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POLYMYXIN DERIVATIVES AND THEIR USE IN COMBINATION THERAPY TOGETHER WITH
DIFFERENT ANTIBIOT C&

Related Applications

The present case claims the priority of and benefit of GB 1300248 1 filed 22 May 2013
(22/05/2013) and GB 1404301.2 filed 11 March 2014 (11/03/2014),

Fleld of the invention

The present invention relates to novel compounds, combinations of compounds,
pharmaceutical compositions comprising the compounds and the use of the compounds,
pharmaceutical compositions and combinations for treatment, for example treatment of
microbial infections, particularly by Gram-negative bacteria.

Background

In susceptible individuals, certain Gram-negative bacteria such as Escherichia coli, Klebsiella
pneumoniae, Pseudomonas aeruginosa and Acinetobacter baumanii can cause serious
infections, such as pneumonia, urinary tract infections, skin and skin structure infactions such
as wound infections, ear infactions, eye infections, intra-abdominal infections, bacterial
overgrowth in the gastrointestinal tract and bacteraemia/sepsis. The treatment of serious
bacterial infections in clinical practice can be complicated by anlibiotic resistance. Recent
years have seen a rise in infections by Gram-negative bacteria which are resistant to many
types of antimicrobials including broad spectrum antibiotics such as aminoglycosides,
cephalosporins and even carbapenems. There is therefore & need to identify new
antimicrobials that are effective against Gram-negative bacteria, in particular against multidrug
resistant Gram-negative bacteria.

Polymyxins are a class of antibiotics produced by the Gram-positive bacterium Bacillus
polymyxa. First identified in the late 19405, polymyxins, particutarly polymydn B and
polymyxin E (colistin, usually as its prodrug colistin methane sulphonate) were used in the
treatment of Gram-negative infections. However, these antibiotics exhibited side effects such
as neurctoxicity and nephrotoxicity. Nevertheless the polymyxins now play an important role in
the therapy of MDR Gram-negative infections due fo the fack of viable alternatives. However,
their use in therapy is limited o treatment of last resort.

WO 2008/017734 tries to address this toxicity problem by providing polymyxin derivatives
carrying at least two but no more than three positive charges. These compounds are said to
be effective antibacterial agents with reduced renal toxicity. 1t is hypothesised in the
disclosure that the reduced number of posilive charges decreases the affinity of the compound
for isolated rat kidney lissue which in turm may lead {o a reduction in nephrotoxicity.

Date Reg¢ue/Date Received 2020-08-26
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Certain des-fatty acyl polymyxin derivatives have also been disclosed with reduced acute
toxicity in mice whilst retaining good activity against pseudornonads (Katsuma ef al. Chem.
Pharm. Bull. 2008; 57, 332-336; Sato ef al. Chem. Pharm. Bull. 2011; 59, 597-602). The
compounds were significantly less active than polymyxin B against E. coli and K. pneumoniae.

WO 2010/075416 provides urea linked aryl polymyxin decapeptides including CB182,804,
which is reported to have similar activity but reduced renal toxicity compared with polymyxin B.
Fhenyl cyclopropane polymyxin derivatives are also described in US 8,415,307, These
compounds are showrn 1o have simiiar or reduced activity comparad with polymyxin 8.

WO 2012/168820 provides a further series of polymyxin derivatives reported to have reduced
toxicity, and sometimes enhanced activity compared with polymyxin B, in which the
diaminobutyrate group at position 3 in the tripeptide side chain is replaced by a
diaminopropionate moiety.

Antibiotics are often used in combination for the treatrment of infections for a number of
reasons.
e To broaden coverage of pathogens for empiric therapy or for treatment of mixed
infections
« Toimprove efficacy where the combination is more active than either antibiotic alone
{additive) or more active than would be expected by simply summing the activity of the
two antibiotics (synergistic)
¢ To suppress resistance development

indeed polymyxins are sometimes used in combination with other antibiotics (such as
rifampicin, carbapenems, aminoglycosides or quinolones) for freatment of serious infections in
the clinic for all of these reasons. Numerous microbiclogical and animal efficacy studies have
been carried out on polymyxin-antibiotic combinations (Petrosillo et a/. Clin. Microbiol. Infect.
2008; 14, 816-827). Combinations of polymyxing e.g. with neomycin and bacitracin gre also
available for topical use. Polymyxins act on the cuter membrane of Gram-negative bacteria
and are believed to facilitate the uptake of antibiotics which are less capable to cross the outer
membrane barrier and hence enhance their activity.

As well as the use of polymyxins per se in combination, it has been reported that des fattyacyl
polymyxin derivatives such as polymyxin B nonapeptide (PMBN), although not having very
potent antibacterial activity, are still able to enhance the activity of antibiotics whose uptake is
hindered by the outer membrane (Vaara ef al. Microbiol. Rev. 1992; 56, 395-411). PMBN has
reduced acute toxicity cornpared with polymyxin itself though it is unclear as to whether renal
toxicity is reduced.



10

15

20

25

30

35

40

81798985

3
The use of less toxic ‘permeabilisers’ in combination with a second antibiotic would seem to
offer the potential for therapeutic preparations with potent activity and reduced toxicity,

Despite this approach having been considered for some years such preparations have not
been brought into medical use because they do not offer sufficient improvements over
available therapies. Notably, their activity often falls short of that of the analogous polymyxin-
anfibiotic combination,

The compounds of WO 2008/017734 have been tested in combination with rifampicin,
clarithromycin and other antibiotics and show some synergistic activity.

WO 2008/098357 provides polymyxin derivatives having no more than three positive charges,
such as described in W02008/017734, but with short acy! chains. These derivatives have
poor infrinsic antimicrobial activity but are capable of potentiating the activity of the other
agents.

CB-182,804 in the presence of rifampicin shows MICq values equivalent or better than for
polymyxin B plus rifampicin against £. coff and K. pneumonige strains, but this compound is
not quite as good against A. baumanii or P. aeruginosa strains (Quale et al. Microb. Drug
Resist. 2012; 18, 132-136).

Activity of the desfatty acyl derivatives of Katsuma et al. and Sato ef al. has not been reported
in the presence of other antibiotics and neither have the compounds of WO 2012/188820 or
US 8,415,307

There remains a need for less toxic polymyxin derivatives with sirong potentiating activity for
other antibiotics, and for combinations of such agents with pariner antibictics which offer
therapeutic preparations with congistently potent activity across the farget pathogens. Such
compounds should also have an acceptable toxicity.

The present inventors have previously described in PCT/GB2012/052844, TW 101142961 and
GCC 2012/22819, polymyxin compounds for use in the treatment of microbial infections.

Surprisingiy, the present inventors have found certain polymyxin derivatives, which have
reduced toxicity compared to polymyxin or colistin, and are particularly effective at potentiating
the activity of antibiotics such as rifampicin, and in some cases achieving enhanced in vifro
potency compared to the polymyxin:antibiotic combination. Combinations containing these
agents thus offer therapeutic options of consistently potent activity, but lower foxicity than
currently available therapies.

Date Reg¢ue/Date Received 2020-08-26
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Summary of the Invention

in a general aspect the present invention provides a polymyxin compound of formula {1}, as
described herein, and its use in a method of treatment or prophylaxis, in combination with a
second agent (which may be referred to as an active agent). The compounds of formula (1)
may be used to treat a microbial infection, such as a Gram-negative bacterial infection.

in a first aspect of the invention there is provided a polymyxin compound of formula (1) for use
in a method of treatment or prophylaxis, in combination with an active agent, wherein the
active agent is selected from the group consisting of:
rifarmpicin, rifabutin, rifalazil, rifapentine, and rifaximin;
oxacillin, methicillin, ampicillin, cloxacillin, carbenicillin, piperacillin, tricarcillin,
flucloxacillin, and nafcilling
azithromyecin, clarithromycin, erythromycin, telithromycin, cethromycin, and
solithromycin;
aztreonam and BAL300T7Z;
meropensm, doripenem, imipenem, erfapenem, biapenem, tomepenam, and
panipenem;
tigecycline, omadacycline, eravacycling, doxyeycling, and minocycline;
ciprofloxacin, levofloxacin, moxifloxacin, and delafioxacin;
Fusidic acid;
Novobiocin;
teichoplanin, telavancin, dalbavancin, and oritavancin,
and pharmaceutically acceptable salts and solvates thereof,

In a second aspect there is provided an active agent, such as defined in the first aspect, for
use in a method of treaiment or prophylaxis, in combination with a polymyxin compound of
formuia (1).

in a third aspect there is provided a combination of a polymwxin compound of formula {1) and
an achive agent as defined in the first aspect, for use in a meathod of treatment or prophylaxis

In a fourth aspect there is provided a polymyxin compound of formula {1) for use in a method
of ireatment or prophylasis of a microbial infection, in combination with an active agent as
defined in the first aspect.

in a fifth aspect there is provided an aclive agent as defined in the first aspect foruse ina
method of reatment or prophylaxis of a microbial infection, in combination with a polymyxin
compound of formuia (1),
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5
in a sixth aspect there is provided a method of treatment or prophylaxis, the method including
the step of administering to a subject in need thereof a polymyxin compound of formula {l) and
an achive agent as defined in the first aspect

in a seventh aspect there is provided a method of treatment or prophylaxis of a microbial
infection, the method including the step of administering to a subject in need thereof a
polymyxin compound of formula (1) and an active agent as defined in the firsf aspect.

in an eighth aspect there is provided the use of a polymyxin compound of formula (1) in the
manufacture of a medicament for use in the treatment of a microbial infection in combination
with an active agent as defined in the first aspect.

In a ninth aspect there is provided the use of an active agent as defined in the first aspectin
the manufaciure of a medicament for use in the treatment of a microbial infection in
combination with a polymyxin compound of formula (1)

in a further aspect there is provided a pharmaceutical composition comprising a compound of
formula (1) together with a second active agent, as defined in the first aspect, and a
biologically acceptable excipient. Further, there is also provided a kit comprising a compound
of formuia (1) and comprising a second active agent, as defined in the first aspect. The
compound of formula (1) and the second active agent may be provided separately within the
kit.

In a further aspect of the invention there is provided a compound of formula (). The
compounds of formula (11} are a selection from the polymyxin compound of formula (1). The
compounds of formula (11} are therefore provided in such aspects as described above for the
compounds of formula (1).

The invention also provides a pharmaceutical composition comprising & compound of formula
{I) and a biologically acceptable excipient, optionally together with a second active agent.

In a further aspect there is provided a compound of formula (1) or a pharmaceutical
composition comprising the compound of formula (Il) for use in a method of treatment,

The invention additionally provides a compound of formula (Il) or a pharmaceutical
composition comprising the compound of formula (i) for use in a method of ireating a
microbial infection, such as a Gram-negative bacterial infection.

The present invention also provides a method of identifying useful combinations for therapy,
the method comprising testing a combination of a compound of formula (I} or () with a
biologically active compound and determining the biological efficacy of the combination, for
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example with comparison to the biologically active compound alone and/or the compound of
formula (1) or (I1) alone.

In an alternative aspect, the compounds of formula (1) and (ll) are suitable for use in the
treatment of fungal infections, for example in combination together with an antifungal agent.

In a further aspect of the invention there is provided a compound of formula (I).

In certain embodiments, there is more particularly provided a therapeutic or prophylactic
combination comprising a polymyxin compound and an active agent,

wherein the active agent is selected from the group consisting of:
rifampicin, rifabutin, rifalazil, rifapentine, rifaximin,
oxacillin, methicillin, ampicillin, cloxacillin, carbenicillin, piperacillin, tricarcillin,
flucloxacillin, nafcillin,
azithromycin, clarithromycin, erythromycin, telithromycin, cethromycin, solithromycin,
aztreonam, BAL30072,
meropenem, doripenem, imipenem, ertapenem, biapenem, tomopenem, panipenem,
tigecycline, omadacycline, eravacycline, doxycycline, minocycline,
ciprofloxacin, levofloxacin, moxifloxacin, delafloxacin,
fusidic acid;
novobiocin;
teichoplanin, telavancin, dalbavancin, oritavancin,
and pharmaceutically acceptable salts and solvates thereof;

and the polymyxin compound is a compound of formula (!):

NH,
H 1
4 N R
o R HN
AT e T
5,
RSATNTON X0 = 07 “NH
= o J o)
RE"S0H 0 R
NH
N NH,
R° 0
NH,

Date regue/Date received 2023-03-17
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or a pharmaceutically acceptable salt or solvate thereof,

wherein:

-X- 18 -C(0O})-, -NHC(O)-, -OC(O)-, -CH2- or -SO»-;

-R1 together with the carbonyl group and nitrogen alpha to the carbon to which it is
attached, is a phenylalanine, leucine or valine residue;

-R?  together with the carbonyl group and nitrogen alpha to the carbon to which it is
attached, is a leucine, threonine, iso-leucine, phenylalanine, valine or nor-valine
residue;

-R®  together with the carbonyl group and nitrogen alpha to the carbon to which it is
attached, is a threonine or leucine residue;

-R*  is C15 alkyl substituted with one hydroxyl group or one amino group, or -R* together
with the carbonyl group and nitrogen alpha to the carbon to which it is attached, is
a,y-diaminobutyric acid (Dab), a serine residue, a threonine residue, a lysine residue,
an ornithine residue, or a,p-diaminopropionic acid (Dap);

-A- is a covalent bond or an amino acid;

-R5  is G-L2L'-,

-G is selected from the group consisting of:
Co.12 alkyl,
Cs.12 aryl, and
Cs.10 cycloalkyl,
-L'- is a covalent bond, C1.12 alkylene or C2.12 heteroalkylene,
-L2- is a covalent bond or Cs.10 heterocyclylene,
with the proviso that -L'- is not C+.12 alkylene when -G is C2.1» alkyl,

and G-L2-L'- is substituted with:

(i) one, two or three hydroxyl groups, or

(i) one, two or three groups -NRER’, or

(iii) one or two groups -NR®R’, and one, two or three hydroxyl groups,
with the proviso that (i), (ii) and (iii) are optional substituents when -L'- is a

nitrogen-containing C..12 heteroalkylene and/or -L3- is a nitrogen-containing

Cas-10 heterocyclylene,

Date regue/Date received 2023-03-17
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or -R® is D-L'-, where -D is C4.10 heterocyclyl and -L'- is as defined above, and D-L'- is
substituted with:
(i) one, two or three hydroxyl groups, or
(ii) one, two or three groups -NRER?, or
(iii) one or two groups -NR®R’, and one, two or three hydroxyl groups,
with the proviso that (i), (i) and (iii) are optional substituents when -L'- is a

nitrogen-containing Cz.1> heteroalkylene and/or -D is a nitrogen-containing C4.10 heterocyclyi,

each -R® is independently hydrogen or C1.4 alkyl;

each -R” is independently hydrogen or C14 alkyl;

or -NRER” is a guanidine group; or

when -G is Cz10 cycloalkyl or Cs.12 aryl, -R® and -R? together with the nitrogen atom from a

Ca-10 heterocycle;

and where an aryl group is present in -R® it is independently optionally substituted one or
more substituents selected from the group consisting of -C1.10 alkyl, halo, -CN, -NO,, -CF3,
-NR"®C(O)R", -OCF3, -CON(R™),, -COOR®, -OCOR?, -NR"*COOR?", -OCON(R"),,
-NR™CON(R),, -OR®, -SR®, -NR°S0O,R", -SO.N(R), and -SO,R" where each -R° is
independently -C1.10 alkyl, and each -R" is independently -H or -C1.10 alkyl;

and where an alkyl, cycloalkyl, or heterocyclyl group is present in -R® it is independently
optionally substituted one or more substituents selected from the group consisting of -C1.10
alkyl, halo, -CN, -NO, -CF3, -C(O)R", -NR"C(O)R", -OCF3, -CON(R),, -COORS®, -OCOR™,
-NR™COOR™", -OCON(R™),, -NR"®CON(R"),, -OR?, -SR®, -NR"S0O,R", -SO,N(R"%), and
-SO2R™ where each -R® is independently -C1.10 alkyl and each -R' is independently -H or
-C110 alkyl, except that alkyl is not substituted with alkyl; and

-R® is methyl or hydrogen;

with the proviso that a compound of formula (1) is not a compound where -X- and -R®

together are an L-a-amino acid, optionally together with Dgp and Abu.

Date regue/Date received 2023-03-17
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In certain embodiments, there is also provided a polymyxin compound of formula (1)

represented by:

NH,

H
R1

W )Ym I

R o

or a pharmaceutically acceptable salt or solvate thereof,
5 where -A-, -X-, -R', -R?, -R?, -R*, -R8, -R’, -R® have the same meanings as -A-, -X-,
-R'", -R?, -R3, -R?, -R®, -R’, -R® as described herein;
and the compound is selected from the group consisting of (l1a) to (lle) and (lig)
below:
(llg) which is a compound of formula (ll) where:
10 -R*is C1 alkyl substituted with one amino group, or Css alkyl substituted with one
amino group; and
-R% has the same meaning as -R® as described herein;
(lla) which is a compound of formula (Il) where:
-R%is G-L2-L'-, and -G is Cs12 aryl,
15 -L'- is a covalent bond, C1.12 alkylene or C».12 heteroalkylene,
-L2- is a covalent bond or Cs.10 heterocyclylene,
-R% is substituted with:
(i) one, two or three hydroxyl groups, or
(i) one, two or three groups -NR°R’, or
20 (i) one or two groups -NR®R’, and one, two or three hydroxyl groups,
with the proviso that (i), (ii) and (iii) are optional substituents when -L.'-is a
nitrogen-containing C».1» heteroalkylene and/or -L- is a nitrogen-containing
Ca-10 heterocyclylene,

Date regue/Date received 2023-03-17
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and the aryl group is optionally substituted with one or more substituents selected
from the group consisting of C1.10 alkyl, halo, -CN, -NOa, -CF3, -NR°C(O)R°, -OCF3,
-CON(R™),, -COORS®, -OCOR'’, -NR'"COOR?'°, -OCON(R?),, -NR'®CON(R"),, -OR®, -SR®,
-NR"S0O,R", -SO-N(R'°), and -SO,R"® where each -R® is independently C1.1 alkyl, and each
-R" is independently -H or C1.10 alkyl;
(lle) which is a compound of formula (Il) where:
-A- is an amino acid; and
-R% has the same meaning as -R® as described herein;
(Ilc) which is a compound of formula (Il) where:
-R®%is G-L%L'-, where -G is Cs.10 cycloalkyl or C2. alkyl,
-L'- is a covalent bond or C1.12 alkylene,
-L2- is a covalent bond,
with the proviso that -L'- is not C4.1» alkylene when -G is C,.1, alkyl,
-R5 is substituted with:
(i) two or three groups -NRER’, or
(i) two groups -NR®R’, and one, two or three hydroxyl groups;
and the alkyl or cycloalkyl group is independently optionally substituted with one or
more substituents selected from the group consisting of -C1.10 alkyl, halo, -CN, -NO,, -CF3,
-C(O)R™, -NR™C(O)R", -OCF3, -CON(R"%),, -COOR®, -OCOR'?, -NR'®COOR?,
-OCON(R™),, -NR"®CON(R"),, -ORS®, -SR?, -NR'"°SO2R°, -SO-N(R"), and -SOR'™ where
each -R? is independently -C+.1o alkyl and each -R' is independently -H or -C1.1o alkyl, except
that alkyl is not substituted with alkyl;
(Ilb) which is a compound of formula (Il) where:
-R%is G-L2-L'-, and -G is C3.10 cycloalkyl,
-L'- is a covalent bond, C1.12 alkylene or C.10 heteroalkylene,
-L2- is a covalent bond or Cs.12 heterocyclylene,
with the proviso that -L2- is a covalent bond only when -L'- is C2.10 heteroalkylene,
-R5 is substituted with:
(i) one, two or three hydroxyl groups, or
(ii) one, two or three groups -NR®R?, or
(i) one or two groups -NR®R’, and one, two or three hydroxyl groups,
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with the proviso that (i), (ii) and (iii) are optional substituents when -L'- is a
nitrogen-containing C..1> heteroalkylene and/or -L2- is a nitrogen-containing
Ca.10 heterocyclylene,
and the cycloalkyl group is independently optionally substituted with one or more
substituents selected from the group consisting of -C1.10 alkyl, halo, -CN, -NO, -CF3,
-C(O)R™, -NR™C(O)R", -OCF3, -CON(R'%),, -COOR®, -OCOR'"?, -NR"°COOR?™,
-OCON(R™),, -NR™CON(R"),, -OR?®, -SR?, -NR'"SO,R"®, -SO-N(R"); and -SOR'™ where
each -R® is independently -C+.10 alkyl and each -R'° is independently -H or -C1.1o alkyl, except
that alkyl is not substituted with alkyl; and
(Ild) which is a compound of formula (i) where:
-R%is D-L'-, where D-L'- is substituted with:
(i) one, two or three hydroxyl groups, or
(ii) one, two or three groups -NRER?, or
(i) one or two groups -NR®R’, and one, two or three hydroxyl groups;
-D is Ca10 heterocyclyl;
-L'- is a covalent bond, C1.12 alkylene or C.12 heteroalkylene,
with the proviso that (i), (ii) and (iii) are optional substituents when -L'-is a
nitrogen-containing Cz.12 heteroalkylene,
and the heterocyclyl group is independently optionally substituted with one or more
substituents selected from the group consisting of -C1.10 alkyl, halo, -CN, -NO,, -CF3,
-C(O)R™, -NR™C(0O)R™, -OCF3, -CON(R"%),, -COOR?®, -OCOR', -NR"°COOR™,
-OCON(R™),, -NR'CON(R"),, -OR®, -SR?, -NR"°SO:R"°, -SO,N(R"), and -SO.R'" where
each -R® is independently -C+.1o alkyl and each -R'° is independently -H or -C1.10 alkyl, except
that alkyl is not substituted with alkyl,
with the proviso that a compound of formula (Il) is not a compound where -X- and -R®
together are an L-a-amino acid, optionally together with Dgp and Abu.

In one particular embodiment, there is provided a polymyxin compound of formula (11)
represented by:
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or a pharmaceutically acceptable salt or solvate thereof, wherein

-R?, together with the carbonyl group and nitrogen alpha to the carbon to which it is attached,
is Phe;

-R?, together with the carbonyl group and nitrogen alpha to the carbon to which it is attached,
is Leu;

-R3 together with the carbonyl group and nitrogen alpha to the carbon to which it is attached,
is Thr;

-R*, together with the carbonyl group and nitrogen alpha to the carbon to which it is attached,
is Dab or Dap;

-A- is a covalent bond;

-X-is -C(O)-;

-R5% is G-L2-L'-, wherein -G is optionally substituted phenyl, -L'- is a covalent bond or C1.12
alkylene, and -L2- is a covalent bond, and wherein G-L?-L'- contains one group -NH;

or -R® is C2.12 alkyl and contains one group -NH>; and

R® is methyl.

Other aspects of the invention are discussed in detail herein.
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Description of the Figures

Figure 1 shows the concentration of NAG (ng/24 h) at days 0, 4 and 7 for compounds 1, 4
and 10 and Colistin. The left-hand graph shows from left to right Colistin (2 mg/kg BID),
Colistin (8 mg/kg BID), compound 1 (8 mg/kg BID) and 4 (8 mg/kg BID). The right-hand
graph shows Colistin (2 mg/kg BID), Colistin (8 mg/kg BID) and compound 10 (8 mg/kg BID).

Figure 2 shows the concentration of albumin (ng/24 h) at days 0, 4 and 7 for compounds 1, 4
and 10 and Colistin. The left-hand graph shows from left to right Colistin (2 mg/kg BID),
Colistin (8 mg/kg BID), compound 1 (8 mg/kg BID) and 4 (8 mg/kg BID). The right-hand
graph shows Colistin (2 mg/kg BID), Colistin (8 mg/kg BID) and compound 10 (8 mg/kg BID).

Figure 3 shows the concentration of cystatin C (ng/24 h) at days 0, 4 and 7 for compounds 1,
4 and 10 and Colistin. The left-hand graph shows from left to right Colistin (2 mg/kg BID),
Colistin (8 mg/kg BID), compound 1 (8 mg/kg BID) and 4 (8 mg/kg BID). The right-hand
graph shows Colistin (2 mg/kg BID), Colistin (8 mg/kg BID) and compound 10 (8 mg/kg BID).

Detailed Description of the Invention

The present invention provides compounds of formula (1) and (l1) for use in medical
treatment, particularly in combination with a second agent. The present invention provides
compounds of formula (II) and such compounds are a subset of the compounds of formula

).

Broadly, the compounds of formula (1) and (ll) are polymyxin compounds having an N
terminal group that contains one, two or three hydroxyl groups and/or one, two or three
amino groups. In addition, or as an alternative, the N terminal group has a
nitrogen-containing heterocyclyl (or heterocyclylene) group and/or a nitrogen-containing
heteroalkylene group. The N terminal group may be an alkyl group or may be or include an
aryl, cycloalkyl or heterocyclyl group. The presence of a hydroxyl group or a basic amino
group within the terminal group is associated with particular advantages, as discussed below.
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The compounds of formula (1) and (11} have suitable antibacterial activity whilst also apparently
exhibiting less toxicity, especiatly nephrotoxicity. The compounds may have comparabie or
improved biological activity compared to Polymyxin B or Colistin against one or more of
E. coli, P. aeruginosa, K. pneumonia, or A. baumannii bacterial strains. Such compounds are
useful alternatives to the polymyxin type compounds previously described in the art,

Some of the polymyxin compounds or polymyxin derivatives in the art are known or suspected
to have a poor toxicity profile. For example, the use of compounds having a fatty acyl chain at
the N terminal, such as Polymyxin B and Colistin, is associated with nephrotoxicity.

Vaara et al. (Antimicrob. Agents Chemother. 2008, 52, 3229) have suggested that the
pharmacological and toxicity properties of a polymyxin compound may be altered with
changes to the polymyxin polypeptide sequence. In particular, Vaara ef af. have prepared g
polymyxin compound having only three positive charges, whereas the polymyxin B
nonapeptide carries five positive charges.

in contrast the present inventors have shown that adaptations to the N terminal of a polymyxin
compound may reduce nephrotoxicity. As described herein, the N terminal has a substituent
containing a hydroxy! group or an amino group (which may be in the form of a nitrogen-
containing heterocycie).

Furthermore, the compounds of formula (1) and (I are capable of increasing the antimicrobial
activity of a second antimicrobial agent, such as rifampicin.  Such combinations have
comparable or improved biological activity compared to the combination of the second agent
with Polymyxin B or Colistin, for example against one or more of E. coli, P. aeruginosa, K.
pneumonia, or A, baumannij strains. Indeed, the inventors have found that the combination of
a compound of formula {1} or (I} with a second aclive agent, such as an antimicrobial agent,
provides an unexpected increase in biological activity. For example, compounds of formula (i)
or (1) may have comparable biological activity compared to Polymyxin B or Colistin against
one or more of £, coli, P. aeruginosa, K. pneumonia, or A. baumarnii strains. However, when
such compounds are used in combination with a second active agent, the combination has
unexpectedly superior activity compared to the combination of Polymyxin 8 or Colistin with the
same active agent. As noted above, the compounds of formula (1) and (1)) may also posess
an inherent antimicrobial activly.

Furthermore, the present inventors have found that each compound of formula () and {iI) is
active against a broad range of bacteria and each compound is capable of potentiating the
aciivity of a second active agent, for example against £, coli, P. aeruginosa, K. pneumonia, or
A. baumannii strains. 1n contrast the compounds and combinations previously described in
the art have a varied profile of biclogical activity, and it is difficult to predict the extent to which
a particular polymyxin compound will potentiaie the activily of a second ageni. In particuiar
many known polymyxin derivatives, when used in combination with a second agent, have
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biological activities that are inferior to the combination of Polymyxin B or Colistin with the
same active agent.

For example, WO 2008/017734 describes combinations of polymyxin derivatives with
rifampicin, clarithromycin and other antibiotics. Combinations of NAB7061 and NAB739 with
rifampicin are seen to have poor activity against P. asruginosa compared with a combination
of the Polymyxin B nonapeptide with rifampicin. Against A. baumanii, the combination of
NAB739 with rifarmpicin has greater activity than combination of the Polymyxin B nonapeptide
with rifampicin. However, the combination of NAB7061 with rifampicin has inferior activily.
The combinations of NAB7081 and NAB739 with rifampicin are also seen to have superior
activity against £, coli compared with the Polymyxin B nonapeptide combination. However,
this improved activity is not predictable and improved activity is generally not consistent
amongst the derivatives tested and the various microorganisms screened.

The combinations of the invention also apparently exhibit less toxicity compared to the
combination of the second agent with Polymyxin B or Colistin, for example as measured
against HK-2 ceils. In particular the compounds have low nephrotoxicity.

Active Agent

The compounds of formula (1) and (II) may each be used together with a second agent. The
inventors have found that such combinations have greater biological activity than would be
expected from the individual activity of both compounds. The compounds of formula (1) and
() can be used to potentiate the activity of the second agent. [n particular, the compounds of
formula (1) and (11} may be used together with a second agent to enhance the antimicrobial
activity of that agent, for exampie against Gram-negative bacteria.

Without wishing 1o be bound by theory it is believed that the compounds of formula (1) and (1)
act on the outer membrane of a cell e.g. a Gram-negative bacterial cell, to facilitate the uptake
of the second agent into that cell. Thus, agents that are otherwise incapable or poor at
crossing the outer membrane may be taken up info & target cell by the action of the
compounds of formula (1) and (i),

In one embodiment, the combination of a compound of formula (1) or (i) with the second agent
is active against Gram-negative bacteria, Here, it is not essential that individually either of the
compound of formula (I or (1) or the second agent have activity against Gram-negative
bacteria.

in one embodiment, the second agent is an agent having a measured MIC value against 2
particular microorganism, such as a baclerium, that is less than 10, less than 5, or less than 1
micrograms/mL. The microorganism may be a Gram-negative bacteria, such as a Gram-
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negative bacteria selected from the group consisting of £. coli, S. enterica, K. pneumoniae, K.
oxytoca, E. cloacae, E. aerogenes, E. agglomerans, A. calcoaceticus, A. baurmannii,
Pseudomonas aeruginosa, Stenoltrophomonas malfophila, Providencia stuartii, P. mirabilis,
and P. vulgaris.

