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BACKGROUND OF THE INVENTION

Androgens are responsible for many physiological functions in both males

.10 and females. Androgen action is mediated by specific intracellular hormone
receptors expressed in androgen responsive cells. Testosterone, the major
circulating androgen, is secreted by Leydig cells of the testes under the
stimulation of pituitary-derived luteinizing hormone (LH). However, reduction of

the 4, 5 double bond of testosterone to dihydrotestosterone (DHT) is required in

16 some target tissues, such as prostate and skin, for androgen action. Steroid Sa—
reductases in target tissues catalyze conversion of testosterone to DHT in an

NADPH dependent fashion as shown in Scheme A.

20 .
H , OH
™\
°  NADPH  NADP* N ::
Testosterone Dihydrotestosterone
SCHEME A
25 The requirement for DHT to act as an agonist in these target tissues has

been highlighted by studies of steroid Sa—reductase deficient individuals who
have vestigial prostate glands and do not suffer from acne wulgaris or male
pattemn baldness (see McGinley, J. et al., The New England J. of Medicine, 300,
1233 (1979)). Thus, inhibition of the conversion of testosterone to DHT in these

30 target tissues is anticipated to be useful in the treatment of a variety of
androgen responsive diseases, e.g., benign prostatic hyperplasia, prostate
cancer, acne, male pattemn baldness and hirsutism.
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. for DHT to act as an agonist in these target tissues has been highlighted
by studies of steroid 5a-reductase deficient individuals who have

vestigial pr dAdditiond]lyaniti shasdedentlyotbeent iiscovensd that twol isdzymes' of Bop-
reductase exist in humans which differ in their tissue distribution, affinity for
testosterone, pH profile and sensitivity to inhibitors (see Russell, D.W. et al., J.
5 Clin. Invest., 89, 293 (1992); Russell, D.W. ef al., Nature, 354, 159 (1991)). The
steroid Sa-reductase deficient individuals studied by Imperato-McGinley are
deficient in the type 2, Sa-reductase enzyme (Russell, D.W. ef al., J. Clin.
Invest., 90, 799 (1992); Russell, D.W. ef al., New England J. Med., 327, 1216
(1992)), which is the predominant isozyme present in the prostate, while the
10 type 1 isozyme is predominant in the skin. The relative value of isozyme specific
and dual inhibitors of the two isozymes of Sa-reductase will depend upon the
type of disease treated (benign prostatic hyperplasia, prostate cancer, acne,
male pattern baldness or hirsutism) as well as the stage of the disease
(prevention versus treatment) and the anticipated side-effects in the intended

15 patients (for example treatment of acne vulgaris in pubescent males).

Because of their valuable therapeutic potential, testosterone 5a-reductase
inhibitors [hereinafter "Sc—reductase inhibitors"] have been the subject of active
research worldwide. For example, see: Hsia, S. and Voight, W., J. Invest.

20 Derm., 62, 224 (1973); Robaire, B. et al., J. Steroid Biochem., 8, 307 (1977);
Petrow, V. et al., Steroids, 38, 121 (1981); Liang, T. et al., J. Steroid Biochem.,
19, 385 (1983); Holt, D. et al., J. Med. Chem., 33, 937 (1990); U.S. Patent No.
4,377,584, U.S. Patent No. 4,760,071 and U.S. Patent No. 5,017,568. Two
particularly promising Sa-reductase inhibitors are MK-906 (Merck), known by

25 the generic name, finasteride, and marketed under the trademark, Proscar; and
SKF-105657 (SmithKline Beecham), shown in Scheme B.

CONH-#-Bu CONH-#-Bu

o \ HO,C
MK-906 SKF105657
finasteride
SCHEME B
30
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(Tan, C.H.; Fong, C.Y.; Chan, W.K. Biochem. Biophys. Res. Comm., 144, 166
10 (1987) and Brandt, M.; Levy, M.A. Biochemistry, 28,140 (1989)), along with the
critical role of 3BHSD in steroid biosynthesis (Potts, G.O. et al., Steroids, 32,
257 (1978)), suggests that optimal inhibitors of type 1 and 2, Sa-reductase
should also be selective versus human adrenal 3BHSD. The importance of
selectivity in Sa-reductase inhibitors has been emphasized by reports of
15 hepatotoxicity in certain 4-azasteroids such as 4-MA (McConnell, J.D. The
Prostate Suppl., 3, 49 (1890) and Rasmusson GH. etal J Med Chem. , 27,

1690 (1984)).
SUMMARY OF THE INVENTION
20 ] _
One aspect of the present invention is the compound of formula (1),
CF,
O
NH
CF3
7
o) @
]
H
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3. Pharmaceutical formulations containing the compound of formula (I) as an
active ingredient.

15
4. A method of treatment of androgen responsive or mediated disease
comprising administering an effective amount of the compound of formula (l) to
a patient in need of such treatment in combination with an antiandrogen such as
flutamide.

20
5. A method of treatment of benign prostatic hyperplasia comprising
administering an effective amount of the compound of formula (1) to a patient in
need of such treatment in combination with an alpha 1 adrenergic receptor
blocker (e.g. terazosin).

25
6. A method of treatment of benign prostatic hyperplasia comprising
administering an effective amount of the compound of formula () to a patient in
need of such treatment in combination with an anti-estrogen.

30 7. Certain chemical intermediates used in the preparation of the compound of
. formula (1).

DETAILED DESCRIPTION OF THE INVENTION

35  Those skilled in the art of organic chemistry will appreciate that many organic
compounds can form complexes with solvents in which they are reacted or from
which they are precipitated or crystallized. These complexes are known as
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SCHEME B mﬂfmﬁbtﬁm

The potent inhibition of bovine adrenal and porcine granul psa Ce&REPLACED
3[err]-hydroxy- -5-

“solvates”. For example, a complex with waier is known as a “hydrate".
Solvates of compound (1) are within the scope of the invention.

it will also be appreciated by those skilled in organic chemistry that many

5 organic compounds can exist in more than one crystalline form. For example,

crystailine form may vary from solvate to solvate. Thus, all crystalline forms of

the compounds of formula (I) or the pharmaceutically acceptable solvates
thereof are within the scope of the present invention.

10 Preparation of Compounds

The compound of the present invention may be prepared by the methods
taught in US Patents 4,377,584 (hereinafter, **584") and 4,760,071 (hereinafter,
"071") both incorporated herein by reference. For example, the compound of
formula (1) may be prepared by the procedures shown in Scheme I and Ii.

CFy. . . :
* o . - S o
NH <ii» NH
CF, CF,
7
- :
o7 r;: 0 p'j :
H ™ H

- SCHEMEI

15

In Scheme |, the compound of formula (V) is dehydrogenated to give the
20 compound of formula (I) by treatment with a dehydrogenating system, e.g. 2,3-
dichioro-5,6-dicyano-1,4-benzoquinone (DDQ) and bis(trimethyl-
silyl)trifluoroacetamide in dry dioxane at room temperature for 2-5 hrs followed
by heating at reflux for 10-20 hrs (see Bhattacharya, A. ef al,, J. Am. Chem.
Soc., 110, 3318 (1988)). |
25

The compound of formula (V) may be prepared accordihg to Scheme IA
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in Step 1 of Scheme' IA, 3-oxo-4-androstene-17p-carboxylic acid, (ll) is

5 converted to the comresponding amide of formula (lil). This may be

accomplished by activation of the acid and reaction with an aniline of formula

(lla). For example, the reaction sequence can be conversion of a compound of

formula (il) to the corresponding acid halide by treatment with a halogenating

agent such as thionyl chloride in an aprotic solvent such as toluene, methylene

10 chloride or tetrahydrofuran at -5 to 10°C in the presence of a base such as
pyndme

The intermediate acid halide, e.g., an acid chloride, may be reacted with a

substituted aniline of formula (lla) at 25° to 70°C in an aprotic solvent such as

15 tetrahydrofuran to give the amide of formula (llf). The compound of formula (lia)
is commercially available (Aldrich Chemical Company, Milwaukee, Wi 53201).

In Step 2, the compound of formula (1) is converted to the S-oxo-A-nor-3,5-
secoandrostan-3-oic acid derivative of formula (IV) by oxidation, e.g. by
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Prost at e Suppl ., 3, 49 (1990) and Rasnusson, G H et al. Emﬁbﬂiﬁw BEEN/,

- 1690 (1984)). SUMMVARY OF THE | NVENTI N BEBHER  of
the present invention is the conmpound-pft forrmula (1), [err]
REPLACEMENT SHEET -4- al so known as
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of the i n\hasm: conditiens at reﬂux in t-butanol.

in Step 3, the compound of formula (IV) is converted to the 4-aza-5a-

5 androstan-3-one of formula (V) by treatment with ammonia at reflux in ethylene
glycotl followed by hydrogenation of the intermediate 4-aza-androst-5-en-3-one
in acetic acid at 60 to 70°C and 40-60 psi hydrogen pressure in the presence of

catalytic platinum oxide.
. CF,
I < v,
CF,
7 > 7
CF;
o i HzN—@ 0~ v |
10 @) ?

SCHEME It

Alternatively, in Scheme Ii the compound of formuia (I) may be prepared from
the 3-oxo-4-aza-Sc-androst-1-en-17p-carboxylic acid of formula (Vi)

15  (Rasmusson, G.H. ef al, J. Med. Chem 29, 2298(1986)) bythemethodof
Scheme IA, step 1.

The intermediates of formulae (lll) (IV) and (V) represent further aspects of

the invention.
20
Those skilled in the art will appreciate that at an earlier stage in the
preparation of the compound of formula (I) or a solvate thereof it may have been
necessary and/or desirable to protect one or more sensitive groups in the
molecule to prevent undesirable side reactions.
25

The protecting groups used in the preparation of the compound of formula (l)
may be used in a conventional manner. See for example Protective Groups in
Organic Chemistry, Ed. JFW. McOmie, Plenum Press, London (1973) or
Protective Groups in Organic Synthesis, Theodora Green, John Wiley and

30 Sons, New York (1981).
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As will be appreciated, in any of the general processes described above it

10 may be desirable or even necessary to protect any sensitive groups in the

molecule as just described. Thus, a reaction step involving deprotection of a

protected derivative of general formula (l) or a salt thereof may be carried out
subsequent to any of the above described processes.

15 Thus, according to a further aspect of the invention, the followmg reactions
may, if necessary and/or desired be carried out in any appropriate sequence
subsequent to any of the general processes:

(i) removal of any protecting groups; and
(i) conversion of a compound of formula (1) or a solvate thereof into a
20 pharmaceutically acceptable solvate thereof.

As well as being employed as the last main step in the preparative sequence,
the general methods indicated above for the preparation of the compounds of
the invention may also be used for the introduction of the desired groups at an

25  intermediate stage in the preparation of the required compound. It should
therefore be appreciated that in such multi-stage processes, the sequence of
reactions should be chosen in order that the reaction conditions do not affect
groups present in the molecule which are desired in the final product.

30 The compound of formula (I) and the intermediate compounds, (11)-(V1), shown
in Schemes | and Il may be purified by convenient methods of the art, e.g., chro-
matography or crystallization.

