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60/ 374,089, filed April 18, 2002, the contents of which are hereby

i ncorporated by reference into the present disclosure. TECHNI CAL FI ELD The
present invention relates to the field of Enzyne Catal yzed Therapeutic 10
Activation (ECTATM therapy and in particular, ECTA therapies specific for
m croorgani sns that express Peptide Defornylase ("PDF"). BACKGROUND
Throughout this disclosure, various publications are referenced by first
aut hor and 15 date, wi thin parentheses, patent nunber or publication

nunber. The conpl et @ﬁﬁﬂl@@f%& FIVATED PRODRIEE end of the

application. The disclosures er ences are hereby incorporated
by reference into this disclosure to rmre fully describe the state of the
art to which this application pertains. Enzyne Catal yzed Therapeutic

Activation (ECTATM t Yo i \ provi des uni que
prodrug substrates foéﬁp;s %Fﬁ%ﬁ%gﬁé%éﬁﬂwg‘?ﬁg%ﬁﬁ% t her api es, ECTA
prodrugs neither, .inhibit. nor.irreversibly._i ivate th rget enzyne.

O S Parent. No. Tigs Smetiontien iy icerty Yo BT 5905/ (eh 8325' Biodfional

PCTI USGY 280i0%arid 561541 N6 4/59,0BOMMIER pkif 8.5GBA, At egiikils 0P /Rich dkOKirBby
preferentially wt |n tthe 25 target c in an environnment whereln t he
t ar get enzipnepostakyr refseade asto thapasentidisdosime. WO 03/ 088913 PCT/ US03/ 11981
environment where it is absent, as in an infected cell. Because the
conpounds do not require a targeting agent, they can be directly utilized,
topically or systemcally. ECTA nolecules do not, in nost instances, yield

cytotoxic products spontaneousl yTE@HNm@ALH[ELDEt enzynme activation). They
are not be appreciably activated 5 by non-targeted enzynes, as this my

result in toxicifyp Je@en@ﬁfbeﬂhér?ﬁ?a%& tQFché‘fPéId bPERSIRICHLRSHEThddtusic 1
sumari zes the char acteristics of ECTA nolecul és and enzyne ‘activators.
10 Activation (ECTA™) therapy and in particular, ECTA therapies specific for

microorganisms that express Peptide Deformylase (“PDE”).

BACKGROUND

Throughout this disclosure, various publications are referenced by first author and
15 date, Within parentheses, patent number or publication number. The complete
bibliographic reference is given at the end of the application. The disclosures of these
references are hereby incorporated by reference into this disclosure to more fully describe

the state of the art to which this application pertains.

Enzyme Catalyzed Therapeutic Activation (ECTATM) therapy is a novel
20  technology that provides unique prodrug substrates for target enzymes. Unlike
conventional therapies, ECTA prodrugs neither inhibit nor irreversibly inactivate the
target enzyme. U.S. Patent No. 6,159,706; PCT/US98/16607; PCT/US99/01332; and
PCT/US00/20008.

Target enzymes convert the ECTA prodrug into a toxin preferentially within the

25  target cell or in an environment wherein the target enzyme is expressed as compared to an



Table 1 Characteristics of ECTA Target Characteristics of ECTA Prodrugs
Enzymes Infectious Disease: Mist be present only Mist be able to get into
cell s (bywptogesfidr in target cells (including diseased ®eriGsp3/a®st
prodrug). bacteria, fungi, etc.). The enzynme should be lneceissa{% for
conti nued e [ r ecul e a
resenbl es eﬁ:@f&gﬁtﬁ(’)}%ge 1&@%3%6%%& 8 S%%I%fe‘%\ﬂa'&&elp %%ﬁq&e tﬁ hé& Iﬁlg?lﬂ}dﬁld §]|9t)st rate
(an ECTA FeAweEd t@ygetm@amyhmm beelaetilyutilingd] topallyéosysieti LD ?zl C speci es.
The resenbl ance cytotoxic. However, the ECTAremain in only has to be -

significant wi RCF A spdetuldsdoimoadh imost inetanted/Nikld cHotd@pRduby the the
speci fici %ﬁ of thﬁg H?{me/ substrate target enzyne. The conpound nust

i nt eract i SROHAYOR Pytiiareirengiae agting héU@Y&TWQj ﬂ?edégleél@bb;acsmm ficity
for th b I et ed .enzyme,

ot hough ?‘grﬁigg?g?gtﬁdteﬁﬁfrﬁéé :§stthf%t1ﬁ jﬂagt{lﬁlglqh%lg &0 1>(ont ﬁ;%e cgg}%%onl feggéept abl e
i f the prdigsust (Ispleal wnmnanzwtﬂmdmractensMwif B@IAhﬁ;ld:dilwétah&@h%éJy the ECTA
Must not i_nhi t or deactivate the nolecule, internediate(s), or the
targeted 3% " product (s) of the reaction. 1 -1 10 In cases of

bacteri al, viral and fungal infections in plants, people or agriculturally
I nportant animals, netabolic pat hwaysIT#dedg present in the pat hogenl o

organi sns, b t‘haﬁ@ﬁﬁ@ﬁcs O?Em ke are 9 t’#'qraccteru wﬁ'ﬂéﬁé%ﬁ&é«o STa-bar get

‘ ~

enzynes: For a,lﬁkls sone pa ys, ay W®1 yed, have

only been fofg an laH Ag—Aet—-A--Aarredt-an cells.
Oneyexarrpl e %‘i&cuguzggli&éa mﬁgse:fem 1t|§I{t| al" ?ﬁb eotofgtlaﬁi?lcllés@ ﬁﬁllr?(’i aci ds
that ani mal s| gap ﬁQtfur? ﬁﬁé) ith food. Nelson apd Cox
(1972). Anoth gég % blﬁ rryl ase (" PDF", EC 3.5.1.3 1) which
catalyses d i@k n‘?’ N-fornyl nethionine in a grow ng

i de el 10000 The lon—oyvy anf apnd-active in
ESL%IEEP; ( I\/E gtm:,fcan res% %8 ){c%eg:vz td)tne B’é@ﬁp i Eﬁedtfff’nbe present
. ) Zymatic reaction must

in mammelian y?o‘tox'c s%gcws eﬁle resem cyt(())toxw However, the ECTA remain in
only has to be significant with respect to inactive form until activated by the

the specificity of the enzyme/substrate target enzyme. The compound must
interaction and the ability of the enzyme | have a high degree of specificity for the
to process the substrate intracellularly into | targeted enzyme, although conversion by

toxic species. a non-targeted enzyme is acceptable if
the product(s) are not cytotoxic.

Must not be inactivated by the ECTA Must not inhibit or deactivate the

molecule, intermediate(s), or the targeted enzyme.

product(s) of the reaction.

10 In cases of bacterial, viral and fungal infections in plants, people or agriculturally
important animals, metabolic pathways being present in the pathogenic organisms, but
absent in the host are a source of potential ECTA target enzymes. For example, some
pathways, as well as the enzymes involved, have oniy been found in bacteria, fungi and
plants and not in mammalian cells. One example is the synthesis of "essential" amino

15 acids - amino acids that animals cannot synthesize and must ingest with food. Nelson and
Cox (1972). .

Another example is Peptide Deformylase (“PDF”, EC 3.5.1.31) which catalyses
deformylation of N-terminal N-formyl methionine in a growing polypeptide chain.
Meinnel (1999). The enzyme is present and active in bacteria (Meinnel, et al, 1993), but

20 has not been reported to be present in mammalian cells. Sequences homologous to



2 WO 03/088913 PCT/US03/ 11981 bacterial PDF sequences have been recently
found in manmal s but their exact function is wunknown. Gglione, et al.
(2000a) awd (3A8€AB). Because the enzynme is not active in rararssiitsihas been
used as a target for antibacterial drugs, nostly PDF inhibitors. Dithiols

can act .a i i nhi bj t.or y:. coor dinat j on. of | t hydr yl

groups W 'ib ﬁ@?ﬁgﬂgglﬁ is‘%/delﬁg%ggla‘r,ré?%eﬂ%%r?hg} @P@d}}ﬁ‘g‘}%@s (%’P{ @F‘.r e{‘i@%ﬂcﬁw hgl case

of 1,2- orunknewndGigliomesetal {Ra00apxid @00Wn of the netal ion fromthe

active site taéesﬂpl %(}:ﬁe. The .formation of stable 5- or 6-nenbered rings,
ACHISE

respectively, ARG RGOt BIhuaans ihap berfsused ee a tange foor t hi s
effect . A diibhditall dadombanombe aiFRA. ObliHond LaRTAY & MASpHSRE P Sel ect

mechani sm based 10 - inhibitors general structure
HS- CH25 CHrkibitasitiy copidRiz)ionoRk faydisd igroupt wath th¢ 2Q0@)site Aegalogt.i mal i nhi bi t or

| ect ed. 14 lib 1 n- Bu_gr.oup | Ra, Rb =
o) 5 Nk Bokfinngudl UdoB OESGEE 6T 1 Aok ot wHhiols oy emsbom et erestels a
conpet i tiién B the hithict e taMek Fl 8e. KThOforhatiSVbr s%@&l@§§!§r:€f-fl'xem%%§ﬁlri gg 2000)
i y

a
describes. a series of non-peptidic conpounds structur ref*)ated to
t he known &SREFtEvedy, eaehepantiining ke oystadisikfurchings,taocoumts fair thiEeffenl i PDF.

Sobnanonl ar - ki-ASRAAN dsfignta SShaStialiisty Wistisefle Slact pogmoirsbasedi bo-
that 50- diBDEpinhibiorsiefthy péricya sradtufe-He0of OQHQ&)(JU@I@H[@I{%I{@JC‘%%@%}& SRl |
e

mol ecul e (5-fl uorodeoxyuridine (5-F-durd)) upon PDF cat
def or ny| attf 8n (2090 Theroptime} inhibitonselestedvioitthe Borarypaskessesemat-Borgrap dshe

substrate tal ¥z INRUAEINAE ¢ r» B.. ~COl | ,crude_l.ysates. The conpound
was nar gi nal ai/m cy@ﬁi@ r&%ﬁj I;ﬂggﬁl%r\%“ %ﬁph%{epg‘?}?%cﬁp%pi“ﬁé‘é?eri a.
Pot ency waempetitiverRIDE asdisitdrywvith 1K| efaisadviexpr essi on of PDF in bacteria

(using a PDF-og;are pressing strain). The conpound was slightly nore
ef fective (| CoOAYAsEEGraypt %lg&@ﬂ@tdeg%h?ﬁg@gms af@onPeniidic sompawsisstructacdiyt i onal

i nhi bi i 7 t 000), Apfel et 01 a),
ppi ol 1ot 27 el 558 Ano RSl Fom oo Ronys e R i P, oGdponiy
Chen et alis rep@@@Dip.be aHmient @DF iahibitopwith doivitytig &hd s%h&ﬁoﬁ&aﬁﬁ}b@ﬁgéﬂe' y and

effectively acti by PDF to a toxin has not been described. This
i nventi on. Pi%#gg&q%ﬂi,s need and provides rel ated

Wei and Pei (2000) describe that 5’;dipeptidy1 derivatives of 5-fluorodeoxyuridine
release a small molecule (5-fluorodeoxyuridine (5-F-dUrd)) upoh PDF catalyzed

20  deformylation. 5-F-dUrd formation was monitored in the reaction of the substrate

catalyzed by purified PDF or E. coli crude lysates. The compound was marginally
cytotoxic (ICso > 100 M) when applied to E. coli bacteria. Potency was not increased by
increased expression of PDF in bacteria (using a PDF-overexpressing strain). The |
compound was slightly more effective (ICso = 50 uM) against gram-positive

25  microorgansims.

Additional inhibitors are described in Apfel et al. (2000), Apfel et al. (2001a),

Apfel et al. (2001b), Clements et al. (2001), Durand et al. (1999), and Chen et al. (2000).
However, a compound or agent that is selectively and effectively activated byPDFtoa

toxin has not been described. This invention satisfies this need and provides related

30 advantages as well.



30 advantages as well. 3 WD 03/088913 PCT/ US03/ 11981 DI SCLOSURE OF THE

| NVENTI ON Thus, in one aspect, the invention provides a prodrug conpound
having thwoosnssci ure: 1 R2 R3 3 R B B2 B/Li nkerN' Toxi n PCI/UB031486 A2 R4
R5 wherein the toxin is a cytotoxic or antibiotic nolecule that is rel eased
upon activati 5-F-dUrd; wherein R, R2, R4, and
R5 are mdepen?‘n?ﬁ“@%ﬁ%@%ﬁbﬁﬂt and are selected 10 fromthe
group consi sti Mhusfinbyedageern thednFtbivh ipkditi@sd arodngWbipbint ReifHthe14
aromatic or. heteroaronatic (for exanple: phenylnethylene, '

4- hydr oxy PHBASFSet hyl ene, i ni dazol enet hyl ene, etc.): and a substituted or
unsubstituted saturated or unsaturated Cl- C6 al kyl" (for exanple: nethyl,
ethyl , 3-hydroxypropyl,  3-am nopropyl, N-nethyl-3- aninoethyl,

2-met hoxyethyl, etc.); 1BwherRjR; R3 is sele@hed fromthe group consisting
of a substituted or unsufjstit ut aromatic het ercaromati c (for exanple:
phenyl met hyl ene; triazol tgy ophe erretﬁ/yi_ﬁm@ et c_toxignNd a
substituted or unsubgt ed . CIN al kyl (for
exanpl e: ethyl, propyl, 2- hyd'roxye hyI . - CH2- CH2-*X- CH3, wherein
X is selected fromthe. group consi §ting ﬁ RO S NH, NR6, and CH2; where R6
is 20 & lower alkyl such as, for eXanple, 4m"éthyl or ethyl; wherein Al and
A3 are independently the sanme or different and are selected from the group
consisting of =Q, =S, =NH, =N-OH, or N R7, where R7 is hydrogen or a Cl- C6
al kyl such as, Whereiewrtpkie,is aeytotoxjc @tanjibiotiomotetbotipnsirtigisedwperein A2 is

selectedfr mth 0 cons st'n f..= =S; NH, =N-OH, =N 25 R8, or
=C( R9) ( Rl égar?‘??% ﬁhm%i'g"dawrg i ndependently the sane or
di fferent and viefeift R SRS Rq! atnaqxpatr@ﬁl G%QMBnt‘P}Qﬂ%'sﬁhb Bgdi?feréwgﬁcp%@ele&e@

Cl-C6 al kyl such as, for exanE hyl, or met ocyrret yl;
10 “from the group consisting of ydrogen a substltuted or unsubstituted Cs-C;4 aromatic or .

heteroaromatic (for example: phenylmethylene, 4-hydroxyphenylmethylene,
imidazolemethylene, etc.); and a substituted or unsubstituted saturated or unsaturated C;-
Ce alkyl (for example: methyl, ethyl, 3-hydroxypropyl, 3-aminopropyl, N-methyl-3-
aminoethyl, 2-methoxyethyl, etc.);

15 wherein Rj is selected from the group consisting of a substituted or unsubstituted
aromatic or heteroaromatic (for example: phenylmethylene; triazolémethylene,
thiophenemethylene, etc.), and a substituted or unsubstituted saturated or unsaturated C;-
Cs alkyl (for example: ethyl, propyl, 2-hydroxyethyl, etc.) and —CH,-CH,-X-CHs,
wherein X is selected from the group consisting of O, S, NH, NRg, and CH,; where Rg is

20 a lower alkyl such as, for example, methyl or ethyl; .

wherein A; and Aj are independently the same or different and are selected from
‘the group consisting of =0, =S, =NH, =N-OH, or =N-R;, where Ry is hydrogen or a C;-
Cs alkyl such as, for example, methyl, ethyl, or methoxymethyl;
wherein A, is selected from the group consisting of =0, =S; =NH, =N-OH, =N~ 4
25  Rg, or =C(Ro)(Ri0), wherein Rg, Ro, and Ry are independently the same or different and
- are selected from the group consisting of hydrogen or a C;-Cg alkyl such as, for example,
methyl, ethyl, or methoxymethyl;
wherein B, is selected from the group consisting of — O —, — S —, —-NH- or —
N(R11)-, wherein Ry is selected from the group consisting of hydrogen and a C;-Cg alkyl
30 such as, for example, methyl, ethyl, or methoxymethyl,



wherein Bl is selected fromthe group consisting of - O-, - S -, NH or -
N(R11)-, wherein R11 is selected fromthe group consisting of hydrogen and
a Cl-C6 awkyb/osfd® such as, for exanple, nethyl, ethyl, or Pagtusoxyret hyl; 4
WD 03/ 088913 PCT/ US03/ 11981 wherein B2 is absent or is sel ect ed fromthe

roup consistin 3 ere R12,
gR13 and R14 arglhlg{]e B%elscfgﬁﬁnlta%s Sele'\%%(%ﬂtheﬂ%pe%ﬁ’ﬁu%é]? rQa selPected from
t he group Nﬂisd)starHgi((Rflg)(Bla)r—og&hBreQ{u,aRl% VSR 1, uﬁeQHdéifendéh ?liﬁ’esiark]ﬂelbﬁreg .

etny

sat ur at ed unsatyrated C1-C6 al kyl (for exa met hy '

hydr oxypr ogi}ff #?Wcﬁ? 5 OHNIW%H Goys’éﬁﬂ&gghwwen@m@uhﬁm}tedhyl , etc.),

wher ei n A DR 3 n d nal |y

j oi ned thro h R12 SF{13 oror 3@%@% &@fm F@Pﬁ %ﬁ ‘uct ur e;

wher ei NSt hy agneml 3-BRH1RERPY, RSn)etl(-3Adhinoethl, Qilﬁetﬁéﬁyeﬂﬁy‘l )étd )Swl%féllﬂ ne or
ein B3 is absent or i$ selécted from

the oroup Sre el SaR-Btg Qo BRS ligan be adiRpmlygeined bR, Riore: n
RIS is sel e} RR,f6r®D b MGk 9%0%&'9?&]1%‘ Wgre @Lth@udg 5 T%ﬁgﬁg@%@j@@%gem

such as, for_ exanple, nethyl
or is sel emléﬁefﬁﬁ@iw&prehgq:otmpmbnsdaﬂvamgeofanaldg, , - S-, - N(R6)-, and -

C(R16) (R17) - and, wher E&l 51 re i dependently the same or .

different and arg Sléll%clf‘@ ?F%WFF get 8’8‘6‘ Sﬂgqu&cioﬁﬂs%?g(}fy‘o@cge'rﬁorma-

subst i 1t eNFDY, ol 5 NERSYDSHHidrath &Y, ﬁ%%]éét@&%npﬂhe {db mﬁkéﬁ% &é'lg%og%{}% such
fs

as, for exarrple met hyl, ethyl, or methoxy rret
absent or L5Cs aﬂ‘rYé&‘&h@sﬁstIr pmeple,an@thpﬂaythub osmeﬁmeMemybm one of the

over o byt suckHaEn s R & B oheied Bor hé aieip condg el s v e
i ndependenN(Bs)th@dsa0@R MR AH &R ehdreia® s BEER 5k ERHBSHERTY 1‘09 Eame or |

different and are selected from the group consisting of hydrogen or a substituted or

-

15 unsubstituted saturated or unsaturated C;-Cs alkyl such as, for example, methyl, ethyl, or

methoxymethyl;

wherein a Linker is absent or is a traceless linker and may be selected from one of

the following structures;
(0]
N /H\g
R or

g_——(c HZ)n

20

whereinn =2 or 3 and R is a lower alkyl such as, for example, methyl or ethyl;
wherein Y and Z are independently the same or different and are selected frorﬁ the

25 group consisting of hydrogen, lower alkyl, substituted or unsubstituted lower alkenyl,



