16 December 2005 - 1 ANTIMICROBIAL AND RADIOPROTECTIVE COMPOUNDS This invention
relates to compounds which have antimicrobial and radioprotective activity. In 5 particular, the invention
relates to substituted nitrostyrene compounds which have activity agaids$t assii®espeeéum of organisms
including bacteria, fungi and protozoa. The compounds of the invention also have the ability to provide
protection from radiation damage. 10 BACKGROUND OF THE INVENTION All references, including any
patents or patent applicatio [ted in. thy ecificat c [ 03 by reference. No
admission is made that an

TCELENACPRKID
H gferences states what
their authors assert, and the applicants reserve the right to challenge the accuracy and pertinency of the
cited documents. It will be clear}h2@ uhdesstooothas lalthrougiva cuimbenadkpriariatt pabkcations are
referred to herein, this reference doesnpot-ganstiute anadpaissian that any afthese documents forms
part of the common ggg(lag%l lkarmelggge .ipl \t/fel% 9{%ri1n r%g%t{aelisa or in gﬁg toltr%%rt%%untry. 25 Bacterial, fungal
and protozoal pathggens are résponsib]]e for a very wide variety ofln. ections, ranging from minor
respiratory ailment& t& TaRTiHaRT Sy Stefie iinfectibhsand ehforit fiinddse < Foodpoidotiiriicaused by
organisms such ass®alptonellacdr Cagapyilebacter ¢s 80icomiron; @ntkis dftervassociated with endemic
infection in livestogk 6t poukry raised usipgintersive animal lRushandry deehnigues. Bespite the wide
availability of antibigg@,iggnygl ﬁft ng@o% is difficult, and many_erganisims 5}3}(5993".5 the ability to

develop resis{%nce. Many microorganisms cause problems which have hitherto proved to be quite

BACKGROUND OF THE INVENTION

All references, including any patents or patent
applications, cited in this specification are hereby

15 incorporated by reference. No admission is made that any
reference constitutes prior art. The discussion of the
references states what their authors assert, and the
applicants reserve the right to challenge the accuracy and
pertinency of the cited documents. It will be clearly

20 understood that, although a number of prior art
publications are referred to herein, this reference does
not constitute an admission that any of these documents
forms part of the common general knowledge in the art, in
Australia or in any other country.

25 Bacterial, fungal and protozoal pathogens are
responsible for a very wide variety of infections, ranging
from minor respiratory ailments to fulminant systemic
infections and chronic illnesses. Food poisoning caused
by organisms such as Salmonella or Campylobacter is

30 common, and is often associated with endemic infection in
livestock or poultry raised using intensive animal
husbandry techniques.

Despite the wide availability of antibiotics,
control of infection is difficult, and many organisms have

35 the ability to develop resistance. Many microorganisms
cause problems which have hitherto proved to be quite
intractable, such as multi-drug resistant Staphylococcus



intractable, such as multi-drug resistant Staphylococcus 16 December 2005 - 2 aureus infection in
hospitals, drug-resistant Enterococcus infections, bacterial, fungal and protozoal infection in HIV
patients, tuberculosis, and malaria and other endemic infections in undetd alintries. 5 Currently
there are only very few agents which have a wide spectrum of activity against pathogens of bacterial,
fungal and protozoal origin. Antibiotics are the most Vvi&el)_/ used agents in the fight against pathogenic
microorganisms. However, most antibiotics 10 have narrow, specificity. Even broad spectrum antibacterial
antibiotics are not &/ %BtfectiVesdaingt fingicahd protozod” _sjfea%iﬁoad%% HAI6RGI6Y Féstricted range
of classes of compbuhdstatisugiafitoved sefmitsimtheti€ defivafives of ifeschage 15'developed, only
a few new antibioti& Tongpaunc classestaven become avdilabledn the dast twenty yeassnike choice of
agents for protection, et living,qrganisms-against racioactive,kadiation is also quite limited. Among the
radiation protectors the most 20 effective are sulphur-containing compounds (Kuna, 1989). For example,
cystamine is agproved for use acsuérraet F:%%r?c %?(ﬁeec%\r(g a%%% (%flfgd\‘fmﬁ%v\v/ éatg%tr,lui%@l‘%)le index of
protection of this préparafion s ExcER T 455 ahit histHa disidvaritagenat R tauses diarrhoea.
Another 25 known radiationpretectivesprepadation ismeréamina (8- mércaptaethytamined (Mashkovskiy,
1986). This has a lewdherapeuticintexy sbartperiact of actiea (Bisth) @nthshort duration of radiation

protecting activity ( §E%Q>5’¥ﬂl- 9%@5?55‘9&‘%%@‘”%8%{}%’19 andsome of jts, derivatives demonstrate

biological, angopar fungicidal activitgél,:%/er,, 1973). Russjan Patent No. 2145215 showed that certain
deﬂvaﬂvesofanﬂnlﬁy narrow specificity. ’‘Even broad spectrum

e

aikené&s have
antibacterial antibiotics are not very effective against

fungi and protozoa. Most antibiotics belong to a
restricted range of classes of compounds; although
improved semi-synthetic derivatives of these have

15 developed, only a few new antibiotic compound classes have
become available in the last twenty years.

The choice of agents for protection of living
organisms against radioactive radiation is also quite
limited. Among the radiation protectors the most

20 effective are sulphur-containing compounds (Kuna, 1989).
For example, cystamine is approved for use as a radiation-
protective agent (Vladimirov et al, 1989). The index of
protection of this preparation does not exceed 1.45, and
has the disadvantage that it causes diarrhoea. Another

25 known radiation-protective preparation is mercamine (B-
mercaptoethylamine) (Mashkovskiy, 1986).

This has a low therapeutic index, short period
of action (0.5-1 h), and short duration of radiation
protecting activity (15-30 min).

30 It is known that B-nitrostyrene and some of its
derivatives demonstrate biological, and partly fungicidal
activity (Foyer, 1973). Russian Patent No. 2145215 showed
that certain derivatives of arylnitroalkenes have
antimicrobial, antifungal, antiprotozoal activity, and are

35 able to provide protection from radiation damage. These

compounds have the following formula

R,
Rs



antimicrobial, antifungal, antiprotozoal activity, and are 35 able to provide protection from radiation
damage. These compounds have the following formula CH=1-NO2 RZ 16 December 2005 - 3 in which
R1'is H or CH3; and R2' and R3' are the same or different and are selééteéttfsreH, ACH3, OH, NO2
and (CH3)2N. The activities of these compounds are 5 satisfactory, but there is a need for low cost, low-
toxicity agents with a wide spectrum of antimicrobial activities. We have now found that certain
substituted nitrostyrene compounds have excellent activity against 10 very wide spectrum of organisms,
including bacteria, fungi and projtazgg g Igléoh%\}é {Re abliity #'Brovide protection from radiation
damage. SUMMARY OF THE IRVENTON 1520 PBET e fivetitioh provides-a et oetof treatment
and/or prophylaxis ©f aemicrabiat infegtionceomprising cthe: step(ofiadiNinistering an effective amount of a
compound of formula I: Rq | in which X angi ¥ ate eitherthe samgprdifferentand selected from a
heteroatom; | _|$ a double or single b%nudcdgggrr]gmgso% the 3 ?g%e_rﬁ)ggqorgs Sxtango\V(V;_Rl to R5 are either
the same or diff h eleterious suBst_ll’uent;

atl
erent an(S:I _ selected from hydrogen or a non- _
toxicity agents with a wide spectrum of antimicrobial

activities.
We have now found that certain substituted
nitrostyrene compounds have excellent activity against
10 very wide spectrum of organisms, including bacteria,
fungi and protozoa and also have the ability to provide

protection from radiation damage.

SUMMARY OF THE INVENTION

15
The invention provides a method of treatment
and/or prophylaxis of a microbial infection, comprising
the step of administering an effective amount of a
compound of formula I:
20
25

in which
X and Y are either the same or different and

selected from a heteroatom;

% is a double or single bond depending on the
30 heteroatoms X and Y;

R1 to Rs are either the same or different and
selected from hydrogen or a non-deleterious substituent;
and

Rs and R; are either the same or different and

35 selected from hydrogen and a non-deleterious substituent

or one of Rs and R; are absent when there is a double bond



and R6 and R7 are either the same or different and 35 selected from hydrogen and a non-deleterious
substituent or one of R6 and R7 are absent when there is a double bond 16 December 2005 - 4 present,
pharmaceutically acceptable salts or derivatives, pro-drugs, tautomers sndfetasoeiers thereof. The
invention also provides use of the compound 5 of formula | in the manufacture of a medicament for the
treatment and/or prophylaxis of a microbial infection. The invention further provides use of the compound
of formula I for the treatment and/or prophylaxis of a microbial infection. 10 The invention still further
provides a method o Prbtecting a subject from radiation damage which comprises administering an
effective amount of the compotid B forpmiladas ‘& sabjeePirmhéed théfedf O another aspect, the
invention provides ae t5vmethecsof pancerrmaghiothesapywhich eomfisisess adainisterdng ¢ a subject in

need of such therapy an effectiveamauitef the campoungafformyla.| aad:subjesting the locus of a
tumour in the %ubje% tea I5%(1iaati9nisrgutr%ee. %% In §afg£t£1§é aspect, Hggg iin\é%ntiocn >?(r)c])fvi s use of the
compound of formula I as an antimicrobial or ra&ioprotectlve agent. recfera y X'and Y are either the

same or different &P eEMRed FomH Dramd RP SR profefally BbE °25 dland Y5k 8Rygen. Preferably
R1 and R2 are either the same ©rediffevemttarrh sélectéd frapr hydesgen,seydroxyhkalogen or optionally
substituted C1-6 alkylhR3:teiRsareqpieierably edherthe sameror30 different apdselectedifsom

hydrogen, hydroxyol%alggfﬁfcrobial infection.

10 The invention still further provides a method
for protecting a subject from radiation damage which
comprises administering an effective amount of the
compound of formula I to a subject in need thereof.

In another aspect, the invention provides a

15 method of cancer radiotherapy which comprises
administering to a subject in need of such therapy an
effective amount of the compound of formula I and
subjecting the locus of a tumour in the subject to a
radiation source.

20 In a further aspect, the invention provides use
of the compound of formula I as an antimicrobial or
radioprotective agent.

Preferably X and Y are either the same or
different and selected from O and N, more preferably both

25 X and Y are oxygen.

Preferably R; and R, are either the same or
different and selected from hydrogen, hydroxy, halogen or
optionally substituted Ci-¢ alkyl.

R; to Rs are preferably either the same or

30 different and selected from hydrogen, hydroxy, halogen,
nitro, Ci-¢ alkoxy or optionally substituted C;-¢ alkyl.

Preferably halogen is chlorine or bromine.

The E isomer of the compounds of formula I is
preferred.

35 Particularly preferred are compounds of the
formula I in which X, Y, 28, Rg and R; are as defined

above; R; and R, are either the same or different and



nitro, C1-6 alkoxy or optionally substituted C1-6 alkyl. Preferably halogen is chlorine or bromine. The E
isomer of the compounds of formula | is preferred. 35 Particularly preferred are compounds of the

formula | in which X, Y, , R6 and R7 are as defined above; R1 and R2 afe&ifissfite £Hine or different
and 16 December 2005 - 5 selected from hydrogen, hydroxy, Cl, Br and C1-4 alkyl; and R3to R5 are
either the same or different and selected from hydrogen, hydroxy, Cl, Br, nitro, C1-4 alkoxy or C1_4

alkyl. 5 Specific examples of the compounds of the present invention are as follows: 10 15 20 (1) X and Y
are 0, R1 is methylI%nd RZ°4nd KF @drﬁpo%aén}t§§ﬁﬁi{éfhyféjnéd?d3(ﬁﬂqm%]ﬁyl§Hfﬁi]tfos?ﬁr%ne) 1(2) X
and Y are 0 and RRt0'R3 &rediydrogehe 3, 8hnefiifienadioky R vitostyrere)s2 2533 ¢3) X is N, Y is NH,
R1 is methyl and R2rand Raiareydrogen{benzimidazole-b:Rrnitropropylehex 3 35 (4). X% is N, Y is NH,
R1is hydrogen, RZis. fmethyl and R3 is absent (2-methyl benzimidazole-5-R-nitroethylene) 16
December 2005

Specific examples of the compounds of the

present invention are as follows:

(1) X and Y are O, R; is methyl and R, and Rj3
are hydrogen (3,4-methylenedioxy-B-methyl-

10 B-nitrostyrene

<Z

15 1

)
NO,
CH,

(2) X and Y are O and R; to R; are hydrogen
(3,4-methylenedioxy-B-nitrostyrene)

20 <:D/\/NOZ

2
25 (3) X is N, Y is NH, R; is methyl and R, and Rj
are hydrogen (benzimidazole-5-fp-
nitropropylene)
N NO,
30 (ms
NH
3

(4) X is N, Y is NH, R; is hydrogen, R; is
35 methyl and Rs is absent (2-methyl

benzimidazole-5-Bf-nitroethylene)



54 (5) Xis 0, Yis N, Rl and R2 are hydrogen and R3 is absent (benzoxazole-5-(3- nitroethylene) 10 2
~NO2 515202530 (6) Xis N, Y is 0, R1 and R2 are methyl and R3 is absent (2-methyl

benzoxazole-5-(3- nitropropylene) CH3 per se. 02 6 Some of the compbunisafihe féf¥aula | are novel
Accordingly, the invention provides a compound of formula la: R, 35 la in which X, Y, and R1 to R1 are

as defined in formula | above, 16 December 2005 - 7

With the provisos that 5 10 15 (i) when both X and

Y are 0 and R2 to R7 are hydrogen, then R1 is not hydrogen, C1_4 aII8/I, COHEt, ~~ or CH2CO02R8 in

-CH2 N
CHS%
NH

~N

(5) X is O, Y is N, R; and R; are hydrogen and

R3 is absent

(benzoxazole-5-p-

nitroethylene)
10 o \\V/NOz
S
N
5
15
(6) X is N, Y is O, R; and R; are methyl and Rj
is absent (2-methyl benzoxazole-5-B-
nitropropylene)

SRS soas

25 Some of the compounds of the formula I are novel

per se.

Accordingly, the invention provides a compound

of formula Ia:

30

35

formula I above,

Ta
in which X, Y,§ and Ry to Ry are as defined in



which R8 is C1-12 alkyl or phenyl optionally substituted by one or more halogen; (ii) when both X and Y
are 0, then R1 to R7 are not hydrogen; (iii) when R2, R6 and R7 are hydrogen, one of R3, R4 or R5 is
methyl and X and Y are 0, then R1 is not methyl; (iv) when R2, R3, R51REae Rz a#2%ydrogen, R9 is
OCH3 and X and Y are 0, then R1 is not H, CH3 or CH2CH3; (v) when R1 to R5 are Hand X and Y are O,
20 25 30 35 (vii) then at least one of R6 and R7 is not r%efhyl' when R2, R4, R5, R6 and R7 are H, R3 is
OCH3 and X and Y are 0, then R1 is not CH3; and when R1, R2, R3, R5, R6 and R7 are Hand X and Y
are 0, then R4 is not OCH3. Th& ihVeritibh gf%%vﬁT%%Fde§§%rocess for the preparation of the compound
of formula la defined above which comprig&sicErdénsingcdmpbting cffdrimul&adl: 'R, RIS which X, Y,,
R3 to RH are as defined in hydrogen, then R; is not hydrogen, Ci_4

(o]
alkyl, CO,Et, /\oor CH,CO,Rs in

CHy

which Rg is Ci-;; alkyl or phenyl
optionally substituted by one or more
10 halogen;

(1i) when both X and Y are O, then R; to Ry

are not hydrogen;

(111) when R;, R¢ and R; are hydrogen, one of

R3, Rqs or Rs is methyl and X and Y are O,
15 then R; 1s not methyl,
(iv) when Ry, Rz, Rs, R¢ and R; are hydrogen,
R; 1is OCHs; and X and Y are O, then R; is
not H, CHs; or CH,CHs;

(v) when R; to Rs are H and X and Y are O,

20 then at least one of Ry and R; is not
methyl;

(vi) when Ry, R4, Rs, R¢ and R; are H, Rs is

OCHz and X and Y are O, then R; is not
CHsz; and

25 (vii) when Ri, Ry, R3, Rs, R¢ and R; are H and X
and Y are O, then R; is not OCHs;.

The invention also provides a process for the
preparation of the compound of formula Ia defined above
which comprises condensing a compound of formula II:

30 R,

X CHO

Rs

35 R,

1T
in which X, Y,%, R3 to Ry are as defined in



16 December 2005 - 8 formula la above with a compound of formula Ill: RIRZCHNO2 5 above. Il in
which R1 and R2 are as defined in formula la The invention further provides a process for the
preparation of the compound of formula la defined above 10 which comprisees ¢gagting a°compound of
formula IV: R, R2 15 R, IV in which X, Y,, R1 to R1 are as defined in 20 formula la above with C(N03)4.
The processes are preferably performed in the prese_nc8e of a catalyst, such as, an amine or an alkali
metal hydroxide, for example, NaOH or KOH. In a further aspect, the invention provides a 25
pharmaceutical or VEEFha?y %%n%&oosYt?on comprising the compound of formula la defined above together
with a pharmaceutically or vetefihgkily ace&prapie carfriero Prefetably. the pharmaceutical or veterinary
composition is a topical, oral or parenteral composi&cl)gh 30 The pharmaceutically or veterinarily
acceptable carrier is preferably an organic solvent tone, benzene, acetonitrile, DMSO or an
alcohol, for example, methanol or ethanol. While the pounds of the present invention show a poor

solubility in water, when water is 35 combined with an organic solvent a stable mixture is formed. 16
December 2005 - 9 in which R; and R, are as defined in formula Ia

above.
The invention further provides a process for the
preparation of the compound of formula Ia defined above

10 which comprises reacting a compound of formula IV:

R, R,
R,
R
7 Y R5
15
R,

Iv

in which X, Y,%, Ry to R; are as defined in
20 formula Ia above with C(NOs3)g4.

The processes are preferably performed in the
presence of a catalyst, such as, an amine or an alkali
metal hydroxide, for example, NaOH or KOH.

In a further aspect, the invention provides a

25 pharmaceutical or veterinary composition comprising the
compound of formula Ia defined above together with a
pharmaceutically or veterinarily acceptable carrier.

Preferably, the pharmaceutical or veterinary
composition is a topical, oral or parenteral composition.

30 The pharmaceutically or veterinarily acceptable
carrier is preferably an organic solvent such as acetone,
benzene, acetonitrile, DMSO or an alcohol, for example,
methanol or ethanol. While the compounds of the present
invention show a poor solubility in water, when water 1is

35 combined with an organic solvent a stable mixture is

formed.



DETAILED DESCRIPTION OF THE INVENTION For the purposes of this specification it will be clearly
understood that the word "comprising” means 5 "including but not limited to", and that the word
"comprises" has a corresponding meaning. The term "heteroatom" dendteLecNwwS2 The term
"non-deleterious substituent” is used herein in its broadest sense and refers to a substituent 10 which
does not have a deleterious effect on the antimicrobial or radioprotective properties of the compound.
Examples include alkyl, alkenyl, alk n¥>l aryl, halo, haloalkyl, halgalkenyl, haloalkynyl, haloaryl, hydroxy,
alkoxy, alkenylox ,D OXY, BeR2iio 5 .v,o haloaryloxy, nitro, nitroalkyl,
nitroalkenyl, nitroalkynyl, nitroaryl,

nitr’oheterocyclyl, émino, alkylamino, dialkylamino, alkenylamino,
alkynylamino, arylamino, diarylamino;hbepzylanine, dibenzykansipes acyk atkenylacyly20 alkynylacyl,
arylacyl, acylamino, diacydamino. acylaxy, oalkylsidphenyoxy.arylsulphenyloxy heteraeyclyl,

heterocycloxy,5heteygggcilaénirqo, Bglghe{g%rolcjyc%/tl,e gllg/olsulpgegyltgr Isg&pehevp%l_) Cr[:arboalkoxy,
carboaryloxy mercapto, amy][th?o, aryltﬁlo, acyﬁ 0 an ph’ospﬂorus-aZ containing compounds.

Particularly suitable WoREdeltetiods SubshifierfE 8 Ay, Afkehyl Aikynyl, halo, haloalkyl, haloalkenyl,
haloalkynyl, hydroxy, alkoxy, alkémylorym haledikax tratGalenyloxy, ditrd! mitroalkyl, 30 nitroalkenyl and
nitroalkynyl. In a preferred embodinent-thenenrdelatetious ocsubstitvents-aken€1-8 alkyd.daalo, hydroxy,

C1-6 alkoxy and njtro. The term foptignally.sybstityied” mmaans fat.a 35 graup may grmay not be

further substiyed Wi, for example, the groups specified above under fhe gefiniion of non deleterious

antimicrobial or radioprotective properties of the
compound. Examples include alkyl, alkenyl, alkynyl, aryl,
halo, haloalkyl, haloalkenyl, haloalkynyl, haloaryl,
hydroxy, alkoxy, alkenyloxy, aryloxy, benzyloxy,

15 haloalkoxy, halocalkenyloxy, haloaryloxy, nitro,
nitroalkyl, nitroalkenyl, nitroalkynyl, nitroaryl,
nitroheterocyclyl, amino, alkylamino, dialkylamino,
alkenylamino, alkynylamino, arylamino, diarylamino,
benzylamino, dibenzylamino, acyl, alkenylacyl,

20 alkynylacyl, arylacyl, acylamino, diacylamino, acyloxy,
alkylsulphonyloxy, arylsulphenyloxy, heterocyclyl,
heterocycloxy, heterocyclamino, haloheterocyclyl,
alkylsulphenyl, arylsulphenyl, carboalkoxy, carboaryloxy
mercapto, alkylthio, arylthio, acylthio and phosphorus-

25 containing compounds.

Particularly suitable non-deleterious
substituents are alkyl, alkenyl, alkynyl, halo, haloalkyl,
haloalkenyl, haloalkynyl, hydroxy, alkoxy, alkenyloxy,
haloalkoxy, haloalkenyloxy, nitro, nitroalkyl,

30 nitroalkenyl and nitroalkynyl.

In a preferred embodiment the non-deleterious
substituents are Ci-4 alkyl, halo, hydroxy, Ci-¢ alkoxy and
nitro.

The term “optionally substituted” means that a

35 group may or may not be further substituted with, for
example, the groups specified above under the definition

of non-deleterious substituent.



16 December 2005 - 10 The term "halogen" refers to fluorine, chlorine, bromine and iodine, preferably
chlorine and bromine. The term "alkoxy" is used herein in its broadest sense and refers to straight chain,
branched chain or 5 cyclic oxy-containing radicals each having alkyl poétfoRscreteraBip C1-6 alkyl, more
preferably C1-4 alkyl. Examples of such alkoxy groups are methoxy, ethoxy, propoxy, butoxy and
t-butoxy. The terms "C1-4 alkyl" or "C1-6 alkyl" used either 10 alone or in compound words such as
"optionally substituted C1-4 or C1-6 alla/ " refer to straight chain, branched chain or cyclic hydrocarbon

|
groups having from 1 to 6 carbon atGMa" IIUStratie of ST alkyt Groupard ethifi: Bthyf propyl,

isopropyl, butyl, isobtijii 8ecBidyl A% itest-b By frermyll neehentyinReryIdcheloBic, cyclobutyl,
cyclopentyl or cyclohexyl. The saits afcthe compourd of sonmeld herrkaiarei prefesablyqeluarmaceutically

acceptable, but it will be. appreciated that non-pharnaceytically acceptable salts; 20 &lso fall within the
scope of the present invention, since, these are lé{%?fué as ig'gecrm%dailg]tles in tﬁ;g @re g]r:actiioonngf
a

. T 2Cont . /
pharmaceutically a%gé:ptla%lé) égltg.o Itzlxgrlrﬁélsq of p lacrmaceutlcally accrelgtaab esalts include salts of

pharmaceutically aREEPEIAE Lhtiohs stitih dy sBitim 225 PEEE3 UM lithiGm* Eatcium PEgiFesium,
ammonium and alkylammbnruicacidaddition saftsiof Pharmnacettically acceptable inorganic acids such
as hydrochloric, orhephespherigc; sulphuric, phosphoric, nitric, carbonic, boric, sulfamic and hydrobromic

acids; or salts of 30 pharmaceuti¢ally acgeptaple organic acids such agggefic, | propiqnic, ytyric, tartaric,
maleic, hydroxgrr_la(laelc,nfurg}z_gnchcggc, Ialcl'gl%, music, gé%c nlg,sbqr(ljzotltl;bnsglc |nlcs,u%éatll&gpggylacetlc,
methanesulphonic 2 titisloRftethansSTRRBAT, T8kiehedtiphonic, P Y
Ci-4 or Ci-4 alkyl” refer to straight chain, branched chain
or cyclic hydrocarbon groups having from 1 to 6 carbon
atoms. Illustrative of such alkyl groups are methyl,
ethyl, propyl, isopropyl, butyl, isobutyl, sec-butyl,

15 tert-butyl, pentyl, neopentyl, hexyl, cyclopropyl,
cyclobutyl, cyclopentyl or cyclohexyl.

