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POLYMYXIN DERIVATIVES

The present case claims the priority and benefit of US 81/561361 filed on 18 November 2011

(18/11/2011), the contents of which are incorporated by reference herein in their entirety.

The present disclosure relates to novel compounds, pharmaceutical compositions comprising
said compounds and the use of the said compounds and pharmacsutical compositions for
treatment, for example treatment of microbial infections, particularly by Gram negative

bacteria.

In susceptible individuals, certain Gram negative bacleria can cause sericus complications
and infections, such as pneumonia, urinary tract infections, wound infeclions, ear infections,
eye infections, intra-abdominal infections, oral bacterial overgrowth and sepsis. The freatment
of serious bacterial infections in clinical practice can be complicated by antibictic resistance.
Recent years have sgen a rise in infeclions by Gram negative bacteria which are resistant to
many types of antimicrobials including broad specirum antibictics such as aminoglycosides,
cephalosporing and even carbapenems. There is therefore a need o identify new
antimicrobials that are effective against Gram negative bacteria, in particular against mullidrug

resistant Gram negative bacteria.

Polymyxins are a class of antibiotics produced by the Gram positive bacterium Bacifius
polymyxa. First identified in the late 1840s, polymyxins, particularly polymyxin B and
polymyxin E {colistin} were used in the treatment of Gram negative infections. However, these
antibiotics sexhibited side effecis such as nephrotoxicity. Consequently, their use in therapy is

limited 1o treatment of last resort.

WO 2008/017734 tries to address this toxicity problem by providing polymyxin derivatives
carrying ai least two but no more than threg positive charges. These compounds are said to
be sffactive antibacterial agents with reduced toxicity. s hypothesised in the disclosure that
the reduced number of positive charges decreases the affinity of the compound for isolated rat

kidney tissue which in turn may lead 1o a reduction in nephrotoxicity.

Surprisingly, the present inventors have found that certain allernative polymyxin type
compounds including some with 4 or more charges have suitable antibacterial activily whilst

also apparently exhibiting less toxicity, especially nephrotoxicity.
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Summary of the invention

Thus there is provided a compound of the formula (I):

NH,
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wherein:

X
R1

R4

RS

represenis an ~-NHC(O}-, -C{O), -OC(Q)-, ~-CHy- or -50;-; and

together with the carbonyl group and nitrogen alpha to the carbon to which itis
attached, represents a phenvlalanine, leucine or valine residue;

together with the carbony! group and nitrogen alpha to the carbon to which itis
attached, represents a leucine, iso-leucine, phenylalanine, threonine, valing or nor-
valine residue;

together with the carbonyl group and nitrogen alpha (o the carbon to which itis
attached, represents a threonine or leucine residue;

together with the carbonvl group and nitrogen alpha to the carbon to which itis
attached, represents q,y-diamincbutyric acid or a serine residus;

represents

Co.12 alkyl{Cas heterooyclyt), or

Co2 alkyl or Cop alkyl{C4z cycloalkyl) wherein the alkyl or cycloalkyl bears:

i one, two or three hydroxyl groups, or

i) a -NR°R’ group, or

iif) one -NR"R’ group and one or two hydroxyl groups:

represents hydrogen or C., alkyl; and

represenis hydrogen or Cq alloyl,

represents hydrogen or methyl, or

a pharmaceutically accepliable sait thereof.
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The compounds of formula (i) are characterised in thal the peplide part of the moleculs

contains only ning amino acids whereas natural polymyxins comprise 10 amino acids.
Detailed Description

Surprisingly the compounds of formula (1) seem 1o have lower foxicily than the parent

polymyxin compounds whilst retaining useful antibacterial activity,

it is known that polymyxin nonapeptide missing the acyl chain has reduced toxicity but lacks
useful antibacterial activity. However, a study of chain lengths of simple acyl polymyxin B
nonapeptide derivatives (K.Okimura &t al, Bufl. Chem. Soc. Jon, 2007, 88, 543) suggesied the
importance of chain length for antibacterial activity, with an optimum of around eight carbon
atoms, and demonsirated that the acetyl derivative had very poor activity against £.cofl and
Salmonella typhimurium. This was consistent with conclusions from the acyl decapeptide
serigs (P.C de Visser ef af, J. Peplide Res, 2003, 61, 2898}, where the pentancy! and butanoyi

analogues showed a marked drop-off in activily.

We have surprisingly found good antibacterial activity together with reduced toxicily in
polymyxin B nonapeptides according o the invention, including those substituied acyl

nonapeptides with short acyl chaing, especially those bearing an amino substituent.

it is suspected that the toxicity of polymyxin type compounds resulls from a delergent-like
interaction with membranes of eukaryotic cells. In addilion, nephrotoxicity of polymyxin type
compounds may resuit from the fact that they are retained in kidney cells and thus accumulaie
rather than being excreted from the body. Whilst not wishing to be bound by theory it is
hypothesised that the compounds of the present invention have a group R® which comprises a
substituent which disrupis the hydrophobicity of the alkyl component thereof. The inventors
believe that this disruption changes the balance of hydrophobic and hydrophilic nature of the
molecules which means they are less well suited for aligning themselves in bilipid-layers which
form membranes. in tumn this inability to align in the membrane may resuil in lower residency

time therein and thus may resull in lower toxicity.

FPolymyxin nonapeptide as employed herein is intended o refer {0 amino acids 2-10 of

polymyxin B or polymyxin E.

An amine acid residue (for example a leucine residue, elc.} as emploved herein is inlended 1©
refer {0 an amine acid that has lost a water molecule and forms a bond with ancther entity
{such as anocther amino acid) through the carbony! end thereof and also forms a bond through
the nitrogen end thereof to another entity (such as ancther amine acid). The bonds formed

may for example be amide bonds.
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Alkyl as used herein refers to straight chain or branched chain alkyl, such as, without
fimitation, methyl, ethyl, n-propyl, iso-propyl, butyl, n-butyl and teri-butyl. In one embodiment

atkyl refers to straight chain alkyl.

Alkyl in the context of a linker molecule {i.e. substitute alkyl) dlearly extends o alkylene
fragments, including branched and straight chain versions thereof. Branches may terminate in

alkyi radical such as -CHs.

Heterocyolyl as employed herein is a salurated carbocydlic ring comprising at least one
nitrogen ring atom, for exampie 1 or 2 nitrogen ring atoms, such as only 1 nitrogen ring alom
and optionally coniaining a further ring heteroatom selected from oxygen and sulfur.

Examples of Cus heterooyclyl groups include azetiding, pyrrolidiny, piperidiny, piperazinyl and
morpholinyl. In one embodiment the heterocyclyi is linked o the remainder of the molecule
through nitrogen. In the term "C,s heterocyolyl”, the expression Cyg represents the tolal

number of ring atoms, including carbon and hetercatoms.

in one embodiment R' together with the carbonyt group and nitrogen alpha to the carbon to
which it is aftached represents a phenylalanine residue, for example a D-phenvlalanine or a

leucine residue, such as a D-leucine residue.

in one embodiment R” together with the carbonyt group and nitrogen alpha to the carbon to

which it is attached represents a leucine residus.

in one embodiment R® together with the carbonyt group and nitrogen alpha to the carbon to
which it is atiached represents a threonine residue.

in one embodiment R* together with the carbonyt group and nitrogen alpha to the carbon to
which it is atiached represents g, y-diaminobutyric acid (Dab) or a sering residue, for example
L-Dab or D-Ser.

in one embodiment X represents -C{=0).
in one embodiment R° represents azetidine, pyrrolidinyl or piperidiny.

i one embodiment the R® Cyz atkyl component is C, alkyl, C; alkyl, C4 alkyl, Cs alkvl, Cq

alkyl, Cr alkyl, Cq alkyl, Cg alkyl, Cyp alkyl, Ty alkyl or Cqz alkyl
in one embodiment R® C..p, alkyl component is Ca.qq alkyl, for example Cag alkyl.
in one embodiment R® is Cas cycloalkyl, for example Cs cycloalkyl or Cs cycloatkyt.

in one embodiment R® bears one substituent.
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int one embodiment R® bears two substituents.
in one embodiment R® bears three substituents.

in one embodiment R bears one, two or three hydroxyl groups, for example one hydroxyl

group.

in one embodiment R® bears one amine group, for example a C,..; alkyl bearing one amine,

such as G,y alkyl bearing one amine.

in one embodiment R® bears one, two or three hydroxyl groups, such as one hydroxyl.
in one embodiment R® bears one amine group and one hydroxyt group.

in one embodiment R° bears one amine group and two hydroxyl groups.

in one embodiment wherein R” bears one or more hydroxyls then the alky! chain is Cs.qz.
in one embodiment R° does not bear more than one amine group.

in one embodiment wherein R® bears more than one substituent, the substituents are not

located on the same carbon atom.

in one embodiment at least one R° substituent (such as one substituent) is located on C, alkyl,

Cs alieyl, Cy alkyl, Cs alkyl, Cg alkyl, Cralkyl, Cs alkyl, Cq alkyl, Ty alkyl, Cqy alkyl or Cy, alkyl.

in one embodiment at least one R° substituent (such as one substituent) is on a terminal

carbon of a siraight alkyi chain or an alkyl branch, for exampie a straight atkyl chain.

When the substituent is on the terminal carbon of a straight alkyl chain (or indeed the terminal
carbon of a branch) the remaining part of the alkyl chain {or indeed the alky! linking part of the
branch) will form an alkylene link. Thus the {erm alkyl as used herein is in fact a generic term

which covers the situation wherein part or all of the alkyl moietly is in fact an alkylene moiety.

Terminal carbon as employed herein is intended 1o refer {o carbon that wouid be a2 -CHy if it

bore no substituents.

