29 Novenber 2005 1 ANTI - I NFLAMVATORY 17. BETA. - CARBOTHI OATE ESTER

DERI VATI VES OF ANDROSTANE W TH A CYCLI C ESTER GROUP 22 Navsmben2Q05 o) pHa
The present invention relates to novel anti-inflamatory and anti-allergic
conpounds of the androstane series and to processes for their preparation.
The 5 present invention also relates to pharmaceutical fornulations

contai ning the conpounds and to therapeutic uses thereof, particularly for

the treatnment of inflammtory and allergic conditions. d ucocorticol ds
used for
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obj ectives. 30 Thus, ,according to.one aspect the inyention, there |Is
provi ded a conp8ufi8 ekgﬁﬂ%’f SN §nmh3a@|§1§ %@%M&Sa‘ﬁy glaucoma) andsidn
atrophy. Certain ghicocorticold compounds also have complex paths of metabolism
wherein the production of active metabolites may make the pharmacodynamics and
20 pharmacokinetics of such compounds difficulf o understand. Whiist 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-inflammatory

properties, with predictable pharmacokinetic and pharmacodynamic properties, with

an attractive side effect profile, and with a convenient treatment regime.

25 Certain novel androstane derivatives are disclosed in WO002/12265 and
WO002/12266 (Glaxo Group), both of these documents being published after the
earliest priority date of this patent application.

We have Identified a novel series of glucocorticoids, which substantially meets
these objectives.

30 Thus, according to one aspect of the invention, there is provided a compound
of formuta (I)



0) wherein Rl represents Cl1$ al kyl or Cl14 hal oal kyl ; repre 88&5 Cm
cycl oal kyl or C,., cycloal kenyl either of which may o%§#£%5¥¥§h%éL——
substituted by one or nore groups selected from oxo, nethyl, nethylene and
hal ogen; R3 represents hydrogen, nethyl (which may be in either the a or (
configuration) or nethylene; 10 R4 and Rg are the sanme or different and
each represents hydrogen or hal ogen; and ----- represents a single or a
doubl e bond; and sol vates thereof. Exanples of solvates include hydrates.
Ref erences hereinafter to a conmpound according to the Invention includes
15 both conpounds of fornula (1) and solvates tjfereof. It will be
appreci ated that the invent.ion includes 5 1ts scope all stereol soners
(I'ncl udi ng enant| oners and dlastere0|sone% ths conpounds of formula
(I') and m xtures thereof. Preferabhy he yot U stereochem stry will be
as shown in the 20 representation gf Rof fddnula (1). Exanpl es of
] A4 al kyl subst.ituted by 1-3

Cl$ hal oal kyl that Rl may represent
@ Preferred hal ogen atons are

hal ogen atons, preferably 1 hald

sel ected from brom ne, chloringss ori ne. Exanpl es of C3-8 cycl oal kyl
groups that R nmay represent include ¢yclopropyl, 25 cyclobutyl,

cycl opentyl and cycl ohexyl and substlhyted derlvatives such as

met hyl cycl opropyl (eg 1-nethyl cycl opropyl or 2-rmethyl cycl opropyl) ;

di chl orocycl opropyl (eg 2, 2-dichloropropyl), nethyldichlorocydopropyl (eg
1-net hyl - 2, 2- dhﬁgaﬁrocydopropyl) exomnet hyl enecydobutyl (eg

3- exonet hyl enecydobut % 29 Novenber 2005 3 tetranethylcycl opropyl (eg
2,2,3,3 tetranBtROPESE GrbMArCrehAPal¥i hycycl obutyl (eg
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oxocycl obut yl (kalpg8rioxo 5 cycl obutyl) Exanpl es of C34 cycl oal kenyl groups
that R2 may r ep&%ﬁr@éeﬁ@ﬂ&%@ %WYM@ may be in either the o or 8 configuration) or

methylene;
10 R; and R; are the same or different and each represents hydrogen or halogen; and

"= represents a single or a double bond;
and solvates thersof.
Examples of solvates include hydrates.
References herelnafter to a compound according to the invention includes
15  both compounds of formula (I) and solvates thereof. -

It will be appreciated that the invention includes within its scope alf
stereoisomers (including enantiomers and diastereoisomers) of the compounds of
formula (I) and mixtures thereof. ”

Preferably, the absolute stereochemistry will be as shown in the

20 representation of compounds of formula (I).

Examples o_f C,. haloaikyi that R, may represent include C, g alkyl substituted
by 1-3 halogen atoms, preferably 1 halogen atom. Preferred halogen atoms are
selected from bromine, chlorine and fluorine. '

Examples of C;; cycloalkyl groups that R, may represent include cyclopropyl,

25  cyclobutyl, cyclopentyl and cyclohexyl and substituted derivatives such as
methylcyclopropyl (eg 1-methyicyclopropyl or 2-methylcyclopropyt),
dichlorocyclopropyt {eg 2,2-dichloropropyl), methyldichlorocyclopropyl {(eg 1-methy!-
2,2-dichlorocyclopropyl), exomethylenecyclobutyl (eg 3-exomethylenecyclobutyl),



groups containing 1 or nore double bonds (not being a 8 tic roﬂBﬁ% such
as cycl ohexenyl eg cycl ohex-2,3-enyl. W prefer Rl té—ﬂﬁ%ﬁ%%ﬂﬁ%————

fl uoronet hyl, chloronethyl, bronmonmethyl or 2- 10 fluoroethyl, especially
fluoronethyl. Preferably, R2 represents CM cycloal kyl or Cs., cycl oal kenyl
either of which may optionally be substituted by one or nore groups
selected fromnethyl, nethylene and halogen. In an alternative aspect, R2
represents C34 cycloal kyl or C9, cycloajkenyl either of which may be
substituted by oxo all 3-oxocyclobutyl. 15 W prefer R2 to represent C3-8
cycl oal kyl opt i deteameihyisysienrenyldea 8.2138- tatremethylaxsiopropylparidyretimeybiabutyhigb ogen
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chl orine groupsd V&Véebw)ew@wwci?w @EF@S@HP@@"@M%’W?‘PP@%N i tuted
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conpounds, R2 i g, ki t : 2,2,3, 3-
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net hyl in the acYdnhpxepihregiveehex-28&gi¥bunds of fornula (1) in which R4 and

Rs, which can be thewsgigeOR, tdtdpfedbtHuoroRREH, IcRIBIRREYE Brdmeiietyer 2£1 uori ne
or chlorine, pa@t |%¥ng%‘%§ oa}en OL fluorine, are preferred. Especially
preferred an® cHBYRS & WPMWh R4 and R6 are fluorine. 30
Preferably, represerRrsfemblypRblepresentsiC, ] tycioalkl @r 03, cyeibakeriyb eithet bhwhitine
present |nventi C | | | I on f articul arl n [ rred
groups ref erred'%?{) %ﬁ%ﬁﬁ%gﬁo@%@ﬁ&eg?‘g& rg%?sj 020%%&%%&0?&%%%%&0% F\eﬁfncl ude:
17a- ( Cycl obut y| wathieng/anddheloges , 19 an ditdrhative espectoRivpphessis Caayelastikylor-@a. oxo- 35

andr ost a- 1, 4-di &eka : Qi kshsfit ﬂ;’g-bt cﬁﬁb 29 Novenber
2005 4 17a.( O/ op'g’%%g'g%ym?ﬁ fray Bk "iehw? é:%_ .
6a, 9a- di f | udt o- 11p- NYRIPSIey Rat9deRresent/Fs gycipaliyl optionally substituted by one or more

andr ost a- 1, 4- di matayl hriélor Bdgen gfoups. OWe hrticutarly |prsér@RYEd Feptes@RtI03) cycloalkyl,
e e e OB R T R e B b 8 0+
chlorine groups.
We also prefer R; to represent C, ; cycloalkyl substituted by methylene.

20 In one set of preferred compounds, R, is unsubstituted or substituted by at
most one methyl or chlorine group. More preferably, R; is substituted by one methyl
group, especially in the 1-position, eg 1-methyl cyclopropyl or 1-methyi-cyclobutyl.

In another set of preferred compounds, R, is substituted by more than one

methyl group, eg 2,2,3,3- tetramethylcyclopropyl.
25 We prefer R; to represent methyl, especially methyl in the o configuration.
Compounds of formula (I) in which R, and R, which can be the same or
different, each represents hydrogen, fluorine or chlorine, particularly hydrogen or
fluorine, are preferred. Esbecially preferred are dompounds in which both R, and R;
are fluorine.

30 Preferably, = represents a double bond.
It is to be understood that the present invention covers all combinations of
particularly and preferred groups referred to hereinabove.
Preferred compounds of formula (l) include:
17a-(Cyclobutylcarbonyhoxy-6c,9a-difiuoro-11p-hydroxy-16a-methyl-3-oxo-
35  androsta-~1,4-diene-17f-carbothioic acid S-flucromethyl ester;



5 17a- (Cycl opropyl car bonyl ) oxy- 6a, 9a-di fluoro-11

p- hydr oxy- 16a- net hyl - 3- oxo- andr ost a- 1, 4- di ene- 17p- ca23doyember, 2005
S-fluoronethyl ester, 6a,9a-Difluoro-11
p-hydroxy-lGa-nethyI-17a-(1-nethycyc|opropylcarbonyl)

oxy- 3- oxo- androsta-1, 4-di ene- 17p-carbot hioi c acid S-fluoronethyl ester,

6a, 9a- Di fl uoro- 11 p- hydroxy- 16a- net hyl - 3-oxo-17a-(2, 2, 3,3 10

t et ramet hycycl opr opyl car bonyl ) oxy- andr osf a- 1, 4- di ene- I7p carbot hioic add S
fl uoronet hyl ester;
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0x0- andr ost a- | Q&E&b tegFt hyl ester, 6a,
9a-Di fluoro-11 i‘%ﬁ]g@% t 'gili% U&Wﬁc Opr opyl car bonyl ) OXy 3-
oxo- andr ost a- 1, %BWEO*’S?-MB-@WW ahatieyl-Atn-(1- rﬂs‘%ﬂmdcwmmlcwpn}@st er, 20

6a, 9a-Di fl uoro d _ _ g
p- hydr oxy- | Sa- rrés} hy xo-la?ar_o -1 M' 1 WB?Bbowoliccae?'rdbsof#luy xeyt/11 ?%?krb-

andr ost a- 1, 4- d|%@'@W@@dﬂbﬂdﬁ@ﬂr@dmmxmﬁudﬁﬂt&ﬂyl ester, _
6a, 9a- Di f | ugy 1}&"4 ’
oxy-11p- hydroxy 6a-®cﬁl§1‘@;’wxo andr ost a{aCﬁj.&gﬁBelw - -hciz%{?%d‘{%i oic acid

S-f1 uor onet hyl ~fbiefagethy! ester;
6a, 9a- Di f | uor o-474q2, (z«%n&ﬂdilb-ﬁi yg Hb?l&érﬁérﬁﬁé:@%&ﬁ%ﬁ%ﬂ%ﬁ-ﬂ&rﬁ hyted: | 6a- met h

yl 3 25 oxoandrosta-1 di ene-1 car bot hi o ¢ aci fluoronethyl ester, 6a,
9a- Di f | uor o- | 1m?5b¥*§hﬂx6'ﬁ9dmﬂ%rjﬁﬂ'%ﬂﬂﬂb?ﬂ!mﬁﬁ?ﬁyﬁ'@?’e@ﬁgﬂ%ar bonyl ) oxy3-

0x0- andr ost a- 1, g eMichiofdtyfe sl bWyl -3-
6a, 9a- Di f | ugr o- 1%3 hydroi?-l gbpﬁ yﬁ%%@%ﬁ‘o@ocydo&&?ﬁe@{aﬂ%onyl ) OXy-

andr) st a- 1, ¥ di®frandogad |7&°€fb8@|°lfagdf5f'ﬂ!’8 foaelwiBpterest er . 30 One
particularly praafgatmmW J1§a—HBﬁz itﬁhl(menﬂbn otSlyiddrioniifhdra-L 1
p- hydroxy-1 6a-neth I-17a ')F/’ Eropyl car bon

oxy- 3- oxoandr oSKerandrast ﬂérf@ﬁ"f'ﬁ@ phlolsiaskt S-ueromettvkastasr onet hyl ester.

Mot her parti culsgfoubifiord-€f, pq?g BBV T el et dagﬁ% rBShylleyyeirber 2005 5
6a, 9a- Di f | uoro- 11 hydr ox Gﬂet hyl| oglé- ey Wgarsony

t et ranet hycycl GW%F ﬂé’ﬂ?ﬁ%ﬁ‘ﬁ@?fﬁwﬁéﬁﬁsﬂuﬂmﬂ?@ﬂﬁﬁp car bot hi oi ¢ aci d
S- {1 uor onephy leq ©&iDMucro TIPLHYBfox R Mid-nEHlIAThY1-REBTISy doBGtyle A BB B-3-8xol Ne
fol I ow ng: androsta-1,4-diene-17p-carbothioic acid S-flucromethyl ester;
6at, 90-Difluore-17a-(3,3-dimethylcyclobutylcarbonyl) oxy-118-hydroxy-16a-methyl-3-
oxoc-androsta-1,4-diene-178-carbothioic acid S-fluoromethy! ester;
60, 9a-Difluoro-17a-(3,3-difluorocyclobutylcarbonyl)oxy-11p-hydroxy-16a-methyl-3-
25  oxo-androsta-1,4-diene-17p-carbothiolc acid S-flucromethyl ester;
6, 9a-Difiuoro-11p-hydroxy-16a-methyl-17a~(1-methylcyclopentylcarbonyl)oxy-3-
oxo-androsta-1,4-diene-173-carbothioic acid S-fluoromsthyt ester;
6a,9a-Diﬂi.|or0—1 1B-hydroxy-16a-methyl-3-0x0-170-(3-oxocyclobutylcarbonyl)oxy-
androsta-1,4-diene-17p-carbothioic acid S-flucromethyl ester.
a0 One particularly preferred compound is the following:
6o, 9ct-Difluoro-11p-hydroxy-16a-methyl-17a-(1-methycyclopropylcarbonyl)
oxy-3-oxo-androsta-1,4-diene-17p-carbothioic acld S-fluoromethyl ester.
Anather particularly preferred compound is the following:



5 6a,9a-Di fluoro-11

f 3- hydr oxy- 16a- net hyl - 17a- (1- net hyl cycl obut yi car bony| 22, Nevember 2005
androsta-1, 4-di ene-17p-carbothloic acid S-fluoronmethyl ester. The conpounds

of fornmula (1) have potentially beneficial anti-inflanmatory or
anti-allergic effects, particularly upon topical admnistration,
denonstrated by, for exanple, their ability to bind to the glucocorticoid
receptor and to illicit a response via ]ﬂ that receptor with long |asting
effect. Hence, the caonpounds of for 1) are useful in the treatnent of

i nf | anmat ory an&P@P“DAW%}’b?BChY&%F%WS“’Y' d7e(d338n once- per - day
therapy. Exanpl efrafifettbyeRpfyisiBinfoxy Bndibith1 4hfneAmRoMBatRoRbal & | nventi on

have wutility |ﬁclude skln dlseases such as eczenm, psoriasis, allergic
dermatitis FEel i s, pruritis and hypersensitivity reactions;
i nfl ammat ory CondltIMGDbartidamnptpmn'eHbﬂmﬁiun@rst!ieLfﬁlBﬂir@;UCh as ast hma

I | ud | -1.nd th i i initi i | udi
(LneLud o ol e TR Lo 7k Rl oL
i nt erlst iti ?I I uwg::rqhtta_sda,ammeamﬂ-cimhthbalald Siflabromeiiptestey. bowel c_ondl tions SECh
cerative coli e Qi | es suc
:: go rheumatoi d art rﬁ%wo'%d%gﬂ%ﬁﬂﬂ%@ @q‘%gpﬂta'%dmg?ﬁeﬂ%ﬂnﬁ@@ @%g'ﬁzf\?/e use
In the treat rren@mbﬁllerg@oeffmwﬁmwlmwwortpnmi:tadmintstretlonl dempnistratee bypforeci at ed
by those skill eékah{blet {Héir%Bui Wﬁﬁd {o%eeél est&'? rBésidh And fo' ﬁ%é@%n@é%&”ds to

prophyl axi s @ rea ment con Itions.
BOv et

nmenti oned a a‘c’S?ﬁ?Bl‘iH@B QBg qsﬁ'?ﬂﬁﬂe% (Hepee the GH%‘E?H!F'S W%@%‘P”W‘erl nary

medi ci ne, | n panthekdabhert of Mfdrmatody lapivePalergit diddetiers) ebperiallycin Ghée-paeBy S,
especially In otﬁcepfer day therapy. There I's thus provided as a further

aspect of the i ion a compound of formula (1) or a physiologically
accept abl e sol vat e Examples of diseass atalas ihwhizh floy condiibunast a‘rthmmvynﬁmdiaﬁ ne,

particularly ing t ty a nt I t |l ergic
condi tions. Phar ‘r'rtgce ?%a (S%é%el%t %Jgg‘s a?o%ﬁge- ﬁ’:-ﬂgg ?% m ni ér%hufl on are
of particul b |wwﬂ@maﬂﬁsc\e@mwndgwmsmmm@ac&ypemﬂamat@meondntioem@futhﬁw t here
I's provided theodsetidatoor wPEPOsRA £f abifmAU ng&:uaa% Qbr()gémfn%uaéd)%ﬁﬁahﬂzd’

er

scoontable ool Vel ARl (Gl e tventic, 0C B et 2
condi tions, espisegsd, ingerétitinl loiiediseaye, @nd fbrpws; infisnimatoy wilLigonbiions auch as
alternative aSQl?c%Fahvt hc%ttles ISd p&roKr"nge&se%serm%# da oQIan;[ung lgeea%}asne'ach as
20 rheumatoid arthritis.
Compounds of the invention may also have use in the treatment of
conjunctiva and conjunctivitis.
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.
25 As mentioned above, compounds of formula {l) are useful in human or
veterinary medicine, In particular as anti-inflammatory and anti-allergic agents,
especially in once-per-day therapy.
There is thus provided as a further aspect of the invention a compound of
formula {I) or a physiologically acceptable solvate thereof for use in human or
30 veterinary medicine, particularly in the treatment of patients with inflammatory and/or
allergic conditions. Pharmaceutical compositions for once-per~day administration are
of particular interest,
According to another aspect of the Invention, there is provided the use of a
compound of formula {I) or physiologically acceptable solvate thereof for the



of a human or animal subject with an inflammuatory and/gr aIIeEgig 5
condition, which 5 nethod conprises adm nistering t ani mal
subj ect an effective amount of a conmpound of forrmula (I) or physiologically
accept abl e solvate thereof, especially admnistration once-per-day. The
conpounds according to the invention may be fornulated for admnistration
I n any conveni ent way, and the invention therefore also includes wthin 10
its scope pharnaceutical conpositions copprising a conpound of formula (1)
or physiol ogically acceptable solvate thereof together, | desirable, in
adm xture w t h omavufagturerefraemedicasieot fogthe &z‘ehi;neatouf pplienty withdnflanewdtay and/or

carriers. Furth%ilerg|E|38ﬁcﬁ}|oh e%a@éhpﬁqhgmw& ﬁr the preparation of such

phar maceuti cal conposit rrses the ingredients. 15 The
conmpounds accor di ng ln@tumerphw@matwsm therg Js Mﬁplae!ﬂﬂwfﬂﬁhmﬁmw f or

oral, buccal, subhingealor aﬂﬁéﬂhbﬁ&a&m Arﬁﬁ@dmsﬁéto QRWBY alBFE éHnEtﬁJnﬁWh%ﬁ
especially | qcal F'ﬁ'ﬂm ni str ration as used here| n,

a
| ncl udes adntni SIHEFCBRPERPS Fﬁafg'U'FtPF'yttP &d ﬁ'ﬂ'ﬂﬂ‘ orRRigabsybisat anstiacie awowt
vari ous types obfpcameuat bbharmuta (1) oo piysiodicallyi st gptiblecsdlvate Ghdrent, aspeécially

oi nt nent s, Iotigﬂ@nsﬁgﬁ%\l\gﬁc%gda foams, preparations for delivery by

transdernal patc ays, aerosols, capsules or cartridges for
use In. an inhal er Bie icampduntst ancording dico e (i&\fegﬁoneynambenmulatecbpb)

sol uti ons/ s us peﬂ&hiﬁﬁﬁatfoﬁ fin anP%MEhléﬁWaQ b’ﬁnd %%qg\%ﬁﬁéﬂ%éf@ém

retention mas and chewabl e or cka ets or pe ets g for t he
t reat ment oﬂ apfit AeARs Rnamwcﬂrmmpsmﬁéowﬂs'%arﬁowmap@m tber