Examples of second agents that have activity against Gram-negative bacteria include
beta-lactams, tetracyclines, aminoglycosides and quinolones.

in one embodiment, the second agent is an agent having a measured MIC value against a
particular microorganism, such as a Gram-negative bacterium, that is more than 4, more than
8, more than 16 or more than 32 micrograms/mL. In this embodiment, the second agent may
be active against Gram-positive bacteria. For example, the second agent is an agent having a
measured MIC value against a particular Gram-positive bacterium that is less than 10, less
than 5, or less than 1 micrograms/mk. Here, the compound of formula (1) or (Il) acts to
facilitate the uptake of the second agent into the Gram-negative bacterial cell. The second
agent is therefore able to act on a target within the Gram-negative bacterial cell, which target
may be the same as the second agent’s farget in a Gram-positive bacterial cell.

The Gram-positive bacteria may be selected from the group consisting of Staphylococcus and
Streploccccus bacteria, such as S. aureus (including MRSA), S. epidernis, E. faecalis, and E.
faecium.

Examples of second agents that have activity against Gram-positive bacteria (at the MIC
values given above, for exampie), and moderate activity against Gram-negative bacteria,
include rifampicin, novobiocin, macrolides, pleuromutiling.  In one embodiment, a compound
having moderate activity against Gram-negative bacteria may have a measured MIC value
against a Gram-negative bacterium that is less than 32, less than 64, or less than 128
micrograms/mL.

Also suitable for use are agents having activity against Gram-positive bacteria and which are
essentially inactive against Gram-negative bacteria. Examples include fusidic acid,
oxazolidinines (¢.9. linezolid), giycopeptides (e.g. vancomycin), daptomycin and lantibiotics.

In one embodiment, a compound having essentially no activity against Gram-negative bacteria
may have a measured MIC value against a Gram-negative bacterium that is more than 32,
more then 64, more than 128, more than 256 micrograms/ml...

MIC values for @ particular agent may be determined using the technigues exempilified in the
present appiication.

Under normal circumstances such agents are not necessarily suitable for use against Gram-
negative bacleria owing to their relatively poor ability o cross the outer membrane of a Gram-
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negative bacterial cell. As explained above, when used together with a compound of formula
(1) or (11}, such agents are suitable for use,

in one embodimeant, the active agent may be selected from the group consisting of rifampicin
{rifampin), rifabutin, rifalazil, rifapentine, rifaximin, aztreonam, oxacillin, novobiocin, fusidic
acid, azithromycin, ciprofioxacin, meraopenem, tigecycline, erythromycin, clarithromycin and
mupirocin, and pharmaceutically acceptable salls, solvates and prodrug forms thereof.

in one embodiment, the active agent may be selected from the group consisting of rifampicin,
fusidic acid, novobiocin, oxacillin, azithromycin, aztrecnam, meropenem, tigecycline,
ciprofloxacin, and vancomycin.

in one embodiment, the active agent may be selected from the group consisting of rifampicin,
fusidic acid, novobiocin, oxacilin, azithromycin, aztreonam, meropenem, tigecycling, and
ciprofloxacin,

n one embodiment, the second agent is selected from the following classes of agent:
Rifampicin family, including rifampicin, rifabutin, rifalazil, rifapentine, and rifaximin;
Oxacllin family, including oxaciilin, methicitlin, ampicillin, cloxacillin, carbenicillin,
piperacillin, tricarcillin, fiucioxaciiin, and nafcillin;

Azithromycin family, including azithromycin, clarithromycin, erythromycin, telithromyein,
cethromycin, and solithromycin;

Azireonam family, including aztreonam and BAL30072

Meropenem family, including meropensm, doripenem, imipenem, ertapenem,
biapener, tomopenem, and panipenem,

Tigecycline family, including tigecycline, omadacycline, eravacycline, doxycycline, and
minocycling;

Ciprofloxacin family, including ciprofioxacin, levofloxacin, moxifioxacin, and
delafioxacin;

Fusidic acid;

Novobiocin;

Vancomycin family, including vancomycin, tgichoplanin, telavancin, dalbavancin,
critavancin, for example including teichopianin, telavancin, dalbavancin, and
oritavancin,

and pharmaceutically acceptable salts and solvates thereof.

in addition or as an alternative to the second agents above, the second agent may be selected
from the foliowing classes of agent.

Chloramphenicol;

Clindamycin;

Oxazdiidinone family including linezolid, torezolid, and radezolid;
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Arminoglycoside family including amikacin, arbekacin, gentamicin, kanamycin,
neomycin, netiimycin, paromomycin, streptomycin, tobramycin, apramycin, etimycin,
and plazomycin;
Daptomycin;
Synercid;
Pleuromutilin family, including relapamulin, and BC-3781;
Lantibiotic family, including nisin, mersacidin, actagardine, deoxyactagarding B3,
NVB302, NVB333, Mu1140, and microbisporicin,;
Cephalosporin family, including ceftarcline, ceftobiprole, cefiriaxone, ceftolozone,
cefepime, cefuroxime, cefpodoxime, cefdinir, cefiame, cefolaxdme, and ceflazidime,
Sulbactam; and
Sulopenam,
and pharmaceutically acceptabile salls and solvates thereof

The present inventors have found that the polymyxin compounds of formula (1) and (I} may be
used together with certain compounds in the rifamycin family to treat microbial infections. The
rifamycin family includes isolates rifamycin A, B, C, D, E, S and SV, and synthetically
derivatised versions of these compounds, such as rifampicin (rifampin), rifabutin, rifalazil,
rifapenting, and rifaximin, and pharmaceutically acceptable salls and solvates thereof.

in one embodiment, the active agent is rifampicin (rifampin) and pharmacseutically acceptable
salts, solvates and prodrug forms thereof,

The present inventors have found that the polymyxin compounds of formula (1) and (1) may be
used together with certain compounds in the meropenem family (o treat microbial infections.

in one embodiment, the meropenem family includes meropenem, doripenem, imipenern,
ertapenem, biapenem, fomopenem, and panipenem, and pharmaceutically acceptable salts
and solvates thereof.

The compounds of formula (1) may aiso be used together with the second agents above. The
compounds of formula (1) may additionally be used together with other second agents such as
vancomycin, fosfomycin, rifamycin, a beta-lactam (such as a cephalosporin or carbapenem),
an aminoglycoside, a macrolide, a tetracyline, a lipopeptide, and/or an oxazolidinone,

In one embodiment, the compounds of formula (I1) may additionally be used together with
vancomycin or fosformycin.

Alternatively, the second agent is not vancomycin, fosfomycin, rifamycin, a beta-lactam (such
as a cephalosporin or carbapenem), an aminoglycoside, a macrolide, a tetracyline, a
lipopeptide, an oxazolidinone and/or an anti-inflammatory such as a steroid.

The second agent may be used together with a further agent, for example an agent that limits
or prevents the degradation of the second agent in vivo. For example, where the second
agent has f-lactam functionality, an enzyme inhibitor may be used with the second agent {o
inhibit the action of g-lactamase. In another example a p-lactam antibiotic such as imipenem
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may be used together with a dehydropeptidase inhibitor, such as cilastatin, to prevent
degradation of the B-lactam antibiotic by the kidney.

The second agent may optionally be used fogether with an anti-inflammatory such as a
steroid.

Polymyxin Compounds of Formuia (1) and (1)

The compounds of the invention of formula () and () are N terminal derivatives of the
polymyxin series of compounds. The core of the compound of the invention is a deacylated
version of a polymyxin compound or a nonapeptide version of a polymyxin compound, such as
deacylated polymyxin B nonapeptide (PMBN) or deacylated Colistin.

The compound of formula (1) is represented thus:

wherein;

-X- represents -C(Q)-, -NHC(O)-, -OC(O)-, -CHz- or -80;-; and

-R? together with the carbonyl group and nitrogen alpha 1o the carbon towhich it is
attached, is a phenylalanine, feucine or valing residue;

-R2  together with the carbonyl group and nitrogen alpha to the carbon to which it is
attached, is a leucing, iso-leucine, phenvialanine, threonine, valine or nor-valine
residue;

-R¥  together with the carbonyl group and nitrogen alpha to the carbon to which it is
attached, is a threonine or leucine residue;

-R¢ is C1e alky! subshifuted with one hydroxyl group or one amine group;

-A- is & covalent bond or an aming acid, such as an a-amino acid;

-R%  is G-L21-,

-GG is selected from:
Ca.10 cycloalkyl,
Ca1z alkyl,
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Csaz aryl,
-L.'- is & covalent bond, Ci.1z alkylene or Cz.12 heteroalkylene,
-L2- is a covalent bond or Cs.40 heterocyclylene,
with the proviso that -L- is not Cq.42 alkylene when -G is Ca.2 alkyl,

and G-L3-L1- is substituted with:
(i) one, two or three hydroxyl groups, or
(i) one, two or three groups -NRE®R7?, or
(iii) one or two groups -NR®R”, and one, two or three hydroxyl groups,
with the proviso that (i), (i} and (i) are optional substituents when -L% is a
nitrogen-containing Cz.12 heteroalkylene and/or -L2- is a nitrogen-containing Ca-1o
heterocyclylene,

or -R% is D-L1-, where -D is Cs.10 heterocyclyl and -L*- is as defined above, and D-L'- s
substituted with;
(iy one, two or three hydroxyl groups, or
(i) one, two or three groups -NRR7, or
(i) one or two groups -NRER?, and one, two or three hydroxyl groups,
with the proviso that (i), (ii) and (i) are optional substituents when-L'-is a
nitrogen-containing Co.12 heterpaikylene and/or -0 is a nittogen-containing Ca.1o heterocyclyl,

gach -R8 is independently hydrogen or Ci.4 alkyl;

each -R7 is independently hydrogen or C1.4 alkyl;

or -NR°R7 is a guanidine group; or

when -G is Cs.1o cycloalkyl or Cs.iz aryl, -R® and -R7 together with the nitrogen atom form a
Cas1p heterocycle: and

and where an aryl group is present in -R? it is independently optionaily substituted one or more
substituents selected from -C1.10 alkyl, such as -C+.4 alkyi, halo, -CN, -NO,, -CF3, oplionally
-C(O)R0, -NR'CC{O)R", -OCF3, -CON(R'®),, -COOR?, -OQCOR?®®, -NRWCOOR'?, -OCON(R"%),,
-NR™CON(R);, -OR®, -SR?, -NR'SO,RC, -SO,N{R "), and -SO,R" where each -R° is
independently -C1.40 alkyl, such as -Cy.4 alkyl and each -R'¢ is independently -H or -C.40 alkyl,
such as -Ci.q alkyl;

and optionally where an alkyl, cycloalkyl, or heterocyclyl group is present in -R5 it is
independently optionally substifuted with one or more substituents selected from -Ca.10 alkyl,
such as -Ci4 alkyl, halo, -CN, -NQo», -CF;, -C(O)RC, -NRYWC(O)R, -OCF;, -CON{R9);,
-COCRS?, -OCOR™, -NROCOORY, -OCON(R),, -NRPCON(R),, -OR®, -SR?, -NR1S0O,R 1,
-SOzN(R9); and -SO,R"® where each -R® is independently -C1.10 alkyl, such as -Ci.4 alkyl and
each -R' is independently -H or -C1.40 alkyl, such as -Cq.4 alkyl, except that alkyl is not
substituted with alkyi;
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-R¥ is hydrogen or methyl.

As described herein, in one embodiment, the compounds of formula (I} do not encompass
deavylated polymyxin compounds, and do not encompass the polymyxin derivatives described
by Katsuma et al. (Chem. Pharm. Bull. 2009, 57, 332).

The compounds of formuda (1) are compounds including the compounds of formula (lia), (ilb),
(tic) and (lid), optionally fogether with the compound of formula (lle), (lIf) and (lig). In one
embodiment, the compounds of formula (1) are the compounds of formula (11a),

The compounds of formula (l1a) are compounds where -R5 is G-L2-L'-, and
-3 is Cs.12 aryl,

-L'- is a covalent bond, C1.z alkylene or Cz.4z heteroalkylene,
-L? is a covaient bond or Ca.10 heterocyclylene,

-R® is substituted with:

(i) one, two or three hydroxyl groups, or

(i) one, two or three groups -NR°R7, or

{iiiy one or two groups -NRERY, and one, two or three hydroxyl groups,

with the proviso that (1), (i) and (i) are optional substituents when -L'- is a
nitrogen-containing C..12 heteroalkylene and/or -L2- is a nitrogen-containing Cs.10
heterocyclyiene,

and the aryl group is independently optionally substituted with one or more substituenis
selected from -C.4 alkyl, halo, -CN, -NO;,, -CF3, -NRWC(O)R, -OCF;, -CON(R9),, -COOR®, -
OCORY, -NR*COOR, -OCON(R %), -NRICCON(R'Y);, -OR?, -SR?, -NR®SO,RY,
~-SON({R"9); and -80,R1? where each -R? is independently ~C1.10 alkyt, such as -Cq.4 alkyl and
each -R' is independently -H or -C1.10 alkyl, such as -Cy.4 alkyl;

and R', R2, R®, R, R®, R7, R® have the same meanings as the compounds of formula
{Iy above. Additionally -A- and -X- have the same meanings as the compounds of formula (1)
above. Optionally, -R®-X- together are not Phe, His, Trp or Tyr, such as L-Phe, L-His, L-Trp
and L-Tyr, for example when -A- is a covalent bond. Optionally, -R*X- together are not Phe,
and Trp, such as L-Phe and L-Trp, for example when -A- is a covalent bond.

The compounds of formula (1ib) are compounds where -R% is G-L2-1'- and -G is Csn0
cycloatkyl,

-L'- is a covalent bond, Cq.z slkylene or Cau.ae heteroalkylene,
-L2- is a covalent bond or C4.42 heterocyclylene,
with the proviso that -L2- is a covalent bond only when -L'- is C,.10 heteroalkylene,
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-R5 is substituted with:

{i) one, two or three hydroxy! groups, or

(i) one, two or three groups -NR®R?, or

(i) one or two groups -NR®R7, and one, two or three hydroxyl groups,

with the provisc that (1), {i) and (i) are oplional substituents when -L'-is a
nitrogen-containing Ca.12 heteroalkylene andfor -L2- is a nitrogen-containing Ca1o
heterocyclylene,

and optionally the cycloalkyl group is independently oplionally substituted with one or
more substituents selected from -Cq.40 alkyl, such as -Cq4 alkyl, halo, -CN, -NQ3, ~CF3,
-C{O)RM, -NRPC(O)R?, -OCF3, ~-CON(R');, -COQORS®, -OCORY, -NR1PCOOR"?, -OCON(R'%),,
-NRCCON(RM),, -OR®, -SR®, -NR"SO,R ¢, -SON(R™), and -S0O:R" where each -R® is
independently -C1.10 alkyl, such as -Ci.4 alkyl and each -R" is independently ~-H or -C1.4¢ alkyl,
such as -C1.4 alkyl, except that alkyl is not substituted with alkyl,

and RY, R?, R® R* R®, R7, R® have the same meanings as the compounds of formuia
{Iy above. Additionally -A- and -X~ have the same meanings as the compounds of formula (1)
above.

The compounds of formuia (lic) are compounds where -R5 is G-L2-L'-, where -G is
Ca.10 cycloalkyl or Cz.q2 alkyl,

-Li- is a covalent bond or C1.12 alkylense,
-L2- is a covalent bond,
with the proviso that -1.'- is not Ci.1; alkylene when -G is Ca.12 alkyl,

-R* is substituted with:
(i) two or three groups -NR®R?, or
{il) two groups -NR®R?, and one, two or three hydroxyl groups;

and optionally the alky! or cycloalkyl group is independently optionally substituted with
one or more substituents selected from -C+.10 alkyl, suich as -Cq.a alkyl, halo, -CN, -NOg, -CFa,
-C{OIR, -NRYC{O)R, -OCF3, -CON(R'%),, -COORS, -OCOR™, -NRCOOR™, -OCON(R ™)z,
-NR'CON(R'),, -OR®, -SR?, -NR"SO;R™, -SON(R )2 and -S0;R'™ where each -R¢ is
independently -C1.10 alkyl, such as -Cq.4 alkyl and each -R" is independently -H or -C1.10 alkyl,
such as -Cq.4 alkyl, except that alkyl is not substituted with alkyl,

and R', R? R%, R% RS R’, R® have the same meanings as the compounds of formula
{1} above. Additionally -A- and -X- have the same meanings as the compounds of formula (1)
above. Optionally, -R*-X- together are not Lys, Dap, Arg, Dab, and Drg, such as L-Lys, L-Dap,
L-Arg, L-Dab, and L-Drg, for example where -A- is a covalent bond.
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The compounds of formula (Ild) are compounds where -R® is D-L'- where D-L'- is substituted
with:

(i) one, two or three hydroxyl groups, or

(i) one, two or three groups -NRER?, or

{iiiy one or two groups -NRPR7, and one, fwo or three hydroxyl groups;

-L1- is & covalent bond, C1.42 alkylene or Ca.42 hetercalkylene,
with the proviso that (i), (ii) and (iii) are optional substituents when -L'- is a
nitrogen-containing Ca.12 heteroaikylene,

and optionally the heterocyclyl group is independently optionally substituted with one
or more substitusnts selected from -Cip alkyl, such as -Cy.4 alkyl, halo, ~-CN, -NO;, -CF3,
-C(O)R, -NRC(O)R, -OCF3, -CON(R'%),, ~-COORS?, -OCOR®, -NR'"COOR", -OCON(R0),,
-NRCON(R),, -OR®, -8R®, -NR1°SO,:R ", -SO,;N(R"), and -8O:R" where each -R® is
independently -C4.40 alkyl, such as -Ci.a alkyl and each -R" js independently -H or -Cq.40 alkyl,
such as -Ci.4 alikyl, except that alkyi is not substituted with alkyl,

and R, R2 R?, R4 R® R7, R® have the same meanings as the compounds of formula (1)
above. Addiionally -A-, -D, and -X- have the same meanings as the compounds of formuia ()
above.

The compounds of formula (lle} are compounds where -A- 18 an amino acid, such as an
o-amino acid, and R, K%, R®, R, K5, R®, 7, R, and -X- have the same meanings as the
compounds of formula (1) above. It is noted that the compounds described by Katsuma et &/,
(Chem. Pharm. Budl, 2009, 57, 332) are Polymyxin B decapeptides. However, these
compounds do not have the N terminal modifications that are present in the compounds of
formula (lie).

The compounds of formula (Ilf) are compounds where -A- is a covalent bond, and R', R?, R?,
R4, R5 RS, RT RE and -X- have the same meanings as the compounds of formula {I) above,
with the proviso that -X- and -R5 together are not an L-a-amino acid residue. In one
embodiment, -X- and -R% together are not L-Lys, L-Arg, L-Dap (L-q,B-diaminopropionic acid),
L-Ser, L-Dab (L-a,y-diamincbutyric acid), L-Dgp (L-a,p-diguanidinopropanoyl) or L-Abu.

in one embodiment, where -X- and -R% together are an g-amino acid, that a-amino acid is a
D-o-aming acid residue,

it is noted that the compounds described by Katsuma ef al. (Chem. Pharm. Bull. 2008, 57,
332) are des-fatty Polymyxin B decapeptides. The amino acid at the 1-position in the
decapeptide is a L-a~-amino acid, for example L-Lys, L-Arg, L-Dap {L-q,p-diaminopropionic
acid), or L-Ser. The compounds of formula (lif) do not encompass the compounds of Katsuma
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et al., as such amino acids are excluded from the definition of X- and -R5 (when -A- is a
covalent bond).

The compounds described by Sato ef al. (Peplide Science 2007, 307) are des-fatty Polymyxin
B decapeptides. The amino acid at the 1-position in the decapeptide is a L-o-amino acid, for
example L-Dab, L-Dap, L-Dgp and L-Ser. The compounds of formula (iif) de not encompass
the compounds of Sato ef al., as such amino acids are excluded from the definition of X- and
~-R% (when -A- is a covalent bond).

WO 2009/098357 describes a control compound NAB 705, which is a decapeptide comprising
a Polymyxin B nonapeptide having an L-Abu residue at the N terminal. The compounds of
formula (lIf) do not encompass the compound of WO 2000/098357, as the aminoc acid is
excluded from the definition of -X- and -R® fwhen A- is a covalent bond). NAB 705 is also
described in WO 2008/017734.

The compounds of Katsuma ef al. and Sato et a/. are not described for use in combination
with an active agent.

The compounds of formula (119} are compounds where -R4, fogether with the carbony! group
and nifrogen alpha to the carbon to which it is attached, is not Dab, for example is not
(S)-Dab. Thus, -R* is not -CH2CHzNH2 in an (8)-configuration about the carbon to which is
attached. In this embodiment, -A-, R?, R?, R3, R, R®, R7, R®, and -X- have the same meanings
as the compounds of formula (1) ahove.

in one embodiment, -R* is G4 atkyl or Cas alkyl substituted with one hydroxyl group or one
amino group.

in one embodiment, -R* is €4 alkyl substituted with one hydroxyl group or one amino group.

In one embodiment, -R* |, together with the carbonyl group and nitrogen alpha to the carbon to
which it is attached, is Dap (u,-diaminopropionic acid), such as (8)-Dap.

The compounds of formula (lig) are compounds that do not share with Polymyxin B the amino
acid residue at position 3. The work by Sato et al. and Katsuma et al.,, for example, is limited
to the description of Polymyxin B and Colistin compounds, which possess a (8)-Dab residue
at position 3.

WO 2012/168820 describes polymyxin compounds where the amino acid at position 3 has an
altered side chain in comparison to Polymyxin B. WO 2012/168820 does not describe
compounds having the N terminal groups (i.e. the group -X-R5) that are described in the
present case.

Where A is a covalent bend, R (fogether with associated groups) is D-phenylalanine, R?
(together with associated groups) is L-leucine, R? (together with associated groups) is
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L-threonine, R* (together with associated groups) is L-a,y-diaminobutyric acid; and R® is
methyl (and together with the associated groups is L-threonine), the compound is a polymyxin
nonapeptide derivative having amino acids 2-10 of polymyxin B (polymyxin B nonapepiide).
Further, where A is L-a,y-diamincbutyric acid, the compound is a polymyxin derivative having
amino acids 1-10 of polymyxin B.

Similarly, where A is a covalent bond, R' (fogether with associated groups) is D-leucine, R?
(together with associated groups) is L-leucine, R? (together with associated groups) is
L-threonine, R* (together with associated groups) is L-a,y-diaminobutyric acid; and R%is
methyi {(and together with the associated groups is L-threonine), the compound is a polymyxin
nonapeptide having amino acids 2-10 of polymyxin E (colistin nonapetide). Further, where A
is L-o,y-diaminobutyric acid, the compound is a polymyxin derivative having amino acids 1-10
of polymyxin E (colistin.

Polymyxin B
Polymyxin B nonapeptide has the structure shown below:

HaN-Thr2-Dab- Dib’f» Dab-D-Phe-Leu-Dab-Dab-Thrt? -{

where positions 2, 4 and 10 are indicated (with reference to the numbering system
used for the Polymyxin B decapeptide), and the amino acid residues are in the
L-configuration, unless indicated.

The compounds of the invention are derivatives of polymyxin B nonapeptide , where (i) the N
terminal amino group, -NH,, is replaced with the group -NH-A-X-R® or -NH-X-R'® as described
herein and optionally (i) the amino acid residues at 2, 3, 6, 7 and 10 positions are substituted
with another amino acid residue.

For convenience, the compounds of the invention are represented by the formula (1) or (1)
where the aming acids at posiiions 2, 3, 8, 7 or 10 are determined by the nature of the groups
R?, R, R, R? and R® regpectively. Compounds of the invention, which include the variants
described above, are biologically aclive,

A variant of the compound is a compound in which one or more, for example, from 1 to 5,
such as 1, 2, 3 or 4 amino acids are substituted by another amino acid. The amino acid may
be at a position selected from positions 2, 3, 6, 7 or 10 {referring to the numbering of residues
used in polymyxin B).  The substitution may be for ancther amino acid or for a stereoisomer.
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The -R! position corresponds to amino acid position 6 in the polymyxin compounds.

in one embodiment -R’ together with the carbonyl group and nitrogen alpha to the carbon to
which it is attached is a phenylalanine residue, for exampie a D-phenylalanine, or a leucine
resiclue, such as a D-leucine residue.

e

The -R? position corresponds to amino acid position 7 in the polymyxin compounds.
in one embodiment -R? together with the carbonyl group and nitrogen alpha to the carbon to
which it is altached is a leucine or threoning residue, such as L-eucine or L-threonine.

-R°

The -R3 position corresponds to amino acid position 10 in the polymyxin compounds.
in one embodiment -R® together with the carbonyl group and nitrogen alpha to the carbon to
which it is attached is a threonine residue, such as L-threonine.

-4

The -R* position corresponds {o the side chain of the amino acid position 3 in the polymyxin
compounds.

The group -R? together the carbonyl group and nitrogen alpha to the carbon to which itis
attached, is an amino acid residue having an amino- or hydroxyl-containing side chain.

In one embodiment, -R* is C1.4 alkyl, having one amino or one hydroxyl substituent.

in one embodiment, -R* has one aminc substituent.

In one embodiment, -R* has one hydroxy! substituent,

The amino group may be -NH,, -NHMe or -NHEL In one embodiment, the amino group is
~-NH..

in one embodiment, -R* together with the carbonyl group and nitrogen alpha to the carbon to
which it is attached, is o, y-diaminobutyric acid (Dab), a serine residue, a threonine residue, a
lysine residue, an ornithine residue, or o,B-diaminopropionic acid (Dap).

in one embodiment, -R* together with the carbonyl group and nitrogen alpha to the carbon to
which it is attached, is o y-diaminobutyric acid (Dab), a serine residue, a lysine residue, or
a,pB-diaminopropionic acid (Dap).

in one embodiment, -R* together with the carbonyl group and nitrogen alpha to the carbon to
which it is attached, is a,y-diaminobutyric acid (Dab} or a,p-diaminopropionic acid (Dap), such
as L.-Dab or L-Dap.
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in one embodiment, -R* together with the carbonyl group and nitrogen alpha to the carbon to
which it is attached, is a,y-diaminobutyric acid (Dab) or a.B-diaminopropionic acid (Dap), such
as L.-Dab or L-Dap.
in one embodiment, -R* together with the carbonyi group and nitrogen alpha to the carbon to
which it is attached, is a lysine residue, such as L-Lys.
in one embodiment, -R* together with the carbonyl group and nitrogen alpha to the carbon to
which it is attached, is Dab, such as L-Dab.

Compounds of the invention where -R* is @ Dab side chain are obtainable from compounds
such as Polymyxin B. Compounds where -R* is a Dap side chain may be prepared using the
methods described in WO 2012/168820. Compounds where -R* is a serine side chain may be
prepared using the methods described by Vaara ef a/. (see, for example, Antimicrob. Agents
Chemother. 2008, 52, 3229).

=T

The amino acid residue inciuding the group -R® corresponds to position 2 in the polymyxins,
In one embodiment, -R® is methyl. The resulting amino acid is therefore Thr.
in one embodiment, -R% is H. The resulting amino acid is therefore Ser.

-X-

The group -X- may be selected from -C{0)-, -NHC(O)-, -OC(O}-, -CHz- and -80-.
in one embodiment -X- is selected from -C{0O)-, -850z~ and -CHz-.

In one embodiment -X- is -C(0O)-.

in one embodiment -X- is -80;-.

in one embodiment -X- is -CHx.

The right-hand side of the group -X- is the point of attachment to NH, the amino terminal of the
amino acid at position 2 or -A-, where present. The lefi-hand side of the group -X- is the point
of attachrment to -R5.

A-

In one embodiment, -A- is a covalent bond. Such cormpounds are referred to as
nonapeptides, and are based on, for example, the nonapeptide forms of Polymyxin B, E
and M {for example as having the structure shown above in relation to Polymyxin B).
honapeptide forms of Polymyxin B and E are well known in the arl. The compounds of the
invention where -A- is a covalent bond may be prepared from nonapeptide forms by
appropriate derivatisation of the N terminal,
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in one embodiment, -A- is an amino acid. The amino acid may be an a-amino acid. Such
compounds are referred to as decapeptides, and are based on, for example, deacylated
decapeptide forms of Polymyxin B, E and M. Deacylated forms of Polymyxin B, E and M are
well known in the art. Alternative decapaptides may be prepared from a nonapeptide or
heptapeptide by appropriate coupling of an amino acid/s to the N terminal of the nonapeptide
or heptapeptide. it is noted that the deacylated form Polymyxin M would appear to be
identical to that reported for Polymyxin A by Cubist (see WO 2010/075416 and US 8,415,307).

in one embodimant, -A- is an g-amino acid,

The g-amino acid includes proteinogenic ("natural™) g-amino acids, optionally together with
other a-amino acids.

in one embodiment, -A- is an amino acid setected from the group consisting of Lys, Arg, Dap,
Ser, Thr, lle, Tyr, His, Phe, Pro, Trp, Leu, Ala, Dab (o y-diaminobutyric acid), Dap
{a,B-diaminopropionic acid), Dgp (a,B-diguanidinopropancyl), ornithine and nor-valing,
including .- and D-forms thereof,

in one embodiment, -A- is an amino acid selected from the group consisting of Dab, Pro, Dap,
Gly, Ser, His, Phe, Arg, Tyr, and Leu, including L~ and D-forms thereof.

in one embodiment, -A- is a D ga-amino acid.

In one embodiment, -A- is a L. a-amino acid.

