisatie AbHiRmeisHs aishs Frstsiierpis

. scrﬁeqipgﬁ tem for 17a-hydroxylase-C17,20-lyase inhibitors”, Anal.
"EiGChem:; 19 267, 319-330; and "Effects of new

17a-hydigxyiase/hd LeQ-4¥asenbibitors.qn !o'}igﬂﬁ’mgf&%%&ﬁeﬁ?%%%e”
growth in vitro and in vivo", Br. J. Cancer, 1999, 81, 622-630. IC50 values

Pof Ghetedmpetids atedetesnined-fionifdase.rpspansep e URfesandgre
listed in Table 1. The IC50 values for ketoconazole, abiraterone (a CYP

"Neankipitet dhsehiearaddrbifoy Dot toapistrsyraettatechyarrd4 50 by optical

3-hydroxy-17-(1H-imijdazale-1-yl) osta- -diene (VN/85-1,
o T e Esaee S R
ANIREB s aafd YRR FRNAEVBu B RIS B9 s BGOSR 2 8BioBNE HedfL 1.
Rt g 902Jfl%éij2,ua %\%ﬁtreggss%%%%%ﬁingg’?:%ey s%grer?é
LagsagosysteTniorsamparisurd Soers 0fdhiernewvz 1 71 eteianyelassexbibit
potent inhibition of CYP17 with IC50 values of 300 - 915 nM, The
ctsdriphrviazors d8Tasace saretumdndifatiganeneipeien ptrgrpidab nitrogen (N-3

enzotriazoles 9 and 10. This. result suggest e electronjc nature of
R Ay S A o el L AT

st dRer A QA MU AR e Pt A6 Al SRS ERIHIBO R h 5 and 9

(426 nM) is in agreement with available data for the binding of nitrogen ligands to CYP
systems, and is also in agreement with our results with other 17-azolyl CYP17 inhibitors
(Njar et al., Bioorg. Med. Chem. Lett., 1996, 6, 2777 - 2782; and J. Med. Chem., 1998, 41,
902 - 912). The interaction of the benzoazole nitrogen with the heme iron of CYP17 suggests
bulk tolerance at the 17-position, because the binding affinities of 5 and 9 are identical to that
of the less sterically demanding 16, with a 17-imidazole group.

Of the two 17-diazines tested, the 17-pyrimidine 15 with an ICs, value of 500 nM is
about 8-fold more potent than the 17-pyrazine 14 (ICso = 3810 nM). As with the benzoazoles,
this result suggests that the electronic nature of the 17-heterocycle influence inhibitory
activity. Finally, ICsy values in the same assay system for ketoconazole, and abiraterone are
evaluated (Table 1). The most potent compound in this series, 17-benzimidazole 5, exhibits
about 4 and about 3-fold improvements in CYP17 inhibition over these compounds,

respectively, although it is less potent than 16.
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potent than the corresponding analogs with A4-3-one functionality, 6 and
10, respectively. These results are in contrast to our previous results for
the simple 17-azole CYP17 inhibitors. In that series of inhibitors, there is
no marked difference in the inhibitory potencies between the A5-3(3-ol
azoles and the corresponding A4-3-one analogs (Njar et al., J Med.
Chear99989315 WO 20061093993 PCT1US2006/007143CAIYRER/00DED
above). A possible explanation is that the bulkier benzoazoles bind
IalifferRathf aiihe Rcivmaie abiimenzymesacidhalshedate st onfsyaus
the moiety at the 3-position is important for binding. The binding of the
figdibgtréte ©rinRBRGHnligEnd stoebietdhahisitdompohertioftiseraey RS0
cytochromes is investigated using UV-vis difference spectroscopy (Jefcoat
begefls evalypisitiena senise S6 6P At kiitonhBiedRBgm gé ivite R Sormaunds
cytochyome. P450 by optical difference spectroscopy” thods Enzyrnot,
S e A e o0 VB Semapatan
oC - i
e s el Chon 408 41 603 - agy !
b Banpown elsab, 88chtBestanld inauada dypesibdifterence specksunt,dndicating
coordination of steroidal nitrogen (N-3 of benzimidazole or benzotriazole
cirhepvscthe tramibdrer o ippaiingstiiiehn asient efiddwwiupintive siemplieSe-
peak positigns for the Soref maximum for the enzyme complex with 5 and
TGRS RY IS e dniGitt Wit agiitarte S tHE ViR st Hithsgen
igands to. CYP .systems, and js alsg in agreement with our results with
P T B A R S R R
TA8196, 6013 ¢6ihipodd BR ARG IMEH BN 1088 Ae P04 2 L, =
interaction of the benzoazole nitrogen with the heme iron of CYP 17
730 ggbsis nbllkedolereniceattbthgh IfAspesitio fiplb &capsentheab ibdingiadfiiities
of 5 and 9 are identical to that of the less sterically demanding 16, with a
64 2o i NG &FEPETAEH) Of the two 17-diazines tested, the 17-pyrimidine 15
with an IC50 value of 500 nM is

LNCaP and PC-3AR androgen receptor binding assays: Because we had previously
demonstrated that some of our CYP17 inhibitors are potent antiandrogens for both the mutant
and wild-type AR (Long et al., Gregoriyev et al. and Njar et al.,J. Med. Chem., 1998, 41, 902
- 912, above) in was of interest to assess the ability of this series of CYP17 inhibitors to bind
to these receptors. AR competition is determined using labeled R1881 ([°H]-R1881) in the
androgen-sensitive LNCaP cells, that express mutant AR, and the androgen-independent PC-
3 cells stably transfected with the wild-type AR (designated PC-3AR). Compounds 5, 6, 14
and 15, in the nanomolar concentration range, compete effectively with labeled R1881 for
binding to both types of ARs in a dose-dependent manner (Figure not shown). Compounds 5,
6, 14 and 15, with ICs values of 384, 242, 336 and 374 nM, respectively (Table 1), versus
the wild type AR are 29 to 45-fold more potent than with the clinically used antiandrogen,
flutamide (ICso = 10,985 nM). As shown in Table 1, the binding affinities for the mutant AR

of 5 and 6 are comparable to that of casodex, a currently used antiandrogen, but again
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about 8-fold more potent than the 17-pyrazine 14 (IC50 = 3810 nM). As
with the benzoazoles, this result suggests that the electronic nature of the
17-heterocycle influence inhibitory activity. Finally, IC50 values in the
same assay system for ketoconazole, and abiraterone are evaluated
(Table 1). The most potent compound in this series, 17-benzimidazole 5,
exniditeeabyar 4 and about 3-fold improvements in CYP 1 P{inisonover
these compounds, respectively, although it is less potent than 16. 16 WO
s@616:110 930 8B RGEMilk] TRV GH) €2 Mo d bl hitie yof flumanids dedde iasaly
isozymes type 1 and 2 in vitro: On the basis of previous findings that
f@a}ﬁ@eabp?{t% KneBHEt P abIBieh fhibichteTanobairé Bustersaignzymes,
we briefly evaluated this new series of CYP17 inhibitors. The inhibitory
activities of compounds 5, 6, 9, 10 and finasteride as a reference are

Rl gined wsirenea Didde ARG MHNAR AR nl R0FYMENAAY hether

human homogenates of BPH tissue (human type 2 enzyme) as described
chyifdardetoand €@ batactiby ntAdsigcatid evaltagtidnsohXnsiyhstiideden-regulated

4-(4'-carboxy- or 4'- carboxymethylbenzylidene)-N-acylpiperidines: Highly
apeRtiard arivaiie s oE bl BECHR erlctizsignye transfitrbrsth g pivhssin

Chen:., 2002, 45, 3406-3417. The IC50 values or the _percent inhibition
e S L R L N BT N S5 O A B B BresepeGRr ot
oy BBk QRivcampeIad-GieshiRitRRAERLIRKIRIR Of RAthLtiR& hAPg 2
enzymes (IC50 = 770 and 480 nM, respectively), although'it is several
pfoidittesaqeotelit”t liaadipas Eaide? § G5 6- 848 Daah dH2rad, die Spesiiivielyhposite

LNCaP and PC-3AR androgen receptor binding assays: Because we had

PEYVIB BEIOte ARBFFEt e et oS rpaist Per TP PXiTPIB o Fr el pretésion
antiandrogens for both the mytant wild-type AR (Long et al.,
b ?%%%%ensg‘mgtgé‘f?%r?&‘&ﬁg? €t é?.f’fﬁ?ﬁ‘g‘g.’ I&e%%"f%‘é’,g%r,}%@z? i vAs

Iyev e g

480VEI AR, DIRGSId% 833629 INRARNY.OF tNS ReLieR Qb XiRlhe
inhibitors to bind to these receptors. AR competition is determined using
atzibeyedHet88hc{fakl RIOBBdipiristhereased approximately 99.6-fold after treatment
with 1.0 nM DHT for 18 h (Figure 1). Furthermore, luciferase expression induced by
exposure to 1.0 nM DHT is decreased in a concentration-dependent manner by 5, 6, and
casodex and in a similar fashion (Figure 1). Together, these results suggest that compounds 5
and 6 like casodex do not possess AR agonistic or partial agonistic activity and may be
considered as strong, pure androgen antagonists. Although we did not test the compounds
with PC-3AR/LU cells, which express wild-type AR, it is likely that they may also behave in
a similar fashion. We has previously shown that some of our CYP17 inhibitors were more
comparable to casodex than to flutamide (Long et al., above), and this appears to be the case
with these new compounds. In general, our novel compounds interact strongly with both AR
types, an indication that the compounds may be useful for the treatment of patients with

tumors expressing either wild-type or mutated AR, or for patients with amplified AR

expression.
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androgen-sensitive LNCaP cells, that express mutant AR, and the
androgen-independent PC- 3 cells stably transfected with the wild-type AR
(designated PC-3AR). Compounds 5, 6, 14 and 15, in the nanomolar
concentration range, compete effectively with labeled R1881 for binding
to both types of ARs in a dose-dependent manner (Figure not shown).
Compuords®? 6, 14 and 15, with IC50 values of 384, 242@36and087143
nM, respectively (Table 1), versus the wild type AR are 29 to 45-fold more
Plitetmpthamvaitbl¢hendlivigadiytise IOt a6 agerC -flptasnite {Hc&Q s in
10,985 n1VI). As shown in Table 1, the binding affinities for the mutant AR
OF8: At ke CorpRrants iAo fbitouelicr éurie niyanseliCaP cells

iand in17 0061093993 P US2006/007143
L s G PO y

superior utamide. However, the biologica

seivedonainbodramia metakalite fxaraxyiytami @iﬁ%w@m iz ANk,

more potent AR antagonist, Effects of agents on LNCaP mutant
BReetddiatepbtnals ScrigtionriNekibivie: 2kedhivoet NerCap tap prondsHaant H
are acting as AR agonists or antagonists. A study on androgen-regulated

demdmipironirbietvatibiCs s nhed and INOXPreslbstivabisiéapyex is used as
transfected

ith robasin, luciferase reporter construct AARZ-Luc
R T g S et b T
. ] ed i \ e Ctéz\rllgstioq of SostsicS {nicnwi
(glr%tlgt@adtggg%%r%ceérgc%?@‘ ,ﬁgﬁgo‘%}gﬁe,%%& 25" %%%2%21 an efﬁ;ng SEdy ,O

nif SMathEHMRESI e, R iRbasifREN, HeneBligsS ARV QL 2B). Other
prostate-specific gene expression through regulation by androgens and
igtegaetrt bevdsli Witvoedrihinhy/ivpnkndderintlogls BRIt i4608s
4710). Com&%%unds 5, 6 or casodex each at 0.1 and 10.0 pM have no

REPROERES 16 Errd PReE Ve A CitrsT B A Sheremaraid e x Prelesem A aersas ity

RRproximately 99.6-fald after t with 1.0 nM DHT for 18 h (Figure
e A e e

giTidsAesspasartin aaancentration deRenlent MBRNES YR, Sndiitnds 5,

casodex and in a similar fashion (Figure 1). Together, these results
suggestithatdormipbiindssé-dependent inhibition of this cell line (Figure 2B) as with

the LNCaP cells. The order of inhibitory potency of LAPC4 cell proliferation is 6 > 5 >
casodex, with ICsq values of 1.0, 3.2 and 10 uM, respectively. Together, these results suggest
that § and 6 may be acting to block the action of DHT in stimulating cell proliferation, in
correlation with their androgen receptor binding and activation properties described above.

Compounds § and 6 are amongst the most potent antiandrogens described to date.

Pharmacokinetics of 5 and 6 and metabolism of 5: The pharmacokinetic properties in male
SCID mouse for the two lead compounds, 5 and 6 are studied following our recently
described procedure for other CYP17 inhibitors (Nnane et al., "Pharmacokinetic profile of
3B-hydroxy-17-(1H-123-triazol-1-yl)androsta-5,16-diene (VN/87-1), a potent androgen
synthesis inhibitor in mice", J. Steroid Biochem. Molec. Biol., 2001, 71, 145-152; and

Handratta et al., "Potent CYP17 inhibitors: improved syntheses, pharmacokinetics and anti-
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and 6 like casodex do not possess AR agonistic or partial agonistic activity
and may be considered as strong, pure androgen antagonists. Although
we did not test the compounds with PC-3AR/LU cells, which express
wild-type AR, it is likely that they may also behave in a similar fashion.
We has previously shown that some of our CYP 17 inhibitors were more
cowparasisIs casodex than to flutamide (Long et al., above)/emerehisi43
appears to be the case with these new compounds. In general, our novel
taoon paiviig i itef St tongly pvittatb othcAhoilghe £, Swranticatten. thateth Siol.,
compounds may be useful for the treatment of patients with tumors
28%r ﬁ?ﬁg%ﬁﬁg}e\xﬁwhﬁ%Sa%nmeffa%éaw@eo% 18¢ piatientswith amplified
‘AR expression. 18 093993 PCT1 0Q6/007143 Effects of
o R PG B B ERCA S (L AP BlSARl Rances Fem
ividre: ShedkilitiespEcomppuds aandRdeinhiibpreliferationdn MUMARL us
LNCaP cells stimulated by 1 nM DHT is examined. This concentration of
chhpbstimiulatede S (Erp B)lifdratidibhyoabowt? dotd:¢ don fate didenr and
vehicle-treated cells (Figure 2A). As shown in Figure 2A, compounds 5

reprerBe i asiehoerDHhe intricay e APy ansvlife adisn thrn 10% and its
dose:zdependent fashion, wit values qf 6,0.and 1.8 M, respectively.
R R, R e B B e o e
phkizinduced LNCaP cell proliferation (Figure 2A, IC50 = 8.6 M). Treating
the androgen-sensitive LAPC4 prostate cell line with 10 nM DHT,
surprisitiglymgindsurot sig adfidaisthyting tiee kel raliferation (FiglendizB).
Other investigators have also reported that the response of LAPC4 cells

AT BN Rerde i aheEd by it B sErvasinn rNpcamtagiRf 56.5
Th l.,"A ist activity by th tioxidant.moi
n&P 98‘0%5}31%%%;5%1 %l’c?’rggg?g?ar%e% R P %ﬁ&%?e%g)élmai%&%%y

of vitami -pentamethyl-6-chromanol in an prostate

wRINeMRa LRI aM AlBRinRRRH TR @1cANS nén- I sBRRndlowever,
compounds 5, 6 and casodex each exhibit a dose-dependent inhibition of
pliisngelklintc(Pagurec2Bhas avithe plasma concentration profile following
subcutaneous administration of 5 are shown in Table 2, The plasma concentration-time
curves after s.c. administration of § (50 and 100 mg/kg) to male SCID mice are also shown in
Figure 4. After s.c. administration of 5, the observed plasma concentration in mice reach peak
levels 30.0 min post dose. Compound 5 is well absorbed from the subcutaneous site and the
area under the curve for the plasma concentration versus time profiles after s.c.
administration increases proportionately to dose as the administration dose is changed from
50 to 100 mg/kg. Furthermore, the elimination half-life, and mean residence time are
relatively constant as the dose of § increases from 50 to 100 mg/kg (Table 1). These results
indicate that the pharmacokinetic profile of 5 is dose independent,
Figure 5 shows that a significant amount of a polar metabolite [retention time, 17.3

min, see Figure 3)] is formed from 5 and present in the plasma during the in vivo

pharmacokinetic studies. The maximum amount of the metabolite is 67.72 %, attained about

