WD 2006/ 043015 PCT/ GB2004/ 005052 PROCESS FOR THE ESTERI FI CATI ON OF A
CARBOTHI O C ACI D The present invention relates generally to a process
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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
B, Sa-difluoro-11p-hydroxy-18a-methyl-17 a-propionyloxy-3-oxoandrosta-1,4-diene-
sp  17p-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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steroid, effective for the treatnent of inflanmmtory di seases such as
asthma and chronic obstructive pul nonary di sease. 35 1 WD

2006/ 043015 PCT/ GB2004/ 005052 0 SH O HOCH, U GHQ 10 C,111CH, O F
[111] 5 US patent 4,335,121, British patents GB 2,088,877, GB

2,137, 208Y0 e6fad0ent 4, 578,221 and J. Med. Chem, 19@4T/(FRY04/005052
3717-3729, describe the 17a-propionyl &jsg of conmpound [ | ], to
obtain the fluticasone propionateudn mp&Pase [ I'll ], through the
C tw chemcal steps illustrated he --wi:@ the m xed anhydri de
conpound [ IV]. OOy CH3 SH O {ﬂ'e?-. 1r ,15 HOCH a"OHd 1| a) HO
CHO WOONLI CHa (0) HO CHO AONCHeRmt+eH . nlICHnlILH CHO/ FF 00
FLIlr [IVv] [111] MVod WMiydrido 2G In the first step (a), the m xed
anhydride [ IV ] is prepared with an excess of at least 2 C noles of
propi onyl chloride per nol of compoltd [ | ], in the presence of
triethylam ne

US patent 4,335,121, British patents GB 2,088,877, GB 2,137,208, US patent
4,578,221 and J. Med. Chem., 1994, 37, 3717-3729, describe the 17a-propionylation
of compound [ | ], to obtain the fluticasone propionate intermediate [ lIl ], through the

C two chemical steps iliustrated below, via the mixed anhydride compound [ IV ].

15

[ (vl [ur)

Mixad Anhydride
20

In the first step {a}, the mixed anhydride [ IV ] is prepared with an excess of at least 2

C_ - 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 [ !ll ]. Once the aminolysis reaction is complete,

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

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

such as diethanolamine or N-methylpiperazine.



and using dichl oronet hane as sol vent. Upon concl usion of the

propi onylation 25 reaction, the reaction mxture is worked-up and a
buff solid is obtained. In the second step (b), this solidis

di ssol ved i etone and treated with diethylamne, to convert the
m xed an%ﬂ}l‘@‘g‘g?% conpound [ IIl ]. Once the am nol y%‘??egé%%ff"fw IS
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with at least 1.3 noles of an activated derivative of propronicC acid
per nokowoipoodtifovndwith Bnh akadoylenaidal irpfpresencsudiphubade, reld pamicatayly

froma C nd_of forml IV ] with an organi ri or
second§%§cr§%p€’ﬂge pﬁﬂ?ﬁat%nﬁi@? héﬁmf%%%tewwmﬂ@rﬁfﬁgf%giw he. 2 WO
2006/ 043015 PCT/ GB2004/005052 =~ Patent application WO 01/62722
di s¢loses the 17a-esterifiegiion of the hydroxysy I'd__conpound [ V]
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F~FFFFIII I
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of any m xed anhydride forned.

All of the 17ac-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 17o-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
C" described below. By following the process of the present invention, the intermediate -
6o, Qa-difluoro-11p, 17 a-dihydroxy-16a-methyl-3-oxoandrosta-1,4-diene-17-
carbothioic acid, compound [ | ], is directly converted to compounds of general

25 formula [I1]

30

by reaction with a slight excess of the corresponding acy! chloride, in an inert solvent,

in the presence of an appropriate tertiary amine.



