Ty

1 STERCIDS W TH A 17- SPI ROVETHYLENE LACTONE OR LACTOL GROUP The
|nventlon relates to steroids with a 17-spironethy- |ene |actone or |actol
group, to their preparation, to a pharmaceutical conmposition conprising the
sanme, and to their use for the manufacture of a contraceptive. St er oi ds
With a 17-spironet hyl ene | actone group are known in the art, i.e. as
di scl osed in EP-A-558,416. Such steroids may have various hornonal
activities, which can be assessed by their binding affinity to various
receptors. ,Receptor binding studies have been perforned for the
17-spironet hyl ene .|l actone steroids of HBP-A-558, 416 to denonstrate their
hornmonal activity. These steroids show remarkabl e anti gl ucocorticoid and
anti progestogenic activity, and may further have andro- genic or
ant i - andr ogR#FRROIRS | REEH A | 37T P IROMETINIENR - LACTONE OB JeACTQRL  GROUR oS
further been denonstrated that these steroids have a higher binding
affinity to the glucocorticoid receptor than to the progesterone recep-
tor, and because of such dissociation, they are clained to be selective
anti gl ucocarnhe cbnventtoni gelates tbemied-mdis W-th b 81 7-sp hwometthy- nenber ed
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Steroids with a 17-spiromethylene lactone group are
known in the art, i.e. as disclosed in EP-A-558,416.
Such steroids may have various hormonal activities,
which can be assessed by their binding affinity to
various receptors. Receptor binding studies have been
pérformed for the 17-spiromethylene lactone steroids of
EP~-A-558,416 to demonstrate their hormonal activity.
-These steroids show remarkable antiglucocorticoid and
antiprogestogenic activity, and may further have andro-
genic or anti-androgenic, glucocorticoid and progesto-
genic properties. It has further been demonstrated that
these steroids have a higher binding affinity to the
"glucocorticoid receptor than to the progesterone recep-
tor, and because of such dissociation, they are claimed
to be selective antiglucocorticoid steroids.

Thé steroids of EP-A-558,416 have a S-membered 17-spiro-
‘methylene lactone group, the methylene group of which is
juxtapositioned to the carbonyi group.

For -mény therapeutic applications the glucocorticoid

activity, however, is considered to be an unwanted side-

effect, and there is then a need for steroids which are

selective progestogenic compounds with weak or non-
- existing glucocorticoid activity. '

Novel 17-spiromethylene lactone and lactol steroids have
now been found possessing the desired receptor affinity,
hich is relatively higher for . the progesterone receptor
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Selectlve progestogenlc compounds with weak or non- existing glucocorticoid
activify. Novel . 17-spi ronet hyl ene | actone and | actol steroids have now
been found possessing the desired receptor affinity, which is relatively

hi gher for the progesterone receptor 2
than for the glucocorticoid receptor. ese novel steroids thus show

sel ective progesterone receptor bind- ing affinity. Their progesterone
receptor binding affin- ity, noreover, is nuch higher than that of known
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i nvention are ste | romet actone or Iactd? group,
haV|ng f or rANQVR, whereas the methy ene group is serayated from the

carbonyl (or hydroxymethylene) group by two or three
methylene groups. Surprisingly, these steroids show very
weak glucocorticoid or antiglucocorticoid activity.

Because of their selectivity, the steroids of the
present invention are very suitable for therapeutic use
and side-effects resulting from (anti)glucocorticoid
activity are believed to be substantially reduced.

The steroids of the invention are steroids with a 17-
spiromethylene lactone or lactol group, having formula I

wherein R, is O, (H,H), (H,OR), or NOR, R being selected
 from H, (1-6C) alkyl and (1-6C) acyl; Rz is H, (1-60C)
alkyl optionally - substituted by a halogen, (2-6C)
alkenyl optionally substituted by a halogen, (2-6C)
alkynyl optionally substituted by a halogenh, or halogen;
Ry' is H; or Ry' together with R, is a (1-6C) alkylidene
group or (2-6C) alkenylidene group; or Ry' together with

-



wherein Rerr] is O, (H H, (H OR), or NOR, R being selected fron1H (1 6C)
(1-6C) acyl: Rlerr] is H (1-6C alkyl optional This
(2-60) aIkenyI optionally substituted by a halgg

al kynyl optionally substituted by a hal ogen, or hal ogen

-alskyl and
a hal ogen,

‘together with R err]

group; or

al kyl; X iBz(

Is a (1-6C) al kyl gdene group or (2-6C) aIkenyI|

ﬁwﬂ

ene

R2' together with 3 Rlerr] is
a bond; Rerr] is H if not together with Rerr] a bond; Rerr] is (1-6C

[ ar bPnBar Ry dis [ G diff Inditertqgetliar avith Rs' 2aoboBd;which i s
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4-5 bond.

10 being a double bond.

17-Spiromethylene lactone steroids of formula I wherein
Ry is 0, R; is methyl, Y is O, and n is 2, are pre-
ferred.

More preferred are the steroids of formula I wherein R;

is 0, Ry is (1-6C) alkyl or (2~6C) alkynyl, Ry' and R
are H, Ry is methyl, Rg and Rg are hydrogen; X is
(CH3)3, Y is O, and the dotted }ine in the D-ring_is not
a bond and the other dotted line is a 4-5 bond.

The most preferred 17-spiromethylene lactone steroids
are (118, 17a) ~11-ethyl-17-hydroxy-3-oxo~19-norchola-
4,20-dien-24-0ic acid é-lactone and (118,17a)-17-<hydr-
oxy-3-oxo~11-(1-propynyl)-19-norchola-4,20-dien~-24-oic
acid é-lactone.

The term (1-6C) 'alky]. means a branched or unbranched
alkyl group having 1-6 carbon atoms, such as methyl,
ethyl, propyl, isopropyl, butyl, tert-butyl, pentyl,
hexyl and the like. Preferred alkyl groups have 1-4 car-
bon atoms, and most preferred alkyl groups are ethyl and
methyl.

The term (2-6C) alkenyl means a branched or unbranched
alkenyl group having at least one double bond and 2-6

] |



‘The nost preferred 17-spiromethyl ene |actone steroids are
(1[ert],17[err])-11-ethyl - 17- hydr oxy- 3- oxo- 19- nor ohol a- 4, 20-di en-24-o0i c
acid [err]-Iactone and (11f[err], 17[err])-17-hydr- oxy-3-o0oxo-11-

(1- propynyl)-19-norchol a-4, 20-di en-24-0i¢c acid [err]-lactone. The term
"(1-6C) alkyl means a branched or unbrapched al kyl group having 1-6 carbon
atons, such as nethyl, ethyl, propyl, 1sopropyl, butyl, tert-butyl, pentyl,
hexyl and the like. Preferred al kyl groups have 1-4 car- bon atons, and
nmost pref ecacbon! Kbmgl 0 Hrefarred lkail Ngidyps hake 2N ¢2rbén al kenyl

nmeans a b;@g&ﬂgd Qﬁcﬂngéaﬂfﬂff §A§e£¥%péﬁ§&”3 havi ng at | east one double
- ’ ° 4

bond and carbon atons. Preferred
al kenyl groups have 2-4 carbon atons, such as vinyl and propenyl. The

term (2- 6@nal kup! ¢ % 3&19{ heﬂeé’r‘is Ubeﬁﬂﬁ%ﬁdaHW NYhbBaRERedavi ng at

| east one trlple bond carbon atons. Preferred aIkynyI groups have
2-4 car borRHEYREL BXIMBI é&a‘ﬁr’@ Aty Aepskn@ne FoiRls| bondTiand 1276, (1-60)

al kyl i denecaribomsatamshr Prefetred am&ymr@ﬁbabkyhaéen@-gr otigrBeni ng 1-6
br et or'rod TEoN: rorapeted’ s¥e' PERVRYL MRS LRI MeER: oans & branched or
unbranched al kenyl i dene group having 2-6 carbon atons. Preferred
al kenyl i defige O @ NaV-gcy' CA1RPIiIALAES: mlanls 2SaCl RRAWCHERNE or
unbranched alkylidene group having 1-6 carbon atoms.
Preferred alkylidene groups have 1-4 carbon atoms, and
most preferred is methylene.

The term (2~-6C) alkenylidene means a branched or
unbranched alkenylidene group having 2-6 carbon atoms.
Preferred alkenylidene groups have 2-4 carbon atoms,
such as ethenylidene. -

The term (1-6C) acyl meéns an acyl group derived from an
aliphatic carboxylic acid having 1-6 carbon atoms.
Acetyl is the most preferred acyl group.

The term halogen means fluorine, chlorine, bromine or
iodine. Chlorine is the preferred halogen.

The progestogenic steroids of this invention can be used
as contraceptives in mammals, more particﬁlarly in
humans and animals. The compounds of the invention
further exhibit the usual activities known for progesto-
gens. For example, they can be used to treat menstrual
disorders and hormone-dependent tumors and they can also
be applied in hormone replacement therapy.

The steroids of formula I may be prepared according to
well-known methods described 'and used for the prepara-
tion of analogous steroids.



"The teym (1-6C) acyl neans an acyl group derived froman aliphatic
~carboxylic acid having 1-6 carbon atons. Acetyl is the nost preferred acyl
group. The term hal ogen neans fluorine, chlorine, brom ne or iodine.
Chlorine is the preferred hal ogen. The progestogenic steroids of this
“invention can be used as contracepti ve% in mammal s, nore particularly in
humans and ani mal s. The conpounds of the invention further exhibit the
usual activities known for progesto- gens. For exanple, they can be used to
treat mensArsualitadbier gaocemsl fmr nbhe- geepatatiidninef ssend tdfeytihan al so be
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A suitable process for the preparation of sonme of the steroids of 'the
I nvention is characterized in that a conpound havi mula 1|1
[err] ’<m) )

wherein

Ry' is O,(H,H) or (H,OR), R being selected from H,
(1-6C) alkyl and (1-6C) acyl, or a protected derivative
thereof; R, is H, (1-6C) alkyl optionally substituted by
a halogen, (2-6C) alkenyl optionally substituted by a
halogen, (2~6C) alkynyl optionally substituted by a
halogen, or halogen; Ry' is H; or Ry' together with R,
is a_ (1-6C) alkylidene group or a (2-6C) alkenylidene
group; or Ry' together with Ry is a bond; Ry is H if not
together with R,' a bond; Ry is (1-6C) alkyl; one of Rg
and Rg is hydrogen and the other is hydx"ogen or (1-6C)
alkyl; each Q is independently selected from H, (1-6C)
alkyl and (7-9C) phenylalkyl, the phenyl group of which
may be substituted with (1-6C) alkyl, (1-6C) alkoxy,
hydroxy or halogen; n is 2 or 3; and the dotted lines
indicate optional bonds, at least one of bonds 4-5, 5-6,
5-10, and 9-10 being a double bond, is converted by
oxidation into a steroid with a 17-spiromethylene
lactone group and optionally reduced into a compound
wherein Y is ' (H,OH), after which the optionally present
protective group is removed, optionally followed by
conversion of a compound with formula I wherein Ry is O
into the corresponding compound wherein R; is NOR, R
having the meaning as previously defined.



“wherein Rerr]" is O(HH or (HOR, R being selected fromH, (1-6C) alkyl
-and (I 6C) acyl, or a protected derivative thereof; Rerr] is H (1-6C

al kyl optionally substituted by a hal ogen, (2-6C) al kenyl optionally
substituted by a hal ogen, (2-6C) al kynyl optionally substituted by a

“hal ogen, or halogen; Rerr] is H or err] together with R2 is a (1-6C)
al kyl i dene group or a (2-6C) al kenylideéne group; or R err] together with R3
is a bond; Rerr] is Hif not together with Rerr] a bond; Rerr] is
(1-6C) alkyl; one of R5 and R6 is hydrogen and the other is hydrogen or

(1-60) al ky, S n o) 6 and
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formula | e| n Ffi.é F%hh&g&% e@éo;'frespon I ng con‘%‘%ﬁggﬁerel n

R[err] |s hmowmp@tme n@&nlwlasaprm%yaw'rﬁre rotected

?7 ’ t t ﬁ)iﬂﬂ@&%él fﬁ&r?eeithﬁﬁiéedvﬁrﬂm tMP%siess-gpndl {lg .

eto ster se keto steroid e P apcor | g o] e
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silyloxy-1-hexene, followed by removal of the protective
group(s), the compounds of formula II are obtained.

Suitable protective groups are known in the art, for
example from T.W. Green: Protective Groups in Organic
Synthesis (Wiley, NY, 1981).

The addition can also be performed with a suitably
protected carboxylic acid derivative, e.g. an ortho |
ester, or with a suitably protected aldehyde, e.g. 4,5-
dihydro-2-(3'-lithiobut-3t-en-1'~-yl)~-1,3~-dioxolane
Alternatively, a metal salt of the alcohol can be used,
i.e. no protecting group is present. For the
metallation, metals or techniques known in metallo-
organic chemistry (e.g. 1lithium, =2zinc, magnesium,
cerium) can be employed, and also aromatic radical~-anion
compounds such as lithium naphthalenide. The activating
group on the alkene moiety can be a halogen, like
bromine or iodine, or a substituted metal, such as a
trialkyltin or trialkylgermanium group.

The intermediates thus obtained can also be prepared by
tr‘eatméht' of suitably protected derivatives of 17,24-di-
hydroxy-21-norcholan-20-ones with reagents capable of
converting a carbonyl group to an alkylidene group, such
as Wittig, Horner, Peterson or similar reagents known in
the art. '



‘Steroigds Vol. 30, 481-510 (1977). Wen said 17-keto steroids are condensed
wixth a 2-nmetall ated-5-(protected hydroxy)-Il-pentene or with a

2-met al | at ed- 6- (protected hydroxy)-I-hexene, for exanple with
2-lithio-5-tri- nethylsilyloxy-1-pentene or with 2-lithio-6-trimethyl-
silyl oxy-1- hexene, followed by reanaI7of the protective group(s), the
conpounds of formula Il are obtained. Suitable protective groups are
known in the art, for exanple fromT.W Geen: Protective Goups in Organic
Synt hesi s AV |psoteéting8iroup Ther adtie i 3Aketonal sfuriet jon f eyeddeni th a
Sultanly PRELEGIS] LBLOYILFAELYSUSAYS gl 3)200HHANSTL O With

a suitably protecte
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I odine, or a su I tut such as a i al Kyl"ger mani um
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art. In many cases, the order in whichAshpr peactingsgaeep peer t he

3-ketone f gB%b&“cSKCLECcﬁSBQQES 8.§.PBkihgvi8h! ¥£ua%hYl, 2424801 to
’ a actone can be performed prior to the deprotection of
the carbonyl group at C-3. Lactols (Y is H,O0H) can be

prepared by partial oxidation of a compound of formula

II by methods known in the art, for instance by a Swern

oxidation.

The Fxpression protected OH means a hydroxy group which
is protected in a manner as usual for the protection of
hydroxy groups; for example as disclosed in T.W. Green.

Alternatively the steroids of the invention can be
prepared from compounds of formula III




‘acetal , 2,2-dinethyl propane-1,3-diyl acetal, or acyclic acetals or

thi oacetals. Simlar groups known in the art, e.g. enol ethers, can also be
enpl oyed. The conversion of 17, 24-di hydroxychol anes to the [err] | actones
of the invention or of 17,25-di hydroxy-26,27- dinorchol estanes to [err]
1Tactones of the invention can be carrigd out with oxidizing agents known in
the art, such as chrom unm(VI)oxide and silver carbonate on celite. In many
cases, the order in which the reactions are per- forned can be changed,

e.g. oxi dawheredmn aR{Y, 2Rdi Rato RjlaRgoneRgan Ry peif @,nmeangrithe to t he
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of fornul afollowed by alkylation, phenylalkylation, acylation,
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formul a || anS@r Feduced, inkp gPodb‘,ng%“‘l‘gn\‘l’Qﬁr&}rbbeajs%- A& Q%) zed

ring-cl ?)lsua]éct:em-t Mg&cﬁ etllsédloptﬁ.bnan}- s:m'dsrlaim fm_l-@w::ﬁmelt 0geogpO i

optionally . tion, nyl.a | yl.atjon

hal ogenat i gﬁg‘&k)’%\lggna ﬁ%@%lgmﬁqﬂy%ghg%r 8%"'%35%&?‘. %ﬁf a éo?npiound
with formula I wherein R; is O into the corresponding
compound wherein R; is NOR, as previously defined.

The base-catalyzed ring closure can be performed by
sodium or potassium bis(trimethylsilyl)amide or other
hindered bases, preferably in an ether, for instance
tetrahydrofuran and the like.

Compounds of formula III can be prepared f‘_rom the
corresponding 17-keto steroids. These 17-keto steroids
can be obtained according to the process as disclosed in
DE 2,805,490, or as described in Van den Broek et al.,
Steroids Vol. 30, 481-510 (1977). When said 17-keto
steroids are condensed with a 2-metallated-3,3-dialkoxy-
l-propene or a 2-metallated-4,4-dialkoxy-1-butene, for
instance with 2-lithio-3,3-diethoxy-l1-propene or 2-
lithio-4,4-diethoxy-1-butene, followed by selective
hydrolysis of the dialkyl acetal function and reduction
of the resulting aldehyde, 17-hydroxy-20-(hydroxy-
methyl)pregn-20-ene or 17,23-dihydroxy-19,24-dinorchol-
20-ene derivatives can be prepared. The 17-hydroxy group
is esterified into a suitable ester, for instance an
acetate. The other hydroxy group is converted to a
leaving group, for -example by reaction with tosyl
chloride to give a tosylate.



‘and/ or ,reduced into a conpound wherein Y is (H OH), after which the
optionally present protective group is renoved, optionally foll owed by
conversion of a conmpound with forrmula |I wherein Rlerr] is O into the
correspondi ng conpound wherein R err] is NOR as previously defined. The
‘base-catal yzed ring closure can be perfornmed by sodi um-or potassium

bi s(trinmethylsilyl)am de or other hindéred bases, preferably in an ether,
for instance tetrahydrofuran and the |ike. Compounds of fornula Il can
be prepar esufitabileheleaviagpogtoups 17aket kredwat Oiids. theesart)- k€oe st eroi ds
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met hyl ) pregn- 20-ene or 17, 23-di hydroxy-19, 24-dinorchol- 20-ene
derivatives can be prepared The 17-hydroxy group is esterified into a
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groups ar e‘t’&ﬁéﬂﬁrPﬁytlﬁglgFt (1P®) exapptaseivm Rlﬁ(t’FéPﬁ§§}Y é&ﬁr? Apor ary
Organi ¢ Chamidér gin@2tHeedlikeW B. Saunders Conpany, 1979, see pages 158 and
170-172). Preferred | eaving groups are hal ogens such as chlorine, brom ne,

and todine, and in particular the
For the preparation of 2-metallated dialkoxyalkenes from

alkenylhalogenides, metals or techniques known in
metallo-organic chemistry, such as alkyllithium and the
ones described above, can be used. As protecting group
for the aldehyde function above-mentioned cyclic acetals
and acyclic acetals, e.g. dimethyl acetals or
thiocacetals, or similar groups known in the art, can be
employed. Again, the activating group on the alkene
moiety can be an halogen, like bromine or iodine, or a
substituted metal, such as a trialkyltin or trialkyl-
germanium group.

The synthesis of 17-hydroxy-20-(hydroxymethyl)pregn-20-
enes can also be achieved by addition of suitably
protected 2-metallo-2-propen-l-ols to estran-l17-ones,
followed by deprotection of the hydroxy group.

The conversion of 17-hydroxy-20-(hydroxymethyl)pregn-20-
enes to the corresponding 17-mono-acetates or 17-mono-
propionates can be accomplished using acidic catalysts,
e.g. pﬁosbhorus oxychloride or oxalic acid in trialkyl
orthoacetate or trialkyl orthopropionate.

Some of the lactones of this invention can also be
prepared by selective reduction of 17-hydroxychola-
20,22-dien-24~0ic acid § lactones. Alternatively, they
can be prepared by reductive dehalogenation of e.g. 21-,



tosyl oxy group. Al kyl ati on and phenyl al kyl ati on can be performed by .
nmet hods known in the art, for instance by using |ithiumdiisopropyl am de
(LDA) or potassiumbis(trimethylsilyl)- am de and the |iKke. For the
preparation of 2-netall ated di al koxyal kenes from al kenyl hal ogeni des, netal s
or techniques known in netallo-organi cighem stry, such as al kyllithiumand
t he ones descri bed above, can be used. As protecting group for the al dehyde
functi on above-nentioned cyclic acetals and acyclic acetals, e.g.

di met hyl 2@et #ivs 23rbxomoaderivativessofi [the gioxmer khaghonesy hemrt, can

be enpl oyeg éﬂ%‘l&goh'&e ragloviaat 'dfg s%qqaro Quiohh%hhﬁ'&% ARieplapredtde an
hal ogen, | brqoqm ™ ne or i odine, a_subst such as a
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17- hydr oxysifiQlayd processhinds) may e usadeso Cppoduice be lachtionesd by
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fol | owed by ection © ydr 0Xy" gr oup € conversi

17- hydr oxy chol¢-Rodener2dticarborydic2acidnés lagtonessor r espondi ng

17-mono- acghat e.l?a&foﬂe?s NBEOthd/ OWEIR fh Cédin bﬁl%CCHE)' b§3ﬁﬂré‘&' 'iH} acidic
catal ysts, écgpnghos hor us_oxychl oride or_ oxalic acid frialky

ort hoacet aft Ao Qf t Ao FBﬁWHﬁ&FXChSGEB'aﬁ'PHEIiﬁi%megroFWihls
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10° also be prepared from a 17—hydroxy-24-norchola-23 23-di~-
carboxylic acid, or from mono- or di-esters of such an
acid, or from 17-hydroxycholano-24-nitriles or a 23-
cyano-17-hydroxycholan-24-oic acid or esters thereof.
The € lactones can also be prepared by a similar proce-
dure from a 17-hydroxycholane-24-carboxylic acid or from
an ester of such an acid, or they can be prepared from a
17-hydroxycholane-24,24~dicarboxylic acid or from mono-
or di-esters of such an acid, or be prepared from 17-
hydroxycholane-24-carbonitriles - or from 24-cyano-17-

hydroxycholane-24-carboxylic acids or esters thereof.

