PROCESS FOR THE ESTERI FI CATI ON OF A CARBOTHI O C ACI D The present invention
rel ates generally to a process for the esterification of a carbothioic

aci d, parwocudearborsbut not exclusively in the preparati eorafB2hdatosesasone
propi onate; and to the use of certain internediates. In one aspect, the
present invention relates to an inproved process for the esterification of

the G 17 hydroxyl group é§8 ifljiﬁ HicAfio Bygdony 16a-

nmet hyl - 3- oxoandr ost a- 1%‘3@% - und of formula [
| 1] , conprising treating this QARBOIHIONEG ACIDh a slight excess of an acyl
chloride of general formula R-COCl, where R represents, -CH2CH3, -CH2CH2CH3
or -CH(CI—|32 In the presence of anaproprlatetertlar amne, in an inert

sol vent , The Rreserbnvantios ralalpscaenerellune aZBV@@SSt@roﬁleaieﬁteé@Pé@?'? Wi 9 the
17a-agyl . | of I nt] vent S
este?fflcgp%hzakr%@g‘s a&ﬁwﬁgbgﬁOtI%dJ%ﬁ Hﬁeﬁ%cgp%bé%ﬁ% 3/5? ef@[bgisgﬂ?

t han thqsrepd:rmtécmﬁﬂtc thet Use @frce:n‘rammtemwam.lt suppresses one of the two
chem cal reactions described in those processes. Another feature of the
process of this invention is that it yields 17a-esters of high purity. Mre
parti cul @r bije ésgje%tl Heeprdimt T Shilrtont Raldtes! MR BN CAmRROVRS pro@sst Mer the

pr eparation of Ja- di Iuoro 1 1b- hydroxy-16a-neth

7a- pr opi estetiticaticdr ok diaa 3-d Zt bydroxyl- ghoelpeef ﬂidthedrflbotmﬁ@Bd?aedlbydmyﬂ(ﬁmd of

forrrula [ 11 which is an jnter t he
Jhethyl- -oxoandrosta-1,4-diene- 19& a%othnouc acnd compound of formula [ 1 ],

comprising treating this intermediate with a slight excess of an acyl chloride of
general formula R-COCI, where R represents, -CH,CHgs, -CH,CH,CHj3 or -CH(CHj3)s,
in the presence of an appropriate tertiary amine, in an inert solvent, at a
temperat'ure between 5°C and -20°C, to obtain selectively the 17a-acyl derivative of

15 formula[Il]. -

20

This invention provides an esterification process which is simpler and more
economically efficient than those disclosed in the prior art because it suppresses one
25 of the two chemical reactions described in those processes. Another feature of the

process of this invention is that it yields 17a-esters of high purity.

More particularly, this invention relates to an improved process for the preparation of
6a,9a-difluoro-11p-hydroxy-16a-methyl-17 a-propionyloxy-3-oxoandrosta-1,4-diene-
30  17B-carbothioic acid, compound of formula [ il ] which is an intermediate in the
synthesis of fluticasone propionate, an active ingredient used as an anti-inflammatory
steroid, effective for the treatment of inflammatory diseases such as asthma and

chronic obstructive pulmonary disease.
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synthesis of fluticasone propionate, an active ingredient used as an
anti-inflammatory steroid, effective for the treatnent of inflammatory

di seases wochosaas@st hma and chroni c obstructive pul nonargTdisReam®sgs2! 11 ]
US patent 4,335,121 , British patents GB &, 088,877, @B 2,137,206, US patent
4,578,221 and J. Med. Chem, 1994, : 14 3429, describe the

17a- propi onyl ati on of compound [ | _ 'MQRtain the fluticasone propionate
internediate [ 111 ] , through theJdt3w emcal steps illustrated bel ow,
via the m xed anhydri de conpound ] M xed Anhydride In the first step
(a), the mixed anhydride [ 1V ]%is prepared with an excess of at least 2
nol es of propionyl chloride per nol of conmpound [ | ] , in the presence of
triethylam ne and using di chl oronet hame as sol vent. Upon concl usi on of the
prop onyl ation reaction, the reaction m xture is worked-up and a buff solid
is obtained. In the second step (b), this solid is dissolved in acetone and
treated with diethylamne, to convert the m xed anhydride to conpound [ |11
1 . Onogst patent ABBBSIA ' BAGSH Patdits COBPI22088 8V Ne GBazZHBPIR0B, XUSI paieht

wor ked up to isolate conmpound [ |11 . I nternational patent application WO
03/ 066665878)221rand heMpdefhent.i H904 37, 3747 /@S destribe thg 1hy-prepipnyletien i ng

or opi orricomeedribt b opfSiR shg diERTe Fropiihede rukgvafiafr DiE ke e
li nked 10 EHamichPelepBILEHERY BEIoW, vizotheLhikell dn¥iybiride iconfibupidgavijc pri mary

or secondary am ne such as di et hanol am ne or N-rret hyl pi perazi ne. Pat ent
application WO 01/62722 discloses the 17a-esterification of the hydroxyacid

15

m (] [mj

Mixed Anhydride
20

In the first step (a), the mixed anhydride [ IV ] is prepared with an excess of at least 2
moles of propionyl chloride per mol of compound [ | ], in the presence of triethylamine
and using dichloromethane as solvent. Upon conclusion of the propionylation
25 reaction, the reaction mixture is worked-up and a buff solid is obtained. In the second
step (b), this solid is dissolved in acetone and treated with diethylamine, to convert
the mixed anhydride to compound [ lll ]. Once the aminolysis reaction is complete,

the reaction mixture is worked up to isolate compound [ 111 ].