Examples of a-amino acids that are not proteinogenic are those amino acids generated by
post-translational modification, or by other means. Examples include Dab, Dap, Dgp

{0, B-diguanidinopropanocyl), ornithine and nor-valine. Also included are amino acids such as
the amino acid present in exampie compound A28, The amino acid has a piperidine side
chain that is a gem di-substituent to the a-carbon. Thus the a-carbon is a ring atom in the
piperidine ring. This is a cyclic analogue of Dab.

In one embodiment, -A- is a B-aminc acid,

The compounds of the invention where -A- is an amino acid may be prepared from a
deacylated nonapeptide, such as PMBN. The amino acid group may be added by simple
amino acid coupling techniques. The N terminal of the resultant compound may be
derivatised (after removalt of any N terminal protecting groups, where appropriate) to provide
the required R3-X- terminal. Alternatively the N terminal of the amino acid group may be pre-
derivatised prior 1o the amino acid coupling step. Thus the addition of the derivatised amino
acid to the deacylated nonapeptide vields the required N terminal group directly.

in one embodiment, -A- is selected from Lys, Arg, Dap, Ser, Phe, Trp, Leu, Ala, Dab, Dap,
omithine or nor-valine, including L- and D-forms thersof.

in one embodiment, -A- is selected from Thr, Ser, Lys, Dab or Dap, for example L-Thr, L-Ser,
L-Lys, L-Dab or L-Dap.

in one embodimeant, -A- is Dab, such as L-Dab.
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in an alternafive embodiment, where -A- is an amino acid it is not Dab, for example it is not
i-Dab.

-X- and -R5

The compounds of formula (1) do not encompass the deacylated versions of Polymyxin B
(Deacylpolymyxin B - DAPB), D, E (Deacylcolistin - DAC) or M, or Cireulin A. The compounds
of formula (1) do not encompass the nonapeptide versions of Polymyxin B (PMBN), D, E or M,
or Circulin A.

in one embodiment, -X- and -R5 together are not an w-amino acid residue, for example when
-A- is a covalent bond, An o-amino acid residue is a group where -X%- is ~-C(O)- and -R® has a
group -NRSR7 {such as -NH:) as a substituent to the carbon atom that is o to the group -X-.
in one embodiment, -X- and -R® together are not Thr, Ser, a,y-diaminobutyric acid (Dab) or
o, B-diaminopropionic acid (Dap) residues.

in one embodiment, for example where the core of the compound of formula (1) is Polymyxin
B, X and R® together are not Lys, Arg, Dap, Ser, Phe, Trp, Leu or Ala residues.

in one embodiment, -X- and -R® together are not Lys, Arg, Dap, Ser, Phe, Trp, Leu, Ala
a,y-diaminobutyric acid (Dab) or a,-diaminopropionic acid (Dap) residues.

in one embodiment, -X- and -R°® togather are not Ala, Ser, Thr, Val, Leu, lle, Pro, Phe, Tyr,
Trp, His, Lys or Arg residues.

in one embodiment, -X- and -R® together are not Ala, Ser, Thr, Val, Leu, lle, Pro, Phe, Tyr,
Trp, His, Lys, Arg,o,y-diaminobutyric acid {Dab) or o B-diaminopropionic acid (Dap) residues.

in one embodiment, -X- and -R5 together are not an a-amino acid, for example aD or L
a-amino acid, for example a L a-amino acid.

in one embodiment, -R® is not diaminophenyl, such as 3,5-diaminophenyl, for example when
-X- 18 -C(O)-.

RS

in one embodiment, -R¥ is G-L&-L1-

-R% may be G-L1-, for example where -L2- is a covalent bond.

-R5 may be G-L2-, for example where -L'- is a covalent bond.

-R¥ may be -G, for example where -L1- and -L.2- are covalent bonds.

in one embodiment, -R5 is D-L.1-,
-R® may be -D, for example where -L'- is a covalent bond.
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in one embodiment, -R5has one, two or three hydroxyl and/or -NR®R7? groups. These groups
may be provided on any group within -R®, including -G, -D, -L'- and -L?. In one embodiment,
these groups are provided as substifuents to -G, -D, and -L'-.

it is noted that the hydroxyl and -NR8R7 groups are optionally substituents to the group D-L.'.
Where the hydroxyl and -NR®R7 substituents are discussed below, they may be referred to as
substituents io -R*.

in one embodiment, the one, two or three hydroxyl and/or -NR®*R” groups are optional
substituents to -R® This may be the case where -L'- is a nitrogen-containing

Ca.12 heteroalkylene, and/or -L2- is a nitrogen-containing Ca.1 heterocyclylene, andfor -D is a
nitrogen-containing Ca.10 heterocyclyl.

in one embodiment, -R*has atleast 5, at least 8, at least 7 or at least 8 carbon atoms present
in one embodiment, -R8has 1, 2, or 3 nitrogen atoms present. in one embodiment, the
ritrogen atom is a basic nitrogen atom. The nitrogen atom may be present as NH.

in one embodiment, -Rehas 1, 2, or 3 oxygen aloms present.

In one embodimeant, -R3 is not aminocyclohexyl, for example when -A- is a covalent bond, -X-
is -C(O)- and -R", -R? and -R* are amino acid residues of polymyxin B.

Okimura et al. describe Polymyxin B nonapeptide compounds having aminocyciohexyl groups
at the N terminal. These compounds are not described for use in combination with an active
agent,

in one embodiment, -R% is not an aminocyciohexyl group selected from the groups consisting
of cig-2-aminocyicohexyl, frans-2-arninocylicohexyl, cis-3-aminocyciphexyl,
cis-4-aminocylcohexyl, and trans-4-aminocyicohexyl. Additionally or alternatively, -R® is not
trans-3-aminocyclohexyl,

Linker: -L*-L- and -L7-
Within the groups G-L#-L'- and D-L'-, -L2-L* and -L'- may be regarded as linkers connecting

the group -X-to -G or -D. The linker may be absent, for example where -L.'- and -L.2- are
covalent bonds.
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L2 i GHL2-LT-

in one embodiment, -L'- and -L% are both covalent bonds. Thus, the group -G is connected
directly to -X-. Here, the hydroxyl or amino groups (such as one, two or three hydroxyl and/or
-NRER? groups) must be present on -G.

Where -L'- is a nitrogen-containing Ca.1z hetercalkylene and/or -L2- is a nitrogen-containing
Ca.10 heterocyclylene, it is optional for G-L-L'- to be substituted with one, two or three
hydroxyl andfor -NRER7 groups.

L in D-L1-

in one embodiment, -L'- is a covalent bond. Thus, the group -D is connected directly to -X-.
Where the group D-L'- is substituted with a hydroxyl group or an amino group (such as one,
fwo or three hydroxyl and/or -NRBR” groups), the groups must be present on -D.

Where -L.'- is a nitrogen-containing Cz.1z heteroalkylene and/or -D is a nitrogen-containing Cs
10 heterocyciyl it is optional for D-L.1- to be substituted with one, two or three hydroxyl and/or
-NRER7 groups.

LT

in one embodiment, -L.'- is a covalent bond or a C1.42 alkylene group.

in one embodiment, -L.'- is a covalent bond.

in one embodiment, -L.'- is a Ci.1z alkylene group or a Ca.42 heteroalkyiene group.
In one embodiment, -L.'- is a Cy.4z alkylene group.

In one embodiment, -L.'- is G142 alkylene, for example Ci.g, T4 O Ci2 alkylene,

in one embodiment, -L.'- is -CHz- or -CHCHaz-.

in one embodiment, -L.'- is C,.12 alkylene, for example Cae Or Co.y alkylene.

in one embodiment, -L.'- is Ca.z alkylene, for exampie Cas, Caaz, Csaz of Ce1z alkylene.
The alkylene group is & saturated, aliphatic alkylene group.

The alkylene group may be & linear or a branched alkylene group. In one embodiment, the
alkyiene group is inear.

Where -L'- is an alkylene group and R® is substituted with one, two or three hydroxyl and/or
-NRER7? groups, one or more of the substituents may be substituents to the alkylene group.

in one embodiment, the alkylene group has oneg, iwo or three substifuents.

In one embodiment, the alkylene group has one or two substituents, such as one substituent.
in one embodiment, the number of substituents on the alkylene group is no greater than the
number of carbon atoms in the alkylene group. Thus, where -L*- is a C; atkylene group it may
be substituted with no more than two substituents.
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Additional substituents, where present, may be located on -G or -D, where appropriate.
in one embodiment, the alkylene group is unsubstituted.

Where -L'- is an alkylene group it may be substituted with a cycloalkyl group. A carbon atom
in the alkylene group may form a covalent bond to a carbon ring atom of the group -G
cycloalkyl. This arrangement is shown in example compounds 10 and A28. Alternatively, the
cycloalkyl group may be a gem di-substituent to the alkylene group. Thus, a carbon atom in
the alkylene group is also a carbon ring atom of the cycloalkyl group. This arrangement is
shown in example compounds A30 and A34.

Alternatively, this latter arrangement in compounds such as A30 and A34 may be viewed as a
cycloalkyl group having an optional alky! substituent, where the one, two or three hydroxyl
and/or -NRPR7 groups are located on the optional atkyl substifuent.

in one embodiment, -L'- is C».12 heteroalkylene. A heteroalkylene group is an alkylene group
where one or more, such as two or three, or more, of the carbon atoms is replaced with a
heteroatom selected from N, Cand 8. The superscript €.9. 4 in Ca refers {o the tofal number
of carbon atoms and heteroatoms. The heteroatom of the heteroalkylene group is understood
not to be a pendant amino, hydroxyl or thiol group.

in oné embodiment, the heteroalkylene group containg one or two heteroatoms, for example
one or fwo nitrogen atoms, such as one or two -NH-.

in one embodiment, heteroalkylens group is a nitrogen-containing heteroaikylene group.
The hetercatom may be provided as an interruption of the alkylene chain e.g. -CHz-NH-CHy-.
The heteroatom may be provided as a terminal group for connection to -X-, -L2-, -G or -D, for
example -CHz-CHa-NH- or -NH-CH:-CH,-. In these embodiments, the heteroatom is honded
to a carbon atom in -X-, -L.%, -G or -D.

In one embodiment, the heteroatom of the heteroalkylene group is not covalently bonded to
the group -X-.

in one embodiment, the heteroatom of the heteroalkylene group is not covalently bonded to
the group -L%, -G or -0, where present. In an alternative embodiment, & heteroatom of the
heteroalkylene group, such as -NH-, is covalently bonded to the group -L.%, -(5 or -D, where
present.

In one embodiment, -L.'- is Ca.42 heteroalkylene, for example Czs, Cos, Cas, Ca.1z, Cos OF Catz
heteroalkylene.

The heteroalkylene group is a saturated, aliphatic heteroalkylene group.

The heteroalkylene group may be & linear or a branched heteroalkylene group. In one
embodiment, the heteroalkylene group is linear.

in one embodiment, -1~ is -NH-CHaCHz-NH-CHa-.
In one embodiment, -L.'- is -CHa-NH-CHCHz-.
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in one embodiment, the heteroalkylene group is unsubstituted.

in one embodiment, the heteroalkylene group is substituted, for example with one or two
hydroxyl and/or -NR8R7 groups, such as one hydroxyl or -NRER7 group. The substituents are
provided on the carbon atoms within the heteroalkylene group

in one embodiment, the number of substituents on the heteroalkylene group is no greater than
the number of carbon atoms in the hefercalkylene group.

Where the heteroalkylene group is substituted, the substituents are preferably not provided on
a carbon atom that is covalently bonded to a heteroatom of the heteroalkylene group. Where
the heteroalkylene group is substituted, the substituents may be provided on a carbon atom
that is not bonded to a hetercatom.

A2

in one embodiment, -L?- is a covalent bond.
in one embodiment, -L2 is a Ce10 helerocyclylene group, for example when -L'-is a G4z
alkylene group.

in one embodiment, -L2- is a Cs7 heterocyclyiene group, for example a Csz of Csa
heterocyciviene group.

in one embodiment, the C.10 heterocyclylene contains one or two heteroatoms selected from
N, 8 and 0. Where a & atom is present, it may be in the form 8, SO} or 8{(0),. Where an N
atom is present it may be in the form NH or NR, where -R is G4 aliyl, such as methyl or ethyl.
in one embodiment, the heterocyclylene group is a nitrogen-containing heterocyclylene. The
heterocyclytene group may contain one or two nitrogen atoms. Each nitrogen atom may be
optionally substituted with C,.4 alkyl, where appropriate. In one embodiment the
heterocyclylene group containg only nitrogen heteroatoms.

The term “heterocyclyleng” in reference to the group -L?- refers 1o a group (1) which has one
or rmore heteroatoms (e.g., N, O, 8) forming part of & ring system, wherein the ring system
comprises one ring or two or more fused rings, wherein at least one ring of the ring system is
a non-aromatic ring, and (2) which is attached to the rest of the molecule (including the groups
-GG and -L.'- as appropriate) via non-aromatic ring atoms (.e., where each ring atom is part of a
non-aromatic ring that is part of the ring system). At least one heteroatom is provided in a
non-aromatic ring.

Thus, heterocyclylene may be a bicydlic ring system where one ring is an aromalic ring. The
aromatic ring is not the ring that is connected to the rest of the molecule, as noted above.
Exampies of fused heterocyclvl systems are discussed below in relation to the group D.
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in one embodiment, where a heterocyclylene group contfains two or more fused rings, each
ring is non-aromatic.
in one embodiment, the heterocyclylene group comprises one fing.

in one embodiment, the heterocyclylene group is unsubstituted. Thus, the hydroxyl and/or
-NR®R7 groups are provided elsewhere, as required, for example on -L'-, where present, or on
-G or-D. Alternatively, where the heterocyclylene group is provided with a basic nifrogen
group, such as NH, the hydroxyl andfor -NR®R7 groups are optional. {n the absence of a basic
nitrogen group, such as NH, the heterocyclylene group may be provided with a hydroxyl
and/or -NRER? group.

in one embodiment, the heterocyclylene is connected to -L'- or -X- via a carbon atom or
nitrogen atom, where present, of the heterocyclviene ring.

in one embodiment, the heterocyclylene is connected to -G via a carbon atom or nitrogen
atom, where present, of heterocyclylens ring.

in one embodiment, -L2- is selected from piperidinylene, piperazinylene and pyrroldinyiens.
in one embodiment, -L.2- is selected from piperidinyl-1,4-ene, piperazinyl-1,4-ene and
pyrroldinyl-1,3-ene.,

it is noted that a heterocyclylene group does not encompass a pyridone diradical, such as a
2-pyridone diradical. Such compounds are considered to be aromatic, in view of the lactim
tuatornoeric from. For the avoidance of doubt, therefore, -L?- may be a heterocyclylene group,
with the proviso that -L.2- is not a pyridone diradcial. Thus, the compound 5x of Magee ar af, /.
Med. Chem., 2013, 58, 5079 is not encompassed by formula (1) of the present case.

Location of Hydroxyl and -NH* R Substitugnts

in one embodiment, a group -R®, such as G-L2-L'- or D-L'-. may be substituted with one, two
or three hydroxyl groups.

in one embodiment, -R* is substituted with one hydroxyl group.

In one embodiment, a group -R® may be substituted with one, two or three groups -NR8R7,
In one embodiment, -R? is substituted with one -NR®R” group.
in one embodiment, -R® is substituted with two or three groups -NRER?.

In one embodiment, a group -R® may be substituted with one or two groups -NR®R7, and one,
two or three hydroxy! groups.
in one embodimeant, -R® is substituted with one -NR®R7 group and one hydroxy! group.
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in one embodiment, a hydroxyl group, such as one, two or three hydroxy! groups, are
substituents to -G,
in one embodiment, a hydroxyl group, such as one, fwo or three hydroxyi groups, are
substituents to -[.
in one embodiment, a hydroxyl group, such as one, two or three hydroxyl groups, are
substituents io -L'-, where appropriate, for example where -L'- is alkylene or heteroalkylene.
in one embodiment, a hydroxyl group, such as one, two or three hydroxyl groups, are
substituents to -L>-, where appropriate, for example where -L2- is heterocyclylene.

in one embodiment, a -NRER7 group, such as one, two or three -NRPRY groups, are
substituents to -G.

in one embodiment, a ~-NRER7 group, such as one, two or three -NR*R7 groups, are
substituents fo -D.

in one embodiment, a -NR®R? group, such as one, two or three -NR8R7 groups, are
substituents to -L.'-, where appropriate, for example where -L'- is alkylene or heteroalkylene.
in one embodiment, a -NRPR” group, such as one, two or three -NReR7 groups, are
substifuents to -L2-, where appropriate, for example where -L%- is heterocyclylens.

in one embodiment, G-L2-L'- is substituted with:

(i) one or two hydroxyl groups, or

(ii) one or two groups -NRSR?, or

(i) one group -NRBR7 and one hydroxy! groups,

with the proviso that (1), (i) and (i) are optional substituents when -L'- is a
nitrogen-containing Ca.12 heteroalkyiene andfor -L2- is a nitrogen-containing
Ca.10 heterocyclylene,

in one embodiment, G-1.2-L'- is optiocnally substituted with (), (i} and §ii), for instance where
L~ is a nitrogen-containing Cz.2 hateroalkylene and/or -L2- is a nitrogen-containing

Ca10 heterocyclylene. In one embodiment, the proviso does not apply, therefore that (i), (ii)
and (iii} are not optional substituents.

For the avoidance of doubt, where a group -R® is said to be substituted with one hydroxyl
group (-OH), no further hydroxyl groups are present within -R%. Likewise, where a group -R%is
said to be substituted with one group -NRB®R?, no further groups -NRBR? are present within -RS.
Similarly, where -R5 has two or three hydroxyl or -NR®R7 groups, the total number of hydroxyl
or -NRER7 groups is two or three,

As described in further detail below, where a hydroxyl group is present, it may be a substituent
at a carbon atom a to the group ~X-.

n one embodiment, where -R5 has more than one substituent, the substituents are not located
on the same carbon atom.
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A carboxylic group (-COCH) is not to be construed as a hydroxyl group in the present case.

Where -L'- has two or more carbon atoms present (e.g. Ca1z alkylene or Ca.uz heteroalkylene)
a substituent, where present, may be provided at a carbon atom that is o {o the group -X%-.

Similarly, where -L'- and -L2- gre both covalent bonds, and -G is Ca12 alkyl, the group Cz1z
alkyl may have a substituent at a carbon atom that is o to the group -X-.

in one embodiment, -1.7- is substituted with a hydroxy! group {for example one, two or three
hydroxyl groups) and the hydroxyl group is provided at the carbon atom that is o to the group
-%~. The present inveniors have found that compounds having a hydroxyl group at the o
carbon have a particularly improved potentiating activity compared o those compounds where
the hydroxyl group is connected, for example, to a carbon atom that is not o the group -X-, for
example p ory to the group -X-, such as Example compound 25.

Similarly, where -Li- and -1L2- are both covalent bonds, and -G is Cu.42 alkyl, the group Ca.1z
alkyl may have a hydroxyl group provided at a carbon atom that is o to the group -X-.

Where -L'- has more than two carbon atoms present {e.g. Cz.1z alkylene or Caaz
heteroalkylene) a substituent, where present, may be provided at a carbon atom that is not o
to the group X. For example, the substituent may be provided at a carbon atomthat isBory
to the group -X-.  In one embodiment, no substituent is provided at the carbon atom o to the
group -X-,

Similarly, where -Li- and -L2- are both covalent bonds, and -G is Cu42 alkyl, the group Ca.n
alkyl may have a substituent that is not provided at a carbon atom that is o to the group -X-,
For example, the substituent may be provided at a carbon atom that is B or v to the group -X-.

in one embodiment, -L.- is substituted with an amino group (for example one or two amino
groups) and the amino group (i.e. -NR®R") is provided at a carbon atom that is not o to the
group X. Examples of compounds having such a substitution include Example compound 10
in the present case. The present inventors have found that compounds having an amino
group at the « carbon, such as Example compound 40, may have reduced potentiating activity
compared to those compounds where the amino group is connected, for exampie, 1o a carbon
atom that is B or v to the group -X-.

Subsequently, the inventors have established that the change in potentiating activity is related
to the stereochemistry of the o carbon when it is substituted with the amino group. Example
compounds A25 and A28 are diasterecisomers differing only in their stereochamistry atthe o
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carbon. The compound A26 has superior activity to compound A25 when tested against
various E. coli, K. pneumoniae, P. aeruginosa, and A. baumannii strains (see Table BA).

Thus, in one embodiment, an amino group is provided at the carbon atom that is « to the
group X.

Similarly, where -L'- and -L2- gre both covalent bonds, and -G is Ca12 alkyl, the group Cz1z
atkyl may have an amino group provided at a carbon atom that is not o 1o the group -X%-, for
example B ory to the group -X-.

in one embodiment, an amino or hydroxyl substituent is provided at a terminal carbon of the
group -L'- (e.g. Cz.12 alkylene or C,.q2 heteroalkylene) or the terminal carbon of the -Ca.42 alkyl,
where present.

in one embodiment, the group -L.'- in D-L'- is a covalent bond. Thus -D, which is a

C1o heterocyclyl, is connected directly to the group -X-.

in one embodiment, the group -L2- is a C4.40 heterocyclyl. YWhere -L- is a covalent bond, -L2-
is connected directly to the group ~X-.

The connection of either these heterocyclyl groups to -X- is discussed below.

in one embodiment, an atom that is o to the group -X- may be & ring carbon atom of the
heterocyclyl group. A ring heteroatom of the heterocyclyl group may be covalertly bonded to
the ring carbon atom that is o to the group -X- i.e. the ring heteroatom is § to the group -X-. In
one embodiment, a ring heteroatom Btothe group X is O or S, suchas 0. Inone
smbodiment the ring heteroatom § to the group -X- is not N.

in one embodiment, a ring heteroatom y to the group Xis O, Sor N.

in one embodiment, where -L.'- and -L2 are both covalent bonds, and -G is a Cs.2 heteroaryl,
the heteroaryl may be connected to the group -X- via a ring carbon atom, which is « to the
group -X-}). In one embodiment, a ring heteroatom, such as N, is not connected (o the carbon
atom which is « to the group -X-. Allernatively, a ring hetercatom, such as O or 8, is
connected to the carbon atom which is o to the group -X-.

in one embodiment, the group G-L2-L'- has one, two or three hydroxyl group and/or -NRER7
substituents. These substituents may be provided on one or more of the groups -G-, -L2- or
-L.1-, where appropriate. In one embodiment, the substituents are provided on -G- and/or -1.'-,
Where -L.'- is Cz.12 heteroalkylene, the one, two or three hydroxy! group and/or -NRPRY
substituents are optional.

The group D-L'- optionally has one, two or three hydroxyl group and/or -NRSR” substituents.
Where the substituents are present they may be provided on -D or -L'-, where appropriate.

in one embodiment, -R® is G-1.2-L.'-, where -G is Cs.i2 aryl.
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in one embodiment, -R5 is G-L2-L'-, where -G is Ca.10 cycloalkyl or -Cp.qz alkyl, or -R5 is D-L'-,
where D is Cy.10 heterocyclyl.

in one embodiment, G-L2L'- is substituted with (i) one, two or three hydroxyl groups, (ii) one,
two or three groups -NRER?, or (i) one or two groups -NR8R”, and one, two or three hydroxyl
groups. Where an aryl group is present in G-L2-L1- it is independently optionally substituted
one or more subsiiuents selected from -Cip alkyl, such as -Cq.4 alkyl, halo, -CN, -NQ,, -CF,
-NR"C(O)R, -CON(R %)z, -COOR®, -OQCOR", -NR'°COOR'?, -OCON(R )z, ~-OCF3,
~-NRPCON(R™),, ~OR® -8R, -NRPSO,RI0 -SON(R), and -80,RP where sach -R% is
independently -Cy.1g alkyl, such as -Ci4 alkyl, and each -R" is independently -H or -C1.10 alkyl,
such as ~Ci.4 alkyl.

in one embodiment, D-L'- is oplionally substituted with (i) one, two or three hydroxy! groups,
(ii) one, two or three groups -NRSR7, or (iii) one, two or three groups -NR8R?, and one, two or
three hydroxyl groups.

In one embodiment, D-L'- is substituted with (I) one, two or three hydroxyl groups, (i) one, fwo
or three groups -NR®R7, or (i) one, two or three groups -NR®R?, and one, two orthree
hydroxyl groups.

The groups Caqg cycioalkyl Coq2 alkyl and Cao heterocyclyl may be substituted with hydroxyl
and/or -NRER? groups. Where the cycioalkyl or heterocycivi groups include a fused aromatic
ring, that aromatic ring may be optionally substituted with the optional substituents described
herein. The optional further substituents do not include hydroxyl andfor -NRCR7 groups.

The group Cs1z aryl is substituted with hydroxyl and/or -NR®R? groups and the Cs.1z aryl group
is optionally further substiiuted. The optional further substituents do not include hydroxyl
and/or -NRSR? groups.

it is not essential for the Cs.10 cycloalkyl, C2az alkyl, Cs.12 aryl and Cqao heterocyclyl groups of
-G and -D to be substituted with hydroxyl and/or -NRER7 groups. [n one embodiment, the
hydroxyl andfor -NR®R” groups may be provided on the linker elements of -R% e.g. -L'- and/or
-L2- where present.

Where -R® contains a nitrogen-containing heterocycly! {or a nitrogen-containing
heterocyclylene) or a nitrogen-containing hetercalkylene group, for example as part of ~L.'-,
-L2 or -D, the hydroxyl and/or -NRER” groups may be optional.

Specifically, the hydroxyl and/or -NRER” groups are optional only where the heterocyclyl,
heterocyclylene or heteroalkylene groups contain a basic nitrogen group, such as NH.

This, in one embodiment, G-L2-L- is substituted with:
(i) one, two or three hydroxyl groups, or
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(ii) one, two or three groups -NR°R7, or
(iii) one or two groups -NR®R7, and one, two or three hydroxyl groups,
or a ritrogen-containing Cs.12 heteroalkylene andfor a nitrogen-containing Cs.1p
heterocyclylene, where present, contains a basic nitrogen group, such as NH,

in one embodiment, G-L2L'- is substituted with:
(i) one, two or three hydroxyl groups, or
(i) one, two or three groups -NRE®R7?, or
(iii) one or two groups -NR®R”, and one, two or three hydroxyl groups,
with the proviso that (i), (i} and (i) are optional substituents when -L% is a
nitrogen-containing Ca.12 heteroalkylene and/or -L2- is a nitrogen-containing Ca.10 heterocyclyl.

in one embodiment, G-L2L'- is substituted with:
(i) ong, two or three hydroxyl groups, or
(i) one, two or three groups -NR®R7, or
(iiiy one or two groups -NR°R?, and one, two or three hydroxyl groups,

in one embodiment, D-L1- is substituted with:
(i) one, two or three hydroxyl groups, or
{ii} one, two or three groups -NR°R7, or
(i) one or two groups -NRER?, and one, two or three hydroxy! groups
or a nitrogen-containing Cy.12 heteroalkylene, where present, and/or -D contains a
basic nitrogen group, such as NH,

-D

The N terminal substituent of the polymyxin comipound may include a Ca.+e heterocyciyl group
(“heterocyciyl group”). Thus, in one embodiment, -R?® includes the group -0, which is a Cs10
heterocycivi.

in one embodiment, -D is a nitrogen-containing heterocyclyl group. In such embodiments the
hydroxyl and -NRER7 groups are optional,

Where a heterocyclyl group does not contain a nitrogen ring atom, either or both of the
heterocyciyi group and -L*- must be substituted with one, two or three hydroxyl and/or -NRER?
groups or -L%- must be a nitrogen-containing Ca.2 heteroalkylene,

A heterocyclyl group may be optionally substituied, as described herein.

In one embodiment, Cu.10 heterocyclyl is Cas or Css heterocyclyl, such as Cs heterocyclyl or
Cs heterocyclyl.
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in one embodiment, the C..1p heterocyclyl contains one or two heteroatormns selected from N, 8
and 0. Where a S atom is present, it may be in the form 8, S(0) or S(0),. Where an N atom
is present it may be in the form NH or NR, where R is C14 alkyl, such as methyl or ethyl.
in one embodimeant, the heteracyclyl group is a nitrogen-containing heterocyclyl group.
in one embodiment, the C..1o heterocyclyl is piperidinyl, piperazinyl, morpholinyl, dioxanyl,
thiomorphalinyl {including oxidised thiomorpholinyl}, or pyrrolding.
in one embodiment, the Cuqp heterocyclyl is piperidinyl, piperazinyl, thiomorpholinyl (including
oxidised thiomorpholinyl), pyrroldinyl or morpholinyl.
in one embodiment, the C..4p heterocyclyl is piperidinyl, piperaziny! or pyrroidinyl.

Where a heterocyclyl is present it is connected to -L'- or -X- via a ring carbon atom or a ring N
atom, where present. In one embodiment, the heterocyclyl is connected via a ring carbon
atom. In ancther embodiment, the heterocyclyl is connecied via a ring nifrogen alom, where
present.

Where a heterocycly! Is substituted with one, two or three hydroxyl and/or -NRPR” groups,
these groups are substituenis to the heterocyclyl ring carbon atoms.

In one embodimeant, a hydroxyl or -NRSR” group, where present, is a substituent to a ring
carbon atom that is B {0 a ring heteroatom.

In one embodiment, the heterocyclyl, if substituted, has a maximum of one or two
substituents, which may be the same or different.

in one embodiment, the total number of carbon atoms in the heterocycly! groun, icgether with
the total number of carbon atoms present in -R° and -R7 {where present) is at least 5, at least
B, at least 7 or at least 8,

For the avoidance of doubt, the index “C..,” in terms such as “Car heterocycivl”, and the like,
refers to the number of ring atoms, which may be carbon atoms or heteroatoms {e.g., N, O,
8). For example, piperidinyl is an example of a Cgheterocycyl group.