The steroids of formula I wherein n=2 and Y is O can
also be prepared by oxidation of a hemiacetal (a lactol
of the invention) of the aldehyde analogues of the
compounds of formula II having a 24-oxo group.

The compounds of the invention may be administered
enterally or parenterally, and for humans preferably in
a daily dosage of 0,0001-10 mg per kg body weight. Mixed -
with pharmaceutically suitable auxiliaries, e.g. as
déscribed in the standard reference, Gennaro et al.,
Remington's Pharmaceutical Sciences (18th ed., Mack
Publishing Company, 1990, see especially Part 8: Pharma-
ceutical Preparations and Their Manufacture), the com-
pounds may be compressed into solid dosage units, such
as pills, tablets, or be processed into capsules or sup-



22- or ,23-bronop derivatives of the forner |actones, or by anal ogous renoval
of simlar substituents anenable to reduction, e.g.

[ (4- met hyl phenyl ) sul f onyl oxy] groups. Simlar procedures can be used to
produce e | actones by reduction of hal ogenated and/ or unsaturated

17- hydroxy- chol - 20- ene- 24- car boxylic id [err] lactones. The | actones of.
the invention can al so be prepared by |“actoni sation of a

17- hydr oxychol an-24-o0i ¢ acid, or by lactonisation of an ester of such an
acid (e.qg. pws:axca:uase. aBy butepins orof t phariateukyjtatiyer )suiltelean al so
be prepare chaql arhoxyl i d, or
frolrc:1 mlc))no-(1 -es ers 0 Béﬁgﬁéaﬁgécggﬁ, %%&ile& EQ ah i%jaecé

17- hydroxy&i@l’hrﬂﬁeﬁﬁrrﬁttwn ekn othe formc9gna- sPlwtdioney ERERANSAAI ¢ aci d

or esters fehRNeadion, T [a¥ rd dp¥dyy, n@sfca@ HavaegyRpared by a simlar
proce- dur from a, '17- aédroxychgl ane- 24 ?ﬁagﬁeyl I C CI d or froman ester of
such an aC| r Raking d982ge” Bpdtsred-Bro use of con-

17- hydroxyutwitamram addiitteeboucic asi £idlexrsgm aonorantsdl esliyet S of
such an ac a m 4- car

rom 24-oyansY PERGLEETEAR ehRT ke Mo OSKERDIRERS, T ML DD
The steroi @stfphm@m%hhemcqeztm »ad@i'eitanwbﬁgb doesr apti ed by
oxi dati on ghtertFeA it el AGAOtioh éPethavartive) compouhad dallyde

anal ogues g’Pthe compounds of formula Il having a 24-oxo group. The
conpounds J-nvent i on may be adm nistered enterally or parenterally,
and for huswitaklef ecabrjers awikh | yhdobagehef compoditi®nsy ean Kee body

wei ght . a ta Xi 2 e descri bed
in the st angq' 34 rggfegﬁférlce &é;en%aéégt élé Qk%élénﬂﬁ Ugﬁ'lgﬁ% ar rf%geiﬁ% cal

Sci ences ( févMese@and \the ﬂ’&lSvaI?IngU&ﬁ%ﬁ/ tl‘!%%)‘)fseVéSEQpéé‘l &it-part 8:
Phar ma- cegliedlamdumiday.ati ons and Their Manufacture),  the com pounds nmay
be conpressed into solid dosage units, such as pills, tablets, or be

processed into capsul es or sup-
The invention is further illustrated by the following

examples.
Example 1

(17a)-17-Hydroxy-3-6xo-19—norchola-4,20-dien-24-oic acia
§ lactone was prepared from 3-ethoxyestra-3,5-dien-17-
one as follows:

i) - A solution of 16.6 g of 2-bromo-5-trimethyl-
silyloxy-l—pentene in 280 ml of dry ether was cooled to
-78 °C, and 88 ml of a tert-butyllithium solution (1.7 M
in pentane) were added dropwise. After 15 min, 14.9 g of
the steroid mentioned above were added; the mixture was
then allowed to warm to 0 °C over a period of 2 h. Sub-
sequently, the reaction mixture was poured into a satu-
rated aqueous solution of ammonium chloride, which was
extracted three times with ether. The combined extracts
were washed with a solution of sodium hydrogencarbonate
and with brine, dried over sodium shlfate, and concen-
trated under reduced pressure to afford 23 g of the
desired (17a)-3-ethoxy-24-trimethylsilyloxy-19-norchola-



positories. By neans of pharnaceutically suitable |iquids the conpounds can
-al>so be applied as an injec- tion preparation in the formof a solution,
suspensi on, enulsion, or as a spray, e.g. a nasal spray. For maki ng dosage
units, e.g. tablets, the use of con- ventional additives such as fillers,
‘col orants, poly- nmeric binders and thahlike I's contenplated. In general any
phar maceutical |y acceptable additive I ch does not interfere with the
function of the active conpounds can be used. Suitable carriers with which
t he conpos3{spre~tahehel1adolni Mdeictl wageudmsddCcinsahest subsSeqgaehtul ose

deri va- tiggﬁgaggtﬁgﬁtlkﬁgthgg gk§iyigs ?Sreof used in suit- able

anounts. I nVén rated by the fol |l owi ng exanpl es.
Exanpl e 1 ii]17ah- splmfdonkpf3 23 @ 1of idre aherel prodneh-ba-ai mixcid [err]

Isglctfngnwg?upiéeaer Qéof rﬂﬂ&e&e@ﬁaﬂétaﬁa%ge qilerasfi?snoﬂyd@écmbk@ws i) - A
ut i

5-trimnmeth entene in 280 m of
dry ether ﬁﬁ%chﬁgeﬁtﬂﬁr g%eﬁﬂqg Qﬁ?QHr%ﬁ 9£Q¥N§)%ut§IFPFH|um
Sﬁlution (ﬁaﬁaﬁlaquﬂawyﬂublwtianadﬂedodﬁ&mmhyardﬁénﬁaﬂﬁbﬂéte ﬁéstg of
the steroi v r e
warmto O erﬂ 4§§§1§B§er|W§ S?éggﬁg g%% g%ﬁé %ﬁl f3§3?3§é m xture
was pour edpressuresaithe r zesddugucias %tnpsﬁdoftMmt{ime@I withe, which
was extracgegyi haRetateEs {ﬂ‘xé h cobihed EAGUES ede%t hafdned\ey gtiashed

with a solution of ium gencarbonate and with brine, dried over

sodlun1su|?§%§e'aﬂﬂlﬁgn9¥ﬁr F?g U8 8RIEAte cARA coneertrated updsry 23 g of
t he desir erledicdédr rgpesinwatd0X Thad- Fesidhdy wad yichrpnatographeda- to

afford 9.07 g of (17a)-17,24-dihydroxy-19-norchola-4,20-
dien-3-one.

iii) - To a cooled solution of 2.46 g of the diol
obtained in the previous step in a mixture of 35 ml of
acetone and 14 ml of water were added dropwise 6.8 ml of
an 8N solution of chromium trioxide in sulfuric aciad.
The reaction mixture was stirred at room temperature for
1 h; it was then poured into a saturated aqueous solu-
tion of sodium thiosulfate and the product was extracted
into ethyl acetate. :The extracts were washed succes-
sively with a saturated aqueous solution of sodium thio-
sulfate, a saturated aqueous solution of sodium
hydrogencarbonate, and brine. The solution was dried
over sodium sulfate and concentrated under reduced
pressure. Column chromatography of the residue afforded
0.66 g of the desired (17a) -17~-hydroxy-3-ox0-19-
norchola-4,20~dien~24-0ic acid &§ lactone. M.p. 207.8 °C;
{a)p2? = -25.5° (c = 1, chloroform).

Example 2
In a manner similar to Example 1 were prepared:

a) (17a) -13-Ethyl~-17-hydroxy-3-oxo-18,19-dinorchola-
4,20~dien-24-oic acid § lactone from 13-ethylgon-5-ene-



12 3,5, 20-trien-17-ol, which were used in the subsequent step w thout
further purification. ii) - A solution of 23 g of the above product in a

m x- ture of 460 m of acetone and 23 m of 6N hydrochloric acid was
stirred at roomtenperature for 1.5 h. A satu- rated aqueous sol ution of
"sodi um hydr ogencar bonate was t hen addeg-and t he acetone was renoved under
reduced pressure. The residue was extr éted three tines with ethyl acetate,
t he conbi ned extracts were washed with brine, dried over sodiumsulfate,

and concengr,ayediondercyceieed- I@l?isétﬁanghwlesd@tﬁl s Bhpomslew aphed to
afford 9. OZ iglg?aal 1;52% Q|3 dro B}nor hol 0- dien-3-one. iii)
| 224

- To a cool & lon o BFQIned In the previous step
in a nixture of 35 mM of acetone and 14 m of water were added dropw se 6.8

m of an BN)SQ',1%2‘9'170-?1?&%9?‘-‘1&\-%'!:8?&@&'-9—Sﬁbf-‘iﬁa'-?xo%m 1th€ 2lgract i on

mxture was . stirr erat u dired into a
saturat ed 946Bp84-9dcyacidf 03-3%5%‘% nf Fﬂ?‘o&&ﬂ“&it@yéﬁ&eﬁﬁé‘rp'lsdﬁﬁ'&‘ was

extracted Bpho-dibyle acgtpie. 3H@ ,2dethanedisle aoetal)suqegs- 23wely with
a saturateg,aq lo-sulfate, a saturated

I f d
aqueous sof ﬂtwgagggfo g%é?%n?Hfzsoaen8§385359§m and brine. The solution

was dried over sodium sul fate and concentrated under reduced pressure.

colum chrgyat oor 3a8, 47 2h?gf-ﬁ§h%ﬁgaiiﬂhggﬂgﬁ-§ﬁ -19Cnolrifiordesi red

(17[err])-1 hydr XYy- -ox | en- 0|c acl err]

| act one. Mip20zdiep—parpic [acdp = 525 3pekepe(c from chi(3ad) ol

Exanpl e 2 metRydeBREA8enierl, a7-Haoheanpkgciiver e3piapa~ethanediyl
acetal). M.p. 219 °C; [a]p?? = +11.9° (c = 1, chloro-
form).

d) (17a) -17-Hydroxy-11-methylene~3-oxo~19-norchola-
4,15,20-trien-24-0oic acid § lactone from 1l1ll-methylene-
estr-5,15~diene-3,17-dione cyclic 3-(1,2~ethanediyl
acetal). M.p. 168.5 °C; (a]p2? = +50.2° (c = 1, chloro-
form) . '

e) (118,17a)-17~Hydroxy-1il-methyl-19-norchola-4,20-dien-
24-oic acid § lactone from (118)~-11-methylestr-4-en-17-
one. M.p. 184.2 °C; [alp2® = +13.2° (c = 1, chloroform).

£f) (118,17a)~-11-Chloro-17~-hydroxy-3-oxo-19-norchola~
4,20-dien-24-oic acid § lactone from (118)-1l-chloro-
estr—5—éne—3,17-dione cyclic 3-(1,2-ethanediyl acetal).
M.p. 192.8 °C; [a]p20 = +61.2° (c = 1; chloroform).

g) (118,17a)-11-Ethenyl-17-hydroxy-3-oxo-19-norchola-
4,20~dien-24-0ic acid §é lactone from (11B)-11-
ethenyiésir-s-éne-s,17-dione cyclic 3-(1,2~-ethanediyl
acetal). M.p. 226 °C; [a]p?? = +45.2° (c = 1, chloro-
form).

h) (118,17a)-11~Ethynyl-17-hydroxy~-3-oxo-19~-norchola-
4,20-dien-24-oic acid § lactone from (11B8)-~1ll-ethynyl-



‘a) - ,(17[err])-13-Ethyl-17-hydroxy-3-o0xo0-18, 19-di norchol a-

-4,-20-di en-24-0ic acid [err] lactone from 13-ethyl gon-5-ene-

13 3,17-dione cyclic 3-(1,2-ethanediyl acetal). Mp. >250 C, [err] = -15.8
[err] (c =1, chloroform. b) '

“(17[err])-17-Hydroxy-I 1- net hyl ene- 3- oxpg 19- nor chol a- 4, 20- di en-24-0ic acid
[err] lactone from 11-nethyl eneestr-5-ene- 3, 17-dione cyclic

3-(1, 2-ethanediyl acetal). Mp. 239 C [err] = +81.2[err] (c =1,

chl or of or @str=-%$¥ene-3,17-dione cyclic 3-(1,2-ethanediyl acetal).

(11ferr], {grr%ijl cl—lyfi&fxzel_;l_.-gﬁhyj, ;3 o_xoll gg% ‘?* a- 4,20-dien-24-oic

acid [err act one Pom (11 err] 5-ene- 3, 17-di one
cyclic 3-(1, 2-ethanediyl acetal). Mp. 219 C [err] = +11.9 (c =1,

ET?EN 0-];0.{7 (fis, 1'10:)-17-l|{ydroxy—3-oxo-11-(1h rop 4nyl) 19-nor-— s

err nme ene X rchol a- oi c
acid [err]® %ﬁ/o{]ei(g %ﬁ?’iﬁ%‘?ﬁ?l Eﬁég gsﬁra‘% §f1?%§a%5> ~ cyclic
3- (1, 2- et henrepyyyl pestet5-ehep3, 1‘!5'8d501ﬂerrch(ellperﬂ-(r,z%@t}iinediyl.c = 1,
chloro- f 1

17[err])- ‘E%adloxyué Lg%? 18 n(SrJPoI a=4 Zd' 3 e © 2%- 01 cc%]c'?ﬁo[err]

| act one fr Nd[err])-11-net hyl estr-4-en-17- one. Mp. 184.2 [err]C, [err]
= +13. 2[err] (c =1, chl oroforr’r) f) (11[err],

17[err])- Chlo 0x0- 19- nor chol 4, 20- 24- orc aci d

[err] Iact e fréﬂ?‘%ﬂi %g ?i’qiyd’&?ﬂ‘%" '°x°'{]f’ ?2-propenyﬂ]-19-
chola-4,20-dien-24-o0ic acid § lactone from (118)-11-(2-
propenyl)estr-5-ene-3,17-dione cyclic 3-(1,2-ethanediyl
acetal). M.p. 214 °C; ({a]p2? = 49° (c = 1, chloroform).

k) (17a)-11-Ethenylidene-17-hydroxy-3-oxo-19-~norchola-
4,20~dien-24~0ic acid § lactone from 1l1lil-ethenylidene-~
estr-5-ene-3,17-dione cyclic 3-(1,2-ethanediyl acetal).
M.p. 217 °C; (a]p?? = +181.6° (c = 1, chloroform).

1) ¢ 17;) ~17-Hydroxy-3-oxo-19-norchola-4,11,20-trien-24~
olic acid § 1lactone from estra-5,11-diene-3,17-dione
cyclic 3-(1,2-ethanediyl acetal). M.p. 190 °C; [a]p20 =
+0.9° (c = 0.53, chloroform). '

m) (6a,l1l7a)-17-Hydroxy-6-methyl-3-oxo-19-norchola-4,20-
dien-24-oic acid § lactone from 6-methylestr-5-ene-
3,17-dione cyclic 3-(1,2-ethanediyl acetal). M.p. 196
°c; [a@)p20 = -61.8° (c = 0.5, chloroform).

‘n) (118,17a)~11-Chloromethyl-17-hydroxy-3-oxo-19-nor-
chola-4,20-dien~24~-oic acid 6. lactone from (118)-11-
chloromethylestr-5-ene~3,17-dione cyclic 3-(1,2-ethane-
diyl acetal). M.p. 198 °C. :

o) (118,17a)-11-Ethyl-17-hydroxy-3-oxo-19-norchola-4,20-
dien-24-oic acid & lactone from (118)-ll-ethylestr-5-



estr-5-ene-3,17-dione cyclic 3-(1, 2-ethanediyl acetal). Mp. 192.8 C, [err]
=+61.2[err] (¢ = 1, chloroform. g)

(11[err],17[err])-11-Et henyl - 17- hydr oxy- 3- oxo- 19- norchola- 4, 20-di en-24-oi ¢
acid [err] lactone from (11[err])-||-

‘et henyl estr-5-ene-3,17-dione cyclic 3Bsl,2-ethanediyl acetal). Mp. 226 C
[err] = +45.2 (¢ =1, chloro- form.
(11[err],17[err])-11-Et hynyl - 17- hydr oxy- 3- oxo- 19- nor chol a- 4, 20-di en-24-o0i c
acid [err] ehecBon@~fliome( 1¢yeli¢) -3+ (tdnetlanediyl acetal). M.p.

14 t o3, deo 142- t al M 213
[err]gf {e???ne 3$Z3 erp% ?%Cébi(édéoxén8§mapsg?¥h)ace 2. >

(11[err],17[err])-17-Hydroxy-3-oxo-11-(1-propynyl)-19-nor-
chol a- 4, 20p¢iem123 QV&)althtﬁyl}1baﬁyaﬁax§$99¥ﬁbfbﬁblk}4|bo@a1en-

TCTRIE i e e e e

(11[err], 1apeury)p17ls§drcxy{e;g£8 $1-226pr69eﬁy0)119Chboroform)

chol a- 4, 20 di en-24-o0ic acid [err] lactone from (11l[err])-11-(2-
propenyl)estr-S ene-3,17- dlone cyclic 3-(1, 2-ethanediyl acetal). Mp. 214
C, [err] =EX3pRle]|3(c = 1, chloroform. k)

(17a)-11- Et henyl i dene- 17- hydr oxy- 3--0x0- 19- nor chol a- 4, 20-di en-24-0ic acid

e et o TS L L8051 SR BB M ARSI . - o

chl or of or nflien-24-oic acid § lactone (Example 2) was also prepared
frpm (17a)-17,24~dihydroxy-11-methylene~19~norchola-
4,20-dien-3-one via a stepwise oxidation process as
follows:
i) - Dimethyl sulfoxide (0.96 ml) was added at -60 °C to
a solution of 0.761 ml of oxalyl chloride in 30 ml of
dry dichloromethane. After 15 min stirring, a solution
of 1.11 g of (17a)-17,24-dihydroxy-l1l-methylene~19-nor-
chola-4,20-dien-3-one in 25 ml of dichloromethane was
added dropwise and stirring was continued for 1 h. Tri-
ethylamine (6 ml) was added and the reaction mixture was
allowed to warm to 0 °C over 30 min. Stirring was con-
tinued for another 30 min and the mixture was poured
into a saturated aqueous solution of sodium hydrogen-
carbonate. The_ﬁroduct was extracted into ethyl acetate;
the extracts were washed with brine, dried over sodium
sulfate, and concentrated under reduced pressure. Column
chromatography gave 0.50 g of (17a,24Xi)-17-hydroxy-11-
methyléne-a-oxo-ls-norchola-4,20-dien-24-a1 cyclic
24,17-hemiacetal. M.p. 95 °C.
ii) ~ Pyridinium dichromate (0.66 g) was added to a
solution of 0.050 g of the steroid obtained in the
previous step in 5 ml of dry dimethyl formamide. After
stirring for 1 h at room temperature, the reaction mix-
ture was poured into 100 ml of water. The product was
extracted into ethyl acetate; the extracts were washed
with water (3 times) and with brine, dried over sodium



1) (17a)-17-Hydroxy- 3-o0x0-19-norchol a-4, 11, 20-trien-24- oic acid [err]

-l actone fromestra-5,11-diene-3,17-dione cyclic 3-(1, 2-ethanediyl acetal).
Mp. 190 C J[err] = +0.9[err] (¢ = 0.53, chloroform. m (6[err],
17[err])-17- Hydr oxy- 6- net hyl - 3- oxo- 19- norchol a- 4, 20- dien-24-o0ic acid [err]
‘lactone  from 6-nethyl estr-5-ene- 3, 1i/6 di one cyclic 3-(1, 2-et hanedi yl
acetal). Mp. 196 C [err] =-61.8[err] (c = 0.5, chloroform. n)
(11[err],17a)-11-Chl oronet hyl - 17- hydr oxy- 3- oxo- 19- nor -

chol a- 4, 205u|1mta;1 and cencentrated hndénnnedtﬁcem ptédsere] ) cdlumn

chl o oret o Lé?fgﬁéﬁerl%f?éc’”%?# 4,75k o G oniptbag %F‘LM 20"
di en- 24- oH!!eﬁh,Y P%‘r?]‘oxatlﬁnborﬁbﬁiQﬁ.[%@T%/;ell‘lzérﬂ%:est acid

15 ene- 31ddeh@ne cyclic 3-(1, 2-ethanediyl acetal). Mp. 224 [err]C;
[err] = -2.1[err] (c =1, chloroform.

