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WD 2008/ 017734 PCT/ FI/2007/050441 1 PCOLYMYXI N
DERI VATI VES AND USES THEREOF TECHNI CAL FI ELD The

w@e@sont73d nvention rel ates to pol ynyxin deri vaPCUERO@E 30441

to uses thereof in the treatnent of infections caused

by Gram negative bacteria. The 5 polynyxin
derivatives may have anti bacterial effects or nmay
sensitize bacteria to enhanceithe effects of other

HOHBCR DBk ARSI GE oL 1| 5, more
t hat 750: 000 Anericans are inf eci ed vv: fhegtel/g?teegepsi S

ACHIOIGAIL FIFldh die 10 fromit each year. Sepsis
9% of, all deatt] cases in the U Sep- sis

deat hs e . . S

Kills ag? Frﬁrﬂrei%trfﬂxﬁfr‘@fhée Alpscier Relymyxin: derivatives andolp uses

thiereot imathet traétment ca'dnfeld;ﬁbhjs -qaﬂ.ifb@d Ebgr Gl’érﬁ&lhéy'étibé%cteria. The
I [ i nfe on _eac year..an ,

BBBFAT etk dndy S8 Ardleulil bregs i mayisrasiiRg pacteria

tweolanast theidffacteeboibat aptibacteiial dgemts.sepsi s i nf ect ed

in hospitals. Severe sepsis and septic shock (severe

BATHSROUNNHNed with |ow blood pressure) took up to
135,000 lives each year in the intensive care units
(1 QU) i nSepsisRillsopoeantham 216,800 dmdenigarisceddheyesdrC is estimated
I r bt Qi .
I8 R0t 0 e el s o o e
oY it 6368 ¢ear Serals deaths make L%1of alldeath sages in the U.S. Sep-

biel King BB mbAy tARefldn" a8 3RV SErdfal Mectidhy, (RahMmbR 'tltwrl]r(\e traffic

has iqcreased year after year due to the fact that
ﬂﬁ%%'? Sof patients predi sposed to sepsis, such as the
el der |y, Twoeivathree mifion Wmiericanandequire ar h@sﬁiiegﬂhf%ction each
r et e e ny serious
SRS CRPRRE 488k REIboS TR TebePS: ks Pro BR000 of
hresppaiientsdigdine sepsis-infectaskindwspitalsr essi ve
pr ocedur ' ; i q | 3.
0ce Sy A KA B YRR SRR o
g‘BOE HRESEFUR P Je 1500 livesspachyearciethg intensive care units
(ouy in thed sulzulevptean lﬁii@ﬁ\aﬁ@r Qﬁiingtyﬁ) mn A Egrg:-laénw !R:@ogt of 2000. In
er n e sitjves, as .
Eﬁ%\ﬂ"’ p%@@ @s%tﬁagﬁ HPQ@@BS P%{'%ltﬁ r‘@,’o arau Eﬁgé‘f Rit7loinfction die
fsemt segisis evaryeeanin asuteucarermspltalsdpdonging ¢ dhie NS organisa-
W ecul es | ocated on the outer mem brane inhibit the

I Tfusion of many antibacterial agents deeper into the
cel I, vifftﬁde@ﬂlie’%ﬂ hast inargased yege eftenyear duate the fantdhat the

RaBsPasbalertsaElstly ARG skhls BAYAGY Jibittho oo
najeggnd cancer patients, %as increased, not least because many serious
illnesses 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-
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 ultimate targets are located. More than 95% of the novel antibacte-
rial agents isolated from nature or chemically synthesized in 1972-1991 lacked

activity against Gram-negatives (Vaara 1993).
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2008/ 017734 PCT/ F12007/ 050441 2 Pol ynyxins are a

w@e@ap1784 cl osely rel ated anti biotic substanceBCPFRe07/050441

duced by strains of Paenibacillus polynyxa and rel ated
organi sns. These cati- onic drugs are relatively

sinpl e peptides w th nolecul ar wei ghts of about 1000.

Pol ynyxi ns, such as pol ynyxin B, are decapeptide

ant i bi OtPCf e. they are g @f of tg _1_0)_

am noacy V&Y’W‘u%?e FIPEQUR, Of Closetvieiated Antigidic substances pro-

duped bylstrairef of Pastibaeillag polyaiyxa aﬁ‘i& I‘Eﬁ‘&éﬂl orgah@ﬁise Thase cati-

B0 08601 1 L PR Bl of about 10t
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restrlcte 0 1h
lyRyvests; a%nmeewdml tiply resistant strains of Ps.
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(5 R5 (I0O)RIO (4)R4 (3)R3 (2)R2 (j)RL R(FA
wherein R1-R3 represent the tripeptide side chain

W@IB00IT34 R4- RLO t he heptapeptide ring porti OPCHRI007/050441

R(FA) represents the hydrophobic fatty acid 10 tail

linked to the a-am no group of the N-term nal am no

acid residue of the tripeptide. The pol ynyxin group

i ncl udes the foll ow ng poI yrryxan AI A2, Bl1- B6, C,

D1, D2, El, E2, F M and T (Storm

et al . 1E¢|#m>eﬂn$uconelﬁkaf anay@aMan@nme partoand A linear part

eohsiBling b adfipeptide/ Qaﬁldhnaﬁd af}ﬁ/d?@ﬁﬁcﬂﬁé fathy htidaall Shked to the

p03|t|ve cha xcept,ion,

e Sl iRy dbrntosl St a9 g8l it Hgegidd pnd may
bbcrep[bsleetelbbyema benerabfbirfiubd pol ynyxi ns that |ack
the fatty acid part R(FA) but carry R1-R10 have one
addi tional posi- tive c ge wheng,gonpared to the
natural polynyxins they? érl ved ‘?’Bgm due to the free
a-amno group in the N/t ermi nus of the derivative.
Accordingly, for Rgo anpl e, such g,Rerivative of
pol ynmyxin B or pol n E carries six (6) positive
charges in total. The o ically us&j pol ynmyxin B and
pol ynyxin E differ froMtach otdwdtllonly in the
resi due R6, which is D phenyl al ﬂﬁyl residue in
pol ynyxin B and D-1eucyl rgggdue in polynyxin E. WO
2008/ 017734 PCT/ F12007/ 050441 4 Also circulin A and B
are classified as polynyxins {Stormet al. 1977).

They differ fromother poly ins only in carring

i sol eucyl residue in the pos|tion R7 whereas other
pol ynyxi ns have either threalggl or |eucyl residue in
the said position. For an overview of the structures
of sone polynyxins, see 5 Table 1. Table | The
structure of selected pol ymp®Ins and octapeptin as
wel|l as selected de- rivativeg thereof Conpound R(FA)
Rl R2 R3 R4 R5 R6 RT RS R8 RkfpayPol ynyxin B MY H) A-
Dab- Thr- Dab- "Dab- Dab- D Phe-" Leu- Dab Dab - Thr
Colistin (polynyxin E) M) H) A- Dab- Thr Dab- " Dab-
Dab- D LwherdimR1-RabreDedsentithe tripeptide side chain portion; R4-R10

the heptapeptide ring portion and R(FA) represents the hydrophobic fatty acid
tail linked to the a-amino group of the N-terminal amino acid residue of the
tripeptide.

The polymyxin group includes the following polymyxins: A1, A2, B1-
B6, C, D1, D2, E1, E2, F, K1, K2, M, P1, P2, S, and T (Storm et al. 1977; Srini-
vasa and Ramachandran 1979). All polymyxins are polycationic 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 modified polymyxins
that lack the fatty acid part R(FA) but carry R1-R10 have one additional posi-
tive charge when compared to the natural polymyxins they derived from, due to
the free a-amino group in the N-terminus of the derivative. Accordingly, for ex-
ample, such a derivative of polymyxin B or polymyxin E carries 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.



Colistin Sul phomethate MY H)A- sm Dab- Thr- sm Dab-

*Dab- Sm bab- D Leu- LOJ sm-Dab- sm-Dab- Thr
woelognoyxsn A MO(H) A- Dab- Thr- D Dab- Dab- DabPCDFL2e07/050441
Thr- Dab Dab Thr Pol ynyxin M MOA Dab- Thr- Dab- Dab-
Dab- D Leu- Thr- Dab Dab ' Thr Pol ynyxin D MJ(H) A-
Dab- Thr- D Sur, -Dab- Dab- D Leu- Thr Dab Dab -Thr
Circulln AI\/DADab Thr- Dab- 4Dab- Dab- D Lou- II1-

Dab Dab Cct.apep OHVD, Dab- - - D
Lew Lou ”0%1 éaﬁrﬁ ssified neY meﬁga(%ﬁ?rm et al.
aB7). ey dfﬁér fréinlather polymykine dm@meamanwawyl rireBdue in the

giﬁgaﬁi'}' %e%’%ﬁ% Fggf n@{lbshhg@%’ B}&%}f’th&%nﬁ ﬂqueu%BeSIdue in

the) saidapositiprpheor a!m@veDa@NmftthEmtrucﬂmeprgfmomés polymyxins, see
5 rrg[g%oppude (PMBN) Thr- Dab- *Dab- Dab- D Ph*- Lou-

Dab Dab Thr Pol ynyxin B oonapeptide (PMBO) Dab- Dab-

Dab- 0 Phe- Lou- Dab Dab Thr Pol ynyX| n B hept apepti de

Tablé?] Dab- Dab- D Phu- Lou- Dab Dab *rhrj 10 WO

ST oS EROOR TR o GRS 2 B soecte o

(ieatives thereof) Dphe (9) Dab+ (s) Dab+ (1 0)Thr (4}Dab

COmpound( 3) Dab+ I (2 (FZ)l hr .Qz Dab R::!- IRﬁ/ NDD.': Comrer CIRaI ! y R9 R10
predom nantly 6-nethyl oct anoyl f(6- I\/DA in pol ynyxin
oympna-31) DUt may,al so be a, related fatty acyl such as .
o - et hy| hept aﬁioyl (6-MIA, in pdi Vryxin BZ) oc-"tanyl ™ ™
Colistin (pofyriyih £ O yﬂyXIuﬂu)B3) 0Ol Rept aReYIE 4ROl Y/ Xi BLB4) Lol Saldy @  pap “Thr
constinsubil 81 - 2004 thesﬂg variarffts are equal ly potent
agal nst Gram‘ﬁ“egaf'l Ves "Such™8% |2 col™™™( SBt*kura &par, b Thr

Porymyx-nQoo4) Q_jl t @otamal ogousime, iavasp |96I5TyXIDEb El D(eGO' thst i ad)  pab “Thr
Polymxm@‘nd in ci I‘CU‘LA n 1Q A t|f|] R- Eé I S' NQA ang'é th'rhrh bab Dab “Thr

pol ynmyxi n E2 (collst|n B) and ifn circulin e R
Polymyxin D MO(H)A- Dab- Thr- D Ser- *Dab- Dab- DLeu-  The Dab Dab *Thr
Circulln A MOA Dab- Thr- Dab- *Dab- Dab- D Leu- lle- Dab Dab “Thr
Octapeptin A OHMDA —_ - Dab- *Dab- Dab- D Leu- Leu- Dab Dab “Thr
Deacyleolistin (DAC) Dab- Thr- Dab- *Dab-~ Dab- D Leu- Leu- Dab Dab *Thr
Polymyxin E nonapeptide (PMEN) The- DBah- *Dab- Dab- D Phe- Leu- Dab Dah *Thr
Deacylpolymyxin B {(DAPB}) Dab- Thr- Dab- “Dab- Dab- D Phe- Leu- Dab Rah “Thr
Polymyxin B nonapeptide (PMBN) Thr- Dab- *Dab- Dab- D Phe- Leu- Dab Dab *Thr
Polymyxin B octapeptide {(PMBO) Dab- *Dab- Dab- D Phe- Leu- Dab Dab *Thr
Polymyxin B heptapeptide (PMHP) *Dab- Dab- D Phe- Leu- Dab Dab *Thr
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FA is 6-MHA. Nunmerous researchers have attached -

vari ous hydrophobic noie- ties including various fatty
wW@eooB/01E34 dues to the N-term nus of pol ynmyxi n RPET/FRe67/050441

tives and anal ogues and have shown that the resulting

derivatives have potent antibacterial activity

(Chihara at a!. 1973, Sakura et a!. 2004 and in US

patent 15 publication 2006004185. Even the derivative

that carpies the_bul ky hydrophobic

9-f1 uor eﬁylvnaﬁmﬁyéaem@ﬁwtqdé@f hedoliewinadomnwa: i s

al nost as potent as po- lynyxin Bin inhibiting the

grow h of E. cols and %Eer Gram pegative bacteria

(Tsubery et alL 2001). “bi 61'0@‘?9?5’! activity the

hept apepti de ring strugfure is essenial 20 (Storm et

al. 1997). A derivgipPe W th an oct@pelp*tl de ring is

significantly | ess act\ve as an angi biotic. WO

2008/ 017734 PCT/F12007/ tiple
nodi fi cati ons of poly and ﬁu iple
pol ynyxi n-1i ke synthetlc g/les have been nmade,
and with certain limts the{idve pre- served their

bi ol ol ogi cal activity. The no |f|cat|ons conpri se but
are not linmted to those igbDahe side chain, as well
as nol ecul es in which an |nhefent hydr opho 5 bic am no
acid residue (such as DPhe gyrnkeu) has been repl aced
wi th anot her hydrophobic ampo acid residue or in

whi ch the cationic Dab has b n+re- pl aced with

anot her cationic am no acyl(1 |due such as Lys, Arg,
or ornithine residue (Stormkt al. 1997, Tsubery et
al, 2000a, Tsubery et al. MHEAMOAS pat- ent
publ i cati on 2004082505, Sakura et al. 2004, US patent
publication 10 2006004185). O her nodifications that
result in mcrobiologically at |east partially active
conmpounds conprise but are not limted to al kanoyl

oot Sk oy B oGl o, 5B P i

retdhpmyihartySs-ReethyiocBandyD (G RIOA, &Bp@mﬂﬁp?ﬂpbughﬁy also be a
st.in) ,bu

B8 A0FRLEGLe EERBELIBRIL AR G5O oo 52), o

temayl @ pplymyxin B33, ¢rrimtanoyldpplymwerB|4&>ésakurasetaaleZDM) All
maga%ﬁanﬁ%fé’qm rfbté gé‘t ﬁsl%ﬁg g%g%ﬁ%s Epﬁé{ WE coll (Se-

ue I n

i NS e% ag é @3 amn C

u{g{ abt @HB@ 2alogoUaly. it PolvenvEn b (colistiprl argi 5n circulin

AthaRePA i85~ mgmmua{aq{jmyrﬁmnvmf(mnﬁ@e@ lr'féifcd!’iﬁ Bthe R-
a eca |

AT A MRS B earGiers o 0B 3anats yothanogimoie-

teast inpledirigneariotis, fatg acpBresidies tBhe BBterinus bﬁpd)lyd't?xtrf@enva-

tg\fégﬁ‘@! Qﬂ?'ﬂgﬁj%ﬁd 'ﬁ%\/EQhG%atﬂg’t gweal"asﬂlting derivatives have potent

nonanol C

gribectesiahae vtyo(&fuln@raceta@h d|97~'bbe$aluaaiet@. 2004 apdds&4S patent
pubiiidhtioh 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
(Storm et al. 1997). A derivative with an octapeptide ring is significantly less
active as an antibiotic.
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residue wwth 6 to 18 carbon atons have a potent
anti bacterial activity against 25 E. coil (Storm et

W@bos2973) . The first target of pol ynyxins in PCI/FI2007/050441

Gram negative bacteria is their outer nmenbrane (OV
that is an effective perneability barrier against many
noxi ous agents including large (Mv nore than 700 d)
antibiotics as well as hy- droﬁhobl c antibiotics. By
arjide (LPS) nol ecul es 30

bi ndi ng i po oI sac
exposed m"ﬂﬁ ePQ%YW)ﬁ@‘Imndp@pq}Hglg. Rpelymyxin-like
dgnﬁt@actrhele&m’e@kcmavee baéd médécbh@fwlﬂf ceRginihdo dhe Sha@e pre-

SR e B By g SRS Bk o 5 it vt

sy thnse inthé sidtochain, as/weil asibeeculésdn avhi®ld an iNhdent hydropho-
FiO03hino Bgdfrke?@heig%}l\ 85 rta‘éhé ar Qgh ﬁég %e?ﬁ%ﬁ[acéﬁ Giftfhnother

arget nyxi NS |s
segidue or3m Whh’-‘@r thecsatienie)Dalp has been re-

Wﬁe@rwmﬁ g%h&@@%ﬁ@ﬂ%@@g&ﬁ& uﬂ@é?@ﬂé Upfhds Lg%:fiﬁebf’l‘iﬁuthme
fenidhg TotFincer S dof7 Tty p%ﬂQibﬁyingBgy( I 3092, US pat-

ent debﬁcatlbld@@@i@&ﬁﬁ@&osmwmblef aul 2004 VS| gkgent publication

ul phonet hate, in which the free amno groups
?@b?ﬁéﬂbsa di am nobutyric acid residues have

parti al | Ptheremodifisationsithat regulé uh phisrakitlpgically b lesst partially
eéMl 8o Fﬂﬂﬁ db'i'ﬁﬁi?sreabhpafe ﬁef‘ﬁhﬁtbd OEB émgﬁ(yl ge%‘iiers where the

t
omung th?dh@?wbrﬁﬁﬁﬂﬁﬁsformh%stgm wﬁl@ @tanpls surh as propio-

nylema}bmt@tylws Patean3 45087y, di ssol ved in water,
ack..both th antlbat | ac- tivit

oxi ¢ 1 yOStALBRURS aten Bheiise, Rentisat to, fyrigdn & {Ebflstin) but
bavw@ucm.ealmtd:mncﬂmstemi’rpf)ﬂlmgasmueéﬁwaﬂ YTabke 1).1ntthis inven-

BOR MR doitoN® drbSAMSered) ddcthdink 38 0340 el h&flrdi Grolymyx-

agalm\;ia{flwsfetha qmealgr%% ggyllyrztai:dge Ipélna sislel shaim ofightapeptiks is de-
fived B8 :Rep;{%cotgiﬁ?gﬁ%%e%né '&'r% bgo ﬁgpg@gm@%%p ﬂ% ueral po-
@FTM%& F’éﬁ@P‘?ﬂ‘ @f%r ényﬁﬁsmspowﬁﬁ? asbhEqurvid) posisive charges.
whech-lFal residwes‘ amngnva'rm@r@cna?eﬁtmset (AEEN2,PAB; BHi B2e®B3, C1)
imite
R #5, FMBHHSS Lo BEaBVhiebhPbko a4 3 BB il Ranoi
acid] and9¥OH-6Rokihyodtandic nacid.p PetivalivesPViEK, posskss td fatty acyl
RRRRERAth qyetq ﬂ_gtﬂa‘?b&ﬂ at?(rﬁgtlﬁitvﬁeg ﬁgﬁe&ﬁ ra%glbhgﬂngﬁéémﬁy dgainst

enz mati ca
elh(Starm ef o/, t1(9 76d | ess toxic than the parent

CO”DOUHdT hd f@ﬁulaﬁ* EO¥%F Gdlymy ﬁﬁ§f’m G'rzﬁﬁﬁi’ég%ttﬁedﬁﬁétgna 58 their
‘%tesurrabb F w ﬂ { ect n rruscul ar blockade
€k MR !‘4’%1% QM) fha @?@)e SqNE RETMEaD rmifcagajnst many
mMmag@latstlmludingaatge/de mes tkﬁﬁamﬂ d}iamﬂ)mﬁé‘s as well as hy-
Ao, B y BHEIRG 18, B3 1L g8) molecuos
xmsegmryﬂnp)@utessurface of the OM, polymyxms 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
inner membrane) of bacteria.
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nonapepti de (PVMBN, Table 1) retains the ability to
perneabilize the OM of G am negative bacteria (Vaara

wapasveassa 1983a, b, c; US Patent 4,510, 132; 25 REHFR007/050441

1992). Accordingly, even though it |acks the direct
anti bacterial activity (i.e. the ability to inhibit
bacterial growh), it is able to sensitize (i.e. nmake
sensi- tive or, as also ternmed7 nake susceptible) the

bacteria to many anti bacterial agents such as
hydr ophoDWEeRY$ Sffetts have degaimade to mdysedheitexieity ebpolymyx-

@Hﬁj Meatﬂiém:ogr{vwrﬁ n@@%ﬁé%?gf?ﬂtﬁ"fghhglgtéﬁvﬁj? and sodium bi-

Bl ek for BB hmetsata, 33 i i fop aring Srowemanthe five
dmmobstyacfamct residoes thake meetiaiby béenmsal@stltuﬁéd byvaudstiomethyl
QUREATRRNG YRR roBafhtiolSopsBl of fnddiiiitt mbRied of the mono-,
jdbl fit, @H@t andpenta-substituted compogads.niT hﬂ)ﬁ@lpbnmath)dm&d prepa-

%y&) VWO 2005‘8}{/]‘%8“7%%51% EC{M/‘A&%{%&%@; %E’() ﬁsﬁ%tﬁgpgﬁntlbﬁétenal ac-

Apr dexisiberafithe aragt malacylexbet WhenHhefameounds start de-
t:omposrng iAshe selutibn, imithe Uléwoﬂmflﬁéltfsbﬂés prnem/pésa%ubst.tuted

Bl lotnd e SRR Bl 3 Wt S d b Bty are
pattiaiIWbsougi'ﬂlb,aWXFurtUemnmat theedegreestfi lhitla] sulghdmiethystion ap-

EQ%@ISRF%&P@SOB%@S&W tHe bg@?ﬁ%rcféﬁg \/%gég éuen tagg%u‘haglwg%para-

Higns. vUé‘ﬂ&cPtha'UMtaé(Setﬂpb'@Fbom thQ free @ming geouns bave yieeg pub-
fi$heR, Edanites bb?ﬁ%n@.@ Y BFe ASE liIMRed t@&éjﬁﬁﬁétlaﬁ loy Gﬁ§ia‘?nle Shiff

d 6
Eﬁan ﬂﬁ@&ﬁ@g eé\ﬁgﬂgﬁ?grggﬂgl f: )z(e bzelct eria
t o ot herPalytriyxiro© mnéb/eﬂ)tndﬁ)(ﬂ’mm edlistih - ndidpeptiaaTable 1),

450, s SR g 4 A 1
W@ﬁ@b@mﬂl inel 7RMBQYe tassebxic thaw éng parrteompotnd in acute toxicity
Qﬁl\gﬁ égggde%ﬁ tpYé&YmﬁGIkucﬁjeO@ &:Pa{ei f&é%)l’ﬁﬁ%%@ﬁf Byﬁgﬁfje) in
'I?a%teaf 1963x ﬁowﬁlﬁt it also lapked the aptibastenabactivity, as
heasarddyad Bs abilif) tonﬂﬁibitlbe@;térmgwﬁth (Ciars et BEMO78E

15 | t k | Vi f . The ou
of o ok, V42E,2RY VeRraE Tl wcb%wﬁ’ showed; 5 Hvmyxin B
hqm@peptldbl (}FH\/IBNptTaIm t)h@talmerthelab‘ilityotot pereheailiRc thee OM of

B duiinys tadia (Vharo, P8 Vale 18630 b 145 Ratept,4.510,132;

‘i@@@oﬂ% 5 ACGMIMVye\eQn H’IOU@DIDEE)QKSMBydlm @ntibadterial activity

i f
@%Pfﬂéjéﬁh%g’b nI?WUggi}%H%II ﬁ% 30 f{ﬂé: é@\évtef%'é msensp
W?a?r s&h 81S0; tfémédamﬂ@g ﬁ't'$cﬁé’t'9lﬁttbel l@qt‘%f i inbRrt aagbacterlal
&ya@its tsuel g4 hypdrophobic antibiotics as well as large antibiotics and some

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
serum complement and human polymorphonuclear white cells (Rose et al.
1999).
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conparative studies with increasing concentrations of
t he conpounds were published (Tsubery et aL 2005). In

wo@e@en117e4 st udy the structures and functional PCT/FI2007/050441

properties of polynyx- 25 ins, a few works have

di scl osed, anong ot her conpounds, polynyxin deriva-

tives having less than four (4) positive charges.