In vitro Assays
35

Steroid Sa—Reductases
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chenmistry will appreciate that nmany organi ¢ conpounds can form conpl exes

br eci pit at o gvd fitioes rbad o ceiSinifiefcyaiod inic'Raies Henved from: 1)
prostate tissue from benign prostatic hyperplasia (BPI-I) patcems 2) recombinant
baculovirus infected SF9 cells that express human type 1 Sa-reductase; or 3)
recombinant baculovirus infected SF9 cells that express human type 2 5a-

5 reductase. Microsomes were prepared by homogenization of the tissue or cells,
foliowed by differential centrifugation of the homogenate. Microsome extracts
were incubated with varying concentrations of [1,2,6,7-3H]-testosterone, 1mM
NADPH, and varying amounts of the compound of formula (), i.e. the test

- compound, in buffer containing a NADPH regenerating system capable of
10 maintaining NADPH concentrations for a period of time within the range 0.5-240
minutes. Corresponding incubations were carried out with no test compound as
a control study. For clone 1 ICsp measurements, assay components except
testosterone were preincubated for 10 minutes at pH 7.0, and following the
addition of 100nM testosterone the assays were allowed to proceed for 10-120
15 minutes. For clone 2 ICsp measurements, assay components except
testosterone were preincubated for 20 minutes at pH 6.0, and following the
addition of 8nM testosterone the assays were allowed to proceed for 20-40
minutes. The percentage of conversion of testosterone to DHT in the presence
of test compounds compared to the corresponding conversion in the control
20 study was estimated using high pressure liquid chromatography (HPLC) with
radiochemical detection. The results of these assays appear as ICsg’s reported

in Table 1.
3B-Hyvdroxy-AS-steroid Dehydrogenase / 3-Keto-AS-steroid Isomerase

25 Enzyme activities are measured using microsomes derived from human
adrenal tissues. Microsomes were prepared by homogenization of the tissue
followed by differential centrifugation of the homogenate. Microsome extracts
were incubated with varying concentrations of dehydroepiandrosterone (DHEA),
1mM NAD+, and varying amounts of the compound of formula (1), i.e. the test

30  compound, in pH 7.5 buffer for a period of time within the range of 1 to 60
minutes. Corresponding incubations were carried out with no test compound as
a control study. The percentage of conversion of DHEA to androstenedione in
the presence of test compounds compared to the corresponding conversion in

- the control study was estimated using HPLC with radiochemical detection. The

35 ‘results of these assays appear as K’s reported in Table 1.
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10

{n vivo Evaluation of Steroid Sa—Reductase Inhibitors
The in vivo activity of steroid Sa-reductase inhibitors may be determined in a
chronic rat model (Brooks, J.R. ef al., Steroids, 47, 1 (1986)).- The chronic model -
186 utilizes castrated male rats that are dosed daily with testosterone (20 ug/rat)
subcutaneously and with test compound (0.01-10 mg/kg) or vehicle orally for 7
days. The animals are then sacrificed and their prostates weighed. Reduction in
the size of testosterone-stimulated prostate weight demonstrated activity of the
test compound. Known steroid Sa-reductase inhibitors were tested in parallel to

20 ensure consistency of the assay method.

ili
The steroid So-reductase inhibitor of the present invention is useful in the
treatment of androgen responsive diseases , e.g., benign and -malignant
25 diseases of the prostate, especially benign prostatic hyperplasia, in a manner
similar to that for other'_ So-reductase inhibitors such as finasteride and
SKF105657. However, the compound of the present invention has a
surprisingly long half-life and potency compared to finasteride and SKF105657.
For correlation of in vitro, rat in vivo and human clinical data relating to an
30 inhibitor of Sa-reductase, see Stoner, E. et al., J. Steroid Biochem. Molec. Biol.,
37, 375 (1990); Brooks, J.R. et al., Steroids, 47, 1 (1986) and Rasmusson G.H.
et al., J. Med. Chem., 29, 2298 (1986)).

The compound of this invention is also useful in the treatment of prostatitis,

35 prostate cancer, androgen mediated diseases of the skin, such as acne,

-. hirsutism and male pattemn baldness. Other hormone related diseases, e.g.,
polycystic ovary disease, may also be treated with this compound.
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and is ultimately at the discretion of the medical or veterinary practitioner. The
factors to be considered include the condition being treated, the route of
administration, the nature of the formutation, the mammal's body weight, surface
area, age and general condition.. However, for a human patient a suitable
effective Sa—reductase inhibitory dose is in the range of about 0.001 to about 2
mg/kg body weight per day, preferably in the range of about 0.005 to about 1
mg/kg per day.

The total daily dose may be given as a single dose, muitiple doses, e.g., two -
to six times per day, or by intravenous infusion for a selected duration. Dosages
above or below the range cited above are within the scope of the present
invention and may be administered to the individual patient if desired and
necessary. For example, for a 75 kg mammal, a dose range would be about .
0.4mg to about 75 mg per day, and a typical dose would be about 10 mg per
day. Because of the long half-life of the compound of the present invention, for
many patients treatment may only be required every other day or even every
third day. If discrete muiltiple doses are indicated, treatment might typically be
2.5 mg of the compound of formula (1) given 4 times per day.

Formulations

Formulations of the present invention for medical use comprise an active
compound, i.e., the. compound of formula (1), together with an acceptable carrier
thereof and optionally other therapeutically active ingredients. The carrier must
be pharmaceutically acceptable in the sense of being compatible with the other
ingredients of the formulation and not deleterious to the recipient thereof.

The preseht invention, therefore, further provides a pharmaceutical
formulation comprising the compound of formula (I) together with a
pharmaceutically acceptable carrier thereof. :

The formulations include those suitable for oral, topical, rectal or parenteral
(including subcutaneous, intramuscular and intravenous) administration.
Preferred are those suitable for oral or parenteral administration.
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The formulations may conveniently be presented in unit dosage form and
may be prepared by any of the methods well known in the art of pharmacy. All
methods include the step of bringing the active compound into association with
a carrier which constitutes one or more accessory ingredients. In general, the
formulations are prepared by uniformly and intimately bringing the active
compound into association with a liquid carrier or a finely divided solid carrier
and then, if necessary, shaping the product into desired unit dosage form.

Formulations of the present invention suitable for oral administration may be
presented as discrete units such as capsules, cachets, tablets or lozenges,
each containing a predetermined amount of the active compound; as a powder
or granules; or a suspension or solution in an aqueous liquid or non-aqueous
liquid, e.g., a syrup, an elixir, an emulsion or a draught..

A tablet may be made by compression or molding, optionally with one or more
accessory ingredients. Compressed tablets may be prepared by compressing in
a suitable machine the active compound in a free-flowing form, e.g., a powder or
granules, optionally mixed with accessory ingredients, e.g., binders, iubricants,
inert diluents, surface active or dispersing agents. Molded tablets may be made
by molding in a suitable machine, a mixture of the powdered active compound
with any suitable carrier.

A syrup or suspension may be made by adding the active compound to a
concentrated, aqueous solution of a sugar, e.g., sucrose, to which may also be
added any accessory ingredients. Such accessory ingredient(s) may include
flavoring, an agent to retard crystaliization of the sugar or an agent to increase
the solubility of any other ingredient, e.g., as a polyhydric alcohol, for example,
glycerol or sorbitol.

Formulations for rectal administration may be presented as a suppository with
a conventional carrier, e.g., cocoa butter or Witepsol S55 (trademark of
Dynamite Nobel Chemical, Germany), for a suppository base. |

Formulations suitable for parenteral administration conveniently comprise a
sterile aqueous preparation of the active compound which is preferably isotonic
with the blood of the recipient. Thus, such formulations may conveniently
contain distilled water, 5% dextrose in distilled water or saline and the
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In Step 1 gf‘oggherre | A, 3-0x0-4-androstene-17[err]-car boqyTHIS SHEEW HAS BYEN § -
converted to the corresponding anmide of formula (111). THis naRERACED
acconpl i shed by activation of the acidignd reaction with an aniline of
formula (l11a). For exanple, the reaction sequence can be conversi on of a

conpound of forrmula (I1) to the corresponding_acid h Jlde treatnment with
a hal ogenacpmgoupdref fasamia {l): thab has %IM soju g iﬂe@%ch as

t ol uene, "ysbﬂl%ﬁnetat@hscms@r sahwwnmed fﬁolutibﬁsoodebﬁds kontaininge

B acta chit papowy o sl (D i yean S WiFcor” B fieriing Bobgit o’

(I1a) at 2@[soluior suitatile for sarenteral ammusmatmam such as
5

Topical formulations include ointments, creams, gels and lotions which may
be prepared by conventional methods known in the art of pharmacy. in addition
to the ointment, cream gel, or lotion base and the active ingredient, such topical

formulation may also contain preservatives, perfumes, and additional active
10 pharmaceutical agents.

In addition to the aforementioned ingredients, the formulations of this
invention may further include one or more optional accessory ingredient(s)
utilized in the art of pharmaceutical formulations, e.g., diluents, buffers, flavoring

16 agents, binders, surface active agents, thickeners, lubricants, suspending
agents, preservatives (including antioxidants) and the like.

EXAMPLES

20 The following examples iliustrate aspects of this invention but should not be

- construed as limitations. The symbols and conventions used in these examples

are consistent with those used in the contemporary chemlcal literature, for
example, the Journal of the American Chemical Society.

25 _ ngple i
178-N-(2 5-bis(Trifluoromethvi)lphenylcarbamoyl-4-aza-5a-androst-1-en-3-one
(Synthesis of Scheme |)

A. 17B-N-(2,5-bis(Triflucromethyi))phenylcarbamoyl-androst-4-en-3-one

30 To a solution of 3-oxo-4-androstene-17p-carboxylic acid (Rasmusson, G.H.
et al., J. Med. Chem., 27, 1690 (1984)) (17.2 g, 54.4 mmol), dry THF (180 mL)
and dry pyridine (7 ml) at 2°C is added thionyl chioride (5.1 mL, 70.8 mmol).
The reaction mixture is stimed at 2°C for 20 min and then stirred at room
temperature for 40 min. The reaction mixture is then filtered and the solid

35 washed with toluene. The filtrate is concentrated in vacuo to an oil which is
diluted with dry THF (150 mL) and dry pyridine (7 mL). To the resuitant dark
solution is added 2.5-bis-(triﬂuoromethyl)aniline (9.4 mL, 59.8 mmol) and the

This Sheet Has Been R,
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tetrahydrofuran to give the amde of fornmula (I11). The] CHISSHEET BAS BEE
(I'ta) is commercially available (A drich Chenmi cal Conpahy, MRERBARE®R, W
53201). In Step 2, the conpound of fofgula (l111) is converted to the '
5- oxo0- A-nor -3, 5- secoandrostan-3-o0ic acid derivative of formula (1V) by
oxi dati on,

t r eat ment Weq‘ﬂ 5’2%‘93\5@ @d&ﬂm'@hﬁﬂyaﬁﬂmmmwm;wwbam c
condi t i ons sequerntidilywitis 1N- HOI &mlﬁnnd drididedver f fim @ Wﬁltér@&”‘!’héne( V)
. comver Rl 1 RonoRFed o Hpied 164 oS ot FOBLH m?c%eqét o b 1 he
i nt er medi acelummnaiuteddwithta st&ae% ethyl acetate - hexane gradient to give, after .
5 concentration, 178-N-(2,5-bis(trifluoromethyl))phenyi-carbamoyl-androst-4-en-3-
one as an off-white foam; yield: 18.3 g (64%).

v B.17B-N-(2,5-bis(T riﬂuoromethyl))phenylcarbamoyl—S—oxo—A—nor-3,5—
10  secoandrostan-3-oic acid _
To a refluxing solution of 17pN-(2,5-bis(trifluoromethyi))phenyicarbamoyl-

androst-4-en-3-one (18.3 g, 34.9 mmol) prepared as.in part A above, t-butanol
(275 mL), sodium carbonate (6.3 g, 50.8 mmol), and water (36 mL) is added,
over 45 min, a 75°C solution of potassium permanganate (0.38g, 2.4 mmol),

15 sodium periodate (52.2g , 245 mmol) and water (311 mL). After refuxing an
additional 15 min, the heterogeneous mixture is cooled to room temperature and-
celite (50 g) is added. The reaction mixture is filtered through a bed of celite (50
g) and the solid is washed with water and the filtrate concentrated in vacuo to
remove {-butanol (ca. 175 mi). The resuitant aqueous solution is acidified to pH

20 ‘2 with 36% HCi'and the extracted 4 times with chloroform. The chioroform layers
are combined and washed with water, brine, dried over sodium sulfate, filtered
and concentrated in vacuo to give 178-N-(2,5-
bis(trifluoromethyt))phenyicarbamoyl-5-oxo-A-nor-3,5-secoandros-tan-3-oic acid
as a off-white solid; yield: 20.5 g (100% crude). This material is carried directly

25 into step C below.

