WO 2010/015818PCT/GB2009/001920 Respiratory Disease Treatment This invention relates to the
use of the substantially pure 5R enantiomers of the known glitazone drug class, such as the known
pharmaceutical products pioglitazone and rosiglitazone, for pulmonary administration by inhalation, for
treatment of infiemmastory respiratory diseases. Background to the inveforCRAMBHE Epectrum of
respiratory diseases and disorders has been recaegnized, many of which have overlapping and
interacting etiologies. Two of the most widespread and prevalent of these diseases are chronic
obstructive pulmonary disease (COPD) .and a%tihmaggg{?s&ai ator%diseases have a significant
inflammatory component For exam%?é HaEht 5e{?rapy or and severe asthma focuses mainly

on the reduction of symptoms using short-and long acting bronchodilators either as monotherapies or
gombi”%thﬁ’@ﬁr@nl@&%@@%% @e(;a@@?ﬂmm%}amrf sith SrhatedtcorticostéidHTS). Theh
isappointing anti-inflammator afor ICS either I At ith, 32 agonists has
intensifiQ@?ﬁ@"@éj&’ghq%?saﬁu@ﬁeacstlbg P @%%a%%%%i%régf&o%&%g@. %%)Négﬁg clearly a chronic
inflammeadsigyitdisoe dethalnavelves BarssRER TR BEsHE b RIVEA RO HETRASE and acquired
immunergggp%g’géﬁgggsg};the lung and potentially also systemically. One hypothesis under intense
investigation is whether novel, demonstrably anti-inflammatory agents can hatft or slow the functional
decline characteristic of COPD. Reducing the frequency and severity of exacerbations has become an
increasidgiskimpodanihaigeedieiC OPD therapy as the prognosis for patients following exacerbations is
poor. Anti-iflanamatens thekpy i @BEsandrin distinres feekpectedasizaliceamecfre§igéney and
severity of exacerbations. It is alsq.desi 3 ipe.i i o0 aRd steadityreblife are also
ameliora'?é&ev?i‘fﬁr%‘gglf‘rﬁeaﬁt% E@rﬁ?:cgfgr?eeg{vﬁ%%%wavgffgtf_rﬂfﬁf@\éh%%%@%%irgto@féjiseas s, including
asthma, (GOPDisedeesid airiay SPREFIFIL BHSARAL dsrare ﬁ%lg AR SRYSEa and pulfnonary
fibrosis (ipglyding.idiopaibicteatmanary-fibrysio)nerecct fnaatgraga g P GRISEMEFr6litEration
Receptor gamma receptor. (PRARY), ISt HgSWRish dREreaseisenatiivity to glucose
in diabet?c'gggﬁ\éer{tes?E’%@s_s%éiggg&eal acﬁ]\%%%%%%;%? Tg ﬁ{'ﬁg}/ed to ctiﬁgr as O%e{ ﬁsitivi%’ of
peripher&rersdrsiaiemeling FaRRIIEART W RIRRINEE T gt o%e'a?oﬁ’ﬁ tﬁe ood and producing the
desired apghginbesioefatt.iNMAR2OIMO0LEBISPECHE B 2o GireprIRl WMy BRRRFIAH0 s are known

from the palent gad lee iera R SHTENHY b0 e ApBIREdaeslicet use in diabetes:

Rosiglitazone and Pioglitazone. See Ca Il urr Mot Med. S\ :349:-63. Both of
these coﬁf%ﬁ%%@r@%ﬁlﬁ%?ﬂmgafgggs@(&g é\%ﬁggiﬁtcél\élgé%"ﬁ%n gr@éﬁﬁ)%ac ic?eé gaér%inistered by

the oral nnatarfanaystemigedshitangimmabiivernterits Sfoeiuie 06 SEHERAIDIRE SSFRRBE of reports
have beep puhlished which-demengteals dpatrasioliaoasegisthesiedsdaniniafianmetogpieffects. For

instance, (i) rosiglitazone has been reparted to exert effects in di ' ' Bsigtent with an
anti-inflaffrfaedRT SpXEt (f?ﬂ?ﬁ?é;?%?!gé?@ﬁ%u a %%Oé}o%&fqﬁgg %n%{gggp%%qg%él\r/%x et at: Arterioscler.

Thromb. Masioe Bhal:2003 tetf CORER) RBBIB)I (NERESIHREY GRE FRISTREN FASEIRAIE @ H
anti-inflargatary, gtfects ihay anpsraheanigm fsn oteo ehénfianamiteoprouralsidifeg petiratieenan-induced
paw oedema (Cuzzocrea etal., Fur. J. Phar -4 = #inhduced colitis
(Desreunﬁ%lmngf%??fr%zﬁﬁgcﬁpfﬁogn[kﬁ? 1&?@%@%&’9& g%%éﬁggﬁ?gg?aé{ﬁ Bjochem.
Pharmacekr2668 Jureds:69(eFeaveyvaydssyerinefiperbaiothAte &iEEIH: at, Ann.
Neurol. 2002 Ju1k RAE X697 R} goHrgentipdueat¢Gurdvoresi ettati@athmtis Rheum. 2003 Dec;
48(12):3544-56) and adjuvant-induced arthritis (Shiojiri et at, Fur. J. Pharrnacol. 2002 Jul 19;
448(2-3):231-8), carageenaninduced pleurisy (Cuzzocrea etal., Eur. J. Pharmacol. 2004 Jan 1;
483(1):79-93), ovalbumininduced lung inflammation (Lee et al., FASEB J. 2005 Jun;19(8):1033-5) and
LPS-induegg Jung-lissasmnents optili (Bietelyatatirory Risspires 20049 24(ma1 §98Pand (iii)
rosiglitazone has been repprt - antjzinfl at eisdRnaalatedeelispiaelading INOS
expressioﬁrﬁFﬁ%ﬁr’Wea ﬁgﬁﬁéﬁggﬁﬁé@gﬁ%@%g%%g%If{igiotl‘t Lungqé:ell. MW;I. Physiol. 2004
Mar,286(SbE@Q@!égV?iWB@-m&ﬂ@@ﬁ'ﬁﬁﬁré@)aéfﬁlﬁ}qﬁt?m%gélu ronchial epithelial cells (Hetzel et at,
Thorax. 2003 Sep;58(9):778-83), human. airway smooth muscle cell proliferation (Ward et at, Br. J.

Pharmacal. 2004 Fel;141(3):51 7 Rdeleaseinr %ggg@kﬂlgrglg@&@ﬁgmﬁgsis this for
year 2000 .7{ %E%\rﬁ?f a@%ﬁéﬁs&[}?ﬁj\{%@aﬁ)ﬁ %é@ﬁgr%v% tosi)e eff@ctive in models.of QPEE%%% fibrosis

(Milam et a‘t]imincﬂem;sitmﬁﬁgogé{p%iﬂ diabetic patients. Physioiog_xcai activation
believed to increase the sensitivity of peripheral tissues to insulin, thus facilitating the -

clearance of glucose from the blood and pmducihg the desired anti-diabetic effect.



Physiol, 2008, 294(5)1891-901) and pulmonary arterial hypertension (Crossno et at, Am. J. Physiol.
Lung Cell. Mol. Physiol, 2007, 292(4)1885-897). Based on observations of anti-inflammatory activity in
cells relevant to the lung, the utility of other PPARyY agonists has been %&%@Q@ treatment of
inflammator@ rEdpirefdsy disorders including asthma, COPD, cystic fibrosis and pulmonary fibrosis.
See W00053601, W00213812 and W00062766. ¥hese suggestions include administration by both the
systemic oral and pulmonary inhalation routes, WO 2010/015818PCT/G82009/001920 Unfortunately,

PPARYy agonists also have unwanted eardi Lekfeelsy insidinghaemealytion peripheral and
pulmon Bedefty 3%”&%?13%%%@%%5&?%@%%%% %I(IISQH F). Thefse ef[,?cts aresaég%beli%\écﬁqvgp result from

activatiom@ERRARY fdn giniar e A digRineaRPERERFARS Hieh ARU3tR 0 Tnvestigating the hypothesis

that PPARY, agonists sisisifksihe aoomabnainterdnesethuidcbarnes Viaiding'@ e PPARY

receptor in the kidpey. See Gua |, Nat.aMed 200844 8): 86l peprshighangabnat Prac Natl. Acad.
Sc;. USA.T%S%8?%%’5%5’4%@%&Tr§a§trﬁent with PPARYy agonists by the oral route for systemic

delivery #e@lsty associated with an unwanted increase in body weight. COPD patients are known to be
at a higher risk than other clinical populations from congestive head failure (CHF) (Cui-kendall eta!,

Ann Epidemiol, 2006:16.63-70, PadelettlM.ai-al, italGarindp30043:3 2562) 09sh5) andtso it is
importanif‘tﬁa?‘éﬁ’/@temlc acﬁvati n of the PPARY receptors.is kept j(o] aﬁgg%@g%n ;pese patients to
avoid inciemnﬁjrﬂfféthkbm%@é?r@ﬁfﬁ%%ﬁ&soﬁgép m'ﬂ%tr%%?s_ &fing respirator 'c(lr.ugs,by the inhaled
route is QQ@@WG&%&M@ﬂ;ih@ehuttgawithﬁﬁ@fémhiﬁﬁéﬁﬁm&%?@%@ﬁ?ﬁﬁﬂ%t"’!éé”f)‘i R§lsystemic
exposure of the drug | | likelihogsh of sy stersiejestivity, anshobisavation of side
effects.Fﬁ@amgiao?ﬁrf%%?s{t%cﬁdﬁgﬁ%?% @I@% %ggz Qz% 8% 270ne has been '
544-[2-(%@@%@Wﬁm‘ie‘tf?@ﬁyﬁi%h%}/%- S3-thia cﬁ‘l%lne- f@?%ngﬁ The carbon atom in the
5-positionsghifae thiszatidincrdiene sny ofpityintasenas idekat By als 2HBIFR1BMRIa (1) above, is
asymmetric, g%g%gﬁf%ﬂ%&w& SRPBEGEARI EC thedsRaatkb FenanfbaterscdR Gigfitéamne has the

structural Tormuta (1) and can be named as 5-(4-{2- |_(pyrigins

yhamino) B IBE R NP3 IH5EH |gg§,§?éf8%@;%t%ggbgh%%ﬁgﬂ?ﬁ ,t%g(?g_Agr itjg 3%;(3
thiazolidineretionesring&iSmsigtitaisiugoindidaa e BnARBWP it foritaid i DRISW is a0 dsymmetric,
so rosiglitazane alsg bas N SRATHETRIEsthe SR/aneENenantRIbR s (5):694-702)

2010/015301125&&24%50%%0(%@&%3%% gz‘ al., Arthritis Rheumn, 2003 Dec;48(12):3544-56) and adjuvant-

induced arthritis (Shiojiri et af., Eur. J. Pharmacol. 2002 Jul 19;448(2-3):231-8), carageenan-
induced pleurisy {Cuzzocréa et al., Eur. J. Pharmacol. 2004 Jan 1,483(1):79-83), ovalbumin-
induced !ng infiammation (Lee et al., FASEB J. 2005 Jun;19(8):1033-5) and LPS-induced
lung tissue neutrophilia (Birrell et al., Eur. Res;;ir_. J. 2004 Jul;24(1):18-23) and (i)
rosiglitézone has been reported to exert ahti'—inﬂammatow effects in isoi.ated cells, including
INOS expression in murine maérophagés {Reddy ét_af., Am. J. Physiol. Lung Ceil. Mol.
Physiol. 2004 Mar;286(3):L613-9), TNFa-induced MMP-8 activity in human bronchial epithetial
cells (Hetzel et al, Thorax. 2003 Sep;58{9)37?8—83), .human airway smooth muscie cell
proiife_ration (Ward et al., Br. J. Pharrnacol. 2004 ng;141(3):51?—25)_ and MMP-0 release by -
neutrophils (WO 0062766 —is this for year 20007). PPARy agonists have also been shown to
be effective in models of pulmonary fibrosis (Milam et al,, Am. J Physiol. Lung Cell. Mol.
Physiol, 2008, 204(5).1.891-901) and pulmonary arterial hypertension (Crossno et al, Am. J.
Physiol. Lung Cell. Mol. Physiol, 2007, 292_(4):L885»897).

Baséd on observations of an’{iwinﬂammatory activity in cells relevant to the lung, the utility of
other" PPARy agonists has been suggested for the tfeatment of inﬁammatory respiratory
disorders including asthma, COPD, cystic fibrosis and pulmonary fibrosis. See WO0053601,
| W00213812 and WOD062766. These'suggestioris include administration by both the

systemic oral and pulmonary inhalation routes.



The 53 enantiomer of rosiglitazone has a higher binding affinity for the PPARy receptor than the 5R
enantiomer (30nM vs 21iM, Parks et a/., 1998, Bioorg. Med. Chem. Lett. 8(24):3657-8). For another
member of the glitazone class, Rivoglitazone, the 53 enantiomer also h% {}nggggggfg%or binding
affinity tha¥essH Bishtiomer (see page 13 of W02007100027). In practice, pioglitazone and
rosiglitazone are administered for treatment of didbetes as a mixture of 5R and 53 enanhomers (a 1:1
racemic mixture) by the oral route for systemic delivery. The individual enantiomers of these
compounds, and members of the glitazone family generally, are known to equilibrate rapidly in vivo
after oral administration (see for example J.Clin. Pharmacol. 2007, 47 323_—33;§{a id Commun. Mass
Spectromin20065129, RPABRIGH ety PaHAEes ?%@%ﬁ?%ﬁ%‘?@fﬁtﬁh’ﬁ% iBg?ﬂics and Drug
Disposition 1997148 (#:305r24iE hemoRhqusdBil 49BdoRR (i) waB0BETETICHMeBhehem. 1991,
34, 319- 25) so there Is no difference in practice.bet ral Inistrati ' stantially
pure isoﬁ@%ﬁ%ﬁﬂﬁﬁ?&?ﬁﬁ%ﬁu%ﬁ%% ?géxéa?ﬁ% kar?g)%%ﬂr‘ég.y's é@%ﬁ%ﬁ% ?ng:g! atif(?rlléﬁg %%g:itazone, it
has beeRiatash ifcacsbmissimtidatitiirdamethBradhadRT AR AN E TR tRAPIAT Rlas no difference

in acm%%o”towm@eoé administatian siiher:otiberacgmatessiheriadividual ssattiomersin a rodent

diabetes Thodel twww.fda.govimedwatch/SAFETY/2007/Sen Pl/Agtop| |.pdf): 1Pioglitazone)
containsl\tﬁie'\@rﬁ@ﬁét?iﬁ(gﬂ%ﬁ, W%ghﬂofﬁa'?s%éﬁ%%as@égﬁ%q u'\ée%g g;s the racemic mixture.

The two gnansion)essoe! pioglitarase: intareBATeragonaN i fferinuts fWes RIDRARTARY is

pharmacologic activity between thetg@q %Fgaaggqm ".@@gffects of pulmonary inhalation of
rosiglitaz%‘ﬁ%a&s% b%ﬁ a"ﬁ’%"‘n%“(b‘?‘ﬁ?&eed ?anyﬁ other glﬁgzone) in either racemic or single enantiomer

form do not appear to have been studied. It appears that nothing has been published conceming the
potential gpilbiation ofdhe SR antsa engitonrthat eitteectormbeapdatmafiPottardftitifone, when

contacted directly wj SSUEL Q2105818 6T¢6 B200R/MAN 19i& T plitarome class of
PPARy a e@rﬁ%ﬁ%@ @\ﬂvﬁg%qg%:ha‘a}acterised @;theaﬁrﬁ}s??nce in the moleculgéfqug]g\%’olidin-z,&dione
: ( :

radical (K)awierPBe8:teGh- 308N ayandirest i HEes: SHRIBRS t‘F‘é‘&%%_ 'H'(A)OH (B) and the
ring carbpn.aiei idigatedbyitheaniothisspatiberet asoiddrsrpesitbhefiRErand o fidione ring. The

term "glitazone" as used herei R 2gonist raBRPHtEWhese SisHeitiiedncludes a
thiazolidi -effﬁ-%tf%%ré’er?gqiﬂéﬁj%f%ﬂ%%f?o?i in-2-4 d?otnejS-_ Ameépéﬁl_ﬁhgn‘ et igﬂt@&%esides the
approvedaiggt méﬁkéﬁﬂ*%@mﬁiﬁﬂmﬁo@ﬁg&%hg fHERe &'mutt Ude of . itazones Known from
the patenpanghssientitieditaatiusthdéiisysranisiedincod e tRerrolon g/ (e 6ifects-

Piog%itazohe has structui'ai formula (1)
/ l S |
O
/\CE\_A m \/; O
BN . N
N O s} H .

and c:ém be named a5 5—{4-{2~(5—ethylpyn‘dinWZ—yl)ethoxy]benzyiM,3-thiazo§§dihe~2;4¥dione_
The carbon atom ih the 5-position of the thiazolidine-dione ring of pioglitazone, indicated by an

arrow in formuta (1) above, is asymmetric, so pioglitazone has two enantiomers, the 5R and

583 enantiomers.

. Rosiglitazone has the struétural formula (I} and can be named as 5'—({-{2{me’£hyl (pyridin-2-
| yhaminojethoxylbenzyl}-1 ,3-thiazolidine-2,4-dione. The carbon a'tfj.m in the 5-position of the
thiazolidine-dione ring of rosigiitazone, indicated by an arrow in formula (Ii) below, is also

asymmetric, so rosiglitazone also has two enantiomers, the 5R and 5S enantiomers.



Ciglitazone Englitazone Darglitazone 6 Brief summary of the invention This invention is based on
the finding that, for treatment of inflammatory respiratory disease by inhalation, the 5R-enantiomer of a
glitazone is more effective than the 5S enantiomer. Proof of principle dri imal model of
treatment oF thAgtEry respiratory disease by inhalation, in which thgglgi%%%?}%ger?gg of
pioglitazone and rosiglitazone have been shown tb be active, wheréas the 5S enantiomers were
essentially inactive. This finding leads to the conclusion that inhaled pulmonary administration of the
5R enantiomer of a glitazone, in particular the 5R-enantiomer of pioglitazone or rosiglitazone, allows
the anti-inflammatory effect of the-compré,und to be achieved more efficiently than by similar

administration of the racemate gan ita}lﬂg reduced side effect benefits of lower systemic
exposure than oral administrag aspect, there’is provided a glitazone for use in the treatment
of inflam ratorp disedse bypulmgnary administration by inhalation, wherein the glitazone

inhaled consists of at least 95% by W_eight'of the 5R configuration and less than 5% by weight of the
5S configuration, and wherein the said glitazone is pioglitazone or rosiglitazone. In another aspect,
there is provided the use of a glitazone in the preparation of a medicament for the treatment of

inflammatory respiratory disease by pulmonary administrati inhalati herei itazone
content Jﬁl%éﬁr?é’é[@ﬁ’r‘ﬁ‘éﬁ?fc@ﬁﬁ%8?%??65%3@57:}89%\?&98%&“?% tﬁéqgﬁ%%ﬁ\é G%rg%%}épﬁiglless than 5%
by weighiefiheSpiemniiguoations apthyizeteir tie £:48 Gitaroridad ﬁbgmdﬁh@@ﬁ}@@@]i@zpne. In
anqther %5 eagg },@er,ge'%@gpgg%d tBQ&{Q@&%}@&%&%E&%'W@Q&PAﬁfH%mB@QQQW@@mInlstratmn
by inhala ion, W ich composition comprises a glitazone and og]feﬂf are-pharm ceutically.acceptable
C

carriers apepaiceRiidnETINdRRRREIRRIFSYIHETERSRBRIER omposition consists of at least
95% by weight of the 5R configuration and less than 5% by weight of the 53 configuration, and

wherein e saif oliazanG 5 Pingli5aans R Losislisare anaiaan Rses i hetes s peovided a it for
treatmen o‘? respiratory disorders in a szbq—:g?t, t@eeml%t c&m%n%ngjgr&?agp&ﬁﬁ?Ot%gragfgmpr|5|ng a
compositioites GEAREIABEEAMPEEEBrid' dBEHGE form comprising anether therapeutic agent
selected frgiveanthinfiatividasbepagems b ereditaersnit. 6o eagemS Atidik&t8%gents,
leukotrieng inhihitarsand ApiiRiatiesoGadBrie tslasgripton stdheripatesnistration (see for
example J.Clin. Pharmacol. 2007, 47, 323-33; Rapid Commun. Mass Spectrom. 2005, 18, _
1ﬁ25—9; J. Chromatograpfy, 835 {2006}, 40-46; Biopharmaceutics and Drug Disposftion 1997,
18 (4), 305-24; Chem. Pharm. Bull 1984, 32, (11) 4460-65; T. J. Med. Chem. 1991, 34, 319-
25) so there is no difference in practice between oral administration of either substantially pure-
isomer and oral administration of thé racemic mixture. Specifically in relation to pioglitazone, it
has been stated in a submission to the Federal Drug Administration (FDA) that there was no
difference in activi'ty following oral administration either of the racemate or the individual
enantiomers in a rodent diabetes model ' .
(www fda.gov/medwatch/SAFETY/2007/Sep Pl/Actopius Met PLpdf):

“(Pic}gfifazone) contains one asyrmmetric carbon, and the compound is synthesized and
used as the racemic mixture. The two enantiomers of pioglitazone interconvert in vivo.

