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(57) ABSTRACT 
A pharmaceutical formulation for administration by inhala 
tion comprising a compound of formula (I), 

or a solvate thereof, together With a long-acting [32-adreno 
receptor agonist Which formulation has a therapeutically 
useful effect in the treatment of in?ammatory disorders of 
the respiratory tract over a period of 24 hours or more. 
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Figure 1 

Overlay of XRPD Pro?les of 3 polymorphs of Unsolvated Compound of Formula (I) 
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Figure 2 

Overlay of XRPD Profiles of Form 1, Form 2 and a 50:50 mixture of Form 1 and Form 2 
Polymorphs of Unsolvated Compound of Formula (I), together with the time 
dependence of the pro?le of the mixture 
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Figure 3 

D86 and TGA Profiles of Form 1 polymorph of Unsolvated Compound of Formula (I) 
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Flgure 4 

Temperature dependence of the XRPD profile of Compound of formula (I) Unsolvated 
Form 3 (temperature and time pro?le is shown In Figure 5) 

counts 

121m 

1mm 

- Trace?! 

Form2l3 

i? > > 
Theta 



Patent Application Publication Jul. 28, 2005 Sheet 5 0f 9 US 2005/0164997 A1 

Figure 5 

Temperature and time pro?le for the XRPD experiments shown in Figure 4 
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Fig. 8 
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Fig. 9 
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Fig. 10 
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PHARMACEUTICAL FORMULATION FOR 
ADMINISTRATION BY INHALATION 

COMPRISING AN ANDROSTANE DERIVATIVE 
AND A BETA-Z-ADRENORECEPTOR FOR THE 

TREATMENT OF INFLAMMATORY AND 
ALLERGIC CONDITIONS 

[0001] This application is a Continuation-in-part of US. 
patent application Ser. No. 09/958,050 ?led on 2 Oct. 2001, 
Which is based upon International Patent Application No. 
PCT.GB01.03495 ?led 3 Aug. 2001, Which claims priority 
to United Kingdom Patent Application No. GB 0019172.6 
?led 5 Aug. 2000. 

[0002] The present invention relates to a novel formula 
tions of anti-in?ammatory and anti-allergic formulations of 
the androstane series and [32-adrenoreceptor agonists and to 
processes for its preparation. The present invention also 
relates to pharmaceutical formulations containing the com 
pound 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, US. Pat. No. 4,335,121 discloses 60., 
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] In our application PCT.GB.01.03495 We have iden 
ti?ed a novel glucocorticoid compound Which substantially 
meets these objectives. 

[0005] Current combination products comprising gluco 
corticoids and [32-adrenoreceptor receptor agonists are nor 
mally administered on a tWice daily regime. 

[0006] It is considered that once-per-day dosing is signi? 
cantly more convenient to patients than a tWice-per-day 

HOCHZ 

HO 
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dosing regime, Which is likely to lead to greater patient 
compliance and hence better disease control and a product 
providing such a dosing regime has been sought. 

[0007] It is an objective of the present invention to provide 
safe and effective once-per-day combination formulation. 

[0008] According to a ?rst aspect of the invention, there is 
provided a pharmaceutical formulation for administration by 
inhalation comprising a compound of formula (I): 

(I) 

15 

[0009] or a solvate 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. 

[0010] The chemical name of the compound of formula (I) 
is 6ot,9ot-Di?uoro-170t-[(2-furanylcarbonyl)oxy]-11[3-hy 
droxy-16ot-methyl-3-oxo-androsta-1,4-diene-17[3-carboth 
ioic acid S-?uoromethyl ester. 

[0011] References hereinafter to the compounds of for 
mula (I) include both the compound of formula (I) and 
solvates thereof, particularly pharmaceutically acceptable 
solvates. 

[0012] Examples of solvates include hydrates. 

[0013] In some embodiments, preferred long-acting 
[32-adrenoreceptor agonists include salmeterol or formot 
erol. 

[0014] Particularly preferred long acting [32-adrenorecep 
tor agonists have therapeutic effect over a 24 hour period. 

[0015] In some embodiments, preferred long acting 
[32-adrenoreceptor agonists include those described in WO 
02066422, W002070490 and W002076933. 

[0016] Especially preferred long-acting [32-adrenoreceptor 
agonists include compounds of formula (M): 

(M) 
R12 

OH 
R13 
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[0017] or a salt or solvate thereof, wherein: 

[0018] 
[0019] n is an integer of from 3 to 11, 

m is an integer of from 2 to 8; 

[0020] With the proviso that m+n is 5 to 19, 

0021 R11 is —XSO NR16R17 2 

—(CH2)p— 0r C2_5 alkenylene; 

[0022] R16 and R17 are independently selected from 
hydrogen, C1_6alkyl, C3_7cycloalkyl, 

