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[ETRAHYDRO-BENZO[D]JAZEPINE DERIVATIVES AS GPR120 MODULATORS

The present invention relates to novel compounds capable of modulating the
G-protein-coupled receptor GPR120, compositions comprising the

compounds, and methods for their use for controlling insulin levels in vivo and
for the treatment of conditions such as of diabetes, inflammation, obesity and

metabolic diseases.

With 350 million diabetics worldwide, a number that has more than doubled
since 1980, diabetes is currently the fourth leading cause of death and
represents an enormous social and economic burden. Type 2 diabetes
constitutes 90-95% of all diabetes cases. It is closely associated with obesity
and its prevalence is expected to continue to increase at at least the current
rate. AIthough lifestyle intervention like healthy diet and exercise is regarded
as the most efficient means to prevent and manage the disease,
pharmaceutical intervention is frequently necessary. There is however no
cure for type 2 diabetes and current therapeutics have significant
shortcomings.

Activation of GPR120 is reported to result in glucagon-like peptide 1 (GLP-1)
secretion (Hirasawa, et al, Nat. Med. 2005, 11, 90-94), increased insulin
sensitivity in adipose tissue, decreased lipolysis and decreased inflammation
(Oh, et al, Cell 2010, 142, 687-698). Dysfunctional GPR120 is reported to
lead to obesity, which implies that agonists of the receptor may have potential
as anti-obesity therapeutics (Ilchimura, et al, 2012, doi:10.1038/nature10798).
GPR120 is thus an interesting target for treatment of type 2 diabetes. Several
patent applications claim GPR120 modulators, including WO2008/066131,
W02008/103500, W0O2008/103501, W0O2009/038204, WO2009/147990,
WO02010/008831, W0O2010/048207, WO2010/080537, W0O2010/104195, and
WO02011/072132, WO2014/069963, W0O2014/149987, W02014/151247,
WO02014/159054, WO2014/159061, WO2014/159794, W02014/159802,
W02014/209034, W0O2015/125085, W0O2015/134038, W0O2015/134039,

PCT/GB2018/000047
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WO02016/012965, W0O2016/038540, W0O2016/040222, W02016/040223,
WO02016/040225, W0O2016/105112 and W0O2016/125182.

There is currently no cure for type 2 diabetes but a number of different types
of drugs are available to treat the condition. Metformin is the most commonly
prescribed drug, despite being one of the oldest on the market and having
frequent gastrointestinal side effects. Sulfonylureas (SUs) are insulin
secretagogues commonly used in treatment of type 2 diabetes, but they give
rise to the serious problem that they increase the risk of hypoglycaemia and
often lead to weight gain. Insulin treatment is also common and carries the
same side-effects. Thiazolidinedione drugs (TZDs) have also been widely
used but concerns over enhanced risk of heart disease have resulted in
stringent limitations on their use and calls for their removal from the market.
As such, despite the recent approval by regulatory authorities of new classes
of anti-diabetic medicines based on either longer-duration analogues of GLP-
1, inhibition of degradation of this incretin by DPP-4 inhibitors or sodium-
glucose cotransporter-2 (SGLT-2) inhibitors, new treatments are required
urgently. GPR120 agonists may provide improved type 2 diabetes
therapeutics alone, or in conjunction with other therapeutics including any of

the established therapeutics mentioned above.

The present invention provides a novel group of compounds that are beli'eved
to be GPR120 agonists. GPR120 agonists are useful in the treatment of
diabetes and other related diseases including non-alcoholic steatohepatitis
(NASH), non-alcoholic fatty liver disease (NAFLD), metabolic syndrome,
dyslipidaemia, insulin resistance, and complications of diabetes. Non-
alcoholic fatty liver disease (NAFLD) is a condition in which fat builds up in the
liver. Non-alcoholic steatohepatitis (NASH) is a type of NAFLD in which the

subject has inflammation and liver cell damage as well as fat in the liver.

According to a first aspect of the invention, there is provided a compound of
general formula (l):

PCT/GB2018/000047



10

15

20

25

CA 03057415 2015-09-20

WO 2018/172727 PCT/GB2018/000047

'*“~‘

B (1)

wherein Ar is 6-membered aryl, 5- or 6-membered heteroaryl or 5- or 6-
membered cycloalkyi;

m1 and mz are independently selected from 0, 1 or 2 with the proviso that

m1 #= m2 when m1 or mz =0 or when m1 or mz = 2;

J is -C(R?1R?%2)-, -O-, -N(R?")- or -S- with the proviso that when J is -O-,
-N(R2")- or -S-, m1 is 2;

