WO 03/ 066653 PCT/ EPO3/ 01115 Novel Process This invention relates to a
novel process for preparing fluticasone propionate, especially fluticasone
pr opi onatwoas/edyst al | i ne Form 1 pol ynorph. 5 Fl uti casone Pom@Podoai® i s a
corticosteroid of the androstane famly which has potent anti-inflamuatory
activity and is widely accepted as a useful therapy for the treatnent of
inflammatory and allergic conditions such as rhinitis, asthma and chronic
obstructive pul nonary di sease (COPD). .The chemi cal representation of
fluticasone propionate is as showgvd|Préddaesstructure below. 10 O S-CH2F O
HO CH3 .nauml OTCl CH3 CH ' Bt 3 F OF Fluticasone propionate and
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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 fiuticasone propionate. Phillips et al (1994)
J Med Chem, 37, 3717-3729 also describes the direct recrystallisation of

20  fluticasone propionate from acetone. International Patent Application
WQO98/17676 disclosed a new polymorphic form of fluticasone propionate,
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  WO98/17676 for preparing Form 1 included co-introducing carbon dioxide and a
solution of fluticasone propionate dissolved in acetone via a co-axial nozzle 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=14.176 ,c=11.200", B = 98.458°

By contrast, crystalline polymorphic Form 2 has an orthorhombic crystal

structure with characteristics as follows:



structure with characteristics as follows: W 03/066653 PCT/ EP03/01115 2 a
= 23.404 , b = 14.048 , ¢ = 7.695 , all angles = 900 Characteristic peaks
in the XR®Dopiodess es are given in the follow ng table: PeCTmPO3/M1PSi mary
peaks 2Theta Secondary peaks (02Theta)2 Form1 7.9, 10.0 11.5, 12.4, 13.1
-. 14,9, -, 15.8 Form2 7.6, 9.8 -, -, 13.0, 13.6, -. 15.2, 5 The XRPD
profiles of the two pol ynorphs are shown in Figure 1. International Patent
Application. W00/ 38811 (d axo G oup) discloses the crystallisation of

fluti casong=peaRKONaLE 4848504 uecgg5n argigde=by m xing with water in the
presence of ultrasound radiation. International Patent Application 10
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crystal line pol ynorphic Form 1. Thus accordi ng to the invention there is
provi ded artgr Xigeb prdfitesrof itheativogrolymerples aredhben &sFigoreiin pr ocess") for
preparing fluticasone propionate as crystalline polynorphic Form1 which
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f | ut i casorffambephaying an axsl gHitesricuch $iat saitsieamg atsrtharsby intingtdly  sol vent s
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pent ans3- qa?@parma%ﬁda%bhé/ ,%biaxéteaa%%{r & &@H@?ﬂ ofhlyy pentan-3-one. 30

Exanpl es of sol vat i.n ol vent sdhncl u e t ol uene,

0
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accor di ng dotyntdrehic Froemt mbithi corrguiees)nixireoal solaticer of fitlicasore propphateesses, for
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1 to crystallise out of the solution.
Preferably the process is performed at ambient atmosphetric pressure
such that the solvent and anti-solvent 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 fluticasone propionate. Examples of non-solvating organic liquid
solvents include methyl acetate, ethyl acetate and pentanone, for example
pentan-3-one, especially ethyl acetate, more especially pentan-3-one.
30  Examples of non-solvating organic liquid anti-solvents include toluene, isooctane
or hexane, particularly hexane, more particularly toluene. By definition water is
not an organic liquid anti-solvent.
The process according to the |nvent|on 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 ultrasound, or to create vortex mixing conditions. Also in one aspect of
the invention it permits fluticasone propionate to be prepared as crystalline




use of ultrasound, or to create vortex mxing conditions. Also in one
aspect of the invention it permts fluticasone propionate to be prepared
as cryst awbio®6dsss 03/ 066653 PCT/ EP03/ 01115 3 pol ynor ph FecmEPOsloriext |y
fromprecursors of fluticasone propionadte w thout need for fluticasone
propionate in subtantially pure formto be isolated as an internedi ate
step in the process. Thus it has econom c¢ and ot her processing advantages
since the nunber of steps in the overall synthesis nmay be reduced. 5 One
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ave inven gggg a or a sa

t her eof op%fg)ng 'y | n %e*egfgt'ery]fnce %@R{d %@g %sf er catalyst, a

wat er -i mm sci bl e non-sol vating organic sol vent and water. Wien a free acid
of conpound of formula (11) is enpl d,Sthen a base shoul d al so be

i ncluded to renove the -SH proton. abl e bazes incl ude

tri-n-propyl am ne, tributyl age, ] uh‘i“% nat e triethyl am ne,

di i sopropyl et hyl am ne and the | 0 Prgfera ~5,glt:.the wat er i mm scible
non-sol vati ng organi c sol vent : T/\@.tl ng oOrgani c sol vent sel ected
i i as”to Dbenefit fromthe advant ages of
process (a) the non-sol vat d organic solvent used in the main
process is preferably thkhe”Sar pkvent i.qp it is inmscible with water,
and is nost preferably et hyI aceiate even noreso, 25 pentan-3-one. This
avoi ds the need for an isolationfstep. As used herein, substantially

i mm sci ble solvents provide two phases when the solvents are m xed and
have a d 0\/\% aegg{tﬁgjeofol ubility of one in the other eg the solubility of

one so er. solv s less than 10% w w,
with a compoun of formula LBHQF where L represents a(l)eavnng group mesyl,

tosyl or halogen, eg Cl, Br or |. Preferably L represents halogen, particularly Br.
Advantageous conditions for performing this step which we have invented
comprise combining the compound of formula (ll) 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 (1) 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 the 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 immiscible 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 chloride,
benzyltributylammonium bromide, benzyltributylammonium chloride,
benzyltriethylammonium bromide, methyltributylammonium chloride and




especially 5% w w. Exanpl es of phase-transfer catal ysts that may be

enpl oyed 30 include tetrabutyl anmmoni um brom de, tetrabutyl amoni um

chl ori de,wolwafgeshs ri but yl amoni um brom de, benzyl tri but yl cmmEposimichl ori de,
benzyl tri et hyl ammoni um br om de, nethyl #ri butyl ammoni um chl ori de and WO

03/ 066653 PCT/ EP03/01115 4 methyltrioctyl ammoni um chloride, preferably
benzyl tri butyl ammoni um chl ori de, benzyltriethyl anmoni um brom de,
especially benzyltributylamonium chloride. Preferably the phase-transfer

catal yst whdihyHRgc§RRINWHRS chiofd, PEeabI %fenéylﬁqémgla%nb@fﬁﬁﬂ cRBrig@mpound  of
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renove am s trriethyl am ne an di 1 sopropyl et hyl am ne
(whi ch may*dB'BrEPent fol | owi n% process (b) described below) and then with
aqueous base e@\fyﬁhermﬁvgm@gwd eittiee Use efrreinyledhyl ketone or agfitianfeact ed

precur sor nethp@thyilkeibnd toratiwl acéthte)incrddees\ths hatel obregetiunc | ayer 20 (whi ch may

be separated frpEyLhcasBRE rdé%ﬁf’e HeesbAVE an Y %%@ kfMBRing MeEANS, eg
by run goptl onal I'y

pro
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pol ynor phib@iog&raﬁh e Wit aduRBs baRSed Sdiune Behibddate i§ ereptodmdle fornula (11)
0 SHO C'élﬁy eacfegjpwcqps"or ((?or%oxga' f%u%—(”) ﬁe v’;ashed organic layer
20  (which may be separated from the more dense aqueous layer by conventional
means, eg by running it off) is preferably concentrated 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 a compound of formula (il)

g

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;



FF 30 or asalt thereof with a conpound of fornula LCH2F wherein L
represents leaving group optionally in the presence of a phase transfer
cat al yst ,we 0da6@s3 i nm sci bl e non-sol vating organi c |iqui ¢CI@EPOFOLI1IRNd

wat er; WO 03/ 066653 PCT/ EP03/01115 5 ¢§b) optionally increasing the purity
of the fluticasone propionate in the organic |ayer by perform ng one or
nor e aqueous washi ng steps; (c) separating the organic |ayer fromthe
aqueous | ayer and optionally concentrating the fluticasone propionate in
t he organi@®) | aysption&ly(ifdreasing the pubg & elefutioAsdie pfrda bheA@FONE oRfaPR Onate in

t he wat er - sol ent present in the
organi ¢ | lh%ﬂb’?(‘deﬁbﬁmﬂ Bne%f’l‘n\‘)?’eté oQéQIQ&'nﬁ fe&js{wfg :/-so \F/)ent thelreby

causi ng fﬁ(ﬁf i ca%egﬁ@%ﬂg %’ﬁﬁ'ﬁ"gaX &) §'?‘%1‘F‘?Lier‘?83 ?R}WE Form1 to
crystalli s@néﬁ’etraémgftmﬁeﬂtg@amriecnﬁopm&@mm@rqa@lodayan art processes, eg as
descri lded (dn Grhixnnl@hhé bolpioredf flaticakbnd p@Pibnatk iVittk \K/ht@mfﬁﬁi,smBléhbn?ﬂZ& us
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formul a (I uffers from di sadvant ages, however, in that the resultant
conpound of formula (I1) is not readilX i ed of contamination with the
by- product N, N- di et hyi propanam de. W haye therefore invented an inproved
process for performng the conygrsion ¥ajpieoare conpound of formula (11).
QG her processes for preparation O rcasone propionate and rel ated
conpounds are described in 25 |sFHsg "'@@QI i cation 109656 Chenwmgi s),
W01/ 62722 (Abbott) and Kertes J Org Chem 51, 2315-2328.

