1 NOVEL COVPOUNDS 951: A Bl PHENYLOXYPROPANO C ACI D AS CRTH2 MODULATOR
AND | NTERMEDI ATES The present invention relates to certain
phenoxyacefpGodaoes and salts and sol vates thereof SuseficRBosinsos2s
pharmaceut i cal conmpounds for treating respiratory disorders,
pharmaceuti cal conpositions containing,them and processes for their
preparation. Crystalline forns are alsé di scl osed. W)2004/ 089885
and WD 2006/ 021759 di scl ose a series of conmpounds which include 10

am de base ' ' t e d are
xpect od ¢ SOERCLRIFOPNPS v A BEHAR X BEOPANDIE AGH RS SR i

di seases, including ast hMORUHATORANDINTEBRMERDIABESN found that a

bi -aryl am de not disclosed in the above applications is active at
the CRTh2 receptor and shows particularly beneficial biol oqi cal

proper t i estheprrsentanyegHpbigidesde cerkn phenaryacelic asilane aadts and sl eatesibereof
pot ency. w : ] ; : | Opd r
R T B R S i

i nvent i on composfianseoptamitigibem cand pngvessasifon thefrarepakadiof) Lrysglline(fbims & a
m xt ure of so disclosed

(25) - 2- ({ 3ONPEE 4' - [ (2, 2- di net hyl pyrrol i di n- 1- yQcar bonyl | - 5-

f 1 uor obi phenyl-2-yl | oxy) propanoi ¢ acid and

(2R)-2- ({3 - -4 - 2 : : L

i et byl oY PEEHRE 514 B H0PRr 75 dincioe iR sTpoupes BRI ol ¢
aci d, R50hnSe BhatESndRh&AhieH alhsivEas et Crep2 r)éce?s?&%ﬁ& alleRp&aldlis be

t hereof or solvates of pharmaceutically acceptable salts.
useful for the treatment of various respiratory diseases, including asthma and COPD.

It has now been found that a bi-aryl amide not disclosed in the above applications is active
at the CRTh2 receptor and shows particularly beneficial biological properties. The
15 compound of the invention combines high CRTh2 potency with a usefully long half life

and low metabolic turn over rate when measured in human hepatocytes.

In a first aspect the invention therefore provides a compound of formula (I):

20 4}
as a mixture of (25)-2-({3'-chloro-4'-[(2,2-dimethylpyrrolidin-1-yl)carbonyl]-5-
fluorobiphenyl-2-yl}oxy)propanoic acid and (2R)-2-({3'-chloro-4'-[(2,2-
dimethylpyrrolidin-1-yl}carbonyl]-5-fluorobiphenyl-2-yl} oxy)propanoic acid,
25 or solvates thereof or pharmaceutically acceptable salts thereof or soivates of

pharmaceutically acceptable salts.

In an embodiment of the invention the compound (1) is substantially in the form of the (S)

enantiomer. In one embodiment of the invention the compound (I} is present in at least
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enbodi nent at |east 95% (S) enantioner, and in another enbodi nent at

| east 99% w)@naduze oner . A further enbodi nent of the imviedkio®sos2s

t herefore conprises a conpound of formula (1): OOH ClI 0 (1) or a

sol vate thereof or pharnaceutically ac?eptable salt thereof or a

sol vate of a pharmaceutically acceptable salt. |1 C As indicated above,

the conpound of fornula (1) is capable of existing in other stereo
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CRTh2 activity, as will mxtures of the (R and (S) 1soners. The

conmpourid of forrmula (1) above may be converted to a sol vate,

phar maceut s cakl vy acceptable salt, or a solvate of a salt. In one

enbodinent;§§ th ijpvention the conpound is 20in the formof a basic

addition s F Naddi tion salts includes salts prepared from

phar maceut i : abl e non-toxi c bases including inorganic and

or gani ¢ base Salts derived frominorgani c bases include, but are

not limted o alumnium calcium |ithium potassium magnesium

sodium zinc and other netal salts. Salts derived from
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As indicated above, the compound of formula (I) is capable of existing in other stereo
isomeric forms, Other isomers including tautomers and mixtures thereof also form an
aspect of the present invention. It will be understood that other isomers of the compounds
of formula (1), specifically (2R)-2-({3'-chloro-4'-[(2,2-dimethylpyrrolidin-1-yl)carbonyl]-5-
15 fluorobiphenyl-2-yl}oxy)propanoic acid will be expected to exhibit CRTh2 activity, as will
mixtures of the (R) and (S) isomers.

The compound of formula (I} above may be converted to a solvate, pharmaceutically
acceptable salt, or a solvate of a salt. In one embodiment of the invention the compound is
20 in the form of a basic addition salt. Basic addition salts includes salts prepared from
pharmaceutically acceptable non-toxic bases including inorganic and organic bases. Salts
derived from inorganic bases include, but are not limited to aluminium, calcium, lithium,
potassiun, magnesium, sodium, zinc and other metal salts. Salts derived from
pharmaceutically acceptable non-toxic bases include salts of primary, secondary or tertiary
25 amines, substituted amines including naturally occurring substituted amines, cyclic amines
and basic ion exchange resins, such as arginine, belaine, benzathine, cafleine, choline,
chloroprocaine, cycloprocaine, N'N’-dibenzylethylenediamine, diethanolamine,
diethylamine, 2-diethyl-aminoethanol, 2-dimethylaminoethanol, ethanolamine,

ethylendiamine, N-ethyl-morpholine, N-ethyl piperidine, glucamine, glucosamine,



and basic ion exchange resins, such as arginine, betaine, benzat hine,
caffeine, choline, chloroprocainc, cycloprocainc,
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t he preparation of a compoun conpri ses:
reacti on ofhich conpmihedcpdratédanmipuaified djing te¢limdyues Rbown intha art ongivelthe pofe
formul a ( lo(l:')sflbstantially pure (S) isomer, for example using chromatography. As a further
alternative, isomers of intermediate compounds, such as compound (1f), can be separated
prior to de-csterification. Intermediate compounds of formulac (1a), (1¢), (1d) and (1f) as
defined in the examples herein are novel and each form an embodiment of the invention.
In a further aspect the invention provides a process for the preparation of a compound of

20 formula (I) which comprises:
reaction of a compound of formula (1d):
¢l 0
Jege
F (1)

25

with a compound of fornula (1¢):
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group, followed by de-esterification of the resulting derivative and
opt i onal | ywhobgepgs7® phar maceutical ly acceptabl e salt, malybes@is2s
solvate of 5 a salt. The ester formng group Ris typically
Cl_6allcyl, preferably nethyl. The reagtion is suitably carried out
in a suitable solvent at el evated tenperature, in one enbodi nent
using the conditions specified in the exanples herein. Crystalline
forms of conpounds ®f tormula (1) and salts/solvates thereof forma
further ioaspecto of e Rnvention. One enbodi nent of the invention

relates to crystasli forms of conpounds of formula (1) in free acid
formand as @ t hé® 2- et hyl propan- 2- amine salt as defined and
exenpl i fi ed-ngse

eLel n. TQE conmpound of the invention, or a
pharmaceutical ly accept abl e)sa.lt/solvate t hereof, and 15crystalline
forms as defined herein, can be used in the treatnent of: 1.
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15 crystalline forms as defined herein, can be used in the treatment of:

1. respiratory tract: obstructive diseases of the airways including: asthma, including
bronchial, allergic, intrinsic, extrinsic, exercise-induced, drug-induced (including aspirin
and NSAID-induced) and dust-induced asthma, both intermittent and persistent and of all
severities, and other causes of airway hyper-responsiveness; chronic obstructive pulmonary

20  disease (COPD); bronchitis, including infectious and eosinophilic bronchitis; emphysema;
bronchieclasis; cystic {ibrosis; sarcoidosis; farmer’s lung and related diseases;
hypersensitivity pneumonitis; lung fibrosis, including cryptogenic fibrosing alveolitis,
idiopathic interstitial prneumonias, fibrosis complicating anti-neoplastic therapy and
chronic infection, including tuberculosis and aspergillosis and other fungal infections;

25 complications of lung transplantation; vasculitic and thrombotic disorders of the lung
vasculature, and pulmonary hypertension; antitussive activity including treatment of
chronic cough associated with inflammatory and secretory conditions of the airways, and
iatrogenic cough; acute and chronic rhinitis including rhinitis medicamentosa, and

vasomotor rhinitis; perennial and seasonal allergic rhinitis including rhinitis nervosa (hay



5 fever); nasal polyposis; acute viral infection including the conmon
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3. pain and connective tissue remodelling of musculoskeletal disorders due to injury

[for example sports injury] or disease: arthitides (for example rheumatoid arthritis,

25 osteoarthritis, gout or crystal arthropathy), other joint disease (such as intervertebral disc
degeneration or temporomandibular joint degeneration), bone remodelling disease (such as
osteoporosis, Paget's disease or osteonecrosis), polychondritits, scleroderma, mixed
connective tissue disorder, spondyloarthropathies or periodontal disease (such as
periodontitis);

3 4. skin: psoriasis, atopic dermatitis, contact dermatitis or other eczematous
dermatoses, and delayed-type hypersensitivity reactions; phyto- and photodermatitis;

seborrhoeic dermatitis, dermatitis herpetiformis, lichen planus, lichen sclerosus et
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skin sarcoid, discoid |upus erythematosus, penphigus, penphigoid,
epi dennol yghSelWhiesa, urticaria, angioedema, vasculitiggSerlefilstsas
eryt hemas, cutaneous eosinophilias, alopecia areata, nale-pattern
bal dness, Sweet's syndrome, Wber- Christian syndrone, erythenma
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vaginitis; Peyronie’s disease; erectile dysfunction (both male and female),
9. allograft rejection: acute and chronic following, for example, transplantation of
kidney, heart, liver, lung, bone marrow, skin or cornea or following blood transfusion; or
chronic graft versus host disease;

25 10.  CNS: Alzheimer’s disease and other dementing disorders including CJD and
nvCID; amyloidosis; multiple sclerosis and other demyelinating syndromes; cerebral
atherosclerosis and vasculitis; temporal arteritis; myasthenia gravis; acute and chronic pain
(acute, intermittent or persistent, whether of central or peripheral origin) including visceral
pain, headache, migraine, trigeminal neuralgia, atypical facial pain, joint and bone pain,

30 pain arising from cancer and tumor invasion, neuropathic pain syndromes including

diabetic, post-herpetic, and HIV-associated neuropathies; neurosarcoidosis; central and



di abetic, post-herpetic, and HlV-associ at ed neuropat hi es;
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Preferably the conpounds of the invention are used to treat diseases

in which tikrebaze mameio knduding e dedkpemiarongdymphoprabifmivesystems e as
L T
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20 15.  gastrointestinal tract: Coeliac disease, proctitis, eosinopilic gastro-enteritis,
mastocytosis, Crohn’s disease, ulcerative colitis, microscopic colitis, indeterminant colitis,
irritable bowel disorder, irritable bowel syndrome, non-inflammatory diarrhea, food-
related allergies which have effects remote from the gut, e.g., migraine, rhinitis and
eczema.

25 16, Diseases associated with raised levels of PGDs; or its metabolites.

Thus, the present invention provides a compound of formula (), or a
pharmaceutically-acceptable salt or solvate thereof, as hereinbefore defined for use in
therapy.

Preferably the compounds of the invention are used to treat diseases in which the

30 chemokine receptor belongs to the CRTh2 receptor subfamily.

Particular conditions which can be treated with the compounds of the invention are

asthma, rhinitis, COPD, and other diseases in which raised levels of PGD; or its



8 netabolites. It is preferred that the conmpound of the invention are
used to treat asthma, rhinitis or COPD. In a further aspect, the
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2gent or agent 4 Efusfhef KBS RF oRiGR FivGioReies oie b p PREEBRBI 11 ons
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di seases su%h as (but not restricted tqQ) rheumatoid arthritis,
1

ost eoar t hidefined n g mapptacyre gt ymedicnent foraise pHherApx InsgEPIgHen yith drugs
pul nonary .di )it CPSe By i sease,
t he conpo&lg%dssl%g%gttéﬁgeﬁqfa?\%ﬁ? ?%%1 may %‘é&%ﬁ%@ﬁ\ég%gﬁ%aﬁg%rgogﬁ?@hﬂ?sﬁ %d
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whet her " appi | ed BERi H o YRR Ry of istwiea B aond b he
di cl of enacinveﬂfi@pioﬁﬂbﬁarﬂﬁééiﬁic%@d&c%ﬁabﬂlﬁ?lt@ﬂe@ébf, 6r|aLijhbiaﬂ’ceiﬁtﬁzﬁl% composition
f enopr of en, _ket oprof en and i buprofen cnamat es such as nefenam c
acid, i nd&ﬁ&rﬁ’é}%glﬂ?F%rﬂPrii%ﬁc?ona?&B‘f 8BS gientiqry saspiesd SeRcHrTaly or
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i nhibitors (such as nel oxi cam cel ecoxi b, rofecoxib, val decoxib,
| unar oBoxitisatnisat elcangiop merriofdboednddivnblistedy cl o- oxygenase i nhi biting
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aur anofi.n.or ot her r.ent erﬁll or
o st e

oral ool 0 SURELRarUrPaRE X GEPT s SR M R N
t her api es csmpburals ohiha linedtibrcmag bdcombined with agents listed below.

