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SUMMARY OF THE INVENTION
This invention relates to processes for the preparation of novel 7-carboxy substituted

steroid compounds of Formula I,
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Z, and Z, may be taken together to form a carbon-carbon double bond;
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These novel intermediates are useful in the preparation of 7-carboxy
substituted steroid compounds, and particularly, the invention is directed to novel and
advantageous methods for the preparation of 9,11- a - epoxy-17- a -hydroxy-3-
oxopregn-4-ene-a-21-dicarboxylic acid, y-lactone, methyl ester (eplerenone;
epoxymexrenone).

A key step in the processes of the present invention is reacting a novel steroid

intermediate of Formula I,
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In the detailed description, the following definitions are used.

)CH=C( OSi RC1-
k¥l si | anes,
4 - al kyl furans and

The term "alkyl," by itself or as part of another substituent, means, unless otherwise
stated, a straight or branched chain, or cyclic hydrocarbon radical, or combination
thereof. Examples of saturated hydrocarbon radicals include, but are not limited to,
groups such as methyl, ethyl, n-propyl, isopropyl, n-butyl, t-butyl, isobutyl, sec-butyl,
cyclohexyl, (cyclohexyl)ethyl, cyclopropylmethyl, homologs and isomers of, for
example, n-pentyl, n-hexyl, n-heptyl, n-octyl, and the like.

The term "aryl," (Ar) employed alone or in combination with other terms (e.g.,
aryloxy, arylthioxy, aralkyl) means, unless otherwise stated, an aromatic substituent
which can be a single ring or multiple rings (up to three rings) which are fused

together or linked covalently.
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Under similar conditions however, indole and orcinol produced yields of <10% and

complex mixtures. Vinyltrimethylsilane and trimethylsilylacetylene failed to react.

Schematic Summary

As noted above, compounds of Formula I may be used as starting materials in

the synthesis of eplerenone. Schemes I and II provide a schematic flow diagram of

examples of the use of a compound of Formula I, produced by the process of this

invention, for the preparation of eplerenone.
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of t wo Rigpaatiemed thagtaitingtoaaterial Jt(Scheasme Bc®Bp, 78,110~ trlhydroxy-S-
d cul ture of

o BRG0P ShEARE I a8ta ed B8 sty e s to first
t r@ﬂﬂc@ﬂﬁﬁrdsﬁ:@ @451917 b Qﬁﬁ‘ﬁrsﬁ‘lsrﬁer%x@cul ure R%S)Zpl?cﬁcé gossypina

andr osten- 3p, 70-di ol -17-one (see
c oAT&€E120512 isymosyre BodGodiploddi thkelﬂrﬁma EFQI6HE9)ao generate 5-

b ed ture of Aspergillus ochraceus ATCC 18500
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( SEBETR o w1t§‘§ sﬁpﬁ%gleéf Shi¥ure Bﬂﬁ Afﬁgzélug o0, ggetus ATCC 18300 to

5-anrosten-3 one wt nmer ge

Abgandiate S-aedrosted 38730 10661 17-0ng @ NSERLR: D). Altematwely, one can
5-androsten-3(3, 7(3,11x-triol -17-one 1(Schene 1). 10

St @@éaCI 5-anepsient APEolH ey ith asehmergedcwtird obdbsidid coerulea ATCC

{ ret T seieku® srandraenr b7 b el 2ok 6ot Beccur s
vveII known in the art to give 2 and 12. Acylating

reagents include | ower al kanoi c anhydrides, |ower
al ardiAandlIBhl ori des, | ower al kyl carbonyl chlori des,

s TdrpR YRR (opdahh (SOsTEaD ftharliled pythieaiondating reagent in
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di i sopropyl et hyl e an ernatively,
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mixed carbonates (RO-CO-O-) can be achieved by reaction with an
alkoxycarbonyloxybenztriazole in the presence of a tertiary organic base by
modification of published procedures (Harada, T., et.al., J .Carbohydrate Chem.,

(1995), 14, 165).

Steps I-B and II-E

Reaction of the triacylated compounds 2 (Scheme I) and 14 (Scheme II) with a
nucleophilic reagent in the presence of a Lewis acid, usually in an inert solvent such
as acetonitrile or methylene chloride, gives 3 (Scheme I) and 15 (Scheme II)
respectivly. Suitable nucleophilic reagents include, but are not limited to, tri-
alkylsilylcyanides, 3-silyl substituted alkenes, enol acetates, silyl enolethers,
allylstannanes, N-alkylpyrroles, N,N-dialkylanilines, silyl enol thioesters, silyl enol
esters and electron rich heteroaromatics such as a 2-alkyl substituted furan. Suitable
Lewis acids include, but are not limited to, transition element triflates (OTf =
OS0,CF;) such as Sc(OTf)s, Ce(OTf)s, and Yb(OTT)s, and Molybdenum(II)
complexes such as Mo(CO)s(OTf), and [Mo(CO),Br3],.
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S f d Yb(Orf) 3, d Ml ybdenu
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WSa904D 043 9BA PCT/ US2003/ 007284 Steps I-C and I1-F

rol.ysis, of the acyl groups of 3 (Scheme 1) and 15
I(—Iy sﬂﬁ’eﬂfe‘”ﬂ ntergediatps 42/3‘(1‘3 (Schemed) greetnsted wikh) adetylene to

b eHe theliiRth ARl Ao g%glg@éﬁl{h systien ?%erg)&saléeme m

bi'carbonate or ca ona

pacesrdingrio pardedunas describali idnhdlieamie f@ﬁie@or SXxafipRd: $Bhwede, W.,
hydr xg{je ['ithium Dbi car bonate and the |ike, using

met-Angferids: 4158 ent66; Cagsyi Bnkaket-sl., WAmeaCb@nsSﬁde%) 121,

Sl Sl i ¢ Asih§é&§1ggc?9%§3 BRI oAB-5 7t B AT 1. Mea.

pr@hmde(l@ﬂié) (3«5(21&)5 Bomld Mentadeli Vi &, cme@la@b éorﬁl%ﬁhe@%) 47-
10 accordin rocedur es

d &3 g‘f“ﬁ@év( - 41h g eV?tteéfcﬁ‘t (hO81), sEis2 r50@ dtagel. Schatediedron
iy ) SR 187 .

smwm é.pttV\(lQQO),aWOS 8Stehrivtigisen, 1088 b6.a16 3 Bled. éﬁénlg@%) 33(8),
Med. Chem (1993), 36(21)
T@PS‘(‘ AOO)A Owlon@%ly,afhe trihyioe s cempowshinster 190y ba7-  8:

5Q99;
Pa eEtthll&ﬁ{ed%bl%hougﬁé{agﬁr? %%to feltg &c} itigymy 3 écgg)ieng g dylatign is
S. awlemd with hexGnetioyldisildzA@940d, a Bfd a8id KRLAPKRN abtrimethylsilyl
et , al Chem  Lett. (1990), 1705-8; Christiansen,

Reloride og pacchayin. \fodlowerecthe additonpf a@&@@)e, the mmhmﬂyl groups

o ALY B RPRUS T e B

agtodphoric acﬁ_d,a_eea-mk@mmmﬁiihmlfgbhaa ah$thedkBi eved wi th
hg,xamet hyl di sil azane and a mld acid catal yst such as

hyI silyl 20 chloride or saccharin. Follow ng the

a%ﬁ%r{llggfﬂ rtllcﬁﬁgt%y I]E&Slﬁdlgpis 6#50&%136% agé,l !l%@ A ou is ezlicrh?eved by

mhpdorm3itidn of§ @hd ¢2 &Gihtarbon monoxide and hydrogen in the presence of
a catalytic amount of rhodium catalyst and a rhodium coordinating ligand according to
procedures described in the literature (Wuts, P.G.M., et.al., J .Org.Chem. 1989, 54,
5180; Botteghi, C., et.al., Tetrahedron, 2001, 57, 1631). The reaction is conducted at
a pressure of from 14-500 psi, preferably from 100-200 psi. The ratio of hydrogen to
carbon monoxide is 1/5 to 5/1, usually 1/1. Suitable rhodium catalysts include
rhodium acetate, rhodium chloride and dicarbonyl acetylacetonato rhodium II.
Suitable ligands include triarylphosphines, trialkyl phosphites bidentate phosphines
such as xantphos, bidentate phosphites and the like.
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1§at1qng<é q(\)ﬁScﬁgpe Dito 6a 53%‘3@1@@1@“4 16, gheme H) to 5 ¢gheme I0) can

el feBlthed Fith, a%ngt:){ of st st-gﬁctl 3%9915818% re%g )?atn%pllgsséf)suitable

T e reactioni1s c ucte

14x5410ing Séagepts e hiidebIodofucoinihiR/ 2@4bupa lamaniﬁBurh addi@e @rauvs,
hydrogen to 30 carbaon nonoxide is 1/5 to 5/1, usual Ig/97

1/(160%4% BisoszaniodiMedieinal{ ieaisiry heifors 6200000 H0(@m 895

ac e%lpﬁttteA glglglteg Enr’(r:}g éﬂfé mé %nﬁm ﬁg‘g f a%ﬁ 1}%/ |38 %}?d Joneﬁ Giagg

t r(bﬁlfoyth@ had phhdeeshe) (Hanad, Y let. ) aepthddesn DéeN(BI9®), 40, 6693;
phosphi nes such as xant phos, bi dent at e%gihosphltes and
t heompioks K., galmh@cfaﬁ@&slggé%ﬁmﬁwimo@ Bibar cabapse (Chow,

FRb R St b S e G R R e

vmdhlfbrachtammet WU dbiyadtaq Vo 28t A1. O Tethddfch TRREEL (10D0), 41(51), 10013;
npl es of suitable OX|d|2|ng reagents incl ude:

| o\ﬁ%%h@@lp hilvh drels Synthetin Gomammisations (16681 628(K)ade47;5assou,

o35t 1obRPYg3mhgs St DRb SR AbRREEHR R prat. o
O Qrg. Chex (1%955(15)4(@’4% % R%E%)/ tet‘;ﬂﬁﬁﬁmhﬁﬁﬁﬁ%alts/ tert-amine

(chromic acid I n acetone) ., et.al.
TeN-ozifled rJWCLQeth el 1@@9) eﬁo(19&é93(4) P98 pycidinikn, dichromate,

b & (o HR gheitdSbe, 3Dl e o) st

Tl’l@@ﬁ@tﬂbﬂn@ﬂﬁrt]amlﬁéﬂlg&alde @Wéﬁkmaf’w | diani @mnéi(kev (2001), 101,

chl orochr omat e e@é , et. al . , Tet r ahedron
Le?t498} glt(lml@mwlkcxm yetouet)mc&T Beahd §thb¢81s (200 26 ;

RIS e AT AT R0 BB 0 i 1.,

(]&QV)lAﬁ%rCB&ﬁ@»oc [olergs, ﬂ77 et.al., J. Og. Chem
(1990), 55(14), 4340-9; Ru04 / tetralkylanm)nlumsalts

/ tert-amne N-oxide, Jeewo, K, et.al., Chem Lett.
]3% )7b (4), 299; pyridiniumdichromate, 15 Paquette,
et.al., J. Am Chem Soc. (1995), 117(4),

14[55h(@b inshabsWherB YHROSGH BToh o Stdperd regilis e tHE‘lﬁilexﬁﬁgated 5-6
(Wal demar, A, et.al., Chem Rev., (2001),

34bpgple bendrmignationl of she dublealmdin6a ((Szthemeﬂ)frone th%ﬂ:s-s, position to

