18 July, 2006 Novel Process This invention relates to a nqéeh ﬁrggggs for
preparing fluticasone propionate, especially fluticasone t as
crystalline Form 1 pol ynorph. 5 Fluticasone propionate is a corticosterold
of the androstane fam |y which has potent anti-inflammtory activity and
is wdely accepted as a useful therapy for the treatnent of inflanmmtory
and allergic conditions such as rhinitis, asthma and chronic obstructive
pul nonary di sease (COPD). The chem cal representation of fluticasone
propi onate is as shown in the structure below 10 Fluticasone propionate
and nethods for preparing it were first described in British Patent
20BB877 (see Exanple 14 thereof). A crystalline formof 15 fluticasone
propi onate, designated pol ynor phi cNéet Prodess may be obtai ned by dissol ving
t he crude product (obtained eg as described in GB 2088877) in ethyl
acetate and then r emisyisedioh reﬁté&gaaﬁ&@&d@ée@lstﬁpﬁrﬁdénwfxmdagorw ocesses have al so
been shown to b@agngt@egaaaaﬁanméme o ao findE. mwgﬁgm pPhillips et al
(1994) 3 Mgd Chempy p.o &&8541 el e i i

ﬁ el PRI bt er nat i onal

recrystalllsat N
Pat ent Applica é{ 'V' %’gﬁ&”’%’%ﬁ?p&gﬁ?ﬁﬂf f{iitheraryr m of
fluticasone pr H%ﬂ en d@??’g‘ﬁﬁ’f"ea(‘j'dﬁ YHEANHAING sesh_a TSy @Rt coul d be

obt ai ned by suPECIIEP %’F"’“P’?EH’B“W&%‘PH?%GE’E .- Nbarhemicat i on of t he
supercritical '‘@oReEtatiohd fisegone ppRipnatedia ds shown fdhecstretireibelow: t he Form 1

pol ynor ph. *Exanpl e conditions described in 25 W98117676 for preparing Form
1 included co-introduci ng carbon di oxPge sgdrFa sol ution of fluticasone
propi onate di ssolved in acetone via a_C¥ axialonozzle into a particle
generation vessel. Pol ynor phi chdsor ‘W¢-dMQ\Qf fluticasone propionate may

be di stinguished by their XRPD F)H ) m  unrt~gel | di mensions. For
exanpl e crystalline polynorp Ig Eb L hak “@Hnonocl i nic crystal structure

with 30 characteristics as a =7.722 ,b=14.176,c=11. 290 , p=98. 458
By contrast, crystalline Form 2 has an orthorhombic crystal

structure with characteristicsasgfollows: 18 July, 2006 2
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Fluticasone propionate and methods for preparing it were first described
in British Patent 2088877 (see Example 14 thereof). A crystalline form of
15 fluticasone propionate, designated polymorphic Form 1, may be obtained by
dissolving the crude product (obtained eg as described in GB 2088877) in ethyl
acetate and then recrystallising. Standard spray-drying processes have also
been shown to lead to the Form 1 of fluticasone propionate. Phiilips et al (1994)
J Med Chem, 87, 3717-3729 also describes the direct recrystallisation of
20  fluticasone propionate from acetone. Intemational Patent Application
WO98/17676 disclosed a new polymorphic form of fluticasone proplonate,
designated polymorphic Form 2, which could be obtained by supercritical fluid
techniques. Modification of the supercritical conditions could also lead to
generation of the Form 1 polymorph. Example conditions described in
25  WQ98/17676 for preparing Form 1 included co-introducing carbon dioxide and a
solution of fluticasone propionate dissolved in acetone via a co-axial nozzie into a
particle generation vessel. Polymorphic Forms 1 and 2 of fluticasone propionate
may be distinguished by their XRPD profiles and unit cell dimensions. For
example crystalline polymorphic Form 1 has a monoclinic crystal structure with
30  characteristics as follows:
a=7722",b=14176",c=11.290", B = 98.458°
By contrast, crystalline polymorphic Form 2 has an orthorhombic crystal
structure with characteristics as follows:



a =23.404 b = 14.048 ¢ = 7.695 all angles = 90 Pol no hPriEi Peii@i

2Thet aSecondary peaks (02Theta) Form 17.9, 10.011.5,12.4 4. 9, 15.8
Form 27.69. 813. 013. 6-.15. 2- Characteristic peaks In the XRPD profiles are
given In the follomnng table: 5 The XRPD profiles of the two pol ynorphs are
shown in Figure 1. International Patent Application. W00/38811 (G axo

G oup) discloses the crystallisation of fluticasone propionate dissolved
In acetone by mxing with water in the_ presence of ultrasound radiation.

I nternational Patent Application 10 w0t/ 32125 (d axo Goup) discloses the
crystallisation of fluticasone propionate by admtting a stream of
solution of fluticasone propionate in acetone and a streamof water as

anti-sol vent t angambh alply14l0a8 0 ca 78k RAlbAgi&!= g Xi ng  chanber having an
axi al outlet port such that said streans are thereby intimately m xed

through f or et il deBkdffthe XAPDBRES Hé&‘é&f}\)ﬁﬂ‘iﬁ%tfﬁgwﬁaﬁ %E% method for 15
brepari ng 1 paliorpi ﬁ'léﬂiﬂé SfbﬁThefaX‘,ogp&niay F’“‘v etg) ., i ft:;'r

according to t Venrtiro

referred to ast@Hein nrﬁz epk
crystalline hﬂﬂﬂﬁ%rnh|r7ﬁdﬂ&11 whi ch _conp

fluticasone prop| onate in a non-sol vati ng organic liquid solvent with a
non- sol vat i iig OrapeRRTprofilagwl the dwat polyROrph©bre adwntihBgedy. causi ng fl uti casone
propi onate as crystalline polynorphic Form 1 to crystallise out of the
sol ution. Pref er ablijterhdiendd PaeR Rpplication Woa/seBd Grax@@ﬁ@hﬂ@tsclaéémﬁpherl c
pressure suchc{ditsaton®s ﬁﬁ&a‘é&@pr%a@@fsédl\%@llnva%%n ﬁrdah Fitrflamat anbi ent
at nospheri c pIFI% s8n e%?ultT Gumgﬁlai‘ah Vlﬁlte}ngﬁbnglng {&1 idatisH vent and
non- sol Vat' 1%5 él%' §§| Iosgs Fr‘ylrs Ilsallono ﬁmfa}s UI ds Whl ch do not

have a tendenc ﬁ Ll | casone pr Opl onat e.
Exanpl es of ndi P'° Ry, % b XA fipofiitnorttisargetcpionel KBRS hyl acet at o,
ethyl acetate AN grgsoluer fappentially iin W“'E’“Eﬁﬂé“""@s pecial |y ethyl
acetate, nore ¥@ ‘BB?ElhaY"F%F“ﬁé'ﬁ't%PﬁtB%ﬂ{? thatsafdsyARTEe Bprehbie®el at i ng or gani c
liquid anti-sdriestibreughdemaiing of & varieneWe havsdiowdnyentedsy nevamethed fopar ti cul ar |y
hexane, noie pHerarrgfiutigalsgnetpaipivoate as Bystaliokipolymorphic F@tndr is not an organic
| i qui d anti - sol venThusBh@rdimgde the sverdionthdiergprovidet! b@rdcassdhdréioaitet S advant ageous
over prior ar treferred to as “main process®) for preparing fluticasone propionate as crystalline
polymorphic Form 1 which comptises mixing a solution of fluticasone propionate
in a non-solvating organic liquid solvent with a non-solvating organic liquid anti-
20  solvent thereby causing fluticasone propionate as crystalline polymorphic Form
1 to crystallise out of the solution,
Preferably the process is performed at ambient atmospheric prassure
such that the solvent and anti-salvent are liquids at ambient atmospheric
pressure.
25 The non-solvating organic liquid solvent and non-solvating organic liquid
anti-solvent will be liquids which do not have a tendency to form crystalline
solvates with fiuticasone propionate. Examples of non-solvating organic liquid
soivents include methyl acetate, ethyl acetate and pentanone, for example
pentan-3-one, especially ethyl acetats, more especially pentan-3-one.
30  Examples of non-solvating organic liquid anti-solvents include toluene, iscoctane
or hexane, particularly hexane, more particularly toluene. By definition water is
not an organic liquid anti-solvent.
The process according to the lnventlon is advantageous over prior art
processes, for example: It can be performed at ambient pressure without need
35  for use of elaborate apparatus eg to enable use of supercritical carbon dioxide, or
use of ulirasound, or io create vortex mixing conditions. Also in one aspect of
the invention it permits fluticasone propionate to be prepared as crystalline




processes, for exanple: it can be perforned at ambi ent pressure wthout
need 35 for use of el aborate apparatus eg to enabl e use ofl—%sﬁx%@’-gggg cal
carbon di oxide, or wuse of ultrasound, or to create vortex m Xing
conditions. Also in one aspect of the invention it permts fluticasone
propi onate to be prepared as crystalline 18 July, 2006 3 pol ynorph Form 1
directly fromprecursors of flutloasone propionate w thout need for

fluticasone propionate in subtantially Rure formto be Isolated as an
internedi ate step in the process. Thus i't has econom c and ot her processing

advant ages since the nunber of steps in the overall synthesis may be
reduced. 5 One process for preparing fluticasone propionate (hereinafter
referred to a%)o!y%ﬁbﬁ%ﬁn(é)ect?yf%&%ch&&%ofﬁﬂ&%b%r@bwﬁ&mmgndaﬁ fornul a
(11) SH, um-on fa'"ﬂt}ﬁcagc‘;he noﬁamn%wm u?eférﬁhsbmaats% # th a compound of

Lgrgul a Ir_CH2F, 'M%arﬁ%a ggg tﬁggg? f% o'%gﬁ %d%ﬁ?’ mcieSé@ or hal ogen,
gfr

Advant ageous. con e I nvent ed
conprise combi ni ng Wﬁ’ﬂﬂ?g (gl?ereénaggﬂr?feqqqé? eof
optionally in iﬁ’?%ﬁ? }Qﬁﬁgﬁﬁﬁsﬁﬁmggﬁﬁ§§ QHQF@F Bat al yst, a

wat er -i mm sci bl e non-solvating organic solvent and water. Wen a free acid
of conpound of formula (11) is enpl oy 8hen a base shoul d al so be

i ncluded to renove the -SH proton. | bl e ba@es incl ude
tri-n-propylamne, tributyiam ne Pl Q. nate, triethylam ne,

di i sopropyl et hyl am ne and the | |(I,q_p erab(I:‘SI*Hl he water inmm scible

non- sol vati ng organi ¢ sol vent al V&ki ng organi ¢ sol vent sel ected
fromthe list nmentioned abov¢ to benefit fromthe advantages of

process (a) the non-sol vat organyc solvent used in the main
process is preferably the sane solgvent i.e. it is inmscible with water,
and is nost preferably ethyl acetdte, even noreso, 25 pentan-3-one. This
avoids the need for an isolation step.
10  or a salt thereof
with a compound of formuta LCH.F, where L. represents a leaving group mesyl,
tosyl or halogen, eg Cl, Brorl. Preferably L represents halogen, particularly Br,
Advantageous conditions for performing this step which we have invented
comprise combining the compound of formula (li) or a salt thereof optionally in
15 the presence of a phase-transfer catalyst, a water-immiscible non-solvating
organic solvent and water. When a free acid of compound of formula (J1) is
employed, then a base should also be included to remove the —SH proton.
Suitable bases include tri-n-propylamine, tributylamine, sodium bicarbonate,
triethylamine, diisopropylethylamine and the like.
20 Preferably the water immiscible non-solvating organic solvent is a non-
solvating organic solvent selected from tha list mentioned above. So as to
benefit from the advantages of process (a)} the non-solvating liquid organic
solvent used in the main process is preferably the same solvent i.e. it is
immiscible with water, and is most preferably ethyl acetate, even moreso,
25  pentan-3-one. This avoids the need for an isolation step.
As used herein, substantially immiscibie solvents provide two phases
when the solvents are mixed and have a low level of solubility of one in the other
eg the solubility of one solvent in the other solvent is less than 10% w/w,
especially 5% w/w. Examples of phase-transfer catalysts that may be employed
30 include tetrabutylammonium bromide, tetrabutylammonium chioride,
benzyttributylammonium bromide, benzyltributylammonium chloride,
benzyitriethylammonium bromide, methyltributylammonium chloride and