We have now found that the transformation of the carbothioic acid
conpound [ | ] into 20 the conpounds of general formula [ Il ], can
sel ectively take place directly, with negligible formation of the
correspon w$§ds anhydride, under conditions herein Cq.g(fs[%r j <
bel ow. Byq?gfzr({)&}\;vi ng the process of the present inventign, 3'1”%9032

i nternedi ate 6a,9a-difluoro-11 '
p, 17a- di hydr oxy- 16a- net hyl - 3- oxoandr ost a- 1, 4- di ene- 17p car bot hi oi c
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an appropriate tertrary amne. 3 2006/ 043015 PCT/ 004/ 00505

The par t Additianaliyd wadeathe amindtysispeetitinns desonibedin dvepriehart.dhefcherrdcal

prior _ari,is.th ) f _gener far L], ane..obt ai n

G roct | y PO BorABCRIE 40 a8yRBERten o8 Bhdbung' Ly Bk ferSiore,
am nol ystte ifmplified parcess pbtnl ingemtiore Gy afimickitingehe aftddlysie neddtivn, affcras
the ami nolysis conditions described in the prior art, the chemcal s
st abi | i t y7efestedp BHNIPNET BURHYi d deri vatives such as compound [ 111 ] is
limted therefore, the sinplified process of this invention, by
elimnating the ami nolysis reaction, affords 1 7a-esters of higher
purity. Accanddigndo ttbet prespnedmrentiony émereors, provided iss procassdéd areparing
progess for Bre ar1jfn|c_1,n cctr”)ounds of formula [)1 ] 0 SH5H R HO,nCH
HO /™t Fepmpognes of formula {11} S

15
[ ]
by esterification of the C-17 hydroxyl group of 6c,90-difluoro-114,17a-dihydroxy-16a.-
methyi-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,CHjs, -CH.CH2CHgz or
-CH(CH3)z 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 [ I ] when made
25 according to the process of the invention for the preparation of therapeutically useful

medicaments.

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

s0  anhydrides of general formula [ VIl ]

as H



OO0 15 F F by esterification of the C 17 hydroxyl group of

6a, 9a. -di fl uoro- 11 p, 17a-di hydr oxy- 16a-

nmet hyl - 3- oxoandr ost a- 1, 4-di ene- 17p- carbot hi oi ¢ acid, conpound of
formula [ | whi ch process conprises treating conpound I W th
a slight AREWEHI5n acyl 20 chloride of general for nfiFHCR2(BEHHS052
where R represents -CH2CH3, -CH2CH2CH3 or C -CH(CH3)2, in an inert
solvent, in the presence of a tertiary amne. Preferably, the
process is carried out at a tenperature of from5C to -20C. The

mde 2oNaMEER RGP e (Heads S CHRCTRE Pre e o wifgut the reed 'to
pr epar at by Rf theRPRIABIGHIS iré@dtion dfeed %rreMH@grm&ba anhf@iddsesent

i nvention provides an’inproved and sinplifi process for the
selective 17a-esterification of the conpound [ |I ], formng

]
negl i gi ble anounts nxed 3 ydyi eperal Joroula [, VL ]
0! 19" B MRS B the 0Bl 8RR 095 B S ) e
i N whi chgiRydBRY-86&MsthylG8%d#mhdrosthA a3 mR-c4rbb it Zcidii t R ta tsh‘ight
need to performthe am nolysis reaction of the correspondi ng m xe
anhydr i dexses$ afhan eyt esiprigenpt i generalhtorimatc R-6R@f i ovipeuri rppresents
6a, 9a- di | Fp-1 . : : .
i hydr ox T HE R e P A 3 Sk YSHley I 1o Bresenopaof ap apRipBliate gfggnic
with a stettiing amine; ésan dferibsohaant] toolieid thaleompowetsesfajentoal farauldf CPCI ,
I n v@ﬁch R represents CH2CH3, -CH2CH2CH3 or -CH(CH3)2, ‘in the
presence of an appropriate orgapjc tertiary amne, jn_an inert
solvent, to yield the cqg 5,0f general formyl a R

15 [f] [u]
in which R represents -CHzCHa, -CHzCHcha or -CH(CH3)2.

A particularly preferred embodiment of the present invention is to provide an
improved process for the preparation of 6¢,9a-difluoro-11p-hydroxy-16a-methyl-17 -
20 propionyloxy-3-oxoandrosta-1,4-diene-17p-carbothioic acid, compound of formuia
[ W], comprising of reacting 6a,9u—diﬂﬂ0ro-11{5,17a-dihydroxy—1Ba-meth‘yI-S-
oxoandrosta-1,4-diene-17B-carbothioic acid [ It ] with a slight excess of propionyl

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

25  The compound of formula [ [ll ] is a known intermediate useful in the preparation of
anti-inflamatory steroids such as fluticasone propionate of formula [ A ] (described in
LS 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 60, 9a~difluoro-11p-hydroxy-16a-methyl-3-oxo-17a-propionyloxy-androsta-
30 1,4-diene-178-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.