2 h post dose. This metabolite shows identical retention time as compound 6. This metabolite
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the LNCaP cells. The order of inhibitory potency of LAPC4 cell
proliferation is 6 > 5 > casodex, with IC50 values of 1.0, 3.2 and 10 M,
respectively. Together, these results suggest that 5 and 6 may be acting
to block the action of DHT in stimulating cell proliferation, in correlation
with their androgen receptor binding and activation properties described
abeve00@eripounds 5 and 6 are amongst the most potentrirtiMeoyes
described to date. Pharmacokinetics of 5 and 6 and metabolism of 5: The
iphasmhabokmetfepbypeHES it mateulSGIBaEse ferheHWasleaeistent with
compounds, 5 and 6 are studied following our recently described
thsrEpsEIreTrosther CVPLYIARBIRIE{S fetnd B HI-bemtmidrebokibetidost
profile of 3(3-hydroxy-17-(1H-123-triazol-1-yl)androsta-5,16-diene
SRISTerRR pbte M arD Best TeyRifasm ftattafiontie 38-Qkbrairoxe,

A TSR N AGES, e SR e R S TERS
[ ivity in the L P h
p?eggggi ?&%ﬁﬁeﬁ&%ﬁ@@? gsggg%ﬁdéﬂ Nk Q‘gﬁéﬁ?}f; .—né%-gxo%o 5%5%{:“ an

prostate cancer model"”, J. Steroid Biochern. ot, 2 ,

isbRrRrdiBRion BEATRHER BERS UMmRNLZEd P, Table, 2.80d Fighies 3131 8b1e

reverse phase HPLC, 5 [retention time (rt) = 21.6 min] is well resolved
(Troidrdinestinlitermakstandard (16, rt = 11.5 min), a metabolite (it = 17.3 min)
and other endogenous compounds in mouse plasma (Figure 3). The
calibratitsireusieife Af@d for &AFEYmear dne leeuiieibleofdarinbt
shown), the inter- and intra-assay variabiljty is less than 10% and its limit
R T T TR FroET Sy R OB AR AL CER o1
aeRjtor 5 in mice plasma, Following subcutaneous administration, the
plasma concentration of 5 declines exponentially with a mean half-life of
about¥elid 7ivaiphancheliinttiation 6 atendonitaniief e bf BiApo LB peuRtiz
is cleared at a rate of 1986.14 ml/h/kg from the systemic circulation and
risholveteotedrd highasatmeberationngtine cafic(Figeg 4 and Table 2). In

n n-compd%tmeg

tal )
addition, we did not detect any metabolism(s) of compound 6 in the plasma, in contrast to our

observation with compound 5.

Effects of 5 and 6 on LAPC4 Xenografts grown in SCID mice: On the basis of impressive
multiple in vitro biological activities, i.e., potent inhibition of CYP17, strong antiproliferative
prostate cancer cell activity and antiandrogenic activities, 5 and 6 are selected for in vivo
antitumor efficacy studies in androgen-depended LAPC4 human prostate cancer xenograft
model.

In the first experiment, the effect of compounds 5 and 6 on the growth of well-
established LAPC4 prostate cancer tumors in SCID mice is determined, and castration is used
as the reference treatment. Tumor-bearing mice are assigned (n = 5/group) to receive one of
two doses of 5 or 6 (0.15 mmol/kg once-daily or 0.15 mmol/kg twice-daily). Tumor volumes

are measured weekly and compared with controls receiving vehicle or castrated mice.,
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pharmacokinetic parameters based on the plasma concentration profile
following subcutaneous administration of 5 are shown in Table 2, The
plasma concentration-time curves after s.c. administration of 5 (50 and
100 mg/kg) to male SCID mice are also shown in Figure 4. After s.c.
administration of 5, the observed plasma concentration in mice reach
penk 1eeis938.0 min post dose. Compound S is well absaetshondihas
subcutaneous site and the area under the curve for the plasma
concéhtration lvatsios: tinte pdofiles difenSitnoadiinistrationineat @aike sontrol
roportionately to dose as the administration dose is changed from 50 to

(FEtrmtyREmEETIRER I | remararatfoliihatnife | amaekka iesiadnees

im arie relatively constant as the ose%r Jnecr §ofrom 50 to 100
o AR SR R RS DA TR EheeB

at the pharmac |net|cy‘profile of

conia6lRSe indapandeic Fige Brshowsthatmaosig @?.i G AReKNtOha-Rekar

metabolite [retention time, 17.3 min, see Figure 3)] is formed from 5 and
tpresgnih tifebplas feasdurited theeimigyoegshiariacokineticostudies: The
maximum amount of the metabolite is 67.72 %, attained about 2 h post

nrdediveRidinmlom deir el ettt e h s R S eBRIFEIP OB This
; lite 20 WO 2 109 /US2006/007143 | ivel
AT el T

; Its molecular mass z IS c%nsistent

dwighothen stsiatideareic3nprandn 18stetRhyVdEPi R BRRURTAR it @rowth in vitro,
17-(1%-benzimidazol-l-yl)androst- 3-one). The metabolite may have been
afgnyreld ghbrpdevigoxddtiohagkitigSH{gu® 1) - 218 iogldy fehdived dypaeduiation
(reductases) of both A5 and A16 double bonds. A similar metabolite was
inrEgiBIERPRISHitisY (forRd e gungtrestths ras AR O s HL 83 -oxo0,
followed by isom raiz§ jon of AS doucpsl'ergond

P ac opertics o 0 COMmpo € un e}p 'rlparlee s@ifjslzfglt %ect.!l%sn?altgc
rélfmate steroi?:fa? -imidazole ?ﬁgnuclilratta etal., gbéve% ajor

deiaRelikeiRl B bticdlof bibRp imidiazel-ty)andiast-&RpsunMay B€nown

synthesized from trans-androsterone; see Scheme 3. It is also expected to
ahthisgimnalogeus, it may be attributable to 6 being converted in the animals to
metabolite(s) that may be a strong agonist of androgen receptor thus causing tumor growth
stimulation. During the study, all mice were weighed once per week. The body weights of all
treated groups increased slightly and were similar to the increase observed with the control
group. All mice appeared healthy and no adverse effects were observed suggesting that the
compounds were without significant toxicity.

The second in vivo experiment tests the ability of 5 to inhibit the growth of LAPC4
prostate cancer cells growing in SCID mice, and 16 (Chart 1), a previously identified potent
CYP17 inhibitor/antiandrogen (Gregoriyev et al. and Njar et al., J. Med. Chem., 1998, 41,
902 - 912, above) and castration are used as reference treatments. In this experiment,
treatment begins on the day that mice were inoculated subcutaneously with hormone-
dependent LAPC4 cells and are castrated or injected sc twice daily with 5 or 16. Figure 7

shows the effects of the various treatments on the emergence and on the size of tumors during

the 21 weeks of therapy.
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activity. The in vivo pharmacokinetics of 6 in mice is unlike that of
compound 5 due to the relatively low C.I. and significantly higher
elimination rate (Figure 4 and Table 2). In addition, we did not detect any
metabolism(s) of compound 6 in the plasma, in contrast to our
observation with compound 5. Effects of 5 and 6 on LAPC4 Xenografts
graverzim 8815 mice: On the basis of impressive multiple iPCrUSv@loygisal
activities, i.e., potent inhibition of CYP17, strong antiproliferative prostate

cancericelleagidiby andianpandioganicactiulies s andiaiesalesisd it

in vivo antitumor efficacy studies in androgen-depended LAPC4 human
for dutatevpamnded wéhadgraftS mowtkeltwitrediils) trpérmienbatiwletiett of
compounds 5 and 6 on the éﬂrowth of well- established LAPC4 prostate

TREISERPIE RS T vEe B! nliclibaetapimia, b mito sty Hlhe
-bearing mi - = 5/ t
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receive one two doses of 5 or g once-
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compared with controls receiving vehicle or castrated mice. 21 WO
290810 I3998VPIOTd Iy 8BROSIGOT 148 iCrstratipndbatls fiddd &5 Feduction
of final tumor volume, as compared to the control (Figure 6

TR SORBRISP @T%%ﬁf&ﬂﬁ?@iﬁﬂéé%‘éﬂﬁ-&ﬁﬁdd%ﬁﬁﬁa&)"é firesiemily of
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respectively, compared to tumors in vehicle-treated control animals

HmgerRkcla-09) tiasd:ioothaaxeelentytumos growthinhikitien {ar.ireated
mice, mice treated with compound 6 are either ineffective at the low dose

refueiiemvetiovestirauatiod oftdii6s)growthkconramedntoipontdin(ig txe 6).
The inability of 6 to inhibit LAPC4 tumor growth in vivo is especially

GrEBpPOmtHyOeEaHe e ed BBt LRy aerligiRle ad R s

Iﬁgdlill %W%iMQPWeek 10 when measurable tumors emerge. Furthermore, 5 causes a
significant inhibitory effect on tumors, compared to 16 or castration, 2 = 0.005 and 0.05,
respectively. In general, tumors in the control, castration and compound 16 treated mice grow
rapidly, while the tumor of the S treated mice grows very slowly and in a biphasic manner
(Figure 7). Compound 5 is the most effective agent, and significantly is much more effective
than castration at inhibition of tumor growth. It is interesting to note that although 16 is 6
times more potent than 5 in CYP17 inhibition, the latter exhibits a superior iz vivo antitumor
activity. The reason(s) responsible for this phenomenon is unknown at this time, but may be
in part due to better pharmacokinetic and or pharmacodynamic properties of 5.

To determine whether the “dormant” compound 5-treated prostate tumors (see Figure
7, week 16) are able to grow on a lower dose of 5, its dose was reduced to 0.15 mmol/kg
thrice a week (a 78.6% reduction in dosage) from weeks 16 — 19, and the tumor volumes
measured weekly. During this period of treatment with reduced dose of the compound,
tumors resume growth (Figure 7). After this 3-week interval, drug treatment with the usual

dose is resumed, and the tumor growth slows and reaches a plateau. These data suggest a
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and is a highly potent pure antiandrogen (see Figure 1). The highly
significant disparity in the in vivo antitumor efficacy of 5 and 6 cannot
easily be attributable to differences in the pharmacokinetic properties of
the two compounds. The underlying reason(s) for the dramatic
differences in in vivo antitumor efficacy of these two closely related
cowpeundsissunknown at this time, However, it may be a2 c08
being converted in the animals to metabolite(s) that may be a strong
cageniat iandrogercieceptan this tausin g umengewihistimulatioRchicve
During the study, all mice were weighed once per week. The body weights
thst amitereeitef@groups increased slightly and were similar to the increase
obserXtet% with tpt control All mjce a%peared healthy and no

roup.
adversb SHASE WE FATSHES té‘ﬁ%ﬁvﬁ TG HTATHSS TSHAEsItmefdlf ariseated
MWitheutsigRificantioxicitys TPRSRoRNd-R.YNO RXREHMANL teRtxthe ability
of 5 to inhibit the growth of LAPC4 prostate cancer cells growing in SCID
athite stesmidnldd (G lhiant djsea(ipsayiUshyopniifiedpataninte:¥Bnki, a small (~
uihibitor/antiandrogen (Gregoriyev et al. and Njar et al., J. Med. Chem.,
1§%os8laiiye tofrmgrn obheigbyldni eeiatietionlydrahe seer dssvefetbisaectabolite

htre tments.tlntthist.exper'ment, tr_e-atrlpent b,egéljns on the day that mice
(rers TRBR TS SUBR AT ANSBEERy WhR FBIRIdhES ARSLAGM T TRBE WEells
h@%mgsas&gaﬁgﬁ%ﬁwg!ﬁ@gﬁfﬂ S8 IWICR Qeﬁys%@séeaﬁ&&é EIGWE, L SHRWS
the effects of the various treatménts on the emergence and on ﬁ1e size of
HARAESMEIROhENE o2 1nWeeksef IhenaRy & MR, 20081093893 tumors is
PCT/US2006/007143 All other groups develop palpable and measurable
stemforatvhisbikr 10 tchtherkdpyexoepinfbe tirempovpdreatett wikslcf0.15
mmol/kg twice-daily) that develop palpable and measurable tumors at

afrumrlatoned the (om0 AkehfinacEsh aighpres ingEaSus Byhdiip obver

t&ﬁowgﬁﬁh‘%}%%@ee& Wi in i %ﬁeﬁ%‘%‘c‘c'&% IORGAURS PLING 108 1o
tumors. s, the tumor volumes fot the other groups are com ared to

nihpse:@tthe: cRBLEAaraMRsAL WRekod h®hrostate cancer cells. Tt should be stated
that there is evidence to suggest a possible direct cytotoxic effect of ketoconazole (a modest
CYP17 inhibitor) on prostate cancer cells.* In addition; the accumulation of 5 in the testes
would enable inhibition of testosterone synthesis in the animals.

Although it is well established that LAPC4 are androgen-dependent, these cells can
become androgen-independent, and as such represent a suitable model that mimics prostate
cancer development in patients (Chen et al., above, and Kline et al., "Progression of
metastatic human prostate cancer to androgen independence in immunodeficient SCID mice."
Nat. Med., 1997, 3, 402-408). As shown in Figure 7, we are able to replicate this
phenomenon. Furthermore, our results show that treatment with 16 or castration effectively
suppresses tumor growth for a certain period (androgen-dependent phase), but was ineffective
thereafter (possibly as a result of an androgen-independent phase) since the tumors grow |
fapidly just as in intact control mice. Tumor growth in the mice treated with 5 is strongly

suppressed throughout the treatment period. This suggests that 5 may have effects on
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treatment. Tumor volume in the castrated mice increases by only 4.1 fold (
about 50% reduction compared to control), and is similar to the 3.7 fold
increase (53.8% reduction compared to control) observed in mice treated
with 16. In the mice treated with 5 (0.15 mmol/kg twice-daily), tumor
volume increases by only 0.5 fold, which represents a 93.8% reduction
versagoeervBmice (P = 0.00065). At week 16, the mean RETOBOHMTENN
the compound 5-treated animals is found to be lower (almost negligible
aafhdgdoimiapt) dhanrtheis seanHuwwEyadae planeak e WheRent with this
measurable tumors emerge. Furthermore, 5 causes a significant
chrRpTRsHyne et L OR G orss Eormriretdogts draustidtion]oReer 0006 aard
0.0p, resgoectively. Igaﬁqeneral, tumors in the control, castration and

b O 8 Y SEtRUResy KK P¥apidly, while the tumor of the 5 treated

mice FrowsHeR Haviy.Apddn AdiRbasic Pannas, @iﬁ(%@#le%&famy nd 5

is the most effective agent, and significantly is much more eftective than
adesitation acinfiiion Qiitimaer growtiCiltisialeresty) gde Rotevtaakterest in
although 16 is 6 times more potent than 5 in CYP17 inhibition, the latter
thoaniReca wapeics miarked fandruriapmeat tlityeTledreaidon ($nddpvakible for
,,ghis henomenon is unknown at this time, but may be in part due to better
B B S S BRBF RS AR IC B8 BH oS ) B (ePine
Betietber ssderanti compaund sckester isiate tumors (see Figure
able

