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R3, R4, R’ , R6, Yl, YZ, Y? and Y* have meanings given in the description, which compounds
are useful in the treatment of autoimmune and/or fibrotic diseases, including interstitial lung
diseases, such as idiopathic pulmonary fibrosis and sarcoidosis.
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SELECTIVE ANGIOTENSIN || RECEPTOR LIGANDS

Figld of the Invention

This invention relates to novel pharmaceutically-useful compounds, in particular
compounds that are angiotensin II (Ang II) agonists, more particularly agonists of the
Ang II type 2 receptor (herginafter the AT2 receptor), and espeacially agonists that bind
selectively to that receptor. The invention further relates to the use of such compounds
as medicaments, to pharmaceutical compositions containing them, and 1o synthetic
routes to their production.

Background of the Invention

Ranin, a proteass, cleaves its only known substrate (angiotensinogen) to form
angiotansin [ {(Ang I}, which In turn serves as a substrate to angiotensin converting
enzyme {ACE) to form Ang II. The endogenous hormone Ang I is a linear octapeptide
{Aspl-Arg?-Val-Tyr-le5-Hisb-Pro’-Phe®}, and is an active component of the renin
angiotensin system (RAS). The angiotensin II type 1 (ATL) recepior is expressed in
most organs, and is believed to be responsible for the majority of the pathological
effects of Ang II.

Several studies in adult individuais appear to demonstrate that, in the modulation of
the rasponse following Ang II receptor stimulation, activation of the ATZ receptor has
opposing effects {o those mediated by the AT1 receptor. The AT2 receptor has also
been shown to be involved in apoptosis and inhibition of cell proliferation {(de Gasparo
M et al., Pharmacol. Rev, (2000); 52, 415-472}. More recently, ATZ receptor agonisis
have been shown o be of potential utility in the treatment and/or prophylaxis of
disorders of the alimentary tract, such as dyspepsia and irritable bowel syndrome, as
well as multiple organ failure (see international patent application WO 99/43339). The
expected pharmacological effects of agonism of the ATZ receptor are described in

general in de Gasparo M et af., vide supra.

The stimulating effects of Ang Il on vascular tone, cell growth, inflammation and
extracellular matrix synthesis are mainly coupled to the AT1 receptor in any organ,
whereas the function of the ATZ receplor seems to be more prevalent in damaged
tissue and exerts reparative properties and properties opposing the AT1 receptor. For
example, the AT2 receptor has beean shown to be of importance in relation to reduction

of myocyte hypertrophy and fibrosis.
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Interstitial lung diseases {ILDs) are a group of lung diseases that affect the interstitium,
characterised by tissue around alveoli becoming scarred and/or thickened, and so
inhibiting the respiratory process.

IiDs are distinct from obstructive airway diseases (e.g. chronic obstructive airway
disease {(COPD)} and asthma), which are typically characterized by narrowing
{obstruction) of bronchi and/or bronchioles. ILDs may be caused by injury to the lungs,
which triggers an abnormal healing response but, in some casss, thase diseases have
no known cause. ILDs can be triggered by chemicals (silicosis, asbestosis, certain
drugs), infaction {e.qg. pneumonia) or other diseases (e.g. rheumatoid arthritis,
systemic sclerosis, myositis or systamic lupus erythematosus).

The most common ILDs are idiopathic pulmonary fibrosis (IPF) and sarcoidosis, both
of which are characterised by chronic inflammation and reducad lung function.

Sarcoidosis is a disease of unknown cause that is characterised by collections of
inflammatory cells that form lumps {(granulomas), often beginning in the lungs {(as well
as the skin and/or lvmph nodes, although any organ can be affected). When
sarcoidosis affects the lungs, symptoms include coughing, wheezing, shortness of
breath, and/or chest pain.

Treatments for sarcoidosis are patient-specific. In most cases, symptomatic treatment
with non-steroidal anti-inflammatory drugs (NSAIDs) is possible, but for those
presenting {ung symptoms, glucocorticoids {e.g. prednisone or predniscione),
antimetabolites and/or monocional anti-tumor necrosis factor antibodies are often

emploved.

IPF is a lung-disease of unknown cause that affects about 5 million people gicbally. It
has no curative treatment options except, in rare cases, lung transplantation, resulting
in a chronic, irreversible, progressive deterioration in lung function and, in most cases,
leading to death within 2-5 yvears {median survival 2.5 to 3.5 vears). While the overall
prognosis is poor in IPF, it is difficult to predict the rate of progression in individual
patients. Risk factors for IPF include age, male gender, genetic predisposition and
history of cigarette smoking. The annual incidence is between 5-16 per 100,000
individuals, with a prevalence of 13-20 cases per 100,000 people, increasing
dramatically with age (King Ir TE et a/., Lancet (2011}; 378, 1949-1961; Noble PW et
al., I Clin. Invest. (2012); 122, 27586-2762). IPF is limited to the lungs and is
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recaicitrant to therapies that target the immune system which distinguishes it from

pulmonary fibrosis associated with systemic diseases.

Patients with IPF usually seek medical assistance due to chronic and progressive
exartional dyspnea and cough. Imaging of the lung classically reveals traction
bronchiectasis, thickenad interlobar septae and subpleural honeycombing., When all
three manifestations are present and there is no evidence of a systemic connective
tissue disease or environmental exposure, a diagnosis of IPF is very likely. A definite
diagnosis is usually made by lung biopsy and requires a multidisciplinary team of
expertise inciuding pulmonologists, radiclogists and pathologists experienced in

interstitial lung diseases.

IPF demonstrates different phenotypes with different prognosis, defined as mild,
moderate and severe. Mild cases follow a stable or slow progressive path with patients
someatimes taking several years to seek medical advice. Accelerated IPF has a much
more rapid progression with shortened survival, affecting a sub-group of patients,
usually male cigarette smokers. Acute exacerbations of IPF are defined as a rapid
worsening of the disease, and patients in this sub-population have very poor outcomes
with a high mortality rate in the short run. The cause of IPF is unknown but it appears
to be a disorder likely arising from an interplay of environmental and genetic factors
resulting in fibroblast driven unrelenting tissue remodeling rather than normal repair;
a pathogenesis primarily driven by fibrosis rather than inflammation. A growing body
of esvidence suggests that the disease is initiated through alveolar epithelial cell
microinjuries and apoptosis, activating neighboring epithelial cells and attracting stam
or progenitor cells that produce the factors responsible for the expansion of the
fibroblast and mvofibroblast populations in a tumor like way, The fibroblastic foci
secrete exaggerated amounis of extracelivlar matrix that destroys the lung
parenchyma and ultimately leads to loss of lung function.

The mean annual rate of decline in lung function {vital capacity} is within 3 range of
0.13-0.21 litres. Symptoms precede diagnosis by 1-2 vears and radiographic signs
rmay precede symptoms (Ley B et al., Am. J. Respir. Crit. Care Med. (2011}, 183, 431-
443},

Numerous treatment approaches have been tested in pre-clinical models and clinical
trials such as anti-inflammatory, immune-modulatory, cyvtotoxic, general anti-fibrotic,
anti-oxidant, anti-coagulant, anti-chemoking, anti-angicgenic drugs as well as RAS-



10

i5

30

WO 2022/200786 PCT/GB2022/050726

blockers, endcothelin antagonists, and sildenafil, all of which have basically been shown
to provide limited or no benefits (Rafii Ret al., J. Thorac. Dis. {2013); 5, 48-73).

Current treatment of IPF includes oxygen supplemeantation. Medications that are used
inciude pirfenidone or nintedanib, but only with limited success in slowing the
progression of the disease. Further, both of these drugs commonly cause
{predominantly gastrointestinal) side-effects.

There are drawbacks associated with all of the aforementioned ILD {and IPF) drug
treatments and there is a real dinical need for safer and/or more effective treatments.

To restore the alveolar epithalium is very desirable as a therapeutic effect in IPF, and
therefore stem cell therapy has also been tested. Some preclinical studies have shown
promise in the use of pluripotent stem cells that can differentiate into lung epithelial
and endothelial cells, thereby repairing lung injury and fibrosis,

Currently, a lung transplant is the only intervention that substantially improves survival
in IPF patients. However, complications such as infections and transplant rejection are
not uncommon.

The development of new treatiment strategies for IPF is therefore important. Thus, the
fundamental challenge for the future is to develop appropriate therapeutic approaches
that will reverse or stop the progression of the disease.

US patent application US 2004/0167176 describes the preparation of tricyclic
heterocycles useful as Ang II receptor agonists,

Selective AT2 recepltor agonists with reduced CYP 450 inhibition are described in
Mahalingam ef al., Bioorg. Med. Chem. {2010); 18, 4570-4580.

Transesterification methods for synthesis of AT2 receptor ligands with improved
stability in human liver microsomes are described in Wannberg ef al., Bioorg. Med.
Chem. Lett, (2018), 28, 519-522.

In particular, international patent application WO 2002/096883 describes the
preparation of imidazolyl, triazolyl, and tetrazelyl thiophens sulfonamides and
derivatives as ATZ receptor agonists. Of the compounds described in that document
{(as Example 1) is the compound C21 {(N-bulyvloxycarbonyi-3-{4-imidazol-1-
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vimethyiphenyl}-5-isobutyithiophene-2-sulfon-amide). C21 was selected for clinical
development from a group of about 20 related analogues as a selective ATZ receptor
agonist. It is now in clinical development for treatment of ATZ receptor related
disorders, including IPF (see, for example, international patent application WO
2016/139475).

C21 has also been indicated to be of potential use in the treatment of infer alia, stroke,
spinal cord injury, sickle cell disease, muscular dystrophy, cancer treatment-related
cardictoxicity, peripheral neuropathy and systemic sclercsis (see, for example,
international patent applications WO  2004/046141, WO 2016/09232%8, WO
2016/107879, WO 2016/139475, WO 2017/221012, WO 2019/008393, and US patent
application US 2012/035232).

It has been found during development that C21 has the disadvantage that it is both a
potent inhibitor of several Cytochrome P450 enzymes (CYPs), especially CYP 209 and
CYP 3A4, potentially affecting the metabolism of other drugs, and also rapidly
hydrolysed to an inactive sulfonamide metabolite. It is thus a fundamental challenge
to develop potent and selective ATZ agonists that are stable metabolically and/or
exhibit less inhibition of CYP enzymas.

We have found, surprisingly, that certain chemically-modified compounds as defined
hereinafter are not only selective AT2 receptor agonists but are also more potent, have
a significantly improved stability to metabolic hydrolysis and/or exhibit less inhibition
of CYP enzvmes, compared to C21.

Bescription of the Invention

Inn 3 first aspect of the invention, there is provided a compound of formula I,
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wherain:

R! represents Ci.salkyl, optionally substituted by one or more flucrine atoms and/or
with OR7;

R? and R? each independently represent H or Cis alkyl, optionally substituted by one
or more halogen atoms;

Y1, Y2, Y2 and Y* independently represent -CH~, -CF- or ~N-;

R? represents Ciy atkyl, Cis atkoxy, Cis alkoxy-Cis alkyl, the alkyl parts of each of

which are substituted and/or terminated by at least one -OH group, and which are

optionally substituted with one or more halogen atoms;

R® represents M or Cis alkyl, optionally substituted by one or more halogen atoms;

R® represents Cz.2 alkyl, optionally substituted by one or more halogen atoms; and

R7 represents H, or methyl optionally substituted by one or more fluorine atoms,

or a pharmaceutically-acceptable salt thereof,

which compounds and salts are referred 1o together hereinafter as “the compounds of

the invention”.

For purposes of interpreting this specification, the following definitions will apply and
whenever appropriate, terms used in the singular will also include the plural and vice

versa.

Compounds are named according to IUPAC nomenclature generated by the program
Chemdoodie 8.1.0.

For the avoidance of doubt, the skilled person will understand that references herein
to compounds of particular aspects of the invention {(such as any aspect of the invention
referring to compounds of formula I as defined hersinbefore) will include referances to
all embodiments and particular features thereof, which embodiments and particular
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features may be taken in combination to form further embodiments and features of

the invention.

