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AND USES THEREOF TECHNICAL FIELD The present invention relates to polymyxin
derivative§ 8_590%98%%?”60“ in the '[.reatmgnt of infectiqns caused py q@%%%{’igﬁ%ggagteria. The
5polymyxin derivatives of the present invention are especially useful in sensitiz- ing bacteria to
enhance the effects of other antibacterial agents. BACKGROUND Sepsis kills more than
215,000 Americans each year. It is estimated that 756,000 Americans are infected with severe sepsis
and 29% of them die 10 from it each year. Sepsis deaths make 9% of all death cases in the U.S.
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Two to three million Americans acquire a hospital infection each year and 10% of these infections
progress to sepsisTREHNIAL BIEDDO of 15 these patients die from sepsis infected in hospitals.
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serious infections %Hse by those bacteria, but because of the toxi their use was largely

abandoned in the 70's Whenrgewer, be’%er tolerated aﬁgtibiotics were develog_?d. The recent emergence

of multiresistant strains of G ﬁw%@&% LBERCraase YREE AlILRAAHE IRANASSHERL (e of
polymyxins as the THBttRisel pafegifererisRapes iR SePalsdshasipo Pt Sy esaluEm aBftics have
already lost their eff#etivendssaagetinstiisattichisr Stcadmsant thet dJeddtbbeterise tiramsesafgeelymyxins has

again increassl. Anesyshegie priys BedRHRAYRMevhecAlseaRbafsosiNavasTanadlical de-
vicas and aggressive procedures has increased.

Gram-negative bacteria cause more than 40% of all septicemic in-
fections and many of the Gram-negative bacteria are extremely multiresistant.
Gram-negative bacteria provide a harder challenge in therapy than Gram-

30 positives, as they possess a unique structure, the outer membrane, as their
outermost structure. Lipopolysaccharide molecules located on the outer mem-
brane inhibit the diffusion of many antibacterial agenis deeper into the cell,
whete their ultimate targefs are located. More than 856% of the novel antibacte-
rial agents isolated from nature or chemically synthesized in 1872-1991 lacked

36  aclivity against Gram-negatives (Vaara 1893).



20 arsenal, although, due to their toxicity, on a very limited scale. Their systemic (i.e. non-topical) use
is, however, largely restricted to the therapy of life-threatening infections caused by multiply resistant
strains of Ps“%e{%?}g?%g??and A. baumannii as well as by carbapenem-rels)g%mt enteric bacteria. 3

Polymyxins cons ﬁcyclic heptapeptide part and a linear part consisting 3%’?%“’8%‘5}3% portion and

a hydrophobic fatty add tail linked to the a-amino gl’Olﬁ of the N-terminal amino acid residue of the
tripeptide and may be represented by the general formula: 5 mEt7 - MRS (0116eiR9 (5)115(10)1210\/
(4)124 1 (3 (2)R2 nil4l. 1 R(FA) wherein R1-R3 represent the tripeptide side chain portion;

;\’]4-R10 the heptapeptide ringhRaiARsa4E g@mgwwmé@%ﬁm@@gj@y@g@&gm linked to
€ a-amino grou < r . Xin grou
includes the ?ouov%?%fpﬁ? yn%ﬁ é?ﬁ{g/ifi/%} 9@?%%3 PLS} olyrn %ﬁﬁ %@g%ﬁ%ﬁsg %5 %HI?EZ I\/(\IJ Pllf,J
P2,S,and T (Storﬁpetdaﬂj.}éf%}’?;r@ﬁw\%’s%{"éw& PERM gﬂ%l’gﬁ R WRIEBEH H5 W0000lyca- 15
tionic and possess TRETEIBosHEE 88 PYVEYIIM Endexdepmeeride Aikisticspl & BeY 3"hich
possess four (8) pouitdecotien ¢l anvhoadu vesitiesl THxnnawelifiactasisiial\aid stpecialik ¢he fatty acid
part R(FA) but carfgdive Bjairaa Gramaagiiiie batbpositvetrcha @ hdnenig esipare dtwiipaatural
polymyxins they defbé R cbdetsAdE=i e DinG SEo MR bbbl UL B tvatve. 20
ccordingly, for e r [ri ositive
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Also circulin AGindPeearss pidighiceyaiepiaiexiplins (Storm et al. 1977). They differ from other
polymyxins only in carrying Rolletisinee bikee heeheupeditioriiR7thenapg asf ctbdoyso pdeglions have either
threonyl or leucy! resided by tthessabbpeeiliobul-bsciusy FView 10kidig, Stheptwkrs whs eangsRolymyxins,
see Table 1. abandoned in the 70's when newer, better tolerated antibictics were devel-

oped. The recent emergence of multiresistant strains of Gram-negstive bacte-

16 nra has necessitated the therapeutic use of polymyxins as the last resort, in

spite of their toxfcity, and as many of the less toxic antibiotics have already lost

their effectiveness against partfcular sfrains of the said bacteria, the use of po-

lymyxins has again increased.

Accordingly, polymyxins have now been recalled to the therapeutic .
20  arsenal, although, due to their toxicity, on a very limited scale. Their systemic

{i.e. non-topical) use is, however, largely restricted to the therapy of life-

threatening infections caused by muliiply resistant strains of Ps. aeruginosa

and A. baumannii as well as by carbapenem-resistant enteric bacteria.



Table 1. The structure of selected polymyxins and octapeptin as well as selected derivatives thereof
Compound R(FA) R1 R2 R3 R4 R5 R6 R7 R6 R9 R10 Polymyxm B MO(H)A- Dab- Thr- Dab- 'Dab-

Dab- D Phegl i DaR;Rab "Thr PCT/FI2009/050093

Palymyxins consist of a cyglic heptapeptide part and a linear part
consisting of a tripeptide portion and a hydrophobic fatty acid tail linked to the
a-amino group of the N-terminal amino acid residue of the tripeptide and may
be represenied by the general formula:
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wherein R1-R3 represent the tripeptide side chain portion; R4-R10
the heptapeptide ring portion and R(FA) represents the hydrophobic fatty acid
10 tail linked to the a-aminc group of the N4erminal amino acid residue of the
tripeptide.
The polymyxin group includes the following polymyxins: A1, A2, B1-
B6, IL-polymyxin B1, C, D1, D2, E1, E2, F, K1, K2, M, P1, P2, 8, and T (Storm
et al. 1977, Srinivasa and Ramachandran 1879). All polymyxins are polyca-
16 fionic and possess five (&) posifive charges, with the exception of polymyxin D,
F, and S which possess four (4) positive charges. it should be noted that modi-
fiad polymyxins that lack the faily acid part R{FA) but carry R1-R10 have one
additional positive charge when compared {o the natural polymyxins they de-
rived from, due to ihe free a-aminc group in the N-terminus of the derivative.
20  Accordingly, for example, such a derivative of polymyxin B or polymyxin E car-
ries six (8) positive charges in total.
The clinically used polymyxin B and polymyxin E differ from each
other only in the residue R6, which is D-phenylalanyl residue in polymyxin B
and D-leucyl residue in polymyxin E.



Collstin (polymyxin E) MO(H)A- Dab- Thr- Dab- Da Dab- D Lou- Lou- Dab Dab *Thr Colistin
sulphomethate MO(H)A- sm-Dab. ThE sm-Dab- Dab- Sm-Dab- D Lou- Lou- srm-Dab- sm-Dab- "Thr
Polymyxin A

Also ciredlin A and B are classified as polymyxins (Storm et al.
1977). They differ from other polymyxins only in carrying isoleucyl residue in
the position R7 whereas other polymyxins have either threonyl or leucyl
residue in the said position. For an overview of the structures of some

5 polymyxins, see Table 1.
Table 1. The structure of selected polymyxins and octapeptin as well as
selected derivatives thereof
Compound R{FA) R R2 R3 R4 RE R& R7 R8 Rg R0
Polymyxia B MO(H)A- Dab- Thr- Dab- *Dab- Dab- B Phe- Leu- Dak Dab *Thr
Cotlistin {(polymyxin E} MO(H)IA- [ah- Fhwr- Dah- *Dab- Dab- Dien- Leu- Dab Dab *Thr
Ceolistin sulphomethate MO{H)A- sm-Dab- Thr~ siv-Dab- ‘Dakb- Sm-bab- D Leu- Leu- sm--Dab- spDake “Thr
Polymyxin A MO{H}A- Dab- Thr- O Dab- *Dab- BDab- D Leu- Thr- Bab Dab *Thr
Polymyxin M MQA Dab- Thr- Dak- “Pab- Bab- D Let- Thr- Daby Dab *Thr
Palymyxin B MO(H}A- Dab- Thr- D-Ser- “Dai- Dab- D Leu- Thy- Dahb Dah *Thr
Chreutin A MOA Bab- Thr- {xab- *Dab- Pab- [ ey~ le- Dabr Dab *Thr
Qctapeptin A OHMDA - en Dab- *Dab- Dab- 0 Leu- Leu- Dah Dab ieu
Deacylcolistin (DAC) Dai- The- bab- *Dah- Dak- b Lau- Leu- Dab Dab “Thr
Polymyxin £ nonapeptide (PMEN) Fhe- Bab- *Dab- Daiy- O-Leu- Leu- Cab Gab *The
. Deacylpolymyxin B (DAPB) Dab- Thr. Dab- *Dab- Dab- D Phe- Leu- Dab Dab *Thr
Polymyxin B nonapeptide {PMBN) Thr- Cab- *Dab-~ Dab- D Phe- Leu- Dab Dab *Thr
Polymyxin B octapeptide (PMBOj Dab- *Dab- Dab- D Phe- Leu- Dab Dab *Thr
Polymyxin B heptapeptide (PMHP) *Dah- Dah- D Phe- Leu- [3ah Bab *Thr




MO(H)A- Dab- Thr- D Dab- Dab- Dab- D Lou- Thr- Dab Dab "Thr Polytnyxin M MOA Dab.- Thr- Dab-
Dab Dab- D Lou- TM- Dab Dab™Ttw Polymyxin D MO(H)A-

WO 2009/098357 PCT/FIZ009/056093

Polymyxin B is represented by the following formuia:
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Commercially available polymyxin B is a mixture, where R-FA is

5 predominantly 6-methyloctanoyl (6-MOA, in polymyxin B1) but may alsc be a

related fatty acyl such as 6-methylheptanoyl (6-MHA, in polymyxin B2}, oc-

tanoyl {in polymyxin B3), or heptanoyl (polymyxin B4) (Sakura ef al. 2004). All

these variants are equally potent against Gram-negatives such as E. colf (Sa-

kura et al. 2004), Quite analogously, in polymyxin E1 {colistin A} and in circulin

10 A the R-FA is 6-MOA and in polymyxin E2 (colistin B) and in circulin B the R-

FA is 6-MHA. Numerous researchers have attached various hydrophabic moie-

fies including various fatly acy! residues to the N-terminus of polymyxin derive-

tives and analogues and have shown that the resulfing derivatives have potent

antibacterial activity (Chihara ef al. 1973, Sakura el al. 2004 and in US patent

15 publication 2006004185, Even the derivative that carries the bulky hydrophobic

g-fluorenyimethoxycarbonyl residue as the R-FA is almost as potent as po-

lymyxin B in inhibiting the growth of E. coli and other Gram-negative bacteria
(Tsubery et al. 2001).

For biological activity the heptapeptide ring structure is essential

20 {(Storm ef al. 1897). A derivative with an octapeptide ring is significantly less
active as an antibiotic.



Dab- Thr- D-Ser- *Dab- Dab- D Lou- Thr- Dab Dab 'Thr Circulln A MCA Dab- ThE Dab- *Dab- Dab- D
Lou- He- Dab Dab *Thr Octapeptin A OHMDA

Multiple modifications of polymyxins and multiple polymyxin-like
synthetic molecules have been made, and with certain limits they have
preserved their biological activity. The modifications comprise but are not
limited to those in the side chain, as well as molecules in which an inherent

5  hydrophobic amino acid residue (such as DPhe or Leu) has been replaced with
another hydrophobic amino acid residue or in which the cationic Dab has been
replaced with another cationic amino acyl residue, such as Lys, Arg, or
ornithine residue (Storm et al. 1997, Tsubery ef al. 2000a, Tsubery et al. 2002,
US patent publication 2004082505, Sakura et al. 2004, US patent publication

10 2006004185).

Other modifications that result in microbiologically at least partially
active compounds comprise but are not limited fo alkanoyl esters where the
OH-groups of the threonyl residues form esters with alkanoyls such as
propionyl and butyryt (US Patent 3,450,687). '

15 Octapeptins are closely related to polymyxins but have a covalent
bond instead of the residues R1-R2 (Table 1). In this invention, the R positions
are numbered according to those in the natural polymyxins and thus the only
amino acyl residue in the side chain of octapeptins is defined as R3.
Accordingly, octapeptins are octapeptides whereas all natural polymyxins are

20 decapeptides, and they possess only four (4) positive charges. The R-FA
residues among various octapeptins (A1, A2, A3, B1, B2, B3, C1} include the
following: 3-OH-8-methyldecanoic acid, 3-OH-8-methylnonanoic acid, and -
OH-8-methyloctanoic acid. Derivatives that possess a fatty acy! residue with 6
to 18 carbon atoms have a potent antibacterial activity against £. coli (Storm et

25 al 1977).

The first target of polymyxins in Gram-negative bacteria is their
outer membrane (OM) that is an effective permeability barrier against many
noxious agents including large (Mw more than 700 d) antibiotics as well as
hydrophebic antibiotics. By binding to the lipopolysaccharide (LPS) molecules

30 exposed on the outer surface of the OM, polymyxins damage the structure and
function of the OM and, as a result, permeabilize (i.e. make permeable) the
OM to polymyxin itself, as well as to many other noxious agents (Nikaido and
Vaara 1985, Vaara 1992, Nikaido 2003). The final and lethal target (the
bactericidal target) of polymyxins is believed to be the cytoplasmic membrane

35 (the inner membrane) of bacteria.



Dab- Dab- Dab- D Lou- Lau- Dab Dab Lou Deacylcolistin (DAC) Dab- Thr- Dab- *Dab- Dab- D Lau-
Lou- Dab Dab "Thr Polymyxin E nonapeptide (PMEN) Thr-

WO 2009/098357 PCEH/FR2009/050093

Numerous efforts have been made to reduce the toxiclty of polymyx-
ins. The treatment of polymyxin E (colistin) with formaldehyde and sodium bi-
sulfite yields colistin sulphomethate, in which the free amino groups of the five
diaminobutyric acid residues have partially been substituted by sulphomethyl

§ groups (Table 1). The preparations consist of undefined mixtures of the mono-,
di-, tri-, tetra-, and penta-substituted compounds. The sulphomethylated prepa-
rations, when freshly dissolved in water, initially lack both the antibacterial ac-
tivity and fexicity of the parent molecule, but when the compounds start de-
compasing in the solution, in the blood or in the tissues to yield less substituted

10 derivatives and free colistin, both the antibacterial activity and the toxicity are
partially brought back. Furthermore, the degree of initial sulphomethyiation ap-
parently varies between the commercially available pharmaceutical prepara-
tions. Many other ways to block all the free amino groups have been pub-
lished. Examples comprise but are not limited to the formation of unstable
16  Schiff bases with amino acids (Storm ef al. 1977).

Polymyxin E nonapeptide (FMEN, colistin nonapeptide, Table 1),
obtained by treating polymyxin E enzymaticaily and lacking the R-FA and R1,
was shown in 1873 10 be less toxic than the parent compound in acute toxicity
assay (immediate death presumably due o direct neuromuscular blockade) in

20  mice (Chihara ef al. 1973). However, it also lacked the anfibacterial activity, as
measured as its ability to irthibit bacterial growth (Chirara et al. 1973). The role
of the linear part may contribute {o the antibacteriat activity of the polymyxins.

Vaara and Vaara, on the other hand, showed, that polymyxin B
nonapeptide (PMBN, Table 1) retains the ability o permesbilize the OM of

25 Gram-negative bacteria {Vaara and Vaara 1983a,b,c; US Patent 4,510,132;
Vaara 1992). Accordingly, even though it lacks the direct antibacterial activity
(i.e. the ability to inhibit bacterial growth), it is abie to sensitize (i.e. make sensi-
tive or, as alsc termed, make susceptible) the bacteria o many antibacterial
agents such as hydrophobic antibiotics as well as large antibiotics and some
30 other noxious agents.

PMBN also sensitizes bacteria to the bactericidal activity of the hu-
man complement system, present in fresh human serum as a first-line defence
system against invaders (Vaara and Vaara 1983a, Vaara ef al. 1984, Veara
1992), Furthermore, it sensitizes the bacteria to the joint bactericidal activity of

35 serum complement and human polymorphonuciear white cells (Rose ef al.
1999).



Dab- *Dab- Dab- D-Lau- Lou- Dab Dab 'Thr Deacylpolymyxin B (DAPB) Dab- Thr. Dab- "Dab- Dab- D
Phe- Lou- Dab Dab *Thr Polymyxin B nonapeptide (MORN) Thr- Dab-

WO 2009/098357 PCT/FR2009/050093

PMBN resembles PMEN in being less toxic in the acute toxicity as-
say in mice than unmodified polymyxins. In further toxicclogical assays, sev-
eral criteria proved PBMN to be less toxic than its parent compound, but this
polymyxin derivative was still judged to be oo nephrotoxic for clinical use

§ (Vaara 1992).

PMBN carries five (8) positive charges. Subseguent studies re-
veazled, quite expectedly, that PMEN, aiso carrying five (8) positive charges as
well as deacylpolymyxin B and deacylpolymyxin E, both carrying six (6) posi-
five charges are potent agents to sensilize bacteria lo other antibiotics (Vil-

10 janen ef al. 1991, Vaara 1992). In addition, it has been shown that a structur-
ally further reduced derivative polymyxin B octapeptide (PMBO) retains a very
effective permeabilizing activity while polymyxin B heptapeptide (PMBH) is less
active (Kimura ef al. 1882). PMBN, PMEN and PMBO have five {5) positive
charges while PMBH has only four {(4) positive charges. This difference may

16 explain the weaker activity of PMBH.

The group of Ofek, Tsubery and Friedkin recently described po-
lymyxin-fike peptides that wera linked o chemotactic peptides, such as fMLF,
that attract polymorphonuclear leucooytes (US patent publication 20040825085,
Tsubery ef al 2005). They described peptides fMLF-PMBN, MLF-PMBN,

20 fMLF-PMEN, fMLF-PMBO and MLF-PMBO, all carrying four (4) positive
charges, that sensitize Gram-negative bacteria o antibiotics, even though no
comparative studies with increasing concentrations of the compounds were
published (Tsubery of al. 2005).

In order to study the sfructures and functional properties of polymyx-

25 ins, a few works have disclosed, among other compounds, polymyxin deriva-
tives having less than four (4) positive charges.

Teuber (1970} has described the treatment of polymyxin B with ace-
tic anhydride that vields a preparation containing polymyxin B as well as its
mono-, di-, tri-, tetra-, and penta-N-acetylated forms. Teuber also separated

30 each group and nonquantitatively reported using an agar diffusion assay that
penta-acetylated and tefra-acetylated forms lacked the ability te halt the growth
of Salmonella typhimurium, whereas di- and monoacetylated forms did have
such ability. Triacetylated form had some ability.

Srinivasa and Ramachandran (1878) isolated partially formylated

35 polymyxin B derivatives and showed that a diformy! derivative as well as a tri-
formyl derivative inhibited the growth of Pseudomonas aeruginosa. They did



"Dab- Dab- D Phe. Lou- Dab Dab *Thr Polymyxin B octapeptide (PMBO) Dab- 'Dab- Dab- D Phe-
Leu- Dab Dab *Thr Polyrnyxin B heptapeptide (PMHP) Dab-

not disclose the compounds' ability fo sensitize bacteria to antibiotics. Fur-
thermore, in 1980 they showed that the free amino groups of Hiformyl-
- polymyxin B in tesidues R1 and R3, as well as the free amino groups of difor-
mylpolymyxin B in residues R1, R3, and R5 are essential while the free amino

5 groups in R8 and RY are not essential for the growth inhibition (Siinivasa and
Ramachandran, 1880a)}. -

A shortened polymyxin B derivative octanoy! polymyxin B heptapep-
fide has been disclosed by Sakura ef al. (2004). The attachment of the oc-
tanoyl residue to the N-terminus of the residue R4 of the polymyxin B hep-

10 - tapeptfide results in a compound having only three (3) positive charges. Sakura
et al. found that octanoyl polymyxin B heptapeptide inhibits the growth of bac-
teria only at a very high concentration (128 pg/ml), whereas the other deriva-

 tives such as octanoyl polymyxin B octapeplide and octanoyt polymyxin B.
nonapeplide, both having four charges (4) were vety potent agenis {o inhibit

15  bacterial growth.

US patent publication 2006004185 recently disclosed certain po-
lymyxin derivatives and intermediates that can be Used fo synthesize new pep-
fide antibiotics. The antibacterial compounds described possessed four {(4) or
five (5) positive charges.

20 Furthermore, closely related polymyxin B and polymyxin B¢ com-
pounds have afsc been disclosed by Okimura ef af. (2007) and de Visser ef al.
{2003), Okimura ef al. have studied the chemical conversion of natural po-
lymyxin B and colistin to their N-terminal derivatives and de Visser of /. have
studied solid-phase synthesis of polymyxin B and analogues via 2 safety-

25 catch approach. The antibacterial compounds described in these works pns-
sessed four (4) or five (5) positive charges.

There is still an urgent need for polymyxin derivatives, whlch sensi-
tize bacteria to enhance the effects of other antibacterial agents, for effective:
freatments for bacterial infecfions, in particular for the infactions caused by

30 multiresistant Gram-hegative bacteria.

SUMMARY
The present disciosure relates to a polymyxin derivative wherein the
total number of positive charges at physiological pM is three and wherein the
detivative has a falty acid tail (i.e., R{FA) or D) comprising 1 to 5 carbon at-
35 oms. it has been found that certain polymyxin derivatives of the disclosure hav-



Dab- D Phe- Lau- Dab Dab Mlir 5 Polyrnyxin B is represented by the following formula: mLeu - opab+
(9)nabf opPlite (10)Thr / (IPA lab+ (2)Thr upab+ NEHA/MOA Commercially available polymyxin B is a
mixture, where R-FA is 5 predominantly 6-methyloctanoyl (6-MOA, in polymyxin Bl) but may also be a
~ related fatty acyl such as 6-methylheptanoyl (6-MHA, in polymyxin B2), octanoyl (in polymyxin B3), or
heptanoyl (polymyxin B4) (Sakura et al. 2004). All thege variants are equally potent against
Gram-negatives such as E. colt (Sakura at at 2004). Quite analogously, in polymyxin El (colistin A) and
in circulin 10 A the R-F xin E2 (colistin B) and in cjrculin B the R-FA is
6-ME-IA. Numerous“?% r@ﬁS% ?’%%%aﬁg'ﬂ? Ar8pYo &%ﬁb@ﬁﬁ@fﬁ’ém Garious fatty
acyl residues to the KeRSFARH G8 S?@BW ﬁ\%ﬂ@?‘% oansgtins aRR PRVEYEHbLAR that the
resulting derivativesMaipepwitleagriighyacd B Rpramasatiasarhamsaskliagls etwer004 and in US
patent 15 publicatiofie2 6@ bebaBver iméeddnviatiger thrrtonhati $fth dnbrekseliyanaptietric .
9-fluorenylmethoxycmeap aptiisditiezasdtbinBaadsvalnost as potent as polympdn B in inhibiting the
growth of E. coil and otherHe rsaenegativehasirsias( Bslaernatal.t2 @63 jayxin deriviror biological activity
the heptapeptide rlrggrmgmg sential 20 (Storm at at 1997). A derivative with an octapeptide ring
is significantly less active as an an bIOtIC 6
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A is a polymyxin ring moiety;
D is a terminal moisty comprising 1 o 5 carbon atoms;
m’, m?, and m® are each independentiy 0 or 1;

@', @ and Q® are each independently CHz, C=0, or C=S;

W', W2 and W* are each independently NR*, O, or S:

R", R, and R¥ are each independently side chains of natural or
unnatural amino acids, alkkyl, alkenyl, alkyl, arylalkyl, aryl, alkoxy, alkoxycar-
'bonyi, aryioxycarbonyl, alkylamino, or alkynyl; and

R* is hydrogen or alkyl,
and pharmaceuiicaliy acceptabie pmdrugs and salts thereof, provided that (1)
when A is an octapeptin ring, m’ and m® are 0, m® is 1, W® is NH, @° is C=0,
and R is the side chain of diaminabutyric acid (Dab), then D is not Co-Cs acyl,
and (2) when D is acetyl, butanoyl or pentanoyl then R¥ is not the side chain
of Dab.

in one aspect, there is provided a polymyxin derivative of formula (1):




Multiple modifications of polymyxins and multiple polymyxin-like synthetic molecules have been made,
and with certain limits they have preserved their biological activity. The modifications comprise but are
not limited to those in the side chain, as well as nilglgcu_les in which an inherent 5 hydrophobic amino
acid residue (such as DPhe or Leu) has been replaced with another hydrophobic amino acid residue
or in which the cationic Dab has been replaced with another cationic amino acyl residue, such as Lys,
Arg, or ornithine residue (Storm et al. 1997, Tsubery et at, 2000a, Tsubery et alL. 2002, US patent
publication 2084582505, Sakura et al. 2004, US patent publication 102006004185). ~  Other
modifications that result ift K reBMTOHEdIREAPRIERE partially active compounds comprise but are not
limited to alkanoyl esters whesadhgitaHareupsoaiphieithrédnyd tesidmesidars) esters with alkanoyls

such as propionyl and butyyyl (JS Patel ;g c%ﬁ'ﬁ@ 2526 S;&i]'qu are closely related to polymyxins
but have a covalent bond instead eglresvia ues Rl-pRz (Tal@lpe 1). In this invention, the R positions are

numbered according to tH&s&ih @6 RaBIAREE MYRRRNERAEN (i & B PANTR acyl residue in the
side chain of oct.apeptinsW‘Qﬁfﬁggd@WR&eﬁﬁ@fﬁidgb&nﬂaaﬁpm @r@petapgptides whereas all
natural polymyxins are 2&“1%@‘)%'3\@%@%&%0%%%%%2 Bsﬂg%ﬁ@‘ghglf%?B\sﬁ%r%m@F%aﬂﬁﬁ R-FA

residues among various octapepfins (Al, A2, A3, B1, B2, include the foIIowm%::y l
3-0H-8-methyl@stamoiedesd, RbM.8-AIkENInorfiRdic ALY 118M-6-AEFocKBRY RRPYL
Derivatives thaiprssesporidityiagahresidveaiithyd tnd8 carbon atoms have a potent antibacterial .

activity against E. coli (St%%ég g%% %?ka " The first target of polymyxins in Gram-negative
bacteria is their outer membran that is an effective permeability barrier against many. noxious .

agents including large (MWNRT& 8%ith S8 8 IBR AELSS WP RUh G SR IBRRi S EYPinding
to the lipopolysaeehasides bRysighgiealites, 30 exposed on the outer surface of the OM, polymyxins
damage the structure and function of th ilize (i.e. make permeable) the
OM to polymyﬁﬂ tggﬁf’%c\?}}gﬁ' giyté) %%%%%%&%B@cﬁ@g%#ﬁﬁéﬁggﬁo and Vaara 1985, Vaara
1992, Nikaido 2003). TheThipaissiagueifortargeactaidanrabensin dPtyrues 6f FERMRyxins is believed to be
the cytoplasmic mefiitbrane 35(the inner membrane) of bacteria. 7 Numerous efforts have been
made to reduce the toxicity of polyrnyxins. The treatment of polyrnyxin E (colistin) with formaldehyde
and sodium bisulfite yields colistin sulphomethate, in which the free amino groups of the five
diaminobutyric acid residues have partially been substituted by sulphomethyl 5 groups (Table 1). The
preparations consist of undefined mixtures of the mono-, di-, td-, tetra-, and penta-substituted
compounds. The sulphomethylated preparations, when freshly dissolved in water, initially lack both the
antibacterial activity and toxicity of the parent molecule, but when the compounds start decomposing in
the solution, in the blood or in the tissues to yield less substituted 10 derivatives and free colistin, both
the antibacterial activity and the toxicity are partially brought back. Furthermore, the degree of initial
sulphomethylation apparently varies between the commercially available pharmaceutical preparations.
Many other ways to block all the free amino groups have been published. Examples comprise but are
not limited to the formation of unstable 15 Schiff bases with amino acids (Storm at at 1977).

Polymyxin E nonapeptide (PMEN, colistin nonapeptide, Table 1), obtained by treating polymyxin E
enzymatically and lacking the R-FA and R1, was shown in 1973 to be less toxic than the parent
compound in acute toxicity assay (immediate death presumably due to direct neuromuscular blockade)
in 20 mice (Chihara at aL 1973). However, it also lacked the antibacterial activity, as measured as its
ability to inhibit bacterial growth (Chirara et at 1973). The role of the linear part may contribute to the
antibacterial activity of the polyrnyxins. Vaara and Vaara, on the other hand, showed, that
polymyxin B nonapeptide (PMBN, Table 1) retains the ability to permeabilize the OM of 25
Gram-negative bacteria (Vaara and Vaara 1983a,b,c; US Patent 4,510,132; Vaara 1992). Accordingly,
even though it lacks the direct antibacterial activity (i.e. the ability to inhibit bacterial growth), it is able
to sensitize (i.e. make sensitive or, as also termed, make susceptible) the bacteria to many
antibacterial agents such as hydrophobic antibiotics.as well as large antibiotics and some 30 other
noxious agents. 'PMBN also sensitizes bacteria to the bactericidal activity of the human
complement system, present in fresh human serum as a first-line defence system against invaders
(Vaara and Vaara 1983a, Vaara at al. 1984, Vaara 1992). Furthermore, it sensitizes the bacteria to the
joint bactericidal activity of 35 serum complement and human polymorphonudear white cells (Rose at
at 1999).