7, week 16) are to grow on a lower dose of 5, its dose was reduced
to 0.15 mmol/kg thrice a week (a 78.6% reduction in dosage) from weeks
16 - 19, and the tumor volumes measured weekly. During this period of
Graglvient:with reduced dose of the compound, tumors resume growth
(Figur 7@. After this 3-week interval, dru%treatment with the usual dose

is restfiéef* AR HHE THRTBH G ERRFPSRORS Hffer femehibs Gl pralsitieridde
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nature this tlpeatment and°' infer the nee flOlpCOH Inuous amInIS ration to
baGMBYE, Bt BROMEHB €S- coordinate the heme iron of CYP17, a property that may
in part be responsible for their enzyme inhibitory activity. Compounds 5 and 6 exhibit almost
equipotent in vitro activities for CYP17 inhibition, AR antagonism, and inhibition of prostate
cancer cell growth. Surprisingly, the compounds are very different in their antitumor
activities, as 5 causes marked suppression of LAPC4 tumor xenograft growth, and in contrast,
6 (0.15 mmol/kg twice daily) enhances tumor growth. The present study provides
compelling evidence that 5 is a potent inhibitor of human prostate tumor growth and is
remarkably more effective than castration. This is the first example of a CYP17
inhibitor/antiandrogen demonstrating in vivo antitumor activity against a prostate cancer
tumor to an extent that is superbly more effective than castration. These impressive biological
activities, makes S a strong candidate for further development as a potential drug for the

treatment of prostate cancer in humans. The excellent antitumor activity of compound 5,

containing a benzimidazole group makes the benzimidazoles a preferred group. However,
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At the end of the experiment, the levels of 5 in the tumors and organs of
the 5-treated mice are determined. The 5 levels by HPLC in the tumors,
testis and liver 1 h after administration of the final dose (insert of Figure 7)
are measured, Interestingly, a small (- 15% relative to 5) amount of
metabolite is detected only in the liver tissues. This metabolite has the
sawe 2@tenton time as the metabolite observed in the plafeE( Aele/007143
supra). The highest concentration of 39.0 8.4 g/tng tissue of 5 is
amdasufathiditessd abumars edbacConeeatstiansinithedives apddestismare
lower but detectable. The level of 5 in tumors is significantly higher that
IenfePels measured in the plasma, which may be a result of

accumulation of the compound through the period of the experiment.
Thus, inhibition of tumor growth by 5 can be explained in part higher
EYRAAH RSk, tumor xenografts, which may exert direct
cytotoxic/cytotastic effect on the prostate cancer cells. It should be stated
Chanifteye ienidepeedisyggestimpossiklie diracCyiaimds efeasuely
ketoconazole (a modest CYP17 inhibitor) on prostate cancer cells.33 In
reppribAYthet lecliffedatibinofl8oh fhe #8ste)wollidednatsienimitsitiotedn a

estostero esis in the animals. Although it is well established that
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PRAQERMISIEPERAE R 20T A5 RUGHISRIESPRLR SHAPIS MO8l NGeter,

mimics prostate cancer development in patients (Chen et al.,"above, and
HSline &t (@hio Brograssiano Déipetastaticdnemmiany N rastaie sancE i@ty for key
androgen independence in inununodeficient SCID mice." Nat. Med.,
g PoBpARPs408 pravddsh biginhsofiden s wscard ablevid FEPICate this
henomqun. Furthermore, our rg ults show that treatment with 16 or

R ARSI MRS RAVAN AR SRR eN AN BVt SRk A TR RS e

anogen:denandentiasel, Pekwas magﬁé:ﬂgﬁtstﬂﬁ

i ﬁfﬁgﬁétéprg&%!:p%ﬁi
a result of an androgen-independent phase) since the tumors grow

Hiagiel Yojuis tnastingipiat bpomired Atices THdoreteionaly ndthemmicadtmated with
5 is strongly suppressed throughout the treatment period. This suggests
dehafmamianfteaipeontfesstaiomnepypurchased from Aldrich, Milwaukee, WI. 5-

Tributylstannylpyrimidine and 2-tributylstannylpyrazine were purchased from Frontier

Scientific, Inc., Logan, UT.

3p-Acetoxy-17-chloro-16-formylandrosta-5,16-diene (2): This compound prepared from
3B-acetoxyandrost-5-en-17-one (1) as previously described, provided spectral and analytical

data as described (Njar et al., J. Med. Chem., 1998, 41, 902 - 912).

3p3-Acetoxy-17-(1H-benzimidazol-1-yl)-16-formylandrosta-5,16-diene (3): A mixture of
3B-Acetoxy-17-chloro-16-formylandrosta-5,16-diene (2, 2.5 g, 6.65 mmol), benzimidazole
(2.35 g, 19.9 mmol), and K,COs (2.76 g, 23.9 mmol) in dry DMF (20 mL) is stirred at ca. 80
°C under Ar for 1.5 h. After cooling to room temperature, the reaction mixture is poured onto

ice-cold water (250 mL) and the resulting precipitate is filtered, washed with water, and dried
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WO 20061093993 PCT1US2006/007143 androgen-independent prostate
cancer. However, it is also plausible that treatment with this compound
enables LAPC4 tumors to remain androgen dependent for a longer period
and therefore responsive to antiandrogen therapy. Recent studies that
clearly demonstrate the up-regulation and involvement of AR in advanced
andeeewrerwPCA (Mohler et al., and Chen et al., above) PévEsenewads
interest in the androgen receptor as a target for development of drugs to

ibrgiad P Tingdalietalid (GymRySATieRaNErpgenREIRMIN prostate
cancer”, Cancer Res., 2004, 64, 7178-7180). Because of its potent
roperied B iy bdeivexedleits danditats coupriusions 2Tha3dta IR

( E&lﬁrcée our earlier concept of modification of the C 17 substituent of Alb

1S

b protdce poten iftinitdls WP e VP 7 4% dias ote HEARYT: 852,
ists, - benzimjdazoles 5 a nate the
8%‘&9&9@555% %yﬁé%g%@é, gazolese andg ﬁﬂ%{%@%}ﬂ"ﬂ!{ﬁ&%ﬁ@%}&&,

eme iron of CYP’17,’a propetity that may’ in part be respo

cBNZYMRINNBIIGrY actity: GRmBRNNs3.ANG SexRbitAlmPst e quipoleant

in vitro activities for CYP17 inhibition, AR antagonism, and inhibition of

(Rrestateraanteioei gy QWIH, StiprisiHgly.9the, CHMPOMRSBIe.08)y 1H, 2'-
different in their antitumor activities, as 5 causes marked suppression of

H) ApiS A Ui bBi-deriod At B taledrid id46artab BNoNS) nfenel/ kbl fide
daily) enhances tumor growth. The present study provides compelling
evidence that 5 is a potent inhibitor of human prostate tumor growth and is

sfemRrkably. mare sEaGING ihan) SRRl o i S ANe TS L eXAPRIe QL By -

YP17 “inhibitor/antiandrogen demonstrating in vivo antitumor activity

12g8iNBERiRIOSIate- RN EabYRRtaa8 18XIRAL that i3 sUPeshi.BMak iy
effective than castration. These impressive biological activities, makes 5

bangordindy CHhadldatesfofl furthierttavelopmeiiDspal lpditentia kdivgeforhtheal
treatment of prostate cancer in humans. The excellent antitumor activity of

(E8hfbtintd, “elsht i P2 B ASThIAHA & GPot  FHEREY théhe catalyst was

rg)rgg]vzemgjﬁﬁ%@osn %ﬁ%ﬁ%@&%@a%%ﬂ%‘&e&’ee Was evaporated, and the residue was
purified by FCC [petroleum ether/EtOAc/Et;N (7.5:3:0.5)] gave 1.41 g (73.8%) of pure
compound 4: mp 159-160 °C; IR (CHCL) 3687, 2947, 2854, 2358, 2340, 1725, 1633, 1609,
1557, 1489, 1454, 1373, 1291, 1253, 1195, 1136, 1031, 985, 910, 839, 735, 665, 590, 544,
533, 513, 502, 488 cm™; "H NMR (300 MHz, CDCl3) & 1.02 (s, 3H, 18-CH), 1.07 (s, 3H,
19-CHs), 2.04 (s, 3H, 33-OCHs), 4.62 (m, 1H, 3a-H), 5.43 (br s, 1H, 6-H), 5.98 (s, 1H, 16-
H), 7.30 (m, 2H, aromatic-Hs), 7.49 (s, 1H, aromatic-H), 7.81 (s, 1H, aromatic-H), and 7.95

(s, 1H, 2'-H). HRMS calcd 453.2512 (Ca5H340,N, Na"), found 453.2511.

3B-Hydroxy-17-(1H-benzimidazol-1-yl)androsta-5,16-diene (5): The acetate 4 (1.3 g 3.02
mmol) was dissolved in methanol (20 mL) under an inert Ar atmosphere, and the resulting
solution treated with 10% methanolic KOH (8 mL). The mixture was stirred at room
temperature for 1.5 h, and then concentrated under reduced pressure at approx. 40 °Cto a

volume of 10 mL. This solution was poured into ice water (300 mL), and the resulting white
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25 WO 20061093993 PCT1US2006/007143 analogs of 5 as discussed
above are expected to have related activity and are included in the
invention. Experimental Section Chemistry: General procedures and
techniques were identical with those previously reported (Njar et at., J.
Med. Chem., 1998, 41, 902 - 912). Infrared spectra are recorded on a
Pewan@4m1ey91600 FTIR spectrometer using solutions in CH4TUS2006/007143
High-resolution mass spectra (HAMS) are determined on a 3-Tesla

prcipigaETtS 2000 IET W S ePaceme © st Bhnade(himsate 1
University, Department of Chemistry). As a criterion of purity for key

earrdetl dorapBinasp W gROVId SR KIGH e SOR4i 233 Pn 2610 SOt rd Batad tt40,
HPLC chromato ra[zhic data indicatin comﬁé)und hommneity. Low
53 B 5 Bt (L A1 5 BG EINRH GDE b 4P G s,

lting. poi termined.with a Fi Joh lting point
T S R S or A s Sl e o35
7dehdreeniandrosigrong Fﬁﬁtﬁo‘éﬁﬁ{ﬁ-}#rﬁ?@@?%r%%f 47.96 (5

Milwaukee, WI. 5- Tributylstannylpyrimidine and 2-t starmylpyrazine

1WerepuHaseddiom Bronties-Boeniic), fandlogaredT.
3(3-Acetoxy-17-chloro-16-formylandrosta-5,16-diene (2): This compound
prepared from 3(3-acetoxyandrost-5-en-17-one (1) as previously

red from _ vously
RS iRSS e AN ARl ical 5 a2 deseoeg (r et

e AbLORMAMATeRd AL aMAnd g Ars AR ISR 3

A mixture of 3(3-Acetoxy- oro-16-fonnylandrosta-5,16-diene (2, 2,5

c@, 16.65. mmethubssgirjdaice 62 (235055 D N naahsnanded 2608 214618,
23.9 mmol) in dry DMF (20 mL) is stirred at ca. 80 C under Ar for 1.5 h.
wafteslewslivgeoroent fembarenelies. the medetorerndikiterewiioGre (),

dchoold valer (260 D) and G fesuiiog pregiliats s tered, wested, )

The solvent was evaporated, and the crude product was purified by FCC [CH,Cly/EtOH
(25:1)] to give the title compound 6 (544 mg, 82%) : mp 201-204 °C; IR (CHCl3) 2946, 2858,
1622, 1611, 1490, 1453, 1376, 1291, 1270, 1228, 1189, 893, 850, 837, 722, 662, 615, 568,
553,537,519 cm™; "H NMR (300 MHz, CDCl3) § 1.04 (s, 3H, 18-CHs), 1.24 (s, 3H, 19-
CHa), 5.78 (s, 1H, 4-H), 5.99 (s, 1H, 16-H), 7.31 (m, 2H, aromatic-Hs), 7.48 (m, 1H,
aromatic-H), 7.81 (s, 1H, aromatic-H), and 7.95 (s, 1H, 21-H). HRMS caled 409.2250

(C26H300N,. Na"), found 409.2250.

Reaction of 3B-acetoxy-17-chloro-16-formylandrosta-5,16-diene (2) with benzo-1H-
1,2,3-triazole and K;COs: 3B-Acetoxy-17-(benzo-2H-1,2,3-triazol-2-yl)-16-
formylandrosta-5,16-diene (7a) and 3B-Acetoxy-17-(benzo-1H-1,2,3-triazol-1-yl)-16-
formylandrosta-5,16-diene (7b): A mixture of compound 2 (2.5 g, 6.65 mmol),
benzotriazole (2.35g, 19.9 mmol), and K,CO; (2.76 g, 23.9 mmol) in dry DMF (20 mL) was

stirred at ca. 80 °C under Ar for 45 min. After cooling to room temperature, the reaction
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26 WO 20061093993 PCT/US2006/007143 to give a crude dirty white
solid (ca. 2.9 g). Purification by FCC [petroleum ether/EtOAC/Et3N
(6:4:0.3)] gives 2.7 g (88.7%) of pure compound 3: mp 227-230 C; IR
(CHC13) 3691, 3024, 2951, 2359, 1725, 1670, 1604, 1491, 1452, 1375,
1253, 1032, 897, 852, 818, 700, 657, 618, 576, 565, 550, 529, 511, 476
cnivD 2DBé/NBIR (300 MHz, CDC13) 6 1.07 (s, 6H, 18- and X9“CHBY/ 2704
(s, 3H, 3(3-OCH3), 4.60 (m, 1H, 3a-H), 5.43 (br s, 1H, 6-H), 7.35 (br. s,

8 RO pbiGdd Shto/ i@ {8 e @DINAIG ) il BB uli8ind breApRIRANIES IHkert HB
(s, 1H, 21- H) and 9.59 (s, 1H, 16-CHO). FIRMS calcd 481.2462

WERIHEBOBN2 anbhd)sdduigicie48tugdd 8idty white solid. Purification by FCC [pet.
3(3-AcetOXé-17-t(1H-benzimidazol-l-ﬁ/l)androsta-S,16-diene (4): A solution

5&1 X

Egrd O 7 gavs-HpeEtTrA ZoRerap R e for riifEndraties, 16-diene
3,2.04q,4 i itrile (10 mL fluxed i
A s B AR e R 8 2 Bcn)

308 973} £01 B 911 691e1 011G 102Ra0TD AL RS EBELIER 4 (564 CAIRI¥EE VWBS
removed by filtration through a Celite pad. The filtrate was evaporated,

4pchihe e siniRe(yoa s pyrifiscl by FQGs[petrotatm)ethe it GATERN 2.04 s,
(7.5:3:0.5)] gave 1.41 g (73.8%) of pure compound 4: mp 159-160 C; IR

SFCHOMBHE3 52284 TH2B6H), 2388p284U, 4-FR5]. 4533116092 .4 85, Ardd88;
1454, 1373, 1291, 1253,1195,1136,1031,985,910,839,735,665,590,544,

F533.4314, BH7 B8 EmaromiviR (380 dvtie /e B E B3y aomagis-t8), 3£0 (d, 1H,

18-:CH3), 1.07. (5,.3H -CH 0 3- 62 (m, 1H,
J§6812-'9I‘-'I:EZS éﬂ%nt%nrés%.{ )fﬁc,i 236)%?%5% 556 ) éﬁé)lw %gé:{éné )Zét?—f' aromatic-Hs),
(@496 a8 9atigs) 4 13 BlufBerdTn RIOMBHE s ARFED D stSin bordda H) -
HRMS calcd 453.2512 (C23H3402N2.Na'), found 453.2511.

1] Sdjbyr grontye(] Zp(AddiderZuttazoHlr Pl fandrostay D, 16 foienadbysiiiig 6-
acetate 4 (1.3 g 3.02 mmol) was dissolved in methanol (20 mL) under an
digreert TRr 28rg05hh & man B thES$ESUIRAGTEINIAGIP 1POAB TRALAGTO0A604, 1488,

methanolic KOH (8 mL). The mixture was stared at room temperature for

11617 Bhd e 'cOnteheiatedainket Pathitda dhedstind ar'dppibx. #6™Ho a

(300 MHz, CDCls) 8 1.07 (s, 6H, 18- and 19-CHj3), 2.04 (s, 3H, 33-OCHa), 4.60 (m, 1H, 3a.-
H), 5.43 (br s, 1H, 6-H), 7.46 (m, 2H, aromatic-Hs), 7.57 (d, 1H, J = 6.9 Hz, aromatic-H),
8.15 (d, 1H, J= 8.4 Hz), aromatic-H), and 9.59 (s, 1H, 16-CHO). HRMS calcd 482.2414

(C2sH3303N3.Na"), found 482.2416.

