1 2 DEC | PREPARATI ON OF FLUMETI -1 ASONE AND I TS 17- CARBOXYL ANDROSTEN
ANALOGUE This invention relates to a process for preparing flunethasone,

fl umet hasone 21-acetate and its 17-carboxyl and rosten anal ogue, Zqﬂ% B
certain starting materials for the process. Flunethasone ,

6a, 9a-di fl uor o- 16a- n-ret hyl predni sol one was described for the first tine in
1962. Although this <corticosteroid has lan enhanced anti-inflammatory
activity, it has not been widely Used clinically. At the present tine, its
economni cal preparatlo@&ﬁ?%ﬂ%fﬁﬁNSlHFaUNsﬁaHeSC$dEAeﬂ)ﬁﬁfe i nport ant
because it is also an ex he production of new
ditluoro-1 7-carboxyl ane ' =—+ncreasi ngly
inmportant froma clinical point of view. Flunethasone and its production are
t he subj ect ofa nunber of patents including US Patent 3,499,016 (1962) and
British Patent’302i29$ﬂ©h19R®¥_wﬁheﬂﬂewwé@mph@@ﬁcﬁfh@uhmhquesﬂdmvéhﬁped
since 1970, nat ral | it a nor ICIFnt production of . flunmethasone
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initial pam@@hﬁmsyb have now devi sed a new process for the preparation of
flunet hasone as well as to the preparation of

6a, 9a- di f | Li or d=iampethagang. cﬂ%%ﬁltfﬁwqﬂéamtwpteﬂv(seb@arBéwtescnlbed for the
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activity, it has not been widely used clinically. At the present time, its economical
preparation on an industrial scale is ever more important because it is also an excellent
starting material for the production of new difluoro-17-carboxyl androstenes. which are
becoming increasingly important from a clinical point of view,

Flumethasone and its production are the subject of a number of patents including
US Patent 3,499,016 (1962) and British Patent 902.292 (1970). The new synthetic
techniques developed since 1970 naturally permit a more efficient production of
flumethasone with considerably increased yields compared to those obtained with the
initial patents.

We have now devised a new process for the preparation of flumethasone as wel}
as to the preparation of 6a,9a-difluoro-t |B.17a-dihydroxy-16a-methyl-17p-carboxy-
androsta-1.4-diene-3-one which is aiso called "hydroxyacid”, an excellent starting
material for the production of fluticasone and other new anti-inflammatory compounds
of the androsta-1,4-diene series. The "hydroxyacid" was first described and claimed in
US Patent 3,636,010 (priority 1968).

European Patent 0 610 [38 BI (1994) describes a new synthetic route for the
preparation of the so called "hydroxyacid™. However, the present invention represents
considerable unexpected advantages in relation to this prior process patent, namely:

- the reaction sequence is reduced by one reaction step and by the elimination of
the desolvatation step of  6a,9e-difluoro-11p.17a-dihvdroxy-16a-methyl-173-

methoxycarbonyl androsta-1.4-diene-3-one. an additional production step,



material for the production of tluticasone and other new anti-inflamuatory
conpounds of the androsta-1, 4-diene series. The "hydroxyacid" was first
described and clainmed in US Patent 3,636.010 (priority 1968). Euroggm&;mﬁ
Patent 0 610 138 B | (1994) describes a new synthetic route for the
preparation of the so called "hydroxyacid'. However, the present invention
represents considerabl e unexpected advantages in relation to this prior
process patent, nanely: the reaction sequence is reduced by one reaction
step and by thehepiesannatdcasn Hloidstihe udesolhéaiady anxistape afdi®ekhyPanighact| uor o- 1
I (3.17ct-di hydroxy-16u-net hyl -1733- net hoxycarbonyl o )

andr ost a- I, 4- clPpemés 3honamubianedi drssklatprnodndt defiaditys, oxplapee 200%¢<t he
present prog viQi fds. t ; . [ i di net hyl

Sl phat e, Pragens S B MR DR IR bk bl BB (e oxi dati on
of the pr-egname:rsdsde yehdonoitodraxgadil netdidxgeltidhe pegui.val ent andr ost an
derivative, increaseﬂ ﬁield,of t he hydroxyacid w th excellent purity.
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preparation of flumethasone , the reaction sequence of EP 0 610 i%§h§1

t r ansf or neetdhioncomreone sf &Pt i) hat Bilitahsfofmpdterconproc eeger mstefipbed bk fir st
step into the androsta Qfserigs.tA corﬂ[n to the present invention, there

i s provi dddO T Pr SRS 5 B BpA %@“e FPIYRasHe  (6u, 9a-difiuoro -1
113.17u. 2 | - trisuyerdony tol B{eX prst dlyinveiiR@Nahdre 4s Gr@need 3, %0cehs ABL preparing

fl umet hasone 21-acetate or 1ts 17-carboxyl anclrosten anal ogue of the
flumethasone (6, 9a-difluoro-11p,17a.21-trihydroxy-16a-methyl-pregna- 1 .4-diene-

