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(57) ABSTRACT 

According to one aspect of the invention, there is provided 
a pharmaceutical formulation for administration by inhala 
tion comprising a compound of formula (I), 

Wherein 

R1 represents C1_6 alkyl or C1_6 haloalkyl; 

R2 represents —C(=O)-aryl or —C(=O)-heteroaryl; 

R3 represents hydrogen, methyl (Which may be in either 
the (X or [3 con?guration) or methylene; 

R4 and R5 are the same or different and each represents 
hydrogen or halogen; and 

__...represents a single or a double bond; 

and salts and solvates thereof together With a long-acting 
[32-adrenoreceptor agonist Which formulation has a thera 
peutically useful effect in the treatment of in?ammatory 
disorders of the respiratory tract over a period of 24 hours or 
more. 



US 2003/0045512 A1 

NOVEL ANTI-INFLAMMATORY ANDROSTANE 
DERIVATIVES 

[0001] This application is a Continuation-in-part of Inter 
national Patent Application Serial No. PCT.GB01.03499 
?led Aug. 3, 2001, based upon United Kingdom Patent 
Application No. GB0108800.4 ?led Apr. 7, 2001. 

[0002] The present invention relates to novel anti-in?am 
matory and anti-allergic compounds of the androstane series 
and to processes for their preparation. The present invention 
also relates to pharmaceutical formulations containing the 
compounds and to therapeutic uses thereof, particularly for 
the treatment of in?ammatory and allergic conditions. 

[0003] Glucocorticoids Which have anti-in?ammatory 
properties are knoWn and are Widely used for the treatment 
of in?ammatory disorders or diseases such as asthma and 
rhinitis. For example, U.S. Pat. No. 4,335,121 discloses 6a, 
9ot-Di?uoro-17ot-(1-oxopropoxy)-11[3-hydroxy-16ot-me 
thyl-3-oxo-androsta-1,4-diene-17[3-carbothioic acid S-?uo 
romethyl ester (knoWn by the generic name of ?uticasone 
propionate) and derivatives thereof. The use of glucocorti 
coids generally, and especially in children, has been limited 
in some quarters by concerns over potential side effects. The 
side effects that are feared With glucocorticoids include 
suppression of the Hypothalamic-Pituitary-Adrenal (HPA) 
axis, effects on bone groWth in children and on bone density 
in the elderly, ocular complications (cataract formation and 
glaucoma) and skin atrophy. Certain glucocorticoid com 
pounds also have complex paths of metabolism Wherein the 
production of active metabolites may make the pharmaco 
dynamics and pharmacokinetics of such compounds dif?cult 
to understand. Whilst the modern steroids are very much 
safer than those originally introduced it remains an object of 
research to produce neW molecules Which have excellent 
anti-in?ammatory properties, With predictable pharmacoki 
netic and pharmacodynamic properties, With an attractive 
side effect pro?le, and With a convenient treatment regime. 

[0004] We have identi?ed a novel series of glucocorti 
coids, Which substantially meets these objectives. 

[0005] Thus, according to one aspect of the invention, 
there is provided a compound of formula (I) 

(I) 

[0006] Wherein 

[0007] R1 represents CL6 alkyl or CL6 haloalkyl; 

[0008] R2 represents —C(=O)-aryl or —C(=O) 
heteroaryl; 
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[0009] R3 represents hydrogen, methyl (Which may 
be in either the 01 or [3 con?guration) or methylene; 

[0010] R4 and R5 are the same or different and each 
represents hydrogen or halogen; and 

[0011] 

[0012] 
[0013] References to the term “aryl” include references to 
phenyl Which may be optionally substituted With one or 
more substituents. 

:represents a single or a double bond; 

and salts and solvates thereof. 

[0014] References to the term “heteroaryl” include refer 
ences to 5 or 6 membered heterocyclic aromatic rings 
containing 1-3 hetero atoms selected from N, O and S (e.g. 
pyridinyl, pyrimidinyl, thienyl (eg thien-2-yl or thien-3-yl), 
furanyl (eg furan-2-yl or furan-3-y), pyrrolyl (eg lH-pyrrol 
2-yl), oxaZolyl, thiadiaZolyl (eg 1,2,3-thiadiaZol-5-yl, 1,2,5 
thiadiaZol-3-yl or 1,2,3-thiadiaZol-4-yl)). In one respect the 
heterocycle is preferably thiophenyl, pyrrolyl or furanyl, 
more preferably thiophenyl or furanyl. Further examples 
include thiaZolyl (eg 1,3-thiaZolyl-5-yl or 1,3-thiaZolyl-4 
yl), isoxaZolyl (eg isoxaZol-5-yl or isoxaZol-4-yl), isothiaZ 
olyl (eg isothiaZol-3-yl or isothiaZol-5-yl), pyraZolyl (eg 
1H-pyraZol-5-yl) and imidaZolyl (eg 1H-imidaZol-5-yl). 
[0015] All of the previously named heterocycles may be 
optionally substituted With one or more (eg. 1 or 2) sub 
stituents. 

[0016] Examples of substituents for aryl and heteroaryl 
include C1_6 alkyl (e.g. methyl) or halogen (e.g. chlorine or 
bromine). Other examples include C1_6 alkoxy (e. g. methoxy 
or ethoxy). 

[0017] Examples of substituted furanyl include 3-Me 
furan-2-yl, 5-Br-furan-2-yl, 2-Me-furan-3-yl and 2,5-diMe 
furan-3-yl. Examples of substituted thienyl include 3-Me 
thien-2-yl, 5-Me-thien-2-yl, 5-Cl-thien-2-yl, 3-Cl-thien-2 
yl, 3-Br-thien-2-yl, 3-Ethoxy-thien-2-yl, 4-methoxy-thien 
3-yl, 2,5-diCl-thien-3-yl and 4-methoxy-5—Cl-thien-3-yl. 
Examples of substituted pyrrolyl include l-Me-lH-pyrrol 
2-yl. Examples of substituted thiaZolyl include 4-Me-1,3 
thiaZol-5-yl, 2,4-diMe-1,3-thiaZol-5-yl and 2-Me-1,3-thia 
Zol-4-yl. Examples of substituted thiadiaZolyl include 4-Me 
1,2,3-thiadiaZol-5-yl. Examples of substituted isoxaZolyl 
include 3-Me-isoxaZol-5-yl, 5-Me-isoxaZol-3-yl, S-Me 
isoxaZol-4-yl and 3,5-diMe-isoxaZol-4-yl. Examples of sub 
stituted pyraZolyl include 1,3-diMe-1H-pyraZol-5-yl and 
1-Et-3—Me-lH-pyrazol-S-yl. Examples of substituted imida 
Zolyl include 1-Me-1H-imidaZol-5-yl. 

[0018] Examples of solvates include hydrates. 

[0019] Examples of salts of compounds of formula (I) 
include physiologically acceptable salts Which may be 
formed With basic compounds (such as When heteroaryl is 
basic) eg. acetate, benZoate, citrate, succinate, lactate, tar 
trate, fumarate and maleate. 

[0020] References hereinafter to a compound according to 
the invention includes both compounds of formula (I) and 
salts and solvates thereof, particularly pharmaceutically 
acceptable salts and solvates. 

[0021] It Will be appreciated that the invention includes 
Within its scope all stereoisomers of the compounds of 
formula (I) and mixtures thereof. 
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[0022] Preferably, the absolute stereochemistry Will be as 
shown in the representation of compounds of formula 

[0023] Examples of C1_6 haloalkyl that R1 may represent 
include C1_6 alkyl substituted by 1-3 halogen atoms, pref 
erably 1 halogen atom. Preferred halogen atoms are selected 
from bromine, chlorine and ?uorine. Examples of C1_6alkyl 
that R1 may represent include methyl. 

[0024] We prefer R1 to represent ?uoromethyl, chlorom 
ethyl, bromomethyl or 2‘-?uoroethyl, especially ?uorom 
ethyl. 

[0025] We prefer R2 to represent —C(=O)-heteroaryl. 
Preferably the heteroaryl is a S-membered heterocyclic 
aromatic ring containing 1 to 3 heteroatoms selected from O, 
N and S Which may optionally be substituted. In one respect, 
preferably heteroaryl represents furanyl, pyrrolyl or thiophe 
nyl, more preferably furanyl or thiophenyl eg 2-furanyl, 
3-furanyl, 2-thiophenyl or 3-thiophenyl, especially furanyl, 
particularly 2-furanyl. HoWever it may also be preferred that 
heteroaryl represents pyrrolyl or thiophenyl, more prefer 
ably thiophenyl eg 2-thiophenyl or 3-thiophenyl Which 
pyrrolyl or thiophenyl may be optionally substituted. 

[0026] Of particular interest are compounds in Which the 
heteroaryl is a S-membered heterocyclic aromatic ring con 
taining 2 heteroatoms selected from O, N and S. Thus a 
further set of preferred compounds is that in Which R2 
represents optionally substituted thiaZolyl. A further set of 
preferred compounds is that in Which R2 represents option 
ally substituted isothiaZolyl. A further set of preferred com 
pounds is that in Which R2 represents optionally substituted 
pyraZolyl. A further set of preferred compounds is that in 
Which R2 represents optionally substituted isoXaZolyl. A 
further set of preferred compounds is that in Which R2 
represents optionally substituted isothiaZolyl. A further set 
of preferred compounds is that in Which R2 represents 
optionally substituted imidaZolyl. 

[0027] Of particular interest is compounds in Which the 
heteraryl is a S-membered heterocyclic aromatic ring con 
taining 3 heteroatoms selected from O, N and S. Thus a 
further set of preferred compounds is that in Which R2 
represents optionally substituted thiadiaZolyl. 

[0028] Compounds in Which R2 represents —C(=O)-aryl 
(preferably aryl represents phenyl) are also of particular 
interest. 

[0029] We prefer R3 to represent methyl, especially 
methyl in the ot con?guration. Compounds in Which R3 
represents methyl in the [3 con?guration are also of particular 
interest. 

[0030] Compounds of formula (I) in Which R4 and R5, 
Which can be the same or different, each represents hydro 
gen, ?uorine or chlorine, particularly hydrogen or ?uorine, 
are preferred. Especially preferred are compounds in Which 
both R4 and R5 are ?uorine. 

[0031] Preferably, :represents a double bond. Com 
pounds in Which .....represents a single bond are also of 
particular interest. 

[0032] Aparticularly preferred group of compounds of the 
present invention are compounds of formula (I) in Which R1 
is ?uoromethyl; R2 is —C(=O)-2-furanyl; R3 is methyl; R4 
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and R5, Which can be the same or different, each represents 
hydrogen or ?uorine, especially ?uorine, and :represents 
a single or a double bond. 

[0033] It is to be understood that the present invention 
covers all combinations of particularly and preferred groups 
referred to hereinabove. 

[0034] Preferred compounds of formula (I) include: 

[0035] 6a,9ot-Di?uoro-170t-[(2-furanylcarbonyl)oXy] 
11[3-hydroXy-16ot-methyl-3-oXo-androsta-1,4-diene 
17[3-carbothioic acid S-?uoromethyl ester; 

[0036] 6a,9ot-Di?uoro-170t-[(3-furanylcarbonyl)oXy] 
11[3-hydroXy-16ot-methyl-3-oXo-androsta-1,4-diene 
17[3-carbothioic acid S-?uoromethyl ester; 

[0037] 6a,9ot-Di?uoro-1 1 [3 -hydroXy-1 6ot-methyl-3 
oXo-17ot-[(2-thienylcarbonyl)oXy]-androsta- 1,4-diene 
17[3 -carbothioic acid S-?uoromethyl ester; 

[0038] 6a,9ot-Di?uoro-1 1 [3 -hydroXy-1 6ot-methyl-3 
oXo-17ot-[(3-thienylcarbonyl)oXy]-androsta- 1,4-diene 
17[3 -carbothioic acid S-?uoromethyl ester; 

[0039] 17ot-(BenZoyl)oXy-6ot,9ot-Di?uoro-11[3-hy 
droXy-16ot-methyl-3-oXo-androsta-1,4-diene-17[3-car 
bothioic acid S-?uoromethyl ester; 

[0040] 9ot-Fluoro- 17a-[(2-furanylcarbonyl)oXy]- 11[3 
hydroXy- 1 6[3 -methyl-3-oXo-androsta- 1,4-diene-17[3 
carbothioic acid S-?uoromethyl ester; and 

[0041] 6a,9ot-Di?uoro-170t-[(2-furanylcarbonyl)oXy] 
11[3-hydroXy-16ot-methyl-3-oXo-androst-4-ene-17[3 
carbothioic acid S-?uoromethyl ester 

[0042] or a salt or solvate thereof. 