D)

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

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

25  lIsraeli patent application 109656 Chemagis), WO01/62722 (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 (1)



Thus according to the invention there is also provided a process
(hereinafter "process (b")) for preparing a conpound of forrmula (11) WO

03/ 066653WB@3N&HBS8/ 01115 6 0 SH O HO CH3 01" I C CH3 CH PET/EP03/H11C (11) F
or a salt thereof which conprises: 56(a) reacting a conmpound of formula
(rrr) OSH CH3 .uwi 11110H HOCH3 CH3 F O (lIl) F with an activated
derivative of propionic acid in an anount of at least 1.3 noles, 10
suitably at |least 2 noles, of the activated derivative per nole of conpound
of formula (I1l) and; (b) renoval o thesul phur-1inked propionyl noiety
fromany conpound of formula (I 1A) y~-Y Bt OSE HOO F (IIA OF
15 WD 03/ 066653 PCT/ EPO3/ 011%{(5) CH, “““““““O\”

e, C\
"'/,,/ Et
CH,

(1

or a salt thereof
which comprises:
5 (a) reacting a compound of formula (Il1)

iy

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 (I} and;
(b) removal of the sulphur-linked propionyl moiety from any compound of

formula (11A)

(1A)

15



7 so formed 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
whi ch  mawyotohmeeseb® renoved by one or nore aqueous washi ng PSTEPS3/011m5 St ep
(a), exanples of activated derivatives7of propionic acid include 5
activated esters or preferably a propionyl halide such as propionyl
chloride. This reaction is conventionally performed in the presence of an
unreactive organic base such as a tri Cl_4al kyl am ne eg triethylam ne,
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i s a sabstZATPE N HRIPCTRARE < ErgleTal X’r"g'g?ﬁ YRPLEFES SAVRIRYED: Hore preferably
the same M Ragrnvarienito gissalve thesaraipe (ragmalbyriuree ehameiigenigselventabl y t he sane
sol vent asutlsas ométithnoh THeeaquabus pashiesstepsmag blitablybd herformveyt with i s not

BT cose. |l ROl Bt e B e T B e compound.
of fornmul ga)q ?ﬂs I%ﬁﬁ%{%ﬁ%@%%&@@ﬁ &g?ﬁk}&yﬁ{/g%w%lﬁgﬁoqa&hni gues eg

di stil%at it n&b‘??@ﬂé‘l‘ﬂ%}“&]‘% wrder grY®ed pressure. Thus the sol vent used in
step (a) is nodtrefprablyestapd (p) endh(d) apcpertrmed etmeducat iemppraddre egli-§

pent an- 3-0ge. Further general conditions pertaining to the conversion of

the compound Fanfouh@bdrufall] dotdifed Roin HAIBRRUI iy dOEHMeBRY! 1) and salts

t hereof and th? | ?I %tpl on g B&O ) wn to persons
ski | I'ed i fOPYRITIGRG! Teqhpiques, EowRyepeRierabl, arcip arderinEeispBmHTOf £ or mul a
(1'1) (4l t teogfii fragn thetrugntion, 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 (11} in solid form following process (b), although it may be
30  preferable to concentrate the compound of formula (ll) 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 general conditions pertaining to the conversion of the compound
35  of formula (Ill) to the compound of formula (If) and salts thereof and the isolation
of the end product will be well known to persons skilled in the art.
If it is intended to isolate the compound of formula (I1) (afthough as noted
above a principal feature of the invention overall is that such isolation is rendered
unnecessary) it may advantageously be isolated in the form of a solid crystalline
40  salt rather than the free compound of formula (ll). The preferred salt is formed



above a principal feature of the invention overall is that such isolation
I's rendered unnecessary) it may advantageously be isolated in the form of
a solid cwoaBabdsshe 40 salt rather than the free conpoundPafi/HPos/olm (11).
The preferred salt is formed WO 03/ 068653 PCT/ EP0O3/01115 8 with a base
such as diisopropylethylam ne, triethylam ne, 2,6-dinethylpyridine,

N- et hyl pi peridine or with potassiumespecially triethylamne. Such salt
forms of conpound of formula (11) are nore stable, nore readily filtered
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Al ternat| Vgcjnltydf the compound of formula (lIl) 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 hydrochloric acid. Furthermore, the compound of formula (I!i) so
derived is of enhanced purity. The imidazole salt of the compound of formula (l1I)
may be prepared, isolated, and stored for subsequent use in the process for the
preparation of the compound of formula (1) as described herein. Alternatively,
the imidazole salt of the compound of formula (llf) may be prepared and used
35 directly as a wet cake in the subsequent conversion to a compound of formula (I1)
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



the im dazole salt of the conpound of fornula (111) may be prepared and
used 35 directly as a wet cake in the subsequent conversion to a conpound
of for nulwo(0Bl¥6653 hus avoi ding the need to dry the i m daz®ica/Epabo1ivef or e
further reaction. It is considered tha? the im dazole salt of the conpound
of formula (I11) is new and accordingly forns a further aspect of the
invention. There is also further provided a process for the preparation of
the im dazole salt of the conpound of WD 03/066653 PCT/ EP03/01115 9

formula (|ioh)wu%!ll?ﬂhiéh%&fe%sEQMBﬁée%Qﬁe Féaeuarﬁa%dhﬁbd%d%fﬁ%e ngHgf formul a
I th hi'd
(V) WI E%BMJ@H'&EZ%%Z%@%e {pﬁ@)%n ISEUSpTIyp?caI ly, the conpound of

formJIa (I'V) and between 1.1 and 2.5 equivalents, suitable 1.8

equi val ents, of carbonyldiimdazole areQgtiped in a suitable solvent, for
exanpl e ethyl acetate containing betweenNy and 2 vol., suitably 0.5 vol.,
of N, N-di net hyl formam de, at a ?@I t abl ecigmpaopt ure, for 10 exanpl e 18-20C,
for a suitable period of tine, : ne hour. The resulting
suspension is cooled to a suitabla, for exanple -5 to 5C,
suitably -3 to 3C, and hydroge# |¢iHsr oduced over a period of
15-60 mnutes, suitably 20- : , While the suspension is stirred.
The reaction mxture is siiPres 3 furtB period of about 30 m nutes
at -5 to 5C, warned to 15 about 10 EI)I od of about 20 m nutes and
stirred at 6-12C for 90-120 minutes. The product is then isolated by

fi Itratg on, at a suitable tenperature, suitably 5-25C , preferably 10-15C,
washed i th a suitabl e sol vent, for exanple ethyl acet ate and dried in
vacuo to yiel d bmicallysitireesneouns af fesmuteHi)aoepstweerot.1 ahd2dul a (111). 20 The
conpound odquivafemtd, auidblid J.8iesjuvalentsoblegirtonakiitlicandetdie staria avoul d  be

mpg;tz gﬁetm@aé@b%nﬂ fBr@%rﬁbl% e?l*?;Jl hcé‘lé‘t%&:ﬁhtﬁunﬁﬁ@?oe?&v@«%r?ﬁg %%’S"LpLPEX. el y
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UES %‘? "chionetry of the
i mi dazi e BRGNP ?r%(\etf‘ifaﬁ%ta ePeradplivRI fefexaBIpiReRe faura fheray be up to and
i ncl udi ng @sultingrduspensioreis dooled to a suitable temperature, for example -5 to 5°C,

suitably -3 to 3°C, and hydrogen sulphide gas introduced over a petiod of 15-60
minutes, suitably 20-30 minutes, while the suspension is stirred. The reaction
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 stirred 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 (1Il).

20 The compound of formula (l1f) is a monobasic acid and therefore would
be expected to form an imidazole salt wherein the stoichiometry of the imidazole
salting moiety to the compound of formula (Ill) is approximately 1:1. However, it
has surprisingly been found that the stoichiometry of the imidazole salting moiety
to the compound of formula (Ill) 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 (Ill) and association compounds of the compound of
formula (Ill) and imidazole wherein the stoichiometry of the imidazole moiety to
the compound of formula (11} 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  understood that, in the context of stoichiometric values, exact numerical values
are to be construed to include nominal variations therefrom.

Preferably, the compound of formula (I1) used in the processes described
herein is used as an imidazole salt.



25 the avoi dance of doubt, the term"im dazole salt" enconpasses im dazole
salts of the conpound of fornmula (I11) and associ ati on conpounds of the
conmpound wb o3fasensil a (111) and im dazol e wherein the stoi eeir@EPes/omMiIDf t he

i m dazole noiety to the conmpound of fW@rnula (111) is up to and including
4:1, for exanple 1:1 to 4:1, suitably 1.8:1 to 2.5:1. An exanple of a
typical stoichionmetry is 2:1. It will be 30 understood that, in the context
of stoichionetric values, exact nunerical values are to be construed to
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m nut es, SWethebr ip @ Bpalmiyelinve solutidnt Tiersohgion festhennodled ®© €A 10122C. The

resul ting 25e6paitablpr3ite 33¢ bhd Rybrégenldidel tubbrd ibrolLiie fhe%maﬂo%mut es and
then 25 placgsmid smﬁgri«y ﬂ@hﬁé%%faﬁr%t%%ﬁh@h 98-kl offl and stit! ed

vi gor ousl Y, Tor ease the vessel
pur ged.wi Aculto SURBRRIGHIS SHgeH #4520 Adifdher OR Gl iR 208 RSh: . 1 or
exanpl2é 3_pmegjélﬁgefénq>@er@1|eé4qcuum with a slow nltrogen bleed and stirred wgorously

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 solution 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 solution is stirred at 0-5°C for about 20
minutes and then bromofluoromethane 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 1M HCI, water,
aqueous base, for example 1% NaHCOj; and water and then concentrated by