3.20-dione). flumethasone 21-acetate or ts [7-carboxy!l androsten analogue of the

formula:

which process comprises

(a) reacting a compound of formula (1)



formul a: SOH whi ch process conprises F (a) reacting a conpound of formula
(11) 1 Z DEC ZHS 3 At benzoy | chloride to forma 3-enoli ¢ ester of the
formula (lIlia): b) reacting the enol benzoate (Ilia) with an el eCt'ergﬂniZh[gSC
fluorination agent to introdUc e flUorine in the U positiontof - a
new conpCLind of formula (H 1b): 12 DEC 2005 4 ~~OH , ~~CH, (c)
deprotecting the conpound (I1lb ) at C3°to forma conpound of fornula (IV):
0 H CH

b} reacting the enol benzoate (Il1a) with an electrophilic fluorination agent to

introduce fluorine in the C6-position to form a new compound of formula (I1ib):



(d) fluorinating the 9,11-epoxy group of conpound IV by reacting it with
hydrotluoric acid to yield tlunethasone 21-acetate; and (e) optionally
hydrol ysi ng the flunnet hasone 21-acetate, In the presence or absence of an
oxi dising agent, to yield conmpound (1) or flunethasone , respectivqlﬁ 'Eﬂﬁ
i nvention al so provides conmpounds of the fornmula (V 12 DEC 2005 5 mﬂ Fg'
Xis hydrogen or fluorine. In step (d) oft the process, the flunethasone
21-acetate fornmed has the fornula: Fie 6a,9u-difluoro- I I i3,17a, 2l
-tri hydroxy-16a-nlethyi -pre gna- |, 4-diene-3.20-giorie, 21- acetate. If
this conmpound is hydrol ysed, preferably wth nmethanolic potassium
hydr oxi de, the flunethasone free alcohol is f?f HAlternatlvely if the
flumet hason e acetate is hydrol ysed, preferably mntﬁ "met hanol i ¢ pot assi um
hydr oxi de, and then oxidised, preferably with gen peroxi de solution,

dr

the so called "hydroxyacid " is obtained, of For a: | 2 DEC 2005 6 HOBO
----- \OH
----- CH;
O
j\ (1115}

{c) deprotecting the compound (HIb) at C3 to form a compound of formula (IV):

F

() fluorinating the 9,11-epoxy group of compound IV by reacting it with
hydrotiuoric acid to vield flumethasone 2 | -acetate; and
(e} optionally hydrolysing the flumethasone 21{-acetate, in the presence or absence

of an oxidising agent, to yield compound (I) or flumethasone, respectively.

The invention also provides compounds of the formuia (V):



The present invention permts the direct transformation of flunethasone
acetate into conpound |I. The two new conpounds Lila and IItb are depicted
as a general formula (V) in claim$S. The conpound | can al so be obtained as
described in US Patent 3,636,010 by oxidizing flunethasone free ﬁ%FBPQMS
The starting material of the present process is comercially avail able and
widely wused in the preparation of corticosteroi such as dexanmethasone and
i conet hasone. In order to introduce fluorine in the C6 position by

el ectrophilic fluorination, it is necessary to astivate first the C6
position. For that purpose, the 3-keto group is nollsed by a carboxylic
acid chloride, formng an enolic ester residue fornula -COR in which
Ris an aryl or aral kyl group. The preferred conpoun “for the enolisation

i s benzoyl chloride, yielding the conmpound of f ‘;“a II'lla in the presence
of a tertiary am ne, such as pyridine. The preferfed solvent is
N, N - di ni et hyl acet am de and the reactio . -fenably carried out at a

tenperature of 80 to 85C, Vielding, tile
the conpound Lila is reacted with an_g| ec
The preferred fluorination

yield the corresponding C6-fl udr o @ ‘
di azoni abi cycl o[ 2. 2. 2] oct ane
o as

agent is the I-(chloronethv I) 4-f 1
o realis€)the fluorination at

bi s(tetrafl uoroborate),
C6, the preferred solve in presence of water at a
preferred tenperature o 2C. After the C6 fluorination, the 3-enolic

ester can be easily transforned into the system of

..gnzoate. Thereafter,
“flubrination agent to

wherein X is hydrogen or fluorine.

In step (d) of the process, the flumethasone 2{-acetate formed has the formula:

OCOCH,

ie 6a,9a-difluoro-113,17a,21-trihydroxy-léa-methyl-pregna-1.4-diene-3.20-dione, 21-
acetate.  [f this compound is hydrolysed, preferably with methanolic potassium
hydroxide, the flumethasone free alcoho! is formed.