The salts of the compound of formula I or Ia are
preferably pharmaceutically acceptable, but it will be
appreciated that non-pharmaceutically acceptable salts

20 also fall within the scope of the present invention, since
these are useful as intermediates in the preparation of
pharmaceutically acceptable salts. Examples of
pharmaceutically acceptable salts include salts of
pharmaceutically acceptable cations such as sodium,

25 potassium, lithium, calcium, magnesium, ammonium and
alkylammonium; acid addition salts of pharmaceutically
acceptable inorganic acids such as hydrochloric,
orthophosphoric, sulphuric, phosphoric, nitric, carbonic,
boric, sulfamic and hydrobromic acids; or salts of

30 pharmaceutically acceptable organic acids such as acetic,
propionic, butyric, tartaric, maleic, hydroxymaleic,
fumaric, citric, lactic, mucic, gluconic, benzoic,
succinic, oxalic, phenylacetic, methanesulphonic,
trihalomethanesulphonic, toluenesulphonic,

35 benzenesulphonic, salicylic, sulphanilic, aspartic,
glutamic, edetic, stearic, palmitic, oleic, lauric,

pantothenic, tannic, ascorbic and valeric acids.



35 benzenesulphonic, salicylic, sulphanilic, aspartic, glutamic, edetic, stearic, palmitic, oleic, lauric,
pantothenic, tannic, ascorbic and valeric acids. 16 December 2005 - 11 In addition, some of the
compounds of the present invention may form solvates with water or camiete@gamiedsolvents. Such
solvates are encompassed within the scope of the invention. 5 By "pharmaceutically acceptable
derivative" is meant any pharmaceutically acceptable %&It,_hydrate or any other compound which, upon
administration to the subject, is_capable of providing (directly or indirectly) a compound of formula | or la

or an antimicrobial or 10 radipp%&e%ﬁ%ta]c Ve mgthhdiite o Tesidlie thereof” L& term "pro-drug" is used
herein in its broad63t$ense toTHEBEIR0BE CohFEurds WhiEHT are torivaied Prvivetdeompounds of
formula | or la. The tern I'tautomeshissused hereindmitstEs baoadestsensestosiacludenéompounds of
formula | or la whigh arg capable-of gXxistingdn @; state of equilibrium between two isomeric forms. Such
compounds may differ in the band gonnecting two atoms or grou nd the position pf these atoms or
groups in the c%:)mpound. 20 Th?¥errﬁﬁ%%%é%lf\ghg%% eraelcr%ﬁ'ipi%sﬁﬁga (aesjftgggﬁslg%nd includes

structural, geometri€aRd steréoP ISomars B fife- cempotidGirbrmeta For T3 &) -Ravé ofeY or more
chiral centres, it is capablecoiexisting i iefantiamerie forms. 25 Theaerrd'nticrobiabindedtion” is used
herein in its broadest senrse-anddefersdo amnigfectioncaused by & dnicseerganism and includes
bacterial infections .fyngal infections, yeast ipfections gnd protgzoal infegtions. The term "microorganism®

includes any 36) microscopic organism or taxonomically related macroscopic organism within the
. 1 radio %ot bolite or residue thereof.
categories algae, bacteria, fungr,

1 ective active metabol
The term “pro-drug” is used herein in its
broadest sense to include those compounds which are
converted IN VIVO to compounds of formula I or Ia.
The term “tautomer” is used herein in its

15 broadest sense to include compounds of formula I or Ia
which are capable of existing in a state of equilibrium
between two isomeric forms. Such compounds may differ in
the bond connecting two atoms or groups and the position
of these atoms or groups in the compound.

20 The term “isomer” 1s used herein in its broadest
sense and includes structural, geometric and stereo
isomers. As the compound of formula I or Ia may have one
or more chiral centres, it is capable of existing in
enantiomeric forms.

25 The term “microbial infection” is used herein in
its broadest sense and refers to any infection caused by a
microorganism and includes bacterial infections, fungal
infections, yeast infections and protozoal infections.

The term “microorganism” includes any

30 microscopic organism or taxonomically related macroscopic
organism within the categories algae, bacteria, fungi,
yeast and protozoa or the like.

Bacterial infections include, but are not
limited to, infections caused by Bacillus cereus, Bacillus

35 anthracis, Clostridium botulinum, Clostridium difficile,
Clostridium tetani, Clostridium perfringens,
Corynebacteria diphtheriae, Enterococcus (Streptococcus



yeast and protozoa or the like. Bacterial infections include, but are not limited to, infections caused by
Bacillus cereus, Bacillus 35 anthracis, Clostridium botulinurn, Clostridium difficile, Clostridiur tetani,
Clostridium perfringens, Corynebacteria diphtheriae, Enterococcus (St 8’ December 2005 -
12 D), Listeria monocytogenes, Pneumoccoccal infections (Streptococcus pneumoniae), Staphylococcal
infections and Streptococcal infections ; Gram Nege{tiv]ezba_cteria including Bacteroides, Bordetella
pertussis, Brucella, 5 Campylobacter infections, enterohaemorrhagic Escherichja coli (EHEC/E. coli 0157
- H7) enteroinvasiv%gEsih'egr)léc%ﬂ acé*lP(E@é}')‘?%%?&%toxiBSH[BOE%%& E"uié'} E EC), Haemophilus
influenzae, HelicobGRtaIBRIBRORISSi BN Y AABiacS taRivHcesss | MOYESER @aga@hslis, 10
Neisseria gonnorrhskeep tNeisseréd merfingitits) ProtéusinspiegRsevdomonasraeruginosa, Salmonella
spp., Shigella spp; Vibria choleacnd - paeisia; Bidiéast RRCtpER tis8iring Adyeabarigrium tuberculosis,
Mycobacterium avigm- i ,.Myobacterium johnei cobacterium lepr ical bacteria,
Chiamydia, Mool T B Y e e
burgdorfii and LeptoShita (E&FGHEMRPLYide aAd oftier mdcenianBsas bet& e NRELHHG Actinomyces
and Nocardia. 20 Faddal (hfégtionssnthide; but aee ot Higther tehihe@hs dadsEd by Alternaria
alternata, AspergillHaefiypis IAspargfilsdumigatuse Pipstigitius migylbosi Asgesgdlisiniger, Aspergillus
versmo_lor,_Blaston}yﬁggmgﬁr{agt,ld||t_|§g§_:@,qg|q%ag3¢@qr)s,,\@%gggm@@%ﬁ%ﬁ g:gpdlda krusei, Candida
parapsilosis, Candwgitég@'galls, Cand}g%glabratz&{ Coccidioides |mm|t|§f- liygog(}%%uesusneoformans,

Epidermophy%gn floccosum,'lglisgc?pr)'lg(s)ma c%%%ﬂla anﬁﬁ\ﬁglhas.s@%%'PLﬁ’f'ur,' ICrosporum ¢anis, Mucor

spp., Pseudomonas aeruginosa, Salmonella spp., Shigella
spp., Vibrio cholera and Yersinia; acid fast bacteria
including Mycobacterium tuberculosis, Mycobacterium avium-
intracellulare, Myobacterium johnei, Mycobacterium leprae,
15 atypical bacteria, Chlamydia, Mycoplasma, Rickettsia,
Spirochetes, Treponema pallidum, Borrelia recurrentis,
Borrelia burgdorfii and Leptospira icterohemorrhagiae and

steliaiala;

other miscellaneous bacteria, including Actinomyces and
Nocardia.

20 Fungal infections include, but are not limited
to, infections caused by Alternaria alternata, Aspergillus
flavus, Aspergillus fumigatus, Aspergillus nidulans,
Aspergillus niger, Aspergillus versicolor, Blastomyces
dermatiditis, Candida albicans, Candida dubliensis,

25 Candida krusei, Candida parapsilosis, Candida tropicalis,
Candida glabrata, Coccidioides immitis, Cryptococcus
neoformans, Epidermophyton floccosum, Histoplasma
capsulatum, Malassezia furfur, Microsporum canis, Mucor
spp., Paracoccidioides brasiliensis, Penicillium

30 marneffei, Pityrosporum ovale, Pneumocystis carinil,
Sporothrix schenkii, Trichophyton rubrum, Trichophyton
interdigitale, Trichosporon beigelii and Rhodotorula spp..

Yeast infections include, but are not limited
to, infections caused by Brettanomyces clausenii,

35 Brettanomyces custerii, Brettanomyces anomalous,
Brettanomyces naardenensis, Candida himilis, Candida
intermedia, Candida saki, Candida solani, Candida



spp., Paracoccidioides brasiliensis, Penicillium 30 marneffei, Pityrosporum ovale, Pneumocystis carini,
Sporothrix schenkii, Trichophyton rubrum, Trichophyton interdigitale, Trichosporon beigelii and
Rhodotorula spp.. Yeast infections include, but are not limited to, infectién8<zised 3 Brettanomyces
clausenii, 35 Brettanomyces custerii, Brettanomyces angmalous, Brettanomyces naardenensis, Candida
himilis, Candida intermedia, Candida saki, Candidaéoia?ni,_Candida 16 December 2005 - 13 tropicalis,

Candida versatilis,tCandjda echii, . Candida famatgilr andi Ii%SoISHticg, Cﬁndid%ste(?ié% Candida vini,
Debaromyces hansgrﬂﬁﬁ e?&igt%rl]%'e a,"BEEﬁe% hruxelfens! ,aG otrithlum €K um, Hansenula

fabiani, 5 Hansenidkptakamw drapt 1h eRAd vibpsalaCarmtdaiatotaadailcrAvAll®Hanseniaspora
vinae, Kluyveromyedas lactide ldpekgraeapliratsten Kiyvérekiyoes mabaaned i KluyDeksewaes fragilis,
Metschikowia pulcigiicea. 1IRBieSiisguiirseiadh i Bishianieatalis, iMieliarieraestmhichia 10
memranefacieps, Rigdotopula S3cChRremyres haxaniy ,SaRe %rPQ‘V‘EF‘a%%%Wé’é%\ﬁSr§aCCharomyces

dairiensis Saccharomyces exigus, Saccharomyces uinsporus, Saccharomyces uvarum, Saccharomyces
oleaginosus, SaccHAIHSERS N aldRN eSS LASRINDC YRS udlb iy B SEN GBS ad 8%t bTny ces pombe,
Torulaspora delbruékiieReiralcusisutaibta, Klabeippyoescesnalfnutg, AhossechaMstgces rouxii.
Protozoal infectionsragjadé shutienesaoli kowied s IclesiipisLausdHial gishmaandaxeplasma, 20
Plasmodia, Theilerjs; &W'B%%?@?’ PHERGRORESnd RS PRapfeccidia, and Babesia. Specific
examples incllblde Mrannos é?:aecrr]lézi, E‘érgarigggn?gasggcmgdium falciparum, Plasmodium vivax or
Plasmodium ovale. ref%raeoly, the Ticrobi

: omyces bayan . "
il infection iS an iRfaction Qat¥sed16)7 either a Gram Positive
or a Gram Saccharomyces cerevisiae, Saccharomyces dairiensis

Saccharomyces exigus, Saccharomyces uinsporus,
Saccharomyces uvarum, Saccharomyces oleaginosus,
Saccharomyces boulardii, Saccharomycodies ludwigii,

15 Schizosaccharomyces pombe, Torulaspora delbruekii,
Torulopsis stellata, Zygoaccharomyces bailli and
Zygosaccharomyces rouxii.

Protozoal infections include, but are not
limited to, infections caused by Leishmania, Toxoplasma,

20 Plasmodia, Theileria, Anaplasma, Giardia, Trichomonas,
Trypanosoma, Coccidia, and Babesia. Specific examples
include Trypanosoma cruzi, Eimeria tenella, Plasmodium
falciparum, Plasmodium vivax or Plasmodium ovale.

Preferably, the microbial infection is an

25 infection caused by either a Gram Positive or a Gram
negative bacterium, for example, Staphylococcus aureus,
Enterococcus fecalis, Klebsiella pneumonia, Salmonella
typhimurium or pseudotuberculosis, Acinetobacter,
Pseudomonas aeruginosa, Clostridium perfringens,

30 Clostridium difficile, Campylobacter jejuni or Bacteroides
fragilis; a fungal or yeast infection, for example,
Trichophyton interdigitale; Aspergillus fumigatus or
Candida albicans; or a protozoal infection, for example
Plasmodium falciparum or Trichomonas vaginalis.

35 Examples of microbial infections include
bacterial or fungal wound infections, mucosal infections,

enteric infections, septic conditions, pneumonia,



negative bacterium, for example, Staphylococcus aureus, Enterococcus fecalis, Klebsiella pneumonia,
Salmonella typhimurium or pseudotuberculosis, Acinetobacter, Pseudomonas aeruginosa, Clostridium
perfringens, 30 Clostridium difficile, Campylobacter jejuni or Bacteroideséfizgfifisearfuatgal or yeast
infection, for example, Trichophyton interdigitale; Asper%illus fumigatus or Candida albicans; or a
protozoal infection, for example Plasmodium faIcipaFur% or Trichomonas vaginalis. 35 Examples of
microbial infections include bacterial or fungal wound infections, muycosal infections,, enteric infections,

septic conditions, pnetmonia; 18 DeEember 2005 - 18 PARSME! offitiiEsis Hithomdhissis, fungal
infections and salrhBfAeRfe3iBo8spacialy in PeRRiaRY praétice’ ST icvtpobnds bi #ife invEition may also

be used for the treatmeot ofiresistantenitrokiakspecies oran yvarioassheldsavhetresantiseptic treatment
or disinfection of materialsisreguireds farexample, surface disinfection, r The tepm;'subject” as used
herein refers t any. .arligpal hgvineg a iseasetor cgndition wtgich re&Jiresftre%tment v¥ith a

. 1elds wlie 1Septic treatment or Sin 100 O
pharmaceutically-active agent. fhe 10'su cht may be a mammal, pre%era R _a%uman,.or may be a

domestic or compdlidit ahimal. VWhilé f4s atticdiarly S éRtehhplated frdtng comp6ahdSBf the invention
are suitable for use in medical ffeatmentrof sumanst It is salseapplicablentoredterinary trearment,
including 15 treatmeit 04 companign animads: such asdogs and cats, and «domeste animals such as

horses, ponies, donkeys, muyles, ;llama, alpaca, pigs. cattle and sheep, or zop animals such as primates,

felids, canids1 Bovids,band un%ulates. Suitable mammalts, |ncbulde members of the orde}gs 20 Primates,
Rodentia, Lagomorpha Cetates, E%rr?iv%?éqm ?’lefisggaagfil?a aﬁdaArlfi%raaaI&tyIé).thé%%’beres Sf the orders
Perissodactyla andPARfStaktylaareFartietRitlypreférked While it is particularly

contemplated that the compounds of the invention are
suitable for use in medical treatment of humans, it is
also applicable to veterinary treatment, including
15 treatment of companion animals such as dogs and cats, and
domestic animals such as horses, ponies, donkeys, mules,
llama, alpaca, pigs, cattle and sheep, or zoo animals such
as primates, felids, canids, bovids, and ungulates.
Suitable mammals include members of the orders
20 Primates, Rodentia, Lagomorpha, Cetacea, Carnivora,
Perissodactyla and Artiodactyla. Members of the orders
Perissodactyla and Artiodactyla are particularly preferred
because of their similar biology and economic importance.
For example, Artiodactyla comprises
25 approximately 150 living species distributed through nine
families: pigs (Suidae), peccaries (Tayassuidae),
hippopotamuses (Hippopotamidae), camels (Camelidae),
chevrotains (Tragulidae), giraffes and okapi (Giraffidae),
deer (Cervidae), pronghorn (Antilocapridae), and cattle,
30 sheep, goats and antelope (Bovidae). Many of these
animals are used as feed animals in various countries.
More importantly, many of the economically important
animals such as goats, sheep, cattle and pigs have very
similar biology and share high degrees of genomic
35 homology.
The order Perissodactyla comprises horses and

donkeys, which are both economically important and closely



because of their similar biology and economic importance. For example, Artiodactyla comprises 25
approximately 150 living species distributed through nine families: pigs (Suidae), peccaries
(Tayassuidae), hippopotamuses (Hippopotamidae), camels (Camelidaé), e¢esiretaind (¥ragulidae),
giraffes and okapi (Giraffidae), deer (Cervidae), pronghaorn (Antilocapridae), and cattle, 30 sheep, goats
and antelope (Bovidae). Many of these animals are Used as feed animals in various countries. More
importantly, many of the economically important animals such as goats, sheep, cattle and pigs have very

similar biology and'shateHigh degress of gendmi€ 35 héM3I0yy- The BrdeiPeAdSod itz omprises

horses and donkeys$ twkiche&@-both economically important and closely 16 December 2005 - 15 related.
Indeed, it is well known that horses aseldd brkeyish intelkreesk A s esed beteia, theternt "effective amount”

is meant an amouptaha compaing of the presentdnvention 5ieffectivednryield.a desised antimicrobial or
radioprotectiv activ'g%e 'I(;Q(:aL \;gecific "eftligtive amounty will obvigy&g/ia\iargrwith such factors as the
Y

) . € ) )
particular con |t|on%e|ng treated), .tﬁtlae ys?ca condletlc%)naSF €h%lsubject, the type 10 of subject being

treated, the duratiohPoFtHBréAtnTentS the nafdife of concurrent therapy (if any), and the specific
formulations employed and the Stracttre ofthe Cerhpeundver itsnderivatives. Theoterapradiation damage”
is used herein in 1&4ts/brpadest senseantrefesssta damage:resulting feny iexposuse ta@ radiation
source, such as, iqgggge@,diattfgg‘n.pmgecrgl"igg}%qg [@g{iaggn%ﬁlg_%g%rte,in tﬁ@éer@ytgephotons having
enough energy to iopisg a bond. ,such as. 8, (3.and y,ravg from radioagtive hucle and x;

the nature of concurrent therapy (if any), and the

specific formulations employed and the structure of the

compound or its derivatives.

The term “radiation damage” is used herein in

15 its broadest sense and refers to damage resulting from
exposure to a radiation source, such as, ionising
radiation. The term “ionising radiation” as used herein
refers to photons having enough energy to ionise a bond,
such as, o, B and vy rays from radiocactive nuclei and x-

20 rays.

The term “cancer radiotherapy” is used herein in
its broadest sense and include radiotherapy involving
tumours which may be either benign or malignant.

The primary application of the radioprotector of

25 the present invention is in cancer radiotherapy. Many of
the normal tissues which are a problem in radiotherapy
such as the skin, oral mucosa, oesophageal mucosa, rectal
mucosa, vaginal mucosa and bladder epithelium can be
protected by the radioprotectors of the present invention.

30 Outside the context of cancer radiotherapy, the
radioprotectors of the present invention could be used
prophylactly in high risk radiation situations.

The compounds of the present invention may
additionally be combined with other medicaments to provide

35 an operative combination. It is intended to include any
chemically compatible combination of pharmaceutically-

active agents, as long as the combination does not



20 rays. The term "cancer radiotherapy" is used herein in its broadest sense and include radiotherapy
involving tumours which may be either benign or malignant. The primary application of the radioprotector
of 25 the present invention is in cancer radiotherapy. Many of the normal Hsse@zewhi€hoare a problem in
radiotherapy such as the skin, oral mucosa, oesophageal mucosa, rectal mucosa, vaginal mucosa and
bladder epithelium can be protected by the radioprofeétgrs_of the present invention. 30 Outside the
context of cancer radi,otherag , the radioprotectors of the present invention could be used prophylactly in

high risk radiation Situaliohs. The"ComBbuRds bf the preséitiRvERtoR may Atittonalf bdTombined with
other medicaments'fo pro\vid® 35 aRGsEratioe conbinafien CRT® rteAded t&hscllBBry:eRemically
compatible combinatian i pharmaceuwticaliynactivenagents, asiong assthedcarabinationldgoes not 16

December 2005 - 16 glimipate the aetivty,af the,compoynd of formula | or la. It will be appreciated that
the compound.of the invention h ' ini i
or simult%neoufglyt. 56 Oth((ae_r trﬁedy%%%éﬁtﬁéwﬁ{%rﬁn%é%)rgﬁég aw ge%%%drergg‘%gﬁg}%%?; rﬁltggéiosnesqiﬁim?gy
other anti-infective "AGEMtsSUch- &< Antibiotica fher iife tBMpBthdstarrused Asradisprotéctors the
other medicamentsapraytiaclide :chemathearapettic agents, 10 for example, radiomimetic agents which
are cytotoxic agents that damageBINA itk suehsoway shat-thellesionss praduced it BINA age similar to
those resulting fromyionising radiayjon. Examplgs of radigmimetic. agents,which, causg DINA, strand
breaks include bleomycin, dox?rublcgldilg aignréary C|aneSII1:tUS Qv%oicca{cg\gestaglnt,oatllé)gilgng agents and other
agents that produce DN ZdRus. fr3S articipated 29 Y
agents that damage DNA in such a way that the lesions
produced in DNA are similar to those resulting from
ionising radiation. Examples of radiomimetic agents which
cause DNA strand breaks include bleomycin, doxorubicin,
15 adriamycin, 5FU, neocarcinostatin, alkylating agents and
other agents that produce DNA adducts. It is anticipated
that the radioprotectors of the present invention will
protect DNA from damage by some of these agents, in the
same way as they protect against the effects of ionising
20 radiation. In clinical applications, it is unlikely that
the radioprotector would be administered systemically
together with the chemotherapeutic agent, since this could
compromise the action of this agent on the tumour.
However, there are circumstances where topical application
25 to problem tissues could be advantageous. For example,
oral mucositis is problem side-effect for cytotoxic
agents, such as, doxorubicin and administration of the
present radioprotector as a mouth-wash before
administration of the chemotherapeutic agent could
30 ameliorate this side-effect without compromising the
action of this agent on a tumour not located in the oral
cavity. Similarly, the gastrointestinal tract could be
protected by oral administration, the lungs by aerosol
inhalation or the bladder by intravesical delivery, for
35 example, via a catheter of the radioprotector. Hence a
preferred method in accordance with the present invention

utilises the compound of formula I or Ia in conjunction



that the radioprotectors of the present invention will protect DNA from damage by some of these agents,
in the same way as they protect against the effects of ionising 20 radiation. In clinical applications, it is
unlikely that the radioprotector would be administered systemically togethezsgithsthezhemotherapeutic
agent, since this could compromise the action of this agent on the tumour. However, there are
circumstances where topical application 25 to problem iésties could be advantageous. For example, oral
mucositis is problem side-effect for cytotoxic a%ents, such as, doxorubicin and administration of the

present radioprotector AsH Motith-Wash bafsrat adimflbtAtion“ofthe ' Hefistherapaiiiic agent could 30
ameliorate this side-effect withoGf oRTPBAMNSIAY thE BEGor BY RIS Ejeiton &tumour it I6cated in the
oral cavity. Similarty; thegastrointestinaktiadiecoulddbe: Iprotected oytdrat administrationcthe lungs by
aerosol inhalation @1 the bladderiby, intravesica) delivery, fer3a exampleq via,.asatheter of the
radioprotector..He e, %a%rleefegegnrggtk}gg in.a%ﬁcgggngg with Hﬁle r%sentrig\ﬁ?eqtri]osn ut@igg%he
compound of formu aloriainc njunctlonylérbecember 568@ ~17° with another méd?cament, such as, a

radiomimetic agent #Fii8 oMU B inVBRTBRTAAS beCcdjtlated &-agénts? #6'example, via the
interactive group, whith wilbspecificaliedelinverathens tb adesirdturnowrsite. <5 Spitablel agents may
include antibodies ek proteds, growth Jactorsnforrexarples haesropajetic grewth factor which will enable
preferential radioprotection of, haemopoajefic. stem,cells to_accurinthe context of total body irradiation

and bone marrow transplantation. 10 There is also an ex vivo application of the gonwegates of the
%q . . . There 15 a%Bo an_ex Vvivo a l%%atl%? of t .
compounds of the invention in the “context of bone mafrow transplantation. Bone marrow transplantation

geneﬁﬂwinvdvesé@ﬁﬁﬁﬁ@?ﬁﬁj§ﬁn#ﬁ? compounds of the invention in the
context of bone marrow transplantation. Bone marrow

transplantation generally involves obtaining and storing
bone marrow samples from a subject in anticipation of a

15 deterioration of their condition. A rather drastic form
of chemotherapy (i.e. a high dose) is then administered.
This chemotherapy is such that it would normally be lethal
due to the destruction of normal stem cells, but the
subject is rescued by the administration of their own

20  haemopoietic stem cells. The problem with this procedure
is that the initial sample of stem cells is likely to be
contaminated with tumour cells and various procedures are
use therefore to purge the bone marrow preparations of the
tumour cells. Radioprotectors conjugated to a

25 haemopoietic growth factor could be used in this context
by being added to a suspension of bone marrow cells. The
suspension could then be irradiated in the expectation
that the normal bone marrow cells, but not the tumour
cells, would be preferentially protected from the cell-

30 killing effects of the radiation.

