Respiratory Di sease Treatnent This invention relates to the use of the
substantially pure 5R enantioners of the known glitazone drug class, such
as the kneonophassmceutical products pioglitazone and r esirgiB2o@zoney f or
pul monary adm nistration by inhalation, for treatnment of inflammtory
respiratory di seases. Background to the invention A broad spectrum of
respiratory diseases and disorders has been recogni zed, many of which have
over| appi ng and interacti ngredpipdtos Bi8eaddPrdtmbhe Most wi despread and
preval ent of these diseases are chronic obstructive pul nonary di sease
(COPD) and asthma. Respiratory di seases have a significant inflamuatory
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di sappoi nting anti-inflamatory data for ICS either alone or in conbination
with besRiANSYiEe3988 i ntensified the search for an effective
anti-inflamuatory drug for COPD. COPD is clearly a chronic inflammtory
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effective anti-inflammatory drug for COPD. COPD is clearly a chronic inflammatory disorder

~ that involves complex interactions between cells of the innate and acquired immune response
both in the lung and potentially also systemically. One hypothesis under intense investigation
is whether novel, demonstrably anti-inflammatory agents can halt or slow the functioﬁal
decline characteristic of COPD. Reducing the frequency and severity of exacerbations has
become an increasingly important target for COPD therapy as the prognosis for patients
following exacerbations is poor. Anti-inflammatory therapy in COPD, and in asthma, is
expected to reduce the frequency and severity of exacerbations. It is also desirable that

decline in lung function and quality of life are also ameliorated with treatment.

Hence, new treatments for inflammatory respiratory diseases, including asthma, COPD,
allergic airway syndrome, bronchitis, cystic fibrosis, emphysema and pulmonary fibrosis

(including idiopathic pulmonary fibrosis), are constantly sought.

Peroxisome,ProIifération Receptor gamma receptor (PPARY) agonisté are a class of drugs
which increase sensitivity to glucose in diabetic batients. Phy'siologvical activation of PPARYy is
believed to increase the sensitivity of peripheral tissues to insulin, thus facilitating the -

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



Per oxi some Proliferation Receptor gamma receptor (PPARg) agonists are a
class of drugs which increase sensitivity to glucose in diabetic patients.
Physi ol ogiveab10dds§igat i on of PPARg is believed to increa®€TiGR0ENEN20| vity
of peripheral tissues to insulin, thussfacilitating the clearance of

gl ucose fromthe bl ood and producing the desired anti-di abetic effect. Mny
PPARg agoni sts are known fromthe patent and other literature, but
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and Pioglitazone, See ?@ 2005 May; 5(3):349-63. Both
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antiinflamatory effect (Haffner et al., G rculation. 2002 Aug 6;
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induced lung inflammation (Lee ef al., FASEB J. 2005 Jun;19(8):1033-5) and LPS-induced

lung tissue neutrophilia (Birrell et al., Eur. Respir. J. 2004 Jul;24(1):18-23) and (iii)

rosiglitazone has been reported to exert ahti—inﬂémmatory effects in isolated cells, including

iINOS expression in murine macrophages (Reddy et al., Am. J. Physiol. 'Lung Cell. Mol.

Physiol. 2004 Mar;286(3):L613—9), TNFa-induced MMP-9 activity in human bronchial epithelial

cells (Hetzel ef al,, Thorax. 2003 Sep;58(8):778-83), human airway smooth muscle cell

prolifefation (Ward et al.,, Br. J. Pharmacol. 2004 Feb;141(3):517-25) and MMP-9 release by -

neutrophils (WO 0062766 — is this for year 20007). | PPARYy agonists have also been shown to

be effective in models of pulmonary fibrosis (Milam et al.,, Am. J. Physiol. Lung Cell. Mol.

Physiol, 2008, 294(5):L891-901) and pulmonary arterial hypertension (Crossno et al., Am. J.

Physiol. Lung Cell. Mol. Physiol, 2007, 292_(4):L885-897).

Based on observations of anﬁ—inﬂammatory activity in cells relevant to the lung, the utility of
other PPARY agonists has been suggested for the tfeatment of inﬂammatory respiratory
_disorders including asthma, COPD, cystic fibrosis and pulmonary fibrosis. See W0O0053601,
WO00213812 and WO0062766. These suggestions include administration by both the

systemic oral and pulmonary inhalation routes.



cells (Hetzel et al., Thorax. 2003 Sep;58(9):778-83), human airway snooth
muscle cell proliferation (Ward et al., Br. J. Pharnacol. 2004 Feb;

141(3) : 5IWO28B)0/EMISMVP- 9 rel ease by neutrophils (WO 0062¢8&B20§900192s f or
year 2000?7). PPARg agoni sts have al so heen shown to be effective in nodels
of pul nmonary fibrosis (Mlam et-al., Am J. Physiol. Lung Cell. Mol.

Physi ol , 2008, 294(5) :1891-901) and pul nonary arterial hypertension
(Crossno et al., Am J. Physiol. Lung Cell. M. Physiol, 2007, -
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bal ance via binding to the PP, _Rg receptor in the ki dney. See CGuan et al,
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2005 28; 102(26):9406-1 1. Treatnment with PPARg agoni sts by the oral route
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Pioglitazone has structural formula (1)

and cén be named as 5-{4-[2-(5-ethylpyridin-2-yl)ethoxy]benzyl}-1,3-thiazolidine-2,4-dione.
The carbon atom in the 5-position of the thiazolidine-dione ring of pioglitazone, indicated by an
arrow in formula (1) above, is asymmetric, so pioglitazone has two enantiomers, the 5R and

5S enantiomers.

Rosiglitazone has the struetural formula (II) and can be named as 5‘-(4—{2—[methyl (pyridin-2-
yl)aminolethoxy]benzyl}-1,3-thiazolidine-2,4-dione. The carbon atom in the 5-position of the
thiazolidine-dione ring of rosiglitazone, indicated by an arrow in formula (lI) below, is also

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



and can be naned as

5-{4-[2-(5-ethyl pyridin-2-yl)ethoxy]benzyl}-1,3-thiazolidine-2,4-dione. The
car bon at\Wth2PH/GIRES85- positi on of the thiazolidine-di onePETHKgE26¢9/001920

pi oglitazone, indicated by an arrow ingformula (1) above, is asymetric, so
pi oglitazone has two enantioners, the 5R and 5S enantioners. Rosiglitazone
has the structural formula (I1) and can be naned as. 5-(4-{2-[ nethyl
(pyridin-2- yl)am no] et hoxy] benzyl }-1, 3-t hi azol i di ne- 2, 4-di one. The carbon
atomin the 5-position of the tzi zolidine-dione ring of rosiglitazone,

i ndi cated by an arrow i gﬁ%;iyelaxa'is al so asymretric, so

rosi glitazone 'al so has enant{i ongers, t '& 5R and 5S enantioners. The 5S
enant i opeTX gt ¢ 3

receptoy than the 5R enantio (§tnNIvs 2mM Parks et ai, 1998, Bioorg.
Med. Chempstett. 8(24):3657-8). For anot her nenber of the glitazone class,
Ri vogl i tazone, the 5S enantioner also has higher receptor binding affinity
than the 5R enantioner (see page 13 of WO20071 00027). In practice,

pi ogli taz and rosiglitazone are adm nister fo r nt of, dj abetes
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and nenbers of the glitazone fam | enerally, are known to equilibrate
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Phar mageteptct®ihbinddtfini§ARars tie SRBhshtioRENH e PHae 31 3P 0OLO0N10868H, 19, 1125-9;
J. Chromat ography, 835 (2006), 40-46; Bi opharmaceutics and Drug Di sposition
1997, 18 (4), 305-24; Chem Pharm Bull 1984, 32, ( 11) 4460-65; T. J. Med.
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25) so there is no difference in practice between oral administration of either substantially pure -

isomer and oral administration of the 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 activity following oral administration either of the racemate or the individual
enantiomers in a rodent diabetes mode! _ |
(www.fda.gov/imedwatch/SAFETY/2007/Sep Pl/Actoplus Met PI.pdf):

“(Pioglitazone) contains one asymmetric 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 activity between the two enantiomers”.

The effects of pulmonary inhalation of rosiglitazone or pioglitazone (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

5S enantiomers of either compound, or any other glitazone, when contacted directly with lung

tissue.



No differences were found in the pharmacol ogic activity between the two
enantioners". The effects of pulnonary inhalation of rosiglitazone or

pi ogl i t a2¥Aa0109115818deed any ot her glitazone) in either PEE&H2009901RINgl e
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has been published concerning the potential equilibration of the 5R and 5S
enanti onmers of either conpound, or any other glitazone, when contacted

di rect I%evgnmoha @&sg losst;r Bgorgdts b@émn&isaﬁ%r&tergea\w u@&@géﬂc% .@a@l whol e
is characteri sed resence in the nole hi azol i di , 4-di one

r adi calMelagule ef@émaza%d'ﬁ -d@ﬂeaaq'%awéheﬁ?ru?ﬁm af %iKtBﬁéO'Sﬂn %)%%@1 pheny!
radi calyy (T@thy,ﬁyﬂ?,;,gg,cgp @g carbon atomindicated by the arrow is nunbered as
the 5-positi'on of the thiazolidinone ring. The term"glitazone" as used
herein reflers to a PPARg agoni st corrpound‘L whose structure includes a

t hi azol ~di'n-8, 4- di one radi cal (A) a. (¥ higazol i di n-2, 4, di one- 5-

yl ) met hyl ghen adical (B): Begpd app and mar ket ed

rosiglita and pioglitazone, i titude of glitazones known

fromthgpatent and scientific |Mtefature. ﬁ exanpl es include the
foll ow ng G gl {Aazone Englitazone Darglita mgl_)obegl itazoneBrief summary
Of e draMR0IOBLoh Sidr S BREIAY e BRSRT, RiinbOZaLu A B9oLG) or ! {1 eat ment

Ak resp ator n roner of a
gI itaz dhlazmlsimmemngf Tlm:terméglttémrnet h@uﬁéﬁ leraintrefeneto.a H‘Pm@f agrfmsr,ircbnmbph@

drives froman ani of. .treatnent I at
di seas Sy SRR FBKAST A iRl R EYERE coliral Dhel € (DR RO g anc
r osi gl iyamdmdpHeaykrabieelBshown to be active, whereas the 5S enantl oners were
essentially inactive. This finding |leads to the conclusion that inhaled
pul mronary adm ni stration of the 5R enantionmer of a glitazone, in particular
t he 5R-Busidesitherapprofedamyinatketsairesiglitazas aid giegitarene ahe@vis atngtitadé of

fect. of .the c chieved more effi,ciently than by

i mi 1 ORI et 1O 11 PatRl P seinal ey it 'H%'vg%{” & Y gucad

si de effolestindbenefits of | oner -

el Ueras lasioWepes

Ciglitazone Englltazone Darglitazone

o]

N ‘ NH H NH - N
Q——{N 0%\% CF:/©/\ ? . S\% Q A
— B

Edaglitazone o MK-0767 Rivoglitazone
o] : [o]
o ,
o} MNH F /./\/«NH Ny OO/\ﬁ(\(NH
0 IS SORY QG
HO (o]
. o]
Troglitazone Netoglitazone A Balaglitazone

0

. N
o s
N\
o 111 s M ’
\/\ N
N0 ¥ <)o
\o N\¢N .

Lobeglitazone | : - Inolitazone



system c exposure than oral adm nistration. Brief description of the
figures Figure. 1 is a bar graph that illustrates the effect of intranasal
adm ni st rOi26W/a1881Baboratory mce with vehicle (0.2% t WBEH/@0§MOERD| ne) ,
5S-pioglitazone ( 1 or 3 ng/kg), 5R-pigglitazone ( 1 or 3 ng/kg), or
racem c pioglitazone (3 ng/kg) on the nunber of BAL cells induced by

t obacco snoke 24 hours post the final exposure. Figure. 2 is a bar graph

t hat i | Brgistanesy biwee @fveatdn of i ntranasal admi nistration to |aboratory mce

with vehicle (0.2%t 0.in sali é SS-R | itazone ( 1 or 3 ng/kg),
5R- pi ogl 1'% B8NS a%erd%*%ﬁ/ﬂ@awg st Iobicesbme b? @W%W@é@weeelrmw@eaéﬁ t he
nunber lﬂifmlﬁ’a%tldheU%mhéﬁﬁm@ﬁﬁgg@ﬁ]ﬁfbaﬁwetﬁéa{% t%hﬂhetﬂs?er@;aﬁérp&he final
exposur | S ar at _jllustrates e effect o

intr ana'gr&PF%fg%’i‘f‘ﬁ'P?tqr%(?? %ﬂ g’é’ﬁg'r'a?‘i'ﬁ]? reateen) eHnlammatos PP ween 80 in
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ng/ kg) , racem g Rosi gl bt azo[}?esé% m% on the nunber of BAL cells
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a orat mce with v 0 en in saline), - Rosi gl i tazone

or n@f%ﬁ?e 'Qﬁa%@?bﬁetsiﬁﬁ'ﬂ%‘%(’@e()? RpaliigroRg or reiglitarong: #lops dheypittazone
(10 mluk@mmmotwgféwanaé cOinpBvd tlaeiétarch[ahebmdr@eﬁi@rédﬂ@tham%ﬁﬁnarsmke 24

hours p e fi exposur e, escri of the |nvent|onAs used
ner ei n SRS ian o dhs BLEGAE: wita & IR REaAg LSRR B 5T PRI eTe,
PPARg asgmhﬁ(t exqsspELRdn bR sempistiaabnir e i ncl udes a thiazolidin-2, 4-di one
radical (A), or a (thiazo[idin-2,4,dione-5-yl)nethylphenyl radi cal (B): As
used herein the term"pioglitazone" or "pioglitazone conponent”™ neans the
conpourBtidh description of the figures

{4-]2-(5-ethyl pyridin-2-yl)ethoxy] benzyl}-1, 3-thiazolidine-2, 4-di one of

f I b i call t abl [t. th f. As d
o 1 n sty EReA Barsfon rBbRutE e ey MBSt eotunaian o RaiRry P -
conpoungthbrehicle {(022% MWédY80 Inalihéhi Bs%dght)aéﬁhélf\o] oF Bykbh BREpbdiitdzone (1 or 3

, 3-thiazaolidine-2,4-digne of formula
ug/kg), or racemic pioglitazone (3 pg/kg) on the number of BAL cells induced by tobacco

smoke 24 hours post the final exposure.

