WO 01/ 27133 PCTI US00/ 21996 PROCESS TO PREPARE ANDROST- 4- EN- 17- CARBOXYLI C
ACI D CROSS- REFERENCE TO RELATED APPLI CATI ONS None. BACKGROUND OF THE
INVENTION 5 1. Field of the Invention The process of the present invention
.S a new Vayori9138" oduce andr ost - 4- en- 17- car boxyl ic aci ch&msﬁbznwsl ption of
the Related Art J. . o

nonoet hoxal yl pr oge 6t . : ' T1). .
Lett., 36(3) 833 (1995)Wwi scl oses t hat
oxone s a known _oxidi zing agent. This and ot her docunents discussing
oxone' s oxi di zi ngNO§r operti es teaches that oxone oxidation stops at the
epoxi de or diol stage and itgACKRGROGUNDOFEPME INVENITEONONdS produci ng
carboxylic acids. This includes oxidation of aldehydes to 15 acids, anines
to N oxides, thioethers to sul f oxilgBeldof thelnyegtign, = 5| kenes to epoxi des,

cyclic ketones tg | ﬂ%‘% anghhl ongﬁt B%ggn glas&wv%r 8 pRfdudddfoi.es-37.0n of

oxyl ates to acids er nat I cat1on 00515 di scl oses the
oxi dati on ofca?aoxlyﬁdﬂzgdl denepr egn- 4- ene- 3, 20-di one with ozone to give a seco
steroid, 3,5-secoandrost-5- oney . 1. The process of the
present invention does not use | NVENTI ON Di scl osed is
a process for they Qim0 @rehisos, 8%, 11@9((39&3ﬂnemmmmatoemomylamgem@e\@rm
ani on thereof, which conprises contacting a steroidal ketone (Il11) where Ri
i s sel ectied methoxylalylprogeserone@Msi sting of . (1) -OH, 25 (2) -OR I where

RI-1is: (a) C-£f Blkbe) 83P01953) B SCheR., 50, 1544 (1985) discloses that oxone

is a known oxidizing agent. This and other documents discussing oxone’s oxidizing

properties teaches that oxone oxidation stops at the epoxide or diol stage and it does not
cleave double bonds producing carboxylic acids. This includes oxidation of aldehydes to
15 acids, amines to N-oxides, thioethers to sulfoxides or sulfones, alkenes to epoxides, cyclic
ketones to lactams. There is no disclosure of the conversion of oxylates to acids.
International Publication WO90/00515 discloses the oxidation of 21-
benzylidenepregn-4-ene-3,20-dione with ozone to give a seco steroid, 3,5-secoandrost-5-
one-3,17B-dioic acid. The process of the present invention does not use ozone.
20 SUMMARY OF INVENTION
Disclosed is a process for the production of 17@-carboxyandrost-4-en-3-one (IV) or
anion thereof, which comprises contacting a steroidal ketone (II) where R; is selected from
the group consisting of:
(1) -OH,
25 (2) —-OR,.; where Ry is:
(2) Ci-Cs alkyl,
(b) trimethylsilyl,
(c) ~CHz-9,
where R; is selected from the group consisting of:
30 (1) -H,
(2) ~OR;.; where Rz, is:
(a) C)-Cs alkyl,
(b) trimethylsilyl,
© ¢,



(c) --CH2-%. where R2 is selected fromthe group consisting of: 30 (1) -H,
2) -OR2.1 where R2.1 is: (a) C-C6 alkyl, (b) trinethylsilyl, (c) $-,
WO 01/27133 PCT/ US00/ 21996 (d) -CH2-4, (3) -OH (4) Ci1-Cl12 alkyl, (5)
C3-C7 cyovoalanss 5 (6) -COOR2.3 where R2_3 is:  (a) ChrRisiidiyde (D)

C3- C7 cycl oal kyl , (c&@, 7) -CONHR2.3 where R2.3 is as Plne above 10
(8) -CO NR2.4R7.5 whe % and R2.5 are the sane or different and are

