
EP0  308 412 B1 Description BACKGROUND OF THE INVENTION 5        Corticoids
with a 16[err]-methyl group are known to be useful anti-inflammatory
agents. These include dexamethasone
(9[err]-fluoro-11[err],17[err]-21-trihydroxy-16[err]-methylpregna-1,4-diene
-3,20-dione), flumethasone
[err]-difluoro-11[err],17[err],21-trihydroxy-16[err]-methylpregna-1,4-diene
-3,20-dione) and paramethasone ([err]-fluo-
ro-11[err],17[err],21-trihydroxy-16[err]-methylpregna-1,4-diene-3,20-dione)
. The 16-unsaturated corticoid (I) starting materials are known, see, US
Patents 2,864,834, 3,210,341, 10   3,839,369,4,031,080 and 4,277,409. The
transformation of 16-unsaturated pregnanes to 16[err]-methyl pregnanes by
use of a Grignard reagent is known. The conjugate addition of a
16[err]-methyl group to a 16-unsaturated-20-keto steroid by means of a
methyl Grignard reagent in the presence of a copper salt catalyst is well
known, see Organic Reactions In Steroid Chemistry, Vol. II, J. Fried and J.
A. Edwards, Van Nostrand Reinhold Co., NY, 1972, p 75. The product 15  of
such a reaction is the 16[err]-methyl-[err]-20-enolate, which according to
Fried may be trapped as the 20- acetate, see p 76. While the addition can
go 1,2 or 1,4 with a ratio of about 1:1, the addition of cuprous chloride
gave exclusively 1,4-addition in yields of greater than 90%. US Patent
3,231,568 (JULIAN) discloses the transformation of a 16-unsaturated
progesterone to the cor- responding [err]-hydroxy-16a-methylprogesterone.
However, JULIAN's pregnane did not have a second [err]- 20  unsaturated
ketone in the form of a A4-3-ketone or [err]-3-ketone as the steroid A-ring
was 3,5-cyclo. In addition, JULIAN disclosed a progesterone having no C21
functionality while the process of the present invention uses a 21 -acylate
which is sensitive to the Grignard reaction and is hydrolyzable. The C-ring
of JULIAN contained no substitution and therefore was not sensitive to the
oxidation reaction conditions. A further distinction is that JULIAN traps
with acetate and the enol acetate of JULIAN is not reactive to the mild
peracid conditions of the 25  present process and hence would not form the
desired 17,20-epoxide (III). US Patent 4,031,080 (PALLADINO) uses copper
for the conjugate addition reaction but produces an enol acetate which as
JULIAN would teach would be unreactive to the mild and selective peracid
reaction conditions of this invention producing the desired 17,20-epoxide
(III). PALLADINO produces 17[err]-bromo-16[err]-methyl cor- ticoid not a
17[err]-hydroxy-16[err]-methyl corticoid. 30      US Patent 4,277,409
(WARNANT) transforms a 16-unsaturated-21-acetate to a
16a-methyl-21-acetate, without introducing the necessary 17a-hydroxyl group
while the process of the present Invention introduces the desired
17[err]-hydroxyl group. Great Britain Patent 2,001,990 discloses a process
to transform a 16-unsaturated corticoid (I) to the cor- 



responding 16[err]-methyl corticoid (V) by methylating the 16-unsaturated
corticold with copper catalyzed methyl 35  grignard to produce the
16[err]-methyl-[err]-20-(magnesium bromide)enolate, followed by conversion
by oxyge- nation to a 17[err]-hydro-peroxide which is reduced to the
corresponding 16[err]-methyl-17a,21-dihydroxy-20-one 21-acetate. The
process of the present invention does not produce a 17[err]-hydroperoxide,
but rather utilizes a 17[err],20-epocide (III) intermediate. US Patent
3,072,686 (WETTSTEIN) discloses the transformation of a 16-unsaturated
progesterone to a 40  17[err]-hydroxy-16[err]-methylprogesterone by
reacting the 16-unsaturated progesterone with a Grignard reagent and
cuprous chloride. WETTSTEIN produces a [err]-20-enol acetate which Is not
reactive to the mild and selective peracid conditions of the present
process and hence would notform the desired 17,20-epoxide (III). Both
J.Am.Chem. Soc. 80, 3160 (1958) and J. Am. Chem. Soc. 80,4428 (1958) report
the transformation of a 16-unsaturated progesterone to a
16[err]-methylprogesterone by use of a Grignard reagent followed by 45
peracid oxidation to introduce the [err]-hydroxy group producing a I 7a-
hydroxy-16[err]-methylprogesterone. The
[err]-hydroxy-16[err]-methylprogesterone is brominated and acylated to form
the 21-acetoxy-17[err]-hydroxy-16[err]- methyl steroid. E. J. Corey in
Tetrahedron Letters 26,6019 (1985), [COREY], discloses the reaction of a
methylating agent (lithium dimethylcuperate) with an [err]-enone in the
presence of a trapping agent (chlorotrimethylsilane). The 50  significant
difference between COREY and the present patent application is that COREY
used preformed al- kyl-cuperate where as the present invention generates
the cuperate methylating agent in situ. Likewise, A. Alexakis in
Tetrahedron Letters 27, 1047 (1986), [ALEXAKIS], discloses the reaction of
lithium alkyl-cuperate with unsaturated esters in the presence of
trimethylsilyl chloride and demonstrates an increased yield of the
alkylated product However again ALEXAKIS like COREY used preformed cuperate
whereas the present 55  invention generates the cuperate methylating agent
in situ. US Patent 3,700,660 discloses a process of converting a
20-acyloxy-17,20-epoxy steroid to a 17a-acy- loxy-20-keto steroid by use of
a strong acid. US Patent 3,700,660 (HEMPEL) uses 20-acetate where the pro-
cess of the present invention uses 20-sylyl. The significance of this is
that the [err]-20-enol silane (II) of the 2    EP 0 308 412 B1 present
invention is much more reactive than the corresponding 20-acylate of HEMPEL
which permits epoxi- dation of th [err] double bond in steroids having
other double bonds such as A4-3-keto, [err]-keto [err]-etc. 



