
EP 0 474 668 B1 Description The present invention involves two processes
for the transformation of a [err]-sterold to a [err]-siyl ether which is a
useful intermediate in the synthesis of corticoids. 5      Acopperiodide
catalyzed conjugate reduction of an [err]-unsaturated ketone
(cyclohex-2-enone) by lithium aluminum hydride (LAH) in
hexamethyiphosphoric triamide (HMPA)[err] is reported in J. Chem. Soc.
Chem. Comm., 1013 (1980). Similarly, J. Org. Chem., 51, 537 (1986) reports
conjugate reduction of a steroidal [err] unsaturated ketone (progesterone)
with diisobutylaluminum hydride (DIBAH), catalytic amount of methyicop-
per(l) and HMPA to give 84% of the reduced A-ring and 6% of the
corresponding 20-hydroxy-[err]-3-ketone. 10  When this process was applied
to the [err] steroids (I) of the present invention, the steroid A-ring was
not re- duced, buttherewas selective reduction of the [err]-20-keto
functionality at the D-ring. The conjugate reduction process of the present
invention is operable with both A4-3-keto and [err]-keto steroids. Syn.
Comm. 16, 639 (1986) and J. Org. Chem., 52 439 (1987) both report the
reaction of an [err]-unsatu- rated ketone with DIBAH, a catalytic amount of
methylcopper(l) and HMPA. The latter reference reports when 15 the aluminum
enolate produced was silylated the product was the reduced silyl enol
ether, stating The high efficiency of the conjugate reduction indicates the
quantitative formation of the aluminum enolate by the hy- droalumination of
[err]-unsaturated carbonyl compounds with DIBAH-HMPA." When this process
was per- formed on the [err]-steroids (I) of the present invention, no
evidence of any silyl enol ether was observed. Tet. Lett. 26, 6015 (1985),
ibid 26, 6019 (1985), ibid 27, 4025 (1986) and ibid 27, 4029 (1986) all
describe 20  the reaction of conjugated carbonyl compounds with
organocopper reagents In the presence of trimethylsilyl chloride to give
the expected silyl enol ether. The silylating agent not only accelerated
the reactions but also gave higher yields. When the coppper catalyzed
conjugate reduction of the [err]-steroids (I) of the present in- vention
was performed in the presence of trimethylsilyl chloride only a small
amount of the silyl enol ether (III) was formed. 25      US-A-4568492
discloses the reaction of [err] steroids with trimethylsilyl chloride,
catalysed by ([err])[err] to give the [err]-20-silyl enol ether. It has now
been found that the process is not operable with a [err]-keto functionality
in the steroid A-ring. Tet. Lett. 28, 1363 (1987) describes the peracid
oxidation of a non-steroidal enol ether to give the corre- sponding
epoxy-silyl ether and the subsequent isolation of a non-steroidal
epoxy-silyl ether. In order to isolate 30  the epoxy-silyl ether, very mild
reaction conditions were used and sodium bicarbonate was added to the re-
action mixture to neutralise the acid product of the peracid reactant. Tet.
Lett., 26, 3227 (1985) reports a ster- oidal epoxy-silyl ether where the
epoxy-silyl ether functionality was in the steroid A-ring. This compound
was not isolatable. EP-A-0165037 discloses the transformation of
16-unsaturated corticolds to the corresponding 16a-me- 35
thyl-17a-hydroxycorticoids, by the combination of methylation and
silylation. EP-A-0176540 discloses converting a 16-unsaturated
20-keto-steroid to a 17a-hydroxy-20-keto steroid, using a silylating agent
in the presence of a catalyst, and contacting the resultant
17(20)-unsaturated-20-silyl ether steroid with a peracid. According to a
first aspect of the present invention, a metal enolate of formula (II) is
prepared by contacting 40  [err]-steroid of formula (I) with a preformed
copper hydride or a metal hydride reducing agent, in the presence of a
copper species; see Chart A. According to a second aspect of the present
invention, a silyl ether of formula (III) is prepared by contacting a metal
enolate of formula (II) with a silylating agent. According to a third
aspect of the present invention, a silyl ether of formula (III) is prepared
by contacting 45  a [err]-steroid of formula (I) with a preformed copper
hydride or a metal hydride reducing agent in the presence 



of a copper species, in the presence of a silylating agent In the second
aspect of the invention, and preferably also in the third aspect, the
silylating agent is either (1) a combination of a silyl halide of the
formula [err] where [err] is Cl, Br or I and [err] is as defined above,
with an amine catalyst selected from pyridine, triazine, tetrazine, an
imidazole, 1,2,4-triazole or tet- 50     razole of the respective formulae
55 2    EP 0 474 668 B1 [err] 10      where [err] and [err] are the same or
different and are H or [err] alkyl, and benzimidazole optionally
substituted with 1-5 [err] alkyl in the 2-, 4-, 5-, 6- and 7- positions; or
(2) an imidazole, 1,2,-triazole, tetrazole or benzimidazole as defined
above which has a [err] substitu- ent at the 1-, 1-, 1- or 3- position,
respectively. In formulae (I), (II) and (III) (see Chart A): 15
=[err] is a [err] where [err] is -H or [err]; [err] is -H or [err]; [err]
is -H, [err] where [err] is -H, [err] alkyl, [err], [err] where [err] is
[err] alkyl and [err] is [err] alkyl, [err] where [err] is [err] alkyl,
THP, [err] where [err] is [err] alkyl or [err] or [err] where the [err] are
the same or different and are selected from [err] 20   [err] alkyl and
[err]; [err] is copper or a metal ion derived from the metal hydride
reducing agent, and the [err] are the same or different and are each [err]
alkyl or [err]. An advantage of the present invention is that it does not
require the addition of a base such as sodium bicarbonate in order to
isolate the 17a,20a-epoxy-20-silyl ether (IV). 25      The compound of
formula (I) is preferably of formula (IA) wherein (see Chart B): (A-I)
[err] is [err] is [err] and [err] is a-H:[err]-H where one of [err] and
[err] is -H and the other is -H, -F or [err] is [err]  and [err] taken
together are [err] = or [err] CH=; or (A-II) [err] is [err] is [err] is
[err] where one of [err] and [err] is -H and the other taken together with
one of [err] and [err] forms a second bond between [err] and [err], and the
other of [err] and [err] is [err] is [err] and [err] taken together are
[err] or [err] and (C-I) [err] is [err] where one of [err] and [err] is
taken together with [err] to form a second bond between [err] and [err] and
the other of [err] and [err] is -H; 35        (C-II) [err] is [err] where
[err] is taken together with [err] to form an epoxide between [err] and
[err] in the [err]-configuration; (C-III) [err] is -H, -Br, -Cl, -F and
[err] is =0 or a-[err] where one of [err] and [err] is  H and the other of
[err] and [err] is -H or -OH; or (C-IV) [err] is -OH and [err] is
a-H:[err]-H. 40      The [err]-steroids (I) are known to those skilled in
the art or can readily be prepared from known starting * materials, see for
example, US Patents 2,864,834 ([err]-steroids) and 3,461,144
(16-methyl-[err]-steroids). The process of the presentinvention will
differdepending on whetheror not it is desired to obtain a solution of the
20-metal enolate (II) or proced with a silylating agent present which gives
directly the [err]- silyl ether 



(III). It is preferred to convert the [err]-steroid (1) directly to the
[err]-silyl ether (III). 45      The [err]-steroid (I) is contacted with a
member selected from the group consisting of a preformed copper hydride ora
metal hydride reducing agent in the presence of a copper species in orderto
produce the 20-metal enolate (II). Metal is copper or a metal ion derived
from the metal hydride reducing agent. It is understood In the artthat[err]
is a copper, aluminum, substituted aluminum or boron cation which
maycontain otherfragments 50      besides the particular metal. Preformed
copper hydride includes [err], where x is from 1 thru 50   6, [err],
t-butyl- O-CuHU and [err] With (CuX), it is understood that the copper is
an aglomerate complex, with "X" believed to be 1-6. The preformed copper,
for example [([err])[err], can be prepared as described in Tet. Lett.
29,3749 (1988) or J.A.C.S. 110, 291 (1988) and then added to the reaction
mixture. Alternatively, the copper hydride can be prepared in situ by
reaction of a metal hydride reducing agent and a copper species. Suitable
metal 55   hydride reducing agents Include A) [err] where [err] and [err]
are the name or different and are [err] alkyl; B) [Cation[err] where Cation
is sodium, potassium or lithium, [err] are the same or different 3    EP 0
474 668 B1 and are -H or -O-[err] where [err] is [err] alkyl; C)
(Metal)[err]B-H whore metal is sodium, potassium or lithium and X6 is -H.
C1-C. alkyl, -0-Am1 where X5.1 is Ci-Cs alkyl, 5            -CO-4j1 where
Y4. Is as defined above. Preferred are DIBAH, LAH and (MetaI)(X)B-H where
met- al Is sodium or potassium and X6 is -CH(CHJ)-CH(CH,)2 or
-CH(CHs)-CHrCH,; more preferred is DIBAH or LAH. Suitable copper species
include any soluble copper (1) or (11) compound, or solubilized form of the
copper species. Preferred are (1) Cu(l)X6 where Xe Is -CH3, -Cl, -Br, -I,
-CN, acetate, propionate; 10        (2) Cu(l)(X7), where X7 Is -CH3, -Cl,
-Br, -I, -CN, sulfate, acetate, propionate and (3) dilithium
tetrachlorocuprate (Li2CuC14). More preferred are copper-(ll)propionate and
acetate, cop- per(I)Iodide, chloride, bromide and cyanide; most preferred
are copper(ll)proplonate and acetate. When the copper hydride is produced
using DIBAH as the hydride source, the enolate has as its cation the
dilsobutylaluminum moiety, as defined above. When one equivalent of
U(43P)CuHIe Is used, the copper 15         enolate is obtained. The active
species Is the copper hydride. If used as such, one equivalent is required.
Less than one equiv- alent (a catalytic amount) can be used f a reducing
agent is present to regenerate the active species. For ex- ample, If
1(43P)Cu-HJ. is used as the copper hydride (active species) one equivalent
Is operable. Catalytic amounts can be used If hydrogen, or other
appropriate hydride source, is also used to regenerate the active 20
species. More than one equivalent is operable, just not needed and
wasteful. The A16-sterod (i) and a preformed copper hydride or a metal
hydride reducing agent in the presence of a copper species are contacted In
an anhydrous aprotic solvent, such as an etheror non-halogenated aromatic
hydrocarbon. Preferred solvents include tetrahydrofuran, dioxane, ether,
diglyme, toluene and HMPA; more preferred is tetrahydrofuran. The reaction
is operable in a temperature range of about -100 to about 508; pre- 25
ferrably about -30 to about -60. The order of contacting the reactants is
not critical. While not necessary, it is preferred the contacting take
place In the presence of a ligand. Suitable Igands 