25 group consisting of hydrogen, |ower alkyl, substituted or unsubstituted
| oner al kenyl, 5 WO 03/088913 PCT/ US03/ 11981 substituted or unsubstituted
| ower al kyoyB/ossvubst i tuted or unsubstituted aryl groups, PEEhsI198Ed OF
unsubstituted heterocyclic groups, substituted or unsubstituted |ower

al koxy, | oygy: nj. t carho sul fonat e,

al kyl ~sul f one ﬁﬁéﬁ?’iﬁiﬁs&f’sftlﬁg%(gg’%ﬁaﬁ%ﬁaﬁ%ﬁ@fﬁ%ﬁr Ungans ﬁ%%&%@& wher ei n
R and R2 autetituebpandsbityted lilaeréay&c%’fouﬂsfJwétﬁﬁied%ﬁ‘dnﬁi&ntu&%' 16%180' from
t he group c nsi gting of a supbstituted or unsubstituted C1 to C6 |ower -

al kyl. | n2&oxyleweralindfe, halogen, syencRpiten; eatbpidplersubionaty, alky ssbione, or

different pdeIEs g@é&%ﬁ m the group consisting of nmethyl and H In

yet a furthe?saspelct ﬁ(ﬁdsfﬂgg each are H. In one aspect, R3is

- CH2- CHp- X- CH3, In\dmeraepact Xliegeis 8 and B aferiodepenéondlly Absanidorcffere st dndGirf
Ln.a further aspect, R4 is selected fromthe

oxygen, sul fur | ene.

group co nsfeé‘?qt‘ﬁg&ﬂ’fln?% BR £oRsiting ofp subrtified Plt wisibstitatad Gr 4q Gellasver alkyl.
unsat ur at egh £hyrih | t e 4 s
ot nyl or 1A e peCkMElnd R £ indiRthdinn) (e or i ap ANElovee

i ndependenfrpp thégrovnwenssting) dfinestleyltand B Taryet s firthet &pedty RMid R, ed@h QLHIH.
consi sting of I—iﬂandas St.it ubstituted CL to C6 alkyl. 15 In
anot her aspect, ﬁﬁeﬁﬁﬂfc 3é§ g%"ge)ﬁ o e’feffbxsléﬁﬁéecé‘?dﬁi)mft@@ﬁtlpand are

sel ectrd fEamistif oﬂé)@}@n%ﬂ[ﬁf St ho@yRh I'hmaa{"ﬂrtﬁ%t ve
enbodi nent, eit h%r both of R4 gnde R5 are a@?ﬁéct%@s%@leéﬁg@ ﬂfo atl(ia\l‘lepeptl de
def or nyl asgommlsmmg@ﬁ adebdtifivted Dhmlsubstmu:tbd;rsetumdted\br unsaturated C; to Cg lower
formyl - Met - i t tox 20,. 6 03/ 8891 CT/ US03/ 11981 In
one aspect’ al Lhéldgg 03052& ﬂ% Elsc‘f.‘lﬁtr}%l o1, P@’VI 153 qqmpound

wherein R4 and Rs are independently the same or different and are selected from the
group consisting of H and a substituted or unsubstituted C; to Cg alkyl.

15 In another aspect, R4 and Rs are independently the same or different and ére
selected from the group consisting of H and methyl. In an alternative embodiment, either
or both of R4 and R; are H.

In one aspect, the peptide deformylase ECTA compounds have the structure of N-

formyl-Met-Leu-linker-prototoxophore.

20 '



HA HAOOCH3I CH3 |lilt Cd Conpound # 2 In one aspect, the conpound has
the structure: 5 SN NO p HHO 10 NB3024 In one aspect, the conpound
has the swowswgres 15 0 HI INC ~ HO OHO O 20 NB3®ET/USOIMI98B/ 088913
PCT/ US03/ 11981 In one aspect, the conpound has the structure: F OH\ | |
I/ NQ HHN A

In one aspect, the compound has the structure:

H
s cl
. ‘ 0

H .
N

‘ 0] C

H 0O 6
. Cl_h
Cl
Compound #2

In one aspect, the compound has the structure:

5 :
r L)
o] s7 S
R J T
0
10 :
NB3024
- In one aspect, the compound has the structure:
? i X '
H/ﬁ\g‘/g:/H 0/©/\ o NO (
H
o] | OH
0 o
20 NB3057



5 ~NH NB3068 In one aspect, the conpound has the structure: 10 H N HN
H Ocl 15 NB3103 In one aspect, the conpound has the structure: S/ ~ ~ 20
toxin o WOl030839t8 NH 25 When toxin is absent, conpound isPRBAB4%S11988 WO

03/ 088913 PCT/ US03/ 11981 I n one aspect, the conpound has the structure: Br

toxin o/ ol a oxi,.n i s absent, corrpound is NB3162. 5
In one aspect, gfﬂa" g&%@?ﬁgowg‘a%fhre(f&‘?‘ﬁttuée s/ o HBr toxin O OO

5 H
NB3068
In one aspect, the compoundlhas the structure:
10
J L
/#/ ' o~ A
L i BN
H™ N o
H ‘
0 * cl
15 :
NB3103
In one aspect, the compound has the structure:
e
1 ﬁ(
H NH
25 When toxin is absent, compound is NB3145.



When toxin is absent, conpound is NB3177. In one aspect, the conpound has
the structure: 10r o Bo /toxin HH/ H~ NO\ Y OBr Wen toxinis
absent, cwopowssdti s NB3144. |In one aspect, the conpound REI/USOHF18Y uct ur e:
toxin / HOO HNOHO 5 1YY Wen toxin is absent, conmpound i s NB3165.
Al so provided by this invention is a nmethod for inhibiting the growh of a
m croorgani smthat expresses PDF by contacting the m croorganismw th an
effective 9 Wo{HOBB 3nEEThbd hhd B ktrugiiiint . of the conpound as
descri be above: This net’hod inhibits the growh of gram positive and

gram negati ve-m croorgani sm e.g., S.s7aureus, S. epidermdis, K
pneunoni ae, E. aerogenes, and E. clogcae. This pethad can be practiced in
vitro, ex vivo and in vivo. Fufithe i & method for alleviating
the synptons of an infection by 5 ressing mcroorganismin a

subj ect by administering or déliveri the subject an effective anmount
of the conpound descri bed above. A "subj i s efined herein and

i ncl udes mammal s such as hunan patients. This invention also provides a

conposition conprisin he prodrug conpounds as
P en to;?mtis absgnt, comgound rirsPNBES 162.

5 In one aspect, the compound has the structure:

s/
. e toxin

When toxin is absent, dompound is NB3177.

In one aspect, the compound has the structure:
10

toxin
v

Br

. s/
Br:
o] o]
S s
H N O
| :
When toxin is absent, compound is NB3144.
In one aspect, the compound has the structure:

S/ .
tox
o . o P
)]\ 'L
H N (%}
Vo

When toxin is absent, compound is NB3165.

15

Also provided by this invention is a method for inhibiting the growth of a

microorganism that expresses PDF by contacting the microorganism with an effective



descri bed above, alone or in conbination with other conpounds or ot her
agents, known 10 or yet to.be discovered, and a carrier. In one aspect,

t he carriwo B®ssandt her nol ecul e or an i nert substance suclrCagisas/ploat e or
colum. In an alternative enbodinent, the carrier is a pharmaceutically
acceptabl e carrier. Pharmaceutically accept abl eq(::ia[ri,grs are _known in the

art and deareoumpefithscoampryndsescribesbare EFippstg de srpprthg The

Figure pro reaction. S ' [ ] npounds of
thi's i nventt R REeEE et Res ot P 3 ok BRr B8R o her ei .
certain tepnamoniehBVerbgeres, ahll EWclogcate fThiexictilod nambe prafiwedsi migrd, ax vivor m
"a," "an" and "the" include plural references.unless the caontext .clearly
di ct ates otiErNge Fupber eRided i 2 patbod gqr eyiating the SVWBFWe%{] lﬁeﬁ?% My of
cells, cin i 1 : t L iRRIEARL oF A8livetifie tothended to
mean thsat %E}Qggg regés}flpi %ﬁgogﬁgﬁ'&gﬁﬁcﬁ%@%ﬁz a{laﬂr}lé ude The rlgg:ei t%d el enents,
but not exsaibjeti myefftdtize amotificofthe comppuad slesribai byowst A {iwbject us defined def i ne

conpositions and net hods, shall an _excl udi ot her el ements of any
essenti al ‘?rﬁlﬁiapfié%i‘é%s TH&'s & S_rhéTP}aBﬂi’.“‘gﬁ’ﬁgs, a conposition consisting
essential |y of g, ehATPNLEpAYASE cbATolEsELamIRM dLBplocug boiRoUTRRE

contam nants fromthe 1 sol at . and purification nmethod an

phar maceut desatibed @ovepiats @ it aombimpion with thes cppeipidapeotber taghtsekraVisal i ne,
preseryvatives, and the like.,"Consisting of' shall.nean excl udi (oh.e
than tt ce?’éYeéFfbah‘? @S%qve&dh@fd??@?gdvﬁgﬁp ?Srfr?ﬁt’ _ cgfrgﬁfs?aé}oﬁl%pﬁog%ﬂ% eps for
adm ni st er g subdf g YAVOS 4 plaRkor @blubiH. Snilaf WREnbEVE enlBdddempile sadiet ised by
each of these transition terns are within the scope of this inventjon. 10

WO 03/ 0889pErpaTutisally acvemable sarriepwlharapsgptically aogeitpble sarrigrsasnknowiians a
straight, hranched, or..cycl.i g agrQup and unl ess ot herw se defined, containing
bet ween ong‘ezfﬁtoa"ﬁéjﬁswgg’ﬁlgﬁ{'gbﬁel Clo), or alternatively a CI-C6, -or
alternatively a Cl-C4-containing group. As used herein the term "prodrug"
means a precursor or derivative formof a_ 5 pharmaceutically active agent

or subbiance that is |ess BRIBGK BESCRIBTIONAMGEHESPURES  conpared to the
drug netabol i tepang: |5 GBPARL & rQbtELAIME WABT8E LG ali¥n BEfe ¢ BRBHRs of

this invention.

MODES FOR CARRYING OUT THE INVENTION
20 As used herein, certain terms may have the following defined meanings.

The singular form “a,” “an” and “the” include plural references unless the context
clearly dictates otherwise. For example, the term “a cell” includes a plurality of cells,
including mixtures thereof.

The term “comprising” is intended to mean that the compositions and methods

25  include the recited elements, but not excluding others. “Consisting essentially of” when
used to define compositions and methods, shall mean excluding other elements of any
essential significance to the combination. Thus, a composition consisting essentially of
the elements as defined herein would not exclude trace contaminants from the isolation
and purification method and pharmaceutically acceptable carriers, such as phosphate

30 buffered saline, preservatives, and the like. “Consisting of”” shall mean excluding more
than trace elements of other ingredients and substantial method steps for administering
the compositions of this invention. Embodiments defined by each of these transition

terms are within the scope of this invention.

10



converted into the nore active form A "conposition” is intended to nean a
conbi nation of active agent and another conpound or conposition, inert
(for exampbDe3/ossIsurface, a paint, a detectable agent or POTIGsb®i198r a
pharmaceutically acceptable carrier) or active, such as an adjuvant or

di sinfectant. A "pharmaceutical copposjtion” is.intended to include the
combi-nation of Jfo"&‘?,rtquﬁ’ allgawl, opalkgnyl” means %?tralgl?’}e‘?r@nﬁwd&wﬁ@,grﬁ% ng the
conpositio ' RN O thiGi QB ARGHE b ddfonb (o &£, 0 N Vi VO
or ex Vvi vo&%l%gkﬁﬁﬁéggg%%hgﬁ%tllngaleﬁl/ efo?lect(lgve armtrjln't@' lrefmgr% to an
anount ef f detrhativelym CpCgwenttemgtively e € ireontaimng glojupct or pl ant
infestation. The term "pharnaceytical |,y acceptabl e carrier." and 4
"biologically a élﬁ%@bqrgln@dg%ﬁﬁmlepm%ﬂg é?eapéaﬁrqgg}:sﬁgrrée&vaéw E’Wi'rﬂfat hat is
admi ni s er QcddtiBAB} ackive BB BPbubstaRSSHBET lesWiciBtodiCRMPREHRECH ast hi S

I nvention,” an (\:/ﬁlilcﬁ%%esen%{ desl% rs_oy the phar rrgt?ol ogi cal 20 activity

t her eof ancbmparerbto-the diug, methtsolitadnd isicapableef hengiepmatiedllyiactivaied oo del i ver

an effective %ra)u?t of the tcog{;())ound. Exanpl es of suitable carriers include
li qui d phaS®vered e fhe maugagivedome | ¢ or aqueous sol utions, as well as

those descri bed AbebfiNosiESANRIifend&d to Riah ARGAWiAAESh bY agheeptRing agethed er
i nclude any of the standard pharmaceutical carriers, such as a phosphate
buf f ered sethpander goinppsitiontiesrt (fanekample, sisarface, & paint, agletastabl ageny at er or

ter/pil | si on, d ' f | . i ti
A P e NN SR D e
stabi | i zer gispwstiardd] uvants, see Martin, REM NGTON' S PHARM SCI ., 15th Ed.

(Mack Publ. Co., Easton (1975)). A "substituent" refers to a group that
repl aces one or Anf tiepd aempesitierdgl intended to Hckide Hrscamrbipgtiol e i n a

§OGH
substitute rQ : ry. il . . . s .
al kyl car bog?geggg%ﬁ g?@ﬁ% Fr?ew; fghﬁg{ aa?(bﬂ(%})% H%ﬁﬁgéﬁ%?ﬂoiuﬁaﬁaerf% d,hgg{rb\ﬂl%xy,
al kyl aryl , opdhkstapauitid wseyn vitfdlin #ivé chegx w@ar. boxam de, carboxy, sul fonyl, =0,

=S, -NO2, halogen, hal oal kyl, fused saturat e,gqé%r unsat ur at egfe% ti.onal |y
substitlted ri ng‘él? terey ‘yephylaptically e BrsunamBCisieus e agynt e eingR

-NRR |, - - ON: - R .- SINHGE A Rion. ( CH2) , , CO2R or - (CH2) " CONRR
where n ?;bﬁvg%ngﬁgfe 1§}1e11| h @e({% are tlgtr%oe'pendently H, al kyl, aryl or
The term “pharmaceutically acceptable carrier” and “biologically acceptable

carrier” refer to a carrier or adjuvant that is administered to a host or patient, together
with a cofnpound of this invention, and which does not destroy the pharmacolo giqal

20  activity thereof and is non-toxic, when administered in doses sufficient to deliver an
effective amount of the compound. Examples of suitable carriers include liquid phase
carriers, such as sterile or aqueous solutions, as well as those described below. Examples
of pharmaceutically acceptable carrier include any of the standard pharmaceutical
carriers, such as a phosphate buffered saline solution, water, and emulsions, such as an

25  oil/water or water/oil emulsion, and various types of wetting agents. The compositions
also can include stabilizers and preservatives. For examples of carriers, stabilizers and
adjuvants, see Martin, REMINGTON’S PHARM. SCI,, 15th Ed. (Mack Publ. Co., Eastoh
(1975)).

A “substituent” refers to a group that replaces one or more hydrogens attached to

30  acarbon or nitrogen in a substituted group. Exemplary substituents include alkyl,
alkylidenyl, alkylcarboxy, alkoxy, alkenyl, alkenylcarboxy, alkenyloxy, aryl, aryloxy,
alkylaryl, alkylaryloxy, ‘—'OH, amide, carboxamide, carboxy, sulfonyl, =0, =5, -NO,,
halogen, haloalkyl, fused saturated or unsaturated optionally substituted rings, -S(O)R, -

11



al kyl aryl . Substituents al so include replacenent of a carbon atom and one
or nore associated hydrogen atons with an optionally substituted

het er oat owD 05/0889¢3 term "treati ng" refers to any of the folPCowiSog1198he
alleviation of synptons of a particular disorder in a patient; the

i nprovenent of an ascertai nable sur el Lat J particul ar
di sorder: S6hRa-Fodd&ER a@HﬁWacp@ﬁal'bﬁzﬁg%r'N@gsgf ‘@%zﬂédlﬁ%ﬁ he art can
det erm ne ﬁgﬁ‘ Y "3 GAeRSh R%d ROtk B dapdnaeBt i oaikylnamd @r obi al
| oad or ar‘&gﬁ?“g@?a |o#ﬂ?%1§§?r)gdf’gﬁrs associated with iepnf ectic}f)n. 10 The term
" phar maceullitgayl. ySubstitpitalalse isdide, replacaneng oba carben eien) gl onedr MBS to any
phar maceutically acceptable saJt, este r Lt of an ester, solvate,
such as et%&?&ﬂt%@{d‘m%ﬁn aB‘f‘ﬂ%W‘diéPi"?H‘?r?% sﬁ#)sqgutg%ﬁ%tglgﬁl{) "5f the present

i nvent i;on Whi chyy, LROR <@EiTBP $4eEALS Gl 60the HollodhPi tROLllevidionaahptonts of
providing (directly or indirectly) a conpound of this jnvention or an
active netapoficular disordersn dpetiertisthe snpropamentafienapseripmgbledpeadeeieat i ves and
prodrugs are 15 those that.increase the,Dbi. |]: ahidq QEpQynds of
this i nverdSPest g{ﬁﬁglp.@ﬂ.lcu},a(; 8&% ’sor(frrgdlg;él(rzﬁgxrl?s 1“2‘?2‘81 %%nggrhgjﬁm%? (e.g., by
al | ow ng age th\%&ﬁ HetBSHIne Whb b 8dst 129 BB Akated” B noMiga redackisn/inahismbidd i nt o
t he bl ood) or I ch enhance delivery of the parent conpound to a :

bi ol ogi cal loadopar altesiationén symptome absogiatedgyith ipdesiani ¢ systenm). Salts of the

conpounds of the preseni inventipn nma [ I 3 | 0

or ganit® aci ds aﬁ t?é‘?e?gargi?ﬁ P@@y 8?0%%815%31&’ %ﬁ%& Oﬁgéﬂ@gﬁllgﬁﬁ%?s}% ang

hydr obr om }?han%%efuﬁfzél& accEpthBlé Salt, RSeE lBthet, isalt of amestérgsolvae,esuch apithaolase.i c,
a

gl ycolic, ctic, salicylic, succinic, toluene-p-sulfonic, tartari
R 3

c
acetic, ciorather desvhtiveeafial commornd of g ResseniriByREon miigh, opon BIRIISIRUONIY oni ¢
napht hal ene- 2: sul f.oni c.an Mo L3Sy Q,ﬂﬁ,r,m ' inSegionasy
oxalic, whffEBg ¥ ﬁa?%l?z%gf&q%é&%ﬁgfr%@e%?‘? @%Ihﬁf) faccept ag;ég,qﬁsngly be

enpl oyed i g, hdiRe AtiiotREs Akt heresdl Patiadedy favasdidetivatined iand prodiugs are

obtai ni ng the conpounds of  the_ invention and their. pharpmaceut i |y
accept Hbl ethess thatimgrepsathe biayailabpity Hﬁﬂ’@@ﬂ’fpoﬁ%‘i%? qglﬁ vegeen gﬁ%?‘lﬁhrret al
(e.g., sodiu rOX| . I i : lowhise £h gaaiidiensd

hydr oxi des o™ or}th}%lgl a?ﬂd@ﬁﬁlﬁtgﬁéﬁ@ aéj'?ﬁ?%r%%%a’%%f; 1\?\%1_er@erialr?;lwi s, Cl al kyl and
THAM ( 2- ant@apamdhy 8 enoreredaiily alisoBbedrinipahetiioofl) or BgicEsaimpredelirrsdfithe

i ncl ude: acetate, adipate,. al gi nate, aspartat ben .

benzenesul P#sak @Inﬁﬁ’luég i %b’é’?oﬁg‘li?? 9?‘3??5&%%1@'5‘6 &e b %%EO% @@%ﬁ“" system).

canphor sul f onat %a%ts Sf't(flle 99&85\%@%% ﬁ@@hﬁi’nvgﬁtﬂinl&ﬁ%”@é derivdd doayinsrdahivtar,
u

et hanesul fonate, tumarate, cohept anoat e, gl ycerophosphate,. henjsul fate,
Ryd: d it

hept anp@t e ordagicaiitand bhgedr Gxhples déacids include riC,

nitric, perchloric, fumaric, maleic, phosphoric, glycolic, lactic, salicylic, succinic,

rochloric, hydrobromic, sul

toluene-p-sulfonic, tartaric, acetic, citric, methanesulfonic, ethanesulfonic, formic,
benzoic, malonic, .naphthalene-Z-sulfonic and benzenesulfonic acids. Other acids, such as
oxalic, while not in themselves pharmaceutically acceptable, may be employed in the
'25  preparation of salts useful as intermediates in obtaining the compounds of the invention

and their pharmaceuticaily acceptable acid addition salts. Examples of bases include
alkali metal (e.g., sodium) hydroxides, alkaline earth metal (e.g., magnesium) hydroxides,
ammonia, compounds of forrhula NW,*; wherein W is C1.4 alkyl and THAM (2-amino-2-
hydroxymethyl-1,3-propanediol).