In one embodiment at least one (such as only one) substituent is not on a terminal carbon, l.e.
-CH{substituent)-.

in one embodiment R® is hydrogen.

in one embodiment RS is Cy 4 atkyi, such as G alkyl, G, alkyl, C5 alkyl or G4 alkyl, for exampie

methyl.
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in one embodiment R’ is hydrogen.

in one embodiment R’ is Cq alkyl such as G, alkyl, C, alkyl, Cs alkyl or C, alkyl, for example

meathyl.
in one embodiment both R® and R represent methyl.
in one embodiment R® represents H and R’ represents methyl.

in one embodiment R® is selected from ~CHOHYCH:sCH,, ~CHoNH,, -CHCH,NH;,
~CHoCHyCHoNH,, ~(CHolsNH,, ~(CH,)pNH,, -CHCHNHCH;, -CHLCHN{CH, ), and
-{CHOH.

in one embodiment R® is methyl.
in one embodiment R is hydrogen.

in one embodiment, the compound is of formula {la):

NH,
H
) N. R
o R4 HN o
, H H
R\X’N N N O © O”" NH
H
~ O > O . {{a}
RS OH ( O R2
NH
. NHH "
{}(N NH,
RS0
NH,

or a pharmaceutically acceptable sall thereof.

Where R' {together with associated groups) represents phenylalanine, R? (fogether with
associated groups) represents leucine, R? (together with associated groups) represents
threcnine, R* {together with associated groups) represents a,y-diaminobutyric acid; and R®
represenis methy! {(and together with the associated groups represents threonine), the

compound of formula {1a) is a polymyxin nonapeptide having amino acids 2-10 of polymyxin B.
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Where R’ (together with associated groups) represents leucine, R* {together with associated
groups) represents leucine, R® (together with associated groups) represents threcnine, R*
{together with associated groups) represents a,y-diaminobutyric acid; and R® represents
methyl {and together with the associated groups representis threonine), the compound of

formula {ia} is a polymyxin nonapeptide having amino acids 2-10 of polymyxin E.

in one embodiment a compound of formula (1) has three positive charges.

in one embodiment a compound of formula {1} has four or five positive charges, such as Tour.
in one embodiment a compound of formula (1) has five positive charges.

in one embodiment a compound of formuia (1} has six positive charges.

in ong embodiment the compound is selected frony:

2-Hydroxyoctanoyt polymyxin B nonapeptide;
2-Aminoethanoyl polymyxin B nonapeptide;
J-Aminopropanoyt polymyxin B nonapeptids;

3-{N N-dimesthylamino)-propanoyl polymyxin B nonapeptide;
4-Amincbutanoy! polymyxin B nonapeplide;
g-Aminchexanoyl polymyxin B nonapeptide;
8-Hydroxyoctanoy! polymyxin B nonapeptide;
8-Amincoctanoyl polymyxin B nonapeptide;
3-{N-methylamino) propanoy! polymyxin B nonapeptide;
2-Amino cyclopentane carbonyl polymyxin B nonapeptide;
S-Aminopropanoyt colistin {polymyxin E) nonapeptids;
3-Pyrrolidine-3-carbonyl polymyxin B nonapeptide;
3-Amino-3-cyclohexanepropanoyl] polymyxin B nonapeptide, or

a pharmacsutically acceptable sail thereof.

Additionally or alternatively, the compound is selected fromy:

5-Aminopentanoyl polymyxin B nonapeptide
Hydroxyacetyl polymyxin B nonapeptide
3-Hydroxyoctanoy! polymyxin B nonapeptide

4-{ N N-dimethylamino)-butanoy! polymyxin B nonapeptide
7-Aminoheptanoy! polymyxin B nonapeptide
4-Morpholinylbutanoy polymyxin B nonapeptide

g-Hydroxyhexanoy! polymyxin B nonapeptide
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3-Hydroxybutanoy!l polymyxin B nonapeptide

4-(N-methylamino)}-butanoyl polymyxin B nonapeptide,

frans-4-aminocyclohexanscarbonyl polymyxin B nonapeptide,

4-Amincbutanoyt polymyxin E nonapeplide,

2-Hydroxyoctanoyt polymyxin E nonapeptide,

cis-4-Aminocycichexane carbonyl polvmyxin B nonapeptide,

4-Amino-4-methyl pentancy! polymyxin B nonapeptide

4-Amino-5-methylhexanoy! polymyxin B nonapeptide, including for example 4-(F)}-Amino-
S-methylhexanoyl polymyxin B nonapeptide

3-{1-Pyrrolidin-2-yh-propionyl polymyxin B nonapeptide, including for example
3-{S)-(1-Pyrrolidin-2-yi}-propionyt polymyxin B nonapeptide

4-Aminopentanoy! polymyxin B nonapeptide, including for example 4-(S)-Aminopentanoyt
polymyxin B nonapeptide

frans-4-Hydroxycyclohexanecarbony polymyxin B nonapeptide,

3-Hydroxypropanoy! polymyxin B nonapeptide

{Z-Hydroxy-2-cycichexyhiethanoyl polymyxin B nonapeptide

2-Amino octanoyl polymyxin B nonapepiide, or

a pharmaceutically accepiable salt thereof.

Examples of salts of compound of formula {1} include all pharmaceutically acceptable salts,
such as, without limitation, acid addition salts of strong mineral acids such as HCH and HBr
salls and addition salts of strong organic acids such as a methanesulfonic acid salt. Further

examples of salts include sulphates and acetates such as triflucroacetate or trichloroaceiate.
in one embodiment the compounds of the present disclosure are provided as a suiphate salt.

A compound of the disclosure can also be formulaled as prodrug. Prodrugs can include an
antibacterial compound herein described in which one or more amino groups are protected
with a group which can be cleaved in vivy, to liberate the biologically active compound. Inone
embodiment the prodrug is an “amine prodrug”. Examples of amine prodrugs include
sulphomethyl, as described in 8.g., Bergen el al, Antimicrob. Agenis and Chemotherapy, 2008,
53, 1953 or H80O-FMQC, as described in e.g. Schechter f &, J Med Chem 2002, 45(18)
42864, and salts thereof. Further examples of aming prodrugs are given by Krise and Clival in

Biotechnology: Pharmaceutical Aspects, 2007, B2}, 101-131.
in one embodiment the compounds of the invention arg provided as a prodrug.

The disclosure herein extends to solvales of compounds of formula (). Examples of solvates

include hydrates.
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The compounds of the disciosure include those where the atom specified is replaced by a
naturally occurring or non-naturally ocourring isotope. In one embodiment the isciope is a
stable isolope. Thus the compounds of the disclosure include, for example deutsrium

contfaining compounds and the like.

The present invention provides compounds having amino acids 2-10 of polymyxin B, or a
variant thereof as described below, wherein the N terminal of the amino adid corresponding to
residue 2 in polymyxin B, is modified with a group R°-X-. The variables R® and X are as

defined above. In the compounds of the invention, residue 1 of polymyxin B is abseni.

A variant of the compound is a compound in which one or more, for example, from 110 5, such
as 1, 2, 3 or 4 amino acids are substituled by another amino acid. The aminc acidis at a
position selected from positions 2, 3, 8, 7 or 10 {referring to the numbering of residues used in

polymyxin B). The substitution may be for another amino acid or for a stereoisomaer.
At position 2, the variant may have a D-Ser substitution.

At position 3, the variant may have a Ser substitution.

At position 8, the variant may have a Leu or Val substitution.

A position 7, the variant may have a He, Phe, Thr, Val or Nva {norvaline) substitution,
At position 10, the variant may have a Leu substitution.

A polymyxin £ compound may be regarded as a polymyxin B compound having a Leu
substitution at position 8.

For convenience, the compounds of the invention are represenied by the formula {I) where the
amino acids at positions 2, 3, 8, 7 or 10 are determined by the nature of the groups R®, R*, R,
R? and R® respectively. Compounds of the invention, which include the variants described

above, are biclogically active.

Compounds of formula (1) can be prepared by conventional peptide synthesis, using methods
known to those skilled in the arl. Suitable methods include solution-phase synthesis such as
described by Yamada el al, J. Peplide Res. 84, 2004, 43-50, or by solid-phase synthesis such
as described by de Visser ef al, J. Peplide Res, 81, 2003, 298-306, and Vaara e &/,
Antimicrob. Agents and Chemotherapy, 82, 2008. 3229-3236. These methods include a
suitable protection strategy, and methods for the cyclisation step. Alternatively, compounds
may be prepared from readily avaible polymyxing, for example by removal of the N-terminal
aminoe acid of the polymyxin (residue 1). Such a method is described herein for the

preparation of compounds based on residues 2-10 of polymyxing B and E.
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The invention also provides a method of preparing certain compound of formula {1) by reacting
a compound of formula (i)
NH,

N -G O;I:NH
~ O > O . (i
R8T NOH {’/ o *QT“J\‘RZ
NH

. NHH N
EK<T,N NH,
RO
NH,

or a prolected derivalive thereof wherein:

R together with the carbonyi group and nitrogen alpha o the carbon fo which itis
attached, represents a phenvialanine, leucine or valine residus;

R? together with the carbonyl group and nifrogen alpha to the carbon to which itis
attached, represenis a lsucing, iso-leucine, phenvialanine, threonine, valine or nor-valine
residue;

R together with the carbony! group and nitrogen alpha o the carbon to which itis
attached, represents a threonineg or leucine residus;

R together with the carbonyl group and nitrogen alpha to the carbon to which itis
attached, represents g,y-diaminobutyric acld or a serine residue;

with & compound of formula (Hi):
ROX-(Lyy (D)
or a protected derivative theregof

wherein

R is defined above for compounds of formula (1)

X' represents group which after coupling to compounds of formula (1) is converted or can be
converted into -NHC{Q)-, -C(O)-, -OC{O)- ,-CHp- or -5Q,; and

L reprasents a leaving group,

mrepresents O or 1, or

a pharmaceutically acceplable sait thereof,
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optionaily Tollowed by deprotection 1o provide a compound of formula (b,

Generally compounds of formula (1) will be employed in a form where all the free amines,
which are not desired {o participate in the proposed reaction, are protected by a suitable
protecting group for example fert-butyloxycarbonyl (BOC), S-flucrenyimethoxycarbonyi
{(FMOC), or other suitable amine protecting group such as those described in "Protective
groups in Organic Synthesis” by Theodora W, Green and Peler G. M. Wuls, Wiley, New York,
1999,

After the requisite chemical reactions deproteciion o provide a compound of formula (1) can be
carried out using standard methods such as those described in "Protective groups in Organic
Synthesis” by Theodora W. Green and Peter G, M. Wuls, Wiley, New York, 1988,

in compounds of formula (1) wherein X represents -NHC{=Q}-, can be synthesized employing

a compound of formula (111} which corresponds o an isocyanate such as:

RP>-N=C=0 (Formula lila),

wherein R® is defined above.