[0023] C(O)NR18R19, phenyl, and phenyl (C1_6alkyl), 

[0024] or R16 and R17, together With the nitrogen to 
Which they are bonded, form a 5-, 6-, or 7-membered 
nitrogen containing ring, and R16 and R17 are each 
optionally substituted by one or tWo groups selected 
from halo, C1_6alkyl, C1_6-haloalkyl, C1_6alkoXy, 
hydroXy-substituted C1_6alkoXy, —CO2R18, 
—SO2NR18R19, —CONR18R19, —NR18C(O)R19, or a 
5-, 6- or 7-membered heterocylic ring; 

Wherein X is 

[0025] R18 and R19 are independently selected from 
hydrogen, C1_6alkyl, 

[0026] C3_6cycloalkyl, phenyl, and phenyl (C1_4alkyl)-; 
and 

[0027] p is an integer of from 0 to 6, preferably from 0 
to 4; 

[0028] R12 and R13 are independently selected from 
hydrogen, C1_6alkyl, C1_6alkoXy, halo, phenyl, and 
C1_6haloalkyl; and 

[0029] R14 and R15 are independently selected from 
hydrogen and C1_4alkyl With the proviso that the total 
number of carbon atoms in R14 and R15 is not more than 
4. 

[0030] The compound of formula (I) has potentially ben 
e?cial anti-in?ammatory or anti-allergic effects, particularly 
upon topical administration, demonstrated by, for eXample, 
its ability to bind to the glucocorticoid receptor and to illicit 
a response via that receptor, With long acting effect. Hence, 
the compound of formula (I) is useful in the treatment of 
in?ammatory and/or allergic disorders, especially in once 
per-day therapy. 

[0031] Preferably in the pharmaceutical formulation of the 
invention the compound of formula (I) or a solvate thereof 
and the long-acting [32-adrenoreceptor agonist are both 
present in particulate form. 

[0032] The pharmaceutical formulation of the invention 
may comprise one or more eXcipients. 

[0033] By the term “eXcipient”, as used herein, it is meant 
to mean substantially inert materials that are nontoXic and do 

not interact With other components of a composition in a 
deleterious manner including, but not limited to, pharma 
ceutical grades of: carbohydrates, organic and inorganic 
salts, polymers, amino acids, phospholipids, Wetting agents, 
emulsi?ers, surfactants, poloXamers, pluronics, and ion 
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exchange resins, and combinations thereof, a non-exhaus 
tive list of eXamples of Which are provided beloW: 

[0034] Carbohydrates, including: monosaccharides, such 
as, but not limited to, fructose; disaccharides, such as, but 
not limited to lactose, and combinations and derivatives 
thereof; polysaccharides, such as, but not limited to, cellu 
lose and combinations and derivatives thereof; oligosaccha 
rides, such as, but not limited to, deXtrins, and combinations 
and derivatives thereof; polyols, such as but not limited to 
sorbitol, and combinations and derivatives thereof; 

[0035] Organic and inorganic salts, including but not 
limited to sodium or calcium phosphates, magnesium stear 
ate, and combinations and derivatives thereof; 

[0036] Polymers, including: natural biodegradable protein 
polymers including, but not limited to, gelatin and combi 
nations and derivatives thereof; Natural biodegradable 
polysaccharide polymers including, but not limited to, chitin 
and starch, crosslinked starch, and combinations and deriva 
tives thereof; Semisynthetic biodegradable polymers includ 
ing, but not limited to, derivatives of chitosan; Synthetic 
biodegradable polymers including but not limited to poly 
ethylene glycols (PEG), polylactic acid (PLA), synthetic 
polymers including but not limited to polyvinyl alcohol and 
combinations and derivatives thereof; 

[0037] Amino acids including but not limited to including 
non-polar amino acids, such as leucine and combinations 
and derivatives thereof; 

[0038] Phospholipids, including lecithins and combina 
tions and derivatives thereof; 

[0039] Wetting agents/Surfactants/Emulsi?ers, including, 
but not limited to gum acacia, cholesterol, fatty acids 
including, combinations and derivatives thereof; 

[0040] PoloXamers/Pluronics: including but not limited to 
poloXamer 188, Pluronic® F-108, and combinations and 
derivations thereof; 

[0041] Ion eXchange resins: including but not limited to 
amberlite IR120 and combinations and derivatives thereof; 

[0042] and combinations of the noted eXcipients. 

[0043] The pharmaceutical formulation of the invention 
preferably further comprises a particulate carrier, preferably 
lactose. 

[0044] The pharmaceutical formulation of the invention 
preferably further comprises a liqui?ed propellant gas. 

[0045] According to a second aspect or the present inven 
tion there is provided a method of treatment of an in?am 
matory disorder of the respiratory tract once-per-day Which 
comprises administration of a pharmaceutical formulation 
according to the ?rst aspect of the invention. 

[0046] According to a third aspect of the present invention 
there is provided an inhaler containing a plurality of doses 
of a pharmaceutical formulation comprising a compound of 
formula (I) 
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(I) 

1:: 

[0047] or a solvate 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, and Which doses are suitable for once-per-day admin 
istration of the formulation by inhalation. 