No differences were found in the pharmacologic activily between the At_wo enantiomers”

The effects.of pulmonary inhalation of rosiglitazone or piogltazone (or indeed any other
glitazone) in either racemic or single enantiomer form do not appear to have been studied. It
appears that nothing has been published concerning the potential equilibration of the 5R and

55 enantiomers of either compound, or any other glitazone, when contacted directly with lung

tissue.



Figure. 1 is a bar graph that illustrates the effect of intranasal administration to laboratory mice with
vehicle (0.2% tween 80 in saline), 5S-pioglitazone (1 or 3 ug/kg), 5R-pioglitazone (1 or 3 p.g/kg), or
racemic pioglitazone (3 jig/kg) on the number of BAL cells induced by tobacco smoke 24 hours post
the final exposdréd/Eigfilfe. 2 is a bar graph that illustrates the effect of intraHaSAl administration to
laboratory mice with vehicle (0.2% tween 80 in saline), 5S-pioglitazone (1 or 3 ug/kg), 5R-pioglitazone
(1 or 3 pg/kg), or racemic pioglitazone (3 ug/kg) on the number of BAL neutrophils induced by tobacco
smoke 24 hours post the fin x osure, F| ure. iJlustr ffect of intranasal
admlnlst@%ﬁ"fﬁzﬂﬁo?ﬁ%srﬁfaﬂ}f? Ser g‘b t\}\;‘;ecz,!’na in s%%%g% Ié\so%sﬁg%tgztﬁ(?]e (3 0r 10
lig/kg), SR4Rasiglithachiez@idn ze@fqm@ya@p@h&%n%@@éuaﬁfa%ﬁé”(@eqh‘amg%ﬁ‘?ﬁe Yiumber of BAL
cells mdg@% ,g@gg&&m@ 24 hours post the final exposure. Figure. 4 is a bar graph that
illustrates the effect of intranasal administration to laboratory mice with vehicle (0.2% tween 80 in
saline), 5S- %osglltazone (3 or 10 ug/kg), 5R R05|gI|t izone (3 or 10 ug/kg), or racemic Rosiglitazone

(20 lig/kg) bacco smoke 24 hours post the final
exposure. Detaileg@ description of the inve WO 2010/ 8PCT/G132009/001920 As used
herein, th litazone" has the meaning-ascribed'to Nabove, i.e., a PPARy agonist compound
whose structure ‘incl{fles a thiazolidin-2,4-dione radical (

(thiazolid 2 e R IRER, reﬂﬁé'ac%ﬂedmmergmee issgRicRigglitazone” or

‘pioglitaz8he comp nent” means the compound

(4-[2-(5-eittigtoydioene Ve tFesdapareijazenss %ﬁu%ﬁﬁﬁ%”‘f%ﬂ?ﬁo‘ﬁea&%ﬁﬁE%GE\%%%(}%G%P
pharmaC%%%@'B(r@@ﬁE@iﬂ&lﬁi@ﬁB therendinis veedderdinithe term (thisightardrion osiglitazone
component" d 5(4-{2-[methyl
(pyridin- 2‘?I miﬁ ox%%ﬁ%?l) 1,3-thiazolidine-2,4-dione of formula (li)above, or a
pharmaceutlcally acceptable salt thereof. As used herein, the term "enantiomeric excess" or its
abbreviatigriRethissgpfined asithapetetnisigitaiR<S(RHIS) 006, fercenrmmdiéireand S are the
respec“"eg’ '&h” Of the RiandsyaRRMinmREsire semples-Ehysdor-aigitarene sample
contalnln 5% By we ght of the 5R enantiomer and 5% of the 55 enantiomer, the enantiomeric excess
of R over@'@‘ﬁﬁﬁtlomer is ((95- 5)/95+5)) x 100 = 90%. In one aspect, the present invention provides a
pharmaceutical compositfon adapted for pulmomary admlnls ration by intfalation, which composition
comprises a Iltt'icul p ﬁ@m one, one Bt more pharmaceutically
acceptabl rrfers and/ar exci S, oW reln\(he glitazone cogtent of the composition consists of at
least 95% by weight of the 5R enantiomer and less tth % of the 55 enantiomer. In another aspect,
the mvenﬂdﬂ*ﬁ%ﬂﬂles a gllta\chﬂ’?:g ‘f@?oé?ample ploglltazcg'ue or r03|gI|tazone for use in the treatment of
inflammatory respiratory disease by pulmonary administration by inhalation, wherein the glitazone
inhaled consists of at least 95% by weight of the 5R enantiomer and Iess tha 5% of the 5S
enantiomer In another aspect, the invention pjowdes the use of 2 rﬁg\l orwexample pioglitazone
n? of inflantm

or rosiglita neo he p n.of ,gpe tr atory respiratory
disease b Ql%ttfatlocm hal V\?néreln thre’glitazone content of the medicament
consists of at least 95% b Welght of the 5R enantlomer andoless than 5% of the 55 enantiomer.
Edaglitazone MK-0767 Rivoglitazone
N 5 . ) ) [»)
. : o] . S
0 @”TQ o w ”Y\om{(w
Yoy T G OO Ol
HO 0
. o
Troglitazone Netoglitazone 7 Balaglitazone

o

o W w%}

~5 S N. =N

Lobeglitazone ~ Inofitazone



WO 20101015818PCT/GB2009/001920 8 In another aspect, the invention provides a method of
treatment of inflammatory respiratory disease comprising pulmonary administration of a therapeutically
effective amount of a glitazone, for example pioglitazoﬁe or rosiglitazone, to a subject suffering such
disease by inhalation, wherein the glitazone inhaled consists of at least 95% by weight of the 5R
enantiomer 2Pgf S EBHRM HoRNSYR enantiomer. In all aspects of the invention, the glitazone
component,Tieis xamite thenieg|iaten ending siglidzoneatnsnon pifariaxby lebpledoviadibessese or
the mouth. Breferably { i nbaled via ihe mwth, In all aspests 9fie Invention e dliazone
component, ¥or examplé pioglitazone or ros@i?azone, should pre?eragly Qontain as ile of the 5S
enantiomer B plodlsisieci Fligrdsivamiste) eieabiRnehavishidieripneohetinitarareiast opwiraent least 98%,

or at least 9§%p s weigiHefibie BligrentmeBRPQRAILINY SshBsitobHeny esdighathpdlitReone

t, f le the pigglit iqlit [ t, .aCCC ied by,
camieterelESCA ENTAI ot BERBRIGPALE R Cr OIS BN LAl AGEE LR e

purpose of ﬁmiemiﬁ@mmm@wmmd(ymdqadmmmm@ma\m agonistnén aflaspects of
the inventiogycugantly themast piekuredaliarons: RIRSASHE & PIQRlitazoRe: Maalkanpgpis of the

invention, the wherein the inflammatory respiratory disease may be selected from, for example, mild
asthma, mofi8PREIARRREeSE0EMRe LOMRMISHENFE ASkisvertastRRE ClsrBlvchAR PYBHIR obstructive
pulmonary ciseasetnEiort)iheysite matoswipainianasyoema; rdines anyatooli BEhgitetiaa,
ulmonar rCOisQsis.. silicosi v fibrqsis, respiratory failure, acute respiratory distress
Eyndrome){ %%?g%ﬁfs%e%n%ggé@r%i% rg%%?(%ﬁﬁﬁﬁ%%%%ﬁlosis? and Iﬁng cancer. The gIFi)tazonZ component
can be in the form of a pharmaceutically acceptable salt. The term "pharmaceutically acceptable salt”
refers to sals prepaieiiraa-oosroarrdticaliaasas able iRoKgANGANShOAIsMFSS dNdhasesy WO

2010/01581 lspe%-ls—o/a ISD’/Zp% ngwg?"l%]r'ygggrr?inistration by inhalation, wherein the glitazone inhaled consists of

at least 95% by weight of the 5R configuration and less than 5% by weight of the 55

configuration, and wherein the said glitazone is pioglitazone or rosiglitazone.

In another aspect, there is provided the use of a glitazone in the preparation of a medicament
for the treatment of inflammatory respiratory disease by pulmonary administration by
inhalation wherein the glitazone content of the medicament consists of at least 95% by weight
of the 5R configuration and less than 5% by weight of the 58 configuration, and wherein the

said glitazone is pioglitazone or rosiglitazone.

tn another aspect, there is provided a pharmaceutical composition adapted for pulmonary
administration by inhalation, which composition comprises a glitazone and one or more
pharmaceutically acceptable carriers and/or excipients,' and wherein the glitazone content of
the composition consists of at least 85% by weight of the 5R configuration and less than 5%
by weight of the 55 configuration, and wherein the said glitazone is pioglitazone or

rosiglitazone.

In another aspect, there is provided a kit for treatment of respiratory disorders in a subject, the
kit comprising one dosage form comprising a composition as defined above and a second
dosage form comprising another therapeutic agent selected from anti-inflammatory agents,

bronchodilators, mucolytic agents, antitussive agents, leukotriene inhibitors, and antibiotics.



other physiological acceptable metal ions. Salts derived from inorganic bases include aluminum,
ammonium, calcium, copper, ferric, ferrous, lithium, magnesium, manganic salts, manganous,
potassium, sodium, zinc, and the like and in their usual’valences. Exemplary salts include aluminum,
calcium, lithium, magnesium, potassium, sodium and zinc. Particularly preferred are the ammonium,
calcium, m%@@ﬁﬁ#ﬁ&?ﬁé&ﬁ%@%odlum salts. Salts derived from pharmaceutically acceptable
organic non-toxic bases include salts of primary, secondary, and tertiary amines-, including in part,
tiimethylamfirigideethysearhaegrahiNhat dﬂlmmweﬂfhwlaﬁfmdmﬁmtreneh&bmimmwsmholiamratory mice

ol WRR e e RIS Bogl aine (BnrHisbisTTne) 3nd Recansiusiihied granes

including natural ally occurring substituted aminés; cyclic amines; and q onium tations.

Examples ofigtigh basaesing pifgldeghiad3 M&M@m&ﬁé’ﬁé}hﬂmfrﬁe‘\wﬁfi@Ibéhfzf%bbw{élﬁ’@ﬁiamme,
diethylaminggZidieth HarNQeiaBa o4 -skiindaminoethanol, ethanolamine, ethylenediamine,
N-ethylmorpholine, N-ethylpiperidine, glucamine, glucosamine, histidine, hydrabamine,
isopropylamine, lysine, methylglucamine, morpholine, piperazine, pipendine, polyamine resins,
procaine, ptigmes, thiecbbanunaptiiedhiflasirates thmetfeglarhintatiaped pytamisies tivorethtzoratveyamnit ¢he

I|ke lllustra h r C t c s f oxnd ent
invention o Be A KDL R T o e R ar e oy TR o Fe e aF
propionic, bedkgic osteedies gigaihecgiuconickdaciicihe alethenaliBAlansvicoritticingitdeddncorbic,
glucuronic, malgic, IHRREGANEUMG ARV irBliaRImebenzoic, hydrochloric, hydrobromic, hydroiodic,
isocitric, xinafoic, tartaric, trifluoroacetic, pamoic, propionic, anthranilic, mesylic, napadisylate,
oxalacetic, oleic, stearic, salicylic, p-hydroxybenzoic, nicotinic, phenylacetic, mandelic, embonic
(pamoic), methaac3idfartiar gtmaharimupdmmmieffe&hahes‘aﬁem,abmzieﬂawﬁwlebpmmhaiab:
LoenesuTonf Anbd eor tansruin. uonlie sy, ofllode Sydaheeminamlong o
algenic, f3- Wy roxy utyrlc ga Actanc and yalActuronic mp Iar drmaceutica y acceptable
salts includetté Balmbﬂnydcedhmﬂcsmilﬂm I(fj/@mcﬂikghﬂo ﬁmmﬁmg@dﬂsmdunvémon are
useful for tr%g&gtﬂ&gwm;g%g{sfpgéqméyggﬁgggpés for example asthma (mild, moderate or
severe), e.g., bronchial, allergic, intrinsic, extrinsic, exercise-induced, drug-induced (including aspirin
and NSAID-induced) and dust-induced asthma, steroid resistant asthma, bronchitis including infectious
and eosinophgicdronchitiar ghaphivatiiiictive thulsfnagf diseases(@OHRIraysticdikiasisopumenary
fibrosis |nclud N\ t fibrosing alveoli |s athc ulmonary, fibrosi | thl interstitial
pneumonias, #%%roqgéﬁjc% fc megnagreftlljnnséagg étlct era ?0 }?rgomé[lJ %@h m%a ga %&a
2010/01581@9@%0@9@&1@2@@%%@%@0@%@&%%6@Irrols@amf Bﬂden&m@ahlia‘eﬁtimesf
complicatiog§ g ansiantation iy@squg%gln& Q%botlc disorders of the lung vasculature, and
pulmonary hypertension (including pulmonary arterial hypertension); antitussive activity including
treatment of chronic cough associated with inflammatory and secretory conditions of the airways, and
iatrogenic cDetdileacidscaiptochsdttie ¥niaitiedncluding rhinitis medicamentosa, and vasomotor rhinitis;
perennial and seasonal allergic rhinitis including rhinitis nervosa (hay fever); nasal polyposis; acute
viral infection including the common cold, and infection due to respiratory syncytial virus, influenza,
cofonavirus (including SARS) and adenovirus, pulmonary edema, pulmonary embolism, pneumonia,
pulmonary sarcoidosis, silicosis, farmer's lung and related diseases; hypersensitivity pneumonitis,
respiratory failure, acute respiratory distress syndrome, emphysema, chronic bronchitis, tuberculosis,
and lung cancer In particular, the methods and compositions of the present invention encompass the
prevention and treatment of the respiratory disorder, COPD. As used herein, the term "chronic
obstructive pulmonary disease" or "CORD" refers to a set of physiological symptoms including chronic
bronchitis, chronic cough, expectoration, exertional dyspnea and a significant, progressive reduction in
airflow that may or may not be partly reversible. Emphysema may also be present in the lungs. COPD
is a disease characterized by a progressive airflow limitation caused by an abnormal inflammatory
reaction to the chronic inhalation of particles. In subjects with the disorder, poor gas exchange in the
lungs leads to decreased oxygen levels in the ;blood, increased levels of carbon dioxide and shortness
of breath. Chronic airflow obstruction in COPD is complicated by the loss of lung elasticity resulting
from enzymatic destruction of the lung parenchyma. Rather than a single pathologic condition, COPD
is an umbrella term encompassing chronic obstructive bronchitis and emphysema. Compositions
suitable for administration by inhalation via the mouth or the nose are known, and may include carriers
and/or diluents that are known for use in such compositions. The composition may contain 0.01-99%
by weight of the pioglitazona or rosiglitazone component. Preferably, a unit dose comprises the
pioglitazone or rosiglitazone component in an amount of lug to 50 mg. The most suitable dosage level
may be determined by any suitable method known to one skilled in the art. It will be understood,
however, that the specific amount for any particular patient will depend upon a variety of factors,
including the activity of the specific compound that is used, the age, body weight, diet, general health
and sex of the patient, time of WO 2010/015818PCT/GB2009/001920




11 administration, the route of administration, the rate of excretion, the use of any other drugs, and the
severity of the disease undergoing treatment. Optimum dosages will be determined by clinical trial, as
is required in the art. Compositions of the invention may be used in corg@&%gogy&m(ﬁmer therapeutic
agents thavaredyseddi¥the treatment/prevention/supPression or amelioration of the diseases or
conditions for which present compounds are useful. Such other therapeutic agents may be
administered, by a route and in an amount.commonly used therefore, contemporaneously or
sequentially with the @Rezone component, particularl pioglitazgne or, Losigh e component.
When a4®His80seEsT the IRVBNHSHA ﬁs%e%sc%%{gﬁqaﬁg}%r%%%ﬂ%sél)f \l/%ith onegb?%o%gtgfﬁg therapeutic
agents, agehrrpaeetticatompesitncoatainig tbiralsticr fidrPapsaticAdeh i addition to the
pioglita7 ne co 09NENE IS, B fﬁq@%ﬁ@@@rd&a@m @be pharmaceutical compositions of the present
invention include those that also contain one or more other active ingredients, in addition to the
glitazone component, particularly the pioglitazone or rosiglitazone component. Suitable tgerapeutic
agents foracambiratitre therdpipglitvene’ gD eHEEsRTISERRAE "hAPFEIRII (8 B0y litazone or
rosiglitaz{gq?_g%ﬂmﬁefﬁéz—%mﬁok@\r@éﬁﬁl}mwmammmwmmrm@p@m@a@mt@ selected
from anti-in Iammat_%i/ agents, Elronqp&gyggprs, mucolytic agents, antitussive agents, leukotriene
inhibitor LB AL le&Ceita f‘ést%erapeut'ic agents for a combination therapy with the glitazone
compositions, particularly the pioglitazone or rosiglitazone compositions, of the invention include: (1) a
steroid dpug SUFRASA RAisesRiiamexamipisitisntonsathasonentengarstRe AR the
dipropionate ester), ngni_soIi e, flutic 2 ienate ardidreatesesten @clesonide,
mometaééhf%”@?é@y%\ ¥H8i?ﬂgrb\g)taémég? 1), %%%%%ﬁ%ﬂgeﬁe%ﬂi&e, rofleponide, hydrO(:(o'rftisone,
prednisoreyymrezirslameaapdirglreeRRENERBHEES M, deflazacort, halopredone acetate,
fluocinolone acetonide, fluocinonide, clocortolone, tipredane, prednicarbate, alclometasone

dipropionate, halometasone, rimexolone. deprodane Nfonignalpsirmeinaasedetartethasone,

fludrocorﬁ!?olf’?& éag%'?ycortlcoste_rone, etiprendnol dicloacetate and the like. Steroid drugs can

additionaftgtivectiade: steroids in clinical or pre-clinical development for respiratory diseases such as
GW-685698, GW-799943, GSK 870086, QAE397, NCX-4010, NCX-1020, NO-dexamethasone,
PLQMG}@?%%%%‘?B@/%TMG) and compounds referred to in international patent applications
W00212265, 6, W002100879, W003062259; W003048181 and W003042229. Steroid
drugs can also additionally include next generation molecules in development with reduced side effect
profiles Swlé@szs@dﬁcﬁ\&egﬁumommiﬂtv'ﬂdWe@ébf@cﬁgﬁﬁwﬁt@%@ﬁﬁﬂﬁﬁ%ﬂ%‘?ﬁ@"zﬂﬁféﬁs WO
2010/015%%%%%9' gg &%@Q&%@%ﬁ@@oﬂaﬁﬁ@ campyuRsigHeseiedRroemtieneatiod &% afdht 8plications
, W

WO-00032585, WO-000210143, WO-2005034939, WQ)- ! 50355180and
WO-20050m58008h ' AT 2EURISTERE and J%%ﬂ%%%ﬁ%%%s%%ﬁ@? 2a .

132-adrenoreceptor agonist, such as albuterol, bambuterol, terbutaline, fenoterol, forrnoterol,
formoterogg%wgg%%cﬁqlﬁg%ﬁ%@mﬁﬁ@ﬂt@:ﬁcﬁrw&&f@mﬁhmmewhmnWQmﬂa‘aﬁﬁhﬁ@’, indacaterol

(QAB-149), carmoterol, picumeterol, Bl. 1744 lg&?@ itk SRBRLI4apK642444,
OSK6780(§’?‘,“@9§?@@fﬁg?‘ﬁéﬁlﬁ)ﬂ%}‘dﬂ%}%&% 'e\f% , ﬁ%@%%%ﬁiﬁ; ﬁ%’éatero 9tjA-ZO.OS and also

compoundsoofiERD4A096SIIR0BE ZULA NI ESOFT OGS N ETS 06219658 éo{
US2005/01 334 7 UBR005/ BEGA4RWEHRAT Bilibd, oADBHUE1 08 IWO0T B 3a8 A0 02 Y62,

W002170490, WQU2176933, WQ03/244 3% NA0RAR ERaMRS/42164, WO03/72539,

in another aspect, the invention provides a glitazone, for example pioglitazone or
rosiglitazone, for use in the treatment of inflammatory respiratory disease by pulmonary

administration by inhalation, wherein the giitazone inhaled consists of at least 95% by weight

of the 5R enantiomer and less than 5%, of the 55 enantiomer

in lanother aspect, the invention provides the use of a glitazone, for example pioglitazone or

rosiglitazone, in the preparation of a medicament for the treatment of inflammatory respiratory

disease by pulmonary administration by inhalation, wherein the glitazone content of the

medicament consists of at least 95% by weight of the 5R enantiomer and less than 5% of the

© 5% enantiomer.



WO003/91204, W003/99764, W004/16578, - W004/016601, W004122547, W004/32921, WO004/33412,
WO004/37768, W004/37773, W004/37807, W00439762, W004139766, W004145618, W004146083,

WO004171388, W004180964, EP1460064, W004/087142, W004/89892, EP01477167,
US2004/02%262R20/015818 PCT/GB2049/001920

In another aspedt, the invention provides a zﬁethod of freatment of inflammatory respiratory
disease comprising pulmonary administration of a thérapeuﬁcaliy effective amount of a
glitazone, for example pioglitazone or rosiglitazone, to a subject suffering such disease by
inhatation, wherein the glitazone inhaled consists of at least 95% by weight of the 5R

enantiomer and less than 5% of the 5S enantiomer.