Include HMPA, DMI, DMPU, TMU, NMP, TES, DMAP, TMEDA and (X20)3P where X20
is C1-C8 alkyl or -. Pre- ferred ligands are HMPA, DMI, DMPU, TMU and NMP.
Preferably the metal enolate (11) is not isolated but carried on in situ to
give the A17(M-silyl ether (Ill). 30      The metal enolate (i) is
converted to the A17(2)-slyl ether (111) by contacting with a silylating
agent. Oper- able silylating agents include (1) Xi-SNR2)3 where XI Is -Cl,
-Br, -4 and where R20 is as defined in claim 8, In the presence of an amine
catalyst; (2) a silylated imidazole of formula (IM-1) where X, X9 and X1O
are the same or different and are -H or Cl- Cs alkyl. (3) a 1 -silylated 1
,2,4-triazole of the formula *NSi(R20)3- N=CXirN=CXa* where X17 and X18 are
the same or different and are -H or Cs-C3 alkyl, and the atoms marked with
an asterisk are bonded to each other resulting In the formation of a ring,
(4) a 1-s4ylated etrazole of the formula *N(R20)-N=N-N=CX19* where X16 is
-H or C1-C3 alkyl and where the atoms marked with an asterisk are bonded to
each other resulting in the formation of a ring, (5) a 3-s~iylated
benzimidazole optionally substituted with 1-5 CI-C3 alkyl In-the 2-, 4-,
5-, 6- and 7- posi- tions. When the sllylating agent is a slyl halide then
the contacting must be In the presence of an amine catalyst. It Is
preferred the silylating agent be selected from the group consisting of
trimethylsilylhalide, diphenylmethylsilylhalde,
diphenylmethylsilyflmidazole ortrimethylsllyimidazole,
1-silyl-1,2,4-triazole, 3- 45      silylbenzimidazole and 1-silyI
-2-methyimidazole, more preferably trimethylsilyl chloride or
trimethylsilyli- midazole. It is preferred that R20 is -CH3 or ,; more
preferred that R20 is -CH3. The contacting of the metal enolate (11) with
the silylating agent is performed in the presence of an amine catalyst when
the silylating agent is a silyl halide. Suitable amine tmtalysts include
pyridine, triazine, tetrazine, an Imidazole of formula (IM-2) where XI,,
X12 and X13 are the same or different and are -H or CI-O, alkyl, a
1,2,4-triazole of the 50      formula *NH-N=CX4-N-CXr,6 where X14 and X16
are the same or different and are -H or Cl-C3 alkyl and the atoms marked
with an asterisk are bonded to each other resulting in the formation of a
ring, a tetrazole of the formula *NH-N=N-N=CXI6* where X1. is -H or C1-C3
alkyl and where the atoms marked with an asterisk are bonded to each other
resulting in the formation of a ring, benzimidazole optionally substituted
with 1-5 CI-C3 alkyl in the 2-, 4-, 5-, 6- and 7- positions. Preferred
amine catalysts are Imidazole, dime- 55      thylimidazole, triazole,
tetrazole and benzimidazole; more preferred Is imidazole. It Is preferrable
to add additional amine catalyst during the reaction to ensure completion
of the reaction. The 20-metal enolate (II) and silylating agent are
contacted in the same solvent that is operable for the 4    EP 0 474 668 B1
production of the 20-metal enolate (II). The reaction is operable in a
temperature range of about -80 to about [err]; preferably about -60 to
about [err]; more preferably about -60 to about 25. It is preferable to
perform the process of the invention, the transformation of the
[err]-steroids (I) to the corresponding [err]-20silyl ethers (III) in one
step by contacting the [err]-steroid (I) (1) with a preformed cop- 5   per
hydride or a metal hydride  reducing agent in the presence of a copper
species and (2) in the presence of a silylating agent. It Is preferred that
the contacting take place in the presence of a ligand. The preferred re-
agents are as described above. The [err] ethers (III) are transformed by
known methods (peracid) to the corresponding [err]- epoxide-20-silyl ethers
(IV). The 17a,20a-epoxide-20-silyl ethers (IV) can be isolated if desired
by addition of 



10 the reaction mixture to a dilute solution of aqueous acetic acid. The
product is then extracted with an appro- priate organic solvent The
17a,20a-epoxide-20-silyl ethers (IV) are transformed by acid or base to the
corresponding corticoids (V) which have a known utility in the
pharmaceutical area as anti-inflammatory agents. 15  DEFINITIONS AND
CONVENTIONS Thedefinitions and explanations belowareforthe terms as used
throughoutthis entire document including both the specification and the
claims. 20 I. CONVENTIONS FOR FORMULAS AND DEFINITIONS OF VARIABLES The
chemical formulas representing various compounds or molecular fragments in
the specification and claims may contain variable substituents in addition
to expressly defined structural features. These variable substituents are
identified bya letteroraletterfollowed bya numerical subscript, for
example, [err] or [err] where 25   [err] is an integer. These variable
substituents are either monovalent or bivalent, that is, they represent a
group attached to the formula by one or two chemical bonds. For example, a
group [err] would represent a bivalent variable if attached to the formula
[err]. Groups [err] and [err] would represent monovalent variable sub-
stituents if attached to theformula [err]. When chemical formulas are drawn
in a linearfashion, such as those above, variable substituents contained in
parentheses are bonded to the atom immediately to 30  the leftofthevariable
substituentenclosed In parenthesis. When twoormore consecutive variable
substituents are enclosed in parentheses, each of the consecutive variable
substituents is bonded to the immediately pre- ceding atom to the left
which is not enclosed in parentheses. Thus, in the formula above, both
[err] and [err] are bonded to the preceding carbon atom. Also, for any
molecule with an established system of carbon atom num- bering, such as
steroids, these carbon atoms are designated as [err] where "i" is the
integer corresponding to 35 the carbon atom number. For example, [err]
represents the 6 position or carbon atom number in the steroid nu- cleus as
traditionally designated by those skilled in the art of steroid chemistry.
Likewise the term [err] repre- sents a variable substituent (either
monovalent or bivalent) at the [err] position. Chemical formulas or
portions thereof drawn in a linearfashion representatoms in a linearchain.
The sym- bol "-" In general represents a bond between two atoms in the
chain. Thus [err] represents 40  a 2-substituted-1-methoxypropane compound.
In a similar fashion, the symbol "=" represents a double bond, e.g., [err]
and the symbol "=" represents a triple bond, e.g., [err] Carbonyl groups
are represented in either one of two ways: -CO- or -C(=O)-, with the former
being preferred for sim- plicity. Chemical formulas of cyclic (ring)
compounds or molecular fragments can be represented in a linear fash- 45
ion. Thus, the compound 4-chloro-2-methylpyridine can be represented in
linear fashion by N*=C([err])-CH- CCI-CH=C*H with the convention thatthe
atoms marked with an asterisk(*) are bonded to each otherresulting in the
formation of a ring. Likewise, the cyclic molecular fragment,
4-(ethyl)-1-piperazinyl can be represented by -N*-[err]. A rigid cyclic
(ring) structure for any compounds herein defines an orientation with
respect to the plane of 50 the ring for substituents attached to each
carbon atom of the rigid cyclic compound. For saturated compounds which
have two substituents attached to a carbon atom which Is part of a cyclic
system, [err] the two substituents may be in either an axial or equatorial
position relative to the ring and may change between ax- ial/equatorial.
However, the position of the two substituents realative to the ring and
each other remains fixed. While either substituent at times may lie In the
plane of the ring (equatorial) rather than above or below the 55 plane
(axial), one substituent is always above the other. In formulas depicting
such compounds, a substituent ([err]) which is "below" another substituent
(X2) will be identified as being in the alpha (a) configuration and is
identified by a broken, dashed or dotted line attachment to the carbon
atom, i.e., by the symbol "- - -" or "...". The corresponding substituent
attached "above" ([err]) the other ([err]) is identified as being in the
beta ([err]) con- 