Cl- C6 al kyl, (913)_4)}ppt|onally substituted with 1 or 2 -F, -C, -Br, -CH3,
-NH2, -NO2, -OH, (110 C3-C7 cycloal kyl, (11) Ci1-C12 al kyI with
K2S05' KHSO4K2504(4)§3 Geathyl ED DESCRI PTI ON OF THE | NVENTI ON The start | ng

material for the I he present invention is progesterone (lI). The
(9;(@% le ; _
C3- ket one of pro stero I_;[ nmust be protected as is well known to those

skilled Bn the é&)t—CQ—ORg;swhnreRe;isned to protect the C3-ketone of

progesterone (I) as Z(n & g ther giving the C3 protected progesterone
(11). The preferred }) fﬁ] is the nmethyl or ethyl enol ether, 20 nore

preferred is the metyj Ceaptychialksl, -
© -0,

(7) —=CO-NHR3.3 where R is as defined above,

10 (8) “CO-NRz4R2.5 where R4 and R.5 are the same or different and are C;-Cg alkyl,
(9) —¢ optionally substituted with 1 or 2 -F, -Cl, -Br, -CHj3, -NH;, -NO,, -OH,

-OCHs,

(10) C3-Cs cycloalkyl,
(11) C,-Cy; alkyl with K3SOsKHSO4K>S0,. _

15 DETAILED DESCRIPTION OF THE INVENTION

The starting material for the process of the present invention is progesterone (J).

~

The Cs-ketone of progesterone (I) must be protected as is well known to those skilled in the
art. It is preferred to protect the Cs-ketone of progesterone (I) as an enol ether giving the

. Cs-protected progesterone (II). The preferred enol ether is the methyl or ethyl enol ether;

20  more preferred is the methyl enol ether.

The C;-protected progesterone (II) is then coverted to the corresponding steroidal
ketone (II). The steroidal ketone (II) can be of a number of different types depending on the
nature of R; and R,. For example, when R, is -OH and Ry is:

—CO-0OR3, the steroidal ketone (III) is the acid derivative

25 STEROID-CO-CH,-CO-COOR;.3 (HIa)
alkyl, the steroidal ketone (IIT) is the ketone
STEROID-CO-CH,-CO-[C-C,; alkyl]  (IIb)
-H, the steroidal ketone (II) is the aldehyde
STEROID-CO-CH,-CO-H (IIlc)
30 -9, the steroidal ketone (III) is the phenyl derivative
STEROID-CO-CH,-CO-¢ (IIId)
-OR;.;, the steroidal ketone (III) is the ester
STEROID-CO-CH,-CO-OR;.; (Ille)
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The C3-protected progesterone (l11) is then coverted to the corresponding
steroidal ketone (Il11). The steroidal ketone (I11) can be of a nunber of
different types depending on the nature of RL and R2. For exanpl _e, when R1
I-s - OH anwoR227133 - CO OR2. 3, the steroidal ketone (I II) ix@T,bg.ﬁ,,

(1 5 s ndOR B e e S s oty e o] ecpanf i d%‘slmkft
steroi dal keboespofdihg fautometit forms @@tyde STERO DCO“.I'G_IRZO COCS E]l\_/lg)ciég irilé;]e
steroidal ketone (II11) is ﬁﬂﬁ B&%n:\dr ﬁr '5&{3@5 STERO D-

-OR2.1, the steroidal keto ]E CHAOH) RereR®pH. cO- cH2- CO- OR2. 1
(Me) -2 WO 01/27133 Pﬂlmmm@ﬂgc(og)qggggm%@pqm@t to those skilled
in the art that the steroidal_ketone (LIl) derivatives have correspondi ng

tautoneridc forms (f-t) STERCS EFROIEGOCHRC(QIDF. dleta-t)

SEa 5 SERAG) 1 e BT 2 P (1)

]E:onverlsili);l of tge C3- prot eOI Q?Wtorrer fgflr)r;(onﬁ t;xme{m stereltgir(rjrgld ket one
rm , and.gor I espon u -

rrgt hoéls vel | kno %‘Vf’ Wgé’%g’l%#ﬂpéﬁ“%c?'?g‘fﬁf‘i’?g @btm&'?ﬁff’m ng fqrm % i s

desired to pﬁ@&ﬁfeepdnhﬁg mtdﬁxedﬁfdn\(m-l) qu:e('f’ﬁﬁﬂed thyiRethetisWeDk@6WE tl%s@gﬁﬁéder one

(I'1) is contagt Iw‘:l?thadl,alkyl | ate and a basic system such as 25%

met hoxi d¥/ md® rexarmple diis fi?fr% 3t the zoid degimativaiHla), the Caeprateatadc h as
hydrochl ori Qmﬁ@étﬂone ('ﬂ'j‘xsfcﬁﬁtﬁctecf \bﬂx Péiak G dx§BeSh& b Bty stkG 50RSs 25%

monoet hoxal yl progest er one or
methoxide/methanol in toluene followed by treatment with an acid such as hydrochloric acid.

