; e3ec 4L$<6r T028 Cct ober, 2004 1 OXI DATI ON PRCI‘f§ | NG THE
| NTERVEDI ATE 6. ALPHA. | 9. ALPHA. - DI FLOURO- 11. Odibhes, So64"
BETA. , 17. ALPHA. - DI HYDROXY- 16. ALPHA. - NETHYL- ANDROST- 1, 4- DI EM 3- ONE

17. BETA. CARBOXYLI C ACI D The present invention relates to a novel process
for the synthesis of a known internediate, useful in the preparafion of
-anti-inflanmatory steroids. There is 5 al so provided a new physical form of
t he internedi ate which has inproved handling properties 6a,

9a-di fiuoro-11(3-hydroxy-16a-nethyl -17a-propi onyl oxy- 3- oxoandrost a-1,

4di ene-17[i-carbothioic acid, S-fiuoronmethyl ester (Forrmula A) was first
descrEBRRTIDY BROCERS afiR PREFARINGEIRE FNERRMEBIATELY . AUGHRA! ALPNo. -DIFIRBOI Y.,

Thi s E8FpodilcAFBAar BHIVPROWN Ly ALTHA - qUBBI L. cANDRABT -0, 4f-PIRN-Ga@fh a7 pRBIBi- onat e
and haS*S¥HEEIHEEERe wi del y known as a highly effective steroid in the

t r eat ment Q{_ i nf | ammat ory di seases, such as asthma and chronic obstructive
pul monary dl ke Reesentdpygntiancrglates, to a novel prosessifion thensynthesigaof a known

‘9a-di fiuorq

3. hyar oxy-Diernediate, useful in the preparation gf anfdplammaton slexpidss rTherisbor h
ioic dEid Sisa- pnmldemt mahgar phisicahfd@vy |of et fitefrhediake awifith VRds dRprovded
in WD 97124365,,as a cl ass of hydrol ysable steroids with | actone

deri vat i ved)anfling R!'Bﬁﬁ%l?ﬁd possesses useful anfi-inflanmtory 20 activi ty
whi | st havi ng little or no systemic activity. n 28 Cctober. 2004 2 0

O CCEt (B) F Currently there is considerable interest in conpounds of

fornul a (A)Sca,n(90(—B§ﬂuaso-arlt3+hydtbkya-rmatmeﬂ1yal1¢a8m'bp|oﬂy||@fygs@xegﬂam§ﬂg.q i A.the
tTeat nent of, ast d other inflammatory di seases. US 4,335,121 and WO

97/124365 d sfieicAcid.oB-luoremetiyh ﬁ:étqsr(ﬁpnnula A) was Wat described

9 d
ol 32;"1%énr%“t hinflagmatory stergid by S PajontNg, 4335 131.qThiseompaundisot h
.| 0| c acid alsa- kmmm eby ahedgenétic amardey b fRtitasond %‘B?i&'la‘(é" é(nd’"‘]'le@”' sifidd i se

nanely 6a, 9a-difluoro dr oxy

a conmon startln %A E
16a- net hy| -OEURE 1 Eﬁ¥d BRYD A &t@ghlmﬂﬂﬁéh‘ée 1$t(380|darllbothe| |toea1:mamt of
(Formula 1) S C r i cQ ound IS
an ext remgﬂglg'stl %t%%%%%%l%l Ia gﬁ%re‘i 89§ Qﬁgﬁfﬁﬁ%ﬁ TPERR ds
of fornul agdiggasaafdOPB). 15 Thus, according to a first aspect of the
present invention we provide a novel process for the preparation of a
conpound of forrrula (1) which conprises the foll ow ng step: Step (a) F

Oy -SCHF

®

15
Additionally, 6a, 9a-difluoro-11p-hydroxy-16a-methyl-3-oxo-17a-propionyloxy-
androsta-1,4-diene-17p-carbothioic acid S-(2-oxo-tetrahydro-furan-3-yl) ester
(Formula B) was described in WO 97/24365 as a class of hydrolysable stercids

with lactone derivatives. This compourid possesses useful anti-inflammatory
20 activity whilst having little or no systemic activity.



28 Cctober. 2004 3 wherein step (a) conprises oxéggiuog of%ﬁggolution
contai ning the conpound of formula (11). 5 Pref o ) wll be
performed in the presence of a solvent conprising methanol, water,
tetrahydrof uran, dioxan or diethylene glygol dinethylether. For exanple, so
as to enhance yield and throughput, preferred solvents are nethanol, water
or tetrahydrofuran, and nore preferably are water or tetrahydrofuran,
especially water and tetrahydrofuran as sqglvent. D oxan and 10 di et hyl ene
gl ygol dinmethylene are also preferred sol vents whi ch may optionally (and
preferably) be enployed together with water: Preferably, the solvent wll
be present in an anount of between 3 and 10vol relatiye to the anount. of
the starting material (Iwt.), nore preferably between||4 15 and 6 vol .,
especially 5 vol. If desired, the.solution containin he conmpound of
formula (11) may be cooled prior to oxidation eg,.+9 a nperature |ess
than approxi mately 10C. 20 Preferably the oxXigt3i ng nt is present in an
anount of 1-9 nolar equivalents rqﬁ tive tg t ecﬁﬂﬁﬂnt of the starting
material : For exanple, when a 50% GUedus\80l Ution of periodic acid is
enpl oyed, the oxidising agent may bg : »oan anount of between 1.1
and 10wt: relative to the anou ng material (1w.), nore

ly 1.3wmt. 25 Preferably, the

preferably between 1.1 and 3w
oxi dation step will conprise a chem cal oxjgfi sing agent. More
periodic acid or iodic acid or a .

