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and antibiotics to penetrate. The lungs respond to repeated damage by thick secretions and

chronic infections by gradually remodeling the lower airways, e.g. bronchiectasis, making



Bacteria growing in a biofilmare highly resistant to antibiotics, up
to 1,000 times nore resistant than the sane bacteria not growng in a
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P. aernginosa is naturally resistant to a [arge range of antibiotics and may demonstrate
additional resistance after unsuccessful treatment, particularly through modification of a
porin. It should usually be possible to guide treatment according to laboratory sensitivities,
rather than choosing an antibiotic empirically. If antibiotics are started empirically, then every
effort should be made to obtain cultures and the choice of antibiotic used should be reviewed

when the culture results are available.

Antibiotics that have activity against P. geruginosa include aminogliycosides, e.g. gentamicin,

amikacin, tobramycin, quinolones, e.g. ciprofloxacin, and levofloxacin; cephalesperins, 2.g.



Compounds of fornula | as described bel ow, and Conpound I, i.e.
413, 5-Bi s- (2- hydroxyphenyl)-[1, 2,41-triazol-1-yl]benzoic acid having

the foll ow rypdha HZC NN HO OH in the free acid f <
t her eof an B%’E}Jsﬁééﬂg%tal line fornms are.disclosed in U. S.q{ g%%ﬁd?}oﬁ%?l

6,465,504 BI. WO 2008/142094PCT/EP2088/056231 4 I n one aspect, the
present invention relates thus to the use of an iron chel ator of
general fornula |
ceftazidime, cefepime, cefpirome; ureidopenicillines such as piperacillin, ticarcilling
carbapenems, such as meropenem, imipenem; polymyxins such as polymyxin B, colistin and

monobactams, such as for example aztrecnam.

The bacterium Pseudomonas aeruginosa is a versatile and problematical pathogen in human
disease. In the respiratory tract it causes both community acquired and nocosomial
pneumonia, the latter being associated with a high morrality in patients with briochiectasis
and is the predominant pathogen in patient suffering from the genetic disorder cystic fibrosis,
abbreviated as CF. It also cavses infection in bUrns and ischaemic wounds and frequently
contaminates medical devices. Many P. acruginosa infections are resistant to conventicnal
therapy, i.e. antibiotics because the organism can adopt a biofilm existence. In CF, for
example, p. aeruginosa grow as exopolysaccharide embedded microcolonies within the lung
mucecns, Under these conditions, resistance to antibiotics is enhanced by factors such as locally
lowered oxygen tension due to slow diffusion through the biofilm. Together these factors

make P. aeruginosa in chronic biofilm-associated infections almost impossible to treat.

New strategies are therefore needed to treat chronic P, aeruginosa infections and to climinate

biofilms, e.g. of P. aeruginosa, e.g. in CT patients.

Compounds of formula I, e.g. Compound I, can be used to eliminate biofilms, e.g. biofilm
formaticn of P. aeruginosa, €.g. in cystic fibrosis paticnts, and/or to treat the biofilm

formation of P. aeruginosa, e.g. in CF patients.

Compounds of formula I as described below, and Compound I, i.e. 4-[3,5-Bis-(2-
hydroxyphenyl)-[1,2,4]-triazol-1-yl]benzoic acid having the following formula
HO.C

OH

in the free acid form, salt thereof and its crystalline forms are disclosed in U.S. Patent No.
6,465,504 B1.



wherein RL and R3 sinultaneously or independently of one another are
hydr ogen, hal ogen, hydroxyl, |ower al kyl, halo-Ilower alkyl, |ower

al koxy, h | koxy, carboxyl, carbanmoyl, N-I|ower
aIkyIcarbgﬁgv*&yﬁﬁRfdl-lomer al kyl car hanoyl or nltrlleixﬂgﬂnmgmﬁﬁsl
si mul t aneously or independently of one another are hydrogen,
unsubstituted or substituted | ower al kanoyl or aroyl, or a radical
whi ch can be renoved under physiol ogical conditions, e.g. a
protective group; R3 is hydrogen, |ower alkyl, hydroxy-Iower alkyl,
hal o- | d)IrNBne a@bilcy, the pieidn0 Kiveddinatlark Ktk o thewed ofalnk@tychalaide BY henkeaver

al kyl, } f+CXO)-Iomer al kyl, unsubstituted or substituted aryl or
aryI-I WEH 4t k or unsubstltuted or substituted heteroaryl or

het eroaral kyl ; R6 and R7 sinul taneouslg, or independently of one

anot her are hydrogen, | ower al kyl, hydroxy-I|ower al kyl, al koxy-I|ower
al kyl, hydroxyal koxy-| ower 4 ' ralkyl, N-Iower

al kyl am no-1 ower al kyl, ,Qo “ wer al kyl,

N- (hydr oxy- | ower al kyl)am dlé ydr oxy- | ower

al kyl ) am no-| ower al kyl or, ; the nitrogen atomto which
t hey are bonded, form an azgd?rcyclrﬁaring; or a pharmaceutically
acceptabl e salt thereof; for?the treafnment of biofil m of