8 PMBN resembles PMEN in being less toxic in the acute toxicity assay in mice than unmodified
polymyxins. In further toxicological assays, several criteria proved PBMN to be less toxic than its
parent compound, but this polymyxin derivative was still judged to be too nephrotoxic for clinical use 5
(Vaara 1992). PMBN carries five (5) positive charges. Subsequent studies revealed, quite
expectedly, that PMEN, also carrying five (5) positiveidharges as well as deacylpolymyxin B and
deacylpolymyxin E, both carrying six (6) positive charges are potent agents to sensitize bacteria to

other antibiotics (Vii- 10 janen et gt 1991, Vagra 1992).In addiflon, it has been shown that a
structurally further reduced derivative piEIymy in océ%pepti MBD) retains a very effective
permeabilizing activity while &ol @;xin he@t tid¢ (PNIB ESA imura at at 1992).
PMBN, PMEN and PMBO have fjve (5) positiveicharges whil ly four (4) positive
charges. This difference may 15 &xplain the wegker activity ST PMBH. T,he group of Ofek,
Tsubery and Friedkin recently described polyrffyxin-like pepﬂ%fes that were fifiked to chemotactic
peptides, such as fMLF, that attract polymorphonuclear leucocyte& (US patent publicefibn
2004082505, Tsubewhatsat 2005). They described peptides fMLF-PMBN, MLF-PMBN, 20
fMLF-PMEN, fMLF-PMBO ang i¥i bolviBda, il easigting four (4) positive charges, that sensitize
Gram-negative bacteria to angiigiescRASNRIRYEIE N gPMparative studies with increasing

concentrations of the compo%d%wgﬁwm rﬂéﬁ@ﬁﬁé&@tm)pm;jded 18 arglelfo study the

structures and functioréarl} er;q)pejtlaer?' %paré/ 1yx25 Ins, a few works have disclosed, among other
compounds, polyrny%n dferl\IéﬁVesﬁ"lav%;e'ss tharhfo r (4) posjtive chahrées. 6'Erxauber (1970) has
described the treatment of pdlym§xin@BWith 3EfR°4R ALY SiaeE AR AU Sntaining

polymyxin B as well W¥#&m SFonCanciHs. flia-aleryi epialivle ety Bl Yo RO YRR AISo separated
30 each group and royvepysatenidcikylasons eUaRGMIERhar diffusion assay that penta-acetylated and
tetra-acetylated forms lackedrffasiHGs tkplalb 40 gkewth afGabarakeid typhimurium, whereas di- and
- monoacetylated forms did hapé®ssich-gbiike, TieCeiraigd dosndasksame ability. Srinivasa and
‘Ramachandran (1973 isiatedaadialysioamyiatesahuge yrysirSidsstrainaeadhabpiyed that a
diforrnyl derivative agawellas gntr&{gtg%b\dnd]%g%/argvgggmpim weprawh pfRseudpmapas aerugihosa.
They did 9 not disclgnse the féﬁg&r}&%bn 5 anil ?Dt%fea%%t?? bﬁé’g‘ﬁr:i%t%%gtigi@;.isc% §rt ermore, in
rl%m OlyrnyXin B.in §|dues£ 50t R3, as well
4 %‘féﬁe@%??@,%ﬁb%gsa?g 'é%@ﬁﬁal while the

ation| (128,09

1980 they showed i3t The free arm roups f

as the free amino grﬂb’f}s %‘?%f%r%ﬂé%&?/%ﬂ’ I

free amino 5 groupsHR8TA#E-RI are not essential for the growth inhibition (Srinivasa and
Ramachandran, 1980a).  inBrehapenecgpoymisiné desdwativenariaatye BolymyigimB heptapeptide
has been disclosed by Salcura of at (2004). The attachment of the octanoyl residue to the N-terminus
of the residue R4 of the polymyxin pound having only three (3)
positive charges. Sakura et at fou ﬁ A B hept peptid&inhibits the growth of
bacteria only at a very high concen ther defivatives such as octanoyl
polymyxin B oclapeptide and &¢ s i ges (4) were
very potent agents to inhibit 15 b ‘ US patent pyblication 2006004185 recently
disclosed certain polymrcin derivatives and inte iates that cap h& used to synt e§ize new peptide
antibiotics. The antibacterial compounds describ&8 possessed fouE7(4) or five (5) pdSitive charges.
20Furthermore, closely related polymyxin B and polymyxin B1 com- pounds have also been dis? Bsedr
by Okimura of al. (88&}fnd de Visser of al. (2003). Okimura of al. have studied the chemical :
conversion of natural polymyxin B and colistin to their N-terminal derivatives and de Visser of at have
studied solid-phase synthesi€'of SoPHTRA BT 8 8Pl ogues via a safety- 25 catch approach. The
antibacterial compounds des&itse' inGirdp Rérk&posser¥Ed four (4) or five (5) positive charges.

m’, m? and m’ are each independently 0 or 1, provided that at least one
of m', m? and m® are 1 '

R", R, and R are each independently side chains of natural or unnatural

amino acids, alkyl, alkenyl, arylalkyl, aryl, alkoxy, alkoxycarbonyl, aryioxycarbohyl,
atkylamino, or alkynyl; and |



There is still an urgent need for polyrnyidn derivatives, which sensitize bacteria to enhance the effects
of other antibacterial agents, for effective treatments for bacterial infections, in particular for the
infections caused by 30 multiresistant Gram-negﬂive bacteria. SUMMARY The present disclosure
relates to a polymyxin derivative wherein the total rfumber of positive charges at physiological pH is
three and wherein the derivative has a fatty add tail (i.e., R(FA) or 0) comprising 1 to 5 carbon at- 35
oms. It has been found thad&:certain. p in.derivatives af the disclosure hay- 10 ing fatty acid tails
of 1 to 5 carbon atoms mrgf,ﬁ%\ég—%ﬁp%lg%ﬁﬁ%é%aec%inoétlfng)@dﬁgﬁ%ﬁas compared to native
polymyxins, octapeptins, RndbhyfryaifvtiérvatiakewthProRgdr:fatiyradid tails. Examples of these
pharmacokinetic proper. iggrsielgdr Ssrvaiesatlmitreionianser s mElitardacegaed renal

clearance, an | nar. very. The present disclosure pertains, at least in part, to
C!!rﬁ’érg@ %@@ﬁgs%m%{ E%g

polymyxin deriva- Tives of formul wherein: A is a polymyxin ring moiety; D is a terminal moiety
comprising 1 t8" EAAsBIReREHsacIRiabisPmIHEs eadrsriteiermrintly 0 or 1; Q1, Q2, and Q3 are
each independently CF-13; GfhePbRsedinibhk, Mé2iiand I ResRARINABASAGENIY 14R4, 0, or S;

Rr, and R3l are eacl'hinde ndently side chains of natural or unnatural amino acids, alkyl, alkenyl,
alkyl, aryialkyl, ar?faamegﬁgéwg%/@ﬁbonyl, aryloxycarbonyl, alkytamino, or alkynyl; and R4 is
hydrogen or alkyl, and pharmaceutically acceptable prodrugs and salts thereof, provided that (1) when
A is an octapeptin ring, m1 andom2 &% 0, m3 ¢ 1, W3 is NH,03 i%C=0,\and R3' is the side chain of
diaminobutyric acid (Dab), then”D is hot gz-Dﬁ acYll, angd (2) hej D is acetyl, butanoyl or pentanoyl,
then R3' is not the side chamoftbab: Spe;ﬁ—ﬂﬂe', Prew yxin derivative of formula
(0: 10a ' -

m

U]

wherein: :
A Iz a polymyxin B or polymyxin E ring moiety;

Dis R™-C(=0), R™-C(=8), or R*?;

m'is Oor1;

R", R?, and R are each independently side chains of natural or
unnatural amino acids, alkyl, alkenyl, aryiatkkyl, arvl, alkoxy, alkoxycarbonyl,



wherein: A is a polymyxin ring moiety; D is a terminal moiety comprising 1 to 5 carbon atoms; MI, m2,
and m3 are each independently 0 or 1; Q1, Q2, and Q3 are each independently CH2, CO or C=$; W2,
and W3 are each independently NR4, 0, or 3; Rt, Rz, and Rz are each independently side
chains of natural or unnatural amino acids, alkyl, alkenyl, alkyl, arylalkyl, aryl, alkoxy, alkoxycarbonyl,
aryloxycarbonyl, alkylamino, or alkynyl; and R4 is hydrogen or alkyl, wherein said derivative has
at least two but no more than three positive charges ati@ physiological pH, and pharmaceutically
acceptable prodrugs and salts thereof. The disclosure is also directed to polyrnyxin derivatives of
formula 11 wherein: A4 ] iety; 1D is,R12-C(=0), kw-D(S), or . »  ml, m2, and m3
are each independe%ﬁgﬁyﬁﬁﬂgﬁﬁggmﬁéi%ﬁé%ﬁ% nr%rzlégﬁgsr'ﬁ %fre';?l;am’| ar, Rr, and
Rr are each independantly aid: I Y O P PPl PR B dis, alkyl, alkenyl, arylalkyl, aryl,
alkoxy, alkoxycarbonyl, aryloxy 1§,tif)gr‘|ﬁ4§“i¥hamino, or alkynyl; and R12 is C1-C4 alkyl, Cress alkenyl,
or C2-04 alkynyl, -12' K is 01-0% alkﬂﬁ‘@ia@@'alkenyl, or C2-05 alkynYI, and pharmaceutically :
acceptable prodrugs & RiRfaasentiealy ermeriatieapiadrvdseand salin thetapktiovideg, that and m2 are
0, m3is 1, and Rr is teesiBdscirginlafulmmyinmspetyrooyt ith¢D BB )is motih iside bALF=&, 18N R12 is not
C,-05 alkyl and (2) when D is[ aé:r%aot%lérbaut%g tj]é)r[a penr%a{friloo(fyél, thgin Rr,ir;s(po.t tp_e Si 1:e chain of Dab. In one
aspect, there is provided a polyimyxin derivative of formula ghe (Lo cervative of formula ():

o R r RrRZ RY

[T T (T,

A——C N\ N——D
/ml

A is & palymyxin-B or polymyxin E ring moiety:
D is R'2-C(=0), R"%-C(=S), or R'?:
m'is 0 or1;

OO0

ZL

(I

whergin:

R", R?, and R® are each independently sids chains of natural or unnatural
amino acids, alkyl, alkenyl, arylalkyl, aryl, alkoxy, alkoxycarbonyl, aryloxycarbonyl,
.alkyiamino, or alkynyl, wherein at least one of R? and R® comprise a carbamyl,
hydroxyt or carboxylate group;

R is C-Cy alkyt;

R™ is C;-Cs alkyl:

wherein said derivative has at ieast two but no more than three positive
charges at physiological pH,

and pharmaceutically acceptable prodrugs and salts thereof, -

In another aspect, there is provided a polymyxin-derivative of formula (IVY):

1

/ | 2/M2' . L1/M
AR,
B

@)

—
5

O

-
O

N

‘ 1 R‘IZ
m



wherein: A is a polymyxin ring moiety; D is R12-C(=0), R12-C(=S), or rnl, m2, and m3 are each
independently 0 or 1, provided that at least one!@@rnim2, and m3 are 1; Rt, R2', and Rr are each
independeniliiistsia:chains ofnatural or unnatural amino acids, alkyl, alkenyl, arylaikyl, aryl, alkoxy,
alkoxycarbonyl, aryloxmcré@ww%’@%9@%@%&& R12 is C1-C4 alkyl, C2-C4 alkenyl,
or 02-C4 alkynyl, R12: is C1-05 alkyl, C2-05 alkenyl, or C2-05 alkynyl, wherein said derivative
has at least two but nd™&& #fah three positive charges at physiological pH, and pharmaceutically
acceptable prodrugs aht saksdhémefeach indearotieetipBhatlimienitptecdisttgirendlso includes
polymyxin derivatives gffomulay (1)are WA §iR=Ada M Ned: LPelHByXin B ripgmoiety; is
R12-C(=0), R12-C(=S). pr.R17; mljs O or 1, R1s, R7, and R3' are each independently side
chains of natural or unfatlFar aiASAdds, alkyl, alkenyl, arylalkyl, aryl, alkoxy, alkoxycarbonyl, 12

aryloxycarbomybreik yamirey o alkes\: edrreio mitlrasieaatrhRarangoBfveamaidss & carbamyl,
hydroxyl or c&gyb&c%&tcea i I’Q}Jp; and
and pharmaceutically acceptable prodrugs and salts thereof.

In yet another embodiment, the disclosure also includes polymyxin

derivatives of formula (V).
3 M2 wm?
. / 7/ Ve
g t® o L? o i o
T Y
A c N C N C N
‘ _ : 12 ‘
‘R
wherein:

A is a polymyxin B or polymyxin E ring moiety;

miisOort;

L*, L2 and L® are each indepandently C+-Cs alkyl or 2 covalent bond:

M*, M2 and M® are each independently H, C(=O)NH,, C(=0)OH, or

- -OH;
R s C-Cq4 alkyl,

and pharmaceutically acceptable prodrugs and salts thereof, provided that
when R™ is methyl, propy! or butyl, then L* — M® is not the side chain of Dab,
and wherein said derivafive has three posiiive charges at physiological pH.

In another aspect, there is provided a polymyxin derivative of the general formula (V),

aR7  — @R8
/ AN
@R6 RS

f5)R5 (10}310

N S

<4>Rl4

r3)R|3 .

@R2

mR1

R(FA)

V)



R12 is Crai alkyl, R17 is C1-05 alkyl, and pharmaceutically acceptable prodrugs and salts thereof,
provided that when D Is acetyl, butanoyl or pentanoyl, then R7 is not the side chain of Dab. In another
aspect, there is provided a polymyxin derivative of fernula (lll): R2. N Il A--CN (3C.) wherein: Ais a
polymyxin B or polymyxin E ring moiety; D is R12-C(=0),r,2_ C(=S), or IR1z; 1 rn1iS 0 or 1;

Rz, and Ral are each independently side chains of natural or unnatural amino acids, alkyl, alkenyl,

arylalkyl, aryl, alkoxy, alkoxycgsbasylrandoxycarhanyliq lamino, or.alkyny], wherein at least one of
Rz and Rz comprisa%g {:arbzrﬁnggl,;%droxyl“or carboxylétjté%lb%g; ﬁ’ |nsSI -%é‘a‘ﬁ??ﬁqf{f'ﬁ?scéal’?%
t

alkyl: wherein said te BRS¢ Rast two but no more than three positive charges at -

physiological pH, and pharmélfeiﬂi@aﬂ}dapeepeabjresamﬂwgﬁ;ﬂ@ﬁhwggmm;%@qﬁﬁgm%ct, there
is provided a polyraydredgiyative of formula (IV): M3m21?41 OL30L2 A-C N C HIl R12 ‘ :

R7 is an independently selected optionally substituted hydrophobic amino
acid residue or Thr; h

R10 is'Leu or any non-hydro'phobi'c amino acid residue; and
whersin R1 is optional; and wherein R1, R2, R3, RS, R8 and R9 are sach
independently seiected arino acid residues; and

wherein R(FA) is-an optionally substituted alkanoyl! or alky! residue having
a total of 1 to 5 carbon atoms;

wherein said derivative has at least two but no more than thres positive
charges at physioiogical pH, o
or pharmaceutically acceptable prodrugs and salts thereof,

in another embodiment, the disclosure aisb pertains to polymyxin de-

rivatives of formula (V):



12 a wherein: A is a polymyxin B or polymyxin F_ ring moiety; m1isOor 1;1 1, L2 and L3 are each
independently 01-03 alkyl or a covalent bond; M1, 'M2 and M3 are each independently H, C(=0)NH2,
0(=0)0H, or -OH; R12 is 01-C4 alkyl, wherein said derivative has at least two but no more than three
positive charges at physiological pH, and pharmaceutically acceptable prodrugs and salts thereof. In
yet another embodiment, the disclosure also includes polymyxin derivatives of formula (1V): (V)
wherein: A is a polymytdn B or polymyxin E ring moigit§; m1is 0 or 1; L1, L2 and L3 are each
independently C1-C3 alkyl or a covalent bond; M1, M2 and M3 are each independently H, C(=0)NH2,
c(=0)Oh, or -OH; R12 is 01-C4 alkyl, and ph%gxﬂceutlca)ﬂggacceptable prodnigs and salts thereof,
provided that when 1,212 is methyl, propyl or,butyl, then L3 M3 is not the side chain of Dab, and
wherein said derivative has three positiv arges at physmlogcal pH. In another aspect, there is
provided a polymyxin derivative of the ¢&neral formula (V), )?7(8)R8 (6)R6(9)R9 cs)R5(lo)R10/ .

HRS anR10
N/ :
R4

REA) V)

wherein R4 is an amino adid residue comprising a functional side
chain able fo cyclicize the molecule;
5 R6 and R7 are each independently seiected optionally substituted
hydrophobic 2mino acid residues;
R10 is Leu or any non-hydrophobic amine acid residuse; and
wherein R1 is optional; and wherein R1, R2, R3, R5, RB and R9 are
each independently selected amino acid residues; and wherein R(FA) is an
10 optionally substituted alkanoyl or alky! residue having 2 total of 1 to 5 carbon
atoms; or a pharmaceutically acceptable sait or prodrug thereof, provided that
{1) when R1 and R2 are absent, R3, R4. R5, R8, and R9 are Dab, R6 is D-
Leu, R7 is L-Leu or L-Phe, and R10 is Thr, or when R1 and R2 are absent, R3,
R4. RS, R8, and R9 are Dab, R6 is D-Phe, R7 is L-Leu, and R10 is Thr, then
15 R(FA) is not an unsubstiiuted alkanoy! residue, and (2} when R{FA) is acstyl,
butanoyl or pentanoyl, then R® is not Dab.
Mare specifically, the present disclosure relates to-a derivative,
wherein R2-R10 is selected from the group consisting of Thr-DSer-cy[Dab-
Dab-DPhe-Leu-Dab-Dab-Thr] [ = SEQ 1D NC: 10] and Thr-DAsn-cy[Dab-Dab-
20 DPhe-Leu-Dab-Dab-Thr-] [ = SEQ ID NO: 38). SEQ ID NO: 10 corresponds io
SEQ ID NO:1 and SEQ ID NO: 39 comresponds to SEQ ID NQ:2 in the at-
fached sequence listing.



(4)124 1 (3)1:13 (2)R2 (1)R1 R(FA)(V) 1 2b wherein R4 is an amino acid residue comprising a
functional side chain able to cyclicize the molecdie; R6 is an independently selected optionally
substituted hydrophobic amino acid residue; R7 is an independently selected optionally
substituted hydrophobic amino acid residue or Thr, R10 is Leu or any non-hydrophobic amino acid
residue; and wherein R1 is optional; and wherejn R1, R2, R3, R5, R8 and R9 are each
independently selected amino acid residues; and wherein R(FA) is en optionally substituted

alkanoyl or alkyl residue .H]av dn&sa gggal lgcf) rle l:353 garb %@R%?‘ o ductvcvctlnqr%rﬂnsqld derivative r;jls least
acceptable

two but no more than threeP05| Ive charges at E é nalca o E tlcalh\/E

prodrugs and salts HEPEE°" 7€ AGRVAH G BF BRI GdTmet, the scﬁgsﬁ'}é ?soop%ﬁ%ﬁ %o polymyxin
derivatives of formutgutigr! MWMBWBQW teRFetE(s) o6 sRaoBUBAIR hammoR(FA) (V)

- wherein R4 is an ammiphaimisesitively acneptibly asfdactimahbssiidectain able to cyclicize the molecule;

In one aspect, there is provided a combination product comprising two or more of the
derivatives as defined above. |

In another aspect, there is provided a pharmaceutical composition comprising at least
one derivaﬁve as defined above, and at ieast one pharmaceuﬁcally acceptable carrier and/or

excipient.
In another aspect, there is provided a derivative as defi ned above or a

combination as defined above, for use in sensitizing Gram-negative bacteria on to an
antibacterial agent, said derivative is fo be administered simultaneously or sequentially

in any order with a therapeutically effective amount of said antibacterial agent.
Furthermore, the present disclosure relates o a method for sensitiz-
ing Gram-negative hacteriz 1o an antibactarial agent, comprising administering,

simulizaneously or sequentially in any order, 2 therapeutically effective armount
of said antibacterial agent and a derivative according to the present disciosure,

wherein said aniibacterial agent may be selected from the group consisting of
clarithromycin, azithromyein, erythromycin and other macrofides, ketolides,
clindamycin and ofher fincosamines, streptogramins, rifampéin, rifabutin, rifa-
lazile and other rifamycins, fusidic acid, mupirocin, oxazolidinones, vancomy-

cin, dalbavancin, ielavancin, oritavancin and other glycopeptide antibiofics,
fluoroguinciones, bacifracin, tefracycline derivatives, betalactam antibiofics,
novobiocin, pleuromutilins, folate synthesis inhibitors, deformyiase inhibitors,

and bacterial effiux pump inhibitors. |

in yet another aspect, there is provided & method for developing novel antibiofics

comprising the steps of |

2) providing a natural polymyxin or octapeptin compound, or a derivative
thereof, having & total of 4 to 6 positive charges and a terminal moisty (D) comprising
a tofal of 1 io 5 carbon atoms; .

b} replacing from 1 o 3 residues carrying one or more positive charges
with & residue not having a positive charge, or with a covaient bond thersby
generating 2 derivative of a po!ymyxm compound having 3 pasrtwe charges and a
terminal moisty (D) comprising a-fotal of 1 to 5 carbon atomns; ‘

c) assaying said polymyxin denvatfve for the abtirty to sensitize Gram-
negative bacieria to an antibacterial agent; and ‘

d) selecting compounds having the ability to sensitize Gram-nagative
bacieria to an anti-bacterial agent.



5R6 and R7 are each independerrliy selected optionally substituted hydrophobic amino acid residues;
R10 is Leu or any non-hydrophobic amino acid residue; and wherein R1 is optional; and wherein
R1, R2, R3, R5, R8 and R9 are each independently selected amino acid residues; and wherein R(FA)
is an 10 optionally substituted alkanoyl or alkyl residue having a total of 1 to 5 carbon atoms; or a
pharmaceutically acceptable salt or prudrug thereof, provided that (1) when R1 and R2 are absent, R3,
R4. R5, R8, and R9 ardryatrrRthds d9past, teTeiss proeidedra rRHred dordi&e0aind hoyerantiesti®? 1l and R2
are absent, R3, BmfRSinRiBe a3gsRP are Dab, R6 is D-Phe, R7 is L-Leu, and R10 is Thr, then 15 R(FA)

is not an unsubsiituted alkanaybigsidHe naRRAZOVRRRIREF Slis, y&op‘gm%ye % é)%%%gﬁ)yl then R3

is not Dab. More gpecifically, the pres isclosure relates to a derivative, whe .(?is selected
from the group céﬁn%%cf{hqdao rlLFh""r-g eérsfgé[‘ a%[ﬁ’gfj't'ﬁ‘f:’ﬁ 2[9ST-B%h DEATIR- MUY EB) | BARiS: 10] and
Thr-DAsn-cy[DalPB&3taisPRen #a0Sab-Dab-Thr-] [ = SEQ ID NO: 39). SEQ ID NO: 10 corresponds
- to SEQ ID NO:1 and SEQ k) tfla@SydesnesptundisesidsEQctinig: 3rie thenatagheleegupges listing.
14 The disclosurgpisg rekxies Hr FamiynationsRieduchseMBFisiAg WaRLBAre ofdhe drtiyatives
according to the Béggre% diasggsvtéri%ea?g t% a h?n"po%} C§JUtéC I Comt,gositi,on comprising suc
derivative(s) or acombination thereot and g\"g.maceq 1245 TRURD B G FBACERY excipients.  In
one aspect, there is providedrgRiRBifako FrHaLEtIRM s hiryifedwreibes &f casderiionves as
defined above. withire steottiesl aspiety, tRerecispikividedtatgihal make §tieakemmaesitiothermprising at
least one derlva@@,%%f@%ﬁg@y@@@d@tﬁﬁ?ﬁgwggﬁ@ﬂggﬂdgogl%%gg[&Wa%eegad%eg and/or

excipient. Inanather, g}s%eﬁg there is provided qu&l[vcatli_ge as& efined above or a combination as
defined above, for use In Serts |2ing"8ra “nega ive“bac S8R R o";:rx‘rsi’antibacterial agent, said

derivative is to be administ@r&dsayinatsrid RAKMSH tRTvAtE IR Beyabithetovransitaer Goeutically
effective amountnefiatiie bantitvicte malzajeaticFal iyanmare, the present disclosure relates to a method
for sensitiz- ing Gram-negajivelaskeriaciApatrRtiRankelialagsity comuising adminisied

simultaneously %a%?e%%%ﬁlgn% acg%%H%[ er.a the_rapeutically ef_fec_:tlve amount of sa_lid antibacterial
agent and a derivative according 6'the pPesent disclosure, wherein said antibacterial agent may be

selected from the groupncongistiagped diserthsqroudiad azitbite (eideexgting myeiraaitdott ebmaenalides,
ketolides, dindagygi.ang. other lincosamines, streptogramins, rifampin, rifabutin, rife-Lazne and other

rifamycins, fusidic acid, mu%@rﬁﬁgdﬁ??gwby%g gmcgﬂﬁ%ﬁfzgé eére yl%ggy%eg%g@ncin

and other glycopeplide antibi roquinolones, bacitracin, tetr ivatives, betalactam

antibiotics, novdiASER FledGhhintnTeikie SYAHPRSRNAIAGHES rteimnahawiAlibRors, and bacterial
efflux pump inhibitors. in yatianeihiesraspest streskiisproxitathaomediocdos grrlepibgangeel
antibiotics Com%ﬁp%thssﬂﬁesﬁtoﬁving a) RIOVIIDY Ly Qé:ra]tla %W%C'@FQ%%%? 95%4&!” %RQ&%‘M’ of

‘a derivative thereof, having a total to 6 positive charges and a terminal moiety compristhg a
total of 1 to 5 ce#BORMANNME; derivativ,pf 8 RAYMYPHbRP T RS e ERiRG TRASIIMG ShaT8Rore positive
charges with a residue not¢jaivrgcageasitviechiacgenoliyittDy congeshpentbidhefebgeneiaiing a
derivative of a ' [ j ifj rgninal.moie c ising a
total of 1 to 5 czr %@%ﬁ%gwgg%g%gé%%m%%maﬁﬁﬁg orEt ‘é%a%tfu{ﬁ{@%é (s%ghos%tizeg
Gram-negative m@%@%&m&&&@%@@%@éﬂw to 5 caghpseddtifg compounds having the
ability to sensitize Gram-negassealiagtednl tocynantnbdstragl.agentthe ability to sensitize Gram-

negative bacteria to an antibacterial agent; and . : .
f) selecting compounds having the abiiity to serisitize Gram-negative
bacteria to an anfibacterial agent.

Also provided are methods for develbping novel antibiofics; and for-
sensitizing cdlinically important Gram-negative bacteria to a host defense
mechanism complement present in the serum.

The present disclosure also provides uses of a polymyxin derivative -
according to the present disclosure in the manufacture of medicament for sensi-
fizing Gram-negative bacteria, such e.g., Escherichia coli, Klebsiella pneumo-
nige, Klebsielia oxyfoce, Enterobacter cloacas, Citrobacter freundii, and Acine-
tobacter baumannii against antibacterial agents; and for sensitizing Gram-
negative bacteria to a host defense mechanism complement present in the
serum.



l4a In yet another aspect, there is provided a method for developing novel antibiotics .
comprising the steps of a) providing a naturalygolymyxin or octapeptin compound, or a
derivative thereof, having a total of 4 to 6 positive charges and a terminal moiety (D) having more than
5 carbon atoms; b) replacing from 1 to 3 residues carrying one or more positive charges with a
residue not having 2 pasiive, eharoe.or Wil 3 EAAFNL A dherRly densrating a derivative of a
polymyxin compound having 3'positive charges; ~ = c¢) replacing Said terminal moiety (D) having
more than 5 CRABARHYTAS Witt? a RaFFANSN0IEY (STeokwbiBifgratoracstivao bacietion agein,
thereby geneeaititg:asietivativesof a polymyxin compound having 3 positive charges and a terminal
moiety (0) comprising 4,913} of 140, SALAOD RS tre uecY: SR, S0 RANIRYK defiyative for

the ability to sensitize Gram-negative bacteria to an antibacterial agent; an selecting
compounds hBARE BFE/EDIRY B SERTARST 40 SeaiNevadtsrmeantvithestienial dyenthiesanother
aspect, there tizfesddadmeinadiosisevatoping noetRNEigHES comprising the steps of: a)
providing a polymyxin,or octapeptin compoynd, or a derivative thereof, having a total of 4 tg 6 positive
charges and Iacrkplr%%f'ﬂ%ﬂglsr%?ﬁta?hrﬁ'gi'estx?r?)ﬁ';j,egthe_ “5%5’{8?) ﬁfév?raﬁ‘lof%%%8%%@3‘?5&?5?%%@8 Gt
more positive chargezwhisativosidile riot $raing saplsainierzhasgenr wittha colplelatheadothereby
generating a deshative Qe RAIRYANHamPUEERRYRg3 ROV ShAI 98 et ©) iNtroducing &
terminal moiety (D) comprising a total of 1 to 5 carbon , atoms, thereby generétlng a polymyxin -
compeund having 3 pasitive«hargesandisotpsriinaltoroiydDyfeeatpdsbigma total of 1 to 5 carbon
atoms; g ViREBBi BRI @MKJ&Q%N@H&%Q%&%&@H%@ Heoding Gfam-negative bacteria
to an antibactegjal.aQept@Rd 5 derivathelefiniGRMPAUN s Davinkile aRilitnigRpasitize _
Gram-negatlvetgaqtena}_l {  an apﬂggt%te% Qtsu foct | Is%tgtri wcﬁ?,arég%?ethods for developing
novel antibiotics;naana Tor SASH z'ﬁ1g' EiRica y |mport¥aﬁ éram-n&ﬁ% e BPa to a host defense
mechanism complenT&f'plRSBIRERTHABCRENIRTSPIRS B ESEPRIFSRIORIRREANSE Bovide's uses of a
polymyxin deriVATEN SREGHNAFEEARES (eLBRPHSAITIRSIAT tHe FRamIRIBLIR) SReAEticament for
sensitizing Graimgregative! lvacigribeizupbhenyxit schrstipieric oibntietrisictin pretvativeae, Klebsiella
oxytoca, Enterahaetdcaloannd, 1C ity plosiieyfrenanglii aesldbesngighaahihaumaspiiipyainst antibacterial
agents; and for.aaqsitiaing @r@mg%@g)gf@gggy@ h&,sgdﬁfgﬁgep&%ggr@ﬁg?d&m plement present
in the serum. 14Bques oy AREARAGEIBPLCVBNAYHGHLBP LSERla AR Y i Asefined above for

the manufacture of a medicament for sensitizing Gram-negative bacteria against antibacterial agents,

~ In-another aspect, there is provided the use of a derivative as defined above for the manufacture of a
medicament for sensitizing Gram-negative bacteria to a hest defense mechanism complement present
. in the serum. In another aspect, there is provided the use of an effective amount of a derivative as
defined above ' '



in combination with a second antibacterial agent in the manufacture of a medicament for treating a
Gram-negative-bacterial infection in a subject. The present disclosure also pertains to methods of
treating Gram- negative infections in a subject comprising administering a derivative of The disclosure
(e.g., a derivative of formulae (1)-(V)) in combination with an antibacterial agent to a subject, such that
the subject is treated for the infection. Finally the preggnt disclosure relates to a process for preparing
a po- lymyxin derivative according to the present disclosure, comprising (A) modifying a natural or

synthetic polymyxin Q¢ | ' CORRRNA rivative thereof carryipng 4 to 5 positively charged
residues and a termgr?%l Lgfeéygglr; i m%ﬁ%t‘onrﬁgd B e %ﬂh RORgER said

) {

omprising 1 {o a |
positively charged resigqes by neufl(riglrﬂgscladﬂ@%go 503%(73‘!5%5?@, iV AVR YIRS of said 15
positively charged rBSEHeOHBTRIRNG Td8iffeeRn eI Ph BRimediiving @ynatuarivatve of formula (1)
carrying 3 _positiveIME@W%W%&@&@NMM@WyMﬂr’arbuj datyibgedrioch atoms, or
(B) modifying a natmfmwm prsijirepdnda tetajrebtimiet (PP oadmishgleibrativanthpreof carrying
4 to 5 positively chazgedretinisesy aspiaiteriinalonsiripdER vl HRERIBE fa96db8Y RepRLpon atoms by
replacmg 1to 2 of &@g_ﬁ%&ygly@h@m%g@%g@%&%gql {@g@ﬂg&@é@sﬁﬁ %Hg%%gd, or by
converting 1 to 2 Ofrééﬂ.@é)ﬁl{&’ﬁgﬁﬁgar&%é?? 'PQBI%‘%H%@LFE%%{% aé?nn ol ﬁg_lng said
terminal moiety (_D)ig mg%%%gst%% 5nca%tr)n%n aréga E WI} ? er_mln(a )m0| y(0)’c Ing in total 1 to
5 carbon atoms in Qrder {0 obtain & polymyxin. dervative of _8}?6%% H)%&?Rﬁﬁ@%"b Vely charged
residues and a term na??f?coq%@??gg KR) ARRPIARG acRy SR dretsAtERh BreiE]Tisansying a-natural
or synthetic polymyRfHPIXEEE SR BoidHeE s ademinebrisisty dPY ayiprisbgdrtigakitively
charged residues ahdrlfcramptheiamsnind Choiediviog dyati cingyhthei glosaithaasidwes by neutral
residues, or by a cdepsptin bomgoontonvedirg:fivio thevbsiadanonig UeH IBIRARIER! FRaidues. and by
introducing a terminedidoaieandlackg B RenREPHGEHOD)08F 18R AIRES 4D PLHSLIS !%l%f_ain a o
polymyxin derivativae il S SdnGch P g ROR APSIIVElY shpged esidyes and an
< R12-C(c0) Rz oy R TR, J e iy Chenor
embodiment, the teé:’rrr!n'ln n t%lgetz f?’%‘fﬁﬂf%_i%ﬁ?%{%ﬁﬂ%ﬁﬁgwﬂtﬁ%{ uatAGYl or alkyl
residue having a total' b i@ag gﬁ A &BHes Carrying3pRs el haRese Tesitesscrs @process for -
preparing a polymyXiifél&avagiveteridimbke@pastdefinedabovnecimmtisitge disclosy#) modifying a
natural or synthetidsosmipaimuiaty @ R iiFOte0)pRifAc st b skRiaiireibis RBI MY 4do 5 positively
charged residues aiefirsdarensiradfimoiatarGheosnitisingea: tatal @Hiﬁglmﬁodbﬂé’ﬁ RX replacing 1 to
2 of said residues g EpSIHINS bR RE WIS BPARlyFLERNYSGHL %;Qﬁfgd residues into

neutral residues inDed@itpaiaIN a polymyxin derivative of formula (1) according to claim 1, having 3
positively charged residues and a terminal moiety (D) comprising a total of Ito 5 carbon atoms; or

(B) modifying a naturadh@ensypatketithpelisrsoided aqetapepin wepapoy B gy e yaidtrdhereof having 4
to 5 positively changediyesilisessand a.darpigigd moiety (0) having more than 5 carbon atoms by
replacing 1 to 2 of said re&\(ij\ﬁaosd inneUtF%ltﬂ% idues,ﬁﬁ?y a covalent bond, or converting 1 to 3 of
said residues into neutral re’sidues, ahd by rep acin %

eutr ‘ , B RO R HBPeRt compasigamore
than 5 carbon &BRYHIVE SesAairfavneidyo5)resitivalirartsdlresHieSaas koreataRas. Myefger to
obtain a polymXirestapvsiiezofdaimiinid )saesordingitoclay ' f.3 positively charged
residues and q,ég@in%lsrﬂgigéy ép%comgrisiin ﬁ?t%ﬁ()f ItéEJ| E%\Eit%g}\f’ gg‘)?nicjggéfos.ampr?@fjﬁgcﬁrying a
natural or synthetic polymyxin' or octapeptin %% BOUhPoree A YREVE thetedt Raidingsidues pisitively -
charged resid (Y BROTRKHTS iRCMERMinRRbet KDYy xiepbiming 4B Fsaid rgsishiesdpgneutral
residues, or bysiaigovalenihgndasyivrnyeringt e dalsaid resi ' tralyesidues, .and by
introducing a tg{g}ig@l] oggi l(bg céfn???lising% total of ﬁ%%grg%ﬁﬁaﬁ%ﬁ?@?ﬁyﬁg rcPomc?rS’[gPrQ &
polymyxin derivative of formu acz'i)aa?cc%’rafng to claim 1, having 3 positively charged residues and a
terminal moiety (D) comptbimeeaitsng sfedibatartmmtiteioso ENERNITHO MSapspiin RB¥EISIaHG! PH' as
used herein redetitio=Aip-iMater ofzvaceLhars %&ﬁ%p?%g\grge@, Igéé%bgg %]rpﬁa\/%lrjr%i;;% étg_r??fe%gge of
4. in

from 7.1 to 75,4qr, ple in the range of from 7.2 to , ositive charge as us

denote positivg@hﬁ\éﬁe{g gj[%ee% 8\?&?-%5?%8%%32‘%%6’6@%’&9. 1 to 2 of saishiesidorschle nesiaied
herein refers tPEFHERcHEthA eoYRigihdOMd OF MoTegIbsHive thargesaid resANROREdasIduUe’ as
used herein re&'ﬁﬁ,@g@h@@gu@b;g@n@g&wqg%gmﬂgg@@mo acid residue, either in L- or D-co
nfiguration. '‘Equivalent residues' as used herein, is' intended to include obvious modifications to
e.g., amino acids, resulting in non-natural amino adds or de-



16 rivatives thereof, but retaining the structural and/or functional capacity of the replaced residue.
“Natural polyrnyxin(s)" as used herein, refers to polyrnyxins and cir- culins. 5"Polymyxin derivative"
refers, for the purpose of this invention, to synthetic or semisynthetic derivatives of natural polymyxins
or octapeptins, which have a cyclic heptapeptide (or heptapeptide ring) portion R4-R10 and a side
chain linked to the N-terminal aminoacyl residue R4. The side chain may consist of an
R(FA)-triaminoacyl(R1-R3), an R(FA)-diaminoacyl(RZigaS), an 10 R(FA)-monoamino-acyl(R3), or of
R(FA) alone. R(FA)" or "fatty acid tail" as used herein refers to the fatty acid part, Le. the
alkanoyl part of the polyrnyxin structure, linked to the N-terminal amino acid residue of the linear

pe_%tide %art (;Lft?mmﬁf@ﬁ‘th@ fodyv Byodrbon Hidine abm‘?sr@mapgiaw ' &lﬁfﬁgt%_‘ﬂa%laéf““o

acid residue : - [ the cyclic peptide part of the nyxin).

