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steroids, for exanple eplerenone, are well known for

their al dosterone antagoni st activity and are thus

1S PROCERSES FOR NGJ- GABBOXY SVBSTIEEERSTRROIDS

the circulatory system U. S. Patent Nos. 4,559,332 and

5,981, 744 and International Publication W98/ 25948

descri be a nunbergQEKTEROVIND CIPTHEENVENIGON | on of

epl erenone and rel ated conpounds. However, the advent

of new 10 and expanded clinical uses for eplerenone
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epl erenone an ated stérolid compounds is the
i Npreveidn afdishseas of dicharcylatqy oygperat UCS. Ratetit &losu4,5 #h332 and

synt heses invol ve the use qf L C nj de.reagents

£ 0P ka4 pad InteraisIh PR iction W@%&%ﬁ‘@l 46591&9&. iggbet of methods
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10 St endexbaadedelimed ueds fooeptererore, cr@e Zhedd-for #RprRY€d processes for the

/[ C02R3 Formula | _  wherein Rl is selected fromH or_. .
corepnufrgture oithisend Hthey relaied glerqigds. 4 RRUSE: © staglepig theefticient

O < SBn AidH g RidBkhn of a carb

O By eﬁ“?%ﬂ%‘*%%ﬁ%?%ﬁ ?tglt%:f%%?rﬁﬁc’lm’\%lsg%%ﬁ?04§98? ot 8 carboxy

PCELddp20 037008 arent syntheses involve the use of toxic cyanide reagents for the
introduction of a C-7 carboxyl group.

15

SUMMARY OF THE INVENTION
This invention relates to processes for the preparation of 7-carboxy substituted
steroid compounds of Formula ],

20

Formula I

wherein R; is selected from H or COR4;
Ryis C1-Cg alkyl or C;-Cgalkoxy;
25 R; is Ci-Cg alkyl;
0-CORy
Z, is -CH;- or ——Cl —_
H
wherein O-CORy is in the o configuration;

.



Z2 is -CH; or Z1 and Z2 may be taken together to form

a carbon-carbon double bond; 0 OCH5 Qis >=0 O or
wab@sm43981 er nedi ates are useful in the prepar ap€DOSD3/007285

7-carboxy substituted steroid conmpounds, and

particularly, the invention is directed to novel and

advant ageous 10 nethods for the preparation of 9,11- a

2 (- a -hydroxy-3-oxopregn-4-ene-a-7- 21

-di€arboxylic acid, y-lactone, nethyl ester

( ept o1, @R@ e magPexXITRXS SR ) fork keybat-epbomddubée bond;

processes of this invention is reacting a steroid

i ntermedi ate of Fr aII%ﬁqHHm R O OR2
I a 5 wher R and re i ndependently H or

SCCFQU é%ECi Q a?e or Formula I; with

car bon nDnOX|de in the presence of an al cohol, a base,

and a pal I adium catal yst effectively |nsert|n

car bdkede intenngdiates @e psefgl inthapisparption pﬁ&ca@ow sut@tltuted steroid

provi de th r ol d, conpounds of Fo

R R g By RDERER Mt ol 48 pifiGlecous
0!l hi%thod's"@)r/ the gregaﬂa’f"bn &f 93'10(103%ox3’:97wllﬂfdfdx|yﬁ3 oXdiE-Nene-a-7-

2 are as for Fornula |
20044mmyll@mdw2meonﬂeﬂ% estarr(eplﬁmene,wmm@qr@none)
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Formula II

15  wherein R; and R, are independently H or CORy;
Z, Z5, R4 and Q are as for Formula I;
with carbon monoxide in the presence of an alcohol, a base, and a palladium catalyst
effectively inserting a carboxyl group at C-7, or "carbonylating” C-7, to provide the
steroid compounds of Formula I.

20  Other intermediates of this invention are those of Formula IIIA;

Formula IIIA

wherein Rj, Ry, Z; and Z, are as for Formula II.
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DESCRI PTI ON OF THE EMBODI MENTS 5 Definitions 1In the

detail ed description, the following definitions are
wie@d/043pBe term "al kyl,"” by itself or as part PET/US2003/007285

anot her substituent, nmeans, unless otherw se stated, a

F a3 noBH SERRGI AR BR %h@?ﬂé%% Sk DL OSEE0 o reaction
sab il g&{’oeﬁmﬁé’tﬁﬂh@% %fi]f?}ﬁﬂ)&ﬂxgxentgm are not
limt

groups suc as net et hyl ,
n- propyl, isopropyl, n-butyl, t-butyl, |sobutyl,

sec- butyl cycl ohex cl ohe et h ,

cycl opr opy!l met hjRES @1%1(@@ }flgb éDJMENSS
5exanple n- pentyl n- hexyl heRty! . n-octyl, and

the like. The term"aryl, Pﬁ?i)n en‘pl oyed alone or in

conbi nahé @étaﬂddtdés@iﬂﬁﬁh the foltov(iBg definitidhyareXyed. The term "alkyl," by
aryl thi oxy, aral q¥1 means, unl ess ot herw se stated
an itaelbemasi nertsaflsnether ramptitugrs, weanshulass deersyiseiskigds 2 sirpight or

to B?tnﬁ%‘?do l&l?lll]lr :oﬂ%%gg glgdro?arﬁo?]? ?aefhcg C,%Q%?) bmaggn th%%e%f féég’a%l%les of

Sc g iRged M cRIM irstBcAS h@rrmen TSutfatenbt qhhﬂaaﬂaasgr@ﬁps such as methyl,
exanpl es of the processes of 20 this invention. -3 WD

10 206thiyb 43980y PETrOSAOR Bty 228%y1, iepltyl, see-totyl; ¢yciohrxy, 0
© %cy%lohrexy%ettgfl,cgy\éi/op%p%n%%h}(l)l, 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
15  which can be a single ring or multiple rings (up to three rings), which are fused

together or linked covalently.

Schematic Summary
Schemes I-IV provide schematic flow diagrams of examples of the processes of

20 this invention.
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| a-tri hydroxy-5-androst en-17-one) for Schenmes |-111

e obtai ned by the bi
5 Binpsunt 64 sta%mgﬁate%%clo DE B2 by yst aadhogtgpd T-one) for

of Absi di coe

B e e
1 Nsind D Qubpiedsdd dﬁﬂl:uf%f@éfbsﬁha E6Yruloa ICTERDB6A M (syRyhye Absidia
obtalned by the bi oconversion of

3(@chili) oy 0rdrfosnentBion(sealp- (Yedixanploh- (T stagting material for

LRsErY U et PR get BT R B sBa -

( Sc¥1Q19 yonBel ty 96 VBJdﬁ)&yd?oxt Q§t9—'559{1 DLdich-6409% using@ submerged -
¢

ernentation scale (see Exarrp e 16). Steps [-A
| | eLﬂi,urd d>ﬂDzLBZcHMdgd>s\9y}Wa A 2057 | dsyreosmyBanedipdodia therbromae

|nterrred at e omterrre a e reacted th
ac@@@‘&? a?%f?)&‘ ’r?é‘ SS?JFI(S&%'&‘H f]egﬁ’éddi ti one "
comgy f(‘-%ozﬁ Qn&’PV@' @9&%&% Bhd DEY-dd ihfBmediates
liter ure see for exanpl e: vve e, W, et.al.

St ET-ok@Biterfilddih6s afcl@88}pd w@hraegltyleﬁe tqJprowidedhe corgesponding addition

e TN g DI
et 3 Tur

Sa{wc’df‘]w ﬁnd’e ee\@sléﬁggémg?ﬁ(w N @3%?1 Ju%ﬁrfcgird{ém Soc.
V. (18b9)l 121, Teo7aleitovede, 1®9adal., SVe(rQi& ,(1%9963@3,gé¢6 197; Ali, H.

ciétal, | NeroieTs (1091 pSChY, S Taackal piolbegpicieos
« el o130k, AR, 9L FERIAAI 1 bl o
t hp. ¢, Thysliedron CIOOPRUAY 287i1+8; Stuets, $.9A et.al., Steroids (1991), 56, 8;
Kataoka, H. et.al., Chem. Lett. (1990), 1705-8; Christiansen, R.G. et.al., J. Med.
Chem. (1990), 33(8), 2094-100). Optionally, the trihydroxy compound 1 in step I-A
may be trimethylsilylated without isolation before the addition of acetylene. Silylation
is achieved with hekamethyldisilazane and a mild acid catalyst such as trimethylsilyl
chloride or saccharin. Following the addition of acetylene, the trimethylsilyl groups
are removed during work-up of the reaction with mild mineral acid, acetic acid,
phosphoric acid, tetra-alkylammonium fluoride and the like.
Steps I-B, II-4, III-A and IV-A: hydroxy acylations
Hydroxy intermediates are acylated with an acylating reagent in the presence of a
tertiary organic base by procedures well known in the art. Acylating reagents include
lower alkanoic anhydrides, lower alkanoic chlorides, lower alkylcarbonyl chlorides,
lower alkylcarbonic anhydrides, and the like. Suitable tertiary organic bases include
pyridine, 4-dimethyaminopyridine, 4-dimethyaminopyridine N-oxide, triethyl amine,
diisopropylethyl amine and the like. Alternatively, preparation of mixed carbonates
(RO-CO-O-) can be achieved by reaction with an alkoxycarbonyloxybenztriazole in
the presence of a tertiary organic base according to published procedures (Harada, T.,

et.al., J.Carbohydrate Chem., (1995), 14, 165) with the modification that a polar
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may be trinmethylsilylated without isolation before the
addition of acetylene. Silylation 20 is achieved with
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trinmethylsilyl chloride or saccharln Fol | owi ng t he

B abrBas s Ry o gE et A b Rguted 7
‘ elﬁgt'h? 6P€81:llgﬂd@£5e&lb @ﬁbﬂjsoévmosr)horl ¢ acid,

anoni Um Fluoride and the Iike. Steps |-B,

I'l - AStepd JLCAII&TI AT s [mydﬂpmf@wvcam@yfecaﬂewaumy
internmedi ates are acylated with an ac %égng reag

i Farmatipn e5g destolfintgimedipies | iy @Y?jiaw Elpgption With carbon
i :'.]l’glf%g(%(g& e:ilrb(i@!dr%ﬁegano e éj'il E@e o MJ #hdid o ﬁﬁ‘)ﬂﬁﬁ‘ﬁ gatalyst and

ower aI anol

chy Alolifes codr@ﬁ&ﬁtﬁn@l'dé'ema@aédi@mgho pfdcecﬂu;rdﬁﬁescnﬂ)édmﬁr’the literature
al kyl car boni ¢ anhydri d and the like. Suit

abl e
L eWiiar B:Coblgehl, T2k §e@16|‘1mdl9§%be54 éWQ Hoifeghi, € etal, Tetraedron,
di
l\l—*g(igqeé; ARP LR eAsRis CorhFEh UMb 4500 Bty

eterdty béWeES NGU-DOEH. TRE ERRY cﬁtﬁy@fbg@ﬁ td@a)ﬁ‘@cﬂl monoxide is 1/5 to
ca bonat es (RO-CO-O) can be achieved by reaction

vv| §/h, mrafeadbip XAl c Avuiselly Kendjire eatahistdetlads odivppagstaie shedium

O s b SRR BEGBR L il bR 2 PR a8 hceronato
4 trbﬁilt 18d
‘vé%%%l’&a% B AL ae T B ates, Bhdentate

pyphaipmiees siches kgitplorsieideateteahosphtes and thiellike s

R B i
Wé&ﬂ%ﬁ&ﬂf BtbRNo q’efctcﬁfé@t:é‘ﬂ B Q&tlﬁl a ‘Fzﬁ’feliﬁ%ﬂ sbahdafd oxidizing

actol 1nternediates is achi eved é\
hyxba gdnts. it aaglerpfisuitable axidirinSreagamixindderigdpspaeipeide/ tetrabutyl

caBpURT R K HSAPGEE Gor U EET G Yeotisa! Shelbay Ryt

to e Fi l er £Ch 1989 54 14
%@b@fem@) %9@9@@ Ei%%‘étteﬁ] & *1}\3 élst Al 54:&05%80 &H\E{B%%te ), 54(14),