P. aer ugjnosa. Preferably, the invention relates to above descri bed
use conprising at |east one conpound of the formula (1), in which R1
and Rs RsiandiRs simebasboysipor indetepémde of bye ofotten erealndtdgen, halngedqineldrogﬁn,
hal oge s I I Iko
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subst i A eshRYe. é\l—ar?gg\@&,vgl K}Q am no, N, N-di-lower alkylamno or
pyrrolidino, substrtut 88 or substituted het eroaryl or

het er o&# aﬁhwrogetR lowesadk vl ydiomtilavegs el Ibylodewenrlleperathoxylgvesfalkyhdowanp
2008/ 14@9%%ﬁ33@9&!11@ﬁ,@2&lN&3(0) lower alkyl, unsubstituted or substituted aryl or

aryl-lower alkyl, or unsubstituted or substituted heteroaryl or heteroaralkyl;

Rs and Ry simultaneously or independently of one another are hydrogen, lower alkyl,
hydroxy-lower alkyl, alkoxy-lower alkyl, hydroxyalkoxy-lower alkyl, amino-lower alkyl, N-
lower alkylamino-lower alkyl, N,N-di-lower alkylamino-lower alkyl, N-(hydroxy-lower
alkyl)amino-lower alkyl, N,N-di{hydroxy-lower alkyl)amino-lower alkyl or, together with the
nitrogen atom to which they are bonded, form an azaalicyclic ring; or a pharmaceutically

acceptable salt thereof; for the treatment of biofilm of P.aeruginosa.

Preferably, the invention relates to above described use comprising at least one compound of
the formula (I), in which

R: and Ry simultaneously or independently of one another are hydrogen, halogen, hydroxyl,
lower alkyl, halo-lower alkyl, lower alkoxy or halo-lower alkoxy; R; and R4 simultaneously or
independently of one another are hydrogen or a radical which can be removed under
physiological conditions; Rs is lower alkyl, hydroxy-lower alkyl, carboxy-lower alkyl, lower
alkoxycarbonyl-lower alkyl, ReRyN-C{O)-lower alkyl, substituted aryl, aryl-lower alkyl,
substituted by N-lower alkylamino, N,N-di-lower alkylamino or pyrrolidino, or unsubstitured

or substituted heteroaryl or hetercaralkyl; Rg and Rz simultaneously or independently of one
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al kyl am nog kyl, N, N-di-lower alkylaninol oner al i
N ( hydrox&k&%“ﬁg yl)am no-1ower al kyl, N, N-di (hydroxll;('%ij onzvoe"rs"036231

al kyl ) am nol ower al kyl or, together wth the nitrogen atomto which
they are bonded, forman azaalicyclic ring; and salts thereof; and at
| east one pharmaceutically acceptable carrier, and to nethods for
their preparation. Preferably, within the above nentioned used the
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unsubstituted or substituted by hydroxyl. Lower alkyl is, for
exanpl e, n-propyl, isopropyl, n-butyl, isobutyl, sec-butyl,
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met hyl ot |6,£?6'3C§OQ‘5W09%¥|09 lpo-1 ower alkyl is |ower alkyl

substituted by halogen, préferably chlorine or fluorine, in
particular by up to three chlorine or fluorine atons. Lower al koxy

I's, fORLEXRR! Br cBirRIORR Yine QRO BPHYoridd: gﬂtc%xm;aé%% t.OXY,
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Alkyl is straight-chain or branched. Per se, for example lower alkyl, or as a constituent of
other groups, for example lower alkoxy, lower alkylamine, lower alkanoyl, lower
alkylaminccarbonyl, it can be unsubstitured or substituted, for example by halogen, hydroxyl,
lower alkoxy, trifluoromethyl, cyclo-lower alkyl, azaalicyclyl or phenyl, it is preferably
unsubstituted or substituted by hydroxyl.

Lower alkyl is, for example, n-propyl, isopropyl, #n-butyl, isobutyl, sec-butyl, tert-butyl,
n-pentyl, neopentyl, n-hexyl or n-heptyl, preferably methyl, ethyl 2nd n-propyl. Halo-lower
alkyl is lower alkyl substituted by halogen, preferably chlorine or fluorine, in particular by up

to three chlorine or fluorine atoms.

