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ANTIMICROBIAL POLYMYXIN DERIVATIVE COMPOUNDS

Field of the invention

The present invention relates to antimicrobial compounds and their uses, and in particular
to peptide antibiotics which may be used in the treatment of bacterial infections such as

Gram-negative bacterial infections, particularly those caused by multidrug-resistant

(MDR) pathogens.

Background of the invention

The world 1s facing an enormous and growing threat from the emergence of bacteria that
are resistant to almost all available antibiotics. Whilst a small number of new antibiotics
largeting multidrug-resistant (MDR) Gram-positive bacteria have been approved in the
past two decades, there has been a marked decline in the discovery of novel antibiotics for

the treatment of Gram-negative bacteria.

Representative genera of Gram-negative bacteria are: Acinetobacter; Actinobacillus:
Bartonella; Bordetella; Brucella; Burkholderia, Campylobacter; Cyanobaclteria;
Enterobacter, Erwinia; Escherichia; Francisella, Helicobacter, Hemophilus: Klebsiella:
Legionella, Moraxella; Morganella;, Neisseria, Pasteurella,; Proteus; Providencia:

Pseudomonas; Salmonella; Serratia; Shigella; Stenotrophomonas; Treponema: Vibrio:; and

Yersinia.

The Infectious Discases Socicty of America (IDSA) has placed P. seudomonas aeruginosa,
A. cinetobacter baumannii and K. lebsiella pneumoniae on a ‘hit list’ of the six top-priority
dangerous MDR microorganisms, the so-called ‘superbugs’, in its recent ‘Bad Bugs Need
Drugs’ campaign. While tigecycline is active against a range of clinically important
Gram-ncgative pathogens, including Acinetobacter baumannii, it is reported to not be
effective against Pseudomonas aeruginosa.  Numerous hospitals worldwide have

experienced outbreaks of infections caused by P. aeruginosa, A. baumannii or K.



10

15

CA 03000032 2018-03-27

WO 2017/054047 PCT/AU2016/050915

S

pneumoniae that are resistant to all commercially available antibiotics, except for the last-

line therapy polymyxins.

Polymyxins belong to a class of peptides which was discovered more than 70 years ago.
They are produced by nonribosomal biosynthetic enzymes from the secondary metabolic
pathways in Paenibacillus polymyxa. There are two polymyxins clinically available,
polymyxin B and colistin (polymyxin E). Commercial preparations of polymyxin B and
colistin are mixtures of closely related peptides obtained from fermentation (Orwa, J. A., et
al. (2001) J. Chromatography A. 912, 369-373; Govaerts, C., et al. (2002) J.
Chromatography A. 976, 65-78). The two major components found in polymyxin B
preparations are namely polymyxin B; and B;, whilst commercial preparations of colistin
contain two major components labelled with colistin A and B. The structures of these

polymyxin B and colistin components are shown below.

51L-Dab
1 L-Dab 3 L-Dab NH:
NH- NH, HK O R, "

O N A _N
Q H 9 H N 7 L-Leu
/”\ N N— 4L-Dab O
R1 ﬁ : H 2 HN™ ~O

O 8 L-Dab

NH,
9 L-Dab

S-6-Methyloctanoyl; R; = /\© D-Phe

\[/\/\ 6-Methylheplanoyl, R, = /\© D-Phe
colistin A: R; =/j/\/\ S-6-Methyloctanoyl;, Rsp = /\[/ D-Leu

6-Methylheptanoyl;, R, = /\( D-Leu

polymyxin B4: Ry =

polymyxin B,: R4 =

colistin B: R =

Polymyxins are now being used as a last-line class of antibiotics 1n patients where all other

available antibiotics are inactive. Despite the efficacy of polymyxins in treating certain



10

15

20

23

30

CA 03000032 2018-03-27

WO 2017/054047 PCT/AU2016/050915

-3 -

Gram-negative bacterial infections, it has been shown that parenteral administration of
colistin (as its inactive prodrug colistin mcthancsulphonate) and polymyxin B can be
ncphrotoxic in up to 60% of paticnts, limiting them from becing uscd more routinely to treat
MDR Gram-negative infections (Hartzell, J. D., et. al. (2009) Clin. Infect. Dis. 48, 1724-
1728; Kubin, C. J., et. al. (2012) J. Infect. 65, 80-87; Akajagbor, D. S., et. al. (2013) Clin.
Infect. Dis. 57, 1300-1303; Rigatto, M. H., et. al. (2015) J. Antimicrob. Chemother. 70,
1552-1557). Since nephrotoxicity is the major dose-limiting factor for the currently
available polymyxins, suboptimal dosing of polymyxins can promote the emergence of
polymyxin resistance (Dudhani, R. V., et. al. (2010) J. Antimicrob. Chemother. 65, 1984-
1990; Garonzik, S. M., et. al. (2011) Antimicrob. Agents. Chemother. 55, 3284-3294; L1,
J., et. al. (2006) Antimicrob. Agents Chemother. 50, 2946-2950; Dubrovskaya, Y., et. al.
(2013) Antimicrob. Agents Chemother. 57, 5394-5397).