30 Examples of salts include: acetate, adipate, alginate, aspartate, benzoate,
benzenesulfonate, bisulfate, bﬁtyrate, citrate, camphorate, camphorsulfonate,
cyclopentanepropionate, digluconate, dodecylsulfate, ethanesulfonate, fumarate,

flucoheptanoate, glycérophosphate, hemisulfate, heptanoate, hexanoate, hydrochloride,

12



12 WO 03/088913 PCT/US03/11981 hydrobrom de, hydroi odi de,

2- hydr oxyet hanesul fonate, |actate, maleate, nethanesulfonate,

2- napht hawenassddibnat e, ni coti nate, oxal ate, pal npate, pe®CIrABIF]11981

persul fate, phenyl proprionate, picrate, pivalate, propionate, succinate,
tartrate, . thipcyanate, togylate and yndecanoate. QO her exanples of salts

i ncl ude an#‘éﬂﬁjf?g{%nlaﬁehyér%%‘ﬁé% g %yeﬁﬁee ffg’é?gﬁﬁa‘?tm’erﬁﬂeﬁtﬁ’ conpounded with
a sui tabl e ptadn@IfMER, AapitaleldsiitfonatdNitbiinAl ok pﬁﬂﬁ&&é?@ctﬂate? a Cl. 4
al kyl group). For therapeutic use, salts of the conpounds of the present

i nvent i on wetshifite, phehglpraprionstecpitiale, pivelape, atipionatdy veoearate, taxirats, of aci ds and

b whi . - ph ticall t ahl I fi.nd f
oxanpl o 1 iEREnRPCBSPAE DR vbfocaein) OREE IR A naens euice oEf,
accept abl e c6RAPP@II G e é(r@ienﬂﬁﬁeﬁﬁbrf ReMfeandddok I h shitablld\ELidh hdHOak N4T, pl'ant s.

The term "tracel ess LiLn er” indicates a spacer or connector between two
parts of aNBimudNWel éghdreinsVidhe Chatlkyharaup- parti cul ar bond is severed

bet ween the two parts_ of ..the | ecul e, the.connector whi | S etll|
ottached to t ho 1EHstarhtis P, TR 3 B ool e SRE RIS AN BRPA AT RE 1o ¢ ace
of itself. phegract@icallyatabtabld - Hbéwevet]@ald 6RicidRtand baset 2} ard nonMed. Chem
43: 3093-3102. The term"effective ampunt” is to include therapeutically or
pr ophyl act ipbanmageuticeily eeqeptablamsemelso finghuse, &rpxpmples 1 the PERaEHOUAE ef fecti ve
in treghin V%ti - | | i | nf .ljon in a
pl ant 2Ibt h%ruﬁ ggﬁr?glr?ot él rglg%a?/c%gtrl éeﬁ%&%g%e?g@}\éaﬁngjn&ﬁg(??% tuﬁé E)t g{rl&alg%%\ s%l

"1 nhi bi ti ngnfestetigr mvslimts.of a m croorgani sm neans reduci ng by contact wth
an agent, the rate of proliferation of such a mcroorganism in conparison

with a control Thedpaorigaeslessl-tker Hadisalpia 19684 & SORRRCIE HRIECRENO RPERO A s
agent. A" : i ST y g . .

o rect. hatpeibiccilR Bt nhd Whiith BRHEGr iRl 1 SoBted bBR R e SIS e
ani mal s suctiolesilg theé adnnector whichnis sifll Atachaihtodhe secaont paredSthalniojecalenuman. Fi sh

i ncl ud but, are not limted to pets and aquacultuyre. Avians. i e, but
are nofdl | r?slf%ﬁt?sg%‘é{l%{m Eﬁ‘&f‘r‘%ﬁ?ﬁﬁngf% @F&%W%ﬁéﬁéﬁoomﬁ%@ﬁu ude,
but are notygl} @bgdas8pody{dnes, simans, humans, farm animals, sport

ani mal s, and pets.
The term “effective amount” is to include therapeutically or prophylactically

o0

effective amounts. The term refers to an amount effective in treating or preventing an
infection in a patient or an infestation in a plant either as monotherapy or in combination
20  with other agents. 1
“Inhibiting the growth” of a microorganism means reducing by contact with an
agent, the rate of proliferation of such a microorganism, in comparison with a control
microorganism of the same species not contacted with this agent.
A “subject” is any living being that is or can be a direct or indiréct host to a PDF
25  expressing microorganiém, including plants and animals such as a fish, an avian or a
mammal, and preferably a human. Fish include, but are not limited to pets and
aquaculture. Avians include, but are not limited to pets, sport animals and farm animals.
Mammals include, but are not limited to, murines, simians, humans, farm animals, sport
animals, and pets. ‘
30 Examples include, but are not limited t6 non-vertebrates, vertebrates, e.g., avians
or mammals, such as human patients. Mammals include, but are not limited to, murines,

simians, humans, farm animals, sport animals, and pets.
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30 Exanpl es include, but are not limted to non-vertebrates, vertebrates,
e.g., avians or mamuals, such as human patients. Manmals include, but are
not |im two oBo$sImri nes, simans, humans, farm ani mals, ®p@rusoanidsml s, and
pets. 13 WD 03/088913 PCT/US03/11981 PDF is a well-studied enzyne. The

crystal |l ographi tructyre of it is Chan, et a The enzyne
has been expr es%@ lﬁﬁ"i?l‘%‘écﬁted DE%‘? caéﬁllggﬁa}“&dgﬂaﬁ%gﬁ?lﬁmwm997) Y
The aut hor gngf dJ'EHQ ﬁ‘hie%ﬁ&)ﬂfl@ﬂast%@n Expre@bd ifef caane RPERRIsUSi ng the

prinmers designe bas on t Iter atur data on the sequence of the gene.
5 Purifi edRaJag(ypatana alir($9%M)| &hdemthows of det paper iSalatedrﬁhctEecailéd@ﬁBdeyHi?Re Fe2+

o oper handhiPR eI gh Siie bAoAt e FirEgtTeal SHORApLeDecol PERgIt od. Raj
agopal af‘ ePuﬁﬁed én&?l%%)ls uhsaHRE B ol fifst o%ﬂi@ﬁo@ﬂﬁ cabltydit s@ %@Wtﬂgaﬁgﬁ lSeritf ©

stable allowng fof the in vitro evaluation of the enzyne catalytlc :
properti esoxygear Ramgpgalmetaél(r}ﬁﬂ’% doacomdibers foopwperiandlisg hiweagymeto PDF.

Wi 10 and Pei tilli Q Ci +Q |I|de
as a subst P¥YIE 1éag?vq}bg&agags% rﬁB I{Fé ?%58??%@%@61%8%%\% ZP
reaction r NI%%§%IIEH$PDFQQH sltétBl@al‘lcﬁﬁ'hg f6raRe DEvIPBRIAIRAIESh of the enzyme

spect rophot onetri cal at 405 nm PDF is a perfect. ECTA targgt enz ne. It

is active patalmepmeal@na'hbm@énstwlmnle eutiprpusSelosimetric pyay Bstrat e

Cor anbne s PO B dRes SPBh R AR RobER AER By R ot gy e

nor | euci ne}:mﬁm@ﬂnﬁ@ﬁ ﬁfaﬁ@feﬂétﬂm&hﬁ%ﬂ&@@ﬂxem 1eagtivnl relzass paditoani¥itdthat
rationall'y eS|gned peptide the free anino group can attack an optimally

posi ti oned C@IabmﬁwtoreéﬁwﬁoahotametrﬁséwM@ fM4s forming a cyclic nol ecul e
Lot The. o pep s oo TR e b, s SURER hAfrBd iR L], 2
T e T D T T ol oy b Dot Lo 1 o cal'
that cap bEroupd @&t@en@aé@r@neﬂwf ﬁ@lrmwf f@iféﬁe@m%dlgﬁﬁmm? ﬂw%ﬁgstliﬁe &pe
(1998). Thyg n?ﬂéhcg@fwfﬁ% pﬁg@%a g&@s@aﬁmnmeaﬁhﬂfcsamermﬂfwraﬁeﬁaa@und

having the ructure
designed dipeptide the free amino group can attack an optimally positioned carbonyl

group of a dipeptide thus forming a cyclic molecule (diketopiperazine, DKP) originated
from the dipeptide and feleasing a toxin. The dipeptide can be optimized to enhance DKP
20 formation. The scheme of the proposed reaction is given in the Figure. Here X can be
sulfur (methionine) or-CH,- (norleucine). R; and R; are aliphatic radicals that can be
selected based on the published SAR data for PDF. Hu et al. (1998).
Thus, in one aspect, the invention provides a prodrug compound having the
structure: '
25

/Ll nker\ /Toxm
B; B;

wherein the toxin is a cytotoxic or antibiotic molecule that is released upon

activation by an enzyme, other than 5-F-dUrd;
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B B2 B/ Li nkerNB/Toxin 113 4 A2 R4 R5 wherein the toxinis a
cytotoxic or antibiotic nolecule that is released upon activation by an
enzyne, owbes/osdeah 5- F-dUrd; 14 WO 03/088913 PCT/ US03/ 1198CT/Ush&t RN R1,
R2, R4, and R5 are independently the sanme or different and are sel ect ed

fromthe roup cpnsi en, a su I tuted unsubtlt
C5- Cl4 ar gmat Pc ?rem%‘t’ zﬁgolg‘\‘ Sﬂ%g qﬁpe]é‘}sfé‘ﬂﬁtﬂée SaB’r?e%&l‘ HREERAAR r%e seleEfed
4- hydr oxy plaefythegtdipl cefsisting m@a@bﬁ rwgulbyﬁtafaﬁ,or ﬁhﬁ}b)stlm?da(tggac&ldﬁﬁﬁétictﬁred or

unsubstituted saturated or unsaturated Cl 5 l}f@{yéfor exanpl e; methyl,
et hyl, 3- hjeteepsmaisffor ezan ennmbwthylpnméthysirm@p rn@ibylhw

2 Subscr t updezsEhGedent Y Falla FEcup R SEEo e (iR B RElA G e.
phenyl net hyk ekl (forr dxazple mesting] @hy, 3- S'drbﬁﬁhepiﬁrfﬁhm’dc??%yl atr@ne)th 18ad a

substituted or ubstituted saturated or unsaturat aI kyl (for
exanpl e: e?‘ﬁy}oehﬁf@p‘wt hosyelvds @isdiet hyl , etc.) and - CH2- CH2- X- CH3, ~wherein

X is selected f I ere R6
is a lower al k‘?/’ su(rztﬁ3 3 s&%@g@%@@aﬁé lg{bq‘p%{l%m Oﬂ@uhyﬁﬁte\%%gg%&#& yggnd A3
ar e i ndepe acantic pr h&er(mmmtmr(f@fleﬁcﬁmpknph@wﬁnahﬁemltlé&bme‘th}déne t he group

consistin =N- R7, ere R7 is hydrogen or a Cl1-
15 C6 al nghl‘élﬂ{?Helggtﬁy]FB?’ f’é‘x)aﬂ“b‘;}< Sut??é"f‘%‘iﬂ or unspRsfitute satweted oy atairrted fher ei n

A2 |l e r Lo R8, or
=C( :?S) ?%1053% gﬂie fgﬁﬁ@lgwrﬁ&gﬁ%&%h&r ex}?gt%’gpeé%géﬁc% :Y;b/h% F\%kzsar% or

di fferent whdreimXds sd¢aed :Eedmfth@gnoupeo@rl]amlng ocf@;hslgNH mépﬁr;]d'@zﬂﬁ ozgﬁam]:ﬁg ;sg

Cl- C6 al kyl .such.as, for exanple, t ., ethy or net oxyrret y

wher ei n B>1/ ﬂ%wesr@p@'iflb“&‘qsr ?ﬁ‘@pel&r% y]c%r‘?gfyitl ng of- 0 -, -.S -, -NH or-
N(R11) -, wher ei Rhérbih A SarteA £5E e Féﬁéhﬁf theGhid Br Qﬂfk'%érﬁ tah«'i‘ Qre%feletibég rfRﬁh? n and

a Cl- 06 al kyl such as, for exanple , ethyl, or nethoxynethyl
wher ei n B2 tHesgroupseonsisting p& =€5FScENH, FNeﬁhH, Iqe—glﬁﬂulemmB.n ﬁthydgogehora@l- - S

N%glz}ljﬁ alky suchcg %‘?’%}gam}ﬁ% rhetme t‘ﬁy or 1‘ne xymgtﬂgl; Ri4 are i ndependenF Ly

wherein A, is selected from the group consisting of =0, =S; =NH, =N-OH, =N-

thes

Rs, or =C(Ro)(R10), wherein Rg, Ro, and Ry are independently the same or different and
are selected from the gréup consisting of hydrogen or a C;-Cg alkyl such as, for example,
methyl, ethyl, or methoxymethyl;

20 wherein B; is selected from the group consisting of — O —, — S —, ~NH- or -
N(R11)-, wherein Ry is selected from the group consisting of hydrogen and a C;-Cs alkyl
such as, for example, methyl, ethyl, or methoxymethyl;

wherein B, is absent or is selected from the group consistingof —O—, —S—, —
N(Ri2)-, or — C(R13)(R14)—, where Rz, R;3, and Ry, are independently the sarﬁe or

25  different and are selected from the group consisting of hydrogen or a substituted or
unsubstitufed saturated or unsaturated C;-Cg alkyl (for example: methyl, ethyl, 3-
hydroxypropyl, 3-aminopropyl, N-methyl-3-aminoethyl, 2-methoxyethyl, etc.), wherein
when Bj is -N(R12)- or — C(Ry3)( Ri4)~ it can be additionally joined through Rjs, Ry3 or
R4 to R4 or R to form a cyclic structure; wherein the fragment —B,-C(R4)(Rs )- C(—Ag,) —

30  inits entirety is proline or a proline derivative or analog,

wherein B; is absent or is selected from the group consisting of —O—, —S —, or —
NH-, or — N(R;5)—, wherein R;s is selected from the group consisting of hydrogén and a
C,-Cs alkyl such as, for example, methyl, ethyl, or methoxymethyl;

15 -



25 different and are selected fromthe group consisting of hydrogen or a

substituted or wunsubstituted saturated or unsaturated Cl-C6 al kyl (for

exanpl e: wotohgssoiet hyl , 3- hydroxypropyl, 3-am nopropyl, PCT/US03/11981

N—rret hyl - 3-am noet hyl , 2-net hoxyethyl, etc.), wherein when B2 is -N( R12) -
C(R13) ( RighereintB G214 i » ‘R14

to R4 or RS to o?rr%na 4c§cF%é§t @?‘glﬁ%ﬂ? ﬁrgghl)%ﬂégg{b ?19 hm’l%ﬂ%gﬁ R]BS B

- B2- C( R4) (NEI?.@)Q(and:S) C(lG@)(Rn)JramiWMremdw ahGRprapd inﬂ@p@lﬂeﬁlmelsarﬁeoﬂerl vative
or anal og \%1 %]?I n. B3 |ls 8 ent _or is selected fromthe group consisting of
ditferqyf and agq selegfed Trony fhegroup cRRgisigriydrossn 96 sebsitnted om t he

%L? up conhahibayel shhensnyapoaa O Y s A T‘%&@?‘%ﬂer cin B4

i s abseht wethoxymethatted from t he gr oup consi sting of -

0 -
Same o ai 11 erdho ke 8RSk Pardlendnbrug oares gech%g”d%‘tﬁ§%9%32n

or a substiheUbRsvRE striddigrelst i t ut ed saturated or unsaturated Cl1-C6 al kyl
such as, for exanple, nmethyl, ethyl, or 5 nethoxynethyl; wherein a Linker
is absent or is a traceless linker and may be sel ec@ed fromone of the
follow ng structures: O CH2)n Ror Y 10 wherein nj||= 2 or 3. and Ris a
| ower al kyl such as, for exanple,,nmethyl or ethyl; J{whepein Y and Z are
i ndependently the sanme or differ sel én1the group
consi sting of hydrogen, |ower al gsfﬁlute' or unspbstituted | ower
al kenyl, 15 substituted or.unsubstltuted | oner al kynyl, sWbsti'tuted or
unsubstituted aryl groups, substituted or unsubstituted heterocyclic
groups, substituted or unsubstituted |ower_ al koxy, |ower alkylthio,

hal ogen, cyano, nitro, carboxylate, sulfonate, alkyl sulfone, ‘

al kyl sul foxide and trial kyl silyl. %n one agpect, ‘wherein RL and R2 are

i ndependently the sanme or differen nd a

o é

wherein n=2 or 3 and R is a lower alkyl such as, for example, methyl or ethyl;

wherein Y and Z are independently the same or different and are selected from the
group consisting of hydrogen, lower alkyl, substituted or unsubstituted lower alkenyl,

15 substituted or unsubstituted lower alkynyl, substitiited or unsubstituted aryl groups,
substituted or unsubstituted heterocyclic groups, substituted or unsubstituted lower
alkoxy, lower alkylthio, halogen, cyano, nitro, carboxylate, sulfonate, alkyl sulfone,
alkylsulfoxide and trialkylsilyl.

In one aspect, wherein R; and R; are independently the same or different and are

20 selected from the group consisting of a substituted or unsubstituted C; to Cg lower alkyl.
In a further aspect, R; and R; are independently the same or different and are selected
from the group consisting of methyl and H. In yet a further aspect, R; and R, are each H.