As used herein, a "pharmaceutical carrier" is a
pharmaceutically acceptable solvent, suspending agent or
vehicle for delivering the compound of formula I or Ia to
the subject. The carrier may be liquid or solid and is

35 selected with the planned manner of administration in
mind. Each carrier must be pharmaceutically “acceptable”

in the sense of being compatible with other ingredients of



bone marrow samples from a subject in anticipation of a 15 deterioration of their condition. A rather
drastic form of chemotherapy (i.e. a high dose) is then administered. This chemotherapy is such that it
would normally be lethal due to the destruction of normal stem cells, buttthecsabiectde%%scued by the
administration of their own 20 haemopoietic stem cells. The problem with this procedure is that the initial
sample of stem cells is likely to be contaminated with thinour cells and various procedures are use
therefore to purge the bone marrow preparations of the tumour cells. Radigprotectors conjugated to a 25
haemopoietic growth factaF R8I BE LisedInthis ddhtekt By béihgatfdéd ) ESuspension of bone marrow
cells. The suspension could théri*BedraaRted iR the expectatibre thdttheaiorasal bone marrow cells, but
not the tumour cellsimiould therprefererntiafly proteicted from dine wel30: kitlinigl effectscoftheaadiation. As

used herein, a "phaymacetdical carrienm is aopharmagsuticall-acceptable,selveny ;suspending agent or

vehicle for deliverin ghe g%rggoyggﬂf formula ]CoMaet%atQ%isequéect. ghe %a}lr_ggr may be liquid or solid and

is 35 selected with e]E)Tanne manner of administration in_mind Eaac%ugarrle_r ’mustdbe pharmaceutically
"acceptable” in the’§8r&e oF being Eonfpalibhe With Sthet ifgredfsiits f 16 DetBMIEF 005 - 18 the

composition and nemwirjutiens o the slibjectoThe esmpouhdicffoanula ek ke maybé cadministered
orally, topically, or parepterallynindasage uni; formulations cenfaining eenventicngl non-toxic 5
pharmaceutically aggeptable ggﬁrjeriﬁ,ngggg/@ggg,aqr}d i\ggfggg%;qhgrtegrgﬂqpsrgg}leral as used herein

includes subcbltaneous injections, aerosol for administration to lungs or nasal cavity, intravenous,
. 10. t&]chni_c_iules . . .. . . . .
intramuscular, “intrathecatl, intracranial, injection or infusion 10 techniques.

The present invention also provides suitable

topical, oral and parenteral pharmaceutical formulations
for use in the novel methods of treatment of the present
invention. The compounds of the present invention may be

15 administered orally as tablets, aqueous or oily
suspensions, lozenges, troches, powders, granules,
emulsions, capsules, syrups or elixirs. The composition
for oral use may contain one or more agents selected from
the group of sweetening agents, flavouring agents,

20 colouring agents and preserving agents in order to produce
pharmaceutically elegant and palatable preparations.
Suitable sweeteners include sucrose, lactose, glucose,
aspartame or saccharin. Suitable disintegrating agents
include corn starch, methylcellulose,

25 polyvinylpyrrolidone, xanthan gum, bentonite, alginic acid
or agar. Suitable flavouring agents include peppermint
0il, oil of wintergreen, cherry, orange or raspberry
flavouring. Suitable preservatives include sodium
benzoate, vitamin E, alphatocopherol, ascorbic acid,

30 methyl paraben, propyl paraben or sodium bisulphite.
Suitable lubricants include magnesium stearate, stearic
acid, sodium oleate, sodium chloride or talc. Suitable
time delay agents include glyceryl monostearate or
glyceryl distearate. The tablets contain the active

35 ingredient in admixture with non-toxic pharmaceutically
acceptable excipients which are suitable for the

manufacture of tablets.



The present invention also provides suitable topical, oral and parenteral pharmaceutical formulations for
use in the novel methods of treatment of the present invention. The compounds of the present invention
may be 15 administered orally as tablets, aqueous or oily suspensions LfoZErgekefradiés, powders,
granules, emulsions, capsules, syrups or elixirs. The composition for oral use may contain one or more
agents selected from the group of sweetening agents, ]fl%vEJuring agents, 20 colouring agents and
preserving agents in order to produce pharmaceuticall ele%ant and palatable preparations. Suitable

sweeteners include sucrose, lact85& Sgltiéos8 %%E%rf& e oF satehafifi 2&hitsble i_éinjtgﬁﬁfatiing agents
include corn starchs ethyleellufise’ 255pSIgviny iy riclitore? KantHat §RAt betdfiteéMalginic acid or
agar. Suitable flavauringragentsonchicei pepperssipi aaik 0il (@) wintergréen icherydorange or raspberry

flavouring. Suitablespreservatives in¢lude sedium henzoate, vitamin E; @iphateegphetol, ascorbic acid, 30
methyl parabep, propyl.paraben or sodium bisulphite. Suitable lubricants include magnesium stearate,
stearic acid, s%diu%g%%ateegso |ﬁrﬁ1%éﬁl%ri%%§nrtt%lc.Sélt%abalg tslr%aergceﬁléy%egean%sl?naﬁ%e glyceryl
monostearate or gicETyPdistéstate’ THe BIbIERcoiRafPiHE detive' SB iAgretieRtintadmixture with
non-toxic pharmacetitealyt acceptable exeipientsrwhichcare Siltalsie febthe snanufaeture of tablets. 16

December 2005 - 1thdheseiexcipeys aaap bekfarexanaples {hhinert glilsents; such as calcium
carbonate, lactose Galeium phesphate o spdivmphosphate; (2) %rgg%mgcgggiggintggrating agents,

such as corn 156arcr11: or alglnlIg:dS t%gld; (gg/blndln ggeants, such, asfi arch, gglatln or acacia, and (4)

. . racgt. a ere rov. sustalned achl I er
Iubrlcatlng agents, sucﬁ as magnesium- stearate, Stearic a(:|dlor alc. ese ?éf:ﬁets mayrﬁe

period. For example, a time delay material such as
glyceryl monostearate or glyceryl distearate may be
employed. Coating may also be performed using techniques
described in the U.S. Pat. Nos. 4,256,108; 4,160,452; and

15 4,265,874 to form osmotic therapeutic tablets for control
release.

The compound of formula I or Ia as well as the
pharmaceutically-active agent useful in the method of the
invention can be administered, for in ViVvOo application,

20 parenterally by injection or by gradual perfusion over
time independently or together. Administration may be
intravenously, intraarterial, intraperitoneally,
intramuscularly, subcutaneously, intracavity,
transdermally or infusion by, for example, osmotic pump.

25 For In Vitro studies the agents may be added or dissolved
in an appropriate biologically acceptable solvent or
buffer and added to a cell or tissue.

Preparations for parenteral administration
include sterile aqueous or non-agueous solutions,

30 suspensions, and emulsions. Examples of non-agueous
solvents are propylene glycol, polyethylene glycol,
vegetable oils such as olive o0il, and injectable organic
esters such as ethyl oleate. Aqueous carriers include
water, alcoholic/aqueous solutions, emulsions or

35 suspensions, including saline and buffered media.
Parenteral vehicles include sodium chloride solution,

Ringer's dextrose, dextrose and sodium chloride, lactated



uncoated or coated by known techniques to delay disintegration and absorption in the gastrointestinal 10
tract and thereby provide a sustained action over a longer period. For example, a time delay material
such as glyceryl monostearate or glyceryl distearate may be employed-°Cestiipetiay’aizo be performed
using techniques described in the U.S. Pat. Nos. 4,256,108; 4,160,452; and 15 4,265,874 to form
osmotic therapeutic tablets for control release. The Eo%%o_und of formula | or la as well as the
pharmaceutically-active aﬁgyent useful in the method of the invention can he administered, for in vivo

application, 20 parénté?aily By TNebtdh oIy Jradtat peritidion 6%l tiné indépeitents/ ér together.
Administration may Be liptravendiislyS infaditerale intfapeaitdAeany irtifuséulailyssubcutaneously,

intracavity, transdermalty onirfusioady; fdeexaoyde, osmaticipemMp.k25 Fopir vitror studies the agents

may be added or digselvad, dn ansappropriate biologically aceeptable solventor buffer and added to a cell
or tissue. Prepgratig}gg for Qarergltggflnl .acdrrgglli%t[astio% nigglygg.ségglcesaqlégce)gs Or non-aqueous solutions, 30
suspensions, and emuisions. @xamplles of non-aqueous solvents afe propf/alene glygo , polyethylene

glycol, vegetable SE%Uch 48 olPE DifANd iRfectaliRGiganite estérs'suih as ethyl oleate. Aqueous
carriers include water, alcoholi¢lageeeus solutions; @mulsibhseert35 slispéhsionsarcitddiagdsaline and
buffered media. Parenteratyehicles include sodilrnchierde sekdion nBingesisdexirgse, dextrose and

sodium chloride, lactated 16 Decemper 2005 - 20 Ringer:s intr : QPrHécVoefH%I% igglalggrﬂuid and nutrient

replenish(-;-rs, eAectronte re Ienjsher such as E\OSG ased on Ringer's dextrose), and the like.
Preservatives and"SiK&r addifivesThay Ao be PreSEntSicAag, for Prophviactic in
terms of completely or partially preventing a disease or
sign or symptom thereof, and/or may be therapeutic in
terms of a partial or complete cure of a disease.
"Treating" as used herein covers any treatment of, or
15 prevention of disease in a vertebrate, a mammal,
particularly a human, and includes: (a) preventing the
disease from occurring in a subject that may be
predisposed to the disease, but has not yet been diagnosed
as having it; (b) inhibiting the disease, i.e., arresting
20 its development; or (c) relieving or ameliorating the
effects of the disease, i.e., cause regression of the
effects of the disease.
The invention includes various pharmaceutical
compositions useful for ameliorating disease. The
25 pharmaceutical compositions according to one embodiment of
the invention are prepared by bringing a compound of
formula I or Ia, analogues, derivatives or salts thereof,
or combinations of compound of formula I or Ia and one or
more pharmaceutically-active agents into a form suitable
30 for administration to a subject using carriers, excipients
and additives or auxiliaries. Frequently used carriers or
auxiliaries include magnesium carbonate, titanium dioxide,
lactose, mannitol and other sugars, talc, milk protein,
gelatin, starch, vitamins, cellulose and its derivatives,
35 animal and vegetable oils, polyethylene glycols and
solvents, such as sterile water, alcohols, glycerol and

polyhydric alcohols. Intravenous vehicles include fluid



5 example, antimicrobials, anti-oxidants, chelating agents, growth factors and inert gases and the like.
Generally, the terms "treating", "treatment” and the like are used herein to mean affecting a subject,
tissue or cell to obtain a desired pharmacologic and/or 10 physiologic effeckeTtebeffettthay be
prophylactic in terms of completely or partially preventing a disease or sign or symptom thereof, and/or
may be therapeutic in terms of a partial or complete_CL?r of a disease. "Treating" as used herein covers
any treatment of, or 15 prevention of disease in a vertebrate, a mammal, . particularly a human, and
includes: (a) preveffing e “di§85sé Flom dtalifivg in 5%%%?&&%5?’%%%58 15f&disposed to the disease,
but has not yet beet dighosed as havirig itofB)dnhibiting fivd diseased e Hrestihg 26 1ts development;
or (c) relieving or amzediosating the reffeéctsrof dthe disedsey i 2ccequse iegressioneafthen effedts of the
disease. The invengggej@glgdgg_l\_{g{%ph@lrma%ggg?@l eg&rpg@g}gi@g,s qggjgh@{@nglgqrggpg disease.
The 25 pharmaceutical compositions %%cggdlng g)n%n%ﬁernq%q(lgnenat of .the invention are prepared by

L ‘ d I
bringing a compouﬁé%?ef%rmuj[g?%r Ia,.ana%](:)gues, derivatives Or Salts ﬁfecr]éo , of combinations of

compound of formuiad G&a%nd-8n8Fr Afre parmECetficaty-Hctive Hgetts ito & fdrn Sitable 30 for
administration to a%ubjectusirig Gatrigrsnexdipiehts , and adeitivessor daxiliaries. Frequently used carriers
or auxiliaries inclu_demaglae@i_unngmb@aaﬁdﬁammﬂi@ﬂ_dele_cba@%e,qwﬂt@t apd other sugars, talc,
milk protein, gelatin, starchy vifaming, cellulose and its derivatives, 35 animal anduegetable oils,

polyethylene g colcso%ntd ns,os!v%r%ts, suct?1 aasrstegle water, alc%orhool% %Igce%ol arng gl nh‘:))/edric alcohols.
Intravenous Vehicl&STheafide fitid 16 Detetber' 5665 21" GHd Riffient replehfshers. Preservatives
include The pH and exact concentration of the various components

of the pharmaceutical composition are adjusted according
to routine skills in the art. See Goodman and Gilman's
The Pharmacological Basis for Therapeutics (7th ed.,

15 1985) .

The pharmaceutical compositions are preferably
prepared and administered in dose units. Solid dose units
may be tablets, capsules and suppositories. For treatment
of a subject, depending on activity of the compound,

20 manner of administration, nature and severity of the
disorder, age and body weight of the subject, different
daily doses can be used. Under certain circumstances,
however, higher or lower daily doses may be appropriate.
The administration of the daily dose can be carried out

25 both by single administration in the form of an individual
dose unit or else several smaller dose units and also by
multiple administration of subdivided doses at specific
intervals.

The pharmaceutical compositions according to the

30 invention may be administered locally or systemically in a
therapeutically effective dose. Amounts effective for
this use will, of course, depend on the severity of the
disease and the weight and general state of the subject.
Typically, dosages used In VItLro may provide useful

35 guidance in the amounts useful for in Situ administration
of the pharmaceutical composition, and animal models may

be used to determine effective dosages for treatment of



antimicrobial, anti-oxidants, chelating agents and inert gases. Other pharmaceutically acceptable carriers
include aqueous solutions, non-toxic excipients, including salts, 5 preservatives, buffers and the like, as
described, for instance, in Remington's Pharmaceutical Sciences, 20thédPapAllizans28Williams (2000),
the British National Formulary, 43rd edition (British Medical Association and Royal Pharmaceutical
Society of Great Britain, 2000), the 10 contents of whichare hereby incorporated by reference. The pH
and exact concentration of the various components of the pharmaceutical comgosition are adjusted

according to routin%%kiﬁ% fift o at. éré%eé odhian and Gi RN THe Pharmatsicyiéal Basis for
Therapeutics (7th ét¢S%511985). The pharfhacetiRal cOfmifisifons 4 pleférably L fidared and
administered in dose unitsaSotid oserunitsas may bentablets, capsiiles andnsugpositaties. For treatment

of a subject, depengling, en-activity.ofdbegampaund, 20 manner afrdministratian, Ratuee and severity of
the disorder, age %nldcgogﬁ weig@tcofS Eﬁeigul%jlefﬁedgfgerepg d%i)Ly go§gs can.be used. Under certain
i ally d

circumstances, however, g‘hrér or lower oses may be aﬁpl%priétec.aJrﬁéuéndministration of the daily

dose can be carrie@UUR25H6th 5y SMighe adivinktationcih theForm of an*mbifidbal diseinit or else
several smaller doseuhits ahdralsohys midltipiel adiinistrationof subelivided dosescdtispecific intervals.
The pharmaceutical eorepasitions aceerdingwoe the w3@ ventionnmayibenadministergehlogally or

systemically in a thfgégpl%%ti%aillylefieﬁ%edd%%erdbfrpgqng)sfeg‘ggp%e far, this use will, of course, depend on

the severity o{éhe disease and the Welg[ht and general state of Ehe subject.. TyE)iceallg, dosages used in

vitro may provide useful 35 guidahcein the Kot 0Seir fdidn situ adrhiStraficn S5t thés

pharmaceutical compbsitioh: antafiffal models'thay Beisetti deteimite effeéfive BoZages for

treatment of manufacture of aqueous suspension. Such excipients may be

(1) suspending agent such as sodium carboxymethyl
cellulose, methyl cellulose, hydroxypropylmethylcellulose,

15 sodium alginate, polyvinylpyrrolidone, gum tragacanth and
gum acacia; (2) dispersing or wetting agents which may be
(a) naturally occurring phosphatide such as lecithin; (b)
a condensation product of an alkylene oxide with a fatty
acid, for example, polyoxyethylene stearate; (c) a

20 condensation product of ethylene oxide with a long chain
aliphatic alcohol, for example,
heptadecaethylenoxycetanol; (d) a condensation product of
ethylene oxide with a partial ester derived from a fatty
acid and hexitol such as polyoxyethylene sorbitol

25 monooleate, or (e) a condensation product of ethylene
oxide with a partial ester derived from fatty acids and
hexitol anhydrides, for example polyoxyethylene sorbitan
monooleate.

The pharmaceutical compositions may be in the

30 form of a sterile injectable aqueous or oleagenous
suspension. This suspension may be formulated according
to known methods using those suitable dispersing or
wetting agents and suspending agents which have been
mentioned above. The sterile injectable preparation may

35 also be a sterile injectable solution or suspension in a
non-toxic parenterally-acceptable diluent or solvent, for

example, as a solution in 1,3-butanediol. Among the



16 December 2005 - 22 the microbial infections. Various considerations are described, e.g., in Langer,
Science, 249: 1527, (1990). Formulations for oral use may be in the form of hard gelatin capsules
wherein the active ingredient is mixed 5 with an inert solid diluent, for examjsiesexEii¥O tarbonate,
calcium phosphate or kaolin. They may also be in the form of soft gelatin capsules wherein the active
ingredient is mixed with water or an oil medium, such a5 peanut oil, liquid paraffin or olive oil. 10
Aqueous suspensions normally contain the active materials in admixture with excipients suitable for the
manufacture of aqieoUe SASpEnsion SUEh eXipidRts Ay be 11} sUdBeRding Rgentsud &s sodium
carboxymethyl celdése, meiiyIeelldlosel hydrdey ptopyhsethglcetufssel % sédiaki aRyinate,
polyvinylpyrrolidone pgumitsagacamthsand tgum ,acacia;i(2¢ dispersihgoan wedtirg agents which may be (a)
naturally occurring phosphatide such as.jecithing (B} a copdepsation prodyet ofian;alkylgng,oxide with a
fatty acid, for gxarggle, 1E:?I.ysox g%%}ggge st%arq%%;ag%a lO é:gng%s%gon ro%yﬂctl%f eetoIene oxide with a
long chain aliphatic alco ol, for example, ahé/pta ecaet y}fenoxycp:-rtangl;%J a c%nd%nsation product of
ethylene oxide with'3 parfiar&stay Uehived frothPratty et ¥A8hekor such as950iyosyathylene sorbitol
25 monooleate, or {e)ta coadedsationpreducticfiethylend okide with a partial esterdervedfrom fatty
acids and hexitol anthydkigest feniexample polyoxyethylene sorbitan monooleate. The pharmaceutical
compositions may be in the 30 fgrm Q&Qp%tﬁﬁi!? injectable agueous. Ofglg%q/e%q@) syspension. This

suspension may be formulated acco,rdin%eto known gn%thods using thase suitable dispersing or wetting

acgministered. in, form o osQme e aSvste .
agents and suSpendify AgBhtE fhicH n&UE bR miéntionest 8Bove “THE SterildYiRjectable preparation
may such as small unilamellar vesicles, large unilamellar

vesicles, and multilamellar vesicles. Liposomes can be

formed from a variety of phospholipids, such as
cholesterol, stearylamine, or phosphatidylcholines.

15 The compound of formula I or Ia may also be
presented for use in the form of veterinary compositions,
which may be prepared, for example, by methods that are
conventional in the art. Examples of such veterinary
compositions include those adapted for:

20 (a) oral administration, external application,
for example drenches (e.g. agqueous or non-agueous
solutions or suspensions); tablets or boluses; powders,
granules or pellets for admixture with feed stuffs; pastes
for application to the tongue;

25 (b) parenteral administration for example by
subcutaneous, intramuscular or intravenous injection, e.g.
as a sterile solution or suspension; or (when appropriate)
by intramammary injection where a suspension or solution
is introduced in the udder via the teat;

30 (c) topical applications, e.g. as a cream,
ointment or spray applied to the skin; or

(d) intravaginally, e.g. as a pessary, Ccream oOr
foam.
Dosage levels of the compound of formula I or Ia

35 of the present invention may be of the order of up to
about 1g per kilogram body weight. The amount of active

ingredient that may be combined with the carrier materials



35 also be a sterile injectable solution or suspension in a non-toxic parenterally-acceptable diluent or
solvent, for example, as a solution in 1,3-butanediol. Among the 16 December 2005 - 23 acceptable
vehicles and solvents that may be employed are water, Ringer's soluticrt,_aageRetani® $odium chloride
solution. In addition, sterile, fixed oils are conventionally employed as a solvent or suspending medium. 5
For this purpose, any bland fixed oil may be employed 'ﬁcl_uding synthetic mono-or diglycerides. In
addition, fatty acids such as oleic acid find use in the preparation of injectables. The compound of
formula | or la mayds8 b& 10 adminiSEed 17 tRE ?or’% ]o$ lif8SSmEHENER) Sy ehsfis “&ch as small
unilamellar vesicle§dafgée uniarellardsicleB2ahd tHdkiramensr ¢esiedsl Lisosoniésean be formed
from a variety of phasphetlipigs] such & cholesterofy steaptamine;or phasphatidylcholines. 15 The

compound of formula. 9riadpay also be Rrgseniedfor use in the form of ystarinary compesitions, which
may be prepargd, for exampclgmbg @eFtthv(?d that are conventigna{lihn O1the art. Examglgs of I%L_Jch veterinary

compositions include %ﬁgsee adaBteci1 or: . agréreadpfdrr%?nrlslt?at?on, ext(g?rﬂaﬁeanplgf(]:atiorr?,O for example
drenches (e.g. aquebuSTrMdi-adae6as 2<ollitionE drispehdionsy tabiets orbdiGseSdwders,

granules or pellets $6r agmixtare withtfeedtstuffs; pastess foriapplicatiopatathertohgber 25 (b) parenteral
administration for examplede subrytaneaus, intsamusetlarmindavenossijeetionpe.g: as a sterile
solution or suspensjgp; 9“\@@@@@9&@% chy inframammary injection where a suspension or solution

IS mtyoduced 1”5 t.h(-?- udder via thgg%e}%ggl(lc tgﬁlga!:gggg%%téosnsdg. .heets 9n<ifrgrell{;nl,ogln§rrneent or spray
applied to the skin; or

administered in a divided dose schedule, such that there
are at least two administrations in total in the schedule.
Administrations are given preferably at least every two
hours for up to four hours or longer; for example the
15 compound may be administered every hour or every half
hour. 1In one preferred embodiment, the divided-dose
regimen comprises a second administration of the compound
of the invention after an interval from the first
administration sufficiently long that the level of active
20 compound in the blood has decreased to approximately from
5-30% of the maximum plasma level reached after the first
administration, so as to maintain an effective content of
active agent in the blood. Optionally one or more
subsequent administrations may be given at a corresponding
25 interval from each preceding administration, preferably
when the plasma level has decreased to approximately from
10-50% of the immediately-preceding maximum.
It will be understood, however, that the
specific dose level for any particular patient will depend
30 upon a variety of factors including the activity of the
specific compound employed, the age, body weight, general
health, sex, diet, time of administration, route of
administration, rate of excretion, drug combination and

the severity of the particular disease undergoing therapy.



(d) intravaginally, e.g. as a pessary, cream or foam. Dosage levels of the compound of formula | or la 35
of the present invention may be of the order of up to about Ig per kilogram body weight. The amount of
active ingredient that may be combined with the carrier materials 16 DééeRuser2005 9% to produce a
single dosage will vary depending upon the host treated and the particular mode of administration. For
example, a formulation intended for oral administrationd Humans may contain up to about Ig of an 5
active compound

from about 5 mg to about 500 mg of active ingredient. 10 Optionally the compounds of the invention are
administered in a divided dose scheduleisueh thatthere arecat Bast tworatministrationsnia total in the
schedule. Administrations)are givenpia@sabivatdanst eveny.ivg houss fardp to four hours or longer; for
example the 15 compound may be administered every hour or every half hour. In one preferred
embodiment, the divided-dose regimen comprises a second administration of the compound of the
invention after an interval from fhesfirst adimfiStFafch ShfficiethAong that thd fkél of atfive 20
compound in the bloodnitas decfeased-torapproXimately rom 5:80% ioflth@ maximum plasma level
reached after the firstopapybistratipnrse asitogmaintainran effectivercomentef @etive agent in the blood.
Optionally one or mqre;subsequent administrations may be given at a corresponding 25 interval from
each precedirf% administration, preferably when the plasma level has decreased to approximately from

10-50% of the immediately-preceding maximum. It will be understood, however, that the
EXAMPLES

The invention will now be described in detail by
way of reference only to the following non-limiting
examples and drawings.