In addition to their potential to causce ncphrotoxicity, polymyxin B and colistin can also
cause an acute toxic reaction upon administration (e.g., skin irritation, respiratory distress).
Acute toxicity associated with polymyxin B and colistin limits the safe maximal
therapeutic dose of the compounds, resulting in a narrow therapeutic window (Nord, N.
M., Hocprich, P. D., (1964) N Engl. J. Med. 270, 1030-1035; Schwarlz, B. S., (1964)
Chapter 7: The Polypeptides of the Polymyxin Group - Experimental Chemotherapy, page
2435, Edited by Schnitzer, R., Academic Press, New York, USA).

Attcmpts to develop novel polymyxin compounds that provide similar or better ctficacy as
the clinical available p(.)lymyxins but without the nephrotoxic side effects have primarily
focused on modification of the N-terminal region of polymyxin B and colistin, which
contain several different hydrophobic Cg-Ci linear or branched alkyl chains. It is behieved
that the presence of these alkyl chains 1s essential for antimicrobial activity as their

rcmoval results 1n loss of antimicrobial activity. However, it is also believed that these

alkyl chains may also contribute to the nephrotoxicity of polymyxin B and colistin as their
removal leads to a decrease in nephrotoxicity (Vaara, M., Vaara, T. Nature, (1983) 303,
526-528; Velkov, T., et. al. (2010) J. Med. Chem. 53, 1898-1916). In order to maintain

antibacterial activity whilst reducing the potential for nephrotoxicity, one approach is to
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substitute the branched alkyl chains at the N-terminus with less hydrophobic heteroaryl
groups. W02012/168820 provides derivatives of polymyxin B and colistin containing N-
terminal cyclic heteroaryl and heterocyclic groups and a Dap-3 amino acid group at
position 3 that were reported to have reduced nephrotoxicity and enhanced activity

5 compared to polymyxin B. Subsequently, it was reported by the same authors that these

compounds did not provide any significant therapeutic advantage over polymyxin B

(Magee, T. V., et.al. J. Med. Chem. (2013) 56, 5079-5093).

Accordingly there exists a need to develop novel polymyxin compounds that provide
10 similar or better efficacy as the clinical available polymyxins but negligible nephrotoxic

effect.

Summary of the invention
It has now been found that certain polymyxin analogues have reduced nephrotoxic effect
relative to polymyxin B or colistin, whilst retaining or improving their efficacy against

15 Gram-ncgative bactcria, in particular, MDR Gram-ncgative bacteria.

Accordingly, in one aspect the present invention provides a compound of formula (I):

NH,
RZ O 3
H K O R
H - - H
§ O ; H O
N

N, (I
20  wherein
R' is selected from —C(O)Capsheteroaryl, —C(O)Ci.nalkylCysheteroaryl, —C(O)Ca.
snalkenylC,_ jpheteroaryl, —C(O)C,00alkynylC,_jsheteroaryl, —C(O)Cs_j2arylC,. j2heteroaryl,
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—C(O)Ca1pheteroarylCs_pparyl, —C(O)Cj.jpheterocyclyl, ——C(O)C1-22a]kle3_1ohetefocyclyl,
—C(O)Cyp2alkenylCs gheterocyclyl, —C(0)Cy22alkynylCs_jgheterocyclyl, —C(O)Cs.
12arylCs_jpheterocyclyl, —C(O)Cs oheterocyclylCs paryl, —S(O3)Cy zheteroaryl, —S(05)C,-
22alkylC,_jpheteroaryl, —5(0,)C 1 xalkenylCy pheteroaryl, —-S(0,)C22alkynylCsy.
i2heteroaryl, —S(02)Cs.parylCo.poheteroaryl, —S(O2)CysheteroarylCs.paryl, —S(O3)Cs.
ioheterocyclyl, —S(02)Ci.22alkylCs jpheterocyclyl, —S(0O,)Cs2nalkenylCs jpheterocyclyl, —
S(02)CraalkynylCs. jpheterocyclyl, —3(02)Cs.12arylCs oheterocyclyl, -9(07)C3.
oheterocyclylCs jparyl, —C(O)OC, pheteroaryl, —C(O)OC alkylC, jsheteroaryl, —
C(O)OCpalkenylCy sheteroaryl, C(O)OC;alkynylC; qsheteroaryl, —C(O)OCs.j2arylCs.
pheteroaryl, —C(O)OC, pheteroarylCs.jparyl, —C(O)OCs jpheterocyclyl, —C(O)OC;.
2»nalkylCs jpheterocyclyl, —C(O)OC;,2alkenylCs joheterocyclyl, —C(O)OCs,.2alkynylCs.
ioheterocyclyl, —C(O)OCs.jparylCs.joheterocyclyl, —C(O)OCs joheterocyclylCs. jparyl, —
C(O)NHC, jsheteroaryl, —C(O)NHC.2alkylC, jsheteroaryl, —C(O)NHC,.palkenylC,.
ioheteroaryl, —C(O)NHC;alkynylC; jpheteroaryl, —C(O)NHCs jparylCs jpheteroaryl  —
C(O)NHGC,. sheteroarylCs.jparyl, —-C(O)NHCj jgheterocyclyl, —C(O)NHC,.»alkylCs.
ioheterocyclyl, —C(O)NHCz_zzalkenle;;_loheterocyclyl, ~C(O)NHC; 22alkynylCs.
oheterocyclyl, —C(O)NHCs j2arylCs joheterocyclyl, —C(O)NHCj; pheterocyclylCs.jsaryl,
cach optionally substitutcd with onc or morc Cjigalkyl, Cyoalkenyl, Cjyyralkynyl, halo,
trihaloC, palkyl, trihaloC; ypalkenyl or trihaloC; ;alkynyl;