(11[err],17[err])-11-Et hyl - 17- hydr oxy-19- nor chol a- 4, 20-di en- 24-o0ic acid
[err] | actExamplens(ll[err])-11-ethylestr-4-en-17- one. Mp. 185 [err]C
[err] = -2.6[err] (c = 0.1, chloroforn). Exanpl e 3 .

(17a) ~-17-Hydroxy-ll-methylene-3-oxo-19-norchola-4,20-
dien-u-oic_ acid § lactone was also prepared via an
alternative route from ll-methyleneestr-5-ene-3,17-dione
cyclic 3-(1,2-ethanediyl acetal) as follows:

i) - a solution of 78.38 g of 2-bromo-3,3~diethoxy-
propene (see Ber. Dtsch. Chem. Ges. 1898, 31, 1015) in

750 ml of dry THF was cooled to =60 °C and 234 ml of a
solution of n-butyllithium (1.6 N in hexane) was added
dropwise. After 15 min, a solution of 82.0 g of the
above steroid in 1000 ml of THF were added dropwise. The
temperature was allowed to rise to 0 °C over a period of

2 h after which 500 ml of a saturated aqueous solution

of ammonium chloride were added. The product was
extracted into ethyl acetate; the extracts were washed

with brine, dried over sodium sulfate, and concentrated
under reduced pressure. The crude material thus obtained

was subjected to the procedure described above for a
second time. The resulting 137.6 g of (17a)-3,3-[1,2-
ethanediylbis (oxy) )-17-hydroxy~11-methylene-19-norpreg-
na-5,20-diene-20~carboxaldehyde diethyl acetal were used

in the subsequent step without further purification.

ii) - 130.7 g of the product obtained in the previous

step were dissolved in 1307 ml of dry THF. p-Toluene-
sulfonic acid (7.86 ml of a 1 N agqueous solution) was
added, “and the mixture was stirred at room temperature

for 45 min. The reaction mixture was then added dropwise

to an ice-~cooled suspension of 27 g of lithium aluminium
hydride in 1000 ml of THF. After 1 h at 0 °C, the reac-

tion was quenched with a saturated aqueous solution of
sodium sulfate. Ethyl acetate was added, and the mixture



(17[err])-17-Hydroxy-11- met hyl ene- 3- oxo- 19- nor chol a- 4, 20- dien-24-o0ic acid
Ferr] lactone (Exanple 2) was al so prepared from

(17a)-17, 24-di hydr oxy- 11- net hyl ene- 19- nor chol a- 4, 20-di en-3-o0ne via a
stepwi se oxidation process as follows: i) - Dinmethyl sulfoxide (0.96 m)
was added at -60 [err]C to a solution ﬁ]} 0.761 m of oxalyl chloride in 30
m of dry dichloronethane. After 15 mn'stirring, a solution of 1.11 g of
(17a)-17, 24-di hydr oxy- 11- net hyl ene- 19- nor- chol a- 4, 20-di en-3-one in 25 nl
EI)']c ¢ c?lhoquiﬁ 6 d‘:{nl3 .'?iq{r%mtﬂﬂr:.d&é]g’w? d | 1 fai)rdlt o
ri- e yl am ne was adde e.reagtion ure was allowed to
wrm o b (ArRated adeRnR Ghutlan "G SBakR] ARSI TRMRES0 rn
and the mangd ewiks puvdned idxtieda Mmrsﬁ@mqaa&ﬁatsol @nidorncaricendi um

hydrogen- qarhQienadiier 8aB8UE" pEBRSRKL! 2She  rediaRl W FE S feat e

extracts were wash over ium sul fate

concent ratélYuﬁGé’rStlaédi}(?éd'—W\as§9rea X UMP L oFat 8Er aPAG Fieeiredo g of
(17[err], 24(>17)a)1-7ﬂ%3fm AAnet X010t +10d Al eneh 2= 1ib200 - 24 al

I 24 17-h t 0. 66
0 “was adddF e Ko i B %sﬁy%ﬂiﬁ DL fnthe |
previ ous stigipl)i - SA nsobitiony dfnB8h¢| gf of nkhiedabotdet @icd idmy iangmisor 1 h at
room t enpengiil &¢ 350 PR E %}}“%ﬁp}i‘r&éﬁ%é)mﬂ(ﬁﬂ ik jﬁoiﬂtl% pvater.

The product was extracted I nt 0-"et il acetate. 'the extracts were shed with
wat er (3 tikhoagatake hapdi de0 drle@ foRhospherig oxychloride was

16  sulf atsi-.ixa:rah c&acgabmat@ﬁpu&deuréewdl P £STHEE re@dtith mix-

ohr ot 00" 38 9948, PAbiD, 41 lstd MR )idd "W hy, acsatse
1000 ml of water were added and stirring was continued
for another 30 min. The mixture was poured into a satu-
rated aqueous solution of sodium hydrogencarbonate and
the agqueous layer was extracted three times with ethyl
acetate. The combined organic phases were washed with
brine, dried over sodium sulfate, and concentrated under
réduced pressure to afford 47.15 g of (17a)-17-acetoxy-
20~ (hydroxymethyl)~l1l-methylene-19~-norpregna-~5,20-dien~
3-one cyclic 1,2-ethanediyl acetal, which were used in
the subsequent step.without further purification.
iv) - A solution of 47.15 g of the mono-ester obtained
in the previous step in 80 ml of dry pyridine was cooled
in a water bath. p-Toluenesulfonyl chloride (40 g) was
added and the mixture was stirred for 4 h. The mixture
was then poured into 2000 ml of water,‘and the resulting
suspension was stirred for 1 h. The product was taken up
in ethyl acetate and the aqueous phase was extracted
with the same solvent. The combined organic phases were
washed with a saturated aqueous solution of sodium
hydroqencarbonate and with brine, dried over sodium sul-
fate, and concentrated under reduced pressure to give
55.0 g of (17a)~17-~acetoxy-ll-methylene-20~([({(4-methyl-
phenyl)sulfonyljoxy]lmethyl]-19-norpregna-5,20-dien-3~one
cyclic 1,2-ethanediyl acetal, which were used in the
subsequent step without further purification.



Example 4  (17[err])-17-Hydroxy-11- et hyl ene- 3- oxo- 19- nor chol a- 4, 20-
-di-en-24-o0ic acid [err] lactone was al so prepared via an alternative route
from 11- net hyl eneestr-5-ene-3, 17-di one cyclic 3-(1, 2-ethanediyl acetal) as
follows: i) - A solution of 78.38 g of 2-brono-3, 3-di et hoxy- propene (see
‘Ber. Dtsch. Chem Ges. 1898, 31, 1015)1§n 750 m of dry THF was cooled to
-60 [err]C and 234 m of a solution of n-butyllithium (1.6 N in hexane) was
added dropwi se. After 15 min, a solution of 82.0 g of the above steroid in
1000 m of vyH~ vwar eseligelonir @FW 6@. gTheft patasaiiure bds (sklimeetyle rise to

0 C over a ' 2, r i Q0 t agHegus sol ution
of ammmoni ﬁ%ﬂ}%gggﬂiﬁelp’v&gg‘a gggé’? &Vhﬁr‘p%aa%ggé%dg g(gt rggt eg'i nt o
et hyl acett esolutsiant pfct 85w eofasthwl tiosiylptiencobtainedoviar tbei um

sulfate, apfe¢PBa8NELEHCINUABE miCO¥CRAFPLESSHAGea TRRAC EHECHTREGRA! t hus
obt ai ned was subjected to the procedure described above for, a second tine.

The resul tVA§ BFARFed oft 1738r %G - §05. (30 omin. The reaction was
et hanedi yl gushehgd] b/ -ddai ©ion 1lo£ sy IEheof Sangatfated aqueous

na- 5, 20- di - 20-car pox di . acet us ' he bsequent
step wt hogg‘f?ﬁrg?ﬁerggu%ﬁ%% | on.&%w{&mo%‘%e%?'et hg’qﬁ‘lrtgaéctwggt.ai ned in
the previ ogtixred atr FogdmsdemperaturesEomilominy The ppoductiewas sul fonic

200 (T Soelibn O eradi il 908D SOUIY OBbetted dofle Wbl WLLES VA
dr opwi se. {BABRER W0 REANG s JURLS® nOBEE 2 BOGITR. (SHRATR a1 SN PRRhydr | de
in 1000 mcehtFéfedAlihderl rediiced [predsiird.hThearesidwe was guedehed with
a satur at eg gguagys 0l OuSbnaWGUILAY 125 aFbMl, FElgY © grag atded

and the m Xxture ered over
celite. Thél7«)t+3ade(had-etbapedivibia(o¥ylialzdhyduesysiiohethyd~of sodi um

hydr ogencagR@bfbenorchola-5,20-dien-24-0ic acid § lactone.
vi) - Following a procedure analogous to that of step ii
of Example 1, 5.00 g of the lactone obtained in the
previous step were converted to 3.34 g of the desired
(17a) -17-hydroxy-11-methy1ené-3-oxo-19-norchola-4 120~
~dien~24-oic acid § lactone.

Example 5

In a manner analogous to the procedure of Example 4 the .
following products were prepared:

a) (17a)-17-Hydroxy-19-norchola-~4,20-dien-24-oic acid §
lactone from estr-4-en-17-one. M.p. 176 °C.

b) (118,17a)~17-Hydroxy-11-(1-propynyl) -19-norchola~
4,20-dien-24~0ic acid § lactone from (118)~-11-(1-
propynyl)estr-4-en-17-one. M.p. 212 °C; [a]p?0 = +13.9°
(¢ = 1, chloroform). - '

c) (7a,17a)-17-Hydroxy-7-methyl-3-oxo-19~-norchola-4,20-
dien-24-oic acid § lactone from (7a)-7-methylestr-
5(10)-ene~3,17~dione cyclic 3-(1,2-ethanediyl acetal).
'M.p. 197 °C; (a]p%® = 0° (c = 1, chloroform).



“and with brine, dried over sodiumsulfate, and concen- trated under reduced
-pressure. The residue was purified by crystallization to afford 62.7 g of
the desired (17a)-17-hydroxy-20-( hydroxymet hyl)-11- et hyl ene- 19- nor -

. pregna-5, 20-di en-3-one cyclic 1,2-ethanediy| acetal. iii) - A solution of
"38.6 g of the above diol in a m x- %g of 200 M of dry ethyl acetate, 200
m of trimethyl orthoacetate and 1. 0 of phosphorus oxychl ori de was
stirred at roomtenperature for 1 h. The reaction m x- ture was then
diluted with 1000 m of ethyl acetate; 1000 ml of water were added and
stirring m(ygldumxlfor another 30 mn. The m xture was poured into a
satu- rate ueous sol ution of sodium hydrogencarbonate and the aqueous

| ayer was extracted three tines with ethyl acetate. The conbi ned organic

phases wera76323%) -\M7t-1warﬁ 1Al @ne’i-(?d-lddm-%.@-frﬁix%hoiw- concentrat ed
under redyc %&t essure ord 47.1 Z&err])-l?-aceto§y-

20- (hydr oy FOrRAP e 2 I SATHOYAL R AGAAC efn aTtORE (AE PRARRRARL |

1, 2-et hanfahoyi a((eﬂd) -MHIh.,mred:hasednydhilse(canybs]eqﬂehydrtoaq—m-t hout
further J j 4 L g g h

obt ai ned I n % preg'\r/ilgof?rs?thgéalﬂrg ?gj %1&{ 2 r;?]j%yrlg;r?te \?/agqc%%ﬁ in a

wat er bat {Exgmpdieydne oo ) a8hIf@L1®WsE40 g) ‘was added and the mixture was

st rlrted fady 4 A sBiration u{fe omddflaﬂnorfﬁuri#dpméﬂ&mdé iof kwltnar andt}]hle
resul ting _suspen was Stilrr or e_Rr aken in ethy
acetate afd t J??ﬁ@oﬁgspﬁg st°ext%1%ctgd %t%gslxaﬁe oﬂ?erﬂ'p The
conbi ned Wﬂhﬁﬁh@@qﬂm@msh@cﬁ Wi t in chexaneht wasaaddeds dusiptt i on of
sodi um hy g @een ol gk €uA0 dith ! Belitkad: B 90 e 64yl s¢ -argt e, and

concentrate reduce ressure to :

(17a) - 17- ¥B&ho ﬁOQEeﬂetWIéEE-z‘tﬁ-[ {\(zﬁqgﬂélmn of’ 1.23 g of the

phenyl ) sulgiterdildondrtidndd -adsbver i epsamd, of OTHFewas- addedy Arich-

L2 ethancderl o6 Pardlig VAE" SoNeEthld FDE THPRERLC Hodthunlind o
(0.93 ml) was added and the mixture was allowed to warm
to 0 °C over 2 h. A saturated agqueous solution of ammo-
nium chloride was added and the product was extracted
into ethyl acetate. The combined organic phases were
washed with brine, dried over sodium sulfate, and con-
centrated under reduced pressure to afford 1.22 g of
(17¢,238)~3,3-[1,2-ethanediylbis(oxy) ] ~17-hydroxy-11-
methylene-19-norchola~5,20-diene-23-carboxylic -acid §
lactone, which were used in the following step without
further purification.
ii) - Following a procedure analogous to that of step ii
of Example 1, 1.22 g of the product of the previous step
was converted to 0.67 g of (17«,23S8)-17-hydroxy-11-
methylene-3-oxo-19-norchola-~4,20-diene-23-carboxylic
acid & lactone. M.p. 187 °C; ([a]p2? = +92° (¢ = 1,
chloroform). |

A -

Example 7

Following a procedure analogous to that described in
" Example 6, (17a,23S)-17-hydroxy-l1l-methylene~3-0x0-=24-
phenyl-19-norchola-4,20-diene-23-carboxylic acid § lact-



v) - A,solution of 60 g of potassiumbis(trimethyl- silyl)amde in 1500 n
-of dry THF was cooled to -30 [err]C. A solution of 55 g of the tosylate
obtained in the previous step in 400 mM of THF was added and the m xture
was stirred at -30 [err]C for 30 min. The reaction was quenched by addition
~of 500 M of a saturated aqueous sol upgon of ammoni um chloride, and the

m xture was stirred at roomtenperature for 15 mn. The product was then
extracted into ethyl acetate, the extracts were washed with brine, dried
over sodi wnéulwée pﬁaﬁaeea @emnrat @Y d)rds 3~ [Eadusast Rimsdiy Boighe resi due

was Purl s (80 P AR TN ARE O LA 22 6L den-24-

ene- 19- norqilﬂ)l ac$d2@ dlmltqme 0|(Exampdie[ drr]stept 0. Nus). - 1731 1T ng a
procedure WIS g, dNafc A 15! YhidrdHormyaPl e 1, 5.00 g of the lactone
obtained in e previ ous s ep were converted to 3. 34 g of the desired
(17[err])-17-hydroxy-11- et hyl ene- 3- oxo- 19- nor chol a- 4, 20- di en-24-o0ic acid
[err] | actmdample Bxanple 5 In a manner anal ogous to the procedure of
Exanple 4 the foll ow ng products were prepared: a)

(17a)-17- Hydr oxy- 19- nor chol a- 4, 20-di en-24-o0ic acid [err] | actone from
est r - 4- en-(A7001%3 S)vt33 -Chidd ek 7-bydraxy-11-methyerie~-3-oxo~19-

LTlerr]) - B [ ddioniig 4&@0@3 corfe 20yl &ﬁpmdac'd
[err]. lact rom 11[err] - 11l - propynyl)estr-4-en-1 12
[err]C [d&mom = (Mg k«?’et aﬂﬂﬁ%ﬁ' IHERY) 1 7-hydroxy-11- "

(7[err], 11{@1{;&])&@-11%@&&% R0-dienc24toior dwila- 4 2QGackiaie 24-oi C

oo Sl AT H FighasL Lot 210} enge 3 17 e

chlorofor®). - A solutlon of 5.04 ml of diisopropylamine in 75 ml
of dry THF was cooled to -30 °C, and 22.5 ml of an n-
butyllithium solution (1.6 N in hexane) was added drop-
wise. The mixture was stirred for 10 min at -10 °C and
then cooled to -78 °C. A solution of 12.3 g of the
steroid mentioned above in 120 ml of THF was added drop-
wise and stirring was continued for 15 min. The result-
ing solution was transferred in 5 min to a solution of
46.2 g of carbon tetrachloride in 150 ml of THF, previ-
ously cooled to -78 °C. Stirring was continued for 1 h.
A saturated aqueous solution of ammonium chloride was
added and the product was extracted into ethyl acetate.
The combined organic phases were washed with brine,
dried over sodium sulfate, and concentrated under
reduced pressure éffording 6.12 g of (17a,238)-
23,25,25,25~-tetrachloro-3,3~(1,2-ethanediylbis(oxy) 1-17~
hydroxy-1l-methylene-~19,26, 27-trinorcholesta-5,20-dien-

- 24~one, 0.24 g of (17a)-23,23-dichloro-3,3~-[1,2-ethane-

diylbis(oxy) )=17-hydroxy-1l-methylene-19-norchola~5,20-
dien-24-oic acid & lactone, 0.43 g of (17a,23S)-23-
chloro-3,3-[1,2-ethanediylbis (oxy) }-17-hydroxy-11~
methylene-19~-norchola-5,20~-dien-24-0ic acid § 1lactone,
and "0.45 g of (17«,23R)-23-chloro-3,3-(1,2-ethanediyl-
bis (oxy) ]-17-hydroxy-1l-methylene-19-norchola~-5,20-dien-
24-oic acid § lactone.



19 Exanple 6 (17[err],23S)-17-Hydroxy-I1-methyl ene- 3-oxo-19- nor chol a-
-4,20- di ene- 23-carboxylic acid [err] lactone was prepared from
(17[err])-3,3-[1, 2-et hanedi yl bi s(oxy)]-17-hydroxy-11-

met hyl ene- 19- nor chol a- 5, 20-di en-24-o0ic acid [err] |actone (Exanple 4, step
‘v) as follows: i) - A solution of 0.592 m of diisopropylamne in 15 m of
dry THF was cooled to -30 [err]C, and™2.25 m of an n- butyllithium
solution (1.6 N in hexane) was added drop- wi se. The m xture was stirred

_ forf 10hm' nid) --10A[ @c;]]xﬁicaimdbblﬂens_.cxml gd dfo (18ale85) €23/ 250kB,26R Of 1. 33
g of the s LQngd v : as ., a Opy _W se an
stirring m%gegégpgﬁgédgfgr[?59n?ﬁhgpégéﬂ%Pgéﬁék§b$gi7nﬁgsggg§a§&ed and the
m xture wamethydene-2L8,26r A7rsrdnorchelesta-520adientr2d-angedns99ol ution

of ammo- npymghl ephdendesapfided ad ble dirAdlopiPe thy YAl ko et hyl
acetate. The conbi ned organlc Ehases were washed_with brine, dried over
sodi um sul hepted updernrefdnk, APEqluRdeftteBLCRALpPEssERE ¥BaGEEBRY 1. 22 ¢

of (17a, 23hixBude[ ¥as- powredd ity W eatirated yaqueyud 1solution of

wor e’ used {ARBRAGROERIBREges IS SGERa A O Texefaftan®pgRc M o0
Fol | owi ng ethydcecdcetateal andusthe combipedst opgianicf pPhasgse were 22 g of

the produc{aghe@hewPERVi £USsathiia tiad sl sbQuli®h Jo8f sodium
(17[err],23S)-17- hydroxy-11- n'eci hqigg‘te- - px0- 19- noy chol a- 4, .
20- di ene- 2BYREPEBRGAFPORALE [30d] oREingr p DrYdng | gverc, spaipp -
+92[ err] (suifdtechndr dvapgratidixaspl soYvents afforded 4.57 g of

(17a,238)-23-chloro~3,3-[1,2-ethanediylbis (oxy) J=-17-
hydroxy-11-methylene-19-norchola-5,20-dien-24-oic acid §
lactone,'which were used in the following step without
further purification.

iii) - PFollowing a procedure analogous to that of step
ii of Example 1, 1.00 g of the product of the previous
step was converted to 0.67 g of (17a,23S)-23-chloro-17-
hydroxy-11-methylene-3-oxo-19-norchola-4,20~-dien-24~o0ic
acid § lactone. M.p. 223 °C; (alp2? = +65.7° (c = 1,
chloroform) . '

Example 9

(17a,23R) -23-Chloro-17-hydroxy-11-methylene-3-~ox0-19-
norchola-4,20-dien-24-0ic acid § lactone was prepared
from (17a,23R) -23-chloro-3,3-[1,2~ethanediylbis (oxy) ] -
17-hydroxy-1l-methylene-19-norchola-5,20~dien-24-oic
acid § lactone (Example 8, step i) using a procedure
analogous to that of step'ii of Example 1. M.p 219 °C;
(a]p2® = +112° (c = 1, chloroform).

