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ch cﬂ Is not reactwe to the mild and
selective pﬁracid condrtions of the present process and hence would not form the desired 17,20-epoxide (lil).
Both J. {\m Chem. Soc. 80, 3160 (1958) and J. Am. Chem. Soc. 80, 4428 (1958) report the transformation
of a 16-ungaturated progesterone to a 16a-methylprogesterone by use of a Grignard reagent followed by
45  peracidoxigation to introduce the 17a-hydroxy group producing a 17a- hydroxy-16a-methylprogesterone. The
17q—hydm)§1Ga—methylprogesterone is brominated and acylated to form the 21-acetoxy-17a-hydroxy-16a-
maethyl stergid. _
E. J. Carey in Tetrahedron Letters 26, 6019 (1985), [COREY], discloses the reaction of a methylating agent
(lithium dimethylcuperate) with an o,8-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 chioride and demonstrates an increased yield of the
alkylated product. However. again ALEXAKIS like COREY usad nreformed 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 A7(20)-20-enol silane (lI) of the
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20- acy#oxbﬁﬁ,_g[powléﬁ 8F ‘?lh@'lNR/ENﬁoﬂm acy- | oxy- 20 ket o st er o] d by use of
a strong arrdT— US~Patent 3, 700,660 ( HEMPEL) uses 20-acetate where the pro-
cess of the i @s6RhtuladY 8dHidoR ) ALS) BBtk alélare whll Rnotvh Bthdsh Q@6 A thdfartiohéaR bé S
that the [sgilylprepbre®iod knoivi ﬂéfﬂd{dy Imethods well Rnodn to thdsPsKilled A&helbttZse® orfekmpRNUS
I Nvent 350N PantéN2(7in3,080) 864534, 3,210,341 a3M4h BED, GEIT, e 0/A0E,563, 2639889, 403,080, anlEVPEL
whi ch per #2trg408poxi - dation of th [err] double bond in steroids having
ot her doubl erhbGrtisctionaiity otthe A44B3-Ketol (A}t &F;*-3{ketp (B) -ahkd:dpchyfirexyrA5- (6] Berold does not have to
be protected for the processes of the present invention. The 3B-hydroxy-AS- (C) steroid can have its Cs-hydroxyl
l\.x group (Ca) protected as the silyl ether {Cb), ether (Cc) or ester (Cd), see Chart C. The fres hydroxyl group (Ca)
40  canbe 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 skilied in the art, see Steroid Reactions, Edited by Carl Djerassi, Holden-Day,
San Francisco 1967, p 76-82. If the free 3p-hydroxyl group (Ca) is not protected as the sther (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 3p-hydroxyl group s free and will be silylated, one additional equivalent of Grignard and silylating
agent will bb consumed. The C, protected forms of the 3p-hydroxy steroids (C) are considered equivalent to
the non-prolected or free form (C) respectively since the C, protecting groups are readily removable to convert
the C, protected forms (Cb, Cc and Cd) to (A and C). The protecting group remains on until the hydrolysis (acid
or base) of the 17¢,20-epoxide. If acid hydrolysis is utilized and the C, protecting group is acid-abile (Cb and
50  Cc) it will be removed. Likewise if base hydrolysis is utilized and the C; protecting group is base-sensitive (Cd)
it will be reroved. If the C, protecting group Is not sensitive to the hydrolysis agent, the C; protected steroid
will have to be treated with the appropriate agent to remove the C, protecting group.
itis preferred that the 16-unsaturated corticoid (I A-C) be a A+-3-keto (A) or a A14-3-keto (B) corticoid, more
preferably a A'-3-kelc (3} corticoid. 1t is preferre<! that the 16-unsaturated corticoid have the C-ring A2 or
s5  9B,11p-epoxy. It is more preferred that the C-ring be 98,11B-epoxy. It is preferred that Rg be a hydrogen or
fluorine atom, more preferred that Ry be a hydrogen atom.
While it is preferred that the C-ring is A% or 9p,11p-epoxy, the C-ring can be converted to the desired
9o-fluoro-11g-hydroxy functionality prior to the Grignard addition of the methyl group to the A double bond.
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35 The A17(2-steroid (II) can be isolated if desired by means well known to those skilled in the art. However,
since the desired product is the 16a-methyl corticoid (V), it is not necessary and preferable not to isolate the
AV(2%-steroid (I1) but rather to continue the reaction.

The A'70-gteroid (M) Is reacted with a peracid to produce the 17a,20-epoxide (lll). While most peracids
Nl are gperable, 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 A1, A4,
or A% functionalities in the remainder of the molecule. The solvent used during the methylation reaction pro-
ducing the AY7R%steroid () 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 25°, pref-

45  erably abou} -20°. When the reaction is complete, the excess peracid is destroyed by addition of an agent such
as powdered sodium thiosulfate or sodiumvbisuifite. The 17a,20-epoxide (1If) can be isolated if desired by means
well known }o those skilled in the art. However, since the desired product is the 16a-methyl corticoid (V), it is
not necessdry and preferable not to isolate the 17aa,20-epoxide (1) but rather to continue the reaction in situ.