In fact, the preferred steroidal ketone, monoethoxalylprogesterone or 21-
methoxylalylprogesterone (II) is known, see J. Am. Chem.Soc., 82, 1709 (1960).

15 The process of the present invention is performed by contacting the steroidal ketone
(III), or tautomer thereof (III-t) with OXONE. OXONE is a trademark of the DuPont
Company and refers to K2SO5 KHSO4K,SOy; also known as potassium peroxymonosulfate
also know as Karo’s salt. The process of the present invention can be performed without
any base but it is preferred to perform the process of the present invention in the presence of

20 aweak base. The base may be either organic or inorganic. It is important that the base
produce a mixture which has a pH of from about 1 to about 10; it is more preferred that the
pH of the reaction mixture be from about 4 to about 9; more preferably from about 6 to
about 8. Operable weak bases include bases selected from the group consisting of
bicarbonate, carbonate, acetate, hydroxide, phosphate, pyridine, pyrrolidine, piperidine,

25  piperazine, N,N -dimethylpiperazine, morpholine, N-methylmorpholine, N-
methylpiperidine, dimethylaminopyridine, aniline and trialkylamines where the alkyl
portion are the same or different and are C,-C,, It is preferred that the weak base is
bicarbonate, carbonate, acetate and phosphate; it is more preferred that the weak base be
aqueous bicarbonate. Operable solvents include water, ethyl acetate, ether, DMF,

30 methylene chioride, THF, C;-C,4 methanol, ethanol, propanol, butanol, acetonitrile, acetone,

methylisobutylketone, methyl-t-butyl ether and mixtures thereof; it is preferred that the

solvent is water, acetonitrile and acetone. The process of the present invention proceeds
between about —30° and about 60°; it is preferred that the reaction temperature be between

about 0° and about 25°.
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met hoxyl al yl progesterone (111) is known, see J. Am Chem Soc., 82, 1709
(1960). 15 The process of the present invention is performed by contacting
the steroidal ketone (IIl), or tautonmer thereof (Il1l1-t) with OXONE. OXONE
is a tradgowisried the Dupont Conpany and refers to K2SQerdiisadios@SO4; al so
known as potassi ym peroxynpnosul f ate | so_know Kar o! : process
of the present in tP‘E)WX‘Eﬁ’H‘ %%“‘FSF ocoﬂpi]eﬁeoﬁt etegﬁlﬁe%gysgmﬁéf’ "ITis
preferred t owfeicksdi theetefidat Rasneataripamaperea ditor Motk isclitsiare reinavedifrmence

of 20 a weak base. The base may _be ejther orgapi.c or inorganic..|]t is
i mpor t ant  t hthe crudereagtion mb@ﬁdﬂ@?’é"ﬂ&&ﬁ?@'\lﬁi“gﬁg fygste &ﬂ‘ﬁllfg se??”b"k about 1
to about 10; iifeni Gref@htly ReRhE). FIRe filthd is tddRd fatiperxidevarn seadiotide ﬁiép\éi' atide be

fromabout 4 to about 97 nore preferably fromabout 6 to about 8. QOperable
weak bases iquehched abresessary sithisedigmibisgHite. nEhepibofishe mivdurs showld beradjusted to

bi car bonat e, _ éﬁ E}%%Ig%}t ‘g%‘fd%gg{‘ﬂ‘ﬁ’“ﬁ hyg &é&eﬁﬁm sggllﬁr?rog#ﬁ{; Gnd RYfkbdlhp s is known

pyrrolidine, pl perazi | pi perazihe,
nmor phol i ne, d-thast kiitledin piiecrt to rovide thesdesipddprpduct.di ne, di net hyl am nopyri di ne,