C 33Et) Tines reiﬁnt écﬂle«ztnwmmd m@@qtonQXPall@g 1) et ath @etrahedron Letters

on ct b t
I A T T
92;1' S8R (AT PN RN OX CHE! §001/ I@rlhﬁ Tkbhsaétlons 1, (1999), 1847);
re

erably 1/1. Suitable rhodium catal ysts include
r hEphldJmuacdﬂaxtoehrom@d (Ushiyarhd, i, deal., Tetrahedron Letters (2000),

T h LB a T erdePi it | SERALE Calpfpliafiehy (2806
”3@473’ RROQRPI NGSI., dubdll kY Orpiaeschatiesy (PogBN6AL 8696; Rehnberg,

phosphi nes such as’ xant phos, bi dent at e phosp hites and
t hal.,let.lde,. J.$rep€hdmD(1990),G5(14), 434af9d R F- te*@dkmlamnmmum salts /

O b SOk TR G RUL PR B P geBipsmiamiom

OXjdh 7, Paquette, L. A., et.al,, J. Am. Chem. Soc. (1995), 117(4), 1455-6);
sodium hypochlorite/ tert-amine N-oxide (Waldemar, A., et.al., Chem. Rev., (2001),
101, 3499); aluminum alkoxides/acetone (Ooi, T., et.al., Synthesis (2002), 279;
Djerassi,C. et.al., Org. React. (1951), 6, 207); triacetoxyperiodoindane (Martin, J.C.,
et.al., J. Amer.Chem.Soc., (1991), 113, 7277).



reagents. Exanples of suitable oxidizing reagents
i ncl ude: | odosuccinimde/tetrabutyl amonium i odi de

W@ Kas398Geor ge A. Bi oorgani ¢ & Medi ci nal ChenP&L/D§2003/007285
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Letters (2000), 10(9), 895-897; Barrett, A G M,

| . Oda. Ch 989) 321
Ceaqtits LB I ReranE Lakasiaiopgbidt Y wer

lfééri%gﬁﬁgt?&é'f?etr%qgl rﬁﬁge S 1D g&at%sg%l 51?91%%8 1sT '&ﬁbfﬂbﬁsheﬁ by reaction

Silver

c afhip Baben (Snoxide Tn thd presehceadf.an a]lcoh(m erbaseSSlmch asRerakiine, a
Transactions 1, (1999), 1847); Pé; di nj um ¢
chvedladiint epialyes, ARTipR#HY, awp;solent fo provide theroishrompounds o

G 0 gyl i,

goHah(M and®k ofdanic likaddiadataf to@t Gan cme(Halem)m; witich facilitates the

(19 , 62, 3696; Rehnberg, 25 N., et. &a%
cumvel(smga)the @ﬁ(ﬂl}z group o fprmpladhty the éﬁ%ﬂéﬂdmﬂ@ heigwp of

Le{OtP% (a I gl rtgbl ‘(3 g')ﬂTa%f% catagrgﬁs dfg ﬁ%%gut da{? Ho@l‘im?éd to, f;glf"amum

P nd dhe (0)bSalibenzHe®mPacet
1i%%é %ﬂédémﬂ)a,l) %33%033 i/eplgécnhal ori t(0 e?/ %riﬁi ):ace o0

N- @xb@ba)\ahidastiem 1 Sedlph@tylwoslvhl@@ﬁparﬁéhbmnxl% @Hf}(dppp)Brz)

et &me%y?%ﬂm@ﬁﬁgﬂ?%%%e%%g@ C gtﬂglgardgé I ng:blsh%pheflylphosphme

'\}gauaﬁ?%? bibrdnkide %})dz(ﬁhP)’z@?Z) Suﬁthl@l@ Bhas YRede) B el 426l asdimited to
rtin . Chem Soc., (1991), 113

7 Zid hethylﬁldwlcﬂme @\IMMQ smethm:msz@mm@mmym@é@nm EDIPEA)

Caﬁ“BIth?:‘ g’? Bgﬁana?l%?feaqﬁé C%Q]P&/i‘gyye REH7S b&‘itlflatneo% lipyitse §9510% benzyl

2) albﬁhcﬁlc&r QRSB e fo%ﬁﬁtal ©NCs M IhOFBI0Bs ARMaNbIdethanol, 2-
in the presence of an al cohol, a base, such as an

anbutenol gandpisdrirepiingn @ﬁn@ab}gemplemfduﬁﬁﬂé @l@ahcbly may include any

co- sol vent to rovi steroid co

FOYCRTIRRLS coptal (?ﬁ OB%‘1| graun WiHe gg? gcﬁqg/eg {hntg w111 form
anyeldeGtd et @l thd debtiTy €OMpbsition. PordnstadtR! thd@lcanel sy be any
organic ligands ligated to at |east one Pd atom_ which

f apmmaltyatrescdnﬂery hydrogerbon gepctint.t feactions I@X@egp@dﬂﬂﬁtf?dﬂn an

| HEhd sbeadare e rn i ok T PO € hp hEfs of co

l i Pathveth iut BEd hadd HhBut 20606 BdiFor tdlt S 8Bl 4 hours. For example,
acetyl acetonate, palladium

( O)drhsdutidbefithg liincation oy dagroduged Prng o tﬁar)rzeyatur@dxerwm C-

e
g) ?'Osltf iR NenyIRBRsPRINEe PabhAR deftatHstHremidefrom for example
f Ph3P) 2Br 2. Suitabl e bases include, but are not

| i Hihtiwed btcun1dbl—ﬁ[ft1h§ult$mfphmbbnﬂetlfémm@er atiey oy Peiditins are

TEA), d DI, P
E BB HBIod COE R or e B aiecpet LRt on
i %ﬁcﬁt@oﬁsgpec‘?ﬁc B&1Ydns for this reaction are found in the examples.
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15 al cohol or conpounds of the fonnula Cl-C6 al kyl -OH
such as nethanol, ethanol, 2- butanol, and

w0 s@poasnol . Ot her exanpl es of suitabl e al cohpdBHUSEY3/007285
include any reactants containing an -OH functional
group which together with ther COwll form the
desired ester at the steroid @b}?1p05|t| on. For
i nstance, the alc e [ secondary
hydr ocar bon reactgﬁﬁlL l@yam?ll%iﬁg”n‘% lgje@{:‘%ﬁlggsct ed in an
, 20 al cohol at tenperatures between about 20C to
about 150C and at pres ufs of CO between about 500
psi to about 2000% ‘ )
For exanpl e,

70-80C, and gy gk of 800-1500 pSI
1200- 1400, in nmethanol for 10-12 hrs. he reactl

xture optionally|Bdiadiemns br|om de from exanpl P
2651l um broomi del ( Theysesul tis 8 car bo 19&‘&% on ur §,é?ld%)
variety of cond| lons are  slummarized in Table 1.1 As

an be seg Ji el ds of product| are depengent on

ondi t i cifig S @ this t tNaBD arjes
bung_ | anpl & pEOREL R A (o) PO

1} 4441 \/A BO—AOD

o | Val.; VCD u J = u_( =, u AR
a; | adi um SuB}st rate P%gd{’? A{(Fft |I§I/1\(/3M\;i el d Jg}a)h%y? 60

a
c
c
f
PCﬁ”fOUé)ZOOS/ 00 02»85 TabI e I Car bonyl ati on|of C 7 Acy
F)
S

bur ce/ | igand 0  HOBrRA(PRIR( dba) BPEEHCL3 \WRrepph3, | 80

HBr—48—0 CH30D 0-= CH3 Pd2(dba)3  CHCI3 NVM PPh3,

Br_ 60 _Br2Pd(PPh3)2 DI PEA None 80— 0 0O
[e) \
o]

CH3)LO,,,
(dppe)PdBr, DIPEA LiBr, 32
o}
Ho 0—°

CcH
3 CH,

" (dppf)PdBr; DIPEA LiBr <10

(dppp)PdBr,, DIPEA, LiBr, 50

Br,Pd(PPhs), DIPEA None <10

PAd(OAGC), DIPEA DMPE, <10
D Br,Pd(PPhs), DIPEA NaBr, 39

All reactions were conducted at 70-80°C and 1200-1400 psi carbon monoxide in methanol for 10-12
5 hrs.
DMPE = Dimethyl-2-(dimethylphosphino)ethylphosphine; DIPEA = Diisopropylethylamine; NMM =
N-methyl morpholine; IPA = Isopropyl alcohol; Pd(dppp)Br, = bisdiphenylphosphinopropane
palladium dibromide; Pd(dba),-CHCl; = palladium(0)bis(dibenzylideneacetone)
-11-



O CH3 iz (dppe)PdBr2 DI PEA LiBr, 32 CH3~0
CH3(dppf)PdBr2 DI PEA LiBr <10 0 O AcO (dppp) PdBr 2,

WOLRMEA43987T Br, 50 AcO QAc 0 OCH20 O,,, 0 Br 2Pe(PPRBP2007285
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DI PEA B?/EE <10 0 QIL0 0 0-/ OO0 Oo Pd( QAC) 2
P h3
NaBrSter3ol- P o (e@&?&n ‘5@)5 ggﬁgf ‘&‘fpe %‘g 8%)?: glngEA
1 Zlgydré@%% ob8 ,nGRF PP HcIRRRSH PRt MeiBich moﬁiﬁﬁsﬁb@ with arPalkaline

Di gt iy tiroZ idegibieriboyatp o sqrbomaty EIChWS pd)‘chmpﬂlydmm@I petassium
Di i sopropyl et hyl am ne; NWM = hlllrm i ne; CHD
= qagl@;ma@pwdugp ona@nd%%mﬁlg}rgxﬂe 1thium glcar%onate and the like,

b di
oty SO LU i LR PR ey

]ﬂy Qrsl{4388AtsRGIN LSZRAIHIRZIBide Bt ﬁpmethylﬁﬂylbrdﬂﬁe either
[1-D, TI1l1-C, and |IV-C: Acyl group hydrolysis
Hywlitly pg@medfre@eamr Cﬁ‘flthllZE-SéféygleW@ﬁe@ %@agplhtﬁ & sRlvAt Behag
acco hed th agH allne earth hydroxi de,
bi ¥4 Elg?eb ¥e such as sodi um hydr oxi de,

pot a.ﬁéés*m H@J' boabgl spdoMBalbg af MM@Qy—Aéemwmermedzates
hydroxi de,” Tithi um pl carbonate and the |ike, 5 using

me©kigatdn a&-hy@gky@n t—enedptein@g@pqey infgredipted t%@p@e meneone 8is
R T eI APl Ry 1 el 191 browi de.

ei t hglthose instances where the oxidation of Steps I-G, II-F, III-F and IV-F results in

the unconjugated 5-6 double bond, migration of the double bond to the
thermodynamically more stable Cy.5 position is accomplished by contacting
intermediates such as 8 with an organic or inorganic acid in an inert organic solvent or
an aqueous mixture of solvents at a temperature of from 0°-80°C. Suitable organic
acids include, but are not limited to, toluenesulfonic acid, methanesulfonic acid,
benzenesulfonic 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, et.al., J. Amer. Chem.
Soc., 1987, 109, 5048; Tsubuki, et.al., J. Org. Chem., 1992, 57, 2930; Zeng, et.al., J.
Amer. Chem. Soc., 1991, 113, 3838).