In one aspect, R3‘is —CH,-CH>-X-CHj, wherein X is selected from the group
consiéting of oxygen, sulfur or methylene. In a further aspect, Ry is selected from the

25  group consisting of a substituted or unsubstituted, saturated or unsaturated C; to Cg lower
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20 selected fromthe group consisting of a substituted or unsubstituted Cl
to C6 lower alkyl. In a further aspect, Rl and R2 are independently the
sanme or dwd®rossti3and are selected fromthe group consi steaguseB/imst hyl and
H In yet a further aspect, RL and R2 are each H. In one aspect, R3 is

sul fur o BVhandtche} Jecfundfer 3B 1€ s oA O, 9 Basp EH ey i 8 000
consi st i ngimkpendsutsthietstrne dr differdis uhd hretseleaidd final the at@p chsistivipd Uil ahdd Cl

to C6 lower 16 WO 03/088913 PCT/US03/11981 alkyl and H. In a yet further
aspect, R4sybstitpiqdgrunsubstituteColpeCodlkdet , the R4 and R5 are independently

the sane or dif e e ‘ LSt of Hand a
substituted or %lﬁaéggée{ ?‘{ﬂ’%‘f‘tgg“ 8!% (?#f)ﬁ%%gdg% E@#@hﬂ?ﬁne&i}aﬁ#&g?ﬁ?@%@c @ 4 and R5
ar e i ndgpesdevied froltke g@np consislinfoftemntd medlykrie ab akemneiivesmbodmettheitlgr oup
consi sting of nd nmethyl. In an alternative enbodi nent, either or both
of R4 and %bﬁpé?ﬁéaggﬁﬂeéé- of toxins include, but are not limted to a
group consisti nﬁxéi{quc@@fthkﬁgzﬂlﬁd&,sbutya&@ﬁ& 1fthi 1BladSoug e drSiEhA BF

bl eonmyci ns, penicillins, cephal osporins, oxacillins,” carbopénens, -

t et racycl i asthracidlimsavipteeaikaloids, mitemycihs, démmycins) pendaiilimescephglosporins,

f 1 uoroqui nol ones, gl.ycopepti des, .am | ycosi.des, peptjde antibiotics,
oxazol iqdi pBK@EI?inS’d’g{%BF’%‘Fg%:‘e%ﬁ}'clh&ﬁaqgﬁg%%l?hwo 833% Wﬁ%!céf f‘ea]é'gf(‘)’ Ip'f Zri di ne
fam [yjgni Hﬁ@&ﬁﬂinmteﬁfgg?opggﬁleé’,Qﬁii&gﬁij@tsﬁ@s,lﬂeﬁﬁ@%iﬁioﬂéb)ﬁ?ﬁﬂﬁﬁﬁmnes,

podophi | | ot oxi ns, taxoids xorubi cin, ~carmnhonycin, daunorubicin,
ami nopt er i Auinplenks snkdcmmedesyeythtopicanicleosidel, peridinerfambiys migrgenanustindsmyci n C,

fi i - t ' t osi,ne .15 bi nosi dophi | | ot oxi n,
bt opos do. PEYBHBETBEANOSHHE: dyniiEr dRPaHcoR i eids BypfBieE | ne. "
vi ncri sti ngarnlifdth@sih HabforubRul, afimtter, SrefhdtieRAte) mgthbytesiaM ne, '

trichlorcarban, 1trichlorocarbanilide, tribronosalicylanilide,
sul phanet hdichlospracthetiexsite mptnsmycéC, poréyayssv O-metcaptoPiiid, eyipsing

chl or hexi din hexachl or. ene, . fentichlor.. 5:chhoro-2-¢(2 4- . .

G chl oF S pheByyhanaprhABRERE pigh35s Bpefrice B R E e npdesine

3- chl or 0- 2vinBlAtird) viticeibtiny, tRendixy, ) alesing, ,bis-?Z-Chloroethyl)amine, trichlorcarban,
6- chl oro- 2- (2, 4-di chl or ophenoxy) phenol , 5-chl oro-2-(3, 4- .

di chl or oph&trarpesleandlide, Q:bmm@ﬁaiwwpélﬂsrsaimmHh@%ﬁy)%ﬁémcol,

5-chl oro- 2- - di.chl e 0 ' -] i er,
hal ogenet e8§§qéﬁ§%rt§§1§ e ?gb ngré}(;%eglslﬁ h ﬁ%ar%gléﬁ?pglgg% :}%rlﬁir%k?!; %)giﬂ g]>eg,—2'%2’LL
conbr et ast dichlvroglenptpiasi, 4-chloro-2-(2,4-dichlorophenoxy)phenol, 3-chloro-2-(2,4-

20  dichlorophenoxy)phenol, 6-chloro-2-(2,4-dichlorophenoxy)phenol, 5-chloro-2-(3,4-

dichlorophenoxy)phenol, 5-chloro-2-(2,5-dichlorophenoxy)phenol, 5-chloro-2-(3,5-
dichlorophenoxy)phenol, 2,2’-dihydroxy biphenyl ether, halogeneted 2- -
hydroxybenzophenones, 2-mercaptopyridine-N-oxide, combretastatin, camptothesin,
apoptolidene, cisplatin, epothilone, halichondrin, hemiasterlin, methioprim, thapsigargin,
25  chloroquine, 4-hydroxycyclophosphamide; etoposide, colchicine, melphalan, quercetin,
genistein, erbstatin, N-(4-aminobutyl)-5-chloro-2-naphtalen-sulfonamide, -
pyridinyloxazol-2-one, isoquinolyloxazolone-2-one, verapamil, qﬁinine, quinidine, and

chloroquine.
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apoptol i dene, cisplatin, epothilone, halichondrin, hem asterlin,

met hi oprim thapsigargin, 25 chloroquine, 4-hydroxycycl ophospham de,

et oposi dewocwslosgtigi ne, nel phal an, quercetin, genistein, edBUsBiimsl

N- (4- am nobutyl ) -5-chl oro- 2- napht al en-sul f onam de, pyri di nyl oxazol - 2- one,

i soqui nol yl oxazol one-2-one, verapam |, quinine, quinidine, and

chl oroqui ne. 17 WD 03/088913 PCT/ US03/11981 I n one aspect, the conpound
has the structute: y QOCH3 OCH3 G Conpound # 2
5 1n one aspect,in?rhée_gg?)c?’pt%ﬁ%‘gﬁ%s dtwﬁé%et rtrﬁlg fe: | OSHNI O NO10 Ho
NB3024 I n one aspect, the conpound has the structure: 15 0 0O/ oNIO OH
20 0 0 NB3057 18 WD 03/088913 PCT/ US03/ 11981

HsC : . .
g ¢l
. 0
H
N
HN O Cl
/K o CH; O
H (6]
CH
: cl
Compound #2
5 In one aspect, the compound has the structure:
p _
)
o o s7 N
JUJYH IS
N 0
WO (o)
10 0
NB3024
In one aspect, the compound has the structure:
15 ,
o _ i V
: o
1 O 0L
H y
: OH
20 ‘ 0O O
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In one aspect, the conpound has the structure: 5 HA& \ HNNINH/ H
10 NB3068 In one aspect, the conmpound has the structure: OANA 15 HH N N
0 H 3103wdalo3/08821>ne aspect, the compound has the structuPeT/ud03/01961 Ot oxi n
NHHNHQO/ \ Wen toxin is absent, the conpound is NB3145. In one

aspect, the co h ructure: Ixl HBr toxin HHNO\ OQOw 25
When toxin is §§§%P°&hthe 5@5%@*}5%&?\%% ® 19 WD 03/088913
PCT/ US03/ 11981 I n one aspect, the conmpound has the structure: Br toxin

5. Hiﬂ/ﬁ(ﬁ\&/@/\o

10 NB3068

In one aspect, the compound has the structure:

~ | J\/\/CI
15 H/‘Lﬂ/g{ﬂ OOQAO NH |

Cl

3103

In one aspect, the compound has the structure:

When toxin is absent, the compound is NB3145.

In one aspect, the compound has the structure:

s ,
Br. /(mdn
1 I
H’ N o] -
Q OMs
25 When toxin is absent, the compound is NB3162.
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O\ 5 Wen toxin is absent, the conpound is NB3177. 1In one aspect, the

conpound has the structure: S/ Br toxin 0 ~1 O HOOBr Wentoxinis
absent, tweosospouind is NB3144. 10 In one aspect, the comrpoursds/hast t he
structure: toxin o/ I o/ N HOHi I YO Wen toxin is absent, the

conpound is NB3165. Al so provided by this invention is a nmethod for
inhibiting the growth of a PDF 15 expressing nicroorgani smby contacting
t he m croor ganils oheadpbctathebimpoimd/gasah®stiicn@t: the conpound as describe
above. Methods to detect PDF expression are known in the art, see for
exanple Wei and Pei (1997). Thi.s method is particularly useful in
inhibiting the growh of grampositive and gram negative m croorgani sns,
e.g., S aureus, S epi dermidis, K pneum)nl ae, E. aerggenes, E. cl oacae
UZa) M)’Vl ded is a nethod for
al l eviating the synptonms of an i nf ct iyon bj ect, wherein the
infection is caused by a PDF#€xpgessin 1 C¥roofygani sm by adm nistering or
delivering to the subject an effectiive af the conmpound descri bed 20
WO 03/ 088913 PCT/ US03/ 11981 above. Al so ' is i [ [
met hod for treating an infection caused by a expressi ng m croorgani sm
by adnini steri mgh@lrtogﬁllls\égsrehp%et&n;ﬂgﬁn§gq§-ggi77an effective anount of the
conmpound descri-bed above. A "subject efi ned above and incl udes
In one aspect, the compound has the structure:

-
o o Br- o /loxln

S

H H O
o]
When toxin is absent, the compound is NB3144.
10 In one aspect, the compound has the structure:

/loxln

e
1 frf;
H T (s)

When toxin is absent, the compound is NB3165.
Also provided by this invention is a method for inhibiting the growth of a PDF
15  expressing microorganism by contacting the microorganism with an effective amount of
the compound as describe above. Methods to detect PDF expression are kndwn in the art,
see for example Wei and Pei (1997). This method is particularly useful in inhibiting the
growth of gram-positive and gram-negative miéroorgam'sms, €.g., 5. aureus, S.
- epidermidis, K. pneumoniae, E. aerogenes, E. cloacae and those identified in Table 2,
20 below. Further provided is a method for alleviating the symptoms of an infection in a
subject, wherein the infection is caused by a PDF expressing microorganism, by

administering or delivering to the subject an effective amount of the compound described

20



mammal s such as human patients. Exanpl es of PDF expressing m croorgani ns

and the' 5 correspondi ng di seases and synptons caused by infection by these

m croor gawoIawssIaF e provided in Table 22, bel ow Tabl e 2PPDRUSEXPIM8ESi Ng

M croorgani sm Di sease or Synptom Caused by In ection G amPositive

St aphyl ocogcus reus .maj.or . human pat hoge acterem a neunoni

St th% o_coag)(?ﬁ% gB‘Pé’é‘?"r’r&%‘%y%dn Fop 1§ 3 HWBW flf?rrré%"?mgﬁpé%@&&m’s‘faus‘%ﬁﬁ’q ase- ne

ative stampnl egR6kingdhiceTyRliinh b adRGHSIROAlPHRPLIROGH St BY OGERTE

bacterem a, |ynphagitis, neunoni a Streptococcus pheunoni ae pneunoni a,

otitis medinpungpils iCt)myours{) Gespiedabovs AJsubieatT salefingdrehoyend irmhwtes a,
neunoni a,,___endpcardi ti s, osteonyelitis E ococcus speci es .uringry tract

"t ect i ondnetiiARERHTS g EBATY Finbb s oF pOF R cHRe ARG GvaRpiog e

i nf ect sonsorrefMBHgaliscasRNg sEhPBHIYREMA G it 5By hesctanasdriaRass, arni t al

infection, perihepatitis Mraxella catarrhalis otitis nedia, |ower

r espi r at ofjoyidedin Tabledthelys, pneunonia, bacterenmi a Canpyl obacter j ej uni

acute enteritis, acute colitis, bactereﬂ'bei 2Ent er obact eri aceae (including

enteric infections, urinary tract Escheri Chi a, Sal nonella, Klebsiella,

i nfections, rei EgiresséhgiMicaoidaaiis, Enf Bisalzaok SynprhaCanseasya | Pseudononas

aer ugi nosa endocarditis, respiratory Infection ,

Gram-Positive
Staphylococcus aureus major human pathogen,
A 4 bacteremia, pneumonia
Staphylococcus epidermidis and other | urinary tract infections,

coagulase-negative staphylococci osteomyelitis, bacteremia

Streptococcus pyogenes bacteremia, lymphagitis,
pneumonia

Streptococcus pneumoniae pneumonia, otitis media, sinusitis

Streptococcus agalactiae primary bacteremia, pneumonia,
endocarditis, osteomyelitis

Enterococcus species urinary tract infections,

bacteremia, endocarditis, intra-
abdominal and pelvic infections,
neonatal sepsis

Gram-Negative

Neisseria gonorrhoeae genital infection, perihepatitis

Moraxella catarrhalis otitis media, lower respiratory
tract infections, pneumonia,
bacteremia

Campylobacter jejuni acute enteritis, acute colitis,
bacteremia

Enterobacteriaceae (including enteric infections, urinary tract

Escherichia, Salmonella, Klebsiella, infections, respiratory infections,

Enterobacter) bacteremia :

Pseudomonas aeruginosa endocarditis, respiratory

infections, bacteremia, ¢entral
nervous system infections

Acinetobacter species respiratory tract infections,
bacteremia, genitourinary

Haemophilus influenzae meningitis, epiglottitis,
pneumonia, bacteremia

This invention also provides a composition comprising the prodrug compounds as

10 described above, alone or in combination with other compounds or other agents, known
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I nfections, bacterem a, central nervous systeminfections Acinetobacter
species respiratory tract infections, bacterem a, genitourinary
Haenophi [ Wwe o3n8douenzae neningitis, epiglottitis, pneunoniPeT/Usapt®8eEM a
This invention also provides a conposition conprising the prodrug conpounds

as 10 descri be bove, al ope or, in conbination.w th ather conpounds or
other agefit Kt o ARCOBieerd s Fgaisd 1 cPOAMUSSITL R Crf e Lo’ b

di SCOVere?haﬁﬁ@e&icﬁﬁ{fﬁé&%ﬁabierbaﬁ{b@. embodi ment, the carrier is a
pharmaceutically acceptable carrier. In the clinical use of the prodrug

anti bi otics wi [Th the dlislicp] bss dfdhe protitugestibioticswitilikedy fallow welk estiiishee wi | |

likely be sim.lar to thosg.already. l.oved.' for t her ntibiotics.
11 s et ERPLR Metege WU SERHRTR (¥ ety srbReef it GlostrB300 mp 1o 1
gm 05 VeRn@bieRcse IEis)es@ingiel tHMPH ddse Siprodife will B8Yn the@ing2F 100 nig® 1Wagks, or
until the patient tests negative for infectious organisnms. |In one aspect,

t he i nvengivsh ogeeveprsishshairsrer haet aodayt fos ane aytvey weekst ercunitihghetatipnts  from
i nfection aus by PDE expressi ng m croorgansinms by applying an effective
TSR P PP AR

10 anount In order to achi eve good di spersion and

adhesi on. of t hih eEspeIdlic afvehtiditericOmbi®ad a mpitRdioF trebfingdBproRciddusinitageous
to formul ate the conmpounds with conponents that aid dispersion, and

adhesi on. from indgstiens eaused by PBHSxmepsing@iqroRigansims by aeplyiggian cBactive t he art .
Thi s hqve%}fogﬂtﬁltﬁé) Wi Aesrfie MEt hod for treating or protecting plants
5in n %y mc

from ectio oor gani sns expressi ng PDF by applying an
ef fective anouhtordér torehiepe gebddispemsimoamihdhesibh of fhelcoageundsastusedio tihe soi |
surroundi n? the plants or roots. These _isolated cqrﬂr)ﬁounds can be, conbi ned

wi th knowR!95Es ifimaychesadyantagroue {q fraelate the AMBAWKIs RitHfoRRARENty
| nventi on dgﬂ&@io‘ﬂ%ﬂ aliflesidi® aéuiﬁﬁle%x%ﬁ&tﬁong éﬁptb% ﬁqp&mo tk€ Eﬁill&i‘@] tgé‘bi;.gd by

PDF expressing m croorgani sns, they can ormulated as wetta
powder s, gr anuThis imvettibhelsb ipkevidesra methodfor nieatimpeorgapieotieg @dnts from sui t abl e

[ he |ike, EX I f oth f | ati | ncl :
ln‘le?r: ;J ?aatn gnflgg}eq&lmlyerglf%%g srr?ss.ex%resg}ng%ﬁ)F ‘t%f g{)‘f)l}%ﬁé gl? gffécrtll(%fe l:ftgn%un’cbo .thea re not

prodrug compound to the foliage, roots or the soil surrounding the plants or roots. These
isolated compounds can be combined with known pesticides or insecticides.

Compounds within the present inventiori when used to treat or protect plants from
infections caused by PDF expressing microorganisms, they can be formulated as wettable

20  powders, granules and the like, or can be microencapsulated in a suitable medium and the
like. Examples of other formulations include, but are not limited to soluble powders,
wettable granules, dry flowables, aqﬁeous flowables, wettable dispersible granules,
emulsifiable concentrates and aqueous suspensions. Other suitable formulations will be
known to those skilled in the art.

25 This invention fiirther provides a method for administering the prodrug compound
to fish in an amount effective to either prevent or treat an infection caused by PDF
expressing microorganisms. The compound may be administered by incorporating the
compound into the food supply for the fish. Alternatively, the compound may be added
to the water in which fish live, or are contained within. Finally, the compound may be

30  administered to the fish as a suitable pharmaceutical preparation. Other suitable

formulations will be known to those skilled in the art.
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wettabl e granules, dry flowables, aqueous flowables, wettable dispersible
granul es, enulsifiable concentrates and aqueous suspensions. O her

sui t abl e woroa8sat3 ons will be known to those skilled in Phe/sns/11986 Thi s
invention further provides a nethod for adm nistering the prodrug conpound
to fish in an nt effective to eithe revent or treat, an infection
caused by PDF %ﬁ?fé’§8‘(lﬂa‘f+ﬁacﬂf8%e§§§ﬁips PngﬁéeE@ﬁi‘Bfﬁﬁr?cﬁt}Hﬁ}}lVE’éﬁ%’drﬁlni st er ed
by i ncor pgieatiange phevesscefimedsnie follo@iddRefsood supply for the fish.

Al ternatively, the conpound nay be adde to the water in which fish live,

or are contai nedT\’/ﬁthi n. Finally, the conmpound say—be 30 administered to
i pharmaceuti cal _ ghreRar ati her suitable

the fish as a syjt abl
formul ati ons wi || nowp to tho;sgsﬁille g the art. 22 woOr03/ 088913

PCT/ US03/ 11981 Fur/ther provi#ed is a process for produ%};—m‘e—p}odr ugs of
this invention. |ImRgeneral the process requires the fol TRdwWiHgRE#éFs: Boc O
H1 / Unker-1" Toxin OH H B3 Ba BOP TEA, THF, RT, 4 hrs RaR5 Boc O H.

