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THIADIAZOLONE DERIVATIVES USEFUL AS AMPK ACTIVATOR

Figld of the Invention

The present invention relates to novel compounds, and the use of such compounds in
madicine. In particular, the present invention relates to compounds that are useful in
treating a disorder or condition ameliorated by the activation of AMP-activated protein
Kinasse.

Background of the Invention

AMP-activated protein kinase (AMPK) is a protein kinase enzyme that consists of three
protein sub-units and is activated by hormones, cvtokines, exearcise, and stresses that
diminish cellular ensrgy state (e.g. glucose deprivation). Activation of AMPK increases
processes that generate adenosine 5'-triphosphate (ATP) (&.g., fatty-acid oxidation)
and restrains others such as fatty acid-, gilycerclipid- and protein-synthesis that
consume ATP, but are not acutely necessary for survival, Conversely, when cells are
prasented with a sustained excess of glucose, AMPK activily diminishes and fatty acid-~,
aglycerolipid- and protein-synthesis are enhanced. AMPK thus is a proiein kinase
enzyme that plays an important role in celiular energy homeogstasis. Therefore, the
activation of AMPK is coupled to glucose lowering effects and triggers several other
biclogical effects, including the inhibition of cholasterol synthesis, lipogenesis,
trighyceride synthesis, and the reduction of hyperinsulinemia.

Given the above, AMPK is a preferred farget for the treatment of the metabolic
syndrome and especially type 2 diabetes. AMPK is also invelved in a number of
pathways that are important for many different diseases (g.g. AMPK is also involved in
a number of pathways that are important in NS disorders, fibrosis, ostecporosis, heart

failure and sexual dysfunction).

AMPK is also involved in a number of pathways that are important in cancer. Several
tumour suppressors are part of the AMPK pathway. AMPK acts as a negative regulator
of the mammalian TOR {(mTOR) and EFZ pathway, which are key regulators of cell
arowth and proliferation. The deregulation may therefore be linked to diseases such
as cancer (as well as diabetes). AMPK activators may therefore be of utility as anti-

cancer drugs.
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It has baen shown that AMPK activator drugs {e.g. metformin and 4-chloro-N-[2-[(4-
chlorophenylmethvl]-3-oxo-1,2,4-thiadiazol-5-vlibenzamide (i.e. the compound of
formula II below)) are effective at treating pain. Das and co-workers report that,
following lumbar disc punciure, postinjury treatment in mice with AMPK activator drugs
reduces mechanical hypersensitivity (Das V, ef al. Reg Anesth Pain Med 201%9,;0:1-5.
doi: L0.1136/rapm-2019-100839). Similarly, Das and co-workers also report that early
treatment with AMPK activator drugs reduces mechanical hypersensitivity in a
postoperative pain model in mice (Das V, et al. Reg Anesth Pain Med 2019;0:1-6.
doi:10.1136/rapm-~-2019-100651). These drugs also normalize the AMPK pathway in
the dorsal root ganglion. AMPK activators may therefore be used in the treatment of
pain, particularly post-operative pain.

It has also been shown that hepatic steatosis may be regulated by AMPK (Zhao ef af,
1. Biol Chem. 2020 295: 12279- 12289). Activation of AMPK inhibits de nove
lipogenesis while promoting fatty acid oxidation {(B-oxidation) in the lver. AMPK
activation also reduces free fatly acid release from adipose tissue and prevents hepatic
steatosis. Pharmacological activation of AMPK in the liver was reported o promote
beneficial effects on muitiple aspects of non-alcoholic fatty liver disease (NAFLD). For
exampla, activation of AMPK was found to improve non-alcoholic steatohepatitis
{NASH) in both murine and simian animal models. Accordingly, AMPK activators may
be useful in the treatment of NAFLD and NASH.

An example of an AMPK activator is 4-chloro-N-[2-[{4-chiorophenyl)methvl}-3-ox0-
1,2,4-thiadiazol-5-yilbenzamide (l.e. the compound of formula II}, which was first
disclosed in WO 2011/004162.

5. N cl
R0y .
)—N

cl I O

As an AMPK agonist (l.e. an AMPK activator), the compound of formula IT is useful in

II

the treatment of disorders or conditions which are ameliorated by the activation of
AMPK. Such compounds may be useful in the treatment of cardicvascular disease
(such as heart failure), diabetic kidney diseass, type 2 diabetes, insulin resistance,
non-alcoholic fatty liver disease, non-alcoholic steatohepatitis, pain, opioid addiction,
obesity, cancer, inflammation (including chronic inflammatory diseases), autoimmune
diseases, osteoporesis and intestinal diseases.
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Although a number of AMPK activators are known, there is still a nesd for the
development of novel compounds for the treatment of a disorder or condition
ameliorated by the activation of AMPK., The inventors have now found novel
compounds that are metabolised in vivo to form a known AMPK activator, with a
surprising enhancement of the bioavailability of the AMPK activator. $Said compounds
weare alse found to activate AMPK.

The listing or discussion of an apparently prior-published document in this specification
should not necessarily be taken as an acknowledgement that the document is part of
the state of the art or Is common general knowledge.

Detailed Description of the Invention

Inn 3 first aspect of the invention, there is provided a compound of formuia I
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wherein:

Rl and R? are independently selected from the group consisting of hydrogen, the
sidechain of a proteinogenic amino acid, and Cis atkyl optionally substituted by ong or
maore substituents selected from the group consisting of -OH, -NH2 and -C{Q}NH2;

R* and R? are independently selected from the group consisting of hydrogean, Ci.4 alkyl
optionally substituted by a phenyl group and Al; or

R {or R2) and R3 (or R* together with the carbon and nitrogen atoms to which they
are bound form a 4- to 6-membered heterocycioatkyl group;

0 :?\3 o) ',“2
N\Az N
Al . . R5a }
represents of ;

A? represents hydrogen, Cia alkyl optionally substituted by a phenyl group,

o¢3 'e) 3

A
1
N

5b
R or y
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each A? independently represents hydrogen or Cia alkyl optionally substituted by a
phenyl group; and

R% and R are independently selected from the group consisting of hydreogen, the
sidachain of a proteinogenic amino acid and Ci-s alkyl optionally substituted by one or
rnore substituents selected from the group consisting of -OH, -NH2 and -C(O}NH>,

or a pharmaceutically accepiable salt or solvate thereof,

These compounds, including pharmaceutically acceptable salis and solvates thereof,

may be referrad to herein as the “compounds of the invention”.

In preferred embodiments of the first aspect of the invention A? represents hydrogen,

o A® o Al
N\A3 N
R5° 3
or ; and each A7 represents hydrogen.

The compounds of the invention have been found to metabgolise in vive to form 4-
chioro-N-[2-[{4-chicrophenvlymethyi]-3-oxo-1,2,4-thiadiazol-5-yi] banzamide
{referred to herein as a compound of formula 11} which is known to be an AMPK
activator. In this regard, the compounds of the invention may be considered to be
prodrugs of 4-chioro-N-{2-[ {4-chiorophenyiymethyil-3-0x0-1,2,4-thiadiazol-5-
vilbenzamide.

Pharmaceutically acceptable salis of potential utility include those discussed in 1
Pharmaceutical Sciences, &6: 1-19 (1977), by Berge ef al. Pharmaceutically
acceptable salts of the compound of formula 1 may be prepared in accordance with
techniques that are well known to those skilled in the art.

Examples of pharmaceutically acceptable addition salts include those derived from
organic acids, such as citric, tartaric, acetic (including halogenated forms of acetic acid,
such as trifluoroacetic acid), malic, lactic, fumaric, benzoic, glycolic, gluconic, succinic,
and aryisulphonic acids; and from mineral acids, such as hvdrochloric, hvdrobromic,
phosphoric, metaphosphoric, nitric and sulphuric acids.  In particular embodiments,
the pharmaceutically acceptable salt is a citric acid salt or a trifluoroacetic acid salt of
the compound of formula I,

Unless otherwise specified, alkyl groups defined herein may be straight-chain or, when

there is a sufficient number {i.e. 3 minimum of two or three, as appropriate) of carbon

atoms, be branched-chain, and/or cydlic (so forming a cycloalkyl group). When there
4
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is a sufficient number (i.e. 3 minimum of four) of carbon atoms, such groups may also
be part cyclic {so forming a partial cycloalkyl group). For example, cycloalkyl groups
that may be mentioned include cyclopropyl, cyclobutyl, cyclopentyl and cyclohexyl
EII

Similarly, part cyclic alkyl groups {which may also be referred to as “part cycloalky
groups) that may be mentioned include cyclopropyimethyl

Heterocycioalkyt groups that may be mentioned include non-aromatic monocyclic
heterocycicalkyl groups in which at least one {e.¢. one to four) of the atoms in the ring
system is other than carbon (i.e. a hetercatom, e.g. sulfur, oxygen or, particularly,
nitrogen), and in which the total number of atoms in the ring system is from four o
six. Carbon atoms of the heterocycloalkyl groups mentioned herein may be substituted
by one or more =0 substituents.

For the avoidance of doubt, in cases in which the identity of two or more substituents
in a compound of formula [ may be the sams, the actual identities of the respective

substituents are not in any way interdependent.

Where groups are referred to herein as being optionally 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
group may be referrad to as being unsubstituted in cartain embodiments.

Pharmaceutically acceptable salts of the compound of formula I may be prepared in
accordance with techniques that are well known to those skilled in the art.  For
example, the compound of formuia I may be reacted with the appropriate organic acid
or mineral acid. Salt switching techniques may also be used to convert one salt into
another salt.

The compounds disclosaed herein may exist in unsolvatad as well as solvated forms with
pharmaceutically acceptable solvents such as water and ethanol, and it is intended that
the invention embraces both solvated and unsolvated forms of the compounds of the

invantion.

The term “solvate” refers to a complex of variable stoichiometry formed by a solute
and solvent. Such solvents for the purpose of the invention may not interfere with the
biclogical activity of the solute. Examples of suitable solvents include, but are not
imited to, water, methanol, ethanol, and acetic acid. Solvates in which water is the

solvent molecule are typically referred to as hydrates. Hydrates include compositions

5
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containing stoichiometric amounts of water, as well as compositions containing variable

amounts of water.

Compounds of formula I contain double bonds and may thus exist as £ (entgegen) and
Z (zusammen) geomelric isomers about sach individual double bond. All such isomers
and mixtures thereof are included within the scope of the invention.

Compounds of formula [ may exist as regioisomers and may also exhibit tautomerism.
All tautomeric forms and mixtures thereof are included within the scope of the
invention,

The present invention aiso embraces isotopically-labelied compounds of formula 1
which are identical to those recited herain, but for the fact that one or more atoms are
replaced 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). Al isctopes of any particular atom or element as specifisd herein are
contemplated within the scope of the invention. Hence, the compounds of formula I
also include deuterated compounds, i.e. compounds of formula I in which one or more
hydrogen atoms are replaced by the hvdrogen isotope deuterium,

The skilled person will appreciate that compounds of the invention that are the subject
of this invention include those that are stable. That is, compounds of the invention
include those that are sufficiently robust to survive isolation from, e.g., 3 reaction
mixture to a useful degree of purity.

Throughout this specification, structures may or may not be presented with chemical
names. Where any guestion arises as to nomenclature, the structure prevails, Where
it is possible for the compound to exist as a tautomer {e.g. in an alternative resonance
form) the depicted structure represents one of the possibie tautomeric forms, wherein
the actual tautomeric formis) observed may vary depending on environmental factors
such as solvent, temperature or pH. Al tautomeric (and resonance) forms and
mixtures thereof are included within the scope of the invention.

Unlass indicated otherwise, all technical and scientific terms used herein will have their
common meaning as understood by one of ordinary skill in the art to which this

invention pertains.
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For the avoidance of doubt, the skilled person will understand that references herein
to particular aspects of the invention {such as the first aspect of the invention) will
include references to all embodiments and particular features thereof, which
ermbodiments and particular features may be taken in combination to form further

aembodiments and features of the invention.

Amino acids are organic compounds that contain amino (-NH2) and carboxyl {(-COxH)
functional groups, along with (in most cases) a sidechain. Alpha amino acids are those
where the amino and carboxyl functional groups are bonded to the same carbon atom
(i.e. the ag-carbon atom). Particuiar alpha amino acids that might be mentioned are
the proteinogenic amino acids. Proteinogenic amino acids are aming acids that are
incorporated biosynthetically into proteins during transiation. The proteinogenic aming
acids are glycine {Gly}, alanine {(Ala}, arginine (Arg), asparagine (Asn), aspartic acid
(Asp), cysteine (Cys), glutamic acid (Ghu), glutamine (Gin), histidine {His), isoleucineg
(Ile), leucine {Leu), lysine (Lys), methionine (Met), phenvialanine (Phe}, proline (Pro},
pyrrolysing {Pyl), selenocysteineg {Sec), serine (Ser), threonine {Thr), tryptophan (Trp),
tyrosine {Tyr), and valine {Val).

Thus, the term “sidechain of a proteinogenic amino acid” refers to the group other than
hydrogen that is bonded to the a-carbon atom of a proteinogenic amino acid. In the
context of the present invention the invention, sidechains of one or more proteinogenic
amino acids may be located at any of the R!, R?, R% gr R positions of the compound
of formula 1. For the avoidance of doubt, the compounds of the invention may contain
multiple different sidechains in these positions, Le. the prodrug of compound II may
contain a chain having two or three different amino acids linked to the thiadiazole ring.
Particular examples of proteinogenic amino acid sidechains include methyl substituted
with an imidazolyl or indolyl group (for histidine and tryptophan), propyl substituted
with a guanidino group {for arginine) and butyl substituted with an amino group {(for
fysine).

Particular compounds of the invention that may be mentioned are those where R* and
R? are the same. For example, R! and R? may both be hydrogen.

Other compounds of the invention thal may be mentioned are those where R and R?
are the different. For example, R! may be the side chain of a proteinogenic amino acid
and R? may be hydrogen,
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Thus, compounds of the first aspect of the nvention may contain ong or more
asymimetric  carbon  atoms  and  may therefore axhibit  optical and/or
diastereocisomerism. In particular, compounds of formula I where R' and R? are
different {e.g. where R! is methy! and R? is hydrogen) may be such that the carbon
5  substituted with R! and R? is in the L-configuration or the D-configuration, as
understood by those skilied in the art. Where compounds contain an R* and/or an R
group, the chiral centres to which those R and R groups are bound may also,

independently, be in either the L-configuration or the D-configuration.

10 In particular embodiments, when R! and R? are different the carbon substituted with
R! and R? is in the L-configuration. Alternatively, when R! and R? are different the
carbon substituted with R! and R? may be in the D-configuration. For example, the
cornpound of formula I may be a compound of formula I-A or a compound of formula
I-8

/@/\N’S /N)/@/Cl /©/\st /N}Z/OVCI
N N
Cl o)_ > O Cl o)_ > O
O O
RKFO R1>>zo
R2" R? ""N/R3

N-R?

7

R4 I-A R* I-B

i5

wherein Rf, R?, R* and R* are as described herein {(i.e. as described in the first aspect
of the invention, including all embodiments and particular features, and combinations

20 thereof). Particular examples of compounds of the invention are those in which R! and
R? are both hydrogen or the carbon substituted with R! and R? is in the L-configuration,
e.g. when one of R! and R? is hydrogen and the other is a sidechain of a proteinogenic
amino acid.

25 Similarly, when R? or R* represents Al, Al may represent

o o A T QN
N\Az _\\N\Az N N
5a 5a
R ; R ; or ; and

AZ may represent hydrogen, Ci4 alkyl optionally substituted by a phenyl group,

0 ,?\3 0 /7\3 o Al o A
N\A3 .\\N\A3 N “\N
5b 5b
R , R or . wherein A%, R> and
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R are as described hersin {i.e. as described in the first aspect of the invention,
including aill embodiments and particular features, and combinations therecf}.
Particular examples of compounds of the invention are those in which A! represants a
proteinegenic amino acid or two linked proteinogenic amino acids.

Preferrad examples of compounds of the invention that may be mentionad include

those where:

O ,?\3 O Ai\3 O /A3
N\A3 ,\\N\A3 N
- RSb R5b
A rapresents  hydrogen, . . or
O ,IAS
.\\N

; each A3 represents hydrogen; and RS is as described herein.

Preferably, R' is selected from the group consisting of hydrogen, the sidechain of a
proteinogenic amino acid, and Cie alkyl optionally substituted by one or more
substituents selectad from the group consisting of ~-OH, ~-NMz and ~-C{O}NH2, or R! and
R3 are linked to form a pyrrolidine ring {as is found in proline); and

R? is hydrogen,

In particular embodiments, R? is hydrogen, and R is hydrogen or the sidechain of a
proteinocgenic amino acid selected from the group consisting of Glu and, particularly,
Arg, His, Lys, Sear, Thr, Asn, Gin, Cys, Sec, Ala, lie, Leu, Met, Phe, Trp, Tyr, Asp and
Val; or

R? is hydrogen, and R! and R3 together with the carbon and nitrogen atoms to which
they are bound form a pyrrolidine ring.

In particular embodiments, R? is hydrogen, and R! is hydrogen or the sidechain of an
amino acid selected from the group consisting of Arg, His, Lys and Trp {(e.g. Arg, His
and Lvs); or

R? is hydrogen, and R* and R? together with the carbon and nitrogen atoms to which
they are bound form a pyrrolidine ring.

In a further embodiment, R? is hydrogen, and R! is hydrogen or the sidechain of an
amino acid selected from the group consisting of Lys, Alg, Ile, Phe, Leu, Ser and Asp;
or

R? is hydrogen, and R' and R? together with the carbon and nitrogen atoms to which
they are bound form a pyrrolidine ring.
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Preferably, R? is hydrogen.

Particular embodiments of the invention include compounds of formula T wherein:

R is hydrogen or the sidechain of an amino acid selected from the group consisting of
Arg, His, Lys and Trp {e.g. Arg, His and Lys); or

R' and R3 together with the carbon and nitrogen atoms to which they are bound form
a pyrrolidine ring; and

R? is hydrogen.

In other embodiments, R? and R* are independently selected from the group consisting
of hydrogen, Ci-3 alkyl optionally substituted by one or more phenyl groups {(e.g. a
O O
NH, H

R5a .
and ; and R% s hydrogen or the

rmethyl or benzyl group),
sidechain of a proteinogenic amino acid. In preferred embodiments, R® and R* are
independently selected from the group consisting of hydrogen and i3 alkyl optionally
substituted by one or more phenyl groups {&.¢g. R and R* are independently hydrogen,
methyl or benzyl}. Preferably, R? and R* are independently selected from the group

consisting of hydrogen and methyi {e.g. R® and R* are both methyi}.

In other preferred embodiments, R® and R* are independently selected from the group
consisting of hydrogen, Cis alkyl optionally substituted by one or more phenyl groups

0 0
H
NH, N

5a
R and iy

{e.g. a methyl or benzyi group),
R! and R3 together with the carbon and nitrogen atoms to which they are bound form
a pyrrolidine ring and R* is selected from the group consisting of hydrogen, Cisalkyl

o) o
NH, N

5,
optionally substituted by one or more phenyl groups, R and ;

and R is the sidechain of a proteinogenic amino acid (&.g. Phe, Val, Lys, Asp or Arg).
Preferred compounds of the invention that may be mentioned include those in which:

Rl is hydrogen or the sidechain of a proteinogenic amino acid salected from the group
consisting of Glu and, particularly, Arg, His, Lys, Ser, Thr, Asn, Gin, Cys, Sec, Ala, g,

10
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Leu, Mat, Phe, Trp, Tyr, Asp and Val (&.g. Lys, Alg, Ile, Phe, Leu, Ser and Asp; or Arg,
His, Lys and Trp);

R? represents hydrogen;

R3 and R? are independently selected from the group consisting of hydrogen and Ci-s
alkyl optionally substituted by one or more phenyl groups {e.g. methvyl); or

R and R3? together with the carbon and nitrogen atoms to which they are bound form
a pyrrolidine ring.

