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POLYMYXTN DERIVATIVES

The present case claims the priority and benefit of US 61/561381 filed on 18 Novermnber 2011
{(18/1172011}, the contents of which are incarporated by reference herein in their entirety.

The present disclosure relates {0 novel compounds, pharmaceuiical compositions comprising
said compounds and the use of the said compounds and pharmacautical compositions for
treatment, for example treatment of microbial infections, particularly by Gram negative

bacteria,

i susceptible individuals, certain Gram negative bacleria can cause serious compiications
and Infections, such as pneumaonia, urinary tract infections, wound infections, ear infections,
eye infections, intra-abdominal infections, oral bacierial overgrowth and sepsis. The freatmant
of serious bacterial infections in clinical practice can be complicated by antibiotic resistance.
Recent years have seen a riss in infections by Gram negative bacteria which are resistant to
many types of antimicrobials including broad spectrum antibiotics such as aminoglycosides,
cephalosporing and even carbapenems. There is therefore a need to identify new
antimicrobiais that are effective against Gram negative bactera, in particular against multidrug

resistant Gram negative bacteria.

Folymyxins arg a class of antibiotics produced by the Gram positive bacterium Bacilfus
pofymyxa. First identified in the late 1940s, polymyxins, particularly polymyxin B and
polymyxin E {colistin} were used in the treatment of Grarm negative infactions. However, these
antiblotics exhibited side effects such as nephrotoxicity. Consequently, their use in therapy is

Hmited o freatment of last resort,

WO 2008/017734 tries to address this toxicity problem by providing polymyxin derivatives
carrying at teast two but no more than three positive charges. These compounds are said to
be effeclive antibacterial agents with reduced toxicity. 1tis hypothesised in the disciosure that
the reduced number of positive charges decreases the affinity of the compound for isolated rat

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

Surprisingly, the present inventors have found that certain alternative polymyxin type
cormpounds including some with 4 or more charges have suitable antibaclerial activity whilst

also apparsently exhibiting less toxiclly, especially nephrotoxicity.
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Summary

Thus there is provided a compound of the formula (I}

NH NH
O Hﬁ NH,
R® O
NH,

wherein:

X represents an -NHC{O)-, -C(O)-, ~-OC(QO)}-, -CH;- or -80,-; and

R’ together with the carbony! group and nitrogen alpha to the carbon to which it is
attached, reprasents a phenylalanine, leucine or valine residue;

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

R? together with the carbonyl group and nitrogen alpha to the carbon to which it is
aftached, represents a threonine or leucine residue;

R* together with the carbonyl group and nitrogen alpha to the carbon to which it is
attached, represents o, y-diaminobutyric acid or a serine residue;

R® represents
Co.12 alkyl(Cys heterocyclyl), or
Cy.12 alkyl or Cy2 alkyl(Cs.s 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;

R® represents hydrogen or Cy.; alkyl; and

R’ represents hydrogen or Cy alkyl,

R® represenis hydrogen or methyl, or

a pharmaceutically acceptable sait thereof.
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The compounds of formula (1) are characterised in that the peptide part of the molecule

contains only nine amino acids whereas natural polymyxins comprise 10 amino acids.

in one aspect of the present disclosure, there is provided a compound of the formuta (1):
NH,

wherein:
X represents an —C(O)—, —NHC{O}—, —0OC(0O)}—, —CHy— or —5Q,—; and

R’ together with the carbonyl group and nitrogen alpha to the carbon to which it is

attached, represents a phenylalanine, leucine or valine residue;

R® together with the carbonyl group and nitrogen alpha to the carbon {o which it is
attached, represents a leucine, iso-leucine, phenylalanine, threonine, valine or nor-valine

residuse;

R® together with the carbonyl group and nitrogen aipha to the carbon to which it is

attached, represents a threonine or leucine residue;

R* together with the carbonyl group and nitrogen alpha to the carbon to which it is

attached, represents an g,y-diaminobutyric acid or serine residue;
R® represents a group (a) to (g), where:

(a) Is Coqp altkyl{Cy.e cycloalkyl) and Cq.1z alkyl is selected from the group consisiing of
methyt, ethy!, n-propyl, iso-propyl, butyl, n-butyl and tert-butyl, wherein the alkyl or the
cycloalkyl is substituted with (i) one, two or three hydroxyl groups, or (ii} one ~—NR°R’

group, or {iil) one —NR®R group and one or two hydroxy! groups;
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(b} is G2 alkyl, wherein the alkyl is substituted with (i) one, two or three hydroxyl
groups, or (i) one —~NR°R’ group at a terminal of the alkyl chain, or (iii} ohe —NR°R’

group and two hydroxyl groups;
{c) is Cp1z alkyl(Cys heterocyclyl);

{d) is Cs.pcycloalkyl, and the cycloalkyl is substituted with (i) one, two or three hydroxyl
groups, or {ii) one —N°R’ group and one or two hydroxyl groups;

(e} is Ca.yp alkyl, such as Csqo alkyl, wherein the alkyl is substituted with one —NR°R’

group and one hydroxyl group;
(f} is Ceqo alkyl substituted with one —NRR’ group; and
(g) is Cs cyloalkyl substituted with one —NR®R’ group;
RE represents hydrogen or C,.4 alkyl; and
R’ represents hydrogen or C4.4 alkyl,
R® represents methyl or hydrogen, or
a prodrug thereot, and/or
a pharmaceutically acceptable salt thereof.

In ancther aspect of the present disclosure, there is provided a pharmaceutical composition
comprising a compound of formula (1) or a pharmaceutically acceptable salt thereof as defined

herein together with a pharmaceutically acceptable carrier.
Detaited Description

Surprisingly the compounds of formula (1) seem to have lower toxicity 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 et. al, Bull. Chem. Soc. Jpn, 2007, 808, 543) suggested the
importance of chain length for antibacterial activity, with an optimum of around eight carbon
atoms, and demonstrated that the acetyl derivative had very poor activity against E.coli and
Salmonella typhimurium. This was consistent with conclusions from the acyt decapeptide
series (P.C de Visser ef al, J. Pepfide Res, 2003, 61, 298), where the pentanoy! and butanoyl

analogues showed a marked drop-off in activity.
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We have surprisingly found good antibacterial activity fogether with reduced toxicity in
polymyxin B nonapeptides according to the invention, including those substituted acyl

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

It is suspected that the toxicity of polymyxin type compounds results from a detergent-like
interaction with membranes of eukaryotic celis. In addition, nephrotoxicity of polymyxin type
compounds may result from the fact that they are retained in kidney cells and thus accumulate
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 disrupts 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 turn this inability to align in the membrane may result in lower residency

time therein and thus may result in lower toxicity.

Polymyxin nonapeptide as employed herein is intended to refer to amino acids 2-10 of
polymyxin B or polymyxin E.

An amino acid residue (for example a leucine residue, etc.) as employed herein is intended to
refer to an amino acid that has lost a water molecule and forms a bond with another entity
(such as another amino acid) through the carbonyl end thereof and also forms a bond through
the nitrogen end thereof to another entity (such as another amino 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, isc-propyl, butyl, n-butyi and tert-butyl. In one embodiment
atkyl refers to straight chain alkyl.

Alkyl in the context of a linker molecule {iLe. substitute alkyl) clearly extends to alkylene
fragments, including branched and straight chain versions thereof. Branches may terminaie in
atkyi radical such as ~-CH3,.

Heterooyolyl as employed hereln is a salurated carbocyclic ring comprising at least one
nitrogen ring atom, for example 1 or 2 nitrogen ring atoms, such as only 1 nifrogen ring atom
and optionally containing a further ring heleroatom selected from oxygen and sulfur.
Examples of Cyus hetercoyclyl groups include azetidine, pyrroliding, piperiding, piperaziny! and
morpholinyl. in one embodiment the heterocyolyl is linked {o the remainder of the molacule
through nifrogen. In the term ‘G heterocyoivl”, the expression Cus reprasents the toial

number of ring atoms, including carbon and hetercatoms.

in one embodiment R’ fogether with the carbony! group and nitrogen alpha to the carbon t©
which it is attached represents @ phenylalanine residue, for example & D-phenylalanine or a

teucine residue, such as a D-leucine residue.

in one embodiment R together with the carbony! group and nitrogen alpha to the carbon o

which if is attached represents 3 leucing residus.

in one embodiment R together with the carbonyi group and nitrogen aloha to the carbon o

which it is attached represents a threonine residue.

In one embodiment R* together with the carbonyl group and nitrogen alpha to the carbon to
which it is attached represents a,y-diamincbutyric acid (Dab) or a serine residuse, for example
L~-Oab or B-Ser,

in one embodiment X represents -C{=0).
in one embadiment R® represents azetidine, pyrreolidinyl or piperidinyl,

in one embodiment the R® G,z alkyl component is G, alkyl, Cs alkyl, T4 alkyl, Cs alkyl, Cq

alkeyt, Gy atkeyt, Cg alkyl, Cg atkvl, Cyg alkyl, Ty alkyt or Cyp alkyl.
in one embodiment 8® Copp alkyl componant is Caag alkyl, for example Cug aticyl
i1 one embodiment R® is Cag oycioalkyl, for example Cs cycloalkyl or Cs oycioalkyl.

in one ambodiment R® bears one substifuent.
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In one embodiment R® bears two substifuenis,
in one embodiment R® bears three substituents.

in one embodiment R° bears one, two or three hydroxy! groups, for example one frydroxyl

group.

in one embodiment R° bears one amine group, for example a Cois alkyl bearing one amine,

such as Ty 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 hydroxvi 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 alkyl chain is Cs.a.

in one embodiment R® does not bear mors than one amine Grous.

in one embodiment wherein R° bears more than one substituent, the substituenis are not

tocated on the same carbon gtom,

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

Cs alieyl, C alkyl, Cs alleyl, Og atkyl, Cralkvl, Cp alkyl, Ty allyl, Cop alkyl, Cqy alkyl or Cyp alioyl,

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

carbon of a straight alkyt chain or an alkyl branch, for example a straight alky chain.

When the substiluent is on the terminal carbon of 2 straight alky! chain {or indeed the tarminal
carbon of a branch) the remaining part of the aikyi chain {or indeed the alkyl linking part of the
branch) will form an alkylene Hnk. Thus the term alkyl as used herein is in fact a generic term

which covers the sifuation wherein part or all of the alicy! molety is in fact an alkylene molety.

Terminal carbon as emploved herain is intended to refer fo carbon that would be 8 -CH # it

bore no substituants,

ir one embodiment at least one (such as only one) substituent is not on a terminal carbon, Le.

-CH{subsiituent)-,
in one embodiment R® is hydrogen.

in one embodiment R° s Cy4 alkyl, such as O, alkyl, C, alkyl, C4 alkyl or G, alkyl, for exampie

mathyl.
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in one embodiment R’ is hydroger.

In one embodiment &7 is Ci aikyl such as C, alkyl, G, alkyl, Cs atkyl or Cq alkyi, for sxample

migthyl.
in one embediment both R and R’ represent methyl.
5 inone embediment R® represenis H and R’ represents methyl,

in one embodiment R® is selecied from -CHIOH){CHCHa, -CHNH,, -CHCHNH,,
‘CH“CH?CHQNHE, ”{CH?‘}RNHQ, '{CH;}?NHQ, "CHQCH;NHCH& "GH/CHQN(‘CH';\);:, and
{CH, OH.

in one embodiment RY is methyl.
10 In one embediment RY is hydrogan.

in one embodiment, the compound is of formuda (la):

& R
! H
R\XXN\T/A\N : I
z H 5 (ia)
RS OH "
1
MNH
&

or a pharmaceutically acceptable salt thereof.

Where R’ (logether with associated groups) represents phenyialanine, R? (together with

asscclated groups) represents leucine, R ftogsther with associated groups) represents
g / { i

[
Ut

thraoning, R (together with associaied groups) represents o, v-diaminobutyric acid; and R®
represenis methy! (and together with the associated groups represants threoning), 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 leucing, R? {together with associated
groups) represents leucine, R® (together with associated groups) represents threonine, R*
{together with associated groups) represents o.y-diaminobutyric acid: and R® represents
methyl {(and together with the assoclated groups represents threcnine), the compound of

formula {ia) is a polymyxin nonapeplide having amino acids 2-10 of polymyxin E.