[0048] Preferably the compound of formula (I) or a solvate 
thereof and the long-acting 2-adrenoreceptor agonist are 
both present in particulate form in the inhaler. 

[0049] In the inhaler of the invention preferably the for 
mulation further comprises a particulate carrier, especially 
lactose. 

[0050] In the inhaler of the present invention, the formu 
lations preferably further comprises a lique?ed propellant 
gas. 

[0051] Preferably the inhaler contains a plurality of doses 
of the pharmaceutical formulation of the invention compris 
ing a particulate compound of formula (I) 

(I) 

CHZF S/ 

[0052] In the inhaler of the present invention the in?am 
matory disorder of the respiratory tract is preferably asthma. 

[0053] In the inhaler according to the present invention the 
long-acting [32-adrenoreceptor agonist is a compound of the 
formula (M) as described above. 

[0054] Compound (I) undergoes highly ef?cient hepatic 
metabolism to yield the 17-6 carboxylic acid as the sole 
major metabolite in rat and human in vitro systems. This 
metabolite has been synthesised and demonstrated to be 
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>1000 fold less active than the parent compound in in vitro 
functional glucocorticoid assays. 

(X) 

[0055] This ef?cient hepatic metabolism is re?ected by in 
vivo data in the rat, Which have demonstrated plasma 
clearance at a rate approaching hepatic blood How and an 
oral bioavailability of <1%, consistent With extensive ?rst 
pass metabolism. 

[0056] In vitro metabolism studies in human hepatocytes 
have demonstrated that compound (I) is metabolised in an 
identical manner to ?uticasone propionate but that conver 
sion of (I) to the inactive acid metabolite occurs approxi 
mately 5-fold more rapidly than With ?uticasone propionate. 
This very ef?cient hepatic inactivation Would be expected to 
minimise systemic exposure in man leading to an improved 
safety pro?le. 
[0057] 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 com 
pound of formula (I) have shoWn signi?cantly loWer sys 
temic exposure to compound of formula (I) than With 
?uticasone propionate after dry poWder delivery to the lungs 
of anaesthetised pigs. 

[0058] We have also surprisingly found that the compound 
of Formula (I) shoWs a signi?cantly longer mean absorption 
time (MAT) than ?uticasone propionate, in man. Measure 
ments have shoWn that the compound of Formula (I) has a 
mean absorption time of an average of 12 hours While 
?uticasone propionate has a MAT of an average of 2.1 hours. 
Mathematical deconvolution of the plasma concentration 
time data shoWs that the time taken for 90% of lung dose to 
be absorbed is on average, 21 hours for compounds of 
Formula (I) compared With 11 hours for ?uticasone propi 
onate. It has been shoWn that oral bioavailability of the 
compound of Formula (I) is very loW, and therefore systemic 
exposure is predominantly the result of absorption from the 
lung. This Would suggest that the compound of Formula (I) 
has a signi?cantly longer residence time in the lung than 
?uticasone propionate. 

[0059] A longer residence time in the lung may lead to a 
longer duration of action and the loWer daily systemic 
exposure may lead to an improved safety pro?le Which, it is 
believed, alloWs the compound 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. 
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[0060] In vitro human lung tissue af?nity experiments 
indicate signi?cantly higher af?nity of the compound of 
formula (I) for human lung tissue preparations than does 
?uticasone propionate. 

[0061] This is supported also by cell transport and accu 
mulation studies using human bronchial epithelial cells. 
These studies shoW reduced ?ux across the cell layer for 
compound of formula (I) compared With ?uticasone propi 
onate. The studies also shoW greater accumulation of the 
compound of formula (I) Within the cell layer compared With 
?uticasone propionate. 

[0062] Examples of disease states in Which the formula 
tion of the invention has utility include in?ammatory con 
ditions of the nose, throat or lungs such as asthma (including 
allergen-induced asthmatic reactions), rhinitis (including 
hayfever), chronic obstructive pulmonary disease (COPD), 
interstitial lung disease, and ?brosis. 

[0063] The formulation of the present invention is 
expected to be most useful in the treatment of in?ammatory 
disorders of the respiratory tract eg asthma and COPD, 
particularly asthma. 

[0064] 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. 

[0065] As mentioned above, the formulation of the present 
invention is useful in human or veterinary medicine, in 
particular as an anti-in?ammatory and ant-allergic agent. 

[0066] There is thus provided as a further aspect of the 
invention the formulation of the present invention 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. 

[0067] According to another aspect of the invention, there 
is provided the use of the formulation of the present inven 
tion for the manufacture of a medicament for the treatment 
of patients With in?ammatory and/or allergic conditions, 
especially for treatment once-per-day. 

[0068] 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 the formulation of the present invention 
especially for administration once-per-day. 

[0069] The formulation of the invention may be formu 
lated for administration in any convenient Way, and the 
invention therefore also includes Within its scope pharma 
ceutical compositions comprising the compound of formula 
(I) or a physiologically acceptable solvate thereof together, 
if desirable, in admixture With one or more physiologically 
acceptable diluents or carriers. 

