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(57) Abstract: This invention relates to a class of pyrrolidine compounds of formula (I), and pharmaceutical ly acceptable deriva-
tives thereof, to their use in med icine, to compositions containing them, and to processes for their preparation. It also relates to
intermediates used in the preparation of such compounds and derivatives. In particular the compounds of formula (I) are useful for
the treatment of EP2-mediated conditions, such as endometriosis, uterine fibroids (leiomyomata), menorrhagia, adenomyosis, pri-
mary and secondary dysmenorrhoea (including symptoms of dyspareunia, dyschexia and chronic pelvic pain), chronic pelvic pain
syndrome, polycystic kidney disease and polycystic ovarian syndrome.
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Pyrrolidines

This invention relates to a certain class of pyrrolidine compounds, and
pharmaceutically acceptable derivatives thereof, to their use in medicine, to
compositions containing them, and to processes for their preparation. It also relates to

intermediates used in the preparation of such compounds and derivatives.

The compounds are preferably antagonists at the prostaglandin E, (PGE,) receptor-2
(also known as the EP2 receptor). More preferably the compounds are EP2
antagonists with selectivity over DP1 (prostaglandin D1 receptor) and/or EP4
(prostaglandin E4 (PGE,) receptor-4). Most preferably the compounds are EP2
antagonists with selectivity over DP1 and EP4. In particular the present invention
relates to a class of pyrrolidine compounds which are useful for the treatment of EP2-
mediated conditions, such as endometriosis, uterine fibroids (leiomyomata),
menorrhagia, adenomyosis, primary and secondary dysmenorrhoea (including
symptoms of dyspareunia, dyschexia and chronic pelvic pain), chronic pelvic pain

syndrome, polycystic kidney disease or polycystic ovarian syndrome.

Endometriosis is a common gynaecological disease that affects 10-20% women of
reproductive age and manifests itself in the presence of functional ectopic endometrial
glands and stroma at locations outside the uterine cavity (reviewed in (Prentice 2001)).
Patients with endometriosis may present with many different symptoms and severity.
Most commonly this is dysmenorrhoea, but chronic pelvic pain, dyspareunia,
dyschezia, menorrhagia, lower abdominal or back pain, infertility, bloating and pain on
micturition are also part of the constellation of symptoms of endometriosis.

Originally described by Von Rokitansky in 1860 (Von Rokitansky 1860), the exact
pathogenesis of endometriosis is unclear (Witz 1999; Witz 2002), but the most widely
accepted theory is the implantation, or Sampson, theory (Sampson 1927). The
Sampson theory postulates that the development of endometriosis is a consequence of
retrograde dissemination and implantation of endometrial tissue into the peritoneal
cavity during menstruation. Following attachment, the fragments of endometrium

recruit a vascular supply and undergo cycles of proliferation and shedding under local
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and systemic hormonal controls. In women with patent fallopian tubes, retrograde
menstruation appears to be a universal phenomenon (Liu & Hitchcock 1986). The
disease often manifests itself as rectovaginal endometriosis or adenomyosis, ovarian
cystic endometriomas and, most commonly, peritoneal endometriosis. The major sites
of attachment and lesion growth within the pelvis are the ovaries, broad and round
ligaments, fallopian tubes, cervix, vagina, peritoneum and the pouch of Douglas. At its
most severe, endometriosis can cause profound structural modification to peritoneal

cavity, including multi-organ adhesions and fibrosis.

Symptomatic endometriosis can be managed medically and surgically, where the
intention is to remove the ectopic lesion tissue. Surgical intervention can be either
conservative, aiming to preserve the reproductive potential of the patient, or
comparatively radical for severe disease, involving dissection of the urinary tract,
bowel, and rectovaginal septum, or total abdominal hysterectomy and bilateral
salpingo-oopherectomy. Medical pharmacological treatments such as the androgenic
therapies, danazol and gestrinone, the constellation of GnRH agonists, buserelin,
goserelin, leuprolide, nafarelin and triptorelin, GnRH antagonists, cetrorelix and
abarelix, as well as the progestogens, including medroxyprogesterone acetate, induce
lesion atrophy by suppressing the production of estrogen. These approaches are not
without unwanted side effects; danazol and gestrinone include weight gain, hirsuitism,
acne, mood changes and metabolic effects on the cardiovascular system. The group of
GnRH agonists and antagonists are found to cause a profound suppression of estrogen
leading to vasomotor effects (hot flashes) and depletion of bone mineral density, which

restricts their use to only six months of therapy.

