WO 02/ 46207 PCT/ US01/ 48173 1 Process Field of the Invention 5 The present
I nvention relates to an inprovenent in a process for the preparation of
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in a process for preparing steroids, swch as 3-o0xo-4-azasteroids, by

hydr ogenati on of the corresponding steroid al kene. Conmpounds of this type
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inhibitor activity. 10 Background of the Invention Steroid 5a-reductases
catal yze conversion of testosterone to DHT in an NADPH dependent fashion
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useful in the preparation of compounds having 5a-reductase inhibitor activity.

10
Background of the Invention
Steroid 5a~reductases catalyze conversion of testosterone to DHT in an NADPH
dependent fashion as shown in Scheme A.
15
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20 SCHEME A

The inhibition of the conversion of testosterone to DHT is anticipated to be useful
in the treatment of a variety of androgen responsive diseases, e.g., benign
prostatic hyperplasia, prostate cancer, acne, male pattern baldness and
25 hirsutism. Hence, 5a-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. 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.
30 4,377,584, U.S. Patent No. 4,760,071 and U.S. Patent No. 5,017,568. One



WO 02/ 46207 PCT/ US01/ 48173 2 particularly prom sing 5a-reductase inhibitor
Is MK-906 (Merck), known by the generic nane, finasteride, and marketed
under thavopzadennark, Proscar, is an inhibitor of type 2 Barsduustizse. |n
addition, dual inhibitors of type I and22 hunman 5a-reductase are di scl osed
in WD 95/07926 and WD 95/07927, the 5 contents of which are incorporated
herein by reference. Processes for the preparation of the 5a-reductase

i nhibitors are described in WD 95/07926, WD 95/07927, US 4,760,071, US
4,377,584, US 4,179,453, US 5,670,643 and Bhattacharya, A et al., J. Am
Chem Soc., 110, 3318 (1988). 10 Inportant internmediates in the preparation
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demonstrat e% by3 598—4% aearnldrrrgsqt§ -en-1 7% CarBoxy ic eécaig WO 95/07926 and
WOQO95/07927 describe a process by which a 17p-substituted 4-aza-androst-5-
15 en-3-one is converted to the corresponding 17p-substituted 4-aza-5a-androstan-
3-one by hydrogenation. For example, the hydrogenation may be carried out in
acetic acid at 60 to 70°C and 276-414 kPa (40-60 psi) hydrogen pressure in the

presence of catalytic platinum oxide.

20 The problem to be solved by the present invention is the provision of a superior,
and more selective process for the hydrogenation of steroid aikenes.

Summary of the Invention

25 Scheme 1 shows the hydrogenation of a steroid, 3-oxo-4-azaandrost-5-en-17p-
carboxylic acid, to the corresponding 5a-androstane and 5p-androstane isomers.
5o~androstane isomer produced using the reaction can be used in the
preparation of b5a-reductase inhibitors. For large scale manufacture, a
hydrogenation process which could be carried out at atmospheric pressure was

30 desired. However, as demonstrated by the experiments below, considerable
problems relating to o:p ratios were experienced when hydrogenation was
carried out at atmospheric pressure.

35



problens relating to a: 13 ratios were experi enced when hydrogenati on was
carried out at atnospheric pressure. 35 WO 02/46207 PCT/US01/48173 3
Schene 1WQ@2COOH COCH Pt021 H2 HHH O HO HO a 5 FORURIIASETSt

i nventors have found a process for hydrggenating steroid al kenes which can
be perfornmed at atnospheric pressure. The problemof low a: (3 ratios was
sol ved by carrying out the hydrogenation in the presence of ammonium 10
acet ate, anmoni um fornmate or anmoni um propi onate. Accordingly, the present
i nvention provides a process for hydrogenating steroid al kenes conprising
the step of hydrogenating one or nore double bonds in the presence of
ammoni um acet ate, ammoni um formate, ammoni um propi onate, or 15 m xtures

t hereof and an appropriate catalyst. A further aspect of the invention is
t he use ofSchmmeriocess of the invention in the preparation of a
Sa-reductase inhibitor. 2@0®tailed Description dOOHe Invention TEGOOH
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The present inventors have found a process for hydrogenating steroid alkenes
which can be performed at atmospheric pressure. The problem of low o:p ratios
was solved by carrying out the hydrogenation in the presence of ammonium
10 acetate, ammonium formate or ammonium propionate.
Accordingly, the present invention provides a process for hydrogenating steroid
alkenes comprising the step of hydrogenating one or more double bonds in the
presence of ammonium acetate, ammonium formate, ammonium propionate, or
15 mixtures thereof and an appropriate catalyst.
A further aspect of the invention is the use of the process of the invention in the
preparation of a 5a-reductase inhibitor.
20 Detailed Description of the Invention

The hydrogenation process provided by the present invention may be used in
place of previous hydrogenation processes in the preparation of 5a-reductase
inhibitors, for example, in the preparation of 5a-reductase inhibitors as described
25 in WO 95/07926, W095/07927, US 4,377,584, US 4,760,071, US 4,179,453, US
9,670,643, and Bhattacharya, A. et al., J. Am. Chem. Soc., 110, 3318 (1988).

In one embodiment, the invention provides a process for the preparation of a
steroid which comprises the hydrogenation of the corresponding steroid alkene
30 in the presence of ammonium acetate, ammonium formate and/or ammonium



I n one enbodi nent, the invention provides a process for the preparation of
a steroid which conprises the hydrogenation of the correspondi ng steroid
al kene 300 0n4d2he presence of ammoni um acet ate, anmoni um POT/REQISATSA/ Or
anmoni um WO 02/ 46207 PCT/ US01/ 48173 4 pgropionate and an appropriate
catalyst. Preferably the steroid is a 3-o0xo0-4- azasteroid. Preferably, the
steroid al kene is a 4-aza-androsten-3-one. In a preferred aspect of the
invention, the 3-o0xo0-4-azasteroid is a conpound of 5 formula (I) OR3 ON

R2 1 H(l) wherein: 10 Rl represents hydrogen, OH, Cl.6 alkyl, aryl or a
het eroaromatic group; R2 represents hydrogen, Cl_6 al kyl, aryl or a

het er oar o (o] t anched
chai n al kgﬁ%b@f%%@ é‘}} %g‘ht%‘sg o%?%gé Cﬁ?%g%t qﬂ%f?{%gyk%%t%bw lisq%e? cg%’om or
NHQ wher eiarzagterojsh. é&ref&reblymemterm@eﬂsen% aGraga-sndidsjen-3eenér anched chai n
al kyl, C1_6 straight or branched chain alkoxy, (A) Wz R4 R5 (A V\,herel n
R4 and R5 are |ndependently hydr ogen, | ower al kyl, |ower al koxy

trifl uor orfBtehpref ei&%ﬁép@ﬁ%@fdb@mvwenythe(%rgxpﬁamate@ﬂ)&@ PG‘F‘@&UWM one or
nor e 5 hal ggafgle (IPr when R4 and R5 are on adjacent carbons, taken together
forma

wherein:
10
R represents hydrogen, OH, C1. alkyl, aryl or a heteroaromatic group;
R? represents hydrogen, C1.g alkyl, aryl or a heteroaromatic group;
R3 represents hydrogen, OH, C+. straight or branched chain alkyl, C4.¢ straight or.
branched chain alkoxy, aryl, heteroatom, or NHQ wherein Q represents
15 hydrogen, OH, C45 straight or branched chain alkyl, Cq. straight or branched
chain alkoxy, (A)

wherein R* and R® are independently hydrogen, lower alkyl, lower alkoxy,

20 trifluoromethyl, cyano, halogen, phenyl (optionally substituted with one or more
halogens), or when R* and R® are on adjacent carbons, taken together form a
fused 5, 6 or 7 member ring optionally containing one or more oxygen or sulfur
atoms;



fused 5, 6 or 7 nmenber ring optionally containing one or nore oxygen or

sul fur atons; WO 02/ 46207 PCT/US01/48173 5 Wand Z are net hyl ene groups
whi ch t akedoz/egger her with the carbon to which they are aPCRUREdHSiTr m a
saturated, 3 to 12 nenber ring systemoptionally: 1) substituted

i ndependently with one or nore | ower al kyl groups, 2) containing an oxygen
or sulfur atom 5 3) two said nethylene groups of said 3 to 12 nenber ring
are joined with a (C1_6) alkylene group to forma bicyclic ring system
and X is hydrogen or halogen; or (B) R 7 TXR7/ R8 (B) 10 wherein R6 is
trifluoronmethyl, phenyl optionally substituted with one or nore hal ogens