The reaction may be performed in a suitable solvent such as dichioromethane, optionally in

the presence of base such as tristhylamine or N-ethyldiisopropylamineg (DIPEA).

Alternatively compounds of formula (1) wherein X represents -NHC{=0}-, can be synthesized

employing a compound of Formula {{ib):

O /“\\
R‘iN)J\O
H

{ilib)

wherein R° is defined above,

in the presence of base, as described in Gallon ef &/, J.Org. Chem., 2005, 78, 6960.

in compounds of formula | wherein X represents -C{=Q)-, -QC{=0}, or -8S0,~ can be
synthesized employing a compound of formula (i1} wherein R® is as hereinbefore described,
X! represents -C{=Q)-, -OC(=0)-, or -850, and L represents a leaving group, for example Cl

or Br.
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The reaction may be performed in a suitable solvent, such as a polar aprotic solvent such as

dichioromethane.

Compounds of formula (1) wherein X represent -C{=0}-, can be prepared emploving a
compound of formula (llic):
RO-COOH {illc)

wherein R® is defined above, for example in the presence of a coupling agent such as HATU,
{O-~{7-azabenzotriazol-1-y)-N N NN - letramethyiuronium hexafluorophosphate), HBTU ({(2-(1
H-benzoiriazole-1-yi}-1,1,3, 3-tetramethyluronium hexafluorophosphate), DCC {dicyclohexyl
carbodiimide), or PYBOP (benzotriazole-1-yl-oxy-tri-pyrrolidono-phosphonium

hexafluorophosphate), under basic conditions in a polar solvent.

Compounds of formula (1) wherein X represents -CH;- can be prepared employing an

aldehyde of formula (ilid):
RO-C{=(H (1d)

wherein R® is as hereinbefore described, for example in the presence of a reducing agent such
as sodium triacetoxyborohydride, sodium cyanoborohydride, or polymer-supported
cvanoborohydride in a solvent such as methanol, dichioromethanse, DMF, using conditions

such as described in March’s Advanced Organic Chemistry, Wiley, 2001,

in one aspedt, the invention provides a pharmaceutical composition comprising a compound of
formula (), for example a therapeulically effective amount thereof and a pharmacsutically

accepiable excipient, diluent and/or carrer {including combinations thereof).

The routes for administration {delivery) include, but are not limited to, one or more of: oral {e.g.
as a dry powder/ free flowing particulate formulation, tablet, capsuls, or as an ingestible

solution or suspension) buccal, sublingual.

The compositions of the disclosure include those in a form especially formulated for
parenteral, oral, buccal, rectal, lopical, implant, ophthalmic, nasal, rectal or genito-urinary use.
in one aspect of the invention, the agents are delivered orally, hence, the agentis in a form

that is suitable for oral delivery.

In some instances it may be possible to deliver the compounds of the disclosure by a topical,
parenteral {e. g. by an injectable form) or transdermal route, including mucosal {e. g. as a
nasal spray or aercsol for inhalation), nasal, gastrointestinal, infraspinal, intraperitoneal,

intramuscular, infravenous, intrauterine, intraccular, intradermal, intracranial, intratracheal,
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infravaginal, intracersbroventricular, intracergbral, subcutaneous, ophthalmic {including

intravitreal or intracameral).

There may be different composition/formulation requirements depending on the different
delivery systems or different routes of administration. By way of example, the pharmacsutical
composition of the present disclosure may be formulated {0 be delivered using a mini-pump or
by a mucosal route, for example, as a nasal spray or aerosol for inhalation or ingestible
solution, or parenterally in which the composition is formulated in an injectable form, for
delivery by, for example, an infravencous, intramuscular or subcutansous route. Altsrnatively,
the formulation may be designed 1o be deliverad by both roules. Where appropriale, the
pharmaceutical compositions can be administered by inhalation, in the form of a suppository or
pessary, lopically in the form of a lotion, solution, cream, ointment or dusling powder, by use of
a skin patch, orally in the form of tablets containing excipients such as starch or laciose, or in
capsuies or ovules sither alone or in admixture with excipients, or in the form of elixirs,
solutions or suspensions containing flavouring or colouring agents, or they can be injected

parenterally, for example infravenously, inframuscularly or subcutaneously.

For parenteral administration, the compositions may be best used in the form of a sterile
aqueous solution which may contain other substances, for example enough salls or
saccharides, in particular a monosaccharide, 10 make the sclution isotonic with blood.
Examples of parenteral administration include one or more of intravenously, intraarterially,
intraperitoneatly, intrathecally, intraventricularly, intraursthrally, intrasternally, intracranially,
intramuscularly or subcutaneously administering the agent, and/or by using infusion

technigues.

in one embodiment the formulation of compounds of the invention is provided as a liposomal
formulation. Liposomes gan vary in size from low micrometer rangs fo tens of micrometers,
unilamellar iposomes are typically in the lower size range with various targeting ligands
attached to their surface allowing for their surface-atfachment and accumulation in
pathological areas for treatment of disease. Liposomes are artificially prepared vesicles made

of lipid bilayer
in one embodiment the formulation is adapted for delivery by infusion or siow injection.
in one embodiment the formulation is adapted for delivery by bolus injection.

For buccal or sublingual adminisiration the compositions may be administerad in the form of

tablets or lozengss which can be forrmulated in a conventional manner.
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The compounds of the disciosure can be administered {g.g. orally or topically) in the form of
tablets, capsules, ovules, elixirs, solutions or suspensions, which may contain flavouring or
colouring agents, for immediate-, delayed-, modified-, susiained-, puised- or confrolied-release

applications.

The compounds of the disciosure may also be presented for human or veterinary use in a form
suitable for oral or buccal administration, for example in the form of solutions, gels, syrups,
mouth washes or suspensions, or a dry powder for constitution with water or other suitable

vehicle before use, optionally with flavouring and colouring agents.

Solid compositions such as tablets, capsules, lozenges, pastilles, pilis, powder, pastes,
granules, bullels or premix preparations may also be used. Solid and liguid compositions for
oral use may be prepared according o methods well known in the arl. Such compositions may
also contain one or more pharmaceutically acceptable carriers and excipients which may be in

solid or liquid form.

The tablets may contain excipients such as microcrystaliine cellulose, lactose, sodium citrate,
calcium carbonate, calcium suiphate, dibasic calcium phosphate and glycine, mannitol,
pregelatinised starch, corm slarch, potatoe starch, disintegrants such as sodium starch
glycoliate, croscarmellose sodium and certain complex silicates, and granulation binders such
as polyvinyipyrrolidone, hydroxypropylmethylcelivlose (HPMQC), hydroxypropyiceliulose (HPC),

sucrose, gelatin and acacia.

Additionally, lubricating agents such as magnesium slearate, stearic acid, glyceryl behenate

and talc may be included.

Solid compositions of a simifar type may also be adminisiered in gelatin or HPMC
(hydroxypropyi methyicellulose) capsules. Suitable excipients in this regard include
microcrystalling cellulose, lactose, calcium carbonate, calcium sulphate, dibasic calcium
phosphate and, manniiol, pregelatinised starch, corn starch, potato starch or high molecular

weight polyethylene glycols.

For agueous suspensions and/or elixirs, the agent may be combined with variocus sweelening
or flavouring agents, colouring matter or dyes, with emulsifying and/or suspending agenis and

with diluents such as water, sthanol, propylene glycdl and glycerin, and combinations thereof.

Capsules may be filled with a powder {of medicament alone or as blend with selected filler{s})
or alternatively a liquid, each comprising one or more salts of the present disclosure and

optionally a carrier. Where the capsule is filled with a powder the salls of the present
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disclosure and/or the carrier may be milled or micronised {o provide material with an

appropriate particle size.

Alternatively, the tablet or a capsuie, as appropriate, may be filled into ancther capsule
(preferably a HPMC capsule such as Capsugei®) to provide either a tablet in capsule or
capsule in capsule configuration, which when administered to a patient vields conirolled

dissolution in the gastrointestinal tract thereby providing a similar effect {0 an enteric coating.

Thus in one aspect the disclosure provides a solid dose formulation of a salt of the present

disclosure, for example where the formulation has an enteric coating.

in another aspect the disclosure provides a solid dose formulation comprising a protective
capsule as ouler laver, for example as a {ablet in a capsule or a capsule in a capsule. The

enteric coating may provide an improved stability profile over uncoated formulations.

The compounds of the disclosure may also be administered orally, in veterinary medicine, in
the form of a liguid drench such as a solution, suspension or dispersion of the active ingredient

together with a pharmaceutically acceptable carrier or excipient.

The compounds of the invention may also, for example, be formulated as suppositories e.g.

containing conventional suppository bases for use in human or veterinary medicine or as

pessaries e. q. containing conventional pessary bases.

In one embodiment the formulation is provided as a formulation for topical administration

including inhalation.

Suitable inhalable preparations include inhalable powders, melering aerosois containing
propellant gases or inhalable solufions free from propeliant gases. Inhalable powders
according to the disclosure containing the active subsiance may consist solely of the
abovementioned active substances or of a mixiure of the abovementioned aclive substances

with physiologically acceptable exciplent.

These inhalable powders may include monosaccharides (e.g. glucoss or arabinose),
disaccharides {e.g. lactose, saccharose, mallose), olige- and polysaccharides (8.g. dexiranas),
polyalcohols (2.g. sorbitel, mannitol, xylitol), salts {e.g. sodium chioride, caloium carbonate) or
mixtures of these with one ancther. Mono- or disaccharides are preferably used, the use of

lactose or glucose, particularly but not exclusively in the form of their hydrates.

Particles for deposition in the lung reguire a pariicle size less than 10 microns, such as

1-8 microns suitably from 0.1 to 5 um, particuiarly preferably from 110 § pm.
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The propellant gases which can be used o prepare the inhalable aerosols are known from the
prior art. Suitable propellant gases are selected from among hydrocarbons such as n-propane,
n-butane or isobutane and halohydrocarbons such as chlorinated and/or fluorinated
derivatives of methane, ethane, propane, bulane, cyclopropans or cydlobuianeg. The above-

mentioned propeliant gases may be used on their own or in mixtures thereof.