40  atmospheric distillation to about 80ml and then cooled to 90°C. The solution is



added and the slurry washed wi th aqueous m neral acid, for exanple 2M
hydrochl oric acid and then water. The resulting solution is cooled to 0-5C
and 30 twompsopssban ne added over 2 minutes ensuring that PCiEPo®eis on
tenperature remains at 0-5C. The solution is stirred at 0-5C and propi onyl
chl ori de added over about 5 m nutes keeping the reaction at 0-5C. The
solution was then allowed to warmto about 10C and stirred at this
tenperature for 90-120 mnutes. The solution is then cooled to 0-5C and 1

-met hyl pi RRLAZi REh ARHESorRDkEiBRABIFSHE!) BRAEishensuithble-shsolldre, fool ution is
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dil ute m nemabutnrd, Thioeneisdhgn addedwViBCR) mivates keepingube skimpate, for exanpl e
1 % NaHCOB,andodvet efheaiiintib @inC@BRaANS BBdRH 0By odér Jut mipaRIseaged ati stillation

to about itk REAPEPaRL Rl aIn sy SRILAER: bl i 956653

PCT/ EPO3 . ‘cason ropl onat e orml,) and then a
sui t abl e a3witpRlgisplpRt, for gxamigl apKiiIre Bff‘%eﬁﬁa'g%ﬁeed‘dagléﬁ? g-)é)r?é‘dg urry at
about 90C.sutked diyuiThg sbiid islitean drisdriyeaenventiedaliyeansnospheric distillation to
about 8 vol. The slurry is then cooled to about 90C. Tol uene is then added
over 20 mnute ' : : : I s then

cool edl%to aboutsr i%‘é@@éon@grr\ ‘“@@”ﬂ'%ﬁ%ﬁgﬁﬁ&gﬁ% tgg%uftoﬁﬁkiggéf%?ﬁmgfght one hour
and then filtered. The cake is washed with a suitable solvent, for exanple
a m xture EXARPRESt anone and toluene (1:4) and sucked dry. The solid is

t hen dri edgbyergonventi onal nmeans. 10 The invention will be illustrated with

ref erence T0 g Ll Lautas o ARl s at RNPLRPIEIRRal shitb B spect ra ver e

recorded at 400 ar@@% eeE?: cal LfLs mrelative
to tet 1«5ane%>f%§‘f%5?ﬁé{h%9mﬁ%'vﬁ§?fe?ﬁ ei‘@%ﬁ&%v?@%ﬁg%&:gégggﬁ%g %Qeggscri be the
mul ti pl i citsesido gpsaripe the mrkiploities of MaRignals: s (%m'aé {dQHP',ett‘thP?‘?% et), q
(quart et), q (auamiet) i ginetiplet)ddd (dbablet eftdoobletiddsidgtisybletdd doglieiasl et of doubl et
of doubl e@(&}det td{(ggﬁm&tqﬁtrﬁﬁetgrédal@ébﬁ)ao?{nd b (broad). LCMS was conducted
on a 25cm X 0. 46&m.l nertsil -2, . gy ' 8% {0.1 %
Formc acid in %ém%fﬁﬁbu?t%ueé 255? oiggﬁéﬂgﬁn&%i‘@[%n ngﬁ%%ﬂ{g%ﬁql (Vg Form c
aci d i 2P 39BIHEIGHIHLPB 4% AYOrRTYG %‘5] I 3% greiaie %ﬂ? ﬂ@?}n olverd A g1 owi ng

el uti on gr4eh.da %OFatticaaid BB Melitaneb(aseiontieB(sobenyB), shad®®B, 75-85 nin
4298 at a foliéWing dluio brabiieft H:i0rmin HRe:BYASBOIPIAGENB, BOFAS mindieRd on  a HP
LC/ MBD spegt bonil 6508 AI06 B! SFASRANK. BASIndséepaiirh R8@Akti8edBle 25 (EStve

and ES-ve) a HP LC/MSD spectrometer using electrospray positive and negative mode
25  (ES+ve and 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
(87:3:10)

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%v/v
Phosphoric acid in methanol (0.5 ml in 1000ml) and acidified water comprises of
0.05%v/v Phosphoric acid in water (0.5 ml in 1000ml)}.



Li qui d Chromat ography (Method A) was conducted on a 25 cm X 0.46 cm 1D
packed with S5Smilnertsil ODS-2 colum eluting with the follow ng acidified
nobi | e phaeas/edsss uti on A: Acidified Acetonitrile : Acidi fPca®ErPhotianol
Acidified Water 30 (42:3:55) Solution2B: Acidified Acetonitrile :

Acidi fied Methanol : Acidified Water (53:3:44) Solution C. Acidified
Acetonitrile : Acidified Methanol : Acidified Water (87:3:10) 35 {where
acidified acetonitrile conprises of 0.05%/v Phosphoric acid in
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m nut e at Al enmperature of 40C. Liquid Chronato d B) was
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with the f§?'%%/h ReIPtrite0. ﬂ%ﬂuanéeom@gmursdmdrm% Acetonitrile:0.05M
aqueous an@ﬂmphmphatw@ﬁxﬁ@ébyvmnmlaophosphate (35:65) by volunme Solution B:
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by voI radl ent 0-15m n Solution A (1009, 15-40
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di ffract O”Yﬁélﬁﬁ pmh@tv?érg%gfaﬂe‘a Ir@ I\gét c@éq% F]PéSZ%eI ngt apparatus.

9a- di f]_uor 0

oxo- andr ost Meg?gﬁénl%?i%m@ Pilips w%p(?‘ﬁd%défﬁﬁﬁf’mwrof 6a,

9a-di f | uor o- 110 17a- di hydr oxy- 16a- nethyl 3- oxo-

andr ost a- Interrdediaes170- car bot hi oi ¢ acid (prepared in accordance with the

procedur e |desabiRgd : idt, @M@%&&H@h blhroddh R Afol bollinbs L1 eat ed at
-5C to-GQVQdOSg %tqé/e@ ne . over ap et el y lomnutes The
solution Ts-S G 89 t he addltlonfollowed by a wash

with &Pt one ( A golu’uon of 6oc ro—dlfluoro 11B 17a-dihydroxy-16a-methyl-3-oxo-
androsta-1,4-diene-17-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 triethylamine (10.9 ml) over approximately 15 minutes. The solution
is stirred at -5°C to 0°C during the addition followed 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 chioride (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 diethanolamine
30 (23.8 ml) 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 hydrochloric acid (65 mi) 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 stirred at 0°C
to 5°C for 15 minutes, the product is filtered off, washed with water and dried
under vacuum at approximately 45°C for 18 hours to give the title compound as a
40  white to off white solid (7.91 g, 99.5 %).



25 m). The resultant suspension is further cooled to -3Cto -7C and
treated with propionyl chloride (6.2 nml) over approximtely 30 m nutes,
mai nt ai Ni WO Wl0es653 eacti on tenperature at -5C to +2C. Acet oaa/EPR3/@1im$ ) is
added as a line wash and the solution3is 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 nethanol (20 m ) over
approximately 30 m nutes, maintaining the tenperature at -5C to +2C.

Acet one (248 dThehehtonanios &5 @inl 24888 h AN hitfecukPlidt) bRGnl/s stirred at

-5Cto +2 a rther nutes. The mxture |s quenched i nto water
(135 M) %a&%(gleﬂ?tﬁ C@aert%@tature at -5C tone 5.6 M) is

added as NMBARMRLL: 7a%7d(1t"n€ Hh@) u6-84 (4, @baP'é%t @d“(ﬁﬁ"t% 581 (B3 concentrat ed
hydr ochl ord)c5.4¢ i tH,(d8i8), # 27 (i1 6, el deld (BMeq, i, 2.60-2Md (Bldun} 1.88[1AL ai ni ng t he

t enper gt urf), HBstAA, AN @H, 9C1H1@ BR 80|1|oevc@|d oyHAddisBi(9M, @f7Hater (125

m ) malntalnlngtheterrperature at < he mixture is stirred at 0OC to 5C
for 15 mnutes the product IS f||tered off, vvashed W|th wat er and dried
under vac U E=-apgY il 1 7p : -5 ¥10g-nelgy! & conpound
as a 40 wgnds : g i D3 iyl o4 C

PCT/ EPO3/ (bb]sbﬁ,enﬂﬁqd-ﬂfgx@qégggﬁﬁ-ggoem) e 27 225 m n, n1 y4 469 2 (p05| tive

nmol ecul,ar 1 on) 6 (Dl\/BOd6) 7.27
(1 H uléf 10;@ @g@l%@nzo Glél—i g‘é%'%% é? g&ﬂé L}ﬂ 9’?’ 5. 17 (1
H, ddd), '3t°>fi?a OSEaM igpe-1 '0' B SN piprpatpyl & er (5'15@5 1 5
m, 1.65 (mreﬁaraﬁbm agcossqar(cswlt ghe pmcedurestqscr@)ed by Rbtshqsaattal t1994)r|z)J o 88 ( 3H,
d, 7Hz). BWedGhem]137,8a17-3729) in ethyl acetate (300 mi) is reduced i ln volume by

gﬁdPofslt gor\%ﬁ@l]rﬁd@na%qg{ %cé%%%nﬁ)élﬁé Ren %ﬁ?‘ma est Q)ve u5| ng et hyl
Scetatkd d2eSLap Fues rﬂam 8 Rnfpesatie' & gpvan {ETVSZP(*" s dPEIEH

9a-Difl uorqgegpazQ @fg&‘bb@t{;@agg})e rgg@ltq@gqe@;pyatfe%collected by filtration,
met hyl - 3- oxashad ditb Stdaethylbcdiataiieexbnd {8 a15bol) hnd ditedaati apppBxirhately GOBE hyl est er

(5.59)  (mbeRar&fs iR trEareRpvliidlad A@hRs SORAW.Gogles%)i bed by Phillips et
2 1994) tofjeoahiEd Kiasily n%,.ﬁ?gr? oF 8 Brod &W@s%&éﬁg&@%@aﬁ .