] 0OSHOSHRHO.. OHHO.O ~< "Il 0 XFFOO FFI15 Il fill
in which Rrepresents -CH2CH3, -CH2CH2CH3 or -CH(CH3)2. A
particularly preferred enbodi ment of the present invention is to
provi de a gd process for the preparation of 6a 11
- hydr oxy%&%’w&e@% e pCOfcEb ol MM S
propi onyl oxy- 3- oxoandr ost a-dl, 4s.di ene- 1713- car bot hi OI@@G&I d, conpound
of formula [ 11l ], caspr { f reactlng o
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excess of propionyl «®chidoride, in the presen an appropriate
gmpound of formula [ |11

tertiary amne, in an inert solvent. 25 The
] is a known internediate ugéful in the preparation of
anti-inflamatory steroids such as fluticasone propi®bhate of formula |
A] (tescribed in US 4 335 121), highly effective in the treatnent
of i nfl apEEdrafgidl §RA%8%NbKE afdt HBvideNth ChYoeBES fBPSbFe‘;B‘éFlhg fluticasone
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gqu ' Fpropipnate.

There is also provided a brocess for the preparation of 6e -9a -difluoro-11B-hydroxy-
160 -methyl-3-0x0-17a-propionyloxy-androsta-1,4-diene-178-carbothioic acid S-(2-
oxo-tetrahydrofuran-3-yt) ester which process comprises preparing 6., Sa-difluoro -
15 11f- 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 6o, 9o-~difluoro-11p-hydroxy-16a-methyi-17 a-propionyloxy-3-oxoandrosta-1,4-diene- -
C 17B-carbothioic acid, compound of formula [l ] comprising of treating the compound
[ | ], 6a,9a-diflicro-11p,17a-dihydroxy-16a-methyl-3-oxoandrosta-1,4-diene-17p-
carbothioic acid, with a slight excess of propionyl chioride, in the presence of an
appropriate tertiary amine, in an inert solvent, at a temperature between 5°C and

25 —20°C.

The acyl chioride 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 chicride per mol of
starting compound [ | ], preferably in an amount within this range.

30
Inert solvents for the 17q-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.



IA] F[B] 5 Accordingly, the invention also provides a process for
preparing fluticasone propionate which process conprises preparing
6a, 9a- di f | uor o- 1l p- hydr oxy- 16a-

met hyl - 17a- pr opi onyl oxy- 3- oxoandr ost a- 1, 4-di ene-1713-carbothioic acid
accor di ngMM2¢/H&03r ocess of the i nvention and conver t PEGCBHEA/40512
conpound to fluticasone Cpropionate. There is also provided a
process for the preparation of 6a -9a -difluoro-11 p-hydroxy- 16a

- et hyl 0X0 0 S ene; 713- car baot hi oi
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prepar| Nyriime, 9a2diiddiMer o 3-pisolihbl 3- 4&){@31@&)’ 1RemethBindzoel 7@and  N-
propi onyloxy - 3 - oxoandrosta - 1,4-diene -1713 - carboth|0|c_aC|d

accor di rigethyipyReliiidcess of the invention and converting said
conpound to the said S-ester. The present invention provides an
advant ageous process for the preparation of 20
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soI vent t e
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the pre % n I Q
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pent anormenswnpmmpf c@npewnda{nbher thedfopmbiinraobhigh 18esls ommpmtblseas is the
preferred solve
case when sodlum 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 propionyi chloride per mole
of compound [ 1 ], 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
C mixed anhydride, the aminolysis reaction is not required and compound { [l ] 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 [ |li ] 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.

a0 We have found that by following the prior art a precursor (G precursor) fo an impurity

{(impurity G} is formed.



