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admtted to be prior art to the clained invention. Anthrax is a bacterial

i nfection produced by Bacillus anthracis. Bacillus anthracis endospores
can enter the body through skin abrasions, inhalation, or 10 ingestion.
Bacillus anthracis produces an anthrax toxin that is often lethal. (D xon

et al., 341, 815-26.) Anthrax toxin consists of
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Bi ochern. J. 352 Pt 3, /739-45.) Lethal fact been indic 0 cl eave
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™M EDTA, 1&3 ot Eetﬁg_l f‘e’t‘@tbtg a zmcI gepenéent metalloprotease that appears to exert toxic affects by
cleaving mitogen-activated protein kinase kinases (MKKs). (Vitale et al,, (1998)
Biochem. Biophys. Res. Commun. 248, 706-11, Vitale et al., (2000) Biochem. J. 352
Pt 3, 739-45, Duesbery et al., (1998) Science 280, 734-7, Duesbery et al.,
International Publication No. WO 99/50439, International Publication Date October 7,
20 1999.)

Vitale and co-workers have used microsequencing to identify the site
in different MKKs that are cleaved by lethal factor. (See Table 1, Vitale ez al., (2000)
Biochem. J. 352 Pt 3, 739-45.) Lethal factor cleavage of different MKKSs occurred
within the N-terminal region preceding the kinase domain. Alignment of the

25  sequences flanking the cleavage site revealed some consensus motifs: a hydrophobic
residue in position P2 and P1°, and at least one basic residue between P4 and P7.
(Vitale et al., (2000) Biochem. J. 352 Pt 3, 739-45.) I

Lethal factor has been indicated to cleave synthetic peptides in vitro.

(Hammond et al., (1998) Infect. Immun. 66, 2374-8.) In vitro cleavage was inhibited
30 by 1,10-phenanthroline or 10 mM EDTA, both of which chelate zinc.

Bacillus anthracis is a spore forming gram-positive bacillus, which is
the etiologic agent of anthrax. Anthrax is a disease that can be found globally in
temperate zones (e.g. South and Central America, South and East Europe, Asia,
Africa, Middle East, and Caribbean) and is transmissible to humans through handling

35  or consumption of contaminated animal products (e.g. eating undercooked meat from
-1-



Bacillus anthracis is a spore formng grampositive bacillus, which is the
etiol ogic agent of anthrax. Anthrax is a disease that can be found gl obally
in tenpewatwd/1a8es (e.g. South and Central Anmerica, SoutrCANBIEHSB6 Eur ope,
Asia, Africa, Mddle East, and Caribbean) and is transm ssible to humans
through handling 35 or consunption of contam nated ani mal products (e.g.
eati ng undercooked neat from -1 WO 03/101382 PCT/US03/ 16336 i nfected
animals). WI dI i fe mammal s such as deer, w | debeest, el ephants, and

' t. are
oSt ot o ey RS 95 8 2R BB SEl e S BRup g S
from grazing domesmmddmeﬂfatle,csublaasjgomishm cath, diorses,tand sfmm:hre at lph Rikk ng
from contam @?’f&g;ﬂﬁ@tﬁ the dfReARS oﬁ"f}ﬁ%ci é}n&%lg 9&.1r§ frﬁ%?ﬁngg remain

viable in soi ears
Envi r onnent alCONPRBYRsAK y:amg) oorggnapteddeed Quirinkimsizom Cvm‘@tmmteca‘vvater

Antim crob Aﬁ@l&z%@e@%s@iﬁ%ﬁﬂ% SRY cdiPR&had?(iable 19@311?&3&1 r@{}%arsD@ gnay et

., S d. Inf. Dis 333-335 for furthe sion of Bacillus
gnt hr ag?; 13{61 gaspn ﬁ‘i.ﬁlr‘aﬁgplt?ff#@@3$ WW&‘”@f’taéM’ﬁ’l”éW P 20, 6Q) rEs2 e ur
cut aneous,  @630; ereﬁtaBIAm&hzc%wAgdwhﬁ&;ﬂi ChaRdthe by lﬂ988192(:5)1t6amg’5arfd0r m
f t ut or asj on on
the: Ski ﬁ”ssg?’%@n%”’"% o e P 1o 23R Tl GiSusdon SEBAGAT ©

"Basic D agnaathmczsl'estl ng Prot ocol s for Level A Laboratories (For The

Presunpt jye Indentifi C% thﬁ%%blﬂéé%f a%‘l]illii ﬁﬁ%-[&é) s@hn &%ur Sutangous,

www. ban. asm | a. cp. 102401 0" &R , NEJM
341: 815- 826 &ayto- @tesmgﬁgmﬂdeiﬂﬁéaﬂom& ‘@gﬁhﬁtwar@pus frems jaifections eesur mheaﬂm

general ly r aa&e@hmtoe orbeﬂfefs zﬂfut low HMahBﬁlbn HRSQER S& %dhﬁ%eﬂt SHAI%%SI \éY teh' n

\m?chor L\S?u(rjz%@t 9‘*@‘?% P ﬁ‘i ds sggii? @é?g%gtﬂ%*‘%tngﬁ %Féf&%&l? f(fér!tliel‘feeg‘} ack
necrotic ( dy Laratmries (Far Tthh @resantpeive Iﬂcfenhﬁéattloh:mile%aﬂﬁd anthi’&m%fe@tt h 0?2
i ni ot 57 oa b pHE AR B RABLE o, ACBOAELLE P30 Bl Bt iy FREY
consunpti on &#1:3k2820 SepitoanPPANetbai 1 h S}'mpﬂomstoé theuskin infiéction mesgenemllyn an
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bumps or bump develops into a fluid-filled vesicle, which ruptures to form a painless

ulcer with a characteristic black necrotic (dying) area in the center. If left untreated,

20  death can result, however, deaths are rare if appropriate antibiotic therapy is

administered.

Gastrointestinal anthrax generally occurs from the consumption of
meat contaminated with the bacterium, which results in an acute inflammation of the
intestinal tract. Signs of nausea, loss of appetite, vomiting, fever, along with

25  abdominal pain, vomiting of blood and severe diarrhea are indicative of
gastrointestinal anthrax. The mortality rate for this form of human anthrax is
estimated at 25%-60%.

Inhalation anthrax is most likely the result of intentional aerosol

release of Bacillus anthracis, such as an act of bioterrorism. This form of human

30  anthrax infection commonly has an incubation period of one to six days, with fever,
malaise, fatigue, a nonproductive cough and/or mild chest discomfort sometimes
being the initial signals. These initial symptoms are often followed by a short period
of improvement, followed by the abrupt development of sever respiratory distress
with labored breathing, perspiration and bluish skin color. Death usually occurs

35  within 24-36 hours after the onset of respiratory distress despite aggressive treatment.
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FORMULA 1

15  or apharmaceutically acceptable salt, enantiomer, diastereomer or in vivo

hydrolysable ester or mixture thereof, wherein,

R1 represents Cg-10 aryl, C5-10 heteroaryl or C5-10 heterocyclic, said aryl, heteroaryl
and heterocyclyl optionally substituted with 1 to 3 groups of Ra
20
Ra represents C1-6 alkyl, halogen, OH, aryl(C1-g)alkyl, (C1-6)alkoxy, (C1-
6)alkoxy(C1-g)alkyl, halo(C1-g)alkyl, nitro, amino, mono- or di-N-(C1-g)alkylamino,
acylamino, acyloxy, carboxy, carboxy salts, carboxy esters, carbamoyl, mono- and di-
N-(C1-6)alkylcarbamoyl, (C1-g)alkoxycarbonyl, aryloxycarbonyl, ureido, guanidino,
25  sulphonylamino, aminosulphonyl, (C1-g)alkylthio, (C1-g)alkylsulphinyl, (C1-
6)alkylsulphonyl, heterocyclyl, heterocyclyl(C1-6)alkyl; and

R represents Cj1_8 alkyl, C3-10 cycloalkyl, C3-10 heterocycloalkyl, C5-10 heteroaryl,

or C5.11 heterocyclyl, said heteroaryl and heterocyclyl optionally substituted with 1 to
30 3 groups of R2 and said alkyl, optionally substituted with 1-3 groups selected from the

group consisting of aryl, heterocyclyl, (C]-g)alkylthio, cyano, heteroaryl, guanidino,
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t her eof s invention further relates to the use of
t he corrpounds of forrrul a I in the treatnent of anthrax and ot her

condi ti ons, wmmbeaﬁgbﬁheﬁdwmmmmmect'on Thi's and ot her
aspects of the invention wl real i zed upon | nspection 10 of _the

i nvention as a whol e. @E?R{C%E@@Eﬁg@mlmlmte@f theecomnporrgs efvforpalady et
i nvention lsméttroaqbﬁdedtmgtahﬂm@pm@um%gq&hhpﬂamk By hdmiidirafion fRéfamblf or

15Tt 1 Sbenolespn oF ek SO omB5h PlieBinE Sheap e 1o x’élaﬁ«bﬁLﬁS' of
formul a | and a pharmaceutically acceptable carrier.
The invention is described herein in detail using the terms defined
below unless otherwise specified.
When any variable (e.g. aryl, heterocycle, R1, R etc.) occurs
20  more than one time in any constituent, its definition on each occurrence is

independent at every other occurrence. Also, combinations of substituents/or

variables are permissible only if such combinations result in stable compounds.

The term “alkyl” refers to a monovalent alkane (hydrocarbon) derived
radical containing from 1 to 10 carbon atoms unless otherwise defined. It may be
25  straight, branched or cyclic. Preferred alkyl groups include methyl, ethyl, propyl,
isopropyl, butyl, t-butyl, cyclopentyl and cyclohexyl. When the alkyl group is said to
be substituted with an alkyl group, this is used interchangeably with “branched alkyl
group”.
Preferably, alkenyl is C2-Cg alkenyl.
30 Preferably, alkynyl is C2-Cg alkynyl.
Cycloalkyl is a specie of alkyl containing from 3 to 15 carbon atoms,
unless otherwise specified, without alternating or resonating double bonds between
carbon atoms. It may contain from 1 to 4 rings that are fused. Examples of cycloalkyl

groups are cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, and cycloheptyl.
-4 -
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etc. Al koxy refers to %%u E%H lgﬁl?l _a?fi* ld\%ﬁeﬁlﬁﬁgj%Wy@é&%gépﬁg%?%ﬁ%) y
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et hoxy,  proReméticPBkaxyled bflsichifleldndiOibmde PREBO Mmaphthyl,
15  tetrahydronaphthyl, indanyl, biphenyl, phenanthryl, anthryl or acenaphthyl.
The term heterocyclyl or heterocyclic, as used herein, represents

a stable 5- to 7-membered monocyclic or stable 8- to 11-membered bicyclic
heterocyclic ring which is either saturated or unsaturated, and which consists of
carbon atoms and from one to four heteroatoms selected from the group consisting of

20 N, O, and S, and including any bicyclic group in which any of the above-defined
heterocyclic rings is fused to a benzene ring. The heterocyclic ring may be attached at
any heteroatom or carbon atom which results in the creation of a stable structure. A
fused heterocyclic ring system may include carbocyclic rings and need include only
one heterocyclic ring. The term heterocycle or heterocyclic includes heteroaryl

25 moieties. Examples of such heterocyclic elements include, but are not limited to,
azepinyl, benzimidazolyl, benzisoxazolyl, benzofurazanyl, benzopyranyl,
benzothiopyranyl, benzofuryl, benzothiazolyl, benzothienyl, benzoxazolyl, chromanyl,
cinnolinyl, dihydrobenzofuryl, dihydrobenzothienyl, dihydrobenzothiopyranyl,
dihydrobenzothiopyranyl sulfone, 1,3-dioxolanyl, furyl, imidazolidinyl, imidazolinyl,

30  imidazolyl, indolinyl, indolyl, isochromanyl, isoindolinyl, isoquinolinyl,
isothiazolidinyl, isothiazolyl, isothiazolidinyl, morpholinyl, naphthyridinyl,
oxadiazolyl, 2-oxoazepinyl, oxazolyl, 2-oxopiperazinyl, 2-oxopiperdinyl, 2-
oxopyrrolidinyl, piperidyl, piperazinyl, pyridyl, pyrazinyl, pyrazolidinyl, pyrazolyl,
pyridazinyl, pyrimidinyl, pyrrolidinyl, pyrrolyl, quinazolinyl, quinolinyl, quinoxalinyl,

35 tetrahydrofuryl, tetrahydroisoquinolinyl, tetrahydroquinolinyl, thiamorpholinyl,
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15 tetrahydronapht hyl, indanyl, biphenyl, phenanthryl, anthryl or
acenaphthyl. The term heterocyclyl or heterocyclic, as used herein,
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chromanyl , &daﬁfﬁ@bllyﬂml-oxdilt flyloeeral, mmtoplpbrmldﬂpbemlﬁpaﬂmyy 12

di hydr obenzot hi o%]ﬁ' 9}/1 Q drobenzg ﬁﬁy sullfon 3- di oxol anyl,
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i sot hi azol i Q@Qﬂg w plyl, 2-oxoazepinyl,
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het er ocycl i P
pyrollidinonyl, quinolinyl, tetrahydrofuryl, tetrahydroisoquinolinyl, and thienyl.