20 Non-steroidal anti-inflammatory agents (hereinafter NSAIDs) including non-
selective cyclo-oxygenase COX-1 / COX-2 inhibitors whether applied topically or
systemically (such as piroxicam, diclofenac, propionic acids such as naproxen,
flurbiprofen, fenoprofen, ketoprofen and ibuprofen, fenamates such as mefenamic acid,
indomethacin, sulindac, azapropazone, pyrazolones such as phenylbutazone, salicylates

25 such as aspirin); selective COX-2 inhibitors (such as meloxican, celecoxib, rofecoxib,
valdecoxib, lumarocoxib, parecoxib and etoricoxib); cyclo-oxygenase inhibiting nitric
oxide donors (CINODs); glucocorticosteroids (whether administered by topical, oral,
intramuscular, intravenous, or intra-articular routes); methotrexate; leflunomide;
hydroxychloroquine; d-penicillamine; auranofin or other parenteral or oral gold

30 preparations; analgesics; diacerein; intra-articular therapies such as hyaluronic acid

derivatives; and nutritional supplements such as glucosamine.



derivatives; and nutritional supplenents such as glucosam ne. WO
2009/ 004379PCT/ GB20081050525 9 The present invention still
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B- Lynphocffl i egage%% of wﬁ&b&%%ﬁsas AT} PSR BGGEP
T-Ly rrphocx(fmm)%%r; Suchhly MRX TR E- &ébocloﬁmeanﬂs&ﬁ&qror 'eﬂéﬁ%ﬂ& brfPPcifab; |

further relates to the conbination of a conpound of the [sinvention,
or a phar rdelawmmaapnd/ CRECEH) aitsl ENE erceptetrratagofists waliding impelnogloblirof

L s
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i nhibitor of matrix netall oprotease (MWs), i. e stronel ysins,

t he coll ad@%@‘e‘éwhnd t he gel ati nases, as wel | as aggr ecanasc;

especially col hgg fé@e?rﬁ nlveh VR T1ﬂ{)ﬁlrtlfe9¥élﬁg§t'3q1§§coglb(nll\§¥8n§)a pompzound of the
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00 05015\ SRS e RS eR Y ERERCRE s,
CCRS, CCR6, CCR7, CCRS8, CCRY, CCR10 and CCR11 (for the C-C family); CXCRI,
CXCR2, CXCR3, CXCR4 and CXCRS5 (for the C-X-C family) and CX;CR1 for the C-X;-
C family.

20 The present invention further relates to the combination of a compound of the
invention, or a pharmaceutically acceptable salt thereof, with an inhibitor of matrix
metalloprotease (MMPs), i.e., the stromelysins, the collagenases, and the gelatinases, as
well as aggrecanase; cspecially collagenase-1 (MMP-1), collagenase-2 (MMP-8),
collagenase-3 (MMP-13)}, stromelysin-1 (MMP-3), stromelysin-2 (MMP-10), and

25 stromelysin-3 (MMP-11) and MMP-9 and MMP-12, including agents such as doxycycline.

The present invention still further relates to the combination of a compound of the
invention, or a pharmaceutically acceptable salt thereof, and a leukotriene biosynthesis
inhibitor, 5-lipoxygenase (5-LO) inhibitor or 5-lipoxygenase activating protein (FLAP)
antagonist such as; zileuton; ABT-761; fenleuton; tepoxalin; Abbott-79175; Abbott-85761;

30 a N-(5-substituted)-thiophene-2-alkylsulfonamide; 2,6-di-tert-butylphenolhydrazones; a
methoxytetrahydropyrans such as Zeneca ZID-2138; the compound SB-210661; a
pyridinyl-substituted 2-cyanonaphthalene compound such as L-739,010; a 2-



invention, or a pharnmaceutically acceptable salt thereof, and a
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BAY x 7195. ioThe present i nvention still further relates to
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20 The present invention still further relates to the combination of a compound of the
invention, or a pharmaceutically acceptable salt thereof, and a proton pump inhibitor (such
as omeprazole) or a gastroprotective histamine type 2 receptor antagonist.

The present invention further relates to the combination of a compound of the
invention, or a pharmaceutically acceptable salt thereof, and an antagonist of the histamine

25 type 4 receptor.

The present invention still further relates to the combination of a compound of the
invention, or a pharmaceutically acceptable salt thereof, and an alpha-1/alpha-2
adrenoceptor agonist vasoconstrictor sympathomimetic agent, such as propylhexedrine,
phenylephrine, phenylpropanolamine, ephedrine, pseudoephedrine, naphazoline

30 hydrochloride, oxymetazoline hydrochloride, tetrahydrozoline hydrochloride,
xylemetazoline hydrochloride, tramazoline hydrochloride or ethylnorepinephrine

hydrochloride.
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invention, or a pharmaceutically acceptable salt thereof, with an agent that modulates a

20 nuclear hormone receptor such as PPARs.

The present invention still further relates to the combination of a compound of the
invention, or a pharmaceutically acceptable salt thereof, together with an immunoglobulin
(Ig) or Ig preparation or an antagonist or antibody modulating Ig function such as anti-IgE
(for example omaliznmab).

25 The present invention further relates to the combination of a compound of the
invention, or a pharmaceutically acceptable salt thereof, and another systemic or topically-
applied anti-inflammatory agent, such as thalidomide or a derivative thereof, a retinoid,
dithranol or calcipotriol.

The present invention still further relates to the combination of a compound of the

30 invention, or a pharmaceutically acceptable salt thereof, and combinations of

aminosalicylates and sulfapyridine such as sulfasalazine, mesalazine, balsalazide, and



25The present invention further relates to the conbination of a
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a calcium channel blocker, a beta-adrenoceptor blocker, an angiotensin-converting enzyme
15 (ACE) inhibitor, an angiotensin-2 receptor antagonist; a lipid lowering agent such as a
statin or a fibrate; a modulator of blood cell morphology such as pentoxyfylline;
thrombolytic, or an anticoagulant such as a platelet aggregation inhibitor.

The present invention further relates to the combination of a compound of the
invention, or a pharmaceutically acceptable salt thereof, and a CNS agent such as an

20 antidepressant (such as sertraline), an anti-Parkinsonian drug (such as deprenyl, L-dopa,
ropinirole, pramipexole, a MAOB inhibitor such as selegine and rasagiline, a comP
inhibitor such as tasmar, an A-2 inhibitor, a dopamine reuptake inhibitor, an NMDA
antagonist, a nicotine agonist, a dopamine agonist or an inhibitor of neuronal nitric oxide
synthase), or an anti-Alzheimer's drug such as donepezil, rivastigmine, tacrine, 2 COX-2

25 inhibitor, propentofylline or metrifonate.

The present invention still further relates to the combination of a compound of the
invention, or a pharmaceutically acceptable salt thereof, and an agent for the treatment of
acute or chronic pain, such as a centrally or peripherally-acting analgesic (for example an
opioid or derivative thereof), carbamazepine, phenytoin, sodium valproate, amitryptiline or

30 other anti-depressant agent-s, paracetamol, or a non-steroidal anti-inflammatory agent.

The present invention further relates to the combination of a compound of the

invention, or a pharmaceutically acceptable salt thereof, together with a parenterally or
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(ii) prat & Bisubriogentonigtazanisiofx) eRABYutagentgonFxmplq ¢alehicing (e) kanikns
ot AT LA G, N R A g o
(vii) ki naslénpyraidni oobergbomazmepixiii)pnivoththormafe stgretegigue; (xiv) transforming
growth factor (TGFp); (xv) platelet-derived growth factor (PDGF); (xvi} fibroblast growth
factor for example basic fibroblast growth factor (bFGF); (xvii} granulocyte macrophage
20 colony stimulating factor (GM-CSF); (xviii) capsaicin cream; (xix) tachykinin NK.subl, or
NK.sub3. receptor antagonist such as NKP-608C, SB-233412 (talnetant) or D-4418; (xx)
elastase inhibitor such as UT-77 or ZD-0892; (xxi} TNF-alpha converting enzyme inhibitor
(TACE); (xxii) induced nitric oxide synthase (iNOS) inhibitor; (xxiii) inhibitor of P38;
(xxiv) agent modulating the function of Toll-like receptors (TLR), (xxv) agent modulating
25 the activity of purinergic receptors such as P2X7; or (xxvi) inhibitor of transcription factor
activation such as NFkB, API, or STATS.
A compound of the invention, or a pharmaceutically acceptable salt thereof, can
also be used in combination with an existing therapeutic agent for the treatment of cancer,
for example suitable agents include;
30 (i) an antiproliferative/antineoplastic drug or a combination thereof, as used in medical

oncology, such as an alkylating agent (for example cis-platin, carboplatin,

cyclophosphamide, nitrogen mustard, melphalan, chlorambucil, busulphan or a



ki nase (such as Btk, Itk, Jak3 or MAP, for exanple Gefitinib or
Imatinib nmesylate), a serine / threonine kinase (such as an inhibitor

of a MAP k| as p38, INK, protein kinase A, B a K
or a kina?@aﬁﬁéﬁﬁgﬁg in cell cycle regulation (such as éfgéﬁ 0‘
dependent kinase); (viii) glucose-6 phosphate dehydrogenase
inhibitor; (ix) kinin-B.subl. - 15 or Btsub2. -receptor antagonist;

(x) anti-gout agent, for exanple colchicine; (xi) xanthine oxidase

i nhi bitor, for exanple allopurinol; (xii) uricosuric agent, for
exanpl e prncbtﬁéﬁ‘él@il)d an @Gthfﬁh?ﬁFf‘deSﬁéaf@lﬂe B Astelieesteines 2 fuarenyrimdisovike

ol at ol ot - Ao BREHE Leohl dichf RRE LRID R Loy WAENBLAL, Bl el ST
f or exanplgenmbaaiine dripocloted)s bn gﬁmumdmrfaan‘mlom (fareGEMple(ananilyacyelarshacast e
R L A L o
as NKP-s608iactiroBrydihidst hﬁth(rztxﬂ&dih@ﬁ ﬂﬂztn)tmﬁfouaagefhl Bor éxtinblerd ABEASIE1di0 Bidhi 5 OF

such as UT-77 or ZD-0892; (xxi) TNF-al pha converting enzyme inhibitor
(TACE); (Macistinenuigbiaafing; Yipfosis,er a@ose%@% SE & tpidonyh 3siprdh pr (grotere); or a

