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example, as the alkyl A%5-dienolether, A®-3-ketal or enamine. Next, the 17a-hydroxy group of the cyanohydrin
protected as is known to those skilled in the art. Suitable protecting groups include silyl ethers, acetals, or
30 readily removed ethers. The silyl ether is the preferred protecting group but any group which remains on and
protects the 17a-hydroxyl group during the reaction and Is readily removable at the end of the process is ac-
ceptable. Preferred is the trimethylsilyl ether.
The protected cyanohydrin (1I) is transformed to the corresponding protected aldehyde (ll) by reaction with
at least one hydride equivalent of a reducing agent. Suitable reducing agents are aluminum hydrides. These
35 include diisobutylaluminum hydride, lithium aluminum hydride, sodium bis-(2-methoxyethoxy)aluminum hy-
dride and lithium tri-tertbutoxyaluminum hydride. Preferred is diisobutylaluminum hydride. At least 1 hydride
equivalent of reducing agent is necessary. Preferred is 1.2 - 2.0 equivalents, more preferred is 1.4 -1.5 equiv-
alents. The term "hydride equivalent” is used since one molar equivalent of some of the above reducing agents
; contaln more than one hydride equivalent. The reaction is performed in any organic solvent compatible with
et 40  the reducing agent, however some ether must be present. The quantity of ether may range from about 0.1%
to 100%. Ethers include THF, ether and methyl t-butyl ether and mixtures thereof. Suitable co-solvents include
the above ethers and toluene, methylene chloride and mixtures thereof. it is preferred that at least 0.1 % ether
be present, more preferably at least 0.5 %, still more preferably atleast 5 % ether. The amount of ether depends
on the particular ether, the particular reducing agent, the particular protected cyanohydrin (li) etc. Preferred
45 is methyl t-butyl ether containing about 10% THF (v/v). Temperature is not critical and the process can be per-
formed from about -80 to about 80°, preferably about -30° to about 0°. Any order of addition is operable, the
reducing agent can be added to the steroid or the steroid to the reducing agent. Following contacting the pro-
tected cyanohydrin (II) with at least one hydride equivalent of the reducing agent in the presence of an ether,
the reaction mixture is hydrolyzed. It is preferred to perform the hydrolysis with aqueous acid. It is preferred
50  thatthe acid be a carboxylic acid, it is preferred that the carboxylic acid be acetic acid. _ :
The protected aldehyde (ll1) can be Isolated by means known to those skilled in the art or can be carried
on through to the next step without isolation; it is preferred that the protected aldehyde (llf) be carried on without
isolation. For the protected aldehyde (lll) it is preferred that Ry7_¢ is trimethylsilyl. It is preferred that the pro-
tected aldehyde (lll) A-ring have
55 (A-l) Rsis Rs_1:R5.2 Re is Rg_1:R¢-2 Riols (I-R1o_1:ﬁ-R1o..2 where one of Rg_4 andRg s is -H and the other
taken together with one of Rs_4 and Rs_, forms a second bond between Cs and Cg, Ryg-2 is ~CHs, Rqo_4 and the
other of Rs ¢ and Rs_, taken together are -CHz- CH,-C(R3 1)=CH- where Rs_4 is C-Cq alkyloxy, -O-¢ where ¢
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and t he 4t her taken toet her with one of l’forrs a second bond between
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5 substituents are identified by a letter or a letter followed by a numerical subscript, for example, "Z;" or "R;" where

“i* is an integer. These variable substituents are either monovalent or bivalent, that is, they represent a group
attached fo the formula by one or two chemical bonds. For example, a group Z, would represent a bivalent
variable if attached to the formula CHs-C(=Z,)H. Groups R, and R, would represent monovalent variable sub-
stituents if attached to the formula CHz-CH-C(R))(R))H.. When chemical formulas are drawnina linear fashion,
such as those above, variable substituents contained in parentheses are bonded to the atom immediately to
the left of the variable substituent enclosed in parenthesis. When two or more consecutive variable substituents
are enclosed in parentheses, each of the consecutive variable substituents is bonded to the immediately pre-
ceding atom to the left which is not enclosed in parentheses. Thus, in the formula above, both R, and R; are
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FORMULA® ANDyrédpEHNCH,)PDIS00Wharé\RisABth Frifie or 2. By the second method the carbon atom content of only
each portion of the definition is indicated separately by enclosing the "Ci-Cj" designation in parentheses and
placing it immediately (no intervening space) before the portion of the definition being defined. By this optional
convention (C4-Cs)alkoxycarbonyl has the same meaning as C,-C, alkoxycarbonyl because the *C,-Cs" refers
only to the carbon atom content of the alkoxy group. Similarly while both C,-Ce alkoxyalkyt and (C¢-Cs)al-

55 koxy(C;-Cs)alkyl define alkoxyalkyi groups containing from 2 to 6 carbon atoms, the two definitions differ since

the former definition allows either the alkoxy or alkyl portion alone to contain 4 or 5 carbon atoms while the
latter definition limits either of these groups to 3 carbon atoms.



The chenical formulas representing various conpounds or nol ecul ar fragnents
in the specification and cl ai ns nagpasrstsas B1 vari abl e substituents in
addition to expressly defined structural features. These variable 50

subst i t uent s wibfthb 8504 dohlaRd rdtHRorh (3] StndtifiledeSh thh Sid PN Shrda¥ ndini rafi
SubSCH Pt , thétOpar@uiar BubStitudnf Wil t@o fﬁ% f Féﬁthe;e;)thélﬁiclamll g 6&%&1 "yﬁﬁséﬁ%

ari abl e shdkifeldedighBiithth ohb Bf tid cﬂmrsrmmﬂ 166 det foFth thé MrdinRAstrudulté forrila of tHa
re sent wulgrsabdauaditt ached to the fornula by one or two chem cal bon s. For

exanples a group [err] would represent a bivalent variable if attached to

t he fornul b DEEINITIONS oups [err] woul d represent nonoval ent variabl e sub-
stituents if attached to the fornula [err] Wien chem cal fornulas are drawn
In a |inear SIEROIDreferHd thestarwid nadeuslaosetforth MOHARVSAI B €. subst i t uent s .
cont ai ned i nAjtemeeratiresare inglpgredsGantigtkde.o t he atom i rmedi ately to the left of
t he var®abl e TsGitsierste thinrdayerghomalograph.n par ent hesi s. Wien two or nore
consecut i ve VB efersdo bigihpressyre liqyldshrametogsapby.osed i n par ent heses, each of the
consecut i ve VHF fefem tpebgfydrofiaiiont s i s bonded to the immediately pre- ceding
atomto the F%;W@H“W‘gm"aym@'ﬂ@?osed in gar ent heses. Thus, |n the fornula
above, both the ced

car bon "t om rﬁ(;’f‘gl F?Bt'%‘t?ﬁ?"&"’tt?“?ﬂ“éﬁ" "ﬂ ‘?L”q'g??te '?:%Pf'%gn

at om num %"8’ TJ? %% roi ds, these carbon atons are desi ghat ed as
[err], where m#eé oS ger correspondr ng to the carbon atom nunber.
For exarrple g}mm unber In the

st er oi dynu- mngé;nég t%h&ga %;‘Zi;%ﬂe%ugd(?&%&g@ ose srﬂéﬂ'l led in the art
ofqtermd chem stry. Likew se the ter.rr(ﬁﬂerr] repre-. sents a variabl e

subst i t uengxAngiLe§er nonoval ent or bivalent) at the CG position. Chem cal
formulas or portions thereof drawn in a linearfashion represent atons In a
| i near chai nwithéuefuftherelatibfdtion], @ Isibelievé thiat 66y skilled i the @t @i, Gsirg ti(pRétediRiidesuFiftioh, WO
atons i t practicdthe presertinviéntiprets its]fullest pxtért.ahé fllowing daalibé éxainplésidsclibe Tdivittxeparetieane
conmpound. varous campouida and/iar pérfoom the vdriousspraviossies &f te inventioreand iatedo k3 canstrbddas inerely,

e. g., [ errihaivative laed oylinitetion efithe|pracedingalisdosuse imartywapwiatdoeverl Thase gkilled in @arat ey |
10 gr oupremptly eecognize apprantiateivariations fromdheoprecedires hoth\aa fogeacta@®andms talpaci®)n-condi t h
t he for ner tidyeanddechriqesrred for sinplicity. Chemical formulas of cyclic
(ring) ®¥onpounds or nol ecul ar fragnments can be represented in a |linearfash-
I on. Thus, LEd rrpound 4 chl oro 2 et hyl pyri d| ne can be represented in

| i near fashl on_ by N=C(e 4 CH=C"H with the conventjon that t

at ons mar k&’ W"Eyﬁm%"d&%' %E"'{"‘?*HP‘@"’B%‘FEP@BV"P & "@ﬁ‘é'ﬁ7'8{"1?3'¥'s'\y'€"y déemef(i"“gel n

theforrratlo . Likew se r fra .
& (ethy$ q f@ 3“ f;frfgﬁ F% w’a}"’ -mg; éj""%’ ?rﬂt; Roat
structure "

thel pl ane B b % ne'oer 8
cyclic CO”Q‘P:HI?. ine -30°CRIGwing tHe addft FhQ'EHiquPHQl wed B

