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"EP 0 474 668 Bl Description The presepy4ri Bgert | on i nvol ves two processes
for the transformation of a [-err]-sterold to a [err]- S|yl ether which is a
useful inter gﬁ {% in the synthesis of corticoids." Acopperi odi de
catal yzed conj ug"el € reduction of an [err]-unsaturat ed ket one

(cycl ohex- 2-en I 1 17(20).
XAt 1 P i et bl e g o s 5 20 b
Chem Comgm, 1Rdoppdrib@8é ataly=adEbrjuhte )bduoien JB%, -Gz GtRated olone Wohéﬂﬂ%}te) Bﬁﬁlﬁ&n‘i S
conj ugate r eammtummvdriaé (LAH)SH Rexameéliphbsphdril ridfiia (HMRAJEHF iK@pddiee in(UPCIRFCSIcCt L)
Wi t. h di i sobutoyine 1013 (1080) Sipritkirly,deOrgliHBALIE1, 587T¢1988Y depasts asnjlgaté retdctishedf 5 yteroidsl w,p-
per(l.) and Hiusdturitel igione(pBgdsiehe)iwitt dilselaitytabahintmydride GNBAHR Yatalftic inaunt of methylcop-
co r\es pondi rer(R eadHMRAGK yivd 84% df ti-rkdupaiferingladd 6%k the tériespopdingr20dwdraxysat-aikstbiec d
t 0 t he [ @ r |Whenéhisprebess(wap applied th the afestorqirs (i) of\thanrésent inventien, the eterviddh-ihg wasigpt e S
not re- ducedycedihuttherewesgelactiverpduston oﬁhqﬁmmmaltmhmnq . The@onjegate reduction

functional i tpyooaasofmmemi ntiorjg @ &0tb Ad-3rkple eadA- deeidHf t he pr esent .
i nventi on | s 0 r%ﬂ“&@vns? ?ﬁﬂ?ﬁ‘dAﬁP'&q{‘E‘f‘n%ﬁa %P th!?é?’b‘“%?é‘?“ﬂ??fé““- pgatu-
Comm 16, trﬂf metggcqg when
reaction ’6f t °"ﬂ'ﬂt§ High of
net hyl copper Ii T‘ %{'t' décfa g\ﬁ%"’f mng i i pegum
enol ate pro nvmdn ofaﬁy hf !fﬁ? %fﬁ’

et her, stati ng |§’ ¥01‘3 qb‘ 13 ) Lhe
quanti t aty) veth;,gg r The of
[err]-unsat Lt{hféﬁ cteﬁ@ﬂpéiid "i'hé yl n nHMD lya coblapitbdle éac@&n@ﬁ&%ﬁo
wag per- forgpéh n@.w vbﬁemﬂe osspﬂps&h lednjudbte FdaBetbl & BRMAle-steroidd I %bf% préXent in-
evidence of vaRin wkd paHorMB@H tHRpRBancH EFEinREN IV Rride bRl a sthdl ainoun?d the Bijildnol clRS) |

i bid 26, 60hhsfobf&d), ibid 27, 4025 (1986) and ibid 27, 4029 (1986) all
descri be 220 t Us-AueEBa92 mno@éstmaéammﬂde@ﬁmb@rwmwm.uﬁlm by (¢P)sRhCl,
Or ganocopperto gieectheAl112-2043iiyi énel gpiee &t dasrewbéentfoundrthbttiyd Backsslis notdpenablelwitt anat¢B-keto
t he expect edurstidnglity iethelstesidfening. The silyl ating agent not only accel erated
the .reacti ons Tatileth|28 3361487 )vlegrribas the netadid oxidétionof b hen-stanqidapanp! etirer Wlgive the corre-
conj ugat e - r exoensing epexysilytether gnd the subsequent jsgigtion of)a ngf-sterqidal ppoxys eilvitethier; In orderfe iselage
was per f & methe prexy-3i efherevasy wild regction congitions wesy yspd andispdinm biearhgpats,was addnd|tg the re-
; anount of t Hsticimixyre (o Reyiralise e acid prpqupt ofithe Peragidragptant Fet. Lett., 26, 3227/(1985y80pefs a ster-
di scl oses t h%"af@a’@'tsf'lﬂ)ﬂhﬂf”"fféﬂl“]ep‘g‘?é' H‘%W"P‘P?"‘WPWEE"HW@PMW JHFG?’?R&E“" was

cat al ysed b ] |ve the - 20-si et her: &‘f
been Toung tf ? e & iy @g g ds 4 Qézg??ﬁ“%t‘%"ﬁs&‘ﬁ'ﬂ‘f‘? Ry
n the st e;g‘ E§‘§ i "‘f s Lo é}u g it b2 éJ bl
epoxy-silyl g 'Rda" t?sequent |s at gon -0 aenonl st% lbbled-20-siy

~ epoxy-silyl et G‘oBrdmbBaﬂ Beci&tﬂe%ﬁl:é?a dﬁ‘veﬁt%n M&&B@%Xﬁo‘fh&ﬂﬂ)i@ﬁr@&a&d lY&fniéctFﬁh' d

~reaction ﬁonﬂb‘-#t&&éaf‘f&ﬁﬁamﬁa red ChppR Y éirkle bra@ibe 1y dnie edatilid 86bnt, f the Pres
acgyon M Xt UgFa cd Qﬁé&ag%hégﬁn e aC|d product of the peracid reactant. Tet.

Lett., 26, 322ZcdortiidGR)asédfiispeit ahthS prdsent ifveftidh, aQAatder Stormila (B1) 16 prepaidiidiy Sontabihg
epoxy-si |yl ednétalendidtesr formaladll) With aslgatinglagete st eroid A-ring. This conpound
was not i sol at Atdosling fofé-tHird@dfEobBthe giesant io@ation] duliyl tthermthrnmulagll) iDprepfed by contacting
16- unsat ws at e4lt-stemitl pfdwinds (1) withialpefoorosd coppechydide gr dlralal hyelride3ésiucing agent in the presence
thyl -17a- hy defesgrpenspécise. inithe plegencené a gilylatingrageriton of net hyl ati on and
silylation. EP!ntheqpexpd sepeetiotthe inveptipnsndnreferably glsein the thirdaspect thersiiwiating agent is either
20- ket o- st er oi & @ gombingtion of 3 sl halige of3befatmulatri(Bioks Whers Xiig) ClaBrar | griddRed ivvgp dafined t

i n the presenc@ye withanaminecatalyst Saipgted fiom Ryrding, fiazinectetraging, pr ipjdpzole, 1. 24""32°'°°' tet-
17( 20) - urfRat ur SEeieofskp respp ToiMWI# steroid with a peracid. According to a
first aspect of the present invention, a netal enolate of formula (I1) is
prepared by contacting 40 [err]-steroid of formula (I) with a preforned
copper hydride or a nmetal hydride reducing agent, in the presence of a
copper spgcies; see Chart A According to a second aspect of the present
invention, a silyl ether of fornmula (111) is prepared by contacting a netal
enolate of formula (11) with a silylating agent. According to a third
aspect of the present invention, a silyl ether of formula (l111) is prepared
by contacting™5 a [err]- ster0|d of formula (1) with a prefornmed copper

" hydride or a netal hydride reducing agentz in the presence
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- of a copper species, in the presencgp?)[‘ 74%esk) Y! ating agent In the second

aspect of the invention, and.preferably also in the third aspect, the
silylating agent is ei t her (1) a conbination of a silyl halide of the

formula [err] where [er l}lis Cl, Br or | and [err] is as defined above,
“with an am ne cat al ysz&txected frompyri dine, triazine, tetrazine, an
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the art or can Fcﬁ't“h“;r/
“exanple, US°PaEY Kf

I m dazole, 1,2,4-triaz or tet- 50 /N azqQ) e of thQ/rN egtive fornul ae
55 2 EP O 474 668R lm! 10 T abr] andf[err| alé the sane or
different and are H qr | er al kyl, ahd befizi m dazol ogti;&;ally
supstituted with 1- | kyl i he 2-, 4-, 5-, 6- an - positions; or
(2 an imdazole, 1, B -trla le, t Yazol e or benzim dazol e as defined
abowe which has a [err] substitu- ent at the 1-, 1-, 1- or 3- position,
respectiwel y. whareiXqra ka4 Xq) and Kielaje thasdime bnidnf)ere(neaaeaﬁham,-dg)ancylJaﬁdbenzlmidazole
=[err] is a [ eptidnaligledsitutédwith][1-5iCGy-C, bikydin thecd-r4}, 5-,[6cand]7- positiontioor [err].; [err]
is -H [err] JRanmidagale; ],2.4-giazdd, tefrazple pr bahzinyitiazolp asdefined plwe\]lhiqlvihesr@i(ﬁmaeqbsﬁm
[err] al kyl aregtdtthey 14 & of Sppditiop|réspectivlyer r] where [err] is [err] al kyl,

THP, [err] whdnfermuaefl). () and(li}(sqe Ghrttl: or [err] or [err] where the [err] are
t he same®or di f FRwsBAC-HiRieavkerap-ele thef -Glsom [err] 20 [err] al kyl and
[err]; [err] .isFedd “@b: a netal ion derived fromthe nmetal hydride ’
reduci ng agent , ReifdHi-ReRef-ahere Raysds +HnEr-Cealiid Gz @rGHecFPERa-= Qritdr-ahere Baedis Celfur |
al kyl or [eshl anthRor.a i/ Grrfls a’l}& WHz Ot Bl Bavis Whero Bart & fr-Falih IHP. i-CORasswhamst
requi re the Raddl ©1iCaalkd er-¢ opB5E1z)s whergithe Ragis @re tt'ﬂ %‘E‘P Bisfiferest ang ang selectedifrgm Cy-

i sol ate TheCadlygdatiepoxy- 20-silyl et her (I The conpound of

fornula (1) i's mesr@rm&b?rymra' ipnyeryad fom eqewe@eaaemw B): (A—I)

O&F’r‘ is [err] Efa'ffernragdareﬁa é?‘ alieyl Oidyr e Lerr

[err] is -H a nti a[' ©q "@r"?ﬂadd'g??(ff fE‘Ts "°P3R&9?‘"m
gérﬂ?) 'i _|s[err] i s

ereo té)ng hEr-Hg;

togetherz,ar(?

wh
e b [§:$°“ @,{’ vf e S
ot her of [e g ?ﬁ“ ‘f'e %

s ﬁgrsgﬁ it
_ 1) _ _
R fgg,[ef A he5[C§” %r;ﬁﬁ%&,grshﬁ% ‘ﬂag.,“ ,%oonebﬁézi thrsj:gan lheofe;an |
'Egreri)t ihgrtg_k ie Izj gr‘tlls- %I% gﬁi r ?{'lz-(C V\Ef -c % e e
[er_r] [n th% Lvei 11_- 1_%‘@’5@%ch$ F; l? ?nS erWI
[err] is -O e,apo(‘é%qe&w @mﬁ%mm-%ﬁ%@ricooinga lnof

i
] e

d h Ki |
%'éhg:']p I:r e ‘?frsgéq ﬁ?‘fk alb%“drwt ?rﬁa'gq*d ggﬁ"zﬁlﬁ'h g@é_hﬁ‘ or
rrr] ster0| ds) and 3, 461, 144

e ot e

Zoxﬁet al endt ??'“
directly th r l[hg 5& etal%lu QQ (llf" wrth a silylating agent present whrch gives directly the A"m)-silyl ether

@m. itis preferred to convert the A'S-steroid (1) directly to the A17(20)-silyl ether (lil).

4% The A'-gteroid (I) is contacted with a member selected from the group consisting of a preformed copper
hydride or a metal hydride reducing agent in the presence of a copper species in order to produce the 20-metal
enolate (lf). Metal is copper or a metal ion derived from the metal hydride reducing agent. it is understood in
the artthat My is a copper, aluminum, substituted aluminum or boron cation which may contain other fragments
besides the particular metal. Preformed copper hydride includes [($sP)CuH]s, (CuH), where x is from 1 thru

50 g, LiCuHy, LiCuzHj, LisCusHg, Li;CuHs, LisCuH,, Li,=CuHg, LiCuHg, LisCuHs, CHCH,CHz-C=C-CuHLi, t-butyi-
O-CuHLi and $SCuHLI. With (CuX), itis understood that the copper is an aglomerate complex, with "x" believed
to be 1-6. The preformed copper, for example [($sP)Cu-H]g, can be prepared as described in Tet. Lett, 29, 3749
(1988) or J.A.C.S. 110, 291 (1988) and then added to the reaction mixture. Alternatively, the copper hydride
can be prepared in situ by reaction of a metal hydride reducing agent and a copper species. Sultable metal

55 hydride reducing agents include

A) (X2)(Xa)Al-H where X; and X3 are the name or different and are C,-Cg alkyl;
B) [Cation]"{(Xs)sAluminum-H]- where Cation is sodium, potassium or lithium, X, are the same or different

(16-methyl -[er
differ dependr

3
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(I11). 1t is preferred to convert, trggoh%f&,ﬁterord (1) directly to the
[err]-silyl ether (Il1l). 45 .+ The [err]-steroid (lI) is contacted with a

menber sel ected fro t_B HFS g of a preformed copper hydride ora
metal hydride "3 E ‘j‘“"é‘fgﬂég rgi 3“8%?'5 '_H:pecres in orderto

produce the 20- tal ion derived

fromthe netal
is a copper, al um
maycont ai n oth rf gf
v stoo e co

copper hydrrde cielHSl & afy Solt

byl -
an Iorrerate co«;ﬁr‘w}% % b@l'-bneMQéNtaQeQ@ ;lopﬁ,,at;l'he preformed copper
for exanpé e [([efzfd;lkl(g:&e ere X8 -1, -BY, BRAT SN lﬁ%ﬁ&&t& laﬁgioﬁa&a'ﬁet Lett.
29,3749 (1988)  0f) dhitrunk tetsmchidraddpraté Q1,009 More Fetorrédiaf opEMbropindts Whd bR, bdp!
m xture. Alternager(odiye, chiohdd, Sreriisind tyflde; m6st sraferréiRratostieail) fropidnate Sihdabetadd. When
reacti on of a mnethakoppartiydrideis prodlided uaig BIBAH las the tydid€ HDRE, thesdnolats Aas.as fidatichithe
nmetal 55 hydr i diisobutytEuminurymeiete as defihsdmbave Wiieh ofiecaquijalenhaf (G P)Cel]; i used,dhe coppet
are the fane or eokfedyadtaimedand are [err] alkyl; B) [Cation[err] where Cation
i s sodium pot Sheactiversrecied is thincoppar hydedder If used &5 su¢heone aauivatent istpduiresk lass thah one ede®- O
474 668 Bl cAipgt(gcealyticlameunt) Gnjbe usejl if grrducingagent Is present to regpnertedii¢ activ®)species. For ex-
(Met al ) [ er r |ample. HildsPieuhistisyse as the gepaen hydrde tastive sRecisr) anp eanivalentdnependble. Gatalytip
Cl-C al kyl, amopnt\eaR be ied i hydepgen, prother appeoprate. "d°5°"’°e"sa's° used to ”&t“ﬂlﬁ“é‘f’%
Y4 ls as deﬂPF‘?‘Féd“%%'e°“°ﬁ“@F'é?trséﬁ°’a‘f’%l‘ﬂ’B "EAN‘ - -

and

It is understood I n the artthat[err]
ﬁﬁ@%ﬁ&Mm i
bl d, o

o\'m of the

t al
‘al Is so d?—pqzrrﬁuaﬁte,?%@) %? Fuf',.a &Qtﬁe presenoeof
y hés ”% g ‘%‘ Q he
copper smecrfgrgSl 55 fits s hot
-CN, acet at erred the fce Ofa ligan Qi?bl st
-Br, -, - cru%bl MBA.%MI Wb ref Nﬁiﬁtaﬂs N’IE'EA 3'}&0 ok Fé‘bq-gsauqr o: by