[0070] Further, there is provided a process for the prepa 
ration of such pharmaceutical compositions Which com 
prises mixing the ingredients. 

[0071] The compounds according to the invention may for 
example be formulated for insu?Iation or inhalation. 

[0072] Advantageously compositions for topical adminis 
tration to the lung include dry poWder compositions and 
spray compositions. 
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[0073] Dry poWder compositions for topical delivery to 
the lung by inhalation may, for example, be presented in 
pre-metered capsules and cartridges for use in an inhaler or 
insuf?ator of, for example, gelatine. Packaging of the for 
mulation may be suitable for unit dose or multi-dose deliv 
ery. 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 formulation according to the ?rst aspect of the 
invention 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. 

[0074] The dry poWder formulation may be presented as 
blends or or composite particles, or as blends of composite 
particles. The blended formulations generally contain 
microniZed separate particles of active agent(s) and a suit 
able poWder base such as lactose or starch. Use of lactose is 
preferred. The poWder base acts as a diluent alloWing the 
actives to be effectively metered, as Well as providing and 
improving the ?oW properties of the dry poWder composi 
tion. Blends may also contain additional components, such 
as ?oW enhancers, chemical or physical stabiliZers, diluents, 
and ?avor masking agents, as Will be appreciate by those of 
ordinary skill in the art. Each capsule or cartridge may 
generally contain betWeen 20 pig-10 mg of the compound of 
formula (I) and a long acting [32-adrenoreceptor agonist. 

[0075] Composite particles may include, in any given 
particle Within a poWder composition, one or more active 
agents, and optionally, one or more further excipients. Such 
excipients may be suitable for sustaining or controlling the 
release of the active agents from the poWder particle con 
taining such active agent (for example, such as through 
using of hydrophobic or hydrophilic coating or matrixing 
agents in the dry poWder particles). Additionally, or alter 
natively, the excipients may increase the physical and/or 
chemical stability or the medicament particles, and/or 
increase poWder ?oW properties of the poWder composition, 
thus making the dry poWder more dispersible. Such excipi 
ents may form a matrix With the active or active agents, or 
may coat or be coated by the active or active agents. 
Additionally, and alternatively, the composite particles may 
be formulated With particles having a different composition, 
thus forming a blend of particles presented as a dry poWder 
composition. 

[0076] Alternatively, the compound of the invention may 
be presented Without excipients. 

[0077] Such dry poWders may be formed by microniZa 
tion, bead milling, and knoWn particle formulation or co 
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precipitation techniques (such as single or double emulsion 
techiques) spray drying, spray coating, sonocrystalisation, 
and the like. 

[0078] In addition to these dry poWder compositions, the 
compounds of the present invention may be presented as 
spray composition. 

[0079] Spray compositions for topical delivery to the lung 
by inhalation may for example be formulated as aqueous 
solutions or suspensions or as aerosols delivered from 
pressurised packs, such 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 compound of formula (I) 
optionally in combination With another therapeutically 
active ingredient and a suitable propellant such as a ?uoro 
carbon or hydrogen-containing chloro?uorocarbon or mix 
tures thereof, particularly hydro?uoroalkanes, especially 
1,1,1,2-tetra?uoroethane, 1,1,1,2,3,3,3-hepta?uoro-n-pro 
pane or a mixture thereof. The aerosol composition may 
optionally contain additional formulation excipients Well 
knoWn in the art such as surfactants eg oleic acid or lecithin 
and cosolvents eg ethanol. One example formulation is 
excipient free and consists essentially of (eg consists of) 
compound of formula (I) (preferably in unsolvated form eg 
as Form 1) (optionally together With a further active ingre 
dient) and a propellant selected from 1,1,1,2-tetra?uoroet 
hane, 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-hepta?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. As noted elseWhere in this speci?ca 
tion, compound of formula (I) does not appear to form a 
solvate With 1,1,1,2-tetra?uoroethane. Pressurised formula 
tions Will generally be retained in a canister (eg an alu 
minium canister) closed With a valve (eg a metering valve) 
and ?tted into an actuator provided With a mouthpiece. 

[0080] Pressurised aerosol formulations preferably do not 
comprise particulate medicament, a propellant and a stabi 
liser comprising a Water addition (i.e. Water added in addi 
tion to nascent formulation Water). Pressurised aerosol for 
mulations also preferably do not comprise particulate 
medicament, a propellant and a stabiliser comprising an 
amino acid, a derivative thereof or a mixture thereof. 

[0081] 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 
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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. 

[0082] Formulations for administration topically to the 
nose (eg for the treatment of rhinitis) include pressurised 
aerosol formulations and aqueous formulations administered 
to the nose by pressurised pump. Formulations Which are 
non-pressurised and adapted to be administered topically to 
the nasal cavity are of particular interest. The formulation 
preferably contains Water as the diluent or carrier for this 
purpose. 