[0043] Particularly preferred compounds of formula (I) 
include: 

[0044] 6a,9ot-Di?uoro-170t-[(2-furanylcarbonyl)oXy] 
11[3-hydroXy-16ot-methyl-3-oXo-androsta-1,4-diene 
17[3-carbothioic acid S-?uoromethyl ester; 

[0045] 6a,9ot-Di?uoro-170t-[(3-furanylcarbonyl)oXy] 
11[3-hydroXy-16ot-methyl-3-oXo-androsta-1,4-diene 
17[3-carbothioic acid S-?uoromethyl ester; 

[0046] 6a,9ot-Di?uoro-1 1 [3 -hydroXy-1 6ot-methyl-3 
oXo-17ot-[(2-thienylcarbonyl)oXy]-androsta- 1,4-diene 
17[3 -carbothioic acid S-?uoromethyl ester; 

[0047] 6a,9ot-Di?uoro-1 1 [3 -hydroXy-1 6ot-methyl-3 
oXo-17ot-[(3-thienylcarbonyl)oXy]-androsta- 1,4-diene 
17[3 -carbothioic acid S-?uoromethyl ester; 

[0048] 6a,9ot-Di?uoro-170t-[(2-furanylcarbonyl)oXy] 
11[3-hydroXy-16ot-methyl-3-oXo-androst-4-ene-17[3 
carbothioic acid S-?uoromethyl ester 

[0049] or a salt or solvate thereof. 

[0050] The compounds named as EXamples 8-43 are also 
of particular interest, especially EXamples 8-22 and 24-43, 
most especially eXamples 8-9, 11-13, 15-22 and 24-43. 

[0051] The compounds of formula (I) have potentially 
bene?cial anti-in?ammatory or anti-allergic effects, particu 
larly upon topical administration, demonstrated by, for 
eXample, their ability to bind to the glucocorticoid receptor 
and to illicit a response via that receptor With long lasting 
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effect. Hence, the compounds of formula (I) are useful in the 
treatment of in?ammatory and/or allergic disorders, espe 
cially in once-per-day therapy. 

[0052] Compounds of formula (I) are predicted to undergo 
highly ef?cient hepatic metabolism to yield the correspond 
ing 17-[3 carboxylic acid in Which RZ-R4 and :are as 
de?ned above as the sole major metabolite in rat and human 
in vitro systems. We have established that this is the case for 
Example 1 and metabolite for Example 1 has been 
synthesised and demonstrated to be >1000 fold less active 
than the parent compound in in vitro functional glucocorti 
coid agonist assays. Analogues of Wherein R2 represents 
a group other than 2-furanylcarbonyl are expected also to 
have very loW activity. 

(X) 

[0053] This ef?cient hepatic metabolism is re?ected by in 
vivo data in the rat for certain examples, Which have 
demonstrated plasma clearance at a rate approaching hepatic 
blood ?oW (Examples 1, 4, 19, 24, 25 and 28) and an oral 
bioavailability of <1%, consistent With extensive ?rst-pass 
metabolism (Example 1). 

[0054] In vitro metabolism studies in human hepatocytes 
have demonstrated that Example 1 is metabolised in an 
identical manner to ?uticasone propionate but that conver 
sion of Example 1 to the inactive acid metabolite occurs 
approximately 5-fold more rapidly than With ?uticasone 
propionate. This very efficient hepatic inactivation Would be 
expected to minimise systemic exposure in man leading to 
an improved safety pro?le. 

[0055] Inhaled steroids are also absorbed through the lung 
and this route of absorption makes a signi?cant contribution 
to systemic exposure. Reduced lung absorption could there 
fore provide an improved safety pro?le. Studies With 
Example 1 have shoWn signi?cantly loWer exposure to 
Example 1 than With ?uticasone propionate after dry poWder 
delivery to the lungs of anaesthetised pigs. 

[0056] An improved safety pro?le is believed to alloW the 
compounds of formula (I) to demonstrate the desired anti 
in?ammatory effects When administered once-per day. 
Once-per-day dosing is considered to be signi?cantly more 
convenient to patients than the tWice-per day dosing regime 
that is normally employed for ?uticasone propionate. 

[0057] Examples of disease states in Which the compounds 
of the invention have utility include skin diseases such as 
ecZema, psoriasis, allergic dermatitis neurodermatitis, pru 
ritis and hypersensitivity reactions; in?ammatory conditions 
of the nose, throat or lungs such as asthma (including 
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allergen-induced asthmatic reactions), rhinitis (including 
hayfever), nasal polyps, chronic obstructive pulmonary dis 
ease, interstitial lung disease, and ?brosis; in?ammatory 
boWel conditions such as ulcerative colitis and Crohn’s 
disease; and auto-immune diseases such as rheumatoid 
arthritis. 

[0058] Compounds of the invention may also have use in 
the treatment of conjunctiva and conjunctivitis. 

[0059] It Will be appreciated by those skilled in the art that 
reference herein to treatment extends to prophylaxis as Well 
as the treatment of established conditions. 

[0060] As mentioned above, compounds of formula (I) are 
useful in human or veterinary medicine, in particular as 
anti-in?ammatory and anti-allergic agents. 

[0061] There is thus provided as a further aspect of the 
invention a compound of formula (I) or a physiologically 
acceptable salt or solvate thereof for use in human or 
veterinary medicine, particularly in the treatment of patients 
With in?ammatory and/or allergic conditions, especially for 
treatment once-per-day. 

[0062] According to another aspect of the invention, there 
is provided the use of a compound of formula (I) or 
physiologically acceptable salt or solvate thereof for the 
manufacture of a medicament for the treatment of patients 
With in?ammatory and/or allergic condition, especially for 
treatment once-per-day. 

[0063] In a further or alternative aspect, there is provided 
a method for the treatment of a human or animal subject With 
an in?ammatory and/or allergic condition, Which method 
comprises administering to said human or animal subject an 
effective amount of a compound of formula (I) or physi 
ologically acceptable salt or solvate thereof, especially for 
administration once-per-day. 

[0064] The compounds according to the invention may be 
formulated for administration in any convenient Way, and 
the invention therefore also includes Within its scope phar 
maceutical compositions comprising a compound of for 
mula (I) or physiologically acceptable salt or solvate thereof 
together, if desirable, in admixture With one or more physi 
ologically acceptable diluents or carriers. Pharmaceutical 
compositions suitable for once-per-day administration are of 
particular interest. 

[0065] Further, there is provided a process for the prepa 
ration of such pharmaceutical compositions Which com 
prises mixing the ingredients. 

[0066] The compounds according to the invention may, 
for example, be formulated for oral, buccal, sublingual, 
parenteral, local or rectal administration, especially local 
administration. 

[0067] Local administration as used herein, includes 
administration by insuf?ation and inhalation. Examples of 
various types of preparation for local administration include 
ointments, lotions, creams, gels, foams, preparations for 
delivery by transdermal patches, poWders, sprays, aerosols, 
capsules or cartridges for use in an inhaler or insuf?ator or 
drops (e.g. eye or nose drops), solutions/suspensions for 
nebulisation, suppositories, pessaries, retention enemas and 
cheWable or suckable tablets or pellets (e. g. for the treatment 
of aphthous ulcers) or liposome or microencapsulation 
preparations. 
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[0068] Advantageously compositions for topical adminis 
tration to the lung include dry powder compositions and 
spray compositions. 

[0069] Dry poWder compositions for topical delivery to 
the lung may, for example, be presented in capsules and 
cartridges for use in an inhaler or insuf?ator of, for example, 
gelatine. Formulations generally contain a poWder mix for 
inhalation of the compound of the invention and a suitable 
poWder base such as lactose or starch. Use of lactose is 
preferred. Each capsule or cartridge may generally contain 
betWeen 20 pig-10 mg of the compound of formula (I) 
optionally in combination With another therapeutically 
active ingredient. Alternatively, the compound of the inven 
tion may be presented Without excipients. Packaging of the 
formulation may be suitable for unit dose or multi-dose 
delivery. In the case of multi-dose delivery, the formulation 
can be pre-metered (eg. as in Diskus, see GB 2242134 or 
Diskhaler, see GB 2178965, 2129691 and 2169265) or 
metered in use (eg. as in Turbuhaler, see EP 69715). An 
example of a unit-dose device is Rotahaler (see GB 
2064336). The Diskus inhalation device comprises an elon 
gate strip formed from a base sheet having a plurality of 
recesses spaced along its length and a lid sheet hermetically 
but peelably sealed thereto to de?ne a plurality of containers, 
each container having therein an inhalable formulation con 
taining a compound of formula (I) optionally in combination 
With another therapeutically active ingredient preferably 
combined With lactose. Preferably, the strip is suf?ciently 
?exible to be Wound into a roll. The lid sheet and base sheet 
Will preferably have leading end portions Which are not 
sealed to one another and at least one of the said leading end 
portions is constructed to be attached to a Winding means. 
Also, preferably the hermetic seal betWeen the base and lid 
sheets extends over their Whole Width. The lid sheet may 
preferably be peeled from the base sheet in a longitudinal 
direction from a ?rst end of the said base sheet. 

[0070] Spray compositions may for example be formu 
lated as aqueous solutions or suspensions or as aerosols 
delivered from pressurised packs, suen as a metered dose 
inhaler, With the use of a suitable lique?ed propellant. 
Aerosol compositions suitable for inhalation can be either a 
suspension or a solution and generally contain the com 
pound of formula (I) optionally in combination With another 
therapeutically active ingredient and a suitable propellant 
such as a ?uorocarbon or hydrogen-containing chloro?uo 
rocarbon or mixtures thereof, particularly hydro?uoroal 
kanes, especially 1,1,1,2-tetra?uoroethane, 1,1,1,2,3,3,3 
hepta?uoro-n-propane or a mixture thereof. The aerosol 
composition may optionally contain additional formulation 
excipients Well knoWn in the art such as surfactants e. g. oleic 
acid or lecithin and cosolvents e.g. ethanol. One example 
formulation is excipient free and consists essentially of (eg 
consists of) a compound of formula (I) (optionally together 
With another active ingredient) and a propellant selected 
from 1,1,1,2-tetra?uoroethane, 1,1,1,2,3,3,3-hepta?uoro-n 
propane and mixture thereof. Another example formulation 
comprises particulate compound of formula (I), a propellant 
selected from 1,1,1,2-tetra?uoroethane, 1,1,1,2,3,3,3-hep 
ta?uoro-n-propane and mixture thereof and a suspending 
agent Which is soluble in the propellant eg an oligolactic acid 
or derivative thereof as described in WO94/21229. The 
preferred propellant is 1,1,1,2-tetra?uoroethane. Pressurised 
formulations Will generally be retained in a canister (eg an 
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aluminium canister) closed With a valve (eg a metering 
valve) and ?tted into an actuator provided With a mouth 
piece. 
[0071] Medicaments for administration by inhalation 
desirably have a controlled particle siZe. The optimum 
particle siZe for inhalation into the bronchial system is 
usually 1-10 pm, preferably 2-5 pm. Particles having a siZe 
above 20 pm are generally too large When inhaled to reach 
the small airWays. To achieve these particle siZes the par 
ticles of compound of formula (I) (and any further thera 
peutically active ingredient) as produced may be siZe 
reduced by conventional means eg. by micronisation. The 
desired fraction may be separated out by air classi?cation or 
sieving. Preferably, the particles Will be crystalline, prepared 
for example by a process Which comprises mixing in a 
continuous ?oW cell in the presence of ultrasonic radiation 
a ?oWing solution of compound of formula (I) as medica 
ment in a liquid solvent With a ?oWing liquid antisolvent for 
said medicament (eg as described in International Patent 
Application PCT/GB99/04368) or else by a process Which 
comprises admitting a stream of solution of the substance in 
a liquid solvent and a stream of liquid antisolvent for said 
substance tangentially into a cylindrical mixing chamber 
having an axial outlet port such that said streams are thereby 
intimately mixed through formation of a vortex and precipi 
tation of crystalline particles of the substance is thereby 
caused (eg as described in International Patent Application 
PCT/GB00/04327). When an excipient such as lactose is 
employed, generally, the particle siZe of the excipient Will be 
much greater than the inhaled medicament Within the 
present invention. When the excipient is lactose it Will 
typically be present as milled lactose, Wherein not more than 
85% of lactose particles Will have a MMD of 60-90 pm and 
not less than 15% Will have a MMD of less than 15 pm. 

[0072] Formulations for administration topically to the 
nose include pressurised aerosol formulations and aqueous 
formulations administered to the nose by pressurised pump. 

[0073] Aqueous formulations for administration to the 
lung or nose may be provided With conventional excipients 
such as buffering agents, tonicity modifying agents and the 
like. Aqueous formulations may also be administered to the 
nose by nebulisation. 