The term “heterocyciyl” in reference to the group -D refers to a group (1) which has one or
more hetercatoms (e.g., N, O, 8) forming part of a ring system, wherein the ring system
comprises one ring or two or more fused rings, wherein at least one ring of the ring system is
a non-aromaitic ring, and (2) which is attached to the rest of the molecule by a non-aromatic
ring atom (i.e., a ring atom that is part of a non-aromatic ring that is part of the ring system).
For example: piperidino (piperidin-1-yl) and piperidin-4-y! are both examples of a
Ceheterocycyl group; 2,3-dihydro-1H-indol-1-yl (indolin-1-yl) is an example of a Cghelerocycyl
group; and both decahydro-quinolin-5-yi and 1,2,3,4-tetrahydroquinclin-4-yl are examples of a
Cioheterocyclyl group.
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5‘*@ i‘“\C\;N

piperidino piperidin-4-yl

2, 3-dihydro-1H-indok-1-vi decahydro-quinolin-S-vi 1,2.3 4-tetrahydro-guinolin-4-vi

The heterocyclyl group may be optionally substituted. The optional substituents are those
described below.

in one embodiment, where a heterocyclyl group contains two or more fused rings, each ring is
non-aromatic.

in one embodiment, the heterocyclyl group comprises one ring.

At least one heteroatom is provided in a non-arematic ring.

-G

The group -G is selected from Ca.io cycloalkyl, Cz.z alkyl and Cs.12 aryl. A description of each
of these is given below. The groups discussed below may be used together with any -L.'- and
-L.2- as appropriate.

Cs.10 cycloalkyl

The N terminal substituent of the polymyxin compound may include a Cs.ie cycloalky! group
(“cycloalkyl group™). Thus, -G may be Cs.e cycloalkyl

When -G is Ca.io cycloalkyl, -L.'- may be a covalent bond, C.42 alkylene or Ca.ao
heteroalkylene, for example a covalent bond or Cy.12 alkylene.

When -G is Ca.1o cycloalkyl, -L2- may be a covalent bond or Cs.4z heterocyclyl, for example a
covalent bond.

in one embodiment, Ca.1¢ cycloalkyl is a Cs.s or Ca6 cycloalkyl.
in one embodiment, Ca.ie cycloalkyl is cyclopentyl or cyclohaxyl.

in one embodiment, the cycloalkyl, if substituted, has a maximum of one or two substituents,
which may be the same or different.

in one embodiment, the number of substituents on the cycloalkyl group is no greater than the
number of carbon atoms in the cycloalkyl group. Thus, wheare the alkyl group is a Cs atkyl
group it may be substituted with no more than six substituents.
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in one embodiment, the total number of carbon atoms in the cycloalkyl group, together with
the total number of carbon atoms present in -R® and -R7 (where present) is at least 5, at least
B, at least 7 or at least 8.

in one embodiment, the cycloalkyl is cyclohexy! having a single hydroxyt or -NR®R? group,
such as a 4-subsituted cyclohexyl group. In one embodiment, the cycloalkyl is cyclopentyl
having a single hydroxyl or -NR®R” group, such as a 2- or 3-subsituted cyclopentyl group.

in one embodiment, the cycloalkyl is unsubstituied. in this embodiment, the substituents are
located on the linker -L2-L%- which accordingly cannot be a covalent bond.

in one embodiment, for example where the core of the compound of formula () is Polymyxin B
nonapeptide, the group G-L*-LI- is not 2-aminocyclohexyl, 3-aminocyclohexyl or
4-aminocyclohexyl.

For the avoidance of doubt, “cycloalkyl” refers t¢ a group (1) which has a ring system
comprising one ring or two or more fused rings, wherein one ring of the fused ring system may
be an aromatic ring, and {2) which is attached o the rest of the molecule by a non-aromatic
ring atom (1.e., a ring atom that is part of a non-aromatic ring that is part of the ring system).
For example: cycioalkyl is an example of a Ce cycloalkyl group; and tetralin-2-yl is an example

of a Cyo cycloalkyl group.

cyclohexyt teiralin-2-vyl

Where an aromatic ring is present, it may be optionally substituted. The optional substituents
are those described as optional substitusnts for the Cs.12 aryl group.

in one embodiment, where the cycloalkyl comprises two or more fused rings, each ring is non-
aromatic.

in one embodiment, the cycloalkyl group comprises one ring.

Co.12 alkyl

The N terminal substituent of the polymyxin compound may be a Cuaz atkyl group {“alkyl
group”. Thus, -G may be Cuaz alkyl.

When -G is Cz.12 alkyl, -L*- may be a covalent bond or Cz.10 heteroalkylene, such as a covalent
bond.

When -G is Cz1z alkyl, -L2- may be a covalent bond or Cav heterocyclyl, for example a
covalent bond.
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in one embodiment, where -G is Cy.1z alkyl, both -L2- and -L'- are covalent bonds. Thus, -G is
connected directly to -X-.

in one embodiment, Ca.1z alkyl is Ca.1a alkyl, for example Gz or Ceaz alkyl.

in one embodiment, Cz.12 alkyl is C..¢ alkyl, for example C,.4 alkyl.

The alkyl group is a saturated, aliphatic alkyl group. The alkyl group may be alinearora
branched alkyl group.

in one embodiment, the alkyl group is branched and the branch is not at the carbon atom that
is o to the group ~L2, -L1-, or -X-.

in one embodiment, the number of substituents on the alkyl group is no greater than the
number of carbon atoms in the alkyl group. Thus, where the alkyl group is & Cx alkyl group it
may be subsiituted with no more than two subsiituents.

In one embodiment, the total number of carbon atoms in the alkyl group, together with the total
number of carbon atoms present in -R® and -R7 (where present) is at least 5, at least 8, at
least 7 or at least 8.

in one embodiment, the alkyl group has a substituent at the ferminai carbon. Terminal carbon
refers to a carbon atom that would be a -CHs if it bore no substituents. In a branched alky!
group this carbon may be the carbon atom that is at the terminal of the longest linear portion
of the alkyl group.

in one embodiment, the alkyl group has a substituent that is located at a carbon atom that is
or v the terminal carbon atom.

As noted above, in one embodiment, a -NR®R7 group, where present as a substituent to the
alkyl group, is a substituent to a carbon atom that is not o to the group -L2-, -L.'-, or -X-,

As noted above, in one embodiment, a hydroxyl group, where present as a substituent fo the
alkyl group, is a substituent to the carbon atom « to the group -L2-, -1, or -X-.

in one embodimeant, the atkyl group has no substituent at the carbon atom a to the group -L2-,
-L% or -Xe.

in one embodiment, the alkyl, if substituited, has a maximum of one or two substituents, which
may be the same or different.

in alternative aspects of the present invention, the group -G is a Ci.42 alkyl group rather than a
C.12 alkyi group, and this alkyl group is substituted with hydrosxyl groups and/or -NR®R7 as
required. In one embodiment, -R® is Cq.12 aikyl group, such as Cy alkyl. Where -RS is C; alkyi,
one substituent is present, such as one -NR?R7 group.
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The alkyl group may be optionally further substituted, as described in further detail below. In
one embodiment, an alkyl group, if substituted, is substituted only with hydroxyl groups or
-NRER7 as required.

Cs12 aryl

The N terminal substituent of the polymyxin compound may include or be a Cs.q aryl group (“a
group”). Thus, -G may be Cs.1z aryl.

When -G is Cs.z aryl, -L1- may be a covalent bond, Ci.12 alkylene or Cz.o hetercalkylene, for
example a covalent bond or C1.42 alkylene.

When -G is Cs.1z aryl, -L? may be a covalent bond or Cq.42 heterocyclyl, for example a
covalent bond.

The aryl group is optionally substituted, with these substituents being in addition fo any
hydroxyl or -NRPR7 groups.

In one embodiment, Cs.iz aryl is Cs.z aryl

in one embodiment, Cs.12 aryl is Ce.10 carboaryl or Cs.1z heteroaryl,
in one embodiment, Cs.z ary! is Ces.10 carboaryl.

in one embodiment, Ce.10 carboaryl is phenyl or napthyl.

In one embodiment, Cs.10 carboaryl is phenyl.

in one embodiment, Cs.12 aryl is Cs.az heteroaryl, for example Cs.i, Ts.e, Gs Or Cp heteroaryl
The heteroaryl may contain one or two nitrogen atoms and additionally or alternatively, where
the heteroanvl is a Cs heteroaryl, it may contain an oxygen or sulfur atom

in one embodiment, Cs.iz heteroaryl is independently furanyi, thienyl, pyrrolyl, imidazolyl,
pyrazolyl, oxazolyl, isoxazolyl, thiazolyl, isothiazolyl, pyridyl, pyrimidinyl, pyraziny, pyridazinyl,
quinolinyl, isoguinolinyl or indole. Additionally or alternatively, the Cs.az heteroaryl is
independently pyridone.

Where a heteroaryl is present in group -G it is connected to -L*-, -L2- or -X- via aring carbon
atom or a ring N atom, where present. In one embodiment, the heteroaryl is connected via a
ring carbon atom. in ancther embodiment, the heteroaryl is connected via a ring nitrogen
atom, where present.

in one embodiment, Ca.12 aryl is phenyl or pyridine.

For the avoidance of doubt, "heteroaryl” refers to a group (1) which has one or more
heterocatoms (e.g., N, O, B) forming part of a ring system, wherein the ring system comprises
one ring or wo or more fused rings, wherein at least one ring of the ring system is an aromatic
ring, and (2) which is attached to the rest of the molecule by an aromatic ring atom (i.e., a ring
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atom that is part of an aromatic ring that is part of the ring system). For example: pyridyl is an
example of a Cshetercaryl group; isoquinolyl is an example of a Cigheteroaryl group; and
1,2,3 4-tetrahydro-iscquinoline-7-yi is an example of a Cychetercaryl group.

o oo oo

pyrid-3-yi isoquinolin-7-yl 1,2,3 4-tetrahydro-isoquinolin-7-yi

—=Z

In one embodiment, the aromatic ring atom contains a ring hetercatom,

in one embodiment, where a non-aromatic ring is provided, it has no optional substituents
{(though it may be provided with ong or more hydroxyl or -NRR” groups).

in another embodiment, where a non-aromatic ring is provided, i is optionally substituted.
Suitable optional substituents for non-aromatic rings are discussed below in relation to
cycloalkyl groups (where the non-aromatic ring contains only carbon ring atoms) and
heterocyclyi groups fwhere the non-aromatic ring contains one or more hetercatom ring
atoms).

in one embodiment, where a heteroary! comprises two or more fused rings, eachringis an
aromatic ring.

In one embodiment, the heteroaryl group comprises one aromatic ting.

Similarly, “carboaryl” refers to a group (1) which has a ring system comprising one ring or two
or more fused rings, wherein at least one ring of the ring system is an aromatic ring, and (2)
which is attached to the rest of the molecule by an aromatic ring atom (i.e., a ring atom that is
part of an aromatic ring that is part of the ring system). For example: phenyl is an example of
a Cs carboaryl group; and tetralin-&-yl is an exampile of a C1p carboaryt group.

o oo

in one embodiment, where a carboaryl comprises two or more fused rings, each ring is an
aromatic ring.

in one embodiment, Cs.12 aryl is not diaminophenyt, such as 3,5-diaminophenyl, for example
when -X- is -C{O)- and when -L'- and -L*- and are both covalent bonds.

In one embodiment, Cs.2 aryl is not trihydroxyphenyl, such as 3,4, 54rhydroxyphenyl, for
example when -X- is -C{0O)-.
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it is noted that Sandow et al. (US 5,565,423) describe Polymyxin octapeptides having a
modified N terminal. The N terminal group contains a phenyl group that is optionally
substituted by 1, 2 or 3 identical or different groups selected from hydroxyl, alkoxy, aming,
carboxyl, alkylarmino and halogen. The phenyl group may be linked to the N terminal vig an
atkylene spacer and/or an imino oxime group. Alternatively, the N terminal group contains a
2-aminothiazol-4-yl group.

The worked examples in Sandow et al. are limited to octapeptides having a
2-aminothiazol-4-yl group, a benzyl group or a 3 4,5-trihydroxyphenyt group. There are no
exampies where a nonapeplide or decapeptide are used, and there are no examples where
the N terminal group contains amino functionality.

it is noted that WO 2012/168820 describes Polymyxin decapeplides having a modified N
terminal. The publication suggests that the N terminal group could include aryl, aralkyl,
heteroaryl and heteroaralkyl functionality, amongst other options. Aryl and heteroaryl groups
may be linked 1o another aryl or heteroaryl group, amongst other options. The linker may be a
bond, -(CHa}e, «(CH2)n-0-{CHa)p-, «(CH2)n-S-{CHa)p-, o1 {CH2Je-NR*-(CH2)p-, where nis 0, 1, 2
or3;andpis 0,1, 20r3; and R%is H or CHa.

The worked examples in WO 2012/168820 are limited 10 compounds where ong aryl or
heteroaryl group is linked directly to another aryl or heteroary! group. There are no examples
where a linker is present.

The compounds of the present case are distinguishable over the compounds in

WO 2012/168820 for at least the reason that the compounds in the present case do not
include derivatives where an aryl group is linked 1o the N terminal of a polymyxin nonapeptide
derivative vig another aryl group. In the present case an aryl group -G is linkedto the N
terminal directly or via & linker group -L2-L'-. The linker group -L2-L!- does not include arylene.

Furthermore, the compounds in the present case call for the N terminal group -R® to possess
hydroxyl andfor -NROR” substituents, or 1 possess a nifrogen-containing heteroalkylene,
heterocyclylene or heterocycly! groups. Such groups are absent from the exemplified
compounds in WO 2012/168820. The worked and comparative examples in the present case
demonstrate that compounds that do not possess this requisite functionality have inferior
biological activity, Example compound 37, containing a piperidine N terminal group, may be
compared with comparative example compound C5, which contains a pyridine within the N
terminal group. Compound 37 has superior activity against various K pneumoniae and

P. aeruginosa sirains when compared with C5 (see Table 5A).

it is noted that heterocyelyl and heterocyclylens as referred to herein, refer to groups having at
least one non-aromatic ring. i is noted that heteroaryl is used herein io refer to a group
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having at least one heteroatom-containing ring, such as at least one heteroatom-containing
aromatic ring.

Compound having aryl groups at the N tarminal are also described by Magee at &/, J. Med.
Chem., 2013, 56, 5079. An example is a compound 5x where an aryl group is linked to the N
terminal of a polymyxin nonapeptide derivative via a pyridone group. Such a compound is not
encompassed by the definitions of the present case. As explained above, a pyridone group is
not considered to be a heterocyclene group within the meaning of that term as used in relation
to the linker -L2-. His noted that the compound 8x was found to be less active compared to
PMBE in a murine neutropenic thigh modsl against £ agruginoesa strains,

Aryl Group Substituents

The group -R® may include an aryl group, for example where -G is Cs.12 aryl or Ca.o cycloalkyl
contains a fused aromatic ring, or where -D is Cs.40 heterocyclyl containing a fused aromatic
ring.

Each aryl group is optionally substituted with one or more substituents.

Where the aryl group is optionaily substituted, there may be one, two or three optional
substituents.

Where a heteroaryl group is substituted, the substituents may be provided on a ring carbon
atom, for example an aromatic ring carbon atom.

Each optional substituent is selected from the list consisting of -C1.4 alkyl, haio, -CN, -NO;,
-CF3, -NR1C(O)R™0, -CON(R%),, -COOR®, -OCOR, -NROCOQOR', -OCON(R),, -OCF3,
~-NRWCON(RY),, -OR®, -8R®, -NRWSQOR, -80,N(R"); and -80,R* where each -R% is
independently -Cy.4 alkyl and each -R" is independently -H or -Cy., alkyl.

In an alternafive embodiment, each optional substituent is selected from the list consisting of
-C.5 alkyl, such as -Cq.4 alkyl, halo, -CN, -NO,, -CF3, -C(O)R", -NR*®C{O)R", -CON(R'),,
-COORS, -OCORY, -NR™COOR™, ~OCON{R™),, -OCF3, -NRWCON(R°),, ~-OR?, -SR?,
~NRCSOR, -SON(R™Y; and -SSR where each -R? is independently -Cq.q0 alkyl, such as
-C1.4 alkyl, and each -R'% is independently -H or -C.10 alkyl, such as -C1.s alkyl,

In one embodiment, each optional substituent is independently selected from -Cqs alkyl, such
as -Cq4 alkyl, halo, -NRUC(O)R*™®, ~-CON(R™),, ~-COORS, -QCOR™ -NR"COOR™,
~OCON{R"Y,, -OCF,, -NROCON(RY),, -ORE, and -8R®, where each -R® iz independently
-Ci.10 alkyl, such as -Ci.4 alkyl and each -R' is independently -H or -Cq.q0 alkyl, such as

~C1.4 akkyl.

in one embodiment, each optional substituent is independently selected from -C..s alkyl, such
as -Cq.4 alkyl and halo.

In one embodiment, a halo group is -F, -Cl or -Br.
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in one embodiment, a substituent is -Cy.¢ alkyl, such as -C.4 alkyl.

in one embodiment, where a nifrogen atom is provided in an aromatic ring, it may be
optionally substituted with -R® or -R'°, where appropriate. Typically, an aromatic ring nitrogen
atom is unsubstituted or is optionally substituted with -C4.5 alkyl, such as -Ci.4 alkyl, ~-C(O)R",
-CON(R),, -COOR®, SO:N(R%), and -SO:R. A reference to the substitution of an aromatic
nitrogen ring atom refers to the replacement of a hydrogen radical in a group NH with a
substituent group, for example where NH occurs in aromatic groups such as pyrole, pyrazole
and imidazole. In one embodiment, substitution does not refer to quaternised nitrogen ring
atoms.

The optional substituents may include a -Cy.s alkyl group, such as a C1.¢ alkyl group, e.g. -R®
or -R1%, either alone or as part of a larger substituent group. It is noted that each Cy.g alkyl
group present, such as each Cq.¢ alkyl group, may be substituted with the ong, two or three
hydroxyl andior -NR®R” groups.

in one embodiment, -R® or -R'° are not substituted with a hydroxyl or -NRER” group.

Alkyl, Cycloalky! and Heterocyclyl Group Substituents

in one embodiment, where an alkyl, cycloalkyl, or heterocyclyl group is present in -R%, that
group is iIndependently optionally substituted with one or more substituents selected from -Cy.
10 alkyl, such as -Ci.4 alkyl, halo, -CN, -NG3, -CF3, -C(O)R, -NR'C(O)R™, -OCF3,
-CON(R™),, -COOR®, -OCOR"?, -NR*®COOR, -OCON(R),, -NR®CON(R9),, -OR?, -SR®,
-NR1USOR0 -SON(R%); and -SO2R ™ where sach -R? is independently -Ci.1o alkyl, such as
-C1.4 alkyl, and each -R1 is independently -H or -Cq.1o alkyi, such as -Cq. alkyi, except that
alkyl is not substituted with alkyl.

In one embodiment, the optional substituents are selected -Ci.q0 alkyl, such as -4 alkyl, -CN,
~NQg, ~-C{OIR™, -NRWC(OIR', ~-CON(R ™), -COOR?, ~OCOR?, -NR*COOR!, -OCON(R)z,
-NRCON(R™),, -OR®, -8R8, -NR'SO:R", -80:N(R°), and -80:R" where each -R® and -R"
is as defined ahove.

in one embodiment, the optional substituents are selected -C1.10 alkyl, such as -Ci.4 alkyl,
SCIOIRY, -NRWC(O)RY, ~CON(R},, ~COORY, -OCOR, -NRWCGOOR™™, -OCON(R%),,
-NRCON(R™),, -OR®, -8R?, -NR"SOR™, -80N(R")2 and -S0O,R" where each -R® and -R*®
is as defined above.

in one embodiment an alkyl, cycloalkyi, or heterocyclyl group is not provided with optional
substituents.

in one embodiment, each optional substituent is independently selected from -Ci.s alkyl, such
as -Ci.4 alkyl.

in one embodiment, each optional substituent is independently selected from -C..s alkyl, such
as -C{O)R".
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A heterocycle group may be substituted on a ring carbon atom or a ring nitrogen atorm. Where
a heterocycle group is substituted at nitrogen, the substituents are selected appropriately for
that atom. For example, a nitrogen ring atom may be substituted with a group selected from
-C1.4 alkyl, -CF3, ~C(O)R®, -CON(R %2, -COOR?®, -SO2N(R'%)2 and -SO2R. In a further
example, a nitrogen ring atom may be substituted with -C,.4 alkyl, -C(O)R", and -COOR®.

The optional substituents may include a -Cqg alkyl group, such as a Cq.4 alkyl group, e.g. -R®
or -R'°, gither alone or as part of a larger substituent group. It is noted that each Cy.s alkyl
group present, such as each Cq.y alkyl group, may be substituted with the one, two or three
hydroxyl andior -NR®R7 groups.

in one embodiment, -R® or -R'¢ are not substituted with a hydroxyl or -NRR7 group.

-8 and -R7

in one embodiment, each -R® and -R7, where present, is H.
in one embodiment, -R? is H and -R7 is alkyi, such as methyl or ethyl, such as methyl.
in one embodiment, -R%is methyt or ethyl, such as msthyl.

Where -G is an aryl or cycloalkyl group, -R® and -R7 may together with the nitrogen atom form
a heterocycle, for exampie Cq.1¢ helerocyciyl.

in one embodiment, the Cs1p heterocyclyl contains one or two heteroatoms selected from N, 8
and Q. Where a S atom is present, it may be in the form 8, S(0O) or S(0)2. Where an N atom
is present it me be in the form NH or NR, where R is C.4 alkyl, such as methy! or ethyl.

In one embodiment, the C.1o heterocyclyl is piperidiny, piperazinyl, morpholinyl, dioxanyl,
thiomorpholinyl (including oxidised thiomorpholinyt), or pyrroldinyl.

in one ambodiment, the Ca.qp heterocyclyl is piperidinyl, piperazinyl, thiomorpholinyl (including
oxidised thiomoerpholiny), pyrroidinyl or morpholinyl.

in one embodimeant, the Cs1p heterooyclyl is piperidiny!, piparazinyl or pyrroldinyl.

in one embodiment, one group -NR'R® where presert, is a guanidine group, such as
~-NHC{NH)NH,.

-

In one embodiment, -R? is methyl or ethyl.
In one embodiment, -R® is methyl.

=74
In one embodiment, ~-R'%is -H.

in one embodimeant, -R™ is mathyi or ethyl.
In one embodiment, -R1C is methyl.
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Salts, Bolvates and Other Forms

Examples of salts of compound of formula (1) and (1) include all pharmaceutically acceptable
salts, such as, without limitation, acid addition salts of strong mineral acids such as HCI and
HBr salts and addition salis of strong organic acids such as a methanesulfonic acid sall
Further examples of saits include sulphates and acetates such as trifluorocacetate or
trichloroacetate.

in one embodiment the compounds of the present disclosure are provided as a sulphate sait
or a trifluorcacetic acid (TFA) salt. In one embodiment the compounds of the present
disclosure are provided as acetale sails,

A compound of formula (1) or (1) can also be formulated as prodrug. Prodrugs can include an
antibacterial compound herein described in which ong or more amino groups are protected
with & group which can be cleaved /n vivo, to liberate the biclogically active compound. In one
embediment the prodrug is an "amine prodrug”. Examples of amine prodrugs include
sulphomethyl, as described in e.g., Bergen et al, Antimicrob. Agents and Chemotherapy,
2006, 50, 1953 or HSOs-FMOC, as described in e.g. Schechter et al, J.Med Chem 2002,
45(19) 42584, and salts thereof. Further examples of aming prodrugs are given by Krise and
Qilivai in Biotechnology: Pharmaceutical Aspects, 2007, 5(2), 101-131.

in one embodiment a compound of formula () or (1) is provided as a prodrug.

A reference to a compound of formula (1) or (1) is also a reference to a solvate of that
compound, Examples of solvates include hydrates.

A compound of formula (1) or (1I) includes a compound where an atom is replaced by a
naturally occurring or non-naturally occurring isotope. In one embodiment the isotope is a
stable isotope. Thus a compound described here includes, for example deuterium containing
compournds and the like. For exampie, H may be in any isotopic form, including *H, 2H (D),
and 3H (T); C may be in any isotopic form, including “C, *C, and 4C; O may bein any
isotopic form, including 0 and '¢0; and the like.

Certain compounds of formula (1) or () may exist in one or more particular geometric, optical,
enantiomeric, diasteriomeric, epimeric, atropic, sterecisomeric, tautomeric, conformational, or
anomeric forms, including but not limited to, cis- and trans-forms; E- and Z-forms; ¢ ¢, and r-
forms; endo- and exo-forms; R-, S-, and meso-forms; D- and L-forms; d- and -forms; (+) and
{-) forms; keto-, enol-, and enolate-forms; syn- and anti-forms; synclinal- and anticlinal-forms;
o- and B-forms; axial and equatorial forms; boat-, chair-, twist-, envelope-, and halfchair-forms;
and combinations thereof, hereinafier coliectively referred io as “isomers” {or “isomeric
forms™).
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Note that, except as discussed below for tautomeric forms, specifically excluded from the term
“isomers,” as used herein, are structural (or constitutional} isomers (i.e., isomars which differ
in the connections between atoms rather than merely by the position of atoms in space). For
example, a reference to a methoxy group, -OCHj3, is not to be construed as a reference to its
structural isomer, a hydroxymethy! group, -CHOH. Similarly, a reference to ortho-
chiorophenyl is not to be construed as a reference to its structural isomer, meta-chiorophenyl.
However, a reference to a class of structures may well include structurally isormeric forms
falling within that class (2.g., Ciealkyl includes n-propyl and iso-propyt; butyl includes n-, iso-,
sec-, and tert-butyl, methoxypheny! includes ortho-, meta-, and para-methoxyphenyl).

Unless otherwise specified, a reference to a particular compound includes all such isomeric
forms, including mixtures (e.q., racemic mixdures) thereof. Methods for the preparation
{e.g., asymmetric synthesis) and separation {e.g., fractional crystallisation and
chromatographic means) of such isomeric forms are either known in the art or are readily
obiained by adapting the methods taught herein, or known methods, in a known manner.

One aspect of the present invention pertains to compounds in substantially purified form
and/or in a form substantially free from contaminants.

in one embodiment, the substantially purified form is at least 50% by weight, ¢.q., at least 60%
by weight, e.g., at least 70% by weight, .¢., at least 80% by weight, e.¢., at least 90% by
weight, e.q., at least 95% by weight, e.q., at least B7% by weight, e.g., at least 88% by weight,
2.q., at least 99% by weight.

Unless specified, the substantially purified form refers to the compound in any stereoisomeric
or enantiomeric form. For example, in one emboediment, the substantially purified form refers
to a mixture of sterecisomers, i.e., purified with respect to other compounds. In one
embodiment, the substantially purified form refers to one stereoisomer, e.9., optically pure
sterevisomer. In one embodiment, the substantially purified form refers to a mixture of
enantiomers. In one embodiment, the substantially puriied form refers (o an equimolar
mixture of enantiomers {i.¢., a racemic mixture, a racemate). in one embodiment, the
substantially purified form refers to one enantiomer, e.g., optically pure enantiomer.

In one embodiment, the contaminants represent no more than 50% by weight, e.g., no more
than 40% by weight, e.¢., no more than 30% by weight, e.g., no more than 20% by weight,
e.g., no more than 10% by weight, 6.g., no more than 5% by weight, e.¢., no more than 3% by
weight, e.¢., no more than 2% by weight, e.g., no more than 1% by weight.

Unless specified, the corntaminants refer 1o other compounds, that is, other than sterecisomers
or enantiomers. |n one embodiment, the contaminants refer o other compounds and other
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sterecisomers. |n one embodiment, the contaminants refer to other compounds and the other
enantiomer.

in one embodiment, the substantially purified form is at least 60% optically pure {i.e., 60% of
the compound, on a molar basis, is the desired sterecisomer or enantiomer, and 40% is the
undesired sterecisomer or enantiomer), .q., at least 70% optically pure, 2.g., atleast 80%
oplicaily pure, e.g., at least 90% optically pure, e.q., at least 95% optically pure, e.q., at least
7% optically pure, e.g., at least 98% optically pure, e.g., at least 99% optically pure.

Preferred Compounds

in one embodiment, a compound of formula (1) or (Il) is selected from the groups consisting of
the exemplified compounds described harein.

in one aspect of the invention there is provided a compound of formula (1).

in one embodiment, the compound is a compound of formula (1} with the proviso that, R%-X-
together is not a group selected from the list consisting of Lys, Arg, Dap, Ser, Dab, Dgp
{a,B-diguanidinopropanoyl), Thr and Abu, The proviso may apply where -A- is a covalent
bond. Each of the amino acids may be an L-amino acid.

in one embodiment, the compound is a compound of formuia (i) with the proviso that R%-X-
together is not a group selected from the list consisting of 2-aminocyclohexyl,
3-aminocyclohexyl and 4-aminocyclohexyl. The proviso may apply where -A- is a covalent
bond.

Each of the provisos above may apply only when the core of the compound is & Polymyxin B
nonapeptide i.e. where -R* to -R* and -R? have the substituents present in Polymyxin 8
nonapeptide.

Methods of Treatment

The compounds of formula (1) and (If), or pharmaceutical formulations containing these
compourids, are suitable for use in methods of treatment and prophylaxis. The compounds
may be administered to a subject in need thergof. The compounds are suitable for use
together with an active agent ("a second active agent”), for example a second active agent
that is an antimicrobial agent.

The compounds of formuda (1) and (11} are for use in a method of treatment of the human or
animal body by therapy. In some aspects of the invention, a compound of formula (1) and (i)
may be administered to a mammalian subject, such as a human, in order to treat a microbial
infection.

Ancther aspect of the present invention periains fo use of a compound of formula {{) and (ii) in
the manufacture of a medicament for use in treatment. In one embodiment, the medicament
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comprises a compound of formula (1) and (). In one embodiment, the medicament is for use
in the treatment of a microbial infection.