30 International patent application WO 03/066654 claims the preparation of intermediate
[ 1II'] by: (a) reacting compound [ | ] with at least 1.3 moles of an activated derivative
of propionic acid per mol of compound [ | ], and removal of the sulphur linked moiety
from any compound of formula [ IV ] with an organic primary or secondary amine

such as diethanolamine or N-methylpiperazine.



conpound [ V] with an al kanoyl halide, in presence of a base, and

particul arly describes the preparation of the 17a-propi onate conpound of
formul a [wdl2ode/de3ods [ M ] by: (a) reacting the hydroxyacrdrbodoososl a [ V
] with 2.3 noles of propionyl chloride per nol of conpound [ V] , using
triethylam ne as base, and (b) in situ reacting the conpound obtained in
(a) with diethylamne. Al of the l7a- ac%ll ation procedures described in the

prior dratentappligationr WO & 162142 diseloseadhe 1[7a1-e§terjﬂcatm olthet Rydrexyaniky! i ¢

he. 17ortpoutd 5% 3T alfadolf rBRoM SPefifh ot & BE5E. fof SR o

secondateschBbS ehe Befihitioh 6?&@1?&’9%&@5@@&%0% R Yund (hat Che
(0]

transformation of the carbothioic acid conpound [ | i nt he conpounds of
general formula [ Il ] , canqselectively take pl aeo»duectly, with

negld gi bl e formati on of «{ h 6 g e, under conditions
herei n descri bed bel ow. ob tdie present invention,

the intermedi ate 6a, 9
1b, 17a- di hydr oxy- 16a-1e P di ene- 17b- car bot hi oi c acid,
conpound [ I ] , is di rec;ly converted to com;ounds of general fornula | I

1 T 1] (" 1 by reaction with a slight excess of the corresponding acyl
chloride, in an inert sol¥ént, in the presencd"df an appropriate tertiary

am ne. The (ppréaoﬂubatheatd;daa»tm&i of farimailp{ &sEwithi 2h8 endliesrof prepionhiostdorde t he
pri or a;;etr rlngl oPcompound [ V ], using triethylamine as base, and (b) in situ reacting the

compound obtained in (a) with diethylamine.

All of the 17a-acylation procedures described in the prior art, either for the
15 carbothioic acid [ | ] or the related carboxylic acid [ V ], use an excess of the acylating
agent to ensure completion of the 17a-acylation, thus requiring aminolysis, with an

adequate primary or secondary amine, of any mixed anhydride formed.

We have now found that the transformation of the carbothioic acid compound [ 1] into
20 the compounds of general formula [ Il ], can selectively take place directly, with
negligible formation of the correspondent mixed anhydride, under conditions herein
described below. By following the process of the present invention, the intermediate
6a,9a-difluoro-11p,17a-dihydroxy-16a-methyl-3-oxoandrosta-1,4-diene-17f3-
carbothioic acid, compound [ | ], is directly converted to compounds of general

25 formula [l ]

30 F 15?
[ (R1Y]

by reaction with a slight excess of the corresponding acyl chloride, in an inert solvent,
in the presence of an appropriate tertiary amine.



conpounds of general fornmula [ Il ] are obtained directly from conpound [ |
] , wthout the need to performthe am nolysis of the correspondi ng m xed
anhydr i dewoAdet/t4d@msal | y, under the am nol ysis conditi ongcaes2oedesbsen t he
prior art, the chem cal stability of carbothioic acid derivatives such as
compound [ I'll ] is limted therefore, the sinplified process of this

I nvention, by elimnating the amnolysis reaction, affords 17a-esters of

hi gher pheinarticuiae advamgaeofithe RipERRNNVERtRM OVBh thaseeplthespRprodit d%&h%t

e PR WA ML e ol e 1 v

1b, 17a- méﬁymtw(ytolq)eifomﬁtthgl -83‘1IDOI|9SIBd obsthe lcqrzbsqbloadmgl riiixedanhhyﬂmahe c
F51 T WRBRignaIy i dds e Suhiapivais sRite RS DSk ngBRaaT arby G IGeRIGR
y\/ner Rs{iit %?%Fbotﬂd%gé'éld déhiatvESSdch as g{fﬁ%@%@g lil |§W|rﬁ|fé%rfhe$@ﬁo\’@”t

in the presehce of a tertiary amne. Prefer ocess s carried out
at a t etipesiatplified pro¢essnof30is invento) Oy éﬁna;namgattte amlrmlyms peasticdeaffolds use
of corrp nds  of f Il ] when made according to the process of the

i nvent i “T‘?ﬂtertsrfg?wr%féﬂﬂwon of therapeutically useful nedicanments. The
present invention provides an inproved and sinplified process for the

sel ective 17a-esterification of the compound [ | ] , forming negligible
anount sAstomdingado the present invention, there is provided a process for preparing