Stepl-H

Hydrolysis of 8 is accomplished by procedures given in Step I-F

Steps I-I and I-J

Conversion of the known intermediate 9 to 10 (eplereneone) is described in US patent

nos. 4,559,332, and 5,981,744.
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with prefornmed reagents or with in-situ generated
reagents in solvents such as acetonitrile or

woreaohpsee chloride. Steps |-G I|1-F, [11-F anBCT/Us$03/007285

10

20

25

Oxi dation of 3-hydroxy-05 -ene internedi ates 10
Oxi dation of 3-hydroxy-@b -ene |Pternediates
internmediate 7 to the 04- elE¥MBIeS is achieved with
reagents as described for Step I-C. In those instances
where the oxidation of Steps |-G 11-F, IIl-F and IV-F
r gBiichfleitn  the unconjugated 5-6 doubl e bond,
m gration of the double bond to . the ther rmdynam cally
mor eAddiaen ef aoatybengde il {i08a Intermgdidess| i shed' by
contacting 135 internmedi ates such as 8 with an organic
or inogganixchacid in an inert organl Qdekwent or an
aqueous mm of solvents at a tenperature of from

: de— but are not

s ',mjoluenesulfonlc}g e hanesul foni ¢
acid, benzenesul fonic acid, Ctrifluroacetic aci d,
oxal i c, 1trichl oroacetic acid and the li ke. SU|tabIe
inorganic acids include, but are not limted to,

Jé%ﬁ}{élﬂ%ﬂdl&ﬂa%h@(HM@S))(mmDQﬁh@deaQb d stipbd slpheoif 60.0 g Triol 1
aCI

erchloric acid and the |like, Alternatively, the
cainaliog $m1 roethylbee chlowda: i Sacghasing 87 &) beasksled gadh thggmxture is heated

| ene gt AREY BB IR G My e iy HliSotve to o clear,
POl A% isHiMioAWERX (SI8) i§ @Ji&‘ddttmqurdﬂl%y@ﬁcs%m HINIDS |Aiftee 5 minutes

The doubl e bond mgrati on has been described (Bakshi,
etatatflyx the SrixPat writltenisl theuzB 2, @Mlz wel leseriof 3, %lnagneéid ona

An?ég@%%%ﬁ? ﬁﬁ 63513 %Z\E é%%agé f'«? be %lli,ﬁbalﬁla' aﬁmgét '&rré)rless The
Chem, C§Q&1S wa]sﬁ«%-mtﬂ :93@ 1@PRBLH, Sl e’Dﬂle Hmbiiel Bltisdsairedondentrated

i s acconplished by procedures given in Step I-F_ Steps
| - indencbdheet Iﬁess@(mmirrssﬂdmal ofethyienciohbwivleiinteanayisd b ateéa@mtlon

Zo‘gg];'g ( 3§0|Oert§ PO n@%titl t%i%e %rofgrav\%T izlgb f?ﬁ(%%%rggﬁg ton(ﬂ%ess after each
ancﬁﬁgt?,ptg:%@@;g,ﬁge séiy@anpl es Exanple 1 Addition of
acetyleneto 17-oxo internediates: 0 HO,,, HO,
OHC=EHuspension of potassium z-butoxide (42.0 g) in 500 'ml THF is cooled to—9° +
5°C with an ice/methanol bath. Acetylene is bubbled into the mixture just under the
surface with moderate stirring at for at least 1 hour. The silylated steroid intermediate
from above in THF (400 ml) is added over 30 min while maintaining a reaction
temperature of 0° £ 5°C. After the addition, the mixture is stirred for a further hour at
5° + 5°C. Water (100 ml) is added slowly allowing the reaction mixture to warm up
to 15° + 5°C. 125 ml of 10 % HCl is slowly added to reduce the pH to 2.5 to 3. The
mixture is stirred at pH 2.5 to 3, adding small amounts of 5 % HCl as needed to
maintain a pH of 2.5 to 3, for 1 to 2 hours at 20° + 5°C. When the hydrolysis is
complete, half saturated NaHCOs solution is added to raise the pHto 5.5t0 6. The
mixture is diluted with ethyl acetate (500 ml) and the phases separated. The aqueous
phase is extracted with ethyl acetate and the combined ethyl acetate phases are washed

with water, brine, dried over magnesium sulfate and concentrated to give the addition

product 2. . 3C NMR (CDCls) § 141.99, 127.38, 89.37, 77.73, 75.24, 72.13, 70.54,

-13 -



HO OH HO OH 2 5 Hexanet hyl di silazane (HVDS) (100 ml)

is added to a stirred slurry of 50.0 g Triol 1 in 400
workoorws3egt ene chl ori de. Saccharin (0.57 g) is edides2oana7285

the m xture is heated under reflux for 3 hours during .

\211%37258 tshge,;b}ééq S 7xEd %ﬁ‘%&ﬁ%ﬁ%ﬁ ({ 2?,;35383)%%55835’.‘39, 39.01,

ggl\/li)@ After 5 mnutes 10 at refl ux
t@@ﬁ%e%%sﬁl tér eg through a CH2C12 wet | ayer of

32.6 g magnesol on a 350 m coarse frit filter
funnel. The filtrate should be clear and al nost
coEKﬁmE@sz The filter cake is washed with 2 x 100 m
2 The c d filtrates are concentrated under
> red éﬁ“’aﬁy ﬁ'?%loe{l%d resi dual nethylene chloride is ’
renoved by evaporation wth 2 x 500 ml portions of
tetrahydrofuran (THF), concentrating to dryness after
each 15 additj&n to give a white solid A suspension

of pot ad¥i. BT de (42.0 g) in 500 m THEQs (B
cool ed tof ith an i ce/ net hanol bat h. Ace

i s bubiiTele he m xture just ypder the

with & ¢ stirring at for at least 1 ho

si KA ated réid intermediate from abdd®'in TH (406c

m) is added over 30 mn while maintaining a reaction

20 terrpergture of 0 5C. After the addition, thd

m xture is stirred for a further hour at 5 5C Water

( 1@0Gnixtyre bSthedetesdl 21(EMYg, dHKt mnhasig dtslsxdvccbmqiyiridtnerﬁl &® ml)sis cooled
towarmup to 15 5C 125 m of 10 % HQ

s sl
adtved19°6 m@@u@ebqth@wthsda@@pmdlee (BMAP) )Ztgurlg nr%ol) is added

d H 2 d
10 HCf r g ﬂi‘)g 8@0&\] ?,dd'5 ti rra(i)tﬁ 1S Aﬂgﬂ%ﬁ@% 4§‘HP H@%M?&P §t1 a/i;age to
2 HBHﬁaﬁn de %Qltloﬁ%knlgﬂlﬁf&ré hoRNdrO! ¥eilewing tﬁéadﬂiﬁmi ﬂie&ﬂactlon

hal f saturated NaHCO3 solution is added to raise
p Hmtixdufs. i§ wiaonéd toTieem teinpenaruge. 'Ehedmrmreds chiltpd erﬂrh;ﬁrthyl acetate (75

500 and has ara
ittt Dot gifiet 1 P ATRES R AR s Be T Bt
et ﬁg ReatieyRhagasier x%ﬁﬂl‘? o]l oW ddb (R (2x 31 ﬂn[b?dned over
over magnesi um sul fate and concentrated t ogg)r() 2.

15 t hMg8@diani oconcepiraiddcTheproduct faenyRalligetigm tgluepe

20047 OB ) S/ G870k 47 T35 syl 17315702259, 8665

. 2 8
3 9_7%31, ég_%?a, 4637825299, 7‘124175%% 16%582(?16 4392 12887@%55(%@37 83,37.67,

Exa6pb 7266, 24.18, 21.74, 21.44, 18.65, 13.06.

20 Example 3
Hydroformylation of acetylene adducts

AcO

AcO

-14 -



5 Hydroxy acetylations OH CH HO,, ACO,, HO OH AcO
CAc 2 3 A mxture of the tetraol 2 (50.00g, 144 mmol)

waele@sokived in pyridine (150 m) is cooled to RCI/OS003007285

10

15

25

an :;:e batgd Cl?imat hyl am nopyri di ne (DVAP) (1. 7 g, 14

nmo I S adde 10 f I t

anw@wle@ of i tragefate 3@5 &?‘f l‘vﬂmsol)gw}’g’?d% %130% i)t
g@?@ (? 26 51%”?%? mrr{)ﬁ 11?8#181 ecé@g ?nlrﬂégﬂ"hgégtreg I%E;%BWC under a

t eW@%’iﬁﬁh‘é 6f hyih©géh/¥drbsremosoxlid st eskeutdofel0ysi ﬁxrétzmbers The

(7 m) and water (50 m), stirred for 5 m nutes_and

t hmn{tmy:ew sorseptmated wetler Tasicest prasfiuee an[dép@ prngctvgagtﬁg'épd by column

ot Gosrolk e A LS RSO oo

re I 04
e e i S

12@e619a. B 6vas Baken Aifedly, mmsthemdmwo 72.79, 71.47,
50. 16, 48.07, 47.02, 38.76, 38.06, 37.83, 37.67,
fég 92, 27. 66OI 24.18, 21.74, 21.44, 18.65, 13.06. 20

34 rof ornyl ati on of acetyl ene adducts OH CH

%ﬂ%lnﬁle /fw ACO OAC ACO\ OAc '3 4 -14 VIO

2004061%71 dPCALIS20 034 @EE285 A sol ution of the
triacetate 3 (25.4 g, 54 mol ), PPh3 (2.13 g, 8.1
mmol) and Rh2(0OAc)4 (716 ng, 1.62 nmol) in ethyl
acetate (200 m) ig heated at 80C under a 1/1 noxture

¢ crude product was not :

( hwAcact ol i soners restf? ed”i n podic quality

NVR spect)_iéa. It was taken directly into5ahe oxidation
A mixture of the lactol 4a (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 NaHCO; (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 temioerature 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 MgSOa, filtered and concentrated to afford Sa as an off
white foam. >C NMR (CDCls) & 177.94, 172.60, 172.15, 171.58, 145.49, 124.36,
96.18, (79.22, 78.90, 78.59 CDCls), 76.59, 74.57, 72.63, 52.14, 49.55, 47.75, 40.00,
39.75, 39.61, 38.65, 37.47, 32.74, 30.85, 29.56, 26.01, 23.61, 23.37, 23.17, 23.11,

20.52, 16.19.

Example 4B

Oxidation of lactols to lactones

-15-



Exanpl e 4A 10 Oxidation of lactols to actones OHO O
O AcO,, AcO,, AcOQAc (QAc AcO\ 4a 5a A mxture

wo@boonhes9Bact ol 4a (25 g, 50 nmol), nethyl ene cPdDURHO3/007285

10

15

20

(250 M), water (38 m),

2,2,6, 6-tetranet hyl pil_ﬁeridi n-1-oxyl (TEMPO (136 ny, 1
mol ), KBr (595 rrg,o 55 muol), and NaHCO3 (545 g, 65
nmol ) is cool ed A 10Cinaniceb(gh. S tion

of 1.1 Ne&E6.umbyeothlorite (I\IaOC‘ff'e)OZ‘;(-’J Q 7

iIs slowmy aqd 'fhe m xture is all owka to rmto

room Le 3@ and diluted with @ |

; paFrefleand the pegRol
brine®(2x 50ml). The organic layer is gried with
MySO4, fidtered and concentrated to afford 5a as an
off 20 white foam 13C NVR (CDC13) 77.94, 172 60,
172 salgtion pfiths gactalh g0 gmz@(%@,L O%é—'é{.gz , an@‘ﬁbl.n%é’,f?ﬂzg’. g5 treated
78. K59 13 9 4. 57 . . o
AP A0S NaHE 147 BB S g TR Bged to S°C.

3051 22 196 wad fhell %lovﬁ? a8ded. 38h&Vthe 2&clidn wa8 cdrhplete, the product
20.52, 16.19. 25 Exanple 4B Oxidation of lactols to

| awssiinelsted FEVIDOZOOMACAB Y lizaddvuEr0d 8/HrsAp @sve {34 g ef the

srfaciaie gyt BUIBKCHI AT AT ) r 3% Che o+ 12 L 1D

f r gat £ds-1v8 ) 1N @f3 H), 1.04 (s,
EELG, B0, o Lo 4S9 Sl o g i Lot

5S@G H)NaCCl12.4 nL was then slowly added. Wen the
reacti on was conpl ete, the product

Example 5
Carbonylation at C-7
0]

0)17
ACO/,I/ o

AcO OAc
5 6

AcO

The triacetate 5 (2.0 g), Pd(dppp)Br; (126 mg), diisopropyl amine (0.78 mL),
Et;NBr(260 mg), NaBr (1.09. g) in 20 ml of methanol is pressurized to 1200 psi with
CO then heated at 65°C for twelve hours. The solution is cooled and concentrated and
the residue chromatographed on silica gel with 40-75% ethyl acetate/hexane to give
the methyl ester 6. °C NMR (CDCls) § 176.12, 172.77, 170.40, 169.88, 143.71,
129.27, 127.07, 119.65, 94.83, 73.02, 71.29, 51.70, 46.27, 45.67, 44.26, 43.62, 38.49,
38.30, 37.92, 37.53, 35.54, 34.64, 30.98, 28.97, 27.57, 22.93, 21.87, 21.73, 18.87,

14.55.