R’ represents a side chain of an amino acid selected from D-Ser, L-Dab or L-Dap:;

R” represents a side chain of an amino acid selected from leucine, isoleucine, allo-

isoleucine, phenylalanine, norleucine, norvaline or t-butylglycine; and

R™ represents a side chain of an amino acid selected from serine, alanine, threonine, valine,

t-butylglycine or 2-aminobutyric acid; or
a pharmaceutically acceptable salt thereof.

In another aspect, the present invention provides a compound of formula (I):
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NH, NH,
O R? O O 3
R’ H\/“\ H\>’ H\/U\ : $
\N : N / o N R4
H 3 = H a - H 5
N

NH, 0
whercin

R! is selected from —C(0)Cypheteroaryl, —C(O)C;22alkylCy zheteroaryl, —C(O)C,.
»ralkenylCy joheteroaryl, —C(O)ChnalkynylCsy.oheteroaryl, —C(O)Cs.parylCy oheteroaryl,
~C(O)Ca zheteroarylCs_paryl, —S(07)Csyzheteroaryl, —S(0,)CinalkylCsy jsheteroaryl, —
S(02)Cia2alkenylCy pheteroaryl, —S(02)Cia2alkynylCy jsheteroaryl, —S(0O,)Cs.parylCsy
12heteroaryl, —S(O2)C, 1zheteroarylCs paryl, —C(O)OC;.12heteroaryl, —C(O)OC 5;alkylCy
pheteroaryl, —C(O)OC;nalkenylCs joheteroaryl, C(O)OC,,alkynylCs jpheteroaryl, -
C(O)OCs.1parylCy.1pheteroaryl, —C(O)OC,.1zheteroarylCs.jparyl, —C(O)NHC, zheteroaryl,
—C(O)NHC palkylCy sheteroaryl, —C(O)NHC palkenylC, sheteroaryl, —C(O)NHC,;.
»nalkynylC, pheteroaryl, —C(O)NHCs 1parylCy oheteroaryl or —C(O)NHC, jzheteroarylCs.
2aryl, each optionally substituted with one or more C yalkyl, C, zalkenyl, C; 22alkynyl,
halo, trihaloC_»alkyl, trithaloCs 22alkenyl or trihaloC; salkynyl;

R” recpresents a side chain of an amino acid selected from D-Ser, L-Dab or L-Dap;

R’ represents a side chain of an amino acid selected from leucine, isoleucine, allo-

1soleucine, phenylalanine, norleucine, norvaline or t-butylglycine; and

R* represents a side chain of an amino acid selected from serine, alanine, threonine, valine,

t-butylglycine or 2-aminobutyric acid; or
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a pharmaceutically acceptable salt thereof.

In another aspect, the present invention provides a method of preventing or treating a
Gram-negative bacterial infection comprising administering to a subject in need thereof a

therapeutically effective amount of a compound of formula (I) as herein defined, or a

pharmaceutically acceptable salt thereof.

In a further aspect, the present invention provides a method of preventing or treating a
multidrug-resistant (MDR) Gram-negative bacterial infection comprising administering to
a subject 1n need thereof a therapeutically effective amount of a compound of formula (I)

as herein defined, or a pharmaceutically acceptable salt thereof.