As used herein, substantially inmscible solvents provide tw ph s when
the solvents are m xed and have a low | evel of solubility J Hkiﬁﬁuihe
other eg the solubility of one solvent in the other solvent is |ess than
10% w w, especially 5% w w. Exanpl es of phase-transfer catal ysts that may
be enpl oyed 30 include tetrabutylammoni um brom de, tetrabutyl anmoni um
chloride, benzyltributylamoni um brom de, benzyltributyl ammoni um chl ori de,
benzyl tri et hyl ammoni um bromi de, nethyltributyl ammoni um chloride and 18
July, 2006 4 nethyltrioctyl ammoni um chl oride, preferably

benzyl tri butyl ammoni um chl ori de, benzyltriethyl anmoni um brom de,

especi ally benzyltributylamoni umchloride. Preferably the phase-transfer

catal yst will Rgm@iBbadadordiin é}rbnaéremab%e&zyuﬂbﬁm#n%ohﬁmﬂom conpound of
formula (11), gsRAGLH lédfmén uh?t%%mﬂ@ ebpecidhyehYitr a‘ﬂh‘ﬁbqiuﬁ-n(&%bnd-ghe advant ages
of this process ! nCFJréf bl& QQ aa:»gﬁrarﬁs ?Eﬁtﬁly@?wﬂq)gﬁ d anaamo Jﬂ%f transfer
catalyst in th%mo?"?gase ogc?nggoun oé@r:'ra 23 Ii,x ﬁgerma n)f » Rarll aster

reaction rate reI s o the I nvention

Include the ¥ Hé"f fluticasone propi onate as crystalline pol ynmorph Form
1 may be 10 |sol at dBe &fvpipges ! his Biopes inclupe ip toct 189 OPreseALe °f t hout need f or

an i nt er medi at Rhas¢ ansiar ¢aipiystin &g reastiongmigyre resyitsja A sigpicaptly faskest t he use of
met hyl et hyl kieadinerate relgtiugita ksabsante. Qthertagdvantagbsdf thedavertioningluda hyl acet at e
i ncreases t he thataet thdt fluticasoné pmplonBleasfchystalineiymenbrFfopn bmay B2 pr oduct present
in an organd c ipdkascEdifectlylfiomitirgalkyhionzovere sthdubeet $or pn infeematizkey | Ncreased i n
purity by washiongiohbtegt |y Wi th aqueous acid eg dilute HCl in order to
rempve am ne CONMPOWRGHheSddehiadS islthdt By SMhdif dfilketsHelop aRiioPH! et hyl am ne
e A ;;' o and then v r
proguc no
Erecursor 950%90%9 (Tg Feggéhl jif %@by &m ﬁ' g er 20 (whi ch may
e separatéed fr tpst §l Ao NS LR I g}y%qe nmeans, eg
by running it 8fdf 'BP’E?’&?E?H] V° YR EPPHIE § 'FW"\"S n (optional 'y
under reduced 98 ?tB’}'a"EiE‘?Q‘F’PEhBéY'i’Rj"?ﬁe@‘a‘f"@H""ﬂnpqueﬁsﬁ@ S?CQba"ﬁ’l c anti-sol vent
according to PREWHEINSSMER aguporrdnes edrdiugiipribonath pordente rFRYENt i on provi des

a process for apy apeaciedgrechaericempayngof formula (). The washed organic layer
20  (which may be separated from the more dense aqueous layer by conventional

means, eg by running it off) s preferably concentratad by distillation {optionally
under reduced pressure) before being treated with the organic anti-solvent
according to the main process described above.
Thus the invention provides a process for preparing fluticasone
25  propionate as crystalline polymorphic Form 1 which comprises
(a) reacting & compound of formula (i)
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30  or a salt thereof with a compound of formula LCH.F wherein L represents leaving
group optionally in the presence of a phase transfer catalyst, a water-immiscible
non-solvating organic liquid solvent and water;



25 propionate as crystalline polynorphic Form 1 which conprjses (

reacting a conpound of formula (11) 30 or a salt thereof W&iﬁﬂgbé%#g%und of
formul a LCH2F wherein L represents leaving group optionally in the
presence of a phase transfer catalyst, a water-inmm scible non-solvating
organic liquid solvent and water; 18 July, 2006 5 (b) optionally increasing
the purity of the fluticasone propionate in the organic |ayer by
perform ng one or nore aqueous washing steps; (c) separating the organic

| ayer fromthe aqueous |layer and optiondlly concentrating the fluticasone
propionate in the organic layer, 5 (d) mxing the solution of fluticasone
proplonate in the water-imm scible non- solvating organic |iquid solvent
present in the By gasptendlip)Gloasirg the ity @Nths Mlitiéadons BroplSHBAR S olgafidli d

anti -sol vent t hgeeBperdigtie bt térb GRRORSvARAIAP bt Q&&t e as crystalline
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formula (Il %gmé e "" § ‘g hr ple °pé°"8‘8#f$‘8%}°{6‘9 sS‘P'ﬁﬂonpoulnl 1) 15
with an activat@¥ge 799 i c\'z' o PBFANHA Me osaants %&“ﬂ?@ﬁpﬁ‘wﬂ‘%l oride. The

activated der {PaRIF icuantigphugt E‘H’PBV Rusing {ipticasogeprapienatsasiseysialisg oyed in at

| east 2 tinmes ﬁewra?rph'aﬁ%rmhttnyry?t@!-satopt\péthp@olvm conpound of fornula (111)
since one nol e of tAnsordiaglpannior angirdcbssps &g s Whsctibed ineG HhPilissistia/inoi ety and
needs to belor eli$Ped Mey Chem Fps17-OFe\WSipatead, 3% 18 € (GaIGraup Likitetd)ny| am ne.

Thi s met hod f ocorbdeandsrat framiai (Ipmayie pPEpard b feadfing2@oipsumt bBoriufh) suffers from
di sadvant ages, (ijowever, in that the resultant conmpound of forrmula (II) is
not readily purified of contam nation widh tghe by-product N, N

di et hyi propananm de. W have therefore invegted an i nproved process for
perfornm ng the conversion to prepg[e con®alnds.gd¥ fornula (11). O her
processes for preparation of flutl p| onate and rel at ed conmpounds
are described in 25 Israeli patept ”c! ﬁ0409656 Chei nagi s),

W01/ 62722 (Abbott) and Kertesz¥ & vaf x (1986)° J Org Chem 51, 2315-2326.
Thus according to the inventi gy s al so provided a process
(hereinafter "process (b")) POr Preparing a é8npound of formula (I1)

E

15 with an activated derivative of propionic acid eg propiony! chloride. The activated
derivative of propionic acid will generally be employed in at least 2 times molar
quantity relative to the compound of formula (M) since one mole of the reagent
will react with the thicacid molety and needs to be removed eg by reaction with
an amine such as diethylamine. This method for the preparation of compound of

20 formuia (11} suffers from disadvantages, however, in that the resultant compound
of formula (1) is not readily purified of contamination with the by-product N,N-
diethylpropanamide. We have therefore invented an improved process for
periorming the conversion to prepare compound of formula (Il). Other processes
for preparation of fluticasone propionate and related compounds are described in

25  Israeli patent application 109656 Chemagis), W001/62722 (Abbott) and Kertesz
and Marx (1986) J Org Chem 51, 2315-2328.

Thus according to the invention there is also provided a process
(hereinafter “process (b")) for preparing a compound of formula. (i1)



18 July, 2006 6 or a salt thereof which conprises: 5 (a) _reactin

conpound of fornmula (I11l) with an activated derivative of cidin
an amount of at least 1.3 noles, 10 suitably at |east 2 noles, of the
activated derivative per nole of conmpound of formula (Il1) and; (b)
removal of the sul phur-1linked propionyl noiety fromany conpound of
formula (11A) 15 18 July, 2006 7 so fornmed by reaction of the product of
step (a) with an organic primry or sqgondary am ne base capabl e of
form ng a water sol uble propanam de which nay then be renoved by one or
nore aqueous washing steps. In step (a), exanples of activated derivatives
of proplonic acid Include 5 activated esters or preferably a propionyl
hal i de such as propionyl chloride. Thiss rgaction I's conventionally
perfornmed in the presence of an unreactWe orgagpic base such as a

triC 4al kylam ne eg triethylam pe, trimL&QMmggugg} or tributylam ne
gri- E_IprIam'ne. Sol vents for

especially triethylam ne, nore esp¢

this process include substanti a . I, scible organic liquid
sol vents such as 10 et hyl acefaty brfet hyl aCetate or water miscible
organic liquid solvents suc acet one, N, N-di net hyl f or mam de or

N, N- di met hyl acet anmi de, espe€i aff y>gcetone.™® In step (b), exanples of

organic primary or secondary am ne base capable of formng a water sol uble
propanamni de i nclude am nes which are nore polar than diethylam ne eg an

al cohol am ne, eg diethanolam ne, or a diamne for 15 exanple

N- et hyl pi per a2 8% er abl y, N- et hyl pi perazine is enployed. It nay be
conveni ent to WHE@MPESaShe amine in small vol ume of an organic sol vent

such as net han®) . TeastingareoRsuURRSismMie @Y eps may suitably be perforned with
water or dilute acid eg dilute HCl or acetic acid. In these steps, the nore
dense aqueous |ayer may be separated frqg (4 organic |ayer by

nder gravity.

....uu\“\OH

with an activated derivative of propionic acid in an amount of at least 1.3 moles,
10 suitably at least 2 moles, of the activated derivative per mole of compound of

formula (1} and;

{b) removal of the sulphur-linked propionyl moiety from any compound of

formula (11A)

(NA)

15



| Preferably steps (a) and (b) are performed at reduced te grgturg Eg 0-5 C

| Compound of formula (11) obtained fromprocess (b) nmay be

| conventional techniques. However preferably, and in order to derive maxi num
25 benefit fromthe invention, the solvent used in step (a) of this process
Is a substantially water imm scible organic liquid solvent, nore
preferably the sanme solvent as is used in step (a), and even nore
preferably the sanme solvent as is used,ii n the main process as well. In
this way it is not necessary to isolate 'the conpound of formula (I1) in
solid formfollow ng process (b), although it may be 30 preferable to
concentrate the conpound of formula (II) I n the organic solvent by
conventional tesRRlaisSeatfhnds Hhl ],[i "wag\fé? W&J reduced pressure.
Thus the sol ven ,Acetate, even
nor e preferab? %??‘&éﬁ'e 1ﬁegba§£§e§ba§ ”ﬁ“n !ap ?efb? 'ﬁ'nswﬂ}%rtal ning to the
conversi on of f'ﬁ § @Wﬁ&ed%gn%f’”@éﬁﬂﬂ F‘f "&5 t he gla{@ound of formula
(11) and salts ther&gfP &haxampiesiokpqtivated farivatiyes ? will be well
known to pefsofdvaied esteszrirpiqrpily aprepionykhalide spch qsrﬂr@??ﬂﬂ&h't’@ﬂelgt'ﬁ ate the
conpound of f ofeatlicaiscpmventoghlivipetiermedis thepresence gbanveregctiyeiorgeiipal f eat ure of
t he i nventi on basepadhlas adiG; editylagiretegittllaminenriprepyiaming cor dributyleminecessary) it
may advant ageoespbyialip giethglainiat atore Bspatigly trior-propianines @oivehtefoywkal | | ne 40 sal t
rat her than thgodescincioRrsnbsiditialffwated ninidodie(ordahic lidiiesdpemt etiched salt is forned
18 July, 2006 shyradebatPorPmafy sddfald diWatdi hiScl SEHiAIGY sawBnR@uci dsl et hyl am ne,
2, 6-di met hyl pygdodhd) § N-d.h're@&mmwegsrm«%am aéMatnﬁdeO%p@é{él Wpigepeci al | y

Rhorkil I bidd ) are nore

trlethylamne Suc ;ﬁ%})
stable, more repgid o bl Gl &5 9@;. e il @b 1 hi gher

purltythanthe n eferred salt is

:
OB e gy °'érn'ae f"& grrm'%ea?&a Pty B, of
interest. the TBNNBNHEPyPReRZg) Breferably, hYRiRePANSdRTRIPXAH i solated with
hi gher  ef fi ci'8H®f coREReN e dgssive ﬂ@famﬁ'P |'rbﬁma&mlurm of @B gganic sghept exanpl e, t he
process for t Hechaxregianak ITheagfeoyshmsnmyiers may atitably berpgrdermiadivithdi scl osed in
G H. Philli ps vateabr iit@edi¥ eg tiuta) HlodadBiveatid3 Th th@se 5epQ TROmoravgisees t he
i sol ati on of tdgeecps ykraiaybe eepasdedioet tonedanktiaer Bysthemiondhe product so
prepar ed i so exédhaigidsysg dinhing 6tilihdet gradityl ter. In
Preferably steps {a) and (b) are performed at reduced temperature eg 0-5
°C.
Compound of formula {lI) obtained from process (b) may be isolated by
conventional techniques. Howaever preferably, and in order to derive maximum
25 benefit from the invention, the solvent used in step (a) of this process is a
substantially water immiscible organic liquid solvent, more preferably the same
solvent as is used in step (a), and even more preferably the same solvent as is
used in the main process as well, in this way it is not necessary to isolate the
compound of formula (M1} in solid form following process (b), although it may be
30 preferable to concentrate the compound of formula (Il) in the organic solvent by
conventional techniques eg distillation optionally under reduced pressure. Thus
the solvent used in step (a) is most preferably ethyl acetate, even more
preferably pentan-3-one.
Further genera! conditions pertaining to the conversion of the compound
35  of formula (Ill) to the compound of formula (ll) and salts thereof and the isolation
of the end product will be wall known to persons skilled in the art.
it itis intended to isolate the compound of formula (I1) (although as noted
above a principal feature of the invention overall is that such isolation is rendsred
unnecessary) it may advantageously be isolated in the form of a solid crystalline
40 salt rather than the free compound of formula {I1). The preferred salt is formed



contrast, the conpound of formula (11), when prepared in 3 Fa e Wi th
the present invention, is far easier to fitter. Further u.u,“ﬁh cess
of the present invention may al so offer inprovenents In purity. 15 One
such process conprises treating the organi c phase containing the conpound
of formula (I1) with a base as to precipitate the conpound of fornmula (I1)
in the formof a solid crystalline salt. Exanple bases include
triethylamne, 2,6-dimethylpyridine, Nethylpiperidine or a basic

pot assium salt eg potassium hydrogen carbonate. W claima conpound of
formula (1) isolated in the forn1of 20 a solid crystalline salt as a
further aspect of the Invention. i s additionally advantageous to prepare

and use the CO ,&e%[m ds i C']tgylétllzjlén)ineatﬁetﬁjﬂarhlﬁ% ,@@zdh@nyipgtidine’. H. Phil [ ps

etal (1994) J or ,t fffthé?%r&uhbe beRRkahsen of a
conpound of f of ml f Ial a amor eOHB%rQ |Iy\?{e aﬁdélr*ewand&ﬂﬂ""ever the
physi cocheni ca|° B'b ?tf 6 2{7 ) L/ ) so prepared
result in a pr eg\ﬁl 8@30;& (f H%t X The
advant ages éonP@fefré‘éiS%‘ySY‘ﬁéa“ﬁ? P’ tf"ﬁWEi’S'f' P?}?ﬁgf?'oﬁ S P{ of the
conmpound of foinmsh (111) include its properties as an ea5|l repared and
rapi dl y-filterabl e, Theaghpouncheffetmul (Ihmay advantagpossypeieriaied wih ound of
formula (I11) effiviériog than bympeans df priayart reendpdey. Fias exiroria, Hedracpsietife salt by
aci di fi cati on, plpdratd ottkeoghpeuni df loryalfiipdisdosed ip Gidi RbilipFatal F€4tor e, t he
conpound of jof oom&f@hé:hb#)37$p372dew\medmimuamﬁn@mmmctfrpmranty The i mi dazol e
salt of the CORRRIMBAARE sbRRThaprbduol do praPaisd Rexpermpditicllt 1o fiet. as ed, and
stored for subggg ia'ﬁz obrl?joﬂ%ﬁnmm%ﬁ&Jr&:rarefdfwaccara&ibamﬁthen of the