tetrachl orocfu-pgdqg@,d“fgﬂms@ rmuynehﬁpred are copper (T'l') propionate and
acetate, cop- prfetably hratihe&eenoﬁrbkrg fsl ndsolali B0 cHkFie@iCin AT Givdehe ATCBIsIyDétRY: Nyl ed

are coppé? (| 1) pietitperdtats () Rbomeddad the ARSIy kiher (MPRBTitadibgWith@ilyiaingdpartl0perd
. USi ng DI BAH #d@ sliyrindageits @udsour ce, the enolate has as its cation the
~di | sobut yl al un{ipXerSHIRG)SIhere Xa i -Cle-Bi, 1 el whie R, is a8fiefined nelalircg) invisel ppasbnce bf an amine
- U(43P) CuHl e | scalgyetd, the copper -15 enol ate i s obtained. The active
speci-es | s the(2agigeted imddzoledéformufa (s wheasXsXuand Xo are thegamacriferent ard arectjor €€ d.
Less tharf® one Egtiivl - al ent (a catalytic anount) can be used f a reducing
agent is presefdat-siviated batiriazole of qhefoaw!ar NEi(Ron)e N @S NHRhe* where Xy ffjdX1s afefthe same
1(43P) Cu- H). i 8 qiffepaqt and arerd %‘bpﬁaé\kvl A e dlome m‘vwﬂspée?%)afe&ﬁe“é&ﬁ‘é‘aﬂ"@ﬁt a
|'s operable. CE?%W"? 'rtee °§ ¥ be used 1 hydro or oth
appropri ghe hy K‘é‘ﬂé?’% '{ t dwhere -
sp cjes. More q@?ﬂ‘ %E %‘5'}1 " "9 posk
Teful. The is all ﬂ e presgh I-aml
hydrr de reduci RQ,APG r:Tu
an anhydrous aﬂgﬁﬁﬁe e.d. @ ;’;t]dgﬂa ﬁr &E':&
nd Q-Biyﬁ-zl lﬁnﬁg}gﬂ t'ﬂﬁéilyh— _
diglyme, tol U e pitaoncit islprerorred tRat Ry R ,QrJa,qrsbré ﬁ-eférﬁédrtliﬂﬂﬁﬂ il The oonahﬁg bRRdThétd N
I s operabl e i neroldieth MelslyRatingHdatt isPbrioriiétih thre pRRSentdofaiw @hihe dafdfyst whtrthe siftating
ferrably about ageatls & siyinkiidelSuitable amifé\catalysts REluddipyrRitie | thezink, tratiteCan ifiaszbia Bifermula
not critical. \GKiz)ehenoX,XpaedX3 ks thdsame 6r diffefehtand ach -HbeCcCyntkdcd 1,24 ritdleaf the
pl ace I n ®he prloradneH-KHCXa-N-CXeervhere KiiandiXis are kipasanie or different and are -H or C-C; alkyl and
the atoms marked with an asterisk are bonded to each other resuiting in the formation of a ring, a tetrazole
of the formula *NH-N=N-N=CXe* where X is -H or C~C; alkyl and where the atoms marked with an
asterisk are bonded to each other resulting in the formation of a ring, benzimidazole optionally substituted
with 1-5 C4-C; alkyl in the 2-, 4-, 5-, 6- and 7- positions. Preferred amine catalysts are imidazole, dime-
thylimidazole, triazole, tetrazole and benzimidazole; more preferred is imidazole. It is preferrable fo add
_ additional amine catalyst during the reaction to ensure completion of the reaction.
The 20-metal enolate (ll) and silylating agent are contacted in the same solvent that is operable for the
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I ncl ude HWA, DM, DWPUY, TNU NVP, 8 bdra dedBY, TMEDA and (X20) 3P where X20
Is C1-C8 al kyl or -. Pre- ferréd Irgands are HI\/PA DM, DWPU, TMJ and NWP.

Preferablythe nmet al enolate (11 but carrle ituto
give the A 20 mgtal.e )r" "is° g{'%e 330& o o
convert ed ’Ffé"’ 90 th:e"Phg'?r ﬁ:‘yab"" { Ih@ a.s@.oll (| e
agent . Oper- n n . %" asgg t Oop_CI
et Bl ;/gt‘an& ) e ma t" irreiy o '“ffgaw‘“m% reﬁﬂ&hresmew
are the sa ﬂg%f&ﬁ@atab@gd are -H onrg a - Csna kyI ( 3) a 1;-S|Iyl ated 1

, &, 4-t riazo eTthA"@hﬂJ-J‘IﬁB{KH'EGI) a&'&&m:sykmm%@m&d)mﬁ‘ érréshéndg 7 26b@ ar e
t hev'same Olepékide 26-611 thed (V). Thé1 70,200 époside- 20351y bitigrs (IV)Rahibd iutataaitifasired By additbn'éf t h
an ast ek S kherestidnanias o adigtasdiutia di @quesus acstit ackd) Thepradodt if themaxtractd wibl arcapprong,
(4) a 1-s4yliaté e@ganitisbisent| e of the fornula *N(R20)- N=N- N=CX19* where X16 is
-H or Cl-C3 dlheyto,20acbpmier20-siytethemst(Vhaze mansfirngkd by acid opbasetothercorséspendiag ¢orficoidsd t O.
each ot her (v)evhigh haveg knqwniutility if the phariageutiodl acga p$ ang-Infigramatery agests; y| at ed
benzi m dazol e optionally substituted with 1-5 CI-C3 alkyl In-the 2-, 4-,

5-, 6- #nd DEFINGGQNS AND GNVENRONS t he sl lylating agent is a slyl haI i de then
the contacting nmust be In the presence of an am ne i"?

preferred t heThedefp “a‘ﬁaﬁ%‘”‘ g&m"s priowcaps forthedgyms ?Sd'ﬁ?‘ttmuﬂg?‘ﬁti‘é optiss @WW&‘"@?Q :
trimet hyl s.*PSH%ﬁPP%f@ma bdn‘ "Pﬁat hyl si |yl hal de,

di phenyl met h £l (o]
1-silyl - S

- - et hyi ni d %lcﬁeml ?i Egé’?rmg)@a émﬁg&)ﬁh Jr&bieaﬁé}lﬂgﬁﬁéﬂﬁ ifPthe specification and
trhet hyl si tilusntdih Gdditioh BHridd htﬁxcfu fel Rattrs. ThesE Vdrigble
preferred t &Tmu rél ot yal %rﬁﬁ@rﬁﬁ&de@ﬂjﬁbméﬂ%ﬂsm&rﬁt foPdX@@b, €2, (ot "Rl wiérd h
the sil yk ates RGn WEGEH THese vafdble @iH3RGbnts Brelelifer RoRWVAIEHE 6r bivblert/that 18, They rétésehtyigtoupyhen
the silyl atdutGhedB%HE formtladby Dhd of kwd tbrhiEkP bonddl IFbrodRhrfiple) Eigrap Z{Wanldyerreserit B bivalahe
pyri dine, tvalidblelif@achbdb tivdérGia CRAC(LZ)H] 8RR, @ild K, asuldrepredehtvhadpvalahkeanabiX byb:
X12 and X13ti@érts it ditschedtothe R mild GH; €HS O(R )@R)H,. Wheh chérhicl for@iula®are dravryih a lingar fashion,

1, 2, 4- t ri azsableasahosé Bisov& Qariable subbtituents bantatnbdiiHin [darEétieskl X bonged th theatoiimmediatly)td 6
ar e -t he ssanthe lelltofd1ei/§rhblesubst&rettemtosediﬂammthéil&WBeraWkgrmoewsﬁwweaﬂf@h%s%m@H

W th an astae erslosesliirepatentieseg, each ofthe tonsschtive variablesubstitugnts is berded o dherimmedistelypre- o

¥ ring, a tetcedingéteon toithe Iniewhichvismet enclosqelimpargnttiesex] Thus. i farmutp abgvs, both Rynd®y are3

al kyl and viveded tqtheprecedingcarbap #terel Algp.fan anymolesulewithap established sygtem of grban.atom M o
resul ting iberingsguch g9 stereifis, thegsr cagon atorps a’%@ﬁ'ﬂ‘i‘ﬂ‘ﬁ"d’é?wl"@’% 1§ 19 i9tepsy o E‘Fﬁﬁ?' sUt’ed
? 8%

wi th 1- 56Ci thecaronglpn nr"nber ﬁerezamr"e °e'°lzsesen the § rrqmﬂ AU-
am ne cat al §s'ﬁ"@°'l k}:g%é Pt';e artt)of fepre-
- tet I bl
' tg ;Séoagd? ijfggﬁv%sen . 0 e:eaﬁ ﬁ ?:?alt'f:ﬁ\bn'fep@ ;t&nsnllélmlaa?clﬂin E&i{?ﬁ e.
'Of the ' 61? 1??%!8 i ula@&ﬁ ano@bre bond;
ple ﬁH 95 ﬁ Rﬁegﬁgﬁ. darthfl Bl

acte
duct ion ol'G -€@6r, it Ehel fSrmiiRing plefrrbdYordim-

terrperature about -80 to about [err] preferably about -60 to

about [err]; 'Eﬁérﬁedpfoﬂﬁtﬁsamywc@ﬁ@u&mpnﬁﬁs Bﬁnofﬂaﬁlﬁﬂ‘raﬁﬁnlslcﬁn HeSepnsseritelimdiinear fash-
perform .tsheroﬁ MRAGE &he cthpduftPi-¢hidkea¥hétRyibyridine@art Berrésantadin tinzar fashion g Ns=C(CH,)-CH-

[ err] - st er ocOECH=CHH Wwith thé tonvahtioh thatieatbins trarfked with a2 akterisiy(+) abbreledto dch btherrasultinge
step by coninawdforrgtidniota firgr Likewisd, dheoyolic ridigeulgrifagment, i4-(ethyl)r tefiperazioyl cmdpmpsisentﬂder
hydride or by-Met{GH)-MGIH)-GHCHaduci ng agent in the presence of a co

speci es and ( Arigideydidieing) steusturede avfcompoyndsiherginidefin jentatipn W'F"s!'eﬁb‘P‘éPé leae ?fh at
t he cont®ct thqganambqywerwﬂﬁwemeacb F@E@ﬁ@@ Obﬂhe 59'4%' ﬁﬁ?!“WWt’eF FM?"HBEPP‘?“

agents are %‘%@%M%E‘?f“‘ﬁﬂ@v’@a
- known net hogi‘s e va'"t:tg'ef ﬂb’"@'(ﬂ:lg%@tﬁ [; gi cﬁgt er s
E)IyV)addrrP ? oﬁ V\(;F?gt%;r [ bstrtug;t at?tlmes ma I:Ie in e p ane the ing (equal nal) grgtﬁ an a

plane (axial), one substituent is always above the other. in formulas depicting such oompounds a substrtuent

(X¢) which is "below" another substituent (X;) will be identified as being in the alpha (o) oonfrguratlon and is
identified by a broken, dashed or dotted line attachment to the carbon atom, i.e., by the symbol *- - -" or "... A

The corresponding substituent attached *above" (X,) the other (X,) is identified as being in the beta (§) con-
5
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10 the reaction mxture to a dil ut epyfziiéds@d of aqueous acetic acid. The
product is then extract ed vmth an appro- pri ate organl c solvent The

17a, 20a- ep X|de 20 S ed. by acid or base to the
cor  espond 14 ea,mﬁﬁse iy %E;E pisgast
phar maceut i ﬁﬁg "Egﬁ Nalem _
CONVENTI ON ﬂéﬁo‘?t et 9'
t hr oughqut tmleemst.m eH bme Qérldbib, h@ .§d@ﬁ|reu
clains. 20 varablesdytiaidiit £k
chem cal f anemer. a&udsreaxraeaﬁmd-m ummmmmram@wb@rmmagmt &1 N
e‘(} peci f i aiiple] vitien Secbivalestivarabla Ry, -CERYj-i8 défineditoicaridlsBof Sutidnbialent VaRable Sulbtitdénts, ON
Xpress | two olariovaientivagitiblastibatituaits dre@ Ryl RERg. o, - NBRE:PrRYL+h, 8] giving (@R L) (BeRRLE, ..aF €
| dent i f ired diy-Re.b)@E-Reib)e btalLikbwise; forahe bivalerd vdigible Ryl AE(ER () twosnidhaa®ntpariablé substituents
exanpl e, [ edré ¢-RQL:BRAL For whigy sabshtbent fof vihiich bepatateciianid p biispiiations db1 Ak exist (g, ddaluethe
subst i t uentesarice ofd datboi caildh Gouble B4Hd indhie dhg) Aidddiia subistitiént bondedltd\@sarior BloM SR is & .
group att acletshrtiopa titgehd abbvcomveriign ie still usyd, iutihe 6 lasdp deaigndiics@e onfited. exanpl e, a
group [err] wiustesabisgentesiatie raaybe defihedias two aspamipimenovblestvariablb audsttents teo deparatel| a
[err]. @& oupmovatentviriabledutistiven}s mapbel defined joibe kemtogetbentoforime tivaleatvariable.dFocrimple,
stituents iifthaformdha(R)d-CyRIH- (T aed Gr dpfine pibitraniefirstahdseicend|carben atam, sespegtively)d: awn
i n a | i neargd&nnayrbe definef tohe takpmiagethepigyarm (Vgrseegny bond befween Gyand G2 arédiadiveleny i n
par ent hesesSr¥p 8uch 8h erad-Crhend the forrpulatherehydercrhes F'yemﬂd%wheft% and Rypre dpkerreapthes b e

substi t yent Htﬁ'B%’%EP“TPF‘P" %‘F‘bﬂl"hé%tp%gm%ﬁ hep “ME‘@GB‘E‘Y?«?“"O&PF%M*@"
subst i tuent ‘? Op(ded fY. TFH?C'PY 1"" 6"!?(5’ § F@"I g RN e
upst i t uent ' A f‘ '"‘" ver,
Whl Th is na w% egﬁ _3'9 ‘f°5v°3 °(5'v"e°a"sno? ne
[err] and [ergf, e@nrbg viridiie &5& @ﬂé B%d QneanRm e firkt et Xses
ol ecul Q5W‘ Qot%é%ﬁl h§Vaﬁ£ as*ELEL \n m,n,u rélﬂﬂgqrén’el
steroids, @ﬁﬁinﬁﬁ\r mﬁér@f &Jm rﬁ@fe@a?i ‘i'al E%@pardtedﬁbrﬁt &able
i nt eger Corlf yB3PHRE Fof karhle, €5)-C, BR/I"TeprelEHts ofihIOR thidlEH honfSXHeIBdIRY isckidfid fdrms

represents. tfh&eof Gnléd3 h bolprids mmmrtbmwawms@w&b%ehaeﬁthes.ﬁg@srqub dién, thd presR  as. ”

traditi onal hdlcatde tie@hsitb BibdA YtolnltBHiént 6t KelvhrieibBing dbfinedl Thud €6} didoRicatbehinaBichties Y -
Li kewi s&0t hegrbuplOR,{CH,},J0-CCB phée n B 2616, Bncor 2By tiddeBond vHathbd the eatbon(atint doftént of only
. nmonoval ent eath frirtion lofthé defiaitiontidindidated sdpafaely by eralosind Ehe10i-Cdesigastion ingarentheses and
portions t heacingftinsieeiaely (ro interveningspadepimlorecthe poetjon efsimnietrtitonseingrietinell.iBy thisroptivasl n.
The sym bodonvention(Gy-Gylalikexyedrbony hasd¢iwsamemeaningasiCAi allwxpcarbonybbegausarthe"¢y-Qs'refers
chain. Thu sonfyelp tHe carbprr atom gentent!q) thezalkpxy<andup Similarhe white -bathtGaEx lvhanddGrBishind.
In a sinfl| oxGctriaiod defingalkexyaifytgroupscontaining froma2 e € carbopiaioms. the b figtinitiongdiffer gince |
and the synijpformer defn'"é‘ﬁ'i‘ allows, pither the glloxy og allgyh pertionealage to cpntain 4 °’(§aﬁaﬁ’8m"P'"ﬁ‘V'ﬂﬂﬁ'§

are represe'ﬁ'feéﬂ’fPW'HW”héﬁhe%ﬂﬁH‘eﬁ?fg"t“W?\m"ahw' or :¢(=0-, with the former .