preferably, the oxidising a@n g
salt thereof. Most preferably, the ox'Edi sing agent will be periodic acid or
sodi um peri odat &, especially periodic acid. Alternatively (or i.n addition),
it will al sCurerltly thers Betonsideidhé iftBRoadd 'Pcag, e Oppy LS

sui tabl e oxidation 28 Cctober. 2004 %S?g%%tafd n, n?é.&oﬁg%\lﬂfﬂ @ ﬂ?&l(égé@
ai r and/ or 8536—@% AMRAery: aad antialiergic cempbinds U ithe SesathridntosASthnX %e8N.
t he sol vent of58qnf = L.on wilt preferably be nmethanol. 5
Preferably, 'stepnq%ﬁﬁtwcﬁg%#% i ncubating the reagents at room
tenper@ture or a little warmer, say around 25 C eg for 2 hours. The

conpound of, fornula (| be_isolated by crystallisation fromthe
reaction m Qﬁ(j?'gé 1%%]?5%9 %7/2536§rdﬁscdéewwparaﬁonslbf foticasoid papioteié
for 'compou Ofiy 1 1 i r: Syrptisingly we have di scovered
conpound o ?ﬁéﬂ?"y‘- 9 BB R o 1B oSy R s BRI vior andresta:
conpound of 1f4edienkat AP-LafmtiioRs it i, i d i-sol vent
wat er. When }ahe cr_li/qsgﬂal lisati ona‘gggl %‘g‘?%g%ggﬂg‘?fr%%gﬁ-ﬂheﬁ%{rel;equaﬁ\gely
wat er/i ce miVRidly ttitse a eammamnstarting mateial) nartheos@h obeditiBoranY B@Wt
propejgies EthE ecteﬂg have found that the crystalline 15 product
produced i sﬁ%’[ﬁ R/gFg'rﬂ’??(‘) &ﬁ?y&@%ﬁéﬁf%t%df‘t-d'@ae-‘bm}caﬂawﬁy adid (Farmiulat o
filter. W thoHoweske! i [ ROV r bglievwe that this | ow density
pr oduct conl?ar‘gs a ngggeﬁg%y %'#l E?@Iré%t%ﬁﬂ c@&vgﬁm cﬂf’?‘?ﬁ"rﬂ‘f iFeag gxdremely
| attice By @@filyr startinghoratesabifari maﬁﬁgac[lﬂimﬂeé%fcétéfoi&dQ:{?ﬁénﬂﬁ%e“@?aﬁ&
nd Ti

g
around anbigrt tenperature) a granul ar product of a sa e cons ency
which is ve@' easily 20 filtered is produced. Under these conditions;

crystallisation typically comences titter around 1 hour and is typically

conpl gt ed %n a few hours leg 2 hours). Wthout being [imted by theory
we beldeve » A¢posdiggateunafirspraspect of dwe iresent invbAtion we grovil! X HAR

|
| t wthy Jlice. 25 As furth t of th ti
v provi de 0gees 12 HE bR Bloh i & SoptRpuie Shformelanibawtich opmptises tho

conpri ses tfblowingpstepf (a) oxidation of a solution containing the conpound
of formula (I I) followed by .

O, OR




(b) precipitation of the conpound of fornula (I 3%5 ﬁ"%% 20|d e formfrom
the reaction m xture by addition of an anti-sol erature
conditions 30 of around 10 C or higher. 28 Cctober. 2004 5 ' Preferably
the anti-solvent is water. Preferably the tenperature of step (b) is

anbi ent tenperature (eg around 18-22 C) or higher (eg up to 40 C. 5 W
al so provide as an aspect of the invention the conpound of forrmula (1) in
the formof a granular solid which is readily filterable obtainable by a
process conprising: (a) oxidising of a sg@ution of a conpound of formula
(1) in water/tetrahydrofuran wh periodic acid in water at a tenperature
of around 20-30 C;, followed by 10 (b) precipitating the conpound of fornula
(I') by addition of water at a tenperature of around 22C. As a further

aspect of tieemRirrs SRR s,.for the
prgpar ation of a ctc?rypgau)nd ol?hgféc])sr %ng‘?ﬁ\)&%%ﬁm r’%’%@é@ﬁt“‘? EAMPORNAPS
step: 15 sHemyla)(Ilerein step (a) conprises oxidafron of a sol ution

contai ning the conpound of formula (11). A preferred embodi ment of the
present invention is wherein the process for the 20 preparation of a

@nd ofPréferab '
286306 d gt egth%no:yg sﬁ? )(prg{ 2%%%9&6?&1&@“ Y BeestiriRBSof a'solverfttctbASiRg

water, tetrahydrofuran dioxan or diethylene glygol dimethylether. For

example, so as to enhance yield and throughput, preferred solvents are

methanol, water or tetrahydrofuran, and more preferably are water or

, tetrahydrofuran, especially water and tetrahydrofuran as solvent. Dioxan and

10 diethylene glygol dimethylether are also preferred solvents. which may optlonalty
-{and preferably) be employed together with water.

Preferably, the solvent will be present in.an amount of between 3 and 10vol

relative to the amount of the starting material (1wt.), more preferably between 4
15 and 6 vol., especially 5 vol,

If desired, the solution containing the compound of formula (Il) may be cooled
prior to oxidation eg. to a temperature less than approximately 10°C.