In another aspect, the present invention provides the use of a compound of formula (I) as
herein defined, or a pharmaccutically acceptable salt thercof, in the manufacturc of a

medicament for the prevention or treatment of a Gram-negative bacterial infection.

In another aspect, the present invention provides a compound of formula (I) as herein
defined, or a pharmaccutically acccptable salt therecof, for usc in thc prevention or

treatment of a multidrug-resistant (MDR) Gram-negative bacterial infection.

In another aspect the invention provides a pharmaceutical composition comprising an
cffective amount of a compound of formula (I) as herein defined, or a pharmaccutically

acceptable salt thereof, together with at least one pharmaceutically acceptable carrier or

diluent.

These and other aspects of the present invention will become more apparent to the skilled

addresscc upon rcading the following dctailed description in connection with the

accompanying examples and claims.
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Brief description of the drawings

Figure 1: Graphical representation of bacterial loading of the MDR clinical isolate A.
baumannii FADDI-AB030 in a neutropenic mouse lung infection model after treatment

with polymyxin B at 45 mg/kg or Compound 1, 3, 6 or 18 at 45 mg/kg.

Figurc 2: Graphical representation of bacterial loading of the MDR clinical isolate A.
baumannii FADDI-ABO30 in a neutropenic mouse lung infection model after treatment

with polymyxin B at 45 mg/kg or Compound 1 at 90 and 180 mg/kg.

Detailed description of the invention

The 1nitial cellular target of polymyxins in Gram-negative bacteria is the
lipopolysaccharide (LPS) component of the outer membrane (OM). It is believed that the

LPS target is gencrally conscrved across most, if not all, Gram-ncgative bacteria. In
general, LPS i1s composed of three domains, a conserved inner core 2-keto-3-

deoxyoctanoic acid bound to lipid A and a variable O-antigen composed of repeating units
of vartous polysaccharides. The consensus structure of lipid A consists of a B-1’-6-linked

D-glucosaminc disaccharide that is phosphorylated at the 1- and 4’-positions. An cxamplc

of the structure of lipid A from P. aeruginosa is shown below:

‘“%
8 ﬁ
NH

0
0-P-0’
O OH
HO
'3-OH C10

3-OHC12

C12
C12
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Lipid A usually contains six acyl chains. Four [3-hydroxy acyl chains (usually C;o to Cy4 in
length) are attached directly to the glucosamine sugars, while a secondary acyl chain is
often attached to the B-hydroxy group on cach of two of the chains. Lipid A acts as a

hydrophobic anchor with the tight packing of the fatty acyl chains helping to stabilise the

overall outer membrane structure.

It is believed that there is an initial polar interaction between the cationic polymyxin
peptide (particularly the charged a,y-diaminobutyric acid (Dab) residues) and the lipid A
component of LPS in the outer membrane, thereby displacing divalent cations (Ca** and
Mg2+) from the negatively charged phosphate groups of lipid A. This initial interaction is

followed by uptake across the outer membrane and interaction with the cytoplasmic

membrane.

Polymyxin B and colistin (polymyxin E) first became available for clinical use as
antibiotics in the 1950s. Shortly after, their use fell out of favour because of concerns
about ncphrotoxic side cffects. These obscrved ncphrotoxic side cffects for colistin
resulted 1n the peptide rarely being used as an antibiotic during the period of 1980 — 2000.
Over the last decade it has found use again as a last-line antibiotic, predominantly due to
necessity, in patients where all other antibiotics are found to be ineffective. Furthermore,
sincc nephrotoxicity 1s the major dosc-limiting factor for the currcnt polymyxins,
compounds having an improved nephrotoxicity profile would allow higher doses to be

administered to more effectively treat infections and suppress the potential emergence of

polymyxin resistance.

It has now surprisingly been found that the compounds of the present invention arc
effective against Gram-negative bacteria whilst displaying an improved nephrotoxicity and
acute toxicity profiles relative to polymyxin B or colistin. It has been discovered that
certain amino acid residues at three key locations within the polymyxin structure, in
combination with specific N-terminal heteroaryl groups, can significantly reduce the level

of nephrotoxicity and acute toxicity of the compound whilst maintaining or improving the

antibactcrial cfficacy of the compound.
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In this specification a number of terms arc used which arc well known to a skilled

addressce. Nevertheless, for the purposcs of clarity a number of terms will be defined.

As used herein, the term “alkyl”, used either alone or in compound words, denotes straight
chain or branched alkyl. Preferably the alkyl group is a straight chain alkyl group.
Prefixes such as “Ciy” are used to denote the number of carbon atoms within the alkyl
group (from 1 to 22 in this case). Examples of straight chain and branched alkyl include
methyl, ethyl, n-propyl, isopropyl, n-butyl, sec-butyl, t-butyl, n-pentyl, hexyl, heptyl, 5-
methylheptyl, S-methylhexyl, octyl, nonyl, decyl, undecyl, dodecyl and docosyl (Cy,).