Figure. 2 is a bar graph that illustrates the effect of intranasal adminiétration to laboratory mice
with vehicle (0.2% tween 80 in saline), 5S-pioglitazone (1 or 3 pg/kg), S5R-pioglitazone (1 or 3
ng/kg), or racemic pioglitazone (3 pg/kg) on the number of BAL neutrophils induced by

tobacco smoke 24 hours post the final exposure.

Figure. 3 is a bar graph that illustrates the effect of intraﬁasal administration to laboratory mice'
with vehicle (0.2% tween 80 in saline), 5S-Rosiglitazone (3 or 10 ug/kg), 5R-Rosiglitazone (3 -
or 10 ug/kg), or racemic Rosiglitazone (10 ug/kg) on the number of BAL cells induced by

tobacco smoke 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), SS-Rosigiitazone (3 or 10 ng/kg), SR-Rosiglitazone (3
or 10 pg/kg); or racemic Rosiglitazone (10 pg/kg) on the number of BAL neutrophils induced

by tobacco smoke 24 hours post the final exposure.

Detailed description of the inventioh




above, or a pharmaceutically acceptable salt thereof. As used herein, the
term"enantioneric excess" or its abbreviation "e.e." is defined as the
per cent ag¥O 20{RIGIF(R+S)) x 100 percent where R and S aPETHHROPEWHEEL i ve
weight fractions of the Rand S enantigmers in a sanple. Thus for a
glitazone sanpl e containing 95% by wei ght of the 5R enantioner and 5% of
the 5S enantioner, the enantioneric excess of R over S enantioner is
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conposition consists of at |east 95% by wei ght of the 5R enantioner and
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adm ni sgHALLOLLLRNIY éﬂ%@bﬁbb%lt tidpgsei n the glitazone inhal ed consists of at
| east 95% by wei ght of the 5R enantioner and |less than 5% of the 5S

enantioner |In another aspect, the invention provides the use of a

gli taZOﬂéauséoq{er@m%'@{e%nmd%@hiatzaﬁé’nﬁ R)&lghfé%brgal EdrRBAMRRY mhdhinshRe BoRP&IHREs-on of
a nmedi canent for the treatifent of inflammtory respiratory di sease by
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the medigREEsHa Rsheddicaly Alcep@BRIsataRYr. Wei ght of the 5R enantionmer and
| ess than 5% of the 5S enantiomer.|n another aspect, the.invention provides

a method of treatnment of inflanmmatory respiratory di sease conpri sing

pul NoNagy usMdibint trh@ttérﬁﬂ“e%ntﬁ)rﬁélﬁ:r SREH" Iof it hibrelibfis ieve” RRHREd &4
glitazone, for exanpl e pi_ oglitazone or rosiglitazone, to a subject

sufferlﬁ’if(jC @3F-di sease by inhalation, wherein the glitazone inhal ed
consists of at |east 95% by wei ght of the 5R enantiomer and | ess than 5% of

the 5S enantioner. In all aspects of the invention, the glitazone
conmponelR-SBFSRXIP0IRETeaME pi ogl i t azone or -

where R and S are the respective weight fractions of the R and S enantiomers in a sample.
Thus for a glitazone sample containing 95% by weight of the 5R enantiomer and 5% of the 5S

enantiomer, the enantiomeric excess of R over S enantiomer is ((95-5)/95+5)) x 100 = 90%.

In one aspect, the present invention provides a pharmaceutical composition adapted for
pUImonary administration by inhalation, which composition comprises a glitazone, particularly
pioglitazone or rosiglitazone, and one or more pharmaceutically acceptable carriers and/or
excipients, wherein the glitazone content qf the composition con_sists of at least 95% by weight

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

In another aspect, the invention provides a glitazone, for example pioglitazone or
rosiglitazone, for use in the treatment of mﬂammatory respiratory dlsease by pulmonary
administration by inhalation, wherein the glltazone inhaled consists of at least 95% by weight

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

In another aspect, the invention provides the use of a glitazone, for example pioglitazone or
rosiglitazone, in the préparation 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

5S enantiomer.



rosi glitazone conponent, may be inhaled via the nose or the nouth.
Preferably it is inhaled via the nouth. In all aspects of the invention,
the glita¥Onr810¢dMI8nent, for exanpl e pioglitazone or rofCHGR28P99ME920shoul d
preferably contain as little of the 55enantiomer as possible. For exanple,
the 5R enantiomer may constitute at |east 97% or at |east 98% or at |east
99% by wei ght of the glitazone conponent. In all aspects of the invention,
the glitazone conmponent, for exanple the pioglitazone or rosiglitazone

conponent, may be acconpani ed or adm nistered sequentially or
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PPARg rggonl st. aspects of the invention, currently the npst
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cystic fibrosis, pulnonary edema, pulmonary enbolism pneunonia, pulnonary
sarcoi sosj s, Ssi | | cosi s, pul rmnarégl%ﬁfl brosi s, rersf$| ratory failure, acute
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pharmaceutical |y acceptable salt. The term "pharmaceutically acceptable

salt" B o salts prepared from pharnmaceutically acceptabl e inorganic
and organi c acids and bases Phar maceutical |y acceptable inorganic bases
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Tt w6 e ARG AR ey SRS oL rga e of b ieastotihy Srat et 8% .
the |i keighdf the dlit2ohe usHpbnantl ences. Exenpl ary sal ts include al um num
calcium Ilithium magnesium potassium sodium and zinc.
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, puimonary embolism, pneumonia, pulmonary sarcoisosis, silicosis, pulmonary fibrosis,
respiratory failure, acute respiratory distress syndrome, emphysema, chronic bronchitis,

tuberculosis, and lung cancer. .

The glitazone component can be in the form of a pharmaceutically acceptable salt. The term
"pharmaceutically acceptable salt” refers to salts prepared from pharmaceutically 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 salts, alkaline earth metal salts and



Particularly preferred are the ammonium cal cium magnesi um potassium and
sodiumsalts. Salts derived from pharnaceutically acceptable organic

non-t oxi CWP2BWLH1F§8| ude salts of primary, secondary, an@CT&B20Y0PIRM nes,
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exerci se-i nduced, drug-induced (incl udi ng aspirin and NSAI D-i nduced) and

dust -i nduced
lllustrative 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, succinic, glycolic, gluconic, lactic, maleic, malic, tértaric, citric, nitric,
ascorbic, glucuronic, maleic, fumaric, pyruvic, aspartic, glutamic, benzoic, hydrochloric,

- hydrobromic, hydroiodic, isocitric, xinafoic, tartaric, trifluoroacetic, pamoic, propionic,
anthranilic, mesylic, napadisylate, oxalacetic, oleic, stearic, salicylié, p-hydroxybenzoic,
nicotinic, phenylacetic, mandelic, embonic (pamoic), methanesulfonic, phosphoric,
phosphonic, ethanesulfonic, benzenesulfoni_c, pantothenic, toluenesulfonic, 2-
hydroxyethanesulfonié, sulfanilic, sulfuric, salicylic, cyclohexylaminosulfonic, algenic, 3-
hydroxybutyric, galactaric ‘and galacturonic acids. Exemplary pharmaceutically acceptable

salts include the salts of hydrochloric acid and hydrobromic acid.

Compositions of the invention are uséful for treatment of inflammatory respiratory disorders;
for example asthma (mild, moderate or severe), e.g., bronchial, allergic, intrihsic, extrinsic,
exercisé-induced, drug-induced (including aspirin and NSAID-induced) and dust-induced
asthma, steroid resistant asthma, _bronchitis including infectious and eosinophilic bronchitis,
chronic obstructive pulmonary 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



asthma, steroid resistant asthma, bronchitis including infectious and
eosi nophilic bronchitis, chronic obstructive pul nonary di sease (COPD)
cystic fiWOR8101548] nonary fibrosis including cryptogenPETIGEPQLI0HFO
alveolitis, idiopathic pul nonary flbrq%ls i diopathic interstitial
pneunoni as, fibrosis conplicating anti-neoplastic therapy and chronic
infection, includingtuberculosis and aspergillosis and other fungal
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di str esp% nﬁtyﬁ'é(i‘y 84&m %Uﬂhbfﬁﬁ{]%mb%m#? rBr%uPn'bﬁBCBulHo?naryts\élP&ﬂ@dél@%ih&s@nd lung
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di sease” refers to a set of physiol ogi cal synptons including
chr oni dnpadisglar. themetads and cempgsitions,g e Reaent deniePrAsiRass i pnea and a

Si gn'f'&é\ygntlorpéﬁtgfr@%e%?oftﬁglﬂgdlr‘afbr)}&s@t‘déf lcopihhat may or may not be partly
reversible. Enphysema nay al so be present in the lungs. COPDis a disease

characterized by a progressive airflow limtation caused by an abnor nal
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| evel s Rhysiplpgical sy@wtomﬁm%@och@wp@nemtwo&hw ‘ERL@?: grPesioRtioRPGIR
breat h. dy%é?ﬁérﬁi @glbﬁdreahtogk}%gfe'éswé eéaubfbrﬁﬁlaﬂﬂm tHR Ryl Sk BOhdYelpagtyl 0SS of

| ung el city reSulting fromenzymatic destruction of the |u g
par enc H9ms'bhatﬁrf@@h>@ﬁ@ﬁ raassaiﬁ@, Pe PE?&FH‘dP &% Ungs ePPdR @ disease chardcterized

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 biood, 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 vi‘a 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 pioglitazone-or rosiglitazone component.
Preferably, a unit dose comprises the pioglitazone or roéiglitazone component in an amount of

1pg 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



COPD is an unbrella term enconpassi ng chronic obstructive bronchitis and
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- particularly the pioglitazone or rosiglitazone compositions, of the invention include one or
more other therapeutic agents selected from anti-inflammatory agents, bronchodilators,

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

Suitable fherapeutic agents for a combination therapy with the glitazone compositions,
particularly the pioglitazone or rosiglitazone compositions, of the invention include: (1) a
steroid drug such as a corticosteroid, for example beclomethasone, (e.g., as the mono or the
dipropionate ester),-ﬂunisolilde, fluticasone (e.g., as the propionate or furoate ester),
ciclesonide, mometas‘dne (e.g., as fhe‘furoat'e ester), mometasone desonide', rofleponide,
hydrocortisone, predniscne, prednisolone, methyl prednisolone, naflocort, deflazacort,
halopredone acetate, fluocinolone acetonide, ﬂuocinonide, clocortolone, tipredane,
prednicarbate, alclomefasone dipropionate, halometasone, rimexolone, deprodone _
propionate, triamcinolone, betamethasone, fludrocortisone, desoxycorticosterone, 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 870086,
QAE397, NCX-1010, NCX-1020, NO-dexa_methasone, PL-2146, NS-126 (formerly ST-126)

- and compounds referred to in international patent applications WO0212265, W0O0212266,
W002100879, WO003062259, WOO3048181 and WO003042229. Steroid drugs can also
additionally include next generation molecules in development with reduced side effect

profiles such as selective glucocorticoid receptor agonists (SEGRAs), including ZK-216348
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'US20050182091, US20050171147, WO05/092870, WO05/077361, DE10258695,
WO005/111002, WO05/111005, WO05/110990, US2005/0272769 WO05/110359,
WO05/121065, US2006/0019991, WO06/016245, WO06/014704, WO06/031556,
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- WO08/0961 12', WO08/104790, WO08/096119, WO08/096112; (3) a leukotriene modulator, for
example, montelukast or praniukast; (4) ahticholinergic agents, for example, selective
muscarinic-3 (M3) receptor antagonists such as ipratropium bromide, tjotrqpiqm,_tiotropium
bromide (Spiriva®), glycopyrollate, NVA237, LAS34273, GSK656398, GSK233705, GSK
573719, LAS35201, QAT370 and oxytropium bromide; (5) phosphodiesterase-IV (PDE-IV)
inhibitors, for example, roflumilast or cilomilast; (6) an antitussive agent, such as codeine or
dextramorphan; (7) a non-steroidal anti-inflammatory agent (NSAID), for example, ibuprofen
or ketoprofen; (8) a mucolytic, for example, N acetyl cysteine or fudostein; (9) a
expectorant/mucokinetic modulator, for example, ambroxol, hypertonic solutions (e.g., saline
or mannitol) or surfactant; (10) a peptide mucolytic, for example, recombinant human
deoxyribonoclease | (dornase-alfa and. rhDNase) or helicidin; (11) éntibiotics, for example,
azithromycin, tobramycin and aztreonam; and (12) p38 MAP kinase inhibitors such as GSK
856553 and GSK 681323.
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08675, W04/ 1 08676, WO05/033121, W0O05/040103, WO05/044787, WO04/ 071388,
W005/ 058299, W05/ 058867, W05/ 065650, W005/ 066140, W05/ 070908,
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antibiotics, for exanple, azithromycin, tobranycin and reonam and (12)
p38 MARMRgeRiss comRinglians:(se. JTivlA casbmation prsiyat) dneludmkbeigwt fimitedtyne aspect

the i nvgithiterol Rinditati9fotioBlunt BRMISE 6mdtetbluRtrASTbRbSI LM BrbRleOB) {718

glitazone conpositions, particularly the pioglitazone or rosiglitazone
conposi¢li/BefEopilgp braneide, Andasatesel/NVA237, indacterol/QAT-370, formoterol/ LAS34273,

GSK159797/GSK 573719, GSK159802/GSK 573719, GSK642444/GSK 573719,
GSK159797/GSK 233705, GSK159802/GSK 233705, GSK642444/GSK 233705, and
compounds which possess both 32 agonist and M3 antagonist actlwty in the same molecule
(dual functlonallty) 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 composition adapted for pulmonary
administration by inhalation, which composition comprises a glitazone, particularly
pioglitazone or rosiglitazone, 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 enantidmer,_.and a second dosage form
comprising another therapeutic agent, for example as discussed above, selected from anti-
inflammatory agents, bronchodilators, mucolytic a'gents,. antitussive agents, leukotriene

inhibitors,and antibiotics.