3B-Acetoxy-17-(benzo-1H-1,2,3-triazol-1-yl)androsta-5,16-diene (8): A mixture of
bis(triphenyphosphine)rhodium(I) carbonyl chloride (303 mg, 0.438 mmol) and 1,3-bis-
(diphenylphosphino)propane (394 mg, 0.954 mmol) in dry xylene (40 mL) was stirred at 80
°C under Ar for 15 min when fine yellow precipitate formed. Compound 7b (1.71 g, 3.72
mmol) was added, and the mixture was refluxed under Ar for 18 h, and then concentrated
under reduced pressure. The crude product was purified by FCC [pet ether/EtOAc/EN,
(8.9:1:0.1)] to give 1.2 g (74.7 %) of pure compound 8; mp 184-186 °C. IR (CHCls) 3063,

2918, 2389, 2358, 1725, 1458, 1373, 1254, 1069, 1031, 843, 809, 786, 692, 646, 560, 535,

29



volume of 10 mL. This solution was poured into ice water (300 mL), and
the resulting white 27 WO 20061093993 PCT1US2006/007143
precipitate was filtered, washed with water and dried. Crystallization from
EtOAc/MeOH gave 5 (1.10 g, 94%), mp 189-190 C; IR (CHC13) 2934,
2339, 1609, 1490, 1453, 1291, 1040, 837, 808, 705, 663, 608, 578, 550,
51¥ e OB NMR (300 MHz, CDC13) S 1.02 (s, 3H, 18- BHBR2000P (&3
3H, 19-CH3), 3.55 (m, 1H, 3a-H), 5.41 (br s, IH, 6-H), 5.99 (s, 1H, 16-H),
5783610792 kmdy HEtiR 1d®) M ASCL ), 1mronaadie; R.cig01 (85 &b, 19-
aromatic-H), and 7.96 (s, 1H, 21-H). HRMS calcd 411.2407
(2,63 20 NG, R-OCHRy A4 0], B3K6-H), 5.43 (br s, 1H, 6-H), 6.01 (s, 1H, 16-H),
17-(1H-benzimidazol-1-yl)androsta-4,16-diene-3-one (6):From a mixture
Tt d6rhpolmd SHeemomatc- 170 Thihd, 4 it aqsiebeitidries (2% LY =aht
oluene (4Q.mL) @: illed a. 10 mL. Aluminum isopropoxide (521
IEr%fga,r ) g(cfm)ho v\%lzg ztllni’anH%e%ﬁ ZnH IRE SIS & FarakedCander Ar
(5 o, Rfter¢aplings dhegeixture was diluted with EtOAc (50 mL),
washed successively with 5% aqueous NaHCO3 (x3) and brine (x2), and
then dried (Na2S04). The solvent was evaporated, and the crude product
was purified by FCC [CH2C12/EtOH (25:1)] to give the title compound 6
3sHadvpyy dohenmpg Ho2 3oniagetR YRR e g 20461i0858): TB2R:th61 1,
1490, 1453, 1376, 1291, 1270, 1228, 1189, 893, 850, 837, 722, 662, 615,
felisvedsibal doseribsd &ppprmporpsl RIRHRSBDP MR DI Rayze- 123 tapgol-1-

8-CH3).1.24 (s, 3H, 19- CHR), 5.78 (s, 111, 4-14), 5.99 (s, IH, 16-H),
DR ST A T e e T o ek
Y eré%%fﬁ'é)ma@%ﬁ@ég(%sﬂ/gb 5 HARMSIRASIA996835037, 2859, 1609,
(C26H300N2.Na), found 409.2250. Reaction of

1388 Ao P 7B 7 12 Bio 046 -Fosm andranst -8 16+ igrse 10), vashaierszo; 1§43, 517
1,2,§-triazole and K2C03:
ca[3- ALRMRYDP YR £ROH-1 1203 (i3l ol LGN 624 (s, 3H, 19-CHy), 3.5 (m, 1H,

formylandrosta-5,16-diene

7 d
SSRGS R B el s romatie 0,752,
1&%@5@&?5’5@&3&9{%{'%? {9 Ampxre of compound 2.6 91553 1

Hz, aromatic-H). HRMS calcd 412.2359 (C25H3;ON3.Na™h), found 412.2365.

17-(benzo-1H-1,2,3-triazol-1-yl)androsta-4,16-diene-3-one (10): The method followed that
described for compound 6 but using B-hydroxy-17-(benzo-1H-1,2,3-triazol-1-yl)androsta-
5,16-diene (9; 500 mg, 1.28 mmol). Purification of the crude product by FCC [CH,Cl,/EtOH,
(50:1)] afforded the titled compound 10 (420 mg, 84.4%); mp: 280-283 °C; IR (CHCl3) 2944,
1658, 1450, 1070, 8444, 825, 721, 624, 589, 564, 554, 541, 521 em™; 'H NMR (300 MHz,
CDCl3) 6 1.26 (s, 3H, 18-CHz), 1.27 (s, 3H, 19-CH3), 5.77 (s, 1H, 4-H), 6.01 (s, 1H, 16-H),
7.40 (t, 1H, J= 7.8 Hz, aromatic-H), 7.52 (t, 1H, J= 7.8 Hz, aromatic-H), 7.67 (d, 1H, J= 7.8
Hz, aromatic-H), and 8.10 (d, 1H, /= 8.1 Hz, aromatic-H). HRMS calcd

410.2203(C,5H200N3.Nah), found 410.2185.
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benzotriazole (2.35g, 19.9 mmol), and K2CO3 (2.76 g, 23.9 rnmol) in dry
DMF (20 mL) was stirred at ca. 80 C under Ar for 45 min. After cooling to
room temperature, the reaction 28 WO 20061093993
PCT/US2006/007143 mixture was poured onto ice-cold water (250 mL)
and the resulting precipitate was filtered, washed with water, and dried to
giveezerudestlirty white solid. Purification by FCC [pet. EtRemES®A)07143
(4:1)] first gave 3[3-acetoxy-I7-(benzo-2H-1,2,3-triazol-2-yl)-16-

Detigaytap tiokia by dbe-d BRI (d2n6 (32, S:8y %) pEraoasproduct, P '
248-250 C; IR (CHCI3) 3023, 2945, 2358, 1725, 1657, 1600, 1375, 1257,
1@@32“#)2‘8?196360?58@1%@11514@0 51.6; B0ahe 288!iéra'LAt4INMR(BOO NIk Z,

NGBS R S0 S A kRl e LS e
(H%'l HAOA Wb’ﬁ?ﬂL%ﬁa{Q ﬁerﬁlxl%rZ\bg’s%gmg&o}ﬁ')tel%p%%t@e ’lg'ﬁ %13

Hz, aromatic-H), 7.90 (d, 1H, J= 2.4 Hz, aromatic-H) and 10.66 (s, 114,

tﬂaﬁrﬁﬂu&@bnith%élSamalcm&ﬁaﬂﬁ%le@ﬁsid%@ﬁh&e&l&vésﬁ%iﬂh‘b&;’e@éﬂ@
Further elution with the same solvent system afforded the major product,
dsiﬁdaeetm(ylnwtyeuab_soamelﬁze@mammyg t-TAIAATAIES 1205 16" a)Sh BT
1‘i7b 23 754% mp: 186-188 C; IR (CHC13) 3023, 2948, 1725, 1670,
3)1§?16 {98H, 1856108283, B24!17pd 7668 3646 3548,

ég g%z;,lgog inl 1H NMR (300 MHz, CDC13) S 1.07 (s, 6H, 18- and
c 4I'C{ 3H, 3[3-OCH3), 4.60 (M, IH, 3a- H), 5.43 (br s, 1H, 6-H),

7.46 (ni, 2H, aromatic-Hs), 7.57 (d, 111, J= 6.9 Hz, aromatic-H), 8.15 (d,
1H, J= 8.4 Hz), aromatic-H), and 9.59 (s, IH, 16-CHO). HRMS calcd

U341 dkokea23133RNBNB3I0URErA8 20248 of iodine (12.16 g, .0203 mol) in
3(3-Acetoxy-17-(benzo-JH-1,2,3-triazol-1-yl)androsta-5,16-diene (8): A
depviRECHEEAH 48 isti pivehy ph B8 PHiReh odiuendly € ar boivy bethl rid i (80 3hmg,
0.438 mlnol) and 1,3-bis- (dlphenylphosphl ﬁ)ﬁg ane (394 mg, 0.954
SRR A S ROTBHE (A - G R BES0 22 A6 185 L5 when

sgﬁ%&ﬁecﬂo Wnﬁwr%ep i@@ 6%[@9% 3%%&5]& Frt?llg}wa]é gids d%opwise to the iodine
solution over 2 h maintaining the reaction temperature at 0 °C. The reaction mixture was then
concentrated under vacuum, cooled in an ice-bath, and then dried to under vacuum at room
temperature to afford a yellow solid (13, 3.65 g, 92.4%). mp: 169-171 °C. (lit. 175-176 °C);**
IR (CHCl;) 2935, 1371, 1039, 862, 843, 799, 715, 665, 582, and 566 cm™; "H NMR (300
MHz, CDCl3): 6 0.76 (s, 3H, 18-CHs), 1.05 (s, 3H, 19-CHs), 3.50 (br s, 1H, 3a-H), 5.35 (s,

1H, 6-H) and 6.14 (s, 1H, 16-H).

3B-Hydroxy-17-(2-pyrazyl)-androsta-5,16-diene (14): A mixture of 17-iodoandrosta-5,16-
diene-3B-01 (13; 0.5 g, 1.257 mmol) in solution with dry dimethylformamide (DMF, 10 mL)
along with tetrakis(triphenylphosphate) palladium (Pd(PPhg),) (71.6 mg, 0.062 mmol) and (2-
tributylstannyl) pyrazine (774.6 mg, 2.099 mmol) was heated at 120 °C for 20 h, After
cooling, the mixture was diluted with cold water (50 mL), and extracted with EtOAc (30 mL

x 3). The combined EtOAc extract was washed with brine and water, dried over Na,SO4 and
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mmol) was added, and the mixture was refluxed under Ar for 18 h, and
then concentrated under reduced pressure. The crude product was
purified by FCC [pet ether/EtOAC/Et3N, (8.9:1:0.1)] to give 1.2 g (74.7 %)
of pure compound 8; mp 184-186 C. IR (CHC13) 3063, 2918, 2389,
2358, 1725, 1458, 1373, 1254, 1069, 1031, 843, 809, 786, 692, 646, 560,
53%02909¢@920061093993 PCT1US2006/007143 528, 51PCHOR@MI 143
1H NMR (300 MHz, CDC13) 8 1.10 (s, 3H, 18-CH3), 1.25 (s, 3H, 19-

thehl Ync2 48 1SElveH BrO@HHIBY o ¥ Sthivaruliblprdauntd Jvdz. gdifed Sy Hikh Golhpnn
6.01 (s, 1H, 16-H), 7.40 (t, 1H, J= 7.8 Hz, aromatic-H), 7.51 (t, 1H, J= 7.8
rpmaiemeaEc-HE G 187 (EerHO AN (B12:0ddhiatiteHy 66Gang, 1674H miH1 =
8.1 Hz, aromatic-H). HRMS caled 454.2465 027H3302N3.Na+}, found
G N M 7R Ao B ol b s ro s 3R

e S LA oA Lo i o Ee AL 3 00

acg T TbeniC UL 2 e oo oo
o8 (500 11 Sl o S B e (CHC Do) g DRy

2859, 1609, 1488, 1451, 1373, 1287, 1243, 1069, 1040, 1007, 953, 845,
805, 715, 665, 618, 570, 553, 517 cm-1 ; 1H NMR (300 MHz, CDC13) 6
360y dros3H 7484 Hgjdilpan o p3,10-AiH |1 B: 58 qetion ¢4 18AQ-64, & U4280r
s, IH, 6-H), 6.06 (s, 1H, 16-H), 7.40 (t, 1H, J= 7.8 Hz, aromatic-H), 7.52 (t,
nypplyas geectinsd APgYRARICLE Puf s Pg &S ity stamay Dy py diidins -1, 2Ad 8.10

r%g%@ﬁ%]sflgﬁénngﬁ%rp@%ﬁi‘ AZﬂ%Fr% %tﬁ?ﬂgﬁ’%%)%gé% mg, 0.0804 mmol) and

C und 412.
G 4nthentanit-d2nddiiazob by andiesishdSidene pnanaddOy e,

method followed that described for compound 6 but using
1pthatpdrdxQACAbEN20:H-5)] 284 Apt tkbayhanrrosianidy}-6rdieste 9¢-800emg),
1.28 mmol). Purification of the crude product by FCC [CH2C12/EtOH,
(Bone) | W raBPIREIHE EATIURICLD” (ADTWRY 382 Mbk), (R E0-988:C;
IR (CHC13) 2944, 1658, 1450, 1070, 8444, 825, 721, 624, 589, 564, 554,
%ﬁi?%khﬁﬁ@iﬂﬂ\iﬁfﬁ@@b%ﬁ%& 1H, 30-H), 5.39 (s, 1H, 6-H), 7.26 (s, 1H, 16-

H), 8.73 (s, 2H, 4'-H and 6'-H) and 9.07 (s, 1H, 2'-H). HRMS calcd 350.2358 (C23H300Ny),

found 350.2348.

In Vitro Assay of CYP17: The in vitro CYP17 inhibitory activities of the compounds are
evaluated using our rapid acetic acid releasing assay (AARA), utilizing intact P450¢17-
expressing E. coli as the enzyme source (Grigoryev, above). It involves the use of [21-°H]-
170-hydroxypregnenolone as the substrate and CYP17 activity is measured by the amount of
tritiated acetic acid formed during the cleavage of the C-21 side chain of the substrate. This
establishes that the method is comparable in terms of accuracy and reliability to the HPLC
analysis procedure used by researchers in the field (Grigoryev, above). ICs values are
obtained directly from plots relating percentage inhibition versus inhibitor concentration over

appropriate ranges. Each compound is tested at a minimum of five different concentrations.
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CDC13) S 1.26 (s, 3H, 18-CH3), 1.27 (s, 3H, 19-CH3), 5.77 (s, 1H, 4-H),
6.01 (s, 1H, 16-H), 7.40 (t, 1H, J= 7.8 Hz, aromatic-H), 7.52 (t, IH, J= 7.8
Hz, aromatic-H), 7.67 (d, 1H, J= 7.8 Hz, aromatic-H), and 8.10 (d, 1H, J=
8.1 Hz, aromatic-H). HRMS calcd 410.2203(C25H290N3.Na+), found
410.2185. 30 WO 20061093993 PCT1US2006/007143
Devgdroeprarmdrosterone-17 hydrozone (12): DehydroepiaPdrdsterapisi43
(11, 3.5 g, 12.2mmol) was dissolved in ethanol (60 mL); and the resulting
Helatioys wascifeated iwitilibytelrazine hygratet 2.3l dR49-mal) dallewed
by a solution of hydrazine sulfate (7.9 nig, 0.061 mmol) in 0.25 mL of
axpeareTRel ixaferdeeistirsdveterbbh dbtheperatabifor 12 h and then
poured into ice water. The resulting precipitate was filtered, washed with
water, and dried to give white crystals of the titled compound 12; mp:

a2:244 C MH CDC S0.7

A R TP A el e PR R B
f&lzslaﬂe@@@é@%ﬁéaéﬁrgéﬁﬂﬁeﬁi{m ﬁl@ﬁ{ﬁ@t&ﬁ?ﬁn%% ﬁﬂn%tg) H%%%G
0,.0203 mol) in dry of THE (144 mL) and dry of Et20 (72 mL) was coole

aimil honiee ettt @riGgand: BPISoduitaiarwas 1reated witkotihedodthe procedure
tetramethylguanidine (6.72 ML, 6.24g, .054 mole). A solution of
desimiproupdiaEnagd 9@9‘%&‘1‘?@6 er-pal 8 ISmthesir Geldduivopidise to

th I 2hma nt n ion temperature at 0 T.
eel?ggz% nQ?élJﬁxg&g\csiasc hbec’ﬁ(y}élgtn 1 %Zé(%éam%g SRS oS Ein an

rature fford a
S S S R, PR A

3(‘@51@13)\!, Q%r@eﬁg hhibAR2 . v3Res §41%oz&%tr%ﬂeﬁlo§ 6}5 @ﬁgn, ﬁﬂ:‘gsé @51&% L
1H NMR (300 MHz, CDCI3): 60.76 (s, 3H, 18-CH3), H1.05 (s, 3H,