- Furthermore, for1 3&25 Séﬁmg??gﬁ% fﬁréﬁ?%n%%ﬁt[%%, { {2 rﬁnaéeé ‘s’%"lﬂ% g }g’@@%{w&ﬁ%@% group,
such as alkyl. IFGERITh briBYamfetriEbpine frsiivabn chscmetyasisueaipmy, ierensiminstatizes, be a
terminal moiety setertsiddmmtthefgroup consistitone RE2-(C=0); R12-S02,-; R12-(C=NH)-;
R12-NH-(C=S)-; R12-NH-(B=0)-. -NH-(C=NH)-. 2-0:(C=8)-; 1212-0-(C=0); R'2-P(0)OH-;
R12-(0=8); and IR17, w‘heﬁr%);ﬁﬂ%% é%fj%%g" gaqreoal. ,tiﬁiﬂecn?/ﬁf KA |?%Pﬁ,%aé’reéi7l %)?WF.D““S’ o
"Compounds” & SR RG SRR NEXAN & EorPriiNRINI GaBFRERs e R gRE cod Patiing the terminal
"Sensitizing actmitigtoDabyitepissegsitize 3as wsktiiesgin isip-Rautendedidodackids, anyagility to
increase the sefsiHiyity. AHRKSHRNSitY WEeaPhible terium to an antihacterial agent
"Polymyxin rin Br%i)bi\{e?f"éc?r,"A" j Ii(gaelg %?egré?r%?%%rtion cl#P %o%r%@%iﬁeﬂ%ﬁyr%?/x_i%yé%?- Hﬁ?lxin-:%l,
polymyxin D,_p%%% n@’%l&ﬁ&y&ﬂmﬁffﬁa@rﬂ%*w poffriygaTisrpeigmsxin Prdsrdalinbaivetapeptin
A, octapeptin Bpdgruotapepiivaiyeoctdpentia ) ancdeingaiivesinercobin@mplesobiesyatves
include moietie%yghéyggyigqg%gym%gpgg%&“%ﬂg@Iy festthe apilin of the ring moiety to
perform its intended function, i.e., as an antibiotic and/orits a%l ity to sensifize Bac?eru)m to one or
more antibacterigmﬁ%,;@e term cpolyrnyxin B ring moiety" refers to the ring portion of polymyxin B
(i.e., cy[Dab- 35 Dab-DPhe-Leu-Dab-Dab-Thr-]). Other examples of polyrnyxin ring moieties include
moieties of the formula: 17MHRPEIFAITRZ S et harendefersdsidud oslupdiingra thanctional side chain
able to cyclicize THeamthlaione? RosURB agraipRiovelue indbe eamdentlfesict teth Z8jrior agid residues; R6
and R7 are opticamaiy suthstiangeldi o ftRoibi¢.amino acid resi- dues; and 10R10 is Leu or any

non-hydrophobic amino afgswdueargdhas @ed herein denote positive charges at the

above-defined physiological pH. _

“Cationic® molecule as used herein refers to a molecule that con-
tains one or more positive charges.

“Amino acid residue” as used herein refers to any natural, non-
natural or modified amino acid residue, either in L~ or D-configuration.

“Equivalent residues” as used herein, is intended to include cbvicus
modifications fo e.g., amino acids, resuiting in non-natural amino acids or de-



amples of R4-R10 are discussed in further detail in Formula (V). The term "octapeptin ring"
refers to the ring portion of native octapeptin A (i.e., cy[Dab-Dab-DLeu-LLeu-Dab-Dab-Thr-], i.e.,
compounds whekRiR4sR5. RB, and R9 are Dab, R6 is DLeu, R7 s LLet@hgRddhigabhr). 15
octapeptin B (i.e., cy[Dab-Dab-DLeu-LPhe-Dab-Dab-Thr-], i.e., compounds wherein R4, R5, R8 and
R9 are Dab, R6 is DLeu, R7 is LPhe and R10 is Thr), and octapeptin C (i.e.)
cy[Dab-Dab-DPhe-LLeu-Dab-Dab-Thr-b i.e., compouﬁ s wherein R4, R5, R8 and R9 are Dab, R6 is
DPhe, R7 is LLeu, and R10 is Thr). 20The term "prodrug" includes moieties which are cleaved in vivo
to yield an active pelsivgesithdribiabve easiey titkodifienirrenigor Theuesrugsaaisiusdaiaoieties
which mask or oth%%%@pég@ge the positive charges (e.g., the -NH31- or other protonated species)
at physiological pH. Once th, od s administered tq the sub t the prodrug moieties or charge
masking mole- 25 ties will be € éave or ¢ Jfﬁmt \kngg Pg’r%gobe o ﬁefc?d the aoé é’X% "fym%xm derivative of
the invention, optlo‘ﬂ’éﬂ‘ﬁ with three positive charges at physiological pH. The term "charge
 masking moiet§" includes mdreltissywia: demeztively reisitaire e tRosn H5H o inretigerilatives.
Preferably, the moistitissticeot| sandsynthetive derbaiiea ssoniiied vithythgxipssiivectisegisof the
polymyxin 30 compgitdraiierbejat: adipaisieres (or AspibirpudexanapssradicRarga amagking moieties
include sulfoalkyl (gg, c?n%ﬁPmEHMé‘t%%EMIM%&MWP&%%@%M%H‘%QGS include,
but are not limited to, chloride Q(F@-%amm O“t 8 A ﬁ%% bisulfate eﬁﬂ;ﬁ?ﬁate acid
phosphate, |son|co't}?‘r‘sfe acee} ate. aane V te, add Ci g gmfa%ra 3’thenate
bitartrate, ascmbat%( s‘tkfemmmar@ R& rﬂf lﬂ?é"l%te gluconate, glucaronate, saccharate,
formate, benzoate, gIutamateR(ﬁféﬂm‘n’&ﬁM@ﬁdt’@ﬂ’éQWéﬁlﬁéﬁmé@tﬂf@ﬂidteart
p-toluenesuffonate; anthg alcsraty feet of, lhmmtyydwhbia@mydlinkyd&mamﬂmmm aminglhe term

"subject” includes gegRpisAISCaPRRHRdruitpine Farybastenaht @Hewﬁxﬁ@ﬂp&?sm@bjects
include mammals, gge ho é@&&ﬁ»@%@g@%% qe%& iaattlf 2RI ATl dpppeys. and

fera- 10 bly_h A EVIAT A and MOA,
bt T, Pl Y O e m Fure of

6-methyloctanoyl, @ﬁi@!ﬁﬂﬁ%ﬁf&ﬁ@ﬁfﬁﬁ@%ﬁ%ﬂ"?&tﬁ@ Im@i?éé%%u?fai@rmfﬁpb%yxm B;
OHMDA, 3-0H-8-nuetwploecdras calivid jrOM st amdytdDrnticekihehvaoticmdhyg; ity anidttaj.

Amino acids: Dab, mayd&aﬁ&ﬁanmbﬁﬁafmxtbéesidweteﬁamM#M@Mammmtwkmﬁﬁeﬁdue acDab,
N-y-acetyldiamino ng byl reaigue; kpy?__ IR eﬂ; |¢ye A rfg(tzr gyor, threonyl
residue; Ser r|n ul r $I oIe yl residue;
Ala, alanyl re5|due éﬁ;gd.ﬁ., aég:” n??% reél ueI ?let?e‘rfcodes for
modified amino ac ﬁlé Peptldes DAPB,

deacylpolymyxin B; DAC de&%ﬂﬁ?ﬂiﬁfﬁ’ﬁ WBW%WWW@%@F@&WCF’WNEMme E
nonapeptide; PMB&xaipobympeximiB octapeptide; PMHP, polymyxin B heptapeptide. Other cy,

cydo (to denote the cyclic paseisigms Riddenenelospivitbirndiaaketsds fubanybrae, RCRIYl sm,
sulfomethyl; Mg, ﬂ@%ﬂ?&%%%%#p ml'P&PfﬁBf%%Qshﬁé'QSnéE%Mtf%Sk&%ﬁ@f@@%rMbﬁéem'“'mum

inhibitory con- 30 centrati formin it..The symbol * is used herein to mark the
residues between WhiGH %%he ?a e Lfrgl)eéorln g?t?or%] o?tﬁ% gom{g?:und is dosed leaving the remaining

part of the molecule as a &dé@h&ﬁx'ﬁﬁﬁmg PSARNSHER PR PINOERIPRYVAD |t has
now been found thés wﬂmmﬁrdwﬁmmﬁpmw&wtamwmﬁtmw@ Porftive charges
and having only a $hmykiatg, poprtaikin S, polymyxin T, circulin A, octapeptin A, octapeptin B,
30  octapeptin C, octapeptin D, and derivatives thereof. Examples of derivaiives
inciude moieties with modifications which do not substantially effect the ability
of the ring moiety to perform iis intended function, L.e., as an antibiotic and/or
its abiiity to sensitize bacterium to one or more antibacterial agents. The ferm
“potymyxin B ring moiety” refers to the ring portion of polymyxin B (i.e., cy[Dab-
35 Dab-DPhe-Leu-Dab-Dab-Thr-]}). Other examples of polymyxin ring moieties
include moieties of the formula:



19 R(FA) or terminal moiety (D) (not more than 5 carbon atoms in total) still possess the ability to
sensitize Gram-negative bacteria to antibacterial agents such as antibiotics, semisynthetic antibiotics
and chemotherapgiitigagents as well as to host defence factors such as theGamnRRIeH system of
fresh human 5 serum. - Because these novel compounds do not have more than three (3)
positive charges, they, in analogy with the polymyxin derivatives described in U.S. Patent Application
Serial No. 11/891,629, may be less toxic in general a d less nephrotoxic in particular than polymyxins
and their known derivatives. 10 Similarly, the compounds now invented may reduce less histamine
from the host tissues than and have pharmacokinetic properties advantageous over polymyxin B,
colistin, and their previously described derivatives.A7artt&rmore, the short R(FA) or terminal moiety (D)
may make the novel compounds less toxic in acute toxicit agsays, in analogy with polymyxin B
nonapeptide and 15 colistin nonapeptide that lack the entird fatty acyl part. Furthermore, the novel
compounds may have pharmacokinetic propertieg that arei@vantageous over polymyxin derivatives
that have a long R(FA) or a terminal moiety (D) wi \mmﬁthan five carbon atoms. In one
embodiment, the invention pertains to polyrnyxin detisitives 20 of the formula (I): wherein: Ais a
polymyxin ring moiety; 25D is a terminal moiety comprﬂsing 1 to 5 carbon atoms; ml, m2, and m3 are
each independently 0 or 1; DI, Q2, and Q3 are each independently CH2, C=0, or C=S; W1, W2, and
W3 are each independently WRsef or S; Rv, R2t, and R3' are each independently side chains
of natural or 3gynnatural amigg @SS AKY balk R UHsAY k Ak kR GRROME
aryloxycarbonyl, alléa/lanllcr:lig ol a%&g%hlgnd R4 is hydrogen or alkyl, 20 - and pharmaceutically
acceptable prodrugs ahd saﬁts fhereo , provided that (1) when A is an octapeptin ring, m1 and m2 are
0, m3is 1, W3 is NH, 03 is &%,%@?Pgﬂ% "i‘ﬁpe‘Eéfé’%‘ﬁ%ﬂ%’f%ﬁ?ﬂﬁ%ﬁ'ﬂ@ﬁ@%i63‘("’51&8?,5 then D is not
C2-05 acyl, and (2) when D B&eaet/RBenepliengiyrubriiutasehyrreniohin amire #gid ¢agim of Dab.
In certain embodimdues; ahé compounds of the invention (e.g., derivatives of any one of formulae

(1)-(V)) may hage at least twRhotie Q80068 #A3MENBSPROSHHLCARNES Sal BRI WERd kL In another

embodiment, the C%FH_E;%%U&%&"@Y@é%%ﬁ’s@&&%‘?ﬂ%ﬁ%‘?%@&ﬁ@w&%% H. 10Examples of
prodrugs of these derlvativesrhncl e th?cgg wit[h charge askinﬁjlmoieties *\; ich,neutralize the three
i e

d -
positive charges when administe &dto R et Which & etPe OVEFiR Vi }%nt(?fyf@ vﬁg%ompound
with three positive &RERIES. £xAfipleSYiPebrigeiairhhgyrdnbrRentide L8ifo SRPRISIERes such as
sulfomethyl. 15Prefeharsy Bie BerfRbtiend REwsatiiel poIrilb-enhdidds ldigshpsid RbGisalph, as defined
above. In certa$ emdiapptentd df.dhe dyiRatidabRD BRI Rivd [RE-DanThchnigriseqostirely charged
functional groups a{pbysHotegingl Fd- 4Rt RS e 043 3RERYMUNPAPYs I05RxaRMe 008erRF) WO or more
hydroxyl, carboxylaig caranuu ol Ellfate S P B RO SBIBERIUPFhr-], ie., com-
pounds wherein R4, R5, R8 and R® are Dab, R6 is DiPhe, R7 is LLeu, and R10
is Thr), _
20 The term "prodrug® includes moieties which are cleaved in vivo to
yvield an active polymyxin derivative compound of the invention. The prodrugs
include moieties which mask or otherwise neutralize the positive charges (e.q.,
the ~NH;" or other protonated species) at physiological pH. Once the prodrug
is administered to the subject, the prodrug moieties or charge masking moie-
25 ties will be cleaved or other wise removed 1o vield the active polymyxin deriva-
tive of the invention, optionally with three positive charges at physiological pH.
The tarm “charge masking moiely” includes moieties that reversibly
neutralize positive charges on the derivatives. Preferably, the moieties are
cleaved or otherwise disassociated with the posilive charges of the polymyxin
30 compound after being administered {o a subject. Examples of charge masking
moieties include sulfoalkyl {e.g., sulfomethylated derivatives). Other positive
charge masking moieties inciude, but are not limited fo, chloride, bromide, io-



20 In one embodiment, m1 is 0 and m2 and m3 are each 1. In another, Q2 and 03 are each 0=0 and
W2 and W3 are each NH. In certain embodiments, R2' is substituted with one or more groups ~

selected fror{;{a%ﬁg)ﬁgkgggrbamyl, carboxylate, thiol, sulfate, sulfonyl, or phospbais Hadps. Preferably,

R2' is substituted with a carbamyl, hydroxyl or car- 25 boxylate group. Examples of R2" include
substituted alkyl and the side chains of alanine, amingbutyric acid, asparagine, aspartic add,
diaminobutyric add, glutamic acid, glutamine, serine, 4 threonine in either the D- or L- configuration.
Preferably, R2' is D-alanine, L-serine, or L-threonine. In certain embodiments, R3' is substituted with
one or more groupg;idé, setaaicsulrae) brilbriiey physisea, saibpkylateatt)idoskittaie danyl, or
phobsphallt?. Preferq%{éi %%té%?%ﬁmﬁécx}@g &!}9@%@@'@%@%?%@&e9éﬂmﬁ.@%@wmrox>t/_l or y
carboxylate group. e ide chain o nine, arpino ri id, aspar spartic acid,
Crammobutymc acid SR PR Ll it GBS BRI  fel A haledpd E0 OO

|
Preferably, 35 R3' REPF UG AGIMES. dspepdle,gliappte. me*ﬁ%&ﬁﬁ‘ﬂfg@%%?ﬂ%ﬂ?&@‘ﬁwﬂﬁqg moiety of
polymyxin B (i.8., chprashesiispsie. -irbercpdisnaie- paddasopaioxihes (1.4 -methylene-bis-
cy(Dab-Dab-DLeu-{Znfdabaltbaphthejiidi.a further embodiment, the terminal moiety is selected from
the 5 group consisting of R1ZHE T RebiB02- iRl  sRiEbis Rl 2eEbC sB)sifRsAny Hrd0)-
RL2-NH-(CoNH)- TRLG NS i Bl RO bRkl i meirfehe , WBOrRiR42 and R12
are each alkyl, cycloalkyl, alkenyl, al- k nyla%ryé or arrg/kl}a}{léyl eIn efsertacl)r!]l embo{gjﬁ@er}tasfeD”ls
R12-(C=0) or R12-(C= Pgﬁﬂ%?rsg%ae%ﬁﬁ, ethytf, ropy'i), of E)u yl. ’éBecﬁ?g%xamb%s D include
acetyl, 10 proﬂﬂ)nyq’,lbﬁl'é'ﬁﬁ%* and pentanoyl. In another embodiment, the invention also

pertains to pOImeXi%g%riV%g}‘ﬁﬁqg formula (I): 15(I) wherein: A is a polymyxin ring moiety; D is
R12-C(=0), R12-C(£—\ P ml, m2, and ms are each independently O or 1, provided that at
least 20 one of m1, m2, and Fafiyadieids: FA, feilylEcR 2&sihe FsMOA. eadiMDde pendibithyciEide chains of

natural or unnaturag,ﬁr}ggg,_@(;:igl:Mﬁ,&(gh@ﬂ(ﬁpyIwmgkug%b@mea}Imgq:ﬁm(,hﬁgyhgﬁw@xycarbonyI,
~alkylamino, or alky%\(l&m@l%gté%&g—ﬁx@*@ih%&ﬁo@‘%%ﬁt&zﬁ gwr%gidues oocur-
15 ring in polymyxin B; OMMDA, 3-OH-8-methylddtanoic acid; OA, octanoyl; DA,
decanoyl; Ac, acetyl; Me, methyl.
Aminc acids: Dab, a,y-diamino-n-butyryl residue; fDab, N-y-formyl
diamino-n-butyryl residue; acDab, N-y-acetyldiamino-n-butyryl residue; Abu, o-
aminobutyrvi residue; Asn, aspariyl residue; Thr, threony! residue; Ser, serinyl
20 residue; Phe, phenylalanyl residue; Leu, leucyl residue; lle, isoleucyl residue;
Ala, alanyl residue; sm-Dab, y-sulphomethyleted o y-dlamino-n-butyryl resi-
due. One-letter codes for modified amino acyl residues: X, Dab; Z, Aby; B, N-
y-iDab; J, N-y-acDab.
Peptides: DAPB, deacylpolymyxin B; DAC, deacylcolistin; PMBN,
25 polymyxin B nonapeptide; PMEN, polymyxin E nonapeplide; PMBO, polymyxin
B octapeptide; PMHFP, polymyxin B heptapeptide.
Other: ¢y, cydio (fo denote the cyclic part of the peptide, enclosed
within brackets); f, formyl; ac, acetyl; sm, sulfomethyl; MS, methanesulfonate;
LPS, lipopolysaccharide; OM, outer membrane; MIC, mintmum inhibitory con-
30 centration; CFU, colony forming unit. The symbol * is used herein to mark the
residues betwsen which the heptapeptide ring portion of the compound is
closed leaving the remaining part of the maolecule as a side chain.

DETAILED DESCRIPTION OF THE INVENTION

it has now been found that certain po!ymyxin—like compounds con-
35 taining only three (3) positive charges and having only a short fatty acyl tail



251% is Cr-C-5 alkyl, C2-05 alkenyl, or C2-05 alkynyl, and pharmaceutically acceptable prodrugs
and salts thereof, provided that (1) when A is an octapeptin ring, m1 and m2 are 0, m3is 1, and Rs' is

the side chaw {(i ngutyrlc acid (Dab), and D Es R12-C=0, then R12 éﬁ@g@@l iORa Ikyl, and (2)
y 0

when D is acet utanoyl or pentanoyl, then R3' is not the 30 side chain Preferably, the
derivative of formula (1) has three positive charges at physiological pH. In a further embodiment, m1
may be 0 and/or m2 and ms 22 may each be 1. In dfurther embodiment, R2' and/or R3' may each
independently be substituted alkyl (e.g., substituted with a carbamyl, hydroxyl or carboxylate group).

Furthermore, R2' aqgiey & 3efmaraeiche e it eehatnpf seansrrAomemnst@neurig-both D and L
configurations). Exgplgs o gyﬁ INGHIRARGRUR SRS ERIRE T iRy conine.
nc

Examples of R3' i c ains or and D- sefine E%Jurther

e the
embodiment, R12 ' gld?ﬁgﬂ MED S m'S n pnoplon%fsb 2, 585 eraﬁteutlc ?g% In another
further embodmeﬁ?%ﬁ)é?ﬁ?&?ﬁf%ﬁ%ﬁ@@ﬁﬁ R/ FARRIE H&Nﬁﬁ%@&fmwmﬂy wherein:

15A is a polyn¥yxirs@wh.polymyxin E ring moiety; D is R12-C(=0), R12-C(=S) or R12"; m1is O or 1;
RI, R2', and R3. are each inBepardcitibyserehamnspotmddudal rat ivanatovadeatmanctiaeiel$3plkyl, alkenyl,

arylalkyl, aryl, alkopysifiigoet/ereR0 Rydy 2 th aivdfag/e AP, FilpdRsIiNGevatledybamesgimat least one

of R2' and R3. corypgispA4ar ﬁwgtmdwu oY ROl RE0TAUp A MR 1B G- %érf&#ﬁﬂ R12'is

Ci-05 alkyl, and pha aceutlc acce{p %#. 91”‘,93 nd satsé} ggﬁ rowd 25 when D is
?a?ﬁo H3 BT R SmVAFE ah

acetyl, butano | or L HEeR Pbr?y 8 compounds of

the |nvent|on ﬁ?é%rkj’o %95?%&5di%ﬁYBlﬁ@ﬂ:ﬁ}%rW%‘ﬁs@hft%ﬁH’ﬁﬁpg?é%th
substituted aIkyI, dmbtlm@saéb@yl gnoievs| pharmacokinstisentapasjies advantagecus over

polymyxin B, colistin, and their previcusly described derivatives. Furthermore,
the shart R(FA) or terminal moiety (D) may make the novel compounds less
toxic in acuie toxicity assays, in analogy with polymyxin B nonapeptide and
15 colistin nonapeptide that lack the entire fatty acyl part. Furthermore, the novel
compounds may have pharmacokinetic properties that are advantageous over
polymyxin derivatives that have a long R(FA) or a terminal moiety (D} with mo-
re than five carbon atoms.
in one embodiment, the invention pertains to polymyxin derivatives
20 of the formuia {I):

/ RS’ RZ' R‘I !
A—Q° ' wi+Q2 ‘ w2 Q1J—W1 D
\ 1 2 m!
ny 2y

A is a polymyxin ring moiety;
25 D is & terminal molety comprising 1 fo & carben atoms;

m', m?, and m® are each independently O or 1;

@', @ and Q® are each independently CHy, C=0, ar C=S;

W', W2, and W® are each independertly NR*, O, or S;

R", R?, and R® are each independently side chains of natural or
30  unnatural amino acids, alkyl, alkenyl, arylalkyl, aryl, alkoxy, alkexycarbonyl,

aryloxycarbonyl, alkylamino, or alkynyl; and
R* ig hydrogen or aikyl,

wherein:



In yet another embodiment, the invention also features a polyrnyxin 30 derivative of formula (IV): 0l
MaL3IHOCACN (IV) wherein: A is a polymyxin B or polympdn E ring moiety: 5mi is 0 or 1; Li, L2
and L3 are gaghjnpppendently Ci-C3 alkyl or a covalent bond; M1, M2 apghMaaig.sash
independently I-1, C(=0)NH2, C(=0)0H, or -OH; R12 tl is C1-C4 alkyl,

20

and pharmaceutically acceptable prodrugs and salts thereof, pro-
vided that (1) when A is an octapeptin ring, m’ and m? are 0, m®is 1, W is NH,
Q% is C=0, and R¥ is the side chain of diaminobutyric acid (Dab), then D is not
C2-Cs acyl, and (2) when D is acetyl, butanoyl or pentanoyl, then R¥ is not the

5 side chain of Dab.

In certain embodiments, the compounds of the invention {e.g., de-
rivatives of any one of formuiae {(I}-(V)} may have at least two but no more than
three positive charges at physiological pH. In another embodiment, the com-
pounds have three positive charges at physiological pH.

10 Examples of prodrugs of these derivatives include those with charge
masking moieties which neutralize the three positive charges when adminis-
tered to the subject which are removed in vivo to yield the compound with
three positive charges. Examples of charge masking moieties include sulfoal-
kyl moieties such as sulfomethyl.

15 Praferably, the derivatives have three positive charges at physio-
logical pH, as defined above. In certain embodiments of the invention, R", R,
and RY do not comprise positively charged functional groups at physiclogical
pH. R', R%, and R¥ may comprise, for example, one or two or more hydroxyl,
carboxylate, carbamyl, thiol, sulfate, sulfonyl, or phosphate groups.

20 _ In one embodiment, m" is 0 and m? and m® are each 1. In another,
Q? and Q® are each C=0 and W? and W?® are each NH.

in certain embodiments, R? is substituted with one or more groups
selected from hydroxyl, carbamyl, carboxylate, thiol, sulfate, sulfonyl, or phos-
phate groups. Preferably, R? is substituted with a carbamyl, hydroxyl or car-

25 boxylate group. Examples of R? include substituted alkyl and the side chains
of alanine, aminobutyric acid, asparagine, aspartic acid, diaminobutyric acid,
glutamic acid, glutamine, serine, or threonine in either the D- or L- configura-
tion. Preferably, R? is D-alanine, L-serine, or L-threonine.

in certain embodiments, R¥ is substituted with one or more groups

30 selected from carbamyl, hydroxyl, carboxylate, thiol, sulfate, suifonyl, or phos-
phate. Preferably, R? is substituted alkyl and maybe substituted with a carba-
myl, hydroxyl or carboxylate group. R¥ may be the side chain of alanine, ami-
nobutyric acid, asparagine, aspartic acid, diaminobutyric acid, glutamic acid,
glutamine, serine, or threonine in either the D- or L- configuration. Preferably,

35 RYis D-asparagine, L- or D-serine.



10and pharmaceutically acceptable prodru s and salts thereof, pro- vided that when R12 is methyl,
propyl or butyl, then L - M3 is not the side chain of Dab. Preferably, ml is 0. Examples of L2
include bra I e.9., -CF(CH3)-). Examples of M2 include OH. O f L2 include
-CH2- 15 anqgatffﬁer@éa%mples of M2 include OH and H. In another emboggﬁgﬁ%ﬁ]@% |§®(§Hr and M3 is
OH. in yet another embodiment, L3 is -CHrCH2- and M3 is C(=0)NH2. Preferably, the compounds of
formula (IV) have three positive charges at physiolog?&al pH. WO 2009/098357PCT/F12009/050093
24 The present invention thus relates to a polymyxin derivative which may be represented by the

general formula (V): cnR7 - E%R%ié@)&{@(%&ltﬁiéﬂ)ﬁ%é ARSI FRBigAh @ 114 Rfidarty) 5 wherein

R4 is an amino acj NS CAMBLISHGATHIDC I¢iZ6 - thesmplgeule;
R6 and R7 are an H,g%%h% 325“52% hydr0|cl';ér;1¥(l;)‘bu§ﬁ amino acn? 10res%§gs%§10 is La%%%r any
(o]

non-hydrophobic a idue; and wherein R1 maéabe absent; and wherein R1, R2, R3,

R5, R8 and R9 are each md@p%rflﬁ'é'i’ﬁ&%‘?@&gt?%ﬁ'nﬁh% % g‘%ﬁ&"ﬁ)&\/ﬁeﬁ‘ﬁ%m% gﬁ’optlonally
substituted allé&nogtaspalrynaisiidae Oﬁaﬁnd@rﬂﬁal'ﬁ?o@earb% 4Rk RYGNE-HRsBhaceutically

acceptable prodrug@m&mhapofwmm&#mn{,ﬂ‘%ﬁm&ﬁﬂ)-an@R@a@@meﬁfﬁ -R®)AH-R5, R8, and
R9 are Dab, R6 is F&le(@@%isd-%%@rehﬁ%aﬁmkﬂwei%%ﬁ cmwh%@d%émﬂdd&arﬁn@aﬂbsent, 20 R3,
~a- 5, K8, and AR SAPoRaR STy E&Eéﬁw%ﬁ%ﬂd%@%'&ﬁ“ %&Fp@wgsns an
unsubsiltuted aIkanoX Iéﬁld%%tﬁyp éﬁ'}vapropyi lage%/cﬁ% et%ann%leosr&%nnaugé' ace 3 s not

Dab. 25
10 propionyl, butanoyl, and pentanoyl.
in another embadiment, the invention also pertains to polymyxin de-

rivatives of formula (i1}:

15 ()
wherein:

=0
2
A
—-—-/
o

[ }——4
T

me

A is a polymyxin ring moiety;

D is R'2C(=0), R"%-C(=S) or RY;

m’, m2, and m® are each independently 0 or 1, provided that at least

20 oneofm' m? and m® are 1;

R", R?, and R¥ are each independently side chains of natural or
unnatural amino acids, alkyl, alkenyl, arylalkyl, aryl, alkoxy, alkoxycarbonyl,
aryloxycarbonyl, alkylamino, or alkynyl; and

R is C4-Cy alkyl, Co-C4 alkenyl, or Co-C4 alkynyl,

25 R ig C4-Cs alkyl, C2-Cs alkenvi, or Co-Cs alkynyl,

- and pharmaceuiically acceptable prodrugs and salts thereof, pro-
vided that (1) when A is an octapeptin ring, m' and m* are 0, m*is 1, and R is
the side chain of diaminobutyric acid (Dab), and D fs R%-C=0, then R*%is not
C-Cs alkyl, and (2) when D is acetyl, butanoyl or pentanoyl, then R® is not the

30 side chain of Dab.