As used herein, "heteroaryl” is intended to mean any stable monocyclic

20  or bicyclic carbon ring of up to 7 members in each ring, wherein at least one ring is
aromatic and wherein from one to four carbon atoms are replaced by heteroatoms
selected from the group consisting of N, O, and S. Examples of such heterocyclic
elements include, but are not limited to, benzimidazolyl, benzisoxazolyl,
benzofurazanyl, benzopyranyl, benzothiopyranyl, benzofuryl, benzothiazolyl,

25  benzothienyl, benzoxazolyl, chromanyl, cinnolinyl, dihydrobenzofuryl,
dihydrobenzofuranyl, dihydrobenzothienyl, dihydrobenzothiopyranyl,
dihydrobenzothiopyranyl sulfone, furyl, imidazolyl, indolinyl, indolyl, isochromanyl,
isoindolinyl, isoquinolinyl, isothiazolyl, naphthyridinyl, oxadiazolyl, pyridyl,
pyrazinyl, pyrazolyl, pyridazinyl, pyrimidinyl, pyzrolyl, quinazolinyl, quinolinyl,

30 quinoxalinyl, tetrahydroisoquinolinyl, tetrahydroquinolinyl, thiazolyl, thienofuryl,
thienothienyl, thienyl and triazolyl.

In one embodiment of this invention relating to the compounds of
formula IR is a heterocycloalkyl and all other variables are as originally described.
In another embodiment of this invention relating to the compounds of
35 formulalR is a heteroaryl and all other variables are as originally described.
-6-



are not limted to, azepinyl, benzim dazolyl, benzisoxazolyl,

benzof urazanyl, benzopyranyl, benzothi opyranyl, benzofuryl,

benzot hi awologhi9138Enzot hi enyl , 5 benzoxazol yl, chromanyl, e@CRUsbd/maBe
di hydr obenzof uryl, di hydrobenzothi enyl, dihydrobenzot hi opyranyl,

di hydr obenzot hi opyranyl sul fone, furyl, imdazolidinyl, imdazolinyl,
i m dazolyl, indolinyl, indolyl, isochromanyl, isoindolinyl, isoquinolinyl,
i sot hi azolidinyl, isothiazolyl i sot hi azolidinyl, norpholinyl,

oy per syl 3. i SRl Yoo K CoppougY.
ik Kl irvt Eirhor e e T
gﬁlnoxallxyl ‘?%ﬂ@h?ﬁﬁ@‘g%‘&F¥¥wéﬁ§%%0|squ|%oI|ngl Y

t et rahydroqui noI i nyl, Irhyemamtbhtdrmbo}limeﬁthxf&minpdemiohrryllatisgltdtrlmicdmpounds

L0 2oyl oA R MBS LSRN Y b bEbPA B0l Rz0l Y
2- di azapi nonlylbthYI mlwb,zp@owl,, bugyl; papttad o3 -(Hpyridsfthiophanol-yl or 3 méduiertbereely|

nor phol i nyl ,ancllqkﬁ%te%’éycloglk@laéﬂ@t&%hyl pyridyl, pyrroli di nyl,
2- pi peridinonyl, 2-pyrimdinonyl, 2- pyroll.i d| non UI nol i n

tetrahydrofuryl, tetraBy¥ B’P%tb%ﬁﬁmhﬂdirﬁ?}t Ofgﬁﬂmc"ﬁ}lé%ﬁe ating tﬂQE’cFoﬁE’P@Pﬁlﬁ

"heteroaryl "of Forrhilh GNREY atheter®@Feloalkyl sidadll stheoneiaples ke asMighiallpi cyclic

car bon ghpgdgf ug to 7 menbers in each ring, wherein at |least one ring is
aronmat i KHRYEr n fromone to four carbon atoms are replaced by

het eroat ons sel ect ed T awttieh embpdiment ofihisshverngionfrelafingto thadoBpoudawpl es of

such het er OC%?llnh% R mrte??érpﬁlnb%%l oct);? tvaﬁﬁl?ie ak 'oggfn%ﬂghé’s]cnbed

benzi m dazol yI',; "benzi soxazo zof urazany
benzot hi opyranyl , benzbf @no;her embadigiont afszwnvent@g T%‘é’ﬁ%g)tcmlé gmpounds of
benzoxazol yl for@bl’adﬂMla,Cpu Iathil anity;hll otfiehyaaiables azcodsuriginally described.

di hydr obenzof ur anyl h rob dr obenz thio |,

di hydr ob]eigzot hi opyr anyt“ é ?’BP‘%P%’HT' ﬂ{it:l}%m?ﬂtmnr %Fl %/IHH%‘W]F,

i soghr orr:an?/l of forrﬁ@larlﬁlﬁllumy |pherly$ gmuupniptlbnw)l subscutlt_e(tjla\am le grqushif.lﬁbg.raindpyl :
oxadi azol y B HRY qﬁu pyridazinyl, pyrindinyl,
pyrrolyl, u’i ﬁ‘éi"i}?}’?{rﬁ?ﬂ %}'ﬁﬁ)ﬁ% | ny i 5(%11'%] dxal i nyl ,

tetr ahydr 0| soqui nol i nyln yettencvthh}ﬂzlmbnqluncmw ﬁ}ellnvmt%/oazdlasing ta the epmpoungds,

thi enot hi enyé)fhfohﬁblﬁrﬁ( klggg gpéﬂﬂéfauwsubﬁﬁutgﬁ'%l@lm@ #Bhhs Fmédlbsy, i nvention

relating to
g20 halogen, methyl ethyl, propyl, butyl, napthyl, 5-(2-pyridyl)thiophen-2-yl or a mixture

thereof, and R is an alkyl, heterocycloalkyl or heteroaryl.

Another embodiment of this invention relates to a pharmaceutical
composition conprising a compound of formula I and a pharmaceutically acceptable
carrier.

25 Another embodiment of this invention involves the use of a compound
of formula I for the production of a medicament for the treatment or prophylaxis of
anthrax and conditions related thereto. Still another embodiment involves the use of a
compound of formula I for the production of a medicament for inhibiting lethal factor.

The compounds of formula I may be combined with one or more

30  known drugs selected from clinically useful antibacterial agents (for example other
beta-lactams or aminoglycosides), inhibitors of beta-lactamase, renal tubular blocking
agents (e.g. probenecid) and inhibitors of metabolising enzymes (for example
inhibitors of dehydropeptidases, for example Z-2-acylamino-3-substituted
propenoates such as cilastatin) and N-acylated amino acids (for example see EP-A-

35  178911) which reduce adverse effects on the kidney. Examples of drugs that can be

-7 -



formula | Ris a heterocycloal kyl and all other variables are as originally
described. |In another enbodinent of this invention relating to the
conmpoundswofo3@ei38ormula | R is a heteroaryl and all ot her peanisabl@ss are as
originally described. -6 WO 03/101382 PCT/US03/16336 In still another
enbodi nent of this invention relating to the conpounds of fornula | Rl is
a phenyl group optionally substituted with 1-3 groups of Ra and R is a

het er ocycl oal kyl , or heteroaryl group. In yet another enbodi nent of t he
invention rel atj|

ng.to e conpound f_ formula | RL is a phen rou
Slbeti t ot ed Gohingd bamine cGRRRIUR OF tarmafiL arp S aeh, TARPRYAT. VETHIY Ty ooyl
but yl , napt hyilastdbin( Qefmmdyén)ictlhirpblaelﬂiaﬁe Wlldoprobeﬂmcld Wtfacy&lﬂfeeOL and R a
heterocycloal r he | nat this invention
ol ot naCt oG ACCSIRRACh pr b ¥t BBRME T e TIBRREATN vln bbiveab IS
ot her vari abbgsl aapalragitas iggidrinkbmbib@ticdewithichestatinl (saidrvonitenationioviarkettd of

this i nveﬁtlgpppﬁhg%%m@)to the conpounds of fornula la Ris a heteroaryl
and all other variables )are as originally described. In another enbodi nment

of this invention rel aStgple shamaceipbuprespiable spisy pifha compeunds useddn- 4
al kyl and al {hls)ﬁlh@ﬂtldfﬁhblﬁaé a&idALGitiOR sAlfs sathnad h Q&ﬁ&ﬁdebﬁsidm&%nhae %htdté

anot her enbodi nt vention rel atin o.the.c ormul a
Ta R 1 pREISIE aoals Bpmen e Rroselste e a e Rd- B JRUBERE! R and R
i s an al kyl, slisbkrsatty atedmbkydlts sach ﬁmﬂﬂ@ﬂrmbtagmuﬁor e}kzﬂnple&ocaﬁmtdirer _

enbOdI rrem Eottd& nveﬁﬂ%élgl% eraﬁh%iet{i%a]%f)or GQS R:lilu m%]:gnetzsglgrﬁua{naodlg?{uc IS

a phenyl group su s’tl roup
met hyl , et hyhmingrselsfor, exampye tﬂeﬂ‘alﬂﬁtrm;lt,,m@Plell}ﬁ/N myth)’lmpﬂmhml\lz yl or a
mxture t heaﬁg@ r%)e%@%eRﬁfO%afﬁQ (ﬁbéﬂﬁg}anﬁ'ﬁé NNCc}iEéxﬁg arfine %ﬁsﬁhfa%yds -for

Anot her enbodi |s i nyention relates to armaceutica
conposi ti on EEHRE bisHg- £refsHpd Dhrmgseutisal ﬂﬁhiim&e]’talalﬁdaég %ﬁé‘?%@éﬁ‘fll cally
acceptabl e paagsiigh saldd Anot her enbodi ment of this invention involves the

use of a5 0Mpod nd In vivo hydrolysable esters are those pharmaceutically acceptable

esters that hydrolyze in the human body to produce the parent compound. Such esters
can be identified by administering, e.g. intravenously to a test animal, the compound
under test and subsequently examining the test animal’s body fluids. Suitable in vivo
hydrolysable esters for carboxy include C1-6alkoxymethyl esters for example

20  methoxymethyl, C1-6 alkanolyloxymethyl esters for example pivaloyloxymethyl,
phthalidyl esters and the additional esters disclosed in US Patent No. 5,478,820,
which is herein incorporated by reference in its entirety.