Alternatively, if the flumethasone acetate is hydrolysed, preferably with
methanolic potassium hydroxide. and then oxidised, preferably with hydrogen peroxide

solution, the so called "hydroxyacid” is obtained, of tormula:



2 DEC MB5 7 3-keto-1,4-diene ted by an aqueous sol ution of sodium
netabisulfite and ammonia. In the next step, a 9, 1l -epoxy group of conpound
IVis reacted with a concentrated agueous sol ution of hydrofluoqQ%E@cmﬂ or
with a solution of hydrogen fluoride in N, N -dinethylfornmam de Dby pé se
known processes at a tenperature below 25C When conmpound IV is practically
conpletely reacted, the reaction mxture is poured into a mxture of ice
and anmoni a sufficient to neutralise the hydrofluoric acid and precipitate
si mul t aneously the flunethasone 21-acetate with a high yield and purity.
The product obtained can be recrystallized for instance from nethanol. The
21-acetate obtained can be subsequently H?dﬁgﬂ%ZGd by any of the known
processes yielding flunmethasone f hgl. One of the preferred

processes is effected in degassed st hemo] i-e-potiassi um hydroxi de at a
...,r@qcti on i s ascertained by
SN0

tenperature between 5T and -5C. The,e
HPLC after one hour and it is consjde ete when the anount of
starting conpound remaining, i 5 an 1 % In order to carry out the
degradati ve oxidation, according prigr art, flurnethasone is suspended
in tetrahydrofuran and a sol Gt1o -t gbng agent is added dropw se.
The substrate first starts to dissolvg\follome by precipitation. The
oxidation is perfornmed preferably at 20C enpl oyi ng, for exanple, periodic
acid. After one hour of stirring, conpletion of the reaction is determ ned
by HPLC. Once the anpbunt of non-reacted flunmethasone is | ess than 0. 3%,
the reaction i sTheqisdeder®@dntion permits the direct transformation of flumethasone acetate

into compound |.

The two new compounds IHla and [lb are depicted as a gencral formula (V) in
claim §.

The compound | can also be obtained as described in US Patent 3,636,010 by
oxidizing flumethasone free alcohol.

The starting material of the present process is commercially available and widely
used in the preparation ot corticosteroids such as dexamethasone and icomethasone.

In order to introduce fluorine in the C6 position by electrophilic fluorination, it is
necessary to activate first the €6 position.  For that purpose, the 3-keto group is
enolised by a carboxylic acid chloride, forming an enolic ester residue of the formula
-COR in which R is an aryl or aralkyl group. The preferred compound for the
enolisation is benzoyl chloride, yielding the compound of formulfa Tlla in the presence
of a terttary amine, such as pyridine. The preferred solvent is N,N'-dimethylacetamide
and the reaction is preferably carried out at a temperature of 80 to 85°C, yielding the
A3.5 enol benzoate. Thereafter, the compound Illa is reacted with an electrophilic

fluorination agent to vield the corresponding Cé-fluoro derivative. The preferred

bis(tetrafluoroborate), Selectfluor®. So as to realise the tTuorination at C6, the preferred
solvent is acetonitrile in presence of water at a preferred temperature of -5°C + 2°C.

After the C6 fluorination, the 3-enolic ester can be easily transformed into the system of



conpl ete. Subsequently, the reaction m xture containing conpound | is
precipitated by adding the reaction m xture to an aqueous sol ution of

sodi um net abisulfite and ice. According to the present invention,

f 1l umet hasone 21-acetate can be sinultaneously deacetyl ated and oxi di7d&d b
met hanol i ¢ potassi um hydroxi de and aqueous hydrogen peroxi de yi el di ng,
after conpletion of the reaction, the désired hydr oxyaci d, conpound |. by
acidifying the reaction mxture with diluted hydrochloric acid to pH1 2.
Thi s reacti-bnoilss-pentoyimedcheathel c@Cpo 2@ WL Whagilinabhaomm witthé ehblec reegetison i s
conpl ete. The nmul.ative stoichionmetric yield of the process as described in
£P 0 610 PIBCEDIDEECHIDEY B He0uD LI b0 bR Moy AP r R T Yed compound
| is 48.9"% from,9, 1Jrexl(§€;§p9)(‘y.'l Lédodl-aroup of compound IV is reacted with a

di hydr oxy- pregna-1, 4-di ene- 3, 20-di otic.” According to the present process,
however, cchencuimdl aqiopes spbitiohi dnbrdp8uyiieledidopt aiied JosuigR. abghyawgper