The term "microbial infection” refers to the invasion of the host animal by pathogenic
microbes. This includes the excessive growth of microbes that are normally present in or on
the body of an animal. More generally, a microbial infection can be any situation in which the
presence of a microbial population(s) is damaging to a host animal. Thus, an animal is
"suffering” from a rmicrobial infection when excessive numbers of a microbial population are
present in or on an animal's body, or when the presence of a microbial population(s) is
damaging the cells or other tissue of an animal,

The compounds may be used to reat a subject having a microbial infection, or at risk of
infection from a micreorganism, such as a bacterium.

The microbial infection may be a bacterial infection such as a Gram-negative bacterial
infection.

Exampies of Gram-negative bacteria include, but are not limited to, Escherichia spp.,
Kiebsiella spp., Enterobacter spp., Salmonelia spp., Shigella spp., Citrobacter spp.,
Morganeifa morganii, Yersinia pseudotubercuiosis and other Enterobacteriaceae,
Pssudomonas spp., Acinetobacter spp., Moraxella, Helicobacter, Stenotrophomonas,
Bdellovibrio, acetic acid bacteria, Legionella and alpha-proteobacteria such as Wolbachia and
numerous others,

Medically relevant Gram-negative cocci include three organisms, which cause a sexually
transmitted disease (Neisseria gonorrhoeae), a meningitis (Neisseria meningitidisy, and
respiratory symptoms (Moraxella calarrhalis).

Medically relevant Gram-negative bacilli include a multitude of species. Some of them
primarily cause respiratory problems (Hemophilus influenzae, Kiebsiella pneumonias,
Legionella pneumophila, Pseudomonas aeruginosa), primarily urinary problems {(Escherichia
coli, Enterobacter cloacae), and primarily gastrointestinal problems (Helicobacter pylor,
Salmonefia enterica).

Gram-negative bacteria associated with nosocomial infections include Acinetobacter
baurnannii, which causes bacteremia, secondary meningitis, and ventilator-associated
pneumonia in infensive-care units of hospital establishments.

In one embodiment the Gram-negative bacterial species is selected from the group consisting
of £, coli, 5. enterica, K. pneumoniae, K. oxyloca, £. cloacas, E. asrogenes, E. agglomerans,
A. calcoaceticus, A. baumannii, Pseudomonas aeruginosa, Stenofrophomonas maltophila,
Providencia stuartii, P. mirabilis, and P. vulgaris.
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in one embodiment the Gram-negative bactenal species is selected from the group consisting
of E£. coli, K. pneumoniae, Pseudomonas aeruginosa, and A. baumannii.

The compounds of formula (1) or (Il) or compositions comprising the same are useful for the
treatrment of skin and soft tissue infections, gastrointestinal infection, urinary tract infection,
pneaumonia, sepsis, intra-abdominal infection and obstetrical/gynaecological infections. The
infections may be Gram-positive or Gram-negative bacterial infections.

The compounds of formuta (1) or (I} or compositions comprising the same are useful for the
treatment of Psgudomonas infections including P. aeruginosa infection, for exampile skin and
soft tissue infections, gastrointestinal infection, urinary tract infection, pneumonia and sepsis.

The compounds of formula (1) or {Il) or compositions comprising the same are useful for the
treatment of Acinetobacter infections including A. baumnanii infection, for pneumonia, urinary
tract infection and sepsis.

The compounds of formuia () or {II} or compositions comprising the same are useful for the
treatment of Klebsiella infections including K. pneumoniae infection, for pneumonia, urinary
tract infection, meningitis and sepsis.

The compounds of formula (1) or (Il) or compositions comprising the same are useful for the
treatment of E. coli infection including E. cofi infections, for bacteremia, cholecystitis,
cholangitis, urinary tract infection, neonatal meningitis and pneumonia.

The active agent may be an agent that has activity against the microorganism. The active
agent may be active against Gram-negative bacteria. The active agent may be active against
a microorganism selected from the list given above.

in one embodiment, the second active agent has an MIC value of 10 micrograms/mL or less
against a micrcorganism such as £. coli in the absence of the compound of formula (1) or (1),
The microorganism may be a microorganism selected from the group above.

Specific compouncs for use as second active agents are described herein and include:
rifampicin, rifabutin, rifalazil, nfapentine, and rifaxamin;
oxacillin, methicillin, ampicillin, cloxacillin, carbenicillin, piperacillin, tricarcilin,
flucioxacillin, and nafcillin;
azithromycin, clarithromycin, ervthromycin, telithromycin, cethromycin, and
solithrormycin;
azireonam and BAL30072;
meropenem, doripenam, imipenem, ertapenem, biapenem, tomopenem, and
panipenem;
tigecycline, omadacycline, eravacycline, doxycycline, and minocycline;
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ciprofloxacin, levofloxacin, moxifloxacin, and delafloxacin;
Fusidic acid:
Novobiccin;
teichoplanin, telavancin, dalbavancin, and oritavancin,
and pharmaceutically acceptable salts and solvates thereof,

in one embodiment, specific compounds for use as second active agents are described herein
and include rifampicin (rifampin), rifabutin, rifalazil, rifapentine, rifaximin, aztreonam, oxacillin,
niovobiocin, fusidic acid, azithromycin, ciprofloxacin, meropenem, tigecycline, erythromycin,
clarithromycin and mupirocin, and pharmaceutically acceptable salts and soivates thereof.

in an alternative aspect, the compounds of formula (1) and (11} are suitable for use in the
freatment of fungal infections, for example in combination together with an antifungal agent.
The antifungal agent may be selected from a polyene antifungal, for example amphotericin B,
an imidazole, triazole, or thiazole antifungal, for example micaonazole, fluconazole or
abafungin, an allylamine, an echinccandin, or another agent, for example ciclopirox.

Treatment

The term “freatment,” as used herein in the context of reating a condition, pertains generaily
to treatment and therapy, whether of 8 human or an animal (e.g., in veterinary applications), in
which some desired therapeutic effect is achieved, for example, the inhibition of the progress
of the condition, and includes a reduction in the rate of progress, a hait in the rate of progress,
alleviation of symptoms of the condition, amelioration of the condition, and cure of the
condition. Treatment as a prophylactic measure (i.e., prophylaxis) is also included.

For example, use with patients who have not yet developed the condition, but who are at risk
of developing the condition, is encompassed by the term “reatment.”

The term "therapeutically-effective amount,” as used herein, pertains to that amount of a
compound, or a material, composition or dosage form comprising a compound, which is
effective for producing some desired therapeutic effect, commensurate with a reasonable
benefit/risk ratio, when administered in accordance with a desired treatment regimen,

The term “treaiment’ includes combination freatments and therapies, as described herein, in
which two or more treatments or therapies are combined, for example, sequentially or
simultaneously.

Combination Therapy

A compound of formula (1) or (i) may be administered in conjunction with an active agent.
Adminisiration may be simultanecus, separate or sequential.
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The methods and manner of administration will depend on the pharmacokinetics of the
compaund of formula (1) or () and the second agent,

By “simultaneous” administration, itis meant that a compound of formula (1) or (I} and a
second agent are administered to a subject in a single dose by the same route of
administration.

By “separate” administration, it is meant that a compound of formula (1) or (Il) and a second
agent are administered to a subject by two different routes of administration which occur at the
same time. This may occur for example where one agent is administered by infusion and the
other is given orally during the course of the infusion.

By “sequential” it is meant that the two agents are administered at different points in time,
provided that the activity of the first administered agent is present and ongoing in the subject
at the time the second agent is administered.

Generally, a sequential dose will occur such that the second of the two agents is administered
within 48 hours, preferably within 24 hours, such as within 12, 6, 4, 2 or 1 hour(s) of the first
ageni. Alternatively, the active agent may be administered first, followed by the compound of
formula (i) or (il).

Ultimately, the order and timing of the administration of the compound and second agent in
the combination treatment will depend upon the pharmacokinetic properties of each.

The amount of the cormpound of formula (1) or (1) to be administerad to a subject will ultimately
depend upon the nature of the subject and the disease to be treated. Likewise, the amount of
the active agent {0 be adminisiered 1o a subject will ultimately depend upon the nature of the
subject and the disease 1o be treated.

Formulations

in one aspect, the present invention provides a pharmaceutical composition comprising a
compound of formula (1) or (1) together with a pharmaceutically acceptable carrier. The
pharmaceutical composition may additionally comprise a second aclive ageni. Inan
alternative embodiment, where a second agent is provided for use in therapy, the second
agent may he separately formulated from the compound of formula {I) or (). The commenis
below made in relation to the compound of formuta () or (1) may therefore also apply to the
second agent, as separately formulated.

While it is possible for the compound of formula (1) or () to be administered alone or together
with the second agent, it is preferable to present it as a pharmaceutical formulation {e.g.,
composition, preparation, medicament) comprising at least one compound of formula (1) or (1),
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as described herein, together with one or more other pharmaceutically acceptable ingredients
well known to those skilled in the art, including, but not limited to, pharmaceutically acceptable
carriers, diluents, excipients, adjuvants, fillers, buffers, preservatives, anti-oxidants, iubricanis,
stabilisers, solubilisers, surfactants (e.g., wetting agents), masking agents, colouring agents,
flavouring agents, and sweetening agents. The formulation may further comprise other active
agents, for example, other therapeutic or prophylactic agents.

Thus, the present invention further provides pharmaceutical compositions, as defined above,
and methods of making a pharmaceutical composition comprising admixing at least one
compound of formula (1) or {1}, as described herein, together with one or more other
pharmaceutically acceptable ingredients well known to those skilled in the art, e.g., carriers,
diluents, excipients, etc. If formulated as discrete units {e.g., tablets, elc.), each unit contains
a predetermined amount (dosage) of the compound. The composition optionally further
comprises the second active agent in a predetermined amount.

The term “pharmaceutically acceptable,” as used herein, pertains to compounds, ingredients,
maierials, compositions, dosage forms, etc., which are, within the scope of sound medical
judgment, suitable for use in contact with the tissues of the subject in question {e.g., human)
without excessive toxicity, irritation, allergic response, or other problem or complication,
commensurate with a reasonable benefiv/risk ratio. Each carrier, diluent, excipient, eic. must
also be "acceptable” in the sense of being compatible with the ofher ingredients of the
formulation.

Suitable carriers, diluents, excipients, etc. can be foeund in standard pharmaceutical texts, for
example, Remington's Pharmaceutical Sciences, 18th edition, Mack Publishing Company,
Easton, Pa., 1990; and Handbook of Pharmaceutical Excipients, 5th edition, 2005,

The formulations may be prepared by any methods well known in the art of pharmacy. Such
methods include the step of bringing into association the compound of formula () or (I} with a
carrier which constitutes one or more accessory ingredients. In genersal, the formulations are
prepared by uniformly and intimately bringing into association the compound with carners
{e.q., liquid carriers, finely divided solid carrier, etc.), and then shaping the product, if
necessary,

The formulation may be prepared to provide for rapid or slow release; immediate, delayed,
timed, or sustained release; or a combination thereof,

Formulaiions may suitably be in the form of liquids, solutions {e.¢., agquecus, non-agueous),
suspensions {(&.g., aqueous, non-aqueous), emulsions (e.g., oil-in-water, water-in-cil), elixirs,
syrups, electuaries, mouthwashes, drops, tablets (including, €.g., coated tablets), granules,
powders, losenges, pastilies, capsules {including, e.g., hard and soft gelatin capsules),
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cachets, pills, ampoules, boluses, suppositories, pessaries, tinctures, gels, pastes, cintments,
creams, lotions, cils, foams, sprays, mists, or aerosols,

Formulations may suitably be provided as a patch, adhesive plaster, bandage, dressing, or the
like which is impregnated with one or more compounds and optionally one or more other
pharmaceutically accepiable ingredients, including, for example, penetration, permeation, and
absorption enhancers. Formulations may also suitably be provided in the form of a depot or
reservoir,

The compound may be dissolved in, suspended in, or admixed with one or more other
pharmaceutically acceptable ingredients. The compound may be presented in a liposome or
other microparticulate which is designed to target the compound, for example, to blood
components or one or more organs. Where a liposome is used, it is noted that the liposome
may contain both the compound of formula (1) or (Il and the second agerit.

Formutations suitable for oral administration (e.g., by ingestion) include liquids, solutions {(e.g.,
aguedus, non-aquecus), suspensions {e.g., aguescus, nen-aguecus), emuisions {e.g., cil-in-
water, water-in-oil), elixirs, syrups, electuaries, tablets, granules, powders, capsules, cachels,
pills, ampoules, boluses.

Formulations suitable for buccal administration include mouthwashes, losenges, pastilies, as
well as patches, adhesive plasters, depots, and reservoirs. Losenges typically comprise the
compound in a flavoured basis, usually sucrose and acacia or tragacanth. Pastilles typically
comprise the compound in an inert matrix, such as gelatin and glycerin, or sucrose and
acacia. Mouthwashes typically comprise the comgpound in a suitable liquid carrier.

Formulations suitable for sublingual administration include tableis, losenges, pastilies,
capsules, and pills.

Formulations suitable for oral transmucosal administration include liguids, solutions (e.q.,
aguecus, non-aquecus), suspensions {(e.g., aquacus, non-aguecus), emuisions (e.g., oil-in-
water, water-in-0il), mouthwashes, losenges, pastilies, as well as patches, adhesive plasters,
depots, and reservoirs.

Formulations suitable for non-oral transmucosal administration include liquids, solutions (e.g.,
agquecus, Non-aqueocus), suspensions (e.g., agueous, non-aqueous), emuisions {e.g., oil-in-
water, water-in-oil), suppositories, pessaries, gels, pastes, ointments, creams, lotions, oils, as
well as patches, adhesive plasters, depots, and reservoirs.

Formulations suitable for transdermal adminisiration include gels, pastes, ocintments, creams,
lotions, and oils, as well as patches, adhasive plasters, bandages, dressings, depols, and
reServoirs.
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Tablets may be made by conventional means, e.g., compression or moulding, optionally with
one or more accessory ingredients. Compressed tablets may be prepared by compressing in
a suitable rmachine the compound in a free-flowing form such as & powder or granules,
optionally mixed with one or more binders (e.g., povidone, gelatin, acacia, sorbitol, tragacanth,
hydroxypropyimethyl cellulose); fillers or diluents {(e.g., lactose, microcrysialline celiulose,
calcium hydrogen phosphate); lubricants (e.g., magnesium stearate, talc, silica); disintegrants
(e.g., sodium starch glycolate, cross-linked povidone, cross-linked sodium carboxymethyl
cellulose); surface-active or dispersing or wetting agents (e.g., sodium laury! sulfate);
preservatives {e.g., methyl p-hydroxybenzoate, propy! p-hydroxybenzoate, sorbic acidy;
flavours, flavour enhancing agents, and sweeteners, Moulded tablets may be made by
moulding in a suitable machine a mixture of the powdered compound moistenad with an inert
liquid diluent. The tablets may optionally be coated or scored and may be formulated so as fo
provide slow or controlled release of the compound therein using, for example,
hydroxypropyimethyl celiulose in varying proportions to provide the desired release profile,
Tablets may opticnally be provided with a coating, for example, 1o affect release, for example
an enteric coating, to provide release in parts of the gut other than the stomach.

Ointments are typically prepared from the compound and a paraffinic or a water-miscible
gintment base.

Creams are typically prepared from the compound and an oil-in-water cream base. If desired,
the agueous phase of the cream base may include, for example, atleast about 30% wiw of a
polyhydric alcohol, i.e., an alcohol having two or more hydroxyl groups such as propylens
glycol, butane-1,3-diol, mannitol, sorbitol, glycerol and polyethylene glycol and mixtures
thereof. The topical formulations may desirably include a compound which enhances
absorption or penetration of the compound through the skin or other affected areas.
Exampies of such dermal penetrafion enhancers include dimethylsuifoxide and related
analogues.

Emulsions are typically prepared from the compound and an oily phase, which may optionally
comprise merely an emulsifier (otherwise known as an emulgent), or it may comprises a
mixture of at least one emulsifier with a fat or an il or with both a fat and an oil. Preferably, a
hydrophilic emulsifier is included together with a lipophilic emuisifier which acts as a stabiliser.
ltis also preferred to include both an oil and a fat. Together, the emulsifier(s) with or without
stabiliser(s) make up the so-called emulsifying wax, and the wax together with the oil and/or
fat make up the so-called emulsifying ciniment base which forms the oily dispersed phase of
the cream formulations,

Suitable emulgents and emulsion stabilisers include Tween 60, Span 80, cetostearyl alcohol,
myristyl alcohol, glyceryl monostearate and sodium lauryl sulfate. The choice of suilable oils
or fats for the formulation is based on achieving the desired cosmetic properties, since the
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solubility of the compound in most oils likely to be used in pharmaceutical emulsion
formulations may be very low. Thus the cream should preferably be a non-greasy,
non-staining and washabile product with suitable consistency to avoid leakage from tubes or
other containers. Straight or branched chain, mono- or dibasic alkyl esters such as
di-isoadipate, isocetyl stearate, propylene glycol diester of coconut fatty acids, isopropyl
myristate, decyl cleate, isopropyl palmitate, buty! stearate, 2-ethylhexy! palmitate or a blend of
branched chain esters known as Crodamol CAP may be used, the last three being preferred
esters. These may be used alone or in combination depending on the properties required.
Alternatively, high melting peint lipids such as white soft paraffin and/or liquid paraffin or other
mineral oils can be used.

Formulations suitable for intranasal administration, where the carrier is a liquid, include, for
example, nasal spray, nasal drops, or by aerosol administration by nebuliser, include aqueous
or oily solutions of the compound. As an alternative method of administration, a dry powder
delivery may be used as an alternative to nebulised aerosols,

Formulations suitable for intranasal administration, where the carrier is a solid, include, for
example, those presented as a coarse powder having a particle size, for exampie, in the range
of about 20 to about 500 microns which is administered in the manner in which snuff is taken,
i.e., by rapid inhalation through the nasal passage from a containar of the powder heid close
up to the nose,

Formulations suitable for pulmonary administration (e.q., by inhalation or insufflation therapy)
include those presented as an aerosol spray from a pressurised pack, with the use of a
suitable propellant, such as dichlorodifiuoromethane, trichlorofluoromethane, dichoro-
tetrafluoroethane, carbon dioxide, or other suitable gases. Additionally or alternatively, a
formulalon for pulmonary administration may be formulated for administration from a nebuliser
or & dry powder inhaler. For exampie, the formulation may be provided with carriers or
liposomes to provide a suitable particle size to reach the appropriate parts of the lung, to aid
delivery of an appropriate dose and/or to enhance retention in the lung tissue.

Formulations suitable for ocular administration include eye drops wherein the compound is
dissolved or suspended in a suitable carrier, especially an aqueous solvent for the compound.

Formulations suitable for rectal administration may be presented as a suppository with a
suitable base comprising, for example, natural or hardened oils, waxes, fats, semi-liquid or
liquid polyols, for example, cocoa butter or a salicylate; or as a solution or suspension for
freatment by enema.

Formulations suitable for vaginal adminisiration may be presented as pessaries, tampons,
creams, gels, pastes, foams or spray formulations containing in addition fo the compound,
such carriers as are known in the art to be appropriate.
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Formutations suitable for parenteral administration (e.g., by injection), include aqueous or non-
aqueous, isotonic, pyrogen-free, sterile liquids {8.g., solutions, suspensions}, in which the
compound is dissolved, suspended, or otherwise provided (e.g., in a liposome or other
microparticulate). Such liquids may additional contain other pharmaceutically acceptable
ingredients, such as anti-oxidants, buffers, preservatives, stabilisers, bacleriostats,
suspending agents, thickening agents, and solutes which render the formulation isotonic with
the blood (or other relevant bodily fluid) of the intended recipient. Examples of excipients
include, for example, water, alcohols, polyols, glycerol, vegetable oils, and the like. Examples
of suitable isotonic carriers for use in such formulations include Sodium Chioride Injection,
Ringer's Solution, or Lactated Ringer's Injection. Typically, the concentration of the compound
in the liquid is from about 1 ng/ml. 1o about 100 pg/ml., for example from about 10 ng/mk to
about 10 ug/ml., for example from about 10 ng/ml to about 1 ug/mb. The formulations may
be presented in unit-dose or muiti-dose sealed containers, for example, ampoules and vials,
and may be stored in a freeze-dried (lyophilised) condition requiring only the addition of the
sterile liquid carrier, for example water for injections, immediately prior to use.
Extemnporanecus injection solutions and suspensions may be prepared from sterile powders,
granules, and tablets.

Dosage

Generally, the methods of the invention may comprise administering to a subject an effective
amount of a compound of formula (1) or (1) 80 as to provide an antimicrobial effect. The
compound of formula (1) or (1) may be administered at an amournt sufficient to potentiate the
activity of a second active agent. The second active agent is administersd to a subject at an
effective amount so as o provide an antimicrobial effect.

it will be appreciated by one of skill in the art that appropriate dosages of the compound of
formula (1) or (1) or the active agent, and compositions comprising the compound of formula (1)
or (Il) or the active agent, can vary from patient to patient. Determining the optimal dosage
will generally involve the balancing of the level of therapeutic benefit against any risk or
deleterious side effects. The selected dosage level will depend on a variety of factors
including, but not limited to, the aclivity of the particular compound of formuta (1) or (1) or the
active agent, the route of adminisiration, the time of administration, the rate of excretion of the
compouind, the duration of the treatment, other drugs, compounds, and/or materials used in
combination, the severity of the condition, and the species, sex, age, weight, condition,
general health, and prior medical history of the patient. The amount of compound of formula
{6 or (i) or the active agent and route of administration will ultimately be at the discretion of
the physician, veterinarian, or ¢linician, although generally the dosage will be selected to
achiave local concentrations at the site of action which achieve the desired effect without
causing substantial harmiut or deletenious side-effects.
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Administration can be effected in one dose, continuously or intermittently (e.g., in divided
doses at appropriate intervals) throughout the course of treatment. Methods of determining
the rmost effective means and dosage of administration are well known io those of skill in the
art and will vary with the formulation used for therapy, the purpose of the therapy, the target
cell(s) being treated, and the subject being treated. Single or multiple administrations can be
carried out with the dose level and pattern being selected by the treating physician,
veterinarian, or clinician.

in general, a suitable dose of a compound of formula (1) or (1) or the active agent is in the
range of about 10 pg to about 250 mg (more typically about 100 ug to about 25 mg) per
kilogram body weight of the subject per day. Where the compound of formula (1) or (Il) or the
active agent is a salt, an ester, an amide, a prodrug, or the like, the amount administered is
calculated on the basis of the parent compound and so the actual weight to be used is
increased proportionately.

Kits

One aspect of the invention pertains to a kit comprising (a) & compound of formula (1) or (11}, or
a composition comprising a compound as defined in any one of formula (1) or (I}, e.qg.,
preferably provided in a suitable container and/or with suitable packaging; and (b) instructions
for use, e.¢., writlen insfructions on how to administer the compound or composition.

The written instructions may also include a list of indications for which the compound of
formuia (1) or (1) is a suitable treatment.

In one embodiment, the kit further comprises (¢) a second active agent, or a composition
comprising the second active agent. Here, the wrilten instructions may also include 3 list of
indications for which the second active agent, together with the compound of formula () or (ii),
is suitable for treatment.

Routes of Administration

A compound of formula (1) or (Il), 2 second agent, or a pharmaceutical composition comprising
the compound of formula (i) or {§f}, or the second agent may be administered to a subject by
any convenient route of administration, whether systemically/peripherally or topically (i.e., at
the site of desired action).

Routes of administration include, but are not limited {o, oral (e.g., by ingestion); buccal;
sublingual; transdermal (including, e.g., by a patch, plaster, etc.); transmucosal (including,
e.q., by a patch, plaster, elc.); intranasal (e.g., by nasal spray); ocular (e.g., by eyedrops);
puimonary {e.g., by inhalation or insuffiation therapy using, e.g., via an aerosdl, e.g., through
the mouth or nose); rectal (e.g., by suppository or enema); vaginal (e.g., by pessary);
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parenteral, for example, by injection, including subcutaneous, intradermal, intramuscular,
infravenous, intraarterial, intracardiac, intrathecal, intraspinal, intracapsular, subcapsular,
intraorbiial, intraperitoneal, intratracheal, subcuticular, intraarticular, subarachnoid, and
intrasternal; by implant of a depot or reservoir, for example, subcutaneously or
intframuscularly,

The Subject/Patient

The subject/patient may be a chordate, a vertebrate, a mammal, a placental mammal, a
marsupial {e.g., kangaroo, wombal), a rodent (8.g., a guinea pig, a hamster, a rat, a mouse),
murine (e.9., a mouse), a lagomorph (e.q., a rabbit}, avian (8.g., a bird), canine (e.g., a dog),
feline (e.g., a cat), equine {(e.g., a horse), porcine {(e.g., a pig), ovine (e.g., @ sheep), bovine
{e.g., a cow), a primate, simian {e.g., a monkey or ape), a monkey {e.g., marmoset, baboon),
an ape (e.g., gorilla, chimpanzee, orang-utan, gibbon), or a human. Furthermorg, the
subject/patient may be any of its forms of development, for example, a foetus.

in one preferred embodiment, the subject/patient is a human.

itis also envisaged that the invention may be practised on a non-human animal having a
microbial infection. A non-human mammal may be a rodent. Rodents include rats, mice,
guinea pigs, chinchillas and other similarly-sized small rodents used in laboratory research.

Methods of Preparation

Compounds of formula (1) and (1) can be prepared by conventional peptide synthesis, using
methods known to those skilled in the art. Suitable methods include solution-phase synthesis
such as described by Yamada et a/, J. Peplide Res. 64, 2004, 43-50, or by solidphase
synthesis such as described by de Visser ef &, J. Peptide Res, 61, 2003, 298-308, and Vaara
et al, Antimicrob. Agents and Chemotherapy, 52, 2008. 3229-3236. These methods include a
suitable protection strateqy, and methods for the cyclisation step. Alternatively, compounds
may be prepared from readily avaible polymyxing, for example by removal of the N-terminal
amino acid of the polymyxin (residue 1). Such a method is described herein for the
preparation of compounds based on residues 2-10 of polymyxins B and E.

As shown herein, it is possible to derivatise the N terminal group of a deacylated polymyxin
compound, such as deacylated polymyxin B and deacylated polymyxin B nonapeptide, without
derivatising the amino groups that are present in the side chains of the polymyxin compound.
As described herein, the side chains of the polymyxin compound may be selectively protected
without protecting the N terminal group. The N terminal group may then be reacted to provide
the appropriate N terminal substituent. The side chain protection may subsequently be
rermoved.
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A protected Polymyxin can also be cleaved fo the corresponding heptapeptide by cleavage of
amino acids 1-3. Methods for this cleavage are described in WO 2012/168820, and
W 1988/00950. As shown herein this can be derivatised by coupling to appropriately
substituted dipeptides or tripeptides to provide novel polymyxin derivatives.

Other Preferences

Each and every compatible combination of the embodiments described above is explicitly
disclosed herein, as if each and every combination was individually and explicitly recited.

Various further aspects and embodiments of the present invention will be apparent to those
skilled in the art in view of the present disclosure.

“and/or” where used harein is to be taken as specific disclosure of each of the two specified
features or components with or without the other. For example “A and/or B” is to be taken as
specific disclosure of each of (i} A, (i)} B and (i) A and B, just as if each is set out individually
herein.

Unless context dictates otherwise, the descriptions and definitions of the features set out
above are not imited 10 any particular aspect or embodiment of the invention and apply
equally to all aspects and embodiments which are described. Where technically appropriate
embodiments may be combined and thus the disclosure extends to all permutations and
combinations of the embodiments provided herein.

Certain aspects and embodiments of the invention will now be illustrated by way of example
and with reference 1o the figures described above,

Abbreviations
Abbreviation Meaning
PMEBN Folymyxin B nonapeptide
PVB Polymyxin B
Thr Threonine
Ser Serine
DSer D-serine
Leu Leucine
lle isoleucine
Phe Phenylalanine
Dphe D-phenylalanine
Val Valine
Dab a,y-Diaminobutyric acid

DIPEA N, N-diisopropylethylamine
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Abbreviation Meaning
BOC-ON 1»(Boc:»c::xyimir!o?-zuphenyl
acetonitriie
1-ethyl-3-(3-
EDC octaminopropyl)carbodiimice
hydrochloride
(Benzotriazol- 1-yl-
PyBOP oxy)tripyrrolidinophosphonium
hexafluorophosphate
2-{7-aza-1H-benzotriazol-1-yi)-
HATU 1,1-3,3-tetramethyluronium
hexafluorophosphate
HOAL 1-Hydroxy-7-azabenzotriazole
DCM Dichioromethane
TFA Trifluoroacetic acid
ND Not determined
MN/A Not applicable
DMF N,N-Dimethylformarmide
PMBH Polymyxin B heptapeptide (4-10)
PMBD Polymyxin B decapepide
Pro Proline
Dap a,B-Diaminopropionic acid
Gly Glycine
Thr Threonine
His Histidine
Phe Phenylalanine

Examples

The following examples are provided solely o illustrate the present invention and are not
intended to limit the scope of the invention, as described hergin.

Nomenciature - Compounds are named based on the natural polymyxin core from which they
are synthetically derived.