Unless indicated otherwise, all technical and scientific terms used herein have the same
meaning as those commonly understood by one of ordinary skill in the art to which this

invention pertains,

Pharmaceutically acceptable salts include acid addition salts and base addition salts.
Such salts may be formead by conventional means, for example by reaction of a free
acid or a free base form of a compound of the invention with one or more equivalents
of an appropriate acid or base, optionally in a solvent, or in a madium in which the salt
is insoluble, followed by removal of said solvent, or said medium, using standard
techniques (e.g. in vacuo, by freseze-drving or by filtration). Salts may alse be prepared
using techniquas known to those skilled in the art, such as by exchanging a countar-
ion of a compound of the invention in the form of a salt with another counter-ion, for

example using a suitable ion exchange resin,

Particular acid addition salts that may be mentioned include carboxylate salts such as
formate, acetate, trifluorcacetate, benzoate, oxalate, fumarate, maleate and the like,
sulfonate salts such as meathaneasulfonate, ethanesulfonate, toluenesulfonate and the
fike, halide salts such as hydrochloride, hydrobromide and the like, sulfate and
phosphate salts such as sulfate or phosphate and the like,

Particular base addition salts that may be mentioned include salts formed with alkali
metais (such as Li, Na and K salts), alkaline earth metals (such as Mg and Ca salts),
or other metals {such as Al and Zn salts), and amine bases (such as ammonia,
ethylenediamine, ethanolamine, diethanclamine, triethanclamine, tromethamine).
More particularly, base addition salts that may be mentioned include Mg, Ca and, most
particularly, K and Na salts.

Compounds of the invention may exist as solids, and thus the scope of the invention
includes all amorphous, crystalline and part crystalline forms thereof, and may also
exist as oils. Where compounds of formula I exist in crystalline and part crystalline
forms, such forms may include solvates, which are included in the scope of the
invention.
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Compounds of the invention may also exist in solution (i.e. in solution in a suitable
solvent). For example, compounds of formula [ may exist in aqueous solution, in which
case compounds of the invention may exist in the form of hydrates.

Compounds of the invention may contain double bonds and, uniless otherwise
indicated, may thus exist as £ (enfgegen) and Z {zusaimmen} geometric isomers about
each individual double bond. Unless otherwise specified, all such isomers and mixturas
thereof are included within the scope of the invention.

Compounds of the invention may also exhibit tautomerism. All tautomeric forms and
mixtures thereof are included within the scope of the invention (particularly those of
sufficient stability to allow for isolation thereof).

Compounds of the invention may also contain one or more asymmetric carbon atoms
and may therefore exhibit optical and/or diasterecisomerism (l.e. existing in
enantiomeric or diastereomeric forms). Diasterecisomers may be separated using
conventional techniques, e.¢. chromatography or fractional crystallisation. The various
sterecisomers (i.e. enantiomers) mayv be isolated by separation of a racemic or other
ranixturae of the compounds using conventional, e.q. fractional crystaliisation or HPLC,
technigues. Alternatively the desired enantiomer or diasteresisomer may be obtained
from appropriate optically active starting materials under conditions which will not
cause racemisation or epimerisation {(i.e. a ‘chiral pool’ method}, by reaction of the
appropriate starting material with a “chiral auxiliary” which can subseguently be
removead at a suitable stage, by derivatisation {(i.e. a resolution, including a dynamic
resolution; for example, with a homochiral acid followed by separation of the
diastereomeric derivatives by conventional means such as chromatography), or by
reaction with an appropriate chiral reagent or chiral catalyst, all of which methods and
processes may be performed under conditions known to the skilled person. Unless
otherwise specified, all sterecisomers and mixtures thersof are included within the
scope of the invention.

As used herein, the term “halogen”, when used herein, includes fluorine (F), chlorine
{Ch), bromine (Br) and iodina (1), Likewise, the term “halo”, if and when used herein,

includes fluoro, chioro, bromo and iodo.

Unless otherwise specified, Cis alkyl groups (e.g. Ciaalkyl groups), Cz4 alkyl groups
and the alkyl parts of Ciealkoxy, Cis alkoxy-Cis alkyl, defined hersin may be straight-
chain or, when there is a sufficient number (i.e. a minimum of two or three, as
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appropriate) of carbon atoms, be branchad-chain, and/or cyclic {e.g. forming a Css
cycloatkyt group). When there is a sufficient number {i.e. a minimum of four) of carbon
atoms, such groups may also be part-cyclic {e.q. forming a Csae partial cycloalkyl
aroup). For example, cycloalkyl groups that may be mentioned include cyclopropvi,
cyclobutyl, cvclopentyl and cycichexyl. Similarly, part-cyclic atkyl groups {which may
also be referred to as “part-cycloalkyl” groups) that may be mentioned include
cyclopropylmethyl. When there is a sufficient number of carbon atoms, such groups
may also be mublticyclic {e.q. bicychc or tricyclic) and/or spirocyclic.

Alkyl groups and alkoxy groups may, when there is a sufficient number (i.e. a minimum
of three) of carbon atoms, be unsaturated and thus incorporate a double bond or triple
bond.

Particular alkyl groups that may be mentionad include straight chain {i.e. not branched
and/or cychic) alky! groups. For example, Cis alkyl groups and the atkyl parts of Cis
atkoxy groups, include but are not limited to n-butyl, sec-butyl, isobutyl, tert-butvl;
propyl, such as n-propyl, 2-methvipropy! or isopropyl; ethvl; and methyh

For the avoidance of any doubt, the point of attachment of the Ci¢ alkyl groups and
the alkyi parts of Cis alkoxy-Crsalkyl, Cirsalkylaryl, is via the alkyl part of such groups.

For the avoidance of doubt, atkoxy groups are attached to the rest of the molecule via
the oxygen atom in that group and alkoxyalkyl groups are atiached to the rest of the
molecule via the alkyl part of that group.

Unless otherwise specified, alkoxy refers to an O-alkyl group in which the term “alkyl”
has the meaning(s) given above.

The present invention ailso embraces isotopically-labelied compounds of the present
invention which are identical to those recited herein, but for the fact that one or more
atoms are replacad by an atom having an atomic mass or mass number different from
the atomic mass or mass number usually found in nature {or the most abundant one
found in nature). All isotopes of any particular atom or element as specifiad herein are
contemplated within the scope of the compounds of the invention. Hence, the
compounds of the invention also include deuterated compounds, L.e. compounds of the
invention in which one or more hydrogen atoms are replaced by the hydrogen isotopse
deuterium,
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In cases in which the identity of two or more substituents in a compound of the
invention may be the same, the actual identities of the respective substituents are not
in any way interdependent. For example, in the situation in which two or more halo
aroups are present, those groups may be the same or different (e.g. two chioro groups
or a fluoro and a chioro group). Similarly, where two or more alkyl groups are present,
the groups in question may be the same or different in terms of their number of carbon

atoms and/or whether they are linear, branched, unsaturated or otherwise.

Further, when it is specified that a substituent is itself optionally substituted by ong or
more substituents (e.g. butvl optionally substituted by one or more groups
independently selected from halo), these substituents where possible may be
positioned on the same or different atoms. Such optional substituents rmay be present
in any suitable number thereof (2.9, the relevant group may be substituted with one
oF more such substituents, such as one such substituant),

Where groups are referred to herein as being oplionally substituted it is specifically
contemplated that such optional substituents may be not present {(i.e. references to
such optional substituents may be removed), in which case the optionally substituted
garoup may be referred to as being unsubstituted.

Unless otherwise specified, substituents {whether optional or otherwise} may be
focated at any point on a group to which they may be attached. In this respect, alkyl
and alkoxy groups {for example) that may be substituted by one or more substituents
may also be terminated by such substituents (by which we mean located at the

terminus of an e.g. alkyl or alkoxy chain).

For the avoidance of doubt, in cases in which the identity of two or more substituents
in a compound of formula I may be the same, the actual identities of the respective
substituents are not in any way interdependent. For example, in the situation in which
R? and R? are both Ciealkyl, the Cis alkyl groups in question may be the same or
different.

The skilled person will appreciate that compounds of the invention that are the subject
of this invention include those that are obtainable, i.e. those that may be prepared in
a stable form. That is, compounds of the invention include those that are sufficiently
robust to survive isolation, e.g. from a reaction mixture, to a useful degres of purity.

Preferred compounds of the invaention include those in which:

10



10

i5

30

WO 2022/200786 PCT/GB2022/050726

when Rl represents a Cra alkyl group, it represents methyl, ethyl, propyl (s.g. iso-
propyhy or butyl {e.g. n-butyl or fert-butyl), optionally substituted by up to three
fluorine atoms (e.g. CH2CHCICH2CH2F or CH2CF);

RZand R3 independently represent H or a Craatkyl group (such as methyl, ethyi, propyl
{e.qg. n-propyl) or butyl {&.g. n-buty)), optionally substituted by up to three halogen
atoms {e.g. CHCHCICHCHOF or CHCFs):;

Y1, ¥?2, ¥Y? and ¥* independently represent -CH- or -CF-;

R* reprasents a Cz.7 alkyl group , or more, preferably, Cz.s alkyl group (such as ethyl,
propy! {e.g. n-propyl or isopropyl}, butyl {g.g. terf-butyl, isocbutyl or n-butyl), or a
cyclohexylmethyl group or, more preferably, a cyclopentvimethyl, a cyclobutyimethyl
or a cyclobubylethyl group), substituted and/or terminated as hereinbeafore described;
R represants H or Ciaalkyl group (such as methyl, sthyl, propyl (e.g. n-propy!) or
butvl (e.q. isobutvi});

R® represents ethyl, propyl {e.g. n-propyl) or butyl {(e.g. n-butyl or isobuty!).

More preferred compounds of the invention include those in which:

R! represents meathyl, ethyl, isopropyl or tert-butyl;

R? and R? independeantly represent H or methyl;

at least one {e.g. one or two) of Y, Y2, Y3 and Y represent ~-CF- and the rest represent
~CH-,

R* represents cyclohexylmethyl or, more preferably, ethyl, n-propyl, n-butyl or
isobutyl, sach of which is substituted and/or terminated by one -OH group;

R> represants M, methyl, ethyl, n-propyl, n-butyl or isobubyl;

R® represants n-~propyl, n-butyl or isocbutyl.

Particularly preferred compounds of the invention include those in which:

R represents methyl, isopropyl or tert-butyl:

R and R3 both represent H;

¥ and Y? both represent -CH-, or

one or both of Y* and ¥? represent ~-CF-;

Y3 and Y* both represent ~-CH;

R* represents cyclohexylimethyl or, more preferably, ethyl, n-propyl or isobutyl
substituted and/or terminated by one -OH aroup;

R> represents H;

RS represents isobutyl.

Thus, particular preferred compounds of the invention that may be mentioned include:

i1
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1-[[3-[3~-fluoro-4-[ {2-methylimidazol-1-ylymathyl]phenyi}-5-iscbutyl-2-
thisnyllsulfonyl]-3-(2-hydroxyethyliurea,
1-f{3-[3-fluoro-4-[{Z-methylimidazol-1-yi)methyi]phenvii-5-isobutyl-2-
thienyl]suifonyl]-3-(3-hydroxypropyl)urea,
1-[{3-[3-fiuoro-4-[{Z2-methylimidazol-1-yi)methyl]phenyl}-5-isobutyl-2-
thienyllsulfonyil-3-(2-hydroxy-2-methyl-propyliurea,
1-[[3-[2-fluoro-4-T{2-methylimidazol-L-yi)methyl]phenvil-S-isgbutyl-2-
thienylisulfonyl}-3-(2-hydroxyethyliurea,
1-[[3~[3,5-difluoro-4-[{2-methylimidazol- L-ylYmethyliphenyl}-5-isobutyl-2-~
thienyllsulfonyl}-3-(2-hydroxyethyljurea,
1-[{3-14-[(2-tert-butvlimidazol-1-ylymethvl]-3-fluoro-phenyi]-5-isobutyl-2-
thienyilsulfonyi]-3-(2-hydroxyethyllurea,

1-[[3-[4-[(2-tert-butylimidazol- 1-ylymethvi]-3-fluoro-phenyi]-5-isobutyi-2-
thisnyiisulfonyll-3-{2-hydroxy-2-methyl-propyliurea,
1-[[3-[4~-[{Z2-ethylimidazol- L~y methyi]-3-fluorc-phenyl}-5-isobutyl-2-
thisnyllsulfonyl]-3-(2-hydroxyethyliurea,

1-f{3-[4-[{Z-ethylimidazol- L~y methyi]-3-fluoro-phanyl}-5-isobutyi-2-
thienylisuifonyl]-3-[(1-hydroxycyciohexylymethyljurea,
1-[{3-[3-fiuoro-4-[{2-isopropylimidazol-L-yiymethvi]phenyl]-5-isobutyl-2-
thienyl]suifonyl}-3-(2-hydroxyethyijurea.