" Linker'~ Toxin B3 64 R4 RS Xooc O 1) TFA, Anisole, RT ~inke~ in
+ .
OH HN Tox HN B Ba 2) BOP, Tl—IF, gN, tinken_
o o ’ B3 B4
R4 Rs
H3C ,
3 \x .
goe 8 1) TFA, Anisole, RT
,Anisole,
OH HN /Linker\ / : >
HN + B3 B 2) BOP, THF, 0 °,
0.5 hrs
0 R4R;s
R; o}
HsC_

.
Bs/Llnkel'\B4/

o
g

5 A rationally designed combinatorial library was used to select mechanism-based
PDF inhibitors. Wei et al. (2000). The optimal inhibitor selected from the library
possesses the structure: HS-CH,-CH[(CH,)3-CH;]-CONH-CHI[-(CH,) s-NH-C(=NEH)-
NH]-CONH-R, where R is 2-naphthalene. This compound acts as a competitive PDF
inhibitor with a K; of 15 nM. A

23



0.5 hrs 0 RAR RSB R OH3CL1-1 O HUnke~/ Toxin HNY 3 Ba 0 Ra RS | _~ R
O5 Arationally designed conbinatorial |ibrary was used to sel ect

mechani smvoas@ds91PDF | nhi bitors. Wei et al. (2000). The opmdmmesosiirdsibit or
selected fromthe library possesses the structure:

HS- CH2- CH ( CH2) 3- CH3] - CO\IH—CH -(CH2) 3-NH C(=NH) - NH2]-CONH- R,_where Ris
2- napht hal ene. Witlsraspenbéu evesdiggam, Enepdeisy fyrelpetFonina i Hor with a K;

R N e e e

and Bl t hr gaiifullBaingss fobe detbreviationlian &e f&&ﬂthtm)@enﬂiemabamm;ﬂmnﬁuj | narres
for the abbreviations can be found in_the_ experinmental

This i nVﬁnt i on phEnYeEion previfesd method & ﬁ@‘?‘ﬁ‘ﬁ“ﬁ% PB@P@?’I@%F‘P@(“% P&%%fh%
agents a i t

cont actflg ngh%]%{éﬁg ggé‘;étgrﬁt}gltl%;% Sakaipr%%lggexpr Ssi ng ng ?r%g@%egdélﬁtsa%ﬁr\}mg %he an
ef fective Hmiwxprasﬁmgmandrgdaﬂsm \mth)ah effective amounichf al cranduda‘emamchug sanpl e,

t he sane m croorgani smis cont d with an effect.ive a% r;[é rodrug
of this i nG¥RP? I‘PfiSFP?éa"SQ@HP o S SEBfATTaBIsRmism P CoRat o wi tawéta Wi ity

as conpar E%Bﬁn@of%wmg ofthidRS &{tioﬁae%@% fagérﬂ hat BEnpARSIE dak ProiFeaipd ul to
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activation of the prodrug by PDF and then assaying the sample growth inhibition or

microbial death. Alternatlvely, the sample can be tested for the presence of the
byproducts of the reaction of PDF on the substrate. Varying amounts of the substrate is
15  contacted with a microorganism that expresses PDF for an amount of time effective for
PDF to release the toxin from the cell, the bacteria is lysed and the analytes are analyzed
using methods known in the art (e.g., HPLC) to identify the reaction products.
Varying concentrations of the potential agent are contacted with the sample to
determine the optimal effective concentration of the agent. Thus, in one aspect, this
20 invention relates to the discovery and use thereof of agents that are selective substrates for
PDF. ‘
Also provided by this invention are kits containing the prodrugs as described
herein and instructions necessary to perform the screen.
The methods of the invention can be practiced in vitro, ex vivo or in vivo. In vivo
25  practice of the invention in an animal such as a rat or mouse provides a convenient animal
model system that can be used prior to clinical testing of the therapeutic agent or prodrug.
In this system, a potential prodrug will be successful if microbial load is reduced or the
symptoms of the infection are ameliorated, each as compared to an untreated, infected
animal. It also can be useful to have a separate negative control group of cells or animals
30  which has not been infected, which provides a basis for comparison.
When practiced in vivo, the candidate prodrug is administered or delivered to the
animal in effective amounts. As used herein, the term "administering" for in vivo and ex

Vivo purposes means providing the subject with an effective amount of the candidate
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microbial growth and proliferation and ameliorate the symptoms associated with an

=

20  infection.

However, the prodrugs can be administered to subjects or individuals susceptible
to or at risk of developing an infection. In these embodiments, a "prophylactically
effective amount” of the composition is administered to maintain cell viability and
function at a level near to the pre-infection level.

25 A Administration in vivo can be effected in one dose, continuéusly or intermittently
throughout the course of treatment. Methods of determining the most effective means
and dosage of administration are known to those of skill in the art and will vary with the
composition used for therapy, the purpose of the therapy, the target cell being treated, and
the subject being treated. Single or multiple administrations can be carried out with the

30  dose level and pattern being selected by the treating physician. Suitable dosage
formulations and methods of administering the agents can be found below.

The pharmaceutical compositions can be administered orally, intranasally,

parenterally or by inhalation therapy, and may take the form of tablets, lozenges,
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phar maceut #Bewntpf heaetivg ingreshions writhén discase tibueallhe yseodf aperative nombinhtionse
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each component agent than may be required when each individual therapeutic compound

20  or drugis used alone, thereby reducing adverse effects.

While it is possible for the égent to be administered alone, it is preferable to
present it as a pharmaceutical formulation comprising at least one active ingredient, as
defined above, together with one or more pharmaceutically acceptable carriers therefor
and optionally other therapeutic agents. Each carrier must be “acceptable” in the sense of

25  being compatible with the other ingredients of the formulation and not injurious to the
patient. | ‘

Formulations include those suitable for oral, rectal, nasal, topical (including
transdermal, buccal and sublingual), vaginal, parenteral (including subcutaneous, -
intramuscular, intravenous and intradermal) and pulmonary administration. The

30  formulations may conveniently be presented in unit dosage form and may be prepared by
any methods known in the art of pharmacy. Such methods include the step of bringing
into association the active ingredient with the carrier that constitutes one or more

accessory ingredients. In general, the formulations are prepared by uniformly and
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both, and thén'if necessary shaping the product.
controlled release of the active ingredient therein using, for example,

hydroxypropylmethyl cellulose in varying proportions to provide the desired release
20  profile. Tablets may optionally be provided with an enteric coating, to provide release in
parts of the gut other than the stomach.

Formulations suitable for topical administration in the mouth include lozenges
comprising the active ingredient in a flavored basis, usually sucrose and acacia or
tragacanth; pastilles comprising‘the active ingredient in an inert basis such as gelatin and

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

Pharmaceutical compositions for topical administration according to the present
invention may be formulated as an ointment, cream, suspension, lotion, powder, solution,
past, gel, sﬁray, aerosol or oil. Alternatively, a formulation may comprise a patch or a

30 dressing such as a bandage or adhesive plaster impregnated with active ingredients and
optionally one or more excipients or diluents.

If desired, the aqueous phase of the cream base may include, for example, at least

about 30% w/w of a polyhydric alcohol, i.e., an alcohol having two or more hydroxyl

27
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esired cosmetic properties, since the solubility of the active compound in most oils likely

20  to be used in pharmaceutical emulsion formulations is very low. Thus the cream should
preferably be a non-greasy, non-staining and washable product with suitable consistency
to avoid leakage from tubes or other containers. Straight or branched chain, mono- or
dibasic alkyl esters such as di-isoadipate, isocetyl stearate, propylene glycol diester of -
coconut fatty acids, isopropyl myristate, decyl oleate, isopropyl palmitate, butyl stearate,

25 2-ethylhexyl palmitate or a blend of branched chain esters known as Crodamol CAP méy
be used. These may be used alone or in combination depending on the properties
required. Alternatively, high melting point lipids such as white soft paraffin and/or liquid
paraffin or other mineral oils can be used.

Formulations suitable for topical administration to the eye also include eye drops

30  wherein the active ingredient is dissolved or suspended in a suitable carrier, especially an
aqueous solvent for the agent.

Formulations for rectal administration may be presented as a suppository with a

suitable base comprising, for example, cocoa butter or a salicylate.
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condition requiring only the addition of the sterile liquid carrier, for example water for

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

Unit dosage forrulations of interest include those containing a daily dose or unit,
daily subdose, as hereiﬁ above-recited, or an appropriate fraction thereof, of a agent.

25 It should be understood that in addition to the ingredients particularly mentioned
above, the formulations of this invention may include other agents conventional in the art
having regard to the type of formulation in question, for example, those suitable for oral
administration may include such further agents as sweeteners, thickeners and flavoring
agents. It also is intended that the agents, compositions and methods of this invention be

30 combined with other suitable compositions and therapies.

These agents of this invention and the above noted compounds and their

derivatives may be used for the preparation of medicaments for use in the methods

described herein.
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known in tthe art to appropriate. Formul ati ons suitable for nasal

adni ni st r antibioficsti issistimiated thatrardose of odrugovilldbe 16 therengakf 100mede  emponder
having a particle siz e._aof, abou f'ibout 500

th
m crons W& Q%eﬁwggﬁg‘?lgﬁf 05558%16 %f‘éynﬁ%rv@é"? O ks O L t}';{I%tér &Vi ce by

rapi d si nhadi@hdeanvé forenettiduadrskasals. passage from a container of the powder
held ciose up to the nose. Suitable formulations wherein the carrier is a

liquid for ad mTﬂnsé"thamngnxmples @rlen@md?élte 111%%@; b@ﬂ@éymlﬁhémve’é‘%@ps or by
aerosol adm ni ) ) 0 or oily solutions
of the agent. F ShS—S oT€ istration include
aqueous and non- aqueous |soton| c sterile inj ectl on solGtions which may
contain anti-oxidants, buffers, Dbacteriostats and sol ytes which render the
formul ation isot oghe \@j th the blood of the sootanded pi ent; and aqueous
and non-aqueous sterille suspensions which y i Iud suspendi ng agent s
i [ | | BOFs Griessany ot A T Crgpal e systens
et—the—eerpound to or one or
ti oFEA, Ty, BB 4prsesent \ mul ti-dose
seal ed cont ai ners, exanpl e, anpoul es and vi , e stored in a
freeze-dried (lyophilijzed) condition requiring aiy the ac
sterile liquid carrier, for exanple water for 20 |n ecti
prior to use. Extenporaneous injection solutions H‘“?Hgggim ons maybe
prepared fromsterile powders, gHsghuyles and tabl ets of Ehe ki nd previously
descri bed. Unit dosage fornul ations 9f interest includg those containing a
daily dose or .unit dai |l y subdose, &s herein above-regited, or an
appropriate fracd) J1GA AHS R of a agent . 25 It OshoulFd under st ood t hat
in addition to tg)egdm%@ém,ent s particularl Nrrentl one
N-Formylmethionine

HN
THF, 0°C, 0.5 hr /l\
H 0

whi ch are designed tjo ta'S
nore organs. The f

i mfddi at el y

Cl

Compound #2

10 BOC — N-zert-butoxycarbonyl; BOP - benzotriazol-1-
yloxytris(dimethylamino)bhosphonium hexafluorophosphate; TEA — triethylamine; THF

— tetrahydrofuran; RT — room temperature; TFA — trifluoroacetic acid

Synthesis of Compound 1:

15 A solution of N-Boc leucine (1.0 g, 4.32 mmol), triclosan (1.25 g, 4.32 mmol),
benzotriazol-1-yloxytris(dimethylamino)phosphonium hexafluorophosphate (1.91 g, 4.32
mmol), and triethylamine (1.33 g, 12.9 mmol) in anhydrous THF (25 ml) was stirred at 0
°C under argon atmosphere for 4 hrs. Water (20 ml) was added and the reaction mixture
was extracted with ethylacetate (2 X 30 ml). Combined organic layers was washed with

20  water, brine, and dried over Na,SO,. Evaporation of the solvent and purification using
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above, the formulations of this invention may include other agents
conventional in the art having regard to the type of forrmulation in
guest i on,wbaps/ogseadpl e, those suitable for oral adm nistr &Cirarsosrensi ncl ude
such further agents as sweeteners, thickeners and flavoring agents. It

nvent | on e 68 el suarweEroby Nl DR PR R RIS S Mot ap oo

These agepls: Qﬁndtbhssab(glgﬁggslggﬁl@rygéhgo/@bove not ed conpounds and their
derivatives ma be used for preparati on of nedi canents for use in the

met hods descri HéﬁIMH?eGCeD(ﬁls, ﬁ)@ WZDQ/Q)&QQZ_@ Jeelz)doE) G198 1.51nl-6Génc| i ni cal

Dosage wi PFI bicsty 38 4Pt 52 o Sl 650, B BTRPEIARRY) QoI g oo

anti bi gti gds 1H, U=it8) €81 4-Tel6qeh, tzhatwa@osﬂ) Fi430dotHUD=WM7)) be in the range of
100nmg to 1 gin, given once every eight hours, or once a day, for one or
two weeks, or until the patient 5 tests negative for infectious organi sns.

The fol | ow ng %}zggfé%@m dg@ded toillustrate, but not limt the

i nvention. eti'c Scheme for Conmpounds #1 and #2 CI BOC O
BOC O HN BOD T bsthisast corpoohtd-O (G5 gJ &4, mihbl, mﬁﬁhyélrbusar@kdﬁe@@*ﬁg,@w

N For myl mp o esopledds B A (b5 1 B haphdded sty ot 15
10  minutes. Ice bath was removed and stirring continued for another 3 hrs. All the volatiles
were then removed under reduced pressure to get a gum. Anhydrous THF was added and -
cooled to 0 °C under argon atmosphere. Benzotriazol-1- ‘
yloxytris(dimethylamino)phosphonium hexafluorophosphate (0.25 g, 0.57 mmol), N-
formyl methionine (0.1 g, 0.57 mmol), and triethylamine (0.21 g, 2.1 mmol) were added.
15 Thiﬁ layer chromatography showed the completion of reaction after 0.5 hr at 0 °C. The
reaction was washed with water, brine, and dried Na;SQ4. Purification on silica gel
column chromatography provided Compound #2 as colorless thick gum.
'H NMR (CDCls, 500 MHz): 0.88 (d, 3H, J = Hz), 0.91 (d, ] =Hz), 1.50 - 1.56
~ (m, 1H), 1.60 ~ 1.71 (m, 2H), 1.95-2.02 (m, 1H), 2.09 (s, 3H), 2.50 (m, 1H), 2.58 (m,
20 1H), 4.65-4.70(m, 1H), 4.74 (q, 1H, J = Hz), 6.48 (d, 1H), 6.78-6.85 (m, 2H), 7.15-7.25
(m, 3H), 7.44 (s, 1H), 8.17 (s, 1H).
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CH3 CI  Compound #2 10 BOC - N-tert-butoxycarbonyl; BOP - benzotriazol-I-

yl oxytri s(di met hyl am no) phosphoni um hexaf | uor ophosphat e; TEA -

triethyl awionsjos§Hs - tetrahydrofuran; RT - room tenper at wGa/USDBA1981
trifluoroacetic acid Synthesis of Compound 1: 15 A solution of N Boc

| eucine (1.0 g, 4.32 mmol ), triclosan (1.25 g, 4.32 mmol),

benzotri azol - 1-yl oxytri s(di met hyl am no) phosphoni um hexaf | uor ophosphat e
(1.91 g, 4.32 BI)! F: ? % ' .33 g, 12.9 mml) in anhydrous
THF (25 m) wasm‘gg‘m ¢ 20eniral § Mkﬁg‘smﬂé&n at nosphere for 4 hrs. Water (20
M) was added and the reaction nfXEEFé was extracted with ethyl acetate (2
X 30 m). Conbined organic |ayers Was washed with 20 water, brine, and
dried over Na2SO4. Evaporation 8f _tke“sol vent and purification using 30 WO
03/088913 PCT/ US03/ 11981 silica g col umm chr omat ogr aph idb 2%

et hyl acetate in hexane ap el uant ovided ¢ ound- as ol orl ess gum
(1.66 g, 75%. CNWFQ’ , 500 kHaz): 0.3%@ o= %), 1.43 (s, 9H),
1.51-1.60 (m 2H),41.69-1.73 ((E'E}:jp ﬂg;\i)m 4.43-4. 48 ( , 44.83 (d, 1H, J
Hz), 6.80 (d, 1H J= Hz) 6.86 "(d, fH, J=Hz), 7.X4-7.26 (m 2H), 7.26
(s, 1H), 7.43 (d, 1M, J = Hz). Synthesis of Conpound #2 A solution of
conpound-1 (0.25 g, 0.5 mml), in anhydrous anisole (0.055 g, 0.5 mol),
was cooled to O C and TFA (0.56 g, 5.0 ﬁﬁol) was added slowly over 15 10

m nutes. |ce bath s renoved and stirgfng c e dCi®r  ano r 3 hrs. Al
the vol atiles E&/\Ef\é\%t hen renpved u%der reucd surM.a gum
Anhydrous THE wgs added and cool ¥ ‘ gon at nosphere.

Benzotri azol -1 - yFII oxxt rijs(di met hyl am nopphd i #m hexaf | uor ophosphat e
(0.25 g, 0.57 mmoly o nyl nethionine (0}J1 g, 0.57 mmol ), and
triethylamne (0.2 g, 2.1 mmol) were added. 15 Thin |ayer chromatography
showed the conpletiof of reaction after 0.5 hr at 0 C. The reaction was
washed with water, bPfine, and dried Na2SO4. Purification on silica gel
col.um chromat ogr aphy provi ded Conpound #2 &s col of | e§¥% hi ck gum 1H NMR

(CDC13, 500 MHz): 0.8§/(d, 3H J = Hz)Ho 09 ¢ N ), 1.50 - 1.56
P N A
H” N )
o 4 EDCI, DMF, RT
4
s
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1H), 1.60 - 1.71 (m 2H), 1.95-2.02 (m 1H)),
2.58 (m 20 1H), 4.65-4.70(m 1H),
6. 79W6.08H89m3 2H), 7.15-7.25 (m 3H),
3/088913 PCT/US03/ 11981 Exanple 2- General
ZYOIl / O0YCHO D: .O <N *OyN O |
2'S a) TFA, RT 0 Y :qCHO NaBH4, MeOH b)
OC N gHOI | ~O0 Yl OHNF
NBOC A-~ Y NTFA, RT ~ONO0 O

ﬁ/o\(" 0

a) TFA, RT

e

0

O N F

CHO

T
-

PYBOP, TEA, THF, RT

-
o

HO (

N

)

4.74 (q, 1H, J = Hz),
7. 44 (s,

O HNNOHNO z
lj~ HN N O A0 Z EDCI,

7g\§° o

2
SMe
o
BN 0
N Q
%
o

2.09 (s, 3H),

2.50 (m

6.48 (d,

1H) , PBTAROY/s1981LH) . 31
Synt heti c Schenmes SCHEMEI

| O PYBOP, TEA, THF, RT O
yoH3 /S OO

DW, RT 4 § O

CHO

0

CHO
NaBH4, MeOH

b) o
)
Ho N oA
o 0
/S .
SMe
0 )
A ~°
H N ol jQ/\OH
N
Q/LO‘
4
SMe
0 .
J AP A
o N 0 0 N/\’
M o
o
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0 Z5 Uw ,
03/088913 PCT/ US03/ 11981 SCHEME-2 OH CHO

SOO0OJNHOOYONomi HNNOINF OZ6 LLL~~~
~f
OH CHO O WYBGRSSOTEA, THF, RT 1 2 SMe 0 a) TFA, RT O 'K 2CHUSDINSBHA,

---~1 00000019

5 32 WO

N

MeOH --A ~yffHo b) NOO Hy OW O3 S SVt OOJNH HONJ HN 410 O/

CH N.F N SCHEME-3
OH
4ﬁ@A%*4ﬁ
“ .
‘ P s/ , /
HS” N \
o o) 0 s
- I N 0
Nal, DMF =N 0
o)
SCHEME-4
/<( Q) Ph- SnBu3, Pd (O)
5

wherein in all the above synthetic schemes X and Y are independently the same or

different and are selected from the group consisting of hydrogen, lower alkyl, substituted

or unsubstituted, lower alkenyl, substituted or unsubstituted, lower alkynyl, substituted or

unsubstitu’éed, aryl groups, substituted or unsubstituted, heterocyclic groups, substituted

10  or unsubstituted, lower alkoxy, lower alkylthio, halogen, cyano, nitro, carboxylate,

sulfonate, alkyl sulfone, alkylsulfoxide and trialkylsilyl.