Other preferred compounds of the invention that may be mentioned include those in
which: R? represents hydrogen;

R! is hydrogen or the sidechain of a proteinogenic amino acid selected from the group
consisting of Giu, Arg, His, Lys, Ser, Thr, Asn, Gin, Cys, Sec, Ala, lle, Leu, Met, Phe,
Trp, Tyr, Asp and Val (e.g. Lys, Ala, lle, Phe, Leu, Ser and Asp);

R* and R* are independently selected from the group consisting of hydrogen, Ci-3 alkyl
optionally substituted by one or more phenyl groups (e.¢g. 2 methyl or benzyl group)},

o) /?\3 0 '16‘2
N\A2 N
5a
R and ; or

R and #7 together with the carbon and nitrogen atoms to which they are bound form
a pyrrofidine ring, and R4 is selected from the group consisting of hydrogen, Ciz atkyl
optionally substituted by one or more phenyl groups (e.g. a methyl or benzyl group),

O ,?\3 ] ,,0\2
N \A2 N
5a
R and ;

R52 is hydrogen or the sidechain of a proteinogenic aming acid selected from the group
consisting of Giu, Arg, His, Lys, Ser, Thr, Asn, Gin, Cys, Sec, Ala, lle, Leu, Met, Phe,
Trp, Tyr, Asp and Val {&.g. Phe, Val, Lys, Asp and Arg) ; and

AZ and A® are independently as defined herein,

In embodiments of the invention where A? represents , B% g preferably
hydrogen or the sidechain of a proteinogenic amino acid selected from the group
consisting of Glu, Arg, His, Lys, Ser, Thr, Asn, Gin, Cys, Sec, Ala, le, Leu, Met, Phe,
Trp, Tyr, Asp and Val (e.g. Phe, Val, Lys, Asp and Arg); and each A® is independently

selected from the group consisting of hydrogen and Ci-z alkiyl {e.g. methyl).

kN
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As is stated above, the compounds of the invention have baen found to metabolise in
vivo to form  4-chloro-N-{2-[{4-chiorophenyi}methyll-3-ox0-1,2,4-thiadiazol-5-vi]
benzamide (referrad to herein as a compound of formula II}). The precise mechanisms
by which the compounds of the invention are converted o the compound of formula 11
may nevertheless differ for different compounds of the invention. Without wishing to
be bound by theory, it is balieve that the compounds of the invention decompose into
the compound of formula II in two steps. First the ester is hydrolysed {(chemically or
enzymicaily} to form the N-hydroxymethyl intermediate {referred to elsewhere herein
as the compound of formula III), and then that intermediate is converted into the

compound of formula IL.

The applicant has found that some compounds are hydrolysed more rapidly under
acidic conditions {e.g. conditions that would be expected to exist in the human
stomach} whereas other compounds are hydrolysed more rapidly under more alkaline
conditions {e.g. conditions that are akin that in the small intestine).

Compounds of the invention that are hydrolysed more rapidly under alkaline conditions
{e.g. conditions that are akin to that in the small intestine) than under acidic conditions
rnay be advantageous in that they may offer additional clinical benefits, for example
they may be useful for patients that are unable {o achieve adequate conversion in the
stomach {(e.g. unable to achisve conversion at the required rate or to the required
extent). Such patients may suffer from inadeguate function of esterase enzymas, for
example. In addition, the intermeadiate that is formed as a result of the hydrolysis {i.e.
Compound of formula III) may be more readily taken up in the gut compared o
Compound of formula 11, thus the formation of Compound of formula III in the intestine
may be advantagecus for achieving optimal systemic exposure for the patient,

We have found that compounds of the invention which contain a lipophilic {(alkyl) group
at RYR? have a relatively high stability at pH 7.4, The stability is lower at this pH whean
R1/R? groups are H or a ~NH> containing amino acid side chain (e.g. glycine-based or
lysine-based). The stability is very low at this pH when one of the RY/R? groups is an
electron withdrawing amino acid side chain {&.g. aspartic acid-based, arginine-based

or glutamic acid-based side chain).

Particular compounds that may be mentioned in this respect are compounds of formula
Al

12
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W SNN 77/©/C|
N
CI/©/\O)_ ) ©
¢
RngO
2

R N’RS
R4 A
whereain:
() R! represents hydrogen, R? represents the sidechain of aspartic acid, the
5 sidechain of argining or the sidechain of glutamic acid, R® is hydrogen or

methyl, and R* hydrogen or methvi; or
(it} R, R? and R® represent hydrogen, and R* represents A},
O ,?\3
N\Az
Al represaents R® ;
wherein A? is hydrogen or methyl, A® is hydrogen or methyl, and R
10 represants the sidechain of aspartic acid, the sidechain of arginine or the
sidechain of giutamic acid;

or a pharmaceutically acceptable salt or solvate theraof.

Further compounds that may be mentioned in this respect are compounds of
15 formula B

N
cl o)_> >
(@]
RchO
2

R 'N-R3
R‘{ B
wherain:
{i} R! represents hydrogen, R? represents the sidechain of aspartic acid or the
20 side chain of arginine, R* is hydrogen or methyl, and R* hydrogen or methyl;

or
(i} R!, R? and R? represent hydrogen, R* represents Al;
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1 e R5a .
Al represents ;

A7 is hydrogen or methyl, A% is hydrogen or methyl, and R represents the
sidechain of aspartic acid or the side chain of arginineg;
or a pharmaceutically accepiable salt or solvate thereof,

stiifl further particular compounds that may be mentioned in this respect are

compounds of formula C,

cl o) > o

0]

fo

R1

R2 N’RS
R4 C

10 wherein:
(i) RI, R® and R* represent hydrogen, and R? represents the sidechain of

aspartic acid, the sidechain of arginine or the sidechain of glutamic acid; or
(i} RI, R? and R? represent hydrogen, and R* represents Al,

O
NH,

R5a
15 Al represents ; and

R3® represents the sidechain of aspartic acid, the sidechain of arginine or the
sidechain of glutamic acid;

or a pharmaceutically acceptable salt or solvate thereof,
20 In ancther embodiment, the compound of the invention is a compound of formula T in

which R? is hydrogen, and R! is the sidechain of aspartic acid, optionally wherein R?

and R* are independeantly hydrogen or methvi.
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Yet further compounds that may be mentioned in this respect are:

cl
S.
O~
S cl o} N‘Q
Ol - b
N
Cl g ) ©° Ol<\
0] NH
o o)
H,N
o) NH; N NH,
oH , N H and
Cl

and pharmaceutically acceptable salts or solvates thereof.

In further embodiments, the invention alsc relates to compounds of formula [ as
defined herein {including compounds of formula I as defined according to any of the
preferred embodiments set out herein) provided that;
{i} the compound is not a compound of formula A, or

10 (iiy the compound is not a compound of formula B; or
(iil} the compound is not a compound of formula C; or
(iv) the compound is not selaected from the group consisting of:
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Cl
S
N\ ‘N
O
DAN/S -~ e {, ©
N
cl O)_> 0O O:<\
o) NH
> o)
HoN /\/\(\<
O NHZ N NH2
OH HN” H and

Cl

° NH2 ; Or
(v} the compound is not a compound of formula I in which R? is hydrogen, and R! is
the sidechain of aspartic acid {optionally wherein R* and R* are independently hydrogen

5 or methylh}; or
{vi) the compound is not:

jontes2A
N
cl o/>_> o
g
0

NH,
OH

@]
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Particularly preferred compounds of the invention are:
.S Cl .S Cl
N N
cl g ) ° cl o%> O
O o]
Zﬁ ° 50
N— NH
/ ; :
.S Cl .S Cl
Jogtetialivg caty)
N N
cl o)_> o cl o)_> ©
0] 0]
///’Zﬁo /,//Z;O
NH N—
? /

HoN H,N

!

zso 02jo

NH
/ ’ NH,

/@/\N,s _N >,/O/Cl NN )//O/CI
N
cl o)/_o> o Clg O/>'_ N o
o 0
0
5_ : ’2:'_'2
N/S /NW/OVCI
jontestl AT 4
N
cl g ) © o
9
0 N—
/

4
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NH,
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0 0
0
NH
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HO  NH; : OH :
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o 0
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cl cl
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Cl
Cl

z N
o NH, and HN” H

or a pharmaceutically accepiable salt or solvate thereof.

The compounds of the invention may be considered 1o be prodrugs of 4-chioro-N-{2-
[{4-chiorophenylymethyi]-3-ox0-1,2,4-thiadiazol-5-vilbenzamide as thay have been
found to break down Jn vivo to form said compound. 4-Chioro-N-[2-[{4-
chiorophenylymethyl]-3-oxo-1,2,4-thiadiazol-5-yilbenzamide may be depicted as the
compound of formula I

s H cl
)/-—N
cl J O

The term Tprodrug” refers to a compound that, following oral or parenteral

I.

administration, is metabolised in vivo to vield a pharmalogically active compound in an
experimentally-detectable amount, and within a predetermined time (e.g. within a
dosing interval of between 6 and 24 hours {i.e. once to four times daily)). For the
avoidance of doubt, the term “parenteral” administration includes all forms of
adrninistration other than oral administration. General information on prodrugs may
be found e.g. in Bundegaard, H. "Design of Prodrugs” p. 1-82, Elsevier, New York-
Oxford (1985).

It has been found that administration of the compounds of the invention surprisingly
resulted in a significant increase in the bicavailability and systemic exposure of 4-
chloro-N-[2-[{4-chiocrophenylymethyl]-3-ox0-1,2,4-thiadiazol-5-vilbenzamide as
cormparad to the bicavailability and systermnic exposure observed following
administration of 4-chioro-N-[2-{{4-chiorophenylymethyl]-3-ox0-1,2,4-thiadiazol-5-
yiibenzamide.
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The bicavailability of a drug is the amount of an administered dose that reaches the
systemic circulation in that drug form. Sufficient bicavailability Is important to achieve
a therapeutically active concentration at the site of action. An improvement (i.e. an
increase) in bicavailability may be demonstrated by measuring the Crax or the area
under the curve (AUC)Y in the blood of a subject following administration of the
compound (or pharmaceutical formulation thereof) to that subject. The compounds
and formulations of the invention are useful in the therapies described herein in a
subject in need of such therapy. Subjects that may be mentioned include animals,
such as mammals. Particular mammals that might be mentioned include, for example,
primates {e.qg., humans, male or famale), cows, horses, dogs and cats. Preferably the
subject is a human.

The terms "Cra” and “AUC” will be well understood by the person skilled in the art to
refer, in the present context, to the peak plasma concentration of 4-chioro-N~-{2-[{4-
chlorophenylmethyll-3-oxe-1,2,4-thiadiazol-5-yllbenzamide after administration
(e.g. to a human subject) and the integral of the concentration/time curve for that
substance following the administration of the compound of the invention (or
formulation thereof), respectively.

It has been found that administration of a compound of the invention resulted in a
particularly enhanced bicavailability of 4-chioro~-N-[2-[{4-chlorophenylymethyl}-3-oxo-
1,2,4-thiadiazel-5-yilbenzamide in vivo, as is evidencad by the data in the examples.
These data show that plasma exposure of 4-chloro-N-[2-[{4-chiorophenyl)methyl]-3-
oxo-1,2,4-thiadiazol-5-yilbenzamide is increased when a compound of the invention is
administered to a mammalian subject as compared to the plasma exposure observed
following administration of 4-chioro-N-{2-[{4-chiorophenylimethyl]-3-0x0-1,2,4-
thiadiazol-5-yllbenzamide.

Thus, administration of the compounds of the invention is capable of increasing the
bigavailability of Jd-chloro-N-[2-[{4-chlorophenylymethyi]-3-ox0-1,2,4-thiadiazol-5-
yilbenzamide compared to administration of 4-chloro-N-[2-[{4-chiorophenylymethyl]-
3-oxo-1,2,4-thiadiazol-5-yiibenzamide. In this context, the phrase “increasing the
binavailability” means that administration of the compound of the invention results in
a larger systemically available fraction of 4-chloro-N-~[2-[{4-chlorophenylimethyi}-3-~
oxo-1,2,4-thiadiazol-5-yilbenzamide in vive compared to administration of 4-chloro-
N-[2-[{4-chliorophenylymethyl}-3-0x0-1,2,4-thiadiazoi-5-yilbenzamide. The increase
in the systemically available fraction of 4-chioro-N-[2-[{4-chlorophenylymethyi]-3-
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oxo-1,2,4-thiadiazol-5-yilbenzamide may be at least about 10%, (at least) about 20%,
about 30%, about 40%, about 50%, about 60%, about 70%, about 80%, about 90%,
about 100% {(i.e. 2-fold}, about 200% (i.e. 3-foid}, about 300% (i.e. 4-fold), about
400% (i.e. 5-fold), about 500% (i.e. 6-fold), about 600% (i.e. 7-fold), about 700%
{i.e. 8-fold)}, about 800% {i.e. 9-fold} or about 900% {i.e. 10-foid).

The improvement of the bicavailability provided by the compounds of the invention
may be demonstrated using suitable methods known in the art. For example, the
improvemsant in  bicavailability may be demonstrated by comparing the
pharmacokinetic data {e.g. AUC data) for a subject who has been administered a
compound of the invention with the corresponding data for a subject who has been
administered 4-chioro-N-[2-{{4-chlorophenylymethyi]-3-ox0-1,2,4-thiadiazol-5-
yilbenzamide.

As indicated by the examples, compounds of the invention have enhanced stability
under acidic conditions {e.g. at pH 1.2). Thus, the compounds of the invention are
suited to being prepared into pharmaceutical formulations for oral administration o
patients where passage through the stomach is required.

The compounds of the invention have also been found to be surprisingly effective at
activating AMPK, as is evidenced by the data in the examples. As AMPI activators {i.e.
AMPK agonists), the compounds of the invention may be useful in the treatment of
disorders or conditions which are ameliorated by the activation of AMPK. Such
compounds may therefore be useful in the treatment of the particular diseases
described herein.

The compounds of the invention may be prepared Tfrom 4-chioro-N-[2-[(4-
chiorophanylymethvll-3-oxg-1,2,4-thiadiazel-5-yilbenzamide. 4-Chioro-N-[2-[{4-
chiorophenyimethvl]-3-oxo-1,2,4-thiadiazol-5-ylibenzamide may, in  turnh, be
prepared in accordance with technigues that are well known 1o those skilled in the art.
For example, 4-chioro-N-{2-[{4-chiocrophenylymethyi]-3-oxo-1,2,4-thiadiazol-5-
vilbenzamide may be made in accordance with the techniques described in
international patent application WO 2011/004162, and all of its content is hereby
incorporated by reference.

Compounds of the invention as described hersin may be prepared in accordance with
taechnigues that are well known to those skilled in the art, such as those described in
the examples provided herginafter.
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Compounds of formula I may be obtained by analogy with the processes known in the
iterature, or by conventional synthetic procedures, in accordance with standard
technigues, from available starting materials using appropriate reagents and reaction

5 conditions. In this respect, the skilled person may refer to inter alia “Comprehensive
Organic Synthesis” by B. M. Trost and 1. Fleming, Pergamon Prass, 1891.

For example, there is provided a process for the preparation of a compound of the
invention as hereinbefore defined, which process comprises:

10
(i) reaction of a compound of formula 111,

.S Cl
jegrea
N

Cl o > O
HO Il
15 with a compound of formuia 1V,

0O R®
HO R?
R! R2 IV: or

(i) reaction of a compound of formula v,
N

cl o)?} ©
o]

0

R'I
RZ NH

20 Rs Y

with a compound of formula Iv,

R! R? v
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wherein Rt and R* are as defined hereinabove and R3 and R* are as defined harsinabove
or independeantly represent a suitable protecting group {&.¢. Boc}, in the presence of a
suitable base (e.g. 4-dimethylaminopyridine), a suitable amide coupling agent (e.g.
N,N'-dicyclohexylcarbodiimide) and a suitable solvent (e.g. tetrahydrofuran) according
to procedures know to the person skilled in the art,

For the avoidance of doubt, the processes decribad herein for preparing compounds of
the invention embrace those processes which comprise reaction of a compound of
formula III with up to three {e.g. two) compounds of formula IV in a sequential manner.
For example, we include those processes which comprise:

(i) reacting a compound of formula III with a compound of formula IV, according
to the processes described herain;

{ii) optionally performing one or more deprotection steps;

(iii} reacting the product of step (i) or step (ii) with a compound of formula 1V,
according to the processes described herein;

{(iv}) opticnally performing one or more deprotection steps;

{v} optionallly reacting the product of step (il) or step (iv) with a compound of
formula IV, according to the processes described herein; and

{vi) optionally performing one or more deprotection steps.

In the above embodiment, the compound of formula IV may be the same or different
in each of steps (i}, (iii} and (v}.

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., For example, in particular embodiments, in a
compound of formuia IV one of R* and R* may represent hydrogen and the other may
reprasent a suitable protecting group (&.g. Boc). The protection and deprotection of
functional groups may take place before or after the above-mentioned reactions.

Protecting groups may be removed in accordance with technigues that are well known
to those skilled in the art and as described hereinafter. For example, protected
compounds/intermediates describaed  herein may be converted chemically o
unprotected compounds using standard deprotection technigues. The use of protecting
groups is fully described in “Protective Groups in Organic Synthesis”, 3rd edition, T.W.
Gresne & P.G.M. Wulz, Wiley-Interscience (1999).
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Specific transformation steps that may be employed in order to form compounds of
formula I therefore include deprotection steps, such as deprotection of an N-Boc
protecting group by reaction in the presence of an acid, or, a hvdroxy group protected
as a silvl ether {e.g. a tert-butyl-dimethyisilyl protecting group) may be deprotected
by reaction with an acid or a source of fluoride ions, e.g. by employing the reagent
tetrabutylammonium fluoride (TBAF).

The compound of formula III may be obtained by conventional synthetic procedures,
in accordance with standard technigues, from available starting materials using
appropriate reagents and reaction conditions. For example, the compound of formula
IIT {referred o0 in the examples as Compound 2) may be prepared by reaction of a
cornpound of formula II with formaldehvde in the presence of a suitable base {e.g.
triethviamine) and a suitable solvent {e.q. N N-dimethyiformamide) according o
procedures know to the person skilied in the art.

Likewise, the compound of formuia II {i.e. 4-chloro-N-[2-[{4-chlorophenylymethyl]-3-
ox0-1,2,4-thiadiazol-5-yilbenzamide, referred to in the examples as Compound 1)
mayv be prepared in accordance with technigues that are well known to those skilled in
the art, e.g. the techniques described in international patent application no.
WO 2011/804162.

The person skilled in the art will recognise that the compound of formula V may be
obtained by the synthetic procedures exemplified herein, from available starting
materials using appropriate reagents and reaction conditions.

Compounds of the invention may be isclated from their reaction mixtures and, if
necessary, purified using conventional techniques as known to those skilied in the art.
Thus, processes for preparation of compounds of the invention as described herein
may include, as a final step, isolation and optionally purification of the compound of
the invention.

Pharmaceutical Formulations
As indicated herein, the compounds of the invention are useful as therapeutic agents
for treating a variety of medical disorders or conditions. Typically, compounds of the

invention will be administered o a subject in need thereof in the form of a
pharmaceutical formulation.
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According to a sscond aspect of the invention, there is provided a pharmaceutical
formulation comprising the compound of formula I {or a pharmaceutically acceptable
salt or solvate thereof). Such formulations are referred to herein as the formulations
of the invention. Al embodiments and particular features thereof described hersin in
respect of the first aspect of the invention are disclosed herein in respect of the second
aspect of the invention.

The pharmaceutical formulations of the second aspect of the invention may be

prepared in accordance with standard and/or accepted pharmaceutical practice,

In an embodiment of the second aspect of the invention, the compound of the invention
{or the pharmaceutically acceptable salt or solvate thereof) is the sole active
pharmaceutical ingredient present in the formulation. In a further embodiment of the
second aspeact of the invention, the compound of the invention {or a pharmaceuticaily
acceplable salt or solvate thereof) is present in the formulation alongside one or more
other active pharmaceutical ingredients, or may be administered as part of a
combination therapy with one or more other active pharmaceutical ingredients.

The formulations of the second aspect of the invention will generally be provided as a
roixture comprising the compound of the invention (or a pharmaceutically acceptable
salt or soivate thereof) and one or more pharmaceutically acceptable excipients. The
one or more pharmaceutically acceptable excipients may be selected with due regard
to the intended route of administration in accordance with standard pharmaceutical
practice. Such pharmaceutically acceptable excipients are preferably chemically inert
to the active compound and preferably have no detrimental side effacts or toxicity
under the conditions of use, Suitable pharmaceutical formulations may be found in,
for example, Remington Thea Science and Practice of Pharmacy, 19th ed., Mack Printing
Company, Easton, Pennsyivania (1995}, A brief review of methods of drug delivery
may also be found in e.g. Langer, Science 249, 1527 {19%0).

For example, formulations of the invention may contain a lubricant, a binder, a filler,
a surfactant, a diluent, an anti-adherent, a coating, a flavouring, a colourant, a glidant,
a preservative, a sweetener, a disintegrant, an adsorbent, a buffering agent, an
antioxidant, a chelating agent, a dissolution enhancer, a dissolution retardant and/or
a welling agent.