10 compounds of formula [ i ]

15 : i
[ mn
by esterification of the C-17 hydroxyl group of 6a,9a-difluoro-11p,17a-dihydroxy-16a-

methyl-3-oxoandrosta-1,4-diene-17p-carbothioic acid, compound of formula [ | ],
which process comprises treating compound [ | ] with a slight excess of an acyl
20 chloride of general formula R-COCI, where R represents -CH,CHj3, -CH,CH2CH3 or
-CH(CHas)2, in an inert solvent, in the presence of a tertiary amine. Preferably, the

process is carried out at a temperature of from 5°C to —20°C.

The invention also provides the use of compounds of formula [ Il ] when made
25 according to the process of the invention for the preparation of therapeutically useful

medicaments.

The present invention provides an improved and simplified process for the selective
17a-esterification of the compound [ | ], forming negligible amounts of mixed

30 anhydrides of general formula [ VIl ]
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anhydri des of general formula [ VII ] [VII]in which R represents -CH2CH3,
-CH2CH2CH3 or -CH(CH3)2, without the need to performthe am nolysis

reacti on wb 2bdw4smsr espondi ng m xed anhydri des. The proeessGBR00p05Ees t he
reaction of conpound [ | ] , 6a,9a-difluoro-1 1b, 17a-

di hydr oxy- 16a- net hyl - 3- oxoandrosta-1 , 4-di ene-17b-carbothioic acid, with a
slight excess of an acyl chloride of general formula R-COCl, in which R
represents -CH2CH3, -CH2CH2CH3 or -CH(CH3)2, in the presence of an

appr opr inavhich Ganepreisents awzem, neCHicrH@crHj; rmerH(mwae)ptwuthmtyt'h@l fdettheto
corrpounds of %mneral formul a é I n which R represents

- CH2cH3petferp afmn VS‘SG?E@I%‘)Q“*‘QCBHP?P m"&glrp'xﬁfjé\"\i\yﬂ@@e%nbodl ment of
the present invention is to provide an inproved process for the preparation
of 6a, 9a-difluoro-1 1b-hydroxy-16a-nethyl-17a- propionyl oxy-3-oxoandrosta-1
, 4- ds en&hé&7procesd atampiisesatiel , reaotigro widcarhpbondnfl a ][ Ao, Dadifluotortd Bl 5lorg of
reactl ng 6a, 9a-di fluoro-1 1b, 17a-di hydroxy-16a- net hyl - 3- oxoandrosta-1

, 4-di en thwrqacyc‘eﬁ%mq%hﬂr%oa@arwrpsm-1]4 Wﬂﬁ."gﬁs%f@ﬁth'@ﬁc@@g otwithy @prsmm

chI orid ePr Y n

sol vent Sxﬁs@ ??)rrp'guaer@?%??rgfrerm 8?%'%? f})%ﬁla g\:lc()\i;\énl |'ﬁtrqé/ﬁfr%r:gdﬁa égd}ﬁég I n
the prep@HsCHYN-Of,GHICHS rdrl aE{CHY), sihethe meesemde af dn wbproiate cngapnconat e
of formula [ A] (described in US 4 335 121 ) h@%effective j n_the

t r eat metfrtizy amineathal siaft mlx@afs&wrelwe&mwrsdﬁjo narpLiopular Ll i ve

pul npnary di sease (COPD), and in the preparation of the

15 () [
in which R represents -CH,CH3, -CH,CH,CHj3 or -CH(CH3)s..

A particularly preferred embodiment of the present invention is to provide an
improved process for the preparation of 6a,9a-difluoro-11p-hydroxy-16a-methyl-17a-
20 propionyloxy-3-oxoandrosta-1,4-diene-17f-carbothioic acid, compound of formula
[ Il ], comprising of reacting 6a,9a-difluoro-11p,17a-dihydroxy-16a-methyl-3-
oxoandrosta-1,4-diene-17p-carbothioic acid [ Il ] with a slight excess of propionyl

chloride, in the presence of an appropriate tertiary amine, in an inert solvent.

