NOVEL USES Field The present invention relates to new uses of porphyrin
conpounds and, in particular, the use of such conpounds in the killing,

i nhi bi ti oMO@P10gHessént i on of mcrobial biofilns (in nmed ECR&GREIMERI37as in
donmestic, commercial and industrial environnments). Background The formation
of biofilms is a universal bacterial survival strategy. Biofilns occur on
both inert and living supports, in natural environnments and in industrial
installations. A biofilmis a structured community of m croorgani sns
encapsul ated within a sel fdevel oped polyneric matrix and adherent to a
living or inert surface. Biofilns are also often characterized by surface
attachnent, structural heterogeneit enetic diversity, conplex comunity
interactions, and an extracel | ul arN %\QEEM&E& pol ymeri ¢ subst ances.
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Background

15  The formation of biofilms is a universal bacterial survival strategy. Biofilms occur on both

inert and living supports, in natural environments and in industrial installations.

A biofilm is a structured community of microorganisms encapsulated within a seff-
developed polymeric matrix and adherent to a living or inert surface. Biofilms are also
20 often characterized by surface attachment, structural heterogeneity, genetic diversity,

complex community interactions, and an extracellular matrix of polymeric substances.

Single-celled organisms generally exhibit two distinct modes of behavior. The first is the
familiar free floating, or planktonic, form in which single cells float or swim independently
25  in some liquid medium. The second is an attached state in which cells are closely packed
and firmly attached to each other and usually form a solid surface. A change in behavior
is triggered by many factors, including quorum sensing, as well as other mechanisms
that vary between species. When a cell switches modes, it undergoes a phenotypic shift
in behavior in which large suites of genes are up- and down- regulated.
30
Formation

Formation of a biofilm begins with the attachment of free-floating microorganisms to a
surface. These first colonists adhere to the surface initially through weak, reversible van
35 der Waals forces. If the colonists are not immediately separated from the surface, they -

can anchor themselves more permanently using cell adhesion structures such as pili.
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Biofilms are usually found on solid substrates submerged in or exposed to some
aqueous solution, although they can form as floating mats on liquid surfaces and aiso on
the surface of leaves, particularly in high humidity climates. Given sufficient resources for
growth, a biofilm will quickly grow to be macroscopic. Biofilms can contain many
20 different types of microorganism, e.g. bacteria, archaea, protozoa, fungi and algae; each
group performing specialized metabolic functions. However, some organisms will form

monospecies films under certain conditions.

Biofilms appear able to defend themselves against disinfectants and antibiotics,

25  phagocytes and the human immune system.
Extracellular matrix

The biofilm is held together and protected by a matrix of excreted polymeric compounds

30 called EPS. EPS is an abbreviation for either extracellular polymeric substance or
exopolysaccharide. This matrix protects the cells within it and facilitates communication
among them through biochemical signals. Some biofiims have been found to contain
water channels that help distribute nutrients and signaling molecuies. This matrix is
strong enough that under certain conditions, biofilms can become fossilized.

35
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» Biofilms can be found on rocks and pebbles at the bottom of most streams or
rivers and often form on the surface of stagnant pools of water. In fact, biofilms

15 are important components of food chains in rivers and streams and are grazed by
the aquatic invertebrates upon which many fish feed.

e Biofilms grow in hot, acidic pools in Yellowstone National Park (USA) and on
glaciers in Antarctica.

» Biofilms can grow in showers very easily since they provide a moist and warm

20 environment for the biofilm to thrive.

e Biofilms can develop on the interiors of pipes leading to clogging and corrosion.
Biofilms on floors and counters can make sanitation difficult in food preparation
areas. Biofilms in cooling water systems are known to reduce heat transfer (see
W.G. Characklis, et al., 1981, Heat Trans. Eng. 3:23-37

25 e Bacterial adhesion to boat hulls serves as the foundation for biofouling of
seagoing vessels. Once a film of bacteria forms, it is easier for other marine
organisms such as barnacles to attach. Such fouling can inhibit vessel speed by
up to 20%, making voyages longer and requiring additional fuel. Time in dry dock
for refitting and repainting reduces the productivity of shipping assets, and the

30 useful life of ships is also reduced due to corrosion and mechanical removal
(scraping) of marine organisms from ships’ hulls.

e Biofilms can also be hamessed for constructive purposes. For example, many
sewage treatment plants include a treatment stage in which waste water passes
over biofilms grown on filters, which extract and digest organic compounds. In

35 such biofilms, bacteria are mainly responsible for removal of organic matter

(BOD); whilst protozoa and rotifers are mainly responsible for removal of
3
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symbiotically with the plant [6]. Examples of crop diseases related to biofiims

15 include Citrus Canker, Pierce's Disease of grapes, and Bacterial Spot of plants

such as peppers and tomatoes.

Biofilms and infectious diseases

20 Biofilms have been found to be involved in a wide variety of microbial infections in the
body, by one estimate 80% of all infections (see “Research on microbial biofilms (PA-03-
047)", NIH, National Heart, Lung, and Blood Institute, 2002-12-20). Infectious processes
in which biofiims have been implicated include common problems such as urinary tract
infections, catheter infections, middie-ear infections, formation of dental plaque,

25  gingivitis, coating contact lenses, and less common but more lethal processes such as
endocarditis, infections in cystic fibrosis, and infections of permanent indwelling devices

such as joint prostheses and heart valves.

It has recently been shown that biofilms are present on the removed tissue of 80% of
30 patients undergoing surgery for chronic sinusitis. The patients with biofilms were shown
to have been denuded of cilia and goblet cells, unlike the controls without biofilms who
had normal cilia and goblet cell momphology. Biofilms were also found on samples from
two of 10 healthy controls mentioned. The species of bacteria from interoperative
cultures did not correspond to the bacteria species in the biofilm on the respective
35 patient's tissue. In other words, the cultures were negative though the bacteria were

present,
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such as Ftgyapl, divergetbacterial mechanisms that contribute to bactenal persistence. 'in
context the elucidation of the molecular mechanisms responsible for the switch from
15  planctonic growth to a biofilm phenotype and the role of inter-bacterial communication in
persistent disease should provide new insights in P. aeruginosa pathogenicity, contribute
to a better clinical management of chronically infected patients and should lead to the
identification of new drug targets for the development of alternative anti-infective
treatment strategies.
20

Dental plaque

Dental plaque is the material that adheres to the teeth and consists of bacterial cells
(mainly Streptococcus mutans and Streptococcus sanguis), salivary polymers and

25 bacterial extracellular products. Plaque is a biofilm on the surfaces of the teeth. This
accumulation of microorganisms subjects the teeth and gingival tissues to high
concentrations of bacterial metabolites which results in dental disease.

Legionellosis

30
Legionella bacteria are known to grow under certain conditions in biofiims, in which they
are protected against disinfectants. Workers in cooling towers, persons working in air
conditioned rooms and people taking a shower may be exposed to Legionelia by inhaling
where the systems are not well constructed and designed, and maintained property.
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15 microbial biofilms (both in medical and non-medical environments).



study of diverse bacterial mechanisns that contribute to bacteri al
persistence. In this context the elucidation of the nolecul ar nmechani sns
responsi bV@ 2PHY044& switch from pl anctonic growth to a BESHGRZAINENSt ype
and the role of inter-bacterial conmunication in persistent disease should
provi de rfaunmani efithe Inventionger ugi nosa pat hogenicity, contribute to a better
clinical managenent of chronically infected patients and should |lead to the
identification of new drug targets for the devel opnment of alternativ

anti - i nf FecPiding: foea e raspSetr @ft'%@i ipeentipanthere i RRYEeBSLa? HICAFRAURS Of he

mat erial gt haka PRPRIIRS, ibMbiifkE of SElEnABYhE GRS bfa Micrdmatuistial cel s (mainly
Streptococcus nmutans  and StTeptococcus sanguis), salivary polynmers and

bact ePi al extracellular products. Plaque is a biofilmon the surfaces of
the teeth. This accunul ati on of nicogprganisns subj ects the teeth and

gi ngival tissues to high congentratijons of ypacterial netabolites which
results in dental disease. Léggdre i sZedionella bacteria are known to

i in which they are protected
towers, persons working in air

y be exposed to Legionella
constructed and desi gned, and
ani snms such as bacteria that

re les vulnerable to

agai nst disinfectants. Wrker
condi tioned roons and peo
by inhaling where the systéns\are not Huel |
mai nt ai ned property.Interesti i ci%oR
attach to a surface and grow Loft

conventional antibiotic treat S. ntibiotic susceptibility
contributes to the persi sten\%e of biypfilmingections such as those
associated with inplanted devices. protective nechanisnms at work in

bi of i | ms vepe@iar t o be

X1, X2, Xs and X, independently represent (i.e. are the same or different) a
hydrogen atom, a lipophilic moiety, a phenyl group, a lower alkyl, alkaryl or aralky!

10 group, or a cationic group of the following formula;
- L-Ri=N'(R)(R3)R4

wherein:
15
L is a linking moiety or is absent;

R, represents lower alkylene, lower alkenylene or lower alkynylene, which
is optionally substituted by one or more substituents selected from lower

20 alkyl, lower alkylene (optionally interrupted with oxygen), fiuoro, ORs,
C(O)R¢, C(O)OR7, C(O)NRg Ry, NR1gR11 and N'R12R13R+4; and

R,, Rs and R, independently represent (i.e. are the same or different) H,
aryl, lower alkyl, lower alkenyl or lower alkynyl, the latter three of which

25 are optionally substituted by one or more substituents selected from lower
alkyl, lower alkylene (optionally interrupted with oxygen), aryl, ORs,
C(O)R¢, C(O)OR7, C(O)NRs Rg, NR1oR11 and N'R12R13R 14
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provided that at least one of Xy, Xz, X3 and X4 is a cationic group as defined
above and at least one of X, Xo, X3 and X, is a hydrogen atom, a phenyl group, a

15 lipophilic moiety, or a lower alkyl, alkary! or aralkyl group.

By “biofiim” we include microbial (e.g. bacterial, fungal, algal) communities, typically
enveloped by an extraceliular matrix produced by the microbial cells, which can adhere
to the interface of a liquid and a surface (for example, on a mucosal membrane within the
20 body, any host tissue or organ, or on the surface of a permanent or semi-permanent

implanted medical device (e.g. venous catheter)).

The term “lower alky!” is intended to include finear or branched, cyclic or acyclic, C4-Cxo

alkyl which may be interrupted by oxygen (preferably no more than five oxygen atoms
25  are present in each alkyl chain). Lower alky! groups which Ri, Rz, Rs, R4, Rs, Re, R7, Rs,

Ra, Rio, Ri1, Riz, Ris and Ry may represent include Cq-Cis alkyl, C4-C1s alkyl, C1-C1s4

alkyl, C4-Cy alkyl, C1-C+o alkyl, C4-Cg alkyl, C4-Cs alkyl, C1-C7 alkyl, C4-Cs alkyl, C4-Cs

alky!, C;-C, alkyl, C;-C; alkyl and C-C; alkyl. Preferred lower alkyl groups which Ry, Ry,

Rs, Rs, Rs, Rs, R7, Rs, Re, Rio, Ri1, R12, Ri3 and Rys may represent include C4, Co, Cs, Cs,
30 Cs, Cs, C7, Cs, Cg, Cia, Ci1, C12, Ci3, Ci4, Cis and Cye alkyl.
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C(O)R 6, %Eﬁ%@% ﬁ{:ﬁ?%@g 8 R9, I\Fl)R10R11 and N+R12Ri 3R14Z is -CH or N, i
Y2. Y3 and Y are absent or independently represent aryl, |ower alkyl, |ower
al kenyl or |ower al kynyl, the Iatter t hree of whik c . areRoptlonaIIy

substituted by re s t|tu ts se'ected i(l'romlnwe yl, | ower

al kyl ene (opti mrﬂ?@d W|th oxy yD O 6 C(OOR
7, C(ONR 8 R9, ke nct with the
pyrroleringto |ch ey at ach ‘ﬁﬂyf acyeNTc dR5 R6, R7,
Re, Rg, R10, Rll R12, Rl 3 an R 4 mdeperidentlylrepresent H or | ower

al kyl provided that at | east one of Xi, X2, X3 and X4 is a cationic group
as defined above and at |east one of Xl X2, X3 and X is a hydrogen atom a

phenyl gr(mbpreuatHel poohi |k|attan1n&cbtq/1heocorapmmde!vy tiekymdefinedt dpopd fram ahalNy|
group. By_."biof il k bacterial, fungal, algal)
aégm ?i’%) ocheﬂ %’i’?hé Q&{ %jgf %bgpé éljrucQLﬁ’e :

comuni ti envel oped by an extra el lular matrix produced by the
m crobial cells, which can adhere to the interface of a liquid and a

surface (II S ngﬁ?’e@ ated'th&t tm-:-'%%’lﬁl arﬁﬁ%%m\ tgpchﬂ:strngy also comprise fewer
10  or greater than six members, for example such groups may comprise 4-, 5-, 7-, 8-, 9- or

10-membered rings.
The term “lower alkylene” is to be construed accordingly.

15  The terms “lower alkenyl” and “lower alkynyl” are intended to include linear or branched,
cyclic or acyclic, C-Cy alkenyl and alkynyl, respectively, each of which may be
interrupted by oxygen (preferably no more than five oxygen atoms are present in each

alkenyl or alkynyl chain).

20 The term “lower alkenyl” also includes both the cis and trans geometric isomers. Lower
alkenyl groups which Ry, Rz, Rs, R4, Rs, Rs, Rz, Rs, Re, Rio, R11, Riz, Riz and Rq4 may
represent include C,-Cs alkenyl, C,-C4; alkenyl, C,-Css alkenyl, C,-C44 alkenyl, C2-Cy
alkenyl, C»-Cy, alkenyl, C-Cs alkenyl, C,-C; alkenyl, C,-C¢ alkenyl, C,-Cs alkenyl, C»-Cq
alkenyl, C,-C; alkenyl and C;-C, alkenyl. Preferred lower alkenyl groups which Ry, Rz,

25 Rs, R4, Rs, R, Ry, Rs, Re, R10, R11, Rz, Ri3 and Ry, may represent include C,, C;, C,, Cs,
Ce, C7, Cs, Cg, C10, Ci11, C1z, C13 and Cq, alkenyl.

The term “lower alkenylene” is to be construed accordingly.

30 “Lower alkynyl” groups which Ry, Rz, R3, R4, Rs, Re, Rz, Rs, Re, Rio, Ry1, Riz2, Riz and Ry
may represent include C»-C1s alkynyl, Co-C1s alkynyl, Co-C4 alkynyl, Co-C12 alkynyl, Co-
C1o alkynyl, C2-Cy alkynyl, C,-Cs alkynyl, C,-C; alkynyl, C,-Cs alkynyl, C,-Cs alkynyl, C,-
C, alkynyl, C-C; alkynyl and C3-C, alkynyl. Preferred lower alkynyl groups which R4, Ry,
9



body, any host tissue or organ, or on the surface of a pernmanent or

sem -permanent inplanted nedi cal device (e.g. venous catheter)). The term
"| ower alWQI201%46¢64t ended to i nclude |inear or branchedPCEEERPY/MRS33cyclic,
Cl- C20 al kyl which may be interrupted by oxygen (preferably no nore_than
five oxygﬁsnRatRsnBe e Rarfes Bmi Rin Rea B eanBM rediaieniesenignelide Ck s, Gr.dems
which Rl R R10, R11, R12, R 3 and R14 nmay
represent |ncI ude gﬁbé’:{ CI:RQ:fng C&%G al Ly Cl-C14 al kyI Cl-C12 al kyl,
Cl- C10 al kyl, C1-C9 al kyl, Cl C8 al kyl, Ci1- c7 al kyl , Cl-C6 al kyl, Cl1-C5

al kyl, C]ﬁ%efi‘rll Kéf\beréﬁ%%né" iKyd b@%s%e@gcégr&%ly Preferred | ower alkyl
groups whi ch R10, Rn, R12, R13 and R14
may répresent include Cl, C2, C3 4, G, ©6, C7, C8, C9, Cci0, C11 , C12,
Cl3, Cl4a Theqe?ma‘%ﬂllcmlu%egﬂlx 1) th- m@ﬁl‘beﬂs@ec%oéﬁh@ a‘?cﬁmﬁbegB%Bé S 88 N+Ri
2R 3R 4 may represent cyclic am ne/ammoni um? ou for exanple; (wherein
the gr ou;phiegylamﬁ@@nb@yh \ch @revtps AR ARtianally H(IPSIJM%; bene %neref%uaﬁfitwrés N+
atom as RRWY fbm! h€0r901€;§'é?@ Gitrd, NBWBP Q)1 31 & WKaHIESORY, tC(@)Rls BRO)OR;
appreciated that the cyclic am ne/amoni um groups nay al so conpri se f ener
or great &(OYNBrRsand 'NBWB@rs for exanpl e such groups may conprise A-, 5-,
7-, 8p, 9- or 10-nenbered rings. The term"l ower al kyI ene" is to be

const r ued accordin IY The ternms "lower al kenyl" and "|ower al kynyl" are

i nt ended e teAB| a@gkyl 'neaﬁe%arvblgawwameeyeﬂhe RAFPHYED dINgcvia @ lowsn alieny |
and al kyrb?( p.respectively, each of which may be interrupted by oxygen
(preferably no nore than five oxygen atons are present in each al kenyl or
al kynyl chain).

A second aspect of the invention provides use of a compound of formula Il for killing,

15  inhibiting or preventing the growth of a microbial biofilm:

]

wherein M is a metallic element or a metalloid element and X, Xz, X5, X4, Y1, Y2, Y3, Ya
and Z are as defined above.

20
The term “metallic element” is intended to include a divalent or trivalent metallic element.
Preferably, the metallic element is diamagnetic. Alternatively, the metallic element may

be paramagnetic.

25 More preferably, the metallic element is selected from Zn (ll), Cu (lI), La (Ill), Lu (i), Y
(1, In (1) Cd (1), Mg (i), Al(IID, Ru, Ni(lt), Mn(lll), Fe(lll) and Pd(ll). Most preferably,

the metallic element is Cu (Il) or Fe(lll).

10



The term "l ower al kenyl" al so includes both the cis and trans geonetric
I soners. Lower al kenyl groups which R, R2, R3, R4, R5, R7, Rs, R9,
R10, Rn, WO2010846683and Ri 4 may represent include C2- Cl8P§F4€é??9‘?9/00€,§2-70

al kenyl, C2-C 6 al kenyl, C2-C 4 alkenyl, C2-C 2 al kenyl, C2-Cl10 al kenyl,
C2-C8 al kenyl, C2-C7 al kenyl C2-Co6 al kenyl C2-C5 al kenyl, C2-C4 al kenyl

02 C3 al éjwl%,%ngéqfiﬁro‘@ |§|@89%9dt gfuagl@denb%\éﬁf hﬂkgrab}eys.eénwcm.ea

r epr esentpromjmﬁiéuctzas e, ahity taqondug elesmicitgghatare inteonediste totpse o ét%‘hand
Cl4 al ke’}ﬁétal ThEg ¢ BThnet e T%kféﬂ%' erﬁ‘é%andué él@m@ﬂ%‘éﬁ@lﬁ&ééjeﬂlc%ﬁcﬁlﬁ'a'FnQ' y.

"Lower ynyl ™ groups
R 2, SR @eraadium (ﬁaiﬁsome\phnégerﬁonfneallyoﬁelbsrzu@ vith-aneyarymoredigands. ¢ al kynyl

C2-C 4 al kynyl, C-G 2 al kynyl C2- C10 al kynyl, C2-C9 al kynyl, C2-C8
al kynyl, C2-C7 aI kynyl, C2-C6 al k ynyl, C2- al ky C2- 4 alk gl ,
al kynyl dhwilloge @ppegciales that meefeémﬁéﬂetawwienaﬁn%M|m@%ﬂﬁ@%?%“é& e R R3

R4, RS, ﬁ@tal gﬁmeﬁ){eor 5metﬂoﬂi el@?\enﬁq&mﬁgoﬁ% B&&ati&%tétépélﬁéﬂmmﬂ\ Ridy ude
C2, GC3, Cl13 and Cl14 allyga A The
W 11}

terml O\A/ebe alllb@}'mcéﬁé Onies°ft mof?e"gﬁ!iﬁmsﬁl?é@daf&'ﬁrf(ﬁl@%lc}” Phes WERTH!
i ncl uges @v%r él%ﬁ@ﬂeﬂﬁﬂ@rﬁﬂ QSM&@&M%WSHW SR bikEryTES HBfnedSatithe AfhdrBRNY |

and napht roups are optionall'y substituted by one or nore
subst i tueﬁW'saf‘@ea"@fY'@de frmmspbettwtéd) cyano, nitro, lower alkyl (Ae. alkaryl),
OR5, (OR6, (OOR 7, CCONRB8R9 and NRIORL 1 . The term "aral kyl"

I ncl udes aryl groups joined to the porphyrin ring via a |ower alkyl group.
A second Espeemnpemdsid fprmudag | @Rd 3t erMeRse seagions eRfiPpicLAuBS 1f'\&'?nﬁ\%a |

for kill icﬂ:ﬁlnpounds of the invention may carry a net positive charge, for example a charge of +1,
15 42, +3, +4, +5, +6 or more. In a preferred embodiment, the compounds carry a net
charge of less than +4, for example +1, +2 or +3. In a particularly preferred embodiment,

the compounds carry a net charge of +2.

It will be appreciated by persons skilled in the art that compounds of formulae | and I

20 may be counterbalanced by counter-anions. Exemplary counter-anions include, but are
not limited to, halides (e.g. fluoride, chloride and bromide), sulfates (e.g. decylsulfate),
nitrates, perchlorates, sulfonates (e.g. methane sulfonate) and trifluoroacetate. Other
suitable counter-anions will be well known to persons skilled in the art. Thus,
pharmaceutically, and/or veterinarily, acceptable derivatives of the compounds of

25 formulae | and |, such as salts and solvates, are also included within the scope of the
invention. Salts which may be mentioned include: acid addition salts, for example, salts
formed with inorganic acids such as hydrochloric, hydrobromic, sulfuric and phosphoric
acid, with carboxylic acids or with organo-sulfonic acids; base addition salts; metal salts
formed with bases, for example, the sodium and potassium salts.

30
it will be further appreciated by skilled persons that the compounds of formula | may
exhibit tautomerism. All tautomeric forms and mixtures thereof are included within the

scope of the invention.

35 Compounds of formulae | and Il may also contain one or more asymmetric carbon atoms

and may therefore exhibit optical and/or diastereoisomerism. Diastereoisomers may be
11



inhibiting or preventing the growh of a mcrobial biofilm // wherein Mis
a netallic elenent or a netalloid elenent and X1, X2, X3, X4, Yi, Y2, Y3,

Y4 and z WPSOHD4HSB ned above. The term "netallic el emeRCT/GEGMI02Tded t o

include a divalent or trivalent netallic elenent. Preferably, the netallic
el enent isepdiatethgnsing c.convendionalt | igehniguashe eret sdhrerpateg@rbnt ofmyfrastional

E)?Ir ;imagnec?,ﬁq?“l% (%%L%cﬁﬂl s%efre ng%( H ?&ls%I W?é%daﬁ% ﬁ?raergcér?lﬁl@rzn
AL(ITT), der ridxtyre) of tue( Fompourils(wsing canveriapall p.g. fiestiongk @ﬂ@taéb?lavon e
metal | i Calﬁf}’lg?‘?@éhn'l eQJAt!-:‘lln)a Iy,'ﬁ?&fééé rﬁdgﬁﬁcatl %ro @F\E?Ible%éﬁ Bysfe!a&b‘?lrlﬂed to

I ncl ude nment " havi ng p ysical an em ca erties, such as the
abi | i t5y ttbe eopwptatecpticallyi agtivg starting n@teélalsmrmenﬁqn%l iqnst whieth ¥4lnelf cayse h

met al s ar}gcé}ﬂle?l@;@ éplml:n%;tfoﬁr B? by Bk dtiQhtbne fétBBmpld Rith YESmSdHirafa8id (Si )

and germani um i ch are optionally substituted with one or nore
| i gands. fplowgd by srpasafioneafithe é@stemmetrﬁ@%@fs crayenticnal raeanselgg- &id-C.

met al | oi dyp) rﬁé‘f@?ntaﬁh\}"'%lvgldgih@?)neﬁ\? s\}ﬁé&gﬁrﬂérs%reQnaﬁéé’d Wb ®led@pt dtankng a

positive oxi state be substituted by one or nore
| i gands s)@Y%P@dfromfluoro OH ORi 5v\/nere|n R 5 is |lower alkyl, |ower
al kenyl , lower alkynyl, aralkyl, aryl or alkaryl as defined above (Wnerei n
aryl and al karyl are nono-substituted). The conpounds of formulae | and ||
conpri se @ Arefeged gmbodimentaf the drsbapd segand aspes ebHp dMeationZ i8 HEH: nvent i on
may carry a net positive charge, for exanple a charge of + 1, +2 +3, +4,

+5, +6 or nore. In a preferred enbodi nent, the conpounds carr et
A characterising feature of the first and second aspects of the invention is t at at least

one of substituent groups X;, X,, Xs; and X, is a quaternary ammonium cationic group of
15 the formula -L-R—N*(R2)(R3)Rs, as defined above. Preferably, none of X4, X;, X3 and X4

is an anilinium or a pyridinium cationic group.

In a preferred embodiment, R, is an unsubstituted lower alkylene, lower alkenylene or
lower alkynylene group.

20
Advantageously, R is a straight-chain lower alkylene group of formula:

— (CHz)m—.

25 Preferably, ‘m’ is an integer between 1 and 20. More preferably, ‘m’ is an integer
between 1 and 10, for example between 1 and 6, between 1 and 5, between 1 and 4 or
between 1 and 3. Preferred straight-chain lower alkylene groups which R; may represent
include groups of the above formula wherein mis 2, 3, 4, 5, 6, 7, 8, 9 or 10. Most
preferably, ‘m’is 2 or 3.

30
The remaining three substituent groups of the quaternary ammonium moiety, i.e. Ry, Rs
and R4, may be the same or different and are selected from H, lower alkyl, lower alkenyl
or lower alkynyl, the latter three of which are optionally substituted by one or more
substituents selected from lower alkyl, ORs, C(O)Rs, C(O)OR;, C(O)NRgRq, NR1oR¢; and

35 N'Ry2Ri:R14.

12



charge of less than +4, for exanple + 1, +2 or +3. In a particularly
preferred enbodi nent, the conpounds carry a net charge of +2. It will be
appr eci at\W@ 2B10/4e463ons skilled in the art that conpound®CHCEBIMPBE | and
Il may be counterbal anced by counter-anions. Exenplary counter-anjons

i ncl ude, B péﬁf@r%?mbpﬁmeeé Ra Renand/ereBe @ee dowar afisyli puver alttegyh ofelosigs
brom de) alldh fg}g > (e.g. decylsulfate), nitrates, perchlorates, sulfonates
(e.g. methané sulfonate) and trifluoroacetate. Qther suitable

counter-anions will be well known to persons skilled in the art. Thus,
phar maceybrddly R,2RI4oML £E uRSbstidite IBREPAIRIAIgRoER! | vatives of the
conpounds of formulae | and I, such as salts and sol vates, are al so

included within the scope of the invention. Salts which may be mentioned

incl ude: GstioRamd dit td-80 ofi@ldk R,, ROAan8XANB! & alk@l dréud Whivkdis bubitititea rvgtna C

aci ds such as hydrochloric, hydrobrom c, sulfuric and phosphoric acid, with
car boxy| iREMAEY. FECRRdaRy phepiapafBing Freue@ %t%?wmmﬁ'&’iqrg% salts; netal
salts formed with bases, for exanple, the sodiumand potassiumsalts. It
wi Il be further appreciated by skjil]ed persons that e compounds . of

formul a I'Nfapre ‘ﬁ??‘%?%ﬁ\eahﬁhhfnﬁ"sh??d F&&?‘tﬁ@?@ee?% B{H"? 'QH%HWFX ires”

t her e@f qCel,), DR LEHIR Vark IOHY ahB R, SCOpEHYE-NLEI8;)i. nvent i on.  Conpounds  of

formulae | and Il may al so contain one or nore asymetric carbon atonms and
may therefore exhibit optical and/or diastereoisonerism D astereoisoners

][ray besen?raatatémﬁii}/@gr&@rwambemlent ectheifisgiemd second a&:uamtm%fage apleyitiar,
ractional cry isation. The vario tereoi soners may be isol ated by
separ at i Off 'Bf‘@h;a‘éeﬂ?gcdzo& 6?&%?arﬁ%ﬁ?;§aof t he conpounds usi ng
conventional, e.g. fractional crystallisation or HPLC, techniques.

A ter1rgat Ih\*r/eaI ¥Lirthterr]ealtgrenséll’ti\r/ee %rec%grtnla %%Hog%rg%rt Sof Tﬁ‘é’ fipS% ang gec%%draes%%gt'soo tﬂfe

invention, Ry is —(CHy)s—, and R,, R; and R, are each C,Hs.

Advantageously, at least one of X4, Xz, X; and X, is a cationic group as defined above
and at least one of X4, X,, X3 and X, is a hydrogen atom.

20
Preferably, each of X;, X, X; and X, is a hydrogen atom or a cationic group as defined

above.

Conveniently, the pK values of any primary, secondary or tertiary amine groups, if
25 present in the compounds of the invention, is greater than 8 to ensure that the group is

protonated when in a physiological environment.

The quatemary ammonium cationic group is optionally joined to the porphyrin ring via a
linking moiety, L.

30
Preferred linking moieties, L, include phenoxy, phenylene, sulfonyl amido, aminosulfonyl,
sulfonylimino, phenylsulfonylamido, phenyl-aminosulfonyl, urea, urethane and carbamate

linking moieties.