In the above general synthetic schemes and the following specific examples, the

following applies: PyBOP is Benzotriazol-1-yl-oxytripyrrolidinophosphonium
hexafluorophosphate; DMF is N,N-dimethylformamide; NaHCO; is sodium bicarbonate;

15 RP-HPLC is reverse phase high performance liquid chromatography; TLC is thin layer
chromatography; HCl is hydrochloric acid; TFA is trifluoroacetic acid; and DIEA is N,N-

diisopropylethylamine.
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\ 4 CDI, NaHCG3, DM Swme O O H4lOOOI\UOONONO-|)|Cl.40\FN
5 33 WD 03/088913 PCT/US03/11981 SCHEME-3 S/ S/. 00/ I OHPCI5 "0l N
/1 Cl wBos/o889k LN O\ 0 O S HSN10 0O O/ I S N H-N RCouvsopi1idal , DVF
SCHEME-4 OH S OOO0 Y Ph-SnBu3, Pd (0) 0 OPhh HHN N O H-N N O\ Z Ph

o
5
@)
O ‘ ‘
4 Utilizing the above general methods, the following specific compounds were -
prepared. A

Example 3: Preparation of (r)-pyrrolidine-1,2-dicarboxylic acid 2-tert-butyl
ester-1-4-formyl-2.6-dimethyl-phenyl) ester (Scheme 2, Compound 2):

o
\JfO\g/N—g/‘/oé\/

Py-BOP (6.8g, 13.0 mmol) was added to a solution of N-tert-butyloxycarbonyl-D-

proline (2.34g, 10.9 mmol) and 3,5-dimethy1-4-hydroxybenzaldehyde (1.96g, 13.0 mmol)

10 in dry DMF (12 mL), and stirred to dissolve. N,N—Diisoprbpylethylamine (7.6 mL, 43.0 .
mmol) and 4-dimethylaminopyridine (122 mg, 1mmol) were added with stirring. The

resulting solution was stirred for 2.5 hours. The reaction mixture was covered with
diethyl ether (100 mL) and washed with water, saturated aqueous sodium bicarbonate,
and saturated brine. The ether layer was dried over anhydrous sodium sulfate, filtered,

15 and concentrated under vacuum. The resulting red oil was purified by column
chromatography on silica gel with dichloromethane eluant. Recovered clear, light yellow
oil (1.16g, 31%). IH NMR (CDCI3, 500 MHz): 9.92 (s, 1H), 7.59 (s, 2H), 4.63-4.66 (m,
1H), 3.45-3.62 (m, 2H), 2.25 (s, 6H), 1.99-2.42 (m, 4H), 1.48 (s, 9H).

20 Example 4: Preparation of 2-( s)-formylamino-4-methylsulfanyl-butyric acid
2.5-dioxo-pyrrolidin-1-yl ester (Intermediate in Scheme 2):

\S
O
I 4 0
A H §
: O

25 1,3-Dicyclohexycarbodiimide (2.48g, 12.0 mmol) was added to an ice-cold
solution of N-formyl-L-methionine (1.77g, 10.0 mmol) and N-hydroxysuccinimide
(1.38g, 12.0 mmol) in dry THF (20 mL). The solution was stirred in an ice bath, and

crystals formed quickly. The reaction was placed in a refrigerator overnight (about 14
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5 wherein in all the above synthetic schemes X and Y are independently the
sane or different and are selected fromthe group consisting of hydrogen,
| ower al kD,03988983 i t uted or unsubstituted, |ower al kenyl PCIUissd/1m8t ed or
unsubsti t ut ed | ower al kynyl, substituted or unsubstituted, aryl groups,

bstituted o bstj.tuted | 10
M SRR R Lt
car boxyl a&&no@ddl HyofiaBen. aTky/filtatd warEluted with ﬁi&ﬁ}@eﬁedﬁl@fdd 4uidi the egbBingy! . | n

t he above general” synthetic schemes and the follow ng specific exanples,
the foll @qhq}sgwgrpgcmgged y/fiaptipn The filtrate was reduced under vacuum to solids.

Benzotria I-oxt 4 pyrroli e; DWF is
N, N- di et ?osr Wei S ¢ di DfY-E&B‘hles SO 3%%gﬂé%%g@&u§ %E&E%Egﬁ?g reverse
pﬂas e hig mldhﬁédcrﬁfdmlﬂ%ﬁmﬁitgdﬂ)ﬂtﬁ hnwrmlhyl gga@dayayeirwas dﬁ?(} bwen ahlaydeous sodlu(rjn ;
chr omat ogr aphy; I's _hydroc OI’IC acl TFA 1S tr roacet | c .aci an
D EA i s NsnNfatg; filised 9p¢ If@iuﬁ‘}d&)rﬁnrfé ungler ygsugLY @@ﬂ@%ﬁ&%@ggﬁﬁ

Utilizi ng v, ﬂgﬂ@- foll owi ng specific corrpounds wer e
pr epar ed. %g)g}?p QS]%egg{@par a?ﬁg 0 ? (gl‘?pyrrol i di ne-1)2-dicarboxylic acid
2-tert-butyl ester-1-4-fornyl- i met hyl - phenyl’) ester (Schene 2,

Compound 2): 5 O 110 OO_ ’1130Tm|i¥aanv?el?y} .l'd
-phenyl este )”gl_l’gm_e;_ie

IICD

- di
op

sol uti on of —'A‘ icls 1
3, 5- dilfet hyl - faymayl-2,6dj 12
m.), and sti rrmml ve. NN-Diisopropylethylamine (7.6 nL, 43.0 nmmol)
and 4-di net hyl am nopyridine (122 ng, | mol) were added with stirring. The
resulting solution was stirred for 2\5 hours. The reaction m xture was
covered with diethyl ether (100 nL) @nd washed with water, saturated
aqueous sodi um bi carbonate, and satgrated brine. The ether |ayer was dried

over anhydrous sodi um sul f at e, flol te e

15 Trifluorodcetic acid (5.0 mL) was added to a solution of Compound 5 (1.16g, 3.33

mmol) in dry dichloromethane (5.0 mL). The resulting solution was stirred under
nitrogen for 30 minutes. The solution was concentrated under vacuum to remove excess
TFA, and then re-dissolved in dichloromethane (7 mL). To this solution was added
Compound 4 (0.91g, 3.31 mmol) and DIEA (1.2 mL, 6.88 mmol). The reaction mixture

20  was stirred at Toom temperature for 3 hours under nitrogen. The reaction mixture was
taken up in ethyl acetate, then washed with aqueous HC1 (0.1 M), saturated aqueous,
sodium bicarbonate, and saturated brine. The ethyl acetate layer was dried over -
anhydrous sodium sulfate, filtered, and concentrated to dryness under vacuum.
Recovered clear oil (1.09g, 81% yield). 1H NMR (CDCI3, 500 MHz): 9.91 (s, 1H),

25 8.18(s, 1H), 7.58 (s, 2H), 6.49 (d, J = 8.29 Hz, 1H), 5.08-5.11 (m, 1H), 4.78 (dd, T = 3.5,
8.8 Hz, 1H), 3.91-3.94 (m, 1H), 3.69-3.73 (m, 1H), 2.53-2.58 (m,2H), 2.41-2.46 (m, 1H),
2.25 (s, 6H), 2.15-2.29 (m, 2H), 2.11 (s, 3H), 2.08-2.16 (m, 2H), 1.89-1.95 (m, 1H).
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15 and concentrated under vacuum The resulting red oil was purified by
colum chromat ography on silica gel with dichloronethane el uant. Recovered
clear, |iwgbto3getohdow oil (1.16g, 31 %. 1H NVR (CDCl3, 50@CIVRsp3/18802 (s,
1H), 7.59 (s, 211), 4.63-4.66 (m 1H), 3.45-3.62 (m 214), 2.25 (s, 614),
1.99-2.42 (m 4H), 1.48 (s, 9H) . 20 Exanple 4: Preparation of

2-(s)-fornyl am no-4-net hyl sul fanyl -butyric acid 2,5-dioxo-pyrrolidin-1-yl
ester (I nternedigdmples: XbpaFatidh 0‘51-63-@-fofhivﬂrﬁinou-ﬁae€hvl SHfanyl-butyryl)-

1, 3- O cycl ohexy sarbldink-EibotyIftSsbid-4shiriTRhemVRS, sl thyi DI vI &Fer©! d
sol ution of N f QCHYhe - oBnaas ( L- //g, T0. 0 ol ) an

N-hydr oxysucci ni in dry THE (20 nL). The sol ution
was stirred in an ice bath and crggfals formed quickly. The reaction was
placed in a refrigerator overnlght (abou 14 35 WD 03/088913 PCT/ US03/ 11981
hours). The crystalline preC|p|t e pres nably di cycl ohexyl ur ea
by-product) was renoved by filt e f||trate was diluted with

met hyl ene chl oride, and the resul t ng soI gre renoved by filtration.
The filtrate was reduced under vacuu o] snllg These solids were

di ssolved in ethyl acetate, washed with satuated aqueous sodium 5

bi carbahat e and saturated brine. The ethyl acetateAyer was dried over
anhydrous sodium sulfate, filtered, and reduced to an oil under vacuum
The crude oil (2.8g, 102% of theory) was used w thout further

purification. ES’(ﬂﬁiﬂhQ)oﬁ)hyRﬁG@égOﬁkhg 03 ffmol) was added to a solution of Com }2)ound 3
1-(s)-(2- for | am no- 4- net hyl sul fanyl buty ﬁ:@ 10 pyrrolidine-2-carboxylic
107 N

aci d- 4- f or th8224- ramﬁtlwnhm@wTHE §tQnl).SE lfing s@paprdemaastirred foo N N
H 20 minutes, after which TLC analysis indicated complete reduction of the aldehyde. The.
10  mixture was covered with ethyl acetate (100 mL) and quenched with aquéous HC1 (0.1

M, 15 mL). The organic layer was separated and washed with aqueous HCI (0.1M, 15

mL), saturated aqueous NaHCOj (15 mL), and brine. The organic layer was dried over
anhydrous sodium sulfate, filtered, and concentrated to dryness under vacuum. The
residue was purified by silica gel column chromatography with ethyl acetate/

15 dichloromethane eluent to afford white solid (165 mg, 15% yield). "H NMR (CDCls, 500
MHz): 8.19 (s, 1H), 7.07 (s, 2H), 6.44 (d, J = 7.9 Hz, 1H), 5.05-5.10 (m, 1H), 4.84 (dd, J
=4.9, 8.5 Hz, 1H), 4.61 (br.s, 2H), 3.84-3.88 (m, 1H), 3.80-3.84 (m, 1H), 2.54-2.57 (m,
2H), 2.43-2.48 (m, 1H), 2.18 (s, 6H), 2.06-2.46 (m, 5H), 2.05 (s, 3H), 1.89-1.94 (m, 1H).

20 Example 7: Preparation of 1-ethyl-6-fluoro-7-(4-{4-[1-(s)-(2-formylamino-4-
methylsulfanyl-butyryl)-pyrrolidine-2-carbonyloxy]-3.5-dimethyl-
benzyloxycarbonyl}-piperazin-1-yl)-4-0x0-1.4-dihydro-quinoline-3-carboxylic
acid (Scheme 2, Compound 5):

%5

0
T .
25
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OO1\ 15 Trifluoroacetic acid (5.0 nL) was added to a sol ution of
Compound 5 (1.16g, 3.33 mmol) in dry dichloronethane (5.0 nL). The
resul ti ngweaBussseh was stirred under nitrogen for 30 m neCeaISOF®SEO0l uti on
was concentrated under vacuumto renove excess TFA, and then re-di ssol ved

i n di chl oromet han To t ol uti d [ageYey 4 19,
55 o) Canet B BPr Belrpk ko G .85, P RATRMAS ok 0o
stirred at n{ggomtrﬁ:ﬁbﬁihmwoﬁpnw Waslsthradnoh@er dipdn Agehould) ETHegd AN

m xture was taken in ethyl acetate, then washed with aqueous HC1(O0.1

M, sat ur aclkdr yallowbiedutionswas ehitagii 1nan m’mlﬁe quenshied avithrveaterd 34, Ad.7 melet hy|

t at | d d
ot ant r at B w0 O MRNEL ARG D RGPSl B Forfoxab B @8 e 51,
g1 1) 5 THOINB B oS 0203 rd Bideito Hima 7. 58 (5,
2H), 6.49 (d, J = g29Hz 5. 11 ( 3.5, 8.8

, dd. J
Hz, 1H), 3S@spension The susppnsica. mdltallygbt(t ot qqﬂ)pletlé?%slezrega retzEpg far 150- 2. 46

b 1 bs (i) ok Ransihs hen bl afyibette qOili dadfied bt O

of 1-(s) - (20¥%pdimelaetd S‘M:ttfbnf‘(ﬁchﬁl)l bhdsuthrated byiny (2 mL))yrrhebﬂgl RRtate aﬂmﬁwyl ic
aci d- 4- hydroxyrret hyl 6- di net hyl - hené ester Schene 2, npound 4): S O
Il N N H ognagdries gvey asbmrem‘ wagisEiyn swiate Gcred, ang rgdyged t9 dwalgssaﬂléérd to a

sol uti gg Of, CRIPOMIeSuifaht ?I%Qr 0112(2f79 5\5@[%% ﬂuﬂﬁ@@ Bg glfeggfatgy\%}"(ﬁﬁL?(%O 66‘9’

resul ting suspernsion was stirred m nu anal ysi s
i ndi cat ed acstprhitrile), affordihgd the peddutcthes aayetliewmdmdeﬂ' (19,3 mgP2 780 ¥icld)e NSBNMR)ver ed

with ethyl acetate 0. nmL) and quenche q HC

The or gani 6CP&)RAS0 M%kp‘ai%ft@asa g%c} OZ%L]JE@J% 9—6?@1%’15 rrL)
sat ur at ed HX]@ r T r r i ed
over anhygﬁgﬁgyggdl u s%:fetgt]mé?? ﬁtgglr bggrgcc]f ngﬁ?e}%?pa e%@%,g 1(9\;@[?%?2 under
vacuum Thd.84r(dd; Jdud.98s IurliH)i €41 Iy Jsi 7.2 ¢k, 3H), 3c84-3.90 (mh i Hjvet 838.8pKm, wi t h
ethyl 36€tLE/ 3 74 (br.s, 4H), 3.28 (brs, 4H), 2.54-2.57 (m, 2H), 2.44-2.46 (m, 1H), 2.19 (br.s,

6H), 2.05 (s, 3H), 2.02-2.3 (m, 4H), 1.89-1.95 (m, 1H), 1.58 (¢, J = 7.2 Hz, 3H).

Example 8: Preparation of 2-(2-formylamino-4-methylsulfanyl-
butyrylamino)-4-ethyl-pentanoic acid 4-chloromethyl-phenyl ester (Scheme 3)

s~

O @) Cl
I A |
H N O
o)

20
A solution of compound X ( 0.2 gr, 0.55 m mol) in anhydrous dichloromethane

was cooled in an ice bath and PCl5 (0.11 gr, 0.55 m mol) was added under argon

atmosphere. After the completion of the reaction aqueous NaHCO; was added and stirred

for 10 min. Organic layer was separated, washed with water, brine and dried (Na,SOy).
25  Evaporation of volatiles provided compound XX which was used for the next reaction

without further purification.

38



15 di chl oronet hane eluent to afford white solid (165 ng, 15%yield). 1H NWR
(CDC13, 500 MHz): 8.19 (s, 1H), 7.07 (s, 2H), 6.44 (d, J = 7.9 Hz, 1H),

5. 05-5. 10wOrep/0889)3 4.84 (dd, J = 4.9, 8.5 Hz, 1H), 4.61 @Eom/GsSP3/219$1
3.84-3.88 (m 1H), 3.80-3.84 (m 1H), 2.54-2.57 (m 2H), 2.43-2.48 (m

1H), 2.18.(s, : 20
E)lj)arrpl e 7. (Iir emﬁo@ﬁ%&?’ 0%@?‘???9 S(())rggm(l%{{)fgll_‘zgf}8%9(§ﬁL gﬂfio(rnmeljig)m no- 4-
met hyl sul {@anyin, but gl yH), zpsar z 66 i M}, 2: 5C7€(s bZIh)deﬁyI 8 BB, 2HpEUA.47 (m,
benzyl oxycar bonyl }- pi pera -yl)-4 4- %n@gﬂhw ne- 3- car boxylic
aci d.. ( ScA8NE6.23-603 6 d i, "597 7\1§(m,éﬁb 7r@ §el41 Sl N 25 037 WO
03/ 088913 PCT/ US03/ 11981 A solution of Conpound 2 (20 ng, 0.049 mmol) and
1,1- caébonyl di-ign dazol.e £36 OPZ %(Zrt—rﬂﬂ% {‘;cgrm%%‘l_ EhViBsentdi dié ©d

under argon fo S T x5 | sofutron was chilled
in an ice bat h 2k = r(Sc ?,me "Z‘O{'}ﬁﬁ%w, and stirred for 90
m nutes. After warmng to roomtenperature, norflagxacin (19 ng, 5 0.060

mol ) and sodi um bi carbonate (17 ng, 0.20 nmol) efe added to forma

suspensi on. The suspension.gradually (but not_conpletely) cleared after
stirring for 150 m nutes. reactidd m x z i

acetate (10 nL) and washed th &10% citric
saturated brine (4 nm). The Q at-g
anhydrous magnesium sul fate, fifltered, and reduced to dryness under 10
vacuum The resultant clear oilO(29 s purified by preparative RP-HPLC
(20-60% acetonitrile), affording the product as a yell ow powder (10.3 ng,
27%vyield). 1H NWVR (CDC13, 500 MHz): 12.95 (br.s, 1H), 8.68 (s, 1H), 8:20
(1$H) 12) ,528 09 (‘H,NMK@@D@urisooMmﬁ) 101080 &n, G5 1.46 (§DH)d].64 —1.68 BT, Hz,

1H), 4031 ﬁa 1764 &3 @nH}H),é 4%4@@'1%)989%4@4?@ 2Hgl s§463ﬁ§)47(2#7%§(d18 >

1S EE: Szﬂﬁ'ﬂw%}?z% 4 81.7%3 @APH, = B4sh1570.600s, 2H). 2.44-2.46 (m 1H),

(

Example 10: 2-(2-Formvlamino-4-methvlsulfanvl—butvrvlamino)-4—methvl-
pentanoic acid 4-hydroxymethyl-phenyl ester (Scheme 1, Compound 4)

HiNgN\qu/@/\

'H NMR (CDCls, 500 MHz):0.99-1.03 (n, 6H), 1.71 — 1.87 (m, 3H), 2.02-2.15
20 (m, 2H), 2.11 (s, 3H), 2.53-2.66 (m, 2H), 4.68 (s, 2H), 4.76-4.79 (m, 2H), 6.46-6.47 (m,
1H), 6.70-6.74 (m, 1H), 7.06-7.08 (m, 2H), 7.36-7.39 (m, 2H), 8.19 (s, 1H).