5    EP 0 474 668 B1 figuration and is Indicated by an unbroken line
attachment to the carbon atom. When a variable substituent is bivalent, the
valences may be taken together or separately or both in the definition of
the variable. For example, a variable [err] attached to a carbon atom as-
C(=R)- might be bivalent and be defined as oxo or keto (thusforming a
carbonyl group (-CO-) or as two separately attached monovalent 5   variable
substituents [err] and [err]. When a bivalent variable, [err] is defined to
consist of two monovalent variable substituents, theconvention
usedtodefinethe bivalentvariable isoftheform [err] or some variant thereof.
In such a case both [err] and [err] are attached to the carbon atom to give
[err]. For ex- ample, when the bivalent variable [err] is defined to
consist of two monovalent variable substituents, two monovalent variable
substituents are [err]  .... [err] etc, giving [err]. 10   [err] etc.
Likewise, forthe bivalent variable [err] two monovalentvariable
substituents are [err]. For a ring substituentfor which separate a and
[err] orientations do not exist (e.g. due to the presence of a carbon
carbon double bond in the ring), and for a substituent bonded to a carbon
atom which Is not part of a ring the above convention is still used, but
the [err] and [err] designations are omitted. Just as a bivalent variable
may be defined as two separate monovalentvariable substituents, two
separate 15   monovalentvariable substituents may be defined to be taken
togethertoform a bivalentvariable. Forexample, in the formula [err] and
[err] define arbitrarily a first and second carbon atom, respectively)
[err] and [err] may be defined to be taken together to form (1) a second
bond between [err] and [err] or (2) a bivalent group such as oxa (-O-) and
the formula thereby describes an epoxide. When [err] and [err] are taken
together to form a more complex entity, such as the group -X-Y-, then the
orientation of the entity is such that [err] in the 20  above formula is
bonded to X and C2 Is bonded to Y. Thus, by convention the designation
[err] and [err] are taken together to form [err] means a lactone in which
the carbonyl is bonded to C2. However, when designated [err] and [err] are
taken together to form [err] the convention means a lactone in which the
carbonyl is bonded to [err]. The carbon atom content of variable
substituents is indicated in one of two ways. The first method uses 25   a
prefix to the entire name of the variable such as [err], where both "1" and
"4" are integers representing the minimum and maximum number of carbon
atoms in the variable. The prefix is separated from the variable by a
space. For example, [err] alkyl" represents alkyl of 1 through 4 carbon
atoms, (including isomeric forms thereof unless an express indication to
the contrary is given). Whenever this single prefix is given, the prefix
indicates the entire carbon atom content of the variable being defined.
Thus [err] alkoxycarbonyl describes 30  a group [err] where n is zero, one
or 2. By the second method the carbon atom content of only each portion of
the definition is indicated separately by enclosing the [err] designation
in parentheses and placing it immediately (no intervening space) before the
portion of the definition being defined. By this optional convention
([err])alkoxycarbonyl has the same meaning as C2-C4 alkoxycarbonyl because
the zC-C3 refers only to the carbon atom content of the alkoxy group.
Similarly while both C2-C6 alkoxyalkyl and (Cj-C3)al- 35
koxy(C1-C)alkyldeflne alkoxyalkyl groups containing from 2 to 6 carbon
atoms, the two definitions differ since the former definition allows either
the alkoxy or alkyl portion alone to contain 4 or 5 carbon atoms while the
latter definition limits either of these groups to 3 carbon atoms. II.
DEFINITIONS 40 All temperatures are in degrees Centigrade. 



TLC refers to thin-layer chromatography. THF refers to tetrahydrofuran.
DIBAH refers to dilsobutylaluminum hydride. 45        LAH refers to lithium
aluminum hydride. HMPA refers to hexamethylphosphoric triamide. DMI refers
to 1,3-dimethyl-2-imidazolidinone. DMPU refers to N,N
-dimethylpropyleneurea. TMU refers to tetramethylurea. so        NMP refers
to N-methylpyrrolidinone. TES refers to tetraethylsulfone. DMAP refers to
dimethylaminopyridine. TMEDA refers to tetramethylethylenedlamine. Ether
refers to diethyl ether. 55        Saline refers to an aqueous saturated
sodium chloride solution. 4 refers to phenyl (C61H5). When solvent pairs
are used, the ratios of solvents used are volumelvolume (vlv). 6    EP 0
474 668 B1 NMR refers to nuclear (prot6n) magnetic resonance spectroscopy,
chemical shifts are reported in ppm (8) downfield from tetramethylsilane.
When the A1720-silyIl ethers (Ill) are produced, two Isomers, O" and "E are
formed. When RI" is -H, the mixture Is substantially the wZ Isomer with a
little ZEN present. When RI" Is -CH3 and the hydride donor 5   is lithium
aluminum hydride, more OE is present but the predominate Isomer of the
mixture Is still Z". Both 'E and IZ (Ill) are transformed to the desired
corticoid (V), see EXAMPLES 2 and 5. K          EXAMPLES 10     Without
further elaboration, it is believed that one skilled in the art can, using
the preceding description, practice the present Invention to its fullest
extent. The following detailed examples describe how to prepare the various
compounds and/or perform the various processes ofthe Invention and are to
be construed as mere- ly illustrative, and not limitations of the preceding
disclosure in any way whatsoever. Those skilled in the art will promptly
recognize appropriate variations from the procedures both as to reactants
and as to reaction con- *c  ditions and techniques. PREPARATION I
20,21-Dihydroxy-16a-methylpregna-1,4,9(11),17(20)-tetraen-3-one 21 -acetate
20-trime- thylsilyl ether 20      Under an Inert atmosphere, copper(ll)
propionate (2.191 g) Is dissolved in anhydrous THF (132 ml) and
1,3-dimethyl-2-imidazolidinone (48.0 ml). The mixture is cooled to < -300
and methylmagneslum chloride (2.07 M, 12.0 ml) is added slowly to maintain
the low temperature. The resulting mixture is transferred rapidly into a
slurry of of 21-hydroxyypregna-1,4,9(11),16-tetraene-3,20-dlone 21-acetate
(US Patent 4,031,080 Example 1,76.86 9) anhydrous THF (832 ml) and stirred
atc -50. Chlorotimethylsilane (34.5 ml) is added to the chilled 25  slurry.
This mixture . aged for 10 minutes and then methylmagnesium chloride (2.07
M, 101 ml) is added over a period of 75 min. An extra 6.0 ml of the
Grignard reagent is added during the next 50 min to consume the starting
material. The reaction mixture is quenched by adding toluene (1.24 I) and
aqueous acetic acid (5%, 1.24 1). The two phases are separated after 45 min
of vigorous mixing at 5. The aqueous phase is extracted 



with toluene (200 ml) and the two toluene solutions are combined. This net
solution is washed with aqueous 30  acetic acid (5%, 2 x 400 ml) and dried
with magnesium sulfate. The drying agent is removed by filtration and the
filtrate Is concentrated under reduced pressure to give the title compound.
PREPARATION 2
17a-Bromo-21-hydroxy-16ct-methylpregna-1,4,9(11)-triene-3,20-dione
21-acetate 5       AAslurry, prepared from N-bromosucclnimide (40.96 g),
acetone (225 ml) and water (37.7 ml) is cooled to < -40. A mixture of
20,21-dlhydroxy-1 6a-methylpregna-1,4,9(11),17(20)-tetraen-3-one 21-acetate
20-time- thyisilyl ether (PREPARATION 1,99.56 g) and acetone (350 ml) is
added slowly while keeping the temperature less than -350. The sily1 ether
(Ill) is consumed within one hour and n-butyl vinyl ether (5.41 ml) is
added to quench any access brominating agent. The quenching reaction
proceeds for20 min at a temperature of -300 40  and is then warmed to 5.
When this temperature Is reached, water (400 ml) and toluene (200.ml) are
added. The two phases are separated after adequate mixing. The aqueous
phase Is extracted with toluene (100 ml). The toluene solutions are
combined and washed with water (200 ml). Magnesium sulfate la used to dry
the solution, which Is concentrated under reduced pressure. The mixture Is
filtered to give the tide compound. 45  PREPARATION 3
21-Hydroxy-16-methylpregna-1,4,9(11),16-tetraene-3,20-dlone 21-acetate (I)
Lithium carbonate (30.929) and lithium bromide (18.170) is added toe
solution of 17a-bromo-21-hydroxy-
16a-methylpregna-1,4,9(11)-triene-3,20-dione (PREPARATION 2,98.43 g) in
DMF. The solids are rinsed into the solution with DMF sufficient to bring
the total amount to 350 ml. The reaction Is warmed to 960 over a 3 * hr and
forty minute period. It is then transferred to a dropping funnel with 15 ml
of DMF and added over a 40 mmn period to 3.41 of vigorously stirred
half-saturated saline. The funnel is rinsed with DMF (15 ml) and the
knock-out slurry is cooled to < 100. After 30 min, the product is collected
by filtration and washed thoroughly with water (3 x 250 ml). The moist
solids are dried with nitrogen flow to give the title compound. 55 7    EP
0 474 668 Bi EXAMPLE I 17Z- and 17E- isomers of 6aS-fluoro-20,21
-dihydroxypregna-1,4,9(11),17(20)-tetraene-3-one 21-acetate
20-trimethylsilyi ether (IlI) A solution of copper propionate (0.545 g) in
THF (110 ml) is added to a precooled -500 slurry of 6a-fluoro- s
21-hydroxypregna-1,4,9(11),16-tetraene-3,20-dione 21-acetate (I, US Patent
3,210,341 Example 1, 20.00 g) in THF (150 ml) containing
dimethylimidazolidinone (9.10 ml) and N-trimethylsllylimidazole (15.3 ml)
under a nitrogen atmosphere over a 5 min period. The suspension Is stirred
for 5 min, then a solution of DIBAH (25%, 655.27 ml) In toluene Is added
slowly dropwise over a 40-50 min period. The reaction Is monitored by TLC
[the TLC sample is obtained by dIluting 0.5 ml of the reaction mixture with
tetrahydrofuran (0.5 ml) and eluting with 10  tetrahydrofurantheptane
(40/60), title compound (Ill) Rf = 0.64] during the addition and when the
reduction is complete the DIBAH addition is discontinued. Imidazole (1.77
g) is added and the reaction is allowed to warm to 20-250C. After reaching
20-250 the re- action is checked for complete silyiation by TLC. When the
silylation is complete the reaction Is quenched by adding it to a mixture
of aqueous acetic acid 16  (1.5%, 1250 ml) and toluene (250 ml) at 00. The
mixture is stirred for 5-10 minutes, then the layers are sepa- rated. The
aqueous layer is extracted with toluene (2 x 200 ml) and the combined
organic extracts are washed with H20 (2 x 300 ml) and then with saline (300
ml). The organic layer is dried over magnesium sulfate and filtered. The
toluene is removed under reduced pressure to give the title composed in a
total volume of 220 ml. The title compound is used intheoxidation reaction
(EXAMPLE 2) withoutfurther purification, NMR (CDC13) 