Teuber (1970) has described thg treatnment of polynmyxin

B with ace- tic anhydride that yields a preparation

cont ai ni F{! Ir?ﬁ?mb?;SBDMEN/\El belag Ipgs; toxim inothe agute toxicity as-

Bhiin rﬁi@brtﬁan JHMModASd %Nrﬁ;%&ﬁé/ | Iﬁtﬁﬁhfeprtdﬁﬁcol ?IHQFéssays sev-

Brlrieth pésves) ERVILAS 1 foesapui thea B harapt compoting, but this

polynandre &iejllvatm@l wal stibtjudged ¢b Yheates! rephidtokiC ktdeliieal use
Qz‘é‘é'jat,yg halt the growh of Salnonella typhinurium

er eas ~ and nonoacetylated forns did have such
abi | i ty. PMBNcearjieat fixe {b) posiisescimargabi Subgequent studies re-

%an&avaaﬁe @Qg%ﬁéﬂﬁc ﬁ?é?qjl@EN( Ja%z)géarhaﬁé HE gsfﬂ&l{lgé Hﬁal{ges as

d
rg ¢ﬁ9¢vlre@vmvm B@%dwﬁétaxwxmrlﬁr bethr egirying six (6) posi-

gg? Iuchafgese ard Iiﬂoléﬁt e térﬁﬂslzl%gf bé’cﬁéﬁ/ ggvdtggy antlblotlcs (Vil-
iy ey kil
Iaﬁxy:fw‘thei reduced dbrivativespolimyxint B ectapeptide (PMBO) tdtains a very
B e Bl S ol e
F@rrwgsetoal d2Pa).-PMBN; PN and PMBQ bave five (@), positive

Eﬁar é@c{fvﬁﬁe P\\mﬁ%@)hg folf '(Jl)ept%élﬁvé Eﬁﬁl&d@%‘mﬁﬁlédﬁfeﬁ’é‘% may

n are_ not ntial for the
W?B\tgﬁdﬁﬁem@ﬁ\?ﬂw%ﬁ Rarrachandran 1980a). A

shor t eneThe quM(IE XM Ofe k] ETS VRS VeghdP FriaaR rdlfé'nYEWdééaned po-

BB pibifes Hiat 358 B8 sonlash beatdin,suich as ML,

thad aNlracé rndymmrphbnudear kgicdopteRLUSS patbat poblicajieh Ir12(134082505
t Sod I

éﬁﬁ?t’?%r?ﬁﬁgﬁ%éﬁ'b% PRI ML ORER! AL E PVBN,

pdMiyRMB@ BB tyﬂ&pPMﬁO. mH. BBWIHGhéOlg‘r & rpositive
@fﬁar@éé tHa@rsbﬂsiﬁEé)Gl%tm-ﬁeﬁSf Ve Bh@l’én‘éQBC&ﬂM&idso%véﬁ%ﬁough no
g%{l as tRe ot her, deriva- ;tives such

BRsivE OH Gl N R GIaBSINGy £ U HiRIODS Glntig compounds were
publisimezd i(TsEbemy@etzhe2005)e, bot h having four charges (4)
were ver t ibi 15 bacteri
or ont b BSHEERL AT shie Y G0k st TpdBuBbhies of polymys
5 s 8l feweworksr havendisclosed rrpmqmgd@.her/ abmpesindadpolymyxin deriva-
‘F%"Bqu# synt hesi ze new pep-
t ant ?ngt P%H%lﬁﬁa?gggt'gggﬂ n‘gounds
descri be %éé%?s@dh%qesqrwpddhe tﬁq%en of pRlymykingB with ace-
tidanBgdride that yields a preparation containing polymyxin B as well as its
mono-, di-, tri-, tetra-, and penta-N-acetylated forms. Teuber also separated
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

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

ﬁr ee
BTk
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20 There is still an urgent need for effective
treatnments for bacterial in- fections, in particular

w0 o0080k34 nf ect i ons caused by nultiresistant PCT/FI2007/050441

G am negative bacteria. SUWARY The present
invention relates to a pol ynyxin derivative wherein
the 25 total nunber of positive charges at
physi ol ogical pHis at |least t@ but no nore than
ee, Wt thenProvi spo that R8 and RO are not both
&R

th

gt isciessy t Aoueds. abliky Isepsitize; bagtera itacantihiotics. Fur-

tredryriore) fin F%mqgéﬁ%mw@wgh% Shé f6d ?rﬁirfoe@rbt\l?éi i/cgkﬁﬁormyl-

| resjduy e - onstitues a.na )

BRI B ingeSRBS R YRR RS, 5 el bl e amigg aigips of difor-

m}émdmmykhv@r'm 'residm}es RleR3, and RB are assemtial thilehtbedree amino
5 g CONS. &t 08 .

g P In 38 SPRD e 1l Essdfal R he G it Sritiiaga and

Ramaghandrars 1980a).conbi nati on product conprising two

or nore AfsHopen@ardolghiXRB a6heatiiesbthlo Igﬁ_lﬁﬁfﬁﬁ'ﬁ heptapep-

. { ad |t - T

b e, B Eikcidshsl pisaaact 4 (004 MRae et ebthe oc-

&moyh degitiae nadhatNQ?ﬁmMuegﬁgthbaﬁgfﬁigggfﬂi %f;r Teﬁlpﬁl myxin B hep-
SeRu8 Hasuits' £eMeBiAd W o 8 (3 BeSitve Shages, Sakura

pbal. feund thay octandyepblymyxin Brheptepeptide: inhipitsnthe growth of bac-

[eHehly At Doy hiohtoncalBat R 26 i, (head HRAMKE deriva-

HYesurh as getanayl golunydn B eotopertidea apdnestaneylopolymyxin B

AORAHEHtiNe, otk havilgeRaR ichafyd[4)0RelePvérySgbtdnt agents fo inhibit
wherei n said bacteri'um may be sel ected :

ndi Vi ﬂiral
P"f’%ﬁ’f'? oﬁ"rﬂ&up con- sisting of: Escherichia coil,
Kl ebsi el U8 patentnpublieatidti 2096004185 xptearnthy, gE&Icﬂe@l certain po-
: : ; [ S.
SR dShiRfag ang hichiREldls M B8 o uiRr ¥ B RSR gow per-
o ebtihieties. The: aptibaetarial carspeinds deseritex! possessedodr (4) or
s [Dposkiveidhafyely) G am negative bacteria to an
ant | bacterial, agent, conprising adm nistering, o
i nul t anbeRrells SH asugent nasd Jon efeghye drasiments for bacterial in-
feetivagdntpaeiidular foetie rfestonaniiused Py waitilesistant Gram-negative
$‘Sél a%ctgrl al agent and a derivative according to the
% B8Rt i nventi on, wherein said antibacterial agent

mag/i be selected fromthe group consisting of
BUMMARYomyci n, azithronycin, erythronycin and ot her

e ey e BB ettt B AN AR alle neroin e
hotal_ml.mtpere)fmitb'ertéyarges atphysicipgicabpMiis atlsias} two but no more
P SR, S0 D JRLROTMLpo AP R e

ARGRER3 sonsiituigsithe ingtive pobiaayxin & side chain; and R4 is not
dirdotigdinked 6 dtedrioyirési@se WHINPR4-R10 constitues a native polymyxin
B ring structure. More specifically, the present invention relates to a derivative,
wherein R1-R10 is selected from the group consisting of SEQ ID NO:s 9-26,
preferably SEQ ID NO:s 9-20.

The inventicn also relates to a combination product comprising two
or more of the derivatives according to the present invention, and to a pharma-
ceutical composition comprising such derivative(s) or a combination thereof
and pharmaceutically acceptable carriers and excipients.
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| actam anti bi otics, novobiocin, pleuromutilins, folate
synthesis inhibitors, de- 20 fornylase inhibitors, and

whamsetizad ef fl ux punp inhibitors. Al so provi dedI/ErRe07/050441

nmet hods for devel opi ng novel antibiotics; for re-
ducing the toxicity of natural polynyxins, octapeptins
and their derivatives; for inproving the

phar macoki netic properties of fh@tural polynyX|ns

oct apept in ei r _derivati

and t
SonaP e Fillineiinres i presast banioa:refiles 52 methossfor ireating,
aleviating draaraehmstmgeérerllnfectmehamrsﬁndlmdnhﬁ&enﬁed by a Gram—

SO bSOy, AP . ey v
ﬁﬁ'@qmit @i@ndermatwﬁtorom combinatiomeacrondingrie tbe preséntaimeention to
fsQTd inbRAual, \Wv ei‘é?lfl a&id BastriR ﬁ%ybﬂe @é?é&}ék?%}ﬁ Yﬁe group con-

teria SUC ’géerlc:la col |
e

ﬁﬁﬁuaﬂﬁ Gech qKiCbtes el Siolla preupeniae idebsielia pemf@seg Entero-
Batiep bimdcae, Trdbavied freundis PSEUTONSHARAVESUGNSR, @RE  Acinefo-
ﬁé gobact er., baunmannii ; for the nmanufacture of a

8’% {8y sensitizi ng Gram negative bacteria
agau nst Inaanotbhac eenbadimegérths; prasdntf mvestiovs irtliatestp a method

for o8 ARERNG \SralRAbGANVS bcAOR ofCanfifllig dI=50a], Winprising

enent” present the se
aﬂmsﬁeaﬁgr émawltamq%lsb( BF @@gygnmaﬂy g epnrordgr aa fheraggutically

bﬁ@MWenamenhvaf 5YR ARy dg% nt BAPS SRRPAtIVEYEESHNG to the

Conpfﬂh Ryeh '%ow%fe'%fﬁ'fxgufaacfewalsmwém& hsoBglpgtadhfrom the
groupctamistingnofcelaibworyoin, aziﬂm:hWn V@yﬂiﬂ?rggleh athBtHe mac-
i A8ty St OREC Sl S kb Roefpietmie, -
faompin, dfabiing oifalazits agd lother dfamycins,dfusistic deis mupiracin, oxa-

eﬁ"ﬁf?tels{/ géh?&ﬁgclhnpgfb%%n&g ﬁa@é@n@rrﬁ &ﬁé%& nd of other glyco-
pidge gntiky 91'%J@Of%#n‘hlpnﬁ&nbacﬂfaﬁysIQtraﬂyplm dgrwatases beta-

la&mln rmrtmmcsefn@nfébb@ma méhma’«utmntgg fd@l@esmﬁasusrﬂgmmﬂs de-
I N

Byl igypiase! o scRate BH ke OG5 2 1o 4

10 " PosiAlsueprovidededreametisnt$ foerdsvelaptmpheveloantibivkcs; for re-
B30 50 04 B ARLLRTHPSORH S B8 g crvatves:for
imnreingethehpharswcokingticspropertias ab natysak polymyxirsaraptapeptins
aﬁﬂ”tﬁé’ir fdriVafifed; dbd 88 s‘éﬁ%ﬁlzlﬁg ?llrﬂcélgf ﬁ'ﬁ%oﬁé’hta@fam negative

nat ur al non- nat ur al

bacterdy i aé\Oﬁheefseinﬁe [eganism Gemriement pigsent indheserem:

resi duesthepprasept if&intion, als@ provigds ades of 'anﬁélyﬁ*ﬁxm derivative
|f|cat|ons resu

%FOI@HQJQ © present inv |paéngpé (%@nu%ctur F m dlcamentqur treat-

ing infections caused by Gram-negative bacteria, such e.g., Escherichia colfi,
Klebsiella pneumoniae, Klebsiella oxytoca, Enterobacter cloacae, Citrobacter
freundii, Pseudomonas auruginosa and Acinetobacter baumannii; for the
manufacture of a medicament for sensitizing Gram-negative bacteria against
antibacterial agents; and for sensitizing Gram-negative bacteria to a host de-
fence mechanism complement present in the serum.

Finally, the present invention relates to a process for preparing a po-
lymyxin derivative according to the present invention, comprising medifying a



rivatives thereof, but retaining the structural and/or
functional capacity of the replaced residue. 20

WO D014 pol ynyxin(s)" as used her ei n, refer SPCDFI2007/050441
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pol ynyxins and cir- culins. PolynyX|n derivative"
refers, for the purpose of this invention, to
synthetlc or sem synthetic derivatives of natura
pol ynmyxi ns or octapeptins, whilth have a cyclic

t apept i .or _hept apept i erlng orti nR4 R;LO
SEPhsEReha polviRedt E8 oclrbeatiamaund iy AdieyRtve thereof
thasingué té. pdditively dharjed resicyes bpr@plad:mgﬁ tm4 of said residues

E?’;%uh%ﬂ g%é@}%%g&%’ % @ﬂ?ﬁ bgﬁ@ or by converting 1 to 4 of said residues
R(tppqeufmhdgardugsaqu;rdaem abtaiof a ROMPYxiN aterivative of formula (1)

hﬁ@m@oyapl? p0§ﬁlvg corrpgé(ﬂébldl% ude all stereochem cal

| SOMErs o sai und. 30 "Sensitizing activity"
&? "ability to sensitize" as used herein is in- tended
finldlensie” any ability to increase the senS| tivity,

k |
T Sl BH g UST s 05 1AT B re von
7l apd hejaw el slrk as aneid vahie oke l@n@@th;frqmtTahio 355, for ex-

ayiplé @bthéUainge oFfitonR 7D M A4, 6- et hyl hept anoyl resi due;

MO(H) A, jhe.m xture WO 2008/ 017734 CT/ F12007/ 050441
12 of 6- rf%?%ﬂkweo&ﬁamlas @%?F’e%ﬁ&ﬂ'" i RAsitiygdcharges at the

abbed-ddfifed tphyailbgitalgpldues occur - (rji ng i n pol ygym n
B Q‘lI\/DA, "S- Ami,no aci,ds
DGt mRRdle 46 A fiafiih Forgnd B Ta PidiEite, that con-
mlmnemnmmmtumang@s acDab,
N-y-acet ‘yArﬁ n%maﬂfa o r¥§ Jsed ﬂerln ABtors do én natural, non-
am no ut resid reonyl resi CE ¥
satyrahar m@ Ifla@@mlpﬂ @mdpm-smea efthalin L« Qf@@nf iguration.
I eucyl f‘EEqLﬂ\lré?enﬂ r*e%ldUe%OIaQL!.Fs\éH Hé?éind ieintéddbd @ iRBNde obvious

cstiing 10 -8 o egig Bt feeutedit Papmaturab geuino esids or de-
nwhv‘eselﬂemfn bub egtainirg it etruciirallatd/o” furfitiohaBcapacity of the

[gé?( &%aa'ké]' N-y acDab. Peptides: DAPB,
acyl pol nyX| n B; DAC, deacylcolistin; PMBN, 10

pol ynyxi ‘iNatured pehepyXinis)” #sveERed herginy rafersgo polymyxins and cir-
BQiapept i de; PMBO, polynyxin B octapeptide; PVHP,

pol yrryxi, hepta eptide, O her cyclo (to denote

the cycl i !ﬂﬁwn efvaive e fefer, f Oéﬁgﬁ d&PéEOS%Oﬂ” Khig invention, to

byr&h&ﬁﬁ DY, sémlsilmh@ib deérivatiaes tof! natLlF%ﬂ> polym xins or octapeptms

PR ASS5R hSStpabin FboBBReAS B Soa b it and

sideichain tinlex! teetheeNrtemhinah atieodeyb regidye Rike Thengide chain may
Sadbioty I, FHEARMEOAc RS o, IPASBirhfacvRo-Ra). an
R(FA)-monoamlno -acyl(R3), or of R(FA) alone.

“Compounds” as used herein include all stereochemical isomers of
said compound.

“Sensitizing activity” or "ability to sensitize” as used herein is in-
tended to include any ability to increase the sensitivity, make sensitive or make

susceptible a bacterium to an antibacterial agent.

Abbreviations

Fatty acids: FA, fatty acyl residue; 6-MOA and MOA, 6-methyloctan-
oyl residue; 6-MHA and MHA, 6-methylheptanoyl residue; MO(H)A, the mixture
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DETAI LED DESCRI PTION OF THE I NVENTION It has now been
found that polynyxin derivatives containing at | east

wo w802)73but no nore than three (3) positive chEr/geRs07/050441

still possess antibacterial 20 activity against

Gram negative bacteria, and/or possess the ability to
sensitize Gam negati ve bacteria to anti bacteri al
agents, such as antl bi otics, s&&i syn- thetic

B BB R SEfad f 035 oo
piogiin poh/rrunm 5e§)HM1DA r$p®bl«&-nu¢tbylnlaaamc@cmgl cal

e
o oper 1 s it VBB RESHA rﬁgdelifD%Wv-fOW'-
fil?ém'nomwbukyrsdéeslﬂue. qeldab, WTVea@@uldiammam ptyryl resigiue; Abu, a-
hﬁﬂh@wtpﬂﬁrééﬁdé Tht, tHr@éMI%éiEuéeQBf %Teﬁﬁ}llcl‘e%iﬂ-ueoi?hbhﬁhenyla—

I L R pc e
amdDab, yesuphorhethytated suy-didrhinoph-ButyRyl A loi@sitﬁlé C(gne -letter codes
BBt B e RO Bl 7 AL, ] o oo,
t| ssue aﬁapthna: 28RS ideasylpohasyxin riiaDadC, t deadyictlistihj PMBN,
ﬁ@é’ PIEN, d?)rlﬁl‘ﬁkxm ‘Ejr%ﬁ(a fa%l Eﬁbé Bolymyxin

Ehar act erdpz r I vatives, suc

Wwwmﬁmtmmﬁ@zoow 050441 13
The pr es@ftHeri ay e@jdl@fﬂtd Béﬁotbeﬂhétéﬁzllé ‘ba‘r‘t B‘P{HQTMébFH? enclosed

Ribntaokeist, fermy 26, RRetf LS popsyrbconess Ofcpteomen

bvza)rm CRLB)deiborly for@ijing ani¢. 1Tl syrRbBKY is(kised hﬁreewrgi Riagkk the resi-
5 S6nah B EoiogEide YO B ] Babbia i losed

@amd g remaining eagttofithe niglgcuie @sdosiderobirexceed t hr ee

(3); or a pharma- ceutically acceptable salt thereof.

DETAILED DESCRIPTION OF THE INVENTION

It has now been found that polymyxin derivatives containing at least
two (2) but no more than three (3) positive charges still possess antibacterial
activity against Gram-negative bacteria, and/or possess the ability to sensitize
Gram-negative bacteria to antibacterial agents, such as antibiotics, semisyn-
thetic antibiotics, chemotherapeutic agents and host defence factors, such as
complement. :

This reduction of positive charges may improve the pharmacological
properties of the derivatives according to the present invention when compared
to natural polymyxins and their known derivatives. More specifically, it may
reduce the toxicity, including nephrotoxicity, of the compounds, and/or reduce
the histamine liberation from the host tissue, exerted by the compounds,
and/or result in more suitable pharmacokinetic properties such as longer se-
rum half life or lower susceptibility to the inactivation by polyanionic tissue and
pus constituens, as compared to clinically used polymyxins and their previ-
ously described and characterized derivatives, such as polymyxin B nonapep-
tide.



10

15

20

10 In natural polynyxins and octapeptins, R(FA) is
6- net hyl octanoic acid (6-MJA), 6-nethyl heptanoic acid

W@ 200RMIFY734 oct anoi ¢ aci d, heptanoi c acid, nonaPOI/E2007/050441

acid, 3-0OH 6-nethyl octanoi c acid,

3- O+ 8- net hyl decanoi ¢ acid, 3- OH 8-nethyl nonanoic
acid, 3-0OH 8-decanoic acid, and 3-OH 6-net hyl oct anoi ¢
aci d. Exanpl es of known derivatggves that have
antibacterial activity include 15 those wherein R(FA)

i s y- phedPeuRresentcinyention ithis, eglatasctoaz ipglymyxin wierivative which
W0 Y&srebemted HALthd: qgéhe?&lrfbﬁﬁu@f C9to Cl4
unbranched fatty "aci ds as wel as iso C:9 and iso

C. 10 fatty acids. In a derivative according to the
present invention, R(FAR7mMaY beg®8y hydrophobic fatty
acid residue, and is preferably selected fromthe
group con- 20 S|st|ng/£f oct anoyl , \hEcanoyI and 6- VHA
resi dues. A persomBkilled in the anR9%may readily
recogni ze equi val ents™Nof  t hese preferred hydrophobic
R(FA) residues, mhich be sel d fromthe group
consi sting of e.qg. acy si due®®such as an optionally
substituted al kyl WO 2008/ 17734 PCT/ F12007/ 050441 14
resi due, an optionally substB4 uted isoal kyl residue,
an optionally substituted cjcloalkyl resi due, an
optionally substituted alk resi due, an optionally
sub- stituted cycl oal kenyl Tsidue an optionally
substituted aryl residue, an'option- ally substituted
het eroaryl residue, an optmﬂﬁhlly substi t ut ed

het erocyclic resi 5 due, whefein said residues
preferably have nore than figge (5) carbon atoms and
wherein the substitutions ﬁﬁ% al so i nclude those
optional ly designed be- tweem the acyl residue and the
N-term nus of the peptide. REA) may al so pe a strech
of a hydrophobi c ol i gopepti de. Exanpl es og possi bl e
R(FA) residues include (but are not limted to)

oct anoylwhemiramlez asd R3NaBY Y)le abteatnmd , iso 10

g;gﬁg%'wg Rge anﬁ%tﬁ{ gdo %(';%?%eﬁ et éa@yfecpcgtldmc charges in

t}'gecc@mpnlamd)w at lepst twes (2)oareh dgés noy ekeebst thmey [(3); or a pharma-
eé(&trdéluzt%gge @B%og%" th%y&dff)undecanoyl cycl ododecanoyl
ex

cyc ra ecanoy hep- tanoyl, and
9-f 1 uor eﬁlyna%lréﬂioml&mmsyand emtmmm R(FAD i H-methyloctanoic

?éeiﬂ swp ORy, 8Mfethgihep ?d\ﬁdlé‘émd% Mﬂ@agc@hogﬁ@;ﬁ?thébtaﬁmc acid,

BRAFRAIE | E\P&g ?ﬁﬂ% ﬁh@@&ﬁ?ﬁ?ﬁws acd r?gﬁﬁ me\mk}etpamlw@d 3-

Okb8enethginenandit dcid,8-OHB-decadvit 20id, MtQ-OH-IIB methyloctanom
i i nvent i.on

40 g 9 e e, LB e e

theset sthereinuReA) ds pepbenylbatyricaagiss isbwalssic dacid, 9-fluorenyl-
nt\bd@Eé nﬂ?ﬁéldnﬁt sééé‘?fé‘se&dctéqfqeé fﬂgnéfb@techlgﬁ g?frgftaﬁlds as well

' QIUEOSI
%‘-é)fspl §°r%t1oéﬂﬁﬁééld§m and is preferably Abu, if

In a derivative according to the present invention, R(FA) may be any
hydrophobic fatty acid residue, and is preferably selected from the group con-
sisting of octanoyl, decanoyl and 6-MHA residues.

A person skilled in the art may readily recognize equivalents of
these preferred hydrophobic R(FA) residues, which may be selected from the
group consisting of e.g. acyl residues such as an opticnally substituted alkyi
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present. In natural polynyxins and octapeptins, R2 is
Thr or absent (i.e. re- placed by a coval ent bond).

waEx@sples4 of known derivatives that have anti bBCF/FI2007/050441

terial activity include those wherein R2 is

O acetyl -Thr, O propionyl-Thr, 0- 25 butyryl-Thr or a

coval ent bond. In a derivative according to the

present invention, R2, if preseat, may be any am no

acid residue, provided that the total nunber of

pesiduey an eptignally subsiitytad dspakgh residum can mntiosally eubstituted

tcbélealk@nﬁbékm dhepficHatly d“db@.’ﬂﬁ:‘ted’&lkeﬂ?ﬁ#ésid(ﬁe ‘é'?\aéﬂﬁ)%ally sub-

t t
S SLGSURATL I sBRie. 7 o aHh eSS AL TepRcoh option-
Hily ,substiiutechhetdbdaryl residps eaﬁmr)tloﬁailypeubstﬂuwdl hétefodyelic resi-

|
WIS, ool S8, R0 L7110 ERM YRLE M 536 JHE st atoms
RBdi whexein tEDaubstituibss mayalaopm@ud@ﬂhmmpmuymgned be-
yg%@ﬁi(? ﬁg %sma \affE m%g?g?lﬂﬂggs Bf‘fl'tea?éﬂtﬁfe' R/(FAfma3Palso be a
sirggh awfw% aligepeptides drxampiesoioppesiblesR(FA) residues
ﬁféfﬁcfel@ﬁﬂ?a{remm.teu&oy a»cmr@@r inGAbhBe, mhdhag H@céﬁtfyl iso-

BeRaROY. RS el P apap FudB e SYaoReptanoy,
pwslboctaaoylc h@n@m’mnamogm cydaisonarianoyl,d ogdodetarm, e egcloisode-
Egﬁﬁﬂéq’g}éﬁdﬁﬂgcén %&giod% §ﬁo Cee&@l??ét?dd‘éﬁ:aﬁggr Yekyl, hep-

€S no
fanaybrags &ﬂgoﬁly@ewxi/@ﬁbpﬂwd‘egldu&p consi sting of

Thr, DThin n§gkal g@ﬁﬁh xiR8lahd SBBpahtth s ’F@I“ls Db RIr&H28ht (i.e. re-
9@@

ki | art may. readi recogni ze
DIsRR0 o oV alent head). dixantples Eke@wmd@awaagesgtt@é haye antibac-

Ktz adtiig, maﬂdeﬁh&@ ahecdin RICis Alg Qmaaccgialbm bond.
consi sti cO nt bond

o ant noall s Seratiie SutfRgifiind Bgsertifyanin R1, if present, may
Ne(myaamrmbamgilr)agidyel pegvidedhthiat dhe total oumbed of positive charges

Wa¥ilé oS é}ﬁceém AR ARG ?ﬁ%ulﬁg' tal qmmqber of positive

|noc cl opropanecar , am nol so
Fh@rﬂ@%@ ﬁh@s@srqﬁ@@ Palft'@" @e@tﬁq’c@)@ee@ft\e@a %ndatﬁ preferably Abu, if
pradigptne, Ne-nmethyl - arginine, asparagine,

N (2 el Rl YRSRDE arie, SRepeatnsisd 18 RO pE PPEeRee. re-

ﬂﬂacedrﬁ!mxceﬁal(eﬁt Bonid mmplééoékmwardenoém thiat Baes &ntibac-
%cﬁ@% é}@ ﬁh&é{‘ l‘ﬂaggﬁdﬁﬁt ' bcac%rtﬁlld‘rhr O-propionyl-Thr, O-

hNLW)dfTrWIQilaamV@?dﬁnt bemdyric acid, NY nethyl-

di am no
N- D 2!?10“9%?1 vécé E%IP% 1ihe ?resentg Imventlon R2, \if present,

b8 A amIG A ST Aa ik G totanumber of positive
N-nér@eﬁ lﬂlsﬁih?ﬂéhﬁt%ywes}hdlceﬂ%ed wll'éé aRtahacind total number of

gosgh)( nglig&gdﬁ?%%%ql%lﬁ g gtlc}/ doeé not exceed two, and is prefera-
bly selected from the group consisting of Thr, DThr, and DAla, if present. A
person skilled in the art may also recognize an equivalent residue of Thr to be
Ser.

In natural polymyxins and octapeptins, R3 is Dab, DDab or DSer.
Examples of numerous known synthetic derivatives that have antibacterial ac-
tivity include those wherein R3 is Lys or 2-amino-4-guanidino butyric acid.
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20 acid, N-(3-guanidinopropyl)glycine, histidine,
honmophenyl al ani ne, isodes- npsine, isoleucine,

wo ewsionE34 nor | euci ne, hydroxyl ysi ne, Na net hyl PgBEFRe(7/050441

| ysi ne, Na-nethyl hydroxyl ysi ne, Na nethyl | ysi ne,

Ne- acet yl hydr oxyl ysi ne, Ne-acetyl- |ysine,

Ne- f or nyl hydoxyl ysi ne, Ne-fornyllysine,

Ne- met hyl hydroxyl ysi ne, Ne- ne{fyl|ysine, methionine,

a- met hyl - y am nobut yrat e, a-nmethyl-am noi so 25

but yr at ell A-ceAvafiveyaccsmding) tel the peeseat tayaripnalRa i iheresent,

ey BECAME anfifd \Lid f?@mduéﬂf?é\hdéd”tﬁétt {HeNfotal number of positive
ce

I hi
%Eé%h |° h%snve“fv@ do "??naﬁlé that the tatalnumber of

pesitieé [charges, inptrenghaihaportien dnec%r wotygxoglednigvo, andols peaferably

%@r Eﬁég{‘*}v@ 8 drodb g@@%&@nﬁé %fa@r DThr, Ser, DSer, DAla, Dab and

nguf Pﬁ%ﬁeﬂtam no- n- propi oni ¢ aci d,
Np- et hYAQieﬁ‘%rF‘QR;ﬂecﬂ’hPﬂieoé‘l't H?ae%t‘rﬁ P%’Er%@pn?ié ﬁ@ﬂ?&l@hf‘ﬁesmues

Pﬁﬁ{?g‘?r{?égpeﬁ(ﬁfp q%%g'? ngﬁa ans) Racand maystalped such from a group

pohsising tm €3.d a06d Lt b?ﬁdt Qﬁnirfe E@-tbmtﬁda'tllﬁbeéc@f a~-n-butyric
- i c deriwvatives tha ve .an

SR, B BB EUES  d ARinBBE 05 Srhlsbytyic acid, a-

dainoraaproic aacidr damngwaaycbpeomarmarboxyratentammo%bmyrm acid,

S5 SRR OB A1 5, N

a@m'mzé@nﬁ@gmpt-rr@@nda‘@partgtebesml@acw N-beneylglycine, N-(2-
aémﬁlwéthﬂqglwﬁbentNr(eéﬂb%éﬂem@y&héng latbbky-1(2,2-diphenyl

t
e '\éEﬁ/ GlogtpRang Yoo, "&"?th|dt%7§'”°ﬁl’9f'@ﬂ§b|§ﬁ'd Ny-
ébétyldiamimetmbatyrlpol Aoy Xi N%f@ﬂtwdiatrﬁm?—ﬁtbmync RacidR8 Nyrdethyl-

R R T L e
&8-diphenyipropyl) tarbamylmetad(d)glycing; gldm-dupfmriylnrypylyc glycine,

El\t/ég?lltc: gcrz]lﬁRgﬁuﬂs\gﬁﬁéV@@ﬁfé)rpblglglgyhﬁé‘e |veﬁ ﬂuanldlnobutyrlc
#ida NehauanidiRpproPbolyCings blﬁé‘dlqﬂ ehemaphg igianine, isodes-

ﬁb@lnepiswelﬁﬁﬁ’etlbaélnbhﬁoﬂéﬁcﬁﬁe "rWH?@;EI |né’CN'-Hé'tﬁ¥llysme lysine,

BB s NS Mooy arossis Neacety:
lysiney aNefttrmyﬁwdongUemeof Ng-fmawllpsméer Negmetiadhgdrogylysing, N
ﬁ%ﬁlﬁélﬁ&t %H&{ﬁé%rlhlg@ 3lo§m%m %ﬁk\ﬁ#gpyg%ﬁeﬁ eyg?tngl-ammmso-
WMF&S%yHy@BH‘WlCY@IOh@WHﬁmEe, a-nanthyalanines nmaefieusing, ynorvaline,

@Sihéihyﬁw EHu‘i@ Nallﬁéthﬂ'ﬁ)m‘ﬁhﬁ”‘F\Iyéﬁ%‘ﬁﬂ]él)ﬁ@th:d&e;m?l- rmr¥l-orn|th|ne

eucl n [ al ani
Nﬁrr@& %‘p m i Hén'“'ﬁne-arﬁwﬂﬁn'bﬂ%yrn henyialanine, hydroxyproline,
pmﬂrre nNa-methyIGrarﬁmaQ'l BropiorAidefd, %Oééétﬂdﬂﬁhiﬂo -n- proplonlc acid,

Iﬂgfodpwﬁl ﬂlgf/'lm Qﬁr9glng; %ﬁ@t g{y{aﬁﬁthﬁdlammo -n- pr\6p|o¥|?cl: acld phos-
phoserine, serine, phosphothreonine, threcnine, tryptophan, tyrosine, nor-
valine, and valine.