15

OH
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6H), 2.05 (s, 3H), 2.02-2.3 (m 4H), 1.89-1.95 (m 1H), 1.58 (t, J =7.2
Hz, 3H). Exanple 8: Preparation of 2-(2-fornylam no-4-nethyl sul fanyl

but yryl amvo®pgsoes hyl - pent anoi ¢ aci d 4- chl or onet hyl - phenylPCedaises/11(08chene 3)
S 001 A HANNOO 20 A solution of conmpound X (0.2 gr, 0.55 in nol)

i n anhydrous di chl oronmet hane was cooled in an ice bath and PC15 (0.11 gr,
0.55 in nol) wa dd u _o LaLgon &sh re, After the conpletion of the
reacti on aqueou e wiormyaaminog-methylsylfanylyani ¢ | ayer
was separ at ed, -pegfanoic agid 41 -hwdroxyd Sedihvdpmpridine?-at i on
of volatiles proa-ae i eI X CSRY wed)used for the next reaction

w t hout _ further purifi catl on. 38 WO 03/ 088913 PCT/ US03/ 11981 1H NMR
(CDC13,5500 MHz): 1.00-1.03 (m 6H) 1.72 - 1.86 (m 3H), 2.02-2.15 (m
2H), 2.1 (s, 3H), 2.53-2.66 (mMaZH), 4.57 (s, 2H), 4.75:481 (m 2H),
6.46-6.47 (m 1H), 6.73-6.77 (Sm 1H), 707710(m 2 : 7[38-7.41(m-
2H), 8.20 (s, 1H. 5 rTa]rple ; A '
2-tert-But oxycar bonyl antvho- 4{net hyl - p ici d - forlyl - phenyl ester
(Schenme 1, Compound 2) NVR ( 3i 500 MHz):
1.01-1.02(m 6H), 1.HM ( P 10 1H), 1.76-1.83 (m 2H),
4.52-4.54 (m 1H), 4.92-4.94 ( 2H} J 7.6 Hz), 7.28-7.29 (d, 2H, J =
8.48 Hz), 7.91-7.93 (d, 2H, J = 8.4 9.99 (s, 1H). Exanple

10. 2- ( 2- For nyl am no- 4- net hyl sul f anyl - qut yr yam no) - 4- met hyl - pent anoi ¢ aci d
4- hydr oxynet hyl - phenyl ester (Schene 1, Conpound 41

'"HNMR (CDCl, 500 MHz):0.98-1.02 (m, 6H), 1.71 — 1.84 (m, 3H), 2.02-2.21

(m, 2H), 2.14 (s, 3H), 2.60-2.66 (m, 2H), 4.15 (s, 2H), 4.75-4.78 (m, 2H), 6.48-6.50 (m,

10 1H), 6.70-6.74 (m, 1H), 7.06-7.08 (m, 3H), 7.12 (d, 1H, T = 7.7 Hz), 7.21-7.24 (m, 1H)
7.36-7.39 (m, 2H), 8.19 (s, 1H), 8.26 (d, 1H, T = 6.36 Hz).

Example 12: Preparation of 2-(2-formylamino-4-methylsulfanyl-

15 butyrylamino)-4-methyl-pentanoic acid 2 6-d1bromo-4-hvdroxvmethvl—phenvl
ester (NB3144)
S/
Br. '
0 0] OH
J N
H N 0

0 Br

20 'HNMR (CDCI;, 500 MHZz):0.99-1.03 (m, 6H), 1.71 — 1.87 (m, 3H), 2.02-2.15:

(m, 2H), 2.11 (s, 3H), 2.53-2.66 (m, 2H), 4.68 (s, 2H), 4.76-4.79 (m, 2H), 6.41-6.46 (m,
1H), 6.61-6.63 (d, 1H, J=8.69), 7.58 (s, 2H), 8.21 (s, LH).
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15S OOOH H~ NNOIHNW (CDCI3, 500 MHz):0.99-1.03 (m 6H), 1.71 -
1.87 (m 3H), 2.02-2.15 20 (m 2H), 2.11 (s, 3H), 2.53-2.66 (m 2H), 4.68
(s, 2H), wo/B/048919 (m 2H), 6.46-6.47 (m 1H), 6.70-6. 74 KayUSDBII1981
7.06-7.08 (m 2H), 7.36-7.39 (m 2H), 819(s 1H) 39 WD 03/088913

PCT/ US03/ 11981 p 1%:H~ep a5 f

2-(2-Fornyl am "Ta t1Tyt
4- (1- hydroxy- 1, Z=Htyyto— B '
(NB3024) 5 St e B3l teroenyl-aiy
6H), 1.71-1.84 (m 3H), 202221
2H), 4.15 (s, 2H), 4.75-4.78 (m
1H), 7.06-7.08 (m 3H), 7.12 (d,
7.36-7.39 (m 2H), 8.19 (s 1H .
Preparation of 2-(2-fornyl mno 4- et hyl
but yryl am no) - 4- net hyl - pe 1- hydr oxynmet hyl - phenyl
ester (NB3144) S~ 0 O Hd C]—INH VR (CDC13, 500
MHz):0.99-1.03 (m 6H), 1.71 - 1. .02-2.15- (m 2H),'2.11 (s,
3H), 2.53-2.66 (m 2H), 4.68 (s, . 2 2H), 6.41-6.46 (m

EAt anoi ¢ aci d

: 2 enyI ester
V'restﬁr(NB-”iﬁﬁ (CDClB 500 MHz):0.98-1.02 (m
X 14 (s, 3H), 2.60-2.66 (m
0 (m 10 1H), 6.70-6.74 (m
7.21-7.24 (m 1H)
6 (j)—ﬁ). Exanpl e 12:

3 —Hl
&
1=
o
T ¢
'5
D

'H NMR (CDCls, 500 MHz):0.70-0.75 (m, 6H), 1.71 — 1.87 (m, 3H), 2.01-2.16
(m, 2H), 2.13 (s, 3H), 2.53-2.66 (m, 2H), 4.45-4.53 (m, 2H), 4.78 (s, 2H), 6.08-6.10 (d,
1H), 6.27-6.27 (d, 1H, J= 8.69), 7.33-7.40 (m, 12 H), 8.12 (s, 1H).

10 Example 14: Preparation of 2-(2-formylamino-4-methylsulfanyl-
butyrylaminoe)-4-methyl-pentanoic acid 2-bromo-4-hydroxymethyl-6-
methoxy-phenyl ester (NB3162)

15 "H NMR (CDCl;, 500 MHz):1.00-1.02 (m, 6H), 1.60 — 1.77 (m, 2H), 1.80-1.86
(m, 1H), 1.95-2.12 (m, 2H), 2.11 (s, 3H), 2.61-2.66 (m, 2H), 3.82 (s, 3H), 4.66 (s, 2H),
4.74 -4.78 (m, 1H), 4.93-4.98 (m, 1H), 6.41-6.45 (m, 1H), 6.60 (d, 1H, J= 8.45), 6.94 (s,
1H), 7.16 (s, 1H), 8.20 (s, 1H).
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1H), 6.61-6.63 (d, 1H, J= 8.69), 7.58 (s, 2H), 8.21 (s, 1H. 40 WO
03/088913 PCT/ US03/ 11981 Exanple 13: Preparation of
2- ( 2- f or myDaniosr9131- et hyl sul f anyl - but yeyI am no) - 4- met hy| Ppentsasoiosl aci d

-hydroxvnethvl [1,1';3",1 "lter phenyl -yl ester (N83145) sl OOl OH
HN N O 5 1H NVR (CDC13. 500 Mz): 70075(m 6H), 1.71 - 1.87 (m 3H),
201216 (M Elfingle k¥ pl Siarilin ofs: i i 52, 2
151, 812 (s Dugplamndtmefiyipeni imetliyl-

2-f or mvI ani i€ 3165hy| - butyryl am no) - 4- net hyI pent anoi ¢ aci d

2- (

2- br ono- 4- hydr oxvnet hvl - 6- net hoxg/henyl ester. (NB3162) s OOBr OH HN
N OOW 15 1H NWR (CDC13, 500 )100102(m 6H), 1.60 - 1.77 (m 2H),
1. ( H)
3
6

0-1.86 (m 1H), 1.95-212 61-2.66 (m 2H),

8 S

.82 (s, 3H), 4.66 (s, 2HY 4.[74-4.78 ¥m 1 X 93-BHg (m 1H),
.41-6.45 (m 1H), 6.60®gpll\TlH J 94 1H), 7.16 (s, 1H'
8.20 (s, 1H). 41 WO 03/ G889IBI'P € b anpl e 15: Preparation of
2- (2-fornvl am no- 4- net hyl sulfanyl - 4- et hyl - pent anoi ¢ aci d

4- hydr oxymet hyl - 2, 6- di et hyl - ~(NB3165) S 0 O OH
5

'H NMR (CDCls, 500 MHZ):1.02-1.03 (m, 6H), 1.72-1.93 (m, 3H), 2.01-2.17 (m,
2H), 2.11 (s, 3H), 2.15 (5, 6H), 2.65 (t, 2H, J = 6.99 Hz), 4.62 (s, 2H), 4.76 - 4.86 (m,
2H), 6.40 (d, 1H, J = 7.83 Hz), 6.65 (d, 1H, I="7.82 Hz), 7.09 (s, 2H), 8.20 (s, 1H)

10
Example 16: Preparation of 1-ethyl-6-fluoro-7-(4-{4-[2-(2-formylamino-4-
methvlsulfanvl—butvrvlammo) -4-methyl-pentanoyloxy]-benzyloxycarbonyl}-
piperazin-1-yl)-4-0xo0-1.4-dihydro-quinoline-3- carboxylic acid (NB3057)

S/

0 0 /@Ao
H/“\N N\¢ | O)\N/_\N
0 /

15

'H NMR (CDCL, 500 MHz): 0.99-1.03 (m, 6H), 1.55 (m, 3H), 1.71 — 1.87 (m,
3H), 2.02-2.15 (m, 2H), 2.11 (s, 3H), 2.53-2.66 (m, 2H), 3.27 (brs, 4H), 3.78 (brs, 4H),
4.30 (9, 2H, ] =7.19, 14.44 Hz), 4.76-4.80 (m, 2H), 5.15 (s, 2H), 6.46-6.47 (m, 1H),
20 6.71-6.72 (m, 1H), 6.83 (d, 1H, J = 6.87 Hz), 7.08-7.10 (m, 2H), 7.38-7.41 (m, 2H), 8.10
(d, 1H, J = 12.64 Hz), 8.21 (s, 1H), 8.68 (s, 1H).
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Hlj~

NNOO 5 1H NWR (CDC13, 500 MHz):1.02-1.03 (m 6H), 1.72-1.93 (m

3H, 2.01-2.17 (m 2H), 2.11 (s, 3H), 2.15 (s, 6H), 2.65 (t, 2H, J = 6.99
Hz), 4.62W093/0&4913 4.76 - 4.86 (m 2H), 6.40 (d, 1H, J =PTTAB0¥riPs1 6. 65
(d, 1H, J= 7.82 Hz), 7.09 (s, 2H), 8.20 (s, 1H) 10 Exanple 16: Preparation
of 1-ethyl-6-fluoro-7-(4-{4-[2-(2-fornvlam no-4-

met hyl sul f anyl - but yryl am no) - 4- net hyl - pent anoyl oxyl - benzyl oxycarb onyl }

pi perazin-1-vl = o Prefhia b 0~ O] | he- 3= carboxylic, acid (NB3057) S O

O O F IJ~ N N)E - i\ﬁr. .all_tlﬂﬁl ?Jigtjk $ - 6%01‘0 ." 111— |\/HZ)
14-dihydre-qiinolines3-carboxylic acid 4-[2:(2-fo anyngr4-

0.99-1.03 (m 1 yrele) }llvl LN T : - 2.15 (m 2H),

2.11 (g, _3H), Aethylsilianyibutinimisio) 4-mefypenjanogloytl-penzyl e (q,

2H, J

27719, 14.44 Hz), 4.76-4.80 (m 2H), 5.15 (s, 2H), 6.46-6.47 (m

1H), 20 6.71-6.72 (m 1H), 6.83 (d, 1H J = 6.87 Hz), 7.08-7.10 (m 2H),
7.38-7.41 (m 2H), 8.10x~(d, 1H J =12.64 Hz), @.21 ©Qs, 1H), 8.68 (s, 1H).

42 WD 03/088913 PCT/ USOB/ 11981 Exanple 17: Pre
1-cycl opropyl - 6-fl uorag '

ar at [lon of

- 0X0- 7- pi pe - | -

1, 4- di hydr o- gui ol i ng- 3-car boxyl i c :
met hyl sul fanyl - But yr Wl am Qo) - 44 et h gnt anoyl oxy Z ster 3068)
5S00 H™ N o) N N

] A | P!

'H NMR (DMSO-d6), 500 MHz): . 0.89-0.91 (m, 3HO0, 0.94-0.96 (m, 3H), 1.10-
10 1.12 (m, 2H), 1.25 — 1.26 (m, 2H), 1.70-1.75 (m, 4H), 2.02-2.15 (m, 2H), 2.11 (s, 3H),
3.4 (brs, 4H), 3.78 (brs, 4H), 3.42-3.44 (m, 1H), 4.50-4.55 (m, 2H), 5.27 (s, 2H), 7.08-
7.10 (m, 2H), 7:47-7.49 (m, 1H), 7.53-7.55 (m, 1H), 7.85 (d, 1H, J= 12 HZ), 8.02 (s, 1H),
8.35(t, 1H, J = 12.64 Hz), 8.50 (s, 1H), 8.62- 8.68 (m, 1H), 8.79 (s, 2H).

15
Example 18: Preparation of 2-(2-Formylamino-4-methylsulfanyl-
butyrylamino)-4-methyl-pentanoic acid 2-bromo-6-furan-2-yl-4-
hydroxymethyl-phenyl ester (NB3177)

S/
0 o & OH
H/“\N N 0 |
@) / o
20 _

'H NMR (CDClL, 500 MHz):0.93-1.02 (m, 6H), 1.75 — 1.87 (m, 3H), 2.04-2.15
(m, 2H), 2.17 (s, 3H), 2.50-2.56 (m, 2H), 4.71 (s, 2H), 4.71-4.77 (m, 2H), 5.04-5.08 (m,
1H), 6.39-6.43 (m, 1H), 6.49 (s, 1H), 6.62 (d, 1H, J = 9.08 Hz), 6.71-6.80 (m, 1H), 7.50-
7.55 (m, 2H), 7.71 (s, 1H), 8.21 (s, 1H).

25
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F 00/(

(brs, 4H),

(m 2H),
(s, 1H),
(s, 2H

Ol l HNNONNN 1H NVR (DVMBO d6), 500 MHz):. 0.89-0.91 (m
3HO, 0.94-0.96 (m 3H), 1.10- 10 1.12 (m 2H), 1.25 -1.26 (m 2H),
1.70- 1. 75WOrop/08edy3 2. 02-2.15 (m 2H), 2.11 (s, 3H), 3.44 @omaysozHps1 3. 78

7.47-7.49 (m 1H), 7.53-7.55 (m 1H), 7.85 (d, 1H J= 12 HZ),
8.35(t, 1H, J = 12.64 Hz), 8.50 (s, 1H), 8.62- 8.68 (m 1H),

. 15 Ex | e 81:9_ _ E -(2- Fornyl am nQ- 4- me'ihylsulfanyl
hydroxymthyl-myﬁgﬁ3 '=-,-u“ 101 = : r(2qehlorprathyl)- O j O 20 1H

NVR ( CIXC13, 500¢s

2.04-2.15

2H). 2.17 (s, 3H), 2.50-2.56 (m 2H), 4.71 (s, 2H), 4.71-4.77 (m 2H),

5.04-5.08 (m 1H), 6.39-6.43 (m 1H), 6.49 (s, 1H), 662(d, 1H, J
Hz), 6.71-6.80 (m 1H), 7.507.55 (m 2H), 7.71 (s

43 WO 03/

2- (2- For nyl am no- 4- net hyl's
4- 11 bi s-(2-chloro-etB¥l)

10

15

20

25

088913 PCT/ US03/ 11981 Exanple 19: Prepar atq on of
anyl - 3
car bano

_Cl

H N™

"HNMR (CDCls, 500 MHz):0.99-1.03 (m, 6H), 1.71 - 1.84 (m, 3H), 2.02-2.21
(m, 2H), 2.11 (s, 3H), 2.64-2.67 (m, 2H), 3.57-3.77 (m, 8H), 4.76-4.81 (m, 2H), 5.13 (s,
2H), 6.42-6.44 (m, 1H), 6.70 (d, 1H, J—81Hz),708 7.13 (m, 2H), 7.35-7.38 (m, 2H)
8.20 (s, 1H)

Example 20 — Susceptibility Testing

The NCCLS (National Committee for Clinical Laboratory Standards), method to
determine MIC’s of antimicrobial compounds is modified for high-throughput screening.
All stocks of tested compounds are prepared in either water or in DMSO depending on
solubility. At the highest concentration, DMSO content should not exceed 0.5%. Briefly,
twenty 2-fold serial dilutions of test compounds from the highest concentration is made in
a 384-well microtiter plate. Each well is inoculated with testing bacteria in broth to a
final concentration of approximately 1-1.5X 10° cells/ml. Bacterial growth is determined
by the increase of optical density at 600nm using a microplate reader (Tecan SpectraF luor
Plué). The MIC is defined as the lowest concentration at which bacterial growth
(equivalent to visible growth) was inhibited after 16 to 18 hours of incubation at the
appropriate temperature required for the bacteria growth. Results for Compound #2 are
shown in Table 3 (bacteria) and Table 4.

44

3.42-3.44 (m 1H), 4.50-4.55 (m 2H), 5.27 (s, 2H), 7.08- 7.

10
8.02
8.79

(m

= 9.08
8.21 (s, 1H).