C. 17B-N-(2,5-bis(Triflucromethyl))phenylcarbamoyl-4-aza-androst-5-en-3-one
To a suspension of 17p-N-(2, 5-bis(trifluoromethyl))phenylcarbamoyi-5-oxo-A-
nor-3,5-secoandrostan-3-oic acid (20.5 g, 34.8 mmol), as prepared instep B, in
30 . dry ethylene glycol (100 mL) at room temperature is added ammonia (ca. 8 mL,
- 0.32 mol) over a 5 min period. The resultant solution is heated to 180°C over 45
min, and after 12 min at 180°C, the reaction mixture is cooled to 70°C and water
(116 mL) is added over a period of 5 min. The resultant suspension is cooled to
7°C and stirred for 10 min and filtered under vacuum. The solid is washed with
35 water (60 mL) and then is dissolved in chloroform and washed with water, brine,
dried over sodium sulfate, filtered and concentrated. The residue is dissolved in
chloroform and applied to a column of 110 g of silica gel and the column eluted

eet Has Been Replaced
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in acetic acid at 60 to 70[ err] C and 40-60 psi hydrogen p| &6 PHEET\HAS BEEN
presence of catal ytic platinum oxide. [ er REPLACED
GCF3 -15- SCHEME | | Al ternatively, 1In
Scheme Il the conpound of fornula (1) nay be prepared from the

3- 0x0- 4- aza-.5a- andr ost - 1- en- 17[err] carboxylic acid of formula (VI

( Rasnusson, Ha et2 %f% nokgbleroforn,  gradieqt 9do) ) give tm;bd of
Schene | A, bis(&mubmmemmpﬁmﬂwaﬂoym&a@mm%@aﬁ efiRhiRl 2N
earlier stqdfid! feld’96.5 g (90%).

5 D. 17B-N~(2,5-bis(Trifluoromethyl))phenylcarbamoyl-4-aza-Sa-androstan-3-one

To a solution of 178-N-(2,5-bis(trifluoromethyl))phenyicarbamoyl-4-aza-
androst-5-en-3-one (8.9¢g, 16.7 mmol) in acetic acid (120 mL) is added platinum
oxide (0.9 g). The resultant mixture is charged to 50 psi with hydrogen and
heated at 60-70°C for 6 h. After replacing the hydrogen atmosphere with
10 nitrogen, the reaction mixture is filtered through celite and the celite pad washed
- with acetic acid (30 mL), chloroform (60 mL) and toluene (200 mL). The filtrate
is concentrated in vacuo to an oil, toluene (200 mL) is added and the solution
concentrated to a foam in vacuo. The foam is crystallized from ethyl acetate-
heptane to give, after drying in vacuo at 85°C for 1 h, 17p-N+(2,5-
16 bis(trifluoromethyl))phenylcarbamoyl-4-aza-5a-androstan-3-one; yield: 4.78 g,
(54%); m.p. 245-247°C. Anal. Caled. for C27H32FeN202: C, 61.12 ; H, 6.08 ;

N, 5.28. Found: C,61.13; H,6.12; N, 5.21.

E. 178-N-(2,5-bis(Triflucromethyl))phenylcarbamoyl-4-aza-Sa-androstan-1-en-3-
20 one - " i
To a suspension of 17B-N-(2,5-bis(Triflucromethyl))phenylcarbamoyi-4-aza-
Sa-androstan-3-one (7.24 g, 13.7 mmol) and 2,3-dichloro-5,6-dicyano-1,4-
benzoquinone (3.41 g, 15 mmol) in dry dioxane (168 mL) at room temperature is
added bis(trimethyisilyl)trifluoroacetamide (14.5 mL, 54.6 mmol). After stirring at
25  room temperature for 7 h, the reaction mixture is refluxed for 18 h. The resuttant
dark solution is cooled to room temperature and is concentrated in vacuo to a
dark oil. Methylene chloride (100 mL) and a 1% sodium bisulfite solution (40
mL) is added to the oil and the two phase mixture is stirred rapidly for 15 min
and filtered. The two filtrate layers are separated and the methylene chloride -
30 layer is washed sequentially with 2N HCI and brine, dried over sodium sulfate,
fitered, and concentrated to a brown oil. The oil is diluted with toluene and is
applied to a column of 300 g of silica gel and eluted with a 12:3:1 to 9:3:1
gradient of toluene:acetone:ethyl acetate to give 17B-N-(2,5-
bis(trifluoromethyl))phenyl-carbamoyi-4-aza-5a-androst-1-en-3-one as a foam;
35 'yield: 3.38 g (47%). This material is crystallized from ethy! acetate-hépfane (1:1)
to give a white solid; m.p. 244-245°C.

This Sheet Has Been Replaced-
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preparation of the conpound of fornmula (1) or a solvate t'-1'erI

BEEN e

T T
been necessary and/or desirable to protect one or nore s&&s—c—t—w&é ips. in
t:he nolecule to prevent undesirabl e si@le reactions. The protecting

groups used in the preparation of the conpound of formula (1)

may be used

Chon St F‘§?;%g;ﬁ"@“#ﬂ“‘ﬂ*&@ﬁ%&anmgﬁL?ﬁﬁﬁ%% 58383 I SR

G oups in
(1981).  (q, J=273.2 Hz), 122.84, 121.58

(9. J7 886k Ha), 126:531(0, o/ ©54 M2),0123:49(Qeyf =:27%38.5 $iz)s 12363 Yor k
4,1.0 ;1%%P7Ftar9@h.éhzi“y

| _  J =304,
Prot ecting 19634 fa, " €58 Il bokb, K35, 55'68) 474 44 785030, 37.81, 35.29,

5 29.34, 25.70, 24.17, 23.59, 21.15, 13.40, 11.91.

Anal. Caled. for C27H30F6N202: C, 61.36 ; H, 5.72 ; N, 5.30. Found: C,

61.36; H, 5.73; N, 5.23.

10 Example 2

178-N-(2,5-bis( Trifluoromethy!))phenylcarbamovi-4-aza-5x-androst-1-en-3-one

(Synthesis of Scheme Ii)

A suspension of 3-0x0-4-aza-5a-androst-1-en-178 carboxylic acid (300 g, 0.95

16 mole) in 9 L of toluene is stirred mechanically and heated at refiux while 1 L of
toluene is removed by distillation. The mixture is cooled to -242°C and diluted

with toluene (1 L), dimethyiformamide (10 mi) and pyridine (191 ml, 2.37 mole).

To the stirring suspension is added thionyl chioride (135 g, 1.14 mole),
maintaining the temperature below 0°C. After stirring at 0-20°C for 2 hours, 2,5-

20 Bis(trifluoromethyl)-aniline (238 g, 1.04 mole) and dimethylaminopyridine (2.0 g,
0.016 mole) is added and the mixture heated at 100°C for 15-16 hours. After
cooling to 20°C, the toluene solution is washed with 1N sodium hydroxide (2 x 1

L), brine (1 L), dried over magnesium sulfate and filtered. After washing the

solids with toluene (100 mi) the solution is concentrated, at 40-50°C (50-100

25 mm), to a volume of approximately 2 L and acetonitrile (2 L) is added. The
mixture is further concentrated, as above, until crystallization occurs. The
product slurry is stired at room temperature for 15-16 hours, collected by
filtration and washed with 2 x 50 mi of cold acetonitrile to give the crude product.

The crude product is recrystallized by dissolution in warm methanol (2 L),

30  followed by addition of acetonitrile and atmospheric distiltation untif a thick slurry
is obtained. The slurry is stired at room temperature for 15-16 hours, cooled to
0-10°C, and the product collected by filtration to give 17B-N-(2,5-
bis(trifluoromethyi)phenyl)-carbamoyl-4-aza-5a-androst-1-ene-3-one as a white,
crystalline solid, 243 g (48%); m.p. 245-245.5°C, which is identical to that

35 prepared by the process of example 1.
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procedur es. Zn aryl al kyl group such as benzyl, may be cl g {}'@Qﬁ?EETHAS BEEN
hydrogenolysis in the presence of a catalyst. e.g., palladlumao EPLACER 3| -

an acyl group such as N-benzyl oxycar bplinél_ may be renoved by hydrolysis

wi th, for exanple, hydrogen brom de in acetic acid or by reduction, for
exanpl e by catal ytic hydrogenati on. As will be appreciated, in any of

t he general processes descrl bed abov@gmﬂg;@ be desirable or even necessary
to protect g5 aaei N the nol ecul e as just described. Thus, a

reaction s., Gl 2 ecti on of ted derivative of general
formul a (1)H6E¥ | . E«@uﬁeﬁﬁ subsequent to any of the
above descri bed processes. Thus according to a further aspect of the

LQY?P@?B;Jt@??P%ﬁ%ﬁ%M“t R 00B Ratet ccuent 10 any of the general

processes: (i) renoval of any protecting groups; and (ii) conversion of a

conpound of hfl ) (1) or a solvate thereof into a phar maceupj rJty

accept abl e her eof . As wel |l as being enployed as st main

step in the&ﬂilélseﬁqmmdsequence the general nethods indicatedO@ove for

the prepar atgijpeord filiige conpounds of 450 g
Colloidal silicon dioxide . 25¢

The silicone fluid and active compound are mixed together and the colloidal

silicone dioxide is added to increase viscosity. The material is then dosed into a
10 subsequently heat sealed polymeric laminate comprised of the following:

polyester release liner, skin contact adhesive composed of silicone or acrylic

polymers, a control membrane which is a polyolefin (e.g. polyethylene, polyvinyl

acetate or polyurethane), and an impermeable backing membrane made of a -

polyester multilaminate. The resulting laminated sheet is then cut into 10 sq. cm
15 patches.’

(B) Oral Tablet - For 1000 Tablets

Ingredients ' Amount
Active compound 209
Starch 20g
Magnesium Stearate 1g

20 The active compound and the starch are granulated with water and dried.
Magnesium stearate is added to the dried granules and. the mixture is
thoroughly blended. The blended mixture is compressed into tablets.

(C) Suppository - For 1000 Suppositories

25
“ Ingredients . ' | Amount
Active compound - 25¢g
Theobromine sodium salicylate . 250g
Witepsol S55 . 1725 g
This Sheet Hag Been R,
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the i nvention may al so be used for the introduction of the|d&4 § HAS BEEN
at an internediate stage in the preparation of the requiretd-com FRACED ¢

shoul d therefore be appreciated that iyguch nulti-stage processes, the
sequence of reactions should be chosen in order that the reaction
conditions do not affect groups present in the nolecule which are desired
in the final product. The conmpound of formula (1) and the internedi ate

conpounds, Thb)inatlive ufqzéulénté‘a@hﬁf&f ahdaneitéd. e bbfn?%ﬁ Ys then

convenl ent ods .qf

rt hr o-, rrato rc |zat|on
In vitro As 5«3&‘%39 "!?ipﬂéﬂ%g’ﬂe into mo swal?owedyo

5 (D) Injection - For 1000 Ampules

Ingredients Amount
‘Active Compound ' 5g
Buffering Agents q.s.
Propylene glycol 400 mg
Water for injection : 600 mL

_The active compound and buffering agents are dissolved in the propylene glycdl
at about 50°C. The water for injection is then added with stirring and the

10 resulting solution is filtered, filled into ampules, sealed and sterilized by
autoclaving.