35 In a preferred embodiment, the quatemary ammonium cationic group is joined to the
porphyrin ring via a phenoxy linker.
13



the appropriate optically active starting materials under conditions which
w Il not cause racem sation or epinerisation, or by derivatisation, for
exanpl e WPRIH/HePdchiral acid foll oned by separation ofCTKB2099492Br eoneri c
esters by conventional neans (e.g. HPLC, chromatography over silica). Al
stereoi soners are included within the scope of the invention. In a
preferre d t Adnagpects of the invention, Zis
-CH A cﬁrahﬁg%elrxlg?gna Oereigﬁ?gewf)%gttﬁ@eﬂlﬁgg andsa(s:)econd aspects of the
invention is that at |east one of substituent groups X1, X2, X3 and X4 is a
qguat ernary ammoni um cationic group of the formula -L-R -N +(R2) (R3)R , as
defi ned above. Preferably, none o L, (OR),X3 and X4 is an aniliniumor a
pyridiniumcationic group. In _a_p akred enbodi nent, R is an
unsubstituted | ower al kyl ene, kenyl ene or | ower al kynyl ene group.
Advant ageously, R is a straight-chain | ower al kylene group of formula:
Preferably, "m is an integer between 1 and 20. More preferably, 'm is an
i nt eger bméo@ﬁrR it pnd Ni@zz)(kgm eé@dmxh@d BBéwe aRd I’ #sh ﬁttedé@b‘é&mnﬂ andi35,

bet ween and 4 or between . Preferred Strﬁ ght ch %Y\% al kyl ene
gr oups \AHPB%WR?'eH’aVerQé%Pe@@H?C'?eﬁéPJl?eijP%'ﬁé'”Sf"'at g '?S(R?Q 1°8r wherein m
is2 3, 4, 5, 6, 7, 8 9 or 10. Mt preferably, 'm is 2 or 3. The
remai nin three substi t uent rou s of é uaternar% amonium noi ety, i.

R2, R3 arld 3% altemytivsePrefrire, mgnt t temaY ARMORIHEL FEPNIG FAUR, 1S ower

al kyI | gyiRed & the putphyfin Finyeia aa,j,ﬂgnméhe lihkee. | atter three of which are
opthpally substituted by one or nore

Thus, X;, X2, X3 and/or X4 may have the following formula:

wherein R is R; — N'(R2)(R3)Rs, as defined above, and ‘m’ is an integer between 1 and 3

15 (and wherein the group is attached to the porphyrin ring via the free bond on the left).
Preferably, ‘m’ is 2, and most preferabiy 1.

In an alternative preferred embodiment, X;, X;, X; and/or X, may have the following

o

Rm
wherein R is Ry — N*(R2)(R3)Rs, ‘n’ and ‘m’ are as defined above, and ‘n + m’ is between

20 formula:

1 and 3 (and wherein the group is attached to the porphyrin ring via the free bond on the
left).

25
Advantageously, L comprises a benzene ring (e.g. phenoxy, phenylene,

phenylsulfonylamido or phenylamino-sulfonyl) mono-substituted at the para-position
14



substituents selected fromlower alkyl, OR5, C(OR6, C(O OR7, C(O NR8R9,
NRi ORn and N+R12R13R14 .In a preferred enbodinent, R2, R3 and/or R4 are

| oner al KYP 20104146963 a] kenyl or |ower al kynyl group. Pref EFE{§{BR00%9253%3
and/or R4 are unsubstituted |ower alkyl groups. Optionally, at |east one of
R2, R3 antlativeits tha hanrene §pgnesiian i whick dis PP e Madrecyslepisi 3ftached.

secondar yaRgmhlely, &m¥ay2he RRng! SUR-sBbstAutdd &t BlcRA Y oRABRBStbRsTeRtiDe td thed
preferred enbodi nent of the first and second aspects of the invention, Ri

i's - (CHBenzengring Resitions Abwiich dbri PRIPhYEN Mactaaygis ieitaghpd. | naalso be

al t er nat i N&h Plafd-aht Sfthe80RduBnt of the first and second aspects of the
i nvention, R is -(CH 2)3- , and R2, R3 and R4 are each CH3. In a further

altermative preferred embodi ment of the first and second aspects of the

i nventionin K ditermatifd ] profémed efbdditfent Rhedicht&ihan SmARaluntehonic group is

Advant ageously, at |east one of X1, X2, X3 and X4 is a cationic group as
def i ned al9B¢E dRAIVAP heRAPhYRING /-§GL 1S@BSEU3 and X4 is a hydr ogen at om
Preferably, each of X1, X2, X3 and X4 is a hydrogen atomor a cationic

group as defined above. Conveniently, the pK val ues of primary,
secondar y'”o_? P@??rfegr 9"‘93‘1"%”@%&5?,%@ aﬁpegeeﬁ?(‘gi FPeRlE eg%lﬂ’ﬁ’&ggﬂ%/ tee _
I nVﬁntq Orcorhﬁodliﬁe@inﬁfﬁséé"% %a!_il%hi@@ﬁiubg, hdatfindeatssvel Bn iopppsiet e edtnshen in
a physiol ogi cal environment. The quaternary anmpni um cat | roup i s
opt i onal | BOPBYTRERN. 6o HaMGGRSHERs & Fchiy of ENGiPPSIRGET) s &y For Sxample,
X1 and X; may be a hydrogen atom, a lipophilic moiety, a phenyl group, a lower alkyl,
alkaryl or aralkyl group, and X, and X, may be cationic groups, or vice versa. Preferably,
X, and X; are both a hydrogen atom and X; and X, are both a cationic group, or vice

15 versa.

Alternatively, the compound may comprise two cationic groups, as defined above, on
neighbouring positions of the porphyrin ring, ie. at ring positions 5 and 10, or ring
positions 10 and 15, or ring positions 15 and 20 or ring positions 20 and 5. For example,

20 X, and X, may be hydrogen and X; and X, may be cationic groups, or X, and X; may be
hydrogen and X, and X; may be cationic groups, etc.

it will be appreciated by persons skilled in the art that additional isomeric structural
possibilities arise when Z represents nitrogen. Such possibilities are included within the

25  scope of the present invention.

In a further preferred embodiment of the first and second aspects of the invention, the
compound is substituted on one or more of its constituent pyrrole rings. Thus, Y,, Yz, Y3
and Y, may be absent or independently represent aryl, lower alkyl, lower alkeny! or lower
30  alkynyl, the latter three of which are optionally substituted by one or more substituents
selected from lower alkyl, lower alkylene (optionally interrupted with oxygen), aryl, ORs,
C(O)Rs, C(O)OR;, C(O)NRsRg, NRpR11 and N'RyzR13Rq4. It will be appreciated by
skilled persons that Y,, Y,, Y; and/or Y, may comprise cyclic groups, which may be
saturated or aromatic. For example, one or more of the pyrrole rings may be substituted
35 to form an iso-indole group, ie. Y1, Y, Y3 and/or Y, together with the pyrrole ring to
which they are attached may be cyclic.
15



Preferred Iinking noieties, L, include phenoxy, phenylene, sulfonyl am do,
am nosul fonyl, sul fonylim no, phenyl sul fonyl am do, phenyl -am nosul f onyl ,
urea, ureVAZAW/UYNE3car bamate 1inking moieties. In a pre%@?@}o‘é"ﬂ’ﬁéﬁﬁmnt,
the quaternary ammoni um cationic group is joined to the porphyrin ring via
a phenoxy linker. Thus, X1, X2, X3 and/or X4 may have the follow ng formnula:

wherein i bord i | \ e b 1 Jenteger
bet ween ?na%d%wﬁwg(ﬁéﬁg?%atbﬁ%ﬂ%{\ ggﬂ;ﬂh}agf;’sé{%? gc : egﬁ(?gs'?%és E@P %Plny\}re IHP]&?I ng
via the fYed:b¥nandis@reeabsent) Thus the patpherim 809 Ve pisferplly sebsttwBd @nlyedtt , t he

quat er nar ¥, A5 FR&H b GO PLHd S joined to the porphyrin ring via a
phenyl enecyq i nkeé}%%gg?'é%’qgj@f@m dz'ind/ or X4 may have the follow ng

formulva: wherein Ris RL - N\+(R2)(R )R, as defined above, and 'ml is an

| nteger bgt ¢ g Bt thel fil€t 9P YBedrd] ApedENG0nk GnjeRfo4tPhyT i N
ring vi ablﬁhe rgep o%ﬁédo%ﬁighg%hg.{h%ﬁ erdgtgfy,rﬁ{ maele% 2, an?:l rmost’

pr ef er abl lgast onpf Xn Xl KeanhXi is@r perapisesadipopbiiemeisly., X1, X2, X3 and/or X4
may have the following formula: (OR) n wherein Ris RlL - N+v(R2)(R3)R4, 'n'
and 'm are as defined above, and 'n + m is between 1 and 3 (and wherein

t he gr oupBY diraphilic maiety owenieclyds mrjeties having oirartiion coqfEciirketween el ef t) .
Advantag ' | 19 at PRFNGSYicalheid 20€.
pheny Bl T e e B P Sy 1 PR e 2R,
para-positionrelative to the benzene ring position at which the porphyrin

macr ocycl &,h3nhiRGhE fipophilic moiety is a saturated, straight-chain alkyl group of formula —
(CH2),CHs, or an equivalent alkylene group of formula — (CH,),—, wherein ‘p’ is an integer
between 1 and 22, for exa~mple between 1 and 18. Preferably, ‘p’ is between 1 and 18,
15  more preferably between 2 and 16, between 4 and 16, between 6 and 18, between 8 and
16 or between 4 and 12. Most preferably, ‘p’ is between 10 and 12.

It will be appreciated that X;, X;, X3 and/or X, may be a cationic group, as defined above,
which also comprises a lipophilic moiety.

20
In an aiternative preferred embodiment of the first and second aspects of the invention,

none of X4, X, X3 and X, is a lipophilic moiety.

Advantageously, the compounds used in the first and second aspects of the invention
25 are soluble in water. Preferably, the compounds may be dissolved in water to a
concentration of at least 5 pg/l, for example at least 10 ug/l, 15 pg/l or 20 pg/l. More
preferably, the compounds may be dissolved in water to a concentration of at ieast
100 pg/l, for example 200 pg/l, 300 pg/l, 400 pg/l, 500 pg/l, 1 mg/ml, 5 mg/ml, 10 mg/mi,
20 mg/ml, 50 mg/ml or 100 mg/ml.
30
Conveniently, the compounds used in the first and second aspects of the invention
exhibit selective toxicity to microbial agents. By ‘selective’ we mean the compound is
preferentially toxic to one or more microorganisms (such as bacteria, mycoplasmas,
yeasts, fungi and/or viruses) compared to mammalian, e.g. human, host cells.
35 Preferably, the toxicity of the compound to a target microorganism is at least two-fold
greater than the toxicity of that compound to mammalian cells, more preferably at least
16



Alternatively, L may be nono- or di-substituted at neta- or

ort/70- p03|t|ons relative to the benzene ring positions at which the

por phyri "WRaHAH0Be i s attached. L may al so be both paPQT/(%ﬁ%HOS’/OOZS”
orffto-substituted. In an alternative preferred enbodi ment, the quaternary
ammoni um thzae-iold. et igastiput-fold, ot east fiuerfelsk plleas sitfeldy et pﬁytr@ahtrfpwgat leagl, L is
absent . '@naﬂerﬁﬁ@gs&ﬁﬁe fbdaﬂaargas%énlfgﬁfo d. 'Mibst PRete3BROME RPRREKG oPfhet he

i nvention, the conpoun conprlses two catlonic groups, as defined above, on
opposi t e isveidionds subtstanialytoyr-foxicte mpmmalien calls.ri ng positions 5 and 15 or
ring positions 10 and 20. For exanple, Xi and X3 may be a hydrogen atom a
l'i pophilic noiety, a phenyl group, a |lower alkyl, alkaryl or aralkyl group,
and X% anl tRis wa)y where thei eempounds s, used 1o teeat éé?'@&a' iplestiensatipryexampland X3
are both Gos! % esmﬂeaggiee@d 3eh WatdRial Beld &@td&'ﬂ*o‘}e@rvﬁl‘ﬁpmlrﬁ’rhal""ee

versa. Alte atl ve conpound may conprise two cationic group
defi ned a@ﬁﬂ)@e E§>nh¢ﬁélithI§>§UF'$$ﬁ’@ pbRus; it sompourde fpokgmiY the firshgnd ﬁe‘éo”dat

ri ng posi fEiaBE SPHitld ‘HasapkBti@Rmdew:. Or ring positions 15
and 20 oréérqégtéogé@qyéoﬁgn%e and @5 F(|)r exar?g)sleI X1 and X2 may be hydrogen

and X3 and X4 may be cationic groups, or X2 and X3 may be hydrogen and X4

and Xip may, err%ﬁé@@nﬁbcﬂlfrﬁémsthe%&mpédnd“!ﬁtbxn@%&ﬁ@ﬁ&@bﬁhﬁ&obbgaﬁ@ﬁﬁ(-)sﬂg
skilled in the art that additional 1soneric structural p055| bilities arise

when Z rebrdayiahieellpl @t ogwn dosgrch prafeiBlyi ithe esompavnd nis) (R Qi e rofke
scope of HheodgSisAtat aneepREMtPdtiondt IgssftHad ALV TEY Sahfie RIFBARAME MM, st he
first and second aspects of the invention, the
than 0.1 pM, less than 0.01 pM, less than 0.005 pM or less than 0.001 uM (see Example
B).
15
Preferred compounds for use in the first and second aspects of the invention include the

following:

(@) 5,15-bis-(4-{3-[(3-Dimethylamino-propyl)-dimethyl-ammonio]}-propyloxy}-phenyl)-
20 porphyrin (“*Compound 8")

Preferably, this compound is provided as a dichloride or tetrachloride salt.
25

17



compound i s substituted on one or nore of its constituent pyrrole rings.
Thus, Y1, Y2, Y3 and Y4 may be absent or independently represent aryl,

| oner al KYP 20104116463 al kenyl or | ower al kynyl, the |atter PERIEROGO0GRch are
optlonall substituted by one or nore substltuents selected from ! ower

al kyl , %Fﬁcpﬁdﬁ@ﬂaﬁthv'awmq"gp PrRP¥PxYIPheay PRI eprprousdd ). ORs,
C(O)R6 C(O)CR? C(O NR8R9, NR1OR1 1 and N+R12R13R14 . It will be

appreci ated by skilled persons that Y1, Y2, Y3 and/or Y4 may conprise
cyclic groups, which nay be saturaisd 4 [ For exanple, one or nore
of the pyrrole ringk may be ' an i so-i ndole group, i.e.
Y1, Y2, Y3 and/or ' Lo~ o MfiTth they are

att ached may be cycI n an = ‘ ed enmbpdi ment of the first
and second aspects of the i nvent i 0% ' , Y 3 and Y4 are absent. Thus,
the porphyrin ring is preferably substltuted only at one or nore of
positions 5, 10, 15 or 20. In a further preferred enbodi mnent of the first
and second aspects of the invention, at least one OFX 1, X2, X3 and X4 is
or comprises Rreferady Hhis cempeungt iy praded asgodanipide sall ety we i ncl ude

noi eties having a partition coefficient between 1-noctanol and water
expressed as log P of greater than 1.0 at physiol ogical pH and 25C.
Conveniently, the lipophilic noiety is a saturated, straight-chain alkyl
group of (t:,Pr MBI Qprs- [é@%h%%lanﬂﬁo@&p?&ﬂﬂo‘@ﬂ &Ratny@-'pK h?ﬁ@ I Prefrreldorigul a -
(CH2) P- " iIs an'integer_between 1 and for exanple between 1
and 18. Preféﬁﬁﬁﬂ?S“CQWPP@"bE¥ﬁbgﬁ:Zoénd 18, nore preferably bet ween 2 and
16, bgtween 4 and 16, between 6 and 18, between 8 and 16 or between 4 and
12. Most preferably, 'p' is between 10 and 12. It will be appreciated that
Xi, X2, X3 and/or X4 may be a cati gm J8yp, as defined above,

Preferably, this compound is provided as a dichloride sait.

15 (d) 5,15-bis-[4-(3-Trimethylammonio-propyloxy)-phenyl]-porphyrin  (also referred to
herein as “Compound 10" or “XF-73%);

Preferably, this compound is provided as a dichloride salt.

18



whi ch al so conprises a lipophilic noiety. In an alternative preferred
enbodi nent of the first and second aspects of the invention, none of X1,
X2, X3 anyORA1%46¢¢3| j pophi |l i c noi ety. Advantageously, tRETEIRPWMNES7used in
the first and second aspects of the invention are soluble in water.
Preferably, the conpounds may be dissolved in water to a concentration of
at | east @)m.Jél[.'B,5ft9§-(@*mh9laﬂ{mdrﬁﬁﬁﬁop%@xﬂlﬂf_h%nylﬂ%—ﬂﬂéécy%or@ﬂyrm/|- Mor e
preferably, the conpounds may be dissolved in water to a concentration of
at |east 100 h§PmPoEgd 6dxanpl e 200 ng/l1, 300 mg/l, 400 ng/l, 500 mg/l, 1
mg/m, 5 ng/m, 10 ng/m, 20 ng/m, 50 nmg/mM or 100 ng/m . Conveniently,
the conpounds used in the first and second aspects of the invention exhibit
selective toxicity to m crobj agents. By 'selective' we nean the conpound
is preferentially toxic to oh@ 1LhogaR, sns (such as bacteri a,
nycopl asmas, yeasts, fungi and/or ed to mammual i an, e.g.
human, host cells. Preferably, the B anp%und to a target

m croorganismis at |east two-fold he tbx?city of that
conpound to manmalian cell sy queJE} ) eastthree-fold, at |east
four-fold, at |east five-fok@, at least six-fold, at |least eight-fold, at

| east $en-fold, at least fifteen-fold or at |east twenty fold. Most
preferably, the conpound of the invention is substantially non-toxic to
manmal i an cells. In this way, when the conpounds are used to treat

bact eri al i nf Braférahly, thisorompoung lissprovided agjadinplonide san be sel ect ed such t hat
bacterial cells are destroyed with m nimal damage to heal thy host tissue.
Thus, the conpounds for use in the first and second aspects of the

i nvent i on(fpr epdf-EbPimethni(Bidimethylaminopmayt) iagrogmietogpyloxylphenyl}-15-(4-

10 dodecyloxy-phenyl)-porphyrin (“Compound 23,

“ ‘
1O

Preferably, this compound is provided as a chioride or dichloride salt.

15
(@) 3-[({3-{(3-{4-[15-(4-Dodecyloxy-phenyl)-porphyrin-5-yi]-phenoxy}-propyl)-dimethyl-
ammonio]-propyl}-dimethyl-ammonio)-propyl}-trimethyl-ammonium
(“Compound 257,
C.H:04 D
20

Preferably, this compound is provided as a trichloride salt.

19



In a preferred enbodi nent, the conpound is toxic to the target
m croorgani sm (e.g. bacterial cells) at |ow doses. Preferably, the conpound
is toxic V@2 4ﬁfél?’get mi croorgani smat a concentrati onP6T/GEREQ/NERE 10 mv|
for exanple less than 1 |l ess than 0.1 mM less than 0.01 nM | ess than
0. 005 nmM &%) | ad's- tt'ﬁEm(%Tthﬂmml%Rwlpéy)mhenwé@ -Hpdesyl-eyRPYlinds for use
in the first godnprepndsgspects of the invention include the follow ng: (a)
51
5-bi s- (4-{3-[(3-Di nmethyl ani no-propyl ) -di net hyl - ammoni o] - pr opyl oxy} - phenyl ) -
por phyrin ("Conmpound 8") Preferably, i s, .cogpound is provided as a
dichloride or tetrachloride salt.(b) d N
5, 15-bi s-[4-(3-Tri et hyl ammoni o- |
9"); Preferably, this conmpound
5, 15- bi s-[ 3- (3-Tri met hyl anmoni gj
referred to herein as "Conpoundyor N0
provi ded as a dichloride salt. <S) C §
5, 15- bi s-[4- (3-Tri met hyl anmoni o-Ypr opyl oxy) - pﬁ%nyl ] {porphyrin (also referred
to herein as "Conpound 10" or ~/NKF-73"); Preferabl y,h{‘l'hl s conpound is
provi ded as a dichloride salt.(e
5-13, 55 bi s- (3- Tri met hyl ammoni o- pr opyl oxy) - phenyl ] - 15- undecyl - por phyrin
(" Compound 6"); Preferably, this conmpound is provided as a dichloride salt.
(1) Preferably, this compound is provided as a dichioride salt.
5-{4-[ 3-Di net hyl - (3-di net hyl am nopr opyl ) - ammoni o- pr opyl oxy] phenyl } - 15- ( 4-
dodecyl oxy- phenyl) - por phyrin {" Conpound 23");

()  5-{4-[3-Dimethyl-(3-trimethylammonio-propyl)-ammonio-propyioxy}-phenyl}-15-(4-

o f hyrin (" Conpound
loride salt. (c)
-cgo f hyrin (al so

bly, this conmpound is

dodecyloxy-phenyi)-porphyrin (*Compound 317); and
10

O /\/\ "’/\\/\ *’\
CoHys™ & Q)0 N, 2\

Preferably, this compound is provided as a dichloride salt.

15 ()  5-[4-(3-Dimethyldecyl-ammoniopropyloxy)-phenyl}-15-{4-[3-dimethyl-(3-
dimethylaminopropyl)-ammoniopropyloxyl-phenyl}-porphyrin (“Compound 327).

- L)oo,

20



Preferably, this conmpound is provided as a chloride or dichloride salt. (9)
3-1({3-[(3-{4-[15- (4- Dodecyl oxy-phenyl)-po f

hyri n- 5- YWP2BHEH686¢ ) - pr opyl ) - di et hyl anmoni o] - PCT/GB2009/002537

propyl }-di met hyl - anmoni o) - propyl ] -tri nmet hyl - ammoni um (" Conpound 25");
Preferably, tFRrefewblypthimepmpoupd ivpraedechas a dichiatidesait.de sal t. (h)

5, 15-bi s-[ 3- (3-Tri met hyl anmmoni o- pr opyl oxy) - phenyl ] -1 0-undecyl - por phyrin
(" Compound 28"); Preferably, this conpound is provided as a dichloride
salt. (i)In a parhcularly preferred embodiment, - the compound is the dichloride sait of

5-{ 4-[ 3- DogRidaviha 48of El Bﬁ'ﬁ/d ] | 0- propyl ) - anmoni o- pr opyl oxy] - phenyl } - 15
- (4- dodecyl oxy- pher?y b- porphyr?%"Corrpound 3T); and Preferably, this
conpound i s provided as a dichloride salt.

5- [ 4- (3- Dyl e Qﬁ'&%lal‘%mé’ﬂ t@i@rsﬂﬁ% %Wpo h&n al/ é]ite%a’{tléelgl?bed?n”?trﬁ'@félr tedr
oRa 7

di et hyl am nop roR ) - anmoni opr opyl o 2 por phyrin (" Conpoun

32"). Pr ef &M@} §. thehMay Compoema Ghela P@&'ﬁ %ntmr@mt@ﬁq'qj@le@amw'tmm\ the

parti cul agbmhpﬁ@ﬁﬁéred enbodi ment, the conpound is the dichloride salt of
Compound 10 or Conpound 12 above. It will be appreciated that the above
conpounds nay alternatively be in a netallated form i.e. they may conprise

a cheh@t eghrdiBlrad thdlat8l ?r{gfélﬁc &ém@ﬁ%%dhﬁiecbﬁhﬁémﬂfe(%t hin the porphyrin ring.
Preferred chel ated nmetallic elenents include Cu(l1) and Fe(lll). In a

particularly preferred enbodi nent, the conpound is the dichloride salt of

Fe(111)- FPBTUHRGISHY: prafPrea ST tHY SHHABSLiHdAS GRE Qiidibrid® ddR€of Ed(Rl- OF

second aspects of the invention may
ompound 10.

15  The compound as prepared according to the first or second aspects of the invention may
be formulated at various concentrations, depending on the efficacy/toxicity of the
compound being used and the purpose for which it is being used. Preferably, the
compound is formulated at a concentration of between 0.1 uM and 1 mM, more
preferably between 1 uM and 100 pM, between 5 uM and 50 uM, between 10 uM and

20 50 uM, between 20 yuM and 40 uM and most preferably about 30 uM. For in vitro
applications, formulations may comprise a lower concentration of a compound, for
example between 0.0025 uM and 1 uM.

It will be appreciated by persons skilled in the art that, when used in medicine, the
25  compound will generally be administered in admixture with a suitable pharmaceutical
excipient diluent or carrier selected with regard to the intended route of administration
and standard pharmaceutical practice (for example, see Remington: The Science and
Practice of Pharmacy, 19" edition, 1995, Ed. Alfonso Gennaro, Mack Publishing
Company, Pennsylvania, USA). Suitable routes of administration are discussed below,
30 and include topical, intravenous, oral, puimonary, nasal, aural, ocular, bladder and CNS

delivery.

For example, for application topically, e.g. to the skin or a wound site, the compounds
can be administered in the form of a lotion, solution, cream, gel, ointment or dusting
35 powder (for example, see Remingtfon, supra, pages 1586 to 1597). Thus, the

compounds can be formulated as a suitable ointment containing the active compound
21



be fornul ated at various concentrations, depending on the efficacy/toxicity
of the conpound bei ng used and the purpose for which it is being used.

Pr ef er abl YO 20 H&46%Apound is fornulated at a concentrati SRTEB2BEYWEBA 0.1 miv
and 1 mM nore preferably between 1 mMand 100 nM between 5 nM and 50 niV
bet ween 18usARNEer o6 @iseived dn.viee XZOPIrVR amidtuse) witl enedommere pf dfeefodlowipgabout
30 MM Fopiddial bl Qq@@P ththSwhfeO £OgREYS L&lé@ﬁ*lﬁ
concentr at |Ionao aqglgnp%%ﬁgé elxar?gpb'g%)g?v\ge OnOO %oﬁg "9

will be aBﬁ‘V@WP&Pd&nByC%@P%ﬁs emufsnfwe@l wax and water. t Allernativeln thee ¢an nbe

medi Ci ne, idriflafd RO W duitdbld |<ﬂ.enecrraéréa/mb§us%gﬁaéu o %ﬁs%&vb ﬁ‘dfﬁ‘r)@xﬁ ieMg h a

sui tabl e pharnaceuti cal excipient diluent carrier ect ed regard
t o thedi nfMbfided of ANCe obf Mtk ali ter éﬂllpwrmganamgtaén@lbr@prbm rm@mtqaé@tp, a

practice b&l?éthﬂéﬁé@iy@ol Fﬁﬁﬁd E‘)ﬁ‘rﬁrfﬂﬂ é&%or@i@ 6§Cde?ﬁ%§te?§‘\ﬂaf r@l%hiy?@uleﬁatg hgr macy,

19th editio nnar o l'1sh |ng

Pennsyl vaﬂﬁca ol LBﬁ)eth@Lﬁ"t%SfF%Y'rW% Z@Ftyﬂﬂﬁ*??ﬁrﬂ rb&F?-ldﬁ’Oé? al) éF%@@ $ed bel ow,
and i ncl ude toplcal i ntravenous, oral, pulnonary, nasal, aural, ocular,

bl adder and CNS del i ver For exanple for plication toplcal

the skin bBy2 Bref@siaerabe e@thﬁ‘edﬁﬁ?jm (%anlog@ &alvtion. regragel gr ?'ﬁ'@“?"g)r m of

a | ot hen, sSdteitbayed. cream gel, ointnent or dusting powder (for exanple,
see Remi ngton, supra, pages 1586 to 1597). Thus, the conpounds can be
formul ated as a suitable ointnment containing the active conmpoundsuspended

or dissol F@ﬁ’ndld%on§ QRUItAIATH! Copicdl Bainidt@tioh tih t) ndith TMirer Gholtidie 1d2_hg@w ng:
m neral oil, uid petrolatum white petrolatum propylene glycol,

pol yoxyet FR}T‘%T?@ Wyﬁ%?’ﬁr'ﬁ%‘?ﬁ@ﬁb "‘C@r’rﬁ%’t‘?H@d BRRIR. ysupih §UGASE #RE IwRcier o
Al ter nat i ¥&dacanthEstifled\cdMprising the active ingredient in an inert basis such as gelatin and

15 glycerin, or sucrose and acacia; and mouthwashes comprising the active ingredient in a
suitable liquid carrier.

The medicament for use in the first or second aspects of the invention may also be
administered intranasally or by inhalation and are conveniently delivered in the form of a
20  dry powder inhaler or an aerosol spray presentation from a pressurised container, pump,
spray or nebuliser with the use of a suitable propeliant, e.g. dichlorodifluoromethane,
trichlorofluoromethane, dichlorotetra-fluoroethane, a hydrofluoroalkane such as 1,1,1,2-
tetrafluoroethane (HFA 134A% or 1,1,1,2,3,3,3-heptafluoropropane (HFA 227EA%), carbon
dioxide or other suitable gas. In the case of a pressurised aerosol, the dosage unit may
25 be determined by providing a vaive to deliver a metered amount. The pressurised
container, pump, spray or nebuliser may contain a solution or suspension of the active
compound, e.g. using a mixture of ethanol and the propellant as the solvent, which may
additionally contain a lubricant, e.g. sorbitan trioleate. Capsules and cartridges (made,
for example, from gelatin) for use in an inhaler or insufflator may be formulated to contain
30 a powder mix of a compound of the invention and a suitable powder base such as

lactose or starch.
Aerosol or dry powder formulations are preferably arranged so that each metered dose

or “puff” contains at least 1 mg of a compound for delivery to the patient. It will be
35 appreciated that the overall dose with an aerosol will vary from patient to patient and
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formul ated as a suitable I otion or cream suspended or dissolved in, for
exanple, a mxture of one or nore of the followng: mneral oil, sorbitan
nmonost ear¥PE0194pPyet hyl ene gl ycol, liquid paraffin, pSCY<IPANW2¥EE, cetyl
esters wax, e-lauryl sul phate, an al cohol (e.g. ethanol, cetearyl al cohol,
2- oct y| dofrewdndicatiapen indicatipe.cansl Mavihel agatiristeredrin @ §ingld dogecor, oo dswaliyt , t he

medi cament, éi@idgddéa%{sietﬁ’l?g?ﬁ&ﬁ*ﬁeimz cream gel or ointnent) is water-based.