Example 10
(17a)-23,23-Dichloro-17-hydroxy-11-methylene-3-0x0-19~-

norchola-4,20-dien~24~0ic acid 6 lactone was prepared
from (17a,238)-23-chloro-3,3~-[1,2~ethanediylbis(oxy) ]-



‘Fol l owi_ng a procedure anal ogous to that described in Exanple 6, (17[err],
23S) - 17- hydr oxy- 11- net hyl ene- 3- oxo- 24-

phenyl - 19- nor chol a- 4, 20- di ene- 23-carboxylic acid [err] |act-

20 one was prepared from (17[err])-3,3-[1, 2-et hanedi yl bi s- (oxy)
]-17-hydroxy-11- et hyl ene- 19- nor chol a-5, 20-di en-24- oic acid [err] |actone

(Exanple 4, step v). Mp. 177 C, [err]Y = +58.8[err] (c =1, chloroform.
Exanpl e 8 (17[err] 23S) - 23- Cnl or 0- 17- hydr oxy- | 1- net hyl ene- 3- oxo- 19-
nor chol a- 4,120 1q-Qneasu e[rﬂ!—r]]Q-Jrﬁﬁ:t&ﬁﬂ.M PR LY ELY )

(17a)-3,3-[1 o r - 11-
net hyl ene- %éi‘é) ﬁtﬁ%c\”;}/ (,s eraﬁ AW (Exanpl e 4, step
v) as folldjs:=i3 somismmtof)nloﬂ 5mD4oﬁ1 dchﬁ.sdprspgﬂ.apy.hemm nwb m of

dry THF Wa%fCQf\i[l 1{11? wald E%(Jﬂeﬁ ds?t? o a?n‘:i A1k RY P! i

sol ution ( lexane) was ad e mxture was stirred

for 10 m nbath-lllG-t(‘}% ﬂqvlé#k%bl(édﬁté' J?Bf{eéﬁar"]ﬂi werg|adgdesh dop2. 3 g of
the steroi gigNt i OnPOYLe | aaQZQtlitrea Fdr a5 mildededrap- od ehand

tirri t f 1 Th | § - t f d
Th e L EherOenEEd o 4578 K TR atitian oo of1 86 & 980 SHSOT T
previ - ouslstexexdlde dnemt iotd enbc}\fé Hhi2simd nﬁs'rtmnmlsuadldeﬂ drdp-~ A
sat ur at ed A u§n§°|ﬁ{:ff§'13 q;g@mm?{) d d owaslgd an%é% r oduct

acefate. The conbi ned organic phases were vvashed

was extracted into et
with brinekt %ra@all&réﬁ%dcamzsmr Mas %ﬁ@e‘%oh%eﬁt pine@nghdde MdKreed
pressure Fur@ el aﬁléﬂedgtoofﬂarﬁll?:é DBIc over 15 min. Stirring

23,25, 25, 20 Lt L 3G Q183 3 edrl hiioehid e Wil S(Oxgglzurated agqueous
solution of ammonium chloride was added and the product
was extracted into ethyl acetate. The combined organic
phases were washed with brine, dried over sodium sul-
fate, and concentrated under reduced pressure. Column
chromatography of the residual product gave 1.71 g of
(17a)~-23,23~dichloro-3,3-[1,2-ethanediylbis(oxy) }-17~-

hydroxy-1l1-methylene-19-norchola~-5,20-dien-24-o0oic acid §
lactone. _
ii) - Following a procedure analogous to that of step ii
of Example 1, 0.85 g of the product of the previous step
was converted to 0.77 g of (17a)-23,23-dichloro-17-
hydroxy-1l-methylene-3-oxo~19-norchola-4,20-dien-24-oic
acid & lactone. M.p. 230 °C; [a]D2° = +80° (¢ = 1,
chloroform).

Example 11

(17a,23R) ~17-Hydroxy-11l-methylene-3-oxo-19-norchola-

4 20-d1ene-23-carboxy1ic acid & lactone was prepared
from ( 17a) =17-hydroxy-20-(hydroxymethyl)-11-methylene-
19-norpregna~5,20~dien~-3-one cyclic 1,2-ethanediyl ac-
etal (Example 4, step ii) as follows:

i) - A solution of 7.72 g of the above diol in a mixture
of 20 ml of dry THF, 20 ml of trimethyl orthopropionate
and 0.18 ml of phosphorus oxychloride was stirred at



‘hydr oxy,- 11- et hyl ene- 19, 26, 27-trinorchol esta-5, 20-di en- 24-one, 0.24 g of
{(X7[err])-23,23-dichloro-3, 3-[1, 2- et hane-

di yl bi s(oxy)]-17-hydroxy-11- met hyl ene- 19- norchol a-5, 20- di en-24-0ic acid 6
| actone, 0.43 g of (17a, 23S)-23- .

chloro-3, 3-[1, 2- et hanedi yl bi s(oxy) ] - 17qiydr oxy-1i -

met hyl ene- 19- nor chol a- 5, 20-di en-24-o0ic acid [err] lactone, and 0.45 g of
(17a, 23R)-23-chl oro- 3, 3-[ 1, 2- et hanedi yl -

bi s(oxy) ] - rpoky demperiturst Edwenk-10- Tve chedat SpAOmdkbnre2#asi dhagi d 6

| act one. oured into 200 ml of wate d thelresuiting SUsHdndigy 6-12 g
of (17a, 238~ 35 05705 S50 ML Of water an * g Sisfid

t et rachl or ¥2§ FEEirved £ared?9| Bid-o0xThe - Prodygtoxyasd 1taken up in
net hyl ene- @8h#d, Atdtdtr&h@! ehbaaguédud Phade ongs | axBPabteal widhiene and
10 m of dh’éséoprgﬁgl etsfr%;ﬂ’a Lne s heat.ed under_refd ux for 1 h. _After

red Xl

cooling, t on é epo‘fﬁ%"’? o FeG atpé‘c?saecﬁje&?fesol ution
of ammoni uwashiedr iwith Theineeduietapymernaodim csukfabe ;| hanthyomacet at e

and the cophi | fpé&gc r Srd8sShE ' S dhoiia Ilﬁ:,gps

sol ution oggg'?)glg&% ;q/iglrdg)egglgncar o‘%gtérand vmgf \rll\t%*rﬂ}lﬂg %Bryl n%g\?% odi um

sul fat e ana¥@afor$t BoRfof(1I) e hysroxymgthyd) -4 1spethylene-17-

(17a, 239) - 13-okbpirepdxY) Flo92noirpregtia-shrot-aieh3+éne cyclic 1,2-

hydr oxy- 1|1 'e”ﬁt?héldﬁmi' 19- E:orlchol a-5, 20-di en-24-o0ic acid [err] | actone, which
were used CYPRREIAEY 8% Step without further purification. iii) -

Fol | owi ng &ipr occeBoltowhngogopracedure ahalogousi tof thatpb€ Btep 00 g of

th duct «of i 0.67 :
(1$[ g: ?] ug%g?_ 5’%{1 a’ﬁ“‘?géi%s, % 85 VR So £ ORNET £€8r5 940087 theCbrevious
hydr oxy- 118%€PhWasghcanverted. £8r &rH01-%, 98- drdA) A 15metAyilenes20- | act one.

Mp. 223 [ ¢[rk@-methylphehyd) s fohylqoxyimethyaneiormh~oxoptapd € 9
oxy) -19-norpregna-5,20-dien-3-one cyclic 1,2-ethanediyl
acetal, which were used in the following step without
further purification.

iii) - A mixture of 300 ml of dry dimethoxyethane and 32
ml of a sodium bis(trimethylsilyl)amide solution (1 N in
THF) was cooled to =30 °C. A solution of 4.77 g of the
tosylate obtained in the previous step in 20 ml of
dimethoxyethane was added dropwise and the mixture was
stirred at -30 °C for 30 min. The reaction was quenched
by addition of 100 ml of a saturated aqueous solution of
ammonium chloride; the mixture was stirred at room tem-
perature for 15 min and the dimethoxyethane and THF were
removed under reduced pressure. The residqé was
extracted with ethyl acetate; the extracts were washed
with brine, dried over sodium sulfate, and concentrated
under reduced pressure to afford 3.48 g of (17x,23R)-
3,3-({1,2-ethanediylbis(oxy) }-17~hydroxy-1l-methylene-19~
norchola-5,20-diene-~23-carboxylic acid § lactone, which
were used in the following step without further purifi-
cation. |

iv) -~ Following a procedure analogous to that of step ii
of Example 1, 1.36 g of the product of the previous step
were converted to 0.84 g of (17«,23R)~-17-hydroxy-11-



(17[err], 23R) - 23- Chl oro- 17- hydr oxy- 11- et hyl ene- 3- oxo- 19-
norchol a- 4, 20-di en-24-o0ic acid [err] |actone was prepared from
(17[err], 23R)-23-chloro-3, 3-[ |, 2- et hanedi yl bi s(oxy)] -
17- hydr oxy- 11- net hyl ene- 19- norchol a-5, 20-dien-24-o0ic acid [err] |actone
(Exanple 8, step i) using a procedure Snalogous to that of step ii of
Exanple 1. Mp 219 [err]C, [err] = +11 ferr] (c =1, chloroform. Exanpl e
10 (17[err])-23,23-Di chloro-17-hydroxy-11-met hyl ene- 3- oxo- 19-
ggrs )ch<2)I3a- ﬁin&r%%hé??fot-ﬁpééaéﬁﬁdld%}m) Vérse P2 BRedEsoky DI (17[err],

- 23-chl or.o; - - e ediy S(,QXY) ) - _ _
22 17- hycﬂ*colsg/- il-]‘%ﬁtﬁﬂeén > R ngpéhc(#za(t- 5%‘2@%1? en- 2H1T aéf:d 1 e}f]
| act one (BExdvimmofrm)kep ii) as follows: i) - Asolution of 1.17 m of
di i sopropylamine in 70 Ml of dry THF was cooled to -30 [err]C, and 5.16 m
of an n- butyllithiumsolution (1.6 N in hexane) were added drop- w se. The
m xture wa®X@mRy&®d%or 10 nmin at -10 [err]C and then cooled to -78 [err]C.
A solution of 3.06 g of the steroid nmentioned above in 25 m of THF was

added drop-, W se Stirri was, .cantinued .far 15 mn. bon

tetrachl or i‘cﬁ@fﬂ%‘%‘ﬁir%'%dﬁfqﬁ%nﬁ% ?’Pﬁa’ﬁ'%°‘tcﬁé'e“%'s allowed to

warmto 0 [ahvaolac4\a0-diene+R3-Rtarboxyl imsacihdt iShubalctoneamasheprds nin; a

sat ur at ed S tio giqaﬁ% ' fﬁﬁ% product
iguﬁyl Qé-’e}%’ate. éeﬂ.%o ﬁéedc}e(o 4ni cCp iyf)

was extracted Into et ases re washed

with brine SUhiony Xy lekhint k1A 7- (AnQXoRERPRBRCEH TRRERF@FRART r educed
pressure. @)a0RiBH-<BrRorE " el ief nhs-éeﬁaﬁuahzmr oddetayaveestandlg of

byl oxy. 11 Mt 1RAEh & 00 3R SRR 50 Gl en 24-01 6wt d err]
i) - A mixture of 110 ml of dry dimethoxyethane and 12.8
ml of a sodium bis(trimethylsilyl)amide solution (1 N in
THF) was cooled to =30 °C. A solution of 1.91 g of the
tosylate mentioned above in 18 ml of dimethoxyethane was
added dropwise and the mixture was stirred at -30 °C for
30 min. Iodomethane (1.99 ml) was added dropwise and the
reaction mixture was allowed to warm to 0 °C in 2 h. A
saturated aqueous solution of ammonium chloride was
added and the dimethoxyethane and THF were removed under
reduced pressure. The residue was extracted with ethyl
acetate; the extracts were washed with brine, dried over
sodium sulfate, and concentrated undef reduced pressure
to afford 1.43 g (100 %) of (17a)-3,3-[1,2-~ethanediyl-~
bis(oxy) ]=-17-hydroxy-23-methyl-i1l-methylene-19~-norchola-
5,20-diene-23-carboxylic acid § lactone, which were used
in the following step without further purification.
ii) - Following a procedure analogous to that described
for step ii of Example 1, 1.43 g of the steroid
mentioned above were converted to 0.95 g of (17a)-17-
hydroxy~23-methyl-11-methylene-3-oxo-19-norchola-4,20-
diene-23-carboxylic acid § lactone.'n.p. 235 °C; [a]DZO
= +83.7° (¢ = 1, chlorofornm).



lactone. ii) - Following a procedure anal ogous to that of step ii of
Exanple 1, 0.85 g of the product of the previous step was converted to 0.77
g of (17a)-23,23-dichloro-17-

hydr oxy- 11- net hyl ene- 3- ox0- 19- nor chol a- 4, 20-di en-24-o0ic acid [err] |actone.
Mp. 230 [err]C, [err] = +80[err] c—l chl orof orm. Exanpl e 11
(17a, 23R) - 17- Hydr oxy- 11- et hyl ene- 3- ox205 19- nor chol a-

4, 20- di ene-23-carboxylic acid J[err] lactone was prepared from

(17a) - 17- hgstamppe2@3( hydr oxynet hyl ) - 11- net hyl ene-

19- nor pregna- 5, 20-di en-3-one cyclic 1, 2-ethanediyl ac- etal (Exanple 4,
~step ii) as follows: i) - A solution of 7.72 g of the above diol in a

m xture of (20}t 13F-Hydyoxy=112Methydener-dmekioyl Sonorehodpi-dn@0s 22rd 0. 18 ni

Of phOSphOEHew@ihL@a&%m%cStéé{&d satlactone was prepared from
roomten‘gerature ar he reactiqQn m xture was t'hen poured into 200

n1 of wat ed1dfd 288 "|39§lTI[t1| ﬁg%ﬂ@ﬂéﬂf&ﬁ’lﬁé@%’ﬂ |]r‘ Adghygdroxy-4lT The
pr oduct vvametnmanup-ngn-neﬁa:ﬁolac-st amdaadet-he-a:amlﬁhﬁseam exgt racted

dri ed over LEEEDR SRPd® dd ebeb aAST 2B AOTAREE Y cduced pressure.
Col umm chr ddatodr selutjonc of P9 6720ml of diisopropylamine in 20 ml

(17a) - 20- (gydr fﬁﬁY%lsléombbylt@e-aW °C, and 3. 00 ml % an. n-
(1- oxopropox¥_’& 9- nqr regrigl 20-di en-3-pone’ cyclic 1, ane |yI acet al .

ii) - Fol | BW o@mfs*{omﬂa% %‘P%tt‘ﬁsuéﬁ Brons e 4,
6.79 g of waeestm dnnitdﬂe waeVstipradecporalocafiverdaed-10 8cO@ma of

E[1[7E461r Hs% h?}ﬂ"ﬁﬁgtng‘ﬁf&?f 51 708y %t n)1 1SORRPR8Fr o 70 9 Of ‘the

oxy) - 19- nospeygid- mentidnad ahowve cie|3e nl 208t Fifewag| added drop-
wise and stirring was continued for 15 min. A solution
of 1.59 g of carbon tetrabromide in 8 ml of THF was
added dropwise and the mixture was allowed to warm to O
°C over 2 h. A saturated aqueous solution of amnionium
chloride was added and the product was extracted into
ethyl acetate. The combined organic phases were washed
with brine, dried over sodium sulfate, and concentrated
under reduced pressure to afford 1.93 g of (17a,238)-23-
bromo-3,3-(1, 2-ethanediylbis(oxy) ]~17-hydroxy~11-methyl-
ene-19-norchola-5,20~-diene-23-carboxylic acid § lactone,
which were used in the next step without further
purification.
ii) ~ A solution of 1.90 g of the bromosteroid obtained
in the previous step in a mixture of 38 ml of toluene
and 3.8 ml of 1,5-diazabicyclo[4.3.0)non-5~-ene was
stirred at room temperature for 1 h. The reaction
mixture was poured into a saturated aqueous solution of
sodium hydrogencarbonate and extracted with ethyl
acetate. The combined organic phases were washed with
brine, dried over sodium sulfate, and concentrated under
reduced pressure to afford 1.38 g of (17a)-3,3-(1,2-
ethanediylbis (oxy) }=17-hydroxy-1l1-methylene-19-norchola-
5,20,22~-triene-23~-carboxylic acid § lactone, which were
used in the next step without further purification.

A}



acetal ,; which were used in the followi ng step without further purification.
biv) - A mxture of 300 M of dry dinmethoxyethane and 32 ml of a sodium

bi s(trinmethylsilyl)amde solution (1 Nin THF) was cooled to -30 [err]C. A
solution of 4.77 g of the tosylate obtained in the previous step in 20 m
of di met hoxyet hane was added dropw se ggd the m xture was stirred at -30 C
for 30 mn. The reaction was quenched Dby addition of 100 ml of a saturated
aqueous sol ution of anmonium chloride; the m xture was stirred at roomtem
perature fariils # Fodddwihg & rpatdumdiaid caea bogbousiFtoetharte ol esitepnder

reduced pressyge resy ragt ' d C ; the
extracts vvef‘% %sﬁéﬁmﬁg h r isln'fa%?dq Y\gg gi\%r gsigg%}\#ﬁ %'&aﬁ%eégn#g‘gg
concent r at ¥pugdeponverted ptess@e74 o0 af f @fd 3(UBxY- bl -HydIrexy+124R) -

3,3-[1,2-et M SO 19 o ays Blo et hyl ene- 19> cerjene~23-
nor chol a- 5, 20-di ene; 23-ca ng lic acid [errl | act one \M‘ﬁ@h were used in
the fol | owiSRFRINLIEF ¢ agkone,, Mp. 3239 oiC/ i (FID° FoT I B8 3’ a
procedur e afal=ogbuschlordedrmf.step ii of Exanple 1, 1.36 g of the product
of the previous step were converted to 0.84 g of

(17[err], 23R)-17- hydr oxy- 11- 24

met hyl ene- Ex3nple-Ybr chol a- 4, 20- di ene-23-carboxylic acid [err] |actone.
Mp. 198 [err]C, [err] = +98.5[err] (c =1, chloroforn). Exanpl e 12

Chol o 4 20- G A3 23 DR T L e 11§ A OB 4R BTeXO B BT T r om

(17[err]) - Khotd-hy,) 2ned i¥nt24{tdicreadjd phelgttone was prepared from

S o] Y O A e BRI (/Y P ey £0° ovol 1
ene-l19-~-norpregna-5,20-diene-20~carboxaldehyde diethyl
acetal (Example 4, step i) as follows: “
i) - 6.88 g of the steroid mentioned above were dis-
solved in 69 ml of dry THF. p-Toluenesulfonic acid
(0.414 ml of a 1 N aqueous solution) was added, and the
mixture was stirred at room temperature for 45 min. The
reaction mixture was then added dropwise to an ice-
cooled mixture of 40 ml of a solution of ethylmagnesium
bromide (3 N in diethyl ether) and 100 ml of THF. The
reaction mixture was stirred for 2 h, then it was
quenched with a saturated aqueous solution of ammonium
chloride. The product was extracted into ethyl acetate;
the extracts were washed with brine, dried over sodium
sulfate, and conceﬁtrated under reduced pressure. Column
chromatography gave'3.31 g of (17a,22R)-17,22-dihydroxy~-
ll-methylene-19-norchola-5,20-dien-3-one cyclic 1,2~
éthanediyl acetal. .
ii) - Following a procedure analogous to that of step
iii of Example 4, 4.97 g of the steroid mentioned above.
were converted to 5.72 g of (17a,22R)-17-acetoxy-22-
hydroxy-1l-methylene-19-norchola-5,20-dien~3-one cyclic
1,2-ethanediyl acetal, which were used in the following
step without further purification.
iii) - A solution of 2.28 g of the mono-ester obtained
in the previous step in 16 ml of dry pyridine was cooled



11, step ii) as follows: i) - A mxture of 110 m of dry di met hoxyet hane
and 12.8 m of a sodiumbis(trinethylsilyl)amde solution (1 Nin THF) was
cooled to -30 [err]C. A solution of 1.91 g of the tosylate nentioned above
in 18 m of dinmethoxyethane was added dropwi se and the m xture was stirred
at -30 [err]C for 30 m n. |odonethane é} 99 mM) was added dropw se and the
reaction mxture was allowed to warmto O [err]Cin 2 h. A saturated
raqueous sol ution of amoni um chl ori de was added and t he di nmet hoxyet hane and

THF were reipvad watdas bsduceq:-moamuffbmbesampdmexar agtegh Wi th
et hyl acetaﬁ} H @g (?xé gcttg\ﬁ re washed Wltg bri N dried ﬁer sodi um
sul f at e, P oncernt r &ty "}ﬁ?cevf?spr% 303 t8 af o™ ERETRT 100 %
of (17[ err]turss 3€éx, 3- d.haktedvys - then poured into 320 ml of water

bi s(oxy)] - %&)/éﬁgXX-e%%]_ﬁh@/' susp Meﬁgslgtﬁﬂa:%ﬁo@or h. T e

5, 20-di ene- 23- carboxylic acid [err actone were used 1 nt
fol | owi ng REQAUGY AR FakeReRPpintei efhydnacetpte paiq &M%ga‘?&l?ﬂ‘éﬁedure

anal ogous tnyémtwac&ese*tiasdtéarmﬁneﬁhel BaﬁE Ebamlm;. Ithel . doinbine®f the
steroid nention ve were convert.ed to ézl?% ér]eg 17-

hydr oxy- 23-9F ﬂfﬂd eﬁyl HRES3. %Weﬂ) oFa-ﬁaE ? PrRUF boxylic
acid [err] smtimn pr s@dtum, l‘{)ﬂinc}gmcz&ihoﬁme] afd =withcbwind orn .