whereas the 20-acylate of HEMPEL is limited to a non-functionalized
steroid. US Patents 3,513,163 and 4,036,831 disclose [err] and [err]
trimethyl-siloxy ethers respectively. [err] 5   0-substituted steroids are
known where the substituent is an acyl group or a Grignard substituent
(-Mg-X), see US Patents 3,072,686, 3,231,568 and 4,031,080. This Mg-X
substituted compound while disclosed is not iso- latable.
[err]20-Epoxy-[err]-methyl-20-0-substituted steroids are disclosed in US
Patent 3,876,633 where the 20- 0-substituent Is an acyl group, see Claim 9.
10      Selective epoxidation of the [err]  double bond over the [err]
double bond in a [err]-diene is set forth In US Patent 3,876,633. US Patent
3,876,633 discloses [err]-epoxy-[err]-steroids where the A-ring is reduced.
[err]-epoxy-[err]-fluoro-21-hydroxypregna-1,4,16-triene-3,20-dione
21-acetate is disclosed in US Patent 3,210,341, Example 9(b). US Patent
4,036,831 discloses a process of protecting the 11[err]-hydroxyl group of a
steroid, during subse- 15  quent reactions, with trimethylsilyl and the
subsequent removal of the trimethylsilyl group by hydrolysis with 40-60%
aqueous hydrogen fluoride. EP-A-01 65037 discloses the preparation of a
[err]-steroid (II A-C), which comprises (1) contacting a 16- unsaturated
corticoid (I A-C) with a methylating agent in the presence of a copper
catalyst and (2) contacting the product of step (1) with a silylating
agent. 20 SUMMARY OF THE INVENTION A novel process for the preparation of a
[err]-steroid (II A-C) comprises contacting the 16-unsaturated corticoid (I
A-C) with a methylating agent in the presence of a copper catalyst and a
silylating agent. 25      As shown in Chart A, the product can be converted
to a desired 16[err]-methyl corticold (V). [err]-methyl cor- ticoids (V)
are adrenocorticoid agents with glucocorticoid activity and are useful
primarily for their anti-inflam- matory effect, as is well known to those
skilled in the art. They include dexamethasone, flumethasone and
paramethasone. Dexamethasone is one of the best known 16a-methyl
corticoids; see US-A-3375261 and US Reissue Patent 28,369, as well as the
Physicians Desk Reference 1983, 37th Edition, p. 1270-1283. 30 DETAILED
DESCRIPTION OF THE INVENTION The 16-unsaturated corticold (I A-C) starting
materials are well known to those skilled In the art or can be readily
prepared from known steroids by methods well known to those skilled in the
art see, for example, US 35   Patents 2,773,080, 2,864,834, 3,210,341,
3,441,559, 3,461,144, 3,493,563, 3,839,369, 4,031,080, and 4,277,409. 