Lower alkoxy is, for example, n-propoxy, isopropoxy, n-butoxy, isobutoxy, sec-butoxy, tert-
butoxy, n-amyloxy, iscamyloxy, preferably methoxy and ethoxy. Halo-lower alkoxy is lower
alkoxy substitured by halogen, preferably chlorine or fluorine, in particular by up to three

chlorine or fluorine atoms.



Carbanoyl is the radical H2ZN-C(0)-, Nl ower al kyl carbanmoyl is |ower
al kyl -HN-C(0)- and N, N-di -1 ower allcykarbanmoyl is di-Iower
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exanpl e, n-propoxycarbonyl, isopropoxycarbonyl, n-butoxycarbonyl,

i sobut oxycar bonyl, sec-butoxycarbonyl, tert-butoxycarbonyl,

n-arifyl oxycarbonyl, isoanyloxycarbonyl, preferably methoxycarbonyl
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het er odpwykr ajkoxyyabonyl Heshgmreis the, radicatlloves alkyb OGO}t arideid, fphmydpla;r
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radi ca - ' exanpl e, benzoyl, toluoyl, naphthoyl
or p-n%?ﬂ%%%ﬁgﬁg%Q?gﬂﬂﬁﬁﬁ?T% g al kyl is, for exanple, benzyl,
p-chlorobenzyl o-fl uorobenzyl , phenylethyl p-tol yl net hyl,
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contain further ri ng het er oat Qns, Y%en ni trogen or sulfur; it
is, f O?‘Ikélﬁﬁ’ﬁpﬁ amingeareenyd; layer all@ﬂg@mgﬁqrw irtopysh alkylagninasprbonyl,
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hal ogeRG¥! Whigk s subseipre 1m s alkyly loeer glkoxin ydegrd, b%?ﬁféd‘-ﬂ\?li’ﬂa‘lfglq"?%g
ni t r ogeMoicaBony NN daldvep AR l@ﬁﬁxﬂ)dor HatocydbalkfcdsDOyn, designated as

pi peri di no, piperazino, norpholino, pyrrolidino etc.
Aroyl is the radical aryl-C{O)- and is, for example, benzoyl, toluoyl, naphthoyl or

p-methoxybenzoyl.

Aryl-lower alkyl is, for example, benzyl, p-chlorobenzyl, o-fluorobenzyl, phenylethyl,
p-tolylmethyl, p-dimethylaminobenzyl, p-diethylamincbenzyl, p-cyancbenzyl,
p-pyrrolidinobenzyl.

Heterocycloalkyl designates a cycloalkyl radical having 3 to 8, in particular having from 5 to
not more than 7, ring atoms, of which at least one is a heteroatom; oxygen, nitrogen and
sulfur are preferred. Azaalicyclyl is a saturated cycloalkyl radical having 3 to 8, in particular §
to 7, ring atoms, in which at least one of the ring atoms is a nitrogen atom. Azaalicyclyl can
also contain further ring heteroatoms, e.g. oxygen, nitrogen or sulfur; it is, for example,

piperidinyl, piperazinyl, morpholinyl or pyrrolidinyl. Azaalicyclyl radicals can be



Het eroaryl per se, for exanple heteroaryl, or as a constituent of

ot her substituents, for exanple heteroaryl-lower alkyl, is an

aromati c rggissl 1451ﬁy| ng from3 to not nore than 7, in pﬁﬂﬁhﬁsﬂ,g&g{ om
S to not nore tﬁan 7/, ring atoms, in which at | east one o e ring
atons is a heteroaton1 e.g. pyrronI i mdazolyl, triazolyl,
tetrazolyl, oxazolyl, thiazolyl, furanyl, thiophenyl, pyridyl,
pyrazinyl, oxazinyl; thiazillyl, pyranyl or pyrimdinyl. Heteroaryl
can be substituted or unsubstituted. Heteroaryl which is
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physi cochem cal differences of the constituents, in a known manner by
fractional WO 2008/ 142094PCT/ EP2008/ 056231 9 crystallizati on,

distillati ly chromat ogr aphy. Advant ageously, th
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i somer is IS0 Thus, one aspect @f the invention is

t herapeutic nmethod for the treatnent of b|0f|In1fornat|on i n mammal s.
The nethod utilizes the class of iron chel ators above-nentioned,

whi ch has been previously prepared and shown to be useful for the
treatment of di seases which cause an excess of iron in the human or
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alkylamine is, for example, glucosamine. In other cases it is also possible to form acid addition

salts, for example with strong inorganic acids, such as mineral acids, e.g. sulfuric acid, a
phosphoric acid or a hydrohalic acid, with strong organic carboxylic acids, such as lower
alkanecarboxylic acids, e.g. acetic acid, such as saturated or unsaturated dicarboxylic acids,
e.g. malonic, maleic or fumaric acid, or such as hydroxycarboxylic acids, e.g. tartaric or citric
acid, or with sulfonic acids, such as lower alkane- or substituted or unsubstituted
benzenesulfonic acids, e.g. methane- or p-toluenesulfonic acid. Compounds of the formula (I)
having an acidic group, e.g. carboxyl, and a basic group, e.g. amino, can also be present in the
form of internal salts, i.c. in zwitterionic form, or a part of the molecule can be present as an

internal salt, and another part as a normal salt.

