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The present invention relates to polynyxin derivatives and to uses thereof
i n the trweatnemosash i nfecti ons caused by Gram negative PaTIFE002050T93e

pol ynmyxi n derivatives of the present invention are especially useful in
sensitiz ing bacteria to enhance the effects of other antibacterial agents.
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year and 10% of these infections progress to sepsis. More than 90,000 of
16  these patients die from sepsis infected in hospitals.

Severe sepsis and septic shock (severe sepsis combined with low
blood pressure) took up to 135,000 lives each year in the intensive care units
(ICU) in the European Union according to the OECD Health Report of 2000. In
Britain, 5,000 out of 100,000 patients who acquired a hospital infection die

20 from sepsis every year in acute care hospitals belonging to the NHS organisa-
tion.

The death toll has increased year after year due to the fact that the
number of patients predisposed to sepsis, such as the elderly, premature neo-
nates, and cancer patients, has increased, not least because many serious

25 ilinesses are more treatable than before. Also the use of invasive medical de-
vices 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 agents deeper into the cell,
where their uitimate targets are located. More than 95% of the novel antibacte-
rial agents isolated from nature or chemically synthesized in 1972-1991 lacked

35 activity against Gram-negatives (Vaara 1993).
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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 resiricted to the therapy of life-
threatening infections caused by multiply resistant strains of Ps. aeruginosa
and A. baumannii as well as by carbapenem-resistant enteric bacteria.



(6)R6 (99RO \ / (5) RS (WRIO\ / (4 (3)R3 wherein R1-R3 represent the
tripeptide side chain portion; R4-R10 the heptapeptide ring portion and
R(FA) repwexemi®sisie hydrophobic fatty acid tail |inkedPCo/Fiivey/asoeds no
group of the Netermnal am no acid residue of the tripeptide. The pol ymyxin
group includes the follow ng pol ynmyxins: 1, A2, Bl1l- B6, |L-poiynyxin B1,
C D1, D2, E1, E2, F, K1, K2, M P 1, P2, S1 and T (Stormet at. 1977,
Srinivasa and Ranmachandran 1979). Al pol ynyxins are polycationic and
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de rived frompeGubrek@nteA®yithegemsraifoRrAuidr oup in the N-term nus of the
derivativeg Accordingly, 1yor exanpl e, such a derivative of polynyxin B or

pol ynyxin E car ries six (6) positive chargeg_in total. The clinically used
pol ynmyxin B and pol ynyxin E differ (ﬁﬂ%meacwigt her only in the residue R6,
whi ch is D phenyl al anyl residue in/polynyxin Bnd D-1eucyl residue in
polynyxin E.Al'so circulin A andpld are cl assifi ggR®s pol ynyxins (Storm et

al. 1977). They differ from other Rol ynyxins only in carrying isoleucyl
residue in the position R7 whereas er pol yﬂ{éi ns have either threonyl or
| eucyl resi due in the said positiBh.” For a@®dWerview of the structures of
sone polynyxins, 5 see Table 1 Table I\ The structure of selected

pol ynyxi ns and octapeptin as well as seahBéted derivatives thereof Conpound
R(FA) R R3 R4 R5 RT R9 RI O Pol ynyxin B I\PD(H)A— Dab- ThP- Dab- "Dab- Dab- D
Phe- Leu- Dab Dab Thr »R3

(2)R|2

l
R(FA)

wherein R1-R3 represent the tripeptide side chain portion; R4-R10
the heptapeptide ring portion and R(FA) represents the hydrophobic fatty acid
10 fail linked to the a-amino group of the N-terminal amino acid residue of the
fripeptide.
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, S, and T (Storm
et al. 1977; Srinivasa and Ramachandran 1979). All polymyxins are polyca-
16 tionic and possess five (5) positive charges, with the exception of polymyxin D,
F, and S which possess four (4) positive charges. It should be noted that modi-
fied polymyxins that lack the fatty acid part R(FA) but carry R1-R10 have one
additional positive charge when compared to the natural polymyxins they de-
rived from, due to the free a-amino group in the N-terminus of the derivative.
20 Accordingly, for example, such a derivative of polymyxin B or polymyxin E car-
ries six (6) 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.



Collstln (polynyxin E)f MXH) A- Dab- Thr- Dab- *Dab- Dab- D Leu- Lau- Dab
Dab Thr Coll Etl n sul phonmethatb M) H A- sm Dab- Thr- sm Dab- "Dab- Sm Dab- O
Leu- Leu-werm®ales3sgm Dab- Thr Pol ynyxin A M) H) A- Dab- PhrA100928306093* Dab-
Dab- D Lbu- Thp- Dab Dab Thr Pol ynyxin M MOA Dab- Thp. Dab- Dab- Dafa-
DLeu- ThP- Dab Dab Thr Pol ynyxin D ND(H)Q— Dab- Thr- D-Ser- *Dab- Dab-
DLeu- Thr- Dab Dab Thr Cdrcullp A MOA Dab- Thr- Dab- "Dab- Dab- D LeU Me-
Dab Dab Thr Cctapeptin A CHVDA - Dab- *Qab- Dab- D Leu- Leu- Dab Dab Thr

Deacyl coil stlp (DAC) ¢

Pol ynyxin E popa bpt |éﬁg %%E"\B Pl?%nd % c%@e@ g]fl‘!’c"éghﬁ&lg-sI%%OII;F?@%abégDab Thr
D cyl pol ynyxi i § }- Dhvets)diffgr Tonygtherppglymypdins. oy cyrpg-isqleyeyl regidugin

Pol ynyxin B pQIwapaﬂtrd:rdR?(\PhBN}as ‘itver poimyxirsataveleither threbiyl d:deucyDOésl-Thr

Pol ynyxin B o

Pol ynyxin B hg]tp")lta a t% 35%{%%,)#&?@ %%W%Sh% g@es &%bm% 0 ynym n B
i s represert e§eByableel-f ol [ owing formula: (7)Leu -- (8)Dab / \ (6) Phe
(9)Dab* \ / (s>Dab+ ao)Thr \ / )Dab )Dab (2>Tlir (i) Dab MHA/ MOA

Commer ci al | y dablé AbThe stiugiyrne of selected prlymyxins anckoctaReptinias well as

predom nant | y aidteéddbR¢aE/thetdofVMOA, i n pol ynyxin Bl) but may al so be a
related f } f

oct anoyl jEimwpol ynyxi n_ B3Fa or ®heptrnoylks (pokymyxd n B#) (Wakura et ral w0
2004). Alfl these variants are equally potept agai nst Gram negatives such @s
E. coli (Sa kura et al. 2004). Quite anal OEgiﬂ Y, 'pol ynmyxin E 1 (co _
listin A) "4 n circul i "R t & R FA i s™ an"d‘*l n®Bol yityxi H° E2 (”('iol it n
B) and I f G(ﬁs'tln(nginlep B t heMﬂF-A Dab- Thr- Dab- *Dab- Dab- D Leu- Leu- Dab Dab *Thr
Collstin sulphomethate MO{H)A- sm-Dab- Thr- =m-Dab- *Dab- Sm-Dab- D Leu- Lau- sm--Dab- sm-—Dab- *Thr
Polymyxin A MQ{R)A- Dab- Thr- D Pab- *Dab- Dab- D Leu- Thr- Dab Bbab *Thr
Polymyxin M MOA Dab- The- Dab- *Dab- Dab- Dieu- Thr- Dab Dab *Thr
Polymyxin D MO{H}A- Dab- Thr- D-Ber- *Dab- Dab- D Leu- Thr- Bab Dab *Thr
Circulln A MOA Dab- Thr- Dah- *Dab- Dab- D Leu- lle- Dab Dab *Thr
Octapeptin A OHMDA - —_ Dab- *Dab- Dab- D Leu- Leu- Dab Dab *Thr
Deacylcollstin [DAC) Dab- Thr- Dab- *Dab- Dab- D Leu- Leu- Dab Dab *Thr
Polymyxin E nonapeptide {(PMEN) Thr- Dab- *Dab- Dab- D-Leu- Leu- Dab Dab *Thr
Deacylpolymyxin B {DAPR) Dab- Thr Dab- *Dab- Dab- D Phe- Leu- Dab Dab “Thr
Polymyxin B nonapeptide {PMBN}) Thi- Dab- *Dab- Dab- D Phe- Leu- Dab Dab *Thr
Polymyxin B octapeptide (PMBO) Dab- *Dab- Dab- D Phe- Leu- Dab Dab *Thr
Polymyxin B heptapaptide {PMHP) *Dab- Dab~ D Phe- Leu- Dab Dab “Thr




is 6-VHA. Nunerous researchers have attached vari ous hydrophobic noie ties
i ncluding various fatty acyl residues to the N-term nus of pol ynyxin deriva
tives andwenatysssd and have shown that the resul ting decirFaonvemosave
potent antibacterial activity (Chihara et al. 1973, Sakura et al. 2004 and
in US patent publication 2006004185. Eveg the derivative that carries the
bul ky hydrophobi ¢ 9-fl uorenyl net hoxycar bdnyl residue as the R-FA is al nbst
as potent as po lynmyxin B in inhibiting the growh of E. coli and other

G am negative bacteri ; o] i.cal activity the
hept apepti de ring st rIﬁ%l?ﬁ?ﬂh&%égérg%qtgﬁB?@eofpmaﬁélpag . 97). A derivative
with an octapeptide ring is significantly |l ess active as an
antibiotic.Miltiple nodifications ofLaolyayydas and nul tiple potynyxin-1like
synt heti c nol ecul es have been nmade,,and with certain [imts they have pre
served their biological activitypIhe modificafphgqrs conprise-but are not

limted to those in the side chdinsas well as | ecul es in which an
i nherent hydr ophobi c am no acid resigue (suctl_ as DPhe or Leu) has been
repl aced with anot her hydrophobic & ac?l’ PEsi due or in which the

r cationic am no acyl residue,

such as Lys, Arg, or ornithine residue ¥stormet al. 1997, Tsubery et al.
2000a, Tsubery et al. 2002, US pat ent bl.i cati on 2004082505, Sakura et
al . 2004, US patent publication 2006004 . O her nodifications that
result in mcrobiologically at |east partiially active conpounds conprise
but are not Iimted to al kanoyl esters whlere the OH groups of the threony
resi dues formesters with al kanoyfs such|as propi onyl and butyryl (US
Patent 3,450,687). Cctapeptins are otheppase i dentical to polynyxins but
have a coval ent bond instead of the re5|ques R1-R2 (Table 1). In this
invention, the R posi tions are nunbenggsafisQrding to those in the natural
pol ynyxi ns and thus the only am no acyl residue in the side chain of
octapeptins is defined as R3. Ac cordingly, octapeptins are octapeptides
whereas all natural polynyxins are decapeptides, and they possess only four
(4) positive charges. The R-FA resi dues anpbng various octapeptins (Al ,

A2, A3, B 1, B2, B3, Cl) include the fol . ] ] .
Commercially available polymyxin B is a mixture, where R-FA is

5 predominantly 6-methyloctanoyl (6-MOA, in polymyxin B1) but may also be a
related fafty acyl such as 6-methylheptanoyl {6-MHA, in polymyxin B2), oc-
tanoyl (in polymyxin B3), or heptanoyl (polymyxin B4) (Sakura et al. 2004). All
these variants are equally potent against Gram-negatives such as E. coli (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 hydrophobic moie-
ties including various fatty acyl! residues to the N-terminus of polymyxin deriva-
tives and analogues and have shown that the resulting derivatives have potent
antibacterial activity (Chihara ef al. 1973, Sakura et al. 2004 and in US patent

15 publication 2006004185. Even the derivative that carries the bulky hydrophobic
9-fluorenylmethoxycarbonyl 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 et al. 1997). A derivative with an octapeptide ring is significantly less
active as an antibiotic.
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| owi ng: 3- OH 8- net hyl decanoi ¢ acid, 3-0H 8-nethyl nonanoic acid, and b-OH
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to 18 carwonoawmsis’have a potent antibacterial activityPagaiwedoboscol i
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parent |y vari & 2 huhwyt N%Pe@nﬁ%%épéﬁn avai | abl e pharnmaceutical prepara
tions. Mang ot her wayQcthpeptinecife ditherivive idettizabty polyryxine buhieave »eseva-pub
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enzymat i cal | y odlydarhinekicpOresitaerh e side dRain ofascisepins isddfhéd dsoRPead-ess
toxic than th%om{ﬂ]tocﬁgﬁ%%%dargnocqgﬁgp‘ﬁdéé”@hcéréé{s all natural polymyxins are
20 decapeptides, and they possess only four (4) positive charges. The R-FA resi-
dues among various octapeptins (A1, A2, A3, B1, B2, B3, C1) include the fol-
lowing: 3-OH-8-methyldecanoic acid, 3-OH-8-methylnonanoic acid, and B-OH-
6-methyloctanoic acid. Derivatives that possess a fatty acyl residue with 6 to
18 carbon atoms have a potent antibacterial activity against E. 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 hy-
drophobic 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 bacte-
ricidal target) of polymyxins is believed to be the cytoplasmic membrane (the
35 inner membrane) of bacteria.
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ability to perneabilize the OM of Gram negative bacteria (Vaara and Vaara
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agents to sené'ggﬁ?ci-eEm‘@F iceMPrSe thvd rarg mat dimitedcle thei formatian’ ef Uaﬁt?b%%l,
Vagr a é9gg)rsi. ngih\e/ﬂeibagebm a@minba&idbe(smrmirw\an 1oira). a structur \elll ly f]yr tegtelr Ve
:)gr meabi |1 2 ng act | 5?'%*%'%%"3%% @ﬂ%ﬁ@%ﬁ'ﬁd@a@ -e‘f%"'?eéis
active (Ki nur ®btained by Tresting peiNmyKkin iyenzvraticatipant lagkingithe R-BA angdsRi.i ve
char ges whi | e viiédBSthoisin I97$ td benedsdbxipatar thegpapdatraatpounbiirs aglitk iexietyce my
assay (immediate death presumably due to direct neuromuscular blockade) in
20  mice (Chihara et al. 1973). However, it also lacked the antibacterial activity, as
measured as its ability to inhibit bacterial growth (Chirara et al. 1973). The role
of the linear part may contribute tc the antibacteriai activity of the polymyxins.
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 sensi-
tive or, as also termed, make susceptible) the bacteria fo 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, Vaara
1992). Furthermore, it sensitizes the bacteria to the joint bactericidal activity of
35 serum complement and human polymorphonuclear white cells (Rose ef al.
1999).



expl ain the weaker activity of PMBH. The group of O ek, Tsubery and
Friedkin recently described polynyxin- |ike peptides that were |inked to
chenot actwo 2p@psides, such as fMF, that attract pol ynopPphomecd/emn3

| eucocytes (US patent publication 2004082505, Tsubery et al. 2005). They
descri bed peptides fM.F-PMBN, MF-PMBN, fMF-PMEN, fMF-PMBO and M._F- PMBO,
all carrying four (4) positive charges, g%at sensitize Gramnegative
bacteria to antibiotics, even though no conparative studies with |ncreasing
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conpounds' abi "teér%ﬁtqef'éatb’ﬁo?@‘m %H%t'§¥K '¥| ?ﬁdﬁta%r}%gﬁ‘ M¥e, in
1980 t hey showﬁdcﬂ\haiermleabmzmg: aeinmhy(wfge(paumwfn B hiep@peptideolPMBEL) is 1d3si n
residues Rl angd %(Klﬁﬁj dé{‘%g'al a@gbzePﬂnBﬁe p%p%garmapr Révéjhvé)géﬁy KAlvgnyxin B

I n residues RL re e t1al % rou5|nR8
and R9 are noﬁh@@?éﬁ’m 9 PMBH pasoply R}t‘%(‘\)rﬂ?ﬂ?‘r’? |°Bﬁ"9@Sf|W§\ﬂAf§§e
Ramachandrian, ekpliethe weakboadtivitgdf PEIBHyxi n B deri vati ve oct anoyl poI ynyxin

B hept apeptide has b Ghﬁfbl Eﬁ@ill\fpy-rs%@gt}; Qn?tFr%'dkm(%ggﬁﬁg aﬁrg@%b%tﬁ&h”e”t

of the oc tangyl residue 10 term
pol ynyxi n B héyieyiis{e pep tides, hatwerg linked 9 spmotastic H@pt&eﬁysm%
posi tive char diest.atifidt polymorphonuclear leucocytes (US patent publication 2004082505

Tsubery ef al. 2005). They described peptides fMLF-PMBN, MLF-PMBN,
20 {iMLF-PMEN, fMLF-PMBO and MLF-PMBO, all carrying four (4) positive
charges, that sensitize Gram-negative bacteria to antibiotics, even though no
comparative studies with increasing concentrations of the compounds were
published (Tsubery et al. 2005).
In order to study the structures 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 yields 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 tetra-acetylated forms lacked the ability to halt the growth
of Salmonella typhimurium, whereas di- and monoacetylated forms did have
such ability. Triacetylated form had some ability.

Srinivasa and Ramachandran (1978) isolated partially formylated

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



et al. found that octanoyl polynyxin B heptapeptide inhibits the growth of
bac teria only at a very high concentration (128 ng/m ), whereas the other
deriva tiweo0enmkssas oct anoyl pol ynyxin B octapepti de amdTatioasaspho3

pol ynmyxi n B nonapepti de, both having four charges (4) were very potent
agents to inhibit bacterial growh. US pﬁt ent publication 2006004185
recently disclosed certain po |ynyxin derivatives and internedi ates that
can be used to synthesize new pep tide antibiotics. The anti bacteri al
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Stngdfglj' 22: I”dtn?;r]aég?rh ||'1\'13t |ﬁrr%ﬂﬁ%s F&‘fr RY24Ad' RS a"f‘é‘@séié;‘flwy \%ﬁiﬂith%b‘lr% ami@V e
safetycatcR a ?%dﬂwéllﬂ%‘? ?rﬁépﬁ)gﬁg L L@ﬁﬁ&ﬂ@gﬂﬁﬁwg%@ﬂwaﬁﬁé@é wor ks

pos sessed folRanfathaodrafi 1'%((&5) p05| tive charges. There is still an urgent
need for pol ynyxin dekiskakénetp r*i‘BScfé?l%htuJé a&aﬂwba .hCB R ?B&ﬁl the
effects of ot Egr antll)é)acélerl al Ega&‘ e? ?gﬁ‘@ F‘ r?éta rreGo€ Ol
bacterial infd&@giNAssPeen disdpeed kUER of Ak ) 8 meaobi
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f ound t hat certeraa onlpat aryery higheconcatiraten (28 tgémi)nwhereas thénathengefieda-t y aci d
2 e e PSR B TBERYESA A oaRiPe |
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include, D&t daeteriatgrbwthi.ted to, |onger serumhalf life, increased renal
clear ance, and/or ingseasest pidieafoh bBSEUIH¥s r&?@n:?r&§&8§ed a¥fighi o
pertains, at llg?rr?fxtin é:lern%?ves ang ln?ern%én}/ates thaF éénvt?e Blse\)/ to sc%thes:ze new ;ge -

tide antibiotics. The antibacterial compounds described possessed four (4) or

five (5) positive charges.
20 Furthermore, closely related polymyxin B and polymyxin By com-

pounds have also been disclosed by Okimura ef al. (2007) and de Visser et 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 ef al. have

studied solid-phase synthesis of polymyxin By and analogues via a safety-
25 catch approach. The antibacterial compounds described in these works pos-

sessed four (4) or five (5) positive charges.

There is still an urgent need for polymyxin derivatives, which sensi-
tize 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-negative bacteria.

SUMMARY

The present invention relates to a polymyxin derivative wherein the
total number of positive charges at physiological pH is three and wherein the
derivative has a fatty 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 invention hav-



(1) wherein: Ais a polynyxinring noiety; Dis a termnal noiety
conprising 1 to 5 carbon atons; mi n2, and nB8 are each i ndependently 0 or
1, QL, Qwoand/@85are each independently CHZ C=0, or CeGI/Fpds00snd B
are each independently NR4, O or S; Rl , , and R3 are each

| ndependent |y side chains of natural or %(;natural am no acids, alkyll

al kenyl , al kyl, arylal kyl, aryl, alkoxy, al koxycarbonyl, aryl oxycarbonyl,
al kyl am no, or alkynyl; and R4 is hydrogen or al kyl, and pharmaceutical ly

accept abl e pr qgg Hty &‘bdtaﬁghf $ 6 g%ﬁ% B thelPtlald) pr%%ad shgfabokifel

octapeptin rin

t he g i 8e| cha: Preperigs,as ﬁB’ES‘BFSﬁdl to' native PPU&BO’""SI Reapepting, ﬁﬁé Peb'"a&'rh%n and
(2) when D i s raaties witthlohgerdgtty acid peilst Braryiples bhthes&Bharnsacokinetit propede chai n
of Dab. The | Hedqy, bit ale%t%{tsatt&%ﬁq%ogaéméw r‘redgfwég%a ¥§,§ag egior ml a

(rr):(H wher pyxin rin
or R12': nP, r?@ce-aﬁ'ﬂﬂ”‘?fﬂ”qpés ‘d"H‘ﬁ%EﬁQB&WMently 0 or 1, provided that at

| east one of ml, nR2, ‘amelpraseatiavdntioRIpertaifd, at least iRDady & palghyxindepesmdent | y
si de chains ofy, gbp,ro%u% unnatural am no acids, alkyl, alkenyl, arylalkyl,
aryl, al koxy, oxycar (Sr{ aryl oxycar bonyl, al kyl am no, or al kynyi; and
R12 is C1-C4 aIkyI, C2-C4 aIkenyI or C2-C4 alkynyi, R12' is CC 5 alkyl,
C2-C5 al kenyl, or C2-C5 4l kyrps d phaarface t' cal | graccegpt abl e prodrugs

and salts thereof, provi de t at ( )} whe [ ocfapeptiin ring, ml and
ng are 0, nB is 1, and 3 1S/ th i caln qﬂno ric acid (Dab),
and D is Rl12-C=0 t heh 'S not q% we 8 b

1
m ]]12 m

10 0)
wherein:

A is a polymyxin ring moiety;

D is a terminal moiety comprising 1 to 5 carbon atoms;

m', m?, and m® are each independently 0 or 1;

15 Q', @2 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, alkyl, alkenyl, alkyl, arylalkyl, aryl, alkoxy, alkoxycar-
bonyl, aryloxycarbonyl, alkylamino, or alkynyl; and

20 R*is hydrogen or alkyl,
and pharmaceutically acceptable prodrugs and salts thereof, provided that (1)
when A is an octapeptin ring, m! and m? are 0, m®is 1, W3 is NH, Q% is C=0,
and R? is the side chain of diaminobutyric acid (Dab), then D is not C,-Cs acyl,
and (2) when D is acetyl, butanoyl or pentanoyl, then R* is not the side chain
25 of Dab.
The invention is also directed to polymyxin derivatives of formula

(lny:



alkyl , and (2) when D is acetyl, butanoyl or pentanoyl, then R3' is not
the side chain of Dab. In another enbodi nent, the invention also includes
pol ynyxi rwoeoevoesisives of forrmula (111): (111) wherein: PATIFR2089/g0b98nyxi n B
or polynmyxin E ring nmoiety; Dis R12-C(=0, R12-C(=S), or R12"; mL is O or
1; RI' , R , and R3 are each independenﬁjly si de chains of natural or
unnatural am no acids, alkyl, alkenyl, arylalkyl, aryl, alkoxy,

al koxycar bonyl , aryl oxycar bonyl, al kyl am no, or al kynyl, wherein at | east
one of R2 and R3 conpriseg a cafbanyl ,, hydroxy car hoxW\ ate group; and
R12 is Cl-C4 al kyl, R12' |, Rand phARmacBlUti cdl Iy acceptabl e
prodrugs and salts ther hat| when D||s cetyl} butanoyl or

i C

pent anoyl, then R3' i { NagmoP her
enbodi nent, the inventiop also inc es polymyk\n derivatifves of formula
(Iv): (1'V) wherein: A is\a polyny B or pol in Eri moiety; nl is O

or 1; L1, L2 and L3 are each mdepé‘hdently C1-®3 al kyl or a coval ent bond;
ML, M2 and M3 are each independently H C(=ONH2, C(=O OH, or -OH (RL2 is
CrC 4 al kyl, rgipar maceut i cal I y accept abl e prodrugs and salts thereof,

provided that en R1 g or butyl, then L3 - M3 is not t he
side chain of Dab, an %85@ Eé%atlve has three positive charges
at physi ol égi cal pH. Dris Rﬁ’oC(TEG) &%GGFS)BMR the invention also pertains to

pol ynyxin de rivativegoh? fH? Sre(eich(fddpefdently® §81, 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,
10  aryloxycarbonyl, alkylamino, or alkynyl; and
R'2is C4-C4 alkyl, C2-C4 alkenyl, or C>-C, alkynyl,
R'* is C1-Cs alkyl, C2-Cs alkenyl, or C,-Cs alkynyl,
and pharmaceutically acceptable prodrugs and salts thereof, provided that (1)
when A is an octapeptin ring, m! and m? are 0, m® is 1, and R? is the side
15  chain of diaminobutyric acid (Dab), and D is R*-C=0, then R™ is not C4-Cs
alkyl , and (2) when D is acetyl, butanoyl or pentanoyl, then R¥ is not the side
chain of Dab.
In another embodiment, the invention also includes polymyxin de-
rivatives of formula (111):