For delivery by inhalation, the active compound is preferably in the form of miéroparticles.
These may be prepared by a variety of techniques, incfuding spray-drying, freeze-drying and
micronisation. Follow_ing size reduction to produce microparticles, particle size distribution
(PSD) of the compound is examined and generally described in the art by specifying d10, d50
and d90 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
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Aerosol generation can be carried out using, for example, pressure-driven jet atomizers or
ultrasonic atomizers, preferably using propellant-driven metered aerosols or propellant-free
administration of micronized active compounds from, for example, inhalation capsules 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 administration forms may additionally contain
excipients, such as, for example, propellants (e.g., Frigen in the case of metered aerosols),
surface-active substances, e}nulsiﬁers, stabilizers, preservatives, flavourings, fillers (e.g.

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

For the purposes of inhalation, a large number of systems are availvable_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 emitting a
puffer spray (Autohaler®), for metered aerosols, in particular in the case of powder inhalers, a
number of technical solutions are a\{ailable (e.q. Diskhaler®, Rotadisk®, Turbohaler® or the
inhalers for example as described in EP-A-0505321).
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_Recent review articles on optical resolution methods: E. Fogassy et. al., Tetrahedron:
asymmetry, 2008, 19, 519-536; S.H.Wilen, Topics in Stereechemistry, Wiley-Interscience: NY,
1972, 6, 107 Eds. E.L. Eliel, N.L. Allinger; P.Newman, Optical resolution Procedures of Chiral
Compounds 1-3, Resolution Information Center, NY, 1978-1984; J.Jaques, S.H.Wilen, A.
Collett, Enantiomers Racemates and Resolutions, Wiley-Interscience: NY, 1991; RA.
Scheldon, Chirofechnology, Marcel Dekker, NY, 1993; Optical Resolutions via diastereomeric
salt formation, CRC Press, 2002, Ed. David Kozma. '

Common'ly.used chiral acid resolving agents include, without limitation, dibenzoyl tartaric acid,
dianisoy! tartaric acid, ditoluyl tartaric acid, tartaric acid, phencyphos, chlocyphos, anicyphos,
1,1"-binaphthyl-2,2'-diyl hydrogen phosphate, camphorsulfonic acid, bromo camphorsulfonic
acid, camphoric acid, phenylethylsulfonic acid, malic acid, mandelic acid, 4-bromomandelic

acid, 4-methylmandelic acid, lactic acid and chalcone sulfonic acids.
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can be separated using chiral HPLC (see for exanple Methods 1-3 and 5-7
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AD-H and CHI RALPAK | A usi ng elution wi.th ethanol and var ol.ti oQ.
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Al i nger; Newman, Optical resol ution Procedures of Chiral Corrpounds 1-3,
Resol ut?@#® (Ihf or mati on Center, Nyl 1978-1984; J.Jaques, S.H Wlen,
Collett, Enantionmers Racemates and Resol utions, W] ey-Interscience:

1991; R A. Schel don, Chirotechnol o Mar cel 1 i cal o
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dichloroethane, tert-butyimethyl ether, 1-butanol, 2-butanol, t-butanol, 2-butanone, toluene,

cyclohexane, heptane, hexane, H2O, 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% HC! in H20, 10% H20 in DMF, 10% H20 in EtOH, 10% H20 in {PA, methanol and water
in varying portions, methanol and water in varying portions with HCI, CHCl; 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 CHCI; and dioxane in varying portions.

More préferred solvent combinations include CHCI; and dioxane in varying portions, CHCls
and ethyl acetate 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, 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—benzyl—1-phenylethyl amine, N-(4-



1, 1' - bi napht hyl -2, 2" -di yl hydrogen phosphate, canphorsul fonic acid, brono
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1 part (1) to 1 part of chiral acids (I1). A variety of solvents may be
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varyi ng portions.

References K. Akiba et. al. Bull. Chem. Soc. Jpn., 1974, 47(4), 935—937; R.A. Bartsch et. 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 vrecrystallised to increase enantiomeric purity.



Commonly used chiral am ne resolving agents include, without limtation,
1- phenyl et hyl am ne, cinchonidine, cinchonine, quinidine, codeine,

nmor phi ne, Wot2p10dp%18e, bruci ne, qui ni ne, ephedrine, am n8CHETEAYWY 001920
dehydr oabi et hyl am ne, 2-pheny| glycinolg 1, 2- cyclohexyldranlne 1-

napht hyl et hyl am ne, 2-am no-1 phenylpropane 1, 3-diol,

4-chl oro- 1- phenyl am ne, N (4- nethoxybenzyl) - 1 phenylethyl am ne,

fenChle‘aé?ér@ﬁceﬁ*@@r%yétal @H@fﬁ)’lbﬁ‘érﬁrybulﬁ”’!m 3&%1(151 mmdaebammbenwl )-1
- phepyl et hyl “am ne, 3- am no- 2, 2- di ny pr arterne

prol i né)’m‘@éﬁlﬁrﬁ?éfelﬁiﬁéﬁ?l"awﬁ?ﬁsr?é‘d m%?%vp"?ﬁ?'géqﬂhﬁéynb Cing ﬁid‘hﬁr Q'it?
al ani nepheelriyleagh GitéRbilenEtnl Bt SyRRais, §§|8% PioaftazbTEs & gkdmple mdy-t% zes:et yi
| ysine, N-e-acetyllysine and ornithine e nost preferred chiral am ne
resolvﬁﬁ@wageﬁﬁh@ﬁeﬂ | ysine. Chiral anine resolving agents can be used in
different stoichionetrics to effect resolutions. The above resolving agents
can be used in a ratio of 1 part (1) to 10 parts of chiral amne (1V) nore
preferaghgmert 3 ratio of 1 part (1) to 5 parts of chiral am' ne (1V), and

nost preferably inaratio of 1 par¢ (1) to 1 part of chi am ne (IV) A
variety solveﬂme: be useI%f“f%’fomnrdrast rieo frcm§&lts (V) with
chiral f.edes |°59(e t STkt i nclide ‘et'lvy|_sacetate,

di chl ororret hane tet ra ydrof uran, 1)\4-di oxane, acetE ;;u wacetonitrile, MeOH,
EtOH, | PA, 1-propanol, 1, 2- drnethoxyethane di et hyl [2etfrércuedi chl or oet hane,
terf-butyl net hyl ether 1 butanol - but anol , t-butanol, 2-butanone,

tol uene, cycl ohexa e125hr8|ptn hex 12Qwn etrol et hers and
CHC! 3. Lﬁ@g;e@*f& ‘ﬂm—ba‘“et\ | MM‘:@@ME, 47(4),
935-937; 'R'A” Bartsch et. al., JACS, 2001, 723(31), 7479 describe the
deconposrtronggf het erocyclic nitrosi mnes and may be applicable to the

synt hesi s and™¥é%ol uti on of glitazones. Therefore, an alternative nethod of

synt hesi s resgﬂi@g}\rﬁ Ausieng piogl it le_as an mwe as shown in
Schene %Eg§gh diThe THnal \af —cours seerystal lised to

i ncrease ‘enanti omeri'c peppel, t Y. Ref erence oT. Sohda et a/., Chemm Pharm Bull.
1984, 32(1 1), 4460-5 describes the chiral synthesis of related conpounds
and may be applicable to the synthesis of other glitazones. Therefore, an
al t er nathe/findpiduoet by swdmrsesbesnecnyslanrgecptcnrgtnebeaenmtmmean perfgnpl e may be as
shown in Schene 4:

Reference J.R. Faick et al., Bioorg.Med.Chem.Lett., 2008, 18, 1768-1771 describes 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 Example 13).

Scheme 5



Schenme 4 The final product may of course be recrystallised to increase
enantioneric purity. Reference J.R Falck e a/., Bioorg. Med. Chem Lett.,
2008, 18,W0268B/01¥48 descri bes the chiral synthesis of r@CAERIWINPBANds and
may be applicable to the synthesis of ,glitazones. Therefore, an alternative
met hod of synthesis, using pioglitazoné as an exanple is as shown in schene
5 (see also Exanple 13). Schene 5The final product may of course be
recrystallised to increase enantiomeric purity. In the case of

rosiglitazone, reference J. Che%;\_2f>_ e {n Trans. | , 1994, 3319-3324
shows t hat MsCI, Et,N, CH,CL,
rop

5-11- {4 (et hSARR iml QYL Y0 Yo enycg} met h- (E) ylidene] -t
hi azol i di né>Z;a&- di one c duedteed—tsi ng b| 0- SI s. Yeast strains
suggested to be useful for the purpose of biocatal SIS are Rhodotorul a
rubra (or nucil agi nosa) and Rhodotorula glutinis. here?%re an alternative

preparation of glitazones may be, using pioglitazo és«the exanple, as in
Scheme 6: Schenme 6 Alternatively, asymretric hydro erréb?si s of

5-[1-{4- 7 5 et hyl snpyri di Desdadyd @mne, pem, oc

t hoxy] - phégyl } - net fy(E) eyl i denefrirhi azol i dinp- 2, 4- di offe disi ng Rhodi um and
Iridiumcata M prese ce of chiral" i -4 method known to
those skilled inthg art (%e bR 0. Exanipl € 12 below), é’follovving Exanpl es
illustrate the preparation of pioglitazone and rosigritazone'enantioners,
and the biol ogi cakvweesults on which the present invention is based:

CHEM CAL EXAMPLES{#feral Experimental Details Abbreviati-ons used in the
experinental section: ¢ = concentration; h = hour; H2O = distilled water;

HPLC = hi per f or e liquid chroma aphy; L&N§ = liquid chromat ography
nass speé??@%Eéry, (; met hangl ; TFA, trifl dorloacetic acid; DMVMBO =
di met hyl sdf : :
i sopropyl al cofol Erd)é(c

myatr—egeﬁ»chl or| g@k&’f(": et hanol ; |1 PA =
anmmoni um

ethyl acetate; THF = tetrahydrofuran; NH4Cl =
The final product may of course be recrystalhsed to increase enantiomeric punty

In the case of rosiglitazone, reference J. Chem. Soc. Perkin Trans. I, 1994, 3319-3324 shows
that 51 -{4—[3-(methyl-pyridin-z-yl—amino)—propoxy]—phenyl}-meth-(E)-yIidené]-thiazolidine—2,4-
dione can be reduced using bio-catalysis. Yeast strains suggested to be useful for the
purpose of biocatalysis are Rhodotorula rubra (or mucilaginosa) and_ Rhodoftorula glutinis.
Therefore an alternative preparation of glitazones may be, using pioglitazone as the example,

as in Scheme 6:

Scheme 6
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Alternatively, asymmetric hydrogenolysis of 5-[1-{4-[2-(5-ethyl-pyridin-2-yl)-e
thoxy]-phenyl}-meth-(E)-ylidene]-thiazolidine-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).



chloride; LDA = lithiumdiisopropylamde; mn = mnutes; RT = room

tenperature; Rt = retention tinme; e.e. = enantioneric excess; MP-Carbonate
= nmacr opdWVeR81rsHBhy|l anmoni um net hyl pol yst yr ene car bonZCE&/GRROGROINROr gani ¢
antistatic agent) d.e. = diastereoneri4, excess; SL-WO03-2 = (5)-1

-[(S)-2-(2i-di phenyl phosphi nophenyl ) f errocenyl ] et hyl di cycl ohexyl phosphi ne;
Rh( COD) 2BF4 = bis(1 ,5-cycl ooctadi ene) Rhodium | tetrafl uoroborate;

pi ogli t'ﬁ?e‘?ﬂﬁ’ovwnc_gE{émblgs (Ilﬁs@étbYﬂwé)b(ﬁebgrlaﬂon?oﬁ’p%@ﬂém&]ahﬂfﬂééld;litazibne
3-thiazolidi ne- di one; L- benzoyl tartaric¢c acid The

nomenc| eRagHeMeE, %’i‘cﬁﬁ‘@ttm'%c%%suﬁ§§f‘d‘f’i‘&§tﬂ%Pf?ﬁ’eﬂ@D"%‘E’BE I%R8%90n 10. NWR
spectra were obtained on a Varian Unity |nova 400 spectroneter with a 5mm

i nverse detection triple resonance probe operating at 400MHz or on a Bruker
Avance GHEMIOAL EXAMRLESter with a 5nminverse detection triple resonance
TXl probe operating at 400MHz or on a Bruker Avance DPX 300 spectroneter
with a gémpdangehmBh@lbttafis equency probe operating at 300MHz. Shifts are
given in ppmrelative to tetranmethyl silane. Optical rotations were neasured
usi ng an AA-10R automatic pol arimeter with 5x25 nmjacketed sanple cell.