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

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

i one embodiment @ compound of formula (1) has six positive charges.

in ong embodiment the compound is selected front

a-Hydroxyoctanoyt polymyxin B nonapeptids;
Z-Aminoethancyt polvmyxin B nonapeptide;
3-Aminopropanoyl palymyxin B nonapeptide;

3-{N N-dimethylamino}-propanoy! polymydn B nonapeptids;
d-Amincbutanoyl polymyxin B nonapeptide;
g-Aminchexanoy! polymyxin B nonapeptide;
S-Hydroxyootanoyl polymyxin B nonapeptide;
8-Aminoocianovi polymyxin B nonapeptide;
3-{N-msthyiaming) propanoy] polymyxin B nonapeptide;
2-Amino gyclopentane carbonyi polymyxin B nonapeptide;
J-Aminopropanoyt oolistin (polymyxin £} nonapeptide;
3-Pyrrofidine-3-carbonvi polymyxin 8 nonapeptide;
3-Amino-3-cyclohexanepropanovll polymyxin B nonapeptide, or

a pharmaceutically acceptable sall thergof.

Additionally or alternatively, the compound is selected from:

B-Aminopentancoyl polymyxin B nonapeptidse
Hydroxyacely! polymyxin B nonapeplids
3-Hydroxyoctanoyl polymyxin B nonapeplids

4-( N N-dimethylamine)-butanoy! polymyxin B nonapeptids
7-Aminoheptanoy! polymyxin B nonapeptide
4-Morpholinyibutanoy! polymyxin B nonapeptide

§-Hydroxyhexanoy! polymyxin B nonapeptide
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3-Hydroxvbutanoy! polymyxin B nonapeptide

4-{A-methylamino)-butanoyi polymyxin B nonapeplide,

frans-4-aminocyclohexanecarbonyl polymyxin B nonapsaplide,

4-Aminobutanoy! polymyxin E nonapeplide,

2-Hydroxyoctanoy! polymyxin £ nonapeptide,

cis-4-Amincoyclohexane carbony! polymyxin B nonapeptide,

4-Aminc-4-methyl pentanoyi polymyxin B nonapeplide

4-Aminc-S-methylhexanoy! polymyxin B nonapeptide, including for example 4-{Ay-Amino-
S-methylhexanoy! polymyxin B nonapeptide

3-{1-Pyrroiidin-2-yikpropionyt polymyxin B nonapepiide, including for exampls
3 Sp-{1-Pyrrolidin-2-yh-propiony! polymyxin B nonapeptide

4-Aminopenianoy! polymyxin B nonapeptide, including for example 4-{S)-Aminopantanoyl
polymyxin B nonapeptide

frans-4-Hydroxyoycliohexangcarbonyl polymyxin B nonapaptide,

3-Hydroxypropanoyv! polymyxin B nonapeptide

{Z-Hydroxy-Z-cycichexyhethanoy! polymyxin B nonapeptide

2-Amine octanoyt polymyxin B nonapepiids, or

a pharmaceulically acceptable salt thereof,

Examples of salts of compound of formula (1) include ali pharmaceutically accantable salts,
stch as, without limitation, acld addition saits of strong mineral acids such as HCY and HBr
salts and addition saits of strong organic acids such as a methanesulfonic acid salt, Further

exampiss of salts include sulphates and acelates such as triflucroacetats or trichioroacetats.
in one embodiment the compounds of the present disclosure arg provided as a suiphaie salt.

A compound of the disclosure can alse be formulated as prodrug. Prodrugs can include an
antibacterial compound herein described in which one or more amine groups are protacted
with a group which can be claaved in vive, 1o liberate the biologically active compound. In one
embodiment the prodrug is an “amine prodrug”. Examples of amine prodrugs include
sulphomethyl, as described in 5.g., Bergen et &, Antimicrob. Agents and Chemotherapy, 2008,
50, 1953 or HS0:-FMOC, as described in e.g. Schechier ef &l J Mad Chem 2002, 45(19)
4264, and saits thereof. Further exampies of amine prodrugs are given by Krise and Olivai in
Hivtechnology: Pharmaceuiical Aspects, 2007, B{2), 161131,

in ong embodiment the compounds of the invention are provided as a prodrug.

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

include hydrates.
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The compounds of the disclosure include those where the atom specified is replaced by &
naturaily accurring or non-naturally ocouring isotope. In cne embodiment the isclope is a
stable isotope. Thus the compounds of the disclosure inciude, for example deuterium

sontaining compounds and the like.

The presert invention provides compounds having amino acids 2-10 of polymyxin B, ora
variant thereol as described below, wherein the N terminal of the amino acid corresponding to
residug 2 in polymyxin B, is modified with a group R°-Y-. The variables R? and X ars as

defined above. in the compounds of the invention, residue 1 of polymyxin B is absent,

A variant of the compound is a compound in which one or more, for exampls, from 110 &, sugh
as 1, Z, 3 or 4 amino acids are substifuied by another amine acid. The aminc acid is at a
position selected from positions 2, 3, §, 7 or 10 {referring to the numbering of residues used in

polymyxin B),  The substitution may be for another aming acid or for & slersoisomer.
At position 2, the variant may have a U-Ser substitution,

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

Al position 8, the variant may have a Leau or Vai substitution.

A position 7, the variant may have a He, Phe, Thr, Val or Nva (norvalineg) substifution.
At position 10, the variant may have a Leu substiulion.

A polymyxin £ compound may be regarded as a polymyxin B compound having a Leu
substitution at position 6.

For convenience, the compounds of the invention are represenied by the formula (1) whers the
aming acids at positions 2, 3, 6, 7 or 10 are determined by the nature of the groups B8, R*, B
R* and R° respectively. Compounds of the invention, which includs the varianis described

above, are biotogically active,

Compounds of formula (1) can be prepared by conventional peptide synthesis, using methods
known 1o those skilied in the arl. Suiltable methods include solution-phase synthesis such as
described by Yamada ef al, J. Peptide Res. 84, 2004, 43-50, or by sclid-phase synthesis such
as described by de Visser ef &/ J. Peplide Res, 81, 2003, 288-308, and Vaara ef &/,
Antirnicrob. Agents and Chemaotherapy, 52, 2008, 3229-3238. These methods include a
suitable protection strategy, and methods for the cyclisation step. Alternatively, compounds
may be prepared from readily avaible polymyxins, for example by removal of the N-terminal
amino acid of the polymyxin (residue 1). Such a method is described hersin for the

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

a compound of formula (i)

NH,
R4 HNT
w LT e
2 R s St

or a protected derivative theraof wherein:

=8 together with the carbonyl group and nitrogen alpha 1o the carbon to which itis
attached, represents a phenvialaning, leucine or valing residus;

R together with the carbonyl group and nitrogen aipha 1o the carbon 1o which itis
attached, represents a lsucine, iso-leucine, phenvlalaning, threoning, valing or nor-valine
residue;

R fogether with the carbonyl group and nitrogen alpha to the carbon to which itis
altached, represents a threoning or lsucine residue;

o together with the carbony! group and nitrogen alpha to the carbon to which it is
attached, represenis g, y-diaminobutyric acid or a serine residus;

with a compound of formuia (H):
RO (w1
or a protected derivative thereof

wharain

R is definad above for compounds of formuiz {i};

X' represents group which after coupling to compounds of formula (1) is converted or can be
converied into -NRBC{G)-, -C{O})-, -OC{O)- -CHa or -30,; and

L regresents a lgaving group,

m rapresents Gor 1, or

a pharmaceutically acosplable salt thereof,
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aplionally followed by deprolection fo provide a compound of formula (B,

Gensrally compounds of formuia {I1) will be employed in a form where all the fres amines,
which are not desired o participaie in the proposed reaction, are proiscted by a suilable
protecting group for example terf-butvloxycarbonyt (BOGC), b-fluorenvimethoxycarbonyt
(FMOC), or other suitable amine profecting group such as those described in “Protective
groups in Crganic Synihesis” by Theodora W. Green and Peter G, M. Wuts, Wilsy, New Yark,
1899,

After the requisile chamical reactions deprotection fo provide a compound of formuda () can be
carried out using standard methods such as those described in "Profective 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{=0}-, can be synihesized employing

a compound of formula (D which corresponds 1o an iscoyanaie such as:

Re-N=C=C (Formula iia),

wherein R® is defined above.

The reaction may be performed in a suitable solvent such as dgichlcromethans, opticnaliy in

the presence of base such as triethylaming or N-ethyvidiisopropylamine (DIFEA).

Alternatively compounds of formuda (1 wherein X reprasents -NHC{=0)-, can be synthesized

amploving a compound of Formusda (iltb)

0
: /“\
5 i
o A
H {

Hlb)

wherein R is defined above,

in the presence of base, as described in Gallon et &/, J.Org. Chem,, 2005, 70, 8980.

in compounds of formula | wherein X represents -C{=Q0})-, -OC{(=0), or ~80, can be
synthesized employing a compound of formula (11} wherein R® is as hereinbefore described,
X' represents -C(sQ), -OC(E0)- or -8C,- and L represents a leaving group, for example O

or Br.
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The reaction may be performed in 2 suifable solvent, such as a polar aprotic solvent such as
dichloromethane.
Compounds of formula {1} wharein X represent -C(=0), can be prepared employing a
compound of formula (iHo):

RE-COOH (Hic)

wherein R° is defined above, for example in the presence of a coupling agent such as HATU,
{O-(7-azabenzotrigzob-1-yI}F-N NN N letramethyluronium hexafluorophosphate), HBTU {((2-(1
H-benzoiriazole-1-y11-1,1,3, 3-tetramethyluronium hexaflucrophosphate), DCC (dicycichexyl
carbodiimide), or PYBOP {(benzotriazote-1-yl-oxy-tri-pyrrofidono-phosphonium

hexafiuorophosphals), under basic conditions in a polar solvent.

Compounds of formula (1) wharein X represents -CHy- can be prepared employing an
aldehyde of formula (lHd)

FE-C{=0M (Hid)

wherein R is as hereinbefore describad, for example in the presence of a reducing agent such
as sodium tracetoxyborohydride, sodium oyanoborchydride, or polvmer-supported
cyanoborohydride in a solvent such as methano!, dichioromethane, DMF, using conditions

siich as described in March's Advanced Organic Chemistry, Wiley, 2001,
g ¥

In onie aspedt, the invention provides a pharmacseutical composition comprising a compound of
formula (1), Tor example a therapeutically effective amount thereof and a pharmaceutically

acceptable excipient, diluent andfor carrier ncluding combinations thereof).

The routss for adminisiration (delivery) include, but are not limited o, one or more of: oral {e.g.
as a dry powder/ free flowing particulate formuiation, tablet, capsule, or ag an ingastible

solution or suspension) buccal, sublingual

The compositions of the disclosure inciude thoss in a form especially formulated for
parenteral, oral, buccal, rectal, topical, implant, ophthalmic, nasal, reclal or genito-urinary use.
in one aspect of the invention, the agents are deliverad orally, henee, 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 toplcal,
parenteral (8. g. by an injectable form) or transdermal route, including mucosal {e. g. as a
nasal spray or aerosol for inhalation}, nasal, gastrointestinal, intraspinal, intraperitoneal,

intramuscular, infravenous, intrautering, infraocular, infradermal, intracranial, infratrachesl,
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intravaginal, intracersbroventricular, infracerebral, subcutansous, ophthalmic (nchuding

intravitreal or intracamaral).