25 Exanpl glidg di fat a trated und
(17[err])-17- Hydr O?X/elil ?roet l}uuﬁnen u% ng'lQan concen 5a 2e2_ undex

tri ene- 23- Zadiesd Qr%&ff‘éFTer?ﬂ‘el ﬁEPQﬂePﬁ'ﬁguﬁFedér'é& Honf17a,22R) -
(17a, 23R) - a.vs-a(cbmmmwm(mm T-eipQphieny l)sulfonyl]-
(Exampl o 1 POZas ebcheta & AEAEr Y00 I dyaile (o F1sinafed Ve
di i sopropyleweted ,i waE) used)faﬂrs}udﬂ-lﬁrwa}he:cﬁﬂlédmhlg g r]C, and 3.00 ni
e vod L RO L byl BRRIGORY 8 cEEL Ay e T
of Example 4, 3.13 g of t e tosylate of the previous
step were converted to 0.72 g of (17a,22R)~-22-ethyl-3,3~-
[{1,2-ethanediylbis(oxy) }-17-hydroxy-1l-methylene-19-
norchola-5,20-dien~24-oic acid § lactone.
v) - Following a procedure analogous to that of step ii
of Example 1, 0.72 g of the steroid from the previous
step were converted to 0.44 g of (17a,22R)-22-ethyl-17-
hydroxy-11-methylene-3-oxo-19-norchola=-4,20-dien-24-oic
acid § lactone. M.p. 172 °C; [a)p20 = +186° (c = 1,
chloroform) . '

Example 15

(38,17a)-3,17-Dihydroxy~-l11-methylene-19-norchola-4, 20~
dien-24-0ic acid § lactone was prepared from (17a)-17-
hydroxy-l1l-methylene-3-oxo-19-norchola-4,20~dien-24~oic
acid ¢ lactone (from Example 2) as follows:

Sodium borohydride (0.522 g) was added to a solution of
2.52 g of the latter steroid in 69 ml of dry diglyme.
The reaction mixture was stirred at room temperature for
1 h.  After cooling to 0 °C, the reaction was quenched
with an aqueous solution of acetic acid (10 %). The
resulting mixture was poured into 240 ml of water and



then cooled to -78 [err]C. A solution of 1.70 g of the steroid nentioned
above in 20 mM of THF was added drop- wise and stirring was continued for
15 min. A solution of 1.59 g of carbon tetrabromde in 8 m of THF was
added dropwi se and the m xture was allowed to warmto O [err]C over 2 h. A
Saturated aqueous sol ution of ammoniu é:hl ori de was added and the product
was extracted into ethyl acetate. The conbi ned organi c phases were washed
with brine, dried over sodiumsulfate, and concentrated under reduced
pressure t &haf fpraivctdSwas obxttacted] idE6) -dirthyl ether. The com-~

br ono- 3, 3- v i ' ol (7 [0 1- | <4 -
ene- 19- nor %’ %&%ge ?Q%%%cgﬂ{a}%@éﬁekgizﬁ@g&gcﬁ erv}rﬁ%telr}éctw &r%‘, ATEh wer e _
used in tharpded aaaeoNs: Fedution I?é?rlsﬁdrlluiﬂi dydregencarbonatsy| @ndn of

1.90 g of {hHenbind ordy fe®bbvéPedol tuhNBubES¥L)UANA! RdridentYdbdd/ire of 38
m of toluene and

3,.8 of 1,5-diazabi¢yclo[4.3.0]non-5-ene was stirred at
room t enpet e lfeo‘?“iéa. pfﬁéspé'ﬁc&%ngﬁ Kt BF‘e %&’é‘l%ﬁ eP}??‘ﬁPBea it ur at ed
aqueous Ssokretiuwrtion surbduwcts dr Phencd~hydrioxyanisamnér awasd isdlatedy|
acetate. The e 'nﬁ,e ' ’p%ﬁﬁﬁs ed Yt i ne,a A4 6d over
sodi um sul ?’gte, an g%ﬁr)\fcen{ r‘gﬂe 'deﬁcgruce gf&sgrg%t g%aaf'gc;}r 1.38 g of
(17[ err]) - 3,37-9ikydnoxymddi-methyleng-jl9-norchola-4,20-dien-24-oic
-17- hydr oxgeld net habgaﬁe;wmg;_ch@iﬁ- °8;2G.03 2tOri=enq.133goar?9x¥l isc, acid
[err] Iactopﬁ, i ch were used in the next step wthout further
purificati Gptorotorm). 26 iii) - Following a
procedure anal ogous to that of step ii of Exanple 1, 1.38 g of the steroid

ment i oned I converted to 0.74 g of (17a)-17-hydroxy-11-
met hyl ene- g?gégl%g-lﬁor chol a- 4, 20, 22-triene-23- carboxylic acid
[err] lactone. Mp. >230 C, [err] = +68.5 (¢ = 1, chloroform. Exanpl e 14

(38,17a)~17~-Hydroxy-3-methoxy-11l-methylene-~19-norchola-
4,20-dien-24-oic acid & lactone (a) and (3a,17a)-17-
hydroxy-3-methoxy-11l-methylene-19-norchola~4,20-dien-24-
oic acid § lactone (b) were prepared from (17a)-17-
hydroxy-20-(hydroxymethyl)-11-methylene~-19-norpregna-
5,20-dien-3-one cyclic 1,2-ethanediyl acetal (Example 4,
step ii) as follows:

i) - A solution of 4.59 g of the latter steroid in a
mixture of 90 ml of methanol and 4.6 ml of 6 N hydro-
chloric acid was stirred at room temperature for 2 h.
Water (90 ml) was added; the resulting suspension was
filtered and the residue was washed with water. Drying
of the residue afforded 3.86 g of (17ax)-17-hydroxy-20-
(hydroxymethyl) -1i-methylene-19-norpreqna-4 ,20~dien-3-
one, which were used as such in the following step.

ii) - A solution of 3.17 g of the product obtained in
the previous step and 0.176 g of p-toluenesulfonic acid
in 93 ml of acetone was stirred at room temperature for
48 h. The reaction mixture was neutralized by addition
of a saturated aqueous solution of sodium hydrogen-
carbonate, and the acetone was removed under reduced
pressure. The residue was extracted with ethyl acetate;
the extracts were washed with brine, dried over sodium
sulfate, and concentrated under reduced pressure to give



(17[err] 22R)-22-Ethyl -17-hydroxy-11-net hyl ene- 3- oxo- 19- nor -

chol a- 4, 20-di en-24-0ic acid [err] |actone was prepared from

(17a) -3, 3-[1, 2- et hanedi yl bi s(oxy)]-17-hydroxy-11- net hyl -

ene-19- nor pr egna- 5, 20- di ene- 20- car boxal dehyde di et hyl acetal (Exanple 4,
step i) as follows: i) - 6.88 g of t he, ?teroid menti oned above were dis-
solved in 69 m of dry THF. p-Toluenesulfonic acid (0.414 m of a 1 N
aqueous sol ution) was added, and the m xture was stirred at room
tenperatur@.Bdr 46 @, (AT B)eRotZ HmathydS ds’ didethgdan efippwWise to an

ice- coole 1m3>dd~i.r<:$cd?fe-410 17 -‘B‘stﬁﬁﬂ'éﬂé 193 Qo Ny LURBEBRE Sy &R DrgyEgle (3 N
in diethyl eth and of ,THF.” The reaction m xture was stirred for 2

h, then it a\ﬁa? %fﬁ'}]é’ S84 aqueous sol ution of ammoni um
chl ori de. 'ﬂid.)pr-ochlcsomaslent bpEc2edl rf oftitlyé steratid; obtaimdd ai s were

vashed it LR L eer o0 U S (8L U ohild bl

reduced pressu um C ronatography ga
(17[err], 2R -ary, igedpnyapéx;susppnmwl@ﬁeu%ng c<hf)l adishiomdiadm-3- one

cyclic 1m&ni@£ﬂ1 i)de aﬁ?t% m!l' bf- THY.| Q¥ a1 QEOSder ecanalpgous to
that of step iii of the s er0|d nmenti on above were

convert ed Ga\?tf'?"g ‘fﬁs g"i%n% "Pi'tlgc%t ﬁ??’?? ed aqueous solution
hydr oxy- 11-ofetsodiane sld-favechd@thyl Atetiate Frasnadded, antd hai hanedi vl

acetal whieGlh oty Wer bild '/ 401 SO0 ShER YALRRULST URENS LT T cat] on

|||) - It on o e Nnono-es arnegd Aot e previ ous step
in 16 m o#rempdpmdﬁm@%m%mmsure to give 2.53 g of a 85:15 27

in a water naaéthmeo stuert%sld S19nigy -@%M&h{é%n@&—y 19 “EBnetdiiabrd the
m xture was |rreg§+eoomterrpera- ture for ot vvasthen oured into

320 m of Pl xanandviliy ﬁﬁﬁéﬁgﬁé‘ﬁ]vﬁs 'ﬁl1 rredor €3 %The
product wad7t'@jei2,2p-dimethytliygl, lade-ﬁd.mmjydehbspdq:m{aus-dioxane-

4,17'-estr[4)ene)=-3'-0l, which were used as such in the
following step.
iv) - A solution of 2.53 g of the product of the previ-
ous step in a mixture of 26.4 ml of pyridine and 13.2 ml
of acetic anhydride was stirred at room temperati;re for
6 h. The reaction mixture was then poured into 300 ml of
water and the resulting suspension was stirred for 30
min. The product was taken up into ethyl acetate and the
aqueous layer was extracted with the same solvent. The
combined organic phases were washed with a saturated
agqueous solution of sodium hydrogencarbonate and with
brine, dried over sodium sulfate, and concentrated under
reduced pressure to give 2.73 g of a 85:15 mixture of
(3'8,17'8)-2,2-dimethyl-5,11'~dimethylenespiro[1l,3-diox-
ane-4,17'-estr[4]lene]}~-3'-0l acetate and (3'a,17'8)-2,2-
dimethyl-5,11!'~-dimethylenespirof{l,3-dioxane-4,17'~estr-
" {4}ene]-3'~0l1 acetate, which were used as such in the
following step. '
V) - Following a procedure analogous to that of step i,
2.73 g of the product of the previous step were
converted to 2.22 g of a 6:4 mixture of (38,17a)-3~
methoxy-11,20~-dimethylene-19-norpregn-4-ene-17,21-diol
and (3a,17a)-3-methoxy-11,20-dimethylene-19-norpregn-4-




| ayer was extracted with the sane solvent. The conbi ned organi c phases were
washed with a saturated aqueous sol ution of sodi um hydrogencarbonate and
with brine, dried over sodium sulfate, and concentrated under reduced
pressure. The crude product (3.13 g) (17a, 22R)-

17- acet oxy- 11- et hyl ene- 22-[[ (4- met hyl pbenyl ) sul fonyl ] -

oxy]'19 nor chol a- 5, 20- di en- 3-one cyclic 1, 2-ethanediyl acetal, was used as -
such in the follow ng step. iv) - Follow ng a procedure analogous to that
of step v ¢meRiFgmAledioly mhirhiware usesy ag susth timne theiaolkowinp were
converted t@dh.72 g of (17a, 22R)-22-ethyl -3, 3-

[1, 2- ethanedlylblsgoxyg% 17- hydr ox 11-nethilene- 19-

nor chol a- 5,¥g- dT eF©24°4109, @ dpf%? qure apadogens. 4oy FRAFnGLfa $HR edure
anal ogous tidi lof Etampl® 4] »i2ExgnpEfethe Proédugtooft mét;mmﬁbdé omthe

[ d -
E;S\r/gg;slit ne e%ﬁe%}\éqileﬁ%ﬁoa%ch%eg ]%T ?é/]dg%{fﬁf %'1% k 1W e]r'r(i4 | act one.
Mp. 172 [&eraf ccsq.ewq)ammmn(.@o:dgmemw@m-mrmm@- 15
(3err]. 1Tiehid iy, rbuidny dvokekhedet Bheng; 18- 1gr il Ash Hraylipn- 24-01 C

acid [err] | act one mas repared from
hydr oxy- | 1 MeSheRYsid 2 4emakhdenas ﬁ??ﬂ?ﬁﬁﬁﬂf%ﬁfﬂﬁ??%ﬂﬁ%TQ%Q*] | act one
(fron1Exanw1}dBeﬁuté(ﬂIows Sodi um bor ohydri de (0.522 g) was added to a

solution o 2 tie of_ dr, The
reaction mfvx aSe ﬂaﬁ;‘;l%wlrljé ; ﬁfgég&&ég éﬁ%?&’gL? or°1 t%:a g’t Rl ng to
0 [err]C, tive pEadxamples 4quehc%dgm Qﬁ d@ﬂac}ﬂex)usB-smﬁtl‘tdﬂrldf 2etic acid

(10 % . TheinRtyiidHeSiodny ﬂ@;ﬁam&@imntzq-%%lmuofae@ﬁe ke

28 the product was extracted into dleth | ‘et her. The com
converted to 1.24 g (38,17a)-3-methoxy-11,20-di-
methylene-19-norpregna-4,20-diene-17,21-diol 17-acetate
21-(4-methylbenzenesulfonate), which were used as such
in the following step. .
viiia) - Following -a procedure analogous to that
described for step v of Example 4, 1.24 g of the product
of the previous ‘step were cqnverted to 0.66 g of
(38,17a)-17-hydroxy-3-methoxy-1l-methylene-19-norchola-
4,20-dien-24-0ic acid & lactone. M.p. 121 °C; [a]D2° =
+15.3° (¢ = 1, chloroform). _
viib) - Following a procedure analogous to that of step
iv of Example 4, 0.75 g of (3a,17a)-3-methoxy-11,20-di-
methylene~19-norpregn-4-ene-17,21-diol 17-acetate were
converted to 0.97 g of (3a,17a)-3-methoxy-11,20-di-
methylene~19-norpregna-4,20-diene-17,21-diol 17-acetate
21-(4-ﬁethy1benzenesulfonate), which were used as such
in the following step.
viiib) - Following a procedure analogous to that of step
v of Example 4, 0.97 g of the product of the previous
step were converted to 0.53 g of (3a,17a)-17-hydroxy-3-
methoxy~-1ll-methylene-19-norchola-4,20~dien-24-oic acid §
lactone. M.p. 150 °C; [a]p20 = +76° (c = 1, chloroform).



bi ned organi c phases were washed with water, with a sat- urated aqueous
sol ution of sodi um hydrogencarbonate, and with brine, dried over sodium
sul fate, and concentrated under reduced pressure to give an epineric

m xture of reduction products. The 3[err]-hydroxy isoner was isol ated by
“colum chromat ogr aphy, affording 0.40 gjof (3[err],17[err])-

3, 17-di hydr oxy- 11- net hyl ene- 19- nor chol a- 4, 20-di en-24-0ic acid [err]

| actone. Mp. 211 [err]C, [err] = +19.8[err] (c = 1, chloroform. Exanpl e
16 (3[ er rAxamfdiag ri9 - 17- Hydr oxy- 3- met hoxy- 11- net hyl ene- 19- nor chol a-
4,20-dien-24-o0ic acid [err] lactone (a) and (3a,17a)-17-

hydr oxy- 3- met hoxy- 11- net hyl ene- 19- nor chol a- 4, 20-di en-24- oic acid [err]

| act one ( b)(1Merld qirelarBthy ¥-oiid (hydroxyj-3~pxo-19-norchola-4,9,20-

hydr oxy- 20- tﬁﬁ%ék%—fﬁé‘yhkié' '&mtl%%?n% 1x9a£‘0rl Ie?ﬁlal‘}% OF?de'é‘é‘tz?a-O”e

cyclic 1,2 et anedi acet al ste
sol uti on of® (41@9'99‘ 'tqt’@ﬂ%'t:te\” ’é-’r‘lﬁd FMC igi xt3mr et A-ekhanedtyhet hanol
and 4.6 n az«fetﬁ; eglrfol Xdwsy i ¢ aci d vvas stlrred at roomtenperature for 2

Pesy\ghgrwa ’éﬁ%ﬁ%%%ﬁ eﬁ# si e ﬁ?ﬁo;’lﬁat% Gi‘:jlgdotE e
(17a) - 17- hyaf omlq hyldr 0X38t hyg ) -oifl - mi‘tehylh‘lé'-é.m refrexrasigha-wer®- di en- 3-

one, whi Ch e SRt €8 aycbvl tdteat%i%m ske@ta'ﬁ%m "inét?éﬁ#?n of
3.17 g of the product obt ai ned |n Ct_é‘{)rew ous Stefq 176

p- t ol uenes @bni (A% d']r7n't§@rfﬂxib'fz“a ’@ﬂ"a?"t%ﬁﬁ‘ﬂsﬁmer ature
- for 48 h. B@0o)aEctiD), 20-4riehvBsonme Wyl ad etatithidd byl dcebsp) ur at ed

Cindor T edu L KB Soc oY Sty din, e IS d0s )| “acetate. he

extracts warid washemiwiturrebrafhell@rgedfoedlicadi & uml ap€, aarsatu-

concent r at g4 giifleh qhedUse LIPSO ColtC dikdfic acid and 310 ml of
dichloromethane was stirred for 10 min. A solution of
42.07 g of the product of the previous step in 130 ml of
dichloromethane was added and stirring was continued for
another 20 min. Sodium hydrogencarboﬁate (5 g) was added
and the mixture was filtered over celite. The residue
was washed with ethyl acetate and the filtrate was con-
centrated under reduced pressure to give 8.22 g of
(17a)-17,24~dihydroxy-19~-norchola-5(10) ,9(11) ,20-trien-
3-one cyclic 1,2-ethanediyl acetal.
iii) - To a solution of 8.22 g of the product of the
previous step in 113 ml of dichloromethane were added
0.51 ml of pyridine, 1.92 ml of 2,2,2-trifluoroaceto-
phenone and 27.7 ml of an aqueous solution of hydrogen
peroxide (30 %). After stirring at room temperature for
70 h, the reaction mixture was poured into 300 ml of
water. The aqueous layer was extracted with dichloro-
methane, the combined organic phases were washed repeat-
edly with a saturated aqueous solution of sodium thio- .
sulfate and with brine, dried over sodium sulfate, and
concentrated under reduced pressure. Column chromato-
graphy gave 3.26 g of (5a,10a,17a)-5,10~epoxy-17,24-di~
hydroxy-19-norchola-9(11) ,20~-dien-3-one cyclic 1,2~
ethanediyl acetal.



29 2.51 g of (17'[err])-2,2-dinmethyl-5,11" -di net hyl enespi ro-

[1; 3-di oxane-4, 17' -estr[4] ene] -3' -one, which were used as such in-the
following step. iii) - Asolution of 2.51 g of the steroid obtained in the
previous step in 50 m of dry THF was added dropwi se to an ice-cool ed
Suspension of 1.25 g of lithium alu- m3@2 um hydride in 50 m of THF. After
1 hat O[err]C the reaction was quenched with a saturated aqueous

sol ution of sodiumsulfate. Ethyl acetate was added, and the nix- ture was
filtered ovst) cel Toea Thixture rafe3wdé gormnther stesodddarentsichrest

ressure t 3 f e -
?3 Corr], 1‘%1‘53&6?}%\5 0949 gahéf &%qéi‘g“f{m%:ﬁefude dimethyl sulfide

spiro[1, 3- & -41’17 -3es’!‘}[ er@fYS'mBI' °°o9’?(?d te 4% °C, were
}17'1[7err]%-&4<ﬂea' I‘&i%dbdll:ielﬂé nilnathxheaenpmabihﬁaadm?wmh : dle solu-t )
, 17" -estr ne Q such.in the owi n i v
- A sol uti(%rf]‘%’f L35§ d’ ‘X\{]%é%rﬁaﬁ{! gf ?%e-'eﬁr(ﬁﬁ ’Bjd'%qs?lé yr? g°$n xture
of 26.4 nl feir pyrihli nhendresdcion whsacyuencherdy wriitie ava$a41ul:ra'taﬂ at room
L enper at ur giious Neo s 626! Whmnibll SHRSIQED DAY Blolct Ips M of

water and the resulting susgenm on was Stl rre he product was
taken up i RXFrAGhAd HatQ ethKd Acetakgsothe Hxtragks cWeracashad h t he
sane sol venixthTmrmmldeth@rkasah&ﬁisMEatbasm \Wdntehtaaitaat ed

I h h t d_ wi d
o um sl AHsY AEadeis REPHROEE RRS £ okl B dta S5 o
85: 15 m xt dleethyl~5,17,24-trihydroxy-19~-norchola-9, 20-d1en- 3-0one
(3" [err], leydnd r %—?eeﬂ I 3ckkayd ?ﬁ.tﬂa.l %e%ml{e”] s Qudh in

ane-4, 17' -estr|[ 4].ere] -3 - acetate and [err], 17 -2, 2-
di net hyl - 5 the fq ®EE&Rr o[ 1, 3- di oxane- 4, 17" -estr- [4] ene] -3 -ol

acet at e, vw)ch- vmmawm;as ﬁwbedﬂi\ré hsnim¢m NgoStRAt VF step lidwi ng a
brocecure SEBARA 3By AP ofefidler iy Ml Crar’ 11
(3[err], 17wene| )cenvmetedxy:oll;t2msdumoﬁy|(am,mmwmy4-eﬂem 21-di ol
and  (3[ er @inkErdxy-193nB o a-bl 920 2¢- T2l Rn-80nkd- nor pr egn- 4-

vi) - To a solution of 23.1 g of pyridinium dichromate

in 84 ml of dry ditlnethyl formamide was added a solution

of 1.38 g of the product of the previous step in 35 ml

of the same solvent. The reaction mixture was stirred at

room temperature for 45 min and then poured into 1200 ml

of water. The product was extracted into ethyl acetate;

the combined extracts were washed with water (3 times)

and with brine, dried over sodium sulfate, and concen-

trated under reduced pressure. Column chromatography

gave 0.78 g of (118,17a)-1l1l-ethyl-17-hydroxy-3-oxo-19-

norchola-4,9,20-trien-24~0ic acid § lactone. M.p. 207

°C; [01020 = =185° (c = 1, chloroform).