reduced in on to approximate
treated wihhPIRERSRS W@@?ﬂ[&h 598" Tat 15 least 30 minutes maintaining a
t enper at urktPld} reigpiootimesat @62 MBE. The mixture is aged at 20C for 1 hour

and t he r asuR{(BWMSQYE)EC2P( 1t-tatie1or$z)co13hem edmyztshvr(ﬂtns)m ooyeghed with 1:4

et hyl “acelgl g6k ’hﬁdi%é&% 5% 7 zﬁpa bk%géi (or 12
ERER L et L B A N o

20 t h&Sproduct as pol ynorph Form 1. HPLC retentlon time at 35.2 mns.
Example 2: 6a., 9a-Difluoro-17a-(1-oxopropoxy)-118-hydroxy-16a-methyl-3-0xo-

androsta-1,4-diene-178-carbothioic acid S-fluoromethy! ester (using ethyl acetate
as solvent and toluene as anti-solvent)
A solution of 6a., 9a-difluoro-17a-(1-oxopropoxy)-118-hydroxy-16a-

30  methyl-3-oxo-androsta-1,4-diene-17p-carbothioic acid S-fluoromethyi ester (5.5g)
(prepared in accordance with the procedure described by Phillips et al (1994) in J
Med Chem, 37, 3717-3729) in ethyl acetate (300ml) is reduced in volume by
vacuum distillation to 32ml. The reaction mixture is treated with toluene (80ml) and
further distilled to a total reaction volume of 32ml. A further portion of toluene

35  (40ml) is added at 60°C and the mixture is cooled to approximately 10°C. The
mixiure is aged at this temperature 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%).




NVR (DMBQD6) 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, q, 7Hz),
1. 80- 2. 30wWOIBl06668y , 1.52 (3H, s), 1.14 (3H, s), 1.07 (3H, PCI/EP6EA1111. 05
(3H, s), 0.94 (3H, d, 7Hz). 25 Exanpl® 2: 6a,

9a- Di fl uoro- 17a- (1- oxopr opoxy) - 11 0O- hydr oxy- 16a- net hyl - 3- oxo-

androsta-1, 4-di ene-1713-carbothioic acid S-fluoronethvl ester (usinc ethyl
acetate as solvent and toluene as anti-solvent) A solution of 6a,

9a- di f | uor pmMB7aralybisas e etPex¥0lvatiba Bt edireduct AR@XBPD analysis confirmed

met hyl - 3- a&q,r [ 173-carbothioic acid S-fluoronethyl ester
(5.509) (gl)rﬁg are |§n‘§°é‘?:’EoPgaFf?@§ 1vmth the procedure described by Phillips et

al (1994) in J Med Chem 37, 3717-3729) in et hyI acet ate (300ml) i's

reduced i nEXe 9. 9o Biflugra-HTa i d tyt-8-0Kko-mi xture is
treated w ariijrcbsré-ueln@erﬁ@@m@caraﬁtﬂllmcf auid Befruoddnﬁéth\}l et L l@betﬁ%aCt I on
vol unme of enfahdisbRefanB ¥stEnfRoREnd 0 uene 35 (40n) is a at 60C and

the m xture 1s saged at this

tenperature for 3@ p%k?f%& YPITHORE %BXQHH%OOP(@sh{Et QWFOXV 4¥5é)b| pitate is
col | ected rﬂ9thvlr$-9¥<a@ndsﬁstawa%ﬁeaewswadpoth1@4@ geid Soﬂuqr@mtéw@w@ &g hyl
acet at e (i(prépaesdintaiccorBarie vaththd pravddare degpritei byerieliys &%(1‘9@&) ih2) hours to

t 3/ 066653
give the rmezﬁﬁﬁoaﬁww 3200 An Wt Sockib | o(ﬁégQgsg{l&Fto‘h" wiiGngs! 060553

a

XRPD anal ysi's coh'so'% @Qymlé)ﬂ%@x&aﬁts tgap%altemgergﬁ,gee 3: 6(X,
9a-Di f | uorQS 2ppreximately %%Poﬁ@ﬁywﬂeﬂafwmf eb?iy dda ﬁﬁé@'mcﬂgn ylemenf
andr ost a- Igppraireately B2hB Acfarthertportmnof sobda®e (d0mijrie adddaydt 66%T and thesi ng et hyl
gge;a;le O?ﬁlxﬁl@é M%Bble@f&iapp‘i&mﬁ)ﬁtb °©%né'ﬂ’€e m&@ﬂré’@gﬁ'@cbat’?h@@rﬁﬁéré’(ﬂreo‘c 6a,

i flu
nmet hyI153 ofgro d&rﬂa’t@@%@ F@R ¥ T %E{l%gﬁé/ |€e %Cguecoe@wffltu%wghet hyl ester
5.59 (pr adE'éW%la Qy \ﬁlc?ﬁ‘tet?féd'5?86@8%('@"%@@%55@6) By Phi | lips et
al (1994) drie Jat agprwmataheWCWHZmest@mweMMﬁ whife800 nl) is
distilled doiid B07g, 02l2%amyl treated with iso-octane (80 nl) over at |east 30

t t
pﬁupgh:s rmmmﬁaa;nal &4 r@vefa%@%rt@ogdeé&.g? Pgﬂ;}]‘:e @Mé@kﬁbb %Qgs.ﬁ}pgﬁ.@ ut © 'AS

[
furth 6‘5?%’9”8@ @3’6’&? i s added at GOC and the nixture is
cool ed to approximately 10C and the m xture aged at this tenperature 15 for

appr oxi matExa 4:nBagoeBifludioet Zoeub ORY)EIiBEN -fica-raehliesbad by
filtratiomndrodsnachiohel {rpacafbothisictachi s alLbMMARREALL(LRME rhéRyoct ane (in the

rat|05t 8 50CTor IZhours to give the title
conpoun cact;—g’)até?I g ol\qenltg df’otlu&% aﬁtlﬁ%ﬁv% . NMR anal ysi s reveal ed no

sol vat7150n of t %S%Vt@@lfg@“a%dbﬁ% *a7r9w1y%>10§rq)p@m>r1r1&éwdroxy-16w

methyl-3-oxo-androsta-1,4-diene-17p-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 distilled to 32ml and
treated with iso-octane (80 ml) over at least 30 minutes maintaining a temperature

30  of approximately 20°C. The mixture is further distilled to 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 (32mil) and dried at approximately 50°C for 12 hours to give the title compound as
a 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.




20 the product as polynorph Form 1. Exanple 4: 6a,

9a- Di fl uor o- 17a- ( 1- oxopr opoxy) - 1113- hvdr oxy- 16a- net hyl - 3- oxo-

andr ost a-WOM3Ms@/e- 1713- car bot hi oi ¢ acid S-fl uoronet hyl e®Ca#rEP(H8iIINg net hyl
acetate as solvent and tol uene as antilssol vent) 25 A solution of 6a,

9a-di fl uoro-17a- (1- oxopropoxy)-11 0O- hydroxy- 16a-

nmet hyl - 3- oxo- androst a- 1, 4-di ene- 1713-carbot hioic acid S-fluoronethyl ester
(5.5 g) (prepared in accordance with the procedure described by Phillips

et al (199&kampbre 5] chedy BifRMYo-7o- 29 LEok@00 M) i's

distilled s g .

m nut es % Lm St —ap -Gt e HETRE R xture i s

further di E—éﬁ—ﬂ%ﬁ@!@’-ﬁ@h vol ume of apprOX| rrately 32ml. A

further porti onAgfolutioh otfe Jo4difidgroi1FoddlaadprapoyPC! Brhgdroke16dd xture i s

cooled 50 ﬁ@ﬂ’fy@&dmiaﬁbbbsﬁbpﬁ4met% CArBStHIOR a@ﬁﬁ(ﬂwtéﬁnédmt& (I%%?fnat ure for

appr oxi mat gy aﬁ:%te%'(“r‘é anwat[aﬁgg'é@?stpera?e[%' ' GybB GRS P

f||trat|onb v%s akm/l \é%é‘f e and

tol uene (1: for 12 hours
oy %%@1 Sipmige T érm'éanwemﬁpwﬁ%&%d 56c

to give th@qufluéfwﬂw&rﬂ@t%@) isadded meintainingla (€acld igmpe@farelj . NVR anal ysi s

reveal ed napmokimatelyoh°@f THixpre Bugdrmat o é@efbv@ﬂ@-bﬁé SnPBreduRM the

producig assRPbHiBr; Re5sHh ‘Vj@g Eggﬁ\?ﬁ lﬁ%%@%éé% l&,@(anpl e 5. 6a,
9a-Di fl - OX0

aﬁdrostgorl ﬁgﬁ@%gdug@%%a@%pg P'E( )6%\’8 W‘F’L‘J@F%ﬁ% Im')ss-m?r (using et hyl
acetate aS'98DiPVRYRT ISERRATRISY AN thasaquepys lewenie ﬂ!@t)onﬂUYSbﬂCh ekipactesf wida,

9a- di f| uor ehi eeelale (@R opl). cHexgomblridDrigrils layers hfeadistiled to an approximate
et hyl - 3- oudhura8 df 25 nParkd fﬂrtﬁiér%'%%ll add: é“te‘%ﬁﬁﬁb% BlQUdC TAE Inhliiens BodiEicat € 1)