(E) Capsule - For 1000 Capsules

Ingredients Amount
Active Compound : 20g
Lactose 450 g
Magnesium stearate " 5g

16

The finely ground active compound is mixed with the lactose and stearate and
packed into gelatin capsules.
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-9- Enz;s;njemaoctivities may be determ ned using mcroso Emﬁes L ‘Agr%‘?ﬁN
1) prostate tissue frombenign prostatic hyperplasia (BP

reconbi nant bacul ovirus infected SF9 cgfl s that express—hunman—type- 1
5a-reductase; or 3) reconbi nant bacul ovirus infected ress
human type 2 5a- reductase. M crosones were prepared gﬂ"mmm @”ﬁm
the tissue{@aimsl |s, followed by differential centri fugatlbn Lof st
hom)genate M crosone extracts were incubated with varying concentrations
of [1, 2,6, -testosterqne, 1 mM NADPH, and varyi ng anmounts of the
conpound of1 ﬂ%ﬁﬂt‘é %MWW!‘»MMW@ ndrest-1en-3y a

NADPH 1 ege ipiecdrt & phatthbesuticay dicefiabl@solivate thefediA\DPH concentrations for a
peri o% of time within the range O. 240 m nut es. Correspondi ng i ncubati ons
a

wer e rried out with no test conpound as a control study. For clone 1
I Clerr] rre&tAephartrnceaﬂealyfommmrlwmpﬁ t thecedmpbandnsf Ctdim 1 and a

LT AP O T

clone 2 IC[err] rreasurerrents assay conponents except testosterone wer e

prei acubat efl ﬁ“fé 8nM
t est gst-erone the assays vxerﬁ?'oa\,\rgc?opotﬁ%ro cee 5¥ [%éhﬁ%&m nu rqj?ﬁ
per cemt age WHAMEAY BF Breyentioniof anandspgen respansive '%?‘égmeof t est
conpounds conpared to the correspondi ng conver si on in the control

4. A process for preparing the compound of Claim 1 which comprises:

(A) dehydrogenating the compound of formula (V)

15
_ CFy
(o)
NH
CF,
o} N
U
H :or
(B) reacting the compound of formula (V1)
CO.H
7
oy
H )
20

with the compound of formula (lia)

This Sheet Has B Replaced |
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study was estinated using high pressure liquid chromat ogrtﬂms @%’ggg%ﬁﬁﬁ“
1's

radi ochem cal__detection. The results of these assays appe L
reported in T 1.""""3'["é‘rT}-=-1-Iydroxv-iﬁ_r_] -steroi d Dehydrogenase /
3-keto-[err] ; WMMW Enzyne activities are measured using

m crosones derly ! I'Eﬂwadrenal tissues. M crosonmes were prepared by
hormpgeni zation of the t1ssue*foll owed by i fferential centrifugation of the

honbgenate. M crosome extracts weregginc d with varying concentrations
of dehydroepi androsterone (DHEA), 1 and varying anounts of the
conmpound of forrmula (1), i.e. the te fla)c 0 nd, in pH 7.5 buffer for a

period of time within the range of 1'to 60 i futes. Corresponding
I ncubat i onandef necessarg andlor desited) subjesting the compoundthas obtaihed todne The

per cent age | . androstenedi one in the presence of test
conpounds 83@?%%@%&%%5&29 conversion in the control study was
estimat ed (i remomiPigany protectiiggroapiargrodps;and/om. The results of these
assayg app It ' ;

ity A&W@S@&ﬁd thé E6MPbLAd bf foARLR 1) or a solvate thereof into a

pharmaceutically acceptable solvate thereof.

5. A process as claimed in claim 4 wherein in process (B) the compound of
formula (VI) is treated with a halogenating agent in the presence of a base prior
10 to reaction with the compound of formula (lia).

6. A method of inhibiting Sa-testosterone reductase enzyme comprising
contacting said enzyme with an effective Sa-testosterone inhibitory amount of

the compound of Claim 1.
15
7. A method of treating an androgen responsive or mediated disease in a
mammal suffering from said disease comprising administering to said mammal
an effective androgen responsive or mediated disease amount of the compound
of Claim 1. '
20

8. A method of Claim 7 wherein the androgen responsive or mediated disease is

benign prostatic hypertrophy, prostate cancer, acne, male pattem baldness and
hirsutism.

25 9. The compound of formula (V)

CF,
O,
NH~
CF,
i
H ™

or a solvate thereof.
This Sheet Has Been Replaced
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~10- TABLE 1 5a- REDUCTASFT@SS\ ERT\BASIBEEN
ADRENAL 3] err] HYDROXY- [€F F]=STERO D DEHYDROGENASE / 3- KEJ[Q: [ erREPL&FERO D

l-SOVERASE ( 3B II I"'" m& m,“m -21- | NHI BI TORY ACTI VI TY

I err] Human i 1l miman Klerr] Human Adrenal Type
1 5AR Type 5AR " 3BHSD <1 nM <1 nM
>1 000nM In vivo Evaluation of Steroid 5a-Reductase |Inhibitors The in
vivo activity of steroid 5a- reductase inhibitors nay be determined in a
chroni ¢ rajonPHE confpidipidcof fd qinl , Steroids, 47, 1 (1986)). The
chronic nodel utilizes castrateg Ie rats th gare dosed daily with

testosterone (20 [err]g/rat) subcutaneously an Wth test conmpound (0.01-10
ng/ kg) or vehicle orally for 7 o) Q
NH -

O
_ ()
5 or a solvate thereof.

11. The compound of formula (IV)

CF,

HO.C
2" o

w)

or a solvate thereof.
10

12. The intermediate 178-N-(2,5-bis(trifluoromethyl)phenylcarbamoyl-4-aza-
androst-5-en-3-one or a solvate thereof.

This Sheet Has Been Replaced
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days. The animals are then sacrificed and their prostateslﬁ%ﬂ% 'igggBEL“
Reduction in the size of testosterone-stinulated prostate -

ah
-G

denonstrated activity of the test conpggnd. Known steroid 5a-reductase
inhibitors were tested in parallel to ensure consistency of the assay
method. Utility The steroid 5a-reductase inhibitor of the present
invention is useful in the treatnent mn responsi ve di seases ,

e.g., benign and malignant di seases of the prostate, especially benign
prostatic hyperplasia, in a nm L ot her 5a-reduct ase

i nhibitors such as finasteri dﬁﬁ?@iﬁmﬁém t he conpound of the
present invention has a surprisingly long half-life and potency conpared to
finast®ride aThe préset iventionrefies f e @inpdund'offormaila gi}t in vivo and
human clinical data relating to an inhibitor of 5a-reductase, see Stoner,

E. et al., J. Steroid Biochem M/ec. Biol., 37, 5 (1990); Brooks, J.R

et a/., Steroids, 47, 1 (1986) and Rasnusson, G Ha%®t al., J. Med. Chem,
29, 2298 (1986)). The conpound of thisQyventi al so useful in the
treatment of prostatitis, prostate cancer, yNW i at ed di seases of

t he skin, such as acne, hirsutism and g I pat t er dness. O her hornone
rel ated di seases, e.g., polycystic @ ease, may chSO be treated with

t hi s compound. 3

(o) N - ()]

also known as 17B-N-(2,5-bis(Trifluoromethyl))phenyicarbamoyl-4-aza-Sa-androst-
1-en-3-one, solvates therecf, its preparation, intermediates used in its preparation,

10 pharmaceutical formulations thereof and its use in the treatment of androgen
responsive and mediated diseases.
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of '.tgqeﬁg mpound of formula (1) required to be effective esRﬁHLEGEMBN&'dSKMEéTS%
i'nhi Mt%or- will, of course, vary with the individual mamygl [permgtTested

and is ultimately at the discretion of the nedical or vetjeni

S | \ I NahYy
practitioner. The factors to be considered include the cqndi tfgr"%ﬂw _
treated, the route of adm nistration, the nature of the flo ation thel -

manmar s body wei ght, surface area, age..an r ndi §i on. However, for|
a human patient a suitable emﬁsa%ﬁkpﬂgcﬂéwi bi toTy—dose—s—-A—t-he’
rﬁnge of about 0.001 to about 2 ng/kg body wei ght per day, preferably in :
.the range of out 0. 005 to.about 1 0y/k wThe : | ose .
may be gi ven a8°Prep nvaption 'ﬂfﬁ?ﬁ EE?@ %@@ll&?@-&ﬂ{lwagﬁa}&tﬂ-
en-3-one derivative, as a surprisingly potent and selective dual inhibitor of type
1 and 2 human 5a-reductase.

BACKGROUND OF THE INVENTION

Andro'gens are responsible for many physiological functions in both males
and females. Androgen action is mediated by specific intracellular hormone
receptors _éxpressed in androgen responsive cells. Testosterone, the major
circulating androgen, is secreted by Leydig cells of the testes under the
stimulation of pituitary-derived luteinizing hormone (LH). However, reduction of
the 4, 5 double bond of testosterone to dihydrotestosterone (DHT) is required in
some target tissues, such as prostate and skin, for androgen action. Steroid Sa—
reductases in target tissues catalyze conversion of testosterone to DHT in an
NADPH dependent fashion as shown in Scheme A.

H - OH
Sa-reductases
’-
/ H \
o NADPH NADF* 0 :
Testosterone Dihydrotestosterone
SCHEME A

The requirement for DHT to act as an agonist in these target tissues has
been highlighted by studies of steroid Sa—reductase deficient individuals who
have vestigial prostate glands and do not suffer from acne wulgaris or male
pattern baldness (see McGinley, J. ef al., The New England J. of Medicine, 300,
1233 (1979)). Thus, inhibition of the conversion of testosterone to DHT in these
target tissues is anticipated to be useful in the treatment of a variety of
androgen responsive diseases, e.g., benign prostatic hyperplasia, prostate
cancer, acne, male pattem baldness and hirsutism.



to six times per day, or by intravenous infusion for a SFERMCEMEMIJTSQEE'PH-
Dosages above or bel ow the range cited above are wthi

present invention and may be adm nistered to the indivjd ah&gékkeﬁé i f
desired and necessary. For exanple, for a 75 kg manmal} (4

be about 0.4ng to about 75 ngy per day, a@d a typical dose—u

ng per day. Because of the long half-life of the conmpqgund of t he present
‘invention, for many patients treatnment nay only be re

or even every third day. |f discrete multiple doses are |nd| cat ed,

treat ment m ghtAdditiorely| \it thas2 récandlyobeenediscopenadd that msbayme; ofi dar 4
times per dayeq,Gasd daét! iﬂ”ﬁumang%ﬁ'i%aé %n%y&s%ea&m e ity tot
medi cal use conprlse an act npound,
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acceptaple 1 n nse,o | conpa e .M e, at,her | S
B o O oz GhpbE P ebaid st of i achHE oy ard
present i nverdeficignttinethef type, 2f Sot-redugtase ietzyme (masseilcem_wgd dlordruChn.i on
O Sbls e Yo l+ded Rudsdil 0. W98 BE! NEW Endlehl’s Wieg. 4212 1216
acceptable carrtTer
- (1992)), which is the predominant isozyme present in the prostate, while the

type 1 isozyme is predominant in the skin. The relative value of isozyme specific

and dual inhibitors of the two isozymes of Sa—reductase will depend upon the

type of disease treated (benign prostatic hyperplasia, prostate cancer, acne,

male pattern baldness or hirsutism) as well as the stage of the disease

(prevention versus treatment) and the anticipated side-effects in the intended

patients (for example treatment of acne vulgaris in pubescent males).