Particularly suilable propeliant gases are halogenated alkane derivatives selected from among
TG, TG 12, TG 134a and TG227. Of the abovementioned halogenated hydrocarbons,
TG134a (1,1,1,2-tstraflucrosthane) and T3227 (1,1,1,2,3,3,3- heptafluoro propane) and

mixtures thereof are suitable for use in formulations of the present invention.

The propeliant-gas-containing inhalable asrosols may also contain other ingredients such as
co-solvents, stabiiisers, surface-aciive agents (surfacianis), antioxidants, lubricanis and

means for adjusting the pH. All these ingredients are known in the art.

The propellant-gas-containing inhalable asrosols according to the invention may contain up o
5 % by weight of aclive substance. Aerosols according o the disclosure may contain, for
exampie, 0.002 1o 5§ % by weight, 0.01 1o 3 % by weight, 0.015 10 2 % by weight, 0.1 102 % by
weight, (.5 {0 2 % by weight or 0.5 to 1 % by weight of active.

The salts of the disclosure may also be used in combination with other therapeutic agents. The
disclosure thus provides, in a further aspect, 8 combination comprising a salt of the present
disclosure together with a further therapeutic agent. The combinalion may, forexample be a
combination of a salt of the compound of formula (1) and an antibictic, such as vancomycin,
fosfomycin, rifamycin, a beta-lactam (such as a cephalosporin or carbapenem), an
aminogiycoside, a macrolids, a tetracyling, a lipopeptide, an oxazolidinone and/or an anti-
inflammatory such as a steroid. The combination may be provided as a co-formulation or

simply packaged together as separate formulations, for simuliansous or sequential delivery.

In one embodiment there is provided salts of the present disclosure in combination with a

further therapeutic agent.

It is {o be understood that not all of the compounds/salis of the combination nesd be
administered by the same roule. Thus, if the therapy comprises more than one aclive

component, then those componentis may be administered by different routes.

The individual components of such combinations may be administered either sequentially or

simultaneously in separate or combined pharmaceutical formulations by any convenient route,
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When administration is sequential, sither the sali of the disclosure or the second therapsutic
agent may be administered first. When administration is simultansous, the combination may

be administered either in the same or a different pharmaceutical composition.

The combinations referred to above may conveniently be presented for use inthe formof a
pharmaceutical formulation and thus pharmaceutical formulations comprising a combination as
defined above together with a pharmaceutically acceptable carrier or excipient comprise a

further aspect of the disclosurs.

When combined in the same formulation it will be appreciated that the two compounds/salts
must be stable and compatible with each other and the other components of the formulation,
When formulated separately they may be provided in any convenient formulation, in such

manner as are known for such compounds in the arl.

The compositions may contain from 0.01-88% of the active material. For topical administration,
for example, the composition will generally contain from 0.01-10%, more such as 0.01-1 % of

the aclive material,

When a sall of the disclosure is used in combination with a second therapeuiic agent active
against the same disease state the dose of each compound/salt may be the same or differ
from that employed when the compound/sait is used alone. Appropriaie doses will be readily
appreciated by those skilled in the art. 1t will also be appreciated that the amount of & sait of
the disciosure required for use in treatment will vary with the nature of the condition being
ireated and the age and the condition of the patient and will be ultimalely at the discretion of

the attendant physician or velerinarian.

Typically, a physician will determine the actual dosage which wiil be most suitable for an
individual subject. The speciiic dose level and frequency of dosage for any particular
individual may be varied and will depend upon a variety of factors including the activity ¢of the
specific salt employed, the metabolic stability and length of action of that salt, the age, body
weight, general health, sex, digt, mode and time of administration, rate of excretion, drug

combination, the severity of the particular condition, and the individual undergoing therapy.

For oral and parenteral adminisiration to humans, the daily dosage level of the agent may be
in single or divided doses. For systemic adminisiration the daily dose as emploved for adult
human treatment will range from 2-100 mg/Kg body weight, such as 5-60 mg/Kg body weight,
which may be administered in 1 {o 4 daily doses, for example, depending on the route of
administration and the condition of the patient. When the composition comprises dosage units,
each unit will preferably contain 100 mg to 1 g of active ingredient. The duration of treatment

will be dictated by the rate of response rather than by arbitrary numbers of days.
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in ong embodiment the treatment regime is continued for 1, 2, 3, 4, 5,8, 7, 8, 9, 10, 11, 12, 13,
14, 15, 16, 17, 18, 18, 20, 21 or more days.

As described above, the salts of the present disclosure may be employed in the treatment or

prophylaxis of humans and/or animals.

There is further provided by the present disclosure a process of preparing a pharmaceutical
composition, which process comprises mixing a salt of the disclosure or a pharmacsutically
acceplable derivative thereof, together with a pharmaceutically acceptable exdipient, diluent

and/or carrier.

in another aspedt, the invention provides a compound of formula (1) or a pharmaceutically
acceptable salt thereof or a composition comprising the same for use in therapy, and in
paricular, in the treaiment infection such as bacterial infection, such as a Gram nggative

bacterial infection.

in one embodiment the compounds and compositions of the disclosure are useful in the
treatment of pneumonia, urinary tract infections, wound infections, ear infections, eve

infections, intra-abdominatl infections, bacterial overgrowth and/or sepsis.

In one embodiment the compounds are useful in the treatment of infections by bacleria which

are multidrug resistant,

Examples of Gram negative bacleria include, but are not limited 1o, Escherichia spp.,
Kilsbsiella spp., Enterobacter spp., Salmoneila spp., Shigella spp., Cilrobacter spp.,
Morganella morganii, Yersinia pseudotubercuiosis and other Enterobacteriaceas,
Pseudomonas spp., Acinefobacter spp., Moraxella, Helicobacter, Stenotrophomonas,
Bdeliovibrio, acelic acid bacteria, Legionella and alpha-proteobacteria such as Wolbachia and
numerous others. Other notable groups of Gram-negative bacteria include the cyanobacteria,

spirochaetes, green sulfur and green non-sulfur bacteria.

Medically relevant Gram-negative cocol include three organisms, which cause a sexually
fransmitied disease (Neisseria gonorrhogae), a meningilis (Neisseria meningitidis), and

respiratory symptoms (Moraxella catarrhalis).

Medically relevant Gram-negative bagcilii include a multitude of species. Some of them
primarily cause respiratory problems (Hemophilus influsnzae, Klebsiella pneumoniaes,
Legionslla pnsumophila, Fseudomoenas aeruginosa), primarily urinary problems {(Escherichia
coli, Enfercbacter cloacae), and primarily gastrointestinal problems (Heficobacter pyion,

Salmonella enterica).
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Gram-negative bacleria associated with nosocomial infections include Acinefobacter
baumannii, which causes bacteremia, secondary meningitis, and ventilaior-associaled

pheumaonia in intensive-care units of hospllal establishments.

in one embodiment the compounds and compositions of the present invention are useful in the
trealment of infection of one or more of the following Gram negative bacteria: £. cof,
S.enterica, Klebsiella: K. pneumoniae, K. oxyloca; Enterobacter: E. cloacae, £. asrogenes, £.
aggiomerans, Acinelobacter: A. calcoaceficus, A. baumannii; Pseudomonas aeruginesa,
Stenotrophomonas malftophila, Providencia stuarti, Proteus., P. mirabilis, F. vuigaris.

In ong embodiment compounds of formula (1) or pharmaceutically acceptable salls thergof or
compaositions comprising the same are useful for the treatment of Psevdomonas infections
including P. aeruginosa infection, for example skin and soft tissue infeclions, gastroinfestinal

infection, urinary tract infection, pneumonia and sepsis.

In one embodiment compounds of formula (1}, or pharmaceutically acceptable salls thereof, or
compoesitions comprising the same are useful for the treatment of Acinetobacter infections

including A. baumanii infection, for pneumonia, urinary fract infection and sepsis.

in one embodiment compounds of formula (1), or pharmaceutically acceptable salts thereof, or
compositions comprising the same are useful for the treatment of Kiebsieila infections
including K. pneumoniae infection, Tor pneumaonia, urinary tract infection, meningitis and

sepsis.

in one embodiment compounds of formula (1), or pharmaceutically acceptable salts thereof, or
compositions comprising the same are useful for the treatment of £ coff infection including
E. cofiinfections, for bacleremia, cholecystitis, cholangitis, urinary fract infection, neonatal

meningitis and pneumoniae

in one embodiment the compounds of formula (1) or pharmaceuticaily acceplable salts thereof

or compaositions comprising the same may be useful for long term treatment.

in one aspect there is provided a compound of formula () or a composition comprising the

same for the manufaciure of a medicament for one or more of the indications defined above.

in one aspect there is provided a method of freatment comprising the step of administering a
therapsutically effective amount of a compound of formula {1} or a pharmaceutical acceptable
sall thereof or a composition comprising the same to a patient (human or animal) in need

thereof, for example for the treatment of an infeclion as described herein.
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Where technically appropriate embodiments may be combined and thus the disclosure

extends o all permutations/combinations of the embodiments provided herein.

Praferences given for compounds of formula (1) may sgually apply 1o other compounds of the

invention, disclosed hergin, as technically appropriaie.