There may be different composition/formulation requirements depending on the diffarent
delivery systems or different routes of administration. By way of example, the pharmaceutical
composition of the present disclosure may be formulated o be delivered using a mini-pump or
by a mugosal route, for example, as a nasal spray or asrosol for inhalation or ingestible
solution, or parenterally in which the composition is formulated in an injectable form, for
defivery by, for example, an intravenaus, intramuscular or subcutansous route. Alternatively,
the formulalion may be dasigned o be delivered by both roudes. Where appropriate, the
pharmaceutical composilions can be administered by inhalation, In the form of & suppository or
pessary, fopically in the form of a Iolion, solution, cream, ointment or dusting powder, by use of
a skin patch, orally in the form of tablets containing excipients such as starch or laciose, or in
capsules or ovules either 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

arenterally, for example inlravenously, intramuscularly or subeutaneously,
b

For parenteral administration, the compositions may be best used in the form of a sierile
agueous solution which may contain other substances, for example snough saits or
saccharides, in particular a monosaccharide, to make the solution isotonic with biood.
Examples of parenteral administration include one or more of, infravenously, intraarterially,
intraperifoneally, intrathecally, intraventricularly, intraurethrally, intrasternally, intracranially,
inframuscularly 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
formuiation. Liposomes can vary in size from low micrometer range o tens of micrometers,
unitametiar liposomes are typically in the lower size range with various targeting ligands
attached to their surface allowing for their surface-attachment and ascumulation in

pathological areas for treatment of disease. Liposomes are artificially prepared vesicles mads

in one embodiment the formulation is adapted for delivery by infusion or slow injection.
i one embodiment the formulation is adapted for delivery by bolus Injection.

For bucsal or sublingual administration the compositions may bs administered in the form of

tablets or lozengas which can be formulated in g conventional manner,
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The compounds of the disclosure can be administared (e.¢. orally or fopicaily) in the form of
tablets, capsules, ovules, elixirs, solutions or suspensions, which may contain flavouring or
colouring agents, for immediate-, delayed-, modified-, sustained-, pulsed- or controlied-releass

applications.

The compounds of the disclosure 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,
maotith washes or suspensions, or a dry powder for constitution with water or other suitable

vehicle before use, optionally with flavouring and colouring agents.

Solld compositions such as tablets, capsules, lozenges, pastilles, pills, powder, pastes,
granules, bullets or premix preparations may aiso be used. Solid and liguid compositions for
aral use may be prepared according to methods well known in the art. Such compositions may
also contain one or more pharmaceutically acceptable carrers and excipients which may be in
solid or liquid form.

The tablets may confain excipienis such as microorystatline celiuiose, lactose, sodium citrate,
calcium carbonate, calcium sulphate, dibasic caloium phosphate and glycine, mannitol,
pregelatinised starch, corn starch, potate starch, disinlegrants such as sodium starch
glycellate, croscarmellose sodium and certain complex silicates, and granulation binders such
as polyvinvipyrrolidone, hydroxypropyimethyiceliuiose (HPMC), hydroxypropyloeliulese (HPC),
sucrose, gelalin and acacia.

Additionally, lubricating agents such as magnesium stearate, siearic acid, glyoeryl behenate
and talc may be included,

Solid compositions of a similar type may aiso be adminisiered in gelatin or HPMC
{(hydroxypropy! methyicellulose ) capsules. Suitable excipients in this regard include
microcrystalline celiulose, lactose, calcium carbonate, calctum sulphate, dibasic calcium
phosphate and, mannilol, pregelatinised starch, comn starch, potato starch or high molecular

weight polyethylene givoots.

For agueocus suspensions and/or elixirs, the agent may be combined with various sweetening
or favouring agents, colouring matler or dves, with emulsifying andior suspending agenis and

with diluents such as water, ethanol, propylene glyed! and glyesrin, and combinations thereof,

Capsules may be filled with a powder {of medicament aloneg or as blend with selected filler(s))
or alternatively g liquid, each comprising ong or more salts of the presant disclosure and

optionally a carmier. Where the capsule is filled with a powder the salis of the present
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disclosure and/or the carrer may be milled or micronised fo provide material with an

appropriate particle siza.

Altemnatively, the tablet or a capsule, as appropriate, may be filed into ancther capsuie
(preferably a HPMO capsule such as Capsugei®) to provide either a teblet in capsule or
capsule in capsule configuration, which when adminisiersd to a patient vields confrolied

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

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

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

in another aspedct the disclosure provides a solid dose formulation comprising a protective
capsule as ouler layer, for example as a lablet in a capsule or a capsule in a capsule. The

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

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

iogether with & pharmaceutically acceptable carrer or excipiant.

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 &, §. containing conventional pessary bases.

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

including inhalaiion.

Suitable inhalable preparations include inhalable powders, metering aerosols containing
propeflani gases or inhalable solutions free from propefiant gases, Inhalable powders
according o the disclosure containing the active substance may consist solely of the
abovementionad active substances or of a mixiure of the abovementioned active subsiances

with physiclogicaily accepiable excipient.

These inhalable powders may include monosaccharides {s8.g. glucose or arabinoss),
disaccharides (e.g. lactose, saccharose, maltose), olige- and polysaccharides (e.g. dexiranss),
polyaicohols (e.9. sorbitol, mannitol, xylitol), salts (s.g. sodium chloride, calcium carbonate) or
mixtures of these with oneg another. Mono-~ or disaccharides are preferably used, the use of

tactose or giucose, particularly but not exclusively in the form of their hvdrates.
D 3

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

-8 microns suitably from 0.1 {0 5 um, particulary preferably rom 10 5 um.
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The propeliant gases which can be used to prepare the inhalable agrosols are known from the
prior art. Suitable propeilant gases are selected from among hvdrocarbons such as n-propane,
n-butane or isobuiane and halohydrocarbons such as chilorinated and/or fluorinated
derivatives of methane, ethane, propaneg, bulang, cyclopropane or cydlobulane. The above-

mentioned propeliant gases may be used on their own or In mixiurgs thereof.

Particularly suilable propeliant gases are halogenaied alkang derivatives selectad from among
TG, TG 12, TG 134a and TG227. Of the abovementionad halogenated hydrocarbons,
TG134a {1,1,1.2-tetraflucroethane) and TG227 (1,1,1,2,3,3.3- heptaflugro propane) and

mixtures thereof are suitable for use in formulations of the presant invention,

The propeliant-gas-containing inhalable aerosols may also contain other ingredients such as
co-solvents, stabiliisers, surface-active agenis {(surfactants), antioxidants, lubricanis and

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

The propellant-gas-containing inhalable aerosols according o the invention may coniain up to
5 % by weight of active substance. Aerosols according 1o the disclosure may conlain, for
o~ 4

example, 0.002 t0 5 % by weight, 0.01 fo 3 % by weight, 0.015 10 2 % by weight, 0.1 10 2 % by
weight, 0.5 1o 2 % by weight or (.5 o 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 aspsct, a combination comprising 2 salt of the present
disclosure together with a further therapeutic agent. The combination may, for example be a
combingtion of a sall of the compound of formula (1) and an anlibictic, such as vancomycin,
fosfomycin, rifamycin, a bela-lactam {such as a cephalosporin or carbapenam}, an
arminoglycoside, a macrolids, a tetracyling, g lipopaptide, an oxazolidinene andfor an anti-
inflammatory such as a sfercid. The combination may be provided as a co-formulation or

sirmply packaged fogsther as separate formulations, for simubllansous or seqguential delivery.
¥ g

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

further therapeulic agent.

it is 1o be understood that not all of the compoundsfsalis of the combination need be
adminisiered by the sams route. Thus, i the therapy comprises mors than one active

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

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

simultaneously in separate or combined pharmaceutical formulations by any conveniant routs.
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YWhen administration is sequential, sither the sail of the disclosure or the second therapeutic
agent may be administered first. When administration is simultanecus, the combination may

be administered sither in the same or a different pharmaceutical compaosition.

The combinations referred to above may conveniently be presenied for use in the form of &
pharmaceutical formulation and thus pharmaceutical formulations comprising @ combination as
dsfined above together with a pharmaceutically acceptable carrier or excipient comprise a
further aspect of the disclosure.

When combinad in the same formulation | will be appreciated that the two compounds/salts
must be stable and compatible with each other and the other componeants of the formulation.
When formulatad separately they may be provided in any convenient formulation, in such

mannar ag are known for such compounds in the art.

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

tha aclive material,

When a sall of the disclosure is used in combination with a second therapeutic agent active
against the same diseass stale the dose of each compound/salt may be the same or differ
from that employed when the compound/salt is used alone. Appropriate doses will be readily
appraciaied by those skilled In the art. it will algo be appreciated that the amount of 3 salt of
the disclosure 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 ulimately at the disoretion of

the gtiendant physician or velerinarian.

Typloally, & physiclan will determing the actual dosage which will be most suitable for an
individual subjecl. The specific 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 melabolic stabllity and length of action of that salt, the age, body
weight, general health, sex, diet, mode and time of administration, rate of excretion, drug

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

For oral and parentersl adminisiration to humans, the dally dosage level of the agent may be
in single or divided doses. For systemic administration the daily dose as emploved for adult
human treaiment will range from 2-100 mg/iKg body weight, such as 5-60 mgfiKg body weight,
which may be administerad 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,
gach unil will preferably contain 100 myg 1o 1 g of active ingredient. The duration of reatment

will be dictated by the rate of response rather than by arbitrary numbers of days.
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i one embodiment the treatment regime is continued for 1,2, 3, 4, 5.6, 7, 8, 8, 10, 11, 12, 18,
14,15, 16, 17, 18, 19, 20, 21 or more days.

As described above, the salls of the present disclosure may be smploved in the trealment or

prophylaxis of humans and/or animals.

There is further provided by the present disclosure a process of preparing & pharmaceutical
composition, which process comprises mixing a salt of the disclosure or 3 pharmaceutically
acceptable derivative thereof, together with a pharmaceuiically acceptable excipient, diluent

andfor carrier,

In another aspect, the invention provides & compound of formula (1) or & pharmacautically
acceplabie sait thereof or a composition comprising the same for use in therapy, and in
parficular, in the treatment infection such as bacteral infection, such as a Gram negative

bacieral 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-abdominal infections, bacterial overgrowih and/or sepsis.

in one embodiment the compounds are useful in the treatment of infections by bacieria whict

are multidrug resistani

Exarmples of Gram negative bacteria include, but are not limited o, Escherichia spp..
Kigbsielia spp., Enterobacter spp., Salmonaila spp., Shigelia spp., Clirobacter spp.,
Morganefa morganii, Yersinia peesudotubercufosis and other Enterobacteriacess,
Fseudomonas spp., Acinetobacter spp., Moraxelia, Relicobacter, Stenotrophomonas,
Bdeliovibrio, acetic acid bacteria, Legionellz and alpha-protecbaciera such as Wolbachia and
numerous others, Other notable groups of Gram-negative bacteria include the cyanobacteria,
spirochaetas, green suliur and green non-sulfur bacleria,

Medically ralevant Gram-negative cocel include three organisms, which cause g sexually
transmitied disease (Meisseria gonorrhosas), @ meningitis {Nelzseria meningitichs), and

respiratory symptorns (Moraxelia catarrhalis).