Asymmﬁt%‘?eﬂé(t%rng%gﬁ’trytﬁé%zﬁ?i?ﬁéi'ltgf‘s'&ﬁo nwer e perforned using Bi otage Endeavor

hydr ogenaton equi vents and commerci al reagents were used as

recei veg. ¢ gﬁl%nhbf?dﬂ d SRR MSD LIS FRRGRm LRI Li qui o

Chr omat ogr y systens us d 1 CHI'RALPAK H (250 x 30 nmm
el ut i onchipmatoRtaPhy a8 tiquid-chrorejography mswmtwm%t M@QHm mﬁlthanpl AEALV

de ot | OfnaElbaBlic2Re:; BIMYELBROL N NFHRAS. AcCERAbANHidE BoM Lotfaron

elution W th 05/&' flow rate O Det ecti on -
In IlnelPBRDSQBrlopﬂtalml ﬁm@mv@twg@aﬁatweﬂﬁ%atstr@mmgr@ELNwlmmmeoluw 4.6

M), el Yhdrd: PHAR IRAek MR S bropy YRR @i = FlirRitées; &= fbon temperature; Rt =

retention time; e.e. = enantiomeric excess; MP-Carbonate = macroporous triethylammonium

methyipolystyrene carbonate (0.5% inorganic antistatic agent). d.e. = diastereomeric excess; -
SL-W003-2 = (S)-1-[(S)-2—(2i-diphenylpho_sphinophenyl)ferrocenyl]ethyldicyclohexyl }

- phosphine; Rh(COD),BF, = bis(1,5-cyclooctadiene) Rhodium | tetrafluoroborate; pioglitazone
= 5{4-[2-(5-ethylpyridin-2-yl)ethoxy]benzyl}-1 ,3-thiazolidine-2,4-dione; L-DBTA = L-dibenzoyi

tartaric acid

The nomenclature of structures was assigned using ACD Labs version 10.

NMR spectra were obtained on a Varian Unity Inova 400 spectrometer with a 5mm inverse

) détection triple resonance probe operating at 400MHz or on a Bruker Avance DRX 400
spectrometer with a 5mm inverse detection triple resonance TXI probe operating at 400MHz
or on a Bruker Avance DPX 300 spectrometer with a standard 5mm dual frequency probe
operating at 300MHz. Shifts are given in ppm relative to tetramethylsilane. Optical rotations
were measured using an AA-10R automatic polarimeter with 5x25 mm jacketed sample ceil.
Asymmetric hydrogénolysis experiments 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:



m/mn. Detection - In-line UV detection set at 254 nM wavel ength Met hod 4
Waters M cromass ZQ2000 with a Cl8-reverse-phase colum (100 x 3.0 mm

H ggi ns QVPB8WH1%1Bh 5 mm particle size), elution wth RCTKE28¢9/0019201%
formc acid; B: acetonitrile + 0.1 %ffqrmc acid. Gadient: Gadient - Tine
flowmnm/mn % %8 0.00 1.0 955 1.00 170 95 5 15.00 1.0 5 95 20.00 1.0 5 95
22.00 1.0 95 5 25.00 1.0 95 5 Detection - M5, ELS, WV (100 mM split to M5
W th i pdtheg4UV detector). Ms ionisation nethod - El ectrospray (positive

Vet hod 5 RALPAK | A (25 h
o o ERIRAL BBl A 258 X130 iy Sh e it whin Bk 10 tatb A g dobalcl Blniny 220

nM vav ¢Jeestgbh —Wehifeody Giefeliisriéet AGR5E ARGvavefbrigtirm 5mM), elution with A 86%
10 mM pot assi um di hydrogen phosphate buffer pH 7.0; B: 14% acetonitrile +

0.1%formc acid -flowrate 0.8 m/nmn. Detection - In-line DAD set at 254

nM wavehetnggle Met hod 7CH RALPAK 1A (250 x 4.6 nm 5mM), eluti on wi-th A
0. 05% TFA i n_Et OH

FPA (A 0 ate 0.7
i /i n CBALRAKGHR (25D 4 n B <letion wHb B G F a0 AT B At bt L Bl v,
ELS, Uydpidfion MiniineiDad st D8O MAdvavelenggt r ospray (positive/ negative ion)
Met hod -8 Waters M cromass ZQ2000 with a Acquity BEH or Acquity BEH Shield
RP18 1. 7uM 100 x

Method 3
" CHIRALCEL OD-RH (150 X 4.6 mm), elution with 90% MeOH + 10% H,O - flow rate 0.5

" ‘ml/min. Detection — In-line UV detection set at 254 nM wavelength

Method 4

Waters Micromass ZQ2000 with a C18—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 mL/min %A %B

0.00 1.0 95 5
1.00 1.0 95 5
1500 1.0 5 95
20.00 1.0 5 | 95
22.00 1.0 95 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 (posmve ion)

Method 5 _ _
CHIRALPAK 1A (250 x 21 mm, 5pm), elution with ethanol +0.2%TFA — flow rate 13 mi/min.

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

Method 6

Chiral-AGP (150 x 4.0 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



2. 1lmm C18-reverse-phase columm, elution with A water + 0.1%form c acid;
B: acetonitrile + 0.1 %formc acid. Gadient: Gadient - Tine flow nL/mn
Y%A 98 0. ONOQIW/95818 0.4 0.4 95 5 6.00 0.4 5 95 6 80 0. 4PsTAE2PINPOIVI4 95 5
8.00 0.4 95 5 Detection - M, ELS, UVI\%E; 3DA. M5 i oni sation nethod -

El ectrospray (positive/negative ion) thod 9 Agilent 1100 series with a
CH RALPAK 1 A (150 x 4.6 mm 5nmm), elution with A: heptane, B: ethanol +

0. 059 A IRALPAK fpag 0% D6 Mk nsuM) Q@ﬁ&ﬁmm 0. ob% ﬂrmm El@'l—ﬁ'Bl H@;stsﬁe andphlV
detecti on set at 0 nM wavel eg_gl . (xadjent: ow nL/nin

YA 9B JATHDG 44938 —Slowaals. &7 at/min Driediop —d”é'nﬁ&é*%et@f 82%“%5' Vi%}t?'%{?&fmod
10Phenonmenex Gem ni Cl18-reverse-phase colum (250 21.20 mm 5 mm particle
size), elution with A- water + 0.1%formc acid; B: methanol + 0.1 %formc

acid. @asiRAt ms 1%, MOOHABVEoSAtth 9eShEd ORRErddpral (bositifd/mugatiag fon) 8
nL/nmin. Detection - In-iine U detector set at 254 nM wavel ength. Method 11

Phenonmenex Luna 3 micron C18(2) 30 x 4.6mm elution with A water + 0.1%
formc acid; B: acetonitrile + 0.1 %formc acid. Gadient: "

“Method 8
Waters Micromass ZQ2000 with a Acqu:ty 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: acetonitrile +

0.1 % formic acid. Gradient:

Gradi.ent - Time flow mL/min %A %B

000 0.4 95 5
0.4 , 0.4 95 5
6.00 0.4 5 95
6.80 04 5 95
7.00. 0.4 95

8.00 0.4 95

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

Method 9

Agilent 1100 series with a CHIRALPAK IA (150 x 4.6 mm, 5um), 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 - Time flow mL/min %A %B
- 0.00 0.5 40 60
26.0 _ 0.5 40 60
30.0 0.5 0 ~ 100

45.0 0.5 - , 0 100

Method 10



Gadient - Tinme flownml/mn %\ 98 0.00 2.0 95 5 .50 2.0 95 5 4.50 2.0 5 95
5.50 2.0 5 95 6.00 2.0 95 5 Detection - M5, ELS, W (200 mM/mn split to M
with in-IWAaOH@LISSIB0 DAD detection). MS ionisation nmet h@GT/CGERPGGOIBEpr ay
(positive and negative ion) Al reactigns were carried out under an

at nosphere of nitrogen unless specified otherw se. Racenm c rosiglitazone
was used as a free base and racem c pioglitazone was used as a free base or
HCl salpheasménsk GamedlC1&Exampdeepase column (250 x 21.20 mm 5 um particle size), elution

(5R)-5-{4-]2-(5-ethyl pyridi et hox zyl}-1,3<thi azoLldineg-2,4-di one
P11 oA deas eakBmie ohE: B tebabaiptins T e BRleR SR Al RE g

met hod 5% AIQEMB OWet TBsind) flowRtated 1 ® MLirhin, Detezti@b7infile CRBAEREI] set dt abDnR5 +104
(c 1.0, C]-g e.e. (Method 2) 98% Rt 4.69 min. 1H NVR (400 Mz,
DNSOc)"@)’e'e 2 02- 11 88 (1H, bs), 8.68-8.60 ( 1'H, d, J 1.7), 8.32-8.23 (
1H d, J7.7), 7.90-7.82 ( 1 H d, 8.4), 7.14-7.06 (2 H, d, J 8.7),
6.85-6.78 (2 H d, J 8.7), 4.85- 4.78 ( 1 H dd, J 4.4, 8.9), 4.35-4.27 (2
H t “éetgggé1 3.40-3.34 (2 H t , J6.1), 3.28-3.21 ( 1 H dd, J 4.3,

14. 3), 97 ( 1 H dd, J 9.0, 14.3), 2.77-2.67 (2 H, q, J 7.6),

1.22-1.

(59) - S%ﬁn‘%rﬁeﬁs’( Q{W W(%%Ei&?éﬁfet% xyT Hté%nz‘f/’iltr}’f\i‘fvgt? { ﬁPa‘z"éF?rH"c aci 4 di one
trif | vaceanigiiatd. CH3CORIE atlie Gradiérd: conpound (674 ng) was i sol at ed usi ng
method 1. LCVS (Method 4): Rt 6.01 mn,

Gradient - Time flow mL/min %A . %B
.0.00 20 95 5
50 20 95 5
-4.50 20 5 , 95
550 20 5 95
6.00 , 2.0 ’ 95 ‘ 5

Detection - MS, ELS, UV (200 ‘p'I/min split to MS with in-line HP1100 DAD detection). MS

ionisation method - Electrbspray (positive and negative ion)

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

“base or HCl salt as indicated.

Example 1
(5R)- 5—{4—[2—(5-ethylpyr|dm-2-yl)ethoxy]benzyl} -1,3-thiazolidine-2,4-dione

trifluoroacetate

geSSepes

CF,COH

The title compound (480 mg) was isolated using method 1. LCMS (Method 4): Rt 6.00 min,
m/z 357 [M-CF3CO,H"]. [a]p®® +104° (c 1.0, MeOH). e.e. (Method 2) = 98%, Rt 4.69 min. 'H
NMR (400 MHz, DMSO-ds): 6 12.02-11.88 (1H, bs), 8.68-8.60 (1 H, d, J 1.7), 8.32-8.23 (1 H,
d,J7.7),7.90-7.82 (1 H, d, J8.4), 7.14-7.06 (2 H, d, J8.7), 6.85-6.78 (2 H, d, J 8.7), 4.85-
478 (1H,dd, J4.4,89),4354.27 (2H,t, J6.2),3.40-3.34 (2H,t J6.1),3.28-3.21 (1 H, dd,
J4.3,14.3), 3.05-2.97 (1 H, dd, J9.0, 14.3),2.77-2.67 (2H, q, J 7.6), 1.22-1.14 (3H, q, J 7.5).



mz 357 [MCF 3CO2H+] . [a]D 25 -76 (¢ 1.0, MeOH). e.e. (Method 2) > 98%

Rt 7.00 min. 1H NVR (400 MHz, DMSO-d 6) : d 12.02-11.88 (1H, bs), 8.68-8.60
(1 H dWo2010015818 32-8.23 ( 1 H d, 7.7), 7.90-7.82 (PCTIgB2809/091B04)
7.14-7.06 (2 H d, J 8.7), 6.85-6.78 (b3 H, d, J 8.7), 4.85 4.78 ( 1 H, dd,
J 4.4, 8.9), 4.35-4.27 (2 H t , J6.2), 3.40-3.34 (2 H t , J6.1),

3. 28- 3.21( 1 Hdd, J 4.3, 14.3), 3.05-2.97 ( 1 H dd, J 9.0, 14.3),
2.77-2.67 (2 H, q,'J 7.6), 1.22-1.14 (3 H q, 7.5). Exanple 3

(5R) - SE%HH{'% %5 et hyl pyri di n-2-yl) et hoxy] benzyl } -1, 3-thi azol i di ne- 2 4- di one
MP- Car 389 ng, 1.06 mmol) was added to a sol ution of

(SR) - 5{59)-5-¢4- [5(-58éthylpmf dirfl24y1)@thoxy]benzyl}-1,3-thiazolidine-2,4-dione

yl) et h(gqu%renz %ﬂ)l 3-thiazolidine-2,4-dione trifl uor oacet at e (100 ny, 0.21
mol ) i %/ m ) and stirred at RT for 2 h, filtered and the resin
washed with MeOH (3 X 10 nl ). The filtrate was concentrated in vacuo to
afford the title conpound g35 ng, 47% . e.e. (Method 2) 92.90% Rt 6.27
mn. 1 400 6) : d12.44-1 1.1 1 ( 1 H bs), 8.34-8.29 ( 1
H d, J 1.'8) dd, J 2.2, 7.9), 7.24-7.20 ( 1 H d, J 7.8),
7.12-7.05 (:gzu d J 8. (% 6. 84-6. 77 (2 H d, J 86), 4.78-4.71 ( 1 H, dd,
J 4.3, 9.1), 30419( 1H d, 4.3), 324318(2H, d, 3.1 1-3.03 (2 H,
t,J66)300292 1H dd, J 9.2, 14.2), 2.59-2.50 (2 H, q, 7.6),
1.17-

7
“et hyl pyg%ﬂ’g %R’”%é’l% 'B%%Wa@?‘"%dt%mg %hBQAeLCMSa‘nMeﬁ%"%‘i)d RERA! S¥iMde Ha -
1. 25 MniAEB5T (MIGFGEIOLID'. ]S[&]dzfl -76° @ B8, MeDH). eveasMathde @) 8%, RiTPENSIr0iH of

5R) - 5- { 4-
e byt PN DR g 15 12 97y 11851 Pl BB B of beBERi82 bl
3) | ( 30tdnu,7 7, ﬂ%mgc(h)H ,idnJ BeOH . 657'116_()2 I-ﬁrc\idJSt'ﬂ)rS egeats &H, f00[3/ 213174 4. 8§hi‘00 /()
sol vent, Was .renove | vacuao (0] co 0
o (Rt o A 8Raat 38 270 solE e a4 p4 2 BORD Y mgk 2t B
12. 10 g, 13tH! 806207 @AtH, ditt J G- 19433, zmswmqg r( B) J e®)f .22 al4i (@M, lqyJSls)gl e
crystal X-ray diffraction analysis. [a]D 24 +108 (c 1.0, MeOH). 1H NMR (400
MHz,
Example 3

(5R)-5-{4-[2«5-ethylpyridin-2-yl)ethoxy]benzyl}-1,3-thiazolidine-2,4-dione

S
=
/\Ej\/\m\FO
N
N O 0 H .