Xis -0O-, -S- or -C(R3'R3%%)-, Y is -O- or -C(R*'R*?)-, Z is -C(R>'R%?%)-, and n1, n2
and n3 are independently selected from O or 1 with the proviso that at least
one of n1, n2z and n3 must be 1 and at least one of X, Y or Z must

be -C(R¥'R*)-, -C(R*'R*)-, or -C(R°'R>?)- respectively,

when X and Y are -C(R?'R%4)- and -C(R*'R%%)- respectively, R*' and R*' may
be combined to form, together with X and Y, a (Cs-Cs)cycloalkyl ring which
may be optionally substituted by (C1-C3)alkyl or halo;

when Y and Z are -C(R%R%2)- and -C(R>'R>%?)- respectively, R and R3! may
be combined to form, together with Y and Z, a (C3-Cs)cycloalkyl ring which
may be optionally substituted by (C+-Cs)alkyl or halo;

when X, Y and Z are -C(R3'R3%?)-, -C(R*'R*%)- and -C(R®'R%?%)- respectively,
R31 and R may form, together with X, Y and Z a (C4+-C7)cycloalkyl ring which
may be optionally substituted by (C1-C3)alkyl or halo;
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R, R?, R R'2 R?1, R%, R31, R32, RY, R%, R%1, and R are independently
selected from hydrogen, deuterium, halo, or (C1-C3)alkyl optionally substituted
by halo;

A is -CO2H, -CO2R?3, -CH20H, tetrazolyl, 3-hydroxyisoxazol-5-yl or an acid
bioisostere;

R3 is (C1-Cs)alkyl, or (C1-Cs)cycloalkyi;

Ar is optionally substituted 1, 2 or 3 times by W, where W is (C1-C1o0)alkyil,
(C2-C1o0)alkenyl, (C2-C1o)alkynyl, (C1-C1o)alkoxy, (C2-Cio)dialkylamino, (C1-
Cio)alkylthio, (C2-C1o)heteroalkyi, (C3-C1o)cycloalkyl, (Cs -Cio)heterocycloalkyl,
halo, (C1-C1o0)haloalkyl, (C1-C1o)perhaloalkyl, optionally substituted aryl,

optionally substituted heteroaryl, or optionally substituted arylalkyl, and when

Ar is substituted by a plurality of substituents, each substituent is selected

independently;

G is an optionally substituted 6- to 10-membered aryl, 5- to 10-membered
heteroaryl, or fused aryl or heteroaryl ring system;

G is optionally substituted one or more times by B, where B is (C1-C1o)alkyl,
(C2-C1o)alkenyl, (C2-C1o0)alkynyl, (C1-C1o)alkoxy, (C2-C1o)dialkylamino, (Ca-
Cio)alkylthio, (C2-C1o0)heteroalkyl, (C3-C1o)cycloalkyl, (C3z -C1o0)heterocycloalkyl,
halo, (C1-C1o)haloalkyl, (C1-C1o)perhaloalkyl, optionally substituted aryl,
optionally substituted heteroaryl, optionally substituted arylalkyl, cyano, or E-
M where E is -O-, -S- or -N(R*)- and M is optionally substituted (C1-C7)alkyl,
(C3-C7)cycloalkyl, fluoro(C1-Cs)alkyl, a 5- to 10-membered heterocyclic group
or an optionally substituted 6- to 10-membered aryl group, and when G is
substituted by a plurality of substituents, each substituent is selected

independently;

R4 is hydrogen, deuterium, or (C1-Cz)alkyl optionally substituted by halo;
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or a pharmaceutically acceptable salt or solvate (eg hydrate) thereof, or

corresponding N-oxide or prodrug (eg ester prodrug).

Definitions

As used in the specification and appended claims, unless specified to the
contrary, the following terms have the meaning indicated:

The term "alkyl", by itself or as part of another substituent, means, unless
otherwise stated, a straight or branched chain hydrocarbon radical, which is
fully saturated, having one to twelve carbon atoms or the number of carbon
atoms designated (eg, C1-C10 means one to ten carbons), and which is
attached to the rest of the molecule by a single bond. Examples of alkyl
groups include methyl, ethyl, n-propyl, isopropyl, n-butyl, t-butyl, isobutyl, sec-
butyl, and homologs and isomers of, for example, n-pentyl, n-hexyl, n-heptyil,
n-octyl, and the like. “Alkyl” may mean (C1-C10), (C1-Cs), (C1-Cs), (C1-C7), (C1-
Cs), (C1-Cs), (C1-Ca) or (C1-C3)alkyl. Preferred alkyl groups typically have one
to six carbon atoms or one to four carbon atoms.