Preferably, the derivative of formula (Il) has three positive charges

at physiological pH. In a further smbodiment, m' may be 0 andfor m? and m®



In a derivative according to the present invention, R(FA) may be any residue that has small molecular
" weight and 1 to 5 carbon atoms. The major role of a short R(FA) is to block the free N-terminal amino

group of th i thus eliminate one positive charge of the peptid H&I /g%&l the
compoundsevc?ﬁf%l}r%%}%}gy/) may have three positive charges at physiologiggﬁgf. @Lr ae/gr?’more, R1, R2,
R3, R5, R8 and R9 may be specifically selected such that the compounds have three positive charges

at physiological pH. The R(FA) is preferably selectecd®fom the group consisting of car- 10 boxylic add
residues, i.e. alkanoyl groups, or alkyl groups, having in total Ito 5 carbon atoms. R(FA) is preferably

selected from the graiR&MBISHNGOS Ml SaBBthane FEebhdRYIdiendy BsiusRRidasidues may be

selected from propgr]n ybeb%gg&xmgﬂaﬁa%ﬁ) I', @Jgﬁﬁx%@%ﬁﬂsQVQPJQMlﬁ,eﬁyHS%TJF%E?f’idUes may
be branched, strai%Ht-ihaine os c¥cl' .15 ’g%{,maﬁﬂa e an un?ﬁj ura%cla res é%e, coptaining one
or more double or BIERLAERYP)- FURRRPTRLD LAY itu BN RACLBR e MES ERRIR, PEcognizable
by one skilled in thieEPE BFotGeaRRtinG ptyh 88t Prdit nerniggalieash Jrxaropies ¢he substituents
may include alfkyl, ingtidsxinasitia kesips Al talapinsfdrsetosapeiethyeonthg] Exemppylol®oxy is
preferably methoxyschiiexye eidgremany oflpasparagindod ridB-asénnay readily recognize equivalents
of these preferred R(FA) residyes-ad svbstiienisRasedkyl and D Mapak LB YRMAFIAN
octapeptins, R1 is ar a@r?éﬁtgn‘?i [eplaced by a covalent bond). Examples of known derivatives
that have antibac2 terla!rlhcti Ity I cﬂ e those wherein is Ala otr_ a cqvalent bond. Ina
derivative according to the p'ﬂa@éﬂﬂlﬁ(/ ‘é&ﬁ ﬁT\tgﬁ b, ﬁ]g‘)yﬁ'é ;gﬁ)ﬁlﬁ%iﬁwgi‘& rigsﬁﬁ]e, provided
that the total ABmJemsripserivatives rRiéarmuailierivative does not exceed three and that the total
number of positive charges in the side chain portion does not exceed one, and is preferably ab- 30
sent. In natural polymyxins gnd qgatapepting, R24s Thr or [ placed by a covalent
bond). Examples of known derivdfives fthat have! ntibpcterial ci ivity jnclude those wherein R2 is
O-acetyl-Thr, O-propionyl-Thg, O- - e according to the
present invention, R2 may be any amino acid residue, preferably hydrophilig or relative hydrophilic,
provided that 26 the total number of positive charges in said dgrivative does not exceed three and that
the total number of positive charges in the side chain portion does not exceed one, Examples of R2
include alanine, aminobutyric acid, asparagine, aspartic acid, diaminobutyric acid, glutémfc acid,
glutamine, serine, Whe#IO- Snine in either D- or L- configuration, A person skilled in the art may also
recog- nize affequivalent resitkie pélihin BeoBpelvinxit b aingotyeieixins and octapeptins, R3 is Dab,
DDab or DSer. In a derivative sqeBrdirmip rifegieesaptRention, R3 may be any amino acid residue,
preferably hydrophilic or relgfjvelyshydrophilic, provided 10 that the total number of positive charges in
said derivative does not exc&ed épreg r}%nﬂgtharatggcho'ﬁ%gggﬁggat?f 8%%%%&%&&9%%@ tpgrchain portion
does not exceed one, and is sélected from the roup consisting of alanine, amino- u{?ric acid,
asparagine, as arﬁ@'%?éfﬁ?ﬁ%fmﬂ?oﬁﬁ'eﬁic%{d,%ﬁfﬁ%i@@@fﬁ?@lﬁf&mﬁ%@’%’e%’%’fﬂgmme in either
D- or L- configBrat@iloxgmibershnaliviemine drs akomdy Yeweay rebirast el Ry RodRic or relatively
hydrophilic residuesotiyais¢he serpasfghrbyliresfioesaRipR@termdes; amil may select such from a group
consisting of e.g. arginine, NR¥hetayleydirine, a-methylaspartate, cysteine, histidine, hydroxylysine,
lysine, methionine, ornithineRpm@%LQ@gigﬁyproline, phosphoserine, phosphothreonine, and tyro-

and pharmaceutically acceptable prodrugs and salts thareof, provided that
25 when D is acetyl, butanoyl or pentanoyl, then R¥ is not the side chain of Dab.
Preferably, the compounds of the invention have three positive
charges at physiological pH, m' is 0, R? and R® are both substituted alkyl,
andfor D is acetyl, propionyl, butanoyl, or pentanoyl.
in yet another embodiment, the invention also features a polymyxin
30 derivative of formula (IV):



20sine. A person skilled in the art may readily note that one of the residues R1, R2 and R3 may not be
hydrophilic or relatively hydrophilic, provided that the other two residues are so. Accordingly, R1, R2
and R3 mayvpg fo%@@tﬁ(«%from a group consisting of e.g. a covalent bond,lﬁé?gyﬁge@jm}iyoadipic acid,
25 a-n-butyric acid, N-(4-aminobutyl)glycine, a-aminobutyric add, y-aminobutyric add, a-amino-caproic
acid, aminocyclopropanecarboxylate, aminoisobutyric acid, aminonorbornylcarboxylate,
a-amino-n-valeric acid, arginine, N.-methyl arginine, 8§paragine, a-methylaspartate, esparto acid,
N-benzylglycine, N-(2- carbamylethyl)glycine, N-(carbamylethyl)glycine, 1-carboxy-1(2,2-diphen4
eth)1- 30 arnino)cyclopropane, cysteirw‘?\la-methyldi no-n-butyric A¢id, Nracetyldiamino- n-butyric
acid, Ny-formyldiamino-n-butyrig acigs” Ny-methyldigmino-n-plgyric a€id,

N-(N-2,2-diphenylethyl)carbamlyimethyl-glycingf, N-(N-3,3-di
N-(3,3-diphenylpropyl) g|ygmMMmmﬁug i
2-amino-4-guanidinobutyric acid, N-(3-guani- 35 dinopropyl)glycine, histidjne, Aemophenylalanine,
isodesmosine, isoleucine, leucine, nodeucine, hydroxylysine\Na-methyllysjpe, B&ne, Na-methylhydr-
27 oxylysine, Nemethyllysine, Neacetylhydroxylysine, Neacetyl lysine, Neformylhydoxyl%(ﬁine,
Neformyllysine, Nemethylhydroxylysine, Nemethyllysine, methionine, a-methyl-y-amincg tyrate,
a-methyl-aminoisoW0&/#fte, a-methylcyclohexylalanine, a-napthylalanine, norleucine, norvaline,
a-methylornithine, N- 5 mettfyldenrblvayris BieesabmitdnE, inefmeigiomithine, Nrmethylomithine,
ornithine, penigilamine, phemyiddahare,; hydroxyproline, praline, Ne-methyldiamino-n-propionic acid,
Nracetyldiamino-n-propioniq &qié g 1O Hravddig et PeR RPIMNE as] iy mies g cidsRibearpropionic
acid, phosphoserine, serine,gh i r I.%?d%f h ineyn ing, and valine.
10 In natural polym ﬂps an dc@ﬁ%ﬁiﬁ%}?%@aﬁ%xamp %’s%ﬁﬁg@gzdg\?aet?@s’ t%at have
antibacterial activit';él tlude thgse wherein R4 is Lys. In a derivative according to the present
invention R4 is an amino aci ré%ﬂu@b%‘hi‘brising a functional side chain able to cyclicize the molecule,
15 and may W¥selected frormrth@ponpeet tically serrpiabiduerodmgsians ssitsythengefiaxlysine,
omithine, Glu, AspyiBabthatamigroRidanitatigroplt oBeutginth&ys® prisfeisahdy abide chairn natural
polyrnyxins and ocggapggtins, RS, R8 and R9 are Dab. Examples of synthetic derivatives that have
antibacterial activity include mgi%?ably,

mytmethyl(l)glycine,

m' is 0. Examples of L? include branched alky! (e.g.,
-CH(CHs}). Examples of M? include OH. Other examples of L2 include -CHg-

15  and other examples of M? include OH and H. In another embodiment, L3 is
CHy- and M® is OH. in yet another embodiment, L? is ~CH,-CHo- and M® is
C{(=0O)NH,. Preferably, the compounds of formula (IV) have three positive
charges at physiological pH.



20 wherein R5, R8, and R9 may be Lys or 2-amino-4-guanidino butyric add. In a derivative
according to the present invention R5, R8 and R9 may be a positively charged ora neutral amino acid
residue, pre{g{gglgwla%gs,provided that the total number of positive charg iﬂ,ﬁ%ggg)ggia@tive does not
exceed three. person skilled in the art, may readily recognize equivalent resi- dues of these
preferred residues, and may select such from a group consisting of e.g. diaminobutyric acid,
diaminopropionic acid, lysine, hydroxylysine, ornithiné4 2-amino-4-guanidinobutyric acid, glycine,
alanine, vane, leucine, isoleucine, phenylalanine, D-phenylalanine, methionine, threonine, serine, a-
?KJO amirr:ol-ln-butyrlilc ff:lcid, a-afpd BresKAlarCeMich hagBRIeaRE ﬁﬁ%ﬂﬁ%égym&l@%macety"ysine,
emethyllysine, ine, Nemethylhydroxylysine,
L-Na—methylhydro%%gﬁle, %?%%@%%%%%l%%@g%?Nracetyldiamino-n-butyric acid,
Ny-methyldiamino-nbutyric acid, Nrformyldiamino-n-propionic acid, D-Nrformyldiamino-n-prop- 35 ionic
acid, Np-acetyldiamino-n-propionic acid, Nprn%'{hyldianfﬁﬁc?-n-propionic acid, Nrformylomithine,
Nracetylornithine and N5-methylornithine. 28 In naturakpolymyxins and octapeptins, R6 is DPhe
or DLeu and R7 is Leu, lle, Phe or ThrgB¥nthetic derivativessiRat have antibacterial activity include
those wherein R6 is DTrp and wherein R7 isMAla. In a derivaive according to the present invention, R6
is an optionally 5 substituted hydrophobic ane#id acid regjghse, preferably DPhe or DLeu, and R7 is an
optionally substituted hydrophobic residue, preferaply L&u, Thr or lie. A person skilled in the art
may readily recognize equivalent residues of thesgyRreferred hydrophobic residues, and may select
such from a group consisting of e.gs phenylalanine, éa-amino-n-butyric acid, tryptophane, leucine, 10
methionine, valine, norvaline, norleucine, isoleucingrand tyrosine. A person skilled in the art may also
recognize the equivalent residue of threonine to be sgrine. In natural polymyxins and
octapeptins, R10 is Thr and Leu. Examples of knoypaxderivatives that have antibacterial activity include
those wherein 15 R10 is O-acetyl-Thr, O-propionyI-Th\r or O-butyryl-Thr. In a derivative according
to the present invention, R10 is Leu or any non-hydggphobic amino acid residue, provided that that the
total number of positive charges in said derivative dogs not exceed three. Preferably R10 is Thr or Ley.
20A person skilled in the art may also recognize theg,ggyivalent residue of threonine to be serine.
The three (3) positive charges present in the derivatives according té¥he invention can be located in
the heptapept&le ring portion; or two (2) positive charges can be located in heptapeptide ring portion
while the remaining 25wr&rgi@sitive charge is located in the side chain. In one embodiment,

derivatives according to the preRes INpRIAGCARIBESSIRFAL HEIReBRaR® esiNaliyes wherein
R2-R10 is selected fr%)[Ln thﬁ QLo rilg'apgg of Thr-DSer-cy[Dab-Dab-DPhe-Leu-Dab-Dab-Thr-J, i.e.
PHk gﬁ%‘g 5

SEQ ID NO: 10; and Thr-DAsn-c -Dab-DPhe-Leu-Dab-Dab-Thr-], i.e, 30, SEQ,ID NQ: 39. In
other embodiments, derivativ¥s iﬁ{ft@‘ﬂﬂg% MtSH §mbef‘ill}ﬁ’]r¢r83}§@5c@%"??oﬁf’%e group
consisting of:*8cetyl- TREISBET-cy[DabDab-DPhe-Leu-Dab-Dab-Thr-], i.e. Ac-SEQ ID NO: 10; and
acetyl-Thr-DAsncy[Dab-DalRiiPisd-ee arBab s Tine phebin erg FOarH KRige: 29

wherein R1 may be absent; and

wherein R1, R2, R3, R5, R8 and R9 are each independently se-
lected amino acids; and
15 wherein R(FA) is an optionally substituted alkanoy! or alkyl residue,
having in total 1 to 5 carbon atoms;
or a pharmaceutically acceptable prodrug or salt thereof provided
that (1) when R1 and R2 are absent, R3, R4. R5, R8, and R9Y are Dab, R6 is
D-Leu, R7 is L-Leu or L-Phe, and R10 is Thr or when R1 and R2 are absent,
20 RS3, R4. R5, R8, and RO are Dab, R8 is D-Phe, R7 is L-Leu, and R10 is Thr,
then R(FA) is not an unsubstituted alkanoyl residue and {2) when R{FA) is ace-
tyl, butanoyl or pentanayl, then R? is not Dab.



As shown in the example section herein, the compounds according to the present invention carrying
only three (3) positive charges and having an R(FA) containing 1 to 5 carbon atoms only can be very
potent agents, to, itize Gram-negative bacteria to antibacterial agents itizing activity at
least two (2)‘%%3%%@% %?eferably three (3) positive charges are located ir11) ?Eéﬁ Elzz)%gt}aﬁﬁge%ﬁde ring part.
The works of Teuber (1970), Srinivasa and Ramachandran (1980a), and Sakura et at (2004) disclose,
among other polyrnyxin derivatives, derivatives havingPonly two (2) or three (3) positive charges.
However, the corn- 10 pounds carry a fatty acid part R(FA) longer than 5 carbon atoms. On the other
hand, polymyxin B nonapepligle aaslaphsdadopding ep tieprralhDifidassty mryymelieslixgyagents to
sensitize Gram neqaiNEdRIEHA SN RIONENPHEIR 87U'S B(ERLARH Bl IhBvRdR PoSitve
charges. In certain Sodi %ﬁtﬁr@ﬂ% 10 RO tie 1 PRUINARACIVANNES 4 3:qhiomiae |-V may be
administered to a s 4ectqr§ rodrug form. Re prodrug may comprise oA EP Rors @ngrge masking

moieties which ma@R4rBUS SHRRtERIG ASTHREATR{BUAG BFRISter it is administered to the subject.
The present infention in onePaeiseshiprdvedeanmsnnsisiwinfprmulre AVhinas haveyitgenpesitiss positive
charges only and athi{fed atphtaislgichl toFh POritaroarey iR Ran REams iréhgrebRabbapbseensitizing

one or more Gram-(RAFMGORHRIR s08CBaleecanibicigs Haretifrd PtRiRaehharges atlhe
susceptibility of bactaria to ﬁmibacterial agent may be determined by two microbiological methods.

A rapid but crude procedure use mercially gvailable filter er disks that.have heen impregnated
with a 25 specific quantity o_fth% %ﬁf@q@t&rﬁ?ﬁé%%ﬁ%%%é tﬁ%’ﬁ?@?@ﬁﬁ%&é’%ﬂ %negs??rf?gé of agar
plates that hal® b6 @gid reaidhes 4 ¢ Raribareracos /fsvieraups; g tinstdy totald! tiSplates are
observed for zonessafbgrovetbrshiBiiidy. /& rptaterabhuertestash figue fiRedspoth aitosistinguséeptibility
test, involves prepatigighie Shimye aebd riaatyin gesieiel didten s séftl aelidgas hepyrdbeu Bekeciagdia, then 30
inoculating the oroaHTRBENDIF HERHBLR, 186HRRSyIT DadRE P RRBIGAII Gidlisg thas inhibits
growth of the bactelrégi 8@%@9@&%@&%&&@%@@&% égd as the minimum inhibitory

concentration (MC). 3 rivatives according to the present invention may sensitize clinically
important Grati-negative ba&@é fBaé'n%‘B%a&%ﬁgl 'é%@ﬁfgﬁ?ﬁgé?g s‘éﬁ’d‘@?l?wjﬂ@é’ RE"8%Rria may be
those belonging to RERIRAUEIRIE RERfSobacter, Aeromonas, Alcaligenes, Bordetella, BranhamHa,
Campy/abetter, Citrobac- 5 tB{F Ehteaglbecsebstisted rdlhi supstinerisa cadibo baceanirabipl g mophilus,
Helicobacter, Klebsialaskiiegitmitkaai] praxieiir iRasreuik)nad lesiaorenissn R Ieusloaromaai-Salmonella,
Serratia, Shi%ix _%E%Yﬁféi@iﬁﬁmi@@mﬂwmerakm,auyaﬁa@w@m% Eﬁ@h%am%@i_l, Klebesie"a)
pneumonia, si Cau.Enter e L ies of En- g
terobacter, Citroba@t rn?%(g]l}ﬁ dii iiblg? to été‘rﬁba qg%ﬁ%ﬁ%ﬁﬁﬁéﬁas a ;’ﬁ%%sg&?%%ther
Pseudomonas spe@@?%%ﬁ ﬁaag‘ n m@F E?)% T%F&Pﬁgﬁﬂeﬁwgﬁ{% eogﬁjé ?n%'& &%acteria.
The bacteria also if¥TA eI SUBs IR heteak other clinically important Gram-negative
bacteria. The bacterial infectiorstardatizamedns andlectepaptingiRd, ib &abre- disenbli sepicemia, skin
and soft tissue infegligadicy avaientbent)giiatpiretishisuwihdapehinep ehéo heak ragibac-foreign body
infection, fevegsn hematglagicahatie Moy eaiinriasere alrbriiBRBIFABYRFOUS line or other catheter,
c,anyl and/or device, infectiop}ig &e@ﬁ}%ﬂ tgé%i?@iﬁrga&t’ﬁll% L}I}S %X?In?rr mi éﬁ‘?ﬁa{f ﬁﬁc[i'%fkin
infection, and colonization ofig?strﬁ;an e%%a ract, muco ﬂfhf mem%ranes and/or %!\r%b g)otentially
noxious bacteria. 'be Y D BTl icRTg e el the forl ASMOSrh BPRIFYER: Sgé vere
hospital-acquired infetdig gl sios DNt exennd toesmapeb i doesiatl tambes Afdesérehe organ
transplant patients cimdegioinstbe ide derisipertanedees niCiiLesdvane, iafigcisoprefsidhiyratvounds,
severe commgpity-gdaacquired infections, infections of cystic fibrosis patients, as well as infections
caused by multi-resistant GrgnneeatvapRasiRNand octapdRiRseRANLIMHERIYRLSRIF0digcted to
combinations of two.or moe derivziltivellly;s ac cEdinnqntio?ﬁ? Bfgrkgcéerat inv%nggr%hf r comb%}peantéiion treatment.
The combinations r%igcﬁnéﬁﬂgecg\éan% Vs tg'avfna S capabIlity to Senaitize dir gsvfgraénn Shecies or

%} gd £ ) 8_

strains of Gram-nedfi eaﬁg‘é%ﬁ%ctﬁdﬁnmﬁﬁtmrﬁ@eﬁ%.'s -acetyl-Thr, O-propionyl-Thr,
putyryl-Thr or a covaient bond.

35 in a derivative according to the present invention, R2 may be any
amino acid residue, preferably hydrophilic or relative hydrophilic, provided that



Another aspect of the present invention is directed to pharmaceutical compositions comprising
polyrnyxin derivatives according to the present invention, their prodrug and salt forms, selected

| combinationvsvah%etz]ro% l‘ftjsgsn’d optionally an antibacter.iall agent formulqt_ed toggmzwg}asg or more

pharma- 35 ceutically acceptable carriers and excipients. They facilitate processing of the active

compounds into preparations which can be used pharmaceutically and 31 include e.g. diluting, filling,

buffering, thickening, wetting, dispersing, solubilizingZ&uspending, emulsifying, binding, stabilizing,

disintegrating, encapsulating, coating, embedding, lubricating, colouring, and flavouring agents as well

as absorbents, abgiREEN RMBEICS poliHReiAGHBLSINNEERRAEMEveasbE RolilicBalalirkgown to a
person skiled in 16, 8 1 « EIAIRAEE Y GaLTOTBRSANG DG ule SRR BSIBRASMASTgIn the active
ingredients are con alneo} In‘an.amount eﬁﬁgﬁ,\%e to, achieyve the int n%ed purpose. More specifically, a
therapeutically eff@éﬁ@%%ﬁfﬁ%ﬁ@i@ﬁ g ’WWQ?}E;%’E@&@W@H%;T ‘ hiséﬁ_ rgﬁg‘?—ht of
compound effectivéSi# e ioPRHHE padehdeRISAth iR g SeHRR mination of a
therapeuticall\Beffedtiv i aittenil-ionteConfiisrationc Aorgriiop skillegse Hidlit memissrresagredicine.
Compositions mayhe arastiupeddpy BEnesoETHvRIIdeswn in the art, e.g. by means of conventional
mixing, dissolving, e_nca_psuyﬁtmu@pyaﬁa%%w%{yﬁém&§w!§iﬁéﬁgmﬁggqglagg@{ing processes.
The proper formulation is d R?ggmawgrhgggr ecgh?edgyggggfl&% ASe %%Wrmaceutlcal
composition can be formulated fo ImmeglateE reae se ijj's ow r?ﬁge e.§. |rhiirder to .%rc{yong the
therapeutic effect Cidlofro iy rB%?éJﬂﬁe% ﬁf??‘f: gﬁﬁ Ee?’fhrg ,lﬁl. P 287 EORURR ently be
presented in ¥t dbabderistial Bymbemetnsgiive Shargraria sRGIpREIvESPes ’m’_‘ P¥R§®Aaceutical
compositions accdtaasgandtiwptbedotelnuentiendhphsiévébcharges it ik potise #wemded for
intravenous, intrarpgsexdsdobak, i@ RicabRapiniatiAting gauyetonsisingabsaingraderiziered as a

suppositorium or a5, amdnhaglable . ERB4A0ReRlicRs ISR tAYE N aKtarkR IRlgRIMusCUlar,
intraperitoneal, subﬁj%%]qgg‘ussédﬁ (am&g%ll%% Wgﬁ?g&qurﬂ_@xﬁﬁﬁu g%, intranasal, or intraocular
injections, inhalab® Berosols as well gse intended for rectal,

raJ, Intravaginal, fransmucosal or
transdermal d@livery. For paPetRE] ﬁ?ﬂiﬁwgtpéﬁéﬁt ?&.%%‘&ﬂ%%ﬂ@f&ﬁ&ﬁ?ﬁ%ﬂ%ﬁ - 30 fusions,
or slow infusions), etivein pydrpsiic cepidivep ithandinee misfeaedyeriduah & oMbirBfidhs described
above may be fornanthtezy asitctis sihithie 5 gloop estsigting ofie.gtarigining. Sy abid ows; preferably
physiologically compatibladimissakascyslings, S itind onpdrRipyeirs ShsiHen mtddrmal's solution.

The formulation m%@#ﬁ%'Wﬂmmiﬁé@h@%o%&HB&%iﬁé?WSﬂﬂxsﬂWéﬂnﬁa paletigene glycol,
s and surfactants. 32

propylene glygol or related compounds as well as preservatives a

Pharmaceutically as(':rf:%ptable add additiE%salts may be prepared from iné)n?ani and o[%anic acids.
[

Salts derived from inorganic’aPRIEAREKILRA D P Al _éyaE‘?aF‘MH%%FB?ﬁ' _p(fi,t %ﬁﬁ‘ﬂg &id, nitric acid,
phosphoric acid, aRd:tF e, B3 mayeiridiefrysreniytinier delatvly hydrepiliec RERYidsd Bhic 5 acid,
glycolic acid, pyruteaxthbrdwaliczsicidesrak acidAcnatdingyadrd, Rz cindc Rzichem bleigstagtigdfumaric acid,
tartaric acid, citric peid, PERARICAAHLRIGRABIS, acisbalanCiBlinn crnmeRenamesaL acid,
ethanesulfoniggacid, py g&l}f@_@_@ﬁﬁ,ﬁgﬁy&b A AR FblikRic 3d ditligninklig.Rgrmaceutical
compositions for parenta adnr%rm\_l- 190%r%g%n %f%%ﬁ e a%spoerésd(g&sr% e[)%%lsgyﬂlsn Sy Oh@aueous
vehicles, and may%%Ma?rﬁBirmu?gPor agents suc gs _sBs ending, stabilizing an ord% ersing
agents. Suitable Ii%imﬂﬂ@grﬁﬁﬁgﬁ%ﬁ@ﬁ&ﬁ@@% Q’%ﬁggﬁm'a@rﬁ@?ﬂ?al_ BB nthetic fatty
acids esters, such aIgintns;| eiearedinw tiyigtuirfoarisiaiRsisacihdsbepaigisirenti%ontain
substances, whichdarbdmytstratigitineyidédsirpah siathgligipamsioh-catebnat 2 8diipirecyrmigimethyl
cellulose, sorbifol e eRibpropane] HRERALNEMLEIRIARREONBUSMR BEdIesamEgianvAB-dose or
multi-dose sealed ganiainers, sCR a8 ApRMEHRSLYIARC 2B FANDSSiRyRIbINACT RS agMETed

.- Lk ' At : :
(yophilzed) conditon rogting, ontl eSS e N RS DRk Rygmple. water
yl} carbamylmethyl(1)glycine, N~(3,3-diphenylpropyl) glycine, glutamic acid,
glutamine, glycine, t-butylglycine, 2-amino-4-guanidinobutyric acid, N-(3-guani-
35 dinopropyiiglycine, histidine, homophenylalanine, isodesmosine, isoleucine,

leucine, norleucine, hydroxylysine, N,-methyllysine, lysine, Ni-methylhydr-



For oral administration, solid form preparations include e.g. powders, tablets, pills, dragees, lozenges,
capsules, cachets, and microgranular preparations. Pharmaceutical preparations can be made using a
solid exci.pie‘%‘?'%%ggy 'gri.ndir.lg thg resulting m‘ixture, and processing @8@%&?&%5%9%5 granu]es,
after adding suitable auxiliaries if desired, to obtain tablets or dragee cores. A Solid Carrier/excipient
can be one or more substances which may also act as diluents, solubilizers, lubricants, suspending
agents, binders, preservatives, flavouring agents, we#ing agents, tablet disintegrating agents, or an
encapsulating material. Suitable carriers Include, but are not limited to, magne- 30 sium carbonate,

magnesium steargl, ialhedRELiRERyIREIRS NPRCHY IR BHR] IR B89 ARIRe MEIRHIRGIIUIOSE,
sodium carboxyrnq.irte?[}logz(ellIu;r(})ge,!\‘al“%gvx1 r’rﬂeétlhneq \/Kfﬂ(ﬁﬂ &Wﬁggﬁ %%d }@e&@%@g%@ pﬁ]eégaratlons
suitable for oral ad _|n|;s¥r¥19f|on’ induge g& adqueous solutions, _sgl?u s, efixirs, adueous suspensions,
emulsions and gel$T¥¥ R ABEOYorARRE AT e ﬁ%@ﬁwmﬁﬁwmﬁ‘%éxé{ﬁﬁ@;%ﬁﬂionem in wa-
ter and adding suita@fdaengzisg anthialatingm dalriNsa srRepinec sioratiiyiostaing.f Bvours.
Agueous susp&nsimeéhgmmiieipse pisetdylclisiférsinghNhifinghpdithithed adsveetiytapiténg, in water with
viscous material, spightiseNPuraliRFRYEMER gHRGnEe WardRAIIs | Jrsiae s adiimathyidi- _
calLions 5 I aqUc G B ithin
uti [ ueou I | ifyi ithin,
sorbitan monooleale’ 5?‘8'%&%5&%’ Nﬁ%@%’ﬁﬁa%ﬁﬂgg{l clgpd%na%lo 'thgegj ?r%gﬁﬁ%&ﬁg‘r g(%'urh Sinations
described above n7SREGHYEIBINEuIRIERRIRE ORI AR PP YRR & AR @B ounds are
admixed undéP sterile condifidAgtiish Asharrdeeand snjaneptinsdptds Paarksagreles slesis; including
any needed bufferthgtiagaarieatinekpitest chiaadi\segibSiteriad atsi vine snvisden théssowbarally, Rdr iexample, be
formulated with anjggueous or oily base with the addition of suitable emulsifying, dispersing,

suspending, thickening, stalijlizing, RLE0lo509, s tggra;&g}{yiH@g%ggqﬁge%t%}p%%animal and

vegetable fats and_ojls, waxes, paraffins, starch, 1 llulose derivatives. tragacanth, and polyethylene
glycol. Otherefcoxﬁ?iéeasfiou S 7"icltucll1ec,H 0 fﬁeen%%?fnmﬁ%?%,cagrﬁ-cd%gqr?s‘?_e*?/oe?cﬁ‘ggb and

transdermal fRch&8d may henselenied dramthe iRl eaHvRIERb eaI AR iRERISER PdBrants
generally known ifhwssoapysiag: benitiaeinGive AsimbaiodaporerapiatisiseitiohbySanardion, the -
compounds accordlys, wrdfesably@zton and the combinations described above are delivered in the
form of an aerosol spray pregamaiansamyaine BH@iapepsneliREd maek®Re BRDDBECEWIth the use of
a suitable propellagt, & fichigradifiuarometiang: tHalostiaramathane:inbious!ajiloroethane
or carbon dlog@ie. Ir}aerrl,e c&gefgé a Z%I%esgun%%q agir%s_grlﬁitrpe -Oﬁaad%‘éi #ggurpar% ggfpetermlned by
providing a valve " FERLFE metdH e n%)ﬁ? gﬁsules AT cany; ges of, 4 atin for use in an

. gé
inhaler or insuffiator may be'%Wﬂ@gv&ﬁ%ﬁiﬁga%dﬂ?d&wto%%guﬁé ard RRuitable
powder base suchrmgydsiaspasiivelyceharardconspotificd arderdaly felldusnpeaiaesbidehe
combinations 30 desssititlthbothe maayl alsabze & prositte dimrestdh caidplmitisths dtats amtretention
enemas or Ssupposigiias mpkag conventional suppository bases such as cocoa butter, other

glycerides, poégethylene glywlp%sggﬁ)&ﬁiﬁp%gvgﬁ; may rgmlprl%ﬁgqhgy%ﬂ%@ﬁorég{@tes to a
method f_or_ using tﬁﬁ greg nt gol rp xu&rger.l atives racon?é)]ggtlc nQ ;E%Ch derlvc.glglglie{?nag a part of
the 35 clinical treaffi&hP ﬁ%ﬁ P g?e Ve ’g?gﬁhWacﬁlg ¥e€'§ n?c?r‘) E’umaﬁrg'l"%nlmaﬁsu%jects
suffering of an infegti@uh digBHRRPHtICAGR HHBHARRPIORIGRRT YSEe. hydroxylysine, or-
nithine, 2-amino-4-guanidinobutyric acid, glycine, alanine, valine, leucine, iso-
leucine, phenylalanine, D-phenylalanine, methionine, threonine, serine, o-
30 amino-n-butyric acid, oc-amino-n-valeric acid, a-amino-caproic acid, Neformyl-
lysine, Ne-acetyllysine, Ne-methyllysine, Ne-formylhydroxylysine, Ngacetyl hy-
droxylysine, Ngmethylthydroxylysine, L-Ny-methylhydroxylysing, Ny-formyl dia-
mino-n-butyric acid, Ny-acetyldiamino-n-butyric acid, Ny-methyldiamino-n-
butyric acid, Ng-formyidiamino-n-propionic acid, D-Np-formyldiamino-n-prop-
35 ionic acid, Ng-acetyidiamino-n-propionic acid, Ny-methyldiamino-n-propionic
acid, Ny-formylomnithine, Ns-acetylornithine and Ns-methylornithine.



fection), and comprises administering to said subject an therapeutically effective dose of at least one
derivative according to the present invention, in combination with an antibacterial agent. The present
invention alﬁg({%%%%%st%g method of sensitizing Gram- 5 negative bacter{,%&gywog%tgg) (jterial agent,
wherein the derivative according to the present invention is administered simultaneously, or
sequentially in any order, with a therapeutically effective amount of said antibacterial agent. The
derivative of the present invention and the antibacterffl agent may be administered together as one
formulation or by different routes. For 10 example, the polymyxin derivative may be administered
intravenously while the aﬁtihﬁ@fﬁﬂ?&laﬂ%ﬁﬁiﬂgmi%ﬁéﬁ@dﬂﬂﬁm%m mmwm
subcutaneously, ofaiy grjgtisReronalyRIaHN Al BYARHRRY S RRA LI 1=
intramuscularly or mtaaqgntonqgl%.w&h&:.s ntlbgctﬁrlal ag{egq‘ts ﬁladmlmstered intravenously,
intramuscularly or |°f'1'fr§p PREAE ?y:r’or‘ 8 eFR/_gﬂ & meart?/"l e _aaaministereq in an aerosolized or
nebulized form while the anfbademAgaCR U nibrPep R YniRRiah RS Fr-AREME Y ative and the
antibacterial a§entsubiijutast Suchombeiie arsinuaeid sesigieo prdefiabitiBfneser IBhguagmdy/are given in a
manner sufficient tis al @ptibatihieursiiets] ¢fifdripebioresitua}ipretesd ilyesiie Wiriafdietion.
20'Therapeutic effectivenesy isrlas aflifil SHEGRBaTH) cHRIERH rebbusR® eqand segsedididequire that a
derivative according indlie siisial IREIHRBKIE RATRIAUAR vill AR BarlasioRgham e il 100% of

the bacteria involved I an in gctlon qchsfuI treatment %epends. n,ac |e¥‘|%%ailevel é)f
antibacterial activitfpgf *8_%.? %ﬁirﬁggﬂﬁﬁ,@mﬁb%rﬁ fg?nrﬂﬁ Hﬁ‘é BAR 1P d MANIEr that tips the
balance in fay8r ofBeERB e \YREREH QN (RIS SRYISHE AR IRRISIHBR AN SYEPRINEN T RIWIA effect
required may be nibdiestirRibe wtta giadisasteaire fhevasvivalend gegidee @irthrepoine gy prermit the
host's own defensagsrigecontrol the infection. In addition, augmenting an early bactericidal/bacteriostatic

effect c.an.t_)e more imp.Qrta%thﬁﬁ.:}QﬁﬁoIWM' cHepEIRAFa0QSIHE ﬁ{fﬁﬁbuT@é%\ea”y events
are a significant ang.grioal RN RHIARARSHLE N RAGH SRRy AlRME IR LRl fefense
mechanlsmsi ac vagte. Hmr%%ﬁlrﬂﬁft acterlélﬂ;% rat% E@‘Q{ erﬁartlculary important for infections
such as meni Q!f]itis, bR GRS e CraR P e id-dH A odt ecdiiveness of an antibacterial agent
depends on 35 the susceptiliR/AsrHH SRR ilas rresant vepiete R AURRRBY ini- cally
relevant concentratiomydioptdiiy anvioecist dizricustisoridedtibatl Tiaé 186 tffelctiahbempounds
according to the prgssite Rrardianito sa e died iskap avtieeedtieee sBrefaativarterisl agents in
vivo may be demosirgied,in vivo animal models, such as mouse peritonitis or rabbit bacteremia

o the minimuz mhiory cond B e B e wth of
Gram-negative ba&fetn[ﬁ%"EBP E??o?ﬁg?@) determinations of the effect of an antibacterial agent on the
kinetic growth curve of a GrameriBiRfi(® Pestiirf AhaEeRs @rspeicieind ArTvalivassaseaRdiiIC of serial
dilutions of antibadie thel ingemimi@aa be incbedimbmdrepizheptidalrtitupdriiciows B npasind(s).
Exemplary modelsige teisdsgatccar|bsnevdidd iheaptapeptideUnig Do aviméeimainatianngf MIC at 24

hours, a derivgive according G, te-NaseNI VeI B AE shown to reduce the MIC of the
antibacterial agent. With thlsi result, It js gfépeea&tegdatha%concurregli?gtil{?nl{pllstrann fthe %gmpound in