25 The compound of formula [ Il ] is a known intermediate useful in the preparation of
anti-inflamatory steroids such as fluticasone propionate of formula [ A ] (described in
US 4 335 121), highly effective in the treatment of inflammatory diseases like asthma
and chronic obstructive pulmonary disease (COPD), and in the preparation of the
related 6a,9a-difluoro-11p-hydroxy-16a-methyl-3-oxo-17a-propionyloxy-androsta-
30 1,4-diene-17p-carbothioic acid S-(2-oxo-tetrahydro-furan-3-yl) ester of formula [ B ]
(described in the application WO 97/24365), possessing a useful anti-inflammatory

activity and having little or no systemic activity.



rel ated 6a, 9a-di fluoro-1 1b-hydroxy-1 6a-nethyl - 3-o0xo0-1

7a- propi onyl oxy-androsta- 1, 4-di ene-17b-carbothioic acid

S- (2- oxo-wetahpsie- f uran-3-yl) ester of formula [ B ] (Pdtfmmmrdsosn t he
application WO 97/24365), possessing a useful anti-i Ranmmatory activity
and having little or no systgnst [ oby, the invention
al so provi des a procesd~foy i
conprises preparing 63 Il?oro 1 1b- hydr oxg<16g-4o~"~

met hyl - 17a- pr opi onyl -@@ oxoandrosta-1 , 4-dieg E-C'ef’r bot hi oi c acid
according to the pr%cess of the invention .@@ erting the said conpound
to fluticasone propionate. ere is also pr8videll a process for the
preparation of 6a -9a -difl oro 1 1b- hydroxy- 16& - rirgt hyl - 3- oxo- 17

a- pr@pi onyl oxy-androsta-1 , 4-di ene-17 b-carbot hioic tid S-(2-
oxo-tetrahydrofuran-3-yl) ester which process conprises preparing 6a,
9a-difl wmcordmgjyb thbydnmqtroihGalso nerokides- al faoeesgy ofpr opsepaing- fldticasone
oxoandrostg - - 17b - carbothioic acid accordi ngi to the process

of the Mﬁ%’ﬁf‘?‘@n VHHG“cBFRF@ﬁFu REMPESES cBIARSYIRE g ardiflugrer13Bdudspxy-he-

resent n e i 0

b oa- arPRLEr & BB PR s BN AR SFE S B il B SR BngCl. )
, 4- di eng¢he Iptbcess ludt tHeoiitvention, andnponvetting ther saidacompbundl ®omRticssdre of
treatln t he corrpound[ Il ] , 6a,9a-difluoro-1 1b,

17a-8i hP8PRIRYate6a- net hyl - 3- oxoandrost a- 1 , 4-di ene-1 7b- carbot hi oi ¢ aci d,
with a slight excess of propionyl chlori de, In the presence of an

There is also provided a pfocess for the preparation of 6a -9a -difluoro-11p-hydroxy-
16a -methyl-3-0x0-17a-propionyloxy-androsta-1,4-diene-17p-carbothioic acid S-(2-
oxo-tetrahydrofuran-3-yl) ester which process comprises preparing 6a, 9a-difluoro -
15 11B- hydroxy-16a - methyl -17a - propionyloxy - 3 - oxoandrosta - 1,4-diene -17p -
carbothioic acid according to the process of the invention and converting said

compound to the said S-ester.

The present invention provides an advantageous process for the preparation of
20 6a,90-difluoro-11pB-hydroxy-16a-methyl-17a-propionyloxy-3-oxoandrosta-1,4-diene-

17B-carbothioic acid, compound of formula [ 11l ] comprising of treating the compound

[ I ] 6a,9a-difluoro-11p,17a-dihydroxy-16a-methyl-3-oxoandrosta-1,4-diene-17p-

carbothioic acid, with a slight excess of propionyl chloride, in the presence of an

appropriate tertiary amine, in an inert solvent, at a temperature between 5°C and
25 —20°C.

The acyl chloride of general formula R-COCI is preferably used in the process of the
present invention in a molar ratio of from 1.0 to 1.2 moles of acyl chloride per mol of
starting compound [ | ], preferably in an amount within this range.

30
Inert solvents for the 17a-acylation process of the present invention include acetone,
tetrahydrofuran, dimethylacetamide, dichloromethane, ethyl acetate, 2-pentanone, 3-
pentanone, 4-methyl-2-pentanone and 2-butanone. Acetone is the preferred solvent.

6



appropriate tertiary amne, in an inert solvent, at a tenperature between
50C and -20 0C . The acyl chloride of general formula R-COCl is preferably
used in twe 2psceasEs of the present invention in a nolar pcatéBro@foososom 1. 0
to 1.2 noles of acyl chloride per nol of starting conpound [ | ] ,
preferably in an anobunt within this range. Inert solvents for the

17a-acyl ation process of the present invention include acetone,

t et r ahyAppfapriate tértiasy gminest tovicaery dut the rselestivend7ogropionylatioatisclude

2- t ] 3- ] v 4z hyl - 2- \ - b . A '
he. pr cPURBE: PR Rppr SAIGCING PTG an RGOS EANPEIRu: oS N
sel ecti Mfétﬂﬂﬁzr%lﬂﬂrﬁ@.nw ation include pyridine, 2-picoline 3-picoline,