PhSCEBRH RS (lorIS;sclHluBaatd)jbedhin(s]. 1H, 6-H) and 6.14 (s, 1H, 16-H).
3p-Hydroxy-17-(2-pyrazyl)-androsta-5,16-diene (14); A mixture of
17-iodoandrosta-5,16-

Competitive androgen receptor (AR) binding and luciferase assays:

AR Binding/Competition Assay: Wells in 24-well multiwell dishes are coated with poly-1-
lysine (0.05mg/ml) for 5 minutes, dried, rinsed with sterilized, distilled, water, and dried for 2
hours. To determine the kinetics of R1881 binding to the LNCaP AR and the wild-type AR,
LNCaP and PC3AR cells are plated (2-3 x 10°) in 24 well multiwell dishes in steroid-free
medium and allowed to attach. The following day the medium is replaced with serum-free,
steroid free RPMI supplemented with 0.1%BSA and containing [PHJR1881 (0.01-10nM) in
the presence or absence of a 200 fold excess of cold DHT, to determine nonspecific binding,
and 1uM triamcinolone acetonide to saturate progesterone and glucocorticoid receptors.
Following a 2-hour incubation period at 37°C, cells are washed twice with ice-cold DPBS
and solubilized in DPBS containing 0.5% SDS and 20% glycerol. Extracts are removed and
cell associated radioactivity counted in a scintillation counter. The data is analyzed, including
Kd and Bmax determination, by nonlinear regression using Graphpad Prism software. When

the concentration required to almost saturate AR in both cell lines is established, the ability of
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diene-3 (3-ol (13; 0.5 g, 1.257 mmol) in solution with dry
dimethylformamide (DMF, 10 mL) along with tetralcis(triphenylphosphate)
palladium (Pd(PPh3)4) (71.6 mg, 0.062 mmol) and (2- tributylstannyl)
pyrazine (774.6 mg, 2.099 mmol) was heated at 120 C for 20 h. After
cooling, the mixture was diluted with cold water (50 mL), and extracted
Wit E0Ae339 mL x 3). The combined EtOAc extract wa®rasiied/witd3
brine and water, dried over Na2S0O4 and 31 WO 20061093993

tH ERLISR06/ 0 T:IM3 othencoinsient (2R 83 piyedy resmisiv&elithshibis
crude product was purified by flash column chromatography [FCC,

dgfermeitise FEIONGEENVER2OA5 Y ftendivenizb(Gbindgieimde); mpolBQar201
C. 1H NMR (300 MHz, CDC13): 8 0.94 (s, 3H, 18-CH3), 1.08 (s, 3H,

SRRSO SRR PR s98vis (S Seitvireyfng $90 (244 CAe- ),

: - Azine- \ ine- 20 (s,:1l, ine=H).
Lﬁf M%?g%:ng%so.235@(’(@‘2@?%8@@%@%% %%%$52§§és4°f§mw MRS
3oty 69 & (B; pysiR)icih) andrasiaifadBrdiane KbB)sRRIBHAR: @fpber

(0.645 g, 1.623 mmol) as described above for 14, but using
ce¢astribUhRSRmyl Jsepniriidiney (aserigpro7the nvimimel prissdiveeitet ARR20of dry
DMF along with (Pd PPh3)4{I(92.88 mg, 0.0804 mmol) and

R A N b e e
26‘%@[E%C465’§£’?1t&q{14§{&%S{Fcﬁﬁh@ﬁgéprég&%?y%L3-enhancer vector (Promega).

3(3-hydroxy-17-(S-pyrimidyl)-androsta-5,16-diene 15 (44 mg, 10%); mp:
TBSBR2 33 C(Pibn246)-2 48 £as 12 Lk NMBR (B0 0pMEAZ, GREH BB @R i(5243H,

18-CH3), 1.08 (s, 3H, 19-CH3), 3.83 (br s, 1H, 3a-H), 5.39 (s, 1H, 6-H),
welDgatss dadted Bathiyo8:-Edygnpwbratrpdgrte G Vit PREQ-010 (e k@i rpd) free

HRMS calcd 350.2358 (COZ3H300N2), found 350.2348. In Vitro Assa%( of
REVPIOAOTIRE PR EPA ShiERGR Bt ARG dhace arhp seidensfeetion.

afvaltated using Qur apid &%ﬁ&&@rgmé@éﬁﬁﬁiﬂ& BSRAY1 AR HUIFNG

intact P450c17- expressing E. coli as the enzyme source (Grigoryev,

walROWME)HIT iavMalvesttheriiss Bfddigtasd hedvidchyaraxypregnenplionesas thag
substrate and CYP 17 activity is measured by the amount of

dual luciferase assay system according to the manufacturer's instruction (Promega). The

results are presented as the fold induction, that is, the relative luciferase activity of the treated

cells divided by that of the control.

Cell Culture and Viability Assay: LNCaP cells are grown in RPMI 1640 medium
supplemented with 10% FBS and 1% penicillin/streptomycin solution. To determine the
effect of novel compounds on cell proliferation, cells are transferred into steroid-free medium
three days prior to the start of the experiments. Steroid-free medium consisted of phenol red
free RPMI supplemented with 5% dextran-coated, charcoal treated serum, and 1%
penicillin/streptomycin solution. Growth studies are then performed by plating cells (3 x 10%
in 24-well multi-well dishes (Corning, Inc. Corning, NY). After a 24 hours attachment
period, the medium is aspirated and replaced with steroid-free medium containing vehicle or

the indicated concentration of DHT (1nM) and compounds (0.1uM-10uM). Control wells are
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tritiated acetic acid formed during the cleavage of the C-21 side chain of
the substrate. This establishes that the method is comparable in terms of
accuracy and reliability to the HPLC analysis procedure used by
researchers in the field (Grigoryev, above). IC50 values are obtained
directly from plots relating percentage inhibition versus inhibitor
coneent@ion over appropriate ranges. Each compound i®t@gigxioaney143
minimum of five different concentrations. 32 WO 20061093993

tREAMIS 2A06/00T243). Thie assays aenedoramedi thiplisalewanshtheor
IC50 values reported are the mean of triplicate experiments. The

vighla qel ke tiesipatsa O W IR - 5y Bf thisdeidenyVaduésitreahaar) FALR eductdisp

Tsylp el ar;l1 %tA y: Thei h|b|to CtIVI'[I s of compounds and
i s Re & Rl 3 SR 8%%?#“ TRy B e s okapiin forhs
BDALHERERZYIE AN DA PIARRLS AAMAdeHRtE. (BRH lisswe for

type 2 enzyme) according to the procedure described by Hartmann a

tioel eagudd(Ridagdnettaliohpnts asisiphdyeyatuabionehddiapsiuiedso nm

4-(4'-carboxy- or 4'-carboxymethylbenzylidene)-N-acylpiperidines: Highly

ViBte sreaniEg my Vowa%ﬁn@tsqeh@ﬁ@t@errédkma&erweem ihibitoes"ote Med.
Chem., 002 45 3‘%#)6 34}7 e percent inhibition values at a

U AES BP0 AT AL b RS pBIEHPLOMB SUhAS S 1C50

values are determined. Competltlve androgen receptor (AR) binding and
luciferase assays; AR Binding/Competition Assay: Wells in 24-well

M tiinelkidisheshaiesc oatea matlsopidy drel ysinent i Qoroging }d ae misktesand
dried, rinsed with sterilized, distilled, water, and dried for 2 hours. To

AR A ek e ST Bfﬁhﬁéliﬁetﬁié' loRIgaPlaaRSaheptiaé Medicine,

wild-t CaP and PC3 lls are plated (2-3 x 105) in 24 well
RS SSRGS AR N,
Felang ey e mediimusirarl g MR SAIMMEES aRiaroidren REMT.
supplemented with 0.1%BSA and containing [3H]R1881 (0.01-1OnM) in

hihe Piresencehaf alsemdd Dh af 206 teldee xae 5800k Glek BYEEs to delekrminger.
nonspecific binding,

Compounds 5 and 6 are formulated in 40% B-cyclodextrin in water and a single subcutaneous
dose is given to mice. The animals are sacrificed at various times up to 6 h after drug
administration and blood was obtained by cardiac puncture under light halothane (Ayerst,
New York, NY, USA) anesthesia.

HPLC Analysis: Chromatographic separations and quantification of the steroids and the
appropriate internal standards are achieved by a reverse phase HPLC method on a Waters®
Novapak® C18 column (3.9 x 150 mm) protected by Waters® guard cartridge packed with
pellicle C18 as previously described. Briefly, the HPLC system used in this study consisted
of Waters® solvent delivery system, Waters® controller (Milford, MA), coupled to a Waters®
717" autosampler and a Waters® 996 photodiode array detector operated at 242.7 nm. The

mobile phase composition is Water/MeOH/CH3CN (35:35:30, v/v/v + 200 uL of EtsN and

0.77 g of NH4OAc per 1000 mL of mobile phase) at a flow rate of 1.0 mL/min. The HPLC
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and 1 M triamcinolone acetonide to saturate progesterone and
glucocorticoid receptors. Following a 2-hour incubation period at 37'C,
cells are washed twice with ice-cold DPBS and solubilized in DPBS
containing 0.5% SDS and 20% glycerol. Extracts are removed and cell
associated radioactivity counted in a scintillation counter. The data is
anal§zed/ohdettiding Kd and Bmax determination, by nonlik€arssge®siaon
using Graphpad Prism software. When the concentration required to
aahigdstisakufatecA Rtindigthicethlinesis astahtishegidtenbilityahag3nWOius
20061093993 PCT1US2006/007143 the test compounds (0.1nM-10M) to
Grpsiism RIS ISl omM thermalertaleeprorsds determined as

ihed above. The IC50 of each compound is determined by nonlinear

P TSt b S e AT (O 0l Wbkt i Vs |
Dj , CA). ff tivation A C T ipti | jvati
il pensaitbat ol e dies g S el Yeber e

d&k@?&ﬂ&@ﬂ&?@)ﬂﬁﬁﬁn&h&&’ @%%Qewgfgﬁgé% rﬁ)ﬁ)%rtl%fn.c@ﬁbggfég}dc layers are
ARR2-Luc is generated by insertion of the minimal probasin promoter
eARRZedkindiynprowdedc yriDe Rrduatofsile. Gy antdebitrédbivensity iMaditiglhot
Center (Endocrinology, 2000, 141: 4698-4710) into the polyclonal linker
Yelionoef Prbes-eifatdend ddwrd Prome gy TriengikernrfoP idPhEgayissis.
used as the internal control. Briefly, LNCaP cells grown in 24- well plates

RS Wit BN AR R idateny ThrraAbspion ereves dos S in plasma
Aha0alted 1126 ML 64 MR ARG, ol ShRIERALSHIRREH LR

(Hyclone). 24 h post-transfection, the’cells are incubated with fres

inbereldrd friee sapmipe REME Lo4Radiun withiauwithautitEE@Nd.)

inhibitors for 18 h. Luciferase activities are measured in triplicates by
fusingtdated hidifekaserhssapisystenracaording 1adhe manlfagihoeriste blank

instruction (Promega). The results are presented as the fold induction,
PHEAEHoN thiberelErigleol nuihered and ctivitinit tidhy datreehl ctlidadiviel ediidsy inkratash
Ahe oniral, Cell e and Viabity Assay, LNCaP celisare grown
through the sample preparation procedure as described above. An aliquot of the reconstituted
extract (50ul) is injected into the HPLC system and the ratio of the peak areas for each
analyte to that of the internal standard are plotted against concentrations of 5 or 6. The
precision and accuracy of the assays are determined from a range of known concentrations of
the inhibitors in blank plasma and taken through the HPLC procedure. The study is repeated
on three separate occasions.

Data Analysis: Pharmacokinetic calculations are performed as previously described. The
non-compartmental pharmacokinetic calculations are performed using WinNOnlin (Scientific
Consulting Inc.). One-way analysis of variance (ANOVA) on SigmaStat for Windows
version 1.0 is used to compare different treatment groups at the 95% confidence level. The

Bonferroni post-hoc test is used for determination of significance. A P-value of less than 0.05

is considered as statistically significant.
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supplemented with 10% FBS and 1 % penicillin/streptomycin solution. To
determine the effect of novel compounds on cell proliferation, cells are
transferred into steroid-free medium three days prior to the start of the
experiments. Steroid-free medium consisted of phenol red free RPMI
supplemented with 5% dextran-coated, charcoal treated serum, and 1 %
peweitifyetseptomycin solution. Growth studies are then pefokisrees 7143
plating cells (3 x 104) in 24-well multi-well dishes (Corning, Inc. Coming,
INVinoAfigitanidd Siadie gABhM @nbsperiOsh dremediufm)isaspifateshand are
replaced with steroid-free medium containing vehicle or the indicated

PedrresHtestnst DR idR et oRpel AESOninRI ONE Copmitst withs are
4 WO 20061093993 PC 2006/007143_treated with yehicle (ethanol).
U{?’h‘wm %919[6 ?an%%cgooh‘)?&gm e%aglé?/osreap(}& & UNBe 1B‘T‘(Fviable cells

IS nTedium1s changed every three

iﬁxfiﬁ%@ﬁ@i%gt @Cm%i'ée 4-6 weeks of age purchased from the National Cancer
[4-[3-(4-|odophenyI)-2-(4-n|tropheny%)- H-5-tetrazolio]- 1,3-benzene

Iaisutfahaded @sSay @R tharsewahivdiyntcol Owiag nelloatiom pic alsstarihe
above-mentioned time, 10% WST-1 solution is added to each well and

PRYssaEt stvIPER Wiseoalsd Foliiivig ihiehbaddnnpiéeand A astigghtly
shaken and immediately read at 450 am. with a nnjng multi-well

R ATy S e A S e AP AT, o

stEanuRils, Adslitinalceuieheansisk Al medi;alans: Vith i CelS are

Pharmacokinetic Studies: All animal studies are performed according to
gthemjuitidlinesiand appsoral UhtheAdinal CHieu@ s tedloftheclls are
University of Maryland School of Medicine, Baltimore. Male SCID mice

stisieshifig 20RS coiactel bp swateRiesien. eptasseacidih iNTRTiEebd 8K e 3

A intained. i trall i t of about 25C, 50%
et i S E G N Ry Y

£irRe AGRGS S IORE RNLVRICFih CAPRO YRR R ARG REG OB Nhe

40% (3-cyclodextrin in water and a single subcutaneous dose is given to
fonieta: The anfmalsrarergacrificed at various times up to 6 h after drug

administration and blood was obtained by cardiac puncture under light
halothathet(;qg@miment, LAPC4 tumors are allowed to grow for 8-10 weeks following

inoculation. Groups of 5 mice with comparable total tumor volumes are either castrated or
treated with S and 6 (0.15 mmol/kg once-daily and 0.15 mmol/kg twice-daily, 9 a.m. and 5
p.m.). Mice are castrated under methoxyfluorane anesthesia. Compounds 5 and 6 were
prepared at 17.2 mg/ml in a 0.3% solution of hydroxypropyl cellulose in saline, and mice
receiv s.c. injections daily. Control and castrated mice are treated with vehicle only. Tumors
are measured weekly for the 4 weeks of treatment and tumor volumes are calculated. At the
end of the treatment period, the animals are sacrificed under halothane anesthesia; tumors are
excised, weighed and stored at —80°C. Animals are also weighed weekly and monitored for
general health status and signs of possible toxicity due to treatment.