Exanpl es L 2.ang. 4, as . fromthe 21-acetate of the above starti
macori o . 87 8e 080 S DG e SR P Bl bP B B Brd B iy

materi al  ofs°EPWhep1lEgRinB IV haprleaen ) csaplecatetydcaidednavictfitian yhghde of 1
10% w w and the cunul ative stoichionett'ic_ yield was cal cul ated on basis of
this val ueousddnbr 2 Bdatws a5icemnd Zrypenia suifEsur {0 ARrlraiise therbpdraiheoricaidibwi ng

SEéggg'_ esExzﬁ/E\éEeci&tajté LRAGRALSshNRe PR SREMLo ALY £RL AR W DRME idiFLhd Beiicyl S
The product obtained can be recrystallized for instance from methanol. The 21-acetate
obtained can be subsequently hydrolyzed by any of the known processes yielding
flumethasone free alcohol. One of the preferred processes is effected in degassed
methanolic potassium hydroxide at a temperature between -13°C and -5°C. The end of
the reaction is ascertained by HPLC after one hour and it is considered complete when
the amount of starting compound remaining 1s fess than | %.

In order to carry out the degradative oxidation, according to prior art,
flumethasone is suspended in tetrahydrofuran and a solution of the oxidising agent is
added dropwise. The substrate first starts to dissoive followed by precipitation. The
oxidation is performed preferably at 20°C employing, for example, periodic acid. After
one hour of stirring. completion of the reaction is determined by HPLC. Once the
amount of non-reacted flumethasone is less than 0.3%, the reaction is considered
complete. Subsequently, the reaction mixture containing compound | is precipitated by
adding the reaction mixture to an aqueous solution of sodium metabisulfite and ice.

According to the present invention, flumethasone 2[-acetate can be
simultaneously deacetylated and oxidised by methanolic potassium hydroxide and
aqueous hydrogen peroxide yielding, after completion of the reaction, the desired
hvdroxyacid, compound 1. by acidifying the reaction mixture with diluted hydrochloric
acid to pH 2. This reaction is performed at 10°C £ 2°C with agitation until the reaction
is complete.

The cumulative stoichiometric yield of the process as described in EP 0 610 138



9, 111- epoxy- 6u-fl uoro-17u, 21-di hydr oxy-

. 6u- net hyl - pregna-1,4-(liene-3,20-dione , 2l-acetate (Forrmula 1V) a) 50 g
of 9, 11p-epoxy-17a, 21-di hvcl roxy-16a-nnetlryl - pregna-|, 4-di ene- 3, 20, - di one,
21-acetate was placed under an inert atnosphere and dissolved in 2517 BHL B
N, N -di snet hyl acetam de. 65 m of pyridine was added and the reaction

m xture heated with stirring to a tenpeﬁature bet ween 80C and 85C. 33 nml of
benzoyl chloride was added and the reaction m xture protected fromlight.
The react iBnsaas th ebtait onsteiystdl bredt wwom pointi Nr setShvir Sroat 9. Itk oixenerldt ur e.
On conpletjon of the reaction.after this time, it was cooled to 40"C and 75
T of et ARG HaBE" o CHUEONE: MG St AP HE (" HECHRST P OF et REM ey

m nut es faql,l ewediahye §t%QJ_h'i(_ﬂﬁlet¥'ib§-iél@%ﬁﬁa‘ir%@l TRt estRr 2Qadples 1poubseauent |y,
1000 rnl of water containing 57.5 m of hydrochloric acid and 100 m of

di chl or ondtimate Wasccatdetthe ey phiadies rieeals Sparde elitaand velhécompugonsfphase
further extracted with an additd l ~10Q f i.chl oromet hane. .The.

o gan ¢ phiuBe fer it g B A YRR Sl s s B B VR PRR S0 Se

sol ution ofipspdiuendydr QxideiveThsichiohiced oekimeihaneusel uhibags bhuss olitai ned
was evaporated to dryness tinder vacuun1¥ielding an oil,

. y \
3- benzov!| ¢¥§ 2 ExamplssdPy 2 frsk 421eseitRgdr 8xy“46a 11 , L -u 2Uud 9

The tollowing Examples serve to illustrate the present invention without limiting

its scope.