The term “alkenyl”, used either alone or in compound words, denotes straight chain or
branched hydrocarbon residues containing at least one carbon to carbon double bond
including cthylcnically mono-, di- or polyunsaturated alkyl groups as previously defined.
Preferably the alkenyl group is a straight chain alkenyl group. Prefixes such as “C,.,” are
used to denote the number of carbon atoms within the alkenyl group (from 2 to 22 in this
case). Examples of alkenyl include vinyl, allyl, 1-methylvinyl, butenyl, iso-butenyl, 3-
mcthyl-2-butenyl, 1-pentenyl, 1-hexenyl, 3-hexenyl, 1-heptenyl, 3-heptenyl, 1-octenyl, 1-
nonenyl, 2-nonenyl, 3-nonenyl, 1-decenyl, 3-decenyl, 1,3-butadienyl, 1,4-pentadienyl, 1,3-
hexadienyl, 1,4-hexadienyl and 5-docosenyl (Cy,).

The term “alkynyl”, uscd cither alonc or in compound words, denotes straight chain or
branched hydrocarbon residues containing at least one carbon to carbon triple bond.
Preferably the alkynyl group is a straight chain alkynyl group. Prefixes such as “C3-Cyg”
are used to denote the number of carbon atoms within the alkenyl group (from 2 to 20 in

this case).

As used herein, the term “aryl” denotes any single- or polynuclear, conjugated or fused
residues of aromatic hydrocarbon ring systems. Prefixes such as “Ceg.16” are used to denote

the number of carbon atoms within the cyclic portion of the aryl group (from 6 to 16 in this
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case). Examples of aryl include phenyl (single nuclear), naphthyl (fused polynuclear),

biphenyl (conjugated polynuclear) and tetrahydronaphthyl (fused polynuclear).

The term “heteroaryl”, as used herein, represents a monocyclic or bicyclic ring, typically
of up to 7 atoms in each ring, wherein at least one ring is aromatic and contains from 1 to 4
heteroatoms selected from the group consisting of O, N and S. Heteroaryl groups within
the scope of this definition include but are not limited to: benzimidazole, carbazolyl,
cinnolinyl, quinoxalinyl, pyrrazolyl, indolyl, benzotriazolyl, furanyl, thienyl, benzothienyl,
benzofuranyl, quinolinyl, isoquinolinyl, oxazolyl, isoxazolyl, indoiyl, pyrazinyl,

pyridazinyl, pyridinyl, pyrimidinyl, pyrrolyl, tetrahydroquinoline.

As used herein, the term “heterocycle” or “heterocyclyl”, used either alone or in compound
words, denotes saturated or partially unsaturated monocyclic, bicyclic or fused polycyclic
ring systems containing at lcast one heteroatom selected from the group consisting of O, N
and S. Prefixes such as “C4-Cg” are used to denote the number of carbon atoms within the
cyclic portion of the group (from 4 to 8 in this case). “Heterocycle” includes dihydro and
tetrathydro analogs of the above mentioned heteroaryl groups. Examples of suitable
heterocyclic substituents include, but arc not limited to, pyrroline, pyrrolidine, piperidine,
piperazine, pyrazoline, pyrazolidine, imidazolidine, tetrahydrofuran, pyran, dihydropyran, -
tetrahydropyran, dioxane, oxalzoline, morpholine, thiomorpholine, tetrahydrothiophene,

oxathiane, dithiane and dithiazine, each of which may be further substituted with 1 to 3

substitucnts.
The term “halo” used herein refers to fluoro, chloro, bromo or iodo.

Reterence to an amino acid “side chain” takes its standard meaning in the art. Examples of

side chains of amino acids arc shown below:
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HN NH
H
NH, NH ‘ N>
/
H N \ :OH “ESH
side chain of side chain of side chain of side chain of side chain of
o, y-diaminobutyric acid arginine histidine threonine cysteine
NH» 5
HNHQ O~ . OH O~ O FNHz
side chain of side chain of side chain of side chain of side chain of
lysine ornithine giutamatic acid glutamate glutamine
O O O
H
I/LKOH |)‘\O@ H‘\NHQ rO ‘/k
side chain of side chain of side chain of side chain of side chain of
aspartic acid aspartate asparagine serine leucine
side chain of

phenylalanine

As used herein, non-naturally occurring amino acids include any compound with both
amino and carboxyl [unctionality, derivatives thercof, or derivatives of a naturally

occurring amino acid. These amino acids form part of the peptide chain through bonding

via their amino and carboxyl groups. Alternatively, these derivatives may bond with other

natural or non-naturally occurring amino acids to form a non-peptidyl linkage.