S . 2002 279
B 3 pSubdy R Sheoraiished by PR o Sootiiis it @ Brsenic or
( Nﬁéﬂg‘aﬁlc adidGn an iRkt cﬁ};amc s]olm br S8R mixthrt $2 Wiverkd F a

temperature of from 0°-80°C. Su1table organic acids include, but are not limited to,
toluene sulfonic acid, methane sulfonic acid, benzene sulfonic acid, trifluroacetic acid,
oxalic, trichloroacetic acid and the like. Suitable inorganic acids include, but are not
limited to, hydrochloric acid, hydrobromic acid, phosphoric acid, perchloric acid and
the like. Alternatively, the catalyst can be a tertiary organic base such as
triethylamine, diazabicycloundecane (DBU) and the like or an inorganic base such as
sodium hydroxide, potassium hydroxide, calcium hydroxide and the like. The double

bond migration has been described (Bakshi, et.al., U.S. Patent No. 5,237,064; Pollack,
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20 Step Fb In those instances where the oxidation of
Step Fa results in the unconjugated 5-6 double bond,
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C5_ 6 position to the C4_5 position is acconplished by
contacting 6a (Schene I) with an organic or 25
i nebaahiAanercChernnSagn 19&érh0905Wn Tsutsish, ebalt, JoOr@iChem., 1992, 57,

o BB ek Fidls T BpgSRheassectadler LA "o o not

l[imted to, toluene sulfonic acid, nmethane sul fonic
aci d, benzene sulfonic acid, trifluroacetic acid,
oxﬁkpsdHtandthbr oacetic acid and the |ike. Suitable

QR RBRICGR P | by o ir s eheme Brod gRGosiiieus achieved

p%{sﬁgj@{oggh s%gbeﬁagm%ﬁdé Bendsiken déﬂcgsémﬁ v gh%m 4 58 332,

cata tertiary organi c base su

t rAkdrhytivaly, e, 1 Idhyizat injecinodiade aaly®e COBldted nsla till€odyl kger, for
or an inorgani c base such as sodi um hydroxi de,
&X&%ﬂ%lﬁ%%sa lgsateosperighichs s fpiselclawed by trepfggent with a

T H
oy B R A %Has?@ﬁ%ﬂ??”wsg PEZ%@%W
20834y A4 986 IPET/ US2003/ 007284 et . aI : Arrer Chem
Soc., 1987, 109, 5048; Tsubuki, et. . Chem,
19@%rac§rylon OQ gg(furazéwg in gt(Sgheme I)to mﬁérpethmqgtm ofgﬁ)Q,Scheme ) is
19&%16_)(&(%%02’0%%@51% (2%1%8{% n es%ﬂ g%;[hog rﬁé%ﬁ%ﬂ?ﬁ%}/ﬁ@gt&%ﬁpbs
( Sgwrey did 11k achi eved usi ng phosphor ous
pent achl ori de as has been described (U S. Pate
4, Guyeim of thakpesymiafarpefipte 3 (hshame DiipdP é&gheme I) (eplereneone) is
in I C fonyl ester,
&eg&}e]%g lﬁ‘lbz§a ﬁ(gsneépgsgj %2‘;%?& 9821 Z}% t ol uene
SL]E;E;ﬁﬁgl@ga, fol | ovved by treatment with a base to
affect the dehydration as is described in W97/21720
arﬂ%%l@ﬂ!fzﬁ@l‘tm ngiterjel 1,- method 1.| - H Degr adati on of

5 Tt Ko R by bl of PSR o 2t Pendiecatf B 17-one

and esterification as descrgbed in the exanpl es.
Steps 1-J and I1-K Co reuls

internmedi ate 9 (Sche
(epl ereneone) is 8
4,559, 332, and 984 44. ExanpleqqO eparapyon of
starting material 1, method 1. Step 1: Bi oconversion

of 5- anthedsdm@nvepion lof S-anarstehBP-ol-17-one to 5-androsten-3,7B-diol-17-

5-androsten-3(3, 7(3-di ol -17-one
one is performed using a submerged culture of Diplodia gossypina ATCC 20571

(synonym Botryodiplodia theobromae IFO 6469) at a 10-L fermentation scale.
(A) Primary-Seed Stage

Frozen vegetative cells of Diplodia gossypina ATCC 20571 are thawed,
transferred to potato-dextrose-agar plates (PDA), and incubated at 28° for 72 hours.
Single mycelial-plugs (6-7 mm diam.) are used to inoculate siliconized 500-mL
stippled shakeflasks containing 100 mL primary-seed medium. Primary-seed medium
consists of (per liter of RO water): dextrin, 50 g; soyflour, 35 g; cerelose, 5g; cobalt
chloride hexahydrate, 2 mg; silicone defoamer (SAG 471), 0.5 mL; pre-sterilization
pH 7.0-7.2, adjusted with sodium hydroxide (2N). Diplodia gossypina ATCC 20571

-11-
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subnerged cul ture of Diplodia gossypi na ATCC 20571
(synonym Bot r yodi pl odi a theobrorrae | FO 6469) at a 10-L
f@rlm‘é’fli’@fﬁ | erf‘%@lf%at 28R using eanjroBed-en drangeent-ingulaior-shaker set

tiv eI I pl odi a gossypi na ATCC 20571 are
tg%@%pr&s( ?15% to potato-dextrose-agar plates
(PDA) and |ncubat ed @) SRohdhy-§dedOMps. Single
mycelial -plugs (6-7 nmdiam) ‘are used to inoculate

si | i cohenzbigr 5@ondary-seed ifgphqdamwma@ﬂ&ed usingil 12 mb vegetative

B e P fSe TS BtV TaaulatiPR rfe)” Gekeiiety S5y rpaium
Seotfidifdifper Bfer 8f R@e\f/ﬁéﬁs&reléﬁ 6G 20&yflou bk @ %c%@ean oil, 30 mL;

hexahydrate, 2 ng; silicone def Gamer ( SAG 4
nmagrpnsems swdfatd heptahydrate3Q go pofassiuii dhydexgien :phesphmet @174 g;

"R Be R ARG PP b 0ol ukoBa telodeh (A 04D oL

; t
&e&@éfﬂfza@an $i3:3.95%4 06, a@%&%gow@{_ %@%eﬁ{h‘{écf SUHTRE gfld. The

i hcubat or - shaker set = a
sfermkedrs, (ditaitag cacayrySeetlmStage akesteriliZ:¢ for 20 mmutes at 121°
secondary-seed fernentations are inocul ated usi ng

iSRRI Ak GleAndsniselicrticans e Bae Raifetion gt éuwt%dwrlor} £ 200

g?ﬁi]' ?%)éet%'ﬂeri;lﬁg%gn tl? ?(ﬂgﬁl éM-Ie 'fs gl [Eggb HTB %sgrggr ﬁttéaﬁlg §ul£lglc acid

9(5 %Py Deasiaigbssypita WTCC TBHTIES inbibsdd heds® using the following
hept ahydrate, 1 g; potassium di hydrogen phosphate,

oinptipl @aramstﬂrgf orifeliany | @her st Hhack pravee o1 Lpsigs, 2irflop = 2.5 SLM

AL LTR507 RO Bl bty 0% 03 omal e, Vg e DO first aros o

Cw@ﬁmdeﬁlﬁfm 8 @hdredst € 198 BEM (Tisevim)‘ eWRBHhe cBlture reaches low
cont ai ni ng secondary-seed nedium are sterilized fo

2B 0mgain 8¢ %P0l Mmaintaiged gsibg agititien kentreln deterdett seon cultures

t at. d ilizati
AR a8 oot i RRLLE S bork el AR PE G R Fdgtween
t gbodut DO bisd apus I BhHiME/pul furic acid (5 % Di pl odla
gossypi na ATCC 20571 is incubated at 28 using the

following initial pafanemidBiogenversiomn, 100 r.

back S cairfl ow . =

p{“ SO ero c? bl%ccr)]l%)er%%n f%rmﬁri_trfité%'ﬁ,ﬁe nocn%lglﬁé us% 390 mL
t b@eﬁ@vé bd‘o‘éhdeﬂ‘ &ﬁi dudtured@ o vANRoBH1afibOMId)S S'tdﬂ@lﬁflﬁ&%ﬁversmn
to 5 SLM (0.5 . When the culture reaches | ow

aBpafigm is @hf%a O 45 §e¢mﬂwae¢féme@@nn o telizagion Gﬂncbbmsrfmﬁ pH

R T W R -t

| %mtléi\@ﬁﬁbated at 28° using essentially the same initial parameters as those used
for secondary-seed cultivation, with the exception that the low DO set-point is
increased from 30 % to 50 %. When the DO first drops to 50 %, the air flow is
increased from 2.5 SLM (0.25 VVM) to 5 SLM (0.5 VVM). When the culture
reaches low DO again, 50 % DO is maintained using agitation control. Starting at 24
hours post-inoculation, micronized 5-androsten-3[-o0l-17-one, slurried in a minimal
volume of 0.2 % polyoxyethylenesorbitan monooleate, is added to the fermentation in
one-hour intervals until 400 g total is added. At about 3 days post-inoculation, an

additional 100 g cerelose is added to the 10-L fermentation.
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about 10 and about 15 mML/h. 20 (C) Steroid
Bi oconversion Ten-liter steroid-bioconversion
wo eoormmoad i ons are i nocul ated using 500 nL veREr/aR1008007284
secondary-seed culture (5 %[v/v] inoculation rate).
St eroi d-bi oconversion nediumis the same as
secondBiogorsesiomeaiwres arSasspydd anaa daly basis doit 5-emdrosiend 3pAB-
aq] ment .ar escr.j.bed secondar seed d| um
Dbl DB s T Orrei BEr oip8holS et
usj S [ I
UIZ%%@“?O??%?E@?#& arblef (RAThe bR R %mffﬁgatm
ef3cidtx pfort Wahintes), Iand\sdi\)@)m ﬁncrpht'em appdied tng TREgdgte f TherTLC
30 %.t % .When the DO first drops to 50 % the air
& plaw 1 QeveloneR QUG AY a6k e e DSICU AT OR 4 e thg product
I .
eps iy sphfife WiPricel ot shor SRRRIGRId, MR Fhfirindn an
abvefﬁ4 Pa@dueoisrconipasid-witoauthaitic stindaide whith z@éls blue on spraying with
5-androsten-3[3-0l-17-one, slurried in a mninma

v tmiifgric gcig. Riorsmyersipatoh raadeestentifi-anl hervsl Semc@oswrsiiﬁ 7B-

2BAPL b KBl LT} T P RacalaBb T val S unt T
1o post-inoculation, an  EVeLASProdOReg Cer el 0se i s
added to the 10-L fernentation. -12 WO 2004/ 043986

PCT/ USPlsoshole beeat ha*vs&tdﬁmréﬁueed andl therieb selids ae trggeated by

Si.S f 5- an shen
RS ich. AREHS bias PGP e b gt iice and
Whe hich @xirhct iRESARE] by &@ﬁﬂf‘a‘g@f(ﬁ TRP&ktAceR PoligHBdldag
aqueous- et hanol m xture by centrifugation (3,000 x g

f emcagratgchigtabeyt 1-Hieg by distiHatiomandrtbe ¢rystakslamy isi codletddo al0°C.

15 ool BnEhine Bnyren B PledlShntastiit P B apflastonc origeao
pfe%i)"l'@ fcoloY) a%ﬁ@ﬂrﬂeé %jORB 2§7’ EAYsE pulified bGsiiink 55e91tﬁosten—3B 7B-

furic acid, foll6wed by charring in"an ove
Pﬂmﬁ&%@nes conpared wi t h aut hentic standard, mhlch
turns blue on spraying with 50 % sul furic acid.
Bi oconversion of 5-androsten-30-o0l-17-one to
SsRpYIr %6%V§1@§m é{f 35 5Dh@osils- "3? - b1 '59%?& S androsten-
appr oxi mately ays post-inoculation.