4- pi col i ne, met hyl i m dazol e, and Nnet hyl pyrrolidine. The 17a-acyl ation
reaction of the invention is preferably performed at a tenperature of from

the prolfes sraciiatyf e oA aBE b AnfioRTh BB L PROREB B TR V'

descri bgfifrbfm sdtetgpL2@c.art such as triethylam ne, tripropyl am ne,
et hyl di i sopropyl am ne, N, N-di methyl aniline, N N-dinethylcyclohexylan ne,

i nor ganil becuse oh dhe dedigph agynes glefigedi ahaveyas asiequata fmtitee prasesa fi them

b d ' t ' 4 i f
i gh 1 oPaItopRERLt BSEARURR dher AR (218 PrafpGel geserkld HPhETbHSN o
consunpsuchh ad tretmytamide[ ttiplopytarhine, fethyidiisapropylahviigdy NeMalimettiylamifing,i ti es
as is the case when sodi um hydrogen carbonate is avoi ded. Under the

pr efter r BeNeimgthylorcohexylaming, Biganigrcarpengies ARReit PR hydrogen

carbonate, potassium carbonate and sodium carbonate. When using these bases the
formation of high levels of the mixed anhydride compound [ IV ] or incomplete
consumption of compound [ | ] or the formation of high levels of impurities as is the
case when sodium hydrogen carbonate is avoided.
15
Under the preferred conditions of the process of the present invention, 17a-
esterification goes to completion with 1.0 to 1.2 moles of propionyl chloride per mole
of compound [ | ], in the presence of pyridine, and the levels of mixed anhydride
formed during the reaction are below 3% (in area, by HPLC). With these low levels of
20 mixed anhydride, the aminolysis reaction is not required and compound [ Il ] is
isolated with a high degree of purity, on work-up of the propionylation reaction.

Under the conditions described in the prior art when compound [ lll ] is prepared via
the mixed anhydride, partial degradation of compound [ Ill ] may occur during the
25 aminolysis reaction. This degradation is especially problematic when prolonged
reaction times take place, which is to be expected on an industrial scale. Under the
conditions disclosed in the present invention this in situ degradation of compound

[ HI'] is avoided.

30  We have found that by following the prior art a precursor (G precursor) to an impurity
(impurity G) is formed.



esterification goes to conpletion with 1.0 to 1.2 noles of propionyl

chloride per nole of conpound [ | ] , in the presence of pyridine, and the
| evel s ofwoize@h43018ydri de forned during the reaction arechaiBsdmsisen area,
by HPLC). Wth these |low | evels of m xed anhydride, the am nolysis reaction

I's not required and conpound [ Ill ] is isolated with a high degree of
purity, on work-up of the propionylation reaction. Under the conditions
described in the pr| or anraésrrwhen compound [ Il ] is prepared via the m xed
anhydri de, partlal 0 b on of conpound [ \ g,Iiﬁrr ng the

am nol ysi s reas i “‘gdat lon i s especially B “When

prol onged reacs Nprace, Whith is tgs

i ndustrial § i onse=d¥ scl ofed i1 ent i on
this i®n si¢udegfadati on of cbrmpound [ 111 Jo XY ouhd t hat

by following the prior art a precursor (G precursor) to an inpurity
(impurity G 1is fq;rprerg‘ »C Precursor G Wth the process of the pr esent
i nvention, dinmer G Ich is difficult to rem)ve from the®fi nal product

|1 .at .l e h t
0. 5% 1 o Wi S Brotitia BE RSt hSentdiE Ber L Shibhie G Moy « o
obt ai n M final p@édﬁdﬁeflﬂﬁéﬁédn%dpw driate, W'@Brysfallﬁz%ﬁrbheﬂhéh'tatslbg&bfr‘nﬁﬁ@rt ly

reduces the over al | Vfy d, are avoi ded. her enbodi nent
i nveroi othars G:-9%prigpaaed rati leyetsy balopr 868 s Hamcet iepgated aresrystallizationseto

conpounds,an Ratliral UP'tRe TedQrdY BLPRY Wien TREEMea dat significantly reduces the

overall yield, are avoided.

Another embodiment of this invention is to provide an improved process for the

15 preparation of the compounds 6a,9a-difluoro-11p-hydroxy-16a-methyl-170-
butyryloxy-3-oxoandrosta-1,4-diene-173-carbothioic acid, compound of formula
[ VIl ] and 6a,9a-difluoro-11B-hydroxy-16a-methyl-17a-isobutyryloxy-3-oxoandrosta-
1,4-diene-17B-carbothioic acid of formula [ IX].

20

[Viti] [1X]
25 Compounds of formula [ Vil ] and [ IX ] are directly prepared from compound [ | ] by

reaction with a slight excess of the corresponding acyl chloride, without the need to
perform an aminolysis reaction of the corresponding mixed anhydrides.