Formul ati ons suita topical admnistration in the nouth further
i ncl ude | ozenges conprising the active ingredient in a flavoured basis,

usual | y smemgﬁvém%tﬁ&ag&@emonfar aea\mqabn%akggln%@ncm%ia{ ngoa&éive
|ngred| ent In an 1 nert asl| s SUC_h as ge at | n an _g ycerin, oOr ucrose and
acaci a® aRPlayadhipa shampledtprinedirmenicfonsse Ve the frsé o execondh aspests ohithee f
i quid capwi e t | o C o]
the i nvontyofon, 1, BECUGITRE. orcll, HEalf o Muclingially Oh PECRAG BERRGLS, O
are convefR?RS¥Esy oyeles.y elbxdrg, salutions posHErRENSPNEr Whisbwaey doptain dlavesringnor

aer osol  spgid¥riry %§%§,a?ér0i?m~f\éd?é¥bﬁ,‘ g&mréﬁegmt?dneg-@é@gge aPMiBtioriP" aheP!

nebuliser with the use of a suitable propellan . g. ] _
di chl or odMerisamsRE MRaraiso bej adMipistsed dttreauitive(see below), intra-aurally or via

di chl ¢4 ot pkrasafdmargicb@de, a hydrofl uoroal kane such as 1,1 ,1 , 2-
tetrafl uoroet hane (HFA 134A3 or 1,1,1 , 2,3, 3, 3-heptafl uoropropane (HFA

227EA 3) , carbon dioxide or other suitable gas. In the case of a

pressuri sgre aRsRShent thsy ARSASE AdRiikistERY PSreARtAK Midieskdmpid pirhelinddsig, val ve
to deliver a netered anount. The pressurised confainer, punp, spray Or

nebul i ser NFRRTEHAYa; nindrapeitapeally. or INFatgealyi oninteveHECURY; ve INt@RemANY, €. g.
using a nNingherafialy, iRrdlARetuiaHydort SibclaABSkdIR lkcld@ding V8 APAYANLS fitdhh&duid@y
15 or using needle-free Powderject® technology), or they may be administered by infusion
techniques. They are best used in the form of a sterile aqueous solution which may
contain other substances, for example, enough salts or glucose to make the solution
isotonic with blood. The aqueous solutions should be suitably buffered (preferably to a
pH of from 3 to 9), if necessary. The preparation of suitable parenteral formulations
20  under sterile conditions is readily accomplished by standard pharmaceutical techniques
well known to those skilled in the art.

Fomulations suitable for parenteral administration include aqueous and non-aqueous
sterile injection solutions which may contain anti-oxidants, buffers, bacteriostats and solutes

25  which render the formulation isotonic with the blood of the intended recipient; and aqueous
and non-aqueous sterile suspensions which may include suspending agents and thickening
agents. The formulations may be presented in unit-dose or multi-dose containers, for
example sealed ampoules and vials, and may be stored in a freeze-dried (lyophilised)
condition requiring only the addition of the sterile liquid carmier, for example water for

30 injections, immediately prior to use. Extemporaneous injection solutions and suspensions
may be prepared from sterile powders, granules and tablets of the kind previously
described.

The medicament may also be administered by the ocular route, particularly for treating
35 diseases of the eye. For ophthalmic use, the compounds can be formulated as

micronised suspensions in isotonic, pH adjusted, sterile saline, or, preferably, as
23



additionally contain a lubricant, e.g. sorbitan trioleate. Capsules and

cartridges (zmade for exanple, from gelatin) for use in_an inhaler or
i nsuf f | at'WP 2AEN46693¢ or mul at ed to contain a powder m x ofCHCBANINRSof t he

invention and a suitable powder base such as |actose or starch. Aerosol or
dry pomde!5°|ﬂtb¢ﬂﬁjl"‘atl$<ﬂmcapbi peiested asteyilea salineg eeptiopaliyhdn coatbinatien ewidhl alose

or "puff’' cRBhALNSs dAseﬁﬁénzgy dBnRin ﬁlﬁﬂ%‘é%ﬂﬁtl%lé%@ g3betf9rrﬁlr§}e<9ﬂ4 i ent.

It wll beapremate eover se wmth an aero vary from
pati ent ténsﬁﬁméﬁtsﬁh@ﬁmtﬁ)l?ﬁm cation to indication, and may be

adm nistered in a single.dose or, nore usually, in d| vi ded doses throughout
the day. Alternatively, other convent I onal adm ni stration routes known in
the ar® nhgr wetednasne usapd 69maourdis asrifipieed arca Faitay AeeRPtFls farmelation ime

first or aga&a%camc&oﬁmgfvétéwnawr%eﬁde%driﬁyv@@nﬁ&ly's\afg Plvﬁl'i gitbiminduecal Iy

or sublingually in the formof tablets, capsules, Ovu 1 xirs,

sol ut i ons98¥ing [RAHBER ARt Eoutefl %,dwwagvau?@mm%wnﬂ|bs\quﬁt|aﬁgrq5>ﬂa@6%ajpa¢19ula©ent s,
for innmredgpghf, del ayed- or controlled-rel ease applications. The nedi canent
may al so be adm nistered intra-ocularly (see below), intra-aurally or via

i ntracavernosal injection. The nedi canent may al so be adm ni stered

par eny@r alrhy mddanfrdyRk be's%ré@\f?é@uélltﬁble'c%fa%e@b? GE4sd) kdlown in the art. It
intraperitoneally, intrathecal”, intraventricular”®, intrastemally

i nt r acr anV8l| P& appracialednby RArsansyskilledsinptbatath i dhe ‘Pﬂm%mrn‘@swlaﬁ&ﬂ'c’ar ray
of fine npreraslyde éiﬁl?ﬁtgadw&cgt&ﬂlgé&eAE’@%’doﬁgﬂthé RGP LPYYIsel RTmadey may

be adm ni st ered by usion techni ques. They are best used in the formof a
sterile a&%B‘G%t“-?dF‘EFFF‘E}nSWH‘ﬁ?kPWY@ﬁt ai n ot her substances, for exanple,
enough salts or glucose to nmake the solution

15 It will be appreciated that the compounds for use in the first or second aspects of the
invention may be employed for killing a number of types of biofilm-forming
microorganisms, including bacteria, archaea, protozoa, fungi and algae. Such
microorganisms may be resistant to one or more conventional antibiotics, such as
methicillin (e.g. MRSA).

20

In one embodiment, the microorganisms are in a static or slow-growing phase.

it will be further appreciated by skilled persons that the compounds may be used to
prevent and/or treat infection with such microorganisms, i.e. the compounds are suitable

25  for prophylactic and/or therapeutic treatment. For example, the compounds may be used
to prevent or reduce the spread or transfer of a pathogen to other subjects, e.g. patients,
healthcare workers, efc.

In one embodiment of the first and second aspects of the invention, the microorganisms
30 are bacteria.

The bacteria may be Gram positive bacteria, such as those selected from the group
consisting of Staphylococci or Streptococci.

35 For example, the bacteria may be Staphylococci, such as Staphylococcus aureus
(e.g. methicillin-resistant Staphylococcus aureus, MRSA).
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isotonic with bl ood. The aqueous sol utions should be suitably buffered
(preferably to a pH of from3 to 9), if necessary. The aration of
sui tabl e ‘Bérla}wéﬁ%? formul ations under sterile conditio §T&BZP‘€’§HF§N
acconpl i shed by standard pharmaceutical techniques well known to those
skilled in the art. Fornul ations suitable for parenteral adm nistration

i ncl ude apteMdavel)Ghd QRcRAY PRME DS IStieblRobd) Qfhi é%nS?r@;BtH&dc‘é% AN aR@gr
contain antioxidants, buffers, bacteriostats and solutes which render the

for mul at | GHEPOERIHE SAGUH t he bl ood of the intended reci pi ent; and aqueous
and non-aqueous steril e suspensions which may include suspendlng agents and
t hi ckenin ents. The formul ati ons, nay be presented in unit-dose or

nul ti- ﬁosg Egﬁ?tﬁf"ﬁg}aﬁ alsocge @S@é’hﬁ?@%@%@ﬁ”%\ﬁﬂ%?%é‘e%{%'91 als, and may be
stored in a freeze-dried (lyophilised) condition requiring onIy t he

addi tion of the sterile U|dcrr| for exanple water for II’l]ECtIOI’lS
i mredi at ef®y 2pr #ligmatiye L%%boq%??@rrﬁ g@ﬁ?"pn?e‘éef‘?’ dAsPeeis LRfi thRsinygion, t

suspensi onﬁcre@vgaﬁgmgraeg)@hgqsﬁm ggﬁumé gppowders, granul es and tablets of
t he kind previously described. The nedi canent may al so be adm ni stered by

the ocular route, particularly for treating diseases of the eye. For

opht hap m Laseunﬁéaeemaammnd%fcma Best f eidnseadred a%?em CHfOfHeS BRlveptiSME R ONS
ini i usted, sterile saline, or, preferably, assolutions in

in isotonig, é){ Jp
i sot oni ¢, "HPYEPUSTS4re 2Ch3%3 e saline, optionally in conmbination with a
preservative such as a benzyl al koniumchloride. Alternatively, they may be
formul ated in an_olntment such 3as rol at um r veterinary u
conpound ﬂ"s aaﬁ‘ﬁ% rbee Qg“%{‘ts%i tlhgb it 38 S‘Bcfé“sf’%‘?t?nﬂf 'ﬁ?o‘ﬁv‘?r}“oacg@r dance
w t h nor malicry@rgetismaaye potebace and the vet eri nary surgeon will determ ne
t he e

In a still further embodiment of the first and second aspects of the invention, the

microorganisms are algae.

Dosages of the compound for use in the first or second aspects of the invention will
20 depend on several factors; including the particular compound used, the formulation,
route of administration and the indication for which the compound is used. Typically,
however, dosages will range from 0.01 to 20 mg of compound per kilogram of body
weight, preferably from 0.1 to 15 mg/kg, for example from 1 to 10 mg/kg of body weight.

25 |t will be appreciated by persons skilled in the art that the compounds described herein
may be used to kill, inhibit or prevent the growth of a microbial biofilm in any environment
in which such biofilms may be found. Thus, biofilm may be associated with either an
inert support or a living support.

30 In one embodiment, the biofilm is associated with a living support. For example, the
biofilm may grow or be susceptible to growth on a surface within the human or animal

body.

Thus, the invention provides a compound as defined above for use in the treatment or

35 prevention of a condition associated with the presence or growth of a biofilm.
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dosing regimen and route of adm nistration which will be nost appropriate
for a partl cul ar ani mal. The nedi caments may be stored in _any suitable

cont ai nerWBR2OWPAYEP known in the art. It will be apprec?gfréﬂyzﬂ /1923 ons
skilled in the art that the container or vessel should preferably be

ai rtight &RtiEsAMBleethe jcompounds, descaedsrsin mae beoHsed ferregt of f5&v@nt ias nade

of a pl asyiserier®r ohadtion %‘éQ&lé’f@d RehY®E b &BE of bt m\%&ﬂlalbﬁofﬁlﬂpéte&#éibf?%et hat
t he conpounds for use in the first or second aspects of the invention nmay

be enpl oy&HoNEE sKed Withig tee Beber of types of biof il mforning
m croor gani sns, incl udi ng bacteria, archaea, protozoa, fungi and al gae.
Such m croorgani sns nmay be resistant to one or nobre conventional

anti bi dti cs,@5dbBf o Cﬂ’éfyhlnéiuplnigﬁh? guraceRREMP. teth s ausMbRi axample. daaal

m croor gani smspRgfe, Qingivitisatdrido@éntie! MEGHAY Bl p&m&nashé ¥¥al |asP€’rgfllH§|Eher
appreci ated by skllled persons that the conpounds may be used to prevent
and/ or treat iRE&RINHEISIWIi th such nicroorganisms, i.e. the conpounds are
suitabl e for prophylactic and/or therapeutic treatnment. For exanple, the
conpounds may be used to prevent or reduce the spread or transfer of a

pat hogen to ot H@Weﬁ%fbj'%&”g emabedimanl; jthg,comPRURAS: Brenat Wesk desthectwativen one
enbodhgrent of thdof prophyiddtid teaeRe oRsdRIbALItRf ortdiiterideriNinfdiond. he

m croorgani sms are bacteria. The bacteria may be G am positive bacteria,
such as those selected fromthe group consisting of Staphyl ococci or

St r ept ococci(b) The urinary tract (for example, cystitis).

(c) The sinuses (for example, chronic sinusitis).

15
(d) The ear (for example, middie ear infections).
However, in one embodiment, the compounds are not used for the curative
and/or prophylactic treatment of ofitis.
20
(e) The heart (for example, endocarditis).
(f) The prostate (for example, chronic bacterial prostatitis).
25 (g) The bone (for example, osteomyelitis)
However, in one embodiment, the compounds are not used for the curative
and/or prophylactic treatment of osteomyelitis.
30 (h) The lungs (for example, infections in cystic fibrosis such as pneumonia)
However, in one embodiment, the compounds are not used for the curative
and/or prophylactic treatment of Pseudomonas infection in cystic fibrosis patients.
35 () The kidneys (for example, infectious kidney stones and in peritoneal dialysis).
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For exanple, the bacteria may be Staphyl ococci, such as Staphyl ococcus
aureus (e.g. nethicillin-resistant Staphyl ococcus aureus,

VRSA) . Al t‘é‘gﬁﬁ%qﬂlﬁ‘éﬂ@, the bacteria may be Streptococci, $GEHERE09/002537
Streptococcus nutans and/or Streptococcus sanguis. The bacteria may al so be
Gram negat i V@ DAewskini a, such as Legionella. In an alternative enbodi nent of
the first and second aspects of the invention, the m croorgani sns are fungi
(such as Candida spp). In a further enbodiment of the first and second
aspects of theHomexer iiarpnet pabedivesbriha rmosipsuads ag dRhaged Ifar theseurative
further enbodi gRAr BlophPSctld thetmends afpRIterAsRRCct s of the invention, the

m croorgani sns are protozoa. In a still further enbodinent of the first and
second®aspects of the invention, the mcroorgani sns are al gae. Dosages of

t he conpoyg fdrtHer BB olifhenh@nd bibfiim 8TasSQSABEWRS BR Grictt KippbAE ThOY &Ré bR | |
depend on several factors; including the particular conpound used, the

f or mul at i GHRY e s bersugeratiRleste rasewibrPraihe stfece fich daricoimmiatedar eherree

compound irfseHS@dithih i R@hhy or BOMBVISday. dosages wi Il range from 0.01 to 20 ny
of conpound per kil ogram of body wei ght, preferably fromO0.1 to 15 ny/ kg,
for exanple from1l to 10 ng/ kg of body weight. It will be appreciated by

persong skbof leRfmpie, e cBMboliftR! dédtAbE® HRRIH (ayd B8 AiseRad th&stShrp@Ryntban used
to kill, inhibit or prevent the gr h of a m.crobial biofilmin any

5 owth ot a m.cr _an
envi r onme HYeGtian \Assediated vithpins rarpwid Ffedy Missobig RiefilmTonuene of 819 following iprrt
associ at edumade8 viithirBE bedy:i nert support or a living support.

(a) A catheter (for example, for intravascular or urinary tract use).

; (b) A stent (for example, a coronary stent).
(c) A shunt (for example, a cerebrospinal shunt).
20 (d) An intubating or tracheotomy tube.
(e) An opthalmic device (for example, contact lenses, scleral buckies and intraocular
lenses).
25 (f) A joint prosthesis (i.e. arthroplasty and implantation of other orthopaedic devices).
(9) An atrtificial heart vaive.
(h) A breast implant.
30

Thus, it will be appreciated that the compounds as described herein are particularly

suited to the treatment and prevention of nosocomial infections.

In a preferred embodiment, the compounds for use in the first or second aspects of the
35 invention are used in combination with conventional antimicrobial agents. For example,

the compounds may be used in combination with one or more of the following
27



In one enbodi nent, the biofilmis associated with a |iving support. For
exanple, the biofilmmy grow or be susceptible to gromh on a surface

wit hin t NEORAHWAM6e ani nal body. Thus, the invention pr8¢rgdR0®/¥WeHpound as
defined above for use in the treatnent or prevention of a condition

associ at e¢onyaryona e aptikietissc candirbagtesiat ragentsa for oéxanmkFomatebaanemde syhthetic

d t
condl 1§ on PALEhs X, SeHrldRp e, MEuRREIRs, LMo Ao, R EHvoh, RERIERE.
f ol | owi ng cSlorasaPhainiael. n nfamplﬁbdymd( a)clunm ogertitarsigini t ymplcrilm udemzypehigillin,
surfaces @bnifSmingehdhidiiA, Pé’r‘f@atr( ToeRERRP! Pgt'ﬁﬁﬁllﬂ'l ef\gggme&'ypgla?{kﬁlfn

endodontic 1 nfections, ora can |aS|s aspe
peri odént iPrecgjne FP%V@‘U@r°|0>1a¢'|'t§'néu@'ﬁmlimmthlcdlheSM(ﬁmmcllhm ebavempigilind f or

the curat 'h‘f@ro@ﬁlgﬁcﬁg JRISRRY ! rﬂ@ﬁlb&lhﬁ r %rﬂﬁ@ﬁlm()ftalé’rﬂﬁl'cfﬂﬂom éh% BE ,tagcr,""gent al
(FErm Ry

infections. (b) The urinary tract nuses
(for exam§PdumeRipgFACHINs itinarsilin, §)eC'"(ft§)‘n ‘Plﬂ@eéélma(lf@ﬁfa@&fa éroxth@(ﬂfbteXl@&r

i nf ecti onghoxiiRVe¥SEulodiA  YBRILATO QKR Ime, %ﬁﬁeﬂﬂgungéfu @Otcéﬁ?\?&lxﬁ\m the

curative and/or prophylactic treatment of otitrs. eart
exanmpl e, ERBRAPA; CcpR)amardpler r@pba&lﬂapepf(ra@me,ebaéam@f dmdmm caziigonami al

prost abi t ichibrtetrabyciiee h?@l'%hl@ﬁ@é %Péﬁfl”&%ilﬁmeo%cﬁﬁ‘rﬁ}’ &lnidcheydiR¥eMRirocHidtidene
enbodi ment, the conpounds are not used for the curative
doxycycline, lymecycline, minocycline, oxytetracycline, amikacin, framycetin sulphate,

neomycin sulphate, netiimicin, tobramycin, colistin, sodium fusidate, polymyxin B
sulphate, spectinomycin, vancomycin, calcium sulphaloxate, sulfametopyrazine,
sulphadiazine, sulphadimidine, sulphaguanidine, sulphaurea, capreomycin,
15 metronidazole, tinidazole, cinoxacin, ciprofloxacin, nitrofurantoin, hexamine,
streptomycin, carbeniciliin, colistimethate, polymyxin B, furazolidone, nalidixic acid,
timethoprim-sulfamethox-azole, clindamycin, lincomycin, cycloserine, isoniazid,
ethambutol, ethionamide, pyrazinamide and the like; anti-fungal agents, for example
miconazole, ketoconazole, itraconazole, fluconazole, amphotericin, fiucytosine,
20  griseofulvin, natamycin, nystatin, and the like; and anti-viral agents such as acyclovir,

AZT, ddl, amantadine hydrochloride, inosine pranobex, vidarabine, and the like.

in a further preferred embodiment, the medicaments comprise and/or are co-
administered with penetration enhancing agents, such as poly-(ethyleneimine), or
25 antibiotic agents which exhibit such penetration-enhancing capability (e.g. polymyxin or

colistin).

The compounds for use in the first and second aspects of the invention may also be
employed to Kkill, inhibit or prevent the growth of microbial biofilms in vitro. For example,

30 the compounds may also be used in the form of a sterilising solution or wash to prevent
the growth of microbial biofilms on a surface or substrate, such as in a domestic
environment (e.g. kitchen work surfaces, showers, pipes, floors, etc.) or a commercial or
industrial environment (e.g. within cooling systems, pipes, floor surfaces, etc)
environment.

35
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and/ or prophylactic treatnent of osteonyelitis. (h) The lungs (for exanple,
I nfections in cystic fibrosis such as pneunoni a) However, in one

enbodi menVO 20Hd4e@Apounds are not used for the curativeP&SREEBPIONOEBAYI act i c
treatment of Pseudonpbnas infection in cystic fibrosis patients. (i) The

ki dneys (fFoefembhmsueh ai medicameniscoriptines thet antissicrahigl compeurict tingadytion at a

di al ysi s) cbhdenlBforsbi o W%yrﬁr in one embodi nent, the conpounds are not
used for the curative and/or prophylactic treat ment of at opic dermatitis.

In a further enbodinent, the biofilmis associated with an inert support.

Thus, the Pbéf@fdbyﬁmol&fo‘ﬁWuRﬁer%nﬁiﬁ&thsb%@e éa.verég%hopéuﬁa%nﬁ usi.@é‘bﬁ‘e of a

device inplanted or otherwise inserted with t he human or ani nal dy. For
exanpl @, FHEACRHP MRS aninis pyEaFaNs B¢ %?"Pbét'%@éﬂhqflﬁﬁ)r e@ph@ienfbae«a/em an

i nfecti onzaﬁt%asmafseﬁlaaﬁéﬁt@ @. ?Qi&i(/é’t%? o@gnp?qam anﬁbh@b brhmohium %ﬂo%nf&fm the
followng inert surfaces w cat’heter (for exanple, for

i nt r avasc@ndrsufpniym ﬁampolfndabtandseqmor('%ﬁlsuﬂa@t@eﬁst (q9-orlinbatienslehols. @sidsnar y

stent). (ﬁ)ma‘éssd?lémylﬁﬁé?\'bls%mlkﬁeneaoﬁd%rs?brosm nal shunt). (d) An
i ntubating or tracheotomy tube.” (e) A n opthal mc device (for exanple,

contact |enses, scleral buckles and intraocular |enses). (f) A joint

prost hesi @o(ﬂ/erﬁent@lr tH QMa%éIa)étl\iénﬁbén'Wé Briaht SNa ebnnfi8fiorPbi HenBeriveight
devi ces) ggr)cenAt n artificial heart valve.

in both in vitro and in vivo uses, the compounds for use in the first and second aspects of
the invention are preferably exposed to the target surface for at least five minutes. For

15  example, the exposure time may be at least 10 minutes, 20 minutes, 30 minutes, 40
minutes, 50 minutes, 1 hour, 2 hours, 3, hours, 5 hours, 12 hours and 24 hours.

A third aspect of the invention provides a use of a compound as described herein for
killing, inhibiting or preventing the growth of bacteria in a slow-growing phase.

20
A fourth aspect of the invention provides a use of a compound as described herein for

killing, inhibiting or preventing the growth of bacteria in a static phase.

Thus, the invention provides a compound as defined above for use in the treatment or
25 prevention of a condition associated with the presence or growth of bacteria in a slow-
growing phase or static phase.

As demonstrated in the accompanying Examples, the compounds of the invention can be
used to Kill, inhibit or prevent the growth of bacteria in a slow-growing phase or static
30 phase.

It will be understood by those skilled in the art that, under certain conditions (such as
environmental and/or physiological conditions), bacteria may enter a slow-growing phase
(in which the growth rate of the bacteria is reduced) and/or a static phase (in which
35 growth of the bacteria cannot be detected). By “growth”, we include the replication
and/or reproduction and/or division of a bacterial cell (or population of such cells), and
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(h) A breast inplant. Thus, it will be appreciated that the conpounds as

descri bed herein are particularly suited to the treatnent and prevention of

nosoconi aVOi2At¥EeG6dns. I1n a preferred embodi ment, the cEFPEURIY/MBS7use in
the first or second aspects of the invention are used in conbination with

convent i 0P iBEdeiherrgpioglctiggeIndlor repficatiornpfirietular pemeeneptapnomeipmiealsised

i n conbi n{lithpa MadidiP RS @rrpHB.ElﬁndPlfofst& £41s).om ngconventional antibiotics:
anti-bacterial agents, for exanple natural” and synthetic penicillins and

cephal osporins, sul phonam des, erythronycin, kanonycin, tetracycline,
chl or a”phqftnlbc\ﬂéll khéowR TRACIHR Qf@%ﬂ Ak UG %rﬂ%@f\@éhcbébtemu‘éh|thétnd|fferent

benzypenicillin, benetham ne penicillin, benzathine penicilli

phenet fi ¢

cl oxaci | | irdte i élé@ﬁ&éﬁrﬁlhéb bQihé@érﬁéLﬁér'énbiﬂorﬁ%té{%n@m@ t%'vaernéH"the%E@ﬁQ'oF' L1

hydr ochl o
hydr ochl o
pi rmecill
sodium c¢
cephamand
chl ortietr
hydr ochl o
am kacin,

colistin,

caIC|un1s

9ENETA, SRASET0 APERmEN ﬁtrawérﬂf@?mfena] mayrhsvaidifterentgrewih nahes Growth

ride, ciclacillin;, nez|ocil @@; npicillin, talanpicill
interest ager P%?Ftﬁijna%d’l"hrﬁarypid%? q pn

n0BiBntsGR {tA lsQfrouridingt e,  arRicdtRépat R G X itdrhplratufd, Bdrnn
eftazidime, ceftizoxi me, cefuroxinme, cephalexin, cephalothin,
89@3“089'&‘?5%‘1’ PH, cephradine, |atanoxef disodium aztreonam
acycl I ne hydrochl oride, clonocycline sodium deneclocydine

doxyc cl.i ne, ocycli tetrac cline,
The ShyBaE: Blae SRk BagRR Mey S8 Sherinec g hiees i S MoRraIE
tes0 tlivendr fiksskdantare) Y MB¥stiriAg Bhé ghdwiRrste &Eﬁ@tthé@i}ésrhéhtlah/@rwc' n,

sul f ane hadi m di ne

hal t | phadi azi ne
sul phaguam‘%eﬂé'g %’ugﬁﬁgﬁrrde&"“‘%'&g% gzﬁly/?ﬂeﬁe?’l;?éf%wrﬁaﬁ‘ﬁp‘ém PPEN&H}P@T ure,

ci noxaci n
car beni ci
15

20

25

aefatiof, GightabicxC light andtpHf ur ant oi n, hexami ne, streptonycin,

I1in, colistinmethate, polynyxin B, furazolidone, nalidi Xi c acid,

Depending on the bacteria, the time required for a bacterial cell to divide and the
population to double in size (“generation time”) varies from about 12 minutes to 24 hours
or more. Methods for calculating the generation time of bacteria are well known in the art
(see, for example, Brock et al., Biology of Microorganisms, 6" Ed, 1991, Prentice Hall,
and http://www.textbookofbacteriology.net/growth.html).

The generation time for E. coli in the laboratory is 15-20 minutes, but in the intestinal
tract is estimated to be 12-24 hours. For most known bacteria that can be cultured,
generation times range from about 15 minutes to 1 hour (although symbionts such as
Rhizobium and lithotrophs, such as the nitrifying bacteria, tend to have longer generation
times). Some bacteria that are pathogens, such as Mycobacterium tuberculosis and
Treponema pallidum, have especially long generation times. Generation times for a few

bacteria are shown overleaf:

30
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Treponema pallidum

it will be understood that bacteria in a slow-growing phase or a static phase can be
identified by comparison to the optimum growth rate of that bacteria in vitro (e.g. (e.g. in
a laboratory test tube or flask culture under standard conditions of culture medium,
temperature, aeration, agitation, light and pH).

For example, a slow growth rate may be less than 50% of the optimum growth rate of
that bacteria, such as less than 60% or 70% or 80% or 90% or 95% of the optimum
10  growth rate of that bacteria in vitro).
In a preferred embodiment, the bacteria according to the third or fourth aspect of the
invention are as described above (in relation to the first aspect of the invention).
Preferably, the bacteria according to the third or further aspect of the invention are on or
15 in the body of a living mammal, such as a human, for example, as described above (in

relation to the first aspect of the invention).
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am des or al kyl phenols with al kyl ene oxides) Conveniently, the

surface-active agent is present at a concentration of 0.5 to 5 vvelchht
percent. WR2BHYHOGA vitro and in vivo uses, the conmpoun&§THIR20P4W2334 t he

first and second aspects of the invention are preferably exposed to the
t ar get sult issgwwhnahatipfeictiens (su¢hyas feptiorssin rrammelshapn be caksedRpbrdiera ini ne

may be ataEﬁ@%ro&v%g@r@%@%ha?%sé@&éﬁ £iSm a0 r’ghﬂ%r‘?s?stl é%r@bﬁﬁhﬁﬁ 50 m nut es,

1 hour, 2 hours , hours ours, 12 hou s and 24 hours %lrd aspect
of the invention provides a use of a conpound as descri bed herein for

ki lling, inhibi Hg@&bé?:rter%r @m%b%ry%g%g%ﬁ bQEtePQ%f%Hnéhs‘ BdfedSbPWegbioW nNg

phase. A fourth aspect I nvention provid use a conpound as
described herei Rimeai andnuhﬂgvedutrmm@rma higadicams. 8@@htﬁ3r$ﬁ ﬁ)he growt h of
bacteria in a static phase. Thus, the invention provides a conmpound as
defined above for use in the treatnent or prevention of a condition

associ at ed wi t hastifenpceiesnde Labomtaydiagpesipathasterial infedions. eSO RY Agvdhase

or static phasecifSadsEpliblisitdaas lhﬁbn’%@ﬂeﬁ&’&fé@@'@m nssnpl es, the
conmpounds of the invention can be used to kill, inhibit or prevent the

grow h of bacteria in a slowgrow ng phase or static phase. It will be

under g ood by t@féfﬁhy@lﬁbédu@%dr@ué Iae]aﬂrdoldnba\vanaufgdwauaania: rétcapnmfﬁduqzn@ (such
as environnment al and/ or%ﬁg%m ol o i cal_conditions), bact

sl ow gr owi ng phdi@gnesena fpukt R @’T‘toﬂ"ﬁca?lé@fécwstm%eﬁﬁt(%qqﬁé ‘f’:g %étﬁ%ed)

and/ or a staticggfpase (in which growth of the bacteria cannot be detected).
By "growth", we include the replication

brucellae. (Guerra H. The brucellae and their success as pathogens. Crit. Rev.
15 Microbiol. (2007); 33(4): 325-31).

Accordingly, in a preferred embodiment, the third and fourth aspects of the invention
comprise a use in which the bacteria in a slow-growing phase or a static phase are
selected from the list consisting or comprising: mycobacteria; actinomycetes;

20  Staphylococcus aureus small colony variants; brucellae.

A fifth aspect of the invention provides a method for treating a patient suffering from or
susceptible to a disease or condition associated with or caused by a microbial biofilm,
the method comprising administering to the patient a compound as described herein.

25
A sixth aspect of the invention provides a method for treating a patient suffering from or
susceptible to a disease or condition associated with or caused by a bacteria in a slow-
growing phase, the method comprising administering to the patient a compound as
described herein.