Example 6
Acyl group hydrolysis at C-3
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5 was isolated with Et OAc and crystallized from
Et OAc/Hex to give 876 ng of the |actone 5b. 1H NWR

W@ BDOUBPSB 5.39 (s, 1 H), 5.1 (m 1 H), 4.98 (BCT/HS2083/d07285

10

15

20

Hz, 1 H, 3.80 (s, 6 H, 3.78 (s, 3 H, 2.56-2.6 (m
H, 2.05-1.85 (m H, 1.19 (s, 3 H), 1.04 (s, 3 4.
10 Exanple 5 Carbonylation at G7 O0 O ACO, (O
I 11 ii AcO QAcllAcO 'CO2Me 5 6 The trlacetat@
(2.0 9), Pd(dp Br2 (126 ng), diisopropyd,
m), EMRB oXg), NaBr (1.09, g) in 20
nmet hanol | ri zed to 1200 psi w tf

twel ve hours. The sg

si PP@a gel Wit k4Me75% et hyl . acet at e/ hexane to gi ve

the nmethyl ester 6. 13C NMR (CDC1l3) 8 176. 127 172. 77,
170.40, 1e®.88, 143.71, 129.27, 127.07, 119. 65,

94,83, 73.02, 71.29, 51.70, 46.27, 45.67, 44. 26,

43. 62, 38.49, 38.30, 37.92, 37. 53 35.54, 34. 64,

30A§§1ut1%§ of ?he (ﬁZce%Zesté%% 85301 Slin®71 51‘2§0t3%1urﬁ %au%@nat@ﬁl methanol

Exanpl e Acyl group hydrolysis at CG3 -16 WO

2006/08 a%ﬁrea@ﬁadaz 00800 n288d @ re@tOnA@Mitored bsAl’bl When the

AcO CO2Me HO, CQ2Me
i Hera R o6 16 pEeigget oD BN Be 5P i w300 mD and

Iaﬂ dﬂﬁgﬁ:ﬁ%'th ethpGicBhie (?‘XZ@@ hﬂj’ eﬁi@éorﬁ‘rﬁﬁ’éﬁ dxAPR A Whed with

e reaction nonitored TLC. VWhen the 5 starting
madvetet @ll00ani) sbrive (1L ﬁ(hgﬁ) dded emrenhgnhmum sutfefe @ng soncentrated at
diluted with water O,[O 2 and

reduced pressure to dryness he re 1due is chromatographed over silica gel with
ethyl acetate/hexane to give the 3-hydroxy compound 7. BCNMR (CDCls) § 176.29,
173.18, 169.96, 144.88, 118.56, 94.93, 71.32, 70.93, 60.34, 51.63, 49.87, 44.61,
43,77, 42.49, 38.24, 37.79, 35.50, 34.72, 31.34, 30.94, 28.97, 22.92, 21.73, 18.94,

14.53.

Example 7
Oxidation of 3-hydroxysteroids

HO "“CO,Me
A solution of the diol (300 mg, 0.72 mmol), 14 mg of KBr, 130 mg of NaHCO3, 4 mg
of TEMPO in 6 mL of CH,Cl; and 2 mLH,0 was cooled to 18°C and slowly treated
with 0.73 mL (1.1 M) NaOCl. When TLC showed the reaction complete the NaHSOs3
was added to quench excess hypochlorite. The product was isolated with EtOAc and
and crystallized from EtOAc to give 230 mg of the deconjugated enone. BC NMR

(CDCls) 8 209.16, 176.57, 172.72, 143.25, 119.13, 95.45, 68.50, 51.69, 49.10, 49.0,
-17 -



extracted with ethyl acetate (3X200 ml). The conbi ned
extracts are washed with water (100 ml), brine (100

workgo4/0e98e2d over magnesi um sul fate and concent PEX/Es2083/007285

rﬁduced presaure to dryness. The residue is
a6 b A 681 0ol Al R R Aoty Sapbiarss 181501509,
N@o&%ﬁ?ggtg E@% %gl’u"%t 3&’611%% bé)}li@%lso%@g 1%ﬂﬂer1§§d to the

4%0%{; gatedBostifon.42. 49, 38.24, 37.79, 35.50, 34. 72
31.34, 30.94, 28.97, 22.92, 21.73, 18.94, 14.53.
Exanple 7 15 Oxidation of 3-hydroxysteroids OO O
Hf%,, thOl~k~'| HO CO2Me O CO2Me A solution
ofEXAMPI8S51 (300 ng, 0.72 mmol), 14 ng of KBr, 130 ng
of Ngldpk@htion dTriédHRhattkMPO in 6 nL of CH2C12 and 2
m_.H20 was cooled to 18C and slowy treated wth 0.73
m (1.1 M NaCCl. When TLC showed the reaction

conpl ete the HaHSC3 was added to quench exegss

hypochhey i “THe product was i solvebgwd,withIEtOAc and
and crypt @- fromEtQAc to give 2 @6 t he
deco d enone. 13C NMWR (CDCl y 209. 16, 176.57,
172, 48,25, 119.13, 95.45, B0, 54 6§0,49. 10,

49.0, - 17 V\D 2004/ 043987 PCT/ U522003/ 007285 46 94,
46. 05, 43.68, 42.66, 42.13, 38.33, 37.54, 35.46,
34.51, 22 84, 18.18, 15.09. Upon sténding in Et OAc
o% Sﬁla ?n ép § 99i Ut e @%@E}( b FdeZ2d 1650nt. t6?’51‘1(3’£hylam1ne is

pPoOsS thI’] reparatlon of

10 tricdapddopmas®e gCbt Ml@ethpx@darwmm@emmle a0 36PI N\ ODIDIIAP at

15

20

25

oC2Me 2 3 A solution of 9.97 ¢ hete
miro tppppigiRO¥sBIShE THe BFKYIF .%@Jﬁviﬂiﬁ?th st U 5ot e

resultant precipitate filtered and dried. Recrystalization from ethyl acetate — methanol

gives the tricarbonate 3. TLC (100% EtOAc) 1f = 0.94

Example 9

Hydroformylation of tricarbonates

MeO,CO,,

A solution of 9.95 g of 3, 18 mg of Rhy(OAc); and 430 mg of triphenylphosphine in
100 mL of ethyl acetate is pressurized to 190 psi with carbon monoxide/hydrogen
(1:1) and heated at 80°C overnight. The reaction mixture is filtered while still warm.
On cooling, the product 4 crystallizes and is collected by filtration. TLC (75%

FtOAc/Hex) rf = 0.96

-18-



10 treated with 33.6 g of
N- met hoxycar bonyl oxybenztri azol e and 360 ng of DVAP at

WO o@a0sdsper at ure overnight. The mi xture is diPCI/Es2003/007285

10

15

20

with water (150 m) and the resultant precipitate
filtered and drie stalization from et hyl
aclexapple 10 n&%‘é‘?ﬁfaﬂoﬁlo\%é%'c?r%@n? % carbonate 3. TLC
(100% Et CAcg rf = 0.94 15 Exanple 9 Hydrofornyl ation
of tricarbghates OH O—|I\/|902CO,,,\
Me02CO 0002 203 OCOZI\/E 34 20A sol,.
g of 3, 18rrg (OAc)2 and 430 ng o

tri phenyl phokp T00 AL of et YA S
preijﬂrl @@ psi Wi th carbjpn 'hy%rogen
(1 ap eat.eoNg 80C over nivghityo Tt
mx?urelsflltered(y\ﬁile still warm Owco i ng, the
product 4 Eystalllzes and is coIIect%&Db filtration.
TLC (75% EtOAc/Hex) rf = 0.96 25 -18 2004/ 043987

PCT/ USZOOS/ 007285 Exan'pl e 10: Carbonyl ation of
tri-carbonates 0 ~/

0_A migturgofiriepsbonste 1§f(2Q P‘?éa&blé‘?{é{?@li%ﬂ@ Eb@g‘) ml), Pg(dPPP)sz

e HROBVL SRS sl ECARRRLB PRy o o
ank Kgat.eth@dooldifGeh@ion Iﬁ&tlﬁ@ W Blterdd eredl resbnesd ahd ooncentrated.

m xture is filtered through magnesol and concentr ated.

ThiEhe esiddeis dissobtied s pilibiadetnteansivashed wathevaierd 2k A over

O B! Bl s SR o 1SR S 515E% PRt

meLhaRgl BEXMR (CDCls) § 217.64, 172.86, 155.35, 155.04, 143.86, 120.19, 77.26,
79.87, 55.14, 54.89, 52.25, 47.68, 47.26, 46.17, 43.69, 38.8838.67, 37.75, 37.57,
36.02, 34.01, 27.85, 22.06, 19.32, 13.87.

Example 11

Carbonylation of di-carbonates

25

The dicarbonate 25 (521 mg, 1.25 mmol) diisopropylamine (.219 ml, 1.25 mmol),
Br,Pd(PPhs), (18 mg, .063 mmol) and NaBr (26 mg, .25 mmol) in EtOH (10 ml) were
heated at 80°C under 1300 psi carbon monoxide for 12 hrs. The cooled reaction
mixture was concentrated and chromatographed using 50/50 EtOAc/Hexane and 100
g silica to give the ester 14. *C NMR (CDCly) 8 221.27, 172.47, 155.44, 143.94,
142.47,119.68, 118.67, 77.96, 54.98, 46.91, 45.55, 44.98, 39.30, 38.36, 37.41, 37.79,
36.60, 34.71, 33.59, 28.14, 22.97, 13.94.
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give 19. 13C NMR (CDC13) 6 217.64, 172.86, 155. 35,
155. 04, 143.86, 120.19, 77.26, 10 79.87, 55.14, 54.809,

WG 2002043947 . 68, 47.26, 46.17, 43.69, 38.8838. 67/PCBVS2083/007285

10

15

20

37.57, 36.02, 34.01, 27.85, 22.06, 19.32, 13.87.
Exanpl eBell2 Car bonyl ati on of di-carbonates 0 0 O O oo

ooEXagR C 15 25 14 0~1 The di carbonate 25 (521 ny,
1. 25,0110 D ine (.219 m, 1.25 mmmol),

Br 2Pd( k%‘g‘g{?ﬁg JaQBXﬁ%tgés nmol ) and NaBr (26 nmg, .25
mol ) in EtOH 610 m) were heat at 8¢C under 1300
psi carten xi de for 12 hrs. e ed reaction 20
m Xt ur e jwa centrated and c grdphed usi ng

50/ 50 / Hexane and 100 g to give the ester
1440 6GDC 3) S 22MeQ@X0 , 0€gHled4, 143. 94,

142. 47, 119.68, 118.67, 77.96, 54. 8 46. 91, 45.55,
44.98, 39.30, 38.36, 37.41, 37.79, " 36.60, 34.71,
33.59, 28.14, 22.97, 13.94. -19 WD 2004/ 043987
PCT/ US2003/ 007285 Exanple 12 Preparation of

di AGRneAf e ol 1 (XD g) Zi 3 nﬂﬂQf@jnNhﬁZ@odDﬂD@M!?C]a&dﬁmAted with a
solution of the triol 1 83 in 5 nL of pyridine is
cosiletiort of ochyriplorpfoamate (th in St GG ﬂﬁrﬁwure is slowly

chl or of 1

i s él}’na%f S(?nl:P t&}\g}a g’? m‘I ha%tgw{[%r e&d@%{q’ fre a%iﬁgc% T ﬂi{ages are
angh Md&ﬁ@a@%ﬁﬁphﬁ@ extdvbiesitiap e 20 sdpaf @H@@lzafl?ﬂe combined
t he aqueous phase extracted with 3x 20 nL of CH2C12

Th ergamnﬂaymlare ovaglesi with A9 elsolwacnansireacautateds Biliga g5t

o EHOBB PO a0 A EFOA B e i Y RS 39 TRdovR
'Vgc%é%%ﬁi 38, 125%1463143 95514%8 1@6@4118364’277457 61)1991 8898, 46.92,
118767, 77.97,” 60. 91, 46.9 56, 38. 36,