WO 2006/ 043015 PCT/ GB2004/ 005052 Appropriate tertiary amnes to
carry out the selective 17a-propionylation include pyridine,
2-picoline 3-picoline, 4-picoline, Nnethylimdazole, and NN m et hyl
pyrrolidi 17a-acyl ati on reaction of the inven
pmﬁaabgaﬁigﬁ%datatammaune of HomSCto-gﬁwgﬂgmggﬁ
the tertiary am nes defined above as adequate for the process of the
patent, present advantages over other bases previously described in
the prior art such as trigthylamne, tripropylam ne,
et hyl di i sopropyl amyne N\N—drnethylanrlrne

N, N- di et hyl cygl ahg . Ffor gani c carbonam
hydrogen carbe P
usi ng these : f

anhydri de gogour i nConpl ete copsunpl
] or the formation of high |évels of inpurities Bs is the case when
sodi um hydrogen carbonate is avoided. 15 Under the preferred
conditions of the PF8EEss of the present |nvent|on 17a-°

esterificagion goes to conpleti to, 1.2 rrol of propi onyl
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and the | e | ; |
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art when earawyiel, brd bloidled.s prepared via the mxed anhydride,
partial degradation of conpound [ IIl ] may occur during the 25
am nol ysis reaction. This degradation is especiall y probl emati ¢ when

ndust 11 af a0 SR, RE e dnAifion ! & oididkl g HARK ProcRs T the

i nvents onpriebhation Siof U flegr adatpoandef @ﬂ@raaiumd:roﬁ1BLHyd}o>t}S1@w~msﬂ$,ﬁL17a-
so W have found that by following the prior art a precursor (G
precursor!,wtwkwaﬁmﬁﬂdrqstaﬁ.,ﬁ-@imery?&;;am@thr@@m compound of formula

[ VIIL ] and 6o, So-difluoro-11p-hydroxy-16c-methyl-17a-isobutyryloxy-3-oxoandrosta-

1,4-diene-17p-carbothioic acid of formula [ 1X].

20

[Vl } [X]

25 Compounds of formula [ VIl ] and [ IX ] are directiy prepared from compound [ [ ] by
reaction with a slight excess of the corresponding acyl chioride, 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 [ VIl ], is performed with 1.0 to 1.2 moles of

butyryl chioride, 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 [1]

to obtain compound [ 1X ] is preferably performed with 1.0 to 1.2 moles of isobutyryl

chloride, in ac2tone, in the presence of pyridine, at a temperature between 5°C and -
35 20°C, preferably between 5°C and 0°C.



7 WD 2006/ 043015 PCT/ GB2004/ 005052 O - rHa p 1' SHa CHa - pH LNa .n~N
HO .unlICH HaC CH NO ..nl1lOH HaCf,Ha n CHp .,,4LMp ~ Y Cva ,, pCHa
-/ ZFBrCHZF/ F O5p/ p/ F FF Gprecursor GWth the process
of the present invention, dimer G which is difficult to renove from
t he final VWP ddeB43015f | uti casone propi onate, by recryst aP¢T/EBRH0GMSNFZen
at levels higher 10 than 0.5% is fornmed at |evels be :!w 0.3%

Hence, repeated recrystallizations to obtain material of the required

purity, Whhe Holidwitpexamplesulusttagaithé garintiyn reeducetain Peefefré@rathbodiments
yield, are avoi ded. Another enbodi menf of this_inventionis to

provi de a#nd A RSPt S brdalve Glarader ofthe scape PhtRIRVETtionhe conpounds
6a, 9a-di fl uoro- 11 p- hydroxy-16a-net hyl -1 7a, -

but yryl oxy- 3- oxoandr ost a- 1, 4- di ene- 17[ 3- car bot hi oi ¢ aci d, conpound of
fornmul a Exdhple | fandPéep@ratidnf | 0br 0Bd,9a-difluoro-11p-hydroxy-16c-methyl-17a-
p- hydr oxy- 16a- net hyl -1 7a-i sobut yryl oxy- % oxoandr ost a-

1, 4- di~‘enePTbeﬂ'é)éle%@FR’%ﬂaé‘déE?’&“‘[\;f*"?'B'ﬁ?n] g-qarpsthiolcagidd 20 HO . no~ HO

,e0~( 04 sﬁsp'):ens(?orpof compound [ 1] (10 g, 0.024 moles) in acetone (175 ml) is cooled to
-20°C and treated with pyridine (30 ml) and propionyi chloride (2.3 ml, 0.026 moles),
while maintaining the temperature between -20°C and —15°C. The mixture is stirred
at —20°C/-15°C until completion of reaction. A second addition of propionyl chloride