15
Example 1 General Synthesis Methods

Benzdioxols are described in the literature
(Perekalkin, 1982a). The synthesis of benzoimidazole and
20 benzoxazole may also be carried out using standard
condensation methods 1 and 2 (Perekalkin, 1966, 1982b) as

shown below.

Method 1
25 R, R,
X R, Re &%
R6>i + C(NO3) 4 —>>{:
R
R 7 Y
7 Y R5
30 R,
Method 2

R,
X CHO
RW{L + RRCHNO, —
35 R7 Y R5
R,




specific dose level for any particular patient will depend 30 upon a variety of factors including the activity
of the specific compound employed, the age, body weight, general health, sex, diet, time of
administration, route of administration, rate of excretion, drug combinatiénasd™se se\ferity of the
particular disease undergoing therapy. 16 December 2005 - 25 BRIEF DESCRIPTION OF THE
FIGURES Fig. 1 is a graph of Log. No. survivors vs fime® (hours) for Candida albicans in Example 9; and
5 Fig. 2 is a graph of % parasitised blood cells vs hours of culture in Example 26 in which T =
Trophozoites, R = Rings and T/S = Trophozoites og Schizonts. 10 EXAMPLES The invention will now be
described in detail by way of ref@refieedniy to theFoReWing: nbA-Iimitiis: ex@risies st drawings. 15
Example 1 Generak Synthiesis Methods Benzdioxols are described in the literature (Perekalkin, 1982a).

The synthesis of benzoimidazoleang 20 penzoxazole. may-alse-be;caried outusing standard
condensation met ods 1 and. 2 erekglkin 196§ 19829) as showgl below. Method 1 25 30 Method 2
E§§?§ %Q%E nit e e

CHO R6 11 1 ¥ R1R2¢A roalkane”were mixed 1IN ah ETleénmayer

flask and dissolved in equal volume of alcohol. Fresh
distillated ethylenediamine was added to the obtained
solution in catalytical quantities (usually 1:10 in
relation to aldehyde and nitroalkane) and was left in the

10 dark at room temperature for several days (from 3 up to 10
days). During this time compound crystallised. After the
cooling up to about 0°C, the crystals were filtrated and
washed with cold alcohol and then dried. When the yield
is small, the mother liquids can be joined together and

15 evaporated in rotary evaporator. After cooling the
additional quantity of impure product is obtained. The
product was purified by dissolving in a minimal quantity
of boiling alcohol. It was then treated with activated
carbon, filtered hot and while the cooling was in

20 progress, fine yellow needles crystallised. The yield was
about 80 - 85%, the compound being chromatographically
homogeneous.

The infrared spectra of the compounds obtained
are in accordance with those described in the literature

25 (Hamlin and Weston, 1949; Knoevenagel and Walter, 1904;
Burton and Duffield, 1949).

The compounds were soluble in organic solvents
such as ethanol, acetone, benzene, methanol, acetonitrile,
chloroform and DMSO, but showed very poor solubility in

30 water (0.1%). When an alcoholic solution was added to

water, a stable colloidal mixture was formed.

Example 2 Method for Preparing Compound (1) (3,4-

methylenedioxy—-B-methyl-B-nitrostyrene)

35
Compound (1) was prepared using Method 1

described in Example 1 above. The reaction scheme is



R R, I NO2 16 December 2005 - 26 in which X, Y, and R1 to R7 are as defined in formula | above. In
Method 2, equimolecular quantities of 5 benzaldehyde and nitroalkane were mixed in an Erlenmayer
flask and dissolved in equal volume of alcohol. Fresh distillated ethylen: g Hded to the
obtained solution in catalytical quantities (usually 1:10 in relation to aldehyde and nitroalkane) and was
left in the 10 dark at room temperature for several da_y52(7fro_m 3 up to 10 days). During this time
compound crystallised. After the cooling up to about 0C, the crystals were filtrated and washed with cold
alcohol and then di&8™ WHEH fHE-yield is small, the mother liquids can be joined together and 15
evaporated in rotary eyaporatq(. After cooling the additional quantig?/ of imgure product Nbtained. The
product was purified b/ dis A mirinaF Juant®NoEpoiling Alconol. NwasHerCreated with
activated carbon, filtered h gl while the cooling was in 20 progress yellow negdles crystallised.
The yield was _about 88~ 85v he compound being chromatograp®ical mogeneou%. The infrared
spectra of the compounds obtained are in accordance with those described in the literature 25 (Hamlin
and Weston, 1949; Knoevenag@i NdWifer°1984° Buitdn BRED U@ EI4T) ThelcdiipBlnds were
soluble in organic solvents suchcds etiranolcacetonesbéndehe, methandl, adetohittitepehksroform and
DMSO, but showed very. pogr seludildy in 8Boavater{(0:1%) Wheman a@lcehalicssaution was added to

water, a stable CO"BM&%@"?W\@SIfn%rfggd'dissolved in 20 cm® of acetone. The

10 very first drops caused darkening of the reaction mixture

Rew b ’
Sl armpe s

and the liquid turned non-transparent and murky red when
the entire portion of tetranitromethane was added. The
smell of tetranitromethane disappeared quickly and in
approximately 2 hours the dark red solution which had

3 of water in a

15 turned transparent was poured into 100 cm
stoppered bottle. The mixture was thoroughly shaken,
covered with a layer of ether and a mixture of 6.7 cm® of
33% solution of caustic potassium (1.03 mole) and 50 cm’
of water was added in small portions. The mixture was

20 shaken after each addition and once the entire amount of
alkali was added, the shaking was continued until the
entire salt of pyridine and nitroform, which is present as
a dark red oil, disappeared. The water layer was then
separated and again extracted with ether. Combined ether

25 extracts were first rinsed with water and then with water
acidified with sulphuric acid and finally once again with
pure water. After distillation of the ether in the
vacuum, a sediment of B-nitroisosafrole was to be found in
the form of yellow needles, which were re-crystallized

30 from approximately 65 cm® of alcohol. Compound (1) was
obtained with a melting point of 98°C and a yield of 7 g.
Once the solvent had evaporated, another 0.5 g of Compound
(1) was obtained. The total product amounted to 72.5% of
the theoretical yield.



Example 2 Method for Preparing Compound (1) (3,4- methylenedioxy-(3-methyl-(3-nitrostyrene) 35
Compound (1) was prepared using Method 1 described in Example 1 above. The reaction scheme is 16
December 2005 - 27 shown below. CH=CH-CH3 C(NO)4 b 5 A mixturécofPaB et tétiahitromethane (1
mole) and 10 cm3 of acetone was cooled by ice and added dropwise to 8.1 g of distilled isosafrole (1
mole) and 4.8 g of pyridine (1.2 mole) dissolved in 20 &3 of acetone. The 10 very first drops caused
darkening of the reaction mixgur and the liquid turned non-transparent and murky red when the entire
portion of tetranitr a5 adgel TheS sl SFietiahitrdrme Alpeared-guickly and in
approximately 2 haottg thé ' (s 66 % parent was poured into 100 cm3 of
water in a stoppered bottle. The mixture was thoroughly shaken, covered with a layer of ether and a
mixture of 6.7 cm3 of 33% solutighRf caustic)patassivre (L.03mele)-andis0Hm3 cof water was added in
small portions..The drenéxctgri%gvgsizo ghaken ef;lfygraebag\peaddi&ign arnedagn(i% ItlheS grrlléilrne amount of alkali was
added, the shaking was continued untit the entire salt of pyrlgine an(} nitroform, Which is present as a
dark red oil, disappEat&d. PRé Water layer was then separated and again extracted with ether. Combined
ether 25 extracts were first rinsed with water and t Witk ter acidified with sulphuric acid and finally
once again with pure water, After di$tiiQtion of the| eher ipihe  vaouumy asedifent H3-nitroisosafrole
was to be found in thefor Iow m@@@gzw@gich—wem#e-cryétalli :@v from @pproximately 65 cm3
of alcohol. Compound (e 0 CH,

900gm piperonal was dissolved in 1000cc alcohol

with constant shaking and 450ml nitroethane was added
slowly followed by 10ml ethyldiamine. After 17hrs
stirring, the mixture was placed in the dark at room

15 temperature for 5-7 days. The resulting yellow crystals
were filtrated in a Buchner funnel until dried and then
washed twice with 150ml alcohol. This yielded 1200gm of
Compound (1) with melting point of 95°C. After further
crystallization from ethanol, 1000gm of light yellow

20 crystals were obtained with a melting point of 98°C.
(approx 80% yield).

Molecular formula C190H9NO4, molecular weight - 207.05

25 Physical and Chemical characteristics

Form of state yellow crystals
Solubility profile < soluble in ethanol, acetone,
benzene, methanol, acetonitrile,
30 chloroform, DMSO
- almost insoluble in water
Melting point 94-98°C (when crystallized from
50% ethanol product had 96-98°C)
pPH (in 50% v/v ethanol) approximately neutral
35 Specific rotation optically inactive but has 2
stereoisomers
Stability begins to darken above 200°C



obtained with a melting point of 98C and a yield of 7 g. Once the solvent had evaporated, another 0.5 g
of Compound (1) was obtained. The total product amounted to 72.5% of the theoretical yield. 16
December 2005 - 28 Example 3 Alternative Method for Preparing Compouiaggryer 2005
(3,4-methylenedioxy-(3-methyl-(3-nitrostyrene) Compound (1) was prepared using Method 2 5 described
in Example 1 above. The reaction scheme is shown béldw. CHZNHz CHO | cat. CHZ NHz +
CH3CH2NOz CH" C ENO, ru_ 900gm piperonal was dissolved in 1000cc alcohol with constant shaking
and 450m1 nitroethale Was added  slowly followed by 1OMIGth§Riamiie. ‘Af&°1 Phrs stirring, the mixture
was placed in the dark at room 15 temperature for B2 @lays aTh&@¢éstitingdelidbwscrstald were filtrated in
a Buchner funnel until dried and then washed twiceavitth&50mibalcohol rEhiseielded 1200gm of
Compound (1) withrmekting.poird, of 95C. After further crystallization from ethanol, 1000gm of light yellow
20 crystals were obtained with a melting point of 98C. (approx 80% yield). Molecular formula C10H9NO04,
molecular weight - 207.05 25 Physical and Chemical characteristics Form of state yellow crystals
Solubility profile < oluble in ethAahdlHcetone " benzeney ethdAol REetonitiEr 30 chloroform, DMSO -
almost insoluble in water Meltirfgspoint 94<98Cwiercerystallized ropd region

2. B-methylstyrene - additional groups over styrene
1442 aliphatic -C- + 900 -1000 peaks
10 3. Nitrogroup at low wave number e.g. 747, 673 and

B-nitrostyrene has 1520.

4., Aromatic Ether Group - 1312 (1258) 1138, 1030
Nevertheless a fingerprint of this compound is
provided by the IR spectrum (g.v.). This has

15 been done on the recrystallised material in

order to reduce peaks due to contaminants.

IR Spectrum

20 Impurities of molecules weight 303.4 & 331.4

Confirmation of molecular weight of main species 207.1

NMR Spectrum

25 - Hydrogen NMR (200 MHz) shows:
Aromatic ring with 3 remaining Hs, 3 Hs as part
of a CH;, another attached to the side chain and
2 Hs as part of another ring.
- Carbon NMR (50 MHz) shows:
30 -CH;, CH-, -CH,; (as methylenedioxy)
- Values of chemical shifts support the structure
given and a likelihood of the E-stereoisomer rather than
the Z-stereoisomer favoured by the synthesis used. A

strong -withdrawing group (NO;) is indicated.



50% ethanol product had 96-98C) pH (in 50% v/v ethanol) approximately neutral 35 Specific rotation
optically inactive but has 2 stereoisomers Stability begins to darken above 200C 16 December 2005 5
Purity IR Spectrum - 29 MS indicates impurities of molecular weight 383.4£8:33124 t&°%3e the major
impurities 1. Aromatic ring - above 3000 wave number & associate aromatics 1470 - 1630 region 2.
(3-methylstyrene - additional groups over styrene 1447 %Iiﬁhatic -C- + 900 -1000 peaks 10 3. Nitrogroup
at low wave numberve:g., 247; 673 andt 53-nitrostyrene has 1520. 4. Aromatic Ether Group - 1312 (1258)
1138, 1030 Never i i is compound is provided by the IR spectrum (g.v.). This has
15 been done on the recrystallised material in order to reduce peaks due to contaminants. IR Spectrum
20 Impurities of matecules wegight 3031k &s33h4 Confipemation Gfrmetecudar weight of main species 207.1
NMR Spectrum 2530+~ Elydrogen NMR:(200:Miiz) shovis; Aremadic 6pg mith3 remaining Hs, 3 Hs as

part of a CH3_another attached to the side chain and 2 Hs as part of another ring. - Carbon NMR (50
MHz) shows: -CH3, CH-, -CH2 (as me%hylenedioxy)

Example 4 rocess for Preparing Compound (2)

Compound (2) was prepared using Method 2
described in Example 1 above. The reaction scheme is

10 shown below.

o CHO Cat. 0o N NO:
< +CHNO, —> < :I:::I/A\v/
) 0]

15 3,4-methylenedioxybenzaldehyde was condensed
with nitromethane using fresh distillated ethylenediamine
NH,-CH,-CH,-NH, as a catalyst. The reaction was conducted
in alcohol, darkness and at room temperature for 5 days.
The resultant crystals were separated by filtration and

20 washed with cold alcohol. After being dried in air, the
yield was 80%, m.p. — 158-159°C and after re-
crystallization the m.p. was 162-163°C. Compound (2) was
non-soluble in water, soluble in acetone, alcohol, acetic
acid and in a majority of organic solvents.

25

Example 5 Antibacterial activity

In the experiments described herein, museum

strains of pathogens obtained from the museum of the

30 Microbiology chair of the Military Medical Academy
(designated by the index "M") and strains selected from
pathological material (designated by the index "B"), taken
from patients and having gone through no more than three
laboratory passages were used. For each type of pathogen

35 the corresponding optimal nutrient media was used. For the
impregnation method, compounds (1) and (2) were added to

solid nutrient media at doses from 0.03% to 2.0%.



Values of chemical shifts support the structure given and a likelihood of the E-stereoisomer rather than
the Z-stereoisomer favoured by the synthesis used. A strong -withdrawing group (NO2) is indicated. 16
December 2005 - 30 UV/visible Spectrum Recrystallised material has péaks{braad)z°250-270 mm and
360-370 mm with high absorbance below 210mm. 5 Example 4 Process for Preparing Compound (2)
Compound (2) was prepared using Method 2 descri_beajin_ExampIe 1 above. The reaction scheme is 10
shown below. CHO Cat. 30 + CH3NO2 NO2 15 3,4-methylenedioxybenzaldehyde was condensed with
nitromethane using fresh distillated ethylenediamine NH2-CH2-CH2-NH2 as a catalyst. The reaction was
conducted in alcoHdl, d8knedsEnE aPfocrhtemperatlnedor Stdays e TREFBSakan e8RS were
separated by filtratioh alrd 20nvashed thscaltvalcghaob After being driedviasair tbe . yield was 80%, m.p. -

158-159C and after re- crystallizafion. the-nyp rwas182-163&, Grapgund {(2)was, non-soluble in water,
soluble in acetgne,&)lti%gqlé acetic acid and in a majority of organic solvents. 25 Example 5 Antibacterial

activity In the experiments described herein, museum strains of pathogens obtained from the museum of

the 30 Microbiology chair of the'Kftitaly ediGl 2y [eSRiEEd By theTREEX™ /S And strains
selected from patholddicahmateral (designatéd B thecindex B}, taken ffrom patiéntscand having gone
through no more thancthree hlabesatony, passages wereiuses. fof each ypesofapathegeswed

to set. Agar plugs of 10 mm diameter were cut out and

10 placed on the surface of Petri dishes containing the same
medium immediately after they were inoculated with the
microorganisms to be investigated (at least 6 plugs per
culture). After one day of incubation at 37°C, the
diameter of the zone of retardation of growth of the

15 culture around the plugs was measured. The results were
evaluated in accordance with official standards of testing
sensitivity to antibioticsj; a diameter < 20 mm
corresponded to a stable culture, 21-28 mm to moderate
stability and 2 29 mm to sensitivity.

20 In parallel to this, the sensitivity of
pathogens to 15 antibiotics were tested according to the
official protocol of the Russian Supervisory Authority for
the Introduction of New Medicinal Substances and Medical
Technology (disc method) .

25 Several pathogen types and strains were used to
show the limits of sensitivity of the strains and types to
the test substances, in order to evaluate their probable
overall breadth of performance.

Table 1 below shows the results of experiments

30 with Compound (1) at a concentration of 1.0%, at which it
suppressed the propagation of 5x10° - 5x10’ organisms/mL,
and comparative results of sensitivity experiments using

the following 15 antibiotics:



35 the corresponding optimal nutrient media was used. For the impregnation method, compounds (1)
and (2) were added to solid nutrient media at doses from 0.03% to 2.0%. 16 December 2005 - 31 An
agar diffusion assay analogous to the standard method of determining Sedsifigityes aatibiotics was used.
The agar diffusion assay was performed as 5 follows. Meat peptone agar was prepared and impregnated
with the test compounds at concentrations from 0.01t0°2.0%. The medium was poured into Petri dishes
and allowed to set. Agarplygs.of 10, mm diameter were cut out and 10 placed on the surface of Petri
dishes containing th‘j same Tgﬂt@ﬂimmediately after they were inoculated with the microorganisms to
be investigated (at I€éast @pﬁjgs per clilture). After one day of incubation at 37C, the diameter of the
zone of retardation of growth ‘ot & 1% culture around the plugs was measured. The results were
evaluated in accorddnce wathbefficial Staimdards of testing sensitivity to antibiotics; a diameter << 20 mm
corresponded to a stable ealuie;2%-28 mm to moderate stability and ? 29 mm to sensitivity. 20 In
parallel to this, the sgnsitiyity é)(gm%qqugens to 15 antibiotics were tested according to the official protocol
of the Russian Supervisory Authority for the Introduction of New Medicinal Substances and Medical
Technology (disc method) <5 I§]e?/%¥gll;5%ithogen types and strains were used to show the limits of
sensitivity of the strains apdagpeés 6 the test substances, in order to evaluate their probable overall
breadth of performance. Tablenli betow shows the results of experiments 30 with Compound (1) at a
concentration gf 1.9%, atwhigh,it suppressed the propagation of 5x105 - 5x107 organisms/mL, and
comparative results1 f)f §e?§i§i¥g¥1 ;&(Pg,riments using

12 - streptomycin,
13 - tetracycline,
14 - erythromycin,

15 15 - cephalosporin.



the following 15 antibiotics: 16 December 2005 - 32 1 - penicillin, 2 - ampicillin, 3 - gentamycin, 4 -
carbenicillin, 55 - kanamycin, 6 - lincomycin, 7 - levomicethin, 8 - oxacillin, 9 - polymixin, 10 10 -
rifampicin, 11 - ristomycin, 12 - streptomycin, 13 - tetracycline, 14 - engthPeasyere 2395 -
cephalosporin. 16 December 2005 - 33 Table 1 MicroarganismSuppression of Growth (+/-)
CompoundAntibiotics (1)123456789101112131415 1. égnaitional pathogenic enterobacteria
gram-negative aerobic bacilli Pseudomonas aeruginlosbalg- 01+-------t--t-t-- Escherichia coli

M-17++++++-4- -ttt EceharichiaecolilR RQQ.L.I..L.I..Lq_ +11 Feecharichia ecoli
T T T o O TTornmAur oUn O Uouv o | ==tw ) vj LL}

|||||| moeTrTorimA oo
Microorganism Suppression of Growth (+/-)
Compound Antibiotics

(€] 1 2 3 4 5 6 7 8 9 10 | 11 | 12 | 13 | 14 | 15
1. Conditional
pathogenic
enterobacteria
gram-negative
aerobic bacilli
Pseudomonas
aeruginosa B-601 + - - - - - - _ + _ _ + _ + _ _
Escherichia coli
M-17 + + + + + + - + - + - - + + + +
Escherichia coli
B-683 + + + + + + - + - + - - + + + +
Escherichia coli
B-65 + + + + + + + + - + - + + + + +
Enterobacter
aerogenes B-679 + - - - - - - - - + - - - - - -
Enterobacter
aerogenes B-687 + - - - - - - - - + - - - - - -
Citrobacter
diversus B-678 + - + + - + - + - + - - + + - +
2. Pathogenic gram-
negative bacteria
Shigella flexneri
M-2A6907 + - t + + + - + - + + - + + - +
Shigella sonnei
B-720 + - T - * * - + - * * - + + - t
Salmonella
typhimurium M-727 + - - - + + - - - + + _ + + _ +
Salmonella
paratyphi M-16469 + - + - + + - + - - - - + + - +
Acinetobacter B-681 + - - - - - - - - - + - - - - -
Acinetobacter B-676 + - - - - - - - - - + - - - - -
Acinetobacter B-677 + - - - - - - _ _ _ + + _ _ _ _




B-65++++++++-+-+t+++ Enterobacter aerogenes B-679+-------- +--eee- Enterobacter aerogenes
B-687+-------- oo Citrobacter diversus B-678+-++-+-+-t--tt-+ 2. Pathogenic gram- negative bacteria
Shigella flexneri M-2A6907+-t+tt-+-tt-tt-t Shigella sonnei B-720+-t-tt-t-tt-Het SzEABASIARDhimurium
M-727+---tt---tt-tt-t Salmonella paratyphi M-16469+-t-tt-t----tt-t Acinetobacter B-681+--------- +omm-

Acinetobacter B-676+--------- e Acinetobacter B-6_77§r4

_____ ++4
lla pl_neu

sp. B-689f=+=+=+-——t— Alkaligenes
Yersinia psetfl&teserfulosis+----------
pneumonige -248+---------4----- 4. G

+t---- 16 December 2005 -

34 Alkaligenes

>p.B-6o
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SAL

Tt

+

mm
Klek

nting bacteria

siella

Alkaligenes sp.

B-667 +

3. Gram-negative
non-fermenting
bacteria
Yersinia

pseudotuberculosis +

Klebsiella

pneumoniae M-A21 +

Klebsiella

pneumoniae M-248 +

4. Gram-negative
aerobic bacilli
Corynebacterium

diptheriae B-670 +

+

Bacillus sp. B-575 +

+

H+

H+

H+

+

H+
|

5. Gram-positive
aerobic cocci
(Neisseria)
Neisseria

meningitidis M-6231 +

Neisseria

meningitidis M-A72 +

6. Gram-positive
cocci
(Staphylococci)
Staphylococci

aureus M-12159 +

Staphylococci

aureus M-209 +

Staphylococci

aureus B-685 +

Staphylococci

aureus B-674 +

+




aerobic bacilli Corynebacterium diptheriae B-670+-t+---t--++-+++ Bacillus sp. B-575+--t-t++--ttt+t- 5.
Gram-positive aerobic cocci (Neisseria) Neisseria meningitidis M-6231+--------------- Neisseria meningitidis
M-A72+----mmmmmmmmmem 6. Gram-positive cocci (Staphylococci) Staphylocoééi aggemnger 2005
M-12159++-+++--+-+++--+ Staphylococci aureus M-209++-+++---++++--+ Staphylococci aureus
B-685+--+++--+-+++--+ Staphylococci aureus B-674%--42¥-—t+++ 16 December 2005 - 35

Staphylocpcciepidermidis D-513+++F+-+-+-++--1+ Staphylogocc] epidermidis BK-30F++F—f-+---- 7.
Gram-positi&"e8&ErStreptococci) yrhaemolytic streptococcus B-672
epidermidis D-513 + + + + + - + - + - + + - - - +
Staphylococci
epidermidis BK-30 + + + - + - - - + - + + _ _ _ _

7. Gram-positive
cocci
(Streptococci)
y-haemolytic

streptococcus B-672

+ + + - - - - - - - - + - - - -
B-haemolytic + + + - + - - - - - + + - - - -
streptococcus B-624
Remarks:
+ sensitive strains

-+

moderately sensitive strains

stable strains

Table 2 below shows the results of experiments on
sensitivity of some microorganisms to Compound (1) using

the agar diffusion method described above.



