. Biochem J. 352 Pt 3;

WO 03/10 13 8 2 PCT/US03/16336 TITLE OF THE | NVENTI ON COVPOUNDS USEFUL | N
- THE. TREATMENT OF ANTHRAX AND | NHI BI TI NG LETHAL FACTOR 5 BACKGROUND OF THE
| NVEN' | @0 dhm1saf erences cited throughout the present apmalt/gadsigsssar e not
admtted to be prior art to the clained invention. Anthrax is a bacterial
-infection produced by Bacillus anthraces. Bacillus anthracis endospores

- can enter the body through skin abrasions, inhalation, or 10 ingestion.
Baci I I us ant hraci s produces an anthrax toxin that is often lethal. (D xon

999: N. Elgg . Med. 341, 815-26.) Anthrax toxin consists of
_ three pr ot W@Ml ng conponent desi gnated protective
antigen, aa@m ATRIERH ordgNEHreck ANpand | et hal

factor ("LE" 1) Annu Rev. Mcrobiol. 55, 647-71.) 15

Let hal facﬁﬁ@ﬁ}ﬁg}gﬁ’h{&?&%&gﬁ met al | opr ot ease that appears to exert

toxic affects by cleaving mtogen-activated protein kinase kinases

(M KKS) | Qi,%%% Bi-gqchenz. Bi ophys. Res. Coni nzun. 248,

706 11 g@@SW %V Ter ﬁ . 352 Pt 3, 739-45, Duesbery et .
(1998) Sci ence TBOrefatBdccE mt&lﬁlsdn@hpueﬂle@resentlapphcatmmawnd)t Publ i cati on

No V\D 99/ §%Fi§%§ﬁ%8%§§%%%ﬂt%ﬂ Dat e Cctober 20 1999.)

-Vitale and co-wo m croseéquenci ng_to |d_ent|f the site in
di f-ferent MKKs that #nthreyisabagtergl intactign prosiucest by BagBusaizacis; Vital e et

at, (2000) Ba&ﬂ@&ﬁﬁﬁ%cxs%nd&ﬁ%e?ba@entgﬁge $3dy thkGi %hcnf @tﬁhé?énsch'ﬁﬁléﬁGR &

—di fferent MKKs. occurred wth he N-termnal r Ced t he. ki hase.
domai nl0 Al IngrRTHOR: @F‘Wﬁé’@%@ﬂﬁ?@?@éé‘m@m ?‘Pémt ‘él‘) V Zop&eal ed

. .Some conseasU$IIDW. Figl. & Mydramheis-g6.) r esi due in position P2 and Pl', and
"'fét‘ | east - one basic res due bet wee et ..at 2000

iRl R ot U1 PlsPeins & el RGBT cave
synt hetic @@pgmatedsprmmcmetanbgen ahihtwoenzystatialcomp0da@Siermed edrima fantozzun. 66,

2374 8.) | ﬁld’l%ﬁj'epfago? %\ﬁf@? Cf@&:ﬂ é?*&k b@b@i‘) Annu. Rev. Microbiol. 55, 647-71.)
15  Lethal factoris a mnc-dependent.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 ef al., (2000) Biochem. J. 352
Pt 3, 739-45, Duesbery et al., (1998) Science 280, T34-7, Duesbery et al.,
International Publication No. WO 99/50439 International Publication Date October 7,
20 1999.)

Vitale and co—workers have used mlcrosequencmg to identify the site
in d1fferent MKXs that are cleaved by lethal factor. (See Table 1, Vitale ez al., (2000) .
* Biochem. S 352 Pt 3,7739-45.) Lethal factor' cleavacre of dlfferent MKKs occurred '
within the N-terminal region precedmg the kinase domain. Ali gnment of the o
25  sequences flanking the cleavage site revealed some consensus motifs: a hydmphobn:
o 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.) "
' Lethal factor has been 1nd10ated to cleave synthetic pepndes in vu‘ro
(Hammond etal., (1998) Infect. Immun. 66, 2374-8 JIn vztra cleavage was 1nh1b1ted '
30 by 1 10~phenanthr01me or 10 mM EDTA, both of which chelate zinc.. -
, Bacillus anthracis is a spore forming gram-positive bacﬂlus,'which is
the etiologic agent of anthrax. Anthrax is a disease that can be found globally in
temperate zones (e.g. South and Central Amenca, South and East Europe Asm,
Africa, Middie East, and Caribbean) and is transmissible to humans through handhng
35 or consumptlon of contaminated ammal produc:ts {e.g. eating undercooked meat from
-1- '




30 by 1,10-phenant hrohne or 10 mM EDTA, both of which chel ate zinc.
Bacillus anthraces is a spore formng gram positive bacillus, which is the

eti ol ogi6 03@eRk2 Of anthrax. Anthrax is a disease that cag-Pgsd:aund ol obally
in tenperate zones (e.g. South and Central Anerica, South and East Europe,

~Asia, Africa, Mddle East, and Caribbean) and is transm ssible to humans
t hrough handling 35 or consunption of contam nated ani mal products (e.qg.
-eati ng under cooked neat from WD 03/101382 PCT/ US03/ 16336 i nfected

animals). Wldlife manmal's such as deer, wildebeest, el ephants, and
domest i cat E§eetpd auimsdy). Wﬁemmﬁwwlsaﬁa@r, wikdebeest, Heplses, amhd swi ne ar e

at hi gh ri gkmebtiate@qiViet@6k, 's'ﬂgh h@@oaﬁé R85 catftl Hdrak! érﬂf'saﬁ?n aith?’ q{:s‘f:ur S

from grazi cont am nat ed nd, 'eating_contam hate r| nki ng
. from cont a?ﬁ(} gﬁ‘:%ttg digeassy &On%q E%fﬂgﬁtoﬁﬁlﬁéf@%swwwn remain

\éhslblrg I nnBﬁiltltlaLmi I ol e Zg%rbtﬁgglaédﬁe Iﬂéingﬁjlﬁgi??o Wher gtet Q%I Ant
i crob%eh&?%ﬁf%’f@?ﬁ%fgéﬁ?eﬁ% %?{‘)‘g)’labédﬁ sgil or IRRY eIy et al .

Scand. J. Haigas@stal ;Applz@maia%aﬁwmm‘l WMithubioldis 200566(6) pds. Bexi-| | us

it ancous, QPR TR LAER é”n%ﬁ?t“réxrab&ﬁ?ﬁééﬁ@c@%%é‘é@form

i nfections 9%%%@0@% iR Eﬁe@éﬂrllﬂﬁl@?’ BBei36 fonfietter discussicarofdflacdkison. on
the skin. Se#rsypder, J.W, Shapiro, D.S., Glchrist, MJ. R ; et al. '

"Basi c, D agnostic Testjn Protocol s for Level A Laborator| es (For The

Pr esun'ldﬂ vg | ndent i fic@%’%%‘ﬁ t8reedgrns ol pnthiax infections cap pcaiy, cutaneous, .
wwv ban. as sm,mswéﬂdfnha@malz%tﬁmu@ﬁaus forgt) iBBLti A 608 vilendhe - NEIY
341: 815- 82&1§e t 9, 1999 Nurrb 1l3f S\é oh he skj n | _nf ectlon are .7
generally 18 OF $RORS T U507 BFAIOR AE fhe ki =| JWech2pif®be. Wthin -
one to tvvciD(sl‘&y@l,lcln'he MHerpa aby; “Bmm@nekmﬂksnng@r@toédﬂg If&*ﬁﬂvbl Ad Veii cle, '
whi ch rupt: 1,|c bl ac
necrotjc ( ﬁatg)ﬁ a in ?ﬁég{]@ﬁ?“éﬁﬁe ?ﬁ?%ﬁ%%{%@f a ateath can *
resul t13 HowE Jaien. 192401, Qst.i2d, 2000, pps. |182Cbaluthmnoe1ia1 MEIMApY i s

admi ni st ergd; 8@%6 Qépabemg]ﬁhnﬁa@f I 3%y HFBRI I tile S5 HirScd dnAR bliRratty

consu Pt ! Orglseé 1tchy bumps or bump that resembles an insect bite. Within one fo two days, the |
bumps or bump develops into a fluid-filled vesicle, which ruptures to form a painless
ulcer with a characteristic black necrotic (dyin g) area in the center. X left untreated,

20 death can result, ‘however, deaths are rare 1f appropnate anhb:ouc therapy is

adlmmstered

Gastrointestinal anthrax generally oééur_s from the consﬁtnption of
-meat contaminated with the bacterium, which results in an acute inflammation of the .
| 1ntestmal tract. Signs of nausea, loss of appet::te vomiting, fever, along with - . ) |
25 abdominal pain, vomiting of blood and severe diarrhea are indicative of - S
gastromtestmal anthrax. The mortality rate for this form of human anthrax 18
estlmated at ’?5%~60% : o '
' . Inhalation anthrax is most hkely the result of mtenuonal aerosol
- releaseof Bacillus anthracis, such as an act of bioterrorism. This form of human
' 30 anthrax infection commontly has an incubation period of one to six days, with fever,

- 'malaise, fatigoe, a noﬁproduétive cough and/or mild chest discomfort sometimes
being the initial signals. These initial symptoms are often followed by a short period
of i 1mprovement followed by the abrupt development of sever respiratory chstress

with labored breatmng, perspuatlon and bluish skin color. Death usually occurs
35 'wlﬂun 24-36 hours after the onset of. respiratory distress despite aggressive treatment,
_ 9.




meat contam nated with the bacterium which results in an acute

i nfl ammation of the intestinal tract. Signs of nausea, |oss of appetite,

vomi ting, fever, along with 25 abdom nal pain, vomting of blood and severe

diarrhea are indi cat | vaied Bagist HRMAIESthdd 2B BN 10 I ajaﬁi%{x%é oty rate
nhal at

for this for%ﬁ{) %nthra i'S héﬂat ed at, 25% 60% I on ant hr ax
is most |ikely ISPBORPTERTOGH Sherapips odpy aesipsallexasin, paricillinor

ant hraci s, sd@hy@ashrmn Howemr the effencyandiide dtfed phefiles fthédemBonts 3R @t hr ax
infection comgaply has an incubation period of one to six days, with fever,

mal ai se, fatigue, oductive cough and/or mld chest disconfort
sonetimes® bei ng the i ﬂ\ﬁtﬂe@mublpgm@ Iﬂﬂlﬁl%bacmnatthaﬂcaagemmthS,Mmpaiﬁte

foll owed by gnthlQféxiResh %q;&agr upt

devel opnent 3f sei, restﬁflﬁ?%@;?aﬁ%éstres w&mﬁﬂﬁeﬁ%ore%n%r@ eo

~perspiration 2 g?’i?fcgﬁ Wﬁ“’é@iﬂé‘r eB@@ifW@@H’@ﬂ;ﬁfﬁ”@@@(ﬁr@e@ﬁle&mﬁl n 24-36
hours aft er’ impowdstficaof, 1ite pi AieEi0E ¥t shd ScliRhibitEe ga&ro?ﬁﬁé ¥hiliky At ment -

. -2 Most Baci raeci s _st.rains ares nsjtive to a range o
anti biotics. Iupﬁlzfagtmrln%o R ARG IEp, JOpreRpst me eéﬂwieés today are ciprofloxacin,
penici | BPn, or doxycycine. However, the efficacy and side effect proflles

+of these ag r@%ﬁ Wﬁ%ile antibiotics can kill the bacteria
t hat cause anthrax,  t ant hrax toxin continues to damage the
body even when the B’a‘?: ISt ?ﬁdpetcim gisfIevideda cgmpgundaifpErgad, there still
exi st the need for new and effectlve t(Bera es with inproved efficacy,
little or no side effect and whig bltﬂheﬁlssor-llke ability of

lethal factor to snip apart mprtaﬁiN 0 noigscul es. 10 SUMMARY OF THE
INVENTION . In a first aspect, thergdis oeff%:d a conpound of formula I:

'OHHORNN,S~R1 H 6A

- FORMULA I

15 or a pharmaceutically acceptable salt, enantiomer, diastereomer or in vivo
hydrolysable ester or mixture thereof, wherein,

R1 represents Cg.10 aryl, G510 heter_oaxyi or C5.10 heterotyclic, said aryl, heteroaryl
and heterocyclyl optionally substituted w1th 1 to 3 groups of Ra
20
Ra represents Ci- 6 alkyl halogen, OH, aryl(C1 6)alky1 (C1 ﬁ)alkoxy, {C1-
6)alkoxy(Cj-6)alkyl, halo(C1-g)alkyl, nitro, amino, mono- or d1—N-(C1_5)aJkyla1mno
acylamino, acyloxy, carboxy, carboxy salts, carboxy esters, carbamoyl, mono- and di-
-N-(Cy-g)alkylcarbamoyl, (C 1-6)alkoxycarbonyl aryloxycarbonyl, ureido, guanidino,
25  sulphonylamino, aminosulphonyl, (C1-6)alkylthio, (C1-g)alkylsulphinyl, (C1_
6)alkylsulphonyl, heterocyclyl heterocyclyl(Cy-6)alkyl; and

R represents. C1 8 alkyl, C3-1p cycloa]kyl C3-10 hetcrocycloalkyl C5-10 heteroaryl,
oor Cs.11 heterocyclyl, said heteroaryl and heterocyclyl optlonally substituted with 1 to

30 3 groups of Ra and said alkyl, optionally substituted with 1-3 groups selected from the
group consisting of aryl, heteroqyc_lyl,__ (C 1'.5)alkylﬂ1io; cyano, heteroaryl, guanidino,

-3-




R OO FORMULA | 15 or a pharmaceutically acceptable salt, enantiomer,
di astereoner or in vivo hydrolysable ester or m xture thereof, wherein, R
represents C6-10 aryl, C5-10 heteroaryl or C5-10 heterobyclic, said aryl,
het eroaryl and het erocyclyl optionally substituted with 1 to 3 groups of
Ra 20 Ra represents Cl1_6 al kyl, hal ogen, OH, aryl (Cl-6)al kyl, (Cl-6)alkoxy,
(cr 6) al KbkammoetyReavpnylatios,({anehanctyl)carkionyDaming (3-anino)props2-yl)

-N- (d - 6)caftopyRathive, acmmldam-rmmm ﬁhex%@&hﬂﬂ&bu%@&@?@ﬁi&l g@lts, carboxy

?é&eé)sar o SRR hiA w&ﬁm@d G 86 -k hinopsryithio,
Z ul Ioﬂolnyl i'mmmcyalwlthms (Tpladikdxy, &UCH)@hikpky,rgl(C{ @lbagﬁslﬂﬁh&y%yﬁlgauﬁd nyl, t
A ekt ?%keng’éf%frcr"@yaﬁhé%ﬁerfﬁﬁ%% ORYioky SRRBRIRES 0 he erLSPLFSG“o?