[0074] Other possible presentations include the folloWing: 

[0075] Ointments, creams and gels, may, for example, be 
formulated With an aqueous or oily base With the addition of 
suitable thickening and/or gelling agent and/or solvents. 
Such bases may thus, for example, include Water and/or an 
oil such as liquid paraf?n or a vegetable oil such as arachis 
oil or castor oil, or a solvent such as polyethylene glycol. 
Thickening agents and gelling agents Which may be used 
according to the nature of the base include soft paraffin, 
aluminium stearate, cetostearyl alcohol, polyethylene gly 
cols, Woolfat, beesWax, carboxypolymethylene and cellu 
lose derivatives, and/or glyceryl monostearate and/or non 
ionic emulsifying agents. 

[0076] Lotions may be formulated With an aqueous or oily 
base and Will in general also contain one or more emulsi 
fying agents, stabilising agents, dispersing agents, suspend 
ing agents or thickening agents. 

[0077] PoWders for external application may be formed 
With the aid of any suitable poWder base, for example, talc, 
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lactose or starch. Drops may be formulated With an aqueous 
or non-aqueous base also comprising one or more dispersing 
agents, solubilising agents, suspending agents or preserva 
tives. 

[0078] If appropriate, the formulations of the invention 
may be buffered by the addition of suitable buffering agents. 

[0079] The proportion of the active compound of formula 
(I) in the local compositions according to the invention 
depends on the precise type of formulation to be prepared 
but Will generally be Within the range of from 0.001 to 10% 
by Weight. Generally, hoWever for most types of prepara 
tions advantageously the proportion used Will be Within the 
range of from 0.005 to 1% and preferably 0.01 to 0.5%. 
HoWever, in poWders for inhalation or insuf?ation the pro 
portion used Will usually be Within the range of from 0.1 to 
5%. 

[0080] Aerosol formulations are preferably arranged so 
that each metered dose or “puff” of aerosol contains 1 
pig-2000 pg eg 20 pig-2000 pg, preferably about 20 pig-500 
pg of a compound of formula (I) optionally in combination 
With another therapeutically active ingredient. Administra 
tion may be once daily or several times daily, for example 
2, 3, 4 or 8 times, giving for example 1, 2 or 3 doses each 
time. Preferably the compound of formula (I) is delivered 
once or tWice daily, especially once per day. The overall 
daily dose With an aerosol Will typically be Within the range 
10 pig-10 mg eg 100 pig-10 mg preferably, 200 pig-2000 pg. 

[0081] Since the compounds of formula (I) are long 
acting, preferably the compound Will be delivered once-per 
day and the dose Will be selected so that the compound has 
a therapeutic effect in the treatment of respiratory disorders 
(eg asthma or COPD, particularly asthma) over 24 hours or 
more. 

[0082] Topical preparations may be administered by one 
or more applications per day to the affected area; over skin 
areas occlusive dressings may advantageously be used. 
Continuous or prolonged delivery may be achieved by an 
adhesive reservoir system. 

[0083] For internal administration the compounds accord 
ing to the invention may, for example, be formulated in 
conventional manner for oral, parenteral or rectal adminis 
tration. Formulations for oral administration include syrups, 
elixirs, poWders, granules, tablets and capsules Which typi 
cally contain conventional excipients such as binding 
agents, ?llers, lubricants, disintegrants, Wetting agents, sus 
pending agents, emulsifying agents, preservatives, buffer 
salts, ?avouring, colouring and/or sWeetening agents as 
appropriate. Dosage unit forms are, hoWever, preferred as 
described beloW. 

[0084] Preferred forms of preparation for internal admin 
istration are dosage unit forms i.e. tablets and capsules. Such 
dosage unit forms contain from 0.1 mg to 20 mg preferably 
from 2.5 to 10 mg of the compounds of the invention. 

[0085] The compounds according to the invention may in 
general may be given by internal administration in cases 
Where systemic adreno-cortical therapy is indicated. 

[0086] In general terms preparations, for internal admin 
istration may contain from 0.05 to 10% of the active 
ingredient dependent upon the type of preparation involved. 
The daily dose may vary from 0.1 mg to 60 mg, e.g. 5-30 
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mg, dependent on the condition being treated, and the 
duration of treatment desired. 

[0087] SloW release or enteric coated formulations may be 
advantageous, particularly for the treatment of in?ammatory 
boWel disorders. 

[0088] The pharmaceutical compositions according to the 
invention may also be used in combination With another 
therapeutically active agent, for example, a [32 adrenorecep 
tor agonist, an anti-histamine or an anti-allergic. The inven 
tion thus provides, in a further aspect, a combination com 
prising a compound of formula (I) or a physiologically 
acceptable salt or solvate thereof together With another 
therapeutically active agent, for example, a [32-adrenorecep 
tor agonist, an anti-histamine or an anti-allergic. 

[0089] Examples of [32-adrenoreceptor agonists include 
salmeterol (eg as racemate or a single enantiomer such as the 

R-enantiomer), salbutamol, formoterol, salmefamol, fenot 
erol or terbutaline and salts thereof, for example the xin 
afoate salt of salmeterol, the sulphate salt or free base of 
salbutamol or the fumarate salt of formoterol. Pharmaceu 
tical compositions employing combinations With long-act 
ing [32-adrenoreceptor agonists (eg salmeterol and salts 
thereof) are particularly preferred, especially those Which 
have a therapeutic effect (eg in the treatment of asthma or 
COPD, particularly asthma) over 24 hours or more. 

[0090] Since the compound of formula (I) is long-acting, 
preferably the composition comprising the compound of 
formula (I) and the long-acting [32-adrenoreceptor agonists 
Will be delivered once-per-day and the dose of each Will be 
selected so that the composition has a therapeutic effect in 
the treatment of respiratory disorders effect (eg in the 
treatment of asthma or COPD, particularly asthma) over 24 
hours or more. 

[0091] Examples of anti-histamines include methapy 
rilene or loratadine. 

[0092] Other suitable combinations include, for example, 
other anti-in?ammatory agents eg. NSAIDs (eg. sodium 
cromoglycate, nedocromil sodium, PDE4 inhibitors, leukot 
riene antagonists, iNOS inhibitors, tryptase and elastase 
inhibitors beta-2 integrin antagonists and adenosine 2a ago 
nists)) or antiinfective agents (eg. antibiotics, antivirals). 

[0093] Of particular interest is use of the compounds of 
formula (I) in combination With a phosphodiesterase 4 
(PDE4) inhibitor. The PDE4-speci?c inhibitor useful in this 
aspect of the invention may be any compound that is knoWn 
to inhibit the PDE4 enZyme or Which is discovered to act as 
a PDE4 inhibitor, and Which are only PDE4 inhibitors, not 
compounds Which inhibit other members of the PDE family 
as Well as PDE4. Generally it is preferred to use a PDE4 
inhibitor Which has an IC5O ratio of about 0.1 or greater as 
regards the IC5O for the PDE4 catalytic form Which binds 
rolipram With a high affinity divided by the IC5O for the form 
Which binds rolipram With a low affinity. For the purposes of 
this disclosure, the cAMP catalytic site Which binds R and 
S rolipram With a loW affinity is denominated the “low 
affinity” binding site (LPDE 4) and the other form of this 
catalytic site Which binds rolipram With a high affinity is 
denominated the “high affinity” binding site (HPDE 4). This 
term “HPDE4” should not be confused With the term 
“hPDE4” Which is used to denote human PDE4. Initial 
experiments Were conducted to establish and validate a 
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[3H]-rolipram binding assay. Details of this Work are given 
in the Binding Assays described in detail below. 

[0094] The preferred PDE4 inhibitors of use in this inven 
tion Will be those compounds Which have a salutary thera 
peutic ratio, i.e., compounds Which preferentially inhibit 
cAMP catalytic activity Where the enZyme is in the form that 
binds rolipram With a loW af?nity, thereby reducing the side 
effects Which apparently are linked to inhibiting the form 
Which binds rolipram With a high af?nity. Another Way to 
state this is that the preferred compounds Will have an IC5O 
ratio of about 0.1 or greater as regards the IC5O for the PDE4 
catalytic form Which binds rolipram With a high af?nity 
divided by the IC5O for the form Which binds rolipram With 
a loW affinity. 

[0095] A further re?nement of this standard is that of one 
Wherein the PDE4 inhibitor has an IC5O ratio of about 0.1 or 
greater; said ratio is the ratio of the IC5O value for competing 
With the binding of 1 nM of [3H]R-rolipram to a form of 
PDE4 Which binds rolipram With a high af?nity over the 
IC50 value for inhibiting the PDE4 catalytic activity of a form 
Which binds rolipram With a loW af?nity using 1 pM[3H] 
cAMP as the substrate. 

[0096] Examples of useful PDE4 inhibitors are: 

[0097] (R) -(+)- 1 -(4-bromobenZyl) -4-[(3 -cyclopenty 
loxy) -4-methoxyphenyl] -2-pyrrolidone; 

[0098] (R) -(+)- 1 -(4-bromobenZyl) -4-[(3 -cyclopenty 
loxy) -4-methoxyphenyl] -2-pyrrolidone; 

[0099] 3-(cyclopentyloxy-4-methoxyphenyl)-1-(4-N‘ 
[N2-cyano-S-methyl-isothioureldo]benZyl)-2-pyrroli 
done; 

[0100] cis 4-cyano-4-(3-cyclopentyloxy-4-methox 
yphenyl)cyclohexan-1-carboxylic acid]; 

[0101] cis-[4-cyano-4-(3-cyclopropylmethoxy-4-dif 
luoromethoxyphenyl)cyclohexan-1 -ol]; 

[0102] (R)-(+)-ethyl [4-(3-cyclopentyloxy-4-methox 
yphenyl)pyrrolidine-2-ylidene]acetate; and 

[0103] (S)-(—)-ethyl [4-(3-cyclopentyloxy-4-methox 
yphenyl)pyrrolidine-2-ylidene]acetate. 

[0104] Most preferred are those PDE4 inhibitors Which 
have an IC5O ratio of greater than 0.5, and particularly those 
compounds having a ratio of greater than 1.0. Preferred 
compounds are cis 4-cyano-4-(3-cyclopentyloxy-4-methox 
yphenyl)cyclohexan-1-carboxylic acid, 2-carbomethoxy-4 
cyano-4-(3-cyclopropylmethoxy-4-di?uoromethoxyphenyl) 
cyclohexan-1-one and cis-[4-cyano-4-(3-cyclopropyl 
methoxy-4-di?uoromethoxyphenyl)cyclohexan-1-ol]; these 
are examples of compounds Which bind preferentially to the 
loW affinity binding site and Which have an IC5O ratio of 0.1 
or greater. 

[0105] Other compounds of interest include: 

[0106] Compounds set out in US. Pat. No. 5,552,438 
issued Sep. 3, 1996; this patent and the compounds it 
discloses are incorporated herein in full by reference. The 
compound of particular interest, Which is disclosed in US. 
Pat. No. 5,552,438, iscis-4-cyano-4-[3-(cyclopentyloxy)-4 
methoxyphenyl]cyclohexane-1-carboxylic acid (also knoWn 
as cilomalast) and its salts, esters, pro-drugs or physical 
forms; AWD-12-281 from Astra (Hofgen, N. et al. 15th 
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EFMC Int Symp Med Chem (September 6-10, Edinburgh) 
1998, Abst P.98); a 9-benZyladenine derivative nominated 
NCS-613 (INSERM); D-4418 from Chiroscience and Scher 
ing-Plough; a benZodiaZepine PDE4 inhibitor identi?ed as 

Cl-1018 (PD-168787; Parke-Davis/Warner-Lambert); a ben 
Zodioxole derivative KyoWa Hakko disclosed in WO 
9916766; V-11294A from Napp (Landells, L. J. et al. Eur 
Resp J [Annu Cong Eur Resp Soc (September 19-23, 
Geneva) 1998] 1998, 12(Suppl. 28): Abst P2393); ro?umi 
last (CAS reference No 162401-32-3) and a pthalaZinone 
(WO 9947505) from Byk-Gulden; or a compound identi?ed 
as T-440 (Tanabe Seiyaku; Fuji, K. et al. J Pharmacol Exp 
Ther,1998, 284(1): 162). 
[0107] Phosphodiesterase and Rolipram Binding Assays 

[0108] Assay method 1A 

[0109] Isolated human monocyte PDE4 and hrPDE 
(human recombinant PDE4) Was determined to exist prima 
rily in the loW af?nity form. Hence, the activity of test 
compounds against the loW af?nity form of PDE4 can be 
assessed using standard assays for PDE4 catalytic activity 
employing 1 pM [3H]cAMP as a substrate (Torphy et al., J. 
of Biol. Chem., Vol. 267, No. 3 pp1798-1804, 1992). 