The compounds, including their salts, can also be in the form of hydrates or solvates, or their

crystals can include, e.g., the solvent used for crystallization.

The compounds of formula I and their salts, depending on the choice of the starting
substances and working procedures, can be present in the form of one of the possible isomers,
e.g. stereo-isomers or tautomers, or as a mixture thereof, In this context, pure isomers
obtainable are, e.g., pure enantiomers, pure diastereoisomers or pure tautomers.
Correspondingly, isomer mixtures which can be present are, e.g., racemates or diastereoisomer
mixtures. Isomer mixtures of compounds of formula I, in free form or in salt form, can be
separated into the components in a customary manner, e.g. on the basis of the

physicochemical differences of the constituents, in a known manner by fractional



R6 and R7 sinultaneously or independently of one another are

hydr ogen, |ower al kyl, hydroxy-I|ower alkyl, al koxyl ower al kyl,

hydr oxyal k al kyl, am no-lower alkyl, N WO -
D0! 11500 BN EHERAS) Ohe23n 10 | ovier gal kyl ami no- 1 ower ‘&l Ky, o0
N, N-di - | ower al kyl am nol ower al kyl, N-(hydroxy-| ower

al kyl') am no-1 ower al kyl, N, N-di (hydroxy-Iower al kyl)am no-I|ower al kyl
or, together with the nitrogen atomto which they are bonded, form an
azaalicyclic ring, preferably Conpound | or a pharmaceutically

accept abybellisaicn, tindiiaioh andndchuhen@igrapbhadymebgeonsly,abembrededvgnatads a
radi cal p ving not nore than 7 carbon atons; e.g.

4] 3, s-B ? hydroxypheny1)41 2,4]triazol ThyI | benzoi ¢ aci d;
alternatlvely in conmbination with an antibiotic sel ected fromthe
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and rmwbiyé@wmn ewﬁﬁrpfawnﬁmrheémmploe agintat b@ﬂYacmar@cagsedllxylt, kg form of a
fixed ﬁq@ﬁ??ér#éﬁ'i%ﬁé‘ss%%ofor the preparation of a nedicament for the

t r eat ment roni c P. aeruginosa infection, (2) for the preparation
of a nedi canent for the treatnert of the bi ofllmformatlon (3) for
the pr@p@fs@ema S SurfRA FGRAIRI; tgrn bl HdreBIAED by 1y Q- [épeu iQhof il m
formatjon’ of P. aeru |nosa lf P the prepara on of a nedi cament
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preventi on of I’ITB.tI on P. aer ugl nosa,
Intemanonal Patent Application W02004/035026 Compound I can be administered

according to the manufacturer’s instructions,

The present invention relates to the use of 2 compound of formula I

l 4
o;
i N‘Y@'R’
\
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R: R,

R1and RS simultaneously or independently of one another are hydrogen, halogen, hydroxyl,

in which

lower alkyl, halolower alkyl, lower alkoxy, halo-lower alkoxy, carboxyl, carbamoyl, N-lower
alkylcarbamoyl, N,N-di-lower alkylcarbamoyl or nitrile;

R2 and R4 simultaneously or independently of one another are hydrogen, unsubstituted or
substituted lower alkanoyl or aroyl, or a radical which can be removed under physiological
conditions;

R3 is hydrogen, lower alkyl, hydroxy-lower alkyl, halo-lower alkyl, carboxy-lower alkyl,
lower alkoxycarbonyl-lower alkyl, RER7N-C({O)-lower alkyl, unsubstituted or substituted aryl
or aryl-lower alkyl, or unsubstitted or substituted heteroaryl or heteroaralkyl;

Ré& and R7 simultaneously or independently of one another are hydrogen, lower aikyl,

hydroxy-lower alkyl, alkoxylower alkyl, hydroxyalkoxy-lower alkyl, amino-lower alkyl, N-



(6) for the preparation of a nedicament for the prevention of the
formation of biofilmof P. aerug,inosa in cystic fibrosis patients,