20
0O R* 0 R? 0o R"
I w  wh]y
A—C N—C C N—-—D
m!
(1
wherein:
A is a polymyxin B or polymyxin E ring moiety;
25 D is R'2-C(=0), R"?-C(=8), or R"?;

m'is O or 1;
R", R?, and R® are each independently side chains of natural or
unnatural amino acids, alkyl, alkenyl, arylalkyl, aryl, alkoxy, alkoxycarbonyl,



/I \ <6)R6 {9)R9 \ / (5)R5 (io)RIO\ / (4)R4 (3)R3 (2)R2 (1)R R(FA (V)
wherein R4 is an amno acid residue conprising a functional side chain able
to cycli cweeoedesisol ecul e; R6 and R7 are each i ndependerCirFixed/evvsd
optionally substituted hydrophobic am no acid residues; R10 is Leu or any
non- hydr ophobi ¢ am no aci d resi due; and erein RL is optional; and wherein
Rl, R2, R3, R5, R8 and RO are each indepé dently selected amno acid

resi dues; and wherein R(FA) is an optionally substituted al kanoyl or al ky!

e, due, hav! DRl chdnier & ot Wire cgRCRmER Y G
absent, R3, R@onrmlsemcaﬂaamylrabycawl gagarbpqgflatg gy ang7 s L- Leu or L-Phe,
and R10 is Thr, or V\hRI’ﬁEEI':@mpaiE;R are absent, R3, R4. R5, R8, and R9 are
Dab, R6 is DPhe ed, oRfd R10 is Thr then R(FA) is not an
unsubsti tuted al kanoly':zszresﬂd % Q 2) when RBFAé) is acetyl,; butano or
pent anoyl , & hedrRBharNa¢gH '@M a%P’@b BEQOFYgS, P a!tﬁéhﬁrteé’geﬁpv\dﬁ(-}eth?%/on

rel ates to a dewénvBis aeetylyieaeoyl oRBeafoy shee Récis aot the aidet dhairgefdab

0] “and Thr - Dasr. ;:Dsef%*?%sa%?&%%ﬁ%“& Tt e BBl P mkted SRR o

I D NO 10 cor rdesiva YNO 1 and SEQ ID NO 39 corresponds to SEQ
IDNO2 in the at tached sequence listing. The |nvent|on also relates to a
conbi nati on product conprisi n}mwo M2
o 1° 0 1_2 o
Il o ] || q
A—C : N—--C
1 R12
10 m
(V)
wherein:
A is a polymyxin B or polymyxin E ring moiety;
m'is O or 1;
15 L', L2 and L® are each independently C1-Cs alkyl or a covalent bond;

M', M? and M® are each independently H, C(=O)NH,, C(=0)OH, or
-OH;

R'2is C1-C4 alkyl,
and pharmaceutically acceptable prodrugs and salts thereof, provided that

20 when R™ is methyl, propyl or butyl, then L3 — M® is not the side chain of Dab,

and wherein said derivative has three positive charges at physiological pH.

in another embodiment, the invention also pertains to polymyxin de-
rivatives of formuila (V):



or nore of the derivatives according to the present invention, and to a
pharma ceutical conposition conprising such derivative(s) or a conbination
t her eof awio 2péva98Eceutically acceptabl e carriers and ex®CpiFEW%050093
Furthernore, the present invention relates to a nethod for sensitiz ing

G am negative bacteria to an antibacteriﬁé agent, conprising adm nistering,
simul taneously or sequentially in any order, a therapeutically effective
anount of said antibacterial agent and a derivative according to the
present invention, wherein said anH& acteriﬁﬁ agent may be selected from
the group consisting of clarithrofcin, azithgomycin, erythromycin and

ot her macrolides, ketolides, clindanycin and other |incosam nes,
streptogranins, rifanpin, rifgmétin, rifalazile®und other rifanycins,
fusidic acid, nupirocin, oxazolid\nones, vancgny cin, dal bavancin,

tel avanci n, oritavancin and otherﬁg&ycopeptggﬂlantibiotics, '

fl uoroqui nol ones, bacitracin, tetracygline,derivatives, betal actam

anti biotics, novobiocin, pleuromutilin ol ate synthesis inhibitors,

def ornyl ase inhibitors, and bacterial ¢ #1 ux punp inhibitors. Al so provided
are net hods for devel opi ng novel antibi&tics; and for sensitizing
clinically inportant G am negative bagiR3ia to a host defense mechani sm
conpl ement present in the serum The prdsent i nvention al so provides uses
of a polynyxin derivative according to?k@e present invention in the

manuf acture of nedi cament for sensi ti' Ilng Gram negati ve bacteria, such
e.g., Escherichia coli, Klebsiella pneu ni ae, Kl ebsiella oxytoca,

Ent er obact er cloacae, Citrobacter freunBli, and Aci netobacter baunanni

agai nst anti bacterial agents; and for sdnsitizing Grammegati ve bacteria to
a host defense nmechani sm conpl ement pr@&EAf in thenzg um The present

i nvention also pertains to nmethods of treating G a gative infections in a
subj ect conprising adm nistering a derivative of the invention (e.g., a

derivative of fornmul aghdrbir RY)i¢ ahNarfipBbadid résiLe’bomipdding Bl fuRdgdral k@l agent
to a subject, such biﬁh%t t is treated for the infection. Finally,

the present i 8 rc‘é’ltc .cﬁé";ssg?’]ﬁ eﬁ‘f"a’cess for preparing a po lynyxin
derivativedaccor di ng R® andeRpraes each indepandenily salaqted optianallp)subsiitisfed
hydrophobic amino acid residues;

R10 is Leu or any non-hydrophobic amino acid residue; and

wherein R1 is optional; and wherein R1, R2, RS, R5, R8 and R9 are
each independently selected amino acid residues; and wherein R(FA) is an

10 optionally substituted alkanoyl or alky! residue having a 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. R5, R8, and R9 are Dab, R8B is D-Phe, R7 is L-Leu, and R10 is Thr, then

15 R(FA) is not an unsubstituted alkanoyl residue, and (2) when R(FA) is acetyl,
butanoyl or pentanoyl, then R3 is not Dab.

More specifically, the present invention 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 ID NO: 10] and Thr-DAsn-cy[Dab-Dab-

20 DPhe-Leu-Dab-Dab-Thr-] [ = SEQ ID NO: 39]. SEQ ID NO: 10 corresponds to
SEQ ID NO:1 and SEQ ID NO: 39 corresponds to SEQ ID NO:2 in the at-
tached sequence listing.



ing a natural or synthetic polynyxin or octapeptin conpound or a derivative
thereof carrying 4 to 5 positively charged residues and a term nal noiety
(D) conprweing/@8350 5 carbon atonms by replacing 1 to 2 eCTgaiod/aosdsti vely
charged residues by neutral residues or a covalent bond, or by converting 1
to 2 of saidpositively charged residues into neutral residues in order to
obtain a pol ynyxin derivative of formulal ) carrying 3 positively charged
residues and a termnai noiety (D) conprising 1 to 5 carbon atons, or (B)

nodifying a natural ofhéyivehiish bisohSlatdds! 4\ cAhbicH B w2
derivative thereof carrying 4 to 5 ;r) SI&PI e charged resi dues and a
torm nal i otd) TEP LIRS bayenaserdRG P e sipseah nyepien. Bpd R RkEE 1 to 2
of sai d posi t icesligal odvanppsitionesontprisingo gucte deriative@3 iod Lee sombination \tadéreof bond,
or by converti,ﬂ@ Phdrfiadeticaiph e?%ﬂléééfﬁé%a%'ﬂ%xﬂ n'if.Si dues into neutral

y ' D)  hav

resi dues, d replacing sal ermn noj. et i re than 5
carbon at ansr; with at prﬁl;l%mor h%tpﬂeﬁeﬁf'rﬁ’ﬁﬁﬁfﬂq éll F%amtggd or$$N8itigLr hon
atons i n ordering Gramtreagative pattgnia/ta an arditiacrialagent, dooprising gdniipistesingy i ng 3
posi tively chagigggbrides L!ﬁ%egﬂ%t%uwr{ Bhy'BtdeRCh HeYadddlicAR @dciyd dmolint Ot al 1

icA
to 5 carbon ataqns,, or, % , Ifying a natural or synthetic pal, Xl n or oc
{ apept n_conphiaanbeglernLeger and rererbptiepeorHIEs 1o 1he BepbRiNTaTLPY.
char ged r esi duetseraindsdichakiibastariabagentmanabe seleectey f(dd) the/groaplcaasistinglot o 3 of
said resi diges QarithoHyeR a{zﬁﬁhﬁiﬁ&ﬁ:ﬁ] iy W BfHer MRAEoliRs, GRS N9 1
to 3 of saidr ,S|l @@egcﬁht 0 t3eu5_ra’ m%%‘ and Hg i,'nt roo'lucl’B&B]a term nal
moi ety (D) corflpAaYeR and ethet lincosagines, SERIIARE:, riapnin. gdfp diain a
pol ymyxi n der ilazilei arel othef afamycing If)sidic @cidd rmupirbcinc bgazalidinones, rvenogmg-
positively Cha&ﬂe&%lﬁﬁﬁn@hh?%e@\?&w&ﬂ EiﬁtE@an'ﬂ?‘éhH%th@rb eptidkCantigfgticBON
atons. In one Fnbo Lm?nt of the | nvent Iy%[f’ the termal  noi Et%@(p'l's
R12-C(=0), RifMe[eagnolefesppacitragine tefracyeine defvatiies. etalatam gafibiotics,
her ei naf t 5. |novabioting pleandrodiilime n folate heynthesisi inhibitons| dbforhiglase dniibifoks, whi ch
i's an optionalny michsial Efﬂhf%t@blfﬁﬂﬂii/drs.or al kyl residue having a total of 1
to 5 carbon atons. DEF| NI Tl "gerp\{'si ol ogg C%Iy ﬁl-[' as u‘s_Ped_ herein refers to
a pH val ue of nore thAFOPrRvidedjatengihods for deyeleping noveleRtibiolics; andier r ange
of from 7.1 t ensifizing oclintallpnipipertant Gramrreetgtivefbddaia To 2a thost . deferidéosi ti ve
charge” as usgeliphRicsfpRhRnPOREEAMR tHd'\GrgRS at the
20 The present invention also provides uses of a polymyxin derivative

according to the present invention in the manufacture of medicament for sensi-

tizing Gram-negative bacteria, such e.g., Escherichia coli, Klebsiella pneumo-

niae, Klebsiella oxytoca, Enterobacter cloacae, Citrobacter freundii, and Acine-

tobacter baumannii against antibacterial agents; and for sensitizing Gram-

25 negative bacteria to a host defense mechanism complement present in the

serum.

The present invention also pertains to methods of treating Gram-
negative infections in a subject comprising administering a derivative of the
invention (e.g., a derivative of formulae (1)-(V)) in combination with an antibac-

30 terial agent to a subject, such that the subject is treated for the infection.

Finally, the present invention relates to a process for preparing a po-
lymyxin derivative according to the present invention, comprising (A) modify-
ing a natural or synthetic polymyxin or octapeptin compound or a derivative
thereof carrying 4 to 5 positively charged residues and a terminal moiety (D)

35 comprising 1 to 5 carbon atoms by replacing 1 to 2 of said positively charged
residues by neutral residues or a covalent bond, or by converting 1 to 2 of said



above-defi ned physiol ogical pH "Cationic" nolecule as used herein refers
to a nolecule that con tains one or nore positive charges. "Am no acid

resi due" o 200va983serein refers to any natural, nonnat ur CToR0nweR0dd3ed am no
acid residue, either in L- or Dconfiguration. "Equival ent residues" as
used herein, is intended to include obvi %s nodi fications to e.g., am no
acids, resulting in non-natural am no acids or derivatives thereof, but

ret ai ni ng the structural and/or functional capacity of the replaced

residue. "Nat g:fo@itlv@l?'c}ﬁgigéh Qéébueﬁaﬁntdﬁ?éiﬁr* F'%s?ddés ifh SFdlr S0 B&agfé %Wyﬂﬁ and

circulins. Ivat | ve hi's

ers
i nvention, to dbe{/%tﬁ@t‘? Wugém@ybﬂ”ﬂéf Pes'ﬂ‘lﬁ?lf 9'%@99‘8 g‘? ues-ang 81emyndln xi ns
or oct apept i nsnoietyi (D) chanpesiag Clyiol § caribeptaigreptordB) (rodifiieg teapatptal de syn-ng)
portion R4-R1 ly EEST due
e, Th oi g chac PRI of kbein ?‘*"%’@“ﬁﬁénﬁ%&m i
R(FA) - di ant nozﬂ??!t'( g@')geﬂ repidyugs-and aderunal meiety i Prigipg Hfor?eé Sal one.
"R(FA)" or "f aathoncatons thyirbplaciag Uste® dfesaid pnmteﬂelyrmarged tesiduas by neatral part,

e the al kangylygaota Bhvdbift kY V1Y) BorlebfEt 12 of bliGsbshiloly mgawderm nal

amno acid re ol ynyxin

I near pepti
or, in the abdesigesointa peutral r'i%%ﬁj”%e%mjd’é’ %H&P‘” tst?'qet?émﬁ}# %ﬂ? %ﬂfl( ) Pg 5i due R4
(the am no aciing mord thamsh taon Gitorné evithyer terminak piciate (Ppcamprisindim fotdl imyxi n) .

Furt her mory ?r Oftﬁ‘s c{an’onpél&lﬂQ?ﬁo@%r ‘(J‘@btﬁ{z@;ﬁél&m%ﬂﬂ QBfildtie oﬁﬁd: ﬁ‘hlé@{s T 0 be a

rel ated hy rou su certal t he

i nvention, t hénQ g@y@h@@ep rRgigues | ‘l':@rt?r&?”ﬂf" W\‘%‘?‘éﬁ@i@ml!?@s'ﬁgt"é?‘% lhal

noi ety sel ect e1dtof5 oanbbheatgnsunpr @ymediBingng nafurdldt-syGthelic plallymg&(bZar oc—

R12- ( C=NH) - -
R12- O(C—O bg& ?%eﬁ%%ggan 'ﬁVélr}g CQ are

al kyl, al kenyl"es“é‘l"?@ |ac§|,n9|th der P@‘Imﬁ‘ﬁw bYASRIFS NS °§s° T ei n

i ncI ude a6 stdues byheutrabtesiduesposbypfa maléntbomthrcbon\zé}mngmiozisrmgsaﬂt ivity"

or "ability tQeggil HcFﬁeutPa? rtSiGted S8 1KY ihfrod dir) i Séhniflal MbieHD) 3201 111
to increase the sensit IVI sensi, |ve or usce cterl um
to an anti bactPEsingin iRjant to 5 carbon atoms, in order to obtaln a polymyg erlvatlve 0

formula (1) according to claim 1, carrying 3 positively charged residues and an
R(FA) having in total 1 to 5 carbon atoms. In one embodiment of the invention,

20 the terminal moiety D is R">-C(=0), R'-C(=8), or R'Z, wherein R'? and R'? are
defined hereinafter. In another embodiment, the terminal moiety (D) is R(FA),
which is an optionally substituted alkanoyl! or alkyl residue having a total of 1 to
5 carbon atoms.

DEFINITIONS

25 “Physiological pH” as used herein refers to a pH value of more than
7.0 and below 7,6, such as a pH value in the range of from 7.1 to 7.5, for ex-
ample in the range of from 7.2 to 7.4.

“Positive charge” as used herein denote positive charges at the
above-defined physiological pH.

30 “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 cbvious
35 modifications to e.g., amino acids, resulting in non-natural amino acids or de-



"Pol ynyxin ring noiety" or "A" includes the ring portion of polynyxin A
pol ynyxin B, IL-polynyxin-B-i, polynyxin D, polynyxin E, polynyxin F1 po

| ynyxi n Nvopodwoegasin S1 pol ynmyxin T, circulin Al oct apepCir/FIALY/aooespept i n
B, octapeptin C, octapeptin D, and derivatives thereof. Exanples of
derivatives include noieties with rmdifia: tions which do not substantially
effect the ability of the ring noiety to ‘gerformits I nt ended functi on,
i.e., as an antibiotic and/or its ability to sensitize bacteriumto one or

nore anti bact ey i al . A " | ' Nago)l - to the
ring portion 3("5;@‘6‘?3%%@ t@'—'q?? miﬁﬁ%@{%g%&y@%n@ahg%@%a%ﬁgly%ﬁh%] ).
Ot her exanpl edeR)acesbresidd®i n ring noi eties include noieties of the
fornul a: wherei n: R4 i ‘Naiirabpdlp@ydais)’ dcadctiiferaip(psfes tdpobyniyxdired amneét- si de
chain able to gyclicize the nolecule; R5, R8, and R9 are independently
sel ected amino acid residues; R6 and R7 are optionally substituted
hydr ophobi & ani no aci doh@yxiny detvativad reters. ifay the pwposehof His iMedtienhiebi ¢
Sm' noI aci d r esiyfitnetic Gr spmisyntieatiz! eerivativéd! oRhatralepslymoriased dotagaptinler
etail in Fornmyl X 1 y ' I ng. . t '
portion of na{ulfH \}%' é%qea%gggllcn[%,gﬁqe?’g{jé?%ﬁ%ﬁgf BE@LS{@%%%%%EE%N -1,
i .e., conpoundideghainlinkedso the N-teeminghaminpagyldesidue Rds The silecehairmays LLeu,
and R10 is ThrcbnsinCbﬁl@ﬁpR'(FA)Eiriélinir@acylm{-Rab}-QﬁkR(EAWRGidnﬂh&adQﬂRQM; HAr - ] ]
i .e., conpgun er el 5 Dab, is DLeu, R7 is LPhe
o s TR g Tl B . |
cy[ Dab- Dab- DPhe- LLeu- BébADBSH - fally apid tail’as usedhepria refers/ipdhe fatyreeid part. R and
R9 ?rg Dab, Ré.el thelikmoyRrart 6f keepolyrapen BOcture, Tiiked to The NHefminapardmhoug”
I ncl udes nol et | : | t ye. p Xl n
derivative coréﬁgﬁ)itsjrnegﬂg% 'hfﬁlé@ihﬁ%%f&’eﬁ@ﬁé T’?ﬁﬁ@F o(g?ra mgolr?rﬁ%%@@%n%l T ﬂeg'g\l//mi ch
mask or ot her @bsengfeol thel linear prRBtigshBarti tpcthe rrpige acjderegidue; R (thehamie ot her
pr ot ﬁnat eg_ss pewidein)4-pésitioty el the aytiaperiide paftcst thé olrysin)OFurthentlbie) Fort gr ed
to the subjec : t e
cl eaved or ot E':'a? bl\!l}\llr%ggé gg@%&éﬁ%@“ﬁ"?gp@{tFﬁEﬁLg't% P’\I%ﬁ_) ;%%g rrrg%eﬁ Hggfqp\\efgu?
group, such as alkyl. In certain embodiments of the invention, the fatty acid tail
may, in certain instances, be a terminal moiety selected from the group con-
sisting of R>(C=0); R'>-80,-; R"%(C=NH)-; R'*-NH-(C=S)-; R'2NH-(C=0);
20 R'-NH-(C=NH)-;R'%-0(C=S); R'"-0-(C=0); R'2P(0Q)OH-; R'>{C=S); and
R'Z, wherein R and R'? are alkyl, alkenyl, alkynyl, aryl, or aryl alkyl.
“Compounds” as used herein include all stereochemical isomers of
said compound.
“Sensitizing activity” or "ability to sensitize” as used herein is in-
25 tended to include any ability to increase the sensitivity, make sensiiive or make
susceptible a bacterium to an antibacterial agent.
“Polymyxin ring moiety” or “A” includes the ring portion of polymyxin
A, polymyxin B, IL-polymyxin-B4, polymyxin D, polymyxin E, pclymyxin F, po-
lymyxin M, polymyxin S, polymyxin T, circulin A, octapeptin A, octapeptin B,
30 octapeptin C, octapeptin D, and derivatives thereof. Examples of derivatives
include moieties with modifications which do not substantially effect the ability
of the ring moiety to perform its intended function, i.e., as an antibiotic and/or
its ability fo sensitize bacterium to one or more antibacterial agents. The term
“polymyxin 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:



tive of the invention, optionally with three positive charges at

physi ol ogi cal pH The term "charge maski ng noi ety" includes noieties that
rever si blworeewasisrze positive charges on the derivati vesT/HRoed/enads vy, the
noi eties are cleaved or otherw se disassociated with the positive charges
of the polynyxin conpound after being adgj(ni stered to a subject. Exanples
of charge masking noieties include sulfoalkyl (e.g., sulfonethylated
derivatives). Other positive charge nasking noieties include, but are not
limted to, chloride, bromde, ioelide, nitrate, sulfate, bisulfate,
phosphate, acid phosphate, isonicotinate —pgfe tate, lactate, salicylate,
citrate, acid citrate, tartrate, pant gt henat\e, bitartrate, ascorbate,
succi nate, naleate, gentisinate, furg ate glR%conat e, gl ucaronate,

saccharate, formate, benzoate, dl uta metfhanesul f onat e,
et hanesul fonate, benzenesul f onat e, Eﬁl ue;ﬂw fonate and parmate (i.e.,
1,1 -met hyl ene-bis- (2-hydroxy- 3- napht m,a,e)) The term "subject” includes

organi sns capabl e of suffering from bacigni~al infections. Exanpl es of
subj ects include mammals, e.g., horses, clws, pigs, sheep, goats, cats,
dogs, rabbi ts ferrets nonkeys, and, preferably, humans. ABBREVI ATI ONS
Fatty aci ds: fatt ha@}/l resi due; 6-MOA and MOA, 6-nethyl octanoyl

resi due; 6- M—IA and et hyl hept anoyl residue; MY H A 1the nixture of
6- met hyl octéanoyl , 6- nBdliy Bhepiiomayid residue ebraprsing atfunctieogl side shainable
occurring in HQ'cyéﬂéEerthgm , 3-OH8-nethyl decanoic acid; OA, octanoyl;

DA, decanoyl; Ac, ace t hyl 0, aci ds

a, g- di ani no- n- but yryl %egﬁ'd?ﬂéj H?Bé%mdﬁp ‘QBPYT??W&PQWH%O AciH feSIANAS:  esi due:
acDab, N-g-acetyl di anRfacnd Bﬁta]eynptlmmwcaubstltmed hysirophobicoaroingr 3did resid due;
Asn, aspartyl giRsige: Thr, threonyl residue; Ser, serlnyl residue; Phe,
phenyl al any] reS| due: | eucyl resi

al anyl resi%due; sm DaBI,rsdé i‘ﬁl’[ﬂﬁcﬁ?ﬂtm@f"g@@%{f Iﬂ'?‘&ﬁl?ie;fg‘yﬁe% i d@tﬁep Eéfi’ due.
One-letter codmsplé@of Ré-dR10i ard dmussechnymrtheesletaum Fobquid@¥). z, Abu; B, N
g-fDab; JIN-g-ac Dab fﬁé’ttérq?%ct n ARAGEIPO Y B iAg or%pof natlve oc-
deacy Col L oy W%twab%migsrﬂ'e%ab%wf Y2V Bmbounds
whereln R4 R5, R8, and R9 are Dab, R6 is DLeu, R7 is LLeu, and R10 is Thr),
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-], i.e., com-
pounds wherein R4, R5, R8 and R9 are Dab, R6 is DPhe, R7 is LLeu, and R10
is Thr).
20 The term “prodrug” includes moieties which are cleaved in vivo to
yield an active polymyxin derivative compound of the invention. The prodrugs
include moieties which mask or otherwise neutralize the positive charges (e.g.,
the —NH3" 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 to yield the active polymyxin deriva-
tive of the invention, optionally with three positive charges at physiological pH.
The term “charge masking moiety” includes moieties that reversibly
neutralize positive charges on the derivatives. Preferably, the moieties are
cleaved or otherwise disassociated with the positive charges of the polymyxin
30 compound after being administered to a subject. Examples of charge masking
moieties include sulfoalkyl (e.g., sulfomethylated derivatives). Other positive
charge masking moieties include, but are not limited to, chloride, bromide, ic-



B oct apepti de; PVMHP, polynyxin B heptapeptide. OQher: cy, cyclo (to denote
the cyclic part of the peptide, enclosed within brackets); f , fornyl; ac,
acetyl; swp2eumfdssset hyl ; MS, net hanesul fonate; LPS, |i pepoimavetoess de; OM
outer nenbrane; MC, mninmuminhibitory concentration; CFU, colony formng
unit. The synbol * is used herein to mark,the residues between which the
hept apeptide ring portion of the conpound®is closed |eaving the renmaining
part of the m)l ecul e as a side chain. DETAI LED DESCRI PTI ON OF THE | NVENTI ON

It has now be t f;FfQEé e a ng onl
three (3) pos Pﬂ ag%t&é\?dél'ﬁg{\% %%g %i%éﬁoébﬁgﬁ) %/%H?%l E{ZIF%\) ory
term nal noi et e( ciat ﬁo aligylage, tcﬂtéﬁ‘feisaﬁ'ﬁr%%/ﬁ{eam te; Ha'E"B%/'}ﬁ"? & thitertrales sess
the ability tasserbaid, isnecitatemmabadé, gentibnates furaartabe, ylhcdnatd, q;luu@roma;e,nt s

such as anti b'sﬁkbﬁa? tesmgbe;beﬁidaqe g{]ﬁnh.*hhf& 'nﬁeéhé@uf&%?@téiﬁér?e%%ﬁaﬁ agents

as well as to ost defenc acto ement SyStEe,p
human serum EZenResuifppate, Hﬁ?‘@?"‘?ﬁb‘l‘fﬁ%ﬁo%“ddﬁa'ﬁﬁ? eh(';{'\?e hdrwethy, erl?ﬁ"‘ee (3)
posi tive char d2dydtdxgsB-naphtteatd)pgy wi th the pol ynyxin derivatives described

in US. Patent Appli Cflid QBmrokibe ctNﬂ'lclujdl%é éﬁrﬁgr%s ble€of €iffe Jﬁr@xfrﬁm' n

general and | ess nephrotoxic In part| I NS an herr known
derivati ves. éﬂaﬁTQ"&FI' ectiops. g&?fﬁ‘@lﬁﬁdg ﬁHWePﬁv@FI'{”QE ng""?%%u‘é@ | parses,

hi stam ne f rornotndsepige,s'shéeps@oats taisndege] rabbits, ferestsiamontiays] and, [prefees-t | es
advant ageqis I(i)\LI};:rh Rh¥myxin B, colistin, and their previously described
derivatives. tI'ﬁ'errmre t he short R(FA) or termnal noiety (D) may nake

t he novel comg 'I(‘ﬁia %OXI c in acute toxicity assays, in analogy with
pol ynyxin B néi4 ap Q d colistin nonapeptide that lack the entire fatty

acyl part. Fﬁrt her mor Battyt dtidd) P FatfiayPieadseNBMOR YA IMOA N aRIthyIGi -
P oEr e b %%%ﬂé%.%ﬁ@@%%&&%@ﬁ%%gh% olBE, R
one enbodi nentof &methylegtaroylp §- eplaney angl felaied fattreacy sesiduss efcufhe
formula (116 (dAgWh@bBhiyxin B; OHMDA, 3-OH-8-methyldecanoic acid; OA, octanoyl; DA,
decanoyl; Ac, acetyl; Me, methyl.
Amino acids: Dab, a,y-diamino-n-butyryl residue; fDab, N-y-formyl
diamino-n-butyryl residue; acDab, N-y-acetyldiamino-n-butyryl residue; Abu, a-
aminobutyryl residue; Asn, aspartyl residue; Thr, threonyl residue; Ser, serinyl
20 residue; Phe, phenylalanyl residue; Leu, leucyl residue; le, isoleucyl residue;
Ala, alanyl residue; sm-Dab, y-sulphomethylated o,y-diamino-n-butyryl resi-
due. One-letter codes for modified amino acyl residues: X, Dab; Z, Abu; B, N-
y-fDab; J, N-y-acDab.
Peptides: DAPB, deacylpolymyxin B; DAC, deacylcolistin; PMBN,
25 polymyxin B nonapeptide; PMEN, polymyxin E nonapeptide; PMBO, polymyxin
B octapeptide; PMHP, polymyxin B heptapeptide.
Other: cy, cyclo (to dencte the cyclic part of the peptide, enclosed
within brackets); f, formyl; ac, acetyl; sm, sulfomethyl; MS, methanesulfonate;
LPS, lipopolysaccharide; OM, outer membrane; MIC, minimum inhibitory con-
30 centration; CFU, colony forming unit. The symbol * is used herein to mark the
residues between which the heptapeptide ring portion of the compound is
closed leaving the remaining part of the molecule as a side chain.