aniline and trialkyl am nes. where the alkyl tion are the same, or

different and ar érb)éi’-r‘@&?" ﬁﬁ'?agb"ﬁly é‘ﬁ%ﬂxﬁf’é‘? MS‘%@&W“ B%\%’%oeﬁ%‘:hdemc

bi car bonat e, ac'(gf’,-tlﬂgﬁt&ieni@ﬁ&&%ﬁro@nae&hﬂsﬁﬁk ic dcid drS-oHLPardiréitene124- t hat
e

t he weak base aqueous bi car bonat e. erabl e sol vents include water,
et hyl acet at erboaylicacid, B\Rows seendiSBatent 8,680,524 andSyn. et 6 ST 8 (98 hnol |

et hanol , propanol, butanol, acetoni Mone, met hyl i sobut yl ket one,
met hyl -t-butyl ether and m xtures t ; Is preferred that the

sol vent is wat er  Thedlefisitiorisrand explandtiensdtloware fion thegeros as used thropghoyy this ent

i nvention proceeds between agbqut - 30..and about it is preferred that
the reaction® P%ﬂﬁ%ﬁlﬁgng}mgwg%%h“gggﬁﬁag%ut 25. -3 WD 01/27133
PCT/ USO0/ 21996 When the reaction | SDEEINETIONSd to be conplete as

determ ned by HPLC or TLC with regard.tqQ the steroidal ketone starting
material 111 or AJHGH’(P)’","‘“E??@I%’BI“F%E‘S at ved from the crude reaction

m xture (prefera%&oﬂ&o%rhﬂ:ﬂf(@élﬁ@ﬂhn&ﬂﬂhbi&emgfa@mmitcs rinsed with

solvent (preferably acetone). The filtrate is tested for ger&xide%vith
star ch/ i odi dpurifiepian/ssparation o ePRPRIAISLXPrEted 28 (PDPAy elHenth dt 1§ HPYAYRRG PR, The
pH of the m ean %ﬁoﬁﬁ%&ﬁ@& a?éiﬂadb?etdenﬂd Eéhcentrated to give the desired compound(s).

CMR refers to C-13 magnetic resonance spectroscopy, chemical shifts are reported

20  in ppm (d) downfield from TMS.

NMR refers to nuclear (proton) magnetic resonance spectroscopy, chemical shifts
are reported in ppm (d) downfield from tetramethylsilane.

THE refers to tetrahydrofuran.

DMSO refers to dimethylsulfoxide.

25 Pharmaceutically acceptable refers to those properties and/or substances which are
acceptable to the patient from a pharmacological/toxicological point of view and to the
manufacturing pharmaceutical chemist from a physical/chemical point of view regarding
composition, formulation, stability, patient acceptance and bioavailability.

When solvent pairs are used, the ratios of solvents used are volume/volume viv).

30 When the solubility of a solid in a solvent is used the ratio of the solid to the solvent
is weight/volume (wWt/v).

Oxone is a trademark of the DuPont Company and refers to KaSOs KHSO4K3S04;

also known as potassium peroxymonosulfate also known as Karo’s salt.

-4-



a pH between 4 and 5 with strong acid (preferably sulfuric acid) and
wor ked-up as is known to those skilled in the art to provide the desired
product. The product, 17p-carboxyandrost-4-en-3-one (I1) also known as
oxoet i ochwioami2z133 aci d, 3-oxo-4-etienic acid, androst-4-eperddooniédgoxy!ic
acid or 3-0x0-4-androstene-17-0- to ,c acid, is known see, US

Pat ent 5, 650,526 and Syn. Lett., 6, Mﬁw%) DEFI NI TIONS The
definitions and Mmbﬁtrfaﬁheﬁlhbhﬁﬁﬂwﬁtai&lifeﬁédthhem‘eﬂhnﬁdm&hdkﬁﬁéintﬂsi gdout

h t d | udi both the s on andthe clalms
}:)E;ZIS NI 'el'ln Cll\lrs%r s ‘)ﬂ °S‘E'§1I‘F§g'rpgf"llﬁ‘Fgg‘°§Feée’}t RYER gt@f?ﬁﬁ FegticThedplleting ogr aphy
(colum and d&hmlkxe:hp@maweaWtb picphR/tRe m;oupwmﬁduﬁ&stdnw péRAMmdkd ON Of