(3.79) 4 reated with

benzyltr| bﬁ)tr{% W %%%F@mﬁd‘%%%ﬁ Oé(ﬁéaﬁt“?qsé 6\’3‘?&%?@"(& 3 m) and the
mxture i s™ Cchﬁél%f“l‘tB%r%'teﬁd'F@t pEchithie)is pellea@ddd mai nt ai ni ng
a reacti onﬂltf@'thmewasluﬂcleﬂﬂ Az ecetatethekand(3G 5 mijandidiedne i s warnmed to 20C

over 2-3 hamnr@amatén%o*’esw tmdurd @%ﬁﬁé‘éﬂmb&lﬁ%@ﬂhﬂt@é&m washed wi th

(3 x 24 i g %rgmw) (@ﬁﬁ%% 'j a%dr?oqéjoef\pa%n?)f) L WRgleggponate sol uti on
aqueou %? W@B'FPB é{me39 déﬁttarsdPﬂyé‘EPRﬁ'FWm ét hyl acetate (30 nl). The

conbi ned organic layers are distilled to an approximate volune of 22 n
and further et h1]Hnsam;aé@rc(védréq)mllysefm@lﬂ@brtﬁ@@ynméétsttff%éﬁile000| ed to 15

appr oxi mat @nhotfd @heh@éﬁé&?e&ﬁs@n e),nzkllstnﬁ‘tﬂ IGFh §§ { pr{dem nut es and
s il ot helb i il ok D PR

re ian
eé?ﬁ??”’ﬁ)ﬁ'@% e MeRane (3 x 5 nl)
and dr?ed $gdiumpisa BeDatat el y 50C for 18 hours to give the title conpound as
a white solid

Example 6: 60, 9u-Difluoro-170-(1-oxopropoxy)-118-hydroxy-16a-methyl-3-oxo-
androsta-1,4-diene-17-carbothioic acid S-fluoromethyl ester (using ethy! acetate
. as solvent and toluene as anti-solvent)

30 A solution of 6., 9u~difluoro-17a-(1-oxopropoxy)-11p-hydroxy-160-
methyl-3-oxo-androsta-1,4-diene-17B-carbothioic 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 ml) and the mixture is cooled to 5 °C.
Bromofluoromethane (0.5 ml) is added maintaining a reaction temperature of

35  approximately 5 °C. The mixture is warmed to 20°C over 2-3 hrs and the resultant
suspension is sequentially washed with 0.5M hydrochloric acid (23 ml), 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 ml) is added. The reaction mixture is further




(3.54g, 95.7%v w). NWR anal ysis reveal ed no sol vation of the product and 20
XRPD anal ysis confirned the product as polynorph Form 1. This exanple
proved eqwelye@ssi ci ent for the synthesis of the title ecwEPOsdiInhen
repeat ed using benzyl tributyl anmoni uté brom de as phase transfer catalyst
or replacing the base with either diisopropylethylamne or 25 sodium

bi carbonate. Exanple 6: 6m 9a-Di fl uoro-17a-(1-oxopropoxy)-11

13- hvdr oxv- 16a- net hyl - 3- oxo- androsta-1, 4-di ene-1713-carbothioic acid

S-fluor lormdléii}{é% 54 Rfal kdaSlidHvaRinhy bf @bprixmbiadely @3mb A iwt?ér wportibrt of| uen)e ﬁ
anti-sol ven %M mopoxy

P- hydroxyeI I%éne %‘Qi?g@edga'?agﬁrg%%at%@g |fe Qrﬁb&gre Iéér oth| I c acid

(1 nternedlaé’tpéoxlr?atﬁlgﬂ? 3% and aged NS deraperptyre for gpApRIMaly cfér 435 m) is
treated wrebultaehprecipitath i sdllaatﬁﬂlbyuﬁlia’ﬂ@hIV@ShelféW(ﬂ(Dam@)"QafPfddtJ?“%t hyl ani ne
(1.3 ns) g dihg aBbistelirethk $atRd pghd driel aCapprBrimately S0¥Cdoethames (0.5 m) is
added rmai L34 Ag ufk 66 a%sgzan@@s%ﬁ.w §f cPAaPRIMITRIR y 5 C The
mxture is rme a g‘}n_, ) Srecsu %theﬁ?ﬁ\; sionis
sequent i al "Byealpd AR 8oEYOR rﬂW@E K s (‘)5 W aqueous
sodi um bi m;tnbym@rehforruﬂlon (3 x 23 nl) and water (2 x 23 mM). The organic
| ayer is separated and the aqueous |l ayer is optionally back extracted with
ethyl acel@iands?. & lu Dlig6 o7l 1%6oaoaaR) 4 15 AV@OR-R6@nitlislBlded Lo an
appr oxi rrat 10 VT Ay; i B th résctelaﬂglﬁ 'ethT/qe reaction
m xture i i rstrrred to a total
reacti on ad : ) : L. portion of toluene (27ml)
i s added at appA@&lutmtﬁIGpc Ga—oﬁﬂmrtm'ld&(ﬂ monrcmoey)r‘dﬁemr@@-kﬁ@c approxi mat el y
10 C and 3:9@@'. |a:§ok&lbﬁdrbﬁanel-afekléﬂ7@%@9%@&@8@8ﬁd;wr&eﬂﬁmrate Tfin  resul tant

nd ot iy ndags egﬁﬁ?wﬁea oyl (85 il BEBRGAN eh o RERB1 (0! Lene 3

%c% rgB ely 50C for 12
nours. 1o @le(Ra ek SiRBORG ASEHIT BOASE SLPEOG Cas. 796 VR
anal ysi s Bnemnﬁhmdnnthaee)(Ozaml)osnaddedm@nlpﬂmmea@tm tmawf@ﬁysi s confirned
t he producippraémae! m Pihefraikittclis mih&n&d(ﬁmﬁ% ovér B3hrs and the resultant

9a-Dif | UOS%EJZI?SI(%‘II nﬂQ@%sE&iﬂvﬁﬁ B‘éﬂ/f @ﬂc Bh 03 mi; p%qq/wandr osta-1

4-di ene-1 f??r eﬁéerl |ng et hyl

acet at ¥ asadEPYRAIYR 'CP@B”%tStSQW Oré ?89W3 # Stk n of 6a,

9a- di f | uor @gamialayer isseparated 2py i@lqcmem}ﬂazﬁws qigoally back extracted with

met hyl - 3- oxtAylaetaes3a ml). 4Fhai conbinkd(cBgamir laydrs aei distitied 1 gn3appgxindtat er nedi at e
1) in 15 \%JT; oPEEIPARS tﬁl QAN isGBEkaMB I M3r & ISt 30 Fifutgat ed wi th

e AL BTl BB b, o e

m xture i s™@ 3
a reac?; ontoteet@tgér@pmrbvo@me of approximately 22ml, cooled to approxi mately
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 fitle

compound as a white solid (3.4g, 92.3%). NMR analysis revealed no solvation
30  of the product and XRPD analysis confirmed the product as polymorph Form 1.

Example 8: 6., 9a-Difluoro-17o-(1-oxopropoxy)-118-hydroxy-16a-methyl-3-oxo-
androsta-1.4-diene-178-carbothioic acid S-fluoromethyl ester (using a single
solvent to avoid isolation of intermediate 6¢., 9a-difluoro-170-(1-0xopropoxy)-

35  11B-hydroxy-16a-methyl-3-oxo-androsta-1,4-diene-178-carbothioic acid)

A solution of 6a, 9o-difluoro-11p, 17a-dihydroxy-16a-methyl-3-oxo-
androsta-1,4-diene-17B-carbothioic acid (prepared in accordance with the
procedure described in GB 2088877B) (79) in ethyl acetate (350 ml) is stirred at
20 to 25 °C and treated at 0 to 5°C with triethylamine (10.9 ml) over

40  approximately 20 minutes adding further ethyl acetate (5 ml) as a line wash. The




approximately 5 C. The mxture is warnmed to 20C over 2-3 hrs and the

resul tant suspension is sequentially washed with 0.5M hydrochloric acid
(23 m), wWowmws620 aqueous sodi um bi carbonate sol ution (3PcTAPOSDII1AN
water (2 x 23 m). The organic |layerlli s separated and the aqueous |ayer is
optionally back extracted with ethyl acetate (30 m). The conbi ned organic
layers are distilled to an approximate volune of 22 ml and treated with

i so-octane (54m ) over at least 30 mnutes maintaining a tenperature of
appr oxi Watréwtaa@s@peﬁél@ mfmmarr%od)léd fa3 @10 i ¢t anld tehted?Bith 0 a t ot al

reaction Sagg,l%noﬁ@&gw@ 8t dpeSiThatchioR) fhulcd, ABRIMShgRee! v 10 € and

aged at t The re precipitate

east
is coll eé?@ﬂe’b?‘wﬁﬁ t'$ cg/a@l%'c?c\ﬂ §(5m '%(?qsﬂeg a5 ligg &%Sh%régt ate and
i s0- oct andh¢ iselutierhis stieied @t—ﬁ"S)th!ﬁd’Cdpr@ﬁJr@@r appvrexiThareswWiamoc for 12 hours
to give t f@sbéﬁdlcﬁw @@u@@ﬂb@bl@@toa3Mtde7°chnddre(a&d4gth d@&h&glamiNeR anal ysi s

reveal ed ﬁ @hnl)IEr ﬁ%ﬁ%ht miRGidsamainhifg genfirmed the

pr oduct as
9a-Difl uortS ét r? ar?\? % 65 %gﬁs lgueg\)/(aésp aé‘ﬁdr osta-1

4- di ene- lﬁbe@dﬂb@l ﬁlS@Tr@d alct #%@rféh%fqmer @%W"?ﬁjsﬂ%" 8°di@yl e sol vent
to avoid i rat)lléaéddm mmtamtnfgrmethnm%ata(emn the range of -5 °C to +2 °C over