394366, W36} 39.38437.21, 34372593 52,82,81144 22279174 66,413%
13.95. Exanple 13 15 Hydrolysis of carbonates

Example 13

Hydrolysis of carbonates '

CH 30\(0 o

O///,,’_

18 19
The dicarbonate 18 (0.86g) and potassium carbonate (1.49g) in MeOH (10mL) is
stirred at room temperature for 12 hr. The reaction mixture is diluted with ethyl
acetate (50 ml), washed with water (2x 50 ml), dried over MgSO4 and concentrated to
a clear colorless oil. Hydrolysis results in isomerization of the C7 ester. The carbonate
is further purified by column chromatography over silica gel eluting with 30%
acetone/CH,Cl, to obtain 19 as a mixture of o and 3 isomers at C7. HPLC:
Phenomenex Nucleosil C18, 65:35 ACN:H,0, t =4.17 min, t = 4.60 min.
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CH3Oy OOO H OOCH3OO0CH3 HO ,IrCCH3 If 0 O 18
19 The dicarbonate 18 (0.86g) and potassi um carbonate

W@ 20040¢p87T n MeOH (10nL) is stirred at room t ePEEDS1003/@7285

10

15

20

25

for 12 hr. The reaction m xture is diluted with ethyl
20 acetate (50 m ), washed with water (2x 50 m),

dried over MJSH and concentrated to a clear
Cot?énﬁﬁ: S140i | . Hydrolysis results in isonerization of
the C/ ester. The carbonate is further purified by

col uBRidalionrdBdgrdapiy-Adenes si | i ca gel eluting with 30%
acetone/ CH2C12 to obtain 19 as a m xture of a and 1
isomers at C7. HPLC. Phenonenex Nucl eosil C18, 65:35
ACN. H20, t = 4.47 min, t = 4.60 mn. -20 WO

2004/ 043987 PCT US2003/ 007285 Exanpl e 18 Oxi dation of

3- hydr gx OO0 Aco,, AcO, "*'CO Me HO z
o''Co 5 A mixture of diegh 6.0 @),
CH2C1 wat er—9-0 nL), G

tetra Di peri di ne-1| - oxyl (38 ng), KBr (142

ng)Hdin i"’@@tMebl carbonate (& ed to 5C. To

this mxture is slowy added 14. 1 of 1.1 M NaCCl.

After thd addltlon the m xture is & lowed to stir for

an additional 1
A mixture of alcohol 7 (6 0 g) CH,Cl; (40 mL), water (9.0 mL), 2,2,6,6-

" tetramethylpiperidine-1-oxyl (TEMPO) (38 mg), KBr (142 mg) and sodium
bicarbonate (4.0g) is cooled to 5°C. To this mixture is slowly added 14.1 ml of 1.1 M
NaOC]. After the addition the mixture is allowed to stir for an additional 1 h and
acidified with dilute HCL. The product is isolated with CHyCl,. BC NMR (CDCl3) o
198.83, 175.95, 169.63, 168.87, 159.04, 130.89, 94.52, 74.0, 70.99, 52.00, 46.95,
46.21, 44.59, 44.49, 38.65, 38.41, 37.95, 35.31, 33.97, 32.05, 30.95, 28.91, 22.57,

21.72,21.16, 20.07, 14.97.

Example 15
Dehydration of 11-hydroxy intermediates

PCl;, THF

MeO,CO 0CO,Me

12 25
PCls (1.08g) was added to a solution of the alcohol in THF at -51°C which resulted in
a temperature rise to -48°C. After 2 hrs the mixture was poured into aqueous
NaHCO; and extracted with EtOAc and concentrated. The material was
chromatographed on silica gel with EtOAc/hexane to afford the diene 25. BC NMR
(CDCl3) 8 220.52, 155.39, 154.92, 142.57, 141.92, 122.07, 120.02, 80.26, 54.85,
54.58, 47.58, 46.53, 39.50, 38.5, 37.34, 36.21, 33.13, 26.0, 26.78, 24.26, 13.75.
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10 acidified with dilute HCI. The product is isolated
with CH2Cl12. 13C NMR (CDC13) 8 198.83, 175.95,

wae®468987168. 87, 159.04, 130.89, 94.52, 74.0, FOI/892003/007285
52.00, 46.95, 46.21, 44.59, 44.49, 38.65, 38.41,

37.95, 35 31 33,97, 32,05  30.9. . )
2 fopanpls 16, Blocagversionsef by digs aiparia- KIRE s e, o 30,76

of . k. H:al §%.08eC HO, PCl5, THE Me02CO
o&%@%&gﬁlﬁs%@qﬁ S5 (1 08g) was added fo
as 0}“hdb50¢bmérsidm&>f8lﬁdqﬂuixyhmﬂr6$ﬂ&Saﬁ(l Lsdierg1Woing ki) to 3P, 7p-
resulted in 20 a tepperature rise to -48C. Aft h
th@hﬁfif%mnér%598@d5%lfnﬂrﬁ'%ueaﬁ B eRe S I e cultire of

exiract. L : : j

5 onLAIE Bollblla BICAE 285, (SARGERE B fhlipI I (BB PEIhAL TFO 6469) at
t 0g @6 Gefnddi@iosisesie. 25. 13C NMR (CDCL3) 8 220. 52,
155. 39, 154.92, 142.57, 141,92, 122,07, 120.02, 80. 26,
54.85, 54.58, 47.58, 4@ Fsmay-SsedStges 37 34
36. 2

So0arissbiEaiss edssibhrike &%f’é‘%é?gé? go371ate Hidwed,

Bi Q&RMHRIISH PBtalf-dextrose-agar flates_ (PDA), and incubated at 28° for 72 hours.
3( 3- hydr oxyandr ost a- 5, 9%1 )-dien-17-one to 3(3,7(3-. .
10 di Sipdleany@halrpsgaos] o diamgieshare pseshie irpgatlate siliconized stippled

D SRS P i 9 ol B 5 g, Primarsesd
3( 1:1)’1?331(1?11' cdisisdrressrandy.arkain 58 ¢1doy ey & -Rfosess5g; cobalt
performed using a submerged culture of 5 D|5pl odi a

sl

gosisypdaizxal@Eaz051g; silisone dyfermder (SASdipl b 8iSanL. The pre-

t heohr onmae_J| FO 646 10-L fer t at scal .

SR PR e A8l Pt o gL R A PR S rmentaon
15 D ple@ h?is%fé?fl’%@d,@ﬁocﬁﬁ?&ﬁvﬁ@@?ﬂ%d@%@s@?%ﬂ CC 20571 and incubated

transtferred to potato-dextrose-agar plates (PDA), and

i nfbgthedrsatt 229 ubing az@ntrolledsenvitb@m8ntigtebator-shaker set at 280 rpm.

mycelial -plugs (6-7 nmdianmeter) are used to inoculate

si (1 cwbital 40k)i ppl ed shake flasks (500 nl) containing .

100 nL primary-seed nmedgydd.Rid0Re¥d §ged nmedi um
consi sts of (per Iiter)@ﬂ:;ydecgtrirgfy%o g;% soy flour, 35

g; cer efTeséiter Serondaiyaseed farmbuiriicts dieiabyldiedtieingMegstative

20 > L}itcr:lgpy?segg fcgl?urlr:g r(1 & ?npl\s,; 0407 1]2) % (Q/V? inrgc_:illaygr? reRé)? ‘Secondary-seed
medium contains (per liter of RO water): cerelose, 60 g; soy flour, 25 g; soybean oil,
3’0 mL; magnesium heptahydrate, 1 g; potassium dihydrogen phosphate, 0.74 g;
pquoxyethylenesorbitan monooleate, 2 mL; silicone defoamer (SAG 471), 0.5 mL.
The pre-sterilization pH is adjusted to 3.95-4.00 with concentrated sulfuric acid. The

25  fermentors, containing secondary-seed medium, are sterilized for 20 minutes at 121°
using both jacket and injection steam. The agitation rate during sterilization is 200
RPM.. Post-sterilization, the medium pH is adjusted to 4.0 using sterile sulfuric acid
(5 %). Diplodia gossypina ATCC 20571 is incubated at 28° using the following
initial parameters: agitation, 100 RPM; back pressure = 5 psig; airflow = 2.5 SLM

30 (0.25 VVM); low DO set-point, 30 %; pH control, none. When the DO first drops to
30 %, the airflow is increased to 5 SLM (0.5 VVM). When the culture reaches low

DO again, 30 % DO is maintained using agitation control. Secondary-seed cultures
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sterilization pHis adjusted to 7.0-7.2 with sodi um
hydroxi de (2N). The fernentation 15 nmediumis

wG@r@riokioged, inocul ated with Dipl odi a gossypi neCHUSI003/007285

10

15

20

25

30

20571 and i ncubat ed for 48 hours at 28, using a
controll ed- enV|ronnE ncubat or - shaker s
r (9¥ haryestedgyt gppraringdivly @8)1101“(3@)08@@88@8%% oo STRs between
T%Bo&ﬁ nd%ﬁg&ﬁ%QngE&Fd fernentati ons are |noculated
Ive

si'ng veget at primry-seed culture (1.2 ni;
O 012 % (v/v) inocul at(@BtaraitiBiocBeesnoar y- seed

0 S NPT OGS E e DT ACRGNe] lﬁéﬂfg post-
h d
eg%aggf A agb y%%i(g{)%&?& %@g&i& | AyslELs 9{11 1! Qﬂé%phﬁ&?e slurried in a

rbitan npnool eat e,

'S'rhﬂnﬁﬁzﬂevo‘liﬁﬁ@af@llyd@éﬂiylfbﬁés)orblfhnﬁndaﬂnoleaﬂ'd(@ 2%), is added to the 10-L

pre-sterilization pHis adjusted to 3.95-4.00 with
cdepasntationed sul furic acid. The 25 fernentors,

cont i mrﬁ’g o G t%%rs)éﬁ& n%’ g%gr?%lé’k S% Ssrlp}r? ect |)§%hdr05ta_

Sts‘ﬂ@m)PEHéﬁ-1agdrfeat31@dbnwats@ndﬂr33ngdﬁ>@mdromsggqm)pchergwone to
ost-sterilization, the nmediumpH is ad uste

4.3p, shydgossasdiose- 5 hfie-1dcomg is(cgmpete wmpﬁmaée 'S days post-
gassypi.na ATCC 20571 is incubated at 28 using the

f JRPOVIHRS- i niti al paraneters: agitation, 100 RPM

back pressure = 5 psig; airflow= 2.5 SLM 30 (0.25

WM ; low DO set-point, 30 % pH control, none. Wen

t Hexd3plei17s t Biscapersion o8 G-axdrosien-3PraklgpnedoiSrandrastien-

to 5 SLM (0.5 WM. Wen the culture reaches |ow DO

agt), 7B, 12¢-tipbty 08 i nt aj ned using agitation control .

Sec Oﬂ&%ﬁ%ggﬁ)%ﬁyﬁﬁ stenzgf) V072004 {&5@8&8 sten-3 y7 B é1 lo-triol-17-

PCT/ are arvest ed at approxi nate
hQdHeSis pogémicdasitgal submergati enlttieef ABRdiscdsetioe AT CGOAT
10 and about 15 nmM L/ h@ﬁ&eﬁ St eroi.d B conver si on
Teyndnyey Aksidie or dudis ot &WH@HP]PQ S are prepared.

At about 24 hours post iﬁ&gﬁ%;%bggt 120 g micronized
3(3- hydroxyandrosta-5, 9 n-17 01% slurried in a

m ni mha e@@@laﬁemymwetwuweasm@ i6640N areymemirabasalescribed
, Is added to_the 10-L er lgf,gﬁél on.

BI f§x1§ odisi gopspina HFes Hpél %@M daily basis

for 3(3, 7(3-hydroxyand )gldd sdien- 17- one.

Bi oconversi on of ébsée%on@ar?@l : .