Medically retevant Gram-negative bacilll include a multitude of species. Some of them
primarily cause respiratory problems {Hemophifus influenzae, Klebsiefla pneurnonias,
Legionelia pneumophila, Pseudomonas asruginesa), primarily urinary problems (Escherichia
cofi, Enterobacter cioacae), and primarily gastrointestinal problems (Helicobacter pyior,
Safmonefla enterical.
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Gram-negative bacteria associated with nosocomial infections include Acinefobacter
baumannii, which causes bacteremia, secondary meningitls, and ventilaior-associated

prnaeumonia in intensive-care unis of hospital establishments.

i one embodiment the compounds and compasitions of the present invention ars useful in the
treatment of infection of ane or more of the following Gram negative bacteria: £ col,
S.enterica, Klebsielia: K. pneaumonias, K. oxyloca; Enferobactsr: E. cloacas, E. aerogenes, E.
aggiomerans, Acinetobacter: A, calcoaceticus, A. baumannii; Pseudomonas aeruginesa,
Stencirophomonas malfophifa, Providencia siuarli, Proteus:, P. mirabilis, F. vulgaris.

in one embodiment compounds of formula () or pharmaceutically acceptable salts thereof or
compositions comprising the same are ussiul for the treatment of Pseudomonas infections
moiuding . aeruginesa infection, for example skin and soft tissue infections, gastroiniestingi

infection, urinary tract infaclion, pneumonia and sepsis.

in one embodiment compounds of formula {1}, of pharmaceutically acceptable salts thereof, or
gompesitions comprising the sames are useful for the treatment of Acinefobacter infections

including 4. baumanii infection, for pneumonia, urinary tract infection and sepsis,

in one embodiment compounds of formula (1), or pharmacesutically acceptable salis thereof, or
compositions comprising the same are useiul for the treatment of Kiebsiella infections
including K. pnesumoniae infection, for pneumonia, urinary tract infection, meningitis and

sepsis.

in ong embodimeant compounds of formula (1), or pharmaceutically accaptable salts thereof, or
compositions comprising the same are useful for the treatment of £, colf infection including
E. cofi infections, for bacleramia, choleoystitls, cholangitis, urinary tfract infastion, neonatal

meningitis and pneumonias

In one embodiment the compounds of formula {1} or pharmaceutically acceptable salts thereof

or compaesitions comprising the same may be useful for long term reatment.

In one aspect there is provided a compound of formuta (1) or a composition comprising the

same for the manufacture of & medicament for ons or more of the indications dafined above.

in one aspect there is provided a method of treatment comprising the step of administering a
therapautically effective amount of a compound of formutla (1) or a pharmacsulical acceptable
salt thersof or 2 composition comprising the same to a palient (human or animal) in nesd

thareof, for sxample for the treatment of an infeciion as describad herein.
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Where technically appropriate embodimenis may be combined and thus the disclosure

exiends to all permutations/icombinations of the embodiments provided herein.

Freferences given for compounds of formula {1) may equally apply to other compounds of the

invention, disclosed herein, as {echnically appropriate.

Abbreviation Meaning

PMEBN Falymyxin B nonapeptide
Thr Threonine

Ser Serine

PSer D-sarine

Leu Leucing

le isoleucine

Phe Fhenvialanine

DPhe D-phenylalanine

Vai Valing

Dab a,y-Diamincbutyric acid
DIPEA M MN-diisopropylethylamine

Examples
intermeadiate 1. Polymyxin B nonapeptide

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

(1 mM} was incubated at 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 /7 vacuo 1o leave a solid residue whic
was re-suspended in 10% agueous methanct and left at room temperature ovemight. The
supernatant was decanted and concentrated in vacuo. Polymyxin B nonapeplide was purified
from the rasidue by SPE on ©18 silica, sluting with 0-10% agqueous methanol. BEvaporation of

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

Micromass Platform LC
Column; Zorbax 5p C18 (2) 150 x 4.8 mm
Mobile Phase A; 10% Acetonitrile in 90% Water, 018 STFA or 0.1% formic

WMobile Phase B: S0% Acstonitriie in 10% Water, 015 % TFA or 0.1% farmic
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Flowy rate:
Gradiant:

Cyeole time 15 min
injection volums:

Detaction:

intermediate 2. fstra<{Boc) polymyxin B nonapeplide

- 2% .
1 ml/min

Time O min 100% A
Time 10 min 0% A
Time 11 min 0% A
Thne 11.2 min 100% A
Time 15 min 100% A

20 ub

210 nm
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Sslective BOU protection of the free yv-amine groups on the Dab residues of polvmyxin B

nonapaptide was carried out using the procedure of M, O'Dowd el al, Telrahedron Lelt, 2007,
48, 2003-2005. Polymyxin B Nonapeptide (intermediate 1 7.5 g, 7.78 mmol) was suspended

in water {85 mi.) with sonication. Dioxane {85 mL) and triethylamine (65 ml) were added and

the mixiure was cooled in ice for 10 min prior (o the addition of 1-{Boc-oxvimino}-2-phenyl

acetoniiriie (Boc-ONY (7.67 g; 31.15 mimol}. The progress of the reaction was followed by LC-

MS and reached completion afier 30 minutes, whearsupon the mixture was guenched by

addition of 20% methanciic ammaoenia (60 mL). The liquid phase was decanted and the residual

solid was purified by chromatography (eluent G-20% methano! in dichioromethane) on silica

get to afford fetra-{(Boc) polymyxin B nonapeplide as a while solid (2.5 ¢, 24 %). TLC, R .2

{1 0% methanol in dichloromathane). m/z 1362.8[MHT"
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Intermediate 3, Colistin (Polymyxin E) nonapeptide

Colistin (polymyxin E, B g) was freated with immobiiised papain (185 £LU/g), potassium
phosphate buffer (25 mi; pH 7, 1.25 L}, potassium chloride (30 mM), EDTA (10 mid) and
gysieine (1w} at 37°C for 32 h with gentle agitation {0 produce colistin (polymyxin £}
nonapeplide. The prograss of the reaction was monitored by LC-MS using the conditions
cutlined in Intermediate 1, Table 1. The immgobilized papain was removed by filiration and the
filtrate was concentrated in vacueo to leave a solid residue which was re-suspended in 10%
agusous methanol and lefl at room teraperature overnight, The supamalant was decanted and
concentrated in vacuo. Colistin (Polymyxin E) nonapeptide was purified from the residue by
SPE on $18 silica (10 gm), eluting with (-25% aguecus methanol. Evaporation of the

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

intermediate 4 . tetra-{Boc} colistin {polymyxin E) nonapeptide

ﬂ(—-
i H
SN N
G b Iﬁ
J N

; M o R
i oHo oo
- A
T oH r o -
NH HN'/!L“ A A
Oes M I\ bt
ﬁ"\\y/ NP N
LI T<
<0 NHO
- [
OF gyl

Exact Mas
Muodecular

Colistin {Polymyxin £) Nonapeplide (2.5 g, 2.88 mmol) was suspended in watsr (35 mb) with
sonication. Dioxane (35 mi) and tristhvlaming (35ml) were added and the mibdure was cooled
i ice Tor 10 min prior to the addition of 1<{Boc-oxyimino)-2-phenvi acetonitrile (Boe-ON)

{2.85 g; 10.76 mmol). The progress of the reaction was followed by LO-M& and reached
cornplation after 10 minules, whereupon the mixture was quenched by addition of 20%
megthanociic ammonia (26 mb). The liguid phase was decantad and the residual solid was
re-dissolved in water and extracted sequentially with dichloromethane and iso-bulancl, Based
on LC-MS analysis, the decanted liguid and both dichioromethane and iso-butandl extracts

were pooled together followed by concentration in vacuc 1o give yeliow gum which was loaded
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onito flash chromatography {8t 60A- 35-70). The column was sluted with §-20% methanol
(containing 2% ammonia} in dichloromethans. The column fractions eluted with 7-10%
methano! (containing 2% ammonia} in dichloromethane afforded tetra-(Boc) colistin (polymyxin
E) nonapeptide as & white solid (118 g, 33 %), m/z 1320.7 [M+HT.

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

r
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fMolacutar Weignt =1105.36
Exact Mass =1104
Molsoular Formula =CHTHBAN 14013

a} [2-{R,Sp-2-Hydroxyoctanoyl] [tetra<{Boc)j-polymyxin B nonapeptide
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2-Hydroxyoctanoio geid {1.16 g, 7.34 mmol) was dissolved in dichloromethane {2 mL).

N, M-Diisopropylethyaimine (1,18 mb, 7.34 mmol) and 2-{1H-7-Azabenzotriazol-1-yi}1,1,3,3-
tetramethyl uronium hexafluorophosphate (HATUY (2.78 g, 7.34 mmaol) ware then added 1o the
reaction mixiure, After 30 min stiming at room temperature compound of intermediate 2

(2.0 g, 1.47 mmol} was added. Afler 16 h the complstion of the reaction was confirmed by
LC-MS and the reaction mixiure was evaporated o dryness and purffied using column

chromatography on silica get {sluent 0-10% methanol in dichloromethane). The appropriste
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fractions were concentrated 1o leave [2(R,5)-2-hydroxyoctanoyl] lietra-(Boc)-Polymyxin B
nonapeptide as a colourdess ol {1.28 ¢, 58 %). TLC, Ry §.6 {10% MeOH in dichioromethang).
m/z 1527.5, [M+Nal™ .

b} Tide compound: [2{R,8)-2-Hydroxyoctanoyl] polymyxin B nonapeptide,
triftuoroacsetate

2-Hydroxyoctanoy! [tetra-(Boc)-polymyxin B nonapeptide 1.28 g, £.85 mmol) was dissolved in
dichloromethane (2 mlL). Trifluorcacatic acid (3.8 miL, 51.02 mmol} was added and the mixiure
was stirred at room tempearature for 16 h, after which ime LC-MS confirmed compiation of the
reaction. The reaction mixiure was concentrated in vacwo o leave [2(R.S)2-hvdroxyostanoyl]
Polymyxin B nonapeptide, trifluorcacetate as a colourless off (1.3 g, 83 %) TLC, Rf bassline
{10% MeOH in dichioromethane), mvz 1104.8 [MHT

Example 2. [2(R,5)-2-Hydroxyoctanoyl] polymyxin B nonapeptide, sulphate salt.

"J\!Hh { ‘“‘“%1
MM d ~
Loxd

Molecular Weight =1105.24
Exact Mass 1104
wiolecular Farmula =05 1H88N14013

To the compound of Example 1 (1.3 ¢) was added water {1 mbL) and the mixture was
sonicaied for b min. To the resulting suspension was added 1M NaHCOQ; (20 mb) until the
mixiure reached pH 8. The mixiure was then passad through a 10 g 18 8PE column, sluting
sequentially with 0, 40, 50, 80, 70, 80 and 100 % agueous methanol, LC-MS analvsis of sach
fraction showed that the desired product eluted in the 80, 70 and 80% aguesous mathanol
fractions. These fractions were pocled and svaporated (o leave a white solid (0.5 ¢}, fo which
was added 0.1 M H,50, (30 mb) until pH 7 was reached. fert-Butanol (10 mb.) was added and
the mixiure was stirred Tor 16 h at room femperature and subsequently freeze-drisd o legve

[2{R, 5 -2-hydroxyoctanoyl] Polymyxin B nonapeptide, suiphale salt as a white solid (052 g).
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Analysis by HPLC according to the conditions ouflined in Tabie Z gave a retention thime of 5.83

minutes. m/z 1104.9 [MH]".

Table 2. Analytical HPLC conditions

Column: Zorbax 5 C18 {Z) 150 x 4.8 mm
5  MMobile Phase A: 10% Acelonitrite in 30% Water, §.15 %TFA or §.1% Formic acid
Mobile Phase B: 90% Acetonitriis in 10% Water, 8.15 %TFA or 0.1% Formic acid
Flow rate: imb/min
Gradient: Tirme § min 100% A 0% B
Time 10 min 0% A 100% B
10 Times 11 min % A 100% B
Tims 11.2 min 100% A % B
Cyole time 15 min
Injeciion volume: 20 pl
Detection: 210 nm
i5

Example 3. 2-Amincethanoy! polymyxin B nonapeptide, sulphate salt

2-Amincethanoyt polymyxin B nonapeptide, sulphate salt was prepared from tetra-{Boc}
polymiyin B nonapeptide and 2-(ler-butoxycarbonytamino}-ethanoic acid foliowing the

20 sequence of reactions described for Examples 1 and 2. Retention time (HPLC) 4.99 min; m2z
1020.8 [MHT.
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Example 4, 3-Aminopropanoyl polymyxin B nonapeptide, sulphste salt

Ty

N
. . . Hf\{ \]TI
A W S \.“/ \N“

O
] /’\\OH o} i_//"
. Nh

/N'i HNJL\ "A\
—\\/ *\( \\I T

f\j]--z
3-Arninopropanoy! polymyxin B nonapeptide, sulphate salt was prepared from tetra-(Boo)
polymyxin B nonapeptide and 3-{ter-butoxycarbonylamino)-propancic acid following the

sequence of reactions described for Examples 1 and 2. Relention time (HPLC) 4.97 min; m/z
1034.42, {MH]".