?ia enji

conpound of for 1) §r5dcaabitveirdsent t he ini dazol e
salt of the coﬁﬁy ?ﬁar Fn%eﬁggepre%ar ed aMﬁJrusgd 35 directly

as a wet cake | re'W roConv é@ﬁ ormula (Il
thus avoi di'ig t he %&%é? PHense %%agc%E@ ?'9 é reac'gl 031
It is consi der ERiMPEHMEOf fgaulR H%%?@egﬁptpre&'ﬁm? %ffor ormula (111)
is new and actibindiafgimorpspidenaiaiing sate Famplshasesire le H'eﬂ?{\?@ﬁ'? ion. There is
al so further pbdimetietyriding: deatiwipippdineton a bagicnelassiin §aft FPOETREYT i dazol e sal t
of the conpounbydeiger gardankig, WROBEN 8 coraporn o trmyle fIf) isairter inghele®xd conpri ses
the reacti @p of sdlid cospinesdi aé a fuahenaspmot(of ¥ inventiplh car bonyl di | m dazol e and
hydr ogen sul phi de. 13 additionally advantageous to prepare and use the compound of
formula (lll) as an imidazole salt. G.H. Phillips et al {1994) J Med Chem 37,
3717-3729 disclose the preparation of a compound of formula (lil) from a
compound of formuta (IV). However, the physicochemical properties of the
25 compound of formula (111} so prepared result in a product which has a very low
speed of filtration. The advantages conferred by the preparation of the imidazole
salt of the compound of formula (lll) include its properties as an easily prepared
and rapidly-filterable, easily handled and stored source of a compound of formula
(111, which compound may readily be obtained from the salt by acidification, for
30  example with hydrochioric acid. Furthermore, the compound of formula (lli) so
derived is of enhanced purity. The imidazole salt of the compound of formula (11}
may be prepared, isolated, and stored for subsequent use in the process for the
preparation of the compound of formula (ll) as described herein. Alternatively,
the imidazole salt of the compound of formula (lIf) may be prepared and used
35 directly as a wet cake in the subsequent conversion to a compound of formula (1)
thus avoiding the need to dry the imidazole salt before further reaction.
It is considered that the imidazole salt of the compound of formula (lll) is
new and accordingly forms a further aspect of the invention. There is also further
provided a process for the preparation of the imidazole salt of the compound of



Typical ly, the conpound of fornula (1V) and between 1.1 and 2&
. . : T !ﬁ!gi 2006 . | o4

equi val ents, suitable 1.8 equival ents, of carbonyldil mda

in a suitable solvent, for exanple ethyl acetate containing between 0 and
2 vol., suitably 0.5 vol., of N Ndinethylformamde, at a suitable
tenperature, for 10 exanple 18-20C, for a suitable period of tine, for
exanpl e one hour. The resulting suspension is cooled to a suitable
tenperature, for exanple -5 to 5C, SU|tany -3 to 3C, and hydrogen

sul phi de gas introduced over a period of?15-60 minutes, suitably 20-30

m nutes, while the suspension is stirred. The reaction mxture is stirred
for a further peri od of about 30 mnutes at -5 to 5C, warned to 15 about

10C over a peri and tlrr t 90-120

m nutes. The prgﬁﬁyf rgc}%sm: q} X “E?f?cﬁ?nto gt% %n u"‘g?fjf%{mg\fﬂ?l&ébl e
tenperature, sUlta 9&@ sond 8 %FQB PPy 15C, washed with a suitable
solvent, for exanple ethyl acetate, and dried in vacua to yield the

i m dazol e salt of the conmpound of fornuP- PHI ). 20 The conpound of
formula (111) is a nonobasic acid and th%P=fore woul d be expected to form
an imidazole salt wherein the stoiHoQi opetireefOihe i ni dazole salting

noi ety to the conpound of formula Qh pr oxi mately 1:1. However, it
has surprisingly been found thatz gitehi-ometyy of the im dazole salting
noiety to the compound of for ) may be up to and including 4:1.
Therefore, for 25 the avoida t, thguxterm"imdazole salt’
enconpasses i mdazole salts o t he @onpound of formula (I1l) and
associ ati on conpounds of the conpounfi of fornmula (I11) and imidazole
wherein thesstoichionmetry of the imdazole noiety to the conpound of

formula (111) is Upl‘ybu@aﬂﬁriﬁ’eéoﬂ’%&}@'c@ﬂnﬁﬂé]{iV}Wb&NéHﬁmfﬂn&Q% to 4:1, suitably
1.8:1to 2.5 1eqm;esegasrrmb¢ep§ .vuémgco%a QB bk ifa 1 1t Will be 30
under st ood t haguﬂablgs(;, ﬁt &P éc Q&e Atgm.? Eét\ﬁee\‘l%la“3§ vo,exact numeri cal
values are to Q%i therefrom

Preferably, Smﬁ% EF j?%pn g ?ﬁﬁm?E;Fﬁ@{ tesses descri bed

herein is used as an | re"aﬂ? ngHourt Theas al so been
determned to B&Y H?PF%\ iu§°°l°6t?)‘t‘ %‘empﬂﬁw@a@bﬁ@mp'ﬁré&%ﬁate directly
from the conpothfaPbr3 ip GiGrandhydogyn sulRbide gpg inducedivueriagsfiont 9f 4661 any

I nt er medi at e ciffiensulabRd)-Aamiyiss vdile tha stspengondeatived. | Thelreadtongr eat er
mixture is stirred for a further period of about 30 minutes at -5 to 5°C, warmed to

15 about 10°C over a period of about 20 minutes and stitred at 6-12°C for 90-120
minutes. The product is then isolated by filtration, at a suitable temperature,
suitably 5-25°C , preferably 10-15°C, washed with a suitable solvent, for example
ethyl acetate, and dried in vacuo to yield the imidazole salt of the compound of
formula (Ii1).

20 The compound of formula (i) is a monobasic acid and theretore would
be expected to form an imidazole salt wherein the stoichiometry of the imidazole
salting moiety to the compound of formula (I} is approximately 1:1. However, it
has surprisingly been found that the stoichiometry of the imidazole salting moiety
to the compound of formula (lif) may be up to and including 4:1, Therefore, for

25  the avoidance of doubt, the term “imidazole salt* encompasses imidazole salts of
the compound of formula (lil) and association compounds of the compound of
formula (111) and imidazole wherein the stoichiometry of the imidazole moiety to
the compound of formula (M) is up to and including 4:1, for example 1:1 to 4:1,
suitably 1.8:1 to 2.5:1. An example of a typical stoichiometry is 2:1. It will be

30  undarstood that, in the context of stoichiometric values, exact numerical values
are {0 be construed to Include nominal variations therefrom.

Preferably, the compound of forrnula (fll) used in the processes described
herein is usad as an imidazole salt.



efficiency, ease of operation, and the avoi dance of handli and age of
5 chem cal internediates. This process conprises the one-p&hﬂﬁé@—@éi on of
the compound of forrmula (IIl) fromthe conpound of forrmula (I1V), foll owed
by in situ conversion to the conpound of formula (I11), followed by the
reaction of the compound of forrmula (I1), wthout Isolation (as

her ei nbef ore described) to form fluticasone propionate. 10 Accordi ngly,
there is provided a process for the preparation of fluticasone propionate,
froma conpound of formula (1V) wi t hout Psol ation of internediate
conpounds, which process conprises the preparation of the conpound of
formula (I11) or a salt thereof fromthe conpound of fornmula (I1V), followed

by in situ conversL % 4 bga?a&amgy{a%egavampé&m il anuh&sme conpound of

formula (11), er.s of formula
(1) to flutic i io% 9% é/m he {?n&%ﬁqmagﬁ?ﬂt ag'fhgmqr(’ﬁ \5@%@@0 for exanple
a mxture of et \éﬁ 658 %ngﬁ - Qe H‘Pﬁ%clf F@f%ﬁ?ﬁ’b"é" 808219k ded

sequential ly tc? angyrgase i operafion, Biciheavoldpnge OW@GHEF’ Bpregefinul a (1) and

N, N' - car bonyl dich¢fiesh itsrmaediatess gius prrresscermriises thejoreeprot prepasetion 6tthe s stirred at
a suitabl e t enmsemeqund ef formpia (Ekizamihe cargpoa@Rf fapmula B followsd dy ot t o give a
pal e yel | ow solcanvietsion tofthecapowtd o formuga () éoliowesidly ek reactierbofttiee 25C, sui t ably
-3 to 3C and hyodnogechofsarniiia e, witibinlisathtibraOhegdintctoes @atritbi)anfoamer 15- 60

m nutes, suit alfiltitaidOs BQpitaatdit es mai nt ai ning the contents at 122C. The
resul ting suspensi Qitcordingly, ttiekeidl pRliddeledfrodadd fothd Hopdi@ion SPruliedomd Nut es and
then 25 pl aced plpifdte, m%rc%souv.awu,muw wm]oadfg»f&nasafr G&iaiseed and stirred

vigorously fo rﬁ&%ﬁs m&ld?&%smé ﬁse\é n‘aﬁon cﬁﬂ efd and the vessel
g;;ggfiew; geﬁtﬂfonwg(u )opgﬁamﬁave&ge § o gﬁe P icons
m neral acid, r Co%g?rsf?ﬂ ﬁﬁﬁ}i’mﬁﬂfﬁ‘?ﬂg‘?ﬁ“lﬂlﬁ t‘é@re '?Pd'" ?fé?f"\ﬂ}ﬁ @ The

resul ting 8l ullYPIPE NSk pamersian of ﬂB‘{?"HﬁEP“gG femula (Wg fllepsose added over 2
m nut es ensuri W@P'f"ﬁ&c the reaction tenperature remains at 0-5C. The
solution is stirredyrigalp sgeblgselvents fsr exrgiplecimidvrie gbetbid destiate ander about 5
m nut es keepi niy:Ndirpethdforoteimisle ast added@qudrtialy soanlttingte masre dithe  al | owed to
warmto about &@r@osntidf Striuta @) antl NiNVeabdngidimtiderbld (@3d).0Thed@silidg m nutes. The
sol ution i g0t hespasioh Bdtirea dda béians tbmboiRitd)1or PlaRploazizoe pRegrdt 35 keeping the
reaction at O-&feholfi@gicdd pid Riow Solkibh. THRGoRfons thén Bl @ity 20 ninutes and
then bronof | uogseeRLRBNC:¥EEEN Rydfogeh Bide bRMIddtRBugh HFschbtdvePn 1S
15-60 minutes, suitably 20-30 minutes maintaining the contents at 12+2°C, The
resulting suspension is stirred at 12+2°C for a further 90-120 minutes and then
25  placed under moderate vacuum with a slow nitrogen bleed and stirred vigorously
for about one hour. The vacuum is then released and the vessel purged with an
inert gas, suitably nitrogen. A suitable solvent, for example 3-pentanone is then
added and the slurry washed with aqueous mineral acid, for example 2M
hydrochloric acid and then water. The resulting solution is cooled to 0-5°C and
30  tripropylamine added over 2 minutes ensuring that the reaction temperature
remains at 0-5°C. The solution is stirred at 0-5°C and propionyl chloride added
over about 5 minutes keeping the reaction at 0-5°C. The soiution was then
allowed to warm to about 10°C and stirred at this temperature for 90-120
minutes. The solution is then cooled to 0-5°C and 1-methylpiperazine added
35 keeping the reaction at 0-5°C. The soiution is stirred at 0-5°C for about 20
minutes and then bromoftucromethane added in a single portion. The solution is
allowed to warm to ambient temperature and stirred for 16 hours. The solution is
then washed sequentially with dilute mineral acid, for example M HCI, water,
aqueous base, for example 1% NaHCO; and water and then concentrated by
40  atmospheric distillation to about 80ml and then cooled to 90°C. The solution is



allowed to warmto anbient tenperature and stirred for 16 hours. The
solution is then washed sequentially with dilute m neral Jal 0 xanpl e
| MHC, water, aqueous base, for exanple 1 % NaHCO3 and water and then
concentrated by 40 atnospheric distillation to about 80m and then cool ed
to 90C. The solution is 18 July, 2006 Il seeded with fluticasone propionate
(Form1) and then a suitable antisolvent, for exanple toluene added
keeping the slurry at about 90C. The slurry is then concentrated by

at nospheric distillation to about 8 vol* The slurry is then cooled to
about 90C. Toluene is then added over 20 m nutes keeping the slurry at 5
about 90C. The slurry is then cooled to about 10C over 90 m nutes, aged at

about 10C for ' ed. Ksohb&, ashed with a
i ol M L s S o 1
and sucked dry. € g onv e

i nvention will %@cel"ﬁ“o tfyraé’f‘%sﬂrprﬁt"'la{g'g?a Bc‘fog ?ﬂeeéllﬁﬁ‘g%%gggxam| es:
EXAMPLES  Generi@Poout By Talynog fsthen aofed arsQmilps et "8 t he cheni cal
shifts are 515 a5RP8%s dhe pHMbip R epoiaditeabopl 0f pYes AR TINER 808t The

fol | owi ng abbr epputt Pier appet ong bat ancghendidterpd. hEhecake iFRIEAMIES ti es of the
signals: s (si rayitable)solvent,forauivhmie ) mixturg of Bipghtanone andtolugRAi ¥edd, m