atgti,acheg L 95 fr ot @hiGhe e |I%E%adglﬁe@£§re@ ge ring is | gg”t ' P
bei ng in the \inakuR(sEaa) i€4a08d dopwRb WAl ndREhining tHeMthﬁh%CLeméer?o et %eﬁter&ﬁﬁaged
or dotted {hbRBultHglcRGdyiire foP 10 MR a €AItAR Bf A4LEDIS adeticRacid ($0¥6, 86mi) lshRwiy kBdea while- -
-"oor *. .. maifitaififgth€@inperatire Balows°. Etbrtirrihg thévesuting NG phste aid@iveat RYeor pls A RIuede t he
ring is i dentﬂ)isiaadbdam theinitigre lisdistiled uldt acquar dt 30° @t 50 QiwF distilaeare SdliéfedaThe two
vari abl@ spiiasdsi aresepdratedsand itheaingobs fraction is/extrantegiavith folugne(@ x 15Uk The cantbined orgaiic
separ at el yplasesinot washed twiteowitt evaten(R0 ik theo with $aturaten sodilvh bicariepate (20 aé)jthen, with water

vari abl e Ragaint(2GmiheuH then finally avithy eafinen2® mi) ter dEyingivpr-anhydrpae mizgnediinvaufgn (1 ghant! be
defined assiisagel Gra) Kemixiufe isiiltorefl andthasgivent ie eamovrdyshderyiediuger Rres@s tp give ancolly resigiye.
separ at el y Tt and ERkGlindientadal the prodyetis >95% pus| e substituents [err] Wien a

bi val enf® var iTAdpreductig crystallizedy idisaqlying & in-gynigimum ofygthyl gstaiegnéedding fethanol until it be-

comes cloudy. After gentle heating and then cooling to 25° seed crystals are added and the mixture is then
left at -15° for 15 hr. Filtration gives a solid which is crystallized to give the title compound, mp = 90-92°,

A second crop can be obtained following silica gel chromatography of the mother liquor eluting with hex-
ane/acetone (98/2), NMR (CDCl;) 0.1, 0.65, 1.15, 3.6, 5.2, 5.3, 5.5 and 9.65 3.
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vari abl e substituents,.,the.convention used to define the bivalent variable
is of the forms [err] or some variEm@3788&®30f. In such a case both [err]
are attached to the carbon atomto yield [err] [err] For exanple, when the
bi val ent \wxaiyptd£ [err] defined to consist of two nonoval ent vari abl e sub-
stituents, two nonoval ent variable substituents are [err] etc, yielding

[err] 30 -21-Biofiortya-Rydfoxyprdgh@bEB-diehé s 20-diehelr-triMefipibiyRiy etfal @v)[ €r r] two

nohdval ent vari abl e substituents are [err] For a ring subst i tuent forwhich
separ atse a ag)tiofDitiydrbxyaiidraatat3cH,o(11 piienbol 7p-odrbaxxidehydd Bmeéthyl dT:timbthyidiliiexypiethacgil; e Of
a carbon EXAMBLE 4 d.a&g)ds dissehibd inTHF 2 mil) sng) hexaas(2.3inmd)is aaldal Nfedr dégassing withonitebgeh, t 0 a
car bon at divasaliofionls cogediei359zad methylena bromidg (0. 22ani)dHapide. A saugiondf lithinm Hijsoépylaimideis ed,
but the a imFhf/tBxate {iMyn2t) isthen added dmpwise exdr 10is maipteining He temperafure between530andmy
be def i nec3%8sThe veaulting mintun is themstiredfoeti2 hﬂﬂamgablcbﬁmmslemmisaﬂmwmbat e
35 noffovdPefe iy keithes transtsered to @ Sasksontiyingjydraeiorineds (B 7imd andeetiviens gilarder ¢ o
form a bi &%m'émicwabﬁ'w'wd?éw emtheﬂn ip pReorver dyring this addition. Fhemresyiting mixl"fe

arbitrari I “'l“%%f e"(‘,‘f'P?} "I!Q"d"a(ﬁﬁm

be defi ne ?5’8' ﬁ’kﬂﬁs 5°r’q cle %

or (2) . a 1H"J “’F f' ?lbes
an ep0>f d 5 eu nech entlsg to m Ul ;
such as t 9 €4 p 43 d,.,(),ggo'iem?‘ﬁe eihnf ty I'S spo ’ at Cl
in the 40 abO\Ie | on ed’'to X an I's bonded to Y. Thus,
conventi o BLElgsi gnatlon [err] are taken together to fornferr]..." rreans

a | act gne 1 n V\/m ch the carbonyl is bonded to C2. However, when deS| gnat ed
st [ € 1 13,9008 ThiiByahdRBes-Sial178-SardoRéidBhdaad-etiyl2Re mwemataﬁsum@@aﬁeﬁud actone
in which the carbonyl is bonded to Cl. The carbon atom content of variable
subst i t uent SFoliGwirgtsli geAérat @rotbddurd BEEXAMPLES akidyidking hbrRcritiéal Vaatiohy BuOslartipasith a7p4 5
prefi x t o cydne-33/17a-tiiRydroryandrodt-5iehes, 3-athyléna ketalSIzatinetiyisiyldky dthen(ipthe tite@bipoudd'is and
"4" ares i ebleigety, ;p =ag8-dent i ng t he m ni rum and maxi num nunber of carbon
atons in the variable. The prefix is separated fromthe variable by a
space. FoEXaMBBA e, [err]al kyl" represents al kyl of 1 through 4 carbon
atons, (including isomeric forms thereof unless an express indication to
the cont r 2i-Prome-1ge-husroxypragidrens,B20-dioried 74 meihwisityle ether (Vs gi ven, the prefix
i ndi caf®es the entire carbon atom content of the var| abI e bei ng def i ned.
Thus C2 4 a‘f"ﬂ%’&ﬂdﬂ?ﬂﬂﬁ | pregedyre pLEXAMRKE 2 and ’[‘I ﬁ%""ﬂé‘?‘%
ég *ﬁa“ﬁ&wf’?e*ﬂ'fiawasﬁ*aih e&eﬁﬁ't & ﬁ%?
of the deg;r ?)#?ed'ﬂ"gﬁw%wg 82‘5&% (&P% %%%%gﬂ S 517% TLig{megylene chior-
desi gnatl e 2% a ART Y% no i nt erveni ng
space) portion of the defi n|t|on bei ng defined. By this optional
conventlo% ) al koxycar bonyl has the sane neani ng as C2-

o7}
al koxycar L3 Lent
ot ThaCl p1AaR R (ol B Roilol d nlolf [ BB A5 T
5&_,{ ko ( 1 C3) al kyl define al koxyal kyl groups _cont ai ni ng from 2to6
carbon  at ONBpondway thedndia bioBddlre SNEXAMPLE & andindki nbilGtEaDiaiBiondtRE dtititg vah 17 | ows
ei t her t heysabi@Myo-Gihydederibirodts, b(1 1)Aiené NBEthjidhe k6t PrtrihethylSiijiody etha¥ (INAKe té COiE
whi | e t he pbaldisaibtamed, mpi=t1Bp1B4b.i M ts either of these groups to 3 carbon
atons. 5 EP 0 378 563 B1 Wen the clains contain a fairly conpl ex
(cycli e <EXbBMPiBsient, at the end of the phrase nami ng/designating that
particul ar substituent will be a notation In (parentheses) which wll
cor r es pon@!-Bmotiga-hydnxynmesnes.aHidignes.2Gbdiorier! 7-¢gimethyisilylolacett@HNRTS whi ch wi | |

al so set forth the chem cal structural formula of that par- ticular
subst it uent . Following the general procedure of EXAMPLE 2 and making non-critical variations but starting with

50  3,3,17c-tihydroxyandrosta-5,9(11)-diene-17B-carboxaldehyde 3,3-ethylene ketal 17-frimethylsilyloxy ether
(1, EXAMPLE 5) the title compound is obtained.

tion



5 11. DEFINITIONS STEROD refers to the steroid nucleus as set forth in
CHARTS A, B and C. All tenperat uraposresesBidegr ees Centigrade. 10 TLC
refers to thin-layer chromatography. HPLC refers to high pressure liquid
chromat ography. THF refers to tetrahydrofuran. LDA refers to lithium
di i sopropyl am de. SalineFéggE?s to an aqueous saturated sodium chloride
sal-ution. 15 NVR re 0 nucl ear (proton) magnetic resonance
speetroscopy, chemical shifts are reported in ppm (err) downfield from
tetramgt hyl silane. [err] refers to phenyl (err). Ether refers to diethyl
et her. Wien solvent pairs are used, the ratios of solvents used are
vol une/ vol une (v/v). 20 Andr ost enedi one refers to
andr ost - 4- ene- 3, 17-di one. PLES Wthout further elaboration, it is
bel i eved that one skilled ir] the. @it can, using the preceding description,
25 pra&ctice the prese nesttion to its fullest extent. The foll ow ng
det ai | ed exanpl es descNNQg L2 Meepare the various ¢(Mnpounds and/ or
perform the various prdgceg pf the invention and are to be construed as
nmerely illustrative, a mtations of the preceding disclosure in any
way what soever. Those gKilled in the art will pronptly recognize
appropf ate variations‘fromythe procedures both as to reactants and as to
reaction condi- tions and tdchniques. 30 EXAMPLE 1
3, 17[ err] - Di hydr oxyandrost a-3,5,9(11)-triene-17[err] - car box aldehyde
3-methyl 17-trinmethylsilyloXy diether (III) 35
17[errL,Cyano 3,17[err]-di hydroxyandrosta-3,5,9(11)-triene 3-nethyl
1 rimethylsilyloxy diether (1, 17.46 Q) i s dissolved in met hyl t-butyl