The term "alkenyl”, by itself or as part of another substituent, means a straight
or branched chain hydrocarbon radical, or combination thereof, which is
mono- or polyunsaturated, having two to twelve carbon atoms or the number
of carbon atoms designated (ie, C2-Cs means two to eight carbons) and one
or more double bonds. Examples of alkenyl groups include vinyl, 2-propenvyl,
crotyl, 2-isopentenyl, 2-(butadienyl), 2,4-pentadienyl, 3-(1,4-pentadienyl), and
higher homologs and isomers thereof. “Alkenyl” may mean (C2-Cs), (C2-C7),
(C2-Cs), (C2-Cs), (C2-Cas)alkenyl.

The term "alkynyl", by itself or as part of another substituent, means a straight
or branched chain hydrocarbon radical, or combination thereof, which may be
mono- or polyunsaturated, having two to twelve carbon atoms or the number

of carbon atoms designated (ie, C2-Cs means two to eight carbons) and one
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or more triple bonds. Examples of alkynyl groups include ethynyl, 1- and 2-
propynyl, 3-butynyl, and higher homologs and isomers thereof. “Alkynyl” may
mean (C2-Cs), (C2-C7), (C2-Cs), (C2-Cs), (C2-C4s)alkynvi.

The terms "alkoxy,"” "alkylamino” and "alkylthio" (or thioalkoxy) are used in
their conventional sense, and refer to those alkyi groups attached to the
remainder of the molecule via an oxygen atom, an amino group, or a sulfur
atom, respectively. “Alkyl” is defined as set out above. Similarly, the term
dialkylamino refers to an amino group having two attached alkyl groups. The
alkyl groups of a dialkylamino may be the same'or different.

The term "heteroalkyl,” by itself or in combination with another term, means,
unless otherwise stated, a stable straight or branched chain hydrocarbon
radical, or combinations thereof, consisting of carbon atoms and from one to
three heteroatoms selected from the group consisting of O, N, and S, and
wherein the nitrogen and sulfur atoms may optionally be oxidized, and the
nitrogen heteroatom may optionally be quaternised. The heteroatom(s) O, N,
and S may be placed at any position of the heteroalkyl group. Examples
include -CH2CH20CH3, ~-CH2CH2NHCH3, -CH2CH2N(CH3)CH3s, -CH2SCH2CHs,
-CH2CH2S(O)CH3, -CH2CH2S(0)2CH3, and -CH2CH=N-OCHs. The atom at
the substitution position is always carbon. For example, -OCHs or -OCH2CH3
are not heteroalkyls. Up to two heteroatoms may be consecutive, such as, for
example, -CH2NH-OCHs. When a prefix such as (C2-Cs) is used to refer to a
heteroalkyl group, the number of carbons (2 to 8, in this example) is meant to
include the heteroatoms as well. For example, a C2-heteroalkyl group is
meant to include, for example, -CH20H (one carbon atom and one

heteroatom replacing a carbon atom) and -CH2SH.

To further illustrate the definition of a heteroalkyl group, where the heteroatom
IS oxygen, a heteroalkyl group is an oxyalkyl group. For instance,
(C2-Csg)oxyalkyl is meant to include, for example -CH20-CH3 (a Cs-oxyalkyl
group with two carbon atoms and one oxygen replacing a carbon

atom), -CH2CH2CH2CH20H, and the like, but not -OCH2CH2CH2CH:.
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The term "cycloalkyl” means a cyclic hydrocarbon radical, which is fully
saturated and attached to the rest of the molecule by a single bond, having
three to ten carbon atoms or the number of carbon atoms designated.
Examples of cycloalkyl include cyclopentyl, cyclohexyl, 1-cyclohexenyl,
3-cyclohexenyil, cycloheptyl, and the like.

The term “heterocycloalkyl” means a 3- to 10-membered cyclic hydrocarbon
radical consisting of one to nine carbon atoms and one to four heteroatoms
selected from the group consisting of O, N and S, and wherein the nitrogen
and sulfur atoms may optionally be oxidized and the nitrogen atom may
optionally be quaternised. The heteroatoms(s) O, N and S may be placed at
any position of the heterocycloalkyl group, but the atom at the substitution
position is always carbon. Examples of heterocycloalkyl include 1-(1,2,5,6-
tetrahydropyridyl), 1-piperidinyl, 2-piperidinyl, 3-piperidinyl, 4-morpholinyl,
3-morpholinyl, tetrahydrofuran-2-yl, tetrahydrofuran-3-yl, tetrahydrothien-2-vi,
tetrahydrothien-3-yl, 1-piperazinyl, 2-piperazinyl, 4,5-dihydroisoxazol-3-yl, and
the like. The term "heterocycloalkyl" includes fully saturated compounds such
as piperidine and compounds with partial saturation that are not aromatic.