In all aspects of the invention, the glitazone component, for example the pioglitazone or
rosigltazone component, may be inhaled via the nose or the mouth. Preferably it is inhaled via

the mouth.

in all aspects of the invention, the glitazone component, for example pioglitazone or
rosiglitazone, should preferably contain as fittle of the 53 enantiomer as possible. For
example, the 5R enantiomer may constitute at least 97%, or at least 88%, or at least 99% by

weight of the glitazone component.

In all aspects of the invention, the glitazone component, for example the pioglitazone or
rosiglitazone component, may be accompanied by, or administered sequentially or
concurrently with, one or more other therapeutic agents useful for the purpose of preventing

and treating respiratory disorders, other than a PPARy agonist.

In all aspects of the invention, currently the most preferred glitazone component is

. pioglitazone.

In all aspects of the invention, the wherein the inflammatory respiratory disease may be
selected from, for example, mild asthma, moderate asthma, severe asthma, steroid resistant
asthma, bronchitis, chronic obstructive pulmonary disease (COPD), cystic fibrosis, pulmonary
edema, pulmonary embolism, pneumonia, puimonary sarcoisosis, silicosis, pulmonary fibrosis,
respiratory fallure, acute respiratory distfess syndrome, emphysema, chronic bronchitis,

tuberculosis, and lung cancer.-

The glitazone component can be in the form of a pharmaceutically acceptable salt. The term
"sharmaceutically acceptable salt” refers to salts prepared fromn phamaceutically acceptable

inorganic and organic acids and bases.

Pharmaceutically acceptable inorganic bases include metallic ions. More preferred metallic

ions include, but are not limited to, appropriate alkali metal saits, alkafine earth metal salts and



US2004/0229904, W004/108675, W004/108676, W005/033121, W005/040103, W005/044787,
W004/071388, W0051058299, W005/058867, W0051065650, W005/066140, W005/070908,

W005/092840, W005/092841, W005/092860, W005/092887, W005/092861,
W 2010/015818 PCT/GB2008/001520

other physiological acceptable metal ions. Salts derived from inorganic bases include
aluminum, ammonium, calcium, copper, ferric, ferrous, lithium, magnesium, manganic salts,
‘manganaus, potassium, sodium, zinc, and the like and in their usual valences. Exemplary
salts include aluminum, calcium, lithium, magnesium, potassium, sodium and zinc.

Parficularly preferred are the ammonium, calcium, magnesium, potassium, and sodium salis.

Saits derived from pharmaceuticaliy acceptable organic non-toxic bases include salfs of
primary, secondary, and tertiary amines; including in part, timethylamine; diethylamine, N, N'- -
dibenzyiethyléned'iamine, chiorobrocaine, choline, diethanolamine, ethylenediamine,
meglumine (N-methylglucamine) and procaine; substituted amines including naturally
oceurring substimted amines; cydic amines; and quaternary ammonium cations. Examples of
such bases include argining, be’téine, caffeine, choline, N,deibenzylethyiernediamina,
diethylamine, 2-diethylaminoethanol, 2-dimethylaminoethanot, ethanolamine,
ethylenlediamine, N-ethytmorpholine, N-ethylpiperidine, glucamine, g!ucosamine; histiding,

" hydrabamine, isopropyiamine, lysine, methylglucamine, morpholine, piperazine, piperidine,
polyamine resins, procaine, purines, theobromine, triethylamine, trimethylamine,

tripropylamine, tromethamine and the like.

llustrative pharmaceutically acceptable acid addition salts of the compounds of the present

| invention can be prepared from the following acids, including, without limitation formic, acetic,
propionic, benzoic, SUCCINc, glycolic, gluconic, lactic, maleic, malic, tértaric, citrie, nitric,
ascorbic, glucuronic, maleic, fumaric, pyruvic, aspartic, giutamic, benzoic, hydrochloric,

- hydrobromic, hydroiodic, isocitric, xinafoic, tartaric, triffuoroacetic, pamoic, propiomnic,
anthranilic, mesylic, napadisylate, oxalacetic, oleic, stearic, saiicylit;, p-hydroxybenzoic,
nécétinic, phenylacetic, mandelic, embonic (pamoic), methanesulfonic, phosphoric,
phosphonic ethanesulfonic, benzenesuifonic pantothenic, toluenesulfonic, 2-
hydroxyethanesulfomc suifamhc sulfuric, salicylic, cyciohexy!ammosulfomc algenic, p-
hydroxybutyric, galactaric and galacturonic acids. Exempiary pharmaceutically acceptable

salts include the salts of hydrochioric acid and hydrobromic acid.

Compositions of the in\!ention are uséfui for freatment of inflammatory respiratory disorders‘
for exampie asthma (me!d moderate or severe), e.g., bronchial, allergic, intrinsic, extrinsic,
exercise-induced, drug-induced (including aspirin and NSAID- induced) and dust- induced
asthma, steroid resistant asthima, _bronchltls including infectious and eosinophilic bronchitis,
chronic obstructive pulmenary disease (COPD), cystic fibrosis, pulmonary fibrosis including
cryptogenic fibrosing alveolitis, idiopathic pulmonary fibrosis, idiopathic interstitial

pneumonias, fibrosis complicatin‘g anti-neoplastic therapy and chronic infection, including



W0051090288, W0051092087, W005/080324, W005/080313, L1S20050182091, US20050171147,
WO005/092870, W005/077361, DE10258695, W005/111002, W005/111005, W005/110990,
US2005/0272769 W005/110359, W005/121065, US2006/0019991, W006/016245, W006/014704,
W006/031586 2WO06AI82627, US2006/0106075, US2006/0106213, Woler(514 73 Wdbe 056471,
W008/096112, W008/104790, W008/096119, WQGQ8/096112; (3) a leukotriene modulator, for example,
montelukast or pranlukast; (4) anticholinergic agents, for example, selective muscarinic-3 (M3)
receptor antagonists such as ipratropium bromide, tiotropium, tiotropium hromide (Spiriva0),
glycopyrolietey @298 SR PRNd SKE5REEE ‘?ﬁ%ﬁ@%‘éfﬁé“,%@%ﬁé’ 9LAS35201, 0AT370 and
oxytropi%gﬁ;gmgﬁsn(@hmlahﬁdieﬁtemasmIWS@@ESW)HMW@O@%%&%@EEP%H%%Q or
cilomilast; (6) an antitussiye ; ' Ligextamerphaac(vhaimonssigroidal
anti-infla‘ﬁ%fgﬁa%ﬁ‘%‘géﬁ%ﬁ%ﬁ%ﬁ%@%l&% @[g?gf n@gr ketoprafen; ég)gt%cggyﬁig, for example, N
acetyl cymtﬁ@ﬁrm@f@ﬁo@émﬁ’ﬁmqﬁ%@mﬁ%}% ?ﬁ‘odﬁ‘ﬁ%?orf%qr example, ambroxol,
hypertonig:selutians ite-eeselinesh; manaiol) oretirasniit teoapEpite R f5Pexample,
recombinant human desxyribonaclease h(doummsezaliaianeHi Mose)ra helinidians) (aasibiotics, for
&zitAromycin, tobramycin and aztreonany'? @”%@%%@M@bﬁ’dk%ﬁfm@%&% gych as GSK

example, [ nd.

856553 &eie(5 SREBBAARSSH/e5S0 1ERIBBTEP Y ‘ 0 137In one aspect, the invention
provides dantheciseyatitbaledsauintematiohmsiine Gieding RORDEHRTE Baftularly the

pioglitazon m%%ﬁ%@ﬂ@gg;ﬁgm%ﬂ%%@f shednvantipnlinopam binaticlsiitisitbes, anti-inflammatory
drugs antbroncHodi ator drug Cqmbinatigns (Le. W@ %Uﬁi gion praduet), flkding it not limited
to salmefEraIetinAea iR (HRLShAE AR5 SioNAte (Adval /éere id%logl' formoterol fumarate/budesonide
(Symbicog§Yirfesmaisrekisyaiamimentise RifsabRFbRPRIFLRaR AL ISR e
dipropionagte (FosterQ). foumatarahfismansieitibicssnampsepionateithletifonpds the
Indacaterol/mometasone furanGe(girp}darggt{era (I)/ IAE397 cBpl159797/GSK 685698, GSK159802/GSK
685698, @SW@Z@E%@%@@% 8" formoterof fumarate/ciclesonide, arformoterol tartrate/ciclesonide.
In another aspect, the invention provides for the use of inhaled administration of the glitazone

compositigus. pRHIsUiRT I haRiegitaro BesBrCbSiglitarsTeyctsepesitio S QR Rhe ARt Pf
combination with other bronchadilater dr. ambinatian 4 ly 82-asenisyM3aniaganist
combinatiSHE ' b EBbmaA :@ré? %?o%t%c’:%?ﬁ%udind %hﬁ{‘gﬁfrﬁﬁe’d 'i)pésalm§§ar Lt
xinafoateHicwopiandbacranitcToHORRSSIRTERARERILIT IR g?%anaé,o BI"T74% E/%lotr%pium bromide,
indacaterglNNARS3 7einsieEal(A 58T Befprmeteiniht ABSH 2¢PROSKA STPITFGEN SIS TEY,
GSK159802/GSK 573719 44/ SKARSIEATA 233N o GBKEERR02/GSK
233705, C?éR@ﬁ%ﬁﬁ%%ﬂf%ﬁ%@g%nd%ﬁﬂﬁ%@g&ﬁch possess %ﬁﬁ 132 agonist and M3
antagonisirastiviep iof retiskehe molecule (dual functionality) such as GSK 961081. Thus in another

aspect, the invention provides a kit for treatment of respiratory disorders in a subject, the kit
Comp”Si”%oﬁ%hQ&?%% [RIMCARRIISIIY GERMRASHIOR Meanigd ideutmeasarysadmipistration by
composiion comprises a gltagon paricylatlpioditarans r isigiiazone, and one

inhalation, whi
E3RA)6T excipients, wherein thegéglitazone content of the

or more plrystrdBdtRiIBIARABEERERICER ei _
compositigneansisseliat leaxD0B% byupighrdibiiesrrerHANG FlBtigY TSRS of the 55

enantiomer, and & secon0saRIRIp paBIRISIAg. FReihetibempeykicagentsfocexiinple as

discussed above, selected from anti-inflammatory agen r iRt murabricagents,
antitussiveC&JBnis ARG LA BIESIPARE Shiibio |%§E%§C§g%\@g@%@ inhalation, the active

compound is preferably in the form of microparticles. These may be prepared by a variety of
techniques, including SeraYel YR dfraazeadoyig ianslmiaranisationuRolichimpsizersédaetion to

produce microparticles, particle size distributio ) of RPUNG, iscaxinged. anskgenerally
described W%%rwgﬁéefﬂﬁﬁgaaﬁffrd% eg%d%ggf é%%vgwg%%%era%g particle size, i.e. the average

equivalent cimmettinnsdgiinadin SRS Er AN ESPIRALEZOD T 178 Bétﬁlzgfé%)c%?ﬁﬁ?g Powder have

a larger eq#m@%y a unit dose comprises the pioglitazone or rosiglitazone component in an amoqnt of

tug to 50 mg.

The most suitable dosage level may be determined by any suitable method known to one
skilled in the art. It will be understood, however, that the specific amount for any particuiar
patient will depend upon a variety of factors, including the activity of the specific compound

that is used, the age, body weight, diet; general health and.sex of the patient, time of



WO 2010/015818PCT/GB2009/001920 14 diameter, and the other 50 mass-% have a smaller
equivalent diameter. Hence the average patrticle size is denoted as equivalent d50. For inhaled use a
d50 of less than 10 microns, preferably less than 5 microns is desired. By way of example, a
compositioriverf thgfrivettion may be prepared as a suspension for delive%/@Tf/ ngﬁ“&&%ﬁ ser or as an
aerosol in a liquid propellant, for example for use in a pressurised metered dose inhaler (PMDI).
Propellants suitable for use in a PMDI are known to the skilled person,-and include CFC-12,
HFA-134a, HFA-227, HCFC-22 (CCI2F2) and HFA- 152 (OH4F2 §‘nd isob t%n%)(hllgng preferred
embodinmsivtiofstraiam ittt SRTHBEHBIPBf fife RS SH TSR 0 pewdler

r;e/ owder form, sformg%ﬁlvery using a
dry powdaidnhalen @R ) Mariséypesof-Rlaredaiownt. Mitropartetessoribiivelsianinghktion may

be form“'%‘?ga}’\{ﬁgf eé‘sclﬂ%ﬂ{ﬁ’rég% aid delivery and release. For example, in a dry powder formulation,
microparﬁcles may' be formulated with large carrier particles that aid flow from the DPI into the lung.
Suitable carrier particles are known, and include lactose particles; they may have a mass median
aerodynamie giametebdi-greatetitham9 bpnseAdresoljerioratth eRaTBREAPRLEFCEE0SIN for
example, pIessH i BBt ARISK B ResainalomisRsatore e Rl esibes opinariven
metered aerosols or propellant-free adm|ms%ra%g&ogtag%%@lz%qﬁ%célvgn%o%@ds from, for example,
inhalatiorf AW EENeR BTOH MR I WFe I Hdlival & yStems. The combositions may be dosed as
describecdgiepasidiag, op tedirraldinsystenustelMmaaliterr ariB e AR RRRSIhE"
administration.fours Jav-RdgilonmllvsRsAine xeivianssy suslhiagitiatexampligipeapetiants (e.g.,

Frigen in the case of metered aerosols), surface-active subs emulsifietssiaRilizersre
preservatfftEe IR UM ﬁﬁ@?%%%@ﬁl SV The case of gﬁvﬁg{) mhalers? o’rpif apgﬂrﬁgriate, further
I

active comipeutidsafarithenpuispeseeoiatpdiaarPrarrr e RanBEing: L ee 4Peav5HEble with which
aerosols %Qggrnpm(p@fggq@%@m@ea@mﬁe@ammtmedrmm t&m inhalation technique

which is appropriate for the patient. In additi ) : Sdexparders) and
pear-shar?é@@b?ﬁ%‘fﬁg?i & .oﬂ%%}u 3?5% r)preg A0iADEHGR AL ANBRIOLS (RAES SR

, VO umatlcqtéand automatic demceia;e'im ;‘tieng a puffer spray
I

(Autohalene)idatimesstve Baredonss i ARTRMP I HAVEZLE HPTRRTRMMRRERS,

4 Alimber of technical -
solutions gre available-(eagiiskhaleripomotadisk(r), Turbohaler(r) or the inhalers for example as
described in EP-A-0505321). WO 2010/015818PCT/G82009/001920 15 Methods of preparation of
Glitazone Enantiomers Glitazones can be separated usin%phiral)a%l?LC %ee for ef'g(angple Methods 1-3
and 5-7 belgtepThiraraitimresTifdiiR CHRARAIPRSESY KRS R7°B050T PR, 1T, 0D, OF, 0G, 04,
OK, and QZrRiefeyres ehisai-cohionsoftyitiPbr® arenGi4iivAE FAKDENMATHITCHARAPTEAR IA using

elution with ethanol 3nd.varying oA LT FémmIRiarRRR:R%: @886 Bhenchodilators,

mucolytic agents, antitussive agents, leukotriene inhibitors, and antibiotics.

Suitable {herapeutic agents for a combination therapy with the glitazone compositions,
particutarly the pioglitazone or rosiglitazone compositions, of the invention include: (1Ya
- steroid drug such as a corticosteroid, for example beclomethasone, (e.g., as the mono or the
‘dipmpionate ester),'ﬂunisoli_de, ﬂuti_casone (e.g.; as the 'propionaie_or furoate_ ester),
ciclesonide, mometasone (e.g., as the'fUroaie ester), mometasone desonide, rofleponide,
hydrocortisone, prednisdne, prednisclone, methyl prednisolone, nafiocort, deflazacort,

. halopredone acetate, fluocinolone acetonide, ﬂ;:ocinonide, clocortolone, tipredane,
prednicarbate, alclometasone dipropionate, halometasone, rimexolone, deprodone _
propionate, triamcinolone, batamethasone, fludrocortiscne, desoxycoriicqsterone, etiprendnol
dicloacetate and the like. Steroid drugs can additionally include steroids in clinical or pre-
clinical development for respiratory diseases such as GW-685698, GW-799943, GSK 8700886,
QAE397, NCX-1010, NCX-1020, NO-dexamethasone, PL-2146, NS-126 (formerly 5T-126)

" and compounds referred to in international patent applications WO0212265, W0O0212266,
WO()21008?9, WO03062258, WQOSDA&S?S‘I and WO03042229. Steroid drugs can aiso
additionally include next generation molecules in development with reduced side effect

profiles such as selective glucocorticoid receptor agonists (SEGRAs), including ZK-216348



An alternative method of resolution, using pioglitazone as an example, is shown in Scheme 2 (see also
Example 10). (I) Recent review articles on optical resolution methods: E. Fogassy et. at, Tetrahedron:
asymmetry, 2008, 19, 519-536; S.H.Wilen, Topics in Stereochemistry, Wiley-lnte{jrgs/gféP Ge: NY, 1972, 6,
107 Eds. EW&hel¢/Mias1Allinger; P.Newman, Optical resolution Procedufés'of Chira ompounds 1-3,
Resolution Information Center, NY, 1978-1984; JJdaques, S.H.Wilen, A. Collett, Enantiomers

Racemates and Resolutions, Wiley-Interscience: NY, 1991; RA. Scheldon, Chirotechnology, Marcel
Dekker, NY, 1993; Optical Resolutions via diastereomeri inR-ERGRress, 2002, Ed. David
Kozma. @erfpfsifly Bfﬁﬁﬁgf‘éﬁld‘“?@@@l@?ﬂé?gagﬁtsﬁ?&%@“&%@ﬁ%ﬁaﬂ6n dibgr%ogl tartaric acid,
dianisoyhtarteicacit Ceitotaphitar e/ @A ERABPRSAYIE %W@sa@h%%%%ssog icyphos,
1,1°-bingphthy1-2, 2'-di QgeR-RhosphalatcaMRhessuliori ¢ 2eittsbsorneptamgbtossulfonic acid,
campho?f%nfgg:%/a,aﬁ%%ﬁ%%{é%#%gﬁlfonic acid, mali lacgd 05“%?%@&%%%5%%??9%9%9”0 acid,
4-methywenee REBEEPH RETPYGH a RS SUTtSHIC acids. WO ) '
2010/015843RGT/ CRACH0GBIRAE Samorepheidnsatet SIERIEIHEEEDNIAT ag8hts include

(-)-0,0"-di be#g@(};%t@%@&gg]@@a@y@rg Uyl D5 vl es By 40 BRI 2R1E, ROHOHPdfdte,

(-)-di-O-f)“‘-%r uoyl-L-tartaric acid, Lé%-

-tartaric acid and. (r)-di-pzank = 14 igharhigomost
preferred>EHiPAPAEH RRIGRANE g8 %‘?(9)&1&8{3& ‘é’?zbéty@‘E%ér?ﬂ%%‘%&%ﬁ%@% dqual acid
resolving;aggaﬁm@anfm‘@m%wﬁﬁidlﬂ’é@ﬁﬁ@ﬁéiéﬂ@ﬁiﬁﬁ@%—ftovéﬁamuiﬁgﬁéq2?%% 3BoVe resolving

agents can he used.in 4 raiogfslsaasud) tibBmerts: of chel we ) WaRdre3saerably in a ratio of 1
part () 10 2 Parte o el 35S )y RS PGS RISEIPARR RSB A ot 42 st of chiral acids
(I1). Even BNt I Yo or 1 part (1) to 1 %art of chiral adﬁiﬁgé';?* A\N\@jﬁ%ﬁ olvents may be
useful to fanoediasterebRIe Baifs W@D@/@ﬁ’@ﬁr&’% ﬁﬂ%%?}?-ﬁ’?{é?% Ivents will include ethyl
acetate, dighiorerasingneotesahytvotnany 168, tnaHE] HOMR)HEEIBRIHEORETPREIOH, IPA,
1-propancl - dmeoeyehans, dirtixl i, sisplorastieneoisisbusylmetagoetier, 1-butanol,
2-butanol’t= ﬁfﬁ%@, 2% anone, toluene, ?c;}/c ohexane, h%pta%% B%@BEME%%DQMF’ petroleum ethers
and CHCWO{FM@%W’MW&%@R@% é&BrHﬁ?QO Sent may e used in combination with each
other and fypfeHgsseenMpiatiovssi; e010%6 120 HAI2MAL008 HIOGR/BINE10% H20 in EtOH, 10%
H20 in IPA, methangl and Walsleoas, wo05/058867, WOO5/065650, WODS/066140,