In the second experiment, mice are inoculated with LAPC4 cells and are divided into
four groups of 5 mice each. The control and castrated group receiv vehicle, while the other

two groups receiv either VIN/85-1 (0.15 mmol/kg twice-daily, 9 a.m. and 5 p.m.) or 5 (0.15
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New York, NY, USA) anesthesia. HPLC Analysis: Chromatographic
separations and quantification of the steroids and the appropriate internal
standards are achieved by a reverse phase HPLC method on a Waters
Novapak(r) C18 column (3.9 x 150 mm) protected by Waters(r) guard
cartridge packed with pellicle C18 as previously described. Briefly, the
HM@gygsm3used in this study consisted of Waters(r) sol@niseeliveriss
system, Waters(r) controller (Milford, MA), coupled to a Waters 717"s
mautiigampledalnda W aters 1996, fhetotdiate:asray idkifcionopsratedlAPC4
242.7 tun. The mobile phase composition is Water/MeOH/CH3CN
cqBmanaon; ARG b ETSNAsentD Ty N Arpar/8Hdet, of

ile ph f te of 1.0 /min. The HPLC 35 WO
o SO A O LY Lt e dre M e

piSIREl atlke andh dade.acquisition and management ius achieved with a
Waters' millennium chromatography manager. Sample Preparation: Test

tubes containing mouse plasma (200 L), 5or 6 and VN/85-1 (internal
standard, 10 L of 100 g/mL), are extracted with diethyl ether (2 x 2 mL)
Mesivigean apd A% (Y% EHr) BYisitrin fwsmanditasitiepés: 8 ooog 6t Bemin.

rganic layers are e ted to dryn er a gentle stream of
v R R A R e SRR ey
li@é}q{xfﬂt@Eﬁ%&%ﬁz&t@dﬂn—ﬁ%ﬂ%ﬁ&%%ﬁﬁtﬁ&%ﬂﬁ@cﬂ? ﬁ@ﬂé/ﬂﬁ?lgsaa@p ration

Curve and HPLC Assay Validation: The calibration curves for 5 in plasma
hanogtissekiapiabipiiab i fitagsHa-are, 0onsliug tefdidoyes fikinopwapythids amQonts
of the compounds into extraction tubes (duplicate) containing plasma
nEpeeniled mdtiSsuetprelsirediohs 1989 L)l Grbriianntfatetbripakko hsigkand
final concentrations of 0.1 - 10 A{)pr,opriate blank extraction

0.0 g/mL.
e BEAHEL ERSAre R S Bt L RURRAR SRR 2R g
33%%&?&%&?‘5‘% Jol3) E&é@%i% 943&%{?% &%’B‘&ﬁ?et&%i an. ko) aTgQ}?ﬂe

calibration samples are taken ‘th he sample preparation procedure

sesdeseribed akeveiAHaaiguptohthe (ecanslitited mobile phase, filtered

through 0.2 um Teflon filters and then analyzed by HPLC as described above.

The preceding examples can be repeated with similar success by substituting the
generically or specifically described reactants and/or operating conditions of this invention
for those used in the preceding examples.

From the foregoing description, one skilled in the art can easily ascertain the essential
characteristics of this invention and, without departing from the spirit and scope thereof, can
make various changes and modifications of the invention to adapt it to various usages and

conditions.
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extract (50I) is injected into the HPLC system and the ratio of the peak
areas for each analyte to that of the internal standard are plotted against
concentrations of 5 or 6. The precision and accuracy of the assays are
determined from a range of known concentrations of the inhibitors in
blank plasma and taken through the HPLC procedure. The study is
repeated/onthree separate occasions. Data Analysis: Phafiiasglametc:3
calculations are performed as previously described. The
TEBIBGoMparirentat phasmecekineiidcalciiatiopsase-poriarmadonsiiel
WinNOnlin (Scientific Consulting Inc.). One-way analysis of variance
1TAN@Y) omSigndaStat for Windows version 1.0 is used to compare
different treatment groups at the 95% confidence level. The Bonferroni
post hoc test is used for determlnatlon of S|gn|f|cance A P-value of Iess

é 3 | Mvg} I m% nﬁ% Eoétate Cancer
Xenografts); All anima tudleﬁcg accorlng to the guidelines
and approval of the Animal Care Commlttee of the University of Maryland
School of Medicine, Baltimorgpdléle seveygeedmbinetNTaPunodedigiart

_(SCID) mice 4-6 weeks of age purchased from the National Cancer
5Instltute Frederlck3@9a(hcer Résearch and°PevelopmeHt’Center (Fﬁ%nck
MD) are housed | athoggﬁgﬂree envi ent undep({:ontrollea4
1gonditions of light gne humldgy and allowgd free access to food and
(yvater. Tumors arggeyeloped from LAPC4 cells inoculated 366
1subcutaneously (ssgo)oin the mice essentially as previously descriped (21).
FulAbfggheells are grown in IMEM with 15% FBS plus 1% PS and IOnm
VBRFuntil 80% confiiént. Cells are scraped into DPBS, collected by
Aééﬁfﬁ‘i?ﬂglatlon an&%guspended in Matrigel (10 mg/ml) at 3 x 107
KE@‘fgﬂ?ﬁO Rice aré Hifetted Szir njh 100 the cell Suspension at one

g%rl %Z(ﬁﬁeeach flank. Tumors easuret ekly with,galipers, and tumor

FNRles are calculated by the 11600 10985

# We have previously reported the synthesis of VN/85-1 (Njar et al., above) Abiraterone was
synthesized as described by Potter et al (A convenient, large-scale synthesis of abiraterone
acetate [3B-acetoxy-17(3-pyridyl)androsta-5,16-diene], a potentlal new drug for the treatment
of prostate cancer. Org. Prep. Proc. Int., 1997, 29, 123-128). ? ICs, is the concentration of
inhibitor required to inhibit the enzyme act1v1ty by 50%, each in duplicate for CYP17,
triplicate for Sa-reductase and AR binding. ° ICsy is the concentratlon of compound required
for a 50% displacement of [’H]R1881 from the androgen receptor. ¢ Prostatic tumor cell line
(DU-145) expressing type 1 enzyme; substrate: 5 nM [1p- 3H]androstenedione. © Enzyme
from BPH tissue (type 2 enzyme), 125 pg of protein, substrate: 210 nM [1B,2p-
3HJtestosterone. { ni = no inhibition up to 10 pM. - = not determined.
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formula: 4/3it x rig x r2 (ri < r2). In the first experiment, LAPC4 tumors are
allowed to grow for 8-10 weeks following inoculation. Groups of 5 mice
with comparable total tumor volumes are either castrated or treated with 5
and 6 (0.15 mmol/kg once-daily and 0.15 mmol/kg twice-daily, 9 a.m. and
5 p.m.). Mice are castrated under methoxyfluorane anesthesia.
Compoordss3and 6 were prepared at 17.2 mg/ml in a 0.3%r8shetean o3
hydroxypropyl cellulose in saline, and mice receiv s.c. injections daily.
T4{brtrol ancheasicatédtinjeeared éateGovithl vehiaigkgrdyd T (Fnargkarefter
measured sweskhmigrafw.4 weeks of treatment and tumor volumes are
calculated. At the end of the treatment perlod the anlmals are sacrificed

-80(%, aémgge@lﬁ are also Welggled Weekly and monltored for general health
status and signs of possible toxicity due to treatment. In the second
experiment, mice are inoculated with LAPC4 cells and are divided into
four groups of 5 mice each. The control and castrated group receiv
vehlcle wh|Ie the otheﬁOtWEﬂgroups recel\Q(ennEé(eVN/% 1 (@.2%/keniol/kg

—PCT/U82006/007143 mmol/kg tW|ce dally, 9 a.m. and 5 p.m.). These
treatments ntel(are initiated Qe day after LARCA, ¢ell inoculationg contigued

for 14" weeks for control group, 19 weeks (for VN/85-1 and castration
groupg)@andfor 21 weeks fardoireated gegup anddumors ayegeaswoad
and processed as described above. Measurement of 5 (VN/124-1) levels
in tukof; (ivenandlfestés0Mie-afitdals inl fie. YNID24- 1 -tre@fetPgralp3are
sacrificed | h after the last VN/124-1 administration, and tumor, liver and

testid mdPRvested am2h&d Fozen in L8 Atdgen. Tisédd%kafHles
are Eo @ge(rﬁed in p2h§>§£)h%t§7buﬁer (p’lg 2-ﬁ? 6 Q 5 mI/mg g% e).
i

Homogeé ssue ( ) is"spiked withthe internal standard, VN/85-1
(10LyfrRm AR o/mL steeksolyigen). and 6o.46 + 1.54 79.95 +0.01
V4 (mL/kg) 2098.99 +4.11 3276.39 +26.71 4207.24 £6.25

#Values are expressed as mean+ S.E.,n=35.
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then extracted with Et20 (2 x 2 mL) by vortexing for 3 min followed by
centrifugation at 3000g for 5 min. The Et20 extract is separated and
evaporated to dryness under a gentle stream of air. The residue is
reconstituted in 100 L of the HPLC mobile phase, filtered through 0.2 ,nn
Teflon filters and then analyzed by HPLC as described above. The
pracedifrgperemples can be repeated with similar successHSTAEBRHNITIFY
the generically or specifically described reactants and/or operating

conditions of this invenBeidf hrEdRpsensssdnenihapaasesiag examples.
From the foregoing description, one skilled in the art can easily ascertain

Ghirtdg sentidirvehractebistiosoithN#dehtléh and, without departing from
the spirit and scope thereof, can make various changes and modifications
of the invention to adapt it to various usages and conditions. 38 WO

SARARLLI3993 BGT HHS20081907143, Tablests GYB; 1,and Sa-reductase

activities and androgen receptor binding of novel 17-heteroaryl
compounds. Compound CYP17 5a-Reductase AR Binding IC50 (nM) b
% inhibition atl0 M IC50 (nM) [1C50 (nM)]b type 1 type 2 LNCaP PC3-AR

Seheme D 4 5884&i8ell BlorROPrropid80ie2005242 9 1250.0 nil 17 - - 10
5817.4 21 56 - - 14 3810.0 - - - 366 15500.0 - - - 374

Scheme 3: Synthesis of metabolites of trans-androsterone, including VNLG/81.

Figure 1: The effects of §, 6 and casodex on transcriptional activity of luciferase
mediated through LNCaP-AR in LNCaP-ARR2-1u prostate cancer cells. Cells
in steroid-free medium were treated with vehicle, or increasing concentrations
of either S or casodex with and without 1 nM DHT for 18h. Cells were then
assayed for luciferase activity as described in “Materials and Methods”. The
bars represent the mean light units [counts per second (cps)/unit protein, i.e.,
relative luciferase activity] in triplicate wells from three separate experiments.

Figure 2: The effects of 5, 6 and casodex on (a) LNCaP and (b) LAPC4 prostate cancer
cell growth. Cells were grown in steroid-free medium before plating.
Triplicate wells were then co-treated with increasing concentrations of 5, 6 or
casodex and DHT as described in “Materials and Methods.” The percentage
(compared to control) of growth inhibition after 7 days of treatment was
determined using WST-1 assay. The results represent the average and standard
deviation of three experiments performed in triplicate.

Figure 3: Typical HPLC chromatogram of 5, 16 (internal standard) and metabolite
extracted from mouse plasma. The retention times for 16, metabolite, and 5

were 11.5, 17.3 and 21.6 min, respectively.
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For comparison VN/85-1 50.0 - - - - Abiraterone 800.0 - - - - Ketoconazole
1100.0 - - - - Finasteride - [60.0] [2.0] - - Casodex - - - 940 - Flutamide - - -
11600 10985 z We have previously reported the synthesis of VN/85-1
(Njar et al., above) Abiraterone was synthesized as described by Potter et
al (A convenient, large-scale synthesis of abiraterone acetate
[30vacetosssRy (3-pyridyl)androsta-5,16-diene], a potential PEUskaagKHon43
the treatment of prostate cancer. Org. Prep. Proc. Int., 1997, 29,
Fiut3:428). PiGhadstheicpnaestatianl 6ffolhibitordenisiredbtofnbibiithe
enzyme activity by 50%, each in duplicate for CYP17, triplicate for
5a-reductaséanthars bivigidese 1080 tHR BinscBak AP UrEsRIEIR e
required for a 50% displacemen%of 3H]R1881 from Jitlwe ngro &N
receptor. aTBFESRETE GG La RS T A By S P Essiig Byna 1 enzyme:
substate: %M [3 SHlardiosiencdiane, Jipeyme from BPH tissue
(type 2 enz mesl, 125 g of protein, substrate: 210 nM [l p,2[3-
FatHEstosterRRgl ST M IBRIRIIOS 4P 12138 Me focndidietpHRInGuERWO
20061093993 PCT1US2006/007143 Table 2: Pharmacokinetic
parameterstdussi¢S0 Ddng08.my K tandle 58-mg/kg) after s.c.

administration. Parameter a 5 6 50 mg/kg 100 mg/kg 50 mg/kg t in
Eigpnefe 15 3660 A5 BngRciviE of& b irdiprs e EOry o thee %M )

0.01831 O'%Q()Aétate tumors in male SCID mice. Groups of five mice with LAPC-4 tumors

were treated with 5 (0.15 mmol/kg/day or 0.30 mmol/kg/day. Tumors volumes '
were measured weekly, and the percentage of change in tumor volume was
determined after 28 days of treatment. The standard deviations of tumor
volumes (not shown) were + 10-12 % of the mean values.

Figure 7: The effects of 5, 16, and orchidectomy on the formation and growth of LAPC4
prostate tumors in male SCID mice. 3 X 10" LAPC-4 cells were injected s.c.
into the dorsal flank of SCID mice. One group of mice was castrated. The
other groups of mice received either vehicle or 5 (0.15 mmol/kg twice-daily)
or 16 (0.15 mmol/kg twice-daily). Daily treatment with 5 or 16 was initiated 1
day after cell inoculation. Tumors volumes were measured weekly, and the
percentage of change in tumor volume was determined after 16 weeks of
treatment. * Indicates significant difference of 5 versus control, castration and
16 at week 14 (P = 0.00065, 0.05 and 0.0097, respectively). ** Indicates
significant difference of 5 versus castration and 16 at week 16 (P =0.047 and

0.0047, respectively). { - Id: Period of reduced administered dose of 5.
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AU C (min. g/mL) 1440.00 60.23 1813.94 f 10.94 647.10 20.23 Tmax
(min) 30.00t 0.0 30.00 0.0 60.00+0.00 Cm- (g/ml-) 16.82 f 0.37 32.23 f
0.34 5.15 0.09 MRT (min) 65.40t 0.60 60.46 f 1.54 79.95 0.01 Vvd
(mL/kg) 2098.99 4.11 3276.39 26.71 4207.24 6.25 a Values are
expressed as mean S.E.,n=5.40 WO 20061093993
PCTOLB2008/007143 Brief Description of Schemes and BiGUfé&SGHart 4B:
Structures of abirateron and VN/85-1(16) Scheme 1: Synthesis of
17-benzoazole compounds (5, 6, 9 and 10). Scheme 2: Synthesis of
17-diazine compounds (14 and 15). Scheme 3: Synthesis of metabolites
of trans-androsterone, including VNLG/81. Figure 1: The effects of 5, 6
and casodex on transcriptional activity of luciferase mediated through
LNCaP-AR in LNCaP-ARR2-lyrpypstate cancer celjs, Cells in steroid-free
e, or increasing copeentrations of either 5
M DHT for 1Is were then assayed
for luciferase activit scribed in "Matetials-and Methods". The bars
represent the meggrtigr its [countg nd (cps)/unit protein, i.e.,
relative luciferase agliwifydrighériplicate Wyésf_ré)?ipree separate
experiments. Figure 2: The effects of 5, 6 and casodex on (a) LNCaP and
(b) LAPCA4 prostatmeansenceelt or avithefoallswergsgrown in steroid-free
medium before plating. Triplicate wells were then co-treated with
increasing concentrations of 5, 6 or casodex and DHT as described in
"Materials and Methods." The percentage (compared to control) of growth
inhibition after 7 days of treatment was
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determined using WST-1 assay. The results represent the average and
standard deviation of three experiments performed in triplicate, Figure 3:
Typical HPLC chromatogram of 5, 16 (internal standard) and metabolite
extracted from mouse plasma. The retention times for 16, metabolite, and
5 were 11.5, 17.3 and 21.6 min, respectively. 41 WO 20061093993
POVMOLW®29067007143 Figure 4: Pharmacokinetic profiles Rf1Buardc®07143
following administration of a single subcutaneous bolus dose to male
SCID mice. Each data point represents the mean plasma contentions
obtained from three mice. The standard deviations (not shown) were
5-8% of the mean values. Figure 5: Pharmacokinetic profiles of 5 and
metabolite following a single subcutaneous bolus dose (100 mg/kg.bw) of
5 to male e. Figure 6: In antitumor activitynof 5, 6 and

orchidectorfiy bn the growth of{_ APC4 prostate@rﬁ,brs in male S

mice. s of five mice with-{ APGgz4 tumor re treated wi 15
nu or 0.30 ay. Tumt s—were] CHO
nd the peks of changgg volume vy rmined
after 28 days of treatmenty The standard devjations of tumor vplumes (not
shown) were 10-12 % of the mean values. Figure 7: The effects of 5, 16,
and orchidectomy on the formation and growth of LAPC4 proitate tumors

in male SCID mice. 3 x 107 LAPC-4 cells were injected s.c. intdithe

dorsal flank of SCID mice. One group of mice was castrated. The other

groups of mice recei either vehicle or &5 mmol/kg twice-dail§) or
16 (0.15 mmo ~daily). Daily tr ith 50r16 @‘@ egol
day after cgll tion. Tumors v ere measured y, and
the ’

lvi
e o S s o
. . N &
0 HO AcO s cHo ? cHo
. 10 9 8 7b Ta

Scheme 1. (i) POCl;-DMF, CHCls, Ar, reflux; (ii) benzimidazole, K,CO3, DMF, Ar,k80 °c;,
" (1if) 10% Pd on activated charcoal, PhCN, reflux; (iv) 10% Methanolic KOH, Ar, rt.;
(v) Al(i -PrQO)s, [-methyl-4-piperidone, toluene, reflux; (vi) benzo-1H -1,2,3-triazole,