Abbreviation Meaning

PMBN Polymyxin B nonapeptide
Thr Threonine

Ser Serine

DSer D-serine

Leu Leucine

lle isoleucine

Phe FPhenylalanine

DPhe D-phenyialanine

Val Valine

Dab a,y-Blaminobutyric acid
DIFEA N MN-diisopropylethylamine

Examples
intermediate 1. Polymyxin B nonapeptide

A mixture of Polymyxin B (20 g}, immobilised papain (185 ELU/g) , potassium phosphate
buffer {25 mM; pH 7, 1.25 L}, potassium chioride (30 mM), EDTA (10 mb) and cysteine

(1 mM} was incubated al 37°C for 18h with gentle agitation. The progress of the reaction was
monitored by LC-MS using the conditions outlined in Table 1. The immobilized papain was
removed by filtration and the filtrate was concentrated in vacuo to leave a solid residue which
was re-suspended in 10% agqueous methanol and iefl at room lemperature overnight. The
supernatant was decanted and concenirated /n vacuo. Polymyxin B nonapeplide was purified
from the residue by SPE on C18 silica, eluting with 0-10% agueous methanol. Evaporation of

72+

the appropriate fractions gave the product as a white solid. m/z 482, [M+2H]
Table 1. LC-MS conditions

Micromass Platform LC

Column: Zorbax 5u C18 (23 150 x 4.6 mm

Mobile Phase A: 10% Acetonitrile in 80% Water, 0.15 %TFA or 0.1% formic
Mobile Phase B: 0% Acetonitrile in 10% Water, 0.15 %TFA or 8.1% formic
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Flow rate: 1 mb/min
Gradient: Time 0 min 100% A (% 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:

Detection:

20 ub
240 nm

Intermediats 2. tetra4{Boc) polymyxin B nonapeptide

- Oiﬁ/o
Cel LD TH /‘\\]
NH d 7
f
0 MY Sy Yy
rw\/ﬂ\ AN A O A

Molecular Weight =1383.83
Exact Mass =1362
Molecular Formuls =CE3H106N 14019

Selective BOC protection of the free y-amine groups on the Dab residues of polymyxin B
nonapaplide was carried out using the procedure of H. O'Dowd et al, Tetrahedron Lett., 2007,
48, 2003-2005. Polymyxin B Nonapeptide (intermediate 1 7.5 ¢, 7.78 mmol) was suspended
in water (85 mbL) with sonication. Dioxane {685 mlL) and triethylamine (65 mbL)} were added and
the mixture was cooled in ice for 10 min prior to the addition of 1-{Boc-oxyimino}-2-phenyl
acelonitrile (Boc-ON) (7.67 g; 31.18 mmol). The progress of the reaction was followed by LC-
MS and reached complstion affer 30 minutes, whersupon the mixiure was guenched by
addition of 20% methanolic ammonia (50 mL). The liquid phase was decanted and the residual
solid was purified by chromatography (eluent 0-20% meathano! in dichioromethane) on silica
gel to afford tetra-(Boc) polymyxin B nonapeplide as a while solid (2.5 g, 24 %). TLC, R 0.2
{10% methanal in dichloromethane). m/z 1362.8[MHT".



w1

10

i5

20

WO 2013/072695 L2 PCT/GB2012/052844

intermediate 3. Colistin (Polymyxin E) nonapeptide

Colistin {(polymyxin E, b g) was treated with immobiiised papain (185 ELU/g), potassium
phosphate buffer (25 mM; pH 7, 1.25 L), potassium chioride (30 mM}, EDTA (10 mM) and
cysteine (1 mM) at 37°C for 32 h with gentle agitation 1o produce colistin (polymyxin E)
nonapeplide. 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 filiration and the
filtrate was concenirated /0 vacuoe 1o leave a solid residue which was re-suspended in 10%
agusous methano! and left at room temperature overnight. The supermatant was decanted and
concentrated in vacuo. Colistin (Polymyxin E) nonapeptide was purified from the residue by
SPE on C18 silica (10 gm), eluting with (-25% agueocus methanol. Evaporation of the

appropriate fractions gave the product as a white solid. myz 465.32 [M+2H}"

Intermediate 4 . tetra-{Boc) colistin {polymyxin E) nonapesptide

//"\.OH o] r,/ [ L
NH HN/H ,\Hi/ .
o=x" W \L ¥
:X/N\Y/ \"/Nm,—(_.
o <
A oH “NH /,O /
OF ™t

Molecular Weight =1329.61
Exact Mass =1328
Molecular Formula =Ce0HTO0EN14019

Colistin {Polymyxin E} Nonapeptide (2.5 g, 2.69 mmol} was suspended in water {35 mbL) with
sonication. Dioxane (35 mb) and triethylamine (38mi) were added and the mixiure was cooled
in ice for 10 min prior o the addition of 1-(Boc-oxyimino-2-phenyl acelonilrile (Boo-ON)

(2.65 g; 10.76 mmotl}. 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 mbL). The liquid phase was decanted and the residual solid was
re-dissolved in water and extracted sequentially with dichloromethane and iso-butanol. Based
on LC-MS analysis, the decantad liquid and both dichloromsthane and iso-butandl extracts

were pooled fogsther followed by concentration in vacuo to give yellow gum which was loaded
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onto flash chromatography (Si 80A- 35-78). The column was eluted with 0-20% methanol
(containing 2% ammonia) in dichioromethans. The column fractions eluted with 7-10%
methano! {(containing 2% ammonia) in dichloromethane afforded tetra-{Boc) colistin (polymyxin
E) nonapeptide as a white solid (1.18 g, 33 %). m/z 1320.7 [M+HJ".

Example 1. [2(R,8)-2-Hydroxyoctanoyl] poelymyxin B nonapeptide, triflucroacetats.

Molecular Weight =1105.38
Exact Mass =1104
Molecular Formula =C51HE8N14013

a} [2-{R,8)-2-Hydroxyoctanoyl] {tetra-{Bocl-polymyxin B nonapeptide

OH ” o} \T)\
N - NH i\
HN -
o Moo H
/N\",/ \'/r\’\\ﬂ'":!'"*<
< Non g e
G
o

kolecutar Weight =1505.83
Exa -1504
Molecitar Formula =C71H120N 14021

2-Hydroxyoctanoic acid {1.16 g, 7.34 mmol) was dissolved in dichioromethane (2 mi).

N, N-Diisopropylethyalmine (1,19 mi, 7.34 mmol) and 2-{1H-7-Azabenzotriazol-1-y1)-1,1,3,3-
tetramethy! uronium hexaflugrophosphate (HATUY (2.79 g, 7.34 mmol) were then added o the
reaction mixture. After 30 min stiming at room temperature compound of intermediats 2

(2.0 g, 1.47 mmol) was added. After 16 h the 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
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fractions were concenirated to leave [2(R,8)-2-hydroxyoctanoyl] [tetra-(Boc)-Polymyxin B
nonapeptide as a colourless off (1.28 g, 58 %). TLC, Ry 6.6 {10% MeOH in dichioromethane).
m/z 1527.5, [M+Nal™ .

b} Title compound: [2{R,8}-Z-Hydroxyoctanoyl] polymyxin B nonapeptide,
trifluoroacetate

2-Hydroxyocianoy! [tetra-(Boc)-polymyxin B nonapeptide 1.28 g, 0.85 mmol) was disscived in
dichloromethane (2 mb). Tritluoroacetic acid (3.2 mb, 51.02 mmol) was added and the mixiure
was stirred at room {emperature for 16 h, after which time LC-MS confirmed completion of the
reaction. The reaction mixture was concentrated in vacuo to leave [2(R,S)-2-hydroxyootanoyi]
Polyrmyxin B nonapeptide, triffuorcacetate as a colourless oil (1.3 g, 93 %). TLC, Rf baseline
(10% MeOH in dichioromethane). mvz 1104.8 [MH]".

Example 2. [2{R,§)-2-Hydroxyoctanoyl] polymyxin B nonapeptide, sulphats salt.

NH, | J
) o
NH, £ a0
. . ) e /r\i ‘a“i
oH 0 £ ML j\
e VS \\/JW’ N\“/U\> ~ ~ N\\_//L\\\, o o

!;ii \n O O

Q O,
< Nou ]// o ﬁ’“‘l
(NH i JKI/NH SN

H

HN

o H .
.N\“/J\L N,
- ™~ (I:‘.I‘

OH NH,

Molecular Weight =1105.36
Exact Mass =1104
Molecular Formuta =C5THE8N14013

To the compound of Example 1 (1.3 g) was added water {1 mbL) and the mixiure was
sonicated for 5 min. To the resulling suspension was added 1M NaHCO; (20 mbi) until the
mixiure reached pH 9. The mixiure was then passed through a 10 g C18 SPE column, eluting
sequentially with 0, 40, 50, 60, 70, 80 and 100 % agueous methanol. LE-MS analysis of each
fraction showed that the desired product eluled in the 60, 70 and 80% aqueous methanol
fractions. Thess fractions were pooled and evaporated 1o leave a white solid (0.5 ¢}, to which
was added 0.1 M H,80, (30 mb) until pH 7 was reached. lertButanol (10 mb) was added and
the mixiure was stirred for 16 h at room temperature and subsequently freeze-dried to leave

[2{R, 3 }2-hydroxyoctanoyl] Polymyxin B nonapeptide, sulphate salt as a white solid (0.52 g).
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Analysis by HPLC according to the conditions outlined in Table 2 gave a retention time of 5.93

minutes. m/z 1104.9 [MHY".

Table 2. Analytical HPLC conditions

Column: Zorbax 5p C18 (2) 150 x 4.6 mm
Mobile Phase A: 10% Acetonitrile in 0% Water, 0.15 % TFA or 0.1% Formic acid
Mobile Phase B: 90% Acetonitrile in 10% Water, 0.15 %TFA or 0.1% Formic acid
Flow rate: Tmb/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 (% B
Cycle time 15 min
Injection volume: 20 ul
Detection: 210 nm

Example 3. 2-Amincsthanoy! polymyxin B nonapeptids, sulphate salt

- " O .
}—"\i‘/\r/ YNy TR 2% N
o o s )
<~ ToH [ 0 Y
NH HN/l'*\ ANH AL
fab= H
XN\TJ\ _NH,
o
<7 OH h,

2-Aminosthanoyl polymyxin B nonapeptide, sulphate salt was prepared from tetra-(Boc)

polymyxin B nonapsptide and 2-{fert-butomycarbonylamino)-ethancic acid following the

sequence of reactions described for Examples 1 and 2. Retention time (HPLC) 4.98 min; m/z

1020.8 [MH]".
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Example 4. 3-Aminopropanoyl polymyxin B nonapeptide, sulphate salt.

3-Aminopropanoy! polymyxin B nonapsptide, sulphate salt was prepared from tetra-(Boc)
polymyxin B nonapeptide and 3-{tert-butoxycarbonylamino)-propancic acid following the
sequence of reactions described for Examples 1 and 2. Retention time (HPLC) 4.97 min; m/z
1034.42, [MH]".