(7) to redyeoi8oim nate the biofilns of P. aerugi nosﬁiT/El{Zg\%?m%&?:l

inmpair the biofilmformation of, e.g.P. aeruginosa, | Srupt
an established biofilmof, e.g. P. aeruginosa. The present invention
relates to a method of reduci ng and/ or renoving the biofilmformation
on nedi cal devices, e.g. catheters wherein Conpound | is applied on
sai d nedi cal devices. In another enbodinent, the invention relates to
t he cokdvenatkylamind-lo@erpiéyln i, 15{di-fawemulkgalamindldwer atkyl N-{yidaddydowdri ch i s

active | nst The res I nvention relate
conbi na@? W é?“éeirnﬂiyﬁe an‘i> égwesr g(e‘rf 5@“@3%’? ﬁqﬂl K& tﬁ%‘%ﬁﬁ ichThé
consi smtwgemaitoa:rtpwdgctly‘d:qsardésnd@ prmgentaicwiio ringmiréfaebly, Canglouady ot n;

qU| nol QEF ageugmalgy Qr%‘tib%(s%?tltg and I evofloxacin; cephal osporins,
, p 't one; ureldopen|C|II|nes such as

p| per aend themtthe:mef;x I" lowrrr 'bwigagmmshca&mhlgmt meraoghen g iyrbbmepene
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t he anwithiaptapgbiptic spbagtedyoni the groupaionsgnipg iohaminogiycosides, e.g. gentamicin,
amikacin, robramycin; quinolones, e.g. ciprofloxacin, and levofloxacin; cephalosporins, e.g.
ceftazidime, cefepime, cefpirome; ureidopenicittines such as piperacillin, ticarcilling
carbapenems, such as meropenem, imipenem; polyn{yxins such as polymyxin B, colistin and
monobactams, such as for example aztreonam; e.g. in the form of a fixed combination;
{1) for the preparation of a medicament for the treatment of chronic P. aeruginosa infection,
{2} for the preparation of a medicament for the treatment of the biofilm formation,
(3) for the preparation of a medicament for the treatment of the biofilm formation of P.
aeruginosa,
(4) for the preparation of 2 medicament for the treatment of the biofilm formation of P.
aeruginosa in cystic fibrosis patients,
(5) for the preparation of a medicament for the prevention of the formation of biofilm of P.
aeruginosa,
{6) for the preparation of a medicament for the prevention of the formation of biofilm of P.
aeruginosz in cystic fibrosis patients,
(7) to reduce or eliminate the biofilms of P. aeruginosa,
(8) to impair the biofilm formation of, e.g. P. aeruginosa,

{9) to disrupt an established biofilm of, e.g. P. aeruginosa.

The present invention relates to a method of reducing and/or removing the biofilm formation

on medical devices, e.g. catheters wherein Compound I is applied on said medical devices.

In another embodiment, the invention relates to the combination of Compound of formula I
with an antibiotic which is active against P. gerugiriosa. The present invention relates to said
combination wherein the antibiotic is selected from the group consisting of aminogtycosides,
e.g. gentamicin, amikacin, tobramycin; quinolones, e.g. ciprofloxacin, and levofloxacin;

cephalosporins, e.g. ceftazidime, cefepime, cefpirome; ureidopenicillines such as piperacillin,

ticarcillin;carbapenems, such as meropenem, imipenem; polymyxins such as polymyxin B,



The present invention relates to a conbination conprising (a) a
compound of fornula | as described above, preferably

4-[3, 5-bi s, oxyphenyl)-[1, 2, 41tri azol - 1-yl ] benzoi L

phar maceut | caﬁh?(y acgept able salt and (b) a antibiotic CP(?I%HDO A 62?1

t he group consisting of am nogl ycosi des, quinol ones, cephal osporl ns,
urei dopenicillines, carbapenens, pol ynyxi ns and rmnobact ans. Any of

t he conbi nation of conponents (a) and (b), the nethod of treating a
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si mul t aneous, rate. or sequential use, the use of the conbination
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overlapping manner, e.g. at the same time.

Example 1:
Material and Methods:

Effect of on P. aeruginosa growth




The nmotility of P. aeruginosa will be nonitored as described by Singh
et al, Nature 2002, 417(6888):552-5, e.g. in the presence of

addi ti onal wol298%/144994 1 nCreased and incoordinate nmotilitypGOEs6lsf 8

with the |nab| Ity of P.aeruginosa toj,aggregate and initiate
formation in vivo. The notility test are carried out in agar,
sSwW mm ng, swarmng and twitching, e.g. with no added iron or 30 M
iron and then with or without Conpound I, using established nethods.
Ef fect of on P.aeruginosa biofilms For this purpose, two short-term
bi of i | Browehekish sewithantConpouhd E egasd donsSnbgtsnsQthibiedfih perigheranBlob®n ar e

used: borosil i cat t ubes and. cover;sli t ho ot h del t he
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0, 10, 30 m, ef f ect.s , of