30
As discussed above, it is known that infections (such as infections in mammals) can be
caused by bacteria in a slow-growing or static phase selected from the group consisting
or comprising. mycobacteria; actinomycetes; Staphylococcus aureus small colony
variants; and brucellae.

35
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and/ or reproduction and/or division of a bacterial ceII (or population of

such cell sé, andal so i nclude the reproduction and/or | ication of
cel lul ar WBPYAMEPALS and/ or chenmicals within a bacteri aI E&(GB2PBYOOEFAul at i on
of such cells It is well known that the growth rate will vary between

bact er i a,A%Quh aihan alprefesrasnembedieert, thg fth @spectygidae invention sPHBNES a
bacteria rﬁ@?‘uo@ﬂ%ﬁhlgﬁ ﬁeeda%{gnagrﬁ QWidW-§RWaRy ph%“se\Mr B sfa%t:%hlaa?e FeSRIdlardmhned by

the particular environmental conditions to he bacteria of interest
are subj be digt censisting lor compysiagpaentagtesa; @ﬁ@owmtéﬁt&aawl%ﬁﬁb%?weaﬁ of

nut ri ent sgphdl doshySMFaRE a8 edi UM and other factors such as tenperature,
aeration, agitation, I'T'ght and pH. The optimumrate of growth for bacteria

may bé determined in vitro (e.g. in a laboratory test tube or flask

cul ture) DxeiERaAsHEddRdofthe lﬂ/’éﬁﬂﬁmpﬂo@ﬁiés dUhéthsd HT‘QreQWé‘%Eﬁérﬁ'su%rmgtfPorﬁhase
under standard conditions (i. defined_ cul ture medi um an %Pc?nr‘;f)?grat ure,

aer at i on, Orayyiseentibignto a |dg*ﬁ‘?95%r‘?d CﬁPﬂ't'O"DéEfé’rﬂﬂt?fb WHR o [reusREt PY A N fne

required digdc ghhactmel mbthol! torhSistHg! adiridterin 2&]% RA® WalkhioB ESmesudl asi n
size ("generation tine") varies from about 12 mnutes to 24 hours or nore.

Met hods fYRSCERAARAM@Di ng t he generation tine of bacteria are well known in
the ajgt (see, for exarrple Brock ef a/., Biology of Mcroorganisns, 6th Ed,
1991, Prentice Hall, an

http: / / wih! éa@tqp@&&ﬁ%@r BPIBMOYIedD ﬂzj-‘r%iwh?t terfompoyhds GanBe 48751 e e for

E. coli Ifanﬁfbephatlaay@tnqwhérgpylér %ﬁ&emaﬂvguesme.buﬁheurémtdnemndmmtamty agct is
estimated to be 12-24 hours. For nmost known baag an be C@Itured

te
gener at i OF t i FHPOtRE g% r FRSEHRRT 18 miMEmation Eﬁ‘?fﬁ 'ﬁBtLPéh ¥bi ont s
such as RbCTABE2008/@08549 (WO R00MSE828] @hd FCT/BB2005/00F457 rlwdoamaasmco(mss; end to

have Ion erati
% d% P osures O?Wthh are incorporated herein by reference.

The compounds may be formulated and administered using methods well known in the

art. For example, the compound may be administered orally, parenterally or topically.

20 As discussed above, the biofilm may be on a living support in the oral cavity, urinary

tract, sinuses, ear, heart, prostate, bone, lungs, kidneys and/or skin.

Alternatively, the biofilm may be on an inert support within body, such as a catheter, a
stent, a shunt, an intubating or tracheotomy tube, an opthalmic device, a joint prosthesis,

25 an artificial heart valve and/or a breast implant.

An eighth aspect of the invention provides an implantable medical device which is

impregnated, coated or otherwise treated with a compound as described herein.

30 For example, the implantable medical device may be selected from the group consisting
of intravascular devices, catheters, shunts, intubating and tracheotomy tubes, opthalmic
devices, joint prostheses, artificial heart valves and breast implants. By “implantable

device” we include devices attached to surface of body, e.g. contact lenses.

35 Preferably, the implantable medical device is packaged in a sealed and sterile container

prior to use.
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times). Sone bacteria that are pathogens, such as Mycobacterium

tubercul osis and Treponema pal | i dum have especially |on eneration tines.
Gener at i OMOZPHAYOG8, 3 few bacteria are shown overl eaf : PET%QZPOWZSW
understood that bacteria in a slowgrow ng phase or a static phase can be
i dentified by conparison to the optimumgrowmh rate of that bacteria in

vitro (e. gne Qﬁve@ntlor‘; Wuﬂwér%&né&@ray e bt kg Eha%:%ﬁnynﬁedmeaev%andar d

conditions of culture dium tenperature, aeratl on, agitation, light and
pH) . For aseming to eth%ﬁmﬂgra@mﬁ 9fathe inugntion. thes methesh comPsigng tkatinh@Pnum

growt h raf@rked MiartaNk ?ﬁéd?oal EIH\%E Eb"‘r tﬂ\%%@mh@ﬁ’é’ht@grﬁ?nﬁi’ed?&ot@ HerdP Ay 290% or

95% of the optimumgrowh rate of acteria In vitro). In a preferred
enmbodi hreneempayadipgcteseiitedecRindi ng to the third or fourth aspect of the

i nvention are as described above (in relation to the first aspect of the
invention%. Preferably, the bacteria according to the third or further
aspect of BY fieeating dm theoeprégd obthisoasrest efiiee Kyapticst wa meap; that thasampourdieh as a

human, f Oéoaﬁ’é@”mp‘?egr?a%dje&&éiehﬁfﬁ bRARY Qo (dofhBhbd fintiRed Rt bi Sintdafegct of
the i nventlon) I's known that infections (such as infections in manmal s)

can be ca'ﬂ%ﬂé%l"‘%ﬂ}e peetcat deyiqen orthg ICamPERTE Agneredienia herdehase sel ected fram
the gjpup consisting or conprising: nycobacteria (In: Laboratory diagnosis
of bacterial infections; edited by Nevoi G nolai and published by | nforna

Heal t hcar BTefesaply. the irmplantgble %ﬂ'?ﬂéﬁﬁ&%t%@a(Q%W'“L%mmdd5&9??@ ds wet
bact eri al mgh @I%t'tﬁé‘sco uﬁ@@k byplkewelthé)suné@ offhd ipritadle thdalical BEGESTR

Heal t hcare, 2001 St aphyl ococcus aureus small col Qny varl ants

( Vaudaux Pusy the '"\B‘W?Q!%llrf‘e@?ﬂ cﬁ'%‘(ﬁoﬁ'@)’aﬁ’ﬁj RAITEY QF sPraved Mithi 2 9ivtiencal
| nf ect i ougonkbrsRRE# SorBOUHR) ;AlteAiatiD8I-thE implantable medical device may be dipped in

15  a reservoir of the compound in solution.

For example, the implantable medical device may be incubated ovemight at 4°C in a
solution comprising a compound as described herein. Alternatively, the compound may
be immobilised on the implantable medical device by evaporation or by incubation at

20 room temperature.

Alternatively, the implantable medical device is impregnated with the compound. By
‘impregnated’ we mean that the compound is incorporated or otherwise admixed with the
components or ingredients of the implantable medical device during manufacture, such

25 thatit is distributed throughout the assembled device.

Preferred, non-limiting embodiments of the invention will now be described by way of

example, with reference to the accompanying drawings in which:
30 Figure 1 shows a schematic diagram of the structure of skin.

Figure 2 shows cell toxicity of normal human dermal fibroblasts after 5 minutes, 1 hour

and 4 hours incubation with Compound 10.

35 NHDF were incubated with different concentrations of Compound 10 for 5 min, 1 h and 4
h (O gM, 0.01 uM, 0.1 uM, 1.0 uM, 10 uM). Cells were then incubated for 24 h in the
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and brucellae. (Guerra H The brucellae and their success as pathogens.
Crit. Rev. Mcrobiol. (2007); 33(4): 325-31). Accordi ngl in a preferred
embodi menVO 20H46463r 4 and fourt h aspects of the |nvent|8\é %?9@%535 use in
whi ch the bacteria in a sl owgrow ng phase or a static phase are sel ected

f r om t he datks {Toxigitis wes itegied by @tﬁﬁrgﬁidsMﬁg-asm &?éld’t'%’r"ﬁiawaﬁdloi"ﬁé'iﬁ?éét’é@e

St aphyl 0GREHURe Y Iﬂ'%sva?&g%l df c%ﬁ!r&rl‘)éllé’ AElAYralidddUs Bht a6reyidtiehi iiRe a5 RfAEt  Of

t he i nvention prov nmethod for treating a patient sufferin fromor
suscept i licabatiprablark detted: drh ipeRation: dqﬁacé@uggdg Btr@blb%\ﬂqnh('b't?’ BRase

m crobial biofilm the method conprising admnistering to the patlent a
conpound as descri bed herein. A sixth aspect of the invention provides a

met ho f &igure 8aahpwg call praricityrnf noTnaldiumay qridammal kesaldospies Bfte” » aUlgPsbase or

condi ti ORoassRFA ROGE iNkubBH wiPOS®golhy . bacteria in a sl owgrow ng phase,
t he net hog conprising admnistering to the patient a conpound as descri bed

herein. As discussed above, it is known that infections (such as infections

in mm'hﬁ-)Ei@@@rebiﬁc%&?\QquﬁE%i 86 Bnir&tiohs Tk CBMBEANM N RS rﬁfna'ﬂ inCarghase
selected fromthe gr ou&&cony sting or conpri obact

act i nony bet0cM. S04 & dBbuE0 M, elPsPMhEFF?"Sd’b?%?We%P%‘ﬁFQ °ra?fblh in the

br ucebl agiaAC qRkEiy Wa¥ 1teét8d Ey Rifaard RaTREBAd CEINfiabilit) dvalsi idrhafse@ewtoref t he

i nvention conprises a net in which the bacteria In_a sl ow phase
or a stathichynaaes. étreevw%eft@@trplr%w?ée nealigerhia 416 ﬁfdd-lr"t%%ﬁ?méﬂﬂ

BVCOb?ft i duBaticH: IR BHREHCF h iRbLBANON; WRRCEotdAH IHEMBUISETB lonBO [(9:4B/ nvedn ANt S|
rucel | ae.
SD

15  Figure 4 shows the chemical stability of Compound 10 formulated (A) as a solid, (B) in
water and (C) in PBS.

Figure 5 shows a 3D plot of the stability (measured by HPLC) of Compound 10 after 21
days in PBS buffer.

20
Figure 6 shows the stability over 8 weeks of various formulations of (A) Compound 1, (B)
Compound 8, (C) Compound 12 and (D) Compound 10.

Figure 7 shows the extended stability over 17 weeks of various formulations of (A)

25 Compound 10 and (B) Compound 8.

Figure 8 shows the effects of Compound 10 (“XF-73") and control agents at 4x MIC
against S. aureus SH1000 cold-cultures.

30 Figure 9 shows the effects of Compound 10 (“XF-73") and control agents at 4x MIC
against stringentt S. aureus SH1000 cultures.

Figure 10 shows the effects of Compound 12 (“XF-70") and Compound 10 (“XF-73") and
comparator agents (at 4x MIC) on the viability of stringent S. aureus SH1000 cultures.
35  Mupirocin (5 ug/ml) was added at time -30 minutes to induce the stringent response,

followed by other inhibitors and drugs at time zero.
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A seventh aspect of the invention provides a nethod for treating a patient
sufferi nng romor susceptible to a disease or condition associated w th or
caused byVQ2BHHE%Pa in a static phase, the nethod conpPlEIGROBAMNPH st ering
to the patl ent a conpound as described herein. It will be appreciated by
persons skilled in the art that the corrpounds may be used in the form of

phot ody naglfe HShaRY tr%reff@{(s SRR HUTE) AR CRNURS 1D HELRD) B

activity y be exp orted ernatlonal Patent Ap Ilcatlon
Nos: PCT/cGRBReGE0aBtD (3 mnpwsbszfabnémf ReRuesE0 851082 hstd v

2006/ 000 r-hifords 56 osures of which are incorporated herein by

ref erence. e conmpounds nmay be formnul ated and adm ni stered usi ng net hods

wel | Enown in the art. For exanple, the conpound rmay be admi nistered

orally, FF?%LF@H?%%WX H#H klhﬂé"k&@} it of ASmBPbHIUES PRFEBOY Eordpdandh 2fiXFo7aTRy be

on a living suppo oral cavity, uri nary tract, sinuses, ear, heart,
prost at e anbcmeumbarngfsantm@“nb@é agenis GOALRY 9. aWeLs iTTAI000Ae)s SXRESHNG e m may

be on an !{trﬂﬁ% BR&%} WY Bhidlare SHE InéshsBakdishldBrd davisfidhit of thrédiunt,

an i ntuba rac eotony tube, an opthal m c device, a joint prosthesis,
an arti flféwlﬁﬁteﬁé@mthﬁ Io@emdmrexaeweﬁét i npl ant. An eighth aspect of the
|nvqu|on provi des an inpl antabl e nedlcal device which is inpregnated
coated or otherwise treated with a npound as_descri bed herein,

exanpl e, Figuseitdshaws i Klling dineties @&?@@0%1%€X§eﬁ3e)c@d‘ppf*‘6ﬁ’n1?ﬁé( ?Qﬁlp

consi sti ngyof nbr%énaé(faa'?ﬁ%&[)blgleé@éﬁ%sagéiﬁéth@teﬁfréus SRYOAE celish WoRrt tungreand
tracheot ony tubes, opthal mc devices, joint prostheses, artificial heart

val ves arMalugseshawn ais et @eansy and mrgiﬁfqigpgahons of three replicates from three

independent experiments.

15
Figure 14 shows the killing kinetics of Compound 10 (“XF-73"), Compound 12 ("XF-707)
and a number of antimicrobial agents against S. aureus SH1000 cells in the early
stationary phase. Values shown are the means and standard deviations of three
replicates from three independent experiments.

20
Figure 15 shows the killing kinetics of Compound 10 (“XF-73"), Compound 12 (*XF-70")
and a number of antimicrobial agents against S. aureus SH1000 cells in the mid
stationary phase. Values shown are the means and standard deviations of three
replicates from three independent experiments.

25
Figure 16 shows the killing kinetics of Compound 10 (“XF-73"), Compound 12 (“XF-707)
and a number of antimicrobial agents against S. aureus SH1000 cells in the late
stationary phase. Values shown are the means and standard deviations of three

replicates from three independent experiments.
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device" we include devices attached to surface of body, e.g. contact

| enses. Preferably, the inplantable nedical device is packaged in a seal ed
and steri‘WQz@Wé%ﬁer prior to use.The invention furthePCHRAPWIN2H et hod
of making an inplantabl e nedical device according to the eighth aspect of
the invention, the nmethod conprisi EXAMBREBng an untreated inpl antabl e

nmedi cal device, or the conponents or ingredients thereof, with a conpound
as described herein. By '"treating’ in the context of this aspect of the

i nvent i onEXAMALREA SYNRHEBSOFEXRMBLARY GMROYNPEJ, i npregnated, coval ently
bound to or otherw se adm xed with an untreated inplantabl e nedi cal device,
or the conmponents or ingredients thereof. Preferably, the inplantable

nedi cal d%?%’@’%%"@%’&ﬂ%th the conpound. By 'coated’ we nean that the
conpound is applied to the surface of the inplantable nedical device. Thus,
t he i npl ant abl e nedi cal device may be painted or sprayed with a solution
conpri si - NtSAl t er nat i vel y, the inplantable nedical device may be
di pped in a reservoir of the compound in solution. For exanple, the

i npl ant abl e medi cal device may be incubated overnight at 4C in a solution
conpri si ngePcMBotRRftrasveIBerardetion @ Biiker BAGSEREP0 &K2) ipsfaneiwsiied nay
be i mpbitimsed inrmdd etdndBiamhakhemitarsHifd adeyiveieinPone uAad eb@sling toRstahts

i ncubation at roomtenperature, Alternatively, the inplantable nedical
devi ce. | SMiHEP ARSI Savelh SoRt ARERERIOB oY NB: Salet o i BaR (hat t ho
conpound dsubled ¢ Piple ity Guartebh Quime: ¢auastiing@tbigt (). t he conponents or
i ngredients of the inplantable nedical device during manufacture, such
Chemicals
15
All solvents and reagents were purchased from Aldrich, Fluka, Merck and Lancaster and

used without further purification.

Dipyrrolmethane was prepared as described by C. Briicker et al., J. Porphyrins
20  Phthalocyanines, 2 455 (1998).

Chromatography

Column chromatography was carried out using silica gel (Merck Silicagel 60, Fluka 60,
25 0.040-0.063 mm) and Sephadex LH-20 (Pharmacia). All solvents (Synopharm) for

chromatography were technical pure grade.

Abreviations

30 DDQ: 2,3-dichloro-5,6-dicyano-p-benzoquinone
DMF: N, N-dimethylformamide
TFA: - trifluoroacetic acid
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that it is distributed throughout the assenbl ed device. Preferred,
non-limting enbodi nents of the invention will now be descri bed by way of
exanpl e, WPZAWYMPEEence to the acconpanying draw ngs i nPRR{@RHG e 1
shows a schenatic diagram of the structure of skin. Figure 2 shows cell
toxi ci ty S¥nthesigaputesfantesteaPoUNgds obl asts after 5 minutes, 1 hour and 4
hours i ncubation wth Conpound 10. NHDF were incubated with di fferent

concentrations of Conpound 10 for 5 min, 1 h and 4 h (O mg %0.1
mM 1.0 nite idiowing. teskicPmpautds WREN SYHBerisadeas fd&scrzbfdh'n. W r?@&éflﬂés Xicity

was test egidyodeidtRdes il W@ 266we743b! ftHé afudidslvesas whidhatd sdricratene,
whi ch neans, the values of control cells were normalised to one. Gey

dot t ed | i hREeiNDYFpfRrangelibat i on; bl ack dotted: 1 h incubation; black Iine: 4
h incubation; (n=3, mean SD). Fi gure 3 shows cell toxicity of normal human
epi der mal ker atinocytes after m nutes, 1 hour and 4 hours incubation with
Conpound @CP’"W!EIQOWBP@"C(SJ%%??[’Q(&“%”WP @f ferent concentrations of Conpound
10 for 5 mn, 1hand4h(0mv1 0.0tmvy 0.1 M 2.0 MM 10 MM. Cells
were then |ncubat ed fo in the dark, Toxicity was tested by standard
MIT- assayC°'t'@W”d§|6aB|tcPi‘9 2\/\/3% orRefl @340 one, which neans, the val ues of
contrg cells were nornalised to one. Red dotted line: 5 mn incubation;

bl ack dotted: 1 h incubation; blue dotted: rérph i ncubation only; (n=3, nean
SD). Fi gu’?%fe@@ﬁG%P?WSJWéHF%QF CQPRBIRfY] GO onpound 10 formul ated (A) as
a solid, (B) in water and (C) in PBS. Figure 5 shows a 3D plot of the

stabi | | tycgrggggn%g%%b 6, 1558, B 354 WS 47 Ai'B 0 81

15 Chemical intermediates

Compounds 2, 4, 5,7, 11, 13 to 15, 17, 18, 20 to 22, 24, 27, 30, 34, 35, 38, 40 and 42 to
45.

20 COMPOUND 6
5-[3,5-bis-(3-Trimethylammonio-propyloxy)-phenyl}-15-undecyl-porphyrin dichloride

Q CiiHag

25 To a vigorously-stirred suspension of Compound 5 (80 mg, 0.14 mmol) and K,COs; (230
mg, 1.7 mmol) in DMF (30 mL) is added (1-bromopropyl)-trimethylammonium bromide
(0.3 g, 16.6 mmol) at 50 °C. The mixture is stirred at this temperature for 18 h. After
removal of the DMF under reduced pressure, the residue obtained is dissolved in
methanol (5 mL) and filtered through a pad of silica gel (depth 2 cm) supported on a steel
30  frit (diameter 3.5 cm). After washing the pad with methanol (ca. 1L) the crude product is
eluted with acetic acid:methanol:water (3:2:1, by vol.). Appropriate fractions are
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days in PBS buffer. Figure 6 shows the stability over 8 weeks of various
formul ati ons of (A) Conmpound 1, (B) Conpound 8, (C) Conpound 12 and (D)
Conmpound Y0.201H/Q4p668 7 shows the extended stability over PEVGRREVLOEB7var i ous
formul ati ons of npound 10 and (B) Conpound 8. Figure 8 shows the
effects o‘fo"%tﬁﬁcﬂﬂﬁzd aﬂer @vaparation) o i QvRnt JIndgh spducedt PrassUe. dhﬁgr&lsﬁ@? S.
aureus SHIGRes o surméhtw &ﬁom&bgﬁabﬁhgnsehém&nﬁ he sef 4o &hd deSegﬁsmw

("XF-73") and control nts at C agai nst stringentf S, aureus SHlOOO
cul t ur es. elelinguyih nepunakwatenaceticrasid S, %rYBbu‘#RPeI? aseF- Alter)regel X npound

10 (" XF- 7Be)sofadt fromPay, dﬁfat@ﬂ@&bﬁs @ﬁ&en“ﬁéd%e@ p@@s&r@eth‘é' eBidlié ovtaed is
stringent S. aureus SH 0 cul tures. rocin was added at tine

-30 mnut @8sAed indpetbandie(Ssrk) agkive %&lam&w%ﬁhmﬂ awoatq?&mn (e Bi tor s

and _dr ugsa@emj bﬂﬁnléﬁréicﬂr@;@rr@s:ﬂr ;Arn‘b@ﬁh’t@lﬁﬁﬁo@fcfr%ﬂd% fofm)Contasifledtdn of
("XF-70")  and nmpound 10 and conpar at or a?ents (at,. 4x M C) on

the vi ab.thmewaéﬁ alVeR s Selso " Frstiebrorb e, A3 e e 8B,

Fi gure 12;dapwihivaculrhkd yig thé aihibhde &fit dsmaernsold0 (" XF-73"), Compound 12
("XF-70") and a nunber of antim crobial agents against S. aureus SH1000

cells expressing the stringent response. Values shown are the neans and
st andar d deMi:i ons of three replicates fromthree i ndependent experi nment s.
Figure 13 shows th | ing ki;netics of Co ound 10 F-73"), ound 12
(- S Tom oD G0 oh P b 1 i S0 b Bl Kot o 45508 S Tb00
cells in z059 1®Unt, W RS 2.15-2.20 (m, 2 H), 2.95 (s, 18 H), 3.35-3.45 (m, 4 H), 3.95 (t, *J 7.5

Hz, 4 H), 4.55 (t, °J 7.5 Hz, 2 H), .85 (m, 1 H), 7.35 (m, 2 H), 8.85-8.90, 9.15-9.20, (3 x

m, 8 H), 10.10 (s, 2 H).

15
COMPOUND 8
5,15-bis-(4-{3-[(3-Dimethylamino-propyl)-dimethyl-ammonio]-propyloxy}-phenyl)-
porphyrin dichloride
/
N~
U \ L
- >N _/_/ ) N~ N{ -
-0 (-
20

Compound 7 (200 mg, 0.27 mmol) is dissolved in absolute DMF (40 mL) with N,N,N’,N’-
tetramethyl-1,3-propanediamine (5 mL, 13,9 mmol) and the solution is stirred at 50°C
under argon overnight. After evaporation of the solvent under reduced pressure, the
25 residue obtained is dissolved in methanol (5 mL) and the solution is filtered through a
pad of silica gel (depth 2 cm) supported on a steel frit (diameter 3.5 cm). The pad is
eluted with methanol (ca. 1L) followed by acetic acid:methanol:water (3:2:1, by vol.).
After evaporation of the solvent from appropriate fractions, the raw product obtained is
dissolved in methanol (5 mL) and further purified by chromatography on a column (2.5 x
30 40 cm) of Sephadex LH-20 using n-butanol:water:acetic acid (4:5:1, by vol., upper
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Val ues shown are the neans and standard deviations of three replicates from
t hree independent experinents. Figure 14 shows the kiIIin% ki neti cs of
Conmpound W8 2100663 )  Conpound 12 (" XF-70") and a nunb&CTEB2AMI0E3E  obi al

agents against S. aureus SHI000 cells in the early stationary phase, Val ues
s%own ar gaﬂar?é) A s deNsiPrngARASEd ﬁ?\/fi?rétt fragtign Sluted, sctae dssired REASKCh (ATt hr ee

i nd?pende@ho&épccgrsbrveﬁ%@quFE@;E@% gfessm’l@\é\ﬁe ié@@i#g iob{aiir’]i&i iK;[U[}S.invé@ gghfe@aﬁaognd
10 (" XF-73" oun " XF- 70" nd a _nunber o ntim crobial agents
agai nst S(Qé é\}r? @Ggp@ﬁi%éhreégtl‘ & F'F‘P'% ﬁa]“mnd(%? ét?%ﬁgﬁ)f%p?fé%.ex%"%s'e '‘Rown
are thedrrqs@ammama@dR;s\tzeomtpl@hlta__brid@\fdnert)i6 Oﬂﬁer%nfobélef_s{oﬁwnl_ t GAd&rSreduest fbl‘érég@re 4
I ndependent eri ts. Figur sh t he ki I netics o oun
107 (o 7o PRE ke His tesiond - Foy Wi ethlGingtand, e ida i T2 UGBt <
agai nst Sgivathequsdusta®aGickelsbid.i n the [ ate stationary phase. Val ues shown
are the neans and standard devi ations of three replicates fromthree

I ndependent experi nents. EXAMPLES EXAMPLE A : SYNTHESI S OF EXEMPLARY
COVPOUNDSHMEM®R: i al s and Met hods NVR- measur enents Proton NMVR spectra were

Ctandar d. STROOBHEREDDER R 2 S8 TB. SFG 202 ShiR Ak 2605 e asstaft £ o
in the i nYitgteH), ssbsent12 9 T150b5 ed, atH)os.65@ 75\ 4 &i) ngs@tt, {53.2 Hy, qad
erP?! gf egﬁ)(s, k;zx_o‘,jg%'(gtx § 97 EHPLS K5 8 081805 Bk § B 2 JHL S (A 2

H).

COMPOUND 9
15  5,15-bis-[4-(3-Triethylammonio-propyloxy)-phenyi}-porphyrin dichloride

\+ AN T~
SR R

To a solution of Compound 7 (50 mg, 0.068 mmol) in absolute DMF (20 mL) is added

20  triethylamine (4,7 mL, 0.034 mol, 500 eq.). The mixture is stirred at 60°C for 24 h. The
solvent is removed under reduced pressure and the residue obtained is dissoived in
methanol (5 mL) and filtered through a pad of silica gel (depth 2 cm) supported on a steel
frit (diameter 3.5 cm). After washing with methanol (ca. 1L) the pad is eluted with acetic
acid:methanol:water (3:2:1, by vol.). After evaporation of the solvent from the eluted

25 fraction, the raw product obtained is dissolved in methanol (5 mL) and purified by
chromatography on a column (2.5 x 40 cm) of Sephadex LH-20 eluting with n-
butanol:water:acetic acid (4:5:1, by vol., upper phase). The solvents are removed under
reduced pressure from appropriate fractions, the residue obtained is dissolved in
methanol (5 mL) and the solution is passed through a short column (3.5 x 20 cm) of

30 anion exchange resin (Amberlite IRA 400, chloride form) to yield the product as a violet
solid after evaporation of solvent.
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Chem cals Al solvents and reagents were purchased from Al drich, Fluka,
Merck and Lancaster and used w thout further purification. D yga/rrol net hane
was prepalV@FOWdEScri bed by C. Brcker et al., J. Por phyFi{gB2009/002537

Pht hal ocyani nes, 2 455 ( 1998). Chromatography Col umm chromat ogr aphy was
carried oftNM& ng silica gel (Merck Silicagel 60, Fluka 60, 0.040-0.063 nmm

and_Sephadlegsobhiz28p(Ghpn B Ehen, d.1§ﬁg‘h%@8§e(s@ﬁﬁf%99naléﬂlzﬂcﬂ-ﬁz (FBLPRtRYT aphy

wer e techni gure gra reviatio
2, 3- di chltbe @r® $0QBAPas® parbefithe quitinet comved by the/ sgivenhsighals. fothtnttieJ TFA:

trifluoroasety Ayt hesi t for g est. T ﬁLIZogvi, t est
conmpounds \?\grpéﬂgg'gtbﬂgsﬂe‘g a7§5 é‘ggcgﬁg&% Afﬁri 3\0@83%?6%%%98%\/\0?2 06/ 880765
and WO 20074 64840 ¢t 7reH)i $e#5<uRER of which are incorporated herein by

reference): Exenplary conmpounds for use in the invention Conpounds 6, 8 to

10, 12, 23, 25, 28, 3 1 and 32. Reference conpounds (for use as conparative
cont rol s)COMMEMNA401, 3, 16, 19, 26, 29, 33, 36, 37, 39, 4 1 and 46 to 51.

Chemi cal 4 74 8{s(B4S 4tiRRthylammonio-propyloxy)-phenyl}-porphyrin dichloride

o< ) & )-O
; .

2

10
A solution of Compound 7 (300 mg, 0.41 mmol) in absolute DMF (50 mL) is transferred
into a 100 mL autoclave. After addition of trimethylamine (4.5 g ), the mixture is stirred at
50°C for 16 h. After evaporation of the solvent, the residue obtained is dissolved in
methanol (5 mL) and the solution is filtered through a pad of silica gel (depth 2 cm)
15  supported on a steel frit (diameter 3.5 cm). After washing with methanol (ca. 1L) the pad
is eluted with acetic acid:methanol:water (3:2:1, by vol.). After evaporation of the solvent
from appropriate fractions, the residue obtained is dissolved in methanol (5 mL) and
purified by chromatography on a column (2.5 x 40 cm) of Sephadex LH-20, eluting with
n-butanol:water:acetic acid (4:5:1, by vol., upper phase). Two fractions are obtained, the
20 first-eluting of which is the desired product. The solvent is removed under reduced
pressure and the residue obtained is redissolved in methanol (5 mL) and the solution is
passed through a short column (3.5 x 20 cm) of anion exchange resin (Amberlite IRA
400, chloride form). After evaporation of the solvent under reduced pressure, the residue
is treated with methanol:diethylether and dried under high vacuum to give the product as

25  a violet solid.