In natural polymyxins and octapeptins, R4 is Dab. Examples of syn-
thetic derivatives that have antibacterial activity include those wherein R4 is
Lys.

In a derivative according to the present invention R4 is an amino
acid residue comprising a functional side chain able to cyclicize the molecule,
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hydr oxyl ysi ne, Ne-net hyl hydr oxyl ysi ne, L-Na-net hyl
hydr oxyl ysi ne, Ny-fornyl- diam no-n-butyric acid,

wWOReoaoet7yd di am no-n-butyric acid, Ny-nethyl di areTBR007AB0441

butyric acid, Np-fornyldiam no-n-propionic acid,

D- Np- f or nyl di am no-n-prop- ionic acid,

Np- acet yi di am no-n- propi oni ¢ acid,

Np- et hyl di am no- n- propi onic 4gid,

N3- f ormyl orni t hi ne, N6-acetyl or ni t hi ne and

REdBaK PeoseipetedfEom) the igreup &f esuivplgntiresidueg consisting of Lys,

g‘% orw'?ihdrls orfiehing, BieAsp, Bapl diin roph@nlé%ld T8, Ser and

thetic derivatives that have
rBEﬁf?@m%@‘/’ ctivity in- 25 clude those wherein R6

i s DTr P hndawnairmalymﬁb? ng &andl ectapeptinst ®5, RE ané R9 are Dab. Ex-

on ﬁqgsyn {t\fﬁiﬁgghwgf i‘%&%b%'bgg{elﬁ%l %g;tlalty include those
Mdf@l'@lueq5 ﬂi&fanChBBynaPhe Lys dpi2eamingd-gRanidiso butyric acid.
optional |y gs dtvat MIH kl HPIQ' ﬁre%@ﬁt] ﬂ‘WaentlBﬁ q:ﬁgr RB! ¥nd R9

Leu, Thr or person

MERPe @ F?Cb‘-‘éta’@'ﬁ fz"aearseglqraﬂ Beiral @mipgacid wld#e.tme?éably Dab or
pmf providied it O eftal niimbief e posits! cRBXesShaRiid efliative does

m a u consi sting of e.g. phenylalanine,
HoE Rkl B,

ric acid, tryptophane, |eucine,
met hi oni Aepersahi skﬂlechirr the arte manoréadilyi reeoghizel equivalent resi-

' | i -
S e 3 1k i S o oo
skE: gmedlamqb}ﬂsm@mmlammgpwmagmwsm, hydroxylysine, or-
ﬁﬁﬁlﬁbah éiﬁinbm/-ﬁuaﬁldﬂ‘%u@fﬂcaﬁéat %lneR%%ﬁlﬁe TN Seucine, iso-

% es, of lilS gquvalve t hat have
s BBeRSRrE TSRS, (RSB o Ineoring. (serine, o-
erinshybutyile acid; pr-awingyivaldric acid Cokarinoytapkbic adid, Ne-formyl-

el N RS P O e SRRl N acety
bv@wulwlntehdﬂe-mu:yllnyckoxyiyanenmamethylhgdmwlysme Ny-formyi-
gﬁ‘ﬁ? |ﬂ8§g?tﬁ‘tyﬂ§' QCIQ e rN%e?éé(t)*ﬁeﬂﬂﬁé—)&ﬂBﬁtyﬁ% ﬁ&fs?g }\r rrﬁ&thl){lqlerl]m ino-n-
Hwtvrlﬁa9CIQL s f%wgiﬂamm-n@r@wen%ﬁém PeNi-tasmyldiamino-n-prop-
tdaf@cam@e Npa idi%hnﬁ@-n-ér%pt&f@ écﬁ@C'N Lrﬁé{HyJ/duammo -n- proplonlc

NG O R W AU

const i t ulnesatural pahahyxies pntiymja(péptiass Réeis [BiPihe ot dddand R7
SLARAREL 1ol Sfed OB e B gy
Fidedhess whergin 516 isdibrpoand wheesin Ricisiilat three (3)

posi ti Velncé‘aéﬂ\?étwe]a%cb?&ﬁ 16 thd gr&%h?ln‘@eﬁﬁ&‘( Ré @aﬁ%pﬂonally

!ﬁﬁgsa&&tgslfgﬁbnhomg Hﬁ%fgaﬁtdere%kgw Pref ev'@%e}%%g@s@rt Pleu, and R7
sher gtioradlly smbeﬁtatéd hﬁdrbbﬁobn@&é‘s‘daél M‘é‘ﬁer@uﬁ@q_éh Mhric? lle.

the i nveRtp'e(Ran Skl ed in t ﬁ'?asp %Saldtlsll \r/eeco%n?zreggdc’uwaalenp residues
of these preferred hydrophobic residues, and may select such from a group
consisting of e.g. phenylalanine, a-amino-n-butyric acid, tryptophane, leucine,
methionine, valine, norvaline, norleucine, isoleucine and tyrosine. A person
skilled in the art may also recognize the equivalent residue of threonine to be

serine,
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| ocated in the heptapeptide ring portion; or two (2)
positive charges can be | o- cated in heptapeptide ring

W@UB0OI3Mhi | e the remai ni ng one positive charPEl/FROZD50441

| ocated in the side chain; or one (1) positive charge

can be located in the hep- tapeptide ring portion

while the remaining two (2) positive charges are

| ocated in the side chain. Prq?erably at | east two

(2) p05|ﬁ|ve chﬁr ges are |located in the heptapeptide

ring por th Saturahpelyavisoandestapepting.yBi 0 e I hacnst bewgExam-

tphesd bfekmum deativativedthapRave 5nﬁ§ébtbﬁalséﬂtﬁﬁ? %lu%@ ffﬁdé@ewherem
?{]‘gijgr(g 5’6:11]{’8 :/Fﬁ-épl\g?‘s{ -Fhr OI'Ré bR][yryi ?‘h ecte rom

Thr - DSerlmga[deaMamingetu}ﬂBa rBaéntlihvention, R0 is3ED or any
Y grdhoote axfihB adid [ B3R rEvi8a Wit Rk K8 ol Adrmber of

mslilms 99Difb Saithdervativehdoem pobelkscaed threei Prefessity R10 is
MTRr NPLet 2; Thr Abu- cy[ Dab- Dab- DPhe- Leu- Dab- Dab- Thr -],

i.e. SEQ,I 5@ H}Thr 30 _ _ _
Abu- cy[ SAmsagn shilled i Al mabalearegognize theseqyivalentyesidue
bithrébninBab becsdringb- Dab- DPhe- Leu- Abu- Dab- Thr-], i.e.

SEQ I D
Dag- DPhQBPé %ﬁq{ﬁé@\? L@&QWEOF residugsarechgsen i such a manner
Tat-R\bad B9 Bed nBhbethIBhaylated Whkn EMFA'MR‘*-RZ R3&onskfdtes the

b ol TR, S 0 Rl MR oo

phenR4-R10 ¢ornsttttm ngtlmolymyxm B ring structure.
DAl a- DA ?héﬂp@@l@m% %b [%ggt ﬁgée]{?,) Pogltrvéggarges

NO., .2 b-'Dab- DPh L
r@ew é@%‘@f %}ﬂ/ X%@ﬂ/%ﬁ%@ﬁ%@d&l@l heptapeytideging portion and/or
Abihecsid®ehaipalf- ﬁBBba'ltLth?ﬁﬂlré@tG T;Btfsﬂ]\ﬁe d:hé?ﬁee?"?a% b%dk@t in the

éé@/sﬁ@ Rﬁ%%gﬁ& nga k} Aﬁnét)ﬁ%% said Rﬁ'ee [@? posﬁlvé charges can be

ogatetbintie- ltam’(ape;mdeﬂbmg pbrtiofhor fwoi(2ppoSE@ thafdes &1 be lo-
E%@ﬂéh%@fé%ﬁldﬂ;ﬁﬁg%&%ﬂ@gﬁé RRialthg lond pSsitivd Qharge is
lgeated i thedgideshaimn of pnei(1:positie change carebe doated in the hep-
Bsekgéé iyl Mo%ﬂe%@%hﬂm%%&qﬂ PBitive cha?ge%@ located

ingheraioe Phaalbn PRI 3F st B 3@%v§$lﬁ8§$3§¢{q¢@te in the

beptapeptides ring ipoetiost.: OA- Thr DSer cy[Dab Dab-

DPhe- L - - SE

o Tor - Epe sttt deafi®s agoasinenl ing, rgsent imventon
¢an beeelepteddiromoiheqyroliprof KighivatiydsDabei@ib R1-R10 is selected from
By i ot OB B qun o 1o
TN s T D TixcyiRabsblabok Phedhodiab-Dab-The], 6. SEQ ID
rEpehelﬂquuwm@e%’ébraéb-upr%#mﬂaﬁﬁ-@émw% il SEQ ID NO. 12;

AR B P e S AU NG, 15 Ao T
Abirey[[3ab-Dab-DRbe-Tlau-DabiDab-TM-\- FEQSHOND N8. 14; Thr-Dab-
Babttsb BiPHeAsu-Abu-Dab-Thr-], i.e. SEQ ID NO. 15; Thr-Abu-cy[Dab-
Dab-DPhe-Leu-Dab-Dab-Leu-], i.e. SEQ ID NO. 16; Thr-DAla-cy[Dab-Dab-
DPhe-Thr-Dab-Dab-Thr-}, i.e. SEQ ID NO. 17; Thr-Dab-cy[Dab-Dab-DPhe-
Leu-Dab-Abu-Thr-], i.e. SEQ ID NO. 18; Thr-Abu-cy[Dab-Dab-DLeu-Leu-Dab-
Dab-Thr-], i.e. SEQ ID NO. 19; DAla-DAla-cy[Dab-Dab-DPhe-Leu-Dab-Dab-
Thr-], i.e. SEQ ID NO. 20; cy[Dab-Dab-DPhe-Leu-Dab-Dab-Thr-], i.e. SEQ ID
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cy[ Dab- Dab- DPhe- Leu- Dab- Dab- Thr-], Le. MHA-SEQ I D NO
14; OA-Thr-Dab- cy[ Dab- Dab- DPhe- Leu- Abu- Dab- Thr -],

WO 2@8/00436EQ | D NO. 15; QOA- Thr - Abu- PCT/F12007/050441

cy[ Dab- Dab- DPhe- Leu- Dab- Dab-Leu-], i.e. OA-SEQ I D NO

16; QOA-Thr- DAl a- cy[ Dab- Dab- DPhe- Thr - Dab- Dab- Thr -],

i.e. OA-SEQ ID NO. 17; QOA-Thr-Dab 20

cy[ Dab- Dab- DPhe- Leu Dab- Abu- Th1g], i.e. OA-SEQ I D NO

18; OA-Thr- Abu- cy[ Dab- Dab- DLeu- Leu- Dab- Dab- Thr-],

NG, gmbggq[mgb-ﬁab bEhedveurBab-Dab -E{hr—] i.e. SEQ ID NO. 21; Thr-

bRAIDEBALEDPHeA P PROM, Tk 0. 1S %E%éEﬁzl -Dab—
%9% @%GU ngglﬁ’s] henSHQ D&B- ’r'hr-Apu cy[Dab-
Lys-DRNe-BE@D4D- Nﬁb i), Ghe. THE@aID CMUDaQJfAbIEhr?ﬁbu-cy[Dab-Abu-

LA IL: Seb T oA e oot oo

DRhe- Mu\lm@\b@ﬂh@] |B SE!NIINNOA% cy[ Dab-

'8&3 TErP herd- GE%B eltva‘ﬁv%ab CE§@ ﬁ#) &¥he 2pl}esent inven-
tipb @0 q)sﬁ@c froghtjwmropm copsisting of: OA—Thr—DSer—cy[Dab-Dab-
DFHeake RBabIPAS-THRY, REbOAPSERNID NO.I 1 Dﬁ}eﬂﬁﬁﬁsépcﬂgab-nab-

B PRb R gk d’” SRS RET fb:e ErtaErr-oyiDab-Dab-

Dfiei-Fhri-Dgb-dab mr-]rhre IBAR/SEQ| IDaNODab; RPASFHreDS Elaby[Dab-Dab-
B fon rcdab Dt THET B GBS0, NG, 12, PAGThryAbY-cyiDab-Dab-
BRhsH@U- Dah@ah—d’ hr-da.ehPAESER ) [NRb -18a A he-Aku-cyjBiab-Dab-
B@%Tltkiu-bebLD Tﬂﬁ] Sf'ig hé\’_f%;ﬂall&? 13, MHA-Thr-Abu-cylDab-Dab-

r-C
SR hekou BokaS A Tr ba Pinr M-S Ol Neb- 38k QMHAABETFr-Abu-
DaBtmaﬁﬁDPhé%Le@meﬂ' !ésMHA-SEQ ID NO. 14: OA-Thr-Dab-

G b e R TR

QﬁDabl-lDaE’-DPhﬁahen—ﬂahaBaﬁdmLEPhe OA+SBQ D INO: T8y OA-Thr-DAla-
EyiPap b B Ph WgBa]éa%ghr—E)Phe OASSEQ, 1P NP: 7; QA-Thr-Dab-
¢Y[Pabnpab-BFtherewi@abtAbu-dhrhi.e DOA-SIFADAB- ek - 18PHRA-Thr-Abu-

g{)ﬁg@ mEﬁtLed Dab-Bab-Phr-P5@. '&Mﬁ%a% NLgu1? OA-DAla-DAla-

Leu- Dab
- B DA Thitle. )y (PARSESILIHMQ. 20; DA-cylDab-
Dab-DRte-Deb-Ddt-Diab-Thre], i @A-IHESE® INONG.79; OA—Abu-cy[Dab Dab-

OBl PR AT s BASEEE s E 0R7] oob Stoa A

DEbethsy-Dab-Da-Thr-1,ii.ce OAGSEEQ INDNER; MBA-Dab-Thr-Dab-cy[Dab-
%b g@’dﬁ;’? B%H@Z(APQ bl e. %P&%E&?W T@f\ 'i'hr—Abl? cy[Dab-
lys:DBhB- la%voDﬁhqub-Thr-é HE)A @EQJINCNOQ 247sOARBWrAbu-cy[Dab-
Ab@mé@mbaawr{rqr qig), OEAhISEQO MDONTS!S ZBE%de'GW-Thr-Abu-
SRRbRAD DER el bah AT B, v, SHAREA4ONG 26 nhi bi

the gr ovﬂ’rbferéb@; dwerivativds \aecmee ko ah@rpreseeinvehtict are se-
lected from the group consisting of: OA-Thr-DSer-cy[Dab-Dab-DPhe-Leu-Dab-
Dab-Thr-], i.e. OA-SEQ ID NO. 10; DA-Thr-DSer-cy[Dab-~-Dab-DPhe-Leu-Dab-
Dab-Thr-], i.e. DA-SEQ ID NO. 10; OA-Thr-DThr-cy[Dab-Dab-DPhe-Thr-Dab-
Dab-Thr-], i.e. OA-SEQ ID NO. 11; OA-Thr-DSer-cy[Dab-Dab-DPhe-Thr-Dab-
Dab-Thr-], i.e. OA-SEQ ID NO. 12; DA-Thr-Abu-cy[Dab-Dab-DPhe-Leu-Dab-
Dab-Thr-], i.e. DA-SEQ ID NO. 13; OA-Thr-Abu-cy[Dab-Dab-DPhe-Leu-Dab-
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themto antibacterial agents, and even derivatives
carrying only two (2) positive 15 charges can have

wao b@spwited ef f ect, al though at a nore noder at e PEWEI2007/050441

For direct antibacterial activity at least two (2) and

nore preferably three (3) positive charges are

| ocated in the heptapeptide ring portion, and for

senS|t|Z|ng activity at l|east the (1) and nore
positive charges are

bly two (2) or three |£I3)
BsbaTiual 5. OReSEEbIMG 1 HMHATHDABY-cyEIAt Rbdorbe.L ou-Dab-
Ur?b -PR-Pp rf%semm-fsEQ ] N@rwme-ﬂ%ﬂsrhﬁAg@?ymﬂﬁDab -DPhe-
al NLTI
RSB e L o) G SE S el DR3Pty Dab-DPhe-
Beummasabarm-]meammmno( mmsmaa OAdTie-AalceyfDa8-Dab-DPhe-

5ag%aab Eytaﬁq_e‘fﬁﬁ 'B’N%nﬁ W@r g;%ngilﬂ {i‘nf@f@% %ytdaebs >Dab-DPhe-

pbeDabrialHardeke. |Dt|N@ att i @Aekhr-Rab-cyfdab-Dab-DPhe-
aéairyas-xbei‘rﬁr eigi A @T?;I N/ a4 8.V -T@r-x LYy S DD L eu-

Cevtiafhal- triyflihf%i Gelh NG, 78: (QRDAle-DAIa-oyiDab-Dab-

DBhiexLoeli-DiabdDal-Thr] hice. [OABEQIDOKIOL 26: BhE TAYy[Dab-Dab-DPhe-

LBy e PR T LS A SRBIBRE o &7 oot dubs at all.
due to iAsshpivetia theréxaimple seicbon heeribethel@tipounds according
%Jfﬁéqgfégéhﬁn\)é?f%poéarm WA J&r&ét(ﬁg p@%fﬁ\?g c‘?\%ﬁéé g%n be very

a@ﬁem @Qﬁvbstq ihikih he QE@M@ ahGrar@granatyeb!mtema @ortio sensitize
e Rﬁﬁﬁlﬂia\o?énél%@hﬁs ahdl Ve FerRaRVES cfryihg %n‘i’&Lﬁl&?m) positive

b8 5 e s, S LA v

G am negaori &ieedimlbacmrbb aan\tr':tyoalclbest o ez)eaﬁa nidret ;b}%ferably
4384 ToBhob, Sl e o ARG i g for
@m@m activity et leastzongy (1)pang mpatenpi:farblia pept(Rjier dhree (3)
ﬁémﬂvé? '&h?@e}@&e" fHd3ted '!rf tl‘ilg %%?%ﬁegjtb@hﬂnﬁﬁ]ﬁ)aw %L@fh%gre the

Sakura et

@%87‘@%?? 3u0 Byer ey SEoyRSS uthe SIQ@ chaim ppepigaifieariyganhances
therdireciadBbadterigledsivity.zat i on of the bacteri um to

acety! ot L BBt eLeR( 9201 Sulitasecaid, Bamaphepiss (1080a),

& Bakureaebahi(2004 )ediscibsej afmengrathgr p@igtrbyb(mt @erivatives, deriva-

4 B OG5 T e e, e P e
i gotevity of th@rdi&@@ﬁ?ﬂ? ai@uatmg/wxewy weakraridb chnigally irrelevant
(SARORS e} )é|l aigﬁb PQHMBN%Hntoa&ﬁnﬁ{ b@ll re%@ugﬁgh%ll'c%n?radlctlon to

fgsé‘twdms gt ;y;e;s@g‘égi’ ﬁg{eeta ipm é$€ﬁ'ﬂ’a§@na\ﬁ')él éam%rshggdran 1980a) or
attribigéd tahe spreificnamind acid crédiduestam anTaube ihdordplete purifica-
e Bl 1oT B0 S s e NS LS oo e, sug
gast ali modivatet fo/ studyathe wbiite of drichvaerivetives Teuberisitizb Gram-
ﬁ%qtﬁétm%rhé % 'a?tﬂla@&t%rlhpﬁa&ge%\'svﬂe' 4ESmble® A B8 present in-
vention clearly show one cannot predict the ability of a polymyxin derivative to
sensitize Gram-negative bacteria to antibacterial agents on the basis of its abil-
ity to inhibit the growth of the same. For example, whereas a clinically irrele-
vant concentration of octanoyl polymyxin B heptapeptide of as high as 128 pg/ml
is needed to inhibit the growth of E. coli (Sakura et a/. 2004), an amount as low
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such nodified polynyxins is that the parti al
nodi fication may result in reduced specificity.

wab@seise, sone of the am no groups that are POPBROEIS0441

for the an- tibacterial activity are partially
substituted (and hence inactivated) whereas 15 sone of
the non-inportant am no groups remain partially
unsubsti t ut ed. Fur t hernore, 20e degree of
sub‘étltutlon Ieadtolot to-lot variations.

Hg$ Aneegh Wweaéf@o?%%#&at'e"méh%bé%ﬁwm tO rlfampm as
isRB@Atih tite eRdm hﬁsecﬂiohq’ferbﬁnd are isolated and

t t | d tifi
pounds. - 3hedarrialad, paRim T Babic dpadsiltnd By Tauhss 1970
Anatmixhees roéedlﬁer@etly ccaitylated derivativaps Acétic anhydnde can react

Wiﬂ'hf ?ﬁﬂt tl'féohgcgn\‘ & arﬁldonglro%fb'sgdﬁﬁe% %ﬂ?& %ééﬁb' to yield a

m,fynczm@arla@d mziymma ﬁ@eaef@re asmenoacetylate @otmewn @ecording
mbaf %U@%lkmrg%f&'ﬂé rﬁSn@é@etﬂﬁEecPﬁél?ﬁWxﬁi démvatrvag each ac-

g%vﬁeg p of Pseudononas, aerﬁ% a
sP @ 7 B6ING 9roup.ofig lacetyfate &@wm@ agcording to
Teabpr @Esam |xtuw Qj‘ﬁ tte@ rallffe”rehw;d didcetsatet ddrivaticds Bhé tﬁé@aylated

ROVALRA BBt € rikiRior TRy iférehyh Hidhe tlatt gy, Teuber

did et attexaptdotisolater tluesa alpaivatieesbfremehie amixiire s.oFhee peablem with

Gbﬂ(ﬁ f%oeggﬁgwskgrfé ’éemggfh%nsﬁi zapﬁllo}flmééhg EI&%E@S%!?QH reduced

&Pefa ﬁhbr'ﬁ ep@fofe sane Oé@hee 8RIRe grausiihat taae ireortant for the an-
bibheteRbnastiify bRs pfa?ﬁéalﬂﬂguﬁgltlt@ﬁedt thdoqa.b»sa&ﬁhactﬁrdis@ whereas
results _.in a conmpound i.ng onl 2

SO6EF o1, B%. hGF Jubdrall Bmird BroUS rmeRcpaaly bnedReiited. Fur-

frerpnoye, thedldueee ap spibstiletiommalyiléad tmbt-gmmdarfaf|0|ch

t

concant 1 it DR Hehl e Meoing 16 fhe Brddef IRERNIbA, on the
athar\kand, earesigolated a@clt sinasturally| glessly Wefnedtansk iderdiied com-

?Bgngg oct anoyl pol ynyxin B nonapepti de, both having
po- tent agents to inhibit

our cha 4) are ver
bact eri a @W@éﬁ rrndsBrmag @ﬂdra'm (EI%O%OIP"O@%@ deat e free side
ahglﬁe?ﬁm\ﬂ%@raﬂtﬁéi/o@ﬁﬁ&ﬁﬁw%ﬁﬁi«ﬁﬂ@h@k’&%ﬂes R3 drlER3, as well as
af _oct ano
ik, bt tanihg 2t 055 Bt SO ki Bl BgRuERT 3. and RS are
eesaritial hditileahkdne aniino tgyoaps th RS and iRI aes ast essential for the
Fﬁx*tha‘iﬁh itll of ﬁf&b&b agsae?ngfﬁ%é nAL‘Q?cSﬁﬂQ@H E)  their conclu-

I on ere ent Ion 1 n one

ploasi H‘@scc?fenpmﬂlsy WW%P@@*EN/@VGBUQH vwdmmqs@ thabls\cz)the free

intHi [ [
Tl RAgEh S, S 8, U 1, 41600 v pt

S8R st P BRI FCEAm-negative bACteya.

one or nArshofienst mﬁhwﬂ HJdlélﬁ\thivébml polyn®yii B heptapep-
B8R reisrbesn e ed, by ZeAHike & 40 E8in4)o dBecrttaghmeps of the oc-
tempybeesidue to the N-terminus of the residue R4 of the polymyxin B hep-
tapeptide results in a compound having only three (3) positive charges. Sakura
et al. found that octanoyl polymyxin B heptapeptide inhibits the growth of bac-
teria only at a very high (and clinically irrelevant) concentration (128 pg/ml),
whereas the other derivatives such as octanoyl polymyxin B octapeptide and
octanoyl polymyxin B nonapeptide, both having four charges (4) are very po-
tent agents to inhibit bacterial growth. Sakura et al. did not disclose or suggest
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10 term ned by two microbiological nethods. A rapid
but crude procedure uses commercially avail able

wo pdoset77paper di sks that have been i npregnat edP@I/FI2067/050441

specific quantity of the antibacterial agent. These
di sks are placed on the sur- face of agar plates that
have been inoculated with a suspension of the organ-
i sm bei ng tested, and the platg$ are observed for
zone row h i nhi bition. A 15 nore accurate
Hii’i' ligy, 67 ockanayl solynayXinB baptapeptige iteisensifizedeacteria to anti-

lba\ttﬁrlé@ég@ﬁl%Pﬁbr téa&ﬁ th&Sa Idd@@??atﬁpéﬁlé'téll lﬂﬁrgﬁ%gbb?l{? antibacterial

in li culture ne

h‘éb‘[ %ﬁﬁh&%’@%%‘%‘%ﬂ% BE% he/€ind into the tubes.
The | onweThequesanttinedntion inafnedsmct bﬁiwdé&h@wtpﬁ)l)@‘h% ieriva-

Sheb B8y RRSHE (267135, 3) S4B R GB W HRF bt o

errwlm;mg dbe mEewitnof vee orc nore i Gram-oegativep bastenial species and or
's@M@iﬂth% MERYr Mbhe @ré %&f\/&vﬁébteﬁgl s{%c?%%'éri AftithiBtic or an-

acferi al agents
ﬁ Aeyd¥¢fe bacte- ria such as those bel onging to

t he genu!rhefm:%@e il a@l’fl@écteﬁ@ft@@ﬁaﬁubdﬁtéﬁél'agé}ﬁr}ﬁéy be de-

A flFe by oo G BiRogiEa) metiadsy & St buf &rlid8 Frocedure uses

Foswharcially i avajlablecfitgrhpaper, disks itkatbhavee beel(l iatprégnated with a

%*Jéénl' @%.hﬁﬂﬂy%gﬁlhbgamuﬁ%@fﬁgk@enf %ﬂgg? g@k%ea?rpaqleged on the sur-
faceyell agar platesyibathave begadneculatedavitinatsuspansion dfdhe organ-

fsgrﬁe bﬁnihr% tgﬁﬁidi Fgﬁ?ﬁ%%@t@%'}(@e %‘B‘séwgﬁ'tfgfggﬁeé i f growth inhibition. A
u .