IUPAC names were generated from the program Chemdoodise §.1.0.

More preferred compounds of the invention include the compounds of the examples

described hereinafter.

Compounds of formula T may be made in accordance with technigues well known o

those skilled in the art, for example as described hereinafter.

According to a further aspect of the invention there is provided a process for the

preparation of a compound of formula I, which process comprises:

{i) Reaction of a compound of formula II,

12
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wherein R, RZ, 5, B8, Y1, ¥2 Y3 and Y4 are a5 hereinbefore defined and L represents
Cre alkyt or an aryl group (such as phenyl) with a compound of formula III, or a salt
thereof,

NHR4R® III
wherein R* and R® are as hereinbefore defined, for example at around room
temperature or above {e.g. up to 90-110°C) in the presence of a suitable solvent, such
as toluene, acetonitrile or dioxane and/or a suitable base, such as triethylamine, 4-

dimethylaminopyriding or potassium carbonate.

(i) In the case of compounds of formula T in which R® represents H, reaction of a
compound of formula IV,

Y

13
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wherein R, R2, R3, R5, Y?, ¥4, Y3 and Y4 are as hereinbefore defined with a compound
of formula V,
R*&N=C=0Q v

wherein R* is as hereinbefore defined, for example at around room temperature or
above (&.g. up to 60-70°C), optionally in the presence of copper (I} chioride or boron
trifiuoride etherate and/or a suitable base (e.g. pyrollidinopyridine, pyridine,
triethylamineg, tributylamine, trimethylamine, dimethylaminopyridine, di-
isopropylamine, 1,8-diazabicyclo]5.4.0%undec-7-ene, or mixtures thereof) and an
appropriate solvent (e.g. pvridine, dichloromethane, ethyl acelate, tetrahydrofuran,

dimethylformamide, acetonitrile, or mixtures thareof).

(i) In the case of compounds of formula 1 in which R® represents H, reaction of a
compound of formula IV as hereinbefore defined with a formula Vi,

G

ij\ Wi

x?’ Qé

wherein R* is as hereinbefore defined and X! is a sultable leaving group {&.q. halo {(a.q.
chioro or bromo), -0-Cie alkyl or -0O-Cie aryl {e.g. -OPh), for example under
microwave irradiation at above room temperature in the presence of a suitable base
{(e.g. sodium hvdrogen carbonate, pyrollidinopyridineg, pyridine, triethylamine,
tributylaming, trimethylamine, dimethylaminopyridine, di-isopropylamine, 1,8-
diazabicyclo[5.4.0Jundec-7~ene, or mixtures thereof) and an appropriate solvent {(e.g.
acetonitrile, pyriding, dichloromethane, chioroform, tetrahydrofuran,
dimethyiformamide, or toluena).

Cornpounds of formula II may be prepared by reaction of a compound of formula IV as
hersinbefore defined with a compound of formula VII,

O
&\ Vit
}{‘ez's’ \X?i)
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wherein X' and X' both each represent X' as hereinbefore defined and may be the
same or different, for example at under, around or above room femperature {(e.g. 0°C,
or up to 50-70°C) in the presence of a suitable base as hereinbefore defined and an
appropriate scivent {e.qg. pyridine, dichloromethane, chioroform, tetrahydrofuran,

dimethylformamide, acetonitrile, or toluane).

Compounds of formula IV may be prepared by reaction of a compound of formula VIII,

T
)

T S—sonn, Vil

- /.3\«_\:\ g
RE

wherein R® is a5 hereinbsfore defined, or a N-protected derivative thersof, and X2
reprasents a suitable cross-coupling group, with a compound of formula IX,

wherein RY, R?, R3, Y!, Y2, Y3, and Y* are as hereinbefore defined and X represents a
suitable cross-coupling group. The above coupling reaction is preferably a Suzuld
reaction, and therefore may be performed under standard Suzuki conditions, which
means that one of X2 and X2 represents either one of the suitable Suruki cross-coupling
groups (or ‘partners’}, i.e. boronic acid (-B{OH)2) or a boronic acid ester (e.g. MIDA
derivative or a pinacol ester) and halo groups, such as iode or bromo and the other
reprasents the other group. The standard Suzuki conditions may be applied in this
reaction, which includes, for example, the presence of an appropriate coupling catalyst
system {e.g. a palladium catalyst, such as [1,1-bis{diphenyiphosphine}ferrocene]-
dichloropalladium(Il}, [1,1- bis{diphenyiphosphine)ferrocene]-dichioropaladium(li)
complex with dichloromethane, Pd{PPhs}s or Pd{OAC)/ligand (wherein the ligand may
be, for example, PPhs, P{o-Tol)s or 1,1’-bis(diphenyiphosphingo)ferrocene)) and a
suitable base {(e.g. sodium hydroxide, sodium carbonate, potassium carbonate,

15
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caasium carbonate, triethylamine or di-iso-propylaming), as wall as a suitable solvent
system {e.q. toluene, ethanol, n-butanol, dimethoxymethane, dimethyiformamide,
ethvlene givcol dimethyl ether, water, dioxane or mixtures thereof). This reaction may
be carried out at above room temperature {(e.g. at the reflux temperature of the solvent
systermn that is emploved). This reaction may be carried out under microwave
irradiation at above room temperature. If a protected version of a compound of
formula VIII is employed, this reaction may be foliowed by deprotection of the SO:NH-
group under standard conditions, for example as described hereinafter. The reaction
of a compound of formula VIII with a compound of formula IX may aiso be followed by
reaction of the intermediate so formed with a suitable acid to form an acid addition salt
or, more preferably, a N-protected version thereof. Suitable acid addition salts include

fumarate, triffucroacetate and oxalate salts.

Compounds of formula IV may alternatively be prepared by reaction of 3 compound
of formula X,

'*\{::_N\ X
b aeeRE
HN. \{;’

3
Ri&

wherein R, R? and R® are as hereinbefore defined with a compound of formula XI,

wherein R&, X1, ¥, ¥2, ¥? and Y4 are as hereinbefore defined (X&, in particular, may
represent bromo), or a N-protected derivative thereof, for example at around or below
room temperature in the presence of a suitable base {e.g. pyridine) and an appropriate
organic solvent (e.g. toluene). If a protected version of a compound of formula Xl is
emploved, this reaction may be followed by deprotection of the SONH-group under
standard conditions, for example as described hereinafter. Additionally, compounds of

16
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formula IV may be prepared in this way for example according, or analogously, to
processes described in inter alia UK patent application GB 2281298.

Cormnpounds of formula IX may be prepared by standard techniques, for example by
way of reaction of a compound of formula X as hereinbefore defined with a compound
of formula XII,

Xi

VARV
Y i

Y"‘\é}.:\ ‘.-""Y 3

s

a

wherein X!, X3, Y1, Y2, ¥* and ¥* are as hereinbefore defined, for example under similar
conditions to those described hereinbefore in respect of preparation of compounds of

formuia IV.

Compounds of formula XI are known in the art. For example, they may be prepared
according, or analogously, to processes described in infer alia US patent number
5,312,820, UK patent application GB 2281298, and/or international patent application
WO 02/096883.

Compounds of formula VIII are known in the art. For eéxample, they may be prepared
according, or analogously, 1o processes described in inter alia international patent
application WO 02/096883,

Compounds of formulae 111, V, VI, VII, X and XII are either commercially available, are
known in the literature, or may be obtained sither by analogy with the processes
described herein, or by conventional synthetic procedures, in accordance with standard
technigues, from readily-available starting materials using appropriate reagents and

reaction conditions.

It will be appreciated by those skilled in the art that, in the processes described above
and hereinafter, the functional groups of intermediate compounds may need to be
protected by protecting groups.

Functional groups that are desirable to protect include sulphonamido, amido, amino

and aldehvde. Suitable protecting groups for sulphonamide, amido and aming include
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tert-butyloxycarbonyl, benzvioxycarbonyl, 2-trimethyisiiviethoxycarbonyl (Teoc) or
tert-butyl. Suitable protecting groups for aldehyde include alcohols, such as methanol
or ethano!l, and diols, such as 1,3-propanediol or, preferably, 1,2-ethanedicl {50
forming a cyclic acetal). The protection and deprotection of functionat groups may
take place before or after a reaction in the above-mentioned schaemes.

Protecting groups may be applied and removed in accordance with technigues that are
wall-known to those skilled in the art and as describad hereinafter. For example,
protected compounds/intermediates described herein may be converted chemically to
unprotected compounds using standard deprotection fechniques. The type of
chemistry involved will dictate the need, and type, of protecting groups as well as the
seguence for accomplishing the synthesis. The use of protecting groups is Tully
describad in “Protective Groups in Organic Synthesis”, 3rd edition, T.W. Greens &
P.G.M. Wutz, Wiley-Interscience {1999}, the contents of which are incorporated hearein
by reference.

Medical and Pharmaceutical Uses

As described herain, the compounds of the invention, and therefore compositions and
kits comprising the same, are useful because they possess pharmacoliogical activity,
and/or are metabolised in the body following oral or parenteral administration to form
compounds that possess pharmacologicat activity.

Thus, according to a further aspect of the invention, there is provided the compound
of the invention, as hereinbefore defined, for use as a pharmaceutical (or for use in

medicine).

In particular, compounds of the invention are agonists of ATZ receptors. Compounds
of the invention are thus expected to be useful in those conditions in which endogenous

production of Ang II is deficient and/or where an increase in the activity of AT2

receptors is desired or required,
More particularly, compounds of the invention are agonists of the AT2 recaeptor, and,
especially, are selective {vs. the ATL receptor) agonists of that sub-receptor, for

example as may be demonstrated in the tests described below.

ATZ receptor agonisis include those that fully, and those that partially, activate the
ATZ receptor. Compounds of the invention may thus bind selectively to the AT2

18



10

i5

30

WO 2022/200786 PCT/GB2022/050726

receptor, and exhibit agonist activity at the AT2 receptor. By compounds that "bind
selectively” to the ATZ receptor, we include that the affinity ratio for the relevant
compound (AT2:ATL) at a given concentration is at least 50:1, such as at least 100:1,
preferably at least 1000:1.

The compeunds of the invention are further expected 1o be useful in those conditions
where AT2 receptors are expressed and their stimulation is desired or requirad.

In this respect, compounds of the invention are indicated in the treatment of conditions
characterised by vasoconstriction, fibrosis, increased cell growth and/or differentiation,
increased cardiac contractility, increased cardiovascular hypertrophy, and/or increased
fluid and electrolyte retention, as well as skin disorders and musculoskeletal disorders,

Compounds of the invention may alse exhibit thromboxane receptor activity. In this
respect, compounds of the invention may have an inhibitory effect on platelet
activation and/or aggregation {and thus e.¢g. an antithrombotic effect), and/or may
reduce vasoconstriction and/or bronchoconstriction in a therapeutic manner,

Compounds of the invention are further indicated in the treatment of stress-related
disorders, and/or in the improvement of microcirculation and/or mucosa-protective

mechanisms.