KyCOj3, DMF, Ar, 80 °C; (vii) (PPh3);RhCOCI-Phy(CH,)3PPhy, xylene, Ar, reflux.
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percentage of change in tumor volume was determined after 16 weeks of
treatment. * Indicates significant difference of 5 versus control, castration
and 16 at week 14 (P = 0.00065, 0.05 and 0.0097, respectively). **
Indicates significant difference of 5 versus castration and 16 at week 16
(P =0.047 and 0.0047, respectively). k - 44: Period of reduced
adwirmigtessdodose of 5. 42 WO 20061093993 PCT1US2006100521480A14N
/' NJ HO HO \ Abiraterone VN/85-1 (16) Chart 1. Structures of
Abiraterone and VNISS-1 43 WO 20061093993 PCT1US2006/007143 ,
v/'~lyr O HO\ la~IViii\CHO AcO 654 }I3ii ittcrto AcO\  AcO ~ AcO

\12
NNH, .
i , i
HO HO HO
11

12 13,

w5 F

Scheme 2: i) NoHy.H,0, NoHy . HySOy, EtOH; i) I,/THF, TG; iii) (2-tributylstannyl
pyrazine/Pd(PPhs)y; iv) (5-tributylstannyl)pyrimidine/Pd(PPhs),
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Vi ryl/y1V'VSI~Y Nr-tf CHO CHO O Ac01098 7b 7a Scheme 1.
(i) POCI3-DMF, CHCI3, Ar, reflux; (ii) benzimidazole, K2C03, DMF, Ar, 80
C; (iii) 10% Pd on activated charcoal, PhCN, reflux; (iv) 10% Methanolic
KOH, Ar, rt.; (v) Al(i -PrO)3, 1-methyl-4-piperidone, toluene, reflux; (vi)
benzo-IH-1,2,3-triazole, K2CO3, DMF, Ar, 80 C; (vii)
(PPRRMBBCI-Ph2(CH2)3PPh2, xylene, Ar, reflux. 44 WIDUS2006/007143
20061093993 PCT1US2006/007143 HO X -y ii\HO HO 11 12 13, N N\
HO 15 14 Scheme 2: i) N2H4.H20, N2H4.H2S04, EtOH; ii) I2/THF, TG;
i) (2-tributylstannyl pyrazine/Pd(PPh3)4; iv)
(5-tributylstannyl)pyrimidine/Pd(PPh3)4 45 WQ 20061093993

SelsEe 58 mdg}%%g DU SHTEN S BRI iRt itEs BH

trans-androsterone, including VNLG/81 Acetic anhydride C C cHO

/d:g)tg Acetic anhydride (d:@ POCl3, DMF
Pyridine, 0-5 °C CH CHCl; 0-5 “CHol, 05°%C j\

Reflux, 6 hours VNLG/76

t-androsterone
VNLG/75
DMF

K,COs3
800C

. o

N
@[N\> Pd 10 % on Carbon
NH2NH2 hydrate CHO
Benzomtnle 0
Ethanol, reflux 0 Reflux )l\
i 6 hours 12 hours R0
cH;” o

VNLG/79

VNLG/77 VNLG/78

KOH, Methanol
1.5 hours, RT

. N

w o

N

TPAP/NMO
D e
CH,Cl, v
RT, 3 hours
0 A

VNLG/82

HO

VNLG/81
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HO Pyridine, 0-5C cH31 CH C'3 IS 0'50C cH ~o Reflux, 6 hours VNLG/76
t-androsterone VNLG/75 DMF N°) K2CO3 H 80C N~ N~e N Pd 10 % MCSLLP
on Carbon NH2NH2 hydrate CHo BenzoniVile o Ethanol, reflux Retlux 6

hours CH3k CH,0 12 hours CFI3~0 VNLG/77 VNLG/78 VNLGJ79 KOH,

MethanMd:.5 hours, RTN'N ~ N\ 12 TPAPINMO RRT,2lz C C3hours

HO

1. Use of a C-17 heteroaryl steroid compound of formula I:

wherein:

the ABC ring structure is the A, B and C ring portions of a steroid or analog
thereof, which are optionally substituted, wherein the ABC rings of the ABC ring
structure have a structure based on 3p-hydroxy-androsta-5,16-diene or 3 oxo-androsta-

5,16-diene or such structures wherein the AB rings are one of the following structure

1-25:

OH
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VNLG181 VNLG/82 46 MCSLLP CLAIMS: 1. Use of a C-17 heteroaryl
steroid compound of formula l: X 121317 C16 90:141:5 46
wherein: the ABC ring structure is the A, B and C ring portions of a steroid
or analog thereof, which are optionally substituted, wherein the ABC rings
of the ABC ring structure have a structure based on

3(3- hydroxy a dro fa-5,16-diene or 3 oxQ-ardrosta- 5 16-diene or such

MCSLLP

HoN

H,C
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s~t45 HZN 6 78 lj2C0ti H2C F2C 10 11 48 MCSLL.P F2C 12 H2C

H2C 1314 FF15 FHON 16 17 HON /49 MCSLLP
MCSLLP
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F,C

H,C
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HON

16 17
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~ZHONHON 1920 OH21 FC 2223 Br24 25 the - bond at the
16,17 position is a double bond or, when the compound is 17
-(IH-benzimidiazol-1-yl)-androst- 3 -one, a single bond; and X is an
optionally substituted benzimidazole, benzotriazole, pyrimidinoimidazole,
50 MCSLLP pyrim;\dinotriazole or diazine; the benzimidazole,
benzotriazole, apd pytimidinoimidazole groupsyheing bonded to the
steroid residsie through amitrogen atom ongthe 5-meq1bered ring; and, the
diazine gft bonded to the stefoioN wethrough a carbon
atom on A ; excluding t @o 3,3-

diftaoxo=17- idazol-i-yl);gndrosta<Z,4;16< triene; or a
pharmaceutically acceptable salt of one of these compounds for
preparing a medicament for treating prostate cancer. 2. The use of claim
1, wherein the belzimidazole, benzotriazole 2pyrimidinoimidazole,
pyrimidinotriazoletor diazine structures are of the following formulae,

respectively:

OH

21
L .
.
/ —L\j
\\
F C
22 23
.
P
Br
24
.
-
P
I
25
the =777 bond at the 16,17 position is a double bond or, when the

compound is 17-(IH-benzimidiazol-1-yl)-androst-3-one, a single bond; and

X is an optionally substituted benzimidazole, benzotriazole, pyrimidinoimidazole,

50
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N NN NN N NON benzimidazole, benzotriazole, pyrimidinoimidazole, N

N plIT N~\I N NI1L Nip pyrimidinotriazole, pyrimidine, or pyrazine, MCSLLP
wherein the * indicates the point of attachment to the steroid residue. 3.

Use of a C-17 heteroaryl steroid compound of formula 1: 51 hl1 CSLLP X

1% ¥3ndididdtriazde 16 §dAng §hdDerBndidzAS WRSHRIz0le, and

pyrimidinoimidazole groups being bonded to the steroid residue through a nitrogen
atom on the 5-membered ring; and, the diazine groups being bonded to the steroid
residue through a carbon atom on the diazine ring; excluding the compound 3,3-
difluoro-17-(IH-benzimidazol-l-yl)-androsta-2,4,16- triene; or a pharmaceutically
acceptable salt of one of these compounds for preparing a medicament for treating

prostate cancer.

2. The use of claim 1, wherein the benzimidazole, benzotriazole,
pyrimidinoimidazole, pyrimidinotriazole or diazine structures are of the following

formulae, respectively:

y N 7 )
N// N—N 1\//

| l |
benzimidazole, benzotriazole, pyrimidinoimidazole,
N / N AN :

=

N =

; . N,
pyrimidinotriazole, pyrimidine, or pyrazine,

wherein the * indicates the point of attachment to the steroid residue.

3. Use of a C-17 heteroaryl steroid compound of formula I:
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the ABC ring structure is the A. B and C ring portions of a steroid or
analog thereof, which are optionally substituted, the - bond at the 16,17
position is a double bond or, when the compound is
17-(1H-benzimidiazol-l-yl)-androst-3-one, a single bond; and wherein Xis
selected such that the compound comprises one of the following
structures: NN N N~ N~ pf N~ OH SH CH20H 26 2/ 28 CH2CN 29 52
MCSLLP 1l ~~~\\NN N-INr~1 COOK\NH2 YL\ Cl 30313233 N
N NNN-Br~1CN 343536 N 1I

MCSLLP

16

wherein;

the ABC ring structure is the A, B and C ring portions of a steroid or analog

thereof, which are optionally substituted,

the -~ bond at the 16,17 position is a double bond or, when the

compound is 17-(1H-benzimidiazol-1-yl)-androst-3-one, a single bond; and

wherein X is selected such that the compound comprises one of the following

structures:
N
|
N
N N N
gl g
OH ! SH ¢ CH,0H
’b 2
26 27 ’ 28
N
: N
3 CH,CN
| 3 2
)
; 29
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N'(NH: 33C1N FF3CCIF3CBrN NN-21 NN, /))) SH5\SF[ SH 38
394041 53 MCSLLP N NI-12 F, /N\NHL1NCOHY YINN /N INNNN
/ Nom/ 42 43 44 45 OSH 46 or a pharmaceutically acceptable salt of
one of these compounds for preparing a medicament for treating prostate
cancer. 4. The use of claim | or claim 3, wherein the optional substituents
for the ring structure ar cted from one re of.

N ‘N [
- / /
N\< g “< s \< ; .
COOH NH, F \
2
31 § 32 33

MCSLLP

(%
[
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alkyl and halogenated alkyl; alkenyl and halogenated alkenyl; halogen;
amino; aminoalkylene; hydroxyimino; and hydroxy; optionally, hydrogen
substituents on adjacent carbon atoms of the ABC ring structure are
removed and replaced by an additional bond between the adjacent carbon
atoms to result in a double bond between these carbons in the ring

structure;& dptional substituemts,for the benzimidazole, KN\/OH
benzotrﬁl(zole, pyrimidinoimigdazole, pyrimidinotfiazolg or diazine ]

structu

elected fronk:_halegen, amino, kylene, hyd¥

| and halogenatedralkyl; these optionak substituents /N
rbon atoms of t e_tfénzimidazole, /triaque,
ingimidazole, pyrinjidinotriazole or diagine structures. 54 MCSLLP

D ring which is adjacefit the attachment tg'the C-17 heteroary!
substitution. &2 The use of claim #3wherein the compund is one of the 45
following struct M5, M6, M9 and M10: i tt0 O HO M5 M6 M9 Ins Ty
M10 7. ﬂ'he use of claim 1, wherein the compound is one of the following
componnds:~8f3-Hydroxy-3a-methyl- 17-(1 H-benzimidazol- 1
-vi)-androsta-5, ¥6-diene,

or a pharmaceutically acceptable salt of one of these compounds for preparing a

medicament for treating prostate cancer.

4. The use of claim 1 or claim 3, wherein the optional substituents for the ABC

ring structure are selected from one or more of:

alkyl and halogenated alkyl; alkenyl and halogenated alkenyl; halogen; amino;

aminoalkylene; hydroxyimino; and hydroxy;

optionally, hydrogen substituents on adjacent carbon atoms of the ABC ring
structure are removed and replaced by an additional bond between the adjacent carbon

atoms to result in a double bond between these carbons in the ring structure; and

the optional substituents for the benzimidazole, benzotriazole, pyrimidinoimidazole,
pyrimidinotriazole or diazine structures are selected from: halogen, amino,
aminoalkylene, hydroxy, -SH, -S-alkyl, alkyl and halogenated alkyl; these optional
substituents being on ring carbon atoms of the benzimidazole, benzotriazole,

pyrimidinoimidazole, pyrimidinotriazole or diazine structures.

54
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3(3 -Fluoro- 17-( 1 H-benzimidazol- | -yl)-androsta-5, 16-diene, 3j3-Chloro-
17-( 1 H-benzimidazol- | -yl)-androsta-5, 16-diene,
3(3-Bromo-17-(1H-benzimidazol- 1 -yl)-androsta-5, 16-diene, 3(3 -lodo-
17-( 1 H-benzimidazol- | -yl)-androsta-5 , 16-diene, 3(3-Amino-

1%(IH-bemeimicazeliny!)- @f‘gmﬂa‘%ﬂi@f@ﬁ?ﬂ% A (kiR REDAUMHIRZON  ring
-yl)- androsta 3,5,16-triene,

1P{ATHBIsA kYo PRy AlRaR 815ty h eths sArbon Themedivehthefdiaizgl which is

1 a¥jdgedrhetimalanfandsasiac 1 AReHRIAGY] substitution.
17-(1H-benzimidazol-I-yl)-3-methyleneandrosta-4,16-triene, 3.3 -Di
Fuoro-17- (1H-b enzimidazo 1-1-yl)-androsta- 5 ,16-diene, 3,3
-D¥fluoroThé-(hdHbanzimidazRiredn t)-andiReiaids daediense SBMirekhbctures
1 1 H- ben2|m|dazol - | -yl)-3 -methyleneandrosta-2,4, 16-triene,

= -yI) -3 -methy leneandrosta-2,4,6, 16-tetraene,

MCSLLP

3 Hydroxylmln (1H -benzimidazol-J=yl)-androsta-5,16-dien
3-Hydroxyimin 1-benzimidazol41 - -androsta 4, 16-di ne\;i
-Hydroxy imino- H benzimidazol androsta 2,4, 16-tfieng, 3
-Hy droxylmlno- i 7 1 H ben2|m|dazol I ”y 1) -androsta-2,4,6 4 16 diene,
3-Hydroxy- ;
3-Fluoro-J e, 3

M10

7. The use of claim 1, wherein the compound is one of the following compounds:

3B-Hydroxy-3a-methyl- 17-(1 H-benzimidazol- 1 -yl)-androsta-5, 16-diene,
3B -Fluoro- 17-( 1 H-benzimidazol- 1 -yl)-androsta-5, 16-diene,
3p-Chloro- 17-( 1 H-benzimidazol- 1 -yl)-androsta-5, 16-diene,
3B-Bromo-17-(IH-benzimidazol- 1 -yl)-androsta-5, 16-diene,

3B -Iodo- 17-( 1 H-benzimidazol- 1 -yl)-androsta-5 , 16-diene,
3B-Amino- 17-(IH-benzimidazol-1 -yl)-androsta-5, 16-diene,

17-(1 H-benzimidazol -1 -yl)-androsta-3,5,1 6-triene,
17-(1H-benzimidazol-1-yl)-androsta-2,4,16-triene,

17-( 1 H-benzimidazol - 1 -y 1)-3 -methy leneandrosta-5 , 16-triene,
17-(IH-benzimidazol-1-yl)-3-methyleneandrosta-4,16-triene,
3,3-Difluoro-17-(1H-benzimidazol-1-yl)-androsta-5,16-diene,

3.3 -Difluoro-17-(1 H-benzimidazol- 1 -yl)-androsta-4, 16-diene,
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8. The use of claim 1, wherein the compound is selected from:
3f3-hydroxy-17-(11-1-benzimidazol-I-yl)-androsta-5,16-diene; MCSLLP
17-(IH-benzimidazol-I-yl)-androsta-4,16-diene-3-one; and 3
(3-hydroxy-17-(benzo-1H-1,2,3-triazol-1-yl)-androsta-5,16-diene. 9. The

use of claimy 8, MRS HIRLAMPOHNG iSnethyleneandrosta-2,4, 16-triene,
~3(3-hydro>2/-17-(1H1b(e_n2|m|dazoI- 1-yl)-androsta-5,16-diene. 10. A
pharmacé(tdarkaramasiten-torpiishebniswiamdrste 2 hd tetetmpgne.

steroid comparsrgiaffymula-Yenk2nkdabdl- I TiHladosist £ 1 yhagsgin: the
ABC ring structure is the A, B and C ring portions of a steroid or analog
56 McsL%:Eyﬁﬁé?{é(&iﬂ%ﬂcﬂ-ﬁi‘é-%%‘ﬁaavghb%tﬁ&}@&,dmﬁ@rémlﬁtélﬁa@c

rings of the ARG KNGSIHECILY] NaYS enstHiesS DRSEY-Orosta-2,4, 16-triene,
3(3-hydroxy-androsta-5,16-diene or 3 oxo-androsta- 5,16-diene or such
structures WHefEYHBIAS fidgs! dPe"she Bl drertollowibrathinstard 4160k-diene.