Example 5. 3-{N N-.dimethylamino)-propanoy! polymyxin B nonapeptide, suiphate salt

Wi, ’ =
1] ) //
i H y
g ey
St A LT L
~— ,N\ o~ N . o O P NH

3-(N,N-dimethylamino)}-propanoyl polymyxin B nonapeptide, sulphate salt was preparsd from
tetra-(Boc) polymiyxin B nonapeptide and 3-(N,N-dimethylamino)propanoic acid following the
sequence of reactions described for Examples 1 and 2. Retention time (HPLC) 5.01 min; m/z
531.92, IM+2HF" .
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Example §. 4-Aminobutanoy! polymyxin B nonapeptide, sulphate salt.

e

NH -
I

v

'
e
2

: [ n
0 . HIN \TN‘
P Lr\/k I
HZN/A\‘/f\\E,l/ \.,/ Ny o NH

o

N ; i

: 0

;
OH [’ o]
NHH HE-\:)J\L/NH A
o] s
XNWT,/\\]
~ o ~

4-Amincbutanoyl polymyxin B nonapeptide, sulphate sall was prepared from tetra-(Boc)

N

polymyxin B nonapeptide and 4-(lert-butoxycarbonylamino)-butanoic acid following the

sequence of reactions described for Examples 1 and 2. Retention fime (HPLC) 4.97min; mz
524.91 [M+2H]™.

Example 7. §-Aminchexanoy! polymyxin B nonapeptide, sulphate salt

g-Aminchexanoy! polymyxin B nonapeptide, sulphate sall was prepared from telra-{Boc)
polymyxin B nonapeptide and 8-{terf-butoxycarbonylamino)-hexanoic acid following the
sequence of reactions described for Examples 1 and 2. Retention time (HPLC) 4.97 min,; m/z
107715 [MH]".
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Example 8. 8-Hydroxyoctanoyl polymyxin B nonapeptide, sulphate salt.

- \
NH j L/
HNT H
N\/g

PPN Y Lr

o o
/\0% 0

L
M TN

¢ H
’)?N ﬁ NH,
TN O

OH NI,

8-Hydroxyoctanoyi polymyxin B nonapeptide, sulphate salt was prepared from tetra-(Boc)
polymyxin B nonapsptide and 8-hydroxyvoctancic acid following the ssguence of reactions
described for Examples 1 and 2. Retention time (HPLC) 5.28 min; m/z 1104.87, [MY".

Example 8. B-Aminoocianoyi polymyxin B nonapeptide, suiphate salt

L@
HNT j """
N o
b \3/\/'\/”\/\%’ \/“‘\ /H ~ ”Lbo o
) ’\\ O a ;
So T T
- )’\ NH
E\AHH HN [ -
c ;
\1\!}, L,
L
" OH NH

8-Aminooctanoyl polymyxin B nonapeptide, sulphate salt was preparsd from tetra-{Bog)
polymyxin B nonapeptide and 8-(tert-butoxycarbonylamino)-octanocic acid following the

sequence of reactions described for Examples 1 and 2. Retention time (HPLC) 5.02 min; m/z
1106.2, [MHY.



L

10

i5

WO 2013/072695 - 2G . PCT/GB2012/052844

Example 10. 34{N-methylaminolpropanoyl polymyxin B nonapeptids, sulphate salt

?HZ H
Y g d | HN’i\W’N:If
-/N\f/\?/N\fj\N’ = N\fjkt)O 0%
4 ‘/i\OHH & /,5 o Os :
(&H NH A
H,

zmiijN\§/i\1 I\V/N
oM NH,

J ..!
¥

3-{N-Methylaminojpropanoyi polymyxin B nonapeptide, sulphate salt was prepared from letra-
{Boc) polymyxin B nonapsplide and  N-[{(1,1-dimethylethoxyicarbonyi]-N-methyl B-Alanine,
following the sequence of reactions described for Examplest and 2 . Retention time (HPLC)
5.0 min; m/z 525.08, M+2HP .

Example 1. (1R S/2R,8)-2-Aminocyclopentanecarbony! polymyxin B nonapeptide,

sulphate salt

NH,
NH,
H
NH, No
HN
H H
N o)
y ” ; 0 O ™NH
e} Y o j o
~"OH r/ o
NH NH
O H
N\ﬂ/i\l\ NH,
0
OH NH,

(1R,S/2R,8)r2-Aminocydiopentanecarbonyl polymyxin B nonapeptide, sulphate salt was
preparsd from telra-{Boc) polymyxin B nonapeptide and cis-2-(tert-butoxycarbonylamino)-
cyclopentane carboxylic acid following the seguence of reactions described Tor Examples 1
and 2. Retention time (HPLC) 5.07 min; m/z 1074.87, [MH]".
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Example 12, 3-Aminopropanoyl colistin {polymyxin E) nonapeptide, suiphate salt

Following the sequential reactions described for Examples 1 and 2, 3-Aminopropanoyi colistin
{(polymyxin E) nonapeptide, sulphate salt was prepared from teira-(Boc) colistin {polymyxin E)

nonapeptide {(intermediate 4) and Boc-B-alanine. Retention (HPLC) time of 4.88 minutes. m/iz

501, IM+2HP".

Example 13. [3-{R, 8)-Pyrrolidine-3-carbonyl] polymyxin B nonapeptide, sulphate salt

NH,

QY¢U)Y%
° Hh NH,

[3(R,5)-Pyrrolidine-3-carbonyl] polymyxin B nonapeptide, sulphate salt was prepared from
tetra-{Boc) polymyxin B nonapseptide and 3-(N-tert-butoxycarbonyli-pyrrolidinecarboxylic acid
following the sequence ¢f reactions described for Examples 1 and 2. Retention time (HPLC)

4.91 min; m/z 1060.58 MHY".



10

i5

20

WO 2013/072695 31 - PCT/GB2012/052844

Example 14, [3(R,5)-3-Amino-3-cyclohexanepropanoyl] Polymyxin B nonapeptide,
sulphate salt

[3(R,S)-3-Amino-3-cyclohexangpropanoyl  polymyxin B nonapeptide, sulphate salt was
prepared from telra-{Boc) polymyxin B nonapeplide and 3-{tert-butoxycarbonylamino)-3-
cvelohexanepropanoic acid following the sequence of reactions described for Examples 1 and
2. Retention time (HPLC) 5.24 min; m/z 1116.78, [MHT".

Additional Examples 15-35

Additional compounds of Examples 15-35 were prepared using the msthods of preparation set
out for Examples 1 and 2 above. Thus, a compound having a substituent at the polymyxin B
nonapeptide N lerminal was prepared from tetra-(Boc) polymyxin B nonapeptide (intermediate
2} and an appropriate carboxylic acid in the presence of coupling agents {e.g. HATU) and
base (e.g. DIPEA) (as set cut in Example 1a), followed by treatment with acid {e.g. TFA} (as
set out in Example 1a), and an appropriate work up (as set out in Example 2). Similarly, a
compound having a substituent at the polymyxin E nonapeptide N lerminal was prepared from
tetra-(Boc) colistin {polymyxin E) nonapseptide {intermediate 4) and an appropriate carboxylic
acid in the presence of goupling agents {e.g. HATU) and base (e.qg. DIPEA) (as set out in
Example 1b), followed by treatment with acid {8.g. TFA) {(as set out in Example 1b), and

conversion to the suiphate salt {as sel cut in Example 2).
The additional compounds of Examples 15-35 are presented in Table 3 below.

The recorded refention times and masses given in the Table were oblained using the LC-MS

conditions described above in Table 2.

The compounds wers isolated as the sulphate salt forms of the compounds shown.
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Antibacterial activity

To evaluate the potency and spechrum of the compounds, susceptibilily testing was performed
against four strains of each of the four Gram negative pathogens, Escherichia coli,

Pseudomonas aeruginosa, Klebsiella pneumoniae and Acinefobacter baumaniii,

The day before testing, 3 to 4 colonies were picked from fresh Mueller-Hinton Agar (MHA)
plate and transferred into 10 mbL of Cation adjusted MHB {CaMHB). Cullures were incubated
at 37°C 250 rpm for 18-20 hours before being diluted 100-fold in fresh CaMHB. The
subculiures were grown further unill the 0D reached 0.2-0.3 corrgsponding 1o

10°-10° CFU/ml. The actively growing cultures were diluted 100-fold in fresh medium and used

for the inoculum.

MIC testing was performed by two-fold serial antibiotic dilutions in CaMHB in sterile 96-well

microtitre plates in a total volume of 170 ul (150 pl broth containing the antimicrobial agent,
20 pl inoculum). The assays were performed in duplicale. Plates were incubated aercbically
without shaking for 18-20 hours at 37°C with the MIC defined as the lowest conceniration of

drug that prevenied visible growth.

Table 4 shows the MIC (micrograms/mL) of Examples 2 t¢ 14 compared o Folymyxin B
(PMB),

Additional studies on antibacterial activity

Table 4A shows the MIC values oblained for compounds of Additional Examples 15 to 35 plus
Examples Z, 6 and 14. Dala was obtained under similar conditions to Table 4 except that
different baiches of cation-adjusted Muller-Hinton broth were used.  The MIC values for these
compounds are compared with those values obtained for Polymyxin B, Colistin Sulphate,
CB-182.804 and NAB7Y30 {(as the TFA sail). CB-182,804 is a polymyxin decapepiide
derivative with an aryl urea substituent at the N-terminus, which has been claimed o have
lower toxicity than Polymyxin B (compound 5§ in WO 2010/075416. See page 37). NAB738

has been described previously by Vaara et al.
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The in vitro antibacterial activities of the compounds of examples 2 and 6 were evaluated

against a panel of 500 Gram-negative bacterial isclates alongside Colistin. The panel

consisted of 100 clinical isolates of each of A baumannii, £ coli, K. pnsurnonias and

P. aerugincsa. The panel representad the current epidemiclogy in Europe and the USA and

included a number of relevant strains with defined resistant phenotypes to current clinically-

used antibacterial agenis. These resistant strains included 20 A. baumannii, 22 E. coli, 25 K.

pneumoniae and 20 P. agruginosa sirains.

The results of the study are summarised in Table 4B. All compounds were tested up to a

maximum conceniration of 64 yg/ml with the exception of colistin, which was evaluated up to

a maximum concentration of 18 pg/ml..