The [err] functionality of the A4-3-keto (A), [err]-3-keto (B) and
[err]-hydroxy-[err]- (C) steroid does not have to be protected for the
processes ofthe present invention. The [err]-hydroxy-[err] (C) steroid can
have Its [err]hydroxyl group (Ca) protected as the silyl ether (Cb), ether
(Cc) or ester (Cd), see Chart C. The free hydroxyl group (Ca) 40  can be
protected as the ether (Cc) or ester (Cd) as is well known to those skilled
in the art. See Protective Groups in Organic Synthesis, Theodora W. Greene,
Wiley & Sons, New York 1981. The ethers (Cc) are prepared by methods well
known to those skilled In the art, see Steroid Reactions, Edited by Carl
Djerassi, Holden-Day, San Francisco 1967, p 76-82. If the free
[err]-hydroxyl group (Ca) is not protected as the ether (Cc) or ester (Cd)
during the silation reaction, the free hydroxy group will be silated to
form the silyl ether (Cb). During the silylation 45  reaction, if the
[err]-hydroxyl group is free and will be silylated, one additional
equivalent of Grignard and silylating agent will be consumed. The C3
protected forms of the [err]-hydroxy steroids (C) are considered equivalent
to the non-protected or free form (C) respectively since the C3 protecting
groups are readily removable to convert the [err] protected forms (Cb, Cc
and Cd) to (A and C). The protecting group remains on until the hydrolysis
(acid or base) of the [err],20-epoxide. If acid hydrolysis is utilized and
the C3 protecting group is acid-abile (Cb and so  (Cc) It will be removed.
Likewise if base hydrolysis is utilized and the C3 protecting group is
base-sensitive (Cd) it will be removed. If the C3 protecting group is not
sensitive to the hydrolysis agent, the [err] protected steroid will have to
be treated with the appropriate agent to remove the [err] protecting group.
It is preferred that the 16-unsaturated corticoid (I A-C) be a A4-3-keto
(A) or a [err]-keto (B) corticoid, more preferably a [err]-keto(B)
corticoid. it is preferred that the 16-unsaturated corticoid have the
C-ring [err] or 55   [err]-epoxy. It is more preferred that the C-ring be
[err]-epoxy. It is preferred that [err] be a hydrogen or fluorine atom,
more preferred that [err] be a hydrogen atom. While it is preferred that
the C-ring is [err] or [err]-epoxy, the C-ring can be converted to the
desired [err]-fluoro-[err]-hydroxy functionality prior to the Grignard
addition of the methyl group to the [err] double bond. 3    EP 0 308 412 B1
If this is  done, the [err]-hydroxy group should be protected as is well
known to those skilled in the art, see for example, US Patent 4,036,831
where the protecting group is trimethylsilyl. Following the formation of
the des- ired [err]-methyl corticoid, the (trimethylsilyl) protecting group
is removed as is well known to those skilled In the art, see for example,
US Patent 4,036,831. 5       The conjugate addition of a methylating agent,
such as methyl Grignard, to a 16-unsaturated steroid to give 



the corresponding [err]-methyl steroid is well known, see Organic Reactions
in Steroid Chemistry, Vol. II, J. Fried and J A. Edwards, p 75 and US
Patent 3,072,686. The methylating agent is selected from the group
consisting of CH3Cu, (CH3)2CuM orCH3MgQ and a cataly- tic amount of a
copper (cupric) salt. The preferred methylating agent is methyl Grignard,
preferably methyl mag- 10  nesium chloride. The copper salt can be a
cuprous salt such as cuprous chloride, bromide, iodide or cyanide or a
cupric soft such as cupric chloride, cupric acetate, cupric propionate or
complexes thereof. Examples of copper complexes include, cuprous bromide
dimethylsulfide, cuprous chloride tris-n-butylphosphine and cupr- ous
acetylacetonate. The nature of the copper complex is not critical. Hundreds
(or thousands) of copper com- plexes are known which are considered
equivalent to those set forth above. Preferred Is cupric acetate or 15
propionate, more preferred is cupric propionate. Additional catalysts which
are considered equivalent to those disclosed above are well known to those
skilled in the art, see, for example, Alfa Catalog, 1983-1984, Morton
Thiokol, Inc., Alpha Products, PO Box 299, 152 Andover Street, Danvers,
Mass. 01 923. Depending on the physical facilities, it may be preferred
that the cupric propionate be predissolved. Solvents suitable for the
methylation  reaction Include those selected from the group consisting of
THF, t-butylmethyl ether or 20  dimethoxyethane. The reaction is performed
in a range of from about -50 to about [err], preferably at about -20. When
TLC indicates that no starting material is left (indicating the probable
formation of an enolate inter- mediate), the silating agent is added and
the resulting product is the [err] steroid (II). After the silylating agent
is added the reaction temperature is kept in the range of about [err] to
about [err] preferably about [err] It is pref- erable to filter the
Grignard reaction mixture to prevent residual copper from entering the
peracid reaction. 25      In the present invention the enolate intermediate
is trapped with a trapping (silylating) agent which gives the
[err]-20-(substituted silyl) product. Operable silylating agents include
(R20)3-si-E-, bistrimethyl- silylacetamide. It is preferred that the
silating agent be of the formula [err] more preferably trimethylsilyl
chloride. Additional silylating agents considered equivalent to those
disclosed above are well known to those skilled in the art, see, for
example Silicon Compounds, Petrarch Systems, Inc., Bartram Rd. Bristol, PA
19007. 30 The trapping of the enolate intermediate to produce the
[err]-20-(acetate) is known, see US Patent 4,031,080 and Organic Reactions
in Steroid Chemistry, Vol. II, supra, p 76. These enol acylates are too
unreac- tive to react selectively over A,B,C-ring functionality such as
[err] However, surprisingly and unexpectedly the [err]-20-(substituted
silyl) derivative (II) is sufficiently reactive to react with electrophiles
without affecting most of the other functionality in the A,B,C-rings. 35
The [err]-steroid (II) can be isolated if desired by means well known to
those skilled In the art. However, since the desired product is the
[err]-methyl corticoid (V), it is not necessary and preferable not to
Isolate the [err]-steroid (II) but rather to continue the reaction. 