20  0.2, 0.9, 1.4, 2.1, 4.5 and 6.24 &. EXAMPLE 2
6a-fluoro-17a,21-dihydroxypregna-1,4,9(11)-triene-3,20-dione 21-acetate (V)
Sodium acetate (0.384 g) is added to a solution of
Ba-fluoro-20,21-dihydroxypregna-1,4,9 (11),17(20)-tet- 25 raene-3-one
20-trimethyl silyl ester 21 acetate (Ill, EXAMPLE 1,23.86 g) in toluene
(220 ml total volume) under nitrogen. The reaction Is cooled to 08 and
peracetic acid (15.1 ml) is added dropwise over 5 minutes. A 5 exo- therm
is observed. The reaction Is allowed to stir at 0 for 30-45 miD, then it is
checked by TLC [ethyl acet- ate/heptane (IM), the epoxide (IV) has an Rf of
just a Itile less than the silyl ether (llI)]. When the reaction is
complete, to check for peroxides, sodium bisulfite (6.60 g) in water (84
ml) is added 30  over 5 min and the temperature rises to 30 to 400. The
product precipitates as a dense solid which stays in the aqueous layer when
stirring is stopped. Heptane (180 ml) is added over 5-1-0 min and the
slurry is cooled in an ice bath for 30 minutes. The product is isolated by
filtration and washed thoroughly with water (5 x 100 ml), NMR (CDCis) 0.65,
1.4,2.16,4.97 and 6.38 8. 35  EXAMPLE 3 17Z- and 17E- isomers of
20,21-dihydroxy-16f-methylpregna-1,4,9(11),17(20)-tetraen-3-one 21-acetate
20-trimethylsilyl ether (Ill) Anhydrous THIF (106 ml) and HMPA(12.2 ml)are
added to 21-hydroxy-16-methylpregna-1,4,9(11),16-tet- raene-3,20-dione
21-acetate (I, PREPARATION 3, 5.33 g)'and cuprous cyanide (500 g) contained
under an 40  inert atmosphere. This mixture is stirred for 10 min at 23 and
then it Is cooled to ' -400 before trimethylsilyli- midazole (4.2 ml) and
LAH (95%, 0.211 9) are added to it. The reaction Is held at a temperature
less than or equal to -40 for 3 hr and periodic additions of fresh
trimethylsilyiimidazole (1.63 ml) and LAH (0.145 g) are required to
complete-the reduction. The reaction Is then treated with acetone (3.50 ml)
and Imidazole (0.482 g). it is warmed td23 and aged at this temperature for
1 hr before i is poured into aqueous acetic acid (2%, 45  420 ml) and
hexane (250 ml) and stirred vigorously at 0. This mixture is filtered
through a celite pad, which is washed with aqueous acetic acid (2%, 50 ml)
and hexane (200 ml). The two phases of the filtrate are sepa- rated. The
aqueous phase is extracted with hexane (2 x 60 ml). The organic phases are
combined and then washed with water (3 x) and saline (56 ml). Residual
water is removed with sodium sulfate. The drying agent is removed by
filtration and the filtrate is concentrated under reduced pressure at 38 to
give the title com- 50  pounds as an oil. EXAMPLE 4 17Z- and 17E- isomers
of 20,21-dihydroxy-16p-methyl pregna-1,4,9(11),17(20)-tetraen-3-one
21-acetate 20-trimethysityl ether (Ill) 55      DIBAH (1.50 M, 16.0 ml) in
toluene is added to a mixture of cupric propionate (0.314 g), anhydrous THF
(10.0 ml) and HMPA (5.20 ml) stirred at c -600 under an inert atmosphere.
The mixture is added rapidly to a solution of
21-hydroxy-16-methylpregna-3,20-dione-1,4,9,16-tetraene 21-acetate (I,
PREPARATION 3, 5.71 9), THF (75.0 ml) and trimethylsilylimidazole (6.60 ml)
and stirred at< -50. The reaction proceeds at this tem- 8    EP 0474668 BI
perature for4.5 hr, overwhich time five portions of fresh copper hydride,
each prepared from cupric proplonate (0.157 g), THF (5.0 ml), HMPA(0.91 ml)
and DIBAH (1.5 M, 3.00 ml), are added. Imidazole (0.532 g) Is added, the
reaction is warmed to 200 and then it is stirred for 14 hr. The mixture Is
poured Into hexane (300 ml) and aqueous acetic add (2%, 300 ml) and stirred
vigorously at < 10. An emulsion results which is filtered through 5   a bed
of celite. The two phases In the filtrate are separated and the aqueous
phase is extracted with hexane (100 ml). The organic extracts are combined
and then washed with water (4 x 100 ml) and saline (50 ml). The residual
water Is removed with sodium sulfate. The dried hexane solution Is
concentrated under reduced pres- 



sure to give the tide compounds as an oil. LC shows the oil to be a mixture
(46.6/1) of 17Z-M17E-. 10 EXAMPLE 5
17ct,21-dihydroxy-16f3-methylpregna-1,4,9(11)-triene-3,20-dione 21-acetate
(V) Asolution, prepared from crude
21-hydroxy-16p-methylpregna-1,4,9(11),17(20)-tetraen-3-one 21-acetats
20-trimethylsilyl ether (Ill, EXAMPLE 4, 3.906 g) and toluene (39.0 ml), is
cooled to ' 5 and sodium acetate (0.072 9) Is added. Peracetic acid (5.57M,
2.31 ml) is added slowly. The reaction is kept at a temperature < 50 15
for3.5 hr. Asolution of sodium sulfate (2.34 g) in water (7.50 ml) is then
added. The quenched reaction is stirred for 19 hr at 230. Then hydrochloric
acid (37%, 3.75 ml) in added portionwise over 7 hr. Heptane (25 ml) is then
added and the mixture Is cooled to 20. The product is isolated by
filtration of the acidic mixture. It is washed with water (3 x 12 ml) and
heptane (2 x 10 ml). The product is dried with a nitrogen gas flow to give
the tide compound. The toluene layer of the filtrate is treated with
acetone (10 ml) and then washed with water (2 x 20  10), aqueous sodium
bicarbonate (5%, 15 ml) and additional water (15 ml). The solution is dried
with magne- sium sulfate and then concentrated at 50 under reduced pressure
to give a second crop of the titie compound. EXAMPLE 6 17Z- and 17E-
Isomers of 9p,llp-epoxy-20,21-dihydroxypregna-1,4,17(20)-trien-3-one 21-
acetate 20-trimethylsilyloxy ether (Ill) 25 A solution of copper proplonate
(0.137 g) in tetrahydrofuran (30 ml) under a nitrogen atmosphere is cooled
in a dry icelacetone bath to -500. HMPA (3.64 ml) followed by a solution of
DIBAH in toluene (25% wt, 13.3 ml) is added to the copper solution over a
5-10 min keeping the temperature near -500. The solution turns dark green
then lightens to brown during the addition. This brown solution is allowed
to stir 3-5 min., then it Is added 30  via acannula to a -500 slurry of
9P,11f-epoxy-21-hydroxypregna-1,4,16-triene-3,20-dione 21-acetate (I, 5.000
g) In tetrahydrofuran (38 ml) containing N-trimethyisilyfimidazole (6.71
ml) over a 12 min period. The A'6-steroid starting material (I) requires
one hr to go into solution. The solution is allowed to stir after complete
addition and checked byTLC [the TLC sample is obtained by diluting 0.5 ml
ofthe reaction mixture with tetrahydrofuran (0.5 ml) and eluting with
tetrahydrofuran/heptane (40/60), tide compound (Ill) Rf = 0.64]. 35
When the reduction is complete, Imidazole (OA45 9) is added and the
reaction is allowed to warm to 20- 25 at which time the reaction Is checked
for complete silylation by TLC, as described above. When the sllylation is
complete, the reaction is quenched by adding It to a 0 mixture of aqueous
acetic acid (1.5%, 500 ml) and toluene (125 ml). The mixture is allowed to
stir 5-10 min, then the layers are separated. The aqueous layer is
extracted with toluene (2 x 100 ml) and the combined organic extracts are
washed with 40  water (2x 1200 ml) and then with saline (100 ml). The
organic layeris dried over magnesum sulfate, filtratered *     and
concentrated under reduced pressure to a total volume of 35 ml containing
the tide compound. EXAMPLE 7 17Z- and 17E- isomers of
20,21-dihydroxypregna-1,4,9(11),17(20)-tetraen-3-one 21-acetate
20-trimethylsilyiody ether (Ill) 45 A solution of copper propionate (0.572
9) in tetrahydrofuran (10 ml) under a nitrogen atmosphere is cooled in a
dry Ice/acetone bath to -50. DIBAH In toluene (25% wt, 58 ml) is added to
the copper solution over a 5- 10 min. period keeping the temperature near
-50. The solution turns dark green then lightens to brown during the
addition. This brown solution Is allowed to stir 3-5 min., then It Is added
via a cannula to a -50 slurry of 50
21-hydroxypregna-1,4,9(11),16-tetraene-3,20-dione 21-acetate (I, US Patent
2, 864,834 Example 1, 20.00 gt in THF (150 ml) containing
dimethylimidazolldinone (9.54 ml) and N-trimethylsilylimidazone (16.0 ml)
over a 25 mi period.-The soluton is allowed to stir 10 min after complete
addition, then checked by TLC, as described In EXAMPLE 6. When the
reduction is complete imidazole (1.86 g) is added and the reaction is
allowed to warm to 20- 55  25, after which the reaction Is checked for
complete silylation by TLC. When the silylation is complete the reaction is
quenched by adding it to a 00 mixture of aqueous acetic 