. oy - o Q O Myauves . aco e Ores r‘t‘P.I YeNon
vivo will increase suscept|b|I|9y oFa Gram-negative acterium g the anﬁbac?erlaﬂ agent. A
compound accordiFR'tB&RE eSS SRRl PETLE e S MERIPIDL Re LR FREIFFEDIER antibacterial
agent from the rante iaraiconristinga afs A sRRRswiE ek RprERTRerb sisiaab-BadrHIde i which the
organism is consideEe {inally K saeptibhe-Mth-tyiDabdbibiDRrexbaciRabHlEbe Ohvelirient

administrationg vigp@ithR@geor more compound(s) accord- 20 ing to the present invention with the
antibacterial agent will rever§1eJﬁgg&gggmgrﬁge&%&y@g@@gﬁmﬁg&mimgtiﬁ:égé}gﬂ%g[ganism into
an antibiotic-suscceiotible or anisrln. d i By earsuringothe ﬁﬁecgfpfagggl?_%ggﬂglegge@tsbgn the in vitro
growth curves of }%r}n?‘higg%?i\fg Sgt&engz,"?n ee_%%ué’encgsbsr B 2n &Y s compoun& 8 according to
the present inventiBAPRERSH6HAR-RER B-bHEASEEh IR hd & FRA ARt ctbrRisfect of
antibacterial agentsyfietirDapBifhe-beprearilah-dyd theneHRsU B HPhdhcement of early
bactericidal/growth inhibitory effects is important in determining therapeutic outcome. In a
checkerboard assay, the combination of a compound according 30 to the present invention with
antibacterial agents may result in a "synergistic” fractional inhibitory concentration index (FICI). The
checkerboard method is based on additivity, which assumes that the result observed with multiple
drugs is the sum of the separate effects of the drugs being tested; according to this system a FICI of
less than 0.5 is scored as synergy, 1 is scored as additive,



35 and greater than 1 but less than 2 is scored as indifferent. 36 Antibacterial agents suitable
for use in combination with derivatives according to the present invention, include e.g. macrolides,
such as clar{mﬂ %l %znhromycm and erythromycin, ketolides, Ilncosq{? (?% qH as dindamycin,
streptogramins, Tifamycins, such as rifampin, rifabutin and rifalazile, 5 fusidic acid, mupirocin,
oxazolidinones, glycopeptide antibiotics, such as vancomycin, dalbavancin, telavancin and oritavancin,
fluoroquinolones, tetracycline derivatives, hydrophob%gderlvatlves of penicillins, cephalosporins,
monobactams, carbapenems, penems and other betalactam antibiotics, novobiocin, pleuromutilins,

f(?(lzlaitedsynttrtlesst |nfh|b|tors daiosrviass |ﬁ@@*@f§p@%§{@gq{%,ﬁot§glwwgm§, rl)lersoln t
skilled in the art o 1 i\ ally relevan
antibacterial agent H%@é Braeag; @2?1 aﬂe %&@ I%% Ea@%nﬁ%s teﬁg(?gngr t%% Z%H% t%g}#rom a group
of hydrophobic or rﬁ@ "Pf 3r b‘f@egﬁﬂ %’P 5@’@? a&%%?g%ﬂ 3ﬁt%?"rﬁembrane of
Gram-negative baé'@lﬁraﬁté‘%%aa}ﬁeé?ﬁ%ﬁ% ochReiarni G Hfer. The invention also includes

the use of the present compBemeneitiziogmbirixtiv at isestdadt(Zsendimure rafetiblinireedBl bacteria
listed herein to thegishiveeiengesaas haaisaicehateptsppiesiegtjarthe fresh human and animal

serum) by subjecting said bagigia i heTactrR @bsy @mmgg@aﬁhﬂlg%mfectmn ora
suspected mfectlo% Elge?m%té}eatp@m Eic?s)ée chQV g@@wmﬁ%@ %mplement

and polymorphonuclea cine can rea optimize

eycoc
effective dosages gﬁﬁsaWWS%KfoWPe 8Y1§f8|et cpc?ﬁf ‘6% ?rgggo h@%r%o 5 sent
invention as v?/%ll aBQ‘e‘}PCfﬁé%ﬁ‘hﬁlmsﬁﬁ%BﬁﬁlﬁFEﬁﬁ INGRR PR R RIS StEEPhRTtors well
known in the art inbding¢iypayxins Bojectépsntidéosad, cajeliwaighepesiiden ootk ditaVvicoslition of the
subject, the route (kfnadm&ﬂ’&tﬁa@ﬁgéh& rengdraititd epaticriegstienbakibrasidhigtbistiesderiked effect, the
particular compounRgLAGaRE F;ggmgggﬂ,m)@(@ sﬁm@@%ﬁﬂéénd the toler- 30 ance of the subject
to it. Dosages of all antlmlcr? i '@g %gggﬂg ? géﬁ‘tzgﬂt'ﬁ{gsg}é( ygga&ém%g%ent or

redu |s and

hepatic |nsuff|1r$e due to the I exgretio

tients with
these conditio é‘é@‘m Xr@ﬁ‘% @8%4 AR PRGBS mrnggl Wﬁ/elght 35The
total daily dose of é"aiéﬁ?ﬁtﬁf&?%@@@réfn@qmﬁbaﬁ%ééﬁ%‘iﬁ‘@eﬁ'ﬂtﬁiﬁ%ﬁ’ﬁiﬁhéﬁﬂ%ﬂf@ RIRHMAN or an
animal can vary, forhergaspiehincampomts Bifedter 0.t alm0iskarep & kepIsobjeoteight, preferably from
0.25 to 25 mg per kg body weighpresent idtsntidisn berasnanisedibysonasidiadyixikrmrthat the
optimal course Of tﬂ%@%% P thHas (BYRBSAIOE UASRREINAIY BRE S eE & delingfiny niigher of days,
will be deter h‘g ng}ture an %Ignéé)fgwgac?%ngetlgp beln%}r%atg eﬂ&? 1;%% EE?H% and site of

admlnlstratlon an e par ar p tient bel timums can be determined by

conventional techn"&ﬁ@g" e aﬁgﬁcﬂﬁ%Wo%HagW@ff?oﬁ ﬂﬂt‘aggﬁfﬂgaﬁe&smpound accord- 10 ing to
the present invention, said cORgpRHiceMRINE LTBAMSIROPA RAHDRAPHN FEXMN BRBRBSEDtin, wherein
said derivative hastermingd3byolviverichetvipdsgaat radtaodin s mapidtp¢Dcdm pristadutetaszsarbon

atoms, in contrast i@iRdiatiiely-Peeisr MECoaee Wkkiremat\wakd bcsndipipregniesdReitaldity to
sensitize a haggiulGuags-p G&ﬂﬂy%@@&m&@ﬂb@&éﬁ? PRELErdRRCATRIGERYn e GRENT I the

serum, said methogd co RIisin coptactin cterium with sald derivative of a natural
polyrnyxin or octapep |rr1g} SHy g ? %Eﬁ) ﬁer(\a/zi[’l't&)\%s;n ost]saetgélln %sensﬁ?' I:z)m aEtR/F{h?ow%rgs said

entityin
bacterium. In'S{Tg Wrtﬁ?ﬁgcf‘ﬂ%%é ?‘ﬁ%@ﬂ”&&&%ﬁ?&&‘?&?%ﬁ@&ﬂm&m WioRifotics
comprising the stepts 2etaRk doebimigue nie RIPBotitiea s ercestiiBy testdnvabvehdrerai-de- rivative
thereof, carrying a iratdéstftdbes Gqdaiting el efutinosotdnedrag indighjd(Eulocosmedisgheno 5 carbon
atoms, 30 inoculating the organism being tested into the tubes. The lowest concentration

of drug that inhibits growth of the bacteria after a suitable peried of incubation

is reported as the minimum inhibitory concentration (MIC).



(b) replacing from 1 to 3 residues carrying one or more positive charges with a residue not having a

positive charge, or with a covalent bond, 25 thereby generatirig a polymyxin derivative carrying 3

positive cha‘ges and a terminal moiety (D) comprising 1 to 5 carbon atorg, ;@ %saylng said
(3 2009/098357 E 009

polymyxin derivative tor the ability to sensitize Gram-negative bacteria to antibacterial agent; and

(d) selecting compounds having the ability to sensitize Gram-30 negative bacteria to an antibacterial

agent. In one embodiment of the method of the3vention, the terminal moiety (D) is R12-C(=0),

R12-(C=S), or R12', wherein R12 and R1 as defined above. In another embodiment of the invention,
the terminal moiety (D) is R@é%éﬂ!?é%hééoémﬂ% ipnally sebstiuiRdmikanayl Wakikeesidue having a
total 35 of Ito 5 carly n%ram-n .3& 63&%‘?4 ?épéﬁi?%fcigﬁéf‘ QH&” flfe!LRipvided a
method for develo |n n antlblotlc e ste natural polymyxin
or octapepfin com ?%Wr% lﬂ"é%ﬁ ﬁs § ngde 6‘?91 Jiﬁ/& 2 53 or a total of
6 post- 5 tive charg‘ﬁo'ﬁgﬂﬁsde”éﬁﬁlfﬁeﬁﬁﬁyﬁwg%ﬁf@rﬁ@?ﬁmﬁ?”ﬁo|§E§f’(w‘f&ﬂ??ﬁﬁsﬁ:!6%%ﬁ’e than 5
carbon atoms,5  fer,(bnbphdente frdmchedcdice sidmesiseliay iy orhacierivone Fisithapbiiaages with a
residue not havingrspsstibvechargssisifayittegicosrle iibareldheralbieganes amgsardenyative of a
polymyxin compoupgebaamésp@%vsn;ﬁacm Shigelf) d5P'%6/8mi8 $pEBiER Mgk (0)

comprising more thgp, nf&t%% gh esasgygm S RIBISETRIGING IS, /6Rramn R ioms.
thereby generatlng a er| alv’e o a oun carr In osj|tive C élr es ana
terminal moiety (DjJ 6" 943 %rt i@ﬁ%ﬁe al ?ﬁﬁ&% ative for the

ability to sensifize @fﬁ?ﬁ%gaﬁﬁ@ﬁ%@ne@#ﬁ‘%bﬁféﬁ%@ﬁt legiumannii, (dysaiidemegafompounds
having the ability tasepiitize (B davtharfatidohmrtasiaperces antivliciemasngotited speriee@bodiment of

the method of the ieRiipiantan/te Grimliagitivd BirtdaaisTRA Dédefn RIR-[tehidl @leR2’, wherein

R12 and R12' are g3 defingd;aboven Rsanpdh ehiasahye H‘\‘Etﬁ'fgrﬁfdrﬁﬂ 498 Hhigdgsminal moiety (D) is

R(FA), which is an optlonall)h?ulgst itute ?1%5&%% % dH%n%% toﬁaligféggc% %arbon atoms.
ho for eve

In a still further aspect of the inven on ere’ls prOV| pmg Hovel antibiotics

comprising th'b'ssteBanisap cemja, sk ARG 290 RATHA SFt@ﬂaBEﬁWﬁ%ﬁ'lﬁBﬁWBg'g aIERvative
thereof, having a tédgiisoin4the eenreeteRenlcacimy fatsiangedydriestiannfewsy ifdyemato- b) replacing
from 1 to 3 residudsgicaryisitpol) ariacitor egsositial 3dtsar jesavetivesrisidaecativeheatinges, positive

charge, or with a cexleatdiondethierehwarRnarpiasraisiesmmiiveael mnalepssipraantrosu carrying 3

positive charges; g perfickd) IRRAYHAUMER teéﬁ@i”@it&ﬁ%ﬁ&{@r%ﬁ&ﬁtﬁ%ﬁép faearbaraiems, thereby
generating a B@Iymﬂgdn com ou% f ﬂwlb sgmt%o?|t|l\3/’emc:‘}[(18 r9es, atrégaa 35 terminal moiety (D) comprising

of 1 to 5 carbon atom
The bacterial infectious diseases inciude (but are not limited o) gs-

vare hospital-acquired infections, infections of the immunocompromised pa-
tients, infections of the organ fransplant patients, infections at the intensive
care units {ICU), severe infections of burn wounds, severe communiy-
25 acquired infections, infections of cystic fibrosis patients, as well as infections
caused by muiti-resistant Gram-negative bacteria.
The present invention is also direcied to combinations of two or
more derivatives according to the present invention for combination treatment.
The combinations may include derivatives having a capability to sensitize dif-
30 ferent species or strains of Gram-negative bacteria to antibacterial agents.
Another aspect of the present invention is directed to pharmaceuti-
cal compositions comprising polymyxin derivatives according to the present
invention, their prodrug and salt forms, selected combinations thereof, and op-
tionally an antibacterial agent formulated together with one or more pharma-
35 ceutlcally accepiabie camiers and excipients. They facilitate processing of the
active compounds into preparations which can be used pharmaceutically and



e) assaying said polymyxin derivative for the ability to sensitize Gram-negative bacteria to antibacterial
agent; and f) selecting compaounds having the ability to sensitize Gram-negative bacteria to an
antibacterial afqz%nt 5In gne embodiment of the method of the invention, t{;‘g%%%{,@%' m0| ety (D)is -
R12-C(= O) or R12', wherein R12 and R12' are as defined above. [ ano 16f embodiment
of the invention, the termlnal moiety (D) is R(FA), which is an optionally substituted alkanoyl or alkyl
residue having a total of 1 to 5 carbon atoms. 10Thelis also provided in accordance with the present
invention a semisynthetic polymyxin derivative obtainable by treating chemically or enzymatically

naturally-ocourring, QB A GRS R HIRb IR, tmgaegaagm%f%mﬁfsh are

manufactured by genetlca %/ga?odlfle organi S include not limited to,

AR R e

but are not limited ﬁ?aﬂﬂﬁh EmPeAiags ¢ ‘&@tﬂgryﬁ%&ﬁ%eﬁ“ﬂa BVHIRG RESTS, BRoWRlIER,
subtilopeptidases, abgstitisiris.celtedrpligrirsibaacend Nmghastants, prepeafetives eothfruliles according to
one embodiméht axelldsmeattoni qérsum shillsdirpthlgrryxins or octapeptins, carry three (3) positive :
charges 20 only and an R(Fﬁaémée&m edr B oo MeuABLaHositions (Ahakif i@ Saasitize

Gram-negative bagialig, SresHEia s allK Eheled feqelash,@%s'tﬁtsﬁéaca

Enterobacter cloacae |tro tter I, and cmeto c{ln nnil t iotics, and/or
Iﬂ%ﬂ! Cg e aciive

(b) less toxic than 8ﬁ‘F?f 5% ?? !¥fs a %\ﬂ%%lﬁc g 2 3H érf rﬁ%%ﬁ and/or (©)
less nephrotoxic th‘ﬁW‘é’ﬁ?lEéﬁﬁPﬁ%’@MeﬁBW %W%WWW%FﬁﬁFﬂYﬁﬁﬁﬁaﬂﬂﬂ?ﬁn an in vitro
test that mead@resGmiyecttive ketipisuindntibrifiers) sgenimrbstamminetion of a therpaeldito cause less
histamine liberatiors4igrafdwiis arresiti &3l clitthba liyeusssh pitity o fiosendiéiiediihntimdsieret! topically or
when inhaled as ap,agk@s®!, and/or (e) phamiacokinetically more favorable, such as having a

longer serum half life, mcreaégrqggé] l%elﬂ g%%gg g{‘}ﬂ/ﬁz'rtng Qﬁlng less

inactivated by polyanionic tlssue (ﬁbj%go sttBentst an n|ca Xins. 40 In a

further embodiment.dh c%%uﬁ ?H@eﬁ%'ﬁgr‘l &8 5.'%? 8@%§@§hgﬁi&é’@6ﬁ}%etlcaﬂy
favorable proprtid¥oRbiighgs sranislyingioach BprRing BronasiRspiing RPepBMIRIPASolymyxin B,
IL-polymyxin-B1, pdipengant Dippolimeysanie op gymipistefiopatihosprineht Heypharinageytisighnyxin 5 T,
circulin A, octapeptiaripositiep eptinnd faaialeat folCinahesitapapidadd brisieunpirasd &lghin
pharmaCOk'”9“06“Wr&%YQ@BPSi&EB%E'Qﬁd@Q@Q&%@Q%%H%Bﬁlwf@m&ﬁ{fﬁﬁ poRgRRlkclearance, or
increased urinary 1epy G, 35 OABRRIE ﬁr&u\o&m i %8&&8%%‘@%&%@ f%palympdn E). In

a further embgdiment th om oun s of. the jnvention ave 10 a greater percent urihary recovery

of an adminis redrﬁ%fg n E (collstln) In another further embodiment, the
urinary recovery, based on @MW@M@?F&TQQ ieMoBtcRiae RdhrPrezRitimerdPYiBater, about

10% or greater, abdutdd 3pttozrgreatditnitbd up? Gleser ipteaded fyontragsnansgiatiasnuatidan 30% or
greater, about 35% e, g5 aipikanariiMefatangssaie 45 toeutbkitg edniesiere®aghoylp0% or
greater. In Contra JERHEIRASY 486GV RIS NeryaHN FrEbnipddnRRIHaUANAE-49d e @bout 0.18

0.14 % of dosgin £ BONIS.{fr2} ﬁ%ﬂi&e&?'@@b@lﬁa%%%% %ﬁﬁﬁ&&ﬁéﬂﬁi&lﬁ%mw infladnother

further embo ment the compaqu Invention mgg clearawce than

ave
polyrnyxin E (collsﬁﬁmﬁgﬁra@#ﬁﬁﬁéeﬂ f&’ﬁeﬁﬂg‘ﬂ(h@f ?ﬂ@ﬁ’ofﬁgéﬁ? FEERTT'S PR YRS

embodiment, the chwisolRIsied fRERREW 5, Halavagieak fapsmreeatRiSERNsHasxs Aal¥nts with rats
greater than aboutéyl mil/min/kg, greater than about 0.5 ml/min/kg, greater than about 1.0 ml/min/kg,

greater than about 2.0 ml/mirdcgagsarial daannaheiion & mleibdg Bisgien than maawg3O ml/min/kg,
or greaterd tha"?t%ﬁb%ig%%ﬁ‘ mim&gﬁa Eﬁ)%rn{ HeRis S8R diRgeRY ftmeiﬁ@aﬁduséﬂ%mﬁ Otflthe 150
compounds of the invegnti té e gélme at leas
times, at least 200 mﬁe‘%%‘ @Eé& Etilm%ﬁsﬁ oréa egsrﬁ%egﬁlmesqfégsaoﬁ ﬁ&rﬁ xm }
administered at thé’%ﬁﬁf‘é i@ iy gt pAuRAR Aglipss. preferably physidlogically cormpatl

ble fluids such as saline, 5% dextrose, Ringer's solution, and Hank's solufion.

The formulation may also include organic solvenis such as propyiene glycol,

35 polyethylene giycol, propylene glycol or related compounds as well as pre-
servatives and surfactants.



30In another further embodiment, the compounds of the invention may also have one or more
pharmacokinetically favorable properties as compared to similar compounds with longer fatty acid tails
(i.e., aterm R(FA) having more than five carbon atoms). A ' ple 8,
NAB741 ha%crease(f%renal clearance and increased urinary recovery mg%%@%S NA8739.
The compounds are chemically identical except that NAB741 has an acetyl terminal moiety and
NA8739 has an octanoyl terminal moiety. 41 M&2hods for synthesising compounds according to
the present invention include but are not limited to the following described below. For a specific

compound to be Synthet'SedPﬁéhﬁéE@uﬁH@zﬁF%%&&%@%ME@%@&%@%QW@%F@QH?@@ 51.
Semisynthetic derl rg“,'v?ﬁ{)%&\%yé §aﬁﬁ;d wiarepn %élp%teg%a ﬁgwéalptlde part

and a modified acy side ¢ llows:

Protection of the frB¥ 5?"%“‘3%1%?5 Wﬁdfﬁré’%?%'ﬁlﬁe %ﬁ@l‘ﬁ?(ﬁ%&%@ﬁ%%e a%scn e Cof Modifications
thereof) by method®Rnbfs- theke ﬂwﬁmé@m fessie FREDIRERACEA E@‘ HT@QE’H'By the use of

residues such %s tdntidogheatisor(Boeyidiecite exalie dwisky vmiisoasit (Fralanicaeid soggiigbonyl (CBZ,
Z), allyloxycarbonyh4ié| Rslicaoid] dninblrio>dcie; et yerbermy o8l descrdieddid pateatysiblication GB

1323962), by using,Sghiff aangs sush %mqﬁmeemth%ﬁ&aeoqmmdmmese Patent
publication 15 711%6&39#3376} ?ogépgy{g ndqﬁg removed by conventional conditions compatible

with the nature of the produ I con tlons where the poor Watertsolublllty occasionally poses a

problem in the sub-sequent Sepifigs. p%e%%@@&ﬁ%@%ﬁ%ﬁﬂ?ﬁg% REQAIRAR- AR blocking
groups such 49 a stitfsive B8 HerfHepREdrmhRScanulsEnE anbeiky R aeipausivaiNeesi @Rfbc, the
method being desaribgdantiSiapatelziqny bigemito s 20 GE0M4$ bBAdMDcstabiixp ity dispesiso be
enhanced by linking@ SaiRblSuRIpRVARIShIG SaHitkly ehargsdeN I ThBldEoRINY GikoakiAgagroup to the
OH-group of threonige [ heresfte Eﬂ@tf&ofgﬂo%ﬁéseﬂfg@cmoa@% #?367&@1@ Hﬁ&‘t{ﬁ@% 25 with

enzymes such as poJ myxm eac ase .ﬁ]ol gxm hrgdrolase Sapain, | %rkabrome

subtilopeptidase, NEG ST 0r Bar Bhzymes that Temove aa'Pérmlna par & 2ide CRAaif or even the
entire side cham oFfRﬂ?%%ﬁn"l?P?ﬁff&ﬁgﬁ %ﬁﬂﬁ%ﬂﬂﬁssmsaﬁém%ﬁ??ﬁﬁﬂsmhfﬂlﬁoIIowed by
the Ed-man degradesisphicbausexiTar resultant compound lacks the entire side 30 chain and
consists of the cyclic heptapFptgapatechorbpbitena trrebs-peensinielicip haitadosroog maufti-
Alternatively, polyraﬁém@?&s%msm RAVEHIEY SHQURIDAtactan By askkatable groups
such as be”ZY'OXV t’iﬁf‘z%‘@;%@é(a‘?ﬁ@rl'?e%kﬂr@ éﬂfmﬁaa&dﬁdﬁﬂ G IS H o

deacylderivatjy, 200@ met ?'ggﬁ“/ I%% des 3{%{2 ec\l]lonsi %la(te? I_?Tgle grocedure is followed

by further W nz e freatmen e and/or by Edman

degradation to yield a heptafs@btfie! adm'“*PHéP@&fté‘P ig é%&??@?&ﬁ@%’?ﬂ%ﬂ foShBYYEe
alpha-amino positidersf {ableieprilfse sitagesag iperions. Terpeuigsueaaligis: EDHtANCERDROWIRT re-
preparations. Pharmaceutical preparations can be made using a solid excipi-

ent, optionally grinding the resulting mixture, and processing the mixture of

25 granules, after adding suitable auxiliaries if desired, fo obtain tablets or dragee

cores. A solid carrier/excipient can be one or more substances which may also

act as diluents, solubilizers, lubricants, suspending agents, binders, preserva-

tives, flavouring agents, wetting agents, tabiet disintegrating agents, or an en-

capsulating material. Suifable carriers Include, but are not limited to, magne-

30 sium carbonate, magnesium stearate, talc, dexirose, lactose, peclin, starch,

gelatin, tragacanth, methyicellulose, sodium carboxymethyiceilulose, a low
meiting wax, cocoa bulier, and the like,

Liquid preparations suitable for oral administration include e.g.

aqueous solutions, syrups, elixirs, aqueous suspensions, emulsions and gels.

35 Aqueous solutions can be prepared by dissolving the active component in wa-

ter and adding suitzble stabilizing and thickening agents as well as colorants



5 lated residue (R(FA) having in total 1 to 5 carbon atoms), such as methyl, acetyl, propionyl, butanoyl,
isobutanoyl, valeroyl, or isovaleroyl residue) as well as amino acid residues, up to three and preferably
two residue [ e, one semisynthetic compound with an acyl gr (% ino add
residues caﬁwkgegéur%%&agr%% by adding to the above-described heptapeptid%%i}g/gn Ht%)lg%o -10
(acyl)-threonyl-Dthreonyl residue. This can be achieved by conventional general techniques known to
those familiar with the art of organic chemistry, these3fchniques including the use of
N-hydroxysuccinimide-linked residues as described in US 2006004185. In this particular synthesis the

q . ) ) —— .o b lated
TR T ey Cor b A e
2D - Thef [

. ga ! in cflp
positive charges and has er in osition ree amino groups o i/myxm can be

0
protected by the ni¥3HeliR g4ied %@Wﬂ%‘%ﬂﬁ%ﬂﬁ?'ﬂn%ﬁ%ﬂ%ﬂﬁ@Y%ﬂ K5 % an optional
Edman degradatiofth®epelblyien sirneagingtreenih Emelsirnrendeberrarnasd dusoktipigotiocyanate
(by the method weilt- eqoecutpaspeesengliateshintibres amt ey derseitbesius i@ 806084185, by acyl
chloride (by the meghrditviall deibitsn iaoaRaesandsiddagdn the art and described in Chihara et at 1974),
or by using residues linked te.N-Rygr; SIBiBHARS Y e MEERdYvel-BRlmsameIeon skilled in
e e Al Shav0 o0k 13 o RSP0 o R MR SR NER The
acylated polymyxn?ﬁ nonapepeu e tarries on ree )cﬁee amino, groups, all'in the%ep?apeptlde ring

! 3 X Up |
portion. In ar?%fﬁﬁﬂﬁ@ﬁs%ﬁﬂ@ﬁ‘%ﬂﬁféﬁ e Sandings AL RAR MR BEFALG R carries only
three (3) free Bmireegiehip sewriarsiexsinignis dueludingrgninnasdasciapanng agavkioBY @4rbe 30 made
by the very convenitpvativeretDhdmknaworéanth gsel dklilme: imte fot. Saoipie ebeofisnmititet the
liquid-phase synth@ais aQeRRIRSASIWAIESS With S0l Gtikase HELIRANS SmORITING dRpeesibed for
instance by Sakurg.g! gl a%hT RRDHR) 2L 290000400 2g2MA5) AR OIGK . (2004). The
methods include e.g. the use gif grote%lgigﬂ%a%%%%tﬁf Jaaf,sF@é)c“éB%gkasnd 3r5 rI;Zg%ﬂrsct}[.ateglc
positions, as well as X ‘EQH _ﬁ g 'ép where P( I- F?enyci phospﬁo’rg%ga e‘ej’or a mixture of
benzotrizole-18/1-05 WP FRdTRIMES: TagprRphoridRNEtHssFRPEphate (PyBop),
N-hydroxybenzotriazole (HoBtheatepigahietmulatinnhisniaen uviane teidimifad de eermdagnes of many
non-trivial as well asydxdsrpienddidasaiermalpaietieslly available. The amino terminus of the last amino
acid residue is left unprotecteg} ig-A8a0He &l ERCI iR @RHEMI R A QdaliNBHRINGE Bstewiktacids such

as propionic acid, gh\ér‘j&l %@qmﬂg%% ygl‘%gﬁ%i@mqggrjé%ﬁg}pric acid. 4. Acylation of the
free N-termin% alp a—am|2 | ' om%ounds deéCJibed a%p

o group arf the |ntermedjate ¢ ve agraphs 1-3)
can also be performed by Ué%dgﬁg%ﬂ%sﬁ& ‘g’élﬁ’é’h'%hsa_f%‘é' fic 41 %’P?B%_”(ée“’e%%g o %?é'rsgpionic an-
10 hydride, butyricl2fRy@nds! mﬂwaﬁﬁ‘g@?m%%ﬁmﬁ%r%ﬁ-%?ﬁmy@ﬁerson skilled
in the art. N-formyleeiosalapisy pratenmadiarbiramiagvpniisiopheiepsiizedieaskemeenigpuizerolidine and
conditions well-knaith the yrey 26 rs Shitteténdlvpeltint) e hyitation dfuoberathtorn ddcbipresing a
mixture of formic agighapbMeRLC dehvrsidadmainaHariosmaamidn anskieanditions jueld- ddknown to a
person skilein the AL Uy BN dosag Y 15D UL ALIBY I560RMIES Ghhe able to
ascertain using no mgerft gnnrg%tjtm% ex%ergn ntatlf)n, r}}#neé%%eq%a ents t?t grsdoec%lflc
procedures descrifid ' PR, l%rﬁ amvﬁﬁ‘ nERTE COASET _GBe ﬁt%‘ngﬂ% 2 'Sco 2'bf the
present invention &fdiBfeleb¢EBauiAtae Ao R PERMASITRIRINNG & BPufisefeietdsepatents, and
patent applicationsoitegthtoamnha suitskle ppricatibasersusbrabipatess o sitech by reference. The
appropriate components, pragrsaesipantdneikwadial thobis patentrappd chtossrbieeddmer documents
may be selectrl 1QfdSipsa ik BWRAY Q8RS BRRASIEE oA 18 h8 @Phpositions such as reten-
tion enemas or suppositories, using conventional suppository bases such as
cocoa butter, other glycerides, polysthylene glycol, or a suppository wax.
The present invenfion also relates to a method for using the present
polymyxin derivatives or a combination of such derivatives as a part of the
35 clinical ireatment of (or a preventive prophylactic regimen for) human or animai

subjects suffering of an infectious disease (i.e., a Gram-negative bacterial in-
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Enzymatic degradation of colistin. Isolation and identification of a-N- Acyl T}jlar{pl‘) obu ric acid and
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Koyama Y. 1974. Chemical synthesis, isolation and characterization of a-N-fattyacyl collstln
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Kurihara T, Takeda H, Ito HT%QN%SHW@Z@% Aeartsdaing ia al aiharol aaweiizing theaBbmpounds
related to colidiin. hég&ind hactbeaicandadibdetionl ayeotistherain todi sknidivisativesdivpliaigaku Zasshi
94:1491-1494.  the lprdadviiineEniforNRtiadhiRlistdted ariitEhea0uBAtan JéquanshGointahgrd K. 2003.
Use of high- perform@gc%gwq_‘gt:g ﬁh%ﬂ@#&éﬂ@ﬂ%#ﬂ %rgmm%gpgg%gohstm sulfate in rats

following intravenous admi ,ﬁ%’“{é’ Wf‘to gcérg?.e& e’%§ﬁg‘%§b2n ‘E> ath.E cter J, Milne
a

RW, Nation RL, Turnld%e maco |ne |cs collstln

methanesulphonafé%(n cﬁﬂgﬁ?fﬁf‘?\’%‘fstmnB%Hriﬁtf%%‘ﬂﬁﬁ%”dﬁrsg%ﬁ%gﬂh%ﬁaﬁ@%ulphonate J
Antimicrob CABmozkam Bis; 3aa iy Bdn defnative sy e Admatistereduniete rous akahite he2006.
Inhibition of gentamitibah’mtﬂhggmtahre&airbstabdoint:ﬁnunemm)ariatmwmegayn digandtimend basic

peptides. J ControbiRjeansiy b2 @=peritoneanikiidadival{ O NRIRGIIA hasiDelRparsial outer
retrene prmesbe m&s&ﬁﬂg&ﬁ&%@%@&@blIﬁe%égifﬁéééeﬁéﬂ\i{g&éﬁ @ Hapara M. 1985

Molecular basis of rial outer Okimura

t Ccro e
K, Ohki K, Sato Y im ﬁ?vﬁf@rﬂ L% g’gwra 3285‘? %%P%engﬁ rg/eyrg gﬁrbﬁzqg?u"}ﬂy olymyxin B
and colistin td theiPRI ASTHRISHIEE PaB0 RerEMizer h neblizash faity (Wl fsy ansibacieiiale £ Heuer
KU, Sibelius U, Hoaaerddh-stdonksared. edisintisenously. The derivative and the antibacterial

agents may be administered simultaneously or sequentially, as long as they
are givan in a manner sufficient to allow both to achieve effective concentra-
tions at the site of infection.