Example 5 3N N-dimethyiamino)-propanoyl polymyxin B nonapeptide, suiphate salt

i, Lrl/ R
P
PH, ‘T
i H
.
o] [V T
o i O T )
% \"AT SN N e T o
5 Hoos o
‘ N
N -~
Oz\/NTJ\\L AN,
/éx G .
oK K,

3-{N, N-dimethylamino)-propanoy! polymyxin B nonapeptide, sulphate salt was prepared from
tetra-(Boc) polymyxin B nonapeptide and 3-{N,N-dimethylamino)propancic acid following the
seguence of reactions described for Examples 1 and 2. Retention ime (HFLC) 8.01 min, m/z
531.82, M+2HP"
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Example &, 4-Amincbutanoy! polymyxin B nonapeptide, sulphate salt.

NH d
I
eI
. N N Gz
HN ’“\/\r’ YN T T 07 e
G 0 i o
) ’/\OH §/ o ?/J\\L
N AN A
o= H kL -
\/N\T{ AN,
Aob L
- oK NH,

4-Amincbutanoy! polymyxin B nonapeptide, suiphate salt was prepared fromy tetra-{Bog)
polymyxin B nonapeptide and 4-(tert-butoxycarbonylamino)-butanoic acid following the
sequence of reactions described for Examples 1 and 2. Retention ime (HPLC) 4.87min, mvz
524.91 [M+2HI™,

Examples 7. 8-Aminchexanoyl polymyxin B nonapeptide, sulphate salt.

O i i
0k
.»" \\//’\\w//ﬁr N/\W/‘N\‘\;/\}O (8] DA\NH

§-Aminchsxanoyl polymyxin B nonapeptide, sulphate salt was prepared from tatra-(Boc)
polymyxin B nonapeptide and 8-(terf-butoxycarbonviamino)-hexanoic acid following the
sequence of reactions described for Examples 1 and 2. Retention time (MPLC) 4.87 min; m/z
107715 [MH]
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3 -

Example 8. &-Hydroxyoctanoy! polymyxin B nonapeptide, sulphate sall,

%f .
rdb/”\\, -"\//"\\’ WN\"/J\ l: N.\/ o O ;{‘

CJ f 8]

i

O‘-i
P

Y b =

8-Hydroxyostanoy! polymyxin B nonapeptide, suiphate salt was prepared from telra-{Boc)
polymyxin B nonapeptide and S-hydroxyoctancic acid following the seqguence of reactions
described for Examples 1 and 2. Retention time (HPLC) 5.28 min; m/z 1104.87, IMJ.

Example §. B-Amincostanoyt polymyxin B nonapaptide, sulphate sait

C
L)
i, y T
0 H
H .
T e T g A © Py

) . Oy,
e & r’ o /j
M HNJ'\ M A
C?m{/ H (
j/*\:\ o N
i i

a1
—

&-Aminooctanoy! polymyxin B nonapeptide, sulphate salt was prepared from tetra-{Bo¢)
polymyxin B nonapeptide and 8-{tert-butoxycarbonviamina)-actancic acid following the
sequence of reactions described for Examples 1 and 2. Retention time (HPLC) 5.02 min, m/z
11082, MHY.
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W

Example 10, 3<{N-methvlaminolpropanoyl! polymyxin B nonapeptids, suiphate salt,

ST
TP o o5 ;
A HNJJ\ PR /i‘\
o= H A L,

T

O NH

3-{N-Methviaminojpropanoy! polymyxin B nonapeptide, sulphate salt was prepared from tetra-
{Boc) polymyxin B nonapeptide and  N-[{1, t-dimethyisthoxycarbonyi]-N-methyl R-Alanine,
foltowing the sequence of reactions described for Examplast and 2 . Retention time (HPLS)
5.0 min; m/z 52808, [M+2H)

Example 11. (1R, 52R, 8}-2-Aminccyclapentanecarbonyl polymyxin B nonapeptide,

G
C@r i 4%
o /\OH ) NHH HN@

suiphate salt

(18, 5/2R, 8)-2-Aminccyclopenianacarbonyl polymyxin B nonapeptide, sulphate salt was
prapared from tetra-(Bog) polymyxin B nonapeptide and ofs-2-(ert-buioxycarbonyiamine)-
cyciopentane carboxylic acid following the sequence of reactions described for Examples 1
and 2. Retention time (HPLC) 5.07 min; m/z 1074.87, [MH]".
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Example 12. 3-Aminopropanocy! colistin {polymyxin E) nonapeptide, sulphate salt

Following the sequential reactions describad for Examples 1 and 2, 3-Amingpropanoy! colistin
(polymyxin E) nonapeptide, sulphate salt was prepared from tetra-(Boc) colistin {polymyxin E)
nonapeptide {intermediate 4) and Boc-B-alanine. Retention (HPLC) time of 4,98 minutes. m/z
501, [M+2HF

Example 13. [3-(R,5)-Pyrrolidine-3-carbony!] polymyxin B nonapeptide, sulphate salt

[3(R, 5 }-Pyrroflidine-3-carbonyl] polymyxin 8 nonapeplide, sulphate salf was prepared from
tetra-(Boc) polymyxin B nonapeptide and 3-{(N-tert-butoxycarbonyh-pyrrolidinecarboxylic acid
following the sequence of reactions described for Examples 1 and 2. Retention time (HPLGC)
4.91 min; rvz 106058 [MHT.
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Example 14, [3{R.S}3-Amino-3-cycichexanepropanoyl] Polymyxin B nonapeptide,
sulphate salt

NH, O /:E\OH o

% SZ

2

[3{R,8)-3-Amino-3-cyclohexanapropanoyl  polymyxin B nonapeptide, sulphate salf was
prepared from teira-(Boc) poiymyxin B nonapeplide and 3-(lert-butoxycarbonyiamino)-3-
cyolohexanepropanoic acid following the sequence of reactions described for Examples 1 and
2. Retention time (HPLC)Y 5.24 min; m/iz 1116.78, IVHT".

Additional Examples 15-35

Additional compounds of Examples 15-35 wers prepared using the methods of preparation set
out for Examples 1 and 2 above, Thus, a compound having a substituent af the polymyxin B
nonapeptide N terminal was prepared from etra-(Bog) polymyxin B nonapeptide {(ntermeadiate
&)y and an appropriate carboxylic acid in the presence of coupling agents {e.g. HATU) and
base (8.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). Similady, &
compound having a substituent at the polymyxdn E nonapeptide N {erminal was prepared from
tetra-(Boc) colistin {polymyxin &) nonapeplide {Intermadiate 4) and an appropriate carboxylic
acid in the presence of coupling agents {e.g. HATU) and base {e.q. DIFEA) (as setout in
Exampie 1B}, Tollowed by treatment with acid {a.g TFA} {(as set outl in Example 1b), and
conversion 1o the suiphate sahl (as sel out in Example 2

The additional compounds of Examplas 15-35 are presanied in Table 3 below,

The recorded retention imas and masses given in the Table wers oblained using the LG-ME

conditions described above in Table 2.

The compounds were isclated as the suiphale salf forms of the compounds shown.



Table 3
Felention
Formula and .
Ex. Compound Name ) Time miz
Predicted Mass .
{min)
HH
. )
Hy /\/\/’*\ ’{\/g /-\/ B
15 S ‘j i 5 Aminopentanoyl polymyxin B | CABHB3N15012 500 1062.7
R : g’/z nonapeptide 1061.83 o {(MH"
i
o \/
P
OH
. )
) A ¥ ~
o /:—"\i . o v';;‘\ /E E .
16 . - hid v Hydroxyacelyt polvmyxin B CASHTEN14013 5.00 10211
° L i Honapeptide 102057 - (M)
?ilH
LT
"

S6OTLU/EEIOT OM

PPRTSO/TTOTED/ LA
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Lad
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Relention
e e ; N Formula and - ,
XK. ompound Name ime miz
v Predicted Mass _
{min)}
ni, g QQ\I
FE
NH, )
a /J " r|/“\ ":'\‘\
b H i
., ~ on, N . E: -. : o) ,J\
47 S v Y Y e o 3-(R,8)-3-Hydroxyoctanoyl | C51H8BN14013 . 1126.6
! ; i i N
SE e N ¢ o D*T/i‘m polymyxin B nonapaptide 1104.67 {M+Na'}
i L |
\'.‘H “3‘!/ -\/'NH ,/L\\
n:/\ f—{ : &/
"-}\/"d‘\?{)\l A
T “ReH
N# :'.//:kb\“.
o
:\‘{m: d . ‘VE//
- A
o B \}r ¥
" H i i Firnes R
" >1/\ V/\E;’ A /lL\hj\ (m\_ /J,\\Q CR - 4-{M MN-dimethylaming)- CAGHEENABOA2 1076
‘ oo o butanoy! pelymyxin B o o 492 X
O A P S Sy ¥: pelyiny 1075.65 (MH")

nonapepiide,

S69TLO/ETOT OM

PP8TE0/TT0TED/10d
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~ompound

Name

Formula and
Pradicted Mass

Retention
Time

{min)

miz

18

7-Amincheptanoyl polymyxin B
nonapeptide

CHOMBYNTEO12
1060.34

4,751

1391.76
(MES

20

A A
P t”"v \/ \/'\/‘
] Wr o

4-Morpholinytbutanoy
polymyxin B nonapeptidse

CHIMBTNSO13
1117.66

5.08

1116.9
(M7

S9TLO/ELOT OM

§

PP8TSO/T10TD/L0d



Retention
Formula and "
Ex. Cormpound Mame ) Fime 'z
Predicted Mass
{min}
NH, ﬂ/\\\*
NH J \’5‘/
) NS ot
~ PPt T 539
21 i N o7 Sy &-Hydroxyhexanoyl polymyxin | C49HB84N14013 501 (M2H)?
E ; k i . . . =3 Ut
7 ¥ ’/ EL oy 8 nonapeptids 1076.63
% H e A s
° . /E\ T(L\] \g\\/,m
- I\D H “ ns,
EHT &/:b‘“\'\‘a
s - i
H H i
H /__:q\__\ .-~‘“\<
4 HN 5
" r i l\ T
92 Ty ‘;s) J\?f;/ “z{"‘j/‘ ? R 3-(R,8)-3-Hydroxybutanioy! CA7THBON14013 483 5253
e Py 7T o "%TAI polymyxin B nonapeptide 1048.60 - (MeaHy™
1 P fr\'m PRy

S69TLO/CT0T OM

YPRISH/TTOTED/ L4



Fetention
Formuia and 19 .
Ex. Compound MNama Bradicted Mass ime miy
{rmin)
e
- - \,x//)
W
o e
J ! i il
23 R e A T 4-{M-methylamino)»-butanoyl | C4SHBIN1E012 pan 10624
O P v r’ o T polymyxin B nonapaplide 1061.63 - (MH)
A
HiH “ P\:'/L\ AH A
0= i |
ﬂ,ﬁ;\l r/ﬂ“‘@ L
I
-~ “‘OHG T,
ME @/q‘e“';
wH f/{ l;\\///
2 '('
H M\T/,\ o " ’\a',%\r”m\.--“‘j
H i o i ar-d- )
04 - u\/ia\w/ r»n\: a0 P, Et:;rm d - CBOMBSNTE012 405 10871
! " inocyclohexanecarbon £95 g
N N AInoCy© o 1087 65 (M)
' [ i polyimyxin B nonapaptide
A hH
H MR ™ w7
gz H i E:
A ‘/x,% A
T K !\‘n 1,

SHOTLOETOT OM

PYRTSO/THITED/ 104



Hetention
N : Formula and i
Ex, Compound MNamsg Bredicted M Time miz
redgicted Mass
{min}
t\il By
| "
HH {/ \ \{
C " N/j\\?;’/h \\g
P o .;w:\ Li‘\ P /E\/A\ g /;’*\
25 W Ty x/ D 4-aminchutanoyl polymyxin B | C44HBIN1E012 404 1038.0
7 ° o Uy /H nonapeptide 1013.63 ) (MiNa")
BIEE] HE\!/ --.._’_,"NH P
.A.’\i\h//\a% \\/)‘lri;
oo
- \‘OHD \‘NHQ
N H
i
?‘}H; /?‘/ -
N l T
S e . // ,f‘e\ o i