Examples of such groups include, but are not limited to, an imidazoline,
oxazoline, or isoxazoline.

The terms "halo" or "halogen,” by themselves or as part of another
substituent, mean, unless otherwise stated, a fluorine, chlorine, bromine, or
iodine radical. Additionally, terms such as "haloalkyl”, are meant to include
alkyl substituted with halogen atoms which can be the same or different, in a
number ranging from one to (2m + 1), where m is the total number of carbon
atoms in the alkyl group. For example, the term "halo(C1-Cas)alkyl" is meant to
include trifluoromethyl, 2,2,2-trifluoroethyl, 4-chlorobutyl, 3-bromopropyl, and
the like.

Thus, the term "haloalkyl” includes monohaloalkyl (alkyl substituted with one
halogen atom) and polyhaloalkyl (alkyl substituted with halogen atoms in a
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number ranging from two to (2m + 1) halogen atoms). The term "perhaloalkyl"
means, unless otherwise stated, alkyl substituted with (2m + 1) halogen
atoms, where m is the total number of carbon atoms in the alkyl group. For
example, the term "perhalo(C1-Ca)alkyl", is meant to include trifftuoromethyl,
pentachloroethyl, 1,1,1-trifluoro-2-bromo-2-chloroethyl, and the like.

Similarly, the term “fluoroalkyl” includes monofluoroalkyl (alkyl substituted with
one fluoro atom) and polyfluoroalkyl (alkyl substituted with fluorine atoms in a
number ranging from two to (2m + 1) fluorine atoms). For example, the term
“fluoro(C1)alkyl” is meant to include -CF3, -CF2H and -CH2F.

The term "aryl” means, unless otherwise stated, a polyunsaturated, typically
aromatic, hydrocarbon ring radical. The term "heteroaryl” refers to aryl groups
(or rings) that contain from one to four heteroatoms selected from the group
consisting of N, O and S, wherein the nitrogen and sulfur atoms are optionally
oxidized, and the nitrogen atom(s) are optionally quaternised. A heteroaryl
group can be attached to the remainder of the molecule through a
heteroatom. Non-limiting examples of aryl and heteroaryl groups include
phenyl, 1-pyrrolyl, 2-pyrrolyl, 3-pyrrolyl, 1-pyrazolyl, 3-pyrazolyl, 5-pyrazolyl,
2-imidazolyl, 4-imidazolyl, pyrazinyl, 2-oxazolyl, 4-oxazolyl, 5-oxazolyi,
3-isoxazolyl, 4-isoxazolyl, 5-isoxazolyl, 2-thiazolyl, 4-thiazolyl, 5-thiazolyil,
2-furyl, 3-furyl, 2-thienyl, 3-thienyl, 2-pyridyl, 3-pyridyl, 4-pyridyl, 2-pyrimidyl,
4-pyrimidyl, 2-pyrimidinyl, 4-pyrimidinyl, 5-pyrimidinyl, 3-pyridazinyl and
4-pyridazinyil.

The term “fused aryl” means, unless otherwise stated, an aryl which is fused
with another cyclic aromatic or non-aromatic ring. The term “fused heteroaryl”
means, unless otherwise stated, a heteroaryl which is fused with another
cyclic aromatic or non-aromatic ring. Examples of fused aryl and fused
heteroaryl groups include imidazo[1,2-a]pyridine, 1-naphthyl, 2-naphthyil,
4-biphenyl, dibenzofuryl, 5-benzothiazolyl, 2-benzoxazolyl, 5-benzoxazolyl,
benzooxadiazolyl, purinyl, 2-benzimidazolyl, 5-indolyl, 1H-indazolyl,

carbazolyl, carbolinyl, 1-isoquinolyl, 5-isoquinolyl, 2-quinoxalinyil,
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5-quinoxalinyl, 2-quinolyl, 3-quinolyl, 4-quinolyl, 5-quinolyl, 6-quinolyl,
7-quinolyl, and 8-quinolyl.

Preferably, the term "aryl” refers to a phenyl group which is unsubstituted or
substituted. Preferably, the term "heteroaryl” refers to a pyrrolyl, pyrazoly’l,
imidazolyl, pyrazinyl, oxazolyl, oxadiazolyl, isoxazolyl, thiazolyl, furyl, thienyl
(thiophenyl), pyridyl, or pyrimidyl which is substituted or unsubstituted.
Preferably, the term “fused aryl” refers to naphthyl, indanyl, indenyl, or
quinolyl. Preferably, the term “fused heteroaryl” refers to quinolyl,
benzothiazolyl, purinyl, benzimidazolyl, indolyl, isoquinolyl, triazolyl, tetrazolyl,

or quinoxalinyl group which is unsubstituted or substituted.