(xxiii) i m&lﬂotr&?as@fnhmr (t(nxé‘y! %l@ﬁ%‘poﬁ%l%kﬁguﬁhﬁ didHasik, Q&IQASIC_}C

Tol I -1i ke receptors ( . (xxv) agent nodul ating 25the activit
purlnergl@Hﬁé@é®I®P®£QMGhaagnﬁmﬁwmﬂbr (XXVI) i nhi bitor of

transcri pgijﬂpﬁje 8&%1% tshéﬁaats afl Qnﬁ%gtl??éﬁ é lé)%!nfﬁg lamo%ferf-[(@%%fener ‘ A

conpound I VeR on or a trca acce
t her eofo; cralnxuﬁdnspdrbbxﬂsr@darucmoxpﬁ&h)e)nm oesmogmtrécepuar émmtelgmlgtot fer eaeaypld C

agent for the treatne cer, for. exa e suit bl e agents
e SRt T teer IS Sl e BB R O iR o
conbi nat i eppiofesmeateta@y aUFHA hitagBReht SﬂLHRHCdgbﬂWﬁfor%Hﬁhpléﬁoﬁﬂelm

al kyl ati ng agent (for exanple cis- platln carbopl atin
cycl op hosg rglén onfupsTEiiEne PRISTSKIEAn fﬁ’éwﬁrmleamegeéﬁqﬂ@ﬁaﬁ’ﬁh @i promatase

busul phan jQfipigor (bt eﬂﬁﬂl@ Mﬁ%ﬁ@zoleaﬂgtr%é %Ita%l? bi é)@n{egtgﬁe) %i‘ th?&lﬁnta? f;_

antifolate such as a fluoropyrimdine Ii'ke 5-fluorouraci’l or tegafu
raIt|tﬁexédIemumheswéwmﬁbam@yh03|ne ar abi nosi de, hydroxyurea,

i tabi | it axel. tjt t i bi ot Le.
Soh sy g aBBF VTR e B RSB SERRBI R,
epi rubi ci nike ndlahubthcdrrm imlblmﬁumﬁaseqalmﬁﬁagaﬁ@cytﬁxatbr@écepfof fumatong; n) ;

an antlnlto ent (for exanple a vinca aIkaI0|d such
vincristi rﬁ’é’ a]ilf} gﬁ“ﬁ‘é?ﬁ(g{%‘“ NEfEonglor GXaBle | agrawth fé“ﬁ""a?“ﬁﬁ@&i’ @1such

as_taxol Qkarhlﬁlé %e%ﬁ)erb@%nﬁb&dﬂﬂ%sﬁ%‘fﬁﬁ@%ﬁth’e b Rigp?anfif R cEn@IRbe an
cpi podophyl | ot oxi n such as ctoposi dc, tcn|p05|de, ansacri ne,

t opot e¥an [672H), edarpesst hiansfamgse mh(lbltor selyropine sinasd iphipierer asaihe/tatsonine
anti oestrqggn. &B%Htoﬁ)éﬁ‘mkb%} B E]Elﬂ&ma QJo&r‘Eﬂ Fa@f&? family (for example an EGFR

family tyrosine kinase inhibitor such as N-(3-chloro-4-fluorophenyl)-7-methoxy-6-(3-
morpholinopropoxy)quinazolin-4-amine (gefitinib}, N-(3-cthynylphenyl)-6,7-bis(2-
methoxyethoxy)quinazolin-4-amine (erlotinib) or 6-acrylamido-N-(3-chloro-4-

25 fluorophenyl}-7-(3-morpholinopropoxy)quinazolin-4-amine (CI 1033)), an inhibitor of the
platelet-derived growth factor family, or an inhibitor of the hepatocyte growth factor
family;

(v) an antiangiogenic agent such as one which inhibits the effects of vascular endothelial
growth factor (for example the anti-vascular endothelial cell growth factor antibody

30 bevacizumab, a compound disclosed in WO 97/22596, WO 97/30035, WO 97/32856 or
WO 98/13354), or a compound that works by another mechanism (for example linomide,

an inhibitor of integrin avf3 function or an angiostatin);



10 ral oxi fene, drol oxifene or iodoxyfene), an oestrogen receptor down
regul ator (for exanple fulvestrant), an antiandrogen (for exanple

bi cal ut am‘g§rw{9h§h%n de, nilutam de or cyproterone ace&iﬁg?@%oﬁmléeggy

ant agoni st agoni st (for exanple goserelin, |eu

buserelin), a progestogen (for exanple negestrol acetate), an

aromat ase inhibitor (for exanple as andstrozole, |etrozole, vorazole
or exenestane) or an inhibitor of 155a-reductase such as finasteride;

(i) an agent which inhibits cancer cell invasion (for exanple a
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i nhi bi tsor (vigiNan fgenbudedin OfenkhitergRi Ahofodel, f@eaihplehpsioothed Aepice(dberrant
exanple an EG-R fam |y tyrosine kinase inhibitor such as .

N- ( 3- chl orE8 - SpehAsraSpRaR P13 oabepanp 3R 4l prBRCA2, GDEPT (gene-directed enzyme

nor phol i n%—@ﬁ%’fﬂ&r&ﬁ&z Qgirgidh@ﬁ RT3 M8sdiB8igl dyidRinB Heaminase, thymidine kinase or
N- ( 3- et hynyl phényl) -6, 7- bi s(2- net hoxyet hoXy) qui nazol i n-éyl- am ne
(erl ot i ni §)bagierig-niEerodustpseloranne 3nd hppspaghe-to increase patient tolerance to

25f | uor op - 7= ( 3- TR i r i LN=4-.am Cl 1033)),
an inhi bi ? g'%lx%tpertz ?Pé&pr?%? g,]@%k; & g'gd?lia\g%gm )é)ri%rﬁg‘?%{é% g?&ftgérga%,&or an

i nhi bi toor (xf} at hgenheged ooy temgrotwtdpeliticcipproatia forl example\ek-vévo and in-vivo
ant i angi ogeni c .agent such as one whi.ch inhibits the effects of ..
Tascul ar  SRHBEHER RilterSiS e TR e UoibO PRUSIE B FRisedteh o5 BuBfcton
endot hel i adithctdkir@s ewdhhes firdell ik inad) it Qakkin30orReamRtdciermdbro a%@m&gvnd

di scl osed i.n WO 97/ 22596, WD 97/30035, WD 97/32856 or WD 98/ 13354),
or a conpdlimylating facips approgghes iydesEsassierhmess prRsPachswRedransiseiedhi de,

an i nhi bi tof,af célﬁ%@&f&s@y%‘ﬂr@%%k‘f@&%& @dhdffic @als,aﬁgméﬁe%tuisag: 15 (vi)
a vascul ar damagi ng agent such as conbretastatin A4, or a conpound

di scl osed cyekingtagsfectadbEmowaiigings Bxbappwaciod /uding @ati-idigy pic AgidtrRlies. WO

02/ 04434 0] ; | / | ' '
02104434 o1 VO,DELGFRATL ool AR EGORITI: ILAFETEB SRR
| SI' S 2503 foramlafi}, ior a abaramatdusiesiyerccdptabld dait)or solvag thetcolae dercinbalogene

Such o aBBprt sy REp o ABRERRR 5/ ceretbert BB GRS ot e

enzyme pr Qoflitighstifl @haEiodARP6A BEORTHS Lekptasactiigs® besdieal.Cyt osi ne
dcami nasc, thym dine kinasc or a bacterial nitroreductase enzyne and
approa¥hes to IhF&ariExtohthegneschigperitisitiantpe term "therapy” also includés

"prophylaxis" unless there are specific indications to the contrary. The terms "therapeutic"
and "therapeutically" should be construed accordingly.

The invention still further provides a method of treating diseases mediated by
PGD2 or its metabolites wherein the prostanoid binds to its receptor (especially CRTh2)

25 receptor, which comprises administering to a patient a therapeutically effective amount of
a compound of formula (I}, or a pharmaceutically acceptable salt, solvate or prodrug
thereof, as hereinbefore defined.

The invention also provides a method of treating an inflammatory disease,
especially psoriasis, in a patient suffering from, or at risk of, said discase, which comprises

30 administering to the patient a therapeutically effective amount of a compound of formula

(I), or a pharmaceutically acceptable salt or solvate thereof, as hereinbefore defined.



chenot herapy or radi ot herapy such as nulti-drug resistance gene
therapy; or 10 (ix) an agent used in an inmunot herapeutic approach,
for exarrpl‘iggex- ivo and in-vivo approaches to increase the

i nununogen iz?vug"fnﬂbati ent tumour cells, such as transFEtGFERVPINRS

cyt oki nes such as interleukin 2, interleukin 4 or

gr anul ocyt e- macr ophage col ony stinul atithg factor, approaches to
decrease T-cell anergy, approaches using transfected i mune cells
such as cytokine-transfected dendritic cells, approaches using

15cyt oki ne- t r affer e peeyetmiendignedilibiapsutia asesakridaspgeragdaviiatered syilhpf course,
anti-idio o [ i es. o r

resent i i EE cRGbER eployed, hBast b EiaT P RRER dfed age
phar maceutthecdibdrgerandiegpedabl e salt or sol vate thereof, as herei nbefore

defined in the_manufacture of nedi canment. for the tr.eatnen human

i seaces or  conth B RGP P TB MR S fosese R EEra A6y

i s benefi casl witk@k BomPpeurdeaipiiyed Ohe Mbge F RBMIErFBRCthE tréAMmbMMesitddqind

term"t herap(i/_ al so_i ncl udes "prophyl axi s" unless there are specific
1

i ndi cat i ot ¢¥resdndieiitdh ary. The terms "therapeutic’ and
“therapeutical e ¢ Qob%rﬁgmﬁ)% H%ng?%ggﬁ A atically accegéafﬂe salts and

invention still further provides _ treating di seases

medi at ed Bs9lvEepthersel ingy beresedioo (theiravnbig mail gencmlydreadmametdd bi the Sortaoof
its recep Lall 2) 200 I ich I .

adm ni st e%ﬁj?\la %E)ugl%%)a Opﬁ’g?ggﬁ]{%‘gﬁgggﬁﬁ ?%g"llzf @,\Qofn pé)gﬁ?c}\sr?gﬂsgﬁ’ngﬁen@c%vfe a
conpound digrédeniuik dn {ssdciatian veithphpltanmaeuti¢atightoepasieediuabltedif@ht or carrier.

splvate onBofig Lheleel AR sLrietere delined, The L ONPLLOL,
especi al | YoRgadd fash 8,05t 9RYRALpeLfint SEivERR)NGork HRTeraBlly Rk 0.05 o & %w,
sai d di sease, which conprises 30 admnistering to the patient a
t her apeut iSERPIoye BipfeERbly fremQniiun 0 gbw.nd shpouerd pelerebly rivnu0-(9 o Sbwa
e e AL AR Sl gl vy gt el o
above-went i onedhe prgseap nyentonudeprovidesdqhageacadtivandontpesitidn weriprising a
CouT S, o Stp e SRS A R 16 5B AL BLAE S b
before defined, in association with a pharmaccutically acceptable adjuvant, diluent or
carrier.
The pharmaceutical compositions may be administered topically (e.g. to the lung
20 and/or airways or to the skin} in the form of solutions, suspensions, heptafluoroalkane
aerosols and dry powder formulations; or systemically, e.g. by oral administration in the
form of tablets, capsules, syrups, powders or granules, or by parenteral administration in
the form of solutions or suspensions, or by subcutaneous administration or by rectal
administration in the form of suppositories or transdermally. Preferably the compound of
25 the invention is administered orally.
The invention will now be illustrated by the following non-limiting examples in
which, unless stated otherwise:
(1) the title and sub-titled compounds of the examples and methods were named using the
ACD labs/name program (version 8.0) from Advanced Chemical Development Inc,
30 Canada;

(ii) unless stated otherwise, reverse phase preparative HPLC (RPHPLC) was conducted

using a Symmetry, NovaPak or Ex-Terra reverse phase silica column;



For the above-nentioned therapeutic uses the dosage adm ni stered
will, of course, 5 vary with the conpound enpl oyed, the node of

adm ni st r avpam/obddey t reat nent desired and the di sorder picrdipzadsedos2s
The conpound of fornula (1), prodrugs and phanmeeutically acceptable
salts and solvates thereof may be used;pn their own but wll
generally be adm nistered in the formof a pharmaceutical conposition
in which the fornmula (I) conpound/salt/solvate (active 10 ingredient)
is in ass Y

i1 Uont o e ap B Pl S SRR oot

phar maceut(ivg selventarpers dtigdwitMdSQaroeNesSht y conprise from 0.05 to 99
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o 6 or of SRR ers Gl b bd e BTiE it b EupHd PP dyes
0.10 to S5@veitnantddd @t bitsraemogl oflicsidial salids spelf falyiag esenbybyWiltrgddn; bei ng
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defined, in association wth a pharmaceutically acceptabl e adjuvant,
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Sk eI pRREEL of frednd bRl of KR e or i P mcal
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adm nistration.in the form tabl ets, capsules, .syrups, powders or
ar anul s, SRS PEARYRFS QU SRsTREs Or(EAes bl o B e B or
suspensi oRsquadtet, BiYinSailgie SNRQUR daEH QlotddriA iHedBriRbr Ria VERES or major
admnistration in the form of suppositories or transdennally.