Rt i i, epdZ e oty BhE thSugt b %ﬁ%%bfnﬁ%oé%i i 866 P BIOTR whigie o
nmor e hal odbRY a5 aﬁaéh@da&rn( @csawrataqlﬁ tgr mgmhﬂr rmgaayém optianatly:al kyl , 15
whi | e the pfdifystitifted YeH efifly WHIhQﬂﬁa“@r Rofe tovker dMiAgRaRss, or hal ogen.

Preferably_ the 4-aza-androsten-3-one I s 4-aza-androst-5-en-3-one. Mre 20

pr ef er abl Y2 GRMAINDGLAN RAYYRR OESWRIrAlgMe i s a compound of formula (il): O R3
' ~" G O N FAwblsai® nféthylenshgroaps of 5&idR @ (2 penaber iRy def joimed willo v C..q)
alkylene group to form a bicyclic ring system; and

X is hydrogen or halogen; or (B)

R6
X
R7
R® (B)

10

wherein R%is trifluoromethyl, phenyl optionally substituted with one or more

halogens or branched (C4-7) alkyl groups, or branched (C4.7) alkyl;

either of R or R® is trifluoromethyl, halogen, phenyl optionally substituted with

one or more halogens or branched (Cs.7)alkyl groups, or branched (Cs-7) alkyl,
15 while the other is hydrogen or halogen; and

X is hydrogen or halogen.

Preferably the 4-aza-androsten-3-one is 4-aza-androst-5-en-3-one. More
20 preferably the 4-aza-androst-5-en-3-one is a compound of formula (il):

(I

wherein the R groups are as defined above.
25



25 WD 02/ 46207 PCT/US01/48173 6 As used herein the term"lower" in
relation to alkyl and al koxy neans | to 6 carbons, especially 1 to 4,
strai ght voo obs@nthed. As used herein the term "branched PCHUB)1/4IT3Y] "
nmeans 3-6 carbons attached via a quatergary carbon, e.g., t-butyl, t-anyl,
etc. 5 As used herein, the term"heteroaromati c group” means rings

contai ning one or nore heteroatons selected fromnitrogen, sul phur and
oxygen atons. Exanples of 5-nenbered groups include thiophene, thiazole,
pyrrol e, pyrazole, imdazole and furan, whilst 6-nmenbered groups include
pyridyl, pyrazyl and pyrimdyl. 10 As used herein, the term "hal ogen" neans

fl uori ne, | or.i ) R, i QM , S h i h “steroid"
nmeans a te’%%lé{'%?gl [ reﬁi% g%gﬂt %ﬁ“’éﬁqpﬁgﬁgﬁyﬁﬁe’cﬁeﬁﬁ%ﬁﬁ aﬂgog& ’ﬁ’&%ﬁ%m t(?héea term
"steroi d atekeors, sepecially dt & ¢t dstreighthgr dianchediorAs ukegb herdionifie. term

Pr ef er abl | » I j g e R3 is
hydr ogen, 8@0@4@@3@?%C{n%§%{@?@@6%§a ﬁerd;x%{gf g%eméﬂ/ é}?ls)ﬁ

hydr ogen. @8-, bty kBMYL.Gt¢.s hydrogen, OH, Cl_6 straight or branched chain
al kylg Cl1_6 straight or branched chain al koxy, or (B) R6

As used herein, the term “heteroaromatic group” means rings containing one or
more heteroatoms selected from nitrogen, sulphur and oxygen atoms. Examples
of 5-membered groups include thiophene, thiazole, pyrrolé, pyrazole, imidazole
and furan, whilst 6-membered groups include pyridyl, pyrazyl and pyrimidyl.

10
As used herein, the term “halogen” means fluorine, chlorine, bromine and iodine.

As used  herein, the term  “steroid” means a tetracyclic
cyclopenta[a]phenanthrene.

15
As used herein, the term “steroid alkene” means a steroid having one or more
double bonds.

Preferably, R' is hydrogen.
20
Preferably R? is hydrogen.

Preferably R3 is hydrogen, OH, Cy.4 alkyl, C14 alkoxy or NHQ. More preferably
R?is hydrogen.

25
Preferably Q is hydrogen, OH, C4 straight or branched chain alkyl, C1.¢ straight
or branched chain alkoxy, or (B)

30 wherein R8 is trifluoromethyl or branched (Cs7) alkyl; either of R7 or R8 is
trifluoromethyl while the other is hydrogen; and X is hydrogen. More preferably Q
is hydrogen, Ci4 straight or branched chain alkyl or 2,5-



X ,~~R7 R8 (B) 30 wherein R6 is trifluoronethyl or branched (C4_7)

al kyl; either of R7 or R8 is trifluoronethyl while the other is hydrogen;
and X i swgdregen. Mre preferably Q is hydrogen, Cl 4 sPCHRU§II480T3
branched chain al kyl or 2,5 WD 02/ 462077PCT/ USO1/ 48173 7

bi s(trifluoromethyl))phenyl. Mst preferably Qis tert-butyl or 2,5-

bi s(trifluoronethyl))phenyl. It is to be understood that the present

i nvention covers all conbinations of 5 suitable, convenient and preferred
groups descri bed herei nabove. The hydrogenati on process is suitably carried
out in the presence of annDniun1 acetate ammoni um f ormat e and/ or or

anmoni um @r.o nat e nmpni u for ma ni.um
pr opi onat 20'6&”@ eﬁﬂw{%ﬁgp of 1@@%%@%' pr e8en erf; Ru ?'éng?e'51 25%
w w conparlEs(ttiftucrabeting))phepylef er abI y 2- 10% nore preferably 2 5-5% nost

preferably approximtely 2.5% The hydrogenation process is preferably

carried out in the presence of ammonium acetate. Preferably the ammoni um
acetat e, dint®ripule fWidristwoghthadrtheaprasent inyardionoseiassi all seainatipnshef

reacts on nguffapfe c@hvéﬁi@n?hﬁﬁtpréferrbﬂg;roéés HeseidRhersitidbdRbe catal ysts for
t he hydrogenation reaction are: Pt/C, Pd/C, Pd(OH) 2 and N

catal ysts. Preferably the catalyst is Pt20, Pt/C, Pd/C or Pd(OH)2, nore
pr ef er abl yTH¥ B9drogendtion processsisauitably cardedioudin tre praiseabé of @aimbeaidnout  at

s 103. 41290 é%céﬂﬁ% f*iﬁ@at%l%@éioﬁf &7 emeniuEn Hoichate, CRERR Bk e
out at ter@m‘tata,lrammnm formate, ammonium propionate or a mixture thereof are
10 suitably present in the range 1-25% w/w compared to substrate, preferably 2-
10%, more preferably 2.5-5%, most preferably approximately 2.5%. The
hydrogenation process is preferably carried out in the presence of ammonium
acetate. Preferably the ammonium acetate, ammonium formate and/or
ammonium propionate is added to the reaction mixture at the start of the
15 reaction.