Ior epalr at : ogs dAﬂ%nbgmﬂ@@beptammtmaeme%stoaaﬁert Pdsiadle, ﬂf‘i&n&h&bgﬁh bR ij o the
ung | ncl ude dr osi an spra conp03| i ons y powder
conposi tions fo¥ T‘%ﬁ\ﬁ% '%@%F\?@Wia? f for-exanpl e, be

presented I n capsul é'sartherd theret isi d:gmrkleﬂoa pmeeasn forn thenlppdparation  ofnsudif | at or

of, for 30 exan&{?ﬁ“ﬁg@ﬁ H@“‘%%Witbﬁéé%%&ﬁ?%mgﬁ%%{sgl n a powder m X

for Inhal ation a suitable powder base
such as | actbse or §‘harcernpoundg@ccelﬂmgé@theéwentbnpmer.éwwplmiowm e or

cartridge may qemﬁfibheeapeu ﬁ)dar pRBASRE Toca rd TR dRinist-iifan CAIpBAAIY Jocaf

formula (1) optional In conbination with another active 1 ngredient.
Al ternatively, 39Em und of the invention may be 35 presented without
exci pl ents. Packagi ngcal)fadmihstrétmhraslmtaﬂ Gereli Yhclvdess bdrhinitrRioh ®Y insdfflatioh 29
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delivery, the fornu |on
20 include omtments Iotlons, creams, gels, foams, preparations for delivery by

transdermal patches, powders, sprays, aerosols, capsules or cartridges for use in.an
inhaler or insufflator or drops (s.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
25  microencapsufation preparations,
Advantageously compositions for topical administration to the lung include dry
powder compositions and spray compositions.
Dry powder compositions for topical delivery to the lung may, for-example, be
presented in capsules and cartridges for use in an inhaler or insuffiator of, for
30 example, gelatine. Formufations ganerally 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 20pg-10mg of the compound of formula (I) optionally In combination with
another active ingredient. Altematively, the compound of the invention may be
35 presented without excipients. Packaging of the formulation may be suitable for unit



pre-metered (eg as in D skus, see GB 2242134 or Di skhgl 3[ seg C?E $é78965,

2129691 and 2169265) or metered I n use feg as in Tur m 69715) .
An exanple of a unit-dose device is Rotahaler (see GB 2064336). The Di skus
i nhal ation 5 device conprises an elongate strip forned from a base sheet
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act ose
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f attached ans1sAl fe thédmeneimméakb twise f
Ul 1ol 6 |y ariet Lol oBe ) A Aoy ?ﬁl e ormost i %“ 3 se b @
i nhal ati on r%faj s[;\geg,pe)ﬁ%f S ovgﬁgﬁgr’@o 9?1“"8’ mﬂle f({]%qeggmgﬁ% %‘g gﬁ’aei y contain
t he conpoumetleaf frém thubase( sheehinch langitudirab Hieeglion frel afitst snd bf the said base
fluor ]fcsar bsg,PFFCUZS hydr ogen- cont ai ni ng chl or of | uor ocarbon or m xtures

o)

t here | arly hydrofl uoroal kanes, especially
1,1,1, 2-tetraf | Rigroatcbaival fo‘tmlllaisoﬁs &hﬂ:hBaﬂeeMrafJﬂeuaﬁmed-arm apamed ¢o be

m xt ure t er eof e aerosol 0siti o tional l con i tional
fornul ati "39'8 eﬁ?‘gﬁ?é g ‘?0 |qqqyttﬂ2h%?%gs %I‘lhedg Fﬂ‘e Y (]f‘flsgecé%@ol eic
acid or | ehosdwhichride meaif\aairpbnegr etehfanablateddngitte safipest draamigrasiichmasi s

exci pi ent free 30 .an i Ssts, @ssent I’ISI st S 00 corrpound of

formul a (19°05% %'}%?r&& VOFI,«PSPEHQ lactose) %Pﬁ%'@fé‘ﬁgr i ~in combination with

anot heo t her apedgrag abmpositicris may Ifdi’rgix%dtmbé forfililated &6 priubous scigfichsterd from
1,1,1,2-tetrafl uoroet hane

t d t
Lher eor . SRUBERISIoNeal a5 Betqsgl die iy T lh Birsbecd, Rares, Bk R fadBiRd " T
forml a ( Xose ahrmiérpwlthané Lrseldfca editableo iqutfiicd plogeliant. eAerisbLcsmgdditivne,

1112, suitgble ?(B‘ ll%‘l la Pornocar;) e el ora s%ggennglg& or & S(tjlf&g&sla gltid generally contain
the compound of formula (I) and a suitable propellant such as a fluorocarbon or
25 hydrogen-containing  chiorofluorocarbon .or mixtures thereof, particulary
hydrofluoroalkanes, especially 1,1,1,2-tetrafluoroethane, 1,1,1,2,3,3,3-heptafluoro-n-
propane 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
30 and consists essentially of (eg consists of) compound of formula (I) (preferably in
unsolvated form {optionally in combination with another therapeutically
active ingredient) and a propellant selected from 1,1,1,2-tetrafluoroethane,
1,1,1,2,3,3,3-heptafluoro-n-propane and mixture thereof. Another example
formulation comprises particulate compound of formula (), a propellant selected from

35 1,1,12-tetrafluoroethane, 1,1,1,2,3,3,3-heptaftuoro-n-propane and mixture thereof



29 Novenber 2005 and a suspendi ng agent which is sol L.t el | ant
eg an oligolactic acid or derivative thereof as desggiggggg#2§6§%£g1229.
The preferred propellant is 1,1,1,2- tétrafluoroethane. Pressurised 5
formulations will generally be retained in a canister (eg an al um ni um

canister) closed with a valve.(eq tard ihbibesk 508 @ran

act uat or pzf"&/? ag%o%qu %ge%hﬁ'ﬁ{%lgesg%'gﬁd@ﬁ‘%g’%ﬂéﬂ%%@agdér']'qu strati 0{1 by

i nhal at i ordetiestiveathéngohas described i WO 1288y t The prefared prap@llapbisi tlihZparticl e
size for i ngaa‘gﬁt[ée%g%i nto the bronchial systemis 10 usually 1-10m

pr ef er abl Je & cl es havi ng a size above 20m are generally too |arge
when inhaled to reach the small airways. To achieve these pdffeperEed; zes

the patrs;[ io lgr?rx?@fﬁcw?&ﬂl@&%& afffbd %E%ﬂg%flgg éaP eerﬁé@%i’l%ﬁﬂniﬂ% banisted Qlosedluced by

conven m-croni ired fraction may be

separ at ed witht a balvai(eg A asaterrigc aaiven ad fisedvinty anpadealphiprgvidehwithaft i cl es
wll be crystalline, prepared 15 for exanple by a process which conprises
mxing in O%ﬁw?fehuous flowcell in the presence of ultrasonic radiation a
f1 owi ng sol ut i avieditamentpdonchdofinisteation| by (rihalation desirablinbae janceptialigd;i d
solvent with

.a flow | i.qui d I sQl vent. .SAi | i@S

descri bed Fﬁﬁ“ﬁ%?@?&ﬁgooﬁgﬁ'uﬁanﬁfgleA%%? ?dga'f' 'it‘%é]t“%‘aciF fo 6@89@9@% S%th&gllge by a
pr ?)_ceslgdmgu'os@bmlcmp{mnsppc?fadnl%(tzt-ﬁmg I?arlﬁq:lee!azvimj ?ssmzlet_ ; lal:ioma 26fumy arre_mb@jla?ce in
a |iqui ol ve and .a,strea i qui.d _an . [ . ance
tanggnt i aItP‘ﬁ‘?rﬁ?d"q‘En 'E’iﬁ“?qlg‘? Fecaffg]tﬁ?fm?a %W%‘Jg%gﬁ'gg% ﬂge(r%e X1 é(ﬁe %l&tp' et port
suc[] t hat Jﬁgip&r@ﬂég{a@?@ommd tmrftedalyult@ i amtpe?(mcaﬂmd); thier siag hretivcadaby on of a
vortex and precjpitation of crystallin part i . is
t her eby céﬁ’@é@f‘"@gﬂ' rAganR-eQ PY FUONISAYIN: g?ﬁﬁ?'&?fgrgé'gﬁéﬂ%yeipi’%?%ge{aicon
gg{agt)% t hg)ﬂgart i cilogrbsri@zréew% @?ﬁfg excit?g?}?cﬁ??n ib: c&yqjalﬁlyecprfﬁ?'ed han t he
i nhal dd ~ TRUPXARRIA YR PROGESE H@‘iﬁh cumpises fHXNg; g, A © qgh‘gp%gbg’;‘geﬁ'p'ﬁetﬂ{’ i s
ltﬁCt Oggo/i t%ré\%édcietdfmlﬁaédtrﬁb {d@ﬁti@hf@ﬂﬂ%in@ssdﬁlﬂdnedf ?Grg%mg, omm:rned fan(thes ”f[, e

an o of | actose particles wil ave / -90m s an
150 wi 11 RedSamann BriausCsoivenkwithea Iowse ot HartreversonsaR trefiandt
topi cal ly (kg dshfosBais inGisitehSatiohBiEPAteppApiiattion’ PCIGBIY/04368S or iefsel byde

ressuri sed aerosol fornmul ations, and aqueous .formyl.ati o adni pi.st.ered to
Ito he nose WRfo¢assich SUBPIREHAITHEPGA %E%%Bhgpﬁm'ﬂfm it er‘?BﬁgtaB?eeg‘s%:!@"i’gd and

adapt eg t goRRnAARH N Strea®doft Ai¢ antivolvent tfBe sails slbstancet tangenstially infoaati cul ar
car i or - fefindreALmbtig SSTbR 0L o P AIPORST FF 308 G EYERTB P Eo ¢ he
lung or nQRGeBRtiRfitely mixed through formation of a vortex and precipitation 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,
25  generally, the particle size of the excipient will be much greater than the inhaled
medicament within the present invention. When the excipient is factose it will typically
be present as milled lactose, wherein not more than 85% of lactose particles will
have a MMD of 60-90um and not less than 15% will have a MMD of less than 15pm.
Formulations for administration topically to the nose (eg for the treatment of
30 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. Aqueous formulations for administration to the lung or nose may be
35  provided with conventional excipients such as buffering agents, tonicity modifying




35 provided with conventional excipients such as buffer| n% agg E! tonicity
nodi fyi ng 29 Novenber 2005 9 agents and the |ike. ons may
al so be adm nistered to the nose by nebulisation. CIher possi bl e
presentations include the followng: G ntnents, creans and gels, may, for
exanple, be fornmulated with an 5 aqueous or oily base with the addition of
sui tabl e thickening and/or gelling agent and/or solvents. Such bases may
thus, for exanple, include water and/or g@n oil such as liquid paraffin or
a vegetable oil such as arachis oil or castor oil, or a solvent such as
pol yet hyl ene gl yeents anghihe likeni Aguegutfomulations may a!scnlge adgiimisteredito thtnessybybe used
accordi ng to theenktdtioh. of t he base IncI ude soft paraffin, alum nium
stearate, 10 cetoste

I'é Ohm@'&% U%Itene glycol s, wool fat, beeswax,
car boxypol ymet hyl en€ 'HEPSE Ie pRseteliog 'PF' the following, 4/ or gl yceryl

nonost ear ate and/ or Qiatndnts)icteadiUbrml bk, n@aﬁgﬁﬂte&amblétb@rf&mmtedbﬁlﬂf @hrrul at ed
w th an aquequs I e a I | SO cotal one nor e
enul si fying ggenﬁﬁe‘)% OaBRfilgasan‘gﬂam%r? o E?bi? Hﬂfgg%?% "%fl'g nd| ng
agent s or t hi ckendiergolvgaiat 8ucth@8#$enmfthlm; foegxmﬂuainch@mwmndbnammystbb formed
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starch. Drops may ornul at e ueous or non-aqueous base al so
conpri si ng one lWﬁﬂ@P%lWﬁ@%@%eﬂts aig| aeling Psqmgwbsgfemg bedisadendi ng
agentf or pr esgaocgidm efo trféond‘bfu"ﬁaéft mggﬁtdslmudbh@ﬂf ?érglﬁhab!Ua?Pﬁxantehllﬁth t
i nvention e y a i.on 0 itable buffering agents.
The propor'??%n #%5’?%5’9 Eﬂﬁ@lyﬁ?ls'f Iﬁﬂg ‘f?l'?'{"ﬁ@”{ g’?’ etio
conposi tions aassetilos detivities, and/emglyceryl dmﬂd&t@mwdlmop{oamlmls!fﬁm of
formulation to %@repared but will generally be wthin the range of from
y

0.001 to 10% Db I'ght Cenerally, 25 however for nost types of preparations
advant ageousl y the gp@qmrmaydw fomaudpted with @reaquapushonpily lyaser andgell ¥ generain 0. 005

to 1% and pref eéls’bbéo\ﬁteﬁh e épm&e%%uishﬁﬂfxﬁ‘erm kﬁbiﬂéﬁ%"‘&b‘éﬁé &l@ﬁerdumeﬁis' on or

the range of fromO.1 to

insuftlatio ortion used w
5% Aer osol %‘Feﬁ‘f’“gﬁga"ﬁ?@'“aﬂ@f“gﬂﬁﬂﬁ“? arranged so that each metered dose
or 30 "puff' of aePowdérsfertkRimabapMiGtiadRRY be PrMbE Wilh khe d#id olldny 3AkebO0pg of

7 comPanrt, °f bl (BesshR Glechhgle Rl (Por o gl BN,
doses each ti maquatwe ovenedguealsi thage dxlmeoomprismg one or more dispersing agents,
‘ solubiiising agents, suspending agents or preservatives.
20 Advantageously, the formuiations of the invention may be buffered by the
addition of suitable buffering agents.

The proportion of the aclive 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 welght Generally,

25 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 insufflation the proportion used will be within the range of

from 0.1 to 5%. '

Aetosol formulations are preferably arranged so that each metered dose or

30 “puff’ of aerosol contains 204g-2000pg, preferably about 20pg-500ug of a compound
of formula (I). Administration may be once daily or several {imes daily, for example 2,
3, 4 or 8 times, giving for example 1, 2 or 3 doses each time. The overall daily dose
with an aerosol will be within the range 100ug-10mg preferably, 200ug-2000pg. The
overall daily dose and the melered dose delivered by capsules and cariridges in an
35 inhaler or insufflator will generally be double those with aerosol formulations.



with an aerosol will be within the range 100pg- 10ng pégfﬁrablﬁE 2555

200g- 2000pg. The overall daily dose and the netered o by
capsules and cartridges In an 35 inhaler or insufflator will generally be
doubl e those with aerosol formulations. 29 Novenber 2005 10 Topi cal
preparations may be adm ni stered by one or nore applications per day to the
af fected area; over skin areas occlusive dressings may advant ageously be
used. Continuous or prolonged delivery ngy be achieved by an adhesive
reservoir system 5 For Internal adm nistration the conpounds according to
the Invention may, f depicabprappiationsiraayf ey adrhipistextdiby one v enoré emibatimnm f or
oral, parenteralgako tggﬁﬁfﬂted éi‘ga{rb'fﬁr%ﬁ Shoh® BociSI0E B?élsﬁﬁg%w sly be

admnlstratlon i ncl ude syrups I XI'rs, powders et's and
capsul es whi ch t4pps: cspwtw%rnr@rqlpne%%'mry m@wbe@ﬁ@ev&ﬁ@mag agtmve resenindi ng

agents, filters,sybtelari cants, disintegrants, wettl ng agents, suspending 10
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however, prefer rsangle, beldsmniabesid irbebroventioRsie nannee dorf oralys paréntprake paradtalon f or

I nternal adm ni ar, t ul es.
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to 10ng of the SEstakietsfand rapsuiay which @mmmwntamnwomwaéemmwcbo t he
i nvention may i s GsRAGR gl #msrsﬁlmbﬁ&n&y didirh dgﬂrsﬂwlwaﬁi@ Bicrd, Aubpuhding Cases

where syste c adr eno- cortlcal erapy Is indicated |.n general terms
prepar at i ond? 1 @gents, eapisiying, agants Qfeﬁ%ﬂ’?tUPF- rffers5is. daypuring folgung fndioroos of
the active i ngr edéatetingleRAB AR pptipadte.! MRsigenitTorniar 6 HowevdprefRved wed. 20

The daily dose Q?Qén %ré%lfromo 1ng to 60ny, e.g. 5-30ny, dependent .on the
condi tion being %ﬁ Yand the duration of treatnment desired. Slow

rel ease or enteric dtefered faymsndf aréparatiomfoy internaldadminisipdion sre dgsage ivollll ar | y
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adr en?r ec eﬂlor agon"l’nb comPouhas hc@i‘?{gqmﬂ@m%h&pmaﬁtn:ﬂ)eﬂbﬂa?hgﬁ Be git&®by

i nvention thus . in a further as rising a
compound of f or T‘?";i“' tiration, in sASAS W gﬁy@g PW?E‘&'@?BT‘?&) Brang\f!ﬁ’f%Pther egf
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anti-cholinerg
20 The dally dose may vary from 0.1mg fo 60mg, e.g. 5-30mg, dependent on the

condition being treated, and the duration of treatment desired.