(rmul tiplet), dduéeadhl ghe adid dehdnldaeddy, conlaotiopaloebhet of doubl et of

doubl ets), dt (doublet of triplets) and b (broad). LCM5 was conducted on a
25cm X 0. 46¢gm | ner t gid invoRin il BaiustliedWith ratétarle td the lwindExaBites:0. 1 % Formic
acid in 3% net hanol (aqueous)} (solvent A), and 42%{0.1 % Formc acid in

3% net hanol (agstpmiEsile)} (solvent B), using the follow ng elution
gradi ent 0-40 ﬁ% 40-60 mn 5398, 60-75 mn 8798, 75-85 mn 4298 at
a flowrate of I n. The mass spec re.e a HP LC/ vsD
spectromet er using é'{n'g'?ftsf’%cérﬁl’”ﬁ r %quﬁf{/%g%ﬁﬁgg“ﬁ%%%&%% 2295 (ES+ve and
ES-ve) Liqui’d EXpreisad Bg’P@lﬁﬂ?'Vﬁ HEHRPE AR s ﬁ%‘ﬂf@?@@”@ﬁa' NSHL cm X 0. 46 cm
| D packed wi t h Us%f tp descriks the ppjtipliottiesof thesioeals: ¢ (SingleRi ¢ Hovid: FEPIEBwi ng
aci di fied nobial(euapiihse@wutigen . Adi(dnyblet of peublets). ided|(dapiet sfdqublptat - Acidifi ed
Met hanol : Aci dibfitiless], df\ctoalplet of triplets) and b (broad).

LCMS was conducted on a 25¢m X 0.46¢cm Inertsil ODS-2, Sum column

20  eluting with 58% {0.1% Formic acid in 3% methanal (aqueous)} (solvent A), and
42% {0.1% Formic acid in 3% methanol (acetonitrile)} (solvent B), using the
following elution gradient 0-40 min 42%B, 40-60 min 53%B, 60-75 min 87%B,
75-85 min 42%B at a flow rate of 1 ml/min. The mass spectra were recorded on
a HP LC/MSD spectrometer using electrospray positive and negative mode

25  {ES+veand ES-ve)

Liquid Chromatography (Method A) was conducted on a 25 cm X 0.46 cm
ID packed with 5um Inertsil ODS-2 column eluting with the following acidified
mobile phases:
Solution A;  Acidified Acetonitrile : Acidified Methanol : Acidified Water

30 (42:3:55)
Solution B:  Acidified Acetonitrile : Acidified Methanol : Acidified Water
(53:3:44)
Solution C:  Acidified Acetonitrile : Acidified Methanol : Acidified Water
- (B87:3:10)

35 {where acidified acetonitrile comprises of 0.05%v/v Phosphoric acid in
acetonitrile (0.5 ml in 1000ml), acidified methanol comprises of 0.05%viv
Phosphoric acid in methanol (0.6 ml in 1000ml) and acidified water comprises of
0.05%v/v Phosphoric acid in water (0.5 ml in 1000ml)}.



30 (42:3:55) Solution B: Acidified Acetonitrile : Acidified Mthanol
Acidified Water (53:3:44) Solution C Acidified Acetonitr - fied
Met hanol : Acidified Water (87:3:10) 35 {where acidified acetonitrile
conprises of 0.05%/v Phosphoric acid in acetonitrile (0.5 nm In 1000m),
acidified nmethanol conprises of 0.05%/v Phosphoric acid in nmethanol (0.5
m in 1000m ) and acidified water conprises of 0.05%/v Phosphoric acid in
water (0.5 m in 1000m)}. 18 July, 2006,12 The follow ng el ution gradient
0-40 min Solution A (100%, 40-60 mn So fution B (100 9%, 60-75 mn
Solution C (100%9 and 75-90 m n Solution A (10099 was run at a flowrate
of 1.0 mM / mnute at oven tenperature of 40C Liquid Chromatography

(hethoa ©) vas @%@% %"?ﬁ’&"‘“’? : dg%‘f"w%g"fm% ?ﬁﬁ?ﬁy;?ﬁ?ﬂf

Acetonltrlle:O0. a#mq
vol unme Sol ution "Hd quri" f-um di hydr o
or t hophosphat e é?OOéﬁﬂJ' WBhVI(NEthP%PH"(ﬁRA"H “@P‘lu?’] BHPaiglesnt t 0 15m n

Sol ution A (100% H’ﬁﬁfﬁb'ﬁG?'P'B%e'ﬂmgMtotb'e%l'owimcmembﬂso| ution B
(100% and 45- GWaﬁ?ﬁ‘\ Solution A (100% was run at a flowrate of 1.5
m/mnute at oveputios fiperiseignitiledT.0580aGuedve bnmagjup dinprsgener e obt ai ned usi ng
Mettl er Tol edo ¢rhephopmiatei (BfESpby vlunappar at us. 15 XRPD s were obtai ned using
a Phillips X peSdutibB powstenitithiolfsMaghamek@monilmtiyddydh at es i nternedi ate 1:

6a. 9a-dif| wor corhdt@dpharape:su) Bxvlumbl6- hvdr oxy- 16a- net hyl - 3-

oxo- andr ost a- 1. the@iiBRiRg dnifn gRkBRIMNSRI bPA?@o#‘} 3244 inslibn 2

9a: di 1 uor - 11,dol Qtﬁiyﬂﬁ%ﬁf&@(ﬂ@ ; R Solin &,100% s

andr ost a- 1, 4- di 0854t B grateupe naccordancd with the
procedure desc 8he (73 6 mM) is treated at
-5C to -6C MW Pb'P T ?ﬂé’rF PHERG RO &IPRMEAWMS- i nut es.  The
sol ution swere thamed usin aPhllllstpert MPD powder diffractometer. '

Intermediates
intermediate {: 60, So-difttroro-170-(1-oxopropoxy)-11B-hvdroxy-16o-methyl-3-
oxo-androsta-1,4-diene-17f-carbothioic acid
20 A solution of 6o, 9c-difluoro-118, 17o-dihydroxy-16a-methyl-3-oxo-
androsta-1,4-diene-17B-carbothioic acid (prepared in accordance with the
procedure described in GB 2088877B) (7g) In acetone (73.6 ml) is treated at -5°C
to -6°C with tristhylamine (10.9 ml) over approximately 15 minutes. The solution
is stirred at -5°C to 0°C during the addition followad by a wash with acetone (2.8
25 ml). The resultant suspension is further cooled to -3°C to —7°C and treated with
propionyl chloride (6.2 ml) over approximately 30 minutes, maintaining the
reaction temperature at -5°C to +2°C. Acetone (2.8 ml) is added as a line wash
and the solution Is stirred at -5°C to +2°C for a further 2 hours. The resultant
suspension is further cooled to -3°C to ~7°C and treated with disthanolamine
30 (23.8 mf) in methanol (20 ml) over approximately 30 minutes, maintaining the
temperature at -5°C to +2°C, Acetone (2.8 ml) is added as a line wash and the
solution is stirred at -5°C to +2°C for a further 30 minutes. The mixture is
quenched into water (135 ml) maintaining the temperature at -5°C to +5°C,
. Acetone (5.6 ml} is added as a line wash and the mixture is cooled to 0°C to 5°C.
35  Concentrated hydrochioric acid (65 ml) is added over one to two hours
maintaining the temperature in the range of 0°C to 5°C followed by addition of
water (125 ml) maintaining the temperature at <5°C. The mixture is stitred at 0°C
to 5°C for 15 minutes, the product is filterad off, washed with water and dried
under vacuum at approximately 45°C for 18 hours to give the titlg compound as a
40 white to off white solid (7.91 g, 99.5 %).




Is stirred at -5C to OC during the addition followed by a %@zg E acet one
(2.8 25 mM). The resultant suspension is further cool ed t and
treated with propionyl chloride (6.2 m) over approxinmately 30 m nutes,

mai ntaining the reaction tenperature at -5C to +2C. Acetone (2.8 nml) is
added as a |line wash and the solution Is stirred at -5C to +2C for a
further 2 hours. The resultant suspension is further cooled to -3Cto -7C
and treated with diethanolamne 30 (23.8 m) in nmethanol (20 m ) over
approximately 30 m nutes, maintaining the tenperature at -5C to +2C.
Acetone (2.8 m) is added as a |line wash and the solution is stirred at
-5Cto +2C for a further 30 mnutes. The mxture is quenched into water

(135 ni) maint gng Fwenmﬁm{eem% Rt 486.2 1p2leOnafedbiar otleRi e (5 6 ) 1
added as a |inggy Eture I's cooled to OC to 5C. 35 Concentr at ed
o

hydrochl oric a r |nta|n|ng t he
tenperature |n W%%ifg i_we EW g%ﬁﬁsi wat er (125
m ) rralntalnln ‘ a7 3t "Ed at 0C to 5C
for 15 ninuf es It ﬁé(m’ dct! (BH shil1¢ &b @) HPF Hm?a%c?% d4d3r and dried
under vacuum at approxi mately 45C for 18 hours to give the title conpound
as a 40 white EWELJ&LMM[QW%H-DMDQ@OMNMWMOG 13 HPLC

¥ Ata 2cid s eyl eatedr & N m

retention ti nmeamibsRy AG9ic B : 3 @ pteand 1 z
467. 2 (negatlvggmemaud!aaxanmgntpm ﬂDI\/SOde) 7. 27 (1 H d, 10Hz) 6.34 (1H,
d, 10Hz), Gel4 (1Ha sSl)mon5f&3,Qécblﬂubro-‘ld&-ﬁ-&oﬂﬁpdxﬂ)t‘i1Bd§lﬂc)xy-1‘$a-27 (1H, m 2.40
(2H, g, 7Hz), Retifl3dxddnddetd 1 :IIQ{Ienel‘r?ﬁ@a&J&Hoic adld Q)Juor&m@ﬁyl bshertth. 5?}7 1.51 (3H,
s), 1.14 (3H )e arl-d ﬂ%ccfo?ddncetwnthz rmcegurgge l?hlddb@Phill al (EQ’SQW e 1. 6a.
9a- Di f | uor o- 17 PE%O éeod(g % ol
androsta- 1. 4- usi ng ethy
acetate 25 sq \9/:{96 dk’ adgrho rox'r%é&%%ﬁl % q@mﬁ% (8$ 'ﬁ 8hétof 6a,
9a-Di f UOI’ a m&qr? urﬁ>9 BS? m emlxturs IS
met hyl - 3- oxo- aﬁqa‘f' ?P&f‘i 1o aag EI%“?”&%‘P%‘FWFO‘P&Q%E’PM“@&W“ oronet hyl ester

(5.5Q) (prep%@?qwhdé&myb%’ﬁ@?”\m‘%ﬁ (3 ne mpra dried Abarpesialayed° Gy Phil | i ps at
at (1994) in Jor Rihauretvagive tizitle oqppuRyaEa) whiits seid HGPBmER¥At e (300 nl) is
reduced i n volNMRanmysis vexealkdnodiolyétioh lobthe prodicoardXRPOyanalpdisdopfiB@ and i s
treated w tth heaoc{=8pahorpvBsrmatt 15 | east 30 minutes maintaining a
t enper at ur e ofHRLPPétentbMBHEAB5208hs. The m xture is

NMR (DMSOg) 7.29 (1H, d, 10Hz), 6.34 (1H, d, 10Hz), 6.17 (1H, s), 6.00 (2H,

d), 5.68 (1H, ddd), 4.26 (1H, m), 3.40 (3H, s), 2.40 (2H, q, 7Hz), 1.80-2.30 (5H,

m), 1.52 (3H, s), 1.14 (3H, s), 1.07 (3H, t, 7Hz), 1.05 (3H, s), 0.94 (3H, d, 7Hz).