Pr ef er abl Ji42RAestic pratensnglvert inpstiheermillian (PRim) Telptivelio tairamethdsilage TVG) as
The i nventj apeiltanigW be illustrated by the follow ng non-limting
exanpl es I n which, unless stated otherw se: (i) the title and
sub-ti t | edixg onpowedidesofers Hrarasieaisgd esthamldyerehivodsogrphe (Haebighsi ng t he

ACD | abs/n [ogram (version 8. from Advanced, 1 C
bevel ope AP RERERT EXERRLERPAY Harc) MY ANO R R RTFL dftrrmg gy
phase prepiviRahalgsi$lPLC ( RPHPLC) was conducted using a Synmetry,

NovaPak or [Ex-Terra r rse ase silica . colun-m 17 iii) flash
col umn ch@nﬁlfl%gsp%w%iwﬁgﬁp%owgﬁmw Friadicalp e pareah msaF OGP AL -
when given; MM = MultiMode;

(xi) the following abbreviations are used:

EtOAc Ethyl acetate
DMF N,N-Dimethyl formamide
NMP N-Mcthylpyrrolidinone
MgSO,4 Magnesium sulphate

25 THF Tetrahydrofuran
RT ROOM TEMPERATURE
DCM Dichloromethane

MeCN Acetonitrile

30



(iv) solvents were dried with MgSO4 or Na2SO4; (v) Evaporations were
carried out by rotary evaporation in vacuo and work-up procedures
were carri fter renoval of residual solids such as dryin
agents by ﬁglzﬁ@@{)ﬁ%; (vi) Unless otherw se stated, oﬁ&%ﬁ#%?%g%§e
carried out at anmbient tenperature, that is in the range 10-40C and
under an atnosphere of an inert gas suth as argon or nitrogen; (vii)

yields are given for illustration only and are not necessarily the
maxi mum at t ai nabl e; évi ii) the structures of the end-products of
fornul a (Examplel:d@aF2-(Beghloyo-Aul2.alimethainyrealidin-prybearbonyldnet i c

resonance . ?Q&_Q‘% g}% hni ques; peak 10multiplicities
are shown as 1orlo l: ,’@?’%‘f‘é‘?#"%‘fﬁdoub| et; t, triplet; m

mul ti pl et ;a) ByChlbros3iefluaye-2tueth extybiphemyl;4-qurbotydke acid i NVR data i s
quoted in the fgrmof delta values for major diagnostic protons,
given in parts Rerosgd I lion (ppm relative to tetranethyl silane (TMS)
as an interyWgl[ sfandard; (ix) internedi ates were characterised by
thin | ayer r ormat ogr aphy (TLC), high-15 performance |iquid
chromat ograghy (HPLC), nass spectronetry (M5), infra-red (IR) or NWR
anal ysi s; Xx) mass spectra (Ms): generally only ions which indicate

o | bi'ng ABBR Y BIPRECaFdeidd: DR s ey Hosyphey Borontd'scld (015
DVFENN- Di- ey bushentlea i eheuch/ied MY bivd @mn% :ggR@ﬂi% NEquvbat g BRe] sbbonate

sul phate 25THFTet r ahydr of ur an RTROOM TEM {
solution (16 mL) and tetrakis(triphenyiphosphine) palladium(0) (0.14 g) were added and

the reaction was heated at 95 °C for 20 h. The mixture was diluted with water, extracted

with diethyl ether (discarded). The aqueous layer was acidified with aqueous 2M
10 hydrochloric acid, extracted with ethyl acetate, dried (MgSQO4) and concentrated under

reduced pressure to give the sub titled product as a cream solid (1.25 g).

MS: APCI(-ve) 279

b) 2,2-Dimethylpyrrolidine hydrochloride salt

pe

s HCHH
5,5-Dimethyl-1-pyrroline-N-oxide (2 g) in ethanol (40 mL) containing 10% Pd/C (0.5 g)
was stirred under an atmosphere of hydrogen (4 bar) overnight. The mixture was flushed
with nitrogen, filtered through Celite and the filtrate was treated with 4M HCI in dioxane
(5 mL). The solution was concentrated under reduced pressure and azcotroped with toluene
20 (x2) 1o give the sub titled product as an off-white solid (2.10 g).
1H NMR: 6 (CDCl3) 9.52 (2H, bs), 3.46-3.37 (2H, m), 2.15-2.01 (2H, m), 1.91-1.85 (2H,
t}, 1.55 (6H, s).



DCVDi chl or omret hane MeCNAcetonitrile W 2009/ 004379PCT/ GB2008/ 050525
18 Exanple 1:

(29)-2-(1 [(2,2-dimethyl pyrrolidin-1-yflcar | ].-5-

f | uor obi ﬁ‘%ﬂ?x@”@%ﬁ oXxy) propanoi ¢ acid a) % /éleLOS%:’OSZS
3-Chloro-5"-fluoro-2'-net hoxybi phenyl-4-carboxylic acid Cl

54- Br ono- 2- chl orobenzoic acid (1.1 g) khd

5-fl uor o- 2- net hoxyphenyl boronic acid (0.94 g) were suspended in
toluene (20 nL) and ethanol (20 nL). Aqueous 2M sodi um carbonate

sol ution EL&[@t§hlaretStBuergrd’dn ftthwmbmnpllﬂﬂbmrh@')ylbé,lz’rthmtlwimrqlmlnm
g) were added apdethe reaction was heated at 95 C for 20 h. The

m xt ure was hﬁil a( !gth wat er, extracted with diethyl ether

(di scar ded) a us layer was acidified with aqueous 2Mto

hydr ochl or tracted with ethyl acetate, dried (MgSO™4) and
concentr at e under reduced pressure to give the sub titled product as
a creamsolfd (1.25 g). Ms: APCI(-ve) 279 b) 2,2-D nethyl pyrrolidine

hydr ochl OrTihg%rosd%Ettfrgﬁ %?ep %?HCES_ 5 in DCM (20 mL} was treated with oxalyl chloride (0.44
mL) and a drop of DMF. The mixture was stirred at 1t for 1 h and concentrated under
5 reduced pressure Lo give an oil which was azeotroped with toluene. This acid chloride was
dissolved in DCM (10 mL) and treated with the product from b} (0.60 g) followed by
triethylamine (0.4 mlL) and the reaction was stirred at 1t overnight. The organic layer was
diluted with DCM and washed with water, dried (MgSQ4) and concentrated under reduced
pressure to give the sub titled product as a cream solid (0.6 g).
10 MS: APCI(+ve) 362

d) 3'-Chloro-4'-[(2,2-dimethylpyrrolidin-1-yl)carbonyl]-5-fluor obiphenyl-2-ol

The product from step c) (0.6 g) in DCM (10 mL) was treated with 1.0 M boron tribromide
15 in DCM (5 mL) and the reaction was stirred at rt overnight. The reaction was diluted with
DCM and washed with ice water, dried (MgSO,) and concentrated under reduced pressure
to give the sub titled product as a solid (0.5 g).
MS: APCI(-ve) 346
1H NMR (300 MHz, D6-DMSQ) 6 7.69 (1H, d), 7.59 (1H, dd}, 7.34 (1H, d), 7.19 (1H,
20 dd), 7.05 (1H, td), 6.95 (1H, dd), 3.17 (2H, t), 1.87 - 1.71 (4H, m), 1.52 (6H, s).

e) Methyl (2R)-2-{[(4-methylphenyl)sulfonyljoxy}propanoate

Q, Q
Q.0 I ~



5,5-Di net hyl - 1-pyrroline-N-oxide (2 g) in ethanol (40 nL) contai ning
10% Pd/ C (0.5 g) was stirred under an atnosphere of hydrogen (4 bar)
over ni ght . E; m xture was flushed with nitrogen, fllterez thr%_
Celite and"PrHE®M¥Y ate was treated with 4M HCL in di o %25
The sol ution was concentrated under reduced pressure and azcotropcd
with toluene 20(x2) to give the sub ti20ed product as an off-white
solid (2.10 g). 1H NWVR 8 (CDC13) 9.52 (2H bs), 3.46-3.37 (2H, m,
2.15-2.01 (2H, m, 1.91-1.85 (2H, t), 1.55 (6H s). WO

2009/ 004329k cRPEp81asTEP Hethy! Qg)er (6 66 g) was dissolved in MeCN (34 mL) and the

e L

treat ed wihytirooklatigd (0ci2l g)r A delu(iéh did-whjenemtfomyl dhiopdef! 1[E\E.in Me€ N34 truik)e
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o grve. adscumiadio eivalgis BSaHFE S Mg e Bt R e RS Rl
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(0.60 g) foll owed b%trlethyl amine (0.4 nL) and the reaction was

stirred atfugther Ye&hhi @ﬁﬁlmfﬁé’a%ﬁ‘@é‘?ﬂt@fqd&%‘?st {eadryesss (RaBeP O mpdoenfitipned
washed Wt W@k ercthyqiémedm@Wh@&gﬂ@@l@w%@&ﬁ%ﬂﬁ dekd (l\ﬁ%ﬁ*p@ﬁgnd the

pressure to give the sub titled uct as a creamsolid

VS: APCl (sok¥ntgemaykd to give the sub tltled product as a yellow oil that solldlﬁed in the freezer
Y- Chl or o- g “’?&?2 di met hyl pyrrolidin-1-yl)carbonyl|-5-fl uorobi phenyl -
-ol  The odutt front step c) (0.6 g) in DCM (10 nmL) was treated

W th 1,0 NHNMR SH{CDQI)M8de2H ), N3O, ([P, 4931 Hagy 31613 M e9.C2. 4 DB HVES
stirred at. rt_overnight. The reaction was diluted with DCM and washed
with ice det!d?Hdkied (MgS™) and concentrated under reduced pressure
to give the sub titled product as a solid (0.5 g). MS: APCl (-ve) 346

f) Methyl (2.5)-2-({3'-chloro-4'-[(2,2-dimethylpyrrolidin-1-yl)carbonyl]-5-
fluorobiphenyl-2-yl}oxy)propanoate

15
The intermediate from step d) (2.83 g) was dissolved in MeCN (30 mL). The product from

step ¢) (2.11 g) and potassium carbonate (2.25 g) were added and the mixture was heated

to 65 °C for 16 h. The mixture was cooled to rt and extracted with diethyl ether (x2), dried

(MgSQ4) and concentrated under reduced pressure to give an oil. The oil was purified by
20 flash column chromatography on silica using isohexane 3:1 ethyl acetate as eluent to give

the sub titled product as a colourless oil (2.29 g).

MS: APCI(+ve) 434

g)  (25)-2-({3'-chloro-4'-[(2,2-dimethylpyrrolidin-1-yl)carbonyl]-5-fluorobiphenyl-2-

25 yl}oxy)propanoic acid



1H NVR (300 MHz, D6-DMBO) 67.69 (1H, d), 7.59 (1H, dd), 7.34 (1H d),
7.19 (11-1, 20dd), 7.05 (1H, td), 6.95 (1H, dd), 3.17 (2H t), 1.87-

1.71 (411, wozooskosde (6H, s). e) Methyl PCT/GB2008/050525
(2R) - 2- 0( 4- met hyl phenyl ) sul f onyl | oxyl pr opanoat e WO

2009/ 004379PCT/ GB2008/ 050525 20 2- Hyeri(y propanoi ¢ acid methyl ester
(6.66 g) was dissolved in MeCN (34 nL) "and the solution cooled to 5
C. Triethylamne (9.8 nL) was added foll owed by trlrrethyl anm ne

hydrochl or 1
0} T e W Diddle ordAuen @) 82 S Rk Bl AR S8l Mol Ll iy i)
over 20 miand netrahydiofirag (1thall) empesiatdier Ofh. Ei“hbhﬁlxtwa&tasaiﬂutmlm valer,
The reactlo f.iltered thro and was dthrou

further tefﬁév‘ihl Fet hifée ]Wésddgﬁ?fg@r}t raf A e U0 $Y Waﬁiras‘? (thgt%M
30C) and m@ﬂﬁobﬁlbﬁaadldbeim&sa fHetehil aedter dAd(MBY®)) - and NRn&EARH Ginder
| ayer was separated, dried (MJSH) and the sol vents removed to give

the sulf tiredused preswrclo giee an 9ib| Ths\wilowes Rusisied &y reverseinkase) nien HBLE(Kisrey

( 13 513)7 égﬁlﬁﬂ @Mﬁz g%g&l%?%s )913%%%%@1'1%?%9?% ﬁq?e&g)ﬁ%shes%mtﬁo gﬁle(ﬂ‘}e‘_{itle
(28) 2- ({@Toct;lhl owhiteasolii(R7@gHi met hyl pyrrolidin-I-yl)carbonyl]-5-

f 1 uor obi pheay yI )propanoate 15 The internediate fromstep d)
(2.83 g) V\R/gg%? (Oeblﬂiés}’l n MeCN (30 nlL). The product fromstep c)

(2.11 g) amdNpR: a&@mmmmmaat(m(a) 2%69).63VEIE cg,dxzie@haaotmhﬂl)rwmw%
was heatedto 65 C for 16 m xture was cooled to rt

e moed (MUR A Srh b BTy 349315 GH 5 178 50t SadeRt Dal dar1 42

under redqﬁg pressure to give an oil. The oil was purified by
zofl ash co nﬁ chromat ography on silica using i sohexane 3:1 ethyl
acetate as eluent to give the sub titled product as a col ourl ess oi

(2.29 9) - grample 2: (28)-2-({3'"-chloro-4'-[(2,2-dimethylpyrrolidin-1-ylcarbonyl}-5-
fluorobiphenyl-2-yl}oxy)propanoic acid 2-methylpropan-2-amine salt

NH3+J<

15

The product from example 1 step g) (1.20 g) was dissolved in ethyl acctate, tert-
butylamine (1 eq) added and the volatiles removed in vacuo. The resuling solid was
recrystallised from MeCN (30 mL) to give the title product as a crystaline white solid (0.51
g
20 MS: APCI (-ve) 418

1H NMR: 5 (D6-DMSO) 8.04 (1H, bm), 7.73 (1H, d), 7.32 (1H, d), 7.18 (1H, dd), 7.07
(1H, td), 6.88 (1H, dd), 4.42-4.40 (1H, q), 3.18 (2H, t), 1.84-1.75 (4H, m) 1.51 (6H, s),
1.33 (3H, d), 1.19 (94, s).