The [err]-steroid (II) is reacted with a peracid to produce the
17a,20-epoxide (III). While most peracids are operable, preferred peracids
include m-chloroperbenzoic, perbenzoic, peracetic. The peracid-reaction
con- 40  ditions are well known to those skilled in the art. The peracid
reaction does not significantly affect the [err] or [err] functionalities
in the remainder of the molecule. The solvent used during the methylation
reaction pro- ducing the  [err]steroid (II) is removed and replaced by a
non-polar solvent such as toluene, methylene chloride, ethyl acetate or
t-butyl methyl ether. The inorganic salts remaining after the methylation
reaction are removed by extraction. The peracid oxidation is performed in
the temperature range of about -30 to [err] pref- 45  erably about -20.
When the reaction is complete, the excess peracid is destroyed by addition
of an agent such as powdered sodium thiosuifate or sodium bisulfite. The
[err]-epoxide (III) can be isolated if desired by means well known  those
skilled in the art. However, since the desired product Is the [err]-methyl
corticoid (V), it is not necessary end preferable not to isolate the
[err]-epoxide (III) but rather to continue the reaction in situ. The
[err]-epoxide (III) is transformed to the corresponding [err] methyl
corticoid (V) by acid or base hyd- 50  rolysis. If base is used the
[err]-methyl corticoid will be obtained as the 21 -hydroxy compound (R21 Is
a hydrogen atom). If acid Is used the 16a-methyl corticoid will be the
21-ester (R21 is [err] Suitable base hydrolyzing agents incl de hydroxide,
carbonate, bicarbonate, alkoxide in alcohol at low temperature etc. It is
preferred that the hydrolyzing agent be an acid. Suitable acids include
mineral acids and other sufficiently strong acids such as
p-toluene-sulfonic acid monohydrate or [err] hydrochloric citric or acetic
acid. The acid hvdrolysis 55  is sufficiently fast that the reaction is
complete in about 1/2 hour at [err] If the C-ring of the [err]-methyl
corticoid (V) is [err] or [err]-epoxy, it Is readily convertible to the
phar- macologically active 9a-fluoro-[err]-hydroxy C-ring by means well
known to those skilled in the art. 4    EP 0 308 412 B1 DEFINITIONS The
following definitions are for the terms as used throughout the description.
All temperatures are in degrees Centrigrade. 5      TLC refers to
thin-layer chromatography. THF refers to tetrahydrofuran. [err]TMS, THP and
EEE are as defined in claim 2. M and Q are as defined in claim 3. 