Suitable catalysts for the hydrogenation reaction are: Pt;0,Pt/C, Pd/C, Pd(OH) »
and Ni catalysts. Preferably the catalyst is Pt,O, Pt/C, Pd/C or Pd(OH),, more -
preferaply Pt;0.

20
The process of the invention is suitably carried out at a pressure range 103-3447
kPa (15-500 psi). Preferably the pressure range is 103-414 kPa (15-60psi).

The process of the invention is suitably carried out at temperature 50-75°C.
25 Preferably at approximately 55°C.

4-aza-androsten-3-ones may be prepared by any method known in the art for

the preparation of compounds of analogous structure. For example, a suitable

method for the preparation of compounds of formula (ll) is disclosed in WO
30 95/07926.

Those skilled in the art will appreciate that in the preparation of the compound of
formula (I) or a solvate thereof it may be necessary and/or desirable to protect
one or more sensitive groups in the molecule to prevent undesirable side
35 reactions. The protecting groups used in the preparation of the compound of



25 Preferably at approximately 55C. 4-aza-androsten-3-ones nmay be prepared
by any nethod known in the art for the preparation of conpounds of

anal ogouv@nreedure. For exanple, a suitable nethod for POBUReIRSAT3Ati on oOf
conpounds of formula (11) is disclosed gn WO 30 95/07926. Those skilled in
the art will appreciate that in the preparation of the conpound of formula
(I') or a solvate thereof it nmay be necessary and/or desirable to protect
one or nore sensitive groups in the nolecule to prevent undesirable side 35
reactions. The protecting groups used in the preparation of the compound of
WO 02/ 46207 PCT/ US01/ 48173 8 forrmula (1) may be used in a conventional
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i nhibitors e art, for exa e as descri

95/ 07926, %‘Bg??PO?Q@?WYB'kMQW 584 US 4, 760, 071, us 4,179, 453, US
5, 6705643, Bhattacharya A et al., J. Am Chem Soc., 110, 3318 (1988),
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5a- r educt aghibitols byt any reethiod hrsown in the art, for example as described in WO
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bis(trifluoro ﬁ -4-aza- rbst 1-én- ne> 'l m ot her

wor ds, a 5abredidst %‘@tﬁaﬁhﬁbﬁat v et glicth Am. Chen 1$ac. H1116;1384804889),)aml ag a- 5a

15 amlrost shovl 1Pt Ex8mples. A further aspect of the invention is therefore the use of
173-N-( 2, 5 bis(trifl oro eﬂéoéﬂ henyl carbarmyl- -

5a- andr ostthe-RIRCEsHRET e ererasatign af ﬁr%ﬁ%@%mm@'m gHeh
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will be bis(trifluioromethyl))phenylcarbamoyl-4-aza-5a-androst-1-en-3-one. In other
words, a 5Sa-reductase inhibitor, such as 17B-(N-t-butylcarbamoyl)-4-aza-5a.-
15 androst-1-en-3-one or 17p-N-(2,5-bis(trifluoromethyl))phenylcarbamoyl-4-aza-
5a-androst-1-en-3-one, may be prepared using a process comprising the
process of the invention. In the preparation of 5a-reductase inhibitors it will be
understood that the process of the invention may be used either for the
elimination of a double bond at an intermediate stage in the preparation of the
20 5a-reductase inhibitor, or as the last main step in a preparative sequence. For
example, in the preparation of 173-N-(2,5-bis(trifluoromethyl))phenylcarbamoyl-
4-aza-5a-androst-1-en-3-one the hydrogenation process may be used for the
elimination of a double bond at an intermediate stage in preparation, see for
example Scheme 2 below. Preferably, 17p-N-(2,5-
25 bis(trifluoromethyl))phenylcarbamoyl-4-aza-5a-androst-1-en-3-one is prepared
by a method comprising the process of the invention, e.g. hydrogenating a
compound of formula (Il) to a compound of formula (1), followed by:
(i) dehydrogenation, e.g. of a compound of formula (I) such as 4-aza-5a-
androstan-3-one-17p-carboxylic acid, to insert a double bond between
30 carbons 1 and 2;
(i) reaction with the compound of formula (llI)



understood that the process of the invention may be used either for the
elimnation of a double bond at an internediate stage in the preparation of
the 20 5aveexiwedase inhibitor, or as the last main step i PCHUBVIASHT3AL | Ve
sequence. For exanple, in the preparatpon of

173-N-(2,5-bi s(trifluoronethyl))phenyl car banoyl -

4- aza-5a-androst-1-en-3-one the hydrogenation process may be used for the
elimnation of a double bond at an internmedi ate stage in preparation, see
for exanple Schene 2 below. Preferably, 173-N-(2,5 25

bi s(trifluoromethyl))phenyl car banoyl - 4- aza- 5a- androst-1-en-3-one is
prepared by a nmethod conprising theClpgocess of the invention, e.g.
hydrogenati ng a conpound of formula ) to a conpound of forrmula (1),
foll owed by: (i) dehydrogenati oerl‘é a conmpound of forrmula (I) such as
4-aza- 5a- androstan-3-one-173-car biz)g acid, to insert a double bond
between 30 carbons 1 and 2; (||) I aCtIGE3WI%H t he conmpound of formula
(rrr) wWo 02/ 46207 PCT/US01/ 48173 9 CF3 H2N’ %(III) F3 ;and (iii) if
necessary and/or desired, subjecting the conpound thus obtained to one or

mor e furthgyp i ﬁé@éééﬁ’r? S HSdiRgY, sﬁbfe‘i‘)m%‘-‘:ﬁ@‘ﬁoﬂﬁb&ﬁw LS SfthinBE t8SHEP OF

groups; and/or m converting the, conpound or a solvate thereof into a

phar maceut‘?rc'apr‘%/ rgl?d'éﬁ?%lt!ﬂr@ %QST‘W&?"&Q% hereof. 10 The foll owi ng exanpl es
illussrat ejjaz;ss@le@t/mg)én)t Erdecﬂngvg@u;)@n glmnpsgmuydi- not be construed as

limting t b‘? 25 Ogﬁlng the c%rﬁp%\ﬁ% 6r0ansc5l\r}at%%ereo¥ into'a gharrr?azc%ﬁtlpw US01/48173
acceptable solvate thereof.

10 The following examples illustrate aspects of this' invention but should not be
construed as limiting the scope of the invention in any way.



10 Exanpl es:

EXAMPLE 1: Preparation of

1713-N-(2,5-bis(trifluoronethyl))phenyl car banoyl - 4-
aza- ba- avdo 0546207 en- 3-one 5 Schene 2: CO2H STACGEI

Nal04, Na2CO3 NHAOAc

3 STAGE4 Pt02, H2 BSTFA, DOG 'CN c, 2 di oxane,

t-BuOH, H20, 100G 4¢02C HOAC,

CO2H STRCEUS01/48M304,
120C O 0 CO2H COZ2H STACE

100C 0/ NOH3 HHCF3 H

N CO2H STAGES 1) SCCl2 2) 2,5-bis(trifluoronethyl)- CF3 aniline 5 J~ "'

N 4 tol uene,

10

15

20

100C 0O HO HH

Examples:

EXAMPLE 1: Preparation of 17B8-N-(2.5-bis(trifluoromethyl))phenylcarbamoyl-4-
aza-5a-androst-1-en-3-one

Scheme 2:

COH
COH STAGE 1

STAGE 2

KMnO,, NalO,, Na,CO5 NH,OAc

+BuOH, H,0, 100°C

HO,C 1

HOAg, 120°C

COH

STAGE 3 STAGE 4

PtO,, Hy
HOAg, 60°C

BSTFA, DDQ

dioxane, 100°C

Tt

GF,

ZL

STAGE S

1) SOCY,
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Stage 1: 17p-carboxy-5-oxo0-A-nor-3,5-secoandrostan-3-oic acid (1)