20 IS@WanﬂannETﬁbedure The whol e beer at harvest i's
centrifuged and the rich solids are recovered by
centrifugation. The rich solids are extracted with 10
liters of nmethylene chlorige and the rich exjract is
recovered by centrifugatldgh. The extr&6L ig aOlIShed
and concentrated tg 1 liter by ¢ [
the crystal slurr ool'ed to>10@ ™
are recovered A R 60,
nmet hyl ene chlorirde to renove color and drled to give
227 grams of purified crystalline 5-androsgten-3(3,713-

The bioconversion of 5-androsten-33,7B-diol-17-one to 5-androsten-
25 3PB,7B,110-triol-17-one is performed using a submerged culture of Aspergillus
ochraceus ATCC 18500 (synonym NRRL 405) at a 10-L fermentation scale.

(A) Primary-Seed Stage
30 Primary-seed cultures of Aspergillus ochraceus ATCC 18500 are prepared as

described for Diplodia gossypina ATCC 20571 in Example 12.
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bi oconversi on of 5-androsten-3(3,7(3-diol-17-one to
5-androsten- 25 3(3,7 3,11 a-triol-l17-one is
performed using a subibeSgedndent-SesddStage Asper gil | us

ochracgus,. ATCC 18500 nonym NRRL .405) at a 10-L .

Fer oyl Gh g et Rsp gy Sedagroig g2 L vegetative

?ﬂrirﬁ'ﬁ&%e&f&ﬂu@dd&@% (O] NOBREGA 1ok, S@&Hxﬁﬁﬁrus%ed\%@ium
8500" are prepared as described for D plodia :

ggTsjaqusiz(ggslfﬁ'%}otleg@ Svater): melﬁkaﬁ;gﬂ(bg;myﬂom&m smwl(a»ills@@ 6L;
PCT/ U 7284, (B - S Ten- | |

B SLRB P BPHUR Al Eoraaann TS tmess Bepshinng 15
Non %iﬂ@ﬁcﬁ@yh&l?eth@{dzé@%& 9980nCWikidng defoaft? (JAGWIYY, 0.5 mL;

i no ati o ate Secondary-seed medi um contains
(pesstefilizgiongiH ROSwEA® miljustee mathosecemitag; sulfosi¢ hadr Th@5
; soybean oil, 30 nL; 5 magnesium sulfa

%éﬁ?%‘_ﬁf&r%’t“&mlpg ERCOBAAN,SEIATREHH Ry aﬁeé&éwzéfﬁgg@ﬁg?igytes at 121°
g}s?nféclgyltqlé j agg%%%ﬁe fﬁ? Q:?E%%?éﬁﬁ?ﬂf%&é?ﬁﬁ@?&lte d&ir&%téﬁﬁzation is 200

prEmSt Poststezidization, hd ndedim $HO adpdjed $6 €@ vsirighsterile sulfuric acid
concentrated sulfuric acid. The fernentors

Gfbhi Apergibecerhiaeys ATES RS0 dnincabaiedat28l pipg gherfolowing

20.m nutes, at 121. i ng _bath, i _ .i.nj i0
Sl PRl el ton 8 Bl BRSHES BB 25
10.25.- WWM); 1080BD- sot-Bbiint, 150 3h; pH corthe, 160€] Whedhthé DO first drops to
adjusted to 4.0 using sterile sulfuric acid (5 9.

% thielaindlo woig fircaensed toATRIAVI@B500 VWD) i Wherbthe erltere reaghes low

130 e R 7 B o RO oBRUBTRORR; sBRrRY Qo pypures
(£te BBrviA(BA betlvevh BXSRE hdvd pdst-iffdubdtionviidithe OIUR RQeBveen

When the DO first drops to 50 % the airflowis

i shopeddend abous2GmMAH.5 VWM . Wien the cul ture reaches

| ow 15 DO agai n, 50 O/%géti S gﬁion%r?\;ensgg using agitation

control. Secondary-s _ € harvest ed

bet weerenotet fefofd-bRUS B eRRSH felri@Rbtidisia@inovd1gnd Lfifg SORmL

is between about 20 and about 26 MM L/h. (C) Steroid

Brageative sespogdary-seed culture (5 % [v/v] inoculation rate). Steroid-bioconversion
medium is essentially the same as secondary-seed medium, with the exception that the
nonylphenoxypolyethoxyethanol is increased from 0.25 mL/L to 2 mL/L, and pre-
sterilization pH is adjusted to 2.95-3.00 with concentrated sulfuric acid. Sterilization
conditions are as described for secondary-seed medium. Post-sterilization, the
medium pH is adjusted to 3.0 using sterile sulfuric acid (5 %). Aspergillus ochraceus
ATCC 18500 is incubated at 28° using essentially the same initial parameters as those
used for secondary-seed cultivation, with the exception that agitation is initially set at
200 r.p.m..At about 18 hours post-inoculation, 200 g micronized 5-androsten-3f3,78-
diol-17-one, slurried in a minimal volume of 0.2 % nonylphenoxypolyethoxyethanol,
is added to the 10-L fermentation.

Bioconversion cultures are assayed on a daily basis for 5-androsten-

3B,7B,110-triol-17-one using TLC, as described in EXAMPLE 10. Bioconversion of
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i nocul ated using 500 nL 20 vegetative secondary-seed

W@ oo®s¢ 5 % [v/v] inoculation rate). PCT/US2003/007284

10

15

20

25

30

St er oi d- bi oconversion nediumis essentially the sanme
as secondary-seed mdlg)tn;]h w th the exception that the

ndapiiepensRyifollipbl rerg & hardpster-3B 76s I gsteiel-17-one G @Hplete

e s AR BB e ol uricomcid

Sterilization conditi@ngsah@oPProd&figéi bed for
secondary-seed nmedi um Post-sterilrzation, the 25

medi unt bfr—lvvhgleé:@pu@hésjarme@veredsbmgnts:f@ahbm "Bellfquid is discarded.

" Pt sl eSS MBI R B i debCks A e s C o s0°C

PR{EHE WREA effradt h@@l@rlﬁé&ﬂ%ﬁfﬂftﬁﬁoﬁ e reiE $Fconcentrated by
cultivation, with the eXception that agitation is

i distillatlonyto senoetaceR0O genematmg. aAtaqaémns slut® dfourds crystals. The

post.-i nocul ati on nm.cro

e P S R e et B hoibtich 803 8 Tagthsrtiawgr s fisganded. The

m»vﬁﬂefm,let U@Etﬁﬁ%r@tfrlt&at%d% GGU‘Mﬁlﬁﬂ%@@&ﬂtﬁ%?’ﬁh@&ﬁ%ﬁ&%qgﬁwe
is addéd to the 10-L fermentation oconver si on

cmﬂxptmmes, chsselvad smy@tmdhilimrsdafi hethived sy Heatin® toafTICH sihé then

Sdekpiorieed BT e5tin OEPERE 5P SHbgn. RS 6o sosEIove carbon,
P&/ %%&Qz&ééed 8 c%’g%ﬂl?z%ttﬁ@ hdet/ TRe Hk@ﬂangﬂs RINEo V8 further

5-androsten-3(3, 7( triol- 7 one Is conple
alpmadmmgrw(bﬂnib of ndmyﬂ ap«:talb-and oondeatrating to(@Bhick sofsa slorry. The

T AU PR, LG 01y SCIME B 10 oot erages of
Sty AjSuBHL 5 ARABMMRIEI L iofh 5 L, 80% acetone 209

er at he warmextract is clarified
bPrdpakatiad 601, Metitod 2:Bioédrveréi€ of S-afarssedii-3g-oRU7 bie to 5-
distillation to renpve acetone generating an aqueous
spugnogteps3Hp 7Rl to-drigktapre. The crude crystals are
recovered by filtration and the nother |iquor is
di scarded. The water-wet crystals are triturated in
600 mlliliters of nmethy] ene chloride to remave 10

impurities, dissolved il ofl 4et hanol
(by heating to 55 3 en dgcol or | @m h 5
pystal i ze

carbon, the fpb @@ concent ngjred

t he product. The nethanol is renoved further by

addi ng 300 nL of n-butyl acetate and concentrating to
a thick crystal slurry. The <crystals are filtered,
washed with n-butyl acetate, and dried to give 158
grans of 15 purified crystallin

5-andr tﬁ@, cotlyRrsidh of %aantdlfc#s%él 3;37& {Fo néj {o? %ﬁcﬁ‘tislt%l?3§,§ g,]ll o'

Met hod oconversion
t @iob1 7@nd iDsdrimad (Sing a 6@brddiged &ilfdre af7A5ma coerulea ATCC 6647

at a 10-L fermentation scale.

(A) Primary-Seed Stage
Primary-seed cultures of Absidia coerulea ATCC 6647 are prepared as
described for Diplodia gossypina ATCC 20571 in EXAMPLE 12.
(B) Secondary-Seed Stage
Ten-liter secondary-seed fermentations are inoculated using 1.2 mL vegetative

primary-seed culture (0.012 % [v/v] inoculation rate). Secondary-seed medium
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ofonteies (@enlitenel RP aatedy dexBay 30 gr soyfloep 8P gucaelose, 5 g; cobalt

R DR

TRRLA00, A0 fusRE Svith A8 A sifhAg adid 2 THE fRBRIAL b¥Raining
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r st e)darSsed mokaiym see sterrhzahdlfm 2(1511M@:s22&041 Vds3@Bboth jacket and
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g;éfgwags%hﬁ{a'am{g@f @@ﬁtﬁg d ﬁﬁ@g%&glg%gﬂg%c LB %),

adlbsitit @der dahA TOD 66T [sdhatbatad! ok 08t §51ﬁg3!h€ folld¥eing initial
fermentors, containing secondary-seed nmedium are

SPAERNEREBREi PPN, AO0FDANE backapresspie w dipsig; Bistow ok SEMatRS

t| on ra
Y PEFROL B0 B8, o8 °F: ATk Ryt Sudhih 08y s croppip 30 %,
e bifToWHk indreasdus _tsesLM @0.5.\OVMDI NthehltRs edifnd #habhesiléw DO
acid (5 %9. Absidia coerulea ATCC 6647 is incubated

aagaig 308 RY sheaintained whing agitationgontrla Sependerysseed cultures are

St St o BB BRGSO B Bl e
cauf PhnMAngime. When the DO first drops io 30 % 10 the

airflowis increased to 5 SLM (0.5 WM. Wen the
cul ture reaches Iowﬁ@lm_mmnls mai nt ai ned

ar ves S ah PG R0 et R AR 3R L RSpA 500 oL
QdgelafivO Sicop®iy-abdWultdredB 9o [‘ﬂb})iﬂlbcﬂaﬁﬁ\q fafel). Sfefdid-bioconversion

Steroi d Bi oconversion 15 Ten-liter
smé‘ilumcmmwdnvrelrtsn IR P evatashdaxition 80 ar wyflowre 85 gt estelose, 20 g;

usj. n ec on ee %
[Tl A elien AR Tk Dy mE GRS BT er BhT Batayio

C@ﬁt@ltfh&d(s}%ﬁhnb h&l&rSt@ﬁhﬁﬁoﬁ@bﬁdﬁmnsd&é( by ddderi®Q 185 secondary-seed

soyflour, 35 g; cerelose, 191
medium. Post-sterilization, the med1um pH is adjusted to 3.0 using sterile sulfuric
acid (5 %). Absidia coerulea ATCC 6647 is incubated at 28° using the same initial
parameters as those used for secondary-seed cultivation. At about 17 hours post-
inoculation, 200 g micronized 5-androsten-3f3-ol-17-one, slurried in a minimal
volume of 0.2 % octylphenoxypolyethoxyethanol, is added to the 10-L fermentation.

Bioconversion cultures are assayed on a daily basis for 5-androsten-

3B,78B,110-triol-17-one using TLC, as described in EXAMPLE 1. Bioconversion of
5-androsten-3-ol-17-one to 5-androsten-3,78,110-triol-17-one is complete

approximately 6-7 days post-inoculation.