fer (50 M) and THF (5.7 m). The resulting solution is cooled to -28.
D i sobuty- | alum num hydrideCR12.6 m) is dissolved in nmethyl t-butyl ether
(26.6 mM) and this solution {|s QOQtﬁ to <30 be- fore being added dropw se
to theazsteroid m xture. [ is done over 35 min and the reaction

tenperature i s maintai nys '.-',,-. R and -30[err]. Follow ng the addition,
the m xture is all owed To 0 err] slowy over 40 2.5 hr at which
tinme the reaction |Is coyple ds neasured by TLC. Methanol (5.5 mM) is

added dropwi se while mayntaining the tenperature betwegn O and 10. After
stirrisg, the resulting clougy m xture.for 10 mn a solution of aqueous
acetic acid (50% 66 mM) is glowy added while maintaining the tenperature
bel ow 25[err]. After stirring the resulting two-phase m xture at 25[err]
for 0.5 hr, toluene (70 M) ¥s added and the m xture is distilled under
vacuum at 30[err] until 50 mM of distillate are collected. The two 45
phases¥ire separated and the aqueous fraction is extracted with tol uene (2
x 15 m). The conbi ned organi c phases are washed twice with water (20 m),
then with saturated sodi um bi carbonate (20 nml), then with water again (20
m), and then finally wth sapige (20 m). After drying over anhydrous
esigmsul fate (1 g) and S|I|ca g (5 9g), the mxture is filtered and
the solvent is renoved under reducg lbﬂessure to give an oily residue. TLC
and HPLC i ndi cate that tge product RS >95% pure. 50 The product is
crystallized by dissolvi iéni mum of ethyl acetate and addi ng
met hanol until it be-
45

(I11)



cones cloudy. After gentle heating and then cooling to 25[err] seed
crystals are added and the m xtur.e gpoifaaespeflt at -15[err] for 15 hr.
Filtration gives a solid which is crystallized to give the title conpound,
np = 90-92[err] A second crop can be obtained follow ng silica gel

chromat ography of the nother |iquor eluting with hex- ane/acetone (98/2),
NVR (err) 0.1, 0.65, 1SHARL A s . Coptpnue 3 5 5 and 9.65 [err] 55 6 EP O
3788863 Bl EXAMPLE 2 21-Bronp- {7a- hydr oxypregna-4, 9(11) - di ene- 3, 20- di one
17-trimef hyl silyloxy ether (I 5

3, 17a-Di hydroxyandrosta-3,5,9(L1)-triene-17[err]carboxal dehyde 3-net hyl
17-trimethyl silyloxy diether (wll EXAMPLE 1, 1.18 g) Is dissolved in THF
(1.2 m) and hexane (2.3 m) is added. Afterdegassing with nitrogen, the
solution is cooled to -35[err] it hyl ene bromide (0.22 nl) is added. "A
sol utiomeof |ithiumdii-sopropykaspde in THF hexane (1M ~2:1) is then added
dropwi se over 10 mi n maintaining theR.ber{per ature between¢yp0 and -35. The
resulting mxture is then stlirged for "1/°2 hr during which tinme the
tenperature |s allowed to §sjiab 8 10. The m xture is then
transferred to a flask cofta ydr'd@chloric acid (3N, 7 ml) and

met hyl ed® chloride (3 m) ﬁ; previously cooled to-20. AlO[err]Jthermis
observed during this additfon. ,The resulting m xture is then allowed to
warmup to 20-25[err]ter a total hydrolysis tine of 1.5 ‘hr nethyl ene
chloride (30 m) is added and fhe two | ayers are separated. The aqueous
phase ig?extracted with nmethyl gne chloride (5 mM) and the com bined
orgapic Tractions are washed successivelywith water (10 nml), sodi um

bi carbonate (10% 10 m) and saline 15 (10 m). After drying over
anhydrous magnesium sulfate (-1 o @y filtering through a short colum of
silica gel (-5 g, eluting with{abou 1@ nethyl ene chloride), the solvent
|s renpygd to give the title cémmBund, np = 155-156, NWR (err) 0. 15,
0.55,1.35,4.1,4.3, 5.6 and 5.7% [err] EXAMPLE 3 20

3,3,17a- Tr|hydroxyandrost 5- eng- 1/{° 1b ¢ar boxal dehyde 3, 3-et hyl ene ket al
17-trimethyl silyloxy etheg “"Fol | owi ng the general procedure of EXAMPLE
1 and maki ng non-critical }Vs .m»-Rhgt starting with 17@grr]

cyano- 3,38, 17a-tri hydroxya 3-ene 3, 3-et hyl ene ket al

17-trinmethyl silyloxy ethe he title conmpound is 25 obtained, np =
128-134[ err] EXAMPLE 4 21%Brono- 17a- hydr oxypr egn-4-ene- 3, 20-di one 17-tri
met hyl silyl oxy ether (1V)730 Fpllow ng the general procedure of EXAMPLE 2
and maki ng non-critical variatjons but starting with

3, 3, 17a-%ri hydr oxyandr ost - 5- eng- 17[ err] - car boxal dehyde 3, 3-et hyl ene ket al
17-trimethyl silyloxy ether (I11)], EXAM PLE 3) the title conpound is
obtained, NWR (err) 0.15,0.6,1}15,4.1,4.3 and 5.75[err] TLC (nethyl ene
chlor- ide/methanol, 9812) Rf ¢ 0.64; TLC (nethylene chloride/acetone,

95A5) K 0. 68. 35 EXAMPLE 5

3,3, 17aﬂ$r|hydroxyandrosta 5,9(11) - dlene 17[err]carboxaldehyde 3, 3-et hyl ene

|

ketal 17-trinmethylsilyloxy ether O'CO'RZ'I
2
=0
4
: (VI
R16 )
50

55



(I'11) 40 Foll owi ng the general procedure of EXAMPLE 1 and naki ng
non-critical variations but starti epogissesBsy|err]
cyano- 3, 3, 17a-tri hydroxyandrosta-5, 9(11)-di ene 3, 3-et hyl ene ket al
17-trinmethylsilyloxy ether (I1) the title com pound is obtained, nmp =
131-134. 45 EXAMPLE 6 2SHARIhBD- 17a- hydr oxypregna-4, 9(11) - di ene- 3, 20- di one
17-trimethyl silyloxy ether (1V) Follow ng the general procedure of EXAVPLE
2 A maki ng non-critical variations but starting with 50
3,3, 17astri hydroxyandrosta-5,9(11)-di ene-17[err] - carboxal dehyde
3,3-ethylene ketal 17-tri xy ether (111, EXAMPLE 5) the tide
conpound i s obtained. 55 7
CHO 40
CHART A - Continued 5 [OrRY
[err] 1o

OR 55 'EP 0 378 563 Bl
EP 0 378 563 Bl CHART B 15

(A/B/C)

-

15

where:
(A-1) Rg is Rg_1:Rs.2, Rg is Rg1:Rg.2, Ryg is 0-Ryg_1:p-Ryo-2 where one of Rg1 and Rg 2 is -H, -F, -Cl, -Br,
-CH; and the other taken together with one of Rg_ and R, forms a second bond between Cg and Cg, Rygz is
;o 20 -CHjg, Ryg.1 and the other of Rg4 and Rs_5 taken together are -CHx-CH,-C(Rg_1)=CH- or -CH=CH-C(R;_1)=CH-
o where Ry 4 is C;-Cg alkyloxy, -O-¢ where ¢ is optionally substituted with 1 C,-C, alky! or -N(Rs_2){Rs.¢) where
' Ra2 I8 C1-C; alkyl, Reg is Cyg alkyl or ¢, where the Rs , and Ry¢ may be cyclized to form a heteracyclic ring
selected from the group consisting of pyrollidine, piperidine, morpholine, piperazine;
(A-ll) Rs is Rs_3:"Rg 4 Rg is Rg_3:Re« and Ryq i a-Ryg-g:p-R19«, Where one of Rg_3 and R4 is -H, -F, -Cli,
-Br, -CHg and the other taken together with one of Rs_3 and Rs 4 forms a second bond between Cs and Ce, Ryo4
is -CHj,, Ryq.3 and the other of Rs_s and R; 4 taken together are ~CHo-CHz-C(a-R3.3)(B-R3.4)-CHz-, where one
of Rgg and Ra4 is -H and the other of R;_3 and Ry 4 is -OH or -OR3 5 where R3_5 is C4-Cgq alkyl, ~-CHo-¢ or -Si-
{Rs.7)2(Rs.) where Ry 7 and Ry are Cy and ¢, and where Ry s and Ry taken together are -O-CHz-C(CHs)
30 CHyO- or -O-(CHg)ny-O- where nyis20r3;
(G- Ry; is Ry14:R 12 where one of Ry;y and Ry, taken together with Rg to form a second bond between
Cy and Cy4 and the other of Ry( and Ry is -H;
(C-ll) Ry4 is a-H:p-O-~, where B-O- is taken together with Ry to form a B-epoxide between Cy and Cy4;