Thus, compounds of the invention are expected to be useful in the treatment of
disorders, which may be characterised as indicated above, and which are of, for
example, the gastrointestinal tract, the cardiovascular system, the respiratory tract,
the kidnays, the eves, the female reproductive {ovulation) system and the central
nervous system (CNS),

Disorders of the gastrointestinal tract that may be mentioned include ocesophagitis,
Barrett’s oesophagus, gastric ulcers, duocdenal ulcers, dyspepsia (including non-ulcer
dyspepsia), gastro-oesophageal reflux, irritable bowel syndrome (IBS), inflammatory
bowel disease (IBD), pancreatitis, hepatic disorders (such as hepatitis), gall bladder
dissase, muitiple organ failure (MOF) and sepsis. Other gastrointestinal disorders that
rnay be mentioned include xerostomia, gastritis, gastroparesis, hyperacidity, disorders
of the bilary tract, coelicia, Crohn's disease, ulcerative colitis, diarrhoea, constipation,
colic, dysphagia, vomiting, nausea, indigestion and Sidgren’s syndrome,
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Disorders of the respiratory tract that may be mentioned include inflammatory
disorders, such as asthma, obstructive lung diseases (such as chronic obstructive lung
disease), pneumonitis, pulmonary hypertension, and adult respiratory distress
syndrome,

Disorders of the kidneys that may be mentioned include renal fallure, nephritis and
renal hypertension,

Disorders of the eves that may be mentioned include diabetic retinopathy, premature
retinopathy and retinal microvascularisation.

Disorders of the female reproductive system that may be mentioned include ovulatory
dysfunction.

Cardiovascular disorders that may be mentioned include hypertension, cardiac
hypertrophy, cardiac failure {including heart fallure with preserved gjection fraction),
artherosclerosis, arterial thrombeosis, venous thrombosis, endothelial dysfunction,
endothalial lesions, post- balloon dilatation stenoesis, angiogenesis, diabetic
complications, microvascular dysfunction, angina, cardiac arrhythmias, claudicatio
intermittens, preeclampsia, myocardial infarction, reinfarction, ischaemic lesions,
erectile dysfunction and neointima proliferation.

Disorders of the CNS that may be mentioned include cognitive dysfunctions,
dysfunctions of food intake (hunger/satiety) and thirst, stroke, cerebral bleeding,
cerebral embolus and cerebral infarction, multiple sclerosis (M3), Alzheimer’s disease
and Parkinson’s disease.

Compounds of the invention may also be useful in the modulation of growth
metabolism and preliferation, for example in the treatment of ageing, hypertrophic
disorders, prostate hyperplasia, autocimmune disorders {(e.g. arthritis, such as
riieumatold arthritis, or systemic lupus erythematosus), psoriasis, obesity, neuronal
regeneration, the healing of ulcers, inhibition of adipose tissue hyperplasia, stem cell
differentiation and proliferation, fibrotic disorders, cancer {e.g. in, or of, the
gastreointestinal tract (including the cesophagus or the stomach), the prostate, the
breast, the liver, the kidneys, as well as lymphatic cancer, lung cancer, ovarian cancer,
pancraeatic cancer, hematologic malignancies, etc), apoptosis, tumours (generaily} and
hypertrophy, diabetas, neuronal lesions and organ rejection,
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Compounds of the invention are also useful in the treatment of stroke, spinal cord
injury, sickle cell disease, muscular dystrophy, cancer treatment-related cardictoxicity,
peripheral neurcpathy and, in particular, systemic sclerosis.

Compounds of the invention are particularly indicated in the treatment and/or
prevention of ILDs, such as sarcoidosis or fibrosis, more specifically pulmonary fibrosis
and particularly IPFF, as well as conditions that may trigger ILDs, such as systemic
sclerosis, rheumatoid arthritis, myositis or systemic lupus erythematosus, or are
otherwise associated with ILDs, such as pulmonary hypertension and/or pulmonary
arterial hypertension.

Compounds of the invention are particularly useful in the treatment of pulmonary

fibrosis, in particular IPF.

According to a further aspect of the present invention, there is provided a method of
treatment of pulmonary fibrosis, and in particular IPF), which method comprises
administration of a therapeutically effective amount of a compound of the invention to

a person suffering from such a condition.

In the treatment of pulmonary fibrosis, including IPF, compounds of the invention may
have an anti-fibrotic effect, with reduction of fibrosis and prevention of further
deposition of extracellular matrix. Compounds of the invention may reduce lung
scarring/wound healing and also have an anti-apoptotic effect, thereby preventing
apoptosis of alveolar endothelial cells, being an initiating factor for the development of
puimonary fibrosis. Compounds of the invention may also have an anti-proliferative
effect, thus reducing the cancer-like proliferation of fibroblasts and myofibroblasts in
pulmonary fibrosis. Compounds of the invention may also improve vascular
remodelling in  pulmonary fibrosis, thereby reducing secondary pulmonary
hypertension. Finally, compounds of the invention may demonstrate anti-
inflammatory, anti-growth factor {e.g. transforming growth factor beta) and/or anti-
cytokine effects,

In addition, compounds of the invention may also be useful in the treatment or
pravention of any fibrotic condition of one or more internal organs characterised by the
excessive accumulation of fibrous connective tissue, and/or in the treatment or
prevention of fibrogenesis and the morbidity and mortality that may be associated
therewith. Such fibrosis may be associated with an acute inflammatory condition, such

as acute respiratory distress syndrome {(ARDS), severe acute respiratory syndrome
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(SARS), and multiple-organ inflammation, injury and/or failure, which may be caused

by internal or external trauma (e.g. injury}, or by an infection.

Such conditions rmay thus result from sepsis or septic shock caused by a viral, bacterial
or fungal infection (e.g. a viral respiratory tract infection). Furthermore, acute lung
injury, ARDS and, particularly, SARS may be caused by viruses, such as coronaviruses,
include the novel SARS coronavirus 2 {SARS-CoV-2), which may result in internal
tissue damage and/or dysfunction of relevant internal {e.g. mucosal) tissuss, such as
the respiratory epithelium, and so resull in virally-induced pneumonia, impaired lung
function, respiratory dysfunction, distress and/or failure. Such fissue damage may
also give rise 1o severe fibrosis. For example, the SARS disease caused by the novel
coronavirus SARS-CoV-2 {coronavirus disease 2019 or COVID-19) is known in many

cases to result in fibrosis.

Compounds of the invention are particularly useful in the treatment of a disease or
condition in which activation of ATZ receptors is desiraed or required but in which
inhibition of one or more CYP enzymes is not desired.

In an alternative embodiment of the invention, there is provided the use of a compound
of formula I, or a pharmaceutically acceptable salt thereof, in the manufacture of a
meadicament for use in the treatment of a disease or condition in which activation of
AT2 recepiors is desired or required but in which inhibition of CYP enzymes is not
desired,

By a ‘disease or condition in which activation of ATZ receptors is desired or required
but in which inhibition of CYPs is not desired’, we include diseasas or conditions that
are known to be treatable by activation of ATZ receptors, such as those mentioned
hereinafter, but wherein existing treatments of such conditions may comprise
administration of other therapeutic agents that are metabolized by CYPs.  Such
diseassas or conditions may thus include conditions in which inhibition of at least one
CYP enzyme is not required, advantagecus and/or desirable, or in which such inhibition
is or would be detrimental to the patient.

Particular diseases or condition in which activation of ATZ receptors is desired or
required but in which inhibition of CYP enzymes is not desired are interstitial lung
diseases {e.g. pulmonary fibrosis, IPF, systemic sclerosis and sarcoidosis),
autoimmune diseases (e.g. rheumatoid arthritis, systemic lupus erythematosus,

multiple sclerosis, psoriasis and inflammatory bowel disease), chronic Kidney diseases
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{e.g. diabetic nephropathy), pulmonary hypertension, pulmonary arterial
hypertension, preeclampsia and/or infarction {(e.g. myocardial infarction and stroke).
Thus, compounds of the invention are parficularly useful in the treatment of interstitial
iung diseases, such as IPF; autoimmune diseases, such as rheumatoid arthritis; chronic
kidney diseases, such as diabetic nephropathy; pulmonary hypertension, including
pulmonary arterial hypertension; presciampsia; and/or infarction, such as myocardial

infarction.

According to a further aspect of the present invention, there is provided a method of
treatment of a disease or condition in which activation of ATZ receptors is desired or
required but in which inhibition of CYP enzymes is not desired (such as pulmonary
fibrosis, in particular IPF), which method comprises administration of a therapsutically
effective amount of a compound of the invention to a person suffering from the relevant

condition.

The compounds of the invention are indicated both in the therapeutic, palliative, and/or
diagnostic treatment, as well as the prophylactic treatment (by which we include
preventing and/or abrogating deterioration and/or worsening of a condition) of any of
the above conditions.

Compounds of the invention will normally be administered orally, intravenously,
subcutaneously, buccally, rectally, dermally, nasally, tracheally, bronchially, by any
other parenteral route, or vig inhalation or pulmonary route, or any combination
thereof, in a pharmaceutically acceptable dosage form, in solution, in suspension, in
emuision, including nanosuspensions, or in liposome formulation. Additional methods
of administration include, but are nolt limited to, intraarterial, intramuscular,
intraperitoneal, intraportal, intradermal, epidural, intrathecal administration, or any
combination thereof.

In some embodiments, the compounds of the invention may be administered alone
{e.g. separately}, and/or sequentially, and/or in paraillel at the same time {e.qg.
concurrently), using different administrative routes, but are preferably administered
by way of known pharmaceutical formulations, including tablets, capsules or elixirs for
oral administration, suppositories for rectal administration, sterile solutions,
suspensions or emulsions for parenteral or intramuscular administration, or via
inhalation, and the like. Administration through inhalation is preferably done by using
a nebulizer, thus delivering the compound of the invention to the small lung tissue
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including the alveoli and bronchioles, preferably without causing irritation or cough in

the treated subject.

Preferably, administration of a therapeutically effective amount of a compound of the
invention is performed by a combination of administrative routes, either separately
{e.g. about 2 or more hours apart from one another), sequentially {(e.g. within about
2 hours of one another), or in parallel at the same time {&.g. concurrently), including
via inhalation and orally, achieving an effective dosage.

In some embodiments, there is provided a method of treating a disease or condition
in which activation of ATZ2 receptors is desired or required {and such diseases or
conditions in which inhibition of CYP enzymes is not desired), including pulmonary
fibrosis, and in particular IPF, which method comprises administering a therapeutically
effective amount of a compound of the invention through a combination of
administrative routes, sither separately, sequentially, or in parallel at the same time,
preferably vig inhalation and orally, In order to achieve effective amount or dosage, to
a patient in need of such a therapy.

Such combinations of administrative routes, preferably viag inhalation and orally, may
be prasented as separate formulations of the compound of invention that are optimized
for each administrative route.

Such formulations may be prepared in accordance with standard and/or accepted

pharmaceutical practice.