(D) Isolation Procedure

The whole béer solids are recovered by centrifugation. The liquid is discarded.
The rich solids are extracted using 10 liters of 85% acetone 15% water at 45°C to
50°C and the warm extract is clarified by filtration. The rich filtrate is concentrated by

distillation to remove acetone generating an aqueous slurry of crude crystals. The
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silicone defoanmer (SAG 471), 0.5 nL; pre-sterilization
pH 2.95-3.00, adjusted with concentrated sulfuric

w@eood/04388eril i zati on conditi ons are as descri brdr/is1003/007284

10

15

20

25

30

secondary-seed 20 medium Post-sterilization, the

medi um pH is adjusted to 3.0 usin sterlle sulfurl
awysial(shirey is fibisesdding thesmptrehayer crlisgaded: The WaiotsStcbgrystels are

riariaet I parpTEES bt fyse? HOTR Slrfnffe PR EoHCotvedin

pﬂfﬂrmlhﬂ@%%f%étﬁ’ﬁml @Qle@tnﬁg @ 3CY, @d then decolorlzed with 5 grams of
5- andr ost en- 3( one, slurried in a mni m

VD0 €5-60 cﬁb@n %\ﬁcm fylltq@h@m ppoIvg cthon.the Al s Cpgcentrated to

dded h
cay S memodict e R i Pig SR STk B0 i of n-buyl
%&%R?P{%xd]éﬁcéﬂdaﬁhg /a Qf’ék & étﬁl%lﬁﬁyc ThScri@ss htelfitréd) washed

. Bioconversion o -andr ost en- 3p-o0l -17-one

t with-nandylosetate; S(Brid, to gwﬂtsrﬁ grlans f ervdle iceys@ling) Seqnrosten-

&g EX|nateI 6- 7 days post-inoculation. (D) Isolation
PPlbdBddperighl T %ev\,hol e beer solids are recovered by
centri ’rﬁ'@é&hh@ dé ﬂrﬁﬁh@d'lﬁ 6@(’) seRilidedot mdiGlehd Eloride to
solids are ex acte using 10 liters of 85% acet one
1 hfhovetagditdhaldbputities, BB eetint 100 mﬂinlrtelexlf n@ttanpk(by heating to
clarified by filtration. The r

c8h&antndghetidesploraes Pty a%r?‘@ﬁ ° :‘é)\?é a%%g? oA fter filtration to
OREGB 5001 B ABEC Kb 28*8*‘??’“6?%2‘{"3?&5?‘3{‘?‘5‘*‘3“"1 s

I sexﬁcbdetieﬁm@brwddflmg 300 tieof ﬂ—bmuybacetaﬂ;e mé%macmmtmgtma thick
wat er-wet crystals are_ triturat n

ofrysial fiyEn Eﬁlx% Ryskalsqee tilierednpasae <f W&hﬂ '?qtg‘sacetag s@flﬂt ‘%efée to give
' 700 A 5C
Iaﬁa.ltg%rﬁgn 8%:\% L et TP ﬁ{%—%@&gﬁlan—gbg#}hﬁ%ﬂrﬁgﬁ 20220

R rans rco
carbon. After filtration to renmove carbon, the

filtrate is concentrated to 5 crystallize the product.
Tﬁaannﬂh&hEOrm%thﬁiV’@ﬂer{%%r by addi ng 300 ni of

S| X 2@}@3@%}% Shaf QAR { Bichitle P1AOHD! AipfolRidbived in

Haaﬁle { o tﬁi@@olﬂ\hbﬁd/ah ad@dvcﬁetmjlaﬁu@er @ﬂmﬂoﬂl&:mmiﬂ)
crystal I [ ne -andr ost en 3;5 11 a-tri.ol - I
Tmerbowd@xgnggtrngleﬂ@?.tgg i1 ap¢,4(%bl dimethy, qnpg(l)@/ndlne

| ene..c
b D GBRRN JERDE H4f St e
( RifssBrRRYI Mditﬁnalmmneﬁt&yb&mlﬁemm lg G2 thnwil} dnd3riethylamine
grans of Darco G 60 carbon. After filtration to

r o wd, Tamph), wek@dded. tQrpesolids Evebvsrithateaghiqugvas complete.

\ﬁit aI Zelaév?ﬁgﬁ v@ &c} n’E aga?he ){Eﬁ?%g%lgﬁ g% %ffgﬁgﬁlﬂ The
C %?Qﬁﬂﬂte{té‘WaQ ¢iltbed and Waéﬂéd weithy 130%|H(S1I (@xr3s. mijhaad hexent 8 s 50 ml)

are filtered, washed with n-butyl acetate, and dried 13
t ;angidried {5 va@um qyearier ¥ hqyny fofgieithe ,tlg,lglcgqnpplmg 2 (Scheme I). °C

O 0 OED; 855778 3538, 14924, 134 58 Era.as, 122,35, 78.58, 76.81, 75.39,

55.29, 54.93, 51.09, 49.47, 47.79, 38.48, 37.89, 36.19, 36.08, 27.96, 23.58, 19.07,
14.40.

Example 2: Formation of furan 3. (Scheme I)
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Exanpl e 1: Formation of tricarbonate 2. To a 3N 250 ni
RBF was charged triol 1(Schene 1) (10.00g, 31 mmol)

wale@soklsed in pyridine (100 m). To this sol uP€DOS2H83007284

10

15

20

25

30

added triethylamne (31 m, 218 mml), 20
car bomet hoxybenztri azol e (24 2 g, 125 nmol), an
AANpNtidh wetheyticarbomagy 2 (d0gn -0 mm:g)l)gn Tanly oﬁﬁ@tgmtrrhlg t was

S e W}Atﬁé SethibSin (B8 n ;13 Bmah i 0ek bF8e(0T for 1 b TLC
C 04 ﬁﬁ? i\ n?ﬁﬁ?ﬁvg'ﬂ?&zﬁh&lcfn]@ bd coﬁ%lemﬁroﬁlﬁd) raphy on silica gel

mmol ) were added. ce
SQ/'ithQS wEtsmi/He;d affbids DSAgIOE yidd) afshpfueans3. “EANMR (CDCLs) §

G BN OPnES . pEARR prtette 9B D ey bp-Ghd fagrRe
irh Bo UG < 2508 3471) 48l 43523876 S3x628611 ) 35.8017.96,

holird "to give the

conpourgh £ 168¢hen®r.l ). 13C NWR (CDC13) S 217. 78
155. 60, 155.23, 154.88, 144.48, 122.35, 78.58, 76.81,
7Example 3 Famatiom of diolsh (Jchemed) 47 47, 79, 38. 48,

37 8 llltg) Z)f]dg%lltt}?i)gl@? ? (12(Zg)flg rlg%l%zgg%@%%[ {Hreil 63147\71&95003]95:{ of
29@@(5; 473 %rrﬁ’gr {0%2@0 %@ Qfizfde isAlls@bdtd Ol uﬂfﬂ Thé shows the

tri‘carbonat e 02 mmol) in 7 nL of
ageicaon t:dsmpleteatWhttn maaletc itheeathesay wgonregl.ln@twﬁpif and4he product

%L@%at?%?m% EROAG) Tishse bRt Ot e ofdanEeaiagh e aisRh ol a vibeous oil

@%& I5¢]1€’or ds(z% gg?‘%@@?;‘: 5e'|73§)zgg¥l),t3r/]\lé5 ?ﬂrzlg%{‘) 33 29 (t, J=

13q NYR (SDWB), SEB, 21T, 881, 075.(98 HL55. 34, 154. 93,
152.38, 151.49, 140. 72, 123,98, ;60 56, 106. 45,
77Exsm1p1¢é Bormgtipmef alkyneyg (Sebeme) 47 45 4657

15 Sgugion e B TRy G g it 8 o 30 s spaneed

1)wifh 8@tyedeqtr 90 m@h cA'sbiiah f the(kbtdhed) in HO hil. oﬂ_THF was then
MeOH is treated with 500 ng of 10 K2C03 and war ned
40Dwljhdded while eonitiguialk|toweagtylenesppigeuhbe mixtuge %Wed at-10°C

DG bl AR B Srteis P HLL OB s O pricproduct was
Et; 1%9ted@8'ﬂf@m: %ﬁﬁh&ﬁn%ftﬁ/%ﬁkﬁlé%ggwhﬂxtme\&ﬁ@ wher. dTo(hllené was used

vi stous oil , H, 5.
( ckp rdmevéthe abttic atidH)y, azgotdpe; ﬁlfhei%M}{ spgctgegde(n@onsgate thasprisence

5k QRGP T ined bRy Al 2 23 GG IR () 8
Soi 1*67"@59&1 214%%6( ?@2 83,110!1k, fb6.1,-8BUHOUN, izﬂommb 89368,
50.61, 47.49, 45. 70 43 64 42.87, 39.38, 39.06, 38.29, 37.68, 31.84, 23.7, 21.26,
19.27, 14.19, 13.9.
Example 5: Formation of lactol 6. (Scheme I)
A solution of 1.55 g of the alkyne 5 (Scheme I), 27mg of Rhy(OAc), and 92 mg of
PhsP in 20 mL of EtOAc was pressurized to 100 psi with CO and 100 psi with H, and
heated to 80°C over night. The mixture was concentrated and chromatographed on
silica with 90% EtOAc/ Hex to give 2 fractions. Faction 1, was shown by NMR to be

recovered starting material. Fraction 2 was the desired lactol. CMR shows signals for

the lactol mixture at 94.8 and 94.5 ppm.
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with acetylene for 30 mn. A solution of the ketone 11
in 10 nL of THE was then slowy added while
W@ ontiom9seg t he acetyl ene sparge. The m xt ure MBUS2003/007284
stirred at -10C for 1 h and then 2.0 nL of acetic
acid in 10 nL of water was added. The product was 20
i sol ated by Et QAc extraction after pouring the m xture
into water. Toluene was used to renpve the acetic
acid by azeotrope. The NWR spectra denonstrate the

p . I f ek aci d and tol uene;
ORgREDG" Jomafign ol SIRUTS () (ZRehED 20! 12071
142mbare H22.88 ,of ﬂnla(]aclﬁl, 5066 of, KB7 12 meref, TEMPO4 8¢Bme of

72.29, 69.48, 50.61 47.49, 45 70, 4
5 3NaBE0:3D 2@50L oECH s and Bant. sh withr is 5g0ied (6§96 ¢ P anixture is

1 4
%@ﬂ es},%zv]l jtre%bg iﬁ\ﬁtht  mE o;{pllﬁ%%a()ﬁp?ﬁﬁ‘lﬁlé&g“% tglé fmhRkatfre below
( §G@e¥@tef the add#in @he MDAGGAE i redinh ditivy wfrmanmﬁlﬂlQnrthQ product

of EtOAc was pressurized to 100 psi wth CO
pss iswlatetl vith GHSCl; heaffend GadSeismaber Nt (CRl) 3128? é? el 76.37,

tr h h
0053 20T IS a4 b D D2 F T PSR oFan PO, 5044
10 SH9We 5’1412"\43 36 3ﬁ©3 3‘86633\3%695 $Y,531L9,19.19p2%89,418.33, 15.69, 14.07.
Fraction desired lactol . CMR shows si gnhal s

f Axaniple7! Formationof 4x5€em!)n91 (Sclam I@W‘@ asith - 18 WO

2004/ 043986 PCT/ US2003/.007 .
5,45 MEHBFOIP0 -eegf O ¢})en;g gldc ac% K%Ohrgg Rfethanol

| a(%) 1s%g§tg@ nfio"?% 1he e éiﬁan-[)[l:—i‘éplgnos&pur[&r ffdubed pressure and

Cl2 and 5 nL of water is coole
t ah&fesidlbidsolivad it ethylscethiedH0 gilpieorgaaasadution washgd m_th water
of 1.1 M NaOCl while keepin

15 Qa2XA0b, iRd HFaPedEA e A T rgek, T By, B urified by

ddi t t th
BRI 18 SR s
L T
47Agmxtu4qoﬁf]:6 ez;gorg:éa gf'g)OGgg) aglg l%l%U?%@pS Ij’_lg) @éetégxyﬁgifuxég (5 ml) is
]Pfi].?gétd ai ﬁeﬂ?b?( fﬂilé hb Sthert 50@@0 gﬁﬁteg z‘nth ARG c7hlor1de solution and

eneone with acid. A
20 m SttkHcRdWith 2t @émaeTﬁae)(t&chBIMed pv@ﬁ@dlumty;ulﬁxtmand concentrated.

oxalic acid (200 ng) in ethano

40Thé ssidge ki purified byl Chf%mﬁ@ﬁ{?%é}ﬂ Y ﬁ%‘&? g?ﬂ% éhveghga S-enone
pr ssure and the residue dissolved in ethyl acetate

(50 M), the organic solution washed with water 15 (2X

50 pRthnpled: BnRition of diéneone Al(Satemedhd concent r at ed.