In addition to the negatively charged side chains shown above, it will be appreciated that a
number of the side chains may also be protonated and so become positively charged, such
as the sidc chain of lysinc. The present invention contemplates within its scope these

protonated side chains as well.

It will be understood that the compounds of the present invention may exist in one or more

stereoisomeric forms (e.g. diastereomers). The present invention includes within its scope
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all of these stereoisomeric forms either isolated (in, for example, enantiomeric 1solation),
or in combination (including raccmic mixturcs and diastercomic mixtures). The present
invention contemplatcs the use of amino acids in both L and D forms, including the usc of
amino acids independently selected from L and D forms, for example, where the peptide
comprises two Dab residues, each Dab residue may have the same, or opposite, absolute

stereochemistry. Unless stated otherwise, the amino acid is taken to be in the L-

configuration.

The 1nvention thus also relates to compounds in substantially pure stereoisomeric form
with respect to the asymmetric centres of the amino acid residues, e.g., greater than about
90% de, such as about 95% to 97% de, or greater than 99% de, as well as mixtures,
including racemic mixtures, thereof. Such diastereomers may be prepared by asymmetric
synthesis, for example, using chiral intermediates, or mixtures may be resolved by

conventional methods, c.g., chromatography, or usc of a resolving agent.

In some preferred embodiments of the invention, and with reference to the general formula

(I), one or more of the following preferred embodiments apply:

a) R! is selected from —C(O)Cy.qzheteroaryl, —C(O)C.palkylC,. sheteroaryl, —C(O)C,-
rnalkenylC, pheteroaryl, —C(O)Ci.pnalkynylC, oheteroaryl, —C(O)Cs.jparylCs.qoheteroaryl,
~C(O)Cs.ipheteroarylCs_pparyl, —C(O)Cs.joheterocyclyl, —C(O)CpalkylCs_joheterocyclyl,
~C(0O)CypalkenylCs gheterocyclyl, —C(0)Cz22alkynylCs.jpheterocyclyl, —C(0)Cs.
12arylCs_jpheterocyclyl, ~C(O)Cs.ipheterocyclylCs zaryl, ~S(02)C;.1z2heteroaryl, —S(0,)C;-
22alkylC, jpheteroaryl, —5(02)C22alkenylCy 1oheteroaryl, —5(02)C2alkynylCs.
ipheteroaryl, —S(0O,)Cs.j2arylCy.pheteroaryl, —S(O;)Cay.poheteroarylCs.pparyl, —S(O,)Cs.
ioheterocyclyl, —S(0,)Cio2alkylCs jpheterocyclyl, —S(0;)Ca.malkenylCy.jpheterocyclyl, —
S(02)Cq2alkynylCy jpheterocyclyl, —S(0,)Cs._1parylCs pheterocyclyl, ~S(0,)C5_
oheterocyclylCs.paryl, —C(O)OCyppheteroaryl, —C(O)OC.palkylCsy pheteroaryl, —
C(O)OC, p0alkenylCy oheteroaryl, C(O)OC i 2alkynylCy. joheteroaryl, —C(O)OCs.12arylCa.
iheteroaryl, —C(O)OC,.pzheteroarylCs pparyl, —C(O)OCs pheterocyclyl, —-C(O)OC,.
22alkylCs joheterocyclyl, —C(O)OC;alkenylCs pheterocyclyl, —C(O)OC;salkynylCs.
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ioheterocyclyl, —-C(O)OCs.2arylCs oheterocyclyl, —C(O)OCs.joheterocyclylCs.jparyl, —
C(O)NHC, zheteroaryl, —C(O)NHC; 2alkylC; sheteroaryl, —C(O)NHC;yalkenylCs.
ipheteroaryl, —C(O)NHC, »alkynylC; jsheteroaryl, —C(O)NHCs jparylCs. pheteroaryl  —
C(O)NHC, pheteroarylCs_jparyl,  —C(O)NHC3; joheterocyclyl, ~C(O)NHC.5alkylCs.
oheterocyclyl, ~C(O)NHC,.palkenylCj_1pheterocyclyl, ~C(O)NHC-22alkynylCs.
oheterocyclyl, —C(O)NHCs.2arylCs joheterocyclyl, —C(O)NHC3 jpheterocyclylCs.qaaryl,
each optionally substituted with one or more Cj.palkyl, Cyasalkenyl, C;22alkynyl, halo,
trihaloCy_palkyl, trihaloC;.palkenyl or trihaloC;_;salkynyl.