E,[err] and [err] are as defined in claim 7. 10      The following Example
Illustrates the invention. Example
[err]-Epoxy-[err]21-dihydroxy-[err]-methylpregna-1, 4-diene-3,20-dione
21-acetate (VB) A mixture of copper (II) propionate (802 mg) in THF (90 ml)
and tetramethylurea (5 ml) is cooled to [err] 15  under nitrogen and
treated with about 3 ml of methyl magnesium chloride (2 M) in order to
convert the blue copper (II) to the yellow-green copper (I) species. Then
methylene chloride (90 ml), trimethyisilyl chloride (6.56 ml) and
[err]-epoxy-21-hydroxypregna-1,4,16-triene-3,20-dione 21-acetate (IB,
Example 7 of EP-A- 0165037, 15.30 g) are added and the temperature is
lowered to [err] A total of 28 ml of methyl magnesium chloride is added to
the slurry over a 2.0 hr period. The temperature is maintained in the range
of [err] to -38 20  during this time. When TLC indicates that reaction to
the [err]-corticold silyl ethyl (II) is complete, the mixture is treated at
-10 with ammonium chloride (0.5 M, 200 ml). The layers are separated and
the organic layer Is washed with water (200 ml). The separate aqueous
layers are extracted with methylene chloride (2 x 50 ml). The organic
extracts are combined and concentrated to give the corresponding
[err]-corticoid silyl ether. This material is dissolved In toluene (100
ml). Sodium acetate (1.0 g) followed by peroxyacetic acid (34%, 25  11.8
ml) ar added at [err] The mixture Is stirred at -16 to [err] over 19 hr
following which the excess peracid si quenched with sodium bisulfite (1 M).
Water (100 ml) is added and the layers are separated. The aqueous layer Is
extracted with toluene (75 ml). The organic layers are washed sequentially
with water (2 x 75 ml) and then combined, filtered thru cotton and
concentrated. The concentrate Is dissolved in methanol and reconcentrated
to remove all the toluene and give the corresponding [err]-epoxide. 30
The [err]-epoxide is dissolved in methylene chloride (40 ml) and methanol
(70 ml) under nitrogen. The temperature is adjusted to 40 and a solution of
potassium bicarbonate (200 mg) and potassium carbonate (200 mg) in water (5
ml) is added. This mixture is stirred at reflux (about [err]). After 75
min, TLC indicates both the [err] trimethylsilyl and C21 acetate groups
have been removed. The reaction is stopped by addition of acetic acid (0.6
ml) and the mixture concentrated at ordinary pressure to about 50 ml. The
resulting slurry is cooled to about 35  0 and the solids are collected,
washed with cold methanol and dried under reduced pressure at 60 to give
the title compound, mp [err] with dec. 40 45 50 55 5  



EP 0 308 412 1 CHART A 15 [err] 55    EP 0 308 412 B1 10 20 30 35 40 45
[err] 50 55    EP 0 308 412 B1 CHART C (Ca) 10 HO R6 15 (Cb) [err] 



30 40 45 (Cd) 8    EP 0 308 412 B1 Claims 5      1. A process for the
preparation of a [err]-steroid of the formula [err] 15 which comprises
contacting a 16-unsaturated corticoid of the formula [err] with a
methylating agent in the presence of a copper catalyst and a silylating
agent capable of introducing the 30   group [err] where [err] is alkyl of 1
thru 4 carbon atoms or phenyl (the [err] can be the same or different); and
[err] is a hydrogen atom, [err] or [err] in which R21 and R121 are each
alkyl of 1 thru 4 carbon atoms or phenyl (the [err] can be the same or
different). 2. A process according to claim 1 where the 16-unsaturated
corticold (I) Is selected from the group con- 35  sisting of A4-3-keto
steroids 40 (A) 45 R6 [err]-keto steroids 50 55    



EP 0 308 412 B1 [err] and [err]-hydroxy-[err]-steroids 15 [err] 25 and the
C3 protected forms of the [err]-hydroxy-[err]-(C)-sterold 30 35 40 45 50 55
10    EP 0 308 412 B1 30                                  [err] 35 40 50
where [err] is alkyl of 1 thru 3 carbon atoms, a TMS, THP, or EEE group.
[err] is alkyl of 1 thru 5 carbon atoms or phenyl. [err] Is a hydrogen or
fluorine atom or methyl group. [err] is nothing, a hydrogen, fluorine or
oxygen atom which makes the C-ring 55      a) [err] when [err] is nothing
and b) [err]-epoxide when [err] and [err] taken together are an oxygen
atom. [err]  is a hydrogen or oxygen atom, two hydrogen atoms, or a- or
[err]-hydroxyl group or trimethylsilyl ether thereof which makes the C-ring
11  