20 “Therapeutic effectiveness” is based on a successful clinical cut-
come, and does not require that a derivative according to the present inven-
tion, in combination with an antibacterial agent, kills 100% of the bacteria in-
volved in an infection. Successful treatment depends on achieving a level of
anfibacterial activity at the site of infection, sufficient to inhibit the bacteria in a

25 manner that tips the balance in favor of the host. When host defenses are
maximally effective, the antibacterial effect required may be modest. Reducing
organism load by even one log (a factor of 10) may permif the host's own de-
fenses fo control the infection. In addition, augmenting an early bacteri-
cidal/bacteriostatic effect can be more important than long-term bacteri-

30 cidal/bacteriostatic effect. These early events are a significant and critical part
of therapeutic success, because they aliow time for host defense mechanisms
o activate. Increasing the bactericidal rate may be particularly important for
infections such as meningitis, bone or joint infections.

The therapeutic effectiveness of an antibacterial agent depends on

35 the susceptibility of the baclterial species o said antibacterial agent at the clini-
cally relevant concentration of the derivative according to this invention. The



5 Seeger W, Grimminger F. 1999. Targeting lipopolysaccharides by the nontoxic polymyxin B
nonapeptide sensitizes resistant E. coli to the bactericidal effect of human neutrophils. J Infect Dis
182:191-19 a N, kph T, Uchida Y, Ohki K, Okimura K, Chi wanishi H.
2004. The c%wfrlgutlon the N-terminal structure of polymyxin B 10pept?[(;1ace§ toﬁaa{;ntlfmo(?}%blal and
lipopolysaccharide binding activity. Bull Chem Soc Jpn 77:1915-1924. Srinivasa BD,
Ramachandran LK. 1978. Chemical modification of p&ptide antibiotics: Part VI - Biological activity of
derivatives of polymyxin B. Ind J Biochem Biophys 14:54-58. 15Srinivasa BD, Ramachandran LK.
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4672363, THNBEEL RS CRLA R 'B?ﬁaaaréamﬂa&rv@h% SEERA @AY Serivatives of
the membrane-spetificisaiyiseptriictadiBibthepRasinhgkia are sluRorithtests: ingluding (1) Tsubery H,
Ofek I, Cohen &, FrelleimiviaiRB0af. 16 woinirefo ithibiteAbwocke b atiopolity oh 8 metibpdptide:

Implications to sengiizatatehsrEMonsBIBH RRAR ST R GlatM eddahanb4SABH 1802 hours, Tsubery H,
ipopolysacehari d'é(%@?e*%"*gm%@%@%@@ﬁ%ﬁ@* e oW D Mo Brane

i y ide | [ |

39:11837-11844. ﬁ?’suger %%%Peﬁ? %&@553@8%?@% te@mﬁﬁ%% %}Hggglons of
polyrnyxin B nonaf36ge gﬁﬁf‘ﬂ?@n‘%ﬁ@@?ﬁ%ﬂ |ﬁ%%‘f&ﬁ?f‘30?ﬁ/ﬁ%/°%tﬂ

Tsubery H, Ofék | f@aﬁ@ﬁosmmmﬁmmmmmeﬁmzem@m%wwm%arbhomc domain of
polymyxin B nonapeptide: elfisgigmoriter-datermérativas @bt el 2iz htors aadiipogdly saecharide
neutralization. Mol@gtHivg RE &8 pesientyifAAEbond: bétshown tbstdaats e Xnaksiuid, &sahen S,
Giterman T, Matityghiay & Eridking, Qfekds @093 uﬁ%ﬁ e AabiRigGA b HREiABAs opsonins
and membrane- -pey Eneablllzm?‘ ’ai n&(s) fo r%rgagg asjglvet aﬁteg ?ntlmlcroaﬁ% %ntc%eC%h%mother
49:3122-3128. 5Vaara tgvi at mcrease(fﬁ% per % f?ﬁ% ou er membprane.

Microbial Rev! §6.3@5ﬂ1?ﬁ’.‘i’bad3\'éé’r%em &Q’QQ’%HHBWW%‘&% 18,48 E%@Wﬁmﬁndf’@échenchla
coli and Salmonell@'sppbnsheiwm tonrasives dreAdénes enemibentersy o foradha 0aNgsriM, Vaara T.
1983a. SensitizatioghizhGhanargeniativésbactsidersa aitibadiyrcsesinthmom Heaaregd oy whinbntioxic
oligopeptide. Natuig4hQeaior) hdiaer® Hnically sessaibeVaana thislRzoR, Rolyeapensdsensitize
enteric bacteria to &@?%&ﬁr&pﬁmﬁ%}rﬁ%ﬁ?? meéf]m@%rna%rlg%é%mpound(s) accord-
20  ing to the present invention with the antibacterial agent will reverse resistance
and effectively convert the antibiotic-resistant organism into an antibiotic-
susceptible organism.
By measuring the effect of antibacierial agents on the in vitro growth
curves of Gram-negative bacteria, in the presence or absence of a compound
25 according to the present invention, the compound may be shown to enhance
the early antibacterial effect of antibacterial agents within a period of preferably
less than 24 hours. Enhancement of early bactericidal/growth inhibitory effects
is important in determining therapeutic oulcome.
In a checkerboard assay, the combination of a compound according
30 to the present invention with antibacterial agents may result in a "synergistic”
fractional inhibitory concentration index (FICl). The checkerboard method is
based on additivity, which assumes that the result observed with multiple drugs
is the sum of the separate effects of the drugs being tested; according io this
system a FIC! of less than 0.5 is scored as synergy, 1 is scored as additive,
35 and greater than 1 but less than 2 is scored as indifferent.



15Vaara M, Vaara T. 1983c. Polycations as outer membrane- disorganizing agents. Antimicrob Agents
Chemother 24:114-122. Vaara M, Viljanen P, Vaara T, Makela P. 1984. An outer membrane
disorganizins%geﬁtideSF;SMBN sensitizes E. coli strains to serum bactericidal action. J Immunol
132:2582-2589. Wﬂanen P, Matsunaga H, Kimura Y, Vaara M. 1991. The ButePiE ¥ Brane
permeability-increasing action of deacylpolymyxins. J Antibiotics 44:517-523. 47 EXAMPLES

The following examples illustrate certain embodimen®&of the present invention and should not be
construed as limiting the scope of the invention. 5 Example 1 Peptide synthesis -~ Polymyxin

derivatives ("NAB peptides” %m%ﬁ@&&%@%ﬁ&%%ﬁ%@&ﬁ%ﬁ% t@pmﬂt@maﬁggg 'phase
r

chemistry, using the standard Emoc protection strategy., The amino acid at the C-terminus is
commercially avaiIgﬁ?gffﬁ%gcp%ﬁé’&é%ﬁgd%em@@dﬁ%%?éamf%ﬂ?%@é\?goasff’%{gﬂrgéin with acid,
yields a C-terminal&¥iiBoRgiieramycin. andrenthipmueg). iksilidasrlnerpnieso d mecditevels of
orthogonal protectidamisimperapiosravinpr stisoninforsthal @p méeapinorifiabotiorandyrifalpzileyhich are
removed during théusicid attid)vagpitieige orntbidintinge! giatsiEptae A6 tadogersgnctive side
chain functions whilgnieiy gHRaNeNdiR2 EIRVLAKRSHIRHIAREH S AR Ah RSP HidRfipm the resin,
the C-terminal cargyli.Acloh/a- SRR M LA MPRIBRANINE S AIRST QRSO" the amino

r
acids to form a cyclic peptide. After the cydisation step, the semipermanent protection groups are
removed to yield Bl img?dﬁ"@?ﬂﬁé%ﬁ ¥ %\%aﬁ‘%ﬁmigﬁf"g‘ﬁff%gaﬂﬁm?ggﬁwas pro-
tected by fluoreny| HeTRBHIBS L ESIe RWIthgsH inhibifemsefommissediybiion, snhasterin
dimethylformdfhides{Kpyrap énribjlargcld pRrpaskiledindhkaroiivediiod Gitnepelstitienn-.e.
diaminobutyric acidestiassntRiestrilvotogiiey aatitund, (BeckignasiaiabiGeiaemaydyehtyvas removed
at the cleav- 25 aggsiopayThe {iarliopaberably ShReRAEREIG WA BHRICSE S AUl IRianAll the other
amino acids which gy {inCHRNal Lo A AR VILRRIBIE it bt 16 ARdfiel i siable (o the
acid cleavage stag J‘:_g enz xycarbleqm%l g’% in0 acids phen a?anlne and leue e naturally
needed no side ch’ Cﬁgﬁrmgng § TS TFEEYYS: ProtEteeacthigt AR RiPHiYECt reaction in

the 30 acylatibm prBeebealility bariere synthesis steps were performed in a commercial automatized
synthesizer that employed 07fé: @henbbe ratetriazbidésythie Nidé NiNbecimawthgtunaoiuns or
hexafluorophosphaigibitalibhsa@eldvatoseriize clinlddhanfiemnvRrpedarned tavdisirg a four-fold
molar excess of eag ARNBeAebaIHeAaHKAKInTBUIN (BlaIReHS GRS AGRUIURECTU (see
above), and an elgmiggég égolgr @(cgag.g%tmg%%ﬁgyf arxnc%rrpah?o';lﬁégéﬁarr?%?“soun tlmemwaa 35 min. 5The
amino acidsr#%e purchased al)r gdé%ig ecfed from standar ‘supﬁlers. L}hTﬁ:'e &gpﬂ e was

e 1 95 AR RAGEYINstinRod BenRostitelpnr8 AE 4@ r for 2 hours

removed fro

RLEigc3 PRI
at room temperatuR¥efiedicd theyghri sy pistd AstipprelermpBarisashechepambeuHsigREcipitated
with leucocytes.
Those skilled in the art of medicine can readily optimize effective
dosages and administration regimens for the compounds according to the pre-
25 sent invention as well as for the antibiotics in concurrent administration, taking
into account factors well known in the art including type of subject being dosed,
age, weight, sex and medical condition of the subject, the route of adminisira-
tion, the renal and hepatic function of the subject, the desired effect, the par-
ticular compound according to the present invention employed and the toler-
30 ance of the subject fo it. Dosages of all antimicrobial agenis should be ad-
justed in patients with renal impairment or hepatic insufficiency, due to the re-
duced metabolism and/or excretion of the drugs in patients with these condi-
tions. Doses in children should also be reduced, generally according to body
waight.
35 The total daily dose of a derivative according to the present inven-
ficn administered to a human or an animal can vary, for example, in amounts



10diethyl ether. The cyclisation mixture used was
benzotriazole-1-yl-oxy-tris-pyrrolldino-phosphonium hexafluorophosphate (PyBop),

N-hydroxyb j- (HoBt), and N-methyl morpholine (NMM) at the I f2,2,and 4,
respectiveIy“.:c%?e%réf)@ﬁcigt%l%’j%e7 was dissolved in dimethylforrnamide, the cyclisg%ﬁ(ll%)érgnﬁégev%s added and
allowed to react for 2 hours. The cyclised, protected peptide was precipitated by the addition of cold
diethyl ether. Any residual PyBop was removed by w&%hing the peptide with water. Acetylation
for performed by using acetic anhydride - diisopropylethylamine - DMF (1:1:18 by vol.). 20The
remaining side chajn_pr [ i i e peptide
was dissolved in aa#ét% gﬁ?%@ﬁl@#&%ﬁé r\ﬂ (%&g :%%Yﬁ%%r%%ﬁ?é&%%%%ﬁﬁ%t e%&a%%] in the
presence of a pall 1 oal catalyst. _ The peptide was purified by reverse phase
chromatography using 25 cdh¥dhasaPg rasranised Ryenifilardicintnad batdhe sefiPatne product
was dried by lyophilisasernf treatnkind yield ianudisg eigdegne givein geipiap ol Gosieliwdof the
theoretical, calgulateshrematideys) okt benoeiitanpddy HeOnatiaw el estaiitbe thestandidonacyl residue
bound to the resin Y HeeRidAnATSAIIMAIRIANY GiesParRfRsRIER Lend 8 PaRiapbg0%. Within

Eample 2 Actviy B T e R R S e R R e

Example 2 Activity 0 mpounds against Esc a col nas aeruginosa Peptides
synthesized in Exa BESoth carrying only three (3) 5 positive charges, were studied for their ability

to sensitize E. coil to the moHeFS- g RIRVABH aTRRNRA faeassaviig AGRAPRE A GsFerE Agar
Lennox, Dikei0BD jrigparks prisett. Bvanidetesatt spomeid beingasideyicatheeotmnehszpe-pg/ml, 0.3
pg/ml, 1 pg/ml) of iamindSigrapepiilicthdvtin etis, dd@ativ& Hsas viall asphyitiainghbyagar control
plates tha} Ci'ddncit %Hta_értéaﬁiﬂlﬁ'ﬁroi& ?§)‘%9¥ﬁ6¢"%‘ir@ QEEB'f%Jf R ?x%ﬂé‘a'ﬁ@ﬁﬁ @6_4&%?}6’\@.% aln 1984)
encapsu- lated strain, originally isolate rng. ra gt al.

and obtained from Wéﬁ%ﬂ%lg rﬁ'“%%% té%%ﬁtﬁiﬁmfgﬁntj %Ftlg{:l%‘)’%nﬁsr?%nﬁ]gﬁg%@éxﬁ% -§Fown culture
of IH3080 on LB adF & SRR CTREBRRGHLR RoRM IR ELAL AFETIR ST dPE T IPBERLC . Aliquots
of this susperidion AererhBr s senen. saitheeljas srRrPIsingG hesitaescsachiRe 4asi@n to spread
the suspension eveily evithhaidntiedvatitfecd afribtisicpelyiheie aitactdpeniita ol lidehiifsindf the
suspension was regegvatvey pisgssimpsisitpipgtistiffietierusiacadistidred, small wells
(diameter, 2 mm) were 20 drilediqi,aBRAGSKEKS W BHS RIS SdeBIHg ABASP-edged

narrow metal tube, singlecuse pipetie tg‘ %’&9 \éa?(%uum suction. Alternatively, a swab was used to
spread the ingculum. Sample Ré{ a% ? ot the peptide solution in 0.9% NaCl (at concentrations
of 1 pg/ml and.1 pa/m1) wiRbAISIER e RS YENER: 7 FHERSR D EOMABUIeRS &ifFred to
absorb. Controls indvatvaiorrad. 5o5rKiags deiritriitinth fasitie shAigstACte i abmoiee plates were
then incubated for {I3) ot @ ECyvh &y Eateebtiheattionmeters of growth inhibition zones around each well
were measured; the diametghpiréhfaviey kel was Botdasusedairingd\oribeotligivrigisshieee converted
to surface areas of groudh iphhitiaeidineSabtRaRE Y AATRIISRRL WS diie actiidh Bsnaove!
compounds .a%\msé_,%fe%olt Ié—ljl%O (')1 as, co‘é‘ﬂggared \qltﬁvgﬂ%%‘ contErlo coﬂrgia%mg% Ee\éennth%ugh both
lacked the diréct anti acf'eﬁal‘argtlv of %@ ey SenSiIzEa At 4 concent ation of pg/m1l the

target to a concentlaFRiREMAEH E@Wd‘ f%ﬁﬂ??ﬂﬁ@j’gﬁngly, NAB747 was directly
antibacterial against P. aeruéfh@S&ang GaidsslymaKinadfeRivatining @bjifvorHepdiRIe, it caused
a zone of inhibitionGvitim-teyative bacteria fo antibacterial agent; and

(d) selecting compounds having the ability to sensitize Gram-
30 negative bacteria to an antibacterial agent.

In one embodiment of the method of the invention, the terminal moi-
ety (D) Is R™-C(=0), R™/(C=8), or R™Z, wherein R'? and R are as defined
above. |n ancther embodiment of the invention, the terminal molety (D) is
R{FA), which is an optionally substituted alkanoyl or alkyl residue having a totai

35 of 1 to 5 carbon atoms.



surface area of 50 sq mm. At 4 jig, the corresponding value was 20 sq mm. 50 Table 2. Structure of
the novel compounds and their activity against E. coil 1113080 Compound group Compound name

name SEQ ID NO. Structure* s Direct fir Actlyly w. rifamplrr  FA-part PeBtide sequence
WO 2009/098357 PCT/FI2009/056093
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In a still further aspect of the invention there is provided a method
for developing novel antibiotics comprising the steps of

(a) providing a natural polymyxin or octapeptin compound, or a de-
rivative thereof, carrying a total of 4 or 5 positive charges, or a total of 6 posi-

5 five charges, as in deacylpolymyxins, and a ferminal moiety (D} comprising
more than 5 carbon atoms,

(b} replacing from 1 to 3 residuss carmrying one or more positive
charges with a residue not having a positive charge, or with a covalent bond,
thereby generating a derivative of a polymyxin compound having 3 positive

10 charges, ,

(¢} replacing a terminal moiety (D) comprising more than 5 carbon
atoms with a terminal moiety {D) comprising 1 to 5 carbon atoms, thereby gen-
erating a derivative of a polymyxin compound carrying 3 positive charges and
an a ferminal moiefy (D) comprising 1 {o & carbon atoms,

15 (d) assaying said polymyxin derivative far the ability to sensitize
Gram-negative bacteria to antibacterial agent; and

(e) selecting compounds having the abiiity to sensifize Gram-
negative bacteria fo an antibacterizl agent.

In one embodiment of the method of the invention, the terminal moi-

20 ety (D) is R™-C(=0), R{(C=S), or R%, wherein R and R"? are as defined
above. In another embodiment of the invention, the terminal moiety (D) is
R{FA), which is an optionally substituted alkanoyt or alkyl residue having a iotal
of 1 to & carbon atoms.

in a still further aspect of the invention there is provided a method

25  for developing novel antibiotics comprising the steps of

a) providing a polymyxin or octapeptin compound, or a derivative
thereof, having a total of 4 to 6 paositive charges and lacking the terminal moi-
ety (D),

b} replacing from 1 fo 3 residues camying one or more positive

30 charges with a residue not having a positive charge, or with a covalent bond,
thereby generaiing a derivative of a polymyxin compound carrying 3 positive
charges;

c} introducing a terminal moiety (D) compriging 1 to 5 carbon atoms,
thereby generating a polymyxin compound carrying 3 positive charges and a

35 terminal moiety (D)} comprising of 1 to 5 carbon atoms;
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e) assaying said polymyxin derivative for the ability to sensitize
Gram-negative bacteria to antibacterial agent; and

f) selecting compounds having the ability to sensilize Gram-hegative
bacteria to an antibacterial agent. ]

5 In one embodiment of the method of the invention, the terminat moi-
ety (D) is R'-C(=0}, R"{C=8), or R™, wherein R™ and R are as defined
above. In another embodiment of the invention, the terminal moiety (D) is
R{FA), which is an optionally substituted alkanoyl or alky! residue having a total
of 1 to 5 carbon atoms.

10 There is also provided in accordance with the present invention a
semisynthetic polymyxin derivative obtainable by treating chemically or enzy-
matically naturally-occurring polymyxins or octapepting, respectively, or those
variants thereof which are manufactured by genefically modified organisms.
Chemicat freatments include, but are not limited 1o, those with acetanhydride,

15 formic acid, hydrazine, and oxalic acid. Enzymatic treatments include, but are
not limited to, with enzymes such as polymyxin deacylase, ficin, papain, bro-
melain, subtilopeptidases, subtilisin, colistin hydrolase, and Nagarse.

Preferred compounds according fo one embodiment are less cati-
onic than natural polymyxins or octapeptins, carry three (3) positive charges

20 only and an R{FA) having 1 to 5 carbon atoms, and are:

(a} able to sensitize Gram-negative bacteria such as Escherichia
coli, Klebsiella pneumoniae, Klebsiella oxytoca, Enferobacter cloacae, Citro-
bacter freundii, and Acinetobacter baumannif to antibiotics, andfor

{b) less toxic than clinically used polymyxins, as evidenced in in vivo

25 animal model, andfor

(c) less nephrotoxic than clinically used polymyxins, as evidenced in
an animal mode! andfor in an in vitro test that measures affinity of the com-
pounds {o kidney structures, and/or

(d) able to cause less histamine liberation from the tissues than

30 clinically used polymyxins when administered topically or when inhaled as an
aercsol, andfor

(e) pharmacokinetically more favorable, such as having a fonger se-
rumn half life, increased renal clearance, increased urinary recovery and/or by
being less inactivated by polyanionic tissue and pus constiiuents than clinically

35  used polymyxins.
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In a furiher embodiment, the compounds of the invention have one
or more more pharmacokinetically favorable properties as compared to native
polymyxins or cctapeptins (e.g., polymyin A, polymyxin B, IL-polymyxin-B.,
pelymyxin D, polymyxin E, polymyxin F, polymyxin M, polymyxin S, polymyxin

5 T, circulin A, octapeptin A, octapeptin B, octapeptin C, or octapeptin D). Exam-
ples of such pharmacckinetically favorable properties include a longer serum
half life, increased renal clearance, or increased urinary recovery as compared
o native polymyxins or octapeptins {(such as polymyxin E).

In a further embodiment, the compounds of the invention may have

10 @& greater percent urinary recovery of an administered dose over 24 hours than
polymyxin E (colistin). In another further embodiment, the urinary recovery,
based on experiments with rats is about 1% or greater, about 5% or greater,
about 10% or greater, about 15% or greater, about 20% or greater, about 25%
or greater, about 30% or greater, about 35% or greater, about 40% or greater,

15 about 45% or greater, or about 50% or greaier. In contrast, the urinary recow-
ery of polymyxin E (colistin} was determined to be about 0.18 + .14 % of dose
in 24 hours (Li ef al., 2003), using the same dose and procedure.

In another further embodiment, the compounds of the invention may
have a greater renal clearance than polymyxin E (colistin} when administered

20 using the same route and dosing. In a further embodiment, the compounds of
the invention have a renal clearance, based on experiments with rats greater
than about 0.1 mi/min/kg, greater than about 0.5 mi/min/kg, greater than about
1.0 mimin/kg, greater than about 2.0 miimin/kg, greater than about
2.5 m¥min/kg, greater than about 3.0 mifmin/kg, or greater than about

25 3.8 mifminf/kg. In ancther further embodiment, the renal clearance of the com-
pounds of the invention may be at least 10 times, at least 50 fimes, at |least
100 times, at least 150 times, at least 200 times, at least 250 times, or at least
300 times that of polymyxin E, when administered at the same dose and ad-
ministration route.

30 in another further embodiment, the compounds of the invention may
also have one or more pharmacokinetically favorable properties as compared
{o similar compounds with longer fafty acid tsils (i.e., a terminal moiety or
R(FA) having more than five carbon atoms). As shown in Example 8, NAB741
has increased renal clearance and increased urinary recovery as compared to

35 NABT39. The compounds are chemically identical except that NAB741 has an
acetyl terminal moiety and NAB739 has an octanoyl terminal moiety.
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Methods for synthesising compounds according io the present in-
vention include but are not limited to the following described below. For a spe-
cific compound to be synthetised, an expert in the art |s able to choose the ap-
propriate method. ]

5 1. Semisynthetic derivatives of polymyxins and octapeptins that
carry an unchanged heptapeptide part and 2 modified acyl-aminoacyl side
chain can be made by the procedures described as foliows:

Protection of the free amino groups in the starting material (po-
lymyxin or octapeptin, or modifications thereof) by methods known fo those

10  skilled in the arl. The protection can be achieved by the use of residues such
as t-butoxycarbenyl (iBoc), flucrenylmethoxycarbonyl (Fmoc), benzyloxycar-
bonyl (CBZ, Z), allyloxycarbonyl (ALCC), 3-pyridyl-N-oxide-methoxycarbony!
(as described in patent publication GB 1323862), by using Schiff bases such
as benzaldehyde by the method described in Japanese Paient publication

15  7115630/1971 or the like which can be removed by conventional conditions
compatible with the nature of the product.

In conditions where the poor water solubility cccasionally poses a
problem in the sub-sequent steps, the protection can be made by using nega-
tively-charged blocking groups such as a sulfonic acid derivative of Fmoc or a

20 carboxylic acid derivative of Fmoc, the method being described in US patent
publication 2006004185. The water solubility can also be enhanced by linking
a suitable, removable, negalively charged, very hydrophilic blocking group to
the OH-group of threenine.

Thereafter, the compound is subjected to an enzymatic treatment

25 with enzymes such as polymyxin deacylase, polymyxin hydrolase, papain, fi-
cin, bromelain, subtilopeptidase, Nagarse or other enzymes that remove a
ferminal part of the side chain or even the entire side chain of polymyxin or
octapeptin compounds. This treatment can opticnally be foliowed by the Ed-
man degradation procedure. The resultant compound lacks the entire side

30 chain and consists of the cyclic heptapeptide part only, but has a free N-
terminal alpha amino group.

Alternatively, polymyxins and octapeptins that have amino groups
protected by acid-stable groups such as benzyloxycarbonyl can be treated by
oxalic acid or formic acid to yield protected deacylderivatives, the method be-

35 ing described by Kurihara et al. (1974). The procedure is followed by further
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enzyme treatment as above and/or by Edman degradation to yield a heptapep-
tide.

Thereafter, a suitable residue is linked io the free alpha-amino posi-
tion of the heptapeptide ring portion. The residue might contain an acyl or re-
lated residue (R(FA) having in total 1 to & carbon atoms), such as methyl, ace-
tyl, proplonyl, butanoyi, isobutanoyl, valerovi, or isovaleroyl residue} as well as
aminc acid residues, up to three and preferably two residues. For instance,
one semisynthetic compound with an acyl group and two amino acld residues
can be prepared by adding to the above-described heptapeptide a synthetic N-
(acyl)-threonyl-Dthreonyl residue. This can be achieved by conventional gen-
eral techniques known fo those familiar with the art of organic chemistry, these
techniques including the use of N-hydroxysuccinimide-linked residues as de-
scribad in US 2006004188, In this particular synthesis the procedure may in-
volve the use of N-acetyithreonyi-Dserinyl-N-hydroxysuccinimide.

2. Acylated polymyxin nonapeplides carrying three {3) free amino
groups. Polymyxin D possesses only four (4) positive charges and has DSer in
the position R3. The free amino groups of polymyxin D can be protected by the
means described above. This is followed by an enzymatic freatment and an
optional Edman degradation step, o yield a nonapeptide, which can then be
acylated by acylisotiocyanate (by the method well-known to a person skilled in
the art and described in US 2006004185, by acyl chioride (by the method well-
known to a person skilled in the art and described in Chihara et al. 1974), or by
using residues linked to MN-hydroxysuccinimide (by the method well-known to a
person skilled in the art and described in US 2006004185). Finally, the protec-
tive groups are removed. The acylated polymyxin D nonapeptide carries only
three {3) free amino groups, all in the heptapeptide ring portion.

in an analogous manner, acylated polymyxin S nonapeptide can be
made. li carries only three (3} free amino groups.

3. Totaily synthetic polymyxin and octapeptin derivatives can be
made by the very conventional methods known for those skilled in the art.
Such methods include the liquid-phase synthesis procedures as well as the
solid-phase synthesis procedures described for insiance by Sakura ef al
(2004), Tsubery et al. (2000a, 2000b, 2002, 2005), and Ofek ef al. (2004). The
methods include e.g. the use of protecting agents such as Fmog, tBec, and
CBZ at strategic positions, as well as the cyclisation step where DPPA (di-
phenyl phosphorazidate) or & mixture of benzotrizole-1-yl-oxy-tris-pyrrolidine-
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phophonium hexafluorophosphate (PyBop), N-hydroxybenzotriazole (HoBt),
and N-methylmorpholine (NMM) is used. Fmoc derivatives of many non-trivial
as well as D-aminc acids are commercially available. The amino terminus of
the last amino acid residue is left unprotected to enable direct reaction in the

5 acylation procedure with acids such as propionic acid, butyric acid, iscbutyric
acid, valeric acid, and isovaleric acid.

4. Agylation of the free N-ierminal alpha-amino group of the inter-
mediate compounds described above (paragraphs 1-3) can also be performed
by using anhydrides such as acetic anhydride (see Example 1), propionic an-

10  hydride, butyric anhydride, and valeric anhydride by using conditions well-
known fo & perscn skilled in the art. N-formylation can be performed by using
p-nifrophenyl formate in N-methy! pyrrolidine and conditions well-known to &
person skifled in the art. N-methyiation can be performed by using a mixture of
formic acid and acetic anhydride in dimethylformamide and conditions well-

15 known fo a person skilled in the art.

EQUIVALENTS

Those skilied in the art will recognize, or be able to ascertain using
no more than routine experimentation, numerous equivalenis to the specific
procedures described herein. Such equivalents are considered to be within the

20 scope of the present invention and are covered by the following claims. The
contents of all references, patents, and patent applications cited throughout
this application are hereby incorporated by reference. The appropriate compo-
nents, processes, and methods of those patents, applications and other docu-
ments may be selected for the present invention and embodiments thereof.



0

Cl)1.7LEL+Ta NAB 703 Octanoyl - +TX Tl cy OtifLXX 3 (1) 00 P1.1911 Ca.

WO 2009/098357 PCT/FI2009/050093

10

15

20

25

30

35

LIST OF REFERENCES

All references cited in the present application are hereby incorpo-
rated by reference in their entirety. )

Chihara 3, Tobita T, Yahata M, lto A, Koyama Y. 1873. Enzymatic
degradation of colistin. Isolation and identification of a-N-Acyl g,y-diamino-
butyric acid and colistin nonapeptide. Agr Biol Chem 37:2455-2463.

Chihara S, lto A, Yahata M, Tobita T, Koyama Y. 1974, Chemical
synthesis, isolation and characierization of a-N-fattyacyl colistin nonapeptide
with special reference to the correlation between antimicrobial aclivity and car-
bon number of fattyacyl moiety. Agric Biol Chem 38:621-529.

de Visser PC, Kriek NMAJ, van Hooft PAV, Van Schepdael A, Filip-
pov DV, van der Marel GA, Overkleeft HS, van Boom JH, Noort D. 2003, Solid-
phase synthesis of polymyxin B4 and analogues via a safety-catch approach.
J. Peptide Res. 61:298-308,

Kimura Y, Matsunaga H, Vaara M, 1992. Polymyxin B octapeptide
and polymyxin B heptapeptide are potent outer membrane permeability-
increasing agents. J Antibiot 45:742-749.

Kurlhara T, Takeda H, ito H, Sato H, Shimizu M, Kurosawa A. 1974.
Studies on the compounds related io colistin. IX. On the chemical deacylation
of colistin and colistin derivatives. Yakugaku Zasshi 94:1491-1494,

Li J, Milne RW, Nation RL, Tumidge JB, Smeaton TC, and Coult-
hard K. 2003. Use of high-performance liquid chromatography {o study the
pharmacokinetics of colistin suifate in rats following intravenous administration.
Antimicrob Agents Chemother 47:1766-1770.

Li J, Milne RW, Nation RL, Turnidge JB, Smeaton TC, and Coult-
hard K. 2004. Pharmacokingtics of colistin methanesulphonate and colistin in
rats foliowing an infravencus dose of colistin methanesulphonate. J Antimicrob
Chemother 53:837-840.

Nagai J, Saito M, Adachi Y, Yumoto R, Takano M. 20086. Inhibition
of gentamicin binding to rat renal brush-border membrane by megalin ligands
and basic peptides. J Control Release 112:43-50.

Nikaido H. 2003. Molecular basis of bacterial outer membrane per-
mezbility revisited. Microbiol Molec Biol Rev 67:593-656.

Nikaido H, Vaara M. 1985. Molecular basis of bacterial outer mem-
brane permeability. Microbiol Rev 49:1-32.



-T33(3)00 NAB 735 DI. - Inflarl cy OCKELXX 3 (3) D 113 NAB 739 011. Ts T3 3 (3) 133 177
WO 2009/098357 ’ PCT/FI2009/050093
45

Okimura K, Ohki K, Sato Y, Ohnishi K, Uchida Y, Sakura N. 2007.
Chemical conversion of natural polymyxin B and coligtin to their N-terminal de-
rivatives, Bull. Chem. Soc. Jpn. 80 (No. 3):543-552.

Rose F, Heuer KU, Sibelius U, Hombach-Klonisch S, Ladislau K,

5 Seeger W, Grimminger F. 1899. Targeting lipopolysaccharides by the non-
toxic polymyxin B nonapeptide sensitizes resistant E. coli to the bactericidal
effect of human neutrophils. J Infect Dis 182:181-199.