According to a further aspect of the invention there is thus provided a pharmaceutical
formulation comprising a compound of the invention, in admixture with a
pharmaceutically acceptable adjuvant, diluent or carrier,

Compounds of the invention may be administered in combination with other AT2
agonists that are known in the art, such as C21, as well as in combination with ATL
receptor antagonists that are known in the art, and/or in combination with an inhibitor
of angiotensin converting enzyme (ACE). Non-limiting but illustrative examples of AT1
receptor antagonists that can be used according to the embodiments include azilsartan,
candeasartan, eprosartan, fimasartan, irbesartan, losartan, milfasartan, olmesartan,
pomisartan, pratosartan, riplasartan, saprisartan, tasgsartan, telmisarian, valsartan
and/or combinations thereof. Non-limiting but illustrative examples of ACE inhibitors

that can be used according to the embodiments include captopril, zofenopril, enalapril,
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ramipril, quinapril, perindopril, lisinopril, benazepril, imidapril, trandolapril, fosinopril,
moexipril, cilazapril, spirapril, temocapril, alacepril, ceronapril, delepril, moveltipril,
and/or combinations thersof,

Other active ingredients that may be administered in combination with compounds of
the invention include disodium cromoglycate; endothelin receptor antagonists, such as
bosentan, ambrisentan, sitaxentan and macitentan; PDES inhibitors, such as sildenafil
and tadalafil: prostacyclin {epoprostenct) and analogues thereof, such as illoprost and
treprostinil; other biologics including interferon gamma-1b, etanercept, infliximab and
adalimumab; and methotrexate. Further active ingredients in development that may
be co-administered with compounds of the invention include pamreviumab (anti-CTGF,
Fibrogen); GLPG1690 (autotaxin inhibitor, Galapagos), TD139 (Galectin-3 inhibitor,
Galecto), PRM-151 (recombinant pentraxin-Z2, Promedior), BBT-877 (autotaxin
inhibitor, Boehringer/Bridge), CC-20001 (ONK inhibitor, Celgene), PBI-4050 (dual
GPR4( agonist/GPR84 antagonist, Prometic), BMS-2986020 {(lysophosphatidic acid
receptor antagonist, BMS), RVT-1601 (mast cell stabilizer, Respivant), SMO4646 (wnt-
signal inhibitor, United Therapeutics), KD25 {(Rho associated kinase inhibitor, Kadmon
Holdings), BGOOO11 (integrin antagonist, Biogen), PLN-74809 (integrin antagonist,
Pilant Therapeutics), Saracatinib (src kinase inhibitor, Astraeneca), PAT-1251
{lysyloxidase inhibitor 2, PharmAkea), ABM-125 {IL-25 MAB, Abeome)} and TA5-115
{muiti-kinase inhibitor, Otsuka).

In a further aspect of the invention, compounds of the invention find particular utility
when combined with other therapeutic agents in combination therapy to treat the
various conditions, including those mentioned hereinbefore. Because compounds of
the invention exhibit minimal CYP enzyme inhibition, such combinations are particularly
advantageous when the other therapeutic agents that are employed for use in the
relevant condition are themselves metabolizad by CYP enzymes.

Thus, when the condition to be treated is an interstitial lung disease, such as IPF,
systemic sclerosis or fibrotic diseases that are known in the art, compounds of the
invention are preferably administered in combination with a Galectin-3 inhibitor, a
tysophosphatidic acid receptor 1 (LPAL) antagonist, an autotaxin (ATX) inhibitor, a
recombinant human pentraxin-2 protein or established therapies for such treatment,
including but not limited to pirfenidone and/or nintedanib. Preferably, the combination
of compound of the invention is with pirfenidone, or a pharmaceutically-acceptable salt
thereof, which compound is known to be metabolized by CYP enzymes, such as CYP1A,
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Further, when the condition to be treated is a chronic kidney related disease,
compounds of the invention are preferably administered in combination with ong or
more other drugs that are also used in such treatments, such as irbesartan and/or
torsemide, which compounds are known to be metabolized by CYP enzymaes, such as
CYP2C9.

When the condition to be treated is pulmonary hypertension, compounds of the
invention are preferably administered in combination with one or more other drugs
that are also used in such treatment, such as selexipag and/or sildenafil, which
compounds are known to be metabolized by CYP enzymes, such as CYP3A4.

When the condition to be treated or prevented is myocardial infarction and/or a stroke-
related disease, compounds of the invention are preferably administered in
combination with one or more other drugs that are also used in such treatment, such
as propranolol, warfarin, clopidogrel, atorvastatin, cllostazel, lidocaine and/or
simvastatin, or a pharmaceutically-acceptable salt thereof, which compounds are
known to be metabolized by CYP enzymes, such as CYPLA, CYP2CP and/or CYP3A4,

When the condition to be treated is an aultoimmune disease, such as rheumatoid
arthritis, multiple sclerosis or psoriasis, compounds of the invention are preferably
administered in combination with one or more other drugs that are also used in such
treatment, including but not limited to non-steroidal anti-inflammatory  drugs
(NSAIDs), such as naproxen, celecoxib, meloxicam or an analogue thereof (e.g.
piroxicam} orindomethacin, or a drug such as tizanidine, cvclophosphamide,
cyclosporineg, deflazacort and/or hydrocortisone, riluzele, or a pharmaceutically-
accepiable salt thereof, which compounds are known to be metabolized by CYP
enzymes, such as CYPLA, CYP2CP, CYP2CLY and/or CYP3A4,

Thus, compounds of the invention are particularly useful in the treatment of a dissase
or condition in which activation of the ATZ receptor is desired or required but in which
inhibition of CYP enzymes is not desired and so may be administered to treat diseasss,
including those mentionaed hereinbefore, in combination with one or more of the other
therapeutic agents mentioned herainbefore, which are metabolized through a CYP
enzyme pathway, is or may be useful, including pirfenidone, naproxen, propranoiol,
riluzole, tizanidine, warfarin, celecoxib, clopidogrel, irbasartan, meloxicam, piroxicam,
torsemide, cyclophosphamide, indomethacin, atorvastatin, cilostazol, cyclosporineg,
deflazacort, hydrocortisone, lidocaine, selexipag, sildenafil and/or simvastatin. Most
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preferably, the compounds of the invention are administered in combination with
pirfenidone to treat an interstitial lung disease, such as IPF.

Therapeutic agents that may be used in conjunction with compounds of the invention
include variously-applied standard treatments for viral infections, including antibody
therapies {g.g. LY-CoV555/LY-CoV016 (bamilanivimab and etesevimab}, LY-CoV5ES
{(bamianivimab, Eli Lilly}, REGN-COVZ {casirivimab and imdevimab), REGN30483-3051,
TZL5-501, SNGOC1 (Synairgen), eculizumab (Soliris; Alexion Pharmaceuticals),
ravulizumab (Ultomiris; Alexion Pharmaceuticals), lenzilumab, leronlimab, tocilizumab
{Actemra; Roche), sarilumab {Kevzara;, Regeneron Pharma), and Octagam
{Octapharma)), antiviral medicines (e.g. oseltamivir, remdesivir, favilavir,
molnupiravir, simeprevir, daclatasvir, sofosbuvir, ribavirin, umifenovir, lopinavir,
ritonavir, lopinavir/ritonavir (Kaletra; AbbVie Deutschland GmbH Co. KG), teicoplanin,
baricitinib {Olumiant; EI Lilly), ruxolitinib {Jakavi; Novartis}, tofacitinib {(Xeljanz;
Pfizer}, the TMPRSSZ inhibitor camostat, or camostal mesylate, Actemira (Roche), AT-
100 (rhSP-D), MK-7110 (CD24Fc; Merck)), OYAL {OyaGen9), BPI-002 (BeyondSpring),
NP-120 (Ifenprodil; Algernon Pharmaceuticals), and Galidesivir (Biocryst Pharma),
antiinflammatory agents {e.g. NSAIDs, such as ibuprofen, ketorolac, naproxen, and
the like), chioroquing, hydroxychloroquine, interfaerons {e.g. interferon beta {interferon
beta-1a), tociizumab (Actemra), lenalidomide, pomalidomide and thalidomide),
analgesics (e.9. paraceiamol or opioids), antitussive agents {e.g. dextromethorphan),
vaccinations {e.g. INO-4800by Inovie Pharmaceuticals and Beijing Advaccine
Biotechnology, If available), COVID-19 convalescent plasma (CCP) and/or passive
antibody therapy with antibodies from blood of people who have recovered from
infection with SARS-CoV or SARS-CoV-2.

Further therapeutic agents that may be mentioned include anti-fibrotics (e.g.
nintedanib and, particularly, pirfenidone), vitamins {e.g. vitamin B, C and D) and
mucolytics such as acetyicysteine and ambroxol.

Other therapeutic agents that may be used in conjunction with compounds of the
invention or pharmaceutically acceptable salts thereof in accordance with the invention
include corticosteroids. Corticosteroids include both naturally-occurring corticosteroids
and synthetic corticosteroids.

Maturally-occurring  corticostercids that may be mentioned include cortisol
(hydrocortisong), aldosterone, corticosterons, cortisone, pregnenclong, progesterons,

as well as naturally-occurring precursors and intermediates in  corticosteroid
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biosynthesis, and other derivatives of naturally-occurring corticosteroids, such as 11-
deoxycortisol, 21-deoxycortisol, ll-dehydrocorticosterone, Lll-deoxycorticosterone,
18-hydroxy-11-deoxycorticosterone, 18-hydroxycorticosterone, 2Z1i-deoxycortisone,
L1B-hydroxypregnenoione, 110,170, 21-trihydroxypregnencione, 170,21-
dihydroxypregnenolone, 17g-hydroxypregnencione, 21-hydroxypregnencione, 11-
ketoprogesterone, 11f-hydroxyprogesterone, 17a-hydroxyprogesterone and 18-
hydroxyprogesierone.

Synthetic corticostercids that may be mentioned include those of the hydrocortisone-
type (Group A), such as cortisone acetate, hydrocortisone aceponate, hydrocortisone
acetate, hvdrocortisone buteprate, hydrocortisone butyrate, hydrocortisone valerate,
tixocortol and tixocortel pivalate, prednisolone, methviprednisoloneg, prednisone,
chioroprednisone, cloprednol, difiuprednate, fludrocortisone, fluocinolone, fluperolone,
flupredniscione, loteprednol, prednicarbate and triamcinolone; acetonides and related
substances {Group B), such as amcinonide, budesonide, desonide, fluocinolone
cetonide, fiuocinonide, halcinonide, triamcinclone acetonide, ciclesonide, deflazacort,
formocortal, fludroxycortide, flunisolide and fluocinolone acetonide, those of the
{beta)methasone-type (Group C), such as beclomethasone, betamethasone,
betamethasona dipropionate and betamethasone valerate, dexamethasones,
fluocortolone, halometasone, mometasone and mometasone furoate, alclometasone
and alclometasone dipropionate, clobetasol and clobetasol propionats, clobetasone and
clobetasone butyrate, clocortolone, desoximetasone, diflorasone, difluccortolone,
fluclorolone, flumetasone, fluocortin, fluprednidene and fluprednidene acetats,
fluticasone, fluticasone furcate and fluticasone propionate, meprednisone,
paramethasone, prednvlidene, rimexclone and ulobetasol; those of the progesterone-
type, such as flugestone, flucromethoiona, medrysone and prebediolone acetate, and
progesterone derivatives (progesting), such as chiormadinone acetate, cyproterona
acetate, medrogestons, medroxyprogesterone acetate, megestrol acelate and
segestercone acelate; as well as other corticosteroids, such as cortivazol and 6-methyl-
113, 178~dihydroxy-17a-{1-propynyllandrosta-1,4,6-trien-3-one.

Preferred corticosteroids include cortisone, prednisone, prednisolone,
rnethyiprednisolone and, especially, dexamethasone,

Further, therapeutic agents that may be used in conjunction with compounds of the
invention or pharmaceutically acceptable salts thereof include H2 receptor blockers,
anticoagulants, anti-platelet drugs, as well as statins, antimicrobial agents and anti-

allergic/anti-asthmatic drugs.
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H2 receptor blockers that may be mentioned include famotidine, Anticoagulanis that
rmay be mentionead include heparin and low-molecular-weight heparins {&e.g. bemiparin,
nadroparin, reviparin, enoxaparin, parnaparin, certoparin, dalteparin, tinzaparin};
directly acting oral anticoagulants {(&.g. dabigatran, argatroban, rivaroxaban, apixaban,
edoxaban, betrixaban, darexaban, otamixaban, letaxaban, eribaxaban, hirudin,
fepirudin and bivalirudin}; coumarin type vitamin K antagonists {&.g. coumarin,
acenocoumarol, phenprocoumon, atromentin and phenindione) and synthetic
pentasaccharide inhibitors of factor Xa ({e.g. fondaparinux, idraparinux and
idrabictaparinux). Anti-piatelet drugs that may be mentioned include irreversible
cyclooxygenase inhibitors {e.g. aspirin and triflusal); adenosine diphosphate recaptor
inhibitors {e.g. cangrelor, clopidogrel, prasugrel, {icagrelor and ticlopidine);
phosphodiesterase  inhibitors  (e.g. cilostazol); protease-activated receptor-1
antagonists {s.g. vorapaxar);, glycoprotein IIB/IIIA inhibitors {e.g. abcidmab,
eptifibatide and tirofiban); adenosine reuptake inhibitors (e.g. dipyridamole); and
thromboxane inhibitors {e.g. terutroban, ramatroban, seratrodast and picctamide}.
Statins that may be mentioned include atorvastatin, simvastatin and rosuvastatin.
Antimicrobial agents that may be mentioned include azithromycin, ceftriaxone,
cefuroxime, doxycvcline, fluconazole, piperacillin, tazobactarm and teicoplanin, Anti-
allergic/anti-asthmatic drugs that may be mentioned include chlorphenamine,
fevocatirizine and montelukast.