35
CHART B - Continued
(C-l) Rgis -H and Ry4 is -0-CHy-C(CHg)o~CHx~O- or -0O-{CH,),-O- where n, is 2 or 3, a-Ry4_g:p-Ry4.4 Where
\./ one of Ryi-s and R11_4 is ~H and the other of Rz and Ry« is -H, -OH or -OR¢4.5 where Ry-sis C-Cgq alkyl, -
T 40 CHz-¢ or -Si-(Ry¢-¢)2(R41-7) where Ry;-g andRy-y are Cy. 4 and §. -
CHART C
- The six partial structural formulas of CHART A can be represented by
Ry7
50 ' R
16 (VII)
55

where Ryg is a-Ry6.1:3-Ryg.2 Where one of Ry s and Ryg_2 is -H and the other of Ryg 4 and Rego is -H, -CHz or
-OH;
where for the cyanchydrin (I} Ry is a-OH:$-CN,

10



where: (A1) R5 is[err] is [err]where one of [err] and [err] is -H -F,
-G, -Br, [err] and the other taken together with one of [err] forms a
second bond between C5 and C6, [ egndsissezBq [err] and the other of [err]
taken together are [err] where [err] is [err] al kyl oxy, -OJerr] where

[err] is opt aI kyl or [err] where [err] is
al kyl , [err]lropl[i)'sl hm{'?lﬂ f&j_oﬁ e [err] and [err] may be
cyel i zed to 2 TV) t he group consi sting of
poi il o* 'gréwf:%

er

~_-pyrollidine, (A-11) [err] is-
[err]sis [er -C, [err] and the
ot her taken toge one *a second bond betvveen [err] is .
[err] and the other of [err] t gether are [err] where one of [err] is
-H and the other of [err] and is -CHor [err] where [err] is [err]

alkyl, [err] [err] where [err] and [err] and [err] and where [err] taken
togetﬁer are [err] 30 -e or 3; (C1) [err er eone of
[err] and [err] taken t%ia{gtq eirz/\/lthb?]e ]af&porma second bont ’bet ween C9
and Cl11 and the other of R11-1 angl R11-2 is'-H, (C11l) [err] is [err] where
[err] is taken together with [err] to forma [err]-epoxide between C and
C11; :25 CHART B - Continued (C11F) [err] is -Hand RL1 is [err] where n2
is 2 or3 [err] vvhere one of [errf and R11-4 is -H and the other of R11-3

and R11-4 is -H, e R C6 al kyl, - 40 [err]
CHART C The six partr JI?r bt ﬁhgﬁ&uﬂg}nﬁ?‘ﬁs{s&ﬂ%m A can b€ epresent ed
by 45 50

£VI'1)55 where [err] where one of|[err] is -H and the other of [err] -H,
i-CH3 or -OH where for the cyanohjdrin (1) RL7 is [err] 10 * C L WM™
S * EP 0O 378 563 Bl for the progected cyanohydrin (Il) R17 Is [err] for

the protected al dehyde (I11) [err] for the protected 21-halo steroid
(IV)[err] for the proSTERMED- na-qsbn{-;,(l\j).lli{a.?[tﬁo][ err] for thggorticoid
(M) #err] 15 STEROD- [err] _
d
30 . .
STEROID-17a-[-ORy7.1]-178-[-CO-CHp-Rp1.1]) (IV)
i
STEROID-17a-[-0Ry7.1]-174-[-0C-Cly-0-CO-Rpy . 5] )
40 -
_ i
- smaom-ua-[-on]-17p-[fco-cnz-o-co-le,2] (V1)
STEROID refers to the steroid nucleus as set forth in CHARTS A, Band C.
50

Claims

1. Aprocess for the preparation of a protected aldehyde of formula (i

55

1"



‘ 20 'ferr] 35 [err] STEROD refers to the steroid nucleus as set forth in
CHARTS A, Band C 50 Cains 1. -A ERQ©¥8563B1r the preparation of a
protected al dehyde of fornmula (111) 55 EP 0 378 563 Bl for the protected
cyanohydrin ( kdrine Blbtected cyafdhidrin (1 R, id CORL.pent ed al dehyde (111) R17 is [err]
for the prot qu,qum;%e qumfg()g ;s dﬁﬁf 6\, for the protected 21-ester (V)

[err] 5 rlﬂrproleﬁﬁdﬁﬂﬁ dié?b (| ¥is @h{,] . err] 15 [err] 20 25
[exr] 30 [err lprdia profiictod 2£6ktdr ,.E,@cé_ﬂﬂ_z & steroid nucl eus as
set forgh in %d ﬁ Q;?_ A process for the preparation
of a protectd al e o orrrula ) 55Rif [err] EP 0 378 563 B1 CHO

[err]

10

STEROID-17a-[-OH]-178-[ -CN] (1)
15 $
STEROID-17a-{-0Ry7.1]-178-[-CN]) (1)
. 20
‘ .
STEROID-17a-{-OR17.1]-178-[ CHO] (I11)
25
i
30 ' '
STEROID-17¢-[-ORy7.1]-178-[-C0-CHp-R931.1] _ (1IV)
85
$
STEROID-17a-[-OR37.1]-178-[-0C-CHy-0-C0-Rg1.9] V)
v w0 -
. 4
- STEROID-17a-{-OH]-178-[ -_co-cnz-o-co-Rzl-zj (V1)
STEROID refers to the steroid nucleus as set forthin CHARTS A, Band C.
50

Claims

1. A process for the preparation of a protected aldehyde of formula (lI)

&5
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10 [err] 25 where R16 and R17-1 are as defined above with at | east
one hydride equivalent of a reduciERj038#63Bi n t he presence of an ether and
(2) hydrolyzing the reaction m xture of step (1). 2. A process according to
claim 1l where the reducing ag@ﬁ is an alum num hydride. 30 3. A process
according to claim1 where th edﬁﬁi ng‘ agent is selected from
di;i-sobut yl al um ni um hydride, §ithi mM&um ni um hydri de, sodium bis
( 2>rtet hoxyet hoxy) al um njum hiydii degand lithiumtri-terbutoxyal u- mnium

e CONiZAG o claim 1, whepgrfyhe reducing agent is
A process according to ‘any preceding claim
reduci nt agent are used. 6. A process
according to any precedilhg claim where the ether is setected from .
tetrahydrofuran, ether, ‘methyl t-butyl ether and m xtures thereof. 40 7. A
procesd?accor di ng to any preceding, where the hydrolysis is perforned with
aqueous aci d.where 16&%30@%%%&’8%?%%6{ #d FreiigrHand P RLYeE ofRiper 8¢ Rigr2 I8 H, LCHs
carboxylic a®¥®H45 9. A Erocess for the pregarati on of a protected

21-hal 0 steroid Bi-foPrBiaRimgwheeRiq-2 and 1Ga ikl orgy and ybickeamerices | n |
claim1; and 1Q)PE?W93PWEW§£%63'@T“'FQM] is d or Br, which conprises

cont act’fng a protected aidehyde of fornmula Il as defined in claiml with
an anide of the fornula MetalGM-[err] where Metal is lithium sodium

pot assi um or magnesi um and [rr]..a!!fq,y_I] or [err] where R2 is [err] alkyl, in
the presence of a conpouynd| ofi.<"he forrmula [err]where 5 [err] is as
defined,above. 10. A prQtsk ee=fipg to claim9, wHdkE the amide is
sglected fromlithiumdi | am de, lithiumdiethy- |amde, lithium

pi peridi and lithium di gyetotexyl am de. 10 11. A process according to
claim9, where the amd¢ Is lithiumdiisopropylamde. 12. A proces
according to any of clains 9 to 11, where <3 equivalents of the strong base
are usesl. 13. ghdl R TR A G4 eNtbdlaBove With &fleatond MRrdd ekivaledt of WRRidnggdnt th | S
Br. 14. A procegmspasensd daféhdrand@ny of clainms 9 to 13, which conprise the
prior step of pyRERKEADHE Bactie Mkigebedepaydehyde (111) by a process according
. to any of clains 1 to 8. 15. A protected al dehyde of the fornmula [err]

' 2. Aprocess according to claim 1 where the reducing agent is an aluminum hydride.

di i sobutyl al um ni um hydr
where 1.2 to 2.0 equival

30
3. A process according to claim 1 where the reducing agent is selected from diisobutylaluminium hydride,

lithium aluminium hydride, sodium bis (2-methoxyethoxy) aluminium hydride and lithium tri-terbutoxyalu-
minium hydride.

35 & Aprocess according. to claim 1, where the reducing agent is diisobutylaluminium hydride.
A process aoobrding to any preceding claim, where 1.2 to 2.0 equivalents of reducint agent are used.

6. Aprocess according to any preceding claim, where the ether is selected from tetrahydrofuran, ether, methyl
'_\J t-butyl ether and mixtures thereof.

40 -
7. Aprocess according to any preceding, where the hydrolysis is performed with aqueous acid.
8. A process according to claim 7, Where the acid is a carboxylic acid.