acid (1.5%,1250 ml) and toluene (250 ml). The mixture Is allowed to
stirs-10 min, then the layers are separated. The aqueous layer is extracted
with toluene (2 x 200 ml) and the combined organic extracts are washed with
9    EP 0 474 668 BI water (2 x 300 ml) and then with saline (300 ml). The
organic layer Is dried over magnesium sulfate, filtered and concentrated
under reduced pressure to a total volume of 220 ml containg the tide
compounds, NMR (CDCI3) 0.2, 0.9, 1.4, 2.08, 4A7 and 6.1 8. 5   EXAMPLE 8
17Z- and 17E- isomers of 20,21-dihydroxypregna-4,9(11),17(20)-trien-3-one
21-acetate 20-tri- methylsilyloxy ether (Ill) Asolution of copper
propionate (0.057 g) in THF (12 ml) under a nitrogen atmosphere is cooled
In a dry leelacetone bath to -50. HMPA(1.51 ml) followed by a solution of
DIBAH in toluene (25% wt, 5.44 ml) is added 10 to the copper solution over
a 5-10 min period keeping the temperature near -500. The blue solution
turns dark green then lightens to brown during the addition. This brown
solution is allowed to stir 3-5 min, then it is added via a cannula to a
-50 slurry of 21-hydroxypregna-4,9(11),18-tniene-3,20-dione 21-acetate (i,
US Patent 2,773,080 Example 1, 2.00 g) in tetrahydrofuran (25 ml)
containing N-tbimethylsilylimidazole (2.71 ml) over a 7 min period. The
solution is allowed to stir after complete addition and checked by TLC. 1S
When the reduction is complete, imidazole (0.185 g) Is added and the
reaction is allowed to warm to 20- 25, after which the reaction is checked
for complete silylation by TLC. When the silylation is complete the
reaction is quenched by adding it to a 00 mixture of aqueous acetic acid
(1.5%, 210 ml) and toluene (50 ml). The mixture is allowed to stir 5-10
min, then the layers are separated. The aqueous layer is extracted with
toluene (2 x 50 ml) and the combined organic extracts are washed with 20
water (2 x 50 ml) and then with saline (50 ml). The organic layer is dried
over magnesium sulfate, fltrated and concentrated under reduced pressure to
give a solid which is crystallized from methanol to give the tide com-
pounds, NMR (CDCI3) 0.22, 0.88, 1.37, 2.09,4.5,5.55 and 5.75 8. EXAMPLE 9
17Z- and 17E- isomers of
6ci-fluoro-20,21-dihydroxypregna-1,4,9(11),17(20)-tetraen-3-one 21- 25
acetate 20-trimethylsilyl ether (Ill) A blue solution of copper propionate
(0.545 g) in tetrahydrofuran (110 ml) under a nitrogen atmosphere is cooled
in a dry icelacetone bath to -50. A solution of DIBAH in toluene (25% wt.
55.27 ml) is added over a 5- 10 min period keeping the temperature near
-50. The blue solution turns dark green then lightens to brown 30 during
the addition. This brown solution is allowed to stir 3-5 min, then it is
added via a cannula to a slurry of
6a-fluoro-21-hydroxypregna-1,4,9(11),16-tetraene-3,20-dione 21-acetate (1,
20 g) in THF (150 ml) containing dimethylimidazolidinone (9.10 ml) and
N-trimethylsilylimidazole (15.3 ml), precooled to -500, overa 25 min per-
iod. The reaction mixture Is permitted to stir 10 min after addition is
complete and is monitored by TLC [the TLC sample is obtained by diluting
0.5 ml of the reaction mixture with tetrahydrofuran (0.5 ml) and eluting
with 3S tetrahydrofuran/heptane (40160), tide compound (Ill) Rf = 0.64].
When the reduction is complete imidazole (1.77 g) is added and the reaction
is permitted to warm to 20-250. After reaching 20-25 the mixture is checked
for complete silylation byTLC. When the silylation is complete the reaction
is quenched by adding it to a 0 mixture of aqueous acetic acid (1,250 ml)
and toluene (250 ml). The mixture is permitted to stir 5-10 min then the
layers are separated. The aqueous layer is extracted with toluene (2 x 200
ml) and the combined organic extracts 40 are washed with water (2 x 300 ml)
and with saline (300 ml). The organic layer is dried over magnesium sulfate
and the magnesium sulfate is removed by filtration. The toluene Is removed
by concentration under feduced pressure to give the tide compounds, NMR
(CDCI3) 0.2, 0.9, 1.4, 2.1, 4.5 and 6.24 8. 



EXAMPLE 10 172- and 17E- isomers of 20,21-dihydroxy-16f8,-methyl
pregna-1,4,9(11),17(20)-tetraen-3-one 45 21-acetate 20-trimethylsilyl ether
(Ill) Following the general procedure of EXAMPLE 4 and making non-critical
variations but using 1-silyl-1,2,4- triazole in place of
trimethylsilylimidazole, the tide compound is obtained, 17Z-/17Eratio is
22.1/1. 50  EXAMPLE 11 17Z- and 17E- Isomers of 20,21-dlhydroxy-161-methyl
pregna-1,4,9(11),17(20)-tetraen-3-one 21-acetate 20-trimethylsilyl ether
(III) Following the general procedure of EXAMPLE 4 and making non-critical
variations but using 3-silylbenzi- midazole in place of
trimethylsilylimidazole, the tide compound is obtained, 17Z-I17E-ratio is
15.811. 55 10    EP 0 474 668 B1 EXAMPLE 12 17Z- and 17E- isoin'ners of
20,21-dihydroxy-16S-methyl pna-1,4,9(11),17(20)-tetraen-3-one 21-acetate
20-trimethylsilyl ether (111) Following the general procedure of EXAMPLE 4
and making non-critical variations but using 1-silyl-2-me- 5
thylimidazole in place of trimethylsilylimidazole, the title compound Is
obtained, 17Z-/17E-ratio is 27.4/1. 10 r--R21 Oo20
(I) 3D    0    4 S       R     1~~~~R6| 35 R21
tIII) 0-S 1(R20)3 R16 45 peracld 55 11    EP 0 474 668 B1 AII~Tt A -
Cgneinued 5                                   1t21 .. O-SL(120)3 R16
(IV) 10. 15 I   acid or base 20 R21                                  (V) 0
25                            *...-OH 