Subjects may thus also {and/or may be already) be receiving one or more of any of
the other therapeutic agents mentioned above, by which we mean receiving a
prescribed dose of one or more of those other therapeutic agents, prior to, in addition
to, and/or following, treatment with compounds of the invention or pharmaceutically

acceptable salts thereof,

When compounds of the invention are “combined” with other therapeutic agents as
mentioned hersinbefore, the active ingredients may be administered together in the
same formulation, or administered separately (simultaneously or sequentially} in
different formulations.

Such combination products provide for the administration of compounds of the
invention in conjunction with the other therapeutic agent, and may thus be pressented
gither as separate formulations, wherein at least one of those formulations comprises
a compound of the invention, and at least one comprises the cother therapeutic agent,

or may be presented {i.e. formulated) as a combined preparation {i.e. presented as a
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single formulation including a compound of the invention and the other therapeutic

agent).

Thus, there is further provided:

(1} a pharmaceutical formulation including a compound of the invention; a therapautic
agent selected from those described above {(&.g. one that is known 10 be metabolized
by a CYP enzyme); and a pharmaceutically-acceplable excipient {(a.g. adjuvant, diluent
or carrier}, which formulation is hereinafter referred to as a "combined preparation”;
and

(2} a kit of parts comprising components:

(A} a pharmaceutical formulation including a compound of the invention in
admixture with a pharmaceutically-acceptable adjuvant, diluent or carrier; and

(B} a pharmaceutical formulation including a therapeutic agent selectad from those
described above {e.g. one that is known {0 be metabolized by a CYP enzyme), in
admixture with a pharmaceutically-acceptable adjuvant, diluent or carrier,

which components (A) and (B) are each provided in a form that is suitable for
adrainistration in conjunction with the other,

In a further aspect of the invention, there is provided a process for the preparation of
a combined preparation as hereinbefore definad, which process comprises bringing into
association a compound of the invention, the other therapeutic agent, and at least one

{e.qg. pharmaceuticallv-acceptable) excipient.

In a further aspect of the invention, there is provided a process for the preparation of
a kit-of-parts as hereinbefore defined, which process comprises bringing into
association components (A} and (B). As used herein, references 10 bringing into
association will mean that the two components are rendered suitable for administration
in conjunction with sach other,

Thus, in relation to the process for the preparation of a kit-of-parts as hereinbefore
defined, by bringing the two components “into association with” each other, we include
that the two components of the kit-of-parts may be:

(D) provided as separate formulations (l.e. independently of gne another}, which
are subseqguently brought together for use in conjunction with each other in
combination therapy; or
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{ii) packaged and presented together as separate components of a “combination

pack” for use in conjunction with each other in combination therapy.

Thus, there is further provided a kit-of-parts comprising:
{1} one of components (A} and (B) as defined herein; together with
(11} instructions to use that component in conjunction with the other of the fwo

components.

Dapending upon the patient to be trested and the route of administration, the
compounds of the invention may be administered at varying doses. Although doses
will vary from patient to patient, suitable daily doses are in the range of about 0.1 1o
about 1000 mg {e.g. 0.1, 0.5, 1, 2, 5, 10, 15, 20, 25, 30, 35, 40, 45, 50, 75, 100,
150, 200, 250, 300, 350, 400, 450, 500, 550, 600, 650, 700, 750, 800, 850, 900, 950,
18000 mg, and the like, or any range or value therein} per patient, administered in
single or multiple doses. More preferred daily doses are in the range of about 6.1 to
about 250 mg {e.g., 0.2, 0.3, 0.4, 8.5, 4, 1.5, 2, 2.5, 3,35 4.45,5,55,6,865,7,
7.5, 8, 8.5 9,95, 10, 15, 20, 25, 30, 35, 40, 45, 50, 55, 60, 65, 70, 75, 80, 85, 90,
95, 100, 110, 120, 130, 140, 150, 160, 170, 180, 190, 200, 210, 220, 230, 240, 250
rag, and the like, or any range or value therein) per patient. A particular preferred
daily dose is in the range of from about 0.3 to about 100 mg per patient.

Individual doses of compounds of the invention may be in the range of about 0.1 o
about 10C mg (e.g. 0.3, 0.5, 1,2, 3, 4,5,6,7,8,9, 10, 11, 12, 13, 14, 15, 16, 17,
18, 19, 28, 25, 30, 35, 40, 45, 50, 55, 60, 65, 70, 75, 80, 85, 90, 95, 100 mg, and
the like, or any range or values therein}.

In any event, the physician, or the skilled person, will be able to determine the actual
dosage, which will be most suitable for an individual patient, which is likely 1o vary
with the condition that is to be treated, as well as the age, weaight, sex and response
of the particular patient to be treated. The above-mentioned dosages are exemplary
of the average case; there can, of course, be individual instances where higher or lower
dosage ranges are merited, and such are within the scope of this invention.

The benefits of using the compounds of the invention via a combination of
administrative routes, separately, and/or sequentially, and/or in parailel at the same
time is 1o produce a tailored treatment for the patient in need of the therapy, with the
possibility of preventing and/or reducing side effects, and also tune the correct dosage
levels of a therapeutically effective amount of a compound of the invention,
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The kits of parts described herein may comprise more than one formulation including
an appropriate quantity/dose of a compound of the invention, and/or more than one
formulation including an appropriate quantity/dose of the other therapeutic agent, in
order to provide for repeat dosing. If meore than one formulation {comprising either
active compound) is present, such formulations may be the same, or may be different
in terms of the dose of either compound, chemical composition{(s) and/or physical
form{s).

With respect to the kits of parts as described herein, by "administration in conjunction
with”, we include that respective formulations comprising a compound of the invention
and other therapeutic agent are administered, sequentially, separately and/or
simultansously, over the course of treatment of the relevant condition,

Thus, in respect of the combination product according to the invention, the term
“administration In conjunction with” includes that the two components of the
combination product (compound of the invention and other therapeaulic agent) are
administered {(optionally repeatedly), either together, or sufficiently closely in time, o
enable a beneficial effect for the patient, that is greater, over the course of the
treatment of the relevant condition, than if either a formulation comprising compound
of the invention, or a formulation comprising the other agent, are administered
{optionally repeatadly) alone, in the absence of the other component, over the same
course of treatment. Determination of whether a combination provides a greater
beneficial effect in respect of, and over the course of treatment of, a particular
condition will depend upon the condition 1o be treated or prevented, but may be
achieved routinely by the skilled person.

Further, in the context of a kit-of-parts according to the invention, the term “in
conjunciion with” includes that one or other of the two formulations may be
administered {(optionally repsatedly) prior o, after, and/or at the same itime as,
administration of the other component. When used in this context, the terms
"administered simultaneously” and “administered at the same fime as” include that
individual doses of the relevant compound of the invention and other antiinflammatory
agent are administered within 48 hours {(e.g. 24 hours) of each other,

Pharmaceutical compositions/formulations, combination products and kits as described
herein may be prepared in accordance with standard and/or accepted pharmaceutical

practice.
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Thus, in a further aspect of the invention there is provided a process for the preparation
of a pharmaceutical composition/formulation, as hereinbefore defined, which process
comprises bringing into association certain compounds of the invention, as
hereinbefore defined, with one or more pharmaceutically-acceptable excipients {e.g.
adjuvant, diluent and/or carrier),

In further aspects of the invention, there is provided a process for the preparation of
a combination product or kit-of-parts as hereinbefore defined, which process comprises
bringing into association certain compounds of the invention, as hereinbefore defined,
with the other therapeutic agent that is useful in the treatment of the relevant disease
or disorder, and at least one pharmaceutically-acceptable axcipient.

Subjects suitable o be treated with formulations of the present invention include, but
are not limited to, mammalian subjects, in particular human subjects.

When used herein in relation to a specific value (such as an amount), the term "about”
{or similar terms, such as “approximately”™) will be understood as indicating that such
values may vary by up to 10% (particularly, up to 5%, such as up o 19%) of the value
defined. It is contemplated that, at each instance, such terms may be replaced with
the notation “£10%”, or the like {or by indicating a variance of a specific amount
calculated based on the relevant value). Itis also contemplated that, at each instance,

such terms may be deleted.

Compounds of the invention have the advantage that they are more potent than,
and/or are stable to metabolic hydreolysis, and/or do not inhibit the CYP enzymaes

mentioned hereinbeafore.

The compounds of the invention may also have the advantage that they may be more
efficacious than, be less toxic than, be longer acting than, be more potent than,
produce fewer side effects than, be more easily absorbed than, and/or have a better
pharmacokinetic profile {e.g. higher cral bicavailability and/or lower clearance) than,
and/or have other useful pharmacological, physical, or chemical properties than
compounds known in the prior art, whether for use in the treatmant of IPF or otherwise.
Such effects may be evaluated dlinically, objectively and/or subjactively by a heaith

care professional, a treatment subject or an observear,
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Examples

The invention will be further described by reference to the following examples, which
are not intended to limit the scope of the invention.

In the event that there is a discrepancy between nomenciature and any compounds
depictad graphically, then it is the latter that presides (unless contradicted by any

experimental details that may be given or unless it is clear from the context}.

Experimental procedurss

Starting materials and intermediates used in the synthesis of compounds described
herein are commercially available or can be prepared by the methods described harsin
or by methods known in the art.

Experimenis were generally carried cut under inert atmosphere (nitrogen or argon),
particularly in cases where oxygen- or moisture-sensitive reagents or intermediates
were used,

Mass spectrometry data are reporied from liquid chromatography-mass spectrometry
(LC-MS). Chemical shifts for NMR data are expressad in parts per million {ppm, 8}
referanced to residual peaks from the deuterated solvent used.

For syntheses referencing general procedures, reaction conditions {such as length of
reaction or temperature) may vary. In general, reactions were followed by thin layer
chromatography or LC-MS, and subjected to work-up when appropriate. Purifications
may vary belween experiments: in general, solvents and the solvent ratios used for
eluents/gradients were chosen to provide an appropriate Ry and/or retention time,
Some products were purified using supercritical fluid chromatography, for example on
a reversed phase column using solvent combinations with mobile phase A; CO:2 and B
MeOH/H20/NH3. Some compounds were purified using preparative HPLC, flash column
chromatography or manual C18 reverse column with H20/MeCN polarity.
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Examples

Example 1
1=[13-13-Fluoro-4-1{2-methvliimidazol-1-yvDimethviiphenvil-B-ispbutyi-2-

thienyllsulfonvii-3-{Z2-hydroxyethyliuresa

(a)} N-tert-Butvi-3-[3-fluore-4-[(2-methylimidazol-1-viimethviiphenvil-5-isobutyl-

thiophene-Z-sulfonamide

1-[{4-Bromo-2-fluorophenylymethyl]-2-methyl-imidazole (2.5 g, 9.3 mmol; prepared
by reacting 2-methyl-imidazole with 4-bromo-1-(bromomethyl}-2-fluorobenzene;
both commaercially available}, S-isobutyl-2-(tert-butylaminosulfonyl}-3-
thiopheneboronic acid (3.0 g, 9.3 mmol; prepared as described in international patent
application WO 2002/096883), K2C0: (3.9 g, 27.9 mmol) and Pd{PPhs)s (268 mg, 232
umoel} ware added to dioxane {120 mbL) and water (12 mbL). The reaction was heated
to 95°C during the night under nitrogen atmosphere. Most of the solvent was
evaporated. Water was added (56 mbL) and the product was extracted with disthyl
ether (2 x 50 mL). Chromatography from EtOAC - MaOH gave the sub-title product in
3.9 g, vield 90%. H-NMR {CDClz): 0.96 (d, 8H), 1.05 (s, M)}, 1.90 (m, 1H), 2.40 (s,
3H), 2.67 {d, 2H), 5.12 (5, 2H)}, 6.71 {5, L1H}, 6.88 {s, 1H}, 6.95 {m, 1H), 6.97 (5, 1H),
7.20 {d, 1H), 7.30 {d, 1H).