Synthesis Examples
Intermediate 1 - Polymyxin B nonapeptide

A mixture of EDTA (1.4 g}, potassium chioride (1.1 g) and L-cysteine (0.12 g) was dissoived in
water (475 mi.) and potassium phosphate buffer {pH 7, 25 mL). The reaction was stirred at
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37°C for 10 min then Polymyxin B (10.3 g) was added. After stirring for 2h at 37 °C papain
(3.36 U/ mg) was added and stirred for a further 18h at 37 °C. The progress of the reaction
was monitored by LC-MS using the conditions outlined in Table 1. The crude material was
separated into 87 ml. fractions and purified using 10 g SCX cartridge (x8), eluting first with
methanol (100 ml.) and then 20% ammonia (aq, sp.q.880) in methanol (100 ml.). The
ammonia fractions were isolated and evaporated {o give the product as beige solid, vield 4.95
g, 60% m/z 482, [M+2HP

Table 1 - LC-MS conditions

Micromass Platform LC

Column; Zorbax 5p C18 (2) 150 x 4.6 mm

Mobile Phase A: 10% Acetonitrile in 20% Water, 0.15 %TFA or 0.1% formic
Mobile Phase B: B0% Acetonitrile in 10% Water, 0.15 %TFA or 0.1% formic
Fiow rate: 1 mL/min

Gradient; Time 0 min 100% A 0% B
Time 10 min 0% A 100% B
Time 11 min 0% A 100% B
Time 11.2 min 100% A 0% B
Time 15 min 100% A 0% B
Cycle time 15 min

Injection volume: 20 ul

Detection: 210 nm

intermediate 2 - Telra-(Boc) Polymyxin B nonapeptide

Selective BOC protection of the free y-amino groups on the Dab residues of polymyxin B
nonapaptide was carried out using the procedure of H. O’'Dowd et al, Tetrahedron Leit., 2007,
48, 2003-2005. Polymyxin B Nonapeptide (intermediate 1 1.00 g, 1.0 mmol) was dissolved in
water {(4.4 mL), dioxaneg (4.4 mL), triethyvlamine (4.4 mL) and the mixture was stirred for 10 min
prior to the addition of 1-{Boc-oxyimino)-2-phenyl acetonitrile (Boc-ON) (0.77 g; 3.11 mmol}.
After stirring for 18 h, a further addition of Boc-ON (0.1¢g, 0.4 mmol) was added and the
mixture was stirred for a further 3 h, The progress of the reaction was followed by LC-MS,
once compleie the mixture was quenched by the addition of 20% methanolic ammonia (50
mL). The mixture was then evaporated to dryness and re-dissolved in methanol which was
subsequently loaded onto silica. The crude material was purified using chromatography
{eluent 0-20% methanol in dichloromethane) on silica gel (40 g} to afford tefra-(Boc) polymyxin
B nonapeptide as a white solid (0.5 g, 36 %). TLC, Ry 0.2 (10% methanol in dichloromethane).
m/z 1362 .8[MH]*.
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Intermediate 3 - Colistin (Polymyxin £) nonapeptide

Colistin {polymyxin E, 5 g} was treated with immobilised papain {185 ELL/g), potassium
phosphate buffer (25 mM; pH 7, 1.25 L), potassium chloride (30 mM), EDTA (10 mM) and
cysteine (1 mM) at 37°C for 32 h with gentle agitation to produce colistin (polymyxin E)
nonapeptide. The progress of the reaction was monitored by LC-MS using the conditions
outlined in Intermediate 1, Table 1. The immobilized papain was removed by filtration and the
filtrate was concentrated /n vacuo to leave a solid residue which was re-suspendesd in 10%
agueocus methanol and left at room temperaturs overnight. The supematant was decanted and
concentrated in vacuo. Colistin (Polymyxin E} nonapeptide was purified from the residue by
SPE on C18 silica (10 gm), eluting with 0-25% aqgueous methanol. Evaporation of the
appropriate fractions gave the product as a white solid. m/z 465,32 [M+2H]Z*.

intermediate 4 - Teira-(Boc) Colistin (Polymyxin E) nonapeptide

Coiistin (Polymyxin E) Nonapeptide (2.5 g, 2.69 mmol) was suspended in water (35 mL) with
sonication. Dioxane (35 mb) and friethylamine (35mi) were added and the mixture was cooled
in ice for 10 min prior to the addition of 1-(Boc-oxyimino)-2-phenyl acetonitrile (Boc-ON)

(2.65 g; 10.76 mmol). The progress of the reaction was followed by LC-MS and reached
completion after 10 minutes, whereupon the mixture was guenched by addition of 20%
methanolic ammonia (25 mL). The liguid phase was decanted and the residual solid was
re-dissolved in water and extracted sequentially with dichloromethane and iso-butancl. Based
on LC-MB analysis, the decanted liguid and both dichioromethane and iso-butano! extracis
were pooled together followed by concentration in vacuo to give yellow gum which was {oaded
onto flash chromatography (8i 80A- 35-70). The column was eluted with 0-20% methanol
{containing 2% ammonia) in dichloromethane. The column fractions eluted with 7-10%
methanol (containing 2% ammonia) in dichloromethane afforded tetra-(Boc) colistin
{polymyxin E} nonapeptide as a white solid (1.18 g, 33 %). m/z 1329.7 [M+H]*.

Intermediate 5 - Tri-(Boc) Polymyxin B heplapeptide

PME sulphate (2 g) was dissolved in water (20 mL)} followed by addition of 1,4 dioxane

{40 mL) and left to stir for 10 minutes at room temperature, To the reaction mixture was acdded
Boc anhydride (4.42 g) was added as solid and the reaction was stired at room lemperature
and was monitored by HPLC. The reaction mixture was then adjusted to pH 6 using 1 M HCI
, the precipitate which formed was filterad and washed with water (50 ml.) and heptane

{50 mL), to leave Boc;PMB as a white solid (2.4 g, 85 %). This material {1 g} was dissolved in
1,4-butansdiol (112.5 mL) and the mixture was stirred at 40°C overnight. To the solution
potassium phosphate (75 mL, 0.12 5M pH 8.0} was added over one minute, causing the
formation of a white suspension. The reaction was diluted by adding 112.5 mL butanediol and
75 mi. potassium phosphate (0.125 M pH 8.0}, but the white emuision persisied. The
temperature of the reaction was reduced to 37°C and then Savinase 16L (250 uL) was added
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and the reaction was stirred at room temperature ovemight. As the reaction progressed the
white emulsion cleared o form a transparent seolution due o the formation of the more soluble
P BH-Bocs. The reaction mixture was diluted with water (50ml) and was then extracted with
DCM (100 ml) The DCM layar was collected and evaporated in vacuo to afford a colourless
oil. The resulting oil was diluted in 50 % m?gpanol (aq.) and was loaded onto four
preconditioned 10 g Varian Bond Elut SCX cariridges and the flow through was collected. The
cartridges were washed with two column volumes of 50 % methanol (aq.) and then PMBH-
Bocs was eluted from the column using two column volumes of 20% ammonia in methanol.
The resulting eluent was evaporated to dryness in vacuo to afford purified PMBH-Bocs (810
mg). m/z 1062.6 M+H]

Intermediale 8 - Penila-(Boc) Polymyxin B decapeplide

PMB sulphate (2 g) was dissolved in 100 mM potassium phosphate pH 8.0 (500 mL approx.).
To the solution, crude polymyxin acylase (extracted from Pseudomonas sp. M-6-3W) was
added at g ratio of 0.0125 g enzyme: 1 g PMB. The reaction was stirred at 37°C for 16 hours,
The reaction mixture was then loaded onto Varian Bond Elut SCX resin (cartridges
preconditioned according fo manufacturer’'s instructions) and then the cartridges were washed
with water. The de-acylated polymyxin decapeptide (PMB) was eluted from the SCX column
using 20% ammonia in methanol and the resulting fractions were evaporated to dryness. (D)
PMBD (2.2 g) was dissolved in water (10 mL) followed by addition of 1,4-dioxane (10 mL) and
triethylamine (10 mL) with stirring at room temperature. To the reaction mixture Boc-ON (5
equiv.) was added as solid and the reaction was stirred at room temperature and was
monitored by HFLC. PMBD-Bocswas purified by flash chromatography loading in DCM and
then developing the column using a step gradient of DCM:MeOH:NH; of 100:0:0, 91.7:2,
88:10:2, 83:15:2 and 78:20:2. Fractions containing PMBD-Bocs were evaporated to dryness to
afford a white powder (0.48 g, 15 %). m/z 1563.8 [M=+HT".

Intermediate 7 - Thr(O-Bu) Tetra-(N-Boc) Polymyxin B nonapeptide

Step 1 - (8)-2-((8)-2-Benzyloxycarbonylamino-3-tert-butoxy-butyrylaming)-4-tert-
butoxycarbonylamino-butyric acid methyl ester

To a stirred suspension of (8)-2-Benzyloxycarbonylamino-3-tert-butoxy-butyric acid DHCA salt
(3.65 g, 7.4 mmol) and {S)-Z-Amino-4-tert-butoxycarhonylamino-butyric acid methyl ester HCI
salt (2.0 g, 7.4 mmol) in a mixture of DCM (80 mL) and DMF (120 mL) was added

N, N-diisopropylethylamine (3.85 mL, 22 1 mmol). To this stirred mixture was added 1-hydroxy-
T-zzabenzotiazole (1.0 g, 7.3 mmol) followed by N-(3-dimethylaminopropyl)-N’-
ethylcarbodiimice HCI salt (1.42 g, 7.4 mmol). The mixture was stirred for 17 h at ambient
temperature then filtered under suction to remove the insoluble by-product, which was
discarded. The fillrate was concentrated o a yellow oil which was partitioned between a
solvent mixture of EfQAC/ELO (1:1) (250 mL) and 0.5 M hydrochloric acid (200 mb). The
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aqueous phase was re-extracted with fresh solvent mixture (100 mL) and the combined
organic exiracts were successively washad with water (180 mL) and sat. NaHCO; solution
(150 mb), dried (Na:S(04) and concentrated 1@3 a colowrtess oil {3.72g). This oil was purified by
silica gel chromatography on a 100g SepPak cariridge, eluting with a solvent gradient of
EtOAc/i-hexane (0-70%). Fractions containing the product (R; 0.26 in EtOAc/i-hexane 3.7,
visuaiized with KMnO4 spray) were pocled and concentrated to give the title compounds as a
colourless foam (3.58 g, 6.8 mmol, 92% vield). miz 524 {(MH", 100%).

Step 2 - (B)-2-((5)-2-Benzyloxycarbonylamino-3-tert-butoxy-butyrylamino)-4-tert-
butoxycarbonylamino-butyric acid

A solution of fithium hydroxide monohydrate (0.861 g, 20.5 mmol) in water (16 mL) was added
to a stirred solution of (8)-2-((8)-2-Benzyloxycarbonylamino-3-tert-butoxy-butyrylamino)-4-tert-
butoxycarbonylamino-hutyric acid methyl ester (3.58 ¢, 6.8 mmol) in methanol (64 mL) at
ambient temperature and stirred for 19 h. To this solution was added 1M HC| (24 mL)
resulting in amilky mixture (pH 1) which was quickly extracted with DCM (3 x 135 mL.). The
combined organic extract was dried {Na;504) and concentrated {o give the fitle compound as
a colourless foam (3.27 g, 6.4 mmol, 94% vield).M/z £32 [MNa}+, 1041 [2M+Na]+.

Step 3 - CozHNPMBN{OBU){Boc)s

(8)-2-((8)-2-Benzyloxycarbonylamino-3-tert-butoxy-butyrylamino)-4-tert-butoxycarbonylamino-
butyric acid (1.73 g, 3.39 mmol) and Intermediate 5 (3.0 g, 2.8 mmol) were charged 1o a flask
to which dry DCM (85 mi) and dry DMF (17 mL) were added with stirring. To the stirred
solution was added N,N-diisopropylethylamine (1.46mi, 8.4dmmol) and after stirring for 5 min,,
O-(7-azabenzotriazol-1-yl)}-N,N,N'N’-tetramethylurenium hexafluorophosphate (1.29 g,

3.29 mmol) was added in a single porlion. The mixture was sonicated for 2 minutes then left
to stir at ambient temperature for 18 h. The reaction mixture was then evaporated and the
residue re-evaporated from toluene (3 x 100 mlL). The residue was dried under vacuum for 3
h to ensure removai of toluene. Water (50mi) was added to this material and the mixture was
rapidly stirred for 3 h with occasional sonication. The tifle compound was collected by suction
filtration as afine, white solid and washed with water (2 x 25 mL) then dried under vacuum for
15h (4.6 g, 3.0 mmol, 100% vield). m/z 1554[MH+].

Step 4 - Titte Compound

The product from step 3 (541 g, 3.48 mmol), ammonium formate (8.6 g, 104.4 mmol) and
10% Pd-C (2.0 ¢) were charged to a flask under No. MeOH (270 mbL) was added and the
mixture was stirred under N for 4.5h. LCMS showed MH* for product and loss of starting
material. The mixiure was filtered under suction through a pad of celite and washed through
with MeOH {50 mL). The filtrate and washings were evaporated to a colourless oil which was
partitioned between a solvent mixture of E{QAC/MeOHM (4:1)(250 mL) and water {250 mL).

Date Reg¢ue/Date Received 2020-08-26



10

15

20

25

30

35

40

81798985

63

The agueous phase was further extracted with the same, fresh solvent mixture (2 x 100 mL).
The combined organic extracts were dried (Na,304) and evaporated to a colouriess oil (~ 8g).
This material was purified by chromatography on silica gel (100 g SepPak column} eluting with
a gradient of MeOH/EtOACc (0-4%). Fractions containing the product (R 0.30 in
EtOAc/MeOH/NH4OH g0 95:5:1, visualized with KMnO4 spray) were pooled and evaporated to
give the title compound as a crispy foam (4.0g, 2.8mmol, 81% vield). m/z 1420 [MH+]L.

Intermediate 8 - Thr(Q-Bu) Fenta-(N-Boc) Polymyxin B decapeplide

Prepared from Intermediate 7 and N-aZ-N-y-BOC-L-Dab using Method 2B followed by
CBZ-deprotection following the method of Intermediate 7, step 4 , to afford the title compound
as a white foam in 83% yield . m/z 1620 [MH+],

Method 1 - General method of preparation of nonapeptide amide derivatives

Step 1. The corresponding carboxylic acid (8 equiv. with respect to the polymyxin substrate)
was dissolved in dichicromethane (2 mi/mmol). N ALDiisopropylethyaimine (5.0 equiv.) and
2-(1H-7-Azabenzotriazol-1-yl)-1,1, 3, 3-tetramethyl uronium hexafluorophosphate (HATU)

(5.0 equiv.) were then added to the reaction mixture. After 30 min stirring at room temperature
compound of intermediate 2 or intermediate 4 (1.0 equiv.) was added. After 16 hthe
completion of the reaction was confirmed by LC-MS and the reaction mixiure was evaporated
to dryness and purified using column chromatography on silica gel (eluent 0-10% methanol in
dichloromethane). The appropriate fractions were concentrated to leave the product as a
colourless ol (typical yield 58 %).

Step 2. The product from Step 1 was dissolved in dichloromethane (20 mL/mmol).
Trifiuoroacetic acid (60 equiv.) was added and the mixiure was stirred at room temperature for
16 h, after which time LC-MS confirmed completion of the reaction. The reaction mixture was
concentrated in vacuo to leave the irifluoroacetate salt as a colourless oil. To this was added
water (10 ml/mmol} and the mixture was sonicated for 5 min. To the resulting suspension
was added 1 M NaHCO; until the mixture reached pH 9. The mixture was then passed
through a 10 g C18 SPE column, sluting sequentially with 0, 40, 50, 60, 70, 80 and 100 %
agusous methanol. Product-containing fractions were pooled and evaporated, The residue
was suspended in water and 0.1 M H2S0, added until pH 7 was reached. The solution was
Iyophilised overnight to afford the sulphate salt as a white solid. Compound purity was
assessed by HPLC using the conditions outlined in Table 2.

Table 2 - Analytical HPLC conditions
Column: Fhenomenex Hyparc!ongw% C18 (2) 150 x 4.8 mm

Maobile Phase A: 10% Acetonitrile in 80% Water, 0.15 %TFA
Mobile Phase B; 90% Acetonitrile in 10% Water, 0.15 %TFA
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Flow rate: 1 mb/min
Gradient; Time 0 min 100% A 0% B
Time 10 min 0% A 100% B
Time 11 min 0% A 100% B
Time 11.2 min 100% A 0% B
Cycle time 15 min
injection volume: 20yl
Detection: 210 nm

Method 2 - General method of preparation of nonapeplide amides

8tep 1 - The BOC protected nonapeptide was prepared using the conditions of Method 1,
After completion if the reaclion, the crude reaction mixiure was adsorbed onto silica and
chromatographed on a silica cartridge, eluting with 0-20% methanol in dichioromethane.
Product-containing fractions were combined and evaporated to a white foam. The product
thus obtained was re-purified by silica gel chromatography to obtain the product as a white
foam.

8tep 2 - The purified product from Htep 2 was dissolved in dichloromethane (2 ml), treated
with TFA (1 mbL) and the mixture stirred 2t room temperature for 1 hour. The solvent was
evaporated and the residue azeotroped with toluene, to leave a white solid. This was
dissolved in water (10 mL) and washed with dichloromethane (5 mL). The agueous phase
was evaporated to low volume and lvophilised overnight to afford the TFA salt of the product
as a white solid.

Method 2A - Further General method of preparation of nonapeptide amides

Step 1 - The protected polymyxin substrate (0.07 mmol) was dissolved in dichioromethane
{4 mL), and treated with the corresponding carboxylic acid (1.5 equiv. with respect to the
polymyxin substrate), N, N-Diisopropylethyaimine (3.0 equiv.), followed by HATU

(2.0 equivalent). After 16 h the compiletion of the reaction was confirmed by LC-MS and the
reaction mixture was evaporated to dryness. Water (~10 mL} was added and the mixture
triturated then stirred vigorously for 1 h. The resultant precipitate was collected by filtration
and dried in vacup overnight.

Step 2 — The Boc-protected derivative from Step 1 was dissolved in dichloromethane (3 ml.)
and treated with TFA (1 mL). The reaction mixture was stirred at room temperature until
LCMS confirmed complete deprotection. The solvent was evaporated and the residue
chromatogaphed by prep HPLC using the conditions of Method 3, step 6. Product-containing
fractions were combined, evaporated to low volume, and lyophilised to afford the product as
the TFA sait.
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Method 3 - General method for the preparation of dipeptide amide derivatives of polymyxin B
heptapeptide

Step 1 - Coupling of carboxylic acids to methyl esters of amino acid 1

The appropriate carboxylic acid (1.1 equiv.), the appropriate (N-Boc or OBuf) amino acid
methyl ester hydrochloride (1 equiv.), EDC hydrochioride (1.1 equivs.) and HOAL (1.1 equiv.}
were charged {o a flask. DCM (8 mL/mmol with respect to the amino acid methyl ester) was
added and to the stirred mixiure under nitrogen was added DIPEA (3 equiv.} 1o give a yeliow
solution. The solution was stirred for 18 h, diluted with an equal volume of DCM and the
solution washed successively with water (16 ml/mmol with respect to amino acid} and sodium
hydrogen carbonate solution (18 mimmol). The solution was dried (N&,80,) and evaporated
to a residue. The residue was purified by chromatography on silica gel (gradient elution with
EiQAc/iso-hexane). Relevant fractions were pooled and evaporated to afford the desired
methyl ester product (m/z M+HJ* detectable in the LCMS spectrum). Where a racemic acid is
used, the product is obtained as a mixture of diasierecisomers.

Step 2 - Hydrolysis of the methyl ester product from step 1

To a stirred solution of the product from step 1 (1 equiv.) in methanol (5 mb/mmol with respect
to the methyl ester) was added a solution of lithium hydroxide monohydrate (3 equiv.) in water
(0.5 ml/mmol of reagent). The resulting solution was stirred at ambient temperature for 24 h
then poured into watsr (25 ml/mmol with respect to methy! ester). This solution was adjusted
to pH 1 by the addition of 1 M hydrochioric acid (3 equiv.) and the mixture was extracted with
DCM (3 x). The combined organic extracts were dried (Na;504) and evaporated to afford the
desired carboxylic acid {m/z [M+H]" detectable in the LCME spectrum} . YWhere a racemic acid
is uged in step 1, the product iz obtained as a mixture of diastereocisomers.

Step 3 - Coupling of the carboxylic acid product from step 2 with the methyl ester of amino
acid 2

This step was carried out in the same manner as that described in step 1, using the carboxylic
acid from step 2 and the appropriate (N-Boc or OBy’ amino acid methy! ester hydrochioride.
The methyl ester product {(mvz [M+H]* detectable in the LCMS spectrum) was isolated as
described in step 1. Where a racemic acid was used in step 1, the product is obtained as a
mixture of diasterecisomers.
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Step 4 - Hydrolysis of the methyl ester product from step 3

This step was carried out in the same manner as that described in step 2, using the methyl
estar from step 3. The carboxylic acid product (m/z [M+H]* detectable in the LCMS spectrum)
was isolated as a mixture of diasterecisomers.

Step 5 - Coupling of the carboxylic acid product from step 4 with Tri-(Boc) Polymyxin B
heptapeptide (intermediate 5)

PyBeigM{Q equiv.) was added {o a stirred solution of the carboxyiic acid from step 4 (2 equiv.) in
dry DCM (15 mL/mmol with respect fo acid). DIPEA (2 equiv.) was then added and the
solution stirred for 30 min. To this solution was then added a solution of Intermediate §

{1 equiv.) in dry DCM {12 mL/mmol with respect to acid) and dry DMF (1.5 mL/mmol with
respect to acid) and the whole mixture was stirred for 16 h. The mixture was then evaporated
to a thick oil which was partitioned between EtOAc and water. The organic phase was
washed with saturated sodium hydrogen carbonate solution then brine, dried (Naz804) and
evaporated to a foam. The material was purified by chromatography orn silica gel (gradient
elution with MeQMH/EIOAC) to afford the polypeptide product (m/z [M+H]* detectable in the
LCMS spectrum). Where a racemic acid was used in step 1, the product is obtained as a
mixture of diastereoisomers.

Step 6 - Deprotection of the Polymyxin B heptapeptide product from step 5

TFA {30 ml/mmol with respect to polypepiide) was added to a stirred solution of the
polypeptide from step 5 in DCM (60 mL/mmol). The solution was stirred for 3.5 h then
evaporated and dried under vacuum for 1 h. The residue was purified by HPLC (conditions
below)} and lyophilised to afford the TFA salt of the product as a white solid.  Vvhere a racemic
acid was used in step 1, the product is obtained as a mixture of diasterevisomers. (See

Table 4 for examples).

Table 3 - Prep MPLC conditions

Column: Sunfire C18 OBD 5um x 30mm x 150mm

Maobile Phase A: Acetonitrile + 0.15 %TFA

Mobile Phase B: water + 0.15 %TFA

Flow rate: 25 ml/min

Gradient: Time 0 min 3% A 9% B
Time 2 min 3% A 97% B
Time 25 min 40% A 60% B
Time 30 min 97% A 3% B
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Time 32 min 97% A 3% B
Detection: 210 nm

Method 3A

The coupling was carried out as describad in Method 3, using a CBZ-profected amino acid at
Step 3. An additional CBZ deprotection siep (Step 5A) was included prior to step 6.

Step BA - CEBZ Deprotection:

A mixture of the protected intermediate from Step 5 (0.0573mmol) and 10% Pd/C paste

{10 mg) in ethanc! (4 mL) was stirred under an atmosphere of hydrogen for 18 h. Further 10%
Pd/C paste (10 mg) was added and stirring was continued for a further 24 h. The reaction
mixture was filtered through a pad of celite and the filtercake was washed with ethanol {2 x).
The combined organics were evaporated to afford a crude oil. This was purified by reverse
phase preparatory HPLC using the conditions of Method 3 step 6 to afford the desired product
as a colourless glass (20%). (mvz [M+H]" detectable in the LCMS spectrum).

Method 3B

Method 3B consists of steps 1-2 of Method 3A followed by coupling to BOC-protected PMBN
{(intermediate 2) to give the protected decapeptide. Deprotection following Method 3A, Step
5A for CBZ deprotection and Step 8 for Boc deprotection affords the desired compound,
details given in Table 4.

The compounds were isolated as sulphate salts, unless otherwise indicated.

General Preparation of Acelate Salls

Acetate salts may be prepared if required, by the following protocol.

A TFA salt (50 mg) may be dissolved in water, and taken to pH 9 with 1 M NaHCOs, The
mixtiire may then passed through a 1 g C18 SFE column, eluting with water (20 ml.) followed
by 80% methanoliwater. Product-containing fractions may be pool treated with 0.1 M acetic
acid (10 equiv). The solution may be concentrated under reduced pressure, then lyophilised

overnight to afford the acetate salt, typically as a white solid. Compound purity may eb
assessed by HPLC using the conditions outlined in Table 2.

Synthesis of Carboxylic Acids

Carboxylic acids used for the assembly of polymyxin derivatives were secured either via
comrmercial sources, or prepared using methods known fo those skilled in the art. Alkyl



10

15

20

25

30

35

40

81798985

68

substituted piperidine carboxylic acids, such as cis-4-Octyl piperidine 2-carboxylic acid used
for example A43 were prepared according o the general method below;
General method of synthesis of alkyl substituted pyridine carboxylic acids:

Step 1. To a solution of the appropriate bromo pyridine carboxylic acid ethyl ester 5.0 (mmol)
in ethyl acetate (20 mL) under nitrogen was added triethylamine (1.1 mL, 7.5 mmol), 1-octyne
(1.1 mL, 7.5 mmol), bis(triphenyiphosphine)palladium (i) dichloride (176 mg, 0.25 mmol) and
copper iodide (10 mg, 0.05 mmol). The reaction mixture was stirred at 50deg C for 16 hours,
then filtered under suction through Celite 'and washed through with ethyl acetate. The filtrate

was evaporated at reduced pressure. The residue was purified by silica gel chromatography

efuting with 0 — 50% ethyi acetate in iso-hexane to yield the corresponding oct-1-ynylpyridine

carboxylic acid ethyl ester,

Step2. To a solution of the oct-1-ynylpyridine carboxylic acid ethyl ester (4.60 mmol) in acatic
acid (100 mL) was added platinum oxide (100 mg). The reaction mixture was hydrogenated
for 16 h., then filtered under suction through Celite and washed through with ethyl acetate.
The fillrate was evaporated at reduced pressure and then the residue was partitioned between
ethyl acetate and water. The pH of the aqueous layer was adjusted to pH10 by the addition of
880 ammonia, After separation of the layers, the aqueous phase was re-extracted with ethyl
aceiate and then the combined organic layers were passed through a hydrophobic frit. The
solvant was evaporated at reduced pressure and the residue purified by silica gel
chromatography eluting with 0 — 100% (80:20:2 ethyl acetate:methanol:. 880 ammonia) in ethyl
acetate to afford the reduced product.

Step 3. To a solution of the octylpiperidine carboxylic acid ethyl ester (3.20mmol) in
dichloromethanea (50 mlL) was added triethylamine (680 pi., 4.8 mmol), followed by di-fert-butyl
dicarbonate {(1.06 g, 4.8 mmol}. The reaction mixture was stirred at room temperature for 16
hours and then concentrated at reduced pressure. The residue was dissolved in diethyl ether
and washed with ammonium chioride solution. After separation of the layers, the aqueous
phase was re-extracted with diethyl ether. The combined organic phases were dried
(MgS04), filtered and concentrated at reduced pressure. The products were purified by silica
gel chromatography eluting with 0-30% diethyl ether in iso-hexane. Stereochemistry was
assigned by comparison to compounds in the literature, e.g. Syn. Comm., 2008, 38, 2799,

Step 4. To a solution of the BOC protected material (0.89 mmol) in dioxane (5 mb) and water
{2 ml.y was added lithium hydroxide monohydrate (78 mg, 1.80 mmol). The reaction mixture
was stirred at room temperature for 16 hours and then treated with a further quantity of lithium
hydroxide monohydrate (100 mg) for 2 days. The reaction mixture was concentrated at
reduced pressure and the residue partitioned between ethyl acetate and water. The agueous
phase was acidified by the addition of 1M hydrochioric acid and the product extracted into
sthyl acetate. The organic phase was passed through a hydrophobic frit and the solvent
evaporated at reduced pressure to yield the corresponding octyl piperiding carboxylic acid.

Date Reg¢ue/Date Received 2020-08-26
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Example 49 - N-[2-(1-aminocyclohexyl)ethyl] Polymyxin B nonapeptide

- ,,fﬁ

H HN
NH2

O
OH NH,

Chemical Formula: Cs1HaoNy5044
Exact Mass: 1087.69
Molecular Weight: 1088.37

Step 1 - To a solution of Intermediate 2 (100 mg, 0.073 mmol) in methanol (1.5 mL) and
DCM (1.5 mL) was added N-Boc-1-aminocyclohexyl acetaldehyde (Squarix GmbH) (21 mg,
1.2 equiv.), and glacial acetic acid (0.15 mL). The mixture was stirred at room temperature
for 30 minutes. (Polystyrylmethyl)trimethylammonium cyanoborohydride (4.0 mmol/g,

100 mg, Novabiochem) was added and the mixture stirred at room temperature overnight.
The resin was removed by filtration and the filtrate evaporated to dryness. The residue was
chromatographed on silica eluting with 0-20% (10% 880 ammonia in Methanol) in DCM. The
least polar component from the column corresponded to the BOC-protected bis-alkylated
product, which was obtained as a white solid (30 mg, 23%). m/z 1814 (MH"). The most
polar component corresponded to the BOC-protected title compound, (85 mg, 4%)

m/z 1689 (MH+).

Step2 - The most polar component from step 1 (31 mg, 0.019 mmol) was dissolved in DCM
(2 mL) and treated with TFA (1 mL). The reaction mixture was stirred at room temperature
for 1 hour. The solvent was evaporated and the residue azeotroped with toluene to afford a
white solid. This was dissolved in water (5 mL), and the stirred with DCM (3 mL) for 5 min.
The phases were separated and the aqueous phase was filtered through a 0.22 ym filter,
then evaporated to low volume. The solution was lyophilised overnight to afford the title
compound as a fluffy white solid as the TFA salt (20 mg, 62%). Retention time (HPL.C),
m/z 1088.6, MH+).
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Example 50 - 3-Amino-3-cyclohexyl propanoyl-Thr-Dab-(cyclo)Dab*-Dab-DLeu-Thr-Dab-Dab-
Thr*

[where * indicates cyclisation]

Chemical Formula: Ca7HgzN15043
Exact Mass: 1069.66
Molecular Weight: 1070.31

The title compound was prepared using conventional solid-phase chemistry using the
standard FMOC protection strategy, starting with Fmoc-Thr(tBu)-PEG-PS resin, and using
appropriately protected amino acids. The final peptide is partially deprotected at the
cyclisation site and cleaved from the resin using TFA/TIS/H20 (86/2/2v/v) for 2hrs. This
material is cyclised using PyBop/HoBY/NMM in DCM. The benzyl groups which are still in
place to prevent multi-site cyclisation are then removed using Pd/C in Acetic
acid/MeOH/water (5/4/1viv). The final target peptide is purified using C-18 Reverse phase
column (10 x 250mm), to afford the title compound as the trifluoroacetate salt, as a
lyophilised solid. Retention time (HPLC) 4.52min. m/z 1070.7 (MH").