3( 3- hy drex)ianesoatayscd] fbﬂﬁlerdhtdmrsh?e moeultted usj@g 1.2 mL vegetative

3j 3, 7[ 3- hydroxyandr ost a-5, 9(11) -di en-| 7- one
C o]pmm@lty@seg@, 91,11@;@ P E % L’g/vd ARy iop 1ate)y O%E&P%‘ilaﬁ% Iqeed medium

contains (per liter of RO water): dextrin, 50 g; soyflour, 35 g; cerelose, 5 g; cobalt
chloride hexahydrate, 2 mg; silicone defoamer (SAG 471), 0.5 mL; pre-sterilization
pH 4.95-5.00, adjusted with concentrated sulfuric acid. The fermentors, containing
secondary-seed medium, are sterilized for 20 minutes at 121° using both jacket and
injection steam. The agitation rate during sterilization is 200 r.p.m.. Post-
sterilization, the medium pH is adjusted to 5.0 using sterile sulfuric acid (5 %).
Absidia coerulea ATCC 6647 is incubated at 28° using the following initial
parameters: agitation, 100 r.p.m.; back pressure =5 psig; airflow = 2.5 SLM (0.25
VVM); low DO set-point, 50 %; pH control, none. When the DO first drops to 30 %,
the airflow is increased to 5 SLM (0.5 VVM). When the culture reaches low DO
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Exanpl e 17: Bi oconversion of 5-androsten-313-o0l-17-o0ne

to 5-androsten- 3 (3,7 X3,11 a-triol-17-one 15 The
whr@eom9eT si on of 5-androst en- 3( 3- ol - 17- one t OPCT/US2003/007285

5- andr ost en- 3(3 7(3,1 la-triol-17- one is perforned

usi ng ?%z? g ed glgllﬁ H%g%%lm%g}%'cg' a%l %%c?_nd%ry-seeggultures are

6 AL,
f 128K SURIR between about 4 and
rq{a%%agag tgsrpe(éﬁ%)r%‘oe%g%?(% coerul ea A%C(?egg&u o

ar@o@tr’féﬁm{/@zh.as described 20 for D plodia gossypina
ATCC 20571 in EXAMPLE ig (B,z Secondarc}/-Seed St age
Ten-liter secondary-s re inocul at ed

5 Usl \';’%n.ll'it%r ﬁ}:‘r (F&%E@ﬁ\}ei’%‘?on ﬁh%ﬁtYorﬁ%?@ln%Qﬁlﬁﬂéﬂ%sﬁlg 588 21%0

[v/ i noc Ion rate econdary-seed nmedi um

Wb%éﬂa’ﬁﬁe §aeefidary-ted cuftufe@s \Bla(\dv) inocidtior rafe) 58tegoid-bioconversion
soyflour, 35 g; cerelose,

balt 25 chl d
henemymrcan@msz(pwdﬂers@ﬂ K@ bl degamos) gsﬁ&@ﬁwﬁ?% ghoasclose, 20 g;
| 53{1% t ty
c ]égﬁf’ldgfogrglle Lﬁzﬁléﬁ ac:;%ﬂ @% Ezfncefrﬁ%nt e 9%(g%)?(t)al %Sﬁegmth

S BGRBE AfaYedSRER ot UsteriRrio8 kenditibzeate o desaﬂbm fmmsmndary—seed
at 121 using both jacket and _injection steam ?
10 agnecatlmo ﬁosbﬁtenlmﬁlpw he meejum EHW g usted ob0 psige ﬁ’ieﬂ e sulfuric

5 garscﬁ.% ? g ?) ll:g{f%?"&lllﬁ Cg"ggﬁg%%ig] gaé%fj%blﬁ%g ggné thesafhe initial
g;ﬁrréfh&@rség%sé G4edl foB sdcBRARRA M cﬁﬂltn%&oﬂ SiAngbére 7 hours post-

owmng initial paranmeters: agitation, 100 r.p. m;
bamkcmatt&sﬁ 06@ g mibropized 5-aailrdstenyd B:olzl ot Murled® a mipigal

| ow DO set - poin 50 % pH.cont
{ PYRERaPEp2 o aiphaon P BeORTH Bk P 8 i - Fgontation
SLM (0. Ressis Q¥ $6hdrdsteddO
15 2004/ 04%53%&“5@%%525%%%5%%% eoé{ ﬁ?ﬁ 30 % DO 1S
med My @1 nedritisi Tranagsit@TLGN Cmanlmﬂld[ter ﬁ‘emlmidheqras@émcted with 10
cultures are harvested about_ 76 hours

posL-meibendl a?ie]éﬁafe AARSFAIEH BORUPE ASIoRBE AL Bing
ztb %%@}%\g Hion hog %‘gﬁ) f0§t1§ rrrﬁhlgteﬁ' QB oRterk sedg)tphéd &a TLC

hve ernent’ati ons are 1 nocul
us bla@. 500 TTIC pedeteaddoedse cymetmxynsethyl aaateumethfinpl 490:60:15)

2 ¢ m«%ﬂn'ﬁ ancEiet viRTAErd b SO NEHEC HORODY et gold: fo16Ned by
lrrinl;grl‘j‘n %d)vgn nf%d‘al:t(ﬁ CompedwithShukileal @taﬂ@afr@ %Eh turns blue

re-sterilization pH 2.95-3

adbﬂ@r@ﬁng\ﬂvﬁﬂh 5009 RGEM¢ &di@dBRibhvbrsion aﬁﬁ-dndrosten—3[3 ol-17-one to 5-
Sterilization conditions are as described for
s emahnokieny3 BB dliol-17-one is complete approximately 4 days post-inoculation.

Bioconversion of 5-androsten-3[B-ol-17-one to 5-androsten-3f,78,11c-triol-
25  17-one is complete approximately 6-7 days post-inoculation.

(D) Isolation Procedure

The whole beer 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

30  distillation to remove acetone generating an aqueous slurry of crude crystals. The
crystal slurry is filtered and the mother liquor is discarded. The water-wet crystals are
triturated in 600 milliliters of methylene chloride to remove impurities, dissolved in

700 milliliters of methanol (by heating to 55°C), and then decolorized with 5 grams of
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10 medium Post-sterilization, the nmediumpHis
adjusted to 3.0 using sterile sulfuric acid (5 9.

we\b@imemsToer ul ea ATCC 6647 is incubated at 28rPCFUSIY03/007285

10

the sane initial paraneters as those used for

f%:mg&d {qy cf‘,%rlgbed Al t I @%’c&%ﬁg éAt o%b& ton:L Zhe%ﬁﬁt% 19 Qgﬁcentrated to

5 ﬁﬂgﬂI%ttﬁ«gp?b(iﬁctofhellzleﬂﬁﬁ@)l i$ kéﬂﬁ@eﬁ%&lﬁhr I%'rﬁldlflinEBbO mL of n-butyl
% oct yl phenoxypol yet hoxyet hano
addaﬁite tadd bdmﬁ:eﬂﬁatmgf terarthick atystuh slufry. Biho ctyistads ase @&tered washed

cultures are assa n a d L.y basi )
58, Bty el LIS RS D5 AT o TSR RRRF Srgrosten
IS extracted wth 10 nL nethanol. Cells
aﬁgW&P£§¥gf§&7fron1the aqueous- et hanol m xture by
centyjefcnaRtdr@falé Sre@Rfiratedid 600 mllilitersuifessthylemccld@wdertalremove

mcroliters applied to a TLC plate. The Tk&w’lat IS
d Eavléitlopddmpnn'ggs; dispelxedhia: @qullllgg@tojg@ﬂﬁaé)p eating to 55 O),

( god%%él%)c?lﬁ()g%i}wgﬁg °9f“18£r88 '(%58'(?};&1%819 g&‘tersfg]:fc% blﬁ'ﬂ) remove

| afdnOME iltrdts fidabert@tdiatRaysedliz thé produbie The methanol is removed
standard, which turns blue “on spraying with 50 9

S Lﬂlfthﬂrlbty agdding.30Binde gﬁn—én‘g/ﬂ @wtajqa and concentrating to a thlck crystal slurry.

5 dr OTals ?l’eﬁfegf gaﬁﬁe V‘?‘t}bﬂ gu tyl acetate antd dried to give 42.1 grams of

SstBRSE 7 qq&qhgpqm@ Bi oconver si on
?%hgﬁégﬁ%ﬁﬂ%%gﬂ i 17B0Ee to 5- and?gsten 313,713,1

Ia triol- 25 17-one is conplete approximately 6-7 days
post-inoculation. (D) Isolation Procedure The whol e
beer solids are recovered by centrifugation. The
liquid is discarded. The rich solids are extracted
using 10 liters of 85% acetone 15% water at 45C to 50C
and the warmextract is clarified by filtration. The
rich filtrate is concentrated by 30 distillation to
renmove acetone generating an aqueous slurry of crude
crystals. The <crystal slurry is filtered and the

not her |iquor is discarded. The water-wet crystals are
triturated in 600 mlliliters of nmethylene chloride to
remove inpurities, dissolved in 700 mlliliters of

nmet hanol (by heating to 55 C), and then decol ori zed
with 5 grans of -24 WD 2004/ 043987 PCT/ US2003/ 007285
Darco G 60 carbon. After filtration to renove carbon
the filtrate is concentrated to crystallize the
product. The nethanol is renoved further by adding 300
nmL of n-butyl acetate and concentrating to a thick
crystal slurry. The crystals are filtered, washed

with n-butyl acetate, and dried to give 75.5 grans of
crude crystalline 5-androsten 5 3(3,7 (3,11
X-triol-17-one. The crude crystals are triturated in
600 mlliliters of nethylene chloride to renove

—.U
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additional inpurities, dissolved in 700 mlliliters of
nmet hanol (by heating to 55C), and then decol orized

wowaoh/os9gr ans of Darco G 60 carbon. After filtPer/Us2w03/a07285

10

15

25

renove carbon, the filtrate is concentrated to

cr taII %fghe product. The nethanol is renoved 1o
i&if"‘ /di ng 300 L of n-butyl acetate and

concentratl ng to a thick crystal slurry. The crystals

are filtered, washed with n-butyl acetate, and dried

t 01.gi veA 4@mpogrdeofiFonfaulapuri fi ed crystalline

5-androsten-3 (3,7(3,11 a-triol-17-one. -25 WO

2004/ 043987 PCT/ US2003/ 007285 What is clained is: 1.

A conpound of Fornula I: P-Z2 3 3 R1Q,2 5 Fornula |

wherein Rl is selected fromH o CS Reis a-cs

al kyl or Cl-C6 al koxy; 10 R3,i

Z1l is -CH2- or _CH wherein

configuration; 15 Z2 is

takentogethertoforma DU d: OHOH 20 Qis

~O X~ or 2. The conp®ud of>clarm 1.C@pBsein RL is H.

, 25 3. A process for the preparation of 7-carboxy

substituted steroids of Forgyhgulal P/ Z2

1 and Z2 may be

wherein R; is selected from H or CORy;
Ry is Ci-Cg alkyl or C;-Cg alkoxy;

R; is C;-Cg alkyl;

0-CORy
7, is —CH,- or —C —

H

wherein O-CORy is in the o configuration;

Z,1is -CH-;
or Z; and Z, may be taken together to form a double bond;
OH

O OH
0 0
Qis >:O’—/O’ K‘”‘Q
—

2. The compound of claim 1, wherein Ry is H. ,

3. A process for the preparation of 7-carboxy substituted steroids of Formula I

Formula I
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3 02R3 RIO C Formula | -26 WD 2004/ 043987
PCT/ US2003/ 007285 wherein Rl is independently

w@edoeosms’ fromH or C(OR4; R4 is Cl-C6 al kyl PeT/032008007285

10

15

20

25

30

al koxy; R3 is Cl-C6 alkyl; 5 OR4 Z1 is -CH2- or -C -
wherein OR4 is in the a configuration; H Z2 is -CH;
or Z1 and Z2 may be taken together to forma double

b ing reacting a
S?\Ke}?%rf ]Ilgl nlJts g’gdﬁgddcﬁnﬁy Rtbcted frothH 6PGHDZ)I§ g g

ate” of Formula |1 la Il
ForRMg CwhenkiyhoRC,-dhydldexyar e i ndependent | y sel ect ed
fromHor C(OR4;, 20 Z1, Z2 and Q are as for Formul a
-eedB8n nonoxi de in the presence of an al cohol
, an amne , and a palladium catalyst. 4. The process
of claim 3, wherein @Ret al cohol is Cl-C6 al kyl - OH or
begzy -CR5 c&l cohol—G& —Fhevipran €55, isfin theai configuraienei n
the al cohol is selecged from methanol, ethanol,
propanol but anol , 2-butanol, isopropanol, or benzyl
ohol 30 6. The process of claimb5, wherein the
Isiol I's met hanol, propanol, butanol, or ethanol.
or Z; and Z; may be taken together to form a double bond;

: ‘/ijo o—°"
Qis >:O , or ‘70

comprfsing reacting a steroid intermediate of Formula II,

Z1
| H
Zy

N
R,0 OR,

Formula IX
wherein R; and R, are independently selected from H or C(O)R4;
Zy, Z, and Q are as for Formula I;

with carbon monoxide in the presence of an alcohol , an amine , and a palladium

catalyst.