EXAMPLE 1
9,11§-epoxy-6a-fluoro-17¢,21-dihydroxy-{6a-methyi-pregna-1.4-diene-3,20-dione,
21-acetate (Formula [V)
a) 50 g of 9,11B-epoxy-17a,21-dihydroxy-16a-methyl-pregna-1.4-diene-3,20-
dione, 21-acetate was placed under an inert atmosphere and dissolved in 25
ml of N,N’-dimethylacetamide. 63 ml! of pyridine was added and the
reaction mixture heated with stirring to a temperature between 80°C and
85°C. 33 ml of benzoyl chloride was added and the reaction mixture
protected from light. The reaction was left to stir for two to three hours at
this temperature. On completion of the reaction after this time, it was cooled
to 40°C and 75 ml of methanol added with continued stirring at 40°C for a
further 30 minutes followed by cooling the reaction mixture to 20-25°C.
Subsequently, 1600 ml of water containing 57.5 ml of hydrochloric acid and
100 ml of dichloromethane was added. The phases were separated and the
agqueous phase further extracted with an additional 100 mi of
dichloromethane. The organic phases were combined and washed with
water and with an aqueous solution of sodium hydroxide. The
dichloromethane solution thus obtained was evaporated to dryness under

vactum yielding an oil, 3-benzoyloxy-9,11B-epoxy-17a,21-dihydroxy-16a-



met hyl - prenna-1, 3, 5-tri ene-20-one 21-acetate (Formula Ilia). 3-Benzoyl oxy-

9, 11 3- epoxy-17a, 21-di hydroxy-16a-iiiethyl-pregria -1,3,5-triene-20-one 21-
acetate was taken up by 150 nil of acetonitrile cooled to between -5C and
0C. The solution of the enol benzoate was added to a suspension of 44; o Uﬁ’t}(
1-(chloronethyl)-4-tluoro , Selectfluor” ", in 175 nil of acetonltrlTe
containing 5 m of water. Once the fl uori nation reaction at C6 was conpl ete
(Formula 111b), the reaction mxture was poured into a solution of 100 nil
water, 1.2 g ofmangiprogn bl BBitsithti20enneR inddetnk (RoTM@ODIaall(:D5 3%B¢nAybx200 ni |
of di chl or omet hane The . _pl4 of the solution was adjusted to between 7-8 and
stirred for 30°nilRcnesy- lé’f‘tzérd\mpbﬁ“t‘ﬂ%“ ﬁ}fé@blsvweﬂé-ls%aéwéeea A t 7~

organi ¢ phase vashedwit tfkenldBPWY PSRl W QB oh¥file Woled N6 _IRIVAH CsRNASE Was
evaporated to drynesg undcenr vacuum and rfrlet ﬁano[ adcc'ig The desired conpound

crystallized \ﬂ,ﬁﬁicﬁhm@utlhewi‘fthé teolbdnamde dns eddat tal sthwdls@,n ofifl.dgnf 40 g
of the title ro ct vmtz)gﬁurlty of 90'Y% in area as determ ned by HPLC.
b) Exanple |a éﬂ'é’&[iﬁ’ HOW&9er . the 3-enol benzoate formed was not

extracted and '1Sﬂin?zto‘ﬁﬁabIGSQM[bQ.I]%@ﬁah'eﬁﬂ(t@h%hﬂﬁﬁ)lﬂma?e')n@iidc’ﬂfl@ﬁam'ne 118,
44.5 g of Selectfluor " crystals were slowy and d|rectly added in four

portions. Wienmlhd ageininte opnsahring Sant Ph‘g«l‘mﬁterl al was determined to be
less than 1% t(t).'mer ﬁaecrflugﬁnmnonu{e%cm§ ﬂoﬁrée&laé p%et% mozmulg\lalt[ﬁg), the

reaction mixture was poured into a solution of 100 ml water, 1.2 g of sodium
metabisulfite, 5 mi of amimonia (25%) and 200 ml of dichloromethane. The
pH of the solution was adjusted to between 7-8 and stirred for 30 minutes
after which the phases were separated and the organic phase washed with
ammoxia solution (12.5%). The organic phase was evaporated to dryness
under vacuum and methanol added. The desired compound crystallized
which was then filtered and dried at 40 to 45°C, yielding 40 g of the title
product with a purity of 90% in area as determined by HPLC.

b) Example 1a was repeated, however, the 3-enol benzoate formed was not
extracted and isolated. To the reaction mixture obtained in Example 1a,
44.5 g of Selectfluor® crystals were slowly and directly added in four
portions. When the conient of the starting material was determined to be
less than 1%, the rcaction mixture was poured into 100 ml of water
containing 1.2 g of sodium metabisulfite. The pH was adjusted to between 7
and 7.5, the solution stirrcd for 30 minates, and the precipitate filtered and
washed. The product thus obtained was washed by suspending it in 150 ml
of methanol with stirring. After stirring for 30 minutes, it was filtered and
dried at a temperature between 40-45°C, vielding 46 g of 9,11f-epoxy-6a-
fluoro-17w,21-dihydroxy-1,4-diene-3,20-dione, 21-acetate with a purity of

91.6%.