MP-Carbonate (389 mg, 1.06 mmol) was added to a solution of (5R)—5-{4-[2->(5—ethylpyridin-2-
yl)ethoxy]benzylH ,3-thiazolidine-2,4-dione triflioroacetate (100 mg, 0.21 mmol) in MeOH
(100 mL) and stirred at RT for 2 h, filtered and the resin washed with MeOH (3 X 10 mL). The
filtrate was concentrated in vacuo to afford the fitle compound (35 mg, 47%). e.e. (Method 2)
92.90%, Rt 6.27 min. 'H NMR (400 MHz, DMSO-ds):  12.44-11.11 (1 H, bs), 8.34-8.29 (1 H,
- d,J1.9),7.55749 (1 H,dd, J2.2,7.9),7.24-7.20 (1 H,d, J7.8), 7.12-7.05 (2 H, d, J 8.6),
6.84-6.77 (2H,d, J8.6),4.78-4.71 (1 H, dd, /4.3, 9.1), 4304.19 (1 H, d, /4.3), 3.24-3.18 (2
H, d), 3.11-3.03 (2 H, t, J6.6), 3.00-2.92 (1 H, dd, J9.2,14.2),2.59-250(2H, q, J7.6), 1.17-
1.09(3H,t, J7.7). ‘

Example 4
(5R)-5-{4-[2(5-ethylpyridin-2-yl)ethoxy]benzyl}-1,3-thiazolidine-2,4-dione hydrochloride

S

=
X, N
N 0] 0 H

HCI



DMSO-Cf6) : d 12.03-1 1.88 ( 1 Hbs), 8.68-8.62 ( 1 H d, J 1.7), 8.34-8.25
(1H d J 7.9, 7.91- 7.83 ( 1 H d, J 83), 7.14-7.05 (2 H d, J 8.7),
6. 86- 6. 7WO20H/015818] 8.7), 4.85-4.77 (1 H, dd, J 4.3, 8POY/GEBRO@A0L208 (2 H,
t,J6.0),342336(2Ht,J62)2328320(1Hdd J 9.0, 14.2),
3.06-2.96 ( 1 H dd, J 9.0, 14.2), 2.77-2.67 (2 H, q, J 7.7), 1.23-1.15 (3
H t , J7.7). Subsequent recrystallisations using MeOH Et CAc or MeOH Et 20

?av)e t he 25 MirCiao Meakhd.38 inh, @63 enreol) wgg%idé_ﬂ(tarmé@péns:on of (5R)-5-{4-[2-(5-

5S) - 5- r|d| e din 4-di one
b BN 3 S SR SR e o S A S

t hat ouhinblp @dMeOHESani) | ad3tisednt Rmdorf 1 mrﬂihe solvent was removed in vacuo to afford

i one. 07 P evaasim oY s dBoR haria RH TR dac' i 1 3P IO, B o

VMHz, DBetHad®) 93.296, 1. 14241-0]mih Stetedchidmidiyg at C&\Bdb&sﬂjhe(:l (R) ebnfiguraliod by) ,
7.55-7. 49 7. 2434 7.05 (2 H,
d, J 8. 56393@3’%*;’ ’é‘r%d'g“?ch’“ ana'éﬁs)'% g, A %8@41(07]1“%“% HM%QP '@'2“‘ Z9. 1), (
4.30-4. [inﬁsb d% 1210341%83) H, %5)2% &»QQZ(QHHJ M .7),3.34- ézB(OBI 62JH9) t7.91-J
6.6), 3.0 )) 59-2. 50 (2H g 6) 17-1.09
(3 H, t7833(71 Hyd, J@%}nﬁﬂé 7605(2H d, X 686-677(2H d, J8.7), 85-477(1H dd, J

(55)-5-44 d% &%aﬂtiw{mrﬂ 9'5@)23«¥i h%hgw}bﬁ@zyb}zsla @o(hHaa@IJ@lonﬁtZ) 4- di one
hydr ochl ori de HCl

ne d
ot hod HRPABSHE. 08, {98t 1k B HEROT i Ehearrbl 804 Brhi BG. hrgnp o o Y

(59)-5- édbsé&’uér@r&%mméhb@ @sl Melopt-Bad aNEORIELD daldinezabicBinpendd 4-
dlone(fromExa | e thod 4): Rt 5.94 min, mz 357 [ MHC +]

e.e. (MéthRHE8)> °7% Rt 13_ 25 mn. Stereochenisty at G5 was assigned (S)
configuration by single crystal X-ray diffraction analysis. [a]D 23 -104 (c
1.0, MeOH). 1H NMR (400 Mz, DMBO-d 6) : d 12.03- 11.88 ( 1 H bs),

8688%?"(9'$5H d, J 1.7), 8.34-8.25 (1 H d, J 7.9), 791783‘( 1H d,

J 8.3), Hin-2-yd)eth b&fzyf}-ﬁ-ﬁnazbldd -24-8iohk; 4.85-4 1
H dd, (g,g, %ﬁz%e zf;%s"l z’g)e oxﬁ J 6t0) 3.42-3.36 (2 H t , 6. 2§

3283;@@/\di‘)ﬁ5 14(1)2), 306296( 1 H dd, J 9.0,
l .
Y 0 o7 N

The title compound (28 mg, 37%) was prepared using a method analogous to that outlined in
Example 3 starting from (5S)-5-{4-[2-(5-ethylpyridin-2-yl)ethoxy]benzyl}-1,3-thiazolidine-2,4-
dione trifluoroacetate. e.e. (Method 2) 90.9%, Rt 9.21 min . "H NMR (400 MHz, DMSO-ds): 5
12.44-11.11 (1H, bs), 8.34-8.29 (1 H, d, J 1.9), 7.55-7.49- (1 H, dd, J 2.2, 7.9), 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), 4.78-4.71 (1 H, dd, J4.3, 8.1),
4.30-4.19(1H,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), 2.59-2.50 (2H, q, J 7.6), 1.17-1.09 3 H, t, J7.7).

" Example 6
(58)-5-{4—[2-(5—ethylpyridin-2-yl)ethoxy]benzyl}-1,3-thiazo|idine-2,4—dione hydrochlioride

geSepes

The title combouhd (25.7 mg, 100%) was prepared using a method ahalogous to that outlined
in Example 4 starting from (5S)-5-{4-[2-(5-ethylpyridin-2-yl)ethoxy]benzyl}-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. Stereochemiéty at C-5 was assigned (S) configuration by single crystal



14.2), 2.77-2.67 (2 H q, J 7.7), 1.23-1.15 (3 H t , 7.7). Subsequent
recrystallisations using MeOH Et CAc or MeOH Et 20 gave the title conmpound
with an eve.204918818Exanpl e 7 PCT/GB2009/001920
(5R)-5-(4-{2-[ met hyl (pyridin-2-yl)am ng] et hoxy}benzyl }-1, 3-thi azol i di ne-2, 4
-dione trifluoroacetate CF3CO2H The title conmpound (149 ng) was isol ated
using method 5. Rt 7.14 nmin. 1H NMR (400 MHz, DVBO-Cf6) : d 12.04-1 1.86 (
1 H, s)X-raf.d¥@adtidanalybisHo|sfth104° (. 10, MeQ@MN).. "H QRHR/ (488 MH4, DMSO-ds):$ 62.63-

7.27-7. H 7., 7.13-7..0 H .88- 6, 82 H t
&6 dtahenFapele b T7l ek 30 i Jgd e T3 ¥yb )
(1 i E) t7.14i7105.(3}1,, d,3J8.9’),$0w6.(72 ;:HH, t, J85%),3)85-83.721(1 H3da0J 4.318 H), 4@8%28422,

. , . - , ., . e
(5 5 Hde b e bp G BB Al s e aal B D od i §0% 2B ¥ Ghe- 2,
- di ﬁ”ﬁ 1|a;zj;|rm‘ruzca7i (de-l,l'dCU?TT)sa?.!ZB-ﬁgﬁ_(G&E,Qﬂh?).(%sa?ef@&ysm aﬂ?l@ﬂéiﬂ@i usi ng
net no S t utlineda.ln a e an rtin rom
(2R -5 MO SR o) PrebP B Oifave e e oy Po g e . g7t 1
t hi azolidi ne-2,4-dione trifluoroacetate. [a]D 26 +100 (c 1.0, MeOH). LCMS
(NEtho%4%ﬁ£ 5.41 nin, mz 358 [MHCI+] - e.e. (Method 6) 85.7% Rt 8.03
mn. 1ERMRI 00 Mz, DMSO-d 6) : d 12.09-1 1.81 ( 1 H, s), 7.98-7.94 ( 1
H dd, (RE544-{2-fmedhyi(pyMain72-§Barqinbléthory}benza}-1/3-aLoliline-2,adiond. 13- 7. 05
(2 H d.J 85, 690-682(1H 1t J67), 680-6.76(2H d J8.5),
4. 84- 4 Hifugroac , J 4.4, 8.9), 4.19-4.12 (2 H, t , J 5.2), 4.02-3.94 (2

H t , J52), 3. . £ 1 H dd, J4.4, 10.1), 3.20 (3 H s), 3.05-2.97 (
1 H dd,,J ;Q.O' 1@?{;@{%iomr w th greater than 90%e.e. can be
obtain siﬁ@Qte at ar esdprocedures, J. Chem Soc. Perkin Trans. 1. 1994,
3319- 3324 Exanple 9 :

"~ CF,CO,H

- The title compound (149 mg) was isolated using method 5. Rt 7.14 min. 'H NMR (400 MHz,
DMSO-de): 0 12.04-11.86 (1 H, s), 7.99-7.94 (1 H, dd, J1.1,6.2), 7.92-7.83 (1 H, 1, J6.6),
7.27—‘7.15 (1H,d,J8.7), 7.13-7.05 (2 H, d, J8.6),6.88-6.82(1H,t J6.6),6.81-6.76 (2H,d, J
8.7), 4.83—4.78 (1H, dd, J 4.4, 8.8),4.18-4.12 (2 H, t, /5.3), 3.99-3.94 (2 H, t, J 5.3), 3.27-
3.20 (1 H, dd, J4.2,14.4), 3.18 (3 H, 5), 3.05-2.97 (1 H, dd, J 8.9, 14.6). ’

Example 8
(5R)-5-(4-{2-[methyl(pyridin-2-yl)Jamino]ethoxy}benzyl)-1,3-thiazolidine-2,4-dione
hydrochloride '

S

HCI
The title 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-pyridy|amino)ethoxy]benzyl}-1 ,3-
thiazolidine-2,4-dione trifluoroacetate. [op®® +100° (¢ 1.0, MeOH). LCMS (Method 4): Rt 5.41
‘min, m/z 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 H, bs),
7.13-7.05 (2 H, d, J8.5), 6.90-6.82 (1 H, t, J6.7), 6.80-6.76 (2 H, d, J 8.5), 4.84-4.78 (1 H, dd,
J4.4,89),419-412(2H,t,J5.2),4.02-3.94 (2 H, t, J5.2),3.27-3.21 (1 H, dd, J 4.4, 10.1), |
3.20 (3 H, s), 3.05-2.97-(1 H, dd, J 9.0, 14.2). '



(5S)-5-{4-{2-[nethyl (pyridin-2-yl)am po]ethoxy}ben2yl)-1, 3-thiazolidine-2
4-di one hydrochl ori de nonohydrate The title conmpound (123 ng) was prepared
usi ng |i t¥PROWYHESHIBocedures, J. Chem Soc. Perkin TransPCT/GBRO@A01920
3319-3324. [a]D 23 -100 (c 1.0, MeOH) .,ACMB (Method 4): Rt 5.44 min, mz
358 [MHCI+] . e.e.. (Method 6) -92.7% Rt 8.99 mn. Stereochem sty at C5
was assigned (S) configuration by single crystal X-ray diffraction

anal ysims-endritioMéRw(td @e=diédizharDbBE®E. & )cah be ob?auﬁbh-dsuig @8raturéd prbce8lires/J. 98- 7. 94 (