4.  The process of claim 3, wherein the alcohol is C;-Cs alkyl-OH or benzyl

alcohol.

5. The process of claim 4, wherein the alcohol is selected from methanol, ethanol,

propanol, butanol, 2-butanol, isopropanol, or benzyl alcohol.

6.  The process of claim 5, wherein the alcohol is methanol, propanol, butanol, or

ethanol.
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-27 WD 2004/ 043987 PCT/ US2003/ 007285 7. The process

of claim®6, wherein the alcohol is nethanol. 8. The
wpe@ens®sDf claim 3, wherein the pressure of cBCDUS2003/007285

nonoxi de i s between about 500 psi to about 2000 psi.

5 9. The process .of claim.B8, er.ein t nessure of
car bont B?ﬁs%l%fs‘?lgmbé’t‘??\%eéﬂn ﬂ%t%%ﬁ?h(% 5™ ‘g@ ?Ipcfl‘o about
1500 psi. 10. The process of claim9, wherein the
pressure of the carbon nonoxide is between 1o about
1200 pHie proceabofitlaitt BOVpsein thelpreSues plraathongmeroxgdeis fptween
3, wherein the palladiumcatalysts is selected from
pabPaid A9rshteabete2049st-adi um (11) acetyl acet onat e,
pal | adi um (0)bi s(di benzyl i deneacetone) (Pd2(dba)3),
pal | adi um 1, 3- di phenyl phosphi nopropane 15 di brom de,
( R ( dpp)B6@ss of claim 8, wherein the pressure of carbon monoxide is between
di met hyl - 2- (di et hyl phosphi no) et hyl phosphi ne
paablont Adsi tadheubi (fﬁ’sbhenyl phosphi ne pal | adi um
di brom de (Pd2(Ph3P)2Br2. 12. The process of claim 11,
wherein the palladiumcatalyst is selected from
Pdiay dbpye3rol¥se Beléiamh 8) wheréianheplesirQof tRel CRo) 2non2gide 3s between
The process of claim 12, wherein the palladi um
10 catbabt/EX00insi Rraboyt PSR, 14, The process of claim

12, wherein the palladiumcatalyst is Pd2(dba)3. 25

15. The process of claim 12 further conprising

br oM depe grbeess BEclRi® 8 S@Eerein tht palmdam whtelystsis telietainiomne
Is a tertiary amne. 17. The process of claim 16,
whelleitint #estata palladivmdily ascbdaqeigionpalipgium

met hyl morphgline, trie L.am\n : :

B
15 mﬁﬁﬁinﬂd&ﬂ?d{d@%ﬁﬁrﬁ)[\dﬂrrﬁetl@}mldﬂdlﬁh&ﬁy@ho@htrmmhylphmﬂphine palladium,

bet ween abou C to about 150C.  -28 WO 2004/ 043987

PCHidUseopBytrtRephing pallattiyen gibseraisls (Bd(:R)Rrz 8,

wherein the reaction is conducted at a tenperature

bet ween about 70C to about 80C. 5 20. The process

acepr drRGpioResSloiciig 1l owh@eRnae baltdamh estelystie sélactedifom
conpri si ng t he st eps:
sz(dba)3, Bl'zpd(PPhg,)z, (dppC)PdBl'z, Pd(OAC)2

20
13. The process of claim 12, wherein the palladium catalyst is Br,Pd(PPhs),.
14.  The process of claim 12, wherein the palladium catalyst is Pd,(dba)s.

25 15. The process of claim 12 further comprising bromide.

16. The process of claim 3, wherein the amine is a tertiary amine.

17. The process of claim 16, wherein the base is selected from N-

30  methylmorpholine, triethylamine, and diisopropylethylamine.

18. The process of claim 3, wherein the reaction is conducted at a temperature

between about 20°C to about 150°C.
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a) reacting a 17-keto steroid of Fornmula Il O HO, H

Fi HOOH 10 Forrmula Il with trinmethylsilyl chloride,
wheooae9By| di sil azane in the presence of sacche€T/nS1003/007285

form a silylated 17-keto steroid; b) reacting the

silylated 17-keto steroid forned in step a) with

acetylene in the 15 presence of a suitable base; c¢)

! 29' atThQ? JB& ﬁrci’ﬂlﬂcltii FhelPibe Pdactibn It@ndiit@sANCempérature

acid or Fluoride 1on o give an 17- acetyl enic al cohol

ohetmeemybaut 79°C tdQbobiB0°H. FI HO OH 20 Fornula V.

21. The process of claim20 further conprising:

reacting a 17-acetylenic tri-alcohol of forrmula IV

W th ap, acyl ati i i e BurlRS Eomprisin
5 10y e BB Dok BRE Tl Kl BB PR e A ae Begprisine

Refdsidge - 29 WO 2004/ 043987 PCT/ US2003/ 007285  For nul a

V wherein Ris Cl-C4 al kyl -CO-, Cl1-C4 al kyl -OCO- or

phpreattingHR tY-keo stergidpp Foitpda fl ocess of ¢l aim 21

further conprising: reacting a triacyl conpound of

Formula V with carbon nonoxide in the presence of a

rhodi um cat al yst and hydrogen and gca®bon nonoxide to

give a 17-lactol of Formula

10 Formula III

with trimethylsilyl chloride, hexamethyldisilazane in the presence of saccharin to form

a silylated 17-keto steroid;
b) reacting the silylated 17-keto steroid formed in step a) with acetylene in the

15  presence of a suitable base;

¢) isolating the product of step b) in the presence of acid or fluoride ion to give an 17-

acetylenic alcohol of Formula IV;

HO
/
HO,, ’ /
HO ‘ OH

20 Formula IV.

21. The process of claim 20 further comprising: ‘ .
reacting a 17-acetylenic tri-alcohol of formula IV with an acylating reagent in the

presence of a base to give a triacyl compound of Formula V wherein

25




VI wherein Ris Cl1-C4 alkyl-CO, Cl-C4 al kyl-0OCO or
phenyl -CH2O-CO-; OH 0 RO, H HROOR 10 Fornula VI.
WQ@3004/0k398r ocess of claim22 further conprisi NBCT/US2003/007285
oxi dizing the lactol of Fornmula VI to the |actone of
Fornmula VIl wherein Ris 81704 I%yl -CO, Cl-4
al kyl -OCO- or phenyl - CH2 &6‘%%’ ORO, H 11 ROR
Formula VII. 24. The process of claim23 further
conprising 20 reacting a lactone of Fornmula VII with
C yHbn RS OxiCalliyd-GdreCpe oyt ©GSH- omplivapleCH04-0-.
tertiary organic base and a palladiumcatal yst at a
|toressure of f][om 500 psi to 1500 psi and a
gpperatur e G.4Q-0ive an ester
3 d? Cyﬁsgﬁggsnﬁfcgﬁm%giﬁ%%a&%&qs 'grei n Ris Cl-C4
alrdetlin S triacFllcd@pain yk FERMa oF with empbn Gle20Xi00in the3gespmye of 2

2004/ 043987 PCT/ US2003/ 007285 O O RO ,. H
rthodium catalyst and hydrogen and carbon monoxide to give a 17-lactol of Formula

VI wherein R is C1-Cy alkyl-CO-, C;-C4 alkyl-OCO- or phenyl-CH,0-CO-;

10
Formula VI. -

23. The process of claim 22 further comprising oxidizing the lactol of Formula VI
to the lactone of Formula VII wherein R is C;-C4 alkyl-CO-, C;-C4 alkyl-OCO- or
phenyl-CH,0-CO-

15

Formula VIIL.

24. The process of claim 23 further comprising

20
reacting a lactone of Formula VII with carbon monoxide in the presence of methanol,

a tertiary organic base and a palladium catalyst at a pressure of from 500 psi to 1500
psi and a temperature of from 25°C to 150°C to give an ester diacyl compound of
Formula VIII wherein R is C;-C4 alkyl-CO-, Ci-C; alkyl-OCO- or phenyl-CH,0-CO-;

-30-



f=f ROl CO2Me Fornmula VIII. 25. The process of
claim24 further conprising hydrolyzing an acyl

w@ooopows7 of Fornmula VIII1 in the presence of neCTEs®03/007285

5

10

15

20

or an 5 aqueous solvent and a base to give a

3-al cohol of Fornula I X wherein Ris Cl-C4 alkyl-CO,
Cl-&A al kyl -OCO- or phenyl -CH2O-CO-;)jO 0 RO, 1=1
Co2Me HO Fornmula I X. 10 26. The,Rrogess of claim 3,
further conprising using thfemdand of formula Ito
produce epl erenone conpri sing nﬂ}’* ng an al cohol of
Formula I X to give a ketonrrml a X wherein Ris
Cl-c4  al kyl -CO, Cil-C4ralr XLCcopte phenyl - CH2O- CO-;
O O AIlI" coye O 15 Formula X. 27. The process of

claim 26 further conprisi zing the 11-acyl
group of a conpound of Fggl&l&%igigé%th nmet hanol in the

p;zgse%% pRiceds bRGLnt B4 Girther @mpkisi®) hydr oxy conpound
0]

Formul'la XI; -31 WO 2004/043987 PCT/ US2003/ 07%85 0O
Ohydrolyzing an acyl compound of Formula VIII in the presence of methanol or an

aqueous solvent and a base to give a 3-alcohol of Formula IX wherein R is C;-C4

alkyl-CO-, C;-C4 alkyl-OCO- or phenyl-CH,O-CO-;

Formula IX.

26. The process of claim 3, further comprising using the compound of formula I to

produce eplerenone comprising

oxidizing an alcohol of Formula IX to give a ketone of Formula X wherein R is C;-Cy4

alkyl-CO-, C1-C4 alkyl-OCO- or phenyl-CH,O-CO-;

Formula X.

27. The process of claim 26 further comprising hydrolyzing the 11-acyl group of a

compound of Formula X with methanol in the presence of a base to give an 11-

hydroxy compound of Formula XI;

-31-



AH'"CO2., M O Forrmula XI. 28. The process of claim
27 further conprising 5 reacting an 11-hydroxy

w@ooopows7 of Fornmula XI with phosphorus pent acPdDUSI83/007285

10

15

20

conprising oxidizing a dieneone of
form Epl erenone. O 0 0 H "' CQ2Me 0"y Epl er enone
Formula X Il 15 30. The procéd#?
conprising the steps: a) reag
Formula Il with a C1-C6 a
chloroformate or an N-hyg
Formula M wherein Z is selected from
1- benzotriazolyl, N succinim N- pht hal i mdo and R
is selected frgm Cl- C6 ZOF?)rrrggla%' P

2004/ 043987 PCT/ US2003/ 007285 O ti

to give a dieneone of Fornmula XIl; O OIHA ""CO, M

O Formula XI'l. 29. The process of jclaim28 further

prnula 10 Xl to

ﬂ aim 3, further
lgglaketo steroid of
@ orof ormate or benzyl
pt frgb,near bonat e of

enzyl, -32 WD

28. The process of claim 27 further comprising
reacting an 11-hydroxy compound of Formula XI with phosphorus pentachloride to

give a dieneone of Formula XII;

o “CO,Me

Formula XII.

29. The process of claim 28 further comprising oxidizing a dieneone of Formula

XII to form Eplerenoné.