containing 1.2 g of sodium netabisulfite. The pH was adjusted to between 7
and 7.5, the solution stirred for 30 mnutes, and the precipitate filtered
and washed. The product thus obtained was washed by suspending it i7nﬂ. _
nil of methanol with stirring. After stirring for 30 minutes, it wes'- 005
filtered and dried at a tenperature between 40-45C, yielding 46 a of

9, 11[ 3- epoxy- 6a- fluoro-17a, 21-di hydr ox}? 1, 4- di ene- 3, 20- di one, 21-acetate

with a purity of 91.6% EO EXAMPLE 2 6a,9 -dif ooro-11

~3, 17a, 21-LXAhyRiLBXy - 16U- rret hyI pregua |, 4-di ene-3,29- dione, 21 acetate

(Fl unet hasone 21- acet at e) he conpound obtained jn Exan*gl e 1 was

di ssol ved in 3663 f"tb‘f"‘%‘“@dﬁﬂiéx“ f‘“h?tﬁ dgermsthibpre aghd-dicn

N, N - di met hyl f qf m Q Q;%et(a @QP{({,W&MMOHQ% acBfitdnert atnosphere and at a
t enper at ure of ’ stirring for three hours at this tenperature

it was poured, 3mg hfﬂga t(Htl])(Dlm(l obntined imibxhomde df w3008 solvediin vaban| o100
of ice and 800 ni fa i i

bl ow 250 dur i BTN ARAVAo e BHAr TR h NN cOLRe RPN A BATLATE (o

between 4.5 to a8 thh IRFIRIRs PR LAD Hangd t&rh?eﬁﬁh?@%'foﬂ)" eont sauied iepr one
hour. After this tine, the precipitate was filtered and washed with water

until neutral pHrvieg faaéhte@viydirswgh@ommdmnastmrqsdwuraﬂ{wtm\ml@h-mt, was

di ssol ved in amto a mixture of 3000 ml of water, 1000 ml of ice and 800 ml of ammonia

(25%) where the temperature was maintained below 25°C during the whole
precipitation process. The pH was adjusted to between 4.5 to 5 with
anmunonia selution and the agitaiion continued for one hour. After this time,
the precipitate was filtered and washed with water until neutral pH was
achieved. The compound was dried, after which it was dissolved in a
mixture of 333 ml of dichloromethane and 148 ml of methanol. The solution
was concentrated t¢ a voleume of 89 ml! and the desired compound
crystallised. After filtration, it was dried at a temperature between 40 to
43°C yielding 29.2 ¢ of 6w, 9u-diffuoro-115,17¢,21-trihydroxy-16u-methyl-
pregna-1,4-diene-3,20-dione, 21-acetate with a purity of 95% in area, as

determined by HPLC.

EXAMPLE 3

60, 9a-difluoro-114,17a¢,21-trihydroxy-16a-methyl-pregna-1,4-diene-3,20-
dione (Flumethasone)

1.4 g of potassium hydroxide was dissolved in 140 ml of degassed methanol
under an inert atmosphere and the solution cooled to between 0°C and -5°C.
Subsequently, the solution was added with stirring to a suspension of 28 g of
the compound obtained in the previous example to 700 ml of degassed
methanol. The reaction was stirred for one to two hours at a temperature of

-10°C % 2°C. Once the reaction was complete, as determined by HPLC,



m xture of 333 m of dichloronmethane and 148 ml of nethanol. The solution
was concentrated to a volunie of 89 ml and the desired conpound
crystallised. After filtration, it was dried at a tenperature betmgfﬂ%ﬁﬁlfo
45C yielding 29.2 g of 6tx,9a-ciifluoro-tlp,17ra.,21-tri hydroxy-16a- 9 -
pregna- 1, 4-di ene- 3, 20-di one, 21-acetate with a purity of 95%in area, as
det erni ned by HPLC. EXAMPLE 3 6a., 9a-cl | ¥l uoro-11

D, 17a, 21-tri hydr oxy- 16u- Enet hyl - pregna-1, diene-3,20- cfione (Ffumethasone)
1.4 g of potasakene hyidread gddadasn il sid0l vedacheldd The oblubegas gedrawetibanol

under an inert atnosphere and the solution copoled to between QC and -35C.
Subsequent 1y, PSSR AL “AAERER YN FaTor il 137 (Lels perlee ah 181C 28 g
of the conmpoundgohlisi medet Rofghey RECHIALE. X%NMB! &titAnZO0fhrMonef heggagsed

met hanol . The reaction was stirred for one to two hours at a tenperature of
-10C 2C. Oncet¢thperatacg pbhcvaerncdifpltetld’Cathdeempoimd dvibyfilipted, WBkBEC 2005

ti id .add til -1 7. ' d. f the. ti
mxture was 1 oRiba aesrau aRi 58 S35 By R (fl Bt 4080  and