R16 30 35 40 45~~~~~~~ 50 55 12    EP 0 474 668 B1 6
t~Ri RIO4}   (A) 10 ~ ~ ~ 1 R5               R7 .15              1   5 R6
20 Xs 25       . N .. N-Si(R20)3    (IK-i) Xg 1 x9~~-i 30
-j.            t      | |      (letrazole) 35  A
~~~~~~~~~~~H A.  N-H                 (M1-2) Xl2         X13 45
(Dnrlaidazel) Ad(1.2,*-Triaxolo) 13    EP 0 44 668 BI Claims 1. A process
for the production of a aTE-metal enolate (II) R21 OM20 10
6(II) 15[ and Z- isomer thereof where: Rae is ct-H:-R1j2 where R1..l2 Is -H
or -CH3; R21 is -H. -0-R21_1 where R211 is -H, 20                  Cj-C4
alkyl, -CHz-O-CH3, 



-CHR24r-O-R21 4 where R21_2 is C1-C4 alky and R2143 is C1-C4 alkyl,
-CHx-O-CH2CHzO-R2i 4 where R21-4 is Cr-C4 alkyl, THPR 25
-CO-R214 where Ra21 is C1-C4 or-+, -Si(R2.43 where the RalI'a are the same
or different and are selected from the group con- sisting of C1-C4 alkyl
and 4; M20 is copper or a metal !on derived from the metal .hydide reducing
agent, which comprises con-. tacting a A16-steroid (I) R21. =0 35 40 where
R1B is,-H or -CH3 and R21 Is as defined above with a member selected from
the group consisting 45       of a preformed copper hydride or a metal
hydride reducing agent in the presence of a copper species. 2. A process
for the production of a 17E117Z-metal enolate (II) according to claim I
where the A1*-steroid (I) is of the formula 60 55 14    -EP 0 474 6168 B13
l111111111111111111111111111111 rt2l                   C*   c   L   M   S
* 10,.                    0 RI5 15 s  .      --    a       R        1
6~~~~~~R1 10                     ;   ig I R5 557R *R6 where: (A-I) R is
a-R0..1:P-R." Rio is a-RI1 :P-R1o_2 and R7 Is a-H:P-H where one of RF.1 and
RO.2 is -H 20       and the other is -H, -F or -CH3, R10 2 is -OH3 R10.1
and R6 taken together are -CH2-CH-CO-OH= or -CH=CH-CO-CH=; (A-Il) Re Is Rs
1:R4, R7 is R7f:R7-, R10 Is a-R104l-R114 where one of Rs  and R14 Is -H and
the other taken together with one of R743 and R74 forms a second bond
between CO and C7, and the other of R743 and R74 is -H, R1" is -CH3, RI1-
and Rs taken together are -CHr-CHr-CO-CH= or -CH=CH-CO- 25       CH=; (C-i)
R11 Is R11._.1:R112 where one of-R11,- and R11-2 is taken together with RN
to form a second bond between C9 and C11 and the other-of R11,- and R11-2
is -H; (C-Il) R11 is a-H:P-O- where p-0- is taken together with RN to form
an epoxide between C9 and C1 30      in the p-configuration: (C-ll) a-R9 is
-H, -Br, -Cl, -F and R11 is =O or a-R11.1p-R11 owhere one of R114 and R11.4
is  -H 



and the other of R11-3 and R11 4 Is -H or'-OH; (C-IV) R9 is -OH and R11 is
t-H:p-H; R1B is -H or -CH3 and R21 is as defined in claim 1. 35 3. A
process for the production of a 17E/17Z-metal enolate (II) according to
cialm 1 where the preformed copper hydride is [(03P)-CuH]., (CuH)x where x
Is from I thru 6, UCuH2, LICu2H3, U2Cu3Hr, U2CuH3, Li3CuH4, U4CuH6, UCuH*,
Li6CuH6, CH3CH2CH-C=C-CuHLi, t-butyl-O-CuHLI and OSCuHLi. 40   4   Aprocess
forthe production of a 17E/17Z-metal endate (lI) according to claim 1 where
the metal hydride reducing agent is selected from the group consisting of
A) (X2)(Xa)Ai-H where X2 and X3 are the same or different and are Cl-C.
alkyl; B) [Cationi'[(X4)3Aluminum-Hl- where Cation is sodium, potassium or
lithium, X4 are the same ordif- ferent ancdare -H or -O-X4-1 where X4.1 Is
Cl-Cs alkyl; C) (Metal)QM(B-H where metal is sodium, potassium or lithium
and Xr is -H. Cl-Cs alkyl, -0-X-1 where XO-1 is CI-C8 alkyl, -CO-4X-1 where
Xs 1 is as defined above. 5. Aprocessforthe production of a 17E117Z-metal
enolate (II) according to claim I where the copperspecles is selected from
the group consisting of (1) Cu(l)X4 where Xs is -CH3, -Cl, -Br, -I, -CN,
acetate, propionate; (2) Cu(ll)(X7), where X7 Is -CH3, -Cl, -Br, -I, -CN,
sulfate, acetate, propionate; (3) dilithlum tetrachlorocuprate (U2CuC4). 65
6.  A process for the production of a 17E/17Z-metal enolate (II) according
to claim I where the process is performed in the presence of a ligand. 15
EP 0  474 668 B1                   HE !   IIII IlIJI 11111 1 IN!I 7. A
process for the production of a I7E17Z-metal enolate (II) according to
claim 6 where the ligand is se- lected from the group consisting of HMPA,
DMI, DMPU, TMU, NMPR TES, DMAP, TMEDA and (X)3P where X20 is C1-C8 aikyl
or-+. 5 8. A process for the production of a 17E-silyl ether (II) v
r~~~~~~~~R21 10 2   AL   J                           ~~~~~~~~(III) 15 20
and the 17Z- isomer thereof, where R16 and R21 are as defined for formula
(II) in claim 1; and the R20's are the same or different and are each C1-C7
alkyl or -; which comprises contacting a metal enolate of formula (II) as
defined in claim I where M20 is a cop- per, aluminium or boron cation, with
a silylating agent which is either 2C         (1) a combination of a silyl
halide of the formula X1-Si(R20)3, where X1 is Cl, Or or I and R2 is as
defined above, with an amine catalyst selected from pyridine, triazine,
tetrazine, an imidazole, 1 ,2,4-triazole or tetrazole of the respective
formulae 30                                    .        H 



35N       N                  N where Xi,, X12, X13, X14, X16 and X16 are
the same or different and are H or C1-C3 alkyl, and benzimi- dazole
optionally substituted with 1-5 C,-C3 aikyl In the 2-, 4-, 5-, 6- and 7-
positions; or 40         (2) an imidazole, 1,2,4-triazole, ttrazole or
benzimidazole as defined above which has a Si(R20)3 sub- stituent at the
1-, 1-, 1- or 3- position, respectively. 9. A process for the production of
a 1 7E/17Z-silyl ether (ill) according to claim 8, where the silyl ether
(Ill) is of the formula 45 55 6~~~~~~~~~~~1    EP~~~~~~~~~               I
47411111111111 668111 *   C   L   N   S   * rR21 ro-Si (R20) 3 5 Pb lo(IlA)
10 R9 15 where R2D is as defined in claim 8 and the other substituents are
as defined in claim 2. 20  10. Aprocessforthe production of a 17E117Z-silyl
etherofformula (III) as defined in claim 8, which comprises contacting a
A16-sterold of formula (I) as defined In claim I with a preformed copper
hydride or a metal hydride reducing agent In the presence of a copper
species, in the presence of a silylating agent. 11. A process according to
claim 10, where the A1*-steroid (I) is as defined in claim 2. 25  12. A
process according to claim 10, where the preformed copper hydride is as
defined in claim 3. 13. A process according to claim 10, where the metal
hydride reducing agent is as defined in claim 4. 14. A process according to
claim 10, where the copper species is as defined in claim 5. 30 15. A
process according to claim 10, which is performed in the presence of a
ligand. 16. A process according to claim 15, where the ligand is as defined
in claim 7. 17. A process according to claim 10, where the silylating agent
is either a sily! halide as defined in claim 8, in the presence of an amine
catalyst; or a silylated imidazole, 1,2,4-tbiazole, tetrazole or
benzimidazole as defined In claim 8. 18. A process according to claim 17,
where the amine catalyst is as defined in claim 8. 40  19. A process
according to claim 10, which gives a mbiture of the 17Z- and 17E- isomers
of 8ctfluoro-20,21-dihydrmxypregna-1,4,9(11),17(20)-tetraen-3-one
21-acetate 20-tuimethyislyl ether, 20,21-dihydroxy-16p-methylpregna-1
,4,9(11),17(20)-tetaen-3-one 21-acetate 20-tbimethylsilyl ether,
9p,11epoxy-20,21-dihydroxypregna-1,4,17(20)-lien-3-one 21-acetate
20-trimethylallyloxy ether,
20,21-dihydroxypregna-1,4,9(11),17(20)-tetraen-3-one 21-acetate
20-trimethyisilyloxy ether, or 45
20,21-dihydroxypregna-4,9(11),17(20)-trien-3-one 21-acetate
20-trimethylsilyloxy ether. PatentansprOche 5 1. Verfahren zur Herstellung
elnes 17E-Metallenolats (II) 



55 17    . R21 rf20 S                                              / / R16
(II) 10 und dessen Z-Isomeren, worin bedeuten: R16 ac-H:-R162 mit R1&2
gleich -H odor -CH3; 15      R21 -H, -O-R21_1 mit R21_1 glelch -H,
C1-C4Alkyl, -CH2-O-CH3, -CHR21.4-O-R2_3, worin R21.2fiirC1-C4Alkyl steht
und R21,3 C1-C4 Alkyl darstelit, -CHx-O-CH2CHr-O-R2, 4. worin R21 4 fOr
Cr-C4AJkyl steht, THP, -CO- R214, worln R214 fur C1-C4 oder 4 steht,
Si(R214)3, worn die Reste R21 4 gleich odor verschieden sind und aus der
Gruppe C1-C4 Alkyl und -f ausgewahit sind; und M20 Kupfer oder ein von dem
Metallhydrid-Reduktionsmittel herrOhrendes Metallon 2D      durch
Inberflhrungbringen einesA1*LSteroids (I) R21 25  .
0 30 worin R1i fOr -H oder -CH3 steht und R21 die angegebene Bedeutung
besitzt, mit einer Komponente aus der Gruppe vorgeformtes Kupferhydrid oder
Metallhydrid-Reduktionsmittel in Gegenwart einer Kupfer- spezies. 2.
Verfahren zur Herstellung elnes 1 7E11 7Z-Metallnolats (II) nach Anspruch
1, wobel das ALSterod (I) aus einem solchen der Formel 4D r 121 45
RI, (IA) 50                    1 R5~~~~~~          7 55 R6 18    * C   L
M   S worin bedeuten: (A-I) Rs = a-Rleg.:p-Reb Rio = a-Ro1:P1-R10.2 und R7
= a-H:-H, wobei einer der Reste RPe- und R-2 fMr -H steht und der andere
-H. -F odor -CH3 bedeutet, R10.2 fir -CHs steht, Rio-, und RC zusammen -CHv
CH2-CO-CH= odor -CH=CH-CO-CH= darstellen; 6       (A-Il) Re = Re4R&, R7 =
R734:R7 4, Rio = a_-R10 $-R10,* wobei einerder Rests RS4 und Rs fur -H
steht und der andere zusammen mit einem der Reste R7_3 und R7 4 sine zweite
Bindung zwischen Ca und C7 bidet, und der andere der Reste R7_3 und R7 4 -H
darstellt, RI" fOr -CH3 steht, R1o  und Rr zusammen 



-CHrOCHrCO-CH= oder -CH=CH-CO-CH= darstellen; (C-I) RI, = R_11:R114, worin
elner der Rests R11... und R1112 zusammen mit R eine zweitb Bindung zwi-
schen C9 und C  ausbildet und der andere der Reste R11... und R112 fOr -H
steht; (C-l1) RI, = cL-H:A-O-, wobel P-0- zusammen mit RN ein Epoxid
zwischen Co und C11 In der P-Konfiguration bildet (C-l1l) u-RN = -H, -Br,
-CI, -F und RI, = =0 oder a-R11,RP-111, worin einer der Rests R113 und R11
fir -H steht und der andere der Rests RI14 und R11 4 -H oder -OH darstellt;
(C-IV) R0  -OH und RI, = a-H:,1H; R  = -H oder-CH3 und worin R21 die in
Anspruch I angegebene Bedeutung besitzt, besteht. 20  3. Verfahren zur
Herstellung sines 17EI17Z-Metallenolats (II) nach Anspruch 1, wobsi das
vorgeformte Kup- ferhydrid aus [(03P)-CuH], (CuH), mit x = 1 bis 6, LiCuH2,
LiCu2H3, U2Cu3H5, LI2CuH3, Li6CuH4, U4CuH5, LiCuH6, Li5CuHg,
CH3CH2CHz-CrC-uHU, tsrt.-Butyl-O-CuHLi oder *SCuHLi bestsht 4. Verfahren
zur Herstellung sines 17E/17Z-Metallendats (II) nach Anspruch 1, wobsi das
Metailhydrid-Re- duktlionsmittel aus der Gruppe A) (X2)(XM)AI-H mit X2 und
X3, die gleich odor verschieden sind, gleich Cl-Cs Aikyl; B)
[Kation]4[(X4)Aiuminum-HF, wobeil das Kation aus Natrium, Kalium odor
Lithium besteht und X4 gleich oder verschieden -H oder -O-X4.1 mit X4i
gleich C0rC Alkyl ist; C) (MetaII)Q(X)3B-H, wobel das Metall aus Natrium,
Kalium oder Lithium besteht und X6 = -H, Ci-C Al- kyl, -0-X1, worin X4  =
C0-Cs Alkyl, -CO-X-, worin Xr die angegebone. Bedeutung besitzt, ausgewihit
bt. 5. Verfahren zur Herstellung elnes 17E/1 7Z-Metallenolats (II) nach
Anspruch 1, worin die Kupferspezies aus -         der Gruppe: * 5
(1) Cu(I)X. mit Xs gisich -CH3, -Cl, -Br, -I, -CN, Acetat, Propionat; (2)
Cu(ll)(X7), mit X7 gloich -CH3, -CI, -Br, -I, -CN, Sulfat, Acetat,
Propionat; (3) Dilithiumtstrachlorocuprat (Li2OuCI4) ausgewahit Ist. 6.
Verfahren zur Herstellung sines 17E/1 7-Metallenolats (II) nach Anspruch 1,
durchgefflhrt in Gegenwart *    40  sines Uganden. 7. Verfahren zur
Herstellung eines 17E/1 7Z-Metallenolats (II) nach Anspruch 6, wobel der
Ligand aus der Gruppe HMPA, DMI, DMPU, TMU, NMP, TES, DMAP, TMEDA und
(X6)3P mit X20 glekch Cl-Cs Alkyl odor .4 ausgowahtt ist. 45 a Verfahren
zur Herstellung eines 17E-Silylethers (IIl) -R21 5D
0_(R    R2)3 55
(1111 19    EP 0 474 668 BI                    .         mu;' .. . * C   L
M   S * und dessen 17Z-Isomeren, wobei R1i und R21 die bet Formel (II) in
Anspruch I angegebene Bedeutung besitzen und die Reste R20 gleich oder
verschieden sind und jeweils fOr C1-C7 Aikyl oder -* stehen, durch 



lnberfihrungbringen eines Metallenolats der Formel (It) gemilp der
Definition in Anspruch 1 mit M20 gleich einem Kupfer-, Aluminium- oder
Borkation, mit einem Silylierungsmittel, be! dem es sich entweder um 5
(1) eine Kombination aus einem Sllyihalogenid der Formel X1-Si(R20)3 mit X1
gleich Cl, Br oder I und R20 In derangegebenen Definition mit einem
Aminkatalysator, ausgewahit aus Pyridin, Triazin, Tetrazin, elnem Imidazol,
1,2,4-Triazol oder Tetrazol der Formeln: xi' '10H N
N-- N N 15          112           13         X worinm X1,X12,X13,X14,X1rund
Xgleich oderverschieden sind undfOrH oderC,-C3Aikylatehen und Benzimidazol,
gegebenenfalls substitulert mit I bis 5 C-C3 Aikyl in den 2-, 4-, 5-, 6-
und 7-Steilungen; 20         odor (2) ein Imidazol, 1,2,4-Triazol, Tetrazol
odor Benzimidazol der angegebenen Definition mit einem Si(R20)3-
Substituenten in der 1-, 1-, 1- bzw. 3-Stellung handelt. 0. Verfahren zur
Herstellung eines 17E/17Z-Siyiethers (III) nach Anspruch 8, wobel der
Silylether (III) die 25       Formel: r R21 * , lr O-Si(RZO).3 30 I llt
4       F   ~~~R16 36   ^1o                                         :
~~~~~~~~~~~~~(I$$A) 35 Rg| -5                  R 40 I6 46      in welcher
R20 die In Anspruch 8 angegebene Bedeutung besUitzt und die sonstigen
Substituenten entspre- chend Anspruch 2 dtefniert sind, aufwelst. 10.
Verfahren zur Herstellung elnes 17E117Z-Slylethers der Formel (IlI) nach
Anspruch 8 durch Inberfhrungbringen eines A'6-Steroids der Formel (I)
entsprechend Anspruch I mit einem vorgebildeten Kupferhydrid odor einem
Metallhydrid-Redultlonsmittel In Gegenwart einer Kupferspezies in Gegenwart
eines Silyilerungsmittels. 11. Verfahren nach Anspruch 10, wobel das
1'-Steroid (I) entsprechend Anspruch 2 definlert Ist. 12. Verfahren nach
Anspruch 10, wobei das vorgebildetb Kupferhydrid entsprechend Anspruch 3
definlert Ist. 13. Verfahren nach Anspruch 10, wobel das
Metallhydrid-Reduktionsmittel entsprechend Anspruch 4 defi- 20    iort st.
EP 0 474 668 Si         11111111 11111 11  Illll 1!1 nbrt ist. 14.
Verfahron nach Anspruch 10, wobel die Kupferspezies entsprechend Anspruch 5
definbrt ist. 5   15 Verfahren nach Anspruch 10, durchgeMhrt in Gegenwart
sines Liganden. 