WO05/070808, WOD5/092840, WOO05/087284 1, WO05/092860, WOD5/082887,

WOO05/09286 1, WO05/080288, WO05/092087, WO05/080324, WO05/080313,

'US20050182001, US20050171147, WO05/082870, WOO05/077361, DE10258695,

WOO05/111002, WO05/111005, WO05/110980, 1US2005/0272769 WO05/110359,

WO05/121065, US2006/0019991, WOD6/016245, WO08/014704, WO06/031556,

WOD0B/032627, US2006/0106075, US20068/0106213, WOD06/051373, WO06/056471,

WO0os0961 12-, WOOBM 04790, WO08/086119, WOO08/096112: (3) a leukotriene modulator, for

| example, mentelukast or praniukast; (4) antichoiinergic agents, for example, selective

muscarinic-3 (M3) receptor antagonists such as ipratropium bromide, t_i'otro_pit_zm,_‘tiotro-pium

bromide (Spiriva®}, glycopyfollate, NVA237, LAS34273, GSK656398, GSK233705, GSK

573719, LAS35201, QAT370 and oxytropium bromide; {5) phosphodiesterase-1V (PDE-IV)

inhibitors, for example, roflumilast of cilomilast; (6) an antitussive agent, such as codeine or

dextramorphan; (7) a non-steroidal antiwinﬂam‘matory agent (NSAID), for examp!e, ibuprofen

or ketoprofen; (8) a mucolytic, for example, N acety! cysteine or fudosteip; {9 a .

expactorant/mucokinetic modulator, for example, ambroxol, hypertonic solutions (e.g., saline

or mannitol) or surfactant; (10) a peptide mucolytic, for example, recombinant human

deoxyribonoclease | (domase-alfa and rhDNase} or he!icidin; (11) antibiotics, for exampie,

azithromycin, tobramycin and azfreonam; and (12) p38 MAP kinase inhibitors such as GSK

856553 and GSK 681323



in varying portions, methanol and water in varying portions with HCI, CHCI3 and ethyl acetate in
varying portions, EtOH and water in varying portions, IPA and water in varying portions, 1- propanol

and water in varying portions and CHCI3 and dioxane in varying portions. Mare g)gr[efegr%d solvent

combinations meludes®1013 and dioxane in varying portions, CHCI3 ar?cf&ﬁ? NeEtAe In varying

portions, methanol and water in varying portions with HCI and methanol and water in varying portions.
Commonly used chiral amine resolving agents include, without limitation, 1-phenylethyl amine,

cinchonidine, cinchonine, quinidine, codeine, morphine, strvchnir HSGing.«Quinine .gphedrine, amino
butanol, ieRpEERstethg IR RFNERA f@ff@%%ﬁgfgir&@ac oé]%ﬁg%ne, 1- na%]hth lefhylamine,

2-aminochrphesitpso Paticuldy diel patinersslop Fesigiiarine ROTReHHeNoRyBer2Y 1P Henylethyl
amine, fenchylamine . N-begzyk: ipheaxeHvraisined Ne(dehWRB0AD E58LBRETAZB2009/001920

17 dirneﬁﬁ_ylamlnoben_zyl)-l- henylethyl amine,.3-arninp-2,2-dimethyl-3-nhanylapan-1-01, sparteine,
proline, é’é‘?iﬁé?ﬁl%@l%ﬂa?ﬁﬁﬁ%‘?@s}/ﬂ%ﬁ{ﬂgeourﬂﬂ%& %‘Iﬁ@&h%ﬁ&%@?a?ﬁ#ne, lutamic ?Ci and glutamine,

arginine gepnsacginiveirNeustide®)! fsTmeeRL & AeENASIRS St e WSt Breterred chiral
amine resqlying.AGENLiSbAYSREE iRl At eseldngagentssoan Berusetsin (ifieief.

stoichiometries to effect resojutions. The.aboy ving,a can/hemeed naspdiaof 1 part (1) to
10 parts Wﬁiﬁ?‘gmafﬁ%@c?ﬁ%?ep E%Pé‘raggﬁé%ﬁgm@' iy

In a ratio of 1 part () to 5 par Ir ine (1V),
and mostrpiretersbKiEaRti K1 SF4R7 (19K & %%ﬁﬁ?gﬂ%@s %\?5355%&#;5%%%@% may be
useful to Jeeppgiastarromatic sakicBseib italaninesiviidrefermaiisolvents will include ethyl
acetate, dichloromethane, tetrahydrofuran, 1,4-dioxane, acetone, acetonitrile, MeOH, EtOH, IPA,

1-propanol, 1,2-dimethoxyethane, diethyl ether, dichloroethane, tert-butylmethyl ether, 1-butanol,
2-butanolp ebotiaercis oeButha SHEntsR RIS IFHER AIFE, éﬁ}ﬁﬁgﬁqg@ﬁ}é’?‘- 5(5%,2_] ﬁ&@_f%@?&c%eum ethers
and CHCi3,Refetsrces HfoukipamebiatiButinChemsi@itederonopatiar ol 985098 R R, Bartsch et.

al., JACS, 2001, 123(31)..74 ' comnAsitar ehhriesagyrliedutieswdines and may be
applicablEXBHESH %S%Zgﬁ%%eg%%g%ﬁgf glitazones Tpe?eé‘]%@ alrjf;J @Ir;[g_{%gii § fgethod of

synthesisirisanirs RomsG oIy BRE SE ERaHRIRSHEEY BE S dhown in Scheme 3:; Scheme 3 WO
2010/015838RGHGR20a8/601820m bromide, formoteroi fumarate/tiotropium bromide, Bi 1744

Clftiotropium bromide, indacaterol/NVA237, indacterol/QAT-370, formoterol/ LAS34273,
GSK158797/GSK 57371 9, GSK159802/GSK 573719, GSKB42444/GSK 5737189,
GSK{59797/GSK 233705, GSK159802/GSK 233705, G5K642444/GSK 233705, and
compounds which possess both B2 agonist ar}d M3 antagonist activity in the same molecule

(dual functionality) such as GSK 961081.

Thus in another aspect, the invention provides a kit for treatment of respiratory disorders in a
subject, the kit comprising one dosage form comprising a gcomposition adapted for pulmonary
administration by inhalation, which composition comprises a glitazone, parficularly
pioglitazone or rosightazone, and one or more pharmaceutically acceptable carriers and/or
excipients, wherein the glitazone content of the composition consists of at least 95% by weight
of the 5R enantiomer and less than 5% of the 5S enantiomer,.and a second dosage form
comprising another therapéutic agent, for exampie as discussed above, se{ected from anti-

inflammatory agents, bronchodifators, mucolytic agen’{s, antitussive agents, leukotriene

inhibitors,and antibiotics.

* For delivery by inhaiation,'the active compound is prefefably in the form_of microparticles.
These may be prepared by a variety of techniques, including spray-drying, freeze-drying and
micronisation. Fo!lowing size reduction to produce microparticles, particle size distribution

(PSD) of the campound is examined and generally described in the art by specifying d10, d50
and 490 values. The average particle size, i.e. the average equivalent diameter, is defined as

the diameter where 50 mass-% (of the particles) of the powder have a larger equivalent



18 Reference T. Sohda et al., Chem. Pharm. Bull., 1984, 32(11), 4460-5 describes the chiral synthesis
of related compounds and may be applicable to the synthesis of other glitazones. Therefore, an
alternative method of synthesis, using pioglitazone as an example may be as shown in Scheme 4: The
final productiait et icdifise be recrystallised to increase enantiomeric p@ﬁtyﬁ%%%%}ég\lR. Feick et
at, Bioorg.Med.Chem.Lett., 2008, 18, 1765-17711describes the chiral synthesis of related compounds
and may be applicable to the synthesis of glitazones. Therefore, an alternative method of synthesis,

using pioglitazone as an example is as, shown in scheme 5 (see,also | ) e5 PhThe
final prod%%f"ﬁt%{yaé‘ﬁéaﬁ@3%%@&?%%%5%8 foincreas ugﬁggnr%g%e%r?é%ﬁm@% %ﬁ g "c%%]gé:f
rosiglitazomésiseferdncediGhentaSeter itn TraRiaied 932 233 PRH3% SHO WS TP s:
541-(44%@@%-,@y§ig{gn25ygﬁam@qg-mmyl;phenylymeth-(E;)-.yIidenel-thiazolidine-z,4- dione can
be reduced using bio-catalysis. Yeast strains suggested to be useful for the purpose of biocatalysis are
Rhodotorula rubra (or mucilaginosa) and Rhodotorula glutinis. Therefore an alternative preparation of
glitazoneRymay W xaginly piogitaseiiensd the BRIldNaL A BEREMRE & SEREIFEE” Riternatively,

asym meggﬁ\}a.ygif%eae{&s&&sﬁr%&s(éﬁéﬁ(@ﬁthybm&di msBpyelipiet, for example for use in a ‘

thoxyl-phenylEmeth-(E)-ylidenei-thinzoligins-24-dignmuisingRbediveg andeiigiunaaialists in the

presencéjgfgg ﬁﬁaﬁai@aéﬁ%éqsg %S?n@bha()%J E%l%,wﬁ to tohgose skilled in the art (See also Exam{_l?le 12 below).
- to the skilled person,-and include CFC-12, HFA-1344, HFA-227',-HCFC—2_2 CClLF;) and HFA-

152 (CH,F, and iscbutane).

in a preferred embodiment of the invention, a composition of the invention is in dry powder

form, for delivery using a dry powder inhaler (DP1). Many types of DP! are known.

Microparticies for delivery by inhalation may be formulated with excipients that aid delivery
and release. For example, in a dry powder formulation, microparticles may be formulated with
lérga carder particles that aid flow from the DP! into the lung. Suitable carrier particles are
known, and include lactose particles; they méy have a mass median asrodynamic diameter of

greater than 90 pm.

Aerosol generation can be carried out using, for example, pressure-driven jet atomizers or
ultrasonic atomizers, preferably using propeliant-driven metered aerosols or propeliant-free
administration of micronized active compounds from, for example, inhalation capsuies or other

“dry powder” delivery systems.

The compositions ‘may‘be dosed as described depending on the inhaler system used. In
addition to the active compounds, the adminisﬁrétion forms may additionally contain
éxcipients, such as, for example, propellants (e.g., Frigen in the case of metered aerosols),
suiface-active substénces, e;nu!siﬁers, stabilizers, preservatives, flavourings, fillers (e.g.

tactose in the case of powder inhalers) or, if appropriate, further active cdmpounds.

For the purposes of inhalation, a large humber of systems are available with which aerosols of
optimum particle size can be generated énd administered, using an inhalation technique
which is appropriate for the patient. In addition to the use of adaptors (spacers, expanders)
and pear-shaped containers {e.g. Nebulator®, Volumatic®), and automatic devices emitfing a
puffer spray (Autohaler®), for metered aerosols, in particutar in the case of powder inhalers, a
number of technical solutions are a\{aifabie {e.g. Diskhaler®, Rotadisk®, Turbohaler® or the
inhalers for example as described in EP-A-0505321).



WO 2010/015818PCT/GB2009/001920 20 The following Examples illustrate the preparation of
pioglitazone and rosidtazone enantiomers, and the biological results on which the present, invention is
based: CHEMICAL EXAMPLES General Experimental Details Abbreviations used in thg experimental
section: ¢ wWooeAtEti#on; h = hour; H20 = distilled water HPLC = high%%?f%?r%)g?{é}:ﬁel?ﬁquid
chromatography; LCMS = liquid chromatographyimass spectrometry; MeOH = methanol; TFA =
trifluoroacetic acid; DMSO = dimethyl sulphoxide; HCI = hydrogen chloride; EtOH = ethanol; IPA =
isopropyl alcohol; EtOAc = ethyl acetate; THE = tetrahydrofuran; NH4CI = ammonium chloride; LDA =
lithium diisopropylamide; min = minutes; Rl = room temperature; Rt = retention time; e.e. = '
enantiomRrgRXCEss: Mt fHiarbenatieaz gnadmpiouwstiethylammonium methylpolystyrene carbonate
(0.5% inorganic antistatic agent). d.e. =.diastereomeric excess; SL-W003-2 =
(S)-14(S)-2-(2i-diphenylphosphinoPhenyflferr yitethyldicycl Ohinei RA(COD)2BF4=
bis(1,5-cybieesetretdPrRABHTIG IR B‘B?L‘ggrﬁaeté?eﬁzé&ﬁggﬁ}%immgsiog‘% 5 o
5-(442-(Sratty myidinau et hoyisebryRA P KR SRt S A FBRET BT A (2hilRZ8y1 tartaric
acid The pomenclature of Siructuies WassassigRed seinyRGDHabADeision TOIMMR Edéctra were

obtained ori a Varian Unity Inova 400 spectrometer. wi verseaeieetan triple resonance
probe op@ﬁﬁr@@@?%ﬁé‘ﬂ/ﬁ%f@lcﬁﬁ‘%@%ﬁgg? vance flg)egg(' %r(%@ g%fg\t{r%metér wit?]ﬁa 5mm inverse
detection triple resonance TX! probe operating at 400MHz or on a Bruker Avance DPX 300
spectrometerwitha.standasd oaumdienl tieayeneyprohesperaingal360MMN SIHAPER Given in ppm
relative to tetramethylsilane, Optical rotations were measured using an PA-10R automatic polarimeter
with 5x2$5ﬁﬁr?*ﬁi’b§é?&i’?amble cell. Asymmetric hydrogenolysis experiments were performed using
Biotage Endeavor hydrogenation equipment. All solvents and commercial reagents were used as
received.S];ngrgrécQJid Chromatography Mass Spectroscopy (LC/MS) and Liquid Ch'rlo'matography
systems used: WO 2010/015818PCT/G132009/001920 21
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Recent review articles on optical resolution methods: E. Fogassy et. al., Telrahedron:
asymmetry, 2008, 19, 519-536; S.H.Wilen, Topics in Stereochemistry, Wiley-Interscience: NY,
1972, 6, 107 Eds. E.L. Eliel, N.L. Allinger; P.Newran, Optical resolution Procedures of Chiral
Compounds 1-3, Resolution Information Center, NY, 1978-1984; J.Jaques, 5 H.Wilen, A
Collett, Enantiomers Racemates and Resolutions, Wiley-Interscience: NY, 1881 R.A.
Scheldon, Chirotechnofogy, Marcel Dekker, NY, 1993; Opfical Resolutions via diastereomeric

salf formation, CRC Press, 2002, Ed. David Kozma.

C’orﬁmon'ly used chiral acid resolving agents include, without limitation, dibenzoy! tartaric acid,
dianisoyl tartaric acid, ditoluyl tartaric acid, tartaric acid, phencyphos, chlocyphos, anicypﬁos,
1,1-binaphthyl-2,2'-diyl hydrogen phosphate, camphorsutfonic acid, bromo camphorsulfonic
acid, camphoric acid, phenyietﬁy!sulfonic'acid, malic acid, mandelic acid, 4-hromomandelic

acid, 4-methylmandelic acid, factic acid and chalcone sulfonic acids.



Method 1 CHIRALPAK AD-H (250 x 30 mm, 5pm), elution with EtOH +0.05%TFA - flow rate 30 ml/min.

Detection -In-line UV detection set at 250 nM wavelength Method 2 CHIRALPAK 1A (250 x 4.6 mm,
5pM), elution with EtOH +0.05%TFA - flow rate 0.7 ml/min. Detection - IQ)

-|j At 280 nM
wavelengtiRéipIBBEHIRALCEL OD-RH (150 X 4.6 mm), elution with ég}%%&é} ﬁ%?é 10% H20 - flow

rate 0.5 -ml/min. Detection - In-line UV detection 8et at 254 nM wavelength Method 4 Waters

Micromass ZQ2000 with a C18-reverse-phase column (100 x 3.0 mm Higgins Clipeus with 5 pm
particle size), elution with A: water + 0.1% {ormic a

Gradienf MToerRa R RSHR R F@5'0 G5V hE 29° g ir%fu@ge(tgﬁt%iﬁ&%o%wﬁqmgﬁéﬁigd Gradient:
0A%B 0. . : o
(anhydrous), (—}—0,0’»dibenzoy5—i.}tartaric acid monohydrate, (-)-di-O-p-toluoyl-L-tartaric acid,

[ -(+)-tartaric acid and (-)-di-p-anisolyl-L-tartaric ac;id.

The most preferred chiral acid resolving 'agent is (-)-0,0'-dibenzoyl-L-tartaric acid

(anhydrous).

Chiral acid resolving agents can be used in different stoichiometries to effect resolutions. The
above resolving agents can be used in a ratio of 1 part (i) to 10 parts of chiral acids {i1}, more
preferably in a ratio of 1 part (1) to 5 parts of chiral acids (11), and most preferabty in a ratio of 1
part (1) to 2 part of chiral acids (). Even more preferred is a ratio of 1 part () to 1 part of ehiral
acids (11).

A var‘;éty of solvents may be useful to form diastereomeric salts (111 with chiral acids ().
Preferred solvents will include ethyl acetate, dichloromethane, tetrahydrofuran, 1,4-dioxane,
acetone, acetonitrile, MeOH, EtOH, 1PA, 1-propanol, 1,2-dimethoxyethane, diethyl gther,
dichioroethane, terf-butyimethyl ether, 1-butano!, Zfbutanol, t-butanol, 2-butanone, tqiuene, |

cyclohexane, heptane, hexane, H20, DMF, petroleum ethers and CHCL,

The most preferred solvent is acetonitrile. '

Solvents may be used in combination with each other and preferred combinations include

10% HClin H20, 10% H2O in DMF, 10% H20 in EIOH, 10% H20 in [PA, methanol and water
in varying portions, methanol and water in varying portions with HCI, CHCIs and ethyl acetate
in varying porticns, EtOH and water in varying portions, {PA and water in varying portions,‘ 1=

propanol and water in varying portions and CHCls and dioxane in varying portions.

More préferred solvent combinations include CHCI; and dioxane in varying portions, CHCl;
and ethyl acetate in varying portions, methanol and water in varying portions with HCl and

methanol and water in \(arying' portions.

Commonly used chiral amine resolving agents include, without fimitation, 1-phenylethyl amine,
cinchonidine, cinchonine, quinidine, codeine, morphine, strychnine, brucine, quinine,
ephedrine, amino butanol, dehydroabiethylamine, 2-phenyl glycinol, 1,2-cyclohexyldiamine, 1-
naphthylethylamine, 2-amino-1-phenylpropane-1,3-diol, 4-chloro-1-phenylamine, N-(4-
methoxybenzyl}-1-phenylethyl amine, fenchylamine, N—benzyi—‘i ~phenylethyl aming, N-(4-
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dimethylaminobenzyi)-1 -phenylethyl amine, 3~amino~2,2~dimethyl—B»phenylpropam1—oi,
sparteine, proline, serine, phenylalanine, lysine, threonine, valine, histidine, alanine, ‘glutamic

acid and glutamine, arginine, homo-arginine, N-u-acetyl lysine, N-g-acetyllysina and ornithine.
The most preferrad chiral amine resolving agent is L-ysine.

Ghiral amine resolving agents can be used in different stoichiometries to effect resoiuﬁqns.
The above resolving agents can be used in a ratio of 1 part () to 10 paris of chiral amine (IV), "
more preferably in a ratio of 1 part () to 5 parts of chiral arine (1), and most preferably in a
ratio of 1 part (1) to 1 part of chiral amine (V). '

A variety of solvents may be useful to form diastereomeﬁc salts (V) with chiral amines (l\l)‘. '
preferred solvents will include ethyl acetate, dichloromethane, tetrahydrofuran, 1,4~ d:oxane
acetone, acetonitrile, MeOH, EtOH, 1PA, 1-propanol, 1 2-dimethoxyethane, diethyl ether,
dichloroethane, terf-butylmethyl ether, 1-butanol, 2-butanol, t-butanol, 2-butanone, toluene,

cyclohexane, heptane, hexane, HpO, DMF, petroleum ethers and CHCls,

References K. Akiba et. al. Bull. Chem. Soc. Jpn., 1974, 47(4), 935-937; RA. Bartsch el. al.,
JACS, 2001, 123(31), 7479 describe the decomposition of heterocyclic nitrosimines and may
be applicable to the synthesis and resolution of glitazones. Therefore, an alternative method

of synthesis/resolution, using pioglitazone as an example may be as shown in Scheme 3
Scheme 3
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The final product may of course be‘recrystallised fo increase enantiomeric purity.



5 25.00, 1.0 95 5 Detection - MS, ELS, UV (100 pl split to MS with in-line UV detector) MS ionisation
method - Electrospray (positive ion) Method 5 CHIRALPAK IA (250 x 21 mm, 5pm), elution with
ethanol +0.2%TFA - flow rate 13 ml/min. Detection - In-line UV detection set at 220 nM wavelength
Method 6 CHRalRNGREF{IH0 x 4.0 mm, 5pM), elution with A: 86% 10 mM 68%?%%??8%%%9%
phosphate buffer pH 7.0; B; 14% acetonitrile + 0.1%6 formic acid -flow rate 0.8 ml/min. Detection -
In-line DAD set at 254 nM wavelength- Method? WO 2010/015818PCT/GB2009/001920 22

CHIRALPAK 1A (250 x 4.6 mm, 5pM), elution 0 IPA (A:B:D =
40:30:30Ref4Teur ate TG Piih. DEBch B % %e?a 262@ %Agng%%ﬁg{%a&ictuon MS,

ELS, UV:PiRMs:M Sfionisationrmetindsl arﬁlewd‘ao@ay"ﬁ@‘é%ﬁt iodireyathrsoAY other Bitazones.

Therefore, an alternative method of synthests, using pioglitazone as an example may be as

shown in Scheme 4

Scheme 4
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The final product may of course be recrystallised to increase enantiomeric purity.