Stow release or enteric coated formulations may be advantageous,
particularly for the treatment of inflammatory bowel disorders.

The pharmacsutical compositions according to the invention may .also be

25 used in combination with another therapeutically active agent, for example, a j;
adrenoreceptor agonist, an anti-histamine or an anti-allergic. The invention thus
provides, in a further aspect, a combination comprising a compound of formula (I) or
a physiologically acceptable solvate thereof together with another therapeutically
active agent, for example, a p,-adrencreceptor agonist, an anti-histamine, an anti-

30 allergic or an anti-cholinergic.

Examples of B,-adrenoreceptor agonists include salmeterol (eg as xinafoats),
salbutamol (eg as sulphate), formoterol (eg as fumarate), fenoterol or terbutaline (eg
as sulphate). Long-acting B,-adrenoreceptor agonists are preferred, espedially those
having a therapsutic effect over a 24 hour period.



Exanpl es of t32-adrenoreceptor agonists include salneferol (eg a

xi naf oate), salbutanol (eg as sul phate), fornoterol égéﬁﬂgéﬁﬂﬁﬁéggg),
fenoterol or terbutaline leg as sulphate). Long-acting O 2-adrenoreceptor
agoni sts are preferred, especially those having a therapeutic effect over-
a 24 hour period. 29 Novenber 2005 u Especially preferred |ong-acting f32
adr enoreceptor agoni sts are conpounds of fornula (X) HOCH2® R12 HO

HCH2NHCR74R16(CH2) m O- (CH2) ~ H 11 (X) 540r a salt or solvate thereof,
wherein: mis an integer of from2 to 8 nis an integer of from3 to 11,

preferably from 3 toEspecially prafetrad lqng-aotinsc[ﬁz-adiretnormeptonag'oais& e déhpopridaf er abl y

5to 12; R 'S%@fﬁﬁ]@% R17 10 wherein X i1s -(CH2)P or C2, al kenyl ene; R1
and Rt 7 are independentl’y sel ected from hydrogen, Cl.6al kyl, C3-7cydoal kyl,
C(O NR18R1, phenyl, and phenyl (Cl.4alkyl)-, or RIO and R17, together wth
the nitrogen to vx/nh@dmzt hey are bonded, forma 5-, 6-, Ofpiz 7- nmenber ed
nitrogen containing ring, and R76 and Rl7are each optional | w"substi tuted

15 by one or two groupg ected from hal o, Cl$al kyl, al oal kyl ,

Cl1, 6al koxy, hydroxy°>sutsf gt eFHERMHERK Kl RIG I R79, (XCONRLSR ,
-NRt"C(O R19, or a 5-, B or menbered heterocyilc rimg;" R 8 and Rl8are

i ndependent |y sel ected from hydrogen, C1.5al kyl, C2.Scgfoal kyl, phenyl,

From ot 4 SR ot iaPersaolls wereabuBeRBont |y el act ed from hydrogen. - -
Cl. 6al kyl , Cl$ahkieayintegat of from#HeByl , and Cl$hal oal kyl ; and R14 and R75 are
the Lotal number S iicagreP it 4 PR dopr fprtY LT 10 PLATTSY T
t he conpounds oWitlh the Risvige thal mitreis §ie i) prRferably HlodRer abl y attached to the
R" is ~XSO,NR*R"
10  wherein X is —{CH,),- or C,¢ alkenylene;
R' and R are independently selected from hydrogen, C,ealkyl, C; ;cycloalkyl,
C(O)NR™R'™, phenyl, and phenyl (C,_alkyl)-,
or R™ and RY, together with the nitrogen to which they are bonded, form a 5-, 6-, or
7- membered nitrogen contalning ring, and R™ and R" are each optionally substituted
15 by one or two groups selected from halo, C, salkyl, C,ghaloalkyl, C,salkoxy, hydroxy-
substifuted C, salkoxy, -CO,R™, -SO,NR"™R™", -CONR"R™, -NR*¥C(O)R™, or a 5-, 6~
or 7-membered heterocyllc ring;
R*®and R"are independently selected from hydrogen, C,salkyl,
Caecycloalkyl, phenyl, and phenyl (C,alkyl)-; and
20 pis aninteger of from O to 6, preferably from 0 to 4;
R* and R" are independently selected from hydrogen, C,.¢alkyl, C,.salkoxy, halo,
phenyl, and Cghaloalkyl; and
R* and R are independently selected from hydrogen and C,alkyl with the proviso
that the total number of carbon atoms in R™ and R* is not more than 4.
25 In the compounds of formula {I) the group R is preferably attached to the
meta-position relative to the ~Q-(CH,),- link.
R" preferably represents ~SO,NR"™R" wherein R* and R" are independentiy
- selected from hydrogen and C,.calkyl, more preferably R" is ~SO,NH,.
R" and R' are preferably independently selectad from hydrogen and methyl, more
30 preferably R™ and R*™ are both hydrogen.
m is suitably 4, 5, or 6, and n is suitably 3, 4, 5 or 6. Preferablymis5or6andnis'3
or 4, such that m + n is 8, 9 or 10, preferably 9.




met a-position relative to the -O(CH2)6- Zink R' pref | v _repr ts
- SO2NR76R17wherein R18 and R17 are independently selMogen
and Cl.eal kyl, nore preferably R' Is -802NH2. Rl14 and R78 are preferably
| ndependent |y sel ected from hydrogen and nethyl, nore 30 preferably Rl14
and R16 are both hydrogen. mis suitably 4, 5, or 6, and nis suitably 3,
4, 5 or 6. Preferably mls 5 or 6 and n is"3 or 4, such that m+ nis 8, 9
or 10, preferably S. 29 Novenber 2005 13, More especially preferred
conmpounds of formula (X) are conmpounds of fornula ()(a) R11 HO (% .)- HCH
NH(CH) / -{ - O (CHMgremspedigliyprefered compounds ¢ fagmula 09are campogudswdit e t her eof
wherein R' I's gsm@Rfkayed above for formula (X). Further nore especially
preferred conpounds of formula (X) are conpounds of formula ()(b): R
HO - (x' - I4CH NH(CH )- -O(CH) __ 2

HOCH,

R‘H

HO iHCHzNH(CHz)a —0 —(CH,)‘—@ (Xa)
H

5  orasalt or solvate thereof, wherein
R"is as defined above for formuia (X).
Further more especially preferred compounds of formula (X) are compounds

of formula (Xb):

HOCH,
R"

H

or a salt or solvate thereof, wherein
R" is as defined above for formula (X).

In the compounds of formulae (Xa) and (Xb), the group R*' is preferably

attached to the meta-position relative to the -O(CH),, -0-(CH,),- or -O-(CHy)y- link
15 respectively.

In the compounds of formulae (Xa) and (Xb), R™ is preferably ~SO,NR¥R'"
wherein R" and RY are independently selected from hydrogen and C,alkyl, more
preferably R'" js ~SO,NH,.

In the definition of R where ‘R™and R"" together with the nitrogen atom to

20 which they are bonded, form a 5, 6-, or 7- membered nirogen containing ring’, the
tem "5+, 6-, or 7- membered nitrogen containing ring” means a 5-, 6-, or 7- ,
membered saturated or unsaturated ring which includes the sulfonamide nitrogen
atom and optionally 1 or 2 other heteroatoms independently selected from nitrogen,
sulphur, and oxygen. Suitable examples of such a ring include piperidinyl,
25  morpholinyl, and piperazinyl.

In the definition of RY, specifically the optiohal substituents on R'® and R",
the term “5-, 8-, or 7- membered heterocyclic ring” means a 5-, 6-, or 7- membered
fully or partially saturated or unsaturated ring which includes 1, 2, 3 or 4 heteroafoms
independently selected from nitrogen, sulphur, and oxygen. Suitable examples of

10



223 (AY) 10 - Hor a ask or solvate thereof, wherein ' is_as gsgined
above for formula (X). In the conpounds of formulae ( —the
group R11 is preferably attached to the neta-position relative to the

-0 (CH2) , -O(CH2)4- or -O(Cl-WB- |ink 15 respectively. In the conpounds
of formulae (Xa) and (Xb), R' Is preferably -SO2NRR' wherein R7 and R11
are independently selected from hydrogen and Cl. eal kyl, nore preferably R
is -SO02NH2. In the definition of R' wherg 'R18 and R' together with the
nitrogen atomto 20 which they are bonded, forma 5-, 6-, or 7- nenbered
ni t rogen cont ai nguslyaring ipclude pysrolyt, furyh thiényj, pgridinylopyrazinylnpwrisiarieyl, imidezalide n

contai ni ng ring"iefiBa ’te@,aﬁ!-l, @anvl Mﬁr i Rl rd,lﬁ,ﬁ, rat ed
ri ng whi ch includes pﬁe sudlroonarr'r%'gase(a%lry%'roge ’ﬁ%?%%ug#op?@&a gﬁ "or 2

other het er oat orfdPR§EBENdent | y sel ected fromnitrogen, sul phur, and
oxygen. Suitabl e exaihedefiiftion beX the teinalkbifentrdfciitied Bt cidehd trafe

nmor phol | nyl , and,pi,perazi. . In th efinition of R7]1 _specifically the
opt i onal subs‘;ta i tsgﬁﬂﬁ@sbﬁw%ﬂeeémpl?&%a enyRoe grpps "“‘g‘!"'; 'é’-",’é@'r 7- nenber ed
heterocyclic ring" nEbsenipobinds dformuise (59, (X@)rine P&yl incilute aryasymmpahictcerte, y
saturated or unﬁh%%dee%r&h%w@ i ncludes 1, 2, 3 or 4 heteroatons

el ecte romnitrogen :

| ndependently s , sul phur, and oxygen. Suitable
exanpl es of 29 Novenber 2005 13 such a r§thg include pyrrolyl, furyl,
t hi enyl, pyridinyl, pyrazinyl, pyridazin;; i m dazolyl, tetrazoiyl,
tetrahydrofuranyl, oxazolyl, thiazolyl, thiadiiazolyl, piperidinyl,
nor phol i nyl , agthupi ke presamyinvertion inbaded dbihr$) and R)ahadtjortelseceitherim

or SR edd DRSO OB My peSlCL O 1 L0 TPl
and () (b) include anSigdgriynuhere R"ced Ri*are difasent bypups, thecabpp atopttewhish  t he - CH-
group. The presegy atdBiBidd®lan diymHaeR chitfetank e pRiEnt(fentthdrtiuaedBsts €1 t her
'n (8) and (R) enantiomers at this centre either in substantially pure form or admixed in
any proportions.
15 Thus the combounds of formulae (X), (Xa) and (Xb) include all enantiomers
and diasterecisomers as well as mixtures thereof in any proportions.
The most preferred compound of formuta (X) is 3-(4-{[6-({(2R)-2-Hydroxy-2-
[4-hydroxy-3-(hydroxymethyl)phenyllethyl}amino)-
hexylloxy}butyl)benzenesulfonamide or a salt or solvate thereof.
20 Salts and solvates of compounds of formulae (X), (Xa) and (Xb) which are
suitable for use in medicine are those wherein the counterion or associated solvent is
. pharmaceutically acceptable. However, salts and solvates having non-
pharmaceutically acceptable counterions or associated solvents are within the scopa
of the present invention, for example, for use as intermediates in the preparation of
25  other compounds of formulae (X), (Xa) and {Xb) and their pharmaceutically
accaptable salts and solvates.
Suitable salts according to the invention include those formed with both
organic and inorganic acids or bases. Phammaceutically acceptable acid addition salts
include those formed from hydrochloric, hydrobromic, sulphuric, clric, tartaric,
30 phosphoric, lactic, pyruvic, acetic, trifluoroacefic, triphenylacetic, sulphamic,
sulphanilic, succinic, oxalic, fumaric, maleic, malic, glutamic, aspartic, oxaloacetic,
methanesulphonic, sthanesulphonic, arylsulphonic (for example p-toluenesulphonic,
benzenesulphonic, naphthalenesulphonic or naphthalenedisulphonic), salicylic,
glutaric, gluconic, tricarballyfic, cinnamic, substituted cinnamic (for example, phenyl,



10 substantially pure formor adm xed In any proporti Sim | wher e
R14 and R15 are different groups, the carbon atomto ol

attached is an asymmetric centre and the present invention includes both
(S) and (R) enantioners at this centre either In substantially pure form or
adm xed in any proportions. 15 Thus the conpounds of fornmulae (X), (Xa)
and (Xb) include all enantioners and diastereoisoners as well as m xtures
thereof In any proportions. The nost prgferred conpound of formula (X) is
3-(4-([6-({(2R) - 2- I—Zdrox y- 2-

(4- hydr oxy- 3- ( hygftukynethory of halesipsttated singamis, ingluding 4-methyl and 4-

hexyl ] oxy) but yl hﬂﬂi&iﬁ:ﬁﬁﬁ:ﬂicfa& %&%:&Bleﬁ ﬁa%hﬁwi@rh ﬁﬁrﬂm&%ﬁﬁﬁﬁmp@ﬂ Salts

and sol vates of co oun%ir’ orrm ae a an

suitable for us8 ¥ apfthairle naphtlale H %*ﬁ'@rﬂe ?"8‘ ‘38FV'§SSOC| at ed
solvent Is phabemobm-mmbkyhemtcemoablhgdmmv&vmﬂmbﬁeazmd- sol vat es havi ng

non - Phar TRCSut |l AR AR E NP L B B BRRREL ) SH BAlNATS 2

within the stop resen ven
| nt er nedi ates i midﬁfhpnwautmllycamabmmmml@d@mmdﬂumsa!tsoﬂkﬂllnml (X)),

Xa) and (Xb) a | rfrﬁ&ﬁlrﬁ ol vat es.
(Sw%able gal%s g&gtg% |a{r?tﬂ%gt e I nve tlolmfil ‘ﬁ?ﬂ{? !t-tﬁose %orgrr‘gﬁdta\'sfmth bot h
organi ¢ and i nowgﬁrﬁféa'%m(ﬁ‘dnga“dﬁﬁ'ﬁrwm@aﬁsf”%w&m%'add
addi tion sal es am,ﬁghﬁmﬂdﬂ@a fueammel from hydrochl oric, hydrobromc,
sul phuri c, tric, tartaric, 30 phosphoric, lactic, pyruvic, acetic,

trifluoroacetic, tri phenyl aceti c, sul phamc, sul phani lic, succinic,
oxal i ¢, fumari cGompiundsof formuladiX), gKa)tandiXb) mag pe ptepared by sdfaramxetto Example

met hanesw phoni fd hﬁﬂﬁ? I p,ﬂp
p-t ol uenesul pho}?fei C, ehzt%ﬁ@%ﬁ ElfﬁBnl cLsgsLjha ##gﬁ'{e"gm phoni ggsc?? known
napht hal enedi smepn@m c), salicylie, glutaric, giuconic, tr| car baI lylic,

ci nnam c, substitut @ghesi {p,ga%,ﬁp({uf.,gg cﬁxi%ﬁmgg (Dpla%n% y 405 14
met hyl , met hoxy or hal o substituted ci nnamc, including th and 4-
r%ﬁy‘ﬁ%ﬂp?%‘

met hoxyci nnkivi ccoRPPHtion  saraRsisisn cthe opampeund, g5 feryiac () 1#pd RbPs (for
examlhell or2 ?adF&‘nldfeeébfor?agBﬁiﬂbmpﬁé?derwdmrb&ébb aﬁameld‘osébf)éaonmm%le |
na al ene- 2-ac enzoj c, enzol c,
o obory o deleftoy S b st Sorhpostiof dies o4 dIRAHIE FGH 18, uBHEeRt ¥P

1, 4- benzenedi acres;piraboy disuidars effbdt deg dn thectregbnenPlof pstroa wir iGRRD, ypaticdanit abl e
base salts |nclagﬁilﬁ.‘ ﬂ\m@?iH@régﬂﬁﬁ’e alkali nmetal salts such as those of

sodi um and pot assi u Ine earth netal salts such as those of calcium

and magnesi#m and sExamplag of antbhigtamines iselydesmethanyrilare ofilerpledipg Expmples of
anti-allergics include cromoglycate (eg as sodium), ketotifen and nedocromil {as as

sodium). Examples of anti-cholinergics include ipratropium (eg as bromide),
tiotropium, atropine or oxitropium. Any of the aforementioned substances may be
employed in the form of alternative salts or solvates thereof.

25 Other suitable combinations include, for example, other anti-inflammatory
agents eg. NSAIDs (eg. PDE4 inhibitors, leukotriene antagonists, INOS inhibitors,
tryptase and elastase inhibitors, beta-2 integrin antagonists and adenosine 2a
agonisis)) or antiinfective agents (eq. antibiotics, antivirats).