Example 18

- (17a) -17-Hydroxy-3-oxo-19-norchola~-4, 20, 22-trien-24~oic
acid § lactone was prepared from (17a)-3,3-(1,2-ethane-
diylbis(oxy) J-17-hydroxy-19-norpregna-5, 20-diene-20~-
carboxaldehyde diethyl acetal, in its turn prepared from
estr-5-ene-3,17-dione cyclic 3-(1,2-ethanediyl acetal)



30 ene-17,21-diol, which were used as such in the follow ng step. vi) -
Fol I owing a procedure anal ogous to that of step iii of Exanple 4, 2.22 g of
t he product of the previous step were acetylated at the 17 hydr oxy group
giving 1.04 g of

(3[err], 17[err]) 3- met hoxy- 11, 20- dlnetg Iene-19-norpregn-4- ene- 17, 21-di ol
17-acetate and 0.75 g of (3[err] 17[err?)-3-

met hoxy- 11, 20- dlnethylene 19- nor pregn-4-ene-17,21-diol 17-acetate. viia) -

Fol | owi ng_appragerbcedmré | Hgologdes ttntitnit S step of dxaxampYe 4, 04 g of
(3[err], 17[err%3 ]{3; mef hoxy- 11, 20- di net hyl ene- 19- nor pr egn- 4-ene- 17, 21-di ol
17- acetate?l%r %%‘@%Tted to 1 24 g of (3[err],17[err])-3-methoxy- 11 20-di -
met hyl ene- 18) nor gréo@t-4, 2F duem-larﬁmwmamammmssmxy)] 17-

21-(4-meth M&ﬁf'ﬂféu ALY fd'— ih&ﬁﬂ:e?ﬁbék’&ﬂié ddie fohfow ng
step. vi ||§ Fol | owi ng I?aoce ure gous to that l'E}{ascrl bed for step
v of Exanpl@Ehyl 1aE$t510f"’§5’nedﬂF&&l}(‘,’Fdofl‘lh 80, mYi 8fis ALY eFBKer PTonvert ed
to 0. 66 ’Eblwénesulfonic acid (1.10 ml of a 1 N aqueous solution)

3 | a-

(GLert) . 7beld ] adda dha g IR B ate o e e e
chl or of or mtuxe i §pr- 4-ohk ol ngatupateddaguesus ogoletiont bft sddiump iv of
Exanpl e 4, 1%,3150 &éaﬁﬁ&ﬁééé 1%§”]Qdéiadmt AAYY - 1én&O- Product  was

met hyl ene- 19- nor n-4-ene-1 diol 17-acetate were converted o 0.97 g
of (3[err] Q_’?‘f@ﬁ"tﬁ 3- q‘m;chox?ttml o(AGgtate. The combined organic
net hyl ene- ighasedr egpe- datheal emftrl?tazindl olar ile& aoeéat eodmm sul-

step. viiiBAeroRng qetiitrata "ln rfaééu%e%é AN IIRCTRE A S
4§, 0.97 %7012-t5’n'33 |grodﬁct(b?axm%[evummraﬂWM&mwlﬂﬁv-ltwar% g of
(3[err], 17[ ey Jigﬂo{%” =8, zd’%f&%’-z’&?&’:‘ﬂﬁ%ﬁﬁ%é‘orc Oﬁxﬂzzh

20-di en-24-o01c acid actone +76 (c
chl or of or jwere used as such in the follow:mg step.

ii) - Chlorotrimethylsilane (3.4 ml) was added to an
ice-cooled solution of 2.0 g of the product of the
previous step in a mixture of 30 ml of dichloromethane
and 4.4 ml of pyridine. The reaction mixture was stirred
at room temperature for 20 h and then poured into a sat-
urated agueous solution of sodium hydrogencarbonate. The
product was extracted into dichloromethane; the extracts
were washed with brine, dried over sodium sulfate, and
concentrated under reduced pressure to give 2.59 g of
(17a)-3,3~{1,2-ethanediylbis(oxy) ]-17~-trimethylsilyloxy-
19-norpregna~5,20-diene-20-carboxaldehyde which were
used as such in the following step.

iii) - A solution of 1.32 ml of diisopropylamine in 45
ml of dry THF was cooled to -30 °C, and 6.10 ml1 of an n-
butyllithium solution (1.6 N in hexane) were added drop-
wise. The mixture was stirred for 10 min at -10 °C and
then cooled to -78 °cC. t-Butyl acetate (1.28 ml) was
added dropwise and stirring was continued for 30 min. A
solution of 2.07 g of the product of the previous step
in 8 m1 of THF was added dropwise and the reaction mix-
ture was stirred for another 2.5 h. A saturated aqueous
solution of ammonium chloride was added and the product



31 Exanple 17

¢11[err],17[err])-11- Et hyl - 17- hydr oxy- 3- oxo- 19- nor chol a- 4, 9, 20-
trien-24-0ic acid [err] lactone was prepared from estra-
5(10),9(11)-diene-3,17-dione cyclic 3--(1,2-ethanediyl acetal) as follows:
i) - Followi ng a procedure anal ogous tg4that of step i of Exanple 1, 29.7 ¢
of the latter steroid were converted to 42.07 g of a m xture of starti-ng
mat eri al and (17[err])-17-hydroxy-24-trinet hyl silyl oxy-19-norchol a- 5(10)
,9(11) , 20was eaxtraciedydhto Ethydt asetditd. arlee abombthineld warganised as

such in thelQldOWtge SLGRN Juith H%fﬁ&red‘}figﬁéo%\gerff s?héhﬁa st S M of a

satu- rated aqueous sol ution of ‘oxal acf d I'ChI%or omet hane
was stirredfate, 1andi concentinatesh wndep gedyced tprepsvnact Gslume

previous sicp-omatbyft h(ff %h‘e@ or grrggha west added -Aithethy1d iy Mas
conti nued for anot er enc rbona e\ﬂé’{ﬁi&) was ‘added and
the m xt ur € W& 225 'é’r'é’d'[&v(%' qn(egl sr Je"’\ﬁa TMith ethyl
acetate an¢ﬁihemynsﬂlyaoaq&mmmna&&awmnw,pressmto give
8.22 g of (1 Y l,&-5 D120t 3-one
cyclic 1, 2%@ dlo;%l atgtglméghi?eeﬂ#f 31% '%tl% %‘é‘z% éh%r}lphe pr oduct
of the pre\ﬁidil@ M)H%dewmm&-ﬁémmdmcgﬁl m of
pyridine, Enddads Qfo.a,_%n?.ﬂ.ld‘dwroacet o- phenone and 27.7 m of an

aqueous sol,ution gen Xi d r| n oom

t enper at ur &¥or™ 78°‘H‘g¥ 55??3 A{H)‘u{ tUa edhi water.
The aqueoutd ayesolatien rat:t d o2 tq1 dfclﬁlmr oma jer hpreadudte oﬁmhheed

or gani ¢ ‘ph r a r d eqQus | ution
of sodi um ?’%?o- fg/@] flrc’i EP? ;r%r ?’%le)éfx fn&dﬂloa\sl'gérijs u%?ggl 8}1 c’Stoand
concentr at éGYuﬂ'@@r- Aftere s tiradng £orca| bnﬁtcﬁ'm#htt@mpﬁra&\l}'%a\fél% 26 g of
(S[err], 10h@ackibf Giitture 1Qa§p91é‘ﬂt¥313436' with an_aqueous solu-

hydroxy- 19 r}.OI‘nCI"l)O % g(tj‘lfg ac::.«:ij f"g'o %)O,nepou e I:Ent:o 120 mrl rt"e % acetal .

and extracted with dichloromethane. The combined organic
phases were washed with brine, dried over sodium sul-
fate, and concentrated under reduced pressure. Column
chromatography gave 0.503 g of (17a) -3,3-[1,2-ethane-
diylbis(oxy) ]-17-hydroxy-19-norchola-5,20,22~-trien-24-
oic acid § lactone and 0.255 g of (17a,22R)-3,3-[1,2-
ethanediylbis(oxy) ]-17,22-dihydroxy-19-norchola-5, 20~
dien-24-o0ic acid § lactone.
v) - Following a procedure analogous to that of step ii
of Example 1, 0.453 g of the major product of the previ-
ous step was converted to 0.402 g of (17a)-17~hydroxy=-3-
oxo-19-norchola=-4,20,22-trien-24-0ic acid § lactone.
M.p. >250 °C; [a]p?? = -29.6° (¢ = 0.5, chloroform).

Example 19

Followihg.a procedure analogous to that of step ii of
Example 1, (17a,22R)~-17,22-dihydroxy-3-oxo-19-norchola-
4,20-dien-24-0ic acid §é lactone was prepared fronm
(17a,22R)~3,3-[1,2-ethanediylbis(oxy) }]-17,22-dihydroxy~-

19-norchola-5,20-dieh-24-oic acid § lactone (Example 18,
step iv). M.p. 235 °cC.



32 lv) - To a mxture of 3.26 g of the steroid nentioned above and 0.47 g
of "copper (1) brom de-di nethyl sulfide conplex in 78 ml of dry THF, cool ed
to -20 [err]C, were added dropwi se 16 m of an ethyl nagnesi um brom de sol u-
tion (3 Nin diethyl ether). After stirring at -20 [err]C for 1 h, the
reacti on was quenched with a saturated gqueous sol ution of ammoni um

chl oride. The product was extracted i nf ethyl acetate; the extracts were
washed with brine, dried over sodiumsulfate, and concentrated under
reduced pressure to give 3.05 g of (5[err],l1[err],17[err])-

|| -ethyl - d&; %é ydr oxy- 19- nor chol a- 9, 20-di en-3-one cyclic

1, 2- et hane ? cet whi ch were used as such in the follow ng step. v) -
Fol l owi ng a procedure anal ogous to that of step ii of Exanple 1, 3.05 g of

the steroid Pfatbfspf-f’i' Qﬂsniﬁgar&fesﬁ&%ﬂiéﬁﬁof&:éﬁ& 92@f-d1en-
(11f[err], 17£err 11- et dr oxy-19- norchol a- 4

20-trien-3 |) ac% adsol &PFBH“Sf 38 g PReRRKaddi nrfEHP‘dl chrdfate in
84 m of drgisiethybgth{dr (Bvk(228p63 psldetl, 2-ethahedyDbisd (SRyp)eb2the

d f | f.ih h
b oduet o SRR BT e SRRl ey DRSS Bt ag SR E5 L O
1200 m of omter(Efamphecti8ctshep ki) aasefiolhowset hyl acetate; the
conmbi ned exjy aﬁtﬁoﬂ&éf-‘e&’aﬁbeds&iﬁﬁ H‘féf-‘éxiéet weééo a&ﬂ whihaddéderodri ed

over sodi um sul f and concen- under reduced. pressure._ Colum
Chronatogra$h§° gygog &F g of the latter steroid 'in 1.5 ml of
(11[ﬁr{] 1Z¢tyr¢étﬁanelhahdlfshmﬁr?ﬁydﬁyORWF19After stirring for 75
nor chol a- 4 r e - -
NOLenol a4 i at 1E0a e blrRbldol Shid 18GLENGn MReuBTvEs bSLEL
(17[err])- 117ntgd1§s%ym;— odo-ustewrand| extiracted- miitdn-gthyl cacetate.

The organic phases were discarded; the aqueous phase was
acidified (to pH 3) with an aqueous solution of acetic
acid (50 %) and then extracted with dichloromethane. The
combined dichloromethane extracts were dried over sodium
sulfate and concentrated under reduced pressure to give
1.20 g of (17a,22S)-3,3~[1,2~ethanediylbis(oxy)]-17,22~-
dihydroxy-1i9-norchola-5,20-dien-24-~oic acid, which were
used as such in the following step.

ii) - Following a procedure analogous to that of step ii
of Example 1, using THF as the solvent, 1.20 g of the
product of the previous step were converted to 0.455 g
of (17a,228)-17,22~dihydroxy-3-oxo-19-norchola-4,20-
dien-24-oic acid § lactone. M.p. 229 °C; [alp2? = +58.4°
(c = 0.5, chloroform). '

Example 21

(17a) ~23-Bromo-17-hydroxy-3-oxo-19-norchola-4,20,22-tri-
en-24-oic acid § lactone was prepared from (17¢)-3,3-
'[1,2-ethanediy1bis(oxy)]-17-hydroxy-19-norchola-5,20-
dien-24-oic acid § lactone, which was prepared using a
procedure analogous to that described in Example 4, as
follows:



acid [err] lactone was prepared from (17[err])-3, 3-[1, 2- et hane-

di yl bi s(oxy)]-17-hydroxy- 19- nor pregna-5, 20- di ene- 20- car boxal dehyde di et hyl
acetal, inits turn prepared fromestr-5-ene-3,17-dione cyclic

3-(1, 2-ethanedi yl acetal) 33 by a
procedure anal ogous to that of step i Exanple 4, as follows: i) - 16.30
g of (17[err])-3,3-(1, 2-et hanedi yl bi s(o>?y)] -17-

hydr oxy- 19- nor pr egna- 5, 20- di ene- 20- car boxal dehyde di - ethyl acetal was

di ssol ved i) 180 Foll lowidgy al Hrogpeddird uanalogdusi toadhat( oflOstépol a 1 N
aqueous sol Ui edy na ' r ti A o] nper a-
flre for 4 B Buam 10 ole o o A TabEonsl it led BT s
added and WeFe qamarted e4t 13ct®dofnt 61 2ehy23 agdrdibronae3edmbi ned

organi ¢ phapgs2MetRaneaiptinis(8xPy hﬂﬁ'l-ﬂyaﬁéxgﬂfé-ﬁeﬂéldaléub; 2bate, and
concentr at ecg. undﬁ1 r educed preisu e to give 12.53 g of

(17a) - 3, 3- [129 et hantti 9FpRsfo 95’%93% hydr - :

oxy- 19- nor pitpne- BoRlewingca’proaeliural anaYogous tahthatwefestiepdids such
in the fol | oui C44) | Q¢ OLEI hylsil).ad : ) ed to an
i ce-cool ed (g%v: S:tg‘la?)lkq%f j2ib S'c&):? %eagrﬁt&cté%%h?ﬁ %?e%ﬂc?uspig?géag%a

m xture of Bt wsreli eAnYeskedhbr dnd04.9 M@f of 1p¢) r@@nkrompe3sdact i on

M xture wasg s} 2+é€llanbdi POBLE ¢oRP) {1 Y Shy@F 0P-192R8rEREDaPSYpOG2b0t O a
sat- urated aqueo%% sgl utloa gflso I um hydr ogencar bonate. The product was
extracted i MOCATEHTOIGREAGNE: 18FECRSt racts were washed with brine, dried
over sodi uniki) f at Foldwwingneepraceduredanalegousd tpr ddsmatr eof ostiepe 2. 59 ¢
of (17a)-3,8;5[1e2 2dilyl by s{oxy) L1 ri iyl - .

19- nor pr egngj-' 5%50%@%&%2&'c?r%§a¥déﬁy§gg \?ﬁtgh%éméeée%%e rgglgﬂgh in the
foll owi ng s$&8P Wweye . ceanyerkedontefr 1.2 @ Of di1ZedprapyPramaslin 45 ni

of | d[y TH(F H%&r@ﬁ*ﬁdoic@-§60nbﬁéh6%§a4 g@d,ﬁz-’@rﬂén?ﬁﬁe;e; ignd | | BP! um g
SOl utl on I N nexane e e Oi)oWISG. m ure s_stirre
for 10 ni nlla?cgl‘lﬁe[erﬁ]% angﬁg5 98'. [“in 256718 M ("= "B,

chloroform) .

Example 22

(17a)-17-Hydroxy-3-oxo~19-norchola~-4,6,20-trien-24-oic
acid & lactone was prepared from (17a)-3-ethoxy-24-
trimethylsilyloxy-19-norchola~3,5,20-trien-17~-0l

(Example 1, step i) as follows:

i) - A solution of 11.4 g of the steroid mentioned above
in 20 ml of dichloromethane was added under vigorous
stirring to mixture of 8.2 g of tetrachloro-1,4-benzo-
quinone, 18 ml of methanol, 43 ml of Adichloromethane,
1.0 ml of water, 1.7 ml of acetic acid, and 0.18 ml of
pyridine. After 75 min stirring, a solution of 3.25 g of
sodium hydroxide and 3.25 g of sodium hydrosulfite in 50
ml of water was added and stirring was continued for 30
min. The product was extracted into dichloromethane; the
combined organic phases were washed with an aqueous
solution of sodium hydroxide (2 N), water, and with
brine, dried over sodium sulfate, and concentrated under
reduced pressure. Column chromatography afforded 2..39 g
of (17a)-17,24-dihydroxy-19-norchola-4,6,20-trien-3-one.



then copled to -78 [err]C. t-Butyl acetate (1.28 m) was added dropw se and
sti‘trring was continued for 30 mn. A solution of 2.07 g of the product of
the previous step in 8 m of THF was added dropw se and the reaction m x-
ture was stirred for another 2.5 h. A saturated aqueous sol ution of
ammoni um chl ori de was added and t he prqﬂpct
34 was extracted into ethyl acetate. The conbi ned organi c phases were
washed with brine, dried over sodiumsul- fate, and concentrated under
reduced preksure. F@blowinghaopeocedapayangbogous 0t82thgt ofbfstep vi

i et hyl o 1) Ekempd . 270 o208 g G C o) b A (B i ZpRueighy- 17
1, 1- di et hy® HyVe¥E7f%FYfr92¢Ot3 3.79,9_@f hihee) 17-hydr°xy-3-oxo-

dlylblS(Oxyié-ﬂaréudlsxy,é7zo&tﬂ2éh¥b&+byéqxaxa9snpactone. 230
chol a- 5, 20- g%en 24- 9§t e. _%g) Pomde % tas nihydrOX|de (8 546 g) was
added to a sof uf¥bR of =2 ofctﬁe of the previous step in
1.4 m of dry nmethanol and 12 3 m of dry THF After stirring for 3 h at
roon1tenperﬁ% éél the reaction mxture was neutralized with an aqueous
solu- tion o etic acid (50 %, poured into 150 ml of water and extracted
wi th di chl oronet hane. The conbi ned organi ¢ phases were washed with brine,

ggied OVﬁr Fﬂf;ﬂﬂ&ﬁ“i7-ﬁi&?ox§n¢-ﬁéﬂﬁ Pt%éﬁf&Llﬁmhﬁré?ﬂvgeggﬂb?sﬁuﬁe
umm cnro err €
di yl bi s(oxﬁ %‘r%ftam? 282 % 'H%?Feﬁl 5o o a&?ﬁ?f@rr]

| act one anciné)tl?ﬁBegtn-f-S(IG)i-éﬁ&ﬁ 3123-dilo®e 3-(dimethyl acetal) as
et hanedi yl bgS{ Payad - 17, 22- di hydr oxy- 19-norchol a-5, 20- di en-24-oic acid
[err] lactone. v) - Follomnng a procedure anal ogous to that of step ii of
Exampl e 1, B) 433 Qlépwtlﬁs P RFOGAMIR taRALeguS EQi thalks off csteRrsl
converted tef 0. ¥emglel {17[®0[0)-47- 6ﬂdr£ne'€hatter steroid were
o0 8 e Lok Bareaf 5. .5 B AErGyrd “OF stV ARP ndblr1 2t
and . (7a,17a)-17-hydroxy-7-methy1-24-trimethy1silyloxy-
19-norchola-5(10),20-dien-3-one dimethyl acetal, which
were used as such in the following step. '
ii) - 256 ml of a solution of tetrabutylammonium fluor-
ide (1 N in THF) were added to an ice-cooled solution of
45.1 g of the steroid of the previous step in 128 ml of
dry THF. The reaction mixture was stirred at 0 °C for 45
min and then poured into 2 1 of water. The product was
extracted into ethyl acetate; the combined oréanic
phases were washed with water, a saturated aqueous solu-
tion of sodium hydrogencarbonate, and brine, dried over
sodium sulfate, and concentrated under reduced pressure.
Column chromatography afforded 15.55 g of (7a,i7a)-
17,24~dihydroxy-7-methyl-19-norchola-5(10),20-dien~-3-one
dimethyl acetal.
iii) - A mixture of 200 ml of dichloromethane and 40 ml
of pyridine was cooled in a water bath. Chromium(VI)
oxide (24.8 g) was added carefuliy, and the mixture was
stirred for 10 min. A solution of 7.0 g of the product
of the previous step in a mixture of 1 ml of pyridine
and 250 ml of dichloromethane was added and the reaction
" mixture was stirred at room temperature for 1 h. It was



Exarrpl e:19 Fol l owi ng a procedure anal ogous to that of step ii of Exanple
‘(17[err], 22R)- 17, 22-di hydr oxy- 3-0x0-19-norchol a- 4, 20-di en-24-0ic acid’

[err] | act one was prepared from

(17[err],22R) -3, 3-[ 1, 2- et hanedi yl bi s(oxy)]-17, 22-di hydr oxy-

19-norchol a- 5, 20-di en-24-o0ic acid [err]3d actone (Exanple 18, step iv). Mp.