bei ng preferre r sim plicity. Chemical farnulas of cycllc (ring)
corrpound,g r fragrrents can be represent ed in a linear fash- 45
ian,; Thus, the Re chle% thyI pyridine can be represented in
|i Rear fashion thifed % *%81=CH with the convention thatthe
atons marked w bonded to each otherresulting in the

formation of a ﬁ,gmmgdtggi%@gﬁam;nmmmd c nol ecul ar fragment,

4- (et hyl4- 1-pi ng\;ﬁgfb.gydmm|muﬁﬁmrﬁ§ent ed by -N-[err]. Ari gl d cycI I C
(ring) struct urgMmiATEfes tyhekaneipighudshoiifidnide. def i nes an orientation with

* respect to the pMiasters af1,Bdméthe2-nidagolififinesubst i tuents attached to each
carbon at om of DMRU sefets t6INSydimétbylpeapipeugeal. For sat urat ed conpounds which -
have two subst i TMibmefess tatetranmeitiotirea0 a car bon atom which Is part of a cyclic
system Perr] tMdP tefess to Nimwthyloyrelidioneray be in either an axial or equatori al
position rel at |Tﬁ§l‘9fefslt¢feﬁ’qethv}?ﬂfmvd may change between ax- ial/equatorial.
However, the po2VAR refgrsds dimethylamigopwtidingst i t uents real ative to the ring and
each ot her renaW%DAf’?fR‘EEP“WPW@“BY'Q"PFﬁﬂm"S%bst|tuent at times may lie In the
pl ane ofgt he ri Qtd@my‘aﬂt ‘rat her than above, or bel ow the 55 pl ane .
(axial), one s ;F"i WWBM‘E“W@‘“’@PH@P In formul as depicting
such conpound | ow' another substituent
2 Wil be ?@aﬂew&ﬂ s i s e o eSS EnBR IV on"ana  <

i dentified by*a broken, dashed or dotted |ine attachnment to the carbon
atom i.e., by the synbol .- " or ". 8" The correspondi ng substituent
attached "above" ([err]) the other ([err]) is identified as being in the
beta ([err]) con-
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k)

'5 EP 0 474 668 Bl figuration andg&d&@dﬁt ed by an unbroken line

separate, 15 n
' toget hert ofg&_ ’T%

attachnent to the carbon atom When a varl a e substituent is bivalent, the

' I Kk I b def f
the variabl g E:Egﬁ i ﬁefv ra%rsa%rﬁg{"‘é‘%c?f Vet eareﬁeahr%m' TS,

Tyt o1 ol tdoe UALESHRR
et e b Ve &E% nQVeH %« bl e
e “ﬁrznﬁrrn'iummﬁi%m ﬁ% jfEe e

usedt odef i net I"%qva?ent vari all‘ﬁtf}e | s or FLESRanl b

err or sone varrant t her eof .
In\such a cpagudeesh [err] and [err] are attached to the carbon atomto give
[erri For €x- anple, when the bivalent variable [err] is defined to
consi st mf t wvithsubRIrtAdr@Rboratk, it Vefdved tha bid skitét iSthe hiéBan(TEbihg i) prsdbdingeschptioR
subst i t uent gradlicethé present invention u{ iBfilibst @ktéht. TH f6lldMihg [detailel exahiples déstribe]how tdprepare
Li kewi se, f s tdiicuslabrigblumiaandian pérfotn the Yafitus protesses bidheanvantiomdndareitobalcenstrued as mere-
subst i t uent Ig illastretiviecand ot limitatiorss of thi greeeding tiisdiasera Infany waylwhatsoeverpTHoad skilled ia hd art
[err] ori envitiproropty regegnize appepiiatd vadasions from the ptoceduieebatir assemantantsiandasdenedntion con-
car bon déubditendenddechniquedie r i ng), and for a substituent bonded to a carbon
atomwhich Is not part of a r|n t he above convention is still used, but
the [err] a?ﬁﬁ%ﬁ?ﬁ“d@@?bﬁ'ﬁ!% “dP%hﬂPfﬁBt'ﬁl"eﬁ"("1Ju§¥°)ﬁ’aﬂ"%?'\?éc’ﬂ@Pﬂtatw%ﬂ'fﬂ'abI e
may be def i {¥gilviethef \o separate nonoval entvariabl e substrtuents
ovGI ntva I abl e l%Hbst | tuen

tis ; vggef %‘pe taken
PP pé 9’ r‘? F&
i .:'Y. no? intain sultin, dd@?‘g idly i :
Lerrl are [ A o ﬂg&ié %9?@ b 'Z}; “ﬁ}E ﬁzﬁ i
ond bet wee 7_%& nhzg@s Fteho 2 is Békdad
the for gl asl rE 8%k ﬁo iﬂut&‘s‘lﬁéih@:ﬁnet uﬂk rouﬂﬁ ‘i 1rﬁ}f|
t oget her tog éﬁB&Qf%WRnGﬂHBO%oﬁHEGﬁgMaM&UEJﬂN@&dd 8 Rext 20 niin to do T?s%ﬂxei e

ori ent at i ONstaingtiiferBNTHel¥actioh nfbkied islqléhkheli 8¢ &dding ruJe.tsm 1) aftdMEbuS Bdelid Achl (5%,
bonded t o X1.2415) Theltwb Pheadey uheshphrated afted JBtin of Vigoro@ ANY dt S THeMGuEIBSPHEASAS oxiticted

r] defin

~[err] and [ withblushe 0D akyQid the Gltbiehe dutibrdard coMbilied. TG soRtidnaCWIRG with aydebsh

t he car b®nyacelicackl (5%|2c 400miYand dried/vitheragnesiag Bule SThg ding egdnEis femoauddy filstioh amilr €

t aken togetmefﬂmisfcmmt{amunﬂrdetmmmmiocgmﬂe?atee:oapduad:tone in which the
carbonyl is bonded to [err]. The carbon atom content of variable

subst i t uent BRERARAFION @47 Bromp-2thydroxy-16ovetiwtesegna- 147%(11-rieas- 3, 20didne@1-geatate 25 3
prefrx to the entire name of the variable such as [err], where both "1" and’
"4" are ¥nt egé\rskl"tl E@émﬁ' mﬂ‘ﬁ%‘@h"ﬁﬁ%?f?%@%ﬂ ) B 0chwrier (377 rallis ppgled to
atoms in th&4P2 ~{60-rget par. é&‘?’-ﬂﬂﬁ?ﬁ?ﬁ@%ﬁ?‘?%f"é" %“""'9'

| tma r@r (P PRI, Jocop 10 SO oy
oPome. (Fncleest Tefhré'ﬁ? ﬁgr e pee it g' o ‘rtra?urs%gg __

g %ﬁ%@r ”’tf”ﬂr%

or 2. By th S?ouﬁrﬁﬁ tsﬂ
the definitionis |n i cat ed separately by enc osrng the [err] desrgnatron

in par emhepﬂepmﬂonlsemma}oﬂytwmmataalmé JHB-thtrhlb -3/ Rdidhg 25-Bebkald pbef ore t he
portion of the definition being defined y this optional convention

([ err]) al koxy eanincabonite0.03) asdithitmn bBeoaide {13 12 §) iS 2ddéddo Sdolufionot Falbeompol21hgdrays e -
t he zC C3 r edoerhethyipnégyia-,@,9(1H)erien a3 20-tiori (PREPARATION 2, 9043 §)weD M. Kigaplidg ramuipsed into
Simlarl é Witie|salutipo with DEIF €8 ficknkio Lshgl the,tbtalaameurg () 36@B). Tihe redtBon is warmed to 96° over a 3

koxy ( C1-€) ahiaptl tdeti minate pbreddtisdhkiyfrangfereadtosa drepping fupneingithf 15mirpf DMFaNG adsiad trora 40
atons, the mipetisity A1 pfyvigarounyisticsed half-patusated ralifegFheriynne] dsfrinpedtvith M) (1wl andithen e r

 the al koxy bockspuk glurryis peoled p <107 Mter 38 ming e prioductds enllected by fillselian andyypshedithoraughiv, e

latter defrWl“!‘f’%@’F {md)- Ehemeoist solids arefidedwithniyages flew togive theliigconpend. | | .
DEFINITIENS 40 Al tenperatures are in degrees Centigrade.
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" TLC refers to thin- | ayer chromat ogrmﬁaﬂi refers to tetrahydrofuran.

DIBAH refers to dil sobutyl al um num hydrr de LAH refers to lithium
al um pum W %; el SRS ;g,p. Sk fr 0 et Saralila 4 €1 <
- di met hyl propy eneurea g@@rs to tetrarret hyI urea SO NIVP refers

to N-met hyl py R Ednlabfléresypsrpro foratd 585 ) intTRF (136 fifE bits @ dlpheestfod -30D By &? 6&figdrd. ©
di met hy| am AGGArElystbga-1,4] thtRERS- 520 donb 04-acatERI(INYS Phtbi B2NGEEM &RAMPR 1, 5.
refers to dheanybo @) Sfaining memyr.mrdazoﬁa.kdns@ 16 ) QR EN-trie hASIBRMIRLHIS (18 efnrr)rua&ee&l
sodi um chl oritrogéh dbrfdsprierediver ab i Heribd TheSuspansionlis stifcd S min, VWER 8 soulibivét DIBARR2SYS
arg used, t85:7 min tolGene is added eowly Gropudsaibveria d0-50hi parlod. ThelsBctio is mpnitoied by TLERHE
474668 Bl TiRfsampmld ieoisaited byidilafing .5 m{ gfitietréacon mixtpneatithdetralys ofugan (®5 mipad elutirgadpy
cheni cal1o s htetfahyirafuran/heptpr (46:80),ititle opRouh@jiil) RH™AB4] diridg the edditior andawhen tip Fegludtiamie .
When t he Alcpmolets the\DIBAHadbitignds discbitipuedy e pr oduced, two |Isonmers, O and "E are
formed.. When lidezqla(1.77ig) Iy addechand the raactiog isaliqwed tawermip P?rz?ﬁ-e‘\f'\ﬁf/_’eﬂ%wzmhpfﬁ'a
little ZEN W@Wk%WmRP“S'FY?“Q“@@L%nd the hydride donor 5 is |ithium
al um num hydr Wen the,gjiviationgs cog P' ‘°Bl?ﬂ“%"ﬁ‘é¢d p}‘ grdiga it H&t“@"“f’% gfipdyeops acpeacid
m xture s @'F?"i 125%’"') a'ﬁd?"l'?"e @5 A atIOZT AP gy 'E‘i? “feriéveﬁégﬁ “r"%:g

ticoi 2é§’m' and
BN Tt .,;@.,:?f e o et Eng

t he preced t
ext eP\t I'nghEFh%y%vﬁ_ s'r’z é exanpl es r e ﬂ%w tc’)&g'.”té'g‘ééeﬁ

ous
corrpoun or perTormthe vari ous processes of the I nvention and are to
be; ConStrUeﬂ(ﬁ@ﬁ’L@E5@fluc]r¥17'a|2|1-ld‘rﬁwr&§rérr¥dﬁa-1Q@ﬂﬂﬂr‘ﬂine—bbﬂi&rﬁtmﬂeﬁa@ the preceding
dré’él osure in any way whatsoever hose skilled in the art wll pronptly

recogni ze appsedhin sthtte (02384 gf i &4aed th b SoNtibr 6T 6P NdFRTDIN Aydiexiftegha-1 40 (T15 Sig20pft-S

and as t® raé&nrisdne2CHimethyl iyl edief 21@tatICEXAMPLE 1,381865) inkiitfehtA (20T (dhdl volume) under

20, 21- Di hy Ouittngyt. Tecreattidntiy/dopled:tt 0vend petacatclatijl (15.1 (b G addeaitdropeise GrerBmainilds. A Sr@ed-at e

20-tri me- -t therknds bbsbrvedt. Mgy reédbon is allowédtal etir atl for 48 minittendyihahedked boTGdethy! Roet-

_propi onat e €dheb@e (J}1), khe edixiste (V) hmd an Ry obindt g liledess thaniEhe(slyB etheri(l.and

1, 3- di met hy| - Whpmiheleeacsion i iconeniete, forReck foryperoxiday; sodivimbisulfite (6.80 o) tywateri(84 vl) is added 0.

and - met H¥1 nevgrfanin andthe fproneratiise risos g 30 fi0°) The grogiyeh precipitaies e a deyise ggliq which stays intha n

« the low tenfi@?‘é!? [ayes whenptirring. &8 slopRefldepiana (1504ml) igadded,gyen SO rpigjandiha Siyry is eopled iy

" slurry of ofni \@H SEggbﬁ' W!‘Lctlf'%? teq by filtpationand washied thoroughlywiglyates 66 x00mly: o
(US Pat ent ﬂMB@ EHe r?ﬂ@e"g_[’a?% "9) anhydrous THF (832 ml) and stirred

[ o PR ARt
ik

M 101 m) s 4 e i ert)eer 3d of 75 mn. An extra60n1 of the

Gignard reagﬁ fots THEL 6 nﬁ%& HGPA(‘?fzJﬂ@jgé §g5 tS“zPh r%rég 21 %@{)Hb-ﬂa‘il
- material. Qtﬂ 391-9&&% 9Rtﬁ\lﬂ%ﬂ & lrara%) edhd
aqueous 430 eihér@atﬁ&d shitred 1560 Mﬁz@ .ﬁ& é‘ooﬁEBaJ-i’d" irﬁvﬁihyréﬁh-m n.
ofy_vi gor ousmmisrereaz ) antt LAR6596 @12910g) GrelaBdda & it. $heﬁé’dcﬁo?ﬁ§ 3 at a temperature less than or
: equal to -40° for 3 hr and periodic additions of fresh trimethylsilylimidazole (1.63 mi) and LAH (0.145 g) are

required to complete the reduction. The reaction is then freated with acetone (3.50 mi) and imidazole (0.482

g). itis warmed t6'23° and aged at this temperature for 1 hr before it is-poured into aqueous acetic acid (2%,
45 420 ml) and hexane (250 ml) and stirred vigorously at 0°. This mixture is filtered through a celite pad, which

is washed with aqueous acetic acid (2%, 50 mi) and hexane (200 ml). The two phases of the filtrate are sepa-

rated. The aqueous phase is extracted with hexane (2 x 60 ml). The organic phases are combined and then

washed with water (3 x) and saline (56 ml). Residual water is removed with sodium sulfate. The drying agent

is removed by filtration and the filtrate is concentrated under reduced pressure at 38° to give the title com-
50  pounds as an oil.