Compounds used in this invention are:
N-t-butoxy-2(R)-[(4-fluoro-3-methylphenylsulfonyl)Jamino-3-methylbutyramide;

25  N-hydroxy-2(R)-[(4-fluoro-3-methylphenylsulfonyl)]amino-3-methylbutyramide;
N-t-butoxy-2(R)-[(4-fluoro-3-methylphenylsulfonyl)]Jamino-2-(4’-tetrahydropyranyl)-
acetamide;
N-hydroxy-2(R)-[(4-fluoro-3-methylphenylsulfonyl)]Jamino-2-(4’-tetrahydropyranyl)-
acetamide;

30  N-hydroxy-2(R)-[(4-fluoro-3-methylphenylsulfonyl)]Jamino-3-(S)-
cyclopropylbutyramide; and pharmaceutically acceptable salts, enantiomers,

diastereomers or in vivo hydrolysable esters or mixtures thereof.



of formula | for the production of a nedicanent for the treatnent or
prophyl axis of anthrax and conditions related thereto. Still another
enbodi mrerwoipmel3ses t he use of a conpound of fornmula | f®cCTiuses/pi3ecuct i on
of a nmedicanent for inhibiting |lethal factor. The conmpounds of formula I
may be conbined with one or nore 30 known drugs selected fromclinically
useful antibacterial agents (for exanple other beta-lactans or

am nogl ycosi des), inhibitors of beta-lactamase, renal tubular bl ocking
agents (e.g. probenecid) and inhibitors of_netabolisan eg;gnes gfor

exanpl e inhibitors of Adémgarlseaporadsddhisipyention gis disclosed i Table 1:

Z- 2- acyl am no- 3-substituted propenoatembidich as cilastatin) and N-acyl ated
am no acids (for exanple see EP-A 35 1¢$911), which reduce adverse effects
on the kidney. Exanpl es of drugs that n bE -7, WO 03/101382

PCT/ US03/ 16336 combi ned with thelto dsNog-frnula | are ini penem
meropenem vanconycin, cilastatin, ¢pfoxiti ,%Penicillin, cl avul ani ¢ aci d,
probeneci d, tetracycline, ciprofloxacin,Rno fl[oxacin or a m xture thereof.
It is preferred that when impenemis used as a drug it is used in

conbi nat i onwirth—citastatin (sardyconbimattomr 7s) narketed 5 as
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| ysi ne. Pref err&d pHar neCeNpi cal |y a salts are sodi um and
potassiumsalts.” 15| n vigﬂ\hydro ysabt'e~éSters are those pharnaceutically
accept abl e | esters tlhat dridt®ze| i n t'he human bpdy to produce the parent
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hydr ol ysabl e esters for carboxy include Cl-6al koxynmethyl esters for exanple
20 met hoxynet hyl, d -6 al kanol yl oxynet hyl esters for exanple
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and pharmaceutically acceptable salts, enantiomers, diastereomers or in vivo

hydrolysable esters or mixtures thereof.
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HF 142 NHNOd 143\ G s V C 144 HN and pharmaceutically acceptabl e
salts, enantioners, diastereoners or in vivo hydrolysable esters or

m xt ur es wbasgof3s2 - 22 WO 03/ 101382 PCT/ US03/ 16336 Still ecCmarsoyoispounds of
this invention are disclosed in Table 2: Table 2 HF 0 HON,,,,,NHS Hp’
O OR2 Rl Exanple # RL R2 146 Me 147 Me 148 Me 149 ~NH2 H 150 Me
151 Me 152 Me

Still other compounds of this invention are disclosed in Table 2:

Table 2
F
2 4, X
HO. aN_
N WV \ /S\
H O/ \
07 e
Ri
Example # R1 R2
146 Me

147 k Me
148 k/ Me
149 o H

150 % Me

151 k/k Me

152 Me

153 <g Me

5 and pharmaceutically acceptable salts, enantiomers, diastereomers or in vivo

hydrolysable esters or mixtures thereof.

Preferred compounds used in this invention are:
N-t-butoxy-2(R)-[(4-fluoro-3-methylphenylsulfonyl)]Jamino-3-methylbutyramide;
N-hydroxy-2(R)-[(4-fluoro-3-methylphenylsulfonyl)Jamino-3-methylbutyramide;

10  N-t-butoxy-2(R)-[(4-fluoro-3-methylphenylsulfonyl)]amino-2-(4’-tetrahydropyranyl)-

acetamide;

23 .



153 Me 5 and pharmaceutically acceptable salts, enantioners, diastereoners
or in vivo hydrolysable esters or m xtures thereof. Preferred conpounds
used i n tWD3ioMeNt i on are: PCT/US03/16336

N-t - but oxy-2(R)-[(4-fluoro-3-nethyl phenyl sul fonyl )]

am no- 3- net hyl butyram de; N hydroxy-2(R)-

[ (4-fluoro-3-nethyl phenyl sul fonyl )] am no- 3-net hyl but yram de; 10

N-t - but oxy-2(R)-[(4-fl uoro-3-net hyl phenyl sul fonyl )] am no-2- (4' -tetrahydropy
ranyl)- acet am de; -23 WD 03/101382 PCT/ US03/16336. N-hydroxy-2(R)-

(4 11uor o 3N b B romieyaimiboriect ey D-

acet am de; Nadwyghidsy-2(R)- [(4-fluoro-3 -nethyl phenyl sul fonyl)]am no-3-(S

bnant i omer o, KB ReRu i BRe o R e DR er e or i xtures
thereof. In oyallqrropydbutymnade,camﬂqxhanlnaméutiaaﬂyubeeptab&fr sadts pmantieroest i cal |y
accept ablthQag re? { %Leu&ggb?o&?err 81r ;}ék‘ﬁ%r&}fdro' ysabl e ester or

m xture ereo el manmal s, i ncl udi ng
humans, in particul ar hnordprwazscmgomwméﬁf fO@mulmimr@tphﬁgn¢cgumlyf actor it

i's normally B&regﬂr RIGH, éﬂ&nﬁ&ﬁ&r ABRER oM Br ijnow% ﬁ?&i%[ﬂatﬂ@%t@?&%fx‘t&@'

pr actice as maceut 1 cal I'TpOSI ton. he. conpourids used I n the instant

i nvention caﬂ‘effé’f St F@f@eéﬂc frpatgent ‘l’féP%B@é]cSr g ludingaynaans; \pagiylagin

i Nt r avaneoustr¥atirpUdehia e entsibiing letHal fidtos 6tk ﬁbhﬂaleorrﬁﬂMtddtlﬂ @écond®inb® tithn own
tothose k|IIe LN, the ar paren eral). A suitable

phar macel |c§tlzl %B%‘F’}E\C?mm&g%rﬁgﬁl% ﬁsﬁlpi‘aflﬂ%fgﬁﬁ?%ﬁ FRBOBIWE: which is made for
15 sterile injection cdhtaompogndseisedirthd inmralt Beatidncanfbetddeitisteprolinds used

inthis i nvg'@}dtp%ﬂnca%y'e?ﬁp%\?e Al ?%?‘avfn?erouglg s@gmaﬂéo?fsfya}ﬂtﬁﬂmg(gﬂ%ﬁor

formul ati on i vention in
ani mal s, par @ﬂ)t@ﬂlgrrm9thﬁéﬂin9‘ﬁf! to thepesiiiledindbe alﬂh(ﬁhﬁl, recilcHalapareriera)). rabbi t s

and dogs. 20gihe1d fHara4dcecdl @Bmipbsitibh N8deH B ifentiSh ¥&heDWhiRYs Rbde for
HTustr aE:IS Onsterﬂse injection containing between 1 and 50% w/w of the compounds used in this
invention.

Suitable subjects for the administration of the formulation of the
present invention include primates, man and other animals, particularly man and
domesticated animals such as cats, rabbits and dogs.

20 The following non-limiting examples, given by way of illustration, is
demonstrative of the present invention, that the compounds used in this invention are

useful for treating anthrax and inhibiting lathal factor.

Definition of terms are:

25  HOBT - hydroxybenzotriazole

DMF — dimethylformamide

DIEA -diisopropylethylamine

TMSONH2 - O-trimethylsilylhydroxylamine

PyBOP - bnezotrizole-1-yl-oxy-tris-pyrrolidino-phosphonium hexafluorophosphate
30 TFA - trifluoroacetic acid

HPLC - high performance liquid chromatography

DCM - dichloromethane

EDC - 1-(3-dimethylaminopropyl)-3-ethylcarbodiimide

THF — tetrahydrofuran
35 DIC - N,N’-diisopropylcarbodiimide
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denonstrative of the present invention, that the conmpounds used in this

I nvention are wuseful for treating anthrax and inhibiting |athal factor.
Definiti owoeB/10B81s are: 25 HOBT - hydroxybenzotri azol e PEF/US03/16336

di et hyl formam de DI EA -dii sopropyl et hyl am ne TMSONH2 -

O trimethylsilyl hydroxyl am ne PyBOP -

bnezotri zol e- 1-yl -oxy-tris-pyrrolidino-phosphoni um hexaf | uorophosphate 30
TFA - trifluoroacetic acid HPLC - high performance |iquid chronatography
DCM - di chl or omret hane EDC - 1-(3-di net hyl am nopropyl) - 3-et hyl carbodi i m de
THE - t et rahYd?r dimgth glﬁorma@ugieN N - di i sopropyl carbodi i mi de -24 WO

03/ 101382 P@M@3/ﬂ@&?@hylaﬂﬁo yﬁlﬂlﬂet hyl f or mam de DVAP -

4-di net hyl a yridi hyl - 2- pyrrol i di none EDTA -

et hyl enedi AN 2 tlrfast@&?@ygel n0E PLE L O H P HOS N, \ H 0S0
N-t - but oxy- 2EBIA + dthfylenediamdretatabhgdticlaeidy | sul f onyl )] ami no- 3-

nmet hyl butyram de (1.8 g, 4.99 nmmol) was dissolved in 75 m of anhydrous
di chl oro 710 et hane containing ethanol (0.30 m, 5 mMmvl) at 0 C. Hydrogen

chloride gas was bubbled in for 30 H \MPA& ¥ | ask was closed with a sept um
and reaction mxture stirred for 2 days After ghe solvent was renoved on

a rot avap,‘ the residue was
o, JVN I

H // W\
/\

N-t-butoxy-2(R)-[(4-fluoro-3-methylphenylsulfonyl)]Jamino-3-
methylbutyramide (1.8 g, 4.99 mmol) was dissolved in 75 ml of anhydrous dichloro-
10  ethane containing ethanol (0.30 ml, 5 mmol) at O °C. Hydrogen chloride gas was
bubbled in for 30 min. The flask was closed with a septum and reaction mixture
stirred for 2 days. After the solvent was removed on a rotavap, the residue was
dissolved in methanol ( 1 ~ 2 ml), and diluted with DCM (20 ml). The crystals
formed were collected and washed with more DCM to give, after vacuum drying, N-
15 hydroxy-Z(R)-[(4-ﬂuoro—3—methylphenylsulfonyl)]amino-3—methylbutyramide. NMR
(500 MHz, CDs0D) 6: 0.86 (d, 3H), 0.91 (d, 3H), 1.86 (m, 1H), 2.30 (d, 3H), 3.30 (d,
1H), 7.16 (t, 1H), 7.67 (m, 1H), 7.72 (m, 1H).
The starting material for example 1 was prepared as follows:
D-Valine (1.39 g, 11.9 ‘mmol) was dissolved in 80 ml of dioxane/water
20 (1:1) containing K;COs (3.3 g, 24 mmol). A solution of 4-fluro-3-methylphenyl-
sulfonylchloride (10 mmol) in dioxane (4 ml) was dropped in with good stirring. The
reaction mixture was stirred at room temperature for 30 min. Ethylacetate (80 ml),
IN HCI (50 ml) was added. The organic layer was washed with 1N HCI 2 times, and
extracted with 5% K,COs5 (3x 25ml). The combined base extracts was acidified and
25  extracted with ethylaceate (80 ml). The organic layer was washed with brine (2x),
dried over NapSO4. The solvent was removed on rotavap, and residue tritrated with
hexane. The resulting solid was dried to give 2(R)-[(4-fluoro-3-methylphenyl-
sulfonyl)]amino-3-methylbutyric acid.
2(R)-[(4-Fluoro-3-methylphenylsulfonyl)]amino-3-methylbutyric acid
30 (2.64 g, 9.12 mmol) was dissolved in DCM (30 ml), followed by addition of DIEA
(3.18 ml, 2 eq.) and O-t-butylhydroxylamine hydrochloride (2.3 g, 2 eq.). EDC.HCI
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di ssolved in nethanol (1 - 2 m), and diluted with DCM (20 m ). The
crystals formed were collected and washed with nore DCMto give, after
vacuum drwiorg/ 10198215 PCT/US03/16336

hydr oxy-2(R) - [ (4-fl uor o- 3- met hyl phenyl sul f onyl )] am no- 3- net hyl but yr am de.
NVR (500 MHz, CD3CD) 6: 0.86 (d, 3H), 0.91 (d, 3H), 1.86 (m 1H), 2.30 (d,
3H, 3.30 (d, 1H), 7.16 (t, 1H), 7.67 (m 1H), 7.72 (m 1H). The starting
material for exanple 1 was prepared as follows: D-Valine (1.39 g, 11.9
mmol ) was di ssol ved in 80 of  di oxane/water 20 (1; 1 conbal ni.ng K2CO3