Because of their valuable therapeutic potential, testosterone Sa-reductase
inhibitors [hereinafter “Sa-reductase inhibitors™] have been the subject of active
research worldwide. For example, see: Hsia, S. and Voight, W., J. Invest.
Derm., 62, 224 (1973); Robaire, B. et al., J. Steroid Biochem., 8, 307 (1977),
Petrow, V. ef al., Steroids, 38, 121 (1981); Liang, T. et al., J. Steroid Biochem.,
19, 385 (1983); Holt, D. et al., J. Med. Chem., 33, 937 (1990); U.S. Patent No.
4,377,584, U.S. Patent No. 4,760,071 and U.S. Patent No. 5,017,568. Two
particularly promising Sa—reductase inhibitors are MK-806 (Merck), known by
the generic name, finasteride, and marketed under the trademark, Proscar; and
SKF-105657 (SmithKline Beecham), shown in Scheme B.
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The formul ations include those suitable for oral, tppREPLACEMENT SHEBT

parenteral (including subcutaneous, intramuscular apdfrtTavemnous)

adm nistration. Preferred are those suitable for orpl{or ren al
- 12pR 57

adm ni stration. _ T
fornul ati ons may conveniently be presented in unit poeage form and be
prepared by any of the methods well knowp_in the arf of pharmacy. All

met hods i nclude the step of bringing the active conpotmt—into—assecteati on
with a-carrier which constitutes one or nore accessory ingredients. In
general , the The potentiinhibitoncofihavine edresnal andipeming gmﬂ_""??ﬁ ‘F&l‘t%ﬁ"?‘ﬂ?‘?ﬂgi ng
the active CQSEB&H-BQ 'd&hgg:%@;éﬂﬁbé.tﬁ 8lkelbiAS-gteldid VisBmbrase (BBHISD) bynthey 4-

en

divided solid carrier a

desi red uni t azastepid defivative, 4—MAI, fshg&"%ei‘rs‘ %ﬁ\eseaaow r?ottt?yetl%r&gjﬁcﬂtnais{'érpde

CONEt,
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Me 4-MA

SCHEME C

(Tan, C.H.; Fong, C.Y.; Chan, W.K. Biochem. Biophys. Res. Comm., 144, 166
(1987) and Brandt, M.; Levy, M.A. Biochemistry, 28140 (1989)), along with the
critical role of 3BHSD in steroid biosynthesis (Potts, G.O. et al., Steroids, 32,
257 (1978)), suggests that optimal inhibitors of type 1 and 2, Sa-reductase
should also be selective versus human adrenal 3BHSD. The importance of
selectivity in Sa-reductase inhibitors has been emphasized by reports of
hepatotoxicity in certain 4-azasteroids such as 4-MA (McConnell, J.D. The
Prostate Suppl., 3, 49 (1990) and Rasmusson, G.H. et al. J. Med. Chem. , 27,
1690 (1984)). - '

SUMMARY OF THE INVENTION

One aspect of the present invention is the compound of formula (1),

| CF,
Q |
NH '
CF,

o @
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Formul ati ons of the present invention suitable for o&al adm ni strati1 en|may

be presented as discrete units such as capsules, cachefs,12MARY 970"
F ozenges, each containing a predetern ned anount of §h¢ active conpoyng; as
a powder or granules; or a suspension or solution in dj or

non- aqueous liquid, e.g., a syrup, an etftxir, an enulsion or a dr aught
A tablet may be made by corrpressi on or nolding, optionally wth one Or nore

accessory i ngisediriiwrd as 97 ﬁm,@bw yleawardoymmaesm ng in
a suitable rraca t he  ac vec undlna @@b I g., a

- 1§ 2ce88abl Sl et
powder or grdf T‘{§§1 qg géN# 8 e.g.,
bi nders, lubricants, |nert dlluents surface active or dispersing agents.
Mol ded tabl e |naSU|tabIe machi ne, a m xture of
the powder edbigﬂe&%égnggw % any "suitable carrier. A syrup or
suspensi on may be made by adding the active conpound to a concentrated,
aqueous sol utli ¢h méthids ofdinhibiting testostecone-Sacreduictasasa gompeisinge Caﬂmﬂﬁny

accessory in e 5? thﬁf{s‘aé %1&.5 6fforfla fificl ude flavoring,
an agent to rgée%artgpé I'za |o§ag¥ﬂt rﬁﬂ%@rﬁﬁ or an ag{eﬂt to increase the
solubility of any other ingredient, e.g., as a polyhydric alcohol, for
exanpl e, glyegerAl nRith6Qr bf tiféatment of androgen responsive or mediated disease
comprising administering an effective amount of the compound of formuia (l) to

a patient in need of such treatment.

3. Pharmaceutical formulations containing the oompo_und of formula (I) as an
active ingredient.

4. A method of treatment of androgen responsive or mediated disease
comprising administering an effective amount of the compound of formula (1) to
a patient in need of such treatment in combination with an antiandrogen such as
flutamide.

5. A method of treatment of benign prostatic hyperplasia comprising
administering an effective amount of the compound of formula (1) to a patient in
need of such treatment in combination with an alpha 1 adrenergic receptor
blocker (e.g. terazosin).

6. A method of treatment of benign prostatic hyperplasia comprising
administering an effective amount of the compound of formula (1) to a patient in
need of such treatment in combination with an anti-estrogen.

DETAILED DESCRIPTION OF THE INVENTION

Those skilled in the art of organic chemistry will appreciate that many organic
compounds can form complexes with solvents in which they are reacted or from
which they are precipitated or crystallized. These complexes are known as



Forrmul ations for rectal adm nistration nmay be presen eﬂin@acaw§wpgmggtory
with a conventional carrier, e.g., cocoa butter or efmar k
of Dynamite Nobel Chenical, GErnany) for a supposit 3
Formul ati ons suitable for parenteral adm ni strati on ponv 2?@ARF§9ZO
steril e aqueous preparation of the active conpound

i sotonic with the blood of the recipiens.- Thus, suchl formulations may
conveniently contain distilled water, 5% dext rose in
saline and { d of

formula (1) ?‘ﬁﬁ?t%as gﬁ’ramﬁ & compie Wity yw?tr?rt'ﬁegn%I ven?s et ul

f or mul at i onSokvates of cpripoand ¢f) are withirethesscape ofithednvertiands cont ai ni ng t he

compound of formula (1) which upon dilution with an appropriate sol vent

lve . . .

? it will also be appreciated by those skilled in organic chemistry that many
organic compounds can exist in more than one crystalline form. For example,
crystalline form may vary from solvate to solvate. Thus, all crystalline forms of
the compounds of formula (I) or the pharmaceutically acceptable solvates
thereof are within the scope of the present invention.

i se a

Prégaration of Compounds
The compound of the present invention may be prepared by the methods

taught in US Patents 4,377,584 (hereinafter, ""584") and 4,760,071 (hereinafter,
"071") both incorporated herein by reference. For example, the compound of
formula (I) may be prepared by the procedures shown in Scheme | and il.

CF, CF,
. O, o]
NH NH
CF, CF,
—__—_—-—’_
o t;l . o) ?
H V)

SCHEME |

I-Z \

In Scheme |, the compound of formula (V) is dehydrogenated to give the
compound of formula (1) by treatment with a dehydrogenating system, e.g. 2,3-
dichloro-5,6-dicyano-1,4-benzoquinone (DDQ) and bis(trimethyl-
silyhtrifluoroacetamide in dry dioxane at room temperature for 2-5 hrs followed
by heating at reflux for 10-20 hrs (see Bhattacharya, A. ef al., J. Am. Chem.
Soc., 110, 3318 (1988)).

The mhpound of formula (V) may be prepared according to Scheme 1A



a solution suitable for parenteral adm nistrati pnRERAGEMENT SHERT chl
formul ati ons include ointnents, creans, gels an ot 1 ons y be
prepared by conventional nethods known in the aft of1 %)Pégn?ﬁ . finf addition
to the ointment, creamgel, or |lotion base and fhe ac Er difent, such
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addi tional active pharnaceutical agent s6- In addl tion to the
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SCHEME IA

In Step 1 of Scheme’ IA, 3-oxo-4-androstene-17g-carboxylic acid, (il) is
converted to the comesponding amide of formula (lil). This may be
accomplished by activation of the acid and reaction with an aniline of formula
(lla). For example, the reaction sequence can be conversion of a compound of
formula (Il) to the corresponding acid halide by treatment with a halogenating
agent such as thionyl chloride in an aprotic solvent such as toluene, methylene
chloride or tetrahydrofuran at -5 to 10°C in the presence of a base such as

pyridine.

The intermediate acid halide, e.g., an acid chloride, may be reacted with a
substituted aniline of formula (lla) at 25° to 70°C in an aprotic solvent such as
tetrahydrofuran to give the amide of formula (llf). The compound of formula (lia)
is commercially available (Aldrich Chemical Company, Milwaukee, Wi §3201).

In Step 2, the compound of formula (lif) is converted to the 5-oxo-A-nor-3,5-
secoandrostan-3-oic acid derivative of formula (V) by oxidation, e.g. by
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{ REPLACEMENT 7SHEET
Exanmple 1

17[err]-N-(2.5-bi s(Trifluoronethyl))phenyl carbanoyl -{4-laz ostl- 1
-en-3-one (Synthesis of Schenme |I) A ?Z%Aﬁ%g

17[err]-N-(2, 5-bi s(Trifl uoromnet hyl))phenyl car bamyl {ar =4-en-3- pn¢
To a solution of 3-o0xo-4-androstene-17[¢rr]-carboxyllic acid (Rasmusso

GH et al., J. Med. Chem, 27, 1690 (1984)) (17.2 g—ﬁﬂ-ﬂa—ml-a—dHLTHF

(180 ni) and dry pyridine (7 m at 2[err]C i s adde jonyl chloride
nm., 70.8 mﬂﬁ?tmque“ﬂ@aéﬂﬂﬁ?“%s?ﬁm pemanganate szfea Jﬁe o nd

then stirregasic dopeiticrisataefin iret-betand) M n. The reaction m xture is then
filtered and the solid washed with toluene. The filtrate is concentrated in

vacuo to an oil which is diluted with dry THF (150 nl) and dry pyridine (7
m.). To the WesStepaB; thar eompound oof |ferrwlaeaV) is converted to the X-aza-Sa

_212_ bi s- (1 gL SARLENS b Rirhiuld (VP bff tiatmefit Wit Bthiofif at Adfiux in ethylene
glycol followed by hydrogenation of the intermediate 4-aza-androst-5-en-3-one
in acetic acid at 60 to 70°C and 40-60 psi hydrogen pressure in the presence of
catalytic platinum oxide.

-

CFs
co.s NH@
CF;
> 7
7 CF,
o i HzN-@ o N
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@) CF,

SCHEME 1l

Alternatively, in Scheme Il the compound of formula () may be prepared from
the 3-oxo-4-aza-Sa-androst-1-en-17p-carboxylic acid of formuia (V1)
(Rasmusson, G.H. et al,, J. Med. Chem., 29, 2298 (1986)), by the method of
Scheme IA, step 1.

Those skilled in the art will appreciate that at an earlier stage in the
preparation of the compound of formula (1) or a solvate thereof it may have been
necessary and/or desirable to protect one or more sensitive groups in the
molecule to prevent undesirable side reactions. '

The protecting groups used in the preparation of the compound of formula (1)
may be used in a conventional manner. See for example Protective Groups in
Organic Chemistry, Ed. J.F.W. McOmie, Plenum Press, London (1973) or
Protective Groups in Organic Synthesis, Theodora Green, John Wiley and
Sons, New York (1981).



reaction mixture is refluxed for 5 h, diluted with nﬁthﬁrpmmgmgnng”gw
extracted sequentially with 1 N HC and brine, dried sottt-se-f af e,

a&nd filtered. The filtrate is concentrated and appllxd @ 3 ﬁn 00 ¢

of silica gel and the colum eluted with a 15-30% et hy Kahe
gradient- to give, after concentration,
17[err]-N-(2,5-bis(trifluoronet hyI))pheny? car banoyl { andr ost - 4-en- 3- ope as
an off-white foam vyield: 18.3 g (64%. B.
17[err]-N-(2,5-bi s(Trifluoronethyl))phenyl carbamoyl - 5- oxo- A-nor - 3, 5-

secoandr ost an- 3Raifovaf bf any P W pfetent insay bé achieved by conventional
gga/lwp engl o

17[err]IN-(2,5-bis trlfluo ggagg)’beg%] ﬂﬂﬁy 'efan%\%beb um

18.3 g, 34.9P
gar bongt e (6. By@'pgéﬁo&smmi lhe pretemaeof amﬁtl%gam&dlm@ﬂ ghareogl an

75[err]C solu Q'?n'ﬁﬁeﬂ‘?ﬂ or
peri odat e (SZE%%@%%B%%NW After re ul?(ldréﬂgis‘%mlhf
addi ti onal 15example; Haydregen deremide snnesatie aci o TRaugliqoJRY 12 t%ﬁ%‘?‘ﬁt Bye
and celite (5ga@lytichytégénatigre reaction mxture is filtered through a bed
of celite (50 Q) and the"solid is washed with water and the filtrate

concentrited in vacuo to renmove t-butanol (ca. 175 nl). The resultant )
aqueous sol uti oAsi willabe dippreciated, i any of the general processes described above it

may be desirable or even necessary to protect any sensitive groups in the
molecule as just described. Thus, a reaction step involving deprotection of a
protected derivative of general formula (I) or a salt thereof may be carried out
subsequent to any of the above described processes.