C,LS (0.02 mi) can be carried out if necessary to complete the reaction. Compound [ 1ll ] is
precipitated by addition of water (240 ml} and concentrated 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 6¢,9a-difiuoro-118-hydroxy-16o-methyl-17q-
isobutyryloxy-3-oxoandrosta-1,4-diene-173-carbothioic acid
Isobutyryl chloride (0.28 mi, 0.0027 moles) is siowly added to a mixture of acetone
20 {17.5 ml), compound [ 1] (1 g, 0.0024 moles) and pyridine (3 ml), at temperatures
C between 5°C and (0°C, and the mixture is stired 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; 83%; Purity, area % by HPLC: 54.8%).

Example 3: Preparation of 60,9a-difluoro-118-hydroxy-16a-methyl-17a-
a0 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 (2.2 ml) and propionyl

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

9



F[VIII] f Ix] 25 Conpounds of forrmula [ VIII ] and [ I X ] are
directly prepared fromconpound [ | ] by reaction with a slight
excess of the corresponding acyl chloride, without the need to
perform anygmhnalipst S reaction of the corresponding m%@ﬁ%){ﬂﬂdﬁﬁs
According to a preferred aspect of to the pre-sent invention,
esterification of 30 compound [ | ] to obtaln compound [ VI [, |s

performed with 1.0 .2 hole but | oride, i.n acetone

the preseft& t%’f’pEW‘l’rgl %i@t%" "EPQ "ﬁrP- b Rﬁé‘eEDmB@t’QﬁdDFjB% feaction,
pref er abl Morl%bi!é‘ﬁ*@;[ ﬁp ag%r@@p:tﬂéﬂ 8§t&fditfdnC@T|Wétepf(249ﬂ'?05ﬁ@ c{on%e]'ntrated
to obtain conpoun X ] .is preferably perfornmed wt

mol es of hS@‘@Qh@I'IQIaCldC(ﬂITDIBIBE Smweﬁé@ﬂdﬁéﬂrf@fﬂﬁqft?ehWéﬁéﬂan‘tﬁ ﬂltered and

et ween st GARE S hEa T bHECYaRb i Ea ) Gstes iR diachg -

exgrrpl es 'témplabtfée)dim\emmamdﬁ@ruraaunﬂnp@r@a% ithep tithd easmfgduﬁ@b@h edi WhRé So off
and are ex t o e character pe of the invention.
Exanpl e 1% ggéﬁ&ﬁ* 8{ (Slné%’%“' éﬂ“@’aafﬁ‘? %‘3&?‘8&&@( §5%’§%r oxy- 16a- et hyl - 17a-
5 propi onyl oxy- 3- oxoandrost a- 1, 4-di ene-17[ 3-carbothioic acid A
suspensi on of conpound [ | ] (10 g, 0.024 noles) in acetone (175 nm)
is cooled to -20C and treated with pyridine (30 ml) and propionyl
chloride (2.3 m, 0.026 noles), while maintaining the tenperature
bet ween -20C and -15C. The mi xture is stirred at -20C -15C until

co etion of reaction. A second addition of propionyl chloride C'
(0.02°m ) can be carried out if necessary to conplete the reaction.
Compound [ Il ] is precipitated by addition of water (240 nml) and
concentrated hydrochloric acid (30 m). The suspension is stirred
for 2 hours at a tenperature between O0C and 5C, filtered, and the
wet cake washed with cold water until neutral pH The solid is dried
at a tenperature bel ow 40C, under vacuum to give the title conpound
as a,.white to off Is white.solid (10.04 g; 88% Purity, area % by
HPLC. 96.1% . Exanple 2: Preparation of