EXAMPLE 4 17Z- and 17E- isomers of 20,21-dihydroxy-16B-methyl pregna-1,4,9(11),17(20)-tetraen-3-one
21-acetate 20-trimethylsilyl ether (fll)

55 DIBAH (1.50 M, 16.0 ml) in toluene is added to a mixture of cupric propionate (0.314 g), anhydrous THF
{10.0 ml) and HMPA (5.20 ml) stirred at < -60° under an inert atmosphere. The mixture is added rapidlytoa -
solution of 21-hydroxy-16-methylpregna-3,20-dione-1,4,9,16-tetraene 21-acetate (I, PREPARATION 3, 5.71
9 ]'HF (75.0 mi) and trimethyisilylimidazole (6.60 mi) and stirred at <-50°. The reaction proceeds at this tem-



''with tol uene (200 m) and the two tgs ¢'6raQedeH utioné_are conbi ned. This net
solution is washed with aqueous 30 - acetic acid (5% 2 x 400 m) and drled

W th magnesiolim hlasd #.e)/h',e“ 2 fosh Sopbe? AaMdaCeal prirafel

filtrate | g&%ﬂ?(ﬁﬁvﬁlﬂuw (@lo1 mby 2ot rP&% b@?&m% f&&@ﬂ £H&9&J”d
PREPARATI ctlon is warmed to 20° en it n stlrred for 14 hr The mixture is poured into hexane (300 ml) and
17a- Br omD- Zghuddy '}w. 1§ at1beL A érfulsfoh fsits ahieitis Ailbed through
21-acet a§ € dbed ofoelite M&Mbﬁa&es imhema:edrefssmdhhd RERRBGLS bﬁﬁsﬂkdﬁa&é@wmerﬁle

- acetone (225007 Tidrhakdb@acts a7d combliibd arid $hef Wadhedhwithavater (4400 ) dfid %4l @0 AY). The

20, 21- dI hy cresiityi-whtePig refotedwith sca@maulfated THa diek)hexar¢ stibjionticdoncatrated-ufidbEredicedisigy- At €
20k ti ne- t hepresté givel thetitin esmpiobHAEBY R/l LONhdwsGBe il igp)a raixiate MEBMPfa7Z-BTE. nl ) i s
added slowy while keeping the tenperature |ess than -350. The silyl ether
(111) i g0 coAMREES $7oy21:dihydsory- 1hfbmethyipreana-1i49( ty)t-triene-3i20-diondRdracgt®@s @) nl ) i s
added to quench any access brom nating agent. The guenchl ng reaction
proceeds f or 2&sdiitipn. prepagedirg dad1chydroxyr168-metviereana-d 49 (11172 tptragpr-0pa R1tagetefe
When this t '%‘!;Uf’@gh rg;:tg@ g%%; 3,996 @P“ﬁg’@ﬂ‘;ﬂ%’ 'g}e'l& m"&%&%‘;‘é!w“’m [?S?EPSPe
added. The ot t °
phase | % x%@? f %ﬂ&f‘ﬁﬁ"g&fg Tfﬁ%@ ¢§§;;;7 ; ; e ﬁ* ? 'sst';fed
combi ned an prod islgg gg? lﬁﬁon of‘ﬁteacldlc PB ’&Fy
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DVF. The . sOdcbtdd 2etrimethyisiog) ettiek @it he sol ution with DWF sufficient to bring
the totas amount to 350 ml. The reaction Is warmed to 960 over a 3 * hr and
forty m nute Aeoltiotiof cérperipsoplohete(0.1379) Biftaahyeichfutan (39 ndjuodepa nigpgériatinasphans s boolkd M -
of DMF and inadryitelacatone bath ® -$0HMPANS.GdanixfalloBedby a ediution 4f DIBAH i tluemte (25%amd, 13.3 mi)
hal f - sat ur dis adfedtaltheopper balutibriovace 5-1Gmin kesping thajitenperBIvi@ near550% The aglution tyens dark :
- knock- out sgresnthen |ightenstg brewn dugingthe grigitiofThishrovagoltion is alfowed tg st g anin.ithen it isjapidedt ed
. by filtr3tiapanyaieahEaiurrne/obiigrargcy ﬁ“'ﬂwwa 319(“"2'!5'633% jone tyaceldtgi(lcd.000
& solids are @Pu‘%hwwﬂﬁw)&gﬁ\"m’b tvighylinidagolad©.7{ "B'M!efed tsmmd TheAtpsteroid 5
0 474 668 (i req % ner{¥ togp into ¢ ?Fe?"!? sB'F“°B ligwed g’f“"“" addition
wi

s gggﬁs%%&”ii? *‘g 2 %f%eﬁ i ""3 vf%a @ .Ewg.,qf al’;.,"’;!‘f;n |
21- hydroxyprew;?’ﬁ v%“

e
ug o wﬁsd i a,ca %&, &aq.ua.fa@at@nt
3,210,341 i : enthe la rsaresepalated
Slngﬁ hgljammm@b%?fﬁa{ﬁ YR ueﬁa XWM?P ki T %&@@iﬁhﬁ&.faﬁ mﬂ)e
! l fi
fQr.5 mn, #&daebncantaRl Uﬁdeﬂ'@edd‘g m‘é‘é&b%ﬁ,@ e;ls%r)miﬁnﬁytwﬁﬂueﬂﬁbohﬁ added

sl ow vy. dropvm se over a 40-50 min period. The reactionls nonitored by TLC -
[the TLC saBYAMPLEZ 1tbiand 1PEdisdhyerscdf 2j21-ditgyd Oxypregita-104,9(11))17 (20patdendronaRkadstae Wi t h
t et r ahydr of 20-tamettyisilfokyiethec(till el ut i ng with 10 tetrahydrofurantheptane
(40/60),4title compound (I11) Rf = 0.64] during the addition and when the
reduction is éspiyiopefsonpaeprapioRate(0fd2ie)in tefrahydeofusand i) untar & oifrogen atohgspbere iscgoler7
g) is addedin@dey ieefpsetonehathite,,50% BIBAH indoliane (25%4 SR mD & addrd sothercoppgr selytion aveesPng
20- 250 t he #%min. 88‘!"?’5‘??9?‘%“‘8#@18%@&‘\“&?’ §9o solution gyrny F’&PT“G’h“‘ 'WE’G“‘WW“ 'We

silylation fhe a@c}?y A §° Bptben § ado?&?iY aa%*&?gg?fe
- n ) .
o ore s G @}g g oy ﬁ AL % e

feteer2 g
: wﬂ'ﬁ‘e
aqueous | ay min ge: té°8 i 8?\'3 -thgngh

organi-c extra 300
n1)g Thessorgaruf@r Jaig"j/%%:,é aééﬁggddga qu%q-gécgn M&e‘?%’l%ﬁ&
toluene is rem\sﬁ lé an i§ npfes&,swa‘auén&eqwe«wwa delnfixusr® BAGRHs Adaticd
total vol ungeid{h.s% A850Th) and dfderei(250 i) CTRE TR alidweld© S 5-10hi Aokl ENybi8 Bro 66pafaled. ON

( EXAMPLE 2) ™ dqh&ué layé¥ ks BstractBdwithftblGeab (200200 MlyEhd(thd ¥omBihed organic extracts are washed with
: 9



20 0.2, 0.9, 1.4, 2.1, 45and6%g§(4§§<é|}/PLE2
!

6a-fluoro-17a, 21- d| hydroxypregna 1 triene-3,20-dione 21-acetate (V)
Sodi um acetate (0.384
Ba- f | uor o- 28teni( xg9qy mrg rwe; ?Pérnetmp . t& rsaf " riad °"°?§ng Ly puiat ﬂgN
20-trimet hw‘d@ﬂ ‘Fa“’rs'ét"%?’ °e*°€|"?‘?' oljey coptging the e compounfs, YR
(220 m tot‘%c"?/ Sr?ejd'lfr‘?ﬁ'e"'r“ﬁl' en. The reaction |Is cool ed to 08 and
peraceti 5C ] erm
D elue (E385172 nd%é 590:%‘9?&‘30%9@%%}{%9@) (M%i%ﬁﬁ-g&n%ﬁsﬁé&?%éﬁ erm _
checked by eth g@et- ate/ heptane (1M, the epoxide (1V) has an Rf of

jugt a ltile A@oﬁ.ﬁontdaadapérfaﬁ,pﬁﬁatev(b 067 ) Y THE! (12 ] unddNasirogei @tmioBeleiisddoledin a d
conpl et e, 1iQratdidhE bath BL50R FMPX (1568 i) follevbid b slutish of DIBAH i olueRb (25% Wi . Wiﬁé’adﬁg‘l

M) is adldeskneEdpper ¥iitioover 45- it peied KeGrifdRhietbreraturd rRas50°.0rha Blud lutidiGurnsidask
product  pr gfdeRinbrilightSnsacbréwnciaiit ehessadiiici. Thizibelwn sdlualisis allawddestiodimin, then idyitedAh e n
stirring i viasd @piecko aHe@tsig of 2BRydrkypregsa-H9(ti).d6-ierer3,25-dibrd) 2 racetatar(tl USHRatent ,
slurry i s resee0 Example, 2.0@g)lratbtrahfdrefurd0(26mi) oengaining Ndmetinyisiiinidazole (2. Zlohpaver by
filtrati on 7asiperiads Mieckolutivmriscaligyed yo stif after sopnplete addition ankiheckedby TR ( CDCi s) 0. 65,

1. 4, 2. 165 4. 9WhendhegeQd@tio is caBplete:itviflA2p!e- (03183 gis adgertpnd the reaptiop j¢esliawe to warm to 20-
re
added to 2PSH{1A%Z ﬁ!’@“ﬁ’r\?’t’ﬂ? 'edst“t?f?g
. r,s aﬁ)ﬁm%% £% ned
then it Is®@ 1' (ggbg'
trimet hyl si oXtLL gg,;tq and LAH ( are required

conpl ete-the re ctlon reactlon I s then treated W th acetone (3 50 m)

and | mi dazol e bie ébiBord¥ copbdr phoPiontit (NB4b gb i Bskraiyambfurag €HI0 M urider snitfogemammaapheress f or
1-hr bef or ecobled it a B9 ite/@6btdnB bath BAS0S. AL EBluTAE DIBARRItdLeq26% WH55.272) isddliedrovet a 5-
hexane (25010mhin perbdkesing themperglare fess 15g°. Jte Kue sdibtiod tums)darkigmen thed lighteas te tirown
t hr ough sa CdutingtRe ddition. Tis tedwnissiutivh Blaiidvedid stir SSjwie,ben itkoaitiedyiazaiathulades siEcy ofrl )

20, 21- di hy @6%afer wigeh thetepgjiprje ehopkad for completesjiviation tYG1-C+ et r aen- 3- one 21- acet at e
20-t ri net hy| sWhep|thexilyjation [sicpmpleteihg F‘!90§ “Pﬂl"l”9 bleﬁd"zw: agg‘

21-acetate ?aq tht

under ar® 41 tef' '“ e”egjﬂ é‘" o; sg@'ﬁﬁ%

.L,kﬁ(%% ¢° P%l,)g toi? q‘ereac I on Is held at aterrperature
less than QH% 17tZO Z% ;%%e 3 -fidBd-28.94- H@ﬁh&gﬁﬂﬁg {4 Qm1ﬂ£0)-ie'&§‘e'itk-one 21-

- and hexane g:oroi2fi-hydrokiyegnawt,4,p{1t)64etraénet3(20-diond 21iragetate (1520 ghie BHF (15Gmibeontaiiing

aqueous phadimeethylimidazo¥dinoted8l 10w} dnd Nerinethylsiylimidazele (15i3)nl), praseolasiterhof; aveq E@ﬁ’e"ar e
conbi ned anicd. fTheeneactiensrixtare s nerm-mmaatwa@mm)aftemedr@arslcﬁeplftswdm onit Wdﬂ&llthe

water is reThosempleis pitainad by diliting Q:5mheféhe reaetionamixiyrgwthietrahydrofusa ing with
filtrati%n tarahydrfuanheptane{$uso), §ﬂeeerm°ewt(t“h'ife& dﬁ'@r‘“&%’dﬂﬁ?@d me'gfgﬁr'@z g (1 é to
gi ve the t.ﬂ)ll%dwmd@awaﬁ-emhazr BT fo 2025 jfier fea O s

f 20, 21-di Bﬁ 1 nt %ﬁﬁg
(2)1 acet at eI g,ggm‘ltz?‘ls Ei“? tr;%%:}m%m%
alm

nihen
t ol uene, |s g};@" %’ ot e% ﬁ:& THF
( 0,0 n1 aﬁgt 8 M Ifa isre ve?ivllia rn he &e@&doﬁ@ﬁ

Thé m xture .gsi 14,21, 4.5 and 6.24 5
21- hydr oxy- 18- et pregna- |one 4 9, 16-tetraene 21-acetate (I,

PREPARATI ONgsgamrRe 48172 and HirE- &oﬁr’érs@f iﬁz)r-d&wownsm&hy bsdrelaioHyter0}-tetrdeh-38e i )
and sti r&edzﬂ@m5mm'£hﬂsim(mn proceeds at this tem 8 EP 0474668 BI
perature for4.5 hr, overwhich tinme five portions of fresh copper hydride,

each prepar ed Folio@iiy fhe Rériefal pécaredd EXAMRLE 41ind making ndri=friti¢abeabations)but usih§AIRI-B24-n1 )
and DI BAH ( friadolelif plate Ofirimdthyisilyimidazaibcibel titelcompbaiadi$ ebteired, 332/1gEratods 2fled, t he
reaction is warnmed to 200 and then it is stirred for 14 hr. The m xture Is
pour ed | #t 0 EXAMRLEG1 (D and i7E- isomers 2023 withydroert1 Plemettiv pregnen1.49010). 17(20)-aien$tone r ed
vi gorousl| y &t-acetate@0-rimethylailyl etheslillr esul ts which is filtered through 5 a bed
of celite. The two ases In the f||trate are separated and the aqu

phase is ext rfé‘!@ﬂ'ggﬂetgﬂ"eﬁ’é pragedure of '}' é’"aﬂ F‘?ﬁ%’%‘;ﬁ"g %Fﬁed
and then_ wa B¥dezple fp pippetifimsthyisiviicnidazels, the uezfﬁ'd"%'& i dual
wat er |s®renpved with sodium sul fate. The dried hexane solution Is

- concentrated under reduced pres- :
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sure to give the tide conpounds as 8Po3rdees by Shows the oil to be a mxture
(46.6/1) of 17z-ML7E-. 10 EXAMPLE 5

Lret, 21-di hygpaxy-, % REV' R 21yt 1b-minit Brabre: CB(H, F1i) aenG%hd ! ©
(2\1/) h?ﬁl?logill %2‘8%%/%&§;?a4§§§39( 11), 17( 20) -tetraen- 3-one 21-acetats |
20-t1i met hyl siggy -nsa%sanaa ool R g il SR A .rsﬁ%ﬁ%mg? S
is 27.4117:
50 15

cooled tQ ' ugiABSole RPlatlor Brethbifintidizold, thetlie dompaind Rbtasy, HZ TEGatid
2.31 M) is added slowy. The reaction is kept at a tenperature <

for3.5 hr. Asolution of sodi uww (2.34 g) in water (7.50 m) is then
added. The quenched reaction i ™tred for 19 hr at 230. Then hydrochloric
aci d (37% 3.75 m) in added portionw se over 7 hr. Heptane (25 m) is then
added ane the m xture |Is cool ed tﬁ) 20. The product is isolated by -
filtration of the acidic mixturfe."d% is washed with water (3 x 12 m) and
heptane (2 x 10 nl). The producgl:ds dried with a nitrogen gas flowto give
the tide conmpound. Thectol uene:layer of the filtrate is treaged with
acetone (10 m) and th ith water (2 x 20 10), aqueous sodium

bi carbon&te (5% 15 m iéwater (15 ml). The solution is dried
wi th magne- sium sul fage an concentrated at 50 under reduced pressure
to give a second crop itigl conmpound. EXAMPLE 6 17Z- and 17E- _

| soners of 9p, || p-epoxy-20, 21-di hydr oxyprggna-1, 4, 17(20)-tri en- 3-one 21-
acetate -trinmethylsilyloxy ether (111) 25 A solution of copper proplonate
(0.137 g) in tetrahydrofuran (30 m ) under anitrogen atnosphere is cool ed
in.a dry icelacetone bath to {500. HWA (3.64\m ) followed by a solution of
DIBAH in toluene (25%w, 13.3 ml) is added to the copper solution over a
'5-10 m n keeping the tenperature near -500. The solution turns dark green
then |ligkiens to brown during ogddition. This brown solution is allowed
to stir 3-5 mn., then it Is afilded 30 via acannula to a -é 0.slurry of