Thus, according to a further aspect of the invention, the following reactions
may, if necessary and/or desired be carried out in-any appropriate sequence
subsequent to any of the general processes:

(i) removal of any protecting groups; and
(i) conversion of a compound of formula () or a solvate thereof into a
pharmaceutically acceptable solvate thereof.

As well as being employed as the last main step in the preparative sequence,

" the general methods indicated above for the preparation of the compounds of

the invention may also be used for the introduction of the desired groups at an

intermediate stage in the preparation of the required compound. It should

therefore be appreciated that in such multi-stage processes, the sequence of

reactions should be chosen in order that the reaction conditions do not affect
groups present in the molecule which are desired in the final product.

The compound of formula (I) and the intermediate compounds, (lI)-(VI1), shown

in Schemes | and Il may be purified by convenient methods of the art, e.g., chro-
matography or crystallization.

In_vitro Assays

Steroid Sa—-Reductases



2 W|th 36% HC and the extracted 4 tines with chloro d’rErPLAUEME’NiThSHEbecrm
| ayers are conbi ned and washed with water, brine, drjejd OVer sodrur
sulfate, filtered and concentrat ed in vacy 1t20MAR ,Bbye

17[err]=N-(2, 5-
bi s(trifl uoromethyl))phenyl car barmoyl - 5- 0¥Q- A- nor - 3, sJeeea-nd-r-os_La.nJ 34oic
acid as a off-white solid; yield: 20. 5 g (100% cruddg). This material ifs
carried directly into step C below. C

17[err]-N-(2, 5%@("& wges)rmahm dstermjned rusing ynicrosomes, defived -fromin 13- on
i‘ne”T]O &?EWE @(ti*ssll” fefrom benign mstatn Carlagunao BPH) patéents 2) recombinant
nor - 3, 5- seco i @}%?ang?bogﬁlw typglxl ﬁ?‘msﬁn%@ép
B, indry et hgémnblwmﬂw[d\m&snh}eded rmwlspﬂraitexm'ess humoiand typenth d.

8 niL, O.

(oo T O iy e s8N e PO
cool ed to 70[feliowesi @Ncﬂlﬁﬂfﬂnha{ ceptrifugation qﬂﬂwhomgea\a@r iNjgrasome gxtractshe
resul tant Suwasnhwbét%dcw&h %r%fﬁg cbhﬁgﬁaﬁs i fA r2?9.7f-3’|‘|]-t7e3td§té\'oﬁ§d 1mM

filtered under vacuum sol i and then is

di ssol ved i n NANPBHof Qﬂ%"éﬁﬂ“&/&ﬁiﬂ@éﬂtﬁﬁ féﬂ“é'ﬁ élte‘r este test
sulfate, fil teonfsbumerl inobBORE r@h@jnmgha Nﬁ)m \eydterm capableofafr m

and appl i ed tn?amtaclr?l]nldw;’ﬂl nc%n?ratugﬁé *&raa SSnoé Q)? uHEewﬁRm% rghﬁé %d5-240
minutes. Corresponding incubations were carried out with no test compound as
a control study. For clone 1 ICsg measurements, assay components except
testosterone were preincubated for 10 minutes at pH 7.0, and following the
addition of 100nM testosterone the assays were allowed to proceed for 10-120
minutes. For clone 2 ICsg measurements, assay components except
testosterone were preincubated for 20 minutes at pH 6.0, and following the
addition of 8nM testosterone the assays were allowed to proceed for 20-40
minutes. The percentage of conversion of testosterone to DHT in the presence
of test compounds compared to the corresponding conversion in the control
study was estimated using high pressure liquid chromatography (HPLC) with
radiochemical detection. The results of these assays appear as ICsg’s reported
in Table 1.

- 3B-Hydroxy-AS-steroid Dehydrogenase / 3-Keto-AS-steroid Isomerase
Enzyme activities are measured using microsomes derived from human
adrenal tissues. Microsomes were prepared by homogenization of the tissue
followed by differential centrifugation of the homogenate. Microsome extracts
were incubated with varying concentrations of dehydroepiandrosterone (DHEA),
1imM NAD+, and varying amounts of the compound of formula (1), i.e. the test
compound, in pH 7.5 buffer for a period of time within the fange of 1 to 60
minutes. Corresponding incubations were carried out with no test compound as
a control study. The percentage of conversion of DHEA to androstenedione in
the presence of test compounds compared to the corresponding. conversion in
the control study was estimated using HPLC with radiochemical detection. The
“results of these assays appear as K;’s reported in Table 1.
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S15- with a 2-5%i sopr opanol - chl or of or m gradi ent to {iREPLACEMENT -SHEED, b-
bi s(trifluoronethyl))phenyl -carbanoyl - 4- aza- andr ost - 5} efi- 3-0ne_as_an |
dbon

off-Wiite solid; yield: 16.5 g (90%. D.
17[err]-N-(2,5-bis(Trifluoromnethyl ))phenyl car banoyl - 4 aza-15?ayé$dpggt
e To a solution of .
17[err]-N-(2,5-bis(trifluoronethyl ))pheryl carbam)y 4-pza-

andr ost-5-en-3-one (8.9g, 16.7 mml) iqc acid (rzomty s auded
pl ati num oxi LES
hydr ogen and%@@%@é@ w{’ %z%gﬁéﬁmg
at nosphere wi BE ite
and the celite pad vvashed Wi th adNHIBI'EBFKA " chloroform (60 nl) and
toluene. (200 m.). The filtrate is concentrated in vacuo to an oil, toluene
(200 nL) is added and the solution concentrated to a foamin vacuo. The
foamis crystallized fnogy Rulén acet at foe1@GmaRe t 0 K| HumaH AdferfdllYi Ng i n
vacuo at 85[err]C for #, e 1% Rrr] N-(ii- & 2 5AR 3BHSD

<1nM <1inM >1000nM

In vivo Evaluation of Steroid Sa—Reductase Inhibitors :

~ The in vivo activity of steroid Sa~-reductase inhibitors may be determined in a
chronic rat model (Brooks, J.R. et al., Steroids, 47, 1 (1986)).- The chronic model
utilizes castrated male rats that are dosed daily with testosterone (20 ug/rat)
subcutaneously and with test compound (0.01-10 mg/kg) or vehicle orally for 7
days. The animals are then sacrificed and their prostates weighed. Reduction in
the size of testosterone-stimulated prostate weight demonstrated activity of the
test compound. Known steroid Sa—reductase inhibitors were tested in parallel to
ensure consistency of the assay method.

The steroid Sa-reductase inhibitor of the present invention is useful in the
treatment of androgen responsive diseases , e.g., benign and malignant
diseases of the prostate, especlally benign prostatic hyperplasia, in a manner
similar to that for other Sa-reductase inhibitors such as finasteride and
SKF105657. However, the compound of the present invention has a
surprisingly long half-life and potency compared to finasteride and SKF105657.
For correlation of in vifro, rat in vivo and human clinical data relating to an
inhibitor of Sa-reductase, see Stoner, E. ef al., J. Steroid Biochem. Molec. Biol.,
37, 375 (1990); Brooks, J.R. ef al., Steroids, 47, 1 (1986) and Rasmusson G.H.
et al., J. Med. Chem., 29, 2298 (1986)).

The compound of this invention is also useful in the treatment of prostatitis,
prostate cancer, androgen mediated diseases of the skin, such as acne,
-. hirsutism and male pattern baldness. Other hormone related diseases, e.g.,
polycystic ovary disease, may also be treated with this compound.



bi s(trifluoromethyl))phenyl car banoyl - 4- aza- 5a- andr oft LQCEME"T \ﬁHgﬂi 4. 7.8
g, (54%; mp. 245-247[err]C. Anal. Calcd. for o

Clerr]Herr]Flerr]Nerr](Jerr]: C 61.12; H 6.08; N |51ZMARO®9%: C
61.13; H, 6.12; N, 5.21. E

17[err]-N-(2,5-bi s(Trifluoronethyl))phenylqcarbanmoyl | 4=aza
-androstan- 1-en-3- one To a suspensi on of

17 -N- (2, 5- Trifl t h h
Sa- andr ost an. 3. A8 SOt 3 the somAaHBR O Agkula 0 TeEHr8H 36 Beefinctive 48.2n fo-
Ibgnggggh nglng(te”duaasa lntﬁbltbﬂwl)l ofrcotirse, vary aith thedadividual maromal becmgetreatede
C ?rﬂﬂ? r
stirring at %ﬁ%ﬁ%@%%w w%ﬁﬂﬁfﬁ?eg‘%ﬁ%ﬁ%%r% re "ﬁ(eéﬁogr
18 h. The resiaQtQRSt telhe wstdered mgludooﬂw
codi um bi sul f EATISHAISE, thefpiire Lt the Yeirhufaios, the O.T“Z‘}!‘SW"’““““M
mxture is stﬁfﬁ%dagﬁpﬁﬁﬂ )geF"SFa ﬂﬁ'tl'P'hn eyeyen Jgr al'ﬁ‘é’%ﬂ)ﬂ#?%f&t §'ﬁ%’8rs
ng e Ha epg:\ gt gd effaétive) eaﬁrédudasbelghm;m dosé @s/ir]g thes ramgehetiabaut 02001 & apout 2h
ri : 0
a brown oil. Wﬂ?k% swﬂﬁﬁlpggdﬂy %ﬁiéﬂéﬂﬁ%ﬁé&% OS%HQWE% hﬁg{( t(‘)f
300 g of sili aw/eglpeaddyel uted wWith a 12 3:1to 9:3:1 gradient of

t ol uene: acetone: ethyl acetate to give 17[err]-N-(2,5-

bi s(trifluoronmethyl))phenyl -carbanoyl - 4- aza- 5a- andr ost Nn-3-o0ne as a
foam vyield: 3. Jgegotaida ymmgwnﬁ%ﬁm% Pﬁﬁeﬂuﬁ F?ﬁﬂleg two

acet at e- hept agg sixltirhes per day, or by intravenous infusion for a selected duration. Dosages
above or below the range cited above are within the scope of the present
invention and may be administered to the individual patient if desired and
necessary. For example, for a 75 kg mammal, a dose range would be about .
0.4mg to about 75 mg per day, and a typical dose-would be about 10 mg per
day. Because of the long half-life of the compound of the present invention, for
many patients treatment may only be required every other day or even every
third day. If discrete multiple doses are indicated, treatment might typically be
2.5 mg of the compound of formula (I) given 4 times per day.

Formulations

Formulations of the present invention for medical use comprise an active
compound, i.e., the compound of formula (1), together with an acceptable carrier
thereof and optionally other therapeutically active ingredients. The carrier must
be pharmaceutically acceptable in the sense of being compatible with the other
ingredients of the formulation and not deleterious to the recipient thereof.

The present invention, therefore, further provides a pharmaceutical
formulation comprising the compound of formula (I) together with a
pharmaceutically acceptable carrier thereof. :

The formulations include those suitable for oral, topical, rectal or parenteral
(including subcutaneous, intramuscular and intravenous) administration.
Preferred are those suitable for oral or parenteral administration.



te solid;
- 16 - [err]C NWR (100 MHz, CHCI[err]) [err] 171.34, |166.77, 151.04,
136.35 (g, J = 1.4 Hz), 135.01 (g, J = 33.1 Hz), 12§4.13 1QMA‘R:]9§74 I-L),
123.44 (q, J = 273.5 Hz), 123. 03 (q, J = 273.2 Hz), 13
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30.4, 1.0 Hz), 120.37 (g, J = 3.6 Hz), 129.29 (q, J

58.33, 55.69, 47.46, 44.78, 39 30, 37.81, 35 29,

29.34,25.70,24.17,23.59,21.15,13.40,11.91. Anal. Calcd. for

Clerr] H err] F[ ékhg fpmmuigtipns may conveniendly be presented in; ugl desage form and

61.36; H 5. fray Be Prepared by any of the methods well known in the art of pharmacy. All
methods include the step of bringing the active compound into association with
a carrier which constitutes one or more accessory ingredients. In general, the
formulations are prepared by uniformly and intimately bringing the active
compound into association with a liquid carrier or a finely divided solid carrier
and then, if necessary, shaping the product into desired unit dosage form.