25

androsta-1,4-diene-178-carbothioc acid S-fluoromethyl ester {using ethyi acetate
as solvent and toluene as anti-solvent}
A solution of 6a, Sa-difluoro-17c-(1-oxapropoxy)-11p-hydroxy-16c-

30  methyl-3-oxo-androsta-1,4-diene-178-carbothioic acid S-fluorcmethyl aster (5.5g)
(prepared in accordance with the procedure described by Phillips et al (1994) in J
Med Chem, 37, 3717-3729) in ethyl acetate (300mt) is reduced in volume by
vacuurm distillation to 32ml. The reaction mixture is treated with toluene (80ml) and
further disfilled fo a total reaction volume of 32ml. A further portion of toluene

35  (40ml) is added at 60°C and the mixiure is cooled to approximately 10°C. The
mixiure is aged at this temparature for approximately 1 hour and the resultant
precipitate is collected by filtration, washed with a mixture of toluene and ethyl
acetate (in the ratio 5:1) and dried at approximately 50°C for 12 hours to give the
title compound as a white solid (4.70g, 85.4%).




aged at 20C for 1 hour and the resultant precipitate is coi!%FEed Bﬁ
filtration, washed with 1:4 ethyl acetate/hexane (3 x 5 d at
approximately 50C for 12 hours to give the title conpound as a white solid
(5.068, 92% . NWMR anal ysis reveal ed no solvation of the product and XRPD
anal ysis confirmed 20 the product as poiynorph Form 1. HPLC retention tinme
at 35.2 mins. NWR (DvsQd6) 7.29 (1 H, d, 10Hz), 6.34 (1 H, d,10Hz), 6.17 (1
H s), 6.00 (2H, d), 5.68 (1 H, ddd), 4.26 (1 H m, 3.40 (3H, s), 2.40
(2H, g, 7Hz), 1.80-2.30 (5H, n), 1.52 (% 1.14 (3H, s), 1.07 (3H, t,
7Hz), 1.05 (31-1, s), 0.94 (3H, d, 7Hz). 25 Exanple 2: ba.

9a- Di fl uor o- 17a- ( 1- oxopr opoxy) - 11 B- hydr oxy- 16a- net hyl - 3- oxo-

andr ost a- 1. 4- di RMB-ahdifsisiaVdart hb Sbiatici dt thePrddlist QhPRBB M ¥aly8E L&firiddSi Ng et hyl

acetate as sol M@?Fad@d@gsﬁ méfheoRs 12Nt i - sol vent) A solution of 6a,
9a-di fl uoro-17a- ( 1- oxopr opoxy) - 110 "hydr oxy- | 6a 30

nmet hyl - 3- oxo- an ot hi cid -f | uQ qret hyl ester
(5. 50) (prepar%ﬂﬁ% Jﬁ““’db'%g‘*%ﬁ?u. ; ‘”S POLAOKS: Phi | 1§ ps et
al | (1994) i f IR SRl I b-eaBeiiicic 8502 . S Sl acels

reduced in vol uffe HEON
treated with tol uenés '8’('33’?105 e%ﬁﬂ'd'"ﬁ‘?l?‘t'%ﬁ %P@?HOM)ééjﬁ"tW“a(Yﬂ@!-al reaction

vol ume of 32mi. methy ﬁﬂ‘h@’rdf%@rﬂ denect7Bicerbetbinie add Sfld@omsthyl ssterdcigd at 60C and
the mixture is (wepiredinaccordapreorihiie pedopdur® @sciitiee by Filiiset @l (1984pigdd at this

t enper at ur e 1f orMeFeoxITraT FHI724) imahp adatath (Bitamiy ie disdilbdgots2mporedpi tate i s

col | ected by f itlebtedivittOso-octins (BaahVdviiat RastBXiniltes PhintbRhy 8 RenpaRliret hyl
acetate (in thefaprdxnalely2b°caNte tikuRslis Ak that R l@d(io@&tﬁllré’acmgoﬁjﬂé fl2 hours to
give the titl %pﬁmaupéznwmmb&ﬁm%%o@mﬁ adfifis ol .ﬁnﬂéfl' y, 2006 14
NMR anal ysi s r%ﬁ@é%@o&i&bﬁ% Y&'&n‘ma‘?é’l\hfb rnﬁ 90,1;" 3y E)raefurg ysis

confirned {he a
esu re p ! ed y ilitration,

9a-Di f | 17 518
aﬁdr ostgor104 d?’enh@%gggﬁﬁ: 3& "yf.acce @aﬂ §H85‘8’?edl‘?é"t“h fo 20118 ysi ng et hyl
acetate as sofURIA! appEXimat ?ﬂ:?&?’ié hours 19.giye the,Wtlg sampound agf whiteon of  6a,

9a- di f | uor o- 17890 {38 PR5pEYy) - 11 5- hydr oxy- 16a-
met hyl - 3- oxo- aff '&S'S_Lfe!ﬂalﬁdé'ﬁédﬂ@l efdhdomedvcigind XBEP dndlysfs gufiroadet hy|  est er
5. 5¢ 20  the product as polymorph Form 1.

Example 4; 60, 9a-Difluoro-17o-(1-oxopropoxy)-118-hydroxy-16o-methyi-3-oxo-
androsta-1,4-diene-~17@-carbothioic acid S-fluoromethyl ester (using methyl
acetate as solvent and toluene as anti-solvent
25 A solution of 6a;, Sc-difluoro-17a-{1-oxopropoxy)-11B-hydroxy-16a-
methyl-3-oxo-androsta-1,4-diene-17B-carbothioic acid S-fluoromethyl ester (5.5
g) (prepared in accordance with the procedure described by Phillips et al (1994)
in J Med Chem, 37, 3717-3729) in methyl acetate (300 ml) is distiled to 32ml and
treated with iso-octane (80 mil) over at ieast 30 minutes maintaining a temperature
30 of approximately 20°C. The mixture is further distilled 1o a total reaction volume of
approximately 32ml. A further portion of toluene (40ml) is added at 60°C and the
mixture is cooled to approximately 10°C and the mixture aged at this temperature
for approximately 60 minutes. The resultant precipitate is collected by filtration,
washed with a mixture of a mixture of methyl acetate and toluene (1:5 ratio)
35 (32ml) and dried at approximately 50°C for 12 hours to give the title compound as
& white solid (5.06 gm 92% th).
NMR analysis revealed no solvation of the product and XRPD analysis confirmed
the product as polymorph Form 1,




(prepared in accordance with the procedure described by Ph'! | I ' ﬁs gt gt

(1994) in J 10 Med Chem 37, 3717-3729) in ethyl acetate (

distilled to 32mL vol and treated with iso-octane (80 m) over at |east 30
m nutes maintaining a tenperature of approximately 20C. The m xture is
further distilled to a total reaction volunme of approximtely 32m.. A
further portion of isooctane (40nl) is added at 60C and the mxture is
cooled to approximtely 10C and the m xtyre aged at this tenperature 15 for
approximately 60 m nutes. The resultant precipitate is collected by
filtration, washed with a m xture of ethyl acetate and iso-octane (in the
ratio 5 to 1) and dried at approximately 50C for 12hours to give the title

conpound as a Wkdble 8% ﬂzfJIﬁu&PJ‘D?a—(Q%x&%DBm-ﬂ16%0%@%0%5&%-5- gal ed no
sol vation of t hagn#sadvGlieAn T BRI R fﬁron% ! re Flusifas IEceEtE-OdUCt as
D o Bt Oehe ang am of et c;ir bot hi oi ¢ a;:: d

15- hvd 16a-
vdr oxv- 16a Aol PP BRI BIHIORHA of uane. as

S-fl uoroneth es
anti - sol vent 2 ﬁyigsé )igtainfy sta;f 4 ne-17ﬁ-carbothto£c acld (Intermediate 1) (3.7g} in

9a-di f | uor o- 17ad$'31 a&%i‘;%ﬁ‘@ ’6&?’)‘1"1&1‘1’31%}'63(9&"%@*‘ benzyitributylammonium
met hyl - 3- oxo- an€feside {.57 9kand tristhidaning (-0} ardthei rditere epeled3o 6 Gior onet hyl ester

(5.5 @) (prepaPeaoiugromsthenal@ic) iswddad nkistalpinge eddioetethperatuielned by Phil | i ps
at al (1994) i #ppixivEtEyCHEMThEMixtudIdWandFe PoiCroverat dtyd araitietradugan 300 m ) s
distilled tao32sgspamsidn istsequaitiaty wishdd with 0-5MIE @D INSELIdR3 mpvekwat | east 30

M nut es nai Nt ai ajusls Bodi@NBIEIHRIEE Boldidn gﬁxz@m)rémwaamws %QCTheThe mxture is
further distil I@glanthayenaeépaiateaﬁﬁ&m% Ao tlonaﬁ\ptﬂaé h 32ml. A
further porti Orbtmac.reﬁké’(g@ﬁll (AR g ﬁ/@ é@f& a2 4l ﬁ&ﬁ" romma)% ure is
e e I 8 tst\ l

cooled to appr%jug@tog e grature for
appr oxi mat el y T hE gr'f"gur?:'(ﬁl ?%%t%d b
fﬂot ration, Wag JE%,% &%O ' .

1’$ aé’d 92’f" ?5130 VS pndiest at e and
toluene (1:5 r &%ﬂggg "éFR)‘“'{iI‘t‘tf’secEIr ha fesultaRt REsGintale is Spllestsdby or 12 hour s
to give the tit t'@t’ Ayith k4 ety Regtateheane @ xEanibadgiedatos t h) . NVR anal ysi s
reveal ed no sol3PBPYHA eb’@ﬂf@:’ 1§heera i giverip tepoColnd 8551 white eelidi r ned  t he
product as pol i B5-Féwim. INMR grdysisyeveaio@toe sivatonanfiib eroBuct 6t 9a- Di f | uor o- 1
7a- ( 1- oxopr ¥poXPProabélysis/ehntinned e aratedt By pel@dncphFormndr ost a- 1
4-di ene- 176-carbothl oic acid S-fluoronethyl ester (using ethyl acetate
This example proved equally efficient for the synthesis of the title
compound when repeated using benzyl tributylammonium bromide as phase
transfer catalyst or replacing the base with either diisopropylethylamine or
25  sodium bicarbonate.

Example 6: 60, Yo-Difluoro-17a-{1-oxopropoxyl-118-hydroxy-1 6a-methyi-3-ox0-

androsta-1,4-diene-178-carbothioic acid S-fluoromethy! ester (using ethyl acetate
as solvent and toluene as anti-solvent)

30 A solution of 6o, 9o-difluoro-170-(1-oxopropoxy)-11p-hydroxy-16c-
methyl-3-oxo-androsta-1,4-diene-17B-carhothioic acid (Intermediate 1) (3.7g) in
ethyl acetate (167ml) and water (13.5 ml) is treated with benzyltributylammonium
chloride (0.37g) and triethylamine (1.3 m}) and the mixture is cooled to 5 °C.
Bromofluoromethane (0.5 ml) is added maintaining a reaction temperature of

35 approximately 5 °C. The mixturs is warmed to 20°C over 2-3 hrs and the resultant
suspension is sequentially washed with 0.5M hydrochloric acid (23 mb), 1 %w/w
aqueous sodium bicarbonate solution (3 x 23 ml) and water {2 x 23 mi). The
organic layer is separated and the aqueous layer is optionally back extracted with
ethyl acetate (30 ml). The combined organic layers are distilled to an approximate

40 volume of 22 ml and toluene (54 mi) is added. The reaction mixture is further




as solvent and hexane as anti-solvent) A solution of 6a,
9a- di f | uor o- 17a- ( 1- oxopr opoxy) - 1113- hydr oxy- |1 60C 5 18 July, 2006

met hyl - 3- oxo- androst a- 1, 4-di ene- 170-carbothioic acid (I nternedi ate 1)

(3.79) in ethyl acetate (167nl) and water (13.5 m) is treated with

benzyl tri butyl ammonl um chloride (0.37g) and triethylamne (1.3 nl) and the
m xture Is cooled to 5 T. Bronofluoronethane (0.5 nm) is added mai ntaining
a reaction tenperature of approxinmately 5 C The m xture Is warnmed to 20C
over 2-3 hrs and the resultant 10 suspension is sequentially washed with