25



V5. APCI (+ve) 434 g)

(25)-2-(13"-chloro-4'-[(2,2-di net hyl pyrrolidin-I-yl)carbonyll-5-fluor
obi phenyl - 2- 25yl | oxy) propanoic acid o o C 0 WO .
2009/oo43ﬂé9&$?é&?5608/050525 21 The product from st ep BVGREHPELS ed
wi t h aqueous 2M sodi um hydroxi de solution (10 nlL) and tetrahydrofuran
(10 niL) and stirred for 1 h. The nm xt# e was diluted with water,
extracted with diethyl ether (discarded). The aqueous | ayer was
acidified with 2M hydrochloric acid, extracted with ethyl acetate,

dried (Mdeampind leyge Seale Synthedind®)-29 {3 shlnred '-HRdstimethylpyrgphdindn

oil. The Qi e f ] Vi : r

sing a oo R RapvR R QR B AR CAGE 2 bRy Rl T
gi ve t he ta) 84hlmroedtftitore-2ihietloxgbiphenylH-d@bgRylichEd APCI (-ve) 418
114 NVR. S (D6-DMSO) 7.81 (1H, s), 7.66-7.63 (114, d), 7.42-7.14 (3H,
ni), 7.01-6.96 $o(1H, nm, 4.93-4.86 (1H, q), 3.19-3.15 (2H, ni),
1.86-1. 73 (&, 7 P°%. 52 (6H, s), 1.45-1.42 (3H, d). Exanple 2:
0-4'-[(2,2-di et hyl pyrrolidin-I|-Acarbonyll-5-

1- 2-yl } oxy) propanoi ¢ aci d 2-net hyl propan-2-am ne salt

4-Bromo-2-chlorobenzoic acid (205 g} and 5-fluoro-2-methoxyphenylboronic acid (161 g)
were dissolved in toluene (2 L) and ethanol (2 L) in a 10 L reactor vessel. Sodium
carbonate (2 L of a 2 M aqueous solution) was added followed by
tetrakis(triphenylphosphine)palladium(0) (15.39 g). The reaction was heated at 75 °C for
10 16 h. The reaction was diluted with water (2.5 L) and TBME (2 L) and stirred. Further
water (0.5 L) was added and the mixture stirred for a further 5 min to complete dissolution
of the solids. The aqueous layer was separated , filtered through a Celite pad and cooled to
15 °C. The solution was acidified to pH 1 over 1 h by the addition of conc, HCI (532 mL,
final pH1). The solid was filtered off and washed with ice cold water (400 ml) to give a
15 tan solid. This was dried for 72 h in a vacuum oven at 45 °C over CaCl; to give the sub
titled product (237 g).
MS: APCI (-ve) 279
1H NMR: & (D6-DMSQO) 7.84 (d, 1H), 7.66 (d, 1H), 7.56 (dd, 1H), 7.21 - 7.30 (m, 2H),
7.14 -7.18 (m, 1H}), 3.78 (s, 3H).

20  This process was repeated on similar scale to give a further 228g (465g in total).

b) 2,2-Dimethylpyrrolidine

2,2-Dimethyl-3,4-dihydro-2H-pyrrole 1-oxide (0.31 L) was dissolved in EtQAc (3 L) and
25 Pd/C (32 g) was added. The reaction was stirred under a hydrogen atmosphere (4 bar } for

16 h. The mixture was filtered through celite. Fresh Pd / C catalyst was added (32g) and

the hydrogenation continued for a further 24 h. The mixture was filtered through celite.

Fresh Pd / C catalyst was added (32g) and the hydrogenation continued for a further 24 h

The mixture was filtered through celite. Fresh Pd / C catalyst was added (32g) and the



The product fromexanple 1 step g) (1.20 g) was dissolved in ethyl
acetate, ten- butylamne (1 eq) added and the volatiles renpoved in

wow. The r olid was recrystallised from MeCN ( Q gLve
t he t|tle‘§§gd®£:0?&a€ a crystaline white solid (0.51 8) &%65%9350&?’

(- ve) 418 1H NVR S (D6-DVBO) 8.04 (1H,_ bm), 7.73 (1H, d), 7.32 (1H,
d), 7.18 (1H, dd), 7.07 (1H td), 6.882%1H dd), 4.42-4.40 (1H, q),
3 18(2H t), 1.84-1.75 (4H, m 151(6H s), 1.33 (314, d), 1.19

E g?) 3 ( 1éry§@sw%%leﬂ aent{ne%dL B %ﬁﬁ@@ﬁé‘f py @Q&Eﬁ'@wa@ﬁw% hergh pelie.firepr o
B oy, B0 S RSAP MR e e RAULAU GO Th Espoline)
mixture was filtered through cellte Fres Pd / C catalyst ¥vas added (32g) and the
hydrogenation continued for a further 24 h. The mixture was filtered through celite to give
5 asolution of the sub titled product in EtOAC (3.17 L) which was used without further
manipulation,
Analysis of an aliquot by NMR showed the solution to have a concentration of 0.74 M.
GCMS confirmed the complete consumption of starting material.
GCMS MW 99 (100%)

10 1HNMR d (CDCL3) 2.90 (t, 2H), 1.74 (quintet, 2H), 1.46 (t, 2H), 1.09 (s, 6H).

¢) 1-[(3-Chloro-5'-fluoro-2'-methoxybiphenyl-4-yl}carbonyl]-2,2-dimethylpyrrolidine
I 0

Thionyl chloride (0.177 L) was added to a suspension of the product from step a) (453 g)
15 in toluene (4 L) and the reaction heated at 75 °C for 16 h. The volatiles were evaporated
and the residue azeotroped with toluene (1 L) to give a beige solid. This was dissolved in
ethyl acetate (1 L) and added dropwise over 30 min to a mixture of triethylamine (0.45 L)
in ethyl acetate (0.5 L} and the product from step b) (2.62 L) at 10 °C. The reaction
temperature increased to 17 °C over the addition. The reaction was stirred at 23 °C for 1 h

20  then washed with water (2 L), IN HCI (2 L), sat. aqueous NaHCO3 (2 L), and brire (2 L).
The organic layer was separated, dried (NapSO,4) and solvent evaporated to give after

drying the sub titled product as a colourless solid (550 g).
MS: APCI (+ve) 362 / 364

25 d} 3"-Chloro-4'-[(2,2-dimethylpyrrolidin-1-yl)carbonyl|-S-fluorobiphenyl-2-ol
[V

5P

F



4- Br ono- 2- chl or obenzoic acid (205 g) and

5-fl uoro- 2- net hoxyphenyl boronic acid (161 g) were dissolved in

t ol uene (2wb)2o@vud43e hanol (2 L) in a 10 L reactor vessaCT/Epgdosuns2s
carbonate (2 L of a 2 M aqueous solution) was added fol |l owed by
tetraki s(tri phenyl phosphi ne)pal | adi um(§) (15.39 g). The reaction was
heated at 75 C for 1016 h. The reaction was diluted with water (2.5
L) and TBME (2 L) and stirred. Further water (0.5 L) was added and
the mixt Urﬁe?ﬁ’éd’u’é@l@olﬁ ?f (580 LY Ed&Epchddd 48% reﬁ& éégﬁ(ta%h tahﬁ Refid at

t he solids he aqueous er was separated ltere

Cel i te pacPSaﬁ?cfowoh than t:@)lq t0@3 “Thaad stotagtfoor2 Weaghdﬂwﬁa fél@hrednofﬁhhdl
over Q o 1 I I|d
was fil te%aéﬁgﬁiﬁg%gttev\gqﬁ (rj;d?l%tﬂ ﬁinieh(jg) ko) q%gt%m Wéight(t §6§°rd%l??§t"85"'g}%%v2 a
15 tan solsblid wahsispaudsd thrwaek (6 ds) aﬂt?sthrddﬁrlgbrma@lhiﬁmﬁgiﬁﬂﬂ&tso%w@s foMeaed

CaCIZto t he sub. titled pro ve) 279 1H
NVR: 8 %( f%ggoyaslyechﬁlt}( Hateg”q}tﬂ thf:dfggate gvas Eﬁ)g) Tl;e %E@P H:r c%w s yashed
-7.30 (M vt iso-Rexbfte and/difed it Bvackithn 0v3n 4844 o3l h t?OTOIR b QEQSFHoNRS
repeated on simlar scale to give a further 228g (4659 in total). b)
2, 2- Di met K§96%% r ol i di ne 2, 2- Di met hy1- 3, 4- di hydro- 2H pyrrol e
l-oxide (0.31 L) was dissol ved in EtOAc (3 L) and 25 Pd / C (32 g)
was added. The reaction was stirred under a hydrogen atnosphere (4
bar ) for M& APCItree)#48t ure was filtered through celite. Fresh Pd / C

Fur tnep 24 PO O LA AL Tk LR B ERD o B pas T ey B

cat al yst aosiad 1082695 aad1ahe. ihydragenat i pgs GantHNUSH(sf o). a
further 2\2@? The@m g?ure \j\egs f?l te?(edH?’hrough c(eh??l te) Fr(esh )Pd / C
catal yst was added (32g) and the 23 hydrogenation continued for a
further 2 . i h Pd/ C
cat al yst - apa b TSl BdRR G SR R AR EDE bR IEST 2
further Zﬂuﬂrombenﬁ-iﬂ’t!ﬁﬂey)mspwateer ed through celite. Fresh Pd / C
cat al yst V@soadded (32g) and the hydrogenation continued for a
further 24 xture was filtered through celite to give a
solution o | ed product in EtOAC (3.17 L) which was used
wi t hout fur ation. Analysis of an aliquot by NVR showed
the solutio o have a concentration of 0.74 M GCMS confirned the
conpl efe con unption of starting material. GCVMS MV 99 (100%

The product from step d} (206.4 g} was dissolved in NMP (1 L) and potassium fert-
butoxide (65.9 g) added portionwisc in (6 x 10 g and 1 x 5.9 g). The temperature rose to 35
°C during the addition. The reaction was stirred at RT for 30 min and then added dropwise
over 3 h to a solution of methyl (2R)-2-{[(4-methylphenyl}sulfonylJoxy} propanoate

20 (example le, 169 g) in NMP (1 L) maintaining the temperature at 20 °C. The reaction was
split in half and each was independantly added to water (10 L) and extracted with diethyl
cther (5 L). Each aqueous was salinified (add 1.5 Kg of NaCl) and the diethyl ether

extraction repeated. The combined organics were dried (N2,8O,) and solvent evaporation

gave the crude product (~300 g). This crude product was combined with an additional

25 batch of crude product produced from a repeat synthesis (~310 g) and purified by large
scale prep HPLC (Kromasil Silica 10um 604, 25cm x 150mm, 20% Ethyl acetate in iso-
hexane, 100ml/min. run time 20 min. 280nm) to afford the title product (307 g)
MS: APCI (+ve) 434



IH NVMR d (CDCL3) 2.90 (t, 2H), 1.74 (quintet, 2H), 1.46 (t, 2H), 1.09
(s, 6H). c)

1- 1[ ( 3- Chl \Qb%nRyouiz-4ior o- T- met hoxybi phenyl - 4- yGcar bony 115y s A diRb Ny P
yrrolidine Thionyl chloride (0.177 L) was added to a suspens?s?)fﬁ o?
the product fromstep a) (453 g) isin £§euene (4 L) and the reaction
heated at 75 C for 16 h. The volatiles re evaporated and the

resi due azeotroped with toluene (1 L) to give a beige solid. This was

m xtur o off & PEOT S Eort 0sH kv BriGara oPlkaaby oS mtorahiphehsl 2

product fr Wﬁ?e%,mldﬁuﬁ&yuhnme & 4eid The reaction tenperature
increased to 1

over the addition. The reaction was stirred at 23 C

for 1 h 20°fen washed with water (2 L), INHCL (2 L), sat. aqueous
NaHCO3 (2 e BT (2 L). The organic |ayer was separated, dried
(Na2SO™4) and nt/szgaporated to give after drying the sub titled
product as @ c¢lolourless solid (550 g). Ms: APCI (+ve) 362 / 364 25d)