Of particular interest is use of the compounds of formula (I) in combination

30 with a phosphodiesterase 4 (PDE4) inhibitor. The PDE4-specific 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 othef members of the PDE family as well as
PDE4. Generally it is preferred to use a PDE4 Inhibitor which has an ICgg ratio of

35 about 0.1 or greater as regards the IC5p for the PDE4 catalytic form which binds



am ne and N nethyl-D- gl ucam ne. 10 Conpounds of formnul X) nd ( Xb)
may be prepared by reference to Exanple X recited beggﬁgﬂ%¥ﬂégé§§8§us
processes, or by other conventional processes known per se. Since the
conpounds of fornmula (1) are long-acting, preferably the 15 conposition
conprising the conpound of formula (1) and the | ong-acting P2

adrenor eceptor agonists will be delivered once-per-day and the dose of each
will be selected so that the conpositigg has a therapeutic effect in the
treat ment of res&F'atory di sorders effect (eg in the treatnent of asthnma

or COPD, parti cUP#any with 3higheflingdyided byt iCso BF thedera whidh hindswgfipeae with
anti-hi stamn nes 4 iﬁﬁ|aﬂﬂ@y rBi @z&mbéeslaﬁmerdusheécﬁé ¥ ogap Eetélﬁwsﬁéwﬁ}éh binds

anti-allergics i %ng r ono ketotifen an
nedocr om | (as diet

cat eg .as So
aﬁrﬁw gf&fsf? is, flenominzt th%r oy ity c'l"’ﬁﬂﬂ,g site
i pratropium (eg (E@Bﬁbaucﬂﬁz)a otherr ifartnr of [this) tatalpticr site iwhich Qinde rolipksdpwitha hiihy of
t he aforerrentlo o f ative
salts or sol vat %@ﬂ!{t}ﬁ%&%ﬁ%ﬁﬁ%ﬁd @KB@R aﬁﬁ@%ﬁ&ﬁ@sﬁﬁ nat | niﬁ%% %&Bé‘gr
exanpl e, ot her &Reuld Rgipe genfessd mith thedermt"BPREA" wiisi\isDsed bgienﬂe)ﬁmanﬁmﬂiﬂ tors,
| eukot ri ene ant mbﬁﬁeﬁmehtél%ré &imbaéoo{osestabﬁshma =R Y rA %md5

i nhi bitors, beta Et egsrl n .ant agoni sts and adenosi ne 2a a oni st s or

antiinfective agei® of $hig werk &t qiven indhe Bipding,fsspys egscbediin defailbelownt er est
| s use of the corrpoumés phdferfedr FDE2 |(|Hn!)itorsnot3QﬁbliﬁaﬁlisomverﬁﬁnVWlll hbea those

phosphodi est.,er a I nhi bitor -specif.ic inhibitor eful In
thi s aspect lgf ??e]mepou r’(ﬁcﬁnhﬁ’ﬁy %88 Iﬁtﬁv ?19 dpﬁ%ﬂ'ati S SCIEURES: H’ht‘j’ﬁhi bi t

t he PDE4 enzynprefarentipllydishibitcAMPomatalytic wvmmmaemﬁn therformbthatdiinds and
which are only | r nbers
of the PDE fam f%grsn “\/’\'@W% %%@&Q@Egﬁﬁ%ﬁﬁﬁtp }mi %r rateoagr%@@uasrgea PDE4
| nhi bi tor whi chlifkad tosiphibiingthe farmowhigh bJIB’Sa?i'G@!" '@ﬁhla bis gfﬁeat énother waydar ds t he
| C50 for the PDEieHbad Wiat ﬂuef&éfmr&h clAd3AAN 3%%@"5’9%-02%&501@' i pram

O b e Nt s e P S e S e o "
catal ytic site high afiniyidivitied biRthanClisgJor thé fopi ahichbihds raligrasvwith & low dfhity.s
denor vt Dy iyt o P o o W e P g R ™
denoni nat ed t hdCshirgfle off dltjont Oy1" ofwrﬁaiernga!d iretls i HRDE:tIO) of The $050evalnel fdPDE4"

; B(ézl d not be cQpeiRcvith the' bindiRg bl of 1BlHRGolipiM fol fofin BFPBEL Anide BRES human

20 rolipram with a high affinity over the ICgg value for inhibiting the PDE4 catalytic
activity of a form which binds rolipram with a low sffinity using 1pM[SH]-cAMP as the
substrate.

Examples of useful PDE4 inhibitors are:
(R)-(+)-1-(4-bromobenzyl)-4-[(3-cyclopentyloxy)-4-methoxyphenyi]-2-pyrrolidone;

25 (R}{+)}1-(4-bromobenzyl)-4-{(3-cyclopentyloxy)-4-methoxyphenyi}-2-pyrrolidone;
3-(cyclopentyloxy-4-methoxyphenyl)-1-(4-N'-{N2-cyano-S-methyl-
isothioureido]benzyl)-2-pyrrolidone;
cls 4-cyano-4-{3-cyclopentyloxy-.4-mathoxyphenyl)cyclohexan—1-carboxylic acid];
cis-{4-cyano-4-(3-cyclopropyimethoxy-4-difiuoromethoxyphenylicyclohexan-1-ol;

30  (R){+)-ethyl [4-(3-cyclopentyloxy-4-methoxyphenypyrrolidine-2-ylidene]acetate; and
(S)-(-)-ethyl [4-(3-cyclopentyloxy-4-methoxyphenyl)pyrrolidine-2-ylidene]acetate.

Most preferred are those PDE4 inhibitore which have an ICg(q 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-
35 methoxyphenyl)cycliohexan-1-carboxylic acid, 2-carbomethoxy-4-cyano-4-(3-



Initial experinments were conducted to establish and validate 2. l'i pram
binding assay. Details of this work are given in the—%ﬂ@fﬁ%&&g@g
described in detail below The preferred PDE4 inhibitors of use in this

i nvention will be those 10 compounds whi ch have a salutary therapeutic
ratio, i.e., conmpounds which preferentially Inhibit cAMP catal ytic
activity where the enzyne is In the formthat binds rolipramwth a | ow
affinity, thereby reducing the side effggts which apparently are linked to
inhibiting the forth whi ch bi nds rollpramvvlth a high affinity. Another way
to state this i%¥ PWY'W’WM@P wiphenyheysiobgxan-1ipne endieis-[4a¥ena+t i o of

about 0.1 or 15 (g&pdd orb,lﬂgmg,,@gﬁ},n ci&ﬂ&arP ﬁ&&g}aytlc form

whi ch bi nds roII |n| tﬁ[ow)/ | C50 for the form
whi ch binds rol | tcﬂmBO‘f "Mf‘l R @WE‘H@F&“S@“FM s
standard is thatvvtﬂﬂlhavaean/\lh:gﬁeatinofneo%en nh| bitor has an 1C50 ratio of
about 0.1 or 49 r he ratio of the IC50 val ue for

conpet i ng W|th t equ?fﬁgﬁr?gsg F'%ﬁ}{ﬁﬁ!'}d ‘3 R-rolipramto a formof PDE4 which

bi nds 20 rolipr &Wwwsaeimuglm léSﬂPaWtﬁ%‘&:@G issived 0T Septombanc19B8;this pateti t i ng
the PDE4 catal yghe thea&frﬂpﬁhﬁdé npﬁfsaod‘ee ah8 @&%rﬁé?azéa ﬂ&%tnriﬁ'futpsﬁ@régésﬁgP Lﬁ

affinity using 1rﬁl\4u as rate | es "o
inhibitors are: pound ofpartlcular interest whfch is disciosed in U.S. patent5552,438 ISOI3-4-

(R -( +) 1- (4-br oymbaqa-y (oycidpdntyloxgyamemerybidnghcydiorexamt hearbdhmnutid -@seyr rol i d
one,;

(R) - (+) 1 (z} br eaﬁzc'ﬁ"}al%n[a("g'tﬁ§%'pe§mmrﬂgsz?r3%ﬁﬁ'>{%ﬁ9nyl] 2-pyrrolido

ne; 3-(cycl opent\\ﬂfb%%d-fmhﬂwytplb&amm bt 414158 EFNIQ int $pnp MedrGhisiny(Sept 6-
I sot hi ourei do]b
ﬁf‘@ein)amﬁp)oi’dg"a o rreﬁ}%;(y %&z&denlpohexa tive nominated NCS-613

MR SR U P A A ST R L L R
30 (R{+)-et hyl inhibitor -identified as CI-1018 (PD-168787 Paake-Dawstamer-Lambert) a
s A e TR AT R g KT

[ 4- (3- cydopent yiﬂappy(Léndws Ho.xmmwt@na“spal [Aﬁinmeoﬂg Hur maeBMQSqit e19-23MVbst

preferred are t J ) I d9 of at er
than 0.5, and pg% Bgérél l'&{éh é(aéan%% )'hﬁﬂ maﬁ % 'écgt t han
1.0. Pref erred"ﬁéﬂﬁﬂpﬂnﬁcﬁsﬁaﬁ ethdaamneyﬂl@@%?!i@ ﬁ'qld(ﬂylsﬁl-l!ﬁleoxgr a40dﬁfpoﬂnd

met hoxyphenyl ) q ROBELQE g-(3 29
Novenber 2005 ﬁ?ﬁ%ﬁ?ﬁ@l ne%x%ety%klgqﬁ u%r%‘%lrat‘ﬁoxyp eny cyglnﬁgxan | - one

and cis-[4- -cycl opr opyl met hoxy- 4-di f | uor onet hoxyphenyl
cyci ohexan-| - ohotihediestareee artirplanBisingmggRUNTs vhi ch bind preferentially
I C

E;(r)e;[lgrl ow aff'A@ééyymngudiﬁg site and h have an 1 C50 ratio of 0.1 or
Isolated human monocyte PDE4 and hrPDE (human recombinant PDE4) was
determined to exist primarily in the low affinity form. Hence, the activity of test

25 compounds against the low affinity form of PDE4 can be assessed using standard
assays for PDE4 catalytic activity employing 1 pM [3H]cAMP as a substrate (Torphy
st al., J. of Biol. Chem., Vol. 267, No. 3 pp1798-1804, 1892).
Rat brain high speed supematants were used as a source of protein and both
enantiomers of [3H}-rolipram were prepared to a specific activity of 25.6 Cifmmol.

30 Standard assay conditions were modified from the published procedhre fo be
identical to the PDE assay conditions, except for the last of the cAMP: 50mM Tris
HCI (pH 7.5), 5 mM MgCla, 50pM 5-AMP and 1 nM of [SH]-rolipram (T orphyet 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

35 ligand using a Brandel celt harvester. Competition for the high affinity binding site




5 O her conpounds of interest Include: Conpounds set out in U S. éent
5,552,438 |ssued 03 Septenber, 1996; this patent ancﬁ%&@'@%ﬁﬁ@—it

di scl oses are incorporated herein In full by reference. The conpound of
particular interest, which is disclosed in U S. patent 5,552,438, iscis-4-
cyano- 4-[ 3- (cydopentyl oxy) - 4- met hoxyphenyl ] cycl ohexane-1 -car boxylic acid
(also 10 known as cilomalast) and its salts, esters, pro-drugs or physical
forms; AWD-12-281 from Astra (Hofgen, Ny;at al. 15th EFMC Int Synp Mdd Chem
(Sept 6- 10, Edi nburgh) 1998, Abst P.98); a 9-benzyl adeni ne derivative

nom nat ed NCS- 613s apsengseiRpyler eanditians thatovereddentioa! 4o theee ugaddforSneasutingylow| ough;

a benzodi azepi nesmREFDE AdidiDl th oA 18 (PD-188787;
Par ke- Davi s/V\aﬁ r-lLarrbert!';hpal?ljhjlég';t bﬂmﬁgggﬁag%@ﬁs&g‘five Kyowa Hakko
di sclosed in -11294A from Napp (Landells, L.J. at al. Eur
Resp J [Annu CoMgasuemént sfPHoephodepiasd ActR®y CGeneva) .1998] 1998, 12( Suppl .
28): Abst P2393), _roflum | ast Sre - 3)..and a
ot hal as; none® (VEP5 ey es Aaybtbe £ (AN or ISR SH oo fodly o
T- 440 (Tanabe Se$ \Wakaiibed-iyi the Ksupplier 4Amerdhanin diferclvigncas)p Thee reati®nsg, wer@ 0
284(1):162). Ph I¢ Welf Lhdi pg t hod 1A
| sol at ed human %E@% ??ﬁ%ﬂ%r@%f%ﬁ%c@nﬁﬁgmﬁ Ifu.dégéﬁé\au@
det ermi ned to eSqnigining {finglqoncentrationple FOoMMaFrisiHGLtBH 7.8+ $3 MM ML, 1-KeMctivity
of test 25 conesm,dpagamﬁﬁ%} [BiecEmP @proxhatily 20000 dpm/RRSY endymd@n@ssessed
or
ce

usi ng st andzéd ‘?a%gl?%s lﬁ{ﬂ?ﬂi’)‘gllof?h\a?ti%l%/ﬂ%g: ‘l%%tag?lgt s%e%ytigg)%wlﬁg& %%Ir-l] CAMP
as a substrate o \ ol ) ' ) .

p]|91798- 1804, é%ﬂ)mas%niﬁﬁ?i@&ﬂd@bf&pﬁﬁ@%%ﬂdﬂaﬂi@w seaaetrﬂhumgemsw sour ce
of protein an ot enant rs o - | m, wer réepared, to, a

Spent 1o meri i it 1o paR e ihait bod b, B Rl b PRPERLIOIEF .

modi fi ed from t20emipuBhdisihksdedprodustiomemticnwircassessed bicsdintijation secfridietys say

condi tions, ex -ofrath BRdhaslsapf the cAMP: 50mM Tris HC (pH 7.5), 5 v
MyCl2, 50M 5' - 1-rolipram (Torphyet al., J. of Blot.
Chem, Vol . 15267'[“9%.}1R3'°W"?@8‘dﬁ3@§§a¥1%29@”°w bysraedjficalion of the method ofhour at
35 11 gand s g e e T e Mgl 11 ni
30 9and, USt 1 A Hn0REh 8ot o ST G RRRSR e MR Bl LY
i dentical to tIRelipramsbirdisito thenmtabtic sitegoflRRDE4 saé Tonphy ot aP[MolaPharmadol, Vaxpect
that [3H -cAW éé?%p.”%ﬁéﬁfd&;. Consequently, competition for [3H]R-rolipram binding
20 provides an independent confirmation of the PDE4 inhibifor potencies of unlabeled
competitors. The assay was performed at 30°C for 1 hr in 0.5l buffer containing
(final concentrations); 50 mM Tris-HCI, pH 7.5, 5 mM MgCl,, 0.05% bovine serum
albumin, 2 nM [3HJR-rolipram (5.7 x 104 dpm/pmol) and various concentrations of
non-radiolabeled Inhibltors. The reaction was stopped by the addition of 2.5 ml of
25  ice~cold reaction buffer (without [3H]-R-rolipram) and rapid vacuum filtration (Brandei
Cell Harvester) through Whatman GF/B filters that had been soaked in 0.3%
polyethylenimine. The filters wers washed with an additional 7.5 mi of cold buffer,
dried, and counted via quuid scintillation spectrometry.
The invention thus provides, in a further aspect, a combination comprising a
" 30 compound of formula (I) or a physiclogically acceptable solvate thereof together \;vith
a PDE4 inhibitor.
The combinations referred to above may conveniently be presented for use in
the form of a pharmaceutical formulation and thus pharmaceutical formulations
comprising a combination as defined above together with a pharmaceutically
35 acceptable diluent or carrier represent a further aspect of the invention.




Assay net hod 1B Measurenent of Phosphodi esterase Actiyi 5 RPDE LVity
was assayed using a [3H cAMP SPA or [3H] cGWP SPA enzm%%scri bed
by the supplier (Anersham Life Sciences). The reactions were conducted in
96-wel | plates at roomtenperature, in 0.1 m of reaction buffer

containing (final concentrations): 50 mM Tris-HCI, pH 7.5, 8.3 nM MyCl12,
1.7 MM EGTA, [3H GAMP or [3H cQGW (approximately 2000 dpm pnol ), enzyne
and 10 various concentrations of the Inkgbitors. The assay was allowed to

proceed for 1 hr and was terninated by adding 50 pl of SPA%@;I‘I um
silicate beads in theedpdddsteompounds;of such gombinationymay be Adminispredelf®bken and

al l owed to st anseqabntiapon dmmaﬁmkng iresep&rtite of Qorfibifad Mﬁé&b&l&ﬁf@ﬂmﬁh&rﬁuﬁ

L?Lgﬁlbogs\gg; 1§l§esseg ’t_z% scintillatio ﬂlﬁsﬂﬁﬁ‘%ﬁg‘g‘;@'ﬁ%@' 8 SH%?I%?ngyk@ram

nodi fi cati on of skitlhd inthe ahd of Schnel der and co-workers, see N chol son, at

al ., Trends Pharnmac al .,
Mol . Phar macgl , Voﬁlhegglp‘ﬁ?gg 1f§ 1398)0%‘1]% K pr %agﬂgggé‘ﬁ%%&?%%

catal ytic site Bethpiyogy vgonsiiiuiing afyrthenaspact of this inventing. .
376-384 (1991). Conwau@sbhwwr&@rmmd.ﬁoeaﬁbnffs\r BIEP%H.&B@&@ dunli dfokthulslfing 20
provi des an i ndepe pHdesé confl r mat I°&a°§ @ i nhi bi tor potencies of
unl abel ed conp‘@?’l %HE‘H'? Pred at 30C for 1 hr in 0.5 pl
buffer containing (fi naI concentratl ons): 50 MM Tris-HCl, pH 7.5, 5 nM
MyCl 2, 0. 05% bovi ne serum al bum n, 2 nMc[ &irolipram (5. 7 x 104 dprn

prol ) and various concentrations of non-rafli otabeled Inhibitors. The
reaction was stopped by the additimgg Sl MORaf 25 ice-cold reaction

buffer (w thout [3HL-R-rolipram ang Bmfiltration (Brandel Cel |

ad been soaked in 0.3%

pol yethyl enimne. The filters w fd with an additional 7.5 m of cold
buffer, dried, and counted vi d_kcinti y | ation spectronetry. The

i nvention thus provides, in a%ur t aspect {”a conbi nati on conprising a

30 conpound of formula (1) or a physuQI ogi cally acceptabl e sol vate thereof
together with a PDE4 inhibitor._The conbinations referred to above nmay
conveni ent |y bavheralns@h R R RSiandi ST "iate ag dafingdabevef a phar neceut i cal

formul ati orypand t hug, tR5 prodBEI doRipburidUF forhd { tlQHl%y b6 Petiael With JorexampB] nat i on
as defined above toget her w th a!‘?lhar maceut j C&ﬂf?fx'?fﬁ%5 accept abl e diluent or

carrier repr es @R APRYORTAS #liky orhalalkyl hgldew %% Novenber 2005 18
When R, represents fluoromethyi, the preferred haloalkkyl halide reagent is

bromoflucromethane.
Compounds of formula (1) may be prepared from the corresponding 17a-
15 hydroxyl derivative of formula (lII):