nd, 50 pM,i r.on re
oked S AR SSFEPIG. HHRE he 0Taian e iBeipies gt ol by ol
conf ocgaL, ofrmgmdg()@bédmmne,rmangd nﬁ]&/&h%‘léupﬁmgmm bdrombdakeoglaamﬂﬂey,&tgs of
bi ofi |l mystructure, in 3. di,men ers ctiv tem
ond usd? 3o Hy e PR RS P er Y SRRt B Pl Tpr el
cover - Ehahpexgmpmnt meentdsrtalten oaviriichte akd eetchﬂabmsétdtemlm iormoetdatlregder i al
m cr ooglaniies ARdy bl 98 1mELEAIS] HESs ond R 30081 4200 4PCH FPBPRRL4R0231
13 The ory concenbjra I ons ()R}i % Y ey nm orthe d
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30 M1 P RpRR PBliy A O Sl g R R B I BLE e
concenthaatiltues aof n@sraveientl dxposeﬁfﬂﬁ exygenfi. emw@ paadleligilnosao ploduct i on

of vir aetQlsed Plpducti on of several virulence factors can be
induce%gngé}ﬁ?ron st rSa{IF[gn The potential of Conpound I to induce

bacterial virulence factor production in the presence or absence of

Conpouggegto%rgi) ggglaq_gﬁ_g[ﬂgidﬁﬁd as described bel ow. Effect on
i mpai r nen rof T mdevel 0 nt by clinical P. aer ugll nosa strains
i sol at &He mﬁéhﬁYtOﬁB asperingsn ofill ormiopitered audaseibedby Stngh el dNstug2008n

est abl H?ﬂ@@hs‘%‘s@ﬂs | &1B./in 'ffﬁeprgsfenée%gg&fl&%ﬂ fPoh) OVneRhded Rh@idcbordiRee! s
wi th Conpound | and anti bi otics _adm nistered concurrently are
st udi egpotility correlates with the inability of P.aeruginosa to aggregate and initiate biofilm

formation in vivo. The motility test are carried out in agar, e.g. swimming, swarming and
twitching, e.g. with no added iron or 30 uM iron and then with or without Compound I, using

established methods.

Effect of on P.aeruginosa biofilms
For this purpose, two short-term biofilm models relevant for the early stages of biofilm

formation are used: borosilicate tubes and cover-slip method.

In both models, the biofilm growth is studied with or without Compound I under either
aerobic or anaerobic conditions and with or without added iron, i.e. 0, 10, 30 and 50 uM
iron. The anti-biofilm effects of Compound I are looked at according to the standard methods,
i.e. optical density, confocal imaging software, e.g. COMSTAT program, to allow analysis of
biofilm structure in a 3 dimensional perspective. The imaging system and use of BacLight
LIVE/DEAD staining {Molecular Probes) in the cover-slip experiments allow to look at the

effects on both bacrerial microcolonies and biefilm structure.

Effect of P. aernginosa antibiotic resistance
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Effect on impairment of biofilm development by clinical P. aeruginosa strains isolated from
the sputum of CF individuals, Effect on disruption established biofilms, Use of longer-term
flow cell biofilm models with Compound 1 and antibiotics administered concurrently are

studied.

Legend o Figures:

Fig. 1. Effect of Compound I on P. aeruginosa growth and biofilm formation

Different concentrations of Compound I are assessed for their effect on aerobic and anaerobic
(A) growth and (B) biofilm levels. Medium used is MMS supplemented with 0 or 10 uM
FeCl3, as indicated (37°C, 24 h). Values shown represent the mean £5D of one representative

experiment with 3 tubes per experiment.

Fig. 2. Effect of high conrcentrations of Compound I on P. aeruginose growth and biofilm
formation

Different concentrations of Compound I are assessed for their effect on aercbic and anaerobic
(A) growth and (B) biofilm levels. Medium used is MMS supplemented with 10 pM FeCl3
(37°C, 24 h), Values shown represent the mean % SD of two experiments with 3 tubes per
experiment. * Denotes significantly poorer levels in comparison to those seen when no

chelator is present {P < 0.05).

Fig. 3. Effect of Compound I on anaerobic biofilm development in different iron levels
The effect of Compound I {1339 pM) on biofilm development in different iron concentrations,

without Compound 1 {black columns) and with Compound I, 1339 uM (grey columns).