Each of the above terms (eg, "alkyl,” "heteroalkyl,” "aryl" and "heteroaryl") is
meant to include both substituted and unsubstituted forms of the indicated
radical, unless otherwise indicated. Preferred substituents for each type of
radical are provided below.

“Optional” or “optionally” means that the subsequently described condition
may or may not occur. For example, “optionally substituted aryl” means that
the aryl radical may carry one or more substituents or may be unsubstituted.
Unless indicated otherwise, “optionally substituted” means that one or more
substituents may be present, and where there is more than one substituent,

those substituents may be the same or different.

The term “substituent”, which may be present on alkyl or heteroalkyl radicais,
as well as those groups referred to as alkenyl, heteroalkenyl, alkynyil,
cycloalkyl, heterocycloalkyl, cycloalkenyl and heterocycloalkenyl, or on other
groups indicated as “optionally substituted”, can be a variety of groups
selected from: -OR’, =0, =NR', =N-OR’, -NR'R",

-SR,, halogén, -OC(O)R’, -C(O)R', -CO2R', -CONR'R", -OC(O)NR'R",
-NR"C(O)R’, -NR'-C(O)NR"R", -NR'-SO2NR"R", -NR"CO2zR,
-NH-C(NH2)=NH, -NR'C(NHz2)=NH, -NH-C(NH2)=NR', -SIR'R"R", -S(O)R,
_SO2R, -SO:2NR R", -NR"SO2R, -CN, (C1-Ce)alkyl, -(C2-Cs)alkynyl,
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-(C2-Cs)alkenyl, and -NOz2, in a number ranging from one to three, with those
groups having one or two substituents being particularly preferred. Other
suitable substituents include aryl and heteroaryl groups. R', R" and R™ each
independently refer to hydrogen, deuterium, unsubstituted (C1-Cs)alkyl and
(C2-Cs)heteroalkyl, unsubstituted aryl, aryl substituted with one to three
halogens, unsubstituted (C1-Ca4)-alkyl, (C1-C4)-alkoxy or (C1-Ca)-thioalkoxy
groups, halo(C1-Ca)alkyl, or aryl-(C1-Cas)alkyl groups. When R' and R" are
attached to the same nitrogen atom, they can be combined with the nitrogen
atom to form a 5-, 6- or 7-membered ring. For example, -NR'R" is meant to

include 1-pyrrolidinyl and 4-morpholinyl.

Typically, an alkyl or heteroalkyl group will have from zero to three
substituents, with those groups having two or fewer substituents being
preferred in the present invention. An alkyl or heteroalkyl radical may be
unsubstituted or monosubstituted. An alkyl or heteroalkyl radical may be

unsubstituted.

Preferred substituents for the alkyl and heteroalkyl radicals are selected from:
-OR', =0, -NR'R", -SR', halogen, -OC(O)R’, -C(O)R', -CO2R', -CONR'R",
-OC(O)NR'R", -NR"C(O)R', -NR"CO2R’, -NR'SO2NR"R", -S(O)R’, -SO2R,
-SO2NR'R", -NR"SO2R’, -CN, -(C2-Cs)alkynyl, -(C2-Cs)alkenyl and -NOz,
where R' and R" are as defined above. Further preferred substituents are
selected from: -OR’, =0, -NR'R", halogen, -OC(O)R’, -CO2R’, -CONR'R", -
OC(O)NR'R", -NR"C(O)R', -NR'CO2R", -NR'-SO2NR"R"™, -SO2R', -SO2NR'R",
-NR”SO2R’, -CN, -(C2-Cs)alkynyl, -(C2-Cs)alkenyl, and -NOx.

Similarly, substituents for the aryl and heteroaryl groups are varied and are
selected from: -halogen, -OR’, -OC(O)R’, -NR'R", -SR’, -R’, -CN, -NOz,
-CO2R’, -CONR'R", -C(O)R', -OC(O)NR'R", -NR"C(O)R', -NR"C(O)2R,
-NR'-C(O)NR"R"™, -NH-C(NH2)=NH, -NR'C(NH2)=NH, -NHC(NH2)=NR',
-S(O)R', -S(O)2R', -S(0)2NR'R", -N3, -CH(Ph)2, perfluoro(C1-C4)alkoxy, and
perfluoro(C1-Ca)alkyl, in a number ranging from zero to the total number of

open valences on the aromatic ring system; and where R’, R" and R"™ are
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independently selected from hydrogen, deuterium, (C1-Cas)alkyl and
heteroalkyl, unsubstituted aryl and heteroaryl, (unsubstituted aryl)-
(C1-Cs)alkyl, (unsubstituted aryl)oxy-(C1-Cs)alkyl, -C2-Cs)alkynvl,
and -(C2-Cs)alkenyil.