conmpounds expressed a port, el uent). i s understood that the
appr opri dt e VRS PF°6PF§°5&§‘ éh%‘BYﬁ“@Gn anmare tﬂﬁe@m@eéas merely illustratiee, dmtnqrt] ed I
conpound(s) yinfidi o ca
shifts are rhepor ]{sg?ﬂ%%r%cgdlg%&é? f%ﬂ?(rg% g&'i@%g%\{&&ﬁﬁ é?sa& elm

nucl ear ( pr eromptlymecggrize approtpslaleamnmomp&ombspmpgdures bethias &l re&icnarist #hd affce
reported in m (d) . downfield from etr math | silane. THE refers to

t et r ahydr of ﬁérjagtﬁon ‘%ﬁl?g srag?ger’:gmf‘%escﬁ’ 1°§1? ®Bxi de. 25 Pharmaceutical |y
accept abl e PREBARArmoNhoselmaﬁ@rymymogmdfoﬁé(mub)stances whi ch are

acceptable to th tient from.a pharnacol ogi cal /toxi col ogi cal point of
Vi ewpan d% o0 the 5. Hg‘ﬁ%y&&gﬂ?‘?égd‘ﬁhgq’ﬂ%l}ﬁhé’ ther(H progesterasf3 amethylenol

physi Ca|/Ch€iﬁbe@dJ§ aumol&hxi{t&wnemm Weﬁﬂ@???ﬁtéﬁﬁs-d LEOED..ER8,

stability, patien ccept ance and bi oavai | @bl en sol vent pal Fs are

used, the r&at’d8s3-4) mbds adsed foliowed b&ﬁ@mmﬂwﬁtml(lﬁ% 139 mb). TBOreddtion t heh
20 b1 1117 Sl 35 OBy S0 bl LUy 11
Conpany andhneit sreericbed@iSChydébiBiloticle2id@10.9 nd). snxekeamm X0 i3IS 1Y Blirred
Peroxynggos gun?i% cll Wo kiég %Me nexth%(r)t?nnsg by rclarglovmg the lower aqueous phase,
extracting with water until the pH is > 2.5 and displacing the toluene with methanol. The
mixture is cooled to 0-5° and filtered. The cake is washed with methanol/water (15/, 2 x 20
ml) and dried on ahitrogen press overnight to give the title compound, ESIMS [M-H]
calculated Co4H3,05 = 399, found 399,
20 EXAMPLE1 17B-carboxyandrost-4-en-3-one (IV)
A vigorously stirred mixture of 21-Methoxyalylprogesterone (IMla-t,
PREPARATION 1, 4.0 g, 10.0 mmol) and solid sodium bicarbonate (8.40 g, 100 mmol) in
acetone (100 mL) is cooled to 0-5°. A mixture of oxone (15.4 g, 25.0 mmol) in water (60
mL) is added to the slurry of 21-methoxyalylprogesterone (Illa-t) over 15 min and the
25  mixture is warmed to 20-25°. When the reaction is complete, the solids are removed from
the crude reaction mixture by filtration and the waste cake is rinsed with acetone (50 mL).
The filtrate is assayed for peroxide with starch/iodide paper and quenched as necessary with
sodium thiosulfate. The pH of the mixture is adjusted to between pH 4 and 5 with sulfuric
acid (1 N). the acetone is then removed under reduced pressure. The product is collected
30 by filtration, rinsed with water and dried under a stream of nitrogen to give crude product
().
The crude product is recrystallized by dissolving it in a solution of

methanol/water/THF (80/20/10) at reflux and concentrating. The slurry is cooled to 0-5°
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-4 WD 01/ 27133 PCT/ USO0/ 21996 EXAMPLES Wt hout further elaboration, it is
believed that one skilled in the art can, using the preceding description,
practice the present invention to its fullest extent. The follow ng

detail ed exa descri be how to prepare the various ngg%%@ d/ or
perforn]t Vé?lous processes of the invention and are t0 éécgﬁstrued as
merely ill ussmam stdids a:adommed blyifileratiat,i washedoitt dvetope/methanal §10M03 eththkmde in

wh h il
Apr opr i At o E BEPeRS B M is SoPBREHLYG PARO.6 ROWRE Y56 BEINE S

reaction congpiiiqns:.es)d48-2aqimun 1484 sgt(mnhi,omtmsesﬂsmﬂmowm
21- N@thoxyalylprogesterone

oot o e L W50 G adng Senap. 2o ot b o 2 e 1 n
tol uene (40 ?k dﬂby SO PSMISD-&5, ﬁ’fﬁmﬁz%m@s% 2517/93.96, 33560 Nl )