Typical scale 34.0 kg

A solution of sodium periodate (183 kg, 7.9 eq.) and potassium permanganate
(1.4 kg, catalytic.) in water (410 I) was heated at 75-80°C with stirring to effect
solution. A mixture of 3-oxo-4-androstene-17pcarboxylic acid (CCl4837, 17-
ADCA) (34.0 kg, 1 eq.), NaxCO3 (29 kg, 2.5 eq.), ferf-butanol (580 |) and water
(60 1) was heated at reflux (75-80°C) under a nitrogen atmosphere. The
aqueous solution of sodium periodate / potassium permanganate was added to
the refluxing CCl4837/ t-butanol/ water slurry, allowing for evolution of carbon
dioxide at a controlled rate. Water (25 1) was used as a line wash following the
addition. The mixture was heated at reflux (75-80°C) for about 1 hour. The



10 Stage 1: 17f 3-carboxy-5-0x0-A-nor-3, 5-secoandrostan-3-o0ic acid (1)
Typical scale 34.0 kg A solution of sodiumperiodate (183 kg, 7.9 eq.) and
pot assi uwo@ersanganate (1.4 kg, catalytic.) in water (41PCT/USeias113eat ed at
75-80C with stirring to effect 15 soluijfon. A m xture of

3- 0x0- 4- andr ost.ene- 17pcar boxylic acid (CC14837, 17 ADCA) (34.0 kg, | eq.),
Na2C33 (29 kg, 2.5 eq.), tert-butanol (580 I) and water (60 |I) was heated
at reflux (75-80C) under a nitrogen atnosphere. The aqueous sol ution of
sodi um peri odate / potassi um pernanganate was added to the refl uxing
CC14837/ t-butanol/ water slurry, allowing for evolution of carbon 20
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about 1 hdurtheTweolad. 0 ThesmdtureCmasSiterad1a3d tha filtex cake washedowitbdierfand
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e ile the slurr s, stirred. e ct..was .col |l ecte
by £ 11+ ey siahen it Welerernd el Petfdi ot R0 h i 8 ufpen .
ni trogen punggeWalghofangeal0e3 RP(58368% thedra@B-8Tkor/i). 59-67% w w) . St age
2: 3-0Xx0-4-aza-5-androstene-17(3-carboxylic acid (2). 10 Typical scale

54.0 kg A mixture of the Seco-Acid 1 (54.0 kg, 1 eq.), NH4Gac (47 kg, 4.1
equi v.) an3tageRc3-oreediazaveapdrostened! Hi-cadioqulic asid4{R).1 east t hree hours.

The g xtur Eokad gpd water (190 1) was added. The mi xture was
stirred fo?y%}_teéllseast b%' tE%urs The product was isolated by filtration,

washed wi th Mtwe eihthedPeerrAgid dg54 kg, 8- hiiideOaa é4( ioni heguiyix aBden
purge. \VeigmAd erael) Werd stitked (@BTefdofor at least three hours. The mixture was

cooled and water (190 [) was added. The mixture was stirred for at least 2
hours. The product was isolated by filtration, washed with water and dried at up

15 to 55°C under vacuum with a nitrogen purge. Weight range: 45-51 kg (85-95%
theory, 83-93% w/w).

Stage 3: 4-aza-5c-androstan-3-one-17p-carboxylic acid (3).
Typical scale 33.5 kg
20 The hydrogenation vessel was charged with acetic acid (530 1), 3-oxo-4-aza-5-
androstene-17p3-carboxylic acid 2 (33.5 kg.), and ammonium acetate (1.0 kg, 0.1
eq.). After purging at 20-25°C with nitrogen, the platinum oxide catalyst (3.0 kg.)
was charged, the stirrer started and the temperature adjusted to 20-25°C. After
purging with hydrogen, the stirring batch was allowed to take up hydrogen. After
25 30 minutes at <30°C, the temperature was adjusted to 60-65°C, and stirring
continued until hydrogen uptake ceased. After purging with nitrogen, Solka Floc
(1.7 kg.) was charged, and the hot reaction mixture recirculated through a filter
until the solution was clear. The hot reaction filtrate was transferred to a clean
vessel. The reactor was rinsed with hot acetic acid (100 1.), and the rinse was
30 recirculated as a wash through the filter. The combined filtrates/ wash were
distilled under vacuum at <70°C to about 3.6 volumes. The resulting slurry was
cooled to <25°C. Methanol (130 |.) was added and the mixture stirred for at [east
2 hours at <25°C. The product was collected by filtration; the cake washed with
methanol and dried in vacuo at <60°C. Weight range: 25-28.5 kg (75-85%
35 theory, 75-85% w/w).



theory, 83-93% ww). Stage 3: 4-aza-5a-androstan-3-one-170-carboxylic acid
(3). Typical scale 33.5 kg 20 The hydrogenati on vessel was charged with
acetic aovaoz/5207 1), 3-o0xo0-4-aza-5- androstene-173-car boxpCT@sS@ei8d732 (33. 5
kg.), and ammonium acetate (1.0 kg, 0.112eq.). After purging at 20-25C with
nitrogen, the platinumoxide catalyst (3.0 kg.) was charged, the stirrer
started and the tenperature adjusted to 20-25C. After purging with
hydrogen, the stirring batch was allowed to take up hydrogen. After 25 30
m nutes at < 30C, the tenperature was adjusted to 60-65C, and stirring
continued until hydrogen uptake ceased. After purging wth nitrogen, Sol ka
Floc (1.7 kg.) was charged, and the hot reaction m xture recircul ated
through a filter wuntil the solution was clear. The hot reaction filtrate
was transf8tageddt d-azadiczandrasistene-JHonertiecarbaydicr@hsed with hot acetic
acid (100 se was 30 recirculated as a wash through the
filter. Th-gyalcalmléﬁ |It¢at es/ wash were distilled under_ vacuum at <70C
to about 3Tle vepcans vessr! was ghergr Wity dipxang (188d) etraia-Se-andiosiant-Banol
(130 4.) wese-adpashrbowyliche adidxt @re(z(oorrﬁg fOlf J easrld &Miﬂ‘rﬁor@f-S 625C.
The product, was col | ect ed by f|| | on; ake shed Wit net hanol and
dried i n vCYRRENZOEHRONGs] g (1 b 25 kg( -85% 15 t heofy:):
75-85% w/ v@w(ﬁl&&ﬁ%lé@ﬂﬂﬁﬂ%ﬁt@@ﬂrﬂd@ﬂ%T% StaageM? e4-)awas Saddetir OFlte |

2" SIAHREDN o O DO S, 9 ot e
one- 173- caTb@WX’iwsea\canC@IeQm &399(,3 andglgansfared 20 3-sHaohdorasssl eentaining
di cy@@oben Hh:ﬁ@ LP?Qéf (ﬂ&l@rohﬂstgéné B(QQO)I? and a 1% agueou§ solution 8e

Bis(trinet Sl oroacet am 8178 I ei was ad
The react$<2ﬁ1ummfe téSLMBf@ MéQtl)edDma.n@f BA) was Uﬁﬁﬂrﬁsaﬁ Mash tanﬂémwa%r 2-4

hours. to ensure complete transfer. The resultant mixture was stirred at <25°C for 45-
90 minutes. The mixture was filtered, the filter cake washed with
dichloromethane (105 I), and the combined filirates allowed to settle before

15 phase separation. The organic layer was washed with 1N hydrochloric acid (125
), ciluted with acetonitrile (220 |) and concentrated in vacuo to eight volumes.
Acetonitrile (220 1) was added and the resultant slurry cooled to <5°C. The
crude product was collected by filtration and washed with acetonitrile (40 1). The
crude product was reslurried in refluxing acetonitrile (200 1) for at least 1 hour,

20 cooled and aged for at least 1 hour at <5°C. The solid was collected by filtration,
washed with acetonitrile (30 I.) and dried in vacuo at <60°C. Weight range: 14-
18 kg (70-85% theory, 70-85% wiw).

q

Stage 5: (50,17f)-N-[2,5-bis(trifluoromethyl)phenyl]-3-oxo-4-azaandrost-1-
25 ene-17-carboxamide (5).