Co_11 heterocycl sai d heteroar(g and heterocyclyl optionally substituted
h1to We (ﬁ?ﬁ'so%'f‘dﬁas%ﬁ%? 50 the wPHP cOpYSIERAN y substituted. with

Wit

,? ) o B B RO G R Bt ol S
§|2 :m ggfmyf)mrmﬁw%ﬂuwfi (n(eﬁryﬂpimnewusﬂo)wﬁ]amnw}mmmuqmde .
thio, t- bu?glP—B T@L@% %‘W&’h ] F)_ y yﬁgﬁ&%é%}g@ihmno;
or di-(Cl - @Af%tﬁlmgd%\m no,. aryl thiro, heterocycl yI t hl o (Cl 6) al koxy, :

aryl (Cl - 6) a-fix ¥-émj g@-ﬂz@[@ljﬁfﬁl‘:&l?lﬁmn Ghalraaliy

and ésters there hydroxy and h ogen wherein t“he corrpoun'.
fromthe gReFRPHSGnsi sting of :

_ dT t - but Omﬁﬁ&j’ O4RJ- [mm&shm&mylgmbﬁmhﬁéﬁﬂ]xﬁﬂ%a(ﬁym ‘3. et hyl butyram
i.de; T .
’_"ﬁut yr ani de;

1-
(C
(
(
t

. QOXY
4 Selected

N - iy
hydimxy- 2( REEeRopYIRBsesids. mhd phasmarsHdically arspibls il Samm
N-t -but oxydﬁé@)eobieisbtuomoa&ydmlﬁyblprwmﬁe)théremrno 2- (4' -tetrahydrop
yr anyl ) ‘acetam de; fN hy&0xy-2(1-r)- E(4-fuom:3- nethyi phenyl sul-f onyl )) anmo

2- (4" tetl ar}]yéj éé’é%%r aaré%egt there is provided the use of a compound of structural formula |
- -‘*N-JHf p-
FORMULAI

. .,‘or a phamlaoeuﬁcally aoceptablc salf, enanuamcr dxesnereamcr of in vma -
: hydrolysablc estcr or mlxtme lhcreof whcrcm, ' ' : '

R Rl mpresents (‘,‘5_19 aryl C5_10 hctcroaryl or C5.10 hefcmcyclm saxd axyl heﬁemaryl
) and hctcrocyclyi optmnally subsﬁmtcd thh T to 3 gtoups of Ra ' ' ’

a Ra rcpresents 0145 allcyl halogen, or—r, aryl(Cl.,ﬁ}alkyl (Crelkoxy, (C1-.
i &alkoxy(C1-6)alkyl, ‘halo(C1-6)alkyl; nitro, amifio, mona- ot dl-N—(cl,ﬁ)aJkyiammO,‘.
_-acyiammo, acyioxy, carboxy, carboxy salts parbexy estcrs catbamoyl IRONG~ and di-
o 7-N—(C1.5)alkyica1hamoy1 (Cl_ﬁ)alkoxycarbonyl aryloxycarbonyl urcido; guamdmo :
_-__sulphunylau)mo ammosulphonyl (C1_6)a]kylﬁuo (Cldﬁ)alkylsulphmyl, (Cl..
'_.g)amyisulphonyi hetcmcyclyl hetcrocycly{(CLﬁ)alkyl and.-




acet anude; N4iydroxy 2(R)-[(4-fluoro-3-nethyl phenyl '

yl sul f(?nyl)]amno-.3.-(S
gzg!{ gprrpyl but ;;r am de; a@ pharmaceutical 'y -accept: abl e ch.l t>s/ )Eanaut i orrers( )
. , : {
aspect . EFe O ES I RLYIaRSL PEL Y ReRRIGE S BpnEflyaly 2 second

TPl Rywmcy@ybsm#mmav@rheéerﬁﬁmimﬁm@m “&‘été‘ép‘flﬁbl © sal t

enantl Qéfaﬁg%@ ctol.) ﬁgr h
wher-ei 1, Pps t iR 163 o th é er ot
b gty i e i e %sﬂ,' S
gr oupsial aiinoe - YR “Hh b kyy

(C1- 6)8(. Cgﬁff:' "L B):a) 0 al n|tro -am no,
mono. of AARPARP: PISHAION Ry, sakon Ez)xy sal ts,

ar boxy@ﬂk@t}&tb@@ﬁﬁ@ﬂkynﬁﬂ]m)mdndm» erW«C;E@) »m ao,tmymﬂo

BRI o BB IR Y BB BB it 0! am o
6) al kyicpaldaikenily | carbort asd oesjers ;thereqﬁeﬂwr@)@ycﬁnw bﬂéqqeya'lﬂkgbf m&ﬂl&fﬂ%ﬂfe p 2
P &S gl for ltthg . Cobeh Ry GMERQY Lol S QR 6 DAt C5 10
e eroary eterocyclyl, said hetetoarytandheterocyclyl
-optlonally substrtuted wthl to 3 groups, of Ra and said al kyl;
.opt ionally substituted with 1 3 groups selected fromthe -group consi st i ng

ar , |
( ( 1ol 'IF1 Oe@iﬁi ﬁ %glr/qt%rlells gin@gﬁﬁbj% comﬁduua,of eoraats | dwedefimed ybpve temusdi no,

am nonet I b l.
{3 ity G S THESLY B AR 1) e
: nono=. o dt - (@FSCIS?SQMWP\M%ﬁPBtheeﬁOWPPPU Ipfoﬁéﬁéﬁ z)gl/clcglnillhf gl o(CIam) QFI coxy,

aryl (G 1). IeI ée%ﬁ%bnt%f%ﬁ]%x mdaétﬁéflc%nai@ioﬁé’ GhiRh |a€é’1lelated to an anthrax

infection.

This and other aspects of the invention will be reatized upon inspection

of the invention as a whole.

DETAILED DESCRIPTION OF THE INVENTION
The present invention is directed to the compounds of formula I, and a

method for treating anthrax or mhlbmng Icthal factor by admlmstratlon preferably
intravenous or intra-inuscular, of a composition containing a compound of formula I
and a pharmaceutically acceptable carrier.

The invention is described herein in detail using the terms defined

below unless otherwise specified.
When any vanable (e.g. aryl, hetcrocycle RLR etc. ) occurs

more than one tlme in any constifuent, its definition on each occurrence is
independent at every other occurrence. Also, combinations of substituents/or

variables are pe.rmlss1ble_ only if such combinations result in stable cornpounds.

The term “alkyl” refers to a monovalent alkane (hydrocarbon) derived
radical containirig from 1 to 10 catbon atoms unless otherwise dei_ined. It may be

. 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 atkyl group, this is used interchangeably with “branched alkyl
goup”‘ " . . )

- Preferably, alkenyl is C2-Cg alkenyl.
~ Preferably, alkynyl is C2-Cg alkynyl.

- 4d4a -




cycl oal kenyl , carboxy and esters thereof, hydroxy and hal ogen- in the
manuf acture of a nedicanent for inhibiting the activity of |ethal factor
(LF) released frombacteria in a mammal. In a third aspect, there is
provi ded a conmpound of formula | as defined above for use in inhibiting

the activity of let hajycfoaﬂéypfs a(dpEo\,xero? ?8&1%9{91?@&@9{5'1%6%0?1 fBeal -
Di scl osed | th use of Ee cqagfun S formul & 1n the treatnent of

ant hr ax anH ?sh% LY U Al t%fPé“?%P%ieé@l@Bgélﬁuﬁlﬁth@pé&beWﬁP%ct i on.
This and otdrbon mmCﬂmeCdiﬂlﬁnlﬂ‘Dt@mttd) 4ok thathes figed; i #l@@ﬂf'\njlﬁmgf]' on -
HE NVE h

oeson EShEPRS S PaHEL rbhEA e B o ot noa

for treating anthrax or inhibiting lethal factor by admi nistration,
preferably " intravenous or intra-nuscular, of a conposition containing a
conpound of fornmula I and a pharnaceuticalry acceptable carrier. The
~ifivention is described herein in detail using the terns defined below
. unl ess otherw se specified. Wen any variable (e.g. aryl, heterocycle, R1,
"R etc.) occurs nore than one tinme in any constituent, its definition on
each occurrence is independent at every other occurrence. Al so, .
-conbi nati ons of substituents/or variables are permssible only if such
conbi nations result in stable conpounds. The term"alkyl" refers to a
nonoval ent al kane (hydrocarbon) derived ‘radical containing from1l to 10
carbon atons unless otherw se defined. It may be straight, branched or
cyclic. Preferred al kyl groups include nethyl, ethyl, propyl, isopropyl,
butyl, t-butyl, cyclopentyl and cycl ohexyl. When the alkyl group is said to
‘be substituted with an al kyl group, this is used interchangeably wth
"branched al kyl group"” al kenyl. Preferably, alkenyl is C2-C6 Preferably,
al kynyl is C2-C6 all ynyl .

- 4b -




4a Cycloal kyl is a specie of alkyl containing from3 to 15 carbon atons,
unl ess ot herw se specified, without alternating or resonating doubl e bonds

bet wveenwe i Rekatons. It may contain from1l to 4 rings g?ﬁh resdgused.
Exanpl es of cycl oal kyl groups are cycl opropyl, cyclobuty cyc]l opentyl ,
~cycl ohexyl, and cycl oheptyl, 4b WD 03/101382 PCT/ US03/ 16336

Het erocycl oal kyl is intended to nmean cycl oal kyl ring groups which consists
of carbon  atons and fromone to four heteroatons selected fromthe group
consisting of N, O, and S, and including any bicyclic. Said

het er ocycl Gidtdepdychomiicyd it intemdtd §o ﬂnea:scgb:%aiﬂt}ﬂmg grovpisiwHich condistsgifeupenof Ra

d bed . 5

deseri e Mol g RAATRLEP R ERLEORYBhOSLI 1 i SR TR 120
etc. Al koxy'mtzl 8f andsinclyding- m b@ay@ya -Said h@tﬁltdqycuh@kﬂ] dey loptiomally beptibssitattd y
Substi t ut edyiasy ﬁi)eﬁ gfgfﬁﬁﬁé‘écﬂbeﬁi&@ﬁ' 3 hefcﬂ’éf%r ot &&%bﬂ’fﬁlfﬁ{% e TRLROXY,

et hoxy, propoxy y and 1soneric group I's short for
hal ogen> an@sigfierages taovézmeo?wa@ thiolansy pipetidine. aniedidied azifidigp.cectidige.us ed
herein, "agyd " i's intended to mean any stable nonocyclic or bi cyclic

carbon‘ring of ‘up t o AfSRMRELSd A, L/g erlngls '

“aromati c. Exanpl es of‘-ﬁléu h a'rr'yf eigjﬁnt 1-(?ﬁc M@:ﬁé%ﬂ(grlgﬁtoub%gﬁ%aﬁg :
t et r ahydr ogatpkitdisd as desciéived herdin.p Baaybles ph alkary propps agthéthadty, e:ﬂloﬁjzenap ht hyl .
The termh r I ero .as used herein, represents a-stable
- to 7- rreﬁtg’ gﬁ’ybg%%gca%gllgogﬁ%}c%‘%;%ﬁ@e ?to 1 1- rrenbered bi cyclic '

het erot§clic ring whitlalo issheit fondhalogenund refidrsao chlusisde uflwrizd, bramddemide h

consi sts. of,g;far bon .atons and fromone to four heteroatons selected .from

- the group consisting of 20 N, 0. aqd S, and including any bicyclic group in
~_vihich any of the abodétsed heraim. "amt'ds misnded ¢o meayany salilesumoeyslig obenzene

ring. The BRYEIOGYSdH fing b mmeﬁb%tlﬁemﬁg whafn aﬂteesrt eﬁé AAE Ar carbon
- atom Whl ch, ro%isalflcllct ]gixamp es of SUC A loe enq‘];nts(f1 mc&uad% p%enylrgacp
15 tetrahydronaphthyl indanyl, blphenyl phenanthryl, anthryl or acenaphthyl
' - The term heterocyclyl or heterocychc as used hercm, represcnts
a stable 5~ to 7-membered monocyclic or stable 8- to 11-membered b1cycl1c
heterocyclic ring which is either saturated or unsaturated, and Wh1ch consists of
carbon atoms and from one to four heteroatoms selected from the group consisting of -
- 20 N 0, and S, and mcludmg any bicyclic group in which any of the above-defined
- heterocyclic rings is fused to a benzene ring. The heterocychc nng may be attached at
any heteroatom or catbon atom which results in the creat:ton of a stable structme A
~ fused hete;‘_ocychc ring system may include carbocyclic rings and need ;nclu_de only
. “one heterocyclic rihg-.- ',’I_'he term heterocycle or heterocyclic includes he_terdéryl‘
25 ‘meieties., .Examples of such heterocyclic elemems iﬁclﬁde,' but are not limited to,
. ‘azepinyl benzimidazolyl, berizisoxziiolyl benzofurazanyl, benzopyranyl, _.
L benzotluopyranyl benzofuryl benzothlazolyl benzothienyl, benzoxazolyl, chromanyl,
cmnohnyl dlhydrobenzofuryl dihydrobenzothienyl, dihydrobenzothiopyranyl,
S dﬂlydr_obenzotmopyranyl ,sulfope, 1,3-dioxolanyl, furyl, imidazolidiny}, imidazolinyl,
30 imi_dazolyl, indoliﬁyl, indolyl, isochroményl‘, isoindolinyl, isoquinolinyl,. -
- isothiazolidinyl, isothiazolyl, isothiazolidinyl, morplio]inyl, naphﬂlyridinyl,
- oxadiazolyl, 2-oxoazepinyl, oxazolyl, 2-oxopiperazinyl, 2%oxepiperdinyl, 2-
 oxopyrrolidinyl, piperidyl, piperazinyl, pyridyl, pyrazinyl, pyrazolidinyl, pyrazolyl,
. pyridazinyl, pyrimidinyl, pyrrolidinyl, pyrrolyl, quinazolinyl, quinolinyl, quinoxalinyl,
35 tet:rahydrofuryl tctrahydrmsoqmnohnyl tetrahydroqumohnyl ﬂuamoxphohnyl
D - 5 -




fused het erocyclic ring system may include carbocyclicrings and need
I nclude only one heterocyclic ring. The term heterocycle or heterocyclic

i ncl udesgy yl' 25 noieties; Exanples of such heter ment s
Whssasie 5 1 | et

include, but are not limted to, azepinyl, benzim dazoly I"Soxazol yl ,
benzof urazanyl, benzopyranyl, benzothiopyranyl, benzofuryl,
benzot hi azol yl , benzot hi enyl, benzoxazol yl, chronanyl, cinnolinyl,

di hydr obenzof uryl, di hydrobenzot hi enyl, di hydrobenzot hi opyranyl,

di hydr obenzot hi opyranyl sul fone, 1,3-dioxolanyl, furyl, imdazolidinyl,

i mi dazol i nyhjm%ephdmnsiamfcmhde tlﬂ%hyl rt}ﬁazo!ngﬂoih‘i’énofdﬁpﬂﬁérﬁiﬁlﬁ&i/}il; and

dol t'h I h
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. oxazogyl %r@nmmmm axepiny2,- t&mmmw}mdnmsaxmmmema oﬁuraiamyllr dgl pﬁr: dyl .
' I'perazin n [ | Zl
' Bylrol m di n§lba€= Pa;i) ro c'i)e thﬁfo%Wa%lr 8%/ é'm’]hg %%lww%ﬁlaﬁ ﬁhﬁegpp/?qu noxal>/| nyl, -~