45 9. Aprocess for the preparation of a protected 21-halo steroid of formula (IV)

(IV)

55

where Ryg and Rz are as defined in claim 1; and
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V\/ne.re [err] are as defined i'n claim1; (A-1) RS Is [err] where one of [err]
is H F, 35 [err] ,and, t he- oEPOB7&S%RBM t oget her with one of [err]
forms a second bond between C5 and [err] and the other of [err] taken

toget her are [er R, ,is C C(err) =CH where [err] al kyloxy, [err] where
[err]is optlona au%ﬁ ;Jf o WipkdbcR fadhpaefomhtalil asQibfined hrelafin 1 WG Aiide
[err]is Cl- c&th@ )% heré ﬁet‘l%rllfh}u i, potasdidif dr InagrieSiunMBRIFS istH) e,-Cer 1 ]
are’ cycl i sedaplyf @J@str Gn the ﬁ&eﬁ& oﬁ@&oﬁ\dod‘na 6ftheforintia CHAR L9, where

pi peri gi ne, dﬂn@dag . pi perazine; or 40 (A1) RS is [err]
where one of err] is H F, d, Br or [err] and the other taken together
W th one aé. Aprodeks dcoordiiy mlﬂmomdrelnmadﬂdemmwfﬁaliamd diBepropylachidelichiuth diethy- t he
ot her of [ er lahide,tithinmpipriiije aindithiunr dicyplehexylamideer e one of [err] is H and the
other is OHor OR [err] where [err] taken together are [err] 45

[err] wheflt A\progegs googsingo clgim . T"E""r'}'ef"ﬂﬂ%‘ﬁ"‘f" Q'PP%?WW'E"FI RO forms a second
bond bet

it o 1 G e speApy o dfy e ol 1 Bel 5 ey pFihd o odS 0RO TP

[err] is H’saﬂgroéegﬁadé&rﬁlﬁb’toh@dl’blan%bﬁrﬂ[vﬁfefe]&[ﬁfBﬂ 16. A protected al dehyde
according to claim15, where [err] is trinmethylsilyl. 55 17. A protected

al dehylfe a&capoiesgadearding tiany dfsiaims 20b 43, mhibh compriss the Bridr $t4p of piephripgithe protepted ] j s
H and [err] sideilydediiipbyatprosess@fcofding td any gliciimsiidg8t her are - 13 EP 0 378 563
Bl [err] 5 18. A protected al dehyde according to any of clainms 15 to 17,
wher e [ er 1§ Aprotegedgidehyde otihe ffmidy de according to any of clains 15 to 18,
where f[err] H H 20. A protected dehyde according to claim 15, which is
1Q , 3, 17a- di hydoxyandr os{'a- (111) triene-17[err]-carboxal dehyde
3-nethyl 17-trinethylsilyloxy dje he.r

3,3, 17a-tri hydroxyandros{ - 5- ener Li{’err R-gar boxal dehyde 3, 3-et hyl ene ket al
17-trimet hyl silyl oxy et hdr (111)

3,3, 17& tri hydroxyangy ost a-
3,3-ethylene ketal 1710rN sily- loxy ether. 15 21. A process
according to any of clai 0 14, wherein the protected al dehyde (I111) is
as defined in any of ckaf’nmsy15 to 20. Patentanspriche 1. Verfahren zur

Her st el l ung el nes gesch5~t ztgn Ai dehyds der Fornel (I11)
30 _ 6 '

where R¢ and Ry7_¢ are as defined in claim 1;
(A-]) Rs is Rs_1:Rs.2, Rg is Rg.1:Re-2 and Ryg is a-Rqo-1:f-CHj, where one of Rg4 and RgoisH, F,
Cl, Bror CH; and the other taken together with one of Rs_1 and Rs_» forms a second bond between C; and
Ce. and Ryo4 and the other of Rs ¢ and R, taken together are -CH,-CH,-C(Rg_q)=CH- or -CH=CH-
C(Rs_1)=CH- where Rj 4 is C-Cs alkyloxy, -O-¢ where ¢ is optionally substituted with one C,-C,4 alkyl or -
N(Rs-2)(Rs-¢) where R 5 is C4-C; alkyl and Ry ¢ is Cy_s alkyl or ¢, or where the R;; and Ry ¢ are cyclised
, toforma heterocyclic ring selected from pyrrolidine, piperidine, morpholine and piperazine; or
k., 40 (A-) Rs is Rs_s:Rs 4, Re is Rg 3:Rg4 and Ryq is a-Ryo-g:p-CHa, where one of Rg.g and Re 4 isH, F,
Cl, Br or CH, and the other taken together with one of Rs_s and R4 forms a second bond between Cs and
Ce, and Ryq_3 and the other of Rs_3 and Rs4 taken together are -CH,-CH;-C(a-R3_g)(B-Rs4)-CHz- where
one of Rz 3 and Ry 4 is H and the other is OH or OR;_5 where Rg g is C;-Cg alkyl, -CH-¢ or -Si(Rs.7)2(Ra-s)
where Ry 7 and R, ¢ are Cy4 oF ¢, or Ry 3 and Ry taken together are -O-CH;-C(CHj),-CH,-O- or -O-
45 (CHy),-O- where n, is 2 or 3; and
(C-) Ryq Is Rys_1:Rys- where one of Ryy_¢ and Rys_» taken together with Ry forms a second bond
between Cy and Cy4 and the other of Ry1_; and Ry is H;
(C-1l) Ry4 is a-H:p-O-, where B-O- is taken together with Ry to form a g-epoxide between Cq and
Cqq; 0OF :
50 ) (C-ll) Rq is H and Ryy is -O-CHz-C(CHy)2-CHz-0-, -O-(CH2)2-O- where nz is 2 or 3, or a-Ryy4:p-
Ry;_4 where one of Ry;_s and Ry is H and the other is H, OH or ORs_5 where Ry_g is C4-Cq alkyl, -CHz-
¢ or -Si~(Ry1-¢)2(Ry1_7) where Ry1_¢ and Ry;_7 are Cy or ¢.

55 16. A protected aldehyde according to claim 15, where Ryz4 is trimethylsilyl.

17. A protected aldehyde according to claim 15 or claim 16, where
(A1) said one of Rg_{ and Re 2 is H and Ryo¢ and said other of Rg_{ and Rg_; taken together are -

* [ L M S *
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CHO R16 30 worin bedeuten: Rt a-R111-fR14 2, wofin einer der Rests R1L.1 und
RL...2 fO -Hund der andere, der. Rebe7gdb3hiund R12 for -H -CH3 oder -OH
steht, R17.1 -Si-(R7 2)2(R174), worin R172 und R174 fO Cl1-C4 Al kyl oder

st shen, dadurﬁ%@%%e{’%gk1 Q%?-c.%&&}& ﬁ%%&gfi&@blwﬁ&b&%%@@g% der

Formal (11) 4

().50 VT I} di or e gﬁug@ﬁg utung besit zen,
i n\@egenwart ei né@“&ﬁgy@&ﬁzﬁkﬁaga%ﬁ?’%ﬂgﬁ?%B’ﬁ aquil €al ent eines
Redukt i #ns 8.t A protected id8Ryd6 Becorig'® ahy 4f Bllins YHE 17, Whefddt, SRAKR/ PBIBERM sch aus
Stufe (1) hydrolyslert. 55 2. Verfahren nach Anspruch 1, dadurch
gekennzei cliteA proieciéd aitiabydeectoriding torasywfinigls 18 tesi8aiher®Reeds U ni um  hydri d
besteht .3. Verfahren nach Anspruch 1, dadurch gekennzei-chnet, da6 das

Redukt ons -t Aprotasted gehwds accorgingtociaim (5. whichis 117111 111111111111 111111 ~ EP
0 378 563 Bl unhydi/pd ) Y- rierRy) G- egpoxeidehyde 3-methy 17-tfimethyisiyiaxy diether,

) bi s- ) ] aldehvd n q-tfi B ogty_eﬂ':er._or
e ;'x;mnfﬁmjg? ! abenluili el e

gekennzei chnePY *¥8F B das Reduktionsmittel aus Dilsobutylal unini- 6
unhydri d beft £prbeessaccorfifgtetbry@Fcidhas 1o Ak, WhBRe i @He m&a&am&.&@;}ﬁi 8 ad QUARdfiC4hG of
dadurch’5geg‘gn@@‘,ﬁ,{féﬁ?;lm\{,mgfjaBy(]?{,%z| bis 2,0 Aqﬁi - pvaI ente Re uEt i onsm tfﬂ?
verwendet werden. 6. Verfahren nach ei nem der. vor hergehenden Anspri che,
dadurch gekennzebchnet, daBt der Ether aus Te- trahydrofuran, Ether,

Met hyl - t er Pateistahsprdéteer und M schungen der sei ben ausgewahit !st 7.

Ver fahrgn nach el nem der vorhergehenden Ansprfiche, dadurch gekennzebchnet,
daB_di e Hydr oVeyfelwengur Harétellang eintk GRyehiiz®n MNdehydeidar Figreeli(lhrt wird. 18- 8.
Vertahren nach Anspruch 7, dadurch gekennzeichnet, daB die SAure aus einer
Car bonsaure besteht. 9. Verfahren zur Herstellung el nes geschfltzten

21- Hal ogeri steroids der Forndlgdg V) 20 ' - 2?7 .
=0 *017% . .OR‘7-1

(I1I)
80
worin bedeuten:
35 Ry 0-Ryg_1:f-Ree.2, worin einer der Reste Rie_¢ und Rye fiir -H und der andere der Reste Ry und
Rye. filir -H, -CH; oder -OH steht,
Rz -Si-(Rﬁ.z)z(Rﬁ.a). worin Ry7.o und Ryzs filr C1-C, Nkﬂ oder ¢ stehen,
dadurch gekennzeichnet, da® man
o (1) ein geschiitztes Cyanhydrin der Formel (1)
Nort 40 ~
CN
(11)
45 .
50 worin Rig und Ry7_4 die zuvor angegebene Bedeutung besitzen,

in Gegenwart eines Ethers mit mindestens einem Hydridéquivalent eines Reduktionsmittels in Berih-
rung bringt und
(2) das Reaktionsgemisch aus Stufe (1) hydrolysiert.

s5 2. Verfahren nach Anspruch 1, dadurch gekennzeichnet, daB das Reduktionsmittel aus einem Aluminium- _
hydrid besteht.