P-haemolytic+++-+-----++---- streptococcus B-624 Remarks: + sensitive strains moderately sensitive
strains - stable strains 5 Table 2 below shows the results of experiments on sensitivity of some
microorganisms to Compound (1) using the agar diffusion method descéiihegcanbee. A% Hecember 2005 -
36 Table 2 Diameter of zone of Growth inhibition (mm)_MicroorganismConcentration in disc of Compound

(1) (%) 2.01.00.1 7-haemolytic streptococcus B-67235

#32# P-haemolytic streptococcus

B-62431#32#31# Staphylococci aureus B- 68539#37&%%8 aphylococci epidermidis B-51338#39#32#

’)I\RO(\7QR-H-QQ+I-Q’I H# thnalla con

ﬂQQHQEHQﬁ-H- Qalmnnalla tvynhimi

Shigella flexneri M
M-72732#30#29#

GUTITrTeT o

mrroTrTreT

yP LLLRRAY L]

Salmonella paratyphiiM=1646936+#30#28% Acifietobacter B-68138#35#32# A

sp. B-68940#38#!

6# Ergterobacter

roorganis Concentration in disc of Compound (1) (%)

2.0 1.0 0.1
y-haemolytic
streptococcus B-672 354 344 32#
B-haemolytic
streptococcus B-624 314 324 31+#
Staphylococci aureus
B-685 394 374 354
Staphylococci
epidermidis B-513 384 344 324
Shigella flexneri M-
2A6907 364 334# 314
Shigella sonnei B-
720 394 354 304
Salmonella
typhimurium M-727 324# 304 244
Salmonella paratyphi
M-16469 364# 304 284#
Acinetobacter B-681 384# 354 324
Alkaligenes sp.
B-689 404 384# 36#
Enterobacter
agglomerans B-679 334# 304# 25#
Corynebacterium B-
670 404 354 314
Bacillus sp. B-575 384# 344 29

Remarks:

# sensitive

+ moderately sensitive

- stable

Table 3 shows the results of experiments of

sensitivity of pathogenic fungi to compound

(1) .

II’ um

kaligenes



agglomerans B-67933#30#25# Corynebacterium B- 67040#35#31# Bacillus sp. B-57538#39#29
Remarks: 5 # sensitive + moderately sensitive - stable Table 3 shows the results of experiments of

sensitivity of pathogenic fungi to compound (1). 16 December 2005 - 3ZTapte®Eungifosage

ofResultNumber of microbes in the presence Inoculation7of Compound (1) at concentration 2.00.50.1
Candida albicans"Growth000 5 x 10 B-45Retardation5 % 10"5 x 1065 x 106 Candida albicans"Growth000

5 x 10 M-3Retardation5 x 1065 x 1065 x 106 Tricho

rowth000 10 Retardation107107107

hyton'
Grownwtho00- 105 Reatardation1051 a%fﬁ ortda Growtho00o0 - hictolvtiea105
MTeTATuUiiuUTI AU OU UL UT T Ui UTuouwWwailouuouyuou llloluly AL UJU

y of

Geotrichum M-158Grewth000-105
(Cryptococcus)Retardatiornn105105105 Example 6 Antifvicrobial testsSoT heantimicrobial-activity
Compound (1) was Inoculation of Compound (1) at concentration
(%)
2.0 0.5 0.1
Candida albicans Growth 0 0 0
5 x 10°
B-45 Retardation 5 x 10° 5 x 10° 5 x 10°
Candida albicans Growth 0 0 0
5 x 10°
M-3 Retardation 5 x 10° 5 x 10° 5 x 10°
Trichophyton Growth 0 0 0
107
Retardation 10’ 10’ 107
Geotrichum M-158 Growth 0 0 0
10°
Retardation 10° 10° 10*
Torula
Growth 0 0 0
histolytica 10°
(Cryptococcus) Retardation 10° 10° 10°
Example 6 Antimicrobial tests
5 The antimicrobial activity of Compound (1) was
tested, using the agar diffusion method.
Due to the very low solubility of the compounds,
the studies could not be carried out in the liquid phase.
For this reason an initial mother impregnate, containing
10 0.5% of test compound, was prepared on meat peptone agar.
From this mother impregnate, regenerated to the liquid
state in a water bath, serial double dilutions were
prepared by addition of the agar base. The dilutions thus
obtained, containing the compounds in concentrations of
15 0.5%, 0.25%, 0.12%, 0.06%, 0.03%, 0.015% were poured into
Petri dishes, on which 6 bacterial and 2 fungal test
cultures were inoculated.
The following test cultures were used:
20

1) Staphylococcus aureus strain 674, isolated from a
patient, sensitive to gentamycin, oxacillin,

tetracycline,erythromycin and cephalothin, slightly



tested, using the agar diffusion method. Due to the very low solubility of the compounds, the studies
could not be carried out in the liquid phase. For this reason an initial mother impregnate, containing 10
0.5% of test compound, was prepared on meat peptone agar. From thisémetherifiprEghate, regenerated
to the liquid state in a water bath, serial double dilutions were prepared by addition of the agar base. The
dilutions thus obtained, containing the compounds in cohcentrations of 15 0.5%, 0.25%, 0.12%, 0.06%,
0.03%, 0.015% were poured into Petri dishes, on which 6 bacterial and 2 fungal test cultures were
inoculated. The foll%%}[f)ﬁé tedediftir8s WereUs&d:" 20 1) Staphylococcus aureus strain 674, isolated from
a patient, sensitive’to GERBIRFORCHRadRRCablRcyeRreRrythEsHmycirsand EephaldtRin, slightly 16
December 2005 - 38usansitivento stteptopiycin, 2 pEaterocepcus fadcalis museum strain, sensitive to
ampicillin, rifampicig) apfleBEFEPNY Gihediibiebsaieldpagumeniae stgin31y, iselated from a 5 patient,
sens_iti_vga to geptam aqéri grqg p%l mglfjcnl.v@ %g)lm%rrllecllamt g{lrilmgrr]igm museum g@rain 7_27, sensitive to
ampicillin, gentamycin, car ’en|c¥lﬂn, canamlcnllg, poaIyr%/yxm, and gg&)ﬁglgﬁ'nn. 5) Acinetobacter strain
681, isolated from 4 pateNFoR8 iy nhyRILHUHANE, BoRmYAin t6PREelddnomssdertigidsa strain 328,
isolated from a patient! slightiy: seasitivertspiolymyxirk &) Irichbphytor imteidigitalen 8) Candida albicans.
15 Each of the 8 tesb cuttiysesnwas s@wir pastetilei meat peptone agar in a Petri dish, and then a standard
5) Acinetobacter strain 681, isolated from a patient,
10 slightly sensitive to polymyxin.
6) Pseudonomas aeruginosa strain 328, isolated from a
patient, slightly sensitive to polymyxin.
7) Trichophyton interdigitale .
8) Candida albicans.
15
Each of the 8 test cultures was sown on sterile
meat peptone agar in a Petri dish, and then a standard
plug of agar, impregnated with one of the 9 compounds at a
concentration of 0.5%, was placed on the agar surface. The
20 retardation zone was measured around the plug after 24 h
and 48 h growth at 37°C. For the fungal cultures the
results were assessed after 7-10 days of incubation at
30°C.
The results of the action of the compound on the

25 impregnated agar are summarised in Table 4.



plug of agar, impregnated with one of the 9 compounds at a concentration of 0.5%, was placed on the
agar surface. The 20 retardation zone was measured around the plug after 24 h and 48 h growth at 37C.
For the fungal cultures the results were assessed after 7-10 days of incifbaf6srae36C%The results of the
action of the compound on the 25 impregnated agar are summarised in Table 4. 16 December 2005 - 39
Table 4 Minimal % Compound (1) giving complete inhibition of test % inhibition by antibiotic culture S.
aureus0.0155.5 Enterococcus faecalis0.0153 Klebsjlt%lglpneumoniaeo.ﬂz Salmonella typhimurium0.55

Acinotobacter0.121 Pseudomonas-1.5 Tri
shows the results of the agar diffusion ex
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g})aRE%PHyIOCOCCUS

aOUE%USb.b Enterococcus eq

alisb
5.5

Enterococcus faecalis

0.015

3

Klebsiella pneumoniae

0.12

Salmonella typhimurium

0.5

Acinotobacter

.12

Pseudomonas

Trichophyton

.25

Candida

Activity Index

Table 5 below shows the results

diffusion experiments.

10

In equal concentration Compound

Table 5

of the agar

Results of growth retardation by the compounds in the
diffusions in the agar experiment

Test culture

Size of zone of retardation

of the growth by Compound

(1)

Staphylococcus aureus

Enterococcus fecalis

Klebsiella pneumonia

Salmonella typhimurium

Acinetobacteria

Pseudonomas

Average zone of retardation

(1)

inhibits the growth of

ampicillin-resistant Staphylococcus and the growth of
Enterococcus which is sensitive to this antibiotic.

15

and other preparations.

Similar differences can be observed with other pathogens



Klebsiella pneumonia5 Salmonella typhimurium7 Acinetobacteria6.5 PseudonomasO Average zone of
retardation5.17 In equal concentration Compound (1) inhibits the growth of ampicillin-resistant
Staphylococcus and the growth of Enterococcus which is sensitive to this antigisge. 15°Similar
differences can be observed with other pathogens and ather preparations. 16 December 2005 - 40 Anti
TB Effects of Compound (1) Anti TB effect was checkeéooy standard method of serial double dilutive in
synthetic liquid meqiu normal e serum. The solution was prepared 5 in
AN O
ftve to anti TB medication. Mycobacterial

Tween 80. Test cult ‘ , v Sit
suspension (density 5 x 107 ceﬁ@ﬁﬁl)%§§§?§§d YAt &kprekrt liguidc frretiar 1T0eMisehévsky, B.1.)
Results were calcutateddor Ad0ubll4 days uincubation st 37 tMIC (totallylintibiting Msaubsiculosis) The
results are shown ipitable®,bglown-h5 dable,6 Minimal Inhibitory Goneentratian fgiml) Lompound (1)6.25
Isoniazid0.02- gbl leanﬂ&lcmo 04-0.02 Ethambutol1.0-2.5 Streptomycin0.5 Only Compound (1) had MIC

close to Ethambutol /
Test culture was Mycobact tub. H.37RV sensitive

to anti TB medication.
Mycobacterial suspension (density 5 x 10’
cells/ml)

(Vischnevsky,

was spread onto a special liquid medium
B.I.)

Results were calculated for 10 - 14 days
MIC (totally inhibiting M.

10

incubation at 37°C.
tuberculosis)
The results are shown in Table 6 below.
15
Table 6

Minimal Inhibitory
Concentration
6.25

(ug/ml)

Compound (1)

20

25

30

Isoniazid

0.02-0.1

Rifampicin

0.01-0.02

Ethambutol

1.0-2.5

Streptomycin

0.5

Only Compound

Isoniazid MIC.

Example 7

(1)

had MIC close to Ethambutol /

Anti-protozoal activity

The effect of the Compounds

(1) and (2)

on

trichomonas was also investigated. Trichomonas vaginalis

isolated from patients was used.

cultured at pH
5.0%

antibiotics to suppress the accompanying flora.

native foetal calf serum,

carbohydrates,

The trichomonads were

5.8-6.5 and 37°C in medium 199 containing

and

was applied to the surface of the medium in the culture

tube.

The experimental specimens contained the test

Vaseline



Isoniazid MIC. 20 Example 7 Anti-protozoal activity The effect of the Compounds (1) and (2) on
trichomonas was also investigated. Trichomonas vaginalis 25 isolated from patients was used. The
trichomonads were cultured at pH 5.8-6.5 and 37C in medium 199 contginkisges0% #Htive foetal calf
serum, carbohydrates, and antibiotics to suppress the accompanying flora. Vaseline was applied to the
surface of the medium in the culture 30 tube. The experimental specimens contained the test 16
December 2005 - 41 compounds at a concentration of 0.3%. 7 specimens were investigated, containing
motile forms of the"PARIEIRIR & Guanfit SF5-g i £ %m%‘i 1n the control, parasites were cultured
successfully 5 over 3-4 passages f@4ch Passade 56 Haysy IhToritrast C eultaié bR thétié Ffns in medium
containing the test feompoundsheapansyccessiul ia exerycase. Aftes-ohly ehés passage in the presence

of the test compougds, mafile hiorms-didnot Rropagate. s1Q,Examnle 8,Apt-hactedalactivity in vivo The
therapeutic and pr%gfheylagti_gleffg%tsgf tehse lejbggancaessvgag dg%rrgiarlled)in ecri(gn%r]}tassig vivo on mice, 15
infected intraperitoneally or intPanasa?l with %oryﬁeﬁact%rium parat\ﬂ%ef ulosis. 1E:ompoﬂnds (1) and (2)
were administered SintrapefitGiedIRt intfarhtsedlaty af oraly 504 dose o <2Re1858p/0.2 at different
periods from the dapwvp20ridfection, ie2ahcks ghys before theyinfecstion ASthedalesi2,ot)¢ on the day of
infection (scheduledd)sandscl, iy I te. glaysaafter the infections(schbedplas ik, +20t+3]1 €tc). The daily

mortality rate was rpgasured, their. propagate.
10
Example 8 Anti-bacterial activity In vivo

The therapeutic and prophylactic effect of the

substances was determined in experiments In VviVvO on mice,
15 infected intraperitoneally or intranasally with
Corynebacterium paratuberculosis.

Compounds (1) and (2) were administered
intraperitoneally, intramuscularly and orally at a dose of
< 20% LDsg/0.2 at different periods from the day of

20 infection, ie 2 and 1 days before the infection
(schedules 2, 1), on the day of infection (schedule 0) and
1, 2, 3 etc. days after the infection (schedules +1, +2,
+3, etc).

The daily mortality rate was measured, their

25 cumulative variations were calculated and based on this
the results of the performance of the preparation was

determined by the formula

Al = [(B-A):B] x 100
30
where AI = activity index of the preparation (%),
A = cumulative mortality in the experimental
group,
B = cumulative mortality in the control group.
35

The results are shown in Table 7 below and

indicate that Compounds (1) and (2) tested showed



25 cumulative variations were calculated and based on this the results of the performance of the
preparation was determined by the formula Al = [(B-A):B] x 100 30 where Al = activity index of the
preparation (%), A = cumulative mortality in the experimental group, B2 cRanel&tive4hbrtality in the
control group. 35 The results are shown in Table 7 below and indicate that Compounds (1) and (2) tested
showed 16 December 2005 - 42 therapeutic and pro_pﬁlﬁaﬁtic activity in mice infected with
Corynebacterium paratuberculosis. For intramuscular adminijstration, the clinical prophylactic
performance in the i o1 Tedtced oAl 5 6t AnimalS Was 5. 53% " The cﬁﬂifcea?g%%ormance for
salmonellosis varietiwithfrPthe RS B8 5bUOL Joed@t ke reed @8d@iberculosis the prophylactic
performance was 50.0%. 43 XxFdt HNtddulukHt#aH ddministration, the clinical

prophylactic performance in the form of reduced mortality
5 of animals was 52.53%. The clinical performance for
salmonellosis varied within the limits of 50.0-20.0%. For

pseudotuberculosis the prophylactic performance was 50.0%.
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Example 9 Radiation protective activity

The radiation protective performance of the

Compounds (1) and (2) investigated was tested on male

white mice weighing 18-20 g.
Dosages: 2, 4, 6, 8, 10, 15, 20 Gr (1 hR = 100 ROntgen).
Period of observation = 25 days.
Method of reporting: dynamic mortality, calculation of
cumulative mortality and factual changes of dosage (FCD).
Schedule of introduction: 50 mg/kg at 0.2 mL in mice.
Group 1 - control,
Group 2 - 2 and 1 days up to irradiation.
Table 8 shows the results of the experiments on radiation
performance of the compounds investigated.
Table 8
Cumulative mortality in groups $%
Dosage R (hR¥*)
control prophylactic
2 2.9 0
4 3.6 0
6 13.1 3.8
8 21.1 9.5
10 43.8 13.3
15 66.7 45.5
20 94.1 83.3
FCD 1.39 + 1.48
LDsg 10.73 hR 15.88 hR
Remarks:

*1hR

= 100 Rontgen

The results show that for all irradiation




0 U Ui 16 December 2005 16 December 2005 - 44 Example 9 Radiation protective activity The radiation
protective performance of the Compounds (1) and (2) investigated was, tested gn.malg, 5 white mice
weighing 18-20 g. 10 15 Dosages: 2, 4, 6, 8, 10, 15, 20 Gr (1 hR = 100 Ronigen). Period of observation =
25 days. Method of reporting: dynamic mortality, caleulation of cumulative mortality and factual changes
of dosage (FCD). Schedule of introduction: 50 mg/kg at 0.2 mL in mice. Group 1 - control, Group 2 - 2
and 1 days up to irradiation. Table 8 shows the results of the experiments on radiation 20 gerformance of
the compounds invetigaied. Tabil B et iafve Mortdiits it golds b Ddsage ROMPOUNA
(hR*)controlprophyf&dtit' 22 0843 60613 235 82 121 915 ToaBL §13 3f1566. 74535 9094183 3FCD1.39 +
1.48 LDs010.73 hR1b.88mR Remarkst t25 thhRcod100cRoptgerp Theaesults shew that for all irradiation
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1.39-1.43, which shows a high radiation protective effect
of the compounds indicated, the performances of which do

not yield to the reported media.

Example 10 Treatment of infected wounds

Human volunteers suffering from skin wounds
infected by Streptococcus and Staphylococcus were treated
with 0.1% Compounds (1) and (2) in an ointment base of
vaseline, sheep fat and sulfoxide. Application of 0.1 %
ointment for 3 days cleared the wound completely of pus,
with subsequent healing of the wound.

In 3 cases extensive damage to the skin caused
by fungal infection was treated; the type of the fungus
was not identified. The damaged area was smeared twice

per day with 0.1 % ointment. The skin was cleared of

fungal growth within a week.

Example 11 Pharmacokinetics

While the pharmacokinetics of the compounds of the
invention have not been investigated in detail, in
experiments carried out in mice to which Compounds (1) and
(2) were administered intraperitonally and
intragastrically, it has been established that the
compound will remain in a biologically active

concentration in the blood for longer than 24 h.

Example 12 Toxicology

The average lethal dose for mice when
administered intragastrically was 1500 mg/kg body weight;
when administered intraperitonally the average lethal dose

was 575 mg/kg body weight. Thus the compounds of the



16 December 2005 - 45 dosages prophylactic administration of the test compounds considerably
decreases the mortality of irradiated animals in comparison with the copgrgl group. FCD(LDso contr.) _
1.39-1.43, which shows a high radiation protective effect 5 of the compounds indicated, the performances
of which do not yield to the reported media. Example ks Treatment of infected wounds 10 Human
volunteers suffering from skin wounds infected by Streptococcus and Staphylococcus were treated with
0.1% Compounds gal and ;23 in.an ointment base of vaseline, sheep fat and sulfoxide. Application of 0.1
% ointment for 3 d § Cieardy theouRY corApiately of pus, 15 with subsequent healing of the wound. In
3 cases extensive damage to the skin caused by fungal infection was treated; the type of the fungus was
not identified. The damaged area wassmearsd-twrice 1 pecday with 8:11d%sointiment.cThe skin was cleared
of 20 fungal growth within a week. Example,14 £Pharmacokinetics While the pharmacokinetics of the
compounds of the 25 invention have not been investigated in detail, in experiments carried out in mice to
which Compounds (1) and (2) were administered intraperitonally and intragastrically, it has been
established that the compound Wift&Hidin it & Hiéloﬁgﬁlﬁﬁé(@ﬂ@é 36%%%%]%ﬁ?raﬁ6n"iﬁ1iﬁé blood for longer
than 24 h. Examplé12 Texieolbgy Ehe aveéfbageiéthakdose fur/mice(Wheéh)35 abimiristeredlintragastrically
was 1500 mg/kg bedy weighthiwhen adminisieted inteaperitegaty. the average lethal dose was 575

mgrkg body weight. Thus the compoynds,of the. 16 Recember, 200546, iovention have lgwtoxicity.

10 pg/mL at 5% solvent or 256 upg/mL at 2.5% solvent. It does

not require specific chemical neutralization, dilution
being sufficient to neutralize residual activity in
microbicidal testing.
DMSO was selected as the solvent for testing
15 Dbecause it has the lowest toxicity against test strains.
Compound (1) was at least 8 times more active
against E. coli when formulated in ethanol, giving an MIC
of 128 pg/mL (0.06% ETOH) compared to >512ug/mL (2.5%

DMSO) . Ethanol is toxic to E. coli at concentrations >
20 2.5%.
Example 14 Antibacterial activity of Compound (1)

NCCLS-USA Standard Method - Broth microdilution
25 (or macrodilution) (Mueller-Hinton).
Inoculum 1-4 x 10° cfu (or -4 x 10° cfu).
Ciprofloxacin test control. Chlorhexidine values added
for disinfectant and antiseptic activity comparison.
Minimum inhibitory concentration (MIC) and
30 minimum bactericidal concentration (MBC) as 3 log
reduction (99.9% kill) at 35°C, 24 hours, aerobically
(unless otherwise indicated). 48 h titres were not
significantly different.
Results are shown in Table 9.
35
Summary of results

Compound (1) is a relatively broad spectrum



Example 13 Antimicrobial Activity and Solubility of Compound (1) 5 Compound (1) is relatively insoluble
in water but is soluble in 10% DMSO at 1 mg/mL (0.1%), 10% ethanol gt 2 mg/ml.and L0% acetone at 2
mg/mL. The highest concentration testable is either 512 10 pg/mL at 5% solvent or 256 pg/mL at 2.5%
solvent. It does not require specific chemical neutralization, dilution being sufficient to neutralize residual
activity in microbicidal testing. DMSO was selected as the solvent for testing 15 because it has the
lowest toxicity agalnst test strains.. Compound 1/(1‘9) was at least 8 times more active against E. coli when
formulated in etharidl givitig 8h MiC 6128 BYIALT006% ETOM) smpared'td’ %.hiigﬁgﬁﬂL (2.5%
DMSO). Ethanol is26%rrte LcolFahE6ncetFatiohs snge 2450y Bldinpler14 Antibacterial activity of
Compound (1) NCCES=d Sé&nStandardMethad o Broth micnodiutian i2% (ammaeredilution)
(MueHethﬂon)qug@gqbg4gégggﬁjg(orc%ﬁﬁgg;gﬂq1guy@ﬂg§@g@ﬂ§sg@@@@gh@ymmhexmnuavaMes
added for d|5|gfectant and antlse tlc aglwt comg%nson Minimum |nh|b|t concentratlon (MIC) and 30
minimum bactericidal cc concentratlon R/I as3io ctlon[g1 r&‘f?(ﬂ 3956 féfﬁours aerobically
(unless otherwise iABICAted). QFSaWt@%%%él‘éenﬁif"gfgrﬂﬁc&ﬂﬂf&iﬁ@eﬁﬂ%’éﬁﬂ&a&@eshown in Table 9. 35
Summary of results Compound (1) is a relatively broad spectrum 16 December 2005 - 47 antibacterial
agent with bactericiiefectiviysvithitlanresistant Gram positive cocci

Clinical isolates (multiple antibiotic
10 resistance) of S. aureus and E. faecalis were as

susceptible as the standard strains. Although not active
at the low concentrations Ccf current treatment drugs,
there may be a potential use for Compound (1) as a
treatment for multiply resistant staphylococci and

15 enterococci not responding to the current drugs of choice.

Anaerobic infections

Compound (1) 1is active against clinically
significant anaerobes, Clostridium perfringens,

20 Clostridium difficile and Bacteroides fragilis. C.
difficile causes enterocolitis in hospitalized patients
and 1s currently treated with vancomycin as the drug of
choice. 1Induction of resistance is a potential problem
with vancomycin. There could be a market for an oral drug

25 for C. difficile enterocolitis as an alternative to
vancomycin.