DETAILED DESCRIPTION OF THE INVENTION

It has now been found that certain polymyxin-like compounds con-
35 taining only three (3) positive charges and having only a short fatty acyl tail



Ais a polynyxinring noiety;, Dis a termnal noiety conprising 1 to 5
carbon atons; m n2, and nB are each independently 0 or 1; Ql, @, and B
are each wodepemssnt |y CH2, C=0, or C=S; WL, W2, and B &C&/FEm091050093

i ndependently NR4, Olor S; Rl , R2, and R3 are each independently side
chains of natural or unnatural am no aci ?dai al kyl, al kenyl, aryl al kyl,
aryl, al koxy, al koxycarbonyl, aryl oxycarbonyl, alkylam no, or al kynyl; and
R4 is hydrogen or al kyl,and pharmaceutically acceptabl e prodrugs and salts

o P . . . abl e :

0 i s b vgEs ﬂh@g@“ﬂ' Erolett 0 bt nior8 et 28RN dipils 1 oudlf B o8l B0 %,

acid (Dab), tsess the ability tesensitize @Gramapeoativs hastariaio antinastsrial aggpignoy| or

pentanoyl, t hedci3sizhtibiotics, BentidymthetibaintibioficsDaid chemotbetapentie aberts nent s,

the conpounds ,ofy ésbl? h:ogtvc?e?&ﬂ\%aéﬁ{@suchdfs tﬁé\éﬁ?n:ﬁ)}é‘ﬁ?erﬁfsyﬁg%. Hfeshhuknmul ae
éast two but no tha P

(1)-(V)) may have a nor e three ' positive charges at
physi ol ogi ®al S8F¥M.| n anot her embodi ment, the com pounds have three positive
charges at physi ol ogi Bedaugtlthéseanplet combomidedde ot havd hwese tiotar thved (3)es

I ncl ude those .k ki el ' ald - e

posi tive char \ggﬁ'\tl)\ﬁe‘n%ﬁg{ggrgﬁ{rﬁ?g ?Q%Mrﬁ@e‘;\% e@ﬁ&ﬂ%ﬁgﬁlvggﬁgﬁé\%@ in

vivo to yiel d4-RePatanbAprlicationrSerial do. 136591849, cvay Be dessetoxigpinegensiralc har ge

gasllfi ngblm)i et izpd lesachapheotexit fropartigllanthan poBenyxinslandsthein khowr tbsivatives. I
refera t [ I Y/ : rnrim}’ I ca

pH, as de?ji()neﬁ %‘E%{\})é\{ﬁ% rch@ Ppﬁfnéﬂﬂ%"@ﬁs&%%dg %%i%ﬁ\%éﬁ%l on, ﬁb@ i,h‘éng ,

and R3 do not heghfissues than;and, bpaye pharpreokingtie trreppllies) Aguprtageous over

physi ol ogi cal pelymyRin B, &ilistincatl Rirrprgvicwsip deseibell alerieatives| Furtivermods, t wo or

nore hydroxy!, Ehar 0yl ' I
phosphat e gr o&%‘ggﬁ&ﬂﬁéhg} g_%eg@ﬁ"ﬁair@'gtqu LFHI 28) Qﬁgg%@@éﬁ%elﬁmﬁgﬁgsaé%sl. In
anot her, @ arfeXiein aputedayigity-assaysd in\analpgy Withapalyrawdn ENponapeplide @adn
enbodi mentts, Alistin manapepiidd et lsick the betirefattpaeyl partLPeriisermaes, cthle boeh
hydroxyl, car Ramelung@RPhal8 pharmhibokinetis Primdifes Rl H2NdvangebiOSver

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 formula {l):
R¥ R? R"
A Q3Lw3 QZ—I—WZ Q14|_—W1 D
m? m> m'

A is a polymyxin ring moiety;
25 D is a terminal moiety comprising 1 to 5 carbon atoms;

m', m?, and m® are each independently 0 or 1;

@', @? and Q3 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
30 unnatural amino acids, alkyl, alkenyl, arylalkyl, aryl, alkoxy, alkoxycarbonyl,

aryloxycarbonyl, alkylamino, or alkynyl; and
R*is hydrogen or alkyl,

)

wherein:



phate groups. Preferably, R2 is substituted with a carbanyl, hydroxyl or
carboxyl ate group. Exanples of R2 include substituted al kyl and the side
chai ns ofwal2aewae83s7am nobutyri c aci d, asparagi ne, aspar PCE/Fadne950093

di am nobutyric acid, glutamc acid, glutam ne, serine, or threonine in
either the D or L- configura tion. Pref%abl y, R2 is D-al anine, L-serine,
or L-threonine. in certain enbodinents, I's substituted with one or nore
groups sel ected from carbanyl, hydroxyl, carboxylate, thiol, sulfat e

sul fonyl, or phos phaggy p ﬁéﬁﬁsaeagwly bsbRs BRichids g4t &6k 3Ly ncrag,

subst it ut ed with a car . car te be t he
si de chain of Véﬁegﬁhﬁ'e(ﬁﬁ’ﬁgxrﬁiﬁﬁ%ﬁc%é}éaﬁn gng. dEp%ﬁ' Qﬁéeg l‘Jgr"t 5@ i %'
di am nobut yri (Q%S |Gi=0 ,gindtRthiscthe side, chglrmfa:hammpbstgncc aeid (Bab), ittrexoD iis1@ot N

either the D | or
D-seri ne. ﬁgjga& @%ht gér:‘){e é%nlg%e% A nthﬁcyﬁ)‘ tﬁ?ﬁ@%ﬁ? nB?theL
cy[ Dab- Da - b Thr-] and polynyxin E (i.

cy[ Dab- Dab- DI _eu- Leu InDedstaida brmbodinjents, Ithe @ofpotihds ofetibadizmimh (etdhede-er m nal
moi ety is sel ‘?ﬁ%ﬂ\ﬂasfcff%f_’fgtoh@ o@?&h‘i&l iﬁg\ﬁ ﬁlliaét?w@out gl n

R12- (C=NH) - ; 12 °ié?€;' s

R12- E} ( C-l:DO) ; %@e aF&E’E %‘(ﬂ‘&!’f EPW%@% R1°£’m'a2 e
each al kyi, cyoupds ha\Pe thaéekmgvtive czhlaiges;dt,physuqlbglcalrpl-aryl al kyl. In certain
enbodi nentyg, D is R12 ropyl,
or butyl . @pemflc ex%}Q&“ﬂ%sB prodAs r?é ?es@%rﬁ%&eﬁndﬁé‘%}nse Eﬁth%h:%?i Py o
pent anoy! . | n &Y 'We'?"olgﬁ'ﬁ%d’fm@hf‘e”tf jzei Pﬁ/ P(ﬂ?sﬁ'p a‘{"'ﬁ%“ B8MYEFy my xi n
de rivatives déreﬂ(mnlhbasmjdc) ‘whidh) amheereoved A vigo &0 gtﬂld/rhlpe(mmpoum mithet y; D

is R12- @) 2 , ) 44 ﬁ@g&@ , 0 or
1, prov%ed)that at @gsc?'rac#g E{‘(a ofgﬂﬂrg%ngérﬁngﬁfb%ltﬂegﬁ ,QQ%AEYRB are
each i ndependéﬂNW‘?‘%?ﬁ%“%ﬂg"W tural or unnatural amino acids, alkyl,

al kenyl , dabyl al kyl , aPreferabiyk they dervdtivasy havd dimek, positive charges at physio-
logical pH, as defined above. In certain embodiments of the invention, R", R,
and R* do not comprise positively charged functional groups at physiological
pH. R', RZ, 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 alky! and the side chains
of alanine, aminobutyric acid, asparagine, aspartic acid, diaminobutyric acid,
glutamic acid, glutamine, serine, or threcnine 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, sulfonyl, 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 R?is D-asparagine, L- or D-serine.



aryl oxycar bonyl, al kyl am no, or alkynyl; and R12 is G-C 4 alkyl, C-C4

al kenyl, or C2-C44 al kynyl, R12' is Cl1-C5 al kyl, C2-C5 al kenyl, or C2-C5

al kynyl , wocophesisaceuti cal |y acceptabl e prodrugs and sa&CT&110nge®0ed3, pro
vided that ( 1) when Ais an octapeptin ring, nmL and n2 are O, nB is 1, and
R3 is the side chain of diam nobutyric agj|d (Dab), and Dis R12-C=0O then
R12 is not C1-C5 al kyl, and (2) when D i§ acetyl, butanoyl or pentanoyl,
then R3 is not the side chain of Dab. Preferably, the derivative of formula

rbbdt ment i ey -be - GEranp of 7 BoBSN AhO HU, of poly iy B te, Db
enbodi ment | ROANHPBF-LRYDaRakTBr] PRARNEVAIRG {iareURBR T ee-Lewy |
I(:e.lg:gh, substi%ﬂl:rafigi;t»‘i'l11hl]cge)g;}Ir car bar n&;/,:p, Elﬁdroxrﬁén o[]ﬁé():ar boxyl at e groui)ﬁ)é.r _
ur thermore, R2 and/ of, K/ &a6ouiRent e Srffnd igtﬁs%% 8 18 iy eoni ne
| udi ng both D and' L. . | : d
0405 b 4 A0 A Bl IRER L1
i d hai RBNIS(CrQ] rR'Z-NH-(GrdH]: -{CrS)-;| R'QOFHO=OerR Ohent , R12
= 1T oGS RO GRS s TR o)
further enbodi rreﬁ?, f:he I nvention al so pert.ains bg, oﬁ nyxicn desivatives of
formul a (|||):'<Y('¥|':|e§§3"=vmméli kyl.aln; certgi %’B?ﬂ‘i)%ﬁﬁtss s Rotlgrfion RE 6T
iety; D is Rb#3-RX{#nethyl 24, v, Speicificsex@mpléds offf) inclug2 d R3
glr)leeezlch i1|@;ie gﬂg |ImT§% %aﬁpﬁﬂéﬁg urpgc':)fe unnpat ucr)al Ir]a::rri noacae?inds,
ar@f’a‘ﬁ ‘aryl, gﬁrﬁm X

al kyl , al kenyl", , , .al koxycar bony|, aryl oxycar bonyl ,
al kyl ami no, or al kyny\",gﬂﬂm@m%m?@a& iny@atigh alge p&ﬁé'“ﬂ(@ eéw%@éiea

car banyl , hydrrivativesoof forardiii)t at e group; and R12 is Cl-C4 al kyl, R12' is
C-C5 alkyl, and pharmaceutically acceptable prodrugs and salts thereof,

provi ded t hat
0o R R? 0 R
R EER
A—1-C N—H-C N—+C ) D
\ N
15 (I
wherein:

A is a polymyxin ring moiety;

D is R'2-C(=0), R™%-C(=8) or R'?;

m', m?, 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'2is C4-C4 alkyl, C2-C4 alkenyl, or C2-C4 alkynyl,

25 R'Z is C4-Cs alkyl, C2-Cs alkenyl, or C-Cs alkynyl,

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, and R¥ is
the side chain of diaminobutyric acid (Dab), and D is R™-C=0, then R s 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 embodiment, m' may be 0 and/or m? and m®




when D is acetyl, butanoyl or pentanoyl, then R3 is not the side chain of
Dab. Preferably, the conpounds of the invention have three positive charges
at physi ovogo@alosysiH, nil is 0, R2 and R3 are both substi rarauoad/é3ph93 and/ or
Dis acetyl, propionyl, butanoyl, or pentanoyl. In yet another enbodinent,
the invention also features a pol ynyxin gﬁrivative of formula (1V):(1V)
wherein: Ais a polynyxin B or pol ynyxin ring noiety, nmL is OCor 1; L1, L2
and L3 are each independently Cl1-C3 al kyl or a covalent bond; M, M2 and M3

are each i ndeprﬁékg??&ﬁ beHt. hg ‘thu grabgélm%%& qugfopﬁ rﬁégfe'aﬁ gde%a&' kyl,

and phar maceut’ accep rovrded t hat

S a

when R12 is nedriy|be ﬂﬂhﬁywte%ﬁlmhfw gs,iﬁutee with\g Gaedaioyl. lE'YFH%Y'dE @Fai n of
Dautil( CIIf‘lr g; e; ab|b0xylﬁfe gfou). Furthepness, CR2 laad/bnwumeytvaahaieemeakuuylchlé\m of , oo
and ot her exa% gg O?Sth'%ﬁnh% ﬂ}’ﬁldf%ibgﬁ D%Aale% %ﬁﬁgﬂﬁéﬁsﬁé%ﬂ@@% oﬁ"%
-CH2- and B iiBclege thﬁrﬁl%@haamﬁ)?fr@walm&rwne ang 4 -theeoning, Expppiegpf |s
CL =O) NH 2. PL eﬁ@ml&eb{hy: siddeh=heypra-agparadin o-nardD<devihehave t hree posi t ive
charges at S1 Ol 0gl ik iV,
pol y?rym n dgr?/vat [ vg \ﬁ\ﬁéf"ﬁmargﬁlggalrﬁ%%?e@en%t%@lgﬂa I:Lmég(g’n%gdrc% %c')%r)@ra'{is’I
(7)R 7 _ <8) Rd)tvtanoyt@me%taogylx / (5) R5 (10)R 0\ /| C4AR4 (3>R3

In another further embodiment, the invention also periains to po-

10  lymyxin derivatives of formula (l11):

o R¥ o RrR  fOo R"
e I
A—C N—C———N-{-C N—+—D
ml

(i)

wherein:
15 A is a polymyxin B or polymyxin E ring moiety;
D is R'2-C(=0), R'-C(=S) or R"?;
m'is O or 1;
R", R?, and R* are each independently side chains of natural or
unnatural amino acids, alkyl, alkenyl, arylalkyl, aryl, alkoxy, alkoxycarbonyl,
20 aryloxycarbonyl, alkylamino, or alkynyl, wherein at ieast one of R? and R*
comprise a carbamyl, hydroxyl or carboxylate group; and
R is C4-C4 alkyl,
R'? is C4-Cs alkyl,
and pharmaceutically acceptable prodrugs and salts thereof, 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,
and/or D is acetyl, propicnyl, butanoyl, or pentanoyl.
In yet another embodiment, the invention also features a polymyxin
30 derivative of formula (IV):



(2)R2 (i)R R(FA) {V) wherein R4 is an am no acid residue conprising a
functional side chain able to cyclicize the nolecule; R6 and R7 are an
opt i onal Iwo=0e19835a0t ed hydr ophobi ¢ am no aci d resi dues; PRI(FI1089/450030r any
non- hydr ophobi ¢ am no acid residue; and wherein R 1 may be absent; and
wherein R, R2, R3, R5, R8 and RO are ea i ndependently se |l ected am no
aci ds; and wherein R(FA) is an optional |4’ substituted ai kanoyl or al kyl
residue, having in total 1 to 5 carbon atons; or a pharnaceutically
acceptabl e prodrug or salt thew®of provide# that (1) when RL and R2 are
absent, R3, R4. R5, R8, and RO are Dab, &6 is D Ley,” /R7\is L-Leu or L-Phe,

and R10 is Thr or when ahd R2 ar® abgent, . R5,\ R8,,0and RO are
Dab, R6 is D-Phe, R7 is]|L- qu, gnd JR10 | s Tr i & not an
unsubstitut ed ai kandyt—Fesi ¢ but anoyl or
pentanoyl, then R3 is not Dab.In a derivativelaccording pr esent

i nvention, R(FA) may be any residue that has s W ar Rike] ght and 1
to 5 carbon atons. The mgjor role of a short R(FA) is to bl ock the( f.ree
N-term nal am no group of the peptide and thus elimnate one posi e

charge of thewhepeinde. Preferably, the conpounds of fornula (V) may have

three positive Charge&iﬁp@ﬁ*@kﬂ'@@iﬁﬁh%EFﬁH%rHSi'éW;)re, Rl, R2, R3, R5, RS

and RO may _be specifica Sel'ected such”that the conpounds have three
positive cRarges at p"l‘?%/ﬁ %gi cal pH The R(FA) is preferably selected from
the group consisting b Lt andbkstei eachdhdependentlyss:-Ci allsyl axlakcavelgnt gondips,  or
al kyl groups, having jan [0bad M® 48 eachahhRnabieH, SEFAHNH,S cpesio adt v

H, .
sel ected fromjghe group consisting of methyl, fornyl and acetyl residues.
O her useful resvdues may be sel ected
R is C1-C4 alkyl,

10 and pharmaceutically acceptable prodrugs and salts thereof, pro-
vided that when R'? is methyl, propyl or butyl, then L® -~ M? is not the side chain
of Dab.

Preferably, m' is 0. Examples of L? include branched alkyl (e.g.,
-CH(CHs)-). Examples of M? include OH. Other examples of L? include -CHa-

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



from propanoyl, butanoyl, isobutanoyl, valeroyl, and isoval eroyl residues.
The residues may be branched, straight-chained or cyclic. R(FA) may ai so be
an unsat uweateae/a9eis7due, contai ni ng one or nore doubl e oPCTHIPHE0I00I3AS.

R(FA) may be substituted with substituents readily recogni zabl e by one
skilled in the art, provided that R(FA) Eﬁs no nore than 1 to 5 carbon at
ons. The substituents may include al kyl,“hydroxy and al koxy. Al kyl is
preferably nmethyl, ethyl, or propyl. Al koxy is preferably nethoxy, ethoxy,
or propoxy. A person | ents
of these preferred R-E%Heggm! Mvéﬂﬁmgﬁ]é%g(gl esetgdat égtyﬁ%'R%r%?t'@%u?al

pol ymyxi ns anmaﬁt%ﬁ%fﬁﬁeﬁ?d bryithe gepargl ymiladM¥t (i .e. re placed by a

coval ent bond). Exanples of known derivatives that have anti bacteri al
activity include those wherein Rl i.s, Al a OLR coval ent bond. In a
derivative according to the preseff i nventPon _R1, if present,; may be any
anino acid residue, provided that/the total nahber of positive charges in
said derivative does not excegRéthree and thatmR%he total nunber of positive
charges in the side chain portior\does not exceed one, and is preferably
absent. In natural pol ynyxins and ggtapeptlaﬁ' R2 is Thr or absent (i.e. re
pl aced by a coval ent bond). Exanp es of krf derivatives that have anti bac
terial activity include those wherein s O acetyl-Thr, O propionyl-Thr,
Gbutyryl - Thr or a coval ent bond. In & drivative accordlng to the present
invention, R2 may be any am no acid resildue, preferably hydrophilic or

rel ative hydrophilic, provided thattheg®Rdtal nunber of positive charges in
said derivative does not exceed three and that the total nunber of positive
charges In the side chain portion does t exceed one. Exanples of R2

i ncl ude al ani ne, am nobutyric acid, a S%Qagine aspartic acid,

di am nobutyric acid, glutam c acid, glutlam ne, serine, or threonine in
either D or L- conflguratlon A persaﬁRkkllled in the art may al so recog
ni ze an equival ent residue of Thr to be|Ser I n natural pol ynyxins and
octapeptins, R3 is Dab, DDab or DSer. hmﬁg)derivatlYG according to the
present invention, R3 nmay be any am no acid residue, breferably hydr ophi lic
or relatively hydrophilic, provided

wherein
R4 is an amino acid residue comprising a functional side chain able
to cyclicize the molecule;
R6 and R7 are an optionally substituted hydrophobic amino acid
10 residues;
R10 is Leu or any non-hydrophobic amino acid residue; and
wherein R1 may be absent; and
wherein R1, R2, R3, R5, R8 and R9 are each independenily 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 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,
20 R3, R4. R5, R8, and R9 are Dab, R6 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 pentanoyl, then R® is not Dab.



that the total nunber of positive charges in said derivative does not
exceed three and that the total nunber of positive charges in the chain
portion dwex0mwavsiiceed one, and is selected fromthe gromFImoNeiosdsi ng of
al anine, am no butyric acid, asparagine, aspartic acid, diam nobutyric
acid, glutamc acid, glutam ne, serine, 2 threonine in either D or L-
configuration. A person skilled in the a may readily recogni ze ot her
hydrophilic or relatively hydrophilic residues than these preferred

residues R 1, R2 and of
e. ZI ;rzr ni ne, Nw net d@r‘\%t;%ﬁg&%ﬁ%o WS%%@@%Q%R yscf“éigrl di ne,
hydr oxyl ysi ne, reP'ﬁ’E? daat h?ét%rg%hmﬁ@cuer meﬂght@@d b@n?@l’b&rﬁ‘l ‘i‘f@msp B?l"ﬂﬂ!"r

phosphoser i ne, rol@afgpéarhRERN)in e bladdtrteWeBNne'mMalramram'rmer ofl thel peptidene art
may readily ”Oérﬁi f-ﬂékmﬂ{ﬁﬁteﬁérhé&%ht vehd of'?ﬂe ”d R3 may not be

hydr ophilic or ative |I|c rovi e other twq, residues
are so. Accor di ngI y, PRreféra spRf f Qﬁvlﬂﬁt(gg v& BrRUBCRBRsi sti ng
of e.g. a covadmrgestmrpﬂwsreloglmhpl,-l. Eur&mrmomjm R2a B30 R5aR8-adndt R maydE d,

N- (/4- am nobut YACp)e rwgele&e@%ﬁgmmré Eorﬂpgﬂwds%a%‘ tﬂF&?e”%é(éut‘i\fé é}?érges at

a- am no- capror m nocyc propanecar boxyl at e ol sobutyTic acid,
am nonorborryl -a-am no-n-valeric acid, arginine, N -nethyl

ar gi ni ne, aspar agl ne, The rmFAyisapmﬁerabin,elatqnhimmdhacgrmp bbrsdstingl ofl gazi ne,

N-(2- car bgyyl ‘?"8%%{% Y{éacﬂﬁevs . (a(ﬁe;nﬁﬁ é’%F éﬂ havmg intotal 1t0 5
Wt §

1- car boxy- 1( 2, eth |amno rop an c St
Na- met hyl di am | GRS "5? | % P lﬂPt&Pn TheA- Eugﬂﬂupcc%'ﬂ'“g of
Nv- f or nyl di am methyr Horywl iandaameilyl d&smﬂehyomeamseful mesidtey nayabeée delected

N-(N-2, 2-di ph a r I
car barryl met E\yler jg"bg' bf ”%gﬁfaﬂgkzﬁélgﬁgyiﬁﬁégﬁ g@&l%ﬁl@%ﬂ%‘%'@%&? d,
gl utam ne, gl YEPIREE WMGP)W gﬁi 'ﬁr di nobutyr| c acid,

N- ( 3- guani 14 nopr opyl )R(ﬁAr)cmayea!sblim ardunmtuﬂawmrrmrmg] atrdammg,onesmdaemsi ne,

i sol euci ne, bl?—zeertﬁrﬂélb%HHi hydr oxyl ysi ne, N met hyl | ysine, lysine, N
-nethylhydroxy ysi ne

ysi ne, ac dr oxyl ysi ne, acetyl
| ysi ne, Ng- forrryl hy doR{TANNAE! eﬁé’bﬂﬁﬁ"ﬁﬁ"}'ﬁﬁ'ﬂsﬁ'ﬁ’éy ﬁe’?ﬂ%‘l%ﬁﬁ%ﬁ&?ﬁ?@r%
Ne- met hyl | ysi rene shilledtin dine aet, pravidet iydt- R(EA) ias mouhyreathen 1 to 5 carbon at-

a- met hyl - am ngjrgo é@%ﬁmeﬁﬁ’ﬁéfwcluﬁ%%@%% é}{fﬁmd‘é’lkoﬁr N\&i yhrterg! ne.

norl euci ne norvalrn or ni

Na- acet yl cithi tty met nlr@trs&r%nr R-rikexye preferabiyim rerhrqﬂrﬂweor RIPRPMh e,
peni ci | am ne, persoryskilahinnthe drychag rpadilyl rebegnize equivaientdleof iteédey prdferradno-

R(FA) residues and substituents thereof.