[0083] 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. 

[0084] If appropriate, the formulations of the invention 
may be buffered by the addition of suitable buffering agents. 

[0085] The proportion of the active compound of formula 
(I) in the formulation 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 preparations 
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 insulation the proportion used 
Will usually be Within the range of from 0.1 to 5%. 

[0086] Aerosol formulations are preferably arranged so 
that each metered dose or “puff” of aerosol contains 1 
pg-2000 pg eg 20 pg-2000 pg, preferably about 20 pg-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, more preferably once-per-day. The 
overall daily dose With an aerosol Will typically be Within the 
range 10 pg-10 mg eg 100 pg-10 mg preferably, 200 
pg-2000 pg. 

[0087] The formulations are preferably arranged so that 
each metered dose or puff contains 0.5 pg to 1000 pg, 
preferably about 5 pg to 500 pg of long-acting [32-adreno 
receptor agonist. 

[0088] The ratio of the long-acting [32-adrenoreceptor ago 
nist to the compound of formula (I) is preferably Within the 
range 4:1 to 1:20. 

[0089] Each metered dose or actuation of the inhaler 
preferably Will contain from 10 pg to 100 pg of the long 
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acting [32-adrenoreceptor agonist and from 25 pg to 500 pg 
of a compound of formula 

[0090] Typically, each metered dose Will contain about 25 
pg of long acting beta2-adrenoreceptor agonist and about 
250 pg of a compound of formula (I) per 50 pl actuation. 

[0091] Since the compound of formula (I) is long-acting, 
the composition comprising the compound of formula (I) 
and the long-acting [32-adrenoreceptor agonist (M) 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. 

[0092] The pharmaceutical formulation according to the 
invention may also be used in combination With another 
therapeutically active agent, for example an anti-histamine 
or an anti-allergic. Anti-histamines include methapyrilene or 
loratadine. 

[0093] Other suitable combinations include, for example, 
other anti-in?ammatory agents eg. NSAIDs (eg. PDE4 
inhibitors, leukotriene antagonists, iNOS inhibitors, tryptase 
and elastase inhibitors, beta-2 integrin antagonists and 
adenosine 2a agonists)) or antiinfective agents (eg. antibi 
otics, antivirals). 
[0094] The formulation according to the invention in 
combination 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. 

[0095] Further, there is provided a process for the prepa 
ration of such pharmaceutical compositions Which com 
prises mixing the ingredients. 

[0096] 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. 

[0097] Surprisingly, the compound of formula (I) has 
demonstrated a signi?cant propensity to form solvates With 
commonly used organic solvents. Such solvates are essen 
tially stoichiometric eg the ratio of compound of formula (I) 
to solvent is close to 1:1 eg according to Applicant’s analysis 
has been determined to be in the range 0.95:1 to 1.05:1. For 
example, We have prepared solvates With solvents such as 
acetone, dimethylformamide (DMF), dimethylacetamide 
(DMAc), tetrahydrofuran (THF), N-methyl-2-pyrrolidone, 
isopropanol and methylethylketone. The solvation of com 
pound of formula (I) is not predictable hoWever since We 
have found that even though it does form a solvate With 
isopropanol it does not appear to form a solvate With ethanol 
or methanol. Furthermore it does not appear to form a 

solvate With 1,1,1,2-tetra?uoroethane, ethylacetate, methy 
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lacetate, toluene, methylisobutylketone (MIBK) or Water 
either. HoWever due to the toxicity of many organic solvents 
it has been necessary to develop special ?nal stage process 
ing conditions (discussed later) in order to permit the 
compound of formula (I) to be produced in unsolvated form. 
Thus according to another aspect of the invention there is 
provided a compound of formula (I) in unsolvated form. 

[0098] Surprisingly We have also discovered that the com 
pound of formula (I) in unsolvated form may exist in a 
number of polymorphic forms. Speci?cally We have iden 
ti?ed polymorphic forms Which may be distinguished by 
means of X-Ray PoWder 

[0099] Diffraction (XRPD) Which We have named as Form 
1, Form 2 and Form 3. Form 3 appears to be an unstable 
minor polymorphic modi?cation of Form 2. 

[0100] Broadly speaking the Forms are characterised in 
their XRPD pro?les as folloWs: 

[0101] Form 1: Peak at around 18.9 degrees 2Theta 

[0102] Form 2: Peaks at around 18.4 and 21.5 degrees 
2Theta. 

[0103] Form 3: Peaks at around 18.6 and 19.2 degrees 
2Theta. 

[0104] Within the range 21-23 degrees 2Theta Form 3 
shoWs a single peak Whereas Form 2 shoWs a pair of peaks. 
A peak at 7 degrees 2Theta is present in all cases hoWever 
it is present at much higher intensity in the case of Forms 2 
and 3 than is the case for Form 1. 