When deuterium is selected as a substituent the resulting compound is a
“deuterated” compound in which one or more hydrogen atoms has been
intentionally replaced with one or more deuterium atoms. Compounds
containing trace levels of the deuterium isotope by virtue of its natural
abundance are not “deuterated”. Deuteration of a drug may influence its

biological properties, for example its rate of metabolism.

The term "pharmaceutically acceptable salt” is meant to include a salt of the
active compound which is prepared with relatively nontoxic acids or bases,
depending on the particular substituents found on the compound described
herein. When a compound of the invention contains relatively acidic
functionalities, a base addition salt can be obtained by contacting the neutral
form of such compound with a sufficient amount of the desired base, either
neat or in a suitable inert solvent. Examples of pharmaceutically acceptable
base addition salts include sodium, potassium, calcium, ammonium, organic
amino, or magnesium salt, or a similar salt. When a compound of the
invention contains relatively basic functionalities, an acid addition salt can be
obtained by contacting the neutral form of such compound with a sufficient
amount of the desired acid, either neat or in a suitable inert solvent.
Examples of pharmaceutically acceptable acid addition salts include those
derived from inorganic acids like hydrochloric, hydrobromic, nitric, carbonic,
monohydrogencarbonic, phosphoric, monohydrogenphosphoric,
dihydrogenphosphoric, sulfuric, monohydrogensulfuric, or phosphorous acids
and the like, as well as the salts derived from relatively nontoxic organic acids
like acetic, propionic, isobutyric, maleic, malonic, benzoic, succinic, suberic,
fumaric, mandelic, phthalic, benzenesulfonic, p-tolylsulfonic, citric, tartaric,
methanesulfonic, and the like. Also included are salts of amino acids such as

arginine and the like, and salts of organic acids like glucuronic or galacturonic
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acids and the like (see, for example, Berge et al (1977) J. Pharm. Sci.
66:1-19). Certain specific compounds of the invention contain both basic and
acidic functionalities that allow the compounds to be converted into either

base or acid addition salts.

The neutral forms of the compounds may be regenerated by contacting the
salt with a base or acid and isolating the parent compound in the conventional
manner. The parent form of the compound differs from the various salt forms
in certain physical properties, such as solubility in polar solvents, but

otherwise the salts are equivalent to the parent form of the compound for the

purposes of the invention.

In addition to salt forms, the invention provides compounds which are in a
prodrug form. Prodrugs of the compounds described herein are those
compounds that readily undergo chemical changes under physiological
conditions to provide the compounds of the invention. Additionally, prodrugs
can be converted to the compounds of the invention by chemical or
biochemical methods in an ex vivo environment. For example, prodrugs can
be slowly converted to the compounds of the invention when placed in a
transdermal patch reservoir with a suitable enzyme or chemical reagent.
Prodrugs are often useful because, in some situations, they may be easier to
administer than the parent drug. They may, for instance, be bioavailable by

oral administration whereas the parent drug is not.

The prodrug may also have improved solubility in pharmaceutical
compositions over the parent drug. A wide variety of prodrug derivatives are
known in the art, such as those that rely on hydrolytic cleavage or oxidative
activation of the prodrug. An example, without limitation, of a prodrug would
be a compound of the invention which is administered as an ester (the
"prodrug”), but then is metabolically hydrolysed to the carboxylic acid, the
active entity. Additional examples include peptidyl derivatives of a compound.

PCT/GB2018/000047
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As used herein and unless otherwise indicated, the term "stereoisomer” or
"stereomerically pure” means one stereoisomer of a compound that is
substantially free of other stereoisomers of that compound. For example, a
stereomerically pure compound having one chiral centre will be substantially
free of the opposite enantiomer of the compound. A stereomerically pure
compound having two chiral centres will be substantially free of other
diastereomers of the compound. A typical stereomerically pure compound
comprises greater than about 80% by weight of one stereocisomer of the
compound and less than about 20% by weight of other stereoisomers of the
compound, more preferably greater than about 90% by weight of one
stereoisomer of the compound and less than about 10% by weight of the
other stereoisomers of the compound, even more preferably greater than
about 95% by weight of one stereoisomer of the compound and less than
about 5% by weight of the other stereoisomers of the compound, and most
preferably greater than about 97% by weight of one stereoisomer of the
compound and less than about 3% by weight of the other stereoisomers of the
compound. If the stereochemistry of a structure or a portion of a structure is
not indicated with, for example, bold or dashed lines, the structure or portion
of the structure is to be interpreted as encompassing all stereocisomers of it. A

bond drawn with a wavy line indicates that both stereoisomers are
encompassed.