0. 5M hydrochloric acid (23 m), 1 %W w aqueous sodi um bi carbonate sol ution
(3 x 23 M) and water (2 x 23 m). The organic layer is separated and the
aqueous | ayer Iastmtbgw le¥ctBR e brdxitonizomi. Aalrngl perebat e (30 m ). The
conbi ned Ofgamtﬁ Efn%l Ahe3bhrbl el &%@n@ﬁ@ﬁ%@i@&&lsd‘(&' ume of 22 i

and furt her 2%1 e 18 nﬁi t%hlsq %dattgg- ?adﬁ'&l‘ﬂde ;D%I’I{%UICQRA ed to 15
h

approxi matel y | o) ix m nut es and
the mixture ig® aﬁp p 8?%; Yf;gg r e g Fecipitate is
col l ected by’ f3vEfytacgite WH@H f ms‘@%?‘l’; H >'2§ 2 (3 x 5n)
and dried at éBﬁWﬁW#ﬁ-@M@SM’P“ﬂ%’"%&ﬂ% B"”gl%?rﬁ ®fitle conpound as
a white solid rp@aRdgo sugligoaithg)prodNpiRNAKRBIPE analysip sepimeddrarsedd vati on of the
product and 20 aéRPBmembFysils confirnmed the product as pol ynorph Form 1.
This exanpl e proved equally efficient for the synt heS|s of the title
conpound when reaMe j AR jexas phase
transfer catal ygﬁamga 1148488 at

or 25 sodium blaggtgggggg,@emdf%
fl uoro-17a- (1 oxopr g g ,9 ¥ pREpolyh 1 Xy-160-
androsta- 1. d'n‘%‘e”n 4 g‘ﬁ ot 4de% a7 &:»?OI&‘Q& (%% Mﬁen‘ﬁan 4 1)(!S! . Et hyl
acetate as, SO wat r( 3 benz ltnbu§ %IIIIIS)I‘FI] of 6a,
9a-di f | uor o 175 a°8t>? iil ggf Y
met hyl - 3- oxo- ar?B o3 P) dd'i' mipo {133 ol . ?ﬁ“ﬁﬁ”@ IsgoPlgd I gsnPEr medi ate 1)

(3.79) in et h)ﬁm"éﬁ‘,lé?rﬂ’f“ﬁha@im ) is afidpd fsintsining paeagtiqpitgmperaiie oot od wit h
benzyl tri butyl awrexmalely 5 s Tbp mirirg is warmey t ool BB ApPAHAESE'eNt3 i) and the
m xture is coolsespensionds @auenBily washbd withohad hiraehi¢rg agd (ﬁS)ml)i $%¥thed mai nt ai ni ng
a reacti on 1oenpquatissadivafbicaboraEpsobion(k 83 yl) BndivateFkRx 28w} Jhe i s warned to
20C over 2-3 hiogjanio Gyérivsepaaed dndffie agsetBpRAS iswptianally badeeirdctee ity washed wi t h
0. 5M hydr ochl okthg aa3&htd (d029). The combinkibiganiciERiAS it tolan dppeaimainat e sol ution
(3 x 23 nl) andoumd @fr22é'r?aﬁ8 tredteduith isol&tfane (54mi) over at least 30 minutes

maintaining a temperature of approximately 20 °C. The mixture is further distilled

25 1o a total reaction volume of approximately 22m, cooled to approximately 10 °C

and aged at this temperature for at least 30 minutes. The resultant precipitate is

collected by filtration, washed with a mixture of ethyl acetate and iso-octane (in

the ratio 1:5) and dried at approximately 50°C for 12 hours to give the title

compound as a whits solid (3.4g, 92.3%). NMR analysis revealed no solvation

30  of the product and XRPD analysis confirmed the product as polymorph Form 1.

androsta-1 4-d|ene 17ﬁ-carboth|orc acid S-ﬂuoromethy_l ester (using a ssngl

solvent to avold isolation_of intermediate 6o 9a~d1ﬂuoro-170c— 1-0X0opropo
35

A solution of 6¢, 9o-difluoro-11p, 17a-dihydroxy-16a-methyl-3-oxo-
androsta-1,4-diene-17f-carbathioic acid (prepared in accordance with the
procedure described in GB 20888778) (7g) in ethyl acetate (350 ml) is stired at
20 to 25 °C and treated at 0 to 5°C with triethylamine (10.9 ml) over

40  approximately 20 minutes adding further ethy! acetate (56 ml} as a line wash. The



organic |l ayer is separated and the aqueous |ayer is optio lLy. b

extracted wwth ethyl acetate (30 m ). The conbi ned organ@iﬁ%@%ﬂe
distilled to an approxi mate 40 volunme of 22 ml and toluene (54 M) is
added. The reaction m xture is further 18 July, 2006 16 distilled to a
total reaction volune of approximately 22nml. A further portion of toluene
(27mL) is added at approximately 60 C and the m xture is cooled to
approximately 10 C and aged at this tegperature for approximtely 1 hour.
The resultant precipitate is collected by filtration, washed with a

m xture of toluene 5 and ethyl acetate (in the ratio 5:1) and dried at
approxi mately 50C for 12 hours to give the title conpound as a white solid
(3.1g, 83.7%. rdRnd&l3hersiosis B aRbIeEoNE °C Bl -vat atiteafedite product and XRPD
anal ysi s confi npmgag QﬁorHE%jzuElF ove@ﬁpd?&&rﬂ(dw %Iﬁﬁé%&ntaﬁﬂgﬁ?@@' e 7.6a 9a
Dif l'uoro-17a-( ch% RPE ARBXY o %f agéﬁé‘teasqﬁi 9B4daY bs Sufsh aadr ost a- 1

4-di ene-176- Carthesto |o(?13§: tlrrgd 10& r?etrs uitﬁh{s' ng et hyl
acetate as solven ith Ieﬁ-n%néfgrhi%' of 6a,

9a-di 11 uor o- 173@@5&%#@&59@ °1§§‘ﬂ

met hyl - 3- oxo- afR&e] I Methangl {20l o @PéﬁFﬁﬁyﬁmeteﬁdﬁ‘ﬂ“@?"@g?g&I nt er nedi at e
1) in 15 et hyfempestug & Pi%‘?rf’@)caﬁ viRgatale (§mik's gdded s ¢ ineywas Wi th

benzyl tri but yI thersolbtianrs SirTpdati-8 €C 100:23¢ fpr a 9"t319|'TEﬁ“F?;?{ é?ﬁ‘ﬁéc'Q €53 m) and the
m xture i s cool#ds addedsm@ntainiBy thetsmpastuee theaage E0-55C it 32 iCsovadded mai nt ai ni ng
a reaction menperadrotey tf minatppandtharatulibng sispasion lsaged att-6 @t *Gar med t o 20C
over 2-3 hrs apdafiéet 10afikktésa WaterS305AIRE atdaa over apeopinedly €0 injputemshed with 0. 5M
hydrochl ori ¢ agagitafng #d dmpetatd®inthe2@ngti €6°¢%0 $80 abthdbrgadibprass e sol ution (3
x 23 ) and Walsgrard &f‘ld%éslmd)mthm%r 39%@2‘2 q‘héﬁ%%us fasasp@r ated and the

I 0 t 30 m Th
ggﬁgf’ﬁ:d g?’;;nbﬁuoﬁéﬂgbé’cﬂ% a\éte %ﬁ et 8": N caa‘fnlgir% ﬁe(of 22)n1 e

&l Snidle
and treat e(ll {: mblne otgamcgéts?ss;ﬂ; nce ra egtoaa%f) R 18 g i nt ai ni ng a
t enper at ur e of ?)tPBQ?e m‘ﬁ‘? °H‘? e§ U{%"E’ ""Eil stilled 25 to a
total reacti ont"SRFANHR waler (3% P‘Boﬁeﬂﬂf"&“?"""ﬂmumﬁ'&% oroximately 10 C
and aged at t hiigfhyamigril dmirapd thg mbgyre s gepiyd Y %W%‘""W péERI t ant
preci pi tate i smigHdadonaindpining afrpactipretemieamturalaneraxivpieln 5. &t ure of et hyl
acet at e ando! swixuctiawamed to 2010nyen2ad lirp arkd thy resulient syspendionis appr oxi mat el y 50C
fod 12 hours tseqoentialy washed witH (25M byinqohionivcheid $23amivih awéy spieous s@umg, 92. 3% .
NVR anal ysi s rigssfhae sik@ios @Ix\e8imi)Gid water (2 x 23 ml). The organic layer is
separated and the aqueous layer is back extracted with ethyl acetate (30 ml). The
combined organic layers are distilied to an approximate volume of 22 ml and
25 further ethyl acetate (7 ml) is added. The mixture Is cooled to approximately 20 °C,
hexane (42 mi) is added over at least 30 minutes and the mixture is aged at 20 °C
for 15 minutes. The resultant precipitate is collected by filtration, washed with 1:4
ethyl acetate/hexane (3 x 5 ml) and dried at approximately 50 °C for 18 hours to
give the title compound as a white solid (3.54q, 95.7%).
30

The process was successfully repeated when pentan-3-one was
employed as solvent in place of ethyi acstate.

35 androsta-1.4-diene-17B-yl S-(1-oxopropoxy) thioanhydride
A solution of 6, 9o-difluoro-11p, 17o-dihydroxy-16a-methyl-3-oxo-

androsta-1,4-diene-173-carbothioic acid (10g) in acetone (125 mi) is cooled to

approximately —5 °C and treated at 0 to ~5 °C with triethylamine (16 ml) over

approximately 15 minutes. The suspansion is treated with propionyl chloride (8.5
40 ml) over approximately 90 minutes, maintaining the temperature at -5 °C to 0 °C



30 of the product and XRPD anal ysis confirmed the product | y h Form
1. Exanple 8: 6a. 18 July; 80k
9a- Di fl uor o- 17a- ( 1- oxopr opoxv) - 116- hydr oxy- 16a- net hyl - 3- oxo-

androsta- 1. 4-di ene-17B-carbothioic acid S-fluoronethvl ester (using a
single solvent to avoid isolation of internediate 6a.

9a-di fl uor o- 17a- ( 1- oxoor opoxv) 35

116- hydr oxy- 16a- et hyl - 3- oxo- andr ost a- 1, 4- di ene- 176-carbot hioi ¢ acid) A
solution of 6a, 9a-difluoro-110, 17a-di hydr oxy- 16a- net hyl - 3- oxo-
androsta-1, 4-di ene-17(3-carbothioic acid (prepared in accordance with the
procedure described in GB 20888776) (7g) in ethyl acetate (350 m) is
stirred at 20 &M B sdhtion stifedat &Pcad 0 & foba afthem hburk.l TiRtrbactidm ne (10.9 m )
over 40 appr oxi gBhued ¥ gLQedThtBQMf?ﬁdraéﬁ@rI@gcﬁM‘?érﬂ%ve%ﬁbﬁlnu@QSﬁcﬁh@ (5mM) as a
line vash. The L8 Jilder gng;J poidl f, éb:‘&&hc&éﬂﬁdﬂé&é’i‘ﬁr cool ed to

:agprco;?n;aZeIC an as%%ﬁh 50 sﬂﬁ)%ﬂa 8&@&8 QL %t rofi 4@“% 0 42 C
Et hyl acetat ﬁlir)m'fs O g\ aM& ?Ng@%‘? gﬁ'gw%ﬁ%'dé B8 s stirred
at -5 Cto +2 }or further 2 hours. The resultant 5 suspension is
further cool ed HJC '3(9“‘("15‘“"‘?605%%(?%5&% RWivh di et hanolanmine (23.8 m) in
met hanol (20 m §HS V@R H 8% Heft Bb\B: 80%nEniteieSeS regdines &i 611834 H he
tenperature at 656G, 6d%2 C. Ethyl acetate (5 nl) is added as a |ine wash
and the sollut i MR (BVSQEN7a7d1Htd, 1dizC68s (HRd,G0Her 6.1 fikr$)fe81 (39, mi nut es.
Acetic acid (29), 595 (1Hsdday detl(1spin)) A0 (BH) g, 7H3E 2000136 (4M, th),a.85(1H,he range of
-5 C to +2 C ousy 1.8D(120R,96h ltrm. 8), Y22 Qi) wh 3280, infl@.doeisusl(gignt  suspensi on
I's aged at -5 Guf@aglaHCy, 7ugf at least 10 minutes. Water (30 m) is added
over apprOX|natefy 10 m nutes nalntalnlng the tenperature in the range of
-5C to +2C and g be ) ( : r M.t h water (3 Xx
50 m). The .u h et hyl
acetate (120 n > C n|c phases are
concentrated to ag ? t-HEEe-3 ! Py dowt- Q% PIFFRIPBH A bel ow 10 ©).
Appr oxi mat el y &ifeeng- ?a’?ﬁ"y'lcﬁ'é’d (Be o8 Ao 9§kﬁ"€h°’f"8?f'y|d§“'d?zr°lﬁé?5é@9w th water
(13.5 nl), ben?;ﬂlﬁﬁq'%b@fylsﬂiﬁaﬁmﬁthuﬁ@ﬁﬁ%%@WWT%H@"’"@’W% hyl ami ne (1.3
m) and t he20ri Xt74me)) 4t£0 5 63% fouBl roinBesC, ThBsesperision s aonied todlie ap@hg nl) is added
mai nt ai ni ng a betgl stined at @efFErvatist hpdragen agphidedl e 0E3yndkE) is Atided26a m xture i s
warmed to 20C awsimersdt glass dip ppetovbiB2 nfiitdesl (TAGbatchUs gtitles ki 8°8 forgequent i al | y
washed with 0. sddubsschiaeiad g€ orf boImindids Bid)stirrdd &Hek WroxEEBIABOF 300 UM
minutes. The product is coliected by filtration (Whatman 54 paper) and the cake
25  washed with ethy! acetate (2 x 105 mi}. The product is dried under vacuum at
approximately 20°C for 20 hours to give the title compound as a white to pale’
purple solid (47.7g, 98.5%th).
NMR (MeOHas) 0.86 (3H) d, J=7.4 Hz; 1.11 (3H) s; 1.20 (1H) m; 1.61 (3H) 5;
1.62-1.82 (3H) m; 2.14-2.25 (2H) m; 2.33 (1H) m; 2.54 (1H) m; 3.19 (1H) m; 4.26
30 -(1H) ddd, J=11.2,4.0,1.8 Hz; 6.57 (1H) dddd, J=49.0,11.6,6.8,1.9 Hz; 6.32 (1H)
m; 6.35 (1H) dd, J=10.0,2.0 Hz; 7.35 (4H), d, J=1.0 Hz (imidazole); 7.41 (1H} dd,
J=10.0,1.4 Hz; 8.30 (2H) t, J=1.0 Hz (imidazole).
MP 120°C {decomp.)