(i

wherein R2, R®, R%, R°and ™ are as defined above, using for example, the
methodology described by G. H. Phillipps et_al., (1994) Joumal of Medicinal
Chemistry, 37, 3717-3729. For example the compound of formula (I} may be
reacted with a compound of formula R,COOH or an aciivated derivative thereof eg an
20 activated ester, anhydride or halide (eg the acid chloride). The reaction may be




The individual conpounds of such conbinations may be adm ni stere |t her
sequentially or sinultaneously In separate or conbine%wéﬁﬁﬁﬂﬁgﬁﬁggéél
formul ations. Appropriate doses of known therapeutic agents will be
readily appreciated by those skilled in the art. 5 The conpounds of
formula (1) and solvates thereof may be prepared by the nethodol ogy
descri bed hereinafter, constituting a further aspect of this invention. A
process according to the invention for Ryeparing a conpound of fornula (I)
conprises al kylation of a thioacld of fornula (I1) R6 wherein R2, R2,

R6 and ' are as Pa@mmadd Eﬁm}’%ﬁeﬂ@dlaﬂl arganic gaiventess tristidamivepesually togethery rrul a

(11) may be reagitR diméHylmi %mgh . an appropriate al kyl or hal oal kyl
hal i de under standard condi |ons v%g% R, represents fluoronethyl, the

preferred hal oal kyl Rayads: of feymyla (1 may be ArARaled i, AgrORiaRee WithrecsdHes of
formula (I1) rraueémﬁquammtssmmctoh@omroeﬁmnd(mygnay?aso Bprayedly b
derivative og f q?ﬁ+h%) %@w& Fﬁ? wherein R2, R2, R, R6 and are as
defi ned above, S|ng ot foN psrrethodology descri bed by G H
Phillipps at al., (1994) Journal of Medicinal Chemstry, 37, 3717-3729.
For exanpl e the conpound of fornula (111) may be reacted mﬁth a conpound
of fornula R2OOCH or an activated derivative thereof eg an 20 activated
ester, anhydride or halide (eg the acid chloride). The reaction may be 29
Novenber 2005 19 perforned In the presence of an organic solvent eg
triethylamne, usually together wth dinethylam nopyridi ne (DVAP).
Conmpounds of fornmula (Il1i) may be prepared in accordance wth procedures
described In GB 20888776. Conpounds of formula (111) may al so be prepared
by a 5 process conprising the follow ng steps: 29 Novenber 2005 20 off sw

(9)



F Stifle Step (a) conprises oxidation of a solution containing th onpound
of formula (I1V). Preferably, step (a) wll be perfor%%dﬂﬂﬁﬂ¥ﬂ§5%§85ence of
a solvent conprising 5 nethanol, water, tetrahydrofuran, dioxan or

di et hyl ene gl ygol dinethylether. For exanple, so as to enhance yield and

t hroughput, preferred solvents are nethanol, water or tetrahydrofuran, and
nore preferably are water or tetrahydrofuran, especially water and
tetrahydrofuran as solvent. Dioxan and djethyl ene gl ygol dinethylether are
al so preferred solvents which may optiofally (and preferably) be enpl oyed
together 10 with water. Preferably, the solvent will be present in an
anount of between 3 and 10vol relative to the amunt of the s arting
material (1wt.), -

equi val ents rel atiyg ‘ : G 28 = 'ié%arrpl e,
e t he oxidising

agent 15 may be ; v it. Pelative to
the anmount of the stfarting materi al (1wf) nore preferably between 1.1 and
3wt., especially 1.3wmt. Preferably, the oxidation step will conprise the

U_s;al 01;) a chem;jpal 05tedi () mm%dgﬁwasa&&h%@t hhlﬁg thfblﬁ&nﬁéﬁndbﬁfo?ﬂl[éig?nt
Wi e peri odi id or er eo referably,
the. oxi di st ng. A8 retpRPveen. ) B e sedpfeadh e SfsehE A AR SmpSin
especial ly per imethmOEmedbr Ntnahydmramedhgxa(lour dleihmlglygolnghmethvleﬂmt | Fat so be
appreci at ed th Wﬁléh& ation
reaction, gér)fe &\E ut| | S€ %‘.P?E%a‘ﬁ@mﬂ e“?]&y en aﬁ?éeﬁo%hgt i on
reaction ut | I | Suatery tetraquﬂﬂraM%@nre mfe'ablsete\wﬂr ogtstrahydrefusan, gsnesialit i on

will preferabl ywdog anméaa%ofm&’.ﬁ 8d vt onxﬁﬁ & dicthyiehe lglygoudﬁmkmdr gebat i ng
the reagents a roo% gerature or alittle warner, say around 25 25 C eg

for 2 hours. Isnts thichhmay qpiignafi (Rng areferahiy) be gmplpyed together
recrystalli mat ivth wakero IRréfaably StA6 sblent mimﬁ@sdnylnaﬂﬂarﬁdmﬂoﬁem’bn 3 and

i - sol f
vater surpri s 9o S A8 o B o0 el mpERIT R T mth pl R Bk 4 T
control the comad ﬁlVdnssmM 5wl Prefarihly the oddisinglaget is pragentdn gnamount of
preci pitated by cagdif & b a%%sqglkiw 6 ltﬂéeglﬁotﬁlgrf’ﬁé @famné\m%?e ral For example,

recrystallisation is orrre usin eg watertixe mxture

at a tenperat uMBeHf 59%5”’!!)3'4"%”9 [$elytipn ‘Eé’ﬁﬂ‘é’ﬂc a5ick i employeasiy the axidisingta0et may be
expect ed washavifaybeprdeitifin hiunt 8f BWSIRDIET antORivt. 2diative o/ thbakroumteof pieoduct

T tor - W houPbBls PR 5 MGy EAue B St SR Mgl ty
Preferably, the oxidation step will comprise the use of a chemical oxidising agent.
More preferably, the oxidising agent will be periodic acid or lodic acid or a salt
thereof. Most preferably, the oxidising agent will be periodic acid or sodium periodate,
20 especially periodic acid. Altematively (or in addition), it will also be appreciated that
the oxidation step may comprise any suitable oxidation reaction, eg. one which
utilises alr and/or oxygen. When the oxidation reaction utilises air and/or oxygen, the
solvent used in said reaction wilt preferably be methanol. Preferably, step (a) will
involve incubating the reagents at room temperature or a little warmer, say around 25
25 °C eg for 2 hours. The compound of formula (V) may be isolated by recrystallisation
from the reaction mixture by addition of an anti-solvent. A suitable anti-solvent for
compound of formula (V) is water. Surprisingly we have discovered that it is highly
desirable to control the conditions under which the compound of formula (V) is
precipitated by addition of anti-solvent eg water. When the recrfrstallisation is
30 performed using chilled water {(eg waterfice mixture at a temperature of 0-5°C)
although better anti-solvent properties may be expected we have found that the



product contains a |arge anmount of sol vated sol vent %E* n thg cggééal

| attice By contrast when conditions of around 10 C ed (eg
around anbient 5 tenperature) a granular product of a sand |ike consistency
which is very easily filtered Is produced. Under these conditions,
crystallisation typically comences after around 1 hour and is typically
conpleted within a few hours (eg 2 hours). Wthout being limted by theory
we believe that this granular product coptains little or -no of solvated
solvent within the crystal lattice. 10 Step (b) will typically conprise the
addi ti on of a r&HgEline praduettnreduter iscweny efuntinays, msembiéson pbit gelaaridds verya

bot hl oi e i i ke i tabl
carbot hl oi ¢ aci diait t'%iketd WitsHuP §8iRg iﬁ@h@ﬁ&a?ﬁ%ﬁ@&ﬁ@ﬁﬁt m.&igp&n i tabl e

coupl i ng agent eqg., carbonyl dii m dazo e presence ~a suitable

Sol vent “eg. i mBlyRrePipf eToecaMOHR G SRS AYETI M, thor ysihiaicel BYuhi ch

?Le not phyts! ol egitmet dvberawheiﬂﬁd rf%b:]lcf%rouﬂ\iﬁ ﬂ?"lﬁ &tﬂﬂglﬁﬁﬁqueiﬁ (ég_ﬂéretlﬁrillﬁéiﬁ tﬁétﬁst | BI
e preparatizon ounds or, r ysi ol ogl ca accept abl e

sol vates t heFeo*e?ﬁpFﬁagJ@dvgﬁfaQ 3%”8?‘"5%8%&?%%@%1"&)"%@% "ﬁ?’? )i ‘é%ﬂﬁﬂ?"y

sol vat es t her eofiltened/is pioduteddednden theba cdnditibrest crystaliisatidnctypicatip sorapaeas afted

denonstrate exc | anert| ] [ e

phar macoi dnet i Cﬁl{gktg@g#g@%gg%%ﬁ%@%f%gﬁg@ﬁo%ﬁﬁuFﬁ% rg:f[h %?'ag\{“ﬁve

si de- ef f ect pr oPfinglimitedfy{hearywe deliaye teat i urenulgnprodusteantainsdittisedr aotaf vi t v

for the gl ucocosdhat sdivefafithine sy<tdl 1aktas, Progesterone receptor and/ or

I ncreased széect I vit f@; ﬂ' u&glgyort I coid receptor nedi ated transrepresslon

over transactivati dér%p Wil ipically sopptisashea ot reRgRPESHitable for eyvRting f

treat ment | n huarearboxylict acktd a.cafbothioleaicidad sing hgaregenayiphite baskogdtive witact  t hat

t he substances | Ieal..an m.cal pro ties which

al l ow for readyé?rl}ntféﬁ‘a\'E’Jl gﬁbﬁcﬁﬂe&%ﬁlﬁ %&5@@"'% (ﬁgﬁf"ot\ﬁmgﬁagﬂqgg-gf? %?ll"?\g .

Exanpl es ||| ust#%@*qgh@i"ﬁmléqwamﬁe- EXAVMPLES General 30 LCMS was conducted

on a Supel cosi | nggmglgygf&mpgmsg%ﬁnm, solﬁavpment*%ug}ldéw%g%%%&$ 0.1%

HCO2H and 0,01 M anmoni um acetate | n water ( Yo HCO2H 5%
water In ack orl@y be usefid ss\jatsmediates ia ithe, preprtatiop| of sompRyinds of fopnula @) 86 ent
0-0.7 min 098, physoidgichlliactepabié@olvalesthdrest M n 098, 5.3-5.5 nmin 0%B at a

Pl atform 36 spect r oet SANERRS of Pt B UL i Aot TR R SRR o e
(ES+ve and ES- Jegude2theNfackrihatr tH@008bskidces appear to demonstrate excellent anti-
inflammatory properties, with predictable pharmacokinetic and pharmacodynamic
20  behaviour, with an attractive side-effect profile (demonstrated for example, by
increased selectivity for the glucocorticoid receptor over the progesterone receptor
and/or increased selectivity for glucocorticoid receptor mediated transrepression over .
transactivation) and are compatible with a convenlent regime of treatment in human
_ patients.  Further advantages may include the fact that the substances have
25  desirable physical and chemical properties which allow for ready manufacture and
storage.
The following non-imiting Examples illustrate the invention:
EXAMPLES '
General
30 LCMS was conducted on a Supelcosil LCABZ+PLUS column (3.3 cm x 4.6 mm [D)
eluting with 0.1% HCO.H and 0.01 M ammonium acetate in water (solvent A), and
0.05% HCO,H 5% water in acetonitrile {(solvent B), using the following elution
gradient 0-0.7 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
flow rate of 3 ml/min. The mass spectra were recorded on a Fisons VG Platform
35 spectrometer using electrospray positive and negative mode (ES+ve and ES-ve).



Internediates Internediate 1: 1 7a (Cvdobutyl carbonv 6a

9a- d(f | uoro- 116- hvdr oxv 16a- net hvl - 3- oxo- andr ost a- 1 58 Novéinber 2005
nmet hyl - 3- oxo- androst a- 1. 4-di ene-17p: orbot hl oi ¢ acid A sol ution of

6a, 9a-di | | uoro- 110, 17a-dl hydr oxy- 1ft - met hyl - 3- oxo-androsta-1,4 5

di ene-1713-carbothioic acid (prepared in accordance with the procedure
described in GB 20888778) (1lg, 2.42mol) in anhydrous dichl oronet hane
(20ml) and triethylam ne (0.88nl, 6.32pp0l) was treated at <5 C under
nitrogen with a solutjon of cyclobutanecarbonyl chloride (0.72ni,
6.31mmol ) in anHQEEEﬂEﬂEEChIoronethane (Snﬂ) over apprOX|nater 2min. The
sol ution was st iiktémid ; A q g

di chl or onet hane
carbonat e sol ut {8 9¥Argnd le tiokk

The organic sol utsomnowm%tdmmmaammm de—&d&isiée‘l an of f-white

foam (1.479) Wﬂh s dissolved 1n acetone (30nil) and treat ed with
1- et hyl pi peraz P8 1%6 Progrbothiein A¢id (prepareddn acsordgpice yith the Riggegire descrikeddy y added

to a stirred m msmaﬁmmmﬁmmhhmmas awldomaﬁa%)(ammﬂandce (55ml) and
e oL & ol 54 im0 e o R RS ., 1,
495 MH | nter nedi carclebtzanaﬁraer(ymrt&ndemmmammnm &iydrous dichloromathane
zgl?didia];ll:(ir?g- ééﬁ oth| ol é'am gwg%ﬁﬁ’ ared usi nﬁ%da? fogfsrﬁ“ g?d gnthat
descri bed fdf |ﬂﬂ!@ﬁn‘@aldmgmmetha&Wm)@némshsﬁsmcﬁs,sm!ym% sodim 509 MH

| nternedi ate 3: hylifoieh @@bﬁ@e@m&a(zbmnyfwmmﬁ@n@mdﬂaﬁ.&%%r (20m

B- hvdr oxv- 16a- t hvl x0- andr o al 4-diene-176-carbothjaic adg Pr epar ed
usi ng net hods s ?W%%@%WW@@F#%%@PWWPH? hugy a0 off-whits foamoy 5
retention tine @.4¥gywhich wasrdi&olﬁé’ﬂn hbbtdmt(mmﬂpdidamatedwxm 1-meﬁ1ylpiperazme
17a- (Q/dopropyl

net hyl - 3- 0xo- a r!itsgﬁﬂ%k gﬁ%z 5%,9 Jr‘%%é%@ '%%Wég&%flzrﬁ‘g met hods
simlar to that hydesblpiidrsit (ﬁ@nl) amiiee@éw and:the precipiGtwaseaiettedoandidriedind. 65mi n,
mz 481 M4 30 JaB&@thﬁﬁ:Q'tﬁétﬁle%mﬁ u%&ég%dé%ﬁ&(%%%'ﬁé%ﬁ%ﬁéﬁét@ﬁ& vl-17a- (1'

met hycycl oor ooyrcar bon'}l/ - -androsta-1. 4-di ene-1/6-car ioic acid
Prepared usi ng fimaht s’V’?d‘ %MHto that described for Intermediate 1. LCVB
Heatiyhnb) : BRI A

retention tine gerringdiki

methyl-3-oxo-androsta-1.4-diene-17p-carbathicic acid.
20 Prepared using methods similar to that described for Intermediate 1.
LCMS retention time 4.00min, m/z 509 MH*
Intermediate 3: 17a-(Cyclohexyicarbonylloxy- ifluoro- droxy-16g-
methyl-3-oxo-androsta-1,4-diene-17p-carbothiolc acid
Prepared using methods simitar to that described for Intermediate 1.
25 LCMS retention time 4.17min, m/z 523 MH*
Intermediate 4: 17a-(Cycl I oxy- 6o, 9a-difluoro-11p-hydroxy-
methyi-3-oxo-androsta-1.4-diene-17p-carbothicic acld
Prepared using methods similar to that described for Intermediate 1.
LCMS retention time 3.65min, m/z 481 MH"*

30 Intermediate 5; 6¢.9u-Difiuoro-11B-hydroxy-16a-methyl-17a~{ 1-'
ethycyclopro, nyl)oxy-3-0 1.4-d 17 B-carbothioic a

Prepared using methods similar to that described for intermediate 1.
LCMS retention time 3.75min, m/z 495 MH+



I nternedi ate 6. 6a 9a-Di fl uoro- 1l 8-hydroxv 16a nethyl-_--oxo-17a- s 2 2 3 3-
t et ranet hvcvdopopyl car bonyi ) oxy-androste-1 4-di ene-1 0344
Prepared using nethods simlar to that described for Internediate 1. LCVS

retention time 4.12mn, mlz 537 MH 5 Internediate 7: 1 7a-(2

2-Di chl oro-1 -met hvcycl oor opyl car bonvl ) oxy-6a 9a-difluoro- 11
Bhydr oxv- 16a- net hyl - 3- oxo- androst a- 1 4-di ene-178-carbot hi oi ¢ add Prepared

using nmethods simlar to that described,for Internediate 1. LCMS retention
time 4.20mn, nfr 563, 565 MNInterrredla e 8:

17a- (2. 2-Di Chl o Intermiediaip(6 ) Aoy Bord

hvdroxy- 16a- met pyl, ne: 178 : Prepar ed
usi ng net hods s ) FOMS retention
time 4.14nmn, nPneDMG@E&mhﬁbddsnhttartwﬂliatd&ssn’&dfﬁan@andﬁaﬁ goro-1 |

B- hvdr oxy- 16a- MEEI% retdritidn Gima 4.12mi +
met hvl enecvcl obutvl ca;% foxv I %13'(2(;535#& osta 1 4 di ene- 178 car bot hi dc

rmedi at e

kN

aar bonvDoxv- 3- o?@P%[ﬁ@Fﬂ'ﬁﬂetmwsﬂ“’@h_éﬂP?BWthiﬁwﬂﬁﬂ? Pr epar ed using
met hods si m | ar L¢MS reaéttiotltss 8.etaH, hesss sdsmpedi ate 1. 20 LCVS retention

time 3.90mn, mlz 495 M -1/ Interrredlate 11 ,
6a. 9a-[)if|uoro-'—5§é&'ﬂ?ﬁﬁx7 g¢-Lichiaroaylopranyloatbonyloxy:Ge. Sardiflug
| car bonvl ) oxy- 3 Hosia9 4 déHaalThek ' “» Pr epar ed using
hfgd retention time
g

met hods si il ar tﬁﬂ!ér‘-‘hi%’ |'H?S"£9uﬁéﬁ1q‘3'tt8 17a- (3

4.13nmi n, mz 509° |
3-di net hyI | cydd&ISy retemtitrotime 4. déevin, InlB 549561 My - I6a rret hyl - 3- oxo- andr ost a- 1

4-di ene-176- car!ﬁgw A% |g P Earég!u? ng t | ar to that
descri bed for | gﬂ% d"? r n 9m n, mlz 523 WH
| nte mat e 5a. eanefiiyleypeg bxdyi3en-andrbsid anatriip-ca

15 Prepared using methods similar to that described for Intermediate 1.

LCMS retention time 4.10min, m/z 507 MH*
diate 10: -Difluoro-118-hydroxy-18a-methyl-17a-(2-
methyleyclopropylcarbonyloxy-3-oxo-androsta-1.4-diene-17 B-carbothioic acid
Prepared using methods similar to that described for intermediate 1.
20  LCMS retention time 3.90min, m/z 495 MH*
ntermediate 11: 6a.9a-Difluoro-118-hydroxy-16a-methyl-17a-(1-
; 0: c-androsta-1.4-di ic a
Prepared using methods similar to that described for intarmediate 1.
LCMS retention time 4.13min, m/4 509 MH+

25  Intermediate 12: 6. 9a-Diflucro-17a-(3.3-dimethyleyclobutylcarbonyl)oxy-11B-
hydroxy-16a-methyl-3-oxo-androsta-1.4-diene-178-~carbothioic acid

Prepared using methods similar to that described for Intertmediate 1.