Reference J.R. Falck ef al., Bioorg.Med.Chem. Lett, 2008, 18, 1768—?7?1 describes the chiral
synthesis of related compounds and may be applicable to the synthes:s of gh’fazones

Therefore, an alternative method of synthesis, using pinglitazone as an example is as shown

" in scheme 5 (see also Example 13).

Scheme 5



Method 8 Waters Micromass Z02000 with a Acquity BEN or Acuity BEI-I Shield RP18 1.7uM 100 x-
2.1mm C18-reverse-phase column, elution with A: water + 0.1% formic acid; B: acetonitrile + 0.1 %

formic acid. Gradient: Gradient - Time flow rnUmin %A AB 0.000.49550.40.49556.000.4
WO 2010/615818 PCT/GBEL909/001920
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The final product may of course be recrystallised to increase enantiomeric purity.

In the case of rosiglitazone, reference J. Chem. Soc. Perkin Trans. |, 1994, 3319-3324 shows
that 5-{1-44-[3- ~(methyl-pyridin-2-yl-amine)- propoxy]-phenyl}-meth-(k})- yEldene] “thiazolidine-2,4-
dione can be reduced using bio-catalysis. Yeast strains suggested to be useful for the
purpose of biocatalysis are Rhoo‘ofomla rubra (or mucifaginosa) andlf?hodotoru!a glutinis.
Therefore an alternative preparation of glitazones may be, using pioglitazone as the example,

as in Scheme G;

Scheme 6

T8
N o) H

: ' s
= N
H@w mNr
N o 0" H

Alternatively, asymmetric hydrogenolysis of 5-[1-{4-[2-(5-ethyl-pyridin-2-yi}-e
thoxy]~pheny[}—meth—(E)—ytidena}thiazo!idine—2,4-dione using Rhodium and Iridium catalysts in
the presence of chiral ligands is a method known to those skilled in the art {See also Example

12 below).
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Electrospray (positive/negative ion) Method 9
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The following Examples illustrate the preparation of pioglitazone and rosiglitazone

enantomers, and the biological results 6n Which the present invention is based:

CHEMICAL EXAMPLES

General Experimenial Details

. Abbreviations used in the experimental section:- -

¢ = concentration; h = hour; H,O = distilled water; HPLC = high performance liquid

“chromatography; LCMS = liquid chromatography mass specirometry; MeOH = methanol; TFA

" = trifluoroacetic acid; DMSO = dimethyl éulphoxide; HCI = hydrogen chioride; EtOH = ethanof;
IPA = isopropyl alcohol; EtOAc = ethyl acetate; THF = tetrahydrofuran; NH,Cl = ammonium
chloride; LDA = lithium di?sopropyiamide; min = minutes; RT = room temperature; Rt =
retention time; e.e. = enantiomeric excess; MP-Carbonate = macroporous tristhylammonium
methylpolystyrene carbonate (0.5% inorganic antistatic agent). d.e. = diastereomeric excess; -
SLAW003-2 = (S}—‘l—{(S)«Z—(Ziwdiphenyiphqsphinophenyi)ferroceny!}ethyldicyclohexyl .

- phosphine; Rn{COD),BF,= bis(1 5-cyclooctadiene) Rhodium | tetraflucroborate; pioglitazone
= 5{4—{2~(5—ethy!pyridin»~2~y[)ethoxy]benzy(}—1 .3-thiazolidine-2,4-dione; L-DBTA = L-dibenzoyi

tartaric acid

The nomenclature of structures was assigned using ACD L.abs version 10.

NMR spectra were obtamed on a Varian Unity Inova 400 spectrometer with a Smm inverse

) detection triple resonance probe operating at A00MHz or on a Bruker Avance DRX 400
spectrometer with a Smm inverse detection triple resonance TXI probe operating at 400MHz
or on a Bruker Avance DPX 300 spectrometer with a standard 5mm dual frequency probe
opera’img at 300MHz. Shifis are given in ppm relative to tetramethylsilane. Optical rotations
were measured using an AA~1DR automatic polarimeter with 5x25 mm jacketed sample cell.
Asymmetric hydrogenolysis expeﬂments were performed using Biotage Endeavor

hydrogenation equipment.

All solvents and commercial reagents were used as received.

The Liquid Chromatography Mass Spectroscopy (LC/MS) and Liquid Chrométography

systems used:



Agilent 1100 series with a CHI_RALPAK IA (150 x 4.6 mm, Slim), elution with A: heptane, B: ethanol +
0.05%TFA -flow rate 0.5 ml/min. Detection - In-line polarimeter and UV detection set at 270 nM

wavelength. Gradient: Gradient - Ti 0
J WO 2610/015818 ime flow mUmin %A %E3 0.00 0.5 4 gT/@‘gigogfb%ﬁ%m 30.00.50

21

HRethod 1
CHIRALPAKX AD-H (250 x 30 mm, 5pim), etution with EtOH +0.05%TFA — flow rate 30 mi/min.

Detection ~In-ine UV detection set at 250 nM wavelength

Method 2
CHIRALPAK 1A (250 x 4.6 mm, 5uM), slution with EtOH +0.05%TFA - flow rate 0.7 ml/min.
Detection — In-line DAD set at 280 nM wavelength ' '

Method 3
" GHIRALCEL OD-RH (150 X 4.6 mm), elution with 80% MeOH + 10% H,O - flow rate 0.5

* mifmin. Detection — In-ine UV detéction set at 254 nM wavelength

Method 4

Waters Micromass ZQ2000 with a C’iB—reversé«phase column (100 x 3.0 mm Higgins Clipeus
with 5 pm particle size), elution with A water + 0.1% formic acid; B: acetonitrile + 0.1 % formic

acid. Gradient:

" Gradient - Time flow mi/min %A %B

0.00 1.0 g5 5
1.00 1.0 95 5
1500 1.0 5 95
20.00 1.0 5 | 95
22.00. 1.0 85 5
2500 1.0 85 5

Detection - MS ELS, UV (100 pl split to MS with in-line UV detector). MS jonisation method -

Electrospray {positive ton)

Method 5 -
CHIRALPAK A (250 x 21 mm, Spm) elution with ethano! +0.2%TFA - ﬂow rate 13 ml/mm

Detection — In-line UV detection set at 220 nM wavelength

Method &

Chiral-AGP (150 x 4. O mm, 5pM), elution with A: 86% 10 mM potassium dihydrogen
phosphate ‘buffer pH 7.0, B 14% acetonitrile + 0.1% formic acid — flow rate 0.8 ml/min.

Detection ~ In-line DAD set at 254 nM wavelength

Method 7



100 45.0 0.5 0 100 Method 10 WO 2010/015818PCT/G82009/001920 23 Phenomenex Gemini
GIB-reverse-phase column (250 x 21.20 mm 5 pm particle size), elution with A: water + 0.1% formic

acid; B: methanol + 0.1 % formic acid. Gradient - 50% A150% B to 5% NP LB Ve 4R min - flow rate
18 mUmin v¥Betetioi®i$n-line UV detector set at 254 nM wavelength. Method 11 Phenomenex Luna 3

micron C18(2) 30 x 4.6mm, elution with A water #20.1% formic acid; B: acetonitrile + 0.1 % formic acid.
Gradient: Gradient-Time _ flow mUmin

CHIRALPAK 1A (250 x 4.6 mm, SUM), elution with A, 0.05% TFA in EtOH; B, heptane; D, IPA
(A:B:D = 40:30:30), - flow rate 0.7 mi/min. Detection — In-fine DAD set at 225 nM wavelengih

Detection - MS, ELS, UV PDA. M3 ionisaticn method - Electrospray (positive/negative ion)

Method 8 , ‘ : :
Waters Micromass ZQ2000 with a Acquity BEH or Acquity BEH Shield RP18 1.7uM 100 x
2 1mm C18-reverse-phase column, elution with A: water + 0.1% formic acid; B: acetonitrle +

0.4 % formic acid, Gradient:

Gradient - Time flow mL/min %A %B

000 04 95 5
0.4 . 0.4 95 5
5.00 0.4 5 95
5.80 : 04 5 95
7.00. 0.4 05
8.00 04 95

Detection - MS, ELS, UV PDA. MS ionisation method - Electrospray (positive/negative ion)

Method 9 , ‘ M | ’7
Agilent 1100 series with a CHIRALPAK 1A (150 x 4.6 mm, 5um), efution with Al heptane, B:
ethanol + 0.05%TFA — flow rate 0.5 mi/min. Detection - Inline polarimeter and UV detection

set at 270 nM wavelength. Gradient:

Gradient - Time flow mifmin %A %8

0.00 05 40 60
200 .05 .40 60
30.0 05 0 100

450 05 . 0 _ 100

Method 10



%A %B 0.002.0955.502.09554.502.05955.502.05
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Phenomenex Gemin C18-reverse-phase column (250 x 21.20 mm 5 pm particle size), elution
with A- water + 0.1% formic acid; B: methanol + 0.1 o4 formiic acid. Gradient - 50% AS0% B to
. 59 A/G5% B over 15 min - flow rate 18 mL/min. Detection - In-line UV detector set at 254 nM

wavelength.

‘Method 11

Phenomenex Luna 3 micron C18(2) 30 x 4.8mm, elution with A water + 0.1% formic acid; B

acetonitrile + 6.1 % formic acid. Gradient.

" Gradient - Time

flow mL/min %A - %B
0.00 20 95 5
50 20 95 5
450 - 20 5 , 95
550 20 . 5 95
6.00 2.0 ' 95 -5

Detection - MS, ELS, UV (200 'pifmin split to MS with in-line HP1100 DAD detection). MS

jonisation method - Eleotrbspray (positive and negative ion) '

All reactions were carried out under an atmosphere of nitrogen unless specified otherwise.
Racemic rosiglitazone was used as a free base and racemic pioglitazone was used as a free

“base or HCI Sé[’[ as indicated.

Example 1 ,
(5R}-5—{4—{2—(5—ethyipyridin~2~yl}ethoxy§benzy!}—'i ,3-thiazolidine-2,4-dione

frifluoroacetate

N7~ 0 o H
CF,COH .

The file compound (480 mg) was isolated' uéiﬁg method 1. LCMS (Method 4): Rt 6.00 min,
'mfz 357 [M-CF,CO,H"]. [e]p™ +104° (¢ 1.0, MeOH). e.e. (Method 2) = 98%, Rt 4.69 min. 'H
NMR (400 MHz, DMSO-ds): 5 12.02-11.88 (1H, bs), 868-8.60 (1 H,d, J1.7),832-8.23 (1 H,
d, J7.7),7.90-7.82 (1 H, d, J8.4), 7.14-7.06 (2 H, d, J8.7),6.856.78 (2H,d, JB.7),4.85
478 (1 H, dd, J44 89), 4.35-427 2H, t J6.2), 3.40-3.34 (2 H,t, J6.1),3.28-3.21 (1 H,' dd,
J 4.3, 14.3),3.05-2.97 (1 H, dd, J 9.0, 14.3), 277-287(2H,q, J7.8), 1.22-1.14 (3H, q, J 7.5).



95 6.00 2.0 95 5 Detection - MS, ELS, UV (200 pi/min split to MS with in-line HP1100 DAD detection).
MS ionisation method - Electrospray (positive and negative ion) All reactions were carried out under an

atmosphere of nitrogen unless specified otherwise. Racemic rosiglitazo%% S H&ﬁ&ﬁ?ﬁ@ free base
and racemi? PigghtarSHe was used as a free base or HC1 salt as indicategl.y %xzample 1

(513)-5-{412-(5-ethylpyridin-211)ethoxylbenzy1}4#3-thiazolidine-2,4-dione trifluoroacetate CF3CO2H
The title compound (480 mg) was isolated using method 1. LCMS (Method 4): Rt 6.00 min, m/z 357
[M-CF3CO2H+1. [u]o25+104 (c 1.0, MeOH). e.e. (Method 2) e 98%, Rt 4.69 min. 1H NMR (400 MHz,
DMSO-d5): 5 12.02-11.88 (1H, bs), 8.68-8.60(1 H, d, J 1.7), 8.32-8.23(1 H, d, J 7.7), 7.90-7.82(1 H, d,
J8.4), 7TRTee & H, d, J 8.7), 6.85-6.78 (2 H, d, J 8.7), 4.85- 4.78 (1 H, dd, J44, 8.9), 4.354.27 (2 H,
t, J 6.2),(8A%G-3BM(B-tintyIp6it)nZ-30eBRI(Ib 7ol - 14-81i3acdHiB0BLBA H, dd, J90, 14.3),
2.77-2;6%‘? H gt%tZtQ)’ 1.22-1.14 (3 H,q,J 7.5). WO 2010/015818PCT/GB2009/001920 24
Example &%3)5 442-(5-ethylpyridin-2-yl)ethory]benzyll-1,3-thiazolidine-2,4-dione trifluoroacetate

O

CF,COH ‘

The title compound (874 mg) was isolated. using method 1. LCMS {Method 4}: Rt 6.01 min,

- miz 357 [M-CF;CO.H'. [e]s® 78 (¢ 1.0, MeOH). e.e. (Method 2) = 88%, Rt 7.00 min. 1Hl ,
NMR (400 MHz, DMSO-ds): 8 12.02-11.88 (1H, bs), 8.68-8.60 (1 H, d, J1.7), 8.32-8.23 (1 H,

- d, J7.7), 7.80-7.82 (1 H, d J8.4), 7.14-7.06 (2 H, d, J8.7),6.85678 (2 H,d, JBT), 4.85
A78{1H, dd, J4.4,89),4.354.27 (2H 1 J6.2), 3.40-3.34 (2 H,t, J6.1), 3.28-3.21 (1 H, dd,
J 4.3, 14.3), 3.05-2.87 (1 H, dd, J 9.0, 14.3), 277-267(2H, q,J7.6), 1.22-1.14 (3 H, q, J_7.5).

Example 3 _
{5R)}-5-{4-{2-{5-ethylpyrid in-2-yl)ethoxyjbenzyi}-1,3-thiazolid ine-Z,4-dione

S
. L
N &) .Q T H .

MP—Carbénate (389 mg, 1.06 mmol) was added to a solution of (BR)-5-{4-[2-(5-ethylpyridin-2-
yi)ethoxy}benzyl}‘i 3-thiazolidine-2 4-dione triflioroacetate (100 mg, 0.21 mmol) in MeOH
(100 mL) and stired af RT for 2 b, filtered and the resin washed with MeOH (3 X 10 mL). The
fltrate was concentrated in vacuo to afford the fitle compound (35 mg, 47%). e.e. {(Method 2)
42.90%, Rt 6.27 min. ' NMR (400 MHz, DMSO-ds): 8 12.44-11.11 (1 H, bs), 8.34-8.29 (1 H,

: .d, J1.9),7.55-7.49 (1H, dd, J2.2,7.9), 7.24-7.20 (1 H.d, J7.8),7.12-7.05(2H, d, JB.6),
6.84-6.77 (2H, d, J8.6),4.78-4.71 (1 H, dd, J4.§3{ 9.1),4.30-4.19 (1 H, d, J4.3), 3.24-3.18 (2
H, d), 3.11-3.03 (2 H. t, J 6.6), 3.00-2.92 (1 H, dd, J9.2,14.2), 259-2.50 (2 H, q, J7.6), 1.17-
1.09{3H,t, J7.7).

Exampile 4 ,
(5R)-5—{4—[2—{5'~ethyipyridin-z—yi)ethoxy}benzyl}i1 ,Sfthiazolidine~2,4~dione hydrochioride

g
¢ =0
HCI :



The title compound (674 mg) was isolated using method 1. LOMB (Method 4): Rt 6.01 min, ratz 357
[M-CP3002F11- [a1025-76" (c 1.0, MeOH). e.e. (Method 2)? 98%, Rt 7.00 min. 1H NMR (400 MHz,
DIVI80-d6): 8 12.02-11.88 (1H, be), 8.68-8.60(1 H, d, J 1.7), 8.32-8.23(1 H, d, J ggj gz. 0-7.82(1 H, d,
18.4), 7.144D06(2458d8 J 8.7), 6.85-6.78(2 H, d, J 8.7), 4.85- 4.78 (1 H2Gd G é‘}.%a‘), 35-4.27(2 H,
t,J6.2), 3.40-3.34 (2 H, t, J 6.1), 3.28-3.21 (1 H,xd, J4.3, 14.3), 3.05-2.97 (1 H, dd, J9,0, 14.3),
2.77-2.67(2 H, q, J 7.6), 1.22-1.14 (3 H, q, J 7.5). Example 3

(5R)-5-(4-[2-(5-ethylpyridin-211)eth nzylls1,3-thi idines2. 4-di -Gaghonate (389 mg,
1.06 mm”d%%%%%ﬁ(dgaﬂﬁjogg éé%%@negl(%%?%‘%ﬁtﬁ%s(%@ﬁ%%%ﬁ%qg&e of ¥ Qﬁi{) f[g
yDethoxytbﬂpM%ﬁ;Slmm@ﬂiéﬁﬁéﬂ:%fbﬁé%ﬁl%?o‘é@é‘fﬁ?e&fmzﬁ?B'.eﬁ) ol MaOH (100 mL)
and stirrgd ap RTiiob? s fillgrashanddherrsitowashsuwithavie0ss (SXoved il jaairi e was

concentrated in vacuo to, afford the, title ¢ ' 29%) e Meliogi2)92199%, Rt 6.27 min.
NIRRT AT AL e T A efbamird )02y

1244-11.11 (1 H, bS%, 8.34-8.29%}!45(}}% %% a7| g%—g.49(1 H, dd,
32.2, 7.0)MR{R4 BREBAH R, 13-1ayin. Berede bt ey 88 BT 96785, 4778-4.71 (L H,
38,2341.2,,%&% %%%548(156(&%@5«[7@@.ah,a@;aé-%%(m BB°d); gmm.@a)(élrmm 6%) M80-2.92 (1 H, dd,
(5R)-5-(A}g35-dehiyip i%%'—%%%h%;?/%e%%‘/%ﬁlé, gn%z%lfdi?f@%%%i@dﬁf(ﬁ %rgzééﬁ)dg '9\}vo
2010/015848ACT G 2@0970‘0&"9?6 @5‘21_@2?3 WH&@W&E@;&? Egga f)m 'di@,eigg ggﬁ ;atzfded to a
suspension Nyiding exy Theayys)2B:3- | A, dibAd (from
in vacuo fo°&fford ?ﬁé“tiﬁg’ ({onﬁpoﬁhgj’\% 4'mg, 100%). LCMS (Method 4): Rt.5.95 min miz 357
[M-HC1lsebee.{Methw%%i%@tﬁﬁ‘ﬂﬁ‘ﬁﬁ?f’.@%ﬁ%%ﬁ&' E%P(ﬁ%v\‘?vg"se Y& 5REAYE configuration
by single giystalXsraydiffraction analysis. [0.1024+108 (c 1.0,'Me0H). 1H NMR (400 MHz, DMSO-d9):
812.03711.88 (1'H, bs), 8.68-8.62(1 H, d, J 1.7), 8.348.25 (1 H, d, J 7.9), 7.91- 7.83

Example &

(55)—5-{4-{2—(5—ethy!pyr§dén-2~y§)ethoxy}benzyl}«‘i ,3-thiazolidine-2,£~dione'

' e 5 '
LT
N 0 0" H

" The title compound (28 mg, 37%) was prepared using a method analogous to that outlined in
Example 3 starting from (58}—5—»{4~{2—(5wethyt‘pyridin—2~yl)ethoxy]benzy£}—'i 3-thiazolidine-2,4-
dione triflucroacetate. e.e. (Method 2) 80.9%, Rt 9.21 min . 'H NMR (400 MHz, DMSO-ds): 6
12.44-11.11 (1H, bs), 8.34-8.29 (1 H, d, J 1.9), 7.55-7.49 (1 H, dd, J2.2,7.8), 7.24-7.20 (1 H,
d, J7.8},7.12-7.05 (2 H, d, J8.6), 6.84-6.77 (2 H,d, J8.6), 4.78{1.71 (1 H, dd, J4.3, 9.1),
430-4.19(1 H,d, J4.3}, 3.24-3.18 (2 H, d), 3.11-3.03 (2 H, 1, J 6.6), 3.00-2.92 (1H,dd,J9.2
14.2), 2.58-2.50 (éH, q. J7.6), 1.17-1.09 (3 H, t, J7.7). :

" Example 6 : -
{55)-5«{4—[2—{S—ethylpyridin—z—y!)ethoxy}benzyi}-'t ,3—thiazoﬁdin_e—2,4-dione hiydrochioride

s
T
HCE :

The title compoand (25.7 mg, 100%) was prepared using a method ahaiogous to that cutlined
in Example 4 starting from (58)-5-{4—[2—(5—ethy!pyridin~2»y£)ethoxy}benzy§}—1 3-thiazolidine-2,4-
dione (frofn Example 2). LCMS (Method 4): Rt 5.94 min, m/z 357 [M-HCI']. e.e. (Method 3)
92.7%, Rt 13.25 min. Stefeochemisty at C-5 was assigngd (8) configuration by S%nglg crystal



(1LH,d,J8.3),7.14-7.05 (2 H, d, J8.7), 6.86-6.77(2 H, d, J 8.7), 4.85-4.77(1L H, dd, J 4.3, 8.9),
4.38-4.28 (2 H, t, J 6.0), 3.42-3.36 (2 H, t, J 6.2), 3.28-3.20 (1 H, dd, J 9.0, 14:2), 3.06-2.96(1 H, dd, J

9.0, 14.2), 2.77-2.67 (2H, q,J 7.7),. 1.23-1.5(3 H, t, J7.7). Subsequent recr s%a%sgg}%?&% using
MeOH-EtOAEDRMEOFEL20 gave the title compound with an e.e. >97%. B (r‘;hpzle

(55)-5-{442-(5-ethyIPyridin-2-yljethoxy]benzy11-£8-thiazolidine-2,4-dione The title compound (28 mg,
37%) was prepared using a method analogous to that outlined in Example 3 starting from -

(5S)-5-(442-(5:-ethylPyridi -Zi-'l ethexylbelz\yldhiazadingrdosliane iseroaseiate.os-e. (Method
2) 90.9%. 2 .‘g a%??nx.i” qﬁnﬁg ifoo%ﬁ%é%’mo-dﬁg | F

812.44-11.11 ,8.34-8,29 (L H, d, J
1.9), 7.553BAG1H- b5k, BpBE2A Oh. 2.4 7 RBE 1. 2 I 7'8: ‘7’.1'?]571.70%(‘1(?‘???3,% g:(iﬁ%é%4-677(2 H, d,
J 8.6), 47844715 (2 H, @ldi 87,3 8619,74.30-4 A9 BL7TH ABDU ) { BI24IA. ¥8(2 B )4 38:4-83503 2 H, t, J

6.6), 3.00:2.9 , 2), 2 > ; dd’Pb.4.- 342,000 :4 b B 04, Bxamnple 6
(55)-5--(%-'@-{%%?&@%&%@-& é‘thgzxz ﬁje%fglilg ,3p!’tr€'d’z lidine-2 Zi-dione h ,élr chlgride -*0 0 H HO
Yot o Skt i

y
The title éﬁl&?pagﬁ(ﬁ?(@%.@ bhg: Y009%) Was prebhbed ddird a BTGt that sudined
MeOH-EtOAe or MeOH-Et,0 gave the title compound with an e.e. >87%.