35 tet réhydbmzcmaydﬂyl t:hrmm'ﬂrcmmhqm dibydvopenzafetyl, shlydradguzotsiciyly | | :
t hi hol 3 | f d
th: ggglrsl f)._t a%bc? Mﬁ %e%dﬁg{ d@ é#ﬂﬁ | elfon@ ﬁﬁ?f"aﬁgzen%ypu ot e_
enbodi nent 'I@datz ylomdglmsﬂ indelat, owbmreané'l é%ﬂd@nwhesogu@ohm; are
not |im teﬁ'sdtl‘ﬁazcﬂ&ﬁ&@l”fébﬂu&@lﬁhéﬂtﬁli@z&lcﬂﬁ 1, ﬁ%ﬂﬂioﬁﬁ“‘laﬁﬂihm dlasmzof urazanyl,

genzopyr alnyl dlﬁﬂq}%'néhl o ran ’cﬂxlaﬁ lzgcﬂ"l‘f%/’l ben ,8’2-8%%121%1‘ Benzothl enyl 5 )
enzoxazo ‘

VSLPfySL‘e’“”er"W‘ﬁ’M‘?I F“"a‘y‘“’”"‘ﬁm’?hﬁéﬁ’% yﬂ“‘“"”’ﬂ’%?mﬁf ndolipel
" indolyl ?Sﬁy"’%‘r’%‘?%gkl et ﬁﬁ’aﬁﬂ i &M&W@ 8 3%953{ e }
- isothi azol yhinolisyl mllamﬂlrml rtyﬂrahydmf@ybltﬂ:tmlrﬂydrmaﬂhnhﬂmyldl nyl , oxad| azol yl,

- 2- oxoazepl 'E%Lah

oxopyrrolidl ny ﬁ%ﬁ’?ﬁ#ﬁyﬁ“%&@ﬁ%{fﬁwﬁlﬁl%m@%ﬁﬁ% °o’ay pyrazinyl,

-pyrazol i d| piengduanyl I 4, pyrrolidi nyI pyr rolyl,
qui-nazpd i nyl qw nO'PrE)ﬁéfablﬂ llhbtéﬂ?&%lb“é’éolodt&i ﬁaﬂm H{oﬁ{yl, benzumdazolyl

t et r ahydr oj ui noh tet i.hohny | am)
t"hi-amor pho |Gﬁ% 2PLIPYE W‘:ﬂt %Bﬂygﬂdmf’ﬁ}r’}aﬂﬂo 3333?0‘1 q:é:,;d)pé}rgholmyl
t hi enot hi ep;ﬂendylhpqnydzn@mbmz @¥itblidinyl, 2-piperidinonyl, 2-pyrimidinonyl, 2-
pyrolhdmonyl qmnolmyl tetrahydrofuryl, tetrahydrmsoqumolmyl and thlenyl
' - “As used herein, "heteroaryl" is intended to mean any stable monocychc

20 or blcychc carbon ring of up to 7 members in each ring, wherein at least one nng is .
; aromatic and wherem from one to four carbon atoms-are replaced by heteroatoms
' selected from the group con31st1ng of N, O, and 8. Examples of such heterocychc
- elements include, but are not limited to, benmmidazolyl ben21soxazolyl o
o benzofurazanyl benzopyranyl benzotluopyranyl ‘benzofuryl, benzotluazolyl j .
25 - benzothienyl, benzoxazolyl chromanyl, cinnolinyl, thydrobenzofuryl .
o dxhydrobenzofuranyl dlhydrobenzotluenyl d1hydrobenzoﬂnopyranyl 7
' 'dlhydrobenzothlopyranyl sulfone, furyl, imidazolyl, indolinyl, indolyl, 1sochr0manyl
1somdol1ny1 isoquinolinyl, isothiazolyl, naphthyndmyl oxad1azolyl pyndyl
* ‘pyrazinyl, pyrazolyl, pyndazmyl pyrimidinyl, pyrrolyl qumazohnyl quinolinyl,
30 - quinoxalinyl, tetrahydroisoquinolinyl, telrahydroqumolmyl tma_zolyl thlenofuryl
thlenottuenyl thienyl and tdazolyl.. . ,
' In one embodiment of this invention rela,tmg to the compounds of
o formula IRisa heterocycloalkyl and all other vanables are as originally described.
S In another embodiment of this mventlon relating to the compounds of -
35 formulaIRisa heteroaryl and all other vanables are as ongmally described.
_ 6~ , ‘




15 Preferably, heterocycle is selected from 2-azepi nonyl, benzim dazolyl,

- 2-di azapi nonyl, imdazolyl, 2-imdazolidinonyl, indolyl, isoquinolinyl,
norpholwgydmmﬁbperl dyl, piperazinyl, pyridyl, pyrroli d|]ﬂ'_‘yﬂ]US(]3/16336

2-pi peridinonyl, 2-pyrimnidinonyl, 2- pyrolli d| nonyl , qui nolinyl,

‘tetrahydrofuryl, tetrahydroi soquinolinyl, and thi enyI As used herein,

"heteroaryl" is intended to nean any stable nmonocyclic 20 or bicyclic

carbon ring of up to 7 nmenbers in each ring, wherein at least one ring is

aromati c and wherein fromone to four carbon atons are replaced by

het eroat ons sel ect edn ﬁmlbmctlteeegibodnnmrmﬁt}aMmgmmdn Matifg tathd cBmpBumdp| es of

h het |
benzi m dar gl P! Sy Oonally sHfued i T Ebubpr Raana R
benzot hi opisrmrpcmtmibﬂmqhetﬂwizgmw azolyl, 25 benzot hi enyl,

benzoxazol yl, chroma Mg RESH Alahe to the cor ds
di hydr obenzof ur anyl m?ﬁﬁ?@%&%?gﬁﬂy Hﬁ@drobenzoghcl)og)?rman i

di hydr dbe n%fomn@bﬁr%hgﬂ a phepyl P Fubsyiuted Visaa e Bygroups o Sethayy *ﬁ?&f@b vl

- i sochr omanyethy; 1Ieﬂgtzrﬁabylnwty1 h@@ﬁml SR ipgHb: 1)m§@hm@mbyhmmmfmaﬁebf di nyl,
.oxadi azol yl ,  pyr cP zi n razol y¥ pyridazinyl, pyrim di nyI
pyrrolyl, ﬁé’z‘lﬂt‘%ﬂ@fd “éﬁ' 30 qui noxal i nyl , : S

ot ﬁt rahyﬁrm soqui nol i Mylet ahﬁheﬁmylﬂ:rcﬁqmﬁuﬂthmyﬁx{enhbn ﬂaﬂxgg tp thencoaemmimdy | , _

: tlenotle N | t i s invention

~-relating t & #%“@Jﬁ%%ﬁ&?@%fﬁgcyc‘%&%ﬂd ‘Ji'ﬂl?ﬁll ’gv%{%feégﬁ%y{?% %1% and al |

ot her ifhri &skdbedire as originally described.  -In another enbodl ment of this

“invention rel ating tﬁ:&%&@iﬂ%&mﬁﬁtefﬁ%n& treéiﬁlahng%tdﬁm%oﬂagbo&o%fyl and

all other variables are as Cri WO 03/101382 -
PCT/ US03/ 163m8la Ja Kisig hleteaﬁw %r vasigbleg areagiogiginall desaiedel ating to

- the conpounds of fommﬁooadreﬁiao&mm BhenyinvertneRah s anglklcpmpobsdsidrut ed

yet  anot nel B Eh C iy QLABRELARKIRR, B onail BAIRRY . 950r
formulg | R i s a phanstill grothep embbdinicnn bEthistiny bntibntrelafng twthp sompowmeish oxy,
Dalogen,  FEfophia 18RS u pRERR Yhoup Uplibhat @Rk Htea v ?3@%&&%@1%&1%8&@9”
: -is-an alkyl heterocycloa]kyi or heteroaryl group.
' In yet another embodiment of the mventlon relaung to the compounds
of formula Ya R1 is a phenyl group substituted with 1 03 groups of methoxy,
20 - halogen, methyl, ethyl propyl, butyl, napthyl, 5-(2-pyridyl)thiophen-2-y1 or a mixture -
B thereof, and R is an-alkyl, heterocycloalkyl or heteroaryl. :
‘ - Another embodlment of this invention relates to a pharmaceut:lcal

- composition conprising a compound of formula I and a pharmaceutically acceptable

AR

carrier. ‘ . , N
25 Another embodiment of this invention 1nvolves the use of a compound
. of formula 1 for the production of a mechcament 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.
o 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 MOglycosideS), inhibitors of beta-lactamase, renal tubular blocking.
ogents (e.g. probenecid) and inhibitors of metabolising enzymes (for example |
: ii_llﬁbitors of dehjzd:opepﬁdases, for example Z~2—acy1anﬁno—3_—substituted
- ~ propenoates such as cilastatin) and N-acylated amino acids (for example see EP-A-
.35 178911 whlch reduce adverse effects on the k1dney Examples of drugs that can be
. T .




and R a heterocycloallcyl or heteroaryl. In yet another enbodi nent of this
Jdnvention relating to the conpounds of formula la Ris a heterocycl oal kyl
and "al | o4 riables are as originally 10 described. |n_another
enbodlnent 35'%ls invention relating to the conpounds of“THeHB¥ 1a Ris
‘a heteroaryl and all other variables are as originally described. In _
anot her enbodi nent of this invention relating to the conmpounds of formula
la Ris a Cl-4 alkyl and all other variables are as originally described.

- 15 In still another enbodinent of this invention relating to the conpounds

of formul acbmbﬁ%ledimttathbhs bmg::swgo@mﬂa DR i peRS bicafs e%Qm%&{EoﬂuyFe ngr oups
of Ra and R X tal %ﬁ'h ﬁ]‘t]’]ero oala;ﬁ ci{eéheteroaryl group

anot her er‘rﬁg%ls feigatiny, ge aIIIE’I eqifidetanysbonds  of formJIa
" la RI. is acipnefloraciy nonfloxadia or ammdwmefeof. 1tQs Bre@irfidihatOlhdfBihfentm RO

o o xt urel e Fadieie wiiiR¥orabniln R ‘ﬁ?a%é%ﬁéwﬁ'?{ o éft?é‘a?yY' |

Anot herd enBbBREMAXIN®X hi s i nvention relates to a pharmaceuti cal

conmposi tion conpri si n pharmaceutical |y .
acceptable_.carrier @g%t%g\ﬁg ﬂe r%bfag?%&p{a% Staﬁsgfﬁl fvERtECoR gﬂ/es the
use of a cBEHBYFREONGRclng ?ﬁ‘i}ﬂédﬂlﬁpﬁrﬁalﬁ‘wcbﬁ@hmddﬂn& hydrobdoroiersitratbpr . t he

. ; L 3??1 rent 'malaarmmehmfcan@am rﬁ%d%ﬁ([){fﬁb%ﬁ% 8 iehalfd dpareto- Sl -
.productloggﬂ%bgesﬁhﬁ eh %E’Faéﬁﬂhfmpé@ﬂblﬁsodw&%ﬁpounds of '

formul® | mysshmnmkme ewth et 8210 forBR ARG W niHoBEuBChE6ioatcf rom
ani EBS?LLZS. S S BfE el Todg %%Sﬁm%fm‘“ % 2B B ook a6 r Y
agents (e.ghy pmnéwgcmymamﬂlbmyhn:um N Nidibmtzghdiflahing e amymesid RE -
;xzzirrglcil aln?ér?m(%é sSu s1(:)%ﬁ@ﬁ%ﬁ%@g@g@&gﬁbgéﬁé@j#§5?%"}“ and N- acyl at ed
~ anmino aci AP 8l e see EP-A 35 178911) which r educe adverse effects
- on t hdaski dney. Exaﬁpltﬁﬁv@ﬁyd}bljﬂﬁalé Bétérs GANHBS: pharmaceutically acceptable
' . esters that hydrolyze in the human body 1o produce the parent compound. Such eéters
can be identified by admlmstenng, e.g. intravenously to a test animal, the compound
" under test and subsequenﬂy examining the test animal’s body fluids. Suitable in vivo
| hydrolysable esters for carboxy include C1-6alkoxymethyl esters for example
20_ mcthoxymethyl C1-6 alkanolyloxymethyl esters for example plvaloyloxymethyl |
phthalidyl esters and the additional esters disclosed in us Patent No. 5,478, 820,
wmch 1s herem mcorporated by reference in its entlrety
: Compounds used in this invention are: L
N—t—butoxy~2(R)— [(4-ﬂuoro—3-methylphcnylsulfonyl)] am1no~3—meﬂ1ylbutyraxmde o "?.j '
.25 -N—hydroxy—2(R)-[(4~ﬂuoro-3-methylphenylsulfonyl)] amino-3 -memylbutyramdc S B
- ..N-t-—butoxy-Z(R) ~[{4- ﬂuoro-3—methylphenylsulfonyl)]am1n0—2~(4’-tetrahydropyrany1)-
acetamide; -
E -_N—hydr.oxy—Z(R)-—[(4-ﬂuoro—3-methylphenylsulfonyl)] amm0~2 (4’—tetrahydropyranyl)
. acetamide; : :
30 : N—hydroxy—Z(R) [(4—ﬂuor0—3—methylphenylsulfonyl)]annno—3 (S)- _
- cyclopropylbutyramide; and phaxmaceuhca.lly acceptable salts, enantiomers, -
diastc‘reqme_rs or in vivo hydrolysable esters or mixtures thereof.