140 m of col dpwaitglf adteth awhtRaseditdinkdgy ftPPLONe hour at a tenperature of
between 5C to 10C, the conpound was filtered, washed wth water and dried
at 45C, to yield 22.4 g of the title conmpound with a

EXAMPLE 4
6a,9u-difluoro-11p,17¢-dihydroxy-16a-methyl-17B-carboxy-androsta-1.4-
diene-3-one (Formula I, "hydroxyacid")

2 s of potassium hydroxide was dissolved in 2 mixture of 160 mi of methanol
and 190 ]l of water under an inert atmosphere. 10 ml of an aqueous
hydrogen peroxide solution (130 vol.)) was subsequently added and the
reaction mixture cooled to 10°C + 2°C, upon which 5 g of flumethasoene 21-
acetate was added. The reaction was stirred overnight at this temperature
and oa completion of the reaction, the pH was adjusted to 2 with
hydrochloric acid. The precipitate obtained was filtered, washed with water
until neutral pH was obtained and dried at 45°C. The yield of the title

compound was 80% w/w, corresponding to a stoichiometric yield of 91.3%.

EXAMPLE 5

6. 9u-difluoroe-11f,17a-dihydroxy-i6a-methyl-17f-carboxy-androsta-1,4-
diene-3-one.

22 g of flumethasone free alcohol, as obtained in Example 3, was suspended
in 110 ml of tetrahydrofuran under an inert atmosphere and cooled to 20°C
+ 2°C. 17.6 g of periodic acid in 70 ml of water was slowly added with
stirring. After stirring at this temperature the end of the reaction was
ascertained by HPLC. Generally the reaction was found to be complete after

two hours. Subsequeatly, the reaction mixture was poured into a solution of



purity of 96% in area as ascertained by |I-1PLC. EXAMPLE 4

6u, Qu-di tl uoro-11(3, 17u-di hydr oxy- 16a- net hyl - 17(i - car boxy- androst a- 1, 4-

di ene-3-one (Fornula 1, "hydroxyacid") 2 g of potassium hydroxide MWaBFC 2(05

di ssolved in a mxture of 100 nil of nethanol and 100 m of water under an
inert atnosphere. 10 ml of an aqueous hydrogen peroxide solution (130 vol.)
was subsequently added and the reacti di" mixture cooled to 10C 2C, upon
which 5 g of flunmethasone 21- acetate was added. The reaction was stirred
overni ght at thk s berpeiua wi@abRaditonnCOMphat oOWa0ér bhe I3Baaili @ice! M pH was
adjusted to 2 with hydrochloric acid. The precipitate obtained was
filtered, washBrecwitatiogatieiie nyadist Koty lteysd, Washeshythefenyatnestaht 45C.
The yield of thg Lid ligiealMRONNG, VRS yifla ¥V W oS REPLBRINRGNtOW RN 2
stoichionetric yield 01‘ 91. 3% EXAMPLE g

6a, 9a- di f | uor ophidin3efl Pa%diin ydenxas- ds§ertnitet by LI C.cAffeoxyegntbsttipnl pfl-

di ene-3-onc. 22 g,of flunmethasone fr.ee alcqhol , as.obtai in.Exanple 3,
was suspended t%]enthi'id?bﬁ’i‘"'&a cf’ﬂ't"r”éfﬁ?d?’oeliﬁ?'ﬁﬁ’ gﬁﬁ’gg'r(ﬁqu%E}ﬁﬁ?%'ﬁb@;‘ﬁé’r"é‘ and
cool ed to 20C j6fnetlyl-678caboRE MG AM-Fiend-3(hdr wa yRLATecdVas HiaM Y
added with stirring.” After stirring at this tenperature the end of the
reaction was Bsver aed had the fakomdng annkrtighl xaleese reacti on was found to be

conpl ete after, optical rotation = +64.4° (¢=1% DMF)
- KF - 0.09%
- Parity by HPLC = 99.2% in area
- Principal absorption peaks in infrared at 1698 cm™, 1660 cm™,

1614 em™' and 1603em™.



two hours. Subsequently, the reaction m xture was poured into a solution of
12 DEC 2005 12 33 g of sodiumnetabisulfite in 770 m of water and 330 ni
of ice. On precipitation of the product, it was filtered, mashed1rﬁkgzmﬁter
until neutral pl-i and dried at 40C to 45Cto yield 21 g of the t P
conpound with a purity of 96%in area, as ascertained by HPLC. After
recrystallization of the thus obt ai ned! tonpound i n ethanol,