(3.3 g, 24 nfol & %\egaw.ﬂem aideq portigpwise agselif | MeeskPC @& PorfdoRtsor i de

(10 mmol) i nade@xéeedd ﬁnﬁrtn)d m&eaﬂh@ﬁmd stlﬁe&\fdrmngmem(smxf I THgsolViIRe was
reaction m xture S stsrre roomtﬁln% gtur for 30.m n. hjgylacetate

(80 m), | NRY® §BarFPa"\?x%§”885‘et8mp‘T‘i‘i‘ hesidyevas PATEHONGA NI " wi th I N
HC12 tines, ethglacaxer(&endy 1N HE1 8D CTRe ©@anﬁﬂaﬂe}r wakhveashahwithatl Hake

tract t T
ext 1 act s 3@oua dh L UG gisp E@g%@ﬂg oo PURRTBI Bt bl 3R,
was renoved nl2%edvigsctateia DENM; gradientsobvieat ©divi predudidtrhBtox 2R -K4ul ti ng
solid was drjggholRnft }?eﬁﬁ)sul[f&f&i)f]hﬁﬁﬂb% BBt RRGYsa wiitd ®ax! TL.c

ani no- 3-met h Ibut I’IC

2(R)-[(4-Flu Wéﬁ?ﬁ}? P@A&R&%l%h@\fﬂ}](%‘?ﬂ M61z3 GRsPIR) 1% 08913 B PO Qo
(2.64 g, 9. 12Hmm)8)(s¥\aH) di.gos@h,VED, 2.80 ROMH)39.40(d,, 1H)oY 8@ dHy7 Zuidhf ity of
DEA (3,18 ?177 gﬁ) and O-t-butyl hydroxyl am ne hydrochloride (2.3 g, 2
eq.). E 4B, '03/ 101382 PCT/ US03/ 16336 (2.1 g, 1.2 eq.) was then
added portlonvvl se as solid. More EDCHXOABIPIE DS eq.) was added after 40 nmin
and the reaction was stirred for another 30 m n. Fhe solvent was renoved

on a rotavap at roomtenperature, andoresgj du partitioned with
et hyl acetate (80 m), IN HO (50HGL?\IJ\TDN or | ayer was washed with IN

HO, 5 brine, and dried over Na2SO4y The C/)Sude product was flash col um
purified with 5% to 12% et hyl acet ate g(ﬁ’/l gradi ent solvent to give
product N-t-butoxy-2(R)-[(4- | !
fl uor o- 3- net hyl phenyl sul fonyl )] am no- t hyl butyram de as a white foam
TLC (1:10 ethylaceate: DCM Rf '0.16. NMR (500 MHz, CD30D) 6: 0.89 (d, 3H),
0.90 (d, 3H), 1.08 (s, 9H), 1.86 (m 111), 2.30 (d, 3H), 3.44 (d, 1H,
7.18 (t, 1H, 7.70 (m 1H),

l Example 2, N-hydroxy-2(R)-[(4-fluoro-3-methylphenylsulfonyl)]-

15 amino-2-(4’-tetrahydropyranyl)-acetamide, was prepared from D-4’-tetrahydro-
pyranylglycine in the same way as example 1. NMR (500 MHz, CDs0D) & 1.19 (m,
1H), 1.34 (m, 1H), 1.40 (m, 1H), 1.74(m, 1H), 1.80(m, 1H), 2.32 (d, 3H), 3.31 (m,
2H), 3.37 (d, 1H), 3.90 (m, 2H), 7.18 (t, 1H), 7.65 (m, 1H), 7.72 (m, 1H).

20 Example 3 to 144
Examples 3 to 144, found in Table 1, were made on solid phase and is illustrated as
follows:
Step 1. Resin functionalization o
1y QI Nvor ,DIEA
Q-cl 0 ~ (Q—ONH,
2) NpHy/THF 1
25 A solution of N-hydroxyphthalimide (2.8 g, 17 mmol), DIEA (3.0 ml,

17 mmol) in dichloromethane (30 ml) and DMF (15 ml) was added quickly to 4.39 g
of 2-Chlorotrityl resin (1.1 mmol/g loading) in a frit fitted cartridge. The resin
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10 7.77 (m 1H. EXAMPLE 2 OH/ F HO -IN, H= 0O C') E xanple 2,

N- hydr oxy-2(R)-[ (4-fl uoro-3-net hyl phenyl sul fonyl )]- 15

am no- 2- (Wo-0Baomshydr opyr anyl ) - acet am de, was prepared fr ®@eir/US03/16336

D-4' -tetrahydro- pyranylglycine in the same way as exanple 1. NWVR (500 MHz,
Ch30D) 6: 1.19 (m 1H), 1.34 (m 1H), 1.40 (m 1H), 1.74(m 1H), 1.80(m
1H, 2.32 (d, 311), 3.31 (m 2H), 3.37 (d, 1H), 3.90 (m 2H), 7.18 (t,
1H), 7.65 (m 1H), 7.72 (m 1H). 20 Exanple 3 to 144 Exanples 3 to 144,

found in Table 1, were rraage on solid phai%_gngﬁriﬁ% illustrated as follows:
Step 1. ResiTPSPERfiqn Biathaken ingrogiently and pgh-on Qe Sht- SIDYWaN2 HA/ THF
1 2|5) A SOlj}JtWQihedeXmiﬂyMSBSﬁ?ﬂtm|ttelgtedewiﬂ?a 80%11 ofﬁymg% scéllDtﬁgP\((i.lSMiﬂﬂ ) 3%7
nmo In I C ange a Was e I C (0] .

T 5" ot TR R S e e S e Sl i BRESA 1 B ashBo o0,
The resin - 26itNDNIB/HAA3 32 2RADVMISO3/ TIeSiBGiraznrspeatsentnvasaspsiteakece more

i nt i ttent ' . Ry . d ith
nterm LLent bof oAl £hiuonTRERSH rﬁ%ggagl%ggwhwlqgo (1:4755, HBRIRCDRALY

DVF, and then treated wth razine sof utl HF)

for 2 hr. A Pardgedambemmunpeveprshicogine 453 sofeasiml olheilopdiagieahont 10t was
washed wi t hyBMirhigOhdiphd chége. DMF 4x. The hydrazine treatment was repeated

once more 5 for andther 3 hours. .The resin was washed with DVF-H20 (1:1)
2x, DVF 4x, Pem?- Loading of Amino aci

(0]
Fmoc-AA-OH
O-OnH, R O\HJ\(NHFmoc
R

DIC
1 2

10 The O-anchored hydroxylamine resin 1, 500 mg (~1.0 mmol/g
loading), was swelled with DCM in a frit fitted cartridge and drained. A solution of
Fmoc-D-allo-isoleucine (530 mg, 1.5 mmol, 3 eq.), DIC (0.120 ml, 0.75 mmol, 1.5
eq.) in 3 ml of DMF was added. The cartridge was shaken briefly and left on bench
for 1 hr. Another dose of DIC (0.04 ml, 0.25 mmol, 0.5 eq.) was added. After

15  another hour, the resin was washed with DMF 4x, DCM 4x and vacuum dried

overnight to give resin 2. The approximate loading is 0.70 mmol/g by weight gain.

Step 3
0] 15 piperidine/DMF H 0)
o) )J\/NHFmoc o \?O\/O
A N7 N 2) ArSO2CI: g cl
< H r_\ 3) TFA/DCM /\‘/\H \©/
2 Example 25

Resin 2, 150 mg, ~0.7mmol/g loading, was treated with 2 ml of

piperidine/DMF (25%) for 2 hr. The resin was washed with MDF 3x, DCM 3x. A

20  solution of DIEA (73 ul, 0.42 mmol,4 eq.) in THF-DCM (1:1, 0.5 ml) containing
DMAP (~2 mg) was added to the resin, followed by a solution of 3-
chlorophenylsulfonyl chloride (66 mg, 3 eq.) in THF-DCM (0.5 ml). After 3 hr, the
resin was washed with DMF 3x, DCM 3x, and cleaved twice with 5% TFA/DCM (0.5
ml ) for 30 min. The combined cleavage solution was evaporated, and the residue

25  dissolved in CH3CN:H,O and purified on a reverse phase HPLC to give Example 25,
N-hydroxy-2(R)-(3-chlorophenylsulfonyl)amino-3(S)-methylvaleric amide. NMR
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5x, dried in vacuum overnight to give 4.53 g of resin 1. The loading is
about 1.0 wmol/g by weight change. Step 2. Loading of Amno acid O
Frroc- AA- GMO9@3BToc ONH2 DIC HR 1 2 10 The 0-anchor ed Paydrsoxyd3aén ne
resin 1, 500 mg (-1.0 nmol/g loading), was swelled with DCMin a frit
fitted cartridge and drained. A solution of Fnoc-Dallo-isoleucine (530
ng, 1.5 mol, 3 eq.), DIC (0.120 M, O0.75 nml, 1.5 eq.) in 3 mM of DW
was added. The cartridge was shaken briefly and left on bench for 1 hr.
Anot her dose of DIC((gO 04 m, 0.25 mmol, (h was added. After 15
anot her hour (S00HYHzeEDAORAS: WASH EH dnpH), 1E5R§F(Mx1 )D@\?Mm,éﬁéla Vet i ed

S\eﬂm gg eLOg@Q\(& H?ﬁW'SO?(t I1ﬁ)e7 6@(@% 6{d m)dvrs@ %70Am;8|2/09 by wei ght
r
3) TFA/DCM HI 2 Exanpl ol o Tab ﬂglé%t%s@‘?t“f%"frf‘&ml’g yﬁﬂgl“zﬂv Assan |bﬁ§‘PP1‘\%éE§tef1$éfat ed

\é\n th DéM m  of theﬂjr@matycbkﬂ&/d%ﬂfsaﬁﬁﬁ%mﬁl@i4?0 M4 wekanads wmth\saﬁle\nmhﬁehtwntim VDF
X

(1 1,0, 2 i fecaBhieR Mindhe e tbristellier Sanbl T oooe S abolrds FEa by
a sol uti on ofle-prarédtmncpdirgatsneht with IS0 TBAINEM) @ﬁem@g:a\@g@qft)the 1esifiHE- DCM

(0.5 mM). After 3 hr, the resin was washed with DMF 3x, DCM 3x, and
cleaved twice with 5%TFA/DCM(0 5 m) for 30 mn. The conbi ned cl eavage
sol uti on was evaporated, and the resi®@tanpeldy ssol ved in CH3CN: H20 and
purified on a reverse phase HPLC to gi ve Exanpl e 25,

N- hydr oxy- 2(R) - ( 3- chl or ophenyl sul fonyl )am no- 3(S) Fmet hyl val eri c am de. NWR

2-(R)-[(4-fluro-3-methylphenyl)sulfonylJamino-3-(S)-cyclopropyl-
butyric acid (10 mg, 31 umol) was dissolved in DMF (0.3 ml) with HOBt (4.5 mg,
0.031 mmol), DIEA (11 ul, 0.062 mmol), O-trimethylsilylhydroxylamine (20 ul, 0.16
~ mmol). A solution of PyBOP (20 mg, 0.038 mmol) in DMF (0.3 ml) was added. The
15  reaction was quenched after 30 min with CH;CN:H,O (1:1, 5% TFA) and passed
through reverse phase HPLC to give, after lyophilization, N-hydroxy-2-(R)-[(4-fluro-
3-methylphenyl)sulfonyl]amino-3-(S)-cyclopropylbutyramide. NMR (500 MHz,
CD;0D) &: -0.04 (m, 1H), 0.20 (m, 1H), 0.35 (m, 1H), 0.41 (m, 1H), 0.54 (m, 1H),
0.90 (d, 3H), 1.08 (m, 1H), 2.32 (d, 3H), 3.60 (d, 1H), 7.17 (t, 1H), 7.68 (m, 1H), 7.75
20  (m, 1H). MS: 331.1 (M +H).