Fig. 4. Effect of Conpound | on the MC of (A) Colistin and (B)
Tobramyci n agai nst P. aerugittosa strain PAO1L MCs are determned in
MVE + 10uMybSgdspasdelpPl enented wi th Conpound | (1339 UMpdSalbddosiRE)
and w thout Conpound | (dashed |ine).Values shown represent the mean
SD of a representative experinent with each conditithi tested in
duplicate. Fig. 5. Effect of Conpound |I on phospholipase and exot oxin
A production Cultures are incubated under anaerobic conditions (24 h)
with iron and Conpound | (1339 M supplenents as indicated (iron

+| CL). %hu&i&w&hmsd‘mt}e%fﬁn :E ISB dwfecmelreﬁeseﬁfhﬁﬁ@hﬁﬁehﬁﬁﬁﬁwﬁthrmﬁﬁes per
production rrent nlﬁ gegﬁ?ﬁl evel SD of beﬁf)t OXIF

pr oducFfFSH T ex eélP R ‘\cﬁ}“t‘ P88’i§‘ﬁ Y PiCBRPTEP & Do A hesgmg)iron
Resul t kvel withoth€ompdreeltlgPef0.@npound | on growm h and biofilrn

devel opment The effects of Conpound | on planktonic growth and

bi ofi | m devel opnent re assessed in the short-termborosilicate glass
t ube bFigf 4. RBifevo deCompenrtdilion thoMEC of (A)Cdikiih nad 8) Jlobydmyein aightals s

surfac aggmts s Jfzubsequent |y stained and sol ubilized. The
optica nsrty k“(%éo 70 nm of the solution corresponds with the

| evel bﬁCbamfcietetmnhe&ei MRt OuMdeOl dubplememetivith hm;ﬁipenhdil {1g6puM) and

bi of i | els re,determ ne ter, .l nc t|o 24 I
nedi un{n gupp T AR P LGN PR Oﬁggf[ﬁ%fléed IWR)B) Q‘?ﬂ%ﬂ ﬁB’@i%“tf e'P?f’Blirch[gﬂga
anaer oblapratrrmphepem)emm chehncomaitichitdstedyin dﬁplﬁ@ﬂafpound f in MBS
medium (pH 7.0) neans that initial experinments are necessarily
conducted at | ow chel ator concentrations of 0-100 M At these | ow
concenFigal.i Bifiwt o30omppeund longhbhesphatipase apbéxotadr Alpkedwtioranaer obi ¢

Phe. sucPph e HolbAgy S ARHond tehiobhe ARTRAN e meTretnRie Lpave o
concenp-mmpxpmmhtsup utdgca&ﬁlgg-oMq.IﬁL) Cé"lﬁb@usitd'w}n.repraseaeqhaﬂmle)f ehppholiest s,
| ev eI Sﬁé" 8 roﬁn& ons(E e&%’tn@%h r)eeméjalnqevrép:]:: Sﬁf g}gc;[tmgr %V\Ergdé)crnon (Pf iim

a no
experiment with each condition tested in duplicate).

Results:

1. The effects of Compound I on growth and biofilm development

The effects of Compound I on planktonic growth and biofilm development re assessed in the
short-term borosilicate glass tube biofilm model. In this model, a biofilm is grown on a glass
surface, and this is subsequently stained and solubilized. The optical density (OD: 570 nm) of

the solution corresponds with the level of biofilm development.

Using this model, bacterial growth and biofilm levels are determined after incubation (24 h,
37°C) in minimal medium supplemented with succinate {(MMS) + 10 pM FeCl; (aerobic and
anaerobic atmospheres), The low solubility of Compound I in MMS medium (pH 7.0) means
that initial experiments are necessarily conducted at low chelator concentrations of 0-100 pM.

t these low concentrations, Compound I does not impair aerobic or anaerobic growth or

biofilm development (Fig. 1).

Compound 1 is dissolved in the surfactant PEG 400 and then diluted it in MMS medium to
achieve a concentration of up to 6695 uM of Compound 1. In separate experiments, it is

shown that surfactant alone did not affect growth or biofilm levels (data not shown). The
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presence of supplemental iron there is an increased level of both virulence factors in
comparison to that seen in same medicm without iron. This increase is negated when
Compound I is added suggesting Compound I can interfere with iron-related virnlence factor
production by P. aeruginosa (Fig. 5).

It is demonstrated therapeutic potential for Compound I directed against P, aeruginosa under
the sort of environmental conditions encountered in the CF lung, i.e. low oxygen tensions and
available iron,

1. Compound [ significantly impairs P. aeruginosa growth and biofilm development under
anaerobic conditions. This appcars to be directly related to Compound I reducing the level of
iron available to P. aeruginosa.

2. Compound I does not alter the MIC of the antibiotics tebramycin and colistin when tested
against planktonic organisms.

3. Compound I does not stimulate phospholipase C or ETA production, but in contrast, it

reduces the production of these bacterial virulence factors in the presence of iron.