Uterine leiomyomas (Walker 2002; Flake, et al. 2003), or fibroids, are the most
common benign tumours found in women and occur in the majority of women by the
time they reach the menopause. Although uterine fibroids are the most frequent
indication for hysterectomy in the United States, as with endometriosis, remarkably little
is known about the underlying pathophysiology of the disease. As with endometriotic
lesions, the presence of enlarged uterine fibroids is associated with abnormal uterine
bleeding, dysmenorrhoea, pelvic pain and infertility. Outside of surgical management,

medical treatments commonly used for endometriosis, such as GnRH analogues or



10

15

20

25

30

WO 2010/052625 PCT/1B2009/054824
3

danazol, have been shown to suppress fibroid growth by inducing a reversible
hypoestrogenic state (Chrisp & Goa 1990; Chrisp & Goa 1991; De Leo, et al. 2002;
Ishihara, et al. 2003).

However, the future disease management of both uterine fibroids and endometriosis
will rely on the development of more effective, well-tolerated and safer agents than
those that are currently available. There are long term deleterious effects (principally
altered sexual function, decreases in bone mineral density as well as increased risk of
cardiovascular and thrombotic complications) of existing agents that completely
suppress ovarian function and lead to decreases in bone mineral density, there is a
motivation for developing non-hormonal mechanisms or approaches which modify the
disease specifically at the level of the ectopic disease. One of these approaches
includes agents which modify the cyclooxygenase-2 (COX-2) dependent PGE;
signalling pathway (Boice & Rohrer 2005). PGE; mediates its effects through G
protein-coupled receptors EP1, EP2, EP3 and EP4. Both the differential expression of
EP receptors as well as their intracellular coupling pathways mediate the diverse
biological functions of PGE; in different cell types (Narumiya, et al. 1999; Tilley, et al.
2001). The EP2 and EP4 receptors specifically couple to G proteins which activate
adenylate cyclase and lead to the production of CAMP. In the uterine endometrium,
COX-2 expression increases on glandular epithelium in the proliferative phase and is
accompanied by an increase in EP2 and EP4 receptor expression (reviewed by (Sales
& Jabbour 2003; Jabbour, et al. 2006)). In pathological conditions of the endometrium,
such as endometrial adenocarcinoma, adenomyosis and endometriosis, this pathway
appears to be up-regulated (Jabbour, et al. 2001; Ota, et al. 2001; Chishima, et al.
2002; Jabbour 2003; Matsuzaki, et al. 2004b; Buchweitz, et al. 2006). COX-2 plays an
important role in ovulation, implantation, decidualisation and parturition (Sales &
Jabbour 2003). Mice in which the EP2 receptor is deleted by homologous
recombination have defects in embryo implantation and fertility (Hizaki, et al. 1999;
Kennedy, et al. 1999; Tilley, et al. 1999), supporting the notion that COX-2 derived
PGE, mediates effects on the uterine endometrium in part through the EP2 receptor.
The expression of COX-2 is known to be greatly up-regulated at ectopic sites of
disease, in contrast to that on normal eutopic endometrium (Ota, et al. 2001; Chishima,
et al. 2002; Matsuzaki, et al. 2004b; Buchweitz, et al. 2006) and PGE2 induces the
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proliferation of endometrial epithelial cells in culture (Jabbour & Boddy 2003). In pre-
clinical disease models of endometriosis, treatment with COX-2 selective agents, leads
to the decrease in disease burden (Dogan, et al. 2004; Matsuzaki, et al. 2004a; Ozawa,
et al. 2006; Laschke, et al. 2007). There is also one published clinical study (Cobellis,
et al. 2004) which indicates that treatment of patients with endometriosis with rofecoxib
for 6 months leads to improvements in pain symptoms and outcomes compared with

placebo.