26 o \/’k J\ 2-{R 8)-2-Hydroxyoctanoyl CABHYON14013 5 9 1071.3
C M ( O\(’ polymyxin E nonapeptide 1070.88 ) {(MH")

o:/ H/N
I V’“‘*

o

g
A

\NH;

N A
me

SH9TLIETOT OM

FPRTS0/TI0TED/L0d
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: Retention
! Formuia and . \
Ex. Compound Name Pradisted Mass Time miz
{min)
i, /:\.\i
S
8, g’ i
H H i
i, o o j{/l iy
H ! ¥ i ] J : :
e, o O cis~-d-aminocycichexane
27 = )\’ NS ol e . CBOHBEN15012 o7 1087.0
ol ; z carbonyl polymyxin E . a, .
T T Py B 1087.68 (M)
i S Y nonapeplide
b Hz\é/y‘\\(i\u-ﬁ ’//‘.\\‘
O== :l/}:\' ,j»,_,% "x_,/'NH"
%_
T “New
30
. S
M, f , ‘
.. e, e
. > o
PPN T N
28 g S g s T 4-Amino-4-methyl pentanoy! CAOHBSN 15012 508 1076.3
RN ? [/ o P polymyxin B nonapeptide 1075.65 ‘ (MH ")
Pl M
G

SOOTLI/ETOT OM

PPETSH/TIOTED/EDd



Retantion
’ N Farmula and Tim )
. Compound amea . 2 miz
Ex p Predicted Mass ,
{min}
R
MM, <
I
e
v o i aw” \‘h:/lix\:"”l“
-~ 4[:. H\ /L.\ L -
29 Tdindi s i 7w A-{Fy-Amino-B-methylhexanoyi | CBOHSTNIB012 5 16 1089.6
i “ ‘ o , . > *
Oy ¢ 1/ o Ny polymyxin B nonapepiide 1039.67 (M)
JH HEJ/./:L\(’\‘H PNy
0= H |
'I/N\?E /A.Q%E At
T "N
wh, ﬁ/ A‘*\\i
n, - \/ﬂ
H H
A o) - i Q\T o
}\ ~~ 2 e, 3 ey £ 3-8 10V -yl
- N q\{,le, \”/ea\/ Sy, O P 3-(5) .{1 pyrolidin 2 yi3 S EOHBSN 15012 . .
§ : L J propionyt polymyxin B 5.10 1087 (M)

nonapeptide

1087.85

SO9TLY/CIHT OM

PERTSH/TLOTED/ LD
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Formauaila and

Reisntion

. Compord Nams Time iz
=X ¢ Pradicted Mass
{rmin)
g
24 s T \:/h“g/ “\“g 4-(S-aminopentanoyl C4EHBINTH012 - o7 1062.1
. pofymyxin B nonapepiide 1061.63 - ()
Hay, § /f\.\ o
i H i
! i H i i
32 ~TY - h oot bony | COOMBANTIOT | 1086.7
¢ A vdroxycyelohexanecarbon A o
© A d 1088.63 (M)

polymyxin B nonapeptids

SEOTLO/EINT OM

PYRISO/TLOTE D/ L0d
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Retention
Formisia and )
Ex. Compound Mamsz ) Time miz
Fredicted Mass .
{min)
E‘:H; g’ d \‘f’/)
i H i
I} - “"‘?/.\[1/)&\ )
HO\\ e, /::;\ J‘L /{ «‘j\_ /‘\% JE s
a3 Y WY YT o o s I-Hydroxypropanoy! CAGH7BN14013 10343
N o 519 .
g J./ o 'ﬁ/ o palyrmyxinB nonapeptide 1034.59 (M)
l Ha JL A /L\\
o= i J\II -
K /N“‘-;—,-/ _\/NH-‘-
AN
“ TH wH
N A
S
] ¢ E e ‘*\{i(/ RN
. H i " i i (L 3 T
34 [ 'J\T;’N“r/lkég/ o A, 0 o’j\w !‘imi? ;2 Hy{‘:{””‘fg || ostHeNwOE | 11039
' o A - cyclohexyhiathanoy! polymyxin 80, 6. _
S At S .,\YL\ yoiohexy ¥ polymy 1103.65 e’

f d
! | z
|

! NPk
< i b N/u\\i/ PR

A

B nonapeptide

HITLO/ETOT OM

€

PY8TSO/ZI0TED/L0d
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Retention
o . N Formula and Time :
Somipound ama . ‘ iz

P Predicted Mass

{min}
HH, Eﬂb\\é
HH. =
/’;‘:\
WH I-L\ i rii\ \” J
~ “’“"*/\/\”“ ey ‘v’“‘ © o 24R,SF2-Amino octanoyl | CHIHBIN1BOZ
| 5o o (R,5)-2 ooy ? ™ 542,579 | 1104.94
o ‘m / “ podyimyxin B nonapeptide 1103.68
’\11/\\_

ﬁ\/\“\] E

SEOTLO/ETOT OM

FERTEO/TIOTED/LOd
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Antibacterial activity

To evaluate the potency and specirum of the compounds, susceptibiiity testing was performed
against four strains of each of the four Gram negative pathogens, Escherichia coll,

Pasudomonas aerugincsa, Kiebsielia pneumoniae and Acinefobactsr baumannil,

The day befors testing, 3 t0 4 colonies were picked from fresh Musller-Hinion Agar (MHA}
plate and transferred into 10 mb of Cation adjusted MHE {CaMHB). Cullures were incubaled
at 37°C 250 rpm for 18-20 hours before being diluted 100-old in fresh CabMHB, The
subcultures were grown further untll the ODeg, reachad 0.2-0.3 corresponding to

10°%10° CFUmMI. The actively growing culiures were diluted 100-fold in fresh medium and used

for the ioculum.

MIC testing was performed by two-fold serial antibiotic dilutions in CaMHB in sterile S6-well

microtitre plates in & toial volume of 170 pl (156 pl broth containing the antimicrobial agent,
20 ul inooulum), The assays were performed in duplicate. Plgtes wers incubated aerobically
without shaking for 18-20 hours at 37°C with the MIC defined as the lowsst concentration of

drug that preventied visibie growth.

Table 4 shows the MIC {micrograms/ml) of Examples 2 {o 14 compared to Polymyxin B
(PMB},

Additiona! studies on antibacterial activity

Tabie 4A shows the MIC values oblained for compounds of Additional Examples 15 o 35 plus
Examples 2, 8 and 14. Dala was obiained under simitar conditions to Table 4 except that
differant batches of cation-adjusted Mulier-Hinton broth were used.  The MIC values for these
compounds are compared with those values obiained for Polymyxin B, Colistin Sulphate,
CE-182.804 and NABT3S (as the TFA sait). CB-182,804 is a polymyxin decapepiide
derivative with an aryl urea subsiituent al the N-lerminus, which has been daimed to have
lower toxicity than Polymyxin B {compound 5 in WO 2010/075416. Ses page 37). NAB738

has been described previously by Vaara et 2l



Table 4, MIC Data for Compounds 2 fo 14 (micrograms/mi.)

- 44 -

STRAIN PME | Eg? | Eg3 | Egd | Eg5 | Eg6 | Eg7 | Eg8 | Ep$ | Egl0 | Egl1 | Egl2 | Eg13 | Egid
£ coll ATCCZ25822 0.5 1 2 2 1 05 | 2 2 2 0 05 2 4 05 | 058
E. coli ATCC700928 026 (0251 4 | 00605 0125 ND | 05| 1 [0125[0125] ND | 0.25 | 0.25
E. colf NCTCB001 025 {0251 4 0.25 | ND 1 8 2 2 1 05 | ND | ND ND
E. colf NCTC12900 0425|0251 8 1 2 2 4 | wD| o1 2 2 ND 2 0.5
P. aeruginosa ATCCZ7853 05 | 051 05 |01251025] 025105105 (050068 [0125] 05 | 025 05
P. agruginosa ATCC 8721 05 | 2 10125| 025 102501250 ND | ND | 05 0425 025 | ND | 0125 0.25
P. agruginosa ATCCT0145 085 | 1 1025 05 {051 025 ND 2 2 104250 025 | ND | 05 | 025
P, asruginosa ATCCCAM-8027 | 025 | 0251 01425| 025 | 05 (012510251025 05 {01425 | 01251 ND 2 0.25
I pneumaoniag ATCC 4352 05 | 05 1 1012510250125 65 | ND L 05 (0425] 05 | 05 | 08 1

K. pneumonias ATCCBAA-1706 | 025 | 05 1 16 | 025 | 05 ] 025 006 ND | 05 | 025 | 025 | ND 1 0.25
K. preumoniae NCTC7427 0251 4 1 05 | 0061 2 (042510251 1 |05 006|025 ND | 025 | 0.25
K. preumoniae NCTC8172 05 | 4 | =32 | 2 132 ND =32 ND|»32 232 | 2 ND 4 1

A. bauimianii ATCC 19608 085 | 2 2 1 1 1025 | ND{ND | 16 10128 2 32 05 | 0.5
A. baurnannii ATCCBAA-747 025 | 2 1 »32 1 16 | ND 5 I ND |32 4 1 MDD 4 0.5
A, baumannii NCTC 13423 0.25 1 15 1 16 N 105 ] ND | 232 2 0.5 | HND Z 0.08
A. baumanniif NCTC7844 025 | 2 16 4 16 2 16 ;16 (232 4 4 MND 4 0.5

ND: not determined

SOYTLH/EINT OM

PYRTSO/TI6THDALDD



Table 4A. MIC Data for Additional Examples 15 1o 35 plus Examples 2, § and 14 {micrograms/miL)

- 45 .

STRAIN BB ; zzz:i; Cg;fﬁ S;f:zi 2 8 14 15 15 17 18 19 | a0
E.coli ATCC25522 i 1 2 2 2 2 2 2 37 8 0.5 1 4
E.coli NCTC2001 0.25 2 MO WD 2 8 4 2 NI NI ND ND N
Feoli NOTC12900 0.25 0.5 ND ND 8 8 4 2 ND N 4 N ND
E.coli ATCC700028 0.25 0.25 NI N 0.5 2 z 1 ND ND 0.25 NE ND
P aeruginosa ATCCZ7853 0.5 0.5 1 1 0.5 025 | 025 | 025 | 035 2 0,125 { 0.25 1
P.aeruginosa ATCC 10145 i 0.5 ND MD 1 .5 0.5 1 N ND 0.25 ND MDD
F.aeruginosa ATCCE7/21 0.125 05 ND ND 05 0125 1 025 | 0125 | ND ND ND ND ND
F.aeruginosa AATCCRM 8027 | 025 0.5 ND ND 4.5 G025 10125 1 0125 | ND ND 2 ND ND
Kpneumoniae ATCCA352 0.25 0.125 N 2 1 1 .5 0.5 8 8 0.5 2 >332
K pneumoniae NCTCr427 0.25 0.25 ND ND 05 | 0125 | 05 0.25 RO N 0125 ] ND ND
K pnaumoniae NCTCE172 1 0.2 ND ND 4 16 »32 4 ND ND >32 N ND
K preumonias ATCCBAA-1706 | ND NE N ND ND ND ND 0.5 ND ME 8 N3 ND)
Abavumanni ATCCT9606 0128 N 0.5 1 2 4 N 1 a2 4 1 16 »32
Abaumannii ATCCBAA-747 0.125 | 025 ND N 2 NE 0.5 8 ND NI 16 ND NI
Abaumannii NCTOT3428 <006 | <008 ND N 1 ND 0,125 4 MDD NI 4 N NI
A.baumannii NCTC7844 025 | 0125 ND ND 4 2 0.5 8 ND ND 8 ND ND