The 17a,20-epoxide (I} is transformed to the corresponding 16a- methyl corticoid (V) by acid or base hyd-

50 rolysis. If base is used the 16a-methyl corticoid will be obtained as the 21-hydroxy compound (Ry is a hydrogen
atom). If acld is used the 16a-methyl corticoid will be the 21-ester (R, is -CO-Ry,’). Suitable base hydrolyzing
agents mcjl{de hydroxide, carbonate, bicarbonate, alkoxide in alcohol at low temperature etc. It is preferred
that the hydrolyzing agent be an acid. Suitable aclds include mineral acids and other sufficiently strong acids
such as p-totuene-sulfonic acid monghydrate. or 545 - hvdrochlorie, citric or 2etic acid. The acid hvdrnlysis

§5  is sufficiently fast that the reaction is complete in about 1/2 hour at 20-25°.

if the C-ring of the 16a-methyl corticoid (V) is A%(1V or 9B,11B-epoxy, it is readily convertible to the phar-
macologically active 9u-fluoro-11p-hydroxy C-ring by means well known to those skilled in the art.
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the des- itireditle foappyndiven 269t wibhded. i coi d, the (trimethylsilyl) protecting group
is renmoved as is well known to those skilled In the art, see for exanple,
US.Patent 4,036,831. 5 The conjugate addition of a nethylating agent,
suéah/as met hyI Grlgnard to a 16-unsaturated steroid to give

"be

45
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thé‘cérrespond[ng [err]-methyl steroid is well known, see Organic Reactions
in Steroid Chemstry, Vol. Il, J. Fried and J A Edwards, p 75 and US

Pat ent 3,072, 686. The nethyl ati n§PA3MA12P3 se| ected fromthe group

consi sting of CH3Cu, (CH3)2CuM orCH3MyQ and a cataly- tic anount of a
copper (cupric) salt. The predagrrged met hyl ating agent is methyl Gignard,
preferably nethyl mag- 10 nesiumchloride. The copper salt can be a
cuprous salt such as cuproMgs-0Rpj oride, bronide, iodide or cyanide or a
cupric soft sudh as cupri¢ chloride, cupric acetate, cupric propionate or
conpl exes thereof. Exanpl gsgof copper conpl exes include, cuprous broni de

di met hyl sul fi de, cuprous ¢hloride tris-n-butyl phosphi ne and cupr- ous
acetyl acetonate. The)nagdreyo0f the copper conplex is not critical. Hundreds
(or thousands) :of cope pl exes are known which 412 considered
equi val ent to t'‘hose ¢ h above. Preferred Is cupric acetate or 15
propi ¥ate, nore pre'erre1 IS cupric propionate. Additional catalysts which

are consi dered equival ent fto those di scl osed above are well known to those
skilled in the art, see, Wor exanple, Alfa Catal og, 1983-1984, Mrton

Thi okol, Inc., Al pha Prodé&8<OR, PO Box 299, 152 Andover Street, Danvers,
Mass. 01 923. Depending ol the physical facilities, it may be preferred
that the cupric propionatg ‘B‘es‘b adisssol ved. Sol vents suitable for the

met hyl ati on reacti ol cllude those selected fromthe group consisting of
THF, t-butyl methyl exher 20- --8i;et hoxyet hane. - The reaction i s perforned
in a range of from al d to about [err], preferabK}Iht about -20. Wen
TLE j nei cates that ng arttng material is left (indicating the probable
formati on of an.enolate ipter- nediate), the silating agent is.added and
the resulting product is fhe [err] steroid (I1). After the silylating agent
is added the reaction tenperature is kept in the range of about [err] to
about [err] preferably abput [err] It is pref- erable to filter the
Gigndd reaction nixturecﬂpop%pvent resi dual copper fromentering the
peraci d reactioh. 25 II'n the present invention the enolate internediate
is trapped with a trappi n§-q-$i(84edsi ng) agent which gives the
[err]-20-(substituted silyl).product. Operable silylating agents include
(R20)%ﬁsi-E-, bt stri . "§LLy@g§etanide. It is preLerred t hat the
silati'ng agent be of rrul a [err] nore preferabl TED et hyl si | yl

chl oride. Additional i atli ng agents consi dered equivalent to those

di scl osed above are ¥ nown to those skilled in the art, see, for
exanple Silicon Conmpounds} Petrarch Systens, Inc., Bartram Rd. Bristol, PA
19007.4330 The trapping of|the enolate internmedi ate to produce the _
[err]-20-(acetate) is known, Eee US Patent 4,031,080 and Organic Reactions
in Steroid Chem stry, VbICHZ1{2Supra, p 76. These enol acylates are too
unreac- tive to react sel €edively over A B, Cring functionality such as
[enr} However, surprisingly and upexpectedly the [err]-20-(substituted
silyl)sderivative (I i ssuffPeIdRiels reactive to react with el ectrophil es
wi t hout affecting Re. ot.bwy functionality in the @ B,Crings. 35
The [err]-steroid (14 e isolated if desired by meah® el | known to

- those skilled In the& grt—Hdwever, since the desired product is the
~[err]-nethyl corticotd (V*, it is not necessary and preferable not to

- Isolat®& the [err]-steroid](Il) but rather to continue the reaction.

A 4
: CHy-OR,
s C-0

(v)

55




THe' [err]-steroid (I1) is reacted with a peracid to produce the

17a, 20-epoxide (I11). Wile nost peracids are operable, preferred peracids
i ncl ude m chl or oper benzoi c, perbEEQGwﬁ“zﬁéracetlc The peraci d-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 remai nder of the nol GHARR B The sol vent used during the nethylation
reaction pro- du0|ng the [err]steroid (I1) is renoved and replaced by a
non-pol ar sol vent such as toluene, nmethylene chloride, ethyl acetate or
t-Bdtyl methyl ether. The, |norg nig salts remaining after the methylation
reaction are renoved !t i The peracid oxidation is performed in

the tenperature range of al %o [err] pref- 45 era?h about - 20.
When the reaction is e excess peracid is -dest ied by addi tion
of an agent such asgf ¢T ed ~yodi thi osuifate or sodiumbisulfite. The