The aberrant expression of COX-2 in patients with endometriosis appears to have a
number of consequences (Sales & Jabbour 2003). Firstly, PGE, appears to augment
the expression and activity of aromatase on ectopic endometrial stromal cells (Noble, et
al. 1997; Zeitoun & Bulun 1999). It could be speculated that ectopic generation of
aromatase by the lesion would lead to increased local estrogen production, driving
lesion growth independently of ovarian control and the normal estrous cycle. That the
effects of PGE; on aromatase expression in vitro can be mimicked by the selective EP2
receptor agonist, butaprost (Zeitoun & Bulun 1999), supports the notion that
compounds of the present invention would have utility in the treatment of growth
disorders which are driven by ectopic aromatase expression, such as endometriosis,

adenomyomas, uterine fibroids, and uterine and breast carcinoma.

There are other possible mechanisms by which a selective EP2 antagonist might inhibit
cell growth. The observed effects of COX-2 inhibitors, such as celecoxib, in preventing
intestinal polyp formation (Arber, et al. 2006) and the protection from adenoma
formation in a mouse model (A"®APC mouse) of familial adenomatous polyposis
complex by deletion of COX-2 (Oshima, et al. 1996; Oshima, et al. 2001), implies that
the PGE, pathway also has a key role in promoting carcinoma growth. That polyp and
adenoma formation in the A’°APC mouse model can also be inhibited by crossing
these by additional germline deletion of the EP2 receptor, is consistent with the view
that PGE, mediates effects on cell differentiation and growth through the EP2 receptor
(Sonoshita, et al. 2001; Seno, et al. 2002). Furthermore, the emerging knowledge of the
downstream signalling pathway from the EP2 receptor is consistent with EP2 playing a

key role in early G1 events in cell cycle control, such as the regulation of -catenin
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(Castellone, et al. 2005; Castellone, et al. 2006) and MAP kinase pathways (Jabbour &
Boddy 2003).

Angiogenesis, the sprouting of capillaries from pre-existing vasculature, occurs during
embryo development, wound repair and tumour growth. The increased COX-2
expression and vascular densities which accompany the development of adenomas in
the A’*APC mouse, are also consistently observed in clinical specimens and pre-
clinical models of endometriosis and malignant conditions of, including but not limited
to, ovarian, dermal, prostate, gastric, colorectal and breast cancer (Subbaramaiah, et
al. 2002; Hull, et al. 2003; Kamiyama, et al. 2006). The involvement of the COX-2
pathway in this process has been supported by a number of observations (Liu, et al.
2001, Leahy, et al. 2002; Chang, et al. 2004; Ozawa, et al. 2006). The peritoneal fluid
of women with endometriosis appears to display greater angiogenic activity than
women without endometriosis (Gazvani & Templeton 2002; Bourlev, et al. 2006) and
PGE; has been shown to promote the transcription of angiogenic factors such as VEGF
and angiopoietins (reviewed in (Gately & Li 2004)). Recent data that indicate the
specific contribution of EP2 receptors in the stimulation of endothelial cell growth and
migration (Kamiyama, et al. 2006) as well as response to hypoxia (Critchley, et al.
2006), is consistent with and supports the notion that compounds of the present
invention would have utility in the treatment of angiogenic disorders including, but not
limited to, endometriosis, adenomyosis, leiomyoma, menorrhagia, macular

degeneration, rheumatoid arthritis and cancer.