6a, 9a-di fl uor o- 11( 3- hydr oxy- 16a- net hyl - | 7a-

10



i sobut yryl oxy- 3- oxoandr ost a-1, 4- dlene 17(3 carbothioic acid I'sobutyryl
chloride (0.28 m, 0.0027 nnles) is slowy added to a m xture of acetone 20
(17.5 m), compound [ I ] (1 g, 0.0024 noles) and pyridine (3 nl), at
tenperatures C between 5C and 0C, and the mi xture is stirred at that
tenperature range until consunption of conpound [ | ]. Upon conpletion of

t he reactioggLE&gE%tle conpound is precipitated by addition of water (24

m ) and con d hydrochloric acid (3 m). The suspension is stirred
for 1 to 2 hours, at a tenperature between OC and 5C, 25 filtered, and the

wet cake wa ed Ibnﬂﬂﬂﬁ solidis dried at
a tenperat uﬂ; I omﬁ’ﬂ?%%qﬂ@@t‘ n@g‘? Cb cuu rw% 8%”&]@54\@( title conpound as
a white to off white solid (1.09 g; 93%" Pur|w,m*area % by HPLC. 94.8%.
Exanpl e 3: Preparati on of 6a,9a-difl uor . "’ygroxy | 6a- net hyl - 17a- 30

pr opi onyl oxy- 3- oxoandr ost a- 1, 4- di ene- 17p carab $f1%i ¢ acid A suspension of
conpound [ | ] (1 g, 0.0024 nnles)||1.ﬁ§t© e (17 m) is cooled to a

t enperature between -20C and -15C. N-9fethyd’| mi dazole (2.9 m) and propionyl
chloride (0.23 m, 0.0026 noles) are sequentially added to the sol ution,

mai ntaining 9 MD 20061043015 PCT/ GB20114(005052 the tenperature betmeen
-20C and -15C. Upon conpletion of the reaction, conpound [ IIl ] is
precipitated by addition of water (24 ml) and concentrated hydrochloric
acid (3 m). The suspension is stirred for 2 hours at ca. 0C, filtered, and
the wet cake washed with cold water until neutral pH The wet solid is dried
at a tenpetat apleriferiing sddhednder hyscoxah prgﬂv@m,%—dlﬂwmmﬁdﬁpbﬁmd as a

white to of f_ whit lid 8% % PLC: 96.89% . 10
CLA NS 1. m&rla&g-é 8»1‘%&%7%}9%@?%@% %@rrﬁé%%ﬁ %Pﬁ{ﬁ/%d_"qicll ]am/ho n O

i the compound of formula T, which process compr:seg treating

compound [ 1 ] with from 1.0 mol fo 1.2 moles of an acyl chloride of

general formula R-COCI, where R representé ~CHoCHs, ~CHoCH,CH,

or -CH(CHa)s per mol of compound [ | ], in an inert solvent, in the

presence of a terfiary amine, which is pyridine, 2-picoline, 3~picoline, 4-

picoline, N-methylimidazole, or N-methylpyrrolidine, preferably pyridine,
~ 3-picaling, 4-picoline, N-methylimidazole, or N-methylpyrrolidins.

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

3. A process according to claim 1 or 2 where the acyl chlonde of
general formula R-COCI is propionyl chioride, R representing -CH,CHs.

11
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by esterification of the C 17 hydroxyl group of 6a,9a-difluoro-11R 17a-

di hydr oxy- 16a- net hyl - 3- oxoandrost a- 1, 4-di ene-17(3-carbothioic acid, the
conmpound. of 'formula [I], which process conprises treating conpound [ | ]
with from1.0 net to 1.2 noles of an acyl chloride of general formula
R-COCJ, where R represents -012C1-13i -CH2CHZCH3 or -CH(CH3)2 per nol of
conpound [ | ], in an inert solvent, in the presence of a tertiary am ne,
~which is pyridine, 2-picoline, 3-picoline, 4- picoline, Nnethylimdazole,

or N-met hy pyr i®lprdcaes apeefdinglibyampy rrdceding Slapincahiersdn theptedlzme,

N- et hyl i mi dazol e, or N-methylpyrrolidine. HOmoH VO nn, F OJ 1)1 2. A
process actoi# ﬁd:’)'t’"@i”@»é?l'nffl'rmﬁﬁ'é/ﬂlmlﬁa?ﬁl@-pr ocess is carried out at a
tenperature of from5C to -20C. 3. A process according to claim1l or 2 where
the acyl chloride of general formula R-COCI is propionyl chloride, R

representimng - Gidehtehs addorting t@rﬂg\ﬁﬁe@@cgiﬂggé@wwhéwn%@Caaié&%' ai m

wherein the tertiary ammne is pyridi or met -hyl i m dazol e.

process, agirdi isgwidirey preceding claim-wherein the tertiary amine is

_pyridine. B. A process according to any preceding claimwherein the inert
solvent is acetone. 7. A process according to any one of clains | to 5

acet one, " et Anpipdaty Bo8fihhct ik BPRAFRE° IR obBfelmafie. iy

acetate, Zuyjyentis acetone.