1 H dd,, J 1). 7.9 J77) 7.31-7.18(1H, n .
7.12-7. ”(%Oﬁ ”8”"’)”5”%)13 %9‘€§3g9§§5‘8 1H f . 16.3), 6.81-6.75 (2 H d,
J87)483478(1H dd, 4.5, 88)4194.13(2V,‘;t,51)402396
(2 326322(1Hn)321(3Hs)305297(1Hdd
J 88 Ef(ﬁ'"?ﬁl gExarrpIe 10

(5R) - 5-(55}5-24—(23[|ﬂ§tlhy|(pyﬂ’dldl-mylyamin)o@éthbxy}]bbﬁﬂﬂyﬂ}3=th;a%o’l|blr&22m4cﬁbne’le 2,4-d
L-tartrate 10a. To a m xture of

one |benzo
(5R) -5 ngr?gl?g ‘%yfjﬁi?n 2-yl) et hoxy] benzyl }- 1, 3-t hi azol i di ne- 2, 4- di one
hydr ochl ori de (50 4) and (-)-dibenzoyl-L-tartaric acid (50rrg)

was addeg M;LO-l (1. ch,l ear solution was rapidly stirred whil st
addi ng drepwose nt D ﬂ cl oudi ness persisted. The reaction was all owed
to stan l_i’;1(15r121|cpent tenperature over 48h and the solid collected by

titration to’give the title conpound (43ng). (Method 7) 99.01% Rt 10. 83

mn, O 'I%%‘Igfcoﬂrféo% (’ﬂZB,ng vias p9§pé}§8/@|§h% lltérﬁbr'érdrycé@!hres J. Chem. Soc. Perkin
(-)- dlbenzoyl -tartaric acigd ( Onl) was stirred

at  anbid@m Tt é?ﬂj’e?ﬁi %?%Z%MD a- L(l‘f 1(9nM8pH) LCI?/IS (Method 48 2Rt 544 min, m/z
5-{4- [%SQTMQII@W Q)ér (hﬁ’étﬁo@s)@)ﬁ ?%hR%(B'bb%'iIEYétbrelachéﬁlsiyhdt@QWa@'a@@lggeél@*' Qne

hydr ochl ori de (1. 1) OH (2 ) was "added over
addi ti @nnﬁmatm@rmn Pem@e crtvat@l bﬂ@ﬂdtﬁtactlvmaanHé\lMBMQ(BMQDz RS rdeded and the

3??33' AL AR g b IR ol U Ronou e i BN s Bt (ol
mn.; 20), Z71%7.68 28, 4.4 a_ﬁ)na 90eﬁ 83 (159, t45%3),153&1_-6._7|5e(2p+ U 6t7)f 4. 884E8IPE.e 10b
(0. 863%, ¥8%, 8le7 3089318 R F5.( P22 e EPAL AU BRI 1)%3.28%5 22 (11, m), 3.21 3 H,

s), 3.05-2.97 (1 H, dd, J 8.8, 14.0).

Example 10 : ’ :
(5R)-5-{4-[2-(5-ethylpyridin-2-yl)ethoxy]benzyl}-1,3-thiazolidine-2,4-dione (-)-
0,0’-dibenzoyl-L-tartrate

’ s
= . :
AT S
N 0 0" H
.0
(:)JLPh

OH

(o]
HO

Ph_0
b

o

[¢)

10a. To a mixture of (5R)-5-{4-[2-(5-ethylpyridin-2-yl)ethoxy]benzyl}-1,3-thiazolidine-2,4-dione
hydrochloride (50mg) (example 4) and (-)-dibenzoyl-L-tartaric écid (50mg) was added MeOH
(1.5 mL). The clear solution was rapidly stirred whilst adding H,O dropwise until a cloudiness
persisted. The reaction was allowed 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%



HC ( 1 .21 nL) and H20 (5 nL) added dropw se. The product from Exanple 10a
(1nmg) was added foll owed by dropwi se addition of H20 (2.3 nlL). The reaction
was al | oQ 20W/HF818 for 22h, filtered, the solid washedPQiltGB2HEOIMROH (2: 1,
3 nL) and dried at 400C under high anlgumto give the title corrpound
(0.582g). (Method 7) 93.2% Rt 10.82 min.; 6.8% R 15.14 nmin.; d.e. 86.4%
10d. The product from Exanple 10c (O. 5829) was dissolved in IVEO—| (5.5 m)
cont ai M0bBA $MrmyloF (-j-dibéBfoyivri tardanid ddRIQ1(0R, 21.7}9 redd® ch Idi@® (RAinsle) . waBhstirpecbatuct

Ly, TRERERL e IHe i i o e BRI ER Y R e A, o ashou
}[M: : lheH?f)ibmmrie@%—ﬂifgg hsrdir))cmnnk:]ajﬁl 0731@ as7oEunddeOhl (§bmi pwas add;ezd gdaré4t gg
min. S BB porbEl MmOty Pie 102 oMd] was 3eEd Bt
exchangwinbe)auovmi «a&mweeh (e, redttioD2@sdite regirayeldbe edlid @iedito (gile the £t/ . 0 Hz,
55){) 8(;%23%@(1% §3§) 8M'(§§r@d“7ﬂ§79 7é7ﬁ§t(1982§nm 2097 Ry i@méngo d(t 55:0 H5%. 5 O ﬁ
2H) 5.88 (s, 2H) 4.86 (q, J 44H21,430 (t, 6.8 Hz, 3.30
|(_|(zjd 1iD15 .gT r{)gfgctgrom %Q%Aq_é‘l&g‘éémfﬂ ﬁs?ﬁs%oyéd 8OE|Z(9 rﬁ?ﬂc%xxamm 1%/!1& 9.2
(5R) - 5HCGI{1.21 i) eh i yH.Q (5 indli) taddeqdr)oewmexﬂ\é)plrmnybt}fpom Bxamplazi®ai(timgewas 4- di one

(355 R oA pr A B A O TR T ettt JBE et €l 220"

filter @tlerelt iBAcoljdwathedweith hEMe®H (2 1 3trhk) artd drieddat 461G tinder higidvachem toxt ur e

St S he 1 oo o SRbRCTAhE THESR0K 56 B kYo Bl k! Al uashed

with EC vacuumto grv e 'cofrpound
(0. 1818@)4%I\/Ethod 7) 98.3% Rt 10.65 mp.; 1.7% R 14 83 mn e.e. 96.6%
LCMS (Method 8): Rt 2.90 min 99.39% mz 357 [ MH+-HCI]. LCMS (Method 11) Rt
2.91 min, mz 357 [MH+-HGC]. 1H NWR (400 Mz, DMSO-Ge): d 12.0 ( 1 H, s),
8 70 ( 10dHhedprodudt.fiomHzxam@e 36¢ (0.3829) wad dissoRe@ i OHASEBM) dortthiniag 1M 8. 2

5@(0 99%} 4nkin, 69801 adadh droblise. Tndfrobiudt fdm Beampedod (1fgPwhE) -
added followed by dropwise addition of H,O (3.5 mL). The reaction was allowed to stir for 22h,
filtered, the solid washed with H,O-MeOH (2:1, 3 mL) and dried at 40°C under high vacuum to
give the title 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, D,O exchangeabie), 12.05-12.00
(bs, 1H, D,O exchangeable), 8.37 (d, J = 2.0 Hz, 1H), 8.02 (d, J = 7.6 Hz, 4H), 7.73 (t, J= 7.6
Hz, 2H), 7.60 (t, J=7.6 Hz, 5H), 7.29 (d, J=8.0 Hz, 1H), 7.13 (d, J=8.8 Hz, 2H), 6.86 (d, J =
8.8 Hz, 2H), 5.88 (s, 2H), 4.86(q, J = 4.4 Hz, 1H), 4.30 (t, /= 6.8 Hz, 2H), 3.30 (dd, /= 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 (g, J = 7.6 Hz, 2H),
1.17 (t, J = 7.6 Hz, 3H). | |

438(

Example 11
(5R)-5-{4-[2-(5-ethylpyridin-2-yl)ethoxy]benzyl}-1,3-thiazolidine-2,4-dione hydrochloride

/\@/\om S”/BO

HCI

11a. 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 title compound (0.181 g).



6.3 Hz), 3.44 (2 H t , J 6.2 Hz), 3.29 (.1 H dd, J 4.3, 14.2 Hz), 3.06 (
1H dd, J 9.0, 14.3 Hz), 2.78 (2 H g, J 7.6 Hz), 1.23 (3 H t , J 7.6
Hz) . 11b.WORe1dHEct from Exanpl e 10c (1g) could al so BETHEREUHIRS
descri bed i n Exanpl e 1lla to give the tjdle conpound (473ng). (Method 7)
95.6% Rt 10.65 min.; 4.3% R 14.83 min e.e. 9 1.3% Al other
characterisation data was the same as Exanpl e 11a. Exanple 12

( 5R) 5-(nétHod-7) BB yRtpYr650nim-; 2- 3% ) Rt 18y inreazy9g.6%,. BEMS @asthddlg): Rt 2.90

, 4- di Fa. 2
DCIVI (9. & %@%QQ%( ’%&Eﬁ'ﬁh“%@r 68&'%@’%th%‘f§%2$ ( 9229?%@4 n@cﬁlyﬁ%l)
was wei(gba wHZl DMSBGray)i &l12and 15Q), EmlO(anIdnef Rn(H20). 3284, 1sd, 06K3 Big), rtd3on was
Shenyl 1D RORA B 715 BRETE Ha520 i hbieh 4l e 6t 0 ¥
sol uti @B Hﬁﬁﬁmﬂg t,/86.2 HRY, 3.29 BPHNdd, Ve 3] |)14\/@Hz)addmotétw_dd23ﬁr20¢?g.t3w§m, Vlda:-|2
cont a| t he st, .sol ytion vial was purged w't X) an
(5 x) %”r‘ueﬂ ﬁ@%d&sﬁ d?/ﬂ% %6@5 of H2.Aft2r %8h the H2 was rel eased
and the reaction vi al was purged with N2 (3 x). A sanple of the reaction
oo o BASoR0 it e 030 M S BBl St BhlR 4
byt ook ar) e ﬁ*?‘*”’wf‘.;?”’;’:sﬁ’ A
est er Tg%gf‘%.dlﬁh%tﬁgrcr@(acéertsg ﬂ% %I??{Be mﬂen - (25.34 g) and
triethylamne (46.7 m.) in DCM(130 m.) at 0 OC under nitrogen was added

mathang'ssulfo%]l chloride (15.56 m ), then the reaction m xture was
al | oned@BRIBAM to room tenperature and stirred overnight. A further

por t i oO5R)-54B{2-p8rethitpyiridiy-2-yt jelivdiyjiserz§11863-thixzowdinédgedionad t he reaction
stirred for 30 mn. The reacti'on was diluted with DCM and washed with H2Q

and brine. The organl c Iayer was dried (MgSO4) and the solution

concent to /L,% corrpound as a red oil (38.24 g). 1H NWR (400
\)fd8 2.2 Hz, 7.47 (dd, J = 7.7, 2.3Hz, 1H)
714(dJ 1H)o 64(tJ-65Hz 2H), 3.19 (t, J = 6.5 Hz

2.90 (s, 3H) 264(q, J =176

- A stock solution of the Rh(COD),BF, (10.6 mg, 26.1 ymol) in DCM (9.5 th) Was made in a
glove box. Ligand SL-W003-2 (8.4 rhg, 12.5 umol), was weighted into a vial and 500 pL of the
Rh(COD),BF, stock solution was added. A solution of 5-[1{4-[2-(5-ethyl-pyridin-2-y!)-ethoxy]-
phenyl}-meth-(E)-ylidene}-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 cdntaining the catalyst solution. The vial
was purged with N, (5 x) and H; (5 x) and finally charged with 25 bar of H,. After 18h the H,
was released and the reaction vial wasApurged with N, (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%, Rt 36.11 min. .. ... — ' '

Example 13
(5R)-5-{4-[2(5-ethylpyridin-2-yl)ethoxy]benzyl}-1,3-thiazolidine-2,4-dione Hydrochloride

S
=
AeSNsp e
HCL N o o” N

13a. Methanesulfonic acid 2-(5-ethyl-pyridin-2-yl)-ethyl ester



Hz, 2 H, 1.25 (t, J =7.6 Hz, 3H). 13b.