[err] tepoxide (I11) ¢l ated if desired by neans well known those
skilled in the ari/ ince the desired product Is the [err]-nethyl
corticoid (V), ipg1s not ndcessary end preferable not to isolate the
[err]-epoxide (111) but rather to continue the reaction in situ. The
[err] - epOX|de (I11) is tramgformed to the corresponding [err] methyl
corti &oi d (V) by acid or base hyd- 50 rolysis. If base is used the
[err]-methyl corticeid will be obtained as the 21 -hydroxy compound (R21 Is
a hydrogen atonm). If acid Is used the 16a-nmethyl corticoid will be the
21-ester (R21 is [err] Suitable base hydrolyzing agents incl de hydroxide,
arbonat e, bicarbonate, al koxide in alcohol at |ow tenperature etc. It is
pre ‘erred that the hy { be an acid. Suitable acids include
m neral acids and ot her! strong acids such as
p-tol uene-sul fonic acid bt e§or [err] hydrochloric citric or acetic
ficiently fast that theB)eaction is
i If the Gring of the [err]-nethyl
corticoid (V) is$ [e] ] -epoxy, it Is readily convertible to the
phar - macol ogi cal ¢ a g-fluoro-[err]-hydroxy Cring by neans wel |l
known to those sk¥lled in tfye art. 4 EP O 308 412 Bl DEFI NI TIONS The
following definitions are fOr the terns as used throughout the description.
Al téfperatures are in deggees Centrigrade. 5 TLC refers to
thin-layer chromatography. THF refers to tetrahydrofuran. [err] TM5, THP and
EEE are as defined in claim2. Mand Q are as defined in claim 3.

35

40

(C)
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Eﬁ[ér}r-and [err] are as defineqd in claim7. 10 The foll ow ng Exanpl e
Illustrates the invention. Exanjle

[err]-Epoxy-[err]21-di hydr oxy-[ erGP|03¥8#2R1r egna- 1, 4- di ene- 3, 20-di one
21-acetate (VB). A m xture of copper (I1) propionate (802 ng) in THF (90 m)
and tetramethylurea (5 m) is co [err] 15 wunder nitrogen and
treated with about 3 nl of nethyl™ nagnesi.umchloride (2 M in order to
convert the bl ue copper (1) to‘the yellow green copper (1) species. Then
met hyl ene chlorjde (90 m)R,{&i.meikyitsidyl chloride (6.56 nl) and _

[ el¥] -sepoxy- 21- hydr oxypr egna- 1, ne- 3, 20- di one 21- gﬁate (I'B
Exanple 7 of EP-A- 0165037, 1pb. 3} ¢ added and the tezg ature is

| owered to [err] A total 8y hyl magnesi um chloride is added to
the slurry over a 2.0 hr e tefiperature is maintained in the range
of [err] to -38 20 duri e. Wien TLC indicates that reaction to

t he [eor]-corticoldHﬁj yl 1) is conplete, the mxture is treated at
-10 with ammoni um chloride (0.5M 200 m). The layers are separated and
the organic layer |Is washed w tRgvater (200 m ). The separate aqueous

| ayers are extracted wth nmethylene chloride (2 x 50 ml). The organic
extracts are conbi ned and concentrated to give the correspondi ng
[err]-orticoid silyl ether. This material is dissolved In toluene (100

m ). Sodium acetate (1.0 g) followed by peroxyacetic acid (34% 25 11.8

m ) ar added at [err] The m xture Is stirred at -16 to [err] over 19 hr
fol l owi ng which the excess pgracid si pugnched with sodiumbisulfite (1 M.
Water £100 m) is added and CThe™kg ﬁ- separated. The aqueous | ayer Is
extracted with toluene (75 m). jargd c- | ayers are wastey) sequentially

with water (2 x 75 m) and thkg 5 ped {filtered thru cotton and
concentrated. The concentrg@ di Sgol veyl i n net hanol and reconcentrat ed
to remove all the toluene B 9the corresponding [err]-epoxide. 30
The [e#r]-epoxide i s di ssohved aet hyl ene chl oride (40 m.) and net hanol

(70 m) under (Rig)a§&m0 The tenperlature is adjusted to 40 and a sol ution of
pot assi um bi carbonate (200 ng) ang.potassi um carbonate (200 ng) in water (5
m) is added. This mxture is stirred at reflux (about [err]). After 75
mn, TLC indicates both the [err] trinmethylsilyl and C21 acetate groups
have b&en renoved. The reaction is stopped by addition of acetic acid (0.6
m ) and the m xture concentragged at ordingry pressure to about 50 ml. The
resulting slurry is cooled to abg and the solids are coll ected,
washed with cold nethanol and drie educed pressure at 60 to give
the tit)e conpound, np [err] i tlh 550 555 (Cc)

(cd)
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EP 0 308 412 1 CHART A 15 [err] 55 EP 0 308 412 Bl 162030 35 40 45—

[err] 50 55 EP O 308 412 B1 CHART C CaB)' 10 HOR6 15 (Cb erri
o i

EP 0 308 412

iy

Claims !
L 5 1. A prcioess for the preparation of a A17(29-steroid of the formula
CHy-0RZ,
C-0-Si(Ryp);

10 | ' (11)
- cere.CHy

16

which comprises contacting a 16-unsaturated corticoid of the formula

€=0

25 (1)

with a methylating agent in the presence of a copper catalyst and a silylating agent capable of introducing the
o0 group Si(Ryg)s, where
Ry is alkyl of 1 thru 4 carbon atoms or phenyl (the Ry’s can be the same or different); and
R, Is & hydrogen atom, -COORy" or ~Si(Ry21)3 in which Ry and Ry are each alkyl of 1 thru 4 carbon atoms
or phenyl (the R,21's can be the same or different).
2. A process according to claim 1 where the 16-unsaturated corticoid (J) Is selected from the group con-
35  sisting of A*-3-keto steroids

Ry

// .

40
(A)
45 0
Re
Ay 4-3-keto steroids
§0
55



L] PO A . .