{58 g HEBTIaNR, dhe 489 bdlion Sisrepti3jiy el inolves prepar-
by tesbiubes eontihing Genial dluirofn%rof e dhig inARRIE edRieSmedia, then
FREUBERE s, AT 0450 5013h 1B THATIROE T kg Bpgentration
pbedtLigethat inhibits, groathrof the dacteria aftert 2 slitabld hmrbdﬁcifancmatlon

t

%'r% Pttg 'a%C{ﬁe 'ﬂﬁhing@r?a}@ﬁftoﬁy&dg{cb\r}g Hﬂ’e‘r | as Tge er

bact eri alpeT'Yﬁtlé’@ﬁlé’(%’qul%Q Béﬂ'ter Rrgseat inkentinremayydnhibit the growth
?f(@nﬁén%ltli%a@: @itmacfénrgbl ageRid QAriidaMy if bﬁaﬁ?éréﬁf-ﬁeﬁ?tlve bacte-

i ssu ect i, 0 ,
fi 3FER s hiise belinglRE i thenGents Bt AERetabisctamndersignas, Alcal-

gevies; t Bordetéita) eBranhanesiist, oChopylabacter) iGiftbbattef e Entsrobacter,

EEERRIRIE ek, AL BUEONn, S AR el o

Selia.ckegionekat Monaxellag Rasteinelles Plesivmonast Pseadomenas, Sal-
%ﬁellé’rSér’i‘aﬁé"' %fﬁ Ila aﬁdlp?étfslvrﬁé ) e&5§ nl'hé‘i)%ﬁféri%r\naﬁ%‘e for ex-

nt esti na
COR%? Z?Zﬁégé’ggfuﬁao 92’%;9#3 mﬂequwcf Wﬁb&fﬁlﬁ@ oxygececkEntgrobac-
feheldeabe Entdrobaéee t:—:le riéis$ @ﬂ%@%p’eﬁ@s%*%ﬁtﬁ%ba%’té‘r THrobac-
t g 5vere spi t U|red |Igfe i ons,
o el ooy trmana s Aerde S9pies of spidomonds, Acine-
fohtefer ibanmapiniit as willgas rrtarqrmthéaspecﬂes of nbﬁwfermentatlve Gram-

'érﬁeﬁﬁbi Qé&eﬁ% tI'HS baUERS Ao if@e ﬂ%ﬁ%@»pylg 78S Swell as

rn mounds Severe
other clinically important Gram- negatlve bacteria.

The bacterlal infections to be treated include, for example, bactere-
mia, septicemia, skin and soft tissue infection, pneumonia, meningitis, infec-
tions in the pelveoperitoneal region, foreing body infection, fever in hemato-
logical patient, infection associated with an intravenous line or other catheter,
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acquired infections, infections of cystic fibrosis
patients, as well as infections caused by

worioB1178si st ant Gram negati ve bacteria. 10 ThECPFRSEWS0441

invention is also directed to conbi nati ons of two or

nore derivatives according to the present invention

for conbination treatnent. The conbi nati ons may

i nclude derivatives having difjerent spectra of

antibac- terial activity or a capability to sensitize

ganyl ansior devics, dofegtion in gastoinfestinahtracte grathieveye, or in the ear,

Qﬂﬁérﬁ&u‘aﬁ skt mbﬁmt Shd aéom é\ﬁ oggga%ﬁ;%msgm?qﬁ pﬁ&&t %ucous

resent inventi'on is di rmaceu

Wgnfes aRd/as Sy by pﬁ@hﬁ@lhy ROXiPHS bagteia: i ves

accor di Mphé Qabﬁ#lamrﬁ‘é@tf&us dlﬁé@é&si rgesudb%uf afahbt fiifit8d to) se-
an opt i pona

el ect ed, conbi t
S, Bt PERUEGRL ARIRRU0RR Bfesons g Rer MPLRSEBPEmised pa-
tiemts, p'lfactlmmeﬂt theloryaradransplant ipatients; rlnfecfioml@t tt_he intensive

| | 1V .
B8 BisRET GV BevkRE | hiddtbfis PEL SR RS, aBy8E, cfmunity-
mmumsic matmsl wfgeiwnm@ﬁ ayiiicefiyosisdpatientsicas fMeIIlI asipfections
@aﬁéeﬂbwmultpmsqétsﬁt Gfam ki0d ba@te?%er sing,

sol ubi | _'7. %suspen in rrusne{ﬁ? bi ndi ng
stabiliz rﬁ?%’?tn'(@@?téﬁ Y als dirpstedalq ﬁ@mWﬂmgOf two or
ﬁibb@dénm&wdsltdliwwdihg ng.the @tkéwnt nguermatﬂ for aamgmdti@n treatment.
as .a nt s sar ephancers .
T shlaths' mAR a0t Kt Bayes baang difeteRt PRCRER o antibac-
tevial 26tivityper a orapskbility dxnj senstme différenPlspecias artstraihs of Gram-
| BdcPdia Jd ons wherein the ac- tive

ﬁ(%%&iﬁ%lﬂedms atroggﬂtl:tg&i‘}%t]&%g%% n-an anount effective to

achi eve Angthenaspeépf tbarmeg@t ingertiospisciirected ity pharmaceuti-
ééleécﬁﬁﬁéﬁltlé‘r% cBniirfsif pYRmAREH HeriVBRRS ﬁEcorﬂ[ﬁéufB tI?é present

oun effe ve to revent IIev
IBMEREQT hetr SAlh Torme, Gale ?d ;PAIFWHPBW% ‘TJPB 0?1'19 optionally an
antrbact/&rial agenhhioraubatedttogetheg withegrie drt*) .iﬁorte ghemaceutically ac-
e icable to a
CEate caa%, and Blchletts. T rbfiRatsSRossita 2 e actiys com-
Raunstst intocpreparationisswhieh (cawi hehused pbammticauy and include e.g.
I 7
‘“ﬁ'&“@‘?ﬁnﬁ'ﬁ% ) Siterit, ki ol Ciebersilly SOlAfiZhG Sdspend-
ipgo GRWSIEYING| Pindingw, stabil tzvfw,aélﬁlnte@ragngbyenﬁ@a%atbmg. coatlng,
@ﬂbé@dﬁhg Olnbhcéﬁr}g lwlouiin'gs ahy EI@G@UWQ@&%@S‘ wéll as absorbents,

S BRBY BhandokS bt Aolihus sk R 0 o209, R0 31 M8 to

a persoowgkilledfindbleiart. st rat i on chosen and the

Phar e Sidriflooftc BT Rh<RURE SARBRLIELEE whidreig the ac-

| medi ate el ease or slOW Te ea
tpeoingrrelienis araceantainet dneft smouah gifectiventr ackieve the intended

ﬁtﬁb&é@b'l\hdrbﬂs egﬁéélvra fﬁé‘i‘&pedﬂﬁﬁllf( %ﬁ&ﬂtﬁ%ormﬂymeans an

conveni ent | esénted In unit dosage

FRevRERf ¢318 %e%fﬁgtwcg fo tpaly rpgeyg;gyallewate or amellorate symp-
toms of pathology or prolong the survival of the subject being treated at a rea-

sonable benefit to risk ratio applicable to any medical treatment. Determination
of a therapeutically effective amount is well within the capability of those skilled
in the art of medicine.
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Phar maceuti cal conpositions according to the present
invention in- 10 dude (but are not limted to) those

WO pdosodEes f or i ntravenous, intranuscul ar, or aPCT/BR007/050441

topical administration as well as those being

adm ni stered as a sup- positoriumor as an inhal able
aerosol . The conpositions include intravenous,

i ntramuscul ar, intraperitoneal 23subcut aneous,

intramedyl | ary, intrathecal, intra- ventri cuI ar,

i ntranas &ommsu tions mgy heaproduped byqnecessasavelbkaown in the art,

aqy. Obp|n$eéifs BELbnesntibhal sigiAg] ﬂté&ﬁ%ﬁb f SHicapaaiatin entrappmg,
Lntrav Jnal rans %osa or transder nal §e|
Beprgt: s RindRa ar BRRERG: profepse THis, Phgeg dormulation is

dnpendemtnupdrasthe roubei ofgadministustioon shosen, sAralvthe pharmaceutical

CBRLR cor 1S EATRBY RARTRARRA T bE ool IR e, i
PHigfulcaPEriong the dherapgutisheffectaand/op imprave tolerfapility). i Further-
ﬁﬁdi‘é' e ﬁiﬁMﬁRﬂ%n&%H? 'c@ﬁﬁem@ﬁﬂf Sé%?lﬁerﬁ’c%ﬂﬁh Uit &SdeYform by

i- ble.f * & ﬁ as saline, 5% dextrose,
‘?TB%‘E’S knQyn ip "t?na 828 BERRES sol ution. The
f or mul at Pharmagewtticab combsmlengra@aﬁrd:n?@d) u?é;bs?ﬁg hva&ntion in-
ene
B0 eR orf ettt ) Thlke Sodhd St nyRvBRYus Birapusscular,
Ql’ﬁd oukdpicaladministmatiohaasmeliuas thodey beingepdraisterart ds a sup-
ggé*l'tdritﬁﬁ o §n gﬁﬂafgﬁlgoé QF‘G'I'hef E@rﬂ’gb&ﬂ&ﬂgr}’lcﬁu@%tmvenous

rgani C aCI rgani
! @muwu afyuﬂmﬂrl&neal,a%ubputmbirﬁrﬁme@dlauy istrathecak; intra-

aentdicular t ihtr‘éné%ld or nﬁl@éﬁlﬂéﬂ fhjédtiofs, |rﬂfé4’aﬁlé%érb&ﬂs as well as
aCJd i ncl ud retlc

Bt fePcedor t9cta) Gral IeyBO0aT sAnsvilicosal & ransdargial deliv-

ani.d, malic acid, nmalonic acid, succinic 30 acid,

e b hareH I o a3y RALE G, FaLhing in
fusions, o5 slaw infusigasi thEtdmwﬂdSoﬂmor@mg do thistiovemticn as well
§§ 'tlﬁé’ Ebﬁ'nbﬁ’r%ﬁ%nsstﬂécﬁ%d Cab%@ ﬁ%@ ﬁ)ﬂﬁu'a‘t&f as'tﬂelr r suitable salt

diti arnaceutlca osl t1 ons

%ﬁﬁtﬁr ?O@?Sr I $‘§H %9!1%1%@5% cmgfeéablwrmhyﬁqlﬁgjcally compati-
bie! luids sacheeusalinens594 dextréss! Rlﬁéef'@}s‘omﬁh abﬁd Hank's solution.

atory agents suc S sus st
RGBT e Bl o R ot Sl b sroBlone iyl
p@heﬂ:ﬂymeagkyceblprepylenergiycheorf pdlatedocormpounds a5 WEll as pre-
ﬁ] P,(ggétgg,%oow 050441 24 natural and/or

synthet c a aci ds esters, such as ethyl oleate and
triglyc- @rﬂb%"@“t@?"y ﬁﬁ@%@ﬁ@? agieadditipr Raltsrayele prepared
fromt mbfgﬁﬁkb%hané@‘émd/\@bﬂb S@qﬁscdé?ﬁgg ﬁ’é}ﬁt Mng‘eﬁr‘&l& lbl&lo%flnc!ude
b SHERE BRI T Saess s RyBE SR Bk i Shosphortc acd
ariies ilike o Salts aderbvedpiremeotgatic acidsi it':chi!deea@ét:d”rab‘dl 'pr%plonlc
%tﬂ;ﬁ eg@@@icg?%ig,o pgl‘ﬁ'gﬂ:eé&d, SHSE 852 Sid Haldn i 3¢id*8lccinic
acid, maleic acid, fumaric acid, tartaric acid, citric acid, benzoic acid, cinnamic
acid, mandelic acid, methanesulfonic acid, ethanesulfonic acid, p-toluene-
sulfonic acid, salicylic acid, and the like.

In addition, the pharmaceutical compositions for parental admini-
stration may be suspensions or emulsions in oily or agueous vehicles, and
may contain formulatory agents such as suspending, stabilizing and/or dispers-

ing agents. Suitable lipophilic vehicles and solvents include fatty oils such as
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freeze-dried (lyophilized) condition requiring only
the addition of the sterile liqg- uid excipient, for

wez@splE34 wat er, for injections, imedi ately pPCDFL2067/050441

use. For oral adm nistration, solid form preparations
include e.g. pow 10 ders, tablets, pills, dragees,

| ozenges, capsul es, cachets, and m crogranul ar
preparations. Pharnaceutical pggparations can be made
using a solid excipi- ent, optionally grinding the

natwralt aRg/orisynthetic tatly peids csiensg suné as ethyl oleate and triglyc-

@ﬁééé” 6p. I:Pgi‘.élﬁbsamenguﬁyéﬁs%ﬂse n?é&?“cbh?aru‘l %ilb'sfances avhlch in-

ohtain tablets or dra ee res.

eS| ret?I
EMBFHINRI hgrSysPegsiony su gmaﬁ%r@gxmeswl cellu-
Insp abiditollor dettraas di | uents, sol ub| lizers, lubricants,

fslug\egﬂ(rj: Ege %%gﬂ{téral \%‘gﬁf Eliogfér eselgé/ ggﬁﬁededs in unit-dose or multi-
dbse rsleebadat:mmtgmge,nsmh as ampules ambmalsatambcalmtm stored in a

ﬁlébié‘ﬂh@d 3@‘15@ éd) B&ﬁdiﬁﬁn @gﬁln édﬁl{l&ﬁj of the sterile lig-

m onat e, ar ate
H Wﬁ@ﬂ F%r&mlepwetqrn orguaefms igeegiately prior to use.

t;?gacaanr ofﬁééé'ﬂ’rhﬁgégléaﬂoﬂs%oh&q@wnbre aratlonsxlnclude 6.g. pow-
u
fftsr daiEs, s, rpbedS lozRngee samulss. %ﬁﬁe{ﬁ.wfmcrpsranu!ar

preglaratibrisniPharaiaiceuntical greparatiops caache medes abingi @3slid excipi-

T e Sy

gf?éluéﬁ,& iafter addipgrasitablmauxilianias if desiredido aptaipitabletsor dragee
sbraki Al §th Gafish/dltimkant a8 YRBLGH rﬁéré"@dﬂsé&%c&%ﬁi’cﬁgﬁéy also

25 angB vours Aq ueg"s suspensi ons can

R ﬁngofvh@zersn Rr'caata/.sgéaea@ﬂgmem&rﬁan@erﬁ preserva-
w@é@lﬂawotlﬂ’ng/ rgeniss wittirng lagéntss témetaéismvég#éﬁﬂ\ @fents, or an en-

CHYC R, DGRaBE oAb bt R rg T fed to, magne-

SIuapsathcmgteagmagaeaErrulstaamte rtalyc extros@alaetbsen pectin, starch,
érgaﬂﬁ' ?l%glacéﬁ‘tha%g erﬂ[lfb%l %ﬁllﬂ%%&%{;ﬁ%ﬁfﬂé@@%%e, a low

g@y n emil's eht’s such
tmgt\uaxmawwﬁ%m #ea. The compounds accordi ng

to the iyt lp@ébé?btl@ﬁ’é‘ft&d"'@blé)"fér 4zl %HMlH%ﬂaﬁQ@xﬁcm e.g.

al so be fornul ated f [ topical admnistration

VIR S%t.'ﬂm SUEIns, BlideaRauaeoVRIEHSRRNSIONS. SRbHeIODE a0 gels.
Agiiéoyshsoloticesitan dlel pfeparecbb’pﬂﬁsbmng the active component in wa-

0 areCEddY SuRbEE' Sapli2ffol A hipkinid BBRts, 85 WEIL AR colorants
ard ﬂaM@unsai\queous @xapphsiond cahdrerprapardd hyi disparsing the finely

s oS Uy B e

nthefic ggwpéﬂﬁnﬁgmqﬂw Hosey, sastiupi ¢arbprymetvicellulose, and

@thbﬁWellg(n%WﬂétispéﬁQl Q &ntds E@hulﬁéﬁé msnbé [iré}SérHQQn solutlons
ani mal and oi |

Vs ey sPliehs & i eindthing
i8t3gt50us hrapyigns AlvapL spluliors ¢ may temlainpinuisiiyibg agerits such
amlep&hlhylsenwaglmmﬁ»oleébfm'rada@m cal formul ations

I ncl ude, Rt 04 M hBrbfd 1@ thE3hvalt or combinations de-
scribed above may also be formulated for topical administration. The aciive
compounds are admixed under sterile conditions with pharmaceutically ac-
ceptable carriers/excipients, including any needed buffering agents and pre-
servatives. Ointments, creams and lotions may, for example, be formulated
with an aqueous or oily base with the addition of suitable emulsifying, dispers-
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5 eye-drops and transdermal patches. For transder nal
as well as transnucosal adm nistration, penetrants

w@een#l7By known in the art nmay be used in thePCT/FI2007/050441

fornul ati on. For adm nistration by inhalation, the

conmpounds according to this invention and the

conbi nati ons described above are delivered in the form

of an 10 aerosol spray presenggtion froma

ventilator, pressurized pack or a nebulizer with the

JQE sispending; dhickeningp etakilizing,eory coloring agents. Commonly used
ié?ﬂ@ﬁi(ﬁddé’ ﬁﬁ%l'%@ev g‘e’téﬁi@' Und J)l\‘?‘?ﬂﬁﬁé%hﬂﬂﬁ-hﬁms starch,

or ca

orotetraf uor oet han on d
o3¢ dgrivaiivesstiagaeanthcand splyethylensoglye@. unit may be

det erm n@ﬂhélytopldéﬂ/ lfcﬂ'hﬂﬂatfbneglh\tmde% Buflghd Mg{e Ilng{t?ﬁttéréﬂ'-drops,
rtridges o e.g.
38 4hhps 3G nsaffas! Rt

h?%uffl at or may be fornmul at ed
cont ai ni Rgr Hapsdw.tmal rasxwell ashteansnugasahddmivistration, penetrants

ehbal rBRNIRING B aY B B3 BH RS o The

ds accord i'S ITnvention
corrbl nat F@h@dmi'é@tfﬁtlm@yalﬂb@@tlﬁﬁy the sempounds mdcardiog to this

irﬂrehgéﬁ t@ngglftggﬁaﬁﬂihéiﬁgid\%ﬁtrllﬁ%d %Eb@ﬂ ’aréo gigltv\()ér%g& ”ig?eé;form of an
|

3oL s PiasebiEton. Fom, 3 yendiAtey) prassiled Pack o a nebulizer
pd:thythehyé.es of agkvitable propellsmtipeas, dlchMrMﬂuorEhihtﬁéﬁé effichloro-

REHaREG, JyleRoRER o ReAle 67 Caltiin i oA e case of a

prassutized aarospdsthasdesagar unibmayhee determiimed by rpravidiegt a valve
& délﬂfer% rﬂéfé(‘@&ta' r@EE¥uI@$%h8 Ja?t?b@?@ ofF %, é Qélgglg & use in

ani,mal ~ subjects s er | ous _
andnb@lﬁbrqrslegufﬂatﬁrrmgt/ebe muated eentainingjaepowdar mix of the

thapansdahaal svitapié pevideebass SusH adladtsasbr %?ch

d t d to.th nt i.nvent L
opt | onal 158 ERTRSHSFe SRS, o ke THenarcaid e combinations

- desmibedTatover magrdiso befomiulaterl inaectll gbemposiionsstichash reten-

6y S5G5 5, B SiAPred B B ES bla hron goh o
cerozputier eoﬁb‘leéggmerldﬁs,emWeihyﬁeQemnqm artasgppository wax.
3 i mul t anpqa ﬁ?ééen@ inveAtibA %‘iécf'@‘*éla‘(te‘s@ %rﬁ‘legﬂgoﬁltﬁlf' Hg}ﬂlg[ tjﬁej?resent

er?&eutl cally effecti ve anount sal

INTHENRIVES @ 3ecom m@owm derpatives rasgdparcof the

dnﬁcté] acdatrhiopl of(@e at preﬂalytl\}éepr%pylﬁbﬁtg ﬁégﬁﬁmeh%ﬁ)tm.ﬁﬁaﬁ%r animal
rent rou

SilSecsS] SHisting B 2h, BedfiousadiRaesd cand omutrisgs "adMistering to
$aid rsubjmb as| therspeuticalheeldéctivetddsacdfeatilehstagmnderivative accord-

i"ﬁg"io” %dt%ﬁ%%ﬁf&n&l |Ht6ﬁﬂﬁiﬁgﬂ§|i3(ylyl an antibacterial

ousl or traperi
agendy nat ively, the derivative may be adm nis WO

2008/ 01 7T pFESENT irR/EPTiOR 2 Pelatél tf)%r @%ﬂ?od of sensitizing Gram-
intra Iar or intra I t oneal

aegatiedacier %a tibacighal agentswhetsin the Hativafiiesageording to
thet present uﬂwhltmsn as adrhingierad enfdiangoudly, bRssequentially in any
(Sjr‘a Hﬁi{ﬂ ¥?h<§%i§eutlcally effective amount of said antibacterial agent.

The derivative of the present invention and the antibacterial agent
may be administered together as one formulation or by different routes. For
example, the polymyxin derivative may be administered intravenously while the
antibacterial agent is administered intramuscularly, intravenously, subcutane-
ously, orally or intraperitoneally. Alternatively, the derivative may be adminis-
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be adm ni stered in an aerosolized or nebulized form
while the anti bacterial agent is admnistered, e.g.,

wo posavespusl y. The derivative and the anti bacP@r/Febo78350441

agents may be admi nistered sinultaneously or
sequentially, as long as they are given in a manner
sufficient to allow both to achieve effective

concentra tions at the site opginfection.

"Therapeutic effectiveness" is based on a successful
terediisiamuseulady pe Inteaperitarmally ovhiledthei andibanteriahagent is admin-

‘i’s%l‘e\d%trﬁ?elﬂﬁw qm'i‘&nhgcﬁlaﬂ Bhﬁﬁféﬁerﬂtd}%ﬁny 3! c%"rwatlve may

eri al

% '? nqﬁbﬁé&%f in 28 éggséﬁg%d ioRnalidiged foem Wh*i%é'i‘ﬁ? camtlbacterlal

Syenersddrhinistemidren., dﬁm@ﬁaugp ?Fﬁéld‘ét‘llvaﬂve’ianﬂﬁtlﬂié'anﬁbactenal
ant.i {Jact erj al jacti

BGPPicia! B potifislsrbd  tbuaResisly of senlaRflvndis tongas they
arengenelnbmlnmrumen sufficient tooéllavindolto st ackiiees dffextive concentra-

ﬂ?@g@ﬁﬁ% S|fér<§1’| igp! |y effective, the antibacteri al

ect re may be nodest. Re 15 duci ng organi sm
| oad by € aBﬁéﬂq Gﬁe@a’em@soﬂs based)omay syegassiul telisical out-
Befe, Bndoyve ﬁﬁﬁféiﬁﬁret Maf %né!ér‘i\}atfveeadc%f'&ﬁb 1t8"the ! gtesent inven-

B Al b Ran B A Anllscreial 3967 Kl 190%0f the

baul@rlaenmlbattrean infetita. /mssﬁuDgEQM?teiépéﬁHs ohh&difleving a
critli

| &7 BHcta Rl BBty BEine 70 br Bfectfo, oL fRiest 3 nhif the bac-

tmraeinﬁenmcaamaé tis 20e balanceiin éa\mr of the basti Whearhkost defenses

E%h?a")dlrﬁhﬂkﬁbﬁéﬁﬁ\% R d?ﬁlbﬁéfetan Eﬁ@éﬂ ﬁéduiFEBrer{r‘tbef Modest. Re-

I nfections, such as nenin

AH¢iBg tqrg@aism_laad; h}é.exsetﬂnazlosf feetaciueplc @) mAYpErmit the host's
awhi duishsas @ corif thel iedttn. madam:ansaﬁgrﬂahtung |ahtéér®f bacteri-

d ba
bRV BRGRfos Bl et B0 pS CBiEa RRTTA Bien, ARG bacter
didal/batteriestatic effdch Jhesetdarly évents area. sigiifica®t aid edtical part

81f th‘é?%ﬁ@#ﬁqﬁ{%?%r&p%%f»h Qhé\( gésg\{ﬁ@@% E% I'Q)Vs? YerSise! Pechanisms
mqapw@éeemcaqeasarg@rthg bactericidal raje byl beoparticulady important for

W Rions st STfiBHRgILRYBEnE Sy ;mﬂﬁﬁfe%ﬁahé oni tis or
rabbi t be predl cted on the

em a aSSﬁ
basi s of %r?@w lige F?F"(ﬁnﬁﬁé qf@é’t antibacderialiagent ﬂPDe"dS on
tﬂetacrsmepabm@rtﬁ thé bakterial @plau@s it® Eﬁ{a ?lg&fbécféﬂél pkeheht #@ clini-
ol eV PR PRGS Eot o B RS Bbditid f 1is imvention. The

effectsyf conmounetseactardingdosthef prebentehi/emnomto anprove the thera-
%ﬁticbé‘ﬁé& ﬁés%%??htﬂé‘cﬂehﬁl %é{i%) iff vl gé?ﬁ%ng rafdd in in

am ne a che cker oar assa
yyo t&f@ﬂ moctﬁls,s%mfhlas dnpuse cmsltqmtlsam irpblit ézacéerem @assays,

ah@mgpbelp?eei@t&a BAthe badid B a¥drfty OF lint vitéd s Oihc:udmg (1)

t est
GelSHRBaPTS oS P angnim 'oﬁ&tervﬁéqraeq%atr%a?{riwﬁ of gncanibacte-
24 al?gelml sequiredetoi inhibit\gowth ofQ @emnégaﬁd@bﬁtéﬁmﬂtfor 24 hours,

%@%@ﬂﬁq@%ﬁﬁ@#ﬁ%wlﬁggﬁ?&%%l '\gg%n on tlﬂe klnetlc growth
curve of a Gram-negative bacterium, and (3) checkerboard assays of the MIC
of serial dilutions of antibacterial agent alone or in combination with serial dilu-
tions of compound(s). Exemplary models or tests are well known in the art.
Using in vitro determinations of MIC at 24 hours, a derivative ac-
cording to the present invention may be shown to reduce the MIC of the anti-
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bacterial agent. Wth this result, it is expected that
concurrent admnistration of the conmpound in vivo