b) R! is selected from ~-C(O)Cy.12heteroaryl, —C(O)Ci.92alkylCy. sheteroaryl, —C(O)Ca.
2alkenylCy zheteroaryl, ~C(O)CynalkynylCs joheteroaryl, —C(O)Cs.12arylC,.qz2heteroaryl,
—C(O)Ca.ipheteroarylCs.jparyl, —S(O2)Ca.1zheteroaryl, —S(0;)Ci.2alkylCy.zheteroaryl, —
S(02)CiaalkenylCy oheteroaryl, —S(02)CiazalkynylCy pheteroaryl, —S(0O;)Cs.qzarylCs.
1zheteroaryl, —S(0,)Cy.12heteroarylCs. jparyl, —C(O)OC; 1zheteroaryl, —-C(O)OCalkylCs.
12heteroaryl, —C(O)OC.pzalkenylC, joheteroaryl, C(O)OC.yalkynylCs sheteroaryl, —
C(O)OC s 12arylCy 12heteroaryl, —C(O)OCyq2heteroarylCs.paryl, —C(O)NHC,.1zheteroaryl,
—C(O)NHC1_22a]kle2-12héteroary], —C(O)NHC | palkenylCy sheteroaryl, —C(O)NHC;.
22alkynylCs pheteroaryl, —-C(O)NHCs.2arylCo 1oheteroaryl or —C(O)NHC; zheteroarylCs.
12aryl, each optionally substituted with one or more Cj.palkyl, C;qsalkenyl, C, palkynyl,
halo, trihaloC,.yalkyl, trihaloC, nalkenyl or trihaloC,.nalkynyl.

C) R! is sclected from —C(O)Cy.zheteroaryl, —-C(O)Cy2alkylCy 1oheteroaryl, —C(O)Cs.
2alkenylCy.zheteroaryl, —C(O)Cy2alkynylCy joheteroaryl, —C(O)Cs.j2arylCsy.joheteroaryl,
—C(0O)Cz1zheteroarylCs.pparyl, each optionally substituted with one or more Cy_galkyl, halo,
or trihaloCi_galkyl.

d) R! is selected from S-chloronicotinoyl, 6-chloronicotinoyl, 2,6-dichloronicotinoyl,
4,6-dicloronicotinoyl, 5,6-dichloronicotinoyl, 6-(trifluoromethyl)nicotinoyl, 3.5-
dichloropicolinoyl, 4,6-dichloropicolinoyl, S-phenylpicolinoyl, 5-(4-
chlorophenyl)picolinoyl, 4-(6-chloro-3-pyridinyl)benzoyl, 5-(4-chlorophenyl)thiophene-2-

carboxyl, 2,6-dichloroisonicotinoyl, d-(trifluoromethyl)nicotinoyl, 4-
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(trifluoromethyl)picolinoyl, 3,5-dibromopicolinoyl, S-bromonicotinoyl, 2-
chloroisonicotinoyl, 2-bromoisonicotinoyl, 4-chloropicolinoyl, 2-

(trifluoromethyl)isonicotinoyl,  2,6-dibromoisonicotinoyl, 3,5-dibromopicolinoyl, 5-
methylnicotinoyl, 2-fluoroisonicotinoyl, 2-(triflnoromethyl)isonicotinoyl, 5-bromo-3-
chloropicolinoyl, = 3-chloroisonicotinoyl,  3-chloro-5-(trifluoromethyl)picolinoyl,  3-
chloropicolinoyl, 5-chloropicolinoyl, 5-(trifluoromethyl)picolinoyl, 2-chloro-6-
methylisonicotinoyl,  2-chloro-6-(trifluoromethyl)nicotinoyl, = 6-ethylnicotinoyl,  5-
ethylpicolinoyl, 6-chloropicolinoyl, O-(trifluoromethyl)picolinoyl, 2-
(trifluoromethyl)pyrimidine-5-carboxyl, = 2-quinoxalinecarboxyl, 1H-benzimidazole-2-
carboxyl, I-methylindole-2-carboxyl, 6-methyl-imidazo[ 1,2-a]pyridine-2-carboxyl,
benzo[b]thiophene-2-carboxyl, 1-methylindazole-3-carboxyl, 3-quinolinecarboxyl,
benzothiazole-6-carboxyl, 1H-indazole-3-carboxyl, quinaldoyl, 1H-indole-2-carboxyl, 1-
methylbenzimidazole-2-carboxyl,  5-chloro-1-methylindole-2-carboxyl,  5-chloro-1H-
indole-2-carboxyl, 5,6-difluoro-1H-1ndole-2-carboxyl, 3-chlorobczo[b]thiophene-2-
carboxyl, 1-methylindolé-3-acetyl, 1-methylindole-3-carboxyl, benzo|d]thiazole-2-
carboxyl, 0-chlorobenzimidazole-2-carboxyl, benzo|b]thiazole-2-propanoyl, 2-
phenylpyrimidine-5-carboxyl, benzooxazole-2-carboxyl, benzo|d]isooxazole-3-carboxyl,
2,5-dibromothiphenc-3-carboxyl, 4,5-dibromopyrrole-2-carboxyl, 5-bromothiophcne-2-
carboxyl, 4,5-dibromofuran-2-carboxyl, 5-phenyl-1,2-oxazole-3-carboxyl, 5-phenyl-1,2,4-
oxadiazole-3-carboxyl,  2-phenyl-1H-imidazole-4-carboxyl, 4,5-dibromothiophene-2-
carboxyl,  5-phenyl-1H-pyrazole-3-carboxyl, 3,5-dibromothiophene-2-carboxyl, 5-
(trifluoromethyl)thiophene-2-carboxyl, 3-phenyl-1,2-o0xazole-5-carboxyl, 4-
bromothiophene-2-carboxyl, 3-chlorothiophene-2-carboxyl, 4H-thieno[3,2-b]pyrrole-5-
carboxyl, 2-bromo-1,3-thiazole-5-carboxyl, benzofuran-2-carboxyl, 4-bromo-1-
methylpyrrole-2-carboxyl, 5-(4-chlorophenyl)-1,2-oxazole-3-carboxyl, S-bromothiophene-