T ;ngftlgngro?fﬂ&sg Egénéfaivgﬂqlb s chapie nf ﬁiﬁ&a@xﬁ;ﬁg@%d {0 -33°C.
25 5 PE(I)sr( 0 mgS] is tLen a(?de%réﬁoart] %nc7e wf"heréoﬁl‘?i%ﬁ is stirred for 3 h at -33°C and
then quenched by adding water. The product is isolated with EtOAc to give the diene
9 (Scheme I). It is purified by silica gel chromatography with EtOAc/Hexane.

30
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A m xture of 5, 6-eneone 6a (500 ng) and DBU (200 ng)
in tetrahydrofuran (5 mM) is heated at reflux for 3

wheoo40i3986 cool ec, diluted with anmoni um chl or i PET/US2003/007284

10

15

20

solution and 20 extractedwith ethyl acetate. The
extract is dried over sodium sulfate and concentrat ed.
The residue is purifi ed by col um chrormt ography on
silica gel gi.ve
FExampl gprweﬂgaﬁ Yé;@,&*ﬁrﬁﬁ thigys §‘§‘?r%“r‘ oo 1.2
F gl:l‘? al cohol 7 is dissolved in 10 nL of THE and
coo o0 -33C. 25 PS5 (950 ng) is then added all at
once. The soluti®n is stirred for 3 h at -33C and o
t hen quenched b adding water. The product is isoljated
with H{Ac tp giye the diene 9 (Scheme 1).
purifi ed‘rb %w ca gel chromat ography w
e:~30 -19 WO 2004/ 043986 PCT,
frormati on of nethyl esters
INZi ‘s —Nethod A OO0 HO1" .
11, 00 roqf 8 9 5 A solution%f W
derivative 8 cheme |) (1.0 g, 2.280 nmol es) ¢ 100
m mathyg ene chloride was cooled to -79C. A stream of
%( Sofr%ﬁl%ﬁ%@utzﬁmwfscﬁé}ﬁe DO 2080 frmﬁoﬁg 1100 ml
ent m xture was warmed to roomtenp.
C @ﬂi&l@mrream&mdeovasa:osbﬂ itel 7€} dy @treaympfc%l @a@’ ag Bkséﬁd thgough the

in 50 m 1/1 nethanol /methyl ene chly
wispiytign fprp k0 rgn. a{%.q tg‘f: Faxt g% asswlrp}e (?o h oo @J’x& goncfentrated to
1% DAY TR duENEnRA Wi AR W8 Sn 5080 1/ﬂﬁneﬂﬁﬂblﬂdethﬂen6ﬂﬂbnd& treated

d
stream 011 03/ 02 was then passed through the sol utio
f awittdl Orindlwt @yridifibeandistitred et e temenfoail B hows. Vibe ﬁolym@n was then

m et hyl tate and acted wth

picealeBImAET. TharaauebaOBRAs e s fpfie ¥ o BHoh HiPa

hy, 'u‘afélé” hb mlxtﬁfe' Wad BePhl1RePwith 60 neektiydatesle whd hxtracted with
e ene chloride and concentrated to a foam

(Vi Ighth s@fiBmrtgdarbaitate.  Beraquesnsdbeseoi ascagidified with ag. hydrochloric

t oa{cijdetrc])ep/HngtSht re]:r? Iextracteda with mvédthyﬁ]ene chloride and concentrated to a foam

(weight: 250 mg). The foam was dissolved in toluene/methanol, treated with
trimethylsilyldiazomethane (0.5 ml of 2.0 M solution in hexane, 1.0 mmoles) at room
temp., then the solution was concentrated to give ester 9 as an oil.

Method B

Step 1) 5a,17B-Dihydroxypregn-9(11)-ene-3-one, 70,2 1-dicarboxylic acid, bis-y-

9

lactone 8a (Scheme I).

H,C Q

A mixture of 17-hydroxy-70-(5 *-methyl-2’-furyl)-pregna-4,9(11)-dien-3-one-
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15 trimethyl silyl di azonethane (0.5 m of 2.0 M
solution in hexane, 1.0 mmoles) at room tenp., then

WO b@4®ed98¢ i on was concentrated to give ester 9PEEUSIV03/007284
oil. Method B Step 1)

5a, 17(3- Di hydr oxypregn-9(11) - ene- 3-one,
701 2arheikplis tosyitlaetone { H00 g)|0323)717 8 Inadesd Aad Bgtaissnh eeatate 150 0g,

0%99 1(% hﬁgteaplé(algptsg in acetone %% rm) and water (1&) ﬁ) is cooled to ~

17 68adisatywif0§ skupry-orRitiyharin (3410Y, L%Xn%@%tﬁes‘lo%'rﬁalmd
i en-3-one- -20 WO 2004/ 043986 PCT/ U320037 007284

2 bquisialontgyini waterc(160 m}) bd noise irf the0eday, pdder2i@V @ urrod.e4) this

d. pqt t at 0.5094 nopl .14 )
s R AR ROeBHGALD s P aiB R P T Wcrh e geaction
gl‘ﬂgk@l?e Edhtamﬂa% t@é‘o&gﬁfogl@%%pczw ik fhedt qﬁleﬁﬁ'lfebi V\R{h 1sobutyl vinyl ether

romantin mol es,
equDwal @fi6& g, 7.06aterles, 0062 ﬁdp)walﬂmm] cmaentsﬁed to 4 théck slurry,

tent At_thi 5 t, ,LC '
i Pate Bepiens EhEui BO0 N PR el aufS CorERtend)
IF\?dﬂb@ﬁ%g& Q%d (ﬁ@é B 6.56 é'%' BitH Qqﬁlk}glut yf di%nxﬁ Xture is stirred at

[-cis) ist quenc W th Irso V|ny et he
10 ( 20@SAifor Dhid6at ghmﬁ tlﬁ&&(h'amdlﬁs indicatd ceqmlaad:c&wes)qn to

bl gRns /e veBes Pheye coikeiningeli pdiine Albtans) i
L8 B ol oy o

f dxls —-2°hiAsstreaat ofDi/Oh 1stbulhibleﬂ (fhrangi thed mudtmélunat Eﬁ ana1y31s

Iete conversion to di (I'L1-trans)
orl fated Bre CBTPRIHRG Of ﬁ?@ eg B‘il%ﬂg fqns); ﬂ%f‘f“éh% watgre is

S Y

s SRR SR Tl 2 R0 3L 10,1
03fifd2d ats-200 bdal 1€chrs . heamaephiratdal to anviokitmg ef +B00i thi, Hﬂ‘uted with methanol
anal sis indic ciﬁed conpl et e di sa(i)pear ance of th

HReCICPRUFEEISA volv% AT thput APQ il dilufed vith tiegwew@& (40 ml)
“ﬂb@ LN hélPuctaith il wafif (57669 s B PBtafum
c (bmdjﬁnla’at(éﬂ) g,ol 1998601&10]&'@, 5004 eqaDelonts) ial iwlatﬁ elﬂ()mhl)h This slurry is
nmet hanol b concentrated t about

of
20 3900kt to 3lPy e Wdfq\gep@s@g(giﬁa{ﬁ%% ?(gg gm:()ntalmng 33 O g (0.9703

moles, 4.08 equivalents) hydrogen peroxide) is added over 3 hrs. The mixture is
stirred for four hrs. and quenched with dimethylsulfide (40 ml, 33.84 g, 0.5447 moles,
2.29 equivalents). After stirring at 20-25° for 23 hrs., the mixture is diluted with
methylene chloride (100 ml) and water (80 ml), and acidified to pH = 3.0 with

25  concentrated hydrochloric acid. The two-phase mixture is heated to 36°, then the
phases are separated and the aqueous phase extracted with methylene chloride (100
ml). The organic phases are combined, washed with water (75 ml), and the aqueous
phase is back-extracted with methylene chloride (25 ml). The organic phases are
combined, concentrated to a volume of 150 ml, then treated with beﬁzenesulfonic acid

30 (1.0 g of 90% pure material, containing 0.90 g (5.690 mmoles, 0.0239 equivalents)
benzenesulfonic acid) and acetone (50 ml). The mixture is then concentrated
atmospherically to a volume of 160 ml, then diluted with acetone (250 ml),

concentrated to a volume of 200 ml, cooled to 12°, and filtered. The filter cake is
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and nmethanol (80 m ), then treated with a warm (55-60)
sol ution of potassium bicarbonate (120 g, 1.1986

wOoi08543986 04 equi val ents) in water (240 m ). TPCBHUS2003/007284

10

15

20

25

slurry is 20 cooled to 5- 10 then hydr ogen per oxi de
(50% 0 g, containing 33. 0.9703 noles, 4.08
eyarhod lvséﬂixt@ d peptimedaK 29 eméﬁn@él)le By Bifaaen Wiram 13 ghyesthe title

Th t

Em i i QopRinth ClghReod §51764%; 130, §45.83 18 00, 0489,
20@97 Wiy a 901 2) 36, Al 5841507, 38I93936107,23-18535.01, 342, 32.42,
hrs., the mxture is diluted with nmet hyl ene chlorlde

(1085,129) 10aR3.0822%98 801443 §; MNR éf’é]OCMHIZe@DCAB) 019414001 4-2.8

R e

s hHat

e A L T
lem&onw$®@ﬁmﬂﬁh water (75 m), and the aqueous
phase i s back-extracted wth nmethylene chloride (25

m ). The organi c phases are conbined, concentrated to
a volune of 150 , then treated with benzenesul fonic

acid 30 (1.0 g offf 90% pure nmaterial, containing 0.90 g /U7

(5.690 mol es, 39 equival ents) benzenesul fonic o
acid) and add 50 mM). The mixture is then H,C
Wospherically to a vol une of
A acetone (250 ml), ,gconcentr
, cooled to 12, and filtered
(S -21 WD 2004/ 043986 PCT/ US2003
wékhed :@ il d acetone (2 x 25 nl) and d?7ed
nitrogen st ream t o give the title conpound, CM (15100CH3
MHz, CDCl13) 206.08, 176.47, 175.41, 139.63, 124.00,9
94.89, 90.97, 47.08, 43.90, 42.36, 41.58, 41.07,
38.93, 36.97, 35.16, 33.01, 32.42, 32.42, 31.35,

29.1 : :

0994" Noo oi%;@a@’%é@% res ity O e i
’_ga r«{g)l%(} g orr3e(%0 o olesl) gél% otassuem b1c_a(rjl|30é1ﬁte 3(1% 92 &

2|0 <1680 iy, il GO e@ﬁivd],emyyml a@etoan 20D r(l]S(ahda matekIlO(X)nD is m@d at

O H3C 0 .nu gun HBC HH3C H HO HO H OCH3
45° for 2 hrs., at%vhlch time conversion of the 5,7-lactone }\9]1) into the car%oxyhc

acid (VI) is complete by LC. The resulting mixture is then treated with
dimethylsulfate (22.92 g, 0.1817 moles, 1.40 equivalents), stirred at 45° for 3 hrs.,
then treated with a solution of potassium bicarbonate (1.3 g, 0.0130 moles, 0.100
equivalents) in water (10 ml) followed by neat triethylamine (1.81 ml, 1.314 g, 0.0130
moles, 0.100 equivalents). The mixture is stirred at 45° for 1 hr., quenched with
concentrated hydrochloric acid (1.92 ml, 2.304 g, containing 0.852 g (0.0234 moles,
0.180 equivalents) hydrochloric acid), cooled to 0°, concentrated under reduced
pressure to a volume of 150 ml (pot temperature 13°), then filtered and the filter cake
is washed with water (2 x 25 ml) and dried to give the title compound 9 (Scheme I).