30 40 45 (Cd) 8 EP O 308 412 B1 Clainms 5 1. A process for the
preparation of a [err]-steroid of the fornmula [err] 15

contacting a 16-unsaturated cortiEo¥88128he fornula [e " "m"mumf ||I,

met hyl ati ng agent in the presence of a copper catalyst artd & sklywats ng
agent capabl e, of. i ntroduci ng the BO group [err] where [err] is alkyl of 1
thru 4 carbon atons or "PHemy err] can be the sanme or different); and
[err] is a hydrOgen atom J[e err] in which R21 and R121 are each

al kyl of 1 thru. 4 carbgogQ 4d 5 enyl (the [err] can be the sane or

di f\r’ersent) 2. A proggss Ing th claiml1 where the 16-unsaturated
corticold (I) Is selg the group con- 35 Sisting of A4-3-keto
steroi ds 40 (A) 450 N Erf Ngefo steroids 50 55 (®

10

and 3p-hydroxy-AS-steroids

16

(©)

25

and the C, protected forms of the 3p-hydroxy-A5-(C)-steroid

30

40

45

10



10 EP 0 308 412 Bl 30 , EP 0308 I
where [err] is alkyl of 1 thru 3 carbon atoms, a TMS, THP, or EEBE §rotip.-
[err] is alkyl of 1 thru 5 carbon atons or phenyl. [err] |Is a hydrogen or

fluorine atomor nmethyl group. gerr] i hi ng, a hydrogen, fluorine or
oxygen atom whi ch makes the C rithg g~ A) [err] when [err] is nothing

and b) [err]-epoxide when [err] apd ken together are an oxygen
atem s[err] is a hydrogen or bwo hydrogen atons, or a- or

[err]-hydroxyl group or tri t hereof which nakes the G ring
11

EP 07308 412 Bl [err] and [err]-hydroxy-[err]-steroi dsH'ﬁléerr] 25 and t he

C3 protected forns of the [err]-h drox%iL%arr]-(C)-ster m’mﬂﬁﬂmﬂ'ﬁg 55

5
oXY pLs

(Cb)
(R20)3S1'—0
0 Re
18
\_/ 20
25 (Ce)
30
35
\s
40
(Cd)
45
50 where

R, is alkyl of 1 thru 3 carbon atoms, a TMS, THP, or EEE group.
Ry’ is alkyl of 1 thru 5 carbon atoms or phenyl.
Rg is a hydrogen or fluorine atom or methyl group. .
R, is nothing, a hydrogen, fluorine or oxygen atom which makes the C-ring
55 a) A%'") when Ry is nothing and o
b) 9p,11p-epoxide when Ry and Ry, taken together are an oxygen atom.
) R‘:, is a hydrogen or oxygen atom, two hydrogen atoms, or a- Or p-hydroxyl group or trimethylsilyl ether
thereof which makes the C-ring

11



ST
a) [err] when [err] is a hydrogen atom b) [err]-epoxi de when [err] and
[err] taken together are an oxygen atomand .... bet vvee el

a single bond, and €) a‘ketone whEROPMA4EBIs an oxygen ‘m !ﬂ,”ﬂ glt
[err] and [err] is a double bond. [err] Is alkyl of 1 thr carpen

or phenyl, ®ha#] ehanR\Jaahemgedaosane or different. R21 is a hydrogen atom
[err] or [erb} 98, T12-ppdxide whenl Reyahd Riitakisn together arema ckygen aldnband .o betwbe G/ andRewisd i s
al kyl of 1 wsinglabepdeadbhon atons or phenyl, the [err] can be the same or
dif{erent. <) § kaigne wheRit in &R oyens atomiend hchet phtip ardfhi ipa deubledpadner the [err]
or [erf] confBﬂgHP&Y’r%h“"“f(Ya’“" at°"‘s°"P"°"Y' |the Reo' 52 g he gameps difirenthond; TMS
refers to trifee qe F't°""l‘ﬁ PIR 111)0 tetrahydropyranyl EEE refers to
(1- et hoxy) et I° ;t?% °at° c;ord to Clgml where the
net hyl at i ng a sl % "f’]" t a]ﬂ E - conpounds of
theforrrula[e %a 'c "f"f’t"?r" or ms? and Qis a

chl oriffie, bro:le to b gna om 4. A process accordr ng to Caim3 where
t he net hyl atrﬂg,@ggr&; tefrahy ,gg fS A process according to Claim1l where the

copper cat al Yg&te fefarsdo @Q%Me ther . BleRfEIRIOAH, @M.t he group con- sisting of
cupri c acet at 8 probds® hécbrding to b1 4 wherd ﬂi’elni‘etrﬁrurinéabé?n is Qblecfed HaMttLLFoud Bbsisirid| B Ct €d
fromt@e gnpuokhds o forinuia CHeGu, @P1,),Culdr OHMgQWheve IMISa HItRIL BIhgndsimiToritihd QAsiPT OUS
| oodi de asgHbriié) promlid oClydiiei athin. and conpl exes thereof. 6. A process accordi ng
to Claim1l whepeceshisccadippeClanng aheysthe methylatiy dgentdscGHMg@®. 7. A process
accordi ng t &.Apmcass decontiieg o Cldire1 where/thextoppry caiyshit a bupricwit edéctad fiomdhmgrdue cgr oup
consi st i ngjstng offcenric poeRite, Buprip)¢hioride, cnptidpyplfatd, bryd cuproustsalhdetdeted frdetheegréupi cgnsisting of
chleri e, cuproyshingde; cuproyy Pweldatceml@rod[demcumr%anm apgdpgmplexes theregly be t he
sane or dif e @"ﬁ‘?"’%ﬁ"’&'f‘%‘%ﬁ'ﬁ@l‘ wisrre the gappe catalystis Bpric 20eBi®s or phenyl and
where Ra and: % pgdo Slgim 1d’[5‘ﬂ’ﬁ§@f'b’li“’!9 %%E F?'%@&"?’P\‘"aQ’P‘r'Pr@"W'EW {eo)s-

bt ‘B’

ro eb

wi t hout af"
daimi1. 8%

ly' ISOH re of FEL or, g
Cri et Ryl gr{ sl %%raa"@ w"?sﬁcr'ty%"é%%ig;ﬁea%r%ﬁ"ﬁr . %f%}rﬁ@ v} Qg@