'H-NMR:

84 (300Mz, CD;0D): 2.40-2.60 (m, 4 H), 3.30-3.25 (bs, 18 H), 3.75-3.80 (m, 4 H), 4.40(t,

°J7.5Hz, 4 H), 7.40, 8.20 (2 xd, J 8.5 Hz, 8 H), 9.05, 9.50 (2 x d, >J 4.5 Hz, 8 H), 10.45
30 (s, 2H).
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Conmpounds 2, 4, 5, 7, 11, 13 to 15, 17, 18, 20 to 22, 24, 27, 30, 34, 35,
38, 40 and 42 to 45. COVPOUND 6

5- [ 3, 5- bi WO8L0fMPGPdt hyl ammoni o- pr opyl oxy) - phenyl ] - 15- unBE(T,WBZBQ?/qOZWri n
dichloride To a vigorously-stirred suspension of Conpound 5 (80 ng, 0.14
mol ) andAlkzEEYe(syBthe s route foriaasIRCUNd TBMF (30 i) is added

(i -bromopropyl)-trimethyl amoni um brom de (0.3 g, 16.6 mml) at 50 0C. The
m xture is stirred at this tenperature for 18 h. After renoval of the DW

under r edeRBEOWICe43 U @0MgHB 2midelggee dislaw)ris HissPivedsar petpssiMERTPaRRE (5
n) and f{zb?ﬁgemﬁqknbgug Qu@pe%éd @f DWH {301y @hd (6l et b.garoggn/-sﬁue@%hafé Bgn a

steel fri draneter "3.5 cnm). After washing the pad w th nethanol qca 1L)
the criudeaqsiedarielution gf okbr@mpfqpyaé@?%ylam"wnﬁﬂ Waqm'pewa%%g ( 53mMp)) inpy,

vol .). Ap:@MPRsms Ardpwasd !atoﬁ@cadi&ﬁx%'ﬂoeﬁﬁr%d BiOmix@lrk 8¢ heNBageRI5HNDMF khe
sol vent under reduced pressure, e residue obtained is puri

chr omat ogfeBINGd Bl relaRysivareration andthegesidye elytaings isieseived. in meéhwfﬂ'ga' thet n

n- but anol gogfofr is A CtRGidh & Pad: df smctéygéaqhepthtmr&a{) fUPRERId oA 4 &feel &tV al
of the solvent from appropriate fractions under re uce(f pressur t he

resi due ofameieds: ﬁsc”@r sé%?"v‘@%lsh'w Witk mgieanot &ani1L) the,pa f?ee'EWu"t" ACstic

passegp t M&&'%t&n@hﬁét&r (%3)8 HWB 3P AfteOevapbrafibn @ﬂ&@s@%@ﬁl&ﬂﬁﬁ abpfpfate
(Arrberl|teIRA400 c or| org After collection_of the elua sol vent

i s renovePAERr thee dRRIGHE Sirsovad ineBethanoh¥P amke AN% pHF'{%’d BYnder

hi gh vacUugHrbhatoy S @bmmrp 2Qexsw tmiSofasepiddeik Bial2od.eldtifgNMRa ©iH
(300|vz cosoo”@hg ¢ i ofe S¥p oy -1.50

(m 2 H,bya “@tew"?‘ﬁﬁ agid #ﬁ 5t bygoh. %Qe( Rﬁasf?‘rl)lfw%%%mf‘% arellé?"ﬁ)“%d 5-3. 45
(m 4 H) fl@t—&@tlr{gt of whick.i® the desired product. The solvent is removed under reduced
15  pressure and the residue obtained is redissolved in methanol (5 mL) and the solution is
passed through a short column (3.5 x 20 cm) of anion exchange resin (Amberlite IRA
400, chloride form). After evaporation of the solvent under reduced pressure, the residue
is treated with methanol:diethylether and dried under high vacuum to give the product as
a violet solid.
20
COMPOUND 12
5,15-bis-[3-(3-Trimethylammonio-propyloxy)-phenyi]-porphyrin dichloride

¢ W,

,[\{\/\,O O\/\/r\{_

25 A solution of Compound 11 (400 mg, 0.543 mmol) in DMF (50 mL) is transferred into a
100 mL autoclave. After addition of trimethylamine (6.3g), the mixture is stirred at 50°C
for 8 h. After evaporation of the solvent under reduced pressure, the residue obtained is
dissolved in methanol (5 mL) and the solution is filtered through a pad of silica gel (depth
2 cm) supported on a steel frit (diameter 3.5 cm). After washing the pad with methanol

30 (ca.1L), elution with acetic acid:methanol:water (3:2:1, by vol.) affords fractions which,
after evaporation of the solvent under reduced pressure, gives a solid residue. This is

dissolved in methanol (5 mL) and purified by chromatography on a column (2.5 x 40 cm)
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Hz, 4 H), 4.55 (t, 3J75Hz,2H),685(m1H) 735(m2H)
8.85-8.90, 9.15-9. (3 xm 8H, 10.10 (s, 2 H. COVVOUND

5, 15- bi s-¥@ 2{)@/‘{46@30 met hyl ani no- propy!l ) - di net hyl - ammmPSF/G[ﬁZBWO%?y} pheny
| )- porphyrin dichioride Conpound 7 (200 ng, 0.27 mmol) is dissolved in
absol ut e ohgerhadexihi-20)alyting, vth" bptanoliwateraeetin geid {4:54. faw@lar\@apbmaﬁ@)(s mL,
13,9 mol ywahdchidh@ 270 kitd Pforh $he EbifimA ttha tirst OF WhitRd€ thePd3@8d Proudi. ORfter Af ter
evaporation of the solvent under reduced pressure, the residue obtained is

di ssol vedeMmevakehHigosolyent mnylern frAUCA® Pesisuts. She iresidyg phiaiedt irdiskpives Bad of
silica gemefdABIL(B mL)C n@he%b‘ﬂﬁi%ﬁﬁ@ﬁaé%@d@hr%h@?% shbh leolutirA@®s £203m d?@nonThe

pad is eluted with nethanol (ca. | owed by acetic aci d: net hanol : wat er

(3:2: 15, ®¥cheage )res"Af(t"@beé'%dBAaﬁpQ)nCWP”Ci%éorgﬁl SopeRiiSa FRFRNS Heger
fract i onspedhbsy b@%@é%ﬁne%kﬁbﬂaedal i§ t@aﬁe'ao\bvmeqlnétﬁlarmﬁmam@the(r&o e and

further purified by chromato on a colum (2.5 ephadex
LH 20 u5|W@'ehs%'Gt"%'RS‘l'SM?%P“‘%E@!Q%VE‘&HWH (4:5:1, by voI , upperphase) as the
devel opi ng phase. The first fraction eluted is the desired product. After
renmoval of sol vent under reduced pressure the residue obtained is dissolved
in met handt- Nb’%‘m ) and passed through a short colum (3.5 x 20 cm of

ani onyexcHarEemMzes broby\oErs ss @nl RA), 453% (sChé ep) 3195-f4@r5rrh 4/M)t gpoleypyal  of
sol vent under _reduced pressure fromthe eluate, the residue is treated with
di et hyl ethéb. 24873, éagﬁjﬁaer 780g8% & Ut §d*)gﬁ\P@ -0 %f‘%&ﬂ?t(%"h & Hdl et
solid. 1"'1(NMR(m©H’H 300MHz, CD3OD): 2.20-2.35 (m 4 H), 2.40-2.50 (m 4 H,
2.80 (s, 12 H), 5 (4 H t

COMPOUND 23
15  5-{4-[3-Dimethyl-(3-dimethylaminopropyl)-ammonio-propyloxy]phenyl}-15-(4-dodecyloxy-

phenyl)-porphyrin chioride

20 Compound 20 (30 mg, 0.038 mmol) is dissolved with N,N,N’,N’-tetramethyl-1,3-
propanediamine (156 mg, 1.2 mmol) in THF:DMF(1:1 by vol., 20 mL) and stirred at 50 °C
for 18 h. After evaporation of the solvent under reduced pressure, the residue is
dissolved in dichloromethane and purified by column chromatography (silica gel Merck
60) eluting with acetic acid:methanol:water (3:2:1, by vol.). After combining appropriate

25 fractions and removal of solvent under reduced pressure, the residue is treatment with

dichloromethane:hexane to afford the product as a violet solid.
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3 7.8, 2 H, 3.25 (s, 12 H), 3.45-3.55 (bs, 4 H), 3.65-3.75 (m 4 H), 4.30
(t, 3J 4.2 Hz, 4 H, 7.40, 8,10 (2 x d, 33 7.5 Hz, 2 x 4 H), 8.95 9.45 (2x
d, 3J 4. VOR010/86443  10. 40 (s, 2 H. COVPOUND 9 PCT/GB2009/002537

5, 15-bi s- lr’r'4 34 Tri et hyl ammoni o- propyl oxy) - phenyl ] -po f hyrin dichloride To
a sol uti off-yMRconpound 7 (50 ng, 0.068 mol) in absol ute DV (20 M _) is
added trigt (Bb'oﬂtﬁ' &%oﬁ A1 EA, Bhetic LidPd.d5m 35991%»? 40Trhe1éfH>ft#5§1 ied (A '2”90'

at 600C for he solvent is renmoved under reduced préssure and t

resi due otk él%&isﬁémdﬂﬁ)sél P29 tpsmBtthaddb-3 2> 11)8 HhcB- 73 (bsed &b 4-BF &Qﬁgﬁ a pad

of silicaygelsg &B@Eﬁ |P1)27 g 2@“9@@@@'(2@%618 $hegbsigdd, o(1dla B tess-§.38 (8K -
net hanol he pad' i's eluted with acetic

After washi 25?
aci d: rfet hefd¥ Hivat0e?0 (e32h). 1, by voI ). After evaporation of the solvent from
the eluted fraction, the raw product obtained is dissolved in nethanol (5
m.) and purified by chromatography on a columm (2.5 x 40 cm) of Sephadex
LH 20 el uePMPWNR 28hut anol . water. acetic acid (4:5:1, by vol., upper
phase). Ther §Rb¥$ﬁ§(4%@déc§lﬁ?%§ﬁbd&0§%&pﬂyﬂﬂ Potinds r@p)fl)réﬂmeﬁﬂproprl ate

i SS

fractions, the residue obtained is oIv I'n nmet (5. nm) and the
sol ution ?’EW&%‘@@WWS\R}W@W“?) %BPW"F@Y%aW"M'W”CBP”Qﬁl on exchange
resi nq Anberlite I RA 400, chloride form to yield the product as a viol et
solid after evaporation of solvent.1H NVR dH (300Mz, CD3OD): 1.25 (m
18H), 2.13 (m 4H), the signals for -CH 2NCH2 (mMNelnthe area
3.00-3.40 as a part of the nultipl gh g ed by ’the | vent signals, 4.15
(t, 4H, 3J = 7.5 Hz), 7.36 (d,—4H, 5 (d, 4H, 3] = 7.5
Hz), 9.05 (d, 4H 3) =18, 64,

Compound 23 (20 mg, 0.022 mmol) and (1-bromopropyl)-trimethyl-ammonium bromide
(26 mg, 0.1 mmol) are dissolved in DMF(15 ml) and stirred ovemight at 50°C. After
15 evaporation of the solvent under reduced pressure, the residue is dissolved in methanol
(5 ml) and applied to a pad (3 cm deep) of silica gel which is washed with methanol (500
ml) followed by acetic acid:methanol:water (3:2:1 by vol.). After evaporation of the
solvent the residue is purified by column chromatography (silica gel Merck 60) using at
first acetic acid:methanol:water (3:2:1 by vol.) and then pyridine:acetic acid (1:1 by vol.).
20 The second fraction eluted is collected and dried under vacuum. The residue is
dissolved in methanol (2 ml) and purified by chromatography on a column (2.5 x 40 cm)
of Sephadex LH-20 which is eluted with n-butanol:acetic acid:water (5:1:4 by vol., upper
phase). After removal of solvent under reduced pressure, the residue is dried under
vacuum at 80 °C. NMR spectroscopy indicates the product is contaminated with a small

25  proportion of elimination products.
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9.54 (d, 4H, 3J = 7.5 Hz), 10.45 (s, 2H) COVPOUND 10
5, 15-bi s-[4-(3-Tri et hyl ammoni o- pr opyl oxy) - phenyl ] - por phyrin dichloride A
sol uti on ¥P 204M46aeAd 7 (300 ny, 0.41 mmol) in absol ute BUVEFGBIONA0ISITs
transferred into a 100 nL autocl ave. After addition of trimethylamne (4.5
g ) , theCPMAQWND28 stijrred at 500C for 16 h. After evaporation of the
sol vent, & Rhe.bieBLEURinH RhRARFhdnTo-8H Sflehyi- Jdicistidehe
solution is fisﬁ?e(r ed "ﬁ?r’gﬂgﬁﬂ‘a pa%btﬁ)?et%?ﬁggmgg%%g%%d@hmd'supggrted on
a steel frit (dianmeter 3.5 cm. After washing with nmethanol (ca. 1L) the
pad is eluted with acetic acid: nmethapol ;water (3:2:1, by vol.). After

Coif 17819 fractions, the residue obtained
is dissolved in nethanol (5 nL \ chromat ography on a col um
(2.5 x 40 cm) of Sephadex LH 2 \ j but anol : wat er: acetic acid
(4:5:1 , by vol., upper phase) Twog{dckidns ale obtai ned, the
first-eluting of which is the gesired j he solvent is renoved under
reduced pressure and the resi dye obtai nddl #s reflissolved in nmethanol (5 nlL)
and the solution is passed thNugh a short coluMr (3.5 x 20 cm) of anion
exchange resin (Anberlite I RA’400, chloride forn). After evaporation of the
sol ve under reduced pressure, the residue is treated with
met hanoLdi et hyl et her and dried under high vacuumto give the product as a
vi ol et sol¢ @. sclktioR\#t Corrpd BRDRE (STDROM)08 thrakd) @. BNIF( (20 mLHunds. 80akod5 ( bs,

181, 3 Aol Ricdi oo 80072, Hnd) Sy o froopgdrmiedarioiufh 3
bromide (300 mg, 1.2 mmol) are added and the mixture is stirred at 50°C for 18 h. After

removal of solvent under high vacuum the residue obtained is dissolved in methanol (5

10 mL) and filtered through a pad of silica gel (depth 2 cm) supported on a steel frit
(diameter 3.5 cm). After washing the pad with methanol (500 mL) it is eluted with acetic
acid:methanol:water (3:2:1, v:v). After drying of appropriate combined fractions under
high vacuum the residue is dissolved in methanol and purified by column
chromatography on Sephadex LH-20 eluting with n-butanol:acetic acid:water (5:1:4, by

15  vol, upper phase). After evaporation of solvent the residue obtained from the first
fraction eluted is dissolved in methanol and passed through a short column of anion
exchange resin (Amberlite IRA 400, chloride form) to give, after evaporation of solvent,
the pure product.

20 'H-NMR:
81 (300Mz, CD3OD): 0.85 (t, °J 7.5 Hz, 3 H), 1.20-1.40 (m, 12 H), 1.50 (m, 2 H), 1.80 (m,
2 H), 2.40 (bs, 4 H), 2.55 (m, 2 H), 3.20 (bs, 18 H), 3.65 (bs, 4 H), 4.35 (bs, 4 H), 5.10
(m, 2 H), 7.50-7.55, 7.70-7.85 (2 x m, 8 H), 8.95-9.00, 9.25-9.24, 9.50-9.70 (3 x bs, 8 H),
10.15 (bs, 1H).

25
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(s, 2 H.Aternative synthesis route for Conpound 10 Conpound 42 (100ny,

0. 2m\bt; see belo i s dissolved and potassium carbonate &230@}:}9 1. 7mvbl) is
suspendedVPROHOE30OM.) and to the vigorously-stirred nP&t{HRIPILHded a
solution of (i-bronopropyl)-trimethylanmoni um brom de (350ngy, 1.3mWbl) in
DVF (5mL)C JNB 3t 500C during 30 mins. The mixture is heated for 15h.

DIF | _ _ 30 mns, The mxture is heated for 15h
et hangh ma S o U ABRE R o oBTfe hRECER OB SIRPAITSIE Ger  Caept h

in nmethanol and the solution is fi

2 cn) suppefac¥iexyRhenyStreahyrip dichiodidanet er 3.5 cn). After washing with

met hanol (ca. 1L) the pad is eluted with acetic acid: nethanol :water (3:2:1,
by vol.). After evaporation of the solvent fromappropriate fractions, the
resi due obtained is dissolved 13 (5 nmL) and purified by

chromat ography on a col uny ) E Sephadex _LH 20, eluting with
nbutanol : water: acej ug-% @ A 5: 1, by ,Ogﬁp@“‘p\h{s}'k Two fractions
are obtained, the first-eluti n ni\ch 1's the desired product. The
solverg is renoved under reduc <

redi ssolved in nmethanol (5 nlL) and the solution is passed through a short
colum (3.5 x 20 cn) of anion exchange resin (Anberlite I RA 400, chloride

f orm. Af @enn_peurab% &0 og, 0._055 mmnsla)isx/dia$ol\tam'!th n‘ettiml:enﬂlqer @Gsslr &) nmintd) 'me;i due
el AL ottt R BT SHLHRY ) ST Bt 88+, MARDr YAGHMAGhOo Ve

, 15- bi s- [ iYedt el iesidug bataimediindipsaiyed ioxysthaint (/in].) pud fiteyed thralightd pad dfe A
sol ut jPn Qﬁcac‘é)ém@elb[ﬂgz %f]n) gf}&%rt@g’onoa g(ég’l fmligmétgr %n{).SRﬂgHvaéhﬁné {h@bsafder red

into a

with methanol (ca. 1 L) it is eluted with dichloromethane:methanol (2:3 by vol., 500 mL)
and then acetic acid:water:methanol (3:1:2, by vol.). After removal of solvent from
appropriate pooled fractions the residue obtained is dissolved in acetic acid and purified
by column chromatography on Sephadex LH-20 eluting with acetic acid. After
15  evaporation of solvent from appropriate pooled fractions and drying the residue obtained
under high vacuum, the residue is dissolved in methanol and passed through a small
column (3.5 x 20 cm) of anion exchange resin (Amberlite IRA 400, chioride form). After

evaporation of solvent from the eluate, the product is dried under high vacuum.

20 COMPOUND 32
5-[4-(3-Dimethyldecyl-ammoniopropyloxy)-phenyl}-15-{4-[3-dimethyl-(3-

dimethylaminopropyl)-ammoniopropyloxy}-phenyl}-porphyrin dichloride

/

N s
s Oro
\/\/I CioHay
Né
N

Me,

25
Compound 23 (50 mg, 0.068 mmol) is dissolved with N,N,N’,N'-tetramethyi-1,3-
propanediamine (354 mg, 1.36 mmol) and N,N-dimethyldecylamine (1 g, 2.72 mmol) in
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100 nL autoclave. After addition of trinmethylamne (6.3g), the mxture is
stirred at 500C for 8 h. After evaporation of the solvent under reduced
pressur e, VPRE1YME&Gdue obtai ned is dissol ved in nmet hanol PEB/GR2P04NE he
solution is filtered through a pad of silica gel (depth 2 cm supported on
a steel fPMFTHE@EMemer 13, Dycwgl) axfd the wiadirenig stimedpatd SAICG ovamidhin offter
(ca.1l), @Jvaﬂcﬁ Bn‘U{tﬂQe 8564t Undk! Fé:rd[]@écﬁ?ﬂ%%ur@@ﬂ@bsﬁd?bezoﬁ'ta|ne9¥s Mlgéol‘)eoafnf ords

fractions ter evaporation of the solvent under reduced pressure,
gi ves a soethaneledPdule). anthfiltered thipughos wed of silinee gRbfHept B om))suapertgsuen ki ed by

chr omat oggapM @Rnft&0) 5 21( Rﬁér \Rfas‘ﬁ%gctﬁl gé? with *ﬁ?éiﬁé%olr K&#@ SHF.‘) ke ”s?eM{ehh

n- but anol > wat er: aceti c aci upper ase ractions
are eilut ewith rasetic iasidypethanol: V\Hﬁ%f f31 Zd¢ bbfVQthl chhe sflrﬁth@OdéfsttrO@é ¢uteduare.

After remnoydlingf aﬁa%ff%?'é(/(%gbraﬂgﬁ%rf tﬁc—?@UR/FHt Bh&S St¥dEiced ggesrsﬁﬁe' gae Ry 2 ned

is dissolved in nethanol utron i s pass rough a short
col unm ( 30HBairedis diggolved larmesfﬁﬁmem@nweﬂ@mthqwmgﬁaphy en |amlum)(2 TKI48r i de

form, thgy eﬂss;sﬁade§ mﬁﬁ@\éﬁﬂmgwﬂnbeQHsi%tQJ&%ﬁera%lda{hd%ﬁ mﬁy.f;’ﬁ'vy PARuCt i's

treated vvlth net hanol : di et h Ive a violet so ri ed

under hi glEmexakRfrEolvent Nnger raqimqegamwuredmwye secapd-frachgn efyted; the ressiugs (s,

18 H) 10 3 lg%\ssgﬁleﬁ% rﬁeth&nolgS 39_)4ar%5 49%kd 4hr5ngh Z é}%rﬁccﬂém 13%8% §07c?v of
7.80-7.85 (3 B°40- 9 H?1040r?12H)
CQVPQJND arion exchange resm (Amberllte IRA 400, chlonde form) The eluate is evaporated to

5- {4~ 3- QirRdd¥enutie %sﬁ@k@ﬂtﬁﬁé&i@Hﬁ@@ﬁhéer%@%cﬂuﬁ&@%%%% Bﬁﬂ%t' -1

5- (4- dodecyl oxyphenyl ) - porphyrin chloride Conpound ng, 0.038 mmol)
is dissolved with NN,N ,N -tetranethyl -1, 3-
'H-NMR:

15 84 (300MHz, CD;OD): 0.80 (m, 3 H), 1.05-1.25 (m, 10 H), 1.25-1.40 (bs, 2 H), 1.80-1.90
(bs, 4 H), 2.15-2.30 (bs, 2 H), 2.80-3.60 (m, 20 H), 3.80-3.95 (bs, 4 H), 7.05-7.15, 7.85-
8.00 (2xm, 2 x4 H), 8.75-8.90, 9.20-9.35 (2 x bs, 2 x 4 H), 10.15 (bs, 2 H).
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propanedi am ne (156 ng, 1.2 mol) in THF: DMF(1 :1 by vol., 20 niL) and

stirred at 50 OC for 18 h. After evaporation of the solvent under reduced
pressur e, VPR&1YME&4due is dissol ved in dichl oronet hane aRET{SURPIY W3Ry

col utm chr omat ogr aphy (silica gel Merck 62 el uti ng with acetic
aci d: met hEXAMP éh'NP(TS ANTHBAGTERIAG|ACTIVITXQF GONROUNP 1D PEIERMINATION@QF f r act i ons

and renoVginmiim RAIBYORY COREERTRASIHICRAC PASRMIMUM BAERRBICAI CONEENRLAGNENT
wi t h di chl or onet hane: hexane to afford the product as a violet solid.1H NVR

dH (300MAMB®ICI 3+1 % acetic acid ) : 0.85 (m 3 H), 1.20-1 .40 (m 18 H),
1.55-1 .60 (m 2 H, 1.60-1 .65 (m 4H), 2.10-2.20 (bs, 8H), 3.15-3.25 (m
8 H), 5375(bs 2 H, 420(bs 2 H, 4.35 (bs, 2 H, 7.15-7.20, 8.10-8.15
(2 xm 8 H, 8.95-9.00, 9.10-9.15, 9.25-9.30 (3 x bs, 8 H), 10.20 (s, 2H
COVPOUND P murimarn. IP?(IQIIC{I’)Q.CPI]_@DEFQU%W|@&9qr@(1yarﬁlm9lplyl_wnf against a specific

hyrin-5- Yh]crmW}s @éfﬁeulals tHé ramﬁlhwlnaemah@inonmmyérﬂnbsléteﬁsu lenta\R/here
tinonio)-propyl]-trinmethyl-amoniumtrichlorid rrgoun m_:j 0. 022

nmmol ) and™q |apB?r6ﬁbr5'Fk9l?y95°3"t"P iofre B \AroaHET® i lﬂ?ﬁﬁ?’%‘l’n G A(%‘”W\S“ M) are
di ssol vedlnhm.théancénmt)onynmletsl ér@e@p.@a@r aétgmmeﬂ uéiﬂél@onégr&raf.o@/a&weat i on

of the solvent "under reduced pressure due is _dissol ved in nmethanol
(5 m 10 anifpditissriie drofr sgrig swofeid W%@pSN%‘Pné'l pPE‘ﬁ“%Q@I fofnfinical L-ahosatery vm th
met hanol  $aR@arb thgLéﬁmﬁbﬂb\bkmr«svmahédm? bamin mtn%rob?al @uécetb}’b'ﬁ@'

After evaporation of e sol vent he resid IS

ol u
chr onat ogtesthier (BadtsreathgleCrave Acrotieally. Aprigvad qunpqu aéetEr‘E lon'* Yolume 20

aci d: met hqavabemat ganuadi 2060)bY THOIMIC RIRCCAASELNAYTO 6H BR a6&ince GtCight Wasl by
vol.). The second fraction eluted is coll &ed and dried dunder vag%tg\ The
resi due |'Bvestigated, using a protocol based on the protocol produced by the

15  (National Committee for Clinical Laboratory Standards (NCCLS) Handbook M7-AS5,

supra).

The minimum bacteriocidal concentration (MBC) is defined as the minimal concentration
of drug needed to kill most (99.9%) of the viable organisms after incubation for a fixed

20 length of time (generally 24 hours) under a given set of conditions (National Committee
for Clinical Laboratory Standards (NCCLS) Handbook M26-A; “Methods for determining
Bactericidal Activity of Antimicrobial Agents; Approved Guidelines” Volume 19 number
18, September 1999).

25  Methodology

Staphylococcus aureus BAA-44, a multi-drug resistant Methicillin Resistant
Staphylococcus aureus (MRSA) strain obtained from the ATCC catalogue, was used in
this study. The following concentrations of Compound 10 were investigated: 0.764 ;
30 0.382; 0.191; 0.0955; 0.0478; 0.0239, 0.0119, 0.00597, 0.00298, 0.00149, 0.00075 &
0.00037 pg/mL. Stock solutions were made up in distilled water and serial dilutions

undertaken of this to produce the required concentrations immediately prior to use
At least 3 to 5 well-isolated colonies of the same morphological type were selected from
35 an agar plate culture and the growth transferred to a tube containing 100 mbL of

Isosensitest Broth and the broth culture is incubated at 37°C overnight. The culture was
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di ssolved in methanol (2 nl) and purified by chromatography on a colum
(2.5 x 40 cm of Sephadex LH 20 which is eluted with n-butanol:acetic
aci d: wat eWOBIMM4668y vol ., upper phase). After renoval SETEHAWA0233 der
reduced pressure, the residue is dried under vacuumat 80 OC. NWR

spect r osdbgy bendiuted &a a fieal pianalliv 1of i 19° cehy/aki Wikh deeshi lspsensipgt| Brofit 8pér t i on

of elim ﬂ?édb?ib&&.ﬁ%%ﬁa gD &2 cells entered exponential growth. _
5, 15-bi s-[ 3- (3- Tri met hyrranmmoni o- pr opyl oxy) - phenyl ] - 1" 0- undecyl - por phyrin

dichloride To a solution of Conpound 27 (50 ng, 0.08 mmol) in DVF (20 i)
under an RSP FiRDaBSES it WadGah¥errdt iffo QHEH of ﬁf‘ﬂells of a polystyrene

(3-bronopropyl )-tri et hyl ammoni um brom de (300 1.2 mol) are added and
t he midxt (A6 Wel microtitesoplate. @oe;@tf%rweilsoﬂnba%?@%ra'qr@mwme Bresetas, Bhoraer

hi gh VaCLI'HéEI|&rlﬂealdr%5héHJ|ﬁcI99édi1a@%0bdsﬁva'c§r$tF8I)V9d in nmethanol (5 nl) and _
filtered through a pad of ica gel (depth 2 cn) supported on a steel frit

(dianeter 3.5 cm. After washing the pad with nethanol (500 nL) it is

el uted wd bo afesfithe TonPoURE h@%okWs’éﬂlﬁlbné ford: the ,dllMtch sen’éfstv@ére(y petteq b
appropriate conbined fractions under gh vaccgumt ere e is dissol ved

in met harlBe releanbwell for &g wr@wme%ﬂ%&ﬁ'ﬁ%ﬁ? wﬁveeﬁrksaé&z ﬁéﬂd e B8 ut i ng

Wi th - bub@hfeParlri2a Rt indabation (t8 dbterfinelie Vlﬂ‘bldlt%lﬂ‘peﬁéh WBRS These dater
evapor ati on of sol vent the resi due obtained fromthe first fraction el uted

i s di ssolaredsehtofateranes thedCpassed through a short col um of anion
exchange resin (Anmberlite | RA 400, chl oride forn) to gi ve, after

evaporation of solvent, the ag g product. 5% fi 0%2 G?
(t, 3 7.5\es 243heyrs incugtian (% 293 ﬁ?mpfs tpinflu fpm thep el Sut”
visible bacterial growth (four welis up) were inoculated onto nutrient agar plates as spots
15 and incubated at 37°C for a further 24 hours to determine the MBC.

Results

The results demonstrated that the MIC for Compound 10 in the absence of light was
20  0.0955 ug/mL, and that the MBC was 0.382 pg/mL (Table 1).

Table 1
MIC and MBC data for Compound 10
25
MIC (ng/mL) MBC (ng/mL)
Series 1 0.0955 0.382*
Series 2 0.0955 Not determined
* growth on sub of 0.191 much reduced from initial inoculum to about 10*/mi
Conclusions
30

The resuits demonstrate that in the absence of light Compound 10 has low MIC and
MBC values. These data indicate that Compound 10 is considerably more potent as an

antibiotic than some traditional antibiotics (see Table 2):
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7.50-7.55, 7.70-7.85 (2 x m

2 H), 2.40 (bs, 4 H),
bs, 4 2
5(9 25 9. ;DMOQOEWé“?o (ng bs,

5-{4-[3- Di met hyl -

nmol )

(3-trinet hyI anmoni o- props/
(4- dodecyl oxy-phenyl)-po f hyrin di JAbler
is dissolved with nethyl

8 H), 10.15 (bs,

jodide (5 n

80 mml )

n ) and the ni xMi¢@ndMBG V?'F‘%*"dméf’mﬁéwdfmawonﬂ?@t@f‘a@)ﬁ'ﬁ@ﬁ'aﬁ i on of

solvent the residue obtained is dissolved in nethanol

Goftipotnd! Ca gel (]depmc&aw v,%gmgrtte
i : ne

bk PI@t hane: n
(3:1:2

through a p
(dianeter 3
eluted with
acid: water:
appropriate
acid and pu
acetic acid
and drying

i n nmet hano

Ebfip

anol

[ OmMBT VhRRS: (Eu\ﬁhﬁL)

hanol (ca

et hanol §ggss by vol .