1113- hygdr rnﬁtegéﬂdft‘méjfe%ﬁém Superbien - dbed3t carobes hsecc acid) A

Z(r)\ljlrjz)ls?g % ratg?%%zo%fﬂ@ ﬁl@i%]r&?o b;@ag%éﬁygéfepééf IE?‘a{gﬁ}accornﬁ’gnce with the

procedur e m@lgtwnlmmeltﬁn@amg@hmng@ t°e“tp2}'| [angd ¢ha FOBNIE BEBSGY ) i s
stirred atis s@faraed2hd@eshed wittewatsd (3 50 rmlb Bteawiuetaua phasedpreaan ne (10.9 m)

over 40 apgiexaifEsaRk exitdbicd Wit eHyiadiang 1f20rrh|h@tr—55°mysl+2e?c@trwttae(5 n) as a
line V\%Sh cq-magn% or8§A gﬁﬁgéé P%c(é gt’f’étga%olgppr&z imafe pEAsi on i's

further coQ hIorlde (6.2

m) over a‘fﬂﬁf’éﬁt‘?"ﬁ@@@"‘@ﬂ%@ nﬁRH'Eoégnatﬁlﬁ H?E?%\f%ée{ tarﬁ P'é ure at -5 Cto
+2 C. Et hytreatesbwith wateb(1815mi) @eamaumlgmqmw&cmm (83d9) aWe solution is
stirred attriefylemir® (12 ral) hied the riutdie codediols °C. Brbeoflesorhtihate @.5uspensi on

Is furthery xg;%o%% tn%lnt%ﬁ Q raddtioR B Jr&ﬂ?ee&a}ﬁbr%ﬁnﬂlewwoﬁh%m ne (23.8 nl)

hanol h
| rmper 4 Ly I g %pves%%r%%%vﬁ%%aﬁn%ﬁspe BRIy "aca 1/ ne wash

and the sesauentisiy waskad withesh hydmckioricacid (28 nplh A" AW RqUsars 8?5’"1'?{‘ nut es.
Aceti c acilcdrBbnaterbdlutich (addsdnljandwaten{2ng2d . Theprgaeit layerisn t he range of

-5 Cto +2se‘5a%\fé‘d aé&haaau%bs r@%@is)baél@emd&tad&ﬁthml b&Rate Q@llhi)a%e suspensi on
s aged at 'rrﬁka eqt fg rg %yeljs%';e é’i&uueS ?tfén %}%rg%ﬂﬁfe%tum%%é il Ql i s added
over r 0% Mat 3y° ‘?ed %{ﬁ er at Lr e 2 t,, e range of
-5C t o Zduﬁh%f qt'ﬁéaﬁﬁ?"@tﬁﬁ @')ﬂﬁénged j 19e auiep eeplethi 5\?/89’?@63 W eR Gater (3 x
50 ml). Thieexage étsusl) jsatkled overat tgasi Qﬁmlnuwsmd khegrikiuseisegediat 20 &8 hyl acetate
(120 M) afor 15nfindtés. TheCegUMAnt Brecipitate 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 (3.54g, 95.7%).

30
The process was successfully repeated when pentan-3-one was
employed as solvent in place of ethyl acetate.

Example 9: 60, 9a-Difluoro-170-(1-oxopropoxy)-113-hydroxy-16a-methyl-3-oxo-
35  androsta-1,4-diene-178-yl S-(1-oxopropoxy) thioanhydride
A solution of 6a., Qa-difluoro-11p, 17a-dihydroxy-16a-methyl-3-oxo-
androsta-1,4-diene-17B-carbothioic acid (10g) in acetone (125 ml) is cooled to
approximately -5 °C and treated at 0 to -5 °C with triethylamine (16 ml) over
approximately 15 minutes. The suspension is treated with propionyl chloride (8.5
40  ml) over approximately 90 minutes, maintaining the temperature at -5 °C to 0 °C




15 conbi ned organi c phases are concentrated to approxi mately 45 vol. by
vacuum distillation (below 10 C). Approximtely one half of the resultant
sol ution we o3is@at ed with water (13.5 nl), benzyltributyl ermEPosimichl ori de
(0.37g) and triethylamne (1.3 nl) at8d the m xture is cooled to 5 C

Br onof | uoronet hane (0.5 m) is added maintaining a reaction tenperature of
approximately 5C. The 20 m xture is warnmed to 20C over 2-3 hrs and the
resul tant suspension is sequentially washed with 0.5M hydrochloric acid

(23 m), larfwhavsaiotierow stissdlatp °Aiositienat@treeb tbueh Tha rsadidn ) and wat er

2 x 23 nm ayer is back
faxt ract ed r?lumm}u@% pﬁiu?é?d‘ihfé ARG %@ifdﬂﬁﬁb goﬁﬁﬁtﬁh%nﬁg’s@ﬁ&‘ﬁ]é ygrs are
distilled r??)”"éﬁt %HJ%PBWW&t@eg fBOZ'Q'nI'HeS e??df"ﬁtr ?ﬁ@ ﬁ acetate (7
m) is addeashedmithniaten(Be ti2smmsidatiied sndeipraninat apgrodmatgly 4hékane (42 nl)
is addgd quers Béurk eagive §12 titleRoinBuras & bitetxsitwhitd solidge2l78g, 120.6C for 15
m nut es. 53 resultant precipitate is collected by filtration, washed with

1:4 ethyl xan 3.X ried at approximately 50 C for 18
hours to %ﬁé E%'m efocé) (ﬁarggéea:{lmﬁl’e solid (3,54 g, , 95 7% . 30 The
process Nuﬁ@é‘gs@ 11876 fe&ed, Gh%nCptlaRsStegHises st T-8%pHoyed as

sol vent i r6.§%a8e5.8%.et hyl acetate. Exanple 9: 6(x,

andr osfpa- INIRGDRSD 771§7 IH, & ﬁngx@BQWWXOHB)' eaphydrd)dssf\(fel ution of 6a,

9a-di fl uor

andr ost a- CB géi"zﬂé ca %Pfrﬁi Clqd 5)02%02 45{0'1’ mr%é i&g_'M) i's
cooled to m ;ﬂ”d)“"nﬁ})dl o1 (36, ©). drrY Heﬁ’t):eh 4l 28 (¢, mp 0901 -PA (§Hi et hyl ani ne
(16 m) owea), O&BﬂﬁHomﬁizt)el y 15 minutes. The suspension is treated with
propi onyl chloride (8.5 40 m) over approximtely 90 m nutes, naintaining

the temperdiiid. % lpﬁeggrgg@a% 5 M0ARASERE 3, PG| EEA Q11 1R 138 and the

sol ution i Ter urs. fne reaction
m xture |%&Mﬁﬁﬁﬁﬁ§%@ﬂhwg@@@'&m “hver ten minutes and

the resultant GuSpdifsiomlifshysjery-to- @etDYF%ﬂX%NhhwdméEandTﬁétadr‘bduct is
filtered afiéne-17gredroexit hibid (B8 10.088 miolds)mt camiodyldirmiedzale (E5.75¢acuum at

appr ox matd%i fbstar itted %ethg%% A :gbms dnd® Ntdw@mywmﬁm as a white to
off white i% %,f téT retentloectit)on(x% ¢ m ns
(99. Satleadh Eém b H‘"&' o3 THEALSPPIET g0 b '@2‘9?1349063
requires Cbat@lStB%j gt +%’05%"3’Shyd5°913%3 idan 7opheSmes) 1padded, Ka d, 10Hz)
6.32 (1 H,a sinteidiHgiass dip ppe( dvdri323Minutbs.8Th4 hatkh is sjll)red Bt 65 T fot, 3(ded) 4. 37
(1 H M, Rinfds(Whlmdb to 0P8 overePPintitebanaHirredhi 9413850t & tétal of 100
minutes. The product is collected by filtration (Whatman 54 paper) and the cake
25  washed with ethyl acetate (2 x 105 ml). 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 (MeOHg,) 0.86 (3H) d, J=7.4 Hz; 1.11 (3H) s; 1.20 (1H) m; 1.61 (3H) s;
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; 5.57 (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 6a.,9a-difluoro-118,170-dihydroxy-16a-
methyl-3-oxo-androsta-1,4-diene-178-carbothioic acid from 6o, 9a-difluoro-
118,17 a-dihydroxy-16c-methyl-3-oxo-androsta-1,4-diene-17p-carbothioic acid
imidazole salt (1:2) '
60, 90-Difluoro-118,17a-dihydroxy-16a-methyl-3-oxo-androsta-1,4-diene-
40  17B-carbothioic acid imidazole salt (47.7g) is stirred in ethyl acetate (811ml) and




m, 1.87 (1 H m, 1.51 (3H, s), 1.27 (1 H m, 1.11-1.22 (4H, m,
0.90-1.05 (6H, m, 0.88 (3H, d, 7Hz). 15 Exanple 10: Preparation of
6a, 9a- di fWomBe6ab33 3, 17a- di hydr oxv- 16a- met hyl - 3- PCT/EP03/01115
0xo0- andr ost a- 1, 4-di ene-1713-car bot hi oi9c acid i m dazole salt (1:2)

6a, 9a- Di f | uor o- 11( 3- hydr oxy- 16a- net hyl - 3- oxo- 17a- hydr oxy- androsta- 1, 4
di ene-17(3-carboxylic acid (35g, 0.089 noles) and carbonyl diim dazol e
(25. 759, 0.16 noles) are stirred in ethyl acetate (350nm ) and

N, N- di net hyb fsaspEm@ionss esblddlio ASSBIC. a2M 24yueds)fhydro6Rlont acitl €286nThie suspensi on

'($ (7:O’O| Sd eg na Iqe Hﬁ‘u l?@étﬁll%d%r‘ egi'p?&lrﬁéte |vég1n%'{éé %orﬂ%@raQﬂé(;a{Jefuggh' de

i nut es. T‘?{%h%%ﬁ'@ “1"@ gt“? %IVE"(? aue sgoargtégpad 9‘9%9'?18?8@0’{0%“35%8%0 9C over
20 mi nut escatbethisic avidid washerd Bith fusthea2Mdydiocalpriaamd (180 es. The product i s
col | ectsed by filtration (V\hat man 54 paper) and the cake 25 washed with

et hyl acet gt&nds dJ@3u/d ). The product is dried under vacuum at

pal e purpl e soHFa o *‘1%@{?%5@)&#' SR Petiag 38”@%%3"14%%&%?“#2 o
1.11 (3H) ¥#p-garbethiolc aqjd lmldago@padtgq 7g)is stirr@lzlnpegt@n@gwe (gp4ml) fndo o5 (2H)

m 2. 33 ( Lihb)susperdidnds ¢doldd tom5 B3 ZM hirironhlodc &6d (286m()lis Efidettiahd J=1