OHF 2 @-Hydroxy-l7-(lH—benzimidazol—l-yl)-estra-l,3,5( 10),16-tetraene,
3-Fluoro- 17-(1H-benzimidazol- 1 -yl)-estra- 1 ,3,5(10), 16-tetraene,
3 -Chloro- 17-( IH-benzimidazol- 1 -yl)-estra- 1 ,3 ,5 (10), 16-tetraene,
3-Bromo-17-(1H-benzimidazol-1-yl)-estra-1,3,5(10),16-tetraene,
3-lodo- 17-(1H-benzimidazol-!l -yl)-estra-1,3,5(10), 16-tetraene, or
3,3-difluoro-17-(IH-benzimidazol-I-yl)-androsta-2,4,16-triene.

8. The use of claim 1, wherein the compound is selected from:
3B-hydroxy-17-(IH-benzimidazol-1-yl)-androsta-5,16-diene;
17-(1H-benzimidazol-I-yl)-androsta-4,16-diene-3-one; and
3B-hydroxy-17-(benzo-1H-1,2,3-triazol-1-yl)-androsta-5,16-diene.

9. The use of claim 8, wherein the compound is 3B-hydroxy-17-(1H-benzimidazol-

1-yl)-androsta-5,16-diene.

10. A pharmaceutical composition comprising one or more C-17 heteroaryl steroid

compound of formula I:

wherein:

the ABC ring structure is the A, B and C ring portions of a steroid or analog
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thereof, which are optionally substituted, wherein the ABC rings of the ABC ring
structure have a structure based on 3B-hydroxy-androsta-5,16-diene or 3 oxo-androsta-

5,16-diene or such structures wherein the AB rings are one of the following structure
1-25:
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P
C
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™
P
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F16 17 HON 1s HON/HON 19 20 ox 21 59 MCSLLP F C 22 23 Br
24 25 the - bond at the 16,17 position is a double bond or, when the MCSLLP
compound is 17-(IH-benzimidiazol-I-yl)-androst-3-one, a single bond; and
X is an optionally substituted benzimidazole, benzotriazole,
pyrimidinoimidazole, pyrimidinotriazolegrgiazine; the benzimidazole,
benzotriazole, and pyrimidinoimidazole groups being bonded to the
due through@ nltrogen afom jon the-5:-membered ring; and, the

of these compounds, and a
pharmaceutlcally acceptable
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excipient, carrier or diluent. 11. The pharmaceutical composition of claim

10, wherein the benzimidazole, benzotriazole, pyrimidinoimidazole, MCSLLP
pyrimidinotriazole or diazine structures are of the following formulae,

respectively: 60 MCSLL.LP (Nm N\/N N/ N~ NON N~ &IW

benzimidazole, henzotriazole, pyrimidinoimidazole, N 1\ N O N//~rN N/N

I NT --'J pyrignidinotriazole, pyrimidine, or pyrazine, wherein the *

indi boin tachment to the steroid residue. 12. A

pharma position comprising one or more C-17 heteroaryl

i )f formula |: X 121317 11 "~

i5
“}x
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19 20
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C160145 AB7 46 wherein: the ABC ring structure is the A, Band C
ring portions of a steroid or analog thereof, which are optionally
substituted, the - bond at the 16,17 position is a double bond or, when the
61 MCSLLP compound is 17-(IH-benzimidiazol-1-yl)-androst-3-one, a
single bond; and
one of the foll Wl_W\“

erein X is selected such that the compound comprises
g structures: N N N N~ NF\off\ SH *\ CII20H 26 27

22 23
™
o
Br
24
‘\-\4\
I
25

bond at the 16,17 position is a double bond or, when the
compound is 17-(IH-benzimidiazol-l-yl)-androst-3-one, a single bond; and
X 1s an optionally substituted benzimidazole, benzotriazole, pyrimidinoimidazole,

pyrimidinotriazole or diazine; the benzimidazole, benzotriazole, and

pyrimidinoimidazole groups being bonded to the steroid residue through a nitrogen

atom on the 5-membered ring; and, the diazine groups being bonded to the steroid
residue through a carbon atom on the diazine ring; excluding the compound 3,3-
difluoro-17-(IH-benzimidazol-1-yl)-androsta-2,4,16- triene; or a pharmaceutically
acceptable salt of one of these compounds, and a pharmaceutically acceptable

excipient, carrier or diluent.

11.  The pharmaceutical composition of claim 10, wherein the benzimidazole,

MCSLLP

benzotriazole, pyrimidinoimidazole, pyrimidinotriazole or diazine structures are of the

following formulae, respectively:
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N/nN iBr\\CN 343536 62 MCSLLP N NH, 37 Cl FF3C C1F3C

/BrNI NNN ftNNH~SHSH Sfl 38394041 N OH ~N~ NH2 N NH2 MCSLLP
NCI NIAitN~\Y %% \N N
{N\
/N /;\T N V4 /N
N/’/ N—N TI\I//
l i |
benzimidazole, benzotriazole, pyrimidinoimidazole,
(N\
N / N N
/| N7 N N
N/N w \Q
|
,L : Nao,
pyrimidinotriazole, pyrimidine, or pyrazine,
wherein the * indicates the point of attachment to the steroid residue.
12. A pharmaceutical composition comprising one or more C-17 heteroaryl steroid

compound of formula I:

wherein:

the ABC ring structure is the A, B and C ring portions of a steroid or analog

thereof, which are optionally substituted,

the 77777 bond at the 16,17 position is a double bond or, when the
61



jf 2>42434445 /N SH~N NJ } 46 or pharmaceutically acceptable
salts thereof; and a pharmaceutically acceptable excipient, carrier or MCSLLP
diluent. 13. The pharmaceutical composition of claim 10 or claim 12,
wherein the optional substituents for the ABC ring structure are selected
frepm@oader ey 1ef: 123 Mnald:b - rlltylaneh hatogenatesh alk o sikanyl and
halogenated alkenyl; halogen; amino; aminoalkylene; hydroxyimino; and
hydroxy; optionally, hydrogen substituents on adjacent carbon atoms of
the ABCyiNgeRInGiNea &iedampvast anddaniraend byapraddisianal Brn@dilowing
between the adjacent carbon atoms to result in a double bond between
th¥E¥B4FBons in the ring structure; and the optional substituents for the
benzimidazole, benzotriazole, pyrimidinoimidazole, pyrimidinotriazole or
diazine stryctures are selected.from: halogen, amino, aminoalkylene,

; hese optional
idazole,

]

>
s
z
o
PN

32 33

w
(=)
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ring structure has a C ring substituted by alkyl, particularly methyl, at the

carbon shared with the D ring which is adjacent the attachment to the
C-17 heteroaryl substitution. 15. The pharmaceutical composition of claim
10, wherein the compound is one of the following structures M5, M6, M9
~Ri\/iv/[INNN HO~ ~/ Of~\~~/ HO \ M5 M6 M9 --N V.N M10
16, The pharmaceutical composition of claim 10, wherein the
g.one of the following compounds: 3(3-Hydroxy-3a-methyl-
dazol 1 -yh)-androsta-5. 16-diene, 3(3 -Fluoro- 17-( 1
- | -yl)-androsta-5, 16-diene, 3(3-Chloro- 17-( 1
azo H’I2 -yl)-androsta-5, 16-diene,
O-17- (IH -benzimidazol- | -yl)-androsta-5, 16-diene, 31 -lodo- 17-(
1 H-benzimidazol- 1 -yl)-androsta-5 , 16-diene, 313-Amino-
17-(1H-benzymidazol-l -yl)-androsta-5, 16-diene, 17-(1 H-benzimidazol -1
-yl)-androsta-3,5,1 6-triene, 1
17-(1H-be 2|m|dazol yI) androstqu 4, Jr6 -triene, 17-( 1 H-benzimi Azel
- | -§-1)-3~methy Ienea3n 6-triene, X |
N
= = = N
A Vi 7 Nt/
SH \ SH SH \\
ﬁg jj y ,
38 5' 39 5 40 ) a1
N NH N OH
N > F\l \/1\\ NH, fN\ cl I( 3
N~ N =~ N =~ N
N N N y/
L\// \ I\J NJ g N\/
| s 5
| :
42 ) 43 3 44 / 45
N SH
‘( X
N~
N
N
? 46
or pharmaceutically acceptable salts thereof; and a pharmaceutically acceptable
excipient, carrier or diluent.
13. The pharmaceutical composition of claim 10 or claim 12, wherein the optional

substituents for the ABC ring structure are selected from one or more of:
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I7-(1H-benzimidazol-I-yl)-3-methyleneandrosta-4,16-triene,
),3-Difluoro-17-(1H-benzimidazol-I-yl)-androsta-5,16-diene, 3,3 MCSLLP
-Difluoro-17-(1 H-benzimidazol- | -yl)-androsta-4, 16-diene, 17-(1

H-benzimidazol - 1 -yl)-3 -methyleneandrosta-2,4, 16-triene, |

7-(1H-benzimidazol-1 -yl)-3 -methy leneandrosta-2,4,6, 16-tetraene,

3-Hydroxyimino-1 7-(1H-benzimidazol-l-yl)-androsta-5,1.6-diene,
3- Hydroxtym‘hﬁedlhal@gppb@ﬁquﬂda&lésmL%dérﬁd%@mdP@ﬁ@wéfhélaésogen amino;

pEL S ey ﬂ%a@&?’r&%'%@'%@}ok yl)-androsta-2,4, 16-triene, 3 -Hy

droxyimino- 17-( 1 H-benzimidazol-'I -y I)-androsta-2,4,6, 16-diene,
3-Hydroxy-17-(1H- ben2|m|dazol I-y)-estra-1,3,5(10),16-tetraene,

3-Fluorog I‘Moﬁ]aﬂ ﬁ% ﬁ‘%%s'tﬁ}i@n?ssyi@aéjag’eﬁgjcg)bg@ ARHREOEHE ABC ring
-Chloro- 17-(1H-benzimi azol wg/ )-estra- 1,3 ,5 (10), 16-tetraene,

3B BTe (FionRdiATd avplorsd) kystraardi8 e braddisawers agdincent carbon

1?1&@1!_5' Q%M'H%%M} %ﬁﬁéﬂetﬂ%e%g@es%Qi%@EQE tRE ring structure; and
3,3-difluoro-17-(1H-benzimidazol-I-yl)-androsta-2,4.16-triene. "17. The

pharmaceutical composition of claim 10, wherein the compound is

S%%%ﬁgoxﬁa%b% Rycroxyrf bhHzhenaipidagaliovh aaaférgﬁﬁgsn%&ﬁaﬂﬁfaﬁzole

enzimidazol-1-yl)-androsta-4,16-diene-3 -one-, an

3@%@;@@&@&@2@@@2&@% ztmtmzamwmﬁ%&@ps halelieneamBoThe
pgﬁﬁ%@ﬁfﬁ%ﬁ@' fi mggltlgﬁofscg}m ]aakwrh%r ﬁﬁgﬁ;ﬁm%g RS Optional

hydroxy- 17-(1H-benzimidazol-l-yl)-androsta-5,16
substituents being on ring carbon atoms of the benz1m1dazole benzotriazole,

pyrimidinoimidazole, pyrimidinotriazole or diazine structures.

14.  The pharmaceutical composition of claim 10 or claim 12, wherein the ABC
ring structure has a C ring substituted by alkyl, particularly methyl, at the carbon
shared with the D ring which is adjacent the attachment to the C-17 heteroaryl

substitution.

15, The pharmaceutical composition of claim 10, wherein the compound is one of

the following structures M5, M6, M9 and M10:

gt

2\2
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16.

MCSLLP

The pharmaceutical composition of claim 10, wherein the compound is one of

the following compounds:

17.

from:

3B-Hydroxy-3a-methyl- 17-(1 H-benzimidazol- 1 -yl)-androsta-5, 16-diene,
3B -Fluoro- 17-( 1 H-benzimidazol- 1 -yl)-androsta-5, 16-diene,
3B-Chloro- 17-( 1 H-benzimidazol- 1 -yl)-androsta-5, 16-diene,
3p-Bromo-17-(IH-benzimidazol- 1 -yl)-androsta-5, 16-diene,

3B -Iodo- 17-( 1 H-benzimidazol- 1 -yl)-androsta-5 , 16-diene,
3p-Amino- 17-(IH-benzimidazol-1 -yl)-androsta-5, 16-diene,

17-(1 H-benzimidazol -1 -yl)-androsta-3,5,1 6-triene,
17-(1H-benzimidazol-I-yl)-androsta-2,4,16-triene,

17-( 1 H-benzimidazol - 1 -y 1)-3 -methy leneandrosta-5 , 16-triene,
17-(IH-benzimidazol-I-yl)-3-methyleneandrosta-4, 1 6-triene,
3,3-Difluoro-17-(IH-benzimidazol-1-yl)-androsta-5,16-diene,

3,3 -Difluoro-17-(1 H-benzimidazol- 1 -yl)-androsta-4, 16-diene,

17-( 1 H-benzimidazol - 1 -yl)-3 -methyleneandrosta-2,4, 16-triene,
17-(IH-benzimidazol-1 -yl)-3 -methy leneandrosta-2,4,6, 16-tetraene,
3-Hydroxyimino-17-(1H-benzimidazol-I-yl)-androsta-5,16-diene,
3-Hydroxyimino-! 7-(IH-benzimidazol- 1 -yl)-androsta-4, 16-diene,

3 -Hydroxy imino- 17-( 1 H-benzimidazol- 1 -yl)-androsta-2,4, 16-triene,
3 -Hy droxyimino- 17-( 1 H-benzimidazol- 1 -y I)-androsta-2,4,6, 16-diene,
3-Hydroxy-17-(1H-benzimidazol-1-yl)-estra-1,3,5(10),16-tetraene,
3-Fluoro- 17-(1H-benzimidazol- 1 -yl)-estra- 1,3,5(10), 16-tetraene,

3 -Chloro- 17-( IH-benzimidazol- 1 -yl)-estra- 1,3 ,5 (10), 16-tetraene,
3-Bromo-17-(IH-benzimidazol-l-yl)-estra-1,3,5(10),16-tetraene,

3-lodo- 17-(IH-benzimidazol-1 -yl)-estra-1,3,5(10), 16-tetraene, or
3,3-difluoro-17-(IH-benzimidazol-1-yl)-androsta-2,4,16-triene.

The pharmaceutical composition of claim 10, wherein the compound is selected
3B-hydroxy-17-(IH-benzimidazol-1-yl)-androsta-5,16-diene;

17-(IH-benzimidazol-1-yl)-androsta-4,16-diene-3-one; and
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3B-hydroxy-17-(benzo-1H-1,2,3-triazol-1-yl)-androsta-5,16-diene.

18. The pharmaceutical composition of claim 17, wherein the compound is 3f-

hydroxy-17-(IH-benzimidazol-1-yl)-androsta-5,16-diene. -
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