Sakura N, loh T, Uchida Y, Ohki K, Ckimura K, Chiba K, Salo Y,
Sawanishi H. 2004. The contribution of the N-terminal structure of polymyxin B

10  peptides to antimicrobial and lipopolysaccharide binding activity. Bull Chem
Soc Jpn 77:1915-1924.

Srinivasa BD, Ramachandran LK. 1978. Chemical modification of
peptide antibiotics: Part VI - Biological activity of derivatives of polymyxin B.
ind J Biochem Blophys 14:54-58.

15 Srinivasa BD, Ramachandran LK. 1979, The polymyxins. J Scient
Industr Res 38:695-709.

Srinivasa BD, Ramachandran LK. 1980. Essential amino groups of
polymyxin B. Ind J Biochem Biophys 17:112-118.

Storm DR, Rosenthal KS, Swanson PE. 1877. Polymyxin and re-

20 lated peptide antibiotics. Annu Rev Biochem 46:723-63.

Teuber M. 1970. Preparation of biclogically active mono-N-
acetyl{14C)-derivatives of the membrane-specific polypeptide antibictic po-
lymyxin B. Z Naturforsch 25b:117.

Tsubery H, Ofek |, Cohen 8, Fridkin M. 2000a. Structure-function

25 studies of polymyxin B nonapeptide: Implications to sensitization of Gram-
negative bacteria. J. Med Chem 43:3085-3092.

Tsubery H, Ofek |, Cohen 8, Fridkin M. 2000k, The functional asso-
ciation of polymyxin B with bacterial lipopolysaccharide is stereospecific: Stud-
ies on polymyxin B nonapeptide. Biochemistry 39:11837-11844,

30 Tsubery H, Ofek 1, Cohen S, Fridkin M. 2001. N-terminal modifica-
tions of polymyxin B nonapeptide and their effect on antibacterial activity. Pep-
tides 22:1675~1681.

Tsubery H, Ofek |, Cohen 8, Eisenstein M, Fridkin M. 2002. Modula-
tion of the hydro-phobic domaln of polymyxin B nonapeptide: effect on outer-

35 membrane permeabilization and fipopolysaccharide neutralization. Molecular
Pharmacology 62:1036-42.



Cltr...EATT NAB 740 ES Ts Tl cyl113CELX3C 3 (3) 95 95 Novel NAB 7061 OA. TZ T) cy rxxarx
WO 2009/098357 PCT/FI2009/058093
46

Tsubery H, Yaakov H, Cohen S, Glierman T, Matityahou A, Fridkin
M, Ofek I. 2005. Neopeplide antibiotics that funclion as opsonins and mem-
brane-permeabilizing agents for gram-negative bacteria. Antimicrob Agents
Chemother 49:3122-3128. )

5 Vaara M. 1892, Agents that Increase the permeability of the outer
membrane. Microblol Rev 56:395-411.

Vaara M. 1993. Antibiotic-supersusceptible mutants of Escherichia
coli and Salmonella typhimurium. Antimicrob Agents Chemother 37:2255-
2260.

10 Vaara M, Vaara T. 1983a. Sensitization of Gram-negative bacteria
to antibiotics and complement by a nontoxic oligopeptide. Nature (London)
303:526-528.

Vaara M, Vaara T. 1983b. Polycations sensitize enteric bacteria to
antibiotics. Anfimicrob Agents Chemother 24:107-113.

15 Vaara M, Vaara T. 1983c. Polycations as outer membrane-
disorganizing agents. Antimicrob Agents Chemother 24:114-122,

Vaara M, Viljanen P, Vaara T, Makela P. 1884. An outer membrane
disorganizing peptide PMBN sensitizes E. coli sirains to serum bactericidal
action. J Immunol 132:2582-2589.

20 Viljanen P, Matsunaga H, Kimura Y, Vaara M. 1891, The outer
membrane permeability-increasing action of deacylpolymyxins. J Antibiotics
44:517-523.



3(3) 0113 compounds NAB 741 10 ACTsT)3(3) 095 CIrXXSLIS NAB 745 39 Ac

WO 2009/0983387 PCT/FI2009/050093

10

15

20

25

30

47

EXAMPLES

The following examples illustrate certain embodiments of the pre-
sent invention and should not be construed as limiting the scope of the inven-
tion.

Example 1
Peptide synthesis

Polymyxin derivatives (“NAB peplides” or “NAB compounds”®) were
synthesized by conventional solid phase chemistry, using the standard Fmoc
protection strategy. The amino acid at the C-terminus is commercially available
as pre-attached to the solid phase and when cleaved off the resin with acid,
yields a C-terminal carboxylic acid.

The strategy in the protection was to use three Jevels of orthogonal
protection, temporary Fmoc protection for the alpha amino functions, groups
which are removed during the acid cleavage stage, and semi-permanent pro-
tection to cover reactive side chain functions while the cyclisation reaction
takes place. Afier cleavage of the peptide from the resin, the C-terminal car-
boxylic acid Is reacted with an amino function on the side chain of one of the
amino acids to form a coycdlic peptide. After the cyclisation step, the semi-
permanent protection groups are removed fo yield NAB peptide.

Accordingly, the ajpha amino function of the amino acid was pro-
tected by flusrenyl-methoxycarbonyl (Fmoc) and Fmoc was removed by 20%
piperidine in dimethylformamide (DMF) at every cycle. The amino acid that is
involved with cyclisation, i.e. diaminobutyric acid, was protected by f-
butoxycarbony! {iBoc), an acid labile group which was removed at the cleav-
age step. The functional group of asparagine was protected by tritylation, All
the other amino acids which have functional side chain groups were proiecied
by a group that is stable o the acid cleavage stage, i.e. benzyloxycarbonyl (Z).
Amino acids phenvialanine and leucine naturally needed no side chain protec-
tion. The amino terminus was not protacted; this enabled direct reaction in the
acylation procedure.

The synthesis steps were performed in a commercial automatized
synthesizer that employed O-{6-Chiorobenzotriazol-1-yl)-N,N,N',N'tetramethyl-
uronium hexafluorophosphate (HCTU) as activator.
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The acylation was performed by using a four-fold molar excess of
each amino acid or the fatty acid, four-fold molar excess of the activator HCTU
{see above), and an eight-fold molar excess of N-methyl morphaline. The reac-
tion fime was 30 min. )

5 The amino acids were purchased already protected from standard
suppliers.

The peptide was removed from the resin by reaction with a solution
of 95% trifluoroacetic acid and 5% water for 2 hours at room temperature, to
yield the partiaily protected product. The resulting peptide was precipitated with

10  dlethyl ether.

The cyclisation mixture used was henzotriazole-1-yl-oxy-tris-pyrroli-
dino-phosphonium hexafluorophosphate (PyBop), N-hydroxybenzotri-azole
{HoBf}, and N-methyl morpholine {NMM} at the molar excess of 2, 2, and 4,
respectively. The peptide was dissolved in dimethylformamide, the cyclisation

16 mix was added and allowed to react for 2 hours. The cyelised, protected pep-
tide was precipitated by the addition of cold diethyl ether. Any residual PyBop
was removed by washing the peptide with water.

Acetylation for performed by using acetic anhydride - diisopropyk
ethylamine — DMF {1:1:18 by vol.).

20 The remaining side chain protection groups (Z) were removed by
calalytic dehydrogenation. The peptide was dissolved in acetic acid-methanol—
water (5:4:1), under an atmosphere of hydrogen and in the presence of a pal-
ladium charcoal catalyst.

The peplide was purified by reverse phase chromaiography using

25 conventional gradients of acetonitrile:water:trifluorcacetic acid. The product
was dried by lyophilisation.

The vield was 10-20 mg representing approx. 10%-20% of the theo-
retical, calculated from the molar amount (approx. 100 micromoles) of the first
amino acyl residue bound to the resin.

30 The purity, as estimated by reversed phase HPLC was more than
90%. Within experimental error, the masses obtained were those expected
from the theoretical values.
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sion of approx. 10® cells/mi was prepared in 0.9% NaCl. Aliquots of this sus-
pension were then pipetted on the agar plates and the plates were gently
shaken to spread the suspension evenly on the entire surface of the plate.
Thereafter, the unabsorbed part of the suspension was removed by using a
Pasteur pipette. Affer the surface had dried, small wells (diameter, 2 mm} were

20 drilled on the plates (five wells per piate) by using a sterile sharp-edged narrow
metal tube, single-use pipette tip, and vacuum suclion. Alternatively, a swab
was used to spread the inoculum. Samples (4 ul and 10 pl) of the peplide solu-
tion in 0.9% NaCl (at concentrations of 1 ug/fmi and 0.1 pg/mi} were then pipet-
ted to the wells and the sample fluids were allowed to absorb. Controls in-

25 ciuded 0.9% NaCl solution without the compound to be fested. The plates were
then incubated for 18 h at 37°C whereafter the diameters of growth inhibition
vones around each well were measured; the diameter of the well itself was not
reduced. Finally, the diameters were converted to surface areas of growth in-
hibition (in square mm).

30 Table 2 shows the activity of the novel compounds against E. coli
IH3080 as compared with that of control compounds. Even though both lacked
the direct antibacterial activity of NAB738, they sensitized at a concentration of
4 pg/mi the target to a concentration of rifampin as low as 0.1 pg/ml. Interes-
tingly, NAB747 was directly antibacterial against P. aeruginosa ATCC 27853.

35 In a well containing 10 ug of the peptide, it caused a zone of inhibition with the
surface area of 50 sq mm. At 4 ug, the corresponding value was 20 sq mm.



E. coil IN 3080 K pneum. ATCC 13883 E. cloacae ATCC 23355 Rifampin 750 250 >64 >2000
Clarithromycin 340 96 24 96 Mupirocin 128 ea 8 190 Azithromycin 24

10

15

50

Tabie 2. Structure of the novel compounds and their activity against E,

coli 13080
Compaung Compound SEGQ Structurs* Posltive Direct | Activity w,
Bitiv-
group name D Paptide saguence charges | iy™ ffampim**
side :
NG FA-part chain cyciic part | intsl (ovolic)
Control ey [ZXELIX
comppunds | Polymyxin B HO{H) & ETY T] -8 {3) 3 85
Descyl- oy [XXELEX
pokymyxin B - +XTE ] & {3} 57 78
oy [EXILYXY
Deacyicolistin - T 1 & (3) 78 14
Polymyxin B oy [EXELEN
nonapeptide - R | 5(3) ¢ 20
Polymyxin B oy [EXELYE
heptapsptide - + 4 {4} 4 ¢
oy [ZEELTY
NAR 704 - +TZ ) 4 (3} 47 ]
cy [XEELYX
NAB 705 - +BTH b4 5(3) o i
oy [XRFLRZ
NAEB 701 - +TX 71 3 b} 1
ey [XRELsB
NAB 702 - +TX b} 3 o 4]
oy [ERELyT
MAB 703 - *TE 3 ¢ o
Ocianoyl | ey [TRELXY
FBH Ga - S L )] ] &
NAB 746 DA - [ZEELT) 33 ] 113
oy [RRELEX
NAB 730 & TE T3 3(3) 133 i
ey [XUFLYX
NARB 740 DA Ts 7} 33} a5 g6
T oeylExeLEy
NAR 7061 O& pd-A b | 3{3) it 113
Hove oy [TEELEY
compounds | NAB 741 1° Ac T8 7] 3(3) ] g5
oy [X2LLEX
MAE 745 38 Re To & 3{3) O 50
oy (ZEELYE _
NAB 747 10 He T 7 413 o 28

* Dne-etter codes for amine acyl residues: F, Phe; L Lew; N, Asn; 8, Seny T, Thr;

X Dab: Z, Abu; B, N-gammaformyl-Dab; J, N-gamma-acetyl-Dab. Small letters indicate resi
dues that are in D-configuration.

+ indicates the positive charge of the aipha-amino group in the free N-terminus of

the peptids. Abbreviations: MO{H)A, the mibdure of 8-methyiottanoyl, 8-methylhepianoy! and
related fatly acid residues occuring in polymyxin By OA, sctanoyl; DA, decanoyl; Ac, avelyl;

Me, methyl.

around a well containing 4 micrograms of the compound on LB plates.
= Antibacterial activity measured as the growth inhibiion (In square miliimeters)
around 2 well containing 4 micrograms of the compound on & LB plats containing tifampin

{0.1 micrograms/mf).

= Antihasterial activity measured as the growth inhlbition {in square miimeters)




32 32 16 Fusidic acid 170 130 >5 >130 Vancomycin >16 16 >2 170  *Sensitization factor is the ratio
of the MIC of the antibiotic In the absence of NAB 741 5to that in the presence of 4 Kim! of NAB 741

Example 4 Qugsapiiklity-of seven different strains of Gram-negative bactggia tp,fifamRpig;and

clarithromycin in the presence of NAB741 (4 pg/m1) The minimum inhibitory concentrations (MIC) of
rifampin and 10 clarithromycin for a representative set of different strains of clinically relevant
Gram-negative bacteria were determined by the E-test'method as in Example 3 and by using
Mueller-Hinton agar with or without NAB741 (4 pg/ml). This concentration of NAB741 did not itself
inhibit the growth attamgasget bacteria. Five of the strains originated from ATCC. Acinetobacter

baumannii F264 WRaRSAUEehREAL 2NNIP G felfh deiSikhiEd) el EHIEr5BHE#6 b COlt IH3080

has been given in le The resu sh in Table 4. It shows that NAB 741 is
remarkably active g\é/gg]‘agg%%ré’taﬂ&%% ot ’ég%%%%ﬁg&#& 2009/098357PCT/FI2009/050093 53

Table 4. The ability of NAB 74 toinisnghiinhiGitam segativetisasttviieohaoesresartidiiess@tifampin and
clarithromycink  of clinically used anfimicrobial agents were determined for two strains of F. coff

(ATCC25822 and 1H3080), K pneumoniae ATCCI3883, and E. cloacae
ATCC23355 by using Mueller-Hinton agar medium (product no Lab039; LabM
Lid., Bury, Lancs, U.K.} in the presence of NAB741 (4 pg/ml) as well as in its
absence. MICs were determined by using E-strips (Biodisk Lid., Solna, Swe-
10 den) according to the manufacturer's instructions. The NAB741 concentration
used did not itself inhibit the growth of the target bacteria. The MIC of NAB741
for all these strains was >16 pa/ml.
The results are shown in Table 3. NAB741 at a concentration of 4
ug/mi was able to sensitize the tested sirains to rifampin by a factor ranging
15 from >64 o >2000. Sensitization factor is defined as the ratio of the MIC of an
antibiotic in the absence of NAB741 to that in the presence of 4 pg/m| of
NAB741. Extremely high sensitization factors were observed also to clarithro-
mycin {24-340), mupirocin (8-192), azithromycin {16-32), for some of the
strains fo fusidic acid (128-170), and for E. cloacas to vancomycin (170). Al
20 these antibacterial agents are notably hydrophobic or large (vancomycin} and
are known to be excluded by the intact OM of Gram-negative bacteria but
penetrate the damaged OM.



MIC (ug/m1l) of Sensitization MIC (pg/m1) of Sensitization Bacterial strain :Ismaili in the presence of
factor clarlthromycin in the presence of factors 4 pg/ml of NAB 741* to rifampin 4 pg/m1 of NAB 741 to
clarithromycif g 60Hl¢RE¢ C25922 0,016 750 0,125 349 E. coil 1H3080 9944 rrr00e/050093

52

Table 3. Sensitization factors® to selected antibacterial agents at NAB 741
concentration of 4 pgimi

E. coli E. coli K. pneum. E. cloacae

ATCC IH 3080 ATCG ATCC

25922 13883 23355
Rifampin 780 250 >84 >2000
Clarithromycin 340 g8 24 < 5]
Mupirogin 128 64 & 160
Azithromycin 24 32 32 16
Fusidic acid 170 130 >5 =130
Vancomyein >16 16 »Z 170

*Sensitization factor is the rafio of the MIC of the antiblctic in the absence of NAB 741
b to that in the presence of 4 yg/mi of NAB 741

Example 4
Susceptibility of seven different strains of Gram-negative bacterla to ri-
fampin and clarithromycin in the presence of NAB741 {4 pg/mi)

The minimum inhibitory concenitrations (MIC) of rifampin and
10 clarithromycin for a representative set of different strains of dlinically relevant
Gram-negative bacteria were defermined by the E-test method as in Example
3 and by using Mueller-Hinton agar with or without NAB741 (4 pg/mi). This
conceniration of NAB741 did not itself inhibit the growth of the target bacteria.
Five of the sirains originated from ATCC. Acinefobacter baumannii F264 was
18 purchased from Mobidiag Ltd., Helsinki, Finland. The source of E. coli IH3080
has been given in Example 2.
The results are shown in Table 4. If shows that NAB 741 is re-
markably active even against Acineiobacter baumannil.



250 0,125 96 K. pneumonias ATCC13883 0,5 >64 1 24 E. cloacae ATCC23355 0,016 2000 0,5 ss
Ac. baumannil ATCC19606 0,19
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Table 4. The ability of NAB 741 {o sensitize Gram-negative bacteria to
moedel antibiotics {rifampin and clarithromyein)

MIC (pgfml} of  Sensitization MIC {pgfmi} of Sensitization
Bacterial strain rifampln in the factor* clarthromycin in factor™
presence of ihe presence of .
4 pgimi to rifampin 4 pgimt to clarithromyci:
of NAB 741* of NAB 741
E. coli ATCC25922 0,016 750 0,125 340
E. coli IH3080 0047 280 0,125 96
K. prisumoniae
ATCC13883 6,5 »84 1 24
E. doacas ATCC23355 0,016 2000 0.5 98
Ac. baumannil
ATCL18606 0,18 16 0.5 32
Ac. baursannii F264 0,125 64 0,5 3z
P. asruginosa
ATCC27883 18 2 64 2

*The ratio of rifampin MIC in the abssnce of NAB 741 to that in the presence of NAB 741 (4 pgfm!).
* The rafio of clarithromyein MIC In the absence of NAB 741 to that in the presence of NAB 741 {4 pg/mi}.
5 Example b
NAB741 sensitizes a mercpenem-resistant strain of Acinetfobacfer
baumannii to meropenem

The minimum inhibitory concentrations (MIC) of meropenem for two
strains of A. baumannii were determined by the E-test method as in Exampie 4
10 and by using Muelier-Hinton agar with or without NAB741 (4 ug/ml). This con-
cenfration of NAB741 did not itself inhibit the growth of the target bacteria.
Sensitization facior was defined as in Example 4. The results are shown in Ta-
ble 5. NAB7061 sensifized the meropenem-resistant strain F264 to merope-

men by a factor >4,



16 0,5 32 Ac. baumannii F264 0,125 64 0,5 32 P. aeruginosa A1CC27853 16 2 64 2 The ratio of
nfampin MIC In the absence of NAB 741 to that In the presence of NAB 741 (4 Ki(in:). The ratio of
clarithiornycki Ml lnuihe absence of NAB 741 to that in the presence of NABAdofkdisiny). 5 Example
5 NAB741 sensitizes a meropenem-resistant strain of Acinetobacter baumannii to meropenem

The minimum inhibitory concentrations (MIC) of mergpenem for two strains of A. baumannii were
determined by the E-test method as in Example 4 10°4nd by using Mueller-Hinton agar with or without
NAB741 (4 pg/ml). This concentration of NAB741 did not itself inhibit the growth of the target bacteria.
Sensitization factor e sleSuasitRadivir s g enérdgunsasuisistansisauniof ladisefobdéRy 061

sensitized the mergpeNaRM;iARI HRAPLSERUMTA A PrOSRES BERAY PaiREQUgnh)

Strain MIC (pg/mi} of meropenem
at the indicated conen (pg/mt)
of NAB 741
0 4

A. baumannii ATCC19606 0,75 0.5

A. baumannii F264 >32 a2
Example 8 -
NAB741 sensitizes E. colf to the complement in fresh normal serum

5 The ability of NAB741 to sensifize encapsulated, smooth strain of £.

cofi to the bactericidal action of normal guinea pig serum (GPS) was studisd by
the method described by Vaara ef al (1984). E. colf IH3080 (018,K1) was
grown in LB broth (LB broth Lennox, Difco, BD, Sparks, MD, U.5.A) at 37°C in
a rotary shaker into early logarithmic growth phase, washed with PBS (phos-
10  phate-buffered safine, 8.0 g of NaCl, 0.2 g of KCI, 1.44 g of Na;HPO4 x2H,0
and 0.2 g of KH,PO, per liter) and resuspended in PBS, to approx. 10°
cells/ml). GPS was used as complement scurce. It was stored at -70°C before
use. To inactive the complement, serum was incubated at 56°C for 30 min.
The experimental procedure was as follows. 10% GPS in PBS was
15  inoculated with approx. 500 CFU (colony forming units) of bacteria per ml and
pipetted in 0.2 ml aliquots into wells of microtiter piates. The wells already con-
tained increasing amounts of NAB7061 in 0.020 mi of 0.9% NaCl. The plate
was incubated at 37°C for 2 h whereafier each well was emptied onio LB
plates. The plates were incubated overnight at 37°C and the developed colo-
20 nies wera counted.
The results are shown in Table 6. NAB741 itself did not significantly
reduce CFUJ count in the absence of GPS or in the prasence of heat-inactivated
10% GPS. However, as fow a concentration of NAB741 as 2 ug/mi was sufficient
to reduce CFU count by a factor of approx. 100 in the presence 10% fresh
25  (PS. Accordingly, NAB741 acts synergistically with the bactericidal comple-
ment machinery present in fresh serum, as does PMBN, the agent well known
to have this property.



54 Table 5. Sensitization of the meropenem-resistant strain of Acinetobacter baumannif to meropenem
in the presence of NAB 741 (4 pg/m1) Example 6 NAB741 sensitizes E. colt to the complement in
fresh normalsshdiaRkis ability of NAB741 to sensitize encapsulated, smpqthstiainfog- coli to the
bactericidal action of normal guinea pig serum (GPS) was studied by the method described by Vaara
et a/. (1984). E. coli IH3080 (018,K1) was grown in LB broth (LB broth Lennox, Difcm, BD, Sparks,

MD, USA) at 37C in a rotary shaker into early Iogarrtrﬁﬁrc growth phase, washed with PBS (phos- 10
phate-buffered saline, 8.0 g of NaCl, 0.2 g of KCI, 1.44 g of Na21-1P0O4 x2H20 and 0.2 g of KH2PO4
per liter) and resuspsisided Thé Sfmcie; Rt BAcAIRGH Sotiary e W ABTHMHHEMEW source. It was stored

at -70C before usegfipdaanticeHit IQPBICINaHsFET ¢BYas0B6 (B3 geﬁﬁ& 56C for 30 min. The
experimental procedure was as foIIows 10°o GPS in PBS was 15 inoculated with approx. 500 CFU

(colony forming unfts to-wells of microtiter plates.
The wells already contained increasing a 0.9% NaCi. The plate was
incubated at 37C for 2 h whereafter each-ws o-LB.plates? The plates were incubated
overnight at 37C angdnthemtveloped cola 20 nleBBWere cbrunted 86 Thesuesults are shown in Table
6. NAB741 itself drd%‘?g ifi reduce GF‘!D count |r§the absénce of @PS or in the presence of
heat-inactivated 103%2£55& Jipled ' AB74 2 pglml was sufficient to
reduce CFU count by a factor of approx 100 in the presence 10% fresh 25 GPS. Accordingly, NAB741
acts synergistically.yith. the gapmgiaalﬁg%[ﬁ Jnaelinery present in fresh serum, as does
PMBN, the agent well known to have this property. WO 2009/098357PCT/F12009/050093 55 Table 6.
The synergrstrc:,bag%ﬁml fctivity of NAB741 and 10% guinea pig serum (GPS) against E. coil

1113080 (018:K1)* P:%Sara SHEFR 583 an ?Jaz}]aép 9{ %)f I&B 73% methanesulfonate sodium
salt

NAB 739 acetate {100 mg) was dissolved in water (2 mi) and neutral
formaldehyde solution {400 microliters of 30% aqueous formaldehyde [brought
10 to pH 7.2 with 1 N Na-HCO3]} was added. Then, 1 N NaHCO3 solution {2 m!)
was added, and the precipitated NAB 739 formaldehyde derivative was filtered
and washed with water. The moist solid was suspended in water (5 ml), and
sodium metabisulphite (100 mg)} was added. A clear solution was obtained af-
ter a few minutes and was freeze-dried. The flocculent white solid was ex-
15 tracted with warm aceione (7.5 mi) and dried in vacuo. The vield was 56 mg.
Analysis of the product by ES| mass spectromeiry revealed a predominant
peak with the molecular mass of 1075.3 indicating that most of the derivative
was sulfomethylated at each of the three Dab residues of the NAB 738 com-
pound. A minor peak representing the NAB 739 blocked randomly at two of the
20 three Dab residues was also visible.

For the measurement of the antibacterial activity of aqueous solu-
tions of NAB 739 methanesulfonate sodium, three different solutions were
made: 1) A solution {(1mg/mly made in 0.9% NaCl immediately prior to the ex-
periment, 2) a solution (1mg/ml} made in 0.9% NaCl 24 h prior to the experi-

25 ment and kept at 37°C, 3) a solution (1mg/mi) made in 0.8% NaCl 48 h prior to
the experiment and kept at 37°C. A freshly made solution of NAB 739 aceiate
served as the conirol compound.



12 4 none (PBS) 100 71 86 58 10% CPS >200 5 7 0 10% GIPS, heat inactivated >200 >200 >200
125 *measured as % survival after 2-hour treatment at 37C 5 Example 7 Preparation and biological
activity of N4, 439 sogthanesulfonate sodium salt NAB 739 acetatg (1B maWRs dissolved in
water (2 ml) and neutral formaldehyde solution (400 microliters of 300/.3 aqueous formaldehyde
[brought 10 to pH 72 with 1 N Na-HCO3]) was added. Then, 1 N NaHCOS3 solution (2 ml) was added,
and the precipitated NAB 739 formaldehyde derivativéPwas filtered and washed with water. The moist
solid was suspended in water (5 ml), and sodium metabisulphite (100 mg) was added. A clear solution
was obtained aftermbi g emendivias! lrretidnd 6e AR 7 So ecelnatediitivAatis avasow- 15 traded
with warm acetonepg.e‘ammpgpﬂ ‘{B\mlgg;' h&tlﬂe&!ﬁ’ﬂ%ﬁﬁd‘“g AnaIyS|s of the product by ESI
mass spectrometry-+ev otec i ©75.3 indicating that
most of the derivati@ida: 38 : bk idues-of the NAB 739
compound. A mlnonmeresemﬁslg the NAB 11139 blocmad rand@mly at teo of-the

NAB 738 MS** 24 h 55 34 6
NAE 738 M5* 48 h 35 ! 0
NAB 730 fresh 21 2 G

* measured as % survival after 2-hour treatment at 37 degrees centigrade.
** MS, methanesulfonate

5 The test bacterium was E. coli IH3080. It was grown in LB broth (LB
broth Lennox, Difco, BD, Sparks, MD, U.S.A.) at 37°C in a rotary shaker into
early logarithmic growth phase, washed with PBS, and resuspended in PBS fo
approx. 10e9 cells/ml. PBS was inoculated with approx. 500 CFU (colony form-
ing units) of bacteria per ml and pipetied in 0.2 m! aliquots into wells of a mi-

10 crofiter plate. The plates already contained increasing concentrations of NAB
739 methanesulfonate or the confrol compound in 0.020 m! of 0.9% NaCl. The
plate was incubated at 37°C for 1 h whereafter each well was emptied onto LB
piates. The plate was incubated overnight at 37°C and the developed colonies
were counted.

16 The resulis are shown in Table 7. The fresh solution of NAB 739
methanesulfonate was much less antibacterial than the control compound NAB
738, Kaebing ihe NAB 7392 methanesulfonate solufion at 37°C for 24 h prior to
use slightly increased the activity whereas keeping for 48 h resulted in activity
almost equal fo that cbserved with the control compound. These results indi-

20 cate that NAB 739 methanesulfonate, in analogy with colistin methanesuyl-
fonate, slowly decomposes in aqueous solutions to vieid antibacterially more
active substances, i.e. less sulfomethylated substances and eventually free
NAB 738.

Similarly, methanesulfonate derivatives of NAB 741, NAB 745, NAB

25 747 and other compounds described as herein are prepared. These prodrugs
decompose in vivo to yield compounds which possess the ability fo sensitize
target bacteria to other antibacterial agents and serum complaments.



20 three Dab residues was also visible. For the measurement of the antibacterial activity of
aqueous solutions of NAB 739 methanesulfonate sodium, three different solutions were made: 1) A

solution (Imgim)asgsin 0.9% NaCl immediately prior to the experimeng 4} R,5pKEaR{1Mg/m1)
made in 0.9% Neel 24 h prior to the experi- 25 ment and kept at 37C, 3) a solution (1Img/m1) made in

0.9% NaCl 48 h prior to the experiment and kept at 37C. A freshly made solution of NAB 739 acetate
served as the control compound. WO 2009/098357HC T/FI2009/050093 56 Table 7. The bactericidal
activity of NAB 739 methanesutfonate as compared with that of NAB 739 against E. coli IH3080*
Compound Solutiog;agepfels2 4 NAB 739 Mr fresh 100 70 62 16 NAB 739 MS** 24h 55 34
Comparison of basic pharmakokinetic properties of NAB 741 and NAB

739

The studies were principally performed by using the methods de-

5 scribed by Li et al. (2003, 2004). Each rat {(n=4 for both compounds, Sprague-

Dawley, male} was anaesthetized using isoflurane, and a polyethylene cannula

was inserted into the jugular vein. Each rat was placed into a metabolic cage

and allowed to recover from the procedure overnight. The test compound (ace-

tate, 1 mg/kg) was administered as a bolus (in 200 pl sterile 0.9% saline)

10  through the cannula, followed by washing with 0.8 ml of saline. Nine blood

samples (0, 10, 20, 30, 60, 90, 120, 180, and 240 min), each 200 ui, were

manually collected through the cannula. When collecting samples, the first 100

yl of blood was withdrawn and kept in the syringe. After collecting the actual

sample with another syringe, the content of the first syringe was returned to the

18  rat together with 400 pl of heparinized saline. Blood samples were centrifuged

to obtain plasma. Urine samples were collected in 04 h, 4-6 h, and 6-24 h in-
tervals. Plasma and urine samples were stored at -80°C.

The samples were analyzed using liquid chromatography and mass

speciromeiry with electrospray ionization interface (LC/electrospray jonization

20 MS). To a 100-p! sample, 10 1l of internal standard (NAB 739, 80 pg/m!) and

200 i {plasma samples} or 100 pl {urine samples) of acetonitrile was added,

the mixture was vortex-mixed for 1 min, and cenirifuged at 10.000 g for 10 min.

The chromatography employed the HPLC C18 column (50 x 2 mm), 0.1% for-

mic¢ acid as the solvent A, 0.1% acetonitriie as the solvent B, flow rate of 0.2

25 ml/min, and the following gradient: 5%-30% B in 6 min, 30%-90% B in 0.5 min,

80% B held for 2.5 min, 80%-5% B in 1 min. The eluent between 5.90-7.00

min and 2.00-10.1 min was direcied to the MS system using a switching vaive.

The positive protonated molecular ions of NAB 741 at m/z 496.7 and 331.4

and of NAB 739 at m/z = 538.8 and 359.8 and were monitored. NAB 741 was

30 eluted at 6.65 £ 0.05 min and NAB739 was eluted at 9.45 £ 0.05 min. Non-

comparimental analysis of the compounds in plasma was performed using

WinNoniin software (version 4.0, Mountain View, CA, USA}, with the modal of

NA201 (i.v. bolus input for plasma data).
The basic pharmacokinetic parameters determined for NAB 741,
35 were as follows: half-life (min), 32.7 £ 2.41; volume of distribution {mi/kg), 243



6 NAB 739 MS** 48h 35 11 0 NAB 739 fresh 21 2 0 * measured as % survival after 2-hour treatment
at 37 degrees centigrade. **MS, methanesulfonate 5The test bacterium was E. coil 11-13080. It was
grown in LBbroth ke roth Lennox, Difco, BD, Sparks, MD, U.S.A.) at 35 heiaagshaker into
early logarithmic growth phase, washed with PBS, and resuspended in PBS to approx. 10e9 cells/ml.
PBS was inoculated with approx. 500 CFU (colony forming units) of bacteria per ml and pipetted in 0.2
ml aliquots into wells of a ml- 10 crotiter plate. The plﬁﬁes already contained increasing concentrations
of NAB 739 methanesulfonate or the control compound in 0.020 ml of 0.9% Neel. The plate was
incubated at 37C far2t b;vhereate{aticinie) W29 entpsi:dudnioy Baokadas( % ud plaje iwestincubated

ovemight at 37C apgl odevelOnamd cenanifsyAiR ¢aVRRfkgl I 78 £aswts are shown in Table 7. The
fresh solution of NAB 739 mﬂ@%ﬂlﬁﬂgﬂﬁmﬁ‘% @%pégi%géﬁqﬂﬁ@&mg%olacompound
9 ane '

NAB 739. Keeping the NAB, 739 met ulfonat n at 37C for, 24 h prigr. to use slight
increased the zctig\]ﬁ Wﬂ%?gé’g}l?é‘&’m ?5‘% % #’?é%%t Hd%é@iﬁ)f%?ﬁ%g? ﬁj;ﬁg%et erv):ad with
the control corfpo@hacHHbesiug /e iRderpinghidieht NRES #34 a fofald); Bdhdlogy with
colistin methanesudfbfatelwiondy dstibmjrsstmlikor@Rfon 28 Suteatanss gl mintkaictd 43l more active
substances, i.e. legssgsfiemmihydaied s bsishdeseaneventiadysrae8\ Al F3faSteteashte
methanesulfonate defivaiies ®5848 31, NAB 745, NAB 25 747 and other compounds described as
herein are prepared. These %%da&gésg FAMPOSEIRIAE 49 UaldRRNIS U 6] g aief s the abilly
o Sensilze (g et 8 B Cahg a1 MsLcal dasiie i Sam P ablon rSLebLrS, Srs the o

lowing: half-life {min), 74.6 £+ 13.2; volume of distribution (ml’kg), 496 + 60;

clearance (mi/min/kg), 5.2 £ 0.4; urinary recovery (% of doge in 24 h}, 0.18

0.14; and renal dearance (mifminvkg), 0.010 + 0.008.