3-carboxyl, 4-bromopicolinoyl, 5-bromofuran-3-carboxyl and indole-3-propanoyl.

c) R? represents a side chain of an amino acid selected from D-serine, L-Dab or L-

Dap.

f) R” represents a side chain of the amino acid L-Dap.
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g) R” represents a side chain of an amino acid selected from leucine, isolcucine, allo-

1solcucine, phenylalanine, norlcucine, norvalinc or (-butylglycine.

h) R’ represents a side chain of an amino acid selected from leucine, phenylalanine,

norleucine or norvaline.

1) R" represents a side chain of an amino acid selected from serine, alanine, threonine,

valine, t-butylglycine or 2-aminobutyric acid.

1) R represents a side chain of an amino acid selected from alanine, threonine, valine

or 2-aminobutyric acid.
In a preferred embodiment R? is the side chain residuc of diaminopropionic acid.

Accordingly, 1n a further embodiment, the present invention provides compounds of

formula (1) represented by formula (II):

NH, (II)
wherein
R' is selected from ~-C(O)Cy.ppheteroaryl, —C(O)CiaalkylCy sheteroaryl, —C(O)C,
»nalkenylC, oheteroaryl, —C(O)C;2alkynylCs jsheteroaryl, —C(O)Cs.,arylCs.j2heteroaryl,
-C(O)Cg,uheteroarles-uaryl,‘ —3(02)Cy.1pheteroaryl, —S(0,)Ci.palkylCs, 1oheteroaryl,
S(07)CiaalkenylCojoheteroaryl, —S(0O7)Cia2alkynylCy.pheteroaryl, —S(03)Cs.j2arylCs.



10

135

CA 03000032 2018-03-27

WO 2017/054047 PCT/AU2016/050915

_17 -

i2heteroaryl, —S(0;)Cs.12heteroarylCs_jraryl, -C(O)OC, 1zheteroaryl, —C(O)OC  »alkylC,.
ioheteroaryl, —C(O)OCl_gzalkcnylcz-l2hctcroaryl, C(O)OC22alkynylC; oheteroaryl, -
C(O)OCs.12arylCy sheteroaryl, —C(O)OC, zheteroarylCs qaaryl, —C(O)NHC,_pheteroaryl,
—C(O)NHC 2alkylCy 1oheteroaryl, —C(O)NHC;.nalkenylCs.sheteroaryl, —C(O)NHC,.
22alkynylC,. zheteroaryl, —C(O)NHCs.1,arylCs jzheteroaryl or —C(O)NHC,.1zheteroarylCs.
12aryl, each optionally substituted with one or more Cj.yalkyl, Caxalkenyl, Cyaalkynyl,
halo, trihaloCj.pzalkyl, trihaloCs.5zalkenyl or trihaloC; xalkynyl;

R represents a side chain of an amino acid selected from leucine, isoleucine, allo-

1soleucine, phenylalanine, norleucine, norvaline or t-butylglycine; and

R" represents a side chain of an amino acid selected from serine, alanine, threonine, valine,

t-butylglycine or 2-aminobutyric acid; or
a pharmaceutically acceptable salt thereof.

In another embodiment compounds of formula (I) are selected from those compounds

listed 1n Tablce 1.
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Table 1. Compounds of formula (I):
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