[0105] The XRPD patterns of the polymorphs are shoWn 
overlaid in FIG. 1. The conversion of Form 2 to Form 1 With 
time in an aqueous slurry at ambient temperature is shoWn 
in FIG. 2. In the conversion of Form 2 to Form 1 the loss 
of a peak characteristic of Form 2 (labelled B) at around 18.4 
degrees 2Theta, a marked reduction in intensity in the peak 
at around 7 degrees 2Theta (labelled A) and the appearance 
of a peak characteristic of Form 1 (labelled C) at around 18.9 
degrees 2Theta are particularly noticeable. 

[0106] The temperature dependence of Form 3 is shoWn in 
FIG. 4. The temperature Was varied according to the pro?le 
shoWn in FIG. 5. From FIG. 4 it can be seen that Form 3 
converts ?rst to Form 2 over the temperature range 30-170° 
C. and then converts to Form 1 over the temperature range 
170-230° C. In the conversion of Form 3 to Form 2 the 
division of one peak in the range 21-23 degrees 2Theta into 
tWo peaks Within the same range and the shifting leftWards 
of the peak at around 18.6 degrees 2Theta to around 18.4 
degrees 2Theta are particularly noticeable. In the conversion 
of Form 2 to Form 1 similar changes to those noted in the 
previous paragraph may be observed. 

[0107] The differential scanning calorimetry (DSC) and 
thermal gravimetric analysis (TGA) pro?les of Form 1 are 
shoWn in FIG. 3. The pro?les are characterised by a 
transition at around 280-300° C. (typically close to 298° C.) 
corresponding to an endothermic event in the DSC and 
chemical degradation in the TGA. The DSC pro?les of 
Forms 2 and 3 Were not materially different under the 
conditions of the experiments performed and thus DSC is 
not a suitable technique for distinguishing betWeen the 3 
Forms. In FIG. 3 the absence of activity in the TGA and 
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DSC pro?les below around 298° C. implies that the sub 
stance shoWs good physical and chemical stability at normal 
operating temperatures. 

[0108] As shoWn in the Examples, enthalpy of dissolution 
of Forms 1 and 3 have been determined in certain organic 
solvents and accordingly an enthalpy of transition from 
Form 3 to Form 1 of 5.1-6.7 kJ/mol has been estimated. 

[0109] Thus We prefer compound of formula (I) in unsol 
vated Form 1 since this form appears to be thermodynami 
cally most stable at ambient temperature and also appears to 
be least susceptible to undesirable moisture sorption (see 
results in Examples section). 

[0110] In some embodiments We prefer the compound of 
formula (I) in unsolvated polymorph Form 1 to be substan 
tially in the form of equant or substantially equant particles. 
Substantially, equant particles have dimensions in the X, Y 
and Z dimensions Which are similar in length. Preferably, the 
equant particles Will be in the form of tetragonal bipyramidal 
or substantially tetragonal bipyramidal particles. 

[0111] Tetragonal bipyramidal particles of Form 1 poly 
morph have surprisingly been found to produce relatively 
consistent siZed particles after micronisation, Which appears 
to be independent of the drying process prior to micronisa 
tion. The tetragonal bipyramidal particles possess good How 
properties, good bulk density, and are easily isolated from 
suspension by ?ltration. 

[0112] In other embodiments We prefer the compound of 
formula (I) in unsolvated polymorph Form 1 to be in the 
form of acicular particles. Acicular particles are needle-like 
in shape. 

[0113] Acicular particles of Form 1 have surprisingly been 
found to produce relatively varying siZed particle distribu 
tion after micronisation, and particle siZes Which, on aver 
age, are larger than those produced from micronisation of 
tetragonal bipyramidal particles. In certain circumstances 
Where this siZe pro?le of micronised product is preferred, 
then acicular particles Will be preferred. It may be that the 
micronised product produced from acicular particles Will 
result in loWer systemic exposure to the active compound. 

[0114] Although use of a compound of formula (I) in 
solvated form is not preferred, nevertheless We have sur 
prisingly found that certain solvate forms have particularly 
attractive physicochemical properties Which makes them 
useful as intermediates in the preparation of a compound of 
formula (I) in unsolvated form (eg by removal of solvent as 
a ?nal step). For example We have discovered that certain 
stoichiometric solvates can be isolated as solids in highly 
crystalline form. Thus We also provide as an aspect of the 
invention: 

[0115] Compound of formula (I) as the methylethylke 
tone solvate 

[0116] Compound of formula (I) as the propan-2-ol 
solvate 

[0117] Compound of formula (I) as the tetrahydrofuran 
solvate 

[0118] Compound of formula (I) as the acetone solvate. 

[0119] In particular We provide the aforementioned sol 
vates as solids in crystalline form. 
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[0120] A further particular advantage of these solvates is 
the fact that desolvation of the solvate (eg by heating) results 
in formation of the unsolvated form as the preferred Form 1. 
The aforementioned solvates have relatively loW toxicity 
and are suitable for use in industrial scale manufacture. 
Compound of formula (I) as the DMF solvate Which may 
also be isolated as a solid in crystalline form is also of 
interest for use in onWard processing to unsolvated Form 1. 