[0110] Rat brain high speed supernatants Were used as a 
source of protein and both enantiomers of [3H]-rolipram 
Were prepared to a speci?c activity of 25.6 Ci/mmol. Stan 
dard assay conditions Were modi?ed from the published 
procedure to be identical to the PDE assay conditions, 
except for the last of the cAMP: 50 mM Tris HCl (pH 7.5), 
5 mM MgCl2, 50 MM 5‘-AMP and 1 nM of [3H]-roliprar 
(Torphy et al., J. of Biol. Chem., Vol. 267, No. 3 pp1798 
1804, 1992). The assay Was run for 1 hour at 30° C. The 
reaction Was terminated and bound ligand Was separated 
from free ligand using a Brandel cell harvester. Competition 
for the high affinity binding site Was assessed under condi 
tions that Were identical to those used for measuring loW 
af?nity PDE activity, expect that [3H]-cAMP Was not 
present. 

[0111] Assay Method 1B 

[0112] Measurement of Phosphodiesterase Activity 

[0113] PDE activity Was assayed using a [3H]cAMP SPA 
or [3H]cGMP SPA enZyme assay as described by the sup 
plier (Amersham Life Sciences). The reactions Were con 
ducted in 96-Well plates at room temperature, in 0.1 ml of 
reaction buffer containing (?nal concentrations): 50 mM 
Tris-HCl, pH 7.5, 8.3 mM MgCl2, 1.7 mM EGTA, [3H] 
cAMP or [3H] cGMP (approximately 2000 dpm/pmol), 
enZyme and various concentrations of the inhibitors. The 
assay Was alloWed to proceed for 1 hr and Was terminated by 
adding 50 pl of SPA yttrium silicate beads in the presence of 
Zinc sulfate. The plates Were shaken and alloWed to stand at 
room temperature for 20 min. Radiolabeled product forma 
tion Was assessed by scintillation spectrometry. 

[0114] [3H]R-rolipram Binding Assay 
[0115] The [3H]R-rolipram binding assay Was performed 
by modi?cation of the method of Schneider and co-Workers, 
see Nicholson, et al., Trends Pharmacol. Sci., Vol. 12, 
pp.19-27 (1991) and McHale et al., Mol. Pharmacol., Vol. 
39, 109-113 (1991). R-Rolipram binds to the catalytic site of 
PDE4 see Torphy et al., Mol. Pharmacol., Vol. 39, pp. 
376-384 (1991). Consequently, competition for [3H]R-ro 
lipram binding provides an independent con?rmation of the 
PDE4 inhibitor potencies of unlabeled competitors. The 
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assay Was performed at 30° C. for 1 hr in 0.5 pl buffer 
containing (?nal concentrations): 50 mM Tris-HCl, pH 7.5, 
5 mM MgCl2, 0.05% bovine serum albumin, 2 nM [3H]R 
rolipram (5.7><104 dpm/pmol) and various concentrations of 
non-radiolabeled inhibitors. The reaction Was stopped by the 
addition of 2.5 ml of ice-cold reaction buffer (Without 
[3H]-R-rolipram) and rapid vacuum ?ltration (Brandel Cell 
Harvester) through Whatman GF/B ?lters that had been 
soaked in 0.3% polyethylenimine. The ?lters Were Washed 
With an additional 7.5 ml of cold buffer, dried, and counted 
via liquid scintillation spectrometry. 

[0116] The invention thus provides, in a further aspect, a 
combination comprising a compound of formula (I) or a 
physiologically acceptable salt or solvate thereof together 
With a PDE4 inhibitor. 

[0117] The combination referred to above may conve 
niently be presented for use in the form of a pharmaceutical 
formulation and thus pharmaceutical formulations compris 
ing a combination as de?ned above together With a phar 
maceutically acceptable diluent or carrier represent a further 
aspect of the invention. 

[0118] The compound according to the invention in com 
bination With another therapeutically active ingredient as 
described above may be formulated for administration in 
any convenient Way, and the invention therefore also 
includes Within its scope pharmaceutical compositions com 
prising the compound of formula (I) or a physiologically 
acceptable solvate thereof in combination With another 
therapeutically active ingredient together, if desirable, in 
admixture With one or more physiologically acceptable 
diluents or carriers. The preferred route of administration for 
in?ammatory disorders of the respiratory tract Will generally 
be administration by inhalation. 

[0119] The individual compounds of such combinations 
may be administered either sequentially in separate phar 
maceutical compositions as Well as simultaneously in com 
bined pharmaceutical formulations. Appropriate doses of 
knoWn therapeutic agents Will be readily appreciated by 
those skilled in the art. 

[0120] The compounds of formula (I) and salts and sol 
vates thereof may be prepared by the methodology described 
hereinafter, constituting a further aspect of this invention. 

[0121] A process according to the invention for preparing 
a compound of formula (I) or a salt or solvate thereof 
comprises alkylation of a thioacid of formula (II) 

(II) 

[0122] 
above, 

[0123] or a salt thereof. 

Wherein R2, R3, R4, R5 and :are as de?ned 
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[0124] In this process the compound of formula (II) may 
be reacted With a compound of formula Rl-L Wherein L 
represents a leaving group such as halogen atom or a tosyl 
or mesyl group or the like, for eXample, an appropriate alkyl 
or haloalkyl halide under standard conditions. 

[0125] Compounds of formula (II) may conveniently be 
employed as salts When such salts may be prepared in 
crystalline form. 

[0126] When R1 represents ?uoromethyl, the preferred 
haloalkyl halide reagent is bromo?uoromethane. 

[0127] In a preferred process for preparing a compound of 
formula (I), a compound of formula (II) or a salt thereof may 
be treated With bromo?uoromethane optionally in the pres 
ence of a phase transfer catalyst and optionally in the 
presence of an added base. Apreferred solvent is methylac 
etate, or more preferably ethylacetate, optionally in the 
presence of Water. The presence of Water improves solubility 
of both starting material and product and the use of a phase 
transfer catalyst results in an increase in rate of reaction. 
Examples of phase transfer catalysts that may be employed 
include (but are not restricted to) tetrabutylammonium bro 
mide, tetrabutylammonium chloride, benZyltributylammo 
nium bromide, benZyltributylammonium chloride, benZyl 
triethylammonium bromide, methyltributylammonium 
chloride and methyltrioctylammonium chloride. THF may 
also advantageously be employed as solvent for the phase 
transfer catalyst. 

[0128] Compounds of formula (II) may be prepared from 
the corresponding 17ot-hydroXyl derivative of formula (III): 

(III) 

[0129] or a salt, thereof 

[0130] Wherein R3, R4, R5 and :are as de?ned 
above, using for eXample, the methodology 
described by G. H. Phillipps et al., (1994) Journal of 
Medicinal Chemistry, 37, 3717-3729. For eXample 
the step typically comprises the addition of a reagent 
suitable for performing the esteri?cation to the ester 
such as an aryl or heteroarylcarbonyl halide eg. 
2-furanoyl chloride in the presence of a mild base eg. 
triethylamine. Generally the aryl or heteroarylcarbo 
nyl halide Would be employed in at least 2 times 
molar quantity relative to the compound of formula 
(III). The second mole of aryl or heteroarylcarbonyl 
halide tends to react With the thioacid moiety in the 
compound of formula (III) and Would need to be 
removed by reaction With an amine such as diethy 
lamine. 
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[0131] Compounds of formula (III) may be prepared in 
accordance With procedures described in GB 2088877B. 

[0132] Compounds of formula (III) Wherein R3 represents 
methyl in the ot con?guration, :represents a double bond 
and R4 and R5 represent F may also be prepared by a process 
comprising the following steps: 

"Ulllm 
(V) 

Step (b) 

11ml... 
(IV) 

1:: 

(III) 

[0133] Step (a) comprises oxidation of a solution contain 
ing the compound of formula Preferably, step (a) Will be 
performed in the presence of a solvent comprising methanol, 
Water, tetrahydrofuran, dioxan or diethylene glygol dimeth 
ylether. For example, so as to enhance yield and throughput, 
preferred solvents are methanol, Water or tetrahydrofuran, 
and more preferably are Water or tetrahydrmfuran, espe 
cially Water and tetrahydrofuran as solvent. Dioxan and 
diethylene glygol dimethylether are also preferred solvents 
Which may optionally (and preferably) be employed together 
With Water. Preferably, the solvent Will be present in an 
amount of betWeen 3 and 10 vol relative to the amount of the 
starting material (1 Wt.), more preferably betWeen 4 and 6 

Mar. 6, 2003 

vol., especially 5 vol. Preferably the oxidising agent is 
present in an amount of 1-9 molar equivalents relative to the 
amount of the starting material. For example, When a 50% 
W/W aqueous solution of periodic acid is employed, the 
oxidising agent may be present in an amount of betWeen 1.1 
and 10 Wt. relative to the amount of the starting material (1 
Wt.), more preferably betWeen 1.1 and 3 Wt., especially 1.3 
Wt. Preferably, the oxidation step Will comprise the use of a 
chemical oxidising agent. More preferably, the oxidising 
agent Will be periodic acid or iodic acid or a salt thereof. 
Most preferably, the oxidising agent Will be periodic acid or 
sodium periodate, especially periodic acid. Alternatively (or 
in addition), it Will also be appreciated that the oxidation 
step may comprise any suitable oxidation reaction, eg. one 
Which utilises air and/or oxygen. When the oxidation reac 
tion utilises air and/or oxygen, the solvent used in said 
reaction Will preferably be methanol. Preferably, step (a) 
Will involve incubating the reagents at room temperature or 
a little Warmer, say around 25° C. eg for 2 hours. The 
compound of formula (I) may be isolated by recrystallisation 
from the reaction mixture by addition of an anti-solvent. A 
suitable anti-solvent for compound of formula (I) is Water. 
Surprisingly We have discovered that it is highly desirable to 
control the conditions under Which the compound of formula 
(IV) is precipitated by addition of anti-solvent eg Water. 
When the recrystallisation is performed using chilled Water 
(eg Water/ice mixture at a temperature of 0-5° C.) although 
better anti-solvent properties may be expected We have 
found that the crystalline product produced is very volumi 
nous, resembles a soft gel and is very dif?cult to ?lter. 
Without being limited by theory We believe that this loW 
density product contains a large amount of solvated solvent 
Within the crystal lattice. By contrast When conditions of 
around 10° C. or higher are used (eg around ambient 
temperature) a granular product of a sand like consistency 
Whch is very easily ?ltered is produced. Under these con 
ditions, crystallisation typically commences after around 1 
hour and is typically completed Within a feW hours (eg 2 
hours). Without being limited by theory We believe that this 
granular product contains little or no of solvated solvent 
Within the crystal lattice. 

[0134] Step (b) Will typically comprise the addition of a 
reagent suitable for converting a carboxylic acid to a car 
bothioic acid eg. using hydrogen sulphide gas together With 
a suitable coupling agent eg. carbonyldiimidaZole (CDI) in 
the presence of a suitable solvent eg. dimethylformamide. 

[0135] The aforementioned methodology may be adapted 
for the preparation of other compounds of formula (III). 

[0136] An alternative process for preparing certain com 
pounds of formula (II) comprises treating a compound of 
formula With a reagent suitable for converting a car 
boxylic acid to a carbothioic acid eg using hydrogen sul 
phide gas together With a suitable coupling agent such as 
CDI in the presence of a suitable solvent eg DMF. Com 
pounds of formula may be prepared by methodology 
analogous to that described herein. Other compounds of 
formula (II) may be prepared similarly. 



US 2003/0045512 A1 

[0137] An alternative process for preparing a compound of 
formula (I) Wherein R 4 represents ?uorine or a salt or solvate 
thereof comprises reacting a compound of formula (VI) 

(VI) 

[0138] With a ?uorine source. 

[0139] Examples of suitable sources of ?uorine include 
?uoride (eg sodium ?uoride) or, more preferably, HF. The 
preferred reagent is aqueous HF. A solvent such as THF or 
DMF may be employed. 

[0140] A compound of formula (VI) may be prepared by 
a process comprising (a) alkylating a compound of formula 
(VII) 

(v11) 

[0141] or a salt thereof; 

[0142] (b) reacting a compound of formula (VIII) 

(VIII) 

[0143] With an epoxide forming reagent; or 
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[0144] (c) esterifying a compound of formula (IX) 

(IX) 

[0145] In process (a), analogous conditions to those 
described above for the conversion of a compound of 
formula (II) to a compound of formula (I) may be employed. 
Typically compound of formula (VII) Will be reacted With a 
compound of formula Rl-L Wherein L represents a leaving 
group (eg a halogen atom, a mesyl or tosyl group or the like) 
for example, an appropriate ?uoromethyl halide under stan 
dard conditions. Preferably, the ?uoromethyl halide reagent 
is bromo?uoromethane. 