W@R00B/017184 ease susceptibiity of a G am negati VECT/FI2007/050441

bacterium to the antibacterial agent. A conmpound
according to the present invention may also be shown

to reduce the M C of an antibacterial agent fromthe

range in 5 which the organismpg considered clinically
resistant to a range in which the organismis
bastarigbagentc With this resultudide expetted that condurent administration of
LH‘ie bﬁnﬁbﬂﬁ&tﬁ@lvot Wik mEr@?—,\%B di(%ﬁé%m@ Q'f ﬁtél%{rﬁ %tghﬂvé( b%8terium

one or nore _conp
;B? é’%ﬁﬂ"b&ﬁ?@ﬂﬁ iagenk A ﬁomi)@uaﬁltaqgatdieg |t<a|th%lg@ﬁen¢wnwenhon may

B8EbE Shbati &1 fstivee tABAVIFCE fof Ginl b CEEH & ggeni fHdm the range in
oti c-resistant o t0 an. antibiotic

b
WL braAristch SinsrisfrelBlonlv JodRiani e & fge in which the
argariisrot ier ¢atisidayedt dlinically hsusiceptibler &Vigh dhishresoalyy iteis @fpected

 BATAREMREY BRI in' fiyd BP 1Y 638 BF fndtl QBRSNS accord-

inghiso pr@ggnb@vganﬂa tbﬁra{ﬁlbactembagemﬂ will reverse resistance
and &ﬁé&t%ly”‘|coﬁfléﬁtheOfanﬁBfo'tle-ﬁ‘ééﬁfdn?' %@Sﬁﬁ?ﬁ' ittd " ahtibiotic-

|og fﬁs l[%efera y 15 less than
EH ibiRproagisRLy | y bacter|C|daI/grovvth i nhibitory
ef fects Bysneammr@&hé dffectlof sntibattereal *a@@h&o@hlthéim vitro growth

SRS G RoRRebale Rachre) B hneba@RERter SpsReca ) agampound
Reswdingnter thespieseot lrpfentmm i thiei cam péiinet naybey ehdwrhi® enhance
rgéjééééﬂiggﬂgﬂgbé%%ér?élte?fe% oieéﬁtga@‘?:@é?ﬁ a@bﬂ{éﬁvvfgt‘hg%‘e@@t?cg ‘;%’e?erably

fan ﬂ‘le*‘%ﬁbﬁﬂb@n‘iﬁm%mt of Q,aﬂydamn@dal&r@mﬁg inhibitary effects

mr.ﬁﬁﬁnant iW@stehfhing i%réﬁéut%ﬁt%m@ agents may result
istic' ctional inhjbjt

Ic gn Se nt rat 9‘8%"'%'6’&9" 'ﬁff" aggording etek%}eo Bgﬁsﬁnﬁé‘?\‘ﬂfﬂloﬂsa“(j an
batshmt:temalagdant mayt e}lso Wave synsigiistiesorigméntidtingr&ffedts beyond the

BRRAA A U S 5 o, Qb e 5 e
g@thﬁﬁ-l 5] &sh%ql@trbmrd Fsgyothd exsbination ©f & ¢ampaunddcearding to
ﬂﬁén Bfé%nt InventRROWRA &ﬁlb%@fgrfdl xagePFQ Wiian}[g rEQIEin '3 Yergistic™

as |

IS Score
Retianial dabiPpry;eReenEionaBoext biCheEne rheskerbesrd nethod is
baséd o addRivity, aﬁhicﬁ%%gumeeghéﬂhbhéstm 6§§éﬁled Wﬂ‘ﬁhhﬂiﬁ)le drugs

F'lfa urﬁdugrrh%g %ﬁe ggﬁér%léé %?%Ptﬁ&fc hﬁadgl'k' I% gested accordlng to this

systemsarﬁlﬁersf lessdhan 9.8 lis sc8@ddasnsynergys tr spscaged snadditive,

shd gfya&éman%nt 8Ss mérﬁg% Ecor[er ogqﬁa.hgggggol . di nones.

gl ycopephntitacierial migents: suitahie rﬁora@se/ tmcombrryﬂl:lpn with derivatives
Sadramgnei the preten@iRvERtGH qnﬁhﬂé @ @nﬁfa@.rolldes such as clarithro-

{quglll(?\;% Ibr%%y?:grﬁ, @'&5 & rEr%py%lnpétphqlés;qQ/%cg\s/aemlnes such as clin-
myahpstvepnogeemmn nfarhyahgnmcmas bmﬁmrmfamrrﬁaﬁd #i8lazile,

fblf Rk Prbitoth. SPiecBlidhaie N dhamtEe antblotios. such as van-
emnysiny dabavansinbitelavancianand aritavanein, fidroguinplones, tetracy-
cg?l'é' &]érf\fé"tl\?'es mﬁéﬁﬁéblé ekl &fvds of Pénidiihs Ckeph85pdHhs, mono-
bactams carbapenems penems and other betalactam antibiotics, novobiocin,
pleuromutilins, folate synthesis inhibitors, deformylase inhibitors, and bacterial
efflux pump inhibitors. A person skilled in the art of treating Gram-negative in-
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WO 2008/ 017734 PCT/ F12007/ 050441 28 fections may
easily recogni ze additional, clinically rel evant

wa@eiosloerseri al agents that may be useful . PreP@r/Biabor/050441

said anti bacterial agents are selected froma group

of hydrophobi c or noderately hydrophobic anti bacteri al

agents agai nst which the outer nenbrane of

Gram negative bacteria acts as28n effective 5
neability barrier, The invention also includes the

er) ; . ' G - i
fRctiope A egpibscogpizerRiditenal; clinieallyiralevaohantibraterdal agents
trt]msmagi Ke nteﬁﬁjl.ihmretfa&gwy Egﬂoéhﬁ!{]ﬂact?ﬁérﬁﬁérﬂ? Idﬁgt&ﬁbcted from a

erein.to e, host defe ,
SR B hsroeRRpies St aioderatey AYGrOPHRP:AMBBCITA gents against
wdhighe ¢hé rogiteraimierhbicner of Grani-hegatdie backefiasacls as an effective
?gﬁ:ﬂggl?iﬁg gé}PgHr! ng a clinical infection or a

ed n

uspec irection. The host defence can be exerted,
e.g., byThadn¥entisimalsoainciudesdhecuse bt tisnpresent compounds or

ROMbiFtIBAS HEF A to ée@ié‘i’c%‘él’élﬁﬁcal@mﬂﬁg)r@? 'et:’gt%lfé\;'ied”l%t@@ herein to

rt of gelcmecn_rea opt i ¢
3&53@% giceMesNanisat CoRPlXpeRkryepent imthe: fesbumewan and
annmlds’ie_rrg_rrt)ow Bebjetting Kaid mg:tdrrngﬂ_tﬁet) Bcfidn \wlétucﬁscérﬁpounds
| . |. [.N_Cconcurren nLstr 1 gn I N
Hlifind 3 bt iFfecfn S8 SusRhtte edtinn, The st/ dieid can be
eyertedife.gudjietite bembnedboaetibn ofgemplemneritt and pslyavsiphonuclear

%ng?ﬂes'ponditi on of the subject, the route of
admnistra- tion, the renal and hepatic function of

t he subj Etese ekitleddsi thedardfaf gpedicingecaareadily gptimize effective

d@m&&@ﬁ@ﬁﬁrﬂhﬁﬁtiémréqiﬁneﬁéqéleﬂ‘k é&ﬁﬁéﬁdd&%@dﬂ%ﬁé% the pre-
e t Lect to i1t. Dosagés of

PR iyt o5 el S e aHBialis e Coeuany gkpMtation, taking
o Becduntadtors wehlknbw‘?ah ithiee Bt imludﬂiﬁ&?;ﬁ% 01|‘ subject be/ing dosed,
- e i smand/ or. .
55511, 5o B, S R B Bt
tiormntbe reoakand mepatic dursticphofuihe subjectb the desivartieffect, the par-
ﬁéiﬂl&l‘ é!aﬁ%o@ﬁ? %&gﬂﬂn Fo Hﬂg%re%tgﬁg%nﬁh %ﬁ?l&a&é@ém the toler-

dai I'y dose % erivative ‘accordi | ]

ARcRiof the sibirghitAilstBeeagasooh allantimisrobial agantasheuld be ad-

}u@tegl igf pﬁti@%ﬁ?ﬂi&h&enfhﬂirﬁ@riﬁéﬁt %ﬁ;rl]ﬁ%ﬁﬁzt% ifagilgigi%%y,”glilé’gé the re-
| : efere . 25, . .

e AR anffoh) SLFelPn of I givecacPaiprin biidhesd pondi-

tiong. H3osmest int ¢hikdremshopkd alsb be3feduneds genérally esicordihg to body

W t he nunber of doses given per day for a defined

nunbér of days, will be deternmined by the nature and
ext ent ofhe kdakdaity doem of isedleriyative aosarding do ftloe present inven-

i S e ot LTRE S
body weight.

It will also be recognised by one skilled in the art that the optimal
course of treatment, i.e., the number of doses given per day for a defined
number of days, will be determined by the nature and extent of the condition
being treated, the form, route and site of administration, and the particular pa-
tient being treated, and that such optimums can be determined by conventional
techniques.

There is also provided a method for assaying a compound accord-

ing to the present invention, said compound being a derivative of a natural po-
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35 There is al so provided a nethod for assaying a
conpound accord- ing to the present invention, said

w@eovpourted bei ng a derivative of a natural po VECT/FI2007/050441

2008/ 017734 PCT/ F12007/ 050441 29 |ynyxin or
octapeptin, wherein said derivative has a only 2-3
positive charges, in contrast to the naturally
occurring corrpound from V\/nl ch 9 is derived, for

B ot bt B AL Bl B BSBRND orges

dmicobtrastetd the agtutaﬂy andmmmgtdmnpommdl dropm twhiicle Se ¥ défived, for

BrABECBHE 9 s R S il iy angror for o
ability &9 Sﬁﬁqslg}%&,)& g @phhﬁg}t@qﬁ@gents and/or dee ccomplement present in
ted isuAih Vesd rﬁémséd)rﬁﬁnﬁﬁ 'tﬁé%‘t@ﬂi 'o?'coﬂfédti}‘lgtt}ﬁe%gyte?rr um with

sensitizin chwtwrssm bact e-
saidgesy %‘P’%\ﬂ Gelptyr yXIg & Qckanentier gpgHidentifying derivatives
potsgrsing antiidctedali activity emaiort SerstAP ctiityionrd® said bacte-
tigpal tissue or its constituents in or from test

ani fral s or from human origin neasuring their reduced
abi | ity fbersogaisa prcwltdad g nietbodt to Berdenmublyrgyxih and octapeptin

aBHARHCRiH F8&ud r?%'ﬂig relgél t@sﬂ%korl s cghgﬂhggtsofn or from

t her sugst ances novvn
th &pan;asigin ssasesing their h'gdum;t ability to competi-

tleaiylblnhkrlﬂerb?mﬁhg ﬁ%nﬁﬂbgl EO4IHES t¢ HEPEARb6r bIBBK ¢ Bhhding of

nat rTyX| n_or oct apeptin
g&?ﬁ&ﬁﬁﬁ% gs g"%ﬁﬁ’t"ﬂ?@’ having a total of 4
or 5 posint & vertheroagpest tere :a m'ovldédta‘ iethrsds fdri déﬂreloplng novel

5865 3 S BB Aoy RS i

GPMROENG i @d@rln@uqumare@‘ havipgs tataleofohar §epositivenshiarges, or
Q tefy af @nﬁomché%egﬁ |ﬁ‘%fé°arcgfdoﬁ9?ﬁ< lﬁ?'éﬂﬂéﬁhﬁlngefrgrﬂ 1 to 4

tive havin posi ti es, assa
Cﬁ'\ﬁf’t FRIEYIRG HB "F‘b"ﬁ P%tlv%gbﬂ@%aw'th@ |re$ltiye not having a

mtlmthﬁmwm aveoVaisHt idnd, AReVenYy gérferémg apdlyhyxin de-

ARG 25orsS BAMACE Al 28 s ARcvatver camagund for
arrrhba@ma rdclivitp @gainstyGearainegati@e dractertm andforbiae tthe i ability to
Sndite %?élh'rie@ét&@ b%%ﬁl%@z%] gﬁﬁﬂ%&@ﬂ?ﬁ %deg}tbsﬁ@ gglq%nﬁg com-

an antl act eri-al
ﬁ&'@gvﬁ'ﬁtﬂbqwlﬁir@@é’m/ agaiasl Gsamanegativies bactedaj or the

asllity Ty seRsifles iGraki- Mégéth}teabéaeh@t&xn tahﬁBéétBﬂaF%é‘ﬂtC al 'y

et apent THRES if sl arovided in ooprisnce Wilh o mesaniinsention a
semisiinthiotic ipolyriiadh Weeivatlye @bﬂfhalﬂa' By tr@ﬁﬂné 'cﬂémlcally or enzy-
nents.in re not
ROyl 5Ll G i bl BBl o v
vayiants thereof mhich are cmanmfactuﬁﬂd mgeneﬁoaﬁgtmedlﬁed organisms.
Cﬁ%i&é?treggﬁé%@%%clﬂ% bbf‘blteeﬁott Iﬂmt&‘.i "tc? tﬂﬂ%l it ngé'é;tgnﬁydnde

ase, tIc¢

Xin
fg%%n%/%%e}&qraagés angd lﬂ?‘ﬁiip iagi rtz(ymem treatonents inodydenrtiiit are
st diaiteR) to, with enzymes such as ponmyxin deacylase, ficin, papain, bro-

melain, subtilopeptidases, subtilisin, colistin hydrolase, and Nagarse.

Preferred compounds according to one embodiment are less cati-
onic than natural polymyxins or octapeptins, have two (2) or three (3) positive
charges only, and are:
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Preferred conpounds according to one enbodi ment are
| ess cati- onic than natural polynyxins or

w@ewapepsd ns, have two (2) or three (3) positiREI/FI2B07/050441

charges only, and are: WD 2008/017734

PCT/ F12007/ 050441 30 (a) able to inhibit the growth
of Escherichia coli, Klebsiella pneuno- niae,

Kl ebsi el | a oxytoca, Enterobact® cloacae, G trobacter
freundii, Pseudo- nonas aerugi nosa or_ Aci net gbacter

bauranni {2) @8 & inhibit thesgrawtB of kyscheriehiaroli; Klebsiella pneumo-
ﬂféiel tKiebsigka oxprbical Eﬁwtér*@:bab%?%lééwé ¢itreBasler rfréwduy Pseudo-

I
it Seridios ot /ndebagar Paumanal edlst4p enekie any of them
tesantinjoligsnprdfs, as evi denced in an ani mal nodel

d/
29 %,k 0 Dk BB B b o
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(as described in patent publication GB 1323962), by using Schiff bases such
as benzaldehyde by the method described in Japanese Patent publication
7115630/1971 or the like which can be removed by conventional conditions
compatible with the nature of the product.

In conditions where the poor water solubility occasionally poses a
problem in the sub-sequent steps, the protection can be made by using nega-
tively-charged blocking groups such as a sulfonic acid derivative of Fmoc or a
carboxylic acid derivative of Fmoc, the method being described in US patent
publication 2006004185. The water solubility can also be enhanced by linking
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and by Vaara and Vaara (1983a,b) to yield the corresponding nonapeptide.
The nonapeptide can then be acylated by acylisotiocyanate (by the method
well-known to a person skilled in the art and described in US 2006004185, by
acyl chloride (by the method well-known to a person skilled in the art and de-
scribed in Chihara ef al. 1974), or by using residues linked to N-hydroxy-
succinimide (by the method well-known to to a person skilled in the art and
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methods include e.g. the use of protecting agents such as Fmoc, tBoc, and
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-
phophonium hexafluorophosphate {PyBop), N-hydroxybenzotriazole (HoBt),
and N-methylmorpholine (NMM) is used. Fmoc derivatives of many non-trivial

as well as D-amino acids are commercially available.
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g %‘iﬁg ¥é 'f6rrﬁ‘°é QJ clf@%e?)gl%e%ﬁ?' ¥ Eydnehiory ?éﬂ?oﬁ]é semi-

lg,t Boc aci d vvas r enmove

Pg?f@ﬁﬂomgr °‘{H$ea"§t "ﬁ@‘lo"é’ﬁﬁ ny @@ NAB geplig#e-ch have

funct i onAtcardihglyg Hﬁehralgh@lmﬁlnbeﬁmcﬁkﬁrﬂbﬁQhéfhrﬁMoaa@dCW@S pro-
the

teRe, Pl Tute o o CarBihy] ot 2 Sk et rémover by 20%

pipeddine inddMFadtl gvery eyele. Thesandimocdid thadris timedlvad withheyclisa-
‘?‘2"’5 2t8| Oﬁf%ﬂeﬂ'{bﬁ)u‘fﬁﬁ ?Qpr SAFE&I F&tggtgdt By S-tRER Gty §tBoc), an
acid labile group which was removed at the cleavage step. 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 protection. The
amino terminus was not protected; this enabled direct reaction in the acylation
procedure.

The synthesis steps were performed in a commercial automatized
syntesizer that employed 2-(6 chloro-1-H-benzotriazole-1-yl)-1,1,3,3-tetramethyl-
ammonium hexafluorophosphate (HCTU) as activator.

6-methylheptanoic acid (6-MHA) was from Ultra Scientific Inc, North
Kingstown, Rl, USA {product number, FLBA 002) Other fatty acids were from

a standard supplier.
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6- met hyi heptanoic acid (6-MHA) was fromU tra
Scientific Inc, North Kingstown, RI, USA (product
nunber, FLBA 002). O her fatty3acids were from 35 a

st andar dsuppl i WD 20 017734 PCT/ F12007/ 050441
3 The. adpP Gl Was RETETEd By USEe Tauh i TRelad excess of
wachrantro ecil of thecfatth azid, foursfold nolart deekstof theattivator HCTU

(@06 §’&‘e§h§“‘?%%“§%*ﬁ%ﬁ% Pl 3hcBed bl BB e Th roac

fion tims was 30Min.r eac- tion time was 30 min. 5 The

am no acThg a‘PﬁhS Méﬁé?@ﬂu@hﬁ@é&%lr@é@%@ ggtfeﬁri?dppaa standard

st andar I L er e was I
,sgg;plﬁerbﬁyjh? qi% Was; rgmqyegd‘rqm ithe regin bgge@ctlon with a soiution of

96% trlﬂoaﬁmetlc &chPand SWw@‘ﬁér\fF@F 22{1'0}1% aﬁlgaggttéégﬁéra"t%”}o yield
TR BY FatebBl placist ik FeRutidts pépie as  eginipied with di-

ethyl etteyl ether. 10 The cyclisation mixture used was

b t | .
hexal Lb?ﬁﬁhié"%ﬁ?“'°“°'ﬁ§y@e GSS e HereDlrRRoRy 7P B3 i pyrrol-
dinsephosphpaium nbexgiluaroph ﬁ%ﬂhéﬁ% (Wp)at N-hedrewybenzotri-azole
HleBY Sand l\ilme%hylafﬂérﬁuonnbmmt)'a\ﬁhé ma_IPF RERLd de 2032 and 4,

di ssol.v I satl on

Wa?egh\seiw The P&BFGW% 81855?5{68 L &mgtwfierrgamncl% the cyclisation
nchase;ddqm“ anc allegleddp réact fofl @ NAFsPTREI blﬁs%ide‘i)r@técted pep-

A8, G0 o BB S M o
waﬁmemgngd bworaamag theppeptide with waterups (2) were .
T2 el BN e U RRABE o s oo oy
E’?‘C&? yeragepAtion. bhe peptide wesalissalyed Mleafﬁﬁt@s@ld-enethanol—
Watlﬁl|(5 4213) |uﬂdbﬂﬁh¢d%ﬁfdéﬂﬁéré36f Rytdhen HiA IRGRE I HEsdRR of a pal-

e phase chromat ography usi ng
Bkro sFed ST ent < o
acet oni tThe peptdewds pliified byceveseaphase “éhﬂ)rﬁat@@b@;thy using

mﬁﬂégﬁ? ﬁyadlé(lﬂghb# a?%fgn%ﬁ(% \&?@'# o \A@est%ap@[ 'ﬂ% product

vas d[lﬁdtbé!dyfmmlﬁ&tm nol ar anmount (appr ox. 100
m cr ool g el‘d Wh§ 2"0'-40‘>Pn r@ébrﬂﬁ’nél ﬁék dzt?%-zgj%%fttﬁe theo-
thereskn (g? ﬁgnt tlrm
PER), GaCUIRLeE froRRHhe Siglar fPBPUafc PRI®H 1&&@!&!@@0'&&)@1‘ the first
drdmenaclé easidiad bound fe thectesH. d not reveal any

The purity, as estimated by reversed phase HPLC was more than
95%. For acylated peptides, the Edman degradation product did not reveal any
amino acid residue, indicating that the a-amino group of the N-terminal amino
acid residue was blocked, as expected, due to the successful N-acylation.
Within experimental error, the masses obtained were those expected from the
theoretical values.
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Wthin experinental error, the nmasses obtai ned were
those expected fromthe theoretical values. WO
2008/ 017734 PCT/ F12007/ 050441 38 Exanple 2. Direct
anti bacterial activity of the 8®npounds agai nst
cher ia coli Peptides synthesized in Exanple 1,
i}l ng at least two (2) but not nore than three
mqeqclmttbaceemaiaaq;hdty obthe csompioethdsoagainst Esa-hlei'ich)h coli

hi bt th wt h of E. [1. Thi t est '
bl Oyl nEEPRSR YTNSHZAgan Foiamive. 1. O GapinGal egshiwe (2) but
WDt midr&tign fHrek G{S) pdsitive ﬁﬁalfgﬁtsplﬂveﬁé @ﬁﬂiléde(ﬁ theR|dbilit to inhibit
s an_encapsul a ain o
|sogi3(?"’t (ﬁlgo § niﬁﬁ’awgs Gid emp g"?gr h.gE?ﬁg@r Lennox,
Difsar BDstSparks, 98D, WLSdA D bladesiethe iraticatar otgazrhsnﬁLEI ¢ali IH3080
gS?*'de Wt &y %Eaa%'ﬂﬂ.la@d%‘t a|? Idé@g@]g :scﬂ%teﬁrﬁc%aé' neonate suffer-

erni ght-grown culture

ings oM rapmngle &fasreet abdl8d) androblaised:ieyar ational Public
Pleaifth NagtituteAHefMKISFAfarid)i S sus- pension were then |

I petted_on the agar plates and th es were gently
D e el A Shalot iR e ire. OEMOE Sl el Sispen-
sionf afcapprbx 1H@® pelis/ml wathprepafédin 019% NaGloydighets oRfHis sus-

GhpdBF TP R et DRl S B A Wore conty

§la|almmtcze|spr@dﬁhe wespension lavediyoantthe entixeesurtddevef the plate.
‘Fﬁéﬂe‘éﬁ@?rth@ é\‘ie?asot?bfed‘zia?lgoﬁtrﬁ Eﬁéﬂ&s‘?&?%se@ﬁ?vé@w%mg a

[ I'p, and
E@PBH‘P@&% 8 tf{%lﬂﬁﬁ%ﬁﬁddﬂﬁd y sgll welle (diapratae 2 mm) were

diilled b the ﬂla@hé?(fhlélaﬁélls(@ér ma@q g?:m{esgigt g%%sz]rgé \fgaﬂﬂéﬂbed narrow

(RS Sutte, D9l BERS . e i g, SAMEIES € A 40 k) of
thecpeptiste: €nlgiorindd.93%6 NaGl dat vondemiratiohe of drgag/tmendc).baug/ml)

YR fon EBrod G0 WERR Sk R s e foihe to absors

Q@ﬂ@@lsan@udad &a%% NeCl selatien mfé@ut the compounditetbertested. The

ﬁlbﬁeé’\ﬁéﬂe fhen iRQIBat¥@ for™¥ h '8 479€ dhdr éé‘ﬁérj the &lé}ﬁeteﬁ of growth
'Phﬁﬁg}t ers were converted to surface area

N 7ORFY PIPWWLEAEh Wejl were megsidreg; émﬁ)ﬂsamﬁf@r of the well it
sali whemberecmcedcFlnauyyth@fduam@tedg fwerdldovioerted & Baffade areas of

' 8 ared with that of an equal anount
@&‘h% %ﬂ?ﬁé I"r"’) as of sone pol ynyxin
der i vat e 2oshaves Hherdntimadténial motisinof therdetivatives against E.
4
ant 308, ew&gyarm&?chgpgf %A%E QI Eﬁro%n{ Bf" pHR/?ﬁyxm B as well

et spiee Solyanyxim dﬁrlp@ulwatﬁebt%cgm ih@tplﬁselafdn}IemtlmMBTM
MABZBY, RAB73Y ahdiNWB740Wétt MNABA3St BhABbGEHalcShBYlMds and
\}vgrhel g\lletl'll moré raeffl'bacterlafiﬁuan poly?nyxm B against E. cofi IH3080. A well
containing 4 ug of NAB739 produced a growth inhibition area as wide as 133
square mm. In all these four NAB compounds, the side chain consists of two
amino acyl residues that carry hydroxyl groups.

Unlike NAB739, NAB7061 was not antibacterial at 4 ug. However, it
displayed notable antibacterial activity at 10 ug. NAB7081 differs from NAB739
only by carrying Abu (instead of DSer} in R3. Prolonging the length of the fatty

acyl part from C8 in NAB7061 to C10 in NAB7062 resulied in notably en-
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10 NAB7062 | ted
T Pk Al 13 o ol po
dides (NABTBBaNABT16/ahg NMTTQe)sdlspigyed nétgigde alntibacterlal activity,

sl Sy 8oL BTl P LARIEP i om.