Anaerobic infections are generally mixed
infections of one or more anaerobes with facultative
bacteria, usually enteric Gram negative rods. The most

30 common anaerobic pathogens are Clostridium difficile and
Bacteroides fragilis. Current treatment with
metronidazole in combination with other antibacterial
drugs is generally efficacious. Given Compound (1)’s
broad spectrum against both aerobic and anaerobic bacteria

35 this could possibly treat these infections.



acceptable concentration range in vitro for a representative selection of Gram positive and Gram
negative bacteria. Compound (1) is broadly effective 5 against aerobic Gfam pgsitive,gpd Gram negative
cocci and aerobic Gram positive rods of clinical significance. Infections with resistant Gram positive cocci
Clinical isolates (multiple antibiotic 10 resistance) of S. aireus and E. faecalis were as susceptible as the
standard strains. Although not active at the low concentrations cf current treatment drugs, there may be
a potential use for Compaund (1) as a treatment for multiply resistant staphylococci and 15 enterococci
not responding to t@ﬁ#&ﬁ#ﬁ%@%ice. Anaerobic infections Compound (1) is active against
clinically significant anaerobes CCltRedam( perfiifgBas Y26 €losridigin difficile and Bacteroides fragilis.
C. difficile causes eatgrptobhtsienogpgijalized p&iemy | ahdeteurrentlytreated witht kancomycin as the
drug of choice. Indyctionofyesistance is apatentialiproblam withvancomyeing fhere could be a market
for an oral drug 25 f%rtce:h djcf]fficigecggtegggglliltissé asg Pni%lge@gti\e/% fo valplc%rgl}{gin. éé,cnfleerggicairrllgections are
generally mixed infections of one or more anaerobes with ¥acu]_1ta¥ive bacteriéo, usuarfly enteric Gram
negative rods. The MBst-86 LoMHohHnderbbic-pathoge i are ERtfdibm diffiGleaRa Batteroides
fragilis. Current tre&tménewithBmeatrorfidazalenia comlsiationwith! dthersantifsacterial drugs is generally
efficacious. Given Compound (I)is: bread spestruss againstbath aerobiciandanaerehje bacteria 35 this
could possibly treat theseinfections, 46.December 2005748 JEntaric infections, Gomngung (1) is very

active agains} 0

Compound (1) to penetrate cells. The successful treatment
of recalcitrant enteric infections and the successful
treatment of Salmonella infection in animals has been

shown.

15 Vulvo-vaginitis

Compound (1) is active against Neisseria
gonorrhoeae. Vulvo-vaginitis is caused by Candida
albicans, N. gonorrhoeae, Chlamydia trachomatis and
Trichomonas vaginalis (singly, not as co-infections).

20 Compound (1) is active against two of these agents.

Formulating Compound (1) for greater solubility
(and therefore probably greater absorption) could improve

both its activity and its distribution In Vivo.



Campylobacter jejuni. Campylobacter is currently the greatest cause of enteric infections worldwide and
is 5 often treated because of its severity in some patients and the tendepcy for ipfectigp-to predispose to
development of Guillain-Barre syndrome, a serious CNS disease. The relative resistance of enteric Gram
negative bacteria could be a function of solubility and ability of 10 Compound (1) to penetrate cells. The
successful treatment of recalcitrant enteric infections and the successful treatment of Salmonella
infection in animals has been shown. 15 VuIvo-vagiIni%sl COéSnpound (1) is active against Neisseria
gonorrhoeae. Vulvo-vaginitis is caused by Candida ABican , N. gonorrhoeae, Chlamydia trachomatis
and Trichomonas YA§i4RS (Sm@\ ot Bar c&9reetBAs X B co M PraGEma@Ne against two of these
agents. FormulatirghConmeound (€) fmyaresterasahanty ¢dntalodeface prbbabiy goedter absorption)
could improve botk jigractivéyrang its distribution in vivo. 16 December 2005 - 49 Table 9 MIC/MBC
(g/mL) for Compound (1), ciprofloxacin and chlorhexidine against a range of bacteria of clinical
significance 5 Bacterial strain Gram positive Compound (1) Ciproloxacin Chlorhexidine MIC NIINC MIC
NIINC MIC NIINC Staptiiabctédts aureus ATCC 29213°1616'0.25 025 284S, alreis L elical isolate 1
16 16 S. aureus - dlinicadsaslate 2 16 16 Enterococcus:faecalis ATGC 29242 32 32:0.5 &b E. faecalis -
clinical isolate 1 32 .32 1 1

Staphylococcus aureus ATCC 29213 16 16 0.25 0.25 2 8
S. aureus - clinical isolate 1 16 16

S. aureus - clinical isolate 2 16 16

Enterococcus faecalis ATCC 29212 32 32 0.5 0.5
E. faecalis - clinical isolate 1 32 32 1 1
E. faecalis - clinical isolate 2 32 32

Streptococcus pyogenes 16,8 16,8

Streptococcus pneumoniae ATCC49619 16 32

Bacillus subtilis RMIT 16 16

Corynebacterium xerosis RMIT 32,16 32,16

Clostridium perfringens (48 h) 16 32

Clostridium difficile 4

Gram negative

Moraxella catarrhalis RMIT 32 32

Neisseria gonorrhoeae WHO Strain VII 2 2

Haemophilus influenzae 0.125 0.125 0.006 0.006

Bacteroides fragilis (48 h) 16 32

Campylobacter spp. (48 h) 128 128

Campylobacter jejuni RMIT FF3 (48 h) 2 2

Acinetobacter calcoaceticus RMIT 128 256

Proteus vulgaris RMIT 128 256 6 128
Proteus mirabilis 256 >512

Klebsiella oxytoca 128 256

Klebsiella pneumoniae 512 >512

Salmonella Typhimurium 256 >512

Escherichia coli ATCC 25922 >512 >512 0.02 0.02 2 4

Pseudomonas aeruginosa ATCC 27853 >512 >512 0.25 0.25 32 64
Serratia marcescens RMIT >512 >512 16 32

Enterobacter aerogenes 512 512




E. faecalis - clinical isolate 2 32 32 Streptococcus pyogenes 16,8 Streptococcus pneumoniae
ATCC49619 16 16,8 Bacillus subtilis RMIT 16 32 Corynebacterium xef@sis. RMLT 32,46 16 Clostridium
perfringens(48 h) 16 32,16 Clostridium difficile 432 Gram negative Moraxella catarrhalis RMIT3232
Neisseria gonorrhoeae WHO Strain V1122 Haemophilus influenzae0.1250.1250.0060.006 Bacteroides
fragilis (48 h)1632 Campylobacter spp. (48 h)128128 Campylobacter jejuni RMIT FF3 (48 h)22
Acinetobacter calcoaceticus RMIT128256 Proteus vularls RMIT1282566128 Proteus mirabilis256>512
Klebsiella oxytocat28356-Riebsiella phetimonides 125512 Safmdhe Autitim256>512 Escherichia
coli ATCC 25922>512>5120.020.0224

NCCLS-USA Broth macrodilution method (RPMI

medium) .
5 Inoculum ~5 x 1O4hyphal fragments/mL
(haemocytometer). Miconazole control.
Minimum inhibitory concentration (MIC) and
minimum fungicidal concentration (MFC 2 log reduction -
99% kill) at 30°C, aerobically, 2, 7 and 10 days for
10 yeasts and 4, 7 or 14 days for filamentous fungi.

Results are shown in Table 10.

Summary of results

Compound (1) is fungicidal at relatively low
15 concentrations against a broad range of clinically

significant yeasts and filamentous fungi (Table 10).

Dermatophyte infections

Compound (1) shows good activity against 3 major
20 causes of skin, hair and nail infections in humans and
animals. Superficial fungal infections are the most
common fungal infections worldwide. Treatment is
prolonged, over months (and years for nail infections).
Superficial treatments with antifungal lotions and creams
25 is only partially effective. Current treatments, although
generally low cost, have poor efficacy and frequent
relapse rates. Oral systemic agents (terbinafine and
itraconazole) are preferred for superficial infections in
compromised patients and nail infections.
30
Systemic infections

Serious fungal infections in compromised
patients have increased worldwide in prevalence and
severity. Fungal infections are generally long term with

35 a high therapeutic failure rate, frequent relapse and
development of resistance by fungi. Candidiasis (Candida
albicans) and aspergillosis (Aspergillus fumigatus) are



Pseudomonas aeruginosa ATCC 27853>512>5120.250.253264 Serratia marcescens
RMIT>512>5121632 Enterobacter aerogenes512512 16 December 2005 - R0 Exampie 15 Antifungal
activity of Compound (1) NCCLS-USA Broth macrodilution method (RPMI'medium). 5 Tnoculum -5 x 109
hyphal fragments/mL (haemocytometer). Miconazole cemntrel. Minimum inhibitory concentration (MIC) and
minimum fungicidal concentration (MFC 2 log reduction - 99% kill) at 30C, aerobically, 2, 7 and 10 days
for 10 yeasts and 4, 7 or 14 days for filamentous fungi. Results are shown in Table 10. Summary of
results Compound (LfisTingicida S relatvely oW t5 corcdntrations Gyainst abrdad falye of clinically
significant yeasts ditlfilamértebsTangie(rable 105 Dermatophyte isfetisns CofpvaAdI1¥ shows good
activity against 3 majeri 2iocausesotiskinb haircancnai infeetions irmhygmansnand eanimals. Superficial
fungal infections arg thesmostcommeon fungal infeetions, warldwide 1 Treatmentiis Jprolenged, over
months (and years fg{1 Qggeir%faeggggg). §u ggi:fei%litcr:%%t ents vxél}tlré anggunngcgllllotior}s %gg Lreams 25 is only
partially effective. Current treatments; alth ugh generally low cost, II.Tnlave poo.rgefﬁcacy anaﬁrequent
relapse rates. Oral Sy&téfitYagEnts(terbivaie and litracdn520/®) Arépreféttéd f6PSUperficial infections
in compromised patieht and haikinfectionsh B0eSystéentic infections Sericusrfuigral infections in
compromised patieatsikave,;/increased wastdwigdeds pravalengeranth severity.Funrgahintections are
genemﬂwwongternﬁ“@hazoles and triazoles are fungistatic drugs (eg

10 fluconazole and itraconazole) which have low toxicity,

good pharmacokinetic characteristics but are often
ineffective due to development of resistance on long term
therapy.
Compound (1) has a broad spectrum, is fungicidal
15 and has failed to induce resistance in C. albicans and A.
fumigatus (see below) .



35 a high therapeutic failure rate, frequent relapse and development of resistance by fungi. Candidiasis
(Candida albicans) and aspergillosis (Aspergillus fumigatus) are 16 De¢emper 200551 the major
fungal infections. Severe, invasive infections have a high mortality rate. Very few effective drugs are
available (cf antibacterial drugs). Long term therapy -makes safety and failure to induce resistance
important 5 considerations. Amphotericin B is the main drug of choice for many serious mycoses. It is
fungicidal, with poor solubility and low bioavailabilitp/ ris iﬁgmited by toxicity and delivery problems and
high therapy failure. The azoles and triazoles are fuﬁgi atic drugs (eg 10 fluconazole and itraconazole)
which have low toxitify? MiGod kiR chRINEtRMIUBE kiRt Bk UHaFP | SeffedASdue to
development of residtanteadd o reignnf tcarapyf@wmpound (1) has a broad spectrum, is fungicidal 15
and has failed to induce resistance in C. albicans and A. fumigatus (see below). 16 December 2005 - 52
510 15 Table 10 MIC/MFC (g/mL) for Compound (1) andégr;]c%ﬂ%oﬁ)agains&iclcmicz%llg significant fungi
Compound(1)Miconazole FungiMICMMCMICMMC Dermato;fhytes day) Trlcﬁop‘%yton rubrum256164
Epidermophyton floeaagium0.5160.250.25 Microsporum gypseum8464 Yeasts {4 day)mc

Dermatophytes (7 day)

Trichophyton rubrum 1 256 1 64
Epidermophyton floccosum 0.5 16 0.25 0.25
Microsporum gypseum 1 8 4 64

Yeasts (4 day)
Candida albicans 8 8 4 8
Rhodotorula rubra 8 8 8 32

Filamentous fungi (7 day)

Fusarium graminearum 4 8 32 32
Rhizopus stolonifer 4 16
Aspergillus fumigatus 8 32
Penicillium chrysogenum 1 2
5
Example 16 Sporicidal activity of Compound (1)
Bacillus subtilis endospores
Aspergillus fumigatus asexual exospores
10

Compound (1) in water + Tween 20 was tested for
sporicidal activity up to 24 hours.
Compound (1) 512 pg/mL did not kill B. subtilis
endospores in 24 hours.
15 Compound (1) 512 pg/mL killed A. fumigatus

exospores at 24 hours but not 6 hours.



8848 Candida albicans Rhodotorula rubra88832 Filamentous fungi (7 day) 483232 Fusarium
graminearum Rhizopus stolonifer416 Aspergillus fumigatus832 Penicillium chrysogenym?2 Example 16
Sporicidal activity of Compound (1) Bacillus subtilis endospores Aspergillus fumigatus asexual exospores
Compound (1) in water + Tween 20 was tested for spagicidal activity up to 24 hours. Compound (1) 512
pg/mL did not kill B. subtilis endospores in 24 hours. Compound (1) 512 pg/mL killed A. fumigatus
exospores at 24 hours but not 6 hours. 16 Decembper 2005 - 53 Inhalation, of Aspergillus spores is the
major mechanism of transmission. Activity Agamstepordd Lk 1 Samificantis pfephyiaxis of
compromised indivitifdls Sifice® thé spoFa irflist JerminateltolinfedIRdweve P> tRim&eht f is activity
against vegetative ferms of flingkethat detenmipeyefiicacy . HExample dr iBevelopmentdfaesistance of
Compouno! (1) 10 %_gglt@gialcg@dgg@ggl %Iﬁ%iﬂsg/é%ﬁ%él%@%@&%@@?uﬂ%}& sub-inhibitory
COI‘]CGntra'[IOHSSCOﬂElIT%IQHSl%:e for 12 V\zeseka'lsc nd Entonltorgg I{gga rise in MIC énglcggngogevelopment of
resistance mechanlsms.ﬁ\ eeK/y and variable chdalam is used for weekly subculture so 15 inhibitory
concentrations each™Waék Vasy. e SStandardizéd M€ is measured at the beginning and end of
exposure. A greater than 4-fold variation of standardized MIC is indicative of increased resistance, or a
rising Example 17 Development of resistance of Compound (1)

10 Bacterial and fungal strains were exposed to
Compound (1) in sub-inhibitory concentrations continuously
for 12 weeks and monitored for a rise in MIC indicating
development of resistance mechanisms. A heavy and
variable inoculum is used for weekly subculture so

15 inhibitory concentrations each week vary. The
standardized MIC is measured at the beginning and end of
exposure. A greater than 4-fold variation of standardized
MIC is indicative of increased resistance, or a rising
trend in weekly MIC. The genera selected are known to

20 develop resistance readily to many antibiotics and to be a
major clinical problem.

Bacterial species and C. albicans, known to
develop resistance to many current drugs, did not develop
resistance to Compound (1) after 12 weeks continuous

25 exposure (Table 11). Strains were scanned for abnormal
microscopic and macroscopic changes. Proteus vulgaris
lost the ability to swarm, indicating an effect on
flagella. Other strains appeared normal. Tests are not
yet complete for R. rubra and 3 moulds. Failure to induce

30 the development of resistance in these strains is a

significant attribute of Compound (1).



trend in weekly MIC. The genera selected are known to 20 develop resistance readily to many antibiotics
and to be a major clinical problem. Bacterial species and C. albicans, known 19, develop resistance to
many current drugs, did not develop resistance to Compound (1) after T2 weeks confinuous 25 exposure
(Table 11). Strains were scanned for abnormal micreseapiec and macroscopic changes. Proteus vulgaris
lost the ability to swarm, indicating an effect on flagella. Other strains appeared normal. Tests are not yet
complete for R. rubra and 3 moulds. Failure to mdui 0 the development of resistance in these strains is
a significant attribute of Compound (1). 16 Dece &b 54 510 Table 11 Increase in MIC (g/mL) of
bacterial and fungal REERFS At MWGQRQ/MW@GLWW 8 blinRgsbrs tEdEntrations of
Compound (1) in Mifielrest 3trepedStaroiatd Tudays MiKpoginme M gghminb risitg tnend InitialFinalRange

to Week 12 Staphydegrasyrat poisMtSEoRipbisntately6 56321388 Enterococcus faecalis (MR clin
isolate)323264-128 Klebsiella oxytocal28256256-512 Proteus vulgaris12812864-256 Candida

albicans4416-64 Rhodotorutarubra88-32-to-Wk 5-Aspergitius |u|||iga tus88-32-to-Wk5Rhizopus
stolonifer44-32 to WK & Fuisatim graminearum44-16 to Wk 5ERanple 18 Altifacterial activity of
Compound (1) in thepresence-of blood
Initial Final Range to Week 12
Staphylococcus aureus (MRSA clin isolate) 16 16 32-128
Enterococcus faecalis (MR clin isolate) 32 32 64-128
Klebsiella oxytoca 128 256 256-512
Proteus vulgaris 128 128 64-256
Candida albicans 4 4 16-64
Rhodotorula rubra 8 8-32 to Wk 5
Aspergillus fumigatus 8 8-32 to Wk 5
Rhizopus stolonifer 4 4-32 to Wk 5
Fusarium graminearum 4 4-16 to Wk 5
Example 18 Antibacterial activity of Compound (1) in

the presence of blood

10 The activity of Compound (1) and ciprofloxacin
was determined in the presence of plasma and whole blood
(horse), by macrodilution method in Mueller Hinton broth
to 48 h.

Compound (1) appeared to be relatively

15 unaffected by the presence of 10% plasma and to be more
active in the presence of 5% whole blood. The slightly
improved inhibitory activity of drugs in the presence of
blood sometimes occurs with antibacterial agents and is
probably due to natural antibacterial factors present in

20 Dblood. Further increasing the concentration of plasma and
blood reduced the bactericidal activity of Compound (1)
against S. aureus as shown in Table 13. Ciprofloxacin

showed respectively a 4-fold and 2-fold decrease in



The activity of Compound (1) and ciprofloxacin was determined in the presence of plasma and whole
blood (horse), by macrodilution method in Mueller Hinton broth to 48 h, Cogmpound ¢l),appeared to be
relatively 15 unaffected by the presence of 10% plasma and to be more aciive in the presence of 5%
whole blood. The slightly improved inhibitory activity-otdrugs in the presence of blood sometimes occurs
with antibacterial agents and is probably due to natural antibacterial factors present in 20 blood. Further
increasing the concentration of plasma and_blood reduced the bactericidal ac&iyity of Compound (1)
against S. aureus &5 SHSwhin FEbIB Y3, TIBHSKACH sHowéd Féspectively a 42 fold HHif2-fold decrease
in 16 December 2005 550aétiityagainst S aureus in the presence of 10% plasma and whole blood.
Table 12 5 Activity of Compound (1) in the presence of human whole blood and plasma -pg/mL 10%
plasma 5% blood MICMICMMCMICMMC S. aureusHplfe2 5616256 B. subtilis1688816 A.

brotens 10 Tho ﬁ%ﬁéﬁ%@ﬁﬁ?ﬂgﬁmSigﬁrg;}n?é EMRIEAR Compgug DI t plasma

as de creasing concentrations of plasma.
Compound (1) hasP HRPIEBRRY to human serum albumin and to agarose. Serum binding is
significant in drug distribution and bioavailability. 15 The MIC of Bofmpound (1) is significantly increased
with increasing plasma concentrations. _ 10% plasma 5% blood

MIC MIC MMC MIC MMC

S. aureus 16 16 256 16 256
B. subtilis 16 8 8 8 16
A. calcoaceticus 128 128 128 64 256
M. catarrhalis 32 8 8 4 8
Example 19 Compound (1) binding to plasma proteins
10 The MIC of Compound (1) was determined in

increasing concentrations of plasma. Compound (1) has
been shown to bind to human serum albumin and to agarose.
Serum binding is significant in drug distribution and
bicavailability.

15 The MIC of Compound (1) is significantly
increased with increasing plasma concentrations.
Bactericidal activity is much more affected than
inhibitory activity.

Bioavailability of Compound (1) is significantly

20 decreased in the presence of plasma proteins (Table 13).

Compound (1) is reversibly bound to proteins.



Bactericidal activity is much more affected than inhibitory activity. Bioavailability of Compound (1) is
significantly 20 decreased in the presence of plasma proteins (Table 13). GCompaund ) is reversibly
bound to proteins. 16 December 2005 - 56 Table 13 MIC/MMC (g/mL) for Compound (1) in MHB in the
presence of increasing concentrations of plasma % plasma in aureus Streptococcus
MHBS.MICpyogenes MIC 044 144 2.588 588 101616 203232 5012864 100128256 5 Example 20 Rate of
kill Test strains were inoculated into Compound (1)ngli:)t'05;% in water and sampled immediately and at 1,
2, 4,10 6 and 9 hours. Survivors were estimated by%a Sle unts on MHA (35C, 48 h) . Measure of kill:
reduction in viable ¥éGAVNfo§ 184k Isd@ BsGegRaHDE i EA JadtBrd!HB. g Nath8g PEEEENSE =CF0% Kill, 2 log
=99% 15 kill, 3 log rcye9vnh gilcetcceGtmgtomts (D fisholmethaapid kill only against Candida albicans,
with greater than a 99.999% reduction within 2 hours at 512 pg/mL and within 4 hours at

% plasma in S. aureus Streptococcus
MHB pyogenes
MIC MIC
0 4 4
1 4 4
2.5 8 8
5 8 8
10 16 16
20 32 32
50 128 64
100 128 256
5
Example 20 Rate of kill
Test strains were inoculated into Compound (1)
solutions in water and sampled immediately and at 1, 2, 4,
10 6 and 9 hours. Survivors were estimated by viable counts

on MHA (35°C, 48 h).
Measure of kill: reduction in viable count
(log) expressed as log reduction factors.
(e.g., a I log reduction = 90% kill, 2 log = 99%
15 kill, 3 log = 99.99% kill etc.)
Compound (1) showed rapid kill only against
Candida albicans, with greater than a 99.999% reduction
within 2 hours at 512 pg/mL and within 4 hours at
256 pg/mL as shown in Fig. 1.
20 Rate of kill was much slower against bacteria.
The kill rate at 512 pg/mL was 99.99% within 2 hours for
B. subtilis and 99.99% within 9 hours for S. aureus.

Ciprofloxacin was not tested.



256 pg/mL as shown in Fig. 1. 20 Rate of kill was much slower against bacteria. The kill rate at 512
pg/mL was 99.99% within 2 hours for B. subtilis and 99.99% within 9 heurs for S aurgus. Ciprofloxacin
was not tested. 16 December 2005 - 57 Table 14 Log reduction factors for Compound (1) over 6 or 9
hours Log reduction in viable count at time (h) Composnd {1) pg/mL 512 256 128 Staphylococcus
aureus 4in 9 h 0.5in 6 h Enterococcus faecalis 0.6 at 9 h Bacillus subtilis 4in 2 h 3.8in 2 h Klebsiella
oxytoca 0 O Proteus vulgaris 1in6h0.5in6h ch;n t?ba tgr 1in 6h 1in 6 h calcoaceticus Candida
albicans 5.5 at 2h 6 in 4h 2 in 6h 5 Example 21 Do if r%n% test of Compound (1) in rat The aim of this
example was to estdgi8hr 8856/ RIM IR B Ee S BPRIRfoAd (PVRItHe X &téi4Efhgle dose oral
administration. 10 Test protocol Sprague-Dawley rats (6 w/o, delivered 30 Jan, 2001) were acclimatised

for 6 days in the Animal Facility under standardizgf eniviceswneivial ciditins €22C ¢ e, &prel hum
30-70%, artificial light, 12 h light/12 h dark). Rats were fed acgcr%&\)/l?nrati | labgratory diet with food and

water ad lib and caged 5 rats per cage. Test substance 20 Compound as prepared as an aqueous
suspension in sterile LPW. At higher concentrations tAE? suspension Was sonicated t6Feduce particle size

Staphylococcus aureus 4 in 9 h 0.5 in 6 h

Enterococcus faecalis 0.6 at 9 h

Bacillus subtilis 4 in 2 h 3.8 in 2 h

Klebsiella oxytoca 0 0

Proteus vulgaris 1 in 6 h 0.5 in 6 h

Acinetobacter 1 in 6h 1 in 6 h

calcoaceticus

Candida albicans 5.5 at 2h 6 in 4h 2 in 6h

5 Example 21 Dosing range test of Compound (1) in rat

The aim of this example was to establish
absorption and blood levels of Compound (1) in the rat
after a single dose oral administration.

10
Test protocol

Sprague-Dawley rats (6 w/o, delivered 30 Jan,
2001) were acclimatised for 6 days in the Animal Facility
under standardized environmental conditions (22°C + 3°C,
15 rel hum 30-70%, artificial light, 12 h light/12 h dark).
Rats were fed a conventional laboratory diet with food and

water ad lib and caged 5 rats per cage.

Test substance

20 Compound (1) was prepared as an agqueous
suspension in sterile LPW. At higher concentrations the
suspension was sonicated to reduce particle size
sufficiently to pass through the gavage needle.