[0146] Process (b) is preferably performed in tWo steps: formation of a halohydrin especially a bromohydrin (eg by 

reaction With bromodan or equivalent reagent), folloWed by 
(ii) treatment With base such as sodium hydroxide so as to 
effect ring closure. The product of step is a compound of 
formula (IXA) Which is a novel intermedate that may be 
isolated, if desired: 

(IXA) 

[0147] 

[0148] In process (c), a suitable reagent Would be an 
activated derivative of an aryl or heteroaryl carboxylic acid 
such as an activated ester or preferably an acid halide eg an 

acid chloride in the presence of an organic base eg triethy 
lamine. This reaction may be performed at elevated tem 
perature eg around 60° C. or else at ambient temperature in 
the presence of an acylation catalyst eg dimethylamino 
pyridine (DMAP). 

Wherein X represents halogen, especially Br. 

[0149] Compounds of formula (VII) may be prepared by 
a process comprising esteri?cation of a compound of for 
mula (XI) 
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(XI) 

I35 

[0150] Analogous conditions to those described above for 
the conversion of a compound of formula (III) to a com 
pound of formula (II) may be employed. For example, a 
suitable reagent Would be an activated derivative of an aryl 
or heteroaryl carboxylic acid such as an activated ester or 
preferably an acid halide eg acid chloride in the presence of 
an organic base eg triethylamine. Certain compounds of 
formula (XI) are knoWn (J Labelled Compd Radiopharm 
(1997) 39(7) 567-584) and others may be prepared by 
analogous methods. 

[0151] A compound of formula (VIII) may be prepared by 
a process comprising 

[0152] (a) alkylating a compound of formula (XII) 

(x11) 

[0153] 
[0154] (b) esterifying a compound of formula (XIII) 

or a salt thereof; or 

(x111) 

[0155] In process (a), analogous conditions to those 
described above for the conversion of a compound of 

10 
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formula (II) to a compound of formula (I) may be employed. 
Typically compound of formula (XII) Will be reacted With a 
compound of formula Rl-L Wherein L represents a leaving 
group (eg a halogen atom, a mesyl or tosyl group or the like) 
for example, an appropriate ?uoromethyl halide under stan 
dard conditions. Preferably, the ?uoromethyl halide reagent 
is bromo?uoromethane. 

[0156] In process (b), analogous conditions to those 
employed above for the conversion of a compound of 
formula (IX) to a compound of formula (VI) may be 
employed. For example, a suitable reagent Would be an 
activated derivative of an aryl or heteroaryl carboxylic acid 
such as an activated ester or preferably an acid halide eg acid 
chloride in the presence of an organic base eg triethylamine. 

[0157] Compounds of formula (IX) and (XIII) may be 
prepared by alkylating the corresponding thioacids (XI) and 
(XIV) (de?ned beloW) using methodology analogous to that 
already described (eg by reaction With a compound of 
formula FCHZL Wherein L represents a leaving group (eg a 
halogen atom, a mesyl or tosyl group or the like) for 
example, an appropriate ?uoromethyl halide under standard 
conditions. Preferably, the ?uoromethyl halide reagent is 
bromo?uoromethane. The thioacids (XI) are either knoWn 
compounds (J Labelled Compd Radiopharm (1997) 39(7) 
567-584) or may be prepared by analogous methods. 

[0158] Compounds of formula (XII) may be prepared by 
a process comprising esterifying a compound of formula 
(XIV): 

(XIV) 

[0159] or a salt thereof. 

[0160] This process may be performed using methodology 
analogous to that already described. For example, a suitable 
reagent Would be an activated derivative of an aryl or 
heteroaryl carboxylic acid such as an activated ester or 
preferably an acid halide eg and acid chloride in the presence 
of an organic base eg triethylamine. 

[0161] Compounds of formula (XIV) may be prepared 
from the corresponding carboxylic acid eg by a process 
analogous to that described above for the conversion of a 
compound of formula (IV) to a compound of formula (III). 
The aforesaid the corresponding carboxylic acid is either 
knoWn (Upjohn WO90/15816) or may be prepared by con 
ventional methods. 

[0162] A further alternative process for preparing a com 
pound of formula (I) or a salt or solvate thereof comprises 
deprotecting or unmasking a compound of formula (I) in 
Which the 11-[3-hydroxy group is protected or masked. A?rst 
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such process comprises deprotecting a compound of formula 
(XV) 

(XV) 

[0163] wherein P represents a hydroxy protecting group. 

[0164] Examples of hydroxy protecting groups P are 
described in Protective Groups in Organic Chemistry Ed J F 
W McOmie (Plenum Press 1973) or Protective Groups in 
Organic Synthesis by Theodora W Green (John Wiley and 
Sons, 1991). 
[0165] Examples of suitable hydroxy protecting groups P 
include groups selected from carbonate, alkyl (eg t-butyl or 
methoxymethyl), aralkyl (eg benZyl, p-nitrobenZyl, diphe 
nylmethyl or triphenylmethyl), heterocyclic groups such as 
tetrahydropyranyl, acyl (eg acetyl or benZyl) and silyl 
groups such as trialkylsilyl (eg t-butyldimethylsilyl). The 
hydroxy protecting groups may be removed by conventional 
techniques. Thus, for example, carbonate may be removed 
by treatment With base and alkyl, silyl, acyl and heterocyclic 
groups may be removed by solvolysis eg by hydrolysis 
under acid or basic conditions. Aralkyl groups such as 
triphenylmethyl may similarly be removed by solvolysis eg 
by hydrolysis under acidic conditions. Aralkyl groups such 
as benZyl or p-nitrobenZyl may be cleaved by hydrogenoly 
sis in the presence of a Noble metal catalyst such as 
palladium on charcoal. p-NitrobenZyl may also be cleaved 
by photolysis. 
[0166] The 11-[3-hydroxy group may be masked as a 
carbonyl group. Thus a second such process comprises 
reduction of a compound of formula (XVI) 

(XVI) 

[0167] Reduction to the compound of formula (I) may be 
achieved eg by treatment With a hydride reducing agent such 
as borohydride eg sodium borohydride 
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[0168] The 11-ketone (XVI) may also be masked. 
Examples of masked derivatives of compound of formula 
(XVI) include ketal derivatives eg ketals formed by 
treatment of the compound of formula (XVI) With an alcohol 
eg methanol, ethanol or ethan-1,2-diol, (ii) dithioketal 
derivatives eg dithioketals formed by treatment of a com 
pound of formula (XVI) With a thiol eg methanethiol, 
ethanethiol or ethan-1,2-dithiol, (iii) monothioketal deriva 
tives eg monothioketals formed by treatment of a compound 
of formula (XVI) With eg 1-hydroxy-ethane-2-thiol, (iv) 
derivatives formed by treatment of a compound of formula 
(XVI) With an alcoholamine eg ephedrine, (v) imines formed 
by treatment of a compound of formula (XVI) With amines, 
(vi) oximes formed by treatment of compounds of formula 
(XVI) With hydroxylamines. We claims such derivatives of 
compounds of formula (XVI) as an aspect of the invention. 

[0169] These masked derivatives may be converted back 
to the ketone by conventional means eg ketals, imines and 
oximes are converted to carbonyl by treatment With dilute 
acid and dithioketals are converted to the ketone by a variety 
of methods as described by P. C. Bulman Page et al (1989), 
Tetrahedron, 45, 7643-7677 and references therein. 

[0170] Compounds of formula (XV) may be prepared by 
a process comprising 

[0171] (a) alkylating a compound of formula (XVII) 

(xvn) 

[0172] or a salt thereof Wherein P represents a 
hydroxy protecting group; or 

[0173] (b) esterifying a compound of formula 
(XVIII) 

(xvrn) 

[0174] In step (a), analogous conditions to those described 
above for the conversion of a compound of formula (II) to 
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a compound of formula (I) may be employed. Typically 
compound of formula (XVII) Will be reacted With a com 
pound of formula Rl-L Wherein L represents a leaving group 
(eg a halogen atom, a mesyl or tosyl group or the like) for 
example, an appropriate ?uoromethyl halide under standard 
conditions. Preferably, the ?uoromethyl halide reagent is 
bromo?uoromethane. 

[0175] In step (b), analogous conditions to those employed 
above for the conversion of a compound of formula (IX) to 
a compound of formula (VI) may be employed. For 
eXample, a suitable reagent Would be an activated derivative 
of an aryl or heteroaryl carboXylic acid such as an activated 
ester or preferably an acid halide eg acid chloride in the 
presence of an organic base eg triethylamine. 

[0176] Compound of formula (XVIII) may be prepared by 
alkylating the corresponding thioacid using methodology 
analogous to that already described (eg by reaction With a 
compound of formula Rl-L Wherein L represents a leaving 
group (eg a halogen atom, a mesyl or tosyl group or the like) 
for eXample, an appropriate ?uoromethyl halide under stan 
dard conditions. When R1 represents —CH2F, preferably, 
the ?uoromethyl halide reagent is bromo?uoromethane. The 
corresponding thioacids are knoWn compounds or may be 
prepared by knoWn methods. Compound of formula (XVIII) 
may alternatively be prepared by protection of the corre 
sponding hydroXy derivative. 

[0177] Compound of formula (XVII) may be prepared by 
a process comprising esterifying a compound of formula 

(XIX) 

(XIX) 

I35 

[0178] or a salt thereof Wherein P represents a hydroXy 
protecting group. 

[0179] This process may be performed using methodology 
analogous to that already described. For eXample, a suitable 
reagent Would be an activated derivative of an aryl or 
heteroaryl carboXylic acid such as an activated ester or 
preferably an acid halide eg acid chloride in the presence of 
an organic base eg triethylamine. 

[0180] Compounds of formula (XIX) may be prepared by 
protecting the corresponding hydroXy derivative, having 
?rst protected the thioacid Which Would need to be subse 
quently deprotected. The corresponding hydroXy derivatives 
are knoWn compounds or may be prepared by knoWn 
methods. 
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[0181] Compounds of formula (XVI) may be prepared by 
a process comprising 

[0182] (a) alkylating a compound of formula 

(XX) 

[0183] or a salt thereof or a derivative Wherein the 
11-carbonyl group is masked; or 

[0184] (b) esterifying a compound of formula (XXI) 

(XXI) 

[0185] or a derivative Wherein the 11-carbonyl 
group is masked 

[0186] In step (a), analogous conditions to those described 
above for the conversion of a compound of formula (III) to 
a compound of formula (II) may be employed. Typically 
compound of formula Will be reacted With a compound 
of formula Rl-L Wherein L represents a leaving group (eg a 
halogen atom, a mesyl or tosyl group or the like) for 
eXample, an appropriate ?uoromethyl halide under standard 
conditions. Preferably, the ?uoromethyl halide reagent is 
bromo?uoromethane. 

[0187] In step (b), analogous conditions to those employed 
above for the conversion of a compound of formula (IX) to 
a compound of formula (VI) may be employed. For 
eXample, a suitable reagent Would be an activated derivative 
of an aryl or heteroaryl carboXylic acid such as an activated 
ester or preferably an acid halide eg acid chloride in the 
presence of an organic base eg triethylamine. 

[0188] Compound of formula (XXI) or a derivative 
thereof Wherein the 11-ketone group is masked may be 
prepared by alkylating the corresponding thioacid using 
methodology analogous to that already described (eg by 
reaction With a compound of formula Rl-L Wherein L 
represents a leaving group (eg a halogen atom, a mesyl or 



US 2003/0045512 A1 

tosyl group or the like) for example, an appropriate ?uo 
romethyl halide under standard conditions. Preferably, the 
?uoromethyl halide reagent is bromo?uoromethane. The 
corresponding thioacids are knoWn compounds. 

[0189] Compound of formula may be prepared by a 
process comprising esterifying a compound of formula 
(XXII) 

(xx11) 

I35 

[0190] or a salt thereof or a derivative thereof Wherein the 
11-ketone group is masked. 

[0191] This process may be performed using methodology 
analogous to that already described. For example, a suitable 
reagent Would be an activated derivative of an aryl or 
heteroaryl carboxylic acid such as an activated ester or 
preferably an acid halide eg acid chloride in the presence of 
an organic base eg triethylamine. 

[0192] Compounds of formula (XXII) and derivatives 
thereof Wherein the 11-ketone is masked may be prepared by 
oxidation of the corresponding hydroxy derivative (IV) (or 
analogue thereof) folloWed by masking of the ketone and 
subsequent conversion of the carboxylic acid group to the 
thioacid (see eg conversion of compounds of formula (IV) to 
(111)). 
[0193] A further alternative process for the preparation of 
compounds of formula (I) Wherein R1 represents —CH2F 
comprises reaction of a compound of formula (XXIII) 

(xx111) 

is 

[0194] Wherein L represents a leaving group (eg halide 
other than ?uoride such as chloride, iodide or a sulphonate 
ester such mesylate, tosylate, tri?ate) With a ?uorine source. 