In natural polymyxins and octapeptins, R1 is Dab or absent (i.e. re-

placed by a covalent bond). Examples of known derivatives that have antibac-
25 fterial activity include those wherein R1 is Ala or a covalent bond.

In a derivative according to the present invention R1, if present, may
be any amino acid residue, provided that the total number of positive charges
in said derivative 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 and octapeptins, R2 is Thr or absent (i.e. re-
placed by a covalent bond). Examples of known derivatives that have antibac-
terial activity include those wherein R2 is O-acetyl-Thr, O-propionyl-Thr, O-
butyryl-Thr or a covalent bond.

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



n- pr Qpi oni ¢ acid, Nb-acetyl di am no-n-propionic acid, N -fornyldi am non-
propi oni ¢ aci d, Nb-nethyl di am no-n-propionic acid, phosphoserine, serine,
phosphot Weaniw®s3sthr eoni ne, tryptophan, tyrosine, norvaCITme00aes0098al i ne.

I n natural polynyxins and octapeptins, R4 is Dab. Exanples of syn thetic
derivatives that have antibacteri al actiééty i ncl ude those wherein R4 is
Lys. In a derivative according to the pr€sent invention R4 is an amno acid
resi due conprising a functional side chain able to cyclicize the nDIecuIe,

and may be selget by ﬁd;n%% t&}cgﬁ:lg?%hg A%e‘éCIH' \é@l' &é(]kaﬁ\?éagé?ﬁotc&b%'eétth%@

Lys, hydroxyl ysine, roploni c aci
Ser and Cys, pnéitaatihe jotaiaumber °ﬁ&9§ﬂ“§? CH%QW%W@"&WJ‘&‘B’CE%% PERNOL R5 R8
and RO are Dalexcéd angl Ecanoples whR2eintladé @ldnirad, |am':inot1ithﬁw acid casparadinet eri al

S oL Rty i 5 ol Eh 0B e o e

2- am no- 4- quani dr no resent
i nventi on R5, Nite BRIhAD nﬁ&Lb@@QW@ﬁP’ﬂsl‘%BPVOBﬁ&' gein e agt ’Héﬁtafsé’l reg®§no acid
resi due, pref eiiztdryediivalentrrosidaeds Thrdd belgert ot al number of positive charges

in said derivative dogs, allﬂ% wgﬁﬁgdé %@&g ta ﬁ%sﬁgussﬂﬁéﬁl b Br %ggr art, may

readily recogni ze eqU|va ese’ preferred_residues, and may
sel ect such from a gr@ud dedyativeraceerding to the riessAtBYRMion B3 4pay be any
di ani nopr opi orintina.Gictll, resjdiien erefbsatiyo kydrpphitie or eelathvdihinyerophilic, provided

2- am no- 4- %“arﬂ'aél' tHQtIHt’aYhhﬁmbgf bﬂ go&{n)’(f bﬁ&ﬁeélwﬁg% Eeden’@{n}é‘@ﬂré RUE bRsed

i sol euci ne, eonl ne seri ne,
a- ani no- n- but'&"lepc,a"ﬁ'cﬂ"ﬁt the. tail ymbe; of epsitive; gharges in fRenehain, pedion dassd,
r Vi or nyl | ysi neot hbcewedr;d Iayiausleseléxﬂedﬁrbzlmhbmupecod‘dfs‘tmg of lalnthen eylinei ne,

N*-acetyl h t t dr | ysi ne,
NY-forrriCI d?/a%ruwf X&% ? ¥ ré}%g'gg %¥|!)+®gaw ?ﬁgh%bugnya%é@ ?"cgﬁgm%ﬁ Y

NY- et hyl di amigHsamng ??fi"l,e! SEtieoNipR NGHIHET Br ankfenfiowalion-oni ¢ aci d,

D- Np- f or malsdi ami no- n- fipersonrskitieddn the é\dbmgeéadughremgmgbtpendwdwprmwi d,

Np- et hyl o e e SORRARNG raGkdbs B L bRISHAL HeifiyebR AT MR 11 ne

and Na- net hyl or oct apept.i rs ‘DPhe or
DLeu and R7 |§"9é’ﬁay sqlectsyeh 5r|°ml'ﬂ|9"°l$y¢ﬂﬂ§@i'ﬂ%°ﬁé19r aegining No-mgihyh atgin-
anti bacteri al imstda-widthylaspartate, cysteine, histidine, hydroxylysine, lysine, methionine,

ornithine, penicilamine, proline, phosphoserine, phosphothreonine, and tyro-

20 sine.
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 may be selected
from a group consisting of e.g. a covalent bond, alanine, 2-aminoadipic acid,
25 a-n-butyric acid, N-{4-aminobutyl)glycine, a-aminobutyric acid, y-aminobutyric
acid, a-amino-caproic acid, aminocyclopropanecarboxylate, aminoiscbutyric
acid, aminonorbornylcarboxylate, a-amino-n-valeric acid, arginine, N,-methyl
arginine, asparagine, a-methylaspartate, aspartic acid, N-benzyiglycine, N-(2-
carbamylethyl)giycine, N-(carbamylethyl)glycine, 1-carboxy-1(2,2-diphenyl ethyi-
30 amino)yclopropane, cysteine, N-methyldiamino-n-butyric acid, Ny-acetyldiamino-
n-butyric acid, Ny-formyldiamino-n-butyric acid, Ny-methyldiamino-n-butyric
acid, N-(N-2,2-diphenylethyl)carbamylmethyl-glycine, N—{N-3,3-diphenylprop-
yl} carbamylimethyl(1)glycine, N-{3,3-diphenylpropyl} glycine, glutamic acid,
glutamine, glycine, t-butylglycine, 2-amino-4-guanidinobutyric acid, N-(3-guani-
35 dinopropyl)glycine, histidine, homophenylalanine, isodesmosine, isoleucine,
leucine, norleucine, hydroxylysine, N, -methyllysine, lysine, N,-methylhydr-



cl ude those wherein R6 is DIrp and wherein R7 is Ala. In a derivative
according to the present invention, R6 is an optionally substituted

hydr opholbwo 20em09835aci d resi due, preferably DPhe or DLeupPCamioRy0i0893an
optionally substituted hydrophobic residue, preferably Leu, Thr or He. A
person skilled in the art may readily recogni ze equi val ent residues of

t hese preferred hydrophobic residues, an@Tmay sel ect such froma group
consi sting of e.g. phenylal anine, a-am no-n-butyric acid, trypt ophane

tyrosine. A pidyaRe ?:"jéé&ﬁ¥"9{9?%¥ﬁ%5€&¥a? LU AR S N
resi due of thrivgpxviysing Nefosayliysine, | Ne-mg hYH’é(ﬂr%'IY?'ﬁ?wNﬂ“%thH'Yélﬂﬁaﬁ@%tl ns,
R10 is Thr andniofine, Erethfileaminbblityrie @lﬁrethwhnm&ﬁsduwraﬂaauanahylcw erl al

activity incl Li-ﬂelﬁxltaill% %I,\A'Cﬁ%ﬁhgl g?:\%e' %10% ﬁé yhor@lfne Q- fhreﬂﬁ)l&rﬂﬁfﬂmg hg,.0

O butyryl -Thr cordi ng
Leu or any Snormefidlenyithing c Naapefylomithine; eNS'(ﬁ‘PIEIW BWO!"&edNb'ﬁbﬁth!ﬂ‘Pfatth'f‘ﬁe t ot al

g u rr’]per g}‘ pgg Io drhiteing, hpérgeiantine, S phshytteaning ! hydrori@eslineo tprelies el -latreiii-
rerera e r
recogni zeyt he aé‘é]'ﬁo-ﬁgﬁ mﬁf) rdr“‘eés](:":i ANE) gg;&? @'raz’ﬁ“ hgg?blggkh&'& ﬁ%%ﬁ’alﬁ?'ﬁ e (3)

positive char geBropioaice Agid; Nﬁtm@thmﬁﬁwmﬁﬂgplaﬁléoﬁwsthQSG psRYiNen \B8A0RoN can
be located in cPHb@plﬁtﬁﬁfe@ﬂﬁlm thd€oriing) Gryptopham,tyroeine| nervalhe, BAd valiieve char ges

Cin b1 5y oV TSR oyt sk R S 4
derivatives adbeliciferiyatives that haxe eﬁﬁﬁ'bﬁﬁQ@ﬁitﬂC@iw%mlulQG thase Wherein Revist he

group of derivaki ves wherein R2-R10 is selected fromthe group consisting

of Thr - DSer - cy[ Dab- Da T nd
Thr - DAsn- cy[ Dab- Dab- D@hgp%gﬁ%%ﬁ%;}% %rese"g‘—_’ §'§§W\B4Ng§"”lgn"%t her
enbodi nent s, casid esidugcePmprisiag ftpctienal %@éﬁ?‘eltﬂ\%ﬂ‘cﬁ%ﬁhedaﬂe%e
sel ect ed ffsomédalemgk BBefisd FbmnBe Qrouprséqlivalént réSidliecydrisidiing of Lys

S

Dab- DPhe- Leu- LR [BREHAT ohithlne® GI6\CASH, Dad? dithindBropfitft 868! Yhr, Sd¥'a nfaAS”CV[
Cys, preferably Dab.

In natural polymyxins and octapeptins, R5, R8 and R9 are Dab. Ex-
amples of synthetic derivatives that have antibacterial activity include those

20 wherein R5, R8, and R9 may be Lys or 2-amino-4-guanidino butyric acid.

In a derivative according to the present invention R5, R8 and R9
may be a positively charged or a neutral amino acid residue, preferably Dab,
provided that the total number of positive charges in said derivative does not
exceed three.

25 A 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, 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, a-amino-n-valeric acid, a-amino-caproic acid, Ne-formyl-
lysine, Ne-acetyllysine, Ne-methyllysine, Ne-formylhydroxylysine, Ng-acetyl hy-
droxylysine, Ne-methylhydroxylysine, L-N,-methylhydroxylysine, N,-formyl dia-
mino-n-butyric acid, Ny-acetyldiamino-n-butyric acid, Ny-methyldiamino-n-
butyric acid, Np-formyldiamino-n-propionic acid, D-Ng-formyldiamino-n-prop-

35 ionic acid, Ng-acetyldiamino-n-propionic acid, Np-methyldiamino-n-propionic
acid, Ns-formylornithine, Ns-acetylornithine and Ns-methylornithine.



Dab- Dab- DPhe- Leu- Dab- Dab-Thr-], i.e. Ac-SEQ ID NO 39.As shown in the
exanpl e section herein, the conpounds according to the present invention
carryi ng wol2govdesse (3) positive charges and havi ng an RCEA)20000f0843ni ng 1
to 5 carbon atons only can be very potent agents to sensi tize

Gram negative bacteria to antibacteri al 8ents. For sensitizing activity at
| east two (2) and nore preferably three ? ) positive charges are |ocated in
t he heptapeptide ring part. The works of Teuber (1970), Srinivasa and

Ranachandran (1980a), ma,zgei“ VEHI?ﬁ'nyﬁ“Es%lnd oQ:%% ﬁg.nsd'ﬁs:.k,%e 8'Bou 8 gh

pol ymyxin derivativ | Vves %
positive char de&ey \}'@,or Thie é!BWﬁB%Flﬁré" i V'aé AYR bﬁ?lt‘?f'aﬂ)éﬁﬂ"'tﬂ (EA)
| onger than 5 chadebthosetvhemin RS is DErpoaritewhér@miR7? imﬁlanym n B nonapept i de and

colistin nonapeptide, Inbé)th\%rtl bBéb?HMg‘&Fm@l})rﬁ%]érﬁ%)e}‘nﬁo@ cﬁ:tu%ﬁ@i tize

Gamnegatlveﬁtl)jgcterlato an IOtICS carry
It

five (5) pds glitued hydeopho ’CL%F'f’Slaﬁ'déﬁﬁ'SH?vn@'ﬁfefEaQJY t he
pol ynyxi n der iig ahioptenaily shibstituted &ydroghabiy r@dlm;lmefembmm ﬂ'brarlimbj ect in

prodrug form The pro Bk g(;]FEg VERsHS leties
whi ch mask the pomhiiégshargm%emmie coﬁ‘;;%dr% unt ﬁi" |tr£gid6&
admi ni stered t% eRe BX ARhohic sesifuesy fRMA (M3 SeIRchBNS a@‘ﬂf@cﬂ SBBvi des

new pol ynyxi n abesistieg bf ©.gs phenylglanige! dvaaend-Bbupoiei ddid; dryptophgas, leatigeand an

R(FA) contgy ”'rﬂ&hibnfrfé aff %Hélh%”%oﬂ&ué(n@ﬁgo@&éuﬁé’ a%ap@mswm st 1 21 ng

one or nore Grapnmegative bacteria
anti bacteri al %Sﬂt‘" the,art %c@ﬁ? T?ﬁqgﬁtzﬁ tB? eBH'(‘!?'@F’? 'E?stdé'eam threoripgde dis al

agent may be deriher mi ned by two m crobiol ogi cal nethods. A rapid but crude

procedur e uses COMMer ¢ ald,y %QHﬁfﬁk%n}i ddfephfie Rl it ol digarbeen

| mpregnated w t h a spec I'bact eri al se di sks
are placed on Rigfeoio “’8?‘ esgant %ﬁ“’@t%’g‘bﬁﬁﬁf‘a Ipaiitpipglyd Pﬁ'@Rﬁﬂ WheIgiN,i th a
suspensi ori5of R‘fws@-geetyll-m Bspromohyds'[redar Calngtytyh®hpl at es are observed for

zones of growth inhibjtd g vaﬁvérBE:Sor%p% ﬁ%&pk@&ﬂ%%ﬁontﬁ% EVISEJ‘ordéHaPt I on

susceptibility test, 1nvol'ves prepar bes contal ning seri
di lutions of tNe8-RYdIRPHORIC AriRcGaEH r?'ﬁ‘F’Be nEéTBV'Qed tth%tnthﬁhg?ﬁﬁoé?l pgfeof
or gani sm bei ngositisé etlargesdntdaid tdathedive Toes |npvesteabticent Preferally R 10disug t hat
i nhibits growtf, of Lthe bacteria after a suitable period of incubation
20 A person skilled in the art may also recognize the equivalent residue
of threonine to be serine.

The three (3) positive charges present in the derivatives according
to the invention can be located in the heptapeptide ring portion; or two (2) posi-
tive charges can be located in heptapeptide ring portion while the remaining

25 one positive charge is located in the side chain.

In one embodiment, derivatives according to the present invention
can be selected from the group of derivatives wherein R2-R10 is selected from
the group consisting of Thr-DSer-cy[Dab-Dab-DPhe-Leu-Dab-Dab-Thr-], i.e.
SEQ ID NO: 10; and Thr-DAsn-cy[Dab-Dab-DPhe-Leu-Dab-Dab-Thr-], i.e.

30 SEQID NO: 39.

In other embodiments, derivatives according to the present inven-
tion can be selected from the group consisting of: acetyl-Thr-DSer-cy[Dab-
Dab-DPhe-Leu-Dab-Dab-Thr-], i.e. Ac-SEQ ID NO: 10; and acetyl-Thr-DAsn-
cy|Dab-Dab-DPhe-Leu-Dab-Dab-Thr-], i.e. Ac-SEQ ID NO: 39.



Is reported as the m nimuminhibitory concentration (MC).Derivatives
according to the present invention may sensitize clini cally inportant

G am negawoDweodmsiseri a to anti bacterial agents, where saca/Faoameesati ve
bacteria nmay be those belonging to the genus of Acinetobacter, Aerononas,
Al cal i genes, Bordetella, Branhanella, Caggyl obacter, Citrobacter,

Ent erobacter, Escherichia, Francisella, sobact eri um Haenophil us,

Hel i cobacter, Klebsiella, Legionella, Mraxella, Pasteurella, Plesiononas,
Pseudononas, Sal nonel kAt ' L YRr S ' . The bac
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i nfections, i A Egm,rm% e tients, infections of
t he organ traﬁé%?gﬂgtg g}télf B%\'?gu{ I nfect ﬁgﬁéﬁﬂ"%ﬁﬁ‘é@ﬁt ensive care units
(1CY), severe infectiBneersin BNoRJIRAIIYST theolpupriians HifuRPYIIA Haratives
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cause y nmul ty - : ﬁ..té]e,h ; L lon IS
al so directed rfgaj g%hn@r}i%g 'l’%'?mg?é? tg @%r’gé?n%@xr . _Q%P?/%% {/d@s’ﬂgggg‘réd%gﬂ{% t he
present i nventd8rgess thesampriinddmtit aftatitie adminjsiereddodhesibieomts may i ncl ude

derivatives having a Tppilesentifvéniondmend agsed pfdvittesniewspalgingsin derigd-r ai ns
o cont e A b9 PR LA o Sian KOPAPConinid 55 ("
carbon atoms only and being capable of sensitizing one or more Gram-
negative bacterial species to an antibiotic or antibacterial agent.
The susceptibility of bacteria to an antibacterial agent may be de-
termined by two microbiological methods. A rapid but crude procedure uses
commercially available filter paper disks that have been impregnated with a
25 specific quantity of the antibacterial agent. These disks are placed on the sur-
face of agar plates that have been inoculated with a suspension of the organ-
ism being tested, and the plates are observed for zones of growth inhibition. A
more accurate technique, the broth dilution susceptibility test, involves prepar-
ing test tubes containing serial dilutions of the drug in liquid culture media, then
30 inoculating the organism being tested into the tubes. The lowest concentration
of drug that inhibits growth of the bacteria after a suitable period of incubation
is reported as the minimum inhibitory concentration (MIC).



cal conpositions conprising polynyxin derivatives according to the present

I nvention, their prodrug and salt fornms, selected conbinations thereof, and
op tionalWwg 2a09/@s3s7bact eri al agent fornul ated toget her WRCTIFIZINE00093NOr €
pharmaceutically acceptable carriers and excipients. They facilitate
processi ng of the active conpounds into eparations which can be used

phar maceuti cal | y andi ncl ude e. g. d||ut|n8 filling, buffering, thickening,
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membranes and/or skin by potentially noxious bacteria.

The bacterial infectious diseases include (but are not limited to) se-
vere hospitat-acquired infections, infections of the immunocompromised pa-
tients, infections of the organ transplant patients, infections at the intensive
care units {ICU), severe infections of burn wounds, severe community-

25 acquired infections, infections of cystic fibrosis patients, as well as infections
caused by multi-resistant Gram-negative bacteria.

The present invention is also directed 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 ceutically acceptable carriers and excipients. They facilitate processing of the
active compounds into preparations which can be used pharmaceutically and



ery. For parenteral admnistration (e.g. by bolus injection, fast running

I nfusi ons, or slow infusions), the conpounds according to this invention as
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suitable salt or ester fornms in sterile aqueous solutions, preferably
physi ol ogically conpati ble fluids such as saline, 5% dextrose, R nger's
sol ution, and Hank's solution. The fornupition may al so include organic

sol vents such as propyl ene glycol, polyethylene glycol, propylene glycol or
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20 methods known in the art of pharmacy.

Pharmaceutical compositions according to the present invention in-
clude (but are not limited to) those intended for intravenous, intramuscular,
oral, or topical administration as well as those being administered as a sup-
positorium or as an inhalable aerosol. The compositions include intravenous,

25 intramuscular, intraperitoneal, subcutaneous, intramedullary, intrathecal, intra-
ventricular, intranasal, or intraocular injections, inhalable aerosols as well as
those intended for rectal, oral, intravaginal, transmucosal or transdermal deliv-
ery.

For parenteral administration {e.g. by boius injection, fast running in-

30 fusions, or slow infusions), the compounds according to this invention as well
as the combinations described above may be formulated as their suitable salt
or ester forms in sterile aqueous solutions, preferably physiologically compati-
ble fluids such as saline, 5% dextrose, Ringer's solution, and Hank's solution.
The formulation may also include organic solvents such as propylene glycol,

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



ent, optionally grinding the resulting m xture, and processing the m xture
of granules, after adding suitable auxiliaries if desired, to obtain
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20  uid excipient, for example, water, for injections, immediately prior to use.

For oral administration, solid form preparations include e.g. pow-
ders, tablets, pills, dragees, lozenges, capsules, cachets, and microgranular
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, 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, preserva-
tives, flavouring agents, wetting agents, tabiet disintegrating agents, or an en-
capsulating material. Suitable carriers include, but are not limited to, magne-

30 sium carbonate, magnesium stearate, talc, dextrose, lactose, pectin, starch,
gelatin, tragacanth, methylcellulose, sodium carboxymethylcellulose, a low
melting wax, cocoa buiter, and the like.

Liquid preparations suitable for oral administration include e.g.
aqueous solutions, syrups, elixirs, aqueous suspensions, emulsions and gels.