Particular pharmaceutically acceptable excipients that may be mentioned include

microcrystalling cellulose, lactose monohydrate, crospovidone, magnesium stearats,
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colloidal silicon dioxide, anhydrous lactose, dicalcium phosphate, mannitol,
pregelatinised  starch, hvdroxypropyl  cellulose, povidone, low-substituted
hydroxypropyl cellulose, croscarmeliose sodium, sodium starch glycolate, sodium
stearyl furmarate, talc, hydroxypropyl methyiceliulose, polvsorbate 80, sodium lauryl
sulphate, poloxamer 188, poloxamer 407, propylene glycol, titanium dioxide,
hypromeliose phthalate, hypromeliose acetate succinate, methacrylic acid, methyl
mathacrylate copolymer, Opadry® I, Opadry® 11,

In the preparation of a pharmaceutical formulation of the compounds of the invention
for oral administration, the compounds of the invention may be mixed, either togethear
or separately, with one or more of the pharmaceutical excipients listed above.

Mixtures of a compound of the invention and one or more pharmaceutically acceptable
excipients may be processed into pellets or granules, or compressed into tablets. Thus,
pharmaceutical formulations of the invention include formulations that are provided in
the form of a tablet, mini-tablets, blocks, pellets, particles, granules or a powder for
oral administration. Mixtures of a compound of the invention and one or more
pharmaceutically acceptable excipients may also be provided in a form that is suilable
for subcutaneous or intramuscular delivery, such as an injectable solution or a freeze-

dried powder suitable for reconstitution in a suitable fiuid prior to administration.

The skilled person will understand that formulations described herein may act
systemically, and may therefore be administered accordingly using suitable technigues
known to those skilled in the art. Formulations as described herein will normally be
administered orally, subcutanecusly or intramuscularly in a suitable pharmaceutically
accepiable dosage form. The pharmaceutical formulation of the second aspect of the
invention is preferably an oral pharmaceutical formulation, particularly in view of the
enhanced stability under acidic conditions that has been observed for compounds of

the invention.

Formulations of the invention may be prepared for oral administration in the form of a
capsule. For example, capsules such as soft gelatin capsules may be prepared
containing the compound of the invention alone {or a pharmaceutically acceptable salt
or solvate thereof), optionally together with a suitable vehicle, e.g. vegetable oil, fat
etc, Similarly, hard gelatin capsulas may contain the compound of the invention alone
{or a pharmaceutically acceptable salt or solvate thereof) alone, or in combination with
solid powdered ingredients such as a disaccharide (e.g. lactose or saccharese), an

alcohol sugar {e.q. sorbitol or mannitol), a vegetable starch {e.g. potato starch or corn

26



10

i5

30

WO 2023/031609 PCT/GB2022/052234

starch), a polysaccharide {&.g. amylopectin or cellulose derivatives) or gelling agent
(&.g. gelatin}.

Particular pharmaceutical formulations of the invention include formulations that may
be mentioned are those provided in the form of a3 capsule or a tablet, e.g. for oral
administration.

Pharmaceutical formulations that may be mentioned include those in which the
compound of the invention {or a pharmaceutically acceptable salt or solvate thereof)
is present in a total amount that is at least 1% ({or at least 10%, at least 30% or at
least 50%) by weight of the formulation and up to 99% by weight of the formulation,
The weight ratio of the compound of the invention {(or a pharmaceutically acceptable
salt or solvate thereof) to the totality of the components (i.e. the compound of the
invention and all pharmaceutical excipients, e.g. adjuvants, diluents and carriers) of
the pharmaceutical formulation is at least 1:99 {or at least 10:90, at least 30:70 or at
lsast 50:50) and up to 99:1.

A “therapeutically effective amount”, an “effective amount” and a “dosage” as used
harein refer to an amount of a compound of the invention {or a pharmaceutically
acceptable salt or solvate thereof) that is sufficient 1o produce a desired clinical effect,
which can be a therapsutic and/or beneficial effect. The effective amount or dosage
will vary with the age or general condition of the subject {e.g. a human), the saverity
of the condition being trealed, the particular agents administered, the duration of the
treatment, the nature of any concurrent treatment, the pharmaceutically acceptable
excipients usad, and like factors within the knowiedge and expertise of those skilled in
the art. As appropriate, a “therapeutically effactive amount”, “effective amount” or
“dosage” in any individual case can be determinad by one of skill in the art by reference
to the pertinent texts and literature and/or by using routine experimentation. Those
skilled in the art will appreciate that the therapeutic effects need not be complets or
curative, as long as some benefit is provided to the subject.

The skillad person will understand that compounds of the invention, and formulations
thereof, may be administered {for example, by way of one or more preparations as
described herein) at varying doses, with suitable doses being readily determined by
one of skill in the art. The total dosage of the compound of the invention (or a
pharmaceutically acceptable salt or solvate thereof) that is to be administered to a
subject in need thereof may range from about 1 milligram per day (mg/day) to about
3000 mg/day, about 2 mg/day to about 2000 mg/day, or about 5 mg/day to about
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1000 mg/day {(e.g. from about 10 mg/day to about 500 mg/day}. Such dosages may
be, for example, oral dosages of the formulations of the second aspect of the invention,
When the compound of the invention {or a pharmaceutically acceptable salt or solvate
thereof) is to be administered either intramuscularly or subcutansously, the skilled
person will recognise that the dosage should be adjusted accordingly.

When administered orally, treatment with such formulations may comprise
administration of a unit dose formulation containing from about 1 mg to about 3600
mg of the compound of the invention, for example from about 2 mg to about 2060 myg,
or from about 5 mg to about 1000 mg {&.g. from about 10 mg to about 500 mg), of
the compound of the invention. Advantageously, treatment may comprise
administration of the compound of the invention (e.g. in the form of one or more
capsules containing said formulation) using a single daily dose. Alternatively, the total
daily dosage of the compound of the invention may be administered in divided doses
two, three or four times daily {e.g. twice daily with reference to the doses described
herein, such as a dose of 100 mg, 250 mg, 500 mg or 100C mg twice daily). The
skilled physician will recognise that the dosage will vary from subject to subject.

In particular embeodiments, the daily dose of the compound of the invention
administerad to a subject is in the range of from about 1 to about 3000 mg, preferably
from about 1 to about 1000 mg.

The term “about” as used herein when referring to a measurable value such as an
amount of a compound, dose, time, temperature, and the like, refars to variations of
20%, 10%, 5%, 1%, 0.5%, or even 0.1% of the specified amount. It is contemplated
that, at each instance, such terms may be replaced with the notation "+ 10%", or the
fike {or by indicating a variance of a specific amount calculated based on the relevant
value). It is also contemplated that, at each instance, such terms may be deleted.

For the avoidance of doubt, the dose administered to a subject, particuiarly a human
subject, in the context of the present invention should be sufficient to effect a
therapeutic response in the subject over a reasonable timeframe. One skilled in the
art will recognize that the selection of the exact dose and composition and the most
appropriate delivery regimen will also be influenced by infer alia the pharmacological
properties of the formulation, the nature and severity of the condition being treated,
and the physical condition and mental acuity of the recipient, as well as the potency of
the specific compound, the age, condition, body weight, sex and response of the
subject to be treated, and the stage/severity of the disease.
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In any event, the medical practitioner, or other skilled person, will be able fo determine
routinely the actual dosage which will be most suitable for an individual subject. The
above-meantioned dosages are exemplary of the average case; there can, of course, be
individual instances wheare higher or lower dosage ranges are merited, and such are
within the scope of this invention.

Medical uses

As indicated hersin, the compounds of the invention are useful as pharmaceuticals.
Compounds of the invention are useful because they possess pharmacological activity,
and/or are metabolised in the body following oral or parenteral administration to form
a compound that possesses pharmacological activity.

Thus, according to a third aspect of the invention there is provided a compound of the
invention, as hereinbefore defined (i.e. a compound as defined in the first aspect of
the invention), or a pharmaceutical formulation as defined in respect of the second
aspect of the invention, for use in medicine. For the avoidance of doubt, references to
compounds as defined in the first aspect of the invention include references o
compounds of formula [ (including all embodiments thereof) and pharmaceutically
acceptable salts and solvates thereof.

Compounds of the invention (i.e. a compound as defined in the first aspect of the
invention}, and formulations containing the same, may be particularly useful in treating
a disorder or condition ameliorated by the activation of AMP-activated protein kinase
(AMPK). Thus, in a fourth aspect of the invention, there is provided a compound of
the invention, or a formulation comprising said compound, for use in the treatment of
a disorder or condition ameliorated by the activation of AMPK.

Similarly, there is provided the use of a compound of the invention, or a formulation
comprising said compound, in the manufacture of a medicament for the treatment of
a disorder or condition ameliorated by the activation of AMPK. In a further alternative
fourth aspect of the invention, there is provided a method of treating a disorder or
condition ameliorated by the activation of AMPK comprising administering a compound
of the invention {or a formulation comprising said compound} to a subject {e.g. a

human) in need thereof.
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By ‘activate AMPK’, we mean that the steady state level of phosphorylation of the Thr-
172 moiety of the AMPK-g {AMPK-alpha) subunit is increased compared to the steady
state level of phosphorvlation in the absence of a compound of formula I or an active
metabolite  thereof ({e.g. 4-chloro-N-[2-[{4-chiorophenylimethyl]-3-0x0-1,2,4-
thiadiazol-5-yilbenzamide). Alternatively, or in addition, we mean that there is a
higher steady state level of phosphorylation of any othear proteins downstream of AMPK,
such as acetyl-CoA carboxylase {ACCTY.

The terms “disorder or condition ameliorated by the activation of AMPK” will be
understood by those skilled in the art to include cardiovascular disease {such as heart
failure), diabetic kidney disease, diabetes (such as type 2 diabetes), insulin resistance,
non-alcoholic fatty liver disease, non-aicoholic steatohepatitis, pain, opioid addiction,
obasity, cancer, inflammation (including chronic inflammatory diseases), autoimmune
diseasas, osteoporosis, intestinal dissases and hyperinsulinemia associated with
obesity or cardiovascular disease. Other diseases or conditions that may be
ameliorated by the activation of AMPK include hyperinsulinemia and associated
conditions, a condition/disorder where fibrosis plays a role, sexual dysfunction and
neurodegenerative diseases.

i

The term "cancer”™ will be understood by those skilled in the art to include one or more
diseases in the class of disorders that is characterized by uncontrolled division of cells
and the ability of these cells to invade other tissues, either by direct growth into
adiacent tissue through invasion, proliferation or by implantation into distant sites by
metastasis. By “proliferation” we include an increase in the number and/or size of
cancer cells. By "metastasis” we mean the movement or migration {e.g. invasiveness)
of cancer cells from a primary tumor site in the body of a subject to one or more other

areas within the subject's body {where the cells can then form secondary tumors).

Thus, compounds of the invention may be suitable for use in the treatment of any
cancer type, including all tumors {(non-solid and, preferably, scld tumors, such as
carcinoma, adenoma, adenocarcinoma, blood cancer, irrespective of the organ). For
example, the cancer celis may be selected from the group consisting of cancer cells of
the breast, bile duct, brain, colon, stomach, reproductive organs, thyroid,
hematopoietic system, lung and airways, skin, galibladder, liver, nasopharynx, nerve
cells, kidney, prostate, lymph glands and gastrointestinal tract. Preferably, the cancer
is selected from the group consisting of colon cancer {including colorectal adenomas),
breast cancer {&.¢. postmenopausal breast cancer), endometrial cancer, cancers of the

hematopoietic system (e.g. leukemia, lymphoma, etc.), thyroid cancer, kidney cancer,
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oesophageal adenccarcinoma, ovarian cancer, prostate cancer, pancreatic cancer,
gallbladder cancer, liver cancer and cervical cancer. More preferably, the cancer is
selected from the group consisting of colon, prostate and, particularly, breast cancer.
Where the cancer is a non-solid tumor, it is preferably a hematopoistic tumor such as
a leukernia (e.9. Acute Myelogenous Leukersia (AML), Chronic Myelogenous Leukemia
(CML), Acute Lymphocytic Leukemia (ALL), or Chronic Lymphocytic Leukemia (CLL).
Praefarably the cancer cells are breast cancer cells.

The term “diabetes” (i.e. diabetes meliitus) will be understood by those skilled in the
art to refer to both type 1 (insulin-dependent) diabetes and type 2 (insulin-
independent) diabetes, both of which involve the malfunction of glucose homeostasis.
The compounds of the invention and formulations thereof may be particularly suitable
for use in the treatment of type 1 diabetes and/or type 2 diabetes. The compounds of
the invention are particularly suited for the treatment of type 2 diabetes.

As well as being useful in the treatment of diabetes, the compounds of the invention
are also suitable for trealing diabelic kidney disease (i.e. diabetic nephropathy).
"Diabetic kidney disease” refers to kidney damage caused by diabetes and is a serious
complication of type 1 diabetes and type 2 diabeles. Diabetic kidnay disease affects
the kidneys' ability to remove waste products from blood to be excreted as urine, and
can lead to kidney failure,

Moreover, the compounds of the invention are also suitable for treating chronic kidney
disease, including chronic kidney disease in the absence of type 2 diabetes. “Chronic
kidney disease” is a condition characterised by a gradual loss of kidney function over
time. Chronic kidney disease usually occurs as a result of one or more other diseases
or conditions that affect the kidneays, such as high blood pressure, diabetes, high
cholesterol, kidney infections, glomerulonephritis, polycystic kidney dissase,
obstruction of the urinary tract biockageas in the flow of urine and long-term medication

use,

The term “hyperinsulinemia or an associated condition” will be understood by those
skilled in the art to include hyperinsulinemia, type £ diabetes, glucose intolerance,
insulin resistance, metabolic syndrome, dyslipidemia, hyperinsulinism in childhood,
hypercholesterolemia, high biood pressure, obesity, fatty liver conditions, diabetic
nephropathy, diabstic neuropathy, diabetic retinopathy, cardiovascular disease,
atherosclerosis, cerebrovascular conditions such as  stroke, systemic  lupus

erythematosus, neurcdegenerative diseases such as Alzheimer's disease, and
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polycystic ovary syndrome. Other disease states include progressive renal disease
such as chronic renal failure.

In particular, compounds of the invention and formulations thereof may be suitable for
use in the treatment of obesity associated with hyperinsulinemia and/or cardiovascular
disease associated with hyperinsulinemia.

Compounds of the invention and formulations thereof may also be suitable for use in
the treatment of cardiovascular disease, such as heart failure, whergin said
cardiovascular disease is not associated with hyperinsulinemia. Similarly, compounds
of the invention and formulations thereof may also be suitable for use in the treatment
of obesity which is not associated with hyperinsulinemia. For the avoidance of doubt,
the treatment of obesity and/or cardiovascular disease {such as heart failure) where
AMPI activation may be beneficial is included within the scope of the invention.

A condition/disorder where fibrosis plays a role includes {but is not limited to) scar
healing, keloids, scleroderma, pulmonary fibrosis {including idiopathic pulmonary
fibrosis), nephrogenic systemic fibrosis, and cardiovascular fibrosis (including
endomyocardial fibrosis), systemic sclerosis, liver cirrhosis, eve macuiar degeneration,
retinal and vitreal retinopathy, Crohn's/inflammatory bowel disease, post-surgical scar
tissue formation, radiation and chemotherapeutic-drug induced fibrosis, and
cardipvascular fibrosis.

The compounds of invention may also be useful in the treatment of sexual dysfunction
(e.g. the treatment of erectile dysfunction}. The compounds of invention may also be
useful in the treatment of inflammation.

Neurcdegenerative diseases that may be mentioned include Alzheimer’s disease,
Parkinson’s disease and Huntington’'s disease, amyotrophic lateral sclerosis,
polyglutamine disorders, such as spinal and bulbar muscular atrophy (SBMA),
dentatorubral and pallidoluysian atrophy (DRPLA)Y, and a number of spinocerebellar
ataxias (5CA)}.

Compounds of the invention may be useful in the treatment of a non-alcoholic fatty
fiver disease (NAFLD).

Non-akcoholic fatly liver disease (NAFLD) is defined by excessive fat accumulation in

the form of triglycerides (steatosis) in the Hver {designated as an accumulation of
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greater than 5% of hepatocytes histologically). It is the most common liver disorder
in developed countries (for example, affecting around 30% of US adults) and most
patients are asymptomatic. If left untreated, the condition may progressively worsen
and may ultimately lead fo cirrhosis of the liver. NAFLD is particularly prevalent in
obease patients, with around 80% thought to have the disease,

NAFLD may be diagnosed wherein alcghol consumption of the patient is not considered
to be a main causative factor. A typical threshold for diagnosing a fatty liver disease
as "not alcohol related” is a daily consumption of less than 20 g for female subjects
and less than 30 g for male subjects.

Particular diseases or conditions that are associated with NAFLD include metabolic
conditions such as diabates, hypertension, obesity, dyslipidemia,
abetalipoproteinemia, glycogen storage diseases, Weber-Christian diseasse, acute fatty
liver of pregnancy, and lipodystrophy. Other non-alcohol related factors related to
fatty liver diseases include mainutrition, total parenteral nutrition, severe weight loss,
refeeding syndrome, jejuncileal bypass, gastric bvpass, polycystic ovary syndrome and

diverticulosis.

Non-alcoholic steatohepatitis (NASH) is the most agaressive form of NAFLD, and is a
condition in which excessive fat accumulation (steatosis) is accompanied by
inflammation of the liver. If advanced, NASH can lead to the development of scar
tissue in the liver (fibrosis) and, eventually, cirrhosis. As described above, the
compounds of the invention have been found to be useful in the treatment of NAFLD
and inflammation. It follows that the compounds of the invention are also useful in
the treatment of NASH. Therefore, in a further embodiment, the treatment is of non-
alcoholic steatohepatitis (NASH).

It has been shown that AMPK activator compounds {such as 4-chloro-N-[2-[{4-
chlorophenylmethvl]-3-oxo-1,2,4-thiadiazol-5-vlibenzamide (i.e. the compound of
formula II}) are capable of treating pain {Das V, ef a/. Reg Anesth Pain Med 2019;0:1-
5.doi: 10.1136/rapm-2019-100839 and Das V, et al. Reg Anesth Pain Med 2019;0:1-
6. doi: 10, 1136/rapm-2019-100651) and such compounds may be considered to be
analgesics. If therefore follows that, since the compounds of the invention are capable
of activating AMPK, or are metabolised in vivo to form a known AMPK activator
compound, the compounds of the invention may be useful in the treatment of pain. In
particular, the compounds of the invention may be useful in the treatment of patients

with severe pain, chronic pain or useful in the management of pain after surgery.
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Opioid-based therapies, such as opioid analgesics, are used to treat severe, chronic
cancer pain, acute pain (&.g. during recovery from surgery and breakthrough pain) and
their use is increasing in the management of chronic, non-malignant pain. However,
the increasing use of opicid-based therapiss to freat pain has resulted in an increase
of opioid dependence {e.g. opicid addiction). As AMPK activators, the compounds of
the invention may be used to treat pain in place of an opicid-based therapy, as known
by those skilled in the art. Accordingly, the compounds of the invention may be useful
in treating opicid addiction.

Particular autoimmune diseases know 1o those skilled in the art include
Crohn's/inflammatory bowel disease, systemic lupus ervthematosus and type 1
diabetes,

Particular intestinal diseasas that should be mentioned include Crohn’s/inflarnmatory

bowel disease and cancer of gastrointestinal tract.

The skilled person will understand that references 1o the “treatment” of a particular
condition {or, similarly, to “treating” that condition) will take their normal meanings in
the field of medicine. In particular, the terms may refer to achieving a reduction in the
severity and/or frequency of occurrence of one or more clinical symptom associated
with the condition, as judged by a physician attending a subject having or being
suscaptible to such sympioms.

The skilled person will understand that such treatment or prevention will be performed
in a subject in need thereof. The need of a subject for such treatment or prevention
may be assessed by those skilled the art using routine technigues. In the confext of
the present invention, a “subject in need” of the compound of the invention includes a
subject that is suffering a disorder or condition ameliorated by the activation of AMPK,
As used hersin, the terms “disgase” and “disorder” {and, similarly, the terms condition,

ilness, medical problem, and the like) may be used interchangeably.