Example 11: Formation of eplerenone.
Dieneone 9 (Scheme I) is oxidized as described in U.S. Pat. Nos. 4,559,332, and
5,981,744, and W097/21720 and W098/25948 to give eplerenone.
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10 A m xture of
5a, 17(3-di hydr oxypregn-9(11) - ene- 3- one,

wa@ a002043¥8€ar boxyl i ¢ acid, bis-y-lactone ( 50. OPQI/US2003/007284

10

15

20

25

30

0. 13005 nol es) and pot assi um bi carbonate (16.92 g,
0. 1690 noles, 1.30 equivalents) in acetone (200 m)
and water (100 m) is stirred at 45 for 2 hrs., at

i b 9. j ; P (M1) into
{ARSpIE T, PANAICH A Gl bPEIAGide kAR, [ & e
r e sblutiowg ofthx trikicetates] (Thable 1t r@al g @.24 mmol)Sn 10 mL of CH,Cl, was
di met hyl sul fate ( 0.1817 nol es,

22.92 q, 1.40
e coplrlte At andieatedapith D 6451 PEAME G and 100 merpf Seaey The

O —
f aiflipyedrabycrygats ptdcipfated!fevth Bslufidn. Stthedt wede Bllededand dried to

0.0130 noles, 0.100 equivalents). The m xture is
stafforétheatitrids18 ay a mixinre of inpsrerh e ACWMR (CRSFg @ theamixdure) 6

o oG24 hord s s 1882, (vt B4 T BhokRfarn et st
acio), 47200k£98 13 €, 4805CENI at ed, snee33Isedysedl 32.0, 27.92, 27.79,
pressure to a volume of 150 nl (pot tenperature 13),

t HA&I7 S, 2B168r ZH320120.45n89.13.1186X6, ¢ARE. i s washed with

er .2 a ied to give t title conpound
\Sgal%’?dﬂé‘ﬁé)ét )glyTMaég’itﬂmﬁbyﬁﬂﬁeoth& epl erenone. 25
Dl £5gan6n 8 SEAIBI ¥ (1n0) e a1 BmcHREhORth Anlhife is
Pat. Nos. 4,559,332, and 57981, 744, and W97/ 21720
arccafios & 50 dnperatygicwa thepd(OTEn onfter  2Sir WatE 0916 @381I6d to
PCT/ US2003/ 007284 _Exanple 12: Al |ylation of |
t rATREPHAIF Hhe ryvfgva nF@twtaﬁd %i.ryu;ag tds sl deriyative 19.
t ris t T 1 272 [ f
e R N 10 Ao S Ty B v P 7,
TMEC29, 3861 1904963, K.6OB5)A, 3THR, 23.04, 20161 £20\66; 19.64, 13.48.
stirred for 5 h and the extracted with ethyl acetate.
DUEraaple dde Addition ofpcetylenerta 12 0xp dntermediates) s
preci pitated fronysolution. These were filtered and
dried to lhe nitrile 18 as

l&- 13, as the mxta'?}{rn

i SONEers. 47. 31,
146. 0, 13 29. 39; —127>1109. L1547, 115. 04,
62. 74, 8@7S50 59413, 49.0, 47. 7%{0 @ 3 0%3. 67,

43. 05, 37.32, 37.04, 36.32, 33.58, 32.09, 32.0, 27.92,

27.79, 10 26.175, 23.68, 23.32, 20.45, 19.13, 18.26,
12.30. Exanple 13: Alylation of allyltrinethylsilane
wWth V A solution of the triacetate V (Table 1) and
al$tyﬂ)ui net hyl silane in acetonitrile is treated at
roomtenperature with Sc(OTf)3. After 1 hour water is

s| edapmnetlyddigilazane GBS (109tral) ihedded deia stirredmlpmy af $&9 g Triol 1

and i.n ffor the al Lyl. Lvativ 9..15 13C NVR

( R Byc G aras” sBocnrein 157 45 Adfod e e yaind Wieatea

11nhd3PreflG4 £3:63 hdufs dring Whick Sime3Be Sibiry 3411 £PadudBy didsolve to a clear,

35.61, 35.31, 31.57, 28.04, 22.61, 20.56, 19.64,

13amiger solution. Water (5 ml) is added to quench any excess HMDS. After 5 minutes
at reflux the mixture is filtered through a CH,Cl, wet layer of 32.6 g magnesol on a
350 ml coarse frit filter funnel. The filtrate should be clear and almost colorless. The
filter cake is washed with 2 x 100 ml CH,Cl,. The combined filtrates are concentrated
under reduced pressure and residual methylene chioride is removed by evaporation

with 2 x 500 ml portions of tetrahydrofuran (THF), concentrating to dryness after each

addition to give a white solid.
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Exanpl e 14: Addition of acetylene to 17-o0xo0
internediates. 0 HO,, HO, OH=CH HO OH HO OH 1 1~

WQ@000Enesd: Hexanet hyl di sil azane (HVDS) (100 mPQT/1US2003/007284

10

15

20

25

added to a stirred slurry of 50.0 g Triol 1 in 400 m
nmet hyl ene chl oride. Saccharin (0.57 g) is added and
tidem2:xture is heated under reflux for 3 hours during

o1& Sitotson ¢ bouspiim pptovige ST £ Jod ol RS eddedioo0 £ 5
q Lb%ﬂ?éh ﬁ@%%@ﬁ&tﬁ'@%}yﬁh& i%rbu%bf&l %% l%ﬁteﬂe r]ﬁs%fhh&'e% the

m xture is filtere rough a ayer of
324uffa<g: witly nedalatectirdng 830r atlleasphhewr. f]?hetsﬂyllatedestermd intermediate

funnel. The filtr te shou be cl ear
c dFen phave in T <4P EONE aég?&go‘reg 39@%@616‘%%@“%%{9%@%

0
et e SR S s T LS
r eyvaved. byary a0 @l h@iﬂde&l\ﬂsfoﬁll}z aﬂbvﬁlﬁ@ the re&Qfohlrﬁ’i&ﬁlr@fo warm up
tetrahydrofuran (THF), concentrating to dryness after

edol5° 30°@ddRf imwf 10 ‘%gH(Eé 1sasltvmiytadderbﬂol reduce 2tz pMito 2.5 to 3. The
2004/ 043986 P 03 284 Step 2. A nsi on
SRAEEE Ao gt B Reio, 00 el a5l F LTI &2 oot
| / t (3 o C
bE*B%‘PtaﬁlCd Bl 138 o R TBLIRAR a3t B o ShBIE oty i

nadeipiite, Initfi safurngl HuHCOR salutibe isidddd toaise thiehgH 10 5.5 to 6 . The
silylated steroid internediate 5 from above in THE

( Apr e ¥s dikitedwih ehybicetts OH %ﬁ%thﬁah%ﬁeaﬁqﬂ%eda The aqueous

i ﬁﬁl%%ﬁ! fé?ﬁ?r%&%%@g?&ﬁ&iea Eag)e?ana E’ @ﬁf)ﬁl@ z?cgga't%bl%geé are washed
WAt el watkoObritik) dried cﬁzddmdgmdsmnh s'ulﬁaltd mm dﬂgcéﬂmaterdeagwecthe addition
m xture to

ol ot Adae d CSMEC@IASOdsd O3 O8, E7E3%, 8537, T, 15247213,
M S 87168, 24111887247 A1 B3 1958 0 Pehlp %zﬁé‘%bipﬁs 09, 31.95,

2.%5.4,083s8, 143091 to 2 hours at 20 5C Wen the

hydr ol ysis is conplete, half saturated NaHCO3

sdixample 155 Hydreay aeetylationst he pH to 5.5 to 6 . The
mxture is diluted with ethyl acetate (500 m) and the
phases separated. The aqueous phase is extracted wth
ethyl acetate ags the combined ethyl acetate phases on
are vvaslpfm;l ~eEer, brine, dried over magc(a,@sl .
sul fate and tratedto gi ve the addition 15
+3C NVR (DMSO-d6) b 141.99, 1
75. 24, 72713, —>

OH AcO OAc

n 12

A mixture of the tetraol 11 (Scheme II) (50.00g, 144 mmol) dissolved in pyridine (150
ml) is cooled to < 10°C in an ice bath. Dimethylaminopyridine (DMAP) (1.7 g, 14
mmol) is added followed by slow addition of acetic anhydride (41.4 ml, 439 mmol) at a
rate to maintain the solution temperature below 10°C. Following the addition, the
reaction mixture is warmed to room temperature. The mixture is diluted with ethyl
acetate (75 ml) and water (50 ml), stirred for 5 minutes and the layers separated. The

organic layer is washed with 10% HCI (4x 25 ml) followed by H2O (2x 50 ml), dried
-4 .



70.54, 67.68, 54.13, 49.57, 47.43, 43.94, 42.58,
40. 52, 40.22, 39.01, 38.09, 31.95, 25.8, 18.58,

wa 400004398 anpl e 15: Hydroxy acetyl ati ons: OH QPCT/HS2003/007284

10

15

20

AcO,,, HO OH AcO QAc 11 12 20 A mixture of the
tetraol 11 (Schene 11) (50.00g, 144 mmol) dissolved in
pyoverdMas O} abd comkdtrated. dthe lpectuttis cect Pxtallinedafinom ¢elurzt (100 ml).

addeaNB D o ?Lq%ieé%\ﬁ%ﬁ%%; G 35 B 14259, 86 63,
(e, B or BEATIEAD LA s e TSR, 3060 370,37,

acy¥.92, on.661 118, eFat 2 M, M5y 1 ®06s warmed to room
tenperature. The mixture is diluted with ethyl

adéxample 165 Hydroforanylatien of metylene adducised for 5

m nutes and the | ayers separated. The organic |ayer

is washed with 10% HCO (4x 25 m) followed by H20 (2x

50 m), dried -24 WO 2004/ 043986 PCT/ US2003/ 007284 oH

over MySO4 and concqri{tated. The product is

recrystal | i zed“Promitol'Gene (100 m). 13GoNM
2

S 170.68, 170~p .48, 128.90, 128. 10,
122. 59, 86. 6 21, 75.07, 72[.510, 72. ,
50. 16, 48adr, 020A38. 76, 38.06, 37. 383

36.92, 27.66, 24,18, 21.74, 21.44, 1§\.05, 13.06. 5
Exanpl e 16: Hydr"ofor nyl ati on of acetyl ene atilucts. OH
OH 29 AcO OAc AcOc 12 13 A solution of the

t rAaclketian of th2 tfifetuan®2 (Scherhe B) 54 g5% mnol)) , PABN3.13 g, 8.1

| rroBoRy e AD (Ham 05 Sbipsthsb R G TR Fobecdpd a
1/ oo dﬁ{dg{ £ }Hfmiml‘.gé ﬁg %Pér%@%xﬂ@eﬂbgfpﬂlgﬁbﬂﬁe Ala FeRufSGtUT8 psi for
of 170 psSi~ Tor ours. °Thé m xture I's concentrated

unpekoure dle el x fif € BToheenbattd i geaedwbed prebure St trerpeoduic) 13
purified by columm chromatography (70/30 Et QAc/ Hex and
50 cherss I perjfied byrrolummekipaatagzanhy (YOBQ BE3ApElexand Q0 g silica).

iR GE et of HteRRBIRe AR Cohp Rl 3358 ofeh B Rl ring closed
isomers and was thus not characterized fully.