LCMS retention time 4.09min, m/z 523 MH*

Inte a : ~Difluoro-17 i clobutylcarbo -11
30  hydroxy-16a-me xo-androsta- iene-1 thioic

Prepared using methods similar to that described for Intermediate 1.

LCMS retention time 3.78min, m/ 531 MH*

Intermediate 14: 6. 9u-Difluoro-11p-hydroxy-16o-methyl-17a-(1-
methylcyclopentylcarbonvl)oxy-3-oxo-androsta-1.4-diene-17p-carbothioic acid




Doxy-1 30 hvdroxv-| 6a-nethyl - 3-o0xo0-andr ost a- 14di ene- éiﬁl car got hg’ 8@ £ add
Prepared using nethods simlar to that described for Y ~ LCOMS
retention tinme 3.78mn, nfz 531 MH Internediate 14: Bsga-Difluoro-j 1Byd
-| 6a- net hyl - 17a- (1- met hyl cydooent yl car bonvhoxv- 3- oxoandr ost a- 1

4-di ene- 176car bot hi oi ¢ add 29 Novenber 2005 24 Prepared using nethods
simlar to that described for Internediate 1. LCVS retention tine 4.05n n,

mz 523 Mt Internediate 15.6a 9a Diflugfo-110- vdroxy 16a
met hyl - 3- oxo-1 7a- oxocvc| obut vl car bonvl ) oxv- andr ost a- |

3-
4-di ene- 17( 3- ca?@g?'ﬁ?H?Qg'&G*d%WigbﬁPrtBﬁ daecribeyl frflptemrediata i | ar to t hat
descri bed for Immsmnaﬁﬁnuos:hﬁl\@/zrszbwﬂ ontinme 3.41 nmin, nfr 509 MH
Exanpl es Exanp] e . | A f : |quoro 11
B- hvdr oxv- 16a- ngieghedi vai-yiie WS- cvengly fFoi c acid
S-fl uor onet hvl estriobiRicTidoivhexvinrdioate PrTRad ,Q,o e, 1. 33nmd) was

added to a s 0 21 I n anhydr ous
N, N- di et hyl o%nrﬁ%}%gus(' ?ﬁ%ﬁ"igﬁg’ ‘WQ%&@J%’MEO C under
ni t rogen. Br onciGM@retantiorntiowe3.¢ OnitSmiz 502MAfmMDI )  was added and the mixture

was stirred at éag%'ésor 2h. Diethylam ne (0.6m, 5.8mmvl) was added and
the m xture sti - 20 C for 15m n and then added to 15 vigorously

stirred 2M hydr8@ips : Rapey-cio ifiug : g nethyl3 or
stirring for a JxH—‘éFu!l}SétaﬁQ[Hléhe-i'ZP %&g,c%@@%bﬁqe%#@col I ected and dri ed
I n vacuo IS materral was purl ] chromat ogr aphy on
ST 1 cagel Ho Gidium tysear sarkonls fhiAuse | A4l eR adedio NIy 8305 | VS
r1 st e?th/ gn ti {Telhﬂelﬁ%mafb'! (Gbﬁmgéﬁ&ﬁrdiﬂc?l)firlt %y&&ﬁwmurgemyﬁomamide (6mf) and

a- ooent yl.carbonyt | vdr ox
3- oxo0- androstaule"ﬂ"@rEy gé’f% goa%g def Riireee Hrom ”?"’G' @n'\?f“t' gjt"@?d)Prepar ed
from | nternedi atae addedsind hemaikinmdeasstined at-20 C it Dibthylamideddsi)r Exanple 1
LCVS retentiongt
(Cydohexvl car bon | § ?ah%a r@m?ef'ﬁor %ﬁgﬁﬁgﬁ%f&lﬁzgm%ﬂaﬂfﬁo
oxo- andr ostla- ll'QP@H%!Y &ﬁmﬂ@MﬂYQ@WMG@GMZWIBWEMMMWWﬂW epar ed

From | nt er odl gifingoks o BRiHANE whitdirbdttate vab Baloctd S bt i Exam © 1

LCVS retention tinme 4. 02n 55
{606mg). This m enaf was punﬂed was column chromatography on silica gel to give

the fitle compound as a white solid (520mg, 81%): LCMS retention time 3.67min, nm/z

527 MH*.
20 Example 2; 17a-(Cyclopentylcarbonyl)oxy- 6o Sa-difiuoro-118-hydroxy-16a-methyl-
3-oxo-gndrosta- iene-1 rbothioic acid S-lucrome ster

Prepared from Intermediate 2 using methods similar to that described for Example 1
LCMS retention time 3.92min, m/z 541 MH*
Example 3: 17a-(Cyclohexyicarbonyl)oxy- 8¢.9¢-diflucro-11p-hydroxy-16a-methyl-3-
25 X0~ a-1.4-diene-17 rbothioic acid S-fluoromethyl ester -
Prepared from Intermediate 3 using methods similar to that described for Example 1
LCMS retention time 4.02min, m/z 655 MH*
le 4: 17a-(Cyclopro rbonylyoxy- ~difluo! oxy-16a; I-
3-0x0-a a-1,4-die rbothioic acid S-fluoromethyl ester
30 Prepared from Intermediate 4 using methods similar fo that described for Example 1
LCMS retention fime 3.54min, m/z 513 MH*
Exa 5.6 Difluoro-11 roxy-168a-methyi-17c-(1-
met cloj ca oxy-3-0xo-and 1.4-diene-17@-carb
fluoromethyl ester




Exampl e 4. 17a- (Cycl opropvl car bonvl ) oxv-ea. 9a-di | | uorog-i;i her 2005

vdr oxy- 16a- net hyl - 3-o0xo-androsta-1.4-di ene-176-carb A Al 3
S-fluoronmethyl ester 30 Prepared fromInternmediate 4 using nmethods simlar
to that described for Exanple 1 LCVMS retention tine 3.54mn, mz 513 WH
Exanpl e 57 6¢cz 9po-D 8uoro-11 Bvdroxy-16a-nethvl-17a-(1 net

cl ocr opvl car bonvf oxv- 3- oxo- androsta-1 4-di ene-178-carbothioic acid S

fl uoronet hyl ester 29 Novenber 2005 25 25Prepar ed fromlIntermediate 5 using
met hods sinilar_to that descrlbed for Exanple 1 LCMS retention tinme
3.66nin, nz 5 F7eRARd fEom, using methods similar to that described for _E_xgmgl_e;_‘t

9a- Di f | uor o- 11&m{em.wmmwhm3m@wmmx (2 23 3-

t et ramet hycydopr o) v nyl 2

5 fl uoronet hyl =Ste

t hat descri bed téttameibvevaripd M = i disnael 78-cAdthii $.569 WH
Exanple 7: ]57a-E! 2r 2- R Ich or o- | - rret hycvdogropyl car bonvf | oxy-6a 9a-c
rfluoro-116-" h t hyl . 3- oxo- andr ost a- 1. 4- di ene- 176- car bot hi oi ¢
aci d S-fl uor omfiréparediifonelpteenediate p asingimétheds sinvilacto thed dedoeibed forsExampleit hods
simlar to that, hggﬁgﬁ OJDHQW%WHL% retention time 3.79mn, nmz

bot hi oi ¢ add S-
2hods simlar to

595, 597, 599 M—|
7a- (2. 2- Di chl orx@

16a- net hyl - 3- owqdﬁgm
ester 15 Prepare rom e0 J~ Mt ) T

descri bed 8 Esi8hpl e | LCMSretentlontlrre368mn m z 581,583 MH
Exanpl e 9: 6a %Qeﬁ'fﬂéﬁﬂﬁteﬂﬁeﬁt@?dﬁ%ﬁtﬂ&l@smﬁhﬂhﬁ ae%cﬁb%aﬁa%gaqcyc

obut vi car bonvl ox0-.andr.ost a- | di_ene- 176- car bot hi oi c™aci
f | uor orret hyl L@@%%ﬂfﬁpéﬁ‘aﬁ&?ﬂmmﬁ%@@ﬁ%\ﬂﬁte 9 usi ng rret hods simlar to

t hat descri bedEkgm
Exanpl e 10: 6a,
met hvl cvdopr opvears B St Or- o+ . ¥ S d-BroT

f I uor onet hyb eBtepared frorn Intermediateeusmg methods s:mllartothat described for g e1

LCMS retention time 3.68min, m/z 581,583 MH*
Example 9: 6a. 9u-Difluoro-11p-hydroxy-16a-methyl-17a-(3-
ethylenscyclobutyicarbonyljoxy-3-oxo-androsta-1.4-diene-17g-carbothicic acid S-
fluoromethyl ester
20  Prepared from Intermediate 9 using methods similar to that described for Example 1
LCMS retention time 3.68min, m/z 539 MH*

Example 10; 6¢.9¢-Difluoro-113-hydroxy-16a-methvl-17c-(2-

leyclopropylcarbon =30 rosta- iene-178-carbothioic acid S-

fluoromethyl esfer
25 Prepared from Intermediate 10 using methods similar to that described for Example
1. LCMS retention time 3.57min, m/z 527 MH*

Example 11: 60, 8o-Difiuoro-11p-hydroxy-16c-methyl-17¢-~(1-

ethylcyclo lcarbonyhoxy-3-0xo-androg 4-diene-1 joic acid

filuoromethyl ester

30  Prepared from Intermediate 11 using methods similar to that described for Example
1. LCMS retention time 3.73min, m/z 541 MH*
Example 12; ~Difluoro-17g-~(3, 3-di lcyelo rbol -11 droxy-
16 1-3-oxc-androsta-1.4-diene-17 hiolc acl




25 Prepared fromlInternedi ate 10 using nethods siml a#a i@ that Elgqﬁéi bed
for Exanple 1. LCMS retention tinme 3.57mm, mz 527 .

6a. 9a-Difluoro-1 | 6-hydroxv-16a-nethyl -17adl-

met hyl cycl obut vl car bonvl ) oxv- 3- oxo- andr ost a-| A-di ene-178- car bot hi oi cadd S-
fluoronethyl ester 30 Prepared fromlInternediate 11 using nethods simlar
to that described for Exanple 1. LCMS retention tinme 3.73mn, mz 541 WH

Exanpl e 12: 6a.9a-Di fluoro-1 7a- (3. 3-dkpet hyi cvdobut vt
ar bonv) oxv- 116- hvdr oxv- 16a- net hyl - 3- oxo- andr ost a- 1. 4- di ene- 17$car bot hi oi ¢

add S-fl uor onet Waler ésfing), bargryibviylatamoniad@hloidd (35mg)end dilsopnapyfethylamine

benzyl tri butyl 1R | Wéfggdga' ) SRR ine  (0.21 m)
were added to a stinlpre an E:O%tﬁ%é ch)@lgggﬁgkll on ogwgte 12
(585ng, 1. 12muoPFome 1é?HW°')§b@PE?%eé§GﬁT9-.A golulion of treAofiyprope®ads | uor onet hane
(0.075n) in et{oy7smy dteiiybadethte’OVEN) Wab adidbt @Ak the Ghiktlire stifrediatiFamst | f fed at

51t t f 8 | ut ] 2% di | am ' :
ncetoni tri1 el velpeperpiie Py T A ol AR dRnyiig i Yot uFmetr o wasivi . e
organi ¢ phase vwidedapthaixire stimel ful 10minchessganisiphass wads sepated) waslieh| ori ¢
i d, t 9 ' ' Wl | t ed.
The Testdue (5 7srasanly il @5 Bidailonc 350, Vil i PRRodliny BErBlf SNABA, 5 P
conpound as a @ndgriedaidieyagargiedidhe ipgitie (SYANG was Ririfieddty prepgetiveotCAoni n, m 2

555 MH*. Exarrplgwelll%ﬁtfé%o.% Unlfak H @fe@m koMt (4Sonsty, FoMp LOMBR&EAtGh &mk bonvl ) oxv-11Q

ydroxv- 16a- et -0XQ-androst a- 1. 4-di ene-176-car bot hi oi ¢ aci d
S-f 1 uor omet iyl % Wﬁﬁé‘?’ed fromInternediate 13 using nethods simlar

to that descri lgs

15 Exanple 14: ) 11\ ) )

met hyl cycl opentvrecatr Bonvt—orv—o O eI OS5 t oL 4< tH G=cat ot hi oi ¢ aci d

S- 1 uor onet hylPrepateeirfroh lnfefiieiihtd 130using hethod® similérdo that destribgd foe Ekamisle si mi | ar

to that descri e . ntion tine 3.71 mn, mz 555 Mf

20 Exanpl e 15: H@Q‘% %ﬁ@o%"-%ﬁ“’@%?%ﬁﬁma- met hyl - 3oxo0- 17a- ( 3-

oxocycl obutlyl c &Exdrople i 4:@xBaeDifirons 1 1f-Hidsbxvi1GormetilA7 e-f

S-fl uor onet hyl C oy ¢ ) ds simlar

to that descri DEUTOrHERS t(Jﬁc!’drﬂz 541 MWV
fluoromethyl ester
Prepared from Intermediate 14 using methods similar to that described for Example
12. LCMS retention time 3.7 1min, m/z 555 MH*

20 E le 15: ~Difluore-118-hydroxy-16a-methyl-3-0x0-17a-(3-

oxocyclobutylcarbonyf)oxy-androsta-1.4-diene-17p-carbothiok: acid S:ﬂgqromethyl

ester _

Prepared from Intermediate 15 using methods similar to that described for Example
12. LCMS retention time 3.24min, m/z 541 MH"

25  Preparation of long acting B ~adrenoreceptor agonist

- Example X: 3-(4-{[3-({(2R)-5-Hydroxy-2-[4-hydroy_-3-
{hydroxymethyl)phenyilethyl}lamino)-hexyljoxy}butyllbenzenesuifonamide acelate
i) Di(tert-butyl) 2-(2,2-dimethyl-4H-1,3-benzodicxin-6-yi)-2-oxoethylimidodicarbonate
_Ces!um carbonate (70.4g) was added to a stirmed suspension of 2-bromo-1-(2,2-

30 dimethyl-4H-1,3-benzodioxin-6-y)ethanone, (Glaxo, DE 3513885, 1985) (61.8g) and
di-t-butyl iminodicarboxylate (47.15g) in acetonitrile (600ml) under nitrogen. After
vigorous stirring at 21°C for 24 h the mixture was diluted with water (ca800mi) and
the product was extracted with diethyl ether (1litre, then 200mi). The combined
organic layers were washed with brine, dried (MgS0O,) and concentrated to ca400ml.