3. Verfahren nach Anspruch 1, dadurch gekennzeichnet, da® das Reduktionsmiitel aus Diisobutylalumini-

14
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25 t < FR6 . it (| V) 28
16 30 worin R16 und R117.1 di epos7esespiuch 1 angegebene Bedeut ung
besitzen und R1211 fM G oder Br steht, dadurch gekennzei chnet, daB nan

el nen gesch(l " ; Py ﬁﬁﬁlﬁmf'”ﬁg' b S £ e EM
Am d der For mm&wgyﬂgggﬁkgﬁ# H’?‘lg& PERI um tﬁh"tannqm '@éﬁt&gm
oder™ Magnesi um steht, uhd =H, 4 Al kyl odor -Si(RRW mt R2 gleich G C6
Al T, i n Gegvanalired nach Asbrublet, lahdusbh gekeftexbicinet, 8aN das ReduktionsnifteP{usDiisobltdaluniai i N
R21.1 dge zuwvewhydiddpestehbene Bedeutung besitzt, In Berci hrung bfingt. 10.
Ver f ahren nach Anspruch 9, dadurch gekennzei chnet, daB das Am d aus

LIt hl undi i 80 pYﬁSfﬂg?'h‘?ﬂf‘Ei?'"ﬂ_'ﬂ Qeﬁvwhqm?mrg?wsermg dagyrp) gekesnznichney;dat 1,2 bis 2,0 Aqui-
Li t hf | undi cycYAsA@RetAiAngmitlel varwepaeterde-. 40 11. Verfahren nach Anspruch 9,
dadurch gekenpzgi . ' Lt hi i ] .
12. Verfaahfb'enﬁﬂ%&'gu g%ﬁgqﬁmgﬁ Eﬁgﬂf&%‘%ﬁg o %{E@Eﬁ@i%@?& dsa
<3 Aqui val ente der starken Base veérwendet werden. 46 13. Verfahren nach
ei nem der AnSysrfarienath éihein dbPvorlibfydhbnddh RS aihB,daduedhgekennzdidimeEalk-die Hydrolysd mit
stsht. 14. VesikenwaeigenShals devctipesihtleird. Ansprfilche 9 bis 13, dadurch

gekennzel chnet, daB ihmdie Herstellung des ge- schutzten Aidehyds (l11)
nach ei enBveYarfahrprpachAnpprachit dadurel pelepnzejehngt, dal ieSayrg pyuseinerzarhopsufedpsteht 5
Geschut zt e | d d der .Eormel ;. 50 111111111111 |11 11111111
EP O 378 5&3%’% ﬁiﬁ“'ﬂ‘é}@@%"%‘*ﬁ'{?ﬁ""325‘“%“9""%‘“‘%5 er '1’°'"‘°'w R 6 worin Rle
und R17_1 die in Anspruch 1 angegebene Bedeutung besitzen; 15

(A1) ? = RlL:R& Rs = R-, pr _ﬁ = a-Rlil: P-CI3, worin iner der Reste
Ry und RFt H, F, Ca, Br ode Caj? edeutet und der andere zusamen mit
el nem der Rests R> und R2 esifie zygite Bin- dung zw schen C5 und CB bil det
und Rli ol und der andere dgqr Rest'e Rb-Y und RS- zusamengenonmmen fir
- CHr CH2- C(R3(11) =CH odor R31)=CH mit Rs,1 df® ch C-Ce Al kyl oxy,
-0-#, wsnn 4 gege- benenf m C1-C4 A kyl substitulert |st, odor
-N(R8 J(Ri..) mt R2 glg 3 Alkyli und R 4 gleich d-Cs Al kyl oder #
odor worin die Rest. R 24dnd RFt unter Bildung eines heterocyclischen R ngs
aus der Gruppe Pyrrolidin, Piperidin, Mrpholin und Piperazin cyclislert
sind, stehen odor (A-I1l1) RS = RG4R Rs = R':. R und R10 = a-R1104 p-CH8,
WwWori n efoner duwerin RedndhRERedie infgsaruch ] angegebene Bedeutung besitzen und

R34 fiir Cl oder Br steht,

dadurch gekennzeichnet, dak man einen geschiltzten Aldehyd der Formel (I1I) gem&R Anspruch 1 mit ei-

nem Amid der Forme! Metall-N-(Rq),, worin Metall fiir Lithium, Natrium, Kallium oder Magnesium steht,

und Ry=H, C;_g Alkyl oder -Si(Rz)s mit R, gleich C{-Cg Alkyl, in Gegenwart einer Verbindung der Formel

35 CHy(R21-1)2, worin Ry die zuvor angegebens Bedeutung besitzt, in BerGhrung bringt.

10. Verfahren nach Anspruch 9, dadurch gekennzeichnet, da das Amid aus Lithiumdiisopropylamid, Lithi-
umdiethylamid, Lithiumpiperidid und Lithiumdicyclohexylamid ausgew&hit ist.

\ort ¢ M. Verfahren nach Anspruch 9, dadurch gekennzeichnet, daf das Amid aus Lithiumdiisopropylamid besteht.

12. Verfahren nach einem der Anspriiche 9 bis 11, dadurch gekennzeichnet, daR <3 Aquivalente der starken

Base verwendet werden.
& 13. Verfahren nach einem der Anspriiche 9 bis 12, dadurch gekennzeichnet, daB Ryq4 fiir Br steht.
~ 44. Verfahren nach einem der Anspriiche 9 bis 13, dadurch gekennzeichnet, daB ihm die Herstellung des ge-
schiitzten Aldehyds (Ilf) nach einem Verfahren gem&® der Anspriiche 1 bis 8 vorgeschaltet ist.
50 1S. Geschﬁtzter Aldehyd der Formel:
85

15
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H F. G, Br oder CH3 bedeutet und der andere zusammen mit einemder Reste
R&43 und R& sine zweite 25 Bi aelunymischen -C6 und Co bidet, und R10 8
und der andere der Reste R 3 und R 4zusanmengenom nen

-CH CH2-C(z-R's(pO-R 4)-CHT, worin elner der Rest. R34 und R3 H darstelit
und der andere OH oder OR34 mt R&wngl eich Cl1-Ce Al kyl, -CHz* oder
-SI(R3)2(R34), mt Rl 7 und R34 gliei chokyh yoder 4, odor R 4 und R3.

zusafmen - O CH C(CH3) x-CHr O oder |- (QH),1-0 nmit N, = 2 oder 3 bedeuten
und 30 s (C1) RIARGR A8, worin siner gggyRests RL,-, und
R114 zusammen mt R esine z\e ung zwi schen C9 und Cll bi | det und der

andere der Rests R, -81

deutet; (CI1l) R, =a-Hp-O, wrin
pOzusarmen m t R5|n p-

Xijd zw schen Ce und Cl1 bi I-det; oder (C-IIl) RO
= Hund RI, - O CHr C( CH3) 2-O, -O(CH 2)-O mt N2 = 2 oder 3, oder
a-R114 ®- R114, worin eRqer der Rests R11_3und R11"4 fr H steht und der
andere H, OH, oder OR114 mi tRR114 gleich Cl1-CB Al kyl, -CHr- odor
-Si-(R114)2(R11_7), worin R11- und R11 7 fr Cl1 .oder $ stehen, bedeutet.

16. Geschtzter Al de h An ruch 15 7.1 for Trimethylsilyl
steht. 17. Ge¥efy 'T)fgg‘r‘“ °d'b‘m? Wé'cﬁ'l‘gﬂﬁgeﬂmﬁ%q‘?"'i@]b(?ﬂ'ﬁ? "Anspruch 16, worin
(A-1) €ePner der I'-ﬁéé’t TR Rio=eRapt Bi{Hley wesln ejner deg R&’é‘? ReptilRep &y
Rests R6 1 unt §eede fﬂs%‘?ﬁ'ﬁﬂ“ﬂ\#’ andore zyspiamen fpibei W”Fﬁﬂ“ ind Re2gina rygite Big- o
Al kyl oxy odordunggwischgiifes Wqﬁ%b‘ﬁ'é Risrt 15 eg aripre deriResta Reyung Re-zguggppmengenommen
substit ui ert MesCHGibelRy JeGH ofera@h=CH-C(RsreiH- mit Bo-1 glgichCoFia Aliriony, P-4y worln & geopy
und R3 gnd Rupeperssimmia a—wm sbptituiers ist, oder -N(Bp@nf) it Fe-o plelol GieFayliviyad Ro-s
sijnem der Ansgieigh Gyite Alkg odsr ¢ odeyworiflieiRestriRs-» und Ry 4 unter Rildung inee hetprogyclisghgn Rings
Geschftzter /8uddengeunse Pyrridim&lpergisy Maxpholin endPiperazin cyslislert Bipd, sighen ¢deR1e = H: H,
20. Geschui ker Al‘@¥har Recflas-Ra 5 Fe-2iRen und RiofTrRip-¢ B-Chis: orin einer der Reste Re.s und Re4
7c- DI hydr oxy alhdy €cfir gdes CHy tpdeutet und decandery zusempasunitaingmiderReste Rp s ¥id|Re 4 eine zweite
7-tfi megshyl si $i94uwz,ve'ﬁch;qnwe umgi(Ce bildet, uqd,Rﬂg.,ugq der andere der Reste Rg 3 und Rs 4 Zusammengenom-