9P, 11f - epoxy- 21- hydr oxPpr egna- JI-#M36- t ri ene- 3,[20- di one 21-‘acetate (1, 5.000
g) In tetrahydrofuran ' ontaining N-trijrethyisilyfimdazole (6.71
m) over a 12 min periMd. ®ypi d starfting material (l) requires
one hr té& go into sol y?ion. ution is alflowed to .stir after conplete
addition and checked byTLC C sanple is {obtained by diluting 0.5 m
of the reaction m xturey»w ydrofuran (4.5 m) and eluting with

t et rahydr of uran/ hept ang (40/60), tide conpou (1) RfF =0.64]. 35

When the reduction is Conpletg, |Imdazole 45 9)' is added and the
reaction1s allowed to warmtp 20- 25 at ich time the reaction |Is checked
for conplete silylation by TLC, as desgf1 bed above. Wien the sllylation is
~conplete, the reaction is quenched by&adding It to a O m xture of aqueous
acetiic acid (1.5% 500 n) and tgbuene (125 mM). The mxture is allowed to
“stir 5-1Q,min, then the layerg ar® separated. The aqueousIEByer is
extracted with toluen oigugglﬁ:jst he conbi ned organic extracts are
washed with 40 water {2x 3120Qjm ) and then with saline (100 m). The. -

umsul fate, filtratered * and
concentrated under refuced|pressufe ¥ a total volune of 35 m contai ni ng
the ti de+onpound. 7 17Z-|and 17E- isoners of -

- 20, 21-di hydr oxypregna{l, ~+7(20) -t etraen-3-one 21-acetate
20-trimethyl silyiody &€“er (l1l1) 45 A solution of copper propionate (0.572
9) in tetrahydrofuran £10 rri)l under a nitrogen atnosphere is cooled in a

dry lce/acetone bath to -50. |DI Daea¢dd t ol uene (25% w, 58 nl) is added to

t he copp(f? solution over a 5% 10 mn. period keeping the tenperature near
-50. The solution turns dark green then lightens to brown during the
~addition. This brown solution Is allowed to stir 3-5 min., then It |Is added
via a cannula to a -50 slurry of 50 _

_ 21-hydroxypregna-1, 4,9(11), 16-tetraene- 3, 20-di one 21-acetate (I, US Patent
2, 864,834 Exanple 1, 20.00 gt in THF (150 m ) contai ni ng

di et hyl i m dazol I di none (9.54 m) and N-trinethylsilylimdazone (16.0 m)
over a 25 m period.-The soluton is allowed to stir 10 mn after conplete
addition, then checked by TLC, as described In EXAMPLE 6. \Wen the
reduction is conplete imdazole (1.86 g)"i s added and the reaction is
allowed to warmto 20- 55 25, after which the reaction Is checked for
conplete silylation by TLC. Wien the silylation is conplete the reaction is
. quenched by adding it to a 00 m xture of aqueous acetic

R el - - g



- conmpoundg, NWR (CDCI3) 0.2, 0.9,

" give a solid which i

" 17Z- and317E- isoner

s

*

acid (1.5% 1250 m ) and tol uene (25gp okpaeedBe M xture Is allowed to
stirs-10 mn, then the |layers are separated. The aqueous |layer is extracted
with toluene (2 x 200 mM) and the conbined organic extracts are washed with
9 EP 0 474 668 BI wetqmmﬁng;gggngh&E$nd then with saline (300 m). The
organic layer |s dried over magnesiumsulfate, filtered and concentrated
under reduced pressure to a total volune of 220 m containg the tide

, 2.08, 4A7 and 6.1 8. 5 EXAMPLE 8

[ gpr oxypregna-4,9(11),17(20)-trien-3-one
kol 1 1) Asol ution of copper

under a nitrogen atnosphere is cool ed
In a dry | eel acetone badh ¥¢- 51 nl) -foll oned Ryyp solution of

Dl BAH i n1et ol uene (25% Wy, ded 10 to the . copper solution over
a 5-10 mn period keepiyg the tenpgrature near -500. The bl ue solution
turns dark green then | rens to brown during the addition. This brown
solution is allowed to ir 3-5mn, then it is added via a cannula to a
-50 slurgy of 21-hydrox pregna-4,9(11),18;tniene-3,20-dione 21-acetate (i,
US Patenf® 2,773,080 Exanple 1, 2.00 g) in tetrahydrofuran (25 m)

cont ai ni ng N-tbinethylsilylinLdazoIe (2.71 M) over a 7 mn period. The

17Z- and 17E- isoners of 20, 21-
21-acetate 20-tri- neth
propi onate (0.057 g) in

solution is allowed to stir after conplete addition and checked by TLC. 1S
When the reduction is conpl et #¢fiddew bge (0. 185 g) |s added and the
reaction, s allowed to warmt® 20- 25, after which the reaction is checked
for conplete silylation by TLC Wien the silylation is conplete the '
e&%tlon i s quenched by addin iﬁ to a 00 m xture of aqueous acetic acid
(15% 210 m) and toluene (5 3 The nmixture is al | oned™o stir 5-10
mn, then the |ayers gre sepagatped. The aqueous | ayer is extracted with
toluene g2 x 50 m) d the c qblafd organi c extracts are washed with 20
water (2 x 50 m) an . saline (50 m). The organic layer is dried
over magnesium sulfa leoncentrated under reduced pressure to
d from nethanol to give the tide com

.37, 2.09,4.5,5.55 and 5.75 8. EXAMPLE 9

pounds, NMR (CDCl 3)

6¢i - fl uoro- 20, 21- di hydr oxypregna-1, 4, 9(11), 17(20) tetraen-3-one 21- 25
acetate 20-trinethylsilyl ether (III) A bl ue solution of copper propionate
(0.545 @) in tetrahydrofuran (110 m) under a nitrogen atnosphere is cool ed
in a dry_jcelacetone bath to -50. A solution of .DIBAH in toluene (25% wt
55.27 M) is added over a 5- 10 m n period keeping the tenperature near

-50. The blue solution turns dark green then lightens to brown 30 during.
the addition. This brown solution.is allowed to stir 3-5 mn, then it is
added via a cannula to a slurry of

. 6a-fluorge 21- hydroxypregna-1, 4,9(11), 16-tetraene--3, 20- dlone 21 acetate (1,

2Q g). in THF (150 m) contalnlng di net hyl i m dazol i di none (9.10 m) and
N-Trinmethylsilylimdazole (15.3 m), precooled to -500, overa 25 mn per-
iod. The reaction mxture |Is permtted to stir 10 mn after addition is
conplete and is nonitdbred by TLC [the TLC sanple is obtained by diluting
0.5 mM ofthe reaction mxture with tetrahydrofuran (0.5 nl) and eIutlng

wi th 3S tetrahydrof uran/ heptane (40160), tide compound (I11) Rf = 0.64].

When the reduction is conplete imdazole (1..77 g) is added and the reaction.
is permtted to warmto 20-250. After reaching 20-25 the m xture is checked -
for complete silylation byTLC. Wen the silylation is conplete the reaction

'i's quenched by adding it to a O m xture of aqueous acetic acid (1,250 m)

and toluene (250 nl). The mixture is permtted to stir 5-10 mn then the

| ayers are separated. The aqueous |layer is extracted with toluene (2 x 200
m ) and the conbined organic extracts 40 are washed with water (2 x 300 m)
and withggaline (300 m). The organic layer is dried over magnesium sulfate
and the magnesium sulfate is renoved by filtration. The toluene |Is renoved
by concentration under feduced pressure to give the tide conmpounds, NWR
(CDCI3) 0.2, 0.9, 1.4, 2.1, 4.5 and 6. 24 8.
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"EXAMPLE 10 172- and 17E- isoners of g} 43deébgyydr oxy- 16f 8, - net hyl
pregna-1,4,9(11),17(20)-tetraen-3-one 45 21-acetate 20-trinethylsilyl ether
(I'1'1) Follow ng the general procedure of EXAMPLE 4 and nmeki ng non-criti cal
variations but using 1-silyl-1,2,4- pazol e in place of

. trinmethylsilylimdazole, the tide conpound is obtained, 17Z-/17Eratio is
22.1/1. 50 EXAMPLE 11 17Z- and 17E- Isoners of 20, 21-dl hydroxy-161-net hyl
pregna-1,4,9(11),17(20)-tetraen-3-one 21-acetate 20-trinmethylsilyl ether
(I'1'1) Follow ng tHa I ure of EXAMPLE 4 and maki ng non-critica
variations but using m dazol e in place of

15.811. 55 10 g 669 Bl XA LE 12 17Z- and 17E- isoin'ners of
20;21-dihydroxy1’\ 1) 17(20)-tetraen-3-one 21-acetate
20-trinmethyl silyl % omnng t he general procedure of EXAMPLE 4
and making non-crificd#8 variations but using 1-silyl-2-nme- 5

t hyl i m dazol e i R rinmethylsilylimdazole, the title conpound Is
obt ai ned, 17Z-/1% 0 iSSRY.4/1. 10 r--R21 020 '

(1) 3D %0 4 S R 1~~~~R6| 35 R21
tilr) 0-S 1(R20)3 RngESperacId 55 11 EP 0 474 668 Bl Al ~Tt A -
Cgnei nued 5 1t21 .. O SL(120)3 R16
(1'V) '10. 15 | acid or base 20 R21 : (V) O
25 " *o..-OH S -
e - Xg
"7 Tnsimy)y (sl
| X9 X0 . - | o o
%0 - : ' . K —N . :
' _ B - l “ © (Tetrazole)
, .
- SRS P R | ll‘/ : L
. . //l\\ : . | .
X12 X3
40
Nt
. R .
45 ' '/> (hmilidazolo).

N % (1,2,6-Triazole)