a) [err] when [err] is a hydrogen atom, b) [err]-epoxide when [err] and
[err] taken together are an oxygen atom and .... between [err] and [err] is
a single bond, and c) a ketone when [err] is an oxygen atom and ... between
[err] and [err] is a double bond. [err] Is alkyl of 1 thru 4 carbon atoms
or phenyl, the [err] can be the same or different. R21 is a hydrogen atom,
[err] or [err] [err] Is alkyl of 1 thru 4 carbon atoms or phenyl. [err] is
alkyl of 1 thru 4 carbon atoms or phenyl, the [err] can be the same or
different. ~ indicates that the attached group can be in either the [err]
or [err] configuration; 10        .... Is a single or double bond; TMS
refers to trimethylsilyl; THP refers to tetrahydropyranyl; EEE refers to
(1-ethoxy) ethyl ether [err] 3. A process according to Claim 1 where the
methylating agent is selected from the group consisting of 15  compounds of
the formula [err] where M is a lithium or magnesium ion and Q is a
chlorine, bromine or iodine atom. 4. A process according to Claim 3 where
the methylating agent is [err] 5. A process according to Claim 1 where the
copper catalyst is a cupric salt selected from the group con- sisting of
cupric acetate, cupric chloride, cupric sulfate, or a cuprous salt selected
from the group consisting of 20  cuprous chloride, cuprous bromide, cuprous
ioodide and cuprous cyanide and complexes thereof. 6. A process according
to Claim 1 where the copper catalyst is cupric acetate. 7. A process
according to Claim 1 where the silylating agent is selected from the group
consisting of [err] Si-E, bistrimethylsilyl acetamide, where E is a
chlorine, bromine or iodine atom or [err] where Ra and [err] may be the
same or different and are alkyl of 1 thru 5 carbon atoms or phenyl and
where Ra and [err] can be 25  connected or cyclized in a ring with or
without an oxygen or additional nitrogen atom and where R20 is defined in
Claim 1. 8. A process according to Claim 1 where the silylating agent is
trimethylsilyl chloride. 9. A process according to Claim 1 where the
16-unsaturated corticoid (I) is selected from the group con- sisting of
21-hydroxypregna 1,4,9(11),16-tetraene-3,20-dione 21-acetate or
[err]-epoxy-21-hydroxypregna- 30   1,4,16-triene-3,20-dione 21-acetate. 



10. A process according to claim 1 where the silylating agent is present
when the enolate intermediate is formed. 35   Patentanspriche 1. Verfahren
zur Herstellung eines 17(M')-Sterolds der Formel CH2-0R2 1 40
I C-O-Si(R20)3              (II) ... CH3 45 weiches das Kontaktleren sines
16-ungeslttigten Corticoids der Formel so 55 12    f EP O 308 412 B1 mit
einem Methylierungemittel in Gegenwart sines Kupferkatalysators und sines
Silylierungsmittels, welches flhig ist, die Si(R20)3-Gruppe, worin R20
Alkyl mit I bis 4 Kohlenstoffatomen oder Phenyl bedeutet (wobel die
R2rReste glelch oder voneinander verschieden sein konnen); und R2, sin
Wasserstoffatom, -COOR21' oder -Si(R121)3 bedeutet, worin R21' und R121
jeweils Alkyl mit 1 bis t5  4 Kohlenstoffatomen oder Phenyl bedeutet (wobel
die R121'-Reste gleich oder yoneinander verachiecden sein k6nnen),
einzufOhren, umfaat. 2. Verfahren nach Anspruch 1, worh das 1
6-ungesfttigte Corticold (I) aus der Gruppe bestehend aus den
A4-3-Ketosterolden 25 (A) 30~~~ 30 R A14-3-Ketosteroiden 35 



40 R< )                                      (B) 45 und
3o-Hydroxy-A5-steroiden 50 55 13    EP 0 308 412 B1 10 und den C3
geschftzten Formen der 3p-IHydroxy-As-(C)-steroiden 15 20 25 30 35 40 45 50
55 14    EP 0 308 412 B1 15 20 28 30 R6 



40 45 (Cd) 50                                         R worin R3 Alkyl von
1 bis 3 Kohlenstoffatomen, elne TMS-, THP-oder EEE-Gruppe bedeutet, 55
R3' Alkyl mit 1 bis 5 Kohlenstoffatomen oder Phenyl bedeutet, R. sin
Wasserstoff- oder Fluoratom oder eine Methylgruppe bedeutet, R9 nicht
vorhanden ist, sin Wasserstoff-, Fluor- oder Sauerstoffatom, welches den
C-Ring 8) A91 1) bedeutet, wenn Rg nicht vorhanden ist, und 15
lIil/l/llI/  illI 1911 EP 0 308 412 B1                           !
zicIIl b) 9gI, I P-Epoxid, wenn Ri und RI1 gemeinsam sin Sauerstoffatomn
darstellen, bildet, bedeutet, R11 sin Wasserstoff- oder Sauerstoffatom,
zwel Wasserstoffatome oder a- oder f-Hydroxylgruppe oder
Trlmethylellylether davon, bedeutet, welcher den C-Ring a) A9(11) wenn R11
sin Wasserstofatm ist, 5      b) 935,1 1-Epoxid, wenn R9 und Rli gsmeinsam
sin Sauerstoffatom bedeuten und ... zwischer. C11 und RI, elne
Einfachbindung bedeutet, und c) sin Keton, wenn RI, sin Sauerstoffatom
bedeutet und ... zwlschen C11 und RI, sine Doppelbindung bedeutet, bildet,
R20 Aikyl mit I bis 4 Kohlenstoffatomen oder Phenyl bedeutet, die R2,-Reste
kannen gleich oder voneinander verschieden sein, 10        R21 ein
Wasserstoffatom, -CO-R21' oder Si(R121)3 bedeutet, R21 Alkyl mit I bbs 4
Kohlenstoffatomen oder Phenyl bedeutet, R121 Aikyl mit I bis 4
Kohlenstoffatomen oder Phenyl bedeutet, die RI2'-Reste konnen gleich odor
von- einander verschieden seln, - zeigt, dail die gebundene Gruppe entweder
die a - oder P-Konfiguration besitzen kann, 15       ... eine Einfach- oder
Doppelbindung ist; TM$ Trimethyisllyi bedeutet; 