Without wishing to be bound by theory, it is believed that the administration of a
compound of the invention enhances the bicavailability of 4-chioro-N-[2-[{4-
chiorophenylymethyl}-3-oxo-1,2,4-thiadiazol-5-yilbenzamide in the systemic
circulation,  Administration of formulations comprising 2 compound of the invention
has been shown o provide an approximately ten-fold increase in the plasma
concentration of 4-chioro-N-[2-[{4-chlorophenylymethyi]-3-oxo-~-1,2,4-thiadiazol-5-
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vilbenzamide under certain circumstances compared to administration of a formulation
that comprises 4-chloro-N-[2-{{4-chlorophenviimethyvil-3-ox0-1,2,4-thiadiazol-5-
yilbenzamide.

Compounds of the invention {and formulations thereof} may have the advantage that
they may be more efficacious than, be less toxic than, be longer acting than, be more
potent than, produce fawer side effects than, be more esasily absorbed than, and/or
have a better pharmacokinetic profile {e.g. higher oral bicavailability and/or lower
clearance) than, and/or have other useful pharmacelogical, physical, or chemical
properties over, other therapies known in the prior art, whether for use in the above-
stated indications or otherwise. In particular, compounds of the invention may have
the advantage that they are more efficacious and/or exhibit advantageous properties

in vivo.

Figures

The following drawings are provided to illustrate various aspects of the present
inventive concept and are not intended to limit the scope of the present invantion
unless specified hersin,

Figure 1 shows western blot images that demonstrate that Compound 3 increases
phosphorylation of AMPK in a dose-dependent manner.

Figure 2 shows comparative resuits of oral pharmacokinetic studies using Compound 1
and Compound 3.

Figure 3 shows comparative results of oral pharmacokinetic studias using Compounds
5 6,7,9, 10,13, 14, 16 and 17.

Examples

The present invention is explained in greater detall in the following non-limiting
examples.

The reaction schemeas described below are intended to provide a general description of
the methodology employed in the preparation of the compounds of the invention. The
examples provided herein are offered to illustrate but not imit the compounds of the

invention, as well as the preparation of such compounds and intermediates.
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All starting materials, building blocks, reagents, acids, bases, dehydrating agentis,
solvents and catalysts utilised to synthesise the compounds of the invention are either
commercially available or can be routinely prepared by procedures described in the
literature, for example, Houben-Weyl "Science of Synthesis” volumes 1-48, Georg
Thieme Veriag, and subsequent versions thereof.

A reaction may be carried out in the presence of a suitable solvent or diluent or of
mixture thereof in a manner known to those skilled in the ant of organic synthesis. A
reaction may alse be carried out, if needed, in the presance of an acid or a base, with
cooling or heating, for example in a temperature range from about -30 °C to about
150 °C. In some embodiments, a reaction is carried out in a temperature range from
about 0 °C to about 100 °C, and more particularly, in a temperature range from room
temperature to about 80 °C, in an open or closed reaction vessel and/or in the
atmosphere of an inert gas, for example nitrogen.

Abbreviations
Abbreviations as used herein will be known to those skilled in the art. In particular,
the following abbreviations may be used herein.

AUC: Area under the concentration-time curve
aq; Aqueous

b.w.: Body weight

Crnax: Peak plasma concentration

d: Doublet

DCC: N, N'-dicyclohaexyicarbodiimide

DCM: Dichloromethane

DMAP: 4-Dimethylaminopyridine

BMSO: Dimethyisulfoxide

eq.. aquivalent

ESL Electrospray ionisation

EiaN: Triethylamine

EtOH: Ethanol

a: Gram

h: Hours

HPLC: High performance liquid chromatography
LC: Liquid chromatography

LCMS: Liquid chromatography — mass spectrometry
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LC-MS/MG:  Liguid chromatography — {tandem} mass spectrometry
LLOG: Lower limit of quantification
Fri Muitiplet
MaOH: Methanol
MaQOD: Methanol-da
Min: Minutes
mi.: Millilitre
MRT: Mean residence time
ND: Not detected
NMR: Nuclear magnetic resonance
RT: Room temperature
S Singlet
Tz Half-life
TBDMS-Ch tert-Butyldimethylisilyt chioride
Trrax: Time to reach the peak plasma concentration
THF: Tetrahydrofuran

Instrurnentation Conditions

LC Parameters

Column: Agilent Zorbax $B-C8, 50 x 4.6 mm,
350 ym

Mobile phase: 5 mM ammonium acetate: methanol
with 0.1% formic acid (15:85 v/v)

Separation mode: Isocratic

Flow rate: 0.800 mb/min

Injection volume: 2 uk

Auto sampler temperature; 4 °C

Column oven temperature: 40 °C

LC-MS/MS Shimadzu LCMS-8045

Source EST

Polarity Positive

m/z of analyte {(Compound 1} 379.800 > 88.100

m/z of internal standard (warfarin} 309.100 > 251.100

The present invention will be further described by reference to the following examplss,

which are not intended to limit the scope of the invention.
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Example 1: preparation of dimethvlamino-acetic acid 5-[{Z)}-4-chioro~benzoviiming -

2-{4-chioro-benzyll-3-oxo-1.2. 41thiadiazolidin-4-vimethyvl ester (Compound 3)

formaldehyde S Cl
g YoEn ! ”N»/@
o e L e Jo ™
J—NH gy °

o] THF, RT, 12-14h  Cl
I i) 3
c o HO
1 2
SN cl
N,N-dimethylglycine N =
DCC )/-—N A
DMAP cl o >
> o
THF, 40-50 °C, 16-18h Zﬁo
N/
/
3

Compound  1:  d-chioro-N-{2-{(4-chiorophenyimethyl]-3-oxo-1,2,4-thiadiazol-5-
vilbenzamide
Compound 1 was prepared in accordance with the procedures described in WO
2011/004162.

Compound 2 4-chloro-N-{2-{{(4-chiorophenyirmethyl]-d-(hvdroxymethyi)-3-oxo-
1,2, 4-thiadiazolidin-5-viidene }benzamide

To a stirring solution of Compound 1 {100 g, 0.26 mol) in THF (2.0 L) were added EtsN
{150 mL, 1.05 mol) followed by 37% formaldehyde (85 mi, 1.05 mol). The reaction
mixture was stirred at RT for 12 to 14 h

The reaction mixture was then concentrated fo remove THF. The crude material
obtained was ireated with toluene (2 x 100 mbl) and dried under reduced pressurs at
35 to 40 °C to vield Compound 2 as white solid (103 g, 95.5% vield).

Compound 2: Dimethylamino-acetic acid 5-[(Z)-4-chioro-benzoyliminoj-2-(4-chicro-
benzvi}-3-0x0-[1,2,4]thiadiazofidin-4-yimethy! ester

To a stirring solution of N,N-dimethyiglyvcing (50.3 g, 0.48 mol) in THF (2.0 L) were
added DMAP (8.93 g, 0.07 mol} and DCC (100.6 g, 0.48 mol). After 10 minutes,
Compound 2 {200 g, 0. 45 mol) was added to the reaction mbditure in four baches over
30 minutes. The reaction mixture was stirred at 40 to 50 °C for 16 to 18 h. The
reaction mixture was cooled to 20 to 30 °C, filkered through Celite®, washing with THF
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(200 ml), and the filtrate was concentrated to remove THF. The crude material
obtainaed was slurried with MeOH (300 mL) for 30 min at RT and filtered, washing with
MeOH (50 mbL). The coliected solid was dried under reduced pressure at 35 to 40°C to
afford Compound 3 as a white solid {102 g, 42% vyield).

IH NMR (400 MHz, DMSO) & {(ppm): 2.20 (s, 6H), 3.21 (s, 2H), 4.84 (s, 2H}, 6.03 (s,
2H), 7.40 (dd, 4H), 7.63 (d, 2H), 8.15 (d, 2H).

LCMS: 495.2 [M+H].

HPLC: 96.3% purity at 8.57 minutes.

Example 2: preparation of citric acid salt of dimethviamino~-acetic acid 5-[{Z)~-4~chioro-

benzoviiminol-2-{4-chlioro-benzyli-3-oxo-[1,2, 4]thiadiazolidin-4-vimethvl ester

{Compound 4)
. \ \ {
> )
O

N
O > _ o
9] o 0]
<: C <NH+ OH
N Y - o HO
/ HO
3 4 ©

To a stirring solution of dimethylamino-acetic acid 5-{{Z)-4-chloro-benzoviiminel-2-
{4-chloro-benzyl)-3-oxo-[1, 2,4 thiadiazolidin-4-yvimethy! ester {(Compound 3; 550mg,
1.1 mmol} in acetone (30.0 v) was added citric acid (0.9 eq.}. The reaction was stirred
at RT for 2.3 h. The precipitated compound was then collected by filtration and dried
to afford Compound 4 (450 mg).

H NMR (400 MHz, DMSQ) & {ppm): 2.20 (s, 6H), 3.21 (3, 2H), 4.84 {s, 2H}, 6.03 (s,
2H), 7.40 (dd, 4H), 7.63 (d, 2H), 8.15 (d, 2H).

LCMS: 485.2 [M+HL

HPLC: 98.3% purity at 9.95 minutes
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Example 3: Preparation of 2-({[5-{4~chlorobenzamidoli-2-[{4-chiorophenyimethyi]-3-

oxo-1.2.4-thiadiazolidin-4-viimethoxyrcarbonvipyrrolidin-1-ium trifiucroacetate

{Compound 53;

Cl
5 O\\\}”/O

o H
N N .8 N
HO _7 R S o + N \]ﬁ , ——
Step-1 /}»—N Step-2

Ad

Step-1: I-[(tert-butoxy)carbonyljpyrrolidine-2-carboxylic acid (Compound A2):

To a suspension of L-proling (AL (1.0 g, 8.68 mmol) in DCM {10 mb), was added
trigthylamine (1.34 mi, .55 mmol) at © °C followed by di-tert-butyl dicarbonate (2.18
mi, .55 mmol) and the resulting reaction mixture was stirred for 16 h at RT. The
i0 reaction mixture was carefully acidified with 5% citric acid solution to pH 3. The product
was extracted with ethyl acetate, and the extract was dried and evaporated in a
vacuum to afford Compound A2 as a white solid (1.55g, 83% vield).
Step-2:  I-tert-butyl 2-[5-(4-chiorobenzarnido)-2-[(4-chioropheny!)methyij-3-0x0-
1,2, 49-thiadiazolidin-4-yl imethy! pyrrofidine-1,2-dicarboxylate (Compound A3).

15  To a stirring solution of Compound A2 (8.55 g, 2.56 mumol} in THF (11 mL, 20V) was
added DMAP (0.06 g, 0.4% mmol) followed by DCC (0.52 g, 2.56 mmol) at 0-5 °C and
stirred for 20 min. To the reaction mixture Compound 2 {4.7 g, 1.7 mmol) was added
at 0-5 °C and the reaction mixture was stirred for 16 h at ambient temperature (25-

30 *C). The reaction mixture was fillered, and the filtrate was concentrated and purified
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by silica gel column chromatography to afford Compound A3 as a white solid (8.5 g,
50% vield).

Step-3: 2-{{{5-{4-chiorobenzamido)-2-[(4-chlorophenyl)methyl]-2-0x0-1,2,4-
thiadiazolidin-4-y{]methoxy }carbonypyrrolidin-I-ium triffuoroacetate (Compound 5);

To a stirring solution of Compound A3 {0.5 g, .82 mmol} in dichloromethane (5 mb)
was added trifluorcacetic acid (1 mi, 2.0 vob) at 0-5 °C. The reaction mixture was
stirred for 16h at ambient temperature (25-30 °C). The reaction mixture was
concentrated to remove the dichloromethane. The residue obtained was re-
precipitated with methanol/ether and filtered under vacuum o afford Compound 5 as
a white solid {0.2 g, 39% vield).

'H NMR (400 MHz, DMSO) & {ppm): 1.90 {m, 2H), 1,98 {m, 1H}, 2.22 (m, 1H}, 3,18
(m, 2H), 4.48 {m, 1H), 4.84 (s, 2H), 6.13 (s, 2H)}, 7.42 (dd, 4H), 7.63 (d, 2H), 8.16
(d, 2H3.

LCMS: 507.3 [M+H]

HPLC: ©5.3% purity at 18.07 minutes.

In Step 1 of this example, L-proling was used, i.e. the naturally occurring L-enantiomer
of the amino acid. In all subsequent examples, the naturally occurring L-enantiomer
of the respective amino acids {or alkylated and/or protected derivatives thereof) were
used.

Example 4: Preparation of &6-{[5-{4-chiorobenzamido)-2-T{4-chlorophenvimethvil-3-

oxo-1,2 4-thiadiazolidin-4~vilmethoxy}-6-oxohexane-1.5-bis{aminium)

di-trifluoroacetate {(Compound &)

B 2
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Cl

Cl

F
B2 6
Step 1 [5-(4-chiorobenzamido)-2-{ (4-chiorophenyl)methyl]-3-oxo-1,2,4-
thiadiazolidin-4-yl]methy! 2.6-bis({[(tert-butoxy )carbonyl]aming } Jhexanoate

{Compound B2)

To a stirring solution of 2,6-bis{{[({tert-butoxyicarbonyliamino} thexanecic acid
(Compound B1; 0.84 g, 2.43 mmol) in THF (17 miL, 20V} was added DMAP (0.074 g,
0.60 mmol) followed by DCC {0.50 g, 2.43 mmol) at 0-5 °C and stirred for 20 minutes.
To the reaction mixture Compound 2 {0.5 g, 1.21 mmol) was added at 0-5 °C and the
reaction mixture was stirred for 16 h at ambient temperature {(25-30 °C}. The reaction
mixture was filtered, and the filtrate was concentrated and purified by silica gel column
chromatography to afford Compound B2 as a white solid (0.5 g, 55% vield}.

Step-2: 6-{[5-(4-chiorobenzamido)-2-{{(4-chioropheny!)methyi]-3-oxo-1,2,4-
thiadiazolidin-4-yl]methoxy }-6-oxohexane-1,5-bis{aminium) di-trifluoroacetate (6)

To a stirring solution of Compound B2 (0.5 ¢, 0.67 mmol} in dichloromethane (5 mL)
was added trifluorcacetic acid (L mk, 2.C vob) at §-5 °C. The reaction mixture was
stirred for 16h at ambient temperature (25-30 °C). The reaction mixture was
concentrated to remove the dichloromethane. The residue obtained was re-
precipitated with acetong/hexanes and filtered under vacuum to afford Compound 6 as
a white solid {0.28 g, £3% vield).

'H NMR (400 MHz, DMSO) & (ppm): 1.40 {m, 4H), 1,75 {m, 2H}, 2.62 {m, 2H), 4,05
(m, 1H), 4.85 (s, 2H), 6.13 (s, 2H}, 7.42 (dd, 4H), 7.63 {d, 2H), 8.16 {d, ZH).

LCMS: 538.3 [M+H].

HPLC: §5.0% purity at 5.28 minutes.
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Example 5: Preparation  of  ({8-azaniumyi-1-{[5-{4-chlorobenzamido)-2-[{4-

chiorophenylimethvli-3-oxo-1,2.4-thiadiazolidin-4-vilmethoxyv}-1-oxohexan-2-

vildimethviazanium di-trifiuoroacetate (Compound 7)

CH CZz 2
Cl

Cl

. C3 7

Step-1: G-{{(tert-butoxyjcarbonyljaming }-2-(dimethylamino Yhexanoic acid
(Compound C2):

To a solution of Boc-Lys-OH {C1) (2.0 g, 8.1 mmol} in methanol (20 mL}, were added
37% formaldehyde (2.6 mi, 32.4 mmol} followed by Pd/C {0.2 g, 10% w/w) and the

10 resulting mixture was hydrogenated in a parr apparatus (5 kg, Hz pressure) for 16h.
After completion of the reaction, the reaction mixture was filterad through Celite® and
concentrated under reducead pressure. The residue was triturated with ether to afford
Compound C2 as a white solid (1.5 g, 67% vield).

Step-2: [5-(4-chiorabenzamido )-2-[ (4-chioropbenylmethyl]-3-0x0-1,2,4-
15 thiadiazolidin-4-yijmethyl  6-{[(tert-butoxyjcarbonvijamine}-2-(dimethyl  amino)

hexanoate (Compound (3}
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To a stirring solution of Compound C2 (0.66 ¢, 2.43 mmol) in THF {14 mL, 20V} was
added DMAP (0.035 g, 0.29 mmol) followed by DCC (0.50 g, 2.43 mmetl) at 0-5 °C and
stirred for 20 min. To the reaction mixture Compound 2 (0.4 ¢, 0.97 mmol) was added
at 0-5 °C and the reaction mixture was stirred for 16 h at ambient temperature {25-
30 °C). The reaction mixture was filtered, and the filtrate was concentrated and purified
by reverse phase column chromatography (8:2 acetonitrile and water) to afford
Compound C3 as a white solid (0.18 g, 64.9% vield).

Step-3: (6~-azaniumyl-1-{[5-(4-chiorobenzamido)-2-[(4-chicrophenylmethyl}-3-0x0-
1,2, 4-thiadiazolidin-4-yijmethoxy}-1-oxohexan-2-yi)dimethylazanium
di-trifivoroacetate (Compound 7):

Teo a stirring solution of Compound C3 (0.18 g, 8.027 mmol) in dichloromethane (3.6
mbl) was added trifluorcacetic acid (0.36 mb, 2.0 vol} at 0-5 °C. The reaction mixture
was stirred for 3h at ambient temperature (25-30 °C). The reaction mixture was
concenirated to remove the dichioromethane. The residue obtained was re-
pracipitated with acetone/hexanes and filtered under vacuum to afford Compound 7 as
an off white solid {C.15 g, 81% vield)}.

H NMR (400 MHz, D20) 3 {(ppm): 1.24 (m, 2H), 1,39 (m, 2H), 1.80 {(m, 2H), 2.73 (s,
&H), 4.77 (s, 2H}, 6.16 {m, 2H), 7.35 (dd, 4H), 7.58 (d, 2H), 8.12 {d, 2H).

LCMS: 566.4 [M+H].

HPLC: 97.5% purity at 8.09 minutes.

Example 6: Preparation of (Z2-{[5-{4-chiorobenzamido}-2-[{4-chlorophenylmethvil-3-

oxo-1.2 4-thiadiazolidin-4-vilmethoxy}-2-oxoethyD{methyvllazanium _trifluoroacetate

{Compound 8}

A L

| j\ N-’S\r;NC‘

OH ) o
O E\f/\n/ + d \E> O Step-1
HO

D1 2

44



10

15

WO 2023/031609 PCT/GB2022/052234

c:ao Q ©
N\\EV\N
¢

e 3R
Step-2 »ﬂé‘g
O
—NH, & ©
= F
8
Step-1: [5-(4-chiorobenzarnido)-2-{(4-chiorophenyl)methyf}-3-oxo-1,2,4-~

thiadiazolidin-4-yl]methyl 2-{[(tert-butoxy )carbonyl]{methyllamino jacetate (D2):

To a stirring solution of N-Boc¢ sarcosine (Compound D1; 0.57 ¢, 3.04 mmwol} in THF
(12 miL, 20V} was added DMAP {0.044 ¢, 0.26 mmol) foliowed by DCC (0.62 g, 3.04
mmol) at 0-5 °C and stirred for 20 min. To the reaction mixture Compound 2 (0.5 g,
1.21 mmol) was added at 0-5 °C and the reaction mixture was stirred for 16 h at
ambient temperature (25-30 °C). The reaction mixture was fillered, and the filtrate
was concentrated and purified by reverse phase column chromatography to afford
Compound D2 as a white solid {0.22 g, 31% vield).

Step-2: {2-{[5-(4-chlorobenzamidc)-2-[(4-chicrophenyl)methyt]-3-ox0-1,2,4-
thiadiazolidin-4-yijmethoxy }-2-oxoethyvi}{methyl)azanium trifiuorcacetale
{(Compound 8):

To a stirring solution of Compound B2 (0.2 g, 0.324 mmol) in dichloromethane (4.0 mL)
was added trifluoroacetic acid (.4 mbL, 2.0 vol) at -5 °C. The reaction mixture was
stirred for 16h at ambient temperature (25-30 °C). The reaction mixture was
concentrated to remove the dichloromethane. The residue obtained was triturated
with diethvi ether to afford Compound 8 as a white solid {(0.17 g, 84% vield).

'H NMR (400 MHz, DMSO) & {ppm): 2.57 {s, 3H}, 4.09 (5, 2H), 4.85 {s, 2H}, 6.13 (m,
2H), 7.42 (dd, 4H), 7.64 (d, 2H), 8.17 (d, 2H).

LCMS: 481.3 [M+H].