Example 8 Comparison of basic pharmakoldnetic properties of NAB 741 and NAB 739 The studies
were principally performed by using the methods de- 5 scribed by U et al. (2003, 2004). Each rat (n=4
for both compounds, SpragueDawley, male) was anaesthetized using isoflurane, and a polyethylene
cannula was inserted into the jugular vein. Each rat was placed into a metabolic cage and allowed to
recover from the procedure overnight. The test compd8ind (acetate, 1 mg/kg) was administered as a
bolus (in 200 pl sterile 0.9% saline) 10 through the cannula, followed by washing with 0.8 ml of saline.
Nine blood samples (0, 10, 20, 30, 60, 90, 120, 180, and 240 min), each 200 pl, were manually
collected through the cannula. When collecting samples, the first 100 pl of blood was withdrawn and
kept in the syrinG& After collecting the actual sample with another syringe, the content of the first
syringe was returned to the 15 rat together with 400 pl of heparinized saline. Blood samples were
centrifuged to obtain plasma. Urine samples were, collec e(iis'n 0-4 h, 4-6 h, and 6-24 h intervals.
Plasma and urine sample{gsngéy?t5¥§éH§{'Y§8@ Of?omf"f‘% ! Imples were analyzed using liquid
chromatography and mass spectrometry with electrospray ionization interface (LC/electrospray
ionization 20 MS). To a 100-p sampf_lz@-, 10 v of nternﬁbstan arg (NAB_/39, pg/ml) and 200 pl
(plasma samples) or 100 pl (drine sgmples) bf/acetonitrile was added, the mixture was vortex-mixed
for 1 min, and centrifuged at 10.0009 for 10.mjn, .The Lhromazt graphy emplo

column (50 x 2 mm), 0.19% fa&rjic acid as the $otvent A, 0.1% Bc&lonitrile as Sdlvent B, flow rate of

0.2 25 ml/min, and the followihg gradient 5%-30% B in 6 min,/30%-90% B in 0/5 min, 90% B held for
2.5 min, 90%-5% B in 1 min. The eluent befygen 5.90-7.00 min and 9.00-10¥ mwh was directed to the
MS systeni using a switching valve. The positive protonated molecular ions of NAB 741 at m/z 496.7
and 331.4 and of NAB 739 at m/z = 538.8 and 359.6 and were monitored. NAB 741 was 30 éluted at
6.65 0.05 minvarsdeNiAB739 was eluted at 9.45 0.05 mm. Non-compartmental analysis of the
compounds in plasma wasiperfragdising Waiddenlin software (version 4.0, Mountain View, CA,

USA), with the model of NA20Q1 (i.v. bolus.input for plasma data). The basic pharmacokinetic
parameters determined f%ﬁ%%ﬂ’f? gg]v{\)/'eeF %%H}BI%W Tﬁﬁfgfﬁér%?n?,t%?’i 2,41; volume of

distributid® (ml/kg), 243 58. PA.@ndlEararf-eaehirRiARRs ) enB0®BS; urinary recovery (% of dose in 24
h), 50.9 13.6; and renal cgaténeedmi/anénédsg) BdSodnddntly CH.Tlme:Dasiccpimrmacokinetic

parameters determined f NAB Zg»gV@g@g@&ﬂﬂ@é?gﬁ%ﬁ&%ﬁﬂﬁl fo NAB 741 but having octanoy!
0

residue instead 5 of ace%zr'es&due as Its terminal moiety, were as follows? half-life (min), 69.0 21.9;
volume of distribution (mikgfR 22" DB 53 @&ahES ernARTIY 5 9eedans £f natida) pecovelyas of dose
in 24 h), 19.4 ah88; artivanal ledrarstiesiivil/ midkiyy), G:65&1Y80. dge calkespondirgxpasamoeiers for

colistin, aﬁf’)det&‘;ﬂ@%%r%rlr}[?éﬂ t&ﬂi@og%ﬂydﬁ‘?i%@n identical dosing and administration procedure,
are the following: half-life_(min), 74.6 13.2; %/)a ume of distribution (ml/kg), 496 60; clearance

4 .
(ml/min/kg), 5.2 t 0.4; urinary (9598?5?@%% 'ose in 24 h), 0.18 0.14; and renal clearance (ml/min/kg),
0.010 0.008. Claims 1.whpoHmssih deiwediieehekfatnmrast (Iwo but no more than three positive

charges at a physiological pH,
and pharmaceutically acceptable prodrugs and salts thereof.
20 2. The polymyxin derivative of claim 1, wherein m’ is 0.
3. The polymyxin derivative of claim 1 or 2, wherein m? and m® are each 1.
4. The polymyxin derivative of any one of claims 1-3, wherein Q% and °
are sach C=0.
5. The polymyxin derivative of any one of claims 1-4, wherein W2 and W*
25 are each NH.
6. The polymyxin derivative of any one of claims 1-5, wherein R", R?, and
R¥ do not comprise positively charged functional groups at physiotogical pH.
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(I) wherein: A is a polymyxin ring moiety; D is a terminal moiety comprising 1 to 5 carbon atoms; 10m1,
m2, and m3 are each independently 0 or 1; Q1, Q2, and Q3 are each independently CH2, 0=0, or
C=S; W1, W2, and W3 are each independently NR4, 0, or S; Ry, R2', and R3' are each
independently side chains of natural or unnatural &®#ino acids, alkyl, alkenyl, alkyl, arylalkyl, aryl,
‘alkoxy, alkoxycarbonyl, 15 aryloxycarbonyl alkylamino, or alkynyl; and R4 is hydrogen or alkyl,
wherein said derivative has at least two but no ore {han three; smve charges ¢ ata. Rh&slologlcal pH,

and pharmaceutically Zlca— ab yﬁ%&fﬂ Zuls) g’aﬁtg HEFREST 0 ﬂ% §Iymyxm (?erlvatlve of claim 1,
wherein m1R$ 0and R® BoﬂﬁmipekymyﬁdeéTW&%l\?Wde?i&iﬂﬁ@WWhéF@iﬁW@&mme each 1.

4. The polngfnsqjﬁay@ty@f%@,myogr%@ggmgsgm wherein Q2 and Q3 are each c o 5.
The polymyxin derivative_of an igcgne of.claims 1-4, w f§ n W2 and W3. 25Rare ac R? 6. The
Z,

polymyxin derivative o arly'BnBJY T4 TSEVaNG e KPRz att RS o Mot comprls sitively
chargedﬁfurrcmmmilsgrdwpscat Wﬁoﬂb@ib@ryﬂHC%DOXyiaT@ﬂm@é @WﬁWx@%EﬁV&ﬁvé@f% one of

claims 1-6, &‘m%ﬁ 1 B} p%ée%gt%zggggwlses one or more hydroxyl, carbamyl, amidyl, carboxylate,
thiol, sulfate, squonyI g hate BSHyati 8 The eyn*ygyg %rlya% rgml o, é/vhereln R1',
WO BPRE T Br B Al

Rz, and Rz 5 compris car |oI ami suI ate, sulfonyl, or
phosphate grdvggiuted with, amee pbmﬁwmraéﬂwﬁ}écée@ﬁm@wr&é}%ﬂt@awm@ww is
substituted %%@ma% ngEs ouaEselactedifronp hydposys gasamyl, amidyl, carboxylate, thiol,

sulfte,suloryl of PhgSPAIe oy, 1010 He RV ATyl lan  whsrelpde s the

side chiin of alanine e AcH. asparagine, aspartic acid, diaminobutyric acid, glutamic acid,
glutamine, séviie, afraleeibgin@RARERTC c?rq_d COPHRIRSIEN. aspartic agjdiy H@W&}t@fﬁ‘%envatlve of

claim 10, wheseinRezisibe sidedibiahsireokBriaaninethrseriires or kithsedhine.L- configurihe
polymyxin |vat|ve of any one of claims 1-11, wherein Rz is substituted with one or more groups

selected fro droxyl, amidyl, carbamyl, carboxylate, thiol, sulfate, sulfonyl, gr phosphate groups.
y y11 Th)éa po!ymyxym derivative of clarm 10, whe"e:ny Rg x% th £ s:deg P

15 chain of D-alanine, L-serine, or L-threonine.

' 12. The polymyxin derivative of any one of claims 1-11, wherein R”
is substl‘futed with one or more groups selected from hydroxyl, amidyl, carba-
myl, carboxylate, thiol, sulfate, sulfonyl, or phosphate groups.

13. The_polymyxin derivative of claim 1, wherein R® is the side

20 chain of alanine, aminobutyric acid, asparagine, aspartic acid, diaminobutyric
acid, glutamic aciév, glutamine, serine, or threonine in either D- or L- configura-
tion.

14, The polymyxin derivative of claim 13, wherein R® is the side
chain of D-asparagine, L-sering, or D-serine.

25 15. The polymyxin derivative of any one-of claims 1-14, wherein D is
R™2(C=0}; R'%80,-; R'><(C=NH)- R'%NH-(C=S)-; R™-NH-(C=0})-; R'"*-NH-
(C=NH)-;R2-0-(C=8)-; R™-0-(C=0); R'*P(0)OH-; R"*-(C=8); or R, wherein
R'2 and R'? are alkyl, cycioalkyl, alkenyl, alkynyl, aryi, or aryl alkyl,

18. The polymyxin derivative of claim 15, wherein D is R’?—(C"—"O) or

30 R™(C=8).

17. The polymyxin derivative of claim 15 or 16, wherein R™ is
methyl, ethvi, propyl, isopropyl, cyclopropyl, or butyl.

18. The polymyxin derivative of claim 16, wherein D is acetyl,
propionyl, butanoyl, or pentanoyl.

35 19. A polymyxin derivative of formuia {Il):



13. The polymyxin derivative of claim 1, wherein Rz is the side 20 chain of alanine, aminobutyric acid,
asparagine, aspartic acid, diaminobutyric acid, glutamic acid, glutamine, serine, or threonine in either
D- or L- configuration. 14. The polymyxin derivative of claim 13, wherein Ra is the side chain of
D-asparagine, L-serine, or D-serine. 2515. The poiymyxin derivative of any one of claims 1-14,
wherein D is R12-(C=0); R12-S02-; R12-(C=NH)-; RE2-NH-(C=S)-; R'2-NH-(CO0)-; R12-NH(C=NH)-;
- R12-0-(C=S)-; R12-0-(C=0); R12-P(0)0H-; R12-(C=S); or Riz, wherein R12 and R12" are alkyl,
cycloalkyl, alkenyl, alkynyl, aryl, or aryl alkyl. 16. The polymyxin derivative of claim 15,
wherein D is R12-(C=0) or 30/312-(§=S). K;l?. THee pol in deriyative of claim 15 or 16,
wherein R12 is methyl, ethyl,/piopyl, isopropyl/ gyclopfropyl, o uf l. J 18. TThe polymyxin
derivative of claim 16, wherein D is acet IRbr E)nyl, utangyl| ortpentanoyl.F3519. A polymyxin
derivative of formula (ID: 61} wherein: A is alpolymyxin ring moiéty; 5D is RSZ-C =0), R2-C(=S), or
r

m1, m2, and rn3 are each indgpendently O provided that/at{east one of mf m2, and m3 are 1;

R1', Rz, and R3' are each independently siflthains of natufgj?Y unnatural afmiro acids, alkyl, alkenyl,
arylalkyl, aryl, alkoxy, alkoxycarbonyl, aryloxycarbonyl, 10 alkylamino, or alkynyl; and R12 is C1-C4
alkyl, C2-C4 alkenyl, or C2-04 alkynyl, Fez is C1-05 alkyl, C2-05 alkenyl, or C2-05 alkynyl, (!

wherein said d&R/&tVe has at least two but no more than three positive charges at physiological pH,
15 and pharmaceutically Aatceptabteypiodingsaiatysalts thereof. 20. The polymyxin derivative of
claim 19, wherein R3' is _tbesqige@hgﬁlcﬁ@@mgti,wngbutyric acid, asparagine, aspartic acid,
diaminobutyric acid, glutamic gcid, Iugamine,%erine, or threonine in either D- or L- configuration.

21. The polymyxin derivative™df AR 2 AERSIT REP FEMRE YR LhdirPirvtet thapel arkoteserine, or

. 1 brd
D-serine. ofm', m

,and m® are 1:
R", R¥, and R¥ are each independently side chains of natural or unnatural
amino acids, alkyl, alkenyl, arylalkyl, aryl, alkoxy, alkoxycarbonyl, aryloxycarbonyl,

10 alkylamino, or alkynyl; and

R is C;-Cy alkyl, C-C, alkenyl, or C»-C, alkynyl,

R is C;-Cs alkyl, Co-Cs alkenyl, or C,-C; alkynyl,

wherein said derivative has at least two but no more than three positive
charges at physiological pH,

15 and pharmaceutically acceptable prodrugs and salts thereof,

20. The polymyxin derivative of claim 19, wherein RY is the side chain of
aianine, aminobutyric acid, asparagine, aspartic acid, diaminobutyric acid, glutamic
acid, glutamine, serine, or threonine in either D- or L- configuration.

21. The polymyxin derivative of claim 20, wherein R¥ is the side chain of

20 D-asparagine, L-serine, or D-serins.

22. The polymyxin derivative of any one of claims 19-21, wherein R is
alkyl.

23. The polymyxin derivative of claim 22, wherein D is acetyl, propionyl,
butanoyl, or pentanoyl.

25 24. A polymyxin derivative of formula (1H):
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22. The polymyxin derivative of any one of claims 19-21, wherein IR12 is alkyl. 23. The
polymyxin derivative of claim 22, wherein D is acetyl, propionyl, butanoyl, or pentanoyl. 2524. A
polymyxin derivative of formula (lll): 62 wherein: A is a polymyxin B or polymyxin E ring
moiety; 5D is R12-C(=0), R12-C(=S), or R12; m1is 0 or 1; R1s, R2, and R3' are each
independently side chains of natural or unnatural amige acids, alkyl, alkenyl, arylalkyl, aryl, alkoxy,
alkoxycarbonyl, aryloxycarbonyl, alkylamino, or alkynyl, wherein at least one of R2' and R3' comprise a
carbamyl, 10 hydroxyl or carboxylate group; R12 is04 alkyl; R12 is 01-05 alkyl; wherein said
derivative has at least two but go mage than three positive char at physiological pH, 15 and
pharmaceutically acceptable p druﬂs and salts|therepf SJQ'he olymyxin derivative of claims
24, wherein D is acetyl, pl&opio lLb tanoyt, or gentan yl. H A rj)olym xih derivative of formula
(IV):  (IV) wherein: A is a polyrnyxin B or polymyxin E ring mofitﬁ mlisOo 7; '

m!

()

wherein:
A is a polymyxin-B or polymyxin E ring moiety:
5 | D is R"-C(=0), R™-C(=3), or R?:
m'is 0 or1;
| R" R?, and R¥ are each independently side chains of natural or unnatural
amino acids, alkyl, alkenyl, arylalkyl, aryl, alkoxy, alkoxycarbonyl, aryloxycarbonyt,
~alkyiamino, or alkynyi, wherein at least one of R® and RY comprise a carbamyl,
10 hydroxyl or carboxylate group;
' R is C,-C, alkyl;
R is C;-C; alkyl;
wherein said derivative has at lzast two but no more than three positive
charges at physiological pH,
15 and pharmaceutically acceptable prodrugs and salts thereof.
25. The polymyxin derivative of claims 24, wherein D is acetyl, propionyl,
butanoyl, or pentanoyl.
26. A polymyxin derivative of formula (IV):

MS' M2 M1
S e s
ﬁ L3 ﬁ 12 / o o
r o /
A C N- C N C ﬁ \/
\ / R12
20 m!
(V)
wherein:
A'ts a polymyxin B or polymyxin E ring moiety;
m'is Cor 1;
25 L', L* and L* are each independently C,-C, alkyl or a covalent bond;

M', M? and M® are each independently H, C(=0)NH, C(=0)OH, or -OH;
R is C.-Cq alkyl,



25L1, L2 and L3 are each independently 01-03 alkyl or a covalent bond; M1, M2 and M3 are each
independently H, C(=0)NH2, C(=0)0H, or -OH; R12 is 01-04 alkyl, 63 wherein said derivative has at
least two but no more than three positive charges at physiological pH, and pharmaceutically
acceptable prodrugs and salts thereof. 27. A polymyxin derivative of the general formula (V), mR7 -
(8)R8 N (6)126(9)129 N (5)R5(10)R10 (1)R1 R(FA) BRV) wherein R4 is an amino acid residue
comprising a functional side chain able to cyclicize the molecule; R6 is an independently
selected optionally substituted hydrophobic amino acid residue; 10R7 is an independently selected
optionally substitereid bgidrdspivetbic hasinblemitivesidieomdi (R0 pustivaryiagashydrophobic
amino acid regigigs1888al pH, Wherein R1 is optional; and wherein R1, R2, R3, R5, R8 and R9 are -
each independegtl hselecte(%l ar INo acj[d residues; and d15\{vherein R(FA) is an optionally substituted
alkanoy! or alkyl TéSIAUS Rauing Bt 6P T {3 & LB BRI \herein said derivative has at
least two but no more tha{ threeyibsihecetaiyeafdbpagsrsrl decatisH V), |

mR7T  — @R8
/ AN
(@Rﬁ (9)R9
N /
RS (1{])Rlﬁ
NS
{4)RI4
(3)RI3
@R2
(1)R1
5 R(FA) W)

wherein R4 is an amino acid residue comprising a functional side chain
able to cyclicize the molecule;
R6 is an independently selected optionally substituted hydrophobi¢ aminc
acid residue;
10 R7 is an independently selected optionally éubstituted hydrophebic amino
acid residue or Thr; '
R10is Leu or any non-«hydrdphobic amino acid residue; and
wherein R1 is optional; and wherein R1, R2, R3, R5, R8 and R are each
independently selected amino acid residues; and _
15 wherein R(FA} is-an optionally substituted atkanoyl or alkyl residue having
a total of 1 to 5 carbon atoms;
wherein said derivative has at least two but no more than three positive
charges at physiological pH, _
or pharmaceutically acceptable prodrugs and salts thereof,
20



or pharmaceutically acceptable prodrugs and salts thereof. 64 28. The derivative according to
claim 27, wherein R(FA) is a residue having 1 to 3 carbon atoms. 29. The derivative according
to any one of claims 27 or 28, wherein R(FA) is acetyl. 530. The derivative according to any one of
claims 27-29, wherein R1-R10 is selected from the group consisting of
Thr-DSer-cy[Dab-Dab-DPhe-Leu-Dab-DabThr-] and ghr-DAsn-cy[Dab-Dab-DPhe-Leu-Dab-Dab-Thrd.
31. The derivative according to claim 30, selected from the group consisting of Ac-
Thr-DSer-cy[Dab-Dab-DPhe-Leu-Dab-Dab-Thr-1, and Ac- Thr-DAsn10
cy[Dab-Dab-DPhe-Leu-D#bh-Dad-Fivptive acoapdimaetelaiaiaivay acduediing Ry isne ofstaiens 1-31,
wherein said defivaiivadssapad ugheamprising one or more positive charge masking moieties.

33. The derivative of any of claims. 1-32, wherein said derivative has_Jower toxicity. t olymyxin -
5. 1534, The derivative Ao 5o e AT i R RV o8 Picrea b by
sensitivity to a'%8E8HH antibacterial agent or serum complement. 35. The derivative of claim 34,
wherein s&id second antib@cTerad @yesit s dtesrpiy edodiprenaysitAmeiPocH, AR, fusidic
acid, or vancomyGil e frqr?f%'efh;gl JIRNaluR BBy PReSLClaltiek F5,MiBreln sald depluative has

20 one or more pharmacokinetically fa orabﬁfprgpertles selec rom alongerf serum ife,
increased rendlEreaRAnCY B fcrebaRidrhay et SveRraaniaded to native polymyxins,
octapeptins, or polymyxi3 tlefvativizsivetihde sninadimpietiesiaith Biore dhanctivarearbpr agesus. '

7. A combinalioR BiRgus! LM RHEA Mprosels-oihe dallvallves 23 Aca g orgpatlaims 1 to

36. 38. A Bharmaceutlcal composition_comprising at least one derivative according to any one

of claims Pto S¥ RO BHE bHARTRR UGy acceptable carrier and/or excipient. 39.
The pharmaceutical compasition dedesadireg 2oaiainB®; fanhemB0«ookinsint &1 sedwrdianididcterial

agent. 65  gerdiiA deyivalivaResrsiandurRY PR SRl Lior36 ALasrmhinatian according to

claim 37, for use in sensiéiglnlq‘Gr m-ne\%ati}/e bacteria to an antibacterial agent, said derivative is to
be administered simultaneduslﬁ? F}g}é%tﬂ

AN PESRY SRIBP ittt athE Fﬁb‘e%ﬁféa‘fl?ﬁé(ﬁ@é‘?i\?@%mount
of said antibade¥idltaxjeitt.taan Aalwatwod For developing novel antibiotics comprising the steps of

a) providirgy a natural polymyris (IIRtRRAPEN SRMBALNG: elAhiervaiive thessrtiavingadotal of 4 to

6 positive charlges and a tetrmir?al motiet%& QD comprising.a tgtal of 1 to 5 carbon atoms; 10b) replacing
iHcreases n
from 1 to 3 residuas Carrying one of more %)oas?t?\(/:é)% gr%té%cgersa?agent or serum complement!

35. The derivative of claim 34, wherein said second antibacterial agent is
rifampin, clarithromycin, mupirocin, azithromycin, fusidic acid, or vancomycin.

36. The derivative of any one of claims 1-35, wherein said derivativé has

20 one or more phafmacokineticaily favorable properties selected from a longer serum
half life, increased renal clearance, or increased urinary recovery as compared fo
native polymyxins, octapeptins, or polymyxin derivatives with terminal moieties with
more than five carbon atoms.

37. A combination product comprising two or more of the derivatives

25 according to any of claims' 1 to 36.

38. A pharmaceutical composition comprising at least one derivative
according to any one of claims 1 to 36, and at least one pharmaceutically acceptable
carrier and/or excipient.

39. The pharmaceutical composition according to claim 38, further

30 comprising a second antibacterial agent.
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with a residue not having a positive charge, or with a covalent bond, thereby generating a derivative of
a polymyxin compound having 3 positive charges and a terminal moiety (D) comprising a total of 1 to 5
carbon atoms; c) assaying said polymyxin derivative for the ability to sensitize Gram-15
negative bacteria to an antibacterial agent; and g5 d) selecting compounds having the ability to
sensitize Gram-negative bacteria to an anti-bacterial agent. 42. A method for developing novel
antibiotics comprising the steps of a) providing a natural polymyxin or octapeptin compound,
or a derivative 20 thereof, having a total of 4 to 6 positive charges and a terminal moiety (D) having

more than 5 carbon atomgi0. A derivajive plaininfrémebytordreticies dakr BB goneainatepositive
charges with a regiglamgabhaying 2 Pesitie chasgrsitingt arovaienidendetheisbingsngrating a
derivative of a p@w@ﬁ'gg%%g,;e%fa%,hv%%'\;t@q&gg%'gx%lnsﬁosgg%%@nfs&'s podsadepigel motet (D)

. i ,
having more_than 5 carb oms with a terminal moiety comprising a tota carbon atoms,

thereby gengrafiy FPENRR R HAY KLY PBGHE RLSRIRsSIaUe! éagRhes and a terminal
moiety (D) comprising a tdthl dfrieters ioardsyalemiomsevel antibiotich) aewarigng baidiasiyhyxin derivative
for the ability to sensitize @raravifhgegativeabpsienikio @naribatiesmhaaeat; Aandderivative) selecting

compounds hawvi ili ikl = ' ia to. i cr:i | agent. 66 43. A
method for devﬁ%ﬁﬁﬁ ggﬁﬁ&f&s@cﬁ?ﬁﬁ%ﬁ%@ffg&ﬁ Bl @%Bgﬁg [ n&gnggp%qgmyxin or
d

octapeptin comﬁou ; o? 2 3éA é:fﬂ/%t?ﬁ]&eof, having a total of 4 to 6 positive charges and lacking the

terminal maféty (D), b) reniseipmERTY frdm31residuRssigiya amging DAt GoAfire Gesittse charges 5

with a residue netthavingidusositiveiarge, masinith sheayalent Band theraby generatingedderivative of

a polymyxin cogpuiashhayiaghBBasitNg SBRMRE compoufd IREASYIGNG AR THORINGIENA(D)

comprising a tottcgetlr of 1t0 5 ga(B%%O%tor@%?;Q%%pgfqetg fz‘%ir%% apo n}/Sr_nyxin compound having 3 positive
prising

minal moig . .
charges and a terminal mc')leyty( comprising a total of 1 105 carbori atoms; 10e) assaying said

polymyxin derivative for trfé 67RY18 SBAsRPMEianteREiavibhaarilits ensantifer@mmagent; and
f) selecting’Compraatids bepidng theradilibattesesitine @xhm-negative bacteria to an antibacterial agent.

44. Use of a derivative acapreingAaaayneieefClaimsslite 3@;@‘, the g@mgg@mg@éﬂedicament
for sensitizing GJ;?&{%%%@JW&H%%@Q%%Hﬁ antibacterial agents. 45. Use of a derivative

according to any one of claims 1 to 36 for the manufacture of a medicament for sensitizing

Gram-negative bacteria to'& AJSEHORIRE S RIRRARRA 2 ERifRIsHTE S pIReSEI e tERsHum. 2046. A
process for preparing a p&yRig¥Xidingerivative! seignwdamnarlydandetinsdmnalainot eckprasieg (A)

modifying 2Batthaleof, Synthgtic pelypiykin & peitpepiiargempaladammaervatyethaeeihaving 4 to
5 positively charged fesidiesaaaigrminal moiety (D) comprising a total of 1 to 5 carbon atoms by
replacing 1 to 2 of said re%due%lg%Z?mneqtrt%I ge%igges orrr%?/ a covalent bond, or converting 1 to 2 of -

L % AR ARE BPREMRAEAB R ccording to

said residues into neutral residues m order to obtain %6%8@/
claim 1, having %Ho8itRrsiF eh ARj bRV da cRCaPa 1o rRf a2 enb s dhemeihof 1 to 5
carbon atoms; @enerating (Bjema@difgintpapoistureh cosyoireticapoly Syasitior deteyeeptin compound or
25 c) replacing said terminal moiety (D) having more than 5 carbon atoms
with a terminai moiety (D) comprising a total of 1 to 5 carbon atoms, thereby
generating a derivative of a polymyxin compound having 3 positive charges and a
terminal moiety (D) comprising a total of 1 to 5 carbon atoms;
d) assaying said polymyxin derivative for the ability to sensitize Gram-
30 negative bacteria to an antibacterial agent; and
e) selecting compounds having the ability to sensitize Gram-negative
bacteria to an anitbacterial agent.
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30 a derivative thereof having 4 to 5 positively charged residues and a terminal moiety (D) having
more than 5 carbon atoms by replacing 1 to 2 of said residues by neutral residues, or by a covalent
bond, or converting 1 to 3 of said residues into neutral residues, and by replacing said terminal moiety
(D) 67 comprising more than 5 carbon atoms with a terminal moiety (D) comprising a total of 1 to 5
carbon atoms, in order to obtain a polymyxin derivatigg of formula (I) according to claim 1, having a
total of 3 positively charged residues and a terminal moiety (D) comprising a total of 1 to 5 carbon
atoms, or 5(C) modifying a natural or synthetic polymyxin or octapeptin compound or a derivative
thereof having 4 to 6 posfti/elyesiaaseiarraeiginpinanobiaiany teéce apmilisinside @ePs\ofeplacing 1 to
3 of said residues by neulabiesikigs, S aiatasRsbeth esepoveding 4 d/afiwnigspsidues into
neutral residu d.hy.intr [ rmi iety.(R),comprising a total of. 1 1.5 carbon atoms, in
order to obtair?} %avi |§o %/tr#y?(?% y eﬁ%ﬁ?@%’%ﬁ%ﬁ%ﬁg %% %%Eé'ot%ll%a %"9&%??1 nf?'ﬁg(/ﬁn%ﬂ positively
charged residues and a teHTfREIGRSIERND) Compridifiys (GHEYIBE 1R PEAPBEN BRSHE charge|7. The
use of an &ffeetitte amesiatef addenaviye ofpasitianecobalaimsr1wd6 ia combimatiopyithrasegond . -

antibacterial a i : j reati - ive bacterial infection
in a subject. 15&%&&%8%%%@%%(%%%?1%%1 Xt @%%%%Bl\tlﬂéoé f%@N%%Elﬁ%% %/grn Antibiotics Ltd

vaara, martti Vaara, TiIMG<{HG9 &R Fattjraier] MR isbiyH)-GRaerRagR 4R sk resPeL 30>
2071882PC <athns? th by RBatentiingeesmry818xk? t0m el 1ra9ir® B2poRiRE <RbBrebastertal <220>

<221> 'V'0D_E?el?rﬁiﬁa%%%&é@&g)cé%%ﬁir%'§%t§?c%0Fté%2é§MPQgB§5 <222> (3)..(4) <223> Dab
<220> <%%1> MISC_FEA'KU , _ , D - o
g} assaying said polymyxin derivative for the ability to sensitize Gram-

negative bacteria fo an antibacterial agent; and

f) selecting compounds having the ability to sensitize Gram-negative
bacteria to an aniibacterial agent.

44, Use of a derivative according to any one of claims 1 to 36 for the

15  manufacturs of a medicament for sensitizing Gram-negative bacieria against
antibacteriai agents.

45, Use of a derivative according o any one of claims 1 to 36 for the
manufacture of a medicament for sensitizing Gram-negative bacteria to a host
defense mechanism compiement present in the serum.

200 48. A process for preparing a polymyxin derivative of formula (1) as
defined in claim 1 comprising

(A) modifying a natural or synthetic polymyxin or octapeptin compound or
a derivative thereof having 4 to 5 positively charged residues and a terminal moiety
(D) comprising a tolfal of 1 {0 & carbon atoms by replacing 1 to 2 of said residues by

25 neutral residues, or by a covalent bond, or converting 1 fo 2 of said residues into
neutral residues in order to obiain a polymyxin derivative of formula (I) according fo
claim 1, having 3 positively charged residues and a terminal moiety (D) comprising a
total of 1 to 5 carbon aioms; or

(B) modifying a natura! or synthetic polymyxin or octapeptin compound or

30 a derivative thereof having 4 to 5 positively charged residues and a terminal moiety
(D) having more than 5 carbon atoms by replacing 1 to 2 of said residues by neutral
residues, or by a covalent bond, or converting 1 to 3 of said residues into neutral
residues, and by repiacing said terminal moiety (D)
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<222> (3)..(9) <223> circular <220> <221> MOD_RES <222> (5)-(5) <223> D-Phe <220> <221>
MOD_RES <222> (7)..(8) <223> Dab <400> 1 Thr Xaa xaa Xaa Xaa Leu xaa Xaa Thr 15 <210> 2
<211> 9 <212> PRT <213> bacterial <220> <221> MOD_RES <222> (2)-(2) <223> D-Asn <220>
<220> <221> MISC_FEATURE <222> (3)..(9) <223> circular <220> <221> MOD_RES <222> (5)..(5)
<223> D-Phe <220> <221> MOD_RES <222> (7)..(83%223> Dab <400> 2

comprising more than 5 carbon atoms with a terminal moiety (D) comprising a total of
110 5 carbon atoms, in order to obtain a polymyxin derivative of formula (1) according
to claim 1, having a total of 3 positively chérgedresidues and a terminal moiety (D)
comprising a total of 1 to 5 carbon atoms, or | | -
5 (C) medifying a natural or synthetic polymyxin or octapeptin compound or
a derivative thersof having 4 to 6 positively charged residues and lacking the terminal
moiety (D) by replacing 1 to 3 of said residues by neutral residues, or by a covalent
bond, or converting 1 fo 3 of said residues into neutral residues, and by introducing a
terminal moiety (D) comprising a total of 1 to 5 carbon atoms, in order to obtain a
10 polymyxin derivative of formula (1) according to claim 1, having 3 positively charged
residues and a terminal moisty (D) comprising a total of 1 to 5 carbon atoms.
47. The use of an effective amount of a derivative of any one of claims 1-
36 in combination with a second anfibacterial agent in the manufacture of a
medicament for treating a Gram-negative bacterial infection in 2 subject.
15
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