.pi'val oyl o

7 WD 03/101382 PCT/ US03/ 16336 conbined with the conpounds of fornmula | are
im penem neropenem vanconycin, cilastatin, cefoxitin, penicillin,

cl avul aW(ﬁoﬁfb&ﬁa probenecid, tetracycline, ciprofloxaci rbcﬂﬁérfsh%éc' nor a
m xture thereof. 1t is preferred that when im-penemis wused as a drug it
is used in conbination with cilastatin (said conbination is marketed 5 as
PRI MAXIN(r)). Suitable pharnmaceutically acceptable salts of the conpounds
used in this invention include acid addition salts such as hydrochl ori de,
hydrobrom de, citrate, nmmleate and salts forned with phosphoric and

sul phuric acid. In anedionabspemiundsof thidiheersiohtase diselobakia Tabletls such as an

al kali metal salt for exanple sodi um % potassium an al kaline earth
‘metal salt for exanple calcium or m an organic amne salt for
-.exanpl e triethyl am ne, norpholine, thjrl pi peridine, N ethylpiperidine,

procai ne, dibenzylam ne, N, N-di hyNaj ryFrlhe or amno acids for. '
~exanple lysine. Preferred pharnmacedti ca Iy ceptable salts are sodium and
potassiumsalts. 15 In vivo hydrol y$abl g, et &s are those pharnaceutically
acceptable esters that hydrolyze in the human body to produce - the par ent
conmpound. _Such esters can he identified by administering, e.g. '
intravenolgkymbR #8 test mpi mal, |the com;ound inder test and subsequently
“exam ni ng[the test|ani#al ' s bod/ frurds. Suitabl e in vivo hydrolysable
- esters fof carboxy| i ncllude Cl-6al koxynethylF esf{ers for.exanple 20
~ met hoxynet hyI Cl-6 a}-Kapgpl yl oxynet hrs for exanple : ' L
: Eshyl pht hdll i dyl gst egsamd™~t he addltl onal esters d| scl osed
n US Patent No. 5 478 NS20NH2Wh(ch i's herein i 1corporated by reference in

. Vts enti rtafe-y———Gerrr.:ne'mf*cl'l Hset—-R-thR-s—Aventen are:

‘Nt-butoxy-2(R-][( i'hyl'phen Isplforyl)]am no- 3- rrethyl butyram de
;. 25 : S

N- hydroxy{2( RA-[ (4
N-t-but oxy-2(R) - [ (

_ yr anyl) acet am de;

hyl ph uI fonyl )_] ani no- 3- net hyl but yr ani de,
hyl lbnhenyl sul fofiyl )] ani no-2-(4' .. tetr ahydrop

i
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N- hydr oxy- 2(R) - [(4 quoro-3-nethyIphenylsulfonyl)]anino-2-(4'-tetrahydropyr.
anyl)- acetam de;

N-hydr oy L(4-fluoro-3-nethyl phenyisul fonyl)]am no- 3¢
cyclopropyﬁiﬁayranlde and pharmaceutically acceptabl e sg?%égaﬁﬁgﬁﬁioners,
di astereonmers or in vivo hydrolysable esters or mxtures thereof. -8 WO

03/101382 PCT/ US03/ 16336 Additional conpounds of this invention are
disclosed in Table 1. Tablel OH HO N,R2 HOSp R Exanple # R RR \ F
SCNR2F 4NR2F 5N NHF 61 NH2 7 NH N NH '

o | o, |
BEAES
] & X
| & X
. T x.
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135 /" SF 136 HS 137 ' ~S\ 'O F\ Jy 138 139 4. C 140 N NH CN 141
n NH2 \ F 142 N~ , HN O 143 C o\ 144 and pharnaceutically acceptable

salts, i rs, diastereoners or in vivo hydrolysab r r
mi xtur ey FHhersof. -22 WD 03/101382 PCT/ US03/ 16336 St | |1’8f’ﬁ§‘¥3?‘€§3r?gounds of
this invention are disclosed in Table 2: Table 2

CHM F
135 7 /J:::]/
]
. s ¥
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137 /L N ¥ 0

13g | F o

140

141 L
TR o
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1 143

144

- and pharmaceutlcaﬂy acceptable salts, enanhomers, dlastereomers or in Vivo .
hydrolysable esters or mjxtures thereof '
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O/ FH! HOB \N~-Hpsp ORZ R Exanple # RL R2 146 Me 147 Me 148 Me
149 LNH2 H 150 Me 151 Me 152 Me |i 153 nme 5 and pharmaceutical l'y
accept alfoshiss. enantioners, diastereoners or in Vivo pdyygiglysgbl e
esters or mxtures thereof. Pref erred conpounds used in this-invention are:
N-t - but oxy-2(R)-[ (4-f1 uoro-3-net hyl phenyl sul f onyl )] am no- 3- net hyl but yram de

N- hydroxy-2(R)-[ (4-fl uor o- 3- met hyl phenyl sul f onyl )] am no- 3- et hyl but yr am de;
10 N

t - but oxy-2(R) - [ (4-f | eillostBerveidpphpdserfythis dahfentigh hfeadisahesed i Fable &t r ahydr opyra -
nyl)- acetam de; -23 WD 03/101382 PCT*L{?Q%/ 16336

N- hydroxy-2(R)-[ (4-fl uoro- 3- net hyl pheny sul f onyl )]r_am no- 2- (4
-tetrahydropyranyl)- acetam de;

‘N hydr oxy-2(R) - [.(4-f | uor o- 3- %lful )] ami no- 3- (S) \
cycl opropyl butyrami de; and p . gy aee able salts, enant | oners,
' 2\ : : z .

O

Example# R2

1 146 - Me
47 - Me

48 Me

149 H

150  Me

181 Me

B R I Me
153 Me

5 and pharmaceutically acceptable salts, enantlomers dlastereomcrs or in vwo R
B hydrolysable esters or m1xtuxes thereof 7 | | ' -
Preferred compounds uscd in this invention are
N- t-butoxy-2(R)- [(4—ﬂuoro~3~methy1phenylsu1fonyl)]am1no—3—methylbutyram1de,
N—hydroxy-Z(R)—[(At—ﬂuoro—?:—methylphenylsulfonyl)]annno 3-methylbutyratmde,
10 N-t-butoxy-2(R)- [(4-ﬂu0ro—3—methylphenylsulfonyl)]am1no-2—(4’~tctrahydropyranyl)-_ .
- . acetamide; : _

';zsf




5 diastereonmers or in vivo hydrol ysable esters or m xtures thereof. In
order to use a conmpound of formula I or a pharmaceutically acceptable
salt, e‘%% di astereonmer or in vivo hydrol ysabl e e(%] or xture

t hereof for tﬁg t herapeutic treatnent of manmmals, incl uo‘i§ ﬁbﬁ‘{fﬁgg% _
particular in treating anthrax, or inhibting Iethal factor it is normally
formulated in accordance with 10 standard pharmaceutical practice as a
pharmaceuti cal conpositon. The conpounds used in the instant invention can
be admi nistered in a therapeutically effective anount intravaneously,

subcut aneowshytrot LIRS EubAY- i’aéfné%ﬁylpﬁéiﬁfléﬁtlﬁ%&%]ﬁﬁhﬁt?g HNRMARL&o ”gﬁ%zﬁ )-Skilled

in the art é o rectal, oral, parenteral) sul tabl e phar tica
conp05|t|oﬂ “in this invention is one, which is made for 15 sterile

i nj ection N@Ijigtdamxy-n@)t{@—ﬂﬁm% n@dnﬁylﬁﬁ&ﬁwh\lfoﬁﬂ)}ahm&gqupupldsf usedI in thi sf'

invention ubj.ect s th ni str of ‘the fornulation o
“the preserf T‘%’Pﬁ@%ﬁﬁu@ el P yrf’é:ﬁelg%ﬂ Bagﬁe?naé'ﬂPPP&F% '

-~ particd ardtpstﬁmnmmbrldo'nnshydrahymblamwmlosnmhesaberwﬁs rabbl ts and dogs.
.20 The foll owi ng non ration;, is

denonstrative of theﬂparnlealgteér?pgfa%@%ogﬁdO?F%r&%gﬂor%a%mﬁc din this

i nvent i on giceptablesally enﬂ@tﬁomﬂedmﬁmemmalxvmdlydmhysabbm@r bmxhveturef actor.

Def i ni ti ongefeof firthe ﬁie?&peut?@&%@nf of AE e D GRF gl ﬁéﬁnsDM:parhcular in

: dlmathylforrra,nue tgg,t!ngOp | et %/amneT H

O-trinet hyﬁrgqqn@a}‘}gm%)gw lp\;}wggacton is normally formulated in accordance with . R
bnezot10' z odtendhrd/bhamisedutiost ycticel dsdi pharm Bt Rotpoliforaf | uor ophosphate 30

TFA - trifl uoroacetliham d HP C g[H erformance ImgJ i d chronmatography

DCM - di chl oronet han 8‘?‘#& 9 SHAT SHEBPSA §EnReAdR PSR O™ g nude ¢ 55

THE - t et rféhrﬁdclﬁfqaﬂa pifective amount mtravaneously, subcutaneously, mtramuscularly or
~any other method known to those skﬂled in the art (e.g., rectal, oral, parenteral).’ A
suitable pharmaceuhcal composmon used in this mvantlon is one, which is made for

15 sterile 1n3ectxon contalmng between 1 and 50% wiw of the compounds used in this.
- invention. - ' ,
. Suitable subjects for the admlmstramn of the formulahon of the
prescnt invention include pnmates, man and other anm:lals, particularly man and
: domesticated animals such as cats, rabbits and dogs. _ . :
20 . The followmg non—hmﬂ:mg exarmples, gwen by way of ﬂlusiratlon is
" demonstratwc of the present invention, that the compounds used in this mvenﬂon are

' useful for treaung anthl ax and 1nb1b1t1ng Iathal factor ' '

. Deﬁmtlon of terms are: - . o C )
25 HOBT - hydroxybenzotriazole . L | | |
DMF — dimethylformamide. = T

- DIEA -dnsoplopylothylannne _ :

. TMSONH2 - O—tnmcthylsﬂylhydroxyiamme-
o PyBOP bnezotnzole-1~y1 oxy-tns-pyrrohdmmphosphomum hexaﬂuorophosphate
.30 TFA- tnﬂuoroacetlc acid :

_HPLC hi gh performance hqmd chromatogtaphy

_:DCM d10hloromethane SR

EDC 1- (3~d1methy1ammopropyl)—3-ethylcarbod11m1de ‘ ‘-
o THF - tctrahyd:ofuran o '
35 DIC- ~N N’—dusopropylcarbodmde
.




35 DIC - NN -d isopropyl carbodiimde -24 WO 03/101382 PCT/ US03/ 16336 MDF -
di met hyl f or mam de DVAP - 4-di net hyl ami nopyri dine NW -

1- met hykyopieissd! | di none EDTA - et hyl enedi am net et raacqtdr[(;U@gh@!mS EXAMPLE
1 F O0HHO AN N H 0SO

N-t - but oxy-2(R)-[(4-fluoro-3-nethyl phenyl sul fonyl)] am no-3-

met hyl butyramide (1.8 g, 4.99 nmol) was dissolved in 75 m of anhydrous

di chloro 10 et hane containing ethanol (0.30 mM, 5 nmmol) at 0 C. Hydrogen
chloride gas was bubbled in for 30 min. The flask was closed with a septum
and _reactiwm—ﬁmmylfstmm for 2 days. After the solvent was renobved on

a rotavap, resisfg %ﬁ ﬂlﬁ lLlved in methanol (1 - 2 nl), and diluted
with DCM ( Ed cm 2 Srmed wer e coIIected and washed W|th nor e

DCM to gi vMHlemeﬁafwmmme N 15

hydr.oxy- 2( @sz‘&lle eQiaanaLi-pheyd sul fonyl ) ] am no- 3- et hyI but yr ami de.
NVR. (500 8 0.86 (d, 3H), 0.91 (d, 313), 1.86 (m 111), 2.30
(d, 3119, 3.30 (d, 1H) 7.16 (t, 1H), 7.67 (m 113), 7.72 (m- 113). The
startlng material for exanple 1 wasggpamperred as follows: D-Valine (1.39 g,
11.9 mmol ) was dissolved in 80 nml of dioxane/water 20 (1:1) containi ng

K2003, (3.3 g, 24 mml). A sol utloo of 4;@3 ‘et hyl phenyl

sul fonyl'chl oride (10 nmol) inH was dropped in wth good:
stirring. The reaction mxture gb tl)S( room tenperature for 30 mn.
- Ethylacetate (80 nl.), [I'N'HC a8 . added. The organi c Iayer was
-washed with 1IN HC12 tines, and extract ed with 5% K2003.-(3x. 25nt). The
_combi-ned base extracts was acidified and .