Y- Chl oro-4' 4(12, 2- di net hyl pyrrolidin-1|-yl)carbonA-5-fl uorobi phenyl-2-o0
I 24 The product fromc) (550 g) was suspended in 48% hydrobrom c
acid (4. 5"[‘0)&@@61‘05%&&?&%51}1&511 gflfh@?roliﬁcdfrdnhﬁ@pé) Qb Eg) 1&1@“1—1&3&3@,)4% added

stirred for 72 h e solid tered wasShed h "wat er

L) and 5t hasowfipe af ibium kslietidnmil4he) @matqrdO &1 6n¢ s 2qacton ftirgeg|at BT fmhe
olid wa e 0 ht .
The sol 1 ‘aani ARG MNBLRE sdlich) o 30Ewat ddb i d O BYORR L QUETTRE OT
was pH 7. OTgaelosfmchanaa; ccmcerdalk@ rmecumatbhedldmtdadlswweumwéﬂd)auhmﬂmj
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washed with portions of water until the filtrate was pH 6. Iso-hexane was eluted through
10 the filter cake to remove excess water and the solid was dried in a vacuum oven for 48 h at
40 °C to give the title product in crude form (259 g).
MS: APCI (+ve) 420
MeCN (1.3 L) was added and the mixture heated to 74.5 °C ( internal temperature) over 22
min until a clear solution was obtained. The mixture was maintained at this temperature for
15 10 min then cooled linearly to 20 °C over 1 h and then stirred for a further 1 h at 20 °C. The
resulting solid was filtered, washed with MeCN (250 mL) and iso-hexane (500 mL) and
dried at 40 °C under vacuum for 72 h. to give the sub titled product (216 g).
MS: APCI (+ve) 420
IH NMR 8 (D6-DMSO) 13.12 (s, 1H), 7.81 (s, 1H), 7.64 (d, 1H), 7.36 (d, 1H), 7.28 (dd,
20 1H), 7.18 (id, 1H), 6.99 (dd, 1H), 4.90 (q, 1H), 3.17 (t, 2H), 1.94 - 1.66 (m, 4H), 1.52 (s,
6H), 1.44 (d, 3H).

g) (25)-2-({3'-chloro-4'-[(2,2-dimethylpyrrolidin-1-yl)carbonyl]-5-fluorobiphenyl-2-

yl}oxy)propanoic acid 2-methylpropan-2-amine salt



M5: APCI (+ve) 348 101H NWR S (D6-DMS0) 9.77 (s, 1H), 7.69 (s, 1H),
7.59 (d, 1H, 7.35 (d, 1H, 7.19 (dd, 1H), 7.05 (td, 1H), 6.95 (dd,
1H), 3.17 Wo.ooiidheszd- 75 - 1.85 (m 4H), 1.52 (s, 6H). & iMé/OwUszs
(2S)-2-({3Lehloro-4"4(2, 2- dlnethylpyrrolldln 1-y1) car bonyl
f1 uorobi phenyl-2-yl | oxy) propanoat e he product fronlstep d)
(206.4 g) was dissolved in NWP (1 L) a% pot assi um t enbut oxi dc (65.9
g) added portionwise in (6 x 10 g and 1 x 5.9 g). The tenperature
rose to 35 C during the addition. The reaction was stirred at RT for
30 min and then ded dropwi se over 3 h to a solution of nethyl
(2R) - 2-{[ (4- *E£hyl phenypsul f onyf | oxyl propanoate 20 (exanple le, 169
g) in NW (1 L) mai ntai ning the tenperature at 20C. The reacti on was
split in h an@|each was i ndependantly added to water (10 L) and
extracted -m;ﬁééether (5 L). Each aqueous was salinified (add
Ol

1.5 Kg of Nadl di et hyl ether extraction repeated. The

conbi ned ord dried (Na2SO4) and sol vent evaporation gave
the crude product (-300 g). This crude product was conbined with an
addi ti onal 25 batch of crude product produced from a repeat synt hesi s

310 i £ cA L
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vigorously stirred solution of the product fromstep e) (307 g) in
THF (3 L) hes{dp &)of the title (ferz-butylamine salt) product from example 2 and the niixture

was stirred for 16 h. The solid was then filtered off, washed with ice-cold MeCN (500 mL)

and dried to constant weight at 40 °C under vacuum to give the title product (280g).
MS: APCI (+ve) 420

10
IH NMR 8 (D6-DMSO) 8.17 (s, 2H), 8.06 (s, 1H), 7.73 (d, 1H), 7.32 (d, 1H), 7.18 (dd,
1H), 7.07 (td, 1H)}, 6.89 (dd, 1H), 4.44 (q, 1H), 3.18 (t, 2H), 1.89 - 1.69 (m, 4H), 1.49 (s,
6H), 1.33 (d, 3H), 1.18 (s, 9H).

15 Example 4: (25)-2-({3'-chloro-4'-[(2,2-dimethylpyrrolidin-1-yl)carbonyl]-5-

fluorobiphenyl-2-yl}oxy)propanoic acid crystaline free acid.

To a solution of the product from example 3 step ¢) (21.4 g) in THF (200 mL) was added a
solution of lithium hydroxide (10.35 g} in water (40 mL) with vigorous stirring. Afier 45

20 min, aqueous 20% brine solution (160 mL) was added and the layers separated. The
organic fraction was concentrated in vacuo, the residue re-dissolved in water (400 mL) and
acidified to pH 2 with conc HCI whilst stirring. The resulting precipitate was filtered and

washed with portions of water until the filtrate was pH 6. Iso-hexane was eluted through



5a solution of |ithium hydroxide (148 g) in water (0.6 L) and the
reaction stirred at RT for 45 m n. Agqueous 20% brine solution (2.5L)

was added gRGodoi@shayers separated. The organi ¢ fracti Gy @Sunsosos2s
concentrated in vacuo, the residue re-dissolved in water (6 Lg an

the stirred mxture acidified to pH 1 %th conc HCl. The resulting
precipitate was filtered and washed w portions of water until the
filtrate was pH 6. |so-hexane was eluted through io the filter cake

L oS RS LA B i VS B RS '
APCl  ( +ve)givbAfle R Noldet $n drhder@sm adred. Apdrtionef Mixiokde1 an@a@%cmtaﬁfse@
C ( internal terrperatur_e&I over nuntil a clear solution was

22
obt ai ned. PYHEAGRELD B Me (Ll 4iSalwics, follied b shabng &b R1gtioin n
then cool gg: j¢ mﬁﬁféoyx_e&gn%@megxﬁhmg sBIli@EHQi dr98B P bd b ﬁgaf%‘]d?%%{lftl(é%g%ﬁ% 1

h at 20C. The resulting solid was filtered; washed wt )
and i s@- hd®apeLY 500 nL) and dried at 40 C under vacuumfor 72 h. to

ive th 14 duct (216 g). MS: APO (- 1- 420 1H NMR S
?bé?mBS)*?@-.%éﬂ(@?e)%%?, ug.sg (s,g?m), 7.64 (él, 1¥|)e) 7.36 (d, 1H),

7.28 (dd, 1208MR & DALBMI®, 131H)(s, BNQRS( ¢gl1HY,H)64 (4, 9D, 196 (d HE), B28l@d( T,
2H), 1.94- 1.66 (rrh1 4H) , 1.52@ 6H), 1.44 %d 3|—%. %

(25) - 2- ({ VBT 8} ol 33 (py D689 frich M GyA0 (81 110 ALY Cy 250 iy s 4o o
bi pheny1- 2-soyk }eaxy) 04 @3Agi ¢ acid 2-net hyl propan-2-am ne salt 25 26
NHi rk To a suspension of “the free acid product fromstep 0 (215.4 g)
stirred in MeCN (1.5 L) at RT was added tert-butylamne (0.054 L) in
MeCN (1 L) in one portion. The tenperature rose from23 Cto 28 C. An
honngeneo%yag;l%g{bms obtai ned nonmentarily before

Description of Figures
Figure 1: X-ray powder diffraction pattern of polymorph A of Example 2 (2-methylpropan-
2-amine salt)
15 Figure 2: X-ray powder diffraction pattern of polymorph A of Example 4 (free acid)
Figure 3: X-ray powder diffraction pattern of polymorph B of Example 4 (free acid)

Instrument Details:

o XRPD data were collected using either a PANalytical CubiX PRO machine or a
20 Philips X-Pert MPD machine.

o XRPD - PANalytical CubiX PRO
Data was collected with a PANalytical CubiX PRO machine in 6 - 0 configuration

over the scan range 2° to 40° 20 with 100-second exposure per 0.02° increment.

25 The X-rays were generated by a copper long-fine focus tube operated at 45kV and
40mA. The wavelength of the copper X-rays was 1.5418 A . The data was
collected on zero background holders on which ~ 2mg of the compound was

placed. The holder was made [rom a single crystal of silicon, which had been cut



S5precipitation of a solid. The mxture was stirred for 1 h then
conbined with additional batches (36 g) of the title (tert-butylam nc
sal t) prodgetdoigsyexanpl e 2 and the m xture was sti rrq;d:ﬁ(%m@sﬁ,sggb
The solid was then filtered off, washed with ice-cold MeCN (500

and dried to constant weight at 40 C upder vacuumto give the t|tIe
product (280g). Ms: APCI (+ve) 420 10 NVR S (D6-DVS0) 8.17 (s,
2H), 8.06 (s, 1H), 7.73 (d, 1H), 7.32 (d, 1H), 7.18 (dd, 1H), 7.07
(td, 1H), 6.89 (dd, 1H), 4.44 (g, 1H), 3.18 (t, 2H), 1.89- 1.69 (m
4H), 1.49 (s, 6ldhg ahosdiffrektingllane dnd. ek FolisBED on d:DéptRAM} Bat4inish. The X-
(2S)-2-03'-chloro-4'-[(2, 2-di net hyl pyrrolidin-1-yGcarbonyl | -5-

f I uor obi pheny| r2¥s jacidsriynondhia estast aeicncenigd by Prage ektirgéionci d. Cl o o o
To a solution of the product fromexanple 3 step ¢) (21.4 g) in THF
(200 nL) was added a solution of lithium hydroxide (10.35 g) in water
(40 nL) Wt ho ViPgRinhessP&t MPDI Ng. After 45 20 mm aqueous 20% bri ne
solution (160 nit) was added and the |ayers separated. The organic
fractien was cattemsrcatieded ysingactidlipsphEert dFymachiee i Gsbindd 3 wat er

400 nL d t

§esu| ti )ngagr eglc:ofﬂggfa 101\}\%%%? hhle e ﬁn%?qﬁf%d%kﬂfﬁg?ﬁ%‘hg&ﬁp s
until the filtiRtneABSTIRIK Bayshie: Hasana oﬁ%éﬂl&% kY BEGubLop et at
filter cake to renove excess water and t solid was dried in’a

vacuum oven at 43V axd #ngh v Ehe Weveldngths Oﬁirh@@emncr Korags woie 1f SO (K20 agd .

o Prea (s ) PR o bt FORRURRE ) Se Rl BB L

f ]9][ 1310[1hanfl tclgﬂng%ﬁugtae?@guﬂgh@as 5%@&1 'va'léﬁtghp%grw(iiﬁ{eé)de g%ﬁla%%\l@myaﬂl& to

artor e i € proauc \'

(D6 DVB0) 13. 13111951, whidgh hag | moqxéalongea norpdigigactidg plekl andrh@epqlighedion) an
.28 (dd,

optically flat finish. The X-rays incident upon this surface were negated by Bragg

extinction.

15 o DSC thermograms were measured using a TA Q1000 Differential Scanning
Calorimeter, with aluminium pans and pierced lids. The sample weights varied
between 0.5 to Smg. The procedure was carried out under a flow of nitrogen gas
(50ml/min} and the temperature studied from 25 to 300°C at a constant rate of

temperature increase of 10°C per minute,

o GVS profiles were measured using a Dynamic Vapour Sorption DVS-1 instrument.
The solid sample ca. 1-5mg was placed into a glass vessel and the weight of the
sample was recorded during a dual cycle step method (40 to 90 to 0 to 90 to 0%
relative humidity (RH), in steps of 10% RH).
25
Those skilled in the art will appreciale that 2-theta values may vary slightly depending on
the instrument used and the precise nature of the experiment. The invention encompasses

crystalline forms having 2-theta values substantially similar to those defined herein.