Formulations of the present invention suitabie for oral administration may be
presented as discrete units such as capsules, cachets, tablets or lozenges,
each containing a predetermined amount of the active compound; as a powder
or granules; or a suspension or solution in an- aqueous liquid or non-aqueous
liquid, e.g., a syrup, an elixir, an emulsion or a draught..

A tablet may be made by compression or moiding, optionally with one or more
accessory ingredients. Compressed tablets may be prepared by compressing in
a suitable machine the active compound in a free-flowing form, e.g., a powder or
granules, optionally mixed with accessory ingredients, e.g., binders, lubricants,
inert diluents, surface active or dispersing agents. Molded tablets may be made
by molding in a suitable machine, a mixture of the powdered active compound
with any suitable carrier.

A syrup or suspension may be made by adding the active compound to a
concentrated, aqueous solution of a sugar, e.g., sucrose, to which may also be
added any accessory ingredients. Such accessory ingredient(s) may include
flavoring, an agent to retard crystallization of the sugar or an agent to increase
the solubility of any other ingredient, e.g., as a polyhydric alcohol, for example,
glycerol or sorbitol.

Formulations for rectal administration may be presented as a suppository with
a conventional carrier, e.g., cocoa butter or Witepsol S55 (trademark of
Dynamite Nobel Chemical, Germany), for a suppository base.

Formulations suitable for parenteral administration conveniently comprise a
sterile aqueous preparation of the active compound which is preferably isotonic
with the blood of the recipient. Thus,- such formulations may conveniently
contain distilled water, 5% dextrose in distiled water or saline and the



17[err]-N-(2.5-bis(Trifluoronethyl)nohenyl carbamovl 4- 9zg- 5a- andr ost - Ter}- 3-
one (Synthesis of Schene I1) A suspensi on of 3-oxo0-W4- azqizﬁqAQrﬁw)st-J
-en-17[err] carboxylic acid (300 g, 0.95 nole) in 9 L qf.toluene I's

stirred nechanically and heated at reflux,while 1 L of ed
by distillation. The mixture is cooledtW=2[err]2[errf]C and diluted with
toluene (1L), dinethylformanide (10 m) and pyridine (19T M, 2.37 Nore).

To the stirricompounreot formule (Hdthat ras an\dppropdatedsolUbify in thesel sublem)sf
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magnesi um sul fate and filtered. After vvashl ng the solids with toluene (100
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product. The cru I ssolution 1 n warm
‘et hanol- (2 |p}1arm\a§9 @08Ptsaddi ti on of acetonitrile and atnospheric
distillation until a thick slurry

In addition to the aforementioned ingredients, the formulations of this
invention may further include one or more optional accessory ingredient(s)
utilized in the art of pharmaceutical formulations, e.g., diluents, buffers, flavoring
agents, binders, surface active agents, thickeners, lubricants, suspending
agents, preservatives (including antioxidants) and the like.

EXAMPLES

The following examples illustrate aspects of this invention but should not be

- construed as limitations. The symbols and conventions used in these examples

are consistent with those used in the contemporary chemical fiterature, for
example, the Journal of the American Chemical Society.

_ Example 1
178-N-(2.5-bis(Triflucromethyl)phenyicarbamoyi-4-aza-5a-androst-1-en-3-one

(Synthesis of Scheme I)

A. 178-N-(2,5-bis(Triflucromethy!))phenylcarbamoyl-androst-4-en-3-one

To a solution of 3-oxo-4-androstene-17p-carboxylic acid (Rasmusson, G.H.
et al, J. Med. Chem., 27, 1690 (1984)) (17.2 g, 54.4 mmol), dry THF (180 mL)
and dry pyridine (7 ml) at 2°C is added thionyl chloride (5.1 mL, 70.8 mmol).
The reaction mixture is stired at 2°C for 20 min and then stirred at room
temperature for 40 min. The reaction mixture is then fittered and the solid
washed with toluene. The filtrate is concentrated in vacuo to an oil which is
diluted with dry THF (150 mL) and dry pyridine (7 mL). To the resultant dark
solution is added 2,5-bis-(trifluoromethyl)aniline (9.4 mL, 59.8 mmol) and the



I s obtained. The slurry is stirred at roomtenperature fREPLQ-QgﬁmlLﬁ”FT :
cooled to O0-10[err]C, and the product collected by fiJtyation to give
17[err]-N-(2,5- 12 MAR 1997
bi s(trifluoromethyl)phenyl)-carbanoyl 4- aza- 5a- andr ost -[L-fene- 3- one as
white, -crystalline solid, 243 g (48% ;" htp. 245-245. Y err|C, "WhiCh TS
Identical to that prepared by the process of exanple

EEPLAFENEN;h&ﬁEiBn mixture is refluxed for 5 f, diluted with methiylene chioride, extracted f

Formil & (1) Seaponalasn iy R i sirlect s SRIR Sutale, dtfy RHBE! The

Amount filtrate is concentrated and applied to a column of 500 g of silica gel and the
column eluted with a 15-30% ethyl acetate - hexane gradient to give, after
concentration, 17p-N-(2,5-bis(trifluoromethyl))phenyi-carbamoyl-androst-4-en-3-
one as an off-white foam; yield: 18.3 g (64%).

B.17B-N~(2,5-bis(Trifluoromethy!))phenyicarbamoyl-5-oxo-A-nor-3,5-
secoandrostan-3-oic acid .

To a refluxing solution of 17BN-(2,5-bis(trifluoromethyl))phenyicarbamoyi-
androst-4-en-3-one (18.3 g, 34.9 mmol) prepared as.in part A above, t-butanol
(275 mL), sodium carbonate (6.3 g, 50.8 mmol), and water (36 mlL) is added,
over 45 min, a 75°C solution of potassium permanganate (0.38g, 2.4 mmol),
sodium periodate (52.2g , 245 mmol) and water (311 mL). After refuxing an
additional 15 min, the heterogeneous mixture is cooled to room temperature and-
celite (50 g) is added. The reaction mixture is filtered through a bed of celite (50
g) and the solid is washed with water and the filtrate concentrated in vacuo to
remove f-butanol (ca. 175 mi). The resuitant aqueous solution is acidified to pH
2 with 36% HCl and the extracted 4 times with chioroform. The chioroform layers
are combined and washed with water, brine, dried over sodium sulfate, filtered
and concentrated in vacuo to give 178-N-(2,5-
bis(trifluoromethyl))phenyicarbamoyl-5-oxo-A-nor-3,5-secoandros-tan-3-oic acid
as a off-white solid; yield: 20.5 g (100% crude). This material is carried directly
into step C below. '

C. 17B-N-(2,5-bis(Trifluoromethyl))phenylcarbamoyl-4-aza-androst-5-en-3-one
To a suspension of 17p-N~(2,5-bis(trifluoromethyl))phenyicarbamoy!-5-oxo-A-
nor-3,5-secoandrostan-3-oic acid (20.5 g, 34.8 mmol), as prepared in step B, in
. dry ethylene glycol (100 mL) at room temperature is added ammonia (ca. 8 mL,
0.32 mol) over a 5 min period. The resultant solution is heated to 180°C over 45
min, and after 12 min at 180°C, the reaction mixture is cooled to 70°C and water
(116 mL) is added over a period of 5 min. The resultant suspension is cooled to
7°C and stirred for 10 min and filtered under vacuum. The solid is washed with
water (60 mL) and then is dissolved in chioroform and washed with water, brine,
dried over sodium sulfate, filtered and concentrated. The residue is dissolved in
chioroform and applied to a column of 110 g of silica gel and the column eluted
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androst-5-en-3-one (8.9g, 16.7 mmol) in acetic acid (120 mL) is added platinum
oxide (0.9 g). The resultant mixture is charged to 50 psi with hydrogen and
heated at 60-70°C for 6 h. After replacing the hydrogen atmosphere with
nitrogen, the reaction mixture is filtered through celite and the celite pad washed
with acetic acid (30 mL), chloroform (60 mL) and toluene (200 mL). The filtrate
is concentrated in vacuo to an oil, toluene (200 mL) is added and the solution
concentrated to a foam in vacuo. The foam is crystallized from ethyl acetate-
heptane to give, after drying in vacuo at 85°C for 1 h, 17B-N-(2.5-
bis(trifluoromethyl))phenyicarbamoyl-4-aza-Sa-androstan-3-one; yield: 4.78 g,
(54%); m.p. 245-247°C. Anal. Calcd. for C27H32FeN202: C, 61.12; H, 6.08 ;
N, 5.28. Found: C, 61.13; H, 6.12; N, 5.21.

E. 178-N~(2,5-bis(Trifluoromethyl))phenylcarbamoyl-4-aza-5a-androstan-1-en-3-
one :

To a suspension of 178-N-(2,5-bis(Triflucromethyl))phenylcarbamoyl-4-aza-
S5a-androstan-3-one (7.24 g, 13.7 mmol) and 2,3-dichloro-5,6-dicyano-1,4-
benzoquinone (3.41 g, 15 mmol) in dry dioxane (168 mL) at room temperature is
added bis(trimethylsilyl)trifluoroacetamide (14.5 mL, 54.6 mmol). After stirring at
room temperature for 7 h, the reaction mixture is refluxed for 18 h. The resuitant
dark solution is cooled to room temperature and is concentrated in vacuo to a
dark oil. Methylene chioride (100 mL) and a 1% sodium bisulfite solution (40
mL) is added to the oil and the two phase mixture is stirred rapidly for 15 min
and filtered. The two filtrate layers are separated and the methylene chloride
layer is washed sequentially with 2N HCI and brine, dried over sodium sulfate,
filtered, and concentrated to a brown oil. The oil is diluted with toluene and is
applied to a column of 300 g of silica ge! and eluted with a 12:3:1 to 9:3:1
gradient of toluene:acetone:ethyl acetate to give 178-N<2,5-
bis(trifluoromethyl))phenyl-carbamoyi-4-aza-5a-androst-1-en-3-one as a foam:
yield: 3.38 g (47%). This material is crystallized from ethyt acetate-hépfane (1:1)
to give a white solid; m.p. 244-245°C.



Magnesi um stearate is added to the dried granul es ang R%PPLAEWFM@?EET

t horoughly bl ended. The bl ended m xture is conpressefl [nto tablets. | (|0
Suppository - For 1000 Suppositories | nar edi ents | 12 MAR 1997

Anmount Act.i ve conpound 25 ¢
Theobr om ne sodium salicylate Z50° 7

W't epsol S55 -16- _ 1725 g

-18 - The inactive ingredients are m xed and nelted. The active conpound
is then 13C NMR (100 MHz, CHCI3) 5 171.31, 166.77, 151.04, 136.35 (q, J = 1.4 H2),

135.01 (q, J=33.1 Hz), 126.73 (q, J = 5.4 Hz), 123.44 (g, J=273.5 Hz), 123.03
(q. J = 273.2 Hz), 122.84, 121.58 (qq. J = 30.4, 1.0 Hz), 120.37 (q, J = 3.6 H2),
120.29 (q, J = 3.9 Hz), 59.58, 58.33, 55.69, 47.46, 44.78, 39.30, 37.81, 35.29,
29.34, 25.70, 24.17, 23.59, 21.15, 13.40, 11.91.

Anal. Caled. for C27H30F6N202: C, 61.36; H, 572 ; N, 5.30. Found: C,
61.36; H, 5.73; N, 5.23.