HPLC: 98.6% purity at 8.91 minutes.
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Example 7: Preparation of 2-{[5-{4~-chiorobenzamido)-2-I{4-chiorophenviimethvil-3-

oxo-1.2.4-thiadiazolidin-4-viimethoxy:-2-oxoethan- l-aminium trifluoroacetate

{Compound 9);

E1 2
Ci
Cl
Ci
N ,N)/Ql G
O
O),—N> z 9 O
O N; \f’"N
O e ,,}wi\i
Step-2 o \;
’{iH O);—"\ O .
O * '&
“*é;” o & NH, O e
F
9
5 E2
Step-1: {5-(4-chiorobenzamido)-2-[{4-chicrophenyDmethyl]-3-ox0-1,2,4-

thiadiazolidin-4-yllmethy! 2-{[(tert-butoxycarbonyt]amino }acetate (Compound E2):

To a stirring solution of N-Boc ghvcine (Compound EL; 0.53 g, 3.04 mmol) in THF (11
mi, 20V) was added DMAP (0.044 g, 0.36 mmol) followed by DCC (0.62 g, 3.04 mmol)

10 at 0-5 °C and stirred for 20 min. To the reaction mixture, compound 2 (0.5 g, 1.21
mmol) was added at 0-5 °C and the reaction mixture was stirred for 16 h at ambient
temperature {25-30 °C). The reaction mixture was filtered, and the filirate was
concantrated and purified by reverse phase column chromatography to afford
Compound E2 as a white solid (0.32 g, 46% vieid).

15 Step-2: 2-{[5-(4-chiorobenzamido)-2-{ (4-chioropheny)methyl]-3-oxo0-1,2,4-
thiadiazolidin-4-yl]methoxy }-2-oxoethan-1-aminium trifiuoroacetate (Compound 8):
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To a stirring solution of Compound E2 {$.3 g, .52 mmol} in dichloromethane (3.0 ml)
was added trifluoroacetic acid (8.6 mL, 2.0 vol) at -5 °C. The reaction mixture was
stirred for 2h at ambient temperature (25-30 °C). The reaction mixture was
concentrated to remove the dichloromethane. The residue obtained was triturated

with diethyl ether to afford Compound 9 as a white solid (0.23 g, 76% vield).

IH NMR (400 MHz, DMS0O) & (ppm): 3.81 (s, 2H), 4.85 (s, 2H), 6.13 (m, 2H), 7.42
{dd, 4H}, 7.64 (d, 2H), 8.17 (d, ZH).

LCMS: 467.2 [M+H].

HPLC: 98.2% purity at 8.55 minutes.

Example 8: Preparation of 2-{{[5-{4-chiorobenzamido)-2-[{4-chlorophenymethvi]-3-

oxo-1,2.4-thiadiazolidin-4-vilmethoxycarbonvii-1-methvipyrrolidine
{(Compound 10);

cl
QO H O | .
N N /S N {JE
HO 0y + NN
Step-1 SN b
3
HO
Al F1 2

10

Step-1: I-methyipyrrolidine-2-carboxylic acid (Compound F1):

To a solution of L-Proline (Compound Al; 2.0 g, 17.37 mmol} in methanol {20 mL)},
were added 37% formaldehyde (1.54 mi, 19.1 mmol} foliowed by Pd/C (0.5 g, 25%
w/w} and the resulling mbdure was hydrogenated in a Parr apparatus {1 kg Hz
pressure) for 16h, After completion of the reaction, the reaction mixture was filtered
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through Celite® and concentrated under reduced pressure. The residue was triturated

with ether to afford Compound F1L as a white solid {1.9 g, 84% vield)}

Step-2: 2-{{{5-{4-chiorobenzamido)-2-[(4-chlorophenyl)methyl]-2-0x0-1,2,4-
thiadiazolidin-4-yi]methoxy }carbonyi)-1-methylpyrrolidin-1-ium triffuoroacetate
{Compound 10}:

To a stirring solution of Compound F1 (0.39 g, 3.0 mmol) in THF (10 mL, 20V} was
added DMAP (0.074 g, 0.60 mmol) followed by DCC (0.62 g, 3.04 mmol) at 0-5 °C and
stirred for 20 min. To the reaction mixture Compound 2 (0.5 g, 0.1.21 mmol) was
added at 0-5 °C and the reaction mixture was stirred for 16 h at ambient temperature
(25-30 °C). The reaction mixture was filtered, and the filtrate was concentrated and
purified by reverse phase column chromatography followed by re-precipitation using
acetone/diethyl ether to afford Compound 10 as a white solid (6.25 g, 39% vield).

1H NMR (400 MHz, DMSO) & (ppm): 1.83 (br, 1H), 2,03 (m, 2h), 2.40 (br, 1H), 2,87
(br, 1H), 3,13 (br, 1H), 3.57 (br, 1H), 4.85 (s, 2H), 6.13 (m, 2H), 7.41 (dd, 4H), 7.64
{d, 2H), B.15(d, 2H)
LCMS: 521.3 [M+H].

HPLC: 96.9% purity at 9.16 minutes.

Example 9: Preparation of 1-£[5~{4-chiorobenzamide)-2-I{4~chigrophenviimethvil-3-

oxo-1,2.4-thiadiazolidin-4-vilmethoxy}-1-oxopropan-2-aminium trifluoroacetate

{Compound 11);
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Step-1
JS{
. -
NH, ©
= F
ao 11
Step-1: [5-{4-chiorobenzamido}-2-[{4-chiorophenyhimethyl]-3-ox0-1,2,4-
thiadiazolidin-4-ylimethyl 2-{{(tert-butoxycarbonvllamincrpropancate

(Compound G2}:

To a stirring solution of N-Boc alanine (Compound G1) {0.57 g, 3.04 mmol) in THF {10
ral, 20V) was added DMAP (0.044 g, 0.36 mmol) followed by DCC (0.62 g, 3.04 mmol)
at 0-5 °C and stirred for 20 min. To the reaction mixture Compound 2 {8.5 g, 1.21
mmol) was added at -5 °C and the reaction mixture was stirred for 16 h at ambient
temperature (25-30 °C). The reaction mixture was filtered, and the filtrate was
concentrated and purified by reverse phase column chromatography to afford
Compound G2 as a white solid (0.31 g, 43% vield).

Step-2: I-{[5-(4-chiorobenzamido)-2-[(4-chiorophenyvmethyl]-3-ox0-1,2,4-
thiadiazolidin-4-yijmethoxy}-1-oxopropan-2-aminium  triffucroacetate  {Compound
11):

To a stirring solution of Compound G2 (0.3 g, 0.51 mmel) in dichioromethane (3.0 ml)
was added trifluoroacetic acid (0.9 mbL, 3.0 vol) at 0-5 °C, The reaction mixture was
stirred for 2h at ambient temperature (25-30 °C}). The reaction mixture was
concentrated to remove the dichloromethane. The residue obtained was triturated

with diethyl ether to afford Compound 11 as a white solid {C.14 g, 45% vield).

H NMR (400 MHz, DMSO) 8§ (ppm): 1.33 (d, 3H)}, 4.19 (4, 1h), 4.85 {5, 2H}, 6.12 {m,
2H), 7.41 (dd, 4H}, 7.64 (m, 1H), B8.15{d, 2H)

LCMS: 481.3 [M+H].

HPLC: 95.7% purity at 2.14 minutes,
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Example 10: Preparation of 1-{[5-{4-chlorobenzamido)-2-[{4-chiorophenvDimethyvll-

3-oxo-1,2 4-thiadiazolidin-4-viimethoxvy-3-methyi-1-oxopentan-2-aminium

triflucroacetate (Compound 123:

Step-1: {5-(4-chiorobenzamido)-2-[{4-chicrophenyDmethyl]-3-ox0-1,2,4-
thiadiazolidin-4-yl]methy! 2-{f{tert-butoxy)carbonyljamine }-3-methyipentanoate
{(Compound H2):

To a stirring solution of N-Boc Isoleucine (Compound H1; 0.56 g, 3.04 mmol) in THF
(10 mi, 20V) was added DMAP {0.044 g, 0.36 mmol) followed by DCC (0.62 g, 3.04
mmol) at 0-5 °C and stirred for 20 min. To the reaction mixture Compound 2 (8.5 g,
1.21 mmeol} was added at 8-5 °C and the reaction mixture was stirred for 16 h at
ambient temperature (25-30 °C). The reaction mixture was filtered, and the filtrate
was concentrated and purified by reverse phase celumn chromatography to afford
Compound H2 as g white solid (0.4 g, 52% vieid).

Step-2: I-{{5-(4-chiporobenzamido)}-2-[{4-chicrophenyimethyl] =3-oxg-1,2,4~
thiadiazolidin-4-yi]methoxy }-3-methyl-1-oxopentan-2-aminium triffuproacetate
(Compound 12):
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To a stirring solution of Compound H2 (0.4 g, .64 mmol} in dichlicromethane (3.0 mL)
was added trifluoroacetic acid (1.2 miL, 3.0 vol) at -5 °C. The reaction mixture was
stirred for 2h at ambient temperature (25-30 °C). The reaction mixture was
concentrated to remove the dichloromethane. The residue obtained was triturated

with diethyl ether to afford Compound 12 as a white solid {0.22 g, 53% vield).

1H NMR (400 MHz, DMSO) & (ppm): 0.67 (t, 3H), 0.84 (d, 2H), 1.15 (m, 1H), 1.33 (m,
1H), 1.81 (br, 1H), 4.10 (s, 1h), 4.86 (s, 2H)}, 6.03 (d, 1H), 6.20 (d, 1H), 7.45 (dd,
4H), 7.64 {d, 1H), 8.17{d, 2H)

LOMS: 523.3 [M+H].

HPLC: 98.0% purity at 10.38 minutes.

Example 11i: Preparation of [5-{4-chiorobenzamido)-2-[{4-chiorophenymethvii-3-

oxo-1,2.4-thiadiazolidin-4~-vilmethyl 2-{dimethviaming)-3-phenvipropancale

{(Compound 13):

Ci

0! >O
O
e
Step-2 o~ O
AN N
13
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Step-1: 2-(dimethylamino)-3-phenyipropancic acid (Compound I2):

To a solution of Phe-Ala-OH {(Compound I1; 1.0 g, 6.05 mmol) in methanol (20 mL),
were added 37% formaldehyde (1,96 mi, 24.21 ramel) followed by Pd/C (0.1 g, 10%
w/w} and the resulting mixture was hydrogenated in a parr apparatus (5 kg H:
pressure) for 16h, After completion of the reaction, the reaction mixture was filtered
through Celite® and concentrated under reduced pressure. The residue was triturated
with ether to afford Compound 12 as a white solid {1.C g, 86% vield).

Step-2: [5-(4-chiorobenzamido)-2-{(4-chiocrophenyimethyl]-3-oxo0-1,2,4-
thiadiazolidin-4-yl]methyl 2-(dimethylamina)-3-phenylpropancate (Compound 135):

To a stirring solution of Compound 12 (0.47 g, 2.43 mmol} in THF (10 mlL, 20V) was
added DMAP (0.044 g, 0.36 mmol) followed by DCC (0.62 g, 3.04 mmol) at 0-5 °C and
stirred for 20 min. To the reaction mixture Compound 2 (6.5 g, 1.21 mmol) was added
at 0-5 °C and the reaction mixture was stirred for 16h at ambient temperature (25-30
). The reaction mixture was filtered, and the filtrate was concentrated and purified
by reverse phase column chromatography to afford Compound 13 as a white solid
{(0.22 g, 30% vield).

'H NMR (400 MHz, DMSQ)} & {ppm): 2.48 (s, 6H), 2.92 (m, 2h}, 3.51 (&, 1H), 4.89 (s,
2h), 5.97 {m, 2H), 7.07 {m, 5H), 7.40 (d, 2H), 7.45 (d, 2H), 7.64 (d, 2H), 8.15 {d,
2H}.

LCMS: 586.0 [M+H].

HPLC: 97.5% purity at 11.54 minutes.

Example 12: Preparation of 1-{[5-{4-chlorobenzamido)-2-[{4-chiorophenyiimethyll-

3-px0-1,2,4-thiadiazolidin-4-viimethoxy - 1-oxo-3-phenyibropan-2-aminium

trifiuorocacetate {Compound 14)
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Step-1: 2-{[{tert-butoxy)carbonyijamino}-3-phenyipropancic acid (Compound J1):

To a scolution of Phe-Ala-OH (Compound I1; 1.0 g, 6.05 mmol} in DCM {10 ml), was
added triethylamine (1.70 mi, 12.17 mmol} at 0 °C followed by di-tert-butyl
pyrocarbonate (2.18 mi, 9.08 mmol) and the resulling reaction mixture was stirred
for 16 h at room temperature. The reaction mixture was carefully acidified with 5%
citric acid solution to pH 4. The product was extracted with DCM, and the exiract was
driad, evaporated in a vacuum and purified by reverse phase colurmn chromatoaraphy
to afford Compound 11 as a colourless wax (1.2 g, 81% vield).

Step-2: [5-(4-chiorobenzarnido)-2-{(4-chiorophenyl)methyf}-3-oxo-1,2,4-~
thiadiazolidin-4-yijmethyl 2-{[(tert-butoxy)carbonyi]armino }-3-phenyipropanoate
{(Compound 32}

To a stirring solution of Compound 31 (0.64 g, 2.4 mmol} in THF (10 mi, 20V} was
added DMAP (0.044 g, 0.36 mmol) followed by DCC (0.62 g, 2.04 mimol) at 0-5 °C and
stirred for 20 min. To the reaction mixture Compound 2 (6.5 g, 1.21 mmol) was added
at 0-5 °C and the reaction mixture was stirred for 16 h at ambient temperature (25-
30 °C). The reaction mixtura was filtered, and the filtrate was concentrated and purified
by reverse phase column chromatography to afford Compound J2 as a white solid
(0.3 g, 37% vyield).

Step-3: I-{[5-(4-chlorobenzamido)-2-[ (4-chiorophenyl)methy!]-3-cxo0-1,2,4-
thiadiazolidin-4-yilmethoxy }-1-ox0-3-phenyipropan-2-arminium triffucroacetate

{(Compound 14)

To a stirring solution of Compound 32 (0.3 g, 0.45 mmol) in dichloromethane (3.6 mbL)
was added trifluoroacetic acid (4.9 miL, 3.0 vol) at -5 °C, The reaction mixture was
stirred for 2h at ambient temperature (25-30 °(). The reaction mixture was
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concenirated to remove the dichioromethane. The residue obtained was triturated
with disthyl ether to afford Compound 14 as a white solid (0.2 g, 66% vield).

M NMR (400 MHz, DMSQO) & {(ppm}: 2.98 {m, 1H}, 3.14 {m, 1H), 4.44 (m, 1H}, 4.85
(s, 2h), 5.877 (s, 1H}, 6.20 (d, 1H}, 7.07 {m, 5H}, 7.41 (d, 2H), 7.47 {d, 2H}, 7.64 (d,
2H), 8.16 (d, 2H)

LCMS: 558.0 [M+H].

HPLC: 98.6% purity at 18.47 minutes.

Example 13: Preparation of 1-{{5-{4-chlorobenzamido)-2-[{4-chiorophenylimethyil-

3-oxo-1,2 4-thiadiazolidin-4-vilmethoxyy-4-methvi-1-oxopentan-2-aminium

triflucroacetate {(Compound 15);

Step-1: [5-(4~-chiorobenzamido)-2-[{4-chiorophenyDmethyl]-3-ox0-1,2,4~
thiadiazolidin-4-yijmethyl 2-{[{{(tert-butoxy)carbonyilaminc}-4-methyl pentancate
(Compound K2):

To a stirring solution of 2-{{(tert-butoxyicarbonyilamino}-4-methyipentanoic acid
{(Compound K1; .56 g, 2.43 mmol) in THF {10 mL, 20V) was added DMAP (0.044 ¢,
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0.36 mmol} followed by DCC (€.62 g, 3.04 mmol} at (-5 °C and stirred for 20 min. To
the reaction mixture Compound 2 (0.5 g, 1.21 mmol} was added at 0-5 °C and the
reaction mixture was stirred for 16 h at ambient temperature {25-30 °C). The reaction
roixture was filtered, and the filtrate was concentrated and purified by reverse phase
column chromatography to afford Compound K2 as a white solid {0.4 g, 75% vield).

Step-2: 1-{{5-(4~chlorobenzamido)-2-[{(4-chiorophenylmethyl]-3-0x0-1,2,4~
thiadiazolidin-4-yimethoxy }-4-methyi-1-oxopentan-2-aminium triffuorpacetate
(Compound 15);

To a stirring solution of Compound K2 {0.35 g, 0.56 mmol} in dichloromethane (3.0
mi) was added trifluoroacetic acid (1.05 mi, 3.0 vol} at 0-5 °C. The reaction mixture
was stirred for 2h at ambient temperature {25-30 °C). The reaction mixture was
concantrated to remove the dichioromethane. The residus obtained was triturated with
diethy! ether to afford Compound 15 as a white solid {0.27 g, 93% vield).

H NMR (400 MHz, DMSO) & {ppm): 2.98 (m, 1H), 3.14 {m, 1H), 4.44 (m, 1H), 4.85
(s, 2h), 5.877 (s, 1H)}, 6.20 {d, 1H), 7.07 {m, 5H}, 7.41 {d, 2H), 7.47 {d, 2H)}, 7.64 (d,
2H), 8.16 (d, 2H)

LCMS: 523.4 [M+H].

HPLC: 98.0% purity at 18.56 minutes.

Example 14: Preparation of 1-{{5-{4-chlorobenzamido)-2-[{4-chiorophenylimethyil-

3-oxo-1,.2 4-thiadiazolidin-4-viimethoxvy-3-hydroxy-1-oxopropan-Z-aminium

trifiucroacetate (Compound 16);

Cl
OH
oy ©
Xy e X e oy
Step-1 ©._NH
L XY + 3
9] (0]
o )
HO

L1 ) 2
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Step-1: Z-{{{tert-butoxy)carbonyijamino }-3-[(tert-butyidimethylisiiyl} oxy]propanoic
acid (Compound L2)

To a solution of Boc-Ser-OH (Compound L1, 1.0 g, 4.87 mmol) in DCM (10 mL), was
added imidazole {0.53 mg, 7.79 mmol) at § °C followed by TBDMS-CI (1.10 g, 7.30
mmol) and the resulting reaction mixture was stirred for 16 h at room temperature,
The product was extracted with DCM, and the extract was dried, evaporated in a
vacuum and purified by reverse phase column chromatography to afford Compound L2
as a colourless wax {0.7 g, 46% vield).

Step-2: [5-(4-chiorobenzamido)-2-{(4-chiocrophenyimethyl]-3-oxo0-1,2,4-
thiadiazolidin-4-yi]methyl  2-{[(tert-butoxy)carbonyl]amino }-3-[(teri-butyidimethy!
ilyDoxy]propancate (Compound L3)

To a stirring solution of Compound L2 {(0.77 g, 2.43 mmol} in THF (10 mL, 20V} was
added DMAP (0.044 g, 0.36 mmol) followed by DCC (0.62 g, 3.04 mmol) at 0-5 °C and
stirred for 20 min. To the reaction mixture Compound 2 (6.5 g, 1.21 mmol) was added
at 0-5 °C and the reaction mixture was stirred for 16 h at ambient temperature (25-
30 *C). The reaction mixture was fillered, and the filtrate was concentrated and purified
by reverse phase column chromatography to afford Compound L3 35 a white solid
(0.4 g, 46% vield),

Step-3: I-{[5-{4-chiorobenzarnido)-2-{ (4-chiorophenyljmethyi]-3-oxo-1,2,4-
thiadiazolidin-4-yl]methoxy }-3-hydroxy-I-oxopropan-2-aminium trifluoroacetate
{Compound 16}:

To a stirring solution of Compound L3 (0.4 g, 0.56 mmol) in dichloromethane {4.C mL)
was added trifluoroacetic acid (1.2 miL, 3.0 vol) at 0-5 °C. The reaction mixture was
stirred for 2Zh at ambient temperature (25-30 °C). The reaction mixture was

concentrated to remove the dichloromethane. The residue oblained was purified by

56



WO 2023/031609 PCT/GB2022/052234

10

15

reverse phase column chromatography to afford Compound 18 as a white solid (0.1 g,
29% vield).

IH NMR (400 MHz, DMS0) & {(ppm): 3.80 (m, 2H), 4.27 (m, 1H), 4.85 (s, 2h), 5.60 {1,
1H), 6.12 (g, 2H), 7.067 (m, 5H), 7.44 {dd, 4H), 7.83 {d, 2H), 8.18 {d, 2H)

LCMS: 487.3 [M+H].