35 Agqueous solutions can be prepared by dissolving the active component in wa-
ter and adding suitable stabilizing and thickening agents as well as colorants



For adm nistration by inhalation, the conpounds according to this invention
and the conbi nations descri bed above are delivered in the formof an
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the anti bZ&t eri al For administration by inhalation, the compounds according to this
invention and the combinations described above are delivered in the form of an
aerosol spray presentation from a ventilator, pressurized pack or a nebulizer
with the use of a suitable propellant, e.g., dichlorodifluoromethane, trichloro-
fluoromethane, dichiorotetrafluoroethane or carbon dioxide. In the case of a
25 pressurized aerosol, the dosage unit may be determined by providing a valve
to deliver a metered amount. Capsules and cartridges of, e.g. gelatin for use in
an inhaler or insufflator may be formulated containing a powder mix of the
compound and a suitable powder base such as lactose or starch.
The compounds according to this invention and the combinations
30 described above may also be formulated in rectal compositions such as reten-
tion enemas or suppositories, using conventional suppository bases such as
cocoa butter, other glycerides, polyethylene glycol, or a suppository wax.
The present invention also relates to a method for using the present
polymyxin derivatives or a combination of such derivatives as a part of the
35 clinical treatment of {or a preventive prophylactic regimen for) human or animal
subjects suffering of an infectious disease (i.e., a Gram-negative bacterial in-
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corrpound(%. s-or” tests are wel |l known in the art. Using in
vitro det @Pni nati ons ‘dherapeutie effactiveness” ig hased o pvaucgessful clinical out-

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 freatment depends on achieving a level of

antibacterial 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 permit 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 allow time for host defense mechanisms

to 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 bacterial species to said antibacterial agent at the clini-

cally relevant concentration of the derivative according to this invention. The



cording to the present invention nmay be shown to reduce the M C of the anti
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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 antibacterial 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 cutcome.
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 (FIiCl). The checkerboard method is
based on additivity, which assumes that the result cbserved with multiple drugs
is the sum of the separate effects of the drugs being tested; according to 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.



pl euronmutilins, folate synthesis inhibitors, defornylase inhibitors, and
bacterial efflux punp inhibitors. A person skilled in the art of treating
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rel evant antibacterial agents that may be useful. Preferably said

anti bacterial agents are selected froma_group of hydrophobic or noderately
hydr ophobi ¢ anti bacteri al agents agai nst3a/ni ch the outer nenbrane of
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o gne. 20 T, P, 9 PR hyUBal S OLAGE N4 B, gk Gl BP0 20
opti mal oour seogtbinatiens frgreof fo. gensitizh clinigathe impsrtanb bectera Jigtedplgreinalp f oe a
defi ned the host defence mechanism complement {present in the fresh human and
animal serum} by subjecting said bacteria to the action of such compounds
20 during a clinical infection or a suspected infection. The host defence can be
exerted, e.g., by the combined action of complement and polymorphonuclear
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 administra-
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 to it. Dosages of all antimicrobial agents 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 shouid also be reduced, generally according to body
weight.
35 The total daily dose of a derivative according to the present inven-
tion administered to a human or an animal can vary, for example, in amounts



nunber of days, will be determ ned by the nature and extent of the
condition being treated, the form route and site of adm nistration, and

t he partiwo0l2009/98357i ent being treated, and that such opPCERRIXIYE0I3e
determ ned by conventional techniques. There is also provided a nmethod for
assayi ng a conpound according to the present invention, said conpound being
a derivative of a natural po lynyxin or 8Etapeptin, wherein said derivative
has a only 3 positive charges and a termnal noiety (D) conprising 1 to 5
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derivative of a natu or ota ntin,
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sensitize Gram Lgab%ve bacterlatoE @H r|a E‘%tﬂ bl
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provi ded a netdepidlatives possessing sensitizing activity towards said bacterium.
In a further aspect there is provided a method for developing novel
antibiotics comprising the steps of
20 (a) providing a natural polymyxin or octapeptin compound, or a de-
rivative thereof, carrying a total of 4 to 6 positive charges and a terminal moiety
(D) comprising 1 to 5 carbon atoms,
(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 generating a polymyxin derivative carrying 3 positive charges and a
terminal moiety (D) comprising 1 to 5 carbon atoms,
(c) assaying said polymyxin derivative for 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 the invention, the terminal moi-
ety (D) is R'-C(=0), R"2(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 alkyl residue having a total
35 of 1to 5 carbon atoms.



for devel opi ng novel antibiotics conprising the steps of (a) providing a
nat ural pol ynyxin or octapeptin conpound, or a de rivative thereof,
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charges, as in deacyl polynyxins, and a term nal noiety (D) conprising nore
than 5 carbon atons, (b) replacing from% to 3 residues carrying one or
nore positive charges with a residue not Bavi ng a positive charge, or with
a coval ent bond, thereby generating a derivative of a pol ynyxin conpound

havi ng 3 positive cha : i . 1 N ' (D) | si ng
nore than 5 carbon at @gré%\” fLﬁ?haeFt%gé%&rﬂﬁh%ﬁvgﬁtiﬂdz%)er%nt%ﬁga @%E@dS
carbon atons, fendgvelapingnpvel antibigficy campriging the:stgps af pol ynyxi n conpound

car lr)yi ng 3 positive clm@ppsdiaga rediural peliwmiyxialor vetapieptin Cdmpoond,igtiange-1 to 5
carbon atons, , n . 0 i / to
sensitize G ag}ﬁ%ﬁvﬁ?ﬁ%d%%g@fa@@%yﬁfPﬂg%t% (%#'}\/%Fb% g%’tér %{r%’gal(a%)é "Iéée ecting
conpounds Ravitiyg §heeoesyias) inydeasylpalyayiinge aty A iespinal woiehy (O3 GOMRrsingn

anti bact eri al ragrerthan § carhoa atothedi nent of the method of the invention, the

termnal nmoiety (D) i = - G r - ' and R12'
are as defined above.@I)Eéé%gmgroné%g%iscngeﬁéugg %aﬁéﬁ}gneﬁé@nﬁgh&e%l er m nal
noi ety (D) is GREFGES Wittha desidue pat kawing A fopifive gharge: ot wilth & cayvRisnt bepd.a) ky |
resi due havi nghérebpigeheetfting 4 defivatiae wina pblynixinl compaind having Bhpdsithepect of
the inventjgon éhB e is provided a nethod for devel opi ng novel antibiotics
conprising the steps of a) providing a pol erB/XI n or octapeptin_conpound, or
a derivative thereof, {ChigRlaing attgimipaignoigty; @) coprsisingy Bare dhagesd car®n| acki ng
the term nal rEdmewith@Eerminal meha(D)r@niprieimgH fod Sarbers atbnes tissreby g@g one or

nore positive i 1] [esj . ' ] ot Car with
o ont | borSiatHars Belttdinle br ettt ShmpBid a9 3 ddsife HARE arldl 1
carrying 3 podina {geminghingtedy (D) comprising 1 o 5 carbon atoms,

15 (d) assaying said polymyxin derivative for the ability to sensitize
Gram-negative bacteria to antibacterial agent; and
(e) selecting compounds having the ability to sensitize Gram-
negative bacteria to an antibacterial agent.
In one embodiment of the method of the invention, the terminal moi-
20 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 atkanoy! or alkyl residue having a total
of 1 to 5 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 positive charges and lacking the terminal moi-
sty (D),
b) replacing from 1 to 3 residues carrying one or more positive
30 charges with a residue not having a positive charge, or with a covalent bond,
thereby generating a derivative of a polymyxin compound carrying 3 positive
charges;
c) introducing a terminal moiety (D) comprising 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;



Cc) introducing a termnal noiety (D) conprising 1 to 5 carbon atons,

t hereby generating a pol ynyxi n conpound carrying 3 positive charges and a
term nal Woi2ea%0983y conprising of 1 to 5 carbon atons; epCagsnydorgosai d

pol ynyxin derivative for the ability to sensitize Gamnegative bacteria to
anti bacterial agent; and f ) selecting cgg‘pounds having the ability to
sensitize Gramnegative bacteria to an anfi bacterial agent. In one

enbodi ment of the nmethod of the invention, the termnal noi ety (D) is

I anot het embadi ront “oPSEieng HEr bR R for, e ol BRA 2
which is an oféieghaegafive basteria e aatibacieriabggendrand kyl resi due having a total
of 1 to 5 carbon atonfsefEotigcormpairiie Havingithe dbility tasengitienGearminebativee
present i nventda%p?r% tﬁﬁma?ﬁﬂéagﬁél‘%gﬁm ynyxi n derivative obtai nable by
treating chemcalTy or enzynmaticaFly naturally-occurring ﬁgl ynyxi ns or

oct apepti n®, respect i \etie embodimsatoithe meied efbe iventipn.dhe treinghmei-act ur ed
by genetical | yetygD) fs RE-CE=ghPREAC=FhenR¥% | whereintREringl Rifcaredss dbfiiedar e not

limted to, t ' L da, f A 1.d gﬁﬁlﬁ. ; alic
acid. Enzymat r}g)%tg ?'ear{%\gﬁ?'g i%%g%%ﬁbﬁtm%mﬁ%@@hl iﬂ}r‘?%{e t c;r}ﬁe\}le%?%ﬁ%zg nmes
such as pol ymBiFA).duhiely isaneoptionalysubstityiad-alkanayl aralisyl fesidymbhaving,a fatabases,
subtilisin, cafittbiscanysh soase, and Nagarse. Preferred conpounds according

carry thred (3) posi: Tugean aite Briel A bogithdy iR, HGtodkpe yeibARCEL |
atons, and ar eenfiggnthaticeralgnydh detivative gbigipaie itteating chemically oF pngy-
EIS cherich ioat ?ohTaticaI{jrr ﬁhtu'raﬂI%@cpﬁmWWin%Bb?bﬁéﬁtmsp?ﬁsbe.cm’,elﬁrdr emmgtcit g ;
andior (b | eSERERSinioRt Whlich ol neictatihar 85 GineRcaltFBuhsd badiliflo” | 7
vivo ani mal ndehamicalitgagpents)ingluds, L‘r\%ﬁrﬁ B?"o‘)ﬂ“ﬁeqn%a aspj withcagetgnhysidde,
pol ynyxi ns1],c5f agforiit deiac tigldriarinanand orallc sm_deinz@nﬂfionrehnnm intlude, bot anes; bIt Qat
Tz oo o a0y ETh BNy ok LDl BLALE) g Wi,
melain, subtilopeptidases, subtilisin, colistin hydrolase, and Nagarse.
Preferred compounds according to 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, Enterobacter cloacae, Citro-
bacter freundii, and Acinefobacter baumannii to antibiotics, and/or
(b) less toxic than clinicailly used polymyxins, as evidenced in in vivo
25 animal model, and/or
(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 to 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
aerosol, and/or
(e) pharmacokinetically more favorable, such as having a longer se-
rum half life, increased renal clearance, increased urinary recovery and/or by
being less inactivated by polyanionic tissue and pus constituents than clinically

35 used polymyxins.



clinically used pol ynyxi ns when adm ni stered topically or when inhal ed as
an aerosol, and/or (e) pharmacokinetfcally nore favorable, such as having a
| onger sewoumdaBds7l i fe, increased renal clearance, i ncCPEAFEWHOUITONB Y
recovery and/or by being | ess inactivated by pol yanionic tissue and pus
constituents than clinically used pol yny ¢ns.|n a further enbodi nent, the
conpounds of the invention have one or e nore pharnmacoki netically
favorabl e properties as conpared to native pol ynmyxins or octapeptins (e.qg.,

polynyxin A, polynyxig %ﬁ rih'er QFHb\SH%ﬁ%gE the: coﬂfﬂoﬁﬂﬂﬁ?bﬁth@%npﬂ

pol ynyxin F, polynyxin X1 n circ octa peptin
A, octapeptin9B Qfﬁt’%&f@pﬁhaﬁn r%?et'ﬁﬁllyafﬁé‘%"laﬁ? @Ppe’ﬁﬁﬁﬁﬁpﬂ"%’a{ﬂd tooat ve'

phar macoki net |p©ladniyyurfsamooetbbqnttmsqutpﬁiymyxinlmqmlwnyﬂm@rqumlyummdnaBi life,
I ncreased ren n [ C to
native poI 3:‘ Wﬁﬁ{ﬁ tlpnés] ﬁ% ﬁxﬁ%ﬂl{ms P ﬂ
enbodi rrent t ﬁre e F’(?P i I‘i‘e"P‘ﬁ‘P@Pﬁﬂ B H\Fé o5 ogiagspiit Eeﬁ"@é’iﬁ
urinary recovqules dfsmmh premmnacekinetiedllyl taverabiee prapériies lindudé arlopgdrysgrumn  E

(colistin) | e RffedddlilRs) RERGHATB incrdalBq Hithi Lod BRPUEBImoBiRZE on

experinments wt rea grea about
10% or greatertonawoﬂ@%"ﬂﬁorg?‘é%ﬂ%ﬂtm @SI@*W"@EEater about 25% or
greater, about 30% orings ather emdbdiutensIfre comgoaadscof, the luentid®) thayrhayeeat er
about 45% r 5&@, t ary
recov ery gf O?@E PeR:En col i Q%Cg ﬁ%mdeped&?age{)e abzgum{)ngﬂ 0.14 %
of dose in 24 pﬁb’ﬂﬁﬁ‘"’( Ei (catisti). '“ E Q?" uitben gmbeginaglitet rlﬁ’oﬁ'@:“""dﬂd“’ﬁ‘l"(ﬁi’:’%dure

I n anot her f umbiabed oardxpdfiments, witmmtsdmammd;% of gtdaten, abenlt 5% rormgrgatesve a

gr eat e 1 enall FLEAIPACE ofhg, BRbMY Br Erebfeh! dinht DhoclitealRdRlon 280 UST ng
RRSF gt BOG B Br Grebih atih el dboBl 265, e

the sanme route and @ﬁ 0
i nventi on hav®T 8reatera pbyi 3% aﬁ&@reaﬁ%{sﬂp%ﬁ” é%(HlePﬁf@ﬁt%b% f‘ﬂ W%Tt@eﬁtfeéat er
t han about150. hbolY 45%/dr greajer ar @botthd0% ab grdatér. n obritrash/tke ,unga@abeav-t han

about 1.0 m / g yrﬂ%&ﬁk%ol[)s*ﬂﬁfwgé’gefgﬁrngd%Bg‘a%ﬁtga19%"’4 #%Oabo‘”

2.5 mM/mn/ kg, areater t han greater ut 3.5
m /min/kg. | nnkéddhaws (Het t%e?o%ﬂfdngwﬁ}?tsa"i%@ml P"BFW%:nce of the com
pounds of the inventilaranother it ehdagimer, the kompoatdd efethe iv@ntiomemy at

| east 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 ml/fmin/kg, greater than about 0.5 mi/min/kg, greater than about
1.0 mi/min/kg, greater than about 2.0 mi/min/kg, greater than about
2.5 ml/min/kg, greater than about 3.0 ml/min/kg, or greater than about

25 3.5 ml/min/kg. In another further embodiment, the renal clearance of the com-
pounds of the invention may be at least 10 times, at least 50 times, 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
to similar compounds with longer fatty acid tails (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 NABT739. The compounds are chemically identical except that NAB741 has an
acetyl terminal moiety and NAB739 has an octanoyl terminal moiety.



100 tinmes, at |east 150 tines, at |least 200 tines, at |east 250 tines, or
at least 300 tines that of polynyxin E5 when adm ni stered at the sane dose
and ad mwO2009aM83M route. I n another further enbodi nenPCTHEmIYGIpBUNdS of
the invention may al so have one or nore pharmacokinetically favorable
properties as conpared to simlar conpounds with |onger fatty acid tails
(i.e., atermnal noiety or R(FA) having4 re than five carbon atons). As
shown in Exanple 8, NAB741 has increased renal clearance and increased

urinary recovery as c [ 4 . ar ) Ly
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the art is abl®oRE %ﬁnoose‘t_he ap propriate method. 1. Sem synthetic
derivatived of pol ynyki Semisunthsiicagrrpatives of polyeneing and (eeddnapyeg that
Pﬁpt apept idde Redkrly & dinahamytid’ hestapaptideaparh @adya m?m&hfawanqmdw siede by
e procedures scribe : .free am no groups in
the starting r@gg‘ﬁ%g} @8@9@% ﬁ%\%?dlgrégg\%%ﬁb?ﬁ,a.gcf)?lf‘)%di fications thereof)
by nethods known to tRedectioni ¢ff ke iree @ming groupshin Hieosiarindomaterial Keo-
?lchi evedI byt L hemisas deodtéi;??pdhl,eér Foeificatorls- ihakddfy BR misthyds ((i;l&m)to those
uor eny 0 I. o 1 .
al I yl oxycar on%/&ﬂ@?Aﬁ%/%ﬂ'Bf:Ey@i) ‘%ﬁgﬁk%hﬁﬁgﬁéﬁgxycté%ﬁy% r?sé{gu%PessL(':crhi bed in
pat ent publ i ca&S bau 0Ch TIPS RKYcar ex dehyde
bhutogy HiBochyflupsenyimeld honyb {Frogel henzyexycar
by the nethod giggc(CBEIZ), nallyRXGESBENYPIAECC) PBlpyHaAN-oxidE-histAak caibbhyor t he

i ke which b i Lo . ' th
nature of 't ho (55 SaREIPe ) rAler HUPRGHICH Y 15200 BY UsRE St Bafed e 1 ¢
occasi onal | y assbenzgidahyde dv the methosl Besasiygdin Japapese laderyrpibiisatiatn can
be made byisusimgs5e80/a9?1 belthe GRagRth E4rDBEiragoged by copvefitional @omditidrizni C

bei ngdesor | beR rrio8 aReRRE B e AR 06004155, The wat or sol ubi I 1y
can al so be enhanced Wycondiiensgvhers ihe pope watasaolutity ocersienally fope ifar ged,
very hydrophi |grebiBinaa thé Sulg&eguerit @teps, 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, negatively charged, very hydrophilic blocking group to
the OH-group of threonine.
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
terminal part of the side chain or even the entire side chain of polymyxin or
octapeptin compounds. This treatment can optionally be followed 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 vield protected deacylderivatives, the method be-
35 ing described by Kurihara et al. (1974). The procedure is followed by further



the OHgroup of threonine. Thereafter, the conpound is subjected to an
enzymatic treatnent with enzynes such as pol ynyxi n deacyl ase, pol ynyxin
hydr ol asewopeapioszs7fi ci n, bronel ain, subtil opepti dase, Raganwe9/a00Bt her
enzynes that renove a termnal part of the side chain or even the entire
si de chain of polynmyxin or octapeptin conpounds. This treatnent can
optionally be foll owed by the Ednman degr& ation procedure. The resultant
conmpound | acks the entire side chain and consists of the cyclic
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descri bed abovibe ppsitien R3. The freaaming grenpe af pelumixin O ean be protegied Byithept i onal
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by acylisoti ocyaaalee si¥n LRGP defChd VRPYMohSndhtRE! RARNSK thefl de”
20 acylated by acylisotiocyanate (by the method well-known to a person skilled in
the art and described in US 2006004185, by acyl chloride (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 N-hydroxysuccinimide (by the method well-known to a
person skilled in the art and described in US 2006004185). Finally, the protec-
25 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. Totally synthetic polymyxin and octapeptin derivatives can be
30 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 instance by Sakura ef al
(2004), Tsubery ef al. (2000a, 2000b, 2002, 2005), and Ofek et al. (2004). The
methods include e.g. the use of protecting agents such as Fmoc, tBoc, and
35 CBZ at strategic positions, as well as the cyclisation step where DPPA (di-
phenyl phosphorazidate)} or a mixture of benzotrizole-1-yl-oxy-tris-pyrrolidino-



the art and described in US 2006004185, by acyl chloride (by the nethod
wel | known to a person skilled in the art and described in Chihara et a/.
1974), orwbyoeiosss7r esi dues |inked to N hydroxysucci ni mpde/Fiiey9/edee3mret hod
wel | -known to a person skilled in the art and described in US 2006004185).
Finally, the protective groups are rennvgﬁi The acyi ated pol ynyxin D
nonapepti de carries only three (3) free ino groups, all in the
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EQUI VALENTS  no more than routine experimentation, numerous equivalents 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.



Those skilled in the art will recognize, or be able to ascertain using no
nore than routine experinentation, nunerous equivalents to the specific

pr ocedur esode®m9sised herein. Such equival ents are consi @eraaopoooeo3wi t hi n

t he scope of the present invention and are covered by the follow ng clains.
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deacyl pol ynyxins. J Antibiotics 44:517-523. EXAMPLES The fol | owi ng exanpl es
il lustrate certain enbodi nents of the pre_sent invention and should not be
construed as limting the scope of the i Alen tion. Exanpl e 1 Peptide

synt hesi s Pol ynyxin derivatives ("NAB peptides” or "NAB conpounds") were
synt hesi zed by conventional solid phase chem stry, using the standard Fnoc
protection stratogp gghe amno acid at the Cterminus is comercially

avai l abl e as pre-attached to the solid phase and when cl eaved off the resin
with acid, yields a CThefolioming exarbpiey lilustratei dertaithemtiodinnardy df rihe Ipee-

protection V"assehpln%ﬁudnhérﬁfsﬂ(ﬁ}{c?hét o4 cﬁ&ﬂ@g%QimIW§%%®9@ of HRAQeRS Y Froc

protection for, the al pha amno functions, groups which are renoved during
the acid cl ea\}ﬁ’&e stage, and sem -permanent protection to cover reactive
side chain functions while the cyclisation reaction takes place. After

cl eavage of° t Hexampleilde fromthe resin, the Gterninal car boxylic acid is
reacted W th reptidesynthggigi on on the side chain of one of the am no acids
to forma cyclic peptlde After the c%ﬁllsatlon step, the sem permanent

protection groups are %wwacﬂqrwawe& REPepEes . A&:B?‘BPW@T# Ve€ al pha
am no functi omyﬂfhehhed ebmomwemiwham:shdpphasbed'teadstm using the standard Fmoc

fl | - 0
g mos ﬁ;lyf o rm g EIS( - TH8 anif ﬁé‘gfuﬁ"é‘i’ﬁthe"@%erhﬁﬁ% ‘é%g%@r@éﬂ;?é%l"ab%‘ ne in

wi th cycl iWat iasnpreratiached igiheosrlid,phaseandiwhep slegved edtthg regin with acid,
t but oxycar bonylields Bm:t)ermmal earboxylialacide gr oup which was renpved at the

cl eavage step The f g hYQ-[még;rgfec @EQ% U&e eWé\%ﬁseﬁftés‘rﬂwggﬁcﬁlal .

tritylation. t he ot have ctlon
groups were pr%?tééﬂ% wpara@f S01pct pratectian §Qra‘BPe"-‘ phs Fﬁ'énoa fungtionse QAP st age,
I . e. benzyl oxyeithareytemofled during the acid cleavage stage, and semi-permanent pro-

15 tection to cover reactive side chain functions while the cyclisation reaction
takes place. After 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 cyclic peptide. After the cyclisation step, the semi-
permanent protection groups are removed to yield NAB peptide.

20 Accordingly, the alpha amine function of the amino acid was pro-
tected by fluorenyl-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 protecied by f-
butoxycarbony! (tBoc), an acid labile group which was removed at the cleav-

25 age step. The functional group of asparagine was protected by tritylation. All
the other amino acids which have functional side chain groups were protected
by a group that is stable to the acid cleavage stage, i.e. benzyloxycarbonyl (Z).
Amino acids phenylalanine and leucine naturally needed no side chain protec-
tion. The amino terminus was not protected; this enabled direct reaction in the

30 acylation procedure.

The synthesis steps were performed in a commercial automatized
synthesizer that employed O-(6-Chlorobenzotriazol-1-yl)-N,N,N',N'-tetramethy!-
uronium hexafluorophosphate (HCTU) as activator.



Am no aci ds phenyl al ani ne and | euci ne naturally needed no side chain protec
tion. The amno term nus was not protected; this enabled direct reaction in
t he acyl avpanogmosssedur e. The synt hesis steps were perf oPggdIions/esoesnmer ci al
aut omati zed synt hesi zer that enpl oyed

Ot b- Chl orobenzotriazol-i-ylJ-NN.N . N -?ﬁtrarret hyl ur oni um

hexaf | uor ophosphate (HCTU) as acti vator e acyl ation was perfornmed by
using a four-fold nolar excess of each amino acid or the fatty acid,
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peptide was re(aeuaﬁo\fe)mndmengasfom Mylar eredss @i NainethybmaepHolih@mhef re86%
trifluoroacet 'tﬁ)nqﬁ] ggg Fpwat er for 2 hours at room terrper ature, to yield
the partially pro eel'e pro uct. The resulting peptide was precipitated
with diethy ether. Thae@ming @ﬁlﬂﬁdvprmnmhaéed@eawa@rotected from standard
benzotri azol e-skpplierexy-tris- pyrrol i di no- phosphoni um hexaf | uor ophosphat e

(PyBop), N-hydr Oxyben%ﬁéﬁb%ﬂge 6s (difiBlet iR d Vit BY bedPRER Wi 'S 2 n

the nol ar excess of 2

ectivel
di met hyl f or marAf 6% inf@oaﬁs:etl%a@rﬂcﬁn n‘iE)/e wét\ér Buc?emaﬁ@tmra\kempe@tweatﬁ f or

hours. The cyofjiéld et partiaityasrbratqagrotudieTve@spiting bpplidi wes piecipitateddaitt i on of
cold diet hiyd J%\ P‘ Ay resi dual PyBop was renoved by washing the peptide
with water. aeflon for performed by usi ng acetic anh?/drid_e -

di i sopropyl et hyl ani neTbe Wséﬁorlmlﬂgeﬂiﬁeddf’a% erzolrigzelen] yl-eny-Sisdyretai n

pr ot _egt ion gamph@phbﬁrum r RgRaMIacropHosphiatd Y(PyBOﬁEhWhﬁBOKWeh 2étri-aEoRe

pepti de was di [ [ n@ﬁ ﬂﬁ t e

at nosphere of (EI%% bggcri\ N;H% "&hr Alfr?]gs nce O#%r%‘a(‘ ges]s)of Q?C%na

catal yst. The rsémﬁqtlu@vmﬁ@e papwei was sgssmyefé irs é'"ﬁﬁi‘é)dﬁ?”ﬁﬁﬂﬂ?aﬁfg?%ﬁﬁ?“%l ng
conventi ondll ghixdiaaddeef aril allowdid toi regciviat 2 holifs. The wytksede bictediéd gep-The

product was drtld%qlvgey plle\éﬁﬂgfed'%b%dltlon of cold diethyl ether. Any residual PyBop
was removed by washing the peptide with water.