According to a preferred aspect of to the present invention, esterification of
30 compound [ | ] to obtain compound [ Vill ], is performed with 1.0 to 1.2 moles of

butyryl chloride, in acetone, in the presence of pyridine, at a temperature between

5°C and -20°C, preferably between 5°C and 0°C. The esterification of compound [ | ]

to obtain compound [ IX ] is preferably performed with 1.0 to 1.2 moles of isobutyryl

chloride, in acetone, in the presence of pyridine, at a temperature between 5°C and —
35 20°C, preferably between 5°C and 0°C.



but yryl oxy- 3- oxoandrosta-1 , 4-di ene-17b- car bot hi oi ¢ acid, conpound of
formula [ VIII ] and 6a,9a-difluoro-1

1b- hydr oxywelé@s/easdiby| - 17a- i sobut yryl oxy- 3- oxoandr ost a- PCT/GB2004/005052

1, 4-di ene-17b-carbothioic acid of formula [ IX] . [ VIII ] [ IX]
Compounds of formula [ VIII1 ] and [ IX ] are directly prepared from
conpound I ' ] i : |4 I
chi ori de, g, (Hiattind FREBRS ke, fid knfihk 2hh Sl Brepirar BRtdiReREY
cor r espoaddraye mxeagpt of ligitatide sharactarrafithg stopa opthef imvertibraspect of to the
present invention, esterification of conpound [ | ] to obtain conpound [

VIIlT ], is performed with 1.0 to 1.2 noles of butyryl chloride, in
acet one, g prese I digne, ; Ween .
2o0C, pEAn, [1Ec: heshaiaiot | Pn g QasREN thiroRy HEmethy By | |

t o obtai propignyloxy-B-dxodndresta-disbdidrier1 Ppicavbotirioiy adidl. 0 to 1.2 nol es of
| sobutyryl chloride, in acetone, in the gd:esence of pyridine, at a

t enper at dr S3RANISEOTERMBRKNG [ bbdd0 50024 Malgs)yB AReinesHiE Saml) iBseotagkto
fol | ow ”gze@%b%eétéé "W erdir}ié‘ﬁo ngé& @Eoﬁgﬁyflgc‘r?ﬁérfﬁé{'%ﬁ Fhie0028 moles),

enbodi nents and are exenpt © t at 0 e scope of
i nvent i owhil&>maaiptanibg tRe épmapetatore bétwesen-a2@fiC and~d51C. The mixture is stirred

1b- hydr oxy- S byl -17a- i onyl oxy- 3- pxoandrosta-1 ,4-diene-1 = .
7b- oar boshr8DC mapet Al st o reHipa A econd pddlisnyof Brassanvshiaside;
acet gpe (3.65 ril) bahbecOftied oup if riddSsandoldopRiiet fwb_traaewrﬁ.da&ﬁﬁééﬁ’d mgn ] gnd
propionyl chloride (2.3 m, 0.026 nolés), while nmaintaining the tenperature
bet ween preripitated dy-acilitimn offwateri(24Qmd) aed soneerttated hydrochloric acid (30 ml).
The suspension is stirred for 2 hours at a temperature between 0°C and 5°C, filtered,
and the wet cake washed with cold water until neutral pH. The solid is dried at a
temperature below 40°C, under vacuum, to give the title compound as a white to off

15 white solid (10.04 g; 88%; Purity, area % by HPLC: 96.1%).

Example 2: Preparation of 6a,9a-difluoro-118-hydroxy-16a-methyl-17a-
isobutyryloxy-3-oxoandrosta-1,4-diene-17p3-carbothioic acid
Isobutyryl chloride (0.28 ml, 0.0027 moles) is slowly added to a mixture of acetone
20 (17.5 ml), compound [ | ] (1 g, 0.0024 moles) and pyridine (3 ml), at temperatures
between 5°C and 0°C, and the mixture is stirred at that temperature range until
consumption of compound [ | ]. Upon completion of the reaction the title compound is
precipitated by addition of water (24 ml) and concentrated hydrochloric acid (3 ml).
The suspension is stirred for 1 to 2 hours, at a temperature between 0°C and 5°C,
25 filtered, and the wet cake washed with cold water until neutral pH. The wet solid is
dried at a temperature lower than 40°C, under vacuum, to yield the title compound as
a white to off white solid (1.09 g; 93%,; Purity, area % by HPLC: 94.8%).

Example 3: Preparation of 6u,9a-difluoro-11p-hydroxy-16a-methyl-17a-
30 propionyloxy-3-oxoandrosta-1,4-diene-17p-carbothioic acid

A suspension of compound [ | ] (1 g, 0.0024 moles) in acetone (17 ml) is cooled to a

temperature between -20°C and —-15°C. N-methylimidazole (2.9 ml) and propionyl

chloride (0.23 ml, 0.0026 moles) are sequentially added to the solution, maintaining