SOOTLH/ETHT OM

PY8TEO/TTOTED/ 104



T

STRAN 21 22 23 24 25 26 27 28 29 30 2t 32 33 34 35
E.coli ATOC25G22 32 4 0.5 p; 8 8 P 4 8 16 »32 8 >3 0.5 NI
E.coli NCTCS001 ND ND ND NE ND NI NI ND ND) N D MDD ND 8 ND
Ecoli NOTC12000 N WD ND ND ND N WD WD ND ND ND MD ND 8 ND
Epoli ATCOID0828 ND ND NI N MO ND ND WD 2 NG MDD ND ND ND ND
P asruginosa ATCCE27853 1 05 | 025 | 0125 4 4 0125 | <006 {0425 1 0125 | 025 1oa5 ] 05 | 01280 025
P.asruginosa ATCCI0145 NDY ND ND MO N ND ND ND 0.5 N WD ND ND 0.5 MD
P.agruginosa ATCCE721 N ND N N WD ND ND N 025 | ND NI ND ND O 025 7 ND
P.aeruginosa AATCCRM 8027 ND MDD N ND ND ND ND ND 0.5 ND ND KD MND 0.5 ND
K pneumoniae ATCC4352 32 8 05 o128 4 g 0125 1 925 1 05 1 0.5 4 4 1 1
K.pneumoniae NCTC7427 ND ND MDY MDD ND N NI M 0.5 M i NI ND 0.5 MO
K preumoniae NCTG8172 N ND N ND M NI NI ND | »32 NEY ND NI M >32 ND
K. preumoniae ATCCBAA-1706 | ND NI N MD ND NE ND ND NE ND ND ND N ND
A baumannii ATCC19606 >32 | =32 8 2 16 18 0.5 4 2 8 8 18 >32 1 2
A baumannii ATCCBAA-747 ND ND ND ND ND ND ND ND 1 ND M ND NEY 1 ND
Abaumanii NCTC13423 ND ND ME ME NED NEY WD ND 0.5 ND M MY ND L 025 | ND
Abaumanil NCTC7844 ND MD MO M NI N ND 2 ND W ND | OND 2 ND

N not determined

S69TLOETOT OM

PPRTSO/TTOTED/ LD
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The i vitro antibacterial activilies of the compounds of examples 2 and 6§ were evaluated

against a panel of 500 Gram-negative baclerial isolates alongsi

consisted of 100 dlinical isolates of each of A baumanni, E. coli. K preumonias and

——
OB L

olistin. Tha panel

P aeruginesa. The panel representad the current epidemiology in Europe and the USA and

included a number of relevant strains with defined resistant phenotypes 1o current dlinically-

used antlbacterial agents. These resistant strains included 20 A baumannii, 22 E. coli, 25 K.

prneurmoniae and 20 P, aerugincsa strains.

The resulis of the study are summarised in Table 4B, All compounds were issted up to a

maxirmum concentration of 84 yg/mi with the exception of colistin, which was evaluated up to

a maximum concentration of 16 pg/ml..

Table 48 - Summary of the MIC values {pg/mbL) of Examples 2 and 6, and Colistin

against a pansl of 408 Gram-negative clinical isclates and 108 Gram negative sirains of

defined resistant phenotypes

Range Range M e MEC 50 MICq W Cay
Example Organism Clinical Resistant Clirical Rasisiant Cilnical Resistant
isolates strains solates sirains isoiates shrains
A, haumanmii §.5-4 1-4 2 2 2 2
A £oool §.5-4 0.25-2 2 1 2 1
K. preumonias 1-16 T-=16 2 2 4 B
P. seruginoss 0.25-4 4.5-2 2 2 4 2
A, haurrahni 1.32 -4 4 4 8 4
. E. colf 1-18 .54 2 1 4 2
- K. pneumonias | 264 2564 B 8 32 2
P asruginosa 1-8 ek 2 Z 4 4
A, haumani 0.5->84 1-4 2 z 8
£ o §.12->64 0.06-4 2 0.5 &
6 K. prsumonias | 0.5-»04 1G4 >G4 =54 >84 =64
P. geruginosa 0.06-64 0.12-16 .25 0.5 g 8

in vivo efficacy against £ coff thigh infeciion in mice

The in vivo efficacy of 8 compounds of the invention (Examples 2, 4, 5, 8, 7,

Table 5.

8, 10, and 11)

was evaluated in a mouse thigh infection model of £ goll. The resulis are summarized in
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Groups of § female specific-pathogen-free CD-1 mice walighing 22 2 g were used. The
animals ware made neulropenic by infraperilonaal administration of cyclophosphamide on
days -4 {150 mg/kg) and -1 (100 mg/kg). On Day 0, animals were inoculated intramuscularty
with 10° CFUW/mouse of Escherichia colf isolate ATCC25822 into the right thigh. At 1 h, the
CFU count was determined from 5 mige 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, thare
werg two dose groups per test compound, 1.5 and 8 mg/kg BID, respectively. Examples 2, 4,
§, 86,7, 8, 10, 11 and polymyxin B were prepared in Normal Saline at 2 mg/ml and the solution
wag adjusied to pH 8-7 by addition of 0.1M H,50, or 4.2% NaHCO; as required. Twenty-Tour
hours after infection, the mice were suthanized humanely. The muscle of the right thigh of
gach animal was harvested, homogenized, seriaily diluted and plated on Brain Heart infusicn
agar + 0.5% charcoal (wlv) for CFU determination. Decrease of the tolal CFU of right thigh as
compared {o contrel counts at 24 hrs post-infection was determined for each dose group.

The compounds 2 and 6 at 10 myg/kg/day demonsirated an efficacy comparabie to that of

polymyxin B with over 3 logye reduction in bacterial counts.

Table 5. In vive Efficacy Yersus E. colf ATCC25922 Thigh infactions in Neutropenic Mice

Exampie No Total dally dosage Mean log.w CFU reduction vs.
{mafle) controd
. 3 258
Bolymyxin B 10 493
5 3 0.98°
10 4.48"°
3 N
4 10 0.82°
5 3 0.52
10 0.51
3 0.72°
8 10 3.38"
7 3 1.06
10 2.15
3 3 .53
10 .82
3 017
16 10 0.56
3 1.18
i 10 1.85

“mean values of § independent studies; "mean value of 2 independent studies,
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Additional studies on the in vive efficacy against E. colf thigh infection in mice
The in vivo efficacy of the compound of Example 14 was evaluated in 2 mouse thigh infection

model of £, cofl. using the methods desoribed in the examples above. The resull is

summarized in Table 5A In comparison with Polymyxin B,

Table S5A: in vive Efficacy Versus E. coli ATCC25822 Thigh infections in Neutropenic
Mice

Example No Total daily dosags | Mean logw OFU reduction vs.
{rglkg} conirol
Polymyxin B 5 8.75
' 10 4.87
3 0
i 10 4.05

Compoundsi4 at 10 mg/kg/day demonstrated an efficacy comparable to that of polymyxin B

with over 3 loges reduction in baclerial counts.

Additional studies on the in vive efficacy against Kiebsislia pneumoniae thigh infection

in mice

Using the same procedure as dascribed above, the in vive efficacy of three compounds of the
rvention (Examples 2,6, and 14) was evaiuaied in a mouse thigh infection model of Kigbsieliz
pneumoniae ATCCT0031, using Colistin { Polymyxin E) as comparator,  The resulis are
summarized v Table 5B, The compounds 2, § and 14 at 10 mglkg/day demonsirated an

efficacy comparable to that of Colistin with approx. 2 logse reduction in baclenal counts.

Table BB in vive efficacy versus K pneumonias ATCC10031 thigh infections in
neutropenic mice,

Example Total dally dosage Mean log, CFU reduction vs.
{mg/Ka) control
Colistin 10 2.80
2 16 2.22
& 10 1.62
14 16 2.30
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Fharmacokinetic and urinary clearance siudies

The pharmacokinetics and urinary clearance of 3 compournds (Examples 2, 4 and 8) of the

frvention and polymyxin B were svalualed in rats.

Drug solutions were prepared at 4 mg/mb in Normal Saline and the pH adjusted to 6-7 by
agdding the appropriate volume of (.1 M M50, or 4.2% NaHCO:. The solutlons wers filter-

sterilized and stored at -80°C befors use. On the day of the expsariment, drug solutions wers

dilutad o 1 mg/ml with sterile Normal Saline.

Groups of 3 male Sprague Dawiley rats were acclimatised for 2 minimum of 4 days before the
study. Rals were anesthetized using isofluorane and a cannula was inssried inio the juguiar
vein, Qne day afler surgery, rats were dosed with an infravenous bolus injection of the sclution
ai 1 mg/kg through the cannula, followed by washing with Normal Saline. Blood was collecied
manually through the cannula prior {0 administration of the compound and at 0.08, 0.25, 0.5, 1,
3, 8, 8 and 24 h thereafter, Plasma was harvesied by centrifugation immaediaiely after blood
collection. Twenty-four hour urine samples were collected prior io and afler administration of
the compound in 0-4 11, 4-6 h, and 6- 24 h intervals. Plasma and urine sampias were frozen at
2070,

Determination of the plasma and urine concentrations of the drug was performed by Liguid
Chromatography Mass Spectrometry {LC-MB/MS). Before analysis the plasma and urine
samples were preparad 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/mb of
internal standard. After centrifugation, supernatanis were iransferred 1o g 96-well plate and
diluted 111 with waler ready for analysis by LC-MS/MS. Urine samples were purified by solid-
phase extraction (SPE) on Qasis HLE cartridges (Walers, UK) eluting with 100% mathanol. An
aliguot was transierred to a 96 wsll plate and dilutsd 1.1 with water before addition of inferns!

standard solution, ready for analysis by LC-MES/MES,

Column: Kinetex 2.6 um XB-C18 80 x 2.1 mm

Mobile Phass A: Water + 0.15% TFA or 3.1% formic acid
Mohile Phase 8: Acetonitrile + (.158% TFA or §.1% formic acid
Fiow rate: .5 mi/min

Gradient:

Time 0 min 98% A 5% B

Time 1.20 min 5% A 95 % B

Time 1.50 min 5% A 85 % B

Time 1.51 min 98 % A 5% B
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Time 3.00 min 5% A 5% B
Cycle time 4.5 min
tnjection volume: 20 4k

The pharmacokinetic parameters were determined by non-compartmental analysis using
WinNonLin v8.3. The urinary recovery was recordad as the percentage of intact drug

recovered in the uring Tor the first 24 h affer injection.

Table § Pharmacokinetics of polymyxin B and PMBHN derivatives

Urinary
'iwz {:maz Aﬁa&-inf 1) Y
Example No recovery
{h} | {ng/mbl} | {nghefmb) | (mUhelkgl | (mbikg)
{% dose)
Polymyxin B | 1.94 1485 2372 424 1120 0.3
2 1.34 2404 4009 251 488 .5
4 1.33 2524 2033 482 640 3.9
& 0.56 3581 2819 366 289 8.9

Interestingly, all compounds show higher urinary recovery than polymyxin B. Previous studies
reported that polymyxin E (colistin} undergoes extensive renal tubular reabsorption {Li ef af.,
Antimicrob. Agents and Chemotherapy, 2003, 47(8), Yousef ef al., Antimicrob, Agenis and
Chemaotherapy, 2011, 85(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 nephrofoxicity potential.

fn vifro renat cell toxicity assay

The renat cell toxicity of the compounds was assessad in an 17 vitro assay using the HK-2 cell
fing, an immortalized proximal tubule cell line derived from a normal human kidney, The
endpoint o describe the foxicity of the compounds was the reduction of resazurin corrslating

with the metabolic activity of the calis.

Cells were cultured in 150 cm® flasks in 25 ml supplemented KSF (with 5 ngimi EGF and

50 pgiml BRE). Cells were maintained at 70% confluence with a maximum of 28 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 cells returmned to the incubsior. Affer

1 1o 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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8 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 calis/ml in fresh medium
supplemented with EGF and BPE. 7500 celis were dispensed in aach weall in 2 volume of
1600 and incubated at 37°C for 24 h.