10

The starting material for example 145 was prepared as follows:
Methyl glycolate (10.4 g, 114 mmol), crotyl alcohol (100ml, excess),
was refluxed in the presence of K;COs3 (0.8 g) for 1 hr, during which time about 10
25  ml of the condensate was removed through a Dean-Stock trap. After diluting with
hexane (100 ml), the solid was filtered through a short silica gel column (50 g),
washed with 1:5 ethylacetate:hexane (250 ml). The combined filtrate and washings
was concentrated to 100 ml, and was diluted again with hexane (100 ml), passed
through silica gel column and washed. The solution was concentrated to ~12.5 g of
30  oil, which was vacuum distilled to give crotyl glycolate: 9.3 g (97 °C/20 mmHg) as a
mixture of cis:trans (1:10). NMR (500 MHz, CDCls) 6: 1.3 (m, 3H), 4.15 (s, 2H),
-28-



WO 03/101382 PCT/ US03/ 16336 (500 MHz, CD3CD) 8: 0.82 (d, d, 6H), 1.04 (m
1H, 1.35 (m 1H, 1.64 (m 1H, 3.52 (d, 111), 7.50 (t, 1H), 7.60(d, 1H),
7.76(d, 1WD,03/i0B42 (m 1H). Table 1 lists structures of exzepluss3/B3sO 144.
As can be appreciated by the ordinary skilled artisan, Exanples 4 to 144
were made, wth sone nodification, in 5 accordance with the description
provi ded for exanple 3. Sonme conpounds required a de-protection step
(treatnment with 50% TFA/ DCM after cleavage off the resin. Exanple 145 O H

/ F HO N\ 0 - 3- net hyl ph I | f onyl

ani no- 3- (S) - é?@%pﬁébiﬁ gfsuﬁ)p %ﬁa( ghglélsﬁiﬁm :lf)'ﬁrg‘%) %ﬁgéhf‘dﬁ%%llﬂab%d in DVF

(0.3 n1)hvm|th>|v o amfhﬁamsom& (2)31 mml ), D EA (11 xl 0. ?52 mol ), acp (20

0-t t Si r ox ne sol.ut i

mo 01038 ol ) 1 1 DV 16 iBfs e Hond Gk Bt 08 &7 BBk 1l Ol B0 8

after 30 m n addedwslGH3ON: al-@hltl(om of LilS¢EME 1) (26l pla@ 3)dn THHHF 0§nl) et€1&%.phase

HPLC t f

5 ot hyl phent ﬁéf“?#mh%ﬁ? il Rl R, b LB R 2% 8 00 Rmobnss \ay

CD3OD) 8: -0 aé rAheqqpling bath V(amrempiyed and3he agctianyvas gired quienighy) The. 54 (m

]7-H)68 (0 9(]).H§ %acﬁbﬂ rm%tu%wﬁ%on%&ﬁtraté’d 22-150, mﬁiﬂ}_l dﬁte@ﬂvﬁl@e’th %%tatz (gﬂn{)a 1&1’(13” ; :")
m

for exanple 148 W%%ng@é%@%?d\(s icguhe %é%ﬁﬁ W)glfal@sfaﬁéa%%vvﬂ hgporg 14

mmol ), crot yletr@ﬂaceﬁatd Thmmmn@bmgaﬁc) layetvaas ¢xefactededtt 576t ReCOE Bxerlthe of

K2CO3 (0 0)..f Hdensate

af t
was r eI'TDVQd tC lneé bas%%o r | n‘gaﬁ(acié:ﬂe& Wﬁg t g?loc(ﬁ) nF Igraﬁg ﬁ# ﬁXtr% Wé ( 100
m), the sol |ethymstata ITl@reéth@d@tmugﬂufwrsW@s waghieflinith gbirated Nakih, drsd oyps

vashed with Nasel M apehthtrienenant3at, Sylﬁﬁ‘%\%ggl%i‘@ﬂ SnethtbSpane

washi ngs was concent agal’n wt

(100 m), padsdgic acigd %@Hﬂ?stPIeiQféhﬁéqfveﬁnN%é WM COpRP)doN uti on was
concent r at ed difdterdodadz 19 (2R, 3S) and (2S, 3R)] &: 1.02 (d, 3H), 2.60 (m, 1H), 4.05 (d, 1H),

15  5.02 (m, 1H), 5.09 (m, 1H), 5.87 (m, 1H); diasteteomer 2 [(2R, 3R) and (25, 3S)] o:
~ 1.11(d, 3H), 2.6 (m, 1H), 4.03 (d, 1H), 5.0 (m, 1H), 5.09 (m, 1H), 5.80 (m, 1H).
Diastereomeric ratio by NMR is about 7 to 1 with diasteromer 1 as the major.
The above made acid (8.5 g, 65 mmol) was disolved in dry DMF
(100ml) and DIEA (16 ml, 91 mmol). Methyl iodide (11.7 ml, 85 mmol) was added.
20  This was stirred for 15 hr, and diluted with ethylacetate (500 ml), washed with 0.1N
HCI 3x, brine 2x, dried over Na;SO4. Evaporation of solvent left Methyl 2-hydroxy-3-
methylpenten-4-enoic ester. NMR (500 MHz, CDs;0D) for diastereomer 1 [(2R, 3S)
and (28, 3R)] 6: 1.02 (d, 3H), 2.55 (m, 1H), 3.70 (s, 3H), 4.04 (d, 1H), 5.02 (m, 1H),
5.06 (m, 1H), 5.81 (m, 1H); diasteteomer 2 [(2R, 3R) and (2S, 3S)] &: 1.08 (d, 3H),
25 258 (m, 1H), 3.70 (s, 3H), 4.07 (d, 1H), 5.00 (m 1H), 5.06 (m, 1H), 5.80 (m, 1H).
The above made methyl ester (2.9 g, 20 mmol) was disolved in dry
DCM (100 ml) with diiodomethane (8.1 ml, 100 mmol), and cooled to 0°C. A
solution of diethylzinc (100ml, 1.0 M in hexane) was added. The cooling bath was
removed and the mixture was stirred under nitrogen for 3 days. A solution of NH,;Cl
30  was added to quench the reaction. The organic layer was washed with HCI 2x, brine
2x, and dried over Na,SO,4 Evaporation of solvent left oil containing 70% of product
methyl 2-hydroxy-3-cyclopropylbutyrate and 30% of starting material. It was used
without further purification.
A solution of the above made ester (3 g, 20 mmol), pyridine (2.0 ml,
35 24 mmol) in dry DCM (10 ml) was slowly added to a stirred solution of Tf,0 (4.0 ml,
209 .



30 oil, which was vacuumdistilled to give crotyl glycolate: 9.3 g (97 C 20
nmtg) as a mxture of cis:trans (1:10). NWR (500 MHz, CDC13) 8: 1.3 (m
3H), 4.15W0931@882 -28 WO 03/101382 PCT/ US03/ 16336 4. 62 PCW/USBH)6336. 6 (m
1H), 5.84 (m 1H). cis isoner: 1.71 (m 3H), the rest peaks overlaps with
trans i soner. The above made crotyl glycolate (9.3 g, 71 mmol) in THE (10
m) was added slowy to a solution of LiN(TM5)2 (200 i, 1.0 M in THE
(200 M) at -78 C 5 After 40 m'n at this tenperature, trinethylsilyl
chloride (25.5 200_nmol ded. The cooling bath was renoved and
the reaction 2\ﬂﬁ§m§9l1¥ r]%@h’b(l@prﬁmléjﬁto °@héftef bae ot OFC.ivateiuvas addedde quenhr at ed

L 0 - t150 m  angk Mabtidredrmg Hhs ﬁfgﬂ)éw{(a@ﬁ&{\@ftlggigét@(ﬁ@ﬂ ®: 1] I;I)Z t}hﬁe was gtéfgtégt%et WTLQ 2N
W ce. s were. back ex

conbi ned or gfﬁﬁ %81‘?9' orgaQn %@W?&Bf%%i’ g%vﬁeﬁ:@%a@d Wé“@@s"é%%t’vﬁbd base
sol uti on was NadN;dR i gd6\mﬁlbl) @10DCME (Bmﬁr)tfbralﬁﬁr i3 reaeﬁ%)r[ agkteft x>¢t4tts,td11utedCI

t hyl t at uti g ra ,
grl gdag\?es © t}%&ﬁ% v;g% rat h 8%11 %&I@e‘ﬁf%%ﬁ? sﬁm% é’i‘lﬁ O%ﬁﬁg\glzgg“'
2- hydr oxy- 3- iyapgrhppeoplsol vent Heiol.86 gof dilaFlaah ot chrahatdgaphetheogiesitica NVR
ga)oo g/HtZ’SO (m g:))aluftgﬂé wifh %%g{e?Wxa% Eé\?egtgetﬁﬁl)z-%]fo @éz?@gfi%d? Pat%gsgéid
1H): di astet é@ sspoif. (131!@ desrpd diggterepmer 3 §2R, 8S) and @8 aR)]ap bezso@tqdn 111)
4.03 (d, 1H) thiough pfparhtiVe re9eldd Mﬁlg [—iPﬂ)Gt clatifd wﬁt'HlCI;Hﬂ)N H,B éﬁl@tﬁltﬁgﬁgiéﬂo \(ie
e ac 401 P@\ﬁﬁa@%%@%ﬁ %%%ﬁ%ﬁ@%ﬁéﬁﬁné CRoBRIbS: Y @ BR0( 16
m, 91 ol ) 0.18Met, ), 0.08 (ele2 K], D.77 (o, [ EB51.0n01, BERRB3SddetEl), 330 FiIs), was
stirred for %? h(rd d diluted with ethylacetate (500 m ), washed with O0.IN

HC13x, blrl ed over Na2SO4. Evaporation of solvent |eft Methyl
2- hydroxy 3 met hyl pentlba-ahoemigploted szisie [(2RVARS] @@(M@R)]@Mmﬁm@m

di ast er eoner Iﬂg b ZIBmOWas cﬁgk‘él\(ea%l 1@8)1]1 (ﬁ) g nglﬁjm zrq\lﬁ%tir I?atﬁgt 3.70

i astel eéﬁe%éanp@whmg c @A ntgzé ef! @E}O}) o 20659 (15 sty for nT 0 tm)
3.70 (s, 3H) thefrefcticndnixddr wab a@@d(witH Hoxafke @6 ntltr) Klztf)o3 (2:5800(IMmbt)H,0 The
above rrade mad'l 1¥1& te%g)hél was flgtere% wmd)\mtﬁa cﬁoxane% nﬁ) J1“0 the c%mbmed filtrate
and washings was added a solution of 4-fluoro-3-methylphenylsulfonyl chloride (560
mg, 2.4 mmol) in dioxane (5 ml). About 30 min later, the reaction was acidified with
20  HCl to pH 3, diluted with CH3CN:H,0. The product was isolated through preparatlve
reverse phase HPLC (repeated injections) to Methyl 2-(4-fluro-3-
methylphenylsulfonamido)-3-cyclopropylbutyrate. Further separation through
Chiralpk column AD eluting with 7%FEtOH in heptane gave two enantiomers, with the
desired isomer 1 (2R, 3S) eluted out first. NMR (500 MHz, CDs;0D) §: 0.01 (m, 2H),
25 0.39 (m, 2H), 0.62 (m, 1H), 1.01 (d, 3H), 1.19 (m, 1H), 2.312 (d, 3H), 3.23 (s, 3H),
3.90 (d, 1H), 7.18 (t, 1H), 7.68 (m, 1H), 7.73 (m, 1H).
Methyl 2(R)-[(4-fluro-3-methylphenyl)sulfonyl]amino-3-(S)-
cyclopropyl-butyric ester (20 mg, 0.061 mmol) was dissolved in MeOH (0.2 ml),
followed by addition of LiOH (8 mg, excess)/H20 (0.15 ml). After 2 hr the reaction
30  was acidified with 1.5 ml of CHsCN:H,O (1:1, 5% TFA) and chromatographed with
reverse phase HPLC to give 2-(R)-(4-fluro-3-methylphenyl-sulfonamido)-3-(S)-
cyclopropylbutyrc acid. NMR (500 MHz, CDs0D) &: -0.01 (m, 1H), 0.15 (m, 1H),
0.40 (m, 2H), 0.65 (m, 1H), 1.02 (d, 3H), 1.22 (m, 1H), 2.31 (d, 3H), 4.83 (d, 1H),
7.16 (t, 1H), 7.69 (m, 1H), 7.75 (m, 1H).
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DCM (100 m) with diiodonmethane (8.1 m, 100 mmol), and cooled to 0C. A
solution of diethylzinc (100m, 1.0 Min hexane) was added. The cooling
bat h was woesnvss2 and t he m xture was stirred under nitrogem/udsos1a33clays. A
solution of NHACL 30 was added to quench the reaction. The organic |ayer
was washed wth HC12x, brine 2x, and dried over Na2SO4 Evaporation of
solvent left oil containing 70% of product nethyl

2- hydr oxy- 3-cycl opropyl butyrate and 30% of starting material. It was used
wi thout further purification. A solution of the above made ester (3 g, 20
mmol ), pyridine (2.0 mM, 35 24 mol) in dry DCM (10 m) was slow y added
to a stirred solution of Tf20 (4.0 mExampi’&M&) 03/101382 PCT/ US03/ 16336 24
mml) in DCM (100 m) at 0 C. After 1 hr at 0 C._wafFer was added to quench

the reaction. This was then washed Wth qilut (0.1 N), brine, and
dried over Na2SO4. Evaporathq’\gf sol v ‘%Nt 3 gof triflate as an
oil. This was stirred with 4 ™ DVF (80 m) for 15 hr.