) o N\ butoxy-z(R) [(4—ﬂnoro—S—memylphenyisulfonyl)]am1no-3- '

N methylbutyramlde (1.8g.4. 99 mmol) was dissolved in 75 ml of anhydrous dlchloro-
10 ethane containing ethanol (0.30 ml, 5'mmol) at 0 °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 mi). The crystals
~ formed were collected and washed w1th more DCM to give, after vacuum drying, N-
15 hydroxy~2CR)—[(4—ﬂu0ro—3—methylphenylsulfonyl)]aJmno-B—methbeutyramlde NMR :
(500 MHz CDg,OD) 6 0.86 (d, 3H), 0.91 (d, 3H), 1. 86 (m, lH) 2 3{) (d 3H) 3.30 (d
1H), 716(t IH) 767(m lH) 772(m 1H). ' .
' The startmcr material for example 1v was prcparcd as follows: )
| . D-Valme (L 39 g, 11 9 mmol) was d1$soived in 80 mi of dmxane/water _
20 (1:1) contalmng K2C03 3.3 g, 24 mmol) A solution of 4-ﬂuro-3-methylphenyl— -
sulfonylchlonde (10 mmol) in dioxane (4 ml) was dropped in with good stirring. The
‘reaction mlxture was starred at room temperature for 30 min. Ethylacetate (80 mi);
1N HCI (50 ml) Was added. The organic layer was washed Wlth 1N HCI 2 times, and
- .extracted with 5% K-';CO3 (3X 25ml) The combined base extracts was a01d1ﬁed and
25 cxtracted with ethylaceate (80 ml). The organic Jayer was washed with bmle (2x)
‘ dned over N. azSO4 The solvent was removed on rotavap, and residue. tntrated W1th
| hexane. The resultmg solid was dried to give 2(R)- [(4~ﬂuoro-3—methy1phenyl—
_ sulfonyl)Jamino-3 -methylbutync acid.
. - 2R)- {(4—P1uoro-3-methylphenylsulfonyl)] am1n0-3-methy1butync ac1d
30 (2.64g, 9.12 mmol) was dissolved in DCM (30 ml), followed by addmon of DIEA
- (3.18ml, 2 eq) and O-t»buty]hydroxylamme hydrochloride (2.3 g, 2 eq.).-EDC. HCI

95




25 extracted with ethylaceate (80 m). The organic |ayer was washed with
~brine (2x), _dried over Na2SO4. The sol vent was renoved on rotavap, and
resi du gd with hexane. The resulting solid was i ive
2(R) - [ ?‘R’Uq &gfgg 3- et hyl phenyl - sul fonyl )] am no- 3- net hyIIinu f@@?}égasgl d.
2(R)-[ (4- Fl uor o- 3- net hyl phenyl sul f onyl )] am no- 3-net hyl butyric acid 30
(2.64 g, 9.12 mmol) was dissolved in DCM (30 m ), followed by addition of
DIBA (3.18 ml, 2 eq.) and O t-butyl hydroxyl am ne hydrochloride (2.3 g, 2
eq.). EDC. HCl- 25 WD 03/101382 PCT/US03/16336 (2.1 g, 1.2 eq.) was then

added port l('pn\gw B2 e89 vasltheh ad&eﬂeoﬁia@wﬁ& aﬁ,soﬁ)d 5Miﬂe Emza@) 6,aBlef) ahter 40 min

and the rea f or, anot her nt was renmoved
oo Tot o ARt Bt hd B oS08 ok Wied g e A0 pie: X bV e o :
et hyI acet aramgvea oma)rptalvhp BGloofbemipkyaturd, tmdaesgdxm wad partitionegiswitlashed with | N

pur 11 ed wepReEgfeso i, IXCHOTRRRt THRr gl PR Fhsn b i AT Ry O™

productS N- bringtans gried R)’er[NaiSO4 The crude product was flash column purified with 5%

Lo el §P§1 %é%%*gmé‘%ﬂ% ﬁwﬂ%%%%%ﬁ@*& “@?W@%L“S‘m |
0. 90 (d, Hwep-3-methylghenylgufonyDlanige-3 -me ww Bifg oanaﬂél(d 11)
- 7.18 (t, 1@Bloe d}glﬁ@ea@éﬂ) CMIRF0.16. MR (%

“ z‘mOnoEéa?B%a A A A apidois i”@%iﬁ’éﬁ% YENE TS

D 4" -tH rafhgdms-1B8yr anyl gl ycine in.the same way as exanple 1. NWR (500 MHz,
Ch3CD) 8:1.19 (m IM 1.34 (m 1H)E}M£n 111) 1.74(m 1M 1.80(m )

©111); 2.32 (d, 3H), 3.31 (m
o Jk/ﬁ J@L "
C N Y ';8\ |

O

SL

- Example 2, N—hydroxy—Z(R) -4 fluoro—B methylphenylsulfonyl)]
15 a.m1no—2 (4’-tetrahydropyrany1) acetamide, was prepared from D—4’-tetrahydro- o o
: ' pyranylglycme in the same way. as example 1. NMR (500 MHz, CD;0D) &: 1.19 (m, -

- 1H), 1.34 (m, 1H), 140 (m, 1), 1 74(111, IH) 1.80(m, 1H), 2.32 (d, 3H), 3.31 (m,
: .._ZH) 337(d, lH) 390(m 2H) 7. 18(t IH) 765(1]1, IH) 772(m IH)

90 -. o Examplei%to 144 .
B Examples 3 to 144 found in Table 1, were made on sohd phase and is ﬂlustrated as -
“ ' | follows |

B Step 1 Resm funcnonahzatmn e '_0 o
R 1) NOH DIEA . _ ,
Qo —0 ' .—ONH2
: : : 2) NgHJI‘HF o ,
" 25 .. Asolution of N—hydroxyphthahmde ©28g, 17 mmoi) DIEA (3 0 ml,_. :
o ~ 17 romo!) in dichloromethane. (30 rl) and DMEF (15 ml) was added qmckly t04.39¢g
of 2—Ch10rotr1tyl Tesin (1 1 mmol/g loadmcr) ina fnt fitted cartndge The resin '

-26-




211), 3.37 (d,.11), 3.90 (m 21), 7.18 (t, 1H), 7.65 (m11 ), 7.72 (m 1H).
20 Exanple 3 to 144 Exanples 3 to 144, found in Table 1, were nmade on solid
phase amw dzmeidsbustrated as follows: Step 1. Resin funpetimskdszati on O

1) 1 NOH, DEA-C QONH2 2) N2H4frHF 25 A sol ution of

‘N hydt oxyphthalimde (2.8 g, 17 mmol ), DIJEA (3.0 m, 17 mol) in

di chl oronethane (30 mM) and DVF (15 m) was added quickly to 4.39 g of
2-Chlorotrityl resin (1.1 mmol/g loading) in a frit fitted cartridge. The
resin -26 WO 03/101382 PCT/US03/16336 a suspension was shaken,

i nt er m t t eAYSP§nsiHTHWRBShaken itmitiensiyandilefhon bannd qvemightwdbe wathees 5x wi t h

DVF, and t %&eﬁrﬁ%ﬂgm hmﬁ tﬁ’é?l t@a{edq%lﬂtn"XQB% dd?(ﬁryou nf(rjl& bﬁﬂn&ﬁ’ g(?S M| J[n[] THF)

for 2 hr. ?#F white sol forme
~washed  wi %ﬁ% af&“’ ?QO“%N#W hite sqlidfoipgd asqupd ﬂterré%l!lrr@‘m’a&maﬁhﬁ@peat ed
once rmre a;mmqg@r&m@:@ma T’.lflﬁ:lﬁ az‘iné/\ﬁéatﬁ}@ﬁhﬂﬁr ¥hdalbdldee e (1:1)

The Toahi nipraobsntbotso He i G jaed oS S e ?ﬁf%adpﬁéf ot A no

acid 0 Fnbx,-dtiéd Gvaauuii\biemnight t@gﬂdl-eQSDngt‘ésiﬁ R Tile Badifig Iwbotk fochor ed -
~hydr oxyl anhﬂfo]fc%?v@méht &Qggém (-1.0 rrrml /g
| Step? Loading of Amino acid -

Fmoc-AA-OH o '
O-on, ™ . @,CLN/'H,NHFmoc
: ' ' DIC ' H R
10 The O-anchored hydroxylamme resin 1, 5 00 mg (~1.0 mmol/g

, Ioadmg) was swelled with DCM in a frit fitted caxtndge and drained. A solution of
Fmoc-D-allo-isoleucine (530 mg, 1.5 mmol, 3 eq) DIC (0.120 mi, 0.75 mmol 1 5
‘eq.)in 3 ml of DMEF was added. The cartndve was shaken briefly and left on bcnch
- 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
o overmvht to give resin 2. The approxunate loadmg is 0. 70 mmol/ g by welght gam
Step 3 ' ' N

1) pipericine/DMF N
2 o oo Example 25
" Resin 2, 150 mg, ~0. 7mmollg Toading, was treated with 2 ml of
o plpendme/DMF (25%) for 2 hr. The resin was washed with MDF 3x, DCM 3x. A
20 solution of DIEA (73 ul, 0.42 mmol4 eq.) in TI—IF-DCM (1:1, 0.5 ml) containing
o VDMAP (~2 mg) was added to the Tesin, followed by a solution of 3- - |
' _chlorophenylsulfonyl chionde (66 mg, 3eq.)in TI—]F—DCM (0.5 ml). After 3 hr, the
- Tesin was washed with DMF 3%, DCM 3%, and cleaved twice with 5% TFAIDCM (O 5
“ml ) for 30 min." The combined cleavage solution was evaporated, and the residue
25 dissolved in CH;CN:H0 and punﬁed on a reverse phase HPLC to give Example 25,
o N hydroxy—.‘Z(R)—(3-chlorophenylsu]fonyl)ammo—3(S)—methylvalenc amide: NMR"~

-27 -




| oadi ng), was swelled with DCMin a frit fitted cartridge and drained. A -
soI ution of Fnoc-D-allo-isoleucine (530 ng, 1.5 mmol, 3 eq.), DI C (0.120
m, 0.7 5 eqg.) in 3 nil of DMF was added. The ' s
shaken %Fl /:“i/Béaznd | eft on bench for 1 hr. Another doseggi}({ﬁ{%&?%4 m,
~0.25mmol, 0.5 eq.) was added. After 15 another hour, the resin was washed
with DMF 4x, DCM 4x and vacuumdried overnight to give resin 2. The
approximate |loading is 0.70 mmol/g by weight gain.. Step 3 H 0 1)
pi peridine/ DMVF HON O O .N NHFnoc 0 O 2) ArS02Cl: S C H 3) TFA DCM HW\
. 2Exarrp| Mg 5 l1qpdt tar th 2 m
of piperi §(|5§g/ Dl\/F’S(m%@D)g Q)E@%i d06 res n 1\?2 o (ﬁl\l\%l %a%(é}gl '
- 3x. A 20 so?é%’l(%rifﬁf'f'éf’@\l@@@(d tﬁh r%%iv ﬁ(iﬁanNE-DCM(l 1, 0.5 m)
cont aining: DVAP (-2 Tﬂ)le‘lﬂi%ts%ﬂd@ﬂrds%f%ﬁ@:nﬁ%'?ﬁo 1f4@| h@o@lﬁib@r ah&lbyon of

- chl oroph ulfo or After
3, the BebTteR s Rt T BB Lekotrts madnee peme e iieBERR h 656
TFA DCI\/I5(8 d&wcondahge With tliiﬂ:leommxcﬂi videdbfon efambled/ afiensaimihdunds r@mrgda o
evapor at ed, ; an uri.fied on a
reverse phadse' %EEES? st%é( %g%xﬁ vg’rkfég%\lﬁ%lﬁbl\%% c}eavage gﬁiﬂp & Tesin.

N- hydr oxy-2(R) - ( 3- chl or ophenyl suI fonyl ) ani no- 3(S) - net hyl val er.i ¢ an de NMVR
- =27 WD 03/101382 PCT/ US03/ 16336 %ﬁ@% oD): 8. 0.82 (d, d, 6H), 1.04
-(m-.1H), 1.35 (m 1M 1.64 (m 1H) ]( 111), 7.50 (t, 1H) .7.60(d,
111), 7.76(d, 1H), -7.84 (m. 1H) Table 1 Ilsts structures of exanples 3 to.
144. As can be-appreciated by - the e@ydinary Fed artisan, Exanples 4. to =
144 were made, wWith some m)difllgla i dn, {Qn ¢cor dance W|th t he -
-description provided for exanple ‘.‘3\1H I’Te‘;}o douids required a - 3 '

o 2-(R)-[(4-fluro-3-methylphenylsulfonyl Jamino- 3-(S)-cyclopropyl-
o butyric acid (10 mg, 31 umol) was dissclved in DMF (0.3 ml) w1th HOBt (4.5 mg,
0.031 mmol) DIBA (11 ul, 0. 062 mmol), -tnmethylsﬂylhydroxylarmne (20 ul, 0.16 |
. mmol) A solutlon of PyBOP (’)O mg, 0. 038 mmol) i in DMF (0.3 ml) was added The '
15 reaction was. quenched after 30 min wrth CH;CN: HZO (1:1,5% TFA) and passed L
through reverse phase HPLC to give, after lyophilization, N —hydroxy—Z—(R) {(4—ﬂuro-
-3-methy1pheny1)su]fony1] am1n0—3 (S)—cyclopropylbutyramde NMR (500 MI—Iz
. CD;0D) &: -0.04 (m, 1H), 0.20 (m, 1H), 0.35 (m, IH), 0.41 (i, IH), 0.54 (m, 1H),
L - .0.90 (¢, 3H), 1.08 (m, 1H), 2.32 (d, 3H), 3.60 (d, lI-I) 717(t lH) 768(m,1H) 775 - :
20 (m,m) MS: 3311(M+H*) - | L 0y

The starting maierlal for example 145 was prepareﬁ as follows
o ~ Methyl crlycolate (104 g, 114 mmol) crotyl alcohol (100ml, excess)
_ . was reﬂuxed in the presence of K2COj3 (0.8.g) for 1 hr, durmg which time about 10 -
25 ml of the condensate was removed through a Dean-Stock trap. After dﬂuﬁng with ”
o E 'hexane (100 mi), the solid was filtered through a short silica gel column, (50 ), -
. washed with 1:5 ethylacetate hexane (250 ml). The combined filtrate and washrngs
~ was concentrated to 100 ml, and was chluted again w1th hexane (100 ml), passed
Lo .ﬂzr.ou,,h silica gel colurmn and washed. The solution was concentrated to ~12 S5g of
30 0il, which was vacuum distilled to give crotyl crlycolate 9.3 g (97 °Cl?.0 mmHg) asa
“mixture of cis:trans (1: 10) NMR (500 MHz, CDCls) & 1. 3 (m, 3I-1), 4.15 (s, 2H), -
' -28- ‘




de-protection step (treat ment with 50% TFA/DCM) after cleavage off the
resin. Exanple 145 OH/ F HO .aNS N HO-~-O 10