Typical scale 18.0 kg

A mixture of 4-aza-5a-androst-1-ene-3-one-17p-carboxylic acid 4 (18.0 kg, 1

eq.), toluene (540 I), pyridine (11.2 kg, 2.5 eq.) and dimethylformamide (0.2 kg,

cét.) was stirred and cooled to <-5°C. Thionyl chloride (8.1 kg, 1.2 eq.) in
30 toluene (9 I) was added, at such a rate that the temperature was maintained at

<0°C. The mixture was maintained for 2-3 hours at 15-25°C. To the mixture

2,5-bis(trifluoromethyl)aniline (14.2 kg, 1.1 eq.) and dimethylaminopyridine (0.14

kg, cat.) were added using toluene (9 1) as a line wash to ensure complete

transfer. The mixture was heated at 95-105°C for 18-24 hours. The reaction
35 completion may be monitored by in-process check (HPLC). After cooling, the



The m xture was cooled to < 30C and transferred to a second vessel
containing 10 a stirring m xture of dichloronethane (440 1) and a 1%
aqueous o0 0vian7 of sodium netabisulfite (150 1). D oxankC(/8801/48178as used
as a vessel and line wash to ensure cofgplete transfer. The resultant

m xture was stirred at <25C for 45- 90 mnutes. The m xture was filtered,
the filter cake washed with dichloronethane (105 1), and the conbi ned
filtrates allowed to settle before 15 phase separation. The organic | ayer
was washed with 1 N hydrochloric acid (125 1),. diluted with acetonitrile
(220 I') and concentrated in vacuc to eight volunes Acetonitrile (220 1)
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di met hyl am no i ne 14 kg )" were us to|l yene (9 as a
line wash ¢S @@Fi@ncoﬁﬁ geulting siapiowas mel% t& ﬁﬂ@ (oot (ﬁéﬁjaf% -Ath @@)slosc
for 18-24 &suise s&iwcbm@étédcw fﬂﬁamﬂﬂm atfiltepdAry. DEheRHCE Wes bmSeamtmcess
check ( HPL’F ")1 py'?fdﬁr?er w%?er ('389) andethe rm%ze/(ﬁl@ezc:?e?d gscl‘;\/vVaS&l lccf' §117f3|ter cake. The
reactor was further rinsed with filtered acetonitrile (45 1), and the rinse directed to
15 the filter cake. The intermediate-grade product and filtered acetonitrile (54 1) was
stirred and heated in the filter-dryer to reflux, then cooled to <15°C and filtered.
The solid was washed with acetonitrile (18 ). The resulting solid and filtered
acetonitrile (110 I) were stirred and heated in the filter-dryer at reflux for 2-3
hours. The mixture was then chilled to <15°C and filtered. The solid was
20 washed with acetonitrile (18 1). The solid was dried in vacuo at <90°C.
Offloading via the filter-dryer chute gave the product as a white to off-white solid.
Weight range: 11 to 17 kg (37-57% theory, 61-94% w/w).

25



solids were renoved by filtration and washed with ethyl acetate (270 I).
The conbined filtrate/wash was extracted four tinmes with 10% pot assi um
hydr oxi davO (5%6207 each) . The organi ¢ sol uti on was washed WP€TYURMN/48173
hydrochloric acid (57 1) and water (5M4). The resulting solution was
concentrated in vacuo at < 80Cto 5 four volunes. Pyridine (290 1) was
added, and the solution is again concentrated in vacuo to four vol unes.
Pyridine (72 1) was added, and the solution is again concentrated in vacuo
to 4 volunmes. The solution was clarified, the vessel and |ine were washed
through with pyridine (18 1) to ensure conplete transfer, and filtered

acet oni 18. med to 45-55
and vvatéej;(Aw{% ?)

[lization.
The r edifazsangdresttd

A RYIICt 1-2 hours, and the
solid collected by f||trat|on inafilter- dryer. The reactor was rinsed
with 1:1 gyrldl ne:water (36 I), and the rinse directed as a wash to the
filter ca 3:reactor was further rinsed with filtered acetonitrile (45
1), and the rinse direfted to 15 the filter Ogake. The internedi at €; gr ade

product and filtered age oﬁppﬁl le (54 1) was JsfPPAHed and heated i nytHEOH
filter-dryer to reflux and filtered d was
washed with acet olid and filt

acetonitrile £#N{ A d | heat e Tthe filte ef | ux
for 2-3 houfs. 1 ed to s15C anfl fi

solid was Z€ >
at :590C. erer chut e gaveot hegpljoduct as a
white to off-white solid. Wi ght range: 11 to 17 kg (37-57% t he@d)y, 61-94%
w w) .525 WO 02/ 46207 PA&r/ US01/ 48173 14 EXAMBLE 2: Influence of ammnium
acetate on the hydrogenation of 3-o0xo- ¢4dazaandrost-5-ene-1718-carboxylic

acid SChenExgenmental

The hydrogenation vessel was charged with HOAc (16 vol.), 3-oxo-4-
10 azaandrost-5-ene-17p-carboxylic acid (1 wt), and NH4OAc (0.025 wt), while
maintaining the temperature at 20-25°C. The system was purged three times
with N2.  The PtO2 (0.12 wt) was charged, stirring was initiated and- the
temperature was adjusted to 20-25°C. The vessel was again purged three times
with Ny; following the third purge, stirring was stopped and the vessel purged
15 three times with H,. Stirring was resumed and the batch allowed to take up
hydrogen. The temperature was maintained at 20-25°C for the first 30 minutes,
adjusted to 60-65°C over 30 minutes, and maintained until the reaction was
complete. Following reaction completion, stirring was stopped and the vessel
was purged three times with N». Solka Floc (0.05 wt) was charged and stirring
20 was resumed. The hot reaction mixture was recirculated through a GAF filter
until the solution was clear and the hot reaction filtrate was then transferred to a
clean vessel. The reaction vessel was charged with HOAc (3 vol.), heated to 60-
65°C and stirred for at least 5 minutes. The hot rinse was filtered through the
GAF filter and combined with the reaction filirate. Volume was reduced in vacuo
25 to 3.6 volumes and the resulting slurry was cooled to 20-25°C. Methanol (4 vol)
was added to the slurry and the mixture was “aged” to obtain a more filterable
particle for 2-24 hours at 20-25°C. The product was isolated by filtration and