(b} 3-[3-Flupro-4-[{Z-methvlimidazol-1-viimethvliphenyvil-S-isobutvi-thiophens-

2-sulfonamide
N-tert-Butyl-3-[3-fluoro-4-{ (2-methylimidazol- L-yhmethyl]phenvi}-5-iscbutyl-
thiophene-2-sulfonamide {4 g, 8.6 mmol;, see step (&) above) was dissolved in
dichioromethane (50 mL). Boron trichioride (26 mi, 1M in dichioromethane) was
added and the solution was stirred 2 hours at r.t. Na=CUs (sat., 20 mbL) was added and
the product was extracted with ethyl acetate (40 mL). Chromatography from ELOAC -
MeOH gave the sub-title product in 1.72 g, vield 48%. 'H-NMR (CDClz): £.98 {d, &H),
1.92 (m, 1H)}, 2.39 {s, 3H), 2.68 (d, 2H}, 5.12 (s, 2H)}, 6.74 (s, 1H), 6.87 (5, LH), 6.91
(t, 1H), 6.94 (s, 1H), 7.32 (d, 1H}, 7.39 (d, 1H).

{c) i-I{3-13-Fluore-4-[{ 2-methyviimidazol-1-viimethviiphenvil-B-isobutyl-2-

thienyilsulfonvii-3-{Z-hydroxyethyliurea

3-{3-Fluoro-4-[{2-methylimidazol-L-ylYmethyliphenyll-5-isobutyl-thiophene-2-

sulfonamide (450 mg, 1.1 mmol; see step (b} above), diphenyl carbonate {355 mg,
1.66 mmol) and K2COs {205 mg, 2.21 mmol) were dissclved in acetonitrile (30 mi} and
the reaction was healed 60°C during 4 hours. The solution was filtered and the sobvent
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was evaporated. The crude material and 3-aminoethancl (672 mg, 11 mimol} were
dissolved in dioxane (15 mbL). Reaction was heated to 60°C during the night. The
solvent was evaporated. The product was purified using supercritical fluid
chromatography in an amount of 88 mg. H-NMR {CD30D}: 0.96 {d, 6H}, 1.81 {m,
1HY, 2.68 {s, 3H), 2.69 {d, 2H), 3.14 (%, 2H), 3.49 (1, 2H), 5.29 (5, 2H), .71 (s, 1H),
7.24-7.38 {b, 5H), M8 (M+H): experimental 495,20, calculated 485.61.

Example 2
1-[13-[3-Flucro-4-[{2-methyiimidazol-1-vDimethvliphenvil-5-isobutvl-2-
thienvilsulfonvii-3-{3-hvdroxvpropvilurea

The title compound was prepared using an analogous process to that described in
Example 1 above, with the exception that 3-aminopropano! was used in the final step.
IH-NMR {CDCEs): 0.97 {d, 6H), L.57 (m, 2H), 1.92 {m, 1H}, 2.68 (5, 3K}, 2.69 {d, 2H)},
3.19 (L, 2H), 3.49 (1, 2H), 5.28 (s, 2H), 6.72 (s, 1H), 6.96 (s, 1H), 7.18-7.35 (b, 4H).
MS (M+H): experimental 508.20, calculated 509.64.

Example 3
1=[13-13-Fluoro-4-1{2-methvliimidazol-1-yvDimethviiphenvil-B-ispbutyi-2-

thienyiisulfonyl]-3-(2-hydroxy-2-methyi-propyiiurea

The title compound was prepared using an analogous process to that described in
Example 1 above, with the exception that 1-amino-2-methyipropan-2-ol was used in
the final step. 'H-NMR (CDs0D): 0.98 (d, 6H), 1.07 (5, 6H), 1.89 {m, 1H), 2.38 (s,
2H), 2.66 (d, 2H), 2.72 (s, 3H), 5.21 (s, 2H), 6.76 (s, 1H), £.84 (s, 1H), 7.04 (¢, 1H),
7.05 (s, 1H), 7.48 {d, 1H), 7.56 {d, iH).

Example 4
1-113-{2-Fluoro-4-{{Z2-methviimidazol-1-viimethvliphenvil-5-isobutvi-2-

thienviisulfonvii-3-{2-hvdroxyethviiurea

The title compound was prepared using an analogous process to that described in
Example 1 above, with the exception that 1-[{4-bromo-3-fluorophenyl)methyi]-2-
methyl-imidazole was used in the first step, H-NMR (CDCR): 8.87 {d, 6H), 1.84 (m,
iHy, 2.59 {d, 2H), 3.09 (1, 2H}, 3.24 (s, 3H), 3.44 (&, 2H), 5.18 (s, 2H), 6.60 (s, 1H),
6.86 (d, 1H), 6.91 (d, 1H), 7.18-7.35 (b, 3H). MS (M+H): experimental 495.20,
calculated 495.61.

36



10

i5

25

30

WO 2022/200786 PCT/GB2022/050726

Example 5
1-113-13,5-Difluoro-4-[{Z2-methvlimidazol-1-viimethvliphenvil-5-iscbutyl-2-

thienylisulfonvil-3-{Z-hvdroxyethvliurea

Same procedure as for Example 1, using 1-[{4-bromo-2,6-fluoro-phenyhymethvi]-2-
methyi-imidazole instead in the first step. 'H-NMR (CDCE): 0.97 (d, 6H), 1.2 (m,
iHy, 2.70 {d, 2H), 2.78 (s, 31}, 3.16 (&, 2H), 3.53 {t, 2H), 5.30 (s, 2H), 6.70 (s, 1H),
7.10-7.32 (b, 4H). MS (M+H): experimental 513.00 calculated 513.60.

Example 6
1-[13-14-[{2-tert-Butvlimidarol- L-vDymethyvil-3-fluoro-phenvll-5-iscbutyi-2-
thisnyllsulfony!l-3-{2-hyvdroxyethyhuresa

3-[4-[{2-tert-Butylimidazol-1-yiYmethvil-3-fluoro-phenyil-5-isobutyl-thicphene-2-
sulfonamide {148 mg, 330 umol; prepared as described in Example 1, step {b) with
the exception that 2-tert-butyi-imidazole was used in step (&)}, diphenyl carbonate
{106 mg, 495 umo!l) and KCOs3 (91 mg, 660 umol) were dissolved in acetonitrile (15
i) and the reaction was heated to 50°C during the night under nitrogen atmosphere.
The solids were filtered off and the solvent was evaporated. The crude material and
Z-aminocethaneol (61 mg, 1 mmol) were dissolved in dioxane (10 mi), The reaction was
heated to 80°C during the night under nitrogen atmosphere. The solvent was
evaporated. The product was purifiad using HPLC In an amount of 86 mg and isolated
as CF3CO0H-salt. *H-NMR {CDCls): 0.98 (d, 6H}, 1.62 (s, 9H)}, 1.90 (m, 1H), 2.69 {d,
2H), 3.16 (d, 2H), 3.53 (1, 2H), 5.52 (s, 2H), .77 (5, 1H), 7.18 (%, 1H), 7.29 (d, 1H),
7.33-7.40 {m, 3H}). MS (M+H): 538.0, calculated 537.2.

Example 7
1-1{3-{4-[{2-tert-Butvlimidazol- 1-viimethvil-3-fluoro-phenvil-5-iscbutyi-2-
thienyllsuifonvil-3-{2-hvdroxy-2-methvi-propyviiurea

The title compound was prepared by a process that is analogous to the one described
in Example 6 with the exception that l-amino-2-methvipropan-2-of {89 mg, 1000
umot} was used. The product was isolated as CF:CO0H-salt in a yvield of 133 mg. H-
NMR (CDCis): 0.98 (d, 6H), 1.11 {s, 6H}, 1,63 {s, 9}, 1.88 {m, 1H), 2.70 (d, 2H),
3.08 (d, 2H), 5.50 (s, 2H), 6.76 (5, 1H), 7.18 (¢, 1H}, 7.3% (i, 2H), 7.42 (m, 2H). MS
{(M+H): 566.0, calculated 565.2.
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Example 8
1-[[3-[4-[{2-Ethvliimidazol-1-vIYmethvl]-3-fluoro-phenvil-5-isobutyi-2-
thienylisulfonvil-3-(2-hvdroxyethvliurea

The title compound was prepared by a process that is analogous {o the one described
in Example & with the exception that 3-{4-[{2-ethylimidazol-L-yl)ymethyi]-3-fluoro-
phenyii-5-isobutyl-thiophene-2-sulfonamide (211 mg, 500 ymol) and 2-aminoethanol
(82 mg, 1500 umol} were used. The product was isolated as CFCOO0H-salt in a yield
of 58 mg. 'H-NMR {CDCls): 0.86 {d, 6H}, 1.25 {t, 3H), 1,80 (m, 1H), 2.57 {d, 2H),
2.84 (g, 2H), 3.04 (1, 2H), 3.38 (L, 2H), 5.17 (s, 2H), 6.60 (5, 1H), 7.15 (m, 2H), 7.24

{(m, 3H). M5 {(M+H): 508.9, calculated 509.2.

Example ©
1-[12-T4-[(2-Ethylimidazol-1-viimethyll-3-fluoro-phenyii-5-isobutyi-2-
thienviisulfonyii-3-T{i-hvdroxveoyciohexviimethyvilurea

The title compound was prepared by a process that is analogous to the one described
in Example & with the exception that 3-[4-[(2-ethylimidazol-1-ylimethyl}-3-fluore-
phenyl]-5-isobutyl-thiophena-2-sulfonamide (211 mg, 500 yrmol) and L-aminomethyi-
t-cyclohexanel (HCl-salt} {248 mg, 1500 umol) were used. The product was isolated
as CFCOOH-salt in a vield of 50 mg. MS (M+H): 577.0, calculated 577.2.

Example 10
1-T13-[3-Fluoro~-4-1(2~isopropviimidazol-1-viimethviiphenvil-5-isobutvl-2-

thienvilsulfonyil-3-(2-hvdroxvethvhiurea

The title compound was prepared by a process that is analogous 1o the one described
in Example & with the exception that 3-[3-fluoro-4-[(2-isopropylimidazol-1-
vhimathyllphenyi]-5-isobutyl-thiophene-2-sulfonamide (218 mg, 500 umol) and 2-
aminoethanol (92 mg, 1560 umol) were used. The product was isolated as CF:CO0OH-
salt in a yield of 145 mg. 'H-NMR (CDClz): 0.97 (d, 6H), 1.46 (d, 6H), 1,92 (m, 1H),
2.68 (d, 2H), 3.17 (g, 2H}, 3.45 (m, 1H), 3.54 (1, 2H), 5.35 (s, 2H}, 6.73 (5, 1H),
7.25-7.45 (m, BH)}. MS (M+H): 523.0, calculated 523.2.