Various compounds of the invention contain one or more chiral centres, and
can exist as racemic mixtures of enantiomers, mixtures of diastereomers or
enantiomerically or optically pure compounds. This invention encompasses
the use of stereomerically pure forms of such compounds, as well as the use
of mixtures of those forms. For example, mixtures comprising equal or
unequal amounts of the enantiomers of a particular compound of the invention
may be used in methods and compositions of the invention. These isomers
may be asymmetrically synthesised or resolved using standard techniques
such as chiral columns or chiral resolving agents. See, eg, Jacques, J., et al,
Enantiomers, Racemates and Resolutions (Wiley-Interscience, New York,
1981); Wilen, S. H., et al (1997) Tetrahedron 33:2725; Eliel, E. L.,
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Stereochemistry of Carbon Compounds (McGraw-Hill, NY, 1962); and Wilen,

S. H., Tables of Resolving Agents and Optical Resolutions p. 268 (EX. Eliel,
Ed., Univ. of Notre Dame Press, Notre Dame, IN, 1972).

Particular embodiments of the compounds of formula (l) described in the first
aspect of the invention are set out below. ltis to be understood that this
invention covers all appropriate combinations of the substituents referred to
herein, and that, where alternatives are provided for any one substituent, the
invention covers all lists which may be formed by combinations of these
alternatives.

In certain embodiments, Ar is 6-membered aryl or 5- or 6-membered
heteroaryl. Ar may be phenyl, cyclohexyl, cyclopentyl, pyrrole, furan or
thiophene. Ar may be phenyl, cyclohexyl or pyrrole. Ar may be phenyi.

In certain embodiments, m1 and mz2 are chosen such that mi+mz2=2, ie
mi=mz2=1, or m1=2 and m2=0, or m1=0 and m2=2.

In certain embodiments, m1 and m2 are 1.

In certain embodiments, m1 and m2 are 1 and J is -C(R?'R%2)-

In certain embodiments, n1 is 0, Y is -C(R*'R*%)- and Z is -C(R°'R%?)-.
In certain embodiments, A is -CO2H.

In certain embodiments X and Y are -C(R3'R3%%)- and -C(R*'R*?)- respectively,

and R3' and R*! are combined to form, together with X and Y, a cyclopropyl

A
ring, for example &(<I/ ;
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In certain embodiments X, Y and Z are -C(R*'R?%)-, -C(R*'R*2)- and -
C(R5'R%%)- respectively, and R31 and R%' form, together with X, Y and Z a

—  >—A
cyclobutyl ring, for example j .

In certain embodiments, Ar is 6-membered aryl and m1 and m2 are chosen
such that mi+mz2=2. X-Y-Z-A may then be connected to Ar in the 6- or
7-position. Ar may be substituted by W in the 5-, 6-, 7- or 8-position.

In certain embodiments, W is optionally substituted (C1-Ce)alkyl,
(C3-Ce)cycloalkyl, halo or optionally substituted (C1-Cs)alkoxy. W may be
halo. W may be fluoro.

In certain embodiments, Ar is substituted 1, 2 or 3 times with W. Ar may be
substituted 1 or 2 times by W.

In certain embodiments, G is an optionally substituted 6-membered aryl or

6-membered heteroaryl. G may be optionally substituted phenyl or pyridine.

In certain embodiments, B is (C1-Cs)alkyl, (C2-C1o0)alkenyl, (C2-C1o)alkynyl,
(C1-C1o)alkoxy, (C2-C1o)dialkylamino, (C1-C1o)alkylthio, (C2-C1o0)heteroalkyi,
(C3-Cio)cycloalkyl, (C3-Cio)heterocycloalkyl, halo, (C1-C1o)haloalkyl,
(C1-C1o0)perhaloalkyl, optionally substituted aryl, optionally substituted
heteroaryl, optionally substituted arylalkyl, cyano, or E-M- where E is -O-, -S-
or -N(R*)- and M is optionally substituted (C1-C7)alkyl, (C3-C7)cycloalkyl,
fluoro(C1-Ca)alkyl, a 5- to 10-membered heterocyclic group or an optionally
substituted 6- to 10-membered aryl group.

M may be substituted one or more times by K where K is (C1-Ce)alkoxy, halo
or -NR® and R° is hydrogen, deuterium, or (C1-C3)alkyl optionally substituted
by halo.
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When E is -O-, M may be (C3-C7)cycloalkyl, fluoro(C1-C3)alkyl or an optionally
substituted 6- to 10-membered aryl group and preferably M is cyclobutyl, -CF3
or phenyl optionally substituted by halo and/or (C1-C3s)alky!.