3- {4 [ 2- (5-Et hyl - pyridi n-2-yl)-ethoxy]-phenyl }-propionic acid nethyl ester
The prod¥O 20H0gF8ERanpl e 13a (12.72 g) in tol uene (50 nBFTHERPIGELR0

dropwi se to. a stirred mxture of methyig 3-(4-hydroxyphenyl) propionate (10
g) and potassium carbonate (23.01 g) in toluene (180 nL). The reaction was
heated to reflux for 23 h, then left at roomtenperature for 90 h. The
reaction - xkyre was treated with H20 and extracted with three portions of
di et hyl %c‘&nj}i ned extracts were washed twice with H2O, once with
brine, driedy @p%rat ed. The residue was pur|f| ed by chronatography
eluting with 20-40% Et®Ac in petrol eum ether (bp = 40-60 0C) to give the
Eldt |§ W&—QH&M&%@ esﬁ‘éthﬁﬁﬁyﬁ&héii J)ﬂ)l&th'?ol @s. 34|1_g$ Mnéﬁug@n{w«re@?%?m)%m 8. H5°>9
7.08, %@n(LAzB@qC upder rmrcweﬂzNaS@qpfdm&snaqetsulfgnﬂc fov?dﬂéﬁ éﬁrmL) 3h%thes’ 3H),
?t 22J(treac]clon n@xt?Jrélzgvas 2idweddo Marrnlte robnrte?n&eré‘iére %@sﬂrr%d@@eﬁw@ﬁ ARrtrdH) . 1.24
3- { 4- [ Poftneefimathang $Ldfi°ﬂ¥| zhiprisle 3.8 %)) waRaAged and tsireartionstired fRs 39reiuct
from Bfﬁimlesctﬂe%m&lé?ru?e% vidin (B8R éﬂc&ﬁé&n&@dﬂmmzo ého%rméamﬁe BRYaRlc réy?ewalsoo m),

| it hium hydr oxi de nonohydrate (4 g) , and the'reaction stirred

over ni giied (Mg Cd) %)@atﬁe\ﬁﬁlsﬁ'?ré?ﬁﬂ%ﬂt@ﬁd &/@ﬁ%ﬂ@tqﬂ@ﬁ"mﬁf‘d peduedail pi%2sek e,
the SUSW‘I&RC{HOWZC’CU@ Hds vd 8d)(15Q @qurzt ﬁﬁ?tﬁ@ cerldt@ 7.8 2"éHiC|1Hl)mﬁ {4 (d he pH

was 6-7 was filtered and dried t give the ti'tie compound (9.57
g). 1H ANWVRT7(HD0HWE64 GDEFS.5 Hz, 3H)g349 (d = 615522213) RA01(s)) 3H)7 262 (Add= 7P =
7.9, 2. 1 7.9 Hz, 1H), 7.11, 681(A282q,J—86Hz
aby . 2 %2 %5(1752576% %W 4.0 (bs, 2H, COOH+water) 3.24 (t, J = 6.6
Hz,2H) 2.90 (t, J =7.6 Hz, 2H), 2.68-2.59 (m 4H), 1.24 (t, J 7.6 Hz,
1 -
(R) 4- glce&r?zgﬁd'éz 55 = %h)(' yndénSZgl)ﬁwoxﬁly‘?qegylr}f pﬁc}p;ltl)r}'? 2°'ﬂ$<ey”]“" Sﬁtghyu propi onyl)-o
xazol i dimA2- one A suspension of. the product from Exanple 13c (9.0 g) and
(R-(+)-4- yl oxazol i di none (2.67 g) in triethylamne (8.38 nL) and
tol uene (90 ) was heated to 80 OC. Pivaloyl chloride (3.71 nL) was added
dr opwi se ndli i ai ni ng_t he tenperature between 80 and 85 C. The reaction was
then heated to refl or 22 h. The reaction was allowed to cool to room
tenperature, theres on\paftitioned between H2O Et OAc and t he aqueous
| ayer was O— '

The product from Example 13a (12.72 g) in toluene (50 mL) was added dropwise to a stirred
mixture of methyl-3-(4-hydroxyphenyl)propionate (10 g) and potassium carbonate (23.01 g) in
toluene (180 mL). 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,O, once with brine, dried and
evaporated. The residue was purified by chromatography eluting with 20-40% EtOAcin
petroleum ether (bp 40-60 °C) to give the title product as a yellow solid (10.73 g). H NMR
(400 MHz, CDCl; ): 8 8.39 (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, J = 8.6 Hz, 4H), 4.31 (t, J = 6.7 Hz, 2H), 3.66 (s, 3H), 3.22(t, J=
6.7 Hz, 2H), 2.87 (t, J = 7.6 Hz, 2H), 2.66-2.55 (m, 4H), 1.24 (t, J = 7.6 Hz, 3H).

13c. 3-{4-[2-(5-Ethyl-pyridin-2-yl)-ethoxy]-phenyl}-propionic acid



extracted twice with Et OAc and the conbi ned organics dried (MgS™) and
concentrated. The crude product was purified by chromatography on silica
gel el utiWE 2% H58840% Et OAccycl ohexane to give the titPETERIMWIIRE a
white solid (2.06 g). 1H NWR (300 MHz,33CDCI3 ) : d 8.39 (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),
6.84 (d, J =8.6 Hz, 2H), 4.65 (m 1H), 4.32 (t, J = 6.6 Hz, 2H), 4.16 (m

2H), 3. 3.12 (m 5H), 3.04-2.87 (m 2H), 2.74 (dd, J = 9.5, 13.4 Hz, 1H),
2.63 (q, =\/-6 Hz, 2H), 1.24 (t, J = 7.6 Hz, 3H).13e.
(R) - 4- Benayl - -ethyl -pyridin-2-yl)-ethoxy]-phenyl }-2-thiocy

-((R)-3-{4-[2- et hox
anat opr opi O\y ol 1 di ne To LDA (0.528 mmi) in THF/ hexanes (3/0.3
m ) at -78 0C u / gonh waS added dropwi se the product from Exanple 13d
(0.20 g) in THF (4 . . After 30 mn Nthiocyanatosuccinimde (JACS, 2004,
126, 10216-7) (O. 137 g) in THF (2 nL) was added dropwise. After a further
110 mn at -78 OC the reaction was quenched with sat aqueous NH4Cl (5 nl)
and allowed to warmto roomtenperature. The mi xture was extracted with
three 15 nL portions of EtOAc, the conbined organic |ayers were dried
(Na2SO4) and evaporated under reduced pressure to | ow vol une. Tol uene (20

m.) wasrhacw@mcafndmeaa(aﬁmeai :ﬂﬂ(mnaeg) uraetﬂm;edea l’r€$ au:f@canﬂ\‘rﬁtef E350M0D

mMes
di ssol tored a The soluble nmateri al
e oL By o el Pl D ages 2 o reachon SErcl et B fatne |
cycl ohewearremovapw biapioRgioh rmué:eeau@atprm@yhé Bespeasion Wk [Mdted Withgh, o2 t he

Sol i poS TostegminZ D REHE} Sk FragH wapbis The Soud feBiatee and s focdive o)
2 gg Egﬂe%on_qpaur?d (dz57 éI)HH NMR4(ZO(6 iHz, EDE1L): 8.8.21 &z, = AB)HZ, KH§39r§2éd21 (/lﬂ_ﬂl) 8H) ,
4.32 (9 331"261'7') |3fz?5@|—|)’ 74954 £1H)17111(ﬁ’.81i45932q3121?6(66%ﬁ 4214t é 860 Hz,

1H), 3&32H .0 (]os 2I=1!3CéO|-i3mfétdr¥3 24K) J =3, @&23214)62(9@(’(3!":97 624z84H dzd68Q5§ 9.3,
13.4 Hz (s, 4H_succinimde) 2.63 , 1.24 (t, J

= 7.6 &, 4"3* 1241@3?’ 7Btz 3B bani ¢ aci d
S-((R) -2-((R) - 4-benzyl - 2- oxo- oxazol i di n-3-yl)-1 -{4-[2-(5- ethyl pyridin-2-

R S S S £l

Ph

A suspension of the product from)ExampIe 13c (8.0 g) and (R)-(+)-4-benzyloxazolidinone
(2.67 g) in triethylamine (8.38 mL) and toluene (90 mL) was heated to 80 °C. Pivaloyl chloride
(3.71 mL) was added dropwise maintaining the température between 80 and 85 °C. The
reaction was then heated to reflux for 22.5 h. The reaction was allowed 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 (MgSO,) 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; ): &
8.39 (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),
6.84 (d, J = 8.6 Hz, 2H), 4.65 (m, 1H), 4.32 (t, J = 6.6 Hz, 2H), 4.16 (m, 2H), 3.33-3.12 (m,
5H), 3.04-2.87 (m, 2H), 2.74 (dd, J=9.5,134Hz 1H),2.63(q, J=7.6 Hz, 2H), 1.24 (t, J =
7.6 Hz, 3H).



treated with platinumtris(dinmethyl phosphine oxide) (Tet. Lett., 2002, 43,
8121) (4 ng). The reaction was warned to 40 Cfor 2 h then allowed to cool
to room t\EOPIANEHIE. Et OAc (10 nl) was added, the organPETEHRE®/Wi928d
(Na2SO™4) , concentrated and purified by chromatography on silica gel (2 g)
eluting with 40-70% Et OAc in cycl ohexane to give the title product and
succinimde in 1:3.3 nolar ratio as a colourless sem solid (0.029 g). 1H

NIVR( 400 3WHR )-4BE#Z1-3-((R) B- & [665{nsyl-piddis-aot)-athosyieher8i3Bthiatyadats- 2. 0 Hz,

1H) 7 Hz, 1H), 7.37-7.17 (m 6H), 7.17, 6.81 (A2B2q J

+9£°P'§H§%'°X§Z9‘H”t?°”§ 7.9 He, 1H), 5.63 (bs, 2H), 4.53 (m 1H), 4.30
(t, Hz, 2H), 4.08 (dd, J = 8.9, 2.5 Hz, 1H), 3.95 (dd, J = 8.9, 7.8
Hz, 1H), (dd, J=135 1Hz 1H), 3.26-3.18 (m 3H) 2.96 (dd, J =
13.5, 8.1 1H) 2.74 /] CCI nimde), 2.72 (dd, J = 13.5, 9.8 Hz,
1H), 2.63 (N 5

y: %24“ J =7.6 Hz, 3H. 13g.
(5R) - 5-{4-[ 2- (5- 'd|n’§ #)ethoxy]benz‘yf}-l ~ '
, 3-thiazoiidi ne-2, 4-¥one | ori de The product from Exanple 13f was

di ssolved in MeOH (10 m _phand H20 (10 m ) added to give a cloudy sol ution.

This was |left at roomtenperature for 2.5h then 1M HCl (0.15 nl) added. The
sol ut i O WA (RR2BMelda THE MexanrssS/Oh MLy AE-7Be S WGET fIgRE waa@dﬂﬁd REPMisen. 1

n) cont@phidls fF&@Eﬁmaet@e (Jﬁ@b b m ﬂ@é@ L), AﬂFaF 8¥\enit N- tme):y%%o@@etﬁﬁma@d t he

sol ution concentrated sl 9%1% under reduced pressure, .causing
t

whi t
sol i d HApPediW: 12880216 9)dn THES2 mdnyAsRidRd df‘?%"'%%ﬁﬂﬁr??"?’ﬁ?)' 10\%5 hed

Wi th EtfgAGt - 7THACSthERE bR waW@BieRtHeld Wit 2P ¥qRERBNIR O iembPhld AIMacRad whih, and
the fractions containing the first eluti nﬁb@geet nponent conbi ned and treated

with 1N FRgm (emp%it)ireaﬁae SVEPGE R Rtiasteg W [ '@F\P@“Pﬁ% of {94 foduct and

succi Niggifbhedbr k&s%r@'@hé‘d (N;@BOQ) é}-ﬁi évagtamw Lrefes ram&& Qré},@areqb fow
(Method 7) 99. 175% : e.e. 98,35% LCMVB

( Met hodolume. gplusne (24 ML) was added Trm_ﬁs]apora_ﬁ!# wmr(%@ewssef& Teygsjdue g 62

(bd, 1K)as dlssbReddsiDCM B lﬁL)?and’ZstheH?at 209G fof 1@3\ THe sdluble $aateddt wa%?)mf igdd 16,
6.85 (A2B2q. J = 8.7 H

5.8 Hz bvzahyoméogr@pbw%5@%5%&'“@90%%3?0150% F&aAc iy qcmeéane'é?@uwngﬁwurez 87
(d, J Frabtiéns By thé hme - isthé S to dive IHE RIS BrotiGtd and Sucthifnide id 12.4 nfdldrizatio34sd -
- a colourless semi solid (0.121 g). "H NMR (300 MHz, CDCl; ): 8§ 8.60 (bs, 1H succinimide)
8.40 (d, J = 2.3 Hz, 1H), 7.47 (dd, J = 7.8, 2.3Hz, 1H), 7.39-7.12 (m, 8H), 6.85 (d, J = 8.7 Hz,
2H), 5.07 (dd, J = 8.1, 7.2 Hz, 1H), 4.63 (m, 1H), 4.32 (t, J = 6.7 Hz, 2H), 4.24-4.11 (m, 2H),
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
= 93,134 Hz, 1H), 2.76 (s, 4H succinimide) 2.63 (g, J = 7.6 Hz, 2H), 1.24 (t, J=7.6Hz, 3H).