30 Analysis of Example 2: (25)-2-({3'-chloro-4'-[(2,2-dimethylpyrrolidin-1-yl)carbonyl]-
S-fluorobiphenyl-2-yl}oxy)propanoic acid 2-methylpropan-2-amine salt polymorph A



1H), 7.23 - 7.13 (m 1H), 6.99 (dd, 1H), 4.90 (g, 1H), 3.17 (t, 2H),
1.89- 1.70 (m 4H), 1.52 (s, 6H), 1.44 (d, 3H). 10 Physical Form Data

Descri pti opo@hosfbsses es Figure 1: X-ray powder diffract i @sbssaisisof
pol ynmor ph A of Exanple 2 (2-nmethyl propan2-am ne salt) 15 Figure 2:

X-ray powder diffraction pattern of polynorph A of Exanple 4 (free
acid) Figure 3: X-ray powder diffractioh pattern of polynorph B of
Exanple 4 (free acid) Instrunent Details: 0 XRPD data were
col l ected using either a PANal ytical Cubi X PRO nachine or a 20Phili ps
X-Pert MPD machine. o XRPD - PANal vtical Cubi X PRO Data was

col l ected Al\é;ahﬂplﬁoﬂ%%hﬁbletﬁ Ay mézph M BROERebynRe procdiure dds&ibafl igéeMagiplcon

over the ran 00- second exposure per 0.02
i ncrenent . 3@%’%9&’3’\%9@ %@gté‘égby a copper long-fine focus
t ube operated at 45kV and 40mA. The wavel ength of the copper X-rays

was 1.5418 A The data was collected on zero background hol ders on
whi ch = 2rfe areltingdemperplaerd chrmsplp L aebmorntha ah détepinedshy hdecqurgdvath

non-a 1 1v 5ot R BreC il WAk BuRRdEBRPnshen g o BRI 0, ay mprsurtiy

The X-ray$GVSicimeRPDupffactidhi gt roff agznphe pol@ﬁ@qﬂﬂd lsqgtesBﬁtaggl Figure 1.
extinction. o Philips X-Pert MPD

The polymorphic form produced {rom the large scale route (example 3g) was identical to

10 this example 2 polymorph A according to XRPD.

Slurry experiments in 10 solvents at room temperature for 7 days produced crystals of the
previously determined polymorph A. Solvents investigated were; acetone, acetonitrile,
dichloromethane, 1,4-dioxane, ethanol, ethyl acetate, n-heptane, cyclohexane, toluene and

15 water.

Analysis of Example 4: (25)-2-({3'-chloro-4'-[(2,2-dimethylpyrrolidin-1-yl)carbonyl]-
S5-fluorobiphenyl-2-yl}oxy)propanoic acid free acid polymorph A

20 A sample of example 4 polymorph A was obtained by the procedure described in example
4 and was analysed by XRPD, DSC and GVS.

The melting temperature of example 4 polymorph A as determined by DSC gave a single
endothermic event, occurring at 180 °C (£ 2°C), with a water uptake of 0.7 % between RH

25 0f 0% - 80%, as measured by GVS. An XRPD diffraction pattern of example 4 polymorph
A is presented in Figure 2.

The polymorphic form produced from the large scale route (example 3f) was identical to
this example 4 polymorph A according to XRPD.

30
Slurry experiments in ethyl acetate, MeCN and n-heptane at RT and ethyl acetate at 50 °C
for 9 days produced crystals of the previously determined polymorph A.



5Data was col lected using a Philips X-Pert MPD nachine in 8 - 0 and O
- 20 configurations over the scan range 2 to 40 20 with 100-second
exposur e p&pb HovddsdziiCcrenent. The X-rays were generat ed QyrGeafiReHs

| ong-fine focus tube operated at 45kV and 40mA. The wavel engt hs of

t he copper X-rays were 1.5405A (Kul) ag&l 1.5444 A (Ku2). The data was
coll ected on zero background hol ders on"which - io 2ng of the
conpound vvas pl aced. The hol der was nmade froma single crystal of

silicon, ut 10004 f5ractin ne and then
pol i shed on re %“ggg ?yﬂsé’?h ﬁp@eﬁi‘?ﬁﬂ%&g '%ﬁc)gm %c[ﬂd%nt upon this
surface weimeﬂ@ggrradldw-1Bﬂﬁg@mr]4mammphammﬁxympmaﬁﬁd\ﬁeeacld
nmeasur ed us QLO00 Differential Scanning Calorineter, with
al um ni umi? 059 pierced |ids. The sanple weights varied bet ween
0.5 to 5”§Slu\’§@(p@ﬁﬂﬁﬂt§ Wil M@SpIE ApolyRtbrpA ik WHRE aR T bWy AHAMARS
gas (50m./mn) and the tenperature studied from25 to 300C at a
const arit A€ fer ﬂewm%é? ayitie pepadEmerph Bo Eolymorpli Bgeealse bracdys
profil es r Sorption DVS-1
|nstrunen\t%ﬁ@‘ﬂggg%wgg]%d&E gf%ggy%ﬁgk&' aaEﬁglaced into a glass vesse
and the wei ght of the sanple was recorded during a dual cycle step
met hod (4Q.to o re ative_hu n of
Tove Ry - 2B ARIE Spr e el P erdT B g Fuimifed v RsC gy i
val ues Mmaynyatheinst &v@hi, byc&(ﬁ{geﬂdggrgc@n tdye instrunment used and the
preci se nature of the experinent. The invention enconpasses
crystalPline forns having 2-theta values substantially simlar to
t hose defﬁﬂn%chﬁﬂﬁ a0 2009/ 004379PCT/ GB2008/ 050525 29 A sanpl e of
exanple 2 p nDrp mas obt ai ned by the procedure described in
exanple 2 Fagmie mna?ﬁ-aa)ymcﬂebgnfﬁ(ﬂﬁml PSSt afnjrali-‘-}i@ 2, pol¥merphedt i ng

t enper at ur exanple 2 pol ynor et er C, occurred
w thonset e 1A Gt S Michi Pofin R EoGRPls 5o BeRIA "R of 0% -
80% as nwragit B dayX-SowAier KRPERth i)fit[eﬁhﬁ:bf SampRi4, gomefphex.anpl e 2
pol ymorph A is presented in Figure 1. The pol ynor phic form
producd fromthe large scale route (exanple 3g) was identical to io
thi's exampparmaddgitAia A according to XRPD. Slurry experinents in
10 solvents at roomtenperature for 7 days produced crystals of the
previ ous| y12AESIRGIRBAS38E| yor ph A, Sol vent's i nvestigated were:
acetone, acetonitrile, dichloronethane, 1,4-dioxane, ethanol, ethyl
acetate, n: hept ane, cycl ohexane, tol uene and

[PH]PGD, was purchased from Perkin Elmer Life Sciences with a specific activity of 100-

20 210Ci/mmol. All other chemicals were of analytical grade.

HEK cells expressing thCRTh2 / Gal16 were routinely maintained in DMEM
containing 10% Foetal Bovine Serum (HyClone), 1mg/ml geneticin, 2mM L-glutamine
and 1% non-essential amino acids. For the preparation of membranes, the adherent
transfected HEK cells were grown to confluence in two layer tissuc culture factories

25 (Fisher, catalogue number TKT-170-070E). Maximal levels of receptor expression were
induced by addition of 500mM sodium butyrate for the last 18 hours of culture. The
adherent cells were washed once with phosphate buffered saline (PBS, 50ml per cell
factory) and detached by the addition of 50ml per cell factory of ice-cold membrane
homogenisation buffer [20mM HEPES (pH 7.4), 0.1mM dithiothreitol, ImM EDTA,

30 0.lmM phenyl methyl sulphonyl fluoride and 100pg/ml bacitracin]. Cells were pelleted by
centrifugation at 220xg for 10 minutes at 4°C, re-suspended in half the original volume of

fresh membrane homogenisation buffer and disrupted using a Polytron homogeniser for 2 x



i swater. Analysis of Example 4:

(2S)-2-({Y-chloro-4"-[(2, 2-dinmethyl pyrrolidin-|-yl)carbonyl]-

5-f 1 uor obi wibenywlonds7y| } oxy) propanoi ¢ acid free aci d pol yronEEzeds/ 30524
sanpl e of exanple 4 pol ynorph A was obtai ned by the procedure

described in exanple 4 and was anal ysed, by XRPD, DSC and GVS. The
melting tenperature of exanple 4 polyndrph A as determ ned by DSC
gave a single endothermc event, occurring at 180 C ( 20, with a

wat er upt %e&J dq’)u?sts% Q@}lgﬁ%r}? T al?gll glﬁ’e ﬁ%kﬁls H?@?gllérrglgo@e)ﬁb |Sn

An XRPD ditfraction presente
Fi gure 2. c?ﬂaﬁ[gatlmmﬁxg:fdﬁ a0 mqwtexm d&q aﬂct mmtehé>rdm rfguetmqadlleted byt e

g(eRégnpgg i ri g‘SgBélr? gttrthQﬁ(?xgrfér igiﬂirélgq%)é? %% %r@gﬁeﬁo{ ‘BEI;'S ré—sggp%gée%iilq 9 nE.IO

(2S)-2- (1?0f n@bese-mopénisation buffer per cell factory used and the protein content
di et hyl pyrrol i din-| _%l ) car bonyl ] - 5-f] uagr obi henyl 2- 3/ Boxy) pr opanoi ¢
aci d free d&[ﬁ’amﬁ%l MsBiopincpweres QH‘FCHF -SXpdr pwRhlealigneth exanpl e 4

pol ymorph A i n mpdser fys %rﬁér%ﬁqed"ﬁt@dfmlﬂg gleMoﬁ‘fed ivlﬁ@ S@ +al NQSW&;

produced crystals o ynor ph B. Pol ynor ph was al so forne
fol | owi ng (B Shm) eRréqde a&sasom@ﬂEﬁwcléqmanbmmglcumamemhz Wbre cagkd ptg

tenper at u&‘f) ?W@Rl b%ac?k (R?Ae\{% hF(%' c%gtf%g’ltl%?ra%% wer ys i C g—f gﬁg&

single en ermc event,  occurring at
Dat a Fi gurtﬁndallyQSﬁQ m¥nibeshepomeia peding besk ai 1T pal E@fsﬁnﬂigﬂ@ﬁ@‘fm}eﬁué’ht
pol yrmrph gure 2 is an X-ray powder dlffractlon patte

E ! & 4 (TR oS oo R 9ht o Aeierminge s ey b ot arertree) The
pattern Ofyceasaiieé felfbtcd KARIIYAE (800xg for 7minutes at 4°C), washed once with assay
buffer (50mM HEPES pH 7.4 containing 5SmM magnesium chloride) and finally re-
suspended in assay buffer at a bead concentration of 10mg/ml.
Each assay contained 20l of 6.25nM [PH]PGD,, 20ul membrane saturated SPA
15 beads both in assay buffer and 10pl of compound solution or 13,14-dihydro-15-keto
prostaglandin D> (DK-PGD3, for determination of non-specific binding, Cayman chemical
company).
Compounds and DK-PGD; were dissolved in DMSO and diluted in the same
solvent to 100x the required final concentration. Assay buffer was added to give a {inal
20  concentration of 10% DMSO (compounds were now at 10x the required final
concentration) and this was the solution added to the assay plate. The assay plate was
incubated at RT for 2 hours and counted on a Wallac Microbeta liquid scintiliation counter
(1 minute per well).
The compound of formula (I) has a pIC50 of 8.4,
25
Determination of metabolic intrinsic clearance (CLint) using human hepatocytes
Compound stocks were prepared in dimethyl sulfoxide at 100-fold incubation
concentration (100 pM). 10 pul of this 100 uM stock was added to a vial
containing 490 pl of hepatocyte suspension buffer (without serum). A vial
30 containing either human hepatocytes at a concentration of 2 million
viable cells/ml was pre-incubated for 5 min in a shaking (80 oscillations/min}

water bath at 37 °C along with the vial containing the drug/buffer mix.



15 Pharmacol ogi cal Data Ligand Bi ndi ng Assay [ 31- 1] 13CGD2 was
purchased from Perkin Elnmer Life Sciences with a specific activity of
100- 20210&i0/20m9a043740N | ot her chem cal s were of anal yti catr/@sR800s0525
HEK cell s expressing rhCRTh2 / Gal6é were routinely maintained in DVEM
contai ning 10% Foetal Bovine Serum (Hy& one), 1ng/ml geneticin, 2nmv
L- gl utam ne and 1% non-essential am no acids. For the preparation of
menbr anes, the adherent transfectcd HEKcells were grown to confl uence
intw |la : | ne f i ' ue nunber
TRT- 170- 008 OrRaieRe Bl 15,485k 308 BEoriph i Bper B R BEF TCeq by
addi ti on di00500fdrugd/bsfiel misa(Pivingrasfiral §ubstrdté eorlcagttatidB ohdMsatdf%cul t ur e.