The reaction mxture was diluted FHwt e@hbacetate (400 nl), washed with
di lute HC13x, brine 2x, dried over Evaporati on of solvent |fet
2.96 g of oil. Flash colum chromatolgraphy though silica gel, eluting with
5% et her in hexane gave nethyl 2-azi'de-3-cyclopropyl-butyrate as a
colorless oil. The desired diastergongr 1 [(2R, 3S) and (2S, 3R)] can be

isolated throu Er eparative reverse phase HPLC el uting with CH3CN: H20
gr adi ent sol 24&ntl(4-FyporgvR iy phaay ) s@fayBpmina-3@) yelopesaylbutyfi¢ 2¢d (BS) and

(2S, 3R)]s 6: mg 043 hmloli'aDas d1s9ol&§1 {n@ 280ul) FithDIER <11é|ﬁ)1 0, Pzﬁfﬂnc(ljan#a
1.09 (d, 3H) Teabowélsolated

d,
Loide [l2n Gapedhes pasl). shg TN QI TIe (e PO soDing solltionyatdy
di ssol ved i nmip@bb (rkfolrin DMIOA0O Ghl) wastaddad.eThdmfabticat w L@ncﬂeﬁi a‘fteaaﬂﬁuﬁ

cntor de (358 a4t B e T LGl Houth 8% i derio s
mol )/ H20  (1yOphndiyatiohhN-lslkexy-ARS-[(4-flbenocbmetteyiihedylysud fonyi] mmnéS(R}} m). ‘To
1 Corae e A el R 8 1o (o
m ). About 3%)H}ri2r$2| (ét B 3H9pe3 }@aéﬂ)o?rﬂ%\ﬁg H), 4i6f/i (e LW+ h18 (m 1H) 770
(m, 1H), 7.76 (m, 1H).
The sfarting material for example 146 was prepared as follows:
N-Trityl-D-threonine benzyl ester (2.5 g, 5.5 mmol), TEA (2.8 ml, 20
15  mmol) were dissolved in 100 ml of dry toluene at =50 °C. A solution of sulfuryl
chloride (800 ul, 8 mmol) in toluene (20 ml) was added in 15 min. The reaction was
allowed to warm up to r.t. Ethylacetate (100 ml) was added and this was washed with
sat. NaCl, dried over NaySO4. The product was crystallized in MeOH (10 ml) to give
benzyl N-trity1-3(S)-methylazin'dine-2(R)-carboylate. NMR (500 MHz, CDCls) 6:
20 1.37(d, 3H), 1.64 (m, 1H), 1.95 (d, 1H), 5.15(d, J = 12 Hz, 1H), 5.28(d, =12 Hz, 1
H), 7.19~7.28 (m, 12 H), 7.33~7.36 (m, 1H), 7.36~7.39 (m, 3H), 7.51~7.54 (m, 4H).
Benzyl N-trityl-3(S)-methylaziridine-2(R)-carboxylate, (2.13 g, 4.92
mmol) was dissolved in 20 ml of MeOH:DCM (1:1) at 0 °C, followed by addition of
TFA (20 ml). After stirring at room temperature for 1 hr, the excess reagent and
25  solvent were removed on rotavap (T <25 °C). The residue was partitioned with
DCM (50 ml) and H,O (100 ml). The aqueous phase was washed once with DCM,
and pH was adjusted to basic with NaHCOj3 extracted with ethylacetate, and dried
over Na,SO,. Removal of solvent left 650 mg of Benzyl 3(S)-methylaziridine-2(R)-
carboxylate. This was dissolved in DMF (15 ml) at 0 °C. TEA (2.1 ml, 15 mmol)
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20 HO to pH 3, diluted with CH3CN: H20. The product was isol ated through
preparative reverse phase HPLC (repeated injections) to Methyl

2- (4- 11 urwods/imsshyl phenyl sul f onam do) - 3- cycl opr opyl but yr Ca&/USPHId3BET
separation through Chiral pk colum AD eluting with 7%t OH i n hept ane gave
two enantiomers, with the desired isoner 1 (2R 3S) eluted out first. NWR
(500 MHz, CD30OD) 6: 0.01 (m 2H), 25 0.39 (m 2H), 0.62 (m 1H), 1.01 (d,
3H, 1.19 (m 1H), 2.312 (d, 3H), 3.23 (s, 3H), 3.90 (d, 1H, 7.18 (t,
1H), 7.68 (m 1H), 7,73 ( 1H) . Methyl 2(R)- . .

[ (4-f1 uro- 3- Wat Qsﬂpshf@}iwygby Bers {1-ethenb? 3upal). The raagkiphpas StBiRdyAt 10 st er
(20 ng, O. 06tbnﬂ§6ﬁkﬁre‘6&5m£§h$SE{h\yﬁ@eﬂa& Il/B@Jnhl‘,( LD (10 m1) {vetd m&e@, and tigdddi ti on

f LiOH (8 /| H20 2.hr_th
aci di 11 ed i Te SO var ventsa it B Fie w56, Fick) it b ERA SR Aaeha wi ¢ n
reverse phas’Ehd—thhdb pwdgetweas flash column chromatographed, eluting w1th 5% ~ 10% _
ﬁl-\/(R R% -5(()61 Sfl\/:—lzuﬁg@%ﬁ%) Qé&@ﬂ%%&@&ﬁt@% %2) %p%%%hgﬁ L%@YF c SCIGg
(m 1H), 1.o2ecthylazgidne-ARIzathoxylpeg 350q M @D3QD)833 [¥e A1 d_usiﬁ) A6 (t,

ﬂ% . /62 (”9H)“i)82 o, 7151)(’5@1(%1“1H) -0 PO 3. WHP% US03/ 16336 Exanpl e

2(R) -[(4-Fl uor o- 3 rret h?F‘}ﬂYéNy?5’%3(3)%‘?1’]’13@(45’639((@ ceperydpEded g Bdtyri ¢
8C|1 g (11 5 molpcﬁﬁomlhlcggsl (Olsslsmlsvsaﬂlmcl) @ME (ilfié@ﬁjé&)m wcu\g (@3 b4),(12 ul,
!
ol ut  ont(ht ' e5iarsen b2 Ty dPeptcns BReeio - Aispres s iyt Shrd oy dn e
reacti on vvaswawenrdvedt aafittiey reS(duapnnfwd ﬂnk\o@baTIEMrsé-ﬁl@se LG rbvupbdictol at ed
fromrever s
N- hydr oxy-2( ?yfb?% Eﬁhg(rigrg%g phenyi ) su PJO%'I{,% ﬂn?f‘?,(Rg no— (R)—
cycl opent oxyésslapprignyibutyra@mif] ngemamte &ﬁ ME gp:0R) Bl—b 28 td. 4K . 68
( m 8H), 2.82 4% (I, 33D (m,31514.06 (d, 1), 434 (dq, (M), 406 (4,3-572 (1) 1HS)
18 (m151 SBZ(JC}-lez 1 H), 7.38 (m, 3H), 7.43 (m, 2H).
Benzyl 2(R)-amino-3(R)-cyclopentoxylbutyrate triflruoroacetate (63
mg, 0.16 mmol), DIEA (174 ul, 1.0 mol), DMAP (1 mg) were dissolved in dioxane
(2 ml), followed by slow addition of a solution of 4-fluoro-3-methylphenylsulfonyl

chloride (~0.33 mmol) in dioxane (1 ml). After 15 min, the reaction was quenched
20 with5 % TFA/H,0, and purified through reverse phase HPLC to give benzyl 2(R)-[(4-
| Fluoro-3-methylphenyl)sulfonyl] amin6-3(R)—cyclopentoxylbutyrate. The benzyl ester
protection group was removed by hydrogenation in MeOH:EA (1 ml) with 10% Pd/C
(2 mg) overnight to give 2(R)-[(4-Fluoro-3-methylphenyl)-sulfonyl]Jamino-3(R)-
cyclopentoxylbutyric acid.
25 With some modification known to those skilled in the art, Examples
147 to 153 of Table 2 were made in accordance with Example146.

Assay for Determining Lethal Factor Inhibition
The assay below is disclosed in Cummings et al., PNAS, May 14,

30 2002, vol. 99, no. 10, page 6603-6606 and PCT Application US03/05552, filed
2/21/2003 (U. S. Patent Application No. 60/359,707, filed 2/25/2002), incorporated
herein by reference in their entirety. It is used to determine lethal factor inhibition
after being reacted with a compound believe to be an inhibitor of lethal factor.

Lethal factor inhibitor compounds can be used to further study lethal

35  factor activity, and those inhibitory compounds having appropriate pharmacological
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(m 1H), 7.76 (m 111). The starting material for exanple 146 was prepared
as follows: N Trityl-D-threoni ne benzyl ester (2.5 g, 5.5 mol), TEA (2.8
m, 20 Nsormobissnere di ssolved in 100 m of dry tol uene &CTAB03/G33A
solution of sulfuryl chloride (800 ul, 8 mml) in toluene (20 mM) was added
in 15 mn. The reaction was allowed to warmup to r.t. Ethylacetate (100
m) was added and this was washed with sat. NaC, dried over Na2SO4. The
product was crystallized in MeOH (10 m) to give benzyl
Ntrityl-3(S)-nethylazjridine-2(R)-carboylate. NVR (500 MHz, CDC13) 8: 20
1.37 (d, 3H)Propewigs cap ba pged to holf tregt orpapvent Anghrgx. épﬁr@gamhmcol%l%( d, J
=12 Hz, 1 o eﬂ1el9nczuc%8eff16@c 1Retdbolist 8t dbsdfce(dPundddep taBle%@dJeff’e%ts( m 3H)

L T el o S e i o

f ol | owed by aﬂdetrtllaﬁge rmﬁnbeTEPcc(lﬁﬁbmm to ikl tMserafﬁeag@]emabfmtotacmmyat ure

O The rbsi ik GERBRTRFTLREIS emSOLETH sl Byt AR MabBRENRE "

aqueous phasetlhmlwuédwﬁs ofmeifisdehzyd@V and pH was adjusted to basic with
NaHCG3 extra&%%%‘_# A yI acetate and dried over Na2SO4. Renoval of

sol vent |eft -nmet hyl aziri di ne-2(R)- carboxylate. This
was di ssol ved in DV (Isthﬁﬂ gacm S@S@ateYENl pousedip methpdsmpgasuring B&gelns3/ 101382

PCT/ 8303/ 1633)@z‘thrd/@§1§ﬁﬁqj eidtorfaelivieyad thy cBet 90 (:&m@émﬂi on/ s@llllﬁﬁm'ﬁ ; %?00 "
reaction was stirre Qverni ac e

120 ( 1001 > mihods Sielte naitiipe & TGH GactpEsPAGHr aehttoeThrb it AGY o1 11 &
acid tw ce, bnihneis ktichl ﬁrctcﬁfdlsmgexn iNabSdn medine wherdehgBadilat anskrsicisl ash

col um ohr OTRLRALARNAY sl il P e ANGARG vl gt SOl ven:

cont ai ni ng enz

met hyl azi ri dCkavageR)t. tbasmime@@e be NiEeted 002 mazsurcpBBmyillys anthar{sdethgh) |
1.44(s, 9H) fac?or%gtl(u%or]{iié)sffe@t of anm é'u'ﬁd o@le@naﬁ Pactc%'ﬂ):twl?y :gﬂegsuﬁﬁé @in 5&-1)