235 [err]C 35 Exanpl e 20

(17[err], 228) 17, 22- D| hydr oxy- 3- ox0- 19- nor chol a- 4,20-dien- 24-o0ic acid

[err] | acttden meq)rupm@ gqueous quluuqretqﬁ/lsndmm hydrogen-

o) R s A |t s, e

step iii) lg’f'e?%/s 9%“ 1Cp Q% WEEEsSYTRE dr‘b‘i’ﬁﬂ a((F%%F n‘ep%s added

to a sol ut |a(que£6u92 §61gtdbnt mf I sbadmmst}qrdrdd;en'cérﬁorrdt@f afddy wetmanol and

rlga(r:nt | 8];1 %ﬁi‘t ur e’ \/vasit‘:'gc?)uérJ &%Osué‘sfamféq & O&éﬂ(ﬁ%@%&’&ﬂ\w %"E et hyl

acet at e. T@@%lkrm v@@bum‘lsGhL’G@dtOGHGPhHue@GQI‘M65 Mds qcidified
(to pH 3) g h an AeueAs- PALHYAr Bk 3 3R infe t3d ey {Ahebny@ich d gy ext ract ed

w th di chl oronet hane. The conbi ned "di chl Oor onmet hane extracts were dried over

sodi um sul FRAATRE DRI I8N 4nRiS i b d a8 e to give 1.20 g of
(17[err], 229) 3+ A [doPutidnneti gl b76( gxpf] okdli’d acid dihydrate in

di hydr oxy- 37966191{10%% QI%%Q »Fése’l;a%f‘e&it% cisqjl W%&P Jer eojﬁs%t uch in the

foll ow ng st Wng a procedure-an oous efepll
product of the previous step in 27 ml of ethanol. The

reaction mixture was stirred at 30 °C for 30 min. Tri-
ethylamine (1 ml) was added and the mixture was poured
into a saturated aqueous solution of sodium hydrogen-
carbonate. The product was extracted into ethyl acetate;
the combined organic phases were washed with brine,
dried over sodium sulfate, and concentrated under
reduced pressure. Column chromatography afforded 1.03 g
of (7a,17a)-17-hydroxy-7-methy1-3-oxo-19-norchola?5(10),
20-dien-24-oic acid § lactone. M.p. 77 °C; [a]D2° = +53°
(¢ = 1, chloroform).

Example 24

(118,17a) -17-Hydroxy-3-(hydroxyimino) -11-(1~-propynyl) -
19-norchola~4,20-dien-24-oic acid § lactone was prepared
from (118,17a)-17-hydroxy-3-oxo-11-(1-propynyl)-19-nor-
chola-4,20~-dien~24-0oic acid § lactone (see Example 2) as
follows:

To a solution of 1.95 g of the above lactone in 8.5 ml
of pyridine were added 3.80 g of hydroxylamine hydro-
chloride. ‘The reaction mixture was stirred at room tem-
perature for 1 h and then poured into 150 ml of water.
The product was extracted into dichloromethane; the com-
bined organic phases were washed with water, dried over
sodium sulfate, and concentrated under reduced pressure.
Column chromatography gave 1.94 g of (118,17a)-17-hydr-



of Exanpl e 1, using THF as the solvent, 1.20 g of the product of the

previ ous step were converted to 0.455 g of

(17a, 22S) - 17, 22- di hydr oxy- 3- oxo- 19- nor chol a- 4, 20- dien-24-o0ic acid [err]

| actone. Mp. 229 C, J[err] = +58.4[err] (c = 0.5, chloroforn). Exanpl e 21
(17a)-23-BronD-17-hydroxy-3-oxo-19-norc? | a- 4,20, 22-tri- en-24-o0ic acid
[err] l|actone was prepared from (17[err ? 3, 3-

[ 1, 2- et hanedi yl bi s(oxy)]-17- hydroxy-19-norchol a-5, 20- di en-24-0ic acid
[err] Iactonmy-iwuhydnnxy;mimavfﬁnﬂ61*grapxnxtmxnnfnqwehamnmw 20—t hat

described igy &y aPléid: agidl Oilg%tone a 155 mixture of E/z 36
1) - Follow ng a procedure anal 0gous to step

10. 05 g of PAMEER¢ O%Rmnﬁzéﬁed Qbové”]mere'cor'h}é’r%éd t dc4. _’t7 %f

(17[ err]) - Zch Lok olf durw)p- 3, 3-

[ 1, 2- et hanedi yl bi s(oxy)]-17-hydroxy-19-norchol a-5, 20- dien-24-o0ic acid
~[err] lactone. ii) - Follow ng a procedure analogous to that of step i

of Exanpl e Eb8amplle 2% of the steroid of the previous step were converted
to 1.30 g of (17a)-23-brono-3, 3-

[ 1, 2- et hanedi Ibls(oxy? -17- hydr oxy- 19- nor chol a- 5, 20, 22- trjen-24-oic acid
[err] |actoE,118/37a TQﬁ(QﬁﬁF@F¥}$#QR%RﬁJ 29?9%%ﬂi&?@%ﬁh¥kﬁ1%ﬂ step i

gf 1$xarm:c e(riordh&ﬁa-go.mo-td\ﬁemxmmof aldia previ Qactdiep (aye camaerted to
g o

hydr oxy- 3- oéoi'fgﬁ%’o %E,W§?¥¥*Wﬁ4-ﬂ YR ISRy Lt ¥ne. M.

209 C, [ewnchola=4,204fdien~-24wic 8cid hl olacbong. (b)Exangte 22

prepared from (118,17a)-17-hydroxy-l1l-methyl-3-oxo-19-
norchola-4,20-dien-24-~oic acid § lactone (see Example 2)
as follows:
To a solution of 2.4 g of the above lactone in 12 ml of
pyridine were added 5.04 g of hydroxylamine hydro-
chloride. The reaction mixture was then stirred at 80 °C
for 4 h. After cooling, the mixture was poured into 150
ml of ice-water and stirred for 30 min. The resulting
suspension was filtered; the residue washed thoroughly
with water and dried under reduced pressure at 50 °C.
The product was taken up in a mixture of 24 ml of pyri-
dine and 12 ml of acetic anhydride. The reaction mixture
was stirred at room temperature for 2 h and subsequently
poured into 800 ml of ice—Water. The resulting precipi-
tate was collected and dried under reduced pressure.
Column chromatography of the solid thus obtained
afforded 0.85 g of (3E,118,17a)-3-(acetoxyimino)-17-
hydroxy-l1-methy1-19-norchola-4,20—dien-24-oic ~acida §
lactone, M.p. 194 °C; ([a]p2® = +63.6° (c = 1, chloro-
form), and 0.29 g of (32,118,17a) -3~ (acetoxyimino) -17~
hydroxj;li-methy1-19-norchola-4,20-d1en-24-oic acid §
lactone, M.p. 182 °C; [a]p?® = +122.3° (c = 1, chloro-
form) .



- (17[err})-17- Hydroxy- 3- oxo- 19- norchol a- 4, 6, 20-trien-24-oic acid [err]

|-act one was prepared from (17a)- 3-et hoxy- 24-

trimethylsilyl oxy-19-norchol a-3,5,20-trien-17-ol (Exanple 1, step i) as
follows: i) - A solution of 11. 4 g of the steroid nentioned above in 20 n
of dichl oronet hane was added under VIQQQPUS stirring to mxture of 8.2 g of
tetrachl oro-1, 4-benzo- qui none, 18 n nmet hanol, 43 m of
“dichloromethane, 1.0 nl of water, 1.7 ml of acetic acid, and 0.18 m of
pyridine. AEx¥amp¥e &fn stirring, a solution of 3.25 g of sodi um hydroxi de
and 3.25 g of sodiun1hydrosu|fite in 50 mM of water was added and stirring
was continugd for_30 nmLn roduct was extracted into_dichl oronethane;

the conbi neb18®gaR3fL- bﬂagésoﬁkggrﬂégﬁ%H'MFth RNeGAEBHe L3P SN of sodi um
hydr oxi de (éhéla~ta2ey23abdienth2Brearborylid acdd sédilamtounefl at @asand

ST s AR HRSE O R S SR ABALOER ) g 0
37 i) - ﬂb%gla\-pﬁﬁbx ane-aﬂaneg@hglqomaardéensﬁépow acigxdmpl e 17,
PR Gk o Con s s irns AR SR ONECTN
ﬁ/lpa)230 Cy{er?/]‘ soigkign Pef] X-68 m G it Ao ylaging,in 34 hy!
(7a, 17a) - 17efly drgx V/FHF ne&hyk:o&l@dotlﬂ -FMcth,a-aﬁ(le? 20mldiofn-&r- a-c_aci d
Lo an‘ﬁtyfﬂ"ft LB PRI TL % g R pltaStglacteedell e
t hat of Stg@lse. e mlxture was stirred for 10 min at -10 °C and

then cooled to =78 °C. A solution of 1.64 g of the

steroid mentioned above in 20 ml of THF was added drop-

wise and stirring was continued for 15 min. Ethyl for-

mate (2.24 ml) was added and the mixture was allowed to

warm to 0 °C over 2 h. A saturated aqueous solution of

ammonium chloride was added and the product was

extracted into ethyl acetate. The combined organic

phases were washed with brine, dried over sodium gul-

fate, and concentrated under reduced pressure affording

2.09 g of (17a,232)-3,3-[1,2-ethanediylbis(oxy) ]~17,24~

dihydroxy-il-methylene-19-norchola-5,20,23-triene~23-

carboxylic acid § lactone, which were used in the fol-

lowing step without further purification.

ii) - Following a procedure analogous to that of step ii

of Example 1, 2.09 g of the product of the previous step

were converted to 0.39 g of (17«a,232)-17,24-dihydroxy-

11-methy1ene-3-oxo-19-norchola-4,20;23-triene-23-

carboxylic acid & lactone. M.p. >105 °C, dec.

Example 27
(17a,23Xi)-17-Hydroxy-1l-methylene-3,24-dioxo-19,26,27~
trinorcholesta-4,zo-diene—za-carboxylic acid & 1lactone
was prepared from (17e)-3,3-[1,2-ethanediylbis(oxy) ]=-17-
hydroxy~-11-methylene-19~norchola-5,20-dien-24-oic acid §
lactone (Example 4, step v) as follows:



of Exanple 1, 30.0 g of the latter steroid were converted to 45.1 g of a
m Xture of starting material and (7[err], i
17[err])-17-hydroxy-7-net hyl - 24-tri nmet hyl sil yl oxy-

19-norchol a-5(10), 20-di en-3-one di nethyl acetal, which were used as such
in the following step. ii) - 256 m of solution of tetrabutyl anmoni um
fluor- ide (1 Nin THF) were added to an ice-cooled solution of 45.1 g of
the steroid of the previous step in 128 ml of dry THF. The reaction mxture
was stirredidt -0A @olutian o5 ki26 anl oficdipeoprepyhanine]ipf 1gamdr . The

product "\’asofxﬁi&@c“ﬁﬂh"ﬁée bbikdaq®y alfp ‘@e Sﬂﬂb'sn%@ Q&]gaé‘fcaﬂhi‘ﬁ-es wer e
washed w t h, wat ed aqueous SQ|U- tion_of

so
hydr ogencar BY&¥ iéitgﬁHmeP§8t1&P|é& Svlr 1Bohe¥ANS)| MErE, a&ﬁédcgﬁﬁﬁﬁirated
under reducwdspreThe anixinirenwasr sthtpgdagby aif aridedati5+~56 gcohnd

(7[err], 17[@{,(3}1) c&b}g& %hyd §XVed - %Bygg&grggolfgl ) %n 3- ong

dlnethyl ace ure of | or'onet Aane™ and 40 ni
pyri di ne wastesoiddmentdonedeakne irctk@mling®/ THExwae pdded @yopers added

careful ly, ghdet hgndl Xétier s.;alsrr%nfc%uaa NESr A0l 0N aQfet {10 g of
t he product 8& t?ﬁ pr?V|8us I n alﬂ%a%ée of .| 1 of ,pyridine and 250
m of dichl GPEREEARNE (Qa 5§ddE anYia?he'a tiaf nitheur @ & A% at
room t enper allpweflortal varmt tea® °C over 2 h. A saturated aqueous 38

then pouredg %)E{l%tl%&l %gggﬂ%@rﬁ%téﬂb fdé&%é’”&é‘d aogsa Ry }'rto%u 0 % and

extracted w e conbi ned or gani C ases were washed with

a sat ur at edvaguexigantied | hhthe§bﬁﬂu@ﬁﬁ$@ﬁ@geﬂh§t@ﬂabénaﬂdOMQQmwﬂ|ne

dried over 9&&5@@ %:f@tﬁasaaé wﬁemfﬂ@d 4pien 'RbicesoignseAa- Col um
chronatogragP¥Fafforded

(Tlerr]  S7rERtey. apa, eamsaerbied nurdes, Fodueedy Pregsipe. afording
chol a- 5(10) 22@edi gn- 84- 0i(d7aG23X{ig~3], 3--44al, arethanpdiyAbdsl(oky)]-ai7-0. 070 g

o o che’ or Burbabdsteechl b B Shotosents pllakptatl on of 130
20-diene-23-carboxy11c acid § lactone, which were used
in the following step without further purification.
ii) - Following a procedure analogous to that of step ii
of Example 1, 2.10 g of the product of the previous step
were converted to 0.33 g of (17a,23Xi)~-17-hydroxy-11-
methylene-3,24-dioxo-19,26,27-trinorcholesta-~4,20-diene~-

23-carboxylic acid é§ lactone. M.p. 190 °C.
Example 28

(118,17a) -17-Hydroxy-1l-methyl-3-oxo-19-norchola-4,20-
diene~-24-carboxylic acid € lactone was prepared from
(118) -11-methylestr-5-ene-3,17-dione cyclic 3-(1,2-
ethanediyl acetal) and 2-bromo-6-trimethylsilyloxy-1-
hexene as outlined in Example 1. M.p. 230.1 °C.

S



_ reaction mxture was stirred at 30 C for 30 min. Tri- ethylamne (1 m) was
added and the nixture was poured into a saturated aqueous sol ution of

sodi um hydrogen- carbonate. The product was extracted into ethyl acetate;

t he conbi ned organi ¢ phases were washed with brine, dried over sodium

sul fate, and concentrated under reduced&)ressure Col um chr omat ogr aphy

af forded 1.03 g of

(7[err],17[err])-17-hydroxy-7- et hyl - 3- oxo-19- nor chol a- 5(10),

20- di en- 24-Exampted29err] lactone. Mp. 77 [err]C, [err] = +53[err] (c = 1,

chloroform. Exampl e 24

(11f[err], 17 err] -17- Hydr oxy- 3- (hydr oxyi m no) - 11- ( 1- pr.opy

19- nor chol allg ‘El?ehlﬂlﬁgcaﬁé%ﬂlfb?ﬂ of a@?%n‘é"%@%ﬁ’%pﬁfeﬁg’ﬁ om

(11[err], 17imér}1)idﬁ’. hydr oxy- 3- oxo- 11- ( 1- propynyl ) - 19- nor -

chol a- 4, 20-di en-24-o0ic acid [err] lactone (see Exanple 2) as follows: To a

solution of 1.95 g of the above lactone in 8.5 m of pyridine were added

3.80 g of [The dwogesteroneratfinhityidf. tiidcconpounds of xthecinmenstirred

at room ter‘%i&?r@éé”ﬁeié’ﬁrédhféfldcﬁé 1&’§Hi8d% &}Qséé?oﬁ& P&:&g{:&s The

product was extractgd | nt o di chl oronet hane; e com bi ned. organi ¢ phases
were washeP5®8ePhaiR, hupap.bregst fymormcalls,: MCErH c@htent ARFYT under
reduced pr esstien edhemla:mspnmmeaalmrga\ne %94agd0fcompared with

E))%)ll[ grz]hyér%l%lr#%@i% %E E)]r'%%llﬁyf)e?@ly Lo by dr 985t o GnerPean; g-am d

[err] Iact cemezd, 20#8iene ni(acapEddngELs Epierarocedune de@Boibeéadr byC,

[err] = +178. %[ eBétgink etOa®., CHl 0§06£61d - Bio&NEHD! evdP. 19, 1563-
1570 (1983)).
The glucocorticoid affinity of the compounds of the
invention was measured for glucocorticoid receptors
present in intact human multiple myeloma cells (IM-9
cells, incubation time 1 h, temperature 37 °C) and com-
pared with the affinity of dexamethasone (according to
the procedure described by H.J. Kloos}:erboer et al., J.
Steroid Biochem., Vol. 31, 567-571 (1988)).

" In Table I the receptor binding affinities of compounds
of the invention to the progesterone receptor (PR), to
the glucocorticoid receptor (GR), and their ratio
(PR/GR) are given.



(3E, 1l[:err], 17[err])-3-(Acetoxyim no)-17-hydroxy-11-nethyl-19-
norcchol a- 4, 20-di en-24-o0ic acid [err] lactone (a) and (3Z, 11lferr],
17[err])-3-(acet oxyi m no)-17-hydroxy-11-net hyl -19-

nor chol a- 4, 20-dien-24-oic acid [err] lactone (b) were prepared from
(11[err], 17[err])-17-hydroxy- 11- met hyl - 3 oxo- 19- nor chol a- 4, 20- di en- 24-0i ¢
acid [err] lactone (see Exanple 2) as follows: To a solution of 2.4 g of
the above Iqgppgerin 12 m of pyridine were added 5.04 g of hydroxyl am ne
hydro- chloride. The reaction m xture was then stirred at 80 [err]C for 4

h. After cqeling—the mixt) wvas poured into 150 m of ice-water nd
stirred for] 30 gin, The resjulting_suspersi on s filtjered;_the resifdue
washed thoroughﬁ%oaf?ﬁ ﬂgter and BRi ed dnder $8duced preséﬁygnﬁt 50 [err] C
The product] wasexamphetp in a m xture off 24 mM of pyrfi- dine and 12 m of
aceti ¢ anhyartrede—Fhe—reactorn—xture—as—st+r+ed—at+oom-terperature for
2 h and sul§sequent lyy poured into,§80 m |of iceqyater.] The;gegul ting
precipi- tdte was collected and dried urider reﬁuced @dr essur e. Column
chromat ogr dphy of 2€&t sol i d t hus286t ai ndd af fbP8ed 0.[85 g &3

(3E 11f[err]f, 17[ erz®) 3- (acqt oxyi gyoo0) - 171- 67 4.0 .

* hydr oxy- 11-nmet hyl 5 19; nor chdl a- 4, 20- di en-|24- oi acid]| [err actong, M p.
194 [err] G [err]zégLGS.G[érr] (%92 1, chIorofo?orn), and %?éQ g of
(3Z,11[ err]}, 17[ er2{q) 3- (acHqt oxyi n6R0) - 14- 7 8.9
hydr oxy- 114nmet hyl 5 ,norchola-4,§90dien-24-oi§3oacid [err] . 4actong, Mp.
182 [err]Cj [err] = +122. 3[jerr] éc = 1, |chloro-_form).