3 20 Preferably the oxidising agent is présent in an amount of 1-9 molar equivalents
relative to the amount of the starting material. For example, when a 50% w/w
‘aqueous solution of periodic acid is employed, the oxidising agent may be
present in an amount of between 1.1 and 10wt. relative to the amount of the
starting material (1wt.), more preferably between 1.1 and 3wt., eSpecial!y 1.3wt.
25 '

. Preferably, the oxidation step will comprise the use of a chemical oxidising
agent. More preferably, the oxidising agent will be periodic acid or iodic acid or a
salt thereof. Most preferably, the oxidising agent will be periodic acid or sodium
penodate es;:ecnally periodic acid. Alternatively (or in addition), it will also be

30 apprecnated that the oxidation step may comprise any suitable oxidation



OCCOEt Step (~ ;OCet F (q) F F wherein step (a) COIEP h o r” 'gﬁyion of a

sol ution containing the conpound of formula (||rf—g—§ﬁgp*?grﬂm Il typically
conprise the addition of a reagent suitable for converting a carboxylic
acid to a carbothioic acid eg. using hydrogen sul phide gas together with a
sui tabl e coupling agent eg. carbonyldiimdazole (CDI) in the presence of a
sui tabl e sol vent eg. dinethylformamde. 10 Step (c) typically conprises the
addition of a reagent suitable for performng the esterification to the
ethyl ester- eg. propionyl chloride in thé presence of suitable solvents
eg. diethylam ne, triethylam ne, dichloronethane and acetone. Step (d)

typical |y caepctiomsed.nonaddith ofilisds air [t f @r ing ..

al kyl ati on elﬁ._ eit he% bélfdi rect convglrrsﬁsggxg#ﬁ'%%no eag)ﬁé%@é\'ﬁnﬁgdmn
conmpound or WHiges AR andinr exaes, ithe csaleatitaised: mpaidhebaction wilB pfStepdlly -be
2004 7 As a fBfHdmei aspect of the present invention we also provide a novel
process for the preparation of a conpound of formula (B) which conprises

the following step: HOOH -.. " Step (a) (~I) ~r F wherein step (a)
| .ution containing the conpound of fornula (I1).

conpri ses oxidati of a so C )

10 A E?’Ef er )r%erﬁ’?%'ﬁgg’d ?E%(as)wﬁﬂwlw fwhﬁﬂn?ﬁwg@ems atieorsi tﬁmﬂfm'?tllm@@@
or the prep r a conprises the tollown
Steps: O e el s SR LRI ot M2 G ’

The compound of formula (I) may be isolated by crystallisation from the reaction
mixture by addition of an anti-solvent. A suitable anti-solvent for compound of

10 formula (1) is water. Surprisingly we have discovered -th'at it is highly desirable to
control the conditions under which the compound of formula (i) is precipitated by
addition of anti-solvent eg water. When the crystallisation is performed using
chilled water (eg waterfice mixture at a temperature of 0-5 °C) although better
anti-solvent properties may be expected we have found that the crystalline

15 product produced is very voluminous, resembles a soft gel and is very difficult to
filter. Without being limited by theory we believe that this low density product
contains a large amount of solvated solvent within the crystal laitice By contrast
when conditions of around 10 °C or higher are used (eg around ambient
temperature) a granular product of a sand like consistency which is- very easily

20 . filtered is produced. Under these conditions, crystallisation typically commences
after around 1 hour and is typically completed within a few hours (eg 2 hours),
Without being limited by theory we believe that this granular product containsl

~ little or no of solvated solvent within the crystal lattice. |

25 As a further aspect of the invention we provide a process for preparing a
compound of formuta (I) which comptises the steps of '
(a) oxidation of a solution containing the compound of fofrnula'(li) followed by
(b) precipitation of the compound of formula () in erystalline form from the

reaction mixture by addition of an anti-solvent under temperature conditioﬁs
30 - ofaround 10 °C or higher.



..., r FFOSHHO .pHi ., Foi (llnF Step ( ida) ~ -, ... F
O~ (MMF 28 Cctober. 2004 8 wherein step é@%sé%ﬁék%é%gé%xidation of a
sol ution containing the conmpound of formula (I11). Typical conditions for
step (b} and (c) are as previously described. Typically, 5 step (e) wll
conprise reagents suitable to effect the coupling of conmpounds of fornula
(I'V) with conmpounds of forrmula (V) eg. in the presence of a suitable

sol vent' eg. dinethylfornman de together with a suitable base eg.

2,4,6-col lidine, pyridine or caesiumcarbpnate. Conpounds of formula (B)
may then be optionally purled by suitable recrystallisation processes eg.
recrystallisation 10 from suitable solvents eg. isopropanol, diethylketone
or nethyl isobutyl ketone. Conpounds of fornmula (V) may be prepared

di t | X \ © Si ' M wh ' t [
Lypi cal I'y c%f%?ﬁ‘,’l‘? the erB AN RS Syatir. PocTereb: b aftogatung of Step () s
met hanesul pHohignt éemperators (eg freuptiets=pz 8Cpbr ARJHER TS Lg;g}b 4¢ 4@ hyl am ne,

<-} di et hyl am nopyri dine and ethyl acetate. In step™( anal‘ogues of
conmpounds of formula (V) in which the MsO-group is replaced w th another

| eavi n§ gr de diBy prbvide R éWBEBé!@(%f the invention the compound of formula (I} in the
form of a granular solid which is readily filterable obtainable by a process
comprising:
{a) oxidising of a solution of a compound of formuta (I1} in water/tetrahydrofuran
wth periodic acid in water at a temperature of around 20-30 °C; followed by

10 (b) precipitating the compound of formula (1) by- addition of water at a
- temperature of around 22°C. -

As a further aspect of the present invention we provide a novel process for the
preparation of a compound of formula (A) which comprises the following step:

7 O, OH
HO

(I

: 0
F

3 15
wherein step (a) comprises oxidation of a solution containing the compound of
formula 1), |
A preferred embodiment of the present invention is wherein the process for the
20 '

preparation of a compound of formula (A) comprises the following steps:



20 1t will

be understood that this novel proces kg S ogf an
alternative starting material) flunethasone (fo%ﬁlﬁg—%%%gurpri singly,
it has been shown that the use of such a starting nmaterial in the process
for preparing fluticasone propionate and 6a,
9a-di fl uor o- 11~- hydr oxy- 16a- net hyl - 3- oxo-17a 28 Cctober. 2004 9
pr opi onyl oxy- androst a-1, 4-di ene-17~-carbothioic acid
S- (2-oxo-tetrahydro-furan3-yl) ester would substantially reduce production
costs for these steroids. As a further asfect of the present invention we

al so provide the use bf a 5 compound of fornula (I11):

F in the preparation

of a conpound of fornmula (I): As a further aspect of the present invention
we al so provide the use of a conpound of formula (11): 10 in the

preparation of a conpdy

F (A F As a&dupt
use of a conpound
formula (B):

10

15

O

ro~gfy, formul a (A):
~ggPect of the pygsent

Ifnventi on we al so H,
Fobmill agtehldy: F 5 in '
1 ———

@ @Par agtieg&) of a cg

Oy SCH,F
HO Step (d)

o%:a
L
F.

A

(A)

wherein step (a) comprises oxidation of a solution containing the compound of
formula (1. |

Step (b) will typically comprise the addition of a reagent suitable for converting a
carboxylic acid to a carbothioic acid €g. using hydrogen sulphide gas together
with a suitable coupling agent eg. carbonyldiimidazole (CDI) in the presence of a
suitable solvent eg. dimethylformamide.

Step (c) typically comprises the addition of a reagent suitable for perfbrminQ the
esterification to the ethyl ester eg. propionyl chloride in the presence of suitable
solvents eg. diethylamine, triethylamine, dichloromiethane and acetone.‘Step {d)
typically comprises the addition of a reagent suitable for performing alkylation

eg. either by direct conversion by addition of a haloalkyl compound or via an
iodinated intermediate compound.

% Cctober. 2004 10 ~~ “_cAEH




(B) F The present invention is ill ustrat ed by t%? éoi I!ovg nglf‘xarrpl es:

28 Cctober. 2004 11 Internediate 1: 6a. 9a-dift

17a- di hydr oxv- 16a- net hyl - 3- oxoandrosta 1 4-di ene=178-carbothioic acid A
solution of Exanple 1 (12.0g) in dry dinethylformam de (250nl) was stirred
and treated wth N, N -carbonyl diim dazol e (9.94g) under nitrogen at room5
tenperature. After 4 hours, hydrogen sul phide was passed through the
solution for 0.5 hours. The reaction m xture was poured into 2M
hydrochloric acid (500nml) containing ice4{approximtely 250g). The
resulting precipitate was coll ected, washed with water and dried in vacuo
to give the titl]e conpound as a Wmte solid (11.47g). mp. 230-232C, [a]p
+g4C L p. gﬁs a fuither aspactaiit lae@rgserﬁanventlon we also provide a novel process for

Al ene- 170 TSR of 8 ABRPRR, S Tatls' (BL IO obrarioes: by Iaiawing

triethyl amstep(6. 15ml) in dichl oronet hane (140m) was cool ed wth ice-salt
and treated dropwi se with propionyl chloride 15 (4.74m ). The reaction

m xture was stirred further at approximtely OC for 0.75 hours then washed
successively wth 2M sodi um carbonate, water, 2M hydrochloric acid, water
and brine. After being dried, sabvent was rem)ved to give @ jte solid

(6.35g). This was redi SSOEI ed | Jcet 008 -(120nl) and dieth ne (12 5mil) :
after being stirred at rooOIr 9 aowr e for 1 hour HRg 24 wﬂﬁ

reduced to approxinmately 7% g0l ut Bep(ajas pour ed ydr ochl oric
aci d (200nl) contai ni ng i pI’OXI mat Ty —3007) @At It ng

preci pitate was col |l ecileg B th water and n vacuo to a white
solid (5.17g) mp. 15‘§ 1 SC.ERecryﬁnt porti ongy( 400ng) from
ethyl acetate gave the analyfically pure title corrpourlel as col ourl ess
cryst&® s (290mg), 25 mp. 161-164C, [a]o -27C (c 0.95). Internediate 3:

Met hansul foni ¢ acid 2-oxo-tetrahydro-furan-3R yl ester Tri et hyl am ne
(1.5vo0l, 1.1eq) and 4-N, N-di net hyl am nopyridine (0.012wt, 0.0leq) in

o) et amdrdipkiep @) SR Buthfion o < AR DBl B SRR , >

20C +| - 3C. oma@u) ober, 2004 12 The solution is cool ed to bel ow 10C and
met hanesul phonyl chlori de (0.79vol, 1.05eq) is cautiously added to the
reaction mxture over a period of at least 15 . mnutes at a rate

suf f i@ ent A prefairall BrbdditharR ast f@@q I C ete
addi ti on, thg reaction m xtureemlﬂs}@rcp(l)% [1%@{8% %f"‘@%eg'ig’%?r@fés& @%‘? up
to 7h at ZWnggﬂmaéomwmweﬁfommlﬂ {BY corgpifises therfpllmlr@stbpsTLC (Et OAc,
cycl ohexane; 1:1; staining solution: 3g Kvh04; 20g KzC03, 0.5g NaOH, and

300l water) or GC. Upon conpl etion, the reaction m xture is treated with 1
M HCl (3vol) and stirred émtil all soli ds have di ssol ved. The phases are