Comparator Compounds

The comparator compounds were Colistin (Polymyxin E), Polymyxin B (PMB), C1 (NAB-739),
and C2 (CB-182,804).

CB-182,804 (C2) is a polymyxin decapeptide derivative with an aryl urea substituent at the
N-terminus, which has been claimed to have lower toxicity than Polymyxin B (shown as
compound 5 in WO 2010/075416), and was prepared by the present inventors. C1 was also
prepared in-house, and corresponds to NAB-739 (as described by Vaara in, for example,
WO 2008/01773.
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Biological Activity

To evaluate the potency and spectrum of the compounds both alone and in combination with
another agent, susceptibility testing was performed against up to four strains of each of the
four Gram negative pathogens, Escherichia coli, Pseudomonas aeruginosa, Klebsiella
prneumoniae and Acinetobacter baumannii.

Ratios of components in a combination, such as 1:1, refers ic a weight {o weight ratic.
The minimum inhibitory concentration (MIC) refers to the total drug concentration (e.g. test
compound plus second agent, such as Rifampicin).

Combination Activity

The inoculum was prepared by making a direct suspension of isolated colonies (selected
from an 18-24 howr Mueller-Hinton agar plate) adjusied to the 6.5 McFarland standard.

MIC testing was performed by two-fold serial antibiotic dilutions in cation-adjusted Muelier-
Hinton Broth in sterile 96-well microtitre plates in a total volume of 170 ul. (150 pb broth
containing the antimicrobial agent, 20 pl inocuium). The assays were performed in
duplicate. Plates were incubaled aerobically without shaking for 18-20 hours at 35°C with
the MIC defined as the lowest concentration of drug that prevented visible growth.

in cases where the duplicate values varied by less than 2-fold, the lower of the two values is
reported. If a variation of greater than 2-fold was observed, the assay was considered
pon-valid. Several of the compounds were subjected to multiple tests, and where this is the
case, the MIC reflects the modal value obtained.

Table 5 shows the MIC values (micrograms/mL.) recorded for compounds of Examples 1
fo 55 in a 1.1 (wt:wt) combination with Rifampicin. Comparator compounds, all fested as a
1:1 mixture with Rifampicin are: Colistin (Polymyxin E), Polymyxin B (PMB), Polymyxin B
nonapeptide (PMBN), C2 (CB-182,804), and C1 (NAB-739).

CB-182,804 is a polymyxin decapeptide derivative with an aryl urea substituent at the
N-terminus, which has been claimed to have iower toxicily than Polymyxin B (shown as
compound 5 in WO 2010/075418), and was prepared by the present inventors. C1 was also
prepared in-house, and corresponds to NAB-738 (as described by Vaara in, for example,
WO 2008/017734.

Table 5A sets out the MIC values (micrograms/mL) for certain Example Compounds in
comparison with reference examples compounds C3 to C8, in a 1.1 (wtwt) combination with
Rifampicin. The resuils show that compounds containing hydroxyl and/or amino groups
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{such as -NRSR7) provide greater potentiating effects over those compounds that do not
contain hydroxyl and/or amino groups.

Comparison of Reference Example C3 (benzoyl side chain) with the corresponding aniline
counterpart (Example Compound 5) demonstrates an improvement in MIC against strains of
Klebsielia and Pseudomonas for the aniline compound over C3 when both are combined
with Rifampicin. Likewise, introduction of the piperidine onto the benzoyi group

{(Example 55) similarly improves the activity against these organisms.

Replacement of the cyclohexyl ring in Example C4 by a piperidine, as in Example 33, also
shows a significant improvement in activity against strains of all the organisms tested. Other
piperidine analogues also show good levels of activity (Example Compounds 29 and 37).
The basicity at this position is important, however, as an analogous pyridyl derivative
(Reference Example C5) does not show the enhanced level of activity in combination with
Rifampicin.

Table 5B shows the effect of altering the ratic of the compound o rifampicin in the
combination.

The minimum inhibitory concentration refers to the total drug concentration (e.g. test
compound plus Rifampicin). The compounds are used at equal mass within the
combination. The weight refers to the mass of compound as used, for example the Example
Compounds are used in their TFA or sulphate salt forms.

The stoichiometry of the example compounds in salt form was belisved to be approximately
1:5 compound:acid for TFA and 1:2.5 for sulphate, for example where five amino groups are
present in the example compound.

The second agents used were as follows; Vancomycin Hydrochloride, Meropenem
Trihydrate, Tigecycline hydrate, Ciprofloxacin free acid, Fusidic acid sodium salf,
Azithromycin dihydrate, Aztreonam free acid, Oxacillin, sodium salt and Novobiocin sodium
salt.
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Table 58 shows the effect of altering the ratio of the compound to rifampicin in the
combination. Combinations with rifampicin, Colistin, Polymyxin B nonapepiide and Example
Compound 10 were examined as 1:3, 1.1 and 3:1 ratios. MIC values {microgram/ml.) refer
o the total drug concentration (i.e. test agent plus Rifampicin). The values obtained were

5  within the 2-fold variation seen in the MIC test.

Table 5B - MIC Values (micrograms/mL) for Example Compounds with Altered Rifampicin

Ratios
Ratio of . ) .
Compound | Compound to K. pneumoniae | K. pneumoniae | K. pneumoniae
Rifampicin ATCC-BAA-2146 | CCUG-59348 NCTC 13438
PMBN 1:1 ) 4 D)
PMBN 1.3 2 2 5
PMBN 3:1 2 P 5
Colistin 11 1 5 5
Colistin 1.3 4 y] 5
Colistin 31 1 1 ”
10 1:3 0.5 1 0.5
10 1:1 0.5 1 05
10
Sole Activity
15

Table 6 below shows the activity, shown by way of MIC values, of Example Compounds in
the absence of Rifampicin.
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Combination Activity

Tables 7A to 71 show selected example compounds in 1:1 ratio with other antibacterial
agents. MICs refer to the total drug concentration. Thus, where a 1:1 combination is used,
this is the amount of the test compound plus the second agent. For comparison, the MIC
values for the second agent alone are also given.

Table 7A - MIC Values (microgram/mL) for Example Compounds in 1:1 combination with
Vancomycin

$ o g o~ 2w
- B et 0
- 5 & 3 S @
Second s 8 £ 3 g ® = 2
Example S & 5 N 2
Agent W = 3 O » O o O
'S) e o I D 23
2 qQ B RO
¥ © X < o ©
Vancomycin none >32 >32 =32 »32
Colistin none 1 32 2 05
1 nong 4 »32 8 2
10 none 4 »32 »32 0.25
17 none ND »32 >32 0.25
Colistin Vancomyecin 4 =32 8 2
1 Vancomycin 4 »32 8 2
(1 YVancomycin 16 >32 4 ND
17 Vancomycin 16 »32 32 0.25




Table 7B - MIC Values {micrograms/mL) for Example Compounds with in 1.1 combination with Ciprofloxacin
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Table 7C - MIC Values (micrograms/mlL) for Example Compounds in 1:1 combination with
Tigecycdline

10

o

= | fg | 8¢ | I3

Second 3 3 S g S & £ Q

Example i §w E s

Agent W e D O g 0 ]

8} —d b= Q O

z 8 O &) W

= ¥ © ¥ b2 o O

Tigecycline none 0.125 2 2 16
Colistin none 1 32 2 0.5
1 none 4 »32 8 2

10 none 4 >32 >32 0.25
17 none ND »32 »32 0.25
Colistin Tigecycline 4 »32 4 1
1 Tigecycline 4 »32 18 2

10 Tigecycline 8 >32 16 1

17 Tigecycline 16 »32 16 0.25

Table 7D - MIC Yaluas (micrograms/mL) for Example Compounds in 1:1 combination with

Meropenem
Y ) v B

~| 29!l Sa| IR | o

.2 §2 | 83|83 g8

Example Second E’; & £ @ E - & E:: X

P Agent W 2 30O 20 2 m 20O

') [ &= £ @ I

= & W 40 S &5 T )

Meropenem none 0.125 >32 16 18 16
Colistin none 1 32 2 2 05
i none 4 =32 8 4 ]

10 none 4 »32 »>32 0.5 0.25

17 none ND >32 =32 ND 025
Colistin Meropenem 0.25 >32 4 4 1
1 Meropenem 0.26 >32 8 4 2

10 Meropenem 05 >32 16 4 ND

17 Meropenem 0.25 >32 16 4 0.5
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Table 7E - MIC Values (micrograms/ml.) for Example Compounds in 1:1 combination with
Azireonam

o & % o 8 [Ty = -
¥ | o3| 58 53 g¥ | EQ
Second S B - E 9 £ 3 =@ gm
Example & § 8 - £ S 3 & - g
Agent g o g e 3O g O £ o )
S| Yg | 88| 83| 88| 8%
< 8 o Q ¥ .
Aztreonam none <0.06 »32 <0.06 >32 4 8
PMB none 0.5 1 ND 0.5 05 0.125
10 none 8 8 1 8 0.26 0.5
Al none 32 16 0.5 16 0.25 4
PMB Aztreonam 0.126 1 <0.08 2 1 1
10 Aztreonam 0.125 2 =0.06 4 1 1
At Aztreonam <0.06 2 =0.08 8 0.5 4

Table 7F - MIC Values (micrograms/mL.) for Example Compounds in 1:1 combination with
with Azithromycin

@ @
o R K] s
8 .F selcg| 8283
Second e8| §2 | ES | EQB | g | 8o
Example Acent 8§ ST 1561 350 25 58
gen WO uwWwre | 2P 85 80| 8k
< & R e o B = (&
Azithromycin none 1 >32 0.25 »32 a2 8
PMB none 0.5 1 ND 05 0.5 0.125
10 none 8 8 1 8 0.25 0.5
Al none a3z 16 05 16 0.25 4
PMB Azithromyein | 0.25 1 0.25 2 1 1
10 Azithromycin | 0.125 2 0.125 4 1 1
At Azittwomvein | 0.125 2 0,125 3 05 4

MIC values for further examples compounds were obtained and compared against the
comparative compounds PMB and oxacillin
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Table 7G - MIC Values (micrograms/mi.) for Example Compounds in 1:1 combination with
with Oxacillin

Second E. coli K. pneumoniae
Example
Agent {ATCC25822) {ATCC4352)
Oxaciliin NA 32 16
PMB none 0.5 ND
10 nong 8 1
A1 nong 32 0.5
PMB Oxacillin 2 4
10 Oxacillin 8 ND
A1 Oxagilin 32 ND

Table 7H - MiC Values (micrograms/ml) for Example Compounds in 1.1 combination with
with Novobiocin

(o) O

o b = K » % Ay = w

.S <3 58 /53|83 5§

Second S B =3 £ b £ 4 = O g ]

Example Agent s 9 3; &8 S 5 mzs 55
gt | 8 | wP | B0 B9 88| 8B

< & £ o £ £ “f b {2

Novobiocin none 16 »32 0.25 »32 >32 4
PMB none D.5 1 ND 0.5 0.5 0.125
10 rnone 8 8 1 8 0.25 05

A1 none 32 16 0.5 16 0.25 4
PMB Novobiocin 0.5 1 0.25 1 1 0.125
. 0.125,

10 Novobiocin 0.5 05 0.125 1 G5 05

A1 Novobiocin 1 1 0.125 1 0.5 0.5

Table 71 - MIC Values (micrograms/mL) for Example Compounds in 1:1 combination with
Fusidic acid

E. coli K. pneumoniae
Example | Second Agent
P 8Nt | (aTCC25922) | (ATCCA352)
Fusidic acid none >32 16
PMEB none 0.5 ND
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Example | Second Agent E. coll K. pneumoniae
(ATCC25922) | (ATCCA4352)
10 none 8 1
A1l none 32 05
PME Fusidic acid 2 1
10 Fusidic acid 1 05
Al Fusidic acid 4 05

in Viiiro Renal Cell Toxicity Assay

The renal cell toxicity of the compolunds was assessed in an in vilro assay using the HK-2
cell line, an immorialized proximal tubule cell line derived from a normal human kidney. The
endpoint to describe the toxicity of the compounds was the reduction of resazurin correlating
with the metabolic activity of the cells. Cells were cultured in 150 cm? flasks in 26 mi.
supplemented KSF (with 5 ng/mbL EGF and 50 pyg/mlL BPE). Cells were maintained at 70%
confluence with a maximum of 25 passages.

Day 1. Media was removed and cells were washed with 10mi DPBS. Six mi of 2 0.25%
trypsin solution with EDTA was then added to the flask and the cells returned to the
incubsator. After 1 to 2 minutes incubation, 14 mL media was added {o the flask to inactivate
the trypsin. The cell suspension was transferred to a centrifuge tube and the cells pelleted at
1000 rpm for 6 minutes. The cell pellet was then resuspended in fresh media supplemented
with EGF and BPE. The cell number was counted and cells were diluted to 46875 cells/mi
in fresh mediurm supplemented with EGF and BPE. 7500 cells were dispensed in each well
in & volume of 1604l and incubated at 37°C for 24 h.

Day 2. Test compounds were prepared dirgctly into the media, or from stock solutions to
result In no more than 0.5% DMSO, or 5% water in the final assay, Nine point
concentrations were prepared from 1000 pgiml to 1.95 pg/mb in two-fold dilutions in fresh
medium. The microtiter plates were removed from the incubator and the media replaced
with 100 ul of the dilutions of the compound solution. Every set of concentration was done
in triplicate, and positive and negative controls were added to each plate. The plates were
then incubated for 24h at 37°C with 5% CO:z in a humidified atmosphere.

Day 3: The reagent containing the resazurin (CeliTiter-Biue, Promega) was diluted in PBS
{1:4) and added at 20% {(v/v) to each well, The plates were then incubated at 37°C for 2h
before the fluorescent reduction product was detected.

Media only background values were subtracted hefore the data was analvsed using
GraphPad Prismm. Compound concentration values were plotted as log values {o enable a
dose-response curve io be fitled and ICs, values determined (Tables BA and 8B).

Date Reg¢ue/Date Received 2020-08-26
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Table 8A - ICso Data for Example Compounds

Example ICse HK-2 cells
ug/mb.?
Polymyxin B 114t
Colistin 28
CB-182,804 22
3 87
2 138
3 82
4 154
5 302
6 133
7 310
8 1000°
9 158
10 80
1 >500
12 >500
13 157¢
15 500
16 173
17 101
18 47
19 128
20 118
21 108
22 82
23 133
24 93
25 500
26 1000°
27 86
30 134
34 88
37 189
39 14
41 104
43 245

PCT/GB2014/051547
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ICs0 HIK-2 cells
Example
pofmi?
44 >500
45 231
48 231

® Mean values of up to 8 independent studies
b Mean value of 16 independent studies
¢ Solubility issues noled at top concentration

Table 8B - HK-2 cell 1Cs Data for Example Compounds in the Presence of Rifampicin

Example Second Agent 1Cs0 HG-2 cells
Hg/mL
Polymyxin B Rifampicin 7.2
10 Rifampicin 24
17 Rifampicin 26
27 Rifampicin 28

ICs0 refers o the fotal drug concentration (test agent plus rifampicin). The ratio of compound
to rifampicin wag 1.1 (wt:wt).

Sole Activily - Additional Data

Table 6A below shows the activity, shown by way of MIC values, of Example Compounds in
the absence of a second agent together with the toxicity against the HK-2 cell line
{measured in relation 1o ICs values and expressed relative to the value for polymyxin B}

MICs were determined as described herein, except that a different supplier of Cation-
adjusted MHB was used. Examples 37 and 39 were re-tested for direct comparison. HK-2
cell IG5 values were determined as described herein, Values are reported relative to
Polymyxin 8.

Table 6A - MIC Values (microgramsfmt ) for Example Compounds in the absence of
Rifampicin and HK-2 cell toxicity for Example Compounds expressed as |Csy values relative
1o the value for polymyxin B
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E. coli K. pneumoniae | P. aeruginosa A. baumannii HK-2
Ex. ATCC ATCC IC? .
NCTC ATGC BAA- ATCC | CCUG | ATCC NCTC BAA- F’l:B
13441 | 25822 2146 4352 59347 | 27853 1 13424 747
PMB | 025 | 0.25 0.5 025 0.8 0.5 0.5 0.25 1
37 0.5 0.8 025 025 2 0.5 1 2 21
3¢ 2 2 2 1 0.8 0.25 2 1 1.5-2
At 2 4 ND ND ND ND ND ND 8
A2 >8 4 ND 8 4 2 >8 =8 ND
A3 | 025 | 025 0.25 0.25 1 0.5 1 2 4
Ad 4 1 ND 2 2 2 >8 >8 ND
A5 ND 05 0.5 0.5 05 | 025 2 1 ND
AB 2 4 ND 4 0.8 0.25 4 2 3
A7 >8 >8 ND >8 >8 1 8 4 4.8
A8 >8 >8 ND >8 4 2 >8 »8 ND
AZ >8 >8 ND >8 >8 2 >8 >8 ND
A10 1 1 ND 05 025 | 025 2 2 37
At 8 >8 ND B 2 1 4 4 ND
A12 >8 >8 ND >8 4 2 8 8 ND
A3 8 >8 >8 =8 1 05 3 8 10
A4 2 2 ND 1 1 1 8 8 53
A15 8 8 ND 4 8 4 »8 >8 ND
A16 >8 >8 >8 >8 >8 1 >8 >8 ND
AT 4 8 4 4 0.5 | 025 8 8 55
A18 4 8 4 4 1 0.5 8 4 3.2
A19 4 8 8 8 2 1 4 4 ND
AZ20 >8 =8 >8 >8 >8 >8 >8 >8 ND
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E. coli K. pneumoniae | P. aeruginosa A. baumannii HK-2
Ex. ATCC ATCC IC? .
NCTC ATGC BAA- ATCC | CCUG | ATCC NCTC BAA- F’l:B
13441 | 25822 2146 4352 59347 | 27853 1 13424 747
AZ1 >8 =8 >8 >8 >8 >8 >8 >8 ND
A22 >8 =8 8 >8 2 1 8 8 74
A23 >8 >8 >8 >8 >8 8 4 2 ND
A24 >8 »B »8 8 2 1 >8 >8 ND
A25 >8 >8 >8 8 4 2 2 >8 ND
A28 2 2 1 0.5 2 1 1 2 ND
AZ7 >8 =8 >8 >8 4 ND >8 8 ND
A28 >8 >8 >8 >8 4 2 >8 >8 ND
A29 >8 =8 »8 >8 >8 0.25 4 2 ND
A30 1 ND 1 0.5 1 0.5 8 8 ND
A31 2 8 >8 2 2 0.5 >8 »8 ND
A32 05 5 025 08 1 0.8 2 2 ND
A33 | 05 | 025 0.5 05 05 | 025 1 2 8.7
A34 >8 8 >8 B 2 0.5 >8 >3 ND
A35 2 1 2 2 1 0.25 8 8 ND
A36 2 2 8 1 4 1 3 8 ND
AZY¥ »g >8 »8 >8 8 2 8 =8 ND
A38 2 05 2 05 1 0.5 2 1 ND
A39 8 >8 >8 8 4 2 >8 >8 ND
A40 4 8 8 4 4 2 >8 >8 ND
Adt 4 4 4 4 2 2 >8 >8 ND
A42 1 2 1 2 2 0.5 4 4 ND
A43 >8 8 ND >8 8 4 >8 >8 ND
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E. coli K. pneumoniae | P. aeruginosa A. baumannii HK-2

Ex. ATCC ATCC IC? .

NCTC ATGC BAA- ATCC | CCUG | ATCC NCTC BAA- F’l:B

13441 | 25822 2146 4352 59347 | 27853 1 13424 747
Ad4 2 2 ND 2 2 1 4 2 ND
Adb 2 2 D 1 1 05 >8 >8 ND
AdB 2 2 2 2 2 1 2 8 ND
A47 8 »8 8 >B 8 2 4 8 ND
A48 1 1 2 0.5 4 1 2 4 ND
A49 4 4 >8 2 4 2 >8 >8 ND
A50 2 1 2 025 2 1 2 ND ND

The MIC values were compared to compounds known from the literature. The data is in
table 68. C2 (CB-182,804) is a polymyxin decapeptide derivative described by Cubist
(shown as compound 5 in WO 2010/075418), C1 is NAB-738 {as described by Vaara in, for
example, WO 2008/01773).

in vivo efficacy against E. coli thigh infection in mice - Combination with Rifampicin

The in vivo efficacy of two example compounds (Example Compounds 10 and A1) in 11
combination with rifampicin was evaluated in a mouse thigh infection model of &. cofi The
results are summarized in Table 9.

Groups of 4 male specific-pathogen-free CD-1 mice were used. Mice were rendered
temporarily neutropenic by immunosuppression with cyclophosphamide at 150mgkg 4 days
before infection and 100mg/kg 1 day before infection by intraperitoneal injection. At

24 hours post the second round of immunosuppression, mice were infected with £. coli
ATCC25822 intramusciliarly info both fateral thigh muscles under inhaled anaesthesia using
~ 6.5 x 10% CFU/mouse thigh.

Test compounds and Polymyxin B were administered at doses of 0.0625, 0.25 and

2.5 mg/kg in conjunction with Rifampicin at the eguivalent dose. This gave combined dose
tevels of 0.125, 0.5 and 5 my/kg for each combination (Table 8). In aadition, Polymyxin B
was administered in monotherapy at doses of 0.125, 0.5 and 5 mg/kg. Compounds were
zdministered in solution by infravenous (1V) injection into the lateral taill vein. This was
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performed three times at 1, 3.5 and 6 hours post infection at a dose volume of 10 mb/kg
(0.25 mL/25 g mouse). The vehicle control group was treated with vehicle (0.9 % saline for
injection) also at 10 ml/kg IV thrice at 1, 3.5 and 8 hours post infection.

At 1 hour post infection, 4 animals were humanely euthanized using pentabarbitone
overdose to provide a pre-treatment control group. At @ hours post infection, the clinical
condition of all animals was assessed prior to them being humanely euthanized by
pentabarbitong overdose. Animal weight was determined before both thighs were removed
and weighed individually. Individual thigh tissue samples were homogenized in ice cold
sterite phosphate buffered saline. Thigh homogenates were then quantitatively culfured onto
CLED agar and incubated at 37°C for 24 hours before colonies were counted.

The example compounds 10 and A1 in 1.1 combination with rifampicin at a total
concentration of 5 my/kg/dose demonstrated an sfficacy superior to Polymyxin B alone, and
comparable to that of polymyxin B 1:1 with rifampicin, with over 4 logie reduction in bacterial
courts.

Table 8 - /n vivo efficacy versus E, coli ATCC25922 Thigh Infection in Neutropenic Mice

log reduction from
Dose .
Treatment malk vehicle
gkg CFU/g
Pre-treatment NA 203
Vehicle NA 0.00
0.125 -0.36
Polymyxin 8 0.5 1.93
47 317
0.0825/0.0625
(0.125) -0.47
Polymyxin B/ 0.25/0.28 0.74
Rifampicin {0.5) )
2525
4.85
(5)
0.0625/0.0625 014
(0.125) '
10 / Rifampicin
0.25/0.25 0.43
(0.5} '
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Leg reduction from
Dose )
Treatment mafk vehicle
oke CFU/g
2.52.5
, 488
(5}
0.0825/0.0625
0.12
(0.125)
. L 0.25/0.25
A1/ Rifampicin 027
(0.5)
2.52.5
4.51
(5)

In vivo Nephrotoxicity

A model of nephrotoxicity of polymyxins (adapted from Yousef ef a/. Antimicrob. Agents
Chemother. 2011, 55, 4044-4049) was established in rats. The Example Compounds 1, 4,
and 10 were examined in the model and compared to Colistin (in its sulphate form). After
one week acclimatisation, male Bprague-Dawley rats were surgically prepared with a jugular
cannula and were housed individually, as required, either in pre-assigned housing cages or
metabolic cages. Colistin and the Example Compounds were prepared in saline.

Compounds were introduced via the jugular cannula twice a day 7 hours apart for seven
days. Each dose was increased progressively for three days up to the top dose that was
then administered until termination of the study. Twenty-four hour urine collection (on ice)
was performed at pre-dose and on days 4 and 7. The dose regimen is set out in Table 10
below.

Table 10 - Dose regimen used in the i vivo nephrotoxicity study

Day 4o
Dose Regimens Day 1 Day 2 Day 3 Day 7 or Day 10
am. | pm. | am | pm | am. | pm | am. | pm.
2 mglky bid 025 05 1062506250875} 1375 2 2
8 moiky bid 1 2 2.5 2.5 3.5 55 3 8

The doses in the table are indicated in mg drug base/kg {free base).

The activity in urine of the N~acetyl-beta-D-gEucT%saminidase (NAG) was determined
spectrophotometrically using the NAG assay kit from Roche Applied Science. Biomarkers of

Date Reg¢ue/Date Received 2020-08-26
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kidney injury were determined using the Kidney Injury Panel Il from the Multi-Spot® Assay
System (Meso Scale Discovery).

Example Compounds 1, 4, and 10 dosed using the 8 mg/kg regimen showed significantly
reduced levels of the renal biomarkers NAG, albumin and cystatin C compared {o Colistin at
the same dose regimen (sea Figures 1 1© 3). The response was similar to that elicited by
Colistin at a maximum concentration of 2mg/kg.

in vive efficacy against E. coli thigh infection in mice - Example Compounds

The in vivo efficacy of 6 compounds of the invention (Examples 1, 2, 3, 4, 7 and 10) was
evaluated in 8 mouse thigh infection model of £, coli.  The resulis are summarized in Table
11 and 11A.

Groups of 5§ female specific-pathogen-free CD-1 mice weighing 22 £ 2 g were used. The
animals were made neutropenic by intraperitoneal administration of cyclophosphamide on
days -4 (180 myg/kg) and -1 (100 mg/kg). On Day 0, animals were inotulated intramuscularly
with 10 CFU/mouse of Escherichia coliisolate ATCC25922 into the right thigh, At 1 h, the
CFU count was determined from 5 mice and the remaining mice (five per group) were
ireated with a subcutaneous injection of the drug at + 1 and 8 hr post-infection. In each
study. there were two dose groups per fest compound, 1.5 and 5 mgskg BID, respectively.

The Example Compounds and polymyxin B were prepared in Normal Saline at 2 mg/ml. and
the solulion was adjusted to pH 6-7 by addition of G.1M H2304 or 4.2 9% NaHCO; as
required. Twenty-four hours after infection, the mice were euthanized humanely. The
muscle of the right thigh of each animal was harvested, homogenized, serially diluted and
plated on Brain Heart Infusion agar + 0.5% charcoal (w/v) for CFU determination. Decrease
of the total CFU of right thigh as compared to control counts at 24 h post-infection was
determined for each dose group.

The compounds 1 and 4 at 10 mg/kg/day demonstraled an efficacy comparabie (o that of
polymyxin B with over 3 logia reduction in bacterial counts.

Table 11 - in vive Efficacy Versus £. colf ATCC25922 Thigh Infections in Neutropenic Mice

Total daily dosage Mean logss CFU reduction vs.
Example No
{mgikg) control
Polymyxin B 3 257
ymy 10 4.2
1 3 0.9
10 4.48°%
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Example No | 107 dally dosage | Mean log CFU reduction vs.
{mgikg} control
3 1.09
2
10 2.15
3 Gb
’ 10 0.82°
3 0.72°%
4
10 3.38%
7 3 118
10 185

*mean values of 5independent studies: Pmean value of 2 independent studies. The
doses in the table are indicated in mg sulfale saltkg.

The in vivo efficacy of the compound of Example 10 was evaluated separately in a mouse
thigh infection model of E. coli. using the methods described in the examples above. The
result is summarized in Table 11A in comparison with Polymyxin B.

Table 11A - In vivo Efficacy Versus E. colf ATCC25822 Thigh Infections in Neutropenic Mice

Total daily dosage | Mean logse CFU reduction vs.
Example
{malkg) control
3 3.75
Pol inB
clymyxin 10 4.87
10 3 0
10 405

The dosas in the table are indicated in mg sulfate salt/kg.

Compound 10 at 10 mg/kg/day demonstrated an efficacy comparabie ko that of polymyxin B
with over 3 logie reduction in bacterial counts.

Using the same procedure as described above, the in vivo efficacy of three compounds of
the invention (Examples 1, 4 and 10) was evaluated in a mouse thigh infection model of
Klebsiella pneumoniae ATCC10031, using Colistin ( Polymyxin E) as comparator. The
results are summarized in Table 118. The compounds 1, 4 and 10 at 10 mg/kg/day
demonstrated an efficacy comparable to that of Colistin with approx. 2 kbogqo reduction in
bacterial counts.
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Table 11B - In vivo efficacy versus K.pneumnoniae ATCC10031 thigh infections in
Neutropenic Mice.