Example 2
178-N-(2,5-bis(Trifluoromethvi))phenvicarbamoyl-4-aza-Sa-androst-1-en-3-one

(Synthesis of Scheme i)

A suspension of 3-oxo-4-aza-5c-androst-1-en-178 carboxylic acid (300 g, 0.95
mole) in 9 L of toluene is stirred mechanically and heated at reflux while 1 L of
toluene is removed by distillation. The mixture is cooled to -2+2°C and diluted
with toluene (1 L), dimethylformamide (10 mi) and pyridine (191 ml, 2.37 mole).
To the stirring suspension is added thionyl chioride (135 g, 1.14 m_ole),
maintaining the temperature below 0°C. After stirring at 0-20°C for 2 hours, 2,5-
Bis(trifluoromethyl})-aniline (238 g, 1.04 mole) and dimethylaminopyridine (2.0 g,
0.016 mole) is added and the mixture heated at 100°C for 15-16 hours. After
cooling to 20°C, the toluene solution is washed with 1N sodium hydroxide (2 x 1
L), brine (1 L), dried over magnesium sulfate and filtered. After washing the
solids with toluene (100 ml) the solution is concentrated, at 40-50°C (50-100
mm), to a volume of approximately 2 L and acetonitrile (2 L) is added. The
mixture is further concentrated, as above, until crystallization occurs. The
product slurry is stimed at room temperature for 15-16 hours, collected by
filtration and washed with 2 x 50 mi of cold acetonitrile to give the crude product.
The crude product is recrystallized by dissolution in warm methanol (2 L),
followed by addition of acetonitrile and atmospheric distillation until a thick slurry
is obtained. The slurry is stirred at room temperature for 15-16 hours, cooled to
0-10°C, and the product collected by filtration to give 17B-N-(2.5-
bis(trifluoromethyl)phenyl)-carbamoyi-4-aza-5a-androst-1-ene-3-one as a white,
crystalline solid, 243 g (48%); m.p. 245-245.5°C, which is identical to that
prepared by the process of example 1.



distributed in the nolten mixture, poured into nolds RrREPAACEMENT SEEEDJ .

(D) Injection - For 1000 Arrpul es Ingredients

Anmount Active Conpound 5

Buf feri ng Agents . 12 H.Ag.m?opyl ene
gl ycol -17 - 400 o r.for injledtion

600 mL The active conpound and buffering agents are [dissolved in the

propyl ene glycol at about 50[err]C. TheﬁvvateE éor i nj’
with stirring and the resultlng_sol utio tered, filled into anpules,

seal ed and st EBhatthaceitioat formudatio . (E) Capsule - For 1000 Capsul es
Incredients = Amount Active
Corpound Active compound” |sthecompoundofFonnuIa U] 20 g Lact ose
450 ¢ Magnesi um st ear ate 54
(A) Transdermal System - For 1000 Patches '
_lngredients | Amount
Active compound 40g
Silicone fluid 450 g
Colloidal silicon dioxide 25g

The silicone fluid and active compound are mixed together and the colloidal
silicone dioxide is added to increase viscosity. The material is then dosed into a
subsequently heat sealed polymeric laminate comprised of the following:
polyester release liner, skin contact adhesive composed of silicone or acrylic
polymers, a control membrane which is a polyolefin (e.g. polyethylene, polyviny!
acetate or polyurethane), and an impermeable backing membrane made of a -
polyester multilaminate. The resuiting laminated sheet is then cut into 10 sq. cm
patches.

(B) Oral Tablet - For 1000 Tablets

Ingredients ' ' Amount
Active compound 20g
Starch 20g
Magnesium Stearate 19

The active compound and the starch are granulated with water and dried.
Magnesium stearate is added to the dried granules and the mixture is
thoroughly biended. The blended mixture is compressed into tablets.

(C) Suppoéitory - For 1000 Suppositories

Ingredients Amount
Active compound 25¢
Theobromine sodium salicylate | ' 250g

Witepsol S55 1725¢g
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The fi nel i is i ith c
e finely ground active conpound is m xed wththe@g E@ﬁ‘:@? §ﬁﬁﬁrte

and packed into gelatin capsul es. . -19- :
17[err]-N-(2,5-bis(Trifluoromethyl))phenyl car banoyl 444aza- 5a: andr osf -
- one or a pharmaceutically acceptabl e solvate thergofl. 12.MAR 1997
pharmaceutical fornulation conprising tf‘lg conpound qf - JClaim 1l and a}

1-en-3

The inactive ingredients are mixed and melted. The active compound is then
distributed in the molten mixture, poured into molds and allowed to cool.

(D) Injection - For 1000 Ampules

Ingredients Amount
'Active Compound 5g
Buffering Agents q.s.
Propylene glycol 400 mg
Water for injection 600 mL

The active compound and buffering agents are dissolved in the propylene giycol
at about 50°C. The water for injection is then added with stirring and the
resulting solution is filtered, filled into ampules, sealed and sterilized by
autoclaving.

(E) Capsule - For 1000 Capsules

Ingredients Amount
Active Compound ' : 20g
Lactose , 450 g
Magnesium stearate ' 5g

The finely ground active compound is mixed with the lactose and stearate and
packed into gelatin capsules.
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C|a|m14|n'rhp manuf act ure of Tech

of an an
accordin
beni gn pros

pol ycystic ovary disease and/or hirsutjg

conmpound of

I
hy, prostate cancer,

Claim1 which conprises: (A dehydrogen

formula (V) élerr

1. 17B-N-(2,5-bis(Trifluoromethyl))phenylcarbamoyl-4-aza-Sa-androst-1-en-3-
one or a pharmaceutically acceptable solvate thereof.

2. A pharmaceutical formulation comprising the compound of Claim 1 and a
pharmaceutically acceptable carrier thereof.

3. Use of the compound of Claim 1 in the manufacture of a medicament for the
treatment or prevention of an androgen responsive or mediated disease.

4. A process for preparing the compound of Claim 1 which comprises:

(A) dehydrogenating the oompbund of formula (V)

CF3
0
NH
CF,
o) N
1
H

;or
(B) reacting the compound of formula (V1) '

with the compound of formula (lla)

This Sheet Has Been Replaced
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(B)

reacting the conpound of forrmula (VI) [err] =N
of formula (lla) ' \ME?’EA&@MEN ﬁEET

BT -ty o

IS SHEET HAS BEEN

CF,

(la) cF,

‘and if necessary and/or desired, subjecting the compound thus obtained to one

or more further reactions comprising;

(i) removing any protecting group or groups; and/or

(ii) converting the compound of formufa (I) or a solvate thereof into a
pharmaoeutically acceptable solvate thereof.

5. A process as claimed in claim 4 wherein in process (B) the compound of
formula (V1) is treated with a halogenating agent in the presence of a base prior
to reaction with the compound of formula (lia).

6. A method of inhibiting Sa-testosterone reductase enzyme comprising

contacting said enzyme with an effective Sa-testosterone inhibitory amount of
the compound of Claim 1.

7. A method of treating an androgen responsive or mediated disease in a

mammal suffering from said disease comprising administering to said mammal

an effective androgen responsive or mediated disease amount of the compound
of Claim 1. '

8. A method of Claim 7 wherein the androgen responsive or mediated disease is

benign prostatic hypertrophy, prostate cancer, acne, male pattern baldness and
hirsutism.

9. The compound of formula (V)

CF4
o]
NH-
CF,
o7y
H v

or a solvate thereof.
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thus obtained to one or nore fur%he+—+eagi¢£wugimmpri5
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7. A met hod of inhi bltf'ng 5a*t est ost erone reductase enzynme conprisimg
contacting said enzynme with an effective 5a-testosterone inhibitory anmount

of the conpound of C aim 1.

10. The compound of formula (III)

CF,
o)
NH -
CF3
O
()}
or a solvate thereof.
11. The compound of formula (IV)
CF3
(o
H -
HO.,C
2" o
v
or a solvate thereof.

12. The intermediate 17B-N+2,5-bis(trifuoromethyl)phenylcarbamoyi-4-aza-
androst-5-en-3-one or a solvate thereof.
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8. A nethod of treating an androgen responsive or nedi atﬂéﬂLmﬂEamesﬁEETa-
mammal suffering from said di sease conprising adm ni stjerfi ' '
an effective androgen responsive or.nedi ated di sease
of aiml. 9. A nethod of Caim8 wherein the androge

medi at ed di sease is benign prostatic_Rwpertrophy, prost ~cancer,- ache
mal e pattern bal dness pol ycystic ovary di sease and/orfhirsutism 10. e
conmpound of forrmula (V) [err] or a solvate tnereof:
ABSTRACT
ANDROSTENONE DERIVATIVE

The present invention relates to the compound of formula (1),

CF, '
(o]
NH
| CF,
7
o lf ' ()}
H

also known as 17p-N-(2,5-bis(Trifluoromethyi))phenyicarbamoyi-4-aza-Sa-androst-
1-en-3-one, solvates theredf, its preparation, intermediates used in its preparation,
pharmaceutical formulations thereof and its use in the treatment of androgen
responsive and mediated diseases.
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Claims:

1. 17B-N-(2,5-bis(T rifluoromethyl))phenylcarbamoyl-4-aza-Sa-androst-1-en-3-
one or a pharmaceutically acceptable solvate thereof.

2. A pharmaceutical formulation comprising the compound of Claim 1 and a
pharmaceutically acceptable carrier thereof.

3. Use of the compound of Claim 1 in the manufacture of a medicament for the
treatment or prevention of an'androgen responsive or mediated disease.

4. Use of the compound according to claim 3 wherein the androgen respons?ﬁ/re
or mediated disease is benign prostatic hypertrophy, prostate cancer, acne, male

pattern baldness, polycystic ovary disease and hirsutism,

5. A process for preparing the compound of Claim 1 which comprises:

~ (A) dehydrogenating the compound o1" formu_la )

CF4

NH

CFg

, Or

This Sheet Has Been Replaced
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or. a sol va er eof . . e conpound of formal a o
[€Tr] fﬁwor a solvate thereof. 13. The internediate REPLACEMENT SHEET

17[err]-(2,5-bis(trifluoromnet hyI ) phenyl car barmyal-4-aza- andr ost - 5- en- 3- one
or a solvate thereof. REPLACEMENT SHEET
. -19 -
[ 12400 0
Claims:

1. 17f-N-(2,5-bis(Trifluoromethyl))phenylcarbamaoyl-4-aza-Sa-androst-1-en-3-
one or a2 pharmaceutically acceptable solvate thereof.

2. A pharmaceutical formulation comprising the compound of Claim 1 and a
pharmaceutically acceptable carmier thereof.

3. Use of the compound of Claim 1 in the manufacture of a medicament for the
treatment or prevention of an androgen responsive or mediated disease.

4, Use of the compound according to claim 3 wherein the androgen responsive
or mediated disease is benign prostatic hypertrophy, prostate cancer, acne, male
pattern baldness, polycystic ovary dis€ase and/or hirsutism.

* 8. A process for preparing the mhpbund of Claim 1 which comprises:

(A) dehydrogenating the compound of formula (V)

(B) reacting the compound of formula (V1)

CO,H

with the compound of formula (lla)
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CF,
H,N
(a) cr,

and if necessary and/or desired, subjecting the compound thus obtained to one
or more further reactions comprising; '

(i) removing any protecting group or groups; and/or

(i) conveiting the compound of formula (l) or a solvate thereof into a
pharmaceutically acceptable solvate thereof.

_6. A process as claimed in claim 5_wherein in process (B) the compound of
formula (V1) is treated with a halogenating agent in the presence of a base prior
to reaction with the compound of formula (Ha).

7. A method of inhibiting Sa-testosterone reductase enzyme comprising
contacting said enzyme with an effective Sa-testosterone inhibitory amount of
the compound of Claim 1.

8. A method of treating an androgen responsive or mediated disease in a
mammal suffering from said disease comprising administering to said mammal

an effective androgen responsive or mediated disease amount of the compound
of Claim 1. '

_9. Amethod of Claim 8 wherein the androgen responsive or mediated disease is
benign prostatic hypertrophy, prostate cancer, acne, male pattern baldness
polycystic ovary disease and/or hirsutism.

10, The compound of formula (V)

1@5@

or a solvate thereof,
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11. The compound of formuta (lif)
CF,
0 Q
NH-
CF,
0
()
or a solvate thereof.
12, The dompound of formula (IV) .
CF,
o)
CF,
HO.C
49
or a solvate thereof.

13. The intermediate 17B-N-(2,5-bis(trifluoromethyl)phenyicarbamoyl-4-aza-
androst-5-en-3-one or a solvate thereof.