#PHBAS. c| ear |y weaker than NAB739 and t he ot her nost
anti bact Nd(ﬁhméﬁrﬁroﬁéﬁi‘ Qﬁthesc&nf&mlpéﬁlpeéﬁt%aqerﬁhfo E. coli

co unds dir {elﬁ/ ant1 pact .
SRR SaPda P lies Sositie dhesgeeuba WhRh@itheR a8 thedhres or
at Ileasjhdwbhﬂem catet inl saﬁéblé\ms‘nﬁm inoat @tlic rbart In the latter

2k W4 B 504, B 1 € bS8ty o

&@&nﬂbaﬂéenaly‘:lcuwt}eagmdsitﬁ@obot ency of the
ant | baCtFﬁhﬁérﬁ?&%aéFts}‘lgmrqﬁé T%bﬁ:é'r’?r tﬁ%g%ﬁrtug rgndéﬁqlength

? shmgg t so th ure "an
gf the, side; chaig thasnsigaificantinfluepes oni t.hre| Retasey of theyantibacterial

Te v e Yhéfpré§tﬁ10'§%ﬂ P ailehaim cor?éiétiﬁﬁ 6fyat |d8& tﬂbeasrﬁi?l‘éeﬁcyl resi-

{
e aPhEis ond yRBoRa T the soanunds anthactih sgaumst £. cof
since hiae compaundg dacking Eitleen R2 (NAIBTCIG) bhbotroRR YIRS (octanoyl

PRFHEIYISS kg, e drer gicactbnat Yol S Sohdiing eaq in he

assayh dlavener: itean be eaticipatats thalsthaylackiofidhesg residussican be

BSmpBhs4ted %ﬁgsmbhﬁétebﬁ Eof! @(.ggnt?il rbgﬁﬁg erﬁbpéﬂgﬁte?ﬂ%d%mdue
cog%egﬁgéﬁ by u8ing 1 nst oct anoy resi due, a
ded residue as the R(FA). WD 2008/ 017734
PCT/ F12007/ 050441 40 Table 2 Structure of the
conmpounds and their antibacterial activity* against
Escherichia coil 1H3080 Structure"” Positive charges
Anti bacterial FA-part Peptide sequence*” in activity
at side SEQID cyclic chain cyclic part No. part
total 4 pg 10 pg Reference conpounds



Pol ynyxin B MO (H) A XTX cy [ XXFLXXT] 1 3 5 79 133
Colistin (polynyxin E) MO (H A XTX Cy [XXLLXXT] 2 3 5
wORoBD177Beacyl pol ynyxin B - +XTX cy [ XXFLXXT] BCBFROGMH50441

113 Deacylcolistin - +XTX cy [ XXI LXXT] 4 3 6 79 95
Pol ynyxi n B nonapeptide - +TX cy [XXFLxxT] 5 3 50 0
Pol ynyxi n B hept apeptide - - +cy [XXFLxxT] 6 4 4 0 O
NAB704 - +TZ cy [XXFLXXT] 7 3 4 0 0O NAB705 - +ZTZ cy
[ XXFLXXT] 8 3 4 0 O Gctanoyl RyBH OA - cy [ XXFLXXT] 9
3300 Cpds of the present invention NAB 739 OA Ts
Cy [XXFLXXT] 10 3 3 133 177 NAB 740 DA TO cy

xhe2r] 10 3 3 95 133 NAB 737 QA TT cy [XXFTXXT] 11

s P S iy sl

xXFILXXT] 13 3 3 0 50 NAB 706 MHA TZ cy
XXFLXXT] 13 33 7 NAB 707 MHA ZTZ cy [XXFLXXT] 1
B 3 5 7 NAB 716 ©A-TX oy [SivewregvT) 19 2 9 Ppailivpoharapgyp Antibacterial
719 QA TZ cy [XXF _%;gf}i A 'f'emdqseqwncer\’i‘AB 749 OFAinrA cy activity at
XXFTXXT] 17 3 3 64 lggg%\lzll\g %ﬁ TX E%Fxxﬁggﬂ %i"%”g 10 4g
eférerce c 2 LUy | AAF o
ﬁoﬁﬁyﬁn}ﬁ [XXFLXXT MoDa3 3z Qy[xkﬂ%:ﬂi%ﬁ DAl- & s 79 133
XOodRkixXHym@in 8) 3 O[vd mmNAB #rk3 cOAxfxey [ xxFUXXT] 2153 B no | np
) OeacydlBrvZid B OA TK cy-[ X&FxXxlkxR22x2 30 Q NAB 721 57 113
VHReadgRlistiny | XXFLZET] 23 1x& OyBxuikiB 731 QA IZ cyé 79 95
XK nopegeryde3 ) O - NAB*TR1 Oy [QRELXPT] cy [sXZHLXXT] 26 2 20 0
D Flymygieg hppyapetide Tz cy - [ XXFL D) 2 9 () NAB 76)8 QA0 0
T2V XXFLXXT] 2fF 27 2 0 OF% RWB*EESETI OA XTX C% 0 0
813pO0 NABZT?zsyféBFW cy? [ XZF ZXT] 429 19 0
=gey 722 MVHA XTX xZ‘ﬂE’EZ’FjT]so 02 0°0 NAB| ° 0
7C§§s o% Bg%t%yen[i%ZFLZZT] 31 0300
NAB 739 OA TS cy [XXFLXXT] 10 3 3 133 177
NAB 740 DA TS cy [XXFLXXT] 10 3 3 95 133
NAB 737 OA TT cy |[XXFTXXT] 11 3 3 133 201
NAB 734 oa TS cCy [XXFTXXT] 1z 3 3 113 177
NAB 7062 DA TZ cy [XXFLXXT] i3 3 3 50 29
NAB 7061 oA TZ cy[XXFLXXT] 13 3 3 0 50
NAB 706 MHA TZ cy [XXFLYXXT] 13 3 3 5 7
NAB 707 MHA ZTZ cy [XXFLYXT] 14 3 3 5 7
NAB 716 oA TX cv[XXFLEZXT] 15 2 3 13 64
NAB 719 CA TZ cy [XXFLXXL} 16 3 3 7 50
NAB 736 cA TA cy[XXFTXXT] 17 3 3 0 64
NAB 717 oA TX cy[XXFLXZT] 18 2 3 0 0
NAB 718 OA TZ ¢y [XXLLXXT] 19 3 3 0 0
NAB 733 oa BA cy [XXFLXXT] 20 3 3 0 0
NAB 736 DA - oy [XXFLXXT] 9 3 3 0 0
NAB 713 OA % cy[XXFLXXT] 21 3 3 0 ¢
NAB 715 OA TX cy[XZFLXXT] 22 2 3 1] 0
NAB 721 MHA ITX cy[XXFLZZT] 23 1 3 0 0
NAB 731 OA TZ cy [XRFLEIXT] 24 3 3 0 0
NARBR 710 CA TZ cy[XZFLXXT] 25 2 2 0 7
NAB 709 OA TZ cy[XXFLXZT] 26 2 2 0 0
NAB 708 OA TZ cy[XXFLZXT] 27 2 2 0 0
NAB 725 oA XTX ¢y [XZFLXZT] 28 1 3 0 0
NAB 726 OA ZTX ¢y [XZFLZXT] 29 1 3 0 a
NAB 722 MHA ITX cy[XZELZZT] 30 0 2 4] 0
NAB 735 CA XXX cyI[XZFLZZT] 31 0 3 0 0
NAB 701 - +TX cy[XXFLZZT] 32 1 3 0 0
NAB 702 - +TX Cy[XXFLBBT] 33 1 3 0 0
NAB 703 - +TX ¢y [XXFLJJIT] 34 1 3 0 0




10

15

20

25

30

NAB 701 - +TX cy [XXFLZZT] 32 1 3 0 0 NAB 702 - +TX
cy [XXFLBBT] 331 3 0 0 NAB 703 - +TX cy [XXF LJJT]
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Anti bacterial activity measured as the growh

inhibition (in square mllinmeters) around a well

containing 4 or 10 m crogram of, a conpound on LB

plates ** One-letter codes for “am no acyl residues: A

Al AmtibafteriaPipgyity Kpaslrgs ps the drewth inBbitidadih ;squbre i lhﬁeter§§ akoRkY a wall containing

Abummlaogrmyfa‘czgmwhdcmabplatbﬁ N-y-acetyl - Dab. Underl i ned
aﬁ”@" 8 A h'atF ghee K lyys;[D.Le\o 19 Beyul &ltri Rab; Z, Abu;

@QF g o(rj yI erl Iqaﬁéqsméﬁrt araln D-configuration. Bold
'"meeres 's%iféﬁui Sém’ﬁ ‘%Fd g ,@FE lotp b peeye e gjée evamino

Of IrttheEseB,ueam I3fthg XQZ, CBUDaHd@mtn Scn srne@c §ueartlgﬂ 4P81§en8bd %A€and defined as
peedifigddesidupOBVRES).i on: cy, cyclo. *** In the sequence

listing X, Z, B, J and amno acids in D-configuration
dheardproged Xaa, and defined as nodified residues
acti vi

RES).,. anpl e .3, Direct antibacteri al ty .
((53" o %’&%%‘EXRNEPEGWEMr$8§%@%eﬁsNAﬁtFﬁ€murwh?cﬁgamst Acineto-
ummanbbumlmm@mmn@ﬁwae% inobiar ect
anti bacterial activity of twelve B conmpounds agai nst

Aci ne- t oHEREL f‘t'mﬁﬂﬁlrﬁthm ottweige NAB sompaundsagainst Acine-
aebatgenoammfﬁ/mﬁéa 96%%6(?%8%@&’70%& %g&égﬁosa ATCG 27853

S%eé)l it erm natj descri
A B bt B ST PSS ey etei rymgian methpg escribed in Ex-
eonpe uddT heNABTINS 2are SABABA in WABTS 3. NAB738mpaieds (NABT7062,

ot IS g BT R b «

é’rﬁnnllab'hEN@mpE 2;:’(!513 sarfia eompdurast weericashawr ity bewedy potent
@ﬁﬁ?%? @ngonloaﬁ%%\%tegi%l é’%h y%faﬁAB%Q\’fﬁd NABPES "were as

an t hat of aer ugl nosa,

QHWOFWWFM@FMM%p@}yﬂyxm\ﬁmsg NAB740 as
vel | as NEBiFRE, PV\ﬁ?a!e(FDglhéséLU*tﬁ@ ﬁnB@FtdcYGeaIQ@JB“% ounds were

NI 3@%@2@3’} et %%Nwmc% GHde JRaaivg aaanst £, col

ahdtAcihefpbbygtey vaonnnkl NABTLO Wae ehdAthst eirpioy t@@mpd@@jkand its
geg\lhg/e%s %@5?8@9 Id&%e{rh%? of i)g)‘?ymg%)gn 'H.HR@ tl\é\g ﬁlg ,e??g N/\? compounds

kg pasi 'quﬁh%r@ﬁélllﬂléhwsldﬁ clsainranchwerestill Bative mgadrsaP. aerugi-
bé§§0'ﬂh|st ﬁ'}fH-mé "%5 abbﬁ%’t @ﬁ% %ngfu%}b[hs of %rlﬁij‘lﬁggdaf%j RaaIr achandran

qr o
éfﬂ%&ab §|i‘%tgﬁh§? rWSVfEBO QéOW%ﬁ HbR1e$ﬂda&3 e @@%rﬁ@? . the growth
mmnmmmosa ashgjifssn,. oct anoyl PMBH is nuch | ess

ef fecti v Accor di eng ning th R(FA) part
from C8 §rRE s r@&%é @qf‘e‘%%teq:fﬁ?t't’ﬁea%mﬁbl Y Ber, uginosa
WRACRS ECIaBbIEIEH’NKB?HJLLﬁ ndgh less effective. Accordingly, lengthening the
R(FA) part from C8 to C10 has a marked effect on the activity.

RECTIFIED SHEET (RULE 91)
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Anti bacterial activity* of twelve (12) novel conpounds

wa@agasnst73Aci net obact er baumanni i and PseudonoP@EEFI2007/050441

aerugi nosa A. b aumannii ATCC1119606 ji Ps. aerugi nosa

ATCC 27853 p9 p9 4 p9 10 p9 NAB 7061 - -~-~- 00 O
--- 0- --- NAB 7062 13 38 0 T.O NAB 716 0 0 O G\AB
717 0 _~ ~NAB OO N .. f 4RAB7190 g 0 O~ NAB NAB
36 7039 8 734 95" 13 50 NAB738 - _~ --~30 9 20
MaBle/$9 113'~ 177 79 ! AB 740 133 20 1 64 - 133 N
eP PBN ol ynyxin B 113 154 93 133 A r Qctanoyl

PrBbbcieHal adtivity* -df ’Gvef‘ivef\mIbaowﬂrazarhpemdsvaggamuba@amez‘dbacter

Baub BN R Ole i hsguar e i1 meter s)

bn LB pl at es| Exangduenafni Rrc@qdsoant iibars, @eigho@CATOC yss3 | ,
oI NAB734 "ag@ai nst4 &£l ectied Goggy n negat i Veyg bacteri a0 g T
NAB 7061 0 0 | 0 0

NAB 7062 13 N 3 o 0

INAB716 0 0 70 7 o Ty T
NAB 717 7o TV o U T T e Ty T
'NAB 718~ 0 o 1T o o
NAB719 | "o T o 0 o T
NAB736 ~ | o 7 7o Tt T oss TT¢v e T T
NAB734 [ 7738 T TTes T TTTH3T B0 T
NAB 737 38 79 o | 28

'NAB 738 o 7 o0 T 0 B o T T
NAB739 T} 113 1 T ! 38 L 79 T
NAB740 133 201 T Tea T 33 T
Polymyxin B 113 54 T TTes T T 33T T ]
PMBN N 0 o T T s T T T T T
OctanoylPMBH | nd | . nd | 0 T
* Antibacterial activity measured as the growth inhibition (in square millimeters) around a well

containing 4 or 10 ug of the compound on LB plates

Example 4.

Direct antibacterial activity of NAB734 against selected Gram-negative
bacteria

The susceptibility of eleven Gram-negative bacterial strains (nine
different species) to NAB734 and polymyxin B was compared by using the
susceptibility determination method described in Example 2. The strains in-
cluded those belonging to the species of Serratia marcescens and Proteus
mirabilis, both species generally known to be resistant to polymyxin. Further-
more, the susceptibility determination was also performed by using the Gram-
positive bacterium, Staphylococcus aureus, also generally known to be po-
lymyxin-resistant. Ten of the strains originated from ATCC (American Type
Culture Collection, Manassas, VA, U.S.A.), and one from CCUG (Culture Col-
lection of University of Gothenburg, Sweden). The source of E. coli IH3080 has
been described in Example 2. Polymyxin B sulfate was from Sigma-Aldrich (St.
Louis, MO, USA).

The results in Table 4 show that NAB734 can be generally regarded
to be approximately as potent as polymyxin B against E. coli, Klebsiella pneu-
moniae, Klebsiella oxytoca, Enterobacter cloacae, and Citrobacter freundii. It

RECTIFIED SHEET (RULE 91)
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Pol ynyxin B sul fate was from Si gma-Aldrich (St.
Tables4 MO, USA). The results in Table 4 show t hat

73 e regarded to be approxi matel
QQF'B%éEH%n 'VB% ﬁ@hﬁ( ¥ againgkselected (Fram-regptive bagferia and
Staphyloootcaes auléwebsi el | a oxytoca, Enterobacter

skrgacae, and G trobacter TTRUBGRL. 1T HEC‘H‘?I‘EW
(RULE 91) WD 2008/ 017734 PCI/ F12007/ 050441 43 apptars =

Lo _be somewhat |ess potehpgthan pdlpgnyxin B agdipgst 10 pg_
EctalieXTEIER6922r  baunmanni i 13%1d cl eanvy | ess potends than 133
[Eotglimi3080 B agai nst Pseugmgonas ag4 ugi nosa. 95 133

RepicamenbahTaemses known gaol ynyxi g esi stant bagferial 445

Rpﬁgu%mag\@cgeamqst ant tg@ NAB734.@]so. This suggests g4
k 86414138 a very spgcific 5, an tlbacterlal action

7
?,‘&ﬁ%ggde of act :%p IS qU| simlar to%;tkhat 143

XI'n"B. Tabl e Antl bact r| al activit of

ﬁA%g“ﬂémAi 098t sel ect ed'® am negdfi ve bact eri &5and 154
8t rumanaicdXE196R8Ir eus St 152i n NAB 784 Pol ynyxi n 183 154
Plidrddirbsa APQCA@Bg 4Ng 10pg E. coigp ATCC25922 133 177 433

drecs H3080 1 154 95 133 K. pneunpni ae
%5'" %ﬁc%?%?;ﬁi W a1 Ec pneum)%l ae_COUGA542] 64 0
04" § oxytoca A

"J

13182 9% 143 79 104 OF 0
SIW&ATW&%% 133 17295 143 @© freundii ATCC8090 0

*1Aydibacteriabaptivityqneasured as the growth inhibition (in square millimeters) around wells
containing 4 or 10 ug of the compound on LB plates

Example 5.
The ability of the NAB compounds to sensitize E. coli IH3080 to a model
antibiotic rifampin

Novel NAB peptides according to the present invention and all car-
rying at least two (2) but not more than three (3) positive charges, were also
studied for their ability to sensitize E. coli IH3080 to rifampin. This was tested
in parallel with the susceptibility determinations described in Exampie 2 and by
employing LB plates that contain increasing concentrations (0.1 ug/ml, 0.3 ug/ml,
1 pg/ml) of rifampin (Sigma-Aldrich, St. Louis, MO, U.S.A).

Table 5 shows the activity of the NAB compounds (4 pg) against E.
coli IH3080 in the presence of rifampin (0.1 and 1 pg /ml) as compared with
the activity of an equal amount of previously described substances known to
sensitize Gram-negative bacteria to antibacterial agents, i.e. polymyxin B hep-
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A. baumannii ATCC19606 57 79 113 154 P. aerugi nosa
ATCC27853 13 50 95 133 S. marcescens ATCC8100 0 0 0 O

wW@2008#01aB4 | i s ATCC29906 O O O O 10 S. aur eus BJTIRI2007/050441

25923 0 0 0 0 * Antibacterial activity neasured as the
growmh inhibition (in square mllineters) around wells
containing 4 or 10 pg of the conpound on LB pl ates
Exanpl e 5. The ability of the MNAB conpounds to
sensitize E. coi IH3080 to a nodel 15 antibiotic

tanepiige ndm&éﬂpo'ﬂW@e@th@%@m datymysntthsopapeptide, as well
a8 \tH E@I‘S}rri}&ﬁ'l B! Thedompotirnt Abo lifd8ded VBtadndll PNIBIO4n agent

Hatdasd : qqarev'ﬂﬁ?»'&%ofépt@%g egﬁgkleigl%lnsﬁlae}ﬁg@@ antibi-
T th t
gggsclelotaln'glbn 'S \NES %est e | nsgjg el ;\ﬂﬁ e "
d by 2 oy| ng 'LI_Hg gf‘ggrél‘%"?'ﬁﬁ? g Iﬂ @@5@9 A acte-
aaheﬁentrqitannw 4 ooncenfration of rifampid as 0.1 pgpyl. i theabsence of
EHJ bBuitdd ﬂﬁ?ed”adﬁurﬁ}ed%td@ébﬁtraﬂ@n 8+(’J Eﬂﬁ)ﬂé of Aflinfipin was

the activit
agaqiwi orethe ighibitory.figet. iSever .Iacfl@ﬁpa motable di-

(bt Janﬁbdctbrlﬂgaéﬂﬂ: # pgRsreesblditd Rentifige Aeé targby bAéterium to

ARAE oS 38 <BhrmPou ég%m% GRGHOGES TAB1I £ Ao,

Nmﬂmaerl al agents, i.e. poI ynyxin B hep WO

2008/ 01 7F§t4h<§) ﬁrdrgl %%%?’OP ﬁ\%élﬁ%@t cAbﬁn B&grfd?st n(/hg? hag direct antibacte-

deacylpo
Fiahagidiiyi ue aatgba@emal qglvuy tifn tmmajaﬁ?m;e] oBrifampin {see Example

QPWﬁﬁl%ﬂdé tRb %Qrde‘?‘ﬂa‘éﬁﬁﬂm‘i’@\éﬁ%brep uﬁbbtw%}{ ﬁgﬂ"ﬂé préd¥¥ce of ri-
as noII_ Erag F% been reported A N
e 9B 2Bl BF e MoshAEHNG coBPoUBds RARAA NAREE . NABTS,
andINABTED waa?jléar@e@krdix beteér thétlﬁﬁiﬁlpoﬂ mfﬂw,_t?@w&mn effec-
| a concentration of rifanpin as
Bv%‘bsrgﬁfb%qg% qfﬁtie wence of the conpounds tested, a
hundr ed- T dnestractiver NABocorabundg chjry dhred {3npositivesharges

Bﬁt? fede ﬁieﬁs’i‘ Bwd TﬁL;PééiWé’ cﬁgr@ggtsu{t%&?{o%tlo‘?ﬁag@#ﬁ% I%ychc part,
the g qiye\mwmwf whichraffadting the potenqyef tba<seaswtlawgt aptivity.

&%hgufdalﬁgﬁgd baUsdted Oﬂ%mﬁ}gbﬂld@&rlé@%ﬁ%o PBSitve charges
Ngﬁﬁcﬁmla% P ANckhis ﬁwer (B0 EMBLHADS 17 B form f 3 ﬁab residue

in. R3, ismoitdlzdy bble tl sensltlzel&‘ycolrtotrlﬁ@mpbﬁence of rifanpin
o o ARt o ARG ISR St SLHEF 1o o
R(FA), octanoyl PMHP, that lacks both R2 and R3, possessed the weakest
sensitizing activity, NAB713, that lacks R2, possessed a somewhat better ac-
tivity, and NAB7061, that possesses both R2 and R3 had a remarkable activity.
This indicates that the presence of R2 and R3 is advantageous. However, their
absence can be at least partially compensated by lengthening the R(FA) part
as in NAB736. It carries decanoyl residue as the R(FA) part, lacks both R2 and
R3, and is quite active as a sensitizer.

NAB compounds that carry both of their two (2) positive charges in
the cyclic part were less active than the structurally otherwise analogous NAB
compounds that carry all of their three (3) positive charges in the cyclic part, or,
for one compound (NAB708), inactive in the study conditions employed.



15 fanpin. The ability of the nost active conpounds

NAB734, NAB737, NAB738, and NAB739 was clearly even
whedsor778han that of PMBN, the well-known effeRCT/Fi206/050441

permeabi |l i zer of the OM The nost active NAB conpounds

carry three (3) positive charges and have at | east

two (2) positive charges suitably positioned in the

cyclic part, 20 the relative @gbsitioning of which

affectinﬂggge potency of the sensitizing activity. It _

shoul d i &%@%@éd?hqfh%rmql@) resilive: gharges gnithe side

ichairpand tonee( 19 NsysiiRe chdrgbhia thy Wychic paFt hardvessmiodest, if any

third positiyve char in the far b residu I,
it R The st S o< amfaved NeH7, TRt e aliof S three
A3bpositive lobasges s the sidenginainds imddtiveani the statiproyiditions em-
RS , 0 R of.h
PV Agiin 159 el o e S0 fioes i e RGO part o
eqted the potengy pf the semsitiziog ackdty. possessed a somewhat
better ac- tivity, and NAB7061, that possesses both R2
and R3 had a remarkable activity. This indicates that
the presence of R2 and R3 is advant ageous. However,
their absence can be at | east partially conpensated
by | engthening the R(FA) part 30 as in NAB736. It
carries decanoyl residue as the R(FA) part, |acks both
R2 and R3, and is quite active as a sensitizer. NAB
conpounds that carry both of their two (2) positive
charges in the cyclic part were |less active than the
structurally ot herw se anal ogous NAB conpounds t hat
carry all of their three (3) positive charges in the
cyclic part, or, 35 for one conpound (NAB708),

i nactive in the study conditions enployed. WO

2008/ 017734 PCT/ F12007/ 050441 45 NAB conpounds t hat
carry two (2) positive charges in the side chain and
one (1) positive charge in the cyclic part have very
nodest, if any activity, in the study conditions

enpl oyed. NAB735, that carries all of its three (3)
positive charges in the side chain is inactive in the
study conditions em5 ployed. Again the relative
positions of the said charges in the cyclic part af-
fected the potency of the sensitizing activity. WO
2008/ 017734 PCT/ F12007/ 050441 46 Table 5

Anti bacterial activity of the conpounds (4 pg) against
E. coli IH3080 in the presence of rifanpin*

Anti bacterial activity in the presence of rifanpin
concn (pglm) of



0 0.1 1.0 Reference and other conmpounds Pol ynyxin B
79 95 104 Colistin (polynyxin E) ND ND ND
we@splped ynyxin B 57 79 127 Deacyl colistin 7BCBFR0Z050441

Pol ynyxin B nonapeptid 0 20 113 Polynyxin B

hept apepti. 0 0 38 NAB 704 0 0 24 NAB 705 0 0 5

Cctanoyl PVMBH O 0 38 Novel conpounds of the present

i nvention NAB 739 133 177 201 48IAB 740 95 95 95 NAB

737 133 177 201 NAB 734 113 154 201 NAB 7062 50 104

3%% B 7061 0 113 155 NAB 706 5 79 133 NAB 707 5
ki NAB 716 13 133 165 NAB 719 7 79 95 NAB 738 0

fatibacteriahagtivity of they compounds (4 pg) agaisstiB3co/NKS0893 0

gethelresenee aBdfampin3 133 NAB 713 0 20 38 NAB 715 0
D 33 NAB 721 0 13 28| MAadeil 4ty in thepEenke of NAB 710 0
/ 13 NAB 709 0 0 13 | NAB 7@&m@in Contn (udddBoi725 0 @ O
NAB 726 0 0 O
0 0.1 1.0
Reference and other compounds
Polymyxin B 79 95 104
Colistin {polymyxin E) ND ND ND
Deacylpolymyxin B 57 79 127
Deacylcolistin 79 87 127
Polymyxin B nonapeptidl 0 20 113
Polymyxin B heptapeptid 0] 0 38
NAB 704 0 0 24
NAB 705 0 0 5
Octanoyl PMBH 0 0 38
Novel compounds of the present invention
NAB 739 133 177 201
NAB 740 95 95 95
NAB 737 133 177 201
NAB 734 113 154 201
NAB 7062 50 104 104
NAB 7061 0 113 155
NAB 706 5 79 133
NAB 707 5 87 113
NAB 716 13 133 165
NAB 719 7 79 85
NAB 738 0 133 177
NAB 717 0 71 95
NAB 718 0 13 133
NAB 733 0 95 113
NAB 736 0 113 133
NAB 713 0 20 38
NAB 715 0 0 33
NAB 721 0 13 28
NAB 731 0 0 5 (22*%)
NAB 710 0 7 13
NAB 709 0 0 13
NAB 708 0 0 0
NAB 725 0 0 0
NAB 726 0 0 0
NAB 722 1] 0 0
NAB 735 0 0 0
NAB 701 0 0 0
NAB 702 0 0 0
NAB 703 0 0 0

* Antibacterial activity measured as the growth inhibition (in square millimeters) around
a well containing 4 pg of a compound on plates with no rifampin or rifampin (0.1 or 1.0 pg/ml)
** The value in parentheses was obtained using a well containing 10 pg of the compound
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NAB 722 0 0 O NAB 735 0 0 O NAB 701 0 0 O NAB 702 O
OO0 NAB 703 0 0 O * Antibacterial activity neasured

w@2008l0€77¢4 omt h i nhibition (in square m |l i net ePGh/FI2007/050441

around 5 a well containing 4 |lag of a conmpound on
plates with no rifanmpin or rifanmpin (0.1 or 1.0 pglm)
** The val ue in parentheses was, obtai ned using a well
containing 10 | ag of the conpotnd WD 2008/ 017734

Egémj,}g@ow 050441 47 Exanple 6. The ability of the
ounds to sensitize Aci netobacter baumannii

The ahili d@ﬁ%§%§rﬁﬁ§ﬂﬁ%a g Josansatire Aningfehacgter baumannii

h8 PEEUHONBNAS Rlerd§md sy tot £ thddel RIrRABLI cirfPaaidinon
were al so studied for their 5 ability to sensitize A

baumanni NAEnRemtidesdelaie & prasent invantion weraigiso studied for their
5!5‘1!1&/ to‘%s‘it?z%tﬂdbé@mﬂﬁhﬁ‘bhﬁm V!rérbgh%@astbsﬁ%%ﬂ)lh' (Table 6). This

ations

r n
\é’ﬁﬁl %§,tp g E p@rﬂlei 'i‘ﬁa?tUSE%WﬂEéﬁM qe&%rmag?%s gscr‘bed in Exam-
pl@r‘B?@rlid bﬁéh@l@nr@LB plgédinat céhtdinlidgéasing tohegtiatipn®{0.1 pg/ml,
ifa | r NAB conpounds possessed a very
ﬁé H@ abi‘ﬂf’?ﬁ cﬁg YRR - 10 tize A baumannii to
ri f anpi nSeviéral AAB compotinds eossaiseaca iveey oarped abgity to sensi-

f%@?@dfﬁaw&\gﬁﬁarﬂﬁﬁw lﬁt eaf '%( elY]SQt Bf%ibE" compounds

NABTS40iNAB &37,cand INARRIO mmgarlh ﬁwﬁntt@itqrﬁéagrtbak pf PMBN,

ﬂﬁe \ﬁell-ﬁﬁb\wagégfé%ﬂvé ‘b@ﬁW@Qme’éﬁ éﬁhe'@l\/lt mgvmsmme@f the growth
in i

ﬁ%n% FREHAROER SQE}‘%"W@(@@"@F IR &B?\%e%‘?me HBVE?mE'HnW@Urst“S ab-
§dndrg) agai nst Aci neto- bacter baumannii and
Pseudononas aerugi nosa in the presence of rifanpin
ig [‘? r 0.3 lag/m) A baumannii ATCC 19606 Ps.