IS added un1nethOX|de (25% % reaction mxture
is heated t03B52 3&156;13&0&3)5 &l 385,383 4, 43:2%, 58 H'é 54e1dc 4%12%1%é7ﬁ37%t e (about

3 hr), it en drochloric acid (10.9 m ). The reaction

m xture is sfﬁﬂ#& @¥§f¥@35?§9§Vernight and worked up the next norning by
removi ng the | ower aqueous phase, extracting with water until the pHis >
2.5 and displacing the toluene with nethanol. The mxture is cooled to 0-5
and filtered. The cake is washed with nethanol/water (15/, 2 x 20 nl) and
dried on nitrogen press overnight to give the title conpound, ESI M

[ MH - calculated C24H3106 = 399, found 399. 20 EXAMPLE 1

170- car boxyandr ost-4-en-3-one (IV) A vigorously stirred m xture of

21- Met hoxyal yl progesterone (Ella-t, PREPARATION 1, 4.0 g, 10.0 nmol) and
solid sodi um bi carbonate (8.40 g, 100 mml) in acetone (100 n.) is cool ed
to 0-5. A mxture of oxone (15.4 g, 25.0 nmmol) in water (60 nl) is added
to the slurry of 2 1 -nethoxyal yl progesterone (fa-t) over 15 mn and the 25
m xture is warnmed to 20-25. Wen the reaction is conplete, the solids are
renoved flfom the crude reaction mxture by filtration and the waste cake
is rinsed wwth acetone (50 niL).

20



The filtrate is assayed for peroxide with starch/i odi de paper and quenched
as necessary with sodiumthiosulfate. The pH of the mxture is adjusted to
between pH 4 and 5 with sulfuric acid (1 N). the acetone is then renoved
under redwodrpsgssure. The product is collected 30 by f%{.@g“ %5' rinsed
with water and dried under .a streamof _nitrogen to give Cru f# Quct

(I'l'). The crude product is recrystall f—%é&lléy dissolving it in a solution of
nmet hanol / wat er/ THE (80/20/10) at reflux and concentrating. The slurry is
cooled to 0-5 -5 WD 01/27133 PCT/ USOQ 21996 and the solids are collected
by filtration, washed with acetone/ net¥fZnol (10/90) and dried wunder
nitrogen to give the title conpound; R (DVMSO, d6, 500 MHz) O. 66,
0.87-0.93, 1.04-1.12, 1.13,1.48-1.57% | Iq m, 1.48-1.57 (2H, m,

1.58-1.73, 1.75-1.81, 1.92-2.00,(gHA ﬂ 1.92-2.00 (2H, m, 1.92-2.00 (2H,
m, 2.00-2.29, 2.34-2.43 (2H_Q a‘ 43 (2H, n),_/(|)5 5.62 and 11.89 6;
CVMR (DVBO d6, 125.77 Miz) 13 .83, 20.40, 23.17, 23.96, 31.59, 31.92,
33.56, 35.00, 35.11, 37.55573€A 42.98, 53.12, 54.41, 54.62, 123.13,
170.75, 174.75, 174.55 and 197.87 6. 10 15 20 -6 :ill WD 01/27133

PCT/ USO0/ 21996 CHART A H3 C=O(I)lOICHS

Q)

CHy

C=0

ng o
|
|
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C0 (U RB-OOR Il CH=C,, C-R (IIl) O0OIC/H(IV) O-7 WO
01/ 27133 PCT/ US00/ 21996 CLAIM5 1. A process for the production of
17p- car boxyandr ost - 4-en-3-one (1V) or anion thereof, 0 1 OH (lI'v) 5 which

conpri ses wounAedsi ng a steroidal ketone (I111) OR | %bo/z\%%s"‘here Rl :

Is selected fromthe group -consisting gi PS) -OH, (4) - ere R1-1
Is: 15 (d) Ci1-C6 alkyl, (e) trinethy