Exampie 7 ‘ . | .
(5R)—5~(4-{2~[methy§{pyridin-Z—yi)amEno}ethoxy}benzy§}-1 .3-thiazofidine-2,4-dione

trifluoroacetate

i o
) |

CF,CO,H

The title compound é149 mg) was isolated using method 5. Rt 7.14 min. 'H NMR (400 MHz,
| DMSO—ds): & 12.04-11.86 (1H,s), 7.89-7.94 (1 H, dd, J 1.1, 8.2), 7.92-783(1H, 1, J6.6),
7.27—.7.15 (tH,d, J8.7),7.13-705(2H,d, J8.6), 6.886.82(1 H,t J6.6),6.816.76 (2H,4d,J
8.7), 4.834.78 (1 H, dd, J 4.4, 8.8), 4.18-4.12 (2 H, 1, /5.3),3.99-3.84 (2 H,t,J53), 3.27-
3.20 (1 H, dd, J4.2, 144),3.18 3 H, 5), 3.05-297 (1H, dd, /8.9, 14.6).

Example 8
(5R)«5w(4—{2-{methyl(pyridin—2~yi)amin0]eth oxy}benzyl}-1,3-thiazolidine-2,4-dione
hydrochloride ‘

5
Wss e
N\ ‘N\//\O‘ F o IISI

HCI
The fiﬂe compound (38 mg, 64%) was prepared usin.g method analogous to that outlined in
Example 3 and 4 starting from (5R}~_5»{4—{2—methyl—2—pyridyiamina}ethoxﬂbenzy?}ﬂ 3
thiazolidine-2,4-dione frifluoroacetate. [2)o®® +100° (¢ 1.0, MeOH). LCMS (Method 4): Rt 5.41
miri, miz 358 [M-HCI']. e.e. (Method 6) 85.7%, Rt 8.03 min. 'H NMR (400 MHz, DMSO-d;). &
'12.09-11.81 (1 H, s), 7.98-7.94 (1 H, dd, J 1.1, 6.3), 7.93-7.82 (1 H, m), 7.31-7.14 (1 M, bs),
7.13-7.05(2 H,d, J8.5), 6.90-6.82 (1 H, {, J6.7), 6.80-6.76 (2 H, d, J8.5), 4.84—4.7.8 (1H,dd,
J4A4 89), 419412 (2H,1,J52),402-3.94 (2H, J3.2), 3.27-321 (1 H, dd, J4.4, 10.1),
 3.20(3H,s), 3.05-2.97 (1 H,dd, J9.0, 14.2). '



in Example 4 starting from (53)-5-{442-(5-ethylPyridin-2-yflethoxy]benzyl)-1,3-thiazolidine-2,4- dione
(from Example 2). LCMS (Method 4): RI 5.94 min, mu z 357 [M-HC11. e.e. (Method 3) 92.7%, Rt
13.25 min. Stereochemisty at C-5 was assigned (S) configuration by single spsstalyMée)
2010/015878PEFEBED09/001920 26 X-ray diffraction analysis. [c/]023-104 (c 1.0, MeOH)._ 1F1 NMR
(400 MHz, DMSO-d6): 5 12.03- 11.88 (1 H, bs),¥.68-8.62 (1 H, d, J 1.7), 8.34-8.25 (1 H, d, J 7.9),
7.91-7.83(1H,d, J8.3),7.14-7.05 (2 H, d, J 8.7), 6.86-6.77(2 H, d, J 8.7), 4.85-4.77(1 H, dd, J4.3,
8.9), 4-38-42%%%%%2@; 3423 3642 B dard 16 D13 3eAy(ltdbtdleh o ScBcid2)]. 3.06-2.96(1 H,

dd, J 9.8‘,’?&? .67(2H,q,J 7.7r)i, 1 2%%&15(3 H, t, J 7.7). Subsequent recrystallisations using
MeOH-EE0a®. s dtdkie D6 ave Theki 2 cgompo'und with an e.e. >97%. Example 7

(5R)-5-(442-(methyl(Pyridin-211)aminolethoxylbenzy11-1,3-thiazolidine-2,4-dione trifluoroacetate ji 01

CFBCO%H Tgi;%3 itle compound (149 mg) was isolated using method 5. Rt 7.14 min. 111 NMR (400
MHz, D -C

©512.04-11.86(1 H, s), 7.99-7.94 (1 H. dd.. J.] 2),: 7 92k H, t, J 6.6),
7.27-7.ﬁ@-ﬁﬁ%@?}?‘?‘ﬁﬁfﬁ%&yﬁ?‘&"i‘f’@g)‘? é%e;%;zgif ?ij"’ &ﬁ?%é%ﬁeggé%s@g(z H. d, J8.7),
4.83-4.T8(&rbkil6ridd hodBydea®4.12(2 H, t, J 5.3), 3.99-3.94 (2 H, t, J5.3), 3.27- 3.20 (1 H, dd, J4.2,
14.4),3.18(3 H, s), 3.05:2.9741 t dd, J8.9, 14.6).- Example 8 _
(511)-5-(45N(21rL1ethyI(pwi&i@-/z(-ﬁa}qﬁ%iethoxy}benzyl)-l,3-thia20|idine-2,4-dione hydrochloride

M 0 -

U ~ 0 o
, |
# H,0.HCI

The title compound (123 my) was prepared using literature procedures, J. Chem. Soc. Perkin
Trans. 1. 1894, 3319-3324. {a]p™-100° (¢ 1.0, MeOH). LCMS (Method 4): Rt 5.44 min, m/z

358 [M-HCI']. e.e. (Method 6) 92.7%, Rt 8.99 min. Stereochemisty at C-5 was assigned (S)
configuration by single crystal X-ray diffraction analysis. 'H NMR (400 MHz, F}MSO—dG): ]
12.01-11.88 (1 H, s), 7.98-7.84 (1 H, dd, J 1.4, 6.1),7.93-7.86 (1 H,t, J7.7), 7.31-7.18 (1 H,
.m), 7.12-7.05 (2 H, d; J8.7),6.90683(1H,f J6.3),681-675 (2H,d, J87), 483478 (1H,
dd, J4.5, 88), 419-4.13 (2H,t, J5.1), 4.02-3.96 (2 H, 1, J5.1),3.26-3.22 (1 H, m), 3.21 (3 H,
s), 3.05-2.97 (1 H, dd, J 8.8, 14.0). ‘

Exampie 10 :

(5R)~5-—{¢~{2-(5-ethy§pyridin-Z—yi)ethoxyjbe’nzyi}-“i ,3-thiazolidine-2,4-dione {-}-
0,0'-dibenzoyi-L-tarirate

NS T o E o
X

o}

o7 PR
i DH
HO™

Ph._0O O
it
o

4ga. To a mixture of ('5R)m5~{4—{2-(5-'ethyipyridin»2-yi)ethoxy]bepzyi}—'i 3-thiazolidine-2,4-dione
hydrochloride (50mg) (example 4} and (-)-dibenzoy- -tartaric acid {50mg) was added MeOH
(1.5 mL). The clear solution was rapidly stirred whilst adding H,O dropwise untit a cloudiness
persisted. The reaction was alfowed to stand at ambident temperature over 48h and the solid
collected by fitration to give the fitle compound {43mg). (Method 7) 99.01% Rt 10.83 min,
0.98% Rt 15.83 min; d.e. 98.03%



FICI- The title compound (38 mg, 64%) was prepared using method analogous to that outlined in
Example 3 and 4 starting from (5R)-54442-methyl-2-Pyridylamino)ethoxylbenzy1}-1,3-

thiazolidine-2,4-dione trifluoroacetate. [4)26+100 (¢ 1.0, MeOH). LCMS (%ﬁg%q %:/OR}??@M min, m/z
358 [M-HCYP gig/§kigthod 6) 85.7%, Rt 8.03 min. 1H NMR (400 MHz, 46y’ % .09-11.81 (1 H,

s), 7.98-7.94(1 H, dd, J 1.1, 6.3), 7.93-7.82 (1 H,3h), 7.31-7.14 (1 H, bs), 7.13-7.05 (2 H, d, J 8.5),
6.90-6.82 (1 H, t,.J 6.7), 6.80-6.76 (2 H, d, J 8.5), 4.84-4.78 (1 H, dd, J4.4, 8.9), 4.19-4.12 (2 HA J 5.2),

4.02-3.94 %55' bk 2uf0: %g@gﬁ§o§ﬁ(@ahbr%dac?é(4zdg@aﬁsm?; Hish 2052, 98 Istireitkt) 9.0, 14.2).
WO 201601 %T&%& /23 20097001920 27 R- giom?r W.{iéh reat rt@geggo/@g §.e. can be obtained
using literakifenpieergiRese ﬁﬁéﬁéﬁ{?t@B&féé{r%%q rang. 55%@%%3 54 Ekample 9

(5S)-544d2 ety Ryiickie-Bygtammile (1 cXig b AzyiRe ) 3nndeetiditRmt Mg ReRy dioride

monohydra w H2O G Jhe dile-compaund dd43-salwasprs epareihypings dedatiise piozedures, J
Chem. §8c.‘ er?{in Trans. 1. 1994, 3319-3324. RE| ?f_-l 59

| ; od 4): Rt5.44
min, mtz SBgnRIteRdd SN RS 62299 o?rh\flﬁs.ggarrﬁ?? g%%(?%%%%%%@%%a%%ssigned (S)
configuratiamphysi(pks sy <taeKady)difiatoRtaRRgsrin1 RY-RIVRYU b0 M DiviseRd8yP e
12.01-11.88(1 H, s), 7.98-7.94(1 H, dd, J 1.4, 6.1), 7.93-7.86(1 H, t, J7.7), 7.31-7.18(1 H, in), 7.12-7.05
(2 H, d, J8.7), 6.90-6.83 (1 H, 1, J 6.3). 6 81:6.75.(2 H, . Iy ),
4.19-4.13¢5H ¢ 5@‘.&’)‘2‘&?‘6&-@?@@% i?’{@%&fﬁ%‘_‘i%@é%%’%% %%%@%%@%hﬂs&ﬂé%@ .g\;?ﬁ(l H, dd,
J8.8, 14 AL IExampie) bod5)- 6 mupadies HyapRANIDS HeBHsIBRIAATAS B A ORAINES2, 4-dione (-)-
O'Ol_dibeg&?&y’ %ﬁ@ﬂé@tgy@@p\xﬁeaeﬂﬂxﬁﬂ%ﬂﬁgo (2.3 mL). The reaction was allowed to stir for 22h,
(5R)-544-(2-(5-ethylpyridin-2-yl)e }rd3-3hi idine- [ regiiaride. (AQ5n0)
(exampIé_‘ﬁﬁrﬁ%ﬂ'@)%ﬁ%‘ﬁ%@%ﬁé&%ﬁ%@%ﬁ%ﬁ %r}v@s%éagg% l\/%é%lﬁg?éwgﬁ The clear solution was
rapidly stieedheHitst @&Mﬂ@gﬂqmﬁﬁ@mﬁ@@thﬁﬁﬁéﬁ%i&é@ﬁ@r@&ea hd e ction W

{6 Was Sllowed to
stand at ggikigent temperature over 48h and the solid collected by titration to give the title compound
(43mg). (Method 7) 99.01% Rt 10.83 min, 0.98% Rt 15.83 min- d.e. 98.03%.

10d. The product from Exampie 10c (0'.5829) was dissolved in MeOH (5.5 mb) containing 1M

HCI (0.785 mL) and H,O (2 mL) added dropwise. Th¢ product f;om Example 10a {1mg) was

added followed by dropwise addition of H:0 (3.5 mL). The reaction was allowed o stir for 22h,

fittered, the solid washed with H,O-MeOH {(2:1, 3 mL) and dried at 40°C under high vacuum to

give the tifle compound (0.453g). (Method 7) 97.3%, Rt 10.65 min.; 2.7%, Rt 14.83 min.; d.e.

94.6%. 'H NMR (400 MHz, DMSO-ds): 14.25-13.60 (bs, 1H, DO exchangeab!e), ‘12_(}5_—12_0.0

(bs, 1H, D,O exchangeable), 8.37 (d, J = 2.0 Hz, 1H), 8.02 d, J=76Hz 4H), 773 J=78

Hz, 2H), 7.60 (t, J = 7.6 Hz, 5H), 7.28 (d, J=8.0 Hz, 1), 7.13(d, J= 8.8 Hz, 2H), 686 (d, J =

8.8 Hz, 2H), 5.88 (s, 2H), 4.86 (q, J = 4.4 Hz, 1H), 4.30 (t, J=6.8Hz 2H), 3.30 (dd, /=40 &

10.0 Hz, 1H), 3.13 ¢, J = 6.8 Hz, 2H), 3.04 (dd, J = 5.2 & 9.2 Hz, 1H), 2.60 (q, J= 7.6 Hz, 2H),

1.17 (t, J=7.6 Hz, 3H). '

Example 11
(5R)~5—{4-{2~(5-ethy!pyridin-2'~yl)ethoxy}benzy§}-1 ,3-thiazolidine-2,4-dione hydrochioride

5
O T
=N o 57N
HE .

441a. The product from Example 10d was dissolved in MeOH (2.25 mL) containing 37% HCI
(0.134 mL) at 35°C. The solution was filtered, EtOAc_ (9 mL) was poured into the stirred
solution and the mixture stirred for 20 min. The white solid was collected by filtration, washed

with EtOAc and dried at 30 °C under high vacuum to give the titte compound (0.181 g).



WO 2010/015818PCT/GB2009/001920 28 lob__ A slurry of (-)-dibenzoyl-L-tartaric acid (1.0g, 2.79
mmol) in H20 (20mL) was stirred at ambident temperature and a solution of
5-(442-(5-ethselpyridin-2-yOethoxylbenzy1}-1,3- thiazolidine-2,4-dione h drpcéllgg;%%lgli001g,
2.57mmol) WMeBH B8L) was added over 5 min. When addition was co gl_e e, the product from
Example 10a (5mg) was added and the reaction alowed to stir for 93h. The reaction was filtered and
the solid dried to give the title compound (0.863g). (Method 7) 79.72%, Rt 10.82 min.; 20.27%, Rt
15.14 min.; d.e, 59.45%. e pro fr, o) vasdissoiyed:ip ddeOH (8.5
e {Mﬁgﬁa{;ﬁm %‘%9( 5o Hasproduskliam £xample 40688030y By

and H20'(5 mL) added dropwise. Th ct fram ple 10a
(1mg) wasaeRIdaememed iy dropise e H%‘?f%éb%é%%i (i r Wézrgeﬁﬁ\gﬁ \7%@3”0%@(? to stir for
22h, filtefesh the-selidouashes with H20-Me0H) (2.8, 3 rhLy ae), dridfl(at40C. vriteHrlgh ¥atlum to give

he titl d (Q. d 2%-RL10.82 min.; £8 iy glie. 186.4%. 10d.
The prodict ot B 101 [0 Be0e) Wh AL e ?ﬁ‘ﬁ%ﬁ%ﬁ%@ ’;H% (0.795
) de

5

mL) and $26i72 #4 Eddded-tidgidse 3t hratflictdrdm BExERp"Edd (1 A bllowed by
dropwiseyaddifien @f H28 13)S1mb 3 THe, readtidnywas allowed to stir for 22h, filtered, the solid washed
with H20-MeOH (2:1, 3 mL) and dried at 40C under high vacuum to give the title compound (0.453g).
(Method 7) 97.3%, Rt 10.65 mm.; 2.7%, Rt 14.83 mm.; d.e. 9&.%/0. éH N.Igle% i@%oalvl%%, E?I\/ISO-d6):
14.25-1314b-(Fee predprendramianty (19 R 268 tBLCIRHCHIEREhARgeable) . ..317 d,J.=20
Hz, 1H), 8 QR 40nd #1d diidoutid (A7 330t (Metitod HIB528%), R 60(B2I0ir.64370 81) 4752974 92-8.0 Hz,
1), 71347 RPote, 240 08R(d B8 Has s SRR 8060, 0 = 4.4 Hz, 1H), 4.30(, 3=6.8
Hz, 2H), 130 {dd, 3= 4.0 & 10.0 Hz, 1H). 3.13(t, J = 6.8 Hz, 2H), 3.04 (dd, J = 5.2 & 9.2 Hz, 1H),
2.60(q, J = 7.6 Hz, 2H), 1.17 (t, J = 7.6 Hz, 3H). Example 11
(5R)-5-{4gRdamthytPyridin-2-yOethoxylbenzyll-1,3-thiazolidine-2,4-dione hydrochloride ha. The
product fram Exar ISSC M3 3-25 miacoataining-3deHCI (0.134 mL) at 35C.
The solut%%v%gg ?ﬁﬁé@%ﬁ%&%@ﬁaﬁkgﬂouref Z?r;to the stirred solution and the mixture stirred for
20 min. The white solid was collected by filtration, washed with EtOAc and dried at 30C under high
vacuum to-gi e title c 81 g). WO 2010/015818PCT/GB2009/001920 29 (Method 7)
98.3%, R% 0t 14-83 min e.e. 96.6%. LCMS (Method 8): Rt 2.90 min 99.39%, miz 357
frill1-1+-HCII. LEMS (I\/f)ethod 1i>) Rt'2.91 min, m/z 357 [Mkr-HCII.11-1 NMR (400 MHz, DMSO-d6): 5
12.0(1 H, s), 8.70(1 H, d, J 1.7 Hz), 8.36(1 H, bd, J8.3 Hz), 7.93(1 H, d, J8.2 Hz), 7.15, 6.87(4 H,
A2B2q, J8.7 Hz), 4.36(1 H, dd, J4.4, 8.9 Hz), 4.33(2 H, t, J 6.3 Hz), 3.44(2 H, t, J6.2 Hz), 3.29(1 H, dd,
J4.3(;, 14%%@95@?,@@%303 gqhg&,qcngtlz)(mm,mq, P d) hthKlVQ@(B HLI,\@E.&HE)M@. b. :]'he_ |
product from Example i uld also ' iye the title
compoun&?ﬁ?@%)&%ﬁé%%é?‘%b 5%8/09391 %%ﬁrﬁﬁ)d ﬁ%&?ééﬁ%gqé{g Eﬁiﬂ&j@g@ﬁgﬁ@ flﬁher
characterRatsPry R steskiselsinnewas Biapapfe spigion of 5-{1-{4-{2-(5-ethyk-pyridin-2-yi)-cthoxy}-

phenyl}-meth-(E)-ylidengl-thiazolidine-2,4-dione (4.5 mL of a stock solution containing 78.2

mg in 35 mL MeOH) was added to the reaction vial containing the catalyst solution. The vial
was purged with Nz {5 x) and Hg (5 x) and finally charged with 25 bar of H,. After 18h the H;
was freleased and the reaction vial was'purged with N2 (3 x). A sample of the reaction vial was

taken and diluted with an equal volume of EtOH containing 1% formic acid. e.e. (Method 9)

75%, Rt36. 11 min. .. - — -

Example 13
{5R)-5-{4-[2{5-ethylpyridin-2-ytethoxy] benzyi}-1,3-thiazolidine-2,4-dione Hydrochloride

5
T L
HCEL N O o’ H

132. Methanesulfonic acid 2-{5-eihyl-pyridin-2-yl)-ethyl ester



Example 12 (5R)-544-12-(5-ethylpyridin-2-yOethoxy]benzyll-1,3-thiazolidine-2,4-dione A stock
solution of the Rh(COD)2BE4 (10.6 mg, 26.1 pmol) in DCM (9.5 ml..) was made in a glove box. Ligand
SL-WO003-2 (8.4 mg, 12.5 pmol), was weighted into a vial and 500 pL of the RthOD 2BF4 stock
solution wa¥% &dd&di1A8&blution of 5-04442-(5-ethyl-pyridin-2-y1)-ethoxYI?CT/ GB2009/001920
phenylymeth-(E)-ylidenel-thiazolidine-2,4-diOne (4% mL of a stock solution containing 78.2 mg in 35
mL MeOH) was added to the reaction vial containing the catalyst solution. The vial was purged with
N2(5 x) and H2 (5 x) and finally charged with 25 bar of H2. After 18h the H2 was released and the
reaction vial wds purged wcigth/NZ (3 x). A sample of the reaction vial was taken and diluted with an
equal volume /esxga‘ining 1% formic acid. e.e. (Method 9) 75%, Rt 36.11 min. -. Example 13
(5R)-5-{4-(2-(5-ethyIPyridin-Z2ypethoxylbenzy1}-1,3-thiazolidine-2,4-dione Hydrochloride 13a.
Methanegylfpgig acich2 A psatinyl-pyrigia-2-Y e ethybidstes4\yQi201e/0i5848RET FG8R2009/001.920 30 0
NC- To a solution of 2-(5-ethyl-pyridine-2-Y])- lagine ( ) in DCM
(230 mL)(%\%(br@?hﬁ?og)erélﬁpég%ﬂ'%égse% 8% Jh%%r?ﬁgés%%%@hﬁoﬂr%?%ﬁé%m@ '?%ﬁ&% reaction
mixture weachHoweduis WarrRlVRSGRARIE R R ACERIBITHIGH K iR teﬁ?‘cj)r i6h of methane
sulfonyl chiaridef2:8Gaak)swiasAdrddand et petersdtirreehfoin8Gamition Hérsbiidl wits diluted

with DCV and washed Wi H20,anA e, TaseioaniciayerweadisddUaandigadibe solution

concentr {.é%r?o give the title cons;ound as a red oil (38.24%’1H NMR (400 MHz €

_ . . 00 ME i'gagg}‘ )6“8.39 (d, J
= 2.2 Hz,d1iey, (Ma9Qaceny the solgiapconpgytraigs tngtyelihe #ig Fompoungas e e W B2 ) 3.10 (1,
J= 6.5 Hz{ 2R E0(MEBHIRIROBA(G, 8.397 J = 2.2 Hz, 1H), 7.47 (dd, J =77, 2.3Hz, 1H), 7.14 (d,
J=7.7 Hz, 1H), 4.64 (£, J = 6.5 Hz, 2H), 3.19 (t, J = 6.5 Hz, 2H), 2.90 (s, 3H), 2.64 (a, /= 7.6

Hz, 2 H), 1.25 {t, J = 7.6 Hz, 3H).