[0195] Preferably the ?uorine source is ?uoride ion eg KF. 
Further details for this conversion may be obtained by 
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reference to G. H. Phillipps et al., (1994) Journal of Medici 
nal Chemistry, 37, 3717-3729 or J Labelled Compd Radiop 
harm (1997) 39(7) 567-584). 
[0196] Some compounds of formula (XXIII) are com 
pounds of formula Compounds of formula (XXIII) may 
be prepared by methods analogous to those described herein. 
Corresponding novel intermediates of formula (VI), (VIII), 
(IX), (IXA), (XV) and (XVI) Wherein the —CH2F moiety is 
replaced With a —CH2L moiety (Wherein L represents a 
leaving group other than ?uorine) are claimed as an aspect 
of the invention. 

[0197] A further alternative process for the preparation of 
compounds of formula (I) or a solvate thereof comprises 
deprotection or unmasking of a derivative of a compound of 
formula (I) in Which the 3-carbonyl group is protected or 
masked. 

[0198] The 3-carbonyl group may be masked in a manner 
analogous to that described above in relation to masking of 
the 11-carbonyl position. Thus the 3-carbonyl may be 
masked eg as a ketal, monothioketal, dithioketal, derivative 
With an alcoholamine, oxime or imine. The carbonyl group 
may be recovered by conventional means eg ketals are 
converted to carbonyl by treatment With dilute acid and 
dithioketals are converted to the ketone by a variety of 
methods as described by P. C. Bulman Page et al (1989), 
Tetrahedron, 45, 7643-7677 and references therein. 

[0199] Certain intermediate compounds are neW and We 
provide these, together Where appropriate With their salts 
and solvates, as an aspect of the invention. 

[0200] The advantages of the compounds of formula (I) 
and/or its solvates may include the fact that the substance 
appears to demonstrate excellent anti-in?ammatory proper 
ties, With predictable pharmacokinetic and pharmacody 
namic behaviour, With an attractive side-effect pro?le, long 
duration of action, and is compatible With a convenient 
regime of treatment in human patients, in particular being 
amendable to once-per day dosing. The advantages may be 
appreciated in particular When the compound of formula (I) 
and/or its solvates are employed in combinatoin With a the 
long-acting [32-adrenoreceptor agonist. Further advantages 
may include the fact that the substance has desirable physi 
cal and chemical properties Which alloW for ready manu 
facture and storage. 

[0201] The folloWing non-limiting Examples illustrate the 
invention: 

EXAMPLES 

[0202] General 

[0203] 1H-nmr spectra Were recorded at 400 MHZ and the 
chemical shifts are expressed in ppm relative to tetrameth 
ylsilane. The folloWing abbreviations are used to describe 
the multiplicities of the signals: s (singlet), d (doublet), t 
(triplet), q (quartet), m (multiplet), dd (doublet of doublets), 
dt (doublet of triplets) and b (broad). Biotage refers to 
prepacked silica gel cartridges containing KP-Sil run on 
?ash 12i chromatography module. LCMS Was conducted on 
a Supelcosil LCABZ+PLUS column (3.3 cm><4.6 mm ID) 
eluting With 0.1% HCOZH and 0.01 M ammonium acetate in 
Water (solvent A), and 0.05% HCOZH 5% Water in aceto 
nitrile (solvent B), using the folloWing elution gradient 0-0.7 
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min 0%B, 0.7-4.2 min 100%B, 4.2-5.3 min 0%B, 5.3-5.5 
min 0%B at a How rate of 3 ml/min. The mass spectra Were 
recorded on a Fisons VG Platform spectrometer using elec 
trospray positive and negative mode (ES+ve and ES-ve). 

[0204] Intermediates 

Intermediate 1: 6ot,9ot-Di?uoro-17ot-[(2-furanylcar 
bonyl)oxy]- 11[3-hydroxy- 1 6ot-methyl-3-oxo-an 

drosta-1 ,4-diene- 17[3 -carbothioic acid 

[0205] A solution of 6ot,9ot-di?uoro-11[3,17ot-dihydroxy 
16ot-methyl-3-oxo-androsta-1,4-diene-17[3-carbothioic acid 
(prepared in accordance With the procedure described in GB 
2088877B) (18 g, 43.64 mmol) in anhydrous dichlo 
romethane (200 ml) and triethylamine (15.94 ml, 114 mmol) 
Was treated at <5° C. With a solution of 2-furoyl chloride 
(11.24 ml, 114 mmol) in anhydrous dichloromethane (100 
ml) over approximately 40 min. The solution Was stirred at 
<5° C. for 30 min. The resulting solid Was collected by 
?ltration, Washed successively With 3.5% aqueous sodium 
hydrogen carbonate solution, Water, 1M hydrochloric acid, 
and Water and dried in vacuo at 60° C. to give a cream 
coloured solid. The dichloromethane ?ltrate Was Washed 
successively With 3.5% sodium hydrogen carbonate solu 
tion, Water, 1M hydrochloric acid, Water, dried (Na2SO4) 
and evaporated to give a cream coloured solid Which Was 
combined With that isolated above. The combined solids 
(26.9 g) Were suspended in acetone (450 ml) and stirred. 
Diethylamine (16.8 ml, 162 mmol) Was added and the 
mixture stirred at room temperature for 4.5 h. The mixture 
Was concentrated and the precipitate collected by ?ltration 
and Washed With a little acetone. The Washings and ?ltrate 
Were combined, concentrated and loaded onto a silica gel 
Biotage column Which Was eluted With 24:1 chloroform 
:methanol. Fractions Which contained the more polar com 
ponent Were combined and evaporated to give a cream 
coloured solid. This Was combined With the solid isolated 
above and dried in vacuo to give a pale beige coloured solid 
(19.7 g). This Was dissolved in Warm Water, the pH adjusted 
to 2 With concentrated hydrochloric acid and the mixture 
extracted With ethyl acetate. The organic extract Was dried 
(Na2SO4) and evaporated to give, after drying at 50° C., the 
title compound as a cream coloured solid (18.081 g, 82%): 
LCMS retention time 3.88 min, m/Z 507 MH", NMR 
6(CDCl3) includes 7.61 (1H, m), 7.18-7.12 (2H, m), 6.52 
(1H, dd, J 4, 2 HZ), 6.46 (1H, s), 6.41 (1H, dd, J 10, 2 HZ), 
5.47 and 5.35 (1H, 2m), 4.47 (1H, bd, J 9 HZ), 3.37 (1H, m), 
1.55 (3H, s), 1.21 (3H, s), 1.06 (3H, d,J 7 HZ). 
[0206] The folloWing intermediates Were prepared using a 
method analogous to that described for Intermediate 1: 

Intermediate 2: 6ot,9ot-Di?uoro-17ot-[(3-furanylcar 
bonyl)oxy]-11[3-hyroxy-16ot-methyl-3-oxo-androsta 

1,4-diene-17[3-carbothioic acid 
[0207] LCMS retention time 3.75 min, m/Z 507 MH". 

Intermediate 3: 6ot,9ot-D i?uoro- 11[3-hydroxy-1 60. 
methyl-3-oxo-170t-[(2-thienylcarbonyl)oxy]-an 

drosta-1 ,4-diene- 17[3 -carbothioic acid 

[0208] LCMS retention time 3.93 min, m/Z 523 MH". 

Intermediate 4: 6ot,9ot-Di?uoro-11[3-hydroxy-16ot 
methyl-3-oxo-17ot-[(3-thienylcarbonyl)oxy]-an 

drosta-1,4-diene-17[3-carbothioic acid 
[0209] LCMS retention time 3.95 min, m/Z 523 MH". 
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Intermediate 5: 17ot-(BenZoyl)oxy-6ot,9ot-di?uoro 
11[3-hydroxy-16ot-methyl-3-oxo-androsta-1,4-diene 

17[3-carbothioic acid 

[0210] LCMS retention time 4.02 min, m/Z 517 MH". 

Intermediate 6: 9ot-Fluoro- 17ot-[(2-furanylcarbony 
l)oxy]-1 1 [3 -hydroxy- 16 [3 -methyl-3-oxo-androsta-1 ,4 

diene-17[3 -carbothioic acid 

[0211] Intermediate 6 Was prepared from 11[3,17ot-dihy 
droxy-9ot-?uoro-16[3-methyl-3-oxo-androsta-1,4-diene 
17[3-carbothioic acid (prepared in accordance With the pro 
cedure described in Phillips et al, (1994) J. Med. Chem. 37, 
3717-3729). LCMS retention time 3.61 min, m/Z 489 MH". 

Intermediate 7: 6ot,9ot-Di?uoro- 11[3-hydroxy- 1 60. 
methyl-17ot-[(5-methylthiophene-2-carbonyl)oxy] -3 

oxo-androsta- 1 ,4-diene- 17[3 -carbothioic acid 

[0212] LCMS retention time 4.01 min, m/Z 537 MH+ 

Intermediate 8: 6ot,9ot-Di?uoro- 11[3-hydroxy- 170. 
[(isoxaZole-5 -carbonyl)oxy]-1 6ot-methyl-3 -oxo 

androsta- 1,4-diene-17[3-carbothioic acid 

[0213] LCMS retention time 3.69 min, m/Z 508 MH+ 

Intermediate 9: 17ot-[(5 -Chlorothiophene -2-carbo 
nyl)oxy]-6ot,9ot-di?uoro-1 1 [3 -hydroxy- 16ot-methyl 

3-oxo-androsta-1 ,4-diene-17[3-carbothioic acid 

[0214] LCMS retention time 4.36 min, m/Z 557/559 MH+ 

Intermediate 10: 6ot,9ot-Di?uoro- 17ot-[(3,5 -dimeth 
ylisoxaZole-4-carbonyl)oxy]-1 1 [3 -hydroxy- 16(X-II16 
thyl-3-oxo-androsta- 1,4-diene-17[3-carbothioic acid 

[0215] LCMS retention time 3.71 min, m/Z 536 MH+ 

Intermediate 11 : 17ot-[(5 -Chloro -4-methoxy 
thiophene-3-carbonyl)oxy]-6ot,9ot-di?uoro-11[3 

hydroxy- 16ot-methyl-3-oxo-androsta- 1,4-diene-17[3 
carbothioic acid 

[0216] LCMS retention time 4.18 min, m/Z 587/589 MH+ 

Intermediate 12: 6ot,9ot-Di?uoro-11 [3 -hydroxy-1 60. 
methyl-17ot-[(4-methyl-1 ,2,3-thiadiaZole -5 -carbony 
l)oxy]-3-oxo-androsta- 1,4-diene-17[3-carbothioic 

acid 

[0217] LCMS retention time 4.06 min, m/Z 539 MH+ 

Intermediate 13: 17ot-[(3 -Bromothiophene -2-carbo 
nyl)oxy]-6ot,9ot-di?uoro-1 1 [3 -hydroxy- 16ot-methyl 

3-oxo-androsta-1 ,4-diene-17[3-carbothioic acid 

[0218] LCMS retention time 4.31 min, m/Z 601/603 MH+ 

Intermediate 14: 170t-[(2,5-Dichlorothiophene-3 

methyl-3 -oxo-androsta-1 ,4-diene- 17[3 -carbothioic 
acid 

[0219] LCMS retention time 4.59 min, m/Z 591/593/595 
MH+ 
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Intermediate 39: 6ot,9ot-Di?uoro-11 [3 -hydroxy-1 60. 
methyl-17ot-[(4-methyl-1 ,3 -thiaZole -5 -carbony 
l)oxy]-3-oxo-androsta- 1 ,4-diene- 17[3 -carbothioic 

acid 

[0244] LCMS retention time 4.19 min, m/Z538 MH+ 

Intermediate 40: 17ot-[(1-Ethyl-3-methyl-1H-pyra 

16ot-methyl-3-oxo-androsta-1,4-diene-17[3-carboth 
ioic acid 

[0245] LCMS retention time 4.33 min, m/Z 549 MH+ 

Intermediate 41: 6ot,9ot-Di?uoro-17ot-[(1 -methyl 
1H-imidaZole-5-carbonyl)oxy]-1 1 [3 -hydroxy-1 60. 
methyl-3 -oxo-androsta-1 ,4-diene- 17[3 -carbothioic 

acid 

[0246] LCMS retention time 3.91 min, m/Z 521 MH+ 

EXAMPLES 

Example 1 

6ot,9ot-Di?uoro- 17ot-[(2-furanylcarbonyl)oxy]- 11[3 
hydroxy- 16ot-methyl-3-oxo-androsta- 1,4-diene-17[3 

carbothioic acid S-?uoromethyl ester 

[0247] A suspension of Intermediate 1 (2.5 g, 4.94 mmol) 
Was dissolved in anhydrous N, N-dimethylformamide (25 
ml) and sodium hydrogen carbonate (465 mg, 5.53 mmol) 
Was added. The mixture Was stirred at —20° C. and bromof 
luoromethane (0.77 ml, 6.37 mmol) Was added and the 
mixture Was stirred at —20° C. for 2 h. Diethylamine (2.57 
ml, 24.7 mmole) Was added and the mixture stirred at —20° 
C. for 30 min. The mixture Was added to 2M hydrochloric 
acid (93 ml) and stirred for 30 min. Water (300 ml) Was 
added and the precipitate Was collected by ?ltration, Washed 
With Water and dried in vacuo at 50° C. to give a White solid 
Which Was recrystallised from acetone/Water and dried in 
vacuo at 50° C. to give the title compound(2.351 g, 88%): 
LCMS retention time 3.66 min, m/Z 539 MH", NMR 
6(CDCl3) includes 7.60 (1H, m), 7.18-7.11 (2H, m), 6.52 
(1H, dd, J 4.2 HZ), 6.46 (1H, s), 6.41 (1H, dd, J 10, 2 HZ), 
5.95 and 5.82 (2H dd, J 51, 9 HZ), 5.48 and 5.35 (1H, 2m), 
4.48 (1H, m), 3.48 (1H, m), 1.55 (3H, s), 1.16 (3H, s), 1.06 
(3H, d, J 7 HZ). 