“'CO,Me
Eplerenone

Formula XIII

30.  The process of claim 3, further comprising the steps:

a) reacting a keto steroid of Formula IIT with a C;-Cs alkylchloroformate or benzyl
chloroformate or an N-hydroxymethyl carbonate of Formula M, wherein Z is selected

from 1-benzotriazolyl, N-succinimido or N-phthalimido and R is selected from C-Cq

or benzyl,
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Z-00COR H60) 0O HOHFormula Ill Formula M 10 in
the presence of a tertiary organic base to give a
wael@aniesat e of Fornmula XIV wherein R is Cl- GCHUK2003/007285
or benzyl; HOO0O 11 HO ROCOOCOR 11 O Fornula
XIV. 15 31. Thﬁolproes of claim30, further
conprising reacti 19,4 N -acyl conpou of Formula XIV
wi th carbon Q% A t he presegg)e gf a pal | adi um
catal yst, net and a tertiary?8ga®c base at a
pressutre & f rom250H20 psi to 1500 psi and a
tenperature of from25C to 150C to give a diacyl ester
conpound of Fegpdb Y, HO 0 H p&haB®CO C-OCH3 11
O Fornmula XV. 25 32. The process of claim 31, further
0 conpri sing dehydrating a conpound of Fornula XV to

9i 1% hSpre QRO b8l tedfiarl of gt cebar@Ao gile a HicafBonate of Formula XIV
wherein R is C;-Cg alkyl or benzyl;

1

Formula XIV.
15

31. The process of claim 30, further comprising
reacting a di-acyl compound of Formula XIV with carbon monoxide in the presence of
a palladium catalyst, methanol and a tertiary organic base at a pressutre of from 250

20  psito 1500 psi and a temperature of from 25°C to 150°C to give a diacylester

compouhd of Formula XV;

I e
RO-C-0 '(I.:;—OCH3

O
Formula XV.

25
32. The process of claim 31, further comprising

dehydrating a compound of Formula XV to give a compound of Formula XVI

Formula XVI.

30
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RO-Co CGOCH3 11 O Formula Xvi. 30 -33 WO

2004/ 043987 PCT/ US2003/ 007285 33. The process of
wW@b@uaP®7 further conprising hydrol yzi ng t he PCT/US2003/007285

di acyl ester compound of Formula XVI in the presence of

a base and nethanol_t ive a hydroxy ester of

FépnulThe rigaess ¢ clarm32, DesBISH ORI Or il & VI 1. 34,

The - La HF PEAMAL VI b RA6S bMDbaie and
c%ﬁ%%b%gfgg@e E%Fﬁlﬁ?(gm%ﬂugw th acetyl er%e }iﬁ%)rt he
PreseRoetoodivaa aydrongedtase FoomgiaeVEn acet yl eni ¢

conpound 10 of Formula XVill; HHO CGOCH3 e",Il 11
O Fornmula XVI1I. 15 35. The process of claim 34
further conprising reacting an aceiyl eni c conpound of
Formula XVIII w th carbon nonoxkdefand hydrogen in the

presence of a rhodium catal yqgkd3
base to give a lactol of q'g‘
OH O IHHO' ' 0002Me EQJM KX
of claim 35 further conprising oXi
5 of Formul a

d» a tertiary organic

X wherein Ris H,
36. The process

ation of a |actol

Formula XVIIL.

34. The process of claim 33, further comprising reacting a compound of Formula

XVII with acetylene in the presence of a strong base to give an acetylenic compound

10  of Formula XVIII;

Formula XVIII.

15 35. The process of claim 34 further comprising reacting an acetylenic compound of
Formula XVIII with carbon monoxide and hydrogen in the presence of a rhodium

catalyst and a tertiary organic base to give a lactol of Formula XIX wherein R is H;
OH
0

HO “0CO,Me

Formula XIX.

20
36. The process of claim 35 further comprising oxidation of a lactol of Formula

XIX to give a lactone of Formula XIT;
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XIX to give a lactone of Formula Xlil; -34 WO
2004/ 043987 PCT/ US2003/ 007285 OO IH""CO,M O

wo-ems3sXl 1. 37. The process of claim 36 furtP@&r/UsS2003/007285
conprising oxidizing a conpound of Fornmula 5 XIl to
give Formula XII'l, eplerenone. O 0 g H "'CR2M O
Formula XIlI1 Eplerenone. 10 38. A jprocess for

10

15

20

prepari ng epl erenone conprising th® syeps: a) reacting
a keto steroid of Fornmula Il wrt™—gceti c anhydride in
the presence of a tertiary.Q J.!r;"o to give a
triacetate of Fornula XX; ACQO H Ac-0 O Ac
Formul a XX b) reacting vt “compound of Fornul a
XVI1l with carbon nonoxide in the 20 presence of a

pal | adi um cat al yst, netha , tertiary organic
base at a pressure of fr(r)i?ﬁlrf@ggggll to 1500 psi and a
tenperature of from25C to 150C to give a conpound of

Fornmul a XXI; o
37. The process of claim 36 further comprising oxidizing a compound of Formula

XII to give Formula XIII, eplerenone.

o “CO,Me

Formula XIII

Eplerenone.

38. A process for preparing eplerenone comprising the steps:

a) reacting a keto steroid of Formula III. with acetic anhydride in the presence of a

tertiary organic base to give a triacetate of Formula XX

Formula XX

b) reacting a di-acyl compound of Formula XVIII with carbon monoxide in the
presence of a palladium catalyst, methanol and a tertiary organic base at a pressure of
from 250 psi to 1500 psi and a temperature of from 25%C to 150°C to give a

compound of Formula XXI;
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-35 WD 2004/ 043987 PCT/ US2003/ 007285 AcO,, O P'",
AcOCGOCH3 i O Formula XXI c¢) hydrolyzing a
walc@eesamse of Formula XXl to give the di hydr oxRCT/US2003/007285
conmpound of 5 Fornmula XXIl; HOO H HHO"COCH3 11
O Formula XXI'I d) reacting a conmpound of Formula XXII
with acetylene in the prestteg of Jajstrong 1o base to
gi ve an acetyl eni ¢ conpound of " a XXIl'l: HOOH H
HO COCH3 11 O Formula reacting an
acetyl eni c conpound of ForlgulalXiXl w th carbon
nonoxi de and hydrogenAiOn t he pr e’s’!l?%fr@@‘lsof a rhodi um
catalyst and a tertiary organic base to give a |actol

of Formula XXIV, OH HQ O H OR
Formula XXI

¢) hydrolyzing a diacetate of Formula XXI to give the dihydroxy compound of
s Formula XXII;

Formula XXII

d) reacting a compound of Formula XXTI with acetylene in the presence of a strong

10  base to give an acetylenic compound of Formula XXIII:

OH

HO ’Q—OCH3

Formula XXIII

15 @) reacting an acetylenic compound of Formula XXI with carbon monoxide and
hydrogen in the presence of a rhodium catalyst and a tertiary organic base to give a

lactol of Formula XXIV;

OH

Formula XXIV

20
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HO Formula XXIV 20 -36 WO 2004/ 043987

PCT/ US2003/ 007285 f) oxidation of a lactol of Fornula
woQtok/043erein Ris H to give a |l actone of Fopemius2003/007285

XI; 0 HO OH ""CO2Me OS5 Fornmula XI g) dehydrating

Foﬁ r?gfdg’gggg pt g lagoﬁ @j %@@1’1%@(585 | 65 Eﬁ,}aﬁg %:('/e% 194tone of Formula

i zing a di eneone of Formula XI | whereby Epl er enone
( Pmula XIlI1) is obtained. 0 o 0 H 0 0002 M 15
Formula XI11 Eplerenone 39. A process for preparing
epl erenone conprising the steps: 20 reacting a diol
of Formula XXV -37 WD 2004/ 043987 PCJy US2003/ 007285

HO, %

“CO,Me

5 Formula XI

g) dehydrating a compound of Formula XII to give the compound of qumula X1I;

O IICOZMe

10 Formula XII

h) oxidizing a dieneone of Formula XII whereby Eplerenone (Formula XIII) is

obtained.

o “CO,Me
15
Formula XIII

Eplerenone

39. A process for preparing eplerenone comprising the steps:

20  a)reacting a diol of Formula XXV
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O~HOH HO Formula XXV with an Cl1_6
al kyl chl oroformate in the presence of a tertiary
woe@anidshase to give a 5 dicarbonate of For nedEHUXGWE/007285
O IHO ROCGCOOCOR 11 O Formula XXVl 10 wherein
Ris C1_6 alkyl; b) reacting a di -ac%l compound of
Formul a XXVI with carbon nonoxi de_ifnythe presence of
a pal | adi um cat al yst, net hanol @a ertiary organic
base at a pressure of from25D" b o 1500 psi and a
tenperature of from25C to @g ive a 15 conpound
of Formula XVII; O |H HB0C UOH3 @8 Formula XVI1 20
c) reacting a conpound of Fornula XVII with acetyl ene
in the presence of a stromyrnmdsXXV gi ve an
acetylenic compound of Forrmula XViIl; -38 WO
2004/ 043987 PCT/ US2003/ 007285 OH HO,,, H HO C OCH3

with an C,.¢ alkylchloroformate in the presence of a tertiary organic base to give a

5  dicarbonate of Formula XXVI

RO-&-O 0-9-0R

Formula XXVI

10  wherein R is Ci.¢ alkyl;

b) reacting a di-acyl compound of Formula XXVI with carbon monoxide in the -
presence of a palladium catalyst, methanol and a tertiary organic base at a pressure of
from 250 psi to 1500 psi and a temperature of from 25°C to 150°C to give a

15  compound of Formula XVII;

HO "G—0CHg

O
Formula XVII

20  c) reacting a compound of Formula XVII with acetylene in the presence of a strong

base to give an acetylenic compound of Formula XVIIL;
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11 O Fornmula XVIll d) reacting an acetyl enic conpound
of Formula XVII1 with carbon nonoxide and 5 hydrogen

WO poottlog398T esence of a rhodi um catal yst and a tRCT/U82093/007285
organic base to give a lactol of Formula Xl X wherein
Ris H OH OIH HO'OCOZMe Formyla XIX 10 e)
oxi dation of a lactol of F?{%ﬂ a ,6 give a | actone

of Formula XIl; 0O O AH™" O Fornula Xl I f)
oxi dation of a conpound of Fpuy to give Formul a
XIll, eplerenone. 15 0 M e O Fornula
X1l  Eplerenone -39 W3 4@8&;@&/ US2003/ 007285

40. A product prepared by the prgtess corrpr|S| ng
reacting a steroid internmediate of Fornula I1,

Formula XVIII

d) reacting an acetylenic compound of Formula XVIII with carbon monoxide and
5 hydrogen in the presence of a rhodium catalyst and a tertiary organic base to give a

lactol of Formula XIX wherein R is H;
OH

HO "0CO,Me

Formula XIX

10  e) oxidation of a lactol of Formula XIX to give a lactone of Formula XII;

o)
O

“CO,Me

Formula XII

f) oxidation of a compound of Formula XII to give Formula XIII, eplerenone.

15

“'CO,Me

Formula XIII

Eplerenone
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ZIRFO OR2 Formula Il 5 wherein Rl and R2 are
i ndependently selected fromH or COR4; R4 is Cl-C6

w@bdoyl43987 Cl - C6 al koxy; R3 is Cl-C6 al kyl; ORAPCT/OSZ83/007285

10

15

20

is fCH2 or -C- wherein OR4 is in the a
configuration; H is -CH: Z1, d Z2 b
t af®n g&é%‘i%élﬁfe?@e%?/r‘iﬁf‘ap%‘&?fﬁF&B‘&ﬂﬂ%a " 15 ormo)g g Qis

>=Laeti astﬁro}di%ge leliteCHHRSRuATANOXi de in the presence
of an cohol, a base, and a palladiumcatalyst. -40

Formula II

wherein R; and R;are independently selected from H or COR4;
Rsis C;-Cgalkyl or C;-Cealkoxy;
R3 is C1-Cgalkyl;
QR
Z11is —CHy- or ——q —  wherein ORy is in the o configuration;

H

Zz is —CH—;

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

OO o OH
Qis >O,7Oor 70;

with carbon monoxide in the presence of an alcohol, a base, and a palladium catalyst.
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