40 Exanpl ¢ 26 12} err], 432) - 12834- Di Hydr oxy331- met|hy! end=3- oxo- 1§9- nor -
chola-4,20,23-trizxﬁ023-carboxylﬁg3acid [err] g@ctong was3psepared from
(17a)-3,3-[1,2-et§e§Fd|ylbls(oxy£l517- 36 6.0
2(3) 213 56 3.8
2(k) 33 25 1.3
2(1) _ 265 26 10.2
2 (m) 242 42 5.8
2(n) 200 28 7.1
2(0) 220 96 2.3
3 184 - 49 3.8
5(b) 31 1 31.0
5(c) : 129 5 25.8
6 ! 400 80 5.0
7 35 2 17.5
- 8 178 131 1.4
9 132 84 1.6
10 93 41 2.3
11 365 97 3.8
12 47 10 4.7
13 _ 345 71 4.9
14- e 171 | 9 19.0
15 94 _ 10 9.4
16 (a) 3 4 0.8
16(b) 1 . 0.3 3.3
17 71 28 2.5
18 146 4 36.5




‘hydr oxy- 11- net hyl ene- 19- nor chol a- 5, 20-di en-24-o0ic acid [err] |actone
(Exanpl'e 4, step v) as follows: i) - A solution of 1.68 m of

di i sopropylamine in 24 m of dry THF was cooled to -30 C, and 7.5 m of an
n- butyllithiumsolution (1.6 N in hexane) were added drop- wi se. The

m xture was stirred for 10 mn at--10 [4grr]C and-then cooled to -78 [err]C.
A solution of 1.64 g of the steroid nentioned above in 20 m of THF was
added drop- wise and stirring was continued for 15 mn. Ethyl for- mate
(2.24 ) EaPlided oM ""He nixture was allowed to warmto O [err]C over 2
h. A saturated aqueous sol ution of ammoni um chl oride was added and the
product waf extracted 1nt ethyl acefate. The c¢nbined organijc phases
wer e washefl wikdodudtheyf driled ove®R sodi §im sul -GR at e, {andPRMMRent r atled under

reduced pr assur?qsﬁ ding|2.09 g of

(17[err], 2B2) -3 3- 4%'—& hanedi vyl bis(oxy)]-17 24
di hydr oxy- 11- net hyl ene- 19- |r‘torchol a-5,20423-triene-234 carboxylic aqid [err]
| act one, which werd® used i the & - 1ol ng ste‘p wi t hout 49r% her

purificatién. ii) 20 Follow}ng a preoceduje anal<agous tlo t hat>&f steg ii of
Exanple 1,]2.09 g t he product t helprevi oys step were, convertgd to
0.39 g of (17a,232)>17, 24-di hydr oxy- |1 {nethyl ene- 3- ¢xo- 19-nor chol §- 4, 20,

23-triene-23- car®xkylic a¢id [ek¥} |acfone. Mdp. >1(¢5 [2T{T, dec.
Exanmpl e 27 (17a,9¢3Xi ) - 17- Hydr oxgy- 11- fret hyl eng- 3, 24- di oxp; 4.9, 26, 47-
trinorchol ¢st a-4, 20-di ene-233-carboxylictacid Jerr] |4ctone wWas pregar ed
from (17[efr])-3, R4 1, 2-efhaned®?? bi s(¢xy)]-H» . 2-

hydr oxy- 114 net hybsiga)19- norjchol aa&3 20- dijen- 242a0 c acijd [erk{0l act orje

(Exanpl e 4} step,¥),,.as folllows: 41 i) -
A solutionjof 1. E\é(ﬁs of difi soprlc?pgll ammpe in 1]88n1 2.4
26 8 2

_ 4.0
27 17 5 3.4
28 32 7 4.6

The compounds of the present invention were compared
with the prior art compounds of EP-A-558,416 (page 15):

Table II Receptor binding affinities of the compounds
of EP-A-558,416

Product of PR* ‘GR* PR/GR
example:
1 21 94 0.22
2 ' 36 59 0.61

*f PR and GR data from EP-A-558,416, p. 15. Incubation
_time. 24 h at 0 °C;

‘Conclusion: The compounds of the invention have a much
higher PR/GR ratio than the prior art compounds, which
ratio's are usually > 1 in contrast to the prior art
compounds, which PR/GR ratio's are <l1. This means that
the prior art compounds show relatively higher receptor



of dry, THF was cooled to -30 [err]C and 5.63 ml of an n- butyllithium
solcution (1.6 N in hexane) were added drop- wi se. The mixture was stirred
for 10 mn at -10 [err]C and then cooled to -78 [err]C. A solution of 1.23
g of the steroid nentioned above in 16 m of THF was added drop- w se and
stirring was continued for 15 min. Acetygg chloride (0.852 nm) was added and
the m xture was allowed to warmto O [err]C over 2 h. A saturated agueous
sol ution of amoni um chl ori de was added and the product was extracted into
et hyl acet abéndihg affini¢y dogathe ghasasormeicoidisheceptdl bhanetodri ed

over sodiu | < C eq..! I q?gyc recagf.qrdi ng
2.10 g of ?ﬁggePF%?%%&F?Q§?3%F%%gggﬁ%agggggﬁﬁis oxy§§%§§§ﬁ&£ 8¢ EBQ

hydr oxy- 11- iBveptiae- havexa 1pekativelyi favonghbieaaffinity  to the
5120'd!ene'%ﬁo&é&ééf&hbcréébﬁtBérEhd!ﬁéi&ﬂﬁve!@'QBwWGEQiH§€9 tB the
follow ng s eE mnthogi further‘P rjflgﬁtlon. &I% - Fol |l ow E rrocedure
anal ogous { BREAYPUERBLE.iYCRoEienad Teceptet, SonapundhabiBe ( he
previ ous steglativelgniowt affini@y38ogthé pidgedB&rpné7rbpdptoy- hay

met hyl ene- 3, 24- di 519 -{ i norchol esta-4, 20-di ene- 23-carboxylic acid
[err{ Iactoﬁé.sﬂ#gégléop?§?§¥gég' Exanpl e 28 _ y_
(11[err],17[err])-17-Hydroxy-11-net hyl - 3- oxo- 19- nor chol a- 4, 20-

di ene-24-carboxylic acid e | actone was prepared from

- (11[err])-11-net hyl estr-5-ene- 3, 17-di one cyclic 3-(1, 2- ethanediyl

. acetal) and 2-brono-6-trinethylsilyloxy-I'- hexene as outlined in Exanple 1.
Mp. 230.1 [err]C 42 Exanple 29
Receptor binding affinities of the conpounds of the



i nvent i on. _Ihe—p#egesha7ﬁﬁ??ff|n|ty of the conmpounds of frh ‘nvenTFAég EN
was heasured for cyto lﬁe aded Ogest erone receptors present {i HUQB, Joig-x) %
tunor cells ( u- bation tinme 16 h, tenperature.4m{err}€}-aﬂé___
conpared with t (16a) - 16- ethyl 21- hydroxy 19- nor pr egn- 4-

ene- 3, 20- dlone he procegyre descrlbed—by—EiVV—f%*glnk et

al., J. Steroid Blochen1 Vbl 19, 1563 1570 ( corticoid
afflnlty of the conpounds of the invention was %lmﬁﬂﬂ ocorticoid
receptors m@lesimg:.in intact human nul tiple nyel ells,

I ncubation tinme 1 h ‘tenperature 37 [err]C) and con} pared with the
affinity of dexanethasone (according to the procedure_described by H J.

Kl oost er boek- e aptergidsiwithd B éghéﬁ'\l,’m%g?‘l_’éf,“e%#@?j‘??"?1%’8‘7 P In
Tabl e | the ragppiny forsing pffinities of conpounds of the invention to

t he progesterone receptor (PR), to the glucocorticoid receptor (&R, and

their ratio (PRRGR) are given. Y

Tabl e | Product of PR X PR/ GR

exanpl e: 1 235 14 16. 8 2(a)
246 108 2.3 2(b)? o ;>§§=270 .67
4.0 2(c) 316 - 3.0 2(d)

62 7 8.9

Ry

wherein

R, is O, (H,H), (H,OR), or NOR, R being selected from
H, (1-6C) alkyl and (1-6C) acyl;

Ry is!H, (1-6C) alkyl optionally substituted by a
halogen, (2-6C) alkenyl optionally substituted by a
halogen, (2-6C) alkynyl optionally substituted by a
halogen, or halogen;

Ry' is H; or R,' together with R; is a (1-6C)
alkylidene group or a (2-6C) alkenylidene group; or
Ry' together with R4y is a bond;

R3 is H if not together with Ry' a bond;

R, is (1-6C) alkyl;

one of Rg and Rg is hydrogen and the other is
hydrogen or (1-6C) alkyl;

X is (CHy), or (CpHpn-p) wherein n is 2 or 3, which
is optionally substituted with hydroxy, halogen, (1-
" 6C) alkyl, (1-6C) acyl, (7-9C) phenylalkyl, the
phenyl group of which may be substituted with (1-6C)
alkyl, (1-6C) alkoxy, hydroxy or halogen;

Y is 0 or (H,OH); and

the dotted lines indicate optional bonds, at least
one of bonds 4-5, 5-10, and 9-10 being a double bond.



2(F) . 290 230 1.3 2(9) 283

g2. ‘- 3.5 2(h) 293 89 3.3
2(1) 215 36 6.0 26Fy— — 213
56 - 3.8 2( k) 33

2(1) 265 26 47 10. 2- B 2
2( 25 L o0 llflll 0y IIIIHI Ilﬂ
2(0) 220 96 2.3 S *184
49 3.8 5(b) 31 31.0
g(()c) 2. 5‘l‘lbe1259ter01d 7of claim 1 where:gr% 8s o; Ry Jﬁs methyl, 1\% 5400
8 ig%, and n is 23] 1.4 9 132
84 1. 6 10 93 41 ' 2.3
11

10 3. 'gpe, ster01d ‘1% cfalm 2 wher%?hl is 0, Ry %s (1-6C) 4 37
14 alkyll or (2-6C) alkynyl, Ry' Jand R3 are H, 3R, is - 94
ig(b) n?eé‘hy]l, RdAd R 25 hydrogeh, X is (criz),if,7 Yy is o, 0.8 -
28 : _ and the dotted line in the Dpring is not a pond and t@g 5

44 Table | (coefesr)dotted PIPRé/Cis0d 4-5 bond PR GR PR/ GR
exanpl e: 19 26 1 26.0 20

4 <1l >4

4. The steroid of claim 1 having the formula (118,17ca)-11-
ethyl-17-hydroxy-3-oxo-19-norchola-4,20-dien-24-oic
acid é§-lactone or (118,17a)-17-hydroxy-3-oxo-1ll-(l-pro-
pynyl) -19-norchola-4,20-dien-24-oic acid §-lactone.

5. A method of preparation of a steroid of claim 1 having
formula I, characterized in that a compound having
formula III

wherein
Ry' is O,(H,H) or (H,0R), R being selected from H,

* (1-6C) "alkyl and (1-6C) acyl, or a protected deriva-
tive thereof;
R, is H, (1-6C) alkyl optionally substituted by a
halogen, (2-6C) alkenyl optionally substituted by a
halogen, (2-6C) alkynyl optionally substituted by a

halogen, or halogen;



ot ¢t 4.0 22 r",‘_",'lll

2 =+ 55. 5 1 11]: rﬂ _,;l -.(\6;\84)
2 T 25<a) 203 200"

1.0 25(b) Th\ Sheet @ ‘

8

ss s Il IIIIHIﬂHtllll W
the present invent | on Were conmpared with the pri or art conmpeunds ®f s

EP- A- 558, 416 (page 15): Table |1 Receptor binding affinities of the

conpounds
PR/ GR
2

EP- A- 558, 416, pkzltsgethmwuhthdaabond; me.24 h at 0 [err]C Concl usi on: The

conpounds

of EFR4- #H;406 Ry' togethepdwitht Raf is a (1- 6CPI§ikyhdene grofgRor a (2-6C)

e 1 21 0.22
ﬁﬁ&gd&ﬁene group; or 0.61 * PR and GR data from

of thR qmqphbpl@, gmylewﬁhqaécgbah&her PRIGR ratio than the prior
ally > 1 in contrast to the prior art

art conpounds, H gé} S are us
conmpounds, whi CR4 's are <1. This neans that the prior art

conpounds
45

show ¢ 6ERY Eﬂld/RQ lighwirogencadtthe other is hydrogen or (1-6C) alkyl;

each Q is independently selected from H, (1-6C) alkyl and (7-9C) phenylalkyl, the
phenyl group of which may be substituted with (1-6C) alkyl, (1-6C) alkoxy, hydroxy or
halogen;

nis 2 or 3;

L is a leaving group;
and the dotted lines indicate optional bonds, at least one of bonds 4-5, 5-6, 5-10, and 9-10
being a double bond, is converted by base-catalyzed ring-closure into a steroid with a 17-
spiromethylene lactone group, optionally followed by alkylation, phenylalkylation,
acylation, halogenation optionally followed by dehydrohalogenation, and/or reduction into
a compound wherein Y is (H, OH), after which the optionally present protective group is
removed, optionally followed by conversion of a compound with formula I wherein R; is
O into the corresponding compound wherein R; is NOR, as previously defined.

6. A steroid with a 17-spiromethylene lactone or lactol group, substantially as
hereinbefore described with reference to any one of the Examples.

7. A method of preparation of a steroid with a 17-spiromethylene lactone or
lactol group, substantially as hereinbefore described with reference to any one of the
Examples. :

8. A pharmaceutical coniposition comprising the steroid of any one of claims 1 to
4 or 6 and pharmaceutically acceptable auxiliaries.

9. The steroid of any one of claims 1 to 4 or 6 for use in therapy.

10. A use of the steroid of any one of claims 1 to 4 or 6 for the manufacture of a
medicament having progestational activity.

11. A method of contraception wherein the steroid of any one of claims 1 to 4 or 6
or the composmon of claim 8.

12. A method of contraception wherem the ster01d of any one of claims 1 to 4 or 6
is administered to animals.

r.:EN



g — —_rr

binding_affinity to the glucocorticoid receptor than to the progesterone
receptor, whereas the conpounds of the invention have a relatively
favourable affinity to the progesterone receptor and relatively | ow
affinity to the unfavourabl e glucocorticoid receptor. Conpounds having
relatively low affinity to the progesterone receptor may be suitable

pr o- dr ugs. 46 d ai ns: 1. Asteroid with
a 17-spironet hyl ene | actone group haV|ng9fornuIa I [err]

wherein Rlerr] is O (HH, (HO, or NOR R belng sel ected from H,

(1-6C) al kyl sﬂﬁd@mhqmsﬁﬁﬁm THYIENI

substituted by a alogen, (2Z2-oC) al Reny ' [ D

hal ogen, (2-6C) al kynyl optionally substituted by a hal ogen or hal ogen;
ABSTRACT

A steroid with progestational activity useful as a contraceptive and ha\-/ing the
formula below, wherein R, is O, (H,H), (H,OR), or NOR, R being H, alkyl or acyl;
R, is H, all;yl optionally substituted, alkeny! optionally substituted, alkynyl optionally
substituted,- or halo; R2" is H; or Ry' together with R; is alkylidene or alkenylidene; or
Ry’ together with Rj is a bond; Rj is H if not together with Ry' a bond; Ry is alkyl;
one of R and Rg is H and the other is H or alkyl; X is (CHy), or (C H,, 5) wherein n
is 2 or 3, which is optionally substituted; Y is O or (H,OH); and the dotted lines

indicate optional bonds, at least one of bonds 4-5, 5-10, and 9-10 being a double bond.




Rlerr]' is H or Rerr]' together with Rlerr] is a (1-6Q ﬁg{a,y;l‘(gg@gmoru_g.-
group or a (2-6C) al kenylidene group; or R[err]' t oget hep h Rerr] ks
a bond; Rlerr] is Hif not together wsgth Rlerr]' a bond“ g{[aer

(1-6C) al kyl; one of Rferr] and Rlerr] is hydrogen and the=et ’"‘915 BECIQ%
hydr ogen or S\nh6C) al kyl ; Xis (CHerr])[err] or (C[err]H err]) V\,hereln
nis 2 or 3, igha bondgpRyohtl By %ﬁjmﬁ tegesher ity Radx @ gen, 7(1-

6C) al kyl, (3R6(3)s aQHeC)0alkgI9Ck pRene i,l,<ydm ( QIZn_Qbe%ErﬁﬁﬂUﬂ of whi'th
e subst S N ot cottbibnd ik SpE T T 1 oo
one of bonds h&l®ged,101l-60)Y LKL ,bdilr§Ch alome e:r.bdﬂd-DC) phenylalkyl,

o ' R e oy gt ol i
Is (1-6C P‘E&' P&f’&&’ﬁyﬂ‘ﬁ“ e?ﬂha gl";][ gr 53N 1err] S
met hyl , R5 aRg Mdn9q¢ogmd Xhe othper AE) [udqogen i@ O(1-6Cand t he

dotted line hmksfhw @-&bn@ 'oi' rmt of) PORRla aexk tdbtted qt;h@s dpaiedtei ne is a

?1?[2??? 17[8?F']"?“3itg<r’ tcleas't? %nQannﬂonci‘ 4f_c§r —iO, and 9-

et hyl - 17- hydi8xpedngxa- Qcmbi@r bovtda- 4, 20- di en-24-o0i ¢ acid [err]-1lactone
or (11ferr],17[err])-17-hydroxy- 3-oxo-|1-(1-pro-

o S e bl o il 2 Snabel 0

Ry ie 0, R; is wmethyl, ¥ is 0, and n is 2, are pre- .
ferred.

More preferred are the steroids of formula I whaerein Ry
is 0, Ry is (1-6C) alkyl or (2~6C) alkynyl, R,' and R,
are H, Ry is methyl, R; and Rg are hydrogen; X is
(CH3)2, ¥ is O, and the dotted line in the D-ring is not
a bond and the other dotted line is a 4-5 bond.

The mosgt preferred 17-spiromethy1ene lactone steroids
are {118,1%a) -11-ethy1-17-hydroxy-3 -oxo-19-norchola-
4,20-dien=24-0ic acid é&-lactone and (118,17¢)=17-hydr-
oxy-3-oxo-11-(1-propynyl)-19-norchola-4,20-dien-24~oic
acid §-lactone. '

The term (1-6C) alkyl means a branched or unbranched
'alkyl group having 1-6 carbon atoms, such as methyl,
ethyl, propyl, isopropyl, butyl, tert-butyl, pentyl,
hexyl and the like. Preferred alkyl groups have 1-4 car-~

- bon atoms, and most preferred alkyl qroups are ethyl and
nethyl

The term (2-6C) alkenyl means a branched or unbranched
alkenyl group having at least one double bond and 2«6



formula I, characterized in that a conpound havi ng f or mulza=d

Terr] wherein . Rerr]' is O(HH or (HOR), FREEMM@EMENTSHE“T i
selected fromH, (1-6C) alkyl and (1-6C) acyl, or a protécted d@

tive thereof; Rlerr] is H (1-6C) alggyl optionally subst ijtDitec ﬁjfc

hal ogen, (2-6C) al kenyl optionally substituted by a hal ogen, (2- 6C3

al kynyl optionally substituted by a ~ hal ogen, or hal ogen;

4 Clagnbir]” is W or Rerr]' together with R[errrrrrurrrrrmrrrrurrr
~akyl i dene group or a (2-6C) alkenylidene group; or

together W th RLrrghaeds @ - H her W th
Rerr]" a bOE £ 'deerdi R 8 37 agéfﬁhgérﬁhéﬁa 1&&1—.&9& E;Qgﬁg[ orr] and
Rlerr] is hydroﬂéﬂiﬁﬁd¢?¢ﬂ¥¥i r |s hydrogen or (1-60C) aIkyI each

Q is independently selected fromHerr] (1-6C alkyl and (7-90)
phenyl al kyl , the phenyl group of which may substituted wth (1-60
al kyl, (1-6C) al koxy, hydroxy or. hal ogen; X

wherein .
Ry is 0, (H,H), (H,O0R), or NOR, R being selected from
H, (1-6C) alkyl and (1-6C) acyl; ' '

Ry is H, (1-6C) alkyl optionally psubstituted by a
halogen, (2-6C) alkenyl optionally substituted by'a
halogen, (2-6C) alkynyl optionally substituted by a
halogen, or halogen; '

Ry' is H; or R,' together with R, is a (1-6C)
alkylidene group or a (2-6C) alkenylidene group; or
Ry' together with Ry is a bond;

Ry is B if not together with R,' a bond;

Ry is (1-6C) alkyl;

one of Rg and Rg is hydrogen and the other is
hydrogen or (1-6C) alkyl;

X is (CHy)p or (CpHop.z) wherein n is 2 or 3, which
" is optionally substituted with hydroxy, halogen, (1=~
6C) alkyl, (1-6C) acyl, or (7-9C) phenylalkyl, the
phenyl group of which may be substituted with (1-6c¢)

alkyl, (1-6C) alkoxy, hydroxy or halogen;

Y is 0 or (H,OH); and -

the dotted lines indicate optional bonds, at least
.one of bonds 4-5, 5~10, and 9-10 being a double bond.



nis 2 or 3; ' F oup; and the dott edifies=Fheieate=—
optional bonds, at I”EI“ B E Iﬂfml) ﬂﬂg 4-5, 5-6, 5-10, and 9 1BEP|-&QEM§NESHEET
doubl e bond, is conver ase- e¢dtal yzed ring-closure imfo a stﬁrmﬁt

with a 17- spi ronet hyl ene | act one group48optionally follo tey--Md.ad.. Cm
al kyl ation, phenyl al kyl ati on, acyl ati on, hal ogenati on opt |L‘6ﬁ‘aﬂ‘y“f'o1'1*ov‘v'é'd==‘r—
by dehydrohal ogenati on, and/or reducton into a conpound wherein Y i g (H

OH), after which g ez omt iop ') | thedthie? S@IR KO R 8CHL Wﬁméhﬂﬁﬂw
optionally f(%v\é%ﬁ[nlﬁy con\r/lgir st}‘%n of a c%rrpouﬁ%lev‘\:nst or mu gjj 0
Rlerr] is Pespondi ng compound wherein Rlerr] is NOR as
previously defi ndRy' togetherwnhnglsdnbam;m d with a 17-spironet hyl ene | actone

O (hSLeL 0T oUP, IR A Bl my abone;  MereinieTore descri bed
preparation of a log@min a 17-spironet hyl ene | actone or | act ol

gr oup, substantlahbpf@aﬂ&k@lsﬂiyéﬁogemand&wowhydmgeﬂ&f(ewmlo any one of

t he Exanpl es. r| S|
steroid of any one o? @m&mwwﬁ ‘éﬁ@ﬁ%‘é@ﬂ? e@&lpgfol e
auxiliari es. phenyl mepbn@f@ﬂ@hmgﬂﬂdamﬂléh alkyl, £1-6€) alkoxy,shydroxy éror

use in theramo 10. A use of the steroid of any ane of claim1l to 4

or 6 for the nanufa tu&e of a  nedi canent having progestational activity.
11. A nethod f8 vYaception wherein the steroid of any one of clains 1

to 4 or 6 or theIamanmpof claim8 is admnistered to ani mal s.

12. A met hod o e sl uga& optfafil biolids!, B ledh ShObFbds A3/ 5U)3-1U, afid 91165 1
bing 2 dodbiz bond, s convared by Bise-catalyzed ring-closure into & steroid with a 17-
spiromethylene lactone group, optionally followed by alkylation, phenylalkylation,
acylation, halogenation optionally followed by dehydrohalogenation, and/or reduction into
a compound wherein Y is (H, OH), after which the optionally present protective group is
removed, optionaily followed by conversion of a compound with formula I wherein R, is
O into the corresponding compound wherein Ry is NOR, as previously defined.

" 6. A steroid with & 17-spitomethylene lactone or lactol group, substantially as
hereinbefore described with reference to any one of the Examples.

7. A method of preparation of a steroid with a 17-spiromethylene factone or
lactol group, substantially as hereinbefore described with reference to any one of the
Examples.

8. A pharmaceutical composition comprisiug the steroid of any one of claims 1 to
4 or 6 and pharmaceutically acceptable auxiliaries.

9.  The steroid of any one of claims 1to4or6foruseintherapy

10. A use of the steroid of any one of claims 1 to 4 or 6 for the manufacture of a
medicament having progestational activity. '

11. Amethodfomontraceptianwhetemthemidofanyoneofclahm ltodorb

or the cpmpoﬂﬂmﬁhm § is-administered to animals.