Example 2 

6ot,9ot-Di?uoro- 17ot-[(3 -furanylcarbonyl)oxy]- 11[3 
hydroxy- 16ot-methyl-3-oxo-androsta- 1,4-diene-17[3 

carbothioic acid S-?uoromethyl ester 

[0248] Example 2 Was prepared from Intermediate 2 using 
a method analogous to that described for Example 1. 

[0249] LCMS retention time 3.72 min, m/Z 539 MH". 

Example 3 

6ot,9ot-Di?uoro-11[3-hydroxy-16ot-methyl-3-oxo 
170t-[(2-thienylcarbonyl)oxy]-androsta-1,4-diene 

17[3-carbothioic acid S-?uoromethyl ester 

[0250] Example 3 Was prepared from Intermediate 3 using 
a method analogous to that described for Example 1. 

[0251] LCMS retention time 3.81 min, m/Z 555 MH". 
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Example 4 

6(X,9(X-D1?ll0r0- 11 [3 -hydroxy-1 6ot-methyl-3 -oxo 
17ot-[(3-thienylcarbonyl)oxy]-androsta-1 ,4-diene 

17[3-carbothioic acid S-?uoromethyl ester 

[0252] Example 4 Was prepared from Intermediate 4 using 
a method analogous to that described for Example 1. 

[0253] LCMS retention time 3.82 min, m/Z 555 MH". 

Example 5 

17ot-(BenZoyl)oxy-6ot,9ot-Di?uoro-11[3-hydroxy 
16ot-methyl-3-oxo-androsta-1,4-diene-17[3-carboth 

ioic acid S-?uoromethyl ester 

[0254] Example 5 Was prepared from Intermediate 5 using 
a method analogous to that described for Example 1. 

[0255] LCMS retention time 3.73 min, m/Z 549 MH". 

Example 6 

9ot-Fluoro-170L-[(2-furanylcarbonyl)oxy]-11 [3 -hy 
droxy-1 6 [3-methyl-3 -oxo-androsta-1 ,4-diene-17[3 - 

carbothioic acid S-?uoromethyl ester 

[0256] Example 6 Was prepared from Intermediate 6 using 
a method analogous to that described for Example 1. 

[0257] LCMS retention time 3.61 min, m/Z 521 MH". 

Example 7 

6ot,9ot-Di?uoro-17ot-[(2-furanylcarbonyl)oxy]-1 1 [3 - 
hydroxy- 1 6ot-methyl-3-oxo-androst-4-ene- 17[3 -car 

bothioic acid S-?uoromethyl ester 

[0258] Asolution of Example 1 (500 mg, 0.93 mmol) and 
Wilkinson’s catalyst (150 mg) in a mixture of toluene (14 
ml) and ethanol (7 ml) Was stirred in an atmosphere of 
hydrogen for 23 h. The solution Was evaporated to dryness 
and the residue puri?ed by Biotage chromatography using 
ethyl acetate:petroleum ether (1:2) as eluant to give a yelloW 
solid (435 mg) Which Was recrystallised (ethyl acetate/ 
petroleum ether) to give the title compound (364 mg, 72%). 

[0259] LCMS retention time 3.57 min, m/Z 541 MH". 

Example 8 

6ot,9ot-Di?uoro-11[3-hydroxy-17ot-[(isoxaZole-5 
carbonyl)oxy]-16ot-methyl-3-oxo-androsta-1,4-di 
ene-17[3-carbothioic acid S-?uoromethyl ester 

[0260] Example 8 Was prepared from Intermediate 8 using 
a method analogous to that described for Example 1: LCMS 
retention time 3.47 min, m/Z 540 MH+ 

Example 9 

17ot-[(5-Chlorothiophene-2-carbonyl)oxy]-6ot,9ot 
di?uoro- 11 [3 -hydroxy-1 6ot-methyl-3 -oxo-androsta-1 , 
4-diene- 17[3 -carbothioic acid S-?uoromethyl ester 

[0261] Example 9 Was prepared from Intermediate 9 using 
a method analogous to that described for Example 1: LCMS 
retention time 3.89 min, m/Z 589/591 MH+ 
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Example 10 

6ot,9ot-Di?uoro- 17ot-[(3,5 -dimethylisoxaZole -4-car 
bonyl)oxy]- 11[3-hydroxy- 1 6ot-methyl-3-oxo-an 
drosta- 1,4-diene-17[3-carbothioic acid S-?uorom 

ethyl ester 

[0262] Example 10 Was prepared from Intermediate 10 
using a method analogous to that described for Example 1: 
LCMS retention time 3.70 min, m/Z 568 MH+ 

Example 11 

17ot-[(5 -Chloro-4-methoxy-thiophene -3-carbony 
l)oxy-6ot,9ot-di?uoro-11 [3 -hydroxy-1 6ot-methyl-3 

oxo-androsta- 1,4-diene- 17[3-carbothioic acid S-?uo 
romethyl ester 

[0263] Example 11 Was prepared from Intermediate 11 
using a method analogous to that described for Example 1: 
LCMS retention time 3.99 min, m/Z 619/621 MH+ 

Example 12 

6ot,9ot-Di?uoro-1 1 [3 -hydroxy-1 6ot-methyl-17ot-[(4 
methyl- 1,2,3 -thiadiaZole-5-carbonyl)oxy] -3 -oxo 

androsta-1 ,4-diene-17[3-carbothioic acid S-?uorom 
ethyl ester 

[0264] Example 12 Was prepared from Intermediate 12 
using a method analogous to that described for Example 1: 
LCMS retention time 3.74 min, m/Z 571 MH+ 

Example 13 

17ot-[(3 -Bromothiophene-2-carbonyl)oxy]-6ot,9ot 
di?uoro-11 [3 -hydroxy-1 6ot-methyl-3 -oxo-androsta-1 , 
4-diene- 17[3 -carbothioic acid S-?uoromethyl ester 

[0265] Example 13 Was prepared from Intermediate 13 
using a method analogous to that described for Example 1: 
LCMS retention time 3.92 min, m/Z 633/635 MH+ 

Example 14 

170t-[(2,5-Dichlorothiophene-3-carbonyl)oxy]-6ot, 
9ot-di?uoro-1 1 [3 -hydroxy-1 6ot-methyl-3-oxo-an 
drosta- 1,4-diene-17[3-carbothioic acid S-?uorom 

ethyl ester 

[0266] Example 14 Was prepared from Intermediate 14 
using a method analogous to that described for Example 1: 
LCMS retention time 4.17 min, m/Z 623/625/627 MH+ 

Example 15 

17ot-[(5-Bromofuran-2-carbonyl)oxy]-6ot,9ot-dif 
luoro-11[3-hydroxy-16ot-methyl-3-oxo-androsta-1,4 
diene-17[3-carbothioic acid S-?uoromethyl ester 

[0267] Example 15 Was prepared from Intermediate 15 
using a method analogous to that described for Example 1: 
LCMS retention time 3.78 min, m/Z 615/617 MH+ 

Example 1 6 

6(X,9(X-D1?ll0r0- 17ot-[(2,5 -dimethylfuran-3 -carbony 
l)oxy]-11 [3 -hydroxy-1 6ot-methyl-3 -oxo-androsta-1 ,4 

diene-17[3-carbothioic acid S-?uoromethyl ester 
[0268] Example 16 Was prepared from Intermediate 16 
using a method analogous to that described for Example 1: 
LCMS retention time 3.85 min, m/Z 576 MH+ 

Mar. 6, 2003 

Example 17 

17ot-[(3-Chlorothiophene-2-carbonyl)oxy]-6ot,9ot 
di?uoro- 11 [3 -hydroxy-1 6ot-methyl-3 -oxo-androsta-1 , 
4-diene- 17[3 -carbothioic acid S-?uoromethyl ester 

[0269] Example 17 Was prepared from Intermediate 17 
using method analogous to that described for Example 1: 
LCMS retention time 3.88 min, m/Z 589/591 MH+ 

Example 18 

6ot,9ot-Di?uoro-11 [3 -hydroxy-1 6ot-methyl-17ot-[(2 
methylfuran-3-carbonyl)oxy]-3-oxo-androsta-1 ,4 
diene-17[3 -carbothioic acid S-?uoromethyl ester 

[0270] Example 18 Was prepared from Intermediate 18 
using a method analogous to that described for Example 1: 
LCMS retention time 3.74 min, m/Z 553 MH+ 

Example 19 

6ot,9ot-Di?uoro-11 [3 -hydroxy-1 6ot-methyl-17ot-[(3 
methylfuran-2-carbonyl)oxy]-3-oxo-androsta-1 ,4 
diene-17[3 -carbothioic acid S-?uoromethyl ester 

[0271] Example 19 Was prepared from Intermediate 19 
using a method analogous to that described for Example 1: 
LCMS retention time 3.66 min, m/Z 553 MH+ 

Example 20 

6ot,9ot-Di?uoro-11[3-hydroxy-16ot-methyl-17ot-[(5 
methylisoxaZole-4-carbonyl)oxy]-3-oxo-androsta-1, 
4-diene-17[3-carbothioic acid S-?uoromethyl ester 

[0272] Example 20 Was prepared from Intermediate 20 
using a method analogous to that described for Example 1: 
LCMS retention time 3.60 min, m/Z 554 MH+ 

Example 21 

6ot,9ot-Di?uoro-11 [3 -hydroxy-1 6ot-methyl-17ot-[(1 
methyl- 1H-pyrrole -2-carbonyl)oxy]-3-oxo-androsta 
1 ,4-diene- 17[3 -carbothioic acid S-?uoromethyl ester 

[0273] Example 21 Was prepared from Intermediate 21 
using a method analogous to that described for Example 1: 
LCMS retention time 3.72 min, m/Z 552 MH+ 

Example 22 

6(X,9(X-D1?ll0r0- 11 [3 -hydroxy-1 6ot-methyl-3 -oxo 
17ot-[(1 ,3 -thiaZole -4-carbonyl)oxy]-androsta-1 ,4 
diene-17[3 -carbothioic acid S-?uoromethyl ester 

[0274] Example 22 Was prepared from Intermediate 22 
using a method analogous to that described for Example 1: 
LCMS retention time 3.47 min, m/Z 552 MH+ 

Example 23 

carbonyl)oxy]-1 1 [3 -hydroxy- 16ot-methyl-3-oxo-an 
drosta- 1,4-diene-17[3-carbothioic acid S-?uorom 

ethyl ester 

[0275] Example 23 Was prepared from Intermediate 23 
using a method analogous to that described for Example 1: 
LCMS retention time 3.51 min, m/Z 584 MH+ 
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Example 24 

6ot,9ot-Di?uoro-1 1 [3 -hydroxy-1 6ot-methyl-17ot-[(5 
methylisoxaZole-3-carbonyl)oxy] -3-oxo-androsta-1 , 
4-diene- 17[3 -carbothioic acid S-?uoromethyl ester 

[0276] Example 24 Was prepared from Intermediate 24 
using a method analogous to that described for Example 1: 
LCMS retention time 3.65 min, m/Z 554 MH+ 

Example 25 

6ot,9ot-Di?uoro-1 1 [3 -hydroxy-1 6ot-methyl-17ot-[(3 
methylisoxaZole-5-carbonyl)oxy] -3-oxo-androsta-1 , 
4-diene- 17[3 -carbothioic acid S-?uoromethyl ester 

[0277] Example 25 Was prepared from Intermediate 25 
using a method analogous to that described for Example 1: 
LCMS retention time 3.52 min, m/Z 554 MH+ 