The adherent ,cel | re hed gnce.wi th phosphat ffer sal i ne
(Pas  Eomi M ieltnd sl ARG PG MetrraRaytia: Ty dsehos sont  per
cel | fact anyg 000 ht€arioksttioRINRER RGO (8 3F |ceRoRUhdiBinol. 20MM HEPES

(pH 7.4), O0.1lmM dithiothreitol, 1mVv EDTA .30 0.1 MM phenyl net hyl
sul phorfyl SePpsiveEe sHbsearouh feasa &t atiRP “Cead fhen grrtafuged atet ed” by

centrif ugaihhe f@t2094%40 4 *e! THOUBENMLES wike lovdding YRASRARY MEMELd
VO ’FI rmﬁ% gu $r an

t he original ume of fres rane honogeni sat1 on
di srupt ed Gliit mgs estireitag: fram thestnpg ehii satnraf bog 6f MS/Mfresponse versus time plot.

2009/ 004379PCT/,GB2008/ 050525, 31 20 seco bur st eeping.the tupe in
Cce at al IHERS SOl RAN R s aF R DB R bR ela Pl
220xg f or hlithani(idesHeadstohC2@04) héjadic bR cRBenid wastpradictpe{C1B) wthgalte
centrifugation at . 9000 for iLhutes at 4C. The final pellet was
re-s us]ﬁend’é"dh(i%uﬁh‘fﬂ%%éf%%ﬁ mlaﬁgoﬂhﬂm@w rhptingap ipEpsi¢ gegrance
factory usggednthid 28ayureLQil/MifRNEBR EhRARIbEE Fallides iYRNRIRAGRMRYi 2
stored at -80C.in suitable aliquots. Al'l assays were perfornmed

i n Cor ni n@nes-gaily dose ingrreds. Bxpmple 106liwe 11 wwanss’ @85~ (Fi sher). Prior
to assay, the HEK cells nenbranes containing CRTh2 were coated onto
SPA PVT WGA beads (Anersham). For coating nenbranes were incubated

wi th beads at typically 25pg nmenbrane protein per ng beads at 4C with
constant agitation overnight. io (The optimum coating concentrations
were determ ned for each batch of nenbranes) The beads were pelleted
by centrifugation (800xg for 7m nutes at 4C), washed once with assay
buffer (50mM HEPES pH 7.4 cont ai ni ng 5nM magnesi um chl ori de) and
finally resuspended in assay buffer at a bead concentration of
10mg/ M . Each assay contained 20111 of 6.25nM [ 3H] PG2, 20pl nenbrane
saturated SPA 15 beads both in assay buffer and | OWof conpound
solution or 13, 14-di hydro-15-keto prostagl andin D2 (DK-PGD?, for
determ nati on of non-specific binding, Cayman chem cal conpany).
Conmpounds and DK- PGD2 were di ssolved in DVMSO and diluted in the sane
solvent to 100x the required final concentration. Assay buffer was
added to give a final



20 concentration of 10% DVSO (conpounds were now at 10x the required
final concentration) and this was the solution added to the assay

pl ate. The assay plate was incubated at RT for 2 hours and counted on
a Wallac Mcrobeta liquid scintillation counter (1 mnute per well).
The conpound of formula (1) has a 4 C50 of 8.4. 25 Determ nation of
metabolic intrinsic clearance (CLint) using human hepatocytes
Compound stocks were prepared in dinmethyl sulfoxide at 100-fold

i ncubation concentration (100 pM. 10 pl of this 100 pM stock was
added to a ¥4IMS  containing 490 pl of hepatocyte suspension buffer
(without serum). A vial 30containing either human hepatocytes at a
concentration of 2 mllion viable cells/m was pre-incubated for 5
mnin a shaki né\TEB‘“&)%Q?PE}“F‘%‘P?T%@/W?UW@F“B‘éh at 37 C along with
the vial containing the drug/buffer m x. 32 Reactions were initiated
by addi ng 590 OHI of hepatocyte suspension to the 500 pi of

drug/ buffer iwing a final substrate concentration of 1 Mat 1 %
v/ v di net hyl i Aliquots (40 pl) were renoved at 5, 15, 30,
45, 60, 75 9 and reactions were quenched in 80 pi of
ice-cold net ol . 5 Sanpl es were subsequently frozen for 1 h at -20
C and then centrifuged at, 2000 g for 20 min at 4 C -The supernatants
were renmoved and anal ysed by M5/ M5 and Clint was estimted fromthe
sl ope of a natural Log of MS/MS response versus time plot. Using

R e e R e S e U e
cl ear ance V\ﬂqubmldmﬁ{le@ﬂ%ﬂbﬂwamslawg anh@Rjre{ 36 chleratdl- Ii(?;kd by Riley et
al ., 2005. y%g;%@g#ndl 91 ﬁhﬁ%&&@é §1Qt)rq109@%fofﬂo%%ﬁnce value in

this assay n/e Bust Ives I n man
consi st ent exiphdtmaceghiesdly mnt§b1m§/eteﬁ emsplapbarmpoenins/lpacteptablespifs= <1

pl/mn/e6 (lﬂergaf "or sobvates of pharmaceutically acceptable salts.

2, A mixture according to claim 1 in which (25)-2-{{3'-chloro-4'-[(2,2-
dimethylpyrrolidin-1-yl)carbonyl]-5-fluorobiphenyl-2-yl} oxy)propanoic acid is present
in at least 95%,

3. A mixture according to claim I or 2 in which the (25)-2-({3'-chloro-4'-[(2,2-
dimethylpyrrolidin-1-yl)carbonyl]-5-fluorobiphenyl-2-yl} oxy)propancic acid and (2R)-2-
({3'-chloro-4'-[(2,2-dimethylpyrrolidin-1-yl)carbonyl]-5-fluorobiphenyl-2-

yl}oxy)propanoic acid are in the form of the 2-methylpropan-2-amine salt.

4, A compound (285)-2-({3'-chloro-4'-[(2,2-dimethylpyrrolidin-t-yl)carbonyl}-5-
fluorobiphenyl-2-y1} oxy)propanoic acid of formula (I):



CLAIMS 1. A m xture of enantioners of a conpound of forrmula (I1): OyOH
Cl 0 (1) conprising

(28)-2-({3" -chloro-4"'-[(2, 2-di met hyl pyrrolidin-1-yecarbonyl]-5-

f I uor obi phenyl - 2-yl | oxy) propanoi ¢ acid and

(2R)-2-({3" -chloro-4"-{(2, 2- 34

di met hyl pyrrolidin-I-yl)carbonyl]-5-fl uorobi phenyl-2-yl}oxy)propanoic
acid, or phammcteutically acceptabl e sol vates thereof or

phar maceut i aII acceptabl e salts thereof or sol vates of

pharnaceutl acegpt@bl e salts. 2. A mxture according to claiml
in which (Zgit; (0" lehllgro- 4! -[ (2, 2-

dlnethylpyrroll yYpedy bonyl1-5-f | uor obi phenyl-2-yl } oxy) propanoi c
acid is prese L | e 95% 3. A mxture according to claim1l
or 2 in which ¢ (2S)-2-({3" -chloro-4"-[(2, 2-

di met hyl pyrrol™di n-1-yCcar bonyl | - 5-f | uor obi pheny1- 2-yl } oxy) propanoi c
acid and (2R) -2

({31-chl or 0- 41- [ (2, 2-di met hyl frrol i di n-1-yl ) carbonyl ] - 5-f I uor obi phen
yl-2- yll oxy)propanoic acid are in the forn1of t he

2-met hyl pro

(25)-2-({3'°¢ (p almgceﬂp%%li gcf%%}able iohAie%?r 7 O'ffli a ophamTcTJffallgrchthalilf sa,‘_l)t

f1 uor obi phethg,riofzr ykdlvam«;f)aphwamimalhamcdﬁ@ﬂe sabrmula (1): or a
pharmaceutically acceptabl e solvate thereof or a pharnaceutically
acceptable salt thereof or a solvate of a pharmaceutically acceptable
salt. 5. Ah ami‘mamdrglsalt ofa ompomdodfedandd (B wrdefited if dhimes def i ned i n
claim4. 6. A salt according to clainms which is (28)-24

{31-chloro-4'-[(2,2- dinethylpyrrolidin-
1- yecar bony&] - 5&%1&%@@%@%@%@&1}18&3@?;&1{%19@19@4(:[@@1 d 2-

et hyl pr opafmemAP BBl §licarbonyl]-5-fluorobiphenyl-2-yl} oxy)propanoic acid 2-

methylpropan-2-amine salt:

NH3+J<

Sps

I n

7. A salt according to claim 6 in crystalline form which is characterised by an X-ray
powder diffraction pattemn with peaks at at least one of the following 2-theta values
measured using CuKo radiation: 14.6, 17.4 and 21.1.

8. A salt according to claim 6 erystalline form which is characterised by an X-ray

powder diffraction pattern substantially as shown in Figure 1.



7. A salt according to claim6 in crystalline formwhich is
characterised by an X-ray powder diffraction pattern with peaks at at
| east one of the follow ng 2-theta val ues neasured usi ng CuKcc
radiation: 14.6, 17.4 and 21.1. 8. A salt according to claim®6
crystalline formwhich is characteasi sed by an X-ray powder
diffraction pattern substantially as shown in Figure 1. 35 9. A
conpound according to claim4 in crystalline formwhich is

characterised by, an X-r wder diffraction pattern wth peaks at at
east one. ot hi Pt 3o R Rt S B DR S

radi ati on: dnZX-gmy paddet diffraktid® padtem wlith pedks @datastde sfthobilowigg 2-theal ai m 4
in crystalline formwhich.is charac i.sed n X-ray powder

Gt 1ot § orveieE PETReS DG GHH AU Srbaat BB gur e 3 T 11 A
conpound according to claim4 in crystalline formwhich is
characterisgd by an X-ra wder, diffraction_pattern wth peaks at at
oast one off-t i POPPBT KON Hebi 1 ol e ASa et s hceli =
radi ati on: XGaygowda.d2ffractidn phiten substahtially 5 elgnaLinigageording to claim4
in crystalline formwhich is characterised by an X-ray powder

diffraction pattern substantially as shown in Figure 3. 13. A
conpound of 11 or Mudoanpind aarditipiarlalnd & cayshillihe faam witeh is chatdbefi@p Yy an 14.

et mont of ) Pl iy B R0P AR T bl BCurS PR 1)

as shown i nmedsaredusingf@ikotadiation: i@ 13.2eat3tent of asthnma, rhinitis or
COPD. 16. A compound of fomaula (la): 36 CI O

12. A compound according to claim 4 in crystalline form which is characterised by an

X-ray powder diffraction pattern substantially as shown in Figure 3.
13. A compound of fonmula (I) as shown in claim 1 for use in therapy.

14. A compound of formula (I) as shown in claim 1 for use in the treatment of a

respiratory disorder,

15. A compound of formula (I} as shown in claim 1 for use in the treatment of
asthma, rhinitis or COPD.

16. A compound of formula (1a):

cl
OMe O COOH

F

17. A compound of formula (1c):



18. A compound of forrmula (1d): C 0 )12 OH 19. A conpound of

formula (le: 20. A process for the preparation of a conpound of
formula (1) which conprises: reaction of a conpound of formula (1d):
cl o (1d) 37 with a conpound of formula (le): in which Ris an

ester formng group, followed by dé-esterification of the resulting
derivative and optionally form ng a pharmaceutically acceptable salt,
sol vate or solvate of a salt.

GO

18. A compound of formula (1d):

19. A compound of formula (1£):

20. A process for the preparation of 2 compound of formula (I) which comprises:

reaction of a compound of formula (1d):

59

F (1d)



21. A pharmaceutical product conprising, in conbination, a first
active ingredient which is a conmpound of formula (I) as shown in
claim1, and a second active ingredient which is selected fromone or
nore of: a PDE4 inhibitor; a selective [32 adrenoceptor agonist; -
a nodul ator of chenol dne receptor Bdénction; an inhibitor of p38

ki nase function; -a glucocorticoid; - an anticholinergic agent and -
a non-steroidal glucocorticoid receptor antagonist.

with a compound of formula (1e):

0, .0

O¢5JiI;‘R
(le)

in which R is an ester forming group, followed by de-csterification of the resulting
derivative and optionally forming a pharmaceutically acceptable salt, solvate or solvate of

a salt.

21. A pharmaceutical product comprising, in combination, a first active ingredient
which is a compound of formula (I) as shown in claim 1, and a second active ingredient
whiclz is selected from one or more of:
- a PDE4 inhibitor;
- a selective 32 adrenoceptor agonist;
- a modulator of chemokine receptor function;
- an inhibitor of p38 kinase function;
-a glucocorticoid;
- an anticholinergic agent and

- a non-steroidal glucocorticoid receptor antagonist.