16- unsat uf'a [1oIA de wﬁe‘?étﬁgén‘g‘r‘r rLD.‘?ﬁe sisting of

21- hydr oxyprgeg gcc r&& ‘Z‘é]é’iwr, r&'60 F6- b Odifeot &g c’f’etd?roﬂ e group con-

[err]- ep0¥i¥trn3 lrﬁﬁ)h r%;rﬂén%9.%ﬁ1)31@-teuaéne Gz&ﬁuoﬁJ 316408at8 o fs-@d%ﬁy %lh;hag r%hr?a-
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 enclate intermediate is
formed.

35 Patentanspriiche
1. Verfahren zur Herstellung eines A17120)-Steroids der Formel

‘\._J: CHy-0Ry
40 ) |

' C"O‘Si(kzo);
o NN CHy
45 '

welches da§ Kontaktieren eines 16-ungeséttigten Corticoids der Formel

(11)

55

12



10. A priocess according to claim1 where the silylati ngm

when the enolate internmediate is forned. 35 Patentansprjche 1. Verfahren
zur Herstellung eines 17(M) - St er éP@s308i¢42 Bior nel CH2- 0R2 I ”“"yr”,
| GO Si(R0)3 | (1) ... CH3 45 wei ches das m”ms

16-ungesl ttigten. Corticoids der Ifqgmﬂ so 55 12 f EP O 30 12 Bl wi t*

ei nem Met hyl i erungemttel in Geg nivar t SI nes Kupf er kat al ysators und sines

Silylierungsnmttels, welches flhi@ggist, die Si(R20)3-Guppe, worin R20

Alkyl. mt | bis 4 Kohl enst of f af orfen oder Phenyl bedeutet (wobel die

R2r Reste gl el ch ioder vonei n@Rder-wer schi eden sein konnen); und R2, sin

Wasser st of fat om- - COOR21' ; ﬁ' 21)3 bedeutetiyworin R21' und R121

jeweils Alkyl mit 1 bis t5 (4 K st of f at onen oder Phenyl bedeutet (wobel
yOnei nander verachi ecden sein kénnen),

ei nzuf Chren, unfiaat. 2 Ver ahren nach Anspruch 1, worh das 1

die R121' - Reste gl eich oder

6-unge®ftti g{ne Qor L co &%c&;‘éﬁ eSt ehend A e ittels, welches
Ad- 3- Ket 0%:, % 20“?—6 , WOrin Rap kyl mlt |s4 ohlen g%tomen oﬁrﬁh bedeutet (v,vobel die

Rap-Reste gleich oder voneinander verschieden sein kénnen); und
Rz ein Wasserstoffatom, -COOR,,’ oder -Si(R;2¢)3 bedeutet, worin Ry’ und Ry, jeweils Alkyl mit 1 bis
18 4 Kohlenstoffatomen oder Phenyl bedeutet (wobei die Rq,1’-Reste gleich oder voneinander verschieden sein
kdnnen), einzufilhren, umfaft.
2. Verfahren nach Anspruch 1, worin das 16-ungesiéttigte Corticold (I} aus der Gruppe bestehend aus den

A*-3-Ketosteroiden

25
(A)

20

A'4-3-Ketosteroiden
35
40

{B)

45

und 3p-Hydroxy-AS-steroiden
50

56

13



40" RE )" |
30- Hydr oxy- A5- st eroi den 50 55 13
geschftzten Fornen.der -3p-| Hydr ox§R 03818kt er 0i den 15

55 14

A

5

10

16

25

30

35

56

EP 0 308 412 Bl 15 20 28 30 R6

Rg

und den C, geschiitzten Formen der 3p-Hydroxy-A8-(C)-steroiden

14

S

(B) 45 und = TT————
EP 0 308 412 Bl 10

et gy =

()



40 ‘45" (¢d) 50 o R‘mﬁ'r-ﬁ—RB—N—k-yl-—v-gn_
1 bis 3 Kohl enst of fat onen, *el ne TNB- THP- oder EEE- G uppe bedeutet,

R3' Alkyl mit 1 bis-5 Kohl enst.of f £P3eAM384r Phenyl bedetﬂnmlmnlﬂum,l
Wasser st of f- oder Fl uoratom oder:ei ne Met hyl gruppe bedeut ""ﬂ
vorhanden ist, sin Wasserstoff-, Fluor- oder Sauerstoffatom “welch®s ﬂeﬁ
CRing 8) A91 1) bedeutet, wenn Rg nicht vorhanden ist, und 15

LLil/ /1, il 1911 EP 0 3Q8<4128 !

ziclll b) 9gl, I' P-Epoxid, wenn R RI £ genei nsam si n Sauer st of f at orm
darstefl en, blldet, bedeut et erstoff- oder Sauerstoffatom
zwel Vﬂsserstofﬁatone oder KHXY| gr uppe oder
Trinmethyl el Iyl ether davon, yer- den CGRing a) A9(1i) wenn R11
sin Wasserstofatmist, 5 ,1 1-Epoxid, wenn RO und R | gsneinsam
sin Sauer st of f {RgyySee0dt en -nd Y. zwischer. Cl11 und RI (el ne
Elnfacﬁblndung bedeutet, und c) sfn Keton, wenn RI, sin Sauerstiof fatom
bedeutet und .... zw schen C11 uncR |, sine Doppel bi ndung bedeutet, bil det,
R20 Aikyl mt | bis 4 Kohl enstoffatonmen oder Phenyl bedeutet, die R2,-Reste
kannen gl ei ch oder vonei nander verschi eden sein, 10 R21 ein
Wasser gt of fatom -CO R21' oder Si(R121)3 bedeutet, R21 Alkyl mt | bbs 4
Kohl enst of f at omen oder Phenyl bedeutet, R121 Aikyl mt | bis 4