B may be selected from halo, (C1-Cs)alkyl optionally substituted with halo,
(C1-Cs)cycloalkyl optionally substituted with halo, (C1-Cs)alkoxy optionally
substituted with halo or E-M where E is -O-, -S- or -N(R%)- and M is optionally
substituted (C1-Cr)alkyl, (C3-C7)cycloalkyl, a 5- to 10-membered heterocyclic
group or a 6- to 10-membered aryl group. B may be halo or E-M where E

is -O-, -S- or -N(R%)- and M is optionally substituted (C1-C7)alkyl,
(C3-C7)cycloalkyl, fluoro(C1-Cs3)alkyl, a 5- to 10-membered heterocyclic group
or an optionally substituted 6- to 10-membered aryl group.

G may be substituted 1, 2, 3, 4 or 5 times with B. G may be substituted 2 or 3
times by B.

When G is substituted more than once with B, B may include E-M and/or halo.

If G is 6-membered aryl or 6-membered heteroaryl, G may be substituted
twice by B in a 2,5- or 3,5-substitution pattern, or three times by B in a 2,3,5-
substitution pattern. G may be substituted by halo in the 2- and/or 3-position
and/or E-M in the 5-position.

Some preferred embodiments of the compound of formula (1), as described
above, are compounds of formula (la):

o
Ar:;(j; " Yn ne
. \( m

E/ G X W
\ /

B (1)
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wherein Ar is 6-membered aryl, 5- or 6-membered heteroaryl or 5- or
6-membered cycloalkyl;

X is -O-, -S- or -C(R3®'R3%)-, Y is -O- or -C(R*1R%?)-, Z is -C(R>'R%)-, and n1, n2
and n3 are independently selected from O or 1 with the proviso that at least

one of n1, n2 and n3 must be 1 and at least one of X, Y or Z must
be -C(R%*'R3%)-, -C(R*'R%%)-, or -C(R*'R%?)- respectively.

when X and Y are -C(R3'R3%%)- and -C(R*1R*?)- respectively, R3! and R*!' may
be combined to form, together with X and Y, a (C3-Cs)cycloalkyl ring which
may be optionally substituted by (C1-C3)alkyl or halo;

when Y and Z are -C(R*'R*%)- and -C(R>'R>%)- respectively, R*' and R%! may
be combined to form, together with Y and Z, a (C3-Cs)cycloalkyl ring which
may be optionally substituted by (C1-C3)alkyl or halo;

when X, Y and Z are -C(R3'R32)-, -C(R%*R%%)- and -C(R°>'R%?)- respectively,
R31 and R>! may form, together with X, Y and Z a (Cs-C7)cycloalkyl ring which
may be optionally substituted by (C1-C3)alkyl or halo;

A is -COzH, -CO2R3, -CH20H, tetrazolyl, 3-hydroxyisoxazol-5-yl or an acid
bioisostere; |

R3 is (C1-Ce)alkyl, or (C3-Ce)cycloalkyl;

Ar is optionally substituted 1, 2 or 3 times by W, where W is (C1-C1o)alkyil,
(C2-C1o0)alkenyl, (C2-C1o)alkynyl, (C1-C1o)alkoxy, (C2-C1o)dialkylamino, (Ci-
Cio)alkylthio, (C2-C1io)heteroalkyl, (C3-C1o)cycloalkyl, (Cs -C1o)heterocycloalkyi,
halo, (C1-C1o)haloalkyl, (C1-C1o)perhaloalkyl, optionally substituted aryl,
optionally substituted heteroaryl, or optionally substituted arylalkyl, and when

Ar is substituted by a plurality of substituents, each substituent is selected
independently;
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G is an optionally substituted 6- to 10-membered aryl, 5- to 10-membered

heteroaryl or fused aryl or heteroaryl ring system;

G is optionally substituted one or more times by B, where B is (C1-C1o)alkyl,
(C2-C1o)alkenyl, (C2-C1o)alkynyl, (C1-C1o)alkoxy, (C2-C1o)dialkylamino,
(C1-C1o)alkylthio, (C2-C1o0)heteroalkyl, (C3-C1o)cycloalkyl,
(C3-C1o0)heterocycloalkyl, halo, (C1-C1o)haloalkyl, (C1-C1o)perhaloalkyl,
optionally substituted aryl, optionally substituted heteroaryl, optionally
substituted arylalkyl, cyano, or E-M where E is -O-, -S-or -N(R%*)- and M is
optionally substituted (C1-Cr)alkyl, (C3-C7)cycloalkyl, fluoro(C1-C3s)alkyl a 5- to
10-membered heterocyclic group or an optionally substituted 6- to
10-membered aryl group, and when G is substituted by a plurality of

substituents, each subs<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>