6ct,9a-di fluoro-1fl,17 -di hycdroxy-

16a- net hylcllAMN3Scar boxy- andr ost a- 1, 4- di ene- 3-one was obtai ned in high
purity and had the follow ng anal ytical values: - optical rotation =+64.4
(c=1%DWVF) - KF - 0.09% - Purity by HPLC = 99.2% in area - Principa

absor pt i on peals@ IrBcdshfpal aﬁtmlfﬁ%etﬁa@ne (64981 8Mro- LGLA CI-KilRRh xy-
1603eni -1 . DéC 2005 15 A process for preparing flunethasone

(6a. 9a-di tl|6gongt.h[y| p@«f[wﬁ 42cj_zet1¢ pk%@cﬁ'lgw flumethasone 21!-acetate or its |7-carboxyl

igacgfhgilﬂﬁsosgen ana!ooue O?ﬂk f3l’muladl one), Flunethasone 21-acetate or its

which process comprises

{a) reacting a compound of tormula (11)

with benzoyl chloride to torm a 3-enolic ester of the formula (Il1a):



androsten anal ogue of the fornula: F which process conprises (a) reacting a
conpound of forrmula (Il 0 ,1 with benzoyl <chloride to forma 3-enolic
ester of the formula (ilia): 12 DEC 2005 14 O ..NCH3 ti b) reacting the
enol benzoate (Ilia) with an electrophilic fluorination agent to [ZBEf gtgce
fluorine in the C6-position to forma conpound of forrmula (111b): O ~, OH

- CH, 12 DEC 2005 14

b) reacting the enol benzoate (lila} with an electrophilic fluorination agent to

introduce fluorine in the €C6-position to form a compound of formula (I11b):

OH
------ CH;
P (11b)




15 (c) deprotecting the conmpound (Ill1b) at C3 to forma conmpound of formula
(rv: ...dd-13 (d) fluorinating the 9, 1l-epoxy group of conpound |V by
reacting it with hydrofluoric acid to yield flunethasone 21-acet32$;‘2ﬁg
optionally (e) hydrolysing the flunethasone 21-acetate, in the pr ﬁé r
absence of an oxidising agent, to yield conpound (1) or flumethasone,
respectively. 2 A process according tol!élaim!| wherein, in step (e), the

fl umet hasone 21-acetate is hydrolysed with nmethanoli c¢ potassi um hydroxi de.
3 A process acgesticd@nd the@odipBuhd OMib2 at D& &irMm 4 Borsp@Mmd(&)fokha@xi di si ng
agent is aqueous hydrogen peroxide solution. 4 A process according to claim
1, 2 or 3, wherein the electrophilic fluorination agent is

1-(chloronethyll)-4-fluoro - | ,4-diazoniabicycl o[ 2.2.2]octane
bi s(tetrafl uoroborate). 12 DEC zoos 16 5 A process according to any of
claims | to 4, wherein in step (c) the depratlection in position C3 is

ef fected using an aqueous SO Ut 1O n of i netbl s@iHite and ammoni a.

d fluorinatine the 9.1t-epoxy gcroup of compound 1V by reacting it with
g poxy group | 3 g

hydrofiuoric acid to yield flumethasone 21-acetate; and optionaily

{e) hydrolysing the flumethasone 2l-acetate, in the presence or absence of an

oxidising agent, to vield compound (I) or flumethasone. respectively.

2 A process according to claim | wherein, in step (e). the flumethasone 21 -acetate

is hydrolysed with methanolic potassium hydroxide.

-

B A process according to claim | or 2, wherein in step (e) the oxidising agent is

aqueous hydrogen peroxide solution,

4 A process according to claim 1, 2 or 3, wherein the electrophilic fluorination
agent is | -(chloromethyl)-4-fluoro-1.4-diazoniabicyclo[2.2.2]octane

bis(tetraflucroborate).



6 A process according to any preceding claim wherein in step (a) the
reaction mnediumis N, N -diinethylacetam de and pyridine; and in step (b)
the reaction medium is acetonitrile in the presence of water. 7 Aﬁﬁ&e@a
according to any of clains | to 6, wherein the reaction tenperature i Sép
(a) is from80 to 85C and in step (b) is -5C 2C. 8 A conpound of the
formula (V): wherein X is hydrogen or fllbuori ne.

3 A process according to any of claims [ to 4, wherein in step (¢) the deprotection

in position C3 is effected using an aqueous solution of metabisulfite and ammonia.
6 A process according to any preceding claim, wherein in step {a) the reaction
medium is N,N'-dimethylacetamide and pyridine; and in step (b) the reaction medium

is acetonitrile in the presence of water.

7 A process according to any of claims | to 6, wherein the reaction temperature in

step (a) is from 80 to 83°C and in step (b) is -5°C £ 2°C.

8 A compound of the formula (V}:

wherein X is hydrogen or fluorine.