Benzyl N-Boc-3(S)-nethyl aziridine - car boxyl a

cycl openty dvalibie qrmusn%tﬁtwes gh Hﬁglil fiorengyae E}W@?ﬂ 48%@(@@"@)

fl'ﬁl | 0W|ed by ﬁlefcfbmpéﬁﬁwoﬂhls%nﬁbﬁQngyﬁtdin WAENVBb1 esse Bpatifically the (D(ES(lfbrhr
e sol vent

N-hydroxy-2(R)-[(4-fluoro-3-methylphenylsulfonyl)]Jamino-3-methylbutyramide and
N-hydroxy-2(R)-[(4-fluoro-3-methylphenylsulfonyl)]Jamino-2-(4’-tetrahydopyranyl)-
acetamide are 0.13 uM and 0.06 uM respectively.
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was renoved, and the residue purified through a reverse phase HPLC. The
product was collected and treated with 50% TFA/DCM to gi ve benzyl

2(R) - am w038 ycl opent oxyl butyrate triflruoroacet ate. PRVRS)Z0B30MHz,
Cch30D) S 1.28 (d, 3H, 1.4 -1.7 (m 8 H), 3.92 (m 111), 4.06 (d, 1H),
4.14 (dg, 111), 5.26 (d, J = 12 Hz, 1H), 15 5.31 (d, J =12 Hz, 1 H), 7.38
(m 3H), 7.43 (m 211). Benzyl 2(R)-am no-3(R)-cycl opentoxyl butyrate
triflruoroacetate (63 ng, 0.16 nmol), D EA (174 ul, 1.0 nol), DVAP (1 ng)
were dissolved in dioxane (2 m), followed by slow addition of a solution
of 4-fluoro-3-nethyl phenyl sul fonyl chloride (-0.33 mml) in dioxane (1
m). After 1SvmATISIdIAAIVEBDISON was quenched 20 with 5% TFA/ H20, and

purified through reverse phgse HPLC.t @ﬁenzyl 2(R) - (4-
FI uor o- 3- met hyl pheny! ) Sul f oAYf9HRAYRE g{‘%“ui | opent oxyl butyrate. The benzyl

ester protection group was renoved by hydrogenati onin MOHEA (1 m) wth

10% Pd/C (2 ng) overnight to give
2(R)-[ (4- Fl uor o- 3- net hyl phenyl ) - sulH@n ORB3(R) cycl opent oxyl butyric
acid. 25 Wth sone nodification known skilled in the art, Exanples

147 to 153 of Table 2 were nade in accord%n i th Exanpl el46. Assay for
Det er i ni ng Let haI Factor | nhi bition F@@/J&Hs‘hil bel ow i s disclosed in

Cunmi ngs et dkeptalid s BantiGher, dsteRBmet Oy inRAgs 6603-6606
and PCT Appl | ca{)l on - U803 %%5551”1 ISed %17 &#er SeU m§ Pléltent Appl i cation

No. 60/ 359, 7b¥d1”0]f5’i341%%1632¢r25/321€5012§ thel'fer?éo‘i"lkf‘é?l&t ed her ein by reference in
their entirety. It is used to determ ne IethaI factor inhibition after

b t t
Cotnal 5t oft rPisfisCreriB R, oireb Bifrdsi 3 7Y PtrBbicll. @i gl M 5
factor acti vatid/hetandydylaptionaihi dubstﬁugedcfm’rpbwmgrdupwof@a appropriate

phar macol ogi cal -32 WO 03/101382 PCT/ US03/ 16336 properties can be used to
hel p treat or prevent Anthrax. i at e _phar.macol ogi cal operties

i ncl ude ef f i RA&spressatsdplopilisls éﬁkpgébs@ﬁcaé‘fw tﬁg%lggle&:hg}a@( leffects. High
t hroughput s gJafi@niy(@) Rikil saha(C1IHekor, nitivh biido) bfnoaor ctie\uqem)alﬁylammceen

| arge nunber of conpounds to identif those affecting |l ethal factor
act |gV| ty15 acylammgp acyloxy, carboxy, carbo}(/y salts, carboxy esters, carlbamo?l, mono- and di-

N-(C1-6)alkylcarbamoyl, (C1-g)alkoxycarbonyl, aryloxycarbonyl, ureido, guanidino,
sulphonylamino, aminosulphonyl, (C1-¢)alkylthio, (C1-g)alkylsulphinyl, (C1-
6)alkylsulphonyl, heterocyclyl, heterocyclyl(C1-6)alkyl; and

20  Rrepresents C1-8 alkyl, C3-10 cycloalkyl, C3-10 heterocycloalkyl, C5.10 heteroaryl,
or C5-11 heterocyclyl, said heteroaryl and heterocyclyl optionally substituted with 1 to
3 groups of Ra and said alkyl, optionally substituted with 1-3 groups selected from the
group consisting of aryl, heterocyclyl, (C1-g)alkylthio, cyano, heteroaryl, guanidino,
((1-aminoethyl)carbonyl)amino, ((aminomethyl)carbonyl)amino, ((2-amino)prop-2-yl)

25  carbonyl)amino, acetamido, 4-(aminomethyl)phenyl, thio, t-butyl sulfonyl, (C2-
6)alkenylthio, (C2-g)alkynylthio, amino, mono- or di-(Cj-¢)alkylamino, arylthio,
heterocyclylthio, (C1-6)alkoxy, aryl(C1-g)alkoxy, aryl(C1-g)alkylthio, cycloalkyl,
cycloalkenyl, carboxy and esters thereof, hydroxy and halogen,

30 2. A compound according to claim 1 wherein R is a

heterocycloalkyl and all other variables are as originally described.
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5 Hi gh throughput screening is facilitated by an assay that is readily
automated and wutilizes low levels of purified enzynme. Measuring Activity
Let hal f awDmB/168LBBStrates can be used in net hods neasuri ngPBRAISN/US36
anthracis lethal factor activity and the effect of a conpound on such
activity. Such 10 nethods involve incubating a |lethal factor substrate
descri bed herein with Bacillus anthracis |ethal factor using an incubation
medi um where the Bacillus anthracis Ilethal factor is active, and can
i nclude the presence of a conmpound being tested, Cleava%f of the subsirate
I

can be detected as a nBasur é gfnpgEdiacerdingin ciand whargigR ispdiefegparykandyi v

or the effechllothedvaimaunéadsridifhiiadest@sddor activity. Measuring can be 15
gqualitative or quantitative. The lethal factor enzynme binding assay | C50

results for the conmpounds of this invention range from 15 uMor |ess.
Specifically the 1 C50 #lor A compound according to claim 1 wherein R1 is a phenyl

N- hydr oxys 2( R) - z . L ph I 1,10z 3- yram de
and N hybr oSy oRE e RS B LR BB o RO el

-t et r ahydopyhetesplayyl gzt ami de are 0. 13 uM and 0.06 uM respectively. -33 WO
03/101382 PCT/ US03/ 16336 WHAT IS CLAIMED IS : 1. A conpound of fornula I:
OH HO N-T- NSRL5 HROO FORMILA I or a pharmaceutically acceptable
salt, enantioner, diasPereodeforgpoung aG‘FQfémgﬁ‘}/leaHPQs"étEﬂr%m&]ﬂéla P£Pn3f]ri xture

th hter eof , V\hegﬂiu@_’sgﬂ.ﬂitlﬁfzd wmme@emg@};ﬁ%fl;getﬁb%}h haﬁgelli,erllémyltgmﬂc Hopol, byt 10
eteroc 1 C, Sal . eropar and.neteroc opLl.ona
Cubet 1t ufba’ s s R butign hipeRg bt ofh miRHCERYE ¥ R he RO Il gs. oy

aryl (C1-6) al kgteroafy€ 1 - 6) al koxy, (Cl- 6)al koxy(Cl-6)al kyl, hal o(Cl-6)al kyl,
nitro, am no, nono- or di-N(Cl-6)al kylam no, 15 acylam no, acyl oxy,
car boxy, carboxy salts, carboxy esters, carbanoyl, nono- and di

6. A compound according to claim 1 which is selected from the

group consisting of:

15  N-t-butoxy-2(R)-[(4-fluoro-3-methylphenylsulfonyl)]amino-3-methylbutyramide;
N-hydroxy-2(R)-[(4-fluoro-3-methylphenylsulfonyl)Jamino-3-methylbutyramide;
N-t-butoxy-2(R)-[(4-fluoro-3-methylphenylsulfonyl)]amino-2-(4’ -tetrahydropyranyl)-
acetamide;
N-hydroxy-2(R)-[(4-fluoro-3-methylphenylsulfonyl)]Jamino-2-(4’-tetrahydropyranyl)-

20  acetamide;

N-hydroxy-2(R)-[(4-fluoro-3-methylphenylsulfonyl)]amino-3-(S)-
cyclopropylbutyramide; and from tables 1 and 2 below
Tablel

O K
HO_ N_..R
ON)J\./ S 2
H

= 7\
R

25

Example # R1 R2

Jos

NH2

= i
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N (Cl- 6)al kyl carbanmoyl, (Ci-6)al koxycarbonyl, aryl oxycarbonyl, ureido,
sul phonyl am no, am nosul phonyl, (C1l-6)alkylthio,

(Cl -6)al kypboahpetssnyl , (d - 6)al kyl sul phonyl, heterocycl yl PCT/US03/16336

het erocycl yl (C1_6)al kyl; and 20 R represents Cl_8 al kyl, C3-10 cycl oal kyl,
C3-10 heterocycl oal kyl, C5-10 heteroaryl, or C5-11 heterocyclyl, said
and heterocyclyl optionally substituted with 1 to 3 groups of

guani di no,

het er oar yl

Ra and said
group consi
guani di no,

((2-amno)p
thio, t-but
or di-(Cl-6
aryl (Cl1-6)a
and esters

claim1l whe
originally

according t
as original
phenyl 5 g
het er ocycl o
wherein Rl

hal ogen, ne
5-(2-pyridy
or heteroa
the group

N-t - but oxy-
; N-hydr ox
am no- 3- net
N-t - but oxy-
am no-2-(4

al kyl ,

st inaga
t+.ng

optionally substituted with 1-3 groups selected fromthe
of —aryl_heterocyclyl (Cl-6)alkylthio, cyano, heteroaryl,

yl sdl
al kyl
koxy,

r op- 2-

yl)| 25 garbonyl ) am no, am dp, 4-(am nonet hyl) phenyl

fonyl H 6) al keny] tK (C2-6)al kynyl t hi o, am no, nono-

((l-aninoetEﬁT)carbonyl)anino (ganl1onethyl)carbonyl)anino,

am|n i{ % ‘herocyclylt1io, (C1-6) al koxy,
aryI(C 6) al kyl 1 hio, cycloal kyl, cycloal kenyl, carboxy

descri

D C|3I

y descrijbed. Nd.7A conpound

t her eof , |hydr oxy~and hgal ogen. 30 2. A|conpound according to
rein Rig a hetdrocyc| oal kyl

\qdFal | ot her variables are as

/ US03/ 16336 3. A conpound

Nl apd all other variables are
accordlng to claiml wherein RL is a

bed. -34 WO 03/ 101382
m 1 wherein R is|a he

oup aptilonal I\V‘N:thc'rl uted with 1-3 groups of Ra and Ris a
al kyl , or| het'gfoaryl @group. AFconmpound according to claim1l
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ryl. 6. A compeund accprding to c|a|n11 which is selected from
consi sting of: 15
P(R) - [(4-f|u ong- et hyl phen | fonyl )] am no- 3- net hyl but yram de
y-2( R) - [ (|4- fl_uoflo- 3- et hyl | fohyl)]
hylbutyranldeﬁL NH2
2 R4 HHvorg-3—rethytphenytsutfomy ) |

8

|
tetrahydropi/?nyl)