Kohl enst of f at omen oder Phenyl bedeutet, die Rl 2'-Reste konnen gl eich odor
von- ei nander verschi eden seln, - zeigt, dail die gebundene G uppe entweder
die a - oder P-Konfiguration besitzen kann, 15 ... eine Einfach- oder
Doppel W ndung ist; TMs Trinmethyisllyi bedeutet;

25

(Ce)
30
35
v
e~
40
45
(Cd)
50
worin
: Rj Alkyl von 1 bis 3 Kohlenstoffatomen, eine TMS-, THP-oder EEE-Gruppe bedeutet,
55 Ry’ Alkyl mit 1 bis 5 Kohlenstoffatomen oder Phenyl bedeutet,

Rg oin Wasserstoff- oder Fluoratom oder eine Methylgruppe bedeutst, .
Ry nicht vorhanden ist, ein Wasserstoff-, Fluor- oder Sauerstoffatom welches den C-Ring
a) A1) bedeutet, wenn Ry nicht vorhanden ist, und

15



\

LS . : :

THP Tet rahydropyranyl bedeutet; ‘EEE. (1-Ethoxy)ethyl ether

[ - O CH( CH3) OCH2CH3] bedeut et . 3 Ver f ahren nach Anspruch 1, ”g& m
Met hyl i erungsmittel - aus-der GruppEPBé@t"éhEhd aus den Forrmel it M/’ !’
(CH3) 2CuM oder CH3MyQ worin M sin Lithium oder Magnesium on bedeut "ot sun
Q si n Chl or b) 98B pEpoxidckeann RpdhdRp geinsiisam@@iSabdritofiatii. dardtellevichitiet/ He@suteg ac h
Anspruch 3, R eimWesesrstotiiodderiSawaraiofigtom] 2wvbidVasédridigigme eder a-Sder'gdHylinotyigappaaien
Anspr uch Trimethgisiiytetherdavatupedeytdt.anelehey dert ®Ringi N Kupf ersal z gewi hit aus der

G uppe best @} A*fikwehn&Rsceindippentofiaiondset at, Kupfer (I1)chlorld,

Kuptergi i) sb)9:itp-Eerxid, wana Retiad Rep W’éﬂfb@%§%§h@t‘m@dmﬂeﬂ( F"MP"@%Q’E‘&H d,
Kupfer(l)brei’?PE'"faﬂlﬂﬂf"é‘B P P'GEH"U und Ku fer(l )cyanl d und Konpl exen davon,
S 6. Ver pisk e TAIPHAIBE -+ EHFERAN Gt W10,y 0l Doppebindung

Kupf er (i i) ale4ey t'P' pt. R’YA"“(/ a'ﬁ? ﬂh'??é‘B'FFmR}? {?{?"ug "ilb"%ﬂﬁef'ﬁledas

Siyiierungsa mgﬁ i, r;ﬁﬁ °'('R20) 3-Sl-

Bi st ri'fet hyl s,yr X't ﬁ ’ rom oder | odat om bedeut et
oder -NRa R3,p

A kyl Nl égg sﬁmlsfzgft o@ %G “’S ﬂfl géﬁgﬁpm&ﬁﬁ ﬁ@%&ﬂoﬁ;m und

a und RP perbunden oder ne sin Sauersto

zusal tzli ches Sﬁ,ég;kﬁﬁmi,jeab%;gy&hgs,gtert vverden k8nnen, und worin R2D vm e I n
Anspruch 1 de?'usrrrmethwu@tbed&tetVerfahren nach Anspruch 1, worin das

Si | yi f er ungsniHA Rtrahfaroppedniipbddutetyi chl orl d ist. 9. Verfahren nach Anspruch 1,
worin das 1 GEEEYd-EthoxydtiyletherT@-CH(CIBHACH CH;] badsuteter G uppe best ehend aus 21-
Hy dr oxypr opRaVveifahterOfadilAnsgdrGoht! odatrin desiMeBylidinghimiitel- 204 des Gaippxt bestelmnd &us BerilFormeln
13-\Epary - CACuHGH)EuM podes GHMQ, worit B-einLithdym- 085 MadhesiOwich tedevtst undRoain Cllor-gRremhi t

| st. 10. &dsripddtgmelet, grmdbititinspruch 1, worin das Silylierungsmttel vorhanden
i st, wenn désVerpieviaskAnsppehotl wrin daeiethylierungpmiftd CHMIQ IstReyendl i cat | ons 1.

Proced6 de [§r\afaiennasihAngpriuch 1avqrin ggs Kgmfﬂk%alﬁetow Kugferselz gewahit aus der Gruppe beste-
CH2 - OR21hend aus Kupfer(ll)acetat, Kupfer(li ouddfupteﬂ l2e\|3aus der Gruppe bqs;ehend Hxs Kupfer(l)chlo-

...... 25 nd, K\"?’?’('?P'°@H8K“pf°~m~'gdld~‘mg59195043&~9"~d~ ﬁi?é“ BYPBi8 o5 A faire entrer
us qger

un corti COdgevm r:nnsrflfgfzj Ansp Iaﬂ; b%&f dﬁ:yfeérztnaglésagg?rfls a mppe ge6stehend aus (Rao)3-Si-E,

Bistrimethylsilylacetamid, worin E ein Chior-, Brom- oder lodatom bedeutet, oder -NRa Rf, worin R a2 und Rp
gleich oder voneinander verschieden sind, und Alkyl von 1 bis 5 Kohlenstoffatomen oder Phenyl bedeuten, und
30 worin R o und RB verbunden oder in einen Ring mit oder ohne ein Sauerstoff- oder zusétzliches Stickstoffatom
cyclisiert werden kénnen, und worin Ry wie in Anspruch 1 definiert ist.
8. Verfazhren nach Anspruch 1, worin das Silylierungsmittel Trimethyisilylchlorid ist.
9. Verfa}hren nach Anspruch 1, worin das 16-ungeséttigte Corticoid () aus der Gruppe bestehend aus 21-
Hydroxypregna-1,4,9(11),16-tetraen-3,20-dion-21-acetat oder 98,118-Epoxy--21-hydroxypregna-1,4,16-trien-
35  3,20-dion-21-acetat gewahit ist.
10. Verfahren nach Anspruch 1, worin das Silylierungsmittel vorhanden ist, wenn das Endzwischenprodukt
gebildet wird.