35  Example 11: Preparation of a solution of 6c., Qu-difluoro-118,17a-dihydroxy-160-
methyl-3-oxo-androsta-1.4-diene-17B-carbothioic acid from 6e, 9¢-difluoro-

118.17o-dihydroxy-16a-methyl-3-0x0- androsta-1 4-diene-178-carbothioic acid
imidazole salt (1:2)

60, 9a-Difluoro-11B,17a-dihydroxy-16a-methyl-8-oxo-androsta-1,4-diene-

40 17B-carbothioic acid imidazole salt (47.7g) is stirred in ethyl acetate (811ml) and




bi carbonate solution (3 x 23 mM) and water (2 x 23 nm). The qrganjc. ] ayer
Is separated and the aqueous |ayer is back extracted mdtﬁgaﬂéﬁiéﬂgéeue
(30 mM). The conbined organic layers are distilled to an approxi mate
volunme of 22 mM and 25 further ethyl acetate (7 m) is added. The m xture
I's cooled to approximately 20 C, hexane (42 m) is added over at |east 30
m nutes and the mxture is aged at 20 C for 15 mnutes. The resultant
precipitate is collected by filtration, washed with 1:4 ethyl

acetate/ hexane (3 x 5 m) and dried at %pproxinately 50 C for 18 hours to
give the title conpound as a white solid (3.54g, 95.7% . 30 The process was
successful ly repeated when pentan-3-one was enployed as solvent in place

of ethyl acetayg s ERANR £ chiedt815 DtDold BRLA Wyaoe&o%eeqm W - 11
B- hydr oxv- 16a- g‘?%ﬁqe%a o R oAl E.ama]y et dong Fekdr OxOPT 000xV)

thloanhydrlde qu
f3,17a-di hydro W@e elgye&%esaé’ﬁ éﬁ Eﬁg?ééum%q f(rzegr bothioic acid

B¢ g C and treated at 0
to -5 Cwith trlethyl amne (16 m) over approxi rrately 15 m nutes. The

(10g) in acetoﬁ b?ti'ﬁ'gaﬁ'f’)s aghed ygi wghr

suspensi on i s Alteseatyepigeaddrepr opi onyl chloride (8.5 40 m) over

approxi mat el y 90 miGeRoedifluongdit fyi Zoi-giydtpxy- Has-methir8oxt-endeostat 1.4-ger@-t o 0 C 18
July, 2006 1s aTfdcartinthigiodcigtimidazolessalt (47,7g)dslstived inpe@an-gofe (@54ndrard f urt her 2
hours. The r eatikisospensiordé ctoled tos SR03IC £ M hndrachBNE dvjadessritlivadded aed d (470m )
over ten niput g nvse ids8rrediGSpproamktels HeNRiRGbDdNoldig agrEr tighabic C f or 30
mnutes. The PrAEe I THeSaybhs bie@bffated dnd th RAoNdidn?r watres (3 x 125m ) and

dried under vaglitmidl aadi Uv%bémﬁlﬁvéf 8; for 15 hours to give the title
conpound as a white glg]ep o W\ e°t 'Jﬁ éﬁ% o- %qé‘?;d'hﬁ“’* Iig/c rSetgna:%)on
'°'°‘§' “"‘Z' M‘?%Wéba) 7.27 (1

time 40.7 m nsmg'gg_a_ox ea os;?ui | T,
C27H34F2 OBS re
H d, 10H2)? sigg f"f’ Hﬁ 'ﬁ?fil?? inp ‘é tféhe(aP°Y$ acigficalign goqolIEy gy 5 65 (1 H,
ddd), 4.37 (1H 245 (4H 1.85 (1 H m,
1.87 (1 H m, Eam 1, 9 '. fa-{130xpproy Hy, 0:90-1.05
(6H m, O. Qzeg]gro@J ,MQge-ﬁ@;carbothmlc acid S—ﬂuoromethy_l ester
6a, 9a-Difluoro-17a-{1-oxopropoxy)-11B-hydroxy-16a-methyl-3-
20  oxoandrosta-1,4-diene-17B-carbathioic acid imidazole salt {1:2) (13.3g) was
suspended in 3-pentanone (200ml) and washed with 2M hydrochloric acld (60ml)
and then water (60ml). The resulting solution was cooled to 3°C and
tripropylamine (14.0ml) was added over 2 minutes ensuring reaction remained at
3+2°C. The solution was stirred at 3:2°C and propionyl chloride (5.3ml) was
25 added over 5 minutes keeping reaction at 3+2°C. The solution was then allowed
to wamm to 12°C and stirred at 12+2°C for 90 minutes. The solution was then
cooled to 3°C and 1-methylpiperazine (5.1ml} was added keeping the reaction at
3+2°C. The solution was stirred at 3+2°C for 20 minutes and then
bromofluoromethane (1.4mi) was added in a single portion. The solution was
30 allowed to warm to 18°C and stirred at 18+2°C for 16 hours. The solution was
then washed sequentially with 1M HCI (60mi), water {(60mi), 1% NaHCO, (60ml)
and water (60ml) and then concentrated by atmospheric distiliation to about 80m!
and then cooled to 90°C. The solution was seeded with the titte compound
(0.05g) and then toluene (120ml) was added over 20 minutes keeping the slurry
35 at B7x3°C. The slurry was then concentrated by atmospheric distillation to about
80mi and then cooled to 90°C. Toluene (120ml) was then added over 20
minutes keeping the slurry at 87+3°C. The slurry was then cooled to 10°C over
90 minutes, aged at 10+3°C for 60 minutes and then filtered. The cake was
washed with 3-pentanone : toluene (1:4, 2x20mi) and sucked dry. The solid was




15 Exanpl e 10: Preparation of
6a. 9a-di fl uoro- 116. 17a- di hydr oxv- 16a- net hyl - 18 July, 2006
0X0- andr ost a- 1. 4-di ene- 17B-carbot hioic acid i mdazole salt (1:2)
6a, 9a- Di fl uoro- 110- hyd roxy-16a- net hyl - 3- oxo- 17a- hyd r oxy-androsta-1, 4-
di ene-17(3-carboxylic acid (35g, 0.089 noles) and carbonyl dii m dazol e
(25 759, 0.16 noles) are stirred in ethyl acetate (350m) and

N, N- di met hyl f ormam de 20 (17.5m ) at 20 2C for 60 m nutes. The suspension
is cooled to OC and the batch stirred ¥ 0 t 5C whil st hydrogen sul phi de
(7.79, 0.23 noles) is added, via a sintered glass dip pipe, over 32
m nutes. The batch is stirred at 0 3Cfor 30 mnutes, warnmed to 9C over
20 m nutes and @"eﬁrr{ \gcxw eﬁggo%foﬁ1ému%|t08¢'etﬂr9ﬂlecBihﬁB&!fh@ﬁsaThe product is

col l ected by fi paper) and the cake 25 washed with
ethyl acetate ( e%%@é} Q%gﬂg pluct I's dried under vacuum at

approxi matel y 2Cfor 2 rsto 1vethet|t1 0 und %a\/\/mteto
pal e purple softE - "“w“":"v' 4= Hd, J=7.4 Hz;
1.11 (3H) s;%1.9292 2 214225(2H)
m 2.33 (1 H m 2.5y aPGtFPP(WPmBa&&g'ld' rmemEB(S B 91*[‘34? ddd, J=1
1.2,4.0,1.8 Hz:sequaall lo a)intireticmidgrepb6e 9a-diMera! B:-(Lopprpoxys 1t (1 H) m 6. 35
(1 H dd, J=10. 1iyd@xp16dametny-3bxoandista-t,4-dipne-1 T-desbopilipeathd®P@)and 7. 41 (1 H) dd,
J=10.0, 1.4 Hz; NMrtoRMiimidazele(b.30). Hbe ¢asaftidpmepiengion WwdB si/d@i@t (8teconp. ) 35
Exanpl e 11: I(Prmﬁb@mmﬂfesﬁgﬁ@laﬂérﬂ 2palefelom sAaionl Trewoitionidas

ou

E 17a6d| ng:’jOf(Vc'oélg@fo ggjinzdhy tﬂ @?s @sﬁuf\’fit%@@h%ﬁﬁrbot hiloi c acid
rom a- ai esintditdlhit é%‘!’en 131840 iha Rss QY asd a-
éad:jleﬂidrlzgyciga oré 7 Tt%@ggﬁtﬁén ec@@rd@ﬁngeiétélgi (r)“ éllcf 2C|1d
I m dazol e sal t m ?r W' ads'o"ﬁ'%fgﬁn Ple g $ and 18 July,

2006 19 the's B‘H@"I e”%"”%&’?% e 'E?Eef%ed é@hefﬁ géﬁ oS (drochloric acid
(286nmL) is add@@g%&?qﬁ'@“ﬂ‘?%ﬂw vyas thep ppqed@ng e siUphLY %/ '@ five m nutes
affording a cl ehydgeiNericsac Gombrnd ten watar (BYpih (e gsy @e’}%ﬂ?‘%{‘c‘@f and the
organi ¢ sol ut i enoled tot3f@ard tirsopylamingdi40nd) waszdiad dver 2KpIRRREPISHNNE f ur t her 2M
hydr ochl ori ¢ aceattigrirodaihdd at B+2ACt EnensiuliorevgsrstinasidtB+€°C and propionyl
20 chloride (5.3ml) was added over 5 minutes keeping reaction at 3+2°C. The
solution was then allowed to warm to 10°C and stirred at 12+2°C for 90 minutes.
The solution was then cooled to 3°C and 1-methylpiperazine (5.1mi) was added
keeping the reaction at 3:2°C. The solution was stirred at 312°C for 20 minutes
and then bromofluoromethane (1.4ml) was added in a single portion. The
25  solution was allowed to warm to 18°C and stirred at 18+2°C for 16 hours, The
solution was then washed sequentially with 1M HCI (60mi), water (60mi}), 1%
NaHCO; (60ml) and water (60ml) and then concentrated by atmospheric
distillation to about 80ml and then cooled to 90°C. The solution was seeded with
the title compound (0.05g) and then toluene (120ml) was added over 20 minutes
30 keeping the slurry at 87+3°C. The slurry was then concentrated by atmospheric
distillation to about 80ml and then cooled to 90°C. Toluene (120ml} was then
added over 20 minutes keeping the slurry at 87+3°C. The slurry was then cooled
to 10°C over 90 minutes, aged at 10+3°C for 60 minutes and then filtered. The
cake was washed with 3-pentanone : toluene (1:4, 2x20ml} and sucked dry. The
35  solid was dried in a vacuum oven at 50°C for 16 hours to give the title compound

as a white acicular solid (9.5g, 75%th)

Example 14: B¢, 9o-Difluoro-17o~{1-oxopropoxy)-11p-hydroxy-16a-methyl-3-
oxo-androsta-1.4-diena-178-carbothioic acid S-fluoromethyl ester {using pentan-

40  3-one as solvent and toluene as anti-solvent)



6a, 9a-d fluoro-11 f3, 17a-di hydr oxy- 16a- net hyl - 3- oxo- andr osf a- 1. 4- di ene-
17(3-carbothioic acid imdazole salt (47.79) Is stirred iﬁhggﬂhééﬂgigne
(954mL) and the suspension is cooled to 15 3C. 2M hydrochloric acid
(286m ) is added and 10 the mixture is stirred for approximately five

m nutes affording a clear biphasic mxture. The |l ayers are separated and
the organic solution of the free carbothioic acid is washed with water
(190n). In either case, solvent wet cgkes of