9



at -20C/ -15C until conpletion of reaction. A second addition of propionyl
chloride (0.02 m) can be carried out if necessary to conplete the

reacti on.wGanmouBas[ 111 ] is precipitated by addition eCTwH2604/00250 n)
and concentrated hydrochloric acid (30 m). The suspension is stirred for 2
hours at a tenperature between OQ0OC and 50C, filtered, and the wet cake
washed w I r Lh N H.4sdhe i ¢4 ey :

t enper a}tl\még t%@lp%\gvg@%%aéﬁﬁ%ggr g%%ﬂérﬂdot o1 sgPVeGﬁuﬁe%qnﬁ?lgflgﬁg%F;m% rgg Ct{!lor\]/(hi te
to of f wbompoandi[d Il J0iDprecipibdteq Byradditiorarafawabery(24Pind) &l téhceiixatedl e

2 oxoandhgdoaRipric At LAITH THe-LEReBRIS STE 40T 2 BRUES Al ¢a.di ol ietec gney
m, 0. Oot?r[Ve WE,J]tQ%ciei v‘@a%éﬁ’WthaQS\IE%§fér%riﬁ ﬁa}ig_ﬁl BH. ?&% Ve solid-i8 dHed at a

conpound g, 0.0024 noles) and pyridine ( ), at tenperatures
bet ween tpenatured@lowrD°Cheindiex vaceumnstagivertbe tile admepourshpe mavbite to affge

until consymt.i. f ognd [ I . X ion of the reaction the
Uil e conpitmainlt S dtRraray: apdupy FERCGRBRAY °(28 mi) and
concentrated hydrochloric acid (3 m). The suspension is stirred for 1 to 2
hours, at a tenperature between C and 50C, filtered, and the wet cake
washed with cold water until neutral pH The wet solid is dried at a
tenperature | ower than 400C, under vacuum to yield the title conpound as a
white to off white solid ( 1 .09 g; 93% Purity, area % by HPLC. 94.8%.
Exanpl e 3: Preparation of 6a,9a-difluoro-11 b-hydroxy-16a-nethyl-17a-

pr opi onyl oxy- 3- oxoandr ost a- 1, 4- di ene- 17 b-carbothioic acid

10



A suspension of conmpound [ I ] ( 1 g, 0.0024 noles) in acetone ( 17 m) is
cooled to a tenperature between -200C and -15 0C. N-nethylim dazole (2.9

m ) and pwopbemuboishl oride (0.23 m, 0.0026 nol es) are pequBesalosys2added
to the solution, maintainingthe tenperature between -200C and -15 0C. Upon
conpletion of the reaction, conpound [ IIl ] is precipitated by addition of
wat er (24 nCLAMMS:concentrated hydrochloric acid (3 nl). The suspension is
stirred for 2 hours at ca. QOC, filtered, and the wet cake washed with cold
water until neutral pH The wet solid is dried at a tenperature bel ow 40Q0C,
under vacuuiy t oAdiroeessmiorpreparingegopadndssotfonmutas[ Hd of f white solid (1
.0 g; 88% Purity, area % by HPLC. 96.8% .CLAIMS: 1. A process for
preparing conpounds of formula [ Il ] [ " | b}&stkerification of the G1 7
hydroxyl > group of 6a,9a-difluoro-1 1b, I7s-diAytcoxy-1 6a- '

met hyl - 3- oxoandrosta-1 , 4-di ene- 17b- carjq 5i£™aci d, the conpound of
formula [I], which process conprises P g conpound [ | ] with a slight
excess of an acyl chloride of general forrula R-COCl, where R represents
-CH2CH3, -CH2CH2CH3 or -CH(CH3)2, in an inert solvent, in the presence of a
tertiary amne. [ I ] 2. A process accordiflg to claim1 wherein the process

is carried out at._a te atyre of from5SC to -200C. 3. A process according
to olaif 1 BY esleifiGatRR BF heck 17hydiarylGiauneb bSO siiurio-Adpit TerdibydioxytiGope

used i's betyaai)s &dMldrbQalt 4-ONES 7B caR5othici el qﬁepc%rmggdncp of formula [,
which process comprises treating compound [ | ] with a slight excess of an acyl
chloride of general formula R-COCI, where R represents -CH2CH3, -CH2CH2CH3
or -CH(CH3)2, in an inert solvent, in the presence of a tertiary amine.

15

20

[

2. A process according to claim 1 wherein the process is carried out at a
25 temperature of from 5°C to —20°C.

3. A process according to claim 1 or 2 characterized in that the amount of the
acyl chloride to be used is between 1.0 mol to 1.2 moles of acyl chloride per mol of
compound [ ].

30
4. A process according to claim 1, 2 or 3 where the acyl chloride of general
formula R-COCI is propionyl chioride, R representing -CH2CHS3.