[0121] The compound of formula (I) and solvates thereof 
may be prepared by the methodology described hereinafter, 
constituting a further aspect of this invention. 

[0122] A process according to the invention for preparing 
a compound of formula (I) comprises alkylation of a thio 
acid of formula (II) 

<11) 

1:: 

[0123] or a salt thereof. 

[0124] In this process the compound of formula (II) may 
be reacted 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 ?uo 
romethyl halide under standard conditions. Preferably, the 
?uoromethyl halide reagent is bromo?uoromethane. 

[0125] As noted later, preferably the compound of formula 
(II) is employed as a salt, particularly the salt With diiso 
propylethylamine. 

[0126] In a preferred process for preparing the compound 
of formula (I), the compound of formula (II) or a salt thereof 
is treated With bromo?uoromethane optionally in the pres 
ence of a phase transfer catalyst. A preferred solvent is 
methylacetate, 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 increased rate of 
reaction. Examples of phase transfer catalysts that may be 
employed include (but are not restricted to) tetrabutylam 
monium bromide, tetrabutylammonium chloride, benZyl 
tributylammonium bromide, benZyltributylammonium chlo 
ride, benZyltriethylammonium bromide, 
methyltributylammonium chloride and methyltrioctylam 
monium chloride. THF has also successfully been employed 
as solvent for the reaction Wherein the presence of a phase 
transfer catalyst again provides a signi?cantly faster reaction 
rate. Preferably the product present in an organic phase is 
Washed ?rstly With aqueous acid eg dilute HCl in order to 
remove amine compounds such as triethylamine and diiso 
propylethylamine and then With aqueous base eg sodium 
bicarbonate in order to remove any unreacted precursor 
compound of formula (II). As noted later, if the compound 
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of formula (I) so produced in solution in ethylacetate is 
distilled and toluene added, then unsolvated Form 1 crys 
tallises out. 

[0127] Compounds of formula (II) may be prepared from 
the corresponding 17ot-hydroXyl derivative of formula (III): 

(III) 

1-1 

[0128] using for example, the methodology described by 
G. H. Phillipps et al., (1994) Journal of Medicinal Chemis 
try, 37, 3717-3729. For example the step typically comprises 
the addition of a reagent suitable for performing the esteri 

?cation eg an activated derivative of 2-furoic acid such as an 

activated ester or preferably a 2-furoyl halide eg 2-furoyl 

chloride (employed in at least 2 times molar quantity relative 
to the compound of formula (III)) in the presence of an 
organic base eg triethylamine. The second mole of 2-furoyl 
chloride reacts With the thioacid moiety in the compound of 
formula (III) and needs to be removed eg by reaction With 
an amine such as diethylamine. 

[0129] This method suffers disadvantages, hoWever, in 
that the resultant compound of formula (II) is not readily 
puri?ed of contamination With the by-product 2-furoyldi 
ethylamide. We have therefore invented several improved 
processes for performing this conversion. 

[0130] In a ?rst such improved process We have discov 
ered that by using a more polar amine such as diethanola 
mine, a more Water soluble by-product is obtained (in this 
case 2-furoyldiethanolamide) Which permits compound of 
formula (II) or a salt thereof to be produced in high purity 
since the by-product can efficiently be removed by Water 
Washing. 

[0131] Thus according to this aspect of the invention We 
provide a process for preparing a compound of formula (II) 
Which comprises: 

[0132] (a) reacting a compound of formula (III) With an 
activated derivative of 2-furoic acid as in an amount of 
at least 2 moles of the activated derivative per mole of 
compound of formula (III) to yield a compound of 
formula (IIA); 
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(HA) 

1:: 

[0133] and 

[0134] (b) removal of the sulphur-linked 2-furoyl moi 
ety from compound of formula (IIA) by reaction of the 
product of step (a) With an organic primary or second 
ary amine base capable of forming a Water soluble 
2-furoyl amide. 

[0135] In tWo particularly convenient embodiments of this 
process We also provide methods for the efficient puri?ca 
tion of the end product Which comprise either 

[0136] (c1) When the product of step (b) is dissolved in 
a substantially Water immiscible organic solvent, puri 
fying the compound of formula (II) by Washing out the 
amide by-product from step (b) With an aqueous Wash, 
or 

[0137] (c2) When the product of step (b) is dissolved in 
a Water miscible solvent, purifying the compound of 
formula (II) by treating the product of step (b) With an 
aqueous medium so as to precipitate out pure com 
pound of formula (II) or a salt thereof. 