i - Tri hydr oxymenddsHT{eRs B ReGHroweringinpnder Rests Reg yng Reylit dareiglit undt derandeeetQiiy/ | i
| yl oxyet her oxtier OBy sBitRss gleich Cy-Cg Alkyl, ~-CHz-¢ oder -Si(Ry7)2(Rs-s), mit Ra7 und Ry ¢ gleich C,_4 oder ¢,
7a- Tr dhy dr ox yesetRasndiRE, zi€aininen eld-0H- QT Hs)£GH KB 0dér (GHL)R0-Omitl 1y2 edekd baddbutdn/ - t |
met hyl silyl o vedet her. 55 21. Verfahren nach einem der Ansprfiche | bis 14,
wori n d¥®r gescht AC4) BN TRyhyRis-£ WorinjeinerdesRasteRaaivad Ri-sensantiean mitiRs pindansiteBindindi s
20 defini ert ZwischehtC, ondlCytildet Lddided dntiére dér Reste R4 UindRy. 5 BRle®pt; Revendl| cat | ons
1. Proc6dd de pr dGdRis 8e-HB-QnwerindhzusammenowitRy@in@d=pbxid awiscien (G bid) C.Hbil@ti@der
OR17 1 10 (C-lIl) Rp = H und Ry = -O-CHz-C(CHg),-CH2-0-, -O-(CH,},,-@- mit N, = 2 oder 3, oder a-Ryy-a: B-
(rrn) Ry14. Worin einer der Reste Rqs_s und Ry4 fiir H steht und der andere H, OH, oder OR4_s mit Ry gleich

3 C+Cs Alkyl, -CHT¢ oder 'Si'(R11_3)2(R11_7), worin R11_Q und Ry47 fiirCy4 oder ] stehen, bedeutet.

16. Geschiitzter Aldehyd nach Anspruch 15, worin Ry7_4 fir Trimethylisilyl steht.

&4 17. Geschiitzter Aldehyd nach Anspruch 15 oder Anspruch 16, worin (A-l) einer der Reste Rg_y und Rg_, fiir

' H steht und Ry und der andere der Reste R 4 und Rs ;"zusammen filir -CH,~-CH,-C(R,.4)=CH- mit
R34 gleich C4-Cg Alkyloxy oder -O-¢, wobei ¢ gegebenenfalls mit einem C4-C, Alkyl substituiert ist, oder
{A-ll) der eine der Reste Rg_s und Rg.4 fiir H steht und R, 3 und Ry 4 zusammengefaft sind.

18. Geschiitzter Aldehyd nach einem der Anspriiche 15 bis 17, worin Ry = Ry1_1:Ry¢2 oder H:H.

45
19. Geschiitzter Aldehyd nach einem der Anspriiche 15 bis 18, worin Ry = H:H.
20. Geschiitzter Aldehyd nach Anspruch 15, namlich |
3,17a-Dihydroxyandrosta-3,4,9(11)-trien-17-carboxaldehyd-3-methyl-17-trimethylsilyloxydiethe
50 r ' _
3,3,170-Trihydroxyandrost-5-en-17p-carboxaldehyd-3,3-ethylenketal-17-trimethylsilyloxyether
oder
3,3,17a-Trihydroxyandrosta-5,9(11)-dien-17 p-carboxaldehyd-3,3-ethylenketal-17-trimethylsilylo
xyether.
55

21. Verfahren nach einem der Anspriiche 1 bis 14, worin der geschiitzte Aldehyd (ili) entsprechend einem
der Anspriiche 15 bis 20 definiert ist.
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15 dans laquelle Rio eot:un dgroup. tt eun do Rdncs , eat RI" arprecsnte
-Hot |'aunre repruaentd, -H,. -CH3 BRO37843BR17-1 oat un groupo
-SI-(R17..02(R1743) 0O R 7.42 ot R 1-3 sont dos groupos alkyle en C1L A C4

ou ph6- nyRrélendfcatipns consi str 20 (1) A fair olnyer une cyanhydbnne
prlthg6 de formule (11) C4 25 *OR 7-1
96~"~~~~~ ~t:~-Procédé dibradaction d'acHidaRydb piciegs delforinie L sont tel s quo Miinis

ci ™etsaus, on contact avec; au noins un 6quival ent d' hy- drure d un agent
r~duct esir on prhaeone d'un 6thor ot (2) A hydrolyser |e n6lange,

réactionnol do 1'6tape (1). 3B8H@ Proc6d6 suivant |a revendicatlon 1, dans
| equel |'agent r6ducteur est n hy @R ?? d alumnium 3 Prochd6 sulvant |la
revendi cation 1, dans |oqu agént 6duct eur est choi'si entre |'hydrure
de dil sobuty- lalumnlu ) 8]§e lithiumet d alumnium 1" hydrure
de sodi®m et de bis(2-nb y) al umi ni um 40 (IIR) |' hydrure do
lithiumet de trl-tertiof um nium 4. Procedb suivant |la
revendhcation 1, dans | egdael |"agent reducteur est |'hydrure de

di i sobutyl alum nium 5. $£rock b suivant |'une quel conque des revendi cations
pr 6eodept es, dans |aquel on utilise 1,2 A 2,0 equi- valents d' agent

r6duct eir. 6.4 g;,%ﬁmwﬁx am._s%ﬂg%mn&uﬁ R m&cﬁ&'r%?éreméseme

prechentes K Eﬁ% ol si re € tetrahydrofuranne
| ether, I"thef ,_,f@m)gto@peekp(ﬂ%@rt QUL Yok RS bonflfes oifled BARSends Suphe-
ethers. 7. Pr ShHsi@Nt une conque des revendi cations pr606 nt es,

dans | eguel m&yﬁgnﬁ,ggyag@gmél pugggpdeformulewec un aci ds aqueux. 8.

Prggedb SU|vant 'a revendi cation ans | equel racide est un acids
carboxylique. 9. Procedd de production d un 21-hal ogéno-st6rorde prot~g6
de formula (IV) 5s 17 : 1 1174,1111111111171111111 111111 ~* C L M S
* EPO 378 563 Bl r- R2.-1 =0 (§ 10 dans laqudlle R1l et R17.1 sont
tels gws dMinis dans la regv ndlta 7of 1; at R11211 represente C ou Br;

Ri6 (I1)

dans laquelle Ry et Ry7_s sont tels que définis ci-dessus, en oontact avec au moins un équivalent d'hy-
drure d'un agent réducteur en présence d'un éther et
{2) a hydrolyser le mélange réactionnel de I'étape (1).

Procédé suivant ia revendication 1, dans fequel I"agent réducteur est un hydrure d’aluminium.

3. Procédé suivant la revendication 1, dans lequel 'agent réducteur est choisi entre I'hydrure de diisobuty-
laluminium, Phydrure de lithium et d’aluminium, ’hydrure de sodium et de bis(2-méthoxyéthoxy)aluminium
gw 40 et I'hydrure de lithium et de tri-tertiobutoxyaluminium.

-

4. Procédé suivantla revendication 1, dans lequel 'agent réducteur est 'hydrure de diisobutylaluminium.

Procédé suivant 'une quelconque des revendications précédentes, dans leque! on utilise 1,2 & 2,0 équi-
valents d’agent réducteur. '

6. Procédé suivant I'une quelconque des revendications précédentes, dans lequel I'éther est cholisi entre le
tétrahydrofuranne, I'éther, I'éther de méthyle et de tertiobutyle et des mélanges de ces éthers.

7. Procédé suivant 'une quelconque des revendications précédentes, dans lequel 'hydrolyse est conduite
50 avec un acide aqueux.