COOH COOH COOH Pt021 2 O HH OHO HHS5 (1) (2) (3) a R Experinental
The hydrogenati on vessel was charged with HOAc (16 vol.), 3-o0xo0-4- 10
azaandr owo B2/eén2e7 1713- carboxylic acid (1 w), and NHAOAc POT/O8G/48173, whil e
mai ntai ni ng the tenperature at 20-25C. fHhe system was purged three tines
with N2. The Pt02 (0.12 wt) was charged, stirring was initiated and the
tenperature was adjusted to 20-25C. The vessel was again purged three tines
with N2; following the third purge, stirring was stopped and the vessel
purged 15 three tines with H2. Stirring was resunmed and the batch all owed
to take up hydrogen. The tenperature was mai ntai ned at 20-25C for the

first 30 rﬂ/ﬁ%ﬁeﬁfwnh&ﬂbﬂﬁn@d(‘t 8 Vo) 6fite pasuilting)sdlidwhe Hricdnsh R filter faeat unt i |
the reaction was npl ete. Follow ng reaction corgl etion, stirring was

st opped argashid mé@ls@rs thﬁ&\sdrpﬁﬂlgé@wmaié%@r&f%1 18housp| ka Fl oc (0. 05

wt) was charged and stirring 20 was resuned. The hot reaction m xture was
recircul ated through a GAF filter unReBUishe sol uti on was clear and the hot
reaction fiItrate was then transferred to a clean vessel. The reaction
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conbi ned whéret hﬂBl’ gatios ohad i beemt »0O: 1\/omaamufamlsrmgadcmmﬂralmtsvaeuesszateab 3.6

vol umes anthoc}i{i]cg% Iesﬂ%é @J ‘é”é(t e‘?‘a tﬂ 23}@? reMet h%%rttﬁrflatgﬁ))

was added sl ur the 0 Obtain a nore
filterabl eatngsphescd mg@emnrr@aul&cam @Iﬁ»rzgo,s Ofﬁé or buacompasabledituded by

filtrati oncciflictd B4/ 447kt Y-S0 H83t/5-endD Miller et al. (Tetrahedron Letters
10 36(44): 7949-7952, 1995) screened a variety of catalysts in high pressure
hydrogenation. Other catalysts were screened, but o:p ratios of acceptable
levels could not be achieved at atmospheric hydrogenation. However, it was
surpriéingly found that addition of 2.5-10% (w/w vs. substance) of NH;OAc
restored o:f ratios to >10:1 (Table 1). Contrary to literature precedent,
15 ammonium chloride was not effective. Also ineffective were ammonium
dihydrogen phosphate, and sodium acetate. Tetramethylethylenediammonium
(TMEDA) acetate, was effective at improving the o:p ratio, but significantly

retarded the hydrogenation.

20 The results of a pilot study at 0%, 2.5% and 10% NH;OAc loads are shown in
Table 2. Atmospheric hydrogenation at 2.5 ww% NH;sOAc load was
successfully applied to batches of >30 kg input each (Table 3), supplying 83-
85% isolated yields of 3-oxo0-4-aza-5aandrostane (2) of >99% purity.

25 Table 1: Various Additives/Modifiers

INPUT (g) OUTPUT
1 PtO» additive 1 (%) 2 (%) 3 (%) |o:p ratio
(2.5% wiw)
20 2.4 |None nd 85.96 12.94 4.6
20 2.4 |NH4OAc nd 91.83 6.83 13.4
20 2.4 INH4HoPO4 84.51 3.19 7.21 0.4
20 2.4 | TMEDA 87.24 10.95 0.6 18.2
20 2.4 |NaOAc nd 84.00 | 141.13 6.0




washed with nethanol (1.5 vol). The resulting solid was dried on the filter
for at least 30 mnutes, then dried in vacuo at 50-60 C for 12-18 hours.
Resul ts VeOPBwkd20mi ng successful canpai gns using 276- 345 kPar/(U4Q-/48073psi ) H2
pressure, where a:(3 ratios had been > 1, manufacturing constraints
necessitated additional investigations at atnospheric H2 pressure.
Unfortunately, atnospheric hydrogenation resulted in a:(3 ratios of <5:1.
In a conparable study conducted on a 17(3-al kyl 4-azaandrost-5-ene, Ml er
et al. (Tetrahedron Letters 10 36(44): 7949-7952, 1995) screened a variety
of catalysts in high pressure hydrogenation. Qther catal ysts were
screened, Mt ridtd3tedagdgos of acceptable |evels could not be achieved at

at nospheri ¢ hydrogenati on. However, it was surprisingly found that
addition of 2.5-10% (W w vs. substance) of NH4OAc restored a:(3 ratios to
>10:1 (Table 1). Contrary to literature precedent, 15 amoni um chl ori de was
not effective. Also ineffective were amoni um di hydrogen phosphate, and
sodi um acet ate. Tetranet hyl et hyl enedi anmoni um (TMEDA) acetate, was

ef fective 'BébllermroQBIRajlcb aeVarioBisrNH OAcLdads/gatm. ént |y retarded the
hydrogenatian 20 The results of a3 pilot study at 004 2 5% and 10% NHAOAC

| oads are $hNMJOAC | Tabl e 2In-4ﬁr6&é§§${P|9CMéQQ@ha%)0n at| FhoYw18 0|NHAOAC

| oad was $ucces ty_—appft at Okg Tnput] eactr (Tagl e 3),

suppl yi ng $§3- Rﬁg%’r,nlo @5 pl}ﬂ@&ﬁ E- nﬁ’rﬁ@aza-@ S st ane (B) df >99%

purity. 25|Tabl eplp| Vari OlNij Addi t iAges /| Modi fp@gs | NPUT £.8)| OUTPUT 79 [Pt 02

additive | [TW Z.(94 3 (% TR ratjo. (2. 5% ) 20 2, 41 796 12.94

4.6 20 2_‘1_N|:|4£ﬁr5/m o) N g7 905 | 502 hONuipp2Ad 51 2 1 121 0.4
10.0 3.5 89.0 6.9 12.9 93

Table 3: o:p Ratio and Yield (at 2.5% NH4OAc load/1 atm H)

INPUT (kg) In-Process HPLC OUTPUT vyield (2)
Data (area %)
(1) | PtO, |[NHOAc | % (1) |%a@ | %B@3) | a:pratio | kg %

0.2 0.02| 0.005 nd| 90.5 7.5 12.1]| 0.17 83.0
33.5 4 0.84 05| 913 8.2 11.1] 28.5 84.7
33.5 4 0.84 0.3| 92.9 6.8 13.7 | 28.3 84.0




20 2.4 TMEDA 87.24 10.95 0.6 18.2 20 2.4 NaOAc nd 84.00 141.13 6.0 WO

02/ 46207 PCT/ US01/ 48173 16 nd = not detected Table 2: a:(3 Ratio at

Vari ous NHa@R¢s2bbads/ 1 atm H2 NHAOAC | n- Process HPLC Dat BCT/AS@EA8Y93 Th.
Yield (%9 % (1) %a (2) %(3 (33) a:Rf1Amtio % 0.0 Nd 78.8 20.8 3.8 79
2.5 Nd 90.5 7.5 12.1 92 10.0 3.5 89.0 6.9 12.9 93 5 Table 3: a:(3 Ratio
and Yield (at 2.5% NH4OQAc |l oad/1 atm H2) | NPUT (kg) In-Process HPLC QUTPUT
yield (2) Data (area %9 (1) Pt02 NHAOAC % (1) %(2) % (3 o a: (3 ratio kg %
0.2 0.02 0.005 nd 90.5 7.5 12.1 0.17 83.0 33.54 0.84 0.591.38.2 11.1
28.5 84.7 33.5 4 0.84 0.3 92.9 6.8 13.7 28.3 84.0 WO 02/ 46207

PCT/ US01/ 48173 17 Clains: 1. A pro%ﬁngor hydr ogenating steriod al kenes
conprising the step of 5 hydrogenati-Ag—o6ftt or nore doubl e bonds in the
presence of ammoni um acetate, anmoni um fornmate or anmoni um propi onate or

m xtures thereof and an appropriate catalyst. 2. A process for the

preparation of a steroid conprising the nethod of claiml1l. 10
1 process for hydrogenating steriod alkenes comprising the step of

5 hydrogenating one or more double bonds in the presence of ammonium
acetate, ammonium formate or ammonium propionate or mixtures thereof
and an appropriate catalyst.