.
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UL

R16 30 35 40 45~~~~~~~ 50 55 12 Egoqmggﬁagas BL6 .. T

t~R R4} (A 10 ~~~1R5 7 .15 | 1- 5 R6
20 Xs 25 ... N.. N-Si(R0)3 (1K-i) Xg 1 x9~~-i 30
""f (I etrazole) 35 A

~~~~~~~~~~~ ' X13 45
(Dnrl ai dazel) Ag(”%tsﬁfqthﬂ“fog&mo "853175""3@%5%%( 4 668 Bl Cains 1. A process
for the production of a aTE-netal enolate (11) R21 OMRO 10

6(11) 15[ and Z- isomer thereof B21 Rae is ct-H -R1j2 where RL..12 Is -H
or -CH3; R21 is -H -0-R21 1 wher 11 is -H 20 g-c4
~alkyl, -CHz- O CH3, ) 920

_ : I P A
1 SN —Ri6 an

and Z- isomer thereof where:
Ryg Is a~H:B-R¢g.o, where Ryg 5 Is -H or -CHg;
Ry is -H, “-O-Ryy.1 where Ry is -H,
.20 : Ci-Cialkyl,
. -CHx-0O-CH;,
\'»/ -CHR21.70-Rj1.3 where Ra1p i8 C+~-Cy alkyl and Ryy.3 Is C-Cy alkyl
-CHz-O-CH2CHz-O-R21_4 where Ry4 is C1-(_:4 alkyl,
THP,
% -CO-Rz1-5 where Ryy5 is C1-C4 o -4,
-Si(RZH), where the Ry ¢'s are the same or different and are selected from the group con-
sisting of C4-C, alkyl and -¢;
- Mg is copper or a metal ion derived from the metal hydnde reducmg agent, whlch comprises con-.

15

30 tacting a A'é-steroid (l)
R
_ . o : )
NXy—hae e3
40
Nt
where R4 is,-H or -CHj and Ry, is as defined above with a member selected from the group consisting
p of a preformed copper hydride or a metal hydride reducing agent in the presence of a copper species.
2. A process for the production of a 17E/17Z-metal enolate (li) according to ciaim 1 where the Até-gteroid
(1) is of the formuia
m -
55

14



p]

-CHR24r- O R21 4 where R21_2 is Cl- gh& ﬁqd R2143 is Cl-C4 al kyT,

- CHx- O- CH2CHzO R2i 4 where R21-4 is kyl, THPR me

-CO R214 where Ra2l is C1-C4 or-+, -Si(R2.43 where the I”"I"’l"” I}H””lne
or different and are sel ected fromthe,..g: up con- sisting of C1-® alk

and 4; MO is copper or a nmetal !on dgrived fromthe netal .hydide reducr ng
agent, whi ch conprises _con-. tacting g=®6-steroid (1) R21. =0 35 40 where
RiB is,-H or -CH3 and I521 Is cd above with a nenber selected from
t he-group consi sting 45 R NS rreql copper hydride or a netal
hydri de reduci ng agent in tjhe presence o) pper species. 2. A process
far-the productrong a 17§ E enIate(II) according to claim|
where the Al*-steroi - Mla 60 55 14 - BRAD 474 6168 B13

C c L M S
* 10, . 15 s . -- a R . 1

B~~~~~~ R1 10 ; gl RS 557R *R6 where: (A1) Ris _
a-R0..1:P-R " Rio iS5 Ry RZ and R7 Is a-H P-H where one of RF.1 and
RO.2 is -H 20 and thg other is -H -For -CH3, RIO 2 is -OH3 R10.1

and R6 tfaken together are gCH2-CH CO- OH= or -CH=CH CO CH=; (A-11) Re Is Rs
1:R4, R7 is R7f:R7-, R10 |s® a-R104l - R114 where one of Rs and Rl4 Is -H and
t he ot her taken toget her vvrth one of R743 and R74 forms a second bond

bet ween CO andWhere 74 and 1"

d Kk f‘hﬁ dﬁ" o by & %
R1 1 H1 zt'vmr o B'f'Rﬂf CHy R m&éaﬁeg*qeawgrrf? O P
tUorm(a slegzoﬁ A %J' ‘?E her R11 - g‘}’ 8
i s~ H (CI R11Y* S rm

de b °&é°98'i‘? %ﬂw 7 andiRz4 fopms ‘5’ i& i
SR n §m®<err«-%mém%ke§§§g % -

1 ) 4
is -H _
. (C-1) Ryq Is Rys—1:Ry1-2, where one of Ry1_4 and Ryy_p is taken together with Ry to form a second bond
. between Cy and Cyy and the other-of Ry1_1 and Ryq_o is -H;
(C-1l) Ry is a-H:p-O- where B-O- is taken together with R, to form an epoxide between Cg and Cu
in the B-configuration:

30
“(C-l) a-Rg is -H, -Br, -Cl, -F and Ry is =0 or a-Ry1_s:p-R11 where one of Rys-a and R11_4 is -H
and the other of Ry.3 and Ry Is -H or-OH;
~ (C-IV) Ry is -OH and Ry is a-H:B-H;
Ryg is -H or -CHz and R21 is as defined in claim 1. _ .
%
3. A pmoess for the production of a 17EI17Z-metal enolate (Il accordlng to claim 1 where the preformed
copper hydride is [(¢sP)-CuH)s, (CuH), where x is from 1 thru 6, LiCuH,, LiCu,H,, Li;CusHs, Li:CuHs,
LisCuH,, Li,CuHg, LiCuHg, LisCuHs, CH,,CHZCHZ-C=C-CuHLi, t-'butyI-O-CuHLI and ¢SCuHLi
o L4 A process forthe production of a 17E/17Z-metal enolate (il) according to claim 1 where the metal hydnde _

SO reducing agent is selected from the group consisting of
et A) (%)(Xa)Al-H where X, and X, are the same or different and are C,-C, alkyl;
B) [Cation]*[(Xs)sAluminum-H]~ where Cation is sodium, potassium or lithium, X, are the same or dif-
ferent and,are -H or -O-X,_4 where X4 Is C4~Cq alkyl; '
C) (Metal)}(Xs)sB-H where metal is sodrum. polrassium or lithium and x; is -H,

C,-Cq alkyl,
-0-X;5 ¢ where X5.1 is C4-Cg alkyl,
-CO-X;_1 where Xg_4 is as defined above.
& 5. Aprocess forthe production of a 17E/17Z-metal enolate (ll) according to claim 1 where the copper species
is selected from the group consisting of
{1) Cu(l)Xg where Xg is -CHjs, -Cl, -Br, -1, -CN, acetate, propionate;
(2) Cu(ll)(X7), where X; is -CHj, -Cl, -Br, -1, -CN, sulfate, acetate, pmplonate
{3) dilithium tetrachlorocuprate (Li,CuCly).
8 6. A process for the production of a 17E/17Z-metal enolate (Il) according to claim 1 where the process is

performed in the presence of a ligand.
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:‘and ;he ot her of RI11- 3 and R11 4 | sgp gl é}% (C-I““'“H"l
e

LML+ <

t-Hp-H RIBis -Hor -CH3 and R21 is as ined itn"¢lafm4. "35°%3. *A

Elrglcrensi :‘Azre?tek}%e rOdu](t:f%fqu%g’agif ﬁéé?gjé AE%(?ML ___te!(!lﬂ}6 cord af%

I's from! thr*%
Li 6CuH6, 0430115'6,‘1‘—’%': t but yI - OCuHLI and OSCuHLi . 4 Apr ocess
forthe pf odg;ctAMffo,ahelmaﬁzofmm.knymam (1'l) according to claim1l where
the netal hydride reducing agent is selected fromthe group consisting of
A) (X2)(Xa)Ai -H where X2 and X3 agre the sane or different and are d-C
alikyl ; B) [Cationi'[(X4)3Al um furi?¥l - where Cation is sodium potassium or
lithium X4 are the same ordif{ freepd, ancdare -H.or -O X4-1 where X4.1 Is
d-Cs al#yl; C (Metal¥Q ere nefal is sodium potassiumor lithium
and Xr is -H d-Cs alKy where XO-1 is Cl-C8 alkyl, -CO4X-1 where
Xs 1 is as defined ab ssert he production of "a 17E117Z- net al
enolate (11) accordi n?lto where the copperspecles is selected from

t he group consisting (4 where Xs is -CH3, -@rz)-Br, -1, -CN,
acet at e,”propi onate; ( Cu(ll)(X?) where X7 |Is -CH3, -d, -Br, -1, -CN,
sul fate, acetate, propDonate; (3) dilithlumtetrachl orocuprate (UZCuC4) 65

6. A process for the production of a 17E/17Z-netal enolate (11) according
to claiml where the process is performed in the presence of a |ligand. 15

EP O 4# 668 f3dthe 17Z- isomer thereof, where HE ! Frer-rerdr 11111 1IN 7. A
process Tor the prggana %&de@eaﬁﬁ%mamt.maﬂenqh&te (I'l) according to

I:al m 6 where the thmgsl tif® séifle orldPeieft@nd &r®8ach BECN@WP-4CONSi Sting of HWPA,

DVPU, TMJ, NWhigh édniprisdoiltictingiskriotl endiate 6Pigrdifa (1 esidefinkia clais 1Gher@8i,ds dopb-
or-+. 5 8. A pgen@mmbiuim@r bdréhcaiinpwlthGisilyatngHgera whiclHs eithery| et her (11) v
[ ~~~~~~~ %R21 10 (8 a comvhinationdf a silyl halide of the formula X;-Si(Rx0)3, where Xris-€-Br-orl-afid R Is ad defipel
and the 17Z- i sabwe, withen suifie catalystiseleditiGrom nylidipg, trazineptetazing.ah imidagolé, 4,2,4ftdazole pra
(11) in claim 1tetrazoib of the repeptive fermulae he sane or different and are each Cl1-C7

~alkyl or -; which conprises contacting a nmetal enolate of formula (I1) as.

=5

defined in claiml| whajg MO is a cop- ger al um ni um or boron cation, with
a silyl a%i ng agent Whl!Ch is either 2C (1) a conbiyation of a silyl

hal i de of the formil Si (R20) 3, a, O of INg xR2 is as
defined above, W|tPl an afi-Be cat al yst selelted-sfromp i di :] t tazi ne,
tetrazine, an |mdcz.o.La. 1,2, 4tr|a tetrazole P{espectlve
fornulaessso _ ‘1/2

~ where Xi1s Xa2e X130 X140 X1 and Xqg are the same or different and are H or C1-Ca alkyl, and benzimi-
dazole optionally substituted with 1-5 C,-C, alkyl in the 2-, 4-, 5-, 6- and 7- positions; or

40 ©{2)animidazole, 1,2,4-riazole, tetrazole or benzimidazole as defined above which has a Sl(Rzo)a sub-
N stituent at the 1-, 1-, 1- or 3- position, respectively. .
9. A process for the production of a 17E/M7Z-silyl ether (1) according to claim 8, where the sﬂyl ether (lif)
is of the formula )
45
50
85
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" 35N N | N whergp gGragesfi, X13, X14,
the sanme or different and are H or Cl1-C3 al kyl, and benzi 'mm H m IIII
optionally substituted with 1-5 C -C3 aikyl In the 2-, 4-, *- _

positions; or 40 (2) an im dg
benzi m dazol e as defii ned above whi chihas Si ()-R20)3 sub- stituent at the
1-, 1-, 1- or 3- position, respective @’SS(R%& Brocess for the production of
al 7E/ 14Z-silyl ether"‘l@'ll) ag to claim8, where the silyl ether
(1'11) is of the fornula 3$H5 6~p~~~~~ —iR1$ EP~~~~~~~~~ I
47411111111111 668111 * * TR21 ro-Si (R20) 3 5 Pb lo(l1A)
10RO 15 where R2Dgi Lin 8 and the other(Igbhstituents are
as defined in claim TN rocessforthe production of a 17E117Z-silyl
etherofflormula (111) as dql ngd in claim8, which conprises contacting a
Al6-sterold of formulal(l) %s defined In claiml with a preformed copper
hydride or a netal bygeide roaRei ng agent In the presence of a copper
species, in the presénce of a si I’;il ating agent. 11. A process according to
cla|m10 where the Al*-stlgroid (1) is as defined in claim2. 25 12. A
process éccordl ng to clainggdO, where the preformed copper hydride is as
defined in claim3. 13. A process according to claim 10, where the netal

hydri d d ' di
Py e 1 e Ak ke defne A1 0d o Bl ot s afhuPiRg, 20007 im0t

process gccf ¢ p?dle&s%r%ﬁio&lcﬁ&mfa/ﬁm ’ﬂz-sulﬁ ofHSF of RN 48 dérinGd IPEISR 8 Whith 8dmpRses
|I9and 16. A coktslRpEAeateroil af forghulaQl) 8¢ deFiadibclaitih @itiea prbrmel G6ppek hydrida &r Lindtained
gl aim 7. 1'hydrifle fpdGingagentit GHRIpEtisérge bfa coppar speclds, in thi Plesantd o aSiylalitgaigeitg agent
|s either a sily! halide as defined in claim8, in the presence of. an am ne
catal yst; ot d\mlwglm'@ai%%m!‘%‘w(BEGFéEf'"?de'E #aid e or :
benzi m dazol.e ,as defl ne I QCess accor to cl al m 17,
ohor et e olf ook aeGpEtholuin th Mhin uh PRl RaR R %% derhlh hBaff " T
accordi ng tf, ¢ fRicE rdM&'t&éiaugH(Y Gherd tHa Helal noQiedLJH’g %Jnas a@%nédﬁﬁdauﬂnioners _
of 8ctfl uoro- 20 21-di hydrnxypregna-1, 4, 9( 1 ) 17(20)-tetraen-3-one '
21-acetate m-ﬁtnmaﬁdngordﬁgydclmhmlwheramedepdndpgdtsls»yd&ﬁgmmmmsl pregna-1
,4,9(11)%17(20) -t et aen- 3-one 21-acetate_ 20-tbi nethyl si lé;lf et her, '
9p 1lepoxy- Wﬁ%ﬂ%ﬁ%wﬂ""ﬂ“@?%" ip $he prespineoypba hgandy ¢ ot ate
20-trimethyla I
20, 21-di hde} OX pregna- &J')@qﬂl?ﬂ) ,'fﬁrﬁ&e-h?aé'gFé‘gﬂ%ﬂg?dd?%anazl acetat e
20-tring %hY‘IﬁlAWYac&HW to cl&l 16, Svhere the silylating agent is either a silyl halide as defined in claim 8,

20, 21- di hydr oXiyfhe p@Bénce! of 2 drhine datdlysf) pr d diljiated imidazdR, £3,4-Giemlettetazole or benzimidazole
20-tri met hyl sidsyéfinsdyin@laines. . Pat ent ansprOche 5 1. Verfahren zur Herstellung

el nes 17E-Metal l enolats (I1)
18. A process according to claim 17, where the amine catalyst is as deflned in claim 8.

A2, 1,2,4-triazol e, ttrazole or

L B 19 A prooess according to claim 10, which gives a mixture of the 172- and 17E- isomers of
st Ba-fluoro-20,21-dihydroxypregna-1,4,9(11),17(20)-tetraen-3-one 21-acetate 20-trimethyisilyl ether,
20,21-dihydroxy-168-methylpregna-1,4,9(11),17(20)-tetraen-3-one 21-acetate 20-trimethylsilyl ether,
9B,11B-epoxy-20,21-dihydraxypregna-1,4,17(20)-trien-3-one 21-acetate 20-trimethylsilyloxy ether,
20,21-dihydroxypregna-1,4,9(11),17(20)-tetraen-3-one 21-acetate 20-trimethylisilyloxy ether, or
ad , 20,21-dihydroxypregna-4,9(11),17(20)-trien-3-one 21-acetate 20-trimethylsilyloxy ether.

Patentanspriiche

5 4, vVerfahren zur Herstellung eines 17E-Metallenolats (lI)
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55 17 . RR1 rf20 S 6
(I'l') 10 und dessen Z-Isoneren, m“ﬁl’%ggesgg[?n R16 ac- Humu “mn“llmw\ml
gl eich -H odor -CH3; 15 R21 -H, -OR21 1 mt R2119'|e|°ch -H!
Cl- 4Al kyl, -CH2-O CH3, -CHR21. 4- 3, worin R21.2fiirCl-C4Al kyl steht
. und R21,3 C1-C4 Al kyl darstelit, {CHx-O CH2CH -O-R2, 4. worin R21 4 fOr
- Cr-C4AJkyl steht, THP, C@ R214 md2e R214 fur Cl-C4 oder 4 steht,
Si (R214) 8, worn di e Reste/ 1 '4 ghgi ch odor verschi eden sind und aus der

G uppe Cl-C4 Al kyl und -fJauSyeWahi e und M20 Kupggy oder ein von dem
Met al | hydri d- Redukti onsmitel fherrChr endes Metal | on 2D durch '

| nher f | hrungbri ngen ei nesA1*L$t eroi dg (1) R21 25 .

0 30 worin RLi fOr -H odeg steht und R21 di e angegebene Bedeut ung

besitzt,fomt einer Konpongnte aus der G uppe vor géf ornt es Kupferhydrid oder
Met al | hydri d- Reduktionsm ttel in Gegenwart einer Kupfer- spezies. 2.
Verfahren zur Herstellung elnes 1 7E11 7Z-Metallnolats (I1) nach Anspruch
1, wobel das AE'$F§F?§UZ'E? °’°&u‘!',°“EP?1’éﬁ‘FP%oI chen der Fornmel 4D'r 121 45

R, (1A 50 RieoHp-Rieomit Ry, gleichtH pdor-CHa: 7 55 R6 18 * C

M S wolfi n beRbeth-OrRer-(it Ry gloichH, &rﬁt%’%ﬁ i iR G RReWOPN Rira §r & le'jvl R7
= a-H-H, ~woheftentinA Bri-s e fs EtolitpeHz Ranse worl) R o Cr-Geftikvirdaht, THRYGQ
“H. - F odor - CB4gs Weilidta-efir CiiGugdep -4 steht, SitRys-e)e twetirt die Reste Ror-a ghpieh Reer yerachiedas pind CHy
CH2- CO- CH= 0ddind a¢aideriupse GeQeAllphynsi-t pusgapdhisind; und (A *leb Re = Re4R8, R7 =
R734: R7 4, Ri d¥aKupfer paepeinvatlam Metalipyric-Redyigingmitel her etglier Rs fur -H
steht und der SFhlberoBryobringensings AStepids(er Rest e R? 3 und R7 4 sine zweite
Bindung zwi schen Ca und C7 bidet, und der andere der Reste R7_3 und R7 4 -H
darstellt, RI" fO -CH3 steht, R2und Rr zusamen. o -

25 0
—Ry6 ’ Iy
30
worin Rye filr -H oder -CH; steht und R, die angegebene Bedeutung bGSItZt mit einer Komponente aus
% der Gruppe vorgeformtes Kupferhydrid oder Metallhydrid-Reduktionsmittel in Gegenwart einer Kupfer-
spezies. :
2. Verfahren zur Herstellung eines 17E/ 7Z-Melallenolats (II) nach Anspruch 1, wobei das A“-Stemld (I) aus
einem solchen der Formel .
40
45
(14)
)
55
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o ;JCHrCOCH: oder - CH=CH 0O O darshbbdds (C1) R, =ML\MJ“|“““ il

el ner der Rests R11... und R1112 zusanmen mt R eine zvve t ung nzws- *
schen C9 und C ausbl I det und der andere der Reste R11... und R112.fOr -H

steht; (C11) A- O, wobe] OXI d
4 1&5&&« ity a'g %‘e-e R i Rea
i SChgnuﬁg l|$|‘ g'}tﬂbd‘éfae N Q%?I rr?é'rs‘a'& PaMmenoHaR] 1

f|r eht Cak ?j'e'é eqd' 33%:2:8"%4 und ndh arstel |t;
,(Aﬁsllonmh I anldr‘ﬁgg —EH‘;E%R‘?TQP‘;“ | dgzﬁ:%fgg_gah gﬂw pé%;z:&z‘fﬂ'&

Herstel lung s “7’2‘%’ ? "ﬁﬁ&‘ B’rﬁ%’h -3 U Rszpsamen

vorgefornte Kg o3 '§ [ d%‘ = 1 bis 6, LiCuH2,
Li Cu2H3, 10 U2Cu uauwwg o d e n s @F ':4 °.z“'°'”°3'":"“§z‘”"

- CH3CH2CHz- Or G * 4. Verfahren
zur Herstellu d" 1he‘é ‘P’PE/“T 3‘9&%“5‘?’1"@‘?%9‘? Fhoyid ﬁﬁ%e"/ﬁagiﬁ%%“iww&wﬁ%as _
Met ai | hydri d- ‘:d tI| e(l1 ags_o X2 3( Al-H mt X2 und
x3, die glei cHoan&oyeks h'l e‘ "H '§1‘nd 8‘ h" “ ’\%’t"R"-“‘"dR‘Hf“’

[ Kat i on]#[ ( X4) Kisﬁ%"ﬁ‘h‘?%{ ere (ei5iepte Ryglin hPIe2 t?"f um Kal i um odor
Li t hi um best e &‘ﬂﬂ’ 6B verschl eden -H oder -O-X4.1 mt X4i

| eich COrC Al das Metall aus Natri-um
%al i um oder L:‘%zl' H?B%%"P hgngfﬁ?geniégen"ll?am 2 °823% kyl; -0-X1, worin X4 =-
Q0-Cs Al Kyl 3, -VeleinienzurMafstelfungBindhi1 PE/ 2 ORAMBYRIAE (1 REH RhSpHRH, h@o"‘el&aﬁmﬂl efri RS- Ni t
bL 5. VA ahvihciuelBPREL (09, Bk 0 1ds, Elchi CcAh, B 0L8U%, Lo, /%R,
spruch 1, walicuR, diCu tum,t,mzenzecammvﬁn -Butyl-O-CuHLi od&@ psEaHLRStent” 5
_( Cu(l)X. mt Xs gisich -CH3, -Br, -1, -CN, Acetat, Propionat; (2)
Cu( 1) (X7) , 4ni\Verfatyenghrdiestellungpiges 17 @Il'lZ-Mm“endqts (I Anggch 4:wobeh dasiMetallhydrid-Re-
Propi onags; ( 3)dultionsmitiel qupderGryp| or ocupr at (Li 20uCl 4) ausgewahit Ist. 6.
Verfahren zur HeHEJER it XiuneXs dig glpigh orlepyersghisdam#ndagleion G Aldich  Ans pr uch 1,
durchgefflhrt iR @QQHW"“"U"FHMmb%i’%é‘éﬂqyaﬁHé‘H"m + fRaliupader- i hiwp bestnt und X, -
Her stel | ung ei ngg'cﬁﬁvfwd%fff’?’éﬂ&a?‘ﬁxf °hﬁa8#“'ﬂ(H ruch 6, wobel der
Li gand aus der @Wg_‘ggfoﬂhﬂ# opgi flas ht jsHy GrefPe A
(X6) 3P it X20 e wpanke APk(}?N'EYHqu'X% oS ?1?'19"9" e a@"ﬂ"wwfzamen
zur Herstel | ung®EPMEStBY E S|yl ethers (111) -R21 5D '

? 1 g_ ? 119 R2 3 Egd%g;%ef ﬁiurglgrstegtrng eines 17E/17Z-Metallenolats (i) nach Anspruch 1 W%n die KupferspezuesCaus L

M. S * und desgfBu( )?.;Zmd QiR Dy, (omohfeu BﬂllAcgtadp,B&anagll e-bet Fornel (I11) in

© Anspruch®| angewbﬁz KY§ISIEHICRE 01, LB -6N) Sulith, Acdt Hrépiona0 gl ei ch oder
ver schi eden sing)p ,umam|bﬁcdp£af(|_g‘dud;7 Al kyI oder -* st ehen durch '
. _ ausgewihlt ist. _ _ o
'40 6. Verfahren zur Herstellung eines 17EI17Z-Melallenolahs (II) nach Anspruch1 durchgefiihrt in Gegenwart B

eines Liganden.

7. Verfahren zur Herstellung eines 17E/172-Metallenolats (II) nach Anspruch 6, wobel der Ligand aus der
Gruppe HMPA, DMI, DMPU, TMU, NMP, TES, DMAP, TMEDA und {X20)sP mit Xo4 gleich C,-Cg Alkyl oder
- ausgawéhft ist.

- 8. Verfahren zur Herstellung eines '17E-SII_erthers am

R21
0°51(R20)3

NN
s — “l&
i

(I11)
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i

" definbrtsist. 5 15 Vgrfahren nach Aspruc

I nberf| hrungbri ngen ei nes Met aI I enoél,e‘;ﬁ.‘gggafor m&*Ic (I t) gH“lIIH"IIIH"" "III " |II|

Definition |n Anspruch 1 mt.MO gleich ernemKu

Bor kat i on, | nem X eru m ttel, bel dem es SI ch ent vveder um -
(1) eine KOITbI 16 ? rl% e {1 I Tchﬁ edeytng %1
leich d, "‘I"d 'ﬁ ° %/' rCr G Allyl odet o gtalhen, durch

9 K I hrun bn e| es |n| ion.in Spe t% 9lgich .
Ami nkat a ysat ,,, md E e%( gsrittel, B41'dbin es i %PI‘ etmrum °
1,2,4-Triazol Ein bﬁlgtﬂ» a ogeniNerF 2SI '(Rzo) m| ei

N-- N N 15 Roo In der’ahgegebenen Deflmﬁo ememAmInkata atdr, alidgb und
Xgl ei ch odervergﬁmmﬂ,.agad- 1626l A6 For kyI at ehen u BenZI azol ,

geg_ebenenf alls substitulert mt | bi s 5 C-C3 Al kyl in den 2-, 4-, 5-, 6-
und 7- Steilungen; 20 5 odor (2) ein Imdazol, 1,2,4- Tri azol , Tet r azol
odor Benmi m dazal de/rLiliegebenen DefirHtion mt einem Si(R20)3-

Substituenten in deg 1-, 1- bzw _3- eI gng handel t - Ver f ahren zur
Herstel l ung ei nes NETE/ TZ4Si yi et hersN(I @B Anspr h g ng der
Sllylether(lll)gle 25| Formall , Ir & (RZO) 330I 1t

4 F ~~-R ;
~~~~~~~ (1 $98) 35 Rg‘In 5 X14 " R 40 I6 46 in wel cher