25

t hyl< penchnoi ¢ acid
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SO OO~/ HNNOC O1H NWR (CDC13, 500 MHz):0.99-1.03 (m 6H),
1.71 - 1.84 (m 3H), 2.02-2.21 10 (m 2H), 2.11 (s, 3H), 2.64-2.67 (m
2H), 3.57w& ospsgars 8H), 4.76-4.81 (m 2H), 5.13 (s, 2H), FETARG/11681(m
1H, 6.70 (d, 1H, J= 8.1 Hz), 7.08-7.13 (m 2H), 7.35-7.38 (m 2H) 8.20
(s, 1H) 15 Exanple 20 - Susceptibility Tﬁ,sg, ng The NCCLS ( Nati onal
Committee for dinical Laboratory Standaréd ie nethod to determne MC s of
antim crobial deypasiess ! SIAPECKH €d Tjor ni gh-Thr ORGP lLe/sdY €M Ng.| Al
stocks of test e%ormounds are preparled in either wat Qig fl n_DVESO
depending on 9qolubility. At the hi gh€sp.#oncent|Expl#, DMVSO cont¢nt shoul d
not exceed 0. 5% Briefly—PO0 twenty 2 ' ' ' gt
conpounds fromlt he hi ghest concentratfion is madej in- a 384-well mnijcrotiter
pl ate. Each weli Jgrocut thtegth ey tactgpi@sr m orotirto 4 final
concentration OF' %l%prsnom rra%P%dim 1.5X %%Scel | s/ '.ﬁéact-eri al growmth is
determ ned by [Sheurkmcr easgooboppti cgdkodensity ajko808nm usi ng a mjcropl ate
reader (Tecan YpectraFluor Pl us) The M C is defined as the | owedt
concentration aS wieeh bac 7@06%8 gr ovytlﬁ 25 (equi Mal ent to vi si bl e |gr owt h)
was i nhibited giter—i6—+to Fhptrs—of that+oh hre—approptt4t e
t enper at ure redti ¥8§ or tprg Q)Ecterl 3—81185:( §Qllt2§ for Compound #2 are
shown in Tabl e [§ fhagferia)jghgd Tabl €<4.124% V\D OB4H088913 PCI7US037/11981
Table 3 Organi gm ATCC# M C (g/ i) p. #1 Exp. B2 S.__aureus 700240 <0. 125
50.125 S. aur dSsm#e@698 <4196 <0.1250.135 aur eulk07@6699 16 8 S. Jureus
<0. <O-325—S—aufeus—+16321<0 125 <09 1Pb

13301 <0.125 S. aureus 700787 <0.125~ <0.125

S. aureus 700788 <0.125 <0.125

S. aureus 700789 <0.125 <0.125

S. aureus 43300 <0.125 <0.125

S. aureus 33591 <0.125 <0.125

S. aureus 33592 <0.125 <0.125

S. aureus 33593 <0.125 <0.125

S. epidermidis (27626 <0.125 <0.125

S. epidermidis 700565 2 2

S. epidermidis 700566 <0.125 <0.125

S. epidermidis 700578 0.5 0.25

S. epidermidis |700583 <0.125 <0.125

K. pneumoniae 51503 8 8

K. pneumoniae |51504 1 2

K. pneumoniae |700721 2 2

E. aerogenes (29751 2 1

E. cloacae 23355 0.5 | 0.5

E. aerogenes {29009 0.25 <0.125
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S. aureus 14154 <0.125 <0.125 S. aureus 700787 <O 125 <O 125 S. aureus
700788 <0.125 <0.125 S. aureus 700789 <0.125 <0.125 S. aureus 43300

<0. 125 <OW025/088913 aur eus 33591 <0. 125 <0.125 S. aureus 3692186911086 <0. 125
S. aureus 33593 <0.125 <0.125 S. epldern1d|s 27626 <0.125 <0 125 S

epi dermidi s 700565—2—2—S—

700
luuuuu

n 10E [da) 12FE

dermdi s
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W Catriiatis (HO563 O UqEh 153 ATCCHERs #T EXp #2
M. catarrhalis {51584 <0.125 <0.125
M. catarrhalis 43627 <0.125 <0.125
M. catarrhalis 43628 <0.125 <0.125
Table 4
MIC (pg/ml)
Organism ATCC # Exp. #1 Exp. #2
E. coli | 16 16
E. coli/Tem-1 6 16
MSSA4 700260 <0.125 4
MRSA 700699 32 32
MSSA4 33594 <0.125 <0.125
MSSA4 11632 32 16
E. faecalis 49757 64 32
E. faecalis 700802 32 32
E. fecium
E. fecium
E. aerogenes 35028 32 16
E. cloacae 23355 16 1
K. pneumoniae 700721 4 8
K. pneumoniae. 51503 4 8
H. influenzae 33533 64 > 64
H. influenzae 43334
P. aeruginosa 21726 > 64 > 64
P. aeruginosa 29872 1> 64 > 64
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E. coli 16 16 E. coli/Tem1 16 16 MSSA 700260 <0.125 4 NMRSA 700699 32 32
MBSA 33594 50. 125 _<0.125 MSSA 11632 32 16 E. faecalis 49757 64 32 E.
faecal is wWOO3028982 32 E. feciumE. feciumE. aerogenes 370288211061 E.
cl oacae 23355 16 1 K pneunoni ae 700721 4 8 K. pneunoni ae 51503 4 8 H.

i nfl uenzae 3353 uenz ) i, 2 4 64 P
aer ugi nosa 298 6%4 4%%{%@%%@%@%&%%@3@%%3@?% %Iu]fl E.
coli expr eRssimtgnt'lSEMziezb;amSlAael\/Pammhn S&shive MG | 11N Resi st ant S
Aureus; MSSA - Methicillin Sensitive S Aureus Manmalian cells were treated

Wi th Gonpound AYaEEIaHaR eFHeWeredisad Wik GompasRddiATE describsdl abev. o heo .
The assay Srade Baofe EpmdintidcRorbal d vTne ey o 181 N0

triclosan. edfesuet s are shown in Table 5. Table 5 MSSA (ATCC ##) Conpound #2

Triclosan MC,_g/m_MC, m
. Usgmg the assay prgwded above, potency of Compound #2 was compared to

7p)

triclosan. Results are shown in Table 5.

Table 5 ‘
MSSA (ATCC ##) Compound #2 Triclosan
MIC, pg/ml MIC,
pg/ml

700260 0.000031 0.000244
13301 0.000015 0.000488
11632 - 10.000977 0.001953
14154 S 0.000977 0.001953

(33592 0.000488 0.003906
43300 ‘ 0.000977 0.001953
700698 ' 0.003906 0.003906
700699 >4 >4

| 700787 0.007813 0.001953
700788 0.062500 0.031250
700789 0.015630 0.015630
33591 - 10.015630 0.007813
33593 0.000488 0.000977

10
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700260 0. 000031 0.000244 13301 0.000015 0.000488 11632 0.000977 0.001953
14154 0. 000977 0.001953 33592 0.000488 0.003906 43300 0.000977 0.001953
700698 0.W033088903 003906 700699 >4 >4 700787 0.007813 OPOOASHB119800788
0. 062500 0.031250 700789 0.015630 0.015630 33591 0.015630 0.007813 33593
0. 000488 0.000977 10 47 WO 03/088913 PCT/ US03/ 11981 Exanple 21: Activity
of NB3057 and NB3068 Agai nst Key Bacterial Pathogens 5 Table 6 conpares
the M C of NB3GEwampk 2VBARGSitwiof NB305T hadk ABI068 A aint M%fﬁmln agai nst
several bact eripdthggﬂgogens. Tabl e 6 Organi sm ATCC # M NB3057
Nor f | oxaci n NB profloxacin E. coli 25922 0.0625 0.0156 <0.004 0.002
E. faecalis 29212 4 1 2' 0.5 S. aureus 29213 0.125 0.5 2 0.25 (M5) S.
aur eus 233591 0.Tpble heemparss the ME: of MB3QY andNFB3 (68 witlgsarfxacisadd 5 0. 125

aerugt nos at:iproﬂox:a»cin against several bacterial pathogens.

Table 6
Organism ATCC #. MIC (png/ml)
o NB3057 Norfloxacin NB3068 | Ciprofloxacin
E. coli 25922 0.0625 0.0156 <0.004 0.002
E. faecalis 29212 4 1 2 0.5
S. aureus 29213 0.125 0.5 2 0.25
(M) |
S. aureus 33591 0.5 1 not tested not tested
(MB) |
P. 27853 2 0.5 0.5 0.125
aeruginosa

Example 22: Measure of Plasma Stability of Various Compounds

10 Table 7 shows the plasma stability of several PDF ECTA compounds in PBS,
Mueller Hinton Broth, Mouse Plasma and Human Plasma.
Compound Stability
PBS, pH 7.4 Mueller Hinton | Mouse Plasma Human Plasma
tun, s (% left | frrs"(‘;'/‘ g | tvmin (% left |t min (% left
after 6 hrs) after 6 hrs) after 10 min) after 120 min)
NB3057 > 12 (82%) 10.0 1.4 <0.5
NB3068 > 12 (75%) > 12 (70%) 0.6 4.1
NB3144 3.3 2.9 Not determined | Not determined
NB3145 > 12 (99%) > 12 (99%) > 20 (94%) > 120 (94%)
NB3162 > 12 (98%) >12 (91%) 8.9 10.6
NB3165 > 12 (85%) >12 (95%) > 20 (94%) > 120 (94%)
NB3177 >12 (95%) > 12 (89%) > 20 (88%) 32.0

It is to be understood that while the invention has been described in conjunction

15  with the above embodiments, that the foregoing description and examples are intended to
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Exanpl e 22: Measure of Plasma Stability of Various Conpounds 10 Table 7
shows the plasma stability of several PDF ECTA conpounds in PBS, Mieller
H nt on BrwoDh3/o88use Pl asna and Hunman Pl asma. Conpound St alpcCiriusy3n®es, pH
7.4 Mieller Hi nton Muse Plasma Human Plasma t112, hrs (%l eft Broth t112,

mn (%I ef m 9 f t LS. (%0, ter 6 hrs)
after 10 nﬁlﬁﬂ%ﬁg@h@&(ﬂ%&@%@% g“ﬁ%@%‘%"sz%%%%ai’.aﬁ %‘ltgéeé aﬁ%ssoas > 12
(75% > 12modidbdpti¢hsGridhih tha\iB3eldf tBe thv2niforNeill bleiparann eoihdbed skiledddn mheeel
NB3145 > 1205990 > 12 (99% > 20 (94% > 120 (94% NB3162 > 12 (98% > 12
(919 8.9 Poviich simpention psigingion > 12° (959 > 20 (949% > 120 (94% NB3177
> 12 (95% > 12 (89% > 20 (88% 32.0 It is to be understood that while the
i nvention has been described in conjunction 15 with the above enbodi nents,
that tie foregoing description and exanples are intended to 48 WO
03/088913 PCT/US03/11981 illustrate and not limt the scope of the

i nvention. O her aspects, advantages and nodifications within the scope of
the invention will be apparent to those skilled in the art to which the
invention pertains. 5 49 WD 03/088913 PCT/ US03/ 11981 REFERENCES Apfel et
al ., Hydroxam c acid derivatives as potent peptide defornylase inhibitors
and anti bacterial agents. J. Med. Chem 2000 43:2324-2331. 5 Apfel et al.,
Pepti de Defornylase as an antibacterial drug target: assays for detection
of its inhibition in Escherichia coli cell honbgenates and intact cells.
Anti. Agents and Cheno. (2001a) 45(4):1053-1057. Apfel et al., Peptide

Def ornyl ase as an anti bacterial drug target: target validation
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C6 al kyl (for exanple: nethyl, ethyl, 3-hydroxypropyl, 3-am nopropyl,

N- et hyl - 3- am noet hyl, 2-nethoxyethyl, etc.); 15 wherein R3 is

sel ect ed’ ™ooosro8ss3 gr oup consi sting of a substituted or unsditsosatsd
aromatic or heteroaromatic (for exanple: phenyl nethyl ene;

triazol emet hyl ene, thi ophenenet hyl ene, gt g g and a substituted or
unsubstituted saturated or unsaturated - al kyl (for exanple: ethyl,
propyl, 2-hydroxyethyl, etc.) and -CH2-CH2-X-CH3, wherein X is selected
from the group conS|st|ng of 0, S, NH NR6, and CH2; where R6 is 20 a | ower
al kyl such as, Mrcl@nmple, nethyl or ethyl; wherein Al and A3 are

i ndependent|ly the sa - e selected from the group

consi sting of IP :gnc %ﬁgﬁiﬁﬁéfg{hg%&ﬂf , Wwhere R7 is hydrogen or a Ci-
C6 al ki such as, for’ exanple, methyl, ethyl, or nmethoxynethyl; wherein A2
is selected fromthe group consisting of =0, =S; =NH, =N-OH, =N 25 R8, or
=C(R9) (R10), wherein R8, R9, and R10 are independently the same or
different and are select d frgr’r‘Rt he group cgnsi sting of hydrogen or a
Cl-C6 al kyl such as, for o or met hoxyrret hyl ; wherein

B1lis selectedfromthe ,
%aﬁm I&r .a‘f’ ﬂyérogen and

N(R11)-, wherein Rllg%ﬂ
a Cl-C6 al kyl 30 sucH as, fot exa hyl, ethyl, or n‘et hoxynet hyl ; 52

I
WO 03/ 088913 PCT/ US03/ 11981 wher ei Shabsent or is selected fromthe
group consisting of - 0 -, - S -, ‘N(Rlzh Rsor - C(RL3)(R14)-, where R12,
R13, and R14 are independently the sanme or different and are selected from
t he group consisting of hydrogen or a substituted or unsubstituted
saturated or unghéreing e, ®l; &8l R kylindeperideanf i ﬁmelﬁf'ﬂﬁ%rent%hhy{fa sefected

hydroxiﬁ)raﬁ 3-am nopropyl, N-nethyl -3:am noet hyl , . 2-net hoxyethyl, etc.),
wher ei em the groypQERgisting Qfﬂiydrogemaylbstmt&yl or P@subatﬁut@é Césdamﬁrqmﬁémoy

j oi ned thr structure;

wher ei n thfe?é{ 3@% c'?ﬂo%ﬁ@ﬂ%ﬁ%?ln@?h:ﬁ%éﬁ &‘&éﬁgn%nlq%ﬁei $§| S proline or a
prol i ne defrhidaidlstretaylenis)@tc)g and\b eutatitutddBor xﬁlsalimartéd saturated O hacinedtef IGgm t he
group consisting of - 0 -, - S -, or -.10 NH, rein RL5 is
sel ect ed f FoakyHéorgxample srtndating, Hhydrpaymser, %rﬁ@“é’Pr@Y?@é‘n}ﬁ 3-such as,
for exanpl Emirﬁ%{hwlzum%gﬂethﬁ,ret&ﬁt hoxynet hyl ;

15 wherein R; is selected from the group consisting of a substituted or unsubstituted

€,

aromatic or heteroaromatic (for example: phenylmethylene; triazolemethylene,
thiophenemethylene, etc.), and a substituted or unsubstituted saturated or unsaturated C;-
Cs alkyl (for example: ethyl, propyl, 2-hydroxyethyl, etc.) and —CH,-CH,-X-CHs,
wherein X is selected from the group consisting of O, S, NH, NRg, and CH,; where Rg is
20  alower alkyl such as, for example, methyl or ethyl;
wherein A; and A; are independently the same or different and are selected from
the group consisting of =0, =S, =NH, =N-OH, or =N-R7, where Ry is hydrogen or a C;-
Cs alkyl such as, for example, methyl, ethyl, or methoxymethyl; |
wherein A; is selected from the group consisting of =0, =S; =NH, =N-OH, =N-
25  Rg, or =C(Ro)(Ryp), wherein Rg, Ry, and Ry are independently the same or different and
are selected from the group consisting of hydrogen or a C;-Cg alkyl such as, for example,
methyl, ethyl, or methoxymethyl;
wherein B; is selected from the group consisting of —O —, —S —, -NH-or—
N(R11)~, wherein Ry is selected from the group consisting of hydrogen and a Cy-Cs alkyl
30  such as, for example, methyl, ethyl, or methoxymethyl;
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wherein B4 is absent or is selected fromthe group consisting of - 0 -, - S
-, - N(R6)-, and - C(R16) (R17)- and wherein R16 and R17 are independently

t he sane wo 03di8$s18r ent and are selected fromthe group coriTstsong1asi
hydrogen or a substituted or 15 unsubstituted saturated or unsaturated

Cl- C6 al kyl hyl ; _wher ei
= car s Sholiin B.0E SRR IR oy 56 Bl S BB PTE W e e

agent t hat N(&;,}-0%t € QRENRAOL] Wﬁérb B, B3, afid R dry aidepehdertdy thewamk bh t he
proviso that the toxin Is not 5-f Iuorodeoxyurl di ne, or any derl vative or
20 anal og iffsresbend are sqlreted Hiopbilia 8T consiptngIof hyAkEen AT RIULSHRIEOT,r ¢ hot h

hydr ogen. f _ F:Ié@ﬂ , ‘Wherein
Xis 25 séﬁl ec%}ﬁ% ?romt &urng%t%lagggﬁcsll g@?ng ofr%g%/l lgn fuPa(or nmet hyl . 4.
The conpouhylirefypedail B-aminoprpgl, IN-Hetlsyl-3anfinoctioyl, Zyxrya@mxyeﬁyl ttee), whepeound of

claim4, V\/nre'n,AI nd A2 oxygen claimb,

wherei n B1WPeR £ @33%@ Oﬁ(gﬁgéé ﬁé—%ﬂ@@d%i@ggyw}nefﬁﬁg&@g%@ﬂ{m Obf

claim1l wh d COMmS

CoH4- CHz- gngbwksé—ima%(kh% %gr?&av\lﬁe\rvgl&ﬁmxtlhgﬁagﬁlm arze in Z?{trs)ben en% ly the
sane or di frflesrmmuretymprahnemailavlm@ldémtwemeargﬂawp consisting of -0-, -S -
and -N(Ra), and

-h | | kyl : - "
NRb- (00 5 whevhitanpas sbgnt P50 Ramiye B¥GR Spr e G BRSO The
conmpoupg ofre! afﬂNles\pb%@an is%el%@t%@ﬁbm e gldt RSN GF 18krdpeRbnd 8,

wherein the toxin i's sel ected romt eﬁ%rou 10 con5|st|ng of
2- mer capt oﬁwﬂs@@ésmlﬂéexmmiﬁdﬁbtbﬂa@ 5il, onmethosyzeihil; nltrogen must ard

and t he derlvatl es. an h I e Its
thereof .. 10, ThENG R TS S e e i SN
2-met hyl - pyRpy arﬁrldc(m)(ﬁwbtymcp@ﬁaemlﬁs 4dd RThee hdspaidestiothe @hrﬁe 6t 9, '
wherein the toxin is norfloxacin or a derivative,
different and are selected from the group consisting of hydrogen or-a substituted or
15  unsubstituted saturated or unsaturated C;-Cs alkyl such as, for example, methyl, ethyl, or
methoxymethyl;
wherein a Linker is absent or is a traceless linker;
and wherein a toxin is an agent that is toxic upon activation by an activating

enzyme with the proviso that the toxin is not 5-fluorodeoxyuridine, or any derivative or

20  analog thereof.
2, The compound of claim 1, wherein R; and R; are both hydrogen.

3. The compound of claim 2, wherein R; is ~CH,-CH,-X-CHj3, wherein X is
25  selected from the group consisting of oxygen, sulfur or methyl.

4. The compound of claim 3, wherein X is sulfur or oxygen.

5. The compound of claim 4, wherein A; and A; are both oxygen.
30

6. The compound of claim 5, wherein By is -NH.
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anal og or pharnaceutically acceptable salt thereof. 12. The conpound of
claim1, wherein the conpound is purified. 20 13. A conposition

conpri si g oslegssednpound of claim1l and a carrier.
claim 13, wherei n the carrier is a phar maceut ically acceptable carrier.

15. A nmethod fo b|t| rowt h Q1146

contacting the 'cro @H'PG\II fﬂalzﬁﬁ 56&? }{?elmg%gﬁ%?ﬁktgaﬁle cor‘%‘%ﬁ’nd of
claiml. J&ns,leuﬁ%&ff@ghfeﬂ A dn@atiMPECH, SULCEN,)-ontmREin S ngdadmrai stering to
t he subject an

ef fective anount of the conmpound of claim1. 54 WO

03/ 088913 indspeuatlythogme ardiffarenbandoge sdectediEomiths gioyp ﬁ@@%ﬁtﬂﬂ&lf ~0-,-8

Lgﬁ{)gﬁﬁgtgm@fm nngeljecsﬁd‘ﬁ% |or%e%%? &%124\9)195} %]#e:l@% rpora r?hof t he

conpounsd i wh@einfe= Do B@ad ®aié Bydrogoncr @ipwasaieyli ng for anmount  of
proliferation of nmicroorganismin conparison to an 5 untreated ""sanple of
the m croorgani sm 55 ' :

10

15

20

25

30

8. The compound of claim 7, wherein By is absent.

9. The compound of claim 8, wherein the toxin is selected from the group

consisting of 2-mercaptopyridine-N-oxide, ciprofloxacin, norfloxacin, nitrogen mustard

~ and the derivatives, analogues and pharmaceutically acceptable salts thereof.

10. The compound of claim 9, wherein By is —-NH, B3 is —O-, R4 is 2-methyl-
propyl and Rs is hydrogen.

11.  The compound of claim 9, wherein the toxin is norfloxacin or a derivative,

analog or pharmaceutically acceptable salt thereof.
12.  The compound of claim 1, wherein the compound is purified.
13. A composition comprising the compound of claim 1 and a carrier.

14.  The compdsition of claim 13, wherein the carrier is a pharmaceutically

acceptable carrier.

15. A method for inhibiting the growth of a microorganism, comprising

contacting the microorganism with an effective amount of the compound of claim 1.

16. A method for treating a subject comprising administering to the subject an

effective amount of the compound of claim 1.

54

14. Thecearspysiosi on of

25



WO 03/088913 PCT/US03/11981

17. A method for identifying potential therapeutic agents, comprising:

() contactil?'g a microorganism with a compound of claim 1 under conditions
that favor the incorporation of the compound into the microorganism; and

(b) assaying for amount of proliferation of microorganism in comparison to an

5  untreated Sample of the microorganism.
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