9
Her/\NHE
O
6 F
Cl
N~ “NH2 HH
H
6 F
F
N~ “NH2 l%
H
e F
12 rJ K /J:::[;
El

- 36 -



acet am de; N hydroxy-2(R)-[(4-fluoro-3-nethyl phenyl sul fonyl)] am no-2-(4'
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0 R2 Rl Exanple # R1 R2

148 Me 149

accept ablwogalioss2 enant i oner s,

m Xt ur es
5

or
fromthe

N-t - but oxy-2(R)-[ (4-fl uoro-3-

146 Me 147 Me -49 WO 03/101382 PCT/ US03/ 16336
LNH2 H 150 M= 151 Me 152 M 153 Me and pharnaceutical ly

di astereoners or in vivo hpdralSyyadsbe esters
t hereof. 7. A conmpound according to claim6 which is selected
group consisting of:

nmet hyl phenyl sul f onyl )]

am no- 3- net hyl but yr am de;

N hydroxy-2(R)-[(4-f| uorg- 3- net hyl phenyl cnlfn yi)]
anino-3-net1y|3ﬁ% dnlde Nt - bu oxy 5% 4-f| uoro-3
- met hyl phenvl S onyI )] arLu\pQ 0 erahyd opyranyl)- acetam de; 10
N- hydr oxy- 2(R-{(4- I uoro~3= rretn pnenylswro yl)]
am no- 2- (4 teqm@hydropy an “etanrge N- hydroxy-2(R)- [ (4-fluoro-3
- et hyl phenyl sul fonyl)] a 23 (8 )- cyclopropyl butyram de; and
phar maceuti cal |y accept a e salts{ enantioners, diastereoners or in vivo
hydrol ysabl e estsgrs o tures t her eofyqe 15 8] A conpound according to
claim7 whi¢h is:
N- hydr oxy- 2{(R)—f{4—Ftdoto=3= *Etr prenyt-sut-fonyl ) ] am no- 3- met hyl but yram de;
or N-hydroxy- %Q\SI?) - [( o - 3- et hyl R}feenyl sul fonyl )] am no-2-(4'
-t et rahydropyranyl) -

152 Me

163 é Me

10

15

20

and pharmaceutically acceptable salts, enantiomers, diastereomers or in vivo

hydrolysable esters or mixtures thereof.

7.
group consisting of:

A compound according to claim 6 which is selected from the

N-t-butoxy-2(R)-[(4-fluoro-3-methylphenylsulfonyl)Jamino-3-methylbutyramide;
N-hydroxy-2(R)-[(4-fluoro-3-methylphenylsulfonyl)]amino-3-methylbutyramide;
N-t-butoxy-2(R)-[(4-fluoro-3-methylphenylsulfonyl)Jamino-2-(4’-tetrahydropyranyl)-
acetamide;
N-hydroxy-2(R)-[(4-fluoro-3-methylphenylsulfonyl)]amino-2-(4’-tetrahydropyranyl)-
acetamide;

N-hydroxy-2(R)-[(4-fluoro-3-methylphenylsulfonyl)]amino-3-(S)-
cyclopropylbutyramide; and pharmaceutically acceptable salts, enantiomers,

diastereomers or in vivo hydrolysable esters or mixtures thereof.

8.
N-hydroxy-2(R)-[(4-fluoro-3-methylphenylsulfonyl)]Jamino-3-methylbutyramide; or

A compound according to claim 7 which is:
N-hydroxy-2(R)-[(4-fluoro-3-methylphenylsulfonyl)]Jamino-2-(4’-tetrahydropyranyl)-

acetamide; or pharmaceutically acceptable salts, enantiomers, diastereomers or in vivo

hydrolysable esters or mixtures thereof.
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acetam de; or pharmaceutically acceptable salts, enantioners, diastereoners
or in vivo 20 hydrolysable esters or m xtures thereof. -50 WD 03/101382
PCT/ US03/Ww633601382 A conposition according to claim1, comOmTiE0g336
conpound of formula | and a pharmaceutically acceptable carrier. 10. A

met hod of inhibiting the activity of lethal factor (LF) released 5 from
bacteria in a manmal conprising admnistration to a patient in need thereof
a therapeutically effective anount of a conpound of structural fornmula | O
H HORN) /N&SR1 H T 1i ~~ R OO FORMULA |l or a pharmaceuticall

accept abl e salt, enant{-omer OMPpiEiraardige to FﬂaW\}oco@W%%ﬁ‘B?l?é%de ester
or mxture t(kfefbﬁﬁailaI\ah@a@harmelabuﬁcﬁny@é@ptasale%ni& aryl, C5-10 heteroaryl or
C5-10 heterocyclic, said aryl, heteroaryl and heterocyclyl optionally
substituted with 1 to 3 groups of Ra 15 Ra represents Cl-6 al kyl, hal ogen,

H, aryl(C1 6) al kyl , 1q.C 1A-mdthbd ofidiphibig the pefivigof(l€halepetok (ILF) released
hal o( G - &) al kyl,, ,a@eehag%x Sa?z%lcgﬂl? sinf adﬂ,amg&e&gn tg)a?%ﬁgﬁtqﬁqh%thm%Byéam no,

acyl oxy, “carboxy, car Xy esters nono- and di -
N-( Cl- 6) al kiitrepewswally bffeqtmbamnk@fwmmgllof stamqﬁur@kmmdhyl ur ei do,
guani di no, sul phonyl am no, am nosul phosyl H ( Cl-6) al kyl t hi o,

(O -6)al kyl sul phinyl, (Cd 20 6)al kiiCsy b +Rhet erocycl yl,

het er ocycl yl (C1-6) al kyI and R represant% G4~y al kyl, C3-10 cycl oal kyl,
C3-10 heterocycl oal kyl, C5-10 heteroaryl C5-11 het erocyclyl, said
heteroaryl and het erocyclyl opti onal ffﬁgﬂb@ﬁkut ed with 1 to 3 groups of

2R§ and sal d & ann@cﬁ&m@ﬂgl dc}efepiaﬁlé'éalt teh@;dldm(ldgfl%s)t@rlegmleuﬁansmcect ed fromthe
gr ou t|n roc al kyl thi o, cyano,
het er oar q@'t‘iii ?'FoeSter(O%Pl 8’Eeﬂ %5?B’onyl ) ami no,

((am norret hyI ) car bonyl )am no, ((2-am no) prop-2-yl)
Rl represents Cg-1( aryl, C5-10 heteroaryl or C5.10 heterocyclic, said aryl, heteroaryl

and heterocyclyl optionally substituted with 1 to 3 groups of R2

15 Rarepresents C]-6 alkyl, halogen, OH, aryl(Cl_é)alkyl, (C1-6)alkoxy, (Cq-
6)alkoxy(C1-g)alkyl, halo(C1-g)alkyl, nitro, amiho, mono- or di-N-(C1-¢)alkylamino,
acylamino, acyloxy, carboxy, carboxy salts, carboxy esters, carbamoyl, mono- and di-
N-(C1-g)alkylcarbamoyl, (C1-6)alkoxycarbonyl, aryloxycarbonyl, ureido, guanidino,
sulphonylamino, aminosulphonyl, (C1-g)alkylthio, (C1 _6)élkylsu1phinyl, (Cs-

20  @)alkylsulphonyl, heterocyclyl, heterocyclyl(Cl_é)alkyl; and

R represents C1-8 alkyl, C3.10 cycloalkyl, C3.10 heterocycloalkyl, C5-10 heteroaryl,
or C5_11 heterocyclyl, said heteroaryl and heterocyclyl optionally substituted with 1 to
3 groups of R2 and said alkyl, optionally substituted with 1-3 groups selected from the

25  group consisting of aryl, heterocyclyl, (C1-g)alkylthio, cyano, heteroaryl, guanidino,
((1-aminoethyl)carbonyl)amino, ((aminomethyl)carbonyl)amino, ((2-amino)prop-2-yl)
carbonyl)amino, acetamido, 4-(aminomethyl)phenyl, thio, t-butyl sulfonyl, (C2-
6)alkenylthio, (C2-g)alkynylthio, amino, mono- or di-(C1-g)alkylamino, arylthio,
heterocyclylthio, (C1-¢)alkoxy, aryl(C1-g)alkoxy, aryl(Cj-g)alkylthio, cycloalkyl,

30 cycloalkenyl, carboxy and esters thereof, hydroxy and halogen,

11. A method according to claim 11 wherein the compound is
selected from the group consisting of:

-51-



car bonyl ) am no, acetam do, 4-(am nonethyl)phenyl, thio, t-butyl sulfonyl,
(C2- 6)al kenylthio, (C2-6)al kynylthio, am no, nono- or di-(Cl-6)alkylam no,
aryl t hi o,wohetiersscycl yl t hi o, (Cl-6)al koxy, aryl (Cl-6)al korgTI/US03/16336

aryl (Cl1-6)al kyl thio, cycloal kyl, 30 cycl oal kenyl, carboxy and esters

t hereof , hydroxy and hal ogen. 11. A method according to claim 11l wherein
the conmpound is selected fromthe group consisting of: -51 WO 03/101382
PCT/ US03/ 16336 N-t-but oxy 2(R)-[ (4-fluoro-3-net hyl phenyl sul fonyl )]

am no- 3- net hyl butyram d

N- hydr oxy- 2( -bpt%yf%(ﬁbi@ fuareBrpeibeinkerdsiifogyjamino-3-methylbutyramide;

am ng 3- met INthl &ﬁoX?@J(ﬂR)JRA ﬂuoro 3-methy henylsulfo?yl)]ammo -3-methylbutyramide;

'_\l,; tet r gh§é¥0§§R§H§§c§ Zf(ggg 0&8 %nX lssu%on(})/ﬁYa.nMx0-3T4n—?etrah§/cfiropyranyl)-

N- hydr oxy 2(@ta{rﬁdbfl uor o- 3- net hyI phenyl sul fonyl )] am no-2-(4' -tetrahydropyr

am o 309 ey EEsb TG R A B BRI P N M BB

OH HO N) NScRmiddg;-1 10 p ~O Exanple # RLR2Z F 3 NHNNH2 H 4 NH N)LNH2

HF N-hydroxy-2(R)-[(4-fluoro-3-methylphenylsulfonyl)]amino-3-(S)-
cyclopropylbutyramide; and from tables 1 and 2 below
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and pharmaceutically acceptable salts, enantiomers, diastereomers or in vivo
hydrolysable esters or mixtures thereof.

12. A method according to claim 11 wherein the compound is:
N-t-butoxy-2(R)-[(4-fluoro-3-methylphenylsulfonyl)]Jamino-3-methylbutyramide;
N-hydroxy-2(R)-[(4-fluoro-3-methylphenylsulfonyl)]Jamino-3-methylbutyramide;
N-t-butoxy-2(R)-[(4-fluoro-3-methylphenylsulfonyl)Jamino-2-(4’-tetrahydropyranyl)-
acetamide;

N—hydroxy-Z(R)-[(4-ﬂﬁoro-3—methylphenylsulfonyl)] amino-2-(4’-tetrahydropyranyl)-.
acetamide;

N-hydroxy-2(R)-[(4-fluoro-3-methylphenylsulfonyl)]amino-3-(S)-
cyclopropylbutyramide; and pharmaceutically acceptable salts, enantiomers,
diastereomers or in vivo hydrolysable esters or mixtures thereof.

13. A method according to claim 12 wherein the compound is:
N-hydroxy-2(R)-[(4-fluoro-3-methylphenylsulfonyl)]Jamino-3-methylbutyramide; or
N-hydroxy-2(R)-[(4-fluoro-3-methylphenylsulfonyl)]amino-2-(4’-tetrahydropyranyl)-
acetamide; or pharmaceutically acceptable salts, enantiomers, diastereomers or in vivo

hydrolysable esters or mixtures thereof.

14. A method according to claim 10 wherein the compound of
formula I is combined with one or more known drugs selected from beta-lactams,
aminoglycosides, inhibitors of beta-lactamase, renal tubular blocking agents and
inhibitors of metabolising enzymes, N-acylated amino acids.

15. A method according to claim 14 wherein the known drugs are
selected from the group consisting of imipenem, meropenem, vancomycin, cilastatin,
cefoxitin, penicillin, clavulanic acid, probenecid, tetracycline, ciprofloxacin, and
norfloxacin or a mixture thereof, wherein when imipenem is used as a drug it is used
in combination with cilastatin as PRIMAXIN®.
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