HPLC: ©1.6% purity at 8.52 minutes.

Example 15 Preparation of 3-carboxy-1-{[5-{4-chlorocbenzamido)-2-[{4-
chiorophenylimethvii-3-oxo-1,2 4-thiadiazolidin-4-viimethoxy}-1-oxopropan-2-

aminium trifluoroacetate {Compound 17):

Cl

M3 17

Step-1.:4-(tert-butoxy)-2-{[(tert-butoxy}carbonyljamino }-4-oxobutanoic acid
(Compound M2):

To a sclution of L-Aspartic acid 4-tert-butyl ester (Compound M1; 2.0 g, 10.5 mmol)
in dioxana:water (7:3, 20 ml), was added NaOH (0.84 g, 21.1 mmol) followed by di-
tert-butyl pyrocarbonate (3.64 mi, 15.85 mmol} and the resulting reaction mixture
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was stirred for 16 h at room temperature. The reaction mixture was carefully acidified
with L.5N HCI solution to pH 3. The product was extracted with ethyl acetate, and the
extract was dried and evaporated in a vacuum 1o afford Compound M2 as a white solid
{2.5g9, 81% vield).

Step-2:  tert-butyl  1-[5-{4-chiorobenzamido}-2-f(4-chicrophenyl)methyl]-3-0xo-
1,2,49-thiadiazolidin-4-yl jmethyi 2-{{{tert-butoxy)carbony!lamino }butanedioate
{(Compound M3):

To a stirring solution of Compound M2 (0.838 g, 3.04 mmel) in THF (18 miL, 20V) was
added DMAP (0.044 g, 0.36 mmol) followed by DCC (0.62 g, 3.04 mmol) at 0-5 °C and
stirred for 20 min. To the reaction mixture compound 2 {0.5 g, 1.21 mmol} was added
at 0-5 °C and the reaction mixture was stirred for 16 h at ambient temperature (25~
30 °C). The reaction mixture was fillered, and the fillrate was concentrated and purified
by reverse phase column chromatography to afford Compound M3 as a white solid
(0.45 g, 54% yield).

Step-3: B-carboxy-1-{[5-(4-chiorobenzamido)-2-{{4-chicrophenylmethy!]-3-ox0-
1,2,4-thiadiazolidin-4-yiJmethoxy }-1-oxopropan-2-aminium trifluorogcetate
(Compound 17):

To a stirring solution of Compound M3 {0.45 g, 0.66 mmeol) in dichloromethane (4.5
mL) was added trifluoroacetic acid (0.9 miL, 2.0 vol) at 0-5 °C, The reaction mixiure
was stirred for 6h at ambient temperature {25-30 °C). The reaction mixture was
concentrated to remove the dichloromsthanse. The residue obtained was purified by
reverse phase column chromatography to afford Compound 17 as a white solid (0.12 g,
28% vield).

M NMR (400 MHz, DMSQ) 8 {(ppm): 2.85 (m, 2ZH), 4.41 {m, 1H), 4.84 (5, 2h), 6.12
(dd, 2H}, 6.12 (g, 2H), 7.45 (dd, 4H}, 7.63 (d, 2H), 8.18 (d, 2H)

LCMS: 525.2 [M+H].

HPLC: ©4.2% purity at 8.29 minutes.

Example 16 — Preparation of [5-{4-chiorobenzamido}-2-[{4-chiorophenyDmethyll-3-

oxo-1. 2. 4-thiadiazolidin-4-viimethyl 2-[{Z5)-2-azaniumyl-3-phenvipropanamido]

acetate chioride (Compound 18):

OH

OH |
o + 0.0
—_— e
© Step 1 HN_ O \]\: HCI Step 2
NH, hig NH,
@]
11 J1 N1

58



10

15

WO 2023/031609 PCT/GB2022/052234

=§\ i G . ~C 4 & N
i HN. o Sten 3 , 074 O
A o Y b
N2

N2

18 N4

Step-2: Preparation of methyl 2-{(25)-2-{[(tert-butoxy)carbonyljamino}-3-
phenvipropanamido Jacetate (N2):

To a stirring solution of (2%)-2-{[(tert-butoxy)carbonyilamino}-3-phenyipropanoic
acid {11, which was synthesized as described above; 2.6 g, 9.8 mmol} in DCM {52 mi,
20V) were added DCC (2.42 g, 11.76 mmol), DMAP (119 mg, 0.98 mmol) and triethyl
amine {(2.71 mL, 19.6 mmol} at 0-5 °C and stirred for 20 min. To the above reaction
mixture methyl Z-aminocacetate hydrochioride (Compound N1) (1.6 g, 12.74 mmol)
was added at -5 °C and the reaction mixture was stirred for 16 h at amblent
temperature {25-30 °C). The reaction mass was filtered to remove side product {urea),
filtrate was concentrated and purified by silica gel (60-120 mesh) column
chromatography to obtain Compound N2 as an off-white solid (2.73 g, 8§3% vield}.

Step-3: Preparation of 2-f(25)-2-{[(tert-butoxy jcarbonyllamino }-3-
phenylpropanamido jacetic acid (Compound N3):

To a stirring solution of Compound N2 (3.0 g, 8.1 mmol} in methanol (30 mL, 10V}
was added 2ZM NaOH solution {12 mbL, 4V} at -5 °C and the reaction mixture was

stirred for 16 h at ambient temperature (25-30 °C). The reaction mass was
concentrated to remove volatiles, diluted with water (50 mL) and washed with MTBE
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(100 mL). The aqueous layer was carefully acidified with 1.5 N HCI solution to pH 4-5
and extracted with ethyl acetate (200 mi X 2}. The organic lavers were combined,
dried over Na2504 and concentrated under reduced pressure. The residue obtained
was washed with hexanes (50 mL X 2) to obtain Compound N3 as a white solid (1.6 g,
56% vield).

Step-4: Preparation of [5-(4-chicrobenzamido)-2-[{4-chiorophenyl)methyl]-3-0x0-
1,2, 49-thiadiazolidin-4-ylmethyi 2-[{28)-2-{[(tert-butoxy)carbonyliaminc}-3~
phenvipropanarmideo]acetate (Compound N4):

To a stirring solution of compound N3 {1.6 g, 4.96 mmol) in THF (32 mb, 20V} was
added DCC {1.53 g, 7.45 mmol} followed by DMAP {0.3 g, 2.48 mimol) at 0-5 °C and
stirred for 20 min. To the resulting reaction mixture 4-chloro-N-{2-[{4-
chiorophaenylymethytl-4-(hydroxymethyl}-3-oxo-1,2,4-thiadiazolidin-5-
viidene}benzamide 6 {1.42 g, 3.47 mmol) was added at 0-5 °C and was allowed to stir
for 16 h at ambient temperature (25-30 °C). The reaction mass was filtered; filtrate
was concentrated and purified by reverse phase column chromatography o obfain
Compound N4 as a white solid (354 mg, 10% visld)}.

Step-5: Preparation of [5-(4-chiorobenzamido)-2-[(4-chicrophenylymethy!]-3-0x0-
1,2, 4-thiadiazolidin-4-yiimethyl 2-[{25)}-2-azaniumyl-3-phenylpropanamidojacetate
chioride (Cormpound 18):

To a stirring solution of compound N4 (3.2 g, 0.279 mmol) in THF (1.0 mL, 5 vol}, was
added HCl in diethyl ether (4.0 mi, 20 vol) at 0-5 °C and the reaction mixture was
stirred for 20 min at same temperature. The reaction mass was concentrated to remove
volatiles and the residue obtained was triturated with diethyl ether to obtain Compound
18 as a white solid (150 mg, 83% vield).

IH NMR (300 MHz, DMSO) 8 {ppmy): 2.94 (m, 1H), 2.15 {m, 1H}, 4.05 {m, 3h), 4.4
(s, 2H), 6.07 (s, 2H), 7.27 (m, BH}, 7.42 {q, 4H}, 7.62 {d, 2H}, 8.17 {m, 2H), 8,23
{br, 2h, NF), }, 9.14 {1, 1H, NH).

LCMS: 614.31 [M+H].

HPLC: §7.35% purity at 11.82 minutes,
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Example 17 — Preparation of [5-{4-chiorobenzamido)-2-T{4-chiorophenylimethvili-3-

oxo-1,2,4-thiadiazolidin-4-vilmethyl (28)-2-[{28})-2-azaniumvl-3-methvibutanamido]
-3-methyvibutancaie chioride (Compound 19)
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Step-1: Preparation of [5-(4-chiorobenzamido)-2-[(4-chiorophenylymethyl]-3-0x0-

10 1,2,4-thiadiazolidin-4-yimethyi

(25)-2-{[(tert-butoxy)carbonyljaming }-3-
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methylbutanocate (Compound O2):To a stirring solution of (25)-2-{[{tert-
butoxyicarbonyllamino}-3-methyibutancic acid {OL; 3.0 g, 13.8 mmol} in THF (60 mi,
20V} was added DMAP (0.84 g, 6.91 mmol) followed by DCC (4.27 g, 20.73 mmol) at
0-5 °C and stirred for 20 min. To the above reaction mixture Compound 2 {2.83 g,
6.91 mmol) was added at 0-5 °C and the resuiting reaction mixture was stirred for 16
h at ambient temperature (25-30 °(C). The reaction mass was diluted with
dichioromethane (200 mL), washed with water {2 X 100 mL) and concentrated under
reduced pressure to obtain Compound 02 as white solid (6.0 g, 77%).

NOTE: The crude compound 02 was carried to next step without any purification.

Step-2: Preparation of (25)-1-{{5-(4-chiorobenzamido)-2-[(4-chiorophenyiymethvi]-
3-ox0-~1,2,4-thiadiazolidin-4-yi Jmethoxy }~3-methyl-1-oxobutan-2-aminium
trifiuoroacetate (Compound 03):

To a stirring solution of [5-(4-chlorobenzamido)-2-[{4-chlorophenylymethyl]-3-oxo-
1,2,4-thiadiazolidin-4-viimethyl (25)-2-{{ (tert-butoxy)}carbonyilamino -3+
methyibutanoate {Compound 02; 6.0 g, 9.85 mimol) in dichioromethane (25 mL) was
added trifluoroacetic acid (24 mi, 4.0 vol)y at 0-5 °C and stirred for 4h at ambient
temperature {25-30 °C). The reaction mixiure was concentrated to remove volatiles
and the residus oblained was triturated with ether and filtered under vacuum to oblain
Compound O3 as a white solid (1.5 g, 24% vield).

Step-3: Preparation of [5-{4-chiorobenzamido)}-2-f(4-chicrophenyl)methy!]-3-0x0-
1,2, 49-thiadiazolidin-4-ylmethyi (25)-2-(2-{[{tert-butoxycarbonyljaminc}-3-
methyibutanamido)-3-methyibutanocate (Compound 04):

To a stirring solution of (28)-2-{[{tert-butoxy)carbonvilaming }-3-methyibutanoic acid
(Compound O1; 1.30 g, 6.0Z mmol) in THF (30 mL, 20V) was added DMAP {0,088 g,
0.72 mmupl} followed by DCC (1.39 g, 6.75 mmnl} at -5 °C and stirred for 20 min. To
the above reaction mixture (28}-1-{[{5~{4-chlorgbenzamido)-2-[{4-
chiorophenylmethvl]-3-oxo-1,2,4-thiadiazolidin-4-yljmethoxy}-3-methyl-1-

oxobutan-Z-aminium triflucroacetate (Compound 03; 1.5 g, 2.41 mmol) was added at
0-5 °C and was stirred for 16 h at ambient temperature (25-30 °C). The reaction
roixture was filtered; filirate was concentrated and purified by reverse phase column

chromatography to obtain Compound 04 as white solid {0.65 g, 37% vield).

Step-4: Preparation of [5-(4-chicrobenzamido)-2-[{4-chiorophenyl)methyl]-3-0x0-
1,2, 4-thiadiazoiidin-4-yvijmethyl (25)-2-[(25)-2-azaniumyl-3-methylbutanamido -3~
methylbutanoate trifluoroacetate (Compound 05):

To a stirring solution of [5-{4-chlorobenzamido)-2-[{4-chlorophenylimethyl}-3-oxg-
1,2,4-thiadiazolidin-4-yimethyi (25)-2-(2-{[(tert-butoxy}carbonyilamino}-3-

852



10

15

25

WO 2023/031609 PCT/GB2022/052234

methylbutanamido}-3-methyibutancate (Compound 04; (.66 g, 6.93 mmol} in
dichloromethane (25 mL) was added triflucroacetic acid (1.98 mL, 3.0 vol) at 0-5 °C
and the reaction mixture was stirred for 4h at ambient temperature (25-30 °C). The
reaction mixture was concentrated o remove volatiles and the residue obtained was
triturated with ether and filtered under vacuum o obtain Compound 05 as a white
solid (0.45 g, 67% vield).

Step-5: Preparation of [5-(4-chiorobenzamido)-2-[(4-chicrophenylymethy!]-3-0x0-
1,2, 4-thiadiazoiidin-4-yvijmethyl (25)-2-[(25)-2-azaniumyl-3-methylbutanamido -3~
methylbutanoate chioride {Compound 19):

To a stirring sclution of [5-{4-chlorobenzamido)-2-[{4-chlorophenyhimethyl]-3-oxg-
1,2, 4-thiadiazolidin-4-ylImethyl (25)-2-[(2S)~-2-azaniumyl-3~-methylbutanamido}-3-
methylbutanoate trifluorcacetate (Compound 05, 0.45 g, C.62 mmol} in THF {2.25 mi,
5.0 vol } was added HCI in diethyl ether (9.0 mL, 20 vol) at 0-5 °C and the reaction
mixture was stirred for 20 min at same temperature. The reaction mass was
concentirated to remove volatiles and the residue obtained was triturated with diethyl
ether to obtain Compound 19 as a white sglid (240 mg, 60% vield).

H NMR {300 MHz, DMSO) & (ppm): 0.8-0.9 (bm, 12H, -CH3), 2,07 (m, 2H}, 3.7 (dd,
iH), 4.26 (m, 1H), 4.84 (s, 2h), 5.97 (dd, 1H}, 6.11 (q, 1H}, 7.43 (dd, 4H), 7.63 (d,
2H), 8.15 (m, 2K}, 8.19 {m, 3H, NHz"), 8.6 (m, 1H, NH)

LCMS: 608.53 [M+H].

HPLC: 79.5% purity at 11,125 minutes+17.3% purity at 11.87 minutes {(rotamers)

Example 18 ~ Preparation of [5-{4-chiorobenzamidol-2-l{4-chiorophenviimethvii-3-

oxo-1,2,4-thiadiazolidin-4-vilmethyl (2R}-2-[{2R}-2-azaniumvl-3-methvibutanamido]

-3-methylbutanoate chioride (Compound 20)
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The methods used wers analogous to those described for the preparation of Compound
19 in Example 17, starting from (2R)-2-{[{tert-butoxyicarbonyllamino}-3-
methylbutanoic acid, to give Compound 20 as a white solid (300 myg, 88% vieid).

IH NMR (300 MHz, DMSO0) 8 (ppm): 0.8-0.9 (bm, L12H, -CHs), 2,07 (m, 2H), 3.69 (dd,
5  1H), 4.26 (m, 1H), 4.84 (s, 2h), 5.97 {dd, 1H)}, 6.11 (g, 1H), 7.43 (dd, 4H), 7.63 (d,

2H), 8.15 (m, 2K}, 8.19 (m, 3H, NHz*}, 8.6 (m, 1H, NH)

LCMS: 608.53 [M+H].

HPLC: 75.93% purity at 13.43 minutes+22.45% purilty at 14.5 minutes {rotamers)

10 Example 19 - Preparation of [5-{4-chlorobenzamido)-2-[{4-chiorophenviimethyi]-3-
oxo-1,2.4-thiadiazolidin-4-vilmethyl 2-[{25}-2,6-diazaniumylhexanamidolacetate
dichloride {Compound 21)
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Step-1: Preparation of methyl 2-[(25)-2,6-bis{{[(terl-butoxyjcarbonyijaminc})
hexanamidoJacetate (Compound P2):

To a stirring sclution of (25)-2,6-bis{{|{tert-butoxy)carbonyllamino} thexanoic acid
(Compound B1; 2.6 g, 7.51 mmol} in DCM {52 mL, 20V) were added DCC (3.86 g,
18.78 mmol), DMAP (275 mg, 2.25 mmeol) and triethyl amine (2.07 miL, 15.02 mmol)
at 0-5 °C and stirred for 20 min. To the above reaction mixture methyl 2-amincacetate
hydrochloride PL {939 mg, 7.51 mmol) was added at 0-5 °C and was further stirred
for 16 h at ambient temperature (25-30 °C). The reaction mass was filtered £o remove
side product {urea) and filtrate was concentrated under reduced pressure. The residue
obtained was purified by silica gel column chromatography to afford Compound P2 as
a colourless liquid (1.81 g, 58% yield).

Step-2: Preparation of 2-{(25)-2,6-bis({[(tert-butoxy}carbonyljamino})
hexanamido]acetic acid (Compound P3):

To a stirring solution of methyl 2-1{25}-2,6-bis({{{tert-
butoxyicarbonyllamino} Yhexanamidolacetate (Compound P2; 3.0 g, 7.19 mmol) in
methano! (30 mi, 10V) was added 2M NaQOH solution (12 mk, 4V) at 0-5 °C. The
resulting reaction mixture was allowed to stir at ambient temperature (25-30 °C) for
16 h. The reaction mass was concentrated to remove methanol, diluted with water (50
mbi) and washad with MTBE (50 mbL X 2). The agueocus layer was carefully acidified with
1.5N HCi solution to pH 4-5 and extracted with ethyi acetate {100 mbL X 2}. The organic
lavers were combined, dried over Na2%04 and concentrated under reduced pressure,
The residue was washed with hexanes to obtain Compound P3 as a colourlaess liguid
(2.75 g, 95% vield),

Step-3: Preparation of [5-(4-chiorobenzamido}-2-[(4-chiorophenyl)methyl]-3-0xo-
1,2, 4-thiadiazolidin-4-yl imethyi 2-{{25)-2,6-bis{{[(tert-butoxy}carbonyijaminc})
hexanamido] acetate (Compound P4):

To a stirring solution of {2-[(28)-2,6-bis{{[(tert-
butoxyicarbonyllamino} Yhexanamidolacetic acid (Compound P3; 1.75 ¢, 4.34 ramol)
in THF (35 mL, 20V) was added DMAP (0.26 g, 2.17 mmol} followed by EDC.RHCI (1.24
g, 8.51 mimol} at 0-5 °C and stirred for 20 min. To the above reaction Compound 2
(03.89 ¢, 2.17 mmol) was added at 0-5 °C and stirred for 16 h at ambient temperature
{25-30 °C}. The reaction mass was diluted with dichloromethane (200 mbL), washed
with water (2 X 100 mbL) and concentrated under reduced pressure. The residue
obtained upon evaporation of the solvents was purified by reverse phase column
chromatography to afford Compound P4 as a white solid (0.3 g, 12% vield).
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Step-4: Preparation of [5-(4-chiorobenzamido)-2-[(4-chiorophenylymethy!]-3-0x0-
1,2,4-thiadiazolidin-4-yljmethy! 2-{{25)-2,6~-diazaniumythexanamidoJacetate
di-triffuoroacetate (Compound P5):

To a stirring solution of  [5-{4-chlorobenzamido)-2-[{4-chlorophenylymethyl]-3-oxo-
1,2,4-thiadiazolidin-4-yiimethyl 2-[{25}-2,6-bis{({[{tert-butoxy)carbonyliamino})
hexanamido] acetate {Compound P4; 0.3 g, 0.37 mmol) in dichloromethane (4.5 mi,
15V} was added trifluoroacetic acid (1.2 mL, 4 vol} at 0-5 °C and was stirred for 4h at
ambient temperature (25-30 °C). The reaction mixture was concentrated to remove
volatiles and the residue oblained was washed with ether, filtered and dried under
vacuum to oblain Compound P5 as a white solid (0.25 g, 96% vieid).