Example 26 

6ot,9ot-Di?uoro-17ot-[(1,3-dimethyl-1H-pyraZole-5 
carbonyl)oxy]-11[3-hydroxy-16ot-methyl-3-oxo-an 
drosta-1,4-diene-17[3-carbothioic acid S-?uorom 

ethyl ester 

[0278] Example 26 Was prepared from Intermediate 26 
using a method analogous to that described for Example 1: 
LCMS retention time 3.52 min, m/Z 567 MH+ 

Example 27 

6ot,9o.-Di?uoro-11 [3 -hydroxy-1 6ot-methyl-3-oxo 
17ot-[(1 ,2,3 -thiadiaZole-5 -carbonyl)oxy]-androsta- 1, 
4-diene- 17[3 -carbothioic acid S-?uoromethyl ester 

[0279] Example 27 Was prepared from Intermediate 27 
using a method analogous to that described for Example 1: 
LCMS retention time 3.47 min, m/Z 557 MH+ 

Example 28 

6ot,9ot-Di?uoro-1 1 [3 -hydroxy-17ot-[(isoxaZole-3 
carbonyl)oxy]- 16ot-methyl-3-oxo-androsta-1 ,4-di 
ene- 17[3 -carbothioic acid S-?uoromethyl ester 

[0280] Example 28 Was prepared from Intermediate 28 
using a method analogous to that described for Example 1: 
LCMS retention time 3.48 min, m/Z 540 MH+ 

Example 29 

6ot,9ot-Di?uoro-1 1 [3 -hydroxy- 17ot-[(4-methoxy 
thiophene-3-carbonyl)oxy]-1 6ot-methyl-3 -oxo-an 
drosta- 1,4-diene-17[3-carbothioic acid S-?uorom 

ethyl ester 

[0281] Example 29 Was prepared from Intermediate 29 
using a method analogous to that described for Example 1: 
LCMS retention time 3.69 min, m/Z 585 MH+ 

Example 30 

6ot,9ot-Di?uoro-1 1 [3 -hydroxy-1 6ot-methyl-17ot-[(2 
methyl- 1,3-thiaZole-4-carbonyl)oxy]-3-oxo-an 

drosta- 1,4-diene-17[3-carbothioic acid S-?uorom 
ethyl ester 

[0282] Example 30 Was prepared from Intermediate 30 
using a method analogous to that described for Example 1: 
LCMS retention time 3.47 min, m/Z 570 MH+ 

Mar. 6, 2003 

Example 31 

6ot,9ot-Di?uoro- 17ot-[(3 -ethoxy-thiophene-2-carbo 
nyl)oxy]-11 [3 -hydroxy-1 6ot-methyl-3 -oxo-androsta 
1 ,4-diene- 17[3 -carbothioic acid S-?uoromethyl ester 

[0283] Example 31 Was prepared from Intermediate 31 
using a method analogous to that described for Example 1: 
LCMS retention time 3.68 min, m/Z 599 MH+ 

Example 32 

6(X,9(X-D1?ll0r0- 11 [3 -hydroxy-1 6ot-methyl-3 -oxo 
17ot-[(1 ,2,3 -thiadiaZole-4-carbonyl)oxy]-androsta- 1, 
4-diene- 17[3 -carbothioic acid S-?uoromethyl ester 

[0284] Example 32 Was prepared from Intermediate 32 
using a method analogous to that described for Example 1: 
LCMS retention time 3.30 min, m/Z 557 MH+ 

Example 33 

6(X,9(X-D1?ll0r0- 11 [3 -hydroxy-1 6ot-methyl-3 -oxo 
17ot-[(1H-pyrrole-2-carbonyl)oxy]-androsta-1 ,4 
diene-17[3 -carbothioic acid S-?uoromethyl ester 

[0285] Example 33 Was prepared from Intermediate 33 
using a method analogous to that described for Example 1: 
LCMS retention time 3.42 min, m/Z 528 MH+ 

Example 34 

6ot,9ot-Di?uoro-11[3-hydroxy-16ot-methyl-3-oxo 
17ot-[(1,3-thiaZole-5-carbonyl)oxy]-androsta-1,4 
diene-17[3-carbothioic acid S-?uoromethyl ester 

[0286] Example 34 Was prepared from Intermediate 34 
using a method analogous to that described for Example 1: 
LCMS retention time 3.44 min, m/Z 556 MH+ 

Example 35 

6(X,9(X-D1?ll0r0- 11 [3 -hydroxy-1 6ot-methyl-3 -oxo 
17ot-[(1 ,2,5 -thiadiaZole-3-carbonyl)oxy]-androsta- 1, 
4-diene- 17[3 -carbothioic acid S-?uoromethyl ester 

[0287] Example 35 Was prepared from Intermediate 35 
using a method analogous to that described for Example 1: 
LCMS retention time 3.53 min, m/Z 557 MH+ 

Example 36 

6ot,9ot-Di?uoro- 11[3-hydroxy- 17ot-[(isothiaZole-3 
carbonyl)oxy]-1 6ot-methyl-3 -oxo-androsta-1 ,4-di 
ene-17[3-carbothioic acid S-?uoromethyl ester 

[0288] Example 36 Was prepared from Intermediate 36 
using a method analogous to that described for Example 1: 
LCMS retention time 3.51 min, m/Z 556 MH+ 

Example 37 

6ot,9ot-Di?uoro- 11[3-hydroxy- 17ot-[(isothiaZole-5 - 
carbonyl)oxy]-1 6ot-methyl-3 -oxo-androsta-1 ,4-di 
ene-17[3-carbothioic acid S-?uoromethyl ester 

[0289] Example 37 Was prepared from Intermediate 37 
using a method analogous to that described for Example 1: 
LCMS retention time 3.59 min, m/Z 556 MH+ 
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Example 38 

6ot,9ot-Di?uoro-1 1 [3 -hydroxy-1 6ot-methyl-17ot-[(5 
methylthiophene-2-carbonyl)oxy]-3-oxo-androsta-1 , 
4-diene- 17[3 -carbothioic acid S-?uoromethyl ester 

[0290] Example 38 Was prepared from Intermediate 7 
using a method analogous to that described for Example 1: 
LCMS retention time 3.78 min, m/Z 569 MH+ 

Example 39 

6ot,9ot-Di?uoro- 17ot-[(2-furanylcarbonyl)oxy]- 11[3 
hydroxy- 16ot-methyl-3-oxo-androsta- 1,4-diene-17[3 

carbothioic acid S-methyl ester 

[0291] A suspension of Intermediate 1 (507 mg, 1 mmol) 
Was dissolved in anhydrous N, N-dimethylformamide (5 ml) 
and sodium hydrogen carbonate (92 mg, 1.1 mmol) Was 
added. The mixture Was stirred at 0° C. and iodomethane 
(0.125 ml, 2 mmol) Was added and the mixture Was stirred 
at 0-5° C. for 2.5 h. Diethylamine (0.41 ml, 4 mmole) Was 
added and the mixture stirred at 5° C. for 30 min. The 
mixture Was added to 2M hydrochloric acid (25 ml) to give 
a White precipitate. Water (75 ml) Was added and the 
precipitate Was collected by ?ltration to give the title com 
pound as a White solid (456 mg, 88%): LCMS retention time 
3.54 min, m/Z 521 MH". 

Example 40 

6ot,9ot-Di?uoro-1 1 [3 -hydroxy-1 6ot-methyl-17ot-[(3 
methylthiophene-2-carbonyl)oxy]-3-oxo-androsta-1 , 
4-diene- 17[3 -carbothioic acid S-?uoromethyl ester 

[0292] Example 40 Was prepared from Intermediate 38 
using a method analogous to that described for Example 1: 
LCMS retention time 3.78 min, m/Z 569 MH+ 

Example 41 

6ot,9ot-Di?uoro-1 1 [3 -hydroxy-1 6ot-methyl-17ot-[(4 
methyl- 1,3-thiaZole-5 -carbonyl)oxy]-3-oxo-an 

drosta- 1,4-diene-17[3-carbothioic acid S-?uorom 
ethyl ester 

[0293] Example 41 Was prepared from Intermediate 39 
using a method analogous to that described for Example 1: 
LCMS retention time 3.51 min, m/Z 570 MH+ 

Example 42 

17ot-[(1 -Ethyl-3 -methyl- 1H-pyraZole -5 -carbony 
l)oxy]-6ot,9ot-di?uoro-1 1 [3 -hydroxy-1 6ot-methyl-3 
oxo-androsta- 1,4-diene- 17[3-carbothioic acid S-?uo 

romethyl ester 

[0294] Example 42 Was prepared from Intermediate 40 
using a method analogous to that described for Example 1: 
LCMS retention time 3.64 min, m/Z 581 MH+ 

Example 43 

6ot,9ot-Di?uoro-17ot-[(1 -methyl-1H-imidaZole-5 
carbonyl)oxy]- 11[3-hydroxy- 1 6ot-methyl-3-oxo-an 
drosta- 1,4-diene-17[3-carbothioic acid S-?uorom 

ethyl ester 

[0295] Example 43 Was prepared from Intermediate 41 
using a method analogous to that described for Example 1: 
LCMS retention time 3.14 min, m/Z 553 MH+ 
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Example 44 

Dry PoWder composition containing 6ot,9ot-Dif 
luoro-11[3-hydroxy-16ot-methyl-17ot-[(4-methyl-1,3 
thiaZole-5-carbonyl)oxy]-3-oxo-androsta-1,4-diene 

17[3-carbothioic acid S-?uoromethyl ester 

[0296] A dry poWder formulation may be prepared as 
folloWs: 6ot,9ot-Di?uoro-11[3-hydroxy-16ot-methyl-170t 
[(4-methyl-1,3-thiaZole-5-carbonyl)oxy]-3-oxo-androsta-1, 
4-diene-17[3-carbothioic acid S-?uoromethyl ester (prepared 
according to Example 41 and micronised to a MMD of 3 
pm): 0.20 mg milled lactose (Wherein not greater than 85% 
of particles have a MMD of 60-90 pm, and not less than 15% 
of particles have a MMD of less than 15 pm): 12 mg 

[0297] Apeelable blister strip containing 60 blisters each 
?lled With a formulation as just described may be prepared. 

Example 45 

Dry poWder composition containing 6ot,9ot-Dif 
luoro-11[3-hydroxy-16ot-methyl-17ot-[(4-methyl-1,3 
thiaZole-5-carbonyl)oxy]-3-oxo-androsta-1,4-diene 
17[3-carbothioic acid S-?uoromethyl ester and a 

long acting [32-adrenoreceptor agonist 

[0298] A dry poWder formulation may be prepared as 
folloWs: 6ot,9ot-Di?uoro-11[3-hydroxy-16ot-methyl-170t 
[(4-methyl-1,3-thiaZole-5-carbonyl)oxy]-3-oxo-androsta-1, 
4-diene-17[3-carbothioic acid S-?uoromethyl ester (prepared 
according to Example 41, and micronised to a MMD of 3 
pm): 0.20 mg Long-acting [32-adrenoreceptor agonist 
(micronised to a MMD of 3 pm): 0.02 mg milled lactose 
(Wherein not greater than 85% of particles have a MMD of 
60-90 pm, and not less than 15% of particles have a MMD 
of less than 15 pm): 12 mg Apeelable blister strip containing 
60 blisters each ?lled With a formulation as just described 
may be prepared. 

Example 46 

Aerosol formulation containing 6ot,9ot-Di?uoro 
11[3-hydroxy-1 6ot-methyl- 17ot-[(4-methyl- 1 ,3 -thiaZ 
ole-5-carbonyl)oxy]-3-oxo-androsta- 1 ,4-diene- 17[3 - 

carbothioic acid S-?uoromethyl ester 

[0299] An aluminium canister may be ?lled With a for 
mulation as folloWs: 6ot,9ot-Di?uoro-11[3-hydroxy-16ot-me 
thyl-17ot-[(4-methyl-1,3-thiaZole-5-carbonyl)oxy]-3-oxo 
androsta-1,4-diene-17[3-carbothioic acid S-?uoromethyl 
ester (prepared according to Example 41 and micronised to 
a MMD of 3 pm): 250 pg 1,1,1,2-tetra?uoroethane: to 50 pl 
(amounts per actuation) in a total amount suitable for 120 
actuations and the canister may be ?tted With a metering 
valve adapted to dispense 50 pl per actuation. 

Example 47 

Aerosol formulation containing 6ot,9ot-Di?uoro 
11[3-hydroxy-16ot-methyl-17ot-[(4-methyl-1,3-thiaZ 
ole-5-carbonyl)oxy]-3-oxo-androsta-1,4-diene-17[3 
carbothioic acid S-?uoromethyl ester and a long 

acting [32-adrenoreceptor agonist 

[0300] An aluminium canister may be ?lled With a for 
mulation as folloWs: 6ot,9ot-Di?uoro-11[3-hydroxy-16ot-me 