35  The white erystals were collected by filtration, washed with diethyl ether and dried to




25 Preparation of |ong acting--adrenoreceptor agoni st anpl e X

3- (4- ([ 6{{ (2R -2- Hydr oxy- 244- hydr oxy- 3- 29 Novimber 2005
(hydr oxyret hyl ) phenyl ] et hyl } am no) - hexyOoxy} but yi ) benzenesul f onam de
acetate 1) Di(tert-butyl)

242, 2-di net hyl - 4H 1, 3- benzodi oxi n- 6-yl ) - 2- oxoet hyl i m dodi car bonate Cesium
carbonate (70.4g) was added to a stiffed suspension of 2-brono-1-(2,2 30

di et hyl - 4H 1, 3- benzodi 0) dn- 6- yget hanon§ (G axo, DE 3513885, 1985) (61.89)
and di-t-butyl imnodicarboxylate (47 %g in acetonftrile (600nl) under

ni trogen. Aft er giveitheditle campdund (243g) &(CIL,) T.78(0H, &4Ja 2Hap 7ra'5>(ilw,mﬁ)yvas di |l uted
wth water (ca8 n e t her (I
litre, then 200%11 m‘rﬁe‘p%l-(l)zﬁfbmfgr;’wgygtagﬁ%ﬁts)l i;&ég Q’ﬁé‘%@ﬁ )Huﬁtﬁ fri ne,
dried (MySOL) afencentratiemptthe @eﬁeﬂmmewaddismlrmdww 89) Atbirdgrep wer e

collected by filkgty o?gygj., to 29 Novenber
2005 27 glz thue?waﬁgb%hg@@%ﬁ“mg{%rﬂ%@;x@%}%: 78é(il E&i dd, J 8, 2Hz),
7.65 (1H, br 2H s), 1.56(614,
sédatn_d 1. I48 (13h)hert—3mtyl Ziurz-dmem)gelﬁgm%ﬂérﬁedm;m?ﬂﬁz-bmmﬂhﬁmﬂai quors gave
addi ti ona ro LI r wa -wa 1.
chr omat ogr thI ngﬁ{ug&%&l?%@d (ﬁ%ﬂﬂﬁ?mﬁgdﬁ}gp#@g %@‘P‘?“ ‘3"@\?@%8?’@?1‘% t he
appropri at e el udimethydH-1,8ibenaodioking-yii2:dxoethyitridptiicarbénate, (35R.55¢)dm t - But y|
2- (2, 2-di net hyldtéﬁlﬁr&m Qﬁd'( @ﬂﬁfétga%Xﬂ&thng&BEWL’L B0 18 Aqueous

on(1

Tr|fluoroact|c aC| to a stirred solution o
di (tert-butif) ¥ lisguti Slitres) was added and after 10 min the phases were separated.

g' mﬁlt hyl - 4tH;11 37&&53@@%3 g 1896 Wadwiidhibd GIIPNEE, hudd(mgdoglaﬁ@émteaméﬁ&f 55%)5'ﬂ
i chl or onet han s stirred for
Aqueous 10 Na soﬁﬁﬁ“ﬁﬁgt’%%é'ﬂ’(ww °m5}§&a§@'%h§"%ﬁ€ With heyang:ethefe phases
were separ at ed. (3:1Joagherthacrude praguet (20861 g)aThilewas puriflediytresrystallisatiah ftday SO4) and
evaporated to h ht and t hen
triturated with &aﬁgr%-?hgt%? %&wﬁdg’%zéq}he cr u%é&%.ﬂ)ﬁﬁ‘é? %%26 61 Q).
This was puld f i Qbépingg fioathe mptaet liayers by evaperation atidehiegtogiapby on aBiglage t he
tithe conpound &M%E%@ﬁa&%ﬁ%&x&éowméﬁr@%@ﬂﬁmms 15 obtained from the

not her Ilquors R oratlon and chr omat ogr aph on,_a Bi ot age  usi ng 15%
ethyl acetate HRWRULZR mpethyl-4H nzogioxirn6-yl)ss sihylcarbamate
(2R)-2-(2, 2-di metl\hydalu%hfEorﬁnéaﬁﬁaﬁylwpmeanYHF(ﬁmw%wuﬁWWMte A

2M sol ut f AN dded slowy t
2 1M sol ut on “SHOE R BRRb R dGren R @Bl 7S VP ool L 3 20
c][1, 3, 2] 08z alstit. éﬁbxmbombuew&leﬂﬁﬁﬁmb) apR°Coadermilogemi A salufion of tert-bulylit | on of
f -b |l 2- b

T B0 e Sbesad RS i) fos g e AT

(108.2g) in THE ng rrperature bel ow
5C fol | owed by (bRjtres) was added slowly keeping the temperature below 5 Cfollowed by 2M

soiution of borane - dimethyl sulphide in THF (252mi) over 50 min. After 1 h, 2M HCI
(170ml) was added with cooling and the mixture was partitioned between ethyl
25  acetate and water. The organic layer was washed with saturated NaHCO; solution
and brine and dried (MgSO,). The solution was concentrated and the product
purified by chromatography on flash silica gel (800g), eluting successively with
hexane:ethyl acetate (4:1 then 3:1) to give the title compound (83.3g), LCMS RT =
3.31min.
30  iv) (65R)-5+2,2-Dimethyl-4H-1,3-benzodioxin-6-yl)-1,3-oxazolidin-2-one
tert-Butyl (2R)-2-(2,2-dimethyl-4H-1,3-benzodioxin-8-y))-2-hydroxyethylcarbamate,
(86.37g) in DMF (600mi) was added dropwise to a stirred suspension of sodium
hydride (60% oil dispersion, 11.9g) in DMF (160m) with cooling such that the internal
temperature remained at 0°C under nitrogen. The mixture was stirred at 21°C for 2
35 h. The mixture was recooled to 0°C and 2M HCI (134ml) was added. The mixture




solution of borane - dinethyl sul phide in THE (252nl) r 50brri fter 1
h, 2M HC (170m ) was added with cooling and the mx%gigﬂﬁ%—%msi oned
bet ween et hyl 25 acetate and water. The organic |ayer was washed with
saturated NaHCO solution and brine and dried (MJSO4). The sol ution was
concentrated. and the product purified by chromatography on flash silica
gel (800g), eluting successively with hexane:ethyl acetate (4:1 then 3:1)
to give the W conpound (93.3g), LCMS Rlg= 3.31mn. 30 iv

(5R)-5-(2, 2-Di nehyl -4H 1, 3- benzodi oxi n-6-yQ 1, 3-oxazol i di n-2-one tert-Butyl
(2R)-2- (2, 2-di n’éf%?lutedmdtm“@te@emwapmmm@symmmmcwbwmamme

(86.37g) in DWVF &lﬁgﬁm&g\ﬂmd HfeR) ig of
sodi um hydri des 0% d| s%@ﬁgﬁ%n VHriS&’ Mé}scﬁ)Dl\/F ?éﬁpatrﬁ g %ﬁ?ﬁi ?’ggl i ng
such that the |Fé”éﬂ° eI B & rSQFHi'r ned at OC under nitrogen. The

m xture was stlv)reesfombhe&i:lbﬁt-s-pmylatha's h. The m xture was retooled to 0C and
2M HCl (134nd) The m xtu 29 Novye 5 28 di,l uted with
wat er and tﬂ% p:}r{"g%ﬂq_%? 5-48’}1}&338?'5%{%{%3‘%%%3&%%‘19@ (%égaﬁ sol ution
was washed wi t htetiatiubdammodnium bisldphate (@Wﬂ%adumagndhmmm:mgolutbnt he title
conpound (63.5 mhﬁﬁ%,d £gther 5
3-But yn-1- ol fgm"l"%e eﬁ;cﬁggﬁags \?g%tglﬁ(sc?? W't %Q#rbrorm exane (260ml)
and tetrabut yI %ﬁﬂﬂ? Eﬂﬂaﬁt%lTﬁﬂ&ﬂ'@OF?'awrvaF m&q&w&sﬂlmmdr oxi de
sol uti on (200rrﬁ)< 1UM§anmth&eaﬁﬁM%an%1%MeM%d(vﬁﬁwZQP'aﬁad opdded and

t he organic aqueous | ayer was extract tw ce

r was separat ed
W thdbahi olbeGPenied, 18 rduemestoRm SRR 4 - 87 AT Goded polos vt o
washed with watoelumnwsim @ms%)ana%@a@mmembamﬁewm étRsri(B0 1 N

(T Skg) and  ne BN 16 Seb{ e rmeyB ey Baafc %#&%WW%%&; then
10% di e:j hzlllogt rcempoumdmmsrsgp,esqcnemsamm Jéﬁl}lz}. 3Q0CH, 1, 0762]\/&.42(!357& Jne
SomCon 1y T, 29eGH.3 Bt %?Héia f*qaﬁ“% 15968 nf b o 9gn,

1.60(2H, m Sancm)l 50 to 1.33 (4H, . Vi)
(5R) - 3-[ 6- (But ﬁ(%%%ﬂb&%&?&&ﬁ.%ﬂﬂwmmw%%' n-6-yl)-1,

3- oxazolidin-
(5R) - 5- (2, 2- d.ﬂ’éﬂzalﬂ'll.%ﬂm 3- benzodi 0) dn- 6-yl ) - 1, 3oxazol i di n- 2-one (10g) In

DVF  (100n ) m@m)a@td,_eeuudémuhsm b@zad;@ad-s-ylpqsawmi-em @fogsmdMeN hydri de
ggg%ng: lnt aizgi ﬁgﬁpﬁ@%’a dd% d%op%se toas uspen .o:W:ftstErB hy&rfdg%owgler nitrogen
20  dispersion, 2.33g) in DMF (50ml) with stirring under nitrogen and maintaining the
internal temperature at 0°C. Stirring was confinued at 0 - 5°C for 1 h. The mixture
was recooled to 0°C and a solution of 6-bromohexyl but-3-ynyl ether (14.7g) in DMF
(50ml) was added over 1 min. The mixture was then stirred at 20 - 30°C for 2 h. 2M
HCI (9ml) was added and the mixture was partitioned between water and diethyt
25  ether. The aqueous layer was extracted with more diethyl ether and the combined
organic layers were washed twice with brine. After drying (MgSQ,) the solution was
concentrated and loaded onto a column of silica gel (600g) set up in diethyl ether:
petroleum ether (bp 40 - 66"0) (1:2). The column was eluted successively with this
mixture, then (1:1) and then diethyl ether to give the fitle compound (13.88g) LCMS
30 RT=3.45min.
vii) 3-[4-({6-[(5R)-5-(2,2-Dimethyl-4H-1,3-benzodioxin-6-yl)-2-oxo-1,3-oxazolidin-3-
yiihexylloxy)but-1-ynyllhenzenesulfonamide
(5R)-3-[6~(But-3-ynyloxy)hexyl}-5-(2,2-dimethyl-4H-1,3-benzodioxin-6-yl)-1,3-
oxazolidin-2-one (1.79g) was stimed with 3-lodobenzene sulphonamide (1.4g) in
35  acetonitrile:triethylamine (1:1, 42ml) under nitrogen for 10 min. Cuprous iodide




I nternal tenperature at OC. Stirring was continued at - 5C for . The
m xture was recooled to OC and a sol ution of 6-bron0%§m%| et her
(14.79) in DMV (50m ) was added over | mn. The m xture was then stirred
at 20 - 30C for 2 h. 2M HCO (9mM) was added and the m xture was
partitioned between water and diethyl 25 ether. The aqueous | ayer was
extracted with nore diethyl ether and the conbined organic |ayers were
washed twice with brine. After drying ()pSO4) the solution was
concentrated and | caded onto a colum of silica gel (600g) set up in

di et hyl et her W?@I@Hlﬁcﬂ?mﬁﬂﬂﬂﬁﬁﬂmospm@mﬁ“ﬁ(dmﬂw 1939 versoaddachandttbe el ut ed
successi vel y W hitis st V21 ubdi Rirbder Bt 200 Thi s Gl Wyl L0 01 Ve

the titl d -
(16,1 (5R)- 50 ( b, 5eh 2o ramus s Groograaten ob sa ebgrod i Sk ab | i - 3-
y] hexyl ) oxy) but achtaﬁemﬂhﬂelmmmbﬁ 401330F ltthen 50%, then 75% and finally ethyl acetate

(5R)-3-[6-( , h .1, 3- benzodi oxi n-6-y!}1, 3-
oxazol i di n- ?Jontég %XA?%% ?Zr%b%(ﬂ[b %‘%’%Benzene sul phonam de (1.4q)
In 35 acet oni t ryil)d L-.;--...' {d2-Dimethyl-4H-18betodipx

H8ryid-axodcfeoxatalidind ni n.

,ge 0839) and
di chl orobi s(tri ’ ) i wer e _added and t he
m xture was st |£ p ﬂ'r“"'n?ﬁ P%@Wﬁ oxorh&oxgzelding was

evaporated to mhwm)mpﬁyﬁmaemdmam (g mé @lﬁfealimtﬁélaﬂﬂmﬁdﬂ:deca gel

Vaoand 1ol | yoabHy TAE CePRinaB TSR L ingblimitrn st s BFRiR s R

3.44m n. viii) using afilter aid and the fitter cake was leached with ethy! acetate. The combined

AL e A e i

Cuprous iodi de

3-{4- ({6{(5R) - &F@M aﬂﬂmm@unéf&%) bQMSlRTGé§c#9miE~ oxo0- 1, 3-oxazol i di n
-3 yghexygoxy kly gleake-Yme 2o snas stirred with
pl ati num oxi_de naer nydrogen for 2 h. The

cat al yst r SHEYEEIE SAHQXYE ‘ e aid and the filter cake
was | eached w e#y-qemm-a(zez-ammythmmhzmn-etymz-m:ﬁ%mmmssed t hrough

oL 90 (2Ot At oo AU (O 91V

3{4[ (6-{[ (2R) - wrgmgzatlmamm* straamilof Bitrogandord mI)u Rotgssjuni trimefhylsiianoate

hydr oxyet hyga ,l,qug g}ﬁég Ghéle

3-[4-({6- ( W%P matﬁ 4&%‘9 p‘égnzo |o-§m?1l 6-y nitrogen for 2.5 h. The

- 2- ox0- 1, 3 xaE’B‘qu?iW?FBa "%‘P@ ﬁ?%ﬁﬁ@h@ﬁﬂh%b%‘f@ﬂ%) was
stirred i n THEhé hQudois lkérivaas m&mmm&&ammmmssm&wmafor@nw ogen for

> mn. Potassi Fyngré Ma%e uFaQMeds I, gned {(MgS0,) and concentrated. The residue was
purified on silica gel (60g), eluting successively with ethyl acetate:petroleum ether (bp
40 - 60°C) (1:1), ethyl acetate, 10% then 20% methanol in ethyl acetate to give the
25  title compound (0.286g), LCMS RT = 2.56min.
X) 3-(4-{[8-({(2R)-2-Hydroxy-2-{4-hydro hydroxymeth enyllethyl}amino)-
hexylJoxy}butyl)benzenesulfonamide acetate
3H{4{(6-{l(2R)-2-(2,2-dimethyl-4H-1,3-benzodioxin-6-yi)-2-
hydroxyethyllamino}hexyl)oxy]butyl}benzenesulfonamide (0.283g) was stirred with
30 acetic acid (8ml) and water (4ml) at 70° for 35 min before evaporating to dryness.
The residue was re-evaporated twice with toluene to give the #itle compound (0.318g)
LCMS RT = 2.34min, ES +ve 495 (MH)".
Pharmacologicai Activity




(0.43g) was added and the m xture was stirred at 70C Egﬂgr nilt’rogéagfor 2.5
h. The 20 m xture was partitioned between dichl oronet b :
phosphat e buffer and the aqueous |ayer was extracted with nore

di chl oronet hane. The conbi ned organic |ayers were washed with water, dried
(MgS™) and concentrated. The residue was purified on silica gel (60g),
eluting successively with ethyl acetate:petroleumether (bp 40 - 60C)
(1:1), ethyl acetate, 10%then 20% nmethgpol in ethyl acetate to give the
324 (16 ({( 2R 2- 1 Blesmacciaatictity was aipersciahsbiipi phirepotisfl } am no)

3 AT (b ([ (R EDIGREE ab e Sy 18 horly pregicive i o infpmmtory or

hydr oxyet hygani ﬁB‘f‘%@Rﬁ 3‘@%’9’]%§5¥%gben’zenesuf fonani de (0.283g) was stirred
with 30 acetic acid THéflnctiontiassay @4s k=48d dn ht déEoribsd byl PR eP4 Bio6hem I

o 0 ve the P1 t P O8R5 Fpa5 ot SoRiLURTacts Wil T rpoBegepg SNy ) -
Phar macol ogi cal thadNF-xB teypddSivélelemaiefrord 0RFELAM geﬁ’&lﬁbﬁiﬂm@b@.gieﬁad s i vity was
assessed in a f | [ | ocorticol d agoni.st activity
whi ch I's gener arélg;&/%%rggﬁ%lt':nte%éép (‘J'%(g?fﬁ?v? @ﬁ@%@&fﬁi’m&”“ﬁﬁf ?E%éqpfiﬁtﬁgi C
activity in viveéesesfes1havrct BEEaTheslinweration binsulatedwitit trmburtesiosis factir by

P Ray et 2l - AREOSHGIN for 6 hukORUich R e e kbR Pridphisies>t 201

t ransf ect ed t reporter gene containing nsive el enents
fromthe LM gBREUSES B enasived Byip plamrard colgeipetic sssay. dlose respiies oSS

phosphat ase) wewsre corsttigted fidrh vhick EC,, VSIeEME Sstilated P PT OPT i at € _dosfes for 1
PR, “Lomas w ) AP ek B 5 Mo EE S S0 "
phosphat ase 10 $aresiferguiogestornpe sacoptdr dxtivilg st andard col ourinetric assay. Dose
response curves we m?.}%ggsrt j timated. In
thig test the corrpoﬂﬁ%ig of anﬁgwwfgag%%a@rﬁ%ﬁﬁﬂlgéo <2nM
Screen for bt og@deaangyfcalkalipephosphatase inspappnsprie Pregeatine B berstzogtalser cel | i ne

TA7D has been reynesire@edréh UDOHGY) 2764875, T4HD QISNEE BOMRd HiKeE WalfiaRos phat ase

[ t ti | Lorenzo at al., _Cancer Research (1991) 51,
4470- 4475, Ta70 BEHIRY QPO Roli e welkens Gm fubpigh &l 0. SIFFOHE WRRis 1y of

1x106 cel | s perdisseivéd in DVSY), audeddy the Reli3lfinabDMSE ConcBhifation 0F%)aaneé di ssol ved
'n DVBO,  added it lefifrof 84 hotrd &t's7, TRYEM: %O GA Welhdd Win S Arid K334 with

20 RIPA buffer (1% IGEPAL, 0.5% Na deoxycholate, 0.1% SDS in phosphate buffered
saline). Alkaline phosphatase activity was measured spectrophotometrically (405nm)
using p-nitrophenylphosphate (1.5mg/ml) as a substrate dissolved in 1M
diethanolamine, 0.28M NaCl, 0.5mM MgCl, Dose response curves were constructed
from which EC;, values were estimated.

25 Examples 5 and 11 were tested for progesterone activity in accordance with
the above screen and the selectivity was determined by dividing the ED,; at the
progesterone receptor by the EDy, at the glucocorticoid receptor. The selectivity of
Example 5 was 353 (compare fiuticasone proplonate: selectivity = 57) and of
Exampls 11 was 1230 (compare fluticascne propionate: selectivity =107).