R20 die In Anspruch 8 angegebene Bedeutung besUi tzt und die sonstlgen
Substi tuent en ent

e hf%‘é%hf%@ S e

LT s e i

ei nes S|Iy|Ierungsmtte 11. Verfahren nac Anspruch 10, wobel das

1'-Steroid 4.l )Veerairamendmdmgmmmmhz&mwfmhwdch Assprucil & wobéeddr Skyletrier MALEIB

Anspr uches10, Viwbed: das vorgebil detb Kupferhydrid entsprechend Anspruch 3
definlert Ist. 13. Verfahren nach Anspruch 10, wobel das

Metal | hydri d- Reduktionsmittel entsprechend Anspruch 4 defi- 20 iort st.
EP 0 474 668 Si- 11111111 1111|r‘f11 1111 11 nbrt ist. 14.
Ver fahron nach Anspruch 10, wobel die}lK

zies entsprechend Anspruch 5
%DE?{?J%& durchgeMhrt in Gegenvvart _

si nes Li ganden.

— Ry ¢
. {I11A)
__ 40
A%
45 in welcher Ry die in Anspruch 8 angegebene Bedeutung besitzt und die sonstigen Substituenten entspre-

chend Anspruch 2 definiert sind, aufweist.

10. Verfahren zur Herstellung eines 17E/17Z-Silylethers der Formel (lil) nach Anspruch 8 durch

Inberdhrungbringen eines A'6-Steroids der Formel (1) entsprechend Anspruch 1 mit einem vorgebildeten

50 " Kupferhydrid oder einem Metallhydrid-Reduktionsmittel in Gegenwart einer Kupferspezies in Gegenwart
eines Silylierungsmittels.

11. Verfahren nach Anspruch 10, wobei das A'8-Steroid (I) entsprechend Anspruch 2 definiert ist.

- 12. Verfahren nach Anspruch 10, wobei das vorgebildete Kupferhydrid entsprechend Anspruch 3 definiert
ist.

18. Verfahren nach Anspruch 10, wobei das Metallhydrid-Reduktionsmittel entsprechend Anspruch 4 defi-

20



16. V;arfahren nach Anspruch 15, wobegp glg7s 66t gpNd entsprechenﬂ m“mm\mm“\

definiert ist. 17. Verfahren nach Anspruch 10, wobei das Sil

ent weder aus ei new IyI hal ogeni d entspre- chend der Definit cvon "
Anspruch 8 in C%'e fwart eines Aninkat al ysat ors oder aus sinemsilylierten
Im- 10 _1da\7é?‘ahreri|-na%I4Ar£hﬂua'Z‘@| wobdi eterm;fals tsRRBRhdAHae] s RRhisBEEechend
der Definition von Anspruch 8 besteht. R/erfahren nach Anspruch 17, wobei
der Ami nkagal y%a‘miammuﬁshwhmmommmhirﬂiﬁefwaﬂlemﬂlgasden 19. Verfahren nach
Anspruch 10 zur Herstellung sines Gem schs der 17Z- und 17E-|soneren von 15

6ca- FI uor - 20 19 1VegieRGY a5k SsPuehS. wobel deyLiopyd eptaproefipnd Afspryehy. defiigrtisty - acet at

200 B S M s e s e St

20-t 1 met Wyl si | 34281 1)£4-Triazol, Tetrazol oder Benzimidazol entsprechend der Definition von Anspruch 8 besteht.
993, 1l p- Epoxy- 20, 21- d|hydroxypregna 1,4,17(20)-trien-3-on 21-acetat

20-tri met hyl 48.| vérialrgretdckeAgspruch 17, wobel derAmmkataIysal:orentsprechend Anspruch 8 definiert ist.
20, 21- Di hydr oxypr egna- 1 4 9(11 17 20 -tetraen-3-on 21-acetat

20-tri met hyl 1%.| Varls Iélﬂqq Ozur erste lung eines Gemischsder17z- und 17E-Isomeren von

20, 21- Di h{fdr oxyfi EHiE204+4 @9111).17&9 go-mmethylsnylether,
20-trimethyl sil g3 ‘1 '?6 fh ﬂaf"@ )s"e"af"' _ace oglﬁl‘?t%r

;j un 17& 6n0:?iué W21- iﬁ"‘ § na14 en-glo'e_ T)ace tZO-MmethyIsllon:qetgiroﬂfé'

i sonere Z, danszq zéqndgﬁmﬁfgnaﬁé%ﬂ "t]sﬁon 2r16at‘1xa 5 zo'm"ﬁmfws'lymypthaans I equel '
"R1" represente -H ou un groups - CI—|3 40 R21 repr6sente -H, un

grQ/ps - O R2kevendftafiend €quel R21.1 represente -H, un groups alkyle en Cl1 A
Un groups -CHz- O-CH3, un groupe-CHR21zO R2143dans | equel R21.2
represente UR. OProsEas déprbddbin Ein 17&-sholdidhabtiiibe @) r epr 6sent e un groupe al kyl e
on C1 A G&, A46i : un groupo -CH O CH2CHzO R21 4 dans | equel
R21 4 repr6sente un groups al kyl e R¢1 A G4, un groups THR un groups
-CO R214 dans | equel R214 represente un groups alkyle en CAt C4 ou -+. 5D
un groupo -Si (R21..)3 dansgl equel }edge oupes R214 sont identiques ou
dlfferentsetsontchol Si s tre deg groupes alkyle en C1 t C4 et-4; MD
repr65ent@ | e cuivre ou un4lo QU 1g6rive de |’ e(géht r 6duct eur

sconsi stent en un hydrure tall{que, ofr corrprend la mss.en contact. d un
'A16-stl rodde (I) 55 21 PO E74 668’ Bl _ © 1 1111111 111111
%4 6t

11111 11111 111111 -21 * C LM s =
5 . - ' () ‘10
dans | aquéell e R o represent -H ou un groups -CH3 et- R21. r6pond al a
définition pré6cit6e avec un nenbre du groups consistant en un hydrure de

cuivre preforneetqgsmsmdgngg%; bur consistant en un hydrure
. : Ry représente un groupe a-H:p-Rqe_» dans lequel Rqg_, représente -H ou un groupe -CH;,

. 40 " - Rgg représente -H, un groupe -O-R;,_¢ dans lequel Ryy_¢ représente -H,
o/ un groupe alkyle en C, 2 C,, :
un groupe -CH-0-CH,,
un groupe -CHR1_»0-Rz;_3dans lequel Ry¢_» représenlae ungroupe alkyle enCiaC etRaa
représente un groupe alkyle en C; 4 C,,
% un groupe -CHz-o-CH20Hz-0-R21_¢ dans lequel Rgz1-4 représente un groupe alkyleenC, 2
Cq
un groupe THP,
un groupe -CO-Rz_s dans lequel R21_5 représente un groupe alkyle en C1 aCyou-¢.
un groupe -Si(R,:.¢)s dans lequel les groupes R,¢_q sont identiques ou différents et sont choi-

&0 sis entre des groupes alkyleen C; 4 C, et-¢ ;
’ My représente e culvre ou un ion métallique dérivé de I'agent réducteur consistant en un hydrure
métallique, qui comprend la mise en contact d'un A'6-stéroide (1)
85

21



{ ’

15 nbtal i que en présence d' un gppufssesBe C

production d' un 17E11 7Z-6nol ate nbtal lique (11) suhvant MII'HWI’“'MI
1, dans lequel le A 6- stérolde (Ik repond A la fornmule 2

ro 25 ‘Ri6 (1A 30
Rg 35 gans laquelle (A1) R repr 6sente un
groups a-R0.1:f-R e, R olrepresents un groups a-R11-,IRl}" et R7 repre- 40
sente un groups a-H P-H . els ''un des groupes Ra(ey RS-2 represents
-Het |'autre reprisentey-H, m-gh®ups -CH3, RI12 represents un groups
-CH3, Ril1.., et R& prispconjloi ntemsnt, representent un groups

- CER- CH2- COCH: ou - CH= A-11) Rerepr6sentb ungroupeFRe: R¥4,

R7r epr 6sent eun group. R7>eA&R/4, RLOrepresentsungrou- pe ac- Rlo04! R104, dans
| esquel s 10" un des groupedy RO et RPg represento -Het |'autre, prls

conj oi ntsment 45 avec | "un des groupes R7_3 et R74, forns une seconds .
liaison entre Cs et C7, et |'autre groups de R743 et R7.4repr6sente -H.