2-(R) - [(vaom,wlggzs met hyl phenyl )sul fonyl ] am no-3-(S) - cyclp%@é 133§utyri C
"5 ng,

acid (10 ng, 31 unol) was dissolved in DM (0.3 m) wth _

0.031 mml), DIBA (11 ul, 0.062 mml), Otrinethylsilyl hydroxyl amne. (20
ul, 0.16 mol). A solution of PyBOP. (20 ng, 0.038 mmol) in DMV (0.3 m)

was added. The 15 reaction was quenched after 30 min with CH3CN: H20 (1:1

500FA) and passed through reverse phase HPLC to give, after

| yophi fi zat#68,(dNeHy d16axy 1P (534 [ro A1H). utioisomer: 1.71 (m, 3H), the rest peaks

3- net hyl phe 3-(S)-cycl opropyl but yram de. NI\/R (500 MHz,
CD30D) S gy%ﬁ’%lwnﬂ ?%h%g (m 111), 0.35 (m 111), 0.41 (m 111), 0.54

(m 111), --0.90 (d, 3WHhe alovesngdmeraryliglycala®93c, 73 idbrol) B BHF(H) ﬂjl}’&ras 7t 17
, 113), 7 NCFM sharting
gntat eri al) foéruﬁg)dgfﬁgvﬂé"ﬁ’)agglag% %ir%%par eﬁﬁ?@%lﬁ}w ?Od_ﬁ% a-(go?%tg (10.4

g, 114 ol HtepdQmin atghisdemsperptues simetylsilybghlonde@s Sanl, QQQadlmcd) whe pr esence
of 52 th ( Oadiied) Th@&odhﬁg}r]baﬂﬂ#&ﬁé ﬁ%d%&%ﬂdﬂdﬁa%ﬁ%ag%ﬁg«?@ay%{gﬁ{ e '
 oxane ( 100ATHON RIS a1 qoUS R e far oD B Aed Gitad sHbeierisOgR ol urm
(50 g), wdBhietvasivtakheli Witle ENyIGlomdtied. eTHewashends e Back. exﬁbﬁe%ﬁfﬂhltrﬂ&@a ain
W h hexane PR The YBRERGRIG 3%9%%’.‘%‘38%9@@%9 i o EReb s . “The
sol uti df mﬂ@mn@bbﬂsc atolgdon was addified vifth @d obnceninted HOh e traeted Mmhdl stil.led.
B %'oye SN o e ik v
03/ 101382 P¥pSUso mgtgon of solvent and vacuum no gave 2-hydroxy-3-methylpropen-
‘ 4-enoic acid as a mixture of d1astereomers NMR. (500 MHz, CDs;0D) for
d1astereomer 1 [(2R, 38) and (28, 3R)]-8: 1.02 (d, 3H), 2.60 (m, IH) 4.05 (d, IH)
15 5.02 (m, 1H), 5.09 (m, 1H), 5.87 (m, 1H); diasteteomer 2 [(2R, 3R) and (28, 38)] &
© 1.11{d, 3H), 2.6 (m, 1H), 403(d 1), 5.0 (m, 1H), 5.09 (m, 1H), 5 80 (m, 1H).
- D1astereomenc ratio by NMR is about 7 to 1 with dlasteromer 1 as the major.
| The above made acid (8.5 g, 65 mmol) was disolved in dry DMF
_ (IOOml) and D]EA (16 mi, 91 mmol)}. Methyl 1od1de (11.7 ml, 85 mmol) was added.
20 This was stirred for 15 hr, .and diluted with ethyiacetate (500 ml) ‘washed with 0. IN
HCI 3%, brine 2x, dried over N aZS O.. Evaporatlon of solvent left Methyl 2-hydroxy—3—
‘methylpenten-él-onozc ester. NMR (SGO MHz, CDgOD) for diastereomer 1[(2R, 38)
- and (28, 3R)] &: 1.02 (4, 3H), 2 55 (m, 1H), 3.70 (s 3H), 4. 04 (d, 1H), 5. 02 (m, lH)
. 5.06(m, 1H), 5.81 (m, 1H); diasteteomer 2 [(2R 3R) and (25, 38)1 &: 1 08 (d, 3H),
25 258(m 1H), 3.70 (s, 3H), 4.07 (4 lH),SOO(mlH) 506(m 1H) 5.80 (m, 1H).
The above made methyl ester (2.9 g, 20 mmol) was dxsolved in dty
DCM (100 ml} W1th diiodomethane (8.1 ml, 100 mmol) and cooled to 0°C. A '
solution of diethylzinc (100m!, 1.0 M in hexane) was added The cooling bath was
- removed and the mixture was stirred under mtrooen for 3 days. A solution of NH,Cl
30 was added to quench the reacuon The organic Iayer was washed with HCY 2x, brine
2x, and dned over NaZSO4 Evaporatlon of solvent left oil contammg 70% of product
' methyl 2-hydroxy-3- cycloPropylbutyrate and 30% of starting matenal It was used
- _'w1thout further purification, -
| A solution of the above madc ester (3 g, 20 mmol) pyndme 2.0 ml,
35 24 mmol) in dry DCM (10 mi) was sIowa added to a stirred solution of szo (4 0 mI "
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4.62 (d, 211), 5.6 (m 1H), 5.84 (m 1H). cis isoner: 1.71 (m 3H), the
rest peaks overlaps with trans isoner. The above nmade crotyl “glycol ate

(9.3 g, in THE (10 ) was added sIovaytoas

Li N( TNS)‘%&?%H&‘L’%% 1.0 M in THE (200 m) at -78 C %f’bﬁg‘ﬂ’fﬁ?ﬁ n at

this tenperature, trinethylsilyl chloride (25.5 m, 200 mmol ) was added.

The cooling bath was renoved and the reaction was stirred overnight. The

reaction mxture was concentrated to -150 nml and diluted with ethyl acetate
(500 mM). This was washed with 2N HCl1 twi ce. The washi ngs were back

-extract ed B oTh [ s _extracted
Wt h 506 KaCps Hien & DRIXLO0 Shph -cTORRGOTRL RCCORIRE B FUEH iy 5
concent r at elRerRCHOBy ity asdhen WF\Sheét"ﬁﬁ dibse HQ (0.1ThS, bmfylaad:ém& evesol ut | on

was washed MaiSDsBVapoadtia oﬂ“@@ven a’v@gﬁ’ QY6 trifRZR M oilE éﬂ'ﬂe 0l vent
and vacuu elgf’fé @4%% 2- - - hyI propen-. 4- en0| c acid as a m xture
of diaster ? f”%'ﬁgi qu(§15 hy; ‘Bl mepctinngpixpurp wardilegyl and

g 259 ?R)-’)] 18N1tﬂ5013f12(cdtatﬂ3(|490 nd), @fhs?dl‘.![ wikhidiluté. I@@l&@bnﬂﬁwx %ﬁle'(é g%epﬂ 4 11-1), -

. e an

1, 11( dm 31%‘5@%5“%{@0 é"rpsc’if%)]fegz f;mj%?ﬁ] ‘lso(‘ Frf?I ﬁl‘?}"g@ 5111%) 5.80
(m 1H).  DedsdletingwithiSeh etheriin hb:yaﬂbll‘gave me&matazﬁotbcﬂcldprbﬁyldm@ﬁhﬁraﬁrﬁer 1 as

- the major: Hﬁléggﬂem%%&gl laé \?ﬁf‘(ﬂﬁgﬁ“\/ed in dry DMVE
-(100m ) and DI EA (16 ) was

~ ‘added. . 20 Urrugh oa@agatwmwraemhwc gmgwmcwcmmo gtalfientedvadte (500
i), washed\MR {5 oomulootlﬁxord%é}eoﬁém EtQRe zwgfé 5@&0{ 'On of

er.

e bbb, ha G BB hfihp%kgtz@n Iaaﬁi‘a%'s&, 1708 (s, 380 , 2. 557)
- (m 111),, 33%Z7QL(@#8). 3H), 4.04 (d, 1H), 5.02 (m 113), 5.06 (m 1li), 5.81
BLEURE L Bl L 5 S Pttt 22 %5
- 1H).  The ab®ve? muad) was digsolestieM¢QHY1Q miR ookl 2 wasr Gasal 200, n dry DM |
i Ot € 0 o Tl v
“was . renovdle %GFIQWWB@tW@dd%Wﬁh idkaxade (Hbel0) K1GQoE b g W1 BiadlysL,0A
.sol uti on o1 IThe solid was filtered; washed with dioxane (5 ml). Tothe combined filtrate
_‘and washmgs was added a solution of 4-ﬂuoro—3-methylphonylsu1fony1 chloride (560
- mg, 2.4 mmo}) in dioxane (5 ml).” About 30 min later, the reaction was ac1d1ﬁed with
20 HCl to pH 3, diluted with CH;CN:H,O. The product was 1solated through preparative o
© Teverse phase HPLC (repeated injections) to Methyl 2- (4-ﬂuro—3— :
) *methylphenylsulfonanndo) 3—cyclopropylbutyrate Further separatlon through
-+ Chiralpk column AD eluting W1th T%EtOH in heptano gave two enantiomers, with the Lol
. desired isomer 1 (2R, 35) eluted out first. NMR (500 MEz, CDsOD) & 0.01 (m, 2H), ~  ° I
25 0.39 (m, 2H), 0.62 (m, 1H), 101(d 3H),119(m 1H),2312(d SH) 323(s 3H) L
'”-_390(d 1H), 7.18 t, 1H), 7.68 (m, 1H), 7.73 (m, 1H). :
o - Methyl 2(R)- [(4-ﬂuro-3—methylphenyl)su]fonyl]ammo—B (S)- ‘
. - .cyclopropyl-butync ester (20 mg, 0.061 mmol) was dissolved i in MeOH (0.2 ml),”
S followed by add1tion of LiOH (8 mg; excess)/H20 (0.15 mi). After 2 hr the reaction -
30 . was ac:dlﬁed with 1.5 o] of CH,CN: HZO (1:1, 5% TFA) and chromatographed w1th
o reverse phase HPLC to give 2-(R)- (4—ﬂuro—3—methylphonyl-sulfonamdo) 3~ (S)—
cyclopropylbutyre acid. 'NMR (500 MHz, CD;0D) &: -0.01 (m 1H), 0. 15 (m 1H),
= 040(m,21—1) 0.65 (m, 1H), 1.02 (d, 3H) 1.22 (m, lH) 231 (d 3H), 483(d, lH)
7.16 (t 1H),769(m., 1H) 775 (m 1H.
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30 was added to quench the reaction. The organic |ayer was washed with
HC12x, brine 2x, and dried over Na2SO4. Evaporation of solvent left oil
cont ai nwwesf¥sxf product nethyl 2-hydroxy-3-cycl opr opypditymakgssand 30%
of starting material. It was used w thout further purification. A solution
of the above nmade ester (3.g, 20 mmol), pyridine (2.0 M, 35 24 mml) in
dry DCM (10 mM) was slowy added to a stirred solution of Tf20 (4.0 M, 29
WO 03/ 101382 PCT/ US03/ 16336 24 mmol) in DCM (100 m) at O C. After 1 hr at
0 C, water was added to quench the reaction. This was then washed wth
dilute HC (0:1 N), brine, and dri ed over - Na2SO4. Evaporation of sol vent
gave 5.3 g of triflate as an oil. a%@ §agtirred with NaN3 (2.4 g, 36
nmmol) in DM (80 m) for 15 hr. The re |on mxt e was diluted 5 with
.ethyl acetate (400 m ), washed w t.hQdi | br| ne 2x, dried over
Na2SO4. Evaporation of sol VeRy | f gt ﬁ# || Fl ash, col um

chr omat ography though silica ~gg{7 5% et her i n hexane gave
"~ net hyl - 2-azi do- 3-cycl opropyl - butyrat ¢ a ’/% colorless oil. The desired

di astereomer 1 [(2R 3S) and (2S, S be isolated. through preparative |
reverse phase HPLC el uting with CHBCN: 1120 gradient solvent. 10 NM (500
. MHz, CDCI3) for diastereomer 1 [(2R_ 3S) and (2S, 3R] S:° 0. 04 (m 111),
0.18 (m 111), 0.48 (m- 211),. W 113), 1.09 (d, 311), 1.35 (m 111),
3.80 (s, 311), . 3.92 (d, 111): T e—above isolated azide [(2R, 3S) and (2S,

3R)] di ast BRYCEFI(AOG-methyt li’en&l)mﬁbﬂylmnasee)qiymgemaxﬁb@yhé 4Gdmi) . cooled

Thi & v ot A Thpp yi giorsed BN GRoh bt .%ﬁ%ﬁlﬁ%&l&&?n@m@@& e

“di oxane (1(8 mg0d.06 KEEIR apd THESQNH; (horel, D/O82Amo)1 A sul)tionTofyBaOR (Binas

uashi ngs m%%saﬁggéﬂm A O B i e Tk T

(560 ny, vith g peduct olatgd fl‘%dﬁ‘fefmhﬁﬁmm’&%ﬁ giveheftereact-i on was
- aci Ioll I i ed WobﬁlﬁﬁldﬂCN—ﬁ}@tIﬂ#ﬁRQ(d—ﬂﬁ@r@-ﬂﬁﬁeﬁl s%if%ﬁyr chiﬁo@ SifCt Wast
Werho T8 { SR RSERE il w0 s %fzras}% 14aLEekiar®) O