(112H)4 g)dl @e'ﬂ%x’tu% i3 Gtifrdd 10} aﬁﬂéﬁmaiéfﬁﬁv&nﬂq&te@ a@fo&hﬁg &clBE: bi ha%?c ( 14';) ( T H? 35
dd, J=10. @'Xﬁurﬁ &99‘%9%’?5?[?”?{96?“9”8@@ %‘Cg"'\&g" +fr[§‘gﬁ§)% 120C (deconp.) 35
Exanpl e 116arpethisisanid §nvashed Wl vatar §190s1)-

6a, 9a- di f | uor o- hiitBed Fmedsdinent vet/cakea of 6a9a-difluoro-11817a-dihydroxy-16a-

met hyl - 3- oxgtReoRs hadrbstd:=101-aRAet 7h Tafwtiiet Atidiimidagdle s&lf gaheaihaa- di f 1 uor o-
1113, 1/a- ddi%nlds[ %Qlct]aﬁ%fq%%gég Inpu B 1B R LRidficdndt 88sdufds3- car bot hi oi ¢

acid 1Tm
9a-Di fl uoro-1113, 17a di hydroxy 16a- rret hyl - 3- oxo- androsta 1, 4-di ene- 40
17( 3- car boExamile 18ci6d. YarDifliioker 1 oe OPORI 1 /8 hy hyl acetate

(811 m) a@d)a\/\@o@ﬁi Q%ﬁﬁn@ 1@}daﬁﬁﬁ&bﬁbbiﬂ$—fla&ombmysemgen5| on is cooled to 15
3C. 2M (aqueousé %Iﬂ b31 %Qbﬂ'oé&@@% -hy&rox @@@F’weﬁfﬂﬂisl he mxture is

stlrredfor d|n hasi ¢ m xture.
The | affe C?argidg‘#éa & %%5%0‘@% g%‘zalfe %Fﬁl‘d? @%esg Ré@ cfar bot hi oi ¢
acid is wa@iﬁ@énd@ a‘mﬁrﬁiﬁ@ﬂe2@%6?%‘%@@6”‘%“@“@10@6%%30' kernati ve
procedur e & thea-wditdrl(6@mip- The resulting solution was cooled to 3°C and

T fn é;gold'ehﬁf FY bénih@é‘ M&inh] yhasa@xer Mafp osihifted edsufing Aectidr! He?na@iﬁéd)ﬁ hi oi ¢ aci d
suspensi on % X Sd)ﬂ% 8n gg%g'rééoegtl\%‘% @%H& %P) “2%"5’@%35%}?1 1 S agded and
25 added over 5 minutes keeping reaction at 3+2° The solution was then allowed
to warm 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 (1.4ml) 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 (60ml), water (60ml), 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 keeping the slurry
35  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 solid was




10 the mxture is stirred for approximately five mnutes affording a clear
bi phasic mxture. The |l ayers are separated and the organic solution of the
free carwotoBioaiess acid is washed with water (190nl). | n elPCREPIYONES

sol vent wet cakes of 6a9a-difluoro-110. 17a-di hydr oxy- 16a-

met hyl - 3- oxo- androst a- 1, 4-di ene-1713-carbothioic acid i m dazol e salt

(rather than 15 dried solids) can be used as inputs to the above
acidification procedures. Exanple 12: 6a

9a-Di fl UOfd?reH?ﬁa(vécwfﬁBf/ém&m)’C 1 13- Hovel wgivelifia titetdmpoltid asoandr ost a- 1

4-di ene- 17 3 f | fl uoronet hyl ester 6a,
9a- Di f | uor'd- T?%C%Y-r%g@dp 1( 3- hydr oxy- 16a- met hyl -3 20

oxoandrost a- 1, 4-di ene- 1713 car both| oi c aC| dim dazol e salt (1:2) (13.39)
was  suspebam ‘ ; 4 B heemeMiBochl ori ¢ aci d
(60m ) 5 anskohh@idsteet, Efdleﬁwﬁﬂﬁb)carb'ﬂﬂﬂomesluls-ilmUIomeﬂhultestm was cool ed to 3C and

Lri propyl ?—ﬂ“enio%ﬁ‘?‘ Slake g%mﬁdaqheg« ﬂVo‘?rﬁet% AR @n@%ragda@@ct on remai ned

5.3ni
25 added ovRroEial iR LN weiedm&r?eﬁéq.gr#@%f%%%rﬁ@é %%%"” Noas then
al | oned thydnesyr Goeomethg-expasdiastaet4-slieneoB-gashoxylic #6ich(1029) @ffle sol uti on
was then N,wicgﬁﬂ)ohﬂdﬁﬁidamb (6.3%1 MYk pespitting zLsEen&BN Wasisyired et 88tded keepi ng

Eﬂe regeti Ic%r gﬁ@'éﬁok&é' pURSefidv 561686bratTHRZGIER wa8 i nut es and
en brondf [ uor o ) e

sol uti on wER9! a%%/ ﬂ%‘?ﬁ@ g,%g bhgb@d &d&%{hqlﬁg@w&ﬂ 16 hours.
The sol uti weraégnmwtﬁém%@n@a thecepants &l 1252Vt hherregpifieg SYSRSRPIPN wat er

(60m ), 1 WadstidfdBat(1€E2D) for arftd‘thmat?@mn(tﬁehm)d thed plahedhundaiceasieraieed by

at lrmtspher | Gacli ( Bbb%somsamﬁaw R86den HB6H biEstineaaigeousty fBE)tQ) | The

sol uti on was n tol uene

(120m 5n r%l('i%fe d &)@Fu% tﬁ%n faE OB v@QsciQ@% p@r‘b@dmﬁcg o e
slurry vvas”'irﬁ@ﬁi'”l1 cORERENPR @éo'ﬁ V‘?@%@ﬁ?fﬁ%ﬁ@”ﬁlt@ﬁwr%Yv%Wa% \i] 80nt and
t hen cool eAMthyd@@hlorid etid¢eml] andinen wates (60rab: Ebm%UEWﬁOIQWW@ﬁJt es keepi ng
the slurrycadledi63eC aﬂ&l&n;&bpl;ﬂémlnwm bip waserided over 2lMiBums@nsu® ni nut es,

aged at 103¢C f reﬁ%n@d@f% Ztéac’a %ﬁ.ﬂlot\ g\’ars%'ilﬁ'gd atl $2°C 3E préionynashed Wi th
3- pent anone nd suc h was WO

03/ 066853 W@J@@@Mé QYT B IR SRR T a%\?éﬁt§r5°é%‘é+4€or 16 hours to
gi ve the tselitioncuaspibenalienedio wanmtte 168G and stiresiatilg+2°6, 19690 BUMES . Exanpl e
13: 6a, 9aTk: sblussrowds el todzd fr &@oand) HinkiBidipalazine/(516al) wes hgdledB- 5
OXoa“drOSt aﬁg ﬂb‘?@&m&? é@s&acb%elseiuﬁoraﬁhsistﬁréd ai@&g*rwfdmb neadies Et hyl

acetate (1 &P%ang uogoa{ngﬁéheyd fﬁjg@g& %@da 1 )i e Sequentially to

ti mat 8"
ﬁ;dlrgxlgfﬂmilaaolmrh\y@s@W@ééﬁh&l@ﬂ@ﬁ%% @Wr"é‘ﬁ@ e ‘g{rf‘ifp ‘?@ﬁus%ﬁ% (10.0g) and

solution was then washed sequentially with 1M HCI 60m| water (60ml), 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: 6. 9o-Difluoro-17o0-(1-oxopropoxy)-11@-hydroxy-16a-methyl-3-
oxo-androsta-1.4-diene-17B-carbothioic acid S-fluoromethyl ester (using pentan-
40 3-one as solvent and toluene as anti-solvent)




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 solution
was coolwo Bo66b8C and hydrogen sul fide (2.2g) was bubbl esdcrrrosighiis he
solution over 25 mnutes naintainin®lthe contents at 122C. The resulting
suspension was stirred at 122C for a further 90 m nutes and then pl aced
under noderate vacuum (300-35onbar) with a slow nitrogen bleed and stirred
vigorously for 50 15 minutes. The vacuum was then rel eased and t he vessel

was pur geda Wirkdd siivnf 6L Ber-dfuBRIM ARONEXdp drdig i cactdetyiemd t he

| 60nL
The r Zsﬂ?f?ﬁ?ﬁ%@?ﬁ” 4 BenglfrBxdi el ? GG Sl ﬁo’ﬁg‘ ;68)“& S ﬁt o ) vas
added overPepiaf-3rape 250dvashpat %@d?l%ﬁofga/ﬁﬁ%& Sr‘ﬁ@ sol uti on was
stirred atcod2éhteated py apiosplydricistitiationrtp deoytH58H )'ha\a@ummé@ls endgd 5 ninut es

keepi ng r %@EPOBnéEh&QQueH@@20|$1£)|vwsla@iﬂe&\/@ﬁertdm&ﬁlnaﬂebmdammgm mto 10C and
stirred at, teeCaf Ok, 98 Fﬂ] ﬁﬁlng sé%lizg b'd\;a's%n é?led;eﬁﬁ’i% SHerko 3C and
§