2. A process for the preparation of a steroid comprising the method of claim 1.

10
3. A process as claimed in claim 2 wherein the steroid is a 3-oxo-4-azasteroid
and the corresponding steroid alkene is a 4-aza-androsten-3-one.
4. A process as claimed in claim 3 wherein the 3-oxo-4-azasteroid is a
15 compound of formula (l):
wherein:
20 R' represents hydrogen, OH, C4 alkyl, aryl or a heteroaromatic group;

R? represents hydrogen, Cy.alkyl, aryl or a heteroaromatic group;

R® represents hydrogen, OH, Cy. straight or branched chain alkyl, C1 straight or

branched chain alkoxy, aryl, heteroatom, or NHQ wherein Q represents

hydrogen, OH, C4; straight or branched chain alkyl, C4.s straight or branched
25 chain alkoxy, (A)



3. A process as clained in claim2 wherein the steroid is a
3-0x0-4-azasteroid and the corresponding steroid alkene is a

4- aza- andv092/¢120B-one. 4. A process as clained in clai m3Ppenesel/48113he

3- ox0-4-azasteroid is a 15 conpound of1gornula (1): ORI ON=R2 11l H
(I') wherein: 20 Rl represents hydrogen, OH Cl1_6 al kyl, aryl or a

het eroaromati c group; R2 represents hydrogen, Cl1L 6 alkyl, aryl or a

het ercoaromati ¢ group; R3 represents hydrogen, OH, Cl_6 straight or branched
chain alkyl, Cl_6 straight or branched chain al koxy, aryl, heteroatom or
NHQ wherein Q represents hydrogen, OH, Cl_6 straight or branched chain

al kyl, C1 6 straight or branched : sai n al koxy, (A WO 02/ 46207

PCT/ US01/ 48173 18 WZ R4 R (A W iy R4 and R5 are independently
hydr ogen, |ower al kyl, |ower al koxy 4 f1 uoromet hyl, cyano, hal ogen,
phenyl (optionally substituted w thX nore 5 hal ogens), or when R4

and R5 are on adjacent carbons, takenjjtogether forma fused 5, 6 or 7
menber ring optionally containing on apy4e oxygen or sul fur atoms; W
and Z are nethyl ene groups which takgnTnogether with the carbon to which
10 they are attached form a saturated, 3Rt o (&) nenber ri ng system
optionally:
wherein R* and R® are independently hydrogen, lower alkyl, lower alkoxy,
trifluoromethyl, cyano, halogen, phenyl (optionally substitutec with one or more
5 halogens), or when R* and R® are on adjacent carbons, taken together form a
fused 5, 6 or 7 member ring optionally containing one or more oxygen or sulfur
atoms;

W and Z are methylene groups which taken together with the carbon to which
10 they are attached form a saturated, 3 to 12 member ring system optionally:

1) substituted independently with one or more lower alkyl groups,

2) containing an oxygen or sulfur atom,

3) two said methylene groups of said 3 to 12 member ring are joined with a (C1.6)

alkylene group to form a bicyclic ring system; and

15

X is hydrogen or halogen

or (B)

RG
X
R7
R® (B

20

wherein R6 is trifluoromethyl, phenyl optionally substituted with one or more

halogens or branched (C4) alkyl groups, or branched (C4.7) alkyl;

either of R7 or R8 is trifluoromethyl, halogen, phenyl optionally substituted with

one or more halogens or branched (C4.7)alkyl groups, or branched (Cs.7) alkyl,
25 while the other is hydrogen or halogen; and

X is hydrogen or halogen.



1) substituted independently with one or nore | ower al kyl groups, 2)
contai ni ng an oxygen or sulfur atom 3) two said nethylene groups of said 3
to 12 nemvben2/sany are joined with a (C1_6) al kyl ene gr oupCT/oSé1648113a
bicyclic ring system and 15 X is hydroggen or halogen or (B) R -0~ R7 R8
(B) 20 wherein R6 is trifluoronethyl, phenyl optionally substituted with
one or nore hal ogens or branched (C4_7) al kyl groups, or branched (C4.7)

al kyl; either of R7 or R8 is trifluoronethyl, hal ogen, phenyl optionally
substituted with one or nore hal ogens or branched (C4_7)al kyl groups, or
branched (C4.7) alkyl, 25 while the other is hydrogen or halogen; and X is
hydr ogen or hal ogen. WD 02/ 46207 PCT/ US01/48173 19 5. A process as cl ai ned
in clains 3 or 4 wherein the 4-aza-androsten-3-one is

4- aza- andrstA pranessaseclaingd inclaims &ser 4vhgralmihe 4-azetanidioSentieoBe s t he

4- aza- androst4§Z§gnar&qq-) bS§-adneconmpound of formula (1) OR3 ONR2I1 R
(1) 10 where

5 6. A process as claimed in claim 5 wherein the 4-aza-androst-5-en-3-one is a
compound of formula (Il)

(i)

10 wherein:
R’ represents hydrogen, OH, Cy.¢ alkyl, aryl or a heteroaromatic group;
R? represents hydragen, Cy.s alkyl, aryl or a heteroaromatic group;
R3 represents hydrogen, OH, Cy.s straight or branched chain alkyl, C1.¢ straight or
branched chain alkoxy, aryl, heteroatom, or NHQ wherein Q represents
15 hydrogen, OH, C4 straight or branched chain alkyl, C1¢ straight or branched
chain alkoxy, (A)

Z
R*
R ()
20 wherein R* and R® are independently hydrogen, lower alkyl, lower alkoxy,

trifluoromethyl, cyano, halogen, phenyl (optionally substituted with one or more
halogens), or when R* and R® are on adjacent carbons, taken together form a
fused 5, 6 or 7 member ring optionally containing one or more oxygen or sulfur
atoms;



R1 represents hydrogen, OH, Cl1_6 alkyl, aryl or a heteroaromatic group; R2
represents hydrogen, Cl1 6 alkyl, aryl or a heteroaromatic group; R3

repr esentvo hyd¢ieoyen, OH, Cl_6 strai ght or branched chai n BCRYBS01/481736
straight or branched chain al koxy, aryR0 heteroatom or NHQ wherein Q
represents 15 hydrogen, OH, Cl1_6 straight or branched chain alkyl, Cl1_6
straight or branched chain al koxy, (A W-'"*"~ z R45 R (A 20 wherein
R4 and R5 are independently hydrogen, |ower alkyl, |ower alkoxy,
trifluoronethyl, cyano, hal ogen, phenyl (optionally substituted with one or
nore hal ogens), or when R4 and R5 are on adjacent carbons, taken together
forma fused 5, 6 or 7 nenber ring optionally containing one or nore
oxygen or sul fur_ atons; WO 02/46207 PCT/US01/48173 20 Wand Z are

met hyl ene Y anedsZvadtechetiylene gepmshwhiochi talken hegethebwitht ewearban tohwkichr e

attached f gidy areSatatRice®drm3 sStutate B RSN 2 hélbEY Bh& Sy QBH ShRraNy: 1)
substltuteq |nge epndently with one or nore | qwer al gr oups, g 2)

cont ai ni ng 14AY ﬁ@%ﬁi 'BFieéﬁW‘in VALY ne)ormfeggwar %@V'?/@'PH%’ groups of said 3
t o 125menb@) contadhing @n o oMgulfupatond, 6) al kylene group to forma
bicyclicr b?%%EFae%tr?y? ntg( g'rosup@yo '2HF3 S r‘I2hrr611|ercr)| &r rin&%rg Eoirggc] w'ﬁ% a (Cqs)

alkylene group to form a bicyclic ring system; and

X is hydrogen or halogen
10
or (B)

15 wherein RS is trifluoromethyl, phenyl optionally substituted with one or more
halogens or branched (Ca.7) alkyl groups, or branched (Ca.7) alkyl;
either of R7 or R8 is trifluoromethyl, halogen, phenyl optionally substituted with
one or more halogens or branched (Cs.7)alkyl groups, or branched (Cs.7) alkyl,
while the other is hydrogen or halogen; and

20
X is hydrogen or halogen.

7. A process as claimed in any one of claims 4-6 wherein R is hydrogen; R?is
hydrogen; R3 is hydrogen, OH, Cy4 alkyl, C1.4 alkoxy or NHQ.
25
8. A process as claimed in any one of claims 4-7 wherein Q is hydrogen, OH,
C1.6 straight or branched chain alkyl, C4. straight or branched chain alkoxy,
or (B)