Table 48 - Summary of the MIC values {ug/mlL]} of Examples 2 and 8, and Colistin

against a panel of 400 Gram-negative clinical isclates and 180 Gram negative strains of

defined resistant phenotypes

Range Range MICea MICsc MICeo MICgo
Example Organism Clinical Resistant Chinical Resistant Clinical Resistant
isolates strains isolates sirains isolates strains
A, haumannii (.5-4 1-4 2 2 2 2
Colistin £ coli 0.5-4 0.25-2 2 1 2 1
K. prisumonias 1-16 1->16 2 2 4 8
P. aeruginosa 0.25-4 0.5-2 2 2 4 2
A, haumannii 1-32 2-4 4 4 8 4
. £ coli 1-18 0.5-4 2 1 4 2
- K. prisumonias 2->64 2->64 8 8 32 32
P. aeruginosa 1-8 1-4 2 2 4 4
A, haumannii 0.5->64 1-4 2 2 8
£ coli 0.12->64 0.06-4 2 0.5 8 4
° K. pneumoniae | 0.5->84 1->64 >84 >G4 >G4 >G4
P. aeruginosa 0.06-64 0.12-16 0.25 0.5 16 8

in vivo efficacy against £, cofi thigh infection in mice

The in vivo efficacy of 8 compounds of the invention (Examples 2, 4, §, 8,7, §, 10, and 11)

was evaluated in a mouss thigh infection model of £, cofi.  The resulls are summarized in

Table 5.
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Groups of 5 female specific-pathogen-freg CD-1 mice weighing 22 + 2 g were used. The
animals were made neulropenic by intraperiioneal administration of cyclophosphamide on
days -4 {150 mg/kg) and -1 {100 mg/kg). On Day 0, animals were inoculated intramuscularly
with 10° CFU/mouse of Escherichia colf isolate ATCC25922 into the right thigh. At 1 h, the
CFU count was delermined from 5 mice and the remaining mice {five per group) were freated
with a subcutaneous injection of the drug at + 1 and 6 hr post-infection. In each study, there
were two dose groups per test compound, 1.5 and 5 mg/kg BID, respectively. Examples 2, 4,
5,8, 7,8, 10, 11 and polymyxin B were prepared In Normal Saline at 2 mg/ml and the soiution
was adjusied to pH 8-7 by addition of 0.1M H,80, or 4.2% NaHCO; as required. Twenty-four
hours afler infection, the mice were guthanized humansgly. 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 io control counts at 24 hrs post-infection was determined for each dose group.

The compounds 2 and 6 at 10 my/kg/day demonsirated an efficacy comparable {o that of

polymyxin B with over 3 logie reduction in bacterial counts.

Table §: in vive Efficacy Versus £. coli ATCCZ25822 Thigh infections in Neutropenic Mice

Example No Total daily dosage Mean log.w CFU reduction vs.
{mg/kg} control
s 3 2.5%
Bolymyxin B 10 498
5 3 0.98°
10 4.48°
3 0°
4 10 0.82°
5 3 0.62
10 0.51
5 3 0.72°
10 3.38°
7 3 1.09
10 2.18
8 3 0.53
10 0.82
3 0.17
10 10 0.56
3 1.19
H 10 1.85

“mean values of § independent studies; "mean vaiue of 2 independent studies.
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Additional studies on the in vivo efficacy against £. goli thigh infection in mice
The in vivo efficacy of the compound of Example 14 was evaluated in a mouse thigh infection

model of £, cofi. using the methods described in the examples above. The resullis

summarized in Table 5A in comparison with Polymyxin B.

Table SA: In vivo Efficacy Versus £ colf ATCC25822 Thigh Infections in Neutropenic
Mice

Exampls No Total daily dosage Mean logw CFU reduction vs.
{mglka) control
: 3 3.75
Polymyxin B 10 487
3 0
4 10 4.05

Compoundsid at 10 my/kg/day demonstrated an efficacy comparabie (o that of polymyxin B

with over 3 logig reduction in bacterial counts.

Additional studies on the in vivo efficacy against Klebsislla pneumoniae thigh infection
in mice

Using the same procedure as described above, the i vivo efficacy of three compounds of the
invention (Examples 2,6, and 14) was evalualed in a mouse thigh infection model of Kiebsiella
pneumoniae ATCC10031, using Colistin ( Polymyxin £) as comparator.  The results are
summarized in Table 58. The compounds 2, 6 and 14 at 10 mg/kg/day demonsirated an

efficacy comparable {o that of Colistin with approx. 2 loge reduction in bacterial counis.

Table 88: in vivo efficacy versus K. pneumoniae ATCC10031 thigh infections in
neutropenic mice.

Example Total daily dosage Mean loge CFU reduction vs.
{mg/Kg) control
Colistin 10 2.80
2 10 2.22
8 10 1.92
14 10 2.30
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Fharmacokinetic and urinary clearance studies

The pharmacokinetics and urinary clearance of 3 compounds (Examples 2, 4 and 6) of the

invention and polymyxin B were evalualed in rats.

Drug solutions were prepared at 4 mg/mL in Normal Saline and the pH adjusted 10 6-7 by
adding the appropriate volume of 0.1 M H50, or 4.2% NaHCO;. The solutions were filter-
sterilized and stored at -80°C before use. On the day of the experiment, drug solutions were

diluted to 1 mg/mlb with sterile Normal Saline.

Groups of 3 male Sprague Dawley rals were acclimatised for a minimum of 4 days before the
study. Rats were anesthetized using isofluorane and a cannula was inseried info the jugular
vein. One day after surgery, rats were dosed with an intravenous bolus injaction of the solufion
at 1 mg/kg through the cannula, followed by washing with Normal Saline. Blood was collected
manually through the cannula prior to administration of the compound and at .08, 0.25, 0.5, 1,
3, 6, 8 and 24 h thereafter. Flasma was harvested by cenirifugation immediately after blood
collection. Twenty-four hour urine samples were collected prior {o and after administration of
the compound in 0-4 h, 4-8 h, and 8- 24 h intervals. Plasma and urine samples wereg froZen at
-20°C.

Determination of the plasma and urine concenirations of the drug was performed by Liquid
Chromatography Mass Spectromeiry {(LC-MS/MS). Before analysis the plasma and urine
samples were prepared as follows. Plasma samples were thawed on the day of analysis and
mixed with 3 volumes of acetonitrile containing 0.1% (v/v) formic acid and 100 ng/mib of
internal standard. After centrifugation, supernatants were transferred o a Y6-well plate and
diluted 1:1 with water ready for analysis by LC-MS/MS. Urine samples were purified by solid-
phase extraction (SPE) on Qasis HLB cartridges (Waters, UK) eluting with 100% methanol. An
aliguot was transferred (o a 96 well piate and diluted 1.1 with water before addition of intemnal

standard solution, ready for analysis by LC-ME/MS.

Column: Kinetex 2.6 pm XB-C18 50 x 21 mm

Mobile Phase A; Water + 0.15% TFA or 0.1% formic acid
Mobile Phase B: Acetonifrile + 0.15% TFA or (.1% formic acid
Flow rate: 0.5 mb/min

Gradient:

Time {0 min 95% A 5% 8

Time 1.20 min 5% A 95 % B

Time 1.50 min 5% A 88% B

Time 1.51 min 95 % A 5% B
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Time 3.00 min 85 % A 5% B
Cycle time 4.5 min
Injection volume: 20 pb

The pharmacokinetic parameters were determined by non-comparimental analysis using
WinNonlLin v56.3. The urinary recovery was recorded as the percentage of intact drug

recovered in the uring for the first 24 h after injection.

Table & Pharmacokinetics of polymyxin B and PMBN derivatives

Urinary
tisz Comax AU Ci Vd
Example No recovery
{hr} {ng/mL} | {ng.he/mi} | (mbihrkg) | {mi/kg)
{% dose)
PolymyxinB | 1.94 1458 2372 429 1120 0.3
2 1.34 2400 4309 251 488 0.5
4 1.33 2524 2033 492 690 3.9
& (.56 3581 2619 386 289 8.9

Interestingly, all compounds show higher urinary recovery than polymyxin B. Previous studies
reported that polymyxin E (colistin} undergoss extensive renal tubular reabsorption (Li ef &/,
Antimicrob. Agents and Chemotherapy, 2003, 47(8); Yousef ef al., Antimicrob. Agents and
Chemotherapy, 2011, 55(8)). Whilst not wishing o be bound by theory, higher urinary
clearance of the compounds could reflect a decreased renal tubular reabsorption which could

in turn reduce thelr nephroloxicity potential.
in vitro renal cell toxicity assay

The renal cell toxicity of the compounds was assessed in an in vifro assay using the HK-2 cell
fine, an immortalized proximal tubule cell line derived from a normal human kidney. The
endpoint to describe the foxicily of the compounds was the reduction of resazurin correlating

with the metabolic activity of the cells.

Cells were cultured in 150 cm” flasks in 25 mL supplemented KSF {(with 5 ng/mbL EGF and

50 ug/mbl BPE). Celis were maintained at 70% confluence with a maximum of 25 passages.
Day 1: Media was removed and cells were washed with 10ml DPBS. Six mi of a 0.25% trypsin
solution with EDTA was then added to the flask and the cealls returned to the incubator. After

1 to 2 minutes incubation, 14 mi media was added to the flask to inactivate the trypsin. The

cell suspension was transferred 1o a centrifuge tube and the cells pelleted at 1000 rpm for
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6 minutes. The cell peliet was then resuspended in fresh media supplemenied with EGF and
BPE. The cell number was counted and cells were diluted to 46875 cells/mlb in fresh medium
supplemented with EGF and BPE. 7500 cslis were dispensed in each wsll in a volume of
180ul and incubated at 37°C for 24 h.

Day 2: Test compounds were prepared directly info the media. Nine point concentrations were
preparad from 1000 pg/ml to 1.85 pg/mb in two-fold dilutions in fresh medium. The microtiter
plates were removed from the incubalor and the media replaced with 160 yl of the dilutions of
the compound solution. Every set of concentration was done in triplicate, and positive and
negative controls were added o gach plate. The plates were then incubatad Tor 24h at 37°C

with 5% C0O; in a humidified aimosphers.