Biological Assays

The biological activity of example compounds as described herein above was assessed

(and compared to C21) using the following biclogical assays.
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Metabolic Stability

Pooled hurnan liver microsomes in PBS at a concentration of 0.5 mg/mi was incubated
with or without 1 mM NADPH for 70 min at 37°C, Test compound was added after 10
minutes to a final concentration of L uM. Samples were withdrawn at G, 5, 15 and 60
minutes and added to test tubes containing acetonitrile, to stop the reaction, and with
terfenadine, usad as internal standard. After centrifugation at 10 000 x g for 5 minutes
the supernatant was diluted 1:1 with 1% formic acid. Samples were separated on a
reverse phase column and detected by triple quadrupole MSMS (Agilant model 6540).
The concentration of the parent compound at the different time points was measured
with an external standard curve using terfenadine as internal standard and the initial
metabolic rate in the presence or absence of NADPH calculated,

Ti2, no NaDPH [min} Tiz, + NaDPH [min]

c21 31 35

Exampla 1 >&0 >60
Example 2 >60 >60
Example 3 >60 >60
Example 5 >&0 >60
Example 6 >60 >60
Example 7 >80 >60
Example 8 >60 >60
Example 10 >60 >60

Binding to AT1 and ATZ receptor

Compounds were evaluated for binding to the human recombinant AT2 and ATL
receptor according to Eurcfins protocol ITEMZE and ITEMZ4 using a radiometric
scintitlation assay.

Briefly, for ICso measurements recombinant protein was incubated for 2-4 h at 37°C
with test compounds at concentration 1, 10, 100 and 1000 nM for the ATZ recepior
and 1 and 10uM for the ATL receptor. Kivalues for the AT2 receptor were determined
using a seven-point dose-response curve., '2%I{sari,l1e8)-AT-1I was used as a ligand
for the ATL receptor and 125ICGP 421 12A was used as a ligand for the AT2 receptor.
Percent inhibition of control specific binding was calculated according to 100 -
{measured specific binding/control specific binding} x 100,
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ATZR Ki [aM] | AT2 GraFit ICso [nM] | AT1 ICse [nM]
c2i 2.5 14,000
c21 3.2 10,000
C21 5.1 18,000
C21 3.6 13,000
czix 3.6 13,750
Example L 5.0 24,000
Example 2 20 21,000
Example 3 5.4 23,000
Example 4 45,5 34,000
Example 5 i8.4 49,000
Example & 0.64 2,100
Example 7 0.65 1,800
Example 8 2.5 8,500
Example LD .85 1.9 8,400

An asterisk (*) represents the mean average of the data obtained from two runs.

CYP inhibition

Compounds were evaluated at 10 uM for inhibition of the main cytochrome P450
isoforms (CYPLA, CYPZB6, CYP2(8, CYP2CS, CYP2C18, CYPzDs, CYP3A4 and
CYP3A4R5) using isoforme-specific substrates incubated with human liver microsomes

{Eurofins protocol ITEMG232). The following substrates were used; CYP1A phenacetin,
CYPZ2B6 bupropion, CYP2CE paclitaxel and amodiaquine, CYP2C9 diclofenacg, CYP2ZC19
omeprazole, CYPZD6 dextromethorphan, CYP3A midazolam and testosterone.

At the end of the incubation, the formation of metabolite was monitored by HPLC-

MS/MS as the peak area response.

CYPLA Cypz2B6 | CYP2C19 | CYP2CE | CYP2CS | CYPZD6

Inh % Inh % Inh % Inh % Inh % Inh %
C21 91 49 96 80 a9y 81
Example 1 ~-26.3 6.2 6.5 35.2 5.5 5.3
Example 2 -0.9 3.1 26.3 30.9 16.5 13.6
Example 3 15.5 22.6 21.2 28.0 31.8 38.0
Example 4 -9.7 3.2 29.6 10.4 11.9 7.6
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Example 5 8.0 27.4 -30.1 36.2 38.0 36.3
Example 6 3.5 8.2 14,7 73.8 i1.5 16.1
Example 7 2.7 17.4 27.4 63.8 8.9 3.9
Example 8 11.8 14.0 17.7 2.3 26.8 8.0

CYP3A4 midazolam Inh % CYP3A485 testosterone Inh %

CZ1 95 94

Example 1 7.2 12.4
Example 2 25.3 18.4
Example 3 52.8 29.7
Example 4 24.5 18.9
Example 5 44.8 27.5
Example 6 13.0 4.5

Example 7 7.7 2.8

Example 8 23.7 22.3

Abbreviations

The following abbreviations may be used herein.

DCM
EtOAC
HPLC
MeCN
MeOH
NMR
MS
it

dichicromethane

gthyl acetate

high-performance liguid chromatography
acetonitriie

methanol

nuciear magnetic resonance

mass spectrometry

room temperature
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Clalms
1. A compound of formula I,
!
V=N
b »
SR
N
[ w
VY
i e §
Ya oY
o0
PN g=b i
Y J O NThR
b Mo
RE R®
wherein:

R represents Ci4 alkyl, optionally substituted by one or more fluoring atoms and/or
with OR7;

R? and R3 each independently represent H or Cie atkyl, optionally substituted by one
or more halogen atoms;

¥i, ¥?, ¥ and Y4 independently represent -CH-, -CF- or -N-;

R* represents Ci7 alkyl, Cis alkoxy, Cis alkoxy-Cis alkyl, each of which alky! group is
substituted, and/or terminated, by at lzast one -OH group, and which are optionally
substituted with one or more halogen atoms;

R® represents M or Cies alkyl, optionally substituted by one or more halogen atoms;

R® represents Coa alkyl, optionatly substituted by one or more halogen atoms; and

R7 represents H, or methyi optionally substituted by one or more fluorine atoms,

or a pharmaceutically-acceptable salt thereof.

2. A compound as claimed in Claim 1, wherein R' represents methyl, ethyl,

isopropyl or fert-butyl, optionally substituted with one or more fluorine atoms.

3. A compound as claimed in Claim 1 or Claim 2, wherein R? and B? independently
represaent H or methyl.

4, A compound as claimed in any one of the preceding claims, whergin R*
represents ethyl, n-propyl, n-butyl, isobutyl or methyicyclohexyl, each of which is
substituted and/or terminated by one ~OH group.
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5. A compound as claimed in any one of the preceding claims, wherein R°
reprasents H, methyl, ethyl, n-propvi, n-butvl or isobutyl.

&, A compound as claimed in any one of the preceding claims, wherein R®
reprasents n-propyl, n-butyl or iscbutyl.

7. A compound as claimed in any one of the preceding claims, wherein R7

represents H.

8. A compound s claimed in any one of the precading claims, wherein Y? represents
~CH- or ~CF-; Y2 represents -CH or ~CF-; Y° reprasents -CH-; and Y4 represents -CH-.

2. A compound as claimed in any one of the preceding claims, which is:
1-f[3-[3-fluoro-4-[ {Z2-methylimidazol-1-yiymethyl]phenvii-5-iscbutyl-2-
thisnyllsulfonyl]-3-(2-hydroxyethyliurea,

1-[[3-[3~-fluoro-4-[ {2-methylimidazol-1-ylymathyl]phenyi}-5-iscbutyl-2-
thienyljsuifonyl}-3-({3-hydroxypropyliurea,
1-f{3-[3-fluoro-4-[{Z-methylimidazol-1-yi)methyi]phenvii-5-isobutyl-2-
thienyl]suifonyl]-3-(2-hydroxy-2-methyl-propyljurea,
1-[[3-[2-fiuoro-4-[{2-methylimidazol-1-yi)methyl]phenyl}-5-isobutyl-2-
thienyllsulfonyil-3-(2-hydroxyethytiurea, or

1-[[3-[3,5-difluoro-4-[{ 2-methylimidazol-L-yYmethyliphenyll-5-isobutyl-2-
thienyllsulfonyl}-3-(2-hydroxyethyhurea,

1-[{3~[4-[{2-tert-butylimidazol- L-yymethyi}-3-fluoro-phenyli]-S-isobutyl-2-
thienyllsulfonyi}-3-(2-hydroxyethyljurea,

1-[[3-[4-[(2-tert-butylimidazol- 1-ylymethvi]-3-fluoro-phenyi]-5-isobutyi-2-
thienyilsulfonyi]-3-(2-hydroxy-2-methyl-propylurea,
1-f[3-[4-[{2-ethvlimidazol-L-ylimethyi]-3-fluore-phenvil-S-isgbutyl-2-
thisnyllsulfonyl]-3-(2-hydroxyethyliurea,
1-[[3-[4~-[{Z2-ethylimidazol- L~y methyi]-3-fluorc-phenyl}-5-isobutyl-2-
thienylisuifonyl]-3-[(1-hydroxycyciohexylymethyljurea,
1-f{3-[3-fluoro-4-{{Z-isopropylimidazol-L-viymethvi]phenyi]-5-isobutyl-2-
thienyl]suifonyl}-3-(2-hydroxyethyijurea.

10, A compound as defined in any one of Claims 1 1o 8, for use as a pharmaceutical.
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11, A pharmaceutical formulation comprising a compound as defined in any one of
Claims 1 to 2 in admixture with a pharmaceutically-acceptable, adjuvant, diluent or

carrier.

12, A compound as defined in any one of Claims 1 to 9, for use in the treatment of
an autoimmune disease, a viral respiratory tract infection and/or pheumonia as a
conseqguence thereof, a fibrotic disease, a chronic kidney disease, pulmonary
hypertension, heart fallure and/or myocardial infarction.

13. The use of a compound as defined in any one of Claims 1 to 9, for the
manufacture of a medicament for the treatment of an autoimmune disease, a viral
respiratory tract infection and/or pneumonia as a consequence thereof, a fibrotic
disease, a chronic kidney disease, pulmonary hypertension, heart failure and/or
myocardial infarction.

14, A method of treatment of an autoimmune disease, a viral respiratory tract
infection and/or pneumonia as a conseguence thereof, a fibrotic disease, a chronic
kidney disease, pulmonary hypertension, heart failure and/or myocardial infarction,
which comprises administering a compound as defined in any one of Claims 1 to 9 o
a patient in need of such treatment.

15, A compound for use as claimed in Claim 12, a use as claimed in Claim 13, or a
mathod of treatment as claimed in Claim 14, wherein the disease is an interstitial lung

disease.

16. A compound for use, a use, or a method of treatment as claimed in Claim 15,
wherein the interstitial lung disease is idiopathic pulmonary fibrosis or sarcoidosis.

17. A compound Tor use as claimed in Claim 12, a8 use as claimed in Claim 13, or a
method of treatment as claimed in Claim 14, wherein the autoimmune disease is

rhaumatoid arthritis or systemic scierosis.,

18. A compound for use as claimed in Claim 12, a use as claimed in Claim 13, or a
method of treatment as claimed in Claim 14, wherein the chronic kidney disease is
diabetic nephropathy.

19, A compound for use as claimed in Claim 12, a use as claimed in Claim 13, or a
meathod of treatment as claimed in Claim 14, wherein the pulmonary hypertension is

pulmonary arterial hypertension,
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28, A compound for use as claimed in Claim 12, a use as claimed in Claim 13, or a
method of treatment as claimed in Claim 14, wherein the heart faillure is with preserved
ejection fraction.

5
25, A process for the preparation of a compound of formula I as defined in any one
of the preceding claims, which process comprises;
reaction of a compound of formula II,
#

10
wherein R, R?, R3, R%, Y1, Y2, Y2 and Y4 are as defined in any one of Claims 1 to 9 and
L represents Ci-e alkyl or aryl with a compound of formula I1I,

15 NHRARS I
wherein R* and R® are as defined in any one of Claims L to S or
(i) for compounds of formula I in which R® represents H, reaction of a compound
of formula IV,

A
20
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wherein &1, R?, R3, R5, ¥t Y<, Y3 and ¥* are as defined in any one of Claims 1 to 9, with

a compound of formula vV,

R&=N=C=0 \Y
or a compound of formula VI,
B v
KXW g

wherein X! is a suitable leaving group, and wherein, in each case, R* is as defined in

any one of Claims 110 9.
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