Example 17: Oxidation of lactol to lactone.

OH (0]
(0] (0]
AcO,, AcO,,,
——
AcO OAc AcO OAc
13 14

A mixture of the lactol 4 (Scheme I) (25 g, 50 mmol), methylene chloride(250 ml),
water (38 ml), 2,2,6,6-tetramethylpiperidin-1-oxyl (TEMPO) (156 mg, 1 mmol), KBr
(595 mg, 5 mmol), and NaHCOs (5.5 g, 65 mmol) is cooled to < 10°C in an ice bath.
A solution of 1.1 M sodium hypochlorite (NaOCI) (50 ml, 55 mmol) is slowly added.
The mixture is allowed to warm to room temperature and diluted with water (50 ml).
The layers are separated and the organic layer washed with brine (2x 50ml). The
organic layer is dried with MgSOs, filtered and concentrated to afford S as an off

white foam. *C NMR (CDCls) & 177.94, 172.60, 172.15, 171.58, 145.49, 124.36,
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15 Exanple 17: Oxidation of lactol to lactone. OHO O
O AcO,, AcO,, AcO\ OAc AcOQAc 13 14 A mxture

w@bootloe39B@ct ol 4 (Schene 1) (25 g, 50 mmol ), neChybm0®007284

10

15

20

chloride(250 m), water (38 nl),
2,2,6,6-tetranet hyl pi peridin-| - ox¥l (TEMPO) (156 ng, 1
me6l1B, (TRB2, 7§.90,57 811§, CBChaysl6)39, a8 7 NEHERS2(19, 49.83, 46575, 40.00,

b B 1S A A AR g

S550mD{ g 1S slowy added. The mixture is allowed to
warmto roomtenperature and diluted with water (50
mMBxamplé#8:! Bueansylaien.separ at ed and the organic | ayer
washed with brine (2x (;som). The organic layer is
dried with MgSH, filyered and concentrated to afford o
5 as an off white 13C NWR (CDC13) 6177. 94,
172. 60, 172Acb, 58/ 145.49, 124.36, -25 \60
2004/ 043986 R 3/ 007284 96. 18, (79. 2V ze
78. 59 CDC] 74.57, 72.63, 52.14, 49.]53
47.75, 40 39.61, 38.65, 37.47|

30. 85,4c09. 56, 26. WlAc 23. 61, 23.37, 23.17 oy
20.52, 16.19. Exanple 18: Furanyl ati of**°0 O omd@

AcO,, HAO@Ac H i AcO "" 1i 14 150 514
solution of the triacetate 14 (Schene |I) (1.30g, 2.58

B b FALU AR BBl g 250 ptyin 03

Saif FF I3 obadtomlitkitse R0PO was treated with 250 mg of Sc(OTf); and allowed to
stir for 1 h. The product was isolated by EtOAc extraction and purified by
chromatography on silica gel with 40% EtOAc/Hex to afford 1.0 g (74% yield) of the
furan 15. °C NMR (CDCl3) § 176.27, 170.45, 169.85, 152.53, 150.96, 140.60,
123.45, 110.05, 106.01, 94.95, 73.39, 71.37, 46.50, 45.40, 44.60, 38.55, 38.37, 38.06,
37.78, 37.74, 36.89, 35.41, 31.81, 30.72, 28.96, 28.93, 27.69, 23.07, 22.63, 21.74,

20.98, 18.80, 14.83, 14.13, 14.06, 13.62.

Example 19: Acetate hydrolysis.
o

A mixture of 810 mg of the diacetate 15 (Scheme II), 112 mg of K>COs in 20 mL of
methanol was stirred at rt over night. TLC indicated the reaction was not complete so
an additional 100 mg of K,CO; was added and stirring continued until TLC showed
complete reaction. The mixture was acidified with 1M HCI and the product extracted
with EtOAc. Chromatography on silica gel with 100% EtOAc affords 610 mg (89.5%
yield) of the diol 16 (Scheme II). *C NMR (CDCls) § 176.68, 153.20, 150.79,
142.05, 122.32, 109.80, 105.94, 95.3, 71.83, 68.64, 50.13, 45.81, 44.88, 42.73, 42.62,

39.01, 38.56, 37.73, 36.81, 35.44, 31.57, 30.84, 29.06, 23.13, 18.81, 15.27, 13.64.
-26-



stir for 1 h. The product was isolated by EtQAc
extraction and purified by chromatography on silica

wW@edo4ini398e 40% Et OAc/ Hex to afford 1.0 g (74% yPel/u%2003/007284

10

the 10 furan 15. 13C NMR (CDC13) 8176.27, 170. 45
169.85, 152.53, 150.96, 140.60, 123.45, 110.05,
106.01. 94.95  73.39. 71.37. 46.50, 45.40. 44. 60
38.55 38 37, 38.06, 37.78 37.74 36.89 35.41,
3 Examplegl:; Oxidatiogof godarm7. 69 ' 23 07, 22. 63,
21.74, 20.98, 18.80, 44.83, 14.13, 14.06, 13.62.

of the dlacgpa e 45-Schene 11), 112 ng of HOQ
mL of nmethagol] tas gtirred at It over night.

i ndi cat ed (.HI on Was not conplete s Vg
addi ti ong of. K2C03 was added and
conti M#®d until TLE phowed conpl ete re@ . =
mxture was acidi f@e( with 1M HCl and the product o /
extracted 20 i th Et OAc. Chronmat ography on siflTca ge
with 100% Et OAc affords 610 9.5% vyiel d% of the

i Bie dig) Yessremee 1) oo diseivaivia T mbersgugnaeng (shmisefepigne and
150.

. 22.32,. 109.
gdr %:% vgléh é@mg 4%“ 1n51211 Igg)ro f%?dfgalngilfgtég t09 'I:’Qég %}t‘exsége'veral
38(1051@9 thé% agﬁear&@to%- noxn4ésiod bo 971 mBOf 8dcloZkafdéne was added and
27, 13.64. -26 WO 2004/ 043986

PCﬂﬁcé nﬁmmﬂe@@ﬂzﬁmm@tawpt groﬁget 13SakameH) whs iselated bysilipa gel
17chrc9m§t)ography using !c_El)yl acetate as ell_lllent 1@1\%{9 (8DC13) 9 199.96, 177.05,

170.32, 153.34, 150.74, 126.7, 109.14, 106.33, 95.54, 69.08, 52.50, 46.26, 46.0,
43.58, 40.13, 39.05, 38.8, 37.93, 36.92, 35.66, 34.59, 31.33, 29.47, 23.06, 18.83,
16.01, 13.90.
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16 17 The diol 16 (Scheme I1) was disolved in 2 nL of
toluene and 0.1 nL of acetone and 5 treated with 50 ng

w@booalowsyserum i sopr opoxi de and heated to 100C APCEIS2003/007284
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several hours there appeared to be no conversion so
0.1 nL of cycl ohexanone was added and the m xture
h&¥katds deimnediight . The product 17 (Schene I1) was

i solated by silica gel chromatography using ethyl
acetate as eluent. 13C NWR (CDC13) b 199.96, 177.05,
140. 32, %&%es%‘}"o Gﬁlégaxﬁ% 7-su8ithted K&RoilbombBEndbDf F%ﬁn@lﬁ L
69. 08, 52.50, 4 6.0, 10 43.58, 40.13, 39.

38.8, 37.93, 36.92, 35.66, 34.59, 31.33, 29.47, 23 06,
18.83, 16.01, 13.90. -27 WO 2004/ 043986

PCT/ US2003/ 007284 What is clained is: 1. A process
for preparing 7-substituted steroidoppounds of

Formula I, 5 Z1 H Z2 RIO1'Y 4 a1 wherein
RLis Hor -COR2; 10 Rz is CL;CP o ) Cl- C6
al koxy; OR3 Z1 is CH2, ~Zy Jubereyn OR3 is in

the a configuration; H
-CH; or Z1 and Z2 ma s ggether to forma

car bon- car bon doubl e Rabhd; ~ 00 TH SBH OH 20 Qs or
---~) T --~ 25 Yis -CN, -CH2-CH=CH2 PN -1 ~/ cl.6
al kyl Cl-6 al kyl Formula 1

COR2: Z2 is

wherein R; is H or -COR3;
Ry is C;-Cg alkyl or Cy-Cgalkoxy;

O-R;

Z;is CH,, or —-—(:3— , wherein OR3 is in the o configuration;
H

R3isH or -COR3;

Z»is -CH-; or

Z; and Z, may be taken together to form a carbon-carbon double bond;

O OH OH OH

Qis , >: o, 7@ or 7@ 47\\’ _7k<;:
Yis-CN, -CHy,-CH=CH,, ﬁwe aky | /E} ,

\01 - alkyl

CHR,C(O)Ar, CHR4C(0)Cygalkyl, CHR4C(O)XAr, or CHR; C(O)XCy¢ alkyl;
where Ry = O C;.¢ alkyl or aryl
X=0orS

comprised of reacting a steroid intermediate of Formula IT;

-28 .
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CHRAC(O) Ar, CHRAC(O C1_6al kyl, CHRAC(O) XAr, or CHR4
C(O XC1-6 alkyl; where R4 = 0 Cl1-6 al kyl or aryl 30

Formula Il; -28 WD 2004/043986 PCT/ US2003/007284 !'R1
O Formula Il wherein R1 and R3, Z1, Z2, R2 and Q
are as for Fornmula I; with a nucl eo thC reagent in

the presence of a Lewi s aci d caal 5 2. A

conpound of Fornula | whereing lhBr 3i 1

-COR2; R2 is Cl1-C6 al kyl ef™d A
is CH2, or -C wherein OR [ a configuration;

HR3 is Hor -COR2 O 1 and Z2 nmay be
taken together to foﬁ*n a carbon-car bod doubl e bond;
150 000H OH ™ QsOor 20 0 Y is -CN,

-CH2- CH=CH2, CI-6 al kyl | 25 CHRAC( O) Ar,
CHRAC( O Cl1- 6al kyl , CHRAC( O XAr CquéﬂdﬁL‘@lR4 C(O)XCl 6

al kyl; wher R4—O al k or S 3. A
process” %?6%‘8%81% l%%ztil}ﬁr%ﬁ Tld%/éﬁfehaes?ggg%ﬂ} %l ng the
steps Q)f/lth Ahudl&milidY8agenk Rl tBe preBEmRe @f AL ety 48id datdly t h
a Cl-C6 al kyl chl'or of ormate or benzyl 30 chloroformate

or an al koxycar bonyl benztri azole in the presence of a

t e{.t ! arX compound of Formula I wherein:
wherein Ry is H or -COR»;
Ry is Cy-Cs alkyl or C;-Csalkoxy;

-R3

Ziis CHy,or —C— , wherein ORj is in the a configuration;

-0-Q

RiisH or -COR;;
Z,is -CH-; or

Z, and Z, may be taken together to form a carbon-carbon double bond,;

o O o OH OH OH
. 15 e KA
Y is —CN, -CH;-CH=CHy, \@—cm iyl /Er} ,
Cq-6 alkyl
CHR,C(0)Ar, CHR4C(0)C.salkyl, CHR4C(O)XAr, or CHR4 C(O)XC1.6 aixys
where Ry = O Cj.¢ aiy OF aryl
X=0orS