A

13f. Thiocarbamic acid S-((R)-2-((R)-4-benzyl-2-oxo-oxazolidin-3- yI) 1—{4 [2-(5-ethyl- pyndm -2-
yh-ethoxyl- benzyl}-2 -0XO- ethyl) ester

Ph

The product from Example 13e (51 mg) was dissolved in THF/water (2/1 ml) under 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,SO,), concentrated and purified by
chromatography on silica 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 colourless semi solid (0.029 g). 'HNMR



Bi ol ogi cal Results: Exanple 14 Pre-clinical nouse nodel of COPD

I nfl ammati on - Tobacco snoke i nduced pul nonary i nflammation. Previous

st udi es HOOWISIBI shed t hat the nunber of i nflammt or PCE&IR280%WEB0ered i n
t he bronchoal veol ar |avage (BAL) is sigpificantly elevated 24 h follow ng
the final Tobacco Snoke(TS) exposure of 4 or 11 consecutive daily TS
exposures, this time point was used in the studies reported here. Protocols
for thesexppaiCO): 8@ (b, FBsusiHididel 839ha Qnehoahy apl)ar 4t axpge { BALD,
preparatign of cytospin slides for differential cell counts are as outlined
el ow. MBIbbur 361! Trine ML - 6 St VyBof = B 307 P41 o8 Eedti A& Haalid) B3 i s
exposurgs, FHt @l (m, MTHG &4 3@ (tE) EXPPRE DH)N4 BB Q8RS 08.9525HA, Ne) V3 gwiadd, gl=ear

pol ycar bonat e chamnber s éZ?_cmx 16 cmx 12 crr)s. The TS fromthe cigarettes
was al 1% T8 Uik e 1tAd EXpdSupd " dhibet25-at184m PBv %98 €dof =11GP. BtV HEN. 1n
order t4p4)D Ak Md 4B ARXinPOEENLI7@l (dar PPHE BB BaYs &P'I‘),bz{% epeat ed HXpAsUr®, (0 a

hi gh l.evel of TS (6 cigarettes), the exposure of the nmice to TS was
increas’eﬂ7§r%@§1)-l y over the exposure period to a nmaxi mumof 6 cigarettes.
The exposure schedul e used for 4 days was as follows. Day 1: 4 cigarettes
(approximately 32 min exposure) Day 2: 4 cigarettes (approximtely 32 mn
exposurlép- 5@'%‘54'@"éi‘eéBY'BY'E'E%"%‘MBﬁ%@%YWEPEY' 14sthigzoligingsgdrdioneny” 4. 6

ci gar etHy@sodaBREEXI mately 48 m n.exposure) The exposure schedul e used for
11 days exposure was as follows: Day 1: 2 cigarettes (approximately 16 min
exposure) Day 2: 3 cigarettes (approximately 24 m n exposure) Day 3: 4

ci gar et ppr oxi & 32 m n exposure) Day 4: 5 cigarettes
(approxi nagelly 40 @ : €) Day 5 to 11: 6 cigarettes (approxi mately 48
nin expddure 0 o’ N |

The product frqm Example 13f was dissolved in MeOH (10 mL) and H,O (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 solutioh
concentrated slightly 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 component
combined and treated with 1M HCI (1 mL) and evaporated to dryness to give the title product
and succinimide ina 1:0:0.19 Amolar 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, m/z 357

~ [MH].H NMR (300 MHz, d,-MeOH ): 8.62 (bd, 1H), 8.42 (dd, J=8.2,2.0 Hz, 1H), 7.98 (d, J
=8.2 Hz, 1H), 7.16, 6.85 (A;B.q, J=8.7 Hz, 4H), 4.68dd, J=8.7, 4.2 Hz, 1H), 438 (, /=58
Hz, 2H), 3.34 (m obscured, 1H), 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 smoke induced pulmonary

inflammation.

-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



A further group of mice were exposed to air on a daily basis for equival ent
| engths of time as controls (no TS exposure). Bronchoal veol ar | avage (BAL)
anal ysi s WAt 19eol ar | avage was performed as fol | onBCTIHRYWERBa was
cannul ated using a Portex nylon intrawgnous cannula (pink luer fitting)
shortened to approximately 8 nm Phosphate buffered saline (PBS) was used
as the lavage fluid. A volune of 0.4 nl was gently instilled and withdrawn
3 ti megTSsdp@sarelot BN icBgsecatd: §41§TPeavedresNthatinp peintiesd udadoa tiend kept
on ice gﬁi{or to (%lesequent determ nations. Cell counts: Lavage fluid was
separ atH9S BRI MYy centrifugation and the supernatant decanted and
frozen for subsequent analysis. The cell pellet was re-suspended in a known
vol ume of, PBSand, total cell aI cul ate oyntin t ai ne Tur ks
orai ) PR dreierooau ot B e bR e dPad e artifoteh cor
count s oneytese slidesfeddifierehtad] cewsounTdharersgsutingl beriw. pell et was diluted to
approxi mately 105 cells per m. A volune of 500 m was placed in the funnel
of a cytospin slide and centrifuged for 8 mn at 800 rpm The slide was air
dried &Btﬂo.ﬁiréioﬂﬁﬁ:miﬁ&gdallki\fér‘r@-tﬂiﬁﬁcmé(tuﬂvelaﬂyi Shandon) as per the
propri i nstruc cover ifferenti ceI S
here. cOURITerRiRTPlogRl mireorae eoRgreddh ortiPy Gb5 an b elial dbrgRleat Rt
unbi aseHampersg2 D emusiignmix Phim)riThe ISTapy theCaddrsttewwas didwearteehieatte usi ng
standard nor phonetric, techni Trea nt . Rodents such _as mce and
ats aPSPOLYS BAREDArS S TapesiiE Teo Pt Jp SR RR R Rl iaie e
(such- asﬁehietnarpeehted eag&mresbo 4 mgh leviebbfakS (cigarkttes)othe pxpokure ogtb»ednibemg
exposure. ivery of therapeutic agents t Iungs in
Fodent 45 wARisRar GG Gyeti s PRy S prteE o™ Fifirird BEE Kaleteh "ThRa) at on
by Who legpdisuily seleadaobsed Xqros days wasasfofrmmd)er The chanber net hod ut| li ses
ar ge ﬂmuqt ofat st material and r|s |r¥ [ eser ed for inhalation
tOXI col 5t lﬂﬂé etsat her -t han gﬂ%ﬁ RE E%;gg% &9 (u,aeéy st udi es.
| ntra- c1gare approximate n exposure
cngareﬁes : © - (approximately 48 min exposure) -
Day 4 6mgarettes S (approximately 48 min exposure)

The exposure schedule used for 11 days exposure was as follows:

Day 1: 2 cigarettes (approximately 16 min exposure)
Day 2: 3 cigareties ' (approximately 24 min exposure)
Day 3: 4 cigarettes (approximately 32 min exposure)
Day 4: 5 cigarettes (approximately 40 min exposure)
Day 5 to 11: 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 follows: the trachea was cannulated using a Portex
nylon intfravenous cannula (pink luer fitting) shortened to approximately 8 mm. Phosphate
buffered saline (PBS) was used as the lavage fluid. A volume of 0.4 mi was gently instilled
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 subsequent analysis. The cell pellet was re-suspended in a known volume of PBS



admnistration is a very efficient delivery nmethod as alnost all of the
test material is delivered to the lungs, but this is quite an invasive

t echni queWORBI/HF818i es i n the nouse particularly, it isP&l&PB26e/10¢920
technically demanding as the diameter gf the trachea is quite small. The
intranasal route is |less invasive than the intra-tracheal route and so is
particularly suitable for repeat dosing studies such as the 4-1 1 day nobuse
nodel  dedestabe nualbeys cal?@lléte&\b;hgodlmtngaimaaéd atlmkanstain) aliquotunddt% of the dose
adm ni stered is-deli ere the lungs (Eyles JE, WIlianmson ED and Al par
HO. 199%™ Fﬁ?peJ“sﬁ}ga? %@’E%‘et% 9). As a surrogate route for oral

i nhal ati on, mce wer e dosed intra-nasally with vehicle (0.2%tween 80 in

sal i ne 58— itazone ( in Example 6) (3 ng/kg),
53 pi o@fﬁr‘i 8 L%@J Sr‘@f)rgrpfﬁfoﬁﬂ ‘EQ% P¥S6) (.1 ny/kg), 5R-pioglitazone (as
pr epar atheiresifixainph peliel was dmgéckg:) ap;ﬁ&imamly t&Xzehepéasi. wmnanedf 500 el e 4)

1 ny/ . l.i Th f
Fecel v airbti et bFa Preabi SRR =ty HaciEror 8 T AP B . e e Rep Rlim o
50 m nutied ape stailtay. uan@LKwaleﬁetdlmrdmedSI%donf ad b@vﬁwegrd;imetaw mairu(ﬂSnex posure.

oun wer w th dgses rected e.ln a
Second BILITeRAT oo e Pedd St rRR ek cbliney P liSHURRIFERS. 983 ween
80 in slablcaﬂs wer&&oﬁnﬁdgiylwm‘eeobemtqmmemgnigdt micrdscapy G219 Wwets3diffgrengated
5S- Rosi gl i t edEé‘as re arte%” n Exanple 9) (10 ny/kg), SR-Rosiglitazone
(as pré Qges c'E Wq?g) 5RRosi gl i tazone (as prepared in
Exanpl e 8) (10 ny/kg), or racem ¢ Rosiglitazone (10 ng/kg). The control
group %Hgmgce recel ved vehicle 1 hr prior to being exposed to air daily for

a maxi nut es per day. BAL was perfornmed 24 h follow ng the final
TS exposure. All corrpounds were dosed as the HCl salt with doses corrected
as free, bhase. ta rrana nt a

|
B b on RONERE U o8 AR bretbilo 2 Pl Brédthe AL St adiory R 0k Mbtdfels |
cal cul d$ueth a‘sdhenaaenhtnogagmts) fcﬁllmmnoewumétcprodwermbdﬂmgmcpesms iAsiare, the

data Wer %Irw%zg o?thgr %er;'\?% $3he Iu\%f YAfoBR&Ss @gﬁetralé/ W’%g by .

follome € conpari sons 1n or
test f antrasn@al flmtuatna@elabd)nnﬂtmlattqnda/tvﬂm’re bgdyoaqrssol,équyﬁwwai alehapfiber. 0. 05 was
considered to be statistically significant. Percent age i nhi biti ons were
automatically

The chamber method utilises Iarge amounts of test material and is generally reserved for

inhalation toxicology studies rather than pharmacological efficacy studies. Intra-tracheal
administratioh is a very efficient delivery method as almost all of the test material is delivered
to the lungs, but this is quite an invasive technique. For studies in the mouse particularly, it'is
also quite technically demanding as the diameter of the trachea is quite small. The intranasal
route is less invasive than the intra-tracheal route and so is particularly suitable for repeat
dosing studies such as the 4-11 day mouse model described beIo‘w Following intranasal
administration ~50% of the dose administered is delivered to the lungs (Eyles JE, Wllllamson
ED and Alpar HO. 1999 Int J Pharm, 189(1):75-9).

As a surrogate route for oral inhalation, mice were dosed intra—hasélly with vehiclé (0.2%
tween 80 in saline), 5S-pioglitazone (as prepared in Example 6) (3 pg/kg), 5S-pioglitazone (as
“prepared in Example 6) (1. ug/kg), 5R-pioglitazone (as prepared in Example 4) (3 pglkg),SR-
piogl'itazone (as prepared in Example 4) (1 ng/kg), or racemié pioglitazone (3 pg/kg). The
control group of mice received vehicle 1 hr prior to being exposed to air daily for a maximum
of 50 minutes per day. BAL was performed 24 h foIIowing the final TS exposure. All

compounds were dosed as the HCI salt with doses corrected as base.
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Inhibition data for other parameters were calculated manually using the above formula.

AS illustrated in Figure 1, there was a cleaf difference in activity between the two enantiomers
of pioglifazone'on total cell BAL numbers following expoéure to TS. The 5R enantiomer (e.e.
97.8%) of Pioglitazone significantly invhibited the BAL cell influx induced by TS at both 1 and 3
pg/kg when administered by the intranasal route.- In contra_st, the 5S-enantiomer (e.e. 97.5%)

~ failed to inhibit the BAL céll inflammation at either dose examined.

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

-enantiomer of pioglitazone was ineffective (Figure 2).

Racemic pioglitazone (which contains 50% 5R enantiomer of pioglitazone) at the 3 pg/kg dose

also significantly inhibited total and neutrophil BAL cells induced by TS.



Taken together, the results of the two studies identify the 5R enantioner
of both Pioglitazone and Rosiglitazone as possessing the anti-inflammatory
activity WOGAIWMEFBIBor inhibition of BAL cell influx whi PET/GH809481920
enantioner does not. Wiilst the e.e. ofy the preparation of the 5R

enanti omer of Rosiglitazone was |ower than optimal (i.e., 85.7%rather than
> 90% differential activity of the two enantioners was still observed.
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Whilst the e.e. of the preparation of the 5R enantiomer of Rosiglitazone was lower than
optimal (i.e., 85.7% rather than > 90%) differential activity of the two enantiomers was stiil
observed. This suggests that an optimal preparation 6f 5R enantiomer of Rosiglitazone would
show similar or even improved activity compared with the data presented herein. Therefore
the data presented herein is indicative of what would be achieved with a preparation that

contains by weight at least 95% 5R enantiomer of Rosiglitazone.
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10. A kit for treatnent of respiratory disorders in a subject, the kit
conprisj ng ghe _gdosage formc risi a conmposition as clainmed in claim?7
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5R enantiomer and less than 5% of the 5S enantiomer.

4. The method as claimed in claim 3 wherein the subject is additionally administered an
amount of a bronchodilator drug and/or another anti-inflammatory drug wherein the amount of
R5 enantiomer of the glitazone and the amount of the conventional respiratory treatment

agent togefher comprises a therapeutically effective amount.

5. A glitazone for use as claimed in claim 1, the use as claimed in claim 2 or a method of
- treatment as claimed in claim 3 or claim 4, wherein the said inflammatory respiratory disease
is selected from mild asthme;, moderate asthrﬁa, severe asthma, steroid resistant asthma,
bronchitis, chronic obstructive pulmonary disease (COPD), cystic fibrosis, pulmonary edema,
pulmonary embolism, pneumonia, puimonary sarcoidosis, silicosis, pulmonary fibrosis,
respiratory failure, acute respiratory distress syndrome, emphysema, chrohic bronchitis,

tuberculosis, and lung cancer.

6. A glitazone for use as claimed in claim 1, the use as claimed in claim 2 or a method of
treatment as claimed in claim 3 or claim 4, wherein the said inflammatory respiratory disease

is chronic obstructive pulmonary disease

7. 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 enantiomer and less than 5% by weight of the 5S enantiomer.
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8. A pharmaceutical composition as claimed in claim 7 which additionally comprises one
or more other therapeutic agents selected from anti-inflammatory agents, bronchodilators,

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

9. A glitazone for use as claimed in claim 1, claim 5 or claim 6, the use as claimed in
claim 2, claim 5 or claim 6, a method of treatment as claimed in claim 3, claim 4, claim 5 or
claim 6, or a pharmaceutical composition as claimed in claim 7 or claim 8, wherein the said

glitazone is pioglitazone or rosiglitazone.

10. 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, bronchodilators, muéolytic

agents, antitussive agents, leukotriene inhibitors, and antibiotics.