13b. 3~{4—[2—(5—Ethyl—pyridén—2—y%)—ethoxy}—phenyl}—pmpiorwic acid methyl ester

O—

The product from Example 13a (12.72 g) in toluene (50 mL) was added dropwise o a stirred
mixture of methyl-3-(4-hydroxyphenyf)propionate (10 g) and potassium carbonate (23.01 g) in
toluene (180 mb). The reaction was heated to reflux for 23 h, then left at room temperature
for 90 h. The reaction mixture was treated with H;O and extracted with three portions of
diethyl ether. The combined extracts were washed twice with H;0, once with brine, dried and
evaporated. The residue was purified by chromatography eluting with 20-4(_)% EtOAc‘.in _
petroleum ether (b‘p = 40-60 °C) to give the fitle product as a yellow solid (10.73 q). ‘H‘NMR
(400 MHz, CDCly ): 8 8.38 (d, J = 2.1 Hz, 1H), 7.44 (dd, J=7.8, 2.4Hz, 1H), 7.18 (d, J=7.8
Hz, 1H), 7.08, 6.83 (A:B.q, 4= 8.6 Hz, 4H), 431 (L J=6.7 Hz, 2H), 3.66 (s, 3H), 3.22(, J=
6.7 Hz, 2H), 2.87 (t, J = 7.6 Hz, 2H), 2.66-2.55 (m, 4H), 1.24(t, /=76 H;, 3H).

13c. 3»{4—[2—(5—Ethyi~pyridin-2~yi)—ethoxy]—phenyl}—propionic acid



Hz, 2 H), 1.25(t, J= 7.6 Hz, 3H). 13b. 3-{4-[2-(5-Ethyl-pyridin-2-y1)-ethond-phenyl)-propionic acid
methyl ester 0- The product from Example 13a (12.729) in toluene (50 mL) was added dropwise to a
stirred mixture of methy1-3-(4-hydroxyphenyl)ploPionate (10 g) and pot&gﬂ'g &gy@&g%e (23.01 g) in
toluene (180 #YPRE Feaction was heated to reflux for 23 h, then left at room temperature for 90 h.
The reaction mixture was treated with H20 and exiracted with three portions of diethyl ether. The
combined extracts were washed twice with H20, once with brine, dried and evaporated. The residue
was purified by chromatography eluting with 20-40% EtOAc in petroleum ether (bp = 40-60 C) to give
the title prodyct-as a yellow solid (10.73 g). 11-1.NMR (400 MHz, CDCI3): 58.39 (d, J = 2.1 Hz, 1H),
7.8, 2.4Hz, 1H), 7.18 (d 3=7.8 Hz, 1H), 7.08, 6.83 (A2B2q, J = 8.6 Hz, 4H), 4.31 (t, J =
6.7 Hz, 2H), 3¥66(s, 3H), 322 (t, 4 ='§,( Hz, 2H), 2.87 (t, J = 7.6 Hz, 2H), 2.66-2.55 (m, 4H), 1.24(t, J
v Fthyl-pyridin-2-y1)-ethoxyl-phenyl)-propionic acid WO
0 31 The product from Example 13b (10.73 g) was dissolved in
1,4-dioxan/ water (350/100 mL), lithium hydroxide monohydrate (4.3 g) added, and the reaction stirred
overnight. The dioxan was removed by evaporation under reduced pressure, the suspension was
diluted with H20 and treated with 2.0 M HCI until the pH was 617. The solid was filtered and dried to
give the title compound (9.57 g). 1H NMR (400 MHz, CDCI3): 8 8.41 (d, J = 2.3 Hz, 1H), 7.52 (dd, J =
7.9, 2.3Ha\JiiddlR B deh BadfgHzb 110)7 T 1 whsBisthRBadn 1.4y vy, (B5DNQ0 6.6 Hz, 2H),
. gbg’ﬂ@%‘;ﬁﬁ}a%&a}%%%é‘é& U G0 2020 bR UbrbiroirtioB 62 SR8, 4H), 1.24(t
(R)-4-Bewa§ T3ae@d 2 53eaigimyirale O8RS HEh &R BB Ry IS s st 6he Ph A
suspensigRafdhe Pratiuz fro MOExainblepBeL9 © T Tand ¢iv) e Hlibeadgid,diaslitiedeetie.67 g) in

triethylamine (8.38 m tol teditg 39 @ Pivaloy.chlgrigesi3dd mk) was
added drgtg%v%é@;r}ﬁgmﬁ%ﬁ? ?hﬁgmkggg?u@e%?ﬁgjn?% and @5 C. The magéyp WQ;(Sm %1 n heated to

reflux for22.8-BHTHE e ddiwas kel o cod trodiT e p“é?a?d—l%’,df feaction partitioned
between HR2ME0AT @edAhecImDIRoustia)y & Rivis X B &ctird Alce 9t E0AS SdaHe 269BiRRd organics
dried (M SO4 aqcﬁg pgezrlggtgg.él'Hr}e crude product was purified by chromatography on silica gel
eluting with’0- b% tOAccyclohexane to give the title product as a white solid (2.06 g). 1H NMR (300
MHz, CDCI3):58.39 (d, J = 2.2 Hz, 1H), 7.45 (dd, J = 7.9, 2.2Hz, 1H), 7.36-7.24 (m, 3H), 7.21-7.12
(M, 5H), 6% (gk) -8B 3-@HY12-BBethy]-tyilin- 32 (e hexg:8hagy R PIpRoTE ) AYaZRidi 39 12 (m,
5H), 3.04-2.87 (m, 2H), 2.74 (dd, J.= 9.5, 13.4 Hz, 1H), 2.63(q, J= 7.6 Hz, 2H), 1:24(t, J = 7.6 Hz, 3H).

O
= N#/(Of
\ F’/K/O \

Ph

A suspension of the product from'Exampie 13c (8.0 g) and (R)—(+)~{r—benzylpxazolidinone
(2.67 g) in triethylamine (8.38 mL) and toluene (90 mL) was heated to 80 °C. Pivaloyl chioride
(3.71 mL) was added dropwise maintaining the temperature between 80 and 85 °C. The
reaction was then heated to reflux for 22.5 h. The reaction was aliowed to cool to room
temperature, the reaction partitioned between H,O-EtOAC and the aqueous layer was
extracted twice with EtOAc and the combined organics dried (MgSOy) and concentrated. The
crude product was purified by chromatography on silica gel eluting with 0-40% EtOAc-
cyclohexane to give the title product as a white solid (2.06 g). "H NMR (300 MHz, CDCl; ): &
8.38 (d, J = 2.2 Hz, 1H), 7.45 (dd, /= 7.9, 2.2Hz, 1H), 7.36-7.24 (m, 3H), 7.21-7.12 (m, 5H),
6.84 (d, J = 8.6 Mz, 2H), 4.65 (m, 1H), 4.32 ({, /=65 Hz, 2H), 4.16 (m, 2H), 3.33-3.12 (m,
5H), 3.04-2.87 {m, 2H), 2.74 (dd, J= 9.5, 13.4 Hz, 1H), 2.63 (g, J=7.6 Hz, 2H), 1.24 (t, J =

" 7.6 Hz, 3H). -



WO 2010/015818PCT/GB2009/001920 32 13e.
(R)-4-Benzyl-34(R)-3-(4-12-(5-ethyl-pyridin-2-y1)-ethoxy]-pheny1}-2-thiocyanatopropionyl)-oxazolidin-
2-One Ph To LDA (0.528 mmol) in THF/hexanes (310.3 mL) at -78C ung@f/@ﬁgg@/%%@dded dropwise
the product®oi ¥xatiple 13d (0.20 g) in THE (4 mL). After 30 min N-thiocyanatosuccinimide (JAGS,
2004, 126, 10216-7) (0.1379) in THF (2 mL) was'added dropwise. After a further 110 min at -78 C the
reaction was quenched with sat aqueous NH4CI (5 mL) and allowed to warm to room temperature.
The mixture was extract ith three 1 _ To] thengombineghasganic layers were dried
(NaZSO'h%eal%)g\?%%%zrgfgg(ﬁ/if(?e 4F§d chetgg g?ggghﬁg?é%%ﬁme.%luene (20 mL) was added and
evaporapecbisntlieroregpiEbt prRESsure. The residue was dissolved in DCM (3 mL) and stored at -20C for
16 h. The soluble material was purified by chromatography on silica gel eluting with 20-50% EtOAc in
cyclohexane urifying impure %c&pns by the same method, to give the title product and
succinimide 2.4 molar ratio*as afcologysless semi solid (0.121 g). 'H NMR (300 MHz, CDCI3): 8
inimi S :t\&é Hz, 1H), 7.47 (dd, J = 7.8, 2.3Hz, 1H), 7.39-7.12 (m, 8H),
.107.2 Hz, 1H), 4.63 (m, 1H), 4.32 (t, J = 67 Hz, 2H), 4.24-4.11
(m, 21-1), 3.47 (dd, J = 14.0, 8.0 Hz, 1H), 3.33 (dd, J = 13.4, 3.2 Hz, 1H), 3.28-3.16 (m, 3H), 2.84 (dd, J
= 9.3, 114 Hz, 1H), 2.76 (s, 4H succinimide) 2.63 (q, J = 7,6 Hz, 2H), 1.24 (t, ] = .aH). 13f.
Thiocarbmﬁaacﬁﬁﬁw(mwzﬁ(mﬁ%ﬁ-@%%ﬁﬁdﬁ in-éﬁ}%—rfﬁ)&\? & dﬁgpﬁﬁ%ﬁ%
y1)-ethoxyd henzyiranpxQ-aibi) esterd YNHZHS @1 oPh Aftes pRcuiadt-ivpPRERARTEETERY51 mg) was
dissolved in THF/water (2 r.ar ted suthplatinepwisis(deethyitirospitine oxide)
(Tel. Lettﬁ@&@??gggs 1)428?? r?q_g qgﬁé%ﬁ:@i?ﬁ%v%ﬁ%irmed &%@%w ﬁa%th%vgé@we@a%cool to
room tenmparaittie EHonEREirm PR ALARRIMRS TraANe phasé d |e§7_|( [a2S04), concentrated and
purified by, chyamatesranhy TResiizrgel(@ eiteitidgiitiee- TRRLERAL T Edidhedfe to give the
tile product and succinimide inJ:3, 380/t alnAs3 calpuriss Gemirsalic(0F2S gk LHNMR

volume., Toluene {20 mL) was added and evaporated under reduced pressure. The residue

was dissolved in DCM (3 mL) and stored at -20 °C for 15 h. The soluble material was purified
by chromatography on siﬁca gel eluting with 20-50% EtOAc in cyclohexane, repurifying impure
fractions by the same method, o give the title product and succinimide in 1:2.4 molar ratio as

. a colouriess semi sofid (0.121 g}. H NMR (300 MHz, CDCl; ). & 8.60 (bs, 1H succinimide)
8.40 (d, J = 2.3 Hz, 1H), 7.47 (dd, J =728, 2.3Hz, 1H), ?.39—7.12 (m, 8H), .85 (d, J=8.7 Hz,
2H), 5.07 (dd, J= 8.1, 7.2 Hz, 1H), 483 (m, 1H),4.32 {, J = 677 Hz, 2H), 4.24-4 11 (m, 2H),
3.47 {ad, J =140, 8.0 Hz, 1H), 3.33(dd, J= 13.4,3.2 Hz, 1H), 3.28-3.16 (m, 35), 2.84 (dd, J
=0.3,13.4 Hz, 1H), 2.76 (s, 4H succinimide) 2.63 (q. J = 7.6 Hz, 2H), 1.24 ({ J=7.6 Hz, 3H).

13f. Thiocarbamic acid Sﬁ((R)—Z—((R)—4~benzyl»2~oxo~oxazoiidin»(?)—yl}—1 {4-[2-(5-ethyl-pyridin-2-
yi)~e’{hoxy}wbenzyE}-2~oxo—ethyf) ester

o
NH,
7 5\>/ 0
= O
N= @I:/N\zf
0 's)
, Ph

The product from Example 13e (51 mg) was dissolved in THF fwater (2/1 mi) qnder argon and
treated with platinum tris(dimethylphosphine oxide) (Tet. Lett, 2002, 43, 8121) (4 mg). The
reaction was warmed to 40 °C for 2 h then allowed to cool to room temperature. EtOAC {10
ml) was added, the organic phase dried (Na:S04), concentrated and purified by
chromatography on sifica gel (2 g) eluting with 40-70% EtOAc in cyclohexane to give the title

product and succinimide in 1:3.3 molar ratio as a colourtess semi solid (0.029 g). "HNMR



WO 2010/015818PCT/G82009/001920 33 (400 MHz, CDCI3): 8 8.66 (bs, 1H succinimide) 8139 (d, J =
2.0 Hz, 1H), 7.47 (dd, J = 7.9, 2.2 Hz, 1H), 7.37-7.17 (m, 6H), 7.17, 6.81 (A2B2q J= 8.5 Hz, 4H), 5.74
(t, J=7.9 Hz, 1H), 5.63 (bs, 2H), 4.53 (m, 1H), 4.30 (t, J = 6.7 Hz, ZH)’(?IO%(:%QU %&gﬂ 2.5 Hz, 1H),
3.95 (dd, J¥8.908 1% 1H), 3.31 (dd, J = 13.5, 3.1 Hz, 1H), 3.26-3.18(m, , 3é6 ? d,J=135,8.1
Hz, 1H), 2.74 (s, 4H succinimide), 2.72 (dd, J = 135, 9.8 Hz, 1H), 2.63 (q, J = 7.6 Hz, 2H), 1.24 (t, J =
7.6 Hz, 3H). 13g. (5R)-5-{412-(5-ethylpyridin-2-yl)ethOxylben7yll-1,3 h azolidine-2,4-dione
hydrochloride The product fr xample_13f issalved.i : ¢ H26 (106 ml) added
to give a%%%i?‘%oqg%l%h%#h%sg 51\/&%'2!@ at Fggﬁ%ﬁﬁ%lgga%rge fogr(g/lg—%wgr?i 1I1|i\'/lﬁ %—I%]I % ' L) added.
The solutionias @vaporaediit) dfyiess8irfE resfiné takel d thivéoH o' r’?\%’_COn%gining
concentrgled FC k(90015 ML), FtQAC<S Mk was, adieddand-the sbition tonéeritfdted slightly under

reduced pressure, causi hite sali recipitate;al. ti repnQred-andstiessolid (7 mg)
ks GTg A ife sqlid o RECRia hesalution wassrem

washed erial was puritie preparative HPLC (Meth 0).,and, the fractions
containinﬁ*ﬂné.ﬂﬁsiseﬂhiﬁ@cé@fﬁﬁﬁie%ﬂgﬁﬁ%h‘@& ﬁdgtﬁe}afeami%%ﬁgﬂgr (?L%mgll %%?j é‘\?é?p(%rated to
dryness tp-givetheditle product and succinimide in a 1:0:0.19 molar ratio as a colourless gum (0.002
g). (Method 7) 99.175%, Rt 10.65 min.; 0.825%, Rt 14.83 min.; e.e. 98.35%. LCMS (Method 11) Rt 2.9
min, rniz 357 'H NMR (300 MHz, d4-MeOH ): 8.62 (%d 1H "8'4f‘§dd’“2]:“ -2, 2.0 Hz, 1H), 7.98 (d,
J = 8.2 HIBAHSRFE-E-E285 st i Sypeihoarifenal do o A I 15 ’j‘.li%f’ 38 (t, J = 5.8 Hz, 2H),
3.34 (m ofjsfeeatbAdd, 3.11 (dd, J = 14.3,:8.8 Hz, 1H), 2.87 (q, J = 7.6 Hz, 2H), 2.68 (s, 4H
succinimide),1.33 (t, J = 7.6 Hz, 3H). Biological Results: Example 14 Pre-clinical mouse model of
COPD inflammation - Tobacco smbske induced pulmonary inflammation. WO

2010/015 /GB200 9 S/Ac(TS) exposure of 4 or 11 consecutive daily TS exposures, this
time poinm digéTgported here. Protocols for the exposure of mice to TS, obtaining

bronchoalveolar lavage (BAL), preparation of cytospin slides for differential cell counts are as outlined
below. Exposure of mice to TS daily for 4 or 11 consecutive days .
The product from Example 13f was dissolved in MeOH (10 mL) and H,0 (10 mi) added to give

a cloudy solution. This was left at room temperature for 2.5h then 1M HCI (0.15 ml.) added.
The solution was evaporated to dryness and the residue taken up in MeOH (0.1 mL)
containing concentrated HCI (0.0015 mL). EtOAc (5 mL) was added and the solution
concentrated sfightly under reduced pressure, causing a white solid to precipitate. The
solution was removed and the solid (7 mg) washed with EtOAc. This material was purified by
preparative HPLC (Method 10), and the fractions containing the first eluting componerjﬂ
combined and treated with 1M HCI (1 mL) and evaporated to dryness to give the fitle product
and succinimide in a 1:0:0.19 -moiar ratio as a colourless gum (0.002 g). (Method 7) 99.175%,
Rt 1@.65 min.; 6.825%, Rt 14.83 min.; e.e. 98.35%. LCMS (Method 11) Rt 2.9 min, m/z 357
[MH']. *H NMR (300 MHz, ds-MeOH ): 8.62 (bd, 1H), 8.42 (dd, J=8.2,2.0Hz, 1H),7.98 (d, J
= 8.2 Hz, 1H), 7.16, 6.85 (A.B.q, J = 8.7 Hz, 4H), 4.68 dd, J=8.7, 42 Hz, 1H), 438 (1, J= 5.8
Hz, 2H), 3.34 (m obscured, 1H), 3.11 (dd, /=14.3, 8.8 Hz, 1H), 2.87 (q, J = 7.5 Hz, 2H), 2.68
(s, 4H succinimide),1.33 (, J=7.6 Hz, 3H).

Bioiogical Resulits:
Example 14

Pre-ciinical mouse model of COPD inflammation — Tobacco smoke induced pulmonary

inflarmmmation.