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

20 The remaining side chain protection groups {Z) were removed by
catalytic 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 peptide was purified by reverse phase chromatography using

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

The yield 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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cal cul ated fromthe nolar anount (approx. 100 m cronoles) of the first

am no acywonesmsis7bound to the resin. The purity, as e®CirmatoedodoyIsr ever sed
phase HPLC was nore than 90% Wthin experinmental error, the masses

obt ai ned were those expected fromthe thegret i cal val ues. Exanple 2 Activity
of the conpounds agai nst Escherichia col ffand Pseudononas aer ugi nosa

Pepti des synthesized in Exanple 1, both carrying only three (3) positive
charges, were éﬁa‘h% c}_rfor their ability to sensitize E. coli to the nodel
antibiotic rifanp his was tested enpl Eyl ng LB agar (LB Agar Lennox,

Di fco, BD, Spaﬁﬂy'tw the compaundscagainst Eseherichia;cali and | AReUdomUms: at i ons
(0.1 ng/m, O.geraggindsa 1 ng/nm) of rifanpin (Sigma-Aldrich, St. Louis, MO,

US A as vveII as by using LB agar control plates that did not cont
rifanpin. The indi cat Beptisfegasndigsizedc Fxamplesh bt camyo qaly @W"erﬁ@apsu
| at ed straisn q:dsgwea:hhisgesswbai stddied don thehn exbility t© sarisftnzelmg:omt@mermodalg| tis
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Hel Ki,
sus;sniegs: on of %‘%ﬁﬁﬁf s, M2, ¢ xt;slﬁ\)sﬁ’ﬁﬁ% \H&%cﬁ?@‘fﬂd’?‘géauﬁr“?g ePngsptfatiens ?&1 Pt aggr of

t hi sI sushpEnSIm:mpgmlm pgmn)olnlfaMbRﬂSlgmaMrmgaSt hbait eBI0R LS 1A) @s pladitass wer e
gently shaken [ tire f f th
Dl ate. Thereaf*%ﬂ%[ﬁ@ Sepr ormiSFRGES 15t &y Rfk donflh Ha f" was removed by
using a Patt eur pipetTie ‘U@@?r ‘P’IS’@"@U‘( Fac@l Hﬁpaﬁr p$ afjepricapsu-

(di ameter, 2 rraoedmm dignha\ll@ds@iatetiHmnpkaatmat(efsufhrmglfﬂom peningltist{¥patay usi ng
2 Sterile sharg- a9eanakoubira8! mbhidReddl b Gk RBP Shéikybl Mogd, vacuum

suction. Alter na iv was use Sprea e 1 noc arrpl es (4
m and 10 ni) Finlapghe peptlde solu tion in 0.9% NaC (at concentrations of 1
nmg/ M and 0.1 ng/n) Emmahitﬁﬂnﬂgtﬂ@oWﬁ@uumetddemn sn diBlatdre assusper- f | ui ds

[ t 0 i it t h
o B AL B S e S i1
wher eaf t er thd’%‘?@ﬁe‘ﬂ’@rﬁs“@f' @PG‘@&% onrihe A Riates and the plates were genty

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. After the surface had dried, small wells (diameter, 2 mm) were

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

25 cluded 0.9% NaCl solution without the compound to be tested. The plates were
then incubated for 18 h at 37°C whereafter the diameters of growth inhibition
zones 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. colf
IH3080 as compared with that of control compounds. Even though both lacked
the direct antibacterial activity of NAB739, they sensitized at a concentration of
4 pg/ml the target to a concentration of rifampin as low as 0.1 pg/ml. Interes-
tingly, NAB747 was directly antibacterial against P. asruginosa ATCC 27853.

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

* Dne-letter codes for amino acyl residues: F, Phe; L,Leu; N, Asn; S, Ser; T, Thr;
X Dab; Z, Abu; B, N-gammaformyl-Dab; J, N-gamma-acetyl-Dab. Small letters indicate resi-
duses that are in D-configuration.
+ indicates the positive charge of the alpha-amino group in the free N-terminus of
the peptide. Abbreviations: MO(H)A, the mixture of 6-methyloctanoyl, 6-methylheptanoyl and
related fatty acid residues occurring in polymyxin B; OA, octanoyl; DA, decanoyl; Ac, acetyl;

** Antibacterial activity measured as the growth inhibiticn (in square millimeters)
around a well containing 4 micrograms of the compound on LB plates.
** Antibacterial activity measured as the growth inhibition (in square millimeters)
around a well containing 4 micrograms of the compound on a LB plate containing rifampin
{0.1 micrograms/mi).
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according to the manufacturer's instructions. The NAB741 concentrati on used
did not itself inhibit the gromh of the target bacteria. The M C of NAB741
for all twe=eowmsxins was >16 ng/m . The results are sheoem/FRvTetohs 3.
NAB741 at a concentration of 4 ng/m was able to sensitize the tested
strains to rifanpin by a factor ranging from>64 to >2000. Sensitization
factor is defined as the ratio of the M & of an antibiotic in the absence
of NAB741 to that in the presence of 4 ng/m of NAB741 . Extrenely high
sensitization LS Were observed also to clarithro mycin (24-340),
mupirocin (8-1 azithronycin (16-32), for sone of the strains to fusidic
aci d (128- 170)NABR4 sensitizes Fo solicKlabsialiacneumeaniaerand Enterobagter clo-

anti bacteri al #gentba broadrahgs by aftibacteriakagents | arge (vanconycin) and are
known to be excluded by the intact OM of G am negative bacteria but
penetrate the damatged'r%iill"ﬂféiﬁ'lué1 iphibdaryssancentfations ?Mtq)cﬂf?‘repliﬁ%ﬂﬁg&? et

anti bact erigal ofgthitsllyaisetAntificrobianagonty weiecdeterimided it tvo Birainebof EEcoltol i K

pneum E. clo I A 5 if agnin..7/50 250
D54 2000 O artaBCangz? oo, Aot Y, chrguricinge ATCErES e SiBhche U2, T
24 32 32 16 FusT%23356iRy using MusllersHintoncagas mestiyre i(prodyet noslabio3g; d.abM
' Sensi ti zat i orLifi.aBuey, Liaacs, L& Kr)ahitive pfesiehee bf NABT41 4 pamil) lak atellcas in itshe
absence of NA in : 4 o npl e 4
Suscepti bili t% béé&g%%@%ﬁ{vg}e&ééﬁ@m@%@%ﬁHfséﬁg? E&%y%g@é%dé% '\'/@A%‘g %r}gggt o ri
fanpi n and'Gc| #em ReeprgiRoroithe wumghws&#mﬂme?%Wnﬂncvn@atmnm mum
i nhi bi tory congedtdidhotdzelf (i) thefgrowthodfithe tzaget tedcsarial Mhe MICI of NAB7 44
representativ £ tagtf@hns of clinically rel evant
G am negat i Ve?gi@{tgg%%%é@%wégt gr%rlf{gﬁtlg by the E-test nethod as in Exanple
The results are shown in Table 3. NAB741 at a concentration of 4
Hg/mi was able to sensitize the tested strains to rifampin by a factor ranging
16 from >64 to >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/ml 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. cloacae to vancomycin (170). All
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.



3 and by using Mieller-H nton agar with or wi thout NAB741 (4 nmg/m ). This
concentration of NAB741 did not itself inhibit the gromh of the target
bact eri a.wbizo@®/835vhe strains originated from ATCC. Aci ReTgiizmoyeno3aumanni i
F264 was purchased from Mobidiag Ltd., Helsinki, Finland. The source of E.
coli 1H3080 has been given in Exanple 2. The results are shown in Table 4.
It shows that NAB 741 is re nmarkably actP%e even agai nst Aci netobacter
baumannii. Table 4. The ability of NAB 741 to sensitize G amnegative

bacteria to |, gngkibi.otics Lrif ' n | gk t ' m) of
Sensitizati ognﬁﬂ%(lf ?h%ﬁ;%|ﬁ£%tforbéﬁ?rt%?gg??%ﬁgeg;%r&%cgér?%ﬁgﬂﬁs $4| &éﬁp% in the
factor* clari teanseptrationefdag/md ** presence of the presence of 4 ng/m to
rifanmpin 4 ny to clarithronycin O 41* 741 [1] ATCC25922
0.01 6 750 0125 340 E coli | HEBB0 o,g??“ 50 0?215%6 K. E‘E‘n;aga(r%ori ae
ATCC13883 0,5|>64 1 24 E. cl oatHe® ATCC2'8988 0, 0168%600 0,5A§§ Ac.| baumanni i
ATCC19606 O, 13) 16 0,5 32 Ac. b#®8&annii F264 0, 1251383 0,5 32335 agdr ugi nosa
ATCC27853 16 2R@dmpth The ratio ofsori fanpi 2s0M C i n the absenemoof NAB 741 to
that in the presRfcmh NAB 7413464 ng/ m )gg " The ragtio of clarithromycin
MC in the abs e of NAB 741 tg.that in _the presegce of 74114 mg/m ).
Exanpl e 5 NAB"E@&%'HSJ tizes a n@?openemr‘%si st ant gtrai n %&ci nat obact er
baumannii to NAFBRENEM The mi ni #im i nhi bi*tory conc®ntrationd®(M Q) of

mer openem f or | Fugidicsacidai ns of A.17Baunanni f30wer e det®r m ned 3@ he |E-t est

met hod as in Exawpingind and by uggng Miel l1er - H nt on=zagar wi t{ypor W t hout
NAB741 (4 ny/ . This con

*Sensitization factor is the ratio of the MIC of the antibiotic in the absence of NAB 741
5 to that in the presence of 4 yg/ml of NAB 741

Example 4
Susceptibility of seven different strains of Gram-negative bacteria to ri-
fampin and clarithromycin in the presence of NAB741 (4 pg/ml)

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 of the target bacteria.
Five of the strains originated from ATCC. Acinefobacier baumannii F264 was
15 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. It shows that NAB 741 is re-
markably active even against Acinefobacter baumannii.



centration of NAB741 did not itself inhibit the growmh of the target
bacteria. Sensitization factor was defined as in Exanple 4. The results are
shown i n We 200998357NAB7061 sensitized the meropenem r esPESTAI0E030093n F264
to meropenen by a factor >4.Table 5. Sensitization of the
meropenemresi stant strain of Acinetobacter baumannii to nmeropenemin the
presence of NAB 741 (4 ng/m) Strain M C° ng/ M) of nmeropenem at the
i ndi cated concn (ng/ M) of NAB 741 0 4 A baumanni f ATCC19606 0,75 0,5 A
baumannii F26 N | ement
in fresh norm i%r‘lﬁrﬁhe aﬁ‘ ?f %15%7%[&%'&& nsrf %atie‘%cg%?ﬁﬁgtr%d
smoot h strai n mede arli@l“?t“ﬁ)(”cfﬁ'@l’ﬂh%'ﬂ‘éF|Qﬂt'€!"&m¥fdf‘l on of normal guinea pig
serum ( GPS) Was studi ed by t me (n@biwd steswestobed bmicigamar et  sénsitizbtb®84) . E.
coli 1H3080 (|(B&8erkblainvas gr ovﬁmlzmntf%@ br dickr( LB brt:%ﬁtlhrortyelmmox Micfeco, BD1
Sparks, MD, W S. A) at 370C in ary shaker int | o growt h
phase, washed with PBS (phosp@?ﬂgﬁm ffe"?e(?%sal [ net,f%?:;gv g%lrﬁb%?myc' 2 g of
KCl, 1.44 g daf Na2HPO4 x2H20 and 0.2 g of KH2PO4 per liter) and resu_pended
in PBS1 to apm exarctd®zzel | s/ mojp1e GPS wagsoused as congsl enent sawrce. (It was
stored at - 7(@E3ch®B@Pe use. To Gomacti ve B¥e conpl emeM@S, serum WS i ngubat ed
at 56C for 30 “mmgﬁ*’e experimegtal procedure was as,follows. 1% GP$ in
PBS was inocuIEa @d ewréé}m%gproxo 0 CFU 4@l ony formsg units) qf bagteria
per m and pijpetse@@niin 0. 2 m aliquots into wells of mcrotiter plates. The
wel | s al r eadyl A6#19608i ned i ncr ea®1®ng anpurffs of NAB70®3 in 0.02C2nm off 0. 9%
NaCi . The pl gthe b@\ﬁ?"ﬂ“ﬁ?ﬁdbat ed &'2B7C for 8 h whereaf®®r each we¥l wag
enptied onto I,@% I(;x§3es The pl atijgs were iscubated ovggynight at g87C and t he
devel oped cot OMie@So civiiEn MIOKITNE 2bGhnce df NAB 7RISR ib Be poekeasce STNGAVAT (8 lp/mhabDl € ©. B741
itsel f did not” 89 GArFIEIRET XIC b beittecers eREP EURUMR N PePeehie “ABS ehée ™ GPS or in
the presence of heat-inactivated

5 Exampleb

NAB741 sensitizes a meropenem-resistant strain of Acinefobacter

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 Example 4
10 and by using Mueller-Hinton agar with or without NAB741 (4 ug/ml). This con-
centration of NAB741 did not itself inhibit the growth of the target bacteria.
Sensitization factor was defined as in Example 4. The resulis are shown in Ta-
ble 5. NAB7061 sensitized the meropenem-resistant strain F264 to merope-

men by a factor >4.



10% GPS. However, as |low a concentration of NAB741 as 2 ng/nm was
sufficient to reduce CFU count by a factor of approx. 100 in the presence
10% f r eshwGR®)9/088350r di ngl y, NAB741 acts synergi sti cal | y P@rtFRov9es0093
bactericidal conple nent machinery present in fresh serum as does PMBN,
the agent well known to have this properiy. Table 6. The synergistic
bactericidal activity of NAB741 and 10% gti nea pig serum (GPS) agai nst E.
co/i I1H3080 (0O18: K1l)* Concentration of NAB741 (ng/m) 0 1 2 4 none (PBS)

100 7 1 86 58 0 - | 200
125 + measur od 208 §; Seriifidatfor oftri b irmnel Aot ARF Lrkih S A PO, ~
Preparation arREUSIIY gropanen inthgrprepencesef NAB 74 d4wma™Bat e sodi um sal t
NAB 739 acet af girin00 ng) was di ssol ved MIC\\&jraN ofRerBbeneand ne,utral

f or mal dehyde s$ol ution (400 microliters sphe#Hfibattdsnshpgmnyral dehyde [ brought
to pH 7.2 with 1 N Na-HCG3]) was added. Thengs NagN\7ANeHCCB sol ution (2 m)

was added, and the precipitated NAB 739 formal dehyde derivatijve was
filtered and washed with water. The noisg sol1d was syspended in water (5

m), and sodi | e R (T00 1y) S added. A4 ear sol uti on was
obtai ned af t fﬁfﬁa ,T%Wz%i_-igﬁqeggggnd was f%gze-dri ed. 105% floccul ent white

o (] (]

solid was extraded—wthwarmacetone (75 nt)—and—driéd—+m—vacuo. The yield
was 56 ny. Angﬁésiﬁ %f the product by ESI nass spectronetry reveal ed a
predoni nant p&dBWER the nol ecul ar mass of 1075.3 indicating that nost of
the derivati viNARE tserisitizashkl calitd the complentent irefresih sormabseram dues of t he

T e T R e B e
t he anti bact erdofito thethagtarigidal actipnad nernalguinsadgig seumM{@P$Reas studied by
net hanesul f onage nsRbd Meséritedeby Vabfd @htal S@bsd) ENscoeIH3088.¢018,K)1) Avasol uti on
(1ng/m ) made g'rch]wr(IJ inglc_)/ﬁ lE\Jl"rio% (I'_g%?oqh iteﬁrlﬂx, FHhJeg,rBb,OSi:[)ahr s,eleﬁD, U.S.A)at 37°C in
a rotary shaker into early logarithmic growth phase, washed with PBS (phos-
10  phate-buffered saline, 8.0 g of NaCl, 0.2 g of KCI, 1.44 g of Na;HPQ, 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 source. 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 mi aliquots into wells of microtiter plates. The wells already con-
tained increasing amounts of NAB7061 in 0.020 ml of 0.9% NaCl. The plate
was incubated at 37°C for 2 h whereafter each well was emptied onto LB
plates. The plates were incubated overnight at 37°C and the developed colo-
20 nies were counted.
The results are shown in Table 6. NAB741 itself did not significantly
reduce CFU count in the absence of GPS or in the presence of heat-inactivated
10% GPS. However, as low a concentration of NAB741 as 2 pg/ml was sufficient
to reduce CFU count by a factor of approx. 100 in the presence 10% fresh
25 GPS. Accordingly, NAB741 acts synergistically with the bactericida! comple-
ment machinery present in fresh serum, as does PMBN, the agent well known
to have this property.




periment, 2) a solution (1ng/m) made in 0.9% NaCl 24 h prior to the
experinment and kept at 370C, 3) a solution (1ng/m) made in 0.9% NaCl 48 h
prior to wbeoexeessiment and kept at 37C. A freshly nadePsolRizonoosood3 NAB 739
acetate served as the control conpound. Table 7. The bactericidal activity
of NAB 739 nethanesul fonate as compared_wi th that of NAB 739 agai nst E.
coli [ H3080* Conpound Sol ution age 0 1 293 NAB 739 Ms** fresh 100 70 62 16
NAB 739 M5** 24 h 55 34 6 NAB 739 M5** 48 h 35 11 O NAB 739 fresh 2 1 2 0 *

measured as % \Y; ntigrade. **
M5, net hanesul onaltse %Q{r{.@{g@tﬁé‘ﬂ%ﬁtﬁ.ﬁﬁ%‘ﬁ&i@ﬂf I?KB?{B%@@%‘I?Q was grown in
LB broth (LB b3wnea pighserum (GPehagainst 5ralilH30R$H(018:K1X ) at 370Cin a
rotary shaker into early logarithnc qrovvth hase, washed w th PBSland
resuspended in PBS to approx. 10e9 Coedehtsdtion of NRBE\ydnl) nocul ated with
approx. 500 CFU (colony formi rrg—U'm-rsj—oT—b'at't-E'rlTpEr—m and pipetted in
0.2 ml aliquots into wells of a—micr8titer blate—2The plites already

cont ai ned i ncr gasipEg)concentrationsioaf NAB7¥39 nedshanesggfonate or the
control conmpoums GRS0. 020 m of O0.28@NaCl. Fhe pl a e wasoi ncubated at 37C
for 1 h wher ealt¥eEP2aedl inagtivitedvas e¥@00i ed >@elt 0 L¥20P| at esl25The pl ate was

I ncubat ed overnight at 37C and the devel oped col onies were counted. The
results are shown in Table 7. The fresh solution of NAB 739

met hanesul f onatneavasd S¥9EfunivabdtetdRdubieingini saB7echan t he control conpound NAB
739. Keeping the NAB 739 net hanesul fonate solution at 370C for 24 h prior
to use slightlgy gased the activity whereas keeping for 48 h resulted in

RIS o MRt AT e M et o
met hanesul forsiﬂte, sl ow y decorrposes I n aqueous solutions to vyi eI d
ool LY erer S SRR B SMRAEE ) hak cobiola RALEPES B s
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 ml)
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 acetone (7.5 ml} and dried in vacuo. The yield was 56 mg.
Analysis of the product by ESI mass spectrometry 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 739 com-
pound. A minor peak representing the NAB 739 blocked randomly at two of the
20 three Dab residues was aiso 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/ml) 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/ml) made in 0.9% NaCl 48 h prior to
the experiment and kept at 37°C. A freshly made solution of NAB 739 acetate
served as the control compound.




Simlarly, nethanesul fonate derivatives of NAB 741, NAB 745, NAB 747 and
ot her conpounds descri bed as herein are prepared. These prodrugs deconpose
in vivo twoyh@@szsonpounds whi ch possess the ability toPs@mrsiond/ewod3ar get
bacteria to other antibacterial agents and serum conpl enents. Exanple 8
Conmpari son of basic pharmakoki netic properties of NAB 741 and NAB 739 The
studies were principally performed by usﬁﬁg t he nmet hods descri bed by Li et
al . (2003, 2004). Each rat (n=4 for both conpounds, Sprague- Dawl ey, nale)

'm0 the. | ugul L d: 118 SRndal EouviifofoRB 1) ARl ALY sl heyr=c" (o

into the jugular vei, ) I
al | owed to redared withothat g NAEE3%aeaingtl By ¢alpt308¢he t est conpound (ace

tate, 1 ng/kg)g AEM NEsd gred as a polus (jin 200,m sterile 0.9% saline)
t hrough the ¢ ' m—of—sartne. N ne bl ood

sanpl es (0, 10NARTBOMAY, 6(0resl90, 120, 1480, afl 240 &in), é&ch-200 nl , were
manual |y col | edAREIMFOugiP4thhe cannul a. WefP col | é¥ting fanples, the first
100 m of bl ooPBEY MH't hdr and kept int syr i1§ge. A% er coll ecti ng the
actual sanple frogh, , ' syringe was
returned to the rat together with 400 ml of heparinized saline. Blood

erTa&%&ﬂsﬁera?%ﬁé- P tatglfj,%ﬁ‘eégémérgd%_ were collected in

sanpl es were cgpt
0-4 h, 4-6 h, arp,éﬁe%efmfb,{gﬂet ervals. Plasma and urine sanples were stored

at -800C. The sanples were anal yzed using liquid chromat ography and nass
spectrometry with el ectrospray ionization interface (LC el ectrospray

ioni zation M5). To a 100-m sanple, 10 m of internal standard (NAB 73Q 80
ng/ M) and 200 m (plasma sanpl es) or 100 nl (urine sanples

acetonitrile was addedhe {asbbaciRivipavass. el HaEylbwes swnﬂnMrOMB
centrifuged atbrdi®. IGHpog, IDm:oo, BD,$parks| MD L UrSIAB a0 B74DHY aervpdry shdkértiatoHPLC
Choc oot o el B el S, B ot B e,
gradi ent: 5% FPRE- 1ReYcalisiml. BES wasingcylated viharpro GOP Eh (celanyiforns i
90% 5% B in 1 ing onitshhef bakteeiatpdh etlvarehpipetiyt M. @2 miliatigaotd iAtoORelklofla mi-n was
o o ar o ol 5, 8 sl ol g Uinelibbt op B o

739 methanesulfonate or the control 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

plates. The plate was incubated overnight at 37°C and the developed colonies

were counted.

15 The results are shown in Table 7. The fresh solution of NAB 739
methanesulfonate was much less antibacterial than the control compound NAB
739. Keebing the NAB 739 methanesulfonate solution at 37°C for 24 h prior to
use slightly increased the activity whereas keeping for 48 h resulted in activity
almost equal to that observed with the control compound. These results indi-

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

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 to sensitize
target bacteria to other antibacterial agents and serum complements.




and of NAB 739 at niz = 538.8 and 359.6 and were nonitored. NAB 741 was
eluted at 6.65 0.05 m n and NAB739 was eluted at 9.45 0.05 mn.
Nonconparwoentsalosznal ysi s of the conpounds in plasma waCpaniooy/owo3usi ng
WnNonlin software (version 4.0, Muwuntain View, CA USA), wth the nodel of
NA201 (i.v. bolus input for plasma data)._The basic pharmacokinetic
paraneters determned for NAB 741 , were s follows: half-life (mn), 32.7
2.41; volunme of distribution (m/kg), 243 24.0; clearance (m/mn/kg), 7.39
0.85; wuri naryaé’%%l%rs?/L (% of dose in 24 h), 50.9 13.6; and renal clearance
(m/ mn/kg) The basic Ehar macoki netic paraneters determ ned

for NAB 739, Lewradaeq dftbﬁﬁlwpé'@rma okinetic preperis7ofiNAR 74k ANGgNAE: anoy|

resi due i nsteaggof acetyl residue as its termnal noiety, were as foIIovvs
half-l1ife (mn), 69.0_ 21.9; volune of djstributiaqn n1/k 222

cl earance (m/mi n/ kg) Tho stisliegywiere PUP?'P%{WW%@?QORY é‘%‘%ft gtheds éﬂ h),
19.4 7. 38;5 arstribechly Lt balr (2008, 2004)nEactk g (n 08 both. &dnpolimels cBpragagondi ng

paraneters [ OpgblShhit) was aﬁ&é&ﬁéﬂz@@%sﬁné fhdfuRine2long GBI Rhe BlrieR"

i dentical dosi g nls ratjon pr ure, are EII
hal f-1ife (m nyas ngeged ipto the jugpilgrxein; a?fsfet.%aﬁ%?ﬁct e ggpeia s cags
cl earance (M /andrlloged t&rébovér Homuhe pacgdureayerright( Theofesticempoundléceéy) , 0. 18

et ol 3t St RIS o0 3 00 G 8 b by

Cerm nal 8 cotubhh ehf. faJoueq dnbAeTG b BB e Of sHlGe DL,

I ndependent | y samplesl (0, D, 202 30a60, 98, 26 mhndmmmmeaad:lymﬁml ﬁm@lor .
3 oot s Mo oty e o 00
al kyl, al kenylHl %J&Pd wag With WI" angf "&l”ll%ﬁyf'"gér 2@998&' Rg fthe actual
ar yi oxycar bonydampié lejth another syringa| t{"tjerophtenanﬁthacﬁrstsymgbwgmretmnedltdx;ﬂe,
16 rat together with 400 pl of heparinized saline. Blood samples were centrifuged
to obtain plasma. Urine samples were collected in 0-4 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
spectrometry with electrospray ionization interface (LC/electrospray ionization
20 MS). To a 100-ul sample, 10 ul of internal standard (NAB 739, 80 pg/ml) and
200 pl {plasma samples) or 100 pl {urine samples} of acetonitrile was added,
the mixture was vortex-mixed for 1 min, and centrifuged 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% acetonitrile 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,
90% B heid for 2.5 min, 90%-5% B in 1 min. The eluent between 5.90-7.00
min and 9.00-10.1 min was directed to the MS system 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 eluted at 6.65 £ 0.05 min and NAB739 was eluted at 9.45 + 0.05 min. Non-
compartmental analysis of the compounds in plasma was performed using
WinNonlin software (version 4.0, Mountain View, CA, USA), with the model 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 {ml/kg), 243



and pharmaceutically acceptable prodrugs and salts thereof, provided that
(1) when Ais an octapeptinring, ni and n2 are O, nmMB is 1,WB is NH @B is
C=0 and W8 20®/wBas7si de chai n of di am nobutyric acid (DarbYx/FIioheesold3i s not
C2-C5 acyl, and (2) when D is acetyl, butanoyl or pentanoyl, then R3 is not
t he side chain of Dab. 2. The pol ynyxin g rivative of claim1l, wherein nl
is 0. 3. The polynyxin derivative of cla 1 or 2, wherein n2 and n8 are
each 1. 4. The polynyxin derivative of any one of clains 1 3, wherein @

and are ea |, 1-4,
wher Slg n W2 antczlz"hgé?D cleéran-g mm'gmzrsgd%'%ay'ﬁgﬁ. vat1 e° %f?&oa%yﬁ?r?g of
claims 1-5, ﬁ ren@{,ﬂpq@n% minfkgh@riSse1ddsi tivel y charged
functional groups at 'ﬁlhlg’baubq:tj;larmad:olm‘rét@ pa'fdmetpr.d setgrrnined dori MABI 739, @f  any
one of clainms ,
Py oxy! + - car Ko ““’@%'*W'S donticd (o NAB 4 tbuf RERhG Parn e %“y’f[s?ead
phosphate ér Lngée§ Wﬂ%laéié'}q'@&t‘i"%@"‘\‘ﬁ Oﬁ‘P‘%’ﬁ ‘rhef-lif fra R,
and R3 conpri <4.9; V\mlume ubdstrl’umtlnm(mykg)pmbmm &t@earahtte)(mllraindl@yl 2. GBa:r barryl
sul fate, sul fQPS’ u %QP% % % 9f 9 Qém 94 h ghﬁ-)ﬁ?qj ¥ B6XhRa Y611 \dardffeeCf any
0.93:4 ¥

one of clains S su stltute W'th one’ or nore groups
sel ected from(H}VH}'Qﬂi% , ami dyl, carboxylate, thiol, sulfate,
sul fonyl, or phosphat@htgcmmmondi@g p’éimneiefsyfnymlistml,eas daenmdeed)bytl eliah 9,

wher ei n I_"‘>2||0'y n)’m n oS! gﬁ aff |Hg?lﬁ:afa6§iﬁg¥hd a?%%r%:%n%ro%uP@WE%@fcﬁf oup. 1