[0138] In step (a) preferably the activated derivative of 
2-furoic acid may be an activated ester of 2-furoic acid, but 
is more preferably a 2-furoyl halide, especially 2-furoyl 
chloride. A suitable solvent for this reaction is ethylacetate 
or methylacetate (preferably methylacetate) (When step (c1) 
may be folloWed) or acetone (When step (c2) may be 
folloWed). Normally an organic base eg triethylamine Will 
be present. In step (b) preferably the organic base is dietha 
nolamine. The base may suitably be dissolved in a solvent eg 
methanol. Generally steps (a) and (b) Will be performed at 
reduced temperature eg betWeen 0 and 5° C. In step (c1) the 
aqueous Wash may be Water, hoWever the use of brine results 
in higher yields and is therefore preferred. In step (c2) the 
aqueous medium is for eXample a dilute aqueous acid such 
as dilute HCl. 

[0139] According to a related aspect of the invention We 
provide an alternative process for preparing a compound of 
formula (II) Which comprises: 
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[0140] (a) reacting a compound of formula (III) With an 
activated derivative of 2-furoic acid in an amount of at 
least 2 moles of activated derivative per mole of 
compound of formula (III) to yield a compound of 
formula (IIA); and 

[0141] (b) removal of the sulphur-linked 2-furoyl moi 
ety from compound of formula (IIA) by reaction of the 
product of step (a) With a further mole of compound of 
formula (III) to give tWo moles of compound of for 
mula (II). 

[0142] In step (a) preferably the activated derivative of 
2-furoic acid may be an activated ester of 2-furoic add, but 
is more preferably a 2-furoyl halide, especially 2-furoyl 
chloride. Asuitable solvent for his step is acetone. Normally 
an organic base eg triethylamine Will be present. In step (b) 
a suitable solvent is DMF or dimethylacetamide. Normally 
an organic base eg triethylamine Will be present. Generally 
steps (a) and (b) Will be performed at reduced temperature 
eg betWeen 0 and 5° C. The product may be isolated by 
treatment With add and Washing With Water. 

[0143] This aforementioned process is very efficient in 
that it does not produce any furoylamide by-product (thus 
affording inter alia environmental advantages) since the 
excess mole of furoyl moiety is taken up by reaction With a 
further mole of compound of formula (II) to form an 
additional mole of compound of formula (II). 

[0144] Further general conditions for the conversion of 
compound of formula (III) to compound of formula (II) in 
the tWo processes just described Will be Well knoWn to 
persons skilled in the art. 

[0145] According to a preferred set of conditions, hoW 
ever, We have found that the compound of formula (II) may 
advantageously be isolated in the form of a solid crystalline 
salt. The preferred salt is a salt formed With a base such as 
triethylamine, 2,4,6-trimethylpyridine, diisopropylethy 
lamine or N-ethylpiperidine. Such salt forms of compound 
of formula (II) are more stable, more readily ?ltered and 
dried and can be isolated in higher purity than the free 
thioacid. The most preferred salt is the salt formed With 
diisopropylethylamine. The triethylamine salt is also of 
interest. 

[0146] Compounds of formula (III) may be prepared in 
accordance With procedures described in GB 2088877B. 

[0147] Compounds of formula (III) may also be prepared 
by a process comprising the folloWing steps: 

Step (a) 
—> 

1:: 
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-continued 
OH 

Step (b) 
—> 

(IV) 

1% 
(III) 

[0148] 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 dimethylether. So as to enhance yield and throughput, 
preferred solvents are methanol, Water or tetrahydrofuran, 
and more preferably are Water or tetrahydrofuran, especially 
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 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 aque 
ous 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. Pref 
erably, 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 perio 
date, 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 reaction 
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 (IV) may be isolated by recrystallisation from the 
reaction mixture by addition of an anti-solvent. A suitable 
anti-solvent for compound of formula (IV) is Water. Sur 
prisingly 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. 
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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 difficult 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 
Which is very easily ?ltered is produced. Under these 
conditions, 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 solvated solvent Within 
the crystal lattice. 

[0149] 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. 

[0150] An alternative process for preparing a compound of 

formula (II) comprises treating a compound of formula With a reagent suitable for converting a carboxylic acid to a 

carbothioic acid eg using hydrogen sulphide gas together 
With a suitable coupling agent such as CDI in the presence 

of a suitable solvent eg DMF. Compounds of formula may be prepared by methodology analogous to that 

described herein. 

[0151] An alternative process for preparing a compound of 
formula (I) or a solvate thereof comprises reacting a com 
pound of formula (VI) 

(VI) 

With a ?uorine source. [0152] 

[0153] 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. 
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[0154] A compound of formula (VI) may be prepared by 
a process comprising 

[0155] (a) alkylating a compound of formula (VII) 

(v11) 

[0156] or a salt thereof; 

[0157] (b) reacting a compound of formula (VII) 

(VIII) 

mm... 
[0158] With an epoxide forming reagent; or 

[0159] (c) esterifying a compound of formula (IX) 

(IX) 

[0160] 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 (VI) Will be reacted 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 stan 
dard conditions. Preferably, the ?uoromethyl halide reagent 
is bromo?uoromethane. 

[0161] Process (b) is preferably performed in tWo steps: formation of a halohydrin especially a bromohydrin (eg by 
