SH) 2.32 (d, Jur, 3H), 3. 61 (d 1H) 3.72 (m, IH) 3. 67(m, 1H), 7.18 (m IH), 7.70
- (m, 1K), 7.76 (m, 1H).
_ The startmg material for example 146 was prepared as follows
: ' N—Tntyl-D-threomne benzyl ester Q@ 5 g,5.5 mmol) 'IEA 2.8 rnl 20
15 mmol) were drssolved in 100 ml of dry toluene at -50 °C. A solutlon of sulfuryl .
: ~ chloride (800 ul, 8 mmol) in toluene (20 ml) was added in 15 min. The reactlon was
 allowed to warm up to .t Ethylacetate (100 ml) was added and this was washed with
sat. NaCl dried over Na2804 The product was crystalhzed in MeOH (10 n}) to give
. benzyl N-trityl- 3(S)_methylazmdme-2(R)—-carboy1ate NMR (500 MHz CDCIs) ;-
20 1.37 (d, 3H), 1.64 (m. 1H), 1.95 (d, 1H), 5. 15(d, J=12He, IH) 528(d IT=12 He, 1
H) 7.19~7.28 (m, 12 H), 7. 33~7.36 (mn, 1H), 7.36~7.39 (m, 3H), 7. 51~7. 54 (m, 4H).
~ Benzyl N- tntyl-—S(S)-methylazmdlne—zCR)-carboxylate 2. 13 £,4.92
rmnol) was dlssolved in 20 ml of MeOH: DCM (1: 1) at0 °C followed by addition of
| o .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 partluoned with
DCM (50 ml) and H,0 (100 mi). The agueous phase was washed once with DCM,
'and pH was adjusted to bas1c with NaHCO; extracted with ethylacetate and dried
over Na;SO;. Removal of solvent Jeft 650 mg of Benzyl 3(S)-methy1az1ndme—2(R)—
] carboxylaj:e ThlS was chssolved m DMF (15 ml) at 0 °C TEA (2 1 ml 15 mmol)
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_ met hyl phenyl sul f onar ni do) - 3-cycl opropyl butyrate. Further separation through
: Chiral pk-col um AD el uti ng with 7%t OH i n heptane gave two enanti oners,

' ‘vvlth t disonmer 1 (2R, 3S) eluted out first. N , CD30D)

s: f\ﬁ?r%gﬁigiﬁ 25 0.39 (m 211) , 0.62 (m 1111), M%@?’é 11):

1. 19 (i n, 2. 312 (d, 311), 3.23 (s, 311), 3.90 (d, 111), 7.18 (t, 1H),
7.68 (m 111), 7.73 (in, 1H). Methyl '
2(R) -[(4-fluro-3-nethyl phenyl )sul fonyl | am no-3-(S)- cycl opropyl -butyric
ester (20 ng, 0.061 mmol )" was dissolved in McOH (0.2 m), followed by
_addltlog ?nﬁzadaac%id,(fallﬁﬁedbymaa)( (D5 Hombt)) Thé\frl_éa@ﬁoﬂmgé sﬂhb&l dt@edh| OE go
vaatshacLei/etlFe %qgggvmgettﬁ&g%tq\le 681141},1-}20 aéomﬁ)we?gad e tﬁograp ©
2-(R) - (4- fdrgamie Ba:yﬂewmyw;aﬂmdw:ﬂs 10% @itsiiadial) twdee| Byine, m;ndldmpdopgﬂl%ais&)ﬁ.c acid

-5”55(?%0 E@h i visdifl ol difpdbpptoden i, 850 Py

7.16 exar@%re ﬁnt smM)lt contaiging.1% TBA, to Zivekenog/ N-BbeSES)-

PCT/ USOB/ gm{g@ mm@ NS

2(R) - [ (4- Ijzilﬁﬁtgro on ??Oa;m nd@%ﬁ%cl opé%t%?y][ gﬁ(tyrl c
acid (11 Hlwgs2 H@éﬂbnﬁa ér%@b 3 Wﬂ{ébﬁul) with DI EA (12 ul,

The
I sol ated

0.12 mmol ), . HOBt  ( &%éfﬂsyl ﬁv@&-ﬂﬂﬂ)lﬁeth aﬂn %eal%osdjklate%@%l
sol ution of BOD 8 8%{51:% 1 0 ul) gggmq
reaction WEBOHUSH (?BWJA%Q]? 4 )5%’5? P@EI)
from El@verfshoxpdxhhyea ik Grdpe of BIFe.BtA5. Bhis way apfted afZIai fa@rohr. The solvent .
e b B A B s, oo
(m  8H), wmaszpliceed and Eeatalwjth S TFADCMitolgive Berizg] 2(R)-antiho3(W7 (m 1 H) |
7.18 ( m Icl_vlélopZnt@!@yib&t%atelt}&ﬁmorzage@até "RviRl 500 MHz, CD;0D) §: '1.28 (d, 3H),
14~ 17(m,8H) 3.92 (m, 1H), 406(d 1H), 4. 14(dq, 1H), 5.26 (4, I= IZHZ 1H)
15 531(d3 19HZ1H) 738(m3H) 7.43 (m, 2H). _ :
- , Benzyl 2(R)-a1:n1no 3(R)—cyclopentoxylbutyrate mﬂruoroacetate (63
mg, 0 16 mmoi) DIEA (174 ul, 1.0 mol), DMAP (1 mg) were . dissolved in dioxane
2 ml) followed by slow addition of a solution of 4—-ﬂuor0-3—methylpheny1sulfonyl
_'chlonde (~0.33 mmol) in dioxane (1 ml) ‘After 15 min, the reaction was quenched
. | 20  with 5% TFA/HgO and punﬂed through reverse phase HPLC to give benzyl 2(R)- [(4-
' Fluoro-B—methylphenyl)su]fonyl] amino-3 (R)—cyclopentoxylbutyrate The benzyl ester
. 'protecuOn group was removed by hydrocrenatlon in MeOHL:EA (1 mi) with 10% Pd/C :
) ; ' (2 mg) overmght to gwe 2(R)-[(4~F1uoro—3-methylphenyl)—sulfonyl]almno-S(R)- L
o cyclopentoxylbutync acid. _ : . o /\] -
25 - . Wlth some modlﬁcauon lmown o those skllled in the art, Examples " ' -
. - 147 to 153 of Table 2 were made in accordance wﬂ:h Example146

B 'Assay for Determining Lethal Factor Inlubltxon | -
o ' The assay below is dzsclosed in Cummmgs et al PNAS, May 14
30 _2002 vol 99, no. 10, page 6603-6606 and PCT Apphcation USOB/OSSSZ ﬁled
5 2/21/2003 (U S. Patent Application No. 60/359 707 filed 2/25/2002) mcorporated
' __‘ ‘-_herem by reference in their entlrety It is used to determine lethal factor inhibition .

_  after bein g reacted with a compound belicve to be an 1nh1b1tor of Iethal factor.
o _ Lethal factor mh1b1tor compounds can be used to further study lethal _
35 factor act1v1ty, and those mh1b1tory compounds havma appropnate pharmacological
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The starting material for exanple 146 was prepared as fol | ows:
N-Trityl-D-threonine benzyl ester (2.5 g, 5.5 mml), TEA (2.8 m, 20 15

mol ) Wey@oliogs®! ved in 100 m of dry toluene at -50 T. of
sul furyl chloride (800 ul, 8 mml) in toluene (20 m) V\g%ﬁgd%hg?%%n 15 mn.

- . The reaction was all owed to warmup to r.t. Ethylacetate (100 m) was

added and this was washed with sat. NaCl, dried over Na2804 The product
was crystallized in MeOH (10 m) to give benzyl
Ntrityl-3(S)-nethylaziridine-2(R)-carboylate. NWR (500 MHz, CDC13) 8: 20
1 -127 Hg Ol,1 BI?)ropﬂtﬁﬁﬂgca@rheméd tolhefotréat, 0; %%vm?lﬁ%%ﬁfﬁ !?Pbreﬁrgatg%hgﬁlhﬁoloécﬂgg J
7.51-7. 54 (EYP ‘“Zlféé‘%%ﬁ&‘ﬁff‘}%‘&?(@? "%?“ﬁé Bt utadhepdas AR figst boxyl at e,
(2.13 g, 4.92 mol) waghdirouglhprédcreeniag foriletbél GHnBINlofdcah)beatsedioC,

foll db t
[or! §1ed DYRUNELORubr TEOmbAAT) ol plhof) IRy AR KRBT 2! e
25 C). The Highthrosshput seeaning is Sarkitaigdihy anzeay(the iproadiy autemaregznd m) The

agueous ph@ﬁﬁzmgmﬁaggf@md\@ngpmw and pH was adjusted to basic with

- NaHCOB extracted with ethylacetate, and dried over Na2SO4. Renoval of"
sol vent | emenzyl 3(S)-nethyl aziridine-2(R) carboxylate. This"

- was dissolved in DVF Ieital ficjoratibdirates chithe (idedlinthethdds fg@ling B3KIND -

03 191392, PRSIl e AU MR PR R B 0005, TP

o), HED (peghodislipvoles mcehitiog 2 Isthdl fater srd:ysg:anmcbsdrfl)péhexmwmhmmuw th 10%

~gitric aci Qnﬁﬁ‘%&?leﬂml tior lﬂf ﬁ%ag h@lﬂ)aﬂlﬁﬁheu?@) i Brfdﬂ‘}lg @Wﬁ&‘mﬂ%’ guct was

 flash col-.um, chronat ogr aphed,” el utin exane gradl ent

‘sol vent cofftBalingier i agtyeTEN caendn gfude wncq\pfsb@mospd being tested. -
met hyl azi r Cléaege6fRhe Saishee)tad be detiiBd @59 tndisite GERBERs §nth;1acgs11%ﬁral 3H),

| éeﬁi(/ls N- B?&‘%‘("’%ﬁ ‘Fﬁé&f}}? Btk g?r‘f@’g&’@@g%%}%@iﬁ%qféw%@' Aifearyring cim SH) N
~.cycl opkiit y qualitatbveodr oi@ntitative. S'hélatmﬂfactwedr@yﬂbbﬁmﬂm@ﬁsaﬂ@@&‘bsﬁﬂts%ﬂﬁ ) 10
. fl‘ﬁlel g‘g’leseﬁpmeacogﬁ)\ﬁugﬁQ&sthﬁ P nﬁo gnge fro hl_l? ulVFor l%:,gs' rSrp%giﬁ%ally the ICE(S) %01_10 hr..
' N-hydroxy-2(R)- [(4-ﬂuoro—3~methy1phenylsulfonyl)]ammo-S-memylbutyranude and o
N—hydroxy—’)(R)-[(4—ﬂuoro—3-methylphenylsulfonyl)]am1no—7—(4’-tetrahydopyranyl)—
- acetamide are 0.13 uM and 0.06 uM respectwely '
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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 no-3(R)- cycl opentoxyl butyrate triflruoroacetate. NVR (500 MHz,

. CD30D) 8: 1.28 (d, 313), 1.4-1.7 (m 813), 3.92 (m 1H), 4.06 (d, 113),
4.14 (dg, 3H), 5.26 (d, J = 12 Hz, 1H), 15 5.31 (d, J 12 Hz,1 H), 7.38 (m
311), 7.43 (in, 2H). Benzyl 2(R) -anm h8"3°(R)-cycl opent oxyl butyrate
triflruoroacetate (63 nyg, 0 .16 mmol ), DL1EA (174 ul,1.0 nol), DVAP (1 np)
wer e dissolved in dioxane gri) foll owed by sl ow addi tion of a solution
of - 4-f1uor o-3. rret‘\lﬁ@mﬁhwf§w yl chloride (-0.33 mmol) in dioxane (1
m). . -After- 15 mn, the reaction was quenched 20 with 5% TFA/ H2O, and

purlfl ed through reverse phase HPLC to give benzyl -2(R)-[(4- .
“Fl uor o- 3- et hyl phenyl ) sul f onyl ] ami- d0- 3¢R) - cycl-opent oxyl butyr ate. The: benzyl
-~ ester protection group was i , -'_b_led,rlfebenatlon i'n McOH! EA (1 m) with
10% Pd/'C. (2 mg) overnight to git :

2(R) - [(4-Fl uor o- 3- et hy| phenyl )J‘Eul fanyD] a(Bn no-3( R) cycl opent oxyl butyric
acid. ' _. 25 Wth sone m)dlflcatlon known to those skllled in:the art,
Exanpl es” 147 to 153 of “Tabl e "2piyeh gurgde i n accordance with. Exarrpl ei 46.
Assay for- Deteerm ni ng- Let hal Fact'or :1nhi | |t| on The assay bel ow i s di scl esed
in-Cunmings -et al., PNAS, My 14, 30 2002, ‘vol-,. 99, 'no. 10, page 6603--6606
- and . PCr &pb&nwemhnaﬁympﬁﬂﬂéé‘alt,bnhmﬁ)m&l &&ét&%ﬁm&blrmsvw!?at ent Application -

No. 60 &0 g[ o/ -..:)rporated herein by reference:in ..
t hei.r. f‘i %gﬁa%‘gls use tﬁ&%ﬁéiw ‘M he. | ethal factof ‘i nhibition. after '

bei ng-reacted . with. a corrpound believe to be .an. i nhibitor, of. |-et hal factor.

Let hal Rﬂaqﬁ:eﬁenmnntaeﬂ Qﬁfmﬂmaﬁ'ﬁﬁré&lﬁﬁﬁc@@%&fér nﬁgéﬁro%ﬁa hat 35

factor- activi ty, and: those- i'nhi bi t ary: conpounds “havi '
phar na®% %?‘@&YCY @EWM"EEMWF@I@%PQMaprOperU es can be used to

hel p treat or. prevent Ant hr ax. proprrate phar macol ogi cal propert| es - _

“inclu 13k tabl g, side.effects. Hgh

- thr ougﬁpu ARG P %#‘gﬁ@ﬁa@ﬁ' imaﬁﬂ’lﬁbﬁﬁgﬂ@éﬁ rused.to ..