6a" 9a-di fl uoro-110. 17a- di hydr oxy- | 6a-

met hyl - 3- oxo- andr ost a- 1, 4-di ene-170-car bothi oi c acid i mdazole salt (rather
than 15 dried solids) can be used as inputs to the above acidification

procedures. EXargah&s shtry Pk, so-difluoro- 17a—(1 -oxopropoxy}-11p- hydroxy—16a-methyl-3
9a-Di f | uoro- 173, &ﬁa@%ﬁ&’-@ﬁ%‘aé‘{) EHoPSlud xig eﬁ‘iﬁteﬁ‘% g)
oxoandrosta-1, 4- r@@gneJ(ZQ)r@av{; ﬂ% gefg,% iv l&Bﬁ igg t8§§t er 6a,

oo or o L Rl byl i ua i %2) (13.30)
oxoandr ost a-

% ‘ﬂ]'é‘ i %ﬁnﬁ rochloric gm d
(60m) and thE\li‘t%?t@ts* @Oﬁ'l‘%'esuﬁﬁgsﬁ’s@%i%?”ﬁﬁc%‘ﬁ‘?m‘f’ V RAGSHBH ed to 3C and

was suspended™ 'htﬂﬂ?f@(
tripropyian ne‘7"6"‘!!'*5“19”C‘l\"ﬂa boutR0a1l, seriestio 8% EndthaR telyeres(9@RL ves 8998t eact i on
remmi ned at  32@r 20minutes maintalping Wiesnixivie at 85¢3°Gt TR mwhseppesall chl ori de
(5.3m) was 258zdtiefir ti/einutts aridihsinesolécte pi°Gpverdaatinutes. dhe &G waFhe sol uti on
was t hen alibowegkd at (380 11 300midilés emb thes filtefgde Ghatakd RAOvAsbed 8ih m nutes. The
sol ution was t paitan-F6Rl: etlich®(120220/) dndeatual Rl TR &lid Wes dredbh a1l ) was added
keepi ng the reagehifBvedlat 5638 for 4 hB@s %(Hiv’dttﬂeQﬂe Yiipodrid dsaSehitdheictide for 20
T e 1, et AL St L (O RGt,11 £

ut i |

V\QﬁP ss éﬁhé"ﬁ{:}dpgl[a% ggﬂg ?ﬁa?rﬁv‘l

hours. The §0I Ution en was y vmth 1 MHO (60m),

wat er (60m % 0 concentrated by
at mospher i ¢ i st.ﬁlﬁftocﬁu{' SPefite aw“%ea%@(ﬁt%ﬁ Wtk e 50 The
sol ution was s¥ERIRKJeqreHothaRwise, the word BrRiety@nd YAaES PURAS t hen t ol uene
(120ml) was adeReprigesbpndimprisiog.odl besagirpiepdipEnply|tinipgusipn oha stalvdC. The slurry
was then concéntegercesehyr geupolintgars ut odt trthe exglusiomoftany etherintege8¥ni and t hen
cool ed to 90C. stédoirgemp ofidi2dhnd gr steps t hen added over 20 minutes keeping the
slurry at 873C. The slurry was then cooled to 10C over 90 m nutes, aged at
103C for 60 mnutes and then filtered. The cake was washed with
3-pentanone : toluene (1:4, 2x20m ) and sucked dry. The solid was 18 July,
2006

©



20 dried in a vacuum oven at 50C for 16 hours to give the ih{}q CBHBgund as
a white acicular solid (8.7g, 69%h). Exanple 13: 6a uly.
9a- Di fl uoro-17a- ( 1- oxopr opoxy) - 116- hvdr oxv- 16a- net hyl - 3- 5
oxoandrost a- 1. 4-di ene-176-carbothi oic acid S-fluoronethvl ester Ethyl
acetate (100m ) and N, N-di net hyl formam de (5m ) were added sequentially to
an intimate m xture of 6a, 9a-difluoro-17a-(1-oxopropoxy)-11(3-

hydr oxy- 16a- met hyl - 3- oxoandr ost a- 1, 4- di gne- 17{ 3- carboxylic acid (10.0g) and
N, N - carbonyl dii m dazole (6.3g). The resulting suspension was stirred at 18
10 20C for 50 mnutes to give afford a pale yellow solution. The sol ution
was cooled to 10C and hydrogen sul fide (2.2g) was bubbl ed t hrough the
solution over @gm¥ nutes naintaining the contents at 122C. The resulting
suspension was stirred at 122C for a further 90 m nutes and then pl aced

under noderate ,vac - ' i and stirred
vi gorously for }:‘70 J,'%%c%gstqgr ?&%@\[}%ca&?jﬁ:ﬂm Iog%ﬁ%n&%#@%?%ﬁﬁéﬁﬁ’d t he vessel
was purged with o, (i SRMPrise 'H'P%%?)oﬁ‘go?? ,;or\% OPP&%‘% 3 3e(il and the
slurry was wash@aljorgansipuid sprvgpity p per Wﬁi"j‘q PSR wat er (601 ).
The resul ting sBFERY GHsih duticdsars Rigpiangte s cryialina ROMBBYF BRI 14. 0m ) was
added over 2 midistadise eytolihe priution.eacti on renmmi ned at 32C. The sol uti on was
stirred at 32C and propionyl 20 chloride (5.3nl) was added over 5 m nutes
keepi ng reacti dh at APpBGCessEaardirgab déimarnvhaeen théaen-sivitingedgatioliwitt m t o 10C and
stirred at 1R2GofvertisHen@h3uwh€s. The sol.ution was then cooled to 3C and

1- met hyl pi perazine (5.1 m) was added keeping the reaction at 32C. The

sol ution was stg,rref pakesdAbcckdiy t28aifMi 1t b 2 WiRkid A6 Rorbdchalfgl uOr omet hane
(1.4m) was adqgfhnjclqdd Siideh&nt R¥idd@n- The 25 solution was allowed to warm
to 18C and stirred at 182C for 16 hours. The solution was then washed
sequentially with I, MHC .(60ni ter (6Qm 1 9% .NaH 60m ) and

wat er (60rr1§/5 a’r;_d th%ﬁ.’%%sﬁé%REeP%{ﬁH‘\’%wa? %@%T?l:érqsccws%p"ﬁ 'fclg‘:‘i% '6n to about
8ol and then &GP EYMERCHHESESThe sol ution was seeded with the title
conpound (0. 0549 an@atinea ceepcuetd iamyeil) was added over 20 ninutes 30
keeping the slurry at 873C. The slurry was then concentrated by atnospheric
distillation to about 80m and then cd Ho 90C. Toluene (120nl) was then
added over 20 minutes keeping the slurryfat 873®. The slurry was then
cooled to 10C over 90 m nut es,Hm 3h@8€9t3i\?0 m nut es and t hen
filtered. The - Et

“,
K7

CH,

20
or & salt thereof with a compound of formula LCHoF wherein L represents
leaving group optionally in the presence of a phase transfer catalyst, a water-
immiscible non-solvating organic liquid solvent and water;
(b) opticnaliy increasing the purlty of the fluticasone propienate in the organic
25 layer by performing one or more aqueous washing steps;
(¢)  separating the organic layer from the aqueous layer and optionally
concentrating the fluticasone propionate in the organic layer;
(d) mixing the solution of fluticasone propionate in the water-immiscible non-
solvating organic liquid solvent present in the organic layer with a non-solvating
30  organic liquid anti-solvent thereby causing fluticasone propionate as crystalline
polymorphic Form 1 to crystallise out of the solution.

5. A process according to claim 4 wherein L represents halogen.



cake was washed with 3-pentanone : toluene (1:4, 2x20m) %Qggiﬂéﬁﬁﬂmgry.
The 35 solid was dried in a vacuum oven at 50C for 16 hour f he
title conpound as a white acicular solid (9.5g, 75% h) Exanple 14. 6a.

9a- Di fl uoro- 17a- ( 1- oxopr opoxv) - 116- hvdr oxv- 16a- et hvl - 3-

0oxo0- andr ost a- 1. 4-di ene- 176-carbot hioi o acid S-fluoronmethvl ester (using
pentan- 40 3-one as solvent and toluene as anti-solvent) 18 July. 2006 21 A
stirred slurry of 6a, 9a-difluoro-17a-(1-oxopropoxy)-11

p- hydr oxy- 16a- net hyl - 3- oxoandrost a-1, ¢l i ene- 170- car bot hi oi ¢ acid
S-fluoronethyl ester (9.1g) in pentan-3-one (250nl) was heated to refl ux
to give a solution which was then concentrated by atnospheric distillation
to about 65m . The solution was cooled 5 to 85C and then toluene (120m )

vas added over (20 ni\EMEG%?agESg\tggr%miﬂglotrgﬁlher@ﬂ.ai}%ﬁ\rafer%mi%mm resul ting
:

suspensi on masicoggﬁftﬁa e A nospheric I1Tation to about 90m ,
cooled to 85C ARHTPRER )] e 895n1) was added over 20 m nutes
mai ntai ning the mxture at 853C. The slurr mas“%hen aged at §SSC for 15
mi nutes and 5t hdn cobP@eess 8coeing AW °9®°frﬁa|'ﬂ).'/ﬁ‘b’85 AraindheorpoNidet 10 aged at
123C for 30 i femuas(ihera selhbereeiiis prenassl by RrReocespIcem™Ai N givashed wi t h
pent an- 3- one : (a)ol ueaming d ca@pommd® fetpulafiy sucked dry. The solid was dried in
a vacuumoven at 50C for 4 hours to give the title conpound as a white
acicular solid (9.02g, 98% h). NWVR anal 9sij ssmeveal ed no sol vati on of the
product and XRPD analysis confirmed the pyoduct as pol ynorph Form 1. 15
Throughout the specification and Lhe clafim.w®h fol | ow, unless the
context requires otherw se, the worg L', and variations such as
‘conprises' and 'conprising' , w 3.
a stated integer or step or gr ntegers but not to the exclusion of
any other integer or 20 step 8¢ g p/ of inh gers or steps. 18 July, 2006
22 Clains 1. A process for pfbparingg | uti cadBne propi onate as crystalline
pol ynor phic Form 1 which conprises Fixing a solution of fluticasone
propi onate j,n a non

with an activated derivative of propionic acid in an amount of at least 1.3 moles of

the activated derivative per mole of compound of formula (lI1) and;

(b} removal of the sulphur-linked propionyl moiety from any compound of

formula (11A) :

15

(HA)

so formed by reaction of the product of step (a) with an corganic primary or
secondary amine base capable of forming a water soluble propanamide which
20 may then be removed by one or more aqueous washing steps.

8. A process according to claim 7 wherein process (a) is performed in the
presence of substantially water immiscible organic liquid solvent.

25 9. A process according to claim 8 wherein the solvent is pentan-3-one.



.I'nrn'l" |l vent with non-sol vating organic | i.quit
5 solvating organic |liquid solvent with a non-solvating o 33‘ % _|gabd

anti-solvent thereby causing fluticasone propionate as cr
pol ynmorphic Form1 to crystallise out of the solution. 2. A process
according to claim1 wherein the non-solvating organic liquid 10 solvent
i's.pefitan-3-one. 3. A process according to claiml or claim2 wherein the
non-solvating organic liquid anti-solvent, is toluene. 15 4. A process for
preparing fluticasone propionate as crystalline polynorphic Form 1 which
conprises (a) reacting a conpound of formula (I1) 0 HCH3 CH3 TD-.111* ~Et
", I CHs 20 or a salt thereof with a conpound of formul a LCH2F wherein L
represents | eaving group optionally in the presence of a phase transfer

tal yst t d
\?\gt 2rys(b) aog?l g::l lr{-nélaéﬁfr eas)| n Skgém%bp& %F}eﬁ ecat?sog'ﬁé'yr%&?)p?gnate

in the organic Bumﬂéf Ag° *% ar nDre aqueous washi ng steps;
(c) separating the organi c |layer fromthe aqueous |ayer and optionally
concentrating the W1 ut‘?E'R%ﬁé%WB‘S‘QﬁF&PEe?fﬁ’WtBF%‘HKR’E‘“F‘&)PQTFW“{‘ d) m xing
the sol ution of f PlipmuaBliengisslstedireold fom-t he wat er-i mmi sci bl e non-

sol vating organic liquid solvent present in the organi c layer with a
non-sol vating 30 organic liquid anti-solvent thereby causing fluticasone
propi onate as cry¥%al Aiprrsessiesithiariengratien ¢ Hiutipasone propipate, fipmiagemperndof t he
solution. 5. A prabbegdaf¥lcording to claim4 wherein L represents hal ogen.
18 July, 2006 23 6. A process according to claim4 or 5 wherein the water
imm scible organic |iquid solvent |Is pent@n-3qgpne. 5 7. A process
according to any one of clainms 4 to 6 whereig the conpound of formula (I1)

u

without isolation of intermediate compounds, which process comprises the
preparation of the compound of formula (lll)



(a) reacting a conmpound of forrmula (I11) 10 15 with an acébx?%edggg%ivative

of propionic acid in an anount of at |east 1.3 noles of d
derivative per nole of conpound of formula (111) and; (b) renoval of the
sul phur-1inked propionyl noiety fromany conpound of forrmula (I1A) OLY Et
so fornmed by reaction of the product of step (a) with an organic primary or
secondary am ne base capable of form ng a water sol ubl e propanam de which
20 may then be renoved by one or nore agueous washing steps. 8. A process
according to claim7 wherein process (a§5is performed in the presence of
substantially water Inm scible organic liquid solvent. 25 9. A process
according to claim8 wherein the solvent is pentan-3-one. 18 July, 2006 24
10. A process according to any one of clahns g to 9 wherein the conpound of
formula (111) is used as an |Im dazol e sal t» 1. A process according to
any one of clains 7 to 10 wherein the conpglind » of fornula (11) is not

| solated in solid form 12. A proc# e preparatlon of fluticasone
propi onate, froma conpound of fory t hout isolation of

i ntermedi ate conpounds, which pilij» ; prises tthe preparation of the

conmpound of forrmula (I11) 18 Ju 25 fromthe conpound of fornula
(I1v), followed by In sfu convefsireh v the cwmpound of forrmula (I11) to
t he conpound of fornula (11) 5 followed by in situ conversion of the
conpound of forrmula (I1) to fluticasone propionate.

from the compound of formula (IV), followed by in situ conversion of the
compound of formula (I} to the compound of formula (i)

followed by in situ conversion of the compound of formula (11} to fluticasone
propionate.