5. A process according to claim 1, 2, 3 or 4 where the tertiary amine is pyridine,
35 2-picoline, 3-picoline, 4-picoline, N-methylimidazole, and N-methylpyrrolidine,
preferably  pyridine, 3-picoline, 4-picoline, N-methylimidazole, and N-
methylpyrrolidine.
11



conmpound [ I ] . 4. A process according to claiml1, 2 or 3 where the acyl
chloride of general fornmula R-COCl is propionyl chloride, R representing
- CH2CH3. Wwo 200g48msss according to claimi1, 2, 3 or 4 weerass2b@/dosisti ary
amne is pyridine, 2-picoline, 3-picoline, 4-picoline, N nethylimdazole,
and N-nethyl pyrrolidine, preferably pyridine, 3-picoline, 4-picoline,

N-met hyl i daﬁr})@]cee%gd%&ﬁamgge” ahe ydl%b@(?na démqrméem m&qgﬂig?gcggggan%

precedi ng cl a am ne”i s pyri

accor di ngytigingny precedi ng clai mwherein the inert solvent is acetone. 8. A
process according to any one of clains 1 to 6 wherein pyridine is used as
tertiary am ne and the inert solvent S acetone, t et rahydr of ur an,

di net hyl t i
i met hyl gce am ﬁgcﬁé%%cgbpem il r‘ﬁg Qﬂé‘ﬁ?’wr?eTQﬁniﬁé‘QH@m solvent is

3- pent anone, one, preferably acetone.
process acekmnél ng to any preceding clai mwherei n the reaction is perforned
at a tenperature of from- 150C to -200C. 10. A process according to any
preceding clai mwherein the acyl chloride of general formula R-COCl is

butyryl ghl OrAdBrochﬁ%iébQﬁﬁﬁﬁ 'tcﬁ‘@n @ieChR6lins ahy 8ciirireregyriding ieuse@mgsound
[ '] is treated with 1.0 1.2 rml es of butyryl chl orlde per nol of

conpoundtgrtiary] aminen aﬂﬁéhpr'@@éﬁ@éle@ﬁ ip peetPnge telrahyskeiup, digiethylacetaatide.ur
of from 5%%Ior8me%l%ncé, &ﬁﬁfaecre%} }'ZI;fe%r?&%,tSng&gnone, 4-methyl-2-pentanone or

10 2-butanone, preferably acetone.

9. A process according to any preceding claim wherein the reaction is performed

at a temperature of from —15°C to —20°C.

15 10. A process according to any preceding claim wherein the acyl chloride of
general formula R-COCI is butyryl chloride, R representing -CH2CH2CHS3,
characterized in that compound [ | ] is treated with 1.0 to 1.2 moles of butyryl chloride
per mol of compound [ |], in the presence of pyridine, in acetone, at a temperature
of from 5°C to —20°C, preferably from 5°C to 0°C.

20
11. A process according to any one of claims 1 to 9 wherein the acyl chloride of
general formula R-COCI is isobutyryl chloride, R representing -CH(CH3)2,
characterized in that compound [ | ] is treated with 1.0 to 1.2 moles of isobutyryl
chloride per mol of compound [ | ], in the presence of pyridine, in acetone, at a

25 temperature of from 5°C to —20°C, preferably from 5°C to 0°C.

12. A process for preparing fluticasone propionate which process comprises
preparing 6a,9a-difluoro-11p-hydroxy-16a-methyl-17a-propionyloxy-3-oxoandrosta-
1,4-diene-17B-carbothioic acid according to the process of any preceding claim, and

30 converting said compound to fluticasone propionate.

12



11. A process according to any one of clains 1 to 9 wherein the acyl
chloride of general fornmula R-COCl is isobutyryl chloride, R representing

- CH( CH3) 2ayochewmsdisri zed in that conmpound [ | ] is treatret/oB2béu/bs@2t0 1.2
nol es of isobutyryl chloride per nol of conpound [ | ] , in the presence of
pyridine, in acetone, at a tenperature of from50C to -20Q0C, preferably

from S0C 19 CDA- prbgesd f8f QhESpre gﬁFataneB@rédi‘gafduﬂﬁd@aﬁ@“ﬁ{@nggt%ﬁﬁu_%tlﬁ’W-@h

process conprlses prepari ng di fl uoro-1 1b-hydro

7a- pr opi coRd- d)Rgt—p%epmnyalnﬂymdmsta-144-dlwee121(37 -chrbmhibit hi oi caciti d ac8qgRdixog to
the process of any preceding claim and converting said conpound to

f1 uti casdetrapydisfgantEyh ster whige Psodass ep@PHpeSH Arapaiing &, 9a-difluoro-11p-

2" o enc- DAORET AP Rkos 2 PGy At aror Bt L8R TS i ch

processs CceaBOHINGSIS aRlefsyordisigte tRe prbddse@tamy pkBceding i, &nd converting said
6a- net hyl - 3- oxo-1 7a- propi onyl oxy- 3- oxoandr ost a- 1 -di ene-1 7b-

car bot hi didmReynd Kbiersfih§-edethe process of any preceding claim and
converting said conmpound to the said S-ester. 14. Use of the conpounds of
formula [ Il ] when made accordlg&to t he process of any one of clains 1 to

10 for thtt-prdgee af thencompenedapbiarmeta [ | Jyderumage@icearding o the process of

any one of claims 1 to 10 for the preparation of therapeutically useful medicaments.

10
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