40 Revendications

1. Procédé de préparation d'un 417(2°)-stémide de formule
{

1 CHz ‘ORZ 1
\_ |

C-0-5i(Rz0)3 (11)

qui consi&tej A faire entrer un corticoide non saturé en position 16, de formule

!
{

55
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EP'0' 308 412 BL IH2 -OR2 311G 05 ~ {itiij~l) 10 en contact evec unm agent

de mhthyl ation en presence d'un catal yseurau cuivre et d' ent de
silylatlon capa: ble d'lntrodyurcER@30gstadt S| ( R20) 3, Oft“M Hl ”ll'lllum
radical alkyle ayant 1 A 4 atongs de carbone ou phbnyle ( Y

peuvent etre lLden- tiques ou dif
d' hydr ogene, un, groupe - COOR21'

1

r_sgs) ; et 15 R2, est un atone

® -FYR121)3 ou R21' et R121 reprbsentent

chacun un groups al kyle ayant | a 4 atones de carbone ou phbnyle (lee

groupes R121 pouvant etre identigyuos ou dif- fbrents). 2. Procede suivant

| a Yevendi catiop 1, dans | aqusg le corticoide (1) non sature en position. 16

t des Ad- 3-c6t(9--)st6rol des 20 25 X g
~~~~~~~~~~~~~ (A) 30 R6 des

-0 J ! t
Al 4-3-ctto-steroddes 35 40
~~~~~~~~~~~~ ( B)i45 at des 3j)-hydroxy-As-st6roides 50 55 17

en contact évec un agent de méthylation en présence d’un catalyseur au cuivre et d’'un agent de silylation capa-
ble d'introduire le groupe Si{Ry)s, ot
Ry est un radical alkyle ayant 1 & 4 atomes de carbone ou phényle (les radicaux Ry peuvent étre iden-
tiques ou différents) ; et
15 R2; est un atome d’hydrogéne, un groupe -COOR;4’ ou -Si(Ry21)s 0l Ry;" 6t Ry2¢ représentent chacun
un groype alkyle ayant 1 & 4 atomes de carbone ou phényle (les groupes Rz pouvant étre identiques ou dif-
férents).
2. Procédé suivant la revendication 1, dans lequel le corticoide (1) non saturé en position 16 est choisi dans
le groupe comprenant des A4-3-céto-stéroides

25

()
30
35
40
(B)
45
et des 3p-hydroxy-AS-stéroides
50 f

55
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P 0°308 412 BL 5 (© 10 et |lee fornmes protegees en C3 du

%fll (%8; Oéél Ag (O - st6r0| de 1‘_5 KaE2P00320§4%OB135 40 45 50 ﬁmm&““““ﬂﬂ“ﬂ(lﬁm 412
R6 15 R3 ~ -0 _

R6 35 K->~~~~~R-

_ (Cd)
R3'-C050 QU°

‘\\_/
5

(C)

10

et les formes protégées en C; du 3p-hydroxy-A5-(C)-stéroide

15

25

35

40

56
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R3 est ‘Un groupe al kyle ayant 1- A 3 atones de carbone, un groupe TMS, THP
ou EEE, R3' eat un groupe-al kyle ayant™ | ,a 5 atonesede car I

R, eat un atone d' hydrogbne ou deEPO®M2ET un groupe net hy’ltmmm"rlmﬁﬂmml,
repr6sente rien ou represente un atonme d' hydrogene, de fluor du d' oxygene
qui donne au noyau 58 Cla fornme a) A9(%1) loraque RO ne represente rien
et b) 9p, 11p-6poxyde | orsque,Rg. et RI, j s ensenbl e representent un atone
d' oxygbne, RI, eat un atone %thB OOeRE un atons d' oxygene, deux atomnes
d' hydrogbne ou un groups a- ou,19 P (> 308 412 B1 f-hydroxyle ou son

et er sde trimdthylsilyls g dqr QYylau C la fornme a) t1") lorsque R 1
est un atons d' hydrogene, de lorsque RO et R, pris
ensenbl e repr6sentent un g gbne‘et ... entre Cl et Rl1 reprbsente
une |i ai son SRﬁ?|FSiQQ)‘ sMe c6tone lorsque R 1 f un atoms

d' oxygbne et .. %n{re Cl et R est une double Iiaison, O est un groups

W kyl @ ayant | A 4 atones de carlpne ou phényle, |ea groupes Rl2 pouvant
Qre iden- tigques ou diff6rents, 21 set un atons d' hydrogene, un groups
-COR21'" ou -Si (RI21)3, R21' est un groups alkyle ayant | & 4 atones de
carbone ou ph6nyle, 10 Rl 21 est un groups al kyle ayant I A 4 atones
de cagpone ou phenyle, les groupes R 21 pouvant etre lden- tiques ou
differents, - signifle que | e groups attachb peut etre en configuration a
Qu P; ddpigne une |iaison sinple ou double; TMS dbsigne | e groups
trinethylsilyle; 15 THP est | e groups tbtrahydropyrannyl e, EEE se
refbre a | "ether de (1 -ethoxy)ethyle (-O CH(CH3) OCH2CH3]. 3. Procodb
sukvans | a revendication 1, dqqg | equel "agent de net hyl ati on est chobls
dans | e groups conpre- nant des' '¢ de/ f ormul e CH3Cu, (CH3)2CuM ou
CH3MgQ ou M est un ion lithiumou g

brone ou d'| ode.