Step-5. Preparation of [5-(4-chiorobenzamido)-2-{(4-chicrophenvl)methyli-3-oxo-
1,2, 4-thiadiazolidin-4-ylmethy/ 2-[(25)-2, 6-diazaniumylthexanamido]acetate
di-chioride (Compound 21):

To a stirring solution of [5-{4-chlorobenzamido)-2-[{4-chlorophenylymethyl]-3-oxo-
1,2,4-thiadiazolidin-4-vijmethy! 2-1{25)-2,6-diazaniumylhexanamidojacetate
di-trifluoroacetate (Compound P5; 0.11 g, 0.15 mmel) in THF (0.5 mL, 5.0 vol ) was
added HCl in diethyl ether (2.2 mL, 20 vol) at 0-5 °C and the reaction mixiure was
stirred for 20 min at same temperature. The reaction mass was concentratad to remove
volatiles and the residue obtained was triturated with diethyi ether to obtain Compound
21 as a white solid {90 mg, 90% vield}.

'H NMR {300 MHz, DMS30) & (ppm): 1,44 {br, 2H), 1.60 (br, 2H), 1,75 (br, 2H}, 2.78
(br, 2H}, 3.87 {br, 1H}, 4.04 {m, 2Zh), 4.86 {5, 2H}, 6.05 (s, 2H}, 7.45 {m, 4H}, 7.65
(d, 2H), B.00 (br, 3H, NHs™}, 8.18 (d, 2H). 8.35 (br, 3H, NHs™), 9.14 {br, 1H, NH)
LCMS: 585.48 [M+H].

HPLC: ©4.09% purity at 8.68 minutes.

Example 20 - Preparation of (15)-2-carboxy-1-[{2-{[5-{4-chlorobenzamido)-2-[{4-
chlorophenviimethvil-3-oxe-1.2.4-thiadiazolidin-4-vilmethoxy}-2-~

oxoethyhDcarbamoyvilethan-1-aminium chioride (Compound 22)
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Step-1: Preparation of benzyl 2-{[{(tert-butoxy)carbonyl]amino}acetate (Compound
Q2):

To a stirring solution of 2-{{{tert-butoxy}carbonvliaminotacetic acid (Compound EL;
2.0 g, 11.42 mmol) in DCM (40 miL, 20V) was added DMAP (130 mg, 1.14 mmol)
followed by EDC.HCI {2.65 g, 17.12 mmol) at 0-5 °C and the resulting mixture was
stirred for 5 minutes. To the above reaction mixture phenyimethano! (Q1; 1.35 g,
12.55 mmol} was added at 0-5 °C and was allowed to stir for 18 h at ambient
temperature (25-30 °C).

The reaction mass was diluted with dichloromethane (200 mb), washed with water (2
X 100 mb) and concentrated under reduced pressure. The residue oblained upon
evaporation of the solvents was purified by silica gel flash column chromatography o
obtain Compound (2 as a white solid (2 g, 66% vield).

Step-2: Preparation of benzy! 2-arminoacetate (Compound Q3):

To a stirring solution of benzyl 2-{[{tert-butoxyicarbonyljamingracetate (Compound
Q2; 2 g, 7.54 mmol) in dichloromethane (30 mi, 15V} was added trifluoroacetic acid
(4 mi, 2 V) at 0-5 °C. The reaction mixture was allowead o stir for 3h at ambient
temperature {25-30 °C). The reaction mass was concentrated to remove the volatiles
and the residue obtained was triturated with diethy! ether to afford Compound Q3 as
a white solid (1.8 g, 85% vieid).
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Step-3: Preparation of tert-buty! (35)-3-{[2-{benzyloxy)-2-oxoethvijcarbamoyl}-3~
{{{tert-butoxy)carbonyilamine }propancate (Compound (35):

To a stirring solution of (28)-4-(tert-butoxy)-2-{[{tert-butoxy)carbonyllamino}-4-
oxobutancic acid (Compound Q4; 4.37 g, 15.1 mmol) in DCM (20 mi, 20V} was added
DMAP (140 mg, 1.21 mmol) followed by EDC.HCI(3.23 g, 16.95 mmol) at §-5 °C and
stirred for 5 min. To the above reaction mixture benzyl 2-aminocacetate {(Compound
Q3; L.O0 g, 6.85 mmol} and DIPEA {2.96 ml, 18.16 mmol} were added at -5 °C and
the reaction mixture was stirred for 16 h at ambient temperature (25-30 °C). The
reaction mass was diluted with dichloromethane (400 mb), washed with water {2 X
200 ml) and concentrated under reduced pressure. The residue obiained upon
evaporation of the solvents was purified by silica gel flash column chromatography to
obtain Compound Q5 as a pale yellow wax {1 g, 64% visild).

Step-4: Preparation of 2-[(25)-4-(terl-butoxy)-2-{[{(tert-butoxy)carbonyliamingo} -4~
oxcbutanamido] acetic acid (Compound (Q6):

To a selution of tert-butyl (35)-3-{[2-(banzvioxy)}-Z-oxoethyljcarbamovi}-3-{{ (tert-
butoxyicarbonyl] aminopropanoate {Compound Q5; 1.0 g, 2.289 mmol} in ethyl
acetate (30 mk, 30V), was added Pd/C {0.1 g, 10% w/w) and the resulting mass was
hydrogenated in a parr apparatus (5 kg HZ pressure) for 3h. The reaction mass was
filtered through celite pad and concentrated under reduced pressure. The residue
obtained was triturated with diethyl ether to afford Compound Q6 as a white solid {0.67
g, 84% vield).

Step-5: Preparation of fert-butyl (35)-3-{[(tert-butoxy)carbonyijaming}-3-f(2-{[5-
(4-chiorobenzamido)-2-f (4-chiorophenyl)methyl]-3-oxo-1,2,4-thiadiazolidin-4-
vilmethoxy }-2-oxoethyi}carbamoyljpropancate (Compound Q7):

To a solution of 2-[{ZS)-4-(tert-butoxy)-2-{[{tert-butoxy)carbonvilamino}-4-
oxobutanamidolacetic acid (Compound Q6&; 0.64 g, 1.87 mmol} in THF {7 mkL, 20V)
was added DMAP {0.052g, 0.42 mmol) followed by DCC (0.43 ¢, 2.13 mmol)} at 0-5 °C
and stirred for 20 min. To the above reaction mixture Compound 2 {0.35¢g, 0.85 mmol)
was added at 0-5 °C and the reaction mixture was stirred for 16 h at ambient
temperature {25-30 °C). The reaction mixture was filtered,; filtrate was concentrated
and purified by reverse phase column chromatography to obtain Compound Q7 as a
white solid {0.5 g, 79% vield).

Step-6:  Preparation of (1S)-2-carboxy-1-f(2-{[5-(4-chiorobenzamido)-2-[(4-
chiorophenyiymethyij-3-oxo-1,2,4-thiadiazolidin-4-yijmethoxy }-2-
oxoethylicarbamoyi]ethan-1-aminium triffucroacetate (Compound Q8):

To a stirring solution of tert-butyl (35)-3~-{[ (tert-butoxyjcarbonyijamino}-3-[{2-{[5-

{4-chiorobenzamido)-2-[{4-chicrophenylymethyl]-3-oxo0-1,2,4-thiadiazolidin-4-
&3
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viimethoxy -2-oxoethvlicarbamoylipropancate (Compound Q7; 0.5 g, 0.67 mmol) in
dichloromethane (7.5 mL} was added triflucroacetic acid {2 mL, 4.0 vol} at 0-5 °C and
was stirred for 4h at ambient temperature (25-30 °C). The reaction mass was
concentrated to remove the volatiles and the residue obtained was triturated with

diethy! ether to afford Compound Q8 as a white solid {0.25 g, 53% vield).

Step-7:  Preparation of  (15)-2-carboxy-1-[{2-{[5-(4-chlorobenzamido)})-2~-{ (4~
chiorophenymethyi]-3-oxo-1,2,4-thiadiazolidin-4-yil]jmethoxy }-2-
oxcethyllcarbarnoyvijethan-I-aminium chioride (Compound 22):

To a stirring solution  (15)-2-carboxy-1-[{2-{[5-{4-chlorobhenzamido)-2-[{4-
chicrophanylymethvil-3-oxo-1,2,4-thiadiazelidin-4-yiimethoxy}-2-
oxoethylcarbamoyliethan-1l-aminium triflucroacetate {Compound Q8; 0.25 g, 0.35
mmol) in THF {(1.25 mk, 5.0 vol } was added HCl in diethyl ether (5.0 mL, 20 vol) at
-5 °C and the reaction mixture was stirred for 20 min at same temperature. The
reaction mass was concentrated to remove volatiles and the residue obtained was
triturated with diethyl ether to obtain Compound 22 as a white solid (200 mg, 90%
vieid).

H NMR (400 MHz, DMS0O) & (ppm): 2.85 (m, 2H), 4.07 (m, 3H), 4.83 (s, 2h), 6.04 (s,
2HY, 7.44 (m, 4H), 7.65 (d, 2H), 7.63 (d, 2H), 8.14 (d, 2H), 8.25 {br, 3H, NHz*), 9.01
(5, 1H), 12-14 (br, 1H, ~-COOH).

LCMS: 582.3 M+H].

HPLC: 95.26% purity at 11.43 minutes,

Example 21 ~ Preparation of [azaniumyvl{{[{4S)~4-azaniumyl-4-[{2~{[5-{4~

chigrobenzamido)-2-[{4-chlorophenviimethvil-3-ox0-1, 2, 4-thiadiazolidin-4-

vilmethoxy-2-oxoethyDecarbamovilbutvilamine Bimethylidenalazanium trichioride

{Compound 23}

&
%O’J\NH OH

Nk OH NN Ao 2
HNN Ny A \/DN/ o ¢ Q)‘\,O NH. S
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> o o
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Step-1: Preparation of (25)-2-{[{tert-butoxy)carbonyllamino}-5-{[(I1E)-{[{tert-
butoxyjcarbonyvi]  amino}{({{{tert-butoxy)carbonyifimino} )methyljamino }pentanoic
acid {Compound R2):

To a solution of {(25)-2-amino-5-carbamimidamidopentancic acid (Compound R1; 8.8

50.51 mmol) in t-Butanol (158 mk, 18V} and water {158 mi, 18V}, were added
NaOH (7.07 g, 176.8C¢ mumol) and Boc20 (46.42 mi, 202.06 mmol} at 0 °C. The
reaction mass was allowed to stir for 48 h at ambient temperature (25-30 °C)
Evaporated the volatiles from the reaction mass and acidified carefully with saturated
citric acid solution to pH 3-4. The product was extracted with ethyl acetate, and the
extract was dried over Naz&04, filtered, evaporated in a vacuum and purified by
reverse phase column chromatography to obtain Compound RZ as a white solid (3.7
d, 15% vield).

Step-2: Preparation of benzyl 2-[(25)-2-{[(tert-butoxy)carbonyljamino}-5-{{({1E}-~
{f(tert-butoxy) carbonyijaming }({{(tert-butoxy)carbonyljimino } )methyljamino }
penfanamido] acetate (Compound R3):

To a stirring solution of (25)-2-{[{tert-butoxy)carbonyllaming}-5-{[{1E)-{{{tert-
butoxyicarbonyl]  amino}{{{(tert-butoxyjcarbonyllimino} ymethyllamino}pentanoic
acid (Compound R2; 1.33 g, 2.15 mmol) in THF (8 mi, 20V} was added DMAP {(.052
g, 0.43 mmol) followed by EDC.HCI {0.54 ¢, 2.86 mmol) at §-5 °C and stirred for 20
min. To the above reaction mixture, benzyl aminocacetate {(Compound Q3; 0.4 g, 1.43
mmol) in TEA {0.6 mi, 4.30mmol} was added at 0-5 °C and the reaction mixture was
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stirred for 16 h at ambient temperature (25-30 °C). The reaction mass was diluted
with water (100 mi), product was extracted with dichloromethane (200 mb), and the
extract was dried and evaporated in a vacuum, The residue was purified by silica gel
column chromatography to obtain Compound R3 as a white solid (0.6 g, 67% vield).
Step-3: Preparation of 2-[(25)-2-{[(tert-butoxy)carbonyl]amino}-5-{{(1E)-{{(tert-
butoxy)carbonylt amino}({[{tert-butoxy)carbonylliming } Jmethyijaminc}
pentanamidojacetic acid (Compound R4):

To a solution of benzyl 2-[(25}-2-{[{tert-butoxy)carbonyllamino}-5-{[(1E}-{{{tert-
butoxyjcarbonyllamino»{{[ (tert-butoxy}carbonyllimino} ymethyllamino}
pentanamidolacetate (Compound R3; 0.6 g, 0.96 mmol) in ethyl acetate (6 mL, 10V},
was added Pd/C (8.06 g, 10% w/w) and hydrogenated in a parr apparatus {5 kg H2
pressure) for 3h. The reaction mass was filtered through celite bed and the filtrate was
concentrated under reduced pressure. The residue was washed with ether to afford
Compound R4 as an off white solid {0.43 g, 84% vield).

Step-4: Preparation of [5-(4-chiorobenzamido)-2-[(4-chiorophenylymethy!]-3-0x0-
1,2,4-thiadiazofidin-4-yiimethyl 2-[(25)-2-{[(tert-butoxy)carbonyljamino}-5-{{(1E}~
{(tert-butoxy)carbonyilamino }({[(tert-butoxy)carbonyiliming } )methyliamino ;
pentanamido] acetate (Compound R5):

To a stirring solution of 2-[{28}-2-{{{tert-butoxyicarbonvilamino}-5-{[{(1E}-{{ (tert-
butoxyjcarbonyllamino} ({{ (tert-
butoxyicarbonyllimino Y ymethyllamino}pentanamidoiacetic acid {(Compound R4, 0.41
g, 0.77 mmol) in THF (3.2 mi, 20V} was added DMAP (0.014 g, 0.11 mmol) followed
by DCC (0.18 g, 0.8% mmol) at 0-5 °C and stirred for 20 min. To the above reaction
roixture Compound 2 (0,16 g, 0.38 mmol) was added at 0-5 °C and further stirred for
16 h at ambient temperature (25-30 °C). The reaction mixture was filtered,; filtrate
was concentrated and purified by reverse phase column chromatography to obtain
Compound RS as a white solid (0.25 g, 68% vield).

Step-5: Preparation of fazaniumyl({[(45)-4-azaniumyi-4-{{2-{{5-(4~
chiorobenzamido )-2-[ (4-chiorophenyi)methyi]-3-oxo-1,2,4-thiadiazolidin-4-
vijmethoxy}-2-oxoethylcarbamoyiibutyljamino })methylidene Jazanium trichioride
(Compound 23}

To a stirring solution of [5-{4-chlorcbenzamido)-2-[{4-chlorophenylimethyl}-3-oxo-
1,2 ,4-thiadiazolidin-4-yiimethy! 2-[{25)-2-{[{tert-butoxy)carbonyilamino}-5-{[{1E}~
{[{tert-butoxyicarbonvijamino }{{[(tert-

butoxyicarbonvilimino}ymethvilamino}pentanamidojacetate (Compound R5; 0.2 g,
0.21 mimol) in THF (1.0 mL, 5.0 vol } was added HCl in diethyl ether {4.0 mi, 20 vol)

at 0-5 °C and the reaction mixture was stirred for 4h al same temperature. The
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reaction mass was concenirated to remove volatiles and the residue obtained was
triturated with diethy! ether to obiain Compound 23 as a white solid {90 mg, 60%
yieid).

tH NMR (400 MHz, DMSO) & (ppm):1.45 (br, 3H), 1.78 {br, 4H}, 3.14 {(m, 2H), 3.88
(m, 1H}, 4.05 (m, 2H), 4.84 (s, 2H}, 6.04 (s, 2H}, 7.45 {qg, 5H)}, 7.65 (dd, 2H}, 7.83
(t, 1H), 8.18 (d, 2H), 8.35 (br, 4H}, 9.20 (1, iH)

LCMS: 623.3 [M+H].

HPLC: 92.07% purity at 8.52 minutes.

Example 22 - Stability of compounds

5 uM solutions of Compound 1 and Compound 4 (i.e. the citric acid salt of Compound
3} in HCI buffer (pH: 1.20) were prepared with 5 mM DMSO stock solutions. The
solutions were incubated at 37 °C for 120 minutes, with shaking at 400 rpm using a

thermomixer.

After 0, 15, 30, 60 and 120 minute intervals, aliquots of sufficient volume of the
cormnpound solutions were taken, diluted and analysed to determine the stability of
Compounds 1 and 3 in acidic solutions.

Resuits
The results for the stability experiments are tabulated in Table 3 below.

The results show that Compound 3 possesses greater stability than Compound 1 in
acidic solutions {i.e. pH = 1.2},

Y remaining compared to 0.0 min
Test Compound 0.0 min {15 min {30 min {80 min {120 min
Compound 1 106.0¢0 (71.32 63.05 |58.77 i43.04
Compound 3 106.00 1©6.92 83.74 |86.54 i88.31

Table 3. Comparative Stability Data in HCI Buffer (pH: 1.20)
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Example 23 - Activation of AMPK

Cuitivation and Compound Treatment of INS-1F Insulinoma Celis

INS-1E celis were cultivated as described in Steneberg et a/,, JCI Insight.
2018;3(12):e899114, hiifps://dol.org/10.1172/jcl.insight. 99114, using 5% instead of
10% fetal bovine serum when plated for treatmeant,

Compound 3 was dissolved at 10 mM in DMSO and frozen at -20 °C.

The INS-1E cells were treated in serum free medium with increasing doses of

Compound 3 for 4 hours in accordance with the methods described in Steneberg et al.,
JCI Insight. 2018;3(12):e99114. https//dolong/ 10 1173 Ackinsighl. 8814

Western Blot analvsis

Western blot analysis of the INS-1E celis was performed as described in Steneberg ef
al., JCI Insight, 2018;3(12):e99114. https://doi.org/10.1172/ici.insight.99114. The
cell tysates were passed through a 30-gauge needle, ~8-times and centrifuged for 10
rain at +4 °C at 14000 rpm. Quantified values for AMPKa, and phosphoryiated-T172
AMPKa, were normalized toward the guantified values for B-Actin.

Results
The resuits for Weastern blot analysis are tabulated in Table 4 below and are shown
graphically in Figure 1.

The results show that Compound 3 increases phosphoryviated-T172 AMPK in a dose-
dependent manner in cultured INS-1E cells. Compound 3 is therefore an agonist of
AMPK,

Compound | Time Control 1.25 uMm 2.5 uM 5 uM
3 4 h 1.00 1.24 2.24 5.99
Table 4, The ratic between p~-T172 AMPK and non-phosphorylated AMPK
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Example 24 - Single Dose Oral Pharmacokinetic Study of Compounds 1 and 3 in

Sprague Dawley Rais

Formuiation of Compound 1

10.0 mi of 2% w/v methyl celluiose solution in phosphate buffer (pH 7.5) was added
to a 100 mb conical flask along with 1 g of 2 mm glass beads. The solution was
vigoroushy stirred on a magnetic stirrer. 100 mg of Compound 1 was slowly added to
the solution, and the solution was vigorously stirred for approximately 1h. The pH of
the formulation was measured to be 7.49. Each formulation was freshly prepared prior
to administration to the animals. The final concentration of Compound 1 in of the
formulation was L0 mg/mb. The formulation was administered at 5 mbl/kg body
weight.

Formulation of Compound 3

& mi of 2% w/v methyl celiviose solution in phosphate buffer (pH 7.5) was added to a
25 mb of conical flask together with 1 g of 2 mm glass beads. The solution was
vigorously stirred on a magnetic stirrer. 78 mg of Compound 3 was slowly added to
the solution, and the solution was vigoroushy stirred for approximately ih. The pH of
the formulation was measured to be 7.41. Each formulation was frashly prepared prior
to administration to the animals, The final concentration of Compound 3 in the
formulation was 13 mg/miL, which is eguivalent to 18 mg/mbL of Compound L. The
formulation was administered at 5 ml/kg body weight.

Dose selection and justification for selection
The doses of 50 mg/kg and 65 mag/kg b.w. for Compound 1 and Compound 3,
respectively, were selected for comparison of eguimolar doses,

Dose Administration

Adult healthy male Sprague Dawley rats aged 8§ to 10 weeks were used for
experimentation after a minimum three days of acclimatisation. Fed state animals
were administered the formulation of Compound 1 or Compound 2 orally via gavage
at a dose of 50 mg/kg or 65 mg/kg body weight, respectively,

EBiood Sampling

Under mild isoflurane anesthasia, blood specimens were collected by retro-orbital
puncture method using capiliary tubes into pre-labeled tubes containing anticoagulant
(K2EDTA: 2 mg/mL blood) during the next 72 hours post-dosing, as detailed in Table
6. For blood sampling at multiple time points, the right and left eves were used
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alternatively. Collected blood specimens were centrifuged at 6000 rpm, 4 °C for 10

minutes and the plasma samples were separated and stored at -80 °C until analysis.