Both uterine nerve ablation and pre-sacral neurectomy surgical techniques are used to
manage the painful symptoms of primary and secondary dysmenorrhoea (Proctor, et al.
2005). As PGE; is generated from PGH, by the action of COX-1 and COX-2 on
arachadonic acid, elevated PGE; would have direct, pain-sensitizing effects on sensory
afferent fibres that innervate the peritoneum and ectopic lesions (Tulandi, et al. 2001;
Al-Fozan, et al. 2004; Berkley, et al. 2004; Quinn & Armstrong 2004; Tokushige, et al.
2006a; Tokushige, et al. 2006b). That elevated COX-2 expression correlates with non-
menstrual chronic pelvic pain (Buchweitz, et al. 2006) is consistent with this notion. A
number of lines of evidence from studies in mouse models suggest that one of the

modes of action of PGE, on pain and nociception is mediated by the EP2 receptor
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(Ahmadi, et al. 2002; Reinold, et al. 2005; Hosl, et al. 2006). As such compounds of
the present invention would have utility in the treatment of pain disorders including, but
not limited to, dysmenorrhoea, dyschezia, dyspareunia, irritable bowel syndrome,
endometriosis, adenomyosis, leiomyomata, chronic pelvic pain, interstitial cystitis,

inflammatory and neuropathic pain conditions.

During the development of endometriosis activated inflammatory cells appear to be
recruited into the peritoneal cavity. Peritoneal macrophages from women with
endometriosis release more PGE; than those without endometriosis (Karck, et al. 1996;
Wu, et al. 2005). One of the effects of elevated levels PGE, on peritoneal
macrophages is to inhibit MMP-9 expression and thereby attenuate macrophage
phagocytic function (Wu, et al. 2005), leading to the prolonged accumulation of
endometrial tissue in the peritoneum. As such by restoring macrophage function, these
findings give further support to the use of compounds of the present invention in the

treatment of endometriosis and cancer.

Known EP2 antagonists include AH6809, (Pelletier, et al. 2001), but both its potency

and selectivity are insufficient for it to be suitable for medical therapy.
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The compounds of the present invention have been found to have potentially useful
pharmaceutical properties. Their potential use is related to , but is not limited to, their
EP2 antagonist properties, which should be useful in the treatment of endometriosis,
uterine fibroids (leiomyomata), menorrhagia, adenomyosis, primary and secondary
dysmenorrhoea (including symptoms of dyspareunia, dyschexia and chronic pelvic
pain), chronic pelvic pain syndrome, precocious puberty, cervical ripening, breast
carcinoma, colon carcinoma, familial adenomatous polyposis, colorectal adenomas,
endometrial carcinoma, prostate carcinoma, pulmonary carcinoma, testicular
carcinoma, gastric carcinoma, macular degeneration, inflammatory and neuropathic
pain conditions, cancer pain, polycystic kidney disease and polycystic ovarian

syndrome.
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Particularly of interest are the following diseases or disorders: endometriosis, uterine
fibroids (leiomyomata), menorrhagia, adenomyosis, primary and secondary
dysmenorrhoea (including symptoms of dyspareunia, dyschexia and chronic pelvic
pain), chronic pelvic pain syndrome, polycystic kidney disease and polycystic ovarian

syndrome.

In particular, the compounds and derivatives of the present invention exhibit activity as
prostaglandin E, (PGE;) receptor-2 (EP2) antagonists and may be useful for treatment

where EP2 receptor antagonism is indicated.

More particularly, the compounds and derivatives of the present invention may be

useful for treating endometriosis and/or uterine fibroids (leiomyomata).

As used herein, the terms "treating" and "to treat", mean to alleviate symptoms,
eliminate the causation either on a temporary or permanent basis, or to prevent or slow
the appearance of symptoms. The term "treatment" includes alleviation, elimination of
causation (either on a temporary or permanent basis) of, or prevention of symptoms
and disorders associated with the indications mentioned above. The treatment may be
a pre-treatment as well as a treatment at the on-set of symptoms. The treatment may

also be palliative in nature.