Total daily dosage | Mean logw CFU reduction vs.
Example
{mgiKg) conirot
Colistin 10 2.60
1 10 2.22
4 10 1,92
10 10 2.30

5  The doses in the table are indicated in mg sulfate salt/kg.
Additional Biological Aclivity

in vivo efficacy versus E. coli ATCC25922 thigh infection in Neutropenic mice - Combination

10
The in vivo efficacy of A1 was evaluated alone and in 1.1 (w:w) combination with rifampicin
in a mouse thigh infection of E. coli 25922, using the same protocol as described for
compounds 10 and 27 (Table 9}, and using the dose levels indicated in Table 12, The
results are summarised in Table 12

15

Table 12 - In vivo efficacy versus E. coll ATCC25922 Thigh Infection in Neutropenic Mice

Treatment Dose Log reduction from
{ma/kg) vehicle ({CFU/g)
Pre-treatment NA 3.31
Vehicle NA Q.00
0.25 0.05
0.5 -0.11
A1 1 -0.05
2 0.12
4 0.26
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Dose Log reduction from
Treatment }
{mglkg) wehicle {CFU/g)
0.25/0.25
-0.11
{0.5 total)
0.5/0.5
) . 0.01
{1 total}
A1/ Rifampicin 1M1
1.46
(2 total)
22 4,09
(4 total) '
4/4
4.91
{8 total)
Pol i /
ouymyx«m‘ B/ 2/2 4.80
Rifampicin (4 total)
) 4/0
Polymyxin B (4 total) 3.61

The doses in the table are indicated in mg sulfate salt/kg.

A1 in 1.1 combination with Rifampicin at 4mg/Kg fotal dose gave a log reduction in bacterial
counts of 4.09 compared to the nor-treated control.  Polymyxin B in 1:1 combination with
Rifampicin at the same dose gave a 4.8 log reduction in bacterial counts,

iIn vivo efficacy against P. aeruginosa ATCC 27853 thigh infeclion in mice - Combinalion

An in vivo efficacy study comparing Polymyxin B, Example 37 and Example 41 in 1:1
combination with Rifampicin was performed in a2 9 hour thigh burden model of £. geruginosa
ATCC27853 infection in male CD1 mice. The results are summarized in Table 13.

in this study, 4 male mice were used in each compound treatment group and 6 for vehicle
confrol. Mice were rendered temporarily neuiropenic by immunosuppression with
cyclophosphamide at 150mg/kg 4 days before infection and 100ma/kg 1 day before infection
by intraperitoneal injection. 24 hours post the second round of immunosuppression, mice
were infocted with P. geruginosa ATCC27853 intramuscularly into both lateral thigh muscies
under inhaled anaesthesia using ~ 2.5 10 § x 10° CFU/mouse thigh. Polymyxin B, Example
37 and Example 41 were administered at 0.25, 1 and 2.5 mg/kg in conjunction with
Rifampicin at an equivalent dose. This gave total aniibacterial levels of 0.5, 2 and 6 mg/kg
for each combination (Table 1). Compounds were administered in solution by intravenous
{1V} bolus injection into the lateral tail vein. This was performed three times at 1, 3.5 and 6
hours post infection at a dose volume of 10 mL/kg (0.25 mL/25g mouse). The vehicle control
group was treated with 0.9% saline for injection also at 10 mi/kg Vithrice at 1, 3.5and 8
hours post infeciion.
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At 1 hour post infection, 4 animals were humanealy euthanized using pentabarbitone
overdose to provide a pre-treatment control group. At 8 hours post infection, the clinical
condition of all animals was assassed prior to them being humanely euthanized by
peniabarbitons overdose. Animal weight was determined before both thighs were removed
and weighed individually. Individual thigh tissue samples were homogenized in ice cold
sterile phosphate buffered saline. Thigh homogenates were then quantitatively cultured onfo
CLED agar and incubated at 37°C for 24 hours before colonies were counted.

Table 13 - in vivo efficacy of compounds Example 37, Example 41 and Polymyxin versus
P. aeruginosa ATCC27853 thigh infection in Neutropenic mice.

Treatment Dose l.og reduction from
{mygikg) vehicle (CFU/g)
Fre-treatment NA 2.23
Yehicle NA -
0.25/0.25
0.21
(0.5 total)
Ex 37 / Rifampicin 171
1.42
{2 total)
2.5/2.5
1.75
{5 total)
0.25/0.25
0.47
{0.5 total)
Ex 41 / Rifampicin 11
{2 total) 1.03
2.5/2.8 573
(5 total) ’
0.28/0.25
1.70
(0.5 total)
Polymyxin B / Rifampicin 171 1.04
(2 total) ’
2.5/2.5 597
(5 totaly

The doses in the table are indicated in mg sulfate salt/kg.

Example 37 tested 1:1 with rifampicin at a total dose of 5mg/kg gave a 1.75 log reduction in
bacterial counts compared to non-treated control, whereas Example 41:rifampicin gave a
2.73 log reduction, and Polymyxin B:rifampicin gave a 5.37 log reduction at the same dose
level.
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in vivo efficacy againsi P. aeruginosa thigh infection in mice - Mono therapy

AN in vivo efficacy study comparing two dose levels of Example 27, Example 38,
Example 42, Example 47, Example 52 with Polymyxin B at three dose levels was
performed in a 9 hour thigh burden model of F. aeruginosa ATCC 27853 infection in
neutropenic male ICR mice, using the protocol described for Examples 37 and 41.
Results are given in Table 14.

Example 27, Example 38, Example 42, Example 47 and Example 52 were administered at
two doses (2 and 4 mg/kg). Three doses of Polymyxin B were used as comparator (1, 2 and
4 mg/kg). Compounds were administered in solution by infravenous (IV) bolus injection into
the lateral tail vein. Treatment was administered three fimes at 1, 3.5 and 6 hours post
infection at a dose volume of 10 mLkg (0.25 mL/25 g mouse). The vehicle control group was
treated with 0.9% saline for injection also at 10 mLfkg IV thrice at 1, 3.5 and 6 hours post
infection.

Table 14
Dose L.og reduction
Treatment .
{mg/kg} | from vehicle {CFUig)
Fre-treatment NA 2.22
Vehicle NA 0.00
Ex 27 2 024
4 -0.58
2 -0.37
Ex 38 ;] 454
Ex 42 i -0.03
4 -0.28
‘ 2 -0.09
Ex a7 7 767
Ex 52 2 0.14
4 -0.18
1 0.58
Polymyxin B 2 167
4 5.09

The doses in the table are indicated in mg sulfale salt/kg.

Example 27, Example 42, and Example 52 at 2 or 4 mg/kg did not reduce thigh burdens
significantly. Example 38, Example 47 did not affect thigh burdens significantly when
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administered at 2 mg/kg, but reduced burdens by 4.9 and 1.1 Log. CFU/g, respeactively,
when administered at 4 mg/kg.

A further in vivo efficacy study comparing two dose levels using Example 28, Example 39,
and A3, and Polymyxin B at three dose levels was performed in a © hour thigh burden model
of P. gerugincsa ATCC 27853 infection in neutropenic male ICR mice, using the protocol
described for Examples 37 and 41. Resulis are given in Table 15.

Table 15
Treatment Dose | Loy reduction from
{ma/kg) | vehicle (CFU/q)

Pre-treatment NA 1.79
Vehicle MNA 0.00
Ey 2 -0.38
x28 4 0.20
2 2.56

Ex 39
4 3.88
2 0.12
A3 4 3.34
1 -0.12
Polymyxin B 2 1.40
4 3.41

The doses in the table are indicated in mg sulfate salt/kg.

An in vivo efficacy study comparing A33 at 1.7 mg/iKg and 3.4 mg/kg free base equivalent
with Polymyxin sulphate at C.85, 1.7 and 3.4 mg/kg free base equivalent was performedina
g hour thigh burden model of P. aeruginosa ATCC 27852, The protocol was as described
for Examples 37 and 41, except that the infection level was ~ 1 x 10* CFU/mouse thigh.
Results are given in Tabie 18.

Table 16
Dose Log reduction from
Treatment .
{mgikg) vehicle (CFU/g)

Pre-treatment 1.89

Vehicle 0.00

1.7 3.05

A33
3.4 3.54
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Treatment Dose t og reduction from
reatme
{mg/kg) vehicle (CFU/g)
0.85 1.19
Polymyxin B 1.7 4.04
3.4 4.23

Dose in the table above refers 0 the free base equivalent.

Example A33 gave >3 log reduction in bacterial counts compared to non treated control, at

both dose levels.

Effect of Hydroxyl and Amino Group Substituents on HK-2 Cell Toxicity

Example compounds were compared with a comparative example compound, C6, to show
the benefits of hydroxyl and amino functionality in reducing HK-2 toxicity. Example
compounds 1, 13 and A33 have significanily increased recorded 1Cs values against HK-2
compared with PMB. Vhilst comparator compound C8 has reduced toxicity against HK.2
compared with PMB, the reduction is not as significant as that recorded for compounds 1, 13

and A33.

Table 17 - Comparison of effect of hydroxyl and amino substituents on HK-2 Toxicity

NH,
Ry p 9
M
Rs O .oy O
HK-2 relative

Exampla g R3 Rs n to PMB
Ccé H H H 1 3.3
1 OH H H 1 6.4
A33 H NH H 1 9.7
13 H H NH; 0 14
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Further MIC tests were performed on example compounds 40 and 41 in the presence of
Rifampicin against a panel of strains enriched for resistance to colistin or polymyxin B,

MICs were determined in in line with CL8! susceptibility testing standards, in Cation-adjusted
Mueller-Hinton broth il {Becton Dickinson). The daia is set out in Table 18,

MICs (ug/mb) are reported as the total drug concentration for a 1:1 wt to wt combination of
the example compound with Rifampicin. For example, a well at 2 pg/mb consisted of 1
pg/ml. test compound and 1 pugfml. rifampicin.

Table 18 - MIC values (micrograms/ml.) for Polymyxin B alone, rifampicin alone, and for
Polymyxin B and Example Compounds in 2 1.1 combination with rifampicin

Organism Polymyxin B Rifsmpich Eixf'arnplf;? f(}l Ex.fzmp!e- a‘M! F’o!_ymyxign{B/
sulphate Rifampicin Rifamgicin Rifampicin
TR 16, 32,8, | 0.25,05, 0.5, | 0.25, 0.25, 0.25, 222,
E”"C’:":Zf il 542 16, 16, 16, 05,22, 05,22, 4,24,
8,4,8 16, 16, 16 8 8 8 4.4 4 4.4, 4
) 253532 | 16,32,533, | 05,05 2, 02505, 2, 244
pgi’::gizze 422 | 32,3232, | »32,532,05, | >32 32,05, 16, 8, 4,
= 11) 8 8,16, | 32,32 32, 2,44, 1,21, 2,4, 4,
32 >32 32, >32 16, >32 4.8 48
i :’Z’r’g;i’:;’;':s 2.2, 4, 32,32, 18, 2,22, 22,2, 4,44,
8,>32,16 | 32, 32 32 4,16,16 4,88 8 8 8
{n=0)
Acinetobacter | 4, 16, 32, 8. 4,4, 2.2.2, 2, 222
baumanii 16, 18, 8, 24,4, 1,2,2, 1,2,2, 2, 4,4,
(n=8) 16, >32 8,8 2,4, 1,2 2,4

where n indicates the number of strains within the panel for a particular organism.

in combination with rifampicin the example compounds have improved activity compared
with polymyxin B against strains of E. cofi P. aeruginosa, K. pneumoniae and A. baumannii.
The panel of organisms included resistant strains.
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CLAIMS:

1. A therapeutic or prophylactic combination comprising a polymyxin compound and
an active agent,
5 wherein the active agent is selected from the group consisting of:
rifampicin, rifabutin, rifalazil, rifapentine, rifaximin,
oxacillin, methicillin, ampicillin, cloxacillin, carbenicillin, piperacillin, tricarcillin,
flucloxacillin, nafcillin,
azithromycin, clarithromycin, erythromyecin, telithromycin, cethromycin,
10 solithromycin,
aztreonam, BAL30072,
meropenem, doripenem, imipenem, ertapenem, biapenem, tomopenem,
panipenem,
tigecycline, omadacycline, eravacycline, doxycycline, minocycline,
15 ciprofloxacin, levofloxacin, moxifloxacin, delafloxacin,
fusidic acid;
novobiocin;
teichoplanin, telavancin, dalbavancin, oritavancin,
and pharmaceutically acceptable salts and solvates thereof;
20 and the polymyxin compound is a compound of formula (1):

or a pharmaceutically acceptable salt or solvate thereof,
wherein:
-X- I8 -C(O)-, -NHC(O)-, -OC(O)-, -CH2- or -SO2-;

Date regue/Date received 2023-03-17



10

15

20

25

30

81798985

RS

148

together with the carbonyl group and nitrogen alpha to the carbon to which it is
attached, is a phenylalanine, leucine or valine residue;
together with the carbonyl group and nitrogen alpha to the carbon to which it is
attached, is a leucine, threonine, iso-leucine, phenylalanine, valine or nor-valine
residue;
together with the carbonyl group and nitrogen alpha to the carbon to which it is
attached, is a threonine or leucine residue;
is C1-6 alkyl substituted with one hydroxyl group or one amino group, or -R*
together with the carbonyl group and nitrogen alpha to the carbon to which it is
attached, is a,y-diaminobutyric acid (Dab), a serine residue, a threonine residue,
a lysine residue, an ornithine residue, or a,p-diaminopropionic acid (Dap);
is a covalent bond or an amino acid;
is G-L2-L'-,
-G is selected from the group consisting of:
C2-12 alkyl,
Cs-12 aryl, and
Cs-10 cycloalkyl,
-L'- is a covalent bond, C1-12 alkylene or C2-12 heteroalkylene,
-L2- is a covalent bond or Cs-10 heterocyclylene,
with the proviso that -L'- is not C1.12 alkylene when -G is C2-12 alkyl,
and G-L2-L'- is substituted with:
(i) one, two or three hydroxyl groups, or
(i) one, two or three groups -NRER7?, or
(iii) one or two groups -NR®R?, and one, two or three hydroxy! groups,
with the proviso that (i), (ii) and (iii) are optional substituents when -L1-is a

nitrogen-containing C2-12 heteroalkylene and/or -L2- is a nitrogen-containing

Ca-10 heterocyclylene,

or -R%is D-L'-, where -D is Cs-10 heterocyclyl and -L'- is as defined above, and D-L'-is
substituted with:

(i) one, two or three hydroxyl groups, or
(i) one, two or three groups -NR®R?, or
(i) one or two groups -NR€R7’, and one, two or three hydroxyl groups,
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with the proviso that (i), (ii) and (iii) are optional substituents when -L'-is a
nitrogen-containing Cz-12 heteroalkylene and/or -D is a nitrogen-containing Ca-10
heterocyclyl,
each -R® is independently hydrogen or C1.4 alkyl;
each -R7 is independently hydrogen or C1.4 alkyl;
or -NR®R is a guanidine group; or
when -G is Cs-10 cycloalkyl or Cs-12 aryl, -R® and -R” together with the nitrogen atom
form a Cas-10 heterocycle;
and where an aryl group is present in -R> it is independently optionally substituted with
one or more substituents selected from the group consisting of -C1-10 alkyl,
halo, -CN, -NOz, -CF3, -NR'°C(O)R?, -OCF3, -CON(R'?),, -COOR?, -OCOR°,
-NR'"COOR1, -OCON(R'%)2, -NR®CON(R9)2, -ORS®, -SR®, -NR°SO2R1°,

-S0O2N(R'%)2 and -SO2R"® where each -R? is independently -C1-10 alkyl, and each -R"? is
independently -H or -C1-10 alkyl;

and where an alkyl, cycloalkyl, or heterocyclyl group is present in -R® it is independently
optionally substituted with one or more substituents selected from the group consisting
of -C1-10 alkyl, halo, -CN, -NOz2, -CF3, -C(O)R°, -NR°C(O)R"0,

-OCF3, -CON(R"%),, -COORS®, -OCOR?, -NR'®*COOR"?, -OCON(R%),,

-NR1CON(R19)2, -OR?, -SR?, -NR"°S02R1°, -SO2N(R1°), and -SO2R'® where each -R® is
independently -C1-10 alkyl and each -R'° is independently -H or -C1.10 alkyl, except that
alkyl is not substituted with alkyl; and

-R®  is methyl or hydrogen;

with the proviso that a compound of formula (1) is not a compound
where -X- and -R5 together are an L-a-amino acid, optionally together with Dgp and
Abu.

2. The therapeutic or prophylactic combination according to claim 1, wherein in the

compound of formula (1), or a pharmaceutically acceptable salt or solvate thereof:

X- is-C(O)-

-R"  together with the carbonyl group and nitrogen alpha to the carbon to which it is
attached, is a phenylalanine or leucine residue;
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-R?  together with the carbonyl group and nitrogen alpha to the carbon to which it is
attached, is a leucine or threonine residue;

-R3  together with the carbonyl group and nitrogen alpha to the carbon to which it is
attached, is a threonine residue;

-R4  together with the carbonyl group and nitrogen alpha to the carbon to which it is
attached, is Dab;

-A- is a covalent bond or an a-amino acid;

-R®  is methyl; and
wherein the -C1-10 alkyl in the definition of R®, R® and R0 is -C1.4 alkyl
with the proviso that a compound of formula (1) is not a compound

where -X- and -R5 together are Lys, Arg, Dap, Ser, Phe, Trp, Leu, Ala,

a,y-diaminobutyric acid (Dab) or a,p-diaminopropionic acid (Dap), optionally together

with Dgp and Abu.

3. The therapeutic or prophylactic combination according to claim 1 or 2, wherein in

the compound of formula (1), or a pharmaceutically acceptable salt or solvate thereof:

-R!" together with the carbonyl group and nitrogen alpha to the carbon to which it is
attached is D-phenylalanine or D-leucine;

-R?  together with the carbonyl group and nitrogen alpha to the carbon to which it is
attached is L-leucine or L-threonine;

-R3 together with the carbonyl group and nitrogen alpha to the carbon to which it is
attached is L-threonine; and

R*  together with the carbonyl group and nitrogen alpha to the carbon to which it is
attached is L-Dab.

4. The therapeutic or prophylactic combination according to any one of claims 1 to
3, wherein the polymyxin compound and the active agent are provided in the same

dosage form or different dosage forms.

5. The therapeutic or prophylactic combination according to any one of claims 1 to
4, for use in the treatment of a gram-negative bacterial infection.

Date regue/Date received 2023-03-17



10

15

20

81798985
151

6. The therapeutic or prophylactic combination according to claim 5, comprising
sequential use of the polymyxin compound and the active agent or of the active agent
and polymyxin compound.

7. The therapeutic or prophylactic combination according to claim 5, comprising
simultaneous use of the polymyxin compound and the active agent.

8. A polymyxin compound of formula (Il) represented by:
NH,
H 1
4 N R
R HN
5
RTSAT N <0 07 °NH
o o
RS/‘\OH 0 ﬁ)\Rz
NH
NH  pN
O= H
‘ﬁ/N NH,
R® 0O
NH,

or a pharmaceutically acceptable salt or solvate thereof,

where -A-, -X-, -R', -R?, -R3, -R4, -R®, -R?, -R® have the same meanings as
-A-, -X-, -R', -R?, -R3, -R*, -R® -R’ -R®in claims 1, 2 or 3, except as further defined
below;

and the compound is selected from the group consisting of (lla) to (lle) and (lig)
below:

(llg) which is a compound of formula (I1) where:

-R# is C1 alkyl substituted with one amino group, or Cs.s alkyl substituted with one
amino group; and

-R% has the same meaning as -R5 in claim 1;

(lla) which is a compound of formula (I) where:

-R%is G-L2-L'-, and -G is Cs-12 aryl,

-L'- is a covalent bond, C1.12 alkylene or C2.12 heteroalkylene,

-L2-is a covalent bond or C4.10 heterocyclylene,

-R5 is substituted with:
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(i) one, two or three hydroxyl groups, or
(i) one, two or three groups -NR®R’, or
(iii) one or two groups -NR®R?, and one, two or three hydroxyl groups,
with the proviso that (i), (ii) and (iii) are optional substituents when -L'-is a
nitrogen-containing C2-12 heteroalkylene and/or -L2- is a nitrogen-containing
Ca-10 heterocyclylene,
and the aryl group is optionally substituted with one or more substituents
selected from the group consisting of C1-10 alkyl, halo, -CN, -NOz, -CF3,
-NR'°C(O)R0, -OCF3, -CON(R'%)z, -COOR?, -OCOR'?, -NR'"°COOR"?, -OCON(R19)2,
-NRCON(R")2, -OR?, -SR?, -NR'°S0O2R°, -SO2N(R')2 and -SO2R'® where each -R® is
independently C1.10 alkyl, and each -R'0 is independently -H or C1.10 alkyl;
(lle) which is a compound of formula (I1) where:
-A- is an amino acid; and
-R5 has the same meaning as -R% in claim 1;
(lic) which is a compound of formula (Il) where:
-R% is G-L2-L'-, where -G is Cs-10 cycloalkyl or Cz-12 alkyl,
-L'- is a covalent bond or C1.12 alkylene,
-L2-is a covalent bond,
with the proviso that -L'- is not C1.12 alkylene when -G is Cz-12 alkyl,
-R® is substituted with:
(i) two or three groups -NRER?, or
(i) two groups -NR®R7, and one, two or three hydroxyl groups;
and the alkyl or cycloalkyl group is independently optionally substituted with one
or more substituents selected from the group consisting of -C1-10 alkyl,
halo, -CN, -NOz2, -CF3, -C(O)R"°, -NR'°C(O)R1?, -OCF3, -CON(R10)2,
-COORS?, -OCOR", -NR'"COOR1, -OCON(R'?)2, -NR'®CON(R'?)2, -ORS®, -SR?®,
-NR19S02R0, -SO2N(R %)z and -SO2R° where each -R? is independently -C1-10 alkyl
and each -R' is independently -H or -C1.10 alkyl, except that alkyl is not substituted with
alkyl;
(Ilb) which is a compound of formula (I1) where:
-R%is G-L2-L'-, and -G is C3-10 cycloalkyl,
-L'-is a covalent bond, C1.12 alkylene or C2.10 heteroalkylene,
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-L2- is a covalent bond or Cs-12 heterocyclylene,
with the proviso that -L2- is a covalent bond only when -L'- is
C2-10 heteroalkylene,
-R% is substituted with:
(i) one, two or three hydroxyl groups, or
(i) one, two or three groups -NR®R7, or
(iii) one or two groups -NR®R’, and one, two or three hydroxyl groups,
with the proviso that (i), (ii) and (iii) are optional substituents when -L'-is a
nitrogen-containing C2.12 heteroalkylene and/or -L2- is a nitrogen-containing
Cs-10 heterocyclylene,
and the cycloalkyl group is independently optionally substituted with one or more
substituents selected from the group consisting of -C1.10 alkyl, halo, -CN, -NOz,
-CF3, -C(O)R?, -NR'"C(O)R'°, -OCF3, -CON(R'?)2, -COOR?®, -OCOR?,
-NR'°COOR'?, -OCON(R'%)2, -NR®CON(R"0),, -ORS®, -SR?®, -NR'°SO2R"°,
-S02N(R")2 and -SO2R"° where each -R? is independently -Ci-10 alkyl and each -R" is
independently -H or -C1-10 alkyl, except that alkyl is not substituted with alkyl; and
(l1d) which is a compound of formula (l1) where:
-R5is D-L'-, where D-L'- is substituted with:
(i) one, two or three hydroxyl groups, or
(i) one, two or three groups -NR®R?, or
(iii) one or two groups -NR®R’, and one, two or three hydroxyl groups;
-D is Ca4-10 heterocyclyl;
-L.1- is a covalent bond, C1.12 alkylene or C2.12 heteroalkylene,
with the proviso that (i), (ii) and (iii) are optional substituents when -L'-is a
nitrogen-containing C2-12 heteroalkylene,
and the heterocyclyl group is independently optionally substituted with one or
more substituents selected from the group consisting of -C1-10 alkyl, halo, -CN, -NOz,
-CF3, -C(O)R1°, -NR'°C(O)R"°, -OCF3, -CON(R1?)2, -COORS, -OCOR",
-NR'COOR'?, -OCON(R'?)2, -NR®CON(R")2, -ORS®, -SR?, -NR'°SO2R"0,
-SO2N(R%)2 and -SO2R'° where each -R? is independently -C1-10 alkyl and each -R" is
independently -H or -C1-10 alkyl, except that alkyl is not substituted with alkyl,
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with the proviso that a compound of formula (1) is not a compound
where -X- and -R°® together are an L-a-amino acid, optionally together with Dgp and
Abu.

9. The compound according to claim 8, wherein an optional C1-10 alkyl substituent is
C1-4 alkyl.

10.  The compound according to claim 8, wherein the compound is a compound of
formula (l1g).

11.  The compound according to claim 10, wherein -R4, together with the carbonyl
group and nitrogen alpha to the carbon to which it is attached, is Dap.

12.  The compound according to claim 10 or 11, wherein -R*, together with the
carbonyl group and nitrogen alpha to the carbon to which it is attached, is L-Dap.

13.  The compound according to claim 8 or 9, wherein the compound is a compound
of formula (lia).

14.  The compound according to claim 13, wherein -R5 is substituted with one, two or
three groups -NRER7.

15.  The compound according to claim 13 or 14, wherein -R? is substituted with
one -NRéR? group.

16. The compound according to any one of claims 13 to 15, wherein -L'- is
C1-12 alkylene or C2-12 heteroalkylene.

17.  The compound according to any one of claims 13 to 16, wherein -L'- is
C2.12 heteroalkylene.
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18.  The compound according to any one of claims 13 to 16, wherein -L'- is

Cz2-6 heteroalkylene.

19. The compound according to claim 8, wherein the compound is a compound of
formula (lle).

20. The compound according to claim 19, wherein -A- is an a-amino acid.
21.  The compound according to claim 19 or 20, wherein -A- is selected from the
group consisting of Dab, Dap, Lys, Arg, Ser, Phe, Trp, Leu, Ala, omithine and

nor-valine.

22. The compound according to any one of claims 19 or 20, wherein -A- is Dab, Dap,
Thr, Ser, or Lys.

23. The compound according to any one of claims 19 to 22, wherein -A- is Dab.
24. The compound according to any one of claims 19 to 23, wherein -A- is L-Dab.
25. The compound according to any one of claims 19 to 24, wherein -R% is
substituted with:

(i) one, two or three groups -NRéR’, or

(iii) one or two groups -NRER?, and one, two or three hydroxyl groups.

26. The compound according to any one of claims 19 to 25, wherein -R5 is
G-L2-L'-and -G is C2-12 alkyl.

27. The compound according to claim 8, wherein the compound is a compound of

formula (lic).

28. The compound according to claim 27, wherein:
(i) -G is C2-12 alkyl; and/or
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(i) -R® is substituted with two or three groups -NR®R”.

29. A polymyxin compound of formula (ll) represented by:

NH,
Ho

JA %( L] X,

R on o ° R’

m{i

or a pharmaceutically acceptable salt or solvate thereof, wherein

-R1, together with the carbonyl group and nitrogen alpha to the carbon to which it is
attached, is Phe;

-R?, together with the carbonyl group and nitrogen alpha to the carbon to which it is
attached, is Leu;

-R3 together with the carbonyl group and nitrogen alpha to the carbon to which it is
attached, is Thr;

-R4, together with the carbonyl group and nitrogen alpha to the carbon to which it is
attached, is Dab or Dap;

-A- is a covalent bond;

X-is -C(O)-;

-R% is G-L2-L'-, wherein -G is optionally substituted phenyl, -L'- is a covalent bond or
Ci-12 alkylene, and -L2- is a covalent bond, and wherein G-L2-L'- contains one group
-NH2;

or -R% is C2-12 alkyl and contains one group -NH2; and

R8 is methyl.

30. A pharmaceutical composition comprising a compound of any one of claims 8 to

29, and a biologically acceptable excipient, optionally together with a second active
agent.
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31.  The pharmaceutical composition according to claim 30, wherein the second
active agent is selected from the group consisting of:
rifampicin, rifabutin, rifalazil, rifapentine, rifaximin,
oxacillin, methicillin, ampicillin, cloxacillin, carbenicillin, piperacillin, tricarcillin,
flucloxacillin, nafcillin,
azithromycin, clarithromycin, erythromycin, telithromycin, cethromycin,
solithromycin,
aztreonam, BAL30072,
meropenem, doripenem, imipenem, ertapenem, biapenem, tomopenem,
panipenem,
tigecycline, omadacycline, eravacycline, doxycycline, minocycline,
ciprofloxacin, levofloxacin, moxifloxacin, delafioxacin,
fusidic acid;
novobiocin;
teichoplanin, telavancin, dalbavancin, oritavancin,
and pharmaceutically acceptable salts and solvates thereof.

32. Use of a compound of any one of claims 8 to 29 for the treatment or prophylaxis
of a gram-negative bacterial infection.

33. Use according to claim 32 in combination with an active agent selected from the
group consisting of:
rifampicin, rifabutin, rifalazil, rifapentine, rifaximin,
oxacillin, methicillin, ampicillin, cloxacillin, carbenicillin, piperacillin, tricarcillin,
flucloxacillin, nafcillin,
azithromycin, clarithromycin, erythromycin, telithromycin, cethromycin,
solithromycin,
aztreonam, BAL30072,
meropenem, doripenem, imipenem, ertapenem, biapenem, tomopenem,
panipenem,
tigecycline, omadacycline, eravacycline, doxycycline, minocycline,
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ciprofloxacin, levofloxacin, moxifloxacin, delafloxacin,

fusidic acid;

novobiocin;

teichoplanin, telavancin, dalbavancin, oritavancin,
and pharmaceutically acceptable salts and solvates thereof.

34. Use according to claim 33, wherein the active agent is selected from the group
consisting of rifampicin, fusidic acid, novobiocin, oxacillin, azithromycin, aztreonam,
meropenem, tigecycline, ciprofloxacin, and pharmaceutically acceptable salts and

solvates thereof.

35. Use according to claim 33 or 34, wherein the compound and the active agent are

for sequential or simultaneous use.

36. Use of a pharmaceutical composition of claim 30 or 31 for the treatment or

prophylaxis of a gram-negative bacterial infection.

37. Use according to claim 36, wherein the second active agent is selected from the
group consisting of rifampicin, fusidic acid, novobiocin, oxacillin, azithromycin,
aztreonam, meropenem, tigecycline, ciprofloxacin, and pharmaceutically acceptable
salts and solvates thereof.
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