7. A process according 0 any one of claims 1 to 5 wherein pyridine
is used as terfiary amine and-the inert solvent is .aceione,
tetrahydrofuran, dimethylacetamide, dichloromethane, sthyl acetate, 2-
pentandne, 3-pentancne, 4-methyl-2-pentanone  or  2-butanone,

preferably acetone.

8. A process according to any preceding claim wherein the reaction
is petformed at a temperaiure of from -15°C fo =20°C.

9. A process according to any preceding claim whergin the acy]
chloride of general formula R-COCI is butyryl chloride, R representing -
CHoCH,CHg, characterized in that compound.] | ] is treated with 1.0 to
1.2 moles of butyryl chloride per mol of compound [ 1], in the presence
of pyridine, in acetone, at a temperature of from 5°C to —20°C,

preferably from 5°C to 0°C.

10. A process according to any one of claims 1 fo 8 wherein the acyl
chioride of general formula R-COCI is isobutyryl chloride, R
representing ~-CH(CGH,),, charactetized in that compound [ § ] is treated
with 1.0 to 1.2 moles of isobutyryl chioride per mol of compound [ 1], in
the presence of pyridine, in acetone, at a temperature of from 5°C {o -
20°C preferably from 5°C to 0°C.

12
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pent anone, 3-pentanone, 4-nethyl-2-peritanone or 2-butanione, preferably
acetone. 8. A process according to any preceding clai mwherein the reaction
is perforned at a tenperature of from-15C to -20C. 9. A process according
to any preceding claimwherein the acyl chloride of general formula R CDCl
is butyryl chloride, Rrepresenting - Cl2CH2C1-13i characterized in that
corrrpound.[ I J. is treated with 1.0 to 1.2 noles of butyryl chloride per
nol of conpound [ 1], in the presence of pyridine, in acetone, at a
tenperature of from5Cto -20C, preferably from5Cto OC. 10, A process
according to any one of claims | to 8 wherein the acyl chloride of general
formul a RQOCIA Imbbesd Uy r gtepehirer iflidicaone eproseniienavhiehi BHg2ss
characterized in that conmpound [ | ] is treated wth 1.0 to 1.2 noles of

i sobut yr ytornpisas de ppeparndy of Sadpaifiudrp-117-hydroxy tbametinrict’ of
pyridine,.in acetone, at,a tenperature of from5C to - 20C preferably from
5C to OC.propionyioxyA3sxeasdiostart frdipae: W-caihalbipie meith easppiiisgetahi ch

i ' .93-di f| uor6-1 10" hydr oxy- 16a- 1-17, a
o1 op onyItBSyBraas AhY BoPEEAIAS dal. 376 CAPRBIRY GAIS SaraPaLBer B n. o, f o

t he procegs: ‘ ing claim and converting said conmpound.to
fiuticasgﬁgm%%%ggﬁﬁgﬁgﬁs%%. A process for the preparation of

6a., 9a-di fl uoro-11 p-hydroxy-16a. -

met hyl - 3- oxo- 17a- pr opi onyl oxy-andr ost a-1, 4- di ene- 17p-car bot hioic acid

S- ( 2- oxo-ttet r dhgeboeksfaniBe yrepasdtion ohBekBewditess-tbpnidregypiépari ng  6a.
9ct-difluoro-I 1 p-hydroxy-1 6a-nethyl-3-o0xo-1 7a-propionyl oxy- 3-

oxoandr osnethy|-3-mHoe hAAHPTP P evbotykant oz 1¢d-abene di7fgcatb athoipr ackss of  any
precedln%%%lalnl an%wﬁggvertégg)squ cqgﬁound to the said S-ester, 13

2-oxo-fetra uran- ester which process comprises preparing
6o, Sa-difluoro-11 ﬂ-hydroxy'-“l Bo-mathyl-3-ox0-17 a-propionyloxy-3-
6xoandr‘osta—'l,4—diene'-,'l7[.’»«carbothioic acid ac'cbrding to the process of

any preceding claim, and converting said compound o the sajd S-ester,

13