R




separated and the organic phase is washed with fiﬂbb:% (3vol). The
10 phases are separated and the organic phase i er reduced
pressure to approxi mately 4vol using a rotary evaporator. The organic
solution is heated to 40-50C and treated with cyctohexane (l2vol). The

m xture is cooled to bel ow 15C and aged at 10-15C for at |east 15 m nutes.
The mxture is filtered, the collected solid is washed with cycl ohexane
(Zx3vol) and dried under vacuumat 15 30-35C to yield the title conpound as
a white solid. Expected yield: 1509 w, 8% heory. Exampie 1: 6a
9a-difluoro-1 | fi-hydroxy-16a-nethyl-3-o0xo0-17a hvdroxy

androst a- 1. i ; i k. LS ale 1l

(400) 1 n tetTaRoAF Siehr (o) RYOEMGe Bxitlibn.of & GishREafig the ceMdRODE,
and stirred fammRGIHnti| a clear solution was achieved (approximately 2

m nutes). The solution was cooled to | ess than 10C and an aqueous sol ution
of periodic acid (99% purity; 33.32g (1.5nple equivs) in water (68ml)) was
added dr opwi i i j 6(HY : L ONEHAES ; '
11 oved 1 o v A SoPol ) sltunel piosl St TRical,
hours &nd 5 stepuepwill spmErisedepgestsasuitabie totaffect thevedupiing afcxvtipounds of

cver a pert dan e vt S8MpclBioR, ot Krtiug e Tea. g P ebreSEngs Grva sruaRis °°
product. Af tsiventray. elimetisidiorinamidé egaiher With %%‘nﬁ{sleebaaéltégf. 08 laeEolfidife,

aged at 30 approximately 10C for 100m nutes and the produc il'tered off.
The bed was PYrigineceiosa@esiuppogarbonates h &ompeundsatalr farsxdaciB) may theredent

2wt 1o or arir ety Rl By Sudfle G MEROT LB o0 ' edrystaROMtdn =
9a- di f1Quor o-fidrBuitableosolvéifts etk tisopropanalp diefieylketdhe or rasthyd iobulyl ketbresne- 17

3~-carboxylic acid A suspension of flunethasone (5g, 12.2mol) in di oxan
(22mL) and | ab grade water (3m) was treated with an aqueous sol ution of

peri od o 45 AROUESECE R () PR bEPrad IR Asbori b F¥lofeling iibodts;
2

suspension was stirred at an‘% ent for 2 hours. HPLC anal ysi s at near

‘hours showed 98. larea% titl egonpound present in the reagfion m xture.
Water (70ml) was added dropwl|se over a period of 45 m nufes. After conplete
addition, the m xture ed 20C gltgﬂ .)1 houm oduct filtered
of f. The bed was washed wih wat®r (2x n‘i)' and dried¥l5 at %50C (house
vacuum) for 18 hours | eavi title conpound as a white fgranular solid
(4.65g, 96.3% h). Exanple 1 B 6 9a-difluoro-1 | V)

(3- hvdr oxv- 16a- net hyl - 3- oxo- 17a- hydr oxv

wherein step (i) typically comprises the addition of a suitable reagent eg.
15 methanesulphonyl chloride in the presence of solvents eg. tiethylamine,
dimethylaminopyridine and ethyl acetate.

In step (e), analogues of compounds of formula (V) in which the MsO-group is
replaced with another leaving group may also be employed.

20

It wil! be understood that this novel process makes use of an alternative starting
material, flumethasone (formula (lI)). Surprisingly, it has been shown that the
use of such a starting material in the ‘process for preparing fluticasone
propionate and 6a., 9a-difluoro-118-hydroxy-16a-methyl-3-oxo-17a-




androsta- 1. 4-di ene-17B-carboxylic acid 20 A sus%@';%’b%{ 2lgqet hasone (5g,
12. 2mmol ) in diethylene glygol dinethyl ether ( rade wat er
(4.4m) was treated with an aqueous solution of periodic acid (50% w
purity, 6.65g, 14.6mmol (1.2nole equirvs)) over a period of 45 m nutes
keeping the tenperature in the range 25-30C. The suspension was stirred at
anbient for 5 hours. HPLC analysis at near 5 hours showed 25 95. 8area%
title conpound present in the reaction m xture. Water (70nl) was added
dropwi se over a period of 45 mnutes. Af@er conplete addition, the m xture
was stirred at 20C for 1 hour and the product filtered off. The bed was

teavi ng ' PR BlonGitabiy e gener frf@&gﬁu&f“c‘%&ﬁ.é%é;%’@%%ggéé»gﬁg;fso |
oxo- 173 hyd? ﬁ%a*;ﬁéﬂ'?é?ﬁ“ﬁfwﬁx S TRPRASON et I ELEEEIRG, on of

fl umet hasone (59, 12.2mmmol) in tetrahydrofuran (22m) and | ab grade water
(4. 4ml) mas treated mnth an aqueous sol ution of sodium periodate 5 (99%
purity, 14. 6nmol 2mol e equivs)) in hydrochloric acid (12 nol ar,

1. 46mi 17 |fu(’dﬂeﬂ:a59@9t #f ) thenprasent rinvention wealso anp-adeomeofuseOofnawut es
keepigg t he range 25-30C. The suspension was stirred at
anbleﬁt fggxbﬁﬁgﬁégﬁﬂﬁﬁuEggp alysis at near 2 hours showed 98.4area% title
conpound present in the reaction m xture. Water (65ml) was added dropw se
10 : over a period of 20 mnutes. After cenplete addition, the m xture was
cooled to 10C, was stirred at 20C for 2 hpoyS aroHt he product filtered -off.
The bed was washed with water (2x1 hg dried at 60C (house vacuun)
for' 18 hours leaving the title conpa white granular solid (4.65q,
96.3% h). 15 Exanple 1D: 6a :
9a-di fl uor o- 118- hvdr oxv- 16a- net | - 3 0- 17a- hvdro