1 . The po fa V. bsti _tuted
al kyl . 12. Théo‘ﬁ'Bng?'f("ﬁ G@P) V4G 138 volume & d'ﬁﬁﬁ@w&‘ﬁﬂw('wkg i 496 #e6Qi de
chai n of al anidesramee (ndiminikg),c5.2a @l4; adnery agsavery (@6 padose ira24 ), 0.18 +

di am nobutyri q ﬁplaqlp rQﬁéf%fHEr&nc%‘ih‘ﬂilmirgl\(&)t 95108 05641 ne, or threonine in
[

either D or L- configura tio



13. The polynyxin derivative of claim12, wherein R2 is the side chain of
D-al ani ne, L-serine, or L-threonine. 14. The polynyxin derivative of any
one of clWPRBVER7 wherein R3 is substituted with one SETHBIBY M s

sel ected from hydroxyl, am dyl, carba nyl, carboxylate, thiol, sulfate,

sul fonyl, or phosphate groups. 15. The pgéynyxin derivative of claim 12,
wherein R3 is substituted with a carbanyti hydroxyl or carboxyl ate group.
16. The polynyxin derivative of claim14 or 15, wherein R3 is substi tuted
al kyl. 17. The polynyxin derivative of claiml wherein R3 is the side chain
of al anine, armgMg yric acid, asparagine, aspartic acid, diam nobutyric
acid, glutamc acid, glutamne, serine, or threonine in either D or L-
configuration. 18. The pol ynyxin derivative of claim17, wherein R3 is the
si de chain of D- aspar agA pelymyxinelarinativeast fédraga {Ipe. 19. The pol ynyxin
derivative of any one of clains 1-1 8, wherein Ais a polynyxin ring noiety
selected fromthat of polynyxin A, palynyxin B, JLpolynyxin- Bi, polynyxin
D1 polynyxin E, polynyxipn F, R [ Xi nSR"pol ynyxin T, circulin
A, octapeptin A, octapepti apepfin D)\ or derivatives

t hereof. 20. The poly e & is a polynyxin
ring noiety of polynyxin B or .\ The pol ymyxin derivative of
any one of clainms 1-20, erein D ; \R12- SQ2-; /R12- ( C=NH) - ;

R12-NH (C=§)-; R12-NH(CO-; R12‘M (C=NH)-*‘#M2- O (C=9H™; R12~O (C=0);
R12-P(O OH; R12-(C=S); or R12', wherein R12 and R12 are al kyl, cyc(ll)oal kyl,
al kenyl, al kynyl, aryl, or aryl alkyl. 22. The pol ynyxin derivative ‘of
claim21, wheMd§eil is R 2-(C=0 or R12-(C=S). 23. The pol ynyxi n derivative
of claim2 1 or 22, wAds aipolyRyRinirmhgmoiel,, et hyl, propyl, isopropyl,

cycl op: OFW , or but |y| 2] i@té*term?rﬁ‘a!%iélw' rigﬁ{;iﬂ‘tg?éé\ib@f?t‘éhéi m 25’ y\,he{ ein Df
(= acetyl pronionyl, B AUl O e ol rti0 df 0 YTV 0 dervat ive o
Q', @2 and Q® are each independently CHy, C=0, or C=S;
W', W% and W?® are each independently NR*, O, or S;
R", R?, and R® are each independentiy side chains of natural or
unnatural amino acids, alkyl, alkenyl, alkyl, arylalkyl, aryl, alkoxy, alkoxycar-
16  bonyl, aryloxycarbonyl, alkylamino, or alkynyl; and
R* is hydrogen or alkyl,
and pharmaceutically acceptable prodrugs and salts thereof, provided that (1)
when A is an octapeptin ring, m' and m? are 0, m* is 1, W3is NH, Q3 is C=0,
and R¥ is the side chain of diaminobutyric acid {Dab), then D is not C»-Cs acyl,
20 and (2) when D is acetyl, butanoyl or pentanoyl, then R? is not the side chain

of Dab.
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.
25 4. The polymyxin derivative of any one of claims 1-3, wherein Q?

and Q° are each C=0.
5. The polymyxin derivative of any one of claims 1-4, wherein W?2
and W* are each NH.
6. The polymyxin derivative of any one of claims 1-5, wherein R',
30 RZ?, and R* do not comprise positively charged functional groups at physiologi-
cal pH.



OD wherein: Ais a polynyxin ring noiety, Dis R12-C(=O, R12-C(=S), or
R12>; mi nR, and nB are each independently O or 1, provided that at |east
one of mMwoRooenmsdsn8 are 1; Rl , R2 , and R3 are each i mdepeedeotodys si de
chains of natural or unnatural am no acids, alkyl, alkenyl, arylalkyl,
aryl, al koxy, al koxycarbonyl, aryl oxycaégﬁ)nyl , al kylam no, or atkynyl; and
R12 is G-C 4 alkyl, C2-C4 al kenyl 4 al kynyl, R12' is G 1-C5 al kyl,
C2-C5 al kenyl, or CZ C5 al kynyl, and pharmaceutically acceptabl e prodrugs

d lts th f t ml and
w0 are 0 18 151 hnb o pooAtfnsevElonany ofl FSARER. o W BRI 5"

and D is Rl12- (B-'G)a’ldhgn RIMPrises Qpe afImenshydspxyl, a‘??db?rﬁyl Leareoxyiat vyl
but anoyl or pethibalsoljéte, sutfenylRBt phosphaﬂe growpssi de chain of Dab. 26. The

for | vati ve of chaim 28 ape Honiykin 8RS Skl 7 whereid 1" AT
pol ymyxi n der iSPAAANSE typ %[n@:"of?ney Pxﬂ’l gQFHQX)Q@EQ$1IO|V\ﬁ@fC8/f rFabamy, §H‘f§?’| tuted
al kyl . 29. Thesuffohytnanghospleste gedupse of claim 28, wherein R2 is substituted

with a carbanyl, hydr X’V%B&gﬁ?ﬁ@é}‘b&%& grbne cIaTrlﬂ? '\Mﬁ@féh'ﬁz is

derivative of cI aim 2
am nobut yric Supatt ”@QMFha%n‘?\@r MQESGROUPR SS'@F’G Eﬂ"éﬁV‘i’fBlSﬂt %rpﬁméfh ?H"d%rl utam c
aci d, gl ut am roarboxylate) d¢hiob sulfdte esuifong, orphespltste gbupst L- configura tion.

31. The POfgymyxi n de”l(ya'tﬁélﬁolgﬁxﬁfhadé@gﬁberﬁpaé‘ﬁ" B Rhetein R¥CisNuBLHGRRY N Of

D al ani ne, L-serine g nyxin derivative of an
one of cl ai ns WL &garbamyl Sydrowy oricarbonyele 9ravied aI kyl . 33. The pol ynyxi n
derivative of clai m 321. Teepalymy®R3 detvativb 3if ictairh &or 10, wherein R? is substi-

tuted alkyl.

12. The polymyxin derivative of claim 9, wherein R? is the side

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

13. The polymyxin derivative of claim 12, wherein R? is the side
chain of D-alanine, L-serine, or L-threonine.

20 14. The polymyxin derivative of any one of claims 1-13, wherein R¥
is substituted with one or more groups selected from hydroxyl, amidyl, carba-
myl, carboxylate, thicl, sulfate, sulfonyl, or phosphate groups.

15. The polymyxin derivative of claim 12, wherein R¥ is substituted
with a carbamyl, hydroxyl or carboxylate group.

25 16. The polymyxin derivative of claim 14 or 15, wherein R¥ is substi-
tuted alkyl.

17. The polymyxin derivative of claim 1, wherein R® is the side
chain of alanine, aminobutyric acid, asparagine, aspartic acid, diaminobutyric
acid, glutamic acid, glutamine, serine, or threonine in either D- or L- configura-

30 tion.

18. The polymyxin derivative of claim 17, wherein R® is the side
chain of D-asparagine, L-sering, or D-serine,

19. The polymyxin derivative of any one of claims 1-18, wherein A is
a polymyxin ring moiety selected from that of polymyxin A, polymyxin B, IL-

35 polymyxin-B4, polymyxin D, polymyxin E, polymyxin F, polymyxin M, polymyxin



wi th a carbanyl, hydroxyl or carboxylate group. 34. The pol ynyxin
derivative of claim33, wherein R3 is the side chain of alanine,

am nobut ywpco@ai9s3s7aspar agi ne, aspartic acid, di am nobutrgriFe20a@038093gl ut am c
acid, glutam ne, serine, or threonine in either D or L- configura tion.

35. The pol ymyxi n derivative of clai m34 wherein R3 is the side chain of

D asparagi ne, L-serine, or D serine. 61I'he pol ynyxi n derivative of any
one of clainms 25-35, wherein Ais a poI ynyxin ring noiety of polynyxin B or

I in E d
thetern Riz i o 5eRRLRAiT'A Bakdgiin s laBPiy B"Colbairfb Botdpiotfl, | |,
is acetyl, (R)l%ﬁ?f'vat'ﬂﬁ‘t‘ﬁ}%?q or pentanoyl. 39. A polynyxin derivative of
formula (11 I ) (i 11) vt rmhenpolymingn defvativenoficaird 19, whergimAxisra polymyginnoi et y;

Dis R12-C(= )flﬂgﬁi&gt%’f&wm%"%ﬁfP°’W1P’3'P' gs Oor 1) R, R2, and R3 are
T

each i ndependen unnat ural am no-aci ds, al kyl,

al kenyl, aPyl al kyl , heof@xin %waﬂwa?wmeoalwﬁﬂy%%wn Dis

al kﬁl an} noh drR%(d;yoyIR‘zw ;ejumz-em—mnpsR%Nel-(@‘—ng %ﬁmmc:opmrw:wm oL s

car banyl, hydrax 12 12 0 1R 182, A_ s Cil-

al kyl; and pharpaced ca accep | e prod er'eof prOV|ded
g g%ahgq%i Sy gﬂy R ﬁgg 8RR %ﬁogéH RIEG-$ layha Riferehn

that when D iR oSpclagikyh @fienro gkynyl FR!MI praykalkdt t he side chain

of Dab. 40. The poI ymme(mﬂymyadin derma‘tw@baclmnﬂm wllmmllnnmw%-(s::(l))dr 1. The
pol ynyxi n 4 ger Rgakd:y%)zof claim39 or 40, wherein R2 and R3 are each
substitute The pol ynyxin derjvative of any one of cl a42ms 39-41,
wherein Dis acetyl O-B'I'Q)W ymypsin daivative A ofaim £1097 22, wherein R

methyl, ethyl, propyl, isopropyl, cyclopropyl, or butyl.
24. The polymyxin derivative of claim 22, wherein D is acetyl,
propionyl, butanoyl, or pentanoyl.

15 25. A polymyxin derivative of formula (Il):

O R¥ R? o R"

T

c N—+C N=t+C N D

m’ m? m!
(1
wherein:

20 A is a polymyxin ring moiety;

D is R'2-C(=0), R'?-C(=S), or R%;
m', m?, and m® are each independently O 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
25 unnatural amino acids, alkyl, alkenyl, arylalkyl, aryl, alkoxy, alkoxycarbonyi,
aryloxycarbonyl, atkkylamino, or alkynyl; and
R™ is C4-C4 alkyl, Co-C4 alkenyl, or C»-C4 alkynyl,
R'? is C1-Cs alkyl, C2-Cs alkenyl, or Co-Cs alkynyl,
and pharmaceutically acceptable prodrugs and salfs thereof, provided that (1)
30 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 is R'?-C=0, then R'? is not C4-Cs



43. The pol ynyxin derivative of any one of clains 39-42, wherein RL , R2
and R3 conprise at |east two carbanyl, hydroxyl and carboxyl ate groups. 44.
A pol ynyxwo 2dexvioszsri ve of fornmula (1V): (1V) wherein: APCI/FRopodipmsxi n B or
polynyxin Ering nmoiety;m is O or 1; L1, L2 and L3 are each independently
G -C 3 alkyl or a covalent bond; M, M and M3 are each independently H,
C(=O NH2, C(=OOH, or - OH R12 is Cl- 483 kyl , and pharmaceutically
accept abl e prodrugs and salts thereof, provided that when R12 is nethyl,

propyl or buty t - I ' ' 3.4 .

pol ynyxin deri ‘J;\‘/"é)fh %’ﬁ%ﬁ%’?%'ﬁﬂ?&%ép%"ﬁhgﬁﬁ R%Lﬁ?%ﬁyﬁ&h&ﬁe 'Sbgf’%/t-ﬁmg%ldne
derivative of eha@neildab.or 45 wherein L2 is -CH(CH3)- and M2 is OH, L2 is
-CH2- and M2 is H, or 282Thespol@higxin defvdieios clalrh 28,/whdrem mblsyory xi n

derivati ¢ ’ : vy \ ; ) s OH
R Ts Y ap ooy anaZioTte Bl el i 2 oP 26 Rerali{] digi i (1!
genera! fordul¥eEdrhi(7)R7 - (8)R8 / \ ( )R6 (99RO \ / ) 5 (io)R1O \ /
(4)R4 (I)R R A (V) wasr the pBiymyiraderivative® oflahy ohesafdiaimeoPPLT Swhereth

functional si zrsh§| . cyclicize the nolecule; R6 and R7 are each
| ndependent | nge ec b(g%ﬁggdte?ﬁgﬂ'al |y substituted

20 The polymyxin derivative of claim 28, wherein R? is substituted
with a carbamyl, hydroxyl or carboxylate group.

10 30. The polymyxin derivative of claim 28, wherein R? is the side
chain of alanine, aminobutyric acid, asparagine, aspartic acid, diaminobutyric
acid, glutamic acid, glutamine, serine, or threonine in either D- or L- configura-
tion.

31. The polymyxin derivative of claim 30, wherein R? is the side

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

32. The polymyxin derivative of any one of claims 25-31, wherein
R¥ is substituted alkyl.

33. The polymyxin derivative of claim 32, wherein R* is substituted
with a carbamyl, hydroxyl or carboxylate group.

20 34. The polymyxin derivative of claim 33, wherein R* is the side
chain of alanine, aminobutyric acid, asparagine, aspartic acid, diaminobutyric
acid, glutamic acid, glutamine, serine, or threonine in either D- or L- configura-
tion.

35. The polymyxin derivative of claim 34, wherein R¥ is the side

25 chain of D-asparagine, L-serine, or D-serine.

36. The polymyxin derivative of any one of claims 25-35, wherein A
is a polymyxin ring moiety of polymyxin B or polymyxin E.

37. The polymyxin derivative of any one of claims 25-36, wherein
R" is alkyl.

30 38. The polymyxin derivative of claim 37, wherein D is acetyl,
propionyl, butanoyl, or pentanoyl.

39. A polymyxin derivative of formula (Jl1):



hydr ophobi ¢ am no acid residues; R10 is Leu or any non-hydrophobi c am no
acid residue; and wherein R1L is optional; and wherein RL, R2, R3, R5, R8
and RO arwoOeawnIsisdependent|y sel ected am no aci d resi dee3/Fiangdodoersei n
R(FA) is an optionally substituted al kanoyl or alkyl resi due having a
total of 1 to 5 carbon atons; or phar macl:?%gti cally acceptabl e prodrugs and
salts thereof, pro vided that (1) when and R2 are absent, R3, R4. R5,
R8, and RO are Dab, R6 is D Leu, R7 is L-Leu or L-Phe, and R10 is Thr or
when R1 and R2 are ab sent, R3, R4. R5, R% and R6 is D Phe, R7

is L-Leu, and R1O is Thr,Qth 3%R( FA) §s fbt an ub&i tut\ed af kanoyi
residue and (2) when R(F i s|acefyl | butjano then R3 is not
Dab. 49. The derivati xe—ac i +o- t i Dis a residue

having 1 to 3 carbon atons. 50. The derivative @ccording tfo any one of
clainms 48 or 49, wherein R(FA) is acetyl. 51. T [ '%e-accordi ng to
any one of clains 48-50, wherein RL-R10 is selected fromthe group
consi sting of Thr-DSer-cy[ Dab- Dab- DPhe- Leu- Dab- Dab-Thr-] and (im
Thr - DAsn- cy[ Dabhdpeip: DPhe- Leu- Dab- Dab- Thr-j. 52. The derivative according to
claimb51, selected fr LSt L T
Thr - DSer - cy[ Dab- Dab- %Eﬁwaﬁﬁ%ﬁ%A@ﬁg @%lre_ty,
DAsn- cy[ Dab® Dab- DPhe- Ped Roab( T RriEA(3S), 8 “Me- Thr - DSer - cy[ Dab- Dab-
DPhe- Leu- Dab- Dab- Thr - jn' i&8.0or The pol ynyxi n derivative of any one of clains
1-52, wherein said depivai idid Bh&SR& T Stk

gu \éﬁ?/'ﬁﬁsaﬂ:} gé&?ﬁ{de &ﬁ’déé@? ﬁtldé/ @Qél o\?\here%norsai d

physi ol ogi cal pH.  54. The palynyxin derivatlve m
derivative hasdingiud apEo acids.calkylgatenyl, sryalky Gﬁi?r Qkom.a'wycqrﬁenvi-

p(r)ll ymyxi n der Ljrglbkmrt?nwﬁralkwgnm, oF ailkyngi3 vgireré#,at}/lbastedme saitljd't q_amfiRt""i \d/e
charges arg s e free, unsubsti tute
. X o CtrhiltnfhBUP of SAiBpRYBrclp:

am no groups and ‘ot her ,cat] @g rivative according to any
one of clainms 1-54, mﬁerféi%'@eﬁ' derivative is a prodrug conprising one or
nore positive charge RiSisiGeCaalky;

and pharmaceutically acceptable prodrugs and saits thereof, provided that
when D is acetyl, butanoyl or pentanoyl, then R¥ is not the side chain of Dab.
15 40. The polymyxin derivative of claim 39, wherein m? is 0.
41. The polymyxin derivative of claim 39 or 40, wherein R* and R®
are each substituted alkyl. _
42. The polymyxin derivative of any one of claims 39-41, wherein D
is acetyl, propionyl, butanoyl, or pentanoyi.
20 43. The polymyxin derivative of any one of claims 39-42, wherein
R', R? and R® comprise at least two carbamyl, hydroxyl and carboxylate
groups.

44. A polymyxin derivative of formula (IV):

M3 M2 M

/ / 7
o 13 o 12 o LU o
Lo T ]y
A—C N—-cC N——C N
1R12
m

wherein:

25
(V)

A is a polymyxin B or polymyxin E ring moiety;



ties. 57. The derivative according to claimb56, wherein said positive
charge masking noieties are cleaved in vivo. 58. The derivative according
to cl ai m¥020H¥BHB7n sai d positive charge maski ng noi et PEI/FWHULEI30xi city,
59. The derivative according to claimb56, wherein said positive charge
maski ng noi eties are sul foal kyl.60. The ggri vative of claimb59, wherein

sai d sul foal kyl noieties are sulfonethyl "6 1. The derivative of any one of
clainms 1-60, wherein said derivative has lower toxicity than polynyxin B.
62. The derivative of panyogp¢: of clainms 1-61, wherein said derivative

i ncreases bacterial sepshtivi to a .second antibacterial agent or serum
com pl enent. 63. The Heii ﬁﬁgi"%/éreo?aciﬂ? %H‘?@gﬁ?ti}c'{:ﬁgﬁﬁﬁli%’f %&"&Bﬂ"@ai d
derivative increases MAdt2andM’sresach independenty sk €6RO )N, Q(RO)@H, ar - agent
by a factor ofgfjive or greater. 64. The derivative of claim63, wherein

sai d deri V%}i ve | ncreg&e 23?0 taz%)iflal sensitivity to a second anti bacteri al
agent by a%actor of terd® 1'Qﬁ 'er. 65. The derivative of any one of

cl ai ns 62- 64, ankigphermacaitidalbeaczeptable prodaige and lsaligtheredf sprovitladthat,
SLarthromye! TunghHRT0hlefhyl 37 oml bPBUEH fhen' LS M iendithelsiaf chaftemec 0 56
The derivative of any Eﬁﬁm C al,na - ¥\ge_r e|41 ala eflvative has one
or nore more phar macofd-ndie RAYMYXin derivaliye of daighad.(herenn igar ed to nati ve
pol ynyXi ns, oct apept i #8, The muiymyywxideridatiiev af iclaim #4 tor 48, miheadin i s ti es
wi th mor e {gancH g ahd R iROMTE? 1s16H,T B NET4 Kb 1235 AbHE!dHWSE opher i n
sai d phar macoki net | cal}yrfa or ab ﬁ P{qi_ger%g IS a t@n@g fgéum hal f 4 ife,

i ncreased renal cl ear&hcie RAYMYKin ferivalive of Ay, pue pLeiBlNS 448 WoerEled to
native pol ymyi$ H3H:-ant dtiptOHher ; lotis poHy-B s andibl’ is/GEQ)MEwI t h t er mi nal

noi eties with nore th i i ive of claim®67,
wherein said urinary %&B@W@éggﬁgiﬁpgﬁfhhﬁ%nggﬂﬁ?ﬂ%%m@ an adm ni stered
dose of said derivative over 24

oR7 — @R8
/ N
R6 @RI
N /
(S)R5 (10)R10
AN 4
(4)Fi4
(3)R|3
(2)3‘2
@mR1
l
15 R(FA) )

wherein R4 is an amino acid residue comprising a functional side
chain able to cyclicize the molecule;
R6 and R7 are each independently selected optionally substi-
20 tuted hydrophobic aminc 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



hours. 69. The derivative of claim®68, wherein said urinary recovery is
greater than about 30% of an adm nistered dose of said derivative over 24
hours. 70WOTh@/¥e3s7vati ve of claim 67, wherein said ren2CTHImay/etnes of said
derivative is greater than about 0.5 m/mn/kg. 7 1. The derivative of
claim 70, wherein said renal clearance of_said derivative is greater than
about 2 mM/mn/kg. 72. The derivative of 6%ny one of clains 66-71, wherein
said native polynyxin or octapeptin is polynyxin A polynyxin B,

o1 ymyxi oS, poi ymyx: n P ERFAYIEZH Srtonslhy iy By eiy rdd
octapeptin C, ordughaiirgeotalm§ 119 5 cEfeorjalemsat i ve of ciairn 72, wherein
saig n?tive pol ynyxi n oér piearinzieetidany iagcmbmtﬁ)ﬁﬂbd}‘uﬁs aﬁé-s_a&sQIQéFébDEpﬁ'da-]?n
roduct conpri I | i n
(F:)I ainms 1 tgp 73&6%%%3&5}%3%@3%% g@o%géﬁtﬁ%?%?ﬁﬁﬁéﬁjiaﬁg Fgﬁ)afeeégﬁ, one
deri vat i ve 9acd¥ i§iPrevdRGi8/L-bae opt-Rheaiand R Gtig Theor when B andR2 aghab-
pﬂar rraceu: ! ca:éeyit,m,mmlm AL RE breaDED,R6 RXDIAHeL M7, is 1bLed d R10 is
phar maceuti ca r . £ ur I a
second anti bacﬁhiﬁﬂgﬁ ﬂé%‘gﬁ? _n%g %R uﬂ%%ﬁhuﬁf%@?%ei ﬁ%ﬁ'é%z%@é@?%%}ﬂ r'ﬁég}é? |gv e
bacteria to arfcai.iburnoyeerpantangyhihercBnsmos PAB. adni ni steri ng, .
si mul t aneousl y or seq4@rmMheaddrivaiive actprding iy claim 48)avtapeintR(FA) Isya adsidRet | ve

anount of [ [ | Agent and a derivative according to any one of
clains 1 t??%ag[rﬁtga"b@génﬁrhggt] ?on according to claim74. 78. The net hod

according to clai m 7750-vierdgrivative accomding fanveene pf algiens 43 or 43 Wil fr om
t he group consR(FA)gacetylcl arithronycin, azithronycin, erythromycin and

ot her macrolides, ketg]i N di0d kG d [ . :
streptogramns, ri fanﬁ'nﬂ%'rsp?lg\tdﬁlplgn, rﬁd&ﬁz?&ﬁg%(?ffﬁ@?zﬁ ﬁﬁr”yr&?rﬁ'sn,
fusidic acid, FBiPdzEplecisdfian the sroveconsistivg Y EhmDSeariRakRabrDPhe-

t el avanci n5 orlieusdanDiab-Thng and Tar-DalsyegjDebtDats-Dithist LisiudDats-Dab-Thr-].