Rl 1- 4r epr 6sent bdathlagyelin fyereprégaste -Houyn grogne -Gl ot Ry 1épond & jgj dsfinitiop préeitée avec un membre
repr 6sent bnt un Y LeyPe B‘E'SB@HPUW’W'EF'E"%’EP préfermény uragentrédugtenr ponsiggant en un hydrure
represent® un ¢ @Efkf%“?!"l’“f“ﬁld““?"&aﬁ'fel"‘éﬂﬁrel | "un des groupes Rll- et R112

1 P IR A A GG A

groupe a-H A-O . dans |squel A-O oet pris conjointenment. avec R9 pour for msr

I H’IIII

S

un epoxydg entre C9 et Cl dans la configuration ji; (CGIII1l) a-Rg
represente -H, -Br, -Cl, -Fet R represqmthl—o ou un groupe a-R114:p-R11
- dansl oquel 55 |"un des groupes R1} et R 11 repr6sent -H et |'autre
des Qgroupos R13 et R 1 repr6sent -H ou \’1? rou- pe -0H, (GI1V) RO

represents un groups -OH"1 R11
represents -H ou un groups ~G9H
revendi cation 1. 22 EP O
1 1 * C L M S*3
metal lique (11) sul vani®ia ' ~ dansl equel 1hy- drure de
cuivre pré6fornb est [(O03P . dans |l equel x a une valeur de | A
6, Li CuH2% UCu2H3, Li2Cu3H3, RgR2CuH3, USCuH4, UACuHr, LiCuHM -Li CuHe6,
GCH3CH2CH2- C=C- CuHLi, t- HLI ou *SCuHLI. 5 4. Procede do
pr oduction d' un 17E/ 1755 &l ique (I'l) suivant |a revendi caton 1
dans |oquei |'agent ré6ducteudfconsistant en un hydrure netallique est
choi si da&s | e .groups consistent on A) un conpos6 de formule (X2)(X3)Ai-H
dans laquelle X2 et X) sont I'@entiquos ou dff6rents.et repre- sentent des
groupes al kyle en C1 A CO 10 B) un conpose de fornul e
[cation] f[(X4) 3ahnsmqaélem H' dans |laquelle le cation est |e sodium is
potas- slumou I's | (AUfReeprésbritGun@rodptems RS R repréiRite Uifigteupe &R Hi:f-Rib b st RPfepre ot
represent gnt - Heehté uil Qfou PMBPIdanslesquels 'un des groupes Re 4 et Ry, représente -H et 'autre représente
N -H, -F ou un groupe -CHj,, Ry représente un groupe -CHjz, Ryg4 et Ry, pris conjointement, représentent
un groupe -CH,-CH»-CO-CH= ou - CH=CH-CO-CH=;

(A-1l) Rg représente un groupe Rq_3:Rq 4, Ry représente un groupe R7_s:Ry_4, Ro représente un grou-
pe a4R1o_3:33R1o.4. dans lesquels I'un des groupes Rg_s et Rg_4 représente -H et "autre, pris conjointement
avec ['un des groupes Ry_3 et Ry, forme une seconde liaison entre Cg et C;, et I'autre groupe de Ry et
Rz« représente -H, Rqo_4 représente un groupe -CHs, Ryo_s 8t R, pris conjointement, réprésentent un grou-
pe -CHz-CH,-CO-CH= ou -CH=CH-CO-CH=; '

(C-1) Ryy représente un groupe Ryy-4:Ry2 dans lequel I'un des groupes Ry_4 et Ry, est pris
conjointement avec Ry pour former une seconde liaison entre Cy et C44 et I'autre des groupes Ryy4 et Ry1_»
représente -H ;

(C-1t) Ry4 représente un groupe o-H:p-O- dans quuel B-O- est pris conjointement avec Ry pour
former un époxyde entre Cy et Cy; dans la configuration B ;

(C-Iin) a-Rg représente -H, -Br, -Cl, -F et Ry, représente =0 ou un groupe «-Ry4_3:p-Ry;_4 dans lequel
&5 I'un des groupes R¢4_3 et Rys4 représente -H eti’autre des groupes R;_s et Ry, représente -H ou un grou-

pe-OH;
{C-1V) Ry représente un groupe -OH et Ry4 représente un groupe a-H:8-H ;
Rys représente -H ou un groupe -CHj; et Rz répond a la définition suivant la revendication 1.

S un groups a-H P-H RI1.

pd-Rygl a definition suivant la
PP 1111111 1lijlI HE il

bducti on d'un 17Eki#)Z-6nol at e




1

5(4 1 o]ans | esquel s X4 1 repr6sente Urepw4ugss i kyei- H"IIHJ“IIH“H“'IHI I“l‘n

conpose de formule (nbtal )(XY)SB-H dans quuel | e nmet'al ‘est | & sbdium le

potassl umou 4 egl] guctlon 'un ivantla end .H.P 1 %anslfg Ihy-
| kyl ClL A y
al kii!g en CL A g:fﬁ% %%é%ﬁf % WL@%&:P?‘&H

précitee. 5. Prg p?’o uct'i on un eno ate et a

sui vant | g revendi catlon | dans | equel Ie 20 conpos6 de cuivre est

choi si dane |4 ®@rooédésie produsiichtlent7EMMZ-Erdjatanrétalliqua(l) saivaitia fevandicdtion Td4ris Jedueti@bent
| aquel | e XO r eprédudewr congistant enurpydruc@litalliqug est chéisi dans Je group\onsisiant et at e,

pr aplonat o; (2) UM upgoemressdeformule (R XA daxd 13qualtp X, etdte ment Idenqiul@ISIoedments et repré-
repr~sente un gro¥pentdesmoupeylkvlespfy2Cq; - CN, sul fate, acetat, propionate; -
25 1 3) | e Bonruwesasredrnye &et@nla&)eﬂwr!w'ﬂrrﬁacwm?tw@st le sudigmelel Botate
production d' un 1349 WZ‘"@%I'%@“WB?‘&?‘!“? 'gﬂ 9 quydifiéronts ateprésantent oy deeereypesrOi
qui est ms en oelr! 9975 95aYPIsNea EARIFRGNIE N gpyu gnc ‘Procede de production
d' un 17El 17Z- 6nol QU8 d (("FfP')(Xéﬁ*"V’éPﬁ 9‘1“%['Wﬁﬂéﬁ?ﬂ?wwdhmssiﬂa%e"fhmm
lequelile |i- gand”eSP™ s =i daa e gr oups consi stent en HVPA, DM, DMPU,
T™J, NWP, 'ES, DwvaP, s | aquel | e

rrul 0 3P d
X20 representb un grolgs a" %)e rése g’ é{ﬁ QZ@(?G 8 production

d' un 17E-ether de si V%" fuel '§m'fdé'5d "'H‘U'p | ;Rf
t T o Procédé de production d'un 17El‘f72 3no1'é'fe~mé’f£ll|qhé bl) éﬁ\laﬁttla %erﬁﬂﬁhoh 3 I@qu;lﬂz
dans | equgj 50 composé de cuivrelasieoid? HanSle 'y RSkt erdUX definitions menffonnees

pour la formle (d’lju)nedﬂéb‘ééhe?fmfnﬁ}é@ilm 1Bduelie:X, Flprebénite udl GRUREEBHIRAY, -BrONLeN, acs-
ntJ ques ou di f @R/ Répichatet representbnt chacun un groups alkyie en C1 A C7 -

qui  conpr eng) dnecottipcas de formulCUIN(X,)pldans laguaiid X trébréseriteuin drélipe -CH, -CD B, N,
(II) tel que d6f i sulfatel amitaté, propienatesendi cati on 1, dans | equel MO represente
un cati on 2gui vr e, (3pHk thrachloroouprate dealiithiume(ligiClgn agent de silyl ati on qui est
(1) une association d' un hal ogenure de silyle de fornule Xl-Si %RZO)S dans
laquel | e XI rfpFERceqdeds proguctiondiypn 19E/1ZZ-énglats meigligun i) suivant ig eevendication #; apieptaisep geu-
avec un cat al ysé’[?r’&@?ﬁ‘f"??%’r'ﬂ"g%ﬂ‘? une amino cholsle entre l'a pyridine,

| at l.at
 Spondant diT br G e ;‘?&Zﬁ}f‘ bﬁ#&ﬁ e ';féfﬁﬂi“f“ﬁ;i“SX'ﬂ%ln

%U-l[-ll)(l]ﬁ :_|' |~| Jc?iﬁﬁ&&&é Yt No0)sP dans Iaquelle inte un groupe aIHIe enC,aCg b H-2~~~X X12
t13 - 81 Procédé de production d'un 17E-éther de silyle (ilf)

R21

0-Si(%p 1

— Ryg

(111)

&
\/\J“f\f.‘ AW AN .

et de son isomére 17Z, dans lequel
R1e et Ry¢ répondent aux définitions mentionnées pour la formule (If) dans la revendication 1 ; et
les groupes Ry sont identiques ou différents et représentent chacun un groupe alkyle én C, &4 C;
ou-b; ' : :
qui comprend la mise en contact d'un énolate métallique de formule (ll) tel que défini dans la re-
vendication 1, dans lequel M, neprésente un cation cuivre, aluminium ou bore, avec un agent de silylation
qui est.
(1) une association d'un halogénure de silyle de formule X;-Si(Ry0)s, dans laquelle X, représente Cl,
Brou | et Ry répond 2 la définition précitée, avec un catalyseur consistant en une amine choisie entre
la pyridine, la triazine, la tétrazine, un imidazole, le 1,2,4-triazole ou un tétrazole répondant aux formules

&6
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i ¢
i

10 dans lesquelles X, X, 2, X13, X14, gXduridesd® sont identi .
diff6rents et representent H.qu des grou- pes alkyle en Ciﬂﬂmiﬂﬂ’rm"w!m"l
benzi m dazol e faculet “';ei venment substitu6 avec 1 A 5 groupes*alkyle en G, a
C3 en positions ée,sp W8, 6 et 7; ou 15 (2) un imdazole, le
1,2,4-triazole, un t6trazole ou benzim dazole r6pondant a |la d6finition
précit6e qui porte un $Hbstituant Si (R2043 en position.1, 1, 1 ou 3,
respectivgment. 9. Prog6d6de production ¥\n 17E/ 17Z- 6t het silyl (111)
sul vantl a revendi cagtoh By.glans | equelN |’ E;t{l!rér’hes silyl eil(l LIl nd Ala

N .

formule 20 ;~ ~~- .4 (R 25 ' _
R16_R O /ﬁ__ N—-=H | p 30 z R

35 ~ R6 dans | aqu&hphe R20 Rgpond A Xgq d6finition suivant |a revendication 8
et | es autores substituants r6pondent aux definitions suivant |a
revendi cation 2. 40 10. Procede de production d' un 17E/17Z-ether de silyle
~de fornule (I11) dansiasaueiasXn X X1:3646 KnbtXpsent identiguen ou différantsetrepiésentert Hiou éas grpud
conmprend | a ni ss PesAllkyleen £cd Ca e bppzimidagele,fpentiatiyement sybrtive pyep 1 25 gmuprsstviaen
d6f ni fi on sui vantGsan pestiensdi 4 84 8A: ¥ avec un hydrure de cuivre pr6forns ou
un agent feduct e&?’“&lﬂ!‘@?ﬁ%?ﬂg'wzﬁ'ﬁ"gﬁﬁitﬁ’“ H\"\"?&?J, \JePoRdant g détinttion ppsoitge qui
conpos6 de cui vr &OrEHT sty Bl en PoRliPn It ALY HESSREINIMEM on: 11. Procede
sui vant | a r gvepgisaadd ghdtudion o GPRENTRMHR ke & eﬁ’é@ﬁi%ﬁ& feleiGicatibn 8, B RUAGhI RetHlePde
d6finition sui vapb ahegodORforAli€at i on 2. 12. Proc6d6 suivant |a
revendi cagj on 10, dans lequel |'hydrure de cuivre prhfornt r6pond A la
définition sul- vant la revendicatfon 3. go 13. Procede suivant |la
re\(e_{ldi cation 10, dans | equel |'agent ea Lteur consistent en un hydr ure
nétal lique répond A la d6finition sulvanto-ka(agyendi cation 4. 14. ProWdd
sul vant | a revendi catfog\ulo, dans l.equ@l | e conpos6 de cuivre r6pond Ala’
definitiom suivant |a s5 ewjdi€angon 5 15. Proced6 suivant la
revendi cation 10; qui est nfs en oduvre erfFpra&&ence dun |ligand. 24 EP O
474 668 B1 * C L M S . Hroc6de jsuivant ia rovend(i;??ti on -15, dans
| equel le ligand r6pdpd |13 nilfer—sd vant | a revendi attn 7. 17. '
Proc6desui vant | arevendiRgtl en “¥97" dans | equel |'agentde silylation est_un '
hal og6nur &desi | yl er 6pondpant -R§ A la définition suivant la
.« evendication 8, en pr6sgnce’d' lin cat Al yseur consistent en une amne ; ou
tetrazol e ou benzi m dazole ailyl 6

bl en eat un i m dazol eg, F84- I
repondant A la définition s¢f vant 4 re- vendication 8.

»
F

'35
dans laquelle Ry répond 2 la définition suivant la revendication 8 et les autres substituants répondent
aux définitions suivant la revendication 2. - '

10. Procédé de production d'un 17E/17Z-éther de silyle de formule (Il) répondant & la définition suivant la
revendication 8, qui comprend la mise en contact d'un A'-stéroide de formule (I) répondant 4 la définition
suivant la revendication 1 avec un hydrure de cuivre préformé ou un agent réducteur consistant en un
hydrure métallique en présence d'un composé de cuivre, en la présence d'un agent de silylation;

11. Procédé suivant la revendication 10, dans lequel le A1¢-stéroide (I) répond & la déﬁhition suivant la reven-
dication 2. .

12. Procédé suivant la revendication 10, dans lequel I'hydrure de cuivre préformé répond & la définition sul-
vant la revendication 3.

13. Procédé suivant la revendication 10, dans lequel I'agent réducteur consistant en un hydrure métallique
_ répond a la définition suivant la revendication 4.

14. Procédé suivant la revendication 10, dans lequel le composé de cuivre répond a la définition suivant la
55 revendication 5.

15. Procédé suivant la revendication 10, qui est mis en oeuvre en présence d'un ligand.
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18. Procede suivant |a revendication quuel[ Hﬂ il
consitant en une amine r6pond A |la de |q¥47§8&%1 Ilmlwuu ﬂl" Il
revendi catlon1 8.1 Proc6dh suivant |a reve d|§% Qn donne un
nel ange des |§b§@?%§s‘i")°2t 2 fevendigatign, 15, 4ans jegyel |8 figan P@f’ﬁé‘rdéﬁ‘@' a‘f"f‘?B't'ﬁ?Y%“F’F%PP'é
de 8a-fluoro-20,21-di hydroxypr6gna-1, 4, 9(11), 17(20)- t6trabne-3-one, du
21-acetate, 20: ﬁoh&fé%ahﬂér@ﬁh&]&h&ﬁb)@aﬁs I6kfBel PéYerdt 4o ShyiktoRlEsPanhaldgsnure de silyle répondant
613- mht hyl pr egnaialdefinitdh sdvantla fsvénliicatidms, en présence d'UnlchtdIaGcansRBRt en tive amine ; ou bien
21-ac6t ate, 20- estiuiBiidaydls Hhxlhwae,%bﬂe dideiHimidaZold silylé répondant & la définition suivant la re-
epoxy- 20, 21- di hyehdisatigps.6gna-1, 4, 17(20)-tri e- ne-3-one, du 21-acetate,
20 x4 nbt hyl si |l yl oxy-ether de

1- di hydr cMy uivantja pyendipatiory {7, dans fegyel Ig 6telysgur congistant en une@mine réponddua défi-
21 ac6t at ag . ZO“H?W%Wa'HE’QVP’F@F Bsi |yl oxy de

20, 21- di hydr %YBFOQ&B%uwanHS ?ev.)nu%a%ﬁ’(? QIEI d&nng un mélgn%g des §rgs ‘Féeil:1 E45 50 55 25

du 21-acétate, 20-6ther de tnméthylsﬂyle de Bo-fluoro-20,21-dihydroxyprégna-1,4,9(11),17(20)-

tétraéne-3-one,
. du 21-acétate, 20-éther de triméthylsilyle de 20,21-dihydroxy-1 6[3—méthylprégna-1 4,9(11),17(20)-
tétraéne-3-one,
du 21-acétate, 20-tnméthylsﬂyloxy-éther de 9p,11B-6poxy-20,21 -dlhydroxyprégna-1 4,17(20)-trie-
ne-3-one,
du 21-acétate, 20-triméthyisilyloxy-éther de 20 ,21-dihydroxyprégna-1,4,9(11),17(20)-tétradne-3-
one, ou
2 du 21-acétate, 20-éther de tnméthylsllyloxy de 20 21-d|hydroxyprégna-4 9(11),17(20)-tridne-3-
- one.
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