a_ndrosta- 1. 4-di ene-173-carbox{i c acizd A sUhpenS|on of flunmethasone

(1wei ght) in tetrahydrofuran (4.4vol) Fand water (0.9vol) was stirred at
22+~- 3C uintthiz preparationsaflautornpound ofifdriveN@d): An aqueous sol ution of
periodic acid (50%/ w, 1.33 weights, 1. 2eqU|vatents) was added over 20 '
approximately 45 mnutes at a rate suffcient to maintain a reacfion
tenperature of 25+1-5C. A further por0O.0ooWwf water (‘0.1 vol) was added as a
| i ne wash and the m xture was q&Srred al 22+/ 3C for 2 hours (note, the
hydr oxyaci d product starts to cryst +8e0ft er approxi mately 1 hour of .
this stir period). Water (I 4vqg idgedt o t he suspensi on over at | east
30 minutes maintaining a reaq % tenperature in the range 22+l -3C. The
m xture was cool ed to appr Qe ~ge 10 C and stirred for at least 1 hour at
this temperature. The solid was fillterdd off and the bed washed wi th water
(2x3vol) at 22+/ 5C. The product Was dried under vacuum at 60+/-5C to

af ford hydroxyacid as a white granul ar solid (expected yield 97% h). 30

)
L

As a further aspect of the present invention we also provide the use of a
compound of formula (lI);

10

in the preparation of a compound of formula (A):




28 Cctober. 2004 15 Exanple 2: 6a. 9a-dif|uoro-#§ 9 tober. 2004

~3- hydr oxy- 16a- net hyl - 17a- pr opi onyt oxy 3 oxoand = ‘
4-di ene- 17B-carbot hioic acid S-fluoronethyl ester The conpound of Exanple 2
may be prepared fromliInternediate 2 follow ng the processes described in GB
Patent No. 2288877B. 5 Exanple 3: 6a 9a-difluoro-11S-h

dr oxy- 16a- net hyl - 3- oxo- 17a- pr opi onvf oxv androst a- 1. 4-di ene-17Q car bot hi oi c
acid S-(2-oxo-tetrahvdro-furan-3~ ester A mxture of Internediate 2 (1w),
Intermediate 3, and DMF (3.5vol) is treat¥d with 2,4, 6-collidine (0.268w,
1. 04eq). The resulting solution is heated at 39 10 43C for approxi mately 4h
until conplete by HPLC. 2M Hydrochloric acid (0:2vol) is added and resi dua
ethyl acetate is renoved by vacuumdistillation. The solution is warnmed to .
60C and water (approxinmately 2vol) is addedoQuecHy80 min at 60-65C, seeding
when a fine suspension has forned. Th 5ion is aged at 55-65C for -at

| east 5 mn and water (approximtely 3 AQCHt wat er added 10vol) is
added slowy at 49-60C. The suspensiof | |l g%terd to cool to room
tenperature and is aged for at |eagt 3 (typically overnight). The title
conmpound is filtered off, washed.ytbB*water (3 x 2vol), and pulled dry. The
title conpound is then purified %sing iéopropanol(ﬁbcrystallisation, whi ch
20 conprises heating to reflux a suspen§ion of the title conpound in

i sopropanol (13.4 vol) and holding at reflux for at least 5 mnutes. (At
this stage the reaction mxture may be given a hot filtration). The

sol ution i sAgeat RgthRRdasmédt &f BRsl rosye fiVentibhl we hisb! ffdtible RHE ke bivat er
(5. 6vo~ is added dropw se over at |east 10 m nutes. The suspension Is
cool ed to ocoumpoynd affernulgdd)at <10 for at 25 | east. 30 ninutes. The solid
is collected by vacuumfiltration, washed with filtered purified water (2 x
3.4vol) and dried under vacuumusing a filter bed for at |east 15 m nutes.
The product is dried in vacuo at up to 70C overni ght. Expected yield: 99%
W w, 84% theory (uncorrected) fromlInternedi &g 28 COct ober. 2004 16
The merits of the present invention na¥ be sgelf by ®df erence to the
foll ow ng Conparative Exanpl e: Conpara P Mlanpbr 5 Exanple was prepared
foll owi ng a procedure anal ogous to thatyd ﬂE}duin J. Med. Chem (1994),
37, 3717, exanple 2b, (half scale), ‘ €scri bes conversion of des-16

al pha net hyl dexanet hasone to corregpapt ng hyﬂﬁoxyacid,via a cold

i solation. 10 A suspension of f1 et Fasche (5Y42g, 13.2mmol) in
tetrahydrofuran (27.5nl) and l'ab grade wdter (3m) was treated with an
solution of periodic acid (99% purity, 4.5g) 19.8mvol (1.5nple equivs)) in
tab grade water (45m)-over a period of 15 mi nutes keeping the tenperature

i n thesrangn e pidpardiish éﬂﬁ@@ﬁiﬁd@l‘i‘ldvﬁsfoﬁhhfa@: at anbient for 2 hours and
an essentially clear solution resulted. 15 HF anal ysis at near 2 hours
showed 98.9area% titl e conpound present in the reacti
reaction m xture was then added to a sfirred m xture
crushed i-ce (1125g) over 5 m nutes. The suspension wa
for 10 mnutes and the solid was filtered off to gi ery vol unous gel
(cal00nt). This conparative exanple resul ted{n% vdl unf nous product with a
hi gh | evel of associated solvent and it wa 0 Eible to renove this

sol vent by conventional solvent r 5 Such as | ow t enperat ure
filtration: By contrast, in Exanple,1 and 1D, the title conpound
was obtained in a 25 relatively Jlg cg’4 m) as a granular solid in
a formwhich was readily filte anple 1 which was perfornmed on a
| arger scal e the sane | ow vol uge sg

ps obt ai ned (q 32 m). Throughout
t he specfication and the cl ap | ow, unl ess the context 30

requi res otherw se, the word 'conpris%, and variations such as 'conprises’
and _

n mxture. The
f water (75ml) and .
then stirred at 0-2C

The present invention is illustrated by the following Examples:



28 Cctober. 2004 17 'conprising', will be underigqg?!o%g:lg@bx the inclusion

of a stated integer or step or group of integer he excl usi on
of any other integer or step or group of integers or steps. 5 The above
menti oned patents and patent applications are herein incorporated by

ref erence. 28 Cctober, 2004 Clains 18 1. A process for the preparation of
a conpound of fornula (I) whi ch conprises the followng steps: 5 F Ste O CH
"OH..", F (lI) F (a). oxidation of a solution containing the conpound of
formula (11) wherein the solution is foffred in a mxture of water and
tetrahydrofuran, and; 10 (b). preC|p|tat|on of the conpound of formula (1)

I n crysta“h' f n of an

anti-sol ve —E-gA S clascd dalasltny tﬂ&@@éﬁﬁ@ﬂ&%
"process acpardjéﬁ@_1t7§ %rﬁbiﬂi&lc%ﬁ ein the oxi datlon step 15 conprises the
use of a chem cal_ oxi . 3. A process according to claim?2
‘wherein t h% anmmmoﬁm emeg) wucy annétrgtfonﬁdm@qzsbmn was$ altifred
t her eof . d:t tgroc c i n % aim 3 wherein the oxidising agent
is peri Odl%n repts 'ﬁ&p ﬂ?ﬂ!gﬂ ’m'gazﬂepﬂ%@égé '&@dﬁfr ditregarp afl sbom4
where§ n n in
erg n t henfpergivgé. Hﬁé’sgérﬁod@ ﬁfdl‘ogghcsu‘?d:ﬁl e \n?r{% ?asé%cfgﬁfsﬁ@ﬁ tlig %&[}@lggg to

any one of clainms 1 to 5 wher €l anti'so
accor di ng fep0dnlpowrse Toe readlions mixtuce Wastpausad it N8 Bydid shisricoacid {(B00mI)

conpri ses A ORInP i lapSiasimatt erW{ES%B)UtlJl'\leI resulting p?ggégéteoi%%egouected
washed with water and dried in vacuo to give the title compound as a white solid
(11.479), m.p. 230-232°C, [a]p +94°C (c 0.91).

10

Intermediate 2: Ba, 9a—dlﬂuoro—11B-hvdroxv-1 B6a-methyl- 3-oxo-1 7o~
propionyloxy-androsta-1,4-diene-17B-carbothioic acid
A solution of Intermediate 1 (5.0g) and triethylamine (6.15ml) in dichloromethane
(140ml) was cooled with ice-salt and treated dropwise with propionyl chloride -
15 (4.74mli). The reaction mixture was stirred further at approximately 0°C for 0.75
hours then washed successively with 2M sodium carbonate, water, 2M
hydrochloric acid, water and brine. After being dried, solvent was removed to
give a white solid (6.35g). This was redissolved in acetone (120mi)} and .
. diethylamine (12.5ml): after being stirred at room temperature for 1 hour the
20 volume was reduced to approximately 75ml. The solution was poured into 2M
hydrochloric acid (200ml) containing ice (approximately 300g) and the resulting
precipitate was collected, washed with water and dried in vacuo to a white solid
(5.17g9) m.p. 152-155°C. Recrystallisation of a portion (400mg) from ethyl
acetate gave the analytically pure title compound as colourless crystals (290mg),
25  m.p. 161-184°C, [o)o -27°C (c 0.95).

Intermediate 3: Methansulfonic acid 2-oxo-tetrahydro-furan-3R-yl ester
Triethylamine (1.5vol, 1.1eq) and 4-N,N-dimethylaminopyridine  (0.012wt,
| 0.01eq) in ethylacetate (2vol) is added to a stirred solution of (R)~{(+)-o~hydroxy-
30 y-butyrolactone (1wt, 1eq) in ethyl acetate (12vol) under nitrogen at 20°C +/-3°C.




8. A process according to claim7 wherein the Sgh%ﬁ&&nﬂéeﬁobﬂ t-he oxi dation

step is nethanol. 35 28 Cctober. 2004 19 9. rding to any
one of clainms 1 to 8 wherein the tenperature of step (b) is around anbi ent
tenperature or higher. 10. A process according to any one of the preceding
clainms wherein 5 step (a) is incubated at room tenperature. _
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U c"a] caDPry @cm?eaq\%é?r@aﬁ%ty@]rtﬁ]q:m%#é&g@] dReIUSPERPIOR) ca]
cta U c”a] GghealfiRd at ambient for 5 hours. HPLC analysis at near 5 hours showed

25 95.8area% title compound present in the reaction mixture. Water (70mif) was
added dropwise over a period of 45 minutes. After complete addition, the
mixture was stirred at 20°C for 1 hour and the product filtered off. The bed was
washed with water (2x15mi) and dried at 60°C (house vacuum) for 72 hours
leaving the title compound as a white granular solid (4.66g, 96.5%th).

30
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et 8100 f&grddﬂz O (b ey et ob e Lﬁg@ﬂ@i@fm}%‘}ﬁ%‘{% 0-
i X AoNB7! Ioeike 31301 148roned &1 2mole equivs)) in hydrochloric acid {12 molar,
1.46ml 17.5mmol (1.43 equiv)) and water (8.5mi) over a period of 30 minutes
keeping the temperature in the range 25-30°C. The suspension was stirred at

- ambient for 2 hours. HPLC analysis at near 2 hours showed 98.4area% title

- compound present in the reaction mixture. Water (65ml) was added -dropwise
over a period of 20 minutes. After complete addition, the mixture was cooled to
10°C, was stirred at 20°C for 2 hours and the product filtered off. The bed was
washed with water (2x15ml) and then dried at 60°C {house vacuum) for 18 hours
leaving the title compound as a white granular sol'id (4.65g, 96.3%th).