1. A process for the production of 17B-carboxyandrost-4-en-3-one (IV) or anion thereof,

_on
&
(V)
o)
5
which comprises contacting a steroidal ketone (III)
M _cH= c’R’
c¢” ~
()
®)
10
where R, is selected from the group consisting of:
(3) -OH,
(4) —OR;-; where RH is:
15 (d) Ci-Cs alkyl,
(e) trimethylsilyl,
& —CHx¢,
where R; is selected from the group consisting of:
9) -H, ] B N

0 (0)-ORes whers Rasis | lllllll lllllllllll Hlll lHIll

() C,-Cg alkyl,
(b) trimethylsilyl,
© ¢
(d) -CHz-¢,

25 (11) -OH,



(f) -CH2-$, where R2 is selected fromthe group consisting of. (9) -H 20

(10) -OR2.1 where R2.1 is: | 211212122 et reeer reerr 11 1111 (a) G-C6
alkyl, * CLM$ * (b) trimethylsilyl, (c) $-, (d) -CH2-4, 25 (11) -OH,
-8 WO 01/ wolR7BLT/ USOO 21996 (12) Cl-Cl2al kyl, ------ pCERSod20de”

cycl oal kyl , llllé@l& -éljﬁjlkgl 1111111111111 (14) -COOR2.3 where R2.3 is: * C
L Ms * (d) C kyl? '(e) C3-C7 cycloal kyl, a) -41 (15) “CONAR2.3—--

where R2.3 is as (d};fcpegicﬁmkg] (16) -CO NR2.4R2.5 wher
t he sane or dlfferent %O are C -Cg6 alkyl, (17) -4 optjm T’gﬂi 3@'7 ﬂifed
with 1 or 2 -F, {¢4 Ruﬂl}sw B, - NO2, - OH, 10
cycl oal kyl, (19) CI vmth K2S05, KHS04 KZSO4 15 2. A process
for the production of car box androst-4-en-3-one (1V) according to claim
1 where R is -0OH 3. (%ér%nwslga kelk t he production of
17f 3- car boxyandr ost - 4“? _¢3 one (1V) according to claim 1 where R2 is
-CO OR2. 3.

(15) —-CO-NHR32; where R ; is as defined above,

(16) —CO-NR3.4R2.5 where Rz4 and Ry are the same or different and are C;-Cg alkyl,
(17) ¢ optionally substituted with 1 or 2 -F, -Cl, -Br, -CHs, -NH,, -NO,, -OH,
10 -OCH;,
(18) C3-C; cycloalkyl,
(19) C-Cy; alkyl,
with K2SOs KHSO4K;SO,.

15 2. Aprocess for the production of 17B-carboxyandrost-4-en-3-one (IV) according to claim
1 where R, is -OH.

3. A process for the production of 17B-carboxyandrost-4-en-3-one (IV) according to claim -
1 where R; is -CO-OR23,

20
4. A process for the production of 17B-carboxyandrost-4-en-3-one (IV) according to claim
3 where R;; is C,-Cg alkyl..

5. A process for the production of 17B-carboxyandrost-4-en-3-one (IV) according to claim
25 4 where Ry.3 is C;-C, alkyl..

6. A process for the production of 17f-carboxyandrost-4-en-3-one (IV) .according to claim
5 where Ry.3 is C) or C; alkyl..

30 7. A process for the production of 17B-carboxyandrost-4-en-3-one (I) according to claim 1

where the process is performed in the presence of a weak base.



20 4. A process for the production of 17p-carboxyandrost-4-en-3-one (N) ;
according to claim 3 where . S. A process for the |
production of 1713-car boxyan(ﬁmmmumlm”tmml V) according to:claim 25 4

where R2. woe/@313sC4 al kyl . . *A protes% for *the product ppfuRse21996
17p- car boxyandrost - 4- one ding.to claim 5 where R2.3 is C
or 2 al kyly 8" doproces 05915@&0;@04@9%%@%5@@ P4y 3-one (I according to claim 7

17p- car boxyaMexefiﬁe»éeama;eﬁ&ﬁxcésldanapmﬁdwm:watfohamnI where the process
is perfornmed in the presence of a weak base. -

1111211121121211211212121121121111 WO 01/27133 * C L M$ PCT/ USOQO 21996 8. A
process for gh QQQFQ - 3 | cco |ng
to claim? %ng‘r ES%HhQ acstileom)f(i ces i %‘r%ﬁ%‘ea ‘fm{d' j0 S8t