500 m_) gy then ag
| of qnl vent from

DaRRlchi acti ons

fied by colum c

by vol . ) Atpr r enn
t he residue obtained

hr omat oqgraphy on_Sep
~J D R 4 T

is dissglvgt in acet
hadex |H-20 el uti ng

4.35

8 H@ 8.95-9. 00
1H) Cova 1@0(19/002537
| ) - ammoni o- pr opyl oxy] - phenyl } - 15-
cl e Conmpound 23 (50 nyg,
i n_absol ute DVF(30

0. 055

(5 n) and filtered

etic

ic
ith

zwotx@f LIRE2RR

he residue_o

)

atio
tai

on of sol vepat from ap
d under_ high vacuu

propri atg.pggl ed frag

the_residue is dis

and passed through a small

excharfge re&)rCrighigehialeal lﬁ&%eém%) studly| tgrgedamiing

sol vent from t3g2inst gaam:Positse natinge

col urm (3.5 x

of ani on

tions
ol ved

) V‘t'%fatcéY‘t'gi)/ SharRIPMYRINOf

ps jigol Piie'ﬂ tt]ﬂdé'?'fem ﬁfﬁ%ﬁa ¢RPO-EeRPoUND

32 5-[4-(3-Di prr%{fé‘@?@éﬂﬁqﬁ%%ﬂfﬂ P@?;n @P{%g 33 3- di rrg;qtg X
di net hyl -
cimmﬁouﬁdag]s mﬁggwaeoégﬂm?m aliAgegissaad| e %@ ?PY(1¥%7) 41V<H10) 2165-72
N, N, N téq) % H:’ efalgin v:tro actericidal activity of daptomycin against staphylococci.

Journal ofAntlm/crobla/ Chemotherapy (2002); 49: 467-70

50

3-



propanedi am ne (354 ng, 1.36 mmol) and N, N-di net hyl decylamne ( 1 g, 2.72
nmmol) inDVE: THF(30 M, 1:1 , by vol.) and the mxture is stirred at 500C
over ni ghtWOAPHEH6@ apor ation of the sol vent under reduc&§TESNIBH he
resi due obtained is dissolved in nmethanol (10 nlL) and filtered through a
pad of si FKRMPLE: INNASEANTREAGHERAMASTMEPRIMOMPRYNR10 + ACTIVITHONRR ARANGES ) .

Af ter WaSB#R&%ﬁc@@ﬁh‘fﬂé,&hd@uﬂl@ﬂ@lso{ﬁﬁes 500 nmL) it is eluted with acetic
aci d: net hanol : water (3:2 , by vol.). The first two fractions eluted are

conbi ned and after evaporatl on of the sol vent under reduced pressure the

resi due opgai aohy on
e PheImAth? IERA (hckArdBROANAL sPAch BURbLAS 10y okl aTRhGE" PNy

n- but ahol r%rfe@ﬁe af&ms and ¢linicgl 4salates, weyp determinedapsing IsaSepsitast® prajip apdnt

under r edMﬁﬁﬂurW!?éc‘iéHcﬁjaf EQBehfsticRCMIEL ) ddbintRed by”sﬁgczulthl%eorﬁtS%diMﬁblbs
di ssol ved in methanol (5 nL) and passed through a short colum (3.5 x 20

cm of anP@ﬁdéS&fhange resin (Anmberlite IRA 400, chloride form. The eluate
is evaporated to dryness and the residue obtained is dried under high
vacuumto afford the product. 1H NVR dH (300MHz, CD30D): 0.80 (m 3 H),
1.05-1 .2 e(’?ﬁ QF}H) 1.25-1.40 (bs, 2 H, 1.80-1.90 (bs, 4 H, 2.15-2.30
(bs, QOH) 2.80-3.60 (m 20 H), 3.80-3.95 (bs, 4H) 7.05-7.15, 7.85- 8.00
(2 xm 2 X 8. 90, 20-9. 3 2 X bs, 2 x 4 H, 10.15 (bs, 2

H) . EXAMPLE @5%Mmﬁ£°9‘-ﬂ\??iut'8¢\€frﬁﬁ1nﬂeum@t‘é YRS age UBAMBISD 10 - DETERM NATI ON
OF M NI MUM | NHI BI TORY CONCENTRATION (M C) AND M NI IVUM BACTERI OCl DAL
CONCENRATI ON (MBC) . The, mi ni rum i nhi bitory concentrat] cé ?q %

anti m cr obi 4t el dﬁ‘@f!&’i”ﬁé"fer%\ugﬁ%a“?f‘éo A8 PJARPS ?%‘ BY3UoRY Sté’"eteﬁe

m ni mum conggnt.edi mg/Lof an antibacterial agent where no apparent visible
gr owt h of the organismis observed (FDA definition of M ninmum

3. The test microorganisms were grown up ovemight in IsoSensitest® broth

4. The cultures were then diluted with fresh broth to a final concentration of 10*
organisms/ml and placed on a shaker for 90 minutes at 37°C
20
5. 90 ul of the broth culture containing the microorganisms were transferred to each of
12 wells in a row in a microtitre tray and repeated in a control tray - four organisms

per tray.

25 6. 90 pL of the appropriate Compound 10 dilution was then added to each well
containing organisms to give a final dilution series from 16 mg/L to 0.0005 mg/L

7. The solutions were mixed well and incubated in the dark for 24 hours

30 8. The MIC was recorded and 25uL from wells showing no growth was subcultured onto

blood agar for MBC determination
9. The MBC values were recorded after overnight incubation of the subcultures.

35  10. Controls of uninoculated broth and broth plus inoculum were undertaken for each

organism in each tray
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I nhi bitory Concentration). MCs are typically determ ned using
concentrations derived traditionally fromserial twofold dilutions

(Nat i onal WO W& for Cinical Laboratory Standards (REBGH0MANEFIok
M7-A5: "Methods for Dilution Antim crobial Susceptibility Tests for
Bacteria that G ow Aerobically; Approved Standard - 5th Edition" Volunme 20
Nunber 2. pdapwary 2000). The M C for Conpound 10 in the absence of |ight
was i nvesti gat ed using a protocol based on the M C protocol produced by

t he NCCLS (Nati onal Cormittee for Cinical Laboratory Standards (NCCLS)
Handbook 5 T i mum bacteriocidal concentration (MBC) is
defi ned aiﬂ?ﬁéuﬁfﬁ'%rna wgoﬂggﬁ%?atl on of drug needed to kill nost (99.9% of
the vi@ble organisns after incubation for a fixed length of tine (generally
24 hours) under a given set of conditions (National Committee for Cinical
Laboratory Standards (NCCLS) Handboolz'ak%;"A; "Net hods for deternmining

Bactericidal Activity of Antj r obi al A ts; rove i.del i nes" Vol une
19 nunber 18, SeM'Q rMBQ yghus es ICHB"BBF %ﬁ‘ﬁ\f))lg gat ?ﬂcéus BAA-44, a
mul ti-drug resistant Methicil lin Resi st ant St aphyl ococcus aureus (MRSA)
strai n obtaihned —used+n-this study. The

f ol | owi ng ORR#RSMT at i orsswdinConpound] Tpawere MICeEpdga0eMBE)| 764 ; 0. 382;
0.191; 0.[0955; 0.0478; {0.0239, 0.01 . ngﬂ_,)00597 ﬂnWQS 0..00149, 0.00075
& 0. 00037t rrn/ - Qf oclk- gnl ubons—were—made- U{a‘ il di-st - led-wat er and seri al

TeeorT

di lutions aamegfphw@edsbo% aukdus (mthw/mdm@stgn@e requi red concentrations
i medi at Iy pj:lnr to—use-

ATCC BAA-44 0.5 0.5
Experiment 1

Experiment 2 0.5 1
Experiment 3 2 2
Experiment 4 0.5 1
Experiment 5 0.5 >1
Experiment 6 0.5 1
NCTC 11939 0.5 0.5
(EMRSA-1)

EMRSA-15* 1 1
EMRSA-16* 0.5 0.5

(b) Staphylococcus aureus (methicillin sensitive)
0.5 0.5

NCTC 6571

ATCC 25923 0.5 1

(c) Staphylococcus epidermidis (methicillin resistant)

38808* 0.5 0.5
33750+ 0.5 1
33650* 0.5 1
36572* 0.25 0.25

52



At
sel ect ed

from an agar
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QCRSBPR2eanpl ¢
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n U \Weli-s-

| @) EnteprRBERSHedlimer 24 Hours i ncubatio
L+ n-each-well . These data-are used to determ ne the
»s of khe fl

nto pleterm'

bid frlom t he
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MC. After 24
well's w thout
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torial arowt
cterai—grov

ujq\at ed at 370¢
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Lp We | sl

3f6r OGS furt

her 24 hours

nutri ent agar

pl ates as| spots and i ng to determ ne
the MBC. | at-ed—that—t- onmpound 10 in
t he absenice of |ight wags. 0955 ny/ mk, an®?hat the C was 0. 382 ng/ nL
(Tabl e 1)—Fable-1 MCrand MBC data-for Conpound10* growth on sub of
0.191 nuch reduced fromggrtial inocul um t%° about 103Przﬁ Congl usi ons

E44* 0.5 0.5

(AEnterococcus faecalis
ATCC 29212 1 >1
E4* 0.5 0.5

* = Clinical isolates

Conclusions

The results demonstrate that Compound 10 has very low MIC and MBC values for a

range of gram-positive bacterial strains. The MIC and MBC values are almost identical

within the limitations of the methodology, suggesting that the mode of antimicrobial

activity is bacteriocidal as opposed to bacteriostatic.

10
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The results denonstrate that in the absence of |ight Conpound 10 has | ow

M C and MBC val ues. These data indicate that Conpound 10 is considerably
mor e pot eNP 28W/04p66ant i bi oti c than sone traditional anti BCHGERE0YMEBTabl e
2): Table 2 M C and MBC val ues for conpound 10 and conventional antibiotics
(a) Crit cEXAMPLER:EOXGITY TREIMG QFCAMRQUND 1Y ARANSTHUMANGELYBt r 0 activities of
dapt onyci n agai nst gram positive pathogens isolated in the United States in
2000- 2001. Antim crobial Agents and Chenot herapy (2003); 47(5): 1689-93 (b)
Bi avasco Methodgfogy n vitro antibacterial activity of LY333328, a new

sem -synthetic gl ycopeptide. Antimcrobial Agents and Chenot herapy (1997);

41(10)s 2i&ER-chfpotindd WelS sBiechéd #dr- tokRity IaghRsPaGikred Hutktin 8Gh ickild Yising
dapt onmyci n agai nst staphyl ococci. Journal "of Antim crobial Chepotherapy

(2002); 4wrmashumgmerigerpalckeratgesytes ANTEIaoreremal Remety deymel ND 10
- ACTI VI TKHRERodhcRANeFroRC BidysRAMI iR ERN IG5 ANbiElddiiaAl. | SOLATES The

M ni mum | nhi bi'tory Concentrati'ons (M Cs) for Conpound 10, over a range of
reference strains and clinical isolates, were determ ned using

| soSensi tasd NHEK LAY INHIDKE cMINWVBRIMUERE betWeeh dlssaguiCe intiat0. oMe ¥BGegre

determ ned by subculture onto | unbi a bl ood agar. Mt hodol o . A /m
st ock1% ol $ReOBH With Co#PIRRAS 1‘01%%@'% (Ofereitreipts) apd were @L?‘g%d e?fattﬂcﬁu'?ig ons

wer e gnd%@aﬂtﬁsmtih QnRhQsHAES (87°02BULSCOL). PARE RiEUBbAHONORith ﬁi?‘éme IBon'i%ntrat_Q)thO t1
g?ot h ' ofethe esgIectrgdcr;h%?orsggsnitlisserrrssfo\‘v?/gﬁo&rt(i)r%AQs, l#?e &\ellgrv%rg |ncubgtedsf8r 52 l%urgs (r)

in the dark.

15  Toxicity was tested by standard MTT-assay (Mossman et al., 1983 J. Immunological
Methods 65: 55 — 63). MTT is an indicator of metabolically active cells. Dependent on
enzyme activity in mitochondria a colour reaction can be visualised, which can be
measured by ELISA reader (540 nm). The cell viability was normalised to one, which
means, the OD values of cells after incubation in the absence of a test compound were

20 normalised to one. Each experiment was repeated three times.

Results

Results of the toxicity studies in keratinocytes and fibroblasts are shown in Figures 2 and
25 3. The data demonstrate that Compound 10 does not demonstrate an innate toxicity for

either normal human epidermal keratinocytes or normal human dermal fibroblasts at

doses which are known to have an anti-bacterial effect.

30
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4. The cultures were then diluted with fresh broth to a final concentration
of 104 organi sns/m and placed on a shaker for 90 mnutes at 370C 5. 90 i
of the br Pﬁo%f)(ﬂ“?@?e cont ai ni ng the nicroorgani sns wer e PET4IRPEYVEH7t 0 each
of 12 wells in rowin a mcrotitre tray and repeated in a control tray -
four or gaﬁ?‘é’ﬂ%‘-ﬁfers't‘?'ﬁ? OF@XEyﬁL‘rﬂYCQMPOPNBSWHM%?%%ECMOUM 10 dil ution
was then added to each well containing organisns to give a final dilution
series from 16 mf)/L to 0.0005 ng/L 7. The solutions were m xed well and

i ncubat edBindinga EFSHPWGF’SfﬂﬂGUF’s’zS”"hIﬁeC% C was recorded and 25nL from
wel I s show ng no growth was subcul tured onto bl ood agar for MBC

determ nati o The C val u(f%f)vxﬁ{]e recorded after overni ght i ncubati on of

t he subcuft e§ensld"er%o'ﬁf"|’t2ﬂt% iMB Yttt @emBPYIch 8antP R oth Bl Y&MPYocul um

wer e Undeéérﬂ:@ﬁﬁatfdﬁ% gazh gmganmrfhenerﬂmh thé anBlRsatbh Spdfd, rRe Ukdis weR shown
in Table . Table 3 M C and MBC val ues for conpound 10 and conventi onal

anti bi ot E%d*menteﬁ ibyi cegtrifuaatipn te geregvectha drashipn qfh@hoa@% test camwpwrd and ther hat

Conpound dél part wgéxfeé ‘&e%é& gl nYBE 246 IseStof Sbtaif éeﬂﬂﬁ@at@é‘ BHeMbRAghi Ve
bacterial strains. and MBC val ues are al nbst 1dentical within the

i mi tati offgubstiop h\%"trhé%dm%@y‘o%hgﬁe%eﬁmﬁ"@ HEst EPEPAEE Wae astimated (b al
actividy ssechafddimedid dRdlyas opﬂ@mﬁlyéa@esbam@ ebehfiblidh SPNMReRpdunds’ Xl I TY
TESTI NG COVPOUND 10 A | NST HUMA
the cell lysates was calculated by measuring the intensities at the maximum of the
emission fluorescence spectrum and interpolating the data on a calibration plot. The
amount of cell-bound test compound was expressed as nmoies of compound per mg of
cell protein. The protein concentration was determined by the method of Lowry (Lowry et

15 al., 1951, J. Biol. Chem. 193:265-275).

All experiments were run in triplicate and the results represent the average of 3

determinations with standard deviations.

20  The amount of porphyrin recovered from the cells is shown in Table 4.
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Met hodol ogy Test conpounds were screened for toxicity against cul tured

human skin cells using nornal
nor mal huBFOWAHA®E i brobl asts (NHDF), purchased from

human

epi der ma

kerati noc

S

and
37

Bi ot echnol ogi e GvbH, Germany. The NHEK and NHDF cells were used between
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(b) 3 washings

Compound 8 Compound 12 Compound 10

0.01 0.009 + 0.001 0.021 £0.005 0.015 + 0.0004
0.1 0.030+0.02 0.089 + 0.02 0.078 + 0.02
0.5 0.274 £ 0.15 0.622 +0.10 0.334 + 0.092
1 2230+038 1.930 £ 0.20 1.278 + 0.102

10

The results shown in Table 3. show that the three test compounds bind to E. coli with

similar efficiency and that about 50% of the compound that is associated to the cells at

the end of the incubation period (5 min) is removed by 3 washings with PBS.
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E. coli cells were incubated for 5 mn with Conpound 8 , 10 or 12 at
various concentrations (1-7.5 m). At the end of the incubation period, the
cell s wer¥O28HYHE$Bed by centrifugation to renove the fP&EGEIAI2¥Abound
test conpound and the cell pellet was resuspended in 2 m of 2% SDS to

obt ai n ceEXAMRLEL:: STABINTY STUBNESr ni ght i ncubation with SDS, the amount of

cel |l -bound test conpound was estimated by spectrofluorinetric anal ysis of

t he cell sates. The concentration of the conpounds in the cell lysates
was cal cuCéF'@tP%ﬁﬂ%’EKurl ng the intensities at the maxinumof the enission
fl uorescence spectrumand interpolating the data on a calibration plot. The

amount of _cel | -bound test conpound was expressed as nnol es of conpound per
my of Tel Theidiowing. HPhE pethodplagy srasesntakiishesh fatathedrnabisia Ak iheogxemriamet hod
of Lowy éd,ﬁyg%dgbf%mve]ﬂgm J. Biol. Chem 193:265-275). Al experinents
were run in triplicate and the results represent the average of 3

determ nations with standard devi ati ons. The amount of porphyrin recovered
fromthe @l InfethSd $MBNES Betbalide bﬁ J@baltea Q\,ataﬁan@ﬁ%k M?zosmwmhhdm itapdg 3
show that the three test conpoundS bind E. coli with simlar effici ency
and t hat $RSSIftc BYothese t SRIMRUASS UMY areief tq é“%[ﬁ's%dmpé'&e% dqatelated |tg the t he
end ofg tr@orbf:rwb%tmewr@ Bh@GhErféleMhot BbsdtBRGEEt RY0NMAI N@acith IdF the

PBS. EXAMPLE STABI LI T STUDI ES Chem cal stability The follow ng HPLC

met hodol o‘@9° R reBataaramR HETE AISe fecofred Ppetwess 299@’6)?&%7%9 Yt SgddRds of

the i nventdigye arfd\edéretiappini davalnv@dpetiticed.i on by UV at a wavel ength of 420
nm which is very

Column: Zorbax Phenyl, 250 x 4.6 mm, 5 Om
15  Eluent A: 1.5 g sodium dodecylsulfate + 1 mL formic acid in
1000 mL water
Eluent B: 1.5 g sodium dodecyisulfate + 1 mL formic acid in 200

mL water + 800 mL tetrahydrofurane

20 Gradient:

Time Eluent B
fmin] | [%]

0 50

31 65

32 90

33 50

43 50
Flow rate: 0.4 mL/min
Detection: 420 nm

25  Column temperature: 25 °C

Injection volume: 10 pl
Solutions: Porphyrin derivatives were dissolved in eluent A to

give a final concentration of approximately 0.3 mg/ml.
57



specific for these conpounds. In order to nonitor inpurities not related to
the porphyrin structure (and therefore not absorbing at 420 nm UV spectra
of the wh¥PSOWHHEIPAL ogr ams were al so recorded between 280THHR2AMP0750 nm by
DAD (di ode array detector) in certain experinents. Columm: Zorbax Phenyl,
250 x 4.6 mMm 5 DmEluent A: 1.5 g sodium dodecylsulfate + 1 m. formc

acid in 100Qcarlrelontiod tifeUsithe Bexemblaty SofpELAUY Ha8epYioxithdtal s minkitdd kg orm c
acid in 200 nL water + 800 nL tetrahydrofurane G adient: Flowrate: 0.4

nL/ mi n DefW¥4$ BREMZP0 nm Col um tenperature: 2 5 OC Injection volune: 10 ni
Sol utions: PPoorrophhvyrriinn cderivatives were dissolved in eluent Ato

give a_ final concentration of approximately 0.3 ng/m . Typical retention
time of tﬁea@%ﬁpﬁt%§ t%%wscﬁ]agdp en B s ExRPRIpY ePmRoNTER 8T he1BvaRtinn: e

runti ne) . ARMIGis wak uM@ertdkeA Sy HFKE 8 LEEMS. TRSIB6hpHATYs Qeré BReB5RH M Yolid
conpounds_of the inventian, AnaI%S| s.was undertaken HPLC & LC

conpounds 8 8 ay3queeus glytian and &3¢kt mpds UR I %{wsafeﬁ%@uﬁer§6|sati%ypsf%ﬁghz
sol ution TReleamples werBaaiaERt Rrebbdté@ a7 sRlé Be soWd ahd albimsianBhRSedRse
initiall ytelstrl']r?gqb'?geecsjargglres 7wer%yt?1egtingt?ba?e% ?onrda %ur%r?erﬁp% edarygrr;;[v_/eéi °]E)(,)rsamples
10 removed as before and the samples incubated further for 7 days at 90 °C. HPLC analysis
of freshly prepared solutions was undertaken and compared to the samples after 7, 14
and 21 days incubation. A visual comparison of the chromatograms was then undertaken
and the content of the main products and by-products as area percentage values
determined (see Figure 4).
15
The 3D plots of the chromatograms show no indications for additional formation of

fragments (no signals at lower wavelengths)

20 The plot in Figure 5 shows the sample after 21 days in PBS buffer, which showed the
largest degradation effect. The results demonstrated minimal degradation on analysis of

solid drug and drug in solution heated to 80°C for a number of weeks.

Conclusions

25
Compounds 10 and 12 were both found to exhibit good stability and were very stable
even under the stressed conditions of the test protocol. Although Compound 8 was less
stable than Compounds 10 and 12, the stability demonstrated was found to be sufficient
for practical use.

30
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testing. The sanples were then incubated for a further 7 days at 70 OC,
sanpl es renoved as before and the sanples incubated further for 7 days at
90 C. HPLWORAHYA8G638 of freshly prepared sol utions was uREEGERREMOERA
conpared to the sanples after 7, 14 and 2 1 days incubation. A visual
conpar i sontality af exemplasy 6gmReENds & farawlatiens: t aken and the content of the
mai N products and by-products as area percentage val ues determ ned (see
Figure 4), The 3D pl.ots of the chronatograns show no indications for

addi t i onal "¢ SHARILY X thresr exemBRNS CPRBOWIdsn 4Famaeunds fer 10,a0E| EHgRME )ONthe

pl ot in Fiegarepcd cohPolind NEoMBIMET 2T dt6red 2atl 40%Y Sn | the Pk baver 68  wadksCip
showed t he Iah)%est _degra ation effect. The results denonstrated m ni nal
i

degr adfat i BAYSRYISPRYVIGISIIR Vaftous GarePyusrRased irmmulaligns. wasgivalualad asdalaws:t o soocC
for a nunber of weeks. Concl usions Conpounds 10 and 12 were both found to
exhibit good stahjlity and were very stable even under the stressed

condi tions of th%qdédlaﬁ%’f B‘HBrl‘?teZQSLtEF%JgWa@BWpound 8 was | ess stable than
Conmpounds 10 and 9lPwatehethahabi | ity denonstrated was found to be sufficient
for practical us .%&:bi LLity of exenplary conpounds in fornulations The
stability of thr "éﬁﬂl t?/”?f unds (Conpounds 8, 10 and 12) and one

ref erence conpound (Conpound 1), stored at 400C in the dark over 8 weeks in

Fol Vous: EBaeEHTY e rafOclsr vt B4 Srsepon T0ares overs paned ob hart anda

visual evaluation of the samples made at 8 weeks.

The results indicate that all compounds tested exhibited good siability over an eight-
15  week period (see Figure 6).

For Compounds 8 and 10, the stability study was extended to 17 weeks (see Figure 7).
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- SLES + 9:1 wat epet hanol UV spectra were recorded over the range 350-700
nm over a period of 7 weeks and a visual evaluation of the sanples made at
8 weeks. WRESVHEY68s i ndi cate that all conpounds testedPEXEIPEY2H0d
stability _over an ei ghtweek period (see Figure 6). For Conpounds 8 and 10,
t he st abi Ewplﬁ%bﬁc‘gﬁsm&&'@gﬁéamﬁwﬁwg 10see Figure 7). EXAMPLE G :
ACUTE TOXI CI TY TESTI NG OF COVWOUND 10 Conpound 10 was tested at 3.2 nMin a
topical faormulation in a standard acute dermal toxicity test to determ ne

i f any cl PAM@aUNGA0 Mastigstediat 412 PMxR @ tepicaldprmationdmsotiaadard @cdtesiermal

det ect ed. tokRfty aset k@ abt@irhinb itary MhiRSIUr m@a%geaqsxiaql (e GmhgbehdResidiby the
testing of chemcals /Section4 - Health fects Test Nunber 402: Acute

Der mal ToQ?tEFtFQ-. Resul ts and Concl usions After clinical, macroscopic and

m croscopi ¢ observation, no clinical toxicology was observed. No

hi st ol ogi %al t oxi cal ogy of any mmjor organ i ncl udi ng the skin) was

obser ved. % 2E¢a dpxidivgrrotoeg) brred nagES Drigvidelings) for the tastinget shemicals ¢
effect: irBekfieit4 -MedithEHebisCRIZ NGmb&! 402 ABlite TRrvAl PRiGH! Signs related to

t he substance or its vehicle application were observed. EXAMPLE H EFFI CACY
OF COVPOUND 10 AGAI NST BI OFI LM5 AND SLOW GROW NG CULTURES OF STAPHYLOCOCCUS
AUREU%) Abrb¢aetanBasdeglielongd: A key feature of biofilmformation is the
bacteria's ability to resist antibiotic

After clinical, macroscopic and microscopic observation, no clinical toxicology was
observed. No histological toxicology of any major organ (including the skin) was
observed.

15
In conclusion, Compound 10 does not result in any acute toxic effect: in fact, no
significant clinical or pathological signs related to the substance or its vehicle application
were observed.
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activity. The slower growmh rate of bacteria in biofilns may be an

I nportant factor in increased resistance. W have investigated the activity
of Conpout@ 29/04646& | ead conpound in an entirely new cl B&3/@ROMOER cr obi al
agents, against biofilmand sl ow gr oW né; cul tures of Staphyl ococcus aureus.

Met hods: LieHe FAFIGARYNEE FOMPRYND: LY AFAINST BIQRIES KDL SLPY-GROWING

m cr odi | WyL90RBLEOS THPAY LSO UsIAUREUSOCI ety for Antim crobi al Chenot her apy
(BSAC) guidelines. BiofilmMCs (bMC) and m ni num bi ofi | m eradi cati on

concentrations (MBECs) were determ ned using the Cal gary biofilmdevice.
The effecpsphciConmpound 10 on the viability of cold culture cells was
deternined by growing S. aureus SH1000 to early exponential phase at 37C
and ré@suspending the cells in pre-chilled nedia, where they were mintai ned

in the presekgesuraiioh kdyseawr: of bisknmFomdion (s tetbaerfibkabilifgRnesist dhibiotitf ect
of Conpound 10

2l o dot X Hed 18, SR (e i deciegaga 19 me gahas enatbarel B lRent
response ih&tedagRdrdtistdte. Fuislinavennedstighedithel siioy) of Ridnisauatihed athe ieabi bi t or
Fecover e oMOUR 458 CUITY JEROFRER & HOHETCTOR, ALSGS. BABBL AP RA PGt on
ant i bjoof i drowing tcuiirey oMEfaphaodidels adireds.mg/ ML and a MBEC of 2 ng/nL agai nst
oo SO0 EOTBREL M D AR Ol 1By R AR G2 T
t et r acyclto nBritRhdSbéiétnior Mritiesigebial \GHeynoterhply (BSAO) guiktined. r BioflentMiCesponse
ChL S ) ARl B ek or e ot Mt of bR il |
treated whé ICdigsy byith devie@nTiesngfiédt of Compound 10 on the viability of cold culture
15  cells was determined by growing S. aureus SH1000 to early exponential phase at 37°C
and resuspending the cells in pre-chilled media, where they were maintained in the
presence and absence of Compound 10 and control agents. The effect of Compound 10
on slow growing cells expressing the stringent response was also determined by growing
cultures to early log phase and the stringent response induced by the addition of the
20 isoleucyltRNA synthetase inhibitor mupirocin. Compound 10 and control agents were
then added and samples recovered for viable cell determinations.
Results: Compound 10 had potent antibiofilm activity with a bMIC of 1 pg/mL and a
MBEC of 2 ug/mL against S. aureus SH1000, compared with bMICs of 4, 0.5, 0.5 and
0.03 pg/mL and MBECs of >256, >256, >256 and 128 pg/mL for ciprofloxacin, fusidic
25  acid, tetracycline and rifampin respectively. Cold culture and stringent response cultures
remained susceptible to Compound 10 with a 5 log drop in viability observed within 1
hour compared with no loss of viability for cultures treated with fosfomycin, vancomycin
and daptomycin.
Conclusions: The potent activity of Compound 10 against S. aureus biofilms and slow
30 growing S. aureus cultures demonstrates that its antibacterial activity is independent of
the growth state of the bacteria and suggests utility for Compound 10 in the treatment of
biofilm-associated S. aureus infections.
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and dapt omyci n. Concl usions: The potent activity of Conpound 10 agai nst S.
aureus biofilms and slow growing S. aureus cultures dempnstrates that its
ant i bact eWP2M14UEG5i ty is i ndependent of the growth stafETEBARIRI teria
and suggests utility for Conpound 10 in the treatnment of biofil massociated
S. aur eudniregustien ons. I ntroducti on The formation of biofilns is increasingly
recogni zed as a major factor in a wde range of bacterial infections.