Day 3: The reagent containing the resazurin {CellTiter-Blue, Promega) was diluted in PBS
(1:4} and added at 20% (v/v) fo each well. The plates were then incubaied at 37°C for 2h

before the fluorescent reduction product was detected.
Media only background values were sublracted before the data was analysed using
GraphPad Prism. Compound conceniration values wers plotted as log values to enable a

dose-response curve 1o be fitted and 1C; values determined (Table 7).

Table 7. 105 Data for Polymyxin B and Examples 2-14

Example No 5o HK-2 cells {ug/mi.)®

Polymyxin B 14°
2 87
3 166
4 82
5 250
6 154
7 138
8 487
8 104
10 127
11 310
12 >500
13 158
14 60
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* Mean values of up to 6 independent studies; ® Mean value of 18 independent studies.

Additional studies on the in vilro renal cell toxicity assay

The renal cell toxicily of the additional example compounds was assessed in an in vifro assay
using the HK-2 cell as described in the example above. The [Cs, values for these compounds
are set out in Table 7A below. For comparison, the renal cell toxicity Colistin, and CB182,804
{compound 5 in WO2010/075416) and NAB739 were also assessed..

Table 7A: IC;; Data for Colistin and Examples 15-35

Example No s HK-2 cells {pg/mi)?

Colistin 28°
CB182,804 22
NAB73% TFA sait 178
15 133

16 1000°
17 84

18 >500

19 157¢

22 500°

23 173
24 101

25 277

28 128

27 118

28 108
29 82

30 133
31 93

32 500

33 1000°
34 86
35 82

* Mean values of up to 6 independent studies; “solubility issues noted at top concentration
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Additional studies on I vivo nephrotoxicity

A mode! of nephrotoxicity of polymyxins (adapted from Yousef et al,, Antimicrob. Agents
Chemother., 2011, 55 (8): 4044-40409) was established in rats. The compounds of examples
2, 8, and 14 were sxamined in the model and comparad to Colistin {in its suiphate form).
After one week acclimatisation, male Spragus-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 canula twice a day 7 hours apart for seven days.
Each dose was increased progressively for three days up 1o the top dose that was then
adminisiered untit termination of the study. Twenty-four hour urine colleclion (on ice) was

performed at pre-dose and on days 4 and 7. The doss regimen is set out in Table 8 below.

Table 8 - Dose regimen used in the in vivo nephrotoxicily study. Doses are indicated in
mg drug baselkg.

Day 1 Day 2 Day 3 Day 4 to
Dose regimens Day 7 or Day 10
am. | pam | am. | pam. | oam. | pom. | oam. | pomn
> mgkgbid | 0.25 | 05 | 0.625 | 0.625 | 0.875 | 1.375 | 2 2
8 mg/kg bid 1 2 2.5 2.5 35 8.5 8 3

The activity in uring of the N-acsiyl-beta-D-glucosaminidase (NAG) was determined
spectrophotometrically using the NAG assay kit from Roche Applied Sclence. Biomarkers of
kidney injury were determined using the Kidney injury Panel i from the Multi-Spot® Assay

System (Meso Scale Discovery).

Examples Z, §, and 14 dosed using the 8 mg/kg regimen showed significantly reduced leveis
of the renal biomarkers NAG, albumin and cystatin C compared to Colistin at the same dose
regimen {see Figures 1 10 3). The response was similar {o that elicited by Colistin at a

maximum conceniration of 2mg/kg.

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

(8 mglkg BID), compound 2 {8 mg/kg BID) and 8 (8 mg/kg BID). The right-hand graph shows
Colistin (2 mg/kg BID), Colistin (8 mg/kg BID) and compound 14 (8 mg/kg BID).

Figure 2 shows the concentration of albumin (ng/24 h) at days 0, 4 and 7 for compounds 2, 6,

and 14 and Colistin. The lefi-hand graph shows from lefl to right Colistin (2 mg/kg BID),
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Colistin {8 mg/kg BID), compound 2 (8 mg/kg BID) and 6 (8 mg/kg BID). The right-hand graph
shows Colistin {2 mg/kg BID), Colistin (8 mg/kg BID) and compound 14 (8 mglkg BiD).

Figure 3 shows the concentration of cystatin C (ng/24 h) at days 0, 4 and 7 for compounds 2,
8, and 14 and Colistin. The left-hand graph shows from left o right Colistin (2 mg/kg BID),
Colistin {8 mg/kg BID), compound 2 (8 mg/kg BID) and 6 {8 mg/kg BID)}. The right-hand graph
shows Colistin {2 mg/kg BID), Colistin (8 mg/kg BID) and compound 14 (8 mg/kg BiD}.
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Claims

A compound of the formula (1):

HN
R O
NH5
whersin:
X represents an -NHG(O)-, -C{Q}-, -OC{C)-, -CHy- or —S0;-; and
=3 together with the carbony! group and nitrogen alpha 1o the carbon to which itis
atiached, represenis a phenylalaning, leucine or valine residue;
=8 fogether with the carbonyl group and nifrogen alpha 1o the carbon (o which it is
attached, represents a leucing, iso-leucine, phenvialaning, threonineg, valine or nor-
valine residus;
=8 together with the carbony! group and nitrogen alpha to the carbon o which it is
attached, represents a threonine or leucine residue;
R together with the carbonyl group and nitrogen alpha to the carbon to which itis
attached, represents g,y-diaminobuiyric acid or a sering residue;
R° represents
Coqp atkyl{Cy e heterocyclyl), or
Coqp alkyl or Coyp alkyl{ Gy cycloalkyl) wherein the alkyl or cycloakkyt bears:
i} one, two or three hydroxyl groups, ofr
1y a -NR°R’ group, or
i) one -NR°R’ group and one or two hydroxyl groups,
=5 represents hydrogen or G alkyl; and
=4 represents hydrogen or G alkyl,
=5 represents hydrogen or methyl, or

a pharmaceutically accepiable sait thereof.
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2. A compound of formula (i) according fo claim 1 where R’ together with the carbonyl
group and nitrogen alpha 1o the carbon 1o which it is attached represenis a phenylalanine

resicdue.

3. A compound of formula (1) according to claim 2 where the phenvialanine is a
D-phenylalanine residue.

4. A compound of formula (1) according to claim 1 where R® together with the carbonyl
group and nitrogen alpha o the carbon o which it is atlached represents g leucine residue.

5. A compound of formula (1) according to any one of claims 1 o 4 where R° together
with the carbonyl group and nifrogen alpha to the carbon to which it is attached represenis a

threonine residue.

8. A compound of formula (1) according to any one of claims 1 o 5 where R* together
with the carbony! group and nitrogen alpha {0 the carbon to which it is attached represents

an o,y-diaminobuiyric acid residus.

7. A compound of formula (1) according to any one of claims 1 10 6 wherein R® is
selected from -CH{OHWCH)sCHg, -CHNH,, -CHLCHLNH,, -CHCHLCHNH,, -{CHL)sNH,,
'(CHQ};/NHQ, “CHgCHQNHCHg, "CHgCHQN(CHg)g, and '(CHQ)?QH

8. A compound of formula (1) according to any one of claims 1 to 7 wherein R® is

hydrogen or methyl.

9. A compound of formula (1} according to any one of claims 1 {o 8 wherein R’ is
hydrogen or methyl

10. A compound according to any one of claims 1 10 9 where X is -C{O}-.

1. A compound according to claim 1 selected from the group comprising:

2-Hydroxyoctanoy! polymyxin B nonapeptide;
2-Aminogthanoy! polymyxin B nonapeplide;
3-Aminopropanoy! polymyxin B nonapeptide;
3-{N,N-Dimethylamino}-propancoyl polymyxin B nonapeptide;
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4-Aminobutanoy! polymyxin B nonapeptide;
6-Aminchexanoy! polymyxin B nonapeptide;
&-Hydroxyoctanoyl polymyxin B nonapeptids;
8-Aminooctanoyt polymyxin B nonapeptide;
3-{(N-Methylaminojpropanoyl polymyxin B nonapeptide;
2-Aminoe cyclopentane carbonyl polymyxin B nonapepiide,
3-Aminopropanoyl colistin (polymyxin E) nonapeptide,
3-Pyrrolidine-3-carbony! polymyxin B nonapeptide;
3-Aminc-3-cycichexanepropancyl polymyxinB nonapeptide,
S-Amincpentanoyl polymyxin B nonapeptide

Hydroxyacetyl polymyxin B nonapeptide
3-Hydroxyoctanoyl polymyxin B nonapeplide

4-{ N N-dimethylamino}-butanoyl polymyxin B nonapeptide
7-Aminoheptanoyl polymyxin B nonapeplide
4-Morpholinylbutanoy! polymyxin B nonapeplide
&-Hydroxyhexanoy! polymyxin B nonapeplide
3-Hydroxyoutanoy! polymyxin B nonapeptide
4-{N-methylamino)-butanoyl polymyxin B nonapeptide,
frans-4-aminccyclohexanecarbonyt polymyxin B nonapeptide,
4-Amincbutanoy! polymyxin E nonapeptide,
2-Hydroxyoctanoyl polymyxin E nonapeptide,
cis-4-Aminocycichexane carbony! polymyxin B nonapeptide,
4-Amino-4-methyl pentanoy! polymyxin B nonapeptide
4-Aminc-5-methylhexanoyi polymyxin B nonapeptide
3-(1-Pyrrolidin-2-yi}-propionyl polymyxin B nonapeptide
4-Aminopentanoy! polymyxin B nonapeptide
frans-4-Hydroxycyciohexanecarbonyl polymyxin B nonapeptide,
3-Hydroxypropanoy! polymyxin B nonapeptide
{2-Hydroxy-2-cyclohexylethanoy! polymyxin B nonapeptide
2-Amino octancy! polymyxin B nonapeptide,or

a pharmaceutically acceptable sall thereof.

A pharmaceutical composition comprising & compound for formula (Jora

pharmaceutically acceptable salt thereof as defined in any one of claims 1 {o 11 together
with a pharmaceutically acceptable carrier.
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13. A compound of formula (I} or a pharmaceutically acceptable sall thereof according 10

any one of claims 1 1o 11 or a composition according 1o claim 12 for use in freatment.

14, A compound according to claim 13 for use in the treatment of a bacterial infection.

15, A compound according to claim 14 where the bacterium is muilidrug resistant.

8. A compound according to claim 14 or 15 where the bacterium is Gram negative.