The present invention provides for compounds of formula (l):

)

R‘—x)kNQLZ\
0

Ar (l)
wherein:

R' is either a phenyl group optionally substituted by one or two substituents each
independently selected from F, CI, Br, CN, C4 alkyl, C4.4 alkylthio, C1.4 alkoxy, fluoro-

C1.6 alkyl and fluoro-C+.6 alkoxy, or is a Cs¢ cycloalkyl group;

X represents a direct link, NH, or O;
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0
| o/RZ - N/SOZR?’ and <—CN
H

Z is selected from ;
R?is H or C,s alkyl optionally substituted with from 1 to 3 fluorine atoms;
R’is Cis alkyl optionally substituted with from 1 to 3 fluorine atoms;

Ar is an aromatic group consisting of 1, 2 or 3 aromatic rings, which aromatic rings are
each independently selected from phenyl and a 5- or 6- membered heteroaromatic ring
containing 1, 2, 3 or 4 heteroatoms each independently selected from N, O and S, and
which aromatic rings, if there are 2 or more, can be fused and/or linked by one or more
covalent bond(s), and which aromatic rings are optionally substituted by 1, 2 or 3
substitutents each independently selected from F, Cl, CN, OH, C; alkyl, C4 alkylthio,
fluoro-C1s alkyl, fluoro-C alkylthio, fluoro-Cqs alkoxy, Cis alkoxy, SO:R*, NR°R®,
NHSO,R’, SO.NR°R’, CONR™R"" and NHCOR";

R* and R’ are each independently Cis alkyl optionally substituted by from 1 to 3

fluorine atoms;

R’, R%, R®, R’, R", R" and R™ are each independently H or Cis alkyl optionally

substituted by from 1 to 3 fluorine atoms;
or a pharmaceutically acceptable salt, solvate (including hydrate), or prodrug thereof.

Unless otherwise indicated, alkyl and alkoxy groups may be straight or branched and
contain, where applicable, 1 to 6 carbon atoms and typically 1 to 4 carbon atoms.
Examples of alkyl include methyl, ethyl, n-propyl, isopropyl, n-butyl, isobutyl, sec-butyl,
tert-butyl, pentyl and hexyl. Examples of alkoxy include methoxy, ethoxy, isopropoxy,
n-butoxy, isobutoxy, sec-butoxy and tert-butoxy. Fluoroalkyl and fluoroalkoxy mean,
respectively, alkyl and alkoxy each independently substituted by 1 to 3 fluorine atoms.

The term “C3.Cs cycloalkyl” means cyclopropyl, cyclobutyl, cyclopentyl or cyclohexyl.
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In a further embodiment, R" is a phenyl group optionally substituted by one or two
substituents each independently selected from F, Cl, Ci4 alkyl and C4.4 alkoxy, or is a

Cs.6 cycloalkyl group.

In a yet further embodiment, R' is a phenyl group optionally substituted by F, ClI,

methoxy, ethoxy or methyl.

In a yet further embodiment, R is cyclopropyl, cyclobutyl, cyclopentyl, 2-fluorophenyl,
4-fluorophenyl, 2-chlorophenyl, 4-chlorophenyl, 2-ethoxyphenyl, 2-methoxyphenyl, 4-
methoxyphenyl or 4-methylphenyl.

In a yet further embodiment, R' is phenyl, 3-chlorophenyl, 3-methoxyphenyl, 3-
ethoxyphenyl, or 4-ethoxyphenyl.

In a yet further embodiment, R' is 4-methoxyphenyl or 4-fluorophenyl.

In a further embodiment, X is a direct link.

| R
In a further embodiment, Z is O

In a yet further embodiment, Z is -CO,H.