THP Tetrahydropyranyl bedeutet; EEE (1-Ethoxy)ethylether
[-O-CH(CH3)OCH2CH3] bedeutet. 3. Verfahren nach Anspruch 1, worin das
Methylierungsmittel aus der Gruppe bestehend aus den Formeln 20   CH3Cu,
(CH3)2CuM oder CH3MgQ, worin M sin Lithium- oder Magnesiumion bedeutet und
Q sin Chlor-, Brom- oder lodatom Ist, gewAhIt ist. 4. Verfahren nach
Anspruch 3, worin das Methylierungsmittel CH3MgQ Ist. S. Verfihren nach
Anspruch 1, worin per Kupferkatalysator sin Kupfersalz gewihit aus der
Gruppe beste- hend aus Kupfer(II)acetat, Kupfer(II)chlorld,
Kupter(ii)sulfat oder aus der Gruppe bestehend aus Kupfer(I)chlo- 25  rid,
Kupfer(I)bromid, Kupfer(l)iodid und Kupfer(l)cyanid und Komplexen davon,
ist. 6. Verfahren nach Anspruch 1, worinwder Kupferkatalysator
Kupfer(ii)acetat ist. 7. Verfqhren nach Anspruch 1, worin das
Siyiierungsagens aus der Gruppe bestehend aus (R20)3-SI-E,
Bistrimethylsilylacetemid, worin E sin Chlor-, Brom- oder lodatom bedeutet,
oder -NRa R3, worin R a und R3 gleich oder yoneinanderverechieden sind, und
Aikyl von 1 bis 5 Kohlenstoffatomen oder Phenyl bedeuten, und 30   worln R
a und RP verbunden oder In elnen Ring mit oder ohne sin Sauerstoff- oder
zusaltzliches Stickstoffatom cycisiert werden k8nnen, und worin R2D wie in
Anspruch 1 definiert ist. 8. Verfahren nach Anspruch 1, worin das
Silyiferungsmittel Trimethylsilyichlorld ist. 9. Verfahren nach Anspruch 1,
worin das 1 6-ungesittigte Corticoid (I) aus der Gruppe bestehend aus 21-
Hydroxypropna-1,4,9(11),16-tebtraen-3,20-dion-21-acetat oder 9,B,1
13-Epoxy--21-hydroxypregna-1,4,16-trlen- 35  3,20-dion-21 -acetat gewahit
Ist. 10. Verfahren nach Anspruch 1, worin das Silylierungsmittel vorhanden
ist, wenn das Endzwlschenprodukt gebildet wird. 40   Revendlicatlons 1.
Proced6 de pr6paration d'un A7(2%0-st6ro~de de formule I ,
CH2 -OR21 45 -               ~~~~C'-OSi(R20)3          {I ; Hj
................. CH3 . ~~~~~~~~~~~~~~~~~~~. qui consistes A faire entrer
un corticodde non sature en position 16, de fornule 5C 16  