Forei gn body associ ated infections, the chronic infection of the lung in
cystic f|B}eofgngatmtquf@namna@ﬁwagly reFogpizPdAs aamaiof fastordn AR N8I Bs of

bi of i | mMegicalaintdetissd. IFRsign bBdy §§stoma’tetd iRfeetidrRC B Enfolie fite&tRACK tRdiuhhat 80%

of human infections in the devel oped world are as a direct result of
bi of i I5m fiBreyati¢ dRrosis patiente @rgrentay 'Bfeﬁ'(?ﬁsca'[et st fave axapples ofybigfilghi v

ref ract orpyedigte8i8étAt] IAMacM it hasﬁ*é@é?ﬁfy%éﬁl?é’porb%ttﬁ&%"/ﬂ@f/mrﬁﬁﬂ RfEcHARORYPI C
resi stance. Consequently, the number "of therapeuti¢ options is linmted and

t he devellBpAgygiorsd W{Pe@rea“ﬁﬁ dvect @BP'&P“ bigfbmifermAtieR -anti bi ofil mactivity is
i ncreasingly inportant. Conpound 10 is an exanple of a new cl ass of

antimcrobial agents and represents a new approa h to anti bacteri al
t herapy. TESRSETRE. 1oofile RutbeEs @fedatlyp'(’ﬂHZCé’l'ﬁg) REPL NG r‘?ﬁ%"gﬁ?@(}l ¥y

been ghovdhehftHieamC withoul Mbéeidhbidg GBAdtpic agsMtasde. aso'r@aqleermr;/ the BUMIsSHSOf
strains |nclud|ng met hicillin- sen |t ve S. aur

heal t hoarBSERRYS SRiioRS s tiAte andt V§&°BH‘F"§°F aav%@“"ﬁﬂab'a' agents with
comuni t yardibpart adtRfy SahEeasihgly nnddi‘éhﬁt ant S. aureus 2. The aimof this

study was to denonstrate the activity of Conpound 10 agai nst biofilm
Compound 10 is an example of a new class of antimicrobial agents and represents a

15  new approach to antibacterial therapy. Compound 10 is bactericidal (MBC50 1 pg/mL)

and has previously been shown to be active (MIC50 1 pyg/mL) against a range of S.

aureus strains including methicillin-sensitive S. aureus (MSSA), heaithcare-associated

methicillin-resistant  S. aureus, and community-associated methicillin-resistant

S. aureus *.
20
The aim of this study was to demonstrate the activity of Compound 10 against biofilm
and other slow growing bacterial cultures.
Methods
25
e Planktonic MICs were determined according to BSAC guidelines®
e bMICs and MBECs were determined in a Calgary device according to standard
methodologies*
e The killing kinetics of Compound 10 against S. aureus SH1000 (MSSA) in cold
30 culture were determined using standard time-kill protocols, with the exceptions
that cultures were kept at 4°C
e The kiling kinetics of Compound 10 against stringent cultures of S. aureus
SH1000, induced with mupirocin, were determined according to the method of
Oliva et al. (2003)5
35
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and other slow growing bacterial cultures. Methods Planktonic MCs were
determ ned according to BSAC guidelines 3 bMCs and MBECs were determ ned
in a Cal g¥PYOHA%E according to standard net hodol ogi es PAT/GEREONIPIH ng

ki netics of Conpound 10 against S. aureus SH1000 (MSSA) in cold culture
wer e det dResulted using standard tine-kill protocols, with the exceptions
that cultures were kept at 40C The killing kinetics of Conpound 10 agai nst
stringent cultures of S aureus SH1000, induced with nupirocin, were

det er ni ned accdrapovpdt’® hateantiidita astivitg withaa &MIG (of 1(@@8)@@ MBEC o3npound
10 had anti bi qf4 kvt | of [ m
agai nst S. auﬂ];dlﬂrlgmglgl%%é%scﬁu%% ggﬁ &%&B%rggj vﬂ?fﬁ}‘rl%rﬁ@g\%ﬁfgndndgogg ng/ nmL
and MBECs of >Z¥®l anddBEC56>25f >258 mRptrand 148 ka/piLder eiredipxaci. fusidic
acid, tetraCyCédd??et%%?clﬁmbfaﬁmé?néiﬁ@éb%ﬁ\)éw abi¢apl e 5) Cold culture and
stringent response cuftures renmal ned susceptible to Conpound 10, with a
5-1og drop in viability observed within 1 hour, conpared wth no | oss of
viability for 1 i Ei 5.
Suscept | bi | Vtyo o RS ol S s s rameed  p g idicobfa
control agent s10Dwith avi-tog dsep Toviapitipebserved within 1 hour, compared with no loss of

10 viability for cultures treated with fosfomycin (Figures 8 & 9)

Table 5.
Susceptibility of S. aureus SH1000 biofiims to Compound 10 (XF-73) and control agents

’ Drug ..~ MiCa  bMICb MBECc
. (vgiml) (ugimL) (pgimL)
Compound 10 1 1 2
Daptomycin 1 2 >256
20 Vancomycin 1 2 >256
Nisin 2 64 >256
Fosfomycin 16 8 >256
Fusidic acid 0.25 0.5 >256
Tetracycline -1 0.5 >256
25 Rifampin 0.008  0.02 >256
Ciprofioxacin 2 4 >256
Cefotaxime 0.5 4 >256
Chlorhexidine 2 1 >256
CTAB?® 2 2 >256
30 Flucloxacillin 0.125 4 >256
Gentamycin 0.5 1 >256
Meropenem 0.5 0.5 >256
Mupirocin 0.125 0.25 >256
35
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(mg/ ML) (mg/mL) (mg/ i) Compound 10 1 1 2 Daptomycin 1 2 >256 Vanconycin 1
2 >256 Nisin 2 64 >256 Fosfonycin 16 8 >256 Fusidic acid 0.25 0.5 >256

Tet racycl VR W/ Y663 >256 Ri f anpin 0. 008 0.02 >256 G prof PEXLH2A02532556
Cefotaxinme 0.5 4 >256 Chlorhexidine 2 1 >256 CTABa 2 2 >256 Flucloxacillin
0.125 4 RQuElusigisSanycin 0.5 1 >256 Meropenem 0.5 0.5 >256 Mupirocin 0.125
0. 25 >256Concl usi ons Conpound 10 has greater S. aureus anti-biofilm

activity when conpared with ciprofloxacin, fusidic acid, tetracyc|ine and
rifanpin Conpemeourd #@has e#st SnaLeus AntichieBmaREtiviy whes tcormrEEt Withur e

and stringent LESRONSE RIIHLLSES tetiGEiMeldta aRpiRT | ci,dal activity of other
anti bacterial agents Is
5 e« Compound 10 remains potently bactericidal against cold culture and stringent
response cultures, where the bactericidal activity of other antibacterial agents is
significantly reduced
e These data demonstrate that the bactericidal activity of Compound 10 is
independent of the growth state of the bacteria treated
10 e The potent S. aureus antibiofiim activity of Compound 10 combined with its
retained bactericidal activity against slow growing cultures make it a useful agent

for the prevention and treatment of such infections
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Si gnificantly reduced These data denonstrate that the bactericidal
activity of ound 10 i s independent of the growth state of the bacteria
treated WRE0 gq?'é%f’ S. aureus antibiofilmactivity of CERpEUR1Y2Pdnbi ned
with its retai ned bactericidal activity against slow growi ng cul tures nake
it a usefEXAMRYEd EFOFAGHEF GPMPRUND 69|AHH§0NP@HN%31AGGFNS§WF'W@&$%

Ref er encegrdwinb&u Pikets drStAPHYEScoticusaakEds [ | nternet] [cited 2008 Sept 17];
Avail abl e from http://qrants.nih.gov/grants/guide/pa-files/PA-03-047. htni

2. Love W5, Rhys-WIllians W Hayter | et al. 2008 ECCM D Bar cel ona.

Abst r act t G SRRk
SI): 516 ﬁ%%ﬂﬁmgﬁﬁmré%?%sﬁ%eéma@%b RS0 OPORY, sl dris 1999;

37(6) :5 1712 (XA-79k agslnstcPlpfﬂaWSBanq\ASIOM@@rowmgcgg@reénef R agfeus andrevides ab

Agent s Chesimidngsn ofABss ét?rﬁ&)uﬂﬂ@%hé@@nc@é%#& égUnE;FFI CACY OF COMPOUND 10 AND
COMPOUND 12 "AGAI NST Bl OFI LMS AND SLOWGROW NG CULTURES OF STAPHYLOCOCCUS

AUREUS The fol | om ng Exanpl e reI ates to the efficacy of Compound 10 (XF-73)
and Conpogéktlo? XPErug8orasin- amd:hg%iaﬁngﬁc@aé,sl owgrowi ng cul tures of S.

aureus, and provides a conparison of ose conpounds and various control
agents. Effect of XF drugs on non-dividing staphylococci During infection

bact efd a @@%r@oiﬁf&%@%@&t@ﬁa QBIdoAREnddUANE Bpﬁrﬁﬁﬂérbwnéoﬁd]ﬁbrisnﬂﬁﬁﬁdb@@%ng
periods of limited, or arrested, growth are normal in which the organisms enter a
quiescent state (Kolter et al, 1993) which may contribute to the creation of persistent
bacterial infections (Nataro et al, 2000). S. aureus is known to modulate gene
expression to withstand sub-optimal growth conditions (Somerville et al., 2002) and it is
15 likely that nondividing bacteria are present in staphylococcal endocarditis and
osteomyletis (Mascio et al., 2007). Antimicrobial drugs that are bactericidal under
growth-arrested conditions may therefore have clinical advantages over those which do

not display such activities (Mascio et al., 2007).

20  When nutrients become limiting for growth bacteria adjust their metabolism from one that
supports growth to one that provides for long survival in the absence of nutrients. In
many bacteria a key facilitator of this physiological switch, known as the stringent
response, is accumulation of guanosine pyrophosphate and pentaphosphate (Traxler et
al., 2008). The antibiotic mupirocin is a strong inducer of the stringent response in S.

25  aureus and effectively causes starvation of charged isoleucyl tRNA by potent inhibition of
isoleucy tRNA synthetase (IRS) (Oliva et al., 2003). The activity of XF drugs against S.
aureus SH1000 prevented from growing by the addition of mupirocin (Oliva et al., 2003),
was therefore examined (Figure 10). As an alternative method for arresting growth,
bacteria were suspended in cold growth medium (Mascio et al., 2007) and the

30 bactericidal activity of XF drugs was also determined under these conditions (Figure 11).

Previous studies have demonstrated that the stringent response completely abolishes
the bactericidal activity of fosfomycin, cycloserine, B-lactams and vancomycin against S.
aureus 83254 (Oliva et al., 2003). Fosfomycin was included as a control in the present
35 studies with strain SH1000 (Figure 10) and the results demonstrate, not unexpectedly,
that the bactericidal activity of fosfomycin is completely attenuated under conditions of
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Activity of XF drugs against biofilms of S. aureus SH1000

A biofilm is a community of microbial cells irreversibly associated with a surface and
enclosed in a matrix of polysaccharide material secreted by the organisms (Costerton
20  2001; Donlan, 2002; Hall-Stoodley et al., 2004). Biofilms formed on catheters and other
indwelling medical devices by pathogenic Gram-positive bacteria present significant
problems in the hospital environment (Costerton 2001; Donlan, 2002; HaII-Stoodley et
al., 2004; Toney 2007). Biofiims are notoriously refractory to antibiotic therapy and are
generally not subject to elimination by the host immune response. There is a clear need
25 to identify antimicrobial agents with the ability to prevent bacterial biofilm formation, or to
eradicate them once formed (Toney 2007). The slower growth rate of bacteria in biofilms
may be an important factor in increased resistance to conventional antibiotics. In view of
the ability of XF-70 and XF-73 to retain bactericidal activity against non-growing
staphylococci (see above) we have also investigated the activity of these drugs against
30 biofilms of S. aureus SH1000.

Biofilm MICs and minimum biofilm eradication concentrations (MBEC) were determined
in the Calgary Biofilm Device (Nunc Inc, Roskilde, Denmark) as described by Miller et al.,
2005. This involves the following steps. Aliquots (200 pL) of exponential phase cultures
35 of strain SH1000 were added to each well of a 96-well microtitre tray. The lid assembly,

which has 96 polystyrene pegs corresponding to each well, was then replaced and the

66



aureus 8325-4 (Aiva et al., 2003). Fosfonycin was included as a control in
the present studies with strain SHI000 (Figure 10) and the results
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other antimicrobial agents used as controls (Table 6).

Table 6. Susceptibility of S. aureus SH1000 biofilms to Compound 12 (XF-70),
Compound 10 (XF-73) and comparator antibiotics. bMIC = biofilm MIC, MBEC =

20 minimum biofiim eradication concentration.

: C|p|:o'%|'ox'a:cm 3 2 ’ . X e et
Fusidic acid 0.25 0.5 >256
Tetracycline 1 0.5 ‘ >256
Rifampicin 0.008 0.02 >256

Cpd 12 (XF-70) 1 1 2

Cpd 10 (XF-73) 1 1 2
Cefotaxime 0.5 4 >256
Chiorhexidine 2 1 >256

CTAB? 2 2 >256
Daptomycin 1 2 >256
Flucloxacillin 0.125 4 >256
Fosfomycin 16 8 >256
Gentamycin 0.5 1 >256
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96-well mcrotitre tray. The lid assenbly, which has 96 pol ystyrene pegs
correspongésB@ntss each well, was then replaced and thesystemincubated for
24 hours at 37/0C on a rocking platform Following this a biofilm of
approximately 107 cfu matured on each peg. The |lid was then washed twice in
phosphat ecéudhd 89v.S2boNe dysRSlibrosis paIHBYEndsRSAAL rélk 3N kiofifistn persdtentand
then placed into a mcrotitre tra)é with fresh nedia containing doubling

di | ut i onsnfetion eTrerds in Mieropiolay®: S§19é syst em was then incubated for 24
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wer e studl ed u5| andard tj nmet hodol o 2003, Hobbs
of o " Sots ARG oAb aEleHetculive seEBES A PeRALLS e el GPrspeomeRls v
exponentl\aérepl’nﬂsﬂal(éa)ﬁwlam@f 0.2) in Mieller-Hi nton broth (MHB) before
bei ng exposed to anti bacterial agents at 4X MC. An untreated culture
served as the negative control. The experinents

Cultures expressing the stringent response

15
The antibiotic mupirocin is a strong inducer of the stringent response in S. aureus and
causes starvation of charged isoleucyl tRNA by potent inhibition of isoleucyl tRNA
synthetase (IRS) (Oliva et al. 2003, Cassels et al. 1995) Stringency was induced in
SH1000 cultures by adding mupirocin (4mg/L) to cells in the early exponential growth

20  phase (ODgoonm Of 0.2) (Oliva et al. 2003, Cassels ef al. 1995). Cultures were incubated
with mupirocin for 30 minutes before sampling began. Cultures were maintained at 37°C,
and samples were taken at 30 minute intervals for 300 minutes, serially diluted in
phosphate buffered saline (PBS) and diluted culture was spread on Mueller-Hinton agar
and was incubated at 37°C for 18-24 hours before the number of CFU were counted.

25

Cold cultures

Cold cultures were prepared by growing SH1000 cells to early exponential phase
(ODsoonm of 0.2) at 37°C. Cultures were then centrifuged and the cell pellet was
30 resuspended in MHB pre-chilled to 4°C. The killing kinetics of antimicrobial agents were
studied as described in the section above, with the exception that cultures were

maintained at 4°C over the 5 hour sampling period.
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were undertaken in triplicate. Cultures expressing the stringent response
The antibiotic irocin is a strong inducer of the strln%ent response in
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i nhibition of isoleucyl tRNA synthetase (IRS) (Oiva ef a/. 2003, Cassels
ef al. 198egults r| ngency was induced in SH1000 cul tures by adding nupirocin
(4mg/ L) to cells in the early exponential growh phase (OD 600 of O0.2)
(Aiva ef_al. 2003, Cassel s ef al. 1995). Cultures ver e |ncubat ed vvlth
nupi r oci : s §oPR R4 9B ! E2SS{fg alrinaent
370C1 ano}egﬁ kes were taken at 30 m nut e |nt erval s for 300 mi nut es,
serially uted in phosphate buffered saline (PBS) and diluted culture was
spread® on Muel | er-H nton agar and was incubated at 37C for 18-24 hours

bef ore t hehenHetfy o@ch uHE"1® WGB%OU@HQ @h&ﬂ@%u@s%ﬂ%dwm hegr e
prepared by grow ng SHI1I000 cells to early exponential phase (ODeoonm of

0.2) at eEeEN refev?nméromae@waeﬁyéa?.tadﬂmegézﬁ TBYRIOFRewas leramirtet PlRypus
resuspendggdiéd) HB BéRossiatde dndtottOGtringBAt édpohd donipidtblys a@a‘mshes the

anti m crobi al %ents were studi ed as described in the sectfion Cﬂe{ove W th

the excetaciicidRbrctivity pluf-tastafe patibielicsiand fesfomycin 82iBst?- quRUS(ANaret @hnpl i ng
peri ofbh Rezmb sFEibRGER Wis GRRYNgs Jé)cameblqﬁnﬂaetweséa Qﬂd@s 3AE axsMIC

expr essi 2“8 e stri n%ent response The activit and Caonpound

12 agai ndPsfemygin asthaty yasremrisialy qqﬁﬂ”%%‘éH”?ﬁ’W@ﬂP% erSHPHQSPB\(/\ﬁF Y ey 2the
addi ti on SimilaERdcas wereVstsefxed ToNARAMPRICFiI@HE 12). In contrast Compound 10 and

Compound 12 retained potent bactericidal activity against cultures of SH1000 prevented

from growth by induction of the stringent response (Figure 12).
15

Effects of Compound 10 and Compound 12 on cold cultures

The effect of Compound 10 and Compound 12 on the viability of cold culture cells was
determined over a period of 5 hours (Figure 13). Low temperature had no effect on the
20 activity of Compound 10 and Compound 12 which retained potent bactericidal activity
against S. aureus SH1000 whose growth had been arrested by the temperature shift
(Figure 13). Under these conditions both daptomycin and nisin retained limited
bactericidal activity, but the ability of other agents to kill the organisms was abolished

(Figure 13).
25
Conclusions
Compound 10 and Compound 12 remained highly active against various forms of slow
growing or non-dividing S. aureus.
30
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studi es have denonstrated that the stringent response conpletely abolishes
the bactericidal activity of b-lactam antibiotics and fosfonycin agai nst S.
aureus (QVPOAIMEH6EE. 2003) Fosfonycin was included as aPESKIH28¢9/00253 he
present studies. At 4X MC fosfonycin activity was conpletely attenuated
under conBeferenieesof stringency (Figure 12). Similar effects were observed
for rifanpicin (Figure 12). In contrast Corrpound 10 and Conpound 12
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activity mbtﬁomcmn@r K QoResh @wgucdnsb%ummfro%tpﬁinﬁm PebRd Masbrineci dal

activity against S. aureus SHLI000 whose growth had been arrested by the

t enper at udaEnage 'f‘tSt"(’%y@?P@C”ﬁ?f”e‘@nd'e‘f"tW% Cherther gH98: 83 AORsBt onyci n and
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agents to kill the organisms was aboli Concl usi ons
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slow growing or non-dividing S. aureus. References Cassels R, diva B,
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Hobbs JK, MIller K, ONeill AJ et al. Consequences of daptomycin nediated
menbr ane damage in Staphyl ococcus aureus. JAntim crob Chenot her 2008; 62:
1003-8. QVOAI0W464(B| | er K, Caggi ano N, et al. Biol ogi caPCH{dR8%10887 of
novel antistaphyl ococcal quinoline-indole agents. Antim crob Agents
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anti - staphyl ococcal activities of Conpound 10, Conpound 12 and a range of

conpar at or agents agai nst stationary phase cultures of Staphyl ococcus
aur eus wegethvlgedi ed using standard tinme-kill nethodology (Aiva ef al.
2003, Hobbs et al. 2008). A growth curve was constructed to identify when
SH100® cul tures enter and | eave stationary phase. 50 ml. of Muieller-Hinton

broth (Mife wnf-stapgiitadc8d aivitiesS80 Odmpodhd Sloadbhmapacts Hdr 8Ugangkll&o0
overni ght culture and was_ naintained at 370C with agitation for 8 days. The
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respeqt i vahtionafyuphdset SSOMVRIL Eof Qi Iler-Hitgér broth VIS BP#&E dictllate®ith S00\Rdef and
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using a Jenway 6300 spectrophotometer with a 1cm light path (Jenway, Essex, UK).

15  Staphylococcus aureus SH1000 cultures were grown to early, mid and late stationary
phase at 37°C by incubation for 24, 48 and 72 hours respectively. Cultures were
centrifuged, the supernatant was removed, and then a portion of the cell pellet was
resuspended in the counterpart supematant to an ODgoonm Of 0.2 (10° bacteria/mL). A
time-kill assay was then performed on these stationary phase suspensions to study the

20 effects of antimicrobial agents on bacterial cell viability. An untreated culture served as

the negative control. The experiments were undertaken in triplicate.
Results

25 Effects of Compound 10 and Compound 12 on stationary phase cultures of S. gureus

The beginning and end of stationary phase were established for S. aureus SH1000
cultured in MHB at 37°C by examining growth curves for the organism over extended
periods. Cells were defined as entering stationary phase after 24 hours of growth and
30 exiting at 96 hours, after which culture turbidity declined, indicating bacterial lysis and
death. Therefore, early stationary phase was considered to begin 24 hours after
inoculation, mid stationary phase at 48 hours and late stationary phase at 72 hours. In
order to avoid inoculum effects for susceptibility testing associated with the high cell
densities achieved in stationary phase cultures, organisms were recovered at the 24
35  hour, 48 hour and 72 hour time points and diluted to 10° bacteria/mL in the spent growth
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effects of antimcrobial agents on bacterial cell viability. An untreated
culture served as the negative control. The experinents were undertaken in
triplicatWO2R0440463 Ef fects of Conpound 10 and ConpoundPEP/GROYARI3Gnar y
phase cultures of S. aureus The beginning and end of stationary phase were
est abl i shegdiugy frgm ﬁ!ﬁséu@lltSF%OQOOfc% figteaminationiaB  dve Ppgieripigale REfiitigr nef
growm h cupkpiofsor the organi smover extended periods. Cells were defined as
entering stationary phase after 24 hours of growh and exiting at 96 hours,
after which culture turbidity declined, indicating bacterial lysis and

death. Thepbelf 1928hy CHInflouRBY retBme8 MAENtC BAEALRIR hditityo aghiRst2dellRour s
after inoculation, md stationary phase at 48 hours and | ate stationary

phase &t TEEOYRIEd &rom all ting deintoinaiheistptioRayrhase dFigeess!4 or b ulcetepi o) t y
testing ags@pbaiddo WnkCoMSoUNdItR &R ActRiRPoF CobRpartdt KEAE hdhivdt atdtRRarY
phase cultures, organisns were recovered at the 24 hour, 48 hour and 72
hour ti nePiRseRullurgs agipegt &igures 198 1Bacteria/nL in the spent grow hmedi um
fromthese cultures prior to determ nation of the bactericidal activities
of inhibitors. Conmpound 10 and Conpound 12 retai ned potent bactericidal
activity &88flysfonse| | s recovered fromall tine points in the stationary
phaseqd Figures 14 - 16). In contrast to Conpound 10 and Conpound 12 the

activity of conparator a%'gnts agai nst st,a%f onar hase uItugg:1 was poor
(Fi gures €ampout 10 e EPRBPIH T SEtRINGDlY ATIVCasRIEY cHtss PLRorHEds i ghi y
active agaimsmidthd REELfagd ofSstatthbBUshdss. early, md and | ate stage of
stationary phase.
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Agents ChEl#Ber 2003 47: 458-466.Cl aims 1. Use of a conpound of formula |
below for killing, inhibiting or preventing the growth of a m crobi al

bi ofi | mwherein: X1, X2, X3 and X4 independent]|y Rresent dro n at om
a |ipophilic rHieepla eemnauAg of jearia [ Peloyper 'é{\"Rgﬁl Inhibjting - 9r) PISY %W‘SI

group, or a cajrbWil ¢F adhetbidbiotiie fol lowing fornula; - L - RL -

N+(R2) (R3) R4 erein: Lis alinking noiety or is absent; Rl represents

| ower al kyl ene, |ower al kenyl ene or | ower al kynyl ene, which is optionally
substituted by one or nore substltuerﬁs selected from | ower al kyl, |ower

al kyl ene (optionally interrup Y, fluoro, OR5, C(O)R 6, C(OOR
7, C(ONR 8R9, NR1ORn and N+R1 R2, R3 and R4 independently
represent H, aryl, |ower alKkyl, | or lower alkynyl, the latter
three of which are optionally one or nore substituents

sel ected fromlower alkyl, X iXonal | yinterrupted with

oxygen), aryl, OR5, C(OR 6, 8 R9,
Y.
3 2
X3
5
/
wherein:

10 X1, X2, X3 and X, independently represent a hydrogen atom, a lipophilic moiety, a
phenyl group, a lower alkyl, alkaryl or aralkyl group, or a cationic group of the
following formula;

-L-R{=N'(R2)(Rs)Rs

15
wherein:

L is a linking moiety or is absent;

20 R; represents lower alkylene, lower alkenylene or lower alkynylene, which
is optionally substituted by one or more substituents selected from lower
alkyl, lower alkylene (optionally interrupted with oxygen), fluoro, ORs,
C(O)Re, C(O)OR7, C(O)NRg Rg, NR1QR11 and N+R12R13R14; and

25 Rz, R; and R, independently represent H, aryl, lower aikyl, lower alkenyl or

lower alkynyl, the latter three of which are optionally substituted by one or

more substituents selected from lower alkyl, lower alkylene (optionally
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Zis -CHor N, and Yi, Y2, Y3 and Y4 are absent or independently represent

aryl, lower al Q‘/’ | oner al kenyl or |ower alkynyl, the |atter three o
whi ch ar eVO3P194H&IBy substituted by one or nore substi t@@ﬁf@zg@/‘)@%?éd from
| ower al kyl, |ower alkylene (optionally interrupted with oxygen), aryl,

oR5, C(OR 6, C(O)merruptequmm ®XYESN). NRYORORs,, C@Re2FEEBOR4, &P)NRaRen i n
conjunction to the rk f whi ch they attach, fornms a cyclic group;
and R5, R6, R7, Rem:y ﬁsNﬁ%ﬁm R12, R 3 and Rl4 |ndependently represent
H or |ower al kyI provi ded t hat at Ieast one of X1, X2, X3 and X4 is a
cationic gr oungs_(g.eg,l,qe%dabove and at |east one of X 1, X2, X 3 and X4 is
a hydrogen atom 2 of a conpound of fornula Il bel ow for killing,

i nhi bixi ng or prevent| ng the gromh of a mcrobial biofilm// wherein Mis

a metallic el WEN’E [ afd Pelapd laeééi\t F %Bénéﬂ?\qy Xépreggvt aﬁ?r loWer aMW lo\G?er Y3 Y

and Z are as de ined in aim1l use accor Caiml
owga

killing, inhiAkanybordewss aligewt. |tfﬁﬁg|a§PbWQ$ effwhighcars lly ppibgfifutgd rwtqﬁved

whi ch does notsCRRR 's‘éSstﬁéfé’r%'éeﬂe&élﬁ RGN alk@, Bowér BIKylehe Wnidphoddlli vat es
antimcrobial activity. 4. The use according tao any one Of the er ecedi ng

cl ai s wher ei d”tﬁﬁeptéén‘ﬁ'ﬁuﬁdywl B, sORat C(@iRer HPYPRaciQNRy RenNRieR1absence

of irfadi ati orNY,JR),RR, PHO LB ANESHEAEbRRY thd BDfrol8 KHLCR RhicANhe tidspund
sour ce.
forms a cyclic group; and

Rs, Res, Rz, Rs, Ro, Rio, R11, Ri2, R1s and Ry, independently represent H or lower
alkyl

15
provided that at least one of X;, X;, X; and X, is a cationic group as defined
above and at least one of X4, X, X5 and X, is a hydrogen atom.
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5. A use according to any one of Clainms 2 to 4 wherein Mis a divalent or
trivalent netallic elenment. 6. A use according to any one of Clains 2 to 5
wherei n NWPSLOWEHESBed fromzn (11), Cu (I11), La (111), BGTGH2P§9/008537 |y
In (1I1) C (1), Mg (1), AL(IIT), Ru, Ni(Il1)1 Ma(lIl), Fe(lll) and
Pd(l11). 7. A use according to any one of Clains 2 to 4 wherein Mis a
netalloidyele 40, R I b £ QN i) MEE! EANU; i e
accordi ngz't o] 2?5@ g];lea %?‘_ t hggpc?ef_(éz*enl(‘jlélﬁcgw t(): Ig\i’vnfgpmg‘?’eﬁm\l/w é/’g,sae¥§ntg§dmé4 are
absent. 9. A ug@wHrefsr micrpial ®iodilfy one of the preceding clainms wherein Z is
-CH. 10. A use according to any one of the preceding clainms wherein R is
an unsubstituted | ower al kyl ene, |ower al kenyl ene or |ower al kynyl ene
group.® 11. A use according to any one of the preceding clains wherein RL
is- (CH2)m and 'm is an integer betwgen 1 and 20. 12. A use according to
Caimll wherein 'm is an integer between 1 apd 10, for exanple between 1
and 6, between 1 and 5, between#* d or Ween 1 and 3. 13. A use
according to Claim12 wherein ' i use according to any one of
the preceding clains wherein R2, are |lower al kyl, |ower

al kenyl or |ower alkynyl groyps./15. %’Gng to Caim14 wherein
R2, R3 and/or R4 are unsubstMeutsed h ups.

1"

wherein M is a metallic element or a metalloid element
10 and X4, Xo, X3, X4, Y1, Y2, Y3, Y4 and Z are as defined in Claim 1.
3. A use according to Claim 1 or 2 for killing, inhibiting or preventing growth of

microorganisms by a method which does not comprise exposing the compound to

a stimulus which activates antimicrobial activity.

15
4, The use according to any one of the preceding claims wherein the compound
exhibits anti-microbial activity in the absence of irradiation with a photodynamic
therapy light source or an ultrasound source.
20 5. A use according to any one of Claims 2 to 4 wherein M is a divalent or trivalent
metallic element.
6. A use according to any one of Claims 2 to 5 wherein M is selected from Zn (ll),
Cu (I1), La (1), Lu (), Y (1), In (I0) Cd (1), Mg (11), Ai(llT), Ru, Ni(), Mn(ll),
25 Fe(ill) and Pd(il). '
7. A use according to any one of Claims 2 to 4 wherein M is a metalloid element, for

example silicon (Si) or germanium (Ge).
77



16. A use according to Caim114 or 15 wherein at |east one of R2, R3 and R4
is an al k\é ﬁroup which is substituted with a primary, secondargy or
tertiary WRIZAWYPSIp or a quaternary ammoni um group. 17 PCNGRAA02H7 di ng t o
any one of the preceding clains wherein RLis -(CH 2)3- , R2 and R3 are
CH3and R4 is - (CH2)3-N(CH3)2. 18. A use according to any one of the

precedi nggcl ai ms%%{:cﬁ'ﬁﬂﬁ%ah§ oné g'{hg)p?écedlng% r&wh%n‘?w WAyahkd eaghk CHS.