et Q est un atons de chlore, de

25

(Ce)

30

35

40

(Cd)
45

R, est un groupe alkyle ayant 1 & 3 atomes de carbone, un groupe TMS, THP ou EEE,
Ry’ est un groupe alkyle ayant 1 & 5 atomes'de carbone ou phényle,
Re ost un atome d’hydrogéne ou de fluor ou un groupe méthyle,
Re ne représente rien ou représente un atome d’hydrogéne, de fluor ou d’oxygéne qui donne au noyau
55 Claforme
a) A% jorsque Ry ne représente rien et
b) 9p,118-époxyde lorsque Ry et Ry, pris ensemble représentent un atome d’oxygéne,
R,; est un atome d’hydrogéne ou un atome d’oxygéne, deux atomes d’hydrogéne ou un groupe a- Ou
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20 “4. Procedb suivant 1a revendication 3, dans | equel |"agent de
net hyl ati on est CH3MgQ 6. Procbdd sui vani | a revendi cat,l

| e catal yseur au cul vre:est un eoFPQ:@HB\ﬁF?é{Je chol bi dan a'lﬂim m E
conprenant |'acetate cuivrique, |le chlorure cuivrique, I ue .
ou un selp-iydioxylenisod ttdr 86 trickatnBsiyi€qul ankiPsu eaus lefand | e chl orure CuUi Vr eux,

| e bronure el lonaque R;{esdmrateme dihytirageine, et | e cyanure cul vreux et |eurs
conpl exes. B3P, 11p-6pogyde ragudiRiGet Buipvaerserhide repréenitaniatops d’bxygéimres... leetepuGyh el e
catal yseur Bu reprdsenteunsdeison'siipletedt e cui vri que. 7. Procd6esul vant! a

revEndt cat i 8Yung cétengipssapeRy m#“ﬂaﬁgﬁﬂxwee?t eptre B ekl estppsideyblediaisen. | s gr oups
conpr enant ( 329 psungroype alkylegypnt i H'?'P‘Eﬂdyl"%[ syrphdayvie. lop grpuresRao payvant fte
chlore, daueRydésusdl ode ou un s -NRczRP_dans | equel Ra et RD peuvent
btre identiq B‘G"BP?‘?QE‘ F?P?"’e‘l“ 'CgeFS’" P'é&f(ﬁ aI kyI e ayant 1 A5

atorres de car S en

in oy au s "var'%ki%?d%'nes dg e e asga%"ﬁd $oRoaa ooy %/'-?4"3;51'- ot
R2D P A
reveﬁéfctate . oﬂy *1@ “""f&@ﬁﬁi55'%‘189%%4"?'“°'?"- LOCPIA A e

ation est le chlorure de

trimthyl sil yﬂﬁgg dé gnel?ggg.ﬁ,dm"gmw@gt | a revendi cation 1, dans |lequel le
corticgl de (IpuP@ne Frodpdlidta pysnhfie on 18 eat chol si dans | e groups
cl rnprenant | geekbra8iOh PétiRr 461-6thoxy)éthyle (-O-CH(CH3)OCH,CHgl.
21- hydr oxy psagsRdelsullardi lekenditéiioh & daminace! Bageil déthailiyRtion bsi choist dana gloapezomige O , 11
J3- t pOXY - rbht dtg dormpoygarde Giuld CHybu, Y 6H)Culd e CB,MYQ-odiNDERE un iI3lithium ou dgnésiimat @d d
sul vant | est Greatencechibrieafe bibme dadibdd. equel | ' agent de silylation est prbsent
| olNaqee | ' bAOHrersds duivbn fa-revemdtiiatidnr3edaps lequebiiagent dekfsttyBticGOesB3H,HGQ.
8. Procédé suivant la revendication 1, dans lequel le catalyseur au cuivre est un sel cuivrique cholsi dans
le groupe comprenant I'acétate cuivrique, le chlorure culvrique, le sulfate cuivrique ou un sel cuivreux choisi
dans le groupe comprenant le chlorure cuivreux, le bromure culvreux, I'iodure cuivreux et le cyanure culvreux
et leurs complexes.
25 6. Procédé suivant la revendication 1 dans lequel le catalyseur au cuivre est Facétate cuivrique.
7.Procédé suivantia revendication 1, dans lequel'agent de silylation est choisi dans le groupe comprenant
{R20)3-Si-E, bistriméthylsilylacétamide, o E est un atome de chlore, de brome ou d'iode ou un groupe -NRaRp
dans lequel.Ra et Rf peuvent éire |dent|ques ou différents et sont des radicaux alkyle ayant 1 4 5 atomes de
carbone ou phényle st Ra et RB peuvent étre liés ou cyclisés en un noyau avec ou sans atome d'oxygéne ou
30  atome d'azqte additionnel et Ry, est tel que défini dans la revendication 1.
8. Procédé suivant la revendication 1, dans lequel I’agent de silylation est le chlorure de triméthylsilyle.
9. Procédé suivant la revendication 1, dans lequel le corticoide (I) non saturé en position 16 est choisi dans
le groupe comprenant le 21-acétate de 21-hydroxyprégna-1,4,9(11),16-tétraéne-3,20-dione ou le 21-acétate
de 98, 11B—époxy—21 -hydroxyprégna-1,4,16-triéne-3,20-dione.
35 10. Procédé suivant la revendication 1, dans lequel I'agent de silylation est présent lorsque 'énolate inter-
médiaire est formé.

45
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