P gl nosa ATCC 27853 0 0.1 0.3 00.1} 0.3 NABB
RAfactefalQuctivityti o8 twelve (12) novel-compOudds (4 NAB agafist Wkineto-

Bgct'er %%Ug?a%nilﬁé]hé) Pseudomonas aeruginosa in the presence of rifampin
(0.1 or 0.3 pg/ml)

f A. baumannii ATCC 19606 | Ps. aeruginosa ATCC 27853
‘;_, 1o T ot | o3 0 | 01 | 03 ;
INAB 7061 o | 28 | s | o | o | o |
INAB7062 | 13 50 @5 "o [ o T T7T
INAB 716 001 0 e | O | 0 ;0
NAB717 0 {0 T 7s0 70 U 0o o
NAB718 |0 ("0~ 3 [0 T 0 7o
INAB 719 0 154 v 38 [ 0 o 7
NAB 736 " T 0 95 T asd | 38T T8 T T 88 T
INAB734 738 3 201 | 283 [ 13 | "20 | 20
NAB737 ~— | 38 | 201 | 283 1 0 | 20 120 °
NAB 738 0 | 795 154 [ 0 [ 13 | 13
NAB 73013 | 77 |34, 38 | & e
NAB740 | 133 [ 164 | 154 | 64 | &4 | 64
PMBN |0 | 133 154 | 113 | 113 | 154
Octanoyl PMBH| nd~ T 'nd | "'nd 10 | 13 { 13
i L l | I

* Antibacterial activity measured as the growth inhibition (in square millimeters) around
a well containing 4 g of a compound on plates with no rifampin (control) or with rifampin
{0.1 or 0.3 pg/mi)

RECTIFIED SHEET (RULE 91)
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ENAB 716 F-O0 _"? NAB 717 0 ( O 50 NAB 718 --_~ 0O
380 0 NAB 719 - T O 154 133 ) OM 0 7 7 NAB 736 -

W 2008/0110305 154 38 _38 38 N A _ B 734 38 201 Z2BGI/ER0@D50441

20 NAB 737 W }38201283020- - 20 NAB 0 95
_j _ NAB 738 739 ---_ -- ce- -1 154 - L ~—-- 13
- (_- 13 113 177 + 314 38 64 64 NAB 740 133 154 M 154
64 64 64 BN- __ 0 133 ~ 154 48-Y } - -~ 1131

113 -~ "~ 1.54 roctanoyl PMBH] nd rd T ndo -~ 13 -
Exapwle Tant i bacterial activity neasured as the growth
NABT0681 eengitizes0 B ol |KIeB2§r‘eﬂaSbnaumb?ﬂaég wed Enterobacter

SRS Y bl il of AMERSRHe AbeheEs 1 o 0
pg/ m) Rfﬁé'lnﬁhmrﬁﬂﬁﬁﬁltéﬁ%c%h}ramg ﬁt)oéﬂa? #bresentative set
o ClEy B AR Mo biel ARr were dRlPT e G qup s of E. ol

()4«'5@16259225 andbr ibt8080ande pheambhizec AAC@1 388 nbAd TEe cloacae

RIC2S35 Y UahB NSRRI PRb8 UM o®udl ne LebRag: LabM
h@gntrw\éaecsteld& hinibe presenoe o NAG 706 1d# ;mln'dbm well as in its

Bhdériedd EP\ﬁl@.‘,sf"ﬁ/@-re1 'd%@@rmmed% p&ﬁ%ﬁ@ﬁﬁ%é@ @otha, Swe-

cI oac (-H nton a

TCC23
2l 4Rt Angdadte mAndagyor e s The, NAB 78S cencentration
Usdd )did nnothéself cahibitetind JROBRD&F thé 8t )oaeteri! Th@sMIC of

Eﬁ\a?fp% i%?%eg%aﬁkl%ﬁg I ﬁEES%%%d 3888 was >16 pg/ml,
for E. COII ATCC25922 16 pg/ml and for E. cloacae ATCC23355 8 ug/ml.

The results are shown in Table 7. NAB7061 at a concentration of
4 ug/m! was able to sensitize the tested strains to rifampin by a factor ranging
from 170 to 1500. Sensitization factor is defined as the ratio of the MIC of an
antibiotic in the absence of NAB7061 to that in the presence of 4 pg/ml of
NAB7061. Extremely high sensitization factors were observed also to clarithro-
mycin (63-380), mupirocin (24-512), azithromycin {31-94), erythromyxin (21-
48), and for some of the strains, to fusidic acid, quinupristin-dalfopristin, clin-
damycin, linezolid, and vancomycin. All 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. No significant
sensitization (sensitization factor <2, tested by using E. coli ATCC25922) was
found to piperacillin, ceftazidime, cefotaxime, levofloxacin, ciprofloxacin, mero-
penem, and tobramycin, all agents that are hydrophilic or relatively hydrophilic
and against which the intact OM is not an effective permeability barrier.
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10 den) according to the manufacturer's instructions.
The NAB7061 concentration wused did not itself inhibit

wao b@sgta h of the target bacteria. The M C of PCNABI@BE0441

for E. cols IH3080 and K. pneunoni ae ATCC13883 was >16
pglm, for E coil ATCC25922 16 pg/m, and for E.
cl oacae ATCC23355 8 pg/m . The results are shown in
Table 7. NAB7061 at a concentrd4@ion of 15 4 pglm was
elbbi: %o sensitize the tested strains to rifanpin by a
82%f ranging from 170 to 1500. Sensitization factor
SendRizhfie faftols 8o seldcled Bntibsctdist el at NAB 084 'dbngentra-
n Hf]i 9 nce of NAB7061 to that in the presence of
bal dfs B7061. Extrenely high sensitization
factors were obseFv@ al so okl ari thereumryci . cloacae
(63-380), nupirocPhCP24- 5124 3089 t hr n (314
erythrorryxm (21 28P228) and for sonel3883the st283¥ns,
tRifampit=a1 C_acl d, 2600 759PT 1 ST7013860 1 OIOISDSS'.'JG' CYE0T1500
dmnbriycint+ nezol itzh - 3800 varmamggi n. Alds these gs - 3g0
Mpirguaeter i al ageatazare nagsalgsy hyguophobi c ogf . kgr ge
(Amerygiet n) and zg.esdknown Fiaghe exclzwdag by thep
iBntiemyci®™ of G aga-vggati vesobagt eri aziuig penet pat g3 t he
drasimigecld OM No si gnad i cant »>s@nsiti zatsdipn >8
@enpristin-dalfopon factar <2, tesgied by usiing E. cobis
AliEaty8ie2) was 25 féeound to piperacilligs ceftazizdi ne,
tbmlidxi me, | evoflsokxaci n, cip8ofl oxaci4 nero- panem
dadcomytinanyci n, al |5 agents that are hydrophilic 3ar
Pelyadivel y hydrophidic and @&gai nst which the indact
ORmetopimot an ef f ectd ve pernedbility batrier. WO 3
Mogifig@tin 734 PCT/ F12607/ 050448 49 Tablée 7 4
Sensitization factors* to sel ected antibacteri al
a?@ﬂt'@“%ﬂfaw the eatio obthe MG piibe antibieticin the abaejicarof IFAB €Qf1|
gﬁﬁh F'Ef’m'e NAR Ze61 ATCC | H 3080 ATCC ATCC
é’g ig%‘rg'% L? ngHens>50 . 750 170 - 350 250 -
gesTePegqaght W?tt"i“ﬁ*** 170 - 380 190 - 260
63 85 - 380 Mupirocin*** 64-170 64-85 24-32 250-512
%ﬁyu n*** 24 - 64 31 - 94 31 - 43 32

§(|¥é@|5ﬁﬁl’ @y ot 333 differéhit Swtrainé of 4Gramith tlvdﬁui%actena to ri-
faiiinAnd Slarithromygirhin e, ptesenasobUABT06 Adaimi) 1 -

8 > 4 > the VRIMATHE Rhididry dont@ntrations (MIC) of rifampin and
clarithromycin for a representative set of different strains of clinically relevant
Gram-negative bacteria were determined by the E-test method as in Example
7 and by using Mueller-Hinton agar with or without NAB7061 (4 ug/ml). This
concentration of NAB7061 did not itself inhibit the growth of the target bacteria.
The strains originated from ATCC (11 strains), CCUG (11 strains), and NCTC
(The National Collection of Type Cultures, Colindale, U.K.; 2 sirains). Eight
strains (the F-strains) were purchased from Mobidiag Ltd., Helsinki, Finland.
The source of E. coli IH3080 has been given in Example 2. Sensitization factor
was defined as in Example 7.

The results are shown in Table 8. For all strains (17) belonging to
the group consisting of E. coli, K. oxytoca, E. cloacae, and C. freundii, the MIC
of rifampin was as low < 0.125 pg/mi in the presence of NAB7061 (4 pg/ml)
and the sensitization factor varied from 85 to 2000. Very similar results were
obtained with clarithromycin. For fifteen out of seventeen strains belonging to




Polynyxin B5 2 1 4 Trinetoprim4 3 2 3 Mxifloxacin
2.54 1.4 4 5 *Sensitization factor is the ratio of

wWo besM@3of the antibiotic in the absence of NABI/FROM/050441

to that in the presence of 4 pglm of NAB 7061 Results
fromfive independent determ nations *** Results from
two i ndependent determ nations 10 Exanple 8.
Susceptibility of 33 different58trai ns of

ti t - [ d
Thé Bl BeRistind S 16T ciirfasao . RReFB8120d, Gy diapingli, the MIC
*ﬁiﬁe:lanthrmmycnnn\ivablat@rcm @snc @25 lg/mhin (M GreSénce of NAB7061
(4" PR or 81 35417 A I el o 35010 B TRom 90 t0
doamk ﬁér@ms ot o qnesimaeniae rempinest sbmesvial more Eesistant to both

%ﬂfiﬁi@ﬂcésahdi t@%@ﬁ%ﬁz{u@gg% dr u\?éﬂk?:l nﬁgﬁ:&éﬁi 16" AHPB00. For the

3% e‘ii'i%ﬁ Pﬁfi &ﬁuwmamswmmaﬂpnsfamm marrgd tbetween 24 and
geewtahd dhetragulting IAIC Makiedr ware glite IGh(# 'i‘ﬁarﬁbingk rtﬁi 25 ug/ml

ei'ﬁé% b SRR L oo e e

2 strains). Eight 20 strains (the F-strains)
mere purchased from Mobidiag Ltd., Helsinki, Finland.
The source of E. coli IH3080 has been given in Exanple
2. Sensitization factor was defined as in Exanple 7.
The results are shown in Table 8. For all strains (17)
bel onging to the group consisting of E. coil, K
oxytoca, E. cloacae, and C. freundii, the MC 25 of
rifanmpin was as low < 0.125 pg/m in the presence of
NAB7061 (4 pg/m) and the sensitization factor varied
from85 to 2000. Very simlar results were obtained
with clarithronmycin. For fifteen out of seventeen
strains belonging to WD 2008/ 017734 PCT/ F12007/ 050441
50 the group consisting of E. coil, K oxytoca, E
cl oacae, and C. freundii, the MC of clarithromycin
was as low as < 0.25 Ng/m in the presence of NAB7061
(4 pg/mM) and for all the 17 strains the sensitization
factor varied from90 to 1.000. Strains of K
pneunoni ae renmai ned somewhat nore resistant to both 5
antibiotics, and the sensitization factors varied
bet ween 10 and 500. For the three strains of A
baumannii, the sensitization factors varied between 24
and 125, and the resulting MC values were quite | ow
(torifanmpin < 0.125 pg/m  and to clarithronycin <

0.5 Nglm).
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WD 2008/ 017734 PCT/ F12007/ 050441 51 Table 8 The
ability of NAB 7061 to sensitize G am negative
whawsmeti7a t.o nodel antibiot- ics (rifanpin andPCT/FI2007/050441

clarithronycin) ~_ MC (pglnD of sensitization MC
(Nglm) of Sensitization Bacterial strain rifampin in
the factor** clarithronycin in the factor*** presence
of 4 pg/m to rifanpin presenciof 4 pg/nm to
ijﬁgﬁéghronyci n of NAB 7061 * of NAB 7061 E. coli

922**** (0,016 - 0,047 250-750 0,094 - 0,125

5 R 9 T 05 ooyl o g v
1@%0%6@951 anshela %re vpln():cuc;41422~ 0.094 - 0,125 170 -
4 1 o) O LA oY o A Qr A
2560725 100" EColT whea it 5727 SHns\{EaLbog O it FF T Sensiimton
Bastéral sreih | E- corl ‘*’Mﬁ némthe’s YL Ofactor™ V¥ HarfiiitgmycinrPiie factor*™*
P, Uar 54U B CONT tidlenidetr 4 uéJmF 38 rli’amﬁﬂl’nU resefice of 44id/mlito clarithromyein
), 064250 ETCOI T CCOYARZR 10,0327 125~ 0F15AB7-061
064 250 E ol CONATAID 032180~ P50 006490
E. cqi ATECA6822% 8351 Q016 -BO¢A 7 | 3880-75G0h 006%D 0718H E 170-400
I 13353 0,.064.4%8 00450 | 1 138850 k|| A8 MYME4e 190-260
ngg‘ W24 0.-064 320806450 1. c188.0 fa  BARS K 400
RUGGUCA22 0 g0} PO941R125 o4 370-286 "1 [ndiaboni a 100
‘opll CoUGAT42d - 025 T, fq,o“éﬂ\-b’,g% 0. 8294 1Hg Ko 125 130
TS T SN N ) £ W 2 T A B
C ':'._ 427 3 E oy \327-.\,’ lq4nca 1%25%1 2-0 '9641 250
gcy il PNAVE R <A YLy PO ) T 250
%IU?CU@%MQ%,, S == T S B - o A D11 90
e N TCda85T D o oh 0.032-0047 7 L 0 cabat TR~ 032 1 750
[CONEYOTaSss - oP | D0ed” TR it ey Y Y e ada. . 260
E prieLeTEEATEC g %94 T~ G )62 <0 3257 ¥ *I5078b0 T 1YY g0 OV T gp
WW — 05092 TS500~{- G4 7 1000t +5; & 15
%ﬁg,ﬁ&,d—eﬁﬁ 0,023 L4Ug ﬁ:b}%jng U™ 1:79“_1 I IL,\|||U|A|0'25 170
R e RSEE B3 =0, P32 550 - 100005125250 AG 75— oi
IKOBHIBREHide FAGECCI9606| 0,09d75 0, 1524530, 5350 Aq: 24
IKOSIABRARTCC 348 =~ | U,0b32= o479 2 Tlegol 20 0438 4G 35 260
K. oxytoca CCUG51683 0,012-0,023 1} 700-2000 0,19 250
E. cloacas ATCC23355**** 0,008 - 0,016 750-1500 0.25-0,75 90-400
E. cloacae CCUG52947 0,032 - 0,047 500 - 1000 0,38 350
E. cloacae F230 0,016 - 0,032 1500 0,047 1000
E. cloacae F232 0,023 1400 0,004 500
C. freundii ATCC8090 0,023 -0,032 500 - 1000 0,125 250
Ac. baumannii ATCC19606 0,094 -0,125 24-32 0,5 50
Ac. baumannii F263***** 0,032-0,19 21-125 0,38 40
Ac. baumannii F264 0,125 3z 0.25 100
$. maltophilia ATCC17444 2 4-3 64 4
S. marcescens ATCC8100 16 <2 26 <2
P. mirabilis ATCC29906 1-6 <2 24 <2
P_wlgaris ATCC13315 1-15 <2 24 <2
P. aeruginosa ATCC27853 12-16 2 32 <2
P. aeruginosa CCUG51971 >32 <2 64 <2
P. aeruginosa F58 >32 <2 256 <2

* Results from two independent determinations

** Sensitization factor is the ratio of rifampin MIC in the absence of NAB 7061 to that in the
presence of 4 ug/mi of NAB 7061

*** Sensitization factor is the ratio of clarithromycin MIC in the absence of NAB 7061 to that in
the presence of 4 pg/ml of NAB 7061

*=** Results from five (rifampin) and two (clarithromycin) independent determinations

“* Results from three independent determinations (rifampin)



10

15

20

25

30

Ac. baumannii F264__ 0,125 32 0,2_5 100 S
mal tophilia ATCCl7444 - 2 4 -- 8 64 4 S. marcescens

WQRIOS8104 16 <2 - 96 <2 P. mrabilis ATCC2PODBI20678)50441

<2~~ 24~W<2 P. ulgaris ATCC13315 1 - 1,5 <2 24 <2

P. aerugi nosa ATCC27853 12 - 16 2 <2 P. aerugi nosa

CCUGH1971 >32 <2 64 <2 P. aeruginosa F58 >32 <2 256

<2 5 * Results fromtwo indepBBdent determ nations **

Eﬁ%siti tion factor is the ratio of rifampin MC in
ce of NAB 7061 to that in the presence of 4

DABTOST SeMSififssl carbapenein-resisiant $@Raind deAbhﬁetobacter to
]. %?aé)'; Iﬁgarlthrorrym n MCin the absence of NAB 7
E3Hodpgie

the presence of 4 pglm of NAB 7061 10

el ReS[IThbSmfrr AlHT Irihiblfd fcéﬁ'@éﬁt}atﬂﬂ% ) of two_carpapenems,
i nde ent et er oNns  FEx*

clarithro
BBt AR e beh i o BreR. S treal4n bR RRH were determined
by ithe kpias) rr\éﬂtﬁl)ﬁ@ﬁr@ﬂiﬂ%l@@'ﬁrﬂﬂ%ﬂ@g hg ddeltler-Hidton agar with or

WP RAB7ONA AR H° Bl R AGRBENAB 0 Bl el imhibit

thehgmwibrof the target bacteias Sensitization factorwap aefinedwms inFExam-
[@ peTeR Fé%@ltg%r@pﬁﬁﬁfm Ilfl Of btlé1 rge Wéﬁ‘?@ﬁf‘%eﬂ%ﬁégd both carbap-

aumanni i were
RRAT I e AR Wl P ooiessoboshanns by feior .
wi t hout NAB7061 (4 pg/m ). This concentration of
MaBkO81 did not itself inhibit the growh of thg
ia. [ fact def i
SHSESRAITR (o Ibenean sand MesoeTsra Raginst i aglaagter baumanni

SIEINE Grl theeealssdricaast NYAB 06 drapin the pe@@éndee@ﬂ ISABIHO61 (4 pg/ml)

Stéial NS _(F263, F264MIC (LAl &F impéneapcTeTs 1DY8 (iR M meropenem |
PZ[ “Tabl e 9 Suscapdt it ihdidafedtontr (uEiNG M ah Gt TRETAEESIE¥oncn (ug/mi)

gal ‘nst Aci net obact er "bernAmToel ~ St f di NS i N~ T hef NAB 7061

absence Of— mt,ﬁc_@i:_and i) fh.n pFesencse af NAB 706177

2

Anéé%g;%@ o (Ngh-m2 ot JNAB

/ G /nnl ) af—i i enem-MGC (pglo'rl) of
B et ATCC1?6U6F P L dde. gggn Cdgl i at he | O

) e A0
61 -af—NAB m%iw.om;lmgm 6 ]

Example 10.
NAB7061 sensitizes E. coli to the complement in fresh normal serum

The ability of NAB7061 to sensitize encapsulated, smooth strain of
E. coli to the bactericidal action of normal guinea pig serum (GPS) was studied
by the method described by Vaara ef al. (1984). E. coli IH3080 (018,K1) was
grown in LB broth (LB broth Lennox, Difco, BD, Sparks, MD, U.S.A) at 37°C in
a rotary shaker into early logaritmic growth phase, washed with PBS (phos-
phate-buffered saline, 8.0 g of NaCl, 0.2 g of KCl, 1.44 g of Na;HPO4 x2H,0
and 0.2 g of KH;PO4 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
inoculated with approx. 500 CFU (colony forming units) of bacteria per ml and
pipetted in 0.2 ml aliquots into welis of microtiter plates. The wells already con-
tained increasing amounts of NAB7061 in 0.020 ml of 0.9% NaCl. The plate
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+ A baumannii ATCC19606 0.38 0.38 1.5 0.75 A
baumannii F263 >32 8 >32 6 A. baumannii F264 24 6 15

waEx@splE340. NAB7061 sensitizes E. coil to thePCT/FI2007/050441

conpl enment in fresh normal serum The ability of
NAB7061 to sensitize encapsul ated, snooth strain of

E. coi to the bactericidal action of normal guinea pig
serum (GPS) was studied 20 by58he net hod descri bed by

Vaara e I ) col.i 1H3080 (018, K1) was grown
Wﬁ%‘cﬁi’afﬁﬁf eﬁégfﬁéoi% E%éh%s@reﬁsqrc%ecfsue"swaﬁk%mpﬁeﬁ onto LB
lkdlﬂes\) The pﬁté‘smeaﬂcmalw cﬁdﬁaﬁgght ?EBEE%%?HKthe developed colo-
phase, washed w phos-

r?ﬂat el-e{)uﬁerﬁé(g' saline, 8.0 g of NaC, 0.2 g of Kd,
1. 44 g ofl hRaeEMtR axe ishowraimd Table 10.0NARARBO4tsedfr did not signifi-
ok (o TR g t :
CoA P CESAORCH s SEed 0, RS 1y WP o ht
TasHIed (10% G drewever, 38 lowd sengentration pENAB7061 as 2 ug/ml
oarsdLfiEioht toSr?tlluﬁb\mJ ié‘.‘.@@lﬁb BY %\dfaétofrilﬁ l%ﬁp%xﬁ()ﬂn”tge presence

g r n .oce as, fol |l ows.,. 0 in _
3 RR. CBRD B oRRTAG NI B3 SehRbeay s bacier
tiglahtomplemen)mathibant presenpierfredh serdm, @ispidess@MBN, @had agent
Welmn‘gq}ﬁ%%d'\%ttﬂ'sgﬁ]oéért?f mcrotiter plates. The wells

0 { N

al ready con- ncreasi ng anounts of NAB7061

'En P? O mM of 0.9% NaCl. The plate WO 2008/ 017734
ahfa-1%9007/ 050441 53 was incubated at 37C for 2 h

r : [ a e I
Te Shelgsnc baticiidal RVETRY ABROE an) 18 fihea G serum
%ﬁﬁﬁﬁéﬂ‘%@ goli 0804 B8:Kdlint ed. The results are
shown in Table 10. NAB®Ogdniratianaif NABY@B1r(pg/mii gnifi- 5
cantly reduce CFU coumt—Tmthe—absence—of—&PS—or in-
the presence of heat- infctivatdd 10% 8PS Ho#ever, as

lhevs @eepncentrati on of ypB7061gas 2 pgln
aurf/ofé@pg gnt to reduce CRggcountoggy a fagtor \g?gapprox.

10% ars, hé iERaRace  10Hpf reshyopPS. Aggor di nghy,
NAB7UGI acrs synergrsticat fy wtir thepactert= ci dal
CBPRSHESHER 0 SHREYA #fieF y-hpyrdreatitent & 375Cesh serum as does
PMBN, the agent 10 well known to have this property.
Exbhpld@1The synergistic bactericidal activity of

J . : :
REHGES, 0] B3PS 001 B Bt T niobiane [aPAN of the
@&nal 2ostex

The binding of the compounds according to this invention to isolated
brush-border membrane (BBM) from the renal cortex can be measured indi-
rectly by measuring their ability to inhibit the binding of radiolabelled gentamy-
cin to BBM. Accordingly, the compounds according to this invention that have
less affinity to BBM than for example polymyxin B inhibit the binding of radio-
labelled gentamycin to a lesser degree than does polymyxin B.

BBM was isolated from the renal cortex of male albino rats by using
the Mg?"/EGTA precipitation technique as described by Nagai et al. (2006).
The binding of gentamycin was measured, according to the method described
by Nagai et al. (2006) by incubating BBM vesicles (20pl) in 10 mM HEPES (pH
7.5) with 100 mM mannitol in the presence of 20 uM [*H] gentamycin {Amer-
sham Biosciences Inc., Buckinghamshire, U.K.} with or without the compound
to be tested or a positive control. After an incubation of 60 min at 4°C, 1 ml of
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none (PBS) 100 97 97 79 10% GPS 270 230 2 0 10% GPS,
heat inactivated 500 500 500 250 15 * neasured as %

W@ slyaB4 af t er 2- hour treatnent at 37C Exanpl BCT/EI2007/050441

Reduced affinity of NAB7061 to the brush-border

menbrane (BBM of the renal cortex The binding of the
conpounds according to this invention to isolated 20
brush-border nenbrane (BBM fr&i the renal cortex can

KRR e GRtrinds” Goaba haP oo odadribanyiiaure Was fitered

BBnughca ddillipoge filtet 1i@. 4(50pppuﬂAlWI%u)c Clvedfilter ivast Washed with the

SO lolaNR R4 ) B s
Mi’oéplﬂ tliatipsn caurter-n lﬂ% 1G5 values wergr defermineddessn Nagai et al.

ﬁe ﬁﬁ M,&ﬁs isolated fromthe renal cortex
of maleﬂi n t he Mgt +/ EGTA
pr eci pi t 5ft EﬁHﬁPdﬁw:ﬁi\J@r g@%&\lﬁ%@awmﬂg@tud@d and the con-

{raR0GEre th'EthIbwn@ N7 +a2N B Foy NAB 7083 a Lol two independ-

B, T RSy G 55 or o

zlavevagg ofiitevh lndﬂoendelmaxptanments temehpwith éhese parallel

| S
fotofligionsh qrite SpaTkes.y, iof Trfabifled WfnISh @Ee parallel de
@W&ﬁ}mskt C‘E@' t’@\( efb'eoafﬁéltbdg i NABZ06dnior BBM As tanly approxi-
iriael Halfost the Hhnity of @éntéﬁaycih td BBM ¥Ry %?@%)@ﬂ%?ég one fifth of
é OO]Z 50441 E‘? -cold buffer de
&)?'ﬁﬂ@é %Mﬁ'f‘i‘l"es e was filtered through a
Mlllporefllter (0.45 lam HAWP). The filter was
Exampde 2t h the buffer and the radioactivity

TRERCHVIYY dFNAB?064 ik %&g@ﬁ?q%ﬁéfaggﬁ?érﬂﬁhﬂ% fhddelin mice

uid scinfillation count ues Wwere
det er m ncuapensionlaf. celi |HB080 FKa IDE)insling (019% H'llé(bl) was

A hon T LGS o8 o R GRSy .
g, Gopeyph WY@@DWQ&M&@@IQ& (female NMREfrom Elarlan Scandinavia,
ANB8] DBAGrk: %ﬁ@hwzstsd 5y %ré’ﬁ{o%ua?éd ﬁlﬁa EfftoR8hLhyPR%h 0.5 mi

GRS sisaenEog coRan & 96 0 f‘ﬁlﬂ?gﬁr@@ th lateral lower quad-

et of theabdonsn, Atnth, &ﬂeZ)FFU%dltrﬁ Wasialtaié?mhﬂétﬂfrom three mice
er.m nat j

I
SRR i B rich 5 e RORLb Gled it spbcutane-
@Lpf.prm&@:tlomaf 613 nﬂatfferofthmhwcam fsolution i salkime écoreespdrding to

§%/$$ Ho8p @fe‘?%ﬁtggmﬁé(% gdllitinfh A salihBcirbsidding o 5 mg/kg

Xl n
t?o(gy weight), or both erythromycln and NAB7061 (corresponding to 5 mg/kg

body weight of both drugs; given at two separate sites). Control group received
two 0.2 ml injections of saline. At 4.5 h postinfection, all mice were anaesthe-
tized with CO. and sacrificed. Sterile saline (2 ml) was injected intraperito-
neally and the abdomen was gently massaged before it was opened and the
fluid sampled. Appropriate dilutions of the fluid were plated on blood agar
plates, the plates were incubated overnight, and the colonies were counted.