8. Procédé suivant la revendication 7, dans lequel I'acide est un acide carboxylique.

9. Procédé de production d'un 21-halogéno-stéroide protégé de formule (IV)

17

* [+ L N S * :



- qul con5|sts A falre entrer un al déhyde protbg6 de fornule I'll tel quo
défini dans |la rovendication | on msn@mC un am de defornul e

Mai-N (Rl)206 Métal d6signe lo lithium le sodium |e potassium 15 ou
| e magnesl um et Rl represente-Hg un groups alkyle en C1 A Co ou -Si (R2)3 ob
R2 est un groups alkyle on Clj a 1-bn pr6sence d' un conpose de fornule
CH2(R21. 1) 2 dans | aquelle R2I -—-@at t 0] quo déflni ci- dessus. 10. Prowld
sutwant |a revendicatlon 94 dpns.-I'Cqpel | ' anide sat choisi entre le

di | sopropyl am dure de |i ) | e diethylam dyyye de [ithium le
derive de lithiumdu pipg Rg di cycdohoxyl amdure de [ithium 11.
Procede sulvant la reven 9, dans isqud |'"amdure eat |le

di | sopropyl am dure de Ii 2. Proc6d6 suivant uns-quel conque des
revendi cations 9 A 11, dans |oquel on uti | ise moins de 3 6quival ents as

de la W&ss forte. 13. Proc6d6 suivant |'uns quel conque des revendications 9
A 12, dans | dgtrdpauplioRiejet R F‘é’é@'ﬁﬂ%’ﬁ'“'si@ﬁs'aﬁ"eﬁdﬁ@“ aPlvant |' une quel conque
des revendi cat i offer1geprbsente ClouBriconprend | ' et ape pr6al abl e de prepa- ration
de I al dbhyde prawggg'smme Spiear up gl mmgaqa@mm 1 e e cfini a0 spprendipation
revendi cat i orf$n ponteckaveasy amide dedargiip BMG'Q' #9ne1a lithiumy, eysagiyum, le potassium

1 ,0R 1 -1 | oY le magnésium et R, mprésenteH ,_a,g&qy |
RL. et RL7.1%2&n# Co-&N Bréeanee diy qompese ggﬁg’i 23??&9&1‘1’8%!?‘!“8’!?%'—' Bhish que %ﬁy""
represent e RIS 2 Rs representb Ro 1:Ri 2 et RO represents a-R1101: - CHs,

00 | " un deyoRbl,cgds diant @ rd ﬁ%ﬁi 9 fandte uEII fide edtbholktbnird e gﬁgprlt pyRildlrS de ithium,

conj oi %emen hé dé'af1e & idGtb @GR re les
at\gnes tle(ﬁé,éﬁ%t idIgl%l et autre de %fml ° ﬁ;ﬁ;ﬂs conlj ol nterlrent

repr esen- ﬁD H&adéwmnghwpﬁnieaﬁﬂn ﬁﬁdeﬁ(eﬂ@mid)ree@l&dﬂimmpﬁrﬁdﬁké—@(hﬁ&ﬁl) CH- ob
Ra . est un ou al kyl oxy en C, A Ce, -0-, 00 * estfacultativenent

substitue By &cé‘ﬁ" spiyant [uae qusicangyedes fevandications &, dangleque) pry ytliseynolnp ded enuivalants
radi cales aky| Seladgsedortes c3 et R3% est un radical alkyle en C1L A C3 ou 4, ou

bl en les gpo lﬁwgnt Ieutn? E&IOPE (ijies%%nlidl%éo%s g 9% dLr%rIJEE& R, N 6%%%1{% o 55

het6rocycllque chor si I'ne

nor phol i NejsetprddiddSuRrit e quequdn&é\aég ereRncaﬁ&fs slm 3.9:{u%9!§reﬁﬁgl‘33§élpréml
groups Re- 3: Riodtditaidbihde ﬁ'&ﬁﬁé anvpdareme%um% & queldbhquédes 'rev&ﬂlcdlﬁ)ngeag

R8-4 rér6sente H, F, C, Br ou CH3 et autre, plis conjointonent avec

| " un de R&S. é«!démeprotémeﬁo@m 563 B1 R&4 forme une seconde liaison entre
les atonmes Cs et Cs, et Rlo-3 et |'autre de R'. et RP4,pris conjoin-
tementfrnent un group. - CHr CH2- C(c Ra4)(P—R4 CH- ob lun de RF" et R34
repr GS%pte Het | "autre

.,.0“17 1

16 (111)
“ R0 ]
Rg
Re
45
dans laquelle Rq et Ry7.4 sont tels que définis dans la revendication 1 ;
{A-l) Rg représente Rs.4:Rs.o, Rg représente Rq_1:Rs 5 et Ry représente a-R4g_¢:B-CHjs, ol I'un de
R4 et Rg 2 représente H, F, Cl, Br ou CHj et ['autre, conjointement avec {'un de Rs_4 et Rs_2, forme une
50 seconde liaison entre les atomes C5 et Cg, ot Ryg_, et 'autre de Rs_4 et Rs.,, pris conjointement, représen-

tent un groupe ~CHx-CHy-C(R3.1)=CH- ou -CH=CH-C(R;_)=CH- ot R34 est un groupe alkyloxy en C, 4
Ce, -O-¢ ol ¢ est facultativement substitué avec un radical alkyle en C; & C, ou -N(R3 2)(Rs.g) 0l Rz est
un radical alkyle en C, & C; et Ry ¢ est un radical alkyle en C, & C, ou ¢, ou blen les groupes R; ; et
R3¢ sont cyclisés pour former un noyau hétérocyclique choisi entre les noyaux de pyrrolidine pipéridine,
55 morpholine et pipérazine ; ou
(A-Il} Rg est un groupe Rs 3:Rs 4, Re est un groupe Rg 3:Rg 4 et Ry est un groupe a-Rqg3: 8-CHa,
ou 'un de Rg_3 et Rg4 représente H, F, Cl, Br ou CH; et l'autre, pris conjointement avec I'un de R 5 et

18
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repr6sente OH ou un group. OR3 dans |equel, K R>3 representb un radical alkyle
en C, AGCs, -CH$ ou - SI(Ra-7)2( REPG@N%BBB? et R3, representent un group.
alkyle en C1 a C4 ou, Qu bien R3 et R34 pris conjointenent horment un

gr oup. - O CH2g Gl dthhébd ide Rt & £, P8y, BIR A et (AutieAd EROprisconjln-
(C1) RIL estzfuﬁ.afomw ;i %ga'aal?f 0 eﬁroﬁrﬁ s i yeith ot
pri sconj oi nt egERL: 29T oF e ¥ eda?:?fé% ne,gﬁi.{a?a;dyﬁ%n 8] #6ETHA of!

CIM—tt I aut r&%@ﬁ g‘{l .‘ r{tun mu un group
(E?S st ClEL ou_bi ¥ ?‘b’iﬁ:ﬁ . Pcég ?(gm tg?g : est}% r&o&%s(cﬁz)}?”es

vale
:aoR?fif C(Rillila)f(:&? W “‘l§1 4?8'%'3 aeﬁ&nd ‘R”w cg'? r e repr esent e H
:‘;»Rg{e zfé %m 0:[1!]? glﬁlavé?:llié éﬁ'tﬂyagjenﬁ I@

OH ou un grouf©®
- CHT* ow 15 represent t un radi cal

alkyle en c1 ¥ uf ,g 06, I hzao_r.@,v bi B2 1alva-
dans | equel Rl}% Eg e:ﬁv)’ enﬁlotﬂegﬂygﬁ Y a?xﬁtg:éh‘c & gaﬁ@'%@ou
suivant |a r ey étﬁé{ﬁ&gél Qlﬂﬁdéﬂ'h @i@[}% | equel

(A—I) " un de etRlolet
| " autre®des gr oﬂi é"g&férﬂ "'Rr "T-gerp%%'ﬁéﬁgtgﬁf@ﬁﬁgﬂneﬁ? eﬂ%}%arljoup

- CH2- CHx- Co& Al)!éhﬁd‘ prétéhs Bavant 18 Felverididatdh 98] Behs Mqbief ROX ¥st yrduge thm&hyisiyle.- 04, ob 0
est facultativenent substitu6 avec un radical alkyle en C1 A C4; ou bien
(A-11) | Pun7.dsidéRgde pratégé Suiviant ie pavereiisatioh 15-hu I tevdr8ication 16@ahs lsgyet consi d6r 6s
ensenbl g 25  18. (AN Idetesdeupss®e 5eiRes on quastion feprésentyikidt Bon glieutegdles groupes Rs-4 et
rgyendi cat i ONRglférmentbanjoindament,uncyenupe - -CRE-CHEG(Rs {FFCHy pidBiocesiRih frouperikylogy en (@1 BChH,
19. Al d6hyde pu-0ti o estifavidtativernéntisubstitiid@veran cadical dige erctrQii aetiienons 15 A 18,
dans |equel RI6 r(apl)ﬁmeIaReaéﬂMreﬁesenﬁll-umetRu.eqrﬁgﬁﬂ#mswamnbha

revendi cation 15, qui eat 30 le 17-trinmethylsllyloxy-diether

3- met hybs qU& Aldéhgde)pratéadisiyant Ué@?&'l'?éﬁ"@ﬂ%’? 5’533""‘:9“@‘(3!‘!‘3)15?” »[Ans 'ﬂ’ﬂﬁ‘%’aﬁa un groupe
boxal déhyde, RuaRuepPiHE: hyl silyl oxyet her du 3 3- et hyl bnecetal do

3,3, 17 -tri t-5- 1/P-¢c
22t ot Rt 5 i R Lo U et e esono s
3,3, 17a- tr'zbyﬂn%u@mé&%t.ﬁanaa%&;h}cﬁbhasq&zst- car boxal déhyde. 21. Proced6

sui vant 3 une_ quel g @RgIHBIHSIoyEIERIAFS HEhyliQidZe b, 1Pu-difydrodaRdiost=eais /(1) riand- tiphuyi e
proteg6 (I11) p&akery&®, que dMini dans | une quel conque des revendications

15 A 20. 40 45 5@ fFariméhylsilyloxysinbd 4l Blslsthyfedeckthl de 3,3,170-trihydroxyandrost-5-8ne-17p-car-
“ boxaldéhyde ou

le 17-triméthyisilyloxyéther du 3,3-éthyldnecétal de 3,3,17a-trihydroxyandrosta-5,9(11)diéne-178-
35 carboxaldéhyde.

21. Procédé suivant 'une quelconque des revendications 1 & 14, dans lequel I'aldéhyde protégé (i) est tel
que défini dans I'une quelconque des revendications 15 a 20.

\54 40 -
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