Compound (1) was tested at 1250, 1000, 500 and

25 100 mg/kg.



sufficiently to pass through the gavage needle. Compound (1) was tested at 1250, 1000, 500 and 25 100
mg/kg. 16 December 2005 - 58 5 10 Test method Rats were randomly assigped to treatment groups,
identified by numbering on tails. Doses were tested sequentially from the Towest dose. Group A 100
mg/kg 5/2/01 B 500 8/2/01 (not fasted) C 500 12/2/Q1 §fasted) D 1000 14/2/01 E 1250 21/2/01
Compound (1) suspensions and the water control were administered at approx 100 mL/kgbw, in a single.
One control and fi\{_e trgatman(t) aats were weighed immediately 15 before each dose administration, the
dose volume calcu ose delivered by gavage (22 gauge stainless steel, smooth-balled end
attached to a syringe). Approxifiatély 00208751061 BlcbiE(rfieesfube thbe) W ferig¢e® from the tail at
4 and 8 hours. Tail$d20 weresorewarmed asingoa deat tamp anbseippedrat thedipeavith a large scalpel.
Blood was massaged int, amictofuge,tube.Twenbsioushour blood samples were not attempted
because of the.difficulty of snipping scarred tails and the distress caused to rats. 25 Blood was allowed to
clot, centrifuged in a microfuge for 3 minutes (speed 14) and the serum separated and stored at -20C.
Animals were obsefvEdRwice daily for 7 day8 Gritf Aftobservations recofded individually for each animal.
30 Animals were not weighed &fter the initiallWeighing. Sacrifice an8/¥ecrbpsywastpetforied at 7 days.

C 500 12/2/01 (fasted)
D 1000 14/2/01
10 E 1250 21/2/01

Compound (1) suspensions and the water control
were administered at approx 100 mL/kgbw, in a single. One
control and five treatment rats were weighed immediately

15 before each dose administration, the dose volume
calculated and the dose delivered by gavage (22 gauge
stainless steel, smooth-balled end attached to a syringe).

Approximately 100-200 pL of blood (microfuge
tube) was removed from the tail at 4 and 8 hours. Tails

20 were prewarmed using a heat lamp and snipped at the tip
with a large scalpel. Blood was massaged into a microfuge
tube. Twenty four hour blood samples were not attempted
because of the difficulty of snipping scarred tails and
the distress caused to rats.

25 Blood was allowed to clot, centrifuged in a
microfuge for 3 minutes (speed 14) and the serum separated
and stored at -20°C.

Animals were observed twice daily for 7 days and
all observations recorded individually for each animal.

30 Animals were not weighed after the initial weighing.
Sacrifice and necropsy was performed at 7 days.

Animals were euthanized by carbon dioxide.

Gross pathology was recorded and samples of
heart, lung, liver, kidney, stomach, spleen, duodenum and

35 colon removed (10% formalin) for histology.



Animals were euthanized by carbon dioxide. Gross pathology was recorded and samples of heart, lung,
liver, kidney, stomach, spleen, duodenum and 35 colon removed (10%;fgrmalin) for histology. 16
December 2005 - 59 Example 22 Blood levels of Compound (1) Bioassays Bioassay for Compound (1)
levels in blood was 5 not possible because of the interference due to strong binding of Compound (1) to
blood proteins and to agar. Agar diffusion An agar diffusion assay for Compound (1) was not 10 possible

because Compound (1) bound so strongly to agar  that ng zones of inhibition were produced at any
concentration fromgé(?é%?i—?p%%mL with susc%%%@%%%@e%é@ﬁ@%%@ptococcus pyogenes. Both
well diffusion and disk diffusion assays were attempted. 15 Broth dilution Dilution of serum in MHB and
testing with a low Bibcaksays S. pyogenes (inhibited at 1 pg/mL of Compound (1) in MHB) was not

possible because strong binding 10, 20 plasmaathighsanceptiationscaused @ significant pro zone.
Assay by UV spectrasco Syimgﬁ% V\[Igésciglslggic(i%wttsrgrumnttorraisesjgé(ncge 25 igdiv(i)dusacl rat samples. Samples
for treatment groups_and for controls were thus poofedlang a mean fevel of Eompoun(?(l) for each
treatment group detériiited. 30 Fe&thnetitbd EbnPoli® ¢t wasektrattéd (k& réffSerum by toluene
and absorbance measured at 370 not (Hitachi U2000). A spiked control using 100 pg/mL Compound (1)

in 50% methanol/water (Wi)Fasd emtreated controls were also

An agar diffusion assay for Compound (1) was not
10 possible because Compound (1) bound so strongly to agar
that no zones of inhibition were produced at any
concentration from 1 to 512 pg/mL with susceptible strains
of S. aureus or Streptococcus pyogenes. Both well
diffusion and disk diffusion assays were attempted.
15
Broth dilution

Dilution of serum in MHB and testing with a low

inoculum of S. pyogenes (inhibited at 1 pg/mL of Compound
(1) in MHB) was not possible because strong binding to
20 plasma at high concentrations caused a significant

prozone.

Assay by UV spectroscopy

There was insufficient serum for assay of
25 individual rat samples.
Samples for treatment groups and for controls
were thus pooled and a mean level of Compound (1) for each

treatment group determined.

30 Test method

Compound (1) was extracted (x2) from serum by

toluene and absorbance measured at 370 nm (Hitachi U2000).
A spiked control using 100 pg/mL Compound (1) in 50%
methanol/water (V/V) and untreated controls were also

35 assayed.



35 assayed. 16 December 2005 - 60 Blood levels Absorption of Compound (1) from the gastrointestinal
tract is very low, approximately 2% of the oral dose reaching the blood, Blgad levels jpgreased 5 with
dose level. Eight-hour levels were generally higher than 4-hour levels. The small difference between 4
and 8 hour levels suggests a slow absorption. Table-15¢Cempound (1) Sample time Blood level of
Compound (1) dose (mg/kg) (hours) pg/mL Mean 500 fed 4 8 8 17 500 fasted 4 12 8 14 1000 fasted 4
26 821 12504 + 27,10 Example 23 Antimicrobial activity spectrum of Compound (1) Antifungal
activity 15 Filamen%et%g%ﬁ%ﬂ@éLS-USA Broth Macrodilution method (RPMI medium) - draft. Inoculum
1-4 x 105 cfu. Miconazole contfé?SPERESEWRS GsEtPfotifitial achivif'spéétrum 20 evaluations. The
MIC and MFC of filaaentous fangiitesied ppreviouslywith thew)l C&liS-SABrethy Macrodilution Method

were repeated using,the-new propesed standard. maicradibiion methed fertesting fungbM38-P
NCCLS-USA. gS th;lsyfqts are of 2 or i%.repgg%tﬁg_%n diﬁqent

ose leve our 1évels were generally higher

than 4-hour levels. The small difference between 4 and 8

hour levels suggests a slow absorption.

Table 15
Compound (1) Sample time Blood level of Compound (1)
dose (mg/kg) (hours) ug/mL
Mean
500 fed 4 8
8 17
500 fasted 4 12
8 14
1000 fasted 4 26
8 21
1250 4 + 8 h 27
10
Example 23 Antimicrobial activity spectrum
of Compound (1)
Antifungal activity
15

Filamentous fungi
NCCLS-USA Broth Macrodilution method (RPMI

medium) - draft. Tnoculum 1-4 x 10° cfu. Miconazole

control. This test was used for initial activity spectrum
20 evaluations.

The MIC and MFC of filamentous fungi tested
previously with the NCCLS-USA Broth Macrodilution Method
were repeated using the new proposed standard
microdilution method for testing fungi M38-P NCCLS-USA.

25 Results are of 2 or 3 replicates on different
days.

Results were not significantly different from



days. Results were not significantly different from 16 December 2005 - 61 results obtained with the older
method for all fungi previously tested. Amphotericin B was substituted for Miconazolg as control for
some tests. 5 Yeasts NCCLS - M27-A Method for broth macro dilution antifungal susceptibility testing of
yeasts; approved standard. M38-P microdilution methad for filmentous fungi 10 also used. Minimum
inhibitory concentration (MIC) and minimum fungicidal concentration (MFC - 2 log reduction - 99% kill) at
35C, 48 hours. Results of 2 or 3 replicates, on different days for each method. Results were not 15
significantly differeAtfot the tRd TRetiSHS M3sP hIy fEporfsd 57y easts and fidM&ntous fungi. 16
December 2005 - 62 STts1E L6V MISHRES: (g/MIDToF Soripduld (BFafdXhphbtaitit B against clinically
significant fungi - MB8& e Pametkod €ampound(1)AmphaotericksBMiconazole MICMMCMICMMCMICMMC
Yeasts (24 h, 35C) Candida albicans 880.25,0.25 C. guillermondii RMIT 176 220.030.0611 C. krusei
RMIT 177 440,520 S parapsilosis RMIT 178220.2530.250.50.5 C. tropicalis RMIT 181440.250.512

C. glabrate RMIT I 510.250.5 Cryptococcus neoformans10.54 Filamentous fungi (48h,35C)
Aspergillus fumigatus83218 NCCLS = M27-A Method for broth macro dilution

antifungal susceptibility testing of yeasts; approved
standard.
M38-P microdilution method for filmentous fungi
10 also used.
Minimum inhibitory concentration (MIC) and
minimum fungicidal concentration (MFC - 2 log reduction -
99% kill) at 35°C, 48 hours. Results of 2 or 3 replicates
on different days for each method. Results were not
15 significantly different for the two methods. M38P only

reported for yeasts and filamentous fungi.



A. niger81622 A. flavus163288 Fusarium graminearum4848 F. chlamydosporum8822 Rhizopus
stolonifer416>16 R. oryzae646444 Rhizomucor pusillus4811 Paecilomyges varigtiil 211, Dematiaceous
fungi 22816 Fonsecaea pedrosoi Phialophora verrucosal63224 Pseudoallescheria boydii24416
Dermatophytes 1256 Trichophyton rubrum Epidermephyton floccosum0.516 Microsporum gypseum18
Permitted range for Amphotericin B control 0.25 -1 g/ML. 0.5-2.0 g/ML 0.25 - 1 g/ML 16 December
2005 - 63 Bacteria Methods NCCLS-M7-A5 Stand rciﬂ?/leth d - Broth 5 microdilution (Mueller-Hinton).
Inoculum 1-4 x 109 cfu. Ciprofloxacin test control. ?‘,"ﬁ r‘%e}(gdine and cetyl trimethyl ammonium bromide
(CTAB) for disinfectant Whe/ ¥htis&p BedvifiPEoffiePRWAd NG L8NG AR St dSENVIBthod -
macrodilution 10 (Muekerisitoc Ispacidd ¥ nsicpmantspwhsfalsg usedV3GinirRimaértibdory
concentration (MIC) and minimum

Compound (1) Amphotericin B Miconazole
MIC MMC MIC MMC MIC MMC

Yeasts (24 h, 35°C)
Candida albicans 8 8 0.25; 0.25
Cc. guillermondii RMIT 176 2 2 0.03 0.06 1 1
C. krusei RMIT 177 4 4 0.5, 0.5 2 2
C. parapsilosis RMIT 178 2 2 0.25; 0.25 0.5 0.5
C. tropicalis RMIT 181 4 4 0.25 0.5 1 2
C. glabrate RMIT 157 2 2 0.5 1 0.25 0.5
Cryptococcus neoformans 1 0.5 4
Filamentous fungi (48h, 35°C)
Aspergillus fumigatus 8 32 1 8
A. niger 8 16 2 2
A. Fflavus 16 32 8 8
Fusarium graminearum 4 8 4 8
F. chlamydosporum 8 8 2 2
Rhizopus stolonifer 4 16 >16
R. oryzae 64 64 4 4
Rhizomucor pusillus 4 8 1 1
Paecilomyces variotii 1 2 1 1
Dematiaceous fungi
Fonsecaea pedrosoi 2 2 8 16
Phialophora verrucosa 16 32 2 4
Pseudoallescheria boydii 2 4 4 16
Dermatophytes
Trichophyton rubrum 1 256
Epidermophyton floccosum 0.5 16
Microsporum gypseum 1 8

Permitted range for
Amphotericin B control
0.25 - 1 pg/mL.

0.5 - 2.0 pg/mL

0.25 - 1 pg/mL



bactericidal concentration (MBC) as 3 log reduction (99.9% kill) at 35C, 24 hours, aerobically. 48 h titres
were not significantly different and are not reported. 15 Micro and macrg dijjttian,methggs did not give
significantly different MIC/MMC. 16 December 2005 - 64 Table 17 All tests performed as 2 or 3 gg/mL
replicates on different days. Bacterial strainCompound ¢%)CGiprofloxacin ChlorhexidineCTAB Gram
positiveMICMMCMICMMCMICMMCMICMMC Staphylococcus aureus ATCC 29213 16 16 S. aureus -
clinical isolate 1 16_16 _S. aureus - clinical isolate 2 16 16 Enterococcus faecalis ATCC 29212 32 32 E.
faecalis - clinical ism 32 0.25 0.25 E. faecalis - clinical isolate 2

Methods
NCCLS-M7-A5 Standard Method - Broth
5 microdilution (Mueller-Hinton). Inoculum 1-4 x 10% cfu.
Ciprofloxacin test control. Chlorhexidine and cetyl

trimethyl ammonium bromide (CTAB) for disinfectant and
antiseptic activity comparison.
NCCLS -M7-A5 Standard Method - macrodilution
10 (Mueller Hinton * specified enrichments) was also used.
Minimum inhibitory concentration (MIC) and minimum
bactericidal concentration (MBC) as 3 log reduction
(99.9% kill) at 35°C, 24 hours, aerobically. 48 h titres
were not significantly different and are not reported.
15 Micro and macro dilution methods did not give

significantly different MIC/MMC.



32 32 0.50.5281632 Streptococcus pyogenes RMIT 16 16 Streptococcus pneumoniae 2 2 Bacillus
subtilis RMIT 16 16 Corynebacterium xerosis RMIT 3232 Gram negative; Maraxglla catarhalis PIT3232
Neisseria gonorrhoeae22 Haemophilus influenzae0.120.125 5 Acinetobacter calcoaceticus RMIT128256
Proteus vulgaris RMIT1281286128128256 Proteus mirabilis256>512 Enterobacter aerogenes512512
Xlebsiella oxytocal28256 Xlebsiella pneumoniae512>512 Escherichia coli ATCC
25922>512>5120.020.02241616 Pseudomonas ae-%gl%%sg TCC>512>5120.250.253264512>51
278532 Serratia marcescens RMIT>512>51216321 acteroides fragilis1632 Campylobacter
Compound (1) Wds:fested-against & rzinge of 5 clinical strains of Camipylobacter spp. isolated from

S on eren
Bacterial strain Compound (1) Ciprofloxacin Chlorhexidine CTAB
Gram positive MIC MMC MIC MMC MIC MMC MIC MMC
Staphylococcus aureus ATCC 29213 16 16 0.25 0.25 2 8 16 32
S. aureus - clinical isolate 1 16 16
S. aureus - clinical isolate 2 16 16
Enterococcus faecalis ATCC 29212 32 32 0.5 0.5
E. faecalis - clinical isolate 1 32 32
E. faecalis - clinical isolate 2 32 32
Streptococcus pyogenes RMIT 16 16
Streptococcus pneumoniae 2 2
Bacillus subtilis RMIT 16 16
Corynebacterium xerosis RMIT 32 32

Gram negative

Moraxella catarrhalis RMIT 32 32
Neisseria gonorrhoeae 2 2
Haemophilus influenzae 0.12 0.125
5

Acinetobacter calcoaceticus RMIT 128 256
Proteus vulgaris RMIT 128 128 6 128 128 256
Proteus mirabilis 256 >512
Enterobacter aerogenes 512 512
Klebsiella oxytoca 128 256
Klebsiella pneumoniae 512 >512
Escherichia coli ATCC 25922 >512 >512 0.02 0.02 2 4 16 16
Pseudomonas aeruginosa ATCC >512 >512 0.25 0.25 32 64 512 >51
27853 2
Serratia marcescens RMIT >512 >512 16 32 128 128
Bacteroides fragilis 16 32

Campylobacter

Compound (1) was tested against a range of
5 clinical strains of Campylobacter spp. isolated from

humans.



humans. 16 December 2005 - 65 Table 18 MIC/MMC (g/mL) of Compound (1) by NCCLS - M7 AS macro
dilution test, 42C, 48 h, microaerophilic incubation Campylobacter jejuni p4{1-2 C. jejyai541-3 C. coli
54/2 C. foetus 54/3 C. hyointestinalis 54/4 C. sputorium 54/5 C. laniolis 54/6 MICMMC 22 22 44 22 22
22 22 5 Campylobacter is the most common cause of gastroenteritis infection worldwide (bloody
diarrhoea, abdominal pain, vomiting, headache, fever, lasting about 1 week). Sequelae are arthritis and
Guillain-Barre syndrome(0.1%). It is acquired maiT%me ting 10 poultry. Incidence is about 2.5 million
persons/year in USA. C. jejuni accounts for 99% o 8 &s 71t can vary from sub-clinical to severe in
compromised patieht& /Y L@MV%t%t@@WWBHMﬂQidQﬁprgem 8 PN dease is severe or
threatening, with adfiliotiee1StEsythréafycindtracychoe andicopoglinolamsuiabietd MIC/MFC (g/mL)

for Compound (1) (24 h, 35C, 2 - micro method) MIC MMC
Campylobacter jejuni 54/1-2 2 2
C. jejuni 541-3 2 2
C. coli 54/2 4 4
C. foetus 54/3 2 2
C. hyointestinalis 54/4 2 2
C. sputorium 54/5 2 2
C. laniolis 54/6 2 2
5 Campylobacter is the most common cause of

gastroenteritis infection worldwide (bloody diarrhoea,
abdominal pain, vomiting, headache, fever, lasting about 1
week) . Sequelae are arthritis and Guillain-Barre
syndrome (0.1%). It is acquired mainly from eating

10 poultry. Incidence is about 2.5 million persons/year in
USA. C. jejuni accounts for 99% of cases. It can vary from
sub-clinical to severe in compromised patients. It is
usually untreated with only fluid replacement or, if the
disease is severe or threatening, with antibiotics

15 (Erythromycin, tetracycline or fluoroquinolone).

Table 19
MIC/MFC (ug/mL) for Compound (1)
(24 h, 35°C, O, — micro method)

20
Bacteria
MIC MMC
Neisseria gonorrhoeae 2 2
Haemophilus influenzae 0.125 0.125
Streptococcus pneumoniae 2 2

The above are significant human pathogens, all

of which have successful treatment regimens with



20 Bacteria MIC MMC Neisseria gonorrhoeae 2 2 Haemophilus influenzae 0.125 0.125 Streptococcus
pneumoniae 2 2 The above are significant human pathogens, all of which have successful treatment
regimens with 16 December 2005 - 66 antibiotics. N. gonorrhoeae is a cause of vaginatis in women.
Compound (1) is thus active at low concentrations against two causes, Candida albicans and N.
gonorrhoeae. 5 Trichomonas vaginalis Method The MIC of clinical isolate of Trichomonas 10 vaginalis
was determined by macraobroth dilution in Diamond's complete medium, modified by Klass (Modified
TYM) as describe ff)aJrSféf?f Cultures were contained in 5 mL glass, screw-capped bottles without
air-spaces. Volumedlof SPRCFNQ§2&ilktionsCfrops 15512 pgimE CompotEsd) in 5% DMSO to 0.25
pg/mL Compound ¢anirp0:00206)DMSQ i medifiedd AW, Wwere dnocatedch witm 8. 5o velume of cells in
log phase of growth,giving,adinal mamien danibanll XLONto §ondeeherleL. Bottles were incubated
aerobically at 37C 20 for 24h before microscopic examination of motility. MIC was determined as the
lowest concentration showing no motility. Aliquots of 0.5 mL from all tubes showing no motility were
subcultured into fu N ! ified TYM and incubated aerobically at 37C for up 25to 5
days to confirm non-viability. Tests were validated by growth controls in TYM, modified TYM with 2.5%
DMSO and modifieetMdtiwith 5% DMSO.

The MIC of clinical isolate of Trichomonas

10 vaginalis was determined by macrobroth dilution in
Diamond’s complete medium, modified by Klass (Modified
TYM) as described by Garcia, L. Cultures were
contained in 5 mL glass, screw-capped bottles without
air-spaces. Volumes of 5 mL of log 2 dilutions, from

15 512 pg/mL Compound (1) in 5% DMSO to 0.25 ug/mL Compound
(1) in 0.002% DMSO in modified TYM, were inoculated
with 0.5 mL volume of cells in log phase of growth
giving a final inoculum density of 1 x 10% to 3 x 10°
cell/mL. Bottles were incubated aerobically at 37°C

20 for 24h before microscopic examination of motility.
MIC was determined as the lowest concentration showing
no motility. Aliquots of 0.5 mL from all tubes showing
no motility were subcultured into further 5 mL volumes
of modified TYM and incubated aerobically at 37°C for up

25 to 5 days to confirm non-viability.

Tests were validated by growth controls in TYM,
modified TYM with 2.5% DMSO and modified TYM with 5% DMSO.
Tests were performed as 3 replicates on

different days.

30
Results

MIC MMC

Trichomonas vaginalis 4 pg/mL 4 pg/mL




Tests were performed as 3 replicates on different days. 30 Results MIC MMC Trichomonas vaginalis 4
pg/mL 4 pg/mL 16 December 2005 - 67 Example 24 Development of resistance, 1o, Coympound (1)
Selected resistant strains from the 12 week resistance testing were retested simultaneously with 5 parent
strains using the new microdilution method. 10 Table-207Change in MIC (g/mL) of fungal strains after 12
weeks continuous exposure to sub-inhibitory concentrations of Compound (1) in MHB Test strains MIC

Fusarium gramine gi exhibit ting. Significant
increases in MIC are 15 8 -fold. There is no S|gn|f|cant development of reS|stance by the filamentous
mould strains tested. Example Z&Effect of formidation i ethanal onr &0 ackvity2The effect of formulation

in DMSO and ethapgkan (the M1 of Gemgpound (}%M@ssteemeﬁte%%@eaeﬂa albigans, Salmonella
Typhimurium and Escher;cc %CO“ usw&both %e 25 macrodilu otl nd mICI’%%”UC}IOn tests.

new micCro lOD

Table 20
Change in MIC (ug/mL) of fungal strains after 12 weeks
continuous exposure to sub-inhibitory concentrations of

10 Compound (1) in MHB
Test strains MIC pg/mL
M38-P
Initial Final
Rhodotorula rubra 8 16
Aspergillus fumigatus 8 8
Rhizopus stolonifer 4 16
Fusarium graminearum 4 4

Fungi exhibit up to a four-fold difference in
MIC on repeat testing. Significant increases in MIC are 2
15 8 —-fold.
There is no significant development of

resistance by the filamentous mould strains tested.

Example 25 Effect of formulation in ethanol on

20 activity

The effect of formulation in DMSO and ethanol on
the MIC of Compound (1) was compared for Candida albicans,
Salmonella Typhimurium and Escherichia coli using both the

25 macrodilution and microdilution tests.

Stock solutions in ethanol were allowed to stand
for 48 h before use to improve solubility. Compound (1)
is not as soluble in ethanol as in DMSO. The oncentration
of ethanol and DMSO was kept constant at 2% and compared

30 to a decreasing concentration of solvent on normal



Stock solutions in ethanol were allowed to stand for 48 h before use to improve solubility. Compound (1)
is not as soluble in ethanol as in DMSO. The oncentration of ethanol angd BMSQ was kept constant at 2%
and compared 30 to a decreasing concentration of solvent on normal 16 December 2005 - 68 dilution of
the stock solution. There was no difference between-thestwo test methods. There was no difference in
MIC between constant and decreasing levels of DMSO. Only E. coli showed an enhanced susceptibility
to ethanol in 5 the presence of a constant 2% ethanol, Table 21 Effect of solvent oan MIC gg/mL) of
Compound (1) using MictSdiltion 16 Escheficha 861t BalmonSiCTRimfridh - Eahdida albicans
DMSO EtOH (2%) PMI@MBC-RBCTVMIBCE 832 SBIBID- >5T2 8 £6 1P 256 BLL 5128 16 The
synergistic effect ofethanalwosek. colhwiasn hoted previoaslyiwhen sodients ivenedoeingdested for
selection of an appropidatpisaluentter the drugnEthanal da-has po1enhancing effect onsStaphylococcus,
Salmonella or .Candida. DMSQ is a better solvent for Qeedcr%ﬁg in jn- vitro tests. Ethanol will be used for

) 5 3
animal studies. 20 xean]ﬂ:]ﬁgszeé1 Stabi |tyaof 88mpoun (1) so Gtions on storage

Table 21
Effect of solvent on MIC (ug/mL) of Compound (1)
using microdilution

10
DMSO EtOH (2%)
MIC MBC MIC MBC
Escherichia coli 512 >512 128 256
Salmonella Typhimurium 512 >512 512 >512
Candida albicans 8 16 8 16

The synergistic effect of ethanol on E. coli was
noted previously when solvents were being tested for
selection of an appropriate solvent for the drug. Ethanol

15 has no enhancing effect on Staphylococcus, Salmonella or
Candida. DMSO is a better solvent for the drug in in-

vitro tests. Ethanol will be used for animal studies.