In a further embodiment, Ar is an aromatic group consisting of 1, 2 or 3 aromatic rings,
which aromatic rings are each independently selected from phenyl and a 5- or 6-
membered heteroaromatic ring comprising either (a) 1 to 4 nitrogen atoms, (b) one
oxygen or one sulphur atom or (c) 1 oxygen atom or 1 sulphur atom and 1 or 2 nitrogen
atoms; and which aromatic rings, if there are 2 or more, can be fused and/or linked by
one or more covalent bond(s), and which aromatic rings are optionally substituted by 1,
2 or 3 substitutents each independently selected from F, Cl, CN, OH, C4; alkyl, Ci6
alkylthio, fluoro-C+s alkyl, fluoro-C1s alkylthio, fluoro-C. alkoxy, Cis alkoxy, SO.R*,
NR°R®, NHSO;R’, SO,NR°R’, CONR'R" and NHCOR'.
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In a further embodiment, Ar is phenyl, naphthyl, biphenyl, pyridinylphenyl,
pyrimidinylphenyl, phenylpyridinyl, phenylpyrimidinyl, phenylpyrazinyl or
pyrazinylphenyl, each optionally substituted by 1, 2 or 3 substituents each
independently selected from F, Cl, CN, OH, C+ alkyl, Ci¢ alkylthio, fluoro-Ci. alkyl,
fluoro-Cy.¢ alkylthio, fluoro-C1. alkoxy, C+. alkoxy, SO-R*, NR°R®, NHSO.R’, SO,NR®R’,
CONR™R'" and NHCOR™,

In a yet further embodiment, Ar is phenyl, naphthyl, biphenyl, pyridinylphenyl,
pyrimidinylphenyl, phenylpyridinyl, phenylpyrimidinyl, phenylpyrazinyl or
pyrazinylphenyl, each optionally substituted by 1, 2 or 3 substituents each
independently selected from F, ClI, CN, -CONH, and C.s alkoxy.

In a yet further embodiment, Ar is phenyl, naphthyl, biphenyl, pyridinylphenyl,
pyrimidinylphenyl, phenylpyridinyl, phenylpyrimidinyl, phenylpyrazinyl or
pyrazinylphenyl, each substituted by 1 or 2 substituents each independently selected
from F, Cl, CN, -CONH;, methoxy and ethoxy.

In a yet further embodiment, Ar is selected from
T S
7
( '
(CN, Cl, F) (CN, CI, F)

(CN, Cl, F) (CN, Cl, F)

N _~
(CN, CI, F)

(CN, Cl, F)

\
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In a yet further embodiment, Ar is

2,3-difluorophenyl, 3-chloro-4-fluorophenyl,

4-(4-cyanophenyl)phenyl, 4-(4-fluorophenyl)phenyl, 4-(5-chloropyridin-2-yl)phenyl, 4-
(5-cyanopyridin-2-yl)phenyl, 4-(5-chloropyrimidin-2-yl)phenyl, 4-(5-cyanopyrimidin-2-
yl)phenyl, 4-(5-fluoropyrimidin-2-yl)phenyl, 4-(5-aminocarbonylpyrimidin-2-yl)phenyl,
2-(4-chlorophenyl)pyridin-5-yl, 2-(4-fluorophenyl)pyridin-5-yl, 2-(4-cyanophenyl)pyridin-
5-yl,

2-(4-chlorophenyl)pyrimidin-5-yl,

5-(4-chlorophenyl)pyrazin-2-yl or 5-(4-fluorophenyl)pyrazin-2-yl.

A preferred embodiment of R', X, Z or Ar listed above may be combined with any one
or more other preferred embodiment(s) to provide a further preferred embodiment of a

compound of formula (l).

Preferred compounds of the formula (1) are selected from:

3-{[(4'-cyanobiphenyl-4-yl)oxylmethyl}-1-(4-fluorobenzoyl)pyrrolidine-3-carboxylic acid
(R'= 4-fluorophenyl, X= direct link, Z= -COOH, Ar= 4-(4-cyanophenyl)phenyl);
3-{[(4'-cyanobiphenyl-4-yl)oxy]methyl}-1-(4-methoxybenzoyl)pyrrolidine-3-carboxylic
acid (R'= 4-methoxyphenyl, X= direct link, Z= -COOH, Ar= 4-(4-cyanophenyl)phenyl);
3-{[4-(5-chloropyrimidin-2-yl)phenoxy]methyl}-1-(4-fluorobenzoyl)pyrrolidine-3-
carboxylic acid (R1= 4-fluorophenyl, X= direct link, Z= -COOH, Ar= 4-(5-
chloropyrimidin-2-yl)phenyl);
1-(4-chlorobenzoyl)-3-{[4-(5-chloropyridin-2-yl)phenoxy]methyl}pyrrolidine-3-carboxylic
acid (R'= 4-chlorophenyl, X= direct link, Z= -COOH, Ar= 4-(5-chloropyridin-2-
yl)phenyl);
1-(4-chlorobenzoyl)-3-({[6-(4-chlorophenyl)pyridin-3-ylJoxy}methyl)pyrrolidine-3-
carboxylic acid (R'= 4-chlorophenyl, X= direct link, Z= -COOH, Ar= 2-(4-
chlorophenyl)pyridin-5-yl);
3-{[4-(5-chloropyrimidin-2-yl)phenoxy]methyl}-1-(2-methoxybenzoyl)pyrrolidine-3-
carboxylic acid (R1= 2-methoxyphenyl, X= direct link, Z= -COOH, Ar=4-(5-
chloropyrimidin-2-yl)phenyl);
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3-({[2-(4-chlorophenyl)pyrimidin-5-ylJoxy}methyl)-1-(4-fluorobenzoyl)pyrrolidine-3-
carboxylic acid (R'= 4-fluorophenyl, X= direct link, Z= -COOH, Ar= 2-(4-
chlorophenyl)pyrimidin-5-yl);
3-{[4-(5-cyanopyridin-2-yl)phenoxy]methyl}-1-(4-fluorobenzoyl)pyrrolidine-3-carboxylic
acid (R'= 4-fluorophenyl, X= direct link, Z= -COOH, Ar=4-(5-cyanopyridin-2-yl)pheny!);
3-{[4-(5-chloropyrimidin-2-yl)phenoxy]methyl}-1-(4-methoxybenzoyl)pyrrolidine-3-
carboxylic acid (R'= 4-methoxyphenyl, X= direct link, Z= -COOH, Ar=4-(5-
chloropyrimidin-2-yl)phenyl);
3-({[6-(4-chlorophenyl)pyridin-3-ylJoxy}methyl)-1-(4-fluorobenzoyl)pyrrolidine-3-
carboxylic acid (R1= 4-fluorophenyl, X= direct link, Z= -COOH, Ar=2-(4-
chlorophenyl)pyridin-5-yl);
3-({[6-(4-chlorophenyl)pyridin-3-ylJoxy}methyl)-1-(2-methoxybenzoyl)pyrrolidine-3-
carboxylic acid (R'= 2-methoxyphenyl, X= direct link, Z= -COOH, Ar=2-(4-
chlorophenyl)pyridin-5-yl):

or a pharmaceutically acceptable salt, solvate or prodrug of any thereof.

In one embodiment, the present invention provides a compound of formula (la)

~Ar (Ia)

wherein R', X, Ar and Z are as defined hereinabove with respect to a compound of
formula (1), including all embodiments, and combinations of particular embodiments,

thereof.

In another embodiment, the present invention provides a compound of formula (Ib)
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@)

W NN

R=X" "N

wherein R', X, Ar and Z are as defined hereinabove with respect to a compound of
formula (1), including all embodiments, and combinations of particular embodiments,

thereof.

The pharmaceutically acceptable salts of the compounds of formula (l) include the acid

addition and base salts thereof.

Suitable acid addition salts are formed from acids which form non-toxic salts.
Examples include the acetate, adipate, aspartate, benzoate, besylate,
bicarbonate/carbonate, bisulphate/sulphate, borate, camsylate, citrate, cyclamate,
edisylate, esylate, formate, fumarate, gluceptate, gluconate, glucuronate,
hexafluorophosphate, hibenzate, hydrochloride/chloride, hydrobromide/bromide,
hydroiodide/iodide, isethionate, lactate, malate, maleate, malonate, mesylate,
methylsulphate, naphthylate, 2-napsylate, nicotinate, nitrate, orotate, oxalate,
palmitate, pamoate, phosphate/hydrogen phosphate/dihydrogen phosphate,
pyroglutamate, saccharate, stearate, succinate, tannate, tartrate, tosylate,

trifluoroacetate and xinofoate salts.

Suitable base salts are formed from bases that form non-to<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>