Example 1D: 6a._ 9Qo-difluoro-118-hydroxy-16a-methyl-3-0xo-17a-hydroxy-
androsta-1.4-diene-17B-carboxylic acid

A suspension of flumethasone (tweight) in tetrahydrofuran (4.4vol) and water
(0.9vol) was stirred at 22+/- 3°C until a clear solution was achieved. An aqueous
solution of periodic acid (50%w/w, 1.33 weights, 1.2equivalents) was added over
- approximately 45 minutes at a rate sufficient to maintain a reaction temperature
of 25+/-5°C. A further portion of water (0.1vol) was added as a line wash and
the mixture was stirred at 22+/-3°C for 2 hours (note, the hydroxyacid product
- starts to crystallise after approximately 4 hour of this stir period). Water (14vol)
~was added to the suspension over at least 30 minutes maintaining a reaction
temperature in the range 22+/-3°C. The mixiure was cooled to approximately 10
°C and stirred for at least 1 hour at this temperature. The solid was filtered off
and the bed washed with water (2x3vol) at 22+/-5°C. The product was dried |

under vacuum at 60+/-5°C to afford hydroxyaéid as a white granular solid
(expected yield 97%th).
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The compound of Example 2 may be prepared from Intermediate 2 following the
processes described in GB Patent No. 22888778B.

Example 3: 6a, 9g-difluoro-11B-hydroxy-16a-methyl-3-oxo-1 7o-propionyloxy-
androsta-1.4-diene-178-carbothioic acid S-(2-oxo-tetrahydro-furan-3-yl) ester
A mixture of Intermediate 2 (1wt), Intermediate 3, and DMF (3.5vol) is treéted
with 2,4,6-collidine (0.268wt, 1.04eq). The resulting solution is heated at 39-
10 43"0 for approximately 4h until complete by HPLC. 2M Hydrochloric acid
(0 2vol) is added and residual ethyl acetate is removed by vacuum distillation.
The solution is warmed to 60°C and water (approximately 2vol) is added over 5-
30 min at 60-65°C, seéding when a fine suspension has formed. The
suspension is aged at 55-65°C for at least 5 min and water (approximately 8vol;
15 total water added 10vol) is added slowly at 49-60°C. The suspension is allowed
to cool to room temperature and is aged for at least 30min (typically overnight).
. The title compound is filtered off, washed with water (3 x 2vol), and pulled dry.

The title_compound is then purified using isopropanot recrystallisation, which
2 20 comprises heating to reflux a suspension of the title compound in isopropanol
{13.4 vol) and holding at reflux for at least 5 miﬁutes. (At this stage the reaction
mixture may be given a hot filtration). The solution is heated and maintained
above 60°C whilst filtered, purified water (5.6vol) is added dropwise over at least
10 minutes. The suspension is cooled to 0-10°C and then aged at <10° for at
25 least 30 minutes. The solid is collected by vacuum filtration, washed with filtered
purified water (2 x 3.4vol) and dried under vacuum using a filter bed for at least |
15 minutes. The product is dried in vacuo at up to 70°C ovemnight. Expected
yield: 99% wiw, 84% theory (uncorrected) from Intermediate 2.
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5 Example was prepared following a procedure analogous to that described in J. -

Med. Chem. (1994), 37, 3717, example 2b, (half scale), which describes
conversion of des-16 alpha methyl dexamethasone to corresponding
hydroxyacid via a cold isolation.

10 A suspension of flumethasone (5.42g, 13.2mmol) in tetrahydrofuran (27.5ml)
and lab grade water (3mi) was treated with an solution of periodic acid (99%
purity, 4.5g. 19.8mmol (1.5mole ecjuivs)) in lab grade water (45mi) over a period
of 15 minutes keeping the temperature in the range 20-30°C. The suspension .
was stirred at ambient for 2 hours and an essentially clear solution resulted.

15 HPLC analysis at near 2 hours shoWed. 98.9area% fitle compound present in the
reaction mixture. The reaction mixture was then added to a stirred mixture of
water (75ml) and crushed ice (125g) over 5 minutes. The suspension was then
stimed at 0-2°C for 10 minutes and the solid was filtered off to give a very
volumous gel (cat Oofnl).

20
This n;:omparaitive example resulted in a voluminous product with a high leve! of
associated squnt and it was not possible to remove this solvent by
conventional solvent removal techniques, such as low temperature filtration. By
contrast, in Example 1A, 1B, 1C and 1D, the title compound was obtained in a
25 relatively low \.folu.m'e (ca 4 ml) as a granutar solid in a form which was readily

filterable. In Example 1 which was performed on a larger scale the same low
volume solid was obtained (ca 32 ml).

Throughout the specification and the claims which follow, unless the context
30 requires otherwise, the word ‘comprise’, and variations such as ‘comprises’ and
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5 The above mentioned patents and patent appllcatlons are herein incorporated by
reference.
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(a). oxidation of a sofution containing the compound of formula (lI) wherein
the solution is formed in a mixture of water and tetrahydrofuran, and;

10 (b). precipitation of the compound of formuia (1) in crystalline form from the
reaction mixture by addition of an anti-solvent under temperature
conditions of around 10°C or higher.

2. A process according to claim 1 wherein the oxidation step
15 comprises the use of a chemical oxidising agent.

3. A process according to claim 2 wherein the oxidising agent is
periodic acid or iodic acid or a salt thereof.

20 4, A process according to claim 3 wherein the oxidising agent is
periodic acid or sodium periodate.

5. A process according to claim 4 wherein the oxidising agent is
periodic acid.

25
6. A process according to any one of claims 1 to 5 wherein the anti-
solvent is water.

7. A process according to any one of claims 1 to 7 wherein the
30 oxidation step comprises an oxidation reaction which utilises air and/or
oxygen.

8. A process according to claim 7 wherein the solvent used in the
oxidation step is methanol.
35
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