EP 0 308 412 B1 lH2 -OR2 3 iC-O 5 ~ {itiij~I) 10 en contact evec un agent
de mhthylation en presence d'un catalyseurau cuivre et d'un agent de
silylatlon capa- ble d'lntrodyure la groups SI(R20)3, oft R2D est un
radical alkyle ayant 1 A 4 atomes de carbone ou phbnyle (les radicaux R20
peuvent etre Iden- tiques ou differents) ; et 15        R2, est un atome
d'hydrogene, un groupe -COOR21' ou -Si(R121)3 ou R21' et R121 reprbsentent
chacun un groups alkyle ayant I a 4 atomes de carbone ou phbnyle (lee
groupes R121 pouvant etre identiquos ou dif- fbrents). 2. Procede suivant
la revendication 1, dans lequel le corticoide (I) non sature en position 16
est chobis dans le groupe comprenant des A4-3-c6to-st6roldes 20 25 X    g
- 0   j            t                          ~~~~~~~~~~~~~(A) 30 R6 des
Al4-3-ctto-steroddes 35 40 < ) i
~~~~~~~~~~~~(B) 45 at des 3j)-hydroxy-As-st6roides 50 55 17   



EP 0 308 412 B1 5 (C) 10 et lee formes protegees en C3 du
3fl-hydroxy-A5-(C)-st6rolde 15 Ka20 25 30 35 40 45 50 55 18    EP 0 308 412
B1 (R20) 3Si-O                                                     (Cb) 10
R6 15 R3 ~ -o                                             (Cc) 30
R6 35 K->~~~~~R- 40 0                                                 (Cd)
R3'-C-0 50  OU 



R3 est un groupe alkyle ayant 1 A 3 atomes de carbone, un groupe TMS, THP
ou EEE, R3' eat un groupe alkyle ayant I a 5 atomesede carbons ou phenyle,
R, eat un atome d'hydrogbne ou de fluor ou un groupe methyle, R9 ne
repr6sente rien ou represente un atome d'hydrogene, de fluor ou d'oxygene
qui donne au noyau 58   C la forme a) A9(11) loraque R9 ne represente rien
et b) 9p,11p-6poxyde lorsque Rg et RI, pris ensemble representent un atome
d'oxygbne, RI, eat un atome d'hydrogene ou un atoms d'oxygene, deux atomes
d'hydrogbne ou un groups a- ou 19    EP 0 308 412 B1 f-hydroxyle ou son
ether de trimdthylsilyls qul donne au noyau C la forme a) Ot1") lorsque R,1
est un atoms d'hydrogene, b) 9p,1 Ifi-poxyde lorsque R9 et RI, pris
ensemble repr6sentent un atoms d'oxygbne et ... entre C1 et R11 reprbsente
une liaison simple, et 5      a) une c6tone lorsque RI1 est un atoms
d'oxygbne et .. entre C1 et R, est une double liaison, R20 est un groups
Wikyle ayant I A 4 atomes de carbone ou ph6nyle, lea groupes R12 pouvant
Otre iden- tiques ou diff6rents, R21 set un atoms d'hydrogene, un groups
-CO-R21' ou -Si(RI21)3, R21' est un groups alkyle ayant I & 4 atomes de
carbone ou ph6nyle, 10        RI21 est un groups alkyle ayant I A 4 atomes
de carbone ou phenyle, les groupes Ri21 pouvant etre Iden- tiques ou
differents, - signifle que le groups attachb peut etre en configuration a
Ou P; ddpigne une liaison simple ou double; TMS dbsigne le groups
trimethylsilyle; 15        THP est le groups tbtrahydropyrannyle; EEE se
refbre a l'ether de (1 -ethoxy)ethyle (-O-CH(CH3)OCH2CH3]. 3. Procodb
suivant la revendication 1, dans lequel l'agent de methylation est chobls
dans le groups compre- nant des composes de formule CH3Cu, (CH3)2CuM ou
CH3MgQ ou M est un ion lithium ou magneslum et Q est un atoms de chlore, de
brome ou d'lode. 



20      4. Procedb suivant la revendication 3, dans lequel l'agent de
methylation est CH3MgQ. 6. Procbdd suivant la revendicatlon 1, dans lequel
le catalyseur au culvre est un eol culvrique cholbi dans Is groups
comprenant I'acetate cuivrique, le chlorure cuivrique, le sulfate cuivrique
ou un sel culvreux cholsl dans le groups comprenant le chlorure cuivreux,
le bromure culvreux, llodure cuivreux et le cyanure culvreux et leurs
complexes. 25      6. Procbd6 suivant la revendication 1, dans lequel le
catalyseur au cuivre est I'acetate cuivrique. 7. Procd6esulvantla
revendication 1, dans lequel I'agentdeesiylation est choisl dans ls groups
comprenant (R20)3-Si-E, bistrlmethylelylac6tamide, oiuE sat un atoms de
chlore, de brome ou dlode ou un groups -NRczRP dans lequelRa et RD peuvent
btre identiques ou differents et sont des radicaux alkyle ayant 1 A 5
atomes de carbone ou ph6nyle et Rca et RD peuvent Otre Wes ou cyclises en
un noyau avec ou sans atoms d'oxygene ou 30  atoms d'azqte additlonnel et
R2D est tel que defini dans la revendication 1. 8. ProcbdA suivant la
revendication 1, dans lequel I'agent de silylation est le chlorure de
trimhthylsilyle. 9. Procedb suivant la revendication 1, dans lequel le
corticolde (I) non sature en position 18  eat cholsi dans le groups
clrmprenant le 21-acbtate de
21-hydroxypregna-1,4,9(11),16-tetrabne-3,20-dione ou le 21-acetatb de 9f,11
J3-tpoxy-21-hydroxypregna-1 ,4,16-tribne-3,20-dione. 36f     10. Procedd
sulvant la revendication 1, dans lequel l'agent de silylation est prbsent
loraque l'bnolate Inter- medialre est formr. 40 45 50 55 20    