19. A use according to any one of the preceding clalns whergdin RL I's -(CH
2)3- , and Rz,atmngnd R4 are each C2H5.20. A use according to any one of
the preceding clainms wherein L is selected fromthe group consisting of
phenoxy, ghenyl ene, sutfonyl am do, am nosul fonyl, sulfonylim no,

phenyl Sul onyl é.lﬁ?aecorﬁlneﬂw%mmﬁ)@f’dm Bregeding clains Whe/eifed & <#fdk car bamat e
linking noieties. 2 1. A use according to Caim20 wherein X1, X2, X 3
and/ or X4 are wherein Ris - RIl- N+(R22(R5)R as defined in Clalml and
"n' is an!9nt eesHeacrawing tananyz.ongoof Ahe sreerding Fi3igst Wherein Ro(s \fer ei n

X1, X2, X3 andﬁﬁub&ﬂu@ﬂ%ﬁ@%@léﬁeﬂo&v‘ér alk&ﬂeﬂﬂ"’&%&é@ﬂbné@r&@' ned in

Caimland 'm is an i nteger between 1 and 3. . A usé according to Caim
20 wherein X1, X2, X3 and/or X4 are wherein each R independently is - Rl-

N+( R2)d R3) 14, A%sé%ﬁéd}ﬁﬂg'té‘ a@ Ghéfbflthéfb‘?eceﬂlng%s Wheddi® R, Ri-e@M.5.-bedneeen 1

and 3 and whergein the sum of and 'm is an
‘m’ is an integer between 1 and 20.

12. A use according to Claim 11 wherein ‘m’ is an integer between 1 and 10, for
example between 1 and 6, between 1 and 5, between 1 and 4 or between 1 and
15 3.

13. A use according to Claim 12 wherein ‘m’ is 3.

14, A use according to any one of the preceding claims wherein R, R; and/or R, are

20 lower alkyl, lower alkeny! or lower alkynyl groups.

15. A use according to Claim 14 wherein R;, R; and/or R, are unsubstituted lower

alkyl groups.

25 16. A use according to Claim 14 or 15 wherein at least one of R,, R3 and R, is an
alkyl group which is substituted with a primary, secondary or tertiary amine group

or a quaternary ammonium group.

17. A use according to any one of the preceding claims wherein Ry is —(CH,)s—, Rz
30 and R; are CHs;and R4 is — (CH2)3-N(CH3)2.

18. A use according to any one of the preceding claims wherein R; is —(CHy);—, and
Rz, R; and R, are each CHs.

35  19. A use according to any one of the preceding claims wherein R, is —(CH,);—, and
R2, R; and R4 are each C;Hs.
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i nt eger between 1 and 3. 24. A use according to any one of Clains 2 1 to 23
wherein 'n' is 3. 25. A use according to any one of Clains 2 1 to 23
wher ei n ‘NO&PW‘W“F’S 2.26. A use according to any one ofCHCGHAY/92587¢ o5 23
or 25 wherein 'n' and/or 'm is 1. 27. A use according to any one of C ains
2 1to 23 wherein L is nono-substituted at the para-position. 28. A use
accordingzp0 apyusdnsecBfdid & &y gnelof ﬁezﬁemgeblgmjvs WiRerdPNO1s SMiected from

di substituted at a net-position(s). ) use according to any one of
Jainms 2 1 to 9% @reiPerensisting efoR now @hemﬂertei tfeaylagmigq. aminosulfonyl,

o/ f/70- posi ti 08iifohylirifo, PhErmAsu¥eRRMias) bﬁer@%nﬁ&ﬁﬂf@ﬁyltUF‘eaorlf‘rEﬁQhé‘Qar‘r‘d ai ms
wherein the conmpound conprises two cationic groups, &s defined in daimi,
on oppdsite si B¥PapAtelifkingdRoiglasi n ring, i.e. at ring positions 5 and 15 or
ring positions 10 and 20. 3 1. A use according to C1aim30 wherein Xi and
X3 are a h){drogen atom a |IPOphI lic noiet a phenyl group, a |ower alkyl,
al karyl ar af\WpP aGPYdipgdm Glakn 2Qrwhexain Ay = X¢ ABHPEXg?Bups, or vice versa.
32. A use according to any one of Clains 1 to 30 wherein the conpound
conprises two cationic groups, as gefyne@R)yy G aim1l, on neighbouring

posi tions of the porphyrin ring,— gt ring p05|t|ons 5 and 10, or ring
positions 10 and 15, or ring posit 15 and 20 or ring positions 20 and
5. 33. A use according to Caim 32 erein X1 and X2 are hydrogen and X3
and X4 are cationic groups, or X2 and X3 are hydrogen and X and X1 are
cationi c groupwherein R is -Ri~=N"(R2)(R3)Rs4, as defined in Claim 1 and 'n’ is an integer

10 between 1 and 3.

22. A use according to Claim 20 wherein X;, X,, X; and/or X, are

:: § Rm
wherein R is —R~N*(R2)(R3)Rs, as defined in Claim 1 and ‘m’ is an integer
15 between 1 and 3.

23. A use according to Claim 20 wherein X;, X,, X; and/or X, are
Rm
wherein each R independently is —R—~N*(R,)(R3)R4, as defined in Claim 1 and 'n’
20 and ‘m’ are integers between 1 and 3 and wherein the sum of ‘n’ and ‘m’ is an
integer between 1 and 3.
24. A use according to any one of Claims 21 to 23 wherein ‘n’ or ‘m’ is 3.

25 25 A use according to any one of Claims 21 to 23 wherein 'n’ or ‘m’ is 2.
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34. A use according to any one of the preceding clains wherein at |east one
of X1, X2, X3 and X4 is a lipophilic noiety. 35. A use according to Claim
34 wher ei WOZAW/ 404938 phi | ic moiety is a saturated, strai gRESHEARSH group
of formula - (CH2)PCH3 wherein 'p' is an integer between 1 and 22. 36. A
use accord-ng Adseageardipg taary enenof Gaimss2 e t2@es 25 wheein 18 and/er mesgatpl e
between 2 and 16 or between 4 and 12.37. A use according to any one of
Cains 1 to 33 wherein none of X1, X2, X3 and X4 is a |ipophilic noiety.

38. A use2hccofdisagceerdingyio @ ope of Kdaime &4 ddiZgvherainns isienepybstiid af  Xi |
X2, X3 and X4 in3 farfp&didn. 9roup. 39. A use according to any one of the
precedi ng cl ai ns wherein the conpound is water-sol uble. 40. A use according
to A& m1 wherein the conpound is 5, 15-bis-(4-{3-[(3-

Di et hyl apg no- Rr @yay hicdding ith Yary25me F @iaiRisOPY lto 28/ WwnBREMY! ) RBhoNWF id or a
salt thereof. 4 1. A use according to Claim1l wherein the conpound is

5, 15- bi s- [ 4- ( 3subpfitutadatiamaErAostiBRGpy | oxy) - phenyl | - por phyrin or a salt
thereof. 42. A use according to Claim1l wherein the conpound is

5, 15- bi 3-53-(3- Tri met hyl anmoni o- pr og}yl oxy) - phenyl ] - porphyrin or a salt
thereof. 43. AAUSE 8 89 g Ay etiomAaifise bith $hhersipduifamogo- or di-

S5, 15-ky s- [ 4- ( 3subbtidufeRf at¥nadAmeHo8itiIBR@PY | OXY) - phenyl ] - por phyrin or a salt

t her eof .
30. A use according to any one of the preceding claims wherein the compound
comprises two cationic groups, as defined in Claim 1, on opposite sides of the
porphyrin ring, i.e. at ring positions § and 15 or ring positions 10 and 20.
15 |
31. A use according to Claim 30 wherein X; and X; are a hydrogen atom, a lipophilic
moiety, a phenyl group, a lower alkyl, alkaryl or aralkyl group and X, and X, are

cationic groups, or vice versa.

20 32. A use according to any one of Claims 1 to 30 wherein the compound comprises
two cationic groups, as defined in Claim 1, on neighbouring positioné of the
porphyrin ring, i.e. at ring positions 5 and 10, or ring positions 10 and 15, or ring

positions 15 and 20 or ring positions 20 and 5.

25  33. A use according to Claim 32 wherein X; and X, are hydrogen and X; and X, are

cationic groups, or X, and X3 are hydrogen and X, and X, are cationic groups.

34. A use according to any one of the preceding claims wherein at least one of X,
Xz, X3 and X, is a lipophilic moiety.
30
35. A use according to Claim 34 wherein the lipophilic moiety is a saturated, straight-
chain alkyl group of formula — (CH;),CHs wherein ‘p’ is an integer between 1 and
22,

35 36. A use according to Claim 35 wherein ‘p’ is between 1 and 18, for example
between 2 and 16 or between 4 and 12.
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44. A use according to Caim1 wherein the conmpound is 5-[3,5-bis-(3-

Tri met hyl ammoni o- pr opyl oxy) - phenyl ] -1 5-undecyl - por phyrin or a salt

t her eof . WQ.ZOW‘HQ%%ccordi ng to Claim1 wherein the conp&&ifch2¥/002537
5-{4-[3-Di net hyl - ( 3-

di met hyl am nopr opyl ) - ammoni o- pr opyl - oxy] - phenyl } - 15- (4- dodecyl oxy- phenyl ) -

pof hyringor aa6sd beddidihg e anyiéhe & CiSifsaClo3diieih Mokt 8F K, X, WRE&RI R, ishe
conmpound is 3-[({3- %_( 3-{4-[15-(4- Dodecyl oxy-phenyl) - pof

hyri n- 5-yl ] - pHEfRPMIC Maidhy | ) - di net hyl - ammoni o] - pr opyl } -
di et hyl - anmoni o) - propyl] -trinmethyl-amoniumor a salt thereof. 47. A use

according to CCaim1l wherein the caonpound is 5, 15-bis-[3-(3-

Tri metthy | 3fmr foH5® 26FIPPEIRNY PRErRfItNe PrRogding GlAImp dhersin inqng of Xis%z tXs
thereof . 48. A dieexasaphehfngréup. G ai m 1 wherein the conpound is

5-{4-[3-Di net hyl - ( 3-

t ri met hyl ammoni o- pr opyl ) - anmoni o- pr opyl oxy] - phenyl } - 15- (4- dodecyl oxyphenyl )
- por phyr3g) orA aséalctorditgr R0dny & of'thdSste dialtes Whefdirti® dombeurRi B t he
compound is 5-‘%4- 3-%rret hyl decyl amoni opr opyl oxy) -

phenyl ] - 15- { 4-W&eEFMRIE hy| - ( 3- di met hyl am nopr opyl ) -

anmonjgopr opyl oxy] - phenyl } - porphyrin or a salt thereof. 50. A use according
to any ong of Clainms 40 to 49 wherejn the conpound is,a chlorid lt. 5 1.
n uee) acch di g B BROUHG B R b WP TS WHEPSVT (heod SO

i's, 15-bis- [4-EQi&eTHyilaiﬁhb-bhﬁjmwwh@ththbmﬁybmph%&?’}-ﬂ)hmr)myﬁﬁyﬁn (or ¥Fsalt3") or
5,15-bis-[3-(3: Trjmethyl anmoni o- propyl oxy) - phenyl]-po f hyrin ("XF-70"),
or a dichlori otBer?&{t t her eof .

15 41, A use according to Claim 1 wherein the compound is 5,15-bis-[4-(3-
Triethylammonio-propyloxy)-phenyl]-porphyrin or a salt thereof.

42. A use according to Claim 1 wherein the compound is 5,15-bis-[3-(3-
Trimethylammonio-propyloxy)-phenyl]-porphyrin or a salt thereof.
20
43. A use according to Claim 1 wherein the compound is 5,15-bis-[4-(3-
Trimethylammonio-propyloxy)-phenyl]-porphyrin or a salt thereof.

44, A use according to Claim 1 wherein the compound is 5-3,5-bis-(3-
25 Trimethylammonio-propyloxy)-phenyl}-15-undecyl-porphyrin or a salt thereof.

45. A use according to Claim 1 wherein the compound is 5-{4-[3-Dimethyl-(3-
dimethylaminopropyl)-ammonio-propyl-oxy}-phenyl}-15-(4-dodecyloxy-phenyl)-
porphyrin or a salt thereof.

30

46. A use according to Claim 1 wherein the compound is 3-[({3-[(3-{4-[15-(4-

Dodecyloxy-phenyl)-porphyrin-5-yl]-phenoxy} -propyl)-dimethyl-ammonio}-propyl}-

dimethyl-ammonio)-propyl] -trimethyl-ammonium or a salt thereof.

35  47. A use according to Claim 1 wherein the compound is 5,15-bis-[3-(3-
Trimethylammmonio-propyloxy)-phenyl}-10-undecyl-porphyrin or a salt thereof.
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52. A use according to any one of Clains 40 to 50 wherein the conpound
conprises a central netal ion. 53. A use according to Caimb52 wherein the
central n¥PRPIYYBs sel ected fromthe group consi sti ngPET/GERIY2HAd
Fe(l1l). 54. A use according to Caim53 wherein the conpound is
XF-73Fe(l11)-15-bis-[4-(3- Trimethyl anmoni o- propyl oxy) - phenyl ] - por phyrin or
the dichl ggideas@dd bbGERYT tooClaift YSEhEEHPHE MWBripBuddYis XLes-RlDiagyR{H£Ced ng
clains wherein the conpound is substantially non-toxic to manmalian cells.
56. A use accofietylaremanig-perryIdmmeriomrerylay hepesybil f4-Wideaiaxyt he

m crobi al  bi of phdRyFYBRIHyASSr #5alfPRBAst s of microorgani sms are selected from
the group consisting of "bacteria, archaea, protozoa, fungi and al gae. 57. A
use according to Caimb56 wherein the nmicroorganisns are resistant to one
or nore cggvenhi aabcRrihdhOGISinAYCRhEreRB the cbifBoHRC Rf él[naa-bﬁnéanﬁa& 6 or
57 wherein the m croorgani sns are bacteria. 59. A use according to ai m 58
wher ei n t he ba@n@enigreapyloxy)thepykil ${4-B-diguethy-Gimeatdylgminarieryb- A ai m 59

wherein the baghfohBoRbiloRyBRRKYIREARAYrPEr SLdeRbRERCC] . 6 1. A Use

according to Claimé6 erein the bacteria are Staphyl ococci. 62. A use
according to Claim6 1 wherein the bacteria are Staphyl ococcus aureus. 63.

A usejaccsd di ng (s Qoéi'd'\Ti/il:gG?o whg ToRleNoft BRIMAQ0EL! 20 WHRrdIR the Cbbbind &S kSt ant
St aphyl ococcus aureus (MRSA). 64. A use according to Claim60 wherein the
bacteria are StVecbcci

51. A use according to any one of Claims 40 to 49 wherein the compound is,15-bis-

[4-(3-Trimethylammonio-propyloxy)-phenyl]-porphyrin (“XF-73") or 5,15-bis-[3-(3-

15 Trimethylammonio-propyloxy)-phenyi}-porphyrin (“XF-70"), or a dichloride salt
thereof.

52. A use according to any one of Claims 40 to 50 wherein the compound comprises

a central metal ion.

20
53. A use according to Claim 52 wherein the central metal ion is selected from the
group consisting of Cu(ll) and Fe(lll).
54. A use according to Claim 53 wherein the compound is XF-73Fe(lll)-15-bis-[4-(3-
25 Trimethylammonio-propyloxy)-phenyl]-porphyrin or the dichloride salt thereof

55. A use according to any one of the preceding claims wherein the compound is

substantially non-toxic o mammalian cells.
30 56. A use according to any one of the preceding claims wherein the microbial biofilm
comprises or consists of microorganisms are selected from the group consisting

of bacteria, archaea, protozoa, fungi and algae.

57. A use according to Claim 56 wherein the microorganisms are resistant to one or

35 more conventional antibiotic agents.
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65. A use according to Caim64 wherein the bacteria are Streptococcus

nmut ans and/ or Streptococcus sanguis. 66. A use according to Claimb58
wher ei n tWO 283 a are Gram negative. 67. A use accor CREBR2809802I3h 59
wherein the bacteria are Legionella. 68. A use according to Claimb56 or 57
wherein t9R ni ArseBgeeHinado &laimBhmgb7 whereimthggpiceporganiimgyaredadesdirm 68
wherein the fungi are Candida spp. 70. A use according to Caimb56 or 57
wherein the mcroorgani sns are archaea, 7 1. A use according to Claimb56 or
57 wher ei $9-t heANiSe PeeRTdREItS iRing 58 wWhereilt Bedwacteria ara Giam pesdive-ding to A aim
56 or 57 wherein the mcroorganisns are algae. 73. A use according to any
one of Clains 1 to 72 wherein the biofilmis in a donestic environnment. 74.
A use Bccq?-di nf) Hee AfForing dp Clalm ne® mwheseinothghbpelerat ae SIIRWIORPFE o a
commerci al or gpetstddepl environment. 75. A conpound as defined in any of
Clainms 1 to 74 for use in the treatnment or prevention of a condition or

di sorder associated with the presence or growh of a biofilmon or in the
body of agq.i vi AGs8BBESHing {6 Clafin GONRHRHIE tROSHRdHa e IStaghyRicBEc{S Wherein the
manmal is human. 77. A conpound according to Claim75 or 76 wherein the
biofilmis attached to a |living support. 78. A conpound according to any
one ofp Cl g.ms Xusé Acdording @6 Cldim tehevHerdih tHedcteriarars [BeaphiyRicoscéiduyeus/9. A
conmpound according to any one of Clainms 75 to 77 wherein the biofilmis in
t he

63. A use according to Claim 62 wherein the bacteria are methicillin-resistant
Staphylococcus aureus (MRSA).

15 64. A use according to Claim 60 wherein the bacteria are Streptococci

65. A use according to Claim 64 wherein the bacteria are Streptococcus mutans

and/or Streptococcus sanguis.
20 66. A use according to Claim 58 wherein the bacteria are Gram negative.
67. A use according to Claim 59 wherein the bacteria are Legionella.

68. A use according to Claim 56 or 57 wherein the microorganisms are fungi.

: 69. A use according to Claim 68 wherein the fungi are Candida spp.

70. A use according to Claim 56 or 57 wherein the microorganisms are archaea,
30 71, A use according to Claim 56 or 57 wherein the microorganisms are, protozoa.

72. A use according to Claim 56 or 57 wherein the microorganisms are algae.

73. A use according to any one of Claims 1 to 72 wherein the biofilm is in a domestic
35 environment.
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urinary tract. 80. A conpound according to any one of Clains 75 to 77
wherein the biofilmis in the sinuses 8 1. A conpound according to any one
of O ai mW@Z 4993 nwherein the biofilmis in the ear. 8ECTARBMINENG
according to any one of Clains 75 to 77 wherein_ the biofilmis in the
heart. 8374A cBnyssuAecosdiogridi 3ty PBe ayClaimes df tocfaiwhereis the biofilghds é @ t he
biofilmis in ¢emBrcRsbrihBustfd-enfirép@pund according to any one of O aims
75 to 77 wherein the biofilmis in the bone. 85. A conpound according to
any one of Clains 75 to 77 wherein the biofilmis in the lungs.86. A

conpound agcor fidieholind k¢ Qtmediin Argl SECIAiNd ¢ chWﬁ%brﬁntthe tRia@thehtord S 1N
the kidneys. 87. A conpound according to any one of Cainms 75 to 77 wherein

the bidfilm i SPIEHORSoN e 2raeadiin AT dﬁerdeAaémﬂﬁmw'ﬂaH@oma?wet% aeWthdi@ of

Claims 75 to 7g,oﬁmﬁgne¢rqng,{éeogyyqiflal|,mnbsma@}ﬁ,tn§phed to an inert support within
t he body. 89. A conpound according to C aim88 wherein the biofilmis

attached to an intravascular device. 90. A conpound according to C aim 88
or 89 whey@i n ARSmMBbG{d Ad¥otdingicl @aINCHS Whertin the mammal is human.

10 77. A compound according to Claim 75 or 76 wherein the biofilm is attached to a
living support.

78. A compound according to any one of Claims 75 to 77 wherein the biofilm is in the

oral cavity.
15
79. A compound according to any one of Claims 75 to 77 wherein the biofilm is in the
urinary tract.
80. A compound according to any one of Claims 75 to 77 wherein the biofilm is in the
20 sinuses

81. A compound according to any one of Claims 75 to 77 wherein the biofiim is in the

ear.

25 82. A compound according to any one of Claims 75 to 77 wherein the biofilm is in the
heart.

83. A compound according to any one of Claims 75 to 77 wherein the biofilm is in the

prostate.
30
84. A compound according to any one of Claims 75 to 77 wherein the biofilm is in the
bone.
85. A compound according to any one of Claims 75 to 77 wherein the biofilm is in the
35 fungs.
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catheter. 9 1. A conpound according to Caim88 wherein the biofilmis
attached to a stent. 92. A conpound according to Cl aim 88 wherein the
bi of i | m i¥ORP0AHMEd to a shunt. 93. A conpound accor di n§CTERPY RT3
wherein the biofilmis attached to an intubating or tracheotony tube. 94. A
conpound 8&%cor fiREPesndtregomiBBto Ry erPfHaIMS; 75r 1P| 7rh Whereip g Piaim i iny e

opt hal m c devi gigneyd>. A conpound according to Caim88 wherein the biofilm
is attached to a joint prosthesis. 96. A conpound according to Cl aim 88
wherein the biofilmis attached to an artificial heart valve. 97. A

conpound gg.cor AliddghpolndaddRifg to\eey Endloft OiRink P4 td 717 Wherdin eNistiihas i & east
inplant. 98. Use of a conpound as defined in any one of Clains 1 to 74 for

killimy, inhibPRfMeSK preventing the growth of bacteria in a sl ow grow ng
phase. 99. Use of a conpound as defined in any one of Clains 1 to 74 for

killing, [nhibiting or preventing the gr h of _bacteria in st.atic. phase.
100. A us gacc'ﬁr‘iﬂ ung’ Cqdingol any 999\32\31’&'@?"?? {géo cYVerEy &‘reeb'aé'"kl@fi ned
in any one of &kahed t&9n inert@lippdrOWithidtieosaaigund as defined in any of dains
1 to 55 for use in the treatnment or prevention of a condition or disorder

associ ated with the presence or growth of bacteria in a slowgrow ng or
stati ¢ phgge oA esmpduridhacddedlig b Glalrh V88 \gvhHEReinBthe biofiim is attached to an

intravascular device.

90. A compound according to Claim 88 or 89 wherein the biofilm is attached to a
catheter.
15
91. A compound according to Claim 88 wherein the biofilm is attached to a stent.

92. A compound according to Claim 88 wherein the biofilm is attached to a shunt.

20 93 A compound according to Claim 88 wherein the biofilm is attached to an

intubating or tracheotomy tube.

94. A compound according to Claim 88 wherein the biofilm is attached to an

opthaimic device.

25
95. A compound according to Claim 88 wherein the biofiim is attached to a joint
prosthesis.
96. A compound according to Claim 88 wherein the biofilm is attached to an artificial
30 ' heart valve.

97. A compound according to Claim 88 wherein the biofilm is attached to a breast
implant.

35 98 Use of a compound as defined in any one of Claims 1 to 74 for killing, inhibiting or
preventing the growth of bacteria in a slow-growing phase.
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such as a human. 102. A nethod for treating a patient suffering fromor
susceptible to a disease or condition associated with or caused by a

m cr obi alWBi28t%44p9%3t he met hod conpri si ng admi ni stering FSTf%‘)‘f%ﬁ“g@ﬁt a
conpound as described in any one of Clainms 1 to 97. 103. A nethod for
treating a patient suffering fromor susceptible to a disease or condition

associ at egg W t s Oy é:@dﬁ;%lmlaya}[sadéﬁﬁ@& R drfy drid R CRirRYA 36 OWirdIKilRRA Shibidrfor et hod

conprising admnistering to the patient a conpound as described in any one
of Cains 1 topeventingdhe gromth pikactasia ip astatichase-pati ent suffering from or
susceptible to a disease or condition associated with or caused by a

bacteria in a static phase, the nmethod conprising admnistering to the
patiert al@®bnpduse aaeordiag te Claim 98rprAfwharnein e @Cg?rl?sa@ agglefined NENY Wenet hod

according to a&ﬁ@lﬁﬂ%ﬁto@?@i ms 102 to 104 wherein the conpound is
adm nistered orally. 106. A nethod according to any one of Clains 102 to

104 wherein the conpound is adm nistered parenterally. 107. A nethod

accordi ng{¢0 aRYcoRHRuRE s AdfivRd JiQ?angoofl@lﬁinY!Wr‘rtSiHS i Quse GRPAY ebatrfient or
admi ni stered topically.108. A net hod accordi ntgdto any one of Clains 102 to
e

107 wherei n t hRreperdion|oha eondition ¥ Pserrlercaspoeipiedyithiiie,Presence, o' ANEEY, ear,
heart 45 prost at gactd}if.a SIBRLFowinh B &YAticahdsd bn DkiiMthe body of a living mammal,

such as a human.

102. A method for treating a patient suffering from or susceptible to a disease or

condition associated with or caused by a microbial biofilm, the method comprising

15 administering to the patient a compound as described in any one of Claims 1 to
97.

103. A method for treating a patient suffering from or susceptible to a disease or
condition associated with or caused by a bacteria in a slow-growing phase, the
20 method comprising administering to the patient a compound as described in any

one of Claims 1 to 97.

104. A method for treating a patient suffering from or susceptible to a disease or

condition associated with or caused by a bacteria in a static phase, the method

25 comprising administering to the patient a compound as described in any one of
Claims 1 to 97.

105. A method according to any one of Claims 102 to 104 wherein the compound is

administered orally.

30
106. A method according to any one of Claims 102 to 104 wherein the compound is
administered parenterally.
107. A method according to any one of Claims 102 to 104 wherein the compound is
35 administered topically.
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109. A nethod according to any one of Clains 102 to 107 wherein the biofilm
Is attached to an inert support within body. 110. A nethod according to

d ai m 109VQAREHENFBhe patient has a catheter, a stent, ECIHURPI/ERI7

i ntubating or tracheotony tube, an opthalmc device, a joint prosthesis, an
artifici a(f? 08, aAtMethAPY aceaiding fo anheneefiClaims 107 to 107 whesgin |”Fﬁ)P'8ﬁf“a'§I"éth¢ed| cal

devi ce which i g Hﬂfit?glﬁlﬁia%ﬂtracﬁos’?ﬁ@@s %ar%é’éﬁt" Proxeaté, rtﬁﬁ%ﬂﬂn?ﬁ klingysafggund as
described in any one of Cains An | npl ant abl e nedi cal device

according to CP&%Mm 111 sel ected from t he gr oup consi sting of intravascul ar
devices, catheters, shunts, intubating and tracheotony tubes, opthalmc
devi ces jt]OI nt prostheses, artificial heart valves and breast | rrpl ants.

113. A metPdd 6f MrRArRFCARiNg N aRY 2BF fnelainesi 08 de| 1Y yeesindthegP ipfmosai m

111 or 112 corraﬁadhleagoa,pmewsogp@twmﬁm%ayi_ as described in any one of C ains
1 to 97 to the surface of an untreated inplantable nedical device. 114. Use

of a compound of formula | for killing, inhibiting or preventing the growh

of a m cr of.al Abhethbd @ib@dtbmga@b@hl wga&hé\erremet&h@mawaé&&eéthb@ﬂ akteht, a
reference to the descrlk%tlon a conﬁound of fornula I for

ki I [ing, inhi bY@t Ao T e?*nawgtpew QRthaEYG dsvice. Aot RIPSAEYFowi ng

phasei®r in a ah atticiahseavetdioratdréadt ympiantier ei nbef ore described with
reference to the description. 116. A nethod for treating a patient

suffering fromor susceptible to a disease or.
111.  An implantable medical device which is impregnated, coated or otherwise treated

with a compound as described in any one of Claims 1 to 97.

15 112. An implantable medical device according to Claim 111 selected from the group
consisting of intravascular devices, catheters, shunts, intubating and tracheotomy
tubes, opthalmic devices, joint prostheses, artificial heart valves and breast
implants.

20 113. A method of making an implantable medical device according to Claim 111 or
112 comprising applying a compound as described in any one of Claims 1 to 97

to the surface of an untreated implantable medical device.

114. Use of a compound of formula [ for killing, inhibiting or preventing the growth of a
25 microbial biofilm substantially as hereinbefore described with reference to the

description.

115.  Use of a compound of formula | for killing, inhibiting or preventing the growth of
bacteria in a slow-growing phase or in a static phase, substantially as

30 hereinbefore described with reference to the description.

116. A method for treating a patient suffering from or susceptible to a disease or
condition associated with or caused by a microbial biofilm substantially as
hereinbefore described with reference to the description.

35
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condition associated with or caused by a mcrobial biofilmsubstantially as
her ei nbef ore described with reference to the description.117. A nethod for
treati ng WORAIWMAS3suf fering fromor susceptible to a diPSE4IBIEY0RBAdi ti on
associated wth or caused by a bacteria in a slowgrow ng phase or in a
static phhte stiygethadifar troatng AdaEPMoesfteriao dose o l?é'éc%ﬂt@% E\eﬁe‘ﬂ'ﬁ'?ﬁf’é ®0 the
description. ldshditidh dsS8iaad drth@r CBGetay L5¥ci&rR iﬁ@sﬂ&xﬁ-@%\ﬁh%éhés% orina

her ei nbefore described with reference to the description. 119. A nethod for
maki ng an i npl gAlamhaseretibstantigllyy B8 ehergipbefarn idgseipess Witbr esferisesorte the
described withqeRfigighnce to the description.

5
118. An implantable medical device substantially as hereinbefore described with
reference to the description.
119. A method for making an implantable medical device substantially as hereinbefore
10 described with reference to the description.
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