30 Throughout the specification and the claims which follow, unless the context
requires otherwise, the word ‘comprise’, and variations such as ‘comprises’ and
‘comprising’, will be understood to imply the jnclusion of a stated integer or step or
group of integers but not to the exclusion of any other integer or step or group of
integers or steps. The patents and patent applications described in this application

35  are hersin incorporated by reference.




I ncubated for 24 hours at 37C. The cells were then wa witjbw P nd
lysed with 20 R PA buffer (1% | GEPAL, 0.5% Na deoxychM‘fe : in
phosphate buffered saline). Alkaline phosphatase activity was neasured
spectrophotonetrically (405nm using p-nitrophenyl phosphate (1.5ng/ M) as
a substrate dissolved In I M diethanolam ne, 0.28M Nad, 0.5nmM MyCi z Dose
response curves were constructed fromwhich EC6, values were estinmated. 25
Exanples 5 and 11 were tested for progegj erone activity in accordance with
t he above screen and the selectivity wasS determ ned by dividing the EDw at
the progesterofbAWMEeptor by the ED6, at the glucocorticoid receptor. The
sel ectivity of, 4 Exa{gl na\@%,ﬁﬁg{ﬁcorrpare fluti casone propionate:
selectivity = 57) and o Exanpl e was 1230 (conpare fluticasone

propi onate: selectivity =107). 30 Throughout the specification and the
clainms which follow, unless the context /rnaqu_i res otherw se, the word
‘conprise'; and variations such as 'Coup$ises’ and 'conprising', wll be
understood to inply the Inclusion of .8 stievg i nteger or step or group of
i ntegers but not to the exclusH £ J2y %ot Wer | nteger or step or group of
I ntegers or steps. The patents Rappl Pcations described in this
application 35 are herein igc ; by reference. 29 Novenber 2005 31
CLAIMS 1. A conmpound of fao A &l)) 0) 5 wherein R, represents-C { al kyl
or Cl4 hal oal kyl; R2 repre¥ents (4, cycloal kyl or C3.4 cycloal kenyl either
of which may optionally be substgtuted by one or nore groups selected from
oxo, nethyl,_nethylene and hal ogen; 10 R3 represents hydrogen, nethyl

(whi ch may e i”ﬂ‘e\é?i‘l her the a or 0 configuration) or nethylene; R4 and RS
are the sane orR,defrésentart, ,; alkyl oe@gmakalRi:esent s hydrogen or hal ogen; and

represents a si r douhl and; an ol vat es reof . 15 A
conpound accor ﬁ%%ﬁ?%nga%*r#aoﬁﬂ'?%ﬂﬂhwﬁga'm% n?fts"nﬁﬁ'- Bag 9 °Bé|yl&ﬂ or

C, ., cycl oal kenititutgct hye roneforwnbrehgrups sgiactednfadrh yoxbe methyh t méthlens &nd one or
nore groups s%ﬁ&é,@d from et hyl, nethylene and hal ogen.

10 R represents hydrogen, methyl (which may be in either the o or B configuration) or
methylene;
R, and R; are the same or different and each represents hydrogen or halogen; and

== represents a single or a double bond;
ard solvates thereof,

15 2 A compound according to claim 1 in which R, represents C, cycloalkyl or Cy
cycloalkenyl! either of which may optionally be substituted by one or more
groups selected from methyl, methylene and halogen.

3. A compound according to claim 1 or claim 2 in which R, represents C,,
cycloalkyl optionally substituted by one or more methyl andfor chiorine
20 groups.
4, A compound according to any one of claims 1 to 3 in which R, represents
fluoromethyl, chioromethyl, bromomethyl or 2'-flucroethyl,
5. A compound according to claim 4 in which R, represents fluoromethyl.
6. A compound according to any one of claims 1 fo 5 in which R, is methyi.
25 7. A compound according to any of claims 1 to 6 in which R, and R; are the
same or different and each represents hydrogen, fluorine or chlorine.
8. A compound according to claim 7 in which R, and R are the same or different
and each represents hydregen or fluorine.
8. A compound according to claim 8 in which both R, and R; are fluorine.



3. A compound according to claim1 or claim2 in whic rep es Cs,
cycl oal kyl optionally substituted by one or nore nethggiéﬂﬁﬂ € ine 20
groups. 4. A conpound according to any one of claims | to 3 In which R
represents fluoronethyl, chloronethyl, brononethyl or 2'-fluoroethyl. 5. A
compound according to claim4 In which R represents fluoronethyl. 6. A
conpound according to any one of clains 1 to 5in which R Is nethyl. 25 7.
A conpound according to any of clainms 1540 6 in which R4 and R, are the
sane or different and each represents hydrogen, fluorine or chlorine. 8 A

conmpound accor diig t & compbmdiaceardingiiocdhy Ble GMShinR 1 B BintWHthSTFE refredahlsl er ent
and each represents Qé‘gﬁr@g%dor fluorine. 9. A conpound according to claim
8 in which both R4 an , are fluorine. 29 Novenmber 2005 32 10. A conpound
accordi ng to anytoneAePmpeundiascordingto@lainmi whittch: r epr esents a doubl e bond.

11. A conpound 160N ' \ |S5 g

17a- ( Cydobut yl Cg?%g&?gt%fyﬁggﬁ@gﬁﬁ uéﬁ@ﬁﬁ?ﬁyﬁ?ﬁrg?ﬁ?%%%%yl 3-o0xo0- 5
andr ost a- 1, 4°di @pgrostadAcdiensot7Brosthethisisiagid S-fiuotemetybsstey]  est er

17a- (Cycl opent yhgal MQ@, y 'i;m( - - COX Y- - hyl - 3- oxo-
androsta- 1, 4-di gg;?qie%@r tg%tﬁiiﬁg? gd@?ﬂfjfﬁhgﬁcj)%g{ @%é@@gg%

17a- ( Cycl ohexyl reantiddisng: £ igicta) orométhyltastérioxy- | 6a- net hyl 3- oxo-
androst a- 1, 4-di INQIC |, o S | vl O
17a- (Cydopr opyl gﬁgﬁ%&%ﬁ%ﬁﬁ%gﬁi@ﬁ%@ﬁ%x%t hyl - 3- oxo-
andr ost a- 1, 4-di ¢ e joig @ browe il ester, or a solvate
of any one gger : Jotatyinl | - ] ' [ s:

60a- Di f | uor o- 11ﬁ(y %%%{/’é%a- Mleﬂﬁg{'@%t}%%é o{pgrag)rﬁ%qcar J(:‘)'nyl ) 15
oxy- 3- oxo- andr o¥ERsta-h4dianed? B-rarbatbiplp acith Sdueromethyl eSef;| uor onet hyl ester,

6a, 9a- Oi f 1 uor O'Grdsoﬁaﬁ)ﬁﬂﬁﬁﬁ(flne]lﬁ@ééf?t hyl - 3- oxo0- 17a- ( 2,2,3,3
t et ranet hycycl ogy opyl car bonc}/I ZOXP" androsta-|, 4-di ene-17p-carbot hi oic acid
S fl uoronet hyl st @rqompoun a ng to claim 1 which is:

17a- (2, 2-) i chl cBuBd-DTESIBN GB-EPREIPIBhGREHILIVELY HethyBit fchrberyd- | |
p- hydr oxy-16a- 20 _net hxl - 3-9xo-_andr osta-1, 4-dj ene-17p-carbothl oi ¢ add
S-f] uor omet I Oécg-t:s—eqxo-a drosta-1,4-diene-17B-carbothioic acid S-fluocromethy] ester;
17a- (2, 2- DI chl Gyt ys-ERIrgIBL-hty:HaxcSauds, blagor o- 1
1p- hydr oxy- 16a_t%npa\{rlyég’dopropylcarbonyl)oxy—androsta—1,4-diene-17ﬁ-carboﬂ1ioic acid S~
Rluoromethyl ester;
170~(2,2-Dichloro-1-methycyclopropylcarbonyl)oxy-6c, 9a-difluoro-118-hydroxy-16a-
20  methyl-3-oxo-androsta-1,4-diene-17B-carbothioic acid S-fluoromethyl ester;
17a~(2,2-Dichlorocylopropylkearbonyljoxy-6a, Sa-difiuoro-118-hydroxy-1 6a-methyl-3~
oxo-androsta~-1,4-diene-17p-carbothioic acid S-fiuoromethyl ester;
6o, 9a-Difiuoro-11B-hydroxy-16e-methyl-17a~(3-methylenecyclobutylcarbonyl)oxy-3-
oxo-androsta-1,4-diene-17pg-carbothioic goid S-fluoromethyl ester;
25  60,9a-Difluoro-11p-hydroxy-16a-methyl-17a~{2-methyicyclopropylcarbonyl)oxy-3-
oxo-androsta-1,4-diene-17p-carbothioic acid S-flucromethyl ester; '
or a solvate of any one thereof. '
13. A compound according to claim 1 whichis:
6a,9a-Difluore-11B-hydroxy-16c-methyl-170~(1-methylcyclobutylcarbonyljoxy-3-oxo-
30  androsta-1,4-diene-17p-carbothicic acid S-fiucromethyl ester;
or a solvate of any one thereof.




oxoandrost a- 1, 4-di ene-17p-carbothiolc acid S-fluorone ester

68., 9a-Difluoro-1 | é&%OVGmEEf 2005

p- hydr oxy-1| 6a- net hyhl7a- ( 3- net hyl enecycl obut yl car bonyl ) oxy3-

oxoandrost a- 1, 4-di ene- 17p-carbot hi oi ¢ add S-fluoronethyl ester; 25

6a, 9a- pi f | uor o- 11p- hydr oxy- 16a- met hyl - 17a- ( 2- met hyi cydopr opyl car bonyl ) oxy- 3
- oxoandrosta-1, 4-diene-17p-carbothioic acid S-fluoronethyl ester, or a
solvate of any one thereof. 13. A conpoygpd according to claim1l which Is:
6a, 9a-Di fl uoro-11

p- hydr oxy- | 6a- mifhy|A forapaund mﬁwéq/d@mdtwm bonyl ) oxy3- oxo- 30
androsta-1, 4- di gg8s-b sol vat e
of any one t her eof . ggoﬁ?\r/?gn% %%ﬁwﬁm@g?%ﬁé%cor'ﬁén%afo claim
| which is: 6a°@aﬁr9r°ﬁtaub+dlenﬂlﬁc@ﬂ3:ﬂmmdﬁﬂw@m géterar bonyl ) oxy- 11

- hydr oxy- | 6a- mé@ﬁ&-ﬂﬁlﬂo@&@u@ﬁ‘%ﬁﬁ&r@cy&oﬁﬁﬁ&a%n}%?yﬁ%%—%& mafhyiSh-

S-fl uoronet h ester,

ea, 9a- Di f | uo? o- PPANMsta-t-tiengt spchothinioacklas-fusranmiy) ester;
3- hydr oxy- 16a- ”ﬁ@&‘b&ﬁ@or@-ﬂﬁ-‘ﬁy@&? lh%,_{lmg(l, %ﬁiyi‘cwgp%@@&l%rﬁﬁ)gxy@' d

S-fluoronethyl ester

p- hydr oxy- 16a- nRPrRpffogtad ‘(@emﬁeﬂﬁyqa@@@p‘éﬂdﬁ%mmﬂvlqm 3-

oxo- andr ost a- 1, g gli-Bi 1
6a, 9a- Di f | uoro- 11 p- ﬂ@:ée-ggp. ﬁﬁr@@ 15&9{3%%6:@-1%&%&%9&&&%%@,@@_

h
6a- met hyl 3- oxo-8g%stas wewawwmﬂqamw ester; _
andr ost a- 1, % di e aeokkaid of@iyanb tepicf add S-fluoronethyi ester, 10 or a

sol vate of any her eo 15.. A conpound _of, formula (l) as defined in any
of clains 1 to 1%4 of* EPMAPHDY i °§|f6&"@aﬂf§s &efneg: Bory ehpimeeT1thcl4esf % or use

In veterinary or huplesiologiedlycaceeptatls sollite tinreof f6rongeOMNbtetnary WrMRiman( 1) as
defined in any of cl ?ﬂ ol to 14 or a 15 physiologically acceptable

sol vate thereof for e rranuf acture of a nedicanment for the treatnent of
i nfl ammat ory arl8/ or Usg picd gbropasd of foruls (1) a9 defined lirnanyadfailiis dlto dérpasi ti on

conpri sing 13 COMPOUGHY, sl@lﬁ:glfzél@mé!:épl(ablﬁ @ﬁvatﬂerergffd f&rnﬂ@%mufaf:#: deS|L’l to 14

or a physi ol ogi cal I%?‘?ccept abl e solvate t rable, in
admi xture with one R §|rﬁmﬁﬂt@émﬂﬂf“mﬁméﬂﬂéﬁﬁfﬂ'ﬁké’o@%%@nts or

carriers. 18. A7.phak mhamtcetREl eRipesitdn betiprdingtd @&nﬁ&mrdfsrbMaaup@gpound of
ekl & sol v o e T il o bBihiad s Pe S Rt g
chl or of | uor o car boriogather, if desirable, in admixture with one or more physiologically
20 acceptable diluents or carriers.
18. A phammaceutical aerosol formulation comprising & compound of formula (1)
as defined in any of claims 1 to 14 or a physiologically acceptable solvate
thereof, and a fluorocarbon or hydrogen-containing chlorofluoro carbon as
propellant, optionally in combination with a surfactant and or a cosolvent.
25 19. A pharmaceutical composition according to clalm 17 which further comprises
another therapeutically active agent.
20. A pharmacsutical composttion according to claim 19 in which said another

therapeutically active agent is a p-adrenoreceptor agonist.
21. A pharmaceutical composiion according to claim 20 in which said Ba-
30 adrenorsceptor agonist is a compound of formula (X):



propellant, optionally In conbination with a surfact nd oy a ol vent.
25 19. A pharnmaceutical conposition according to clai her
conprises another therapeutically active agent 20. A pharnaceuti cal
conposition according to claim19 in which said another therapeutically
active agent is a 3 adrenoreceptor agonist 21. A pharnaceutical conposition
according to claim20 in which said p2- 30 adrenoreceptor agonist |Is a
conmpound of forrmula (X): 29 Novenber 2005 34 HOCH2, R12 HO
HCH2NHCR' e(CH2) m G- (CHd, H R (X) or a it or soI vat e thereof wher ei n:
mis an integer of fri#RBH to 8; n is an Integer of from3 t@*¥11 “5 with the

proviso that m+ nlIs 5t R' Is XSOZNR'R? wherein X or Coe
al kenyi ene; R' and Rjyg Taryt LyR%E uﬁ, , Cl{glkyl,
CC, cydoal kyl, C(ONR'R', ﬁg phenyl 2?"C14a| nd RL7
together with the nitrogen to wff®h they are bonded, form 3 6-, or 10
7- menbered nitrogen containing ring, and R' and Rare each optionally

substituted by ong aQajt blEoigi@tBrect @haelined from hal o, Ci, eaikyl,

Clehat oal kyt, C4ea| | co [ OX ubstituted Cl.eal koxy, -CO2R",
- 8021SI R18R18, - 'Xtegﬂ)lg )yzFQ"% or a 5-, 6 or 7-nenbered heterocylic
ring, F118 and Rleasanimayepeﬁdmnstmﬁel ected from hydrogen, C, 8alkyi, 15

C3 cydoal kyl , yp-; and p is an Integer of fromO
to 6, prefer ab y %H?e(a#g‘gg %%Yn%aﬁgé;re i ndependently selected from
hydr ogen, Claatl ", isas%mwymﬁalh&ispﬂ%ww%dk@!’eeﬂabal kyl; and R14

and Rs are |ndep t,:b %ﬁgﬁ&n{hr%@ C%‘a‘%r 55] he
provi so 20 that fénu er car on atom; in d ) Iléﬂnot nor e

t han 4. C(OJNR aR’ » phenyl, and phenyl (C,l
or R¥ and RY, together with the nitrogen to whlch they are bonded, form a 5-, 6-, or
10 7- membered nitrogen containing ring, and R and R" are each opfionafly substituted
by one or two groups selected from halo, Cyzalkyl, Cyghaloalkyl, C, salkoXy, hydroxy-
substituted C,galkoxy, -CO,R™, -SO,NR™R*, -CONR®R"™, -NR™C(O)R", or a 5-, 6-
or 7-membered heterocylic ring;
R*and R"are independently selected from hydrogen, Cysalkyi,
15  Csecycloalkyl, phenyl, and phenyl (C,.alkyl)~; and

p is an integer of from O to 6, preferably from 0 o 4;

R™ and R*™ are independently selected from hydrogen, C_salkyl, C,.,allmxy. halo,
phenyl, and G,_,habalkyl and .
R" and R*® are independently selected from hydrogan and c“alkyl with the proviso

20 that the total number of carbon atoms in R* and R* is not more than 4.

22. A pharmaceutical composition according to claim 21 in which the compound

of formula (X) Is 3-(4-{[6-({(2R)-2-Hydroxy-2-[4-hydroxy-3-

(hydroxymethyl)phenyl]ethyl}amino}-hexyl]oxy}butyl)ben;enesulfonamide or a salt or

solvate thereof.

30 23. A process for preparing a compound of formula {f) according to claim 1 which
comprises alkylation of a compound of formula {I}



22. A pharmaceutical conposition according to claim 2 9I whi ch 8 5
conpound of formula (X) is 3-(4{[6-({(2R)-2- Hydroxy- ==

(hydr oxymnet hy) phenyget hyi } am no) - hexygoxy) t wt yt ) benzenesul f onam de or a
soft or solvate thereof. 30 23. A process for preparing a conmpound of
formula (1) according to claiml which conprises alkylation of a conpound
of fornmula (11) 29 Novenber 2005 35 no Wierein R2, R3, R4, R5 and = are as
defined In claiml1l. 24. A process according ? hai m 18 wherein al kyl ati on
is perfornmed by reacting the conpound of forpulaj(1ll) with an appropriate
al kyl or hal oal kyl halide. 5 25. A co JdOrmyl a (11) wherein R2, R3,
R, Wand are as defined In claim1. R W

wherein R?, R?, R%, R°and = are as defined in claim 1.
24. A process according to claim 18 wherein alkylation Is performed by reacting
the compound of formula (1) with an appropriate alkyl or haloalkyl halide.
5 25. A compound of formula (il)

wherein R?, R®, R*, R®and ™ are as defined in claim 1.