Previous studies have established that the number of inflammatory cells recovered in the

bronchoalveolar lavage (BAL) is significantly elevated 24 h following the final Tobacco Smoke



In this exposure protocol, mice were exposed in groups of 5 in individual clear polycarbonate
chambers (27 cm x 16 cm x 12 cm). The TS from the cigarettes was allowed to enter the exposure
chambers at a flow rate of 200 mUmin. In order to minimise any potenti%w&gg%@af@%sed by
repeated eXibatitE58a%high level of TS (6 cigarettes), the exposure of thé mice to 'S was increased
gradually over the exposure period toa maximuriéof 6 cigarettes. The exposure schedule used for 4
days was as follows: Day 1:4 cigarettes Day 2: 4 cigarettes Day 3: 6 cigarettes Day 4: 6 cigarettes
The exposure schedule used Day 1: 2. cigar: 3 Cigan Vidcd&lgareties Day 4: 5
cigarettég%ﬁﬁ%’%rfff % %ﬁg&r%?ﬁésse ¢ a}[\;?)ro;%iofe%y%g% r%%caeg%oﬁ;sﬁrzﬁipproximately 32 min exposure)
(approxishatielyr4goned BRiFosure) (approximately 48 min exposure) for 11 days exposure was as
follows: (approximately 16 min exposure) (approximately 24 min exposure) (approximately 32 min
exposureg a[égro‘ggmgé%lx 40 min.exnosyire) (GRRFEXYRAIR G RIRExRagarenA fudbeargsaup of mice
were exg &8 % airona %%Ifi? asis for equivalent len Ehsgtbtlrne as controls (no IS exposure).
Bronchodlveskntais sreipsiigraniayerl B %%%8%?%%88 ias performed as follows: the trachea

was cannulated using a Portex nylon intravenous cannula (pink luer fitting) shortened to approximately

8 mm. PEQS&U%%?P%%?@@BQ@@B@M%}W@%%@WQe fluid. A volume of 0.4 ml was gently

e s FSoh e Py RS lfoesinan Bonspi bhgand koot on
centrifugatiprband(tTecsupebratant Hevantbd Bagom the cigarettes was allowed to enter the

exposure chambers at a flow rate of 100 mimin. In order to minimise any potential problems

- caused by repeated exposure to a high level of TS (6 cigarettes), the exposture of the mice to

TS was increased gradually over the exposure period to a maximum of 6 cigarefies. The

exposure scheduté_used for 4 days was as follows:

Day 1: 4 cigarettes (approximately 32 m%n exXposure)
Day 2: 4 cigarettes ‘ (approxi_mateiy 32 min exposure)
Day 3: 6 cigarettes ' (approxgmatety 43 min exposure)
Day 4: 6 cigarettes ' (approximately 48 min exposure)

The éxposure schedule used for 11 days expasure was as foflows:

Day 1: 2 cigareites (approximately 16 m@n exposire)
Day 2: 3 cigarettes ' (approximately 24 min exposure)
Day 3: 4 cigareties (approximately 32 min exposure)
Day 4: 5 cigarettes (approxi.ma;tely 40 min exposure)
Day 5to11:6 cigarettes (approximately 48 min exposure)

A further group of mice were exposed to air on a daily basis for equivalent lengths of time as

controls (no TS exposure).

Bronchoalveolar Iévage (BAL) analysis

Bronchoalveolar lavage was performed as foliows: the trachea was cannulated using a Poriex
nylon intravenous cannula (pink juer fitting) shortened to approximately 8 mm. Phiosphate
buffered saline (PBS) was used as the lavage fluid. A volume of 0.4 mi was gently instilied
and withdrawn 3 times using a 1ml syringe and then placed in an Eppendorf tube and kept on

ice prior to subsequent determinations.

Cell counts: . _
Lavage fluid was separated from cells by centrifugation and the supernatant decanted and

frozen for subseguent analysis. The cell pellet was re-suspended in a known volume of PBS



frozen for subsequent analysis. The cell pellet was re-suspended in a known volume of PBS WO
2010/015818PCT/GB2009/001920 35 and total cell numbers calculated by counting a stained (Turks
stain) aliquot under a microscope using a haemocytometer. Differential cell counts Were performed as
follows: ThéYesihdal &8l pellet was diluted to approximately 105 cells peﬁ%@%ﬁ%’mm??ﬁ 500 pl was
placed in the funnel of a cytospin slide and centriféiged for 8 min at 800 rpm. The slide was air dried
and stained using 'Kwik-Diff' solutions (Shandon) as per the proprietary instructions. When dried and
cover-slipped, differential cells wer unted using li ' S were counted by
unbiasecfa%é??fo?eagl%’ 9l tc?f‘]%r%%(gx%gy?%gﬁg ge%lég%%fg;tﬁeﬁ%t%%yﬁt%ﬁé%é%%ja&fd%morphometric
techniquescDsagPFresiithameRDeRMRSSIREh as mice and rats are obligate nasal breathers thus oral
delivery of test materials (such as therapeutic agents) for inhalation will not produce good lung

exposure,.As a conse PT%%E%GWQ%“V&%W@@%%M agents to the lungs in rodents is generally
achieved by intra-nasal, intra-tracheal or inhalation b)( whple body aergsol expo%ure in.a chamber. The

chamber e tsiduaiimdepirg e antbiuind BreNOARAY Kh GSUSRE & YREER 84137 HASAtion
toxicologystudiesrativenshenphaspacottgical effivicysstintiésnimtitb@armeal belnlittswatian is a very

efficient delivery method as almest alkolihpdrsiamaienial isdelivread da-hs-unesubidnis is quite an

invasive ?ggﬁn?que- For StUC?IeS_ In the mouse particularly, it is also, uli,t%ec.hnicall d ?nding as the
diameter'Ohgfectiad Fed %‘ﬁﬁ?f@%lﬁ'W@qﬂ?&ﬁg@ﬁﬁ&ﬁ%"@%gf ! gt{/é%lvén f‘f‘fgﬁcﬁg 'ir?érga-?racheal route
and so isqpartieisarysuitadte for reijestdopigiotudies it mipscave - 1Qctixy e diitidigeéHescribed
below. F%@%@%H&E?&‘ﬂ%ﬁimm%@qu@% of the dose administered is delivered to the lungs
(Eyles JE, Willlamson ED and Alpar HO. 1999, Int J Pharm, 189(1):75-9). As a surrogate route for oral
inhalation, mice were dosed intra-nasally with vehicle (0.2% tween 80 in saline), 5S-pioglitazone (as
preparedinugXasypies6) (3 pg/kg), 5S-pioglitazone (as prepared in Example 6) (1 pg/kg),
5R-pioglitazone (as prepared in Example 4) (3 ii.g/kg), 5Rpioglitazone (as prepared in Example 4) (1
pa/kg), or racemic pioglitazone ,0/kq). The, contrgl. group of mic i i .prior to
being ex(SUATED S LA IEH & B B o A e e A lowing
the final TSuelpesbeeankiiEorapoiahtes Wealetirsset] ae! Pradies AFVHEY GOReYEorfdtfed as base WO
2010/0158}8RG HGB209940P1020 36 ni@-apsenth xpriigwntomas weyendasigdihieaentisally with
vehicle (01% tweep 80 in saline), 5S-Rasiglit I, i I /kQ),
SS-Rosiglﬂg?&% ?Qé“%?gﬁ%%é%‘ﬁr? rénja%% e%ﬁe %6 %ﬁgg?é%%gﬁgfﬁgﬁlﬁ(gggﬁﬁéd in Example 8)
(3 ka/kg), 5RRosiglitazone (as prepared in Example 8) (10 kg/kg), or racernic Rosiglitazone (10 kg/kg).
The contrelgrgidebmicehtroaives wehictenbintpobieto beiadpexpdsegktemilydatdyrieddanaximum of 50

minutes pef day. BALias pe(ormes 24 A Rlhna e JBalhR.£xnasuie: Alaomeauads vere dosec

as the HO' 'S4 oses™corrected as free base, Data management and statistical analysis All results
are presepgsinRivig Ay RTEaRtS s Aetindan AmeshatAkbs (‘fzﬂd@%ﬁggldaﬁﬂf&% for each
group. Singentestsdonommalityule s positive, tthbritate. Weressdisiettéuktoaueneatipanalidis of
variance tgat %A'a\%eot\é@r)m‘é%'}'ﬁwsrﬂé%aﬂ%f&%{é@éf%@%@ﬁg’éﬁwlH@@;@%memﬂm@waﬁagsr to test for
significance B R/veen_treat ent groups. A "p" value of < 0.05 was consjdered io Pe statls%tlcally
significanfoP&rseRBadRYARNBITERSNFerE A AR R LN @ﬁ%ﬁ?alfe%a{})ﬁﬁ% ﬂwséu%(b &I Spréadsheets for the
cell data usisgghautnemstarbeddhve 4-11 day mouse model described below. Following intranasai

administration ~50% of the dose administered is delivered fo the lungs (Eyles JE, Williamson

ED and Alpar HO. 1999, Int J Pharm, 189(1):75-9).

As a surrogate route for oral inhaﬁaﬁon, mice were dosed irzt;@ﬁaséiiy with vehicle (0.2%

.twaen 80 in saline), 58-pioglitazone (as prepared in Example 6) 3 pgfkg)_, SS»piogiitazone'(as

- prepared in Example 6) (1. ug/kg}, Spriogﬁtazone {as prepared in Example 4} (3 pg!kg),SR—
piogﬁtazone (as prepared in Example 4} (1 pg/kg), or racemic pioglitazone (3 pgfkag). The
confrol group of mice received vehicle 1 hr prior to being exposed fo air daily for a maximum
of 50 minutes per day. BAL was performed 24 b fo!iowing_ the final TS exposure, All

compounds were dosed as the HCI salt with doses corrected as base.



"Treatment group result - sham group result TS vehicle group result - sham group result % Inhibition =
| - x100 Inhibition data for other parameters were calculated manually using the above formula. As
illustrated in Figure 1, there was a clear difference in activity between the two e?[]ﬂ%%g) ers of
pioglitazon@vén2fdtalié&lf SAL numbers following exposure to TS. The 5R Shant |omer¥); e. 97.8%) of
Piogfitazone significantly inhibited the BAL cell infltix induced by TS at both 1 and 3 kg/kg when
administered by the intranasal route. In contrast, the 5S-enantiomer (e.e. 97,5%) failed to inhibit the

BAL cell inflammation at either dose examin ed Fallowing examinaiiop 9bthe BALSEH syfespins, SAL
neutropHit AFHIER S8FE

etérmlned In concert with the activity on total BAL cells, the 5R enantiomer

of plogflta%hessligﬂmmw mﬁi@t@ﬁ@ﬁ@ﬁ@éﬁr@dﬁmﬁmbé%a’?a@&@&%?@ 8&%%%[5% "4t both doses

whereas%;r@e@; ofo-m@g,g@agf@,w@%l@@ﬁ@ﬁiwm (Blgns2) (Q/ka), 5R-
2010/015818PCT. BZO

01920 37 As illus ure 3,.th, re.w 2 d in activity
between‘%HE'QWBZ@H%%H@P?SF%%@FQB%% %n 4‘ e %%Iimr?urr?ggr o éill“o ing’ eg ;Qéffs?ﬁ’% to TS.
The 5R Qﬁaﬁao@ﬁ@mefenﬁs‘:’%&r@ézﬁmgﬂdzbmlsrgn|h@@§t%xmﬁﬁﬂt@oﬁthéa%f9rc%mﬁiﬂm%rfhduced by

TS at bOt% a,g%g eolkgwhen agmipisieradoyathediifannaal fesEs sxeanirashithe 5S-enantiomer

. 92.7%) failed to |nh|b|t the BAL cell inflammation at either dose examined.
(e compounds were dosed as the H%i saft wqgh Gses corrected as e B!

Data management and statastlcai analysis

Al results are presented as individual data points for each animal dénd the mean value was
calculated for each group. Since iests for normality were positive, the data were subjected to a
one way analysis of Varéaﬁée test (ANOVA), followed by a Bonferroni correction for muttiple
comparisons in order fo test for significance between treatment groups. A “p” value of < 0.05
was considered to be statisticafiy significant. ‘Peroentage inhibitions were automatically

calcutated within the Excel spreadsheets for the cell data using the formula below:

Treatment  group resull — sham. group resul < 100
. e 1
/6 Luhibition = 1 TS vehicle . group result — sham group result

Inhibition data for other parameters were calculated manually using the above formula.

Aé ’iE!ustratedA in Figure. 1, there was a cleaf difference in activity between the two enantiomers
of pic)g{ifazone'on totai cell BAL numbers folfowing expoéure to TS. The 5R enantiomer (e.e.

97.8%) of Pioglitazone significantly inhibited the BAL cell influx induced by TS at both 1 and 3

ug/kg when administered by the intranasal route.. in contrafst, the 5S-enantiomer. (e.€. 87.5%)

' tailed to inhibit the BAL cell inflammation at either dose examined.

Following examination of the BAL cell cytospins, BAL nthmphii numbers were determined.
In concert with the activity on fotal BAL cells, the 5R enantiomer of pioglitazone significantly
inhibited BAL neutrophil numbers induced by TS exposure at both doses whereas the 55

‘enantiomer of pioglitazone was ineffective (Figure 2).

Racemic pioglitazone (which contains 50% SR enantiomer of pioglitazone) at the 3 pg/kg dose

also significantly inhibited total and neutrophil BAL cells induced by 75,



Following examination of the BAL cell cytospins, BAL neutrophil numbers were determined. In concert
with the activity on total BAL cells, the 5R enantiomer of Rosiglitazone significantly inhibited BAL
neutrophil numbers induced by TS exposure at both doses whereas thepé%&ﬁ?dﬂ%lﬂ%{o(’f
Rosiglitazovie wegtikdeifective (Figure 2)., Racemic rosiglitazone (which contains 50% 5R enantiomer
of Rosiglitazone) at the 10 p.g/kg dose also significantly inhibited total and neutrophil BAL cells
induced by TS. Taken together, the results of the two studies identify the 5R enantiomer of both
Pioglitazone and Rosigfitaz as possessi Finflammateryastivistremhmeddorishibition of
BAL ceI‘ﬁﬁw’ﬂﬁ%‘\ﬁfﬁﬁsﬁf‘tﬁ‘g%@%&%&?oﬁgrad%%%gﬁﬁsr\%ﬁ%?the e.e. (}%ﬁhﬁprgf;}araﬂ atihe BR
enantionfeteafdResiglitazonte\val Wﬁﬁﬁ%ﬁfm‘éﬂ‘%%’?%%zora et than > r@%%% d#fer'ehtial activity
of the twg enanipmassMasstlahsamethBiisiSugBestsahintn btiaval prdFaratidfl SP5R enantiomer
of Rosiglitazone would show similar or ' activi mRasedwitiithe-daia presented
herein. TReRFGETRR ?ﬁ%{?énﬁ'%{seenlfééﬂ ﬁsrﬁeﬁ%%%ﬁg%gy?ggaﬁﬁ’would e achievegi with a preparation
that contains: pspimeightratti e BAbrsRERENTIARALFRESREZSAES] Claims 1. A glitazone for use
in the treatment of inflammatory respiratory disease by pulmonary administration by inhalation,

wherein the glitazone inhaled consigis of &by BWEIEhofihe SRepoafguration and less than
5% by Welljit'6e ﬁ@g@?}bo&féﬁggt%ﬁ g%'é%\%ﬁgr%}%%ei_said H%Ilﬁfﬂazo;n%% ioglitazone. or rosiglitazone. 2.

A glitazanedorarbeitistetamaiinniaim BAWERe RIS SN AR Matory respiratory disease is selected
from mild asiamaamaderateinsirbersiatereddst MM axstsrorialipie SRanASIRAT Brénchitis, chronic

obstructive pulmonary, disease (COPD)_ eystic fibragisppulmonary edema, pulmonary embolism,
pneumoﬁ[&ﬁﬂﬂm%%%og ?c%zlaré%is, giligosis, pulmonary fibrosis, respiratory failure, acute respiratory

distress syndrome, emphysema, chronic bronchitis, tuberculosis, and lung cancer. 153.A glitazone for
use as chimegineiainbivherain thetsaidsbitciRmarotiprespif torproase F5BArGHRSESstructive

pulmonary disease 4. The use, qf. { ang iR thepreparalinn phaceesiicesnent for the treatment of
inflamm&tB?y ?ggpﬂ%%'r(i/aa?@elgg%%c/g pulmonary ac?r%ﬂinistration by inhalation wherein the 20 glitazone

content of the medicament consists of at least 95% by weight of the 5R configuration and less than 5%

by weightgfdhe.5Sanfigueatins ot whereitich slealify it re a8t A5 BPIUSHRGZone.

and Rosiglitazone as possessing the anti—inﬂammatory activity required for inhibition of BAL

cell infiux whilst the 5S enantiomer does not.

Whilst the e.e. of the preparation of the 5R enantiomer of Rosigtitgzone was lower than
optimal {i.e., 85.7% rather than > 090%) differential acﬁv%’[y of the two enantiomers was still
observed. This suggests that an optimaf preparation of 5R enantiomer of Rosiglitazone would
show similar or even improved activity compared with tha data presented herein. Therafore
the data presented herein is indicative of what would be achieved with a preparation that

contains by weight at least a95% 5R enantiomer of Rosiglitazone.



5. The use as claimed in claim 4, wherein the said inflammatory respiratory disease is 25 selected
from mild asthma, moderate asthma, severe asthma, steroid resistant asthma, bronchitis, chronic
obstructive pulmonary disease (COPD), cystic fibrosis, pulmonary edema, pulmonary embolism,
pneumonia, pulmonary sarcoidosis, silicosis, pul ary fibrosis, respiratory failure, acute respiratory
distress syndrome, emphysema, chronic bronchitis, tuberculosis, and lung cancer. 30 6. The use as
claimed in claim 4, wherein the said inflammatory respiratory disease is chronic obstructive pulmonary
disease G38rnfs A pharmaceutical composition adapted for pulmonary administration by inhalation,
which composition comprises a glitazone and one or more pharmaceutically acceptable carriers and/or
excipients, and wherein the glitazone content of the composition consists of at least 95% by weight of

the 5R configufafBiRZaNg IRSUSRIN 596 P tBrii b itaBaaiantisriritRAafasR R P HE el
glitazone is piogflitéizistretionrogigiitaiztoe, 8hérahanmateutos compositianses alaimessirnstaim 7 which
addgionally compri rapeut t I f ti-inflammatory agents,
brongchodilatorsr;?Brﬁﬁggrqtﬁt8 ag_)é e??éﬁg%&%ﬁési%‘e@e%%gnﬁﬁ%ﬁ%o%i&%%n fgri%?s,ggr? fﬁiﬁtl r?gﬁgs.a/ E% 9. A kit
for treatment o‘f"P@é%‘i’?é?@rfl%%s@i@é@%f%pﬁﬂﬂféé?,“ﬁ]@rkﬁ%@ﬁﬂﬁ%‘mg one dosage form comprising a

composition as claimed in claim 7 and a second dosage form comprising another therapeutic agent
selectedyirom gt pllammalon. 2gene. NG diatars, REHMIE 9 iSn ARILER) F 35505
leukotriene inhibitors, and 15antibiotics.
disease is selected from mild asthma, moderate asthma, severe asthma, steroid
10 resistant asthma, bronchitis, chronic obstructive puimonary disease (COPD), cystic
fibrosis, puimonary edema, pulmonary embolism, pneumonia, pulmonary sarcoidosis,
silicosis, putmonary fibrosis, respiratory failure, acute respiratory distress syndrome,

emphysema, chronic bronchitis, tuberculosis, and lung cancer,

15 3. A glitazone for use as claimed in claim 1, wherein the said inflammatory respiratory

disease is chronic obstructive puimonary disease

4, The use of a glitazone in the preparation of a medicament for the treatment of
inflammatory respiratory disease by pulmonary administration by inhalation wherein the
20 glitazone content of the medicament consists of at least 95% by weight of .the 5R
configuration and less than 5% by weight of the 5S configuration, and wherein the said

glitazone is pioglitazone or rosiglitazone.

5, The use as claimed in claim 4, wherein the said inflammatory respiratory disease is
25 _ selected from mild asthma, moderate asthma, severe asthma, steroid resistant asthma,
bronchitis, chronic obstructive pulmonary disease (COPD), cystic fibrosis, pulmonary
edema, puimonary embolism, pneumonia, pulmonary sarcoidosis, silicosis, pulmonary
fibrosis, respiratory failure, acute respiratory distress syndrome, emphyse'ma, chronic
bronchitis, tuberculosis, and lung cancer.
30
6. The use as claimed in claim 4, wherein the said inflammatory respiratory disease is
chronic obstructive pulmonary disease
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A pharmaceutical composition adapted for pulmonary administration by inhalation, which
composition comprises a glitazone and one or more pharmaceutically acceptable
carriers and/or excipients, and wherein the glitazone content of the composition consists
of at least 95% by weight of the 5R configuration and less than 5% by weight of the 53

configuration, and wherein the said glitazone is pioglitazone or rosiglitazone.

A pharmaceuitical compaosition as claimed in claim 7 which additionally comprises one or
more other therapeutic agents seiected from anti-inflammatory agents, bronchodilators,

mucolytic agents, antitussive agents, leukoiriene inhibitors, and antibictics.

A kit for treatment of respiratory disorders in a subject, the kit comprising one dosage
form comprising a composition as claimed in claim 7 and a second dosage form
comprising another therapeutic agent selected from anti-inflammatory agents,
bronchadilators, mucolytic agents, antitussive agents, leukotriene inhibitors, and
antibiotics.