f1 uoroqui nol ones, bacé‘)ﬁ.r'ﬁ&i Berivaabé a@.ﬁf:)éording to claim 51, selected from the group
consisting of Ac- Thr-DSer-cy[Dab-Dab-DPhe-Leu-Dab-Dab-Thr-], Ac- Thr-
DAsn-cy[Dab-Dab-DPhe-Leu-Dab-Dab-Thr-], and Me- Thr-DSer-cy[Dab-Dab-
DPhe-Leu-Dab-Dab-Thr-].
20 53. The polymyxin derivative of any one of claims 1-52, wherein
said derivative has at least iwo positive charges at physiological pH.
54. The polymyxin derivative of claim 53, wherein said derivative
has three positive charges at physiological pH.
55. The polymyxin derivative according to claim 53 or 54, wherein
25 said positive charges are selected from the group consisting of free, unsubsti-
tuted amino groups and other cationic groups.
56. The derivative according to any one of claims 1-54, wherein said
derivative is a prodrug comprising one or more positive charge masking moie-
ties. ,
30 57. The derivative according to claim 56, wherein said positive
charge masking moieties are cleaved in vivo.
58. The derivative according to claim 56, wherein said positive
charge masking moieties reduce toxicity.
59. The derivative according to claim 56, wherein said positive
35 charge masking moieties are sulfoalkyl.



cline derivatives, betal actam anti biotics, novobiocin, pleuronutilins,
folate syn thesis inhibitors, defornylase inhibitors, and bacterial effl ux
punp i nhiwotoe®98359. The net hod according to claim78, RaEmENy/eAIT
anti-bacterial agent is selected fromthe group consisting of:
clarithromycin, azithronycin, erythronycin, clindanycin, the streptogramn
conbi nation qui nupristindal fopristin, ri ﬁgrrpi n, fusidic acid, mupirocin,

t he oxazolidinone linezolid, van conycin, the fluoroquinol one noxifl oxacin,

and the fol at e synt hegh smi DRLAILL: rJ prAm. T ding to
claim77, wherein sai gbggﬁ:%]giraﬁut?trtﬁglé s?]k glgﬂ:ﬁtggt %g?fefrg%“gh%ﬁagigﬂgﬂ@gﬁéfg% ng of:
Escheri chi a coiufomgthybsi el | a pneunoni ae, Kl ebsiella oxytoca, Enterobacter

cl oacae, Citrobacter 61.elheddérivatvgofiyneicadfaldins 1660) vhierdin saidderidaticet hod
for devel opin L bl Ot i ising the steps ofa) providing a
nat ural pol n%(#ﬂ&g{ar tgg%g%@%bjp%&w%hd, or a de rivative thereof, having
a total of % to 6 posf?ilhe detiyptiessoiany enechiciaimg -Gib wheyeip ppidderiyalivg ng a
total of 1 to ihcreasddbadiérisentilivielr) acedond antibaktdrial dgéstsoroseemcedm-yi ng
one or nore pﬁél{]'{exe charges with a residue not having a positive charge,
or with a covdléen ond,_thereby generating a derivative of a polynyxin
conmpound havi ng 3 pos$?iThe detiyatiesofany aperdlciaima -G whepein pRidqafiyetive ng a
total of 1 to ibcreasdsoactérizmeensivitp3s asiedond antibapterighagent bderfavter biifive or t he
ability to,oserb?i égtgr Gram negative bacteria to an antibacterial agent; and
d) sel ecting corpounds having the ability to sensitize G anmmegative
bacteria to an anti - b&&t e darivativenef clajm 63, whereip gaidderiyative ippieage hadel
anti bi otics caepdlisensigvity'te asdeepad ahtiigctdniabageatit by afactet uf teh apgreawrxi n or
octapeptin compound, 8%, edgérlv%ﬁ\tlé XF?ry§rE§8Lclai%v 21@4,%5%5%' %é?é s&cong 6 .
positive charges and a ternnal norety. aving. nor'e than 5 carbon atons;
b) repl aci ng fandhadieriy apepkis daepin Harfiramysine myipiragipcagbsenyde fepisicges
w th a resisdueadi)ior havdongycih. posi tive charge, or with a coval ent bond,
66. The derivative of any one of claims 1-65, wherein said derivative

has one or more more pharmacokinetically favorable properties as compared

to native polymyxins, octapepiins, or polymyxin derivatives with terminal moie-

ties with more than five carbon atoms.

20 67. The derivative of claim 66, wherein said pharmacokinetically fa-
vorable property is a longer serum half life, increased renal clearance, or in-
creased urinary recovery as compared to native polymyxins, octapeptins, or
polymyxin derivatives with terminal moieties with more than five carbon atoms.

68. The derivative of claim 67, wherein said urinary recovery is

25 greater than about 10% of an administered dose of said derivative over 24
hours.

69. The derivative of claim 68, wherein said urinary recovery is
greater than about 30% of an administered dose of said derivative over 24
hours.

30 70. The derivative of claim 67, wherein said renal clearance of said
derivative is greater than about 0.5 ml/min/kg.

71. The derivative of claim 70, wherein said renal clearance of said
derivative is greater than about 2 ml/min/kg.
72. The derivative of any one of claims 66-71, wherein said native

35 polymyxin or octapeptin is polymyxin A, polymyxin B, IL-polymyxin-B4, po-



t hereby generating a derivative of a polynyxin conpound having 3 positive
charges; c) replacing said termnal noiety (D) having nore than 5 carbon at
ons Wit h woteewmossslr noi ety (D) conprising a total of 1 POTHIaY/ErOM3at ons,

t hereby generating a derivative of a polynyxin conpound having 3 positive
charges and a termnal noiety (D) conprigsing a total of 1 to 5 carbon
atons; d) assaying said polynyxin deri vaPfve for the abili ty to sensitize
Gram negative bacteria to an antibacterial agent; and e) sel ecting

conpounds havi : [y o o} L1 ] LV, I n
ani tbacteri al lggg*{{']% %glwix}r@e h%@%g%'ﬁ %?8‘50& 'n%g‘?\%d\’/lgﬁy’gﬁﬁ %P!Yt}l“é@ T
conpri si ng t heSiiGUEHA, etapeptin). @¢lapertin B. pdanenfinith asockHpeateBti n conmpound,
or a derivative therepd, THeddrivative bbéieim P2, whéréinGaitDaativieVisb g esoend
| acki ng t he t%é&%gﬁ“s &n&&%lét»’ b) replacing from1l to 3 residues
carrying one or re EE It1ve charges with a residue not having a positive
charge, or %ith a cov&f-&heombingtiemaioduct coptsisingityg of mare of the dasivatives
pol ymyxi n conpaudodiitptsiang of cleérms tity@3charges; c¢) introducing a term nal
moi ety (D) comprisingza 4 8@£r|ma%fe%lﬂcatl 80rﬁ38§ﬁorlo86?nd€ﬁs?@at LA HRYeRFARIAL | N9 a
pol ynmyxi n conpound_having positive charges and a rm nal” norety fT»
conpri sing a taseaiding tojaryone ebglaims hioAd; and) atjeashyanephagmacyidicaty 8¢
derivative forceptublebartiét ahd/or &@ipidriti ze G- am negative bacteria to an
ant i bact erjyal agent; i d t abi | d o]
sensitize 1 am negat i gée!d[)aec%’%a:"ﬁlaa%%@{'% %ﬁﬁ?ﬁgﬁéﬁ@hgg&@%ﬁ# rkhpr{r%'{ hod
for sensitizi feMPNsiNg@sacpnd apbbacierial ageh negative bac teria to a host
def ensg_ machgni sm conpf.eAem bth@ﬂemgrﬁenbimzihbeem-nagatwbebaitmsad: darba]gni-elri a
are subjecte J | . 3 | ..cl ai ms
1 oS ot oo el BBty s ghiirts, IR ol R
wherei n sai d FRYt&ders adherapeyiialhe gffeetye ameuny ob gpidcantivasterialaaent and a
Escheri chii® cdaerivatileeitzbmiingtopagonerofataims 1 to 73 or a combination according to

claim 74.

78. The method according to claim 77, wherein said anti-bacterial
agent is selected from the group consisting of clarithromycin, azithromycin,
erythromycin and other macrolides, ketolides, clindamycin and other lincosa-

20 mines, streptogramins, rifampin, rifabutin, rifalazile and other rifamycins, fusidic
acid, mupirocin, oxazolidinones, vancomycin, dalbavancin, telavancin, orita-
vancin and other glycopeptide antibiotics, fluoroquinolones, bacitracin, tetracy-
cline derivatives, betalactam antibiotics, novobiocin, pleuromutilins, folate syn-
thesis inhibitors, deformylase inhibitors, and bacterial efflux pump inhibitors.

25 79. The method according to claim 78, wherein said anti-bacterial
agent is selected from the group consisting of: clarithromycin, azithromycin,
erythromycin, clindamycin, the streptogramin combination quinupristin-
dalfopristin, rifampin, fusidic acid, mupirocin, the oxazolidinone linezolid, van-
comycin, the fluoroquinolone moxifloxacin, and the folate synthesis inhibitor

30 trimetoprim.

80. The method according to ¢laim 77, wherein said bacterium is se-
lected from the group consisting of: Escherichia coli, Kiebsiella pneumoniae,
Klebsiella oxytoca, Enterobacter cloacae, Citrobacter freundii, and Acinetobac-
ter baumannii.

35 81. A method for developing novel antibiotics comprising the steps
of



Kl ebsi el | a oxytoca, Enterobacter cloacae, Citrobacter freundii, and

Aci net obacter baunmannii. 86. Use of a derivative according to any one of
claims 1 WO 20®/d98357t he manuf acture of a medi canment for PSEm&FIL00XIFO3

Gram negative bacteria against antibacterial agents. 87. The use according
to claim86, wherein said bacteria are sg | ected fromthe group consisting
of : Escherichia coli, Klebsiella pneunon % Kl ebsi el | a oxytoca,

Ent erobacter cl oacae, Citrobacter freundii, and Aci netobacter baumannii.

88. The use accordi nga} Brogidﬁid%%éturﬁf“ﬁdlfrh?k!ﬁ%} %C%Ebfﬂ?%rﬁm@l]ld qgeapae_l S

selected fromth consistin cin cin, erythro
mycin and ot herf"aﬁ\éég F&ﬁe’%a""l&? Eﬂtg'dgé |pﬂﬁ'3\‘ﬁ/ qugﬁanélaﬁgrrmlp I{Rgielyni nes,
strept ogram ngP) corfnan@nglatoiafm“o‘ljtqﬁlcarbom atearrs; | e and ot her rifamycins,
fusidic acid, nupirocy ﬁ%c’iﬁg.‘f'fﬂoﬂi Hoﬂﬁ'é re\éi%ﬂSQ ﬁ#«iﬁgl & l?)?"rﬁ&%' Positive

tel avancin,_ ori tavanC| n

f I uor oqui nd orferaes with ?éﬁ?‘ﬂ”e PB{ P%@ ﬁﬂ?@‘“&%@@% %E"th Fetamalent Hend,
anti biotics, rtbmbycganaratlpgemldematwblofsa pblytreyixin sompdiewi bavimd) iSbpdsitive,

def ornyl ase i iy , %p,q gpﬁ;% .The use
according to cnzltilllaa gééﬁ él?ﬁﬁ]g)ﬁerld a?n(t%ﬁ#rg g rpa Ibf‘kl“rtlc?SthFbég "’@%’P‘%d from
the group consisting Of25ayild #8l oﬁ?)}fmﬁx'“ ”c"ﬁPW| ﬁne @‘”ﬁtty

clindanycin, tGamsheggitve paeteria tc anlantizadterial agent; and

qui nupri st{gn- dal f opri &)t 's@léchﬁg?m&nﬁboJé n@cthg abii! fcpcé'e'ﬁsm%%‘eGram-
I

oxazol i di none I|n zo| | nco uorqu|no one noxi Tl oxacin, and

the folate syrﬂe}gé y&b ‘i“ﬁ?ﬁ% 03} ati-baReNA AIRAL 90, Use of a deri vati ve
according to any one &2. &lngathed fortdeveé®pingrnaviebamiibintica ciompeising the rebapsc anent
for sensitizing Gamnegative bact eri a to a host defense mechani sm

conpl ement present in the serum use according to clajm90, wherein
said bacteria are se ?)eB'P(‘-S’&I'r\“gr%r??f%@ %&Hﬂ}?“%&ﬁé’wwﬂ‘ B?mpﬁé’EJrné’Flacﬂ?'a coli,
Kl ebsi el | d5pneivative theredf] leendnged ltatabofyd twcé poditivecclrges and altemtnal, moiety

G trobacter fr H%h%nﬁﬁgm%@gérgg?gw -baumannii. 92. A process for

preparing a po ynyX| rivati as, defined in claim1
conprising (A) nodi fy'i’%bepé?‘?'l%ﬂ deq fofo gyrﬁ{sﬁé'é? CARYNINNG QT SPOTECRPRFHIS i n com

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
20 charges;
¢) repiacing said terminal moiety (D) having more than 5 carbon at-
oms with a terminal 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;
25 d) assaying said polymyxin derivative for the ability to sensitize
Gram-negative bacteria fo an antibacterial agent; and
e) selecting compounds having the ability to sensitize Gram-
negative bacteria to an anitbacterial agent.
83. A method for developing novel antibiotics comprising the steps
30 of:
a) providing a polymyxin or octapeptin compound, or a derivative
thereof, having a total of 4 to 6 positive charges and lacking the terminal moi-
ety (D),
b) replacing from 1 to 3 residues carrying one or more positive
35 charges with a residue not having a positive charge, or with a covalent bond,



pound or a derivative thereof having 4 to 5 positively charged residues and
a termnal noiety (D) conprising a total of 1 to 5 carbon atons by

repl aci ngw 20@/@835f7 sai d resi dues by neutral residues, @CTHRQ/COIB ent
bond, or converting 1 to 2 of said residues into neutral residues in order
to obtain a polynyxin deriva tive of forggla (1) according to claiml1,
havi ng 3 positively charged resi dues and termnal noiety (D) conprising a
total of 1 to 5 carbon atons; or (B) nodifying a natural or synthetic

pol ynyxi n or Ocﬁé%g?%nBﬁ@Qp%ﬁgﬁgﬁ&e%fd&?})%ﬁéﬁ;&?%&ﬂgh&ﬁﬂé Wpsifive 2

positively char% resi termn ving nore than 5
carbon atons F¥55f acing 1 to 2 of said residues by neutral residues, or
by a coval ent bond, oc) introchairig aderininal n3oiety (PR compesingl adetal of © tom&wtar-al

residues, and y, LM CihBRLYA g?érsﬁﬁ& polfRiyRin cbibobii a8, pBdifiyd han S
{

carbon atons wth a term nal ety nprisin tofal Of 1'to 5 carbon
atons, in o dehaIesANA teringlmolgiy A i%'@t%f’??éqgﬁﬁTb&“(QWmﬁ;ccordi ng
to claim1l, having a éptssayig 3agopolymyshyderivatieedorr thei ebibily @ndemsitizzr m nal
moi ety (D) CO@Fah?—hQéhtﬁFtbQEl%Ha95 an ahftoati& i Bgéhteas. or (C) nodifying a
natural or synthetic 80 XI'n or octa ePtlg co&(pound Qr & derivative
t hereof having 4 to 638 "T'Q/‘é‘?’?p%‘ﬂﬁfsd%d”ﬂé ¢ gy 19 san$itza PHRINNREAUVS: ni nal
noi ety (D) by beetdriactoag ehitbact8rialfagsaf. d r esi dues by neutral residues, or by
a coval entqgoond, Or CHAVR kil fl:r%@nétiﬁﬁ%glﬁiggall{/gﬁ;ﬁ:&‘tﬁﬁco GrifnOhdiftivé bat-
eyh%SFi

residues, and by introducing a termna mprising a total of 1
to 5 carbon a8H® o 7 oS} SRfPTemeEHANSM SOHR) 96F INviae SGETBWRETERUl & (1)
accord ing to szichbantdria ar@\dubjpcBdotodhé autidnyofEhderiyetive asdodling toaany end efr m nal
noi etyé (D) comguibsitng 73 duPihgla Ghichi ihfeclos ar bon ﬁtoms. 93. The pr ocesis

according to claim?9 ri'sing carrying out the process,as a tota

synt heti c process. 94§§-‘Oﬂﬂ§ 'ﬁﬁ%‘eg%"%ﬁ'@%@rtgic@“ts&' E’Pgier‘ﬁ% OBREHR &5
carryi ng ot tlectegfmeeti® goup comsistiyg bhaEsohepiciog eok,. Klebsiellah pnpurmorias,

accor di NG {0 GBhLRIR ol AR ERteRShachf RIBE, frobdterHBlrkfi! altPARinBRbHER!  OF
synt heti c pol yg}/m n or octapeptin com pound or a derivative thereof to

cl eavage in or@eP@YnA¥rove the side chain of said pol ynyxi n conpound, and
recovering the cycli c8pdide affa derivativoaguonding teaarty one of claims 1 to 73 for the

manufacture of a medicament for sensitizing Gram-negative bacteria against

20 antibacterial agents.

87. The use according to claim 86, wherein said bacteria are se-
lected from the group consisting of: Escherichia coli, Klebsiella pneumoniae,
Klebsiella oxytoca, Enterobacter cloacae, Citrobacter freundii, and Acinetobac-
ter baumannii.

25 88. The use according to claim 87, wherein said antibacterial agent
is selected from the group consisting of clarithromycin, azithromycin, erythro-
mycin and other macrolides, ketolides, clindamycin and other lincosamines,
streptogramins, rifampin, rifabutin, rifalazile and other rifamycins, fusidic acid,
mupirocin, oxazolidinones, vancomycin, dalbavancin, telavancin, oritavancin

30 and other glycopeptide antibiotics, fluoroquinolones, bacitracin, tetracycline
derivatives, betalactam antibiotics, novobiocin, pleuromutilins, folate synthesis
inhibitors, deformylase inhibitors, and bacterial efflux pump inhibitors.

89. The use according to claim 88, wherein said antibacterial agent
is selected from the group consisting of: clarithromycin, azithromycin, erythro-

35 mycin, clindamycin, the streptogramin combination quinupristin-dalfopristin,



b) coupling to the cyclic part obtained in step a) a synthetically pre
pared side chain in order to obtain a polynyxin derivative of formula (I)
accord i nyot2009l9sism 1. 96. The process accordi ng to cl aPETF2000080093Si Nng
carrying out the cleavage in step a) enzymatically. 97. The process
according to claim94 conprising carryi n9 out the cleavage in step a)
chemcally. 98. The process according to @ 'ai m 94 conprising carrying out
the cleavage in step a) using a conbination of both chemcal and enzymatic

treat nments. 9RamBinMRidiAe abRy nﬁdp‘?r%&lh”%@oﬁz??ﬁtﬁﬁr‘i@ﬁﬁé%h@aﬁn%?hgbg fHeect i on
of any one_of rﬁaE&" b APRNBtacln. g SOl Bl SAIBIGT FBIRRTERs o) * agen:
such that the bacteri alD UsH eica derivatige aceading to amone'l'u[eclamtsm)hb T foctree m 99,

wherein said SrﬁEﬂHQctaﬁi 6f@ﬁ1teﬁLdaﬁJenf"gf"%Ten]élﬁzn?%géﬁlme%%ﬁ Bactérd id'a ABKCT N,

eryt hromyci & nmacr ol ncosam ne,
streptogra n, erf‘?“fse?rfﬂ?wa"ﬁ"? Q‘PH]P'ieﬁ'e" P'feéﬁ%tﬂ‘ S&UW: £ amycin, fusidic acid,
mupi r oci n, oxazol i di n&heThes ane @ogeidmg t;bad:lbmﬁﬂpimhereﬁrelsaMabmitena aré sevanci n,

gl yeopept | de_aglbhiiRh 4% ofdud KARIAGIRNESnehi o CkiBbsiBId BhEankibbe
derivative, a ctam FI Otl% 0vVO % eu orm| fol ate
synt hesi s i nhi ? %? a%f(yfﬂéﬁao Hf?( ‘?rr??ﬂ%??’o lroggctgr% @‘(’P‘oé?i'cpurrp

i nhi bitor. 10lerbdimeamuit hod of claim99 or 100, wherein sal d subject is a
mammal . 10y The neth rYHbe\;\# | ' i ' 103.
The net hod of d'-%? é‘)neg%fﬁ? %e%%‘i‘%éﬁé%a EPQW@S‘?%HEQ&C? f’ﬂﬁgﬁiak(ﬁf ectlon
is an infecti \é?' IBClAiE | eATRSIBE | K ebsiel | a pneunoni ae, Klebsiella
oxytoca, Enterobact er (A} madifyng 6i rlatmlaaot synthefin) pdiymyxiar orAndteysd pinacdne

baumannii. 10 f [ deriva
tive and sai d%"é@gg’;ﬂ%ﬂ%@% gﬁ?%(,?f%' 418 H6‘§|t|9§l Jc?%?gg %\ﬁggs gﬁ%%t i on

with a phar madermin @Bp\@gﬁ!@g%ﬁ%ﬁ g? 1? carbon atoms y replacmg'l fo

16 2 of said remdues by neutral residues, or by a covalent bond, or converting 1 to
2 of said residues into neutral residues in order to obtain a polymyxin deriva-
tive of formula (1) according to claim 1, having 3 positively charged residues
and a terminal moiety {D) comprising a total of 1 to 5 carbon atoms; or

(B) modifying a natural or synthetic polymyxin or octapeptin com-

20 pound or 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)
comprising more than 5 carbon atoms with a terminal moiety (D) comprising a

25 total of 1 to 5 carbon atoms, in order to obtain a polymyxin derivative of for-
mula (1} 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

{C) modifying a natural or synthetic polymyxin or octapeptin com-
pound or a derivative thereof having 4 to 6 positively charged residues and

30 lacking the terminal moiety (D) by replacing 1 to 3 of said residues by neutral
residues, or by a covalent bond, or converting 1 to 3 of said residues into neu-
tral residues, and by introducing a terminal moiety (D) comprising a total of 1 to
§ carbon atoms, in order to obtain a polymyxin derivative of formula (1) accord-
ing to claim 1, having 3 positively charged residues and a terminal moiety (D)

35 comprising a total of 1 to 5 carbon atoms.
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93. The process according to claim 92 comprising carrying out the
process as a fotal synthetic process.

94. The process according to claim 92 comprising carrying out the
process as a semisynthetic process. _

95. The process according to claim 94 comprising the steps of:

a) subjecting a natural or synthetic polymyxin or octapeptin com-
pound or a derivative thereof to cleavage in order to remove the side chain of
said polymyxin compound, and recovering the cyclic part of said compound,
and

b) coupling to the cyclic part obtained in step a) a synthetically pre-
pared side chain in order to obfain a polymyxin derivative of formula (I) accord-
ing to claim 1.

96. The process according to claim 94 comprising carrying out the
cleavage in step a) enzymatically.

97. The process according to claim 94 comprising carrying out the
cleavage in step a) chemicaily.

98. The process according to claim 94 comprising carrying out the
cleavage in step a) using a combination of both chemical and enzymatic treat-
ments.

99. A method for treating a Gram-negative bacterial infection in a
subject, comprising administering an effective amount of a derivative of any
one of claims 1-73 in combination with a second antibacterial agent, such that
the bacterial infection is treated.

100. The method of claim 99, wherein said second antibacterial
agent is clarithromycin, azithromycin, erythromycin, a macrolide, a ketolide,
clindamycin, a lincosamine, streptogramin, rifampin, rifabutin, rifalazile, a rifa-
mycin, fusidic acid, mupirocin, oxazolidinone, vancomycin, dalbavancin, tela-
vancin, oritavancin, glycopeptide antibiotics, fluoroquinolones, bacitracin, a
tetracycline derivative, a betalactam aniibiotic, novobiocin, a pleuromultilin, a
folate synthesis inhibitor, a deformylase inhibitor, or a bacterial efflux pump
inhibitor.

101. The method of claim 99 or 100, wherein said subject is a
mammai.

102. The method of claim 101, wherein said subject is a human.

103. The method of any one of claims 99-102, wherein said bacte-
rial infection is an infection of Escherichia coli, Klebsiella pneumoniae, Kleb-
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siella oxytoca, Enterobacter cloacae, Citrobacter freundii, or Acinetobacter

baumannii.
104. The method of any one of claims 99-103, wherein said deriva-

tive and said second antibacterial agent are administered in combination with a
5 pharmaceutically acceptable carrier.