16. Verfahren nach Anspruch 15, wobel der Ligand entsprechend Anspruch 7
definiert ist. 17. Verfahren nach Anspruch 10, wobei das Silylierungsmittel
entweder aus einem Silylhalogenid entspre- chend der Definition von
Anspruch 8 in Gogenwart eines Aminkatalysators oder aus sinem silylierten
Imi- 10      dazol, 1,24-Triazol, Tetrazol oder Benzimidazol entsprechend
der Definition von Anspruch 8 besteht. 18 Verfahren nach Anspruch 17, wobei
derAminkatalysatorentsprechend Anspruch 8 definlert ist. 19. Verfahren nach
Anspruch 10 zur Herstellung sines Gemischs der 17Z- und 17E-lsomeren von 15
6ca-Fluor-20,21-dihydroxypregna-1,4,9(11),17(20)-totraen-3-on 21-acetat
20-trimethylsilylether,
20,21-Dihydroxy-16p-methylpregna-1,4,9(11),17(20)-tetraen-3-on 21-acetat
20-trimethylsilyiether,
9g3,1lp-Epoxy-20,21-dihydroxypregna-1,4,17(20)-trien-3-on 21-acetat
20-trimethylsilyloxyether,
20,21-Dihydroxypregna-1,4,9(11),17(20)-tetraen-3-on 21-acetat
20-trimethylsllyloxyether oder
20,21-Dihydroxypregna-4,9(11),17(20)-trien-3-on 21-acetat
20-trimethylsilyloxyether. 20 Revendicatlotns. 1. Proco6d6 de production
d'un 17E-6nolate m6tallique (pi) 25 R-21 rOH-)( 30                       /
/           R16                 (II) 35                    ..* et de son
isomere Z, dans lequel: R16 repr6sentb un groups ct-H:fp-R1" dans lequel
R1" represente -H ou un groups -CH3; 40            R21 repr6sente -H, un
groups -O-R21... dans lequel R21.1 represente -H, un groups alkyle en C1 A
C4, un groups -CHz-O-CH3, un groupe-CHR21zO-R2143dans lequel R21.2
represente un groupo alkyle en C1 A C4etR21 3 repr6sente un groupe alkyle
on C1 A C4, 46i                un groupo -CHrO-CH2CHzO-R21 4 dans lequel
R21 4 repr6sente un groups alkyle en C1 A C4, un groups THR un groups
-CO-R214 dans lequel R214 represente un groups alkyle en C At C4 ou -+. 5D
un groupo -Si(R21..)3 dans lequel les groupes R214 sont identiques ou
differentsetsontchol- sis entre des groupes alkyle en C1 t C4 et-4; M2D
repr6sente le cuivre ou un Ion metallique d6riv6 de l'agent r6ducteur
consistent en un hydrure m6tallique, qui comprend la miss en contact d'un
A16-stlrodde (I) 55 21    EP 0 474 668 B1                I 1111111 111111
11111 11111 1111I1 -21                                 *   C   L M    S   *
5                                %16t                                 () 10
dans laquelle Rio represente -H ou un groups -CH3 et R21 r6pond ala
d6finition pr6cit6e avec un membre du groups consistant en un hydrure de
cuivre preforme ou un agent r6ductbur consistant en un hydrure 