At 1 h postinfection, the CFU count was 0.74 (+ 0.7) x 10° per ml. At
4.5 h postinfection (corresponding to 3.5 h after the treatment), the CFU counts
(per ml) were 11.1 (+ 6.2) x 10° (control group), 8.9 (+ 6.4) x 10° (erythromycin
group), 1.1 (+ 0.6) x 10° (NAB 7061 group), and 2.1 (+ 1.2) x 10° (NAB plus
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15 The activity of NAB7061 in experinmental E. coil
peritonitis nodel in mce A suspension of E. coli

wo kBB8B0776K1: 018) in saline (0.9% NaCl) was prBQOEFR007/050441

froman overnight culture on a blood agar plate
(Statens Serum I nsti- tut, Copenhagen, Denmark). All
mce (female NVRL from Harl an Scandi navia, Allerod,
Denmar k; wei ght, 25-30 g) were9Pnocul at ed

ShyhRRRLiA PERR). Aigdindly” i the B8enee 67 N 7217 e bacteria
Gauat incegasegk by Bfagtoa afeld Fsadme rgrouprochy acfagter ofat2 (erythro-

AR Gro@s), WHAB) ihhtheSpréksehce dF NAR 068 TR 'cBgregPBﬁding factors
four ce r . group) were treated wth a subcut ane-
%&gq%ﬁq@@t‘l'gﬁo@f 0.2 m of erythronycin solution in

saline (corresponding to 5 ng/kg body weight) or

Ex@ngilé 130/ ution in saline (corresponding to 5 ng/ kg

ght), h th [ d NAB7061
@5@&%@6?%8‘\%3?@9@“ %odglov\ngimgﬂt agf bot h drugs;
gi/v;/)eg gt 'rl'nb)oii@irt])‘i g?ibghg rg'%si g:g%i?plggné;?ﬂ?xgﬂgglﬁb e &R B&inning of
W50 Bee SIS by Somiiaterifa domes (T4 46 &. 46 AnE@R molky
ped daykof N|P<B¥d161l$$n\idlfea$ the oebnt('é! compoesd bbliyﬁﬂb@d B intraven-
- n t .
S0 150 960l R PR v st o
sash ddsis mgimepr Clinisaliobseivationswarhenateidsilyetie body weight
RleisBFbcPvibd QG KRY Aind tﬂgaf?ﬁa ’cohﬁgrr?ﬂti@ﬁ e?\ﬁvic\g‘e\ﬂl&akly.el In the end of

i ncE at ed overni ght, an e Cco es were coun

VeR %@?ﬁiaﬂr@@'ﬁ © sacefiegd) count was 0.74 (+ 0.7) x

106 per The ceﬂtrolf?&gtb?rgﬂ?,t ;bm?mgkfggﬂ @@E¥§§nﬁm§%d the body

efu gl & o} 15y'd 8557561 img/Ry e dawharses the layes: dose of

N8 7061 ythat han this eﬁ‘écigwgﬂ 8)malkgl PolyinyXin B d4lfedNABrtality at 32

0% B4 (1ADA sttty uibrdas’ 88 ratp TEcliNg B8, ppmained

aliveothaeyghapt the, study. im theeaduif thestudys bloadchurezanitregeal (BUN)

way 5% Righeawe thedyrotip rREERIngPholymykied é REy/EE BEPYaP hAY in the

Sl 1o A e oL ot e L e

ceiva;;damaﬁg?.mﬁﬂaﬁtheodé?ge of Esaﬁ'glkgt ﬁé}-da'ﬂgm#?i:*.%h atigd &ds found,
. a | | a I oX.

i WRE G Wk teckile NAH DRt g ot it b PRI Rerday. the

nse waai/fe.st eri ng doses (1, 2, 4, 8, 16, and 32 ny/kg

d o 2

pi{yﬁi?'ﬁ'@fg#ﬂﬁﬁﬁ L tjeRels Aied MerfPoROtor” GARF Hiimals and

'\%@f&?@.h%@f slipll dsswes wasmerfermednsthses ighidese greupshreceiv-

idﬂzNﬁBgeeﬂJTith Pﬂa&@agﬁﬂeéaeta Qemgsatgbi&gg%ll Wﬁnﬂgnr%‘ﬁg%é@?gg%d in the

detfera fatngiol Hnd abRRifplogy,of fiay Brasngor Indag histogathology of

kichhews in amyranimats thiat ceabived NAB7061.

-



The control conpound, polynyxin B negatively
i nfl uenced the body 15 weight gain at as | ow a dose
w@s008/0ny8kg per day whereas the | owest dose of PCNABG@GIE0441
that had this effect was 8 ng/kg. Polynyxin B caused
nortality at 32 ng/kg per day (100% nortality),
whereas all rats receiving NAB7061 remai ned alive
t hroughout the study. In the eb8 of the study, bl ood
urea nitrogen (BUN) was 15% hi gher in the group
r(ﬁ_clﬂ.M% ng polynyxin 16 ng/ kg per day than in the 20
control or |ow dose polynyxin group (1 ng/ kg per day).
In the gro i ki mléE’% se of 16
ng/ kg per l&%/d’lﬂﬁgx@aeﬁﬁghyiégg wa &%ﬁ%rﬁﬂ?ﬂ@ﬁi n the
group that received NAB7061 at the dose of 32 ngl kg
per day, the rise was,Rp H.stgms hol ogy of kidneys
was perfornmed for each,ani mals and \ 25 hi st opat hol ogy
of all tissues was peﬁ‘ ormed in three high-dose groups
recei v- ing NAB706R6 No NAB7061-rel®R&d pat hol ogi cal
findings were found i I\the gener al #pat hol ogy and
hi st opat hol ogy of any &AR§ans or iﬁld he hi st opat hol ogy
of kidneys in any animals that3ecei ved NAB7061. WO
2008/ 017734 PCT/ F12007/ 050%41 /56 CLAINMS 1. A
pol ynyxin derivative of theyeneral fornula (1),
(7)R7 -- (8)RB/ (6)R6 (9) (5 R5 (10)R10 (4)R4
(3)RB (2)R2 (1)U R(FA) (l)gr3z 5 wherein Rl, R2 and R3
are optional; characterized iyn that Rl, R2, R3, R5,
R8 and RO are cationic or neutral am no acid residues
sel ected so that the totakBinber of positive charges
at physiological pHis at least tw but no nore than
three; 10 with the proviso tgsat R8 and RO are not both
fornyl ated when R(FA)-R1- constitutes the native
pol ynmyxin B side chain; and R4 is not directly |inked
to octanoyl residue when RAREHAD constitu(lfgs a native

po-

wherein R1, R2 and R3 are optional; characterized in that R1,
R2, R3, R5, R8 and R9 are cationic or neutral amino acid residues selected
so that the total number of positive charges at physiological pH is at least
two but no more than three;

with the proviso that R8 and R9 are not both formylated when
R(FA)-R1-R2-R3 constitutes the native polymyxin B side chain: and R4 is
not directly linked to octanoyl residue when R4-R10 constitutes a native po-
lymyxin B ring structure;

or a pharmaceutically acceptable salt thereof.

2. The derivative according to claim 1, wherein said positive
charges are selecied from the group consisting of free, unsubstituted amino
groups and other cationic groups.

3. The derivative according to any one of claims 1-2, wherein
R1-R10 is selected from the group consisting of SEQ 1D NO: 9-26.

4. The derivative according to any one of claims 1-3, wherein
R(FA) is selected from the group consisting of OA, DA and MHA.

3. The derivative according to any one of claims 1-4, wherein the
number of said positive charges is three.
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lymyxin B ring structure; or a pharmaceutically
acceptable salt thereof. 15 2. The derivative

wa@e@sndi’ag to claiml, wherein said positive POERFDEE/050441

are selected fromthe group consisting of free,
unsubstituted amno groups and other cationic groups.

3. The derivative according to any one of clains 1-2,
wherein R1-R10 is selected fr6m the group consisting

of SEQ ID I\g 9-26. 20 4. The derivative accordi ng? to
any one of @I Hhedefivativeyasearding te mlgim &, wdeseine@ iR Yinis se-

g helegteaupot Aans |g$¢mmeo|?7éus% o@Emg) Nlt'ﬂg -29. The

erivatli ve 0 an ne O Ccl al erein

t he nun‘oer-’a g %tggq ?F ma'iog%lg'm émsgiqgied %m the group

2008rGistingAof A+ SEQUD7NGE 184 DA-SECEID NG 1ErOASBEQHD NO. 11,

7 cORBEa IDNG. 2T SERFIT NG S, iR gER 52043, Wa-sEQ D

derN@atl @3"@6&‘#@. %4@0!‘?«-8 Qs ) ND 55 OMBSER: ID NO. 186,
- |

gr CDA-SEQNE NO.MT, @A@‘E@-’F@ NE. M9 olsE %II§§%.S@Q'\$6—SEQ ID

10, - SEQ I'D™NO;
N‘éﬁZé q‘%@cﬁ'\%&@ Né 9 \VHA- gEQ ID NO. 13, NHA- SEQ
| B NO. 14, 8 SEQb:lrihtN@ pr})@uc@ol‘gggﬁslrg % origbore @f\ﬂ%@enva-
Dt%&§8rﬁ%§§&ygéggfrﬁsﬁd 93 8. A conbination
product corfeA phagnaceutical cemposifion lcompeisingeat [Bast bne seriva-
ac Q%dééﬂbrﬁﬁ%%}yaﬁg oh& %f'ﬁ?lh]st {P g T %&gﬁapﬂﬁgpﬁﬁgﬁﬂa“rﬂaceuti-

conpasi t 1 on ri°si ng
lYiaggertg %rﬂﬁéaﬁﬂ Oéleéplﬁ’!ﬁnl to 7, and at |east

one phar erC’r@Utl'he mﬁrmcéaﬁ@rbempﬁ»sﬂ@hra&braﬁ&/tel’cla.m 9, further
exc | ernt n ”gs ‘;é utical conposition

P&‘?%”QE aplpacErial etter 15 conpri sing an
alnlt i bact er idl Aagettiod fot trefating] altslidting or Qmialhﬂmtmg an infection
a rel.i fl.on in a su
oT808 ClusBity %gt%é* BeBAle habH{h, coBrRis e hefmister-
adring estherapautigally efieetivecamiount Di/aen‘e‘rwatlve/ acaomiing toany one
a Qi Ve A6FABikinathd ms 110 7 or
a conbinati gn ﬁccorgI Qn @Q?cggnﬁg 6! B’m{gé The net hod
accor di ng t16- ENGiMeteC mmn%t%ahmﬂéemr@msasd bacterium is
se:selﬁowti fmmnhéwgrogupmmmml ot E:%@fgé’tfrchll@%éﬂ eKleb3ic¥a pneumo-
co neu ni, ae ebsi e
cohlige, BRSPSy B Poaer e oboed i, Poa-
domm?asaarggnosa and A dinetobaolenbaamasmiimanni i .

13. A method for sensitizing Gram-negative bacteria to an anti-
bacterial agent, comprising administering, simultaneously or sequentially in
any order, a therapeutically effective amount of said antibacterial agent and
a derivative according to any one of claims 1 to 7 or a combination accord-
‘ing to claim 8.

14. The method according to claim 13, wherein said anti-
bacterial agent is selected from the group consisting of clarithromycin,
azithromycin, erythromycin and other macrolides, ketolides, clindamycin
and other lincosamines, streptogramins, rifampin, rifabutin, rifalazile and
other rifamycins, fusidic acid, mupirocin, oxazolidinones, vancomycin, dal-
bavancin, telavancin, oritavancin and other glycopeptide antibiotics, fluoro-
quinolones, bacitracin, tetracycline derivatives, betalactam antibiotics, no-
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13. A nethod for sensitizing G amnegative bacteria to
an anti- 25 bacterial agent, conprising adm nistering,

wa@ossltaseousl y or sequentially in any order,PEI/FI2007/050441

therapeutically effective amount of said antibacteri al
agent and a derivative according to any one of clains
1 to 7 or a conbination accord- ing to claim8. 14.
The nmet hod according to claim#&8, wherein said anti -

30 bacteri | ect f th

o e B S heab Pk By onbior,
er yar bagterial effldx uhgy inhibitoed.i des, ket ol i des,

c:Iindarrycin1 aﬂghgjmi cosani nes, streio am.ns, . .
rifanpin, I‘I%&Eu?i hﬂe lﬁ?# - r4l 'Egaﬁﬁ CI%'Fhef , %QFS)Ei Aaid anti-
f ushafiterialcagientnispselected, frora tiné igroup nemsistimgcofyelanthromycin,
gl y RRRIG! or R SHFOR, bipath e el sEPtcalfin. combination
bacqtt'\e%&'ﬁti,n-@ is{jey TfaeRiRfusisic aeild, mupiracin thenoxazolidinone
antlineizolid, 0fanchenyd, 208 $liBALIoIGRE MohdXEhp %{Jﬂthe%late syn-
voq cln.,. Jte r.om%tl Lins, folate synthesis Inhibitors,

def bgﬁlﬁl"&'g' ?fﬁtﬂmﬁ PRM:  and bacterial efflux punp

i nhi bi t or s.161TheThethoe! dumdrding ¢o dlaig 13 whetkin sald bacterium is
t nadhdled o B broPEh i B RYchbRGRE 2l Riobsicl pneumo-
aziltiag, siella caxytoney iirderobactarndeages, rGitrobacter freundii, Pseu-
St IRPAGHHPIAGHER] BAY | AdinBlbBCRI baLirkr! f opri stin,
rifanmpin, f shgic aci d pirocin, th{eb oxazol i di none

| i nezol i d, 1\% d‘ﬂ?@Pﬁ, fqr%\fﬁ'%ﬁ@c{mﬂhajﬁ@iotics comprising the
noxitépoafaci n, and the folate syn- thesis inhibitor

rere 7o) bR o TR iR R S Sahiledoupa. or o
conterivativeythereof, Bavingra italafddbi6 psitiveichitgegyneun-

Gt pobact of) FLESHANG o 1 B5'uFeBuiel oGRS or mpye posiive

G trobacter | __dononds " a

AciCRaIgasaMithra pasidRNNet. having /2 peshive chargeecoeivdii agcovalent
noehdather&byphesérafiRgR dsrivaive bf a IFRSxiAT i

pr %vi di. nv% 3ﬁ%’\t ur al g%{ ynyxin or aﬁ@ﬁiﬁﬁicﬁ%%gu%%Y'ng 2or
or SPOSHY 6% t hereof, having a total of 4 to 6

posi tive cbprgsaying)saidddriviative nnpeURdL féroadtibatefaCactivity
nophirs? R B LBERITR, 6F a6 I Yo NensuRar Bram-regative
boRacteriadoenyanjibieticaandg a derivative of a pol ynyxin
comountd Day giediy, coffbolrRBHbUN SHEAAISC bepy ooains
aclaremrijegailys; bagtetip.ank Heyabilibetnsensitize: Grem-negative bacteria
abtd ahwntibacterai 4gett. & am negat i ve

18. A method for reducing the toxicity of natural polymyxins, oc-
tapeptins and their derivatives during application thereof in the treatment of
infections in an individual, said method comprising the steps of:

a) providing a natural polymyxin or octapeptin compound, or a
derivative thereof, having a total of 4 to 6 positive charges:

b) substituting from 1 to 4 residues carrying one or more posi-
tive charges with a residue not having a positive charge, or with a covalent
bond, thereby generating a derivative having 2 or 3 positive charges; and

¢) administering said derivative to said individual.
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bacteria to an antibiotic; and d) selecting conpounds
havi ng anti bacterial activity against 25

w@2x@erEgat i ve bacteria, or the ability to senBCT/FI2e07/050441

G am negative bacteria to an antibacterial agent. 18.

A method for reducing the toxicity of natural

pol ynyxi ns, oc- tapeptins and their derivatives during
application thereof in the treé8nent of infections in

an individual,. said thod conprising the steps of. 30 =
a) provi di nﬁé'aT %t’ﬁ‘?'ggdp%ﬁ RO fogrlainy 118y dherain said toxicity is
conpepimdtoxditya derivative thereof, having a total of

4 to 6 positdv r - b)) substjtuting froml to 4
resi dues caédr'yiﬁr@gﬁ}?gieﬁqr 'Hiﬂrgv'ﬂgst ¢ FBW&%HEW&@S RiPpgrties, of
a regiugalgohonyXing, orapeptins and theirhderiyatives, said method compris-
COVﬁchHé st , thereby generating a derivative having

2 or~3 positive charges; and 35 c) adm nistering said
derivat i ve 3)oPR¥iding @dnaiuialapolymwxinoospotepeptin compound, or a

PCTd&rhaiiNg tRSeéf haviry 4 Yotall 4 ¥R RRRItRE CPfbdrg t O

cl aim 18, erei ? ai 3{ to>g|| mje}_/ I"i‘t‘ ng%hr_ot OXI Ci tr¥|' .

20. A ot hdl S4Bs 'FL}SPBB Mg ot residyes ckying one or more positive

prh offearges syithot residue abt taving ai pesitivec chary, imsvgﬂﬁcb covalent

t i [ S Lng the

st ebdnd;FhentBly dérath 4 dBRL NS AR ot 2 pddifve Sarges;

oct apept i n Wgrsus@id dmprovetk phasmacekineiis quopertiesi cansist of

a tRofingeld serli RalPfife): b'rYﬁm@r‘“@f&%ﬁﬁbiﬁ%ﬁ%étih&%ﬁ\}a‘ﬁgn by poly-

from1 to 4 residues carrying one or re positive

cheARJBRICsEHe AnA EisRRNSHeNim ASpTaPad) b ithe starting eompound.

gr with a (Zﬁl\l A méthodqog%@ﬁsi_tittihgf@Wﬁcﬂ?ﬁﬁfpﬁ\:\%am Gram-negative
erjivatiy Vi or sitive charges; erein

saitActbid B ahodl HictaRtn Mdatie GoBrtipaent preSes e serum,

p:] overgasaidrbantévid fre :sﬂbiectqfd toother actioscefs ioclim'rilviati\}e &6cording

t [ Y - C ot an us

corQaredt et 157 gt Bl BRI 0 Pouna.

21. A net hd?- The raetind: acqonding|to wiaiel 21, wherein said bacteria are

G aBlaRe fione thel Srotas tShdistinoR EXRbridnk edb%:e{(gaf&?@@ pheumo-

conpl e resent in the serum = whereln sa B
el KeLsteig gxviac £ itgrabesior alodriey Cikobarieq deundi, Pseu-
alc_cdiqrndd)rlv@ aéroghmsapand ﬂc#r@tﬁb@ﬁﬁﬂg&mnénﬁﬁri ng a o
clinical infe¢tio . The net accordi ng t.o. clai .
21, wherei n%sy‘.s %fa%t Ir'iva{']\éﬁ gcc%@f"@c Sl pg%qfﬁ.‘éala]%inﬁo 7in
corlbe gnangfacture mfcmedicamentcfor itreatingbisfegtioas preised- by Gram-
ni aﬁb@%ﬁb@ri‘a‘?‘ oxytoca, Enterobacter cloacae,

Citrobacter, freundil, Pseu- dononas aerugi nosa, and
Aci net obac®ér Tha ueenzeaording to claim 23, wherein said bacteria are se-

lected from the group consisting of: Escherichia coli, Klebsiella pneumo-
niae, Klebsiella oxytoca, Enterobacter cloacae, Citrobacter freundii, Pseu-
domonas aeruginosa, and Acinetobacter baumannii.

25. Use of a derivative according to any one of claims 1 to 7 for
the manufacture of a medicament for sensitizing Gram-negative bacteria
against antibacterial agents.

26. The use according to claim 25, wherein said bacteria are se-
lected from the group consisting of: Escherichia coli, Klebsiella pneumo-
niae, Klebsiella oxytoca, Enterobacter cloacae, Citrobacter freundii, Pseu-
domonas aeruginosa, and Acinetobacter baumannii.
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23. Use of a derivative according to any one of clains
1to 7 in the manufacture of nedi canent for treating

w0 pdosoti7ans caused by Gram negative bact eri a. PREFRE07/050441

The use according to claim 23, wherein said bacteria
are se- lected fromthe group consisting of:
Escherichia toll, Klebsiella pneunb- niae, Klebsiella
oxytoca, Enterobacter cloacae, 6Qitrobacter freundii,
Pseu- donon iﬁr i nosa, .and. Aci net obact er baumann

d

25. Use of FECAING: 17 ANy 28 Whekeingsaig fwtrhactenal
1 tagéntfisrseleiffed remrirugrtiblutchsisting cﬂ&ﬂlarﬁtﬁfﬁiﬁyclﬁ Ofzithromycin,

ant eoBRRi bAT e nakfoiRE ReloRaed HnBanveln endiatper finco-

25, sahaesi ﬁtrsaiogrammse rifam pine rifabuting difalaizifer amal toltieer rifamycins,

r gt e
O UL ! i, SRR e AR haBavancin, tle
cl oY, artayayicie ead qth%rmaiumpent@@@nt@sat@@nﬂmqutnolones ba-

aercitraamsztetr liR6 | dstivaltinesd ebetﬁﬁdﬂﬁﬂnbﬁhbléfﬁs novobiocin, pleu-
2008/0 734 /Fl 07/ 0504 1 60, 27.

accOMy 5 tfp a‘?¥ﬂ %S'Sm PhS gﬁfq{"yﬂﬂqeoﬁlg‘!tﬁﬁqrﬁl and bacterial
ageefflux pused ishibdtdrs.r om t he group consisting of

| h h h d ,
mmcr of 1 des 2ol seCa8BHlng: ta o2 f etk Faid dtbacterial
sanfgfiy is §@b§tﬂdofg¢mrfhasgroup tangisting of: folasithiomycin, azithromyein,
ri f @b hﬁcﬁ‘aﬂdclﬁfdé?ﬁycﬁﬁ f qhey cét tggrafdﬂﬁ' gbﬁbb"i’r?ét%n quinupristin-

1IN ngnes, \van

te|‘%&fﬂ"pc<€1'ﬁf£”sn'f"ial P'Pa\ﬂéﬁ!@lﬁna%lﬁd nmm@c"wﬁeo@ﬁmhd@one linezolid,

antvdricoimyein, thé fiuopsylindlonsanoxif@xadih,! 47¢ ite folate synthesis in-
tevﬁﬁ? I J n %[?erl vatives, betal actam anti bioti cs,

r’We romuti | | ns, folate synthesis
i nhi bi t or s,28d&fser ofys aledvatiNe acd:cm:lm,g tsrahyband of icklims 1 to 7 for

ef fthéﬁ'agﬁﬁfﬁmﬁfuw :oﬁ 'altrﬂé %r%n% g%rts-éqr?\?sg iﬁ?gagg%@ rfjésdlﬁwgooacterla to

se@b@@cdqfer&ﬁ whgnﬁupc@antar@entme@ent ig the semnvmyci n,

azithr 0”)’“3& Therydea&uBl&ing: to‘HIélﬁﬂQ@'y\ﬁhé}glf Sid bacterla are se-

stre agfr n conbi nati qn, g ristin- da F

" et S ecoroun ronsish Seharicaia, zalh oflediaicbneumo-

| i nBae) Kkbbsielarogtoss, rEntbkubaf:l‘etC&IO@ctaeﬂ @I%ﬂé]!-%teﬁ ﬁ'beu{ndu Pseu-
esis in i bitor

t rﬁ%ﬁ%%éhg@%@&%ﬁ%ﬁ%ﬁe&éﬁ% E%nﬂ@@’br ding to any

one of cl aidfts Alprogess far prepasngwnpdlgoiysinederivative of formula (1)

nmegy |EQﬂa|ﬁ?W%Hré'lsﬂggoﬁoﬂ%§%ﬁéfﬁ?albﬁc I’t\%hct Polymyxin

a host defence mechanism Fresen
seinctapeptim sonpound cor ai ﬁgﬂ\taélvm fé\lerﬁca‘gham r4s itp 6 gogitively

bagherdet! Alsidss b?@eﬂ)lﬁ@'hgoh 6 2ot Lifid 9680 BYShéltidl Fesidues,
Of Sycgeédv%Fen% bon ’orKclzc?nt{/Sélrtlng q l%n2 or}osald residues into neutral
res;dues in order fo obtain a polymyxin derivative of formula (1) according to
claim 1, having 2 or 3 positively charged residues.
32. The process according to claim 31 comprising carrying out
the process as a total synthetic process.
33. The process according to claim 31 comprising carrying out
the process as a semisynthetic process.
34. The process according to claim 33 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
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- process.

ni ae, Kl ebsiella oxytoca, Enterobacter cloacae,
Ctrobacter freundii, Pseu- donobnas aerugi nosa, and

wa\eiomeiBact er baumannil . 31. A process for prR@EEFI2NG/060441

pol ynmyxin derivative of formula (1) as defined in
claim1 conprising nodifying a natural or synthetic
pol ynyxin 25 or octapeptin conpound or a derivative
thereof having 4 to 6 positiveBy charged residues by

rep to .4 of said, resjdues by neutral residues,
5 i Gundtirkh Ssh (RaoveRHo the sy pasapbisaid com-

respaiumﬁandto neutral resi dues in order to obtain a

polynyxin for ( accor di t,0 )
e m 1. " idelithg fo 3he L pBrdtialieiCh T88 i syntpgticaly
32. pmnerqslr%ide airc roertiando tocbtajhaa polgthyximperivitivg of formula (1)
carédéb&gn %cl §rfie process as a total synthetic

process according to claim31
conpri si ng fﬂ&ﬁ REpcegs accheding de &daimad4 comprising carrying out
serthe idavabktn Bfepcsﬁénzywat.c'ghy pr ocess accor ding to

claim33 c sing the ste ectln a

nat ur al or%gp r:ljt}"r?e?’%&eﬁﬁlﬂﬁ??%s 59 céﬁ!?‘a%% rishg carrymg out
podhelctaavagdem siegt 2 Meheniealbof to cl eavage in order to
renove theqgi 4 P, /F12007/ 050441

61 of sal dsgoﬁ?/“e gﬁﬁggg%égﬁﬁé&g&%@c MRJIE carrying out
cy dhe clgmagedin gtspda)c U8NP woh binatibrb pf botrp chemi¢ad ariteenzy-
CYGhatfc Paafingipé ai ned in step a) a synthetically

prepared side chain in order to obtain a polynmyxin
derivative of formula (1) 5 according to claim1. 35.

The process according to claim 34 conprising carrying

out the cleavage in step a) enzymatically. 36. The
process according to claim 34 conprising carrying out

the cleavage in step a) chemcally. 10 37. The process
according to claim 34 conprising carrying out the

cl eavage in step a) using a conbination of both

chem cal and enzy- matic treatnents.