2. Compound | does not alter the MC of the antibiotics tobramycin
and colistin when tested agai nst planktonic organisns. 3. Conpound I
does not stinul ate phospholi pase C or ETA production, but in
contrast, it reduces the production of, these bacterial virulence

factors in the presence of iron. 16 Cains: |I. Use of a conmpound of
formula | in which RI. and R5 sinmultaneously or independently of one
anot her are hydrogen, hal ogen, hydroQHins! ower allcyl, hal ol ower

al kyl, | ower al koxy, hal o-Lower al koxy, carboxyl, carbamoyl, N-Lower

al | cyl carbanmoyl, N, N-di-Ilower al kylcarbanmoyl or nitrile; R2 and R4
si nmul t aneously or independently of one another are hydrogen,
unsubstitured or substituted Lower aLl canoyl or aroyl, or a radical
whi ch caisbef # esrencaad ghfemalsl si ol ogi cal conditions; R3 is hydrogen,
| ower al kyl, hydroxy-1ower al kyl, halo-Iower alkyl, carboxy-I| ower

al kyl, Iomer alkoxycarbonyl-lomer al kyl, R6R 7N-C(0) -1 ower al kyl,
unsubstituted or substituted aryl or f?l-lomer al kyl, or
unsubstitured or substituted-heteroary? het er oaral kyl ; R6 and R7
si mul t aneously or indepqu her_ are hydrogen, | ower
al kyl, hydroxy-|ower alky R hy @} oxyal koxy- | over
al kyl , am no-I| ower al kyl, 2 'cylanlno | oner al kyl,

N, N-di -1 ower all cyl am nol ower./al kyl , (hydroxy- | ower

aIkyI)anino | ower al kyl, N,Nﬁdi(hyclro y-1 ower al kyl ) am no- | ower

al kyl of, g?ether with the nitrogen atomto which they are bonded,

forn1an aza icyclic ring;
R1 and RS simultaneously or independently of one another are hydrogen, halogen, hydroxyi,

lower alkyl, halolower alkyl, lower alkoxy, halo-lower alkoxy, carboxyl, carbamoyl, N-lower
alkylcarbamoyl, N,N-di-lower alkylearbamoyl or nitrile;

R2 and R4 simultaneously or independently of one another are hydrogen, unsubstitured or
substitured lower alkanoyl or aroyl, or & radical which can be removed under physiological
conditions;

R3 is hydrogen, lower alkyl, hydroxy-lower alky), halo-lower alkyl, carboxy-lower alkyl,
lower alkoxycarbonyl-lower alkyl, RER7N-C(O)-lower alkyl, unsubstitured or substituted aryl
or aryl-lower alkyl, or unsubstirured or substituted heteroaryl or heteroaralkyl;

Ré and R7 simultaneonsly or independently of one another are hydrogen, lower alkyl,
hydroxy-lower alkyl, alkoxylower alkyl, hydroxyalkoxy-lower alkyl, amino-lower alkyl, N-
lower alkylamino-lower alkyl, N,N-di-lower alkylaminolower alkyl, N-(hydroxy-lower
alkyl)amino-lower alkyl, N,N-di(hydroxy-lower alkyl}amino-lower alkyl or, together with the
nitrogen atom to which they are bonded, form an azaalicyclic fng;

and wherein the prefix "lower" designates a radical having not more than 7 carbon atoms;

for the preperarion of a medicament fot the treatment of biofilm formarion of P, aeruginosa in
cystic fibrosis patient.

2. Use according to claiml whezein the compound of formula I is 4-[3,5-bis(2-

hydroxyphenyl)-[1,2,4]wriazol-1-yl]benzoic acid or a pharmaceutically acceptable sal,

3. A combination comprising (a) 4-3,5-bis(2-hydroxyphenyl)-[1,2,4]triazol-1-yl]benzoic acid,
or & pharmaceutically acceprable salt and (b) a antibioric selected from the group counsisting of



and wherein the prefix "lower" designates a radical having not nore
than 7 carbon atons; for the preparation of a nedicanent for the
treatnment of biofilmformation of P. aeruginosa in cystic fibrosis
patient. 2. Use according to claim Ifherein the conpound of fornula
| is 4-13,5-bis(2- hydroxyphenyl)442,41tri azol -1-ylibenzoic acid or a
pharmaceutically acceptable salt. 3. A conbination conprising (a)
4.[3,5-bi s(2-hydroxyphenyl)41, 2, 41tri azol -1-yl] benzoic acid, or a
pharmaceutically acceptable salt and (b) a antibiotic selected from

t he gr Cg\dﬁkaﬁﬁtl’lr@ia&ﬁiﬁgl mbxmiyclg,eiﬁramﬁtm leadlobkEg,| dafradidibic preyepisic,

ci prof | gactn, JLevahloxackih, celltazidile, cofepine,, celplrom.

pi per a¢F PR ?P%Fﬁ? |f aﬁ BePSwRRER 1 ?)g’rié'ng’ W’ny B

col i st iagregy@dmazr r eonam 4 Use of the conbination according to claim3
for the use according to claim1 or 2.

4 Use of the combinarion according ro claim 3 for the use according ro claim 1 or 2.