9. A pr ocesswhmethemeaklbas:kmd)dwesqudﬂf(cﬁnabuubéxqaﬂmdrmst 4- en- 3-one (II)
according to claim8 5 where the weak base produces a pH of from about 4
to about 9. 10. A process for the production of

171 3- car boxy 300 prokesé fo? thePrédiRtiér 6f)179rc%b£9an&o§¢04- -Biofe () 28dRdify ol ak

base is selected fromthe group consisting of bicarbonate, carbonate,

acet at e, hyd? Hhergahe weak bpseds eelecwlrm the groyp corsistiag ﬁébscngw@te, erhpoate,
| perazi ne, %El,ngipd" hol i ne,
IQI- ﬁet hyl pi peri ([}ll‘ %rg’ga@n%niy"#ﬁ o%‘i'/'?. | ne,ﬂ;ﬁ%pieﬁcﬁge,y%ﬁ{z“ al’ yloam nes

wher e t hgoal ﬁnyﬂetlymlpmmeamerphhlm&sHﬂaethylmoqhblﬁm NrAtnethyigipenidineC1- C4. 11. A

process for the .producti. an of..171 hox 4- accordi ng
to claim 155%%%%@? e n‘v'f/eanﬂmfi%%d ?rfaik gﬁ"}ég?sb%%ﬁ the ali(gqufghoé‘taée th%%aé‘feé’t' e and
phosphat e. 12iffeRnpandaasS,-€or the production of 17

j 3-carboxyandr ost-4-en-3-one (11) according to claim 11 where the weak
base i s aqueous bicarbonate. 20 13. A process for the production of

1713- car boxy 10K pidcesd 16 IhcFprolibh b 1 7BCaRon|dMdrdsa-¢h BldNe (B %@tﬁ'ﬁxﬁg to i OCESS

is performed in a tenperature range of about -30 to about
15 10 where the weak base is bicarbonate, carbonate, acetate and phosphate

12. A process for the production of 17B-carboxyandrost-4-en-3-one (II) according to claim

11 where the weak base is aqueous bicarbonate.

20  13. A process for the production of 17B-carboxyandrost-4-en-3-one (II) according to claim

1 where the process is performed jn a temperature range of about -30° to about 60°.

14. A process for the production of 17B-carboxyandrost-4-en-3-one (II) according to claim
13 where the process is performed in a temperature range of about 0° to about 25°.

25
15. A process for the production of 17B-carboxyandrost-4-en-3-one (II) according to claim
1 where the solvent is water, ethyl acetate, ether, DMF, methylene chloride, THF, C,-C,4
methanol, ethanol, propanol, butanol, acetonitrile, acetone, methylisobutylketone, methyl-z-
butyl ether and mixtures thereof.

30
16. A process for the production of 17f-carboxyandrost-4-en-3-one (II) according to claim

15 where the solvent is water, acetonitrile and acetone.

-10-



14. A process for the production of 170-carboxyandrost-4-en-3-one (I1)
according to claim 13 where the -process is perforned in a tenperature
range of about O to about 25. 25 15. A process for the production of 17

f 3- car boxy@ps7est - 4-en-3-one (11) according to claim :Lﬂﬁiﬁﬁf%P sol vent
is water, ethyl acetate, ether, DMF, nethylene chloride

met hanol , et hahprocesp qup!wrmducm efrid B—cadpoemmosw-bxe}oac @D@neprding to claim
hereof. 30 16. A

nethyllsobu ures

process fortl)%e pro uctl on ?Ealu} -car %QS 2‘?6 i3~ 6he (11) according
to claim 15 where the solvent is mater acetonltrlle and acetone. -10 WO
01/ 27133 P 00121 17. . A.process for t ctlon of

17p- car boxy id} BOEEE B R ] oSt 8 s st 2 (o
about 10seqw4%bxe@b&n9ftomﬁﬂm%%kﬁoﬂmswms&m&s@&%ess for the
production of 17p-carboxyandrost-4-en-3-one (I1) according to claim 5 14

where about 3 to about 6 equival ents of K2S06 KHSO4 K2SO4 are used.
~~~~~~~ hu Il 11111 IN -11
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