X | R7 R8 (B) 15 wherein R6 is trifluoronethyl, phenyl optionally
substituted with one or nore halogens or branched (C4_7) al kyl groups, or
branched W@a2/#poal kyl ; either of R7 or R8 is trifl uoronet hgI/UShi480TEN,
phenyl optionally substituted with onefpr nore hal ogens or branched
(C4_7)al kyl groups, or branched (C4.7) alkyl, while the other is hydrogen
or halogen; and 20 X is hydrogen or halogen. 7. A process as clained in any
one of clainms 4-6 wherein RL is hydrogen; R2 is hydrogen; R3 is hydrogen,
OH, Cl1 4 alkyl, Cl1_4 alkoxy or NHQ 25 8. A process as clainmed in any one
of clainms 4-7 wherein Qis hydrogen, OH, Cl_6 straight or branched chain
al kyl, Cl1.6 straight or branched chgen al koxy, or (B) WO 02/46207

PCT/ US01/ 48173 21 R6 - X R7 R38 (B mhe&ein R6 is trifluoronmethyl or
branched (C4_7) alkyl; either of R7 [ trifluoronmethyl while the
other is hydrogen; and X is hydroGe —M process as clainmed in any one
of clains 4-8 wherein Qis hydrogen, 4 straight or branched chain al kyl
or 2,5-bis(trifluoronethyl)phenyl. 10. Thé prpgess as clainmed in any one,

of clainms 1-9 wherein the process is

wherein R8 is trifluoromethyl or branched (Cs7) alkyl; either of R7 or R8 is
trifluoromethyl while the other is hydrogen; and X is hydrogen.

9. A process as claimed in any one of claims 4-8 wherein Q is hydrogen, C.4
straight or branched chain alkyl or 2,5-bis(trifluoromethyl)phenyl.

10.The process as claimed in any one 'of claims 1-9 wherein the process is
10 carried out in the presence of ammonium acetate.

11. The process as claimed in any one of claims 1-10 wherein the ammonium
acetate is present in the range 1-25% wiw.

15 12. The process as claimed in any one of claims 1-11 wherein the ammonium
acetate is present in the range 2.0-10% w/w.

13.The process as claimed in any one of claims 1-12 wherein the catalyst is
selected from Pt,0,PY/C, Pd/C, Pd(OH) 2 and Ni catalysts.
20
14. The process as claimed in any one of claims 1-13 wherein the catalyst is
selected from Pt,0, PY/C, Pd/C or Pd(OH),,

15. The process as claimed in any one of claims 1-14 wherein the catalyst is
25 Pt20.

16. The process as claimed in any one of claims 1-15 wherein the the process is
carried out within the pressure range 103-3447 kPa.

30 17.The process as claimed in any one of claims 1-16 wherein the pressure
range is 103-414 kPa.



10 carried out in the presence of ammonium acetate. 11. The process as
claimed in any one of clains 1-10 wherein the amonium acetate is present
in the range246286% W w. 15 12. The process as clainmed i n payuUsnesos cl ai ns
1- 11 wherein the ammonium acetate is pzsent in the range 2.0-10% w w. 13.
The process as clained in any one of clains 1-12 wherein the catalyst is
selected fromPt20,Pt/C, Pd/C, Pd(OH) 2 and Ni catalysts. 20 14. The
process as clainmed in any one of clains 1-13 wherein the catalyst is
selected fromPt20, Pt/C, Pd/C or Pd(COH)2. 15. The process as clainmed in
any one of clainms 1-14 wherein the catalyst is 25 Pt20. 16. The process as

i hin t nolriesBibeos el cmoq s ARERRL By IgmisT TP A8RT0' de GRLPREds
any one of clcarmad eutl@ithindgheitempheatpreetanged0-raige is 103-414 kPa. WO

02/ 46207 PCT/ US01/ 48173 22 18. The process as clainmed in any one of clains
1-17 V\/nereln the rocess Is carried out within the tenperature range

50- 70C. 1919 a profasseassclained iy amyone ohglpipad-43 inthe preparation ¢f @ he
prepagati on @‘a_@du@tgggmﬁcbjm,ase inhibitor. 20. Use of a process as clained
in claim19 wherein the 5a-reductase inhibitor is selected from

17R- (N-t - butyl car banoyl ) - 4- aza- 5a- andr ost - 1- en- 3-one or 17p-

N- (2, 5- bi sZ20.1Udd ofba pnetdssl 99 changd taclbind @l wHereathesb enethiatase inhibitdrdame.

10 21. Use Ol RLPGRHT 175-(N-EhIFRakBhrfibA) 1L 0 Snadsti NEn2RohE QY qtrpse

I nhibitor is
17p=N- ( 2, 5- biN+{(2,brhis (iiupremefhyl)) phenylcarbanaybiaza-ag-ansiestrideos-oneen- 3-
10
21. Use of a process as claimed in claim 20 wherein the Sa-reductase inhibitor is
178-N-(2,5-bis(trifluoromethyl))phenylcarbamoyl-4-aza-5o--androst-1-en-3-
one.

15 22.A 5Soa-reductase inhibitor prepared by a method comprising a process as
claimed in any one of claims 1-18.

23. A 5a-reductase inhibitor as claimed in claim 22 wherein the 5a-reductase

inhibitor is selected from 17p-(N-t-butylcarbamoyl)-4-aza-5a-androst-1-en-3-

20 one or 178-N-(2,5-bis(trifluoromethyl))phenylcarbamoyl-4-aza-5a-androst-1-
en-3-one.

24. A 5o-reductase inhibitor as claimed in claim 23 wherein the 5a-reductase
inhibitor is 17p-N-(2,5-bis(trifluoromethyl))phenylce: bamoyl-4-aza-5o.-
25 androst-1-en-3-one.

25.A 5o-reductase inhibitor as claimed in claim 24 prepared by a method
comprising a process as claimed in any one of claims 1-18 followed by (i)
dehydrogenation to insert a double bond between carbons 1 and 2, (ii)

30 reaction with the compound of formula (lII)

CF3

wdy
CF3

()



one. 15 22. A 5a-reductase inhibitor prepared by a nethod conprising a
process as clained in any one of clainms 1-18. 23. A 5a-reductase inhibitor
as cl ai mado or4e2bai m 22 wherein the 5a-reductase inhibitoPCTASEI#SESt ed from
173- (N-t - butyl car banoyl ) - 4- aza- 5a- andr g3 - 1- en- 3- 20 one or

173-N-(2,5-bi s(trifluoronethyl))phenyl car banoyl - 4- aza- 5a- andr ost - 1-
en-3-one. 24. A 5a-reductase inhibitor as clainmed in claim23 wherein the
5a-reductase inhibitor is 17R N-(2,5-bis(trifluoromnethyl))phenylcF, ~

banoyl - 4- aza- 5a- 25 androst-1-en-3-one. 25. A 5a-reductase inhibitor as
clainmed in claim?24 prepared by a nethod conprising a process as cl ai ned

doubl > bordith il EafFessas Yo HEEsRY, sibjectl Y BN IS pbBIBt K0 o
formul a (19ng oCF®re Fdthed reactions @FBpNENG2/ 46207 PCT/ US01/ 48173 23 and

(iii) if n@?éﬁ'a(’mﬁaéﬂﬁ/a@ﬁt%ﬁ@b@g”?w!@}&%' Sgidie conpound thus obtained to

one or nor urther npri si ng;\@ga renmovi ng any protecting group
or groups;(baneprering thensempergdt e & sahRiadthereef gupvat Bhanracestticallit o a

phar ngceut dgaiptable 3ohefie HictBbe sol vate thereof.