3. A process according to Claim 1 further comprising the steps of:

a) reacting a keto steroid of Formula 1 with a C;-Cg alkylchloroformate or benzyl

chloroformate or an alkoxycarbonylbenztriazole in the presence of a tertiary
organic base to give a tricarbonate of Formula 2 wherein R is C;-Cs alkyl or
benzyl;

-929 .
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organi c base to give a tricarbonate of Fornula 2
wherein Ris Cl-C6 al kyl or benzyl; -29 WO
wQo@Nd98®86 PCT/ US2003/ 007284 0 11. 0 ROOO. p&r/US20bB/007284
ROC-0 0-COR O Fornula 2 5 b) reacting a tri-acyl
conmpound of Forrmula 2 with a 2-C1_6 -al kylfuran in the
presence of a Lewis acid catalyst to give a
di acyl ester conpound of Formgla 3; 0 11 O RCC O,,,,
H OH ROC O 0 Ci-6alkyl IE@E[BJI a D c) hydrolyzing
the di acyl ester conpound of Formufg—3 in the presence
of a base to give a dihydroy ﬁ’o Formul a 4;
HOL161 o H HHO'E | @ C | 15 Fornula 4 d)
reacti ng a conpound ofRJ-O+a NotrOfcet yl ene in the
presence of a strong base to give a® acetylenic
conpound of Formul a 5;

Formula 2
5 b) reacting a tri-acyl compound of Formula 2 with a 2-C.¢ -alkylfuran in the

presence of a Lewis acid catalyst to give a diacylester compound of Formula 3;

Formula 3
10
¢) hydrolyzing the diacylester compound of Formula 3 in the presence of a base to
give a dihydroxy ester of Formula 4;
15 Formula 4
d) reacting a compound of Formula 4 with acetylene in the presence of a strong
base to give an acetylenic compound of Formula 5;
20
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20 -30 WO 2004/ 043986 PCT/ US2003/007284 OH HOL1 PO H
HO/ O Cl-6alkyl Fornmula 5 5 e) reacting an

waec@uphoeé c conpound of Fornmula XVII w th car bpeT/US2003/007284

10

15

nonoxi de in the presence of a rhodium catal yst |igand
to give a lactol of Formula 6; OH OHOH HOO

Cl-6al kyl Fornmula 6 10 f) oxi daphl of a lactol of
Fornula 6 to give a |actdid, ptfla 6a; 0 HO OH
0 O Ci1-6al kyl Fornula 6a g) Brizing the

4, 5-doubl e bond of 6a t actone of Fornula 7

0O HOOH O O C1-6al la 7 h) brom nation,
ozoni zi ng, oxidizing d esteri _Gqu}qorrpound of
Formula 7 to give an ester of Formula 8; -31

Formula 3

e) reacting an acetylenic compound of Formula XVII with carbon monoxide in the

presence of a rhodium catalyst ligand to give a lactol of Formula 6;

Formula 6

f) oxidation of a lactol of Formula 6 to give a lactone of Formula 6a;

(o]

/4 |
O7>Cy galkyl

Formula 6a

g) isomerizing the 4,5-double bond of 6a to give a lactone of Formula 7

(o]

/4 '
07, salky

Formula 7
h) bromination, ozonizing, oxidizing and esterifying a compound of Formula 7 to

give an ester of Formula 8;
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WD 2004/ 043986 PCT/ US2003/007284 0 0 HO HH p

"CO2Me Formula 8 i) dehydration of a conpound of
wo-eomh®s8@ to give an internedi ate of Fornmul a BCT/US2008007284

~HH 5 0 C2Me Fornmula 9 j) oxidizing a di eneone of

Formul a 9 whereby Epl erenone (Fornula 10) is

obtained. 0 OHH 10 'CO2Me  For a 10 4. A product

prepared by a process conprised of ting a steroid

internedi ate of 15 Fornulaké,‘rl Formul a 11
wherein: -32 WD 2004/ 043986 /007284 wherein
Rl is Hor -COR2; R2 is Ci- d -C6 al koxy;

"
"COZMe

O R3

Formula 8

i) dehydration of a compound of Formula 8 to give an intermediate of Formula 9;

0]

3§
/’COZMC

5 0
Formula 9
j) oxidizing a dieneone of Formula 9 whereby Eplerenone (Formula 10) is
obtained.
10

Formula 10

4. A product prepared by a process comprised of reacting a steroid intermediate of

15 Formulall,

Formula II

wherein:
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5271 is CH2, or -G , wherein OR3is in the a
configuration;, HR3is Hor -COR2; Z2is -CH; or Z1
wane4d2398my be taken together to form a car bonPCrEUBZING/007284
double bond; 10 OOOOHOH OH QisO _or or ~~- 15
with a nucl eophilic reagent in the presence of a Lews
acitgradaRaliyHtor -CRA conpound of Fornmula 6a. 0 HO O H

O_Cl-6al kyl 20 Forpmula 6a 6. A process according to

OReiltn Q-e kW Cofppik@hg the steps of: 25 a)
Reacting a conmpound of Fornula 1 with acetylene to
gi ve a conpound of Fornmula 11; -33 WO 2004/ 043986
PCT/ US2003/007284 OHS O, HH OH HO 11 D)

acylating a co und of Formula. 1l to give conpound
5 of ZEisr ,é)rlz;—gg%_s wherein OR3 is in the aco%ﬁguraaon; P
H

R;isH or -COR;;
Z,1s -CH-; or

Z; and Z, may be taken together to form a carbon-carbon double bond;

10
O OH OH
o] O OH
TPETE & i o I O
15
with a nucleophilic reagent in the presence of a Lewis acid catalyst.
5. A compound of Formula 6a.
0
14y, / l
0 o C1_63.|ky|
20
Formula 6a
6. A process according to Claim 1 further comprising the steps of:
25

a) Reacting a compound of Formula 1 with acetylene to give a compound of Formula
11,
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AcO,, H AcOQAc 12 5 c¢) hydrofornylating a conmpound

of Formula 12 to give a conpound of Formula 13; OH O
W@E\e@4/043986 H AcO OAc 13 d) oxidizing a conpoupdr/vg2003/007284

Forrmula 13 to give a conmpound of Forrmula 14; 0 O

AcO, e HH AcO OAc 14 e) contacting a conpound of

Formula 14 with a 2-al kyl f n inptRepresence of a

10 Lewis acid to give a co%g' d Formula 15; 0 O

AcO,, HH ACO"'" - 15 O (

Formula 15 to give a cony I jgormula 16; -34 WO

2004/ 043986 PCT/ USZOOﬂO ¢ 4

AcO OAc
12

5  c) hydroformylating a compound of Formula 12 to give a compound of Formula 13;

AcO

14

e) contacting a compound of Formula 14 with a 2-alkylfuran in the presence of a

10  Lewis acid to give a compound of Formula 15;

0

AcO, .

AcO o=
15 04

f) hydrolysing a compound of Formula 15 to give a compound of Formula 16;
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OO0 HO,, HH HO O 16 g) oxidizing a conpound of

Fornmula 16 to give a conpound of Fornmula 17; 0 O
woieno4/043986 0 O 17 h) converting the furan ri ngPOf/U82003/007284

conmpound of Forrmula 17 to a nethoxycarbonyl 5

compound of Formula 18, 0 0 HQ,, HH 00 Ow 18

i) converting a conpound of Fornmula 1§ to a sul fonate

ester of Formula 19; O O MSQ,,, Hp I, r0

h) converting thé furan ring of a compound of Formula 17 to a methoxycarbonyl

5 compound of Formula 18;

OMe
18

i) converting a compound of Formula 18 to a sulfonate ester of Formula 19;
0

OMe

19

j) eliminating the sulfonate ester of Formula 19 to give a compound of Formula 9;
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Ove 19 j) elimnating the sulfonate ester of Fornula
19 to give a conpound of Fornmula 9; -35 WD

wQo@Nd98®86 PCT/ US2003/ 007284 0 O H H - --0PCTDUS20@Mz07284
k) oxidizing a compound of Fornmula 9 to give a
conmpound of Formula 10, eplerenone. 0 0 0), HO O
10 Ove 5 7. A product prepared by a Process conprised
of the steps: a) Reacting
5-androsten-3(3,7(3,11(x-triol -17Fk dne/wi th acetyl ene
to give a conmpound of For d
HO OO~ 11 10

k) oxidizing a compound of Formula 9 to give a compound of Formula 10,

eplerenone.

5
7. A product prepared by a process comprised of the steps:
a) Reacting 5-androsten-3(,7f,110-triol-17-one with acetylene to give a compound of
Formula 11;

10

b) acylating a compound of Formula 11 to give a compound of Formula 12;

AcO OAc
12

¢) hydroformylating a compound of Formula 12 to give a compound of Formula 13;
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b) acylating a conmpound of Formula 11 to give a
conpound of Formula 12; OH AcO,, HH Ac0O QAc 12

wa@ oohpaioed or myl ati ng a conpound of Fornul a 12 POT/ys2003/607284
conmpound of Formula 13; -36 WD 2004/043986
PCT/ US2003/ 007284 OH 0O AcO HII AcQO OAc 13 d)
oxi di zing a conpound of Fornmula 13 to ve a conpound
of Formula 14; 0 O ;le AcO 14 e)pocontacting a
conmpound of Formula 14 witRco, ran in the
presence of a 5 Lewis acid o a2 conpound of
Formula 15; 0 O ACOH H _# 4 ©-K f) hydrolyzing a
compound of Forrmula 15 to ‘ Bonpound of Formul a
16; O AcO

13

d) oxidizing a compound of Formula 13 to give a compound of Formula 14,

e) contacting a compound of Formula 14 with a 2-alkylfuran in the presence of a

5 Lewis acid to give a compound of Formula 15;

g) oxidizing a compound of Formula 16 to give a compound of Formula 17;
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0O HO, HH HO O 16 g) oxidizing a conpound of

Fornmula 16 to give a conpound of Fornula 17; -37 WO
wQo@Nd98®86 PCT/ US2003/ 007284 O O HO , H H pCx/0820037007284

h) converting the furan ring of a conmpound of Fornul a

17 to a met hoxycarbonyl conpound of Fornmula 18; 0 O

HO,,, HH O'r- 0O Ow 18 51i) conyerting a conpound

of Fornmula 18 to a sulfonate ester Formula 19; O

0 MO, H

h) converting the furan ring of a compound of Formula 17 to a methoxycarbonyl

compound of Formula 18;

OMe
18

5 i) converting a compound of Formula 18 to a sulfonate ester of Formula 19;
| 0

OMe
19

j) eliminating the sulfonate ester of Formula 19 to give a compound of Formula 9;

k) oxidizing a compound of Formula 9 to give a compound of Formula 10,

10  eplerenone.
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H rO OOWw 19 j) elimnating the sulfonate ester of

Formula 19 to give a conmpound of Fornmula 9; 0 OH O
WO 0404398E k) oxi di zi ng a conpound of Formnmul a BCT/OSHOVan7284

a compound of Forrmula 10, 10 eplerenone. -38 WO

2004/ 043986 PCT/ US2003/007284 OO Q_, OHrO 10 Ow

8. A process for preparing epl er enoneRaccor di ng to

Claimé6 further conprising silylatpoR of a compound

of Formula 1 prior to reactign wijhlacetyl ene to give

a5 silylated internediate apdg bng said silyl

groups during isolation a of Formula 11.

-39

8. A process for preparing eplerenone according to Claim 6 further comprising
silylation of a compound of Formula 1 prior to reaction with acetylene to give a
5  silylated intermediate and removing said silyl groups during isolation of a compound

of Formula 11.
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