_ s)alkoxy(cl.s)alk hala(C1_ﬁ)alkyl nito, ammo, Moo~ or d1—N~(C1_5)a]ky1amm0 -
acylammo acyloxy, carboxy, carboxy salts, carboxy esters carbamoyl, mono- and d1~
..-Na(Cl.ﬁ)alkylcarbamoyl (C1_6)alkoxycarbonyl aqdaxycarbonyl ureldo, guamdme,

o sulphonylammo, ammosulphonﬁ (C1_5)a!kyltluo (C1_6)aikylsulphmyl (C1_ S

o :?’5)alkylsulphonyl, heterocyciyl hctcrocyclyl(cl_ﬁ)alkyl and- _—

J
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screen | arge nunber of conpounds to identify those affecting |ethal factor
activity. 5 H gh throughput screening is facilitated by an assay that is
readily automated and wutilizes low levels of purified enzyne. Measuring
Activity Lethal factor substrates can be used in nmethods neasuring Bacillus
anthracis lethal factor activity and the effect of a conpound on such
activity. Such 10 nethods involve incubating a |l ethal factor substrate
described herein with Bacillus..anthracis Iethal factor using an incubation
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il;l;lgyd‘r ox%%fﬁﬁ o aOr O é’ F&z}}n etgyl g:ljj;b tfvj ' - § Eﬁpt-)ulyfr am de

N- hydr oxyg)akEhyltHid; (Umaugﬁymﬁbmﬂmhm»hsubf aanw]man@mamb yltiol ahydopyr an

yl)- acet am de espect A conpound
of  for mult¢ ﬁ%&,\@?{iﬁ%ﬂk Eﬁy]]?@ \6%1%’ }P k%f’ﬁyqlk%&“% Cﬁ%‘ﬁ%{:eut icaliy
accept ablcg(cmalldcnybnmbbxpamd%tdsﬁmrmfehmim}mandhalmg@m hydrol ysabl e ester or .

m xture: t@ﬁér@&fmee&%gsﬁﬁa1s@é1e&@@f@ﬁeﬂksgr&qya&s@w§of% 10 heteroaryl or.
C5j o hetercrcyt‘r*chr sal d aryl, heteroaryl ~and heterocyclyl optionally

subst it utHct—mey-ziR tMuo@f—&lmmhﬁ{Jhé?@ddﬁﬁoh?})}ﬁﬁﬁ@@smgﬂqylbutﬁbhﬁ&é hal ogen,
OH, oyl (CN W) GO 3 G2 ipH R isutfonyD)amino-3-methylbutyramide; .
. N—t—butoxy~2(R)—{(4~ﬁuoro—3—methylphenylsulfonyl)]annno—2~(4’-tetrahydropyranyl)-; '
- N«hydroxy—Z(R) [(4~ﬂuoro—3~mcthylphenylsulfonyl)]axmno-Z—@’-‘tetrahydrep}aanyi)—'
L N—hydroxy*Z(R){(éI—-ﬂuoro-B-mcﬂlylphenylstﬂfenyl)]ammoﬁ (S)—=
L :.cyclopropylbutyxamde and phaunaceuﬁca]ly acceptabie salts, enantmners
| Ldlastcrcomem or. in vive hydrolysablc esters or mlxmres thercof ‘
| 2 _ A,compound accordmg to ciaun Iwhlch is: R .
S :N—hydroxy ZcR)—[(ﬁI—ﬂuoro—B—methylphenylstﬂfonyl)]ammo~3—mathylbutyram1de or -
- '.-N—hydroxy—~2(R)-{(4—ﬂuoro«3-methylphenylsmt“onyl)]am1ne-2—(4’—tetrahydropyranyl)~ e
. racetamide; or pharmiceutically acceptable salts enantxome.rs dlastcreemers orin v1vo-‘_"-"'
SO hydrolysable cstcrs or mixtures, thereof | C e : '
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6) al koxy(Cl-6)all), haln(Cl-6)alkyl, intro, am no, nono or di-N-(Cl-0ylam
no; acylamo, acyl oxy, carboxy, carboxysalts, carboxy esters, carbanoyl;
nono- and di N-(Cl.4)al kyl carbanoyl, (Cl..Db)al koxycarbonyl,

aryl oxycar bonyl, ureido, guauidino, sulphonylam no, aniinosulpl onyl,

(A {)al kylthio, (C14)alkyl sul phinyl, (Cl1 u)alkyl sul phonyl, heterocyclyl,
het erocycl yl (Cl-6)al kyl; and -34 R represents Cl-g, alkyl, C3-10

cycl oal hyl, &3 10Al“r@tr@psitigmdco®tﬂﬂng ltg clafm 10cohgkiging akyihpoun@lof formula I and a

Co5-1117? Y&d eroaryl and heterocyclyl optionally substituted
with 1 oﬁﬁ’%ét?ag%“‘%@ébg% d"'sai d alkyl, optionally substituted. with 1-3

groups selected fromthe group. consisting of aryl, heterocyclyl,.(C
4) al kyl t hi o, 4-cyanUS¢t@tae3pma¢ty1H0fgumtmtadifmulaI ((1-am noet hyl ) carbonyl)am no, .
((anunonet hyl ) car bonyl ) am no, ((2- am no) pr op 2-yl) carbonyl)am no,

acetam .do, 4( . am nonet hyl )pheny thy o but yl sulfonyl, (C2_
6) al kenyl t hi o; (C2-6)al kynylt hH a#k:‘pm or di-(d - )at | eyl am no,
aI

arylthio, heterocyclylthio,
aryl (C1-6) al | eoxy, aryI(C14aIkyItI||o oaIkyI cycl oal | cenyl, carboxy
and esters thereof, hydroxy. and ere|n the conmpound is selected

; r omt L h:r @pramlac?maﬂy acigptable dglttt GWT%M@ISB&E b { ﬁvo : :
met hy 0- e utyram de;
hydr oxy- %&%’%ﬁ%# %]]-xi- Bf i éﬁé‘%’ul fonyl )] am no-3- nethyl. butyr ani de;
N-t - but exy 2(R)-[(4- fuoro 3- met hyI phenyl sul fonyl)lanr| no- 2- (4’ -tetrahyd| opy
ranyl) R ragenl Cs-10hy
hydr oxy @#rh%fﬁ‘i%é‘r}lo L > 1 eter(éarg/rll %ru??onﬁete]m%c sfm% %ﬂ‘ {;ergw 2PY? Y1)
acet am ﬂ)@PuQ’QWSPPQﬂtﬂ&ﬂdFﬁhéiﬁétgwmﬁuﬁﬂﬂsul f-onyl )] ammo- 3- ()
cycl-opropyl butyram de; and- -phar maceuti cal [y accept abl e -sal'ts, enant [ orrers,
di ast er; r b e res..thereof. '
conpound “a corgfsr%ln%%&g tﬂ){ﬁ’, 15,' l(?é'gﬁﬁ(y? Cm_és Oxy’(t -
hydr oxybolexy(Q 146} bﬂt@logc ﬂlﬂﬂpmmasnhd ongdc)—]oamh&b(@;.gﬁhylhﬁﬁdr ami de;
or N'geyla
hydrox ga%m | oro ﬁypﬁ?gﬁy?%?’?yoﬁnf1W%L(ﬁon?‘élﬂ@aiﬁydropyranY
1) - {6‘ Y GPEOB 136_ Yegrosayk waemwkuredermanm
di ast.,e ,rselpim_nylanﬁnd, r_ami"iitosalphbaﬁt @ﬁg@@kﬁﬂﬁa}@i% i ﬁs((_t;fter eof

) 6)alkyisulphonyl heterocyclyl hetcrocyclyI(Cl_e)alkyl and

'-'-<

| or Cs. 11 heterocyclyl sald hetcfnaryl and hetemcyclyl optmnally substttuted w:tth I to
N g 3 groups of Ra and said alkyl opuonally substtmted thh 1=~3 groups selected ﬁcom thc
y £ group consmtmg of. atyl, hetcmcyclyi, ((31 6)a]ky1th10 cyane, hetemaxyl, guamdmo
. _‘_:':'; ((l-ammoethyl)carbcnyl)ammo ((ammomethyl)carbonyl)ammo ((Zammo)pmp@-yl)
N carbon)d)ammo acetamido 4—(ammomeﬂ1y1)phenyl, thiio; t-butyl sulfonyl, (C2.. -
. : '@alkenyltlno (Cz.e)a]kynylﬂno, ammo mono— or d1~(C 1_6)alky1am1ﬁo arylﬂue
L :heterocyclyltmo (Cl.s)a}kexy, aryl(Cl_ﬁ)alkoxy, axyl(Cl_s)aJkylﬂue, cycloa]kyl,

cycloalkenyl, carboxy and esters thereof, hydroxy and halogen in the manufacture of a

medicament for inhibiting the activity of lethal factor (LF) released from bacteria in a mammal.

5. A compound of formula I according to claim 1 or 2 for use in inhibiting the
activity of lethal factor (LF) released from bacteria in a mammal.

6. Use according fo claim 4 wherein the compound is selected from the group
consisting of:
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-35 3. A conposition according to claim1, conprising a conpound of fornula
| and a pharnmaceutically acceptable carrier. 4. Use of a conpound of
structural formula | H HOB N, ftt ft OO FORMJULA | or a pharnmaceutically
acceMQBYI3H t |, enantioner, diastereoner or in vivo kytnseysedsbe ester or
m xture thereof, wherein, Rl represents C6-10 aryl, CS-10heteroaryl or
C5-10 heterocyclic, said aryl, heteioaryl and heterocyclyl optionally
substituted with I to 3 groups of Ra Ra represents Cl -6 al kyl, hal ogen.

OR aryl (Cl4al lcyl, (Cl-6)al coxy, - 6)al koxy(d -~6) al kyl,

hal o( Cl k ~ -N-(C1 )al kyl | ami no,
hal 90 0 2l P Sas%@%%mgﬁmo%@%%m and. di-
N- g S dGNaﬁﬂdtoﬂ)eﬂme[wﬁbom( Eﬁﬂ&hﬂlphérxﬂﬁﬂfcb@'[)]/dmmar% BithRRYille; Ur ei do,
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hydroxy and hal ogen in the manuf;act Uée 81’@ rredl canent for ihhibiting the
act®vity of lethal factor (LF) rel eaSed mbacterla Inammal. 5 A
corrpound of formJIa | according to claiml or 2. for use in inhibiting the
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activity of lethal factor (LF) released frombacteria in a mammal. 6. Use
according to claim4 wherein the conpound is selected fromthe group
consisting of. -36. WD 031101382 PCT/ US03/ 16336
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O/ H HO N N
144 L,

acce%a%ﬁ _,g%ts
esters of ur
conmpound is : N

psp H O R2

~NH2 H 150 M 151 Me

enanti oners,
7.

es thereof.

Ry Examle #k R R2

146 Me 147 Me 148 Me

'152 ~ M 51 153 Me and pharmaceutically

di ast er eoner s

"\Mi-édrm
Use according to claimé Pt he

or in vivo sable

t - but oxy-2(R)-[ (4-fl uoro-3-net hyl phenyl sul fonyl )] am no- 3- net hyl but yram de;
N- hydr oxy-2(R)-[ (4-fl uor o- 3- met hyl phenyl sul f onyl ) Jam no- 3- et hyl but yr am de;
Nt =but oxy- 2(R) - [(4 fl uoro 3- et hyl phenylsulfonyl)lam no- 2- (4' -t et rahydr opy

ranyl ) -{-acetam de

N=hydr gxy- 2(R) - [(4 fI

anyl ) - jaceféin dq;

N hydnyy- 2(R) - [ (]4- mef hyl ghenyl sul f on
cycl opriopytbutyT am ae ana pn riaceuigical 'y
di ast erleoners or Vi Vo hydr

accordifng % cl g Caq,ejel n

144

bl ysabl el esters
he co-nd is|
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s HN—_
HOL

| Example # R1 R2
146 Me
a1 Me
148 o Me -
150 | Me
151 Me
1852 ‘Me

mpt hyuI f dnyl )] anilno- 2- (4' -t et r ahydr opyi
5 yl ) Jani no- 3{ S}

dcceptabl e salts,

enanti oners,

or m xtures thereof. 8. Use
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N- hydr oxy-2(R)-[ (4-fl uoro- 3- met hyl phenyl sul f onyl )] am no- 3- net hyi but yrani i de
;. or

N-hydroxy-2(R)-[ (4-fl uoro-3-nethyl phenyl sul fonyl')]am no-2-(4'-tetrahydropyr
anyl)- acetaniide; or phar maceut ically accept abl e salts, enantioners,

di ast er eoners — - A—vive Ilqud ysabl e—esters——or xtures thereof. 9. Use

according to clfaim4 whérein tge conpound is : foynmula | is conbined with

one or nore known dugs{sel ecysd fronp bet aMeact ang, ani nogl ycosi des,’
i nhibitors of )eta I act amase,\yenal tjubul ar bl ockj ng agents and inhibitors

of netabolising_e ate mno acids. 10.. Use according to claim
9 wherein the kﬁ% 'ﬁ%ﬁgg %@ ?ﬁ%ﬁ”ﬁﬂéoﬁ%u‘a‘a@%’i‘?ﬁ%?{g‘n o

i m penem nerophyﬁn_iysaldn(csm;smmmxtdr%ﬁmmoﬂ, cefoxitin, penicillin,
clavul ani ¢ acid, probenecid, tetracycline,.ciprofloxacin, and norfloxacin

or a mxture thereof, wherein when impenemis used as a drug it is used
i n conbination metdac@di@sbalamn cxvhE2BinNRXtdMapouind-i62

N—t—butoxy—z(R) [(4—ﬂu0ro—3-methylphenylsulfonyl)]ammo—3—methy1butyram1de
N-hydroxy-2(R)- [(4—ﬂu0ro—3-mcthylphenylsulfonyl)]ammo-B-mcmylbutyram.lde
- N-t-butoxy-2(R)- [(4~ﬂuoro~3-methylphenylsulfonyl)]ammo-z—(4’—tetrahydropyranyl)—
acetamide; -
N—hydroxy—2(R)-[(4—ﬂuoroa3-me.thylpheuylsulfonyl)]ammo-2~(4’-tetrahydr0pyxanyl)u
acetamide;
N-hydroxy-2(R)- [(4~ﬂuoro—3—methylphenylsulfonyl)]am1n0—3—(S)«
-cyclopropylbutyramide; and phannaceuucally acceptable salts, enantiomers,
diastereomers or in vivo hydrolysable esters or mixtures thereof.

8. “Use according to claim 7 wherein the compound is :
- N-hydroxy-2(R)- [(4—ﬂuoro—3-methylphenylsﬂfonyl)]am1no-3-meﬂ1ylbutyrannde or
'N—hydroxy—z(RH(4—ﬂuoro—3—methylphenylsulfonyl)]ammo—Z—(4’—tetrahydropyranyl)— :
acetamide; or phaunaceutlcally acceptable salts, cnannomers dlastereomers or in vivo
hydrolysablc esters or mmtures thereof ' '

9. Use according to claim 4 wherein the compound is :
‘formula Lis combined with one.or more known dmgsselected from beta-lactams

anunoglycomdes inhibitors of beta—lactamase, renal tubular blochng acrents and
inhibitors-of metabohsmg enzymes, N—acylated ammo acxds

- 10. - Use according to claim 9 wherein the known drug are
selected from the group cons1stmcr of i imipenem, meropenemn, vancomycm c11astahn

,cefomun, penicillin, clavulanic acid, probenecid, tetracychne c1proﬂoxacm, and
norﬂoxacm or a mixture thereof, wherem when imipenem is used as a drucr itis used’
in combmauon with cﬂastatm as PRMAX]N@ '
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