15      m6tallique en pr6sence d'un compos6 de cuivre. 2.  Procede de
production d'un 17E11 7Z-6nolate m6tallique (11) suhvant la revendication
1, dans lequel le A'6- st6rolde (I) repond A la formule 20
r0 25                                                    R16 (IA) 30
Rg 35                          R6 dans laquelle (A-I) R repr6sente un
groups a-R0.1:f-R.e, Rio represents un groups a-R11-,lR1j" et R7 repre- 40
sente un groups a-H:P-H dans lesquels 'un des groupes Ra et RS-2 represents
-H et I'autre reprisente -H, -F ou un groups -CH3, R12 represents un groups
-CH3, Ri1.., et R&, pris conjointement, representent un groups
-CH2-CH2-CO-CH= ou - CH=CH-CO-CH=; (A-Il) Rerepr6sentb ungroupeFRe:RS4,
R7repr6senteun group. R7_e:R74, R10representsungrou- pe ac-R1o04!R104, dans
lesquels l'un des groupes R0  et RPg represento -H et l'autre, prls
conjointsment 45      avec l'un des groupes R7_3 et R74, forms une seconds
liaison entre Cs et C7, et l'autre groups de R743 et R7.4repr6sente -H.
RI1-4repr6sentb un groupe -CH3, R10-3 et Rr, pris conjolntement,
repr6sentbntun grou- pe -CHrCHrCO-CH= ou -CH=CH-CO-CH=; (C-I) RI,
represents un groups R,1.1:RI._2 dans lequel l'un des groupes R1I- et R112
est pris conjointementavec RN pourformeruneseconds liaison entre C9 etC1
ettl'autre des groupes R1I,- etR1112 represente -H; (C-Il) R, represents un
groupe a-H:A-O- dans lsquel A-O- oet pris conjointement avec R9 pour former
un epoxyde entre C9 et C1 dans la configuration ji; (C-IlIl) a-Rg
represente -H, -Br, -CI, -F et R represente =0 ou un groupe a-R114:p-R11
-dansloquel 55      l'un des groupes R1  et R,11 repr6sent -H et I'autre
des groupos R13 et R 1 repr6sent -H ou un grou- pe -OH; (C-IV) R9
represents un groups -OH et R11 represents un groups a-H:P-H; R1.
represents -H ou un groups -CH3 et R21 r6pond A la definition suivant la
revendication 1. 22    EP 0 474 668 BI      I IlIllj 1111111 1lijI HE ill
1I 1III * C   L   M   S * 3.  Procod5.de production d'un 17E/17Z-6nolate
metallique (II) sulvant la revendication 1, dans lequel Ihy- drure de
cuivre pr6form6 est [(03P)-CuH]., (CuH), dans lequel x a une valeur de I A
6, LiCuH2, UCu2H3, Li2Cu3H8, U2CuH3, U3CuH4, U4CuHr, LiCuHM, LiCuH6,
CH3CH2CH2-C=C- CuHLi, t-butyl-O-CuHLI ou *SCuHLI. 5 4. Procede do
production d'un 17E/17Z-6nolate m6tallique (II) suivant la revendicaton 1,
dans loquei l'agent r6ducteur consistant en un hydrure metallique est
choisi dans le groups consistent on A) un compos6 de formule (X2)(X3)Ai-H
dans laquelle X2 et X) sont Identiquos ou dff6rents et repre- sentent des
groupes alkyle en C1 A CO; 10        B) un compose de formule
[cation]f[(X4)3aluminium-Hr dans laquelle le cation est le sodium, is
potas- slum ou Is lithium, les groupes X4 sont identiques au difffirents et
representent -H ou des groupes -0- 



X4 1 dans lesquels X4_1 repr6sente un groups aikyei en C1 A C8; C) un
compose de formule (m6tal)(XY)3B-H dans lequel le metal est le sodium, le
potasslum ou le lithium et Xs representb -H, 15              un groups
alkyle en C1 A C6, un groups -O-Xr, dans lequel XO repr6sents un groups
alkyle en C1 A Cs, un groups -CO-XY  dans lequel X)1 r6pond A la d6finition
pr6citee. 5. Procede de production d'un 17E/17Z-enolate metallique (II)
suivant la revendication I dans lequel le 20      compos6 de cuivre est
choisi dane le groups consistent en (1) un compose de formule Cu(l)X dans
laquelle XO repr~sento un groupo -CH3, -Cl, -Br, -I, -CN, ace- tate,
proplonato; (2) un compos6 de formule CuQ(l)(X7). dens laquelle X7
repr~sente un groups -CH3, -Cl, -Br, -I, -CN, sulfate, acetat, propionate;
25        (3) le t6trachlorocuprate de dilithium (Li2CuC4). 6.  Proced6 de
production d'un 17E/17Z-enolate m6tallique (II) suivant la revendication 1,
qui est mis en oeu- vre en presence d'un ligand. 7.  Procede de production
d'un 17El17Z-6nolate metallique (It) suivant la rovendication 6, dans
lequelile li- gand est choisi dans le groups consistent en HMPA, DMI, DMPU,
TMU; NMP, TES, DMAP, TMEDA et un compoas de formulo (X2)3P dans laquelle
X20 representb un groups alkyle en C1 A C8 ou -. 8.  Proc6d6 de production
d'un 17E-ether de silyle (Ill) 35 R21 rO-Sti(.,0 t 40                / ;Rf
t     T                            ~~~~~~~~~(III) 45 et de son isomere 17Z,
dans lequei 50            RIOR et R21 repondent aux definitions menffonnees
pour la formule (II) dans la revendicatlon 1; et les groupes R20 sont
identiques ou differents et representbnt chacun un groups alkyie en C1 A C7
ou 4; qui comprend la miss en contact d'un enolate metallique de formule
(II) tel que d6fini dans la re- vendication 1, dans lequel M20 represente
un cation cuivre, aluminium ou bore, avec un agent de silylation qui est
(1) une association d'un halogenure de silyle de formule X1-Si(R20)3, dans
laquelle XI represents Cl, Brou I et R2D repond A la definition pricites,
avec un catalyseurconsistant en une amino cholsle entre la pyridine,
latriazine, latetrazine, un imidazole, le 1,2,4-trizoleou untetrazole
repondantauxformules 23    EP 0 474 668B1                | |||||||    Il|||
1||1| ||  I!|| respectives A            oN<X15                  to
Y~~:~1X16 H ~ ~ X-N x           o     N                N        NH~~~~x X12
t13          X14 



10 dans lesquelles X, X,2, X13, X14, X1r etX16 sont identiques ou
diff6rents et representent H ou des grou- pes alkyle en C1 A C3, et un
benzimidazole facultativement substitu6 avec 1 A 5 groupes alkyle en C, a
C3 en positions 2, 4, 5, 6 et 7; ou 15        (2) un imidazole, le
1,2,4-triazole, un t6trazole ou benzimidazole r6pondant a la d6finition
pr6cit6e qui porte un substituant Si(R20)3 en position 1, 1, 1 ou 3,
respectivement. 9. Proc6d6de production d'un 17E/17Z-6therde silyl (III)
sulvantla revendication 8, dans lequel l'6therde silyle (III) r6pond A la
formule 20 ;~ ~~- .. (RIO) 25
R16 RIO                                                   . (IIlA) 30 ^z R
35 ^ R6 dans laquelle R20 r6pond A la d6finition suivant la revendication 8
et les autres substituants r6pondent aux definitions suivant la
revendication 2. 40 10. Procede de production d'un 17E/17Z-ether de silyle
de formule (III) r6pondant A la d6finitbon suivant la revendication 8, qul
comprend la miss en contact d'un AlLst6roTde deformule (I) r6pondant A la
d6fnifion suivant ia revendication 1 avec un hydrure de cuivre pr6form6 ou
un agent reducteur consistent en un hydrure m6tallique en presence d'un
compos6 de cuivre, en la pr6sence d'un agent de silylation; 11. Procede
suivant la revendication 10, dans loquol le A16-st6roide (I) r6pond A la
d6finition suivant la reven- dication 2. 12. Proc6d6 suivant la
revendication 10, dans lequel l'hydrure de cuivre prhform6 r6pond A la
d6finition sul- vant la revendicatfon 3. 50 13. Procede suivant la
revendication 10, dans lequel l'agent reducteur consistent en un hydrure
m6tallique r6pond A la d6finition sulvant la revendication 4. 14. ProWdd
sulvant la revendicatfon 10, dans lequel le compos6 de cuivre r6pond A la
definition suivant la s5      revendication 5. 15. Proced6 suivant la
revendication 10, qui est mis en oeuvre en presence dun ligand. 24    EP 0
474 668 B1 *  C   L  M  S   * 16. Proc6de suivant ia rovendication 15, dans
lequel le ligand r6pond  Ila d6finiffon suivant la revendication 7. 17.
Proc6desuivantlarevendication 10, dans lequel l'agentde silylation est un
halog6nuredesilyler6pondant 5       A la d6finition suivant la
revendication 8, en pr6sence d'un catAlyseur consistent en une amine ; ou
blen eat un imidazole, 1,2,4-triazole, tetrazole ou benzimidazole ailyl6
repondant A la d6finition sulvant la re- vendication 8. 



18. Procede suivant la revendication 17, dans lequel Is catalyseur
consitant en une amine r6pond A la defi- 10      nition suivant la
revendication 8. 19. Proc6dh suivant la revendication 10, qui donne un
melange des isomeres 17Z et 17E du 21-acetate, 20-ether de taim6thylsilyle
de 8a-fluoro-20,21-dihydroxypr6gna-1,4,9(11),17(20)- t6trabne-3-one, du
21-acetate, 20-6therde trimethylsilyle de 20,21-dihydroxy-1
613-mhthylpregna-1,4,9(11),17(20)- 15         thtrabne-3-one, du
21-ac6tate, 20-trimethylsilyloxy-ether de 9p,11 1
epoxy-20,21-dihydroxypr6gna-1,4,17(20)-trie- ne-3-one, du 21-acetate,
20-trim6thylsilyloxy-ether de
20,21-dihydroxypr6gna-1.4,9(11),17(20)-t6traene-3- 20       one, ou du
21-ac6tate,. 20-6ther de timethylsilyloxy de
20,21-dihydroxyprhgna-4,9(11),17(20)-trine-3- one. 25 30 35 40 45 50 55 25