Day 2: Test compounds werg preparaed directly into the mediz. Nine point concentrations ware
prepared from 1000 ug/iml to 1.85 pyg/mi. in two-Told dilutions it frash medium. The microtiter
plates were removed from the incubator and the media replaced with 100 pi of the dilutions of
the compound solution. Every set of concentration was done in riplicate, and positive and
negative confrols were added {0 gach plata. The plates wars then incubated for 24h at 37°C

with 5% CO, in a humidifiad atmosphere.

Pay 30 The reageni containing the resazurin {CeliTiter-Blue, Promega) was diluted in PBS
(1:4) and added at 20% (viv) to each well. The plates were then incubated at 37°C for 2h

bafore the fluorescent reduction product was detecied.
Meadia only background values were sublracted befors the data was analysed using
GraphPad Prism. Compound concentration values were plotied as log values 1o enable a

dose-response curve to be fitted and 1G5, values determined (Table 7).

Tabie 7: o5 Data for Polymyxin B and Exampies 2-14

Example No Hoso HK-2 calis {ugiml)®

Polymyxin B 11°
2 87
3 186
4 82
5 250
& 154
7 138
g 497
9 104
10 127
11 310
12 =500
13 168
14 G
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¢ Mean values of up fo 6 independent studies; ® Mean value of 18 independent studies.

Additional studies on the in vilro renal cell toxicity assay

The renal cell toxicity of the additional example compounds was assessed in an /n vilro assay
using the HK-2 cell as described in the example above, The |G, values for these compounds
are set out in Table 7A below. For comparison, the renal cell toxicity Colistin, and CB182,804

{compound § in WO2(M0/075418) and NAB739 weare alsc assessed..

Table TA! IC;, Data for Colistin and Examples 15-358

Example No o HIK-Z cells {pgfml)
Colistin 28*
CB182,804 22
NAB739 TFA salt 176
15 133
16 1000°
17 84
18 500
18 157¢
22 5060°
23 17
24 i
25 277
28 128
27 118
<8 108
29 82
30 133
31 93
32 500
33 1000°
34 86
35 82

* Mean values of up to § independent studies; “sclubiiity issues noted at top concentration
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Additional studies on i vive nephrotoxicity

A model of naphrotoxicity of polymyxins {adapted from Yousef et al., Antimicrob. Agents
Chemother., 2011, 55 (81 4044-4040) was established in rats. The compounds of exanples
2, &, and 14 were examined in the modei and compared to Colistin {in its sulphate form).
After one week acclimalisation, male Sprague-Dawley rats wers surgically prepared with a
juguiar cannulg and were housed individually, as required, sither in pre-assigned housing
cages or metabolic cages. Celistin and the example compounds wars prepared in saling,
Compounds were introduced via the jugular canula twice a day 7 hours apart for sevan days.
Each dose was increased progressively for thres days up to the top dose that was then
administered until termination of the study. Twenty-four hour urine coliection (on ice) was

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

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

Day 1 Day 2 Day 3 Day 4 to
Dose regimens Bay 7 or Day 10
am. | gm. | oanm. | pm | &M | pam. | am. oL,
2 myg/kg bid 0.25 GhH | 0825 0825 | 0878 | 1.375 2 2
8 mg/kg bid i 2 2.5 2.5 3.5 55 & a8

The activity in uring of the N-acetyl-beta-D-glucosaminidase (NAG) was determined
spacirophotometrically using the NAG assay kit from Roche Applied Science. Biomarkers of
Kidney injury wers dstermined using the Kidney Injury Fansl i from the Multi-Spot® Assay
System (Meso Scale Discovery).

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

maximum concentration of 2mg/kg.

Figure 1 shows the concentration of NAG {ng/24 h) at days 0, 4 and 7 for compounds 2, §, and
14 and Colistin. The left-hand graph shows from left to right Colistin (2 mg/kg BID), Colistin
(8 mg/kg BID}, compound 2 (& mg/kg BID) and € (8 mglkg BID). The right-hand graph shows
Colistin {2 mg/kg BID), Colistin (8 ma/kg BiD) and compound 14 (8 ma/kg BID).

Figure 2 shows the concentration of albumin (ng/24 h) at days 0, 4 and 7 for compounds 2, 8,

and 14 and Colistin, The lefi-hand graph shows from tefi to right Colistin (2 mglkg BID,
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A

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

Figure 3 shows the concentration of cystatin C (ng/24 b)Y at days 0, 4 and 7 for compounds 2,
8, and 14 and Colistin. The left-hand graph shows from left to right Colistin (2 mgfkg BID),
Colistin (8 mg/kg BID}, compound 2 (8 mgfkg 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 my/kg BID)
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Claims
1. A compound of the formuta (1):
NH,
H
N R1
0 R* HN
~x7 N <0 T 077 NH
E- o )
R “OH O R?
NH
o NHH HN
‘J\/N l NH,
RS I]J/\L
NH,,
wherein;

X . represents an —C{O}—, —NHC(O)—, ——OC(O)—, —CH— or —S0—; and

R’ together with tha carbonyl group and nitrogen alpha to the carbon to which it is
attached, represents a phenylalaning, leucine or valine residue;

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

R® together with the carbonyl group and nitrogen alpha to the carbon to which it is

attached, represents a threonine or leucine residue;

R together with the carbony! group and nitrogen alpha {o the carbon to which it is
atiached, represents an a,y-diaminobutyric acid or serine residug;

RS represents a group (a) to (g), where:

{(a) is Cp.12 alkyl{Csg cycloalkyl) and Cy.qz alkyt is selected from the group consisting of
methyl, ethyl, n~propyl, iso-propyl, butyl, n-butyl and fert-buiyi, wherein the alkyl or
the cycloalkyl is substituted with (f) one, two or three hydroxyl groups, or (i} one —

NRER7 group, or {iii) one —NR®R’ group and one or two hydroxy! groups;
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(b} is Chipalkyt, wherein the alkyl is substituted with (i) one, two or three hydroxyl
groups, or (i) one —NR®R’ group at a terminal of the alkyl chain, or {iily one —NR'R’

group and two hydroxyl groups;
(c) is Co.z alkyl{Cuq heterocyclyl);

(d)is Cypcycloalkyl, and the cycloalkyl is substituted with (i) one, two or thres

hydroxy! groups, or (i) one —N°R’ group and one or two hydroxyl groups;

(e) is Caqzalkyl, such as Cyqoalkyl, wherein the alkyl is substituted with one —NRSR?
group and one hydroxy! group;

(F)is Cg.12alkyl substituted with one —NR®R’ group; and
(g) is Cscyloalkyl substituted with one —NR°R’ group;
RS represents hydrogen or Cq.4 alkyl; and
R’ reprasents hydrogen or Cyalkyl,
R® represents methyi or hydrogsn, or
a prodrug thersof, and/or
a pharmaceutically acceptable salt thersof.

2. A compound of formula (1) according to claim 1 where R together with the carbonyl
group and nitrogen alpha to the carbon to which it is attached represents a phenylatanine
residue.

3. A compound of formula {I) according to claim 2 where the phenylalanine is D-
nhenylalanine,

4, A compound of formuia (1) according to claim 1 where R together with the carbonyl

group and nitrogen alpha to the carbon to which it is attached represents a leucing residue.

5. A compound of formula (1) according to claim 1 where R®together with the carbonyl
group and nitrogen alpha to the carbon 1o which it is attached represents a threonine
residue.

8. A compound of formula (1) according o claim 1 where R* fogether with the carbonyl
group and nitrogen alpha to the carbon to which it is attached represents an a,y-

diaminobutyric acid residuse,
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A compound of formuta (1) according to claim 1 wherein R®is hydrogen or methyl,
A compound of formula (1) according to claim 1 wherein R is hydrogen or methyl.
A compound of formula (1) according to claim 1 where X is —C{O)—.
A compound according fo claim 1 selected from the group consisting of:

2-Hydroxyactanoyl polymyxin B nonapeptids;
3-Aminopropanoy! polymyxin B nonapeptide;

3-[N, N-Dimethylaminc}-propanoy! polymyxin B nonapeptide;
4-Amincbutanoy! polymyxin B nenapeptids;
B-Aminohexanoyl polymyxin B nonapeptide;
8—Hydroxyoctan{)y! polymyxin B nonapeptide;
8-Aminooctancyi polymyxin B nonapeptide;
3-{N-Methylaminc)propanoyl polvmyxin B nonapeptide;
2-Amino cyclopentane carbonyl polymyxin B nonapeptide;
3-Amincpropanoyl colistin (polymyxin E} nonapeptide;
3~Pyrrc>lidine-3~carbbny% polymyxin B nonapaptide;
3-Amino-3-cyclohexanepropanoyl polymyxin B nonapeptide;
8-Aminopentanoyl polymyxin B nonapeplide;
3-Hydroxyoctanoyt polymyxin B nonapeptide;
4-{N,N-dimethylamino}-butanoy! polymyxin B nonapeptide;

7-Aminchepianoy! polymyxin B nonapeptide;

-4-Morpholinylbutanoy! polymyxin B nonapeptide;

6-Hydraxyvhexanoyl polymyxin B nonapepiide;

S-MHydrexybutanoy! polymyxin B nonapeptide;

4-{N-methylamino)-butanoyl polymyxin B nonapeptide;

4-Amincbutanay! polymyxin E nonapeptide;

2-Hydroxyoctanoyl polymyxin E nonapeptide;
4-Amino-b-methyihexanoy! polymyxin B nonapeptids;
3-(1-Pyrrofidin-2-yl)-propionyl polymyxin B nonapeplids;
trans-4-Hydroxycyciohexanecarbonyl polymyxin B nonapeptide;

3-Hydroxypropanoy! polymyxin B nonapeplide;
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(2-Hydroxy-2-cyciohexyllethanoyl polymyxin B nonapeptide;
2-Amino octanoyl polymyxin B nonapeptide; and

a pharmaceutically acceptable salt thereof.

11, A pharmaceutical composition comprising a compound of formula (1} or a
pharmacsutically acceptable salt thereof as defined in claim 1 together with a

pharmaceutically acceptable carrier.

12. A compound according to claim 1 wherein R®is Cyaz alkyl(Csg cycloalkyl) and Co.z
alkyl is selected from the group consisting of methyt, ethyi, n-propyl, iso-propyl, butyl, n-butyl
and tert-butyl, wherein the alkyl or the cycloalkyl is subsiituied With {i) one, two or three
hydroxy! groups, or (i} one —NR®R’ group, or {iii) one —NR°R’ group and one or two
hydroxyl groups.

13. A compound according to claim 1 wherein R%is Co.12 alkyl{Cag cycloalkyl) wherein the

alkyl or the cycloalkyl is substituted with one —NR°R’ group.
14. A compound according to claim 1 wherein the Cy4 cycioaikyl is Cz or Cg cycioalkyl.

15. A compound accarding fo claim 1 wherein R is Ca..p alkyl wherein the alkyl is
substituted with (i) one, two or three hydroxyl groups, or (il) a —NR®R’group at a terminal of

the alky! chain, or (iil) cne —NRR’ group and two hydroxy groups.

16, A compound according to claim 15, wherein R%is Cpiz alkyl is substituted with a —

NR°R’ group at a terminal of the alky! chain.

17. A compound according to claim 15 wherein R®is Cy.qz alkyi is substituted with one,

two or three hydroxyl groups.
18. A compound according to claim 1, wherein R%is Cy.1p alkyl(Ca.s heterocyciyl).

19. A compound according to claim 1, wherein. R?is Cs.4cycloalkyl, and the cycloalkyl is
substituted with (i) one, two or three hydroxyl groups, or (i) one —NR°R’ group and one or

two hydroxyl groups.

20. A compound according o claim 1 wherein RSis Cyun alkyl, wherein the alkyi is

substituted with one —NRPR’ group and one hydroxyl group.

21. A compound _according to claim 1, wherein R%is Cgaz alkyl substituted with one —
NR°R group.
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22. A compound according to claim 1, wherein R” is Cs cycloalky! substituted with one —
NRER group.

23. A compound of formula (1) according to claim 1 wherein R"is methyl.