Results

The results for the single dose oral pharmacokinetic study in rats are tabulated in
Tables 5 and 6 below and are shown graphically in Figure 2. In Table 5, the Crax, Trmax,
AliCis, AUCw:, AUCswap, Tiz and MRTes values are for 4-chloro-N-[2-[{4-
chiorophenyhimethvi}-3-ox0-1,2,4-thiadiazol-5-yilbenzamide (Compound 13}, which

was detected following the administration of both Compounds 1 and 3.

The results show that there is a surprising ten-fold increase in the systemic exposure
of 4-chloro-N-[2-[{4-chiorophenylymethyi]-3-0x0-1,2,4-thiadiazol-5-yllbenzamide
when Compound 3 is administered compared to Compound 1 (Cmax was 18.60 ug of
Compound 1 per mlb following administration of Compound 1 compared to 207.00 ug
of Compound 1 per mbL when administering Compound 3}, Thus, the systemic exposure
of 4-chioro-N-[2-[{4-chlorophenylimethyl]-3-ox0-1,2,4-thiadiazol-5-yllbenzamide is
increased by administration of that compound in the form of a compound of the

invention.

Compound No. i 3

65
Dose {ma/kg b.w.) >0 {equivalent to 50 of Compound 1)
Crmax {1g/miL) 19.60 £ 5.54 207.00 £ 7.00
Tenax {H) 7.33+£1.16 4.67 £ 2.31
AlCae {(h¥ug/mb) | 449,40 & 157.75 4161.45 & 599,30
AUCis {(hWFug/mi) 458.31 & 154.77 4173.93 & 593.40
AUCextrap (%) 2.33 % 1.74 0.32 & 0.22
T2 {h) 8.42 £ 1.47 7.30 £+ 1.01
MRT s (1) 14.78 £ 0.68 12.89+ 2.12

Table 5. Mean Plasma Pharmacokinetic Parameters for 4-Chlore-N-[2-{ {4~
chiorophenyiymethyl}-3-oxo-1,2,4-thiadiazol-5-ylibenzamide Following
Administration of Compounds 1 and 3
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Plasma concentration of Compound 1 and 3 {(ug/mk)
Compound 1 Compound 3
Time (R) Mean sD Mean 5D

£.00 0.00 £.00 0.00 0.00
6.25 0.62 0.62 25.67 2.73
0.50 1.98 0.59 52.80 15.35
1.00 4.24 1.84 1086.77 19.99
2.60 7.99 4.49 178.33 21.50
4.00 14.01 5.73 180.33 17.47
6.00 17.00 5.30 206.67 7.51
8.00 19.33 5.33 182.00 18.25
24.00 9.44 4.43 60.27 17.13
48.00 8.72 G.17 7.19 4.91
72.00 0.0C 0.00 0.62 0.34
Lower Himit of quantification of Compound 1 0.5 pg/mL

Table 6. Plasma Concentration of Compound 1 Following Administration of

Compounds 1 and 3

Example 25 Single Dose Oral Pharmacokinetic Study of Compounds 5, 6, 7, 9. 10, 13,

14, 16 in Spragus Dawley Rats

Formulation of the compounds

Formulations were prepared in accordance with the method described in Example 19.

Dose selection and justification for selection

Doses equivalent o 50 mg/kg of Compound 1 were selacted for comparison of

equimolar doses.

Dose Administration and blood sampling

The administration and blood sampling were parformed as described in Example 19,

Results
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The results for the single dose oral pharmacokinetic study in rats are tabulated in
Tables 7 and below and are shown graphically in Figure 3. In Table 7, the Caax, Tmax,
AUCasy, AUGCirr, AlUCextrap and  Tyz vaiues are for  4-chloro-N-[2-[{4~
chiorophenylmethyl}-3-oxe-1,2,4-thiadiazol-5-yilbenzamide (Compound 1), which
was detected following the administration of the compounds.

The results show that administration of Compounds 5, 6, 7, 9, 10, 13, 14, 16 and 17
provides mean plasma maximum concentrations (Cmax) of 4-chloro~-N-[2-[{4-

chiorophenylimethvl]-3-ox0-1,2,4-thiadiazol-5-yilbenzamide in therange of 71 to 137
pg/mib.
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Example 26 — Stability of Compound 17

The stability of Compound 17 was assessed in buffers with pH 1.20, 7.40 and 9.20.
The pH 1.20 study was conducted using an HCI buffer. A phosphate buffer was used
for the pH 7.40 medium, and an alkaline borate buffer was used for the pH 2.20

medium,.

HCI buffer - Potassium chioride {1.491 g) was disselved in 100 mb of Ultrapure water
tvpe-1 to get 0.2 M KCI solution. About 50 mi of 0.2 M KCl was taken in a beaker and
the pH was adjusted to 1.20 using 0.2 M HCl solution. The final volume was made up
to 200 mb using Ultrapure water type-1 and stored at room temperature (22 £ 3 °C).

Phosphate buffer - Potassium phosphate monobasic (2.722 ¢) was dissolved in 100 mL
of Ultrapure water type-1 to get 0.2 M solution. About 50 ml of 0.2 M solution was
taken in a beaker and the pH was adjusted to 7.40 using 0.2 M NaOH solution. The
final volume was made up to 200 ml using Ultrapure water type-1 and stored at room
temperature {22 * 3 °().

Alkaling borate buffer - Boric acid {1.237 g} and potassium chioride (1.491 g) were
dissolved in 100 mlL of Ultrapure water type-1 to get 0.2 M solution. About 50 mL of
0.2 M solution was taken in beaker and the pH was adjusted 10 8.20 using 0.2 M NaOH
solution. The final volume was made up to 200 mbl using Ultrapure water type-1 and
stored at room temperature (22 = 3 °C).

5 uM solutions of Compound 17 in each buffer were prepared with 5 mM DMSO stock
solutions, The solutions were incubated at 22 + 3 °C for 120 minutes, with shaking at

400 rpm using a thermomixer.

After G, 15, 30, 60 and 120 minute intervals, aliquots of sufficient volume of the
compound solutions were taken, diluted and analysed to determine the stability of
Compound 17 in sach solution, as well as the amount of Compound 1 present, The
armount of Compound 1 present was compared {0 the amount expected assuming full

conversion of Compound 17 to Compound 1.

Results
The rasults for the stability experiments are tabulated in Table S below.
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Percentage of Compound 17 Percentage of Compound 1
remaining compared fo 0 minutes | formation compared to standard

Time pH 1.20 pH 7.40 pH 9.20 pH 1.20 pH 7.40 pH 8.20
{(min)

0.0 100.00 100.00 100.00 4,54 87.80 85.62
15.0 76.19 0.13 0.00 3.03 £9.71 82.53
30.0 82.37 0.39 0.00 3.42 74.14 88.95
50.0 73.3 0.47 0.00 3.17 64.06 90.12
120.0 79.04 2.33 0.00 4.40 68.90 103.36

Table 9. Compound 17 Stability Data in Various Buffers

The results show that Compound 17 possesses greatest stability in low pH

envirgnments (pH = 1.2}, but degrades rapidly at pH 7.40 and above.

Example 27 - Additional Stability Resulis

The stability of Compounds 3, 6, 9, 20 and 23 was tested using the same methods as
described above for Compound 17. The amounts of each compound remaining at the

10 15 min and 30 min time points are shown in Table 10,
Compound| Buffer | % remaining | % remaining
No. pH after 15 min | after 30 min
1.2 a7 33
3 7.4 46 16
1.2 83 86
6 7.4 33 33
1.2 100 100
° 7.4 46 13
1.2 76 82
17 7.4 0 0
1.2 88 99
20 7.4 74 64
23 1.2 78 77
7.4 0 0
Table 10. Stability Data in Various Buffers
Compounds 17 and 23 were found to degrade rapidly at pH 7.40, whilst remaining
15  relatively stable at pH 1.2, These data suggest that, when the side chain of the amino

acid{s) are lipophilic {e.q. alkyl, see Compound 20) then the stability is rather high at

pH 7.4. The stability was lower when the side chain is H or a -NH2 containing side
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chain (Glycine or Lysine based). When aspartic acid was used {Compound 17}, the
stability was very low at higher pH. Such compounds are likely to remain intact in the
stomach but could be hydrolysed in the intestine.
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Claims
1. A compound of formula I,
.S Cl
jeptent
N
cl o ) ©
0]
RgZéO
R* I
wherein:

R! and R? are independently selected from the group consisting of hydrogen, the
sidechain of a proteinogenic amino acid, and Ci-s alkyl optionally substituted by one or
more substituents selected from the group consisting of -OH, -NHz and -C{O}NH:;

R* and R* are independently selected from the group consisting of hydrogen, Ci-4 alkyl
optionally substituted by a phenyl group and AY; or

R' {or R?} and R3 {or R*) together with the carbon and nitrogen atoms to which they
are bound form a 4- to 6-membaered heterocycloalkyl group;

0 ¢3 0 ,,o\z
N \A2 N
Ai RSa )
represants or ;

A? represents hydrogen, Cis alkyl optionally substituted by a phenyl group,

0 /?\3 0 ,/A\3
N\A3 N
5b
R or :

each A® independently represents hydrogen or Cis alkyl optionally substituted by a
phenyl group; and

R* and R are independently selected from the group consisting of hydrogen, the
sidechain of a proteinogenic amino acid and Cis alkyl optionally substituted by one or
more substituents selected from the group consisting of -OH, -NH2 and ~-C{O}NH;,

or a pharmaceutically accaptable salt or solvate thereof.

2, The compound according to Claim 1, wherein R? is hydrogen, and R! is hydrogen
or the sidechain of a proteinogenic aming acid selected from the group consisting of
Glu, Arg, His, Lys, Ser, Thr, Asn, Gin, Cys, Sec, Ala, Ile, Leuy, Met, Phe, Trp, Tyr, Asp
and Val; or
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10

15

R? is hydrogen, and R' and R3 together with the carbon and nitrogen atoms to which
they are bound form a pyrrolidine ring.

3. The compound according to Claim 1 or Claim 2, wherein R? is hydrogen, and R!
is hydrogen or the sidechain of a proteinogenic amino acid selected from the group
consisting of Arg, His, Lys and Trp; or
R? is hydrogen, and R! and R® together with the carbon and nitrogen atoms to which
they are bound form a pyrrolidine ring.

4, The compound according to any one of Claims 1 1o 3, wherein R? is hydrogen,
and R! is the sidechain of aspartic acid.

5. The compound according to any one of Claims 1 to 4, wherein R and R? are
independently selected from the group consisting of hydrogen, Cis altkyl optionally

O
NH,
i RSa
substituted by one or more phanyl groups, and
? H
N
and

R>* is hydrogen or the sidechain of a proteinogenic amino acid.

6. The compound according to any one of Claims 1 to 5, wherein R® and R? are
independently selected from the group consisting of hvdrogen, Cis atkyl optionally
O O
NH, H

ba
R and ; or

substituted by one or more phenyl groups,
R' and R? together with the carbon and nitrogen atoms to which they are bound form
a pyrrofidine ring and R? is selectad from the group consisting of hydrogen, Cisalkyl
O O
NH, H

5a
R and ;

optionally substituted by one or more phenyl groups,
and
R>* is the sidechain of a proteinogenic amino acid selected from the group consisting

of Phe, Val, Lys, Asp and Arg.

83



10

15

20

WO 2023/031609 PCT/GB2022/052234

7. The compound according to any one of Claims 1 to 6, wherein R® and R* are
independeantly selected from the group consisting of hydrogen and Ci.z atkyl optionally
substituted by one or more phenyl groups.

8. The compound according to any one of Claims 1 to 7, wherein B3 and R* are
independently selectad from the group consisting of hydrogen and methyl.

g, The compound according to Claim 1, wherein R? is hydrogen, RY is hydrogen or
the sidechain of a proteinogenic amino acid selected from the group consisting of Glu,
Arg, His, Lys, Ser, Thr, Asn, Gin, Cys, Sec, Ala, lie, Leu, Met, Phe, Trp, Tyr, Asp and
Val, R® and R* are independently selected from the group consisting of hydrogen, Cis

O ,?\3
N\A2
5,
alkyt opticnally substituted by one or more phenyl groups, R> and
0O '/A‘z
N

; or
R? is hydrogen, R and R? together with the carbon and nitrogen atoms to which they
are bound form a pyrrolidine ring, and R* is selected from the group consisting of
hydrogen, Ci: alkyl optionally substituted by one or more phenyl groups,

0 ¢3 0 ,Az
N\A2 N
5a
R and , and

R52 is hydrogen or the sidechain of a proteinogenic aming acid selected from the group
consisting of Giu, Arg, His, Lys, Ser, Thr, Asn, Gin, Cys, Sec, Ala, lle, Leu, Met, Phe,
Trp, Tyr, Asp and Val.

10, The compound according to any one of Claims 1 to 9, wherein the compound is
selectad from the group consisting of:

dimethyvlamino-acetic acid 5-[{Z)-4-chloro-benzovliminol-2-{4-chloro-benzyl)-3-oxo-
1,2, 4}thiadiazolidin-4-yimethyl ester;

citric acid salt of dimethyviaming-acetic acid 5-[(Z)-4-chioro-benzoylimino}-2-{4-
chioro-benzyl}-3-oxo-[1,2,4thiadiazolidin-4-yimethyl ester;
2-({[5-{4-chiorobenzamido)-2-{{4-chiorophenylymethyi}-3-oxo-1,2,4-thiadiazolidin-
4-ylimethoxy}carbonyhpyrrolidin-1-ium triflucroacetate;
&-{{5-{4-chlorobenzamido)-2-[{4-chicrophenybmethyl]-3-ox0-1,2,4-thiadiazolidin-4-
yijmethoxyy~6-oxchexane-1,5-bis(aminium) di-triflucroacetate;
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{(B~azaniumyl-1-{[5~{4-chlorobenzamido)-2-[ (4-chlorophenylymethyil-3-ox0-1,2,4-
thiadiazolidin-4-ylimethoxy}-1-oxchexan-2-yhdimethylazanium di-triflucroacetate;
{2-{[5-(4~chicrobenzamido}-2-[{4-chiorophenylimethyi]-3-ox0-1,2,4-thiadiazolidin-
4-viimethoxy ¥-2-oxoethyl}{imethyDazanium trifluoroacetate;
2-{[5-{4-chlorobenzamido)-2-[{4-chlorophenylymethyl]-3-ox0-1,2,4-thiadiarolidin-4-
vilmethoxy}-2-oxoethan-L-aminium trifluorcacetate;
2-({[5-{4-chiorobenzamido)-2-{{4-chiorophenylymethyi}-3-oxo-1,2,4-thiadiazolidin-
4-ylimethoxy}carbonyl)-L-methylpyrrolidin-1-ium triflucroacetate;
1-{{5-(4-chlorobenzamido)-2-[{4-chiorophenyiimethyl}-3-ox0-1,2,4-thiadiazolidin-4-
yvijmethoxyy~1-oxopropan-2-aminium triflucroacetate;
1-{[{5-{4-chlorobenzamido)-2-{{4-chiorophenyhmethyl]-3-ox0-1,2,4-thiadiazolidin-4-
yilmethoxy}-3-methyl- L-oxopentan-Z-aminium trifluoroacetaty;
[5-(4-chiorobenzamido}-2-{ {(4-chlorophenylmethyll-3-oxo-1,2,4-thiadiazolidin-4-
yviimeathyl 2-{dimethylaming}-3-phenvipropancate;
1-{[5-{4-chlorobenzamido)-2-[(4-chiorophenyiimethyl]-3-oxo-1,2,4-thiadiazolidin-4-
viimethoxy +-1-oxo-3-phenylpropan-2-aminium trifiluoroacetate;
1-{[5-{4-chlorobenzamido)-2-{(4-chiorophenyiimethyi]-3-ox0-1,2,4-thiadiazolidin-4-~
yiimethoxy -4-methyi-1-oxopentan-Z-aminium triflucroacetate;
1-{[5-{4-chlorobenzamido)-2-[{4-chlorophenylymethyl]-3-ox0-1,2,4-thiadiazolidin-4-
yvilmethoxy}-3-hydroxy-1-oxopropan-2-aminium trifluoroacetate;
3-carboxy-1-{[5-{4-chlorobanzamide)-2-[{4-chiorophenylimethyl}-3-ox0-1,2,4-
thiadiazolidin-4-vllmethoxy}-1-oxopropan-2Z-aminium triflusroacetate;
[5-{4-chlorobenzamido)-2-[{4-chlorophenyiimethyl}-3-oxo-1,2,4-thiadiazolidin-4-
vijmethyl 2-{(25}-2-azaniumyl-3-phenyipropanamido] acetate chioride;
i 5-{4-chlorobenzamido}-2-[(4-chlorophenylimethyl]-3-ox0-1,2,4-thiadiazolidin-4-
yitmethyl (25}-2-[{25)-2-azaniumyl-3-methylbutanamido]-3-methylbutancate
chioride;
[5-{4-chlorobenzamido)-2-[{4-chlorophenylyimethyl}-3-oxo- 1, 2,4-thiadiazolidin-4-
yiimeathyl (2R}-2-[{2R}-2-azaniumyl-3-methylbutanamidol-3-methyibutancate
chioride;
[5-{4-chlorobenzamido)-2-[{4-chiorophenvhmethyl}-3-oxo-1,2,4-thiadiazolidin-4-
viimethyl 2-{{28})-2,6-diazaniumythexanamido]acetate dichloride;
{15)-2-carboxy-1-[{2-{[5-{4-chlorobenzamido}-2-[{4-chiorophenylimethyl]-3-oxo-
1,2,4-thiadiazolidin-4-yiimethoxy}-2-oxoethylicarbamoyllethan-1-aminium chloride;
and
[azaniumyl{{{(45)-4-azaniumyl-4-[{2-{[5-(4-chisrobenzamido}-2-[ {4~
chiorophenylymethyll-3-oxo-1,2,4-thiadiazolidin-4-yiimethoxy -2~

oxoethylicarbamoyl]butyllaminog} ymethylidenelazanium trichioride.
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11, A pharmaceutical formulation comprising a compound as defined in any one of
Claims 1 to 10, or a pharmaceutically acceptable salt or solvate thereof, and a
pharmaceutically acceptable axcipient.

12, A compound of formula I as defined in any one of Claims 1 to 10, or a
pharmaceutically acceptable salt or solvate thereof, or a pharmaceutical formulation

as defined in Claim 11 for use in medicine.

13. A compound of formula I as defined in any one of Claims 1 to 10, or &
pharmaceutically acceptable salt or solvate thereof, or a pharmaceutical formulation
as defined in Claim 11 for use in the treatment of a disorder or condition ameliorated
by the activation of AMPK.

14, Use of a compound of formula I as defined in any one of Claims 1 to 16, or a
pharmaceutically acceptable salt or solvate thereof, or a pharmaceutical formulation
as defined in Claim 11 in the manufacture of a medicament for the treatment of a
disorder or condition ameliorated by the activation of AMPK.

15. A method of treating a disorder or condition ameliorated by the activation of
AMPK comprising administering a compound of formula 1 as defined in any one of
Claims 1 to 10, or a pharmaceutically acceptable salt or solvate thereof, or a
pharmaceutical formulation as defined in any one of Claim 11, to a subject in need

thereof.

i6. The compound for use according to Claim 13, the use according to Claim 14 or
the method according to Claim 15, wherein the disorder or condition ameliorated by
the activation of AMPK is selected from the group consisting of cardiovascular disease
(such as heart failure), diabetic kidney disease, type 2 diabetes, insulin resistance,
non-alcoholic fatly liver disease, non-aicoholic steatohepatitis, pain, oploid addiction,
obesity, cancer, inflammation (including chronic inflammatory diseases), autoimmune
diseases, osteoporosis, intestinal diseases and hyperinsulinemia associated with

obeasity or cardiovascular disease.
17. A procaess for preparing a compound as defined in any one of Claims 1 o 10,

which process comprises:
(i) reaction of a compound of formula I,
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N
Cl o)_> o
HO 11

with a compound of formula IV,

5 R' R? 1V; or

(i) reaction of a compound of formula vV,

e testl
N
cl o)i> o
o)
0]

R1
R2 NH

10 with a compound of formuia 1V,

0 F|<3
HO N ga
R' R? v

wherein R' and R? are as defined in any one of Claims 1 to 10; and
15 R*® and R* are as defined in any one of Claims 1 to 10 or independently represent a
protecting group.
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