ol f‘ﬁ'npvsﬁef"é‘%ér{‘no oawo@a@q%’i‘ep SR Bt e 25,

(1.4m ) weaweag@eunites maistaighetheanikiusmat SEE° Q5 TROSIUEY WAS e agled@hed to war m
to 18C anota&‘@cc If&d 5aﬁmat%8 endl @fenkboledts $0°CTher 90 ohindteanTh@siutryieas was hed
mirfR ey e)nd ﬁlferé@oﬁw cake wéi’s VM%H%H& 60nl) and

sequen%o| al Q

wat er (60 con t e n to about
8onL and t ; '8P%dpotlt@”§gg§ é’%«b"é ﬁ“B'gl%g@ ih%a@lﬁfﬁst%”e%ﬁﬂ title
conpound (\Gcosy)ovandt B0Eror dhawnéo give thertilegeaparerkas awbie agicHRhut es 30

keepi ng t helig (9102, 9BL6tB)7 BUIR difedystd nrevesledvas solbationed tieeprodatt edd by at nospheri c
distillat 'mPB%nQQQMtcoﬁﬂmede%B@tﬁ a§(b6'yﬁ1$rp§rch9r9Q Tol uene (120ml) was then
added Quer 20 mnutes keeping the slurry at 873C. The slurry was then

cool ed™ to 10C over 90 ni nut es, .aged at 103C for m nutes and then
filtered. The EHR@W&"W@H@@PEWP@ ANGthetRInE JHeh. fOIfO(W 4Bless fhe 4, 2x20n ) and
sucked dr yconTéxt rfuire® bihdrwises thlr werd ‘compiseaend Mariatiens suchs3C f or 16 hours to

gi ve the tidhBrisRnRUesmpisingd Wﬂﬂbé@n@é‘rbt@%&fl lhé iricushh, of 85¥aiBy Exanpl e

14: 6a 9a-

0XO0- andros[:ﬂ egf}’%’sgeplglgg &%@@gl{;g@ uyé?té&gr% \l%%@an%tﬂﬁ?; F%quf ce)rr (using
pent an0 405t8R BHEOHR OLIBISPETF O SHPSt ol uene as antl - soI vent) WO 03/ 066653

PCT/ EPO3/ 01115 21 A stirred slurry of 6a,

9a-di fl uoro- 17a- ( 1- oxopr opoxy) - 1113- hydr oxy- 16a- net hyl - 3-

oxoandrosta-1, 4-di ene-1713-carbothioic acid S-fluoronmethyl ester (9.1 g) in
pent an- 3-one (250m ) was heated to ref lux to give a solution which was
then concentrated by atnospheric distillation to about 65m . The sol ution
was cooled 5 to 85C and then toluene (120m ) was added over 20 m nutes

mai nt ai ni ng t he



m xture at 853C. The resulting suspension was concentrated by atnospheric
distillation to about 90m, cooled to 85C and then toluene (95m ) was added
over 20 nwouwBmessARni ntai ning the m xture at 853C. The sl ur PgTERS3/0heh aged
at 853C for 15 mnutes and then cool22d to 10C over 90 m nutes. The slurry
was 10 aged at 123C for 30 mnutes and then filtered. The cake was washed
with pentan-3-one : toluene (1:3, 2x20m ) and sucked dry. The solid was
dried in a vacuumoven at 50C for 4 hours to give the title conpound as a
white aci cgbphs solid (9.02g, 98% h). NWR anal ysis reveal ed no sol vation of
t he product and XRPD analysis confirnmed the product as pol ynorph Form 1.
15 Throughout the specification and the clains which follow, unless the
cont ext rehui r ed Prrcees {ar peepatingfiylisagrreqynppnalgas CEYﬁt?"Wﬁrﬁogfmoé Csuch as
* conpr i sesForantlwhichrpmipgsesghixingia dolwien wh Higicasaudpropionaipliyatnhe- i ncl usi on of
a st a: ﬁod $dNiE§ orddnicSilgaR ivedf Wita ﬂBnJSBI]SIﬂQ‘Qf Srg@nié liqued ahlﬂséli?@\}\%xg !3?3 %82531‘
any other jn r : ] r : :
pCT/ P03/ QLY cauthy, MEHeaSbiF pRbicHERUR MRSl fombiof B o T o
pr opi onat ecrygalisg Qutaf theROIWBNy nor phic  Form 1 whi ch conprises nixing a
solution of fluticasone propionate in a non 5 solvating organic liquid
foJl vent wWiih a A@Rocees ¥edordisy fbrcﬂlﬂﬁ!ﬁwhér@}#\itﬁeaa?}-bolsagingemgani& liguieby ci'iiJ_Si ng
uticgson [ e,as.crystalline polynmorphic Form1l to crystallise
out ofﬂ’tshegoslongtg%ﬁ?énzggie'pr ocess according to claim1 wherein the
non-sol vating organic liquid 10 solvent is pentan-3-one. 3. A process
according 3.0 cl AimeESQﬁCQQF(ﬁWﬁOZCWime?@iQ*ﬁimkﬂawﬁﬁﬁ"btbﬁ per-salyatingy gani ¢ |iquid
ant i - sol vegrgahis lig@t aatkeolvdr igholudnpr ocess for preparing fluticasone '
propi onate as crystalline polynorphic Form 1 which conprises (a) reacting

a corrp%?u’ndﬁog f rprrrcycle‘féls for Ip)ep(ajl)rir%_| fIlg.t)lcas|_|<§?1e%'ro&o'rlle'{t%]é‘%](SI]y]sileﬂ1f}%%o'l'ylrr"ilb:'l’plgljc_l3 e CH

C _-E
Form 1 which comprises
(a) reacting a compound of formula (I1)

(1

20
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;
(b) optionally increasing the purity of the fluticasone propionate in the organic
25 layer by performing one or more aqueous washing steps;
(c) 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.



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 catalyst, a
wat er - 1 MwDIBiokd6e3 non- sol vati ng organic |iquid sol vent ane@Cuatres/11ih)
optionally increasing the purity of ti%e fluticasone propionate in the
organic 25 |layer by perform ng one or nore aqueous washi ng steps; (c)
separating the organic |ayer fromthe aqueous |ayer and optionally
concentrating the fluticasone propionate in the organic |ayer; (d) m xing
the solution of fluticasone propionate in the water-inmscible non-

sol vati ng rgan c t th a

non- sol vat Bm@?gs 8?4?*%%”&1(}@ greé]‘tN %@wﬁ?%ﬁ%%@h@ﬁﬁé"%a%u“ casone
pr opi onat e“%.’éﬁii et &Iﬂel'“ 3-B0g- ym)rphl c For m1l to crystallise out of the
solution. 5. A process according to claim4 wherein L represents hal ogen.

\A\/\ﬁ 03/ 0666p3 PCE/ RRA3d Adobiding B3arfy-ond @b@mstca@mémmemmbanmgﬂ or 55 ,
ereint [ i s pentan-3-one. :
A process ccor gpéﬂﬁ PE!O?'S rg@bgg& egSEQJH%nerel n the conmpound of
fornula (11 @agtg]gta@qqggqé{gxg d by a process conprising: (a)
reacting a corrpound of formula (I1l1) OSH HOCH3 "."wOH CH3 CH3 F O
(I1'l) F 10 with an activated derivati ve.of g opi onic acid in an anount of
at least 1.3 noles of the activated deriygative per nole of compound of

formula (111) and; (b) renoval % the s@HghukdH nked propionyl noiety from
any conpound of formula (I1A) SO S Bt HO O

CH,
o} x (1
E
10
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 (Ill) and;
(b) removal of the sulphur-linked propionyl moiety from any compound of
formula (l1A)
15
Oﬁ,Et
0__S
0 Et
R “\\g

o6 w»
O

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



F(IT1A O/ F so forned by reaction of the product of step (a) wth an
organic primary or secondary am ne base capable of formng a water sol uble
pr opananmiwe o6l 20 may t hen be renoved by one or nore a®oE@Ps3/0E$Hhi ng
steps. 8. A process according to clai% 7 wherein process (a) is perforned
in the presence of substantially water inmm scible organic liquid solvent.
25 9. A process according to claim8 wherein the solvent is pentan-3-one.
WO 03/ 066653 PCT/ EP03/01115 24 10. A process according to any one of
clainms 7 to 9 wherein the conpound of formula (111) is used as an

im'dazole 11. A $S,8080r ing tg.apy.one af clains to 10
wher ei n th négtﬂﬂ%i-:-ssgfzgqr@pﬁu? 3”3(?9‘}&%&%? 9 g&‘fhgfeé?j encogbqouadpgrm 12. A
conpound ofO“F'b'lanQJI)awﬂeld@ﬁecDJEﬂ azgesalto p Bt O / F O (11A) 10 F 13. A

process for the preparation of fI uti casone propionate, froma conpound of

formul as (1Y), O @proddas GEbbraing to AMLfebr Jfelifdls s 10 ﬁ/h@reﬁﬂf%co%oﬁna“ t hout
i sol ation 81ffo* @ﬁ quh&tlgol%gg&ogogsﬁﬂ whi ch process conprises the

preparation 0o compoun s (rrr) wo 03/066653 PCT/ EP03/ 01115
25 O SH
12. A compound of formula (l1A)
(I1A)
10
13. A process for the preparation of fluticasone propionate, from a compound
of formula (1V)
15

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



CH 3 njnl11110H HOCH3 CH3 F O & (IlIl1) F fromthe conpound of formula
(I'v), followed by in situ conversion of the conmpound of formula (II1l) to

t he conpowopd3sobéssornula (11) 5 0 SH O ..uunlll1ll HO CH3 POTRIPOSZMAICH3 C- - -
Et FO/ (Il) F followed by in situwsconversion of the conpound of formula
(11) to fluticasone propionate.

from the compound of formula (IV), followed by in situ conversion of the
compound of formula (1) to the compound of formula (1)

(I

followed by in situ conversion of the compound of formula (ll) to fluticasone
propionate.