20
Example 26 Stability of Compound (1) solutions on
storage
Stock solutions of Compound (1) at 512 ug/mL in
25 water + 5% DMSO were stored at room temperature (RT ~ 18 -

21°C), 4°C and —-20°C for up to 12 weeks and the potency
tested by measurement of MIC for Bacillus subtilis at 2-

weekly intervals.



Stock solutions of Compound (1) at 512 pg/mL in 25 water + 5% DMSO were stored at room temperature
(RT -18 21C), 4C and -20C for up to 12 weeks and the potency tested py-measurement of MIC for
Bacillus subtilis at 2- weekly intervals. 16 December 2005 - 69 5 10 Table 22 Stability of Compound (1)
stock solutions at 512 pg/mL tested by measurement agfthe MIC/MBC for Bacillus subtilis (24h, 35C) at 2
weekly intervals RT14C-20C2 Test timeMICMBCMICMBCMICMBC 0484848 2484848 448416416
641641641688164164161081641641612816416?16J_S ution changed from light yellow to dark
yellow after 8 weeks. 2 Solution changed from ligh gl!gw dark yellow after 2 weeks. Compound (1) is
very stable, dilute sol®i&Hd kelainp§ g@@h@WQr (2vediescbnsadHtorssetamd 22089 Mwofold loss of
potency at room tefgretatiirbyaftersls 6emesits sfvdiydoWlCothpardu to Bachihbusolstibtd bi santibiotics. It
is also within the allowed variation ¢ange fasMiy measuieriens fordeasigna (2-fold). Control antifungals
were not tested. 20 Example 27 Effect of Compound (1) on growth of the human malaria parasite,
Plasmodium falciparum;inhuman-red biog\%lceiis i

4°C -20°C,
Test time MIC MBC MIC MBC MIC MBC

0 4 8 4 8 4 8
2 4 8 4 8 4 8
4 4 8 4 16 4 16
6 4 16 4 16 4 16
8 8 16 4 16 4 16
10 8 16 4 16 4 16
12 8 16 4 16 4 16

1 Solution changed from light yellow to dark yellow
after 8 weeks.

2 Solution changed from light yellow to dark yellow

10 after 2 weeks.

Compound (1) is very stable, dilute solutions
retaining potency for 12 weeks on storage at 4°C and
—-20°C. Twofold loss of potency at room temperature after

15 6 weeks is very low compared to working solutions of
antibiotics. It is also within the allowed variation
range for MIC measurements for bacteria (2-fold). Control

antifungals were not tested.

20 Example 27 Effect of Compound (1) on growth of the

human malaria parasite, Plasmodium
falciparum, in human red blood cells 1in
vitro

25 The aim of this example was to quantify the
effect of Compound (1) on invasion and growth of the human
malaria parasite Plasmodium falciparum in human red blood
cells in vitro.



vitro 25 The aim of this example was to quantify the effect of Compound (1) on invasion and growth of
the human malaria parasite Plasmodium falciparum in human red blood . cglls_in vitro.,16 December 2005
- 70 Methods Malaria Parasites 3D7 is a well characterised in vitro culture- adapted Tine of P. falciparum
that was used for these 5 experiments. The parasite-undergoes repeating cycles of growth and
replication within human red blood cells. The duration of each complete cycle is 48 hours, beginning with
young ring-stage parasites which mature through pigmented trophozoites during the first 24 hours of the
10 cycle to segme schizonts which burst to release infectious merozoites which rapidly invade red
blood cells. NewlyMAadd@ miac2ekE§Hecome ring forms, and the cycle continues. 15 Parasite culture
and growth inhibition assays P. $altipasum pafasitesawvere: maintaindoh inv sineheenous #-vitro culture in
freshly collected humap«ted bload cells usiag wilaaeiablished fechnigues.dser imwasion assays, red
blood cells corgainien setggr%ezrpcsyncf&rogizeadrgnsat;éree, Lpr{g@%enéee% tg_pghgg@iltgs were %%rifi and
resuspended in fresh-human red blooél1 ceﬁs, So that approﬁmately two in e\?eryylojo red blood cells was

parasitised (2% pafdStaemia) SFredhlcftre Retia-vhs BdHen t6ive a¥ithl 78d Blood TR concentration
of 2 x 25 108 red celisarnl. Alicqiots of the vae bided celt saspensdionh containivepeitihemihe test compound,
the vehicle alone (@i this gaseEtQM}ors PEf (¢ontka) werewncubpatedtatr 37 Gnincaryatmosphere of

reduced oxygen tepsion (128 92, 3%:39,502. 6%, N2) 5 Tihia bigod smearg were madgjmmediately

10 cycle to segmented schizonts which burst to release

infectious merozoites which rapidly invade red blood
cells. Newly invaded merozoites become ring forms, and

the cycle continues.

15 Parasite culture and growth inhibition assays
P. falciparum parasites were maintained in
synchronous €N Vitro culture in freshly collected human
red blood cells, using well-established techniques. For
invasion assays, red blood cells containing stage-

20 synchronized mature, pigmented trophozoites were purified
and resuspended in fresh human red blood cells, so that
approximately two in every 100 red blood cells was
parasitised (2% parasitaemia). Fresh culture media was
added to give a final red blood cell concentration of 2 x

25 10° red cells/ml.

Aliquots of the red blood cell suspension
containing either the test compound, the vehicle alone
(in this case EtOH) or PBS (control) were incubated at
37°C in an atmosphere of reduced oxygen tension (1% O,, 3%

30 COz, 96% Ny). Thin blood smears were made immediately
(time = 0) then subsequently after 24, 48 and 72 hours of
culture. For each smear, parasitaemia and stage of
parasite maturation was quantified by microscopic
examination after staining with Giemsa at pH 7.2. This

35 allowed invasion, parasite development and subsequent re-
invasion to be quantified. At each sampling time point,

the culture medium (+ compound/vehicle) in all samples was



(time = 0) then subsequently after 24, 48 and 72 hours of culture. For each smear, parasitaemia and
stage of parasite maturation was quantified by microscopic examination after_staining with Giemsa at pH
7.2. This 35 allowed invasion, parasite development and subsequent re-invasion to be quantified. At
each sampling time point, the culture medium ( compound/vehicle) in all samples was 16 December
2005 - 71 completely replaced with fresh medium. Compound (1) was tested as agueous solutions of

100, 400 and 1000ug/ml each containing 10% EtOH. Stock solutions were stored at 4C until required.
For the 5 assay, each solttion was ?d‘r?ﬁgé%rddimtga 14658 JBRIPIBEE parasite culture medium (pH 7.2) to
the desired working concentratfe?@3arid 257a§/nily sthef sterikdfiltsred {0.22uh9efofe being added
to the parasitised red blodd occelhsuspertgion n$tacksolutions weresstored at4€.10 twotghout the

duration of the assay, and gilutes appropriately in parasite-qulturegnediuim wheyp reguired. It should be
noted that at 1900‘%’2%' the compound.was incompletsly solibje, even affgr Wa”c"é”r%#%é”g C and
vigorous vortexing. hugthe tests perﬁ)rmedl at a putative 15 concentration of 25 ug?l_ , may in fact have
been performed aﬁ’ﬁjﬁi’\ﬁéf“éff@&t}\?élEﬁn@@ﬁﬁ&ﬂbrﬁpﬁeguﬁs} The et ETFTIMPolRa LY dn parasite
growth 20 was testedatfihakbcoreentrations oS, 20 and/28 ug/rmheRestits Bfre preséerteedgraphically in
Figure 2. A concentratipnrggpenrdettdnbibitosy effestion parasite sgrowith andireplicationsdas detected at
all concentrations of diug tested. being greatest.atithe:highegt 25 copgeniration fested (25 ug/ml) after 72

hours of cultulrg. EE%H an}r;le, at takfina.!1 concentrati nt%f 0.25% had no Séglnliﬂ%arét effect on parasite
growth. All concentrafiGhs St the BmpEaRd tested sHowWed Hio"detedtible adverse effect

appropriately in parasite culture medium when required.
It should be noted that at 1000ug/ml, the compound was

incompletely soluble, even after warming to 37°C and
vigorous vortexing. Thus the tests performed at a putative
15 concentration of 25 pg/ml, may in fact have been performed

at a lower effective concentration.

Results
The effect of Compound (1) on parasite growth

20 was tested at final concentrations of 5, 10 and 25 upg/ml.
Results are presented graphically in Figure 2. A
concentration-dependent inhibitory effect on parasite
growth and replication was detected at all concentrations
of drug tested, being greatest at the highest

25 concentration tested (25 pg/ml) after 72 hours of culture.
EtOH alone, at a final concentration of 0.25% had no
significant effect on parasite growth. All concentrations
of the compound tested showed no detectable adverse effect
on red blood cell morphology.

30 At 25ug/mL no parasites were observed and at
10pug/mL only very few were found, suggesting that the
compound actually killed the parasites.

It will be apparent to the person skilled in the
art that while the invention has been described in some

35 detail for the purposes of clarity and understanding,
various modifications and alterations to the embodiments

and methods described herein may be made without departing



on red blood cell morphology. 30 At 25g/mL no parasites were observed and at 10g/mL only very few
were found, suggesting that the compound actually killed the parasites; }t will bg apparent to the person
skilled in the art that while the invention has been described in some 35 detail for the purposes of clarity
and understanding, various modifications and alterationz te-the embodiments and methods described
herein may be made without departing 16 December 2005 - 72 from the scope of the inventive concept
disclosed in this specification. References cited herein are listed on the following pages, and are
incorporated hereirt by'this™® refERhcRT 165ecdMbar 2005-°75 SREFEREN BuHdh 1., Duffield, G.,
J. Chem. Soc., 194285 Datfisenko P.P., Tarasenko A.A., Russian patent No. 2145215, "Substances
having antimicrobial, antifungal Rafdipsotozeatactivityptlished<l Oth Feltuary 2080 Foyer, G.,
Chemistry of nitro and NitFASQ,IFURS; MaseoW 1018743, Bt-2+BR. 194-L93 Garcia, ks, Parasite culture:
Trichomonas vgginaéiiﬁr%liné%al Microbiology Procedures Handbook, H. D. Isenberg (ed.), volume 2,
American Society for |crorb|olbgy, 15 Washington, USA, 7.9.3.1-7.9.3.6. Hamlin, K., Weston, A., J. Am.
Chem. Soc. 71, 2210 (1949) Knoevenagel, E., Walter, L., Ber., 37, 4502 (1904) 20 Kuna P., Chemical
radiation protection, Moscow, 1989, pp.25-28 Mashkovskiy M.D., Clinical agents, Pt.2, Moscow, 1986,
25 p.189




Perekalkin V.V., Unlimited nitrocompounds, Leningrad, 1982, pp.55, 59, 61, 71, 73, 88, 89, 91, 95 30
Perekalkin V.V., Unlimited nitrocompounds, Leningrad, 1982, p.67 Perekalkin V,\,, Unlimited
nitrocompounds, Moscow, 1966, p.119 35 Vladimirov V.G. et al., Radiation protectors, structure and
operation, Kiev, 1989, p.139 16 December 2005 - 74- THE-CLAIMS DEFINING THE INVENTION ARE
AS FOLLOWS: 1. Use of a compound of formula | in the manufacture of a medicament for the treatment
and/or 5 prophylaxis of a microbial infection or as a radioprotective agent: NO2 10 R4 | in which X and Y
are either the sam and 15 selected from a heteroatom; | is a double or single bond
depending on the heteroatoms X and Y; R1 to R5 are either the same or different and selected from
hydrogen or a non-®&leteteripus sulistitifert] 20 and R6 aQldeR? eBeither tHe sanse or different and
selected from hydrogen and a non-deleterious substituent or one of R6 and R7 are absent when there is

a double bonds pregent, 25 pharmaceutically.acgeptable salts,at derivatives, prpsdrugs, tautomers and/or
isomers thereof. 2.14se acgordiagha £aierd. YR hiediiepi iiectgndpruhgsierial infection,
funga'”ﬁeC“O”’3Qdﬁ¥¥ﬁﬂ6@6¥88|p&ﬁ@iO@Hﬁ“ﬂBE%hQEME@lW%?G“QQbruary 2000

Foyer, G., Chemistry of nitro and nitroso groups, Moscow,
10 1973, Pt.2, pp.194-195
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Clinical Microbiology Procedures Handbook, H. D. Isenberg
(ed.), volume 2, American Society for Microbiology,
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3. Use according to claim 1 or claim 2, in which the bacterial infection is caused by a Gram Positive or
Gram Negative bacterium. 35 4. Use according to claim 3, in which the Grayn_ 16 DRecember 2005 - 75
Positive or Gram negative bacterium is Staphylococcus aureus, Enterococcus fecalis, Klebsiella
pneumonia, Salmonella typhimurium or pseudotuberculosis, Acinetobacteria, Pseudomonas aeruginosa,
Clostridium 5 perfringens, Clostridium difficile, Campylobacter jejuni or Bacteroides fragilis. 5. Use
according to claim 1 or claim 2s in which the fungal or yeast infection is Trichc%)hyton 10 interdigitale,
Aspergillus fumigaﬁP}éEorcé%ﬁgldaDglﬁ&%g 6?@5&58@(&%%%] 16 SRt %?%ﬁicfmsz, in which the protozoal
infection is Plasmodium falciparum or Trichomonas vaginalis. 15 7. Use according to any one of claims 1
to 6, in which the microbial infectiends asbacteriabarfungaf ownound infectionhemucosal infection, enteric
infection, septic copgitian,pngumgnia, trachoma..ennithgsis; 120 trichomaniasisQf salmonellosis. 8. Use
according to any one gfglaﬂgng.%tgg, in mqhic&)& afdi\r(1 re ejthrclar(ghe Same or different and selected
from 0 and N. 25 9?65‘% gccoré]mg_to glalmc8r, in which anEJ\?are "both G. 10. Use according to any one
of claims 1 to 9, in 6 WY BaCand R24fé Bither the same or different and selected from hydrogen,
hydroxy, halogen or optionally substituted C1-6 alkyet.3 it. Ure according to any one of claims 1 to 10, in

NO,
e
10
R R,
7 Y R5
R, I

in which

X and Y are either the same or different and

15 selected from a heteroatom;

§ is a double or single bond depending on the
heterocatoms X and Y;
R; to Rs are either the same or different and
selected from hydrogen or a non-deleterious substituent;
20 and
Rs and Ry are either the same or different and
selected from hydrogen and a non-deleterious substituent
or one of R¢ and Ry are absent when there is a double bond
present,
25 pharmaceutically acceptable salts or

derivatives, pro-drugs, tautomers and/or isomers thereof.

2. Use according to claim 1, in which the microbial
infection is a bacterial infection, fungal infection,

30 yeast infection, protozoal infection or viral infection.

3. Use according to claim 1 or claim 2, in which
the bacterial infection is caused by a Gram Positive or
Gram Negative bacterium.

35

4. Use according to claim 3, in which the Gram



35 which R3 to R5 are either the same or different and selected from hydrogen, hydroxy, halogen, nitro,
C1-6 alkoxy or optionally substituted C1-6 alkyl. 16 December 2005 - 76, 12, .Use acggrding to claim 10
or claim 11, in which halogen is chlorine or bromine. 13. Use according t0 any one of claims 1to 12, in 5
which the compound of the formula | is in the form of-thes E-isomer. 14. Use according to any one of
claims 1 to 13, in which X, Y, , R6 and R7 are as defined in claim 1; R1 10 and R2 are either the same or
different and selected from hydrogen, hydroxy, Cl, Br and C1-4 alkyl, and R3 to R5 are either the same
or different and sele@ed frdm ﬁ)?dr%@aerﬁ, PR oky S Cr BT %ﬂ’bl,m(_:iﬁ% VWorrEYFHikyl. 15 15. Use
according to any oR& 6P ¢Rnta e 220G URhiERCR hha-Y Kteles kel kanRARAMaRH R2 and R3 are
hydrogen (3,4-metbyaénedekla(ey@iayiu@BinitrostyresedidoX@rer kel and R1 to R3 are hydrogen

(3,4- 25 methylenefitye BRI RAC) BieldoMbnass Bk Rl ivaweihgiard Riaor R3 are hydrogen

i dazole B3 1 r . . T R21
ey seengycla i b e T ERe R BT T Y e S
and R2 are hydrogeh aiftf&ane 'a%%%nfrf@ WdSzoxazole-5-(3-nitroethylene)

5. Use according to claim 1 or claim 2, in which
the fungal or yeast infection is Trichophyton
10 interdigitale, Aspergillus fumigatus or Candida albicans.

6. Use according to claim 1 or claim 2, in which
the protozoal infection is Plasmodium falciparum or
Trichomonas vaginalis.

15
7. Use according to any one of claims 1 to 6, in
which the microbial infection is a bacterial or fungal
wound infection, mucosal infection, enteric infection,
septic condition, pneumonia, trachoma, ornithosis,

20 trichomoniasis or salmonellosis.

8. Use according to any one of claims 1 to 7, in
which X and Y are either the same or different and

selected from O and N.

25
9. Use according to claim 8, in which X and Y are
both O.
10. Use according to any one of claims 1 to 9, in

30 which R; and R; are either the same or different and
selected from hydrogen, hydroxy, halogen or optionally
substituted C;-¢ alkyl.

11. Use according to any one of claims 1 to 10, in
35 which Rz to Rs are either the same or different and
selected from hydrogen, hydroxy, halogen, nitro, Ci_g

alkoxy or optionally substituted Ci-¢ alkyl.



02155 Xis N, Y is 0, R1 and R2 are methyl and R3 is absent (2- methyl
benzoxazole-5-(3-nitropropylene) NO2 20 CH3 6 25 16. Use according 1@ Glaim, 1. in yyhich the
medicament is for protecting a subject from radiation damage. 17. Use according to claim 16, in which
the 30 radiation is ionising radiation. 18. Use according ¢o €laim 1, in which the medicament is for use in
cancer radiotherapy wherein the locus of a tumour in the subject is subjected to a 35 radiation source.
19. A compound of formula la: 16 December 2005 - 78 NO2 R, la in which 10 X, Y, and ,R1 to R7 are as
defined in formula I above, withthe provisss-fiat 15 (i Wiken Both X-ard ¥ re 0 3hd"R21 R7 are
hydrogen, then R1%is he¥ fydidget: L eaiaalikyl, Eo2E G-\ or CH2C02P8 in 20 which R8 is C1-12 alkyl
or phenyl optionally substituted by one or more

13. Use according to any one of claims 1 to 12, in

5 which the compound of the formula I is in the form of the

E isomer.

14. Use according to any one of claims 1 to 13,

in which X, Y, ;, R¢ and R; are as defined in claim 1; R;
10 and R, are either the same or different and selected from

hydrogen, hydroxy, Cl, Br and Ci;-, alkyl; and R; to Rs are

either the same or different and selected from hydrogen,

hydroxy, Cl, Br, nitro, Ci-4 alkoxy or Ci-s alkyl.
15 15. Use according to any one of claims 2 to 14, in

which X and Y are O, R; is methyl and R, and R; are
hydrogen (3,4-methylenedioxy-P-methyl-B-nitrostyrene)

0 NO,
20 < ,.
0
1

X and Y are O and R; to R; are hydrogen (3,4-
25 methylenedioxy-B-nitrostyrene)

O~
@) > ’

X is N, Y is NH, R; is methyl and R, and R; are hydrogen

30

(benzimidazole-5-B-nitropropylene)

//V NO,
35 < CH, ;
NH
3



halogen; (ii) when both X and Y are 0, then R1 to R7 are not hydrogen; (iii) when R2, R6 and R7 are
hydrogen, one of 25 R3, R4 or Rs is methyl and X and Y are O, then R1 jsnotmethyl when R2, R3, RS,
R6 and R7 are hydrogen, R4 is OCH3 and X and Y are 0, then R1 is not H, CH3 or CHZCHS3; 30 (v)
when R1to Rs are Hand X and Y are O, then at least pne-of R6 and R7 is not methyl; when 35 P2, R9,
Rs, R6 and R7 are H, R3is OCH3 and X and Y are 0, then R1 is not CH3; and (vii) when R1, R2, R3,
Rs, R6 and R7 are H and X and Y are 0O, then R4 is not OCH3. 16 December 2005 - 79 510 15 20. A
process for the prepartatid of tﬁesc]o\]t%’po%ﬂncf of FEFhOIETY définéd i Tiai 183%hith édmprises
condensing a compdERdtof foFmuRE YR, Pei ivhick X0 e R3 Bo R are A8 it in formula la in claim
19 with a compound of formula I1l: RIR2ZCHNO2 1 in whigh Rl«and are as defined in formula la in

claim 19. /

5 NH ;

X is O, Y is N, R; and R; are hydrogen and R3 is absent

10 (benzoxazole-5-B-nitroethylene)
0 \\V/NO2
S |
N ’
15 5

X is N, Y is O, R; and R; are methyl and R3 is absent (2-

methyl benzoxazole-5-B-nitropropylene)

N NO,
20 o, 4{
O CH3 H

6

25 1leo. Use according to claim 1, in which the
medicament is for protecting a subject from radiation

damage.

17. Use according to claim 16, in which the

30 radiation is ionising radiation.

18. Use according to claim 1, in which the
medicament is for use in cancer radiotherapy wherein the
locus of a tumour in the subject is subjected to a

35 radiation source.

19. A compound of formula TITa:



20 21. A process for the preparation of the compound of formula la defined in claim 19 which comprises
reacting a compound of formula IV: 25 R, IV 30 in which X, Y,, R1 to R are as defingd)in formula la in
claim 19 with C(N03)4. 22. A process according to claim 20 or claim 2135 which'is performed in the
presence of a catalyst. 23. A pharmaceutical or veterinagy composition 16 December 2005 - 80
comprising the compound of formula la defined in claim 19 together with a pharmaceutically or
veterinarily acceptable carrier. 5 24. A composition according to claim 23 which is a topical, oral or
parenteral composition. 25. A composition according to claim 23 or claim 24 in which the
pharmaceutically or veterinarily acceptable 10 carrier isfan ordfanic solvent. 26. A composition according
to claim 25 in which the organic solvent is acetone, benzene, acetorjjgle, DMSO or an alcohol. 15 27.
Use according to any one of claims 1 to 18Ri ct ICrobid infection is caused by a resistant
microbial specges. R

in which
10 X, Y,% and R; to R; are as defined in formula I
above,
with the provisos that:
(1) when both X and Y are O and R, to Ry
are hydrogen, then R; is not hydrogen,
o .
15 Ci-4 alkyl, CO.Et, /\O or CH,COzRg in

CH,

which Rg is Ci-12 alkyl or phenyl

20 optionally substituted by one or more
halogen;

(11) when both X and Y are O, then R; to Ry
are not hydrogen;
(1i1) when R;, R¢ and R; are hydrogen, one of

25 R3, Rq or Rs is methyl and X and Y are
O, then R; is not methyl,

(1v) when R;, R3, Rs, Rg¢ and Ry are
hydrogen, R; is OCH; and X and Y are
O, then R; is not H, CHsz or CH,CHjs;

30 (v) when R; to Rs are H and X and Y are O,
then at least one of R and R; is not
methyl;

(vi) when Ry, Rs, Rs, R¢ and R; are H, R3 is
OCH3 and X and Y are O, then R; is not
35 CH3; and
(vii) when Ri, Ry, R3, Rs, R¢ and R; are H and
X and Y are O, then Rq4 is not OCHs;.
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20. A process for the preparation of the compound of

formula Ia defined in claim 19 which comprises condensing

a compound of formula IT: R,
X CHO
Reﬁ
R7 Y R5
R,
IT

in which X, Y,8, R; to R; are as defined in
formula Ia in claim 19

with a compound of formula III:
R,R,CHNO,

IIT
in which R; and R, are as defined in formula Ia

in claim 19.

21. A process for the preparation of the compound of
formula Ia defined in claim 19 which comprises reacting a

compound of formula IV:

R, R,
R,
f
R v R,
R,
IV

in which X, Y,8, R; to R; are as defined in

formula Ia in claim 19 with C(NO3) 4.

22. A process according to claim 20 or claim 21

which is performed in the presence of a catalyst.

23. A pharmaceutical or veterinary composition
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comprising the compound of formula Ia defined in claim 19
together with a pharmaceutically or veterinarily

acceptable carrier.

24, A composition according to claim 23 which is a

topical, oral or parenteral composition.

25. A composition according to claim 23 or claim 24
in which the pharmaceutically or veterinarily acceptable

carrier is an organic solvent.

26. A composition according to claim 25 in which the
organic solvent is acetone, benzene, acetonitrile, DMSO or

an alcohol.

27. Use according to any one of claims 1 to 18, in
which the